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it  is already known that wool dissolves with decomposition in hot 
phenol,1 but the fact that w ool fabrics undergo rapid and pronounced 
shrinkage when they are immersed in melted phenol appears to have been 
overlooked. This observation w as m ade during the course of another 
investigation, and it seemed to merit further study so that the cause of 
shrinkage could be elucidated and its practical applications developed.

EXPERIM ENTAL
In the original experim ent to which reference has just been m ade, a 

pattern (2-67 g. air-dry*) of all-wool flannel w as immersed in phenol (100 g.) 
for 15 minutes at 800 C . W hen the pattern w as rem oved, it w as found to 
have shrunk 2 7 -1  per cent, in area, and even after an overnight wash in 
running water, the residual shrinkage w as 10-9 per cent. B efore attem pting 
to discover the cause of shrinkage, experim ents were carried out to define 
the optimum conditions for its occurrence b y  studying the influence of the 
tim e and temperature of treatm ent and the effect of adding va ry in g  am ounts 
of water to the phenol. The w ork w as carried out w ith fabric A , which had 
the characteristics shown in T able  I , but tw o other fabrics, B  and C , were 
also used for the purpose of discovering the extent to which shrinkage is 
influenced b y  the structure of the fabric.

Table I

F ab ric  A F abric  B Fabric  C

C ount of w arp  y a rn  ... 28 skeins 16 skeins 2/36s w orsted
C ount of w eft y arn 28 ,, 20 ,, 2/36s „
E nds per inch 34 32 72
Picks per inch  ... 34 35 60
W eight pe r sq. yd. (oz.) 5-40 8-51 7-40

Factors influencing the E xtent of Shrinkage
(I) Time of treatment.— F ive  patterns of fabric A , each w eighing 2-5 g. 

air-dry, were immersed together in 250 g. phenol at 50° C . T o  facilitate 
shrinkage measurements, a 10 cm. square w as m arked out on each pattern 
in coloured cotton, the area of the square being re-measured when the p a t­
tern was removed from  the phenol, and again after it had been washed in 
three changes -of water at 3 5 0 C ., using 500 ccs. each time, follow ed b y  
running water for 30 m inutes. Patterns were rem oved from  the phenol at 
intervals, and the results o f the shrinkage measurements are given  in 
Table II , illustrated b y  F ig . 1.

“T hroughout th is  paper, th e  te rm  “ a ir-d ry  ” im plies condition ing  a t  65 pe r cent, 
re la tive  h u m id ity  and 720 F.
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Table II

Shrinkage appears to be fa irly  com plete in 15 minutes, and the rapidity 
of the process w as confirmed 'by further experim ents with- a m ixture having 
the com position of phenol hydrate2 [(C,iH30 H )2H =0 ] . In this case, each 
2-5 g. pattern, on which a 10 cm . square had been m arked out in coloured 
cotton, was immersed in 100 g. of the m ixture at 8o° C . Patterns were 
treated for times varyin g from  2-5  to 25 m inutes, and the results of the 
shrinkage m easurements are given in T able II I , illustrated b y F ig. 1.



(2) Temperature of treatm ent.— Squares were m arked out on 2-5  g. p at­
terns of fabric A  in the usual m anner, and the patterns were then treated 
with the phenol h yd rate m ixture for 15 minutes at different tem peratures. 
Each pattern w as separately immersed in 100 g. of the m ixture, and the 
extent of shrinkage w as measured before and after washing. The results are 
summarised in T able IV , illustrated b y  F ig . 2.
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T em pera tu re
of

tre a tm e n t
(° c.)

P ercen tage  shrinkage in area

In  1
phenol h y d ra te  ; A fter washing

25 14-4 i 7-8
33 20-7 110
40 2(3-2 ! 14-5
48 26-8 1 15-3
60 28-6 15-4
70 32-0 ; 18-0
80 32-0 ! 23-4
90 36-7 i 29-5

As shown in F ig . 2, the extent of shrinkage first increases with rise o f 
temperature up to 40° C ., then remains practically  constant between 40° 
and 6o° C ., and finally again increases up to 90° C .

