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To all whom it may concern:
Be it known that I, Samunn
TroTaAN, a subject of the King of England,

residing. at Nottingham, ‘England, have in-

vented certain mew and. useful Improve-

ments in Unshrinkable Wool and Woolen
and I do hereby déclare the fol-'

Materials;
lowing to be a full, clear, and exact descrip-
tion of the invention, such as will enable
others skilled in the “art to which it ap-
pertains to make and- use the same.

This invention relates to the preparation

of socalled unshrinkable wool and ‘woolen
"~ " to the cortical cells, the tensile strength

materials.
Hitherto,

unsatisfactory. Insufficiently treated ma-

terial is unsatisfactory because it is mot:

sufficiently unshrinkable, and when present
methods are carried far enough to render
the material unshrinkable for ordinary pur-
poses, -the wool loses . much - weight, loses

fensile strength, wears badly, becomes more.

soluble and contains a high percentage of
damaged fibres. . . LT

Tt is the object of this invention to pro-
vide an improved ;
and woolen material

and strength and with substantial retention
of the original properties of the woaol. It

is the further object of this invention to .

provide such & process - that..can easily be
controlled and that can be effectively op-
erated on a large scale. :

Wool fibre is composed‘df a cortex COv<,

ered with epithelial scales.. In ordinary

wool, the free edges of the epithelial scales. .

are always distinctly visible.. In chlorinated
wool, these edges are.no longer visible but
appear to adhere to the cortex. . In
chlorinated . wool, the . epithelia scales
present a smooth, opaque surface with per-
fectly plain outlines. With progressive
chlorination, the outlines. of these scales
appear. As the scales become. thinner, -the
cortex becomes visible..
by the disappearance of
exposing

the epithelial scales

may be either local or general. .
The accompanying drawings:. show dia-
grammatic and enlarged ‘portions: of wool

" fibre in progressive stages of chlorination.

RusseELn

“cipally
less large numbers of ‘the epithelial scales:

chlorination of wool, for 'cih‘er
purpose of making it unshrinkable, has been . 101
the percentage of damaged fibre and’ prop-’

‘marked increase.
‘waghing.

process of rendering wool
. substantially un-,,

shrinkable with a minimum loss of weight 1s

Froperly .

gradually they dis-.
Damage is denoted .

the cortex of the fibre. This gives.
surface marked with longi-

tudinal streaks. -Damage of this character
" -or less of chlorine on the weight of the.

‘wool.

" Figure 1 illustrates the untreated wool fibre

clearly showing the free’ edges’ of 'the =

_epithelial scales. Figure 2 illustratesa well -
chlorinated  sample still showing

‘the out-"
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lines of the epithelial ‘scalés. "Figure 3 il- .

Justrates a further
showing incipiéent damage.” Figure 4 illus-

trates excessive chlorination showing com-

plete destruction of the epithelial scales.
The tensile strength of the wool is prin-
a function of the cortex and, un-

are damaged: or unless damage proceeds

is not materially affected. Increased affinity

stage “of - chlorination °
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for dyes is approximately proportional to

erly chlorinated wool does not show any -

a break-down rapidly in wearing and in
show any marked increase

The epithelial scales are more Tesistant

‘than the cortical cells and if any damage is
‘done to the scales; the solubility of the wool

increased. Such damage decreases the
wear ability and washability of the wool

“and ‘also causes undue loss in weight.

1f the fibre is badly 7
“damaged, it wets immediately and becomes’
‘soft and almost slimy. Such damage causes’

Undamaged material does ‘not
2 in: affinity’
for moisture over the untreated: material.
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When wool is treated with solutions con- -

taining free chlorine, such as chlorine water, .
90

or bleaching powder solutions containing ex-

cess acid, the initial absorption is so ra id -
that the reaction becomes uncontrolla le .

‘and the wool fibre is immediately damaged.
Likewise when the wool is soured or sub-

wool fibre is damaged upon. immersion in
a solution containing a hypochlorite, first
because the acid upon the

jected to a preliminary acid drench, the

fibre. liberates.
_chlorine when the wool first enters the bath .~
and second because the amount. of Lacid
_carried over-is, practically without -excep-
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tion, in excess of that required to combine -

with the base..

