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The treatment of scouring effluents has become a factor
of growing importance with the advent of water pollution control5

4-6

and is the subject of a wvast body of literature v

2.2 Systems of scouring,

Each of the numerous commercial ascouring methods is claimed
to have advantages over the others from the point of view of 8. 1e
of the following aspects: economy, mild chemical action on the
fibres resulting in little damage, whiter colour, ease of eperation,
degree of entanglement of the fibres, ete. All these properties
are important if it is kept in mind that acouring is the first step
in processing raw wool and that the treatment received by the wool
in scouring will be larg y responsible for its behaviour in sub-
sequent processingT. Williams8 has found from laboratory trials
that there is a measurable difference in yield when wool is scoureu
in different ways. The differences are ascribed to the dissclution
of oxidised protein material from the tip portions of the wool

fibres by hot alkaline scouring solutionse.

a) Emulsion Scouring.

This is the oldest known method of scouring. With the
advent of synthetic detergcnts of all types this process has under-
gone a number of changes from the origiral soap-scda scour,

i) Soap and soda scouring.

This method of scouring is still employed in industry,
especially in Bradford where the authorities have decreed that
synthetic detergents should not be used for wool scouring,
supposedly in order to facilitate grease recovery from the
effluent,.

In its classical form, this process entails scouring raw

wool at temperatures of not less than 4500, which is the average
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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 trouble in rinsing and subsequent wet pro-
cessing. Nonionic detergents also give a reasonably good

3

grease removal under acid conditions”.

(iii) Iso-electric scouring,

Wool, which is an amphoteric oompound, is neutral at its
iso-electric point which is in the vicinity of 4.510. The~~
wag an attemptl4 during the Sccond World War to scour wool
at this pH in acid medium, since it was anticipated that the
chemical degradation of wool would be reduced to a minimum and

that the best possible physical properties and appearance would

be produced under these conditions,

This process suffers from t : disadvantage that only
nonionic detergents remain efficient at these low pH values
and that corrosion of the scouring eguipment then becomes

excesalve,

b) Solvent Scouring.

The solvent scouring process is one in which the wool
grease is removed by an organic solvent other than water, normally
followed by an aqueous rinse to remove suint. Almost every
possible fat solvent has been suggested and 211 of them would
probably be satisfactory if grease removal were the only require~
ment. Solvents are, however, also judged on cost, availability

and fire-hazardls.

The first solvent scouring process was tried in the

16,17

1880's using acetone and ether as solvents, but was

immediately abandoned btecausc of explosion and fire haward,
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A novel cleaning process, the "Frosted Wool process", was
introduced in 193526 but it did not survive World War II., The
wools were subjiected to temperaturcs of —300 to -SOOF to freaze
the grcase which became vary brittle. Subsequent opening and
dusting shattered the frozen greasc to & powder, and a considerable
proportion was thus removed from the fibres. The cleant . wool
obtained wag delivered in a dry, open and lofty state, but sub-
sequent scouring was necessary to remove the excessive residusa.

grease, suint and dirt still remaining on the wool,

2.3 Factors affecting detergent =fficiency.

It may be concluded from the literature that there are
several factors in scouring which are lInown to affect detergent
efficiency in one way or another., The mechaniem by which the
changes influence dctergency is not always known, but sufficient
work has been done in order to establish the fact that the influences
are significant and measurable.

An increase in mechanical action has been shown to have

o]
27’48’29. In raw wool scouring

a beneficianl effect on detergency
the problem is more complex, in that cleanliness of the scoured
product is not the only ohject; the wool is to be delivered in

as open as possible a form for further mechanical processing.
Since excessive mechanical action could cuse more felting, a com-

promise has to be found betwezn dccreaze of deteorgent consumption

and structure of saoured wool.

The temperatures of the scouring liguors have to be above

the melting point of the wool grease which normally lics in the

range 40° to 50009’28. The temperature of the seouring bowls

22,28

affects detergent consumption In the case of nonionic
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detergents, it was found that once a certain temperzture has bee:
gxceeded, the increase in detergent efficienry is less marked.
In the view of Lawrenceio the large temperature coefficient of
detergent processes is a result of the increased rate of diffusic
of dctergent into the dirt at higher temperaturecs,

It has long been known that limited addition of neutral
electrolytes causes an increase in detergent efficiencyal. For
ionic detzrgents it was found that only the ions with chagges
opposite to that of the detergent ion had en effect, and it was
shown that hish salt concentrations caused a decrease in deter-
gency. Several workers have pointed out the increase in capillal

52,33

activity of detergents in the presence of electrolytes

4 who studied

The sazme general obscervationsg were made by lMcLaren
nonionic detergents in the presence of salt and found an initial
increase in detergency followed hy a subsequent decrease as the
salt concentration is increased. pH has also heer shown to have
an effect on dirt removal, although the conclusions are not as

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

dirt and the substrate,.

In raw wool acouring, the aim of the scourer is to produw
a scoured product which is as white as possible, Tt is known ¥%he
under certain c¢ircumstances, redeposition of so0il onto the wool
being s coured may occur, e.g., when there is a high concentration
of dirt present in the scouring liquors. The presence of suspent
dirt in the scouring liquors will have a detrimental effect on
detergent consumption since it may bz assumed that some of the
detergent will be "inactivated" by the suspended dirt, e.g. by

35

adsorption, suspension, e2tc. The counterflow or backflow syste
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of oo removal from fibres in fterms of solu
formz ilon. and pe...tration, coupled with sec
ag spontanecus emulsification and osmotic s

The theory of Lawrence30’46 was dev

observation of the detergence of polar dirt

of the ternary phase diagrams of goap-water

The detergence of polar 3dirt was found to b

of penetration of soap and water into the dirt, followed by peptisa-
tion. This process is independent of surface forces and results
from cryocscepic forces and diffusion processes in the ternary soap-
watcr-polar dirt system, The minimum temperature of penciration

of a2 homologous series of fatty acids by a variety of detergents

fa shorply defined and wzis found to be several degrees bzalow the
melting point of the acid. It was concluded that detergency in

such gystems consists of the initial formation, as a result of
surface forces, of a close-packed adsorbed monolayer of soap at

the ¢ Llution-dirt interface, followed by the penetration of =soap

and water into the dirt and the formation of the various dirt-water~-
soap phases, which can be removed by agitation,e.g. the flow of
ligquor past the substrate, The large temperature coefficient of
detergent processes may be explained in terms of this thecry since

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

temperature,

It will be s2en that the picture remains somewhat clouded
in that, of all the properties which influence detergence, e.g.
surface or interfacial tensions, adhesion of the agueous detergent
solution to he fibre, etc., none are fundamental in the sg=znse
that it alone is the predominating factor, and a combination or

correlation of all these factors .y yet prove to be such a
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fundamental guantity.