(3) Structure of the fabric .— T c  discover whether the structure of a 
fabric affects the extent of its shrinkage in phenol, 2-5 g. patterns of the 
fabrics described in T able I were immersed in 100 g. phenol for 15 minutes

T a b l e  V

Fabric
Percen tage shrinkage in a rea

In  phenol A fter washing

A 24-4 i i0-t>
B 3 8-3 7-8
C 18-1 5-9
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at 50° C . The areas of the m arked squares were re-measured before and 
after washing, and the shrinkages are shown in T able V .
A ll the fabrics contract in phenol, and in all cases part of the shrinkage 
persists after w ashing, but it is evident that the structure of a fabric has a 
considerable influence on both the initial and final shrinkages.

(4) Addition of water to the phenol.— Patterns of fabric A , each w eigh­
ing 2-5 g. air-dry, were m arked out with 10 cm . squares in the usual m anner 
and then immersed for 15 m inutes at 80° C . in 100 g. of the mixtures shown 
in T able V I. The areas of the squares were re-m easured when the patterns 
were rem oved from  the m ixtures, after they had been given  the usual wash, 
and after a final prolonged wash of 24 hours in running w ater. A  summary 
of the observed shrinkages is given in T able V I , illustrated b y  F ig . 3.

T a b l e  V I

Percen tage b y  
w eight of w ater 

in  m ix tu re

P ercen tage  shrinkage in area

In  m ix tu re A fter ł-hour 
W ash

A fter 24-hour 
wash

0 27-8 18 1 10-8
5 3 2 0 22-6 —

10 31-2 27-8 13-5
15 34-4 23-1 —
20 34-4 21-0 13-5
40 34-4 18-1 12-0

60 33-6 15-4 12-0
80 30-4 10-7 10-8
90 15-4 6-9 6-8

100 Soaked for 24 hours a t  room  tem p era tu re  .'5-:



The shrinkage of the unw ashed fabric increases w ith increasing w ater con­
tent of the m ixture up to 15 per cent., and then remains approxim ately 
constant until the water content is about 60 per cent., beyond which point 
there is a rapid fa ll. A fter a |-hour w ash, how ever, shrinkage is most pro­
nounced in the case of a fabric treated with a m ixture containing just under 
10 per cent, of water, corresponding to the existence of the hydrate 
(C ,H ,0 H )2H 20 . i f  the latter should function as a w eak dibasic acid, causing 
intense swelling of the fibres, shrinkage m ight w ell be due to this cause, 
though it provides no imm ediate explanation of the large am ount o f shrink­
age w hich persists after a 24-hour wash and all the phenol is rem oved. 
B efore proceeding to study the cause of shrinkage, how ever, the general 
va lid ity  of the preceding observations w as confirmed b y  sim ilar experim ents 
with fabrics B  and C . The results are given in T able  V II .
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Table VII

P ercen tage by  
w eight of w a ter 

in m ix tu re

P ercen tage  shrinkage in a rea

In  m ix tu re A fter i-h o u r
wash

A fter 24-hour
wash

F abric  B
0 27-8 10-8 10-8
5 28-6 14-5 10-8

10 30-3 13-6 10-8
15 30-3 10-7 10-8
20 311 10-7 8-8
40 28-ti 9-8 8-8
60 27-8 7-9 7-9
80 25-2 6-8 6-8
00 9-7 5-0 5 0

100 Soaked for 24 hours a t  room  tem p e ra tu re  2-0

F a b r i c  C
0 22-6 8-8 7-9
5 23-5 10-6 7-9

10 24-4 10-6 7-9
15 23-6 9-8 8-9
20 23-6 7-9 0-9
40 23-6 8-9 0-9
00 22-7 7-9 ti-9
80 20-8 ti-9 6-9
90 16-4 5-0 5 0

100 Soaked for 24 hours a t  room  tem p era tu re  3-9

The Cause of Shrinkage

From  first principles, it is evident that the shrinkage of wool fabrics in 
phenol and m ixtures of phenol and water m ust be due to one or other of 
the follow ing cau ses: length contraction of individual fibres, lateral swelling 
of the fibres, or relative m ovem ent of the fibres, as in milling.

T he first o f these possibilities w as exam ined b y  determ ining the length 
contraction of wool fibres in phenol. Single fibres of 64s merino wool were 
mounted in stainless steel setting fram es3 and their air-dry lengths measured 
b y m eans of a travelling m icroscope. A fter the fibres had been slackened 
b y  screwing down the upper grips, the fram es were immersed in phenol at 
50° C . for 5 minutes. The fibres were then drawn just taut and their lengths 
re-measured in the phenol. The fram es were afterw ards transferred to run­
ning w ater, and when the slackened fibres had been washed for 15 m inutes, 
they were allowed to dry in room air before re-m easuring their lengths. 
T yp ical results are given in T able V I I I .