Moreover; when wool is treated with such
_solutions containing free chlorine, sengible
damage is produced with very low. absorp-:
tion of chlorine. .With such solutions, dam-

age results even with. an_absorption of 1%

T have found that | By sub] evct“i_ng.t ith‘é wool

‘or woolen material to treatment with hypo-
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chlorous: acid substantially free from chlo-
rine, the wool or woolen material is rendered
unshrinkable for all practical purposes
without undue loss of weight or strength
and with substantial retention of the orig-
inal properties of the wool. :

I have found that with hypochlorous
acid, the initial rate of absorption is com-
paratively slow, and that this reaction can
be easily controlled. . For instance, using
solutions containing 0.5 grams available
chlorine per litre with a total chlorine con-
tent equal to 7.5% of the weight of the wool
I found the following chlorine absorptions
in percent of the weight of wool treated in
the indicated time:

Percentage of chlorine

absorbed.
Time in minutes. Bleaching
: . Hypo- powder
chlorous . | and hydro-
acid. - chloric
acid.
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Using solutions containing 0.8 grams
available chlorine per litre with a total
chlorine content equal to 7.0% of the weight
of the wool, I found the following:

Percentage of chlorine
© absorbed.

.| Bleaching
powder
and hydro-
chloric,
acid.

Time in minutes:
Hypo- .

chlorous
acid.
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The rate of chlorine absorption from
acidified bleaching powder solutions was
approximately three times as great as that
from a solution of hypochlorous acjd sub-
stantially chlorine free. In each of these
comparisons the concentration of available
chlorine ‘and the total available chlorine in
the solutions compared was identical. Chlo-
rine water acts in-the same manner as the
acidified solution of bleaching powder.

I have further found, that with hypo-

|

chlorous acid, sensible damage is not pro-
duced in the wool until over 4% of chlorine:

on the weight of the wool has been absorbed.

With an absorption between 4% and 5%,

traces of damage are sometimes. visible, but
this damage is not serious when it does occur
and is of a nature not unusual in the best

class of goods which have been made un--

terials to render ‘them. unshrinkable.
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shrinkable. When free chlorine is present,
however, absorption in amounts as low as
1% or less cause damage, ashasbeen pointed

" out.

I have found that the slow reaction rate
of hypochlorons acid combined with the
comparatively high chlorine absorption pos-
sible without injury with this material
makes hypochlorous acid peculiarly suitable
for the treatment of wool and woolen ma-
The
slow reaction rate renders it easy to control
the reaction and the high chlorine absorp-

tion possible without injury, diminishes the -
“effect of any variation in the time factor

and materially cuts down spoilage. In the
first of the examples just given, for instance,
a dangerous amount of chlorine, over 1%,
would have been absorbed in less than two
minutes using the acidified bleaching pow-
der solution, whereas, using a solution of
hypochlorous acid,
would have to elapse before a dangerous

-amount of chlorine was absorbed. In the

second example; using the acidified bleach-

ing powder solution a dangerous amount of

chlorine would have been absorbed in less
than two minutes, whereas, with a solution

‘of hypochlorous acid over twenty minutes

would have to elapse before a dangerous
amount of chlorine was absorbed. Chlorine
water acts in the same manner as acidified
bleaching powder solutions.

I have further found, however, that it is
not necessary to'use as large a quantity of
chlorine to produce unshrinkability as can
safely be used as hypochlorous acid. A
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over thirty minutes
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chlorine absorption of between 4 and 5%

is possible without damage from a solution
of hypochlorous acid, but I have found that
unshrinkability, for practical purposes, ac-
companied by absence of damage, is pro-
duced by chlorine absorptions as low as
0.25% to 0.5% from hypochlorous acid solu-
tions.  With such small quantities of chlorine
as hypochlorous acid, say less than 1%, there
is the further important advantage that
time is not an important factor. Yool and
woolen materials may be left in such solu-
tions for a long time with impunity, in fact
until all the hypochlorous acid is used up.
Using " hypochlorous acid in small per-
centages, there is” practically no loss of
welght during the process beyond that die
to water alone. ‘ ‘

J.ow concentrations of hypochlorous acid
do not give absolute unshrinkability but
will produce a fabric unshrink¥able for all.
ordinary purposes. Concentrations of 0.23

to- 1.00% of chlorine on the weight of
the fabric will produce unshrinkability to
what is commonly called “normal®” washing
but prolonged boiling with soap and water
will produce slight shrinkage. Test as to
shrinkability may be conveniently made as
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follows: Boil a piece of fabric of measured -

avea, say six inches square, for one hour in
strong soap and water with: occasional rub-
bing during this period, then “wash the
fabric.several times in clear hot, water, and
remeasure after drying-it. Fabrics treated

with such loiw percentageswill show a slight’

" ghrinkage by this test. On the other hand,

if the washing is carried out with soap and
water at a temperature of about 40° or 50° C.
no shrinking or felting will oceur. - Where
more complete unshrinkability is required,
it is better to use a higher concentration of
available chlorine, say from 1.5'to 3.0% on
the weight of the fabric or even higher per-
centages up to the point where loss in weight

~ or damage to the fibres becomes appreciable.
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‘available “chlorine.

