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1. AIM AND SCOPE OF THE PRESENT STUDY. 

Knowledge of the mechanism of detergency under various 

conditions has thus far been built up from laboratory studies. 

It is well known that the laboratory methods for determing 

detergency are on the whole not able to give results which agree 

with those obtained in practice, probably because the actual 

scouring conditions cannot be duplicated exactly in the laboratory. 

Detergency testing on a full industrial scale is virtually 

impossible in view of the high cost and the production losses 

involved. In commercial raw wool scouring, which is an extremely 

complex system, it would be very difficult to exercise proper 

and complete control. The study described here was carried out 

on a specially constructed pilot plant which is similar to a full­

scale plant in that the lengths of the bowls are of the same order 

as those of industrial plants, but they are considerably narrower. 

The trials were carried out under strictly controlled conditions 

in which the effects to be studi ed were created by the necessary 

changes while all other factors were kept constant, 

The pilot plant experiments were planned from indications 

of laboratory studies and the results were expected to be more 

comparable with those obtained in industrial practice, 

The effect of several factors on the scouring of raw wool 

was studied from the detergent efficiency aspect. The factors 

investigated were: mechanical action, backflow, t emper ature and 

detergency builders. A number of detergents which were selected 

from the large range which is available were compared with regard 

to efficiency and economy of scouring. 
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A difficulty which hinders quantitative laboratory work 

on nonionic detergents is the fact that there is no rapid, 

accurate method for the estimation of nonionic detergents . 

The analytical methods which are employed at present are inter­

fered with by virtually all the impurities which are normally 

present in scouring liquors. Some of the existing methods have 

been investigated and tested for precision and reproducibility 

and an attempt was made at establishing a new method. 

The sorption of nonionic detergents by various substrat es 

has not been fu lly investigated because of the above reason and 

also because the amounts of detergent sorbed by most substrates 

are very small and difficult to determine. Attempts were made 

at determining the sorption of nonionic detergents onto wool 

and impurities which are normally found in scouring liquors. 

A new method for the investigation of "inactivation" of detergent 

by contaminants present in scouring liquors, which may be regarded 

as an indirect indication of detergent sorption, was investigated. 
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2. INTRODUCTION. 

2.1 General. 

The impurities which have to be removed from raw wool 

during scouring are complex. Different types of raw wool from 

different sources differ widely in the amount and type of 

contaminants they contain. The main impurities present in raw 

wool are 

a) Sand and dust 1 

b) Vegetable matter, 

o) Faecal matter , 

d) Suint, i.e. dried sweat, 

e) Wool grease . 

The particles of sand which are not held by the grease 

on the fibres are removed simply by dropping off onto the bottom 

of the scouring bowls. The vegetable and faecal matter is not 

normally r emoved during scouring , 

Suint contains variable quantities of potassium salts 

of higher mol ecular weight fatty acids
1

, i.e. potassium soaps. 

These soaps and other inorganic s alts present are desirable 

constituents, in that they assist in the scouring process by im-

proving wetting of the wool and by subsequent emul sifica tion of 

wool grease . The wool grease present on the f ibres is mainly 

responsible for the consumption of detergent . Cholesterol and 

its associated isomeric compounds
1

which are the main constituents 

of wool grease2,are unsaponifiable . 

Raw wool may yield as little as 2o% clean wool on scouring, 

The r esult is that the scouring liquors rapidly become loaded with 

grease, suint and dirt , which makes the physico-chemical investi-

gation of the scouring liquors a highly complex problem, 
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The treatment of scouring effluents has become a factor 

of growing importance with the advent of water pollution contro13 

and is the subject of a vast body of literature4-6• 

2.2 Systems of scouring. 
I 

Each of the numerous commercial scouring methods is claimed 

to have advantages over the others from the point of view of some 

of the following aspects: economy , mild chemical action on the 

fibres resulting in little damage, whiter colour, ease of •peration, 

degree of entanglement of the fibres, etc. All these properties 

are important if it is kept in mind that scouring is the first step 

in process i ng raw wool and that the treatment received by the wool 

in scouring will be largely responsible for its behaviour in sub­

sequent processing7• Wil l iams8 has found from laboratory trials 

that there is a measurable difference in yield when wool is scoured 

in different ways . The differences are ascribed to the dissolution 

of oxidised protein materi al from the tip portions of the wool 

fibres by hot alkaline scouring solutions. 

a) Emulsion Scouring. 

This is the oldest known method of s couring. With the 

advent of synthetic detergents of all types this process has under-

gone a number of changes from the original soap-soda scour. 

i) Soap and soda scouring. 

This method of scouring is still employed in industry, 

especially in Bradford where the authoriti es have decreed that 

synthetic detergents should not be used for wool scouring, 

supposedly in order to facilitate grease r ecovery from the 

effluent . 

In its classical form, t his process entails scouring raw 

wool at temperatures of not less than 45°C, which is the a verage 
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mel ting point of wool grease9, in a scouring set of four 

or five bowls, of ~hich the first two or three (depending 

on whether or not grease recovery is practised) contain 

soap and soda ash, usual l y only sufficient to keep the pH 

in the first bowl (or second) in the vicinity of 9.0 to 10.0. 

Originally it was thought that the soda ash assisted the 

scouring process by saponifying the wool grease, but i t has 

since been shown that the maximum proportion of saponifiable 

matter in wool grease is in the vicinity of 0.5%10• There 

is therefore no j ustification from this point of vi ew for 

the addition of large amounts of soda ash , since too high 

a pH l eads to the degradation of wool fibres, causing them 

to l ose some of their desirable physical properties, and 

also causes trouble in dyeing. 

i i) Nonionic detergents. 

Nonionic detergents are a fairly recent rep lacement 

for the traditional soap scouring methods. This system gained 

fai r ly slow acceptance a t first, partly due to the fact that 

the recommended temperature of use was in the region of 

70°c
10 which gave rise to rather unpleasant working conditions. 

I t was subsequently found that nonionic detergents, when 

used in a counterflowing system at 60° to 63°C gave a scour 

equa l or supGrior to the one obtained with soap and soda . 

In s ome mill s the nonionic detergent is u sed in conjunction 

with soda ash or neutral builders such as sodium chloride 

. 11 12 and sod1um sulphate ' . • 

It is claimed that wool s scoured und er neutral conditions 

using nonionic detergents are softer , whiter and have a 

loftier handl e13 • A further adva ntage lies in the fact that 
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the nonionic detergents are insensitive to hard water and 

that, unlike soap, they are not adsorbed by wool to any great 

extent and give no troubl e in rinsing and subsequent wet pro-

cessing. Nonionic detergents also give a reasonably good 

grease removal under acid conditions3• 

(iii) I so- electric scouring, 

Wool, which is an amphoteri c compound, is neutral at its 

. 1 t . . t h. h . . th . . . t f 4 510 
1SO-e eo r10 p01n W 10 lS 1n e VlC1n1 y 0 • • There 

was an attempt14 during the S0cond Wor ld War to scour wool 

at this pH in acid medium, since it was anticipated that the 

chemical degradati on of wool would be r educed t o a minimum and 

that the best possible physical properties and appearance would 

be produced under these conditions. 

This process suffers from the disadvantage that only 

nonionic detergents remain ef ficient at these low pH values 

and that corrosion of the scouring equipment then becomes 

excessive. 

b) Solvent Scouring, 

The solvent scouring process is one in which the wool 

grease is removed by an organic solvent other than water , normally 

followe.d by an aqueou s rinse to remove sufnt . Almost every 

possible fat solvent has been suggested and al l of them would 

probably be satisfactory if grease removal were the only require-

ment . Solvents are, however, also judged on cost , availability 

and fire-hazard15. 

The first s olvent scouring process was t ri ed i n the 

1880' s16 ,l7 using acetone and ether as solvents , but was 

immediately abandoned becausG of explosion and fire ha~ard . 
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Some years later, carbon bisulphidc w~s used as a solvent, 

but was abandoned since it was absorbed by the wool, rendering 

it pe rmanently yellow, and because of its unpleasant odour and 

fire hazard . 

Some of the other solvents which were examined took the 

extraction too far: the grease should be r emoved from the surface 

18 of t he fibre only , since if grease is r emoved from the cortex 

of the fibres, the scoured product becomes very harsh and brittl e19 • 

A moderately low- boiling a liphati c hydrocarbon has been 

employed successfully for many years by a large American industria l 

concern. In this process, the wool has to be given an aqueous 

rinse to remove suint etc . Chlorinated hydrocarbons(mainly 

trichloroethylene)have been us ed in the Smith-Drum process. 

Experiments have been carried out on the use of a mixture 

of methanol and e thanol as a solvent because of its alleged eff ective-

ness in r emoving suint a s well as grease , but it Tias abandoned 

because of e conomic considerations. It has a l so been pointed out 

tha t the addition of butyl alcohol to thG conventional emul s ion 

scouring system has advantages as far as effluent puri ficat i on is 

20 concerned • 

The most successful a ttempt at overcoming the problem of 

dissolving the water-sol uble impurities in a solvent scouring 

21 system seems to have been the Austr·alian process where the wool 

is carried on a l attice a nd is jetted with white spirit under 

pressure to r emove wax and dirt and then with water to remove 

suint, etc. It is claimed tha t far l ess felting t ak es place than 

wi th aqueous scouring a nd that the combing yield is increased 

considerably . This process is now in indus tria l u se . 
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c) Oth0r systems. 

Anderson and Poulter22 have recently described a method 

similar to the above Australian solvent scour. Similar equipment 

is used, but the solvent is replaced by a solution of a nonionic 

detergent with an alkaline builder. Sa tisf ·1ctory scouring was 

obtained and it is said that a minimum of felting takes place and 

that the expensive solvent recovery process is eliminated. This 

process is under dev2lopment. 

An interesting process has been developed at the University 

of New South Yfales, called 11 aqueous compression jet scouring" 23 ~ 24 

in which raw wool is fed into the scouring set on a porous tension-

ed conveyor belt, The wool is compress ed bet~een a rotating 

porous drum and the conveyor belt and jetted with aqueous scouring 

liquor from both sides to remove wax, suint and other extraneous 

matter. The wool is then squeezed and transferred to a lattice 

conveyor. This process yields a uniformly scoured product which 

has undergone very little felting, resulting in small loss in 

mechanical processing and higher comb yield. The process is under 

development. 

Another method of scouring which is still in use is the 

Duhamel suint process. Here the suint salts are dissolved in the 

first bowl at a relatively low temperature. This liquor is then 

pumped t o the second bowl wher e it i s us ed as a s couring as s is t a nt 

together with a detergent, Scouring with suint liquors 25 without 

add i tiona l de t er gent or a lkal i i s a. r e l a tively mild treatment and 

do es not damage the fibres unduly. It has b een found dif fi cult 

in s ome cases to r educe the gr ease content to a suffi cient ly low 

l eve l when no addi tional de t er gent is u sed. 
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A novel cleaning process, the "Frosted Vlool process 11
, was 

introduced in 193526 
but it did not survive World War II , The 

0 0 wools were subjected to temperatures of -30 to -50 F to freeze 

the grease which became vory brittl e . Subsequent opening and 

dusting shattered the frozen grease to a powder, and a considerable 

proportion was thus removed from tho fibres. The cleaned wool 

obtained w~s delivered in a dry, open and lofty st~te , but sub-

sequent scouring was necessary to remove the excessive residual 

grease, suint and dirt still remaining on the wool, 

2. 3 Factors affecting detergent efficiency . 

It may be concluded from the literature that there are 

several factors in scouring which are l:nown to affect detergent 

efficiency in one way or another. The mechanism by which the 

changes influence detergency is not always known , but sufficient 

work has been done in order to establish the fact that the influences 

are significant and measurable . 

An incr~ase in mechanical action has been shown to have 

27 28 29 a beneficial effect on detergency ' ' • In raw wool scouring 

the problem is more complex, in tha t cleanliness of the scoured 

product is not the only ob j ect; the wool is to be de l ivered in 

as open as possible a form for furth er mechanical processing . 

Since excessive me chanical action could c ~use more f elting, a com-

promis e has to be found be twee n decrease of de t c T-gent consumption 

nnd s t r ucture of scoured wool. 

The temperature s of the scouring liquors hav e to be above 

the melting point of the wool grease which normally lie s in the 

The tempe r~ture of th0 s couring bowls 

. .2 2 28 aff ects detergent consumpt1o~ ' • In the case of nonionic 
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detergents, it was found that once a certain temper3ture has been 

exceeded , the increase in detergent efficienny is less marked. 

In the view of La~rence30 the large temperature coefficient of 

detergent processes is a result of the increased rate of diffusion 

of detergent into the dirt a t higher temperature s . 

It has long been known that limited addition of neutral 

electrolytes causes an increase in detergent efficiency31 • For 

ionic det ~rgents it was found tha t only the ions with cha~ges 

opposite to that of the detergent ion had an effect, and it was 

shown that hi~h salt concentrations caused a decrease in deter-

gency. Several workers have pointed out the increase in capill ary 

activity of detergents in the presence of electrolytes 32933, 

The same general observations were made by McLaren34 who studied 

nonionic detergents in the presence of s a.lt and found an initial 

i ncrease in detergency followed by a subsequent decrease as the 

salt concentration is increased. pH has also bee~ shown to have 

an effect on dirt r emoval, a lthough the conclusions are not as 

clear-cut since they depend on the type of detergent used , type of 

dirt and the substrate , 

In raw wool scouring, the aim of the securer is to produce 

a scoured product which is as white as possible . It is known that 

under certain circumstances, redeposition of soil onto the wool 

being scour ed may occur, e.g, when there is a high concentration 

of dirt present in the scouring liquors . The presence of suspended 

dirt in the scouring liquors will have a de trimental effect on 

detergent consumption since it may bo D.Gsumed that some of the 

det ergent will be "inac tivated" by the suspended dirt, e .g. by 

3dsorption, suspension, etc . The counterflow35 or backflow system 
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which is considered to be essential10 in order to preserve the 

controllability and economics of a ' nonionic detergent scour would 

have the effect of reducing the solids concentr~tion in all the 

bowls, 

2.4 Theories of Detergency. 

In view of the extreme compl exity of most scouring processes, 

it would be desirable to divide detergency into a number of separate 

phases and study the efficiency of tha de tergent in each phase. 

Thus the detergent performs at l ~as t three functions
27

: 

a) Allows the water to wet both the soil and the 
surfac~ to be cleaned , 

b) Is adsorbed onto the surf~ce, prG ferenti~lly 
wetting it so that the soil is displa ced, 

c ) Emulsifies oily soil ~nd peptises solid soil, 
k eeping them dispersed so that they can be carried 
away in the overflow. 

If these were the only factors involved in the detergent 

proces s and it were possible to me3sure each separately and if the 

da ta could then be combined into suitable mathematic~l formulae, 

one might arrive a t a de tergency rating for a p~rticular detergent 

fr om which its efficiency may be predicted. Unfortunately deter-

gcncy is such a complicated and V3ried process with so many 

possible interactions between the various colids,the surfaces, 

water, detergent and various builders that it is difficult to 

establish exactly what ro l e the detergent plays. The danger 

in this type of approach lias in the fac t tha t when a spec i a lly 

constructed , simple system is used3 6, the results do not agree 

with those obtained i n pr~c tice. This has recently been pointed 

out by Radder and de Vlieger37 who showed that no sa tisfactory 

me thod s were availabl e f or detergency t es ting and that,at best, the 

present methods could only distinguish between a go od and an indiff er-

ent de tergen t . The is sue is further complicated by the fact that a 
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detergent may be excellent in one application and ~ failure in 

another. Of the present methods, probably the most widely used 

is · tho application of pigmented dirt to a cl0an swatch of cloth38 • 

The cloth is then washed under standard conditions and its reflect-

ance measured against a disc of stanfard whiteness. Again, the 

results obt~ined ~re not comparable with those from ~ctual practice. 

For raw wo0l scouring, the field of detergents may be 

narrowed down to anionic nnd nonionic typ~s since the. ca tionic 

detergents arc precipitated ~:bon mixed with anionic soaps 39 • 

Spring4° suggested th:, t d0tcrgcnt c:.ction depends on the? alteration 

of the hydrophobic surf .., co of tho solid being dispersed. The 

same: obs ervation was m~kde later from a different approach41 • 

The removal · of paraffin and olive oil was found to be associated 

with the matching of the polnriti os of the oil and fibre. It was 

shown42 that oil \ Jets difficult to remove from undamaged wool becaus e 

the fi br :' ho~-s nn epicu ticle -,·hi ch is mainly pc:_raffinic in nature. 

When the scale structure is d Gs troyed to expose the under l ying 

hydrophilic keratin, oil removal becomes considerably easier42 

Studies of det~rgent action under a micros cope39 show that 

the essentiet l process is a di s placement of the 9il from the fibre 

in large drops. This work was extended by Harker43 and by 

Stevenson44 to include particulate dirt which was found to be 

removed in a simil a r way; the oil-dirt g lobules a nd the detergent 

form compl exes which are swollen by the scouring liquors a nd these 

~wollen complex~s are r emoved by the action of the water flowing 

past the fibre s . If th~re is sufficient detergent present in the 

sys t em, ~gitction c ~ater flow) is not n 2cessury since tho grea se 

droplets and dirt-grease complexes are then completely dispe rs ed. 

In a r eview of the abov: ~ork, Stevcnson45 de s cribes tho mechanism 
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of oi l removal from fibres in terms of solubilization, complex 

formation. and pen'etration, coupled with secondary effects such 

as spontaneous emulsification and osmotic swelling. 

The theory of Lawrence3°, 46 w3s developed from the 

observation of the detergence of polar dirt subsequent to a study 

of the ternary phase diagrams of soap-water-amphiphile systems. 

The detergence of polar dirt was found to be a spontaneous process 

of penetration of soap and water into the dirt, followed by pepti sa­

tion. This process is independent of surface forces and r esults 

from cryoscopic forces and diffusion processes in the ternary soap­

Y!& t or-polar dirt sys'iem. The minimum temperature of pen8tra tion 

of a homologous series of f at ty acids by a variety of detergents 

1e sharply defined and w~s found to be several degr0es below the 

melting point of the ac id. It was concluded that detergency in 

such systems consists of the initial formation, as a result of 

surface forces, of a close-packed adsorbed monolayer of soap at 

the solution-dirt interface, fo l lowed by th e penetration of soap 

and water i nto th( dirt and the formation of the various dirt-water­

soap phases, which ca n be removed by agitation,e.g. the flow of 

liquor past the substrate. The large t emperature coefficient of 

detergent processes may be explained in terms of this theory since 

the rate of diffusion of det~rgent into the dirt increases with 

temperature. 

It will be seen that the picture remains somewhat clouded 

in that, of al l t he properti es which influence detergence, e . g . 

surface or interfacial tensions , adhesion of th~ aqueous detergent 

solution to the fibre , et c. , none are fundamental in the s ense 

that it alone is the predominating factor, and a combination or 

correla tion of al l these factors m3y ye t prove to be such a 
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fundamental quantity . 

There is some hope that newer techniques such as radio­

activ0 tracer methods, whon applied to th0 problem of detergency47, 

may throw furth ..: r light on th.: fund;-ment2.ls of the process. These 

methods have enabled workers to study the removal of eGch of 

SbVer a l oil constituents of soiled clothing separately48 • Indi-

ca~ions have . been found that there is a relation between adsorp­

tion of c deterg2nt nnd dc t ergJncy49,50, and ~his type of study 

could probably be carri ~d out with more prospects of success when 

r~diotracer techniques a r e us~d , provided that reproducible a nd 

sencitive l aboratory washing t0stscou1e be devised which acrreed 

with r esults found :i.n practice . 
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3. THE EFFECT OF MECHANI GAL ACTION ON THE SCOURING OF RAW WOOL. 

3.1 Introduction. 

It is a commonly held vi ew that agi tation in the s cour ing 

bowls during the washing of raw wool , such a.s is impar"'i ed by a 

fast rake speed , will cauEe an increase in detergent ~fficiency , 

but may be a ccompanied by more felting than mild agitation caused 

by a slower r ake speed9. Further , the main part of the cleaning 

action during scouring i s believed to take place a t the squeeze 

rollers wher e the re l2..tive velocity of wo ol to liquor is 

highest 28 ' 29. Another f .:.ctor which could influence the scouring 

effici ency is the rate of feeding of raw wool into the scouri ng 

set . 

In order to investigate th8 3ffect of these three factors 

on scouring effi ci ency , a series of exp -~ riments was undertaken 

in which uniform lots of r aw Hool were scoure d to "- constant r esidual 

greuse value. Th<;: lots were scoured using vc-.rying combinations of 

rake speed , rolle r speed ~nd r ate of feeding . The r 0sul ts of the 

diff erent scours wore then compared by evaluating the consumption 

of detergent , by visua l appraisal of the scoured product and by the 

pe rformance of the diffor ent lots during subsequent processi ng . 

3. 2. Experimental . 

The study was carried out using a Petri e --.nd McNaught 

pil ot- s ca l e scouring plant . 'l'he bowls ar..: of norrn<1l l ength , i. e . 

first and s t cond bowls 15 f ee t , third and fourth bowls 10 feet 

long . ~he bowls are , however , only one foot 'Nide and h<.-..ve the 

following capacities: 

f i rst and second bm·•ls: 

third and fourth bowls: 

170 z.~llons each . 

100 gallons each . 
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Th~)se figures include the liquor in the sm<:tll bowls below the 

squeoze rollcro. The ~rye~ i s of the perforated drum type (Fleissner~ 

The det~rgent used in the first thrue bo•ls was LiGsapol NX 

(I.C.I.), a nonionic synth~tic d~terg~nt of the alkylphenol- ethylene 

'd d t . ~2 ox~ e con cnsa.o ~y~c • Sodium sulph~te (Glauber ' s salt) was 

used as ~ bui l der in tha SLcon~ bowl a nd so~ium carbonate (soda ash) 

was ado.ed to th ::: first bm:l . All pcrcentac:.:; s a.re calculated on 

wei3hts as recei~ed. 

The differ~·nt scour~ wore performed on individu ~1 lots 

draryn from a conc ignme~t of ~reqc0 wool (Cape 64 1 s, 8/10 months) . 

To Ensure unifornity of th~ lots, all the wool w~s blended and 

pas ,_., "1d t!1rout;h :1. fJ. cecebre~.:.kor, afte r which it was again carefully 

blended. E~ch exp ~rinentr l lot consisted of 400 lb. grease wool , 

which was found t o give a sufficiently long running time in the 

scourinr; ph'..P.t to ensure rtJproduci blc r esults. The wool used ho.d 

8. cl c.?n yi e ld of 5CI . W~ ( C.ll t::U l fltc·d on the basis of dry greasy :md 

dry scoured ~c i ~ht~) . 

Ape.rt f.!.·o·1 the v·:rin.tions in rnechu.nical conditions , al l lots 

were subj ected to ident~cal treatments . The bowls were dropped and 

cleaned out aft er c~ch lc~ had b : en Pcoured and the rate of back-

flow from the ri:ncc bc.vrl to ths fir nt bor:l was k ept constant during 

the scour a t 25 g.llons per hour. Tho t 0mperaturcs of the bowls 

were kep t const··YJ.t by lc.:,kin;: stc...:m into them ~'..nd thG initial 

charces of ~etergcnt · and builders were the same for all lots 

(vRlues e r e civ~n in Table I) . 
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TABLE I 

Temper atures and i nitial concentr ations of scouring aids 

Bowl No . Temp . Lissapol NX Soda Ash Glauber 1 s Salt 

1 

2 

3 

4 
Dryer 

(oc ) 

52 

55 
50 

40 

65 

(% w/w) (% w/w) (% w/w) 

0 . 006 0, 18 

0. 02 0 ~ 35 

0, 011 -

The rate of feed of grease wool was varied in four stn~s , 

viz . 100 , 133, 166 and 200 lb . /hr. The roll~rs (15 inches wide) 

were set at 3 tons total pressure and four roller speeds were used~ 

viz . 2 1 4, 6 and 9 r . p . m. ; the circumferentia l speed at the fastest 

rate is 14.5 cm. /sec . Four different rake sp~eds were also used , 

the mi nimum being 5 strokes per minute (s . p . m. ) , the m?ximum 

14 s . p . m. and two intormcdic te spaeds of 8 and ll s . p . m. A total 

of 64 individu. ~l lots of wool were scoured in order to cover all the 

poss ible permutations arisi ng from four different settings of three 

variable factors. 

The effect of the diff8rent r2ke speeds on the motion of 

the wool through th9 bowls is given in T~ble 2 . It will be seen 

the t the total time of immersion of wool in t h e four bowls is not 

exactly inversely proportional to the opeed of the rakr-s through 

the liquor as might at first be expec ted . This is because several 

other f~ctors influence the speed of movem8nt of the wool through 

the train, e . g . th< rat8 of recirculation of water from the 

squeeze bowls and the amount of turbul~nce coused by th~ rakes 

a t different speeds , 
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TABLE 2 

Effect of rake sp8ed on movement of wool 

Rake Speed Tot al tin,: of i mmers i on Speod of mai n rak es 
s . p .m. in a l l four bowl s . t h rough l i quor. 

5 5 min . 50 seconds 1.4 em/sec . 

8 4 mi n . 25 seconds 2 . 3 em/sec . 

11 3 min . 20 seconds 3 . 1 em/sec . 

14 2 min . 55 secon::s 4 . 0 em/sec . 

Detergent additi ons wGre made duri ng the scouri ng ~t rqtes 

sufficient to keep the residual r r ecse va l ue rt ~pproximately 0 . 6~. 

52 The r 8sidual grease was de tcrmin~d by the column- ~nd- tray method 

a t 1 0 minute i ntervals (for some l ots a t 5 minut e i nterval s ) to give 

not less than 12 r esidual grease results for each lot . The total 

amounts of sodc ash ~nd Glauber ' s salt added were constant for each 

l ot , viz . 6 lb . ( 1. 57~ on the ,,e ight of t h .... r:1w wool ) .g,nd 16 lb . 

(4~) , respectively . 

I nitially , some difficulty was experi enced ~ith the addition 

of detergent from dilute solutions stored in overhead tanks . It w~s 

found that the de t ergent s2parated out from soluti on , even ~t fai~ly 

mild temperatures . This '7as not completel;y uncxpected5l , but made 

i t virtually i mpossibl e to maint .in addit i on of detJrgent &t a 

r ecular r a te , since the dete rgen t ~as no longer uniformly dis -

tributod in the stock sol ution. A further difficulty a r ose in th~t 

even dilu t ed detergent does not disperse r~~dily in th0 bowls and 

t ends to settle on the rottom . It w~s decided , ther efore , to make 

additions of de t ergent from undiluted stock kept in plastic bottles 

which drip- f ed directl y i nto the r ecirculating pump- line at a poi nt 
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i mmediately before the pump . The pump , by its r~pid internal 

circular motion, ws s abl 0 to disperse the dete r gent very finely 

and homogeneously in the liquor which w~~ being r ecirculeted . 

