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IN'l'RODOOTIOlf 

The primary object o~ the present atudy was 

to provide a proeecs • adaptable to prevailing South 

Afr1erm eond1t1ono, tor the mnnu1'acture ot hydrogon 

eulpbid•• ~~ch a p~oceea NOuld alao be suitable tor 

aBe 1n otb~r countr1ea nher$ the gas 1a not obtainable 

natu~a111 or from retlnet'J' oporatlona. or as a 'bJ•produet 

tz-am otbGr 1ndustr1ea. Early 1n the stud1 it was found 

th~t the literature e~bodJing pP1or work was verJ scat­

tered 1n charActer • nnd hod to be sought 1n manJ' d1ttet"ent 

fields ot research. It was t~ePOfore decided to mtlke the 

record ot prior work ns conprehens1ve na pOas1blo• so &8 

to proVide, nt the a~e ttme, a StGrt1ng point tor f~ture 

workors on related subjeets. Por tbis purpose photosta• 

tic rae111t1oa ere uaed extensively tn the stud7 ot 

otherwise tnacceas1ble mote~1al . 

'I'hia st\:tdJ 1nd1c~tec1 that 111 acme roapecta tbe 

results of prior work w81"e contradictory in eharaetor. 

It was theHf"Of'e decided that the prosent pr-oblem should 

beat be approached by a reconaido~ation of tho phenocena 

eneounte~d 1n the light or modern 1nterpPetnt1ona of" a~e 

or the ph7&1eal and chemical proporties (j~ S\lli)h~. 

---ooooo---



CHAPTER I 

PRIOR ORK AND EXISTING KNO LEDGE .. 

Th• t'aet that hyd~gen sulphid$ 1s avol'V"Od when 

aul.phur 1s ooa.ted with certftin organic eOl:lpoundu 1a mentioned 

1n several tutboolcs. FoP exruapl Bloxam1 statas that the 

gca "m.ny be obtained 1n large quant1t,- by heating a ndxtur• 

or equal o1ghta o~ sulphur and tnllow or p r rr1n ax, the 

lntte~ furn1ah1ng tho h)drogen'~ ... S1milnrl1 £phra1m2 mont1ons 

that "1~ qnant1t1ea of sttlphttrotted hydrogen or selonurett~ 

b.Jdrogen are rapidly produced when organic emnpouma rich 1n 

hydrogen~ sueh as paraffine • naphthalene and res1nn » are heated 

with aulphul- (or selenium)." Jfoweve1" no detoiled information 

ts fot'theoming f'rom these and other s11ftilo.P satrrccs. 

It is probable that tho reaction mcy hnve bo$n en­

countered enrly in chGl!d.c~l h1ato17 ~ in tho course of tho I:lany 

hent1ng and distilling man1pulat1ona 1n which sulphur played a 

part and in Which oils or other organle matorinl mny hnvo b$en 

proa&nt either by intention or s an ~ur1ty. 

~ceordlng to fellor, Cehoole3 published in 1777 the 

obs rvst1on that ho hai obtained u gao, \fh1eh we now know aa 

1moxnm: ttinorgan1o rhmutatry''• lOth D:l.,. p.l51. J. 3- A. 
~-- Churchill. London. 
'npl':lra1m: .. Inorganic Choadatry 1 

• Edited by fhorne and 

3 ROberts. 4th ~~11ah Ed. p.5~l. 
~eheelet "Ohomiacho Abbandling von de~ Lutt und dem ~~erw ~ 

Berlin Rd. p.237 • publ1ahed 1793; originall7 publ1Dhed 
Upsala 1'1'1'7; through Mellor: •c01nprehensivo 'l~Gatise on 
Inorganic and Thooratioal Chemistry<~ • Vol.x. p.122~ 
Longmsna Green & co. London. 



b:Jd:rogen au.lphide, by heating aulphm- 1dtb olive o11,.. 

The •~11eat publ~ahed p~r ~ch can bo traced 

in lJ.tel"ature 1a that ot Reimachl who pPOduoed H'~ by 

heating a abtUP• ot 1 part aulpbut- with 3 parts tallow. 

R01mach alao lnv.atigatod the HactiOD. between sulphur and 

linaeGd ou_ and aenti~s that prertoual7 many1r!ed1eol pre- . 

p ...... ations lwt been customarllJ ~epa.PtJd b7 tmt notion ot 

$Ulp~ <m t~t1na and othe·~ oUa. Rat'en-1ng to tbe 

pNparat1on o~ ¥ f"roa tallow b7 h1a ~tethod Reimaoh a&JBI 

•t there.tore consider that one ma7 thua prepare bfd~Og4m. 

sulphide moat a1mplJ' md puHl71 tor one can atop th• ope~a­

t1on at aDJ moment without harm to the mtxture; end whenever 

one 1t0 NqUiHa it 1a onl7 neceasar,- to heat tb.e n.aak aome• 

what. a1'Xl the gas is sga1rl ••ol"ftd at once. " 

In 18'71 Oalletlr published improv•men ta on this 

•thad. He subati.tutec! •solid partt.U1n" (~sumably 

parat.f1n wax} t-or the tallow with encouraging :reaulta. He 

alao gav:e d1Pec't1on• tot" applying the Peaet1on to e~plJ the 

gaa tor ln'bOPatOl"J' puttpoaes. In .ful'th-.r uper11aentn he 

.tound that "hea"f'1 paratt1n oil" could be ueed as an al teJ>na­

tt•• to the wax. I~, howeve,_., atear1c seid waa used a 

lReimacht Journal tilr prnkt1ache Ch8111e, 4, 136 ( 1838). In 
no subnoquent publication ia this rotorenoe COl'"r$CtlJ 
given. 'In the 1ntereate ot b1stor1cal accvacy the or1• 
gtnal paper was traced, and t.ne authcw 1 s nome and othe~ 
par-ticulars aa g1ven here ar• cor-rect. 2Golletl7: Chem1oal •-s ~ 23-24, 162 (18Vl). 



"m111Q' tlutd" was obscrvod in the outlet tube. 'l'h1s rluid. 

he stated, consisted ot water alxed with 1"111•11 divided aul­

phur. 

In 1879 Fleteherl published a deacr1pt1on ot the 

method uaed by him to gan&rate ¥ to-r tmal7tlcal purpoaea 

by heating &ulphur and pardf1n wax. He stated that o. waab• 

bott1e was not required, ODd that smooth evolution o~ the gaa 

could be promot~ by tho presence- ot •a t'0tt p10008 Qt bJIOOrl 

tobacco -pipe abank•. Shortl1 atte~ards Johnston 2 ~t• 

to the same Z<JtU-Dal~ eomauent1ng ad.,..rsely on the matbod. B• 

stated that he and others bed ua4Jd a similar · thod •as tar 

back as l8'12n • and that he had given it up atter twe·lve 

months• trial on account ot repeated exploa1ona.s 

L1do:tt4 obta1ne4 HsS bJ adding "p8trolwm. naphtha• 

to sulphur he ted to tomperatuN or SS0°C • 400°C • 

Ch~!.tchkotrS e.xamlned ce:r-ta1n caucaa1ao oUa ccmtr.dnlng aul­

phur, and expPeeaed the oplnlon that the reaction betncn 

paPattin and sulphur, w1 th dehJdrogenation, could proeead 

completelJ t111 the stage ot carbon £oruat1on. 

!Pletcher: Chems:cal Iowa. 40 t 154 (1879) . 
.ti.Tolmatone: Chem1oal lfewa ~•o, 16'7 (1879). 
3These two papera baY b enlir~l7 quo'ed~7 lat•r OPkcra. 

one enot- nas been to group t!iem aa J'Ouufltono and Flet-
che:P•, as 1f the two papers were or joint authorahip. In 
add1 t1on the year o:f pu.bl1eat1an b 11a been Wl"'llglJ' stated.· 
'l'he reference here g1v•n are correct, as checked f%"0!!1 the 
publJ.abod po.pera at'ter proloa.ged. seGPCh1ng. 

~idott: ahem. zentr., 52, 22 (1882). 
Char1tchkot.f': Ch91h Ze'fi'ung, 26~ 731 (1903). -



In lSS'f ~arkown1ko:tt" and Spad,J- repoJtted investi­

gations on thG deb.Jdrogenation of naphtbenes by means or 

eulphur n1th evolution of Has. Tho~ hoatod 70 g. ooto-

n aphthene ( c8al6), rtgorousl7 pur1t1ecl, w1 th 12 g. aulpb.ur 

1n a oloeod tube at 210° - 220°C until no aulpbnr appaPentl7 

r®udned. 'l'he r.aet1on prOduct was t"zaaetionatod and the 

mntn portion d1at1llod between 118° - l23Pc. ThQ ~atoder 

oons!atod or a ttv1scous, stinking ell". By tho for tion 

or derivativGs the~ eontircod that the aul~ had af:tect94 

doh}drogonat1on or the octonaphthen,e 1 th the !'orm tion or 

XJlol . 

Protbi~re2 called attent1_on to the negl.ect ot the 

reaet1on between sulphur and organ1o aate~1ala aa a means ot 

B2S pr0duct1on 1n chem1eal p~aetice. In place of' tallow or 

' pnl"tlf'fi.n ax Proth1ere used vaseline (i . e . potrolo11.m jell7). 

fle l'OCOm!nonded a8 the beat pt-OpOl'"t1ona 30 pat-ts Vaseline w1 tb 

70 parts sulp~. It" less vaaeline was taken the output ~ 

H2S toll considerably. H• rOUDd that the gca wae treo rPom 

undtu:1rabl,- eontar.dnation apart f'r:om ol'd1nazt7 a1r, and 4ea­

crlbod suitablo apparatus f'or applp;ng the r-eoct1on £ox-

labOPatOPy purposes. 
I 

Prothiire' s method ia d1at1ngu1shed 

~om all prlor and lat•r work by the proportions or mntertal• 

ohoeon by him• repl'eaentlng a la~eP ro:t1o or SlllphttP to hy­

drocarbon material then that recODmend«! by any othGr worker. 
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In 1908 Erdmannl publlabed h1a well-known paper 

Oft •th1osonide" 1n which he set out the basis tor h1a theory 

that thore exists en active f"orm or aulphur. whicb he termed 

"th1ozon" ( S3 ) on the analog)' of ozone. Ite eona1del!'ed that 

th1B a.,ttve toPm or sulphur was pt-eaent nudnl7 1n oulphur 

hentGd to about 160°0. AmOilg man,- experimental MSlllta he 

repototed that l1nalhl could ~eaet with sul.pbur to toa a 

"d1th1o&Onldecr. At 150oc t~H waa no reaction, but at 

lloGc a Peaotlon stDPted. nth rap1.d •v-olution or BaS• Brd• 

aann'a theorJ haa not been Fecelved with favour ~ later 

)'ea?s• and hls eODcept or the existence ot on S3 molecule at 

about 1600C is out or keeping with modern vlewa on the mole• 

cule behaviour or aulphu-r. However a valuable o.opect of 

hla work that rema1na 1s the faot that be cnlled attent10ft 

to the n9ceae1ty or eons1der1ng and explaining aulphur1sat1on 

noot101'14 m the light ot an underatand1ng ot th• 1:1ol.ocul~ 

atnctUH or 8Ulphur 1tee1t. 

In 1909 Xru~ repOrted work car~ied out t the 

vnn' t Bolt Laboratory on the lld.xlng ot sulphur w1 th aever&l 

OZ'Qon1o l1qu1da,. and roum. lntet- alta, that 1n t!t• syetem 

pSPattln wax/sulphur aepeate mol$en lo.yera t~. BetwHn 

1so0 and 1G0°c B2S was evolved, aoo in consequenoe tuPther 

wo .. k em th1a m1xtuPe~ and on sulphur mh:tuMe with othe:r- b1gh­

boU1ng aliphatic b)'dPOearbons, was not pmoaued. In heathtg 

SUlpbnr with other organtc 11qu1da dtrf1cult1ea due to B2s 
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evolution were also repeatedl~ encountered. 

Spanler and von &ngler1 :tound that nQ 110Ueoabl.e 

reo.ct1on ocourrod after heating n•Msane w1th aulplml" 1D a 

aet.ll.e<l tube at 21000 tor 24 hOUI'a. n•Butane and n-hept.ane 

hGa~ed •1m1ltal7 at 300° - 3so0C yielded thiOphene tmd th1o­

phone der1vat1vea. -W1th olet1nea theH •~a n vtgoroue 

reaction., w1 th ~s evo1ut1on. DUJ}.Ihle waa heated vith 

aulpbur 1n a · sealed tube at 21.o0 c tor 24 hours. 'When the 

tubo was opened a luge volum.e ot ~s escaped and the remal• 

ning mntor1al in the tub• vas dark bi'Own 1n colour. On 

being subjected to diatU1at1on thia residue sa•• oft II10Pe 

Eilld more ¥• while the gl'"eater portion d1at1lled over with 

1ncroaaing tompf;lrature • Jleld1ng a broWB1ah-7ellow taPPJ 

distillate. Tho rlnal residue was a o~ke-l1n mue. "hen 

he27lene wns boated to bo1ltnS point ( 68°C) at atmospheric 

pr-esswao with aulphUP no reaction was notloeabl•• 

In 1012 ~loaton2 dieeloaed a prooeas :tor ut111• 

•tng er'Ude petroleum containing a high pl'Oportion ot ·aulphUP• 

m.tch as was obtained 1'rom the o111'1elds or Beaumont t !l'uaa) 

and o~ar loeal1t1oa. SUch •aour crudaa" wore regarded ae 

'Hr7 Uftdea1:~-able 1n the ~troleum 1ndustr7 at the t!me, and 

l spanier and von Englep: •Zu.Jt Kenntn1a de~ Wirkung dee 
Sohvatela aut Kohlenwaaaeratotte und des SChwetelgehaltea 
4ar Brdole" : D1asertat1on• Karlsl"Uh•• 1910; thPOUSh Pried-

2 mann: fetroleum ze1 tschrift, 11. 694 ( 1916) • 
.E.ggloatoas. u.s. Pnt.ent Bo- l.OllJ;040 ot 1912. 



. .,. 
d1~cult1es ar1a1ng out or the presence or sulpbttr QDd 

culphur eompounds 1n proeeaa1ng operations, or in petroleum 

distillates and p~eparat1ons. rematn an imp~tant problem 1n 

pe~oleum teehnologJ to the present dt1J• 

Eggleston conaldet-ed that 1n the porticular tJPea 

~ crudes nth wbleh he was concomed the sulphur appeared to 

be present malnly in trua 1"orm or a solution. He tound that 

by 41at1lling at a t~mperatur-e ot 300° - SOOOF D1Ch ot this 

aulphlll" was eonverted to ~S wbJ.oh. he suggested• oould be. 

applied in lf2SO• manufacture . He •O?ked ont a SJGtem. or 

operating three at1lls S78t«mat1oall7 aa a group• so as to 

obtain the gas at optimum conoentrat1on. ar.d he treated the 

flnnl o11 with o,pen ateaa 1n order to expel d1ssolved ReS• 

~ main objeot ot b1a proeeaa. aa disclosed 1n hts olaima• 

was the 1mprovell8nt o~ the crude by lowering 1 ts eulphlul> 

cont~t. and the Jl:aS naa rGgardad n uaef'ul bJ-product. 

In 1915 Baconl patented 1n the United Statee a 

tallurs1cal proeeos for COpper PeCOVG~J ~ soluttona 

obtained by the 11x1v1at1on or copper area and fUrnace re•1· 

dues with acld. The proeeas required tho pr•cipi~at!o.n ot 

tho eoppeP by ~s. and the patent directed that tb1a gas be 

generated cyo11eslly ft-om sulphur ( recovel"Gd later 1n the 

proeeaa) by heating with a hJdrocubon mat•r1al such aa 

"hJdrocarbon residue" . Bacon :recommetlded in thin 1netance 

a temperature ranae or about 300° - 36o0c owing to the d1a­

eoe1at1on nt higher tempe~aturea ot the H2S tormad. Be 

laaoODt u.s. Patent Bo. 1.151.236 ot 1915. 
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VOf'e~~d to use CUl lOw a proportiOO. Of flJd!'OeaNtQn materinl. 

as po~s1blo so ns to obtnin 1'1nally a dona• t7pe or eok•,. 

which might bo useful tor metall.Ul'gioal ork. 

In 1917 D!'ttkelor, 1n tho oou~ae or an 1nvea-tlga~1oa 

on cePta1n types or tiro a occur-ring 1n coal mines, demonstra­

tod oxper1mentallJ that Bas could rondUy be tormod from cool 

Gnd p,r1too 1n aove~al ways. 

aer1ea or ex.porimenta 1n wh1oh he heated sulphur w1 th b1tu­

minOtta coal in tho prea•noe and abaenee or moisture respective­

ly. He provod that 828 was ovolved in all theso eason QDd 

th t the gr.ntoat Jield was obtained when mo1eturo Qas present. 

UDder tl1oao condi.tions the heating or 6 g. sulphur w1th 100 g . 

coal gavo 4.V83 g. aulphur 1n the rorm ot B2S~ and 1 . 3V3 &• 

sulphur rema1nod 1n the Ns1dual coke. Tho expor1monts nPG 

carried out at ntmosph•r1c pressure -and at a tamper t~e or 
600°C. 

Bl"ooko and itumphror r-eported 1n 191 '1 on tho etteot 

ot sulphur on tbo oxldat1on ot hydrocebons wlth pnrt1cul.~ 

retorence to asphalt. They considered that nt elevated 

t&ntPornturoa sulphur aceelo:rated tho ox1dia1ng action or a1.P ---

on these conpounda. wit is posaible , thqratate -thot ~•n 

petroloUJn oils at-n heatGd with aulphur, complex sul~ 

~akele7: J. Ohem. Soc. 111. 853 ( 1917). 
~ook8 and HumpbH7: Ind. Eng. chem. 9• 746 (1917}. -
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cOttpOunds ~e f1rat f"ormed and that these oompounda are COM 

or less e~pletel7 deeOl'Qposed on cont1nu6d h o.t1ng• 1nco 1n 

the ease or the artit1e1al aaphalto deaer1bed in this pap$P 

tlte fltnnl products contained from 2 - 9~ sulphtn~" . 'lbls pa­

per contains the following s1gn1t1eant stateoont 1n n tootoote: 

n e find that 1n order to emplOJ this reaction as a eheap 

souree or ~;;,) a large e:xcoes of o11 is :roqulrod. Although 

much eoke 1s depoa1ted. nothing like the ~•aulte exp"aeec 

by the •quat1on 

C25H50 + 255 -~).25B~ + 26C 

ean be attn1ned. TWo or more parts ot oil to one of aulphur 

c1vo exc•llcmt rosults and M oil should be s•lected boiling 

ove 2000c•. 

Baeon and Davts1 d1aclosed methods of pul'"1tylag 

!r'1lphur on a la:rgo soalo b7 holding a mol.ten bod7 or su.lphur 

to de-

compose nn7 o11 or othor organ1e matter pl"oaont b1 reaction 

with the oulphu~. Th1a process 1s o~ special 1ntePoet 1n 

vio or tho lator aovelopment or e pe~teeted mothod in some 

rospoets analogous to this, -roro producing oulphnr ot a V&J!7 

high purity. 

In Eu~op t this pG~iod tho 1nter$St ot workers tn 

th ronot1on ~atween sulphur and h}droco~bons was sttmulated 

lar~ely by tho hopo tho.t snalo~1es of' theor tieal vsluo might 

lBaeon and navis.: TT.~. Patents Kos. 1 1 374,89'7 rd 1,~74.898 
ot 1921 .. 
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be c:trown which could assist in th• explanation ot th• 

ertecta or the tl"$atmont or b,JdrooarbODe bJ <mygen.. At 

Dreaden. Gro.etel reported the results ot an 1nveat1gation 

1ft which he tre&ted petroleum oil with oxygen. sulpblll' and 

selenium rospoct1vely. ~he otl used had a a.G. ot 0.921 

at lSOc. anc:S gave no diet11l.ate b•lo• 360°c. It contained 

0.28~ eulphur bef"ore u••· 

o~ufe heated 50 g. or oil with S S• sulphur- to 

30o0 e for 2S hotu-a. and obta1tted Q f1nnl p~uct Md.ch htd 

a 1a8lt11J6-P01nt or 460°c. In the COU'.. ot the Hact1an 

he exmdn-'- t•o aomplea ot the gas evol.vod and obtnlnod. the 

tollow!Dg t1~a : 

Sample I. !!!5?l~ II (15 m1ttUtee 
late!-) 

¥ 68 • • 59. 

Volatile H;Jdroearbona 3 .?'$ ··~ 
HeaVJ HJ(!rocarbona 2.8~ 3.4~ 

B7 ut:Net1ng the t-ea1due with •ther-alcOhol be ob• 

taintd 44.6• or asphaltic compounds. with an •o.Yel'~· mol.eu­

lar welght ot 680. Untortuaa.tGlJ• Graefe dOG not Hport 

on tM aulphur cont.mt of the ree1due. ao that no concluaiana 

ean be dl-a1m aa to the extent ot eonvuaton. 

fhe work ot S1ebenee~ was aore complete 1n character. 

In Ma pape·r - "Der Elntluas d$r Elemente det- ~aueratottgru.ppe 

~GPaet'e: z. tf1r angewsndte Cbe1Jde, 34~ 509 (1921}. 
4CS1ebeneck: Pet.roleum Ze1tachr1tt. D. 281 (1922). -



n .. 
auf Pwatts.ne• he Hports investigations concerning tM 

naeti<m with paraffin wax ot OX715ft, aulphv, aelan1wn 

and tellwium. roapeettvelJ• His ptlPatt1D •ex waa a com­

mGH1al psde. ot melting po1nt 51°c. derlvod from a 

~slaw crude ou. 'l'he ultimate compos1t1on l¥t the wax 

ued was as t"ollow• : 

0 

a 
Oth•r eonatltllenta, 

•.xptteased b7 81e­
beneck as OX7&en 1 .9., 

loo.OO$ 

H1s ~1t1al eXpo~lments d&alt with ~e action or atmospheric 

a1r an4 '*78$11 on pst-att1n •u• w1 th prOduct!.on of' eapon1-

1"1nble- 1'att.7 acids and. other eompourada • work ot profound 

1nto~eot w1th which we cannot deal here. 

Siobflneck eommenced hia 1Dv-.•t1gat1o:na 011 the· eul• 

pll'u!" z-eaet1on b7 beatllig 5 g ., wax with 1 8 • pow:tved aulpb\U' 

an.a obtained eYldence of the evol.ut1on or ll~ at 150oc. 

lfoweveP he tOUDd 1t aee•saary to h.,at up to 2200c to obtain 
-

:fa!.ztll' conatant productlon ot gas. Tbelreatte• h$ t:ranafer-

:Md the mate~1al to a flask and he.ated tor n tul"thGtt t'1ve 

bOUPa at the same temperature, t'lnally obtaining a e~bona­

eeoua deposit insoluble in organ1o solvents. 

Wol'kiDg on a la.rger acnle Slo-"boneck h$ated 200 g. 

pat"at:tin wax to:r ?2 hours at a temperature of' appN.X1ma.tel7 
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230°0, add~ suceeasive portions o~ sulphur totoll1ng 65 gr. 

Thia por1cd1cal addl t10D or aulphur was obao!"vcd to ma1Dtaln 

the evolution or the R2S• Siebenock eoneiderod thai; b7• 

products auch aa cs2 fiPe alao present 1n the gas • though 

this potnt was not. apparently, det1D1tcl7 ecnttrmed. !be 

residue was a bronn1ah•blaek olll' carbonaceous mo.sa 

C 1tfettkobl1gtt) with a "charaoter1at1c• not unpleaaODt, aJ"OJJla• 

tic cmell~. 

Attel' 'borough extraction .1th c~2 and other­

aleohol the xtraoted rea14ue wo.a a black emorphoua m.a.-s which 

could not b• melted or subl111l•d• I!' heated above SOOOC lt 

decompoaod g1 v1ng O"t£ fumes smelling of aulphuroua e.o1d., fl!\4 

finoll7 a ah1n1ng black masa ot pure carbon was obta1nec1. 

~lebeneck also eonducted a ser1•s or 1nvoat1g~1oae an the 

"aolublllt'J'~ of th$ I-Galdu• 1n stpong aolda and alkali . '!'rut 

oztraeted Msldue was submitted to combuetlon ot.tal,-aia. aDd 

found to be or the r ollowtng oompoa1t1on: 

c 
H 

s 

On the basis of thea• ti~es $1ebeneck nrr1Yod at a so-oallac! 

molecular .tormulo. ot (C~)x for tho res1duo# and noted the el• 

moat complete dehJdrogenat1on or the puattin wnx 1n th• cow-ee 

ot tho expertmen~. He also obaerved that lt the extracted 

res~e waa again heated to approxtmatel7 300°C w\tb a further 

aeeas ot paratt1n wax, a .turthe:t- evoluti-on or H2S .was obtained. 



In tho same yeal' Raltualnl repor-ted ~.-p•Jt1ments 1n 

which porattin wax ( M.P. 56°C) wan boated with oulpmu 1n a 

glass bulb !lm:le7aed in e o1lbath at 1900 • 205oc. crho JlsS 

evolved waa ab&Or-bed in a tJ•tub~ filled wtth pumf.oe no1etenecl 

w1tb fllt.tOII, and ~ollo\'ted bJ a guard tub4a e.<mta1nlng oac12 • 

Raltus1n found that leas than 50$ ot the eulphur taken• 8JWl 

onl,- 3.12$ or the para.ffin wax taken. enterod 1nto the Ha.otlon. 

Th$8& low 11-elds wer-e . ~sumabl7,. due to tb& t-elat1Wl.J' lo1f 

temperature of the oU-b-ath. 

We nlso tind that auggeationa were mad& at tbia 

period 1n the v. s. A. that the ~Gaot:lon b•tween sulphur and 

hjd~arbona should be utU1aed for the production ot BgS M ­

qu1~ed 1n ce~tain industrial and metallurgical p~oceaaea. 

In 1921 Hanler publ1•hoct the r.nulta or expeJt1manta 1n H ­

lat1on to the Pemoval or areenie from clnc el&etM»l~es 1ft the 

wet p~esa ror the ~oductlcm of ztno. tn tJds proceaa 1t 

was ru•,•••ar.v to H.move almost eomple,elf• ~fore eleetrolyats, 

mt7 metal• more e1ectro-negat1 ve 'thea sine. 'fhe pttoc•ea ua.O. 

f'or tho ,.omoval or araen1c •as, tMatm&nt with 502 to reduc• 

_ .t-ho compounds prQeent to ~he triva.lfmt cOitdltlWL.tollowed bJ 

pr.o1p1ta\1on with BaS• 
Aa an alternative t o generat1ng th1e gas b7 the 

custom.a.ry acid .. ~e:rroua aulpbide method Hanley expe-rimented 



with heavy o11 and sulphur mi:xturoes under var1otte ee>nd1t1ona. 

no found that und~r no e1roumstanc•a could a yield in oxcoas 

of about 80$ (bnaed on tho we1ght ot eulpllur) be obtal.J:ald. 

~,.e nl.so tound that the opt1t:ntm ratio of" sulpbu:r to oil dopen­

dod mainly on tho tJpe ot end-product des1r$d. Ho stated 

that 1.r it was intended to use tho bJ-produet oe an aaphal.IP 

subntitute. then not more than 10.' or sulphur on tho •1sbt 

of tho oil ohould be uaed. If• howevo~, the Ncovor7 or 
th1a by-product was not required then the proportion or aul­

ph\n- could 'be raised t<> about 50..~ on the woipt of the Oil, 

tho f1nal prOduct being then eoke-11ke in character • 

Ranloy obtainod hie best y!.eld of H2S {nmnol,-~ 

baeoo on tho weight or tho eulphur uned l 1n an tJxpo~1ment in 

flh1ch bo uasd a spociall7 pl"eparod o11. 'ibis o11 was a fu•l 

oil from Coalinga Diatnet,. C4l.Uomta,. i'~PfU'OO by d1st11-

11ng with both ou.ta1d• heat and 11ve ste81!1 till f/1~ ot the 

volume had been 1'9l'JlOved by d1stJ.llnt1on, 1 . e . tUl the low­

boiling fr-aotlons had been l'emoYGd. In the ¥ procese bla 

l'f'Ol"ld.ng ~empor-atur• wau between 150° • 20600 and tho time ot 

heating m this ouccee81"ul upe~1ment was 11 houro, tho bf• - - -

pl'oduct bo1ng 8- of asphalt bnaGd on the weight o'f 011 u•ed• 

Other mO:thoda triod by Ronl.ey 1n901Ved the US& ot Other !U$1 

oils (with or without prior "topp!Dg«)• CJ'linder ou. ae well 

ae J'Otd oil and d1atillat1M reaidu.ea. with t1moo of' beat1ftg 

vnry1ng t'rom 3l hour-a to 24. hou:r-e. His final conclua1on was 
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\hat the eonvant1onnl ~thod or HzS prepar4t1an nan pretor­

tib1e. ns thoro uould be di£tieult7 in obta1nin6 commercial 

t'uel oil pre-treated in the abo·v·G manner. 

~ action or nulphur on a "Jellov oU Obtained 

f"rom the Rieboek .JontOD orka waa investigated b7 B1elenborgl. 

ne :round tbo.t on banting to 130°C ¥ 1'lau obtoiMd. · 1th 

1neroane in tmpet-ature to 190°C mo~e on! UOl'C D\.r.l.ph\11' was 

f'®nd to r- net • and the 1od1ne value ot the oil aa ~oom. to 

1nerttace . Tho product had a sulphur content ot 6 . 4),. and 

hen distUled gave orr moro BaS. o clear d acr1pt1on ot 

the nature or tto original ou 1~ g1 ven 1n the pn ... ~JG:P., but as 

tho boiling rangG 1B stated to bo 20&0 • 260°C tho oil appeM'a 

to have been on UIU"efinod prOduct. Tho or1g1ntU. oil had an 

iodine value or 57 • 1nd1enting tho probablo proeonce ot un-

atul"atod compounds. 

An 1nduotr1al appl1cat1on waa a1mod nt by D1D4· 

uchodler and Rugeler trho 1n 1925 putent.ed a ·proc•sa "~or 

the <teonomlo product1on ot hJdrogen au1pb1de ga 1n a atata 

or gre t pur1t7 so that 1t Will bo au1table ror th• manutae­

·tur• -or sulpbJdratoa used in ·cten1. trating n1 troce1lulose ·allk_,. . - -

In their application they ~"•fer- to the al.retdy mom reaction 

in wh1oh H2S wu obta1fted by Peact1ng sulphur with «tar o11 

or pet~oleum product• like ••x1can crude o:ll, hoaVJ petrole\1J2l 

~i.eleaberg: Braunkoblenarch1v "• 40 (1923). 
Bindsehedler and Rugela7: u.s.-Patent Bo. l-565.894 ot 

1926. 
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o11. parattin oil., end aaphal t fl. The~ el ~ improvements 

cons1at1ng 1n retluxing the volatile hydrocarbon• formed. and 

puritying the ¥ b7 passage thl-ougb ebat-coal, or similar 

materlale eueh as silica gel. The7 alao .conaS.dor.,_ it do­

airable to ~aiae the temperature of' the process 1n 1ts t1ne1 

at~a to ne~lJ' 400°C 1n orde~ to complote the reaction. 

The7 eona1dered that at suoh temperatures undea1Pnble com­

potmda sueh as me~captens, might be t'orm.ed ~ but cona1deNJd 

that tbeae would be adequatelJ removed bJ tho charcoal or 

a111ca gel. 

In axamples or the process the following particulars 

•en-• g1 ven : • 

C n) 1000 lba. sulp~ were IISJI:ed w1 th 1500 lba. ex1can 

fuel oil 1n an iron kettle proVided w1th a sttrr•r 

and graduall,- heated till ~oc. In thi a 1nate.no• 

approximatel)' 600 lbe. peti'Ol and other light pro-

4uets were d1atilled orr and recovered sepaPn~el7 

b7 condensation. The ¥ was was.Md 1th "crno:P4 

o11 ° tUl tree of sulphur and then pu:P1.r1ed b7 paa­

sage through charcoal. 'rh& colte Obtained t.rom. the 

reaction vessel was reoo=mended tOP briquette manu• 

:facture Ol' other purposes, $UCh as une 1n pr<kiucer 

gas plants. 

(b) 8'15 lba. crude o11 was .first heated to 2000c rmd 

then m1xed in an iron kettle w1 th 1000 lbs. molten 

aulphu.r. The kettl• wao prOY1ded w1 th a stiner 
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aa botore. In thin instance., however• tho light 

distillates were t-efluxed bJ mesns or an air­

coolod reflux condonaer w1th batrto-platoa. 

lloating was carried on till 400°0 and the ¥ 
pur1t1&d e.n bet" ore. 

Apart from the other ola1ll.a 1n th1 patont a sp•c1-

t1c cln1.m waa made fOl' a ratio ot aulphm-/oU ot ppl"':Xtmat•l7 

o.e;1.2 parts by weight, Gild for carrying th-e reaction na high 

ns 350° • 400°c. No moution 1s mode of tho duPat1on or 

hont1ng and no t1gurea are g1von f'crr the pe!'"centegG 11eld ot 

gas obtainod ~ or the approximate Ji.elda that mlght be 

expected. 

Attention was a B1n called to the 1nbo~ tory aspects 

or Hgf p:roduction 1n a paper 'bJ' Benwood• Garey. GoldbePg an4 

Pieldl. '!'he7 used paraffin vax 8lld sulph\U' • A. th t1nel7 

d1v1d«~. prev1oual,- tgn!.ted• asb•stoe aa a bnoe in which the 

reaot1on tlixtu7e was ~cox-poratad. They ropOPtod that a les• 

71o14 of' the gaa waa obtained which waa pure and d14 not n­

quire waohicg. 

Sedlaezo~ listed a luge D.t.UnboP or pP<)aueta reaem­

b11ng ~t1f'1e1al aaphalta., or sub&titutea for aepbalt, which 

might be m.:io by the action or aulphur ~ coal tar, pitch. an4 

l11enwood- Garey~ Gold~l'8 and Field~ J. Frtenklin !nat. 199, 
685 (1926} through Chet::~. and Ind. -44, (11ew ::.or1eaJlP "511 
(1925). --

2sedlcenk: Teor 24. 436 (1926). -
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v~toue oil•• 5ume:voue older pat81lt• at-e mentioned in the 

p~r~ moat or Whieb claimed spee~al m!xturee with f~lle~a 

and the 111ee. Tho paper makes no rererence whGt.v~r to the 

chomeel Nacticna involved• nor ta !t indlcatod th t H2S le 

a bJ'-p~OdUct O't man7 of the opeJ-nt1ons whioh o.ro epeoitS.Gd. 

Reterence baa already been made to the tmportanoe 

tn petroleum teclu'lolOS7 of' d1t1"1.cult1ea arising out or the 

pr•sene$ or sulphur or sulphul" <:.ompounda. Ml 1Jm:~~toae amOUDt 

or won baa been done on these problema both rrom the new­
point or ref'lntng practice and tho viewpoint of the ultimate 

applS.eation of the petroleUlll pl'Oducte eoecemed. J.»Dt or 
thie lJOrk has aimed at reducing the -aulphur' eontont ot petro­

lowa products marketed to what 1s Pogarded na a eo.fe 11m1t in 

each rea~et1ve 1natano•• The recove.,- or the 8\llpbur aa 

112s or 1n aOIQ other ron has ln moat instances been regtll'ded 

eo being of· leas !mportanee. aonaequentl7, thia tJpe ot 

YJOl"k 1s not of dil'eet value 1n tho p!"eaent 1nv st1gnt1on. but 

certain pnpePa eove:P important ground of eom:mo.rt 1ntereat. 

Por •xample tho papet- presented by Borgatrom and F..mmet ReSd 

to the PetNleum D1vis10D of the Ameriean Che111ot.ll. S-oel.etJ 1n 

192'1 g1 vee the rosul ts or a search or the 11 t~atm-e oa . 

ttsulphuP Compounds 1ft JU.ner>al 01l.a" made un4er the ausp1eea 

ot the American Petroleum Inat1 tute. In this pap•pl waa 

listed a large number or sulphur compounds thet h ave been 

lBorgetl"om and Emmet Reid: Gil ond Gas JOUl'D.Gl, 26• $52 
(1927). -



14ent1t1ed 1n petPoleum. with the ol'lginal Pef'~neea. 

EorgatPOa ani Bzmnet Reid po1n:t out thnt • n11 booka on peti'O• 

leum d•vote more or leas apace to sulphur and 1ts removal. 

Tho intormatlon tb.G7 give 1s uaual.l7 1ndetin1t-G when tbeJ' 

coma down to detail a• . Their paper waa thus lnteftded to b• 

n meona of raf'erring back to .att-1or work on sulph\11' or apec1-

f1c sulphur compounda ~ petrol•~ The paper d•als o.nl7 

superfl1c1allJ' - 1tb IfaS- being more concerned with tHe eul• 

phur and orgaatc aulphu.• oompo:unda. 

Dunlap•a1 paper on the -u:rect ~ SUlphur 1n 

L1qu1d Puelaw deals wlt h the etrect ot sulphur 1n fUel or 

lubr!.catlng oila when ueed in tnteroal combuat1on eng1n••• 

t>unlap approaches the subjeet• howve~. f'l"om the v1•wpolftt 

ot the chemle'll. reactions that can bo spaettienll:r reprodtt• 

ced 1n the laboratory UDder conditions apprc>x1mat1ng to thoae 

1n an engine# and his diaeua•lon is ther~o" or conaide~able 

1nte~at 1n rolati~ to the preaent work. He states that 

whon sulphur ls heated to 210°C w1th the beav1eP pet..oleUDl 

ho.ct1ona 1 t begins to take h.Jdrogen from tb& hJdl'OCGl'bOb. 

and torm an olettne. with evolut1QG of* ¥ • He okee the 

epeo1t1c statement that •al!Dost quantitative ,.S.olda ot ~S 

em be obtained by heating to 300°0 a solution ~ 1~ bee· 

snlph~ ln kel'Oaene1t and tha t a s1m1iar naot1on oceura with 

tbe heavier olla or paratttn wax. 

1Dunlap.; Chem. r~et . ED&• M. 298 {192'1 ). -
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Dunlap alao eer1&d out e.x.pell'lmenta to deteNil'le 

tibothor similar reaet1ons oceurrod wltb forrous oulpb1de 

inst•ad or sulphur. Ferrous aulpblde ne e81"8fullJ purs..;. 

rted ~ treo sulphur and was heated w1th englno oll and 

paratttn wax reap~ct1Yely to 3•oOc tor Qbout 2 hours. 

Smal.l quant1t1os ot H2s were obtainod 1n both 1nstnn.eao, and 

Dunlap considered that tree 11"'on waa tormed• thue simulating 

What Bdght oecur under ~tne oond1t1ons1 along with other 

Mact1ona~ which would ultiaatelJ tend to the formation ot 

oarboa d pos1te and engine sludge. 

'!'he thermnl decotlpoa1 t1on or organic aulpbm- oom.• 

pounds vas the oubJect ot on investigation b1 Fnro~~P. 

I orrell an1 C j1 whO reported 1n 1928 tho roeaulta of.' 

atudte s on certain nu1phur e.omponnd which Wflh suloctad as 

repr-oaontat1ve ot the types considered to be prenent 1n 

petroloum. The materials selec.tOd were merce:ptsna. nlk:Jl 

sulphides. tbiopban 1 and in addition elementn~ sulphur. 

In th case or ele ntary sulphur the e~r ntal proeedur• 

was to d1aaolve 0 . 2 g . sulphur 1n 100 g . purlt1ed petroleum 

naphth& and vapourise the ~olution at nn -avorag~ t.emperat~ 

ot 4960c at an approximate t-ate or 0 . 5 ml. per minute . lt 

was found that H2S vas the onl7 t1nal product or the renct1an. 

A similar experiment can-led out at ft6°C alao gavo B~ aa 

the t1nal product but the Jleld was lower. 
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In the course or their work OD othex- aul.p~ com­

pounds heated in naphtha aolut1on Farogheto- ~tonoll and Com&J' 

noted that When iso«m7l d1aulph1d• •aa d1at1lled at atmos­

pheric prosaur& a2s was evolved in large quant1t,-. In 

gMeral they round that naphtha solution• ot almost all the 

organic sulphur co-mpound a w1 th which th•y tfOI'"ked • when 

•apour1aed ~ highly heatod, gaYo otf B2S a th anJor pro­

duct or deoompoa1t1on. The exception was th1ophono~ hicb 

s :ve crt no BgS e'Yen when beatod up to 8710c ln tho vapour 

phaae. 

'!'he poae1b111ty or ut111a1ng the sulphur/bJdro• 

earbon reaction tor thO produetton or B2S tor laboratopt ua•• 

al.reod:r ref"erred to earlier 1n the literature •• a8 aso.ta 

noted by G;teller and Schtlef"er 1n 19291 • Tho mixture :Ncom­

mended by them e.ons1sted ot 25 parte pD.l'af"t1n wu. 15 p&Pts 

sulphur and 5 parts aabestoa tibree. Tho wax was gl'O'Uftd up 

and 1nt1mately m.1xed with the aulphttr. The aaboatoa waa 

then worked 1n thoroughly. 'rhis .Uturo, the'f stated, could 

bo stored t'or- long po:r10da • and could read111 b"l uMKl bJ 

hettt1ng. !fo ln~ol'mat1on as to Jlolds ao given. nor was 1\­

ste.tod why t~$ a beatos was 1ntrodueec1 . 

Glaaa o1'li T!.'m:met Re1d2 reported 1!1 1929 obse:rvntiona 

on tho course o~ tho renetion between bensono n.nd aulphur. 

lat"cller and S.Ohaeter: SClure1se:r-1aohe apotheke~ Zeit tt 10, 
uo (1929). -

2alaaa and Emmet Reid~ J. Am. Ch.xo. SOc., 51. $428 (1929). -



From a lld.xtuPe ot 50 g. aulphUl'll and 39 g. benzeno ~ which 

was hentod at 350°C ror 24 hou:rs. the7 obtn1ned 6 . 3 S• R2S~ 

8 . 6 g. urtohaaged ben.zene, 1 .8 g. thiophenol and ~.a g . or 
a mixture or diphen,-1 sulphide. d1pheny1 disnlphtde• and di­

phe~lone d1aulph1de 1 as well as 22. 1 8• or a "h rd. glass• 

llke tu". Tho "lose" of S in tho er_pertment Wt18 calculated 

oe 22. 4 g . 

In 1931 Scud del" and L,.onal repel" ted tho ro aul ts of 

an 1nvQat1gation unde~tnken to aecel"ta1n ~etboP tho uso ot 

certain eatal,.at m1ght affect the ~eaotlon between sulplnu­

and vartoua hydr-ocarbon materlala,. and to establish th• opti­

mum com1 tiona tOP fteS evolution. Their tn1t1al o:pcrlmonts 

were a &Pried out 1n a 12" ?yrox test-tube, t'1 tted vi th stoppeP 

and delivery tube and suspended fn an oleetrlenllJ heated air­

bath• the H2S being eolleeted ln graduated veesol# ovor water 

saturated with ~s. It was tound that the results were •1ow 

and erratic" and aulphur volat111aed f7om the mixture and 

collected in the delivery tube. 

PUrther eXperimonts woro car-r t-ed out in 250 cc . 

Pyrex dlat1111ng tlaskss and lump pam1ce wae added to the ~­

aett.on mixtu~. The pumice waa f'o'tmd to bo •oovantageoa.a• 

1n the case o~ p~atrin wax, but d1d not &f'teet other hydro-

carbona used. An attempt was then llade to tind moro o:ttoctlve 

cntal7sta and the ~ollow1ng other mate~1ala WGrG trled : 

lsetldder and L,.ona: Proceedings Indian Acuxl•m.J ot Setenee. 
4o. 186 (1931). -



Cad111um sulphide, t1nolf d1rtded.· 1ron11 P..lumtni.um• zinc~ 

cobn1t~ n1cko1 1 lead,. antimony,. b1tm~Uth1 e11vor. bone ohm-­

coat. silica, g1lson1te. enloita ~x1de, arsenious o.x1d•• 

lampb1ack, tar~ ~Nortt• (n proprietary brand or bleaching 

carbon) ~ and anh,.ctroua alUt!\1n1U1"1 chloride. 

'l'he 11»thod used wae to allow the g a to pas a through 

o. eolu.tion or cacta1Wil cblOl'ide• and to reeord the temperature 

or the ~action m1x~e at tho momant when pr•e1p1tat1on or 

cadtaiua sulph1dt t1rst beeame not1eeablo. · oso obsened 

ftte paratures at 1nit 1al evolution or ~sft wore ~po~ted aa 

l7ing betweon 240° - 259° C wben 3 g . aulphur we~e heated with 

10 tt• paraffin wu ( .P. 65°0) in the r>l"oaonee or the "addi­

tion agents" 1 QS COl':lparod '\Ylth M initial tempornture of 

265° - 'tl!T0°c when the sar.:e m1xtur$ was heated without 

"addition agents~ . 

:rn d f"urther 1181'1 8 or expol'"1manta tho o:treota or 

the eatalyets on the yield of' R2S were dotorm1ned. The 

following su -arf of tho reaults w s given: •tt s ~ound 

tha.t whon pnrtlt'.f1n or o.zokor1te w s U:5ed carbon was the moat 

etfe~t1 vo • anhydrous eltml1n1um ehlor1do ga.vo ~l!lOSt as good_ 

results. 1ron {80 mosh or lesa) w s about ?S:.~ as otfect1v• 

and fn all other caaos the otrect wns negl1~1blo. rhen rlnx 

oil or rocd oil e.s ua&d none of" the above hnd any nppHe1able 

effect . -lth black o11 the gaa yield wu~ not ntfecte4 by 

cnrbQn but the purltJ was graater and with s~halt the 71eld 

ns lowered slightly". 