There is some hope that ncwer technigues such as radio-
active tracer mcthods, when applied to the problem of detergency47
may throw furth:r light on th: fundrmentsols of the process. These
mzthods have enabled workcrs to study thce removal of eoch of
several oil constituents of soiled clothing separate1y48. Indi-
cavions have been found that there is 2 relation between adsorp-

tion of & detergoint nnd dctergency49’50

y and this type of study
could probably be carri.d out with more prospects of success when
radiotracer technigues are us:;d, provided that reproducible and

sensitive laboratory washing tostscould be devised which arcreed

with results found in practice,

H
























TAELE 3

Amounts of Lissapcl (in 1b.) reouired to scour 1CC 1b. Raw Yool under different mechanical conditions,

LOAD 100 1b,/Aar. 133 lo. /hr. 166 1b,/hr, 200 1b./hr.
Rollers p) 4 6 9 Ave, 2 4 6 9 ive, 2 4 6 9 Ave, 2 4 6 9 Lve.,
Rages 0.635 0.460 0.458 0.448 0.500 | 0.395 0.313 0.325 0.303 0.334 | 0,388 0.298 C.310 0,248 0.311 [ 0.273 0.260 0.238 0.368 0.285
0.66% 0.65% 0.97% 0.59% 0.58% 0.62% 0.60% 0.53%% 0.55% 0.62¢% 0.57% 0.62< 0.70% 0.58° 0.61¢) 0.51%
5 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
0.71¢ 0.91% 0.66% 0.57% 0.60% 0.645% 0.55% 0.60% 0.75% 0.54% 0,62% 0.65% 0.60% 0.46% 0.62% 0.56%
il 0.423 0.423 0.415 0.453 0.429 | 0.580 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
0.74% 0.56% 0.64% 0.66% 0.71¢0 0.58% 0,604 0,65% 0.63% 0.62% 0.58% 0,63% 0.68% 0.56¢% 0.65% 0.685
” 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 | ¢
0,52% 0.69% 0.69% 0.59% 0.5655 0.60% 0.63%% 0.5%% 0,55 0.63% 0.54¢ 0.67% {
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 (
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with what may be anticipated as above, with the detergent con-

sumption exhibiting the turning point in the vicinity of 1466 lb./hr.

The laboratory scouring results mentioned previously9’28’29

were obtained using ionic detergents; there is very little

numerical information svailable on the nonionics. It is gulte 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 wocl through the
liquors, i.e. shorter immersion ti: s. Since the nonionilc deter-
gents are not as readily adsorbed by wool ag the ionic type854’55,

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

part in the detergent prccess when considering detergents of the
nonionic type., It is cbvious then that the rake speed will influence
droplet formztion by rllowing less time 2nd alsc droplet removal to

o certain extent by faster movement of the rakes through the liguor,

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

less than that obtained at the squeesa-rollers.

From Fig., 2 i1t may be segen that the detergent consumption
is lowest at a rake speed of 5 s.p.m. and it rises fairly steadily
throughout the range considered. Even on changing from 11 to
14 s.pem., the change is still marked. This is in accordance with
the conclusion drawn from tho cbove discussion when the detrimental
effect on droplet formation largely outwoighs the beneficial effect
on droplet removal, which would seem tc be the case when it is
congidered that the time of immersion at the fastest rake speed

ig 50% less than ot the slowost.

From a more practical point of view, it was fcound that the

lowest rake speed (5 s.p.m.) is not practically advantageous,



regardlesg of the low detergent consumption, This rake speed

gives rise to considerable operational difficulty and produces
geoured wool with undesirable gualities: 1t is rather felted

and has a brownish colouration., The reason for this seemingly
anomalous result becomes cbviouns when the operating conditions

are considered. The low rake gspeed propels the wool so slowly
through the bowls that the wool setiles to the bottom., The wool

at the bottom of the bowls cannot be moved by the rakes until a
fair amount of it has collected, These lumps of wool are then
dragged forward by the rakes, which recults in the intermittent
delivery of large and rather felted lumps of wool to the rollers
which are then not alle to operate at maximum efficiency. The
brownish colouration of the scoured wool produced at this rake
speed is due to sand which settles onto the wool in the bottom of
the bowls while the lumps are 1ilding up. The gsand is then
occeluded in the interior of these lumrs. It is viriually impossible
for the rakes or rollers further on in the train to remove this
sand from the interior of these lumps. The appearance of the
gcoured product was considerably better at a rake speed of 8 g.D.I.
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 appearw
ance of the scoured wools they were also compared in their behaviour
during carding and combing,. The results from this garding -

and ceombing study were anazlysed stetistically, The fibre-
‘length analysis after combing did not yield results of gfeat
significance; the observed differences resulting from the various
changes made during scouring were too 8uwasl to have any practical

value, This may have besn due partly to the fact that the
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5. THE INFLUENCE OF TEMPERATURE ON THE SCOURING OF RAW WOOL.

5.1 Introduction,

It 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 wecol grease, and the viscosity of the grease
has also to be borne in mind, Several figures have been guoted
for the melting point of wool grease and there has, quite under-
standably, been a certain amount of variation, mostly included

in the range from 400 to 50009’28.

The highest permissible temperature must be consistent

with the heat tolerance of the wool and the limitations of the

type of plant used58. Flevated temperatures may affect the

"activity of the alkaline agent" and cause further damage to the
fibre559. It has been reportedg, howevar, that at temperatures

in the order of 5500, 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 chemicel and physical properties of the fibres.
It is felt by some workers that the relatively high grease content
of the wool as it enters the first bhowl affords the fibres a

certain amount of protection against degradation by alkalilo.

When scouring with nonionic detergents, it should be kept

in mind that these products have a negative solubility coefficient,

51

i.e. they become less soluble as the temperature is increased” .

58

It would seem to be accepted, judging from the literature and
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the monufacturers! reccmmendations, that nonionic detergents
operate most efficiently at temperatures below or in the vicinity

of their cloud points,

This study was 2imed at establishing the influence of
variation of the temperaturss of the first and second bowls on
scouring expressly with regard to detergent consumption. The third
and fourth (rinse) bowl temperaturcs were kept constant since it
was felt that they play a minimal pert in determining detergent
consumption., Two series of experiments were carried out on low~
yielding Lox, using either Lissapol NX or scouring soap (Lever

Brands) as detcrgent.

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 conaisted of 16C0 1b. wool each., Th: clean
yield of the wool was 35.1% cnd it contained 9.6% grease and

13.7% suint {all percentages wcre calculated on dry weights).

TheAsoap, which was supplied in flake form, contained
83% fatty acid, compared to the approximately 60% fatty acid content
of the normzl bar scouring sozp. Soda ash (commercial grade
sodium carbonate) was ndded to the first bowl and Glauber's sealt
(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 previcusly was used in
this investigation. The rakcs were set at 11 s.p.m. the rollers
at 6 r.p.m. and the rate of feed was 200 1b./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
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regidual grease in both series. Further additions of nonionic
detergent were made continuously as described previousgly., Socap
solution ( 1 1b./5 litres) was added from vertical overhead tanks
fitted with graduated sight glasses. The inlet for the soap
golution was somewhat larger than for the nonionic detergent, but
was also situated on the recirculating pump-line at a point

i1 ediately before the pump. In order to prevent the soap scluti! 2
from solidifying at room temperature, the tanks were fitted with

steam heating coile,

Soda ash was added at a rate juct sufficient to maintain
the pH of the first bowl at %,0 to 9.5. In the first series, the
amount of builder added varied from 1.3% to 1,8% for soda ash and
from 2.2% %0 2.9% for Glauber's salt. In the second series the
soda ash consumption was O.93% and for Glauber's salt, 1,93%.

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

5.4 Results,

The consumption of Lissapol NX in 1lb, detergent per 100 1b.
raw wool at various temperatures is given in Teble 7. The figures
in brackets are the average percenteges of residual grease for the

respective lots.
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The effect of temperzture on detergent consumption is

ghown in Figs, 9,10,12 and 13, Figures 11 and 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 Discussion.