3. 3. Results . 

The r esults obtained in the various scours are given in 

Table 3. The de t ergent consumption is given in lb . detergent/100 lb . 

r aw wool for each of the 64 l ots , ~nd the average va lues for the 

different combinations of rake and r oller speeds are also shown . 

Figurvs 1 and 2 w0re drawn using these values . 

The percentage figures given in Tab l 0 3 ~re th~ average 

percentages of r esidua l grease . They are not exactly ident i ca l 

f or al l lots, but the differenceR may be r egarded as insignificant, 

since there i s no difference in the t r ends exhibited by Figs . 1 and 

2 when graphs a r e drawn from values which a r c st~ti sti cally 

correct ed to a constant percent~ge of grease . 

3. 4. Discussion. 

The more genor~lly held view of the w~shing procGss a t 

present 9 ' 53 i s t hat the oil on the fib r 8 rolls up into gl obul es 

wh en immersed in a deterg0nt soluti on . These globules can then be 

r emoved by a flow of liquor p~st the fibres such ~s i s produced by 

agitation or squeezin~ . The dirt present is also removed i n much 

th_ same way , as shown by tho photomicrographs of Harker43 . In 

this cas e , howev er, th~ princip , l a ction of th~ de t ergent is in 

swelling the grease- suint- soi l compl~x . This s~ollen complex is 

more strongly held to the fib r 8 , but mor0 vigorous me chanical 

action and f ~ster flow of liquor past th0 fibr e will still r emove 

the compl ex dropl e t s . The compl ~ tG washing proces s consi s ts thor o­

fore 2ooentia lly of two stage s : 
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(a) the form~tion of dropl Jts of grease- and- detergent complexes , and 

(b) the "mechanica.l 11 remo,.·:-.. 1 of thl::' d2 dropl0ts from the fibres . 

It is evident that th~ rate of flow of liquor pas t the 

fibres is an impo~t~nt factor in the s couring of raw wool; hence 

the beli ef that thr: mc jor part of the washing action takes place 

at th~ squc0ze- rollers whore the relative velocity of liquor to 

wool is considerably hich•·; r than elsewhLre in the scouring train. 

For each droplet there will be a. certain critical velocity below 

which it will not be removed; this velocity will de:rand on such 

f actors a~ the size of tho dropl et and th~ strength of its 3ttach­

ment to the f ibre . These f nctors will vary from one droplet to 

the next , and one can statistically E-xpect a small numb~:r of the 

complexes to be rather firmly bound to the fibre . Ac the rate of 

flow of liquor past the fibre s is increased , therefore, it is 

expected that the number of dropl ots removed will increase rapidly 

at first as the critical velocities of the more loosely held ones 

arc exceeded . The rate of r movRl should slow do~n as the rate 

of flow is increased in the higher r [' ngcs , since tho majority of 

the drops (th0 larger ones) h&v~ ~lre~dy been removed when this 

stage is reached . 

From Fig . 1 it can be seen tha t tho detergent consumption 

is generally high8st at roll er speed 2 r . p . m. The consumption 

drops on changin~ to 4 r . p . m. and decreas0s even further ~t 

6 r . p . m. but ~ay incrc~se a t the hit h Jst roll0r speed , depending 

on the rat~ of feed. The rollLr speed c~n only affect the rGmoval 

of droplets and the behaviour b•~ ars out the conclusions c1ravm from 

labor~tory ~ork9 ' 2 9 , i . e . that e r cLse removal increases r~pidly 

at first and then l 0vels off at higher r_lative speedc of wool 

to liquor . ~he only point e. t which the behaviour become s anomalous 

is a t a high roller speed combined vri th a high r 'l. t e of f eed . This 
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FIG . I. 

LOADING RATE 

ROLLER SPEED , R. P.M. 

100 LB/HR 
133 LB/HR 
166 LB/HR 
200 LB/HR 

The effect of roller spe ed on detergent consumption 
at different loading r a tes . 



TABLE 2 

Amounts of Lissapcl (in lb.) required to scour 100 lb . Raw Dool under different mechanical conditions . 

LOAD 100 lb .. /hr . 133 lb./hr . 166 lb./hr. 200 lb . /hr. 

Rollers 2 4 6 9 Ave. 2 4 6 9 Ave. 2 4 6 9 Ave. 2 4 6 9 Ave . 

Rakes 0. 635 0.460 0.458 0.448 0. 500 0. 395 0. 313 0. 32·5 0. 303 0. 334 0. 388 0.298 0.310 0. 248 0.311 0. 273 0.260 0.238 0.368 0. 285 
5 

0. 66% 0. 65% 0.97% 0. 59% 0. 58% 0.62%0. 60% 0 .5 37~ 0. 55% 0.62% 0.57% 0 . 62~ o. 7CF/o o. 58~ . 0. 6lr, o. 51% 

8 0.740 0. 478 0.570 0. 470 0. 565 0.495 0.450 0.393 0.300 0.410 0.455 0.413 0. 238 0.253 0.340 0. 285 0. 378 0. 325 0.393 0. 345 
0 7ld, • fl' 0. 91% 0.66% 0. 57% 0. 60% o. 64?~ 0. 55% o. 60% 0.75% 0.54% 0.62% 0. 65% 0. 60% O. Ll6~ 0. 627'~ o. 56% 

I 0. 423 0. 423 0.415 0.453 0.429 o. 580 0.478 0. 515 0. 335' 0. 477 0. 385 0. 430 0.310 0.318 0.361 0. 490 0. 400 0. 303 0.315 0. 377 
ll 

0.74% 0. 56% 0.64% 0. 66% 0 . 71~ o . 5e~ o.6o% o. 65% 0. 63% 0. 62% 0.58% 0. 63% 0. 68% o. 56.% o. 65% o. 685: 

14 
0. 750 0. 670 0. 495 0.388 0.576 0. 615 0. 695 0. 405 0. 340 0. 514 0. 353 0.540 0.338 0. 473 0.426 0. 505 0. 498 0.505 0. 518 0. 507 
0.52% 0. 69% 0.69% 0.59% 0. 5.6~~ o. 6o% o.63% o. 59% o. 55~.-1 o. 63~; o. 54{ 0.67% 0.62% 0. 55% 0. 54% 0.58f 

Ave . 0.637 0. 508 0. 485 0.440 0. 521 0.484 0~410 0.320 0. 395 0.420 0.299 0. 323 0. 388 0.384 0.343 0. 399 
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may be explained by th2 fact that ~t the highest rate of feed, 

tho l arge amounts of wool being presented to the squeeze-rollers 

impair thsir action, since the closely packed mass of wool can 

no longer allow f r ee p:cssage of the liquor. This is a general 

effect which becomes especially noticeable at the higher roller 

spe eds where the overall docrea~e in relative velocity of wool to 

liquor due to this interference would be highest. 

An increase in the rat e of feed in the lower ranges would 

mainly aff ect drop~et formation, in that the detergent suspended 

in the liquors will be us ed more efficiently when there is a f a ir 

amount of wool pres ent in the liquor. Under these circumstances 

ther e are more opportuni ti : s for contact between deterg~nt and 

wool. This conta ct must be virtually : xclusively a chanc e effect 

since the nonionic de t ergents hava V8ry lit tle ~ffinity for wool 

fibres 54 and evid0nce has be8n presented which supports the view 

that the pres~nce of a nonionic detergent actua lly causes pre­

fe rential sorption of wa t e r 55 • Once the high r a t es of fe ed 

are re~chad, howevor, ther e will be increasing Lff ects on droplet 

removal. At these high rates of f e,·d the mutual interference 

between the fibres , hindering the free flow of liquor through the 

body of the wool , becomes an important contributing f actor, This 

would tend to incre~se det0rgent consumption by impeding the 

effici ent a ction of the roll 2rs and to a l esser extent also of 

the rak 0s . A stage must be r eached wher e this effac t will be come 

domin~nt in de termining the de t ergent consumption . 

The effect of varying t he rate of f eeding can be seen 

from T~ble 3 and Figs . l and 2. Deter gent consumption i s high-

est a t tha low8st rate of fe ed (100 lb ./hr .) and drops a t 

133 lb./hr . and is even lower at 166 l b. /hr . The rise in d etergent 

cons ump tion for , __ r a t e of f &ed of 200 lb./hr . i s in accordance 
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with what may be anticipated as above, with the detergent con­

sumption exhibiting the turning point in the vicinity of 166 lb./hr. 

The l aboratory scouring results mentioned previously9' 28 ' 29 

were obtained using ionic detergents; there is very little 

numerical information available on the nonionics. It is quite likely 

that this type of detergent could react somewhat differently under 

plant conditions, especially when changes in rake speeds are made. 

Faster rake speeds imply faster movement of the wool through the 

liquors, i.e. shorter immersion timc·s. Since the nonionic deter­

gents are not as r eadily adsorbed by wool as the ionic types54,55, 

it may well be that the time of immersion plays a more important 

part in the detergent process when considering detergents of the 

nonionic type. It is obvious then that the rake speed will influence 

droplet formation by a llowing less time and also droplet removal to 

a certain extent by faster movement of the rakes through the liquor. 

This increase in relative flow rate of liquor to wool is still far 

less than that obtained at the squeeze-rollers . 

From Fig. 2 it may be seen that the detergent consumption 

i s lowest at a rake speed of 5 s.p.m. and it rises fairly steadily 

throughout the r~nge considered. Even on changing from 11 to 

14 s.p.m., the change is still marked. This is in accordance with 

the conclusion drawn from tho above discussion when the detrimental 

effe ct on droplet formation largely outweighs the beneficial eff ect 

on droplet removal, which would seem to be the case when i t is 

considered that the time of immersion at the f astest rake speed 

is 5o% less than r..:.t the fJlowost . 

From a more practical point of vi ew, it wa s found that the 

lovrest rake speed ( 5 s .p.m.) is not practically advantageous, 
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regardless of the low detergent consumption. This rake speed 

gives rise to considerable operational difficulty and produces 

scoured wool with undesirable qualities: it is rather felted 

and has a brownish colouration. The reason for this seemingly 

anomalous result becomes obvious when the operating conditions 

are considered. The low rake speed propels the wool so slowly 

through the bowls that the wool settles to the bottom. The wool 

at the bottom of the bowls cannot be moved by the r ak e s until a 

fair amount of it has collected. These lumps of wool are then 

dragged forward by the rakes, which re s ults in the intermittent 

delivery of large and r athe r f e lted lumps of wool to the rollers, 

which a r e then not able to opera te at maximum efficiency. The 

browni sh colouration of the s coured wool produced at this rake 

speed is due to sand which set t les onto t he wool in the bottom of 

the bowls while the lumps are bu i lding up. The sand is then 

occluded in the interior of th ese lumps. It is virtually impossible 

for the rake s or roll ers furth e r on in the train to r emove this 

sand from the interior of these lumps. The appearance of the 

scoured product was considerably better at a rake speed of 8 s.p.m. 

and even better at 11 s.p.m, with only slight further improvement 

at 14 s.p.m. 

In addition to judging scouring performance on the appear­

ance of the s coured wo ol s they wer e a l s o compa r ed in t he ir behaviour 

dur i ng carding and combi ng . The resul t s fr om thi s carding 

and combing study were analys ed sta ti s ti cally. The f i bre-

·length analys i s af t er c oGbing did not yie l d r esu lts of gr eat 

signific ance; the observed di ff er enc es r esulting from the various 

changes made dur ing s c ouring were too small to have any practi ca l 

va lue. Thi s may have been due partly t o the f ac t t ha t th (? 
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influences of the three factors appeared not to be additive, 

but to interact in a complicated manner. The analysis of the 

number of neps produced more significant results. In general, a 

hi~ loading rate gave the best results; the effects from the other 

two factors were not significant. 

3.5 Conclusion. 

It was found that within limits, increasing the squeeze­

roller speeds and the rate of feed caused a drop in detergent 

consumption, whereas an increase in the rake speed caused an 

increase in detergent consumption. 

It must be kept in mind that a cert~in balance should be 

maintained between the speeds of the various par ts of the scouring 

set, e.g. too slow a rake speed will cause a break in the ribbon 

of wool at the rollers and an inordinately high rake speed will 

cause blocking at the rollers. In view of the above , the optimum 

running conditions for the plant u Jed in this study may be taken 

to be a rake speed of 11 s . p .m., roller speed of 6 r.p.m. and 

a rate of feed of 166 lb./hr. for the type of wool used. 
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4. THE EFFEST OF BACKFLOW ON THE SCOURI NG OF RAW WOOL. 

4.1 Introdu ction , 

In the scouring of r a\7 wool it is ne cessar y constantly to 

replace t he liquors to prevent them from becoming overconcentrated 

with insoluble solid matter. Such repl a cement can be effected by 

droppine the bowls, but frequent repetition of this process causes 

considerable los s of production. 

The backflow process has the advantage that it makes the 

scouring process completely continuous by effectively replacing 

the dirty liquor whil e the scour is in progress . Wate r is f ed f r om 

the rinse bowl to the third bo~l, from the third bowl to the· 

second, and so on t hrough the scouring train. Cleaner water 

star ting from the l ast bowl of the scouring set i s therefore moving 

in the oppos ite direction to the wool , The only overflow, apart 

from the excess rinse ·wa ter , :is at the first bowl , \'There there is a n 

over f l ort of highly contaminated liquor. 

The backflow process has been in use i n Europe for some 

considerable time where scourer s are concerned mainly with scouring 

quality and ease of control . The method has in recent years also 

been introduced into American mil l s, especially with the advent of 

nonionic scourin~ where i t is considered mnndatory to use an effi-

cient ba ckflow system in order to pres e rve the economics a nd 

10 control labili ty of the s cour • 

4.,2 Materials , 

In the first s eries of experim,.;nt s Li ssapol NX was added 

to the first t hree bowls and Fluidal WlOO (B8hme Fettchemie ) was 

used in the second series . Both are synthetic det ergents of the 

nonionic type . Soda ash (comme rcio. l grade sodium c ':lrbonate) wa:5 
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used as a builder in the second bowl . 

Two lots of wool were used in the experiments. The first 

lot consisted of 27 bales of combing type wool, and the second lot 

was made up of 76 bales of s imilar types . The clean yields of the 

lots were 52.7% and 57 . 4% respectively . The first lot contained 

15.5% grease and 10. 1% suint, compared with 16 . 2% and 8,7% for the 

second lot. (All calculations were based on dry weight.s .) Both 

lots were put through a fleece-breaker to open the wool and to 

facilitate blending . The wool ~as then carefully blended and re-

ba l ed in l ots of 200 lb, 

4. 3 Exp3rimental. 

Pilot Pl ant Operation. 

The equipment used was descri bed in Chapter 3. The rate 

of feeding was fixed at 166 lb . /hr ., rake speed at 11 s.p . m. and 

the roller speed at 6 r.p.m. Apart from the changes stated , 

the scouring procedures were carried out as described before . All 

lots received identical mechanical treatment , the only variations 

be ing in the rates of backflow employed , 

The bowl temperatures ~nd initial concentrations of deter-

gents and builders were as in Table 4, All calculations are based 

on weights as received . The initi11l concentrations required for 

an easi ly controllable scour to 0.6% resi~ual grease was found to 

be slightly higher for Fluidal WlOO than fo r Lissapol NX . 

TABLE 4 

Temperatures and initial concentrations 

Concentrations a r e given in per cent, weight/weight 

Bowl No . Temp. 
oc 

1 52 
2 55 
3 50 

Rinse 40 

Note: The dryer 

Lissapol OR Fluid0l Soda Ash Glauber's Salt 
NX WlOO 

0.006 0. 009 0.18 
0.020 0. 022 0. 35 
0. 011 0.015 

was run at 6o 0 c. 



- 28 -

Backfl ow is defined , for the purposes of this investi­

gation, as the percent~ce of the tota l content (170 gallons) 

of the second bowl transferred to the first bowl in one hour . 

The same r~te of transfer is maint~ined to a nd from each bowl i n 

the series, except for the fourth , to which a large quantity of 

clean rinse water is added . The amount of rins e water added has to 

be in excess of the highest rate of backflow used to avoid having 

the rinse bowl depleted f aster than i t was being added to . The 

highest rate of b:: ckflov1 employGd in the sc.cond series of exper i ­

ments v:as 20o% or 340 ~alL/hr . The rate of a.ddi tion of rinse 

water was therefore kept constcnt at 400 gall./hr . throughout 

both series of experiments . 

To facilitate the regul~ tion of the rete of backflow, 

l ead- off pipes with t wo valves w2 r e installed on the last three . 

bowls . Thes e l ead- off pipes ~ore pl~ced b elo~ the f~lse bottoms 

of tha bowls to prev8nt wool from blocking t he valves . The r a te 

of backflow "Ias checked ree-ularly at short intervals . 

I n the first series of 0xperiments , u s ing Lissapol NX, 

the rat0s of backflow used wer e ?. •.Jro , 38% and 116~. The weight 

of wool scoured in thesn experiments uac 1000, 2200 and 3600 lb . 

r .;specti vely, e;i vine: running times in the pilot plan t V':rying 

from 6! hours to 22 hours . 

In tho s econd serie:: , us ing Fluidal 1:.'100 :cs deter gent, rates 

of backflow fror1 zero to 2001~ a t 25% interv~d.3 v.-ere investigated . 

Th~ dura tion of the expe rimen ts varied from 6! houro to 24 hours . 

Th e detGrgents wer 0 a1ded from stock bottles containing 

undilut ed detergent as described befor e . The stock bottl es 

we r e weighed a t half-hourly intc:rv: l s f or the first three hours of 

every run and then hourly for tr e duration of the experiment , in 
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order to obtain a me~sure of the r ate of addition of detergent 

under the differ~nt conditions. 

Residual grease determinations werG carried out on the 

column-and-tray apparatus 56 at approxim2tely five minute interva ls, 

giving a total of about 60 det erminations for the shortest run 

a nd 240 for the longest expcrimont . Soda ash was·added ~t a rat e 

just suffici8nt to k eep the pH in the first bowl between 9.0 3nd 9.5. 

The pH was checked during the expe riment, using u niversal indicator 

paper. 

The quuntities of builders used per 100 lb. of grease wool 

vari e d slightly in the different exp eriments. For soda ash tho 

a verage consumption was 2 .1 lb . per 100 lb. grease wool an d for 

Glauber 1 s salt 4. 2 lb . 

Initially s~mpl es of the scouring liquors were drawn for 

analysis from the first three bo~ls , but those taken from the third 

bowl proved to be r elatively fr e e from impurities, the solids in 

this bowl rc ~ching a maximum at 0 .7~ . Tio additional u seful 

informat i on could be obtained from the third bowl sampl 8 s and it 

was therefore decided to drPw samp l es from the fi rst t~o bowl3 only. 

Samples were taken avery half-hour for the fi r st three hours and 

thereafter at hourly intervals . DurinG the actual scouring runs, 

a rough check w2 s kept on the 3olids content of the liquors, using 

eith Jr ~ be rkome ter or a hydrome t e r . 

La bora tory Ana lyses . 

The s ~mples t a ke n during t h e s c ouring w~re tested f or pH, 

total solids cont~nt a nd e ther- cx t r a c tr bl e matter . Tho pH was 

measured a t room t emp crP ture (nor mGlly in the vicinity of 20°C) 

on a Pye l a borr.tory pH me t e r , 
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The amount of total solids was determined gravimetrically 

by taking an aliquot (50 ml , ) from the well- shaken sample. This 

sampling procedure was checked by taking six aliquots from the 

same bottle after it had been shaken. The resul ts for all six 

~liquets were in close agreement . The al i quot was placed in a 

weighed evaporating dish and evaporated to dryn~ss on a boiling 

waterbath . The residue was then driod to constant weight at 

105°C , 

After the samples for the gravimetric determinations had 

been withdrawn the barkomcter readings were taken. A barkometer 

i s essentially a hydrometer with different scale markings and is 

uoed in the tanning industry . The sampl e bottles were shaken 

thoroughly 3nd a sufficient quantity of the liquor was poured into 

a 500 ml . measuring cylinder . The barkometer w~s then quickly 

pl aced in the mc~nuring cylinder and the reading taken before 

the solids could settl0 out , 

For the determination of the ether- extract~ble material, 

tho total solids obtained in the above gravimetric estimation 

were taken up on wads of fat-free (ether- extra cted) cotton wool, 

which were then pla ced in extraction thimbles in soxhlets57 and 

extracted for four hours with dry diethyl ether . 

4.4 Results . 

ThG results obtained have been ~xpressed in craphical form 

for ease of interpretation. Unless otherwise st~ted, the graphs 

were drawn from values obt~ined during the Fluidal WlOO series 

of exp~riments which w~s the mor0 extensive of the t\tO . 

Fig . 3 shows the barkometer rRRdinss plotted against the 

amount of totQl solids as determined by the gravime tric method . 
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Figs . 4 and 5 show th~ build- up of total solids ~gainst time for 

the first and second bowls re [pc..ctivcly and Fig . 6 the build- up 

of grens~ in the first bowl. Line F in Fig. 4 represents the 

build- up of solids against time (in t he first bowl ) 2t a backflow 

r a t e of 75% for Lox of 33 .4% yield . The line is included in the 

graph for comparison only, since it was obtained in a different 

experiment which is describ€.-d in Chnpt er 5. The points plotted 

in Fig . 7 show the. variation of equil ibrium concentration of total 

sol i ds in the first bo~l a t different rates of bnckfl ow . Fig . 8 

shows the effect of different r ates of backfl ow on the consumption 

of deter gen t for the two nonionics u sed in this study . 

4. 5 Di:..cussion . 

From Fig . 3 it m~y be seen that there is a very close 

correlation between the amount of tot~l solids d ~ termined gravi­

metrically and the r8adings on the barkometer . A correlation 

coefficient of 0 , 99 w~s obt~in .d . Thi s method, using thd barkomcter , 

is ideal for control in mills , since it is a reasonably a ccurate 

gauge of the concentration of solids during scouring. It a l s o 

has the ndv:mta3'e that it is an extremely rt:.pid method and that 

meacurcments can be cc:.rri od out at a.ny time i7hi l e the plant is in 

operation. It should be noted, however , that the barkometer 

readines and t he gravimetric determinations were carri~d out a t 

room temperature . Thdre is no r~ason for assuming that similar 

relationship~ will not hold at the higher temperatures encountered 

in the scouri nt; bowls , a lthough a n :)W ca libration graph would have 

to be drawn for usc a t those elevated temperJ.tur~s . 

From Figs. 4, 5 and 6 it may be s eon th..,.t "l.t e:tch rate of 

backflow the concentration of impuri ties in the bowls increases , 

fairly rapidly c>.t first, to an equil ibrium value ~.t which it stays 
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const~nt. Even aft~r 24 hours running at 200% backflow, th3re i s 

no devi a tion from th(; constant vr.lu e (l ine E in Figs . 4 a nd 5). 

The only deviation from t his bch~viour occurs at zero backflow 

when th~ conc entration of solids incr)ases in a linea r manner with 

time up toll hours (line A in Fig . 4) . This is probably an 

exaggerated case of line A in Fig. 5 and would also start tailing 

off eventually ·t;hon the l i quor is so dirty that it ce:.nnot r emove 

dirt fr om the wool effectively. The greAse conten t of tho first 

bowl reacts in much the ::c..m8 Wc··Y (F i g. 6) c.s docs the solids con tont 

of the second bowl (Fig.5) . 

On comp !"' ring the m.::'.ximum tota l solids in bowls l and 2 for 

given r~tes of backflo\, (Table 5), it will be seen th~t th2re is 

a constant rela tionship between thJse f &ctors. Th0 s olids content 

of the fir s t bovl is on the ~verage 3.3 times that of the second 

bowl. From other work5 7 it would s eem that a solids concentrat i on 

in tho vicinity of a% i s low enough to A.ll ow efficient scouring 

and that lo% solid3 should be r ~g&rded as the maximum permissible 

conc entra tion. I t follows from th: above th~t the concentration of 

solids in the second bowl would be approximately 2 . 5~ when the 

f i rst bowl contains 8~ solid matter. 

TABLE '1. 

Maximum tot~ l soli ds at different r ates of backflow 

c:o Backflow SoliJ.s in gm . /100 ml. SolidE: 1 
Bov.rl l Bo·::l 2 

Solids 2 

25 11.40 3 . 40 3 . 35 

50 7 . 10 2 . 20 3 . 22 

100 3 . 60 0 . 95 3 -79 

125 2 . 90 0 . 83 3 . 50 

150 2 . 50 0 . 80 3 . 13 

175 2.06 0 .70 2 . 95 
200 2 . 00 0.65 3. 08 
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From line F in Fig. 4 it may bo sean that the Lox, which 

contain a large perc~ntage of dirt , give an equilibrium solids 

content at 75% backflo~ of approximately this value is higher 

than the f i gur e of 7.1% obtninod with the hieher yielding type of 

wool at a lows r r a t e of backflow (5o%) . It should be noted 

that this effect is s or.ewhat ex::1ggerated in view of the fact that 

a slightly faster r~te of f~Ld w~s us2d for the Lox ( 200 lb./hr. 

as against 166 lb./hr. in t his S3ries of exp _riments) . 

It w~s found that th~ equil ibrium concentrations of solids 

in the first bowl w~s inv3rscly proportional to the rate of backflow 

us ed, i. e , maximum solids ~ K/B ... •.. . ... . . (4 .1) 

where B rate of backflow 

K = a const11nt, the v1.1lue of which will be 

determined by the type of wool being scoured , 

The lower the yield of the wool , the highe r 

the value of K and cons equently Rlso the 

equilibrium sol ids at a set rate of backflow . 

From the exp;rim3ntal r Jsults presented in Fig . 4 ~n averabe 

value of K ~ 363 was calcula ted , 

The points shown in Fig . 7 ~re the experimental points 

and the curve was dra wn u aing the calcuL.tt nd v<-.lue of K. It will 

be s een tha t the r e is ~xcell ent agre~m2nt botween the actu .l and 

predicted values. 

