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THE STUDY OF CREASE-RESISTANT FINISHING

TREATVENTS ON RAMIE FABRICS
INTRODUCTIOH

Crease~reslistance may be conslidered as t he property
of a fabric which causes it to recover from folding deforma-
tions that normally occur during its uss. The crease-
resistant finish 1s chiefly applied to rayon, cotton and
linen fabrics, and occasionally to certain types of woolen
and worsted fabriecs. Cellulosic fibers have been notoriously
known for their susceptibility to ereasing, and the remedy
for this defect may perhaps be considered as one of the
greatest achievements in modern textile industry. The
erease-rosistont finishes now commonly employed are either
urea-formaldehyde or melamine-formaldehyde resins. Other
formaldehyde condensates, like thiourea-formaldehyde, phenocl-
formaldehyde, guanidine resins, etc., have bsen tried, but
80 far none has proverd as satlisfactory as urea- and melamine-
formaldehyde resins.

Ramie, China grass or Rhea is obtained from Boehmeria

1

nivea (or Urtica nivea) and Boehmerla tenacissina, It has

1Ott, E., Cellulose end Cellulose Derivatives, (New

York: Interscience Publishers, 19/6), pp. 17.
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been known for many centuries and has many excellent properties
that can qualify it for use in the textlile field, However,
until the last few years it had not attained much cormercial
importance becsause of the difficulties involved in the growing
of the plant, the separation, and the purification of the
fibvers. The recent developments, which overcome or are
well on the way to solve all these difficulties, glive ramie
a bright new future as & textile fiber. Many discussions
end predictions found in the litersture of the last decade
apparently reveal its popularity emong the scientists as
well as the textile manufacturers. A briefl revliew of the
properties of ramie fibers may adequately indicate the
reason for the revival of interest,

Ramie possesses many distinguishing advantages over
other textile fibers, especially ecotton. Tt has a high tensile

2 It is

atrength, higher than cotton, slilk, and even hamp,
more absorbent than gotton. It also has an increase in

strength when wet. It dries rapldly. It has the additional
edvantagze of being non-shrinkable and of being highly resis-
tant to rot and mildew. ‘hen cotton and ramie materials are

compared for coolness effect, the ramie material is known

2
Sherman, J. V,, and Sherman, S, L., The XKew iibers,
(lew York: D, Ven Nostrand Co., 1945), p>. 300,
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to be more porous and cooler of the two. Its disadvan-
tageous properties are its low torsional strength and inelas-
tieity, which combination means brittleness and limits its
use greatly. The fact that the fibrils of which the ramie
fiber is composed are very highly orientated and parallel

to the flber axlis and that it shows the most perfect crys-
tallinity of all naturael cellulose may account for its
brittleness and also its susceptibility to creasing.

The object of this study 1z to investigate the possi-
bility of imparting a crease-resistance to ramie fabrics by
applying the urea-formaldehyde resins, There are many
factars, such as the construction and size of yarn, thickness
end construction of fabrlic, ete., which affect the rroperty
of crease-recovery of fabrie. Furthermore, the results of
the resin espplicatlons are also depencent upon meny other
factors, such as the relative amount of urea and formaldehyde,
amounﬁ of catalyst, concentrations, padder pressures, padder
speeds, teusion on fabric during treatiient, curing time and
temperature, etc. lowver, in this study, ti.e scope of
investigation weg limited to the following:

1. Determlnation of the amocunt of catalyst necessary

while keeping other fectors constant;

3Report No. 71829, U. S. Testing Co., Inc.,, (From
Coss, H. T., and Taylor, J. L., "Ramle Today," Textile
Industries, lo. 1li, Vol. 10, 1945). o




2. Determination of the optimum molecular ratio of
urea and formaldehyde;
3. Evaluatlon and gnalysis of the propertiss of the

remle febrics before and after treatment,.



THECRETICAL CCNSIDERATION

Cellulosic fibers are now generally accepted as composed
of long chain-like moleculeg in which some are packed closely
together with their long axeu'parallel end have the properties
of crystals, while the others are more or less randomly dis-
rosed., The groups of closely packed and alicned molecules are
termed "crystallites," whereas reglons of poor molecular
alignment are termed "amorphous." Hence the fibers consist of
alternating reglons of crystalline and amorphous structure with
some of the molecular chains running through both regicns to
give an irresular flexlble network, The orientation of the
crystallites with resrect to the lony axis ¢f the flber has
an important influence on fiber properties. Cellulosic fibers
which show *izh degree of crystallite 2lignment with the fiber
axls wlll have high strength, low extensibllity, and limited
flexibllity, and are vsry susceptible to creasing, 7This is
why ramie having a hilgh degree of orientatlion is more easily
wrinkled than cotton, which has & lower degree of orientation.

The c¢rassing or crushing of textile materials 1s a
corplex effect involving tensile, flexing, compressive and
torsionzl stresses. Vhenever a fabric is folded g0 sharply
ag to foru a crease, the {ibers gt the crease are placed
under strain. Those fibers on the outside of the fold will be

under tension; while whose at the inside will be under



compression. Murthermcrs, the fibers themselves wlll be
bent, and the molecule chains on the outside of the fiber willl
be under tension cnd those on the inside may be under comp-
ression., In addition, there 1ls some torsionasl straln in
the fibers. However, 1t is probable that the tenslle streiln
1s the most important factor in creasing.