Therc is general agreement in the literature that increased
temperature will give rise to more efficient grease removal in
view of the fact, amongrt others, that viscogity is a temperature-
sensitive factor, Alco, in the view of Lawrence3o, the large
temperature coefficient of detergent processes is a result
of the increased rate of diffusion of detergent into the dirt
at higher temperatures. Another factor which shoulé 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 behaviour in subsequent processing.
Thug, work done by Townend and Tweedie59 showed thet two lot

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

5200 in the first bowl gave tears of 10.6:1 and 15,2:1 respectively,

The most outstanding feature of the graphs for Lissapol NX
(Figs. 9 and 10) is the marked drop in detergent consumption
for an increase in the first bowl temperature from 500 to 6OOC at
a second bowl temperature of SOOC. This effect is actually
greater than indicatcd in Figs. 9 and 10, since the highest point
(at 50°C in first and second borls) was obtaincd from a lot
which had becn scoured to 0.81% rcsidual grease. Obviously,
if this lot had been scoured to approximately 0.6% grease as
were the others, the detergent consumption a2t this point would

have been even highcr than indicated in the graphs. It can



further be seen from Fig. 10 that there is very little improvement
in detergent efficiency for 2 temperature increase from 60°

to 6500 in the first bowl., This is in accordance with the
findingr of Anderson and Poulter22 in their investigation of

aguecue jel scouring.
the
From/lines for 60° and 65°¢ in Fig. 9, which are

almost horizental, it may be concluded that the temperature of
the second bowl is of little conseguence at these high tempera;
tures in the first bowl. This could be duc to the fact that =t
these temperaturcs a large proportion of thc grease and dirt is

removed in the first bowl, leaving the task of removing the last

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

56

are mere difficult to remove” , to the second bowl.

As a further aid to the interpretation of the above
resultes, the data was uscd to estimate a second order response
surface60 of detergent consumption (y) in grams on the tempera-
tures of the first (xl) and second (XZ) bovls., For convenienoe‘in
calculation, the temperatures were designatsd as follews: =3, -1,
1, 3 for 50°, 55°, 60° znd 65°C respectively,

The eguation of the surface was cstimated as
2 2

v = 186 + box) + byx, + b5xlx2 + b4x1 + b5X2 veresrsal(5el)
where

b, = -51,1%%* S.B. B.6

b, = =41.4%F S.E. 8.6

by = 17, O%* S.E. 3.9

b4 = 13,0% S.E. 4.8

b, = 7.8 S.E, 4.8
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5.6 Conclusion.

An increase in temperature in the lower ranges in either
of the first two bowls caused a marked decrcase in detergent con-
sumption. This effect was less marked in the region 60°C to 6500.
When using 2 nonionic detergent the first bowl temperature
wag found to be the dominant factor in determining the detergent

consumption.

From the two respense surfaces estimated for detergent
conzumption on temperature it was concluded that there was a peint
of minimum detergent consumption in the case of the nonionic
detergent, whereas with soap no such minimum was found in the

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

£v1 Introduction.

[

The wool scourer faces a difficult task when he hasz to
make a choice of 2 suitable detergent froﬁ the large number which
are offered to him, This study was aimed at ccmparing a number
of detergents which could be ccensidered for wool scouring. Of the
eleven detergents compared in each seriuvs of experiments, the
majority were of ithe nonionic type, but scap 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 basisz for all detergents viz., the price per lb. in
2,000 1b. lots, f.o.r., Port Elizabeth. The costs obtained are
relative, in that the only factor considered was the actual prics
of the detergent, all other factors being similar for each lot

scoured,
£.2 Materials,

The detergents were used as supplied by the manufactursrs,
the soap being supplied in flake form which contained 83% fatty
acid., Soda ash (commercial grade sodium carbonate) was cdded to
the first bowl and Glaunber's salt (commercial grade sodium sulphate)

was used as a bullder in the second bowl.

Bulk lots of Lox and fleece wool were opened and blended
separately before scouring. The Lox which had a clean yield of
}6.2%, and contained 9.6% grease and 13%.7% suint, was used in
the first series of experiments in which 1,600 1b., of the blended
wool wa% scoured with every detergent. Similarly, 1,000 1b,
lots of blended fleecce-wool with a cle:n yield of 52.3%, 10,6%

grease ond 8,1% suint were scoured in the sccond series. (All












DETERGENT

Deterzent consumption and costs for scouring Lox. (First Series)

TABLE 12

Residual grease

1b. detergent used

Cost of deterpgents

Cost of scouring

% per 100 1b, raw wool in conts per 1b. 160 1b. ra'v wool in ccnts
Tergitol TFO 0.65 0.739 15.5 11.45
Berol Lanco 0.66 0.864 15 12.96
Lissapol NX 0.60 0.798 17 13.57
Triton N100 0.64 0.917 16 14,67
Nonidet P40 0.65 0.818 19.5 15.95
Fluidol ¥100 ¢.59 C.995 20.5 20.40
Tergitc. NPX 0.79 1.367 15.5 21.19
Triton X100 0.69 1.351 16 21.62
Soap 0.70 5.204 8.16 26.14
Nonidet P80 1.19 2.050 21.5 44.08
Adipon D Xz. 0.79 2.895 23.98 69.42

..ag._.






6.5 Discussion.

It will be seen that some of the residual grease values
in Table 12 are appreciably higher than 0, 6%, It w2s found
impossible to scour these lots to lower grease values without
considerable cperationsl difficulty. With a high concentration
of detergent in the scouring bowls, the wool slipped at the
squeeze-rollers, causing them to become blocked which in turn
caused stoppages and loss of production. Undesirable excessive
foaming also took place at these high concentrations. The deter-
gents which gave rise to these difficulties were not included
in the second scries of experiments (sec Table 13). It should
be borne in mind that the detergents which gave a residual grease
content of appreciably mere than O.Gﬁ would tend to te flattered

by the compsrison.

In the study on backflow {Chapter 4), it was found that
detergents which are similar in physical and chemical structure
react very differently vith recspect to detergent consumption under
different backflow conditions. This kind of deviation could have
a marked influcncc on the rusults of a study such as the present
che, It would have becn totully impractical to attempt to
establish- the optimum bnckflow conditions for each detergent
separately, énd the trials werc therefore conducted under conditior
which should prevail in a gcouring mill when these types of wool
are being scoured., A high rato of backflow was selected for the
fii . % series in view of the low yield of Lox znd = somewhat

lower rate was used in the second series,

The temperaturce of the scouring bowls is an important

factor in determining the efficiency of a specific detergent.
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Hydrogen bond formation takes plcce when nonionic detergents
containing cthylene oxide groups zre dissolved in watcer,
Increasing the temperaturs of the colution progressively destroys
th2se hydrogen-bonds, leaving the detergent with a smaller effect-
ive hydrophilic residuc. As a rcsult the solubility of the non-
ionic is >duced and thz phenomecnon of clouding is observedsl.

The nonionic detergent vhich has beecomz more strongly hydrophobic
at the el-vated temperatures employ.d in the scouring experiments
will now hove an affinity for the greasc which covers the surface

of the woecl fibres and will be more readily adsorb-d onto it.

58
Some workers” y including manufrcturers, seem to be of

the opinion that nonionic detcrgents can be employed most effective=
ly at tem :r;furcs below or in the vicinity of their cloud points,
wherens others61 ragurd o high proportion of hydrophobic materizl

in the detergent molecule as advantagezous to scouring. Other work
hes shown that nonionic detergents can function effcetively at

-

temperatures considarably above their cloud points, cither as 2

wetting agent under the conditions of the Draves test62’69

27

a detergent™'. At the scouring temperatures used in this study

, Or as

the rate of diffusion of detergent into the dirt will be highBO,

s0 that the removal will take place readily and fairly rapidly.