It now b~ comas a relatively simpl e m~tter to decide on 

the r a t e of backflow .,,hich would be most sui t ['..ble under certain 

conditions once tho V\lue of K haJ been determined . The minimum 

r r. te of bEtekfl ow i. e . t he rate of backflow which will give tho 

highes t solids conc entration at which e ff icient scouring ca n s till 

t ake pla ce , mcy be obtained from th2 following rel ~ tionship: 

Required r a t e of backflow = K . .. .... ( 4 . 2) 
• Maximum permisst.ble solids 
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Fig . 8 reprLsents tho det~rgent consumption in lb . /100 l b . 

raw wool at diff :rent r: t~a of b~ckflow for the two detergents 

used . It will be ccen that the consumption of Liss~pol NX keeps 

decrc~sing down to 1 16~ bo.ckflow , wh~reas th~ Fluidal WlOO curve 

r eaches :1 minimum :tt approxima tcly 5~~ b~ckfl ow , a ft Gr which it 

increases quite rnpidly . Thos , results seem rather surprising at 

fi r st gl ~ nce in view of the fact th~t the two det e rgents ar e very 

similr..r in str ucture (LL: :::::1pol NX is an alkylphenol- ethyleno oxide 

condcns£ te12 - nd Fluidal ~100 is described ~s a nonionic detargent 

based on alkylphenol) . I n L spot t ~~ t in th e l~bor~tory, their 

cl oud points wer e found to bL 32 . 9° and 33 . 4°0 , r espective ly 

for 0 . 5% aqueous solutions . Since tho c loud points may be t aken 

a s an indication of the 1Jat cr solubility of the matcri:t.ls 51 , one 

may concl ude that thc- hydrophile-lipophile bc..l;..nc e must be rather 

similar in both caseo . 

In a subsequent invu~ tigation of the ~ffcct of su spended 

solids in scouring liquors on d~tergent efficiency (s0e Chaptvr 10) 

it was found t ha t \\ i th Flu idol WlOO the d:: t (:rgent eff i ciency 

started f al l i ng off in the vicinity of 7 to 8% total sol ids . From 

Tabl e 5 and Fig . 7 it mny be 3e·,m that :-.t 5o:-'• backflow, whi ch is 

.the point of minimum consumption of Fluidal ,::100, tho tob.l solids 

content of th8 first bowl i s 7 . 1%. It is thert:for e thought that 

in the fi rst part of tho Fluidal ~100 curve the main effect of 

increas ing the r a te of backflow is to docr~~se the r.mount of 

total solido to thu point whc r2 the dct Jrgnnt ca n operate effici ent-

ly . 1.s th : amount of sol i d matt er decrec.s c s with an increJ.s e in 

r 2 t0 of ba ckflow Up to 5(Y,';, the de t ::, rg_nt will be used more :tnd 

mor a .;ffActivLly, resulting in a dJcre~:c in de t ergent consumption. 

After this point ha F; bE. en n :.: .ched , tho main C:. ff '-' ct of increasing 

th & rate of ba ckflow furthur is in dumping some of tho deter gent 
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throurh the overflow, c~using ~ losf of detergent and an increase 

in dete r gent consumption. 

In the c:1se of Li sse.pol NX , the picture is not as cl e:tr 

a s with Fluidal WlOO , but tho c ~e principl e may still b_ applied . 

In lat~r work (see Ch~pter 10) it wo.c found that the cffici€ncy of 

Lissapol NX decr~~sed more er~dually over a wider r ' nge of solido 

content , i. c . from 27j to 4%. Thecc ~olids contJnts correspond 

to r a t as of bo.ckflovr of 200% to 90'f., (from T<'.bl ~ 5 c.nd Fi3 . 7) . 

It c~n b~ ~o~n from Fig . 8 th~t the consumption of Liss~pol NX 

decrcns os from zero br ckflo" do 'n to ll6'i;, ,<.L t '.'·hich point it is 

still decrocsing , This me::mo that the point a t which the sol ids 

content ic low enough to ~llo-:-! ~ffici 1nt ocouring hns not y e t been 

r -:.;n.chcd, which is in :.ccordancc with thr.; _Lbovc . By :.mr1logy with 

the. behaviour of Fluidol ~noo it is not unr r:as onc:bl •; to assume thr_t 

thJ Lissapol NX curve ~ill Gxhibit simil~r trJnds, viz . th~t the 

deterg0nt conoumption will st~rt increasing once this point is 

exceJdod . 

It is clea r therefor: thRt ~ r~thcr higher r a te of backflow 

(lower solids concentration) is r equired for efficient scouring 

with Li J s :tpol NX th~n for Fluidal ~100 . This is ~n important 

f actor to be kept in mind by scoure rs , since the use of an in­

correct lcv~l of b~ckflo~ can c ~us c rather largb increasas in 

detersont consumption ( rce Fig . 8) . 

4 . 6 Conclusion. 

A r :1pid m<.: thod for detcrminin:.:; th t.: c.nount of suspended 

solid~ in th~ scouring bo ~lq ucing o. bn.rkomoter h ~s been 

described , 

It was found tha t th-- e quilibrium conc entration~ of totn.l 
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solids in the first bowl w~s inversely proportional to the r~te 

of b r. ckflow e~ployed. A fairly constant rol n tionship b0tweon 

the equilibrium solids content of tho first bowl and that of 

the second bowl was observed. 

The two detergents used in the study showed widely diver­

gent r eactions to vari~tions in thE rate of backflow. It was 

shown th~t thG two det c rg nts required different rates of backflow 

for efficient scouring and that large savings in d e t ergent could 

be eff0c t ed by using the correct rete of backflow for each de tergent. 
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5. THE INFLUENCE OF TEMPERATURE ON THE SCOURING OF RAW WOOL. 

5 .1 Introduction, 

I t is commonly agreed that temperature is one of the 

most important factors in raw wool scouring. The maximum and 

minimum permissible temperatures are more or less dictated by 

the properties of the wool and the equipment used. 

The minimum temperature used cannot be lower than the 

melting point of the wool grease , and the viscosity of the grease 

has also to be borne in mind . Several figure s have been quoted 

for the melting point of wool grease and there has, quite under-

standably, been a certain amount of variation, mostly included 

0 0 9 28 in the range from 40 to 50 C ' • 

The highes t permissible temperature must be consistent 

with the heat tol erance of the wool and t he limitations of the 

type of plant used58• Elevated temperatures may affect the 

11 activity of the Rlkaline agent 11 and cause further damage to the 

fibres 59. It has been r eported9 , however, that at temperatures 

in the order of 55°C , immersion of greasy or scoured wool in 

scouring liquors at pH values of up to 11.0 for periods several 

times longer than those used in scouring practice has no signi-

ficant effect on the chemical and physical properties of the fibres . 

It i s fe lt by some workers th~t the relatively high grease content 

of the wool as it enters the first bowl affords the fibres a 

certa in amount of protection against degradation by a lkali10• 

When scouring with nonionic detergent s , it should be kept 

in mind that these products have a negative solubility coefficient, 

i. e . they become less soluble as the temperature is increased51 • 

It would seem to be accepted , judging from the literature58 and 
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the m~nuf~cturers 1 recommendations, that nonionic detergents 

operate most efficiently at temperatures below or in the vicinity 

of their cloud points. 

This study was aimed at establishing the influence of 

variation of the temperatures of the first and second bowls on 

scouring expressly with regard to detergent consumption . The third 

and fourth (rinse) bowl temperatures were kept constant since it 

was felt that they play a minimal part in determining detergent 

consumption . Two series of experiments wer e carried out on low­

yielding Lox, using either Lissapol NX or scouring soap (Lever 

Brands) as detergent. 

5.2 Materials . 

The Lox scoured in these experiments was put through a 

fleece-breaker and then carefully blended to ensure uniform lots• 

The experimental lots consisted of 1600 lb. wool each. Thu clean 

yield of the wool was 35 . 1% end it contained 9.6% grease and 

13.7% suint (all percentages were calculated on dry weights) . 

The so~p, which was supplied in fl ake form, contained 

83% fatty acid, compared to the approxi mately 6~/o f at ty acid content 

of the normal bar scouring socp . Soda ash (commercial grade 

sodium carbonate) was ~dded to the first bowl and Glauber's salt 

(commercial grade sodium sulphate) was used as a builder in the 

second bowl. All materials were used as supplied. 

5 . 3 Experimental. 

The pilot-scale plant described previously was used in 

this investigation. The rakes were set at 11 s . p .m, the rollers 

at 6 r.p,m. and the rate of feed was 200 lb./hr, in both series 

of experiments . The rate of backflow (see Chapter 4) was kept 

constant at 75% to give a maximum total solids content of 



- 39 -

approximately 8% in the first bowl. Cle:J.n wa ter was added to 

the rins0 bowl at a constant r a t e of 420 g::1llons per hour 

throughout. Al l lots in each s eri es therefore received 

identical mechanical tr8atmcnt, the only differences being in the 

temper:J.tures of tha first t wo bowl s, 

In the firat serie s the temperatures of the first t wo 

bowls were varied in four sttps of 5°, from 50° to 65°C, which 

r equired s ixteen expe rimentRl l ots to inves tigate al l possibl e 

permu tc tions . I n vie<< of the f:J.c t t hat tho detergent consumption 

wa s found to be high at the lower t .. m per a tures in the f irst series, 

it wa s decided to scour only nine lots in the second series at 

temper ature s 0 
of 55 , 60° and 65°C. The tempera tures of the 

third and fourth (rinse) bowls wer e kept constant throughout a t 

The Fleissner dryer 
0 

was run at 67 C. 

The initi r l concentr~tionP were 3S in Tabl e 6. Ca lcula-

tions arn b::-. sed on w0ights as r ece i ved, 

TABLE 6 

Initia l concentra tions of r Gagents in scouring bowls 

Bowl No. 

1 

2 

3 

4 

Lissc.pol NX 
(% w/w) 

0.013 

0.033 

0 . 011 

OR Soap 
(% w/w) 

0.059 

0.176 

0 . 029 

Soda Ash Gl aub er' s Sal t 
(% w/w) (% w/w) 

0.18 

0.35 

Grease de t ermina tions ~ J ro c ~ rried out a t approximat ely 

5 minute interva ls using the colur.m- -:.nd-tray52 method , which 

gave 80 to 90 d r t ermina tions per lot. The r a t e of addition 

of det ergent or soap w~s det ermined by the r 0sidual grease 

content of the wool which was scoured to &pproxim~tely 0 .6% 
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residual grease in both series. Further additions of nonionic 

detergent were made continuously as described previou8ly. Soap 

solution ( l lb./5 litres) was added from vertical overhead tanks 

fitted with graduated sight glasses. The inlet for the soap 

solution was somewhat larger than for the nonionic detergent, but 

was also situated on the recirculating pump-line at a point 

immediately before the pump. In order to prevent the soap solution 

from solidifying at room temperature, the tanks were fitted with 

steam heating coils. 

Soda ash was added at a rate juot sufficient to maintain 

the pH of the first bowl at 9,0 to 9.5. In the first series, the 

amount of builder added vari ed from 1.3% to 1.8% for soda ash and 

from 2.2% to 2.9% for Glauber's salt . In the second series the 

soda ash consumption was 0.93% and for Glauber's salt, 1.93%. 

(Percentages are based on the weights of raw wool.) 

5.4 Results. 

The consumption of Lissapol NX in lb. detergent per 100 lb. 

raw wool at various temperatures is given in Table 7. The figures 

in brackets are the average percentages of residual grease for the 

respective lots. 
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TABLE 7 

Consumption of Lissapol NX in lb. per 100 lb. raw wool at different 

temperatures of the first and second bowls 

First Bowl 
T t ( oc) empera ure 

Second Bowl 
Temperature ( 0 c) 

50 

55 

60 

50 

2. 038 
(0.81) 

1.192 
(0 . 66) 

0.592 
(0.59) 

0. 523 
(0 . 59) 

55 60 65 

0.890 0. 475 0.528 
(0 . 56) (0 .56) (o. 6o) 

0. 689 0. 424 0, 369 
(0. 58) (0. 56) (0 . 58) 

0. 561 0. 333 0. 413 
(0 .60) ( 0. 60) (0.61) 

0. 517 0. 318 0. 393 
(0 . 54) (0. 57) (0.53) 

The consumption figures for soap in lb . soap per 100 lb . 

raw wool :1t various temperatures are given in Tabl e 8 wi th the 

average percentages of residual grease for the respective lots 

in bracket s . 

TABLE 8 

Consumpti on of soap in lb. per 100 lb. r aw wool at different 

t emperatures of the first and second oowls 

First Bowl 
Temperature ( oc) 55 60 65 

Second Bowl 
Temperature (oc) 

55 3. 91 3. 47 3.20 
(0 . 55) (0 . 63) (0 . 61) 

60 3. 81 3. 06 2.78 
(0 . 47 ) (0.63) (0 . 59) 

65 3. 06 3. 26 2. 92 
(0 . 61) (0 . 58) (0 . 58) 
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The effect of temperature on detergent consumption is 

shown in Figs. 9 , 10,12 and 13. Figures 11 ~nd 14 are the response 

surfaces of detergent consumption (Lissapol NX and soap, respective-

ly) on the temperatures of the first and second bowls . 

5 . 5 Discuss i on. 

There is general agreement in thL literature that increased 

temperature will givo rise to more efficient grease removal in 

view of the fact, amongr,t others , that viscosity is a temperature ­

sensitive factor . Also , in the view of Lawrence 30 , the large 

temperature coefficient of detergent processes is a resul t 

of the increased rate of diffusion of detergent into the dirt 

at higher temperatures . Another factor which should be kept 

in mind is the solubility of the nonionic detergent which decreases 

with increasing temperature51 • On the other hand, too high a 

temperature has been shown to be injurious to wool fibres and 

seriously affects their b ehaviour in subsequent processing. 

Thus , work done by Townend and Tweedie59 showed that two lots 

0 from the same batch of wool scoured at temperatures of 82 and 

52°0 in the first bowl gave t ears of 10.6:1 and 15,2:1 respectively, 

The most outstanding feature of the graphs for Lissapol NX 

(Figs . 9 and 10) is th~ marked drop in detergent consumption 

for an increase in the first bowl temperature from 50° to 60°C a t 

0 a second bowl temperature of 50 C. This effect is actually 

greater than indicat8d in Figs . 9 and 10, since the highest point 

(at 50°0 in first and second bo;-rls) was obtained from a lot 

which had been scoured to 0 . 81% r esidual grease . Obviously , 

if this lot had been scoured to approximatel y 0 . 6% grease as 

were the others, the detergLnt consumption a t this point would 

have been even higher than indicated in the graphs . I t can 



- 43 -

further be seen from Fig. 10 that there is very little improvement 

in detergent efficiency for a temperature increase from 60° 

to 65°C in the first bowl. This is in accordance with the 

finding~ of Anderson and Poulter 22 in their investigation of 

aqueous jot scouring. 

the 
Fr.om/lines for 0 60 and 65°C in Fig. 9' which are 

almost horizontal, it may be concluded that the temperature of 

the second bowl i s of litt l e consequence at these high t empera-

tures in the first bowl. This could be due to the f ac t that a t 

these temp~raturos a large proportion of the grease and dirt i s 

removed in the first bowl, l eaving th0 task of removing the last 

remnants of dirt, i.e. th0 smallest globules and complexes, which 

are more difficult to remove 56 , to the second bowl. 

As a further aid to thG interpretation of the above 

results, the data was used to estimate a second order response 

60 surface of de tergent consumpt ion (y) in grams on the t empera-

tures of the first (x1) and second (x2) bm-; l s . For conveni ence in 

calculation, the t emperatures were designated as follovs : -3, -1, 

0 0 0 0 . 1, 3 for 50 , 55 , 60 and 65 C r espectlvely. 

The equation of the surface was estimated as 

y = 186 + b1x1 + b2x2 + b3xlx2 + b4xl 
2 

+ b5x2 
2 

•••••••• (5.1) 

whore 
bl - 51. 1** S. E. 8.6 

b2 - 41.4** S. E. 8 . 6 

b3 17 ~ 0** S. E. 3 . 9 

b4 := 13 . 0* S. E. 4 . 8 

b5 =: 7.8 S. E, 4 . 8 
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With the exception of b
5

, all tho coefficients are significant~ 

Since b
5 

is still nearly twice it s stand&rd error it was 

included i n the further calculations . The analysis of 

variance i s given in Table 9. 

TABLE 9 

Analisis of v~rianco for re£Eonse surface from Lissapol NX data 

Source of variation d.f. s. s . M.s. 

Regression 5 521212.95 104242 . 59 

Error 10 59312.80 5931.28 

r~ot:-tl 15 580525 . 75 

The estimated response surf~ce iu Ghown in Fig. 11 with 

the contour lines indicating the l evels of detergent consumption 

marked in lb . detlrgent/100 lb. ~aw wool . It shoul d be kept in 

mind that the area actunlly covered by the experimental data 

0 0 is that inside the dotted square, viz. from 50 to 65 C. 

The rest of Fig. 11 is an extrapolation based on equation (5 .1), 

and is included to give a clearer overall picture . The 

surface represents a hollow with the lowest point at ! where 

the detergent consumption is 0.285 lb./100 lb , r aw wool a t a 

temper~ture of 59 . 5°C in the first bowl and 62°C in the second. 

Tho response s urf,ce within the limits investigated 

bears out the conclusions drawn above , i. e . that at high 

t emperatures of the first bovl , the second bowl temperature 

has l ittle effoc t on detergent consumption. Similar 

behaviour is shown when ~he second bowl temperature is kept 

const an t wi th the difference th8t the fir s t ' bowl temper ature 
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still exerts an effect, oven at high temperatures of the second 

bowl. 

An interesting fact which ~rises from t he Lissapol NX 

0 
data is that, even though it has a cloud point of 34 c, the 

detergent consumption onl y r e ..,,ches a minimum in the vicinity of 

60°C 1 after which it starts incree sing. 

Figs . 12 and 13 ~ro the consumption curves f or soap . 

The points A and B on the. gr n.phs are higher thr.n would be expected 

bec~use this lo t w~s scour e d t o 0.47% r~s idu~l grease , compared 

with a pproxima tely 0. 6% for tho other lots . The va lue read off 

from the rospons e surf~c e ~t thi s poi nt is 3 . 57 lb ./1 00 lb. r aw 

wool. This is th 3 figuro whi ch is denoted by A1 a nd E ' in 

Figc. 12 ~nd 13. The decrease in detergent consumption in both 

graphs is gene r ally greater from 55° to 60° than from 60° to 6 5°C. 

Nei th3r of tho bm-:ls play a domin,' ting pn.r t in determining the 

deterg0nt consumption. 

A respons0 surf~c e was obtained for soap cons umption (y) 

on the temperatures of th.o first (x
1

) and second (x
2

) bowl s . 

The temperatures ware coded as follows: 55°C(-l), 60°C(O), 

65°C(+l). Tho equation of the surface was es tima ted a s 

3.2 ~) 17 + blxl + b2x2 b3xlx2 b4xl 
2 

+ b5x2 
2 •••.. . .• (5.2) y :=: + + 

where 

bl ::: -0.31 3 s .E. 0.13 

b2 ::: -0.2233 s .E. 0 .13 

b3 0 . 1425 S .E. 0 .16 

b4 0 . 005392 S . E. 0 .13 

b5 0 . 02873 S. E. 0.13 

Tlw ana lysis of va r ianc e w.:1s a s in Tabl e 10 . 
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TABLE 10 

Analysis of variance for response surface from data for 

scouring soap 

Source of variation 

Regression 

Error 

Total 

d.f. 

5 

3 

8 

s.s. 

0.898539 

0 . 298283 

1.196822 

M. S. 

0 . 177707 

0.09942767 

The estimated response surface is shown in Fig. 14 with 

the contour l ines which show the levels of soap consumption 

marked in lb. per 100 lb. raw wool. It is clear frorn Fig. 14 

that in the case of soap there is no point of minimum consumption 

within the temperature range 55° to 65°C. This is in accordance 

28 wi th the work of Veldsman who compar ed sodium cetyl sulphat e 

with soap and found an eventual decrease in efficiency with tempera-

ture for sodium cetyl sulphate but none for soap. 

Again , the area within the dotted rectangle is that part 

of the response surface covered by experimental results, the rest 

of the surface being an extrapolation to clarify the pi cture, 

It will be seen from Fig. 14 that increases in the temperatures of 

either of the two bowls cause a marked decreece i n detergent con-

sumpti on in the lower ranges, the differences being reasonably 

similar in both cases. 

In the higher ranges it was also found that considerable 

deoreases in detergent consumption occurred at a constant first 

0 bowl temperature of 65 when the temperature of the second bowl 

was increased from 55° to 65°C. Variations were, however, 

rela tively smaller for a corresponding increase in the t empera-

ture of the first bowl when that of t he second was maintained at 
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5 . 6 Conclusion. 

An i ncrease in temperature in the lower ranges in either 

of the first two bowl s caused a marked decrease in detergent con­

sumption. This effect was l ess marked in the region 60°C to 65°C . 

When using a nonioni c detergent the first bowl temperature 

was found to be the dominant factor in determining the detergent 

consumption. 

From the two response surfaces estimated for detergent 

consumption on temperature it was concluded that there was a point 

of minimum detergent consumption in the case of the nonionic 

deter gent, whereas with soap no such minimum was found i n the 

temperature range investigated . 
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6. COMPARISON OF DETERGENTS FOR RAW WOOL SCOURING. 

6.1 Introduction. 

The wool securer faces a difficult task when he has to 

make a choice of a suitable detergent from the large number which 

are offered to him. This study was a i med at comparing a number 

of detergents which could be considered for wool scouring. Of the 

eleven detergents compared in e a ch seri os of experiments, the 

majority were of the nonionic type , but soap and one other anionic 

detergent were also included. The detergents were compared with 

regard to consumption and cost. The scouring costs were calculated 

on the same basis for all detergents viz. the price per lb. in 

2,000 lb. lots, f.o.r. Port Elizabeth. The costs obtained a re 

relative, in that the only factor consider ed was the actual price 

of the detergent, all other factors being similar for each lot 

scoured. 

6.2 Materials. 

The detergents were used as supplied by the manufacturers, 

t he soap being supplied in flake form which contained 83% fatty 

acid. Soda ash (commercial grade sodium carbonate) was 2dded to 

the first bowl and Gl auber ' s salt (commercial grade sodium sulpha te) 

was used as a builder in the second bowl. 

Bulk lot s of Lox a nd f l ee c e wool we r e ope ned a nd bl ende d 

separate ly b e fo r e scouring . The Lox wh i ch ha d a cl ean yi e ld of 

36 . 2%1 and conta ine d 9.6% greas e a nd 13.7% s uint, wa s us ed in 

the first series of experime nts in which 1,600 lb. of the bl end e d 

woo l wa~ scoure d with eve ry de t er gent. Similarly , 1,000 lb . 

lots of bl e nd e d fleece-wool with a cl e ·1.n yie ld of 52 . 3%, 10.6% 

grease a nd 8.1% suint were s coured in t he second seri es . (All 



figures are based on dry weights) . 

6.3 Exp eriment al . 

The pilot pl~nt de3cribe d in Chapter 3 was used in this 

study . The r akes were set at ll s . p .m. and the rol lers flt 6 r.p~m. 

Rates of feed of 266 lb . /hr . and 166 lb. /hr . were used for Lox 

Fnd fle oce-~ool respectively in order to m~intain a reasonable 

production figure ~hich would be approximately s imilar for both 

lots (96 lb. a nd 87 lb . scoured wool per hour, re~pectively) . 

The rat e of backflow (Cho.pter 4) y,ras set a t 1 50'% for the 

first seri es a nd 75% for the s e cond . These rates ga7e suffi ciently 

lo~ concentrationq of totRl solids in the first bowl for continuous 

scouring without the danger of redeposition of dirt onto the wool. 

Cl ean water was addod to the r inse bov:l -...t a constant rate of 

420 ga l l. p er hour. 

Soda a sh war added to tho first bov l at a rate just 

suffi cient to k~cp th~ pH b e twee n 9. 0 and 9.5. The pH wn.s 

che cked at r egular short intervals using universal indicator pap er . 

The temper~turcs, which were k ept const ~nt for all lots in each 

series , ~ere aR follows: 

]'irst series Second series 

Firs t bowl 6o0 c 55°C 

Second bowl 55 55 
Third bowl 50 50 
l<,ourth bowl 40 40 

Dryur 67 65 

T~ble 11 gives the initia l charges of d e t ergents in each 

bowl . (The fourth bowl was used ~sa c l oa n rins e bowl). I t 

will be seen that for most nonionic det ergents, simil c r initi a l 

charges could be u sed , but cons id e rably his h er concentrations wer e 
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r equired to obtain an aRsily controll~ble scour to 0 .6~~ rcsidu~l 

gre1se in th0 case of the ~nionic detorgonts . The ini t i a l charges 

of builders in t he bo7ls ~ere th0 s r me in a ll experiments , viz , 

3 lb . soda ash in tho first bovl Rnd 6 lb. Glnuber 1 s s ~l t in the 

S:)COnd . 

TABLE 11 

Initial charges required for different detergents 

Deter gent Source Series lst Bowl 2nd Bowl 3rd Bowl 
(lb .) (lb . ) (lb . ) 

NONIONIC 

Lissapol NX r.c. r. 1 0 . 25 0 . 52 0 . 14 
2 0 .16 0 . 52 0 . 23 

Fluidal WlOO B6hme Fettchcmie l 0 . 31 0 . 62 0.15 
2 0 . 21 0 . 48 0 . 18 

Triton XlOO Rohm & Haas l 0 . 29 0 . 72 0 . 26 
2 0 . 21 0 . 52 0 . 29 

Tri ton N100 Rohm & H8c.s 1 0 . 32 0 . 78 0 . 21 
2 0 . 20 0 . 62 0 . 19 

Nonide t P40 Shell Chemicals 1 0 . 23 o. 74 0 . 18 
2 o. 20 0 . 53 0.16 

Nonidot p 80 Shell Ch e>micn.ls 1 0 , 40 0 . 74 0 . 41 
occ 50 Shell ChJmic~ls 2 0 . 22 0 . 44 0 . 21 

Berol Lo.nco Berol :.ktiebolng 1 0 . 22 0 . 65 0 . 15 
2 0 . 15 0 . 48 0.19 

Tergitol TP9 Union C2.r bide 1 0 . 28 0 . 78 0.28 
2 0 . 20 o. 50 0 . 16 

T..::re;itol NPX Union C.:1.rbide 1 0 . 29 0 . 75 0 . 25 
Ter gitol 12Pl2 Union Carbide 2 0 . 15 0 . 40 0 . 16 
Ter gitol 12P9 Union Co.rbido 2 0 . 17 0 . 46 0 .15 

ANIONIC 

Soo.p Lover Brands 1 1.00 3 . 00 o. 50 
2 1.00 3 . 00 0 . 50 

Adipon D Kz . B6hmc F3 ttchemie 1 1.10 3 . 31 0.66 
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Further 8dditions of nonionic detergents ~ere made oon-

tinuously from undiluted stock in overhead conto.iners as described 

elsewhere. The two anionic detergents, soup and Adipon D Kz. had 

to be dissolved in water (1 lb . per 5 litres) and were added from 

the larger Lmks as described in Chapter 5. The total amounts 

of soda ash and Glauber's calt used wore identical for all lots 

in each series, being L l~~ and 2. 5)~ respccti voly for tho first 

series a nd 1.9% a nd 2. 5% in the second . (PcrcentaJes c~lculated 

on the weights of raw wool scoured). 