The extenslon of the fiber caused by stress results
in a movement of the molecules within the fiber. °/ith the
disorientated fibers, scme orientation will result, but they
will recover thelr orizingl positlons when the strein 1is
removed. 1/1th the orlentated fibers, there may be 2 realign-
ment of the moleculass to & position of better orientaticn
with the flber axis or by a slipping of the molecular chsins
over each cther, Vhen the strain 1s released, there is
no tendency or force tc hold them to the originel rositions,
hence the fiber is creassed, Illevertheless, if the strain is
not great enocughk to overcome the intermcleculcr forces of
the cellulosic fibers, suckh as hydrogen bonding, the fibers
riay rscover to thelr original forms,

The purrose of crease-resistant finlshing is to produce
a non-crugh effect on the fsbric wlthout changlng its properties
as dress goods. It is exirenely lmportant that the product
used for imparting this effect should be situated within the
fiber of the textile materiasl, for if it merely adheres to the

surfacea of the flbers without penetration, the result will



be the loss of suppleness of the fabrie without imparting
crease-reslstance,

¥any compounds znd synthetic resins may be used for
the ¢rsase-resistant finishing. In this study, the work was
confined to the use of urea-formaldehyde resins. TUnder
neutral or slightly alkaline conditions, urea and formaldehyde
condense to give either mono- or dimethylol urea, according
to the molecular proportions of the reagents. Both of them
are erystalline substances, readily soluble in wester and of
low molecular weight., It 1s the aqueous solution of the
eompounde which impregnates the fabrie and whieh penetrates
into the fibers. The success of the process 1s largely depen-
dent on the distribution of the pre-condensate of ursa-form-
aldehyde reosin throughout the cellulose, Hence, the fabric
should have the greatest possible absorbency.

Foulds and Harahh suggested that the cellulose be
dispersed or swollen beforehand by sultable swelling agonts,
such as caustle soda solutlon; and if necessary, the fabrie
nay be treated in the wet swollen state after the removal of
the swelling agent so that the pre-condensete will be accessible
throughout the fiber., Howaever, HickarsonS suggested that the

results obtained by using mercerized and unmercsrized fabrics

LLTootal Broadhurst Lee Co,, oulds, R, P. &nd NMarsh,
J. T., "Preating With Liquids," B.P. 304,500, Jan. 9, 1928,

Sﬁickeraon, R. ., "Investigations of Anticrease
Treatments for Cotton," American Dyestuff Reporter, No. 2,

Vol, 39, pp. L46-50, 62. 1950,




do not differ very mich., Mechanical treatment, such as
repeated imrregnation with squeezing rollers is beneficial

in assisting the penetration of the fiber by the reaction
mixture. The pre-condensates, when heated under &acid con-
ditions, form the tri-dimensional network of urea-formaldehyde

resin,
HoNGONH <+ HCHO = HOCHpNHCONH, or HOCH,oNHCONHCHOH

)
-H"CO*E-Cﬂgﬂé-cc-q-CHz-é-GQ—
‘Hg CHp
-E-GO-N-CHQ-N-CO-hL-CHz-l'I-GO-
Hp Ch CHp
«=C0=1l=CH,=N~C0=1]«CH,~1I=CO~
-5l CHy
?Ha ?HE
X-ray photographs havs indiceted that the resin is
not situated within the micelle and must therefore lie
betwesen the “crystallites."é
¥any postulations and theorles have bheen advanced to
aceount for the v»roperty of recovery from creasing shown by
cellulosic materials after resin treatment. As the crease-

resistance 1s affected by so many fectors, a generally satis-

fegtory theory has never been reached. Among the explanations

6Harsh, J. T., Ar Introduction to Textile Finishing,

(London: Chapman and Hall Ltd., 1948), p». 11,




suggested, some of them are subjeet to oritical examination.
For instance, the permanent-wave theoryT states that crease-
recovery is associated with the permanence of the wavy form
of the fibers, and that the resin fixes the filbers in the
unduleting position. In nearly all fabrics, the filling is
mich straighter than the warp, which 1s caused to take up an
undulating path, yet measurements of c¢rease-recovery in the
treated fabrics very frequently show that the filling has a
better crease-recovery. This theory also fails to explain
the good crease-recovery possessed by the plle of treated
velvets, However, waviness may be a contributary factor,
Another thoorya suggests that the improved erease-
resistance is associated with the reduced swelling in water,
It is true that cellulosic material which has been treated
with cresase-resistant finishes usually shows a reduced tendency
to swell in water, but the two properties do not necessarily
go together. Vool swells considerably in water and yet is
regerded as the standard of srease~-recovery, L nen, which
has had crease-resistant finishing treatment, has a ﬁigher
water-imbibition value and shows a greater swelling in

water than the untreated product.

Tyersh, J. T., An Introduction to Textile Pinishing,
19]4-8: PPe. 11-27-

Sip1a., po. L28.
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One of the theories siggested that textlle flbers
are porous and contain a number of small cavities between
the erystellites of which the fibers are composed; these
cavities are assumad to act &s air-cushions or ailr-pockets
which are responsible in part for the elestie recovery of
the compressed fibers. When the sub-microsccple gavities
are very smell, they are much less susceptible to crughing,
and so eause an elastic pneumatic reaction to the folding of
the fiber, which behaves like a porous rubber tube of very
smell dimensions. This theory depends solely on some data
of Frey-Wyssllng,g from which 1t appears that the cavities
in wool and silk are about one-half the size of those in
gsllulose, but reference to the original work shows that it
depends on the impregnation of flbers with variocus metallie
salts from aqueous solution, followed by depositicn of the
metal and the measurement of the metallic particles. Henece
the data refer to the wet and swollen state and not to the
dry state. The fact that the nore sizes of viscose rayon
and silk are the same also shows there 1s no correlation
between cavity slze and crease-recovery.

10
Quehl  supgested that ereasing properties of fibers

9Marsh, J. T., An Introduction to Textils Finishing,
1948, pp. L28.

104p14., pp. Lo8.

————
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are determined by the amount of erystalline material whiech
they contzain, and that by inereasing the proportlion of
emorphous materlal it is possible to imrrove the elastic
recovery. The deposition of the insoluble condensation pro-
ducts of urea and formaldehyde, which ig in smorphous rorm.ll
within the fiber naturally increases the prorortion of asmor-
vhous matter and therefore increases the creacse-reslistance.

The hypothesis of the formation of oross-linkages
between cellulogse molecules give a better explanation for
the crease-resistance phenomenon., It has been mentioned
before that the cellulose fibers econsist of alternating
regiona of erystalline and emorphous reglons with some of
the molecular chains running through regions to give an
irregular flexible network.