Among tbe rom1lta ot numerous exportmontn tho 

following wero the mont s1gn1ficwnt J1elda or u2s r6»orted 

{exp~esaed ae perc•ntag• or aulphur evolvod as n2~~ : 

Reaet1on ~ixtuPe. Yield of ~s ~ 

20 g . ozokero1t•., 6 g . sulpbur 15 g . 
pumice, 26. 2 

20 g . ozoke!'-1te, 6 g . sulphur' 6 g . 
lampblack, 51. 0 

40 g . paratt1n u 12 g. sul._phur, 20 g . 
pUlld.ee 6 '!• lampblack, 59. 5 

20 8 • paraffin wax, 7 . S g. ttulphur• 
15 g . pumte•~ 39. !5 

20 ~· asphalt 6 g . sulphur. 15 g. pwntce, 33. 3 

30 g . flux oil. 20 g. sulphur, 20 g . 
p;udee• 6 g •. lampblack, 46. 1 

40 g . blaek ou. 20 g . sulp!luP. 20 g . 
,tYUldOG• 6 8 • lantpblaok. 68. 3 

40 S • blaek oil• 20 g . sulphur11 no pum1co, 
no lampblack, ea.o 

45 g . Mad o1l. 15 g . aulphuza • no pumlc• • 
no catalyst, 7o.o 

40 g . road oil, l.O 0 • sulphur, no ~um1no, 
no catal)'st. 69. '1 

Seude$r and L7ona mL~nrised the~r conclusions aa 

follows: "Finely J1v1dcd earbon 1s a decidedly pos1t1ve cata­

lyst tor tha preparation or h,Orogen sluph1do ~ t~~ nct1an 

or sul~ on hydroearbons. then lmpblack is t.ldd.Qd to 

paratt1n and oaokor1 te sulphur mtX;tn:ros tho y1eld s Gl"e 
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practically doubled. In ~ cas• ot roaa o11 and tlu o11 

tho addition of finel7 divided carbon haa no otrect. \lth 

asphalt the carbon oeem11 to al1ghtlJ lower the 7ield Jbile 

ldth blo.ek o11 tho J'iold 1s unaffected but the p~1t7 or th• 

gas wns higher. Evidently tho rouson that tho addition ot 

enrbon does not cnuce m 1nereaae 1n yields ith the oils and. 

asphalt in that they contain su.f't'1cl.ont f cnrbon to eata• 

lJSo tho reaction". The;y eorusidered the ofteot of anh}drona 

aluminium chloride wan ·'about equal" to that or carbon. but 

uae not additive to the e.tfoet of th$ carbon. '?he pv1tJ' 

of tho H2s evolved was estimated bJ ntaor-j,ltion 1n dilute 

eo.ustic soda solution. and waa found to range from 96 - loo,t 

aa long as the temperature of' tho roact1on mU:ture waa kept 

· below 300°0. Abovo tb1a temperature the pur1t7 deto:r-iorated 

rap1dl7• and ~t 500° it was found in tho various ~ortmonta 

to be between 25..- and 6~. In the oaae or paraffin wax it 

\1aS found that On h$o.ting tPQ!!l 300°0 to 5Q0°C "the incraaae 

1n · Jiold up to that temperature was about 10, ·H .. 

Soveral 1mpo~tant d1fticult1es are eneounte~ed 1n 

- a.ssosn1ng the 1-eaulta or this work. lt'Or example thfJ tetttpera-

ture of" initial H2s avolut1an in trua cnso of the 8\ll.phUP/ 

p~af!'in Ttax r.aet1on 'ithou:t catol.J'St • is given aa 266° -

27o0c~ whoroas all other workera have observod .fi211J production 

from a1c 11ar mixtures at cons1derabl7 lower t mperaturea . 

This tnct m&kea it difficult to estimate the s1gn1ilcance ot 

t he observation that the naddit1on agontsR caused a lowering 



ot the 1n1t1u reaction. temperature to about 240° - 259°c. 
ot~r d1rt1cult1es aP1ae out of t~ natupe of tho catalysts 

ott "edd1t1on ag.ntaa us.r.l . Some ot tham~ auch r..s lampblack 

g1lson1to, are substances contaill1ng h)"drocnrbOll compounds 

WhiCh ould pPObabl~ thema•lYes J1eld Hg~ by Peact~on with 

sulphur. ~u1te apart, thereto~•• ~ram posa1blo catalytic 

erraota. their addition to the .reaet1oa mixture ctually in• 

Ol"$&aee the proportion. and changes the charactGr1at1ca ot. 

the hJdrOCarbon matGcr1nl 1n an 1ndet1nito manner. conversely 

such mnter1ala au finolf divided lead, ailver• or 1ron can 

combino directly mth the aulphuJt preaent,. thot~\>7 rodueing 

the ert6at1 ve aulphur/hJdroetll'bon ratio 1n the uver!.ma\ta. 

Jllellonste,n and Thoenes1 • working 1n Holland• 1n• 

veat1g ~ted titrther the effects of ulphl.il" on hydroenPbons 1n 

order to tbl'ow light on the question whether• and to 1fhat ex­

tont. sulphur may have played a part 1n the rormntion ot 

bituminous nsphal.t. The,. pointed out that aaphel.ta extrn.cted 

~ various sources contained notable percontageo of sulph~. 

Tb1G sulphur was not an essential constituent~ yot it was 

found to bc:t ahtoat cono.tantlJ associated ,:~1th anphalt comp~a-.• ~ 

In a ser1 a or c&Petull7 planned ezpo~1o$nts Nellen­

ateJn and '.l:hoeneo reacted sulphur w1 th parafr!n ax. pBrattin 

oil~ Venezuelan lubr1cat1ng o1la and "Fneleanu axtPuet~ from 

lubricating oil stock• reap ctively. 1be o~ertmental method 

ue()d was aa follow• :- In a tlaak or 150 ce. c apacity the 

l uellenatoyn nnd Thoonos: Ohem. fteekbled• 29, 582 (1932). -



r-espective quent1t1oa of sulphur and hJdPOCubon mate~1al 

weN heated• the temperature boing noted :from a thermometett 

submerged 1n the mixt~. Foro mlxing purpoaes and to ase1et 

1n romoving tho gaa f"ormed, a stream of d1'7 ox,-gen-tree nitro­

gaa was slowl7 led through the m1xtu.H. The saa ovolved •as 

eeo:t.ed b1 a Liebig 1 a eo:ndeneer and any eondenaed ltqu1d waa 

colleotod. Thoreat'tor t he gaa was passed ~ an abeorp• 

t1on colum pa.ckod with i:rora oxlde ( "tjeoraar<te") end CaCl2 

wbioh aervod to Hmove BsS• 'l'be 1ncMase 1n weight ot tho 

eolumn gav~ the BgS toPmett. Aa eontrol on tho etf1e1encJ' or 

absorption by the colwm the gaa paesed r1nnll7 t~O'Qgh a waah• 

:tla.Bk filled with an "alkaline l.~ad solution" ( pl"eoumabl7 

alkaline lend ac•tate aolut1oc}. In addition the following 

dete~ations ana observations were made : 

(1) Sulphur content or tho residue and d1st1Uate. 

(2) Insoluble matter 1n the restdue. (t.rhls ear• 

bonao•oua matertsl is rG1"erred to aa •cokee" 

in the paper) • 

( 3) Aaphal tene contont of the realdue ( otheJl &oluble ). 

(4) COJitbuat1on arull~e1s of' the residue &rui d•ter• 

mnntion ot ttmean mo1ecular wo1ght._ • 

(5) tntr-amlc:roseopic examinnt1on or the residue. 

t.Phe results which a!'O spa$1allJ' rolGvant to the 

present vork may be sumttultttised as fOllows :• 
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(a} Expe .. lmonts •1 th paratf'1n ·~~ 50 g. pnPntt'1n wax., 

tree or o11• wore heated with 16.( aulphuP (5 g . ) At 152°0 

the tornat1on o~ B2s was ftrut notod. fJ.'hO !:dxt~o waa held 

at 260°c to~ 350 ~utoa. The total we1~ or aulpbnr tound 

evolved no H~ was 4.64 g . At tho same t!.me 4 .82 g . "calcee" 

wre toz.mod. With no a.aphaltenes. 

(b) !3P!riments 1f1 th paraf'tin CU. t 50 g. parattln o11 

(sulphur eontant 0 .26~ ) were heated with S g . 8Ulphur. At 

1460c th$ Peaet1on ool1t'r.ettced. The temperature wee rapidlJ' 

:ra1aed to 2600C and held at that temperatu'Pe. After 4} hours 

heating scarcely ant more H2S was tor.med• and tho exper1mont 

was stopped at this po1nt . 4 . 98 g . H2S were found b7 abaorp• 

tion. corresponding to 4 . 69 8 • sulphux-. Th1 represented o. 

p.eld ot 94$ on tho sulphur used . ln addition o .7$ sulphur 

waa round r$nta1n1ng 1n the oll. 2 . 04 g . •cokes." and 1 . 4'1 g . 

asphaltenea were tound in tbe realdue. 

In similar experiments determinations wero made at 

1ntarval.s dnrlng the heating and lt waa tound that a1"ter 50 

minutes heating th l"Gaot1on was about 8Q1g eompleted, tho ra­

mainln~ portion ot the reaction requiring continued heating 

ror n total ttme or 4b hours . The use or a larger proportion 

of 8ulphur caused a &harp fall 1n the pe~oentage 71eld of ues. 
'!'hua BD 1nerease ot the weight of sulphur to 10 g./50 g . o11 

resu1tod 1n a 7J.eld ot 68~ HaS basad on the weight o~ aulphlW 

taken. 



In a .tu.rther experiment 1th para.tf'in oil the 

tempera~e was ra1aed to soo0 c. This not1ceabl,. increased 

the sp•ed or reaction. but only 69~ or tbe aulphur was re­

cove:Md aa HsS when 5 g . su1phu~/50 g . paratt1n 011 were ueed. 

Reduction or the p~oportion or sulphur tncreaaed the pe~cen­

tsge Jield ot ~s. Thus 2. 5 g .. sulphur/50 g . oil at ~oo0c 

gave a 7!-eld or 9~ HaS on the aul~ uaGd. A slmilnr 

experiment carried out at 210°c proceeded ao slowl7 that it 

was not earr1ed to 4ompletlon. 

( c) ExpeP1mants with Venezuelan lubPicat1ng o11 stock; 

Thia oU •as an un:ref'11led heav, traction obtained 

by steam d1stUlat1on or a Venezuelan crude. It had# pr1or 

to uae_. a 8\ll.phur content of 1 .22~. The nact1on cOJDn.enoed 

at 1360c. Atter- four hours heating at 260°C s . ol g . .H~ 

weN evolved. eorreapond1ng to 4 . '12 g . sulphur, while 1.4~ 

sttlphur remalned 1n the oU. (It is not pee1tioa11J stated 

what weight• of mate~1ala were uaed in this cxpoPlment. but 

the results indicate that the quantities wore prObably 5 g . 

sulphur/50 g. o11. as 1n tho otb.Gr ser1es or upertmonta) . 

(4) Ex.por1monta w1 th F..deleanu-oxtraet :tram VGD.ezuelan 

lubricating oUt '!'his extract had a s.a. ~ l . OlS and con­

slated mainly or hJdrocarbona or low h-,drogen content 

( " · atersto:farme kool•aterstot1'en,.}. The Peaet1on waa not1ce­

able at 124°c. and at l&0°C waa aa vigorous ns prev1ousl7 

obse~ed w1 th paraf'1"1n oil at 260°C. At the Gnd o~ 4 houn 
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heating at 220° • 260°C the Jield or B2s l'faa 4 . 91 g . , cor­

responding to 4 . 62 g. sulphur. 'rh& Jield. of asphaltonea 

wae high - 6 . 21 g., and "cokes~ 2 . 67 g . (In th1s ln:stance 

the pPOportion of ma~er~ala uaed w again preaumablJ 5 g . 

sulphur/50 g . oil). This exper1ment 1s or apeo1al 1ntereat 

because ot the partieular h:yttroc.ubon material u:sod. as the 

~eleanu p~ooeas extracts the oletines and az-omatie compounda 

tl"~ petroleum olla b7 tho uae or liquid SOg as a solvent . 

Wellenste1Q and Thoel'lea determined the olcnenta117 

compoa1t1on of the var1otta hJdroc rbon -.tett'1als before and 

atter reaetion with sulp~. and found that While the capbon 

content remo1ned almost constant the percentage ot hJdl"'SeD 

decreaaGd. a.a would be u:peet;ed. When the "1ght ot B2s 

tormed 1n each instance was plott9d against the aapbalteaea 

plus tteokeact virtually straight lines wette obtatned. 

!he conelua1oo reached was that at least the matB 

reaction eona18ted or a pul"e {"au.iver•") deh7d1"0genat1on, and 

that no polymer1sat1on waa ~volved. 

~9 ~•maiode~ ot the pa~P by Be1len3teyn and T.ho­

enea deals mo~e pa?t1eularly with tbe beuing of the observe.• 

tiona on asphalt formation and ita possible th oret1eal basta. 

Theee aspect• 11• ou~a1de the ~told of the present wopk. 

Zasa and Blsnke1 :round that wtth gPaphite or saa 

lzasa and Blanke~ z.ano:z.g. Chem. 210. 81 (1933.). -
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carbon sulphur 1s rotained on heating. due ma1nly to c~1llarJ 

condensation. In tb.e ease o~ active carbon those proceas•a 

~re supplemented by chemisorption and dissolution. 

ibautl found that When sulphur wus heoted with 

CQ!>bon a portion HJDnlnGd ao stPongly bound that 1t could not 

bo romoved by the usual solvmnts and could only b removed bJ 

heating to looo0 c, When it was evolYed as H2S• He suggested 

th:::.t the eaus& was a chem1sorpt1on or th9 sulphu!" 1n the car• 

bon• on the analogy ot the behaViour or oxygon with earbon. 

Tho •t.fect ot catalJsta on the reaction between B2S 

and olef1nes in the vapour phase was 1nveet1gotod by Dutrey. 

Snow. and KeJea2. The beat eatal)'ste found were nickel on 

ldeselg~, phosphoric ac1d on .aeti vated charcoal, end cePta1n 

At t6mperaturea between 200° - 300°C it was t~ 

that mere apt ana el'e formed, and that the toromat1on ot alkyl 

d1sulph1des was negligible.~ 

Littl• ta known ·tth eartaint7 as to the Ch«mleal 

structure ot lubricating otln. 1kewaka4 reviewed the work 

done bitbo~to 1n this t1eld end atated' " ~th r egard to the 

higher boiling rractions ~al11ng 1n the lttbr1cat1ng o11 ~ang• 

p'l"aet1oally nothing 1s lmoa beJ<md tho f'nct tha.t they 

1 "1baut: z.anorg. Cham. 211# ~98 (1933). 
~tte,-, enow. and Keyea:-t'nd . Enrt· Chem. 26, 91 (193•). 

Presumably it was found possible to avoid~e catalyst 
po1aon1ng that has boen encountered with n1ckol on kiesel-

4 _ guhP in hJdrogenat1ons in the preaenee ot IJ2S or .meroaptana. 
""llikewoka: Ind. Eng. Chem. 28:~ 9'10 (19:56}. -

r -
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consist of a mixture or al1ph~t1c• naphthon1e, nnd aromatic 

hydroearbons .1n va1-1oua proportions, contaminated porhaps 

nth smnll amounts or- sulphur and n1t:rogen der1v t1v-es and 

produeta ot h7droca:rbon oxidation~. De also ~eported the 

rosl.:t1te ot a long progrSlltt'lO or research in the eour:se of 

wh1eh h1d~arbons that might b$ of s1gn1t1eaneg 1n tho lu­

br1out1ng o11 range ere preparod synthet1colly. u~th the 

Object o~ corPelatine, Vhero possible• physical pPopertiea 

with ohemlcal atrn~tmae . 

Ta'florl hoatod sulphur 1'11 th .hydrocarbons at 440°0 

and obtained .nn 1n:Joluble carbonaceous :residue. /l.tter f'ree 

s had b4en removed the residue could not be identified wt~b 

was approximntely 1 ntom s : 2 a'toma C. Tayloz-. considered 

that the compos1t~on and nature ot tho residue Obtntned was 

evtden~• of its ~1ng a definite compound• rathe:r tban a 

mixture. 

In 19~5 Th1eaaen2 reported work on th behaviour ~ 

sulphur dUit1ng coal c&Pbon1sat1on. Uo tound. th t about 4~ 

ot tho original sulphu~ p:zaes6nt 1n the coal SlJbstnnc•, and 

about 6~ or the snlphu~ or1g1nall7 present as p'fl'ltee rema1n 

1n the cok•• the ~est tormtng H2S and other volatile compounda. 

ha~loP: em. Manchester Phil . SOc. '19, 99 (1935). 
""'"'.lm•ssen: Ind. Eng.- Chem. sn. 473 (to'35). -



1n 1935. 

Wa.Pren and: Burwell' ,1 claes1oal pnpor was pub11ahed 

This wor-k proVided x:ru.ch or the expor1montal baaS.a 

~o~ a now underatanding or tho molecular conat1tution and be­

haviour or sul?hur, nm from 1 t baa grown the modem conception 

of tho nature or sulphur and tho s1ga1r1cance ot 1ta ehangea 

on boating. nrron and ~well shOWed that rhomb1e sulphur-

Sa • had a molecular structure oona1atlng at n puckered 8 -

atom ring, w1 th an s • t~ distance of 2.12i. and a bond tulgl• 

ot 105°. The closest d1a~anoe or approach £ound ~o~ ato.ma 

1n ne1ghbour1ng molecul.&a wns about ~.ai. Th•J' potnted out 

that although rhombic sulphur ebanges over to tho monoclinic 

form above 96°C there 1a much chom1ea1 ortdenoe to suppor~ 

th~ view that the molecule continues to bavo tho sa structure 

at temperatures SOJ!l$What higher than tho melttns point. 

:rhey suggested that the change to the vtaeoua f'orc of sulphur 

might be interpreted in terms of tho open1ng ot tho sa r1nga. 

\71th the formation ot 1rt-egular chains wh1eh tengle together 

and cause tho groat 1ncreaae 1n v1scos1ty. 

Th9 continued interest or the potroloum industry 1a 

the poss1b111ty or turn1ng H~ from an undes1rablo constituent 

ot Pefinory gaaea 1nto a usetul chemical matePial is widel7 

indicated both 1n the ac1ent1t1e and 1n tho patnnt literature . 

FOP example :!ul'rar2 discloa•d in h1s patent a process ror re­

eover1116 BgS from the gases obtained 1n tho eoura ot diat1111ng 

t .a.rren and Burwell:: .J. Chem. Phya1es, 3, 6 ~19~}. 
"U.l"rny: ~ . r . Pntent Jlo. 2,052,892 ot 1V36. 



crude oil containing over l~ s. J&urra7 also auggoated that 

sulph~ ml.ght t~en be recovered f"rom the H2S• 
Baeon and Fanelli' 8 pap•~ on the pur1f1eat1on ot 

sulphur appeared 1n 1942. Arter o1 ting n rOtte ezamplea f4 

eontradtctor7 data 1n the prior work on various properties or 

sulphur the-y pointed out that those eould lapgelJ be expla1ne4 

1n terms or traces ot 1mpurtt1es whieb might cauae unexp•ct«t• 

1'1 serious var1n.t1ona. '!he prenoualJ accepted methods t<n.-

aulphuP pur1t1eat1on. 1nelucling :Mpeated ceystall1sat1on tpom 

CSg. r•peated d1a1;Ul.at1on. ith or without vacunm, and other 

tecbn1ques were examined and found to be 1nette.ct1'Ve ror 
rigorous p.UP1t1eat1on. F1nall7 a new 1110thod or pur1t1eation 

waa worked out and ita •t~eet1veneaa eontirmed by 2hauat1ve 

t.eate. The thod waa baaed on long-continued bo111ng ot 

sUlphur tn the preaenoe ot a suitable oxide wh1eh should be 

aut:t1c1ant17 baa1c to reaet w1 th !&organic OP opgan1o ac14• 

present nnd decompose peraulphides- The prot~rred reagent 

ror this purpose was mognea11Uil o~e. tails ot the thod 

will be tound later 1n th1JS work, where the t.ecbnlque ot pur1-

t'1catlon is o.pplled experimeatallf• Bacon and Fane111•a 

paper alao prov1de4 a Yaluable teat tor the presence ot minute 

traee& or organic tmpur1~1ea 1n sulpbur. 

In 1943 B eon and Pane1112 pub11shad their p per om 

the v1sooa1t'1 Of aulphlll". 'l'b$ prot"ound importance or thu 

~Bacon and Panell1: Ind. Eng. Cham. 34. 1043 (1942). 
Bacon and Fonelll: J. Am. Chem. SOo-:-&s. 639 (1943-). -



wo~k ar1aea .tiratly from th~ t"aot that. to:r the ti,.st tlJne• 

the v1aeoa1t7 values or molten aulpnur were estnbl~Sbed 

ovel' a w1de rang• or tgpel'aturea w1 tb h1gb accuracy and bJ' 

mGtboda that gave consistent and reproducible ~aulta. 

Howeve~. tho papo.r goGs be7ond thia aeh1evomant. It rolates 

the exper1~nta1 findings to the theoretical ooncept10D or 
tho molecular stPUcturo ot sulphur and ita chtmgea on heating• 

and the work ot arren and Burwell aDd tbe1r pr&doeeasora 1a 

sho-m to be supported by the reaulta obtained. In addi t1on 

th• erreot on viaeoa1t7 ot the proaenoe or vap1oue tmpur1t1ea 

and reagents is g1 ven. and a chemical theory 1s pro.rtded 

which accounts tor what ere prev1ou&l7 1noxpl1c&ble var1a­

t1ona 1n the v1seoa1ty or sulphur under eertn1n cond1t1ona. 

Bacon and Fanelli's reaenreh waa under-taken because 

tbe t\70 1nvost1gat1orta ot tho eubj ct by oarller vorkers ba4 

yielded 1~regul~ rosu~ta. In particular the results pre• 

vtously obtainod had varied when mad~ with r1o1ng and falling 

tomperat~roa ~eapectively. Prehe ting the aulpbur bad alao 

y1eldod d1frePont v1aooa1t7 values. Bacon and Fanelli tor­

mod the opinion that these 1noons1atene1ea arose out or t~ 
eontlnu&d presenco or tz-ncea ot sODa 1m»nr-1ty 1n the aulphu.r 

uaOd bJ' the prev1oun workers~' deap1 to their utmost effort-a 

at purtt1eat1on. They found tl\Bt tho presence ot even ver7 

sl1ght traces of organic matter could rosul t 1n 1rregulnl' 

re&ults. Accord1ngl7 tho proparation of r1goroualJ pure 

sulphur waa an eaaent1al preeedent to any turthor progreaa. 



This puro sulphur was prepared by their peeiel method 

reten-ed to nbovo which ia tullJ' deneriood later. 

With this pu:riti d sulphur. and with an 1mprove4 

eapillarJ-tubo apparatus, viacosit7 value~ were Obtained 

which were ~ep~oducible, ond wero not nftectcd b7 the p~ior 

heattng or cooling or the aulphur. Th vnluoa found dit­

tered ~om hitherto aeeept~ tlg~as. At l200C thn v1seoa1ty 

wa :found to be 12 oentipoLa•a• and on heating this f'ell to a 

m1nimum ot appro:ximatel7 7 eentipolses at lSVOC. Above olx,ut 

1600C the viscosity rose steeply ~o a maximum ot 9~2 po1aea 

at 196o - 1aeoo~ and thereafter doeltnod itb furthe~ r1ee 

1n teapePo.tu.re .. 

Bacon and Fan•ll1 repeated their dot rminntions 

uatng sulphur c~ntaining a~1ght truces or ~ganic matter, 

and proved that the v1seoaitJ or the sulphur vns lowered 1t 

the somplo was preheated• due to the formnt1on or some re­

action prOCluot or pronounced o.cti vity. 1'h1s product could 

be gradually el1Ddnated by r$poatsd beattnB, with a corres­

ponding ah1tt ot v1acoa1t7 vnluea towards t~e normal rang • 

-- 'l'he Gffeet or- adding Sog, H2S04• K2S• ffia and 

sminee, and tho halogens, was investigated tn further exper1-

nts . H)'Cll'ogen sulphid• was found to havo a pr-ofound 

e~fect on the v1eeoe1ty. ~hen it was p ased into pure sul• 

phUP tor l·t hours while the temperat~e was being rniaed from 

125° - 190°C the sulph~ at no t1me reaeh~ the ~gbly v1aoou8 

stage, and 1t attatned a maximum v1seos1ty of onl7 o.9o poise 



as contrasted with about 930 po1rses -ro.r- unt"nted eul.pln.u-. 

Additional experiments with varied conditions ana heating 

lent support to the viow that the effectiveness of U2S was 

due to the formation ot some reaetion produot \11th the aul• 

phur,. rather than being d 1rectl1 due to the pres4.oee or 

dissolved BzL• Thia led to the hypothesis thnt the active 

~oact1on p~oducts tor.med were the b,arogen persul~ea • . 

The same hypothea1s could explain tho err ctiveneaa ot the 

presence ot trncea of organic matter when sulphur ls heated. 

To teat the •aJ.1d1ty or the hypothes1n llydrogen 

per~tlphide was aeparately prepared and added to pure sal• 

phur • and the viseos1 ty over the same temperature range as 

before waa deterudned with r1s1ng te~rature. Doap1te muob 

loss or persulph1de bJ deeompos11;1on on beating the trac•• 

remaining were etreetive in greatly reducing the v1seoa1t~. 

and the aulphur did not pas a through the uaual v1soous stage. 

or the other reag~nta teatod sulphur dioxide and 

sul~1o acid were round to be 1netreet1ve aa viaoo•lt7 ~ -

ducera. on1a wa.a sl1ghtl7 tfeet1ve~ due (1t was p:reaumed) 

to the fo%'mat1on or Jlinut:e quantit1Gs of li)drogeri aulphide and 

h}drogen peraulph1de b7 reaction with the sulphur. ot the 

halogens bromine • iodine and chlorine were 1noreae1ngly 

effective 1n that order. 

After discussing and rejecting several prior explana­

tions Which had been advsnoed to account tor the pecul181' 

vlseosit,'/tompeJ"at"-ve l"elat1onsh1p or sulphur, Bacon and 
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Pane111 put forward a new theory bued on tho r.:.oclern view 

or the oleeular structure or sulphur. ThoJ nccopted 

arren and B'Urwell' s work* "CTh!ch bad aho\ln tho sulplv..tr mole• 

cule to be an eight-numbered puckered ring, hile tho Sa 
oloculo persisted at temperatur s ttnot too far r.bov$ tho 

m.ltin.g point". They advanced the theo~y that the 1nereaae 

in viaeoa1ty ot ulphur 1s dua to tho ruptu~ine of tho rings. 

tormlng chains which lengthen and which tangle with one 

ooother. 'l'hua 1n liquid aulph~, between its . lt1ng point 

ond approximately 160°0, the equilibrium .. a (ring ) ~ ~ Sn 

(eha1no} prevail•· N•ar the molting point the Ss rings 

gr.atly predominate . 

over, w1 th the rupturing of tho r-1nga the chn1nn predominate 

and the viscosity risea 7epid17• reaeh1n$ a maxi~ at about 

lS~C as tho chains increase 1n length. Thereafter tbe 

obsepvod toll 1n v1scos1ty to bo1l~ point was expla1nod ee 

being du(J to shorten1ng or the ehaina with r1n1ng tomp•ntu~ . 

Since the high viscosity involved tho polymor1sat1on 

or sulphur 1n long chaine, the ef':rect1veness of hJdrosm aul• 

phide. or hydrogon peraulphides, end of the hnlog&n.s oould be 

u~l aiDed aa a ahorten1ng ot the chains, w1 th the h7C}rogen o:r­

halogen. atoms taking up term1nol poe1tiODa 1n tho shortened 

chains, thus: 

n-s-s-s ••••• s-s-s-H 
or I-s-s-s ••••• s-s-s-t 

The tact that these added mate~1ala persist so 



at~lJ" 1n the sulphur. 4eap1te twattng_ •aa adduced aa 

additional e-vidence tn to.vour of this View. 

The work ot Bacon IHl4 Fanelli 1n eatabl1ah1ng eo 

ttr..17 the expe~imaatal 4ata relating to the v1scoa1ty/ 

temperat~ relat1on8h1p or p~ sulphur was tcmedlat•lJ 

~ollow~ by tbe mathemat1eal t~at1on of a quantitative 

tlutoP7 b7 ?owell and XJl'"lngl tor the equ111br1n• and alao 

ror the vlaeoatt,- ~ molten 8Ulphur. in the 11sht ~ cur• 

Nntly aeoepted. v1ewa or the behaYlour ~ long-chain polptere. 

Thts theoretical atud7 waa dlrectlJ baaed upon 3aoon and 

Pane111' ezper1montal reaulte. 

A further contribution to fundamental knowledge 

ot the molaculu structure ot sulphur waa made b7 Cbia-SJ. 

Lu and Donohue2 who 1n 1944 published tho reaul ts ot the!.r 

atudiea or aulphu.ro and various sulphur compounds b)' the 

matbOd o:r electron d1t1':r-a.et101l. Thef eontirmed tbat t:t. 

bs mole.eu.le is a puckeH<i .r1ng,.. w1 th en s-s distance of 

2. ovi ±. o.o2i ond with the angle ~-~s equalling 106° 2°. 

TheJ' diacueaGd var-ious poas1bl• moleoulu moct•le that Jld.ght 

satisfJ' t~ e requirenlGtlts~ including a r gul~ puckel"ed 

r-ing• a "tub" toJI'm. a «taradlert ~orm. and a bu.tte .. tl7" tom. 

lJ:the s1gn1ticune ot these d•ae~1pt1ons 1a apparent 1"ro1:1 the 

41SRPrurw published in the papex-. 

l!'OWGll und BJ'ring: J • AJ!l• Chem. uOC• 65• 648 {1943) • 
2Ch1a-81 Lu and Donohue: J. Am. Ch•m• Soc . 66• 818 (1944). -
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Armstrong, Little and Doul sul.phurizoel varioaa 

higheP oletines with the objoet or ~owlDg llght. by an -

reactlona "" carried out at mod•l'ate temp1J~aturea (approx. 

120° - 140°) they found that the eulphuP appeared to comb!:Ae 

wltb the olet1nes nthou.t degradation or eliud.Dation or 

h7d.J-ogen tNlph1d•• Tb.e'J suggested th t cross ltnka• 

apperen:tl7 cone1at1ng or pol'Jaulphldea, bad be.n formed be­

tween olet"tae 1110l•cules. 

The t-act that 11qu1d aulpbur can be eupercoo1.CS la 

bulk to about SOOc. was eatabliabed by Fan-e111.2. In the tol"ttl 

ot droplet• the llquid sulphni- could, he touacS, be super­

cooled to room tempera tUN. Ponelll detel-ftlinod. the 

viscosity values o~ the supercooled 11qu1d down to S0°c, ana 
found that the n t1u-e of tb1a was eaeetiallJ' sUd.lar to that 

o~ au1phur in the tempernt~ range approxtmatel7 115° - 160°0. 

~K1rmey • KaJb•rl"f & W•atl&Q~ 1nveat1gated th• 

action of' sulphur on the :rea1duol .xtPaeta obtained 1n the 

rottning or lubricating oUe by l!lOC2em solvent proceasea . 

Thaae proe•t~aes remove~ tb8- crude lubr1oat1ng oil etock 

the UDsatur-ated, sludg1ng or gum•torming conatituonts. which 

i_AJ~mStrong, Little and ·DOak: Ind. Eng. Chea. 36, 628 (1944). 
:Panell1: ;r. Am. Cham. SOc. 6'7, 18S2 (1946).-
3i~ltinne)" • ayberPy & WeatlaFe': Ind .. Eng. ChPl •• 17 ~ 1'77 . 

(1945). (Portions o~ the wortk were diaeloaeci-ril u.s. 
l;)atent No. 2,354,868 ot 1/8/44 issued to cltlnne.7 and 
Mayberry) • 



oan be recovered t"rom the sol vent as v1acoua napb.thon1c 

11qu1de. It was found that sulphur 1a onlJ sligbtlJ 

soluble in these extraeta; but on heating abovo 140°C 

a Hactlon takes place w1 th evolution ot ¥ • Etper1-

ments car~ied out with eight types or t-etining utPncta 

from va.Pious aOUl"oea showed that.. bJ varJ1ng the propor­

tions c4 sulphu!t and d~at1on or heating. bl.ack aapbalt­

llke p:roduets could be obtained With uaetul physical 

properties . In samples heated mode:ratel7 thet"e remained 

about 1~ tree sulphur, aoluble in sodium sulph1de, but 

"heating the products ~o 170° - lSOOc caused the r-eaction 

to go hrther. nth turther hardening or the arf;if'1c1al 

asphalt fGrmed . 

In 1945 Bacon. and Boel published the reanlta ot 

their work on the pt-oduct1on of' y by the reaction bet•en 

sulphUr and certain hea97 hydrOca:rbona and methane reapec­

t1vel7• The7 used a petroleum o11 containing no E~aet1ona 

boiling below 29o0c. and havinR the following charoot•rla­

tice :-

G~av1 t7 ( 0 API ) 

Flash potnt (°F} 

Saybolt Fnrol Viscosity 
(aeoo.nds at loo0p) 

Bottom Settlings. pl\ta 
water 

P~ point (°F) 

20. 5 

1'75 

193 

o.s~ 

Above 

lBn.eon on4 Boe: Ind .. a»g. Chem. 3? • 469 (1945). -
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In prel1m1nary apor1aents they :touad thot 250° c 

uaa a suitable working temp•ratUJ'Iee At S00°C the reaction 

wan slo• and incomplete . At 300°0 the reaction was taster 

~an at 250°0 but the 7ield ot H2S wan not increased. 

Dacon and Boe found that the mintcum ratio ot o11/ 

aulphur wb.lch gave aat1et'actory results was 1 ; 1. In their 

most successtul •2pe~ent approximately 80~ ot the sulphur 

was evolved as BaS• orJd.ng on o l~ge!' scale they heat..S 

15 lbs.,o11 ith 15 lba. sulph~ 1n a ata1nloas steel vessel 

12 inohea in d1am•ter and 19 inchea deep• tittod with a ver­

tical water-cooled reflux condense~. Tho vossol waa fitted 

with a thermocouple and was heated in n brick oven bJ 1n• 

d1?ect heat trQa a g a burner. 

The purity or the gaa evolved as cheeked 1n some 

expe~nta by absorption 1n iOdine solution . It nas rouna 

that 99 .9 - 100$ was o.baorbed, and the ¥ was "of h1gb 

pu~lty end ft-ee ot carbon d1.sulph1dn~ thiophe.e. and hJdN­

l'J'sable organ1c sulphides". 'l'he loss or weight of the 

veasol 1n the eou~ae or each expert.mant •as tuen e.a the 

--wetght ot 1128 evolved • and th1s assumption was cont1l'Jil8d in 

some J.n.stanees b7 anAlysis ot the Pesidue. Thus 1n respect 

ot one run tho following data ere g1v$n: 

t"eigb.t or oil 

Wei P.Pt ot Sulphur 

Timo of heat1ng 

Temperature 

15 lbs. 

15 lbs. 

3 hours 

240° • 250°C 



~. 

Losa of weight 11.~1 lba. 
( te1..ght o~ B~ evolved) 

'!hese figures were chocked by analyaia ot t-esldue and it 

was toum that the residue contain.t :• 

~e eulphuP (CC14 SOluble) 1 . 99 

Combined aulohur (C014 Ineolu• 
bl•) 21. 04 

Oil and other aubatanoes aolu .. 
ble in cc14 20. 43 

Carbon nnd other aubatano•s 
insoluble 1n 0014 56. 64 

Thus the total we18ht of aulphur t'ound 1Jl the H• 

aldue waa 4. 29 lbs •• 1nd1eattng the evolution ot 10. '71 lba •• 

r•present1ng 11. 38 lba. BaS• 
'l'he f'ollow1ng table gives the results o:r t~ 

other l*'Ulta: 

( e1ght or sulphur u&ed 1n each or theao runs waa 

15 lba.) 

t. ot 011. 
lbth 

10 

15 

16 

Hoat.ib,g 'r~· Loss ot wt. 
Time, c lbs. 
Hours 

v 220 ... 251 8 . 31 

1 240 - 244 6. 19 

5 240 - 255 12. 06 

~ LOas ~ 
.. tgbt ba­
sGd on weight 
ors 

55.4 

80. 4 
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Bacon and Doe used methane suceeastully 1n another ae~1ea ot 

experiments and stated that tn the rorm or nntttral gas "1t 

orrera an exee11ent source or cheap hyd~ogen tor producing 

~5 b1 d1Net re ctior.t" . 'l'b& reaction. was pretorsbly ear-

r1ed out in two atages., s follows :-

CH4 + 4S ) ~s + c~ (1) 

cs2 + 2R20 ) ~s + C02 (2} 

~ actiVity or a ll'll"ge range of catnl'Jsts as testod an4 

much v luable 1n1"ormat1on :reeordod. Tho boat r ction tem­

poraturos ore tound to b 600° - &So0 c tor reaction {1} and 

200° - soo0 c tw l'eaction (2) • and tho ¥ t1nall1 obtained 

was tree rrom sulphur d1oxido. carbon monox1do• o.x7gan or 

Jnercnptona. The carbon dioxide pre snt oould bo removed 'by 

lmavn methode. 

Md1tionul part1eulara 1n relation to the work done 

on the roact1on betweon petroleum oil and eul.phur• and aug• 

ge sted datn 'tor plant des!.gn. wore embodlod in a memorandum 

pt-GpaPed .b7 Doe1 • 'l'he ana or heating 1n :mall-scale 

exp•rtmonts was an oil bath. Tho tlask, fitted ~1th n ro­

tlux eond nser • wna weighed be foro and after hont!nth and tn. 

loss or w 1ght wns taken as the we!.ght ot H2S evolvd. This 

procedure was repented w1th varlous proportions of materials. 

t1znes or heating• and tem.poratUPea. Expor!.montal POBult& 

V&.P1ed t~ low y1elda~ obtained nt about 200°C or with llll 

1nauttic1ent pono.1 ot h at1ng• to a J'ield of ~- ot ~S 



calculated on the sulphur takon. Th1o J1old ens obta1ne4 

unon 80. 1 g. or light fuel o11 ~as heatod with 30 g . sulphUP 

In the larger-seale e:xperlmonto, w1tb 

.n stainless steel reaction vease1• heavy .fuel oil wQs uaed 

under varied conditions nith analogous results. A maxtmum 

,-ield or 84. 5% o~ lf:aS• baa.,d on th<l sult:hur waa heated with 

15 lbe. heavy tuel oil for seven hours nt 22oO - 249°C . Boe 

eona1dored that 5 bout'-a hentingt with equal wo1ghto ot sul­

phur rmi oil' and An operating tempGrature or 240° - 250°0, 

OUld 61Ve satiafactor1 results on a large acnlo. and that a 

7ield of op;rox1matoly 801 could be eXpected. 1th thr•• 

h~s heat!n~ thG y1eld ®ul.d be about .,S~, all based on th• 

fl01ght of sul.phu:ro. 

"'he roa1due vas f'O\ll'ld to constat of a porotla coke 

which tnt1amed spontaneounl7 1f oxposed to the a1r When hot. 

BOG m~e suggost1ons f'or the design ot pos~1ble 

large-seale plant baaod on those e~1"1mental reeul ta. The 

sug~osted plant eona1ated of ln~go atn1nless steel kettloa. 

analogous to the laborator:r unit, hea.tod over a brickwork ftlr• 

_naco using oil or gas fuel. - Threo such voss~ls ~uld give 

tail'lJ eontinuoua 110rk1ne. and a heating per10d or throe hours 

;,an cuggosted. Each kettle would require a reflux eondens.ft' 

to return any hydroe~bons volat111sed and to mtttimiae sulphur 

losses. The provision of a manhole on tho side of the kettle 

near tho botto:J. wns proposed ~or el!lpty1ng out the Peaidue at 

the end or each cycle . As an alternative 1t was propoaed 



46. 

that the vessel be lifted up bodilJ by a crane end the eon­

tonts tipped out. 

Aa nn alternative to h•nting by bur.nera it wna 

sug~•ated that the Dowthom system might be ueed, ut111a1ng 

the vap~~r or a high-boiling subatnnc• a th heating medium 

1n a uitable Jacket • . For pu~ification of the gaa (1t re• 

q,,tt-od) a sc:rubbol' filled ith activated char-coal or a111ea 

"': 1 wno eng~ested. Othor propooals related to plf..llt f011 

liquer,-!n(t the ~S in oylindors b1 cool1.ng and cogpr aa1on. 

and pPGvision ot the necessary bulldintis. services and equip• 

nt . 

~lo B con and Boe's work was in proBreao Thaekor 

c"ld 11llorl publiahed their pa~r on earbon d1•alph1de l)f"o-

duet1on. '.rh1s donlt lfith the com1t1ons required tor-

optimum ~1eld or cn2 using methane aad aulpbur at ap_roztmate• 

ly 700°C 1n th presonee of catal1st • It was tound that 

catalysts or the activated elay tJpQ were moat ftoctive • 

. 1th et1vated alum1na containing n small proportion o.f cbro-

1 mtide a ,-1eld or cs2 _ :repr aent1ng ov•~ 9o.i ot the metbaa. 

cbarg_od, was obtained. 11hder the reeo:mnonded cond1t1ona of 

working the proeess proeeodod without approc1ablo side• 

rencttons, aeeol'ding to the equntion: 

CSg + ~S 
~ r.act1ons or al1phat1c h,-drocarbona with sulphuP 

woro 1nvoet1gated by RaBmllaaen, Henaf'ol'd and Saehanen2 rrom 

!Thaekor nod •tller: Ind. Eng. Chea. M. 182 (1944:). 
RRaumuaeen. Hanatord ani baohenen t InT. Eng. Cho • 38, ~& 

(194&}-:-



tho special v1owpoint or tho prGduot1on of olet1nea. d1o­

le1'1ftos • and thiophene . Using n•butmo thoy obtai.ned • 07 

varying the working conditions. '10od ~eldo of thiophene. 

butadiene. and n-butJlene 1n various proportions. In tb1a 

paper an interesting distinction was dravn botweon the di:f'­

ferlng course o~ th ronetion nt {a) 300° - 400°0. and (b) 

600° - 650°C (tho reaction tomporatu?e pretorr(){l fur the 

pn:rpoae 1n v1ow). It waa po1ntoo 0t1t that "if n ll~ro­

earbon such as n-bntane 1a bu'bbled through molten &i1lphur 

t a temperat1re 1n the range 300°- 400°C the ox1t gas 

stream will contain eonsidorable amounts ot H2s but no ole• 

f1neo. Debydrogenntion has evidently tcdc n plflce • but the 

uneatu~ntod products hnva un~orgone s eond&r1 reaot!on With 

ettlphur {or perhaps partioll,- with H2S) end largely ruaa1n 

tn the molten sulph\lr. If tho butane 1o ~nosed !nto a &one 

of sul:~hur v~1pour at 444°C, and the m1xod gas s 1• heated 

tor othDr to 'lbout 600° - 650°c the product ga ea l!lt\7 eontaiD 

ap :,rec1able amounts of bu.t'3'l&nG, O.,ltru11 ne, anr thiophene. 

p~ovidod tho reaction ti!"'o 1s not too long". 7he follow1Dg 

equations W<Jl'& su.cgostod as possible ata.v;es In , n ""ideal ease" 

where thiophene was the ond p~oduet, togothor with H2s : 

C4H10 + ~ 

c4JJs + is2 

C4R6 + 82 

-----7) C 4Rs + HzS 

-~) C41is + H~ 
) o4u4s + ~S 

(1} 

(2} 

(3) 

The work covered b7 this papsr • s carried out und•r 

oxeept1onall1 difficult corrosive cond1t1ona. and ob ervat1oas 



ot valu• in the cho1ce or mate~1ala of construction w•H 

In 1946 Fan•llll reported comprehen ive work ao the 

poas1b111ty or mod1tying the viscosity or sulphur. It w1ll 

be recalled that in the course ot prior wo~k Fanelli and hie 

~olleaguea bad established the itapOrtance ot tJmall propo~ 

t1ons o~ certain 1mpur1ties 1n affecting tho viaeoeity ehangee 

or sulphm- on heating. and bad worked out a QethOd ot prepar1na 

sulphur froe tron nueh traces. Fanelli was ablo to ~Pl7 

this knowledse to the oonve~se probl•m or deliboz-atol7 DOd1-

r,-1ng the v1scos1 ty behaviour ot nulpbur. so o.s to rGDdttr 1t 

oro amenable handling and utilisation in tho liquid atate. 

Stm-ting 11ltb a2e as m.odit71ng reagent z'unolli 

round that this gas. when bubblod thr-ough molten sulphur 1n 

an opon syster:t, reduced the v1ccoa1tJ • but tho reduction waa 

l!:rl.tod b7 th~ f'aet that most or the ii2~ rema1nod 1n tho 

gaseoua stat~ and non17 n rraction dissolve in the 11qu1d 

sulphur~ . Thus the e~reetivoneas or H28 increased with 

pressuro . Tho add1 tion of the hJdrogon peraulphido.n in l iquid 

---1"orm to liquid -sulph\11"" in a cl-oa&d ayatem was:- W;-ao- very ------

ttftective. u ating aulphur in the presence ot var1ouo hydro­

em-bona and t heir der1vat1Tos as ahoun by Fcnell1 to be 

effective throu3h the ~eehan1am of hydrogen oulph1de and p~r-

anlpl'11d• .t'ormo.t1on. F"Or example when sulphur rninod by the 

lpane111: Ind. Eng . Chem. • 38 • S9 ( 1946). -



Fraach proc.aa. normall,- containing minute proptJttt1orts ~ 

ou. waa heated above 180°C auf.t1e1.ent ¥ and h'ydrogeD 

p&t-8Ulpb1dea "" qu1ck17 p~oduced to Pedu.c• ~atl7 th• 

v1aeoe1 t7 of the aulphur. In this t)'pe ot treatmt9nt re­

peated heating 1n an open a-,atem Nsulted 1ft loss. of these 

c~a with consequent recovery or higher v1soos1t7 

values• 

Fanelli repeated the WOPk using cbloJ"tne. iodtne. 

ond bromine,. -.h1eh hai been known to al.t~u· the v1scos1t,. ot 

llqu1d sulphur'. He found that or these tb.J>ee halogens 

chlorine waa moat ett'ecti ve, and sulphur eontalnlcg 2$ 

cblOP1ne mowed 'Viaeos1ty values mainl;y below 15 ccmtipolaes 

tbroughout the· liquid temperature range. Iod1no end bromine 

wor. also etrective. and increasing ooneentrat1ons o~ an7 ot 

the t~e reagents gave loweP valuea. tending to.arda a low 

limitlng vnlue. In open 87Btama tlw et.fectlvaneae o~ the 

Magenta was 4hd.n1ahed due to their voltlt111tJ'• eo that 

broatn• and iodine undor suCh conditione •ere more effectlv• 

th8n chlorine . Fanelli also 1nveat1ga~ed tho oor~e1on re• 

s1atance of aluminium and or 18-8 and othel'- stnirllesa _stee1a __ 

to mixtures ~ li.qu1d sul.plmr with the halogens m6\nt1oned 

above. with n View to applying the reaul.ts on an industrial 

scale. 

Diacuas1ng the work Fanelli showed tha~ it suppor­

ted his 1nter~etat1on ot the v1soos1t7 ehmnges or .ulpbur in 

tGftl8 of the opening Of' the puckered sa Mnge to giVe 
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polpler1aable oha1ns. which eould be kept short by the p:re• 

a nee or hJd:rogen or the halogen• 1.n terminal poa1t1ons or 
the segmenta. In the ease of iodine this the017 appe~oc! 

to be 1n eontl1ct with the accepted view that sulphuP and 

iodine cannot combine dlrectl,.. Fnnell1 cona1derGd• how­

ever 1 thnt the great and rapid reduction 1n tho rtseos1 t7 ot 

aul~ above teooc. 1n the presence ot t~acee or 1Cd1u. 