For most of the detergentA additions were s t ar ted after 

15 minut es running time, but in some cases the required residual 

grease v:tlue of 0. 6% demanded the first additions to be started 

simultaneously with the feeding of raw wool into the set. In 

some cases it wa s not possible to add sufficient detergent to keep 

the residual grease down to 0. 6% because of pr<>.cticnl considerations, 

(See further under parc. . 6.5). 

The residual grease determinations were carried out at 

56 5 minute intervals on the column-and-tro.y f' :n pn.r e. tus • 

6.4 Results. 

Table 12 conta ins the rc : ults obtainod in the first series 

of expGriments on thE scouring of Lox and Tab l e 13 the results 

obtained with f l eece wool. 

The costs are calculated on the basis of prices per lb . 

of detc:rgent in 2 , 000 lb. lot s , f.o . r . Port Elizabeth : 

(South Africa). The costs given in the T:.bles are the costs 

in South African centn (10 cent s == 12 penc e ntg.) of scouring 

100 lb. rc~w '-rool. 'rhcse figures t a ke into account only the 

actua l cost of the detergente. 



DETERGENT 

Tergitol TP9 

Berol Lance 

Lisso.pol NX 

Triton NlOO 

Nonidet P40 

Fluidal \':100 

Tergitol NPX 

Triton XlOO 

Soap 

Nonidet P80 

Adipon D Kz. 

TABLE 12 

Detergent consumption and costs for scouring Lox . (First Series) 

Residual grease lb . de tergent used Cost of detergents 
% per 100 lb. 'I'El.W \':001 in crmts per lb. 

0 . 65 0 . 739 15 . 5 

0 . 66 0.864 15 

0 . 60 0 . 798 17 

0 . 64 0 . 917 16 

0 . 65 0 . 818 19.5 

0.59 0.995 20.5 

0 . 79 l. 367 15 . 5 

0 . 69 1.351 16 

o. 70 3 . 204 8.16 

1.19 2 .050 21.5 

0.79 2 . 895 23 - 98 

Cost of scouring 
100 lb . raw wool in cents 

11.45 

12 . 96 

13 - 57 

14 . 67 

15.95 

20.40 

21.19 

21.62 

26 . 14 

44.08 

69 . 42 



DETERGEHT 

Tcrgitol TP9 

Tergitol l2Pl2 

Tergitol l2P9 

Lissapol NX 

Soap 

Triton NlOO 

Triton XlOO 

Berol Lanco 

Nonidet P40 

occ 50 

Fluidal "!100 

TA:BLE 13 

Detergent consumption and cos ts for scouring fleece - wool . (Second Series) 

Res i dual grease lb . dctcre;ent u::;ed Cost of detergents Cost of scouring 
% per 100 lb . r ,:; ·,v ;~ool in cents per lb. 100 lb . r u.v; ,.:ool in cents I 

0. 58 0.773 15. 5 11.98 

0 . 60 0 . 797 15.5 12.35 

0 . 57 0 . 804 15 . 5 12 . 46 

0.60 0 . 767 17 13 . 04 

0 . 62 1 . 840 8 . 16 15.01 

0 . 59 1.087 16 17 . 39 \Jl 
\.>J 

0.61 1.134 16 18 . 14 

0 . 59 l. 339 15 20 . 08 

0.58 1. 114 19 . 5 21.72 

0 . 54 0.969 23,2 22 . 48 

0 . 56 1. 113 20 . 5 22.82 
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6, 5 Discussion. 

It will be seen th~t some of the residual grease values 

in Table 12 are appreciably higher than 0.6%. It was found 

impossible to scour these lots to lower grease values without 

considerabl e operationol difficulty . With a high concentra tion 

of detergent in the scouring bowls , the wool slipped at the 

squeeze- rollers, causing them to become blocked which in turn 

caused s toppages and loss of production. Undesirable excessive 

foaming also took pla ce at these high concentra tions . The deter­

gents which gave rise to these difficulties were not included 

in the second series of experiments (sec Table 13) . It should 

be borne in mind that the detergents which gave o. res idual grease 

content of appreciably more than 0 . 6~ would tend to be fl at t ered 

by the comp~rison . 

In the study on backfl ow (Chapter 4) , it was found that 

detergents which are s imilnr in physical and chemical s tructure 

react very differently ~ith r espect to detergent c onsumption und er 

different backflow condi t ions. Thi s kind of devia tion could have 

a m2rked influence on the rusults of a s tudy such as the pr0sent 

one . It would have been tot~lly impractica l to at t empt to 

establis~ t he optimum backfl ow conditions f or each detergent 

separatel y , and the trials were therefore conducted under conditions 

which should prevail i n a scourine mill when these types of wool 

a r e being scoured . A high rate of backflow was selected for t h e 

first series in view of the low yield of Lox ~nd ~ somewha t 

lower rate was used in the second series . 

The temperatur0 of tho scourinc bowls i s an important 

f actor in determining the efficiency of a specific detergent . 
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Hydr ogen bond formation t :tkt' s pl<: ce when nonionic detergents 

containing ethylene oxide groups ~r~ dissolved in water . 

Increas ing the tempzraturo of thG colution progress ively destroys 

thes e hydrogen-bonds, leaving the detergent with :1 smaller 8ffect-

ive hydrophilic r es idue . As :1 result the solubility of the non­

ionic is reduced and th2 phenomenon of clouding i s observed
51 • 

The nonionic detergent which h~s bec ome ~ore stronJlY hydrophobic 

at the el~vated temperatures employ~d in the scouring experiments 

will now have an affinity for th0 grec.se: which covers the surf::v~P. 

of the wool fibres and will be more r eadily adsorbed onto it . 

r::e 
Some workers) , including rnanufrcturers, seem to be of 

tho opini on tha t nonionic detergents can be employed most effective~ 

ly at temper~turcs below or in the vicinity of their cloud points, 

61 whereas othe r s rog~rd ~ high proportion of hydrophobic material 

in t ho detergent molecule ns advantageous to scouring; Other work 

hFs shown that nonionic detergents can function effectively at 

tempor::~.tures consid~rably Fl.bovc their cloud point,;, ci ther as a 

62 6~ 
wetting agent under the conditions of t he Drc.ves t Gs t ' J, or a s 

a dctergent 27. At the scouring temperatures used in this study 

tha rate of diffus i on of detergent into the dirt will be high3° , 

so that the r emoval will t ake place readily and fairly rapidly! 

It i s interesting to note the difference in behaviour and 

cloud point (c.p . ) of the following pairs of detergents (see 

T.::ble 12): Nonidet P40 (c . p . 47°C) and Nonidet PSO (c~p . 80°C); 

Tergitol TP9 (c . p . 51°C ) and Terc itol NPX (c . p . 63°) ; and from 

Table 13 , TerGitol l2P9 (c . p . l8°C) nnd Tergitol l2Pl2 (c . p . 60°C) • 

In each p~ir, tho hydrophobic unit of the moleculvn is identical, 

the only difference be ing in the l engthc of the hydrophilic 

ethylene oxide chaine. It will be seen t h 'tt Gach pair contains 
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one det 0rgent with a c l oud point ~bove the scouring temperatures; 

the other has a lower cloud point . Consumption was found to be 

lower for the detergent with the lower cloud poi~t . The only 

slightly lower rnolecul:tr weights of the lower clouding detergents 

cannot account for the considerablJ differences in detergent con-

sumption. 

In the c~s e of Tergitol 12Pl2 and 12P9 there is an except-

ion~lly large difference in cloud point :tnd in this particula r 

caoo the high.~r cl oudine detorgen t w:>.s slightly more efficient . 

Here the s couring temperatures were 39°C higher than the cloud 

point of Tergitol 12P9 . It is thought that when detergent 

solut ionJ are used at ternper~tures this f~r above their cloud 

points , the detergent becomes too hydrophobic and is present in tho 

liquors in a form unsuit~blc for scouring . 

It should be kep t in mind throughout the discussion follow-

ing that there w0re certain dissimilRrities between the treatments 

accorded the two s couring lots : 

a ) The first lot (Lox) w~s scour ed at 60°C in the 

first bowl, compared with 55°C for the second lot 

( f l ee ce-wool) . ThiJ differenc e would have the effect 

of lowering the dct1rgent consumption for Lox 

relative to that obtained for fleece-wool . 

b) The pH of the first bowl was kept at 9 . 0 to 9 . 5 for 

both series ~nd it will be seen that the Lox re­

quired lass soda ash th~n the fleece - wool (1.1~~ 

vs . 1.9;), duo to the fact th~t t he Lox was more 

alkaline than t he fleece-woo1 64 • Later work 

(Chapter 7) indicntcs that thi~ differ ence would 

also influence the detergent consumption . It is 

expec ted th~t tho dotcrcent conoumption for Lox 

would be incr2ased relative to .that of fleece-wool . 
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Although it is unlikely t hat thcsu two opposite effec ts 

would cancel each oth0r exactly , it is thought thc.t the nett 

effect would not have serious effects on th~ conclusions drawn 

and it should be pointed out that the actual comparisons drawn 

between the two lots r efer only to very large differences in 

detergent consumption which could not be due solely to one of 

the above diff~rences , 

A poi nt of signi fic ance which arises from Tr..bles 12 and 13 

is the r eaction of the t wo diffarent types of wool to s couri ng 

with the two types of detergent . In the case of soap , ~hich is an 

anionic detergent, th0 amount used for s couring Lox is clmost 

twice that r equired to scour tho same wei::;ht of fL:-ec e- wool . This 

can be ascribed to a los s of soap due to its tendency to be come 

ads orbed onto the wool nnd impuriti0s present in the liquors 54 • 

This effect should be most marked in the scouring of Lox which 

cont~ins ~ largo percentage of dirt. The nonionic detergont c , on 

the other h~nd, show an approximately constant detergent consumption 

for both types of wool, This is in accord~nc c with the remarkable 

reluct~nce of this type of de tcrJ2nt to become adsorb ed onto 

woo1 54 , 55 ( 3nd presumably a l s o onto dirt pres ent in the scouring 

liquors) , The consumption of nonionic s tended , in f act, to be 

s lightly higher for fl ~;ece- wool th,Ln for Lox , which can perhaps 

be attributed to the f~ct th3t th~ fl eece- wool contained 1% 

more grease than tho Lox (10.6% vc. 9.6%) . This difference i s 

quite sm~.11 and could ev,_n be due to the effect of f'"~.ctors a ) 

or b) above . Tha above eff ec ts are r eflect ed in Tables 12 and 13 

wher e it m<.:.y be s :?en that when acourine Lox , e i ght of tho non­

ionics investiga tGd could b e u s -.d more e conomica lly than soap 

and in th~ c~se of fleece -wool only four of the nonionic detergents 
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wore more economical th~n soap . 

6.6 Conclusion. 

Several detergents were compared for scouring efficiency 

under fixed conditions using two types of wool . It was found 

thJt nonionic detergents could be u~ed at consi derably lower 

cos t than soap when scouring low- yielding Lox. For a higher-

yicldine type of wool , so~p b~cnme more competitive economicJlly. 

The consumption of nonionic detergents remained relatively constant 

for both types of wool scourGd , but the consumption of soap was 

m~rkedly greater for Lox than for fl eece-wool . 

The nonionic detergents generally operated more effic i ent-

ly nhen the scouring temperatures were higher than the cloud points 

of the detergents . This effect ·"a s observed with both types of 

wool used , but it \ tC..S mor e noticeable in t he cns e of Lox . 

A very high detergent concentration wa~ required in 

certrtin cass s in ordar to scour r ~.w wool to u. 0 . Gc( rcsiduc:t l grease 

l0vcl. As a r esul t, exceAsive fo : ming occurred and further in-

convenie;nce ·uas c:msed by blockages ·' t the sque0z<J- rollers . These 
cs 

dc tGrgents v:e r e thE reforo rega rd. ed,.tunsui t a bl e for r aw wool scouring. 
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7 . THE EFFECT OF DETERGENCY BUILDERS ON THE SCOURING 

OF RAW WOOL. 

7 .1 Introduction. 

It has been known for some considerable time that the 

addit i on of electr olytes to scouring l iquors cause an appreciabl e 

increase in deter gent efficiency3l , 65 , 66 , even though these 

el ectrolytes have no detergent power on their own. Amongst 

the e l ectrolytes in industrial use today are common salt (sodium 

chloride) , Glauber ' s salt (sodium sulphate) and soda ash (sodium 

carbonate). 

When scouri ng with soap , it is considered essential7,
66 

to maintain the pH in the vicinity of 10 to avoid the liberati on 

of free f at ty acids and the subsequent decrease in detergent 

efficien cy . Soda ash is normally used for this purpose, although 

potassium carbonate and sodium silicates and phosphates have als~ 

been found suitabl e35. The original theory10 that alkali 

assisted the scouring process by saponification of a portion · of 

the wool grease was shown to be incorrect when it was found that 

only a small proportion (0.5%) of wool grease was saponifiable
2

• 

Several workers3 2 , 33 have pointed out that the capillary 

activity of ionic detergents showed an increase in the . presence 

of electrolytes . The same observation was made from a study 

on nonionic detergents 34 but th~ initial increase in detergency 

was fo l lowed by a decrease as the salt concentration was increased 

further. Use of neutral builders such as common salt and 

Glauber ' s salt has become more widespr ead since th e advent of 

neut r a l s couring with nonionic detergents although it has been 

r eported10 that with certain nonionic deter gents, the addition 

of neutral electrol ytes to the scouring bowls will have little 

or no effect be low 60°C . 
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The addition of neutral electrolytes to solutions of 

nonionic detergents has been shown to cause a depress i on of 

the cloud point, possibl y by dehydrati on of colloidal micelles58 

or by br eakdovm of the hydrogen bonds by which the mol ecules are 

dissolved in water51 , The actual amount of depression depends 

on the nature and the amount of inorganic mater ial added . Such 

depression of the cloud point indicates that a change in the hydro­

phile-lipophile bal ance of the detergent has taken place , which 

is an important effect since the efficiency of a detergent is 

largely determined by this balance , 

The present study was designed to investigate the eff ect 

of the addition of three types of builder to the scouring liquors . 

Of t he builders i nvesti gated, two were neutral , viz . sodium chloride 

and sodium sulphate and one was an alkaline buil der, viz . sodium 

carbonate. The experiment was carried out in ~wo parts , the first 

to establish the opt imum total quantity of builder to b e added to 

the first and second bowls . The same builder was used in both the 

first and second bowls, and three different detergents (two non­

ionics and soap) were used . The second part was aimed at 

establishing the optimum ratios in which the builders should be 

added to the first a nd second bowls, on the basis of the optimum 

total additions obtained in the first part. Combinations of builders 

were also i nvesti gated and the same nonionic detergent was used 

throughout the second part of the experiment , 

7 , 2 Materials . 

Soap, which is an anionic detergent, and two nonionic 

detergents, Triton NlOO and Tergitol NPX , were used in the 

first seri es of experiments . The nonionic detergent, Nonidet P40, 

was used in the second series, 
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The builders used were soda ash (commercial grade sodium 

carbonate), Glauber's salt (commercial grade sodium sulphate) and 

common salt (marine grade sodium chloride). 

Two lots of wool were used in the experiments. The first 

series was carried out on a short belly-wool which yielded 50.7% 

clean wool and contained 12,6% grease and 8.9% suint. The second 

lot had an average length of approximately 3 inches and a clean 

yield of 56. e% and contained 12.4% grease and 8.4·% suint • (All 

calcul ations are based on dry weights). Each lot of wool was 

blended separately, put through a fleec.e- breaker, blended again 

and r ebaled . Lots of 600 lb. raw wool were used in each of the 

experiments. 

7.3 Experimental, 

The pilot plant described previously was used in this study. 

The rakes were set at 11 s .p.m. and the rollers at 6 r.p.m. Rates 

of feed of 200 and 166 lbs. per hour were used in the first and 

second parts respectively• The rate of backflow (see Chapter 4) 

was set at 125% for the first series (short wool) and a t 100% for 

the second in view of the different rates of feed employed. The 

concentration of total solid matter was approximately 3% after 

the runs had been completed . Clean water was added to the rinse 

bowl at a rate of 420 gall. per hour. 

The temperatures, which were kept constant for all lots, 

wer e as follows: 

First bowl 55°C 

Second bowl 55° 

Third bowl 50° 

Fou.rth bowl 40° 

Dryer 45° 
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The initial charges of detergents used in this study we~e 

of the same order as those described in the previous chapter. 

In the f irst series of experiments, only one builder was 

used in each run, and was added to both the first and second bowls 

in the ratio of 1 to 1.75 . The total amounts of builders used 

(first and second bowls) per 100 lb. raw wool were 0 , 2.75 , 5.5 

and 11 lb. for each buil der with each of the three detergents. 

(See para. 7.4). 

In the second series , the effects of the ratio of builder 

additions to the first and second bowls and of combinations 

of builders were investigated . The total amount of builder s used 

was that which was found in the first series to give minimum 

detergent consumption , viz . approximately 5 l b . /100 lb. raw wool. 

The use of ei ther sulphate or carbonate and of a combination of 

carbonate and sulphate was investigated in detail . It was assumed 

that sulphate would have the same type of effect as chloride and 

the behaviour of chloride as a replacement for _sulphate was 

studied at the points of minimum consumption found for the sulphate. 

( See para. 7 .4). 

The builders were added continuously from overhead tanks. 

Soap solution (1 lb. pe~ 5 litres) and undiluted detergent addi­

tions were made continuously as described in Chapters 3 and 5 

in order to keep the residual grease content of the scoured wool 

at approximately 0 . 6%. The residual grease determinations were 

carrie~ out on the column-and-tray apparatus at 5 minute intervals . 

The pH of the liquors in the first and second bowls was 

measured at half-hourly intervals using a Metrohm E 280A 

portable pH meter , 
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To test the commonly accepted view that the addition of 

sodium carbonate to the scouring liquors causes discolouration 

of the wool and that it increases the discolouration of already 

stained wools 67 , a paired comparison experiment was carried out 

on the four extreme lots from the first series of experiments with 

Triton NlOO scoured under the following four sets of conditions: 

no builders, 11 lb. sulphate , ll lb. chloride and 11 lb. carbonate 

used per 100 lb. raw wool. The paired comparison experiment was 

designed to indicate any differences between the four lots with 

r egard to colour and handle . An analysis of variance was appl ied 

t th d t ( Bl . 68 
o e a a see e.g. ~ss • In this experiment, t he technique 

of Mosteller69 was followed in that the preference proportions were 

transformed into arc sines and no t into rankits). Twelve judges, 

a ll of whom were familiar with the trade concepts of "colour" 

and "handle" were used in the experiment . 

7.4 Results. 

The highest pH, measured after 3 hours, in t h e first 

series of experiments was 10.5, when 5.5 or ll lb. carbonate was 

used per 100 lb. raw wool. The final pH measurements when 

chloride, sulphate and no buil ders were used were very similar and 

ranged from 7 . 5 to 8 .0. 

The detergent consumption in l b . /100 lb. raw wool found 

in the first series for varying builder additions were as in 

Table 14 and Figs . 15 , 16 and 17 . 

The final pH values recorded in the second series of . 

experiments were of the same order as those in the first series ; 

they varied from 6 . 8 for no builders and neutral builders to 10.5 

i n some cases where carbonate was used . 
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The detergent consumption figures (in lb./100 lb. raw wool) 

obtained in the second series for varying builder additions are 

given in Table 15. 

TABLE 14 

Detergent consumEtion (in lb.[lOO lb. raw wooli and residual 

grease values for different detergents under 

varying builder additions 

Detergent Builder Total builders Detergent consump- Residual 
(lb ./100 lb. tion Grease 

raw wool) ( % ) 
Triton Sulphate 0 1.684 0.67 
NlOO 2 .75 1. 512 0.58 

5 . 5 0.986 0.49 
11.0 1.022 0.53 

Chloride 0 1.684 0.67 
2 . 75 0.929 0.59 
5.5 0 . 763 0.61 

11.0 0 . 669 0.56 

Carbonate 0 1. 684 0.67 
2.75 0.534 0.56 
5.5 0.465 0.62 

11.0 0.355 0.56 

Tergi tol Sulphate 0 1. 340 0.60 
NPX 2.75 1.141 0.53 

5.5 1.121 0.58 
11.0 1.123 0.60 

Ca.rbonate 0 1. 340 0.60 
2.75 0.634 0.57 
5.5 0.514 0.57 

11.0 0 . 276 0.58 

Soap Sulphate 0 4.50 0.86 
2. 75 3. 63 o . 8o 
5- 5 3.10 0 . 69 

11.0 2.80 0.62 

Chloride 0 4 . 50 0 . 86 
2 . 75 3. 30 0 .66 
5 . 5 3.38 0 . 53 

11.0 3. 28 0 . 64 

Carbonate 0 4 · 50 0 . 86 
2.75 1. 50 0.60 
5. 5 1. 25 0 . 60 

11.0 1.05 0.54 
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TABLE 15 

ConsumEtion of Nonidet P40 (in lb.Lloo l b . raw wool} f or 
varying builder additions 

Builder Buil der ratio Detergent Grease 

Bowl 1 Bowl 2 Bowl l:Bowl 2 consumption (%) 

Sulphate Sul phate 1:4 1.000 0 .59 
2:}~ 1. 311 o .61 
3 :3 1. 318 0.60 

}~:2 1. 325 0.62 
4:1 1.371 0 .67 

Chloride Chloride 1:4 0 , 704 0.58 

Carbonate Carbonate 1:4 0 , 405 0 . 49 
2 : 3-fs 0 .362 0 . 54 
3:3 0 . 340 0.53 

}~:2 0~395 0 .55 
4:1 0 . 413 0 . 60 

Carbonate Sulph::tte 1:4 o. 671 0 .49 
2: 3-~ 0 . 554 0 . 58 
3:3 0 . 532 0 . 56 

3!: 2 0 . 618 0 . 59 
4:1 0.514 0.53 

Carbonate Sal t 2: }~ 0 . 383 0 . 57 

Tables 16 and 17 give the results obtained in the 

pa ired comparison e xperiment on the handle and col our of the 

lots s coured under conditions of extreme builder additions . 

The samples , when tested for total alkali 70 , gave 47.5, 

50 , 52 and 102 micromoles/g. conditioned wool for no builder, 

sulphate, chl oride and carbonate treatmenta respectively , 

TABLE 16 

Paired comEarison exEeriment for judgement of colour 

a) Frequency with which the colour of the sample in the 
row was preferred to that in the column. 

No builder Sulphate Carbonate Chloride 

No builder 2 12 7 
Sulphate 10 ll 10 

Carbonate 0 l 0 

Chloride 5 2 12 
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b) Preference score of the colour of a particular sample. 

No builder Sulphate Carbonate Chloride 

17.5 

c) Analysis of variance 

d.f. s .s. M,S. F 

Treatments 3 5006 1669 6.8 
Error 3 735 245 

Total 6 5741 

TABLE 17 

Paired comparison experiment for judgement of handle 

a) Frequency with which the handle of a s~mple in the 
row was preferred to that in the column. 

No builder Sulphate Carbonate Chloride 

No builder 5 9 9 
Sulphate 7 7 7 
Carbonate 3 5 6 

Chloride 3 5 6 

b) Preference scores of the handle of a particular sample. 

No builder 

6. 2 

c) Analysis of variance 

Treatments 

Error 

Total 

7. 5 Discussion , 

d.f . 

3 
3 

6 

Sulphate Carbonate 

-5 

s .s. M. S. F 

412 
113 

525 

137 
38 

Chloride 

- 5 

The effect of builder additions on soap consumption can 

be seen from Fig . 15. There is little difference between the 
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effects of sulphate and chloride, whereas addition of carbonate 

causes a considerable decrease in detergent consumption. 

The effect of builder additions on the consumption of the two 

nonionic detergents may be seen from Figs. 16 and 17. In the 

case of Triton NlOO, the order of effectiveness was: oarQonate,. 

chloride and sulphate. For Tergitol NPX the effect of additions 

of sulphate and carbonate was investigated and found to be similar 

to that obtained for Triton NlOO. In view of the similarity 

found fo r the other builder s, it was assumed that chloride would 

in this case also be of intermediate effectiveness between c~rbonute 

and sulphate. 

These r esu l ts can be related to the theories of Palmer31 

71 and Cassie and Palmer who suggested that in the presence of 

salts, the potential energy of detergent ions in solution is de-

creased by the conc entration around them of ions of opposite sign 

(Debye- Huckel effect). The potential energy of detergent ions 

a t the surface is decreased to an even greater extent. The amount 

of detergent in the surface in e~uilibrium with a given bulk con-

centration depends on the difference in potential energy of a 

detergent ion in the two zones. A greater lowering of the 

potential energy of detergent ions in the surface will, therefore, 

give greater surface pressures and probably a lso greater detergence. 

In terms of thi s theory, it is expected that only ions of sign 

opposit e to the de t ergent ions will have an appreciable eff ect . 

From Fig . 15 for s oap , which is an anionic detergent , it wil l 

be seen tha t there is no marked diff er ence in changing the anion 

from chloride to sulpha te whil e the cation r emains the sa me 

(Na+ in this ca se) which is in direct agre ement wit h the theory. 

It wi ll be seen tha t carbona t e additions caus e a further 
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improvement in detergency, which suggests that a different 

mechanism is operating in this case. Sodium carbonate is an 

alkaline builder which increases the pH of the scouring liquors. 