Extenslion of the fiber inevitebly involves a complex
system of stresses and strains among the entangled mass of
molecular chains in the amorphous region and this region
probably is most resgnonsible for the elagtleity of the fiber.

It has also been mentioned that highly orlsntated
filaments exhibit a relatively small totel extansion com-
pered with that of disorientated filaments; the extension

of the former is mainly due to micellar slippage, and that

1lsuhwarz, E. W. K., and Vengraf, P., "Modern Trends

in Pinishing," Amerlcan Dyestuff Reporter, No.22, Vol, 30
o0 G100 G R s QBEOELEE, , ’



drain and rinse program would be called. If the system had not reached

equilibrium, then the dyeing program would recycle. At the completion
of the drain and rinse program, program control was returned to the
main line program and the elapsed time was printed signifying the end

of the dyeing process.

Dyeing Procedure

The dyeings were made to simulate industrial practice as much as
possible. A shade was selected for which the dye formula was known.

The carpet sample to be dyed was weighed and the amount of dyestuff
needed to match the given formula was weighed. The dyestuff was then
put into an aqueous solution so that it could be pumped to the dilution
tank above the circulation pump. The dyestuffs used were of the type
called acid levelling. These dyes are characterized as possessing high
affinity for nylon, good fastness properties, bright colors, and, as a
group, are sensitive to heat differences. If these dyes were applied
from a bath that had uneven temperatures across the face of the material
being dyed, then a greater amount of dye would be found on the material
in the hotter part of the dye bath.

Phosphoric acid was used for pH control. From the beaker dyeings
it was learned that 0.2 grams per liter of water resulted in a solution
of pi = 3.0. This concentration was extended to the proper amount of
acid to use in the larger operation. The beaker dyeings also showed
that precise control of pH was not necessary. Dyeings made at pH = 2.5,
pH = 3.0, and pH = 4.0 were found not to differ in color or bath ex-
haustion.

The carpet was sewn into a continuous loop inside the dye beck,
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only possibilities are resin formation or simple cellulose

produects:

*

-
=

TAMTT WTIAATTT
n HOu_.z,.uCCu.;‘?

o):

?IO(CHEHHCOITII)I}H 4+ (n-l) Hy0

+
Cell-OH + HOGHpNHCONHp —Cell-OCHpNHCORH, + HpO

It is very possible both resin formation and eross-
linking reactions may occur when the fabric i1s treated with
the pre-condensate. As a whole, it seems quite logical to
assume the formation of erosslinkages between the micelles
by the urea-formeldshyde resin. Such linksges are not
necessarily of the primary t%alence type, but also includes
the hydrogen bondings between the cellulose hydroxyl groups

and the bonds in the resin polymer,



APPARATUS

The apparatus used in these investicotions are
as follows:
Experimentel three-roll Butterworth Padding Machine,
Central Scientific Company forced circulation, triple-
walled, electrically heated and econtrolled oven
(Model No. 95/;00).
Smith-Drum lMonel Metal Rotery Dyeing }Machine (Type 12-3D).
Nonsanto ¥Wrinkle-Recovery Tester.
Scott J-2 Combination Fabrile Testing Machine.
Taber Abraser, Model E-}j010.
Atlas Launder-Ometer, Type LIN-FR,
Atlas Fade-Ometer, Type FDA-R.
Ostwald Viscosimeter.

Beckman pH meter (Industrisl Kodel M).



HATERTALS

nemle Fabric -~ Plaln weave.
Werp: 1678,
P1ling: 16's.
Construection: 50 ends
L6 picks.
Ilidth . h.l iriChe 8.

Tormaldehyde (10 per cent by volume).
Urea (C. P,).
Armonium Dihydrogen Phosphate (¢.p.).

Other cormon finishing reagents.



GENERAL EXPERIMENTAL PROCEDURE

The method for the preparation of the pre-condensate
of urea-formaldehyde, its impregnation on the fabric, drying
curing and washing was kept the same throughout the inves-
tigatlions.

The ramie fabric teo be tested in this study was
prepared by the usual desizing, secouring and bleaching
treatments.

The experimental phasses of these investigations
consisted of three main parts:

1, The determination of the optimum amount of catelyst,
HHuHQPOh, needed using & glven molecular ratlo of urea to
formaldehyde (1.0 to 1,6).

2. The determination of the optimumm molecular ratio
of urea and formaldehyde using the previously determined
amount of catalyst.

3. The evaluation and analysis of the propertiles
of the fabrics before and after the crease-resistant

treatment.
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EXPERIMENTAL

1. Generasl Yethod of Application:

The general method for the preparation of the pre-
condensate of urea-formaldehyde,lB its impregnation on the
fabric, drying, ocuring and washing was as follows:

The pH of the formaldehyde was adjusted to 7 with 0.1 N
sodium hydroxide solution, Ths urea was added to the neutra-
lized formaldehyde and dissolved in it., The solution was
then adjusted i-:o pH 8,9 % 0.1 by addition of 0,1 N sodium
hydroxide solution and was heated in a flask to 175°F in
20 minutes, It was kept at 175°F for five minutes, followed
by repid cooling to 70°F. Th? pre-condensate thus prepared
was diluted to twice its volume by addition of water, the
catalyst was added to urea-formaldehyde solution prior to
impregnation or.the cloth, The ramie fabrie was lupregnated
with the solution on the padding machine by two dips and
two nips. The rollers had a pressure of 60 pounds per
square ineh and a aspeed of 33 revelutions per minute (r,.p.m.),
thus giving a wet pick-up ranging from 70 to 05 per cent. The
impregnated fabric was drled at room temperature, cured in

electric oven at 300 + 2°F for five minutes snd followed

Creegan, H. F., "Control of Shrinxage and Crease-
Resistance of Viscose Rayon Fabric," American Dyestuff

Reporter, No. 22, Vol. 35, pp. 514-513, 1946.
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by washing at 14,0°F for 45 minutes in a bath containing
2 per cent scap, 1 per cent soda ash and 1 per cent Santo-
merse, after which it was again rinsed with water and dried.