1ndicutod that under these oondi tiona sOJ!J') torm or chua1 cal 

comb1nat1on doea take place. and that it persists through a 

wide temporature rongft • 

.l valuable reviev article on tho sulphur1sat1on 

of unsatUP&tod co~npounda wa.a publl shed in 1946 bJ 'f8etlakel. 

Althou.gh many of the reactions eona1dered !'all outa1de the 

scope ot the present woPk the cr1t1cftl comment and d1acuaa1on 

1s or groat intersat. 

Bryce and H1nah•lwood2 investigated the rooct1ona 

between parat.f1n hJdr-ooarbons tmd sulphur vapov. They 

considered the reactions to be ap~roximatel7 or the tirat 

order Tdth respect to t he hydrocarbon. and neal"lJ independent 

"'!_f tho V"l_Pour pNssu.re or tho sulphu~... TheJ alao fOtmd thnt -

lt2~ was the onl.y gaseous product "torsod 11'1 considerable 

amount" . Ethane, prop nne • n-butsno • and n•oet ano re apect1 ve• 

ly wel."a used 1n a ser1ee or experiments. and it wns roun.J that 

1 · eatlake; Chem. Reviews. 39. 219 (1946}. 
2ar,-ce and H1nshelwood: J .ahem. soc. J:A2.• ~9 (1949 }. 
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theN WU a great 1nonaae in the J-ete or :t-•aet1on when tbe 

higher COl:lpOUDCla were used. Anal7aS.o or the end•pJ"oduota 

indicated YffPJ' 11 ttle cs2 or mepcaptona t11 no thiophene•~ 

~ cen of' aoetJ'].enes weJ"e rown. Accorapan71ng the sas•ou• 
products wan a ~dark-coloured 1nvolat1le taP~ Which proved 

too intractable to be analfaed. Tho g«leral oonclus1<m 

reoched woe that "the pr-1moPJ ttoo.ct1on tor all the }\Jdro­

cM-bon 13 assumed to bG the Hmoval ot a bfdrog•n. atom. 

1th tho ror.mnt1on ot alkJl and HS radicals~. 

In 1949 F&tJollt1 publ1ah&d data on the aolubUit7 

ot ~en oulphlde in aulphur 1n the temfJi'rature t-lll'lgG 

120° • 445°c . ne used a apec1 al nbaos-ption bulb in which . 

anlpb~ could bo ael ted and held o.t the J"'qo11-Gd t• petaat~e 

While BgS •$G paaued through. The ~ diaeolvGd as deteP• 

mined d1reetl? by increase 1n ••1sht. due precautions being 

taken in relation to possible oourcos o~ error. such a• 

v~~1attonn or preaeure and the ~epl~ee nt or tb 

bulb bJ BaS• Fanelli noted that nu1phur whiCh h d b6en 

aatUJ'At~ at &levo.ted temper11tures evolv~ up to 90.$ or tho 

akoz.bed -~S •~n the bulb waa kept eloaed dutt-blg coo-1-tng to 

t~e poblt t4 aol1<!1t1ca.t1oe. It • boTleveP• the cooling took 

place :tOPe qu1eklJ' to aol1d1t1e t10JS.. under atatoaph•r1c prea• 

suro • most ~ the nbeorbec:J gaa rema1necl 1n tto aol1dlt'1ed 

attl.pb\11- and on standing waa alowlf •vol~od <>Wr a period o~ 

1FGM111: IDd. 91g. Chem. 41 , 2031. (1949 ) . -
?~ 
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days. Fanelli rel ated this observation to his previous 

work on the subject (already discussed above) and consi~ 

dared that the long-chain hydrogen persulphides formed 

during the solution of H2S 1n molten sulphur persist in the 

solid, end only slowly revert to H2S and sulphur rings. 

The results obtained by Fanelli showed that the 

solubility of H2S in liquid sulphur increases with rising 

temperature, and is at an almost constant maximum between 

Thereafter the solubility declines, 

and above 390°C it falls away rapidly to its minimum value 

at the boiling point of sulphur. In the range of maximum 

solubility the weight of H2s dissolved is 0.188 g.jloo g. 

sulphur. 

Finally Fanelli dlseusses the "conflicting and . 

surprising results" obtained by a number of prior invest!• 

gations of this and related subjects, and explains them as 

being due to the unwarranted assumption that the solubility 

of H2 s in liquid sulphur under the experimental condi tions 

involved is so small that it can be 1gno:z-edl.. 

---ooOoo---

1certa1n additional references to prior work will be round 
in succeeding chapters where the context requires their 
mention• 



CHAPTER Tt 0 

:EXPERI J. RBTAL 

(a) MATERIALS AND HEAGF.JfTS 

Lubricating 011: The oil used was a h1gbly retlnod 

lubricating o11 pr6pared f"rom n paraffin-base crude. It 

was tree trom add1t1vea &00 was pll!"chaaed to the f"ollowing 

spec1t1eat1on: 

27.5 - 29. 5 

Flaah-po1nt 
(Cleveland Open Cup) • 

Viscosity {SaJbolt) at l00°F 530 

Carbon Residue 

u lSQOp 2<64 

• 210°F 66 

0 . 43:1 llnxtmum. 

In the reports wh1ch ~ollow th1s mnter1al is re­

ferred to whenever the tel"'ll "oil- ia uaed without speo1ol 

deac~1pt1on o~ qual1t1cation. 

Sulphur: Except where otherwise mentioned th• sulphur used 

was the chemically pure grade, in the f'orm ot rho.obic crystals. 

manufactured by British Drug Rouses Ltd. Numerous samples 

ot so-called pure f"lowers or aulpbnr were teatod and f"ound to 

contain organic 1mpur1t1ea that were likel7 to eauso erratic 

observations 1n aome pa.rta or the work. 

material was not used. 

Accordingly th1a 



For certain parts of the investigation 1t became 

n.eceesary to use sulphlll" rigoroual,- t~eo fl"om trae$8 ot ora­

genie 1mpur1t1es. As no such material was available it 

was prepal"Gd as part of the present study, aa deaor1bGd 

later. The starting material used rora this pu!!'pose was 

high-purity medicinal grodG sulphur ·( JU"r1ean Explosives and 

Ohem.tcal llld:uatPles Ltd.) • sold on the f'Gllowing typical 

anal')1Jia: 

'Moistu:.ae at 105°0 

Total Rea!due on burning 
(assisted by oxte~al 
heat) 

Orgtm1e Residue 

Chlorides as 01 

Arsen1e as Aa203 

Selenium aa Se 

Sulphur (by dif'.ferenee) 

~atter tnsoluble in CSs 

0.09.: 

o.Olfo 
18 parta per nUlion 

0.3 part p~~ m1111on 

o.l part per mlll1on 

99.~ 

liegl1g1ble. 

Paratt1n Wu: 'lh1 s was a higbly-ref1n«l gPSde of 11. P. 

52°G p:r-epared tor use 1n tha food 1nduatP1(ts. 

from sulphuP and oU. 

Oxygen, Chlorine and Ammon1a: 

It waa f"He 

1i1trogen: This gas was required to be free from traeee 

of' O:Q"gon., which might react with the sulphur- or 01~ under 

exporimental conditions. Nitrogen available eomcorc1all7 
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did not tully meet this spec1t1cat1on. A special suppl7 

of pure nitrogen was obtained :t~m the pur1f'Jing :plant 

u ned ror f1ll~g eleetr1c lamps. 

Spent Oxide; This waa the crude prOduet obtained trom the 

pur1t1e~ section of tba PoPt Elizabeth ~ Johannoaburg gaa­

works after repeated re-vivtcatlon and ~o-use. 

Spont 011: This was lubricating o1l, of t he s mno or iginal 

npec1~ioat1on an g1v.n nbove. drained .from an ong1no tatter 

use during 1.ooo miles trnvel . 

Lead Acet ate Solution: ( QUal1 tati w reagent tor tftat!.ng 

tor preaen.ee or ~s): This was preparCJd by pouring a satu• 

rated solution. of lead acetate into 100 ml. of' normal aod1um 

hldroxide solution until the proc1p1tate just te11ed to dis­

solve on vigorous stirring. Teat paper was prep~ed b7 

dipping a atrlp or filter papor 1n this solution. 

used while still damp. 

It WQ& 

?otaasium Iodate ~olutian: This was used as p~1mary atan-

- dnrd 1n the stllndard1sat1cm of' tho thiosulphnto solution 

used in 1odometric est1mat1one . It was prepared by drying 

potaaclum 1odnte crystals nt 120°0, coolin~ 1n the ~ea1ceator, 

and. ne!ghillg directl,-. A lf /10 standard solution wns made up 

with 3 .56~ g./lit~•• 15. 0 g . potassium iodide betng added 

before tinnl dilution to this volume . 

Cadmi um Chloride ( Alkaline): Th1 s solution was mode up to 



contain 32. 0 g. snhyd'J'Ous cadmlum chloride/litre. To each 

litre o.f this solution were added 600 ml. or f:lltt!!'lon1um 

h1drox1de solution (s.~. o.aao}. 

Cadmium Cblo~1de (Ae1d. tor selective pree1p1tnt1on or B.2S 

1n preaenee or mereapat&fta): 'fb1a waa made up by d1aaol• 

v1ng 100 g . anh}dl'"oua cadmium chloride 1n l litre water and 

then adding 10 ml. concentrat«l bJtirochl.or1c ncld. The 

propor-tion 0'£ acid ls er1t1cal ror aeeUl"ate results. l f 

it 1s too low the m.G:J!I'Capt81'1a are pt-ec1p1tated with the 

sulphides. If it is too higb H2s 1a ovol ved and lost . 

All othel'" Nagents wePe mude up 1n aecordanee with 

cuatomary sne.ls-tical practice. uoep~ whe-ro othermse 1ndl­

eated in spse1t1e exper~nta. 
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(b) AliALYTICAL MF.'l'IIODS. 

In view of tho special nature or some or the 

annlytlcal problema 1nvolved it was neceasar, to make a 

stud7 ot anal,tieal methods and p-rocedures that appeared 

to be adaptable to the conditions. 

The main an lyt1cal pPoblema encountered mq be 

groupo4 a follows; 

(A) Ohe()ks on the pur1tJ of the sulphu~ uaod , 

(B} ltst1 t1on ot aulphur 1n pt-eaenee or eer• 

ta1n p~troleun products. 

(C) at1ma.t1on of B2s evolved, as em 1nd1catloa 

ot the }'1eld tr va~loua mixt~os and 

procedures. 

(D) :st1mat1on ot tho pur1t7 of the Has ovolved 

under opt1mun eon11t1ona. 

These problema .... ,.. studied tiratly in the ~lght or 

conventional pract1oo. ere GUcb thods waro not suitable, 

or eo-.:tld not be a tiafa.ctorU7 adapted, a study was J!Ulde ot 

OP1g1nal _po.pot-s 1n the_particula~ t1eld. 

Tho f'1nd1ngs may bo atnmDar1a~ aa f'ollowat 

( A) It bee o apparent that the pul"1 t7 of the sulphur uaed 

could bo or gPGat t&portanee in some or tho expertment 1 1n­

vest1gat1one~ and that samples of uulphur blch eo'ld valtdlJ 

be elass1f1ed aa pure by usually accepted standards ~gbt yet 



eonta1n trace~ or 1mpur1t1oa which could arrect the results. 

For 9Xml'ple Dnoon and Fllnell11 , 1n theiP paper on the visco­

sity of sulphur showed that tho aulphur used by prior workara. 

th01.1·3h repeatedl)' purified by accepted mothoda, nevertheless 

retained traeea or organic itapur1t1es which co.u$ed erratic nnd 

unreliable behaViour in the viscosity dotarminationa. In 

onotha"P paper, Bacon and Fanell12 ga.ve detail::. or a new method 

or sulpbu~ pur1t1oat1on• by hich such impur1t1os coulu be 

olim1'l'ltod. The7 alao gave particulars of a now teat by which 

tho prossnce and concentration or organic impurities could be 

detected and eatinated. 

By oean of this test it vu possibl to ma1nt.a1n 

a cl'l ck on the purit7 of the sulphur used 1n the ~roaent WOJ'k• 

'""b.e test procedUl"'e is described later in th1a wot-k. 

(B) '!'he estimation of sulphur am sulphur conpounds 1n the 

presence o~ pet~olaum prOducts has b•en the oubjeet o~ n~roua 

studies during tho past two gen&~at1ona, and 1 t remains a JDat­

t&~ of great uaportanoo 1n pet~oleum toehnology. Th• 

genorally aceepted methods tol.l broadly into tfiO elassea. 

nonse11: 

(1.) 1othods used to establish srbit~J atnnda.rds or 
purity 1n spec1fic prOducts. Thes. 1nelude, f'or- example, such 

~Bacon and P'anolli: J. Am. Chem. s. 65~ 639 {1943}. 
Bacon and Paru.lli! Ind. O'lg. Chem. B, lOU (1942). 



testa as the "Doetortt teat which is p~1marily intended for the 

deteetion of met-eaptana 1n motor 1'\lel, parat1"1n oil and s1m1lnr 

product c. The specitieo.tion of the test (I •. e .-30/44) la,.s 

down d1root1ons tor the preparation or the • nootor solution 

( sod1tm plumbite) and 1ts use 111 eonjunot1on w1 th flowers ot 

sulphuv, and directs how p~e1p1tat1on or d1seolou~nt1on 1ft 

aarnplos toeted undo~ eerta1n specific conditions nay be reported 

1n such terma na "passea~. "pos1t1ve", "very sl1ghtn, ~~ tho 

11ko. Another example is the "co~Tos1vo sulphur" tont (I • .P. -

64/45) in which the eorroei® or coppo~ strips undor spoe1f1e 

conditions 1s interpr-eted 1n a specified mannor in ~elation to 

the au1phur content or certain pet~leum p!"Odueta, with a view 

to their suitability in ultimnte use . ttn7 similar tosts are 

to ~ found in the 11. te~at:ure.. and in the testing procedure a ot 

s~1eh bodios oa tbo A. S.T.Jft. 

'i'hese methode we~e unsu1tablo for tho present purpose. 

( 11) Methods of analysis y1e.ld1ng quant1tat1ve results or 

gonoPnl applleat1on. These are tbe methods with wb1ch the 

p:N:Jeont work is concerned. The main alternative methods may 

be S"UnJAr!.s<rd ns follows: 

(I) ~scha method: This involves ~uta.1on of tho sample with 

Ese"hu mxture (nagnea1um. ox1do and sodium carbonate). It 1a 

unsuitable tor use with the materials encountered in tho present 

1nvost1gut1on, due to possible volatilisation. 

(II) Cat-1ue method: This well-establiehod method f:or 

est1~attng sulphur 1n the presence or organic compounds is 

bns&d on the ox1dnt1on o~ the srunple by nitrie netd when heated 
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1n n miniature preasure vessel ~ormed bJ sealing n atrong 

glaaa tube. When thus troated the sulpl:\ur ond au1phur com .. 

pounds present are oxidlsed to sulphotoa and are estimated 

b:J moans or bM"1um ehlorlde . 

In spite ot its wide app11eab111t7 in other work 

this methOd of sulphm- estimation cannot bo l'el1ably used 

1rhere oliphatie sulphides ara pPeaent, aa aulphonea are for­

med by tha action of tho nitric acid and mq remain undecom­

posed at the ud of the 4xper1mant. 

(III) Lamp • ethods This method 1a w1.del,. used for the 

determination ot attlphur 1n pet.-oleum c01npounde that nro 

aui.tabl& for burning bJ moans of a wick in a su!.tablJ dso1gne4 

18mi> a7atem in which the SOg 1ft the combustion gasoa is ab• 

sorbed 1n a suitable alkClline solution and preo1p1tat.ed. attei­

o:ddat1on, as barium sulphate. The standal'd apptll"atua and 

procedur• &r$ spee1t1e4 by the A.~.T.M. {Speo1t1oat1an D 90 -

41T) and b7 other author1tiea. Improved lGmpa. and proeed.urea 

have also been d&scr1bed in the 11terntUPe. ror «X ple bJ 

Edger and Cal1ngaer~ 

_ The lamp thod~ tbougb pritllllrUy used w1th,producta 

thnt 81"& easily fed through the wick (e . g . pa~af'tin oil and 

othor light prOducts) can b~ used with some hat heavier 

materials by t1rst d1lnt1ng them with a diluent solvont tree 

trom sulphur. or of known sulphur content. 

l.EdgflP and Cal1ngaert: Ind. Eng. Chem. Anall'tical 3d. , 
!~ 104 (19~0). 
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'!'he difficulty 1n applying th1a mothod 1n the pre• 

sent work arose trom the fact that the sanples might eontatn 

btee carbon and sulphur 1n suspension which would upset the 

working of the lamp. 

(IV) ~thods baaed on combustion to .s02 at o.tmoseer1c 

pl"Gssure: These methods depend for their aecuraoJ on the 

prOHtotion or completo eombuation bf a ltll"ge heated surf' ace_ 

such n& qutU"tz packing .1 The ~ D147 be abeor-bed 1n aeid1• 

t'ied bJdrogen peroxide solution and th• !.aereaae 1n acidity 

titrated, aa 1n the well-known l1on1er- 1ll1a."Tts nothod. 

This ethod would have been used it' a bol:lb had not been 

available. 

(V) Bomb method; In this method the sul!)hur-eontn1n1ng 

nacple 1s o:d.dised 1n a bomb by moans ot sodium peroxide at 

atmospheric pressure or oxygen under high preaaure . The pro­

ducts or ox1dat1on are collected 1n water or sodium carbonate 

solution, ox1d1sed completely to aulphates by meana ot bro~e 

watez.., and proe1p1.tatd as barium sulphate. · 'Ihe c.Jqgen bomb' a 

conatl'uet1on ia cloaely a1m1lar to that o~ the bomb used toP 

oolorimotr1c or-k. Por a. bo.mb or S00•350 ml. Ca.ptl.City the - - -

oxygen pressure ~•commcnd•d by the .A. S . T •• ia not leas than 

25 atmospheres . 

The OJcygOD bomb mothOd 1s &eCUl"ate and Of g&ner a1 

applieat1on to organic materials. A s tud7 ot a.ll the al ter• 

natives led to the adoption or this ~tbod as tho stand~ 

ll'.n improved methOd has been described by Hagerman; Ind. 
Pna. Chem. 19 • ~1 ( 1047). -
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proc~dure ln tho present work. Spec1t1e dotails in regard 

to the proaodure ~• given late~. 

(C) A study o~ the anolytical work in th1e tield revealed 

an unusual variety or methode relating to the quantitative 

eatlmation ot lfeS evolved t'rom varloue ex~:ro1toontal :miztures 

and pPOCed~ea • As t'tU" as could be ascorto.ined no two wor-

ke:rs reported using the sane methods or ~s eet1mat10ft. 

Pw example Scudder and Lyon.-1 abaorbed the gaa dlt-ectlJ in 

a solttt1on of cadmium chloride. Mellonsteyn and Tboen••2 

used an absorption a7atem containing 1ron oxlde and C&Cl2• 

end eat1mated the ~s bJ direct inereaae 1n weight or the ab­

sorption vessel . Bacon and Boe8 eattmated tho H25 evolved 

by noting the loss ot weight o~ the reaction vessel 1n the 

course or the experiment. 

!Xam!nation or these end other methods 1nd1eo.ted 

certa1n d1tf1culties. Direct pree1p1tat1on or the u2s as 

cadmium sulphide was too cumbersome when applied to the 

eattmat1on ot moderately large quantities ot gas. due to the 

large volum.•s ot eadm1um chloride solution required~ ani the 
-

- chances or error 1n cle&l1ng with the bulky pree1p1tatea from 

the absorption vessels. Tbe•e problems could• however. be 

overcome by tbe use of a separate absorption solution tollowed 

~Scudder and Lyona; Proe. :Indiana Aead . Sci. 40. 185 {1931). 
~Bollenate,n and Thoen~a: Chea. •kblad. 29,~ (19:52). 

Bacon and Boe: Ind. Eng. Chem. 37, 469 (1'115). -
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b1 precipitation or an aliquot portion 1>7 moans or eodmum 

ebloride solution. This 1s the beot or tho grDll1motr-1c mo­

thods and was used in aome of the present work. 

Tho mothod or absorption bJ active :torms ot 1l"on 

·oxide ( uhich is baaed in pr1ne1ple on the gasworks method of 

pur1f'ying coal-gas containing 1I,2&) is sat1etnctopY wen 1t 1 

followed by a sensitive gunrd vessel as a pree ut1on against 

losses. The d1tf1culty, however• arises 1n enaur1ng tho tree 

pass age ot tho gus through t~ oxide mass, which teads to pack 

nnd pos1at the gas tlow. Attempts were made to minfmiae this 

dttrtcmlty by mixing the oxide w1th c r1'"1era or various tJpea. 

but tbe res1at~ee to gaa flow was at111 too greet. 

It 1a posa1ble that ellenst•,n and Thoenea used 

iron oxide aQsorbent in tho rorm or granu1•s, which would lea­

sen this d1f:t"1culty. However the beat oxide nbeo~benta which 

W$H obtainable in the course of the present work aut.tered 

f~~ this drawback. nnd it was telt thnt the1r use uould 

introduce unnecessary risks or 1naceurac~ into the procodur•• 

ot the long-oatabl1shed methods or H2S esttoation the 

moat well•lmown is eat1mat1on by :mea.na of 1od1no. This ia __ _ 

aecE.'pted by all authorities consulted as an accurate method• 

m1bjeet to tho limitation that the fl2S content or tho solution 

must not exceed 0 . 04, • thus avoiding the ~vorsal or the re­

aetion: 

2HI + s 

This limitation or concentration renderod the d1Peet absorption 
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and estimation ot H~ in t'ai:Ply large preparations too in• 

convenient tor t-egtt.lar uao . Howevez- 1t was felt that the 

facility and accuracy of estimations usin~ the todlne M$thod 

could be peta1nod 1~ th• method wero used tn conjttnetlon with 

suitable intermediate Qbaorpt1on eolut1oa. 

A procedure of thie t7pe 1 that g1 ven by S!Mll and 

Sltt nl tthich was uaed sat1afactor1ly with modifications to 

auit the world.ng eond1t1ona. The o:r-iginal method in inten­

ded tor the estimation or sulphides or hJdrosulphidos in 

solution. Iod1no solution 1• added 1n exooso to the sampl•-

and the aolution 1s rendered ac-1d in reaction. The excess 

1od1ne 1s titrated u1 th sodium th1osulphate. To adapt thia 

method to the requirements or the present work• tho ~S 

evolved expertmentall7 was absorbed in a solution ot NaoH. 

with suit ble p~eeautions against loaa . In add t t1 «1 to the 

reaul ta obtained b:y the 1odometr1c method certu1n Sl.tlphida 

solutions wo:re ost1mated by the zinc aulphato prec1p1tnt1on 

method. 'l'h1s method hna been largelJ uaed 1n tho leather 

nrA otheP 1ndttatr1ea tor the estimation o~ sulphide 1n the 

presence or otl1.er eontandnanto. __rt dapenda on the t1t~at1on 

ot the solution with standard z1nc atllphate in the p:r-eaenca 

ot n spec1t1c concentration or anmson1 eal am:roni'W%1 ehloz.1de 

aolut1on -~oh prevents tho pree1p1tat1on or zinc hydroxide. 

lsnoll and Bitten: •oommerelal Methoda oc Anal:ys1 ", ~1:rat 
Fd., p .. l71, ~cGra: -Hill, B~w York. 
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The absorption aolutions were titrated 1n this ~c~ with 

the use or laad acetate as an outside 1nd1c~tor. Details 

or both procedures w111 be round lnter in th1c work. 

(D) Po:rot1ons of the experimental work wen directed p~1-

~nr1ly to t1nd1ng suitable proportions or sulp~/oil, and 

su1t9.ble operating conditions, to obtain reasonable yields 

At the aame time 1t waa considered doa1rable to 

estimate tho pur1ty of the H2S p~odueed. 

The method used for such esti."!lat!ons 1n pr1<W work 

was 1nly direet absorption in iodine solutions. Howevo~ 

it was cona1dored desirable to study what sdd1t1onal. method a 

w.ro available for a more dertn1ta d1fter•nt1 t1on o~ aueh 

possible impurities aa met"'captans . 

A study of thG literature yielded several papers 

bearing on this and al11ed probl«ms. The work of Faragher~ 

norr-ell and ~ onroel, and ot Boll and Agrusa2 provided analJ­

tical schemes fo~ various m1xtures ot o.rgan1c sulphur c~pounda. 

Tho t-Glovant port1ons or these methOda weFe used as a guide in 

snalya1a. with necessary mod1r1cat1ons. Details are g1ven ~ 

conjunction \11th the respective exp.,:Pimenta .concemod. 

~Fnragher ~ Dorrell and J,!onroo: Ind. Eng . Chem. 19, 1281 ( 1927). 
Bell and Agrusa: Ind. Eng. Chem. •• Analyt!.cal Ed.'. 13• 297 

(1.941). 
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(e} BEIIAVlOUR AND ?ROP.O:RTI ..• S OF 8t1LPU';!R/0~ 
lt!XTURES. 

A suppl1 or oil suf~1c1ent tor the entire wo~k was 

bulked am thoroughly mxed. Initial expJ~imonta wore under-

tolton to confirm that the o~.l was t"re$ f"I"'m low-boiling frac­

tions which would render 1t unsuitable to~ uae nt s late:r 

stage. 

50 ml. o11 wero heated in a d1at1111ng flask ot 

250 ml.. c apac1 t,-.. tit ted w1 th thet-m011letcn•. The flnak waa 

c t-etully heated in an air-bath. the e1de•tube being connected 

to a •~tercoolod condenser. Observations were mode at sooc 
and at each add1t1onal 50°C the~eatter till 3SOOO. ii.t no 

po1nt wos any liquid distilled in this distillation range. 

Above about 270°C alight fumes ·e:re noted. Which aro intloon-

mo.ble. It waa concluded that no volatile tractions wero 

prosent that would hinder later work. 

The oU vns then tes.ted for the prGaance or :mlphur 

and sulph~ compounds. 25 ml. oil \fflre 61luted with 25 ml. 

pu~e benzone. froe rrom sulphur, and the mixture was thor~-

ly ahnken w,!th a_t)pro.x1.D·tel:f 50 g . mar~uey. The surt"aelt- or 

the mercury was not notieoably darkened~ and no a•parat1oo o~ 

sulph1do oce~rod. 

'.ro teat ~or the presence ot H~ and mo:reapt na in 

the o11 10 1111. theMo1' were shaken v1 th an equal volume ot 

allcllline eadm1un ehlorido solution. The oil was allowed to 

rtse to the top of tho aolut1on. There was no precipitate . 



6? . 

l•'inolly 25 ml. o£ oil lYOl~e heated in a beaker to 

250°c and held nt this tonpcrature tor rifteen Qinutea, while 

lead acetate toot paper ~ns hold clone ~o tuo surraeo. 

wns no darkening of the paper. 

Preliminary observations of tho behaviour of a 

:m.lxturo of' oil and sulphur on heating W'Oro thon ado . 

x1mately oqual 1oights of" oil and sulphur ere m1.xod by 

ehaldng 1n a. largo tent-tubo. It usa noted that nt roam 

tem~)orature portions of th& sulphur Perntlined sus·mndod for 

soToral m1nuteo before settling. 

The tost-t~be was care~~~l~ heated o~or a burner. 

tdth m1:x1ng1 the temperatUPG being noted :rreqllentlJ• Aa 

tho tompa!'at,lro roso r« portion or tho aulphur nppoarad to 

zo 1nto solution. 

ted. At opprox1mntely 155°C evolution or ~o could bo 

deteeted by lettd acetate paper end also b~ O!J.8ll. .1th 

f'.,rther henting the m1:7.:ture durk .. ned and evolution of ~s 

inereaoed. The experiment was d1 scont1n·ted Pt 3000G, when 

thG contents ot the tube eona1ated of a carbonnceous maas, 

similar 1n appear~nee to asphalt. 

'.rh4l obtJervat1on t.~at o. por·t1012 of tl:l.e sulphul" ap­

pearod to d1seolvo 1n the oil wae eheeked in a eonflrrontory 

experiment. The prevleu.s axperlment wo.s Hpeated, up to the 

point whette the sulphur nad all :molted. Tho m1:xturo was 

thoroughly ahnkon and allowed to st~~ when the ~omaintng 

sulphur tormGd a well-defined pool below the cloar o11. 

The whole was then allowed to eool slowly to l-Oom temperature, 
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when it was f'o"'l!l::' thf.l.t Cr78tlllline s~:.lphur we.e depoai tod .trom 

t'h~ o11 1 n'Jer. 'Phe opYstals were elongated end extended 

m~inly vertically ~o the solid laye? t~~t had provtously 

fo~ed the pool ot surplus sulphur below the sn~lrated oil. 

Th1a ob:~-ervat1on wae notod tor further atudy ctt n lntor dette 

when the e~ystal ~orm cou1d be determined by optical O!" othe~ 

physical moaau~nts . 

Aa gutd• tn the planning ot further work, 1t ap­

ponred desirable to repeat th1a expertment on a quantitative 

basis ond determine the solubility ot aulphur 1n t hG oil nt 

n suitable temperature. 

dotorminatlon. the aaln requirements were that it should " 

bt~er than the ruelt1ng-po1nt ot the sulphur ~bile Jet below 

the fi~re at which reaction between the materials appears to 

Tho temperature .tinal.ly chosen waa 125°C. 

The solubility or l'lulphur 1n the oil nt th1u tem­

perature could D.Ot be determined by euetOJI'UU7 method•• and it 
J 

w s neceaa.uy to devlae a method u:d.ag the oxygen bomb. 50 g . 

oil were heated to l30°C 1n a P1PGX beake~. ln a separate 

beak•l" 20 g . sulphur ( conat1 tuting a large e.xcoas) \TOro o~e-
-

- fully mel ted. heated t~ the StlBlD taperatUP8 _. tm11 £l1Xed 1Jitb 

the o11 with thorough stirring. The lll1xtUl"e wa~ plneed in a 

thermoatnt1callf cont~lled eleetr1e oven and allowed to cool 

to 125°c. and to reach equilibrium. 

tled 1n a pool at thG bottom or the beaker. lenv1ng a olea.. 

satur ted aolut1on above. 

A sample o~ approximately 2 g . or the eleap saturated 
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solution wan rap1dlf decanted (while still 1n the oven) into · 

a pPev1ov.sly tared s111ee. erueible whieh hnd been loft 1n tt. 

oven to await thia oporation. The sample was allowed to eool 

aD1 WtlS weighed. Ita · sulphur content was tbon determined bJ 

tho oxygen bomb method. 

The appa~atua used wne n Kahler-Cook bomb 1 of 650 

m1 . eapac1ty. 'l'he weicrhed sample or snturatod o11. contained 

1n a e111en crucible aa »ont1onod obovo. wae plscGd in the 

botib, and arrnnged f'or r1r!ng by means or pure 1l""'n wire ap­

prox1ratel1 7 em. in l~ngth. coiled in a nplral and d1pp1ng 

into the sample. S lDl.. distilled '.Inter~ .containing 0 . 5 g . 

pure sul.plnlr•.t't-ee sOdlum earbonuto,. ~ere olso placed 1n the 

bomb, which wa:s clo&Gd Bl'l.d sealed b7 moms or load vit•o . 

Oxygen ~rom a cylinder waa slowl7 ad~tted into th~ bomb 

( h1ch ~as at the aame time chocked £or loaks) until the pres­

sure reached 25 att::-oapheres. The valw ot the bomb wa.a cloaed• 

nnd lt as d1seonneeted tron the e7linder and placed v~rt1eallJ 

1n A contafneF or eold water. Tho r1~103 oloctrodo wero con­

n cted to a 12 volt bnttery, and the sample wns r1red. 

_ '.:horeafter the _appat!.atua no .allo ed to stand-for -2C' -minutes. ---+ 

and as removed trom the water after vhioh the pronsuro as 

~lowly released through the valve. Th~ bomb wns opened care­

:f'ull7 • and the inner sur:tace and eover wel'e enrerully and 

~opeatodly ashed. ibe washings and tho aolut1an tram the 

bomb, totalling ~bout 250 cl., were filtered with ~le uaual 

preonut1ona 1 acidified with 2 ml. concentrated Bel, and any 



aulph1tea present were oxid1aed by the add~t1on of 10 ml . 

saturated brOtt1ne wator. The solution was b~ght to the 

boil, and lo-J bapium ehlo:r1de solution was added 1th stir­

ring till prosont 1n sli~~t excess. ~he pPee1p1tatort barium 

sulphate as filtered ofr and ignited 1n a Gooch C~'e1blo in 

the usual mannor and flnall7 weighed . 

Foundt Solubility of sulphu~ 1n o11 at 125oc 

(by oxygen bomb method}: 

7.01 g . /100 g. snturnted o11 . 

The dotermine.t1on was repeated, ns1ng a difforont 

.'~l"<leeduro nhich may be te:t""Med the "a'-lbstrattnn flll)thola. 

37.10 g . oil we~ heated to 1S0°G in a P~ex beaker and 

13•9& g • sulphur (constituting e. large exeees) were wldod 

earofull7• Attoz- shaking to f'ne111tate s olut1on of the 

sulphu ... the m1xtuM waa allowed t .o e~ol to 125° nnd attain 

oqu111br1um at this temperature overnight in o th ~~o3tat1· 

colly controlled oven. The next mom1ng 25 ml . tmbatr~ItW!l 

solution ( tho proparat1cn and nature or wbleh are doaer1bed 

in the tc>llo'rtng foet1on ) wero prehested to 12S0r nnd pou:red 

into the beaker, which was lett in the ovon ~or a turthe,. two 

hours to allow atrat1f1ent1on to be el~nr and COrDlote. The 

beating olenont was then a'tf1 tched o-r-r, e..l11 the boa.ker was 

alloWGd to· eool to room tonporature before bo1ng ronovod . 

The surplus sulphUP now rormed a solid laJo~ bolo the sub-

atrntum liquid while the oil floated on top. ~e oil end 

eubat~atum were poured orr • together w1 th. any s-:1 s.:-onded cey­

atals that had been formed in the o11 whil• eoolln~ . Tho 
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solid lower la:rer or surplus sulphuJo was washGd free or o11 

b)' means ot petroleum ether which had previously been satu• 

rated with sulphur at room temperat\lr(h The 'ftd1sc» ot sul• 

phur was removed f"rom the beaker b7 ver-y gentl.o warming and 

inverting, washed with water- to remove tl'"aeen or substratum 

eelut1on. d:Pi.oo~ washed again with a&tn.ratod potrole:wn ether. 

dried again and weighed. By d1rferenc$ this gave directly 

the we1gbt of sulphur which had been dissolved in the oil at 

the temperature or s nturat1QO. It should be notod that 1ft 

ecu•X7J.ng out this ostimnt1on an,- globules ot sulphur which 

may foi"tu1 tously become aepar~tod f'Jloln the lower pool should 

b~ weighed with the ~disc• hen aolidif1ed. Thef are readi• 

11 d1ettngu1shable both by their ahape and by tho tnet that 

theJ are depos1 t«i well below t;he o11 layor • ln contrast. 

any dissolved sulphu~ deposited as the otl layer coolo has 

a fine cr,atalline stt"uetupe. It ia never deposited be.low 

the oU 1 S.J"el'" 1 and is roadily pouped o~f 111 th tho ot.l. 

An altornative t•ehn1que may also be used. Atter 

st~a.t1t1cat1on into the tbl-ee layers has taken plneo th& 

satupated o11 la)'er ( atill at 125°C} is removed by means or 

stratum layer just below the oil should also be tnken w1th 

th& latter to ensure eompl$te removal of' the oil. Before 

use the pipette 1s warmGd to 12SO to avoid ehill1ng oi' the 

o11 when it is 1ntrodueed. B7 this teehnlque cJ-yotnll1sat1on 

of the sulphur in the oil la-yer 1 s complotoly avoided. The 

remaining steps are as already desc!"ibed~ except that for 
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added eanven1ence &nJ' globalea or uoparnted sulphur ~~my be 

'flO-tused 'With the "d1se" ~ 1t ao desired, bof'oro tinal 

washing drying and t~eigbinR. 

Poundt Solub111ty or sulphur 1n oU et 

U~5°C (by aubetratum methOd): 

~.13 g . /100 g . aaturatod oil . 

Observation or tho bGhQYiOur or the oil and sulphUP 

on heat1nq waa now :Npeated w1 th known qunnt1t1es or the ma­

tel"1als. 50 g. oil were weighed in an evapora.t1n~ dish. 

10 g . 8U1phuro were added and stirrod w1 th a glass I-Oad. The 

mixture was heated over a burner and nnbeotoo gauze,. with 

frequent aturing. At approzimatol;r 12ooc the oulphur appea­

red to haw mel taCI. and the mixture was vigorously s·tirred in 

order to dianolve an much sulphur as poa!l1ble. It was ob.ser• 

ved that the r~maind~r of tho sulphur formed a molton pool 

below the oll. At thts tomperature the. sulphur pool wan 

yellow and uobtle . 

Heating was continued• with stirring, and nt appro• 

xlmately l50°C a fn1nt mnoll of flaS could be noticod. At 

approx!.Mntely 160oc lead neotate test-paper was darkened. 

During the heating it was observed thnt the pool ot 

sulphur underwent 1ts chnrnetor1st1c 1ncreuae in v1oeos1tJ1• 

lTo avold repot1t1ve deacr1pt1one the terms ~viacou~ torm" 
or •nseoua state" will bencet>orth be used~ and where ao 
uaed should be taken to refer to that oharncter1at1c,and 
rapid~ 1ncHase 1n viscosity wh1eh takas pl.aca normally 
when aulpbUl" 1s heated between l&sOc and 188°c. Th1a 
temperatu~e ~ange will accordingly bo te~ed tho •viecoua 
rango" or ,.viscous stage .. . 
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-with the ~esult that mixing became ditf'ieult. 

also becoming darkor. 

The oU uas 

Heatinn- ne continued, and at appl"Ox1mntol)' 230oc 

HgS was being evolvod at a sufficient rate to cnuso alight 

offerveoconce. St1rrfng was not etfeot1ve 1n dispersing 

tho sulphur unlt"ormlr through the mirluro. and it remained 

largely at the bottom. The port1ons dlepersod took the 

tom mtt1nl1 o't fairl-y large elongated globules nh1ch could 

be ObOGl-Ved, afltor stirr1ng, on the &idea of the d1 all and on 

tho rod• surrounded bJ o11. 

Tho tamperature was allowed to r1ae to 20o0 c and 

the evolution or gaa oontinued- whilo the ud.xturo ~ooame 

thicker and uneven 1n textur~ due to the ro~nt1~ ot agglo­

merations. nppat-entlJ of a carbonaceous eha~acter. The 

la7or nom-eat to the bottoa of the d1ah bec81!19 too hard to 

stir Pnd heat eonduct1on became 1netr1o1ent. Finally the 

temperature was ralsed to 300°0 ~or t1ve minutes . At th1a 

atage H2S evolutlon had become very slow. und the e2po~tment 

was concluded by an exom1nat1on of the Nei:iue after cooling 

to rooa temperature. The bot to la,-er was tound to be ot a. 

dense carbonaceous o~acte~. and could be loosened onl7 by 

Tho remainder of the roa1due consisted of a 

cruobl7 aaaa ot asphalt1c-look1ng matter. diapers~ in ngglo­

~·o~ate~ torm 1n tru. less viscous portions or tt-> roa1du. . 

It •as observed that aa hentinr continued and the 

tempo!"ature of the mixtu:ro rose above P:l0°C light-coloured 

fume~ ere evolved, which were eonaidorod to be hydrooel'bon 



breolt-dotm compounds. Tho f'umos were inflammable. The 

t1me taken ~rem tho moment of first evolution of H2S to the 

po1nt where heating was stopped was 9b- hours . 

The experiment indicated the tmportBnoe o~ eorre• 

latin~ the physical and chemical charaetePiat1es or aulphuP 

wlth the phenomena observed. It o.a also noted that the 

eom1t1ons tor heo.t trnnsfer in tho lattor part or th• ex­

per1mont •ere verJ unaatiafaetoP7• due to tho tornation of 

a ~$nse la7er ot sem1-sol1d material Oft the bottom or the 

vessel. . The 1-mpress1on was .formed th·1t the proeeno• ot the 

viscous pool ot sulphur at the bottom or the dish appeal"$!! 

to contPibut to these unaatiataetory cond1t1ons. 

To term a mre r&liable opinion on tb behaviour 

of the sulphur pool and the oil re&peotlvol~ during boating 

a serio• ot experlmente waa undertaken. Ap·rox1matelJ 10 

ml. o11 and 5 g. sulph~ were euef'ully h•nted to 126°C 1n 

teat-tubG• 1th :t'requont stirring by means ot a thermo­

meter 1m!:lerBGd 1n the aulphut-. It was :found very dlrt':tcul.t 

to evo1d local overheating or tho teet-tube. and when this 

occurred a darker la)'Gr or a.nlphur. consisting preautlably 

of the v1ecoua :t'orm, could be seen. 

F.henever the mixture was sg1tatod the aulph~ dis­

persed 1n the f'ora or dt-Oplets 1n the oil. t'ibon QJ1 tnt1on 

stopped the droplets fell to the bottom and the aulphur pool 

was ro-:t'ormed b•low the o11. 

As the cixture was heated further there waa alight 
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darkening , but no increase in v1scoa1tJ t1ll approx1matel:y 

l60°C, abovo \"ih1ch temperature the v1ocosi ty of the sulphur 

la.Jor 1ne.roo.sod rap1dlJ ~ wlth darkening. Agitation waa in-

6t~ect~ve at th19 atnge in dispersing the sul~ ~ven tempo• 

ror1ly 1n tho oll. At tho same time the smoll or ~s becalM 

not1eeable, and load acetate paper nao d~rken&d . 

Heating was atopped at 180°0. The mixtu~e wa• 

allowod to settle and the o11 layer waa poured ~rr a~ quiok17 

as possible. JW.ch of the viocous sulphur vo.s found at the· 

bottom or the tube. while fl portion \fQ8 carr-led out,. in. the 

fo~ of large globules~ by the o11. 

It was thus appar•nt that od.G<~nate intermixture of 

the o11 and sulphur laJers. even or a temporary character. 

eoul.d bo e;pcgoetod onl7 whilo the stllpbur 1a a mobile l1qu1d. 

~urtho!'Dtore 1t was clo.nr that an7 mothod ot z-oacting the 

mntorials would bo unsatisi'actor7 it it involved heating the 

oil and sulphur s1~tanoously r.rom cold without apoc1al 

procaut1ona. 

As an 1n1tlal 1rnprovaent on this mothod the ex­

periment was "peat.od• but th• o11 ana aulp~~~ _w_e_~e_pre-hentecl - ~ --
••ptl.l"atel,- to 125°C betoro being Dtix.,_. Tho au~lue aul.pbuP, 

cfter naturo.tion or the oil, fell to the bottom to ~orm a 

clear pool of 7ellow 11qu1d. 

ca'lUCd tho same chang a as betoPe . 

It waa considered desirable to ascertain whe ther 

the abovemont1onect d1f.f1cult1es., oneountered in heating• were 



cha.roacto!'1st1c onlJ of the particular mixture used. or 

whether the behnv1our of sulp~ when hoa.tod with other 

h}'droe•u·bon materials was similBP. 'l'he lastmenticmed e.x-

pet-1ment wa.a thereroro repented w1 th the e.xeopt1on that 

ret1nod paraf'fin wax ( • p . 52°C ) wns attbsti tutcd tor the 

o11. Both the paratf.1n wax and the eulpbut' weH pN• 

heated to 12&0 0 barore m1x1ng. As boro~o the sulphur 

formed a yellow pool below the wax~ and on tnrth& heqtlng 

behaved aa 1n the pre v1ous experiment • 

As a rosult of these obaervat1onD an improved 

technique wn introduced. 

In o.n evaporating d1ah 50 g . o11 wepe weighed 

snd heated on an asbeatoa-gau~e mat to 130°C. 10 g . aul• 

phur WG1""8 1r 1ghod Separ-ately. Or this quantit1 1 8 • sul­

phur was added to the oil with at1rr1ng . ~ile mixture waa 

bent~ end H2S evolution was noted at approxlmatoly lVOOC. 

Ho Blupbur toll to the bott~ of tho dieh. nor ~as n vie• 

eous la7er formed . The temperature waa allowed to r1se to 

235°0, and a fu~thep 1 g . sulphur was r.Jdded~ with staring. 

'.1'11& mixture was heated further to 250°C and a :rurthe'!' 1 g . - -

sulphur was added. Those addi tiona re.aul ted in sueh a 

vigo~s evolution or gtt... that st1~r1ng ror sulphur d1spet-­

a1on proved unneo$asary. For the romainder or the oxpGP1• 

nt the tomperature was taken up to 280°c, and the l'"GGt or 
the s·ulphur was artded tn 1 g . lots at 1ntorvala ot ten 

m!nutea. Thereafter the temper~ture was held at tbia level 
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until evolution ot H2S becama veP~ Glow. Tho total time 

fFOm the adding Of the first portion Of sulphur till the 

ond of the experiment wac 2! hOUl'&. 

At no point wna the formQtion or a viaeous layor 

or eulpbur noted. Scraping w1th a slass rOd served to 

keep the bottom or the dish aufftc1entl1 cloar to mn1ntn1n 

beat tra.naret~· 

then tho dish was cooled to roo.o·t~rature the 

residue aa found to b& nearly froo rrom hard particles of 

carbcn and conaiated almoGt entirel~ of nophaltie ~ater1al 

1n agglon1erated lumps. auapendad in o1ly llqu1d. Mlon rub­

bed the lumps r&ad1ly dlaporsed 1n the o11, with t t.c rorma­

t1on ot a material s1m1lnr 1n appearance to a thin asphalt . 
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In orde~ to rGrm a more eo~ploto op1n1on na to the 

initial mUing problet:J.o likely to be encountered 1n & proceaa 

in which sulphur in heated w1th oil, with tho pr1m~ry object 

or n:as evolution, it was considered c1oa1rable to ob:JeMTo the 

stratification or- the 11qu1da at a te111p rntTtro below tho point 

of: 1n1tinl evolution of' ~s. Aa a re::mlt lf-l""..tyt'o observattonl 

thnt 11qu1d eulphw- d.1d not r.d.x w1 th pf\roaff'1n rax at anr point 

bolow the ~oaction tempePature was round to b~ corr(ct both 1n 

reapee~ of pararfin wax and or the petrolo~ o11 used in the 

presont work, with the reservation, however, t!'lat the bfdr>e• 

oarbon phase ~ the mt.xture mast be ae.tu~ated 'W1 th O't~lphur at 

the temperature of observation. 

As the llt&PQ~~r• yielded no suitable mGtbo1 tor the 

conven1ont separation of the uppor layer (paratt1n wax, 011. 

o:ro the like) trom the lower pool o~ mol ten snlphur a new me• 

thod 1t'' s ;1ol"Jrod out exper1ntentally. It ia reported r~ the 

benet1t or tuture wo~kera both in this tiolrt L~d in oth r 

f'lelda.:where -•1m1l~u~ technique mar be useful . 