The final pH values recorded at the different levels of carbonate 

additions were: o% carbonate, 7.7; 2.75% carbonate, 9.8; 

5.5% carbonate, 10.3 and 11% carbonate, 10.4. These figures 

show an increase in a manner resembling the decrease in detergent 

consumption in Fig. 15. 
72 . 

It has been suggested that an increase 

in pH of detergent solutions will g i ve a greater proportion of 

soap anions in the surfaces, again giving greater surface pressures 

and presumably also increasing detergence, which is borne out by 

the results presented in Fig. 15. 

The rather marked effect of builder additi ons on the non-

.ionic detergent consumption shown in Figs. 16 and 17 seemed 

71 
anomalous from the point of view of the theory of Cassie and Palmer 

since these detergents do not ionise in water . There is considerable 

evidence, from the similarity of their behaviour to that of cationic 

detergents in aqueous solutions, that nonionic detergents should 

be regarded as oxonium compounds73• In view of this fact and the 

71 above theory , one would expect that a change in the type of 

ani on of the builder used would cause differences in detergence. 

This e ffect was, in fact, observed ~.in Figs. 16 and 17 where 

there is a considerable diff erence in detergent consumption between 

sulphate , chloride and carbonate when the cation (Na+) r emains t he 

same in a l l cases. The exact mechanism of the changes is not 

clear , sinc e the magnitude of the effects does not seem to be 

direc tly related to molecular size or molecular concentration of 

builders in the sc ouring liquors when Rll three builders are 

considered . For chloride and sulph~te alone, the picture is 
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somewhat clearer, and it is possible that a different mechanism, 

in wh i ch th2 dominant effect is that of pH on the distribution 

of detergent ions in the system, operates in the case of 

carbonate. 

From Figs. 15, 16 and 17 it will be seen that in al l 

cases there is a marked decrease in detergent consumption from 

zero builders to 2.75% add i tions, a small er decrease from 2.75% 

to 5.5% and a n almost negligible decrease from 5.5% to 11.0%. 

These results are in agreement with the observations of Palmer
31 

and Mc1aren34 who found an increase in detergency for additions 

of electrolyte up to a certain concentration l evel and a decrease 

when this leve l was exceeded. 

For the second series of experiments, the total additions 

of builders varied from 5 to 6 lb./100 lb. raw wool. The weights 

used were chosen in order to simplify the practical operation of 

the plant 2nd it was thought that the small differences would not 

cause significant ch~nges in detergent consumption since the 

experiments were carried out in the flattest region of the deter-

g ent consumption - builder concentration curves (see Figs. 15, 16 

and 17). 

It will be seen from Table 15 tha t the effectiveness of 

the different builders are in t h e same orde r as before: c a rbonate, 

chloride and sulphate . Also, when th e neutral builders were 

combined with carbonate, chloride was found more efficient than 

sulphate a nd the carbonate cau sed mark ed decreases in detergent 

consumption in both c a ses . 

The ratios in wh i ch the sulphat e was added to the f irs t 

a nd second bowls did not make much difference to the d etergent 

consumption in most cases, ~lthough there was a reason able decrease 
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at a ratio of 1:4. This was taken to be the optimum ratio for 

the addition of neutral electrolytes and the detergent consumption 

figure for chloride was also obtained under these conditions. 

Wnen carbonate was used in the first bowl and sulphate in the 

second , the minimum detergent consumption was at a ratio of 4:1, 

but it was decided to use the ratio 2:3i as optimum even though 

the detergent consumption at this point ·was somewhat higher in 

order to avoid the potential discolouring effect of high concentra­

tions of carbonate. Once again, it seemed that a different 

mechani sm was operating in the case of carbonate, in that the 

small differences in total additions largely outweighed any effects 

due to different ratios of additions. 

Tables 16 and 17 give the results obtained in the paired 

comparison experiments and the analyses of variance. It will be 

seen th~t the effoct of colour is significant at a 10% l evel, 

whereas the handle results are not significant . It should be 

pointed out , however, that in view of the comparatively small 

number of observations and degrees of freedom, only clear 

differences appear as significant. It can therefore be said that 

the colour of the sample from the carbonate scour was least accept­

able , The handle, however, cannot be judged similar in all cases, 

since there might have b8en smal l differences which did not 

appear to be significant in the analysis. It must be stressed 

that this experiment was carried out on the extreme lots 

(conditions which would not normally be encountered in actual 

practice) and was intended to indicate more clearly those differ­

ences which may exist under milder conditions by exaggerating 

them . It is clear that the presence of excess ive amounts of 

sodium carbonate has a detrimental eff ec t on the colour of 

scoured wool. 
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7.6 Conclusiog. 

The order of efficiency of the builders used for nonionic 

detergents was found to be: sodium c~rbonate, sodium chloride and 

sodium sulphate. For soap, sodium carbonate was by far the most 

efficient builder, whereas sodium sulph~te and sodium chloride had 

similar effects. 

Detergent consumption was found to decrease sharply on 

increasing additions of builders in the lover concentration ranges. 

The effect became considerably less marked in the higher ranges. 

When the total additions were kept constant the ratio of 

addition of builders to the first and second bowls did not appear 

to have any marked influ8nce on detergent consumption. 

From a paired comparison experiment conducted on samples 

scoured under extreme conditions of builder additions it was con­

cluded that the use of excess ive amounts of sodium carbonate had a 

significant discolouring effect on the scoured wool. 
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8 . DETERMINATION OF NONIONIC DETERGENTS IN AQUEOUS SOLUTIONS. 

8 .1 INTRODUCTION 

8 .1.1 Composition of nonionic detergents , 

Tho majority of nonionic textile chemicals ere prepared 

by the r eaction of ethylene oxide nith materials such as alkyl-

phenols , elcohols, acids , morcaptans, ami des and aminos which 
(See Table 18) 

contain reactive hydr ogen ~toms . AThe water solubility of 

ethylene oxide condensation products can be al t ered by increasing 

the number of ethyl ene oxide units . Other nonionic detergents 

are the fatty acid esters of sorbitan (a tetrahydroxy alcohol) 

~nd of sorbitol (a hexahydroxy a lcohol)74 . 

A different type of nonionic based on alcohols comprises the 

ethylene oxide deriva+-ives of polypr opylene glycol. Al though 

propylene glycol itself is water- soluble, polypropylene glycols 

with molecular weiehts higher than rbout 900 are insoluble in 

water end c~n servo as a hydrophobic b&se for nonionics 75 • 

It is obvious that it is possible to make an almost 

infinite number of nonionic surf~ctants when the number of 

starting materials i s consid~red and in view of the f act that it 

is a rel~tively simple process to vary the molecular r atio 

(denoted by ~) of ethyl~ne oxide to hydrophobic reactant . 

Nonionic detergents can be prepared in very pure form, 

the only impurities being small amounts of catalyst, as distinct 

from anionic detergents which normally contain inorganic salts as 

62 impurities . It has been shown that when nonylphenol reacts 

with ethyl ene oxide, the weight per cent distribution of fractions 

containing tho various molecular ratios of combined ethylene 

oxide follows Poisson's distribution formul a . 
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TABLE 18 

Derivation of nonionic surfactants from ethylene oxide74 

Ethylene Oxide Hydrophobe Product 

n C~-pH2 + ROOH ~ R~(OCH2CH2)nOH 
0 (pYienol) 

+ ROH ~ R-(OCH2CH2)nOH 
(alcohol) 

//0 
+ RCOOH > R-C-(OCH CH ) OH 

(acid) 
2 2 n 

+ RCONH2 ). 
fo 

R-C-N/(cH2CH20)aH 

(amide) '\ 
(cH2CH20)bH 

+ RNH2 ) R-N~(CH2CH20)aH 
(amine) 

· (CH2CH20)bH 

In the latter two cases n = a+b. 

8 .1. 2 Q.uali tati ve tests. 

The majority of the qualitative tests available for non-

ionic detergents are based on 

a) The phenomenon of 11 clouding11 5l., i.e. the development 

of turbidity on heating, 

b) Precipitation of the oxonium salt of the poly­

o~yethylene compound by large anions such as 

cobaltothiocyana t e , phosphomolybdate, etc . 

( See under quantit a tive analys i s ). 

The l atter t es t suffers from the disadvantage that it is 

essentially a modification of the generally used precipitation 

t es t for cationic surfactRn ts by means of a l arge anion76, 77 , and 

is ther efore given by all cntionic surfa cta nts with or without 

the polyethyl ene oxide group i n the molecule . This similarity 

of nonionics to ca tionics was one of the re as6ns which l e d 
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73 
Wurzschmitt to beli eve that polyethylene oxide derivatives 

should be regarded as oxoni um compounds. 

78 It was found by Rosen that all types of compounds 

containing the polyoxyethyl ene group may be detected by _ 

pyrolysis in 85% phosphoric acid and leading the volatile products 

into an aqueous solution of sodium nitroprusside containing a 

wat er-sol uble secondar y amine such as diethanolamine. De-

composition of the pol yethylene oxide group results in the forma-

tion of ace t aldehyde which gives a blue colour with sodium 

nitroprusside and the secondary amine79 • 

xCH
3

CHO + - ( CH CH 0) -
2 2 (n-x) 

[

Fe ( CN) 5 ntrn2 J 3-
CHCHO 

(blue) 

Under similar conditions of test the poly~r~~lene groQp 

decomposes to give propionaldehyde and its polymers which 

produce orange colours with sodium nitroprussi de and diethanolamine . 

-(OCH2CH)­
I n 
CH

3 

xCH3cH2CHO + (CH3CH2CHO)y+ - (OCH2rH) :n-(x+y) 
CH

3 

(red- orange) 
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The only types of compound which give this test without containing 

the polyoxyethyl ene group arc the glycerides. This is due to the 

fact that glycerides form acrolein under the conditions of the 

t est which gives a blue colour as docs a cetaldehyde, 

8.,1.3 Qu2.ntitative analysis . 

The quantitative methods for the estimation of nonionic 

detergents may be broadly classified under three headings:-

gravimetric, volumetric and colorimetric or a bsorptiometric proced-

ures . Again, the majority of these methods are based on the 

precipitation of the oxonium s a lts of the polyoxyethylene compound 

by a large anion, which is also a method of determining cationic 

surfactants and therefore not specific7
6

,77. 

Shaffe r and Critchfield
80 

observed that high molecul ar 

weight polyethylene glycols gave a precipitate with silicotungstic 

acid in the presence of BaCl
2 

and HCl and developed R gravimetric 

procedure based on this principle . They found , however, that 

protein material int e rfered with the estimation by also forming a 

precipitate with silicotunastic acid . The gravimetric method of 

Oliver a n d Freston
81 

is based on a pre cipitation reaction with 

phosphomolybdic a cid and BaC1
2 

in HCl medium . A disadvantage of 

this method lies in the f a ct that the precipitated complex has to 

be left overnight before it can be filt ered , Barber, Chinnick 

and Lincoln
82 

have describ e d a similar me thod using phosphotungffiio 

a cid which h as the advantage that the precipitate may be filtered 

within 2 - 3 hours a fter pr ~ cipitation . These authors have 

claimed higher a ccuracy than with phosphomolybdic acid . They 

a l s o reported that silicotungstic acid gave gummy precipitates 

which were difficult to filt er a lthough precipitation with 

silicotungs t ic acid has been declared u seful
8 3 for nonionics 
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having six or moro ethyl ene oxide unit= in the hydrophilic 

polymer" The low , r ethylune oxide ~ dducts yi eld complexes 

which appear to be too soluble in aqueous acid . Haakh, von Candie 

and Mobus 84 precipitated ethylene oxide products with a resorcinol -

glucos~ condensation co~pound ~nd determined tho resultant complex 

gravimetrically . 

85 , 86 
A volumetric method has been proposed by Schonfeldt 

who procipitat2d ethylen~ oxide adducts with an excess of potassium 

ferrocyanide and ti trc ted the unused reagent ".'i th Znso
4 

solution. 

The results obtained agreed to within approximately 5r. i1.ccording 

to Seher87 , nonionics c~n ~lso be determined by preci pitation 

with sodium tetraphenyl- boron . The precipitcte i s made into a 

suspension with NN- di methylformamide and sodium acetate and an 

excess of mercurous nitrate added . The excess is determined by 

titrc::. tion with NH~CNS sol ution . Cationics interfere in that they 
r 

also give a precipita te with sodium t Atraphenyl- boron . Coppini 

c::.nd Cameroni88 determined nonionic compounds by precipitation 

with pot~ssium ferrocy~nide ~nd determinnt i on of the excess ferro-

cyanide with Fcc1
3

• 
80 

Colorimetric me thods include tha t of Shaffer and Critchfield 

who precipita ted the glycol with phosphomolybdic acid and determined 

the molybdenum content of the precipita te . A similar method is 

du e to Stevenson89 who dissolved the precipita te in concentr~ted 

H2so
4 

and measured the resultant violet colour photometrically 

at 520 mj.L . The violet colour was found to be specifi c for non-

ionic detergents . Stevenson ~lso described a modification 

to this method for use when the presence of H
2
so

4
in the colorimeter 

tube is undesirable. This is essentially an adapt~tion of the 

method of Snell and Snell90 for the det 3rmin~tion of molybenum 
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~ 
by thiocyfate coloration in the presence of stannous chloride. 

The coloured complex formed has an absorption peak at 470 m~. 

Amounts down to 1 p.p.m. can be estimated, the latter method 

being the more accurate, MacAllister and Lisk91 determined 

pol yoxyethylene stearate in dilute solution by the formation of 

a complex with the amylose fraction of potato starch, the amylose 

not involved in the complex being free to form an amylose-iodine 

complex which was es timated calorimetrically. Thi s method can , 

however, only be u sed at concentrations down to 0 . 05%, ~hi ch is 

virtually the upper limit of concentration used in scouring . 

A UV- spectrophotometric method has been r epor t ed by 

Griffith92 • The optical density of a solution of a nonionic 

detergent was measured at 278 m~ (the peak presumably being due 

to the aromatic ring) and a standcrd curve for optical density-

concentration plotted . Conc entrations do~n to 0.005% w/v Triton 

XlOO could be determined with an accuracy of better than 1%. 

A diffe rent spectrophotometric method was report ed by Brown and 

Hayes 93 who based their procedure on the qua litative test of 

van der Hoeve94 with ammonium coba ltothiocyanate. An ethylene 
a 

oxide derivative forms blue precipitate which is extracted into 

chloroform to give a blu0 solution, the optica l density of which 

is measured at either 318.5 or 620 m~ . It wa s found tha t poly-

ethylene glycol monolea1e could b e determined accurately to within 

0.0094 g ./litie. Heatley and Page95 precipitated the nonionic 

according to the me thod of Oliver and Preston
81

, wash e d tho pre-

cipitate with NH
4

Cl s olution and r e-dis solved it in a solvent 

mixture cons isting of 5N HCl a nd 2-mcthoxyethanol (1:4 by volume) 

for ultra - violet spectrometry at 310m~ against a blank of the 

solvent mixture a lone . According to P i t ter96 , nonionics can a lso 
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be determined by di ssolving in concentrated H2so
4 

the precipitate 

formed wi t h phosphotungstic acid . Th: solution is mixed with a 

5% w/v hydroquinone solu tion in 98% H
2
so

4
, and the optical density 

of the r esulting red solution measured at 500 m~ . Reproducibility 

at 3 mg . content of nonionic is in the region of 3~. Results 

are poorly reproducible with surfactants of l ow ethylene oxi de 

content. Anions whi ch precipitate :·fi th BaC1
2 

in ac i d mediu_m 

interfere with the determina tion , as would protein materi a l . It 

also follows that any substances which absorb in the wavelength 

r egions mentioned wil l interfere with the determinations. 

The principal di sadvantages of the above methods lie in 

the f act that they a r e tedious , often not capable of h.igh accuracy 

and unsuitabl e for use as routine methods by untra ined operatives. 

I t ho.s been sho'.m by nec.tharburn and Bayley54 and by Le Compte 

55 and Cr eely tha t the amount of sor ption of nonionics by wool is 

very smr.l l and i t is imperative that any method used in this kind 

of work should be capabla of detecting very small changes in con-

centration. 

8 . 1 . 4 Separation of interfering subs tances . 

Several ~uthors have mentioned the f~ct that cationic 

detergents interfere with the pracipitation of nonionics by a 

82 It waa sugciested by Barber e t al that 

cations could be removed quantitatively fr om soluti on by using a 

c~tion exchange r esin, l eaving the nonionic to be analysed separ ate­

ly. It has been reported by Green, Harker and Howi tt98 that 

an anion exchanger will remove cetyltrimcthyl- ammonium bromide , 

Jn anionic agent , from an equeous soluti on . The same gener a l 

99 100 observation was madL by Rosen • Hobson and Hartley found 

that the presence of substantial amounts of f atty matter or dyes 
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interfered with the methods of Oliver and Preston
81 

and that 

of Brown and Hayes93. They reported that fatty matter could 

be separated from the nonionic by passing an aqueous ethanolic 

dispersion of the mixture through ~n alumina column when the 

fatty matter is retained whereas tho nonionic agent passes 

throuch the column. Gatewood and Graham
101 

have indicated that 

they had obtained good separations between nonionic, cationic and 

anionic de tergents using the methods of Rosen99 and of Hobson 

and Hartley100• Nonionics may be extracted from mixtures with 

soap by the method of Huffins
102 

which is based on the fact that 

the nonionic agents are soluble in cold dioxane. 

8.2 METHODS INVESTIGATED 

8.2.1 Phosphomolybdic acid method. 

Introduction: 

81 
Of the gravimetric methods, that of Oliver and Preston 

and of Barber et a182 seemed tci offer most scope for application 

in the present study. The latter method showed most promise 

in view of the fact that the precipitate could be filtered more 

r apidly and also because it was found thqt the precipitate from 

the phosphotungstic acid method weighed almost twice as much as 

the precipitate obtained from the phosphomolybdic a cid deter-

mination . The accuracy of the methods was investigated . The 

effect of the presence of protein materia l on th e phosphotungstic 

ac i d method was also determined. 

Reagent s us ed: 

a ) De t ergent solutions of known concentrations made up 

in distilled water . 

b) HCl solution, 1 volume cone . HCl dissolved in 4 volumes 

distilled water . 
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c) lo% BaCl 2 .2H2o (analytical grade) solution in distilled 

water . 

d) Phosphomolybdic acid (C . P . ), H
3
Po

4
.12Moo

3
. 24H2o, l o% in 

disti l led water. 

Experimental: 

An aliquot of the solution containing a known amount of 

nonionic detergent (not more than 100 mg . ) was pipetted into a 

250 ml . beaker to which was added 5 ml. each of HCl, BaC1 2 and 

phosphomolybdic acid solutions in this order, and the contents 

diluted to 150 ml . with distilled water. The solution was heated 

to the boil to flocculate the yellowish- green precipitate . The 

beaker was then covered with a watch glass and allowed to stand 

overnight (18 hours). 

The precipitate wns filtered in a tared Gooch crucible 

through an asbestos rna t, washed ·.1i th at least 10() ml. distilled 

water and dried to constant weight at 105°C. 

Results: 

The above procedure establishes the ratio of the weight 

of complex to the weight of the particular detergent preparation 

under test . On plotting the v1eight of complex against the weight 

of detergent a rectilinear graph is obtained (see Figs. 18 and 19) 

which is used as a calibration curve for the particular detergent. 

Solutions of the same detergent of unknown concentration can now 

be analysed by the above procedure and the results interpreted 

with the aid of the calibration graph . 

The method was rt first applied to Lissapol NX, with the 

results shown in Table 19 and Fig. 18. Several duplicates were 

included to estimate the accuracy and precision of the method . 
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TABLE 19 

Weights of compl ex found for known weights of Lissapol NX . 

mg. detergent mg. complex 

2 . 0 5 . 0 
4 . 0 8 . 5 
8 . 0 21. 0 

10.0 28 . 9 
15 . 0 41.7 
20.0 54 - 9 , 56 . 9 , 53.2 
25 . 0 72 . 1 
30 . 0 86 . 3 , 87 . 6 
35 . 0 101.4 
40 . 0 109 . 6 , 117 . 2 
44 . 0 130.3 
45 . 0 130 . 0 
50 . 0 147 . 5 , 142.9 , 145 .0 
51.0 150 . 5 
54 . 0 162 . 1 
56 . 0 165 .• ·6 
60 . 0 176 . 0 , 174. 3 , 179 . 9 
65 , 0 195 . 8 
70 . 0 207 .2, 202 . 8, 206 . 5 
75 . 0 224 . 5 
80 . 0 236.5, 232 . 6 
85 . 0 254 . 5 
90.0 260 .7 
95.0 284 . 0 

100. 0 298 . 5 

A linear model was postulated103 and ca lculated from 

Table 19 for the case of Lissapol NX: 

Y ~ 0 . 3331x + 1.1997 

Further , the standard error of b , (the regression 

coefficient) , the residual standard d8vintion (S . D, ) and the 

correlation coefficient104, ro5 for the line was calculated and 

found to be 0.0105 , 0 . 8842 and 0 . 9995, respecti vely . The 95% 

confidence limits
106 

for t he predicted amount of detergent 

present was calculated and are shown in Fig. 18 together with 

the regress i on line for the determination of Lissapol NX . It 

will be seen that an ~xtremely good correlation exists between 
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the t~o f actors and that there is very little spread of poi nts 

about the estimated line . 

On f urther investigation the method was found to be 

applice.ble t o a large vr.ricty of nonionic detergents as i ndic:tted 

in Table 20 and Fig. 19 . It will be seen from the calculations 

that the same degree of accuracy is maintained in all cases and 

that the slopes of the lines ar~ of the same order . 

TABLE 20 

Deter gent Regress i on Equation S . E. of Residual Correl ation 
b S . D. coefficient 

Lissapol NX y 0 . 3331x + Ll997 0 . 0105 0 . 8842 0. 9995 

Tergitol NPX y 0 . 3219x - 0 . 5149 0 . 0045 0 . 3834 0 . 9999 

Tergitol 12Pl2 y 0 . 3308x + 0 . 0640 0 . 0081 0 . 7884 0.9997 

Bcrol Lance y == 0 . 3430x + 0 . 4098 0 , 0056 0 . 4993" 0 . 9998 

Triton XlOO y = 0 . 3220x + 0 . 9012 0 . 0044 0 . 1691 1 , 0000 

Triton NlOO y :=: 0 . 3309x + 0 . 5488 0 . 0015 0 . 2728 1 . 0000 

Discussiong 

It will b e seen from the above that this method is highly 

satisfactory from the poi nt of view of accuracy. The method does , 

however, suffer from a number of distinct disadvantages . It is 

time-consumi ng in that the precipitate h~s to be l eft overnight 

before it can be filtered successfully . If the method were to 

be appl i ed to scouring liquors as a me t hod of concentration control , 

it would have to be considerably quicker . Furthermore , sulphates 

interfere with the precipitation and have to be removed first , and 

i t has been shovn that protein degradation rna terial will al_so 

interfere , as vould wool grease3 . Where neutral scouring with 
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nonionic detergents is prnctisud, one of the commonly us d deter-

gent builders is Glauber's salt (sodium sulphate), would 

thus interfvre with the determinP"tion. It is a lso that 

scouring liquors would contain ~ cert~in smount of prote·n de-

gradation material from th£ ~ction of thJ hot alkaline solutions 

on the weathered tipc of the fibres
8

, i.!.nd most certainly a fair 

amount of woolgre~sc. 

It seems that there is very little hope of modifr ing 

the method s u itably in order to ~pply it successfully t ~ the . 

control of concentr~tion in scouring liquors. It is, h 1wever, 

admirably suited to the estimation of nonionic detergen~s in pure 

a que ous solutions. 

8.2.2 Phosphotungstic acid method . 

Reagents required: 

a ) D~tergent solutions of known concentrction, made up 

in distilled wa ter 

b) HCl acid solution , 1 volume HCl dissolved in .4 volu es 

distilled water 

c) 1~~ Ba C1
2

.2H
2

0 ( analytic ~! reagent) solution in 

distilled ''icter 

d) Phosphotungstic a cid (C,P.) H
3

Po
4

. 12W0
3

.24H20 

1~ solution in distilled wRter . 

Exp · rim:::ntc l: 

To tho sampl e of nonionic detergent (containing not 

mor J th~n 100 mg. det e rgent) in ~00 ml . w~ter 10 ml . HC I 

so lution w~s ad~ cd , followe d by 10 ml , Ba C12 so lution. The 

mixture was brought to the boil a nd 10 ml. phosphotungs lvic 

acid sol ut ion ~ddcd . The solution • - • boiled for a furt h•r 

2 minutes until the pre cipitate h<:~d coagul:~. teo ~.nd l e f t for 
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two hours before filtering in a tared Gooch cruicible through 

an asbestos m~t . The precipitate was washed with a minimum 

of 100 ml . distilled water and dried to constant weight at 

105°C . 

The i nterference from protein degradation products on 

the method when ~pplied to Tergitol NPX was measured as follows : 

£.. quantity of 500 ml , of "NaOH extract" was made a ccording to the 

method of Blackburn107, The solution obta ined was centrifuged to 

remove solid matter . After centrifugation, the solution was still 

somewhat cloudy and to ensure that the matter which remained in 

suspension did not "mask " the results, the solution was filt ered 

through a Gooch crucible simil~r to the ones used in filtering 

the complex precipita te. The fil tr~te w£..s made up to 500 ml , , 

a 5 ml . aliquot from t his solution added to the detergent solutions 

and the amount of nonionic detergent determined as before . 

Results: 

As in the phosphomolybdic a cid method this procedure 

establishe s the r 2..tio of the weight of complex formed to the weight 

of detergent pres ent for a given detergent . When plotted, the 

r esults gi ve a rectilinear graph which may be used to estimate 

the concentration of the spdcific noni onic de t ergent in unknown 

solutions . 

The method wa s again found to be applicabl e to sever a l 

types of nonionic detergents as shown in Table 21 and Fig . 20, 



90 

70 

10 

- -- Liss-.po1 IrX 

--Triton N100 

- - - -- Tc: r ::;ito1 l~PX 

- - - F1uido1 .. :100 

1 2 3 /. 
'-r 

WBirET 0"' C OJ :PL:·;:x (' .,., • J..i . y 10-2 ) 

F i g . ?0 . C ~librPtion curves for v rious nonionic 
dGt. : . .-,::_· ,,nts uisn; phosphotun __ 7s tic ::..cid 
n.s prPcipit ~ nt . 



90-

70 

50 
,.---.... 

c.? 
> .-= ... ...__.., 

E--i 
~ 
r ' 
6 
p::< 
r . 