The wet plck-up was determined by the difference
betwean the wet impregnated fabrie and the conditlioned untrested
fabric. The dry plckup was determined by the difference
between the dry conditioned treated and untreated fabrics.

2. Preparation of Fabrie:

The ramie fabric to be tested was desized by a 3 per
cent solution of Exsize for one hour at 120-130°" with a pH
of 6,0-6,5, The desized fabric was scoured by boiling in a
bath eontaining 3 per cent sodium hydroxlde for one hour,
After which it was bleached at 185°F for one and one-half
hours with 0.1 per cent solution of Textone containing:

0.1 per cent Santomerse,
0.6 per cent of 28 per cent Acetlec Acid, and

0.125 per eent of Trisodium Phosphate.

3. Determination of Optimum Amount of Catelyst:

A pre-condensate of urea-formaldehyde was preparsd by
the method described above using a molecular ratio of urea
to formaldehyde at 1,0 to 1.5. This sclution was divided
into five portions. Into eech portion, five different
amounts of NHhHQPOh, ranging from C,006 to 0.30 per cent
(with an increment of 0,00 per cent) of the weight of the

pre-condensate, were added reaspectively. Finally, each
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portion was diluted to twice its volume by water and was
epplied to the fasbrie by the method desecribed previously.
Thus, five sets of samples of treated fabrics were prepared.
Results of crease-recovery and breaking strength tests are

shown in Table I, page 13, and Flgure II, page 30.

li. Determination of Opntimum }Molecular Ratio of Urea and

Pormaldehyde :

Six pre-condensates of urea-~formaldehyde were rrepared

by using the following molecular ratios of urea to formaldehyde:

g

sa Formaldehyde

- -
. =

(el of=Jololo

=t e e e
e ol e
CONETNO

Fach pre-condenséte was diluted to twice its volume and

0.10 per cent of NH),Hor0), based on the welght of the pre-
condensate was added. A sarprle fabrie, § inches by 72 inches,
was Impreznated with easch bath, dried, cured and washed.
Creasge~recovery and breeking strength tests were performed

on each treated fabric. Resulis of these tests are shown

in Table II (page !lJi) and Figure III (page 32).

5. Evaluation mnd Analysis of the Properties of Treated Fabrics:
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The following tests were made on erease-resistant
treated (Urea : Formaldehyde == 1,0 : 1.6; catalyst = 0,18
per cent) and untreated fabrics:

A. Crease-Rescovery
8, lNoisture Content
C. Breaking Strength and Stretch (Dry end tet)
D. Resistance tec Abrasion,
E. Vvash Pastneas of Resin Finish
F. Effsct on Dyeing Properties
(1) Colorfastness to Light
(2) Colorfastness to Washing
All the vhysical tests were conducted under the standard

conditions (65 per cent R. H. and 700?}.

A. Crease-Reccvery

]
A Monssnto Wrinkle Recovery Tester:+ was employed for

the e¢rease-recovery measuremsnts. The fabric to be tested

was conditioned for at least four hours., Test specimens

1.5 em., wide and lj em long were cut from the fabric in both
warp and filling directions. The longer dimension represented
the direction of the test. Two sets of five specimens each

lhBulletin No. T-7, "Monsanto ¥Wrinkle Recovery Tester,"”
Monsanto Chemical Cc,, Boston, Nass., Dec. 1, 1947,
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were tested for both directions., The test specimen was placed
between the metal leaves of the specimen holder of the tester,
The exposed end of the specimen wass folded over the shorter
metal strip. The metallie sgpecimen holder with the folded
srecimen was inserted into the plastic press. A load of one
end one-half pounds was applied to the press for five minutes.
Then the press was unlcoaded, the holder was taken out and
mounted on the tester. This tester, Figure 1, consists

of a movable dise with a rigidly supported platform. The
folder was placed on the pletform and was locked in position.
one slde of fold of the specimen was supported while the

other was free to recover, The free side of the fold was
brought to & vertical position, in alignment with the vertical
gulde line on the back stationary panel, by periodical manual
rotation of the dise., After five minutes, the angle of
recovery was read direectly from the degree scale on the back
panel by the reading index. The angles of recovery of each

set of specimens were recorded and averaged.
B. Molsture Content

Molsture content of each fabric was determined after
the febriec had been eonditioned in the testing laboratory.
The procedure consisted in weighing cocnditioned specimens,

drying in oven and weighing again. The loss of weight was
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WRINKLE RECOVERY TESTER

YAy

)

FIGURE I

MONSANTO WRINKLE REGOVERY TESTER
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the moisture content. Three specimens each of treated and
untreated fabrics were tested snd thelr molsture contents
averaged respectively, Table IV, page L46. The moisture
content, expressed in percentage, was calculated by using

the formula:

Molsture Content, per cent = _Q__-_é__,l?, X 100

where: C = weight of conditioned specimen, and
D = weight of bone dry specimen.

C. Breaking Strength & Streteh (Dry & Wet)

The breaking strength and stretch tests were performed

according to A.8.T.¥. cut strip methodl5

on a Henry L. Scott
Company Combination Fabrlc Testing Machine. Thls machine
was equipped with flat jaws for strip specimens and an
autographie recorder to measure the stretch., Test specimens
one inch wide and six inches long were cut from the fabric,
For easch fabrie, two sets of five dry specimens each were
tested for both warp and filling directions; and the same
for two sets of five wet specimens, The longer dimension
represented the direction of test, Both the upper and lower

Jaws are of two inches by one inch in size, and a three

inches gauge was malntained between them, Filve determlnations

15A.S.T.H. Designation: D39-39, A.3.T.M. Standards
on Textile Materials, (Philadelphia, A.S.T.M. Committee
p-13, 1948), pp. 104.