Tt will be apparent that the quantity used
depends upon the result desired. ‘
Using low chlorine absorptions, dilute
solutions can be used without unnecessary
increase in bulk, however, control of the
solution = concentration is a readily used
means to control the process.” Concentration
control may be operated separately from or
in conjunction with the control of total
The permissible time
of immersion without a dangerous absorp-
tion of chlorine is shorter, the more con-
centrated the solution. T have found that
sensible . damage’ becomes apparent only

when the concentration of chlorine as hypo-

chlorous acid exceeds 8 grams per litre.

Chlorine concentrations, as hypochlorous
acid, of 2 grams per litre or less will cause
neither damage nor undue loss'in weight.
Using even concentrated solutions and a
high total chlorine content. the time re-

quired to cause commercial damage to the

wool or woolen material treated with solu-
tions of ~hypochlorcus acid" substantially
chlorine free is so long that. the process 18

practically fool-proof on a'largé scale. In

the ordinary commercial processes, the loss

in weight and amount of damage is con-

siderable and variable.

predicable. ,

The following specific example will serve
to more fully illustrate the practice of my
invention. but it is not intended as any
limitation of the scope of the invention. -

To treat a woolen fabrie, I find it prefer-
able Lo first wet it with about twenty times
its own weight of water: T then 1ift the
fabric out of the bath and stir in a sufficient
amount of a solution of hypochlorous acid,
substantially chlorine free, of known con-
centration, to obtain the necessary per-
centage of chlorine in the bath, say 0.5%. of
the weight of the fabric. I find it preferable
for ease of working to then dilute the bath
to about thirty times the weight of the fab-
ric although this is not essential. I then
return the fabric to the bath and work oc-

“The results of the.
present process, on the other hand ave readily.

8

casionally for a period between 30:and 45
minutes. I then rinse the fabric and treat

with a ‘suitable dechlorinating agent. such -
as sulfurous acid or bisulphite. Following -

this, the fabric may be washed in the usual

treatment.

10

‘way and then -subjected to any ordinary -
The fabric so treated is un- =

¢hrinkable and -suffers no damage or undue '

loss of weight. o Lo

In the preferred practice of this inven-:
tion.
<hould be substantially chlorine free. = Such
solutions can be readily prepared by pass-
ing chlorine gas into water containing chalk
in suspension or a carbonate in solution.
Such a solution should be allowed to stand
for some. time and the avaliable chlorine
then determined by titration or other suit-
able means. ‘If solution containing calcium.
carbonate in suspension is not to be.used

75

the solution of:. hypochlorous. acid .

80 .
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forthwith; it is preferable to keep it in

contact with-the chalk. Or a suitable solu--

tion can be prepared by treating . bleach-
ing powder solutions
low concentrations of . either = bleaching
powder ot borie acid such solutions substan-
tially consist ‘of hypochlorous acid. With
any concentrations the ratio of hypochlorous
acid to free chlorine is very high. = If strong
Dbleach solutions and an excess of boric acid

‘are used, free chlorine is also produced.

For concentrations up to 3 grams of avail-
able chlorine per litre a mixture of bleach--

with boric acid. With -

00

ing powder and boric ‘acid is hypochlorous -

acid substantially chlorine free.
Solutions of bleaching powder, up’
centrations of about 4% of chlorine on: the

100,
to con- -

weight of the fabric, can be used without -

causing more than slight damage, such-as is.
not infrequent: in the best class of unshrink-

‘able: goods as previously prepared, if ‘the

proper precautions are taken to- avoid free -
chlorine. Solutions of this character can be

prepared in several ways. - For example, a.

clear solution of bleaching powder can be.