It is interesting to note the differonce in behaviocur and
cloud point {c.p.) of the following pairs of detergents (see
Tzble 12): Nonidet P40 (c.p. 47°C) and Nonidet P8O (c.p. 80°0);
Tergitol TP (c.p. 51°C) and Territol NPX (c.p. 63°); and from
Table 13, Tergitol 12P9 (c.p. 18°0) and Tergitol 12P12 (c.p. 60°c) .
In each pair, the hydrophobic unit of the molecul.r is identical,
the only difference being in the lengths of the hydrophilic

ethylene oxide chains. It will be seen thnt coch pair contains



In the case of Tergitol 12P12 and 12P9 there is an except-
ionzlly large difference in clcud point 2nd in this particulsr
case the higher clouding detergent was glishtly more efficient.
Here the scouring temperatures were 3900 higher than the cloud
point of Tergitol 12F9, 1t is thought that when dctergent
golutions ars used at temperatures this frr above their cloud
points, the detergent becomes too hydrophobic and is present in the

liguers in & form unsuiteble for scouring,

It should be kept in mind throughout the discussion follow-
ing that there wnore certain dissimilaritiss between the treatments

accorded the two wacouring lots:

The first lot (Lox) wos scoured at 60°C in the

e
g

first bowl, cocmpared with 5500 for the second lot
(flecce-wool), This difference would have the effect
of lowcring the det:rgent concumption for Lox

relative to thet obtained for flecce-wool,

b) The pE of the first bowl was kept at 9.0 to 9.5 for
Loth series =2nrd it will be scen that the Lox re-
guired lzss soda ash then the fluece-wool (1.19)
ve. 1.94), duc to the fsct thrt the Lox was more
alkaline than the fleece-wool64. Later work
{Chapter 7) indicates that thi. difference would
elso influzsnce the detergent consumption., It is

expected th~1 tho detersent consumption for Lox

would be incrzased reclative to that of fleece-wocel,



and it should bte pointed ocut that the actual comparisons drawn
between the two lots rcfer only to very large differences in
detergent consumption which could not be due solely to one of

the above diff.rences.

A point of significance which arises from Tebles 12 and 13
is the rcaction of the two difforent types of woel to scouring
with tho two types of detergoent. In the cose of soap, ~hich is an
anionic detergent, the amount used for ccouring Lox is clmost
twice that reguircd to scour the same weizht of floece-wool. This

can be ascribed to & losz of scap due to its tendency to bhecome

adsorbed onto the wool ~nd impuritics present in the liquorsj4.

This effect should be most marked in the scouring of Lox which
contains & large percentage of dirt. The nonionic detergonts, on
the other h~nd, show an zpproximatcly conztant detergent consumption
for hoth types of wool. This is in accordcncc with the remarkable
reluctance of this typo of detcrzint to become adscrted onto

4,55 (

wool and presumably wlso onto dirt present in the scouring
ligquors). The consumption of nonionics tended, in fact, to be
slightly higher for flaece-wool th:n for Lox, which can perhaps
be attributed to the frct that the flcece-wool contained 1%

more greasc than the Lox {10.6% vs. 9.6%). This difference 1is
quite sm.1l and could even be duc to the effect of frctors a)

or b) above. The above =ffects are rcflccted in Tables 12 and 13
where 1t moy be sz2en that when scourins Lox, eight of the non-

ionics investigated could be uz-d more economically than soap

and in the care of flzece-wool only four of the nonionic detergents
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wcre 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
that nonionic detergents could be ured at considerably lower
cost than soap when scouring low-yielding Lox. Ior a higher-
yielding type of wool, soip became mere competitive economically.
The consumpticn of norionic detcrgents remained relatively constant
for both types of wool scourcd, but the consumption of soap was

narkedly greater for Lox than for fleece-wocl.

The nonionic detergents generally operated morc efficient-
ly when the scouring temperatures were higher than the cloud points
of the detergents, This cffect —as observed with beth types of

wool used, but it as more noticeable in the casc of Lox.

L very high detergent conceatration war required in
certein cases in ordor to scour r-w wool to -« 0.6 residual grease
level., As a result, excessive forming occurred and further in-
convenicnce was ciuced by blockeges .t the sguecze-rollers, These

as
detergents were therefore regardedAunsuitable for raw 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 th
addition of electrolytes to scouring liquors cause an 2

31’65’66, even though t

increase in detergent efficiency
electrolytes have no detergent power on their own. Am
the electrolytes in industrial use today are common sal

chloride), Glauber's salt (sodium sulphate) and soda as

carbonate),

When scouring with soap, it is considered esser
to maintain the pH in the vicinity of 10 to avoid the 1
of free fatty acids and the subsequent decrease in detergent
efficiancy. Soda ash is normally used for this purpose, although
potassium carbonate and sodium silicates and phosphates have also
been found suitab1e55. The original theorylo that alkali
agssisted 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 saponifiablez.

Several workerssz’35 have pointed ocut that the capillary
activity of ionic detergents showed an increase in the presence
of electrolytes. The same observation was made from a study

>4

on nonionic detergents but thé initial increase in detergency
was followed 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 widespread since the advent of
neutral scouring with nonionic detergents although it has been

reportedlo that with certain nonionic detergents, the addition

of neutral eclectrolytes to the scouring bowls will have little

or no effect below 6000.
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The addition of neutral electrolytes to solutions of
nonionic detergents has been shown to cause a depression of
the cloud point, possibly by dehydration of colloidal micelles58
or by breakdown of the hydrogen bonds by which the molecules are
dissolved in water51. The actual amount of depression depends
on the nature and the amount of inorganic material added. Such
depression of the cloud point indicates that a change in the hydro-
phile~lipophile bazlance of the detergent has taken place, which

is an important effe~t since the efficiency of a detergent is

largely determined by this balance,

The present study was designed to investigate the effect
of the addition of three types of builder to the scouring liquors.
Of the builders investigated, two were neutral, viz. sodium chloride
and sodium sulphate and one was an alkaline builder, viz. sodium
carbonate. The experiment was carried out in two parts, the first
to establish the optimum total quantity of builder to be 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 and second bowls, on the basis of the optimum
total additions obtained in the first part. Combtinations of builders
were also investigated and the same nonionic detergent was used

throughout the second part of the experiment,
T.2 Materials.