[.,., 
30 ~ 

p, 

!i; 
0 

E--i 
r.tt 
0 
H 
rr1 
'. 

10 

1 2 3 

J?i;:,· . 21; C:: lj_brr tion cur·v::. f () :c 'f .r ,;itol 12P9 
us in~- pho :photungs tic ·~c id .'. R nr-:,cipi. t[l.nt . 



-----------------------------------------------------------------------------------~ 

90 

70 

50 

~ 

• 
0 
~ 
"-/ 

8 
~ 
~ 
0 
~ 
~=~ 
8 
~ 

30 1=1 
[.'<; 
0 

8 
p.:j 
0 
H 

~ ;_:.; 

1 2 3 

O] ot . rgont '.Llone 

oProt~in cxtr~ct ~dd 

Fi~ . 22 . Cnlibrntion curv~ for T0r~itol NPX , 
showinc the .: ff c ct of a dd nd prot ein 
O.cc r :.d::. tion m::: t e: ri .:-' 1. 



- 85 -

TABLE 21 

Equations of the phosphotungstic acid calibration curves for 

various detergents where y =weight of deter gent (mg . ) and 

Detergent 

Tergitol NPX 

Lissc:.pol NX 

Fluidal WlOO 

Triton NlOO 

Tergitol 12P9 

x =weight of complex (mg.) 

y 

Regression Equation S . E. of 
b 

0 . 2454x - 0 . 0948 0.0108 

y = 0 . 2459x + l. 8684 0 . 0134 

y 0 , 2505x + 0,0077 0 . 0076 

y = 0.2366x + 0 .7855 0.0062 

y = 0 . 2566x + 8 . 8212 0 .0616 

Residual 
S .D. 

2 . 1838 

1.7565 

1 . 0490 

0 . 8116 

14.6007 

Correlation 
coefficient 

0 . 9977 

0 . 9985 

0.9995 

0 . 9997 

0 . 7966 

It will be seen that the s l opes are ~ll of the same 

order and that , in all cases but the last one (Tcrgitol 12P9) 

the straight line postulate was an ~xtremely good one . Once again, 

very little spread of points occurred a round the predicted lines. 

The case of Tergitol 12P9 was investigated in more detail 

and :-.ft or a considerr-tble numb 3r of duplicate determinations it was 

found th~t no improvement could be made to the spread of points 

around the regression line . The experiment al point s and the 

regression line for this detergent are shown in Fig. 21. The results 

of the determination with Tergitol NPX in the pres ence of degraded 

protein materi a l are shown in Fig. 22. 

Dj.scussion: 

It wil l be seen from Fig . 20 and T~ble 21 that this method 

gives an accurate and precise calibration curve when applied to 

pure aqueous solutions of nonionic de tergents. Very high 

correlation coefficients were obtained in all cases with the 

exception of Tergitol l2P9 . The me thod has one great adva ntage 

)V0r the phosphomolybdic ac id procedure, viz . that the precipi tate 
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c~n be weighed within 2 hours of precipitation. The a ccuracy 

of this method is of the sa me order as that obtained with the 

phosphomolybdic acid procedure. 

The case of Tergitol l2P9 raises an interesting point 

which seems to h~ve be en neglected by previous investigators. 

This detergent is a derivative of dodecylphenol containing 9 moles 

of ethyl ene oxide, which makes the molecule somewhat hydrophobic. 

It hGs , in f act , a cloud point of only 18°C (in 0.5~ aqueous 

51 108 109 solution). According to Maclay and other workers ' , a 

solution of :1 nonionic de tergent , Yrhen stored at t emperatures 

above its cloud point 9 s eparates into two phases, one which is rich 

in detergent and another which is water-rich. It is obvious that 

the distribution of the detergent in such a system would b e 

extremely heterogeneous. The temperature a t which the determina-

0 0 tions were c~rried out wa s r~rely less than 20 C, i.e. 2 C above 

the cloud point of the detergent. The two phases were clearly 

discernible when the solution (o.s% aq .) had been standing for 

some time, Aliquots were drawn from this solution after thorough 

shaking by hand , and it is felt that the erratic results obtained 

may be ascribed to the f a ct tha t the detergent wcis still unevenly 

distributed in the sample. This is a difficulty which would arise 

with a ll det~rgents which have a very low cloud point (below 

room temperature ). This complication is a furth er limitation of 

the method and i t will aff ect t h e determination with phosphomolybdic 

acid in a similar way. The results obtained with Tergitol l2P9 

ar e far too erratic for uoe as n c~librat ion standard. 

It will be seen from Fig . 22 that the addi tion of the 

protein fraction causes an appreciable incr ease in the weight of 

the precipita t e obtained . This is due to the fact that the protein 
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material i s precipi tated b~,r the phosphotungstic acid under the 

"') 
conditions of the determin?tion as suggested by Fang-. Fig. 22 

therefore offer s proof that the method is indeed sensitive to 

the presence of pr otein degr~dation material , 

8.2.3 Spectrophotometric method . 

Introduc tion: 

Of the spectr ophotometric methods , that of Brown and Hayes 93 

was best suited to the needs of thi s study. This method has, in 

f act, been used by Fong3 to estimate the amount of nonioni c deter~ 

gent remainin~ in scouring effluents . He found a direct ultra-

viole t spectrophotomet~ic method unsuitable since the effl uents 

contained UV-absorbing substances, e.; . water-soluble suint and 

soluble protein degradation products. I t has recently been shown 

by Anderson110 that there is also a small contribution by wool grease 

at 275 mjl.. Unfortunately it was not possible to carry out the 

prelimi nar y c l arification of the solution in this l aboratory since 

it involves the use of an .ultra-centri fuge3 and ther efore it was 

decided to use the direct UV- spe ctrophotometric method reported by 

Griffith92 on solutions which would be kept as free of interferi ng 

substances as possible . 

Reagents and equipment used: 

Det ergent solutions were made up in distilled water us i ng 

a sample of lOo% active Tergitol NPX supplied by the manufacturer . 

The spectrograms were recorded on a Unicam SP700 r ecording 

spectrophotometer . 

ExperimcntRl: 

It has been reported by Griffith92 that the peak at 278 mjl. 

can be used for the estimation of nonionic detergents . In this 
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study, nonionic detergents were found to give two peaks, one ~t 

224 m~ and another at 276.3 m~; the l a tter havinb a small shoulder 

at about 282 m~. A tr~ ce similar to the ones obtained here h~s been 

published by Walz and Kirschnek111
• As a result of a scratched 

collimatin~ mirror in the instrument, an excessive amount of stray 

libht was present i n the lower wavelength resions. The peak at 
M/J. 

224 ~ could t herefore not be tested for quantitative use, and it 

was decided to use the peak at 276 m~ for determining the c&libration 

standards. Some stray libht was still evident and its presence 

was corrected for as follows: instead of settinb the zero trans-

mission line by blanking out the sample beam, it was set by fi l ling 

the sample cell with a solution of detergbnt which was just suffi-

ciently concentrated to ~ive zero transmi ssion a t the wavelengths 

u sed . A concentration of 0. 257~ w/v of Tergi tol NPX was found 

suitable. The calibr~tion curve obtained in t~i s way using a 10 mm. 

silica cell is shown in Fig . 23. It will be seen that the straight 

line drawn through the points is an excellent fit. 

To investi gate the behaviour of very dilute detergent 

solutions, a second calibra tion curve was drawn for concentrations 

The z ero transmiss i on line was set as above 

and a 40 mm. infrasil cell was used at 276 m~. The calibration 

curve obtained is shown in Fig. 24. 

The mol19cular ex tinction coefficient cal culated from the 

results 1% 
El em{276 .3)' is 24 .7. This value , vrhen compar ed with 

those of W~lz and Kirschnek
111

, would give Tergitol NPX an 

ethylene oxide molecular ratio of slightly higher than 10, which 

is in good agr eement with the f igure suppli ed by the manufactur er. 

vi z . 10.5. 
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Discussion: 

It will be seen that the direct spectrophotometric method 

can be applied to solutions of Tcrgitol NPX in distilled water. 

The accuracy falls off somewhat in the lowest concentration ranges 

(down to 0.001% w/v), which should therefore be avoided . 

It follo~s from the method that all substances whi~h 

absorb at the wavelengths used should be absent . It has been 

reported that the water soluble suint, protein matcri al3 and 

wool grease110 absorb in these regions. 

It seems th~t there is scant hope of applying thi~ direct 

method to concentration control in scouring and that its use should 

be r estricted to pure aqueous solutions. E~emely low detergent 

concentrations should be avoided. 

Polarographic method. 

Introduction: 

Some thought was biven to the possibility of using polaro-

graphic methods for the estimation of the excess phosphotun~stic 

acid from the determination of Barber et a182
• As far as 

could be ascert ained , no polcro;raphy has as y2t been carried out 

on phosphotun~stic acid, but the behaviour of tungstate i ons at 

a dropping mercury electrode has been reported by several 

. 112 113 inves tigators . L1n~ane end Small and von Stackelberg et a l 

have shown that tungstate ions are reduced i"'.t a mercury electrode 

in a concentrated hydrochloric acid solution (8- 12M). It was 

thourrht thnt this characteristic could be adapted to the 

determination of phosphotungstic ~cid . 

ReaFents and equipment us ed: 

The polarograms were recorded on a Metrohm Polarecord 
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Type E261R r ecording polaro,:?:raph . The c.:::.pillary had m and t values 

of 3 , 12 mg/sec . and 3 sec. respectively ~hich g~ve a capillary 

constant (m2/3t- t) of 2 . 68 mg2/3 sec-~. All voltages gi ven 

are ~ith reference to an Ag/AgCl electrode (s .s .E. ) 

All solutions rere made up in distilled water , using 

anal ytical grade reagents whenever possible . 

Exper imental and Results: 

On investigation of thJ publ i shed work112 , ll3, it was 

found that phosphotungstic acid was precipitated by HCl soluti ons 

of the high concentrations used (8 - 12M) . Suitable polarograms 

could , however, be obtained with phosphotungstic acid solutions 

in 2. 2M HCl medium as shown in Fig . 25 . The ~ave ~ith the ha lf-

wave potential at approximately - 0 . 25 volt was used for the 

anal yses . The wave- heights were determined at seve r al concentra-

t ions of phosphotungstic acid and the results pl otted in Fig. 26 , 

The curve is a strai ght line whi ch extrapolates to zero at zero 

concentration. 

An 2ttempt 'l!as then made to de·i;ermine the concentration 

of phosphotungstic acid in the moth'r liquor of the precipitation 

82 mixture of B2rber (see 8 . 2 . 2) using the ~bove calibrati on curve . 

The normal procedure was found to give a supernatant liquor which 

contained phosphotun~stic acid in vary low concentrations at which 

point the method was not as accurate as in tho intermediate ranges . 

At this stage, two possible solutions were considered, viz . 

a) to concentr~, te the mother l iquor l:>y modifying the 

precipitation reaction in order to be able to work 

in the most linear region o~ the calibration gr~ph , or 

b) to find a more stns i tive me tho~ for thr determination , 

e.g. the utilization of a catalytic hydrogen wave of the 

type used by Drdicka114 for the dGt ermination of thiol 

groups . 
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In ~n investigation of the first alternative , the 200 ml, 

distilled water was omitted, tho procedure being as follows: 

10 ml . each of lo% phosphotunGstic ~ cid and lo% BaCl2 solution 

was added to a specific volume of nonionic detergent of known 

concentration. Then 2 . 5 ml. of concentrated HCl was added and 

the mixture boiled for the required time . After coolinJ the 

solutions were made up to 50 ml. (sufficient concentra ted HCl was 

added to bring the solutions to the required 2.2M HCl concentra-

tion), The precipitate was centrifuGed off and a polarogram was 

run on the supernatant liquor . The r esults which are shown in 

Table 22 seemed to favour a straight line but ~ too erratic to 

be of any analytical value. Subsequent r epetitions of this 

investi gation caused no improvement in the· scatter of the points . 

TABLE 22 

Concentrations of phosphotungstic acid in mother liguor of 
precipitation solution 

mg. Tergitol NPX 
precipitated 

20 

30 

50 

70 

80 

90 

100 

wave height obtained 
in microamps 

12.3 

10.9 

10. 7 

9. 9 
9 . 6 

7. 8 

8 . 9 

Concentration of phospho­
tungsti c acid in super­

natant liquor 

5,00 X 10-3M 

4 . 46 X 10-3 

4 .38 X l0-3 

4 . 06 X l0- 3 

3 . 94 X 10-3 

3 . 20 X 10- 3 

3 . 64 X 10- 3 

This procedure ~as abandoned in view of the unreliable 

results obtained , 

The second alternative , (b) above , was then investigated, 

After a preliminary investigation at room t emperature it s eemed 
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that this method held some promise ~nd ~ c~libration curve was 

estnblished as follows : 

A bas8 solution , callGd solution N, was made up as follows: 

85 g. NH
11
Cl' 56 m1.255;~ ::tmmonium hydroxide, 37 g . KCl, 50 • ..; g. 

•r 

N~2 so3 .7 H2o, 10 ml. O.lM coc1 2 ~nd 5 ml. 2 .50 ge l atin were made 

up to one li tro. The pH of this solution wc.:s 9. 3. 10 ml. of 

solution N was pipettcd into a w~ter-j ~cketed polaroGr aphy cell, 

c -3 tho t empera ture of which wa s kept const~nt at 31 C, 1 ml. of 10 M 

phosphotungstic ccid w&s added ~nd hydrogen p~ss0d through the 

solution for 10 minutes. Since sulphite e ff ectively r emoves 

dissolved oxyc~n from solutions a t high pH, the purpose of the 

hydrogen possed throueh the solution wes only to obtain a homo-

beneous mixturG a nd to a ccelera te equil ibr~tion of temperature and 

not to r ~move interfering gases . Tho initial ~ddition of phospho-

tuncstic ~aid w~s ne coss~ry since more reproducible results could 

be obta ined Hhon thG ch~cn,-:-:c in ~n -:xis ting wc.ve V!RS mensured than 

when or i gin_.l ·.v:wos v: ::r e comp.: r ed . r;:'his w2..s probably due to small 

~mounts of i mpurities which r~~c ted with tho phosphotungstic acid 

~nd wor e r emoved by the prusence of a slic ht exc ess of phospho-

tungstic ncid before maasureQ0nts we re st~rt cd~ 

Pol~rocr~ms ~ere r ecorded be tweon -1.35V ~nd -1. 75V. 

The polo.roc r 2-m obt::1incd from the :tbovc procedur e vms called the 

base pol nro("r am . Subs equent polaroe r ams ·:1or e r eco rde d af t er 

~dditi ons of specific quantities of phosphotuncs t i c acid s olution 

to tho b ~se s olution. The solutions w.re mixed aft0r each add i-

tion by passinc hydrogen g"'l.S through tho cell for one minute . 

The h0 i gh t of th e v~vo in the base polar0gr~m was subtracted from 

the heic;ht of the c r>.t a lytic ~-,av ·J obt E1- i n .::d f or G".ch a ddition of 

phosphotungsti c ec id. Thi s diffcrenco , g~n microamps) was plotted 
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against the quantity of phosphotungstic acid cdded as in Fig. 27. 

The slopes of these lines were calculated and compared with the 

concentration of the phosphotungstic acid solutions used in 

determining them. The results obtained are given in Table 23. 

Slopes ~in pJ~/~litre x 10 3 ) of lines obtained with various con­

centrations of phosphotun0stic acid. (From Fig. 27). 

Concentration 

(Mol ·.:r) 

2.5 X 10-4 

5 X 10-4 

lo- 3 

2 . 5 X 10- 3 

5 X 10- 3 

8 X 10- 3 

10- 2 

2 X 10- 2 

5 X 10- 2 

Slope 

0.036 

0.136 

0.-100 

l. 05 
2.2 
4.2 
5.8 

12.8 

26.0 

An attempt was then made to use the calibration curve 

drawn from T~ble 23 for tho estimat ion of the concentration of 

phosphotungstic a cid in the mother l i quor of the precipitation 

mixture. ++ I t was found that the presence of Ba caused the 

gel atin to precipita te wi th the phosphotungstic acid . The Ba++ 

had to be r emovGd by precipitation ~ith 1 g . Na 2so
4 

and the 

precipitate was centrifuged off . The results obta ined were even 

more erra tic than those from the first me thod . 

Discussion: 

A reasonably accurate method for the es tima tion of phospho-

tungstic acid was obtained from the polarograms of phosphotungsti c 

a cid i n hydrochloric ~c id supporting e l ectrolyte. 



- 94 -

The mother liquor from the Barber82 determination of 

nonionics contained phosphotungstic acid in very low concentrations . 

The results obtained from a more concentrated mother liquor were 

too erratic to be of any value as an analytical method. The second 

method investigated, in which a cata lytic hydrogen wave was produced, 

gave good cali bration curves for pure phosphotungstic acid solut ions. 

Erratic results were obtained when the method was appl i ed to the 

mother liquor obtained when a nonionic detergent h~d been precipi­

tated with phosphotungstic acid . The erratic results were probably 

due to adsorpti on of the phosphotungstic acid on the nonionic­

phosphotungstic acid precipitate and on the Baso
4 

precipitate formed 

when the b~rium ions were removed from the solutions . I t was 

concluded that the amount of phosphotungstic ac id present in the 

mother liquor was not a reliable indication of the amount of non­

ionic detergent precipitated . 
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9. SORPTION OF NONIONIC DETERGENTS. 

9.1 INTRODUCTION 

The distinguishing characteristic of surface- active 

compounds is that they are unbalanced, a molecule of such a 

oompound consisting of two parts; a water- compatible or 

t ll5,116 
hydrophilic part and an oil-compatible or hydrophobic par , 

This characteristic causes inherent instability in aqueous 

solutions, which is partly overcome by two main effects, vi~. 

the formation of micelles117 and orientation at interfaces118 • 

The second factor is partly responsible for t he abil i ty of 

these compounds to cause wetting, emulsification and detergency. 

The air surface and the surface of the vessel containing a 

de tergent solution are normally more compatible with the 

hydrophobic part of the mol ecule than water . Vfuen a detergent 

mol ecule is aligned with the hydrophobic part adjacentm the 

air or other surface and the hydrophilic part in the water119, 

the inherent instability is partly overcome. Surface-active 

molecules will therefore tend to concentrate at the interface 

and this phenomenon is known as adsorption. 

A clean wool fibre is not readily wetted by water since 

its surface may be supposed to consist principa lly of hydrocarbon 

120 chains with perhaps a f ew -NH2 , - COOH and - CONH- groups • 

A fairly closely packed film of detergent molecules adsorbed at 

this interface is therefore oriented with the hydrophilic heads 

towards the water. 

A considerable amount of work has been done on the 

sorption of ionic, viz . both anionic and cationic detergents on 

wool and cotton. The sorp tion of soap by wool has been measured 



by various workers49,l 2l and it was shown that sorption took place 

in the form of molecules rather than micclles 122 , Synthetic 

detergents such as sodium alkyl sulphates and alkyl aryl 

l l 149,121,123 su phonates are a so sorbed by woo • The sorption 

of the ionic de tergents passes through a maximum and sometimes 

subsequently a minimum as the concentration of surface-active 

material in the aqueous phase is increased. Until 1949 only 

Aickin124 had reported these fluctuations, but this observation 

has since been verified by several inves tigators49. In a study 

of the rate of sorption of sodium cetyl ~ulphate by wool at 50°C, 

Swanston and Palmer 123 explained their re sults as follows : the ions 

in solution areNa+ and Det-, the latter of which has an affinity 

for the wool and diffuses into the fibre from the solution. At 

the same time the Na+ diffuses into the wool to preserve 

stoichiometric neutrality, It should be borne in mind that 

+ Na would not normally be expected to have any affini ty for the 

woo1125 and it must be as sumed tha t they are simply drawn in by 

the electrical attraction of the detergent ions . Then , as the 

concentration of NaDet in the wool builds up, the nett rate of 

sorption of NaDe t decreases because of the growing importance of 

the back diffusion of Na+ and Det- ions. 

It was found by Harris126 that the amounts of anionic and 

cationic detergents sorb ed by wool were cons ider ab ly more than those 

~orbed by cotton . The amount of sorption on wool depended on the 

pH conditions, t ime of sorption, temperature, the nature of the 

surface-active agent, and concentration conditions. These 

observations were confirmed by Meader and Fries49 who concluded 

that t h e adsorptiQn on cotton was purely physical, whereas the 

sorption on wool was a combination of physical and chemisorption. 
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fatty acid soaps127, sodium oleate128 , 

130 and alkylaryl sulphonates has also 

been measured . The effect of detergent builders on the sorption 

of detergent by cotton was investigated by Boyd and Bernsteinl3l 

who found that cotton adsorbed less detergent in the presence of 

Na
4

P2o7 than when ~so4 was used ~s a builder. The presence of 

NaCl caused no change in adsorption of detergent . 

It will be seen f rom the above that much work has been 

done on the sorption of ionic detergents on vari ous textile fibres, 

but an exhaustive literature survey revealed that very little 

fundamenta l work had been done on nonioni c d e t ergents . It appears 

that there are severa l reasons for thi s , the most important of which 

is probably the distribution of the ethyl ene oxide mole ratio 

generally found in nonionic detergents. Even when the detergent 

i s prepared fr om molecularly homogeneous intermediates the result-

ing condensate is a mixture of compounds with different molecular 

weights , although it has recently been reported132 that a pure 

nonionic detergent has been syn thesised. Mayhew and Hyatt 62 

found t hat the weight perce ntage distribution of the reaction 

products of nonyl phenol with ethylene oxi de fits a Poisson dis­

t ributi on as had been predicted by Floryl33 from theoretical 

considerations. The ethyl ene oxide content of the final product 

is normally expressed as an average figure whioh is fairly 

accurate . Another , perhaps l ess basic reason is that there are 

no really a ccurate and rapid methods available for the estimation 

of noni onic detergentsl34,l35 . Also, because the nonionic 

detergents do not ionise when dissolved in water , the tendency 

to adsorption by wool is less and sm~ller amounts of sorp t i on 

have to be measured . It i s obvious that r eliable and accurate 
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methods are required to measure these small differences in 

concentration. 

It is perhaps because of the small tendency to adsorption 

of the nonionic detergents that most of the work on nonionic 

detergent adsorption has been carried out on substrat es which are 

known to be strong adsorbers~ Thus , the adsorption of poly-

oxyethylated nonyl-and octylphenols on quartz powder (0 . 5 to 4~) 

136 
h~s been reported • The extent of maximum adsorption was not 

changed appreciably by changing from nonyl- to octylphenol . 

The maximum adsorption was expressed as 

max = 

where R 

250 
••••••••o•o • •• • • • •• • ••••••••••••(9.1) 

mole ratio of ethylene 
oxide to phenol 

From this, it seems that the length of the ethylene oxide chain 

plays a more important role in determining the maximum adsorption 

than does the hydrophobic part of the molecule. This was con-

1 7.7 
firmed by Abe and Kuno J in their study of the adsorption on 

hydrophobic carbon black in which they found that the adsorption 

decreased with increasing ethylene oxide chain length. They 

considered this to be due to the fact that the adsorptionel 

cross-sectional areas are increased as the ethylene oxide chain 

length increases and that the only eff ect operating is that of 

moleoular size . Abe and Kuno also investigeted the sorption 

onto hydrophilic Caco
3
138 where they found marked changes in the 

adsorption isotherms with differing ethyl ene oxide chain lengths, 

Be11139 found an increase in the adsorption of an ethylene oxide 

concensate with propyl ene on 45 to 60 mesh sand with increasing 

concentration of detergent. With an alkyl-aryl polyether 

alcohol , however, the sorpt ion reached a maximum at which it 
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remained constant, and it was observed that the surface tension 

depressions showed the same trends in both c~aes. An attempt 

was made at explaining the results in terms of the following 

equilibrium: 

micelles in soln.~ single mols, in soln.~ mols. adsorbed at surface. 

In the former case ther e is litt le micelle formation to compete 

with the adsorption process and the degree of adsorption continues 

to incroase . 

The adsorption of nonionic detergents by wool was measured 

by Le Compte and Creely55. Of the two nonionics investigated, one 

gave very low adsorption compared to the ionic detergents tested 

and the other consistently indicated negative adsorption in alkaline, 

acid and neutral solutions. Admittedly, the gravimetric method 

used for det ermin~tion of the nonionic detergent i s open to some 

criticism, but they clGim to have verified their r esult s by a drop 

number method . 

In an attempt to relate adsorption with detergency McLaren34 

found some difficulty in detecting the amount of detergent sorbed . 

0 0 At high t emperatures in t he region of 80 to 90 c, no adsorption 

could be detected. It is likely that some ads orption did take 

place s ince the wool vras wetted by the solution but the amount 

sorbed was l ess than 0.05 g . per 100 g. dry wool:. The addition of 

acid caused a n increase of sorption by the substr a te which actually 

causes a decreas e in detergency by reducing the concentration 

of free detergent be low that necessary to keep the soil which has 

a l ready been de t ached in suspension . The mechanism was thought 

to be f irs tly the conversion o.f the soap on the commercial se rge 

to its free f &tty acid and subsequently the combination of 

detergent and fatty ac id by meRns of hydrogen bond formation 
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between the hydroxyl group of the ac id and ether oxygen atomsin 

the detergent. In the presence of sodium chloride, no adsorption 

by the fibres could be detected until the critical concentration 

of salt at which the detergent started precipitating was reached, 

Here, the precipitated detergent was being removed from the solution 

by filtration by the wool rather than by ~dsorption . 

Weathcrburn and Bayley54 compared the sorption of all types 

of detergents, (anionic, cationic and nonionic) on various types of 

textile fibres. The sorption, x(in millimol~s of compound per gram 

of dry fibre) was calculated as follows: 

where C 
0 

c 

A 

X = 
2.5 (c - c) 

0 .... .. ................ . . (9.2) 
(100 - A) 

concentration of solution before contact with fibres 
( in m.moles/litre) 

concentration of solution after contact with fibre 
(in m, moles/litre) 

moisture content of conditioned fibre (%) 

The general l evel of sorption of the nonionics was remarkably low 

comparod to the sorption of anionics espec i al ly in the case of wool, 

which did not sorb the~ nonionics to a ny appreciable extent . The 

degree of sorption decreas ed slightly with increasing length of the 

ethylene oxide chain over the r ange inv·.; stig:l ted. The variation 

of sorption with concentration showed :1 bre :1k at the critical micelle 

concentration. It was concluded that single long-chain ions are 

sorbed at conc entrations above and below the critica l micelle 

concentration, probably in accordance wi th the Freundlich 

adsorption isotherm 

x = kCn •..•.•...•. , .. ..... .... ... . o •• •• •• , •••• , , ( 9. 3) 

where x =quanti ty sorbed 

C equilibrium concentration 
n and~ = constants . 
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It waa confirmed that the sorption of nonionic detergents is 

more marked under ~cid than alkaline conditions. 