110,

made up, the available chlorme determined -

as by titration, and then properly diluted:

to the requisite concentration of available. .

chlorine. This solution can then be treated

with just sufficient hydrochloric or sulphuric

115

acid to neutralize the alkalinity and liberate .

the combined = hypochlorous- acid. This
(quantity can be caleulated or experimentally
determined.  In practice it is usually -suf-
ficient .to carefully stir in dilute acid until
the mixture is no longer alkaline to litmmns.
Weuaker acids can be used with correspond-
ing advantage for slight excesses are not as
critical, and in the concentrations used for
the chlorination of wool, an excess will
produce - hypochlorous

free from free chlorine. Weak acids such

as acetic acid or phosphoric acid are suit-
able and boric acid is particularly advan-
tageous as has been pointed out. Or this

120
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‘solution of - bleaching  powder may- be
treated with a slight excess of sodium
bicarbonate, sodium acid phosphate or the
like, or solutions of the same. :
- The present invention .can be practiced

in conjunction with any method for prepar-

ing solutions of hypoehlorous acid which are
substantially free from chlorine. Solutions
of hypochlorous acid which contain quanti-
ties of cholorine that are without effect on the

fabrie are substantially free from chlorine .

for the purpose of the  present. invention.
Due to the safety and simplicity of opera-
tion, I prefer to use-solutions of hypochlor-
ocus acid substantially free from chlorine, but
it will ‘be- apparent that, by restricting the
relative amount of free chlorine present, as
compared to the amount of hypochlorous
acid, below the point at which material loss

of weight and fibre . damage begins,: the

advantages of this invention can be realized
with a corresponding. sacrifice in ease of op-
eration. - The advantages of the present in-
vention" will be partially realized by the
use of solutions containing chlorine of which
the preponderating amount -is present as
hypochlorous acid and to an extent roughly
approximated by the ratio of hypochlorous
acid to free chlorine. I prefer, however, to
use solutions substantially free from chlorine
as such. L A

It will thus be seen that the present inven-
tion provides an improved process of render-

ing wool and woolen material substantially.

unshrinkable without undue loss of weight
or strength or damage to the material -by
treatment with solutions of hypochlorous
acid which can be easily controlled and effec-
tively practiced on a commercial scale,
* Having described my invention, I.claim:
1. The process - of rendering. wool or
woolen . material - unshrinkable, comprising
subjecting said wool or woolen material to
treatment with a solution of hypochlorous
acid substantially chlorine free. :

2. The process. of rendering. wool or.

woolen material unshrinkable, comprising
subjecting said wool or woolen material to
treatment with a solution. of- hypochlorous
‘acid substantially free: from -chlorine and
hydrochloric acid. o T
3.  The  process : of ' rendering wool or
woolen material unshrinkable, comprising
subjecting said ‘wool or woolen material to
treatment with a solution of hypochlorous

1,532,555

acid substantially free from chlorine, said
solution containing not more than 3 grains
of available chlorine per litre. Lo

4. The . process. of rendering . wool or
woolen material unshrinkable, comprising .
subjecting said wool or woolen material to

60

treatment with a-solution of hypochlorous
acid substantially chlorine free, said solu-

tion containing not more than 1% of avail-
able chlorine on the weight of the wool or
woolen material., - o , -

5. The  process of rendering wool or
woolen material unshrinkable, comprising

65

subjecting said wool or woolen material to

treatment with a solution. of hypochlorous
acid substantially chlorine free, said solu-’
tion containing not more than 5% of avail-
able chlorine on the weight of the ‘wool or
woolen material. ‘ SR

6. The process of rendering - wool . or

woolen material unshrinkable, comprising

subjecting said wool or woolen material to
treatment with a solution .of hypochlorous

-acid substantially chlofine free, said solution

containing not more than 1% of available
chlorine on the weight of the wool or woolen
material and not more than 2 grams of avail-

-able chlorine per litre. .

7. The process of rendering. wool or
woolen material unshrinkable, comprising
subjecting said wool or woolen material to
treatment with a solution of hypochlorous’

containing about 0.5% of available chlorine
on the weight of the wool or woolen mate-
rial for a
45 minutes. : T :
8. The process: of rendering wool or
woolen material unshrinkable, comprising
subjecting said wool or woolen material to
treatment with a solution containing hypo-
chlorous acid and maintaining the concen- .
tration of free chlorine below the point at

70
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‘acid substantially. free  from chlorine and '

00

period .of between about 30 and

which loss of weight and fibre damage be- .

comes appreciable. - ‘

9. The process of rendering wool or
woolen material unshrinkable, comprising
subjecting said wool or woolen material to

-treatment with: a solution of hypochlorous
“acid substantially free from chlorine and

then subjecting the wool or woolen material

In testimony wherecof I affix my signature.

SAMUEIL RUSSELL TROTMAN.
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‘to treatment with a dechlorinating agent.