Soap, which is an anionic detergent, and two nonionic
detergents, Triton N100 and Tergitol NPX, were used in the
first series of experiments. The nonionic detergent, Nonidet P40,

was used in the second series,












The detergent consumption figures (in 1b./100 1b. raw wool)
obtained in the second series for varying builder additions are

given in Table 15,

TABLE 14

Detergent consumption (in lb./lOO lb. raw Wool) and residual

grease values for different detergents under

varying builder additions

Detergent Builder Total builders Detergent consump- Residual

(1v./100 1v. tiecn Grease
raw wool) _ ( % )
Triton Sulphate 0 1.684 0,67
N100 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 C.763 0.61
11.0 0.669 0.56
Carbonate 0 1.684 C.67
2.75 0.534 C.56
5.5 0.465 0.62
11.0 0.355 0.56
Tergitol Sulphate 0 1,340 C.60
wpX 2.75 1.141 0.H3
5.5 1.121 0.58
11.0 1,123 C.60
Corbonate 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 C 4.50 0.86
2.75 3.63 0,.,80C
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 5.38 0.55
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.C5H 0.54




TABLE 15

Consumpticn of Nonidet P40 {in 1b,/100 1b, raw wcol) for
varying builder additions

Builder Builder ratio Detergent Grease
Bowl 1 Bowl 2 Bowl 1:Bowl 2 consumption (%)
Sulphate Sulphate 1:4 1.000 0.59

2:3% 1.311 0.61

313 1.318 0,60

3512 1.325 0.62

431 1.371 0.67

Chloride Chloride 1:4 0,704 0.58
Carbonate Carbonate 134 0,405 0.49
2:3% 0,362 0.54

313 0.340 0.553

5532 0,395 0.55

431 0.413 0.60

Carbonate Sulphate 1:4 0,671 0.49
2:3% 0.554 0.58

333 0.532 0.56

3432 0.618 0.59

431 0,514 0.53

Carbonate  Salt _ 2:3% 0,383 0.57

Tables 16 and 17 give the results obtained in the
paired comparison experiment on the handle and colour of the
lots scoured under conditions of extreme builder additicns.
The samples, when tosted for total alkali 70, gave 47.5,
50, 52 and 102 micromoles/g. conditioned wool for no builder,

sulphate, chloride and cartonate treatments respectively.
TABLE 16

Paired comparison experiment 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 D 12 7
Sulphate 10 11 10
Carbonate C 1 _ '}

Chloride p) 2 12
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b) Preference score of the colour of a particular sample.

No builder Sulphate Carbonate Chloride

7.2 17.5 ~29.5 4.8

¢) Analysis of wvariance

d.f. 5.3, M.3. F
Treatments 3 5006 1669 6.8
Error 3 735 245
Total 6 5741
TABLE 17

Paired comparison experiment for judgement of handle

a) PFrequency with which the handle of a sample in the
row was preferred to that in the column.

No builder Sulphate Carbonate Chloride

No builder 5 9 2
Sulphate 7 7 7
Carbonate 2 5 6
Chloride 3 5 6

b) Preference scores of the handle of a particular sample.

No builder Sulphate Carbonate Chloride

6.2 3.7 -5 -5
¢) Analysis of variance

d.f, 8.8, M.3. T

Treatments 3 412 137 3,6
Error 3 113 38
Total 6 525

7.5 Discussion.
The effect of builder additions on soap consumption can

be seen from Fig. 15. There is little difference between the
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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.

When 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 2:3% 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
mechanism 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.

Taebles 16 and 17 give the results obtained in the paired
comparison experiments and the analyses of variance. It will be
seen thet the effact of colour is significant at a 10% level,
whereas the handle results are not significant. It should he
pointed out, howevér, that in view of the comparatively small
number of observations and degrceces of freedom, only clear
differences appear as significant. It can therefore be said that
the colour of the sazmple from the carbonate scour was 1east accept-
able, The handle, however, cannct be judged similar in all casecs,
since there might have been small 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 excessive amounts of
sodium carbonate has a detrimental effect on the colour of

sceured wool,
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TABLE 18

T4

Derivation of nonionic surfactanis from ethylene oxide

Bthylene Oxide Hydrophobe Product
- OCH,,CH H
= OF, CH, + R OH s R{::>>( ,CB,) O
o (phetol)
+ ROH —» R-(OCH,CH,) OH
(elcohol)
Py
4
+ RCOOH —_— R—C\(OCH2CH2)HOH
(acid)
o]
%

+  ROONH, - R-G%N/(CHZCHzo)aH

(amide) N\

(CHQCHEO)bH
+ RNH, ——> R (CFpCH,0) B
(amine) ‘(CHECHEO)bH

In the latter two cases n = at+h,.

8,l.2 Qualitative tests.

The majority of the qualitative tests available for non-

ionic detergents are based on

a The phenomenon of “clouding”Sl' i.e., the development
' P

of turbidity on heating,

b) Precipitation of the oxonium salt of the poly-
oxyethylene ccmpound by large anions such as
cobaltothiocyanate, phosphomelybdate, etc.

(See under gquantitative analysis).

The latter test suffers from the disadvantage that it is

essentially o modification of the generally used precipitation

76,77

test for cationic surfactants by means of a large aniocon , and

is therefore given by all cntionic surfactants with or without
the polyethylene oxide group in the molecule. This similarity

of nonionics to cationiecs was one of the resscns which led
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Worzschmltt +to believe that polyethylene oxide derivatives
should be regarded as oxonium compounds,

78 that all types of compounds

It was found by Rosen
containing the polyoxyethylens group may be detected by
pyrolysis in 85% phosphoric acid and leading the volatile products
into an aqueous solution of sodium nitroprusside containing a
water-soluble secondary amine such as diethanolamine, De-
composition of the polyethylene oxide group results in the forma-
tion of acetaldehyde which gives a hlue colour with sodiaom

19

nitroprusside and the seccondary amine 7,

. L .
H
~(0CH,CE, )™ ~~—> xCH_CHO + — (CH,CH,O)—
( 2 2)n heat 5 _ ( 2”2 )(n—x)

2.
CH,CHO + [Fe(CN)5NO] + 2RNE 3

Fe(CN) ﬁHRZ > N
E}HCHO + RZN'H2 + HQO

5

(blue)

Under similar conditions of test the polyoxypropxlene group
decomposes to give propionaldehyde and its polymers which

produce orange colours with sodium nitroprusside and diethanolamine.

. . 3
H
- CH)= - T
(ocm,cm) —>  xCH,0H,CHO + (CHy CH,CHO) + — (OCH,CH) = (1)
cH, CH,

2.
CH3CHECHO + [fe(CN)BNo] + 2R NE 5

+ R.NHT + 2.0

%
Fe(CN)_ NNR
5 \2 ) 2

CH_CCH
3 0

(red~orange)
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The only types of compound which give this test without containing
the pelyoxyethylene group arc the glycerides. This is due to the
fact that glycerides form acroclein under the conditions of the

tecst which gives a blue colour as docs acetaldehyde.

Bel.? Quentitative analysis,.

The guantitative methods for the estimation of nonionic
detergents may be broadly clagsified under three headingss~
gravimetric, volumetric and colorimetric or absorptiometric proced~
ures. Again, the mejority of these methods are based on the
precipitation of the oxonium salts of the polyoxyethylene compound
by a large anion, which is also a method of determining cationic

76,77.

surfactants and therefore not specific

Sheffer and CritchfieldBO obgserved that high molecular
weight polyethylene glycols gave a precipitate with silicotungseti

acid in the presence of BaCl,. and HC1l and developed a gravimetric

2
procedure based on this principle. They found, however, that
protein materizl interfered with the estimaticn by slso forming &
precipitete with silicotun~stic acid., The gravimetric method of
Oliver and Prestonal ig bvased on a precipitation reaction with
phosphomolybdic acid and BaCl2 in HC1 medium. A disadvantazge of
this method lies in the fact that the precipitated complex has to
be left overnight before it can be filtered., Barber, Chinnick

and Lincoln82 have described a similar method using phosphctungstio
acid which has the advantage hat the precipitate may be filtered
within 2 -~ 3 hours after praocipitation. These authors have
claimed higher accuracy than with phosphomolybdic acid. They

also repocrted that silicotungstic acid gave gummy precipitates

which were difficult tc filter although precipitation with

gsilicotungstic acid has been declared useful83 for nonionics
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c) 10% BaCl - 2E,0 (analytical grade) solution in distilled

2
water,

d) Phosphomolybdic acid (C.P.), H;P0, . 12M00; . 24H,0, 10% in

distilled water.