The aim of this study was to det2rmine the magnitude a nd 

r e te of ~dsorption of nonioni~ detergents onto wool and various other 

impurities present in scouring liQuors under controlled conditions. 

Tho methons used for the ustimation of the concentrations were 

those investigated in the previous chapter. A new indirect method, 

which gives an indication of the amount of detergent sorbed by 

impurities in scouring liQuoro, wac also inve stigated. 

9.2 EXPERIMENTAL 

9.2.1 Using phosphomolybdic acid for the determination of 

nonionic detergent. 

Method: 

One g r am samples of wool cloth (average fibre diamete r 

approximately 21~) which had been extracted with othe r and alcohol 

in a soxhlet for two days and conditioned for 48 hours at 

20° ! 1°C and 65 + 2% R H d - o • § were use . The s~mples were l eft in 

contact with 20 ml. solution contained in stoppered test tub e s 

which were immersed in a water-bath at 25°C . The solutions con-

t ained 20 mg. Berol Lanco. The s ~mples were not agitated during 

the time of adsorption, but immediately afte r the stated periods 

h a d e l a psed, the tube s wer e shake n to distribut e the de t e rge nt 

ev enly t hroughout the solution be for e the a liQuots (10 ml.) were 

withdra wn. The amount of de t e rge nt prese n t was d e t ermine d u sing 

the phos phomolybdic ::teid me thod . (See 8. 2 .1). 

The a bove proce dure was r e pea t e d using 0.5 g . of condi tioned 

loose wool which hnd been cl ean e d by r;cshing in ether, a lcohol a nd 

hot wa ter. Contact wi th d e t e r gent wa s a voided a t a ll stages in the 
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cleaning process. The burrs Pnd othr r veget~ble matter were removed 

by teasing on hand-cards. The samples were left in contact with 

10 ml, of solution containing 10 mg . Liss=pol NX. Aliquots of 

5 ml . were withdrawn as above and th: datergent contnnt determined~ 

The same procedure was :.lso used in an attempt to establish 

the effect of the di3meter of the vools used on the degree of 

sorption. Samples of 0 . 5 g . of cleaned , conditioned wool of 

diff€rent diameters (16 ,18 , 20 , 22 , 24 and 26~) w0re l eft in contact 

with 20 ml. of solution containing 100 mg. Tergitol NPX at 25°C . 

The ali quots (10 ml.) were taken and ana lysed as described above. 

Results: 

Some of the results obtained in the experiments are given 

in the Tables below. 

TABLE 24 

Sorption of Berol Lanco by wool cl oth at 25°C 

(Wool tliguor ratio 1 : 20) 

Sorption Original c oncn , Concn . after 
timo (hr.) (mg. /10 ml ) sorption (mg ./10 ml) 

1 10 9 . 0 

2 10 10 . 1 

2. 5 10 8 . 7 

3 . 5 10 9.3 
4.5 10 8 ·. 6 

5 10 8.7 

TABLE 22 

Detergent 
sorbed (mg.) 

1.0 

- 0 .1 

1.3 

0 . 7 

1.4 

1.3 

Sorption of Li2sapol NX by cl cnnod loose wool at 25°C 

(Wool:liguor r a tio 1:20) 

Sorption Original concn , Concn . afte r Det ergent 
time (hr.) (mg . /10 ml) sor ption (mg . /10 ml) sorbed (ng. ) 

1 10 10 o.o 
2 10 10. 2 - 0.2 

3 10 11.0 - 1.0 

4 10 9. 8 0 . 2 

5 10 10. 0 o.o 
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TABLE 26 

SorEtion of Ter gitol NPX b~ cleaned loose wool of different 

diameter s at 25°C (woo1:liguor ratio 1~40) 

Ave . Sorption Original concn. Concn. after Detergent 
Diam, time (min.) (mg . /10 ml) sorpti on (mg . /10 m1) sorbed (mg.) 

( j.L) 

16 5 50 49 . 0 1.0 
16 10 50 48 . 8 1.2 
16 15 50 50 , 8 - 0 . 8 
16 30 50 50.0 o.o 
16 60 50 50,5 -0.5 

18 5 50 50. 0 . o. 0 
18 10 50 50.8 - o;8 
18 15 50 50.8 :..0.8 
18 30 50 50 . 5 -0. 5 
18 60 50 51,1 -1.1 

20 5 50 50.3 -0.3 
20 10 50 50 , 7 -0.7 
20 15 50 50 . 7 - 0.7 
20 30 50 48.7 1.3 
20 60 50 50 . 5 -0, 5 

22 5 50 50.7 -0.7 
22 10 50 50 . 8 - 0 , 8 
22 15 50 51.0 -1.0 
22 30 50 50.9 -0. 9 
22 60 50 51.3 - 1.3 

24 5 50 50 . 5 - 0.5 
24 10 50 50 .3 - 0.3 
24 15 50 50 . 5 -0. 5 
24 30 50 50.3 :..0. 3 
24 60 50 50.3 - 0.3 

26 5 50 50.5 - 0 . 5 
26 10 50 50 . 7 -0.7 
26 15 50 50 .7 -0 . 7 
26 30 50 50 . 5 - 0 . 5 
26 60 50 52 . 0 - 2. 0 

Discussion: 

It will be seen f rom al l tho r csulta that there is only 

a very small change in concentration and it is doubtful =hether 

the estimation pr ocedure is capable of distinguishing between 

such small changes . 
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The concentration changes found were virtually consistently 

changes to higher concentrations , indicating negative sorption. 

These results agr ee with the published work of Le Compte and 

Creely55 , Mc1aron34 in several i nstances reported that he was 

unabl e t o de t ect any s orption; however , the wool w:1s wetted which 

i nd i cates that some sorption , however~ small , must have taken pl ace. 

Preferential sorption of water by the wool may have been 

responsible for tho seemingly anomalous results, but this was 

thought unlikely since some investigators 34 , 54 found it unnecessary 

to apply a corre c tion for t he water sorbed by the wool to attai n 

i t s saturation moi sture content (35 to 36%) . Nevertheless it was 

deemed necessary to invostigatG this aspect in order to obtain the 

most accurate results possible . Another aspect which had to be 

i nvestigated further was the concentration of the sorption solutions , 

I n view of the very small concEmtrati on changes involved it vras 

thought that a decrease in the concentration of the ori einal 

sorption solution would make any changes which did occur relatively 

more marked and easier to measure . It was decided to us e the 

spec trophotometric method for the determinations because of the 

low concentrations to be used . 

Another factor which may have caused the higher concentra­

tions after sorption is the possibility that a local excess may 

have formed in the vicinity of the wool . It was hoped that the 

method u sed for collection of the aliquot would have minimis ed 

this effect , but it was nevertheless decided to experiment with 

difforent methods of collectin~ the aliquots in order to ensure 

that such local excesses, if present , would not i nterfere 

uith the results . 
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9 . 2 . 2 Using the sp~ctrophotometric method for the determination 

of nonionic detergent . 

9 ,2. 2.1 Sorption by wool from relatively conc entrate~ solutions. 

Me thodg 

All the sorption measurements were carried out using 

'j~ergitol NPX as detergent. The c::Uibration curves are eiven in 

Section 8.2 .3. 

I n view of th8 fact tha t preferential water sorption or 

some simi lar effect was indicated by the phosphomolybdic ac id 

determina tions, it was decided to conduct the preliminnry 

investigations with the spectrophotometric m8thod under the same 

conditions i n order to establish whether the same trends would be 

exhibi ted in this c~se . 

The s"'..me sorption procedure was used as before , i.e. the 

wool was placed in contact with the solutions which ~ere contained 

0 in stoppered test tubes immersed in ~- thermostat ~t 25 C. After 

the time of sorption had elapsed , the aliquot w~s withdr awn 

and analysed as described in 8. 2. 3. 

In the first series 0 . 5 g . conditioned ~ool was used 

together v1i th 20 ml. approximately 0 . 5~'~ w/v Tergi tal NPX solution. 

T"ro types of wool •ri th different average diameters (16 , l8ll) 

~ere used , and two methods were used for collecting the al iquot . 

In tho first , the supernatant l iquor was poured off immediately 

after the sorption period had el::1psed (the "pour" method) , In the 

second , the sup0rnatant liquor was also poured off , but then t he 

test tube w::ts inverted and the wool squeezed \!i th a glass rod 

to expel as much as possible of the liquor t r apped by the ~ad of 

wool (the "squveze" method) . In both c:1ses a 10 ml . aliqt10t was 
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pipetted out and diluted to 200 ml . for estimation in the 

spectrophotonoter. The absorbance of the sample was measured 

at 276 mj.1 in a 10 mm. silica cell. 'I'hese •:?xperiTients were repented 

at 35°C, using tho 16).1 wool . 

In the next series an attenpt was made to evaluate the 

effect of preferential sorption of water by wool which is not 

completely saturated with water . · For this purpose a seri0s of 

wool samples was satur ated with water before they were placed in the 

sorption solutions . Thu S3nplos were prepared as follows: t wo 

series of 0 . 5 g . sample s of condi tioncd wool (16!1 and 18).1) were 

w~ ighed out and so~ked in 11ator for l hour at the t emperatures at 

uhi ch the sorpti on measurements ~ere to be carried out (25°0). 

After an hour had elapsed , the samples were squeezed out between 

two watch-glasses end r eweighed. These rewei~hed samples (see 

Table 29) were then us ed for the sorption determinations. The 

a l iquot s (10 ml.) '78re collectc::d by the "pour" method, diluted to 

200 nl. and analysed as above. In the second series (18).1) the 

aliquots were diluted to 250 ml . 

Results: 

The rLsults obtained in the above investi ~ ations a r e 

shoun in the Tables follo~ing. 

TABLE 27 

Sorption of Tergitol NPX by wool a t 25°C(~ool:liquor ratio 1: 40) 

Ave . Sorption Method for Bl.1nk concn . Concn. after 
Dir.n . time collecting (% ;)v) sorption (% w/v) 

of (min.) <liquot 
vrool(J.1) 

16 5 Pour 0 . 025 0 , 0273 
16 15 Pour 0 , 025 0.028 
16 30 Pour 0 . 025 0 . 0275 
16 5 Squeeze 0 . 025 0.0283 
16 15 Squeeze 0 . 025 0 . 0284 
16 30 Squeeze 0 . 025 0 . 0283 

18 5 Squeeze 0 . 029 0 . 027 
18 15 Squee ze 0 . 029 0.0277 
18 30 Squeeze 0 . 029 0 . 0277 
18 5 Pour 0.029 0 . 0273 
18 15 Pour 0 . 029 0 . 027 
18 30 Pour 0 . 029 0 . 0283 



- 107 -

Tb.ELE 28 

Sorption of Tergitol NPX by .;ool of 16}! di2-rneter at 35°C 

(i'ool:l i quor r :1tio 1:40) 

Sorption L: thod for Bl:nk concn, Concn . after 
(~: «/v) (~~ w/v) t ine collecting sorpti on 

(mi n . ) a liquot 

5 Pour 0 . 026 0.0277 
15 Pour 0 . 026 0 , 028 
30 Pour 0 . 026 0 . 0283 
60 Pour 0 . 026 0 . 0285 

5 Squee ze 0 .026 0 . 0277 
15 Squeeze 0 . 026 0 . 0283 
30 Squeeze 0 . 026 0 . 0283 
60 Sque:ze 0 . 026 0 , 0283 

TABLE ._..S2. 

Sorption of Te :cgi tol NPX b:> water- saturated wool samplGs at 25°C 

(' '1ool :liguor r :..tio 1:40) 

No corr.~ction was applied for dilution eff~ ct 

Ave . Sorption Bl ank concn. Concn. G.fter Weight of 
Di ~,m . tirn10 (~~ w/v) sorption (;: '·./v) saturated 

( p.) (min . ) samples (g . ) 

16 5 0 . 025~ 0 , 0250 1 . 6112 
16 10 0 . 0254 0 . 0254 1. 2358 
16 15 0 . 0254 0 . 0254 1. 5180 
16 30 0 . 0254 0 . 0254 1 . 4348 
16 60 0 . 0254 0 . 0250 1. 4 769 

18 30 0 . 021 0 . 021 1. 3940 
18 30 0 . 021 0 . 021 1. 3 572 
18 30 0 . 021 0 . 0214 l. 3, 40 
18 30 0 . 021 0 . 0213 1.3760 

Discuss ion: 

From Tables 27 nnd 28 it mr y be seen that there is no 

significant diffcrance in th;.: r ::sults obto.incd using the two 

diff~rent methods for col1ectinc the ~l iquets . This me~ns that 

it is unlikely that th re is ~ concentration gradient of ~ny 
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significance in the solutions contained in the test tubes . 

It was therefore decided to employ the "pour" method in sub­

Bequent determinations , since it was the more conveni ent one to 

use, 

Once again it may be £een that , except in the case of the 

18~ wool at 25°C (Table 27), the concentrations after sorpti on are 

higher than those deter mined before the ~ool was placed in contact 

wi t h the solutions . The positive sorption indicated here is small 

and t he larger differences (obtained with the 16~ uool) indicate 

negative sorption (see Table 27) . The values obtained are too 

errati c to be of much use as a method for estimating the sorp tion 

of such small amounto. It ~as realised that equilibrium had 

probably not been reached in these 30 minute peri ods, but only a 

comparison of data was required for the methods of collecting the 

aliquot and the times of sorption should have been sufficient to 

indicate any differences which mry have existed. 

In the experiments on water- saturated ~ool (Table 29) 

the degree of n egative sorption indicated was consistently less 

than the values obtained with the unsaturated wool . This was due 

to the fact that no correction was made for dilution of the 

solution by water which ~as not ac~ually adsorbed by the wool. 

If it is considered that the maximum regain of wool is 36~ and that 

the regain of the conditioned v:ool vras 15~.: , the 0 . 5 gm . sample 

of wool would have a dry weight of 0. 435 g , and a weight at 36% 

moisture of 0 . 592 g . Since the lowest r:eight of the samples used 

after saturation wa s l. 236 g., the minimum weight of "unbound" water 

was 0. 644 g . This water , being "unbound " i.e: . not adsorbed by the 

wool, will only serve to dilute the sorption solutions ~nd there-

fore give rise to a lover concentration figure . If tho 

volume of the sorption solution in the first series 
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is corracted to 20.6,~ ml., thG conc entration of the blank would 

h~v~ been 0,02~0, compJr~d ~ith concentrations ~fter sorption 

of 0 , 0250 to 0,0254% as in Table 29 . (The corresponding con-

centration for the rampl ::: "IT ith maximum 11 unbound 11 water is 0 . 02!).2)~· . ) 

This gives the same order of m~gnitude of neg~tive sorption ~s 

recorded in previous experimGnts . These findings a r c in agre~ment 

~ith those of Mc1aren34 d ~ ' th b t 1
1

'
10 c:.n .,e :- _r urn e a , both of whom 

consider it unnecessary to npply a correction for the water sorbed 

by the wool which w~s not at satur~tion r egain. In this case it 

was found that applying such~ correction m~de very little differ-

ence to the trends observed without the correction. 

Tho only remaining explan~tion for the negative adsorption 

obtained is that tha concentrations of the sorption solutions were 

too high and t hat at these high concentr~tions the ~mount of 

detergent sorbed ras too srn~ll to be detected by the mJthods used. 

It ~i·'1S therefore U.ecided to im: : stigatc the amount of sorption 

from dilute solutions . 

9 . 2.2.2 Sorption by v ool from dilute solutions . 

Method: 

0 . 5g . S <~mples of cleaned, conditioned ''OOl of 2011 diameter 

were used to estiDate the degree of sorption from 40 ml . 0 . 005~ 

Tergitol NPX . The solutions Tiura contained in stoppered flasks 

which were fixed to a shakinG machine, constructed to give 

approximately 70 oscilla tions per ninu te ·.·i th r.. stroke of 2 inches . 

After the wool had been introduced into the solutions , the 

fl~sks were shaken for v~rious periods in a constant t emper a ture 

0 room :'.t 20 c. On completion of the Gorption period, the super-

natant liquor was pour0d off c.nd used f or the de t ermination. The 

concentr~tions were e~tinatod by measuring the cbsorbance in a 

10 mm . silica cell at 276 mlJ. . 
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Results: 

Th8 r csul ts obtain d after shakin.::: the v1ool samples with 

0 dilutJ detergent solutions at 20 C :ro shown in ~~bl c 30. 

TABLE 30 

Sorption of Terflitol NPX by wool from dilute solutions 

at 20°C for various periods of shaking 

Time sh:..kon 
(hr.) 

20 
20 
18 
18 

6 
6 

Discussion: 

Blank concn. 
(~~ -,r/v) 

0 . 0058 
0 . 0058 
0 . 0055 
0 . 0055 
0 . 0060 
0 . 0060 

Concn . after 
sorption (~o w/v) 

0 . 0125 
0 . 0215 
0 . 0105 
() , 0135 
0 . 0075 
o . oo66 

Once more it was found that the concentrations a ft er 

sorption were higher than those before sorption . This was 

especially marked in the case s uh or e the sumples ~·~ re shaken for 

long periods . Lt 20 ~nd 18 hours, the post-sorption concentrations 

were more than double the initirl concentrntions. Duplicate 

determin~tions shou0d that the results obtRincd were too erratic 

to be used ~s tru0 measurca of the subll diff~rcnces in concentra-

tion ct say 6 hours . Sever~l repetitions of the above ~ork made 

virtually no improvement on the reproducibility of the r e sults 

obtain·-:d. 

The rern. rk~bl e increa se in conc~ntrations of solutions 

~ftor 20 hours immersion was r~ther unexpec t~d , but it wa s 

thou£'ht th:- t thes e l ::...rge incret~ses could be a ttri bu ted to de-

gradation products of the \'.'ool or snall pi . ce s of '.;eathored fibre 
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and fine dirt p:::.rticles beine~ shaken off or renovcd from the 

fibre s after swelling. These irnpuriti2s are known to absorb in 

the same range :::.s nonionic detergonts3 and t he dirt particles 

would &lso c~use an increase in ~bsorbance as measured on the 

spectrophotometer. In order to te0t this explanation, a nuober 

of wool samples were tr(.atcG. in exactly the s ame wr:_y as above and 

shaken for 18 hours ~t 20°C in 40 ml. disti l led water. No 

det2rgent w:::.s added to thJ solutions, but ~bsorbance values were 

obtEdned '7hich indica ted th[' t there was 0 . 0075~ 11 dctr;rgent 11 

present, ~ccording to the ca l ibration curve . This is a s3rious 

limitation on the usc of the spectrophotometric method for 

de t ermininc s orption under those conditions and it is considered 

th~t investigations of sorption at i mmersion times in excess of 

6 hours ( soe Tabl . 30) ~ auld be va lueless . 

In gene r a l it would s ·em than that tho methods empl oyed 

in this study for the adsorption of nonionicc onto ~ool a r e not 

relL:•.blc enough to c ive r.bsolut -": ly consh:t -::mt rcsu.l t s . HowevGr , 

the work b:;~rs out the obs ·. :·vations m<.:..de by Lc Compte ~.nd Cr e8 ly55 , 

viz. that nonionic detergents ~rc negatively sorbed by woo l. These 

workers consider the neg:::.tive sorption ~s being due to pref~rential 

sorption of W3. tor. This cxpl::ma tion does not sc ~m likely in view 

of tht.: ·. ork J.bovc on ·.'fOol which w::.s s<· tura ted with ·,-:::1 ter before 

it w~s brought into con tqct with thL solutions . tlso, it is 

highly unlikely tha t t he ~ool cds orbs no nonionic d e t e r gent a t a l l, 

Jinc e this ca n o~s ily be demonstrated by th~ f act thrt solu t i ons of 

nonionic de tergents wG t out wool very r~pidly whereas with water 

thG rretting-out process i s very slo',"• It v:ns therefore concludGd 

that wool ndsorbs nonionic d e t ergents in v1.ry sm~ll a mounts , 

p r.:rhnps jus t sufficient to cn:1.bl ~ the wc ttine- out process to L:.ke 

pln.cG r nd thcce smnll concentr'i: tion chr n ~;o s could not be measured 
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'.rith much consistency usinG the methode outlin~d above. 

9 . 2 . 2.3 Sorption by oth ... r cub:;trat •. s . 

l.~othod: ---
In vio~ of the vary s~all -mount~ of nonionic detergent 

corbed by wool it was decided to i!lv::stigate thE: degree of sorption 

onto cono of the impurities pr~s~ nt in th< ::;courinc liquors which 

may adsorb deterg n t to a cro2 ter d egre:J thu.n wool . :t :::a.mple of 

sand ~~s prepared from scourina liquor by filterin~ it to 

collect the sand, llhich w~s th~n shaken up with e thar followed by 

alcohol, c: nd allov.-od to dry. After it hr d been sifted through 

r 240- mesh sieve, tho sand which pas ~ cd thr ough wac placed in 

extraction thimbles and extrect~ d in n soxhlct for 8 hours with dry 

diethyl ether ~ ne then for 16 hours ~ith ethanol, dried at 105°C 

for 8 hours and kept in 3 desicca tor . Dry s~mpl cs of ~pproxim~tely 

0 . 5 g . were ~2ighJd out for use in t~e subccquont sorption cxpcri-

ments . 

The namples of sand were l::;ft in contact ~ith 20 ml . Tergitol 

NPX solutions of V-:' rious ::;t:-.tcd lo··· 0onc :-ntrr.:. tions (s ... c Results ) ;> t 

constant temp~rGtures without ~~itntion . The sup ernatant liquors 

wcr0 u~ed for fu e cone ntr~tion deternina tions by absorbance 

measurements in e;. .10 mm. infrP.sil cell. Considerabl e difficulty 

w~.s experi enced in obtaining a cler.r supcrn<"t ~.nt liquor from the 

abovJ experiments, but centrifug tion w:.s found to eff0ct considerable 

improvement in the -::.ppc~.rance of the supern:1 tnn t liquor::: . 

In view of the problon encountered in preparing a cl enr 

supernat;:mt solution fro . . th·:: fine sand oorption::; , it .•c.s decided 

to use se~-sand which WCL much coars . r th~n th3 dust on ~ool in 

order to obtain mort r eliable r esults . ~ lot of sea-sand w~s 

cieved throut:;'h J. 90 rrush s i eve n.nd cxtr~ct~d as f ollo•:;s , ucing c. 
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soxhlet: 8 hours vri th dry diethyl .: thor o.nd ~ 16 hours with 

water. Since this SGnd h~d a smaller surf~.ce area per unit weight, 

smaller amounts of sorption were expected . 

Approximately 0 . 5 e. of dry sea-s~nd was weighed out for 

each determination and l ef t in contact with 20 nl , of solution of 

the appropriate concentration for 4 hours at 35°C. The super-

natant liquors were us ed for the concentration determina tion in a 

40 mrn . infrasi l cell. This procedure was r epeated using approxi-

m'' tcly 0 . 5 g. s amples of sea-s8.nd in 20 ml. detergent solution at 

35°C for 2t hours . The supernatant liquors w~re used for the 

estimation of the detergent concentr~tion. Scvaral bl~nks were 

included where 20 ml . portions of detergent solution alone wore 

kept at 35°C for 2! hours. 

Three further experiments were carried out in order to 

establish whether the degree of sorption onto 240 mesh- and sGa-

sand is influenced by mechanical aeitation or the time of immersion~ 

The sampl Js were shaken for 20 , 18 and 6 hours on the mech~nicnl 

0 shaker described above ~t 20 C. 

Results: 

The results obtained tftor the supornat~nt liquors from the 

240 mesh sand experiments had been centrifuged are shown in Table 31 . 

The beh~viour of very dilute solutions of dete rgent in the presence 

of fine sand was borne out by sever a l duplications. No ac tual 

p~ak could be obs erved 9t tho wavel 0.ngth used. 

In the case of sea-sand, tho peak at 276m~ persisted 

down to concentrations of 0 . 0017~ TGr gi tol NPX . 
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TABLE 31 

Sorpti on of Tergi tol NPX by 240 mesh sand after 2 hours 

(no ~gitation) at 35°C 

(Measurements in 40 mm ipfras i l cell, oorbent:liquor ratio 1:40) 

Weight sand 
(graP1S) 

0.5016 
0 . 5005 
0 , 5019 
o. 5010 

Blank concn. 
(% w/v) 

0 . 008 
0 . 005 
0 . 002 
0.001 

TABLE 32 

Concn, after 
sorption (% w/v) 

0 , 00815 
0 . 0077 
Ho peak 
No pec.k 

Sorption of Tergitol NPX by 90 mesh sea-sand after 4 hours 
(no ~ .gitation) at 35°C 

(Measurements on 40 om , infrasil cell , sorbent:liquor rati o 1:40) 

Wei ght sand Blank concn . Concn, after 
(grams) (~~ w/v) sorption ( ~~ w/v) 

0 . 5041 0 . 008 Q. 0087 
0 . 5014 0 . 005 0 . 0071 
0 . 5061 0 . 002 o. 003 3 
0.5021 0 , 001 0 . 0028 

The r esults obtained when the blanks were subjected 

to the same treatment as the samples thems elves are shown in Table 33 . 

TABLE 33 

Sorption of Tcrgitol NPX by 90 nosh se3- cand after 2i hours 

(no agitation) a t 35°C 

(Measurements in 40 mm. infrasil cell , sorbent:liquor ratio 1:40) 

'lt?eight s<:..nd 
(grams) 

0 . 5009 
0,5008 
0.5054 
0.5008 

Blank concn , 
(% w/v) 

0.•0088 
0.00483 
0.00198 
0.00193 

Concn. '3.fter 
sorption (% vr/v) 

0.00897 
0 , 00565 
0 . 00255 
0 . 00193 
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The results of the sorption measurements for long 

immersion times (with mechanical a~itati on of the sampl e) 

measured on both types of sand are given in Table 34. 

TABLE 34 

Sorption of Tergitol NPX by 90 and 240 mesh sand at v~rious 

times of immersion at 20°C 

(Measurements in 40 mm. infrasil cell, sorbcnt:liguor ratio 1:80) 

Agitation 
time 
(hrs.) 