of each set were tested and averaged. Results are shown

in Table V, page L7.
D. Reslistance to Abrasion

Comparative abrasion tests were made by using a
Taber Abraser on the treated and untreated fabriecs. The
specimen, mounted on & horizontal rotating circular plate
running at 68 r.p.m,, was abraded by dual abrasive wheels,
CS-10, which rub back and forth and criss-cross their path
80 that the abrasive action was at all angles to the weave.
A constant pressure of 1000 grams was maintained on each of
the abrasive wheels, An automatiec counter which records
the number of abrasion cycles is actuated directly by the
rotating specimen holder, The number of cycles to form the
first hole on the fabric was recorded for comparison, Three
specimens of each of treated and untreated fabric were tested
and their readings averaged respectively. Results are shown

in Table VI, page 48.
E. Wagh PFastness of Resin Finish

The fastness of resin finish to commercial lsundering
and domestlc washing was determined by using an Atla s Launder-
Ometer. The speed rotor of the machine is driven at a speed
of 42 r.p,m, by a $ H.P. motor. Although colorfastness 1s not

eoncerned in this test, eight specimena were tested according
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to Test No. 3 of A.A.T.C.C. method for testing colorfastness

of cotton and linen textiles,16

that 1s, sach specimen was
washed in a glass pint jar with ten % inch stainless steel
balls and a bath eontaining 0.5 per cent soap and C.2 per
cent sodium carbonate at léOOF for Ii5 minutes. Each of the
eight specimen had a different number of washings, ranging
from one to eight washings. After each washling, the spe-
c¢imens were rinsed twice with water at 105°F, then with

a 0.05 per cent solution of acetic acid at 80°F and followed
by enother water rinse at 80°F. All the specimens were
tested for crease-recovery, see Table VII (page L9) for

data on crease-recovery.
F. Effect on Dyeing Properties

8ix pleces of ramie f abric were dyed with the
following dyes:
Direct Dyes: Pontamine Fast Brown LRL
Pontamine Fast Pink BL
Pontamine Fast Blue 2GL
Developed Dyes: Pontamine Diazo Blue 6G (with beta-liaphthol)
Vat Dyes: Sulfanthrene Blue GR Paste
Sulfur Dyes: Sulfogene Brown RBNCF
These dyed fabrics were divided into two sets., One set was
treated with the orease-resistant finigh (urea : formaldehyde

- 1,0 ; 1.6; KHiHpPC), = 0.10 per cent) and the other set left



(1) Colorfastness to Light: The colorfastness to light

of the dyed fabrics was determined by the A.A.T.C.C. msthod.17
The apparatus used was the Atlas FDA-R Fade-Ometer. One
snecimen of 23 inches by 3 inches was cut from each color
(treated and untreated). The specimens were exposed simil-
taneously in the Fade-Ometer until one sample showed fading.
The fading specimens were taken out, the time of exposure
recorded and the remalning sample were further exposed to
light., The amount of fading of each specimen was judged by
the comparison of the exposed and the unexposed fabriec.
Results are shown in Table VIII, page 50.

(2) Colorfastness to Washing: The colorfastness to

washing was determined by the A.A.T.C.C. methodlB on a Launder-

Ometer. 'The specimen of each color (treated and untreated)
having a size of 2 inches by l; inches, was attached with e
white cotton cloth of 2 inches square, Specimens of the
cotton standards for golorfastness to washing, furnlshed by
the American Association of Textile Chemiats and Colorists,
were treated together so that the results of the test

¢an be determined by comparing the change in color and staining

Tugororrastness to Light" A.A.T.C.C. 1940 Year Book,
PP, 105-1006,

"Colorfastness to Commercial Laundering and Domestic
washing," ibid., pr. 91-92.
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of the test cloth produced by the same test on the corres-
ponding standard dyeing. Results are shown in Table IX,

pace 51l.



DISCUSSION CF EXPERIMENTAL PROCEDURE AND RESULTS

There are many factors which may affect the results
of resin finish application. In this study precautions were
taken to keep the controlling fectors throughout the different
processes as uniform as possible,

The measurement of crease-recovery angle and breaking
strength were the principal tests used in this study to
evaluate the results of various experiments.

The preparation of the urea-formaldehyde pre-conden-
sate can be effected in many ways. For instance, for a
leboratory scale, it can be made by boiling under a reflux
condenser for three minutes and cooling rapidly. This method
had been tried, but the condensation reaction was so rapid
that it was found to be difficult to contrel for the desired
viscosity, which is around 6 centipoises in this study. The
pre~-condensate c¢an also be made by allowing the mixture to
react at room temperature. This method is safer and more
releable, but it takes too much time to get the desired
viscosity. The method, which consists of heating the reagents
to 175°F in 20 minutes and meintaining at that temperature
for five minutes, had been found to be excellent, and, conse-
quently, was adopted in this study.

The impregnated fabric was pinned on a wooden frame

and #ried at room temperature. High temperatures were
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avoided in the initial stages of drying because of the possi-
bility of bringing about migration of resin to the surface of
the fabric to form surface resin which will give a dry and
harsh feel to the fabrie. Even after drying at room tempera-
ture, the treated febric has a slightly harsh feel.

The resinification of urea-formaldehyde pre-condensate
requires an acidliec medium. The ideal catalyst 1s the one in
which the acidity will not develop until heated, Henace,

NH) HoPO), was used. Other ammonium salts of mineral aclds and
sompounds, 1ike polysulfones,l? bordtartaric ssid,”’ ete.,
cen also be used, The amount of catalyst employed is critical
for the best effeects, If too much catalyst is used, there

is a danger of the resin being hydrolyzed by the excess of
acld and even of some hydrolytic attack on the cellulose
itself, If too little catalyst ia used, the condensate is
not properly resinified and is soluble in mild alkali. From
the results on Table I (pege ;3) and Figure II (page 30),

it 1s evident that fabric treated with the pre-condensate
containing 0,18 per cent of NHhHQPOhhan the highest dry pieck-
up and crease~-recovery angle, although the breaking strength
is slightly lower than those of the fabrics using smaller

lgsylvania Industrial Corp., "Crease-Resistant Finishes

-~ Polysulfones as curing Agents," U.S.P. 2,110,395, October, 1946

2OCameron, W. C., and Morton, T, H,, "Permanent Finisiwes

on Viscose Rayon Depending on Cross-Bonding,” American Dyestuff
Reporter, No. 16, Vol. 38, pp. 575-581, 19L9.
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amounts of catelyst. It is probably due to the fact that a
smaller amount of the condensate was properly resinified by
using insufficient quentity of catalyst and, consequently,
less amount of resin was plcked up in the cloth.