The prtne1plo underlJing tho ~thod was cs rollows: 

It, ,1nde~ tho eonditiona or the molton sulphur/oil e1stem 

there 1s added an additional liquid component (henceforward 

1Kruyt: z. phya1k. <'!hom. 84, 486 (1909). -



J-Oterred to as the aubetratum.) or gl"eat•r d•ns1t1 than the 

o11. but lower density than the liquid sulphur .. then tho oil 

should rorm an upper laJer. 9l1d the sulphur n lowor ln7•r• 

1ri th the aubatratum sepat"atin?, them. Under ideel cond1 tiona 

this aoparat1on would be sharp and complete . Sueh a aubatra­

t'~ liquid would noed to have the tollowtng eharocter1at1cs: 

(1) Ita bo111ng point must be above tho working 

temperntuN. 

( 11) It must not react w1 th e1thsr the sulphur or 

the oil at worktng temperature. 

(111) Its v1scos1ty undor e.xperimen.tal comi tiona 

must bG low enough to allow ready settlement 

or tba liquid sulphur. 

( 1 v) It C\18t be at ble at the worldng temporntuz.e 

and must not mix with. or dissolve approc1• 

Able quant1t1oe of either the o11 or the sn1• 

plmr. 

(v) It Jmat be readll7 s•parated trom the otbeP 

components at the t1nal etagea ~r the ~peP1• 

ment. 

Baaed on man~ exploratory exper~ts tho following 

standard method was established for teat1ng tho euitabUity ot 

l1kel7 substratum materials or su1tablo boiling point :-

(S.) In a l~UJge teat-tube equal quantities ot o11 

and or ths proposed substratum voro heated to-
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geth&r to 125°C, mixed thorougbl7 and allolft4 

to atond. An1 substratum which mixed w!th , 

01- formed an emulsion w1th1 the oll, uas re• 

jected. 

(11) I~ clear aeparution occurred the contents or the 

t-est-tube was reheated to 125°C and held nt that 

po~t. In a sGparate teat-tube a quantity of 

sulphur. tn exeeas ot that required to saturate 

the o11. waa melted., ·heated to lSJSOc. and pQ'I.l!"Qd 

1ttto the oil and substratum w1 th mlxing. 'l.'be 

teat-tube with tho thl"ea components was allowed 

to stand 1n an oven p:rev1ousl~ hea.too to 125°0• 

and 1t was noted whether clear sep~at1on ooo.ur­

red, and whether the surplus sulphur settled 

satietaotor117 as n clear 11qu1d pool. Any sub• 

stratum not sat1sf,-1ng these t-eqllbenlents was 

rejected . 

( 111) f..i!lero the above obse:rvations n~• sa.tiafactorJ 

the teat-tube (containing a clonl' u.ppg:r layor ot 

oil 'floating otl a m1ddle laJer or cleu substra-

tum ~hlch was underlain by a clear pool of molten 

sulphur) was allowed to eool to room temper-ature, 

end the behaviour of the substratum wns obse~ved. 

(tv) Therea.tter. 1~ neceaBarJ, speo1al methods wore 

devised to improve the behavtour of· the substra­

tum as much as possible. as 1nd1cnted in the 

reports of tho respective experiments .. 
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Aa 1t appeared likely that coneontratGd aqueous 

solutions of su1tablo 1norgsnic salta would hnve ttamO of the 

requ1~ p~oport1es, saturated solutions of sOdium chloride• 

calcium chloride, and magnea1um. ehlorido respoetively were 

propnred at 25°c, and tested by the standard procod~ro dea­

ot-1bod above. . Observations waro a.e. followa : • 

SOOXUU CHLORIDE ... Then was no clear separot1on ot the 

oil tPOJD tbe substratum,. duo apparently to crJatoll1aat1on at 

t'he 1nterto.ce. 

CALCIUM CHLORIDE • The subetratum clouded a11ghtl7• 

The v1scoa1ty was too high tor the 11qu1d sulphur to nettle 

completel,-. 

tiAGliE3IlJll CHLORIDE - The aubetratum ror:ta1ned. clear but 

the v1seos1ty was too h1gh tor the sulphur to settle aatia­

t ae to-r117. 

or the thPee the magneaium ohlor1de subatl"' tum 

approached nenrast to the requ1rementa. b\1 t did not f'ully 

sat1sty t.hem. 

Glycerol (S.3. 1.260) waa next tested by the standard 

_procodlll"•• Although gly"ePol Naeta -w1th aulph"Ur" nt- elevated ­

temporaturesl 1 t was stable under the expel"1ll'lental e.ond.i tiona. 

1La~1e: "olycePOl and the Glycols., p, 215 states that glycerol 
and sul.phur react at 29o-soo0 c to g1 ve allyl me:renptnn and 
d1nllyl hexasulphide. 
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It alao complied with the remaining ~oqu1~ements. until cooled. 

On cooling tbe glycerol substratum clOUded$ with th• f'OJtmation 

or a vh1te d1apors1on presugably of colloidal aulphuP• due to -

. slight solu'b111 ty or sulphur in glyeerol at the rJorking tempel'a­

turo. 

Lactic. ueid (ao; ) waa tested by the standard proceduM 

and compl.1ed with all Hqul:roments till cooled. on cooling n 

wh1te dispersion .farmed, preaumablJ colloidal aulphuJ!S. 

The e.xpe~1mente with glycerol and lnctie o.c1d sub­

strata respectively vore repeated, but instoad of ooo11ng 

grndu nll'J• an excess of eold water was addQd to the ouba'troatum 

bf pipette. Th:f) eollo1dal d1spo:rs1ons toPIA9d as botol"G. The 

oxpe~imonta were again ~epoated, with tho addition ot on ezceae 

or cold • eoncenbated, h7dNehlo1'1c acid as cooling medium. 

'rhe oollo1dnl d1spe:Nt1ons rormod as betoro. 

The 9xper1mont ~ith glycerol aa subatra~n was r~peated• 

but a1hU-o the contents of the test-tube wa.a at 1250C the uppeP 

layor or o11 was pipatted orr.. Eth71 alcohol (96~ ) 1'1a& then 

added eaut1ously to th• substratum untU it cooled to room tem-

p~Pature. t!uch or the alochol evaporated in the f'1rst atsgea 

ot this addition. b t t by constant Nplncement there r emained• 

1n the coolGd m1xtwe, aleobol approx1m, tely equal to the volume 

or the pJ.yeerol substt-atur:t. tto eloud or colloidal aulphul-

tormed. 

The OxPel"tment with lactic aeid as substratum was now 

rep&ated• and ethyl alcohol was used 1n the Bar.te m.annor ns 
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coolant nd diluent. It was equally effective tn prevont1ng 

the formation of the dispersion . 

The er.feetivenesa or ethyl alcohol wa considered 

tO bo dUG tO solution Of tho traces Of sulphur Whieh ould 

othe~w1oe be procipit~ted on cool1ng1 • Uowover thia proce­

dure eould not be regarded o.s sa.t1ct"ying the l'equb~enlenta 

or1ginGlly poetul ilted, s1neo 1 t did not nvo1d the in1 t1 al 

rror duo to the solution ot traces or sulphur in the eub-

stratum. 

In t1nd1ng the answer to this problem r.mny expedients 

~ro tried unsueeoeetully. Pina1ly 1t was decided. to 1nveat1-

ento whethor the addition ot m~ea1um chloride solution 

(which had remrdnod free from sulphm- in the oattliel" oxper1-

:m~nts) might p~evont the solution and subsequent d1spors1oa 

or sulphur in the glycerol or lactic ac~. 

The exper1m1ilnt ln the glycerol as substr tum was 

thororore repeated, b1lt instead or dilution with ethyl alcohol 

the enbstt-atum was dllutod by tbe add1t1on ot approximntel'J 

hnlf ita volume of an aqueous eol11tion or ma3ftes1u:m chlol"ide. 

srtturatod at 25°c. No cloud of colloidal sulphur tol"lUGd, 
-

and the substratum remained cleo.:r- on standing. 

sult was obtn1ned when lnctic acid ~cs used under s~l~ 

conditions. 

lAlthough not commonly regarded aa a sulphur solvent,. th71 
alcOhol dissolves~ at 25. 3°C., o. o52 g . rhombic a1llphur per 
100 ~. solution (Yost & Russell: «syatematie· Inorganic 
Che~stpt of the Pitth nnd 51xth Group non-Metoll1e El ement•"• 
P• 279, ·rent1ce- Hall , »ew York) . 



/~thOUJh both glycerol ond luetic nc1d thus gQve 

&atistactory r esults with tr~a proeeduPO• 1t was deeided to 

choose glycerol for the rsmain1nt; wor-k on nceonnt or its road:y 

nva1lab111 ty in n state of high pur1 ty and ita noutz.nl chara­

cter. 

A m1.x~ substrat•.tm r.aa prapnred by adding one pat-t 

by volume or a solution of magnesium ehloride oatur o.tod at 

room temper oturo to t wo parte by volttt"...e or glycerol. This 

mixtur vas tested by the otandard procedure or1g1nally out­

lined. and was round to s£tt1 ry o.ll roquiromonts sxeopt1ng 

that 1 ts boiling point \Tae too low. :tn a turth.or series of' 

tents it vas eonfi~med that. to provide a margin or satotJ• 

not leso than S~ b1 weight ot magnesium chloride solution 

must be present in the ml.xture . It was found thrt by aatu• 

Pating the magnesium chlor1do solution at loooc 1t:s 1nit1al 

boiling point could be r-aised to 1~0c· at 760 • This 

eolut1on contained 42.2, 14ge12 • ·;}urn cooled to t-oom. tom• 

paruture ccystals w~re deposited, but if tho hot oaturo.ted 

solution -;rns mixed w1 th the glycerol and then cooled no cry• 

stnls wero deposited. ~ese Observations proVided the data 

f"or mnldrl6 up th• final substratum. Tho mognea1um chloride 

solution was made u~ at the above concentration and tempera­

t;uro, ond 4~ S • were nixed with 86 S • glycerol and allowed to 

cool naturally. Tho aubstratum was clear f.lnd l"Cmnined stable 

under the oxper1m~ntal conditions. It gave ahup seplll'at1ons., 

with the oil layer above, and the sulphur leyor bolow tho 

substratum. 
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Tho now methOd was :round to be adaptable to 

!!ovoral purpoaoa. It was usod initially (us atGntioned above} 

to studJ tho l)roblem or mixing in order tt) confirm whother 

RruJt 's obaorvationa in rel~t1on to 9arattin wax elso applied 

to the petroleum oil uaed 1n thia investigation. It was also 

used as run additional menns or estimating aulphu~ olub111t7 

nt temparaturos above the melting point. For th1a purpose 

tho teohn1quo described in Section (c) above wna uae4. 

Jln unexpected additional uae or the method was 1n 

dint1ngu1ahing puro sulphur from ~uphur in which 1mpur1t1ea 

·;rero present or 1n which a roaetion with oil had prcv1oual7 

been initiated. In both cases neparationa were L~portect as 

compnrod with tho clear separations obtained w1 th pure eulphur. 
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(e) OBSRRVA'HOW OF AN INDUC'l'IOJI PERIOD 
Ii' RELA'.l1ION TO THE ~VOLVi'lOH 01 

'FRE •. HYDRQl'JElf ~r:•LPHIDE. 

In the course or tha experiments po~formsd and 

doacr1bed the impression was gained that the tempo~otures at 

wh.ieh ovolut1on ot tree H2s was tirat obsorve-1.• os indicated 

by lend aeetato pape:r. app~Ull'Gd to vaey 1n an unAeeountable 

manner. even when the expel"1mental c-onditions were considered 

At ~irat this variation waa eons1dered to be 

tl ret'lectl:on ot reasonable experimental er!"or, within the 11-

m1tat1ons or the method of workt.n.g. 

howeva:P• this pMv1a1on'll explanation seemed incHo;ainsly 

1-ncdequate and the decision was taken to investigate the 

pb.onomonon. 

Several or the prov1ous experlmants t:ero ropen.ted. 

and variations 1n the tEJmpol"ature or 1n1t1al free evolution 

of aas were again tound . 50 g . aulphU!' were then cautiously 

moltod and heAted to l25°C in a P'JPe.x boaker. and 5 l!d . oll, 

tJr~viously heated to the same temperature wore 9lld.Gd tl1th 

stirring. The beaker wna suspended 1n an a1r-bnth and the 

:m1xtnre waa heated varJ eare:tullJ and slowl7 1 tho temperat\u-e 

being palsed nt the rate ot ap?roximntely 1°C per ~nut•• with 

eonstant st1rr1n~ . Tho presence or H2S was tested tor by 

morms of moistened lead acetate pnpo:r hold closo to t.h• autt­

f~c• ot the liquid. 

In the tempepature range 125° • 163°C there was no 

1nd1ca.t1on of H25 evolution nor was there llfi"' increase in the 
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vlaoosit7 or tho sulphur. Above 153°0 tho vi co•1ty or the 

8\"'lphur- 1nerensed 1n the charllcter1at1e msnnor but no ~s 

evolution as indicated. Henting ~as continued to l85°C 

without an3 1nd1eat1on of fl2S evolution being obtained. 

These observations wero nueh ns to be rogBPded at 

first with caution, aince they ditf'ered api:)arontly ~rom the 

t-esul ta or prior work and alao from the preVious oxper1menta 

nlroady described in the prenent work. Tho exper1lnent was 

accordingly repeat d, and tha observations were earefullf 

conf1Pm~ . 

The experiment as again repeated, an~ the tempern­

ture ra1aed to 200°c, still without indication ot evolution or 
f'Ne H2s . The mixture waa then allowM to cool natturall7. 

At 100°, when the sulphur larer had sol1dit1od at th• bottom 

or the beaker, tne exeeas oil was decanted otr and tho aul~ 

wns allo ad to cool to room temperatun. The roma1n1ng oll 

was swabbed or~ the a~race b7 means ot filter papor. and th• 

appear nee or the sulphur was noted. During the course ot 

tho expe~1mant the colour or tho sulphur had ehanged only to a 

11ght brown1ah•7Gllow. The ou. at the eonclus1on ot the ex• 

periment • waa quite eloar and only alightl7 nore ambor-ooloured 

than at the start . 

J.!'ter natural cooling the materials Ql'O ~thez­

examined as tallows :-

( 1 ) Lead aeetate paper was held close to the unbroken 

(tuaed J slWt'aoe or the sulphur. Uo H2S wa.a 1nd1• 

cated. 
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( 11) The aulphuP was coarael)' crushed by 1!2eane ~ 

n glass rod. Inrnad1ately the smell or JlsS . 

wn.a not1eod,. and lead acetate pspor dO.Pkened 

Wbon held elose to tho brokon lumps. 

( 111) The erueh&d lumps ot sulphur wore rap1dl7 

transf'e:rroo to a beake~ ond eovePGd with ·a 

~ateh-glaaa. After a few m1nutoa lead see­

tate pap&r • s 1neerted under the wateh-glaea 

and was darkened by the gas pNsent 1n the 

beaker-. 

(tv) Tho o11 previously doeEJ.ntGd from the surface 

of th~ aulphtU" was t:raneterrad to n small 

test-tnbo and corked• a str1p Gt lead acetate 

papeP belng suspended 1nte!Mlnll1 trom tho coPk• 

nearo the surface or the o11. Th.ero waa no 

darkening O't the test paper within 24 hOUJ'a. 

The obaorvations made in the whole series of experi­

ments lent strong suppor-t to a hrpothos1a that uM.et- eePta1n 

ctrcumstttneea thero exista an induction per1od during which 

freo fl2S 1a not evolved, despite heating ot tbo reaction miX• 

tuPe lft\leh above the tGElperatures at which H2~ evolution hod 

been Observed by several previous investigators and also ta 

the prosont wo~k. 

It was t-Gasonable to suppose that the BPl~arent con­

fllet between t.h•ae and prio:r observations must bo due to some 

vat'! able or v~nblea not hithorto noticed . The previous 
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work woe again studied 1n th1B 11gbt • and ultimately a t'm-­

ther ::sert•e ot ezpor1menta waa devised to f11'1d the e~lanat1on. 

Tho tirat poas1ble .xplanation as that the variation 

1rao due to using a lov proportion or oil/sulphur. 'fo el1m1• 

nate this variable the main experimont wns repe ntod w1 th a 

ltu-ger proportion ot oil. 50 g . sulphu:P were heated w1 tb 26 

8 • o11 in a PyMx l>Gaker auepenied in an aiJt•batL, · ith the 

~ preeaut1ona azr1 moth«1 ot wo~klng ae botore. Tha mix• 

ture was heated alowlJ (npp~.d.mntely l°C rise per mtnute) 

through tha range 1250 - 200°c- with conetont teat1ng bf means 

or load acetate papo~. Th• observations wet-e the ellt'Je as be­

tore. and no ~ree fl2S was indicated by the tost papor. 

The second var~able which required conc1derat1on waa 

the ?nte of heating. In the- earlier eX})ePimente the ~ate or 
heating hod been na rapid ae was conutatent with matntaining 

Q contt-Ollab~e. rate or gas •volut1on, whereas 1n tho presellt 

series he at1ng had been slOW ( o.pprGXlmatelf 1 °C n 88 per 

minute) . .Aecol'd1ngl.J the laot•z:umt1on.d exp r1mant wna N• 

peatod_. wtth all condition• ld~t1oal_. excepting that the 

heating was ear1"1Gd out more rapidly. though still eeretull7• 

In the COUPSe Of the expor1ment the tempe~ature as ra1aed rrom 
125°C to 2000c 1n 10 minutes . The observations wore the aa:as 

08 beron nnd again no hee nes wae 1nd1oatod by the teat paper. 

~ere rema1n8d the poas1b111ty that the variable waa 

nssoei~ted w1th some c1rcumstnnee.due to the different mQthOda 

ot heating. In the o~l1Gr experiments tho methOd ot heating 
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hod been b.l burner protttcted by an aaboatoa•gauze mat~ In 

tlle Jl'esent &ol"ies the means ot heating had boon an alr-ba.th. 

A logical compar1aon or the t"o mo~hoda ot heating• tald.ng 

into eons1dere.t1on the even character of thG a1r-bat.h method;r 

nnd th~ unevon and v1gol"'\ls nntu~e or tho other, led to the 

conclusion that the variable must tU"1ao trom aomo change con• 

sequent.ial on local ove~heating of portions ot tbe Haet1on. 

tl1xture . 

An expertmant wna tharetora dev1aed to teet tbie 

h7POthos1s . The previouG experimeJJt van ropeatod w1th all 

conditione identical. excepting that r.hen a temperatuN of 

l40oc had boan r-&aehed approximat.elJ' 1 m1 .. or the mlxtu-" was 

del1bero.toly overheated to a dark•brol'Jl'l c.olour by applJ'ing a 

bunson namo at the n1d& ot the beaker ftn> a !!l0..'%1$nt. The 

temperature of tho remaindor of' t!MJ ni.:xture waa not notice• 

tibly chQilged. The !'lame was 1mmed1atel'J removed and the 

lldxturo thoroughly et1rr-ed• so thnt the small ovtfJ-heated por• 

tion became well dinpel'aed. C&.Petul heating was then 

re-co~need by means of the n1r-bath as previously, and 

toat1ng was continued as betor$ with lead acetate papo~. 

At 1Go0 c tho teat papGr showed fipst 1nd1eat1ona of H2b 

evolution. At 180°0 the 1nd1cat1ona we:.e atrong. At 20000 

the first bubblea or gas WG~e &een P1Sing 1n tho m1ztu~e. $Dd 

at zsooc the ewlution was gene~al and vigorous. 

The oxper1ment wat! rep-Gated. \dth all eond1t1ma 

1dent1eal, exeapt ths.t fl"Otl l25°C onwards the mbt~ wae 
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heatod over a burner protected by an aebeetos•gau&e mat and 

locfll overbenting occurred naturally-. The obsorvation.s 

Trore the same na in too prortous expo~iment. 

F1nall7 60 g. sulphur, p:raV1ouslJ t:10lted mld heated 

to l::!50c wePo m1aed w1 th 25 g. o1.1 at the namo tomp9rature . 

+ro the m1xturo was added 2 g. of' the darkened rea1duo from the 

prGv1ou.s exper1nent . Theree.tte~ the mixture wns tll.OrOugh17 

at1:rred and heated e~otull'f on th4 ~r .. bath with L}rocautiona 

agalnnt loc#ll. OV$rheat1!1!-~· The obs1lrvat1on$ wore the sam• 

aa those obtntned 1n the expG~h!ent • already de&et-ibod above. 

1n which a Bmall portion o~ the mixtut-O had been doliboratelJ' 

OVt.rrhented • The tt:HJt paper first 1nd1oatot1 tho OVOlut1011 ot 

~oe ft2S at 16o0c, and turthe:r heating 1neronood the rate ot 

gas o·volutlon as bEJf9oro. 

It wua now d c1dad to test whothnr tho phenomena 

thus Observed,and eont1~ed wore cbaraeter1stic only of the 

particular o11 used, or whether they eould also be observed 

in tho eose ot other heaTy pat-at'fln hyd~oearbono. Por thia 

teet re~1nod paratttn 1t'Blt or i .. P. saGe wan taken o.s altemll• 

tive material in plaeo of the otl . 

50 g . sulphur were mel ted in a P~x beflkor and 

heated to 125°c, and 25 g . paratr1n wax1 separately moltod tm4 

hented to the same temperature, wePe addod with atirring. 

'rile mixture waa heated c~U-et'ul17 by means or an eir•b.ath from 

l250C - 2oooc w1 th frequent ag1 tat1on and. teattng bJ lead 

acetate paper. The obsel'*vat!ons we:re 1n all rospGcts a1mil nP 

to thoa.o mnde when oil was uaod under s1m1lnr cond1t1ona. 
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Abova lGS°C the viacoai t7 of the aulph.ur incPeasad as bat' ore 

and no tree ~S eYOlu t1on was 1nd1e ated 1n the en tiro heating 

rang• of the exper1men t . 

The expor1m.ent nth paraffin wax was :ropeated with 

..Ul conditions identical exeepting that the previously des• 

er1bed technique or deliberately ovorh ating pprox~~tel7 1 

ml. of tho m1xtu:-e was again used. One again• ns 1n tho 

cruJe or tho o.xpor1menta with oil• thin re ulted 1n t't"'O 

evolution of ll~ baing indicated by lead aootate paper at 

opprox13ately 160°~, and 1nc~oastng gas evolution thorentter 

as tho t mpernture vns rnia~. 

It was concluded that there appoa:oo to be an ln• 

duction pe:r1od in the roact1on between aulphur and certain 

hettVJ al1phat1e h~rocarbons during which the ewlut1on ot 

gaseoun h7drogen sulphide 1s ao far ret&l'd.ed aa to be unob­

servable by menno ot lead acetate t••t-paper. Due ·to the 

oxist•nee of this 1nduct1on periOd the temperature at which 

tree D2S is tirat indiented by teet-p ~or ia raised b1 appro­

ximatelJ' 40°C above the usually· observed 1"1gur a :tor the a • 

mate~1ols. It appearod likely ·thnt dur1ng this pe~10d aome 

unstable proouet 1s f"01'1Ded w1th1n the sulphur nnd porsista 

'Ohen the mol ten wlphur 1s allowed to solidity am Ntud.n tm• 

broken; but on breaking up the solidified 1naaa gnacoua R2s 

1s evolved. Tho existence or ths induction po~1od 1a dettOn• 

strable only 1r local overheating is avoided. I!' local 

overheating occurs initial evolution or free H2S takes plac 
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at the usual temperature and no 1nduet1on period is observed .. 

As long as ~oeal overheating 1 s a.voidod the phenomenon appear a 

to be independent or the rate or heating. 
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(t) THR RFFF.CT OF Vlt CO~I'fi • R..l!;DUCI'N0 J.flEUTR 
ON ':HE TSi!PERATtJhR OF IlUTIAL Fl~ 

!.VOLOTION Of' HYDR03E3 .... UL.PHID:S. 

The wo~k or Bacon and Fanelli• a~ alrc~y described• 

had FOVed that tbe pres•nce ot bydrogon sulphide or persul• 

phi~es in liquid sulphur eanaee a tall 1n its v1scosit7• 

Apmat tro other findings the observations ede 1n the pr&Hnt 

otud7, and portieula~l7 thone r9port~ undor ection (o) above. 

c err1ed the implication that the conv~rae or Bacon ~nd Fanel-

11 's theory might ttloo bo t!-Ue • and that there might be a 

relnt1onebip between the tall in v1oeos1ty and the temperature 

ot initial evolution ot tree H2S in tt~ reactions bu1ng studied. 

TO inveet1gnte thie aspect or the matter a oer1ee or exp r1• 

=onts was planned in ~hieh the v1acos1tr or th• liquid sulphnP 

~r.3 deliborately reduced by means of ammonia and tho halo~ene · 

{other than tluo1"1ne) whioh had boon ehown by previous wo~kel"e 

to be v1aeos1t,--reduc1n~ agonte rrn- sulphur . 

so. g. eulphtu• were mixed w1t1l 25 f~· o11, preheated 

to 125°C ae in previous exper1monts, ani the m:txture was eau• 

tiouoly heated in an air-bath to lSOOC, with voidance or 
loeal overheating. No fl2S was indicated by t•st-pa~or. 

The m1xturo nao allowed to cool to 130°C and ammon1n gao wao 
. 

bubbl«i through for tuo hours, t:OO tw.<,Par ture baing held at 

125° - 130°C during th1a period. The mixture ns then cau­

tiously re-hoatod in the n1r-bath to the viscous range, and 

thoro was no noticeable tall in V1scosit7, the sulphur behaving 
0 

normallJ'• At neither laoO C nor at 180 C wan n~ 1n:l1e nte4 
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by load acetate teat-paper. ~he NH3 did not prove on erree-

t1ve v1seos1ty reducing agent tor sulphur •xndor tho present 

e:xporimental eondi tions, and no conclusions, either positive 

or negative. could thorotora be dru~ from tho ob6orvations. 

Tho o.xperiment wns repontod.• but in pla.ce or am:to• 

n1A gns chlorine wan po.s:.:od in a slow stroam f'or f'ivo minutoa 

t~~ough tho mixturo whilo it was held at 125 - l3ooc. The 

mixture wne then cautiously hef\ted in on nir•bath. i ho aul• 

pbur never attained tlla v1seous &tai;e . ...4t l60°c test-paper 

first 1nd1eated evolution or H2S• .At 1900C f'irst b•,bbles or 
gao eonld bo noticed. At 200°0 evolution or u2s was can­

t1nu1nr;- but slowl,-• an.1 it ront.ined slow till uJt-._,.roxlmatel)' 

240oc,. when thore wus goneral evolution of Ilg~- .from the 

renet1on. 

To oxamino tho otfeot or bromine under ~imilar condi­

tions. the oxperimont was aga1n repouted but 1n place of chlo.r!ne 

1 .; . bromine ( oqunl to 2.~ on the wolght of' oulilhur taken) was 

added nt 1 25o-c. The mixturG was enutiOtU!lly hentor..l in the td.r• 

bo.th. uo viseoue otato waa <moounteroG.. At 150oc the test-

pnpt'lr 1nd1entod t1rst evolution of H~. At 1'10°0 tho first 

bnbblos of gus wero notice .... ble. Bett?een l80°C und 23o0 c gn.s 

ovolut1on wan slugg1eh~ as obsorved with chlorine. ;~ove 

230° -;enorol ant"! brisk evolution of l12S was. observed. 

'l'he experiment waa noD ogfl1n repentod but iodine waa 

:J'Ubat!tuted as the viseoaity-redl.teing. agent. r.ro tl .. e sulphul"/ 

o1l m1xturo at 126°C was added o.vs g. 1od1ne corresponding to 

1 . 5% on the woight ot sul.phur tnken.. 'l'ho 1od1no tl!Jl.-'OarGd to 



d1saolvo. On heating caut1ouslf in tho a1r-bnth the viecoua 

at~e wns nevoP encountered . At 160° tho test-pnpor showed 

first indications of H2S• At l80°C the t!~st bubblos ot 

gns ~oro not1eeu,ble,. at 200°C the rnte of ovo1~1t:ton wns 1n­

ercns1ng, and at 220°C tho~e was genoro.l evolution or gns. 

Tt ~s obse~ved that in thl::! exp<1r1::ncnt, '\:11th iodi.ne as v1S• 

oon1tJ'-~educor, there una no pet-iod of slu:;: 1sh gn!'.: evolution., 

ns bed been noted in the e.x;eriments .:1tb ehlor1ne nn•. bromine 

dEroeribod a.bove. and tho ovolution '!-r sa.s br:"CCJ'!l:O Pr<Y3rea61Vel7 

fnstor ns the t~mp(l~atu~o as ~deed tdth1n the nxpor1mental 

An oxplruts.t1on tor th1s phenomenon will bo susge»tod 

1n a later ehapto~. 

~.f!he ser1ea or oxpo~imonto 1nd1entad that after 

tl"~1atm~nt by r$&.g&nts wh1eh Nd\lCO t"te viacon1ty Of 11qu1d 

$Ulphur in tho tempe:puturo J5ange ~:rhen 1 t wonld normlly be­

co'!'!O oxccottingly v1 seoua no 1nduet1on period oocu?>s tn the 

ovolution of ~ao H2s. iJnder these eont11t1ons. doapite nb• 

Sl)-noe of local overb.oating* ani the msintonn.noo of' the awntt 

:n•aoeu.t1ons ns obsorved 1n the pr0v1ou~ seP1os or o:q>or1:ments,. 

tho t•mperutur• of 1n1t1al •volut1on ot treo 1T2S wan 1n t:he 

"run~cl ~ ttnng& 150° • 16o0c. '!'he balo~enn e~~ol'tno bNJmine 

.,nd ~&11no all gave the samo observat1on 1n thts r>ogam. whtle 

1odine was tho most satisfactory hom tho Viowpotnt ot un1n~er­

roptod evolution or gas and easG of' mon1pulat1on. 

The work tti th iodine was f1nnll'1 Hpeated, nth the 

substitution ot roftnod paraffin Wlllt (M.P. 62°C) .to:r the ou. 
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ao ns to test whath~~ the Observnt1on was aloe valid in 

respeet or this material . 50 g. sulphu~ were meltod and 

heated to 12soc . 25 g. paraffin wax wore meltod. pre .. 

heated to the same temperature and mixed w1 th t he sulphur. 

The mixturo was cautiousl1 heated in an ~1r-bath to 180°C 

without any 1mieat1on of IfaS evolution. It waa tr..en al­

lowed to cool to 140°C and 0. 25 g . 10d1ne* reprosant1ng 

o.s; on the oulphur taken, vas added with at1rr1ng. The 

mixturo was heated eautioualJ in the nir•bath. 

No vi eou9 atnge was encountered. '"t 16o0c 

evolution or 1~~ 1as indicated bJ' test-po.p 1"• • t 20500 

bubblos or gas eould be eoen rising in the l1quid1 and n.t 

280°C evolution of Ifat. wae brink and general . 



(g) BEUAVIOUn 0~' S.PER~ O~IDE('~IL Mlrl'Tlfd~~· 

In tu:Pther 1nveat1gat1ons of: the phenom.ona nasoe1a­

ted with ~S evolution lt appe6lred dea1rablo to find some to 

of oulpbnr in the prooe a1ng ot wntch tho phenomena aanoe.1ated 

with large v1seos1tJ chrmgos ould probablJ not bo encountered. 

~!nee 1t waa now clear thnt thGaG problems wore greater 1th 

tho pur forms ot sulphur than 1n tho presence ot v1seoaity­

redue1ng ogonts a eonroh waa cade tor some form of ~ilph~ 1n 

·hich s 1eh a~enta m1gbt be p:r sent nntll!'all1 as cont 1nants. 

Finnlly a mator1al maettng these requirements wa s found in th• 

tom lmowtl a.a •spent oxide a . This i 8 the pur1fJ1ng ms.as n­

nallJ rejected bJ coal-gas manur etu~1ng pl9nts afte~ repeated 

u 1n the absorption or ¥ f'rom the gas at~eam. Tho 

JJator1al• n or1g1nallJ charged into the purifJing bo~oo, con­

alsto oubatant1allJ o~ a mixture of ferrous and ferrie 

}Qdrox1des prepaPed to allo grndual passage or t ho gaa. The 

main abs~ptton p~ocess ay bo represented by the tollo 1Dg re-

ct1ons: 

Pe{OH)2 + Hs!S ) FeD + 211~ 

2Fli(OH)3 + 31laS ) ha~ + 6¥ 
bon tho sulphides aoeumulP-t.e the maea is exposed to tho a1r. 

and tho h!'{lroz1dos arc ro-rormed with tho l1borat1an of ~-

phnr. ""his cycle or absorption and rev1vif1cation 1 ropeated 

until tho mass contains too h1gh a proportion or sulpb.ur te» 

1'k e.tt'1e1ently. and it is then replaced. 

It 1s clear that the spent ox1do containe numoroua 



impuJ'itl~a. wh1eh cannot here be <11ecuaeed 1n deta11.. Prom 

tho pl"etumt Viewpoint 1t q be regarded aa sn im,PU!"e ro:rm of 

snlphur in tho prea•ce of lron h'Jdroxldos, terrouyo.lli.doa and 

otbeP eompounda., and contam111ated b7 contact 1tb the VtlpOUl"& 

of to'l"• na)bthalene- and other organic b)'-productu or gas 

manut'ncture. The sulphur content or apent oxld& llaf l"ench 

obout 80;1 ln M.ch eomples. 

In the p~oaent m»rir opent oxido • a obtdnod £rom 

tho J:1Uftie1po.l eoal•ga plnnts at Port Eltzebeth end JOh&mlDa• 

bnrg, and. oxtttact1one ot terrOCJan1dea ond thiocyanctea wer• 

earl*1od out by well-mom 11'Ettboda aa an &xctro1. o 1n handling 

the mnto·nal . It as found to bo too lwnw in 1t.a nntuNl. 

state tor efficient proceaatng. and gPindtng neeeaeaey. 

Fo~ the ma1n expoP1monta a l"Opre entative aomple •aa 

taken ~om a bag Of apont Oxido by repe t4d tdxiDI!. conlng. 

ond qnarteP1~1• ~o matel"inl was not pu~1f1ed 1n ODJ ; ar. 
The stmple was then pound rtnely bJ po:stle ond mol!'tnr. n 

brown1eh powdo? being obtn1ned, h1ch was ueed in the tnrthor 

ex{Xlr1aonta. 

The trea sulphur content or tho mGtorial was deter­

Ddl\94 bJ extraction w1 th carbon d1aulph1<le. Attor dPy1ng at 

100°c • 20 g . pe weighed into n stoppwod tlnak ot 250 tnl. 

capo.c1~. and repeated extractions WDN m'lde b7 l.engtby sholtlDg 

end decantation with t~o suoeoas1ve portions of e~r-bon d1aul­

ph1dc totalling 300 -at~ . The solut1one ON mizod and tilteMd 

~np1dlf• 'fhe re n1due was waahed out on to tho f1l tor b3' me ana 
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of 50 ml. carbon d1aulph1de• and the t1ltor wan rtnally ~ashed 

with n rurther 50 1111. ot the solvent in case oulphur hod been 

depoa1ted bf evapo~etion. 

9ne canbined r1ltr~tes were evaporated ovor a water~ 

bath, and when redueed to approximately 75 ml. t he evaporation 

was e~lctod in a tared benkeP, and th& weight ot sulphur do• 

posltod wnn thua obtained. 

Founds Fr&e aulpbul" 1n oamplo or spent 

oxide 

Repeat 

• •••••••••••••••••••••• 

•••••••• ••••••••••••••• 

31. 5% 

31 . 

'l'h.o behaViour ot spent Oxide/oil m1Xtul'GG ~8 then 

tnvoat~gnted. A smell quaRt1t1 or the powder wan added to 

the oil 1n a teat-tube .and shaken. A auapons1on tor~ which 

sottled slowl)T. on heating ovor a burner the mlzturo frothed 

nnd darkEnod. and lead noetate teat- paper 1nd1catad the evolu­

tion or H2S• 

The ozperiment waa repeated under controlled condi­

tions. In n PJ'HX beaker 50 g . oil ere taken, and 20 g . 

tinely ground but undr1od spent oz1de were addod ~le stirring 

with a thol'm.ometer. The 1D1xt11N was bflatod 1n an n!r-bath. 

:\t 900 - 12o0 c t"rothing oecurred, 'Vb1ch was nseribed to the d ia• 

engagenont of wate~ vnpour . Heating ~as continuod hila 

st1rr1ng with tho tharmometer . At 145°C the evolution or H2S 

WllS 1ndieated b y load ocetate paper. At approx1m~telJ 16000 

gao w a be1ng evolvGd with effervescence. The tecperuture waa 
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further ~a1oed and hold between 250° • 260°. ~o the gaa 

wan v1gorousl,- evo~ ved. 

Dw"1ng '!+ho hoat1ng there was no notteoablc 1nerGaa. 

1r. viscoait~. At tho temporatupe at which an abrupt increase 

1n v1~os1 t1 oeeurs 1n puN aulphnP ( npprox1matoly 163°c) 

spocial note was tokon or the behnnour of' the r.~1xturc b12t 

thGr was no similar chango 1n v1scos1t.y. As 1s nppat-ent 

!Ton the lO<• tomperotUl"' at •h1eh lead aeotate test•paper Wllll 

ftrat dn:rken.ed, no 1nduct1on pcn-1od oce~red in the owlution 

ot tree H2s. 
This exper1~nt waa no' repeated th the same con­

ditions, except thct above 125°C the mixture w a not etiPred. 

It t s expected that, with the high p:r-oport1on of 1mpttr1t1ee 

present 1n the ~pent oxide. there ould be a tGndoney tor ver, 

nn1eh settlement and packing to tflke placo on the bott;om ot the 

ves~el. Howover. th1o did not occur to nn 1neonveniont extent. 

and tho mnter1sl remained mainl7 in suspension in the o11. 

bein3 ag1tatod by the evolution ot gas. 

the sa~ eouroe as the p~v1ous one, ond tho pnPtial aottle­

ment did not 1ntert"ez.e ·rith the heating. 

The residue tz.om both the exper~nts eonsieted ot 

a d Pk spbnltic liquid• with po~t1ons more hic.)lly cnrbon1sed 

1n lU~nps.- s1m1lnr to the reaiduea obtained 1n the experiments 

nth Stllphur. In th1s 11qu1d wore au.spended tha rem 1n1ng 

eol1d and insoluble constituents or tho spont oxide. 

The residue was placed 1n tm oven and bold at 125°C 
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ror seven hours. to allo . ., aottl&mont to occur. Tho aol 1da 

sottled well and the a.sphal tie supernatant 11ou1d eould bo 

dee anted. 

At ~o point 1n the expe~~nta was d1tt1eult7 en­

countered duo to v1aeos1tJ increases or retardation ot gaseous 

~s ev~lut1on. It thue oppearod that the spent o~1do con­

tained sulphur the v1oeoa1ty behaviour or which ~8 protoundly 

modified by the presene ot other constituents. Tho preaene 

of the ~e a1n1ng iron oompounrta and othor 1mpurtt1os ~avo loss 

d1fficml ty t},lan had been expected. This ,as nser1boo to the 

tine grinding which had t1rst beon eor~1od out~ to the 

taet thnt the roa.ct1on o~ tho sulphur enused tho purt1eloa to. 

d1e1nto~rate still fnrthor as the sulphur was removod 1n the 

rorm or hJd~~en 8Ul~h1de. 
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(h) PREP ARN~IJlf OF ~ '1LPtttm RIG~I)ROUf.I.Y 
ii'R~E ltWQfi Oi'fGfL"lC 1 PlJnlTIES. 

In the work r•ported up to this point tha obaorva­

tlon ot viscosity changes in 11qu1d sulphur undor tho vnrloue 

ronetlon conditions was made aubjeet1vel1 by noting tho 1ncrea• 

~o1 or deere sod r.s1stance to stirring. It ~o.a now doe1dc:Xl 

to attempt to follow certain or the changun objectively by 

~eans ot a. suitable instrument . ~1nee no uva1lable 1netru• 

ment flS adaptablo to the 1musual eondi tiona of tha vxporimants 

the dee1a1on was taken to dea1gn and construct a s~ec1al v1aco-

moter, details of ddch are -~1v~n later. All an • .... ent1al 

prelim'tnaJ:"1 to this worlt 1t was neceacary to pt-o.,1do a. aupplJ 

ot sulph~, rigorously troa !'ro orga.n1e impurities. for use 

as a eompaPlson and oallbr t1on standard. b1neo ~uch material 

could not be obtained COl'L'lere1ally it rns prepared by Bacon aDd 

F nel11's mothOd~ sl1bhtly odi~1od in praet1ogl dotails . 

'700 g . high-purit7 gro'.l!ld oulphur• o~1 1nally supplied 

by fttr1e~ Rzploa1ves and Chomdcal Induatrion Ltd., (opoe1t1-

eat1on given in section (a) above) "ra carefully ~ltod 1n a 

Pyrex beakor and held at 120° - 126°0 untU all ao1sture had 

been driven oft • as indicated by tho dtoappearmce of th• ten• 

dency to troth. 5 g.- pure dJ"1 t1nolJ powdered roo.~esium oxide 

woro added end well atured 1n the sulphur. and hooting waa 

continued rurthor. on a ring-burner. until the sulphur bo11od. · 

B0111ng was eont1nued tor- 1'our hOUJla• ond meonwbile o. th•rmo-

st t1eallJ controlled oven was pre-heated to 126°c. 
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The boUed sulphur was ollowed to stand unt11 the 

temperature 1'ell to l30°C and the beaker was placed in the 

oven and allowed to settle overnight at 125°C. The next 

morning the prepn:r-nt1on was t'ound to have settled veey aat1a• 

racto~ily, .ith elea~ l!ght-colourod liquid sulphur ovorlJing 

a small la~er ot aomGWhQt darker mnter1al Dlaod with the GS• 

cess magnesium oxide. 

A spoelal filter was prepared bJ blowtng n bole ot 

dbout 19.5 mm. diameter in the botto or a round•bot~omed 

f"lnsk. 't'bo bottom of the rlaak was then eovot-M to n depth 

o'f nbout 15 mm. w1th glass wool. pnekod down bf proasing with 

a glsas rod until no trQe ehnnnels rellalned. -:t'ho neck ot 

the flask waa lagged with asbestos rope. The filter. com­

pletely prepared• waa pre-heated to l2S°C by being lett over• 

n!ght 1n tho oven along w1th the boaker or liquid eul.pbur. 

The noxt morning the heated filter was r apidly 

~ved hom the oven to a prov1onal7 prepued atond• and the 

11qu1d sulphur was decanted ttn-ough 1 t . Tho daPk portion 

t hnt hnd settled out 1n the beaker was rojeeted together w1 t.b 

a small portion of the clear sulphur cloao to it. 

The tiltrate. eonalatlng or elour light-coloured 

liquid sulphur• wo.a reee1ved in a P7rex benkeP,. ond wan held 

at l25°C while a ~urthet" 4 g . puro dry nagnes1um oxide were 

oddod. Heating waa then continued and the sulphur waa brought 

to boiling point (as on tho previous daJ} and kept b0111ng all 

day ('1 boura). In tho oven1ng the boiled sulphur was again 

tranat•rrod to tho pre-heatGd oven and all<med to settle over-
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night at l250o • 

On the rollowing tlr•o days the preparation vaa 

again tilta:red each morning and after the addition of 3 g . 

magnesium oxide was r•bo1led the \'!hole drq as beforo ("1 houra 

per day) . · It was than noted that no turther dAl'kening at the 

bottom of tbe vessel as ooeurr1ng on boiling• and it was 

thore~o~e eono1dored aare to atop tho boiling p~oeesa at thla 

point. After settlement ove~1gbt the sulphur was tinallJ 

.t11terod next morning and allowed to aol1dlrJ 1n 8ft evapora• 

t1nr dish. prev1ouuly heGd from poaa1ble cnagan1c contamina­

tion bJ bo1l1ng w1 th ac1d1t1ed aod1um dichromate, wnahlng 1 and 

dpYing undor duatlesa cond1t1ona. 

The final preparation aa a apQrkltng. elonr. l1ght­

embor 111uid, which when shaken did not adhe~e to the a1d• or 
the vea~el. en so11d1tied at room tempornture it was or a 

light JOllow colour and consisted or a denae maos ot inter• 

loelced crystals. The 7ield waa npproximatelJ 400 s • 
The tollo 1ng odd1t1onel ob~rvations tu"O placed on 

rocol'd tor the bonet1t ot tutura wr-k n :-

(1) The 1n1t1ol boiling por1od is the most d1f't1cult 

one. due partly to the presence of traces ot 

molature 1n the aulphur. For tho t1:rst boiling 

1t waa nooeasary (as mentioned above) to uae a 

:ring burn•~ to~ heating. Therootter. however. 

bo111ng was much easier. and tro the second day 
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onward an ordlnar7 burner was autt1c1ent. 

(11) Precautions must b• takon agalnat flaahlng 

or nulphur vapour. This r1ak occurs above 

o.bo•:&t 2&o0 r.. and tho flashing takes plQC8 

when air enters tho vessel and m1xea with 

tho 8\llph,lr vapour to torm an explos1Yo rntx• 

ture. A a1mple and reliable m.thod or pre­

vonting th1a 1s to keep the opening juat 

adequate to act safely aa a vent, b~t suff 1• 

c1ently closed to ensuro that the atmosphore 

1n tho vessel eons1ats at all times pred~1-

nantl"J of' sulphur' VEtpou~. 

(111) 'l'ho loBsea b7 volatil1aat1on, despite tho 

ver~ prolonged bo111ng, are ~xpactod17 

alight. Air-cooling or tho Up)or port1one 

ot tho ves3el condenses mo t of tho vol t111aed 

or aubltmed material and it tlowe back ta tbe 

prep.nration. 

(1v) overnight settlement at l250c reoulta 1n ouch 

efficient a parntton or the el&ar liquid aul­

phUP rrom tho 1mpur1t1ea and excess oxide that 

1 t is possible. by careful decant1ni!. to avoid 

r1ltrat1on. This s1mpl1t1ent1on of the thad 

involvea tho rejection ot largGr pPoport1ons of 

the materlal at each stage. to avoid risk of 

cont wnat1 on. 
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The absence ot: organic 1mpur1t1es trom tho f"1nal 

pnparation of pur1t1od tralphur wns contil'mGd by Bo.con nod 

Fonell1 1 s teat. A new Pyrex teat- tube vas P1goroualy 

cleonod by boU1ng 1 th sulphuric ac1d- ae41um diehl"omate 

mixture. ~hortl)' bot oro tho teat the tube waa ompt1ad and 

1~~d1atel1 wa~Gd with tw1ce-d1at1lled wAter, nnd wne d~1od 

upside do wn 1n a position protected t~o:l duet . About 3 g . 

purified aulphuP were heated in the test-tu~ and held at 

boiling point ror three m1nutoe. and allowed to cool nod 

aol1dity 1n the tube. The 8U1phul'" f"Omained tb.e same colour 

ne before tho test. and the 1nner surface ot the bottom ot 

the test- tubo waa not blackened. 
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(1) OF A SPBClAL VISCO E?IR 
A D OBSERVA~IOU OF VISCOSI~ cn~~GES. 