Table VIII
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O riginal 
len g th  
in  air 
(cms.)

L eng th
in

phenol
(cms.)

C ontraction

(%)

L ength  
in a ir 

a f te r  washing 
(cms.)

C ontrac tion 

(% )

4-420 4-260 3-6 4-425 Nil
5-360 5-195 3-1 5-360 Nil
5-880 5-540 5-8 5-875 Nil

A lthough length contraction of wool fibres in phenol is much too small to 
accoun t lo r  the whole o f the shrinkage observed with fabrics, its contribu­
tion is not negligible. Further, although the fibres return to their original 
length on being washed in water, length contraction in phenol m ay play 
some part in determ ining the perm anent shrinkage of washed, phenol- 
treated fabrics if there is an y relative m ovem ent of fibres during phenol 
treatm ent and washing.

A  first indication that the second factor, lateral swelling of the fibres, 
m ight p la y  some part in causing shrinkage of wool fabrics in phenol, was 
obtained b y  determ ining the extent to which the shrinkage of a yarn  is 
dependent on its twist. F or this purpose, io-inch  lengths of a 1/ 4 8 S  merino 
yarn  were untwisted in a twist-testing instrument and different, known, 
am ounts of twist were then inserted b y  hand. Short lengths of these yarns 
were m ounted in stainless steel setting fram es, and after their lengths had 
been m easured b y  means of a travelling microscope, the yarns were 
slackened and immersed for 15 m inutes at 50° C . in a solution havin g the 
com position of phenol hydrate. The taut lengths of the yarns were 
re-m easured in the solution and again after 15 m inutes’ washing in run­
ning water, follow ed b y  drying. Shrinkage data are given in Table IX .

T able IX

T w ist
(turns/inch)

P ercen tage  
In  phenol h y d ra te

shrinkage
A fter washing

10 10-0 3-7
11-0 3-2

15 11-4 6-3
10-2 4.5

20 12-4 5-8
1 1 -G 8-4

25 13-0 7-5
17-0 8-8

L ike fabric, but unlike single fibres, the phenol-treated yarns show a con­
siderable contraction after being washed and dried, in agreement with the 
earlier suggestion that relative m ovem ent of fibres m a y take place during 
th e phenol treatm ent and subsequent washing of fabrics. As the shrinkage 
o f the yarns in phenol increases with the am ount of twist inserted, it seemed 
probable that an im portant cause of shrinkage is lateral swelling of the 
fibres. Sw elling measurements were therefore undertaken, using lightly 
pigm ented hum an hair instead of wool, so that the fibres would be clearly 
visible in the phenol solution.

Single fibres of hum an hair, which had been purified b y  extraction with 
alcohol and ether in a Soxhlet apparatus, followed b y w ashing in distilled 
water, were m ounted between the pairs of clam ps of a brass apparatus, 
which fitted inside an optical cell m ade of glass. The clam ps were so arranged 
th at each fibre could be drawn taut at w ill, and then rotated bodily  about a 
vertical axis to  allow the m ajor and minor axes of the elliptical cross-section 
to be m easured. F or this purpose, an im age of the fibre was thrown on to 
a vertical screen b y  m eans of a projection microscope, the m agnification
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being kept constant throughout the whole series of experim ents. A fter 
measuring the m ajor and m inor diameters o f each fibre in room air, the glass 
cell was filled with distilled water and the diameters re-measured at 22° C . 
The cell was then em ptied, dried and re-filled with phenol hydrate, in which 
the fibres were allow ed to stand for 18 hours at 22-2° C . (hum idity room). 
The swelling of the fibres in the solution was then determined at various 
temperatures, the cell being heated b y  m eans of a resistance coil enclosed 
in a glass tub e and immersed in the solution, which w as w ell stirred 
throughout the experim ent. If  a and b are the m ajor and minor diameters 
of the fibres, respectively, swelling w as calculated as the percentage increase 
in the value of referred to its value in w ater at 22° C . The results are
sum m arised in Table X , illustrated b y F ig . 4.

Table X

M edium T em perature
(° c.)