The molecular ratlio of formaldehyde to mrea tested
ranged from 1,0:1,0 to 2,0:1,0. The higher ratlos of form-
aldehyde to urea were more effective for the crease-resistance
and shrinkage control, but slso csused greater embrittlement
of fibers which was reflected in the loss of breaking strength
as shown in Table II (page !Ui) and Pigure III (pege 32). The
molecular ratio of formaldshyde at 1,6:1.0 was chosen as the
optimum ratlio in this work, This ratioc is not necessarily
the best ratio for all purposes, but it gives fairly good
crease~resistance without losing too much breaking strength.

It will be notieced that the improvement on crease-
resistance 1s at the expense of the breaking strength (Tables
II end III, pages Ll and Lj5). For the 95.92 per cent
inerease in crezse-recovery angle in warp direction, the
breaking strength was decreased by 53.19 per cent (Table V,
page 147). For the 91.2l; per e¢ent increase in crease-recovery
angle in the filling directlon, the breeking strength was
desreased by 65.87 per cent. The excsssive loss in breaking
strength 1s belleved to be due to the inadequate tension
applied during drying end ocuring. The pin frame and oven

used in curing are probably not suitable for resinification.
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Usually the res!nification process will not impair the cel-
lulose, hecczuse it 1s found that under proper contrecl the
oropertiss of celluloss can be recovered uncasnged by stripping
off the reain.21 It is believed that breaxing strength loss
can be reduced to less than 20 per cent,22 if proper stretching,
drying and curing chambers are employed. The rreater decrease
in breaking strength and smaller decrease in stretch in the
£filling direction are possibly asscclated with the method
of impregnation where only the warp yarns are under tenslion.

The breasking strength of both treated and untreated
febrics were increased when wet (Table V, page L7). The
inerease in breaking strength of treated fabric wes considerably
greater than that of untrested fabric. The same 1s true
with the inerease in streteh.

The moisture content of fabric was decreased by
18.98 per cent after urea-formaldehyde resin treatment
(Table IV, page L5). However, if the moisture content of
the treated was calculated wlth reference to cellulose and
not tc the gross welght of cellulose and resin, the molsture
content of the treated fabric is very close to the untreated
(page L4O).

The resistancs to abrasion after treatment was reduced

21Nickerson, R.F., "Investigation of inticrease Treatments
For Cotton," Amsrican Dyestuff Raporter, No.2, Vol.39, pp.lL6-
k9, 51. 1950

22
Buek, G¢.3., and MeCord, T. H.,"Crease-Resistance and

Cotton," Textile Research Journal, No. L, Vel.l9, pp. 216-247. 19

sk
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oy 30,44 per cent (Table VI, ncze 40). T™ils 1s & natural

rogalt wian the “ibars hecomo swor: Lelitl: by the troatueny.
Moo ure -Torntldeiizds resln is not fagt Lo bolling
alnline 1lwors, bat LL ths trestsed fubric 1s wushed at a
lower tororatures, the creasa-voasistont elflset will narglgt,

oo thae exporinsnt, 1t Les boen ghawn that the offect is

(')

only aglligntly radiced eftor e'x b ssvare wasi.ings (Table

-
-
-
-

, Page h»).

The Tastness of Cdyes to 1izht and washing 1s usually
im-roved by the c¢reasse-resistant trestment, although cxcep-
tions ars not rare. It has been found that the reduction in
fiber awelling resulting from the treatment mulies fabrice
rncre A17f1cult to dre, and for thils reason the croase-resis-
tent treetment i1s anrnlied after the goods have been dyed,

In moat cuses, the dyeings wlll change 1n shade as a
result of treatment. The chanzes in shade are of nmore
In~ortenee when jpole ghades are concerned; the changss are
usually mer> noticealls vith Lrevn eoleors; while with the

eovy Bhadgs, tire zher-es do not avies to zny epproecigcle
extent. Since ths effects on the siade cd lasinecs vary
with the 4y3, 1t wes not ;cssible te test ell dyes. However,
in this study, slx dres of our elass:s, viich are cormonly
eni:loyad on ramioe fabries, vars salocted for tcattné:
Mo the ercerinments (Teble VIII, paze 50), it has

been found tiat the licht lestnese of Pontamine Fast Brown
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L2T znd Pontamine ast Pink BL was improved considerably,
whereasg that c¢f Pentanine Tast Blue 261, wzs reduced greatly,
Tre colorfeaestneoss to washirg of gll three was improved, but

to a diffcrent extent, Teble IX (-rage 51). The shade of

br

0

vwn dye was chinged into a reddish snade; thast of the pink

(o

e into & dull teae and tuat of the vlue uye into & slightly

-
v

(]

Faler shade.

#1th the azoic dres, as illustrated by -ontamine
Diazo Blue 54 in the experiment, the shnade did nct change
to an aprreciable sxtent. e colorfabitness to light and
washing was improved.

Vat dyes wore not affected in sihade by the crease-
resistant trestment. The festness to light znd washing,
already of high crder, wes not lmpslred and often improved
as 1n the case of Sulfenthrene Slue GR Feste.

Sulfur dyes were seldon: affected 1n shade by the
crease-resistent treatment. The fastness to light and
weshing wes not Impaired. In thls exrerimsent, Sulfogene

prown EEICT ghacwsd no cheange in shace but lmprovement

iy

in fastness to light znd washing.
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CONCLUSIONS

rroxa the results of this study, the following
conclusions have been reachad:

1. For a nlaln weave ranie fabrlc, the best crease-
resistant treatment was obtained by using = molecular ratio
1.0 : 1.6 (urea : formaldehyde) to make the rre-condensscts,
and 0,18 per cent of KHEHQPOh of the weight of pre-condensate
as catalyst.