20 
20 
20 
20 

18 
18 

6 
6 
6 
6 

Di scussion: 

Weight sand 
( gn.) 

0.5000 
0.5040 
0 . 5060 
0 . 5040 

0.5000 
0 , 5000 

0.5063 
0.5064 
0 .5053 
0 . 5041 

Size of sand 
particles 

(mesh) 

240 
240 

90 
90 

240 
90 

240 
240 

90 
90 

Bl ank cone . 
(% w/v) 

0.0059 
0 .0059 
0 •. 0059 
0.0059 

0 •. 0055 
0,0055 

0 ,0060 
0 , 0060 
0,0060 
0.0060 

Concn. after 
sorption (% w/v) 

0.008 
0,0083 
0 . 0072 
0.008 

0.01 0 
0.'0075 

0 . 0065 
o . oo66 
o . oo6o 
0.0060 

Negative sorption was once again recorded in al l cases. 

It may be assuo.ed that in sane cases ~ t least, equilibrium had 

definitely becn"establi shed and that the subs tr3tes had been 

agitated sufficiently in order to expose their total surface areas 

to the solutions from which the sorptionn were measured . It is 

not possible that the work could have be~n carried out at the 

points where ninimuB adsorption takes p l ece (if indeed the 

nonionic detergents should displ~y the same sorption character-

i stics as the ionic types) , since~ very wide range of concentra-

tions was investigated, 
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The det~rminutions with the 240 nesh s~nd were conplicatcd 

by the f~ct that the very fine sand p~rticles remained in sus­

pension1 ev~n when prolonged standing vas a llowe d for settling 

the sand, and obscured thu peaks which were measured. This problem 

was solved ev entual l y by centrifuGing the supern~tant liquor for 

2 minute s at 10,000 r.p.m. Ev en then , extreme care had to be 

exercised when decanting the sup e rnatant liquor from the centrifuge 

tube since the smal l es t amount of agitation caused the sediment 

to become suspended once mar~ . Fortunately it w~s quite easy to 

establish whe ther thi s procedur e had been carried out with duo 

care since the pre sence of very small amounts of suspended dust 

caused mi sshapen pea ks or no peaks at all to be r e corded nt 

extremely low det ergent concentra tions (0.001 to 0 . 002% u /v) 

a s shown in Tabl e 31. Thi s was probably du e to the obscuring 

a ffe ct of very sma ll amoun t s of suspended dust in solutions, the 

blanks of which showed only v ery little absorbance themselves, 

Tho expe rimenta l procedur~ in the c ~ s ~ of tho s ~a-s and was 

simpl i fied considerably by the fact that the coarser s 2nd showed 

no tendency to r emain in suspension , a nd no difficulty was ex­

perienced in detcrnining the dete rgent concentrations at the 

lowest v a lues used. (Sec Table 32). 

It was thought tha t evaporation of •;~ater miG"ht have been 

a contributory ca us e of th e higher post-sorption conc e ntra tions . 

The r esu l ts in Tab le 33 show~ tha t when the b l a nks arc given 

the s&me treatment as the s~mpl os , there is no difference in the 

r esults r ecorded . All subsequent blanks were treated i n this 

ma nner as a pre c ::m tiona ry ne :tsur ..; , ev en though it had been shov:n 

to ma k e very little differ enc e to tho results obt ~ined . 

It wo.s found tha t the 240 P.lC:Sh san6. gav e consist ently 
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higher neg~tive sorpti ons than did the 90 mesh s and (Table 34). 

This may have been due to incooplote removal of the fine dust 

i n the case of the 240 mesh snnd . 

9 . 2.2 . 4 Th~ effect of e l : ctrolytes (builders)on sorption 

by wooJ- . 

Method: 

Before any corption mensurements were carried out, t he 

eff~ct of the pres enc~ of e lectrolytes on the determination of non-

ionic deterg~nt3 was inves tig~ted by adding va r i ous concentra tions 

of builder to a solution of nonionic detergent i n distilled water . 

Threo e l ectrol ytes wer e used, viz . NaCl, Na2co
3 

and Na2so
4
at 

concentrations approachinc scturation at 20°C. The absorbance 

of the samples was measured in a 10 mm. silic~ cell at 276.3m~ . 

The sorption experiments wer~ then carried out by shaking 

up 0.5 g . samples of wool with 40 ml . of solutions containing 

electrolytes as well a s nonionic detargent for various periods 

at 20°C. The off[~ ct of .::-.gein;:: of th8 solutions w:.s investi eated 

by le ~ving samples for two days before they were measured for a 

SGCOnd tir.;c • 

Resul t s: 

The eff ect of electrolytes on the determination of 

nonionic det Lrgents is shown in Tnble 35 , 

TABLE 35 

Effect of added electrolyto3 on the det~rmination of con­
centra tion of noni onic detergents 

Solution Blnnk concn . 
(% ,:,/v) 

Cone . found 
(~~ -.:1/v) 

11 Incrense" in 
concn . (~~ w/ v) 

0 . 005% Tergitol 
in 2 M Na Cl 

o. 005% rrergi tol 
in hl Na

2
co

3 
0 . 005:: Tergitol 
in "P~L/2 Na2so 

4 

0.0046 

0~0046 

0 . 007 0 . 0024 

no peak 

0 . 0063 0.0017 
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The effect of the presonce of electrolytes on the 

sorption of nonionic deterg0nts by ~ool is shown in Tuble 36, 

The samples were agitated for the periods stated. 

TABLE 36 

Effect of electrolytes on the sorption of nonionic detergents 

a t 20°C 

Solution 

M/4 Na2so4 
M/2 Na2co

3 
M NaCl 

M/4 Na2so4 
M/2 Na2co

3 
M NaCl 

M/ Na CO 
2 2 3 

Discussion: 

Woolgliguor ratio 1:80 

Agitati on time Blank concn. 
(hr . ) (% w/v) 

20 0.0059 

20 0.0059 

20 0 . 0059 

18 0 . 0055 

18 0,0055 

18 0 . 0055 

6 o . oo6o 

6 o.oo6o 

6 0.0060 

Cone. after 
sorption (% vv/v) 

0.0396 

No peak 
high absorbance 

0 . 0466 

0,009 

No peak 

0.0075 

0 . 0070 

0,0070 

No peak 
low absorbance 

There is a significant absorption contribution frofl the 

electrolyte solutions ( Table 35), and the results in Table 36 

should be view3d with a c ert~in amount of caution . High con­

centrations of electrolyte w~re invostigated, since McLaren34 

was able to measure the sorption of nonionics by wool under 

similar conditions. Large negative sorptions are indicated, 

ev en when the "bc.ckground sor ption" of the e l ectrolyte solution 

is subtracted (as suming that the effect is additive) , and the 

increases in cone entre\. tion c.re larger than any others r e corded 
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in the course of this s tudy, especially those obtained after 20 

hours agitation, The negative sorption is considerably less 

marked ~ t 6 hours. This can be cxpl ~ined in terms of the effect 

of long immersion and ~gitation tim~s (see 9.2.2.2, where it was 

found that a considerabl 2 absorbance contribution was obtained 

from the wool itsE:lf, the contribution decrua:::ing with the time 

of immersion). 

From the results o~t~ined with na
2
co

3
, it will be seen 

tha t no peak could be observed in any of the ~xperiments . Al s o, 

a t 20 hours immersion, a high absorbance wcs measured , whereas 

a t 6 hours the absorb 1.nc c measured r;c::,s quite low. This seems 

to indica te that after long immersion times, some degradation of 

the protein by the Na
2

co
3 

has taken place. These dograd~tion 

products thems a lves are l"',ls o expe cted to absorb in the r a nge 

of wavelengths us e d3• 
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10. DETERMINATION OF DETERGENT INACTIVATION BY ADDED IMPURITIES. 

10.1 Introduction. 

In the direct sorpti on measurements ca rried out in the 

previous chapter, the results consistently indicated negat i ve 

adsorption of nonionic detergents by a ll substrates studied. It 

was then decided to at t empt to measure adsorption by an indirect 

method in which the amount of sorption or detergent inactivation 

could be related to a surface activity phenomenon such as detergent 

efficiency. It was concluded from the detergent consumption 

figures obtained in the backflow study (Chapter 4) that the 

presence of high concentrations of solids in the liquors definitely 

caused some kind of ina ctivation of the detergents present, be it 

by sorption onto the impuriti es , emulsification of grease , etc. 

It was thought that if a number of uniform samples of raw 

wool were washed under exactly identical mechanical and chemical 

conditions, but with changes i n the percentage of total solids 

present in the liquors , the detergent efficiency (measured in terms 

of residual gr ease) would be an indication of the amount of deter­

gent inactivated or sorbed by the wool or other impuritie s present 

in the scouring liquor . This would also be an indication of the 

amount of detergent available for scouring. 

10 . 2 Apparatus . 

The apparatus requir ed for the washing procedures had to be 

able to scour a 2 g . sampl e of raw wool to an acceptable residual 

grease content (0.6 to l.o%) within a reasonable time at a 

detergent concentration not exceeding 0 . 05% w/v , which is comparable 

with the concentrations used in wool scouring . 

Preliminary investigati ons were carried out on an automatic 
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pumping device used by Bamford141 with a high-gr ade stainless 

steel metal tube and a p l unger which is a fai rly close f i t 29. 

The plunger was driven through a 40:1 reduction gear which gave 

20 strokes per minute. Preliminary i nvestigations gave residual 

grease values of higher than 1%. It was decided to replace the 

40:1 reduction gear by one with a 25:1 ratio. Under these con­

ditions a 0.05% Lissapol NX solution gave a residual grease content 

of 0.77% after a 15 minute wash and a 3 minute rins e in distilled 

water a t 60°C, which was considered to be satisfactory. 

10.3 Method. 

The washing procedures used were carried out under standard 

conditions as follOW$:- The wool samples were prepared by taking 

a sample from one of the scouring lots. This lot was zoned and 

each zone opened separately on a pair of hand-cards and then blended 

together. The opened sample was then rezoned and the above proce-

dure repeated. The large sampl e was then conditioned for two days 

before the individual 2 g. samples were weighed out. The sample 

of wool obtained in this way gave a reasonably constant grease 

content viz. 15.56, 15.07, 15.00 and 15.04%, an average of 15.17%. 

The solutions conta i ning the contaminating sol ids wer e 

prepared from r aw wool which was drawn from the same uniforml y 

blended scouring lot . The wool was pla ced in hot water (contact 

with de t ergents was careful ly avoided a~ all stages) to soak 

and was squeezed to we t it more t horoughly. The wool was then 

r emoved and the solutions poured through a fairly fine s i eve to 

remove the larger pieces of vegetable matter and smal l lumps of 

wool which proved troublesome when portions of the solution were 

pipetted out, The solutions contained approximately 5 to 7% t ota l 
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solids at this stage and were further concentrated to approximately 

10 to 12% total solids by evaporation. It was found that the solu-

tions did not keep very well at room temperatures and new solutions 

had to be made up every second day. The solutions produced in this 

way were fairly similar to those which are obtained from scouring 

liquors in that a solution which contained 10.32% total solids was 

found to consist of 2.59% grease (ether-extractable matter) giving 

a solids:grease ratio of 3.98. The scouring effluent in the 

backflow study (s ee Chapter 4) gave a solids:grease ratio of 2.9. 

A wool:liquor ratio of 1:30 was employed throughout the 

experiments and the detergent concentration was kept constant at 

o.os%. Aliquots were taken from the concentrated solutions and 

added to the tube in order to make up 60 ml . of solution containing 

the required amount of detergent and percentage of solids. · 

The samples were clamped to the piston as described else-

141 where • 0 The t ube was kept in a thermostat a t 60 C and 15 

minutes were allowed for t he liquor to rea ch the temperature of 

the bath. The distilled water which had to be added was kept a t 

60°C in a flask which was also immersed in the bath. The samples 

were scoured for 15 minutes at 30 strokes per minute (25:1 reduction 

gear) and removed from the tube. The contents of the tube were 

poured out , the tube rinsed and 60 ml . of distilled water at 60°C 

added to the tube. The piston (wi th sample) was r epl aced and 

the sample rinsed under the same conditions for 3 minutes. Aft er 

rinsing, the sampl es were r emoved from the piston, opened by hand 

and dri ed for 20 minutes at 65°C in a Rapid Regain Tes ter. The 

d 5? r esi ual grease was then determined by the column and tray method- , 

and the r esults expressed as percentage grease on th e original 

conditioned wei ght of the sample (2 g .). 
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A range of solids concentration from 0 to 12% was 

investigated for four different nonionic detergents , 

10,4 Results . 

The results obtained for the different detergents are 

shown in Table 37 and Figs. 28 to 31. Detergent concentrations 

were 0 , 05% w/v throughout , 

10. 5 Discuss i on. 

From Fig . 28 it will be seen that the detergent efficiency 

of Lissapol NX falls off gradually over a fairly wide range of 

solids concentration, from approximately 2 to 6%. In the case 

of Fluidal WlOO (Fig . 29) , the drop i n detergency is much more 

abrupt and commences at approximately 7% totel solids, whereas 

the efficiency of Triton NlOO is not affected markedly by changes 

in total solids concentration from 0 to 1~. For Tergitol 12P9 

(Fig . 31) the decrease in detergency sets in at approximately 1% 

tote l solids . There are two points on the Tergitol 12P9 plot 

which are extraordinarily high; these were caused by lubricating 

oil which had run down the shaft of the piston onto the sample , 

and they were ignored in drawing the curve , 

After the decrease in detergency has taken place, the 

residu~l grease values show only small increases and stay more 

or less constant with further addition of solids to the li~uors , 

According to Wolfrom and Nuessle 27 , the rate of operation of a 

pumping machine similar to the one used has a considerable effec t 

on the cleaning efficiency. This was confirmed in the preliminary 

investigations using the slower reduction gear where considerably 

higher grease contents were found for the same time of agitation 

and detergent concentration 's were used in the main study . It is 
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TJ,BLE _.21 

Washing experim&nts with four differ ent nonionic detergents 

a ) Lissapol NX 

Concn. solids 
(g . /100 ml) 

0 
0 
0 
0 . 82 
0 . 97 
l. 56 
l. 93 
2 . 05 
2 . 89 
3 . 06 
4 . 11 
4 . 11 

Res idua l 
grease ('fo) 

0 . 87 
1.16 
0. 67 
0 . 88 
1.11 
0. 84 
l. 31 
2. 14 
1.29 
l. 71 
2 . 31 
1.96 

Q) Fluidal WlOO 

Concn·. solids 
(g-. /100 ml) 

0 
0·. 49 
0.97 
1.93 
2 . 89 
4.90 

Residual 
grease (%) 

l. 54 
1.14 
1.12 
l. 63 
l. 21 
l. 35 

c) Triton NlOO 

Concn . solids 
(g./100 ml) 

d) 

0 
l. 57 
3 . 14 
4 . 71 
6 . 28 

Tergitol 

Concn. solids 
(g . /100 ml) 

0 
0 
0 
0 . 50 
1. 00 
l. 50 
l. 72 
2~51 

Residual 
grease (7~) 

l. 30 
2 . 08 
2 . 23 
l. 50 
1.88 

l2P9 

Rosidual 
grease (%) 

0 .57 
0 . 88 
0 . 74 
1.00 
1 •. oo 
1.15 
1.82 
2. 1 5 

Concn . solids 
(g./100 ml) 

5 .16 
5 . 50 
5 . 54 
6 . 28 
7·37 
7.80 
8 . 60 
8 . 95 
9 . 46 
9 . 82 

12.95 

Concn . solids 
(g./100 ml) 

5 . 50 
6 . 14 
7 . 37 
8 . 60 
8 . 95 
9 . 82 

Concn . solids 
(g . /100 ml) 

6 . 88 
7 . 74 
7 . 85 
8 . 60 
9 .46 

Concn . solids 
(g . /100 ml) 

3.44 
5 . 02 
5 . 16 
6 . 88 
7 . 54 
8 . 60 

10.04 
12. 56 

Residual 
greas e (%) 

2.01 
l. 38 
l. 26 
2.63 
3. 18 
2 . 33 
l. 71 
2 . 06 
1.97 
2 . 34 
2. 71 

Residua l 
gr ease (%) 

1.17 
1.17 
1.09 
1.49 
2 . 44 
2 . 08 

Residual 
grease ( ~) 

1.52 
0 . 94 
1.68 
0.98 
1. 72 

Residual 
grea:::0 (~) 

2 . 07 
1.98 
2.17 
2 . 06 
3 . 92 
3 . 71 
l. 63 
2 . 01 
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thought l ikely that the pumping machine, due to its vigorous 

mechanica l ~ction, together v:ith the elevated temperatures (60°C) 

used, might be able to scour the plugs of wool to a 3% r esidual 

grease level, even when very li ttle detergent was l eft in a form 

sui table for scouring . 

The decreas es in detergency indicated must be related to 

the amount of deter gent inactivated by the presence of the c®n-

taminants in the liquors, be it by adsorpt ion, emulsification, etc. 

It will be seen th~t the degree of decrease in detergency is 

different for a l l four detergents investigated and that t he de-

creases set in at different solids concentrations. Confirmation 

of these results was found in the pi lot-pl~nt study on the effe ~ t 

of backf l ow (Chapter 4 ) where the two detergents used were found 

to react ver y differently under varying backfl ow conditions . The 

main effec t of differing rates of backflow is in changing the 

concentra t i on of total solids in the scouring bowls. 

Tergitol 12P9 is the most hydrophobic detergent of t he 

four vrh ich were tested (it h::1s a cloud point of only 18°C), which 

means that it has a rather short hydrophilic ethylene oxide chain . 

The r esults obtained in this case (Fi g . 31) indica te that detergent 

inactivation (i. e. ndsorption, e tc .) set in at a very low solids 

concentration. This is in agreement with the results of several 

investiga tors who have reported that the degree of sorpti on of 

nonioni c deter gents increas~s with d ecr8c.sing ethyl ene oxide chain 

l ength54 ,l 36,l 37 , since the adsorptional cross- sectional area 

of the detergent molecul e increases with increasing chain leng ths . 

This points to adsorption as the main factor contributing to deter-

gent inactivation . 
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If the results for the three detergents which showed a 

decrease in detergency with varying solids concentrations were 

interpreted in terms of backflow requirements, the rates of back-. 

f low to be used for minimum detergent consumption would increase 

in the f ollowing order for the different detergents: Fluidal WlOO, 

Lissapol NX and Tergitol 12P9. This conclusion was confirmed in 

the first two cases by the pilot-plant investigation of the effect 

of the rate of backflow (Chapter 4) in which it was found that the 

minimum detergent consumption for Fluidal WlOO occurred at 50% 

backflow (approximately 7% tota l solids) and that the detergent 

consumption for Lissapol NX had not ye t reached the minimum at 

116% backflow (approximately 3% total solids). 

10.6 Conclusion . 

The four detergents studied showed different reactions to 

increases i n the total solids content of the scouring liquors. 

The decreases in detergency found were attributed to the in­

activation of detergent by the contaminants added. It was assumed 

that the main inactivating effect operating was adsorption, since 

the detergent with the smallest ethyl ene oxide mole ratio, which 

was expected to have the greatest tendency to sorption, showed 

a decrease in detergency even a t very low solids concentration. 
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SUNffiffiRY AND CONCLUSIONS . 

A, Mechanical ~ction. 

Sixty-four individual l ots of raw wool were scoured in order 

to investigate all the possible permutations arising from four 

different settings of three factors, viz . rake speed, roller 

speed and rute of feeding . 

Within the limits of the experimental conditions, an 

increase in the aqueeze- rolle r speeds and the rate of feed caused 

a decrease in detergent consumption, whereas an increase in the 

rake speed caused an increase in detergent consumption. 

Measurements of the average fibre length after combing 

indicated no significant differences resulting from the various 

scouring treatments . Th~ smallest number of neps was produced by 

the lots which were scoured a t the highest rate of feed . 

B. Influence of backflow. 

The effect of different rates of backflow during the scour­

ing of raw wool wa s investigated from the point of view of deter­

gent J fficiency and effect on build-up of solids in the scouring 

bowls, 

A now r~pid method for the estimation of the concentra t i on 

of sus pended solids is described . The equilibrium conc entration 

of total solids in the first bowl was found to be inversely pro ­

portional to the r a t e of backflow employed and a f airly constant 

relat ionship was obtcined be tween the equilibrium total solius 

content of the fir s t and s econd bowls . 

The two de t ergents us ed showed widely divergent r eactions 

to vari a tions in the r a t e of backflow, and th ey required diff er ent 

r a t es of ba ckflow for minimum de t ergent consumption . 
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c. Influence of temperature. 

The eff ect of temperature on the scouring of r aw wool 

was investigated by scouring several lots of wool under varying 

conditions of temperature in the first and second scouring bowls 

while all other temper atures and conditions wer e kept constant. 

An increase in temperature in either of the f i rst two bowls 

caused a decrease in detergent consumption. This effect was very 

marked at the lower temperatures, but diminished considerably in 

the higher regions . The first bowl temper ature was found to be 

the dominant f a ctor in determining the detergent consumption when 

a nonionic det ergent was being used. 

From the response surfa ces estimated for deter gent con­

sumption on t emper ature, it was concluded that a point of minimum 

detergent consumption existed for the nonionic detergent , but no 

such point coul d be found f or soap. 

D. Comparison of detergents . 

Several det ergents were compared for scouri ng efficiency 

using two types of wool . The scouring lot s were compared under 

fixed conditions, and t he detergent consumption figures were con­

verted to costs on the ba sis of quotations for 2 , 000 lb . lots, 

f .o. r. Port Elizabeth. 

Nonionic de t ergents could be u s ed a t considerably l e ss cost 

than s oap when scouring low-yielding Lox, but for a higher yielding 

fle ece-wool , soap became more competitive e conomica lly . 

When pa i rs of nonionics which were derived from the same 

hydrophobe were compa r ed, it was observed tha t the d etergent which 

had a cloud point lower than the scouring tempera tures operated 

more efficiently than one whose cloud point was higher than the 

t emper a tures of t he s couring bowl s . 
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E, Effect of detergency buildero. 

The optimum total addition of detergency builders to the 

first and second bowls was determined for three builders, viz , 

sodi um sulphate, sodium chloride and sodium car bonate. These 

optimum total quantities were used a s a basis for investigating 

the effect of varying the ratio of additions of builders to the 

first and second bowls. Combinations of builder s we r e a l so 

studied, 

The order of efficiency of the builders for nonionic 

detergents was found to be: sodium carbonate , sodium chloride 

and sodium sulphate . For soap , sodium carbonate was again the 

most effici ent builder and the effects of sodium sulphate and 

sodium chlori de were very similar. Detergent consumption was 

found to decrease sharply on increasing additions of builders in 

the lower concentration ranges. This eff ect became conside~ably 

less marked in the higher ranges . 

When the total additions were kept consta nt, the ratio 

of the amounts of builders added to the first and to the second 

bowls r espectively did not appear to have any marked influence on 

the detergent consumption. 

From a paired comparison experiment conducted on samples 

scoured under extreme conditions of builder additions i t was con­

cluded that the use of excessive amounts of sodium carbonate in 

the scouring liquors had a significant discolouring effect on the 

scoured wool . 

F . Estimation of nonionic detergents. 

Two gravimetric methods wer e inves tiga t ed, viz . pre­

cipitation with phosphomolybdic acid and with phosphotungsti c a cid , 

Both methods were found to be sufficiently a ccurate when applie d to 
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pure aqueous solutions of nonionic detergents. The presence of 

degraded protein material caused considerable interference in 

that it was precipitated together with the detergent. A nonionic 

detergent with a low cloud point gave very erratic results which 

can probably be ascribed to concentration gradients in the solution. 

A spectrophotometric method was investigated in which the 

absorbance of the detergent solution was measured at 276 m~. This 

method was admirably suited to the determination of nonionic deter­

gents in pure aqueous solutions, _although the accuracy of the method 

started· falling off in the very low concentration ranges . 

An indirect polarographic method was also investigated in 

which the excess phosphotungstic acid from the above gravimetric 

procedure was determined. Reasonably accurate calibration curves 

were obtai ned for pure phosphotungstic acid solutions, but when the 

method was applied to the mother liquor from the precipitation 

mixture, erratic results were obtained. These erratic results 

were probably due to adsorption of phosphotungstic acid by the 

precipitate formed, making the amount of phosphotungstic a cid 

left in the mother liquor an unreliable gauge of the amount of 

nonionic detergent precipitated. 

In general, it seems that the methods investigated would 

be unsuitable for the determination of nonionic detergents in any 

medium other than pure aqueous solutions. 

G. Sorption of nonionic detergents. 

The sorption of nonionic detergents from aqueous solutions 

was measured for various types of substrate (wool and sand of 

different grades) . Sorption by wool was studied using relatively 

concentrated as well as dilute solutions . The effect of 

electrolytes on the sorption of nonionic detergents by wool was 

also investigated. 
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Practical ly al l the r0sults obtained indic~ted negative 

sorption since the concentrations of the solutions after sorption 

were higher than before. The factors which may have been 

responsible for this phenomenon (preferential sorption of water, 

evaporation from solutions and effect of extrGneous material) were 

i nvestigated, but no reasonable expl anation could be found. 

H. Detergent inactivation. 

L number of uniform samples of raw wool were scoured under 

identical mechanical and chemic~l conditions with changes in the 

percentage of total solids present in the liquors. 

The detergent efficiency (measured in terms of residual 

grease) was taken to be related to inactivation of detergent by 

the contaminants added . The four detergente studied showed 

different reactions to increases in the total solids concentration 

which were confirmed by results obtained in the backflow study. It 

wGs assumed that adsorption was the m~in inactivating effect , since 

the deterg~nt with the smallest ethylene oxide mole ratio, which 

would be expected to have the greatest tendency to sorption , showed 

a marked decr ease in detergent effici ency even at very low con­

centrations of solids . 
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PUBLICATION OF PRESENT Y!ORK . 

A, The folloqing papers have been accepted for publication 

by the Journal of the ~extile Institute and ~ill be 

printed shortly. 

a) The effect of ~echanical Action on the Scouring of 

Raw Wool. 

b) The effect of Bcckflow on the Scouring of Raw Wool. 

B. Papers on the folloFing subjects have been submitted for 

publication to the Journal of the Textile Institute, 

a) The effect of Temperature on the Scouring of Raw Wool. 

b) Comparison of Detergents for Ra· .. VJool Scouring. 

c) The effect of Detergency Build~rs on the Scouring of 

Raw Wool. . 
\ 
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