Fibre  1 F ib re  2

Swelling'
(%)

F ib re  3

Sw elling
(%)

a b V  ab Sw elling
(% )

R oom  a ir 160 10-2 13-1 __ _ _
W ater 22 17-6 12-2 14-6 -- -- --
Phenol h y d ra te  ... 24 2 1 0 13-4 16-8 151 10-7 19-5

,, ,, ... 29 21-3 13-4 16-9 15-8 — —

i> > > 35 21-4 13-3 16-9 15-8 — —

> > > y 40 21-8 13-4 17-1 17 1 — —

II > > • • • 45 22-0 13-4 17-2 17-8 — —
>’ >> • • • 50 22-0 13-3 17-2 17-8 14-1 22-6
» > ) > 60 22-2 13-3 17-3 18-5 — —
,, , , _ 70 22-7 14-3 18-0 23-3 — —

80 2 4 0 14-8 18-9 29-5 20-6 33*6

Since the curves of F igs. 2 and 4 are sim ilar in shape, it seems clear 
that the shrinkage of wool fabrics in a solution havin g the composition of 
phenol hydrate is governed to  a large extent b y  the pronounced lateral 
sw elling of the com ponent fibres, in agreem ent with the observations on 
yarns containing different amounts o f twist.

An interesting feature of the results for F ibre 1 in T able X  is the con­
stan cy o f the m inor diam eter b between 240 and 6o° C . T his observation 
w as confirm ed b y  further measurements on a fibre from  a different supply
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of hair, the procedure being exa ctly  the same as before, except that 
m easurements at different tem peratures were commenced half-an-hour after 
the fibre had been immersed in phenol hydrate at 26-5° C . T he results are
given in T able X I .

Table XI

M edium T em pera tu re
(° c.)

a b V  ab Swelling
(%)

W ate r 22-0 37-0 28-0 32-2 _
Phenol h y d ra te  ... 26-5 40-0 30-1 34-6 7-5

,, ,, 31-0 41-5 30-0 35-3 9-6
>> ,, 3 5 0 4 3 0 30-2 35-9 11-5
,, ,, 40-0 45-0 30-0 36-8 14-3

»> ................. 50-3 47-0 30-1 37-6 16-8

On being washed in running waiter for 18 hours, after the com pletion of the 
above m easurem ents, the fibre returned exactly  to its original diam eter in 
water at 2 2 -o° C .,  confirm ing the suggestion already m ade that the shrink­
age w hich persists after phenol-treated yarns and fabrics have been washed 
m ust be due to relative m ovem ent of the com ponent fibres during phenol- 
treatm ent and washing.

So far, how ever, no direct evidence has been obtained in  support of the 
third possibility that part o f  the shrinkage o f wool fabrics in phenol is due to 
relative m ovem ent of the com ponent fibres. I f  such m ovem ent does occur, 
repeated treatm ent w ith phenol should cause a progressive increase in the 
shrinkage of a fabric, especially the shrinkage perm anent to washing. A  
2-5 g. (air-dry) pattern of fabric A , on which a 10-cm . square had been 
m arked out in coloured cotton, w as therefore immersed in 100 g. phenol for 
15 m inutes at 8o° C . A fter the pattern had been washed in three changes 
of w ater at 3 5 0 C .,  followed b y  running water for 30 minutes, it w as centri­
fuged and the area of the m arked square re-measured. T h e whole process 
w as carried out four times in succession and shrinkage data are given  in 
T able  X I I .

T able XII

N um ber
of

tre a tm e n ts

P ercen tage  shrinkage in a rea

In  phenol A fter washing

1 28-8 18-5
2 33-4 27-2
3 35-1 30-4
4 36-2 33-4

In the light of these results, there can be little doubt that the shrinkage of 
wool fabrics in phenol and phenol-water m ixtures is due to length contrac­
tion and lateral swelling of the com ponent fibres, accom panied b y  their 
m ovem ent relative to one another during treatm ent and subsequent washing. 
L ateral swelling seems to be the m ost im portant of these factors, and since 
the greatest shrinkage is produced b y  concentrated aqueous solutions of 
phenol, it seems clear that the phenol functions as a w eak acid. T h e 
extent to w hich wool fabrics can b e shrunk b y  simple immersion in concen- 
treated solutions of other w eak acids w as therefore exam ined.

(a) Form ic A cid .— It is already know n4 that wool fibres undergo pro­
nounced lateral swelling in 98 per cent, form ic acid at 22-2° C ., and tiie 
90 per cent, form ic acid  used in the follow ing experim ents w as found to 
increase the diam eter (*/ab) of hum an hair b y  16 -3  per cent, at 22-2° C ., 
com pared with the diam eter in w ater at the sam e tem perature.