In the deatgn and construction or the special 

v1aeometer Nqu1red tho d1.ff1cultlea eneotmt•red tell 

bi'Oadl)' 1nto two cla-aaea: 

(1) 'l'hOM associated nol"'llall7 and ohoracter1 -

tically 1th Visco 1tJ 4eterm!nat1on& an 

pu~e sulphur • an4 

(it) Special d1ft1oult1e:s ar1a1ng out or the 

present expe~irnentol conditions. 

Cona1derat1ona o~ spaeo precludo a dotalled ac-

count or all th problema involved, but Su:t:lllnarY thereof 

1& essential 1n oons14el'1nfi tha design and teebn1que required. 

Prior to 1943 the aenept&d data on the ViseoaltJ of sulphur 

were besod a1nly on the determ1natlona ot Rot1njllllzl., Jrellaa2, 

end FarP nN! cLeod3• These result were not., 1n many re• 

speeta. mut~all7 ctm*latent. In par-ticular the v1acos1t,. 

values round dltte:Nd according to tho pttev1ous thormal h1a­

torJ of the sample. Por example pr1o~ hesttng gave lower 

values ror the 111az1mura vlueo 1ty found . The work of Bacon 

ond Fane1114 p:rovided the ezplonation for these 1ncons1atan­

cles. Reliable and consistent datn wero obtained on the 

l aotinjanz: PhTB1k. Ohem. 62. 609 (lgoe ). 
~ellaa: J . Ch••• Soc . 113.903 ( 1918. ) • 
-yarr and Leod: Proc.lroy. soc. 9'1• 80 (1920) .. •s eon ond Fanelli: J. • · Chem. soc. 66. &39 (1943). -
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v1acos1t'J' or sulphur and those values ••" shown to b9 1nde• 

pendent o.r the previous the!'mal h1atorJ or the aulphuJt uaed . 

Bacon and Fanelli showed thQt (apart t'rom differeneoa 1n ex­

perimental technique) the preaenee or minute t~ncea o.t 

orgftn1e 1mp~1t1es 1n sulphur profoundly atfeeted the v1aco­

a1ty ch2ngea. nnd thnt the strenuous efforts or prior workers 

to ~1~7 their sulphur b7 numerous subl1mnt1ous. cr,stall1-

a&t1ona and other manipulations had in fact.- not Jielded 

pUl"G attlphuP• 

Tho apparatus used by Bacon and Fanelli in thai~ 

v1scos1t~ determinations was baaed on a special oap1lla~ 

tube method• and othor cap1llarJ' methods ho.ve beon applied 

1n many otbett 1.nvoat1gations. Po1seY1lle t s equation. tlla~ 

readily bo used in relation to sueh apparatus. and colibra• 

t1on 1a rolat1yely easy. 

The s1mp11e1ty and rellab111t7 or a capillary tube 

methOd WGl"& 80 apparent 8& to make this tho 1:20tbod Ot Ch01.ee 

in tho prettent ox{Xlr1ments. had the con\11 tiona been suitable. 

'!'ho following e1reumst anee s • however • made tbe use ot th1a 

type or appnratua undea1rable: 

(1) Although :r1go:roual1 pur1r1ed sulphur waa now 

available and •ould be used for o&l1bration 

and standardisation the main oxper1mento in• 

vol~od the use or sulphur which had been 

heated w1th o11. It was poas1ble thnt t~acea 

or oil or carbon.Qeeous matter might be drawn 

into the capillary tube and grossly affect the 
reault . 
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( 11) 'Pt~o sulphur flows eleDDlJ f"rom a glaos 

cap1lla~y tube, lG ving no ros1dues on tho 

walls . sueh clean separation co\~d not 

bo expeetod wdar tho present oxpor1m.cntal 

conditions. 

For theso l"eaaons designs baaed on cap1llarJ tubes 

1n any form vere rejected. 

On tirst cons1dorat1on it ap,;;>Oared tbat a eu1table 

1nst:rumont might be des1p,ned on the well-known "fall1ng sph•pe• 

ptt1nc1ple, proVided that some means could be provided to ob­

serve the start nnd finish of the steel bnll1 s t:rnverne through 

sulpbur whieh might become too da_~ tor direct visual Obaerva• 

t1()Cl. Much thought and e:f.tort weNJ expended on devising a 

suitable electrical appar~.tns tor thic purpose . In the pro­

posod app ra.tu& the VGrtieal tube was to havo bocn provided 

ezternall~ with onerg1aed eo1lo at suitable levelB. ~be 

ateol ball, in its tall past theae raspeetivo coila, wns to 

have alte~ed the condition~ of magnetic flux and eo made 

observation poas1blG. To avoid tho co:earoaive action or the 

sulphur the b~ll was intended to be chram1um-platGd. 

This dea1gn was not proceeded w1 th• 1.1a.1nl.J because 

<>t the difficulty 1n arranging accurate cont:r-ol ot the re­

lease or the ball IUld because of" the large volume ot test 

s~plo required for each determination. 1~e decision was 

eontirmed by a study or the apparatus and exper1m nts 
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described by B?Oome and 'l'bomaal. 'l'b.eae wo~kers used search 

eo1la and on oec111ator1 valve e1rcu1t for a a1mi lar purpoae 

in investigating the v1scoa1ty ot bitumen and other opaque 

materials , and f"ound nur.aeroua precautions nnd. epee1Ql pPOvi.-

sions to be necessary. 

Inveat1gat1on or vur10U$ further eltornotivo pr1n­

e1plea on wh1eh tho ViscOMeter might bo eanstrueted f1nttll7 

lod to eone1derat1on ot dealgna baaed on mechan1eol rotation. 

These tall into to matn elaaa.s. namel7 the ac·1ehnel type 

M1 tbe stormer2 type . In the tormer typo or instrument a 

eyl1nd~1eal outer cup eonta1n1ng the 11qu1d under teat is 

· rotnted nt eonstAnt apeed~ and the tore1on on a centrally 

positioned snaller cylinder is observed under ntru1d~ con-

d1t1ona. The Storc•r type of 1natrument, 1n 1 ts boet torm, 

hml a. f"ixed eyl1ndP1cal outer eup • containing the sample 

under teat. !thin this cup a C711nd~1eal rotor of amallor 

· ~1 ter -rotates coneentr1oall7, being drlvoo t~ a 

syst or gears and p1D1on ae~1ated b7 n cabl•-suapended 

fnl11ng weight~. 

Tho Viaeomoter ultimntel7 constructed fo~ tho pre• 

aont work used the pr1nc1ple of ths Stormer, with rotation 

o~ a solid e,lindrieal rotor centrally 1n a t1zod eyl1ndr1cal 

lsroone and Thomas: J. soc. Chem. Ind. 50, 424 (1\)31). 
2rev1oua workers along similar linea-were oo~ & Cuthw 
be~taon: Ind. Eng. cham • .Anal. Ed. 2, 419 (1930), and 
SJ!bmee ttnd Lantz: Ind. Eng. Chom. 1"; 35 (1929). 

2stormer: "J'rana. Am. Cerorrtic Soc. ll,-59'7 (1909). See also 
Ind. Eng . Cham. 12.1 58'1 ( 1920) .-

3ftn illustration ~aeser1pt1on will be touod 1n er~1ngton: 
"V1aeom.otrJ" • p.68. Mwaro Arnold & co., London. 
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PHOTOGRAPH OF SULPHUR VISCOMETER 

The asbestos lagging has been removed. The rotor 
is sho~n detached from its spindle. In the working position 
it would be out of sight in the left-hand cup. 

Dimensions: Rotor cylinder 4.3 mm. diameter x 12.5 mm. high 
Rotor shaft diameter 1.1 mm. 
Cups 20 . 0 mm. diameter x 51.0 mm. high (inside 

measurements). 

A - Rotor B - Oil-bath C - Spindle shaft with coupling D - Drum 
with driving wire suspende~ E - Cups F -Dials (facing left) 
G - Thermometer H - Electr1cal Connections 
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cup, but differed 1n all deta1l8 due to special and unusual 

conditions of the experiments, f~ which the Stormer 1nstru• 

ment . uld be unsuitable. The v1•eometer construoted is 

Shoun in tho attached photograph. Th4 tollowing pnrtiou­

lors a1ll indicate ita toatures and the methOd of Operation: 

~ha mechanism co~s1ats or a tt•n1n or geu.rn driv&n 

by t h e uncoU1ng of a fin~ ·on.el wire trom a hcr1S~:ontal gun-

metal drum. Fron the wire 1a suependeu a weight, tho size 

or ~h1ch aJ be ehoaen as required. By mennu or bevel gears 

tho motion is tt»t"'nsmtted at right angles to a vorti.cnl ohatt 

erd eoupli.ng to which 1a attnched a atninleos ateel rotor. 

Ry moans or on 1ntogro.t1ng mechanism (adapted troo. an 

alcetrieul att~our meter) the nunber of rovolutions or the 

~otor ~~ be road on a dial. A suitablo loCking arrangement 

allows tho tall or tho weight to bo started at will . 

Below the rotating and integrating moehan1e" 18 

the aase .bly horo~y the ~ample is held 1n the eorr oet pos1-

i;1on and at tho r(Jqu1red temperature . The rotor, which 

p!'"ojecto tro-... th vertical shaft and coupling :mont1oned 

above. 1a 1 eraod cent~allJ 1n a cylindric l glaao cup eon• 

tnining tho sample . The cup projects bolow the covar into 

an o1l•bath eontaincd in ~ largo outer veseel luggod Wit h 

aabe8tos . A soeond ctp• 1dont1cal 1n every way 1th the 

ono in which tho rotor :rovolv o, 1a a1t·J.o.ted uong;Bide 1t 

and :t!entod idonttcall,-. Its :runet1on 111 be roterred to 

below. 

The oil-bath i n thus ent1ralj enclosed by the 
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AB a so.tety measure oga1nst the developmont of 

prossuro 1n tho vos :..ol a vont is provided at tho side. and 

in covorad by a deflector plnta to prevent any posu1ble eon­

tam1nnt1on of tho s~ple by oil v~pour. Tho oil-bath is 

hcato~ oleetrianllf by an 1~~•Paod •loment controlled through 

an extornol rcs1etanee. 

J.\ probleo which gave nuell d1ffioulty \filS nu•1ng 

roliable pr~v1s1on for temperuturo observation. It was tm­

posaible to plaoe tho thormo:notor bulb near tho l'Otor o.s this 

would havo eausod tu~bulence. Placing 1t adjacont to ·the 

inner all of the tout vessel ould havo dotrnotod rroo the 

truly eyl1ndr1col shape roqutrod in an 1natr1~nt oorking on 

the Stor-mr pr1nciplo. on tho other band the s1mplo expedi­

ent of toking th~ tempera~~ro of the o1l•bath aa being the 

t~roperature or tho s~plo l'Ould hrtve involved e:r!'Ors analo• 

eouo to those oneountered. by Rot1njanz when he obsorvod 

o11~-bath teMpOr::ttures. 

Tho problen wns tin4lly solved by prov1d1na a 

second eup nlcn;s1de tho test cup. as described nbove . 'rhe 

dimensions or t~e tr.o rn1ps w~ra in overy wn7 1dent1cnl and 

they 1oro oo plneod as to b$ 1dent1eslly hn~tad by tho oil• 

bath. In use both C'l..lpS were filled w1 th the sume ount of' 

sample material. the rotor boin~ immersed 1n the one cup and 

tho tbormomoter bulb in tho othor. 

Tho entire o11-~nth os~emblf was arranged so us to 

be read.ilJ lowered from or raised to the rotor, and two 

rog1ator1ng arks en:n1red th"tt the naaembly wa& fixed finally 
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nt tho some poa1 t!on each til!!O an obuervat1on was made. 

In use the 1nstrument eould be oporat~d 1n two 

nlto~nnt1vo wnys: 

(1) A ~1xod number or rovolut1ana or the ~otor 

eould bo cb.osen and tm time takon to e .... -

plot this numbex- could be obserVGd at ooch 

( 11} .\ kno..m time eould be ehoson tor each obaor• 

v tion, nn·l tho nU:I:'Ibt~r of rovolut1ona ot tho 

:rotor during that time could be doterr-..dred 

at Otlcl't respect1 vo tcmpcro.turo . 

et'h.o1 (1) •;an used for oporation or the v1acoeteter 

~n~ provod ndPptohle t~ the spce1 1 coniit1ons. 

Ul'rloT- 1.1oal eond1t1ona tba prcrer!"ed metorit\1. ot 

eonstrnet1on tor tbo rotor vrould huvo bean glo.os. Ol" .;lnss-

COAted motnJ. . As thic construction could not be .)I'OVided a 

study wns rnede o~ nlt~Jrnat1vo matcr1nla , resulting f"innlly 

in the uno of st,linlesa steel. rho typo used r;as lo-a. nnd 

tho ~no1ao 1as a~e on thn b~n1s of tho corron1on dnta publ1• 

hod b~ Fane111l, flho f'ound thnt at 21o0 c this m ter1tll was 

eo-r~oded by tmlphttr to the extent o~ only o. :mooo2 inches pe~ 

conth. 'f'hi:! is well below tho 11m1t o~ 0.00035 inches per 

month established by the u.s. stoa~. R~sot1re't1 Lut>ortlto?y as 

the struvJa~ for a "~ully ~es1stontn m tal. 

1Fwolli : Ind . F.ng . C!1em. &l• 42 (1946). -
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Tho viscometer ns thus described could have been used without 

opocial calibra tion ror diraetly c .. upere.t1vc ob ... orvGt1Qll.s . 

no evor. 1t wae deairod to mnko oboorv~tionc 1n torns of ab• 

solnto un1te. lt w"n r:lC> nr from the 11torntur thnt no 

r ... t, sf'aetory me tho:!. could bo applied to dorivo tb.cne f1~ea 

by theorotioal cnlculnt1ons fro"!:! tlu, dlmsnnional CJ. .,f;n and 

cper·1ting condi t1ons. In partienlnr the nend •ffocta or the 

:roto,. were nn unpredietnblo ,:'1.sturb1ng f :">ctor, f"·part trom 

ot~~r coureoa or error. 

It wn$ th~~ofore ~ocidcd to ~ 11brnte the instru• 

·nt ~ircotly by t ~o uso or. n mntor1al or kno·n v1£eoe1ty. 

in plene of th.o c,·stonmry atendarda (glycerol, enstor 

oil nn:i others) it wae deeid£d to n::o tho 1donl !":utGl'"i.al tor­

th(l p-.:1rpoao - puro aul~hur . Tho r.1 torial u:;;od \7"S :spoc1all,­

pur1tied sulphur the propr.r n't;ion of nhich hnu boen doser1bod 

abovo . 

Tha instrument • s set up 1n a >Osition protected 

ae fA2- as poas1blG from v1br!lt1on. The glall~ c~::.'"::s '..:hich 

~ d P-lraa:1y bfaon rl.~oronsl~r clecr.od.. ·ero .rittod in tho covel" 

o tno oll-bqth, nh1ch wtu1 serowE~d i nto pos1t10!l . 1·!1& oil• 

bnth aseenbly was tu~0d anA lifte~ closo to ~orklng level. 

~h eup ehargod wi th 20 ff• 3poc1clly pur1t1od o~lpbur. 

\l'hi.ch was molted by switching on tJw L brsion eloment or the 

o1l•b&th. "."'he assembly wa~ t hen l!rted furthor t~J the regi• 

staring mnrlt . 'rh1s brought the rotor cGntrally into th$ mn1n 

cup. Into the ~econd eup was lokerod t bo thernomatcr 
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supported trom its o.n bracket aboYe. The temperature wae 

allowod to rise to 120°c. at which the t1rnt Hading was 

tnk n. 

The requisite weight wna attnched to the t1no 1Z"e 

dr1 ving the mechnntn. Two wolghta • namelr 20 g . and 60 g • .­

cov~Ped the ont1re ~ange or tho exportmonts . The smaller 

welght covored the relat1v4ll'J less V1ocouo stages. while the 

1 rge~ we1ght ga•e runs or reaaonablo duration evon at the 

h1~h&st v1seos1t1oe. The drum as revolved to co11 on the 

wire, nnd was stopped when the pointer on the dio.l rog1otore4 

zero. A run consisted ot 75 revolutions or th• rotor. 

'ilith an overall gear rnt1o of 15 ' l th1s corresponded to 

five rovolutlons of the pointeP• 1.o. 50 d1Y1s1ons on tho 

dlol. Tho tall of the weight 1n oaoh run wo.s tirlod by means 

ot a atop-watch. 

The calibr~tton nnd otter runs of the vieocmeter 

are ahown in the diagrams attached. 1'he shape or the v1seo­

a1ty cnrvo obtained for puro sulphur 1n cloaelr nimilu to 

tb t obto1nod bJ Bacon and Fanelli by an entirely d1fferont 

thod. By plotting the curve on the same aeale aa that 

uaed by these workers 1t became poasible to r~ad ott tho cor­

roapond1n~ v1oeos1tJ' values 1n terms or po1acul or centipoisea. 

The temperature ~ange covered 1n all the experiments was 1200 -

2lo0 c. 
11th pure sulphur the ourvo 1a almost flat trom 

120oc to just belo 16a0 c. bove this there is a steep ~1ae 

to the maximum at approximately 188°0• Bftor which there la a 
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dec11na . 'fhe valuea obta1ned during tho he at1ng CJClo 0.1'8 

plotted as e1t-eled dota . Thereaftor the instrument was al­

lowed to oool gradually, and further runs wero made during 

the cooling por10d . These are ahow.n aa crosses. The tact 

th11t tho7 foll on, or near, the beating eu1-ve conflrae the 

pPoVious Nad1ngs, and gives proof of' the puz.1t7 of the aul• 

phur wh1oh hod been orepnred. It will be recalled. that 

trnees o~ organic impurities ~uld have prevented such a1m1-

lnr1ty 1n the hoat1ng and cooling curves. 

~thor runs were plannod and made so as to yield 

1ntormat1on as to tho viscosity changes during tho induction 

poriod and after m0dir1eat1on or the aulpbur . 

The eup was charged v1 th 20 g. sulphur aa bet ore, 

but 1.a g. o11 equal to 9~ wero a.d.dod, and heating wae ear-

r1ed out otll'etulli ae be tore. l"fb.on the sulphur had mol ted 

agitation, to bring tho t wo materials 1n contact. wao provi­

ded by over-running tho rotor tempor~11y. Observations 

were mado ns befOl"O through tho temperature range 120° -

210°C • It should bo noted thnt in th1a ezper1 nt the ahtt1't 

or the rotor paased through a thin supornatont lnyor or oil. 

It was ~or- this t-eason that tho sho.tt had been made so thin. 

r1 th sueh a :mall diametor the sbatt turned f'~eely in the o1l. • . 

bile the rotor turned in the sulphur. ln preliminary tobta 

no differeneo in rood1ngs could be noticed nt 1200 • l30°C 

when tho o11 layer wns proGent or absent respeet1voly. 

Furth.ermo:r-e , · 1th increasing sulphur v1scos1ty tho relative 
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s1gn1f1cance or this error would rurthor d1mtn1sh. At no 

t1 e na 1t of i~portaneo ln relation to the overall exper1• 

The cond1 tlons or this run corresponded gonerallJ 

to thooe ot the previously doncr1bod 1nduot1on pQr1od exper1-

nts . Tho curve shown between 12ooc nnd 160°C tho same low 

viscosity values as pUPa ulphur . The~arter there 1a a 

suatninod riso to a well-defined ozimum, after Wblch thore 

is a ,j':t~llli fell . Tho ecntraat between this eurvo and 

thnt or pUre sulphUP 1n seen. howevor. in the shitt ot the 

to p•~nturo o~ mAXimum v1seos1ty rrom 1860 - 1eeoc to about 

Furthermore the ~nll thereafter 1n t-ap1d1 while the 

curvo as a hole 1s lower than that or pure aulphttr • It is 

1gn1ficant that tho v1ecoa1ty reading during tl1e cooling 

por1od filro much lower than those obt 1ne<1 d~1ng t ''t hottt1ng 

pel"1od. 

Ve~y d1tterent t"rom both these curves 1s thnt ob• 

tntnGd 1th sulphur •h1ch had been od1t1ed by pr1ur heating 

with oil. Pure aulphut- was heated 1n a Pyrex berutor w1th 

5: o1l to 220°C • and allowed to cool. The supGmotcmt oil 

wns Nhnovod f:ro:t the solid sulphur by soana of' 1'1lt r paiKJr. 

'rho viscontater ottpa wore each cha~ed With 20 g . or thio 

sulph~ua and we:ro heated through the smne rcnge as befor • 

be Viecoett,- valuea above l60°C were low aa oompaHd both 

nith pu~e sulphur and wi th pure sulphur tested 1n the pro• 
~~e. 

senco or the 011. The .... ,.., of the eurvQ 1s vory alight. 
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At aoSOc the Viscosity 1s almost ns low as at 1200c. 

1'o .complete the aer1~Ht sul.ph~ wna tostod 1n tho 

prGsenco of iodine• \'thich hQd been prev1ou.sl7 beon proved to 

be .n ettoetive modifying agent . 20 t\• pu.ro sulphur Gl'Q 

tnken as before,. t.md tho aal;!lple wo.a hentod in tl1o v1scometol" 

1n tho presenee of 0 .. 15 g. 1od1ne, equal to 0.'76_1;. fixing 

'Wf'S etfeeted. as betorG by over-running t he !"Otor for a ohort 

while. ~· v1scoa1t7 values obtained were very low and vera 

~lst1ngu1Bhod by their uniformity over the wholo ternpornturo 

rAnge. The curvo 1s V1z-tually a straight lino, and the ob• 

eervat1ons during cooling were virtually 1dent1c4l .1th the 

vnlues durin~ heating. 

These results a~e o~ much tntorest. nnd w1ll be· 

dlaeussed later 1D relation to the gonoral thcorot1eQl ao­

pects of' the stud,-. 
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( j) PRBPARATIOH OF MODIFIED SULt>HUHe 

Following on the obs&rvationa mad• 1n the previous 

experiments 1 t appeared 11kelJ that by pro-treating the sul­

phur to be used in the t1nal gas evolution work, it Should be 

poseible to improve th~ working conditions ru1d to ~oh1eve a 

mONl oven production or gas with avoidonce or the induction 

period. It was thererore decided to modify tho viscosity 

eharacter1st1es of a suttlc1ont quantity of sulphur to serve 

u atutin_~ material in the evolution UPf!'r1monta. 

Three alternative procedures were no"' available for 

the purposo :-

( 1) '!'he sulphur could be pre-treated by tho uao or 

chlorine • bromine, or iOdine, the laat-nnmed 

beiftg tho preforred z-eagent on tht) baa1a of the 

exP~Jrimontal experience. 

(11) The sulphur could be pro-tr-entod by hoating 

1t1 th a small pM)pO:rtt1 on of oil to the required 

temperstu-pe . 

( 111) A portion of the sulphur could be pN•tnated 

by e1 ther of' the above methode and thon added 

to the rema1ndor or tho sulphur with thorough 

mixing. 

ot these procedures method (1.1} nas chosen as being 

moat su1tablo and convenient. 

Small•aoale preparations were f1Pat undertaken, 20 g . 

sul.phur were melted end heated to 125°, and 1 g. oU, represen­

ting 5% on tho sulphur• was preheated and mixed Vfith the 



nulphur . The mixture was heated in a berut&r oveP n gauze 

mnt w1th stilTing. and the hent1ng was eont1nuod t'hl-ough the 

v1aeous stage and taken up t-o 220°C . The mixture wt.lS allowed 

to cool and was found to be brownish-yellow 1n colour when 

solid• amoll1ng very slightly of n2s. In cooling through 

tho range 188° - 163°c tbe sulphur did not become v1seous. 

The cooled and sollditied preparation hoo traeas or ~ 
oil on its surface.- and the conclusion was dl'awn tbt\t ~ oil 

· nas an unnoces"'arily high. proportion to uae. 

1'he e.xpor1ma1t was -repeated- .1 th th.e use ot .2% 

o11 on the weight ot the sulphnr. Th$ preparation, when 

finally sol1dit1ed, .was tl"eo t'Pom oxeees oll, and 1milnr 1n 

appetlrtll'1ee and properties to that obtained in tho p:Pov1ous 

oxpsr1ment. 

The behavtoup of the mod1t1od sulphur when he ted 

further w1tb exeeao oil waa now obnoPved. 10 g . mod1t1ed 

sulphur were mel ted and he a ted w1 th 60 g. o11 ( 20:J~ w/w) i.n a 

beaker on a gau~e mat. At 150°C the evolution or H~ wa 

indicated by load acetate pnper. In the range 1630 - 1ea0 c 

the v1seoa1ty or the sulPhUr did not notleonbly increase . 

At about 20000 H2S e•ol\C ion increased eonsidernbly, and by 

220°C the gas was being evolved with brisk and sustained et-

ferveseonee . The heating was eont1nuod up to ooo0 c f~ 

thPee hours, when eeareely sn7 further H2S wns being g1 ven 

orr. The final residue When eold wns n sott maas of aspbal• 

tie appoaranee. with ag~.lomera.tions that oould be dispersed 

bJ means of a glass rod . 
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The experinent was repeated with a lo•or proportion 

ot o11/sulphU1' . 10 ;.s . modif'ied sulphur were hontod. \d th 10 

e• oil through the same tompar9.tupe rango nnd with tho aame 

p~ocodure ns before . Onee again 1t was fo~~ thnt tbere waa 

no noticeable increase 1n Viscosity, and tho evolution of B25 

took place as before. There was, however, n eont~Dst botween 

the two residues. Tho residue finally obtn1ned ~hon the 

lower proportion of oil was usod contained h~rdenoo, eoke­

like, carbonaceous mnaces. 

The main preparation or modified sulphur was then 

686 g . sulphur were melted and prohented to 

1n a Pyrex beakor over a gauze mot. 14 S• o1l wore 

added and the heating was continued, w1 th stirring, through 

the vi.Geous rango and up to 220°C and hold at tbi a ttmpera-

tu.ro ror r1vo minutes . Tho sulphur was thon poured into 

tour evAporating dishes (to y1eld eas11J handled shapos ) 

and allowed to sol1dir1• The modified sulphur, sl1e~tlJ 

brown1ah 1n colour, was finally brokon up and storod Fo~ use 

in the later oxpor1!:uents . 
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(k) PP3P .:lHJITION OF HYDROOEN fr:Lflf1DE BY 
REACTION 0~ t;ULPB:UR \ 1 'l'lf OIL. 

(1) Dos1gn of' EYolut1on and Absoz.ption ~yotuu Using 

tho ob3ervnt!ons and data av~ilablo it was now possible to 

dos1gn n suitable syutom for tho controllod evolution or H2S 

and 1ts quantitative est1mut1on. After mr:ny ehnn~es the ap-

parntus and ar~angement tinolly used wore as rollo rs : 

Tho evolut1on ves zel was a wida-mouth ?yrox round~ 

bottomod flask of 250 ~. eapno1ty. j 3-hole rubbor stoppor 

was fitted, en~rying n gas ~ltlet tubo, a tho~ameter reaching 

into th.e liquid, end a n1t:roQon supply tubo reach1n~ almost to 

the bottom or the flask. Through this latter tube a supvlJ 

of pttl"e nitrogen, controlled by n roduc1n.g vnlve nn socondn~ 

otopeoc1~ • conld be llsed to flush out the system at anJ desired 

Tho gas outlet tube was prolonged vort1colly 50 em. 

nbovo tho flask~ to net as an a1r-coolod condonser. It wae 

then bont nt a right anglo anJ led into bnorpt1on veasol No. 1, 

hold1n~ 400 ml. normcl sodium hydroxide solution. 

the residual gas passed to absorption V$ssel tlo. 2, holding 

50 ml. of tho sllr.!e solution . Any unabsorbed gas pas~Gd to 

absorption vessel No. 3, wh1oh hold 20 ml . acnon1aenl solution 

or cadmium chloride as a guard. 'l'he outlot tubs ho:n this 

ves~ol lod to a manomotor flask ehargod ~th water tinted with 

tluorosein tor eaay observation. nnis flask as cQnneoted 

through a needlo-valvo to the laboratory vacuum line. A third 

tubo. open at one end to the atmosphere. extended tram close to 
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the bottom or the manometer f"laak vertieallJ' thrOugh the 

stoppor~ ~ projected 25 om. above 1t. By providing a 

~.11 table height of watGr in the f"lask 1 t waa thus poas1ble 

to ~~9nge with certainty At all t1mea that the ~let1on ap­

plied j~Jst eounterb~tlaneed the back-preasu-ro of the various 

nbaot?tion ves ~~els . 

~he evolution ~lask was heated ovo~ an opon-type 

eleotM.e sptrtt.l. protoeted bJ wide sand bath eutne1ently 

l~r~e to ta~e all the contents of the tlask in the ov3nt ot 

crae~1n~ , ~ 1th allowanee tor ~othlft~ . The sand ~oached 

nppPOX~ntely to tho leVel Of the mixture in tho flask at 

tho start or oaeh exp·-~1ment. Before the appo'l-ntlJS was 

nsoct the :r-ubber stopper and connector W8!"'G botled 1n dilute 

sodiu.."'l hJd.roxide t!Olut1on to onsuro absence or anlt;Jhur from 

tho surtneos. 

,.hen 1n us the evolution fl11sk was f!zast eb.at'ged 

tr1 th the required weight of oil which was he11tod to ap:)roxi-

The required we1~ht of prov1~'s11 prepared 

modified uulphuP was then added gradually with continued but 

cautious het\ting~ so thAt the sulphur was t"olted but d1d not 

P1ee above this t emp rnture, thus AV01din~ poae1blo loa3GS 

Tho ~1xturo of Oil Qnd 

eul~hur was stir~od by means or th~ thermometer. .he evo­

lution ~lnsk was then elosed and all eonnoction? made tight. 

nas-t1gntnoss of tho apparatus as a whole~ 1nclud1n~ the 

absorption system. was checked by ~1tt1ng a little nitrogen. 



ec that t:ho pressure 1ni tented 1n the maaomotor f'lqk tuba 

amounted to approx1mlltel7 10 em. ot wa.tor-. If the level 

in the tube rema1nod stead)' when tho n1tPogen inlet aa well 

as the final outlet tube from tho apparatus were closed the 

nasembly was ~egarded an gns-t1gbt. 

The vacuUil corm$Ct1on was now oponed veey cautious• 

ly ao that the manometer tube 1nd1eatod a suction or about 

3 em. water. lleatin~ of the evolution tlaak wo.s. started 

and the temperBturo •an allowGd to r1&e until v1a1blo bub­

bles 1n the oil indicAted oontilmous gaa evolution. A8 

soon as the gna started bubbling 1n the nbaorpt1on vosuola 

tho vacuUJD was sdlusted so as juat to eount.orbalmee tho 

baok-prossure and allow regular working ot the absorbers . 

The evolution or gas was regulatod by heating at 

as oven a rate as possible, so as not to caua& erpors by 

over-running the absorbers. .hen this. oceurrod it was 

promptlJ indicated by a yellow p~e1p1tate of cadmium sul• 

ph1de 1n the guard. veaael . Uth enre.tul world.ng it was 

possible to comp1ote a prepnpat1on without Obtaining more 

thnn a nogl1g1ble haze 1n the guard vaasel. 

The ao~lee of preparations wae planned so as to 

Jield• it poas1blo, a progpesslve set ot ~oaults wbieh would 

be or gr~ator 1nteroat th~ individual and isolated ezper1-

no-nts. For this purpose the tull weight of oil reqvirfld 

~Ot"" tho pNipnrationa was placod 1n the evolution flask at 

tho eotm'l'encement of" each sor1es. Tho sulphur was added 1n 

stnges, the yield or gas from eaeh otage being eet~ated 
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separately. The conclusion of each stage was determined 

by the virtual cessation of gas bubbling. whereupon heating 

~as stopped and a stream of pure nitrogen was admitted to 

rlush the remaining RgS from th6 evolution system through 

the absorbers . The evolution flask w-as then nllov,rod. to 

cool to approximately 125°0 before the next increment of 

sulphur was added . 

The total residue from the evolution expar1ment 

was t?e1ghed in the evolution flask ( which had been previous­

ly tared) . To nlinimise er1 .. ors it was necessary to serape 

orr and return to the flask any particles adhering to the 

thermometer and to tlw nitrogen inlet tube . '.fhe edhe rant 

material still remaining ~as waahad with carbon tetra• 

chloride, end the solvent evaporated with gentle hoat. 

This matarial was added to the main portion of tho residue 

before 1t ~as weighed. The rosidue was then romoved from 

the flask, aftar thorough mixing and portions were taken tor 

the sulphur est~qtions and other expGriments deser1bed l ater. 

At the conclusion of the experiments thore adhered 

to the outlet tube a small quantity of liquid considered to 

consist of lighter petroleum fractions arising from the decom­

position of the o11, and carrying a little sulphur. •fhis de• 

posit was also removed as complately as possiblo and estimated 

,.71th the remainder of the !"esidue as previously described . 

It Tiill be recnlled that some prior workers reported 

eons1.derable difficulties due to sulphur sublimation. With 
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tho pre ant metboo or worldntl nubl1sot1on WtlG :n•tch r dueod. 

hon 1 t oeeu rrod tho sulphur eondonsi3d mn1nly on the noek 

or tbo !"lnsk and in tho vertlcnl condenser tube fro b1eh 

1 t 'Ras ol ted back to the pY.op ration f'ro'fl t1mo to ti~o by 

h•l til\#! e nutioualy for n tow moments by moans of a smull 

bunsen tla:ne. 

(11) ·Qn:mt1tnt1ve t>ropal"ntlon of the Ouf. under Vp.r1.od 

rond1t1ons: Follo 1ng th~ procedure deoer1bed nbove H2S 

an cvol v&d f'rot:~ tmc- n ve1ghts ot oil under controlled. con­

ditions. u1th tho addition of lmOlm vo1ghto of ttod1f1ed 

nulpbur. In all the exper1monts to bo doa.cr1bad il'l tl'\1s 

~oetion tho .e-volut1~n of the gue wns e ttt'r1od out 1n the t-en­

porntu;;"o rr...r.tg$ l60°C • 290°C. Tho timo tnk n per t>Vn an 

tlpclMXit'lf tely proportionato to th:J wo1r;ht Of' m~lphUt- added 

at thnt ronvoet1vo st~ge. ?1~1ng fro~ the first ob er~ltion 

Of goa bubbles tQ the pOint hen bubble ror~ation Ap,cnrod tO 

co11ao,. the t1mo tnkon .. as p prox1rn·4toly l hour fo~ a run using 

1(){ sulphul" on tho we1~t of thf) or1~1n~l oil. 

For quantitative eat!•.!ntion of tl e: H2t:- ovolved the 

alJsorption solutions rrtm aneh r to opoct!vo run (eontoinod 111. 

absorption voe els 1 and 2) crere combined and woro m.ndo up to 

500 ~. Of the woll-mixed solution 5 ol. ot-o dilutod to 

100 ml. tor 1odo:M~tr1e titration. Of' this solution 5 ml . 

wore taken tor e~.eb eut1nmt1on, mixod. 1th a further 25 ml. 

nter 1n the tltrnt1on flnsk. A kno1m volu::le of l-f/10 1oo1ne 

nolution. ropresont1ng an excess# wn6 ~dod~ the solution being 
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ae1d1f1ed T.1. th dilut~ !!Cl and the axcese 1odino being titrated 

ith N/10 ~odium thior-;ul.L.Jhate. ualn~ starch lnUicw.tor at tile 

ond -r the r(Juct1on. ~it~ation~ worQ ra~oated till t o 

~Greed .1thin 0.1 ~. 

I is method wg_~ "..:SC'd ro... t~te s.bDol·~tiatl olutiona 

rrorn 11 t!1o e::r:p rimonts i n 11bich 10"~ of f:.ulphlU' ( Oti the 

e1 ,ht or tlle oill had boen used in tho roapect:i.. v ru!'l• For 

tho. e 1.n \Yhich n l·)r ·or proport1tln of uulJthur o.i~... ..i. tiu the 

estimea.tion ·ras nado by tho zinc sul~huto 4 ctho.i1 so a& to 

nvo!d cry•ors that ~~ht be cuu.sed by tL~ rucoo ~ e:: ium hJdro-

r 1 ,e present . 'Iho grocoduro uaod wae th~t \.:; ll•ooatc.olished 

in tho le~thar 1nd1•stry where analo60UB probl&ms &ra ncoun­

terej in tte analysis of sodium sulpbiJe solutions. A stock 

solu tion wsn rellde up b3 pr3paring :1/2 4IIi...10n1um h;yJro.xido and 

t1trntion nn oq·Hu volu:nm o: ~h.l::: solution wad Gddoo. lta 

functim tiO.S to i)rovont procip1tation Of ZinC hyd.r-o.xide e Th 

&4mple wa~ then titrated. 1tb ~tw"ldard zinc ~ul.t>llato conto1-

n1ng 14. 35 f! • 2nS04. 'lH20/litre. using bo.nic lucd aCEi'Gate an 

nn axternal ind!entor. Titrations we~e ropout6d till two 

o~reed .;1 thin 0 .1 ml . 

'.rhe respcct1 vo proparut1on.o or hJtlt-OgGn sulphide 

lprocter: ttLanther Chemi ts Pocket Book..,, 31"d Fd .~.ll4. 
R & F.lf. Spon. London . 
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vrePo o.s shavn boloVl. In all the tables the we1ghto ot aul-

phur a,..a given 1n torms of pure sulphur, and the ratios are 

baoed on tho weight of o1l originally takon 1n each series. 

series I: This cono1 sted of two runs to choek the 

:o~kin-.. of tho apparatus undor opor,\ting conditions. The 

. ros~lting solutions from tho absorbers we~ uocd partly tor 

toet1ng tho toc1m1quo or cot1mat1on and partly for the pre­

!)flt>a tion of sodium sulphido tts t'llrther doec~100d l ator. '.rhe 

. Maidue we.o us-ed 1n loter tit:P.ber preserving experiments. 

~or1os II: This con sistod or two rune for tho pre­

P r nt1on of' H2~ from m1xturGs eonto1n1ng low proportions or 
sulphur/oil .. The ro siduG was also unod 1n thCI tinlbor pre-

norving oxpGr1mcntn. 

follows: 

1 

2 

Totnl 
(l ~ 2) 

t. of :'l . 
nddod. 

g. 

1 . 95 

3. 90 

5.85 

Details or tl1c gn.a evolution oro ua 

t . of oil taken 78.03 g . 

l'ercent. 
s added 

t . of 
12~ 

evolvod, 
g . 

1 . 62 

3 . 52 

5 .14 

·t. of ~ 
ovolvod 
0 8 Jl2!)• 

g . 

Nntutto 
ot 

Res1duo 

M!pholtic 

llZphaltic 

Mlphaltio 

These rosnlto sbowod. that h!ghor sulvhnr r nt1os 

could bo used without und1>e coko formntion . 
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Ser1on III.: . 'l'his eonsistod of f'ive runo to cover 

tho rnngo of sulphu~/o1l proportions t:ror.t 5;~ to 4511• The 

suceess1ve increments of sulphur werG added to the same 011. 

ns prr:v1ouoly described . Tho residue uas mixed and woighod.~ 

and ita sulphur conten~ ~as datermiried by t~o oxygen ba.mb 

T!Ktthod ,. full part1Clllars. of uhich have boon p;1ven 1n an ear­

liar section. Details of the resvlts are as tolloesc 

!bm 
no. 

1 

2 

3 

4 

5 

SERIES III 

""'t. or oil tnkon 84.18 g . 

• t. of s 
tldded 

g. 

4 . 21 

8 . 42 

8 . 42 

8 . 42 

8. 42 

Poreont. 
s added 

10% 

10~ 

· ·t . ot 
~s 

evolvod 

4 . 00 

? . 47 

·t. of finnl ro$1due 

Sulphllr contont o~) 
) 

ron1due (by oxygen) 
) 

bomb mo thod. ) ) 

' t. of sulphur in residue 

v,"t. of' 
S OVOl• 
ved tlS 

R2S 
~· 

'7 . 03 

6 . 88 

6.93 

Ratu'!"e 
or 

Rosidue 

'i::h1n. nsphi\ltic 

~.'\ts!}l" ol tic 

i\aph~tie • .;1th 
sl1?!;-'lt coking 

Cok 1ncreo.s1ng 

Coko increasing 

4. 45 g . 

Since tho sulphur vas added suceeua1vely nt oncb 

st· ~e to the oil it is pooetble to co: bino the l'Osults so as 
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to eovar tha range cumul nti voly: 

SF.NIES III - CU mL1~'l'IVG HESULTb. 

~ r:t. of s .·t. ot ,;; \. t. ~ ·tt. ~ % wt . of 
on o:riginol ronetod. H2S ovol- b avol- & ovolved 

oil 

5 

15 

25 

35 

45 

g . ved ved .co 
g . 1128 

8• 

4. 21 4 . 08 3 . 84 

~2 .63 11. 89 11.19 

21 . 05 19. 36 18. 22 

29 . 47 26.61 25. 10 

37. 89 34. 03 ~.03 

(a) 'rot·-'~ sulphut- rrldod 

(b) '1 otal sulphur evolved as JigS 

( c ) ~ul plml:" in re s1due 

a.s H2~ 

91 . 21 

88. 59 

86. 55 

85.17 

89.81 

Thus sulphur unaccounted fo~ (unnbsorbod 

~aa_os, trace compounds and oxpet-1mentnl errors) 

: a - (b e) 

= 1.41 ~ · 

In tho course or the oxpe:ri.m!:lntn tho nature or the 

roa1due at the conclusion of Gneh otage of evolution was also 

noted. It wns round that tha ros1d,:os from liuns Nos. 1 • 2 

wero mainlJ soft and asphrll tie 1n eharactor ,;1 thout hard coke 

dopoa1tn. From Rlm No . 3 to Run Mo . 5 tho coke tornntion in• 

croon sea, nnd aft or the final run the coko vas denser and haroo~. 
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( 111) Toots for By-?l•oduets and Rst1mnt1on of {llle 

PUrity: Tho H~ evolv<Jd pnsseti • T!ith volutilc eontaminsmts 

(it rm,-} to thc eold nOd.1UJtl hydroxide absorption solution, as 

preViously described. The main pou~1ble by-products (othe~ 

than 1neondonsiblo end unabsorbed ~as&s ) ePO thororore col­

loetod 1n thll nbaorbors 1n thrGo possible .forma, nnmoly: 

( n) 1n solution 1n. or 1n eornb1nnt1on ;1th, tho 

sodium hydroxide solution, 01~ Fit a 1 .tor 

sta,~ ith tho sodium sulphide fol'mA)d• OJt 

(b) :1s f1D insoluble liquid eondonso.t.a t"om1ng u 

oepurote layer; or 

(c) ao a prec1p1tnto . 

It ~aa Observed that in tho nbsorpt1on solutions 

rrom ooch of the £1vo runs thoro \1as a alight dnr-k cuspons1on 

or pPoe1p1tate . Tho suspension wns hnz'f and 111-dotinod. 

It 'lS P.lso obuorv0d tbnt a condensnto of amber--coloured o11 

formed on thG m1rraee of cort~in nbsorption oolutlon~. It 

" a not ohaarvoo 1n ~m s Nos .. 1 and 2 but only 1n tho suc­

coed1n.l1 ovobJtiona. 

fo rofet-enee to tho ttl' sponsion or ollght prceipi• 

t ato COi,ld be round 1n tno li ter~ture . .l\f'tor nuch f\"'rtho!' 

otPdy ita formation was ascribed to t~1o pt-1o~ rorr.ntlon or 
trr~cas or carbon disulpbide, •h1ch will t tloroforo be deP.lt 

uith nt this point . 

Tho bent 'Mthods t?1 ven 1n thG 11 tGratnre for tho 

dotoetion or eat1nration of carbon disulpbido depend on tho 



r~mntion o.t 8 xanthate 1ft tbe pP088nC9 or &n alCOhOl and al• 

kali hydroxide • .rollOTJed b7 eat1mat1on ue xanthic ae1d or 

prec1p1tat1on as a metol salt such as copper xsntha.te., Such 

methods could not be applied to the present aolutlons beenuae 

or the great excess of alkali sulphide. while the cdd1t1on or 
a copper salt ~ould precipitate eoppe~ bJdroxide or sulphide. 

The mothod t1nall7 d•Yised for detecting carbon 

dlsulpbide took advantage or 1 ta reaction w1 th .oOdlum sul.phide• 

with the formation of' sodium thtocarbonat.el thus: 

It wan elenr- that GnJ' cat-boa d1aulph1d.o evolved 

nould haw reacted in this manner as soon as sodlut.t sulphide 

had been f"omad by the ~s passing into tho abaor-bol", Q1'ld tb at 

the &Odium thioearbonnte would be present 1n the absorbers . 

Th1 s roaaontng led to an oxplanat1on ot th• probable natll1'9 

or the preclp1tdte mentioned above. The formation o.r soluble 

sodium thiocarbonate depends on the presence or sOdlum sulphide, 

whlch• ns stated above • must be tormod by prior ronct1on be• 

tween H2s and aodima hydroxide absorption aolution. It 1a 

cleat" that during the abso!"ption cyclo thero mnJ at times be 

a Pelat1velJ' large proportion of' aod1um bydJ'OXlde not yet con• 

vet-ted to sulphide. 'l'ho hJPothes1s is thus suggested that at 

such times instead or formation or the soluble sodium th1oear­

bonate there a~o ~~ one or moro baa1e and loss soluble 

--------------------------------·---------
lBernthaan: -organic Chemistr1~. 1941 Ed. P• 332, 

Blaelde & son. London. 



compounds • whlch would const1 tuto tho slight preo1p1 tate ob• 

aenoo. . Analogous support for this explanation 1s found 1n 

the fnet thnt 1n pt-101"' wo:rk baa1e and insoluble thioearbone.tea 

hnvo been Observed 1ft addition to the soluble noraol salta or 

ealc1um ond m~ee1~. Although tho pree1p1tato uas verJ 

slight o oonf1rmatory experiment wae portormod by nc1d1t1ca• 

t1on . It was !"easoned that if" the above hypothesis 1s 

correct then earetul nc1d1t1eat1on ahould convert ~ho oocpoundo 

to th1ocarbon1c acid. A turther atudy of the 11tettature pel• 

ded the data that thiocarbonic acid is insoluble 1n water but 

soluble in various organic solvents including otbeP. It wna 

.tnrthormore loqmed that, though an uns~able compound. ita 

stab111tJ was greatly inoreaaod 1n the presence ot d1.lute ac1cl. 

AccordinslJ a aamplo of tho prec1p1tato. auaponded 1n the 

absorption solution. was tnkon b7 pipette and Bbaken 1n a 

test•tubo with about the aamo volume o~ ether. HJdrochlor1e 

ae1d (2lf) was added drop b7 drop with frequent shaking until 

the solution. was ac1d to 11tmua. Some Has was evolved and 

a Whlte cloud or colloidal sulphur was rormed. Tho precipi­

tate under teat was found to have d1anolved. 

