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1. INTRODUCTION treatment of cotton with polycarboxylic acids have

been mainly phosphinic or phosphonic acid deriva-

Catalysts employed during durable press (DP)  tives'™. Although, these catalysts minimized deg-
radation of cotton during curing process, eu-

This research was funded through Wonkwang Uni- trophication of these phosphorus-containing com-
versity research grant in 1997. pounds to water source is well known®. In addition,

—911—




108

sodium hypophosphite, which was the most efficient
catalyst among these phosphorus-containing com-
pounds, resulted in considerable shade changes to
sulfur and some reactive dyed fabrics, due to its
reductive nature®”,

To substitute these phosphorus-containing cata-
lysts in the esterification reaction of polyca'rboxylic
acid and cellulose, various compounds have been
recently examined. These include imidazole and its

derivatives®, salts of a-hydroxy acids such as

malonic acid, citric acid, tartaric acid®, and lactic
acid®, mono- and disodium salts of unsaturated
dicarbdxylic acids such as fumaric, maleic, an&
itaconic acids'™. Although the effectiveness was not

as great as other types of catalysts, partiai salts of

saturated acids such as succinic acid could be used
as catalysts for the similar esterification reaction'?.

Previous study revealed that carbodiimides have
been used in promoting reactions between cellulose
and compounds containing phosphonated and
carboxylated reactive groups such as reactive dyes
and flame retardant finishes'*~'®. However, a little
information is available in the application of these
carbodiimides in the DP finishing treatment of
cotton with polycarboxylic acid except a recent
pétent literature'®.

Therefore, in this study we investigated the role
of carbodiimide catalysts in the nonformaldehyde
DP finishing treatment of cotton in the presence of

polycarbdxylic acids, especially BTCA.
II. EXPERIMENTAL

Desized, scoured, and bleached 1009 cotton print
cloth (weight 107 g/m?) obtained from Test Fabrics
(#400) was used throughout the study. Poly-
carboxylic acids such as citric acid, maleic acid,
malonic acid, and ethylenediamine tetraacetic acid
disodium salts were purchased from Aldrich Chem-
icals. Catalysts including sodium hypophosphite
monohydrate (NaH,PO; - H0) and carbodiimides
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such as cyanamide (50% solution in water, CY),
disodium cyanamide (95% DSC), and
dicyandiamide (DCY) were also obtained from the
Aldrich. 1, 2, 3, 4-Butanetetracarboxylic acid
(BTCA) was supplied from Tokyo Kasei Chemicals.
Triton X-100 and Cyanalube TSI from Aldrich
Chemicals and American Cyanamide were used as
a wetting agent and softener, respectively. All

purity,

chemicals were reagent grade and used without
further purification.

A conventional pad-dry-cure process (two dips
and nips) was used throughout the study. The fabric
was impregnated in a finishing bath containing
6.5% or 8% on the weight of bath (owb) BTCA,
carbodiimide catalyst, 19 owb Cyanalube TSI, and
0.19 owb Triton X-100. A padding pressure of 2 psi
produced the fabric with a wet pick-up of about 90
-100%. Drying was carried out at 85C for 5 minutes
and curing was at 180C for 2 minutes. The fabric
was then washed for 30 minutes in the running tap
water (process-washing) to remove unreacted acids
and catalysts, and finally dried again in the labora-
tory oven for 5 minutes at 85C. As a comparison
purpose, the fabric was also treated with BTCA
and SHP. Control fabric was also process-washed
and dried as above.

Three different methods were used to estimate

performance properties of the treated fabrics:

-durable press (DP) rating (AATCC 124-1992),

dimensional change (AATCC 135-1992), and condi-
tioned wrinkle recovery angle (WRA, AATCC 66
-1990) methods. Mechanical properties of the
treated fabrics were determined by using the fol-
lowing test methods: Elmendorf tearing test
(ASTM D-1424-82), strip breaking strength (ASTM
-1682-64), Stoll flex abrasion resistance (ASTM
-1175-55T). All the mechanical tests were carried
out in warp direction.

Whiteness index was ineasured by Hunter
Ultrascan Sphere Spectrocolorimeter according to
ASTM E313-67. BTCA was also applied to the
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Table 1. Performance properties of cotton fabrics treated with 6.5% BTCA and carbodiimide catalysts.®

catalyst ’

(mole % DP DC(%)" CWRA | TSP* BSP | SFAY

ratio vs. ,add—on| rating | warp filling | (w+f)® (%) (%) (%) WI*