The rate at w hich shrinkage takes place in 90 per cent, formic acid w as 
first exam ined b y  imm ersing each of a num ber of 2-5 g. (air-dry) patterns



of fabric A , on which 10-cm. squares had been m arked out, in 100 ccs. of 
the solution for a specified time at 500 C ., washing in three changes of 
water at 35 0 C ., follow ed b y  running w ater for 30 minutes, and then 
re-measuring the areas of the m arked squares. Shrinkage data are given 
in Table X I I I .

T able XIII
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Tim e of 
trea tm en t 
(m inutes)

Percen tage  shrinkage in area

In  form ic acid  A fter washing

5 i;»-o 4-0
10 19-9 5-0
15 20-8 7-9
20 21-7 6-9
25 21-7 9-8

As in the case of phenol, shrinkage takes place extrem ely qu ickly, and the 
influence of the tem perature o f treatm ent on the extent of shrinkage was 
next exam ined b y  imm ersing each of a num ber of 2 ■ 5 g. patterns of fabric A  
in 100 ccs. of 90 per cent, form ic acid  for 15 m inutes at a specified tem­
perature. A fter treatm ent, the patterns were washed in the usual m anner 
and shrinkage data are given in T ab le  X IV .

Table XIV

T em perature  
of tre a tm e n t

(CC.)

Percen tage  shrinkage in area

In  formic acid A fter washing

25 190 fi-0
30 19-0 6 ’9
40 20-0 7-8
50 19-9 6-9
70 21-7 7-8 ’

U nlike that of phenol, the shrinking effect of form ic acid  is almost 
independent of the temperature of treatm ent, and although form ic acid and 
phenol are generally very  similar in their behaviour, phenol is far more 
effective in causing shrinkage at high temperatures.

(b) m -Cresol.— The shrinkage o f fabric A  in m-cresol and a m ixture of 
»«-cresol and water w as exam ined b y  treating patterns for 15 minutes at 
80° C . in the usual m anner, but the time of washing in running w ater was 
increased to 2 hours on account of the low er solubility of w-cresol. The 
results are summarised in T able X V .

T able XV

Percentage by 
w eight of w a ter 

in m ix ture

Percen tag e  shrinkage in a rea

In  m ix ture A fter washing

0 27-6 
10 1 27-8

9-8
14-4

m-Cresol is very  sim ilar in its behaviour to phenol, and the preceding 
experiments with phenol, m-cresol and form ic acid confirm the suggestion 
that the shrinkage of w ool fabrics in such reagents is characteristic of con­
centrated solutions of w eak acids in general. Attention w as next turned to 
the practical application of the shrinkage phenom ena.

P ractical A pplications
It is obvious from  the results of T able  X I I ,  that if a wool fabric were 

passed at open width through hot phenol and water, alternately, in a suc­
cession of tanks fitted with squeeze rollers, rapid and pronounced shrinkage
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w ould be the result. A  continuous process of this type m ight h ave special 
advantages with particular types o f fabric, especially those in which pro­
nounced shrinkage without the developm ent of cover is desired. In general, 
how ever, the difficulty of recovering phenol from  the wash water would render 
the process uneconom ic, and attem pts were therefore m ade to fix the prim ary 
shrinkage of the fabric in phenol b y  means of steam . If successful, a m ethod 
o f this typ e w ould lend itself v e ry  well to the production of crepes, and 
the effect of steam ing fabric on which phenol hydrate had been printed w as 
therefore exam ined.

Phenol hydrate w as printed in two sets of parallel lines at right angles 
on a sam ple of fabric A , the lines being about £-inch wide and ^-inch apart. 
T h e pattern w as then exposed to a current of dry steam  at 1 1 7 0 C . for 10 
minutes. On rem oval, it showed a pronounced blister effect, which was 
perm anent to washing in water at 40° C . E q u a lly  successful results were 
obtained when a printed pattern w as exposed to steam  at 102° C . for 10 
m inutes, and the lower tem perature would be preferred in practice because 
it leaves the wool alm ost unaffected as regards strength, whereas degradation 
is severe at 117 °  C . Strength measurements were m ade on strips of fabric, 
each 12-in. x i j - in . ,  in which coloured cotton indicator threads had been 
inserted at a distance of i-in . from  each end. The strips were im pregnated 
with phenol hydrate at room tem perature, squeezed between rollers, and 
then steam ed for 10 minutes at 1 1 7 0 or 102° C . Ten strips were treated at 
each tem perature, and after being rinsed in w ater at 40° C . they were 
exposed for three days, with ten untreated strips, to an atmosphere at 65 
per cent, relative hum idity and 2 2 - 2 ° C . Determ inations of strength and 
extensibility were carried out under the same conditions, with the strips 
gripped at the indicator threads, and the results are given in T able X V I .