An endea~ wae now made to asce~tain the nQture of 

the precipitate mora dof1n1tely by speoitie teats and 1~ pos­

sible by tho ~ormation ot a der1vat1vo. From onch of the 

absorption solutions from Rune 1 to 5 in Se~1oa III 10 ml. 

l welloP: •c~. Treatise on Inozog. and Theoretical 
Chemistrt" • Vol VI pp. 125 and 12'7 • Longmana Green 
& co., London. 
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were withdrawn together with the suspended prec1p1tate. 

giVing a reprssentativ& sample. The mixed sample was til• 

te~ed through ae1d-w4shed filter paper ond the tiltor papoP 

wns wnahod and dried at 9ooc. Sinee the procipltate ftas 

too slight to remove trom the paper segments thenot •ere 

used tor thG ~;rthe~ experiments. A sogment ot tho papoP 

was es.retully burnt at tho end or a platinum wire which had 

prev1ous17 been rigorously cleaned and hsated to bright red 

heat . Tho wi~ was then heated 1n a bunsen f'lnme, and sOdium 

was 1dent1t1ed bJ its charactor1at1e tlame eolouration. 

The ~a1nder of tho t1lter paper, w1th precipitate 

wan tPansferred to a beuke~ &nd bo1led toP ten ~utos with 

a lurge exeeas of water. It wa~ noted that the ~lDpend~ 

particles appeared to become lighter in colour. which was re• 

ga~od ao an 1nd1oat1on that a portion was going into solu~ion. 

The beaker was allowed to oool ood. d1lute hydro­

eblor1e neid uas added vory caretullJ until the solution was 

neutl"al to 11 tmus. so ae to avo !d. eiTO!" s if Any hyd'"o.x1de had 

be6n curried over. A eatnrated solution or mereurie chloride 

wan then added nnd a yollow prec1p1tnte was obtained. This 

was considered analogous to the fellow precipitate or rnorcu• 

r1e thioearbonnte obtnlned by Ze1se by ~x1ng a~on1um thio-

carbonate with a meraur1e saltl. The compound under tost 

was thus accepted provis1onall7 as being sOdium thiocarbonate, 

1 iJollor: ibid. P• 128t 
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pro~1p1tnted under the basic conditions of tho exge~iments . 

Tho eoncl:1sion wns therefore drawn t hat tr'1c-es of' earbon d1-

s·nlpb1de had been formed as by-produets of tho gas evolutionl . 

Tests tor the presenee of mereaptans 1n tho gas evol-

vod wero n01'1 m11de. If meronptnns hnd beon :rormod tl1ey would 

hnve passed into the absorbers ro~1n~ sod!1~ mercnptidoa. 

non ml. woro t nkon from eaeh or the fivo absor ption B01ut1ona 

~bo f1ltrato rna nade 

nentra.l to litmu:l by moans of d1luto hydrochloric netd . Free 

~2s and staph1dea wero pr~cip1tRt6d by addition ot 1~% eodm1um 

ehlor1de solution which had boen aeiditi.Qd With 10 g . concon-

trnted llCl/lltre. This aethOd avoided t ho precipitation or 
any me~cnptans~ wbieh ~ould hav occurred 1r the c ~1um oblo• 

r 1de solut~on had beon alkaltna2. 

'I'he solution was ogn1n filtered and an oqu nl volume 

of pure b$nzone was added. An excess of' b'lS1c lond acetate 

wan adrlcd .1 th v1corous and continued cbald.ng. Under these 

oondi tiona any sod11lT4 mercaptide a present would bo converted 

to load mercaptide ffl11ch .;ould dissolve in the benzene. The 

benzene ln~er was allowed to r1se, and was separated in a 

sopnratory tunnel. A po:rt1on thereof' was shaken tn a test• 

tubs w1. th d ilute sulphur1e ae1d2 . Had lead mercaptide been 

present a h1te pree1p1tate of lead sulphate ;ould hava t ormod. 

1Th1s hypothesis is subject to contil'IIlat1on when a larger 
a~ple can bo Obtatned. 

2 totbods of' Faragher, Morrell and 14onroe: Ind. 1'!hg. Chem. 
19, 1281 (1927). -



Bo eueh proc1p1tate was obt·1ned. 

As a cont'1rma.to~ teat a composite sample ot the 

nbsorpt1on solutions trom the five runs 1n S0~1es III was 

.nga1n take as described above. and the ~s and eulphidoa 

were prec1p1t~ted with ~.c1d1f1ed endmium chloride solution 

as before. The filtrate was then tre ted w1 th alkaline 

e~ium chloride solution containing S2 g. CdC12i11tre 1n 

thG presence or free ammonia, aa speciried in Chapt•r 2 {a) . 

~is solution prac1p1tates both SUlphtdes and mere ptens; 

ond s1nee the tormoz- compounds had already been PemovOd by 

prec1p1 tat1on 1n tho p~esenee or acid it f"ollowed thnt a 

further prQc1p1tnte at this stage would ha~e provod the pre­

sence of mercaptana. No prec1p1tato was obtoin.a . 

It waa the~Gf'or-e concluded that the gas pNldueed 

wne hee from mercaptsna. 

In turther teats the purl t7 or the gas evOlved was 

estimatod by the method used by pt-ev1oua workers • nomell' 

di:rect absorption 1n 1od1ne solution. For this purpose the 

gas generated wa.a used without prellr.tinary treatment . A 

50 ml . burette ll1th wide-bore outlet tube was sealed or~ at 

1ts zero mark for use as the absorption apparatus . It woa 

tillod with water which had prov1oualy been saturated with 

H28 at room tompet-atu.re . The evolution tlaak waa eharged 

with a mixture of 25 g . sulphur with 100 g. o1l and was 

heated as 1n previous experiments . T.he H2~ evolved was 

allowed to eaeapa freely tor thirt7 minutes to onsuro that 
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the system was thoroughlJ purged. Tho gaa wan then collec­

ted. by downward diEJplaeement ot the water, tho appat ent 

volumo being 50 Dtl. Iodine solution (N/10) was adnitted to 

the burette with prt:tcaut1ona agtdnat air leakage and with 

shaking to rao111tate absorption. " ith continued absorption 

th~ iodine solution was dJ-amt up turther in tho burette. and 

when the lovel remained stution~J the volume wae notod. 

Found: Apparent volume of gas unabsorbed 

bJ iodine solution fro~ 60 ml.. 

ao.r:tple : 0 . '1 ml. 

Repeat: (~pprox1mately thirt7 

minutes atter previous expsr1ment): 

1.1 ml. 

These reaulte cor~ospond to a pur1t7 of 96 .~ and 

9?. 8% rospect1volJ ~~ volume . 

To ap1ly prossur& correction use was mnde of the 

leve111n~ tube or n Hempol gaa apparatus. The tube was con­

nected by rubber tubing to the abaol'ption buret to • iodine 

solution be1n~ used tor levelling as well ns for absorption. 

These at-ra.ngements were propnred in advance so thet the ex• 

po:r1mont eould be carried out as soon as pose1ble after the 

last described exper~ont . Tho gaa was collected aa betore 

by downward d1aplac.omont and the volume taken was 50 ml . at 

ntmoapherie.prossure. Tho iodine absorption was repeatedly 

agitated and rtnally the liquid 1n th& tubes WQ8 lOV$lled and 

the rGs1dual volume noted at the same preae~e and at the 

samo room temperature. 



Found: Volume or evolved ga.s unobaorbed 

by 1od1no solution from 50 ml.e 

samplo, atter prossuro correction: 

0.9 ml. 

This corresponds to n purity ot 98 . 2,;;. by volume. 

Renting of the gas evolution flask wan continued. 

~or a .rurther- bout-, nnd the estimation wno thon x·epoated w1th 

tl'!o s~e proeedurc nnd. rl. th pressure cor~oct1on. By this 

time the gas wa.s not1eenbly less puro, t'~nea bo~.ng v1s1ble. 

'!'ha eat1mat1on ahow•d n large reduction 1n pur·1ty. 

Found: volumo ot evol Yed gas unnbaorbed 

by iodine solution from 50 lnl . 

s~ple, after pressure eorr~ction: 

e.o m1.. 

Thin eorrG a ponds to a pl11"1 ty or 84% by volume. 

(1v) EXa:m1nn.t1on of Light 011 D1•t1llatet It a.ppenred 

doo~able to examino the d1st1llod oil rocovered 1n the course 

of the evolution or HaS not only bee9.llso ot its poan1bls impor­

tance as a by- product but also boeause of the information which 

it might giYe as to tho course or the main Naction. The o11 

eubJeetod to theee tests was that pro:luced in ~er1oa III. .Aa 

montioned above the o11 was Hcovered only trom Huns s. 4 and 5. 

The o11 laJer was pipottod from the aurtaee or es.eh absorption 

soltJti.on, together \'lith a little of the solut1on to make reco­

very more eompleto . The mixture waa allowed to settle in a 

narrow burette wh1eh was used in the manner of a saparnto-ry 
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tunnel . In this way good aepa~ntlon was poa51ble. The 

total o11 recovered from Series III was 6 . 13 g . Despite 

the smallness or the sample it proved possible to obtain 

the data required. 

'l'he density was t1rst determ1n&d b1 d1roct weighing 

of a sample measured nt 24°0 by means ot a graduated pipette . 

Found: Dens1 ty or reeovered o11 at 24°C t 

0 .. 820 g . p&~ mt. 

In9teed of date~n~ tho ~tial boU!ng point 

alone tbe distillation range at atmoapbsr1e pressuro was ob• 

tained by using semi-micro teChnique. A m1n1aturo distilla-

tlon apparatus was mode from a f~t teat-tube . The del1voro'1 

tube was taken to a narrow graduated tu.be~ acting ns receiver, 

h1eh ~las water-cooled.. Tho sample ot oil tnkon neighed 

5 . 485 g . Its volumo was 4 .25 ml. Heating was by enrot'ul 

use or a low flame. 

The initial boiltn~ point waa &o0c. Distillation 

was eon t1nuod up to 22ooc . By thi a t1me the N mtl1nder or 

t he SBmple was becoming e&Pbon1eed and heating was stopped. 

The tollowin~ table aummo.r1sos the reeul.ts: 

60 
70 
so 

Distillation of Reeowred OU 

011 taken: 4 . 25 ml. 

Vol. DistUled, 
ml . per 10° R1ae 
in temp. 

-o.3o 
0 .20 

Total Vol. 
DiatUlod, 

ml. 

-o.so 
o.so 
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Temp. 0c. Vol. Distilled, 
ml.. per 10° Ri.ae 
1n tel!lp. 

Total Vol. 
D1ot1lled. 

!Ill. 

90 
100 
110 
120 
130 
140 
150 
160 
1'70 
180 
190 
200 
210 
220 

0 . 40 
o. 35 
o . l5 
0 4!15 
o.1o 
0~10 
o.lo 
o.lo 
o.1o 
o.1o 
0 . 30 
o.so 
0 . 35 
o.3S 

0 . 90 
1 . 25 
1 . 40 
1 . 55 
1 .65 
1 . '15 
1 . 85 
1 . 95 
2 . 05 
2 .15 
2 . 45 
2 . '15 
3 . 10 
3. 46 

Residue, by ditforenee. o.ao m1. .. 

(Note: ~bo graduated at tntorv~la or 0 .1 ml . 

Second decimal by oat1mat1on). 

B7 using snmples or ono drop of oil ~or aoch tost. 

tmd m1x1ng on a watch-glass illuminated trom bel<nr• lt was 

found that the Oil mixed r· ad1ly \11th pctroloum otoor. ben• 

ze-no. carbon d1sulph1de ond carbon totracblorido~ 

not m1x -1 th water or 95;C alcohol . 

It did 

uao of this obaervetion wan ~de by prepnring 

sosll quantit7 ot a solution or the o11 (20% by vol'tmto) 1n 

pure benzono for furthGr testa. 

vigorously with ac1d1f1Gd c~um chlor1do solution. Thera 

w a no proe1pitato. 1nd1cnt1ng the absence of B2S• A ~ur­

ther sa ~ple was shaken with alkaline cadmium chloride- aolu-

tton. A aliP')lt haze rappoarod to rcmn. but on standing thia 

ona round to eonoiat of oil uhieh hnd been tampora~1ly 
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eumla1f1ed in tho presence _of the nrmnon1a, and no prec1p1tnte 

was presont. '.rbe o11 therefore conttdned no mcrcaptanc. 

/~thor portion of the solution was sllowod to 

stand tor two days 1n contact rlth me!'cur7. There was ve1!"1 

slight do.rkoning 1nd1eat1ng tho presence ot a traeo of ele­

montnl'"J' sulp~. 

In vie~ or the coapa.rnt1 vely lo·;r 1n1 t1 nl boiling 

point of' tho oil• 1t waa considered desirable to ttoeo~tcdn 

whethor thiophene (B.P. 84°C) \laa proaent. To a small 

s ample \'f&G added o. solution o~ 1sat1n2 in e"hMr• .:1 t b shaking. 

Cold, concentrated oulphudc acid was added. 'J:Mro was no 

blue eolourati()n within one hour. 1b1ophene was thorotore 

~ present in the o11. 

(Y) tree or Spent 011 for the Reaction: .. ith a view 

to tho ultimato industr1411snt1on or tho proce e the work 

based on refined oll was supplemented b7 the pr•pn~at1on ot 

~S hom a mixture or sulphur and spent lUbricating o1l . 

Tho spent o11 vos of tho same grade ns that Bpec1t1od 1n the 

m~1n 1nveat1gat1on. b' ! t it was fi~st subJect~ to use in a 

!:lOtOl"•ear onglne in the courao or l.ooo miles travel and then 

-reeovored b;r droalning. 

The o11 wac slightly da~ker in colour tban th• or1-

ginal oil. Ita behaviour was obse~ved by heating e anmple 

l JAethOd o~ Olmandy and Craven, mod1tiod by Fnroghar. 

2 !~ell and onroe ~ loo. el t. 
Kingsett: "Chom1cal Eneylopaedio_., 6th Bd. P • 966, 

BG1ll1ere, Tindall & cox, London. 



ot 200 JUl . 1n n Pyrex beaker. As the tetaporatu~o roao above 

aooc there was very slight frothing dna to moistnro. At 

approximately lS0°c tuaes wero v1e1blo, and noro given off 

:nOPO hG av117 as the temperature vtas !'aised o.bovo 2000c . 

Heating wao continued to 290°0• and the oil wna hold at this 

point for f1tteon minutes to drivo orr any lo -boiling mater-

1ul. f.rhere wa no vi3ible aepat-a.t1on of et1rbon ond 1t was 

not round neceaanr7 to r11tor the o11. 

The oil thus treated tor removal of lo -boll1ng 

tractions was uaed tor the ovolut1on of' B~. ~~o B 4 ).P ~atua 

and pl"oeeduro were the same as described 1n rospect of the 

preparationa W1 th refined o11• with the exception that the 

absorption veunola were filled wlth n larger quantit.J of 

aboorpt'-<m solution, namely 950 ml.., ao th:tt tho total gas 

ovol ved eould bo abaorbed 1n ono ehm-ge of' the solution. 011 

tho bae1s of the experience gained 1n the pr v1oua experi­

ments a total sulphur ~atio or 26~ on tho weight ot oil taken. 

was reg·ardod as a auitnble proportion h1eh would yiold a 

Hsidu• autf1e1ently fluid to allow any coke to be read117 

sepnrated. The 8ulphur (modified as be£or.) vas added 1n 

three otsges. us1n_g the aa1-ne technique as botoro. Tho aatl• 

mation of the HaS absorbed wna do.ne g~avtmetricallJ b7 preci­

pitation l'l'1 th alkal.ine cadmium chloride solution. l'he total 

ti'Cla af gna evolution {i. o . excluding hoatins up and cooling 

dOWft t1mo on eaoh run) was app~oximatel7 ~ hove. Tll& 

tor.~pQr":lture 1-a.nge 1n wh1eh the gas was mainl7 evolved waa 
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16oo - 290°0, Details of the praparation are aa tollotra: 

SERIES IV 

~. of spent oil 70,23 g , 

Sulphur added , 

Run No. 1 '1.02 g . (10% wt/wt of o11) 

Run No, 2 "1.02 g . (lO}S tt " .. ) 

Rtm Ho , ~ 3 . 51 g . ( 5.' tt n " ) 

Total s added 1'7.55 g . (25:' .. * d: ) 

Weight of ~s evolved 15.24 g . 

~""eight of s evolved as ~s 14.34 g. 

% " ft " " .. 1t 81.7~ 

• eight of Residue 63. 51 g. 

Total Sulphur content of ) 

~ 3 . 94% 
residue (by oxygen bomb) 

The general course o.f expel"1ment was similar to 

that Observed when using refined oil. As before the light 

oil distillate was not evolved in the early part of the pre-

paration. The o11 was distilled only 1n the second and third 

runs. It was sopa~ated by the same technique as bofore and 

2.8 g . were recovered . It had the same density as before 

(0. 820 g. per ml. at 24°C). Like the previous srnmplo 1t gave 

negative results when tested ~or the presence ot hydrogen sul­

phide- mereaptans. and thiophene~ but contained traces of' ele­

mentary sulphur, due presumably to solution of partleles of 

sublimed sulphur. It was slightly darker than the oil 
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recovered in the prov1oua e:xper1menta. but d1aeolv 1n th• 

uace solvonta. fbe slight dBPk au ~ns1on was obaorved 1n 

the abaoPption •olution aa bet oN. 

5o special d1ff1cult1ea were encountered 1n the 

preparation, and the opinion wna tormed t'lat pe t otl. 1t 

pre-tPeated to r•move mo1ature and volatile frnnt1ona, &houl4 

bo a ou1tBble mater1al tor the proposed aueeean. 

(v1) PNporation of" Ceystall1ne Lodium Sulphide: &bile 

thO main ob.1eet ot the preMnt atud7 was tn• ~rep ration or 
hydro~en aulpb1de 1t was desirable to take tho work a step 

turther w1 th a v1ew toward.a the moat likely 1n1t1nl method 

or industrial ut111s.o.t1on. namel:r the prCiductiOft of eOdlta 

Bll:>hide. It sod1UJI hJdrOxide 1s used as tho absorption 

aolut1on 1n a suitable &Jatm so41 aulphide 1e avaUuble 

tor uoo e1thor d1reotlJ or tor prOduction ot a coneentr~ted 

solution for diapo.al. The noro oat1ataotor7 alternative. 

howenr. ould be ncoven ao aol1d. 'l'hls proparotlon waa 

thel'etore cart-led o t on tho l aboratory aeale. 

A composite sample ot 400 al . or tho dilute baorp­

t1on solutions preserv.d r~ the toregOlng •volut1on exper1-

nte was f'11 tered and ov por- ted in o. 'i,.rox beaker untU the 

solution re~ched saturation. on cooling a mana ot tine inter• 

- locked e~stala was obtained. &lightly- 7•llorr1ah 1n colwr. 

Th1s product d1d not have the charaet~riot1e appear­

ce ot the tet~agonal. colourless,. el"Jstals or JfQSS .. 9lt20 

Uhich were b•1ng sought. It was clear tbnt the conditione 



woH not eorr0ct f.'or the cryatall1tJat1on or thia hydrate . 

Renewed study of the 11tcratUJ>e showed thnt hJ• 

dPntos of aod1um sulphide -or the constitution Ra2~•H20 and 

NflaS·st~o are f.'ormed between 95°C &M sooc, 'lhieh is the 

trans1t1on po1nt1. Clea~l,-, therefore, 1t was noeotJ&aJ"f .. 

to cryntell1so as far bolow this temporaturo as poneible . 

The er,atals were redissolved and tho usual procedureo tor 

rop1d cooling were tP1od• but d1£f1cult1ea 1e~e encountered. 

tnt1mately a reliablo and airnple ~thod was used. Tho solu-

tion which was evaporated down as before was crystallised to 

n compact maes ot: the lowelf'-b.,-drated eeystals, which nre 

eooled t-o room temper at>· 'flo . The Cl'Y&tals were then d1saol• 

vod 1n a minimum or water at 40° • 4500 and tho solution sot 

ns1de to er,-stnllin• elowly. The crystals wore dried on 

sevoral thicknesses or ~1lter pape~. 

Tho c~sttlls thua obtained .rere almoot colourlo sa 

and detached 8poc1mona ahowed a charactor1st1o tetragonal 

form. 'rho y1eld waa 26 g. ~ 1thout utilisation of the 

mother liquors. The chemienl natura or tho prOdUct was then 

:foHtally eontirmed. The flame test gnve strongl1 t ho eh&Pa• 

cter1st1e sodium eolour. A aolut1on or tho crystal~ gave 

wlth s1lvo? nitrate n blaek pree1p1tate 1nsolublo in the pre­

sence or dilute nitric acid or tn exeess ~onium h}drata. 

lsnntouNhe and Liebaut: Bull. soo. ehim.. 31~ 966 (19.22) 
through Thorpe_ "Diet. of Applied Chemfiteytt, 4th l!.d. 
Vol. X P • 890, LOllgmans Green & co. , London. 
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Ftnall~ a sample· ot the crystals was heated in a 

A portion ot the water ot crystalltsation came 

otf readily at t1rat and with stronger beating tuslon took 

place with formation or a charaete~1stic melt Which could 

be pout-ed from the et-Uc1ble o.t low red heat and cool.ed to 

n solid masa or taint yellowiSh-pink colour. 

(v11) Determination of Brom1ne Addition and Subst1tu• 

t1on Values: In Ord6r to obtain fut-ther 1nf'ormat1on reg&!"• 

d1ng the theoret1oal mecham1am ot the reaction batween eul• 

phul" and oU a study vas made ot methods for establishing 

mother compounds relat1velJ more unsaturated tho.n tho ort• 

g1nal m.ator1ol •ore beiftg to.Maea. B1elenbe~ bad 'Ll&G4 

iodine absorption tor' this purpose. but later worker•• inelu• 

ding particularly Johmaea2 have pointed out that with 1od1ne 

both addition and substitution reactions ooeur and that the 

oat1mst1on doss not d1st1ngniah between them in any wa,. 

BJ using bPomine instead or 1od1ne, with a apeeial 

procedure. it is poss1ble to distinguish quantitatively be• 

t . on the two t:vpea or reaction. The or1g1no.l method using 

bromine was 1ntroducGd bJ licilhen,-3. It is based on the 

observation thnt t or e~ch at~ ot hydrogen roplaced by bPomine 

1n n substitution reaetion one molecule or hJdrogon bromide 18 

fontGd- estimation or which gives the extent of subst1tu,1on. 

~1elenborg: Braunkohlenarehi v • 4, 40 ( 1923). 
~ohansen; Ind. Ens• Chem. 14, 2U8 (1922) .. 

cilhen7: J . Am. Chem. soc:-21, 1084. (1699). -
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!11cilheny's method requires certain expo~imental Gafeguards,. 

but it these are maintained the •ethOd glvea rel18blo Peeults. 

Details and apparatus have been spee1t1ad bJ several modern 

nutho.r1t1es. includtng the Institute of ?etrolo~. The pro­

eod~e ~ollowQd in the present atud1 was that g1ven by Sn•ll 

nnd Btr.ren2. 

Speeiel tlasks are prescribed ~or t~ doter.oination• 

to pl'ovent loss of hydz.ogen bromide. The f'laslts usitd. -~ ot 

250 ml. capacity Q!ld. wer-e con1eal . Th&J were turniahed with 

g~ound gla$ stoppers proj~eting well abovo the rlnsk tor eaeJ 

mnn1pulntion. Tho mouth was flared above the ground jotnt. 

so that when tho stopper woa 1n position a spaee waa available 

to hold the noeeaaary Mogent as a soal.. 

The t'ollo.1ng reagents were prepared: 

Standal'd SOlution of Bromine. (0.3311) containing 

26. 6 g . /litre with pure carbon tetrachloride as 

solvent • 

.rotaastum Iodide Solution, conte1n1ng 260 g./lS.tro. 

~otaos1um Iodate Solution, containing 21. 4 g . /litre. 

In eaoh of the following detar.m1nat1onn the same re-

agents and prec1sel1 the same procedure we~e used. A sanple 

o~ appr~imatelJ o.B g . was weighed 1n tbe spec1nl flask and 

dissolved in 10 ml. pure e~bon tetrachloride. E.xaetl7 20 ml. 

l~od1f1ed cilhon7 ethod, I.P. - 9/42. Institute of Petroleum, 
London. 

2snoll & B1ften: ncommo~1al Uethods of &\llalysia"·, P• 346, 
Mc:Graw-Hlll, lfow York . 
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stan1.ard bl"'Ofttne solution wer-e add~ and the nask vas btmedia• 

tol)' stoppered. A amall quantity of the potassium iodide 

solution was plo.c.ed in the fla:t"ed mouth of the f'lClak. . f.rhe 

tlask was allowed to attmd at room t:9mperat\U"e .tor two minntee. 

and wns then eooled by standing in iee- •ats~. Tho stoppe~ was 

ca~f'ully ttemoved# so that the potassium 1od1de solution. na 

SUCkM into the t1ask• 1.1h1ch 1f&8 l"G•stoppered and shaken 1n 

orde:P ths.t gases might be absorbed. A fllrther quantity of 

potassiUm 1od1de sol'l;ttlon- mald.ng up a total of 25 ml., was 

now added to the flask, w1 th shaklng. 'l'ho reaction l1berato4 

iodine. This was titrated with B/10 sodium thiosulphnte, 

starch 1n~1cator bein~ used near the ond point • 

.After thG end-point had been recorded 5 ml.. potassium 

1odate solution lMre added. This solution reacted Fith any 

hJdrogen bromide p~eaent as tollowsr 

KI03 + 5KI + 6HBr -~) 61tBr + 3I2 + 3820 

Thus a f'u~thGr quantity ot iOdine waa libel"nted 1 which 

wno agtdn t1tt-ated and gave a second ond-po1nt. 1:he ent1re 

teat was repeated with only the solvent ond Poagonts present . 

The ~lank~ values so obtained wero allowed tor 1n the calcu­

lntione. 

The oat1mnt1one woro enrriod out using three samples, 

ftf.m0l7:-

{a) Original o11, befo:re reaction \.71th aulphur. 

(b) Liquid portion or realdue 1 at"te:z- reaction w1 tb 

sulphur in Serles III evolution exp~ri~nta 



doaor1bed above, and 

{e) Light otl d1at.1lle:te. reeovex-ed trom absor­

bers 1n Runs 3 - 5 1n serios III. 

S8mple (b) was not suitable tor tho ent1mat1on in 

the form in which it wns obtained trom the evolution tlaak• 

because it contained nulphur compounds ~h1eh ~ght interfere. 

A OnMplG 1as the~fore prGpnrod for the tost bi distilling 

tho p.eeidne under vaeu·nm at o tempor turo of 150° • 200°0. 

Tho distillate obtained was a brown1sh-Jellow oil or dons1t1 

o.eao g./ml. at 23°~ end was rree trom sulphur. 

In the control (bltlnk) $&t1m.o.t1on it was .found that 

no additional thioaulphato wac requirod tor tho second t1tra-

tlon. Tb1s 1Prlieated that the rengonts and solvent were free 

from bydl"'gon bt-orn1do and compounds \lhich ould pJOoduco it un­

der tho experimental eond.1t1ona. 

The results are given in the following tablo. The 

bromine addition and substitution values ~o cnleulnted as 

the we1p)lt in grams ot bromine added or subat1 tuted roopeoti velJ 

when reacted w1th 100 g . or the oil. 

llROMINF. Y J\.LUES 
Bromine Bl'Ot11n8 

Jls.terial Addition Substitution 
Value Value 

(a) Or1g1nal 011 Nil 2 . 40 

(b) 011 from Residue 21.78 1.42 

(e} 011 trom Absorbers 15.98 19.30 
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It should bo notad that in these estimations no 

hyd~ogen bromide is formed 1n thG addition rGaetions. ~ben 

lt is rormod in the substitution reacttons it is <-lear that 

for every molocule or- HBr .round an atom or. bromino has s~bst1-

tuted 1n the h)dNcal"bon stru.et~. For this renson it ta 

necossaey, in oaleula.ting the bromine add.1t1on vsluo, to de­

duct from tho total bromine absorbed twice the weight ot 

bromine ~ound as hydrobromic aeid . 

Tho results obtained sho~ that the oil from tb• 

ros1duo, and also the oil trom the absorbers 1 nra eonsidorablJ 

moro unsaturated in charactG~ than the original oil. This 

obee~va.tion will bo further discussed latex-. 



(1) PREPARATIO 014' TIMBER PRESERVATIVE 

FROM RESIDUE. 

~o com?lete the present ~est1gat1on trom the view­

point of: the proposed 1nduntr-1nl proeonc it was necoson~y to 

find a pruet1efll method or utilising the reaidtle obtr.inod as 

by·p~uct frot!l the reaction. It will be reeallod that thia 

ftstl'f taka ono of' two forms. nmoly e. htll"d coke-liko moao or al• 

tern tlvely an asphaltic material fluid while hot and somewhat 

v1seous when cooled, w1 th a proportion of coko in suspensi-on• 

aoe4)1'ding to tho e.xporiaental conditions. iarltur orkers 

had applied anal.ogou£ asphaltic roslchu)e for 1'0 d eonat,-.uction 

and other suCh purposes. and 1n the petroleum induatrJ sulphuP 

hns been used in special proeeosea to modity tho propGrt1eo of 

naphnlts . Fo~ example by uaLng the reaetion between nulphttP 

and unant.u:r-eted napbthen1e extl"taOts resulting frOl:l solvent re• 

tin1ng processes. cKlnne71 Mn~borr7 and r.estlakel produced a 

rargo or art1tlc1ol high-sulphur asphalts rang1n; rrom •modi~ 
stltfrt to fthard-toughu 1 'N1th H2S as n bJ'•product . 

In tbe pro .sent etud7 it was found poaa1ble, by th• 

tGehn1qne already desot•1bed. 1 to obtain r~ the evolution pro­

e.osa .1 residue more fluid at oPdinaJ7 temporaturea than those 

ppev1ously doner1bod. 

It Tms renaonablo to oonaider that its pl'".opol"tiea 

mi[;ht bo c.ppl1&d to a purpose vlb.ich, 1n the South Atricon en­

vironment,. might be l'llOre de n1• Able than the proci'rtct1on of 

lucK!nne,-. Jlayborry Md .ostl.ake: Ind. Eng. Chem. E!,., 17"1 
(1945). 



art1f1c1al asphalt . 

In preVious yea~s the writer hnd ea~ried out 1ndus­

trial work oa the production of aevoral wood preaorvdt1ves 

using various aeceptod materials including eroosote, ponta­

ohl&rphenol solutions, a~ the motnllle napnthenatos. In 

obse"1DS the pt-aperties ot' reaidues obtained 1n the present 
.. 

atudJ analogies w1th previous experience atrongl7 suggested 

tbO.pose1b1lity of ut111s1ng the rosiduen 1n t1mbor prese~va­

tS.on. 

Overseas pract1co ~n tho app~1ent1on of sulphur tor 

aue.b a purpone baa b., en cont1ned mainly to 1 ts us& 1n mol ten 

torm. ThU$ Kobbel deacrib&d a proe•ss tn which wood (part1-

otdarly ra11 ay sleepers) eould be tmpregnatod \71th anlphu~ 

at 140° • 1500c. In a previous paper2 the same worke!'" had 

discussed the odvnntages or this type of process 1n hardening 

and prenervtng wood agnlnGt different causes of docny. In 

south Af"rica ~1ah3 has reported iiOl'k 1n wh1ch local t1mbera 

ware 1mprGgna~ed w1th sulphur 1n the presence or 5j nnphthalone 

and proved "s1sttAnt to termite and fUngus attnek 1n tests in 

which untroatod controls woro attackod. Such tN n.tmon ta • 

ddle effective in some applie tions,. do not appoa~ to make 

tho !!lOst eeonom1e9l use of' tho stilphur. and also appl'J it in a 

tol't'll 1n uh1ch it 1s no\ ver-y tox1c . , 

!Kobbe: u.s. Patont Bo. 1.599,.135 ot 1928. 
~()bbe: Chemienl Trade Journal,. 75,. 620 (1924). 
-~Dglish: J. s.A. Inat. Eng. 27~ ~7 (1929). -
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In the present wo~k use was made of the ~aot tnat 

the sulphlll- is present 1n the residue in a form 1n which 1t 

e~n bo mixed <:Yith sol vents ·:h1cb have o.lroady been proved 

to be e1"fio1ent vohicles 1n the manur ctuN of 'IIOod. p!"eser­

vat1ves and 1n which elementary sulphur 1a not hiehll' aolu-

blo. "Phe roma1n1ng sulphur compounds present 1n tho 

roa1due are nll non-volatile below.270°C) beo~use or the con­

d1 tion under ·,,h1oh they ar-e produced 1n the proe ss. This 

thermal stab111t7 ould enaure per.maneneo 1n tho timber 1ft 

etu el use. hile another t\dvnntage "'Ottld be t;he 1neolubll1ty 

in wate~. 

The residue used in these oxp~r1~nts wss a eompo­

s1te smnple ot' that trom. Ser1.es I and tho ros1du s lett :t'I-Onl 

t ho othor evolutions and teats . The m1xed res idue contained 

5 .48~ tot 1 sulphu~. 
-

snd as allowed to atand tor 24 houra o.t this tempeJ>Ptt1.re 1n 

tm oven. This treatment suff'1ced to settlo out ony eoke 

lur.Jps prosent. and the supe'ftlatant material ooul~ l'oodU,- be 

r mov d by decantation. Th1a deoantod portion wao used tor 

t he turthor exper~nts. 

In o. set-tee of tests it wns .toum thnt th1e ros1due 

c~~ld be diluted in tho cold 1ith a wide choice of solvGnts. 

In part1eul.M' 1 t muedl vi th bonzene and w1 th croosoto. 

Among the petroleum solvents it mtxed roadily -.1.th power 

1The term Wm.ixed"' is used het'e ~tot in a rigorous seneo but 
to indicate th~t thQ sol vent 111m1ed tormod a sntisfootOl"J' 
pPact1cal vehicle for the material . ~r:ne complox nature 
o:t' the asphnlt1c material must bo boPDe in mind. 
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korosone. These observations woro apee1ally important tn 

that tho lnst-namod solvent snd mineral turpontino nro the 

main accepted fractions used succoss.t'lllly at pr l)sent ao sol• 

vents ro~ other · ood preservatives on aeeount of tho1r rapid 

p not~ation into the timbe~. Power kerosene wns soloeted 

as t ho solvent for the rest o1' the work. and ·111 haneetorth 

be ~etorrod to as ~the solvent~. 

To obtain a mixtur-e of autr1~1ently lo.: v1r:coa1 t7 

to bo handled as easily ao e~eosote, or other e~ist1ng pro• 

se~v11ti ve s 1n non-aquooue vohieles, tho ros1duo was dUuted 

\Ylt h the solvent in th.(l propor-tion or 2 parts aolv~ntt 1 

part residue, both bJ weight. Tho rooult1ng praaorvet1vo 

w f3 filtered thl-ough cotton tOol and used for t h o Potnflining 

exrnrimonts . 

In prel1m1nary teats tho pr eservutive wa s applied 

to thin pieces of pls..'led pine \O:Ood by brushing. It flowed 

rondily and was absorbed .f'rom the surtace, leaving tho 't'f'Ood 

an :aber-brown ce>lour simlQI'" to thtl.t prodneed by eroosote. 

Tho test was rope:1tod oxeept that the wood waa 1li!Ilalrood 1n 

t he pr e s•rvativo for ton Ddnutea. removed and allowed to 

dra1n. Tho snmplo was then eut across tho g:r-ain. It was 

:ro,,ntl th ·: t the pre servati vo had penetrated app!'oximntely 10 

l'lt':ie alon3 the gt-ain from the onds. and approx1matoly 2 mm. 

f~ tho athol' sur~acos . 

The main se~ies or tests was now undertaken, using 

sn.mples of otfieially 1dent1t1ed South Atr1oan-grown timber 
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from the ?orest Products Reaenroh Institute. Tho timbers 

used were: 

~ .. 01lChe 

Pinus 1ns1gn1s 

Pinus pinaster 

Pin us p atul a 

P1nua taeda 

Euenlyptua aal1gna 

Eucalyptus rostrntn. 

Tho .Planed Slltlplea mensured 11 em. x '1. 7 mtl. x 12 

For tho purpose or the exporimenta oaeh vaa cut 

into two a1m1lnr and comparable p1eces by sawing lengthwise 

(1 . o. 'l'lith the grain}. Thia gave six samples each ll em. x 

3 .8 em. x 12 mm. and six similar controls. 

under industrial conditions tho pre£erable methOd 

o.f appl1eat1on or the pr&aorvat1ve 1oul.:i be the "full cell" 

m.othod in •. h1eh a v~euum is fir at applied (to l'emove much o~ 

the air from tho cells or tbe wood ) tollo ed by i mpPGgnatioa 

under pressure .. ln the absence ot the special fae111t1ea 

nooded ~or this work the present teats wel'G done by tru. ".open 

tank" methodl. The s ·am.plea were placed in a PJro:x bollke:r and 

covered with tho proserva.ti ve:, t'ihieh was boated 1n an Bir-ba.th 

to gooc and held at this ten\peratmte for an hour .. ·r·h1a expan-

dod the air 1n the eolls and caused much of it to G&ea.pe. 

l Th.oao msthoda o~ application are discussed by Cartwright 
and Findlay: ~DGeay ot T1mber ~~d its Proso~vat1on8• 
p . 259, n. M. Stationery Oft1ee., London. 
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Ranting ~ s then stopped. and tho wood was all ouod to cool 

naturally • the prosarvati ve be in~ drawn 1n during oool1ng 

and ropl acing the air roJnoved. '!'he samplos woro ltlft 1n the 

presorvn.t1vo tot- ono hour from the cesDation of heating and 

t"hon romovod and allowed to dra.1n and to becoi:.O nlmoat eurfaee­

dry 'by na'tiJral evapO.Nltion. 

The treated aamplos V!Ore of daPk bro¥.11 colour slight-

1,- oU7 to the touch, and gene3rally silnilar 111 sppenranee to 

~ood troatod with creosote . 7~en eold the s~ples hnd a 

chnrnctor1st1e and pungtlnt attall, which rrould posaibly add 

to the effectivoness ,~a1n~t attack by th~ higher 1naoeta. and 

als(), by slight volatility~ might affect :fung1 oojucent to the 

treatGd \"IOod. 

The tronted pieces wer~ thon plaeod in ~oil for 

prn.ctienl test. The s1t·Jat1on cho~on 1tas on• rieh in decuJ1Dg 

tinbor. ~aeh p1oce wa~ narked for 1dent1f'icat1on nn..1 \:laS 

plr-eed 1 th approx1m te.ly two-thirds of 1 ts lenGth U&'"lc1orground. 

Tho six untreated controls were similarly oxposod, care being 

tf'lcon to keep tbem autfic1ently apart f:ro:rn the treated samples 

to avoid errors due to possible volatilisation or the preser­

vative . 

It is a:xpGeted that ubout t.iO years of expoauro will 

be required to obtain definite r~sults 1n theso teats agn1nat 

tun~al attnek and decay . !.roanwhile 1t is 1ntanded to prepal'e 

a Jvplicate sot of trentod test pieces and controls and to ex­

pos~ thorn to attack by boror beotlo• Ital1nn bootle, or termites . 

It may be po1ntad out tho.t • :·1heN sueh a procodure 
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1~ dosirable. tb.e p~oposed wood proservnt1vo may be rendered 

additionally errect1ve by admixture or other known proae~va­

t1ves . 'l'his nould provide an econwn!.cal method or manufac­

t ure, 31nce tho supplement~ry p~oservat1ve could be usGd 1n 

loww proportion than it it oere applied alone. 

-ooOOo·--
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CH~ 'l'HRD 

THEORETICAL DISCUS~IOB 

In 1946 :eatlakel wrot•; "one thing 1s certa1D ••• 
the structure or sulphur 1s 1nttmutel:r ~volved 1n t~ 

2Mehnn1 ot aulphur1sat1on, and atl:J atep 1n the solution ot 

one proble ia an adYane• 1n the solution or the othez." • 

. e obaev tiona mo.de 1n the present tud:r have ~haaind 

the 1rapO!"tDl'lCe or thia viewpOint, from .:hich the OftJ and com­

plex phen na encountel"ed 1n the tteld of aul.ph~ naearch 

1 gPndually bo expla.1ned and oorMlated. 

'fhla dtacuaslon Will aoeo1"dlnglf de9l 1th the f'ol• 

low1Dg aapeota ot the atud:rt 

( o.) 'rhe nature and probable courso of the 

rGnetions. and 

(b) The 81gn1r1eance or the obae~vat1ons 1n 

the light or certain phJsleo•chem1oel 

properties or sulphur. 

(a) ~ natUH and probable course or the reactions; 

In the present tate ot our knowledge th.G -~bani ot the re• 

ct1ona between sulphur and at\l.r'ated aliphatic h:fdrocurbona 

1n th tomperature rans• with . hieh this study has been 

eoncernod., 1s inadequately understood. en 1n the allied 

t1e14 - the reaetiona between sulphur and unsatut-nted compoundo -

bleb haa been more intensively studied over mun7 JOe~s. there 

1 eotlake; Chem. Rev1owa. :W, 235 (1946). -
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1a aa ~t no accepted body of uplaaat()P7 tbeOrJ• The sub­

ject ot rubber vulcan1sat1on eonatltut e what 1a probably 

t~ ntaln 1nd1v1dual problem 1n thia latte~ ttold . It has 

boen the obj act o~ rea.oarch tor over a centut-7, ard 78t "1ta 

eehGniam MMa!.na obscure up to the p~esent da7"•1 

Although no o:xplano.t1on 1a available ot tho tull 

course ot the renct1on between sulphu~ and parort1n wax. OP 

the otrutr heaVJ hfdroe~bona 1tb. lb1oh the presont -ork baa 

been concerned. there can be little doubt that 1n its 1n1t1al 

stage_ thO reaction is one or debJdPogenation- 1th the torma­

t1on or double banda and relatively unaaturnted c~unda . 

Jrueh evidence 1n support ot this View is to bo found 1n the 

literature d1aeua~$d tn tbia etu47• ellen•t•JO and Thoenea2 

reached tho oonolua1on that the •a1n reaet1on conatat&d ot 

dehydrogenation. BJ17CG and R1nabelwood3 oonnide~ed turther 

that "the prilrmey' ~action tor all the hJdroearbone 1s aaau-

ed to be tho romo"al or a hydrogen atom, with the formation 

or alk7l and BS Pad1eQlaR. Stmllar op1n1ona wore exp~eaaed 

b7 Dunlap4 and by other workers. In othor t1eld tb ett•c­

t1vonoss ot sulphur aa a dehyd~ogennting nGant ' 1ns nlso been 

suceaasrully np~lied on an e.zperir.: ntnl basi • The bent 

exnople 1a probabl7 the methOd uood by Vosterborg5 ~or the 

1 stlake1 loe cit . 
~lensteyn and Thoenea: Chea r ukbled• ~, 002 (1932). 
-:D.t"J'ee and R1nahel wood: J. Cbea. 8oc • lz.G, 33'19 ( 1949). 
4Dtmlap: Chem. l!et. li.ng •• 34~ 298 (l921J"'T: 
5veate~be~s= Ber. M. 4200"'"Ti90S). -
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p~para~1on ot retene by h ating abietic acld with aulpbnr 

to app~ozia telJ aoooc. with evolution or ~ a.s a bJ­

produot. The etteetl.aneaa ot sulphur ns . a dehldrogenating 

. 1n thla type or react1or1 has been tull1 diacua~ed in re<Jqt 

JeGl'8 b7 Adleaon and BOg•rtl . Plattner has also sh01fn how 

dohJdrogonation bJ aeana ot aulphlll'l ean be used a vo.luable 

research tool 1n numerouo reactlons2. 

Accepting the view that the 1n1t1al stago of the 

" ct1on ccma1ate ot dehfdrogenat1on thero l!'etUlins t. pro• 

blem ot tracing the fate ot tht una· tu.r tod COtlpO that 

1r0Uld be 1"orme4. The ~eaults of" pr1or work are inc .vlete 

on this subject. Rann~aaen. Ranatord and s ohan 3 bubblod 

n• butane through molten sulphur 1n the t p rature range 

300° - 4oo0c. The exit gaa atroam oonta1nod. ch n~ but 

no olef1n••• Other ~rkera also railed to recover unaatu-

Pnted Co:lpOund trom bJ'di'OCarbona subject to deb J'f'lgenatian 

by aulphUI'. Bttooka QDd n phr•74 end avO\ll'ed to eonvort 

p~att1n wu. to a naphthene by d~hydrogen ~ton 1th sulphur• 

~t When they distilled the reault1ng r eaction ~xt • under 

vnou they obtained p ratf1n wax or the so.me mol t!ng point 

ns tho o~1cinrU. material . .tb n they heatod o anturatod 

petroleum o11 with uulphur the o11 d1at1lled ·nd r vacuum from 

the ~enction mixture contained no oloftno groupe . Thoy con-

1 Adle a on and Bo ert s CMm. Review• • 24. 1S5 ( 19~). 
2.rlattne:r: Dle Chcmd.e, ss. 131 and l"IR (1942) . 'Ibaae valu• 

able papora liat 260 t-ef"erenees covering d&hJ\!POgenatlon 
by sulphu!'. selenium and platin • 

3Ro.smttasen. 1Jantdol'd and. Sachanen: Ind. "Eng .. Chem. ~. 3'16 (1946 ). 
4Brooks and Bumphl'ey1 Ind. Eng. Chem. u. 74'7 (191'7 r:· -



cl'Uded t.ltat unaaturated compounds eoul.d not bG atd• 1n thla 

wa~ beeauso or tho rendinesa with ~1eh aulphur reacta ~tb 

una tut"'e.tod hydroe rbons. 

on tho other hand Frie<.blonnl obt•ine<t o. smnll 71•14 

ot ditik)'l th1-ophen~ rror.t the aphalt1c tteatdue f'ormed in a 

reaction bet een n-oetnne and sulphur at about 2BOOf . B7 

dohyclrogen tins eyclopAraff1ns with aulph~ Fri~ 2 alao 

Oht~inod so~e eY1dence or the ro~ation of c,c11c unsatura-

ted co~ounda . ~u 1 th eyelob.exane a a tho atarting materw1al 

he obtained 1nd1c~t1ona 0~ the for-m t1on or CJClohoxene and 

cyclohexooione . Dunlap3 augge stod th'lt undo!" tho eond1 tiona 

ox1at1ng 1n internal combuation engines an~ tree oul~ht~ pre­

sent ould roact with tho lubl'tc4t1ng oil to for.m BaS and n 

d1ole~1no. The latter prOduct 1ght in tUJ'n DOlJ'lfePiae to 

form the gummy deposit round in engines. 