2. The harsh feel of the treatsd fabric wcs reduced
to a minimum by careful drying and washing in the crease-
resistant finishing process.

3. The crease-resistance of ramie fabric resulting
from the urea-formaldehyde resin treatment varied inversely
with the breaking strength and stretch.

i, The breaking strength and stretch of ramie fabrics
were increzsed when wet. The increase was greater in crease-
resistent finishing treated febrics.

£, The ncisture contents of both trzated and untreated
febrics were practicelly the ssme, provided the moisture
content was based on the weight of the cellulose only.

G. The resistance to abrasion was decreased by
3.1y per cent due to the crease-resistant finishing treatment.

7. The crease-res’stant e fect on fabric by the

urez-formaldehyde resin trsatnent was only glizhily reduced

[



after elrhit sovere washinges, itlhius incicating that the
treatrient 1s not ecsily reroved by ordinary laundering
methoas.

. Yost ef the dves used on ranie Tebrics are

eltered in shede by the creease-resistant trestment, howsver,

colorfastness to light and weshling are zsnerally improved,
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TABIE I

BREAXING STREMGTH AND CREASE~RECOVERY OF RAMIE FABRICS
FOR THE SELECTION OF AMOUNT OF CATALTST

6 - WARP FILLING
alyst Breaking Crease~ Breaking Crease-
O Piekup Pickup  strength Recovery Strength Recovery
(%) (2) (%) (1bs.) (degrees) (1bs.) (degrees)
0.06 77.2 1.6 25.0 100.6 1.4 97.2
0.12 7906 ]517 23.6 98-h 20.8 96.0
0-18 78.7 17.6 22'0 10306 19!6 1011.0
0.2h 78.7 374 21.9 .6 18.7 97.0
0.30 79.1 17.0 21.4 89.6 16.2 96.0

Note: Urea : Formaldehyds = 1.0 1 1.6 (Molecular Ratio).
Viscosity of Pre-condensate = 5.69 centipoise.
Percentages of catalyst (NH)HoP0) ) expressed in the table were
based on the weight of the pre-condensate.
Each breaking strength and erease-recovery test is the average
of five tests.




TABLE II

BREAKING STRENGTH AND CREASE~RECOVERY OF RAMIE FABRICS FOR THE
SELECTION OF MOLECULAR RATIO OF UREA AND FORMALDEHYDE

e
e

WARP FILLING

!Ol. Eatio ViBGOBit}' Wet m B!‘eal:l_ng GI‘GBB&" B'reeldng Grease-
(cemti- Pickup  Pickup Strength Recovery Strength Recovery

U:F poise) (%) (%) (1bs.) (degrees) (1bs.) (degrees
1,0 : 1.0 6.kl 75.5 18.7 36.8 78.2 28.4 75.2
1.0 : 1.2 5.9 75.9 19.0 30.7 90.2 20.) 89.2
1.0 : Lbh  5.47 Th.2 17.6 2.3 100.0 17.8 103.4
1.0 : 1.6 c.98 73.6 16.9 22.0 105.8 15.8 104.8
1.0 : 1.8  6.28 76.8 16.5 23.8 110.4 13.9 101.6
1.0 : 2.0 5.10 74.6 12.5 20.7 110.4 10.0 113.4

Note: Amount of eatalyst = 0.18 per cent on weight of pre—-condensate.
Each breaking strength and crease-recovery test is the average
of five tests.
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TABIE III

COMPARISON OF CREASE~RECOVERY ANGLES CF
TREATED AND UNTREATED RAMIE FABRICS

p———————— e —— e o —— o
Treated Untreated
Test Warp  Pilling Warp Filling

Number Crease- (rease- Crease- (Crease-
Recovery Recovery Recovery Recovery

(degrees) (degrees) (degrees) (degrees)

1 106 107 57 62
2 106 102 54 57
3 106 99 53 58
L 10k 108 sh 53
5 52 _58

107 108
average “15%5.8 TiaLLe 5.0 57.6

Note: The fabric was treated with
Urea t Formaldehyde = 1.0 1 1.6
Catalyst = 0.18 per cent
The inerease in (Orease-recovery by treatment:
Warp direction= 95.92 %
Filling direction = 91.2L %.

— e
- o




TABLE IV

COMPARISON OF THE MOISTURE CONTENTS OF THE
TREATED A'D UIITREATED FABRICS

Treated Untreated
Test c D % Moist. c D % Moist.
Number  (gm.) (gm.) (om.) (z1.)
1 2.12 1.98 6.69 1.68 1.5k 8.34
2 2,11 1.97 6.63 1.72 1.58 8.1
3 2.0  1.90 6.86 1.80 1.65  8.33
Average 6.70 27

Note: Meisture Content, per cent =_c__a:5 X 10C
where: C = Conditioned weight of specimen, and
D = Bone dry weight of specimen.

Decrease in Moisture Content after crease-resistant treatment
= 18.98 per cent.

If the moisture content of the treated fabric was calculated
with reference to cellulose and not to the gross weight of
cellulose and resin, then
Dry piekup of fabric = 16.9 (Tahéa II, page Lli).