Table XVI

P a tte rn
Percen tage 
Shrinkage 

in a rea

B reaking
Load
(kg-)

E x tension  
a t  B reak 

(%)

U n trea ted — 9-4 LO-S* 32-1 J- 1-5*
S team ed a t  117° C. ... 60 8-ti j 1-4* 13-8 1-1-9*
S team ed a t  102° C. ... 56 9 -2 +  0-6* 28-8 |-3-5*

* A verage deviation .

H ighly satisfactory crepes can thus be produced b y  printing wool fabrics 
with phenol hydrate, which m ay be thickened with p oly-ethyl acrylate or 
other suitable agents when specially well-defined effects are desired, followed 
b y  steam ing at 1020 C . for 10 minutes. The success of the process seems to 
depend on the effect of heat in accentuating the shrinking power of phenol, 
and the action of steam in prom oting setting reactions in the fibres of the 
contracted fabric before the phenol evaporates. As the conditions are 
obviously rather critical, it is not surprising that no trace of a crepe effect 
w as obtained when a fabric printed with form ic acid was steamed for 10 
m inutes at 1020 C ., for the shrinking effect of form ic acid is scarcely affected 
b y  rise of tem perature, and setting reactions are hindered b y  strong acids.5 
In the light of this result, it seemed desirable to exam ine the creping power 
of a series of w eak acids so as to establish the m axim um  strength of acid it 
is permissible to use.

*The acids chosen for exam ination were all phenols— w -cresol, phenol, 
resorcinol, ^-chlorophenol, 2 : 4 : 5-trichlorophenol and 2 : 4-dichlorophenol. 
In printing, wj-cresol w as applied w ithout dilution, phenol was used as the 
hydrate, and the chlorophenols were m ixed with |-m ol. of water and just 
sufficient alcohol to give clear liquids at room tem perature. Resorcinol, 
which is already know n 6 to give crepe effects under conditions similar to



those described above, w as m ixed with i  mol. of water and the m ixture 
clarified with alcohol. A fter the patterns had been printed with the various 
reagents, they were steamed for 10 minutes at 1020 C . and then rinsed in 
water at 40° C . T he results are given in T able  X V I I ,  which includes values 
for the dissociation constants of the com pounds used.
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The dissociation constant of the phenol should ob viously  not exceed 
i  x 10” " if it is to be really effective in producing crepe effects and perm anent 
shrinkage under the influence of dry steam . E ven  when the phenol has a 
satisfactory dissociation constant, a crepe effect is not obtained if the fabric 
to which it is applied contains a strong acid, because the latter inhibits 
setting reactions. This fact w as revealed during the course of an attem pt to 
crepe a chlorinated fabric. A fter phenol hydrate had been applied, the 
fabric w as steam ed for 10 minutes at 1 1 7 0 C ., but no crepe w as obtained. 
The result was particularly disappointing because crepe effects in chlorinated 
wool are likely to possess special value, but the chlorinated fabric was found 
to be slightly acid (/>H 4). W hen the process w as repeated with a second 
pattern, which had been immersed in 0-25 per cent, sodium carbonate solu­
tion for 15 minutes at room tem perature, washed in running water for 30 
minutes, and then dried, the resulting crepe was excellent. Crepe effects 
can thus be obtained with “  unshrinkable ”  as well as ordinary fabrics, 
provided they are neutralised before applying a phenol with a dissociation 
constant less than 1 x i o _!l and steam ing at 102° C .

SUMMARY
W ool fabrics undergo rapid and pronounced shrinkage when they are 

immersed in concentrated aqueous solutions of phenol or melted phenol. 
Shrinkage is complete in 15 minutes and increases in extent with increasing 
temperature of treatment up to 90° C . at least. W hen the treated fabric is 
washed in water, it tends to revert to its original area, but part of the 
shrinkage— about a third— persists after a 24-hour wash in running water.