't oone 4, howoV&i", con 1dorod th t pOlJD!er1aot1on did not 

ooc~r in their expertm nts. SPfce and HinahelwOOd Who re• 

acted eth :ne • prop e • n•butsM and n-hex.m• roa.P4)ct1 vel'f 

1th eul~bur v pour, otnted that the pr1no1pnl p~·cta ap• 

1 Hd to be bl'41'0!Jfm suloh1d• IUld unsaturRted hJdroearbona. 

In the proeent stud~ atrong evidence was obtained 

01' the tormation or \Ulaaturated. hydl"'Oarbona 88 a result or 

1 foi'riedmar:m; Ber. 49, 50 • 1M4 8l'ld 1551 ( 1916) • 
2t<Ttedmannt ~etroiium ga1tochri.ft: 11, 9'78 (1916}. 
ZDunlop: loc . cit- -
4 ·ellensteyn and Ihoonea: loc . c1t . 
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the reaction bot•een the b1gh•bo111ng hJctrocnrbon torlal 

used and aulphur. Starting with highly :ret1ned o1l Chicb 

show no addition v lua · w1th b~om1n'l 1 prod 1cts r~ ob,ai• 

ned to whioh bromine added det1n1te17 and in eon 1d rnble 

propO?t1011'1. It waa f'ound poaa1ble to aepaPate the nnsntu­

Jtated compounds rormed into two brond. groups, n lT ( 1) 

those compounds that wePe d1at1lled orr t atmospb•~1e p~ea­

aure 1n the eourao ot the preparation ~ B~ and Nt 

~covered. from the abao.rpt1on &Jet • and. {11) thoae •cma1n1Dg 

1n th$ aapbeltle cmd partl7 coked .-oe1due. '!bene tMro reco• 

vered by v~ d1at1llatton. !be wide d1etillat1on range 

or the eompouade included 1tl group (1) 1nd1cat a eleul,-

thah the distillate la a mixture. It i.e also probable that 

the d1at1llate (U) obtained under vacmm tram the ~a1due 

does not eontaln nll the t-ema1n1ng unaaturoted coapounda ond 

th t the tinal ns1due t111 contains b1~er-boil1ng pol"t1ona 

t~reot. 

'!'he breomino addition val.~s Obtalnod (gr 

cdded per 100 g . or sample} ahow o P1$e from sero in tru. caa. 

ot the original o11 to 19. SO ~or the oll recovered from the 

ab ot-bera oo 21 . '78 in :r-espeet ot the oil recoveNd trom the 

o.aphalt1e rea1due. In comparing tbeu reeults 1t ahould be 

borne 1n 1nd that small d1tterencea artt not slgnlficant. 

The Institute or Pe\role~ gtvea Geeuracy to abOut one unit 

in the volue obtained• and the aco\ll'"acy ot the J.~resent mothocl 

----------·-----------------------------------
ltnetitute ot Petroleum ( odit1ed cllh.ny ethodh loc,. cit. 
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18 probably a1m1lar. ThUs the ditteJtence betveen 19. 30 and 

21. '18 1e 1nau:tt1o1ent to be aigaificant 1n 1taelr. 

The dltt•rence bet .. en e1th•r ot t~ae values and 

that or the or1g1nnl o11, ho e•er. 1a gJ"eat. and affol'da 

atrong evidence ot the tormation or unsaturated eompounda 1n 

the course or the reaction. 

~· contrast betwe.n the two d1atl1lot•a is demon­

atttated by. the d1tteronce 1n the aubat1tut1on valuea (g!"ama 

brom1no oubstit,lt«l per 100 g . aamp1e}. Here the 011 d1s• 

t11l.a ~rom th rea1duo hds n 8Ubat1tut1on vnlue ot 1.42. 

Which 1s not a1gn1t1eantly d1tt•roat trom tbe vnlue g1Yen bJ 

the OP1g!nal 011 (2. 40); wh1le t:n. oil tram the abaorbe!"a 

has th$ much higher aubat1tut1on value or. 15. 98. '1bla ta 

turther ev1denc• that the two d1at1llataa nre dittoront m1x­

tturoa . As tu as can be aacol"tainod tl'Om the available 

11tor ture these two d1at1llatee appear to bo the ti~at 

aaaplos ot their kind prepared at atmoapbeP1c p~eawure b7 

the roactton between sulphur and h1gh-bo111ng saturated h7• 

dJI'OOarbona. ~•1 were propared under eontl'Ol.led and repro• 

duc1ble eond1t1ona. and wero recovered in quantities autf1e1ont 

r~ examination. 

It was not w1 thin tho SCop$ ot the _pN sent study 

to carry this portion of the OPk be7ond this point. ana t~ 
findings are ~eeorded. w1 th the rec-ODIIlendation tho.t the method 

of bromine value determination hould ba used 1n futuro work 

aa a vnluable meona ot .following this and ntmllar react1one. 
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Oftce 1 t nas been demonstrated that uttsatura't«l 

eoAJpounda are formed 1n the r•aot1on the question ari.eea 

11b7 1t has been pOsalble to obtain thAtse ao ounds 1n th• 

present work when auch dirtteult1es were prev10Ual7 encoun• 

tered in tbe1r ro.coY•rJ• 

It will be ~called that prior 1nvest1g tiona 

have mnlnlJ ·ut111sed experimental m~thOda~ or pr~tlons 

or mat r1al, h1eh y1elded mat ay be te'!'lled an "oxhlluatlva" 

reaction. Ill th• l aboratory sel\le 1nveat1go.t1ons the reac­

tion aa tlOatl~ Cflllried out tor long periods and often under 

pre sure. with high tempe19atut'"ea 1n some 1natnne • In trua 
8xpGl"i1Hnts or an 1mustr1al 01' 8el:d.-1n~t'tatr1al ehoraot•~ 

tba condi tiona we-re choaen an1nly so aa to obtain the hi.gheat 

possible JiGld ot gaa. 11'1th almost compl•te COking Ot the ro• 
81du•• · Und•r such eoadi tiona 1 t appears tho.t tUlJ' unaatur-a-

t .. ~ oompounaa formed r.nts~ have reneted .tnrther f.lnd re 

consequentl7 not found, or .found onl7 aa trace a, ot the end 

or t espe!"imenta. 

'l'he eond1 tiona uni1er tlh!.eh the gna was prepared 1n 

the eouHe ot the prea•.nt study were d1f.teHnt . 'Iile sul• 

phur ae t!rst mod1tled so that 1t d1d not become vtacoue 

during the expo~1 nt. Th1s preventod tho local formation 

of coke and lut!po rich in sulphur earl7 1n the reaction with 

eonsequent loeal ove!'benting and destruction ot 1ntorced1atea. 

The sulphur wan also added 1n stagea, each or ~ch lnvolv~ 

a short run at moderate tempe~atu~•• (approxtmntel7 160° • 

290°c) . The sulphur a added in rolat1velJ amnll 
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propOrtions (6 • 10-' on tho o11 taken). 'rlme. tor uampl•• 

1:o Runa 1 and 2 or Se:r1ea III 1n the gaa pt•eparatlon exper1• 

nta ttwre wo.a present a total ot onl:y 15$ ot eulphur '* 
the weight ot ttt..e nn'J1nal otl. It 1a 11kelt that during 

tMn runa the roact1on. cons1etfJd l~elJ of a d•hJd1'03ma• 

ttoa of' the oriqlnal o11. 1th formation or BaS ord unaatu-

PO.tet'! hydrocarbon eompounds. Aa th•J' acom:mlnted the 

compounds begnn to d1at11 over and to ppeu 1n the o.baorbera. 

Doubtless portions or tho unaatu:rate4 compounds reacted fUr­

ther • but it ia probable that their- distillation W&8 i'ac111-

tate4 by the lowered partial preaaure reault1ng t1'0J:l the 

a1 ltnneous evolution ot other g •••· Th1a ould not occur 

1n tM closed a7atems used in eorne or the pP1or work. 

turthor d1t1"e:renee 1n the conditions was that the 

rc ction vas del1beratel7 earr1ed out as to Obtain na little 

1l8 pOSc1ble ~f the PeS\lltant CA:rb()Q 1n the torm Of COke. and 

os 10h as p08s1ble 1n t;he asphalt . 'l'hoae ml.lder condition•• 

again, aan1atod in prese~vtng some or tho 1ntermed1at••• 

In the light o~ tbeao raoto 1t no becomes poas1ble 

to viow t~o p:ro~uetion ot H2s as the result ot t -r10 broad 

groupa or reaet1ona. proceeding at tirat eonaecutively and 

lat•P aide bJ s1de. The tiret •ould tl'Om this v1owpo1nt be 

the tormat1on or HgS by dehfdrogenation o~ the paratt1n chains 

or of tho aatUPntea OJC11c compounde (as in the caae or the 

l ubrtcattnz o11 used 1n the present work) . This initial 

Mo.et1on ·."'uld yield unantur ted co~ounda as by-products. 

The second .. chan1am ·oul.~ consist 1n ~ production 
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ot ¥ and other prOducts aa a Nault ot reactions botHen 

these com,Pounda and. the rr.e •ulphur .Pnaent. or with other 

sulphur-containing eOJDpounda prOdue•d, 1nelud1ng hJd:rogen 

sulphide. The e.nd•proctucta ot theae re ct1ons uld be the 

co plex and relnt1vely stable sulphur eompounde at1ll left 

1n the ~eaidu• at the eonolus1on ot the experiment. 

Th1a hJpothea1a provide& a bridge bet •en much of 

the prior ork in tho present t1old and links it rlth the 

reat lta or othor reaea.reh relating to the reActions betweon 

sulphur and unantl;rated b7drocorbons. Th.e theoretical aa• 

pects or such roaotione oannot b• dealt with horo in dota11• 

but certain taets require d1acuna1on. · ~ 1tb heJQ'l•n• Spm1er 

nnd von angt·erl noted a v1goroua l'On.etion 1n a sealed tubft 

at 2l.00c for 24 bonra • w1 th p~uot1on or a large volumo or 

¥, a brown1ah-T•llow distillate • and a coko•Uko ro s1due • 

t?.len Foraghet-~ rrell an1 Coma:r2 boated solutions 1n petro• 

1 n~htha ot alkfl aulph1dea. alql d1aulphidea nncl otheP 

org c oul.phur compounds {excepting th1ophen ) theJ obtained 

~s D the main dec~poatt1on prOduct.. Jonea and t•Re1da 

Obuorved thot the end prOducta are ch the 8 

tmnnturatad hydrocarboa 1a tre ted nth s. B~, or RSB. 

~1 tound that W1 th eth,-lene sulphur gives lfaS which ma7 

renct with more eth7leno to rorm eth7l ~l"eaptan. This in 

~Sp~tnio:r & von :hgler' loe. c1 t. 

3
Fo!tagho:r t Orrell and C01Da7: loe .. o1 t • 
Jones and t-Reid: J. A~ Ch • 3oe . 601 2452 (1939). -
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turn ds to etb.7lene to rorm eth11 sulphide. Such a chaill 

or react1on.e could aeco .nt ror auoh or the aulphv not evol­

vod as H2S 1n the experiment us a whole nine• they ut111 oe 

both sulp~ and H2s. The-y ould also account tw the OC• 

curence or mercaptan a in the n2s prep aP«l by Yar1oua pl"iOP 

worke~s ~n the reaction waa completed at ao hat h1gbor 

tomperatures and over langthJ boating per10do.. conversel 7 

in the gas propued in the eo~•• or tho prosont attdJ the 

ttbaonoe ot mere~ ptana oo•1ld be uplaiftod bJ tb aboont~e of 

o.xpar1mental oond1t1on.n favouring those roaet1ons .• 

. 1th cyclic hfdrocal!'bons 'oJer and Bohonemsot-1 

tound that eyclohe.s.ane and sulphur reacted to g1 ve cyclo­

heXJ'l mercaptan and qcloheXJl sulphide. ThoJ explained 

the latter roeetlon aa a debJdrogenation toll~od b7 addition 

or tho H23 ~or.med to cyelOhoxene. 

It should be net1cod tha' eYen 1t the reaot1ona do· 

toUow a cout-ao resulting 1n roaptana not all t~ lphur· 

so reect1ng will bo lost tPOm tne viewpoint ot HeS evolution• 

sineo the :tteaptans o.)' aome time a deoompose2 w1 t h tu~thftr 

t01'mat1on or ¥ • 
'flleae ana riume~a other reactionn r.mJ in'Yolve the 

unaaturatod compounds 1n the H~ evolution proceaa oontempla• 

tod in the p:Noent stud7. Some 1001e!lt1on or tho nur.ibe~ ani 

1 10r and Hohonemser: Holv. Ch1m. Acta. !§, .. 1061 (19a5) • 
through stlake s loc. o1t . 

2IJ~1eott and a:rka: Ind. Eng. Chem. 23, Ulf (1931). -
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•'l~1et)' or the compouncls that maJ re aul t 1'ral:1 aueh cOIIblna• 

tiona and r •eom.b1nat1ons mot be Gbtained tr tl~ p~re 

lroady ref'errea to tmd 1n the 11 tero.ttn'e rel~tin'! to rubber 

ch~lat~. PO~ the p~eaent purpose 1t io aut~1c1ant to not• 

thnt tho e01:lpounda in the !'orm o~ hieh the romaining sulphuP 

pel'S1sta 1n the asphaltic or carbon1aed residues nl'O probabl7 

derived trom ~Jch aecond9rJ reactlona Pnther than directl7 

t1"''!!! the aat1.,t-ated compounds const1 tuting tl".e o~1g1nal 

m tet'iol. . 

Detore lenv1ng th1a subject it 1& 1mpartont to 

point out thot the complox1t7 ot the p~oducta Which qaz be 

~ormed b1 r•act10!1 or uns turated h}'dr-ocarbona w1 th sulphtut 

and tlml'f ot ita oompounds tends to obscure the 1"aot that in 

tllo pNparat1ons l th •b1oh the pNaent atudy 1a ooneorned 

th8 rn. 1n product ia nevertheless· obsez-vod to be hJ(lrogm 

aulphide . Exaplea ot such propm-at1ona havo been rete:rred 

to elsewb H 1n this work, n..'\d eon onl,- be br1etl7 ntloned 

here. N•llonsteJD and ?ho.neal obtained good yielda ot H2S 

\Then ua!.Dg Edeleanu e:~ttract, h1ch is ·r1ch in unsntm-nted 

h}drocarbona, and the reaction e . enc..t at 12400 • lower 

than in the eXpwltneat ua!.ng aaturnted. compounda. B1el.-

berg2 tound that fl2S wna ?eed117 eTOlved when he hoated 

aulphuP with •7ellow oil (containing Uftaatnr-ated co Jpoands) 

l. 'ellenateJD. and 'l'hoenes: loc. eit. 
2a1el nberg: loe. c1t. 
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and obserV&d t1~at tnd1cat1ans or the gss at l300c • 

. e 1nney, n}bor~y and eotlakel. who prepared aaphalt1o 

products by the action o~ aulphur on unaaturnted oxtrscts 

rocoverod 1n the course ot potPoleum retinery, Obtained 

n2 s ne a b7-product ttaon about 140°c. ~ua we find that 

not only 1e H2 s road1ly pr8pared in this mnnnor but that 

t 1n1 t1 Bl teJIP(Jroture ot evolut1 on oppe rn to bo lower 

than 1n similar exporimenta w1th saturated compounds. 

no adoquate explanation or these obsorvationa has 

bo n floun5} 1n tbo l1t.ettature. It 1o poa 1ble thot tho first 

atop 1a addition or sulphur m. thout deGradation or el1ninat1on 

or ~:..> . This would cor~apond to tho :formAtion of ettoaal1nks 

Wl poatu1nted 1n certain rubber vulcitn1aat1on theories. SUeh 

a vl~w is supportod by Gxpo~1monts earr1od out b.v- i\rmstrong, 

L1ttl~ 1 and ooaJr:3 in tho tOl'lp raturo :ranse 1200 - 1-&oO. 

ith methyl - 4 - nonene 1 aD tl':tan 1~ ot t.be aulphur used 

os ovolved as n..a~ in ~hat range. 

turo decomposition or the sulpbur compOUDds ould conmenee 

w1 th tho evolution or pfU't or tho sul Jhur aa R£:.., nccompan1ed 

by dobydtaol!enat1on NHtct1orul on the nnalo37 ot tho Veat•rbers 

rooct1on. ThePoatter the n2~ could ronct w1th tho unant~n· 

ted hydrocarbonn to g1 ve morcaptans and othor sul,phur ecnpoums 

ns al-ready d.1aeussed. ~18 hJpOthesis WO\lld ir·:.;>ly that 1dth 

lon -continued roact1on and h1ghe~ temperatu~ea the ettici.ncJ 

~ cK1nney, MaJberry and \?eatlua: loc. e1t .. 
Armstrong, Little met DOalu loc . eit. 
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or the proceaa (tt-om the *P•c1al Viewpoint or evolution or 

tree BzS) would tall,. w1 th final .to!-mat1on ot complex sul• 

phuP eompounda of a mo;roe ato.ble ch~c.ter, aucb aa are 

aaaoctated with as~halt formation. 

'l'o tb.t'ow s011:e light on tb1s problem research 1a 

now "qu1N.d on the Haction between aulph\:tr and aoce ot th• 

h1gtter-bot.l1.ng unaatln-ated hJdrocarbona. ost ot th• re-

ported woPk till now has been concerned w1 th gaaeCJIQ.S 01' 

low-b0111ng oletina, aaphalt1c aaterials of unkno compo­

a1t1on, and unsaturated compounds aasoclated w1th OP snslo­

goua to rubber. It 1a suggested that melene. (03()1160, M. P. 

snOc) mny be a uae1'ul atet1ng point ror a.uch on 1nveatlga• 

t1on. \.hen the p~eaent stud~ was d~awtng to c close -.thode 

ot propa:rt1ng th1a compound trom bees"ax •H being cons1dePed; 

but 1 t is posa1 ble that purer mate1"1 al coul~ be obtained f'rom 

a petroleum source. Alternat1velJ tho olefin e•roten• 

C2&1152• 1! . P. 5&°C) cOUld bo Obtained trom the 88121() eouroe. 

It ha beon cuatomAP,J 1n aome ot the prlo~ work to 

aubm1t the tin l ree1duea f'rom the reaction to combustion 

nolf1J1•• and on the bae1s theHo.t to auggeet an omp1r1eal 

t'ormula .tor the material . \'awn the present wo~ waa under­

taken it wea intended to f'O.llO"f tb.1a practice. Study or 

th• literature. however, and practical &Sperienee 1n the 

lab0Pat0l'7 1ndicoted that aueh eat1mat1ona ilould give an un.• 

real appearance or conatant chemical eompoa1t1on to res1duea 

which oro •asent1ol17 complex mixtures. and h1ch alter 1n 

eompoeitlon uith ehangea in the time and cond1t1ona ot 
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working. In preterenee the QXJgen bomb method was used tor 

t~o determ1nnt1on of sulphur content_ a t1gure wh1cb vas ot 

volue 1n estimating the extent of convora1on to H~ and 1n 

otbor reapecte. In some ot the prior work considerable pre-

eaut1ons ~• takon to eliminate variable a snd sO\tl'eos or 

error before mald.ng the corbust1on nnal,-sie• and 1n some 1n­

stmcea constrmcy ot eompoa1tton has been cla1 Gd t'or some 

portion thus 1aolat$d. Row•~•:r• it appeQrs trom ork re­

ported earlia~ 1n th1a stud~ that even repeated axtrnet1ona 

bJ sol vcmta do not rernove · all the sulphur troa mixture a with 

cnrbon, and that in fact portions Hmn1n absorbed oven at 

high temporatu~a1• Accordingly vnr1ous ~ormula~ auggeatod 

in the 11teratu~a in ragard to the roa1due or portions there­

of should be nsed with caro 1n the light or these d1tf1cult1es 

and limitations. 

A variable Wh1ehmuBt be mention in rel~tion to 

the present d1scuas1on 1a tho ef.foet or hcnting alone on the 

hJdroc&.Pbon compounds uaed tor the reaction 1n the present 

studJ• one lllllst considor hother tho unsaturated compounda 

tound ao.y be tM roSlllt not or dehfdrogeno.t1on by sulphul' but 

~ather of ~crackingw o~ the~al decompoa1t1on of t h& raw 

naterlals as 1s ao frequently encountered in pet~le\lm teoh-

nol0&7• That thel'l'llal •cracldng" cormot pluJ aey 1mpo~tant 

pa:rat 1n the main re ct1on 1s cloar trom the oderat tou.pva-

tu~ea employed. 8Crack1ng~ tempernturea l1stod 1n tho 

1 ibaut: z ~org. Chea. 211, ~8 (1933). -



1'13. 

11 terature ill relat10ft to p4atroleua range trom c.bout 400°C 

upwardo, uauallJ 1n conjunction tr1 th high•prea£re eoo11tiona. 

:For typleal parat't1na aucb as methane ethane, propane. and 

n•butane £Slott and Parrla~ have reported initial decompoa1-

It will aleo 

be recalled that at the start of the preecnt w~k the behav1• 

our or the Q11 on be1ng heated in tho abaenoe ot sulphur wna 

spee1all7 obaorved, and 1t was toU:J'ld that eYen at 27ooc onl~ 

el~ ht l'wnos were produced. 

The effect or the~mal decompoa1t1on ma1 be greater 

1n ~egQl'!'d to the unsaturated eonpounda form.d as 1ntermed1• 

ates . Eglott and Parr1ah2 found lower tempePaturea ot 1n1• 

ttol decomposition tor ol•ttnea than r~ tho eorrolpondtng 

pnrat~tns. ranging trom 325°C to 400°C . There is little 

1ntormnt1on va1labl• relating to pfr011a1a ot the he Y1er 

un.aaturat4Kt hJdrocarbona but the po•nibUity of their thermal 

deeo position unde~ the experllee1ltal cond1t1ona c nnot be 

excluded. Such pyrol7a1a would be an additional reaaon ~Of' 

the complete or p~t1al abaenoe of such eompOUl'lda trom ao:a 

ot the previous expe~i~ntal res1duea and bJ-producta. under 

the expertmental conditions or the preeent study such decaa• 

position ould have little erroet on .tho over•&ll Jield ot 

II2S• since a con&1derablo axeeas of oil 1a preaent. but it 

could aeeolnt ~or a portion or the original oil that d1sap• 

ponrs 1n the course or the reaction. 

l!!g].of"t and .Parrish: Chem. RoY1ews. 19, 158 (19~) .. 
2Bglo.t't and .Parrish: loc. cit. -
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(b) T.be aigl11f'1ormco o~ the obsePVat1ona 1n the 

llsht or eerta1n phJa1oo-ahem1cal propert1 

ch o~ the prior work in. the ti.eld ot the preaent study waa 

carried out betore l9S5. Since then the 1 -:port:mt atudiea 

or ·arren and BuMrelll, La.rk•Ho~v1 ta Md ller~ • 01ngr1ehS 

and Cht.a-81 Lu ond Dollohu•"• have pl"'Yid.ed the expez-baGn~al 

b s1 for a new concapt1Cift of the sulphur lecule. !he 

aetorm1nat1on or the v1acoa1t,- o-r aulph\11' b7 Baooa and Fanel-

115 am t e.ltte1dat1on by Fanelll6 or the etf"eoto of certain 

reagents and 1mpur1t1ea on th vtaeoalty are elo el7 related 

to th1s work. It 1a 01111 1n l"'Gcent ,. •• ,. , therefore. that 

adequate baala ha exiated for theor1ea of sulphUr struc­

turo and the chGmlcal behaviour ot sulphur. 

A vast mount of ork has b"n done 1n the past on 

su.lphur ollot~7 and CrT talliaat1on. At thi po1nt a 

au or., ot the •n1n torma l'Gported wq be helpful• 1n view ot 

catteMd literature nnd contusing nomenel ture. Apart from 

tho cloaPlJ 4et1ned main Crf tall1ne .tOPms l'hombic aul,Phul-

(Sol..) and monoel1D1e aulphuJ- (S~ ) a number of other cryatal-

l1ne f'o1"ma have been report«\. 'fhese have beon n•ed b7 

var1ou orke:rs o1ther according to their shape (e.g. tr1cl1n1c) 

1 arron and Burwell: J . Chem. Pbyalca. :s. (1935). 
ifnrk- orovitz am ller: Phys1eal n.ev-: 51, 61 (1937). 
i'1ngrlch: I . Chm. Ph'Jalca. a. 2t (1940):-
Chia-51 Lu 11d Donohue: J. Aii. Ch • soe. 661 818 (1944). 

Ssaeon end Panell1 s J. Am. SOc. as. 639 ( 1911). 
6 •111: Ind. n1g. Chem. :58 • 39(1946). In tbls eot101l 

all unapeeU"! d d18cuaa!on of the work or Bacon and 
e111 refera to t~sa papera. 
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o~ f1Ceor41ng to t~ diacoveror' s name~ op accord1nt; to on 

at•bit~t":f system ot nu: oral•• 

The preaent d1scuaa1on will e mo~e eo e rn d r.1th 

l1qu1d sulphur. The main JllOleoular forme Ot-' moloculDl' mcd1-

t1ent1ona report-a are~ 

This 1 11qu1d ulphur at or n• ~ 1t 

lt1ng point • "Gihother det-lved froo rb b1c 

or tram monoclinic aulpbur. 

s 1T : '.fhia 0<111"1cnt1on 1a :Nported to exlet 

1n the .liquid malnlT at about l70°C and in 

the rap141, chilled aolld. It ia d1st1ft8'1"-

1aMd by aolub1~1t:r 1n C$a at .. 8000, when 

rhombic aulphm- 1a almoat 1naoluble. 

sf : This i:s amorphous aul.phur, insoluble 

1n cs2• 

To eaeh or tMM mod1tleat10fta 41tterent lecular 

s1se• have bean aacr1bed in the lit r ture, the respect1v. 

formal~ being fie· sa, and a.. Pro thia V1•wp 1nt 11qu1d 

lphul!t when M ted nbove ita melt1Dg ~1nt conel ts ot 

vtwJing mixtUPea of t e moleculaP apoc1o in eqn111br1um .. 

'l'he molecular ft1ftht or both rhonble end nonoc11nle aulplmr 

ha be.n determine:! b7 v~1oua •thods_. 1nclud.ing the 

lo ring ot trM zing point in sol vent a, and ho.a been .found 

to bo 1dent1c41. 1 . e . the aoleeule 1a Ss• 
.Attempts have been mnde 1n tho p t to 1ntet-pPe~ 

the ehem1cal 'bebaV1oar ot :Jttlpmt:z. 1n tGrl%18 or lta t1llotr0p7 
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nd 1n toP.ma at tbo molecul r changea. beliavad ~o t.~o plaoe 

in tho 11qu1d state. Ref'orenee has alreadf boon ~e uo 

the wOPk or ~ann~ on 8tbiozon1des~. This wor wns ~oun-

de~ on the belief that nn add1t1oaol highly reaotivo noloeu­

lar mod1f'1cat1on (83) eJdsta 1n l1qU1d 8'tll.phUJ- at tompera~..trea 

·in the rGg1on or l&oOc . In relation to the re etion botwen 

aulph~ and ea~ta1n unantu~ated hJdroca~o.ns Y«n Itoraon& 

nd DannGnberg3 pu4; f'~wtll'ld theOP1ea in !lh.ioh Su. ~& regar-

d aa the otreet1ve reagr.1t . Erdmann'a theory is no lons-~ 

aceopted, and the theor1ea mGnt1oned above 1 and ot~~ ot a 

at,~lar n ture, have not stood up to expertDontal toet . 

In brier, th• modem view ot the s U. 'bur fi<>leoul• 

is thnt it 1G a puckered 8 - atom r1n1, the bond nngle being 

105° and the s-s d1stance 2. 12 x. th 1ncruaa1ng t«mpera• 

ture between the elt1ng-po1nt and about l~C the ~nga open 

into long choina. th tangl1n; of' which accounts tor the Piae 

splitting or the Chatna into Shorter e•gmonta glvea low.~ 

v1eeoa1ty valuee. It is not knocn with certainty to what 

te pel"otu~e the sa mol•cule per slats • but thON 1 V1denc 

ror th9 ppearance ot ~ molecule onlJ' .. 11 above th• boiling 

point . Undeza th•se o1rcumstanees unlch ot th• eoP11e~ work 

on tntormed1ate molecula? mod1t1eBt1ona GnJ have to be 

1Fl'<l'aGnn~ Annalen. :552, 133 (1909). 
2van lteraon: Interii-:-A&I!l. fozt .RublHtl' Cult1v. '1• ~ (1918) 

~brough A. Chom. Abs. 13, :586 ( 1919). -
Snannenberg: ltautachuk. 3';"io4. 108 (1927) through · est.lake. 

loo. cit. -
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reoons!de~. 

It a•ems that the stage has be n ~nchcd in the 

st'tldl' o~ sulphur and 1ts eompoundo whoPe a new stnrt rrust 

bo octe an the basis or the str-..tctural evidence on other 

dnt~ p~ov1ded by odern reaonrch toehniquos. In l':lng 

this ne start the results or past ork ~l thought muat 

not fteeeaea.Jl1ly be Dbandonod. but 1n :manJ tnstanco£ :rill 

requ!.re Hcona1derat1on o.l"!d re-interpretation. 

It 1.s rrom thia v! eWp01nt tl>lnt the rk ot B!lcm 

and Fanelli, and later Fanelli orting ~1ependontly, ic or 

such importance. These orkers have 11f"ted the theopy or 
th~ bohav1o~ of 11qu1d aul~h1lr out or tho confusion or past 

Observations and rel~ted 1t olonrly d logieallJ to struc-
. 

tm-"1 ehanr.:es arui to tmlphu:r- chem1atey ~unerall,-.. 

In tt"e present stud7 the propoaed 111duatr1el ptto­

oes!! as linked as closely as pos 1ble f1 th the rn:ml ta or 
e!'n wo~k and tho\tgbt 1n this t19ld; and hUe c. full 

~heoroticgl investigation wRs not in thQ aeop~ of t pPOj$c~ 

it wna found possible to Dake eorta1n observ tiona of theore­

tical vnlue. 

In thoae poPt1ona or the work r.h1r.h touched, trom 

time to time, on pet or the grou-nd covored by naeon and 

Pannlli, anj by Panell1 himself • tho obso~• tl~n .rule have 

confirmed the Observations repo~ted by these •orurs. 'fhoee 

oboo~• tiona wore n=oroua o.n1. ennnot be detailed hero, bu~ 

t"-1 have beon nde cleu .tn the t•.s:t . They cover auoh 

1mportnnt common ground ae the pur1t1cat1on ot aulvnur. the 
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behnv1ot.w or imput-e sulphur on heating• tho t:fect of tho 

h logena on sulphur v1ueoo1tJ. and the modit1ont1on or vla-

ooalty behaviour. In addition the roaul t obtaincU. by the 

uae o.r t he tteehanieal Vl$eometer ~ave support • w1 thin tbo 

ltmitntiona of the mathod• to the rouults obtninod by thea. 

wo~lrel"a, us1nz the cnp1lltU7• tube :oeth<ld. 

With auch a luge area of ~eJ!lE.nt us sttU"ting 

point 1t w s found poso1ble to •xtend t he t h oret1eel obaor• 

vo.t1on 1n s6vePal dlMeti ona. One was the 1ntrod' ct1on ot 

diffe:rcm.t material a . Thua 1 t was aho-t.u t hut sulphur 1n the 

rorm or gaeworke residues bohav~ similarlJ t o tha oul.phur 

attmples ppev1oual7 used 1n uh1ch other 1mpur1t1e woro pro­

sent. Here agat.n t he thooretical and induotr1al as :~eeta 

nre cloael'J' relat-ed- since this observa tion maJ point tlle 

wa-y to n~w methOde or prooees1ng or utilising 'thiu material . 

The obaerYotion of on induction poriodl in the 

evolution or free hJdrogen aulph1de trom the reaction bet~•n 

aulpbur and certain hlsh•boJ.ling hJd:rocarbCh"l requiroe de­

tailed d1•cuae1on. alnoe 1t constitutes new ovidonce 1n 

support or some of tbe cheuieal and ph~olcal t hoorieo po3tu­

l ated. It Will be recalled th t B con and Fanelli pl'OVGd 

t hat the ppoaence or organic matter causo4 a l~Jering or the 

v1•ooa1t7 ot' oulphur whon heated . and that ito eff ct could 

be a.scz-1bGd to the t'orm!lt1on of h)drog•n aul~h1de and 

lp~ a formal statement or this oba rvct1on see p . gg. 



hJ(lrogen peraulphidee. '!'he tormation or hJdrogon p&raul• 

ph1de in this WB.J was not d1rectlJ demonstpatedJ but th• 

addition or hJdros-n sulphide itselr or of liquid hJdrogen 

pepsul.phld.e. waa shown to pJ>odt1ce the a e etrect. F1nallJ' 

the phenomenon of" v1seoa1t7 lowe:rt1ng was explained in terms 

o~ tho broaking-up and isolation ot smaller a ~nts o~ the 

snlphm- chaine b7 meana or h,Urogon atomo 1n te1•.at1nnl 

post tiona. 

In tho preaent , ork A tep vas takon to al"da direct 

proo:r or tbia tbeorJ or poraulphido f'opmotion . J>unng the 

induction period thereaetion probe.bly proceeds by tho meel.ta• 

nl or a1mple dehJdro.gennt1on as diseuaaed bovo . The 

roeult1ng H2S howeYer. doea not appoar au a gna during th1a 

period• and do:t1n1te gaa evolution starts onl7 about 40°C 

above the usuall7 aceeptod 1nit1nl t~perature or about 

150oc. It the tobperat~e is not nllowed to ri.oe too high, 

and 1r tho sulphttl' 1a allo,.d to solidit;r undisturbed• it 1e 

roeovel'84 as n c:U.ac or block Mlieh doos not outwnrdJ.J how 

moro tlian slight d1aooloul'"at1on* and verJ al.1ghi. ell ot 

:s2s. On broaldng the aulphur• howover. thora is utD1 takable 

evolution or B2s, Which can be demonstrated by various tents. 

This phenom..non can be eXplained 1n one vo.y onl.7• 

n ly that during the induction period the llefi haa boen 

rna1nl7 aequeater$d in tho liquid GUlph~. In ita 1n1t1al 

stages this maJ consist of t.ho rormo.tion of o solution 

aatu:roatod at the part1eulat- temporatu.H concerned, but. tlUa 
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rlew doe11 no ... account tor tl1o nccumul tion and Po ~ertion or 

the g 3 on cooling. we nre rort ~nato 1n ~flvlng aeourate 

Clat .. on the solubilitJ ot n2s in sulphur noP·r the tf~~l,e>&Pa­

t nr s ooneemed. Pmoll11 showed that the solub111t~ or 
B2b at 12S0c (i . e . slightly above sol1dit,1ng tGlpo~ turo) 

1a onl7 0 . 05Y g . /1.00 g . aulplmr, aa oo-:tparod uith O. lS9 g . / 

100 g . sulphu~ ot 139°c. Thus one ~ould oxpoct th dieeol­

vod u2s to be reodilJ r;1 ven up an the solution cool a f'urther 

to aol!dif1eation. 

Tho pex-a!etence of the gas 1n tho solid, ita ab• 

eenee ~rom the aurrne& and ita evolution fpo newly l~o en 

su!"fae~s atrongly s-c~port Fanelli• a theor1 thnt 11 .... rogon 

pet"sulph1dea ee. in ruct , ro ed.. From this vie ·point 

the abaGnee ~po. the a'l~rrace ea..t'l be reodilJ ex_:)le.ined aa 

be1ns dt•e to decom.,poait1on ot the unstable persul., hi es 1n 

eont ct ~th th6 ataoaphere, with deposition of sulphur. 

It in ot much !ntereat that the phenomona oncouncorod by 

elli af'te:rt satu,..atlng the aulphur with H2~ ar thuc p~ .. 

lleled by th b~h Yio·llr- or the s tlphur 1 tsolf attar cont.N>l­

led ho ·tins 1n the temperatuPO ~~se ot t he 1nduction periOd. 

It ia p~obable that little ot tl~ g o goes int~ 

solution 1n the oil dur1ng this ot ge. 

t ho tnet thnt t~e oil iteelr, whon left in a clo e ves~el 

below t$at paper. did not c ause darkening. · 

-
1Pnnoll1: Ind. Eng. Chem. 41, 2033 (1949). -
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It ahould be noted that in the deac~~ptlcn ot the 

1nduet1on period obao1•vat1on. g1 ven earl1or in thie OPk, 

nt1on 1s apec1 all7 made of the te t-method, namel7 darken• 

tng o~ lead naotnte paper . It is qu1 te _posCJible t· ~ttt 11" 

ro ecns1t1vo testa aro round or applied the preDoncc ot 

tr e«:la or ~s above the oil will be demonstrable .. s1nee the 

phon enon is pa~tially one based on solution. he retar• 

ntion ~r ~:; -eTolut1on aa n gaa dul"ing the induction po:r-1od 

1 not neeessa~117 absolute auppPeaalon. The p~en onon 

at be regarded as a relativo one, ebaractor1aed bs the 

3h1tt1n of initial temper turo of rogu1ar R2S ovolut1on 

9 ~ gas~ b7 the v~ry el~ght darkening or ~1• re etnnts, 

nnd by the p~opert1ea or the resulting solid aulpll\.tr1 as 

deac~!bOd above . 

It ~IS further oba<lrvad that dur1r13 the i.nduet1on 

period a .tncoo1t1 1neronae 1n the aulphu~ ~ not prevonted 

A w s lnr ely th c se 1hen s1.1lpbur had been pr -he a ted 1f1 tb 

oil to higher temperat r , cool~. and thon heated ~a1n 

It soemo that the re• 

action h1ch ea,tses t'1e chango 1n Viaoosltl' behnvt.our -

hatever 1 t J:UlJ' be - doe a tnk• place, b ut is not; .. ap1d during 

this pertod . It the theoey set out bovo 1 s Valid then thla 

obsorvllt1on can be e7pla1ned 1n terms ot the g:rno.unl bi'ilding 

up or the eo centratlon of pcr111l phides.. 1 th progrece1 ve 

8soal1n~-off" of the tGrmSnal poa1t1on.s of the etrlphur chains 

SuCh reaot1on mi ght p?OVide th~ ~ana to• 

~ollo ·1ng the pMeens quant1ttt~. v•l1 and obtaining tnf'orma• 
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t1011 - at pHsent laclrlng - 01'1 the nature and propGrtiea ot 

the ehdna. 

In other exporlmenta it wan .found tbtlt 1:f' v1acoa1ty­

Hducs.ns. agents weh as 1Gd1ne., bromtno. and ehlo~1ne., are 

firet added to the sulphur the induction period cannot be 

observed and .free ¥ 1 a nrat evol VOd at nbout the uaual. 

te p•ratur-e. It ~111 be reeallod that in t.Na ot Bacon 

and Panelll's theory t he halogens reduce tbe v1noos1tJ ot 

sulphur by the sf.IDte mechan1om as p:rev1oual-, discussed, ex­

cept!Dg that t he terminal posi t1ons 1n tbo aulpb1U" choin.a 

GPO 1"1lled b7 iOdine • brom1ne • or chlorine e.toma.. Thue 

the prooent obs(>rvat1on eould be •xplain.d bJ tho tact that, 

'tdth those positions already oocup1ed by the halogen there 

1s littl.o (1t' an7) formation or h)'drogen porsulphido rind 

t ho ~s 1a detected as a ga•• It this explanation 1a corr-ect 

the pHsent observation f"u1'tho.r atrength.ma t ho via that 1n 

the prev1oua expertm.nts the ooneentttat1on or tho n~ in the 

sulphur wau by reaction to peraulpbides ra.thor than bJ eolu­

tlon alone. 

It will be reCJalled. thot the aul.phur recovered after­

the 1nduct1on periOd expe:r1mont 1a onl.J al1ghtlJ dnrk•ned. and 

th t the otl was only sllghtl7 ore umber--coloured than at t~ 

etaPt . The contr.st between theao prOdueta and the usual 

d rk rea1d,,•o aervee to atphae1ze the relationship bet"en 

tho phenomena no"' under consideration rand t he theoro,ieal 

1!!.Gobon!am or n2s production discus$~ earl.1er 1n th1a ohapt•t-• 

lt eeel!la very probable that here tho hydrogen ~ulphide. and 
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u1 ttmatelJ the peraulphide, have been f'Oftled an a n8Ul t o~ 

dGhfdrogenatton or tho eatuJ~>atec1 b)'drooarbona - a Nao~1on 

1nv-olvlng no formation of tree carbon f.'bioh would darken the 

prOducts. 'rhus lt appeua that by confi.n!ng tho reaction 

to conditions pproximat1ng to thoaQ of tbo 1nduet1on periOd 

experiment 1 t mi ght be poaoiblo to r•cover and study the 

unsaturated compounds ~ormed before t~1 are turther attacked 

by the sulph\11" . 

· The further ob ervation was mado thnt riben a small 

portion ot the toduetion period prepa~atlon aa deliberat•ly 

oveP.heated the induction period phenomenon could no longer 

be demonstrated . 'l'o this can be dad t he fnct t hnt 1n J'lone 

of t lle prepat- tiona carried out with duact heating was an 

1nduct1on pot-lod encountered. Here GBaln the phJa1cal and 

che cal boha~our mnet be ottidled ns parts ct ~1• aomo pat­

tern. and not ae 1sol ted phenomen • The immediate da.rken• 

ing of tho overbeated portion• 1. e. the ~pearance or tPee 

cnrbon, pPOY1des th clue to t~e t~ct that hero t he roactlon 

h a gone der1n1tely be7ond the ata6a ot dehyd~1enat1on. 

ltere tho unaatm-ated compounds h11ve already booome involved. 

Thero 1s 1nsut'r 1c1ent information 1n thG 11terat nr& to tound 

a tull theor7 or what happens thereafter, but e may be 

guided b y the f"aot t h at, s mentiC?Qed &Ql."\11e:r1 HgS has beon 

vor1 re ad.ily o.vol ved in JDat\f exportmont a aa a renul t ot re• 

~etion between sulphur and unaaturnted hJdrocorbons. no well 

a from the hent1ng ot ~7 organ1o sulphur compounde. It 



1s suggeeted ·t-hat once the unsaturated e pounds are involved 

production of H2s 1n tho mixtUH 1s so 1ncre&Md that equJ.l1• 

brium cond1t1ona in the tormation or the peraulphides c1*­

rap1dl7 attained and ~trtner evolution is obaePved a ~reo 

n2s. In this connection 1t aust b• remembered the.t in all 

the e phenomena very small quant1t1ea or hydNson por8Ulph1• 

aes re involved. In Bacon and Fanelli' experiments 1.th 

peraulpbid a 5% waa 04ded1 but under ope~1mental cond.1t1ona 

ao much ot th1a unatable mater1nl was lost th t thGJ" state 

that nt tl•e end of the expori ntal period t he ount or 
p~raulph1de present must havo been "a ~ut• portion or th• 

a clearly 

observed. 

In the present expe~i nta 1n hich chlorine nod 

b~tn bad beon added as viaeos1ty•redue1ng agents, a 

sluggish poriod in tha evolution ot rreo ~s waa obeerved 

between about 190°C annd 2to0 c. and b•t n about lOOOC and 

ith 1odine as v1aeoait7•reduc1ng 

~ent no uh periOd was ob er-ved. It 1a not considered 

thnt thie 1s a sign ot any tur>thor ph,-sical ehatlge. but 

rather tho result or wall- known reaction' betw•en H~ evolvod 

nnd the excea& or the halogens concerned . resulting 1n the 

fomat1on or the reap ct1ve ae1d.s. dopoa1t1on or sulphur tmd 

poas1bl7 tornntion or sulphur chloride 01" bromide. J.lle8• 

reactions would slow down the apparent rate or gas evolutioa 

unt11 the excean or. halogen bed reacted. Th absence or &nf 
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at 11~ observation 1n the caae ot iodine m y lond ~lpport 

to tho octe-,.n View that sulphur iodide cannot 1n fact be 

prepared directly. It alao aeema unlikely thst hyd~en 

iOdide could be ronted under these oxperil!lontnl conditions. 

on the otbG~ hand Fanelli pointed out th t tne pora16tence 

of> iodine in 11qu1d sulphur on hentlng. and the prot'ound 

changes eauaed by 1to presenon. are evidenco ot co 1nnt1on. 

This 1atwo muet remain open at the preaent t • ueh ot 

tho experimental rk diseuae~ in th1• chapter van repeated 

tth paraf~tn wax 1n plaee or o11• so that tho reaulta vould 

be or wider 1ntareat and a1gn1tieunea thnn 1t confined to th• 

o11 alone . 

It remain to discuss br1etlJ tho s1gn1t1eence or 
tho obaervst1ona mnde 1n thG pre ••nt &t't dJ 1n Ntlat1on to 

cert'lin reported reaulta o.nd apparent contrndictiona in 

11tcratttr(h It 11111 bo rocalled troT!~ the review of' prior 

rk that thax-e h ve been wide vaz-1 t1ons in the repo~t.ed 

In tho light or 

the observ tiona mode theac ap,aront contradictions at"e aeen . 

to be r~eoneiloble . hePo the evolution eond1t1one favoured 

tho occ•'PrOno• or- an 1nduot1on pe~1o~. the apparont initial 

tempgrature or ovolut1on :ould be higher. and eonvoraGlJ• 

An nponront ttxcopt1on to this oxplsnatlon iG found in Gruae 

and stevenal oho ntato that Paul Obtained HgS tr vnael1ne/ 

8ulphlll'" :m."l.xtures at an 1nit1Bl. tempernture ot aooc. 

l~ruse and Stevena: •chemical TeohnologJ ot Petroleum~. 
2nd. F.d e P • 163• C()PaW Hill• • ew York. 
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However. on eheoldng bnek to the original paper 1t •as ~OUDd 

thnt tho statemmt 1s on enoor. and that 1n tact Paull re­

ported thot tho sulpbnr began to dissolve at aooc. ~the~ 

apparont eontrnd1et1ona rel te to tho compoo1t1on ot the 

final residues and the bJ•prOducta . Th oo oro mostl7 re­

conc11nbl .hun differences in mo.tez-1o.la nnd t•ebn1que are 

cons1del*od, and when the proceao 1a v1aual1eed as p~ooeed1ng 

b7 way or both deh,nrogonat1on and mora cornples nuccoss!ve 

~•'\Ct!ons involving unaat\U'ated co.ttpounds. 

some or the w<rk ot Sctlddor and LJone2 (to oerta1D 

aapeoto or Chich reterenen was made e.Plior) ottn lao be 

better explained in terms or tbe present oboor-vnt1ono. n. 
or~ect1veneae of f1nelJ divided 1 pblaok as a so-celled 

o t lfst is seen as a ease or viseos1t7 reduetlon in the 

~ .. 1-phtu·. rea\~lt1n~ in more aat1otactory evolution eonditiona 

an 1 lee'O local ove,..heating ond destructive c'l!lbon1 ntion. 