.70
loisture Content, per cent= (1 = 3.169) - 8'07
The value obtained, 8.07, is very close to the moisture
content of unireated fabrie, 8.27.
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TABIE V

COMPARTSON OF BRFAKTIG STREHCTH AND PERCENT STRETCH OF
TREATED AND UNTREATED RAMIE FABRICS (DRY AND VWET)

Treated Untreated
Test Warp Filling Warp
Number Breaxing reaxing Breaxing areaking
Strength Streteh Strength Stretch Strength Stretch Strength Stretceh
(1bs.) (£)  (1bs.) (2)  (1s.) (£)  (1bs.) (%)

DRY:
1 22.5 2,08 13.5 4.17 16.0 6.77 L7.5 5.7h
2 21.5 2.08 15.0 L.17 4.0 7.28 Lh2.0 S.74
3 22.0 2.62 17.0 3.12 47.0 5.74  L8.5 5.74
b 23.0 2.62 15.0 L.17 43.0 5.7L h2.0 5.7h
g 21.0 2.62 18.5 3.12 45, 7.28 51,5 6.77
Average 22.0 2.0 15.8 3.75 47.0 6.56 L6.3 5.95
T
1 27.5 3.64 23.0 6.77 63.0 9.&123 56.0 8.34
2 29.5 17 22,0 6.77 56,0  10. 59.0 8.86
3 29.0 3.6L 22,5 677 67.0 9,38 50.0 8.3
L 30.0 3.64 22.0 6,77 55.0 9.90  56.0 8.34
5 29.0 .17 21.0 7.28 61.0 10.4,2  sh.0 10.42
Average 29.0 3.85 22.1 6.87 60.) 9.90 55,0 8.86
Note iiﬂrp F‘il]ing
Decrease in Breaking Strength (dry) by
crease-resistant treatment............... eeeve 53.19 8 65.87 %
Decrease in Percent Stretch (dry) by
creaso-resistant treatment....cvevveccacocenva 63.41 4 36.98 ¢
Increase in Breaking Strength When wet:
Treated Fabrics......... S — 31.87 ¢  33.13 €
Tribreatod Parics. o vossessves vos oeisameneies 28.51 ¢ 18.76 %
Inereass in Percent Stretch when wet:
Treated FabricB. «.vveverservoessanosnsnsnansss 60.41 ¢ 83.20 %
Untreabﬁ Flbrics ------ tsasensnanBaRsrESe sessaw 50.91 % 65- 71 %

e




TABIE VI

COMPARISON OF RESULTS OF ABRASION TEST

- s
D

Treated Untreated
Test ™ prasion Abrasion
Numbex cycles cycles

1 155 243

2 148 240

3 148 237

b 17 251
Average 9.5 22,

Note: Decrease in Resistance to Abrasion
after crease-resistant treatment

= 38-“‘ per cent.
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TABIE VII

EFFECT OF WASHING ON CREASE-RECOVERY ANGLES

e o

Test Creage-Recovery (degrees)

Wamber 15t ond 3rd  Lth  5th 6th Tth

0th
Hashing Washing Washing Washing Washing Washing Waah:.ng_w_g_

\l||’

WARP: ¢ ;

1 100 117 97 101 97 97 100 97

2 108 10 108 103 103 9y AR

3 106 95 105 100 97 98 1001

k i% ﬁ 93 133 19;; 96 96", 96 £

5 9 97 9 E
Average 105.8 105.2 101L.L 101.2 99.0 96.% 9% E f‘ N%‘\E‘ o

1 100 101 103 100 102 106 90 92

2 112 104 111 92 103 97 98 97

3 102 107 95 107 98 97 93 97

h 95 100 96 103 oL 93 105 oL

5 108 103 103 107 99 100 97 90
Average 103, 103.0 101.6 101.8 99.0 98,6 96.6 94.0

Note: Washing Bath: 0.5 % soap and 0.2 ¥ sodium carbonate.
Temperature: 160°F

Time: 45 minutes for each washing.
Decrease in Crease-Recovery Angle (degrees) after 8 washings:
Warp Filling
Before washing (Table III)....... 105.8 104.8
After 8 washingS......... senwpans D0 9.0

Decrease in Crease-Recovery (Z).. 9.6L4 ¢ 10.30 &

e e i
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TABLE VIII

COMPARISON OF COLORFASTNESS OF DYED TREATED AD
UNTREATED FABRICS TQ LIGHT

Treated Untreated
Name of Dye Hours Class. Hours Class.

Pontamine Fast Brown LRL 35 5 25 5
Pontamine Fast Pink BL 15 L 10 3-h
Pontamine Fast Blue 20L 10 3-4 20 L-5
Pontamine Diazo Blue 6G 20 b-5 10 3

(developed with beta-

Naphthol)
Suifanthrens Blue GR Paste Lo 5-6 L0 5-6
Sulfogene Brown RBNCF 15 L 10 3

Note: Units were expressed in mmbers of hours which show the first

eigns of fading.
Classification of fastness to light was made according to
A.A.T.C.C, method.s#

e e ey

it

* uoplorfastness to Iight,® A. A. T. C. C. 1949 Year Book, pp. 105-106.
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TABLE IX

COMPARTSON OF COLORFASTIESS OF DYED TREATED AND
UNTREATED FABRICS TO WASHING

e e e e e —————

Treated Untreated
Name of Dye TTolorTastnoss | GoLorrastness
to Washing to Washing
(Class. ) (Class. )
Portanmine Fast Brown LRL 2 i §
Pontamine Fast Pink BL 3 1
Pontamine Fast Blue 2GL 3 2
Pontamine Diazo Blue 6G 3 2
(developed with beta-
Naphthol )
Sulfanthrene Blue GR Paste 3 3
Sulfogene Brown RBNCF 3 3

lote: The test was made according to A.A.T.C.C. method (Color~
fastness of cotton and linen textiles to commercial
laundering and to domestie washing, A.A.T.C.C. 1949
Year Book, pp. 91-92). -

Class 1 -~ Specimens which show no apprecicidle change
in color and no appreciable steining of the attached
test eloth in Test No. 1 (105°F, 0.5 % soap solution,
30 minutes washing) shall be reported as having Class 1
colorfastness to commercial laundering and domcstic
washing.

Class 2 —— Specinens which show no appreciable change
in color and no sppreciable staining of the attached
test cloth in Test llo. 2 (120°F, 0.5 § soap solution,
30 minmutes washing) shall be reported as having
Class 2 colorfastness to commercial laundering and
domestic washing.

Class 3 -~ Specimens which show no appreciable change
in color and no gppreciable staining of the attached
test eloth in Test No. 3 (160°F, 0.5 % soap solution,
0.2 % solution of sodium carbonate, L5 minutes
washing) shall be reported as having Class 3 color-
fastness to commercial launderinz and domestic washing.