Shrinkage appears to be due m ainly to the pronounced lateral swelling 
of wool fibres in concentrated aqueous solutions of phenol, accom panied b y 
a slight length contraction. In addition, there m ust be some relative m ove­
ment of the fibres during phenol treatm ent and washing, because part of the 
shrinkage of a fabric is perm anent to w ashing, whereas fibres swollen and 
contracted in phenol revert to their original dimensions when the phenol 
is removed.

When a fabric is subjected to repeated treatment with hot phenol and 
water, alternately, almost the whole of the initial shrinkage in phenol can 
be made permanent to washing, presum ably owing to relative m ovem ent of 
the fibres. A  process of this type m ight have special advantages in cases 
where pronounced shrinkage is desired without the developm ent o f cover, 
but the difficulty of recovering phenol from  the wash w ater seems likely  to 
prevent widespread use of the method.

The prim ary shrinkage of the fabric in phenol can, how ever, be made 
perm anent b y  steam ing at 102° C . for 10 minutes. B y  its heating effect,
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the steam  accentuates the shrinking action of phenol, and the enhanced 
shrinkage is fixed b y  the occurrence o f setting reactions in the fibres of the 
contracted fabric. Setting reactions are, how ever, inhibited b y  acid , and 
when a series of phenols o f increasing dissociation constant were exam ined, 
it w as found that the dissociation constant m ust not exceed x x io~9 at 2 5 0 C . 
if  the prim ary shrinkage is to be fixed in steam. F or the same reason, 
fabrics which are likely  to retain acid  from  previous processes, e.g. chlorina­
tion, must be neutralised before the application o f phenol and steam ing. 
It seems likely  that the m ain application of the process will be in the pro­
duction of wool crepes b y  steam ing fabrics on which a suitable phenol has 
been printed.
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8 - A M E T H O D  Ol- M E A S U R I N G  T H E  IR R E G U L A R I T Y  OF  
C A R D E D  W E B

A. V aw .a  and N. H. C h a m b e r l a i n

{Copyright by the 'textile Institute .)

INTRODUCTION
During the course of an investigation dealing prim arily with the m echan­

ism of the carding process, it became necessary to devise a method for 
estimating the regularity of distribution of the constituent fibres in the 
carded web. A n y such method involves two separate problem s; first, the 
removal of a representative sample of the web from the card cylinder in 
such a manner as to preserve faithfu lly  the fibre distribution originally 
present, and second, the actual estimation of the regularity of such a sam ple. 
For the latter purpose, the photoelectric photometer recently described b y  
one of the authors1 has been utilised in a simple and straightforw ard manner. 
The real novelty of the present method lies in the method used for obtaining 
and preserving the web samples, which will now be described.
Sam pling Procedure

It was early realised that any attempt to remove the web from the card 
cylinder unsupported was unlikely to succeed. The web stripped from the 
final doffer by the stripping comb is such a tenuous structure that even the 
most delicate m anipulation is likely to introduce irregularities not present in 
the web on the doffer. Further, there was some evidence that the action of the 
stripping comb itself might m odify the regularity of the stripped web. 
A ccordingly, it was decided to fix the fibres in the positions occupied b y  
them when actually on the wires of the card cylinder b y  applying to the 
latter a sheet or strip of transparent adhesive m aterial, to which the fibres 
could stick, and thus withdraw the web sample attached to the transparent 
support. This m ethod was found to be simple and reliable in practice. The 
details were as follows: —

The supporting m aterial used was the self-adhesive cellophane tape now 
available com m ercially. A  width of four inches was found to be suitable for 
most purposes, and enables samples to be taken either across the cylinder 
(i.e., parallel to the axis of rotation) or along the circum ference, as circum ­
stances m ay demand. This tape was found to be very  uniform , both in 
thickness and transparency. A length of this m aterial is laid on the surface 
of the cylinder and held in position by one operator, while a second presses 
it firm ly on to the wires by means of a rubber roller squeegee such as is 
used for photographic purposes. A lternatively, the strip m ay be held in a 
wooden fram e curved to fit the surface of the cylinder, which m ay be 
steadied with one hand while the roller is applied with the other. In either 
event, after thoroughly rolling the tape down, it is carefully lifted from the 
cylinder, working from the backs of the card wires towards the front, i.e ., in 
the direction in which the wires point. In the case of the doffer, from 
which samples arc most generally taken, the web lies almost entirely on the 
tips of the teeth and is easily lifted clear. W hen samples are taken from the 
swifts or workers, it is sometimes advantageous to slip a piece of thin sheet 
metal with a smooth edge along under the tape as it is lifted from the 
cylinder, in order to assist in clearing a small proportion of fibres which are 
entangled in the lower parts of the card wires. It is found that under these 
conditions the sample obtained is substantially the “  w orking ”  web, the 
“  fettling ”  layer rem aining practically undisturbed. H avin g thus rem oved
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the sam ple from  the card cylinder, a second strip of tape can be placed over 
it, sticky side down, so that the fibres are sandwiched between the two 
supports and a perm anent preparation is obtained. Air bubbles between the 
strips are readily avoided, since the fibres provide m any capillary channels 
leading to the edge, along which trapped air can escape.