Bxperimental:

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 HCI1, 33012 and
phosphoneolybdic acid soluticns 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 glase and 2llowed to stand

overnight {18 hours),

The precipitate was filtered in =2 tared Gooch crucible
through an asbestos mat, weshed ith at least 100 ml, distilled

water and dried to constant weight at 105°C.
Resultss

The above procedure establishgs the ratio of the weight
of complex to the weight of the particular detergent preparation
under test. On plotting the weight of complex against the weight
of detergent a rectilinear graph is obtained (see Figs. 18 and 19)
whichk 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 et first applied to Lissapol NX, with the
results shown in Table 19 and Fig. 18. BSeveral duplicates wecre

included 4o estimate the accuracy and precision of the method.
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TABLE 19

Weights of complex found for kXnown weights of Lissapol NX,

mg, detergent mg, complex
2.0 5.0
4.0 8.5
8.0 21.0
1¢,0 28.9
15.0 41,7
20,0 54.9, 56.9, 53.2
25.0 72.1
30.0 86.3, B7.6
35.0 101.4
40,0 109.6, 117.2
4400 15013
45.0 130.0
50.0 147.5, 142.9, 145.0
51.0 150.5
54.0 162.1
56,0 16546
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 2%36,5, 23%2,6
£5.0 ?254.5
90C.0 260.7
95.0 284.0
100,0 268.5
103

A linear model was postulated and calculated from

Table 19 for the case of Lissapol NX:s
¥ o= 0.3331x + 1.1997

Further, thc standard error of b, (the regression
coefficient), the residual standard deviation (S.D,) and the

104, 105 for the line was calculated and

correlation coefficient
found to be 0.0105, 0.,8842 and ©.9995, respectively. The 95%
confidence limitslo6 for the predicted amount of detergent

present was calculated and are shown in Pig. 18 together with

the regression line for the determination of Lissapol NX. It

will be seon that en oxtremely good correlation exists between
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the tvo factors and that there is very little spread of points

about the estimated line.

On further investigation the method was found to be
applicable to a large variety of nonionic detergents as indicated
in Table 20 and Fig. 19, It will be scen from the czlculations
that the same degree of accuracy is maintained in all cases and

that the slopes of the lines ar:z of the same order,
TABLE 20

Equations of the phosphomolybdic acid calibration curves
for various detergents where y represents the weight of
detergent (in mg.) and x the weight of complex (in mg.)

Detergent Regression Bguation 8.E. of Residual Correlation

b 2.D. coefficient
Lissapol WX ¥ = 0.%3331x + 1.1397 0,0105 0.8842 0.9995
Tergitol NPX y = 0,3219x - 0.5149 0.0045 0.3834 0.9999
Tergitol 12P12 y = 0.3308x + 0.0640 ©.0081 0.7884 0.9997
Berol Lanco v = 0.3430x + 0.4098 0,0056 0.4993 0,3998
Triton X100 ¥y = 0.3220x + 0.9012 00,0044 0.1691 1,0000
Triton N1CO ¥y = 0.3309x + 0.5488 00,0015 0.2728 1.,0000

Discussion:

It will be seen from the above that this method is highly
satisfactory from the point of view of accuracy. The method does,
however, suffer from a number of distinet disadvantages. It is
time~consuming in that the precipitste hos to be left overnight
before it can be filtered successfully. If the moethod were to
be applicd to scouring liquors as a method of concentration control,
it would have to bc considerably quicker., Furthermore, sulphates
interfere with the precipitation and have to Ee removed first, and
it has been shovn that protein degradation meterial will also

3

interfere, as would wool grease”, Where neoutral scouring with
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T4BLE 21

Equations of the phosphotungstic acid calibration curves for

various detergents where y = weight of detergent (mg.) and

x = weight of complex {(mg.)

Detergent Regression Equation S.E, of Residual Correlation

b 3.D. coefficient
Tergitol NPX y = 0.2454x - 0,0948 0,0108 2.1838 0.9377
Lissepol WX ¥y = 0.2459x + 1.8684 0,0134 1,7565 0.9985
Fluidol ¥W100 y = 0,2505x + 0,0077 0.0076 1.0490 0.9995
Triton N100 y = 0.2366x + 0.7855 0.0062 0.8116 0.9997
Tergitol 12P9 y = 0,2566x + 8,8212 0.0616 14,6007 0.7966

It will be seen that the slopes are 21l of the same
order and that, in all cases but the last one (Tergitol 12P9)
the straight line postulate was an ~xtremely good one. Once again,

very little spread of points occurred around the predicted lines.,

The case of Tergitol 12P9 was investigated in more detail
and ~fter a considerable numbar of duplicate determinations it was
found thet no improvement could be made to the spread of points
around the regression line. The experimental points and the
regression line for this detergent are shown in Fig. 21, The results
of the determination with Tergitol NPX in the presence of degraded

protein material are shown in Fig., 22.
Disgcussion:

It will be secn from Fig, 20 and Table 21 that this method
gives an accurate and precise calibration curve when applied to
pure agueous solutions of nonionic detergents, Very high
cerrelation coefficients were obtained in all cases with the
exception of Tergitol 12P9. The method has one great advantage

>ver the phosphomolybdic acid procedure, viz, that the precipitate
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material is precipitated by the phosphetungstic acid under the
conditions of the determinstion as suggested by Fongﬁ. Fig. 22
therefore offers proof that the method is indeed sensitive to

the presence of protein degradation material,

8.2.3% Spectrophotonetric method.

Introductions:

0f the spectrophotomctric methods, that of Brown and Hayes95

was best suited to the needs of this study. This method has, in
fact, been used by Fong3 to estimate the amount of nonionic deter-
gent remaining in scouring effluents. He found a direét ultra-
violet spectrophotometric method unsuitable since the effluents
centained UV-absorbing substances, e,g. water~soluble suint and
soluble preotein degradation products., It has recently been shown
by Andersonllo that there is al=oa a small contribution by wcol grease
at 275 nmy. Unfortunately it was not possible to carry out the
preliminary clcrification of the solution in this lshoratory since
it involves the use of an .ultra—centrifuge3 and therefore it was
decided to use the direct UV-spectrophotometric method reported by

Griffith92 on solutions which would be kept as free of inteorfering

subtstances as possible.

Reagents and equipment used:

Detergent solutions were made up in distilled water using

2 sample of 100% active Tergitol NPX supplied by the manufacturer,

The spectrograms were recorded on a Unicam SP70C recording

spectrophotometer.

Experimental:

G2

It hes been reported by Griffith that the peak at 278 my

can be used for the estimation of nonionic detergents. In this
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study, nonionic detergents were found to give twe peaks, cne at

224 myp and another at 276,3 mps the latter havin: a small shoulder
at about 282 mu, A trrce similar to the ones obtained here has been
published by Walz and Kirschneklll. Az a result of a scratched
collimating mirror in the instrument, an excessive amount of stray
light was present in the lower wavelength regions. The pezk at

224 Eglcould therefore not be tested for gquantitative use, and it
wag decided to use the peak at 276 mp for determining the cslibration
standards. Soﬁe gtray lisht was still evident and its presence

was corrected for as followss: dnstead of setting the zero trans-
mission line by blanking out the sample beam, it was set by filling
the sample cell with a solution of detergent which was just suffi-
ciently concentrated to give zero transmission at the wavelengths
used. A concentration of 0.25% w/v of Tergitol NPX was found
gsuitable. The calibration curve obtained in this way using 2 10 mm.

silica cell is shown in Fig. 23. It will be seen thet the straight

lines drawn through the points is an oxcellent fit.

To invustigate the behaviour of very dilute detergent
golutions, a second calibration curve was drawn for concentrations
from 0,001% to 0.,01%., The zero transmisgsion line was set as above
and a 40 mm. infrasil cell was used at 276 mp. The calibration

curve obtained is shown in PFig. 24.

The molécular extinction coefficient calculated from the
1% ) ) )
results E1 em(276.5)’ is 24.7. This value, when compared with
those of Welz and Kirschneklll, would give Tergitol NPX an
ethylene oxide molecular ratio of glightly higher than 10, which
is in good agreement with the figure supplied by the menufacturer.

viz. 10.5,
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In an investigation of the first alternative, the 200 ml,
distilled water was omitted, the procedure being as follows:
10 ml. each of 10% phosphotungstic ~cid and 10% BaCl2 solution
was added to a specific volume of nonionic detergent of known
concentration. Then 2.5 ml, of concentrated HC1l was added and
the mixture boiled for the required time. After coocling the
solutions werc made up to 50 ml, (sufficient concentrated HCl was
added to bring the solutions to the required 2.2M HCl concentra~
tion). The precipitate was centrifuged off 2nd a polarogram was
run on the supernatant liquor. The results which are shown in
Table 22 seemed to favour a straight line but re oo erratic to
be of any analytical value. Subsequent repetitions of this

investigation caused no improvement in the scatter of the points,

TABLE 22

Concentrations of phosphotungstic scid in mother liguor of
precipitation solution

mg. Tergitol NPX wave height obtained Concentration of phospho-

precipitated in microamps tungstic scid in super-
natant liquor
20 12.3 5,00 x 1072y
30 10.9 4.46 x 1077
50 20.7 4.38 x 1077
70 9.9 4.06 x 1077
80 9.6 3,94 x 1077
90 7.8 3,20 x 1070
100 8.9 3.64 x 1072

This procedure was abandoned in view of the unreliable
results cbtained,
The second alternative, (b) above, was then investigated,

. After a preliminary investigation at room temperature it szeemed
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that this method held some promisc snd 2 c~libration curve was

estnbhlished as follows:

a T"8¢ solution, called solution N, was made up as follows:
85 g. NH401, 56 ml.25% ammonium hydroxide, 37 z. KC1, 50.4 g.
, "nd 5 ml. 2,5 gelatin were made
up to onc litrs. The pH of this solution wzs 9.3%. 10 ml, of

N12803.7 HEO’ 10 ml, 0.1M Cofl

solution 0 was pipetted into 2 woter-jmcketed polarcoraphy cell,

3M

the tcemperature of which was kept constent at §1CC, 1 mi, of 10"
phesphotungstic neid wag added ~nd hydrogen pzss=d throurh the
solution for 10 minutes. Since sulphite c¢ffcctively removes
dissolved oxyzen from solutions at high pH, the purpose of the
hydrogen passed throurh the solution was only to obtain a homo-
oeneous mixture and to sccelerate equilikroticon of temperature and
not to remove intcerfering gases. The initizl nddition of phospho-
tunsstic -~cid wns necgnssary since morce reproducible rusults could
be obtained vhen the chunze in n sxisting wave was measured than
when origin..l wnves wire comp-red, This wzg probably due to smzll
~mounts of impurities which ruacted with the phosphotungstic acid
~nd werce removed by the presence of a slight cxecess of phospho-

tungstic acid before measuremsnts were start.d.

Folurograms —ore recorded betweson ~1,%5V and ;1.75V.
The poloroprem oObtaincd from the above procedurse was called the
brse polarosram, OSubsequent polarogrems vire recorded after
additions of specific quantities of phosphotungstic acid solution
to the brse sclution. The sclutiong w.re miwved aftur each ad&i;
tion by passing hydrogen gns through the cell for one minute,
The height of the wave in the base polarnsgram was subdracted from
the height of the crtalytic wave obtain:d for erch addition of

phosphotungstic acid, This difference, E(in microamps) vas plotted
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The mother liquor from the B&rber82 determination of
nonionics contained pheosph wungstic 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 catrlytic hydrogen wave was produced,
gave good calibration curves for pure phosphotungstic acid solutions,
Erratic results were obtained when the‘method was eppliced to the
mother ligquor obtained when a nonionic detergent hod been precipi-
tated with phosphotungstic acid. The erraotic results were probably
due to adsorption of the phosphotungstic acid on the nonionic-

phosphotungstic acid precipitate and on the BaS0, precipitate formed

4
when the buzrium ions were removed from the solutions, It was
concluded that the amount of phosphotungstic acid present in the

mother liguor was not a re (able indication of the amount of non-

ionic detergent precipitated.
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Further, the adsorption of fatty acid soaps y sodium oleate ’

129

sodium dodecyl sulgphate’ and alkylaryl sulphonateslBo has also

been measured, The effect of detergent builders on the sorption
of detergent by cottcn waa investigated hy Boyd and Bernstein131
who found that cottcn adscrbed less detergent in the presence of
Na4P207 than when N:QSO4 was used as a builder. The presence ol
NaCl caus~41 nc change in adsorpticn of dctergent.

It will be seen from the atove that much work has been
done on the sorption of ionic detergents on various textile fibres,
but an exhaustive literature survey revealed that very little
fundamental work had been done c¢n nonionic detergents. It appears
that therc are several reasons for this, the most important of which
is probably the distribution of the ethylene oxide mole ratio
generally found in nonionic detergents. Even when the detergeﬁt
is prepared from mclecularly homogeneous intermediates the result-
ing condensate is a mixture of compounds with different molecular
weights, although it has recently been repor‘ted132 that a pure
nonicnic detergent has been synthesised. Mayhew and Hyatt62
found that the weight percentage distribution of the reaction
products of nonyl phenol with ethylene oxide fits a Poisscon dis-
tribution as had been predicted by Floryl53 from theoretical
congiderations. The ethylene oxide content of the final product
is normally expressed as an average figure which is fairly
accurate. Ancther, perhaps less basic reason is that there are
no really accurate and rapid methods available for the estimation

134,135

of nonionic detergents Also, because the nonioniec
detergents do not ionise when dissolved in water, the tendency
to adsorpticn hy wool is less and smiller amounts of sorption

have to be measured. It is obvious that reliable and zccurate
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cleaning process. The burrs #nd othr-r vegetzble matter were removed
by teasing on hand-cards, The samplcs werc loft in contact with
10 ml, of solution containing 10 mg. Lisscpol ¥X. Aliguots of

5 ml. werc withdrawn as above and th. detergent cont-nt determined.

The same procedure was :.lso used in an attempt to establish
the effect of the diameter of the wools used on the degree of
sorption, Samples of 0.5 g. of cleaned, conditioned wool of
different diameters (16,18,20,22,24 and 26)) were left in contact
with 20 ml. of solution contzining 100 mg. Tergitel NPX at 2500.

The aliguots (10 ml.) werc taken and analysed as described above.
Fesults:

Some of the results obtaincd in the expcriments are given
in the Tables below,

Sorption of Berol Lanco by wool cloth at 2500
(Viooliliquor ratio 1:2C)

Sorption Originzl concn., Concn. after Detergent
time (hr.) (mg./10 ml) sorption (mg./10 ml) sorbed (mg.)
1 10 9.0 1.0
2 .10 10.1 ~0,1
2.5 10 8.7 1.3
3.5 10 9.3% 0.7
4.5 10 B.6 1.4
5 10 8.7 1.3

TABLE 25

Sorption of Li=sapol WX by cl.nad loose wool at 2500
(Woolsliquor ratio 1:20)

Sorption Original concn, Conecn., aftzr Detergent
time (hr.) (mg,/10 ml) sorption (mg./10 ml)  sorbed (mg.)
1 10 10 0.0
2 10 10,2 -0.2
3 10 11,0 -1,0
4 10 9.8 0,2
5 10 10,0 0.0







- 104 -

The concentration changes found were virtually consistently
changes to higher concentrations, indicating negative sorption,
These results agree with the published work of Le Compte =nd

22 34

Creely””., McLaren in several instances rceported that he was
unable to detect any sorption; however, the wool was wetted which

indicates that some sorption, howcver, small, must have taken place,

Preferential sorption of woter by the wool may have been
responsible for tho secmingly anomalous results, but this was

54,

thought unlikely since some investigators o4 found it unnecessary
to apply = correction for the water sorbed by thz wool to attain

its saturation moisture content {35 to 36%)., Nevertheless it was
deemed necessary to investigate this aspect in order to obtain the
most accurate results possible, Another aspect which had to be
investigated further wzs the concentration of the sorption solutions,
In vicw of the very small concentration changes involved it was
thought that a decrease in the concentration of the original
sorption solution would moke any changes which did occur relatively
more marked and easier to measure, It was decided to use the

spectrophotomctric method for the determinations because of the

low concentrations to be used,

Another factor which may have caused the higher concentra-
tions éfter sorption is the possibility that a local excess may
have formed in the viecinity of the wool. It was hoped that the
method unsed for collection of the aliquot would have minimised
this cffect, but it was nevertheless decided to experiment with
diffzrent methods of collecting the aliquots in order to ensure
that such local excesses, if prcsent, would not interfere

with the results,
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higher negative sorptions than did the 90 mesh sand (Table 34).
This may have been due to incemplcete removel of the fine dust
in the case of the 240 mcsh sand.

G.2.2.%2 Tho effect of el-ctrolytes (builders) on sorption
by wgol.

Before any sorption mensurements were carried ocut, the
effect of the presence cof clectrolytes on the determination of non-
ionie deterzunts wes investigoted by adding various concentrations
of %builder to a solution of ncnionic detergent in distilled water.
Threc electrolytes were used, viz. NaCl, N32003 and Na2804at

concentrations approaching szturation a2t 2ODC. The abscrbance

of the samples was nmeasurzsd in a 10 mm. silicz cell at 276, 3mp.

The sorption experimcnts wore then carried out by shaking
up 0.5 g, samplcs of wool with 40 ml. of solutions containing
electrolytes as well 18 nonicnic detsrgent for various periods
at 20°C. The effact of agein> of the solutions wos investigated
by leaving samnples for two doys before they were measured for a

scceond time,
Resultsse

The effect of electrolytes on the determination of
nonionic deturgents is shown in Table 35,

TABLE 35

Effect of added electrolytes on the determination of con-
centration of noniomic deotergents

Solution Blank conon. Conc. found "Increase" in
(% =/v) (% =/v) conen, (% w/v)

0.,005% Tergitol
in 25ﬁ Nac% 0.0046 0.007 0.0024
9.005% Tergitol 0.0046 no peak -
in ¥ NaQCO3

= s ;
0,005,. Tergitol 0.0046 0,0063 0.0017

in M/2 Na2804
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10, DETERMINATION OF DETERGENT INACTIVATION BY ADDED IMPURITIES.

10.1 Introduction.

In the direct sorption measurements carried out in the
previous chapter, the results consistently indicated negative
adsorption of nonionic detergents by all substrates studied. It
was then decided to attempt to measure adsorption by an indirect
method in which the amount of sorption or d<.ergent 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 ligquors definitely
caused some kind of inactivation of the detergents present, be it

by sorpt” o n onto the impurities, emulsification of grease, ectc.

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 in the percentage of total solids
present in the ligquors, the detergent efficiency (measured in terms
of residual grease) would be an indication of the amount of deter-
gent inactivated or so;bed by the wool or other impurities present
in the scouring ligquor, This would also be an indication of the

amount of detergent available for scouring,

1C.2 Apparatus.

The apparatus required for the washing procedures had to be
able to scour a 2 g, sample of raw wool to an acceptable residual
grease content (0.6 to 1.0%) within o reasonable time at a
detergent concentration not exceeding 0.05% w/v, which is comparable

with the concentrations used in wool scouring.

Preliminary investigations were carried out on an automatic
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If the results for the three detergents which showed =2
rease in detergency with varying solids concentrations were
erpreted in terms of btackflow regquirements, the rates of back-,
w to be used for minimum detergent consumption would increase
the following order for the different detergents: Fluidol W100,
sapol NX and Tergitol 12P9., This conclusion was confirmed in

first two cases by the pilot-plant investigation of the effect
the rate of backflow (Chapter 4) in which it was found that the
imum detergent consumption for Fluidol W100 occurred at 50%
kflow (approximately 7% total solids) and that the detergent
sumption for Lissapol NX had not yet reached the minimum at

% backflow (approximately 3% total solids).
6 Conclusion.

The four detergents studied showed different reactions to
reases in the total solids content of the scouring liguors.
decreases in detergency found were attributed to the in-~
ivation of detergent by the contaminants added. It was assumed
t the main inactivating effect operating was adsorption, since
detergent with the smallest ethylene oxide mole ratio, which
expected to have the grecatest tendency to sorption, showed

ecrease 1n detergency even <t very low solids concentration,
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E, Effect of detergency buildera,

The optimum total addition of detergency builders to the
first and second bowls was determined for three builders, viz,
sodium sulphatec, sodium chloride and sodium carbonate. These
optimum total guantities were uscd as a basis for investigating
the effect of varying the ratio of additions of builders to the
first and second bowls, Combinations of builders were also

gtudied,

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 efficient builder and the effects of sodium sulphate and
sodium chloride were very similar. Detergent consumption was
found to decrease sharply on increasing additions of builders in
the lower concentration ranges. This effeet became considerably

less marked in the higher ranges,

When the total additions were kept constant, the ratio
of the amounts of builders zdded to the first and to the second
bowls respectively 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 it was con-
ciuded that the use of excessive amounts of sodium carbonate in
the scouring liquors had a significant discolouring effect on the

scoured wool,

F. Estimetion of nonionic detergents.

Two gravimetric methods were investigated, viz. pre-
cipitetion with phosphomolybdic acid and with phosphotungstic acid.

Both methods were found to be sufficiently accurate when applied to
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pure aqueous solutions of nonionic detergents. The presence o
degraded protein material caused considerable interference in
that it was precipitated together with the detergent. A4 nonio:
detergent with a low cloud point gave very erratic resultc whic
can probably be ascribed to concentration gradients in the soli
A spectrophotometric method was investigated in which -
absorbance of the detergent solution was measured at 276 mp,
rethod was admirably suited to the determination of nonionic d¢

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 obtained for pure phosphotungstic acid solutions, but when the
method was applied to the mother liguor from the precipitation
mixture, erratic results were obtained. These erratic results
were probably due to adsorption of phosphotungstic acid by the
precipitate formed, meking the amount of phosphotungstic acid
left in the mother ligquor 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 etergents in any

medium other than pure agqueous solutions.

G, Sorption of nonionic detergents,

The sorption of nonionic detergents from aqueous solutions
was measured for various types of substrai. (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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