Th h1{"h to poratnres ot 1n1t1nl evolutiort ot HaS rGported 

81"e seen to be due to the w thOd or testing. 'l'hese tem• 

peratuMs wero ~corded #hen the gaa tirot gave a precipi­

tate 1n th e~..lum chloride abaor-pt1on vos:~el . In each 

prepAr tion th1a uld 1~17 that the nir mnat be displaced 

~rom th~ evolution flaak and delivery tube betorn the BaS 

l'"Oaehes the end: :tum ehlot-ide solution. To this mnat be 

added tho ~act thnt before the gaa ct.m entor t t·e solution 

lpwl: Se1f'ene1eder Zeltung• 42, 868 (1916). 
2scr·dder and liT<ma: loc. e1 t .-
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through the tube a slight pMsaure muat bo developed. Th•" 

rrortl ure eumulati voly t.L ft1c1•nt to aecOllnt tor the ditter­

ence in temperntu~ea obse~ved• a eornpared with obee~v~tions 

in ot,."lor ~tnd1e s whore teat paper or n aimilat- aens1t1 ve me• 

thod wot~ uaod. 

Finftll7 it is desir ble to call attention to the 

tact th t analogies oXiat botwe•n the evolution or H~ 1n 

t., mannor di scuaued 1n this atndy and 1 ta appoarnnce 1n tM 

gaaos resulting rrom the h•~t1ng of coal containing sulphur 

end culphur C'Ompounda. It doe• not appear thttt the ~eaults 

of tho extons1vo reser.uoch in this lo.tte~ fiold have been 

utilised 1n th1a reapoct . Valuable analog1e nro aleo to 

be ~ound in work relating to tho bo ttng or oll ab~leo. As 

a atart1nf3•po1nt tor ruture orkora who •1 h to atooy these 

:'lspoets of' t11e mutter certain ref renees are 1ven 1n the 

bibliography. 

--ooooo-·-
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CRAP7RR FOUR 

PRACTIOI\L DISCUSSION .A.!fD PROPOSED f ROCESS 

It is the purpoae ot this chapt•r to eona1der the 

JJ&eulte or the stl.td7 1n the light or problems likelJ' to be 

onoountet-ed on on 1nduatr1al aoal•• and to ~poee a procesa 

ns starting point to~ tho tutwe design ot a pllot plnnt. 

Tho subject will be diaouaaed under the followJ.Jsg 

headings: 

( 1 ) 11ater1 ala tor Proceaa. 

( 11) Main Processing Problems. 

(111) Proposed Process and Flonhe•t• 

( 1) Materials tor P:roeeas: 'l'he atud1 has shown that 

sulphur and h•nVf lubricating oil o.re euitnble mnte:roiala tor 

the reaction on wbicb the proposed process would be baaed. 

In tPansterr1ng tho observations to tho 1ndust~1al field it 

1s important. t.o point out that it it were ear:ontinl to uae 

these materials 1n eubetnnt1ally p~ 1'orm the proceaa would 

havo little chance ot large-scale suceeas. Tbe study hae 

aho.n, however, that the roact1on is ~act1cable nth the 

ueo or rolattvoly impure materials~ and that in fact the pre­

$enee o~ trae&a ot organic impurities 1n tho sulphttP 1s 

desirabl~ n1nee the7 lower the viscosity of tha aulphur ln 

the tempernturo range 1n wbieh the reaction e~ences. con­

aequantl~ 1t 8h0Uld be possible to use relativelJ impure 

forms of sulphur which would be l•as adaptable to other in-
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duat:r1al uaea. under preva111ng conditions of sulphuJ' 

aeare1 t7 thl'oughout the wor-ld this fact may be ot tunda• 

mentd importance 1n the 1nduetrlel1aat1on of' the procees. 

S~larly in rogard to lubr1oa~1ng oil there 

\'fOUld in praettee be no likelihood ot us1ng hlgb·g~sdo oU 

for the proeess. It is p~oposed that the lub~1cat1ng oil 

to be used shOUld be the spent lub .. 1cat1ng oil dralziod 

per1od1eally from internal-combustion engines and othor 

machines . Some of this o11 is at present roeovored and 

refined tor further uae; but transportation tmd other d1t­

t1eulties prevent its t'Ull utilization 1n this ntantl(tr and 

large proportion is still waat&d or appl1od to relatively 

ttn1mpo:rtmt uses . The usa ot' this alternat1vo rorm o~ 

lubricating oil is or great practicol 1mpo7tanee~ and tor 

thls reason a typical sample of spent oil wo.s 1neluded 1n 

the se~ies of evolution experiments already described. 

th1le 1t ie possible thnt under special ci~stances otho~ 

su1tablo oil may be econom.1eally ava1l®lo 1n south Africa 

(e.g. as a by•prOduc t from some retintng process) such aup• 

pl1os cannot. at thls stage, bo t-oliod upon. Tho proe•nt 

d1sousa1on. thGrot'ore, doos not assume their avn1lab1l1ty. 

In relation to spont oil supplies tho quo~t~on of 

impurities present must be br1erly oonsidorod . 

a roau1t of • ork on the op~rat1on of automobile engines. 

and the oils drs!ned fror:t the , voey much 1nforr.w.t1on is 

already available on th1 s aspect of the problem. 'l'hia 



information was studied u part ot the background o£ the pH• 

eent work, but conald.e rations of space prooludo dotaUGd dis~ 

euaa1on he~e . The r-etePenees g1 ven bolowl .. wUl be helpful 

to future workers 1n th1e oonnect~on. In br1o1'• tn. 1mpur1• 

t1eo Gncountered in spent o11 are matnl7 the tolloningt• 

(a) Finely div1ded toro1gn mat tor such aa dust 

dram 1n while the engine ia rmm1ng. na well 

na traces of metal rosulting from wear ot the 

eng1ne. 

(b) at&l"• due to ecmdenaation ot vupom- hom the 

oombuat1on gaaes or r~ outsido unner cold 

condit1ona. The lattor 1u rarel1 ot ~por• 

tanc• UJJ1er south African eond1t1<l0s. 

(c) D1luonts der1 ved from the :ru.ol of tho ong1no. 

The relat1vel~ high temperatul"o at mich an­

gtnea oporate prevonta thG continued aecumu• 

lnt1on or such low-boiling tract1ono 1n tho 

c11 tand thoy aro largelJ ovt\porated through 

tho sump vent p1po. 

(d) BPeakdown products from tho decocposition o£ 

some ot the o11 under engine conditions. 

These prOducts aro oomnonlJ knov.n as "carbon" 

and "gum" and though prosont 1n only small 

~lowers, IJcB&rty, and Reame~: Ind. Eng. Chem. 17 • 481 (1925) . 
~roughallt Chem. nnd Ind. J!, 1096 and lll2 (l'tm7). 
-tsaasott: Chem. and Ind. 50, 52'7 (19~1). 
4D1ckenaoru lDd. Eng . Cham. 11 , 18'7 ( 1933). 
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proportions ther g1 va the tboa1nGd 011 1 ta 

t?8ll•kn0\m dark appearance • 

Spont oil in bGing &lcees.ofu.\ly reclaimed for 1"8• 

usG in engines. and though the respective mQr1to or new and 

roola1111Gd oil as lubr1ennts o:ro at1ll under d1acnse1on there 

1o no doubt thnt existing ~thoda at treating sp•nt otl can 

provide material of' aut'f1c1ent purity for the pPesent pnrpo••• 

'!'ho pur1tyin-~ procedure nood not be olabOrato. !nom and re­

lati'Qll' e1mple t~chn1quoa are relld117 ava.1lable tor preparll\g 

tho o11. Dirt and wate~ may be romoVOd by t1ltPnt1on. sot­

tltn~~ and/o~ centPitugtng. Light frnetions present in the 

011 as a result or or~-easo d1lnt1on op cPacktng maJ be re• 

covod by hGat1ng. Further t1ltrat1on with f1lt~at1on aida 

may be used ~o-r elar1f1ee.t1on 1r desired_. but 1n view ot tho 

f'c.ot that free carbon 1~ fonted 1n the propOsed process 1t 

appears unnecesstu•:v to carry th preparatory- pt-oceats •o f'ar. 

In reeent years the pr \Ct1ce or using so-called 

'*adnitivea" to give sgee1al propoPt1es to lubricating o1la 

ha:s boeOl'tle widespread. and in consoquenee t:racoa of these 

ad~1t1ves mny also be found in aomo batches or spent oil. 

Apo~t fro additives used 1n h1gh•preanu~e lubr1ennts (e. g. 

transm1ss1on g?ea.aes), which 'iOu.ld not be enoo--untered 1n Pe• 

1Gt1on to the pP~sent work, the mnin additiv~a l1kely to be 

tound 1n mnell proportion 1l'l spent engine o11 .tOul.tJ bo those 

nd1Gd to minimise oxidation nnd othel's of a detergent ebapa­

eto~ intended to hold sludge 1n suspension and minimise 
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corrosion. Both types are largely destroyed in the course 

of use in the engine. So.me of these additives have been 

discussed by Prutton and Musgrave1 and cannot be listed here 

in detail. Such additives, if and when encountered, would 

h~ve to be borne in mind in the pilot-plant investigation2. 

(ii) Main Processing Problems: The study indicated 

that the main problems likely to be encountered in practice 

would be the following: 

(a) The poisonous n ature of the product and the consa-

quent hazards in process operation: These hazards are dealt 

with in the following chapter. In relation to the design 

of a suitable process it is necessary here to point out that 

a process which might be other':·ise satisfactory will not be 

suitable for industrial use if the resultant hazards cannot 

be substantially provided against. 

(b) Materials of construet i on: In the l aboratory the 

apparatus used ~as mainly of Pyrex glass, supplemented in 

special instances by stainless steel. 

the choice of suitable materials of construction would be 

made difficult by the corrosive properties of both molten 

sulphur and hydrogen sulphide. Apart from these difficulties 

provision must be made for heating the evolution apparatus, 

with added risks of further corrosion in t he higher tempera-

ture range. 

~Prutton and Musgrave: Chem. Eng. Prog. 45, 17 (1949 ) •. 
See al s o: Symposium on Additives for Petroleum, Ind. Eng. 

Cham. 1!, 886 (1949) . 



Detailed data on the behaviour of alte~nnt1vo 

tlater-1als or conutruet1on 1n tho proseneo or 8u1phur haV< 

beon recently published by ·eet1 • and should be ur.ed 1n th 

deo1gn or plant . ~1le east iron and steel are ~dcljut111• 

sod 1n the handling of attlphur theJ are by no me on!: 1d al a.s 

they are eorrodod in tho preaone of mo1sturo, partieularlJ 

wher• aornt1on is also present. Ho ver tn rol tion to the 

p~oeod process it in p?obable thnt theso ater1 la eould 

be unef\1117 applied wherove:ro cn1-e eon be tnken to avoid both 

mo1sturo and nerat1on2• 

Ot the alternative m~tala Which a~ ~ o ros1atant 

than cast 1ron and steel it 1 racommend~d thnt uao be made 

ot e.lum1n1um and/or stainleae steol. !\lum1nium 1s net eor-

~Od9d by o1the~ molten sulphur or by sulphur vepOltr. 

Pnnell13 in his labot-AtO!"J teats observed. no eorr-oa1on or 
aluminium by liquid sulphur at 210° and at 41o0c. oat4 

reports aueees&tul tests with aluminium on an ind:u~t~ial 

ocolo. but cnlla attention to the 11rd.tntton3 of thi.a. ator1al 

for the construction ot proeeaa1ng vessels, due to its low 

molting point. From our present viewpoint, therotore, alu-

m1nium ould be unsuitable ~or tho strongl7 hented portion 

or tho plnnt but au1 table elsewhere . It may bo ~o,)nd that 

~ t: Chem. Eng . 58, 2'16 (1951). 
Soo ol..so & st;ud7 oTcorros1on in the Fr-aacb Proeeaa by 

Shock & Rackermnn: Ind. Eng. Cham. 41. 19?4 (1949). 
iP'anelll: Ind .. Rng. Chem. ~· 39 (l946T. 

• ost: loe. cit. 
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~ho co~rotd.on resistance or aluminium can be a1multaneou.aly 

maintained w1 th t he mechanical :~trength or ateol by u sing 

ao:ne or tM mOdern t'orms ot "aluminium-clad .. steel. 

an,- grM.ea or stninlens steel no nva1lablG porfom 

ell und~Br th.o eondi tion$ Y1sual1sed. b'i: t it 18 proponed that 

wher-e this metal :ta required the atantlal"d 18-8 grade should be 

usod from the v1ewpo1nt both o:r eeon01:1"f and of ava1lab1l1t7 in 

a variety of sheet, rOd and tube a1~••• ot the npoeial allo,a 

1 t appears thnt higher chromurn content eont'ers gl"'ater eono-

1on ros!stanee. but it la unl1kel1 th'lt the uae of rtore expen­

sive allo7e would bo just1t1~. 

~er1onee ·ga1ned ln the p~es«nt study indicated the 

need f'or great care vht.u~e welding 1a used 1n the f'nbrientton 

or otainleaa-ateel tor the p~ocess plant . Rot onlf muet the 

wolding rOd be equallJ a s ~eaistant as the p~ent etal. but 

it is essential tha t preeauttons b$ taken not to nlter the 

oompoa~t1on and physical eharaeter or thQ otainloss steel ad­

jacont to the wold bT overheating and tho like. In tests 

dur1ns the present atlld'1 1 t as tound that Where sueh precau­

tions bad not boen obnerTErd by the welder t he metal adjacent 

to th weld behn.Yed JlJileh the some as o!'d1ne.t7 mild tiSel und.er 

working conditions and eo%'I"'a1on waa rap1d .. 

It 1Ua7 be mentioned tht1t stn1nle$s nteal is also now 

be!ns manut"aetUPei in "clad tt rorm.. on s backing or 11ld. ateel . 

The atainlesa steel laJer and the mild steel base aro rolled 

together and are homogeneously attaehed, so that the valuable 
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properties o~ stainless steel e~n be made available at a much 

lower cost th~ the usual stainless plate. 

For po:rt1·ons or the plant which will not be exposed 

to special oo~roa1on r1sk& or strong beating t here 1s a muoh 

mder choice or well•latown materials of eonstrueti on -.:hieb do 

not requi~e detailed mention here . 

(c) Problems arising out of the reaction eond1t1on4t 

The main evolution reaction in the proposed procesa ':'Tould be 

ear:roied out induntrially 1n the temperatuJt'e rcnge or opprox1• 

mntely 1600 • 29o0 c . The alternative methods of henttng are 

d1eeussed below. 

The problem of heat trnnater was a aouree of d1ttl­

eu1t7 h-om the beginn1n~ or the lnboratory study run 1t would 

be n mtljor cons1dorat.1on 1n large-scale deaif n ru'\1'1 worktng. 

In this eonneotlon the observations reported on the bebav1ouza 

or aulphur-oll mixtures on beating should be &~eC1Qlly borne 

1n m1nd when des1P.n1ng the plant . It was f'Otlnd t hat whe~e 

the su1ph~ was added to the oil and h<aa.tod ind1acr1m1nately 

thcH resulted tough~ eoke-conto1!11ng asphnl.t1e 1 yor en t}l.e 

bottom or th~ vessel~ and that the rate or heat trnnarer. ae a 

~osult, f'ell rapidly. Two methods of overeoming this d1f'f! eul­

ty nre :round. The one consisted in oddin~ the aulpbur 1n 

small quantities as the Naetion progreesod. In thte way a 

sufficient concentration or h)'drogen•aulphld { OP poss1bl7 

per sulphide) was 1"11'-at built up to ensure that the sueeeesive 

portions of snl.phUP added thereatter ,,ould not assume the 
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viscous stnte ot the bottom or the vesEcl. The othe~ method 

cons18ted in pN•troat1ne or modifying the sulphtuo bo:rore uae 

in tho reaction, by beating with a suall proportion o~ o.11 so 

ns to ~duee its v1seos1ty in the mn1n heating rnnga . 

over method ia uned the induction pol"1od io also ai"f!'ltll.tsnoous-

11 nvo1ded by these proposals. 

The method or st~lphn~ addition and othOl" N~lated 

problems will bo referred to aba1n when t~o propoool proeoss 

n~ a Whole 1s de~or1bod. 

It ie possible thgt even 1ith duo precautions and 

earo there w111 s~atinee bo sur~iotant carbon3ce~~u depoatt 

on th9 inner surf~ce or the he~t1ng v s sal to hinder hGat 

transfer . This aspect will also be !'ef"erred to "llen d1scus• 

sing the sug~eeted plant arrangom~nts ~oro apec1rtc~ly. 

The study showed that there "as a tondone1 ror the 

reaction m.ixtnre to toem up alightl.t duo to efforveaconco at 

th-e mo~t rapid fitag!l of gas evolution. In th..-, l nboratorJ 

this wae p:roV1dod against by :torktng with vessels only about 

ono-t'hi~d full . It is suggested that analogous precautions 

shoulj be t~ken 1n tho 1nduatr1nl plant . 

It was nlso found that adequnte mixing was deai~sble . 

On tho small seale this as achieved by the adi1t1on of sucees­

s1vo tncrG~onts or. m1lphur r ollowed by rnp1d of~erveae~nco which 

helped to disperse tho sul phur 1n the oil. On an 1nduatP1ol 

acalo 1 t · ould bo dos1rable to aupplQ:r.l.&nt this m~Jthod by some 

provitd.on foP meehan1eal :mixing. which 't~Ould also contribut e 
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towards solving the p~oblem o~ heat tranarer. 

At the end or the &V()lut1on reaction there uill be 

Gneounterod the difficUlt probl•m or removing the reotdue 

from the reaet1on vessel . T.he pocu11ar d1ftioultioa tnvol• 

v~ may be envisag'ld by referr1ng baok to the various sections 

or this study- dealing ~1 th the pro_port1en ot the residue. In 

brief the res1duo is a hot blaek asphaltic mass smelling or 
hydr-ogen sulphide. here the proceee 1s used w1 th a low 

proportion ot oil the re sid\ae will tend to be coko-like in 

character. but here (as Ncomnended in the propoced pt"ooe•s) 

the oil 1s used in considerable exceas, the res1dte ill be 

semi-fluid. 

It will be tmp~act1cable to work on the industrial 

scnle any process wh1eh requires that this residue ahould be 

rntmu lly '!'amoved from the reaction voesels. Not only wUl 

tho work be extremel:r distaete:rul to the operators tnt the 

r1oks of po1son1n6 by the gas will be too great, even ~here 

p.N)teetive appliances al'o available. '.!'here is also the ad­

ditional r1ak of fire to ba considered tthen the bot residue 

1a handled in the presence of a1~. Aceo~1ngly 1t 1e pro­

posed that provision be made for mechanical discharge and 

removnl or the process ~esidue and its subsequent useful 

application. 

Among the remaining problems which are likely to be 

oneountered in developing the process may be mentioned that 

of temperature observation and control. The tGchn1eal mGana 



.w 

r 
t 

r 

, 
( 

r - ]'. ..... 

l . I 

... -- ------ / 

.... , 

1 

..... -
....... - ' 1'-;:J ~ 

' \.J.) . ..., ~r • -

J. 



or such eontt-ol is olroady avn1lable in tho form o.r distant•. 

Hnding thermometers baaed on co~l"0&1on-res1stant metal bulba 

and capillary tube tranam1as1an aystems, . ~ alternative tber• 

mooouplea. The difficulty 1n p~aet1ce ar1aen tron tho tact 

that tho the:ntO!neter- bulb b&comes coated w1 th a carbonaceous 

lAyor ·hich 1nsulntes 1t ~l!'Orc. th<t reaction m1.xtupe. In ~he 

present stud7 various methOdn or meeting this d1tf1cultJ were 

tried .. bnt none wePe l.holly succeasrul. It mar be neeeaaa.t-y 

to provide aomo :means tor Y1thdrawal and cleaning h1le the 

plant is op rating. Altornatlvel~ 1t mny bo poaolbl• to ~ 

rango that the mechanical m1x1ng arr mgemont provided shOUld 

also have a cl&nning nct1.on 1n the v1e1n1ty of th() theroometer 

bulb or the thermocouple . Th1a requirement is atroesed par­

ticularly bocau:so temperature control is crlt1eall7 neceasfll"7 

not onlJ ror the etf1o1ency or the process but equally to pre• 

vent the process going eompletel7 out of the working range. 

w1 th thol'llal ez.acklng of tho oil and ul.timatelJ til"f:) 0!" e.xplo­

o1on. 

(111) Pl"Opoaed Proceaa: On the baa1s of tho taeta d1•­

eussed above and or other observations made 1n the course ot 

tho stUdy the tollou1ng process! 1s proposed: 

Tho raw materials, sulphur and spont oil rospectively. 

1Tho p~poaed process 1a Shown 1n the floweheet attnehed. , 
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are ~oe1vod into st~o.s•• It 1s aaaumed for th1a preli ... 

m1nnry proposal that tho sulphur 1a 1n tmeh rorm ae not to 

require prelimina:ry pu~1t'1oat1on . The o11 is p~e-treated 

to :rtemove mo1stm-e., dirt • and sludge 1 bJ known m thOde, and 

the vol tile contaminants (it anJ) are driven ott by heating 

to approx1mntel7 280°C. The tpeated o11 1e oonvered to 

separate bulk a tor age . 'l'he proposed procees taa7 be workod 

1n two alternat1ve ways, namolJ an a batch baa1s or conttnu-

oualy. Uo1ng e1thor method provision must be made ro~ 

weighing or measuring and conveying tho mater!.als t!'om storage 

to the processing plant . 

It is propoaed that the sulphur be pro-treated to 

1rop~ovo ita viscoa1t~ eharacter1at1ca. T-he sulphur would 

thor-o.f'ONl bo g1v·n. a prelb:dnaey he ting 1n tho proaence or 
approx!.mo.tely 2 • 5.b ot otl, the sulphur being carefullJ 

ael tod, the o11 added with atirr-t.ng • and tho tompo~ature 

~a1s~ to ap~reximately 220°0 and held nt that potnt to~ ap• 

proximntely ti~e minutes. ~ molten aulphur • ould ~on be 

eoolod to 150°C# puml*! to «n 1naulatod and heatod intermediate 

storage tsnk1 and thence thPough steam-hQated p1poa to thM 

reactor. 

In the Mactor the 1n1t1nl charge ot oU \1111 have 

meanwhile beGD pre-hented to approx~atel7 1eo0c • 18o0c. 
Th• stream or 11qu1d sulphur is slowl,- int:Poducetd .s1 th ag1 ta• 

t1on and .tth observance of all precautions from the viewpoint 

of sDf'etJ. The l"&aet1on ::rill eommonce 1rntr.ed1atelJ• 1 th 



evolutlan ot h}dl"ogen sulphide a.oi formation or aapho.ltic• 

like b)"•ppadueta. which undor the pr<tpOsed conditione will 

1'"0 in autf'1ciontl7 fluid to be agitated end covod further 

through the proceae without ae~louo coko blockagoa occu.Prlng. 

It ia raco:m-umded that the proeeaa l>e ear:r1ed out 

wi t h a proportion or 2~ - 25~ of aulphur oa tho eight of 

o!l ueed.. 'l'hts would ll1 ve em economic 'Jield of ¥ h1le 

still a1nta1n1ng the Qdvaotagoa of a ~luid rea1due and leaa 

eoko for'lfte.tion. Allowins ror loasea on the large seale wo~ 

king tho yield ot ~& should b about 75 - 80$ on the welgbt 

or sulphur tak n . It should also be borne 1n mind that the 

rae alnder ot the aulph~ ould not be loat • but uld be uti­

lised with the ~s1due aa sugg•ated •lse~Pe. 

The reactor ould be eonstructed or otainleas steel 

tmd IUlJ" tako two al.ternati ve foPu. aocord1116 to whether cotL­

tinuoua or batch operntlon la cho4en. Por continuous working 

the pPOpoaed Nacto:ro Hould cona1at of one o:r oro horizontal 

tubula~ or 0711ndtt1cal units passing tbroU3h the furnace , and 

through the walla on o1ther aide. 1th1n the reaoto:r tubes 

or CJ11ndel"s and to~ their tull l•ngtb• a ahatt caPr1es atQg­

get-ed or spiral bl ado a which C&rlYJ out the treble tunot1ona 

c.t 11'11x!ng the materials. moving them. ron~d aa tho Mact1o.n 

p:roceeda~ and se~aptng the r•aetor tube wall to break down 

any aceumulat1on ot earbona.ceous matter. thus diaperaing 1 ~ 

betor& 1t ean atf"eet subatent1all1 the rate or heat tranaf'4U"• 

The alow stream or ol ten sulphur onta1"5 cont1n,lously at one 

end of: the Haetor aa the 1111xtut-e 1s slowl,- moved towards the 
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other end. 

For tM purpooe o~ gas ~• oval a u1d• alot or a 

aeries or large holes-. 1a provlded 1n the top or the :reactor 

tubo over olmost 1 ta ~l length 1 thin the tt11'ft c.. ~•a• 

openings are covoped bJ a vertieal hood o~ duct~ rendored 

pe~feetlJ .gaatlght b7 welding on to the reactor tube • The 

atze 01 thAt hOOd or duct ts thua a p:rox1mately tn. lmgth o~ 

the reaoto~ tube and about halt as wide. It continues ver• 

tieally tor a sutt1c1ent distance to act as o roam header ror 

Nturnlng anJ ontrtdned 11qu1de to the reactor and tor this 

purpone may be prOY1ded w1th batl'lea or a1m11ar devices. 

TbePeo.tter tlw gas {toea to the gas aain. 

'1'he length of' the Mactor tube and tlw rat• or 
move ont are so ehOftn as to nllo :Jutt1c1ont reaction t1me 

bile the mat•r1als are po.aolng through. !his 1lll be np­

pPox1matolJ 3 • 4 hours. Cheek tests "at tho outlet of tb$ 

tubo control th1• prov1a1on, and thoul.d unreaetG~ mater1o.l. be 

:round. the tim~ of reaction is 1ncrea.oed. by Glowing dom the 

ep1rol. eonVGJ'O:P moehaniam and l"st• ot ~eed or oU and sulphuP. 

Tlw main lJ;y-pl'Oduct ot the reaction (which will 

heneetorth bo termed •the residue") will be d1sch~ed aa a 

hot liquid generallJ si'lll11~ in appe~ance to molten asphalt. 

with some eaPbon1sGd mater1nl. or cOke• suapend . 1n 1t. 

Und•r no ot:roeumstancea ahould the hot stream be exposed to the 

atmosphere when 1t is discha:Pged. owing to the risk or tire 



- othcar haz.a:rda. It ia ,ro,poaod iillat it be 1'U!l to a 

eu1tabl• covered atorage t~. tit~ed ·itb at•am heating 

eo11s, nnd su1tabl1 ~ent•d• The ?•actor and furnace un1t 

should .bo 1 ol ted f~ all other aeotiona ot the plaDt, an! 

sh~Jl~ be protected again t flPe and e2ploa1on rlsk8 by • ­

thode similar to those ua8d in th9 petroleW!l btduatf'J• 

tbero 1t 1 dea~ed to work on a bntoh bea1a, i . e . 

d1eeont!DUOUS1J'• the Naeto:r tube OP eJl1J11ier OU14 be Of 

lmleh lautgo.P d1 ater, ao aa to carr1 a 8'Jtt1e1ent eharg• of 

teriel . It would thus be eomowbat an logous to a hor1zon­

t l boil er_. but it would be provided it1th a centr 1 ehatt and 

blrulen lnrger than but general17 analogous to those of the 

eontlnuous reaetOP. 

project b$fOOd the tur.nace walls. aa p~ovioual~ deaor1bed• 

nd the teed and diachU'ge rrengement~ ould aleo be analo. 

ous , but on a diaeontinuOu.s baal.a. The aolton aulph\lr 

etr would pre~erabl7 b• lntroduced slow11 at sevnral 

po1nta 1nnt•ad or at the one end only. The beating would 

be ar-rcmfled on a oet eoh«tule, fln.d aomo t e boforo c21achapge 

tho he ting ~ul.d be a topped• so that wr-en the re ni.duc 1~ 

d1ochargad the ~ac~o~ should not beoooo overboatod bofo~ 

the new chargo ia introduced. 

The heating aJ-range nta •~ a vory 1D:tportoot pnrt 

ot the pMeeaa, and must be apee1ollJ d1Be'IJ. SMd. In the 

propo als t:J.ado above the -word "t'urnao• ~ h :l been uoed ror> 

eonvenienee. but the henting ayst•m ma)', 1n pl."t1Ct1ee. toe 



one or senl'.nl ~O?'l;\!J• t ,o choice b 1nt... 1ntluencod part11 bJ 

loeo.l f"ac111ttes and oeonom1c limitations. ere tbG 

he t1ng ethod 1a a turn ee 1 t oul.i be tired by coal., con 

or g s, ot- poaaibly by oil where tb1a is eheaplJ a• oil bl•. 

It we>tll.d also be poss1blo to burn the xaesid1~e and "oo•er 

so2 ~r tho tlue gases. Tho nmaes ... ould not nllowtd 

to ~~at the roaetor tube d1roctlJ• baftl• walla belng pro­

vided ~or protection. A cor1os or suitable d pora end 

fia:)S -~ot ld tee 1t pooelblo to 11 vort tho hot gnaoo pt\l"tlJ 

o~ bollJ' away tro~ th• reactor and bJ'•pnas tho directlJ up 

tho atack in e se ot neod. The furnace pro~er ould be built 

or b~1ok, with firebrick lining and an arehod or sueponded 

"firebrick ~ot.· 

ibreo or the main alternat1veu to turnaee heating 

•ould be tl'\'l U38 Of 8UpG'l'"he ted steam, Do thorm. hG ting, 01' 

electl"'1eal heating. Sup:tPhaated stentl coul:l thooretioollJ 

provlde the noceasnrJ temporatuP hich in 1neonven1ently 

hlg~ tor tho use or a. turatod steam. It hao great adventn• 

gea fJ-ort the vie -point of ua:tety, but the 1rtit1nl eoate 

wonld pl'Ob bl7 bo luge. Tho Do tllon heating aye tom,. and 

othol'" analo1ous ayatomn, c1rc~'latQ h1gh-bo1l1ng orgon1c 11• 

qnids a the hel.lting med1lmt ith a separate heator o~ boiler .. 

Here. too, the installation co3ts a~o likely to b ver1 hlgb. 

Floctr1o be tin~, tbou&n nttraetive 1n theory, o•ld be too 

costly to l'UJl exeept in a few oxeept1anal 31 tuationa. Ol' on 

a smel.l nenlo . In this connection attention 1a c :lled to the 
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poneible use or induction heating ratber tlum conventional 

~ Oia ot reo1stnnce hoating. 

Following on this rstnge or the plloQCeaa tho products 

o t e reantion ~uld follo: tuo aapnrate paths, which will 

no e bP1otlJ di c.uasod. The gas aain. · oulu convey the 

3 a f'ro1 tho reactor through ll\llpb.ur trap to a eon4en• 
J 

aer b.1ch ould bo water-cooled• ho:t"e thG light oil distil-

l ut<J ~es·Jlting :frora.1 th procusu. It. 1 not recommended 

that this d!at1llate -houll bQ refluxed back to the reuctor 

or roturned to t~ main oil toed tor rocyel1ng. rta bo~ling 

~ ngo m kes it unouitod ror thin p\U'po"• 1le ita ut111t7 

a n mix $Olvent or aa n starting-point to~ further trac-

t1on t1on 1n likely to be cons1denble. A turthcr uae tor 

tb1 distillate ould be to #Jdd. it to the ao1Ytn'1t uced in the 

p oductian of ti~or preservative rro the r actor realdue. 

The gas n1n nhould be ot amplo dimon 1ona • and 

tl t,. p muat b arranged :tor Hod.J removal ot any ublimed 

'·l:phur for nt~rn to the process. ·After lea.vlng the COD.• 

d~neor the gaa w~uld be pUP1t1ed aecor~1ng to 1te 1nte~•d 

.h1n pur1t1cetion ~aJ r ngo from f1lte~ing and 

scrubbing to rno~o complete ~ur1t1cat1on. to~ ex plo b3 aet1-

vnt.e<.1. carbon. but an ouch toelmiquen are woll-knonn the,- need· 

ot be d1seuasod here. Fo:ro oat eo ~rc1ul appl1entiot·us 

th~s pur1f1cnt1on ~ll not be neceaoary. 

'!'hough lerge-sealo ato~age or the hJdronon sulphide 

1n na!o ·otc~a ean be arrmtged it is auggoated that tho gaa 



should r~tber be utilised directly when produced. o~ 

ex plo 1~ may Lo applied r or tho manuf4Ctu~e of eou1 

aulphilje by pnuougo through ouitnbl aboo~t1on to era 

c~untercurront to tho alkaline uolu~1on. ~10 ~osultant 

sol, tion nay bo mnrkoted ao auch or con¢entpoted. tmd ra .. 

cove ed in eonvent1ono.l foma. i . e . u cryutel.ll 01• f'uaed 

solid. A blowor situated ju t a~tor tha abcorptton to e~ 

dttm tho u n through and maintains n el1ght vacu' on tho 

ont i r e SJOt m. wO thst th•r• can be no OUtward le eg Of 

g~.~ . fi'b'l b l o .. er dis chargee to a high t&iLCk. 

• e hot residue f~ the Peactor. aQ r ViouSl J 

doocr!b , pa~~es to ~~ in~ilated and h•otad to QB tank. 

Gre it is aottlcd or filterGd tdl~ warm and 1 r.vailsble 

tor th9 ~uf cture ot t1 ber pre~ervat1ve 1n a a ~ei3l aec­

t1on of the plant . J!or thia purpo3~ it is run into a 1rlng 

t nk t1 t tod 1th a stir~er. It ia all owed. to co ,l to nt~a-

pht~r1e teruperaturo and 1• mxad 1th the enleulat ount or 
eolvcnt~ ~rotGrublJ po or keroaone. re it is do~lred t o 

nd•" .... dti t!onnl nct1 ve 1ngrod1enta those a~ oonven1entlJ be 

cddo~ G eo.r&eontratea at th1s stagG . 

Tho prepared preoorvutiv 1s f1lt9rod puoped t o 

stor ~e for f1111ng into drtms or t1na after on~lytical ebeeka • 

.. o hol pro-eeao Md plant thus t'Opoaod is ndap­

tn.blo to eonf!tt"1::ct1on in the o;>en, ith 1tber no root 

covering or ol ae ltnder s~le op•n·a1d&d f7amod tructu~ • 

~d ·he terials and p~Od eta mq be hnndled al.moat t"Jnt1 l 7 

--~-
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CHAPTER PIVK 

I'O account or th1a studJ would 1M eomplote without 

ratorenee to tho hazards involved in wo~k • 1th HgS and 1nd1• 

cation or aaf'•t7 measures to bo taken. ror the guldartce ot 

tutuPe WOl"kers 1n this tleld. 

·It ia cuatomaPy tor eh~tcRl text-booka to rofer 

briefly to t~o unpleasant smell or n2a and 1ta po1aonoua cha• 
{; 

raoter, b11t is dtmge~s properties fl!'e seldom su.tt1e1entlJ' 

stressed. In the present study every endeavour was made to 

take precautions aga1net ~s po1aon1ng, 7et there were msn,­

oeeaa1ons on 1hich the 1n1t1ol ap~ptoms were f'elt. and ex• 

per1mental work hod to be interrupted tempwarily to vold 

greater dangers. 

1n•~- Tilden, mld 1llerl. in their account ot 

henlth hnzuds• d.1atingu1ah between ncuto and aub-ncute po1-

eontng bJ BgS. The form4r eauaea aapbJx1at1on and irritation 

of the G1el1ds (eonjunct1V1t1a) wbUe the latter J:l&f pesult 1n 

broneh1t1a. pharyng1t1s. and depreaaion or tho eentral ne~voua 

Firot o-,mptor;aa of' mild po1aon1ng ai'8 headaehe • sleep-

1 iner, TUde. and 111ller: .-Chem1oal Engineers' Handbook•, 
Ed. by Pel"r'J, 2nd '€d., p . 293El• eGraw•lt11l• New xork. 
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phn~.x~ broneh11 ond chest are att\eoted later, mld in. seve:rte 

eaces gross daproas1on, uneonsciouanest o.nd doath tollO'fl . 

t•c'.h~:r-e oxposur~ has been sever-e doath oceura rapidly by direct 

respiratory ,rCU"alys1s . '.llero,. on the other hand, e:x:posUH 

~as beon loss or chronic , the lungs ma~ be affeetod. 

For tho preaont studJ a special fume eupbourd wna 

built to :rr..inimi!!e theao h.o.zards . It woe of usual timber and. 

glas s construction, but the front was aubd.ividod into three 

na~rou aoetions .. Gaeh or which had its own ol1d1ns sash. 

Thus each section eo':lld be used 1nd•pendentl y . A f orther 

1mport®t advantage wns that the :m1d1l e a<Jet1on eo•1ld b~ kept 

elosod, and mm1pulations coul d be per-tol"'l:led by puttinR the 

nrms throu.;h one or both of th• sashes on ei t..her si<lo of the 

elosoo ono . Gas, ol ectric1ty, compressed air u.nd vacu1ltll ser• 

v1ces war$ provided through h oloa dril led through the timber 

fr1u o cloco t o benoh l ovol . S1r:t1lar provision wae nado roil' 

the int:taoduetion oJ: 11itrogen~ chlorine, .and 9D1!10n1a for cer• 

t ain e3pa~1monto. At the bRck of th6 tumo cupboard, fixed 

tn thv wall, was a teak framework 't'hieh \ tflS useful 1n Mlppor ­

tin_g appara tus . Under ideal conditions this sho~ald rathel' 

h ava boon a metallic rrmne or grids but stainless ateel or 

other rGSiatant motal we.a not avaUable . 1'h$ f'umo enpboard. 

was ventilated by means of a dust and eorros1on- res1stant fan 

situated nx1ally in the vent pipe l eadinr, rrom tha incl ined 

t-oof o't the c upboard . Tho tan was run ror somn time befor e 

nn~ after working , and at night one or tho doorB was alwaJ8 
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lett al1gbtl~ raised so that n tural 4r~t would prevent 

an7 unto.eseen gaa accu.nlat1an. 

Add1t1on~l precaut1ono tor emorgenc7 uao included 

the pPovlalon ot a gas-maSk COVering the tuU face. and an 

O:X)'Sen bottle . 

It .. ,. appear strange that, 1th all these precau­

t·lona. aomo or tlw aympt a ot aub•acute po1aon1ng •r• en• 

couate~. '.fbe e%plmat1on &'J be that 1n the ord1n~U-J 

course or ezperlmental work the a o are moved into and out 

or the rume cupboard. apparatus 18 handled in and out and 80 

on. The arm. Tdth lta eoftr1ng or lnb0rator1 eoo.t-aleove. 

acta aa a kind of" piston. d:radng out gaa. In abort periOds 

ot YOl"k the •tf'eet is un1mpol"tant1 but in lon(ter per10da the 

local cono.utrat1on and prolonged eXpoaure can produce the 

first et~eota outlined above. 

It 1s or interest to note* 1n thla connection• 

Fr1edm8Dn's graphic record ot how he was forced to abnndOD 

ce:pta1n work ·1n th1o ti•ld. He atate•: "H1e:rzu kommt be1 

allen dieaen Versucben ola bezonderes ernchwerenden oment 

h1nau. d as bei de~ ar8satm&gl1ohaton vorsloht die 1ch 

verbre1ttlnden Gerllche n1cbt nur t~ den, der dam1t arbe1tet. 

aonder.n auch tlr die 1m gle1chen Institut beftndllchen · 

Peraonen so unan.::<onehm ftrden dass 1ntolge all emeinen 

Protestea naeh ~1rser Zeit die Fortzetzung d1eaor ~beit~ 



ger eau unm8glich w1rd0 l . 

In 1 nrger scnle . orldn.g the basarda are gl"eater~ 

and much attention has bean pa1d ov.rseaa to the · dange~n ot 

~S poisoning, particularly 1n relation to the oper tiona 

or oil handling and processing. Am<mg n erous p p•x-• men• 

t1on &:1 be made o~ LelmwUl t a2 earlf orlt In Ge any. and 

tho 1nyoat1g.t1ona or the nureau ot 1nea3 in the u.s.A. 
ThG BUreau a o.r1aea 1te f'1nd1ngo aa f'ollo , and g1Yea 

the approx1 ate eoneentrat!ona at which cute nnd sub-acute 

potaon1ng reap$Ct1vel~ can ooeur: 

1 . HJd~osen sulphide ta an exeee41ngly toxtc g a. 

2 . Poisoning .rrom gaaea presumably containing HaS 

h.aa been racorded at 25 plaeos in rot1nor1oe. 

3 . Thirt,--e1ght per cent or all eaaoa or po1 ... on1ng 

reported hnve oceuPred in the rece1v1n~ housoa 

or re.f1ner1oe. 

4 . All 1ndiY1duals Ot whatev r ela8:J1 

nnt1onal1t} a~• suseeptible to HgS polaoning. 

5 . ACUto poiaoning by fi2-. acta on. tba nerVOWl 78• 

~ : 1t result• 1n a reapi~nto~ paralynia that 

1s followed by card1nc failure and doath. 

6 .. Acute poisoning ctm be produced by coneontra.• 

t1ons ot o. osJ to o.08% GP o:re ot lf2S. 

~Fr1ocbaann: Petro~eum Ze1tsehrit't, 11• 696 (1916). 
Leh::lan: Arehlv t~ HJg1ene, 14. 1Sr(l892). 

3il.s. BUreau ot •1nea: Bal.letlii Jo. 231 (1925). Circular 
Bo. '7334 (1945) and other o.ft1c1al pamphlets . 
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"1 . S.ub•aeute poisoning by ~s 1a a1nl7 one ot 

1rr1tat1on of the reaplrato~ t~aot and de• 

p~•solODe 

9 . Sub-acute po1aon1ng co.n be pJ"Od.uc~ by long 

expoaure to eon.centratlons as low a 0 . 0006 • 

9 . Fatal casea of aub-acute po1aontng at re­

t1nerJ ahould be rar•• becaua• the ~ ould 

leaYe the ~r1tattng atmoapbere . 

10. F tal catJe or acute po1aon1ng can eaa11J OC• 

Ol'~"• 01r1ng to tho rapidit7 and tJpe or eotton. 

11. P tholog1cal t1nd1nga are tJplcal ot irritation. 

12. 1cl'"Oacop1c exam1nat1on 1nd1c te c!ieat~t1on 

or the cell lining ot lu~ alveoli. 

13. ~t1f'ie1al roap1rot1on 1a neo•aac.rJ it bre thing 

hna ceased . The Schaefer or prone pre ure 

method should ~· applied to victims. 

14. Oxygen aida •nrl1 racov rJ 1n eaaos or acute 

poisoning. 

The Bureau. ot lne a reco nded soda-1-tm. a the ab• 

sorbent in gaa- maaka where IJeS alone ia present . Should 

other guea or vapoura be preaent the d1 t1on 1 uae ot active 

ehal"'coal aa GdnMd. ven aoda-lime, however, if3 1n equate 

in high eonc ntr.t1on or the gas. Tbo ~eau tOUDd that 

en oda•lime absorbed 3~ or H2S the heat or reaction was 

e~ough to melt the solder on the can1eters and aoorch the 



eottOtt• ool t1ltera. l 

Future vorke:-s 1n tho ~1eld of the ~o sent studr 

who ma,- eneounte:~- theao hazarda are likol,- to be engaged 

either 1n 1 abo~ntox-1 opernt1ona or in the oxtonsicm ot the 

ork to p1lot•plant or large-acole Ol'>ld.ng. In roapect or 
lab~atory rork tho precautions alreadJ . rote~re~ to maJ rea• 

d1ly be tollo .ed and sup) lcmont-.i. In N&pect of large• 

aca.le orkin~ tho b~[lt p'~"ocaution 11 the avoldano of local 

coneontrnt1ons o~ H2S in work:-placea. 'fo nchi•w th1a 

t ho plnnt should be bnil t in tho Open. w1 th a JD1rd.nmm ~ 

eonver.t1annl buildings. et"o bn1ld1nga Rr& 1nd1spenaable 

1 t eboul1 bo eonatnntlJ' P«neobend. that everJ joint, everf 

volve Qnd even •very 1natrum~nt 1n the 1nstall~t1on 1a a 

poas1ble somace or leakage. ~· 01117 form or gnn--nask that 

con be tull1 rol1od upon tor length)' periods in dMgerous con• 

eontrat1ona or the gas is the air-ho" maak. lfhere oil" 18 

pumpod to tbo tneep1eee r~om an uncont m1nated sourco. 

To these pl"ona1onu m.uat be edded prectmt!on• 

ngn1nat the rlr• P1ak invol ved 1n handling hJdrog n onlphtde. 

Then noed not be dealt with 1n d•tadl ho~e, as tlwy aM ana• 

logoua to entnbl1ahed pz.aet1eea 1n othe~ fields.. It Jll.Q.J" be 

mentioned, however-, that the tin risk enn be gr-&atl7 mllll• 

t!dsed by dlt"&Ct absorption of the H~ ~{)~ tho production o~ 

1soc also Mitchell and navenpo~t: u.s. Publ1e nonlth Report 
$9 • ( l92oll which g1 vea a b1bliogrophy or elaht7-tour a:r­
'!Tct•s on u2s polaoning. 
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such compo~~a aa the alkali sulpbldee and sulphJd~at~s aa 

recommended above thua avoiding the need for intermediate 

atOPage of tho gaa and the risks ot forming oxploa1vo mtx­

~ea by a1r leakage a . 

A valuable aeeount or the p.ee~t1on 1ntrodueed 

at an 1notallat1on in ieb dtmg•l'Oua C01icentrat1on:i or U2S 

ftroquently 81"0U rro the ha."1dl1ng Of cJ"Ude 011 rich in Bul• 

phur compoun~a h~a beon given by 1llaonl. At tb1o plant 

1Y'st~ta al'e reo.cl through window tPO'I!l outs1do the buil-

c:!!n • A spee1el watch 1s kept on aewet- o.peninJn, tanka• 

ptta mod other plncea ~•~• pockets of gas n~ ac~unulate. 

At Ynr1oua potnta f1rat- a1d atRt1ons th oxyg n 1nholatora 

~, ava1lctble, and all ·':'Ox-kera are t~a1ned. in tbo natUPe ot 

t hasaftls, their avoidance. and th treatmont or >018on1ng. 

Probo.bl7 tho great•at aouroe ot d nger in n1ng 

with 1T2S 1& 1ts 1na1d1ouo character aa a polson. Cbemlata 

Who work oeea~1onD111 with the as are sutfici ntly •arned 

by the sm•ll . 

l>ecomes leaa noticeable, oo that on 7 Hdily bo expoeed 

without realising the dnnge~ 1n time . en o rnt1ng on a 

lnl" op seAle, therefoH, f"cture workel's U'o atronglJ adviaecl 

to t . tl:le precaution or W01'1d.ng in pairs .• 

Finally it shosJld be atHsaed th t the hazards ot 

~ae reh or la~ge-soale ope~ations with H2S should not deter 

1 illaon: 011 and ~aa Journal, 32. 11 (1934}. -



tho ch.em1ot .fx-om continuing this ork. '!be dnngers are 

rolll, but ae long a!J t hoy are understOOd tha7 ean be :roa­

dily provided agQinet. and tho resources or Odern en~-

e 1 engineering practiee are adaptable to 

1 ~ge-scale proble•s involvod. 

--oooao-.. 

at tho 
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