M easurem ent of R egularity
The measurement of regularity of fibre distribution in samples so pre­

pared is a com paratively simple matter. A  fixed slit is set up in front of 
the -photoelectric cell of the photometer (loc. cit.) and the web sample, 
additionally mounted between two strips of glass of suitable size, is traversed 
behind the slit, in a direction at right angles to the optical axis of the photo­
meter, b y  known amounts. The output reading of the photometer is 
linearly related to the transparency of the portion o f web im m ediately 
behind the slit; and is hence inversely proportional to its opacity or density. 
The size of slit used is governed by the type of irregularity which is being 
investigated. Thus, if a gradual increase in density from , say, one edge of 
the card to the other, due possibly to faulty  feeding, is being sought, a 
sam ple taken across the m achine and investigated with a wide slit, perhaps 
0-5 in., readings being taken every 2 in. along the sam ple, will suffice; 
whereas if short-period irregularities are in question, a narrow slit, say, 
o - i  in., and correspondingly closer readings will be em ployed. As regards 
length of slit, the limit is set only b y  the com plications which the operator is 
w illing to introduce into the optical system of the photom eter. The photo­
cell cathode is approxim ately 1-5  in. long, so that if the slit is illuminated 
with a parallel beam , a slit length up to this figure can be accom m odated 
without au xiliary  optical gear. In practice, a length of 1 0  in. has been found 
satisfactory for most purposes. No difficulty is found in m easuring either 
thick or thin webs, the sensitivity of the instrument being such that even 
carded slivers can be measured, though the valid ity  of the results obtained 
in such a case m ay be doubtful. No attem pt has been m ade to measure 
actual average density of a web, say in gram s of fibre per square foot, in 
this m anner; such a value, if required, is much more reliably obtained b y  
other methods. The aim has been to measure the variations in density 
around the m ean, and for this purpose it is convenient to set the photometer 
sensitivity so that the average output reading is approxim ately the same in 
all cases. This facilitates visual com parison of the regularity curves, and 
m akes a quantitative estimation of regularity possible. The Coefficient of 
V ariation,

gives such an estimate, providing it is calculated for sets of readings whose 
m eans are not w idely different. Such sets are obtained by the above 
technique.

E xperim ental R esults
Figures 1, 2 and 3 show the regularity curves obtained for three web 

samples, regular, m oderately regular, and irregular, respectively. In each 
case the slit used was o - i  in. in width and i - o  in. long, and the sample 
was m oved o - i  in. between each reading, 90 readings being taken over a 
9 in. length of the sam ple, and the whole of the sample covered b y  a strip 
9 in. x i in. surveyed. In each case this actual strip has been photographed 
above the corresponding regularity curve, the latter being plotted so that 
each point on the horizontal axis corresponds to the point in the actual 
sam ple which lies vertically  above it. The correspondence between the 
density of the actual sample and the ordinates of the regularity curve is 
apparent in all cases. In particular, the steady decrease in density from 
left to right in F ig . 1, which is just apparent in the actual sample, is rendered 
quite evident in the density curve, b y  a steady fall in average density.
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The standard deviations and coefficients of variation from these curves 
are given in Table I.

Table 1

W eb sam ple
Mean

(a rb itra ry
units)

S tandard
dev iation

Coefficient
of

varia tion

R egular (Fig. 1) ... 10-38 .1-47 14-20%
Mod. R egular (Fig. 2) 9-95 2-60 26-1%
Irreg u la r (Fig. 3) 8-79 4-38 49-8%

SUMMARY
A  method for rem oving and preserving samples o f web from  the carding 

engine, and estim ating the regularity of fibre distribution in such samples 
photoelectrically, is described.

REFERENCES
1 C ham berlain. J. Text. Inst., 1944, 3 5 ,  t 6 i .

D e p artm en t of T extile  Industries , 
Leeds U niversity .

Received 4/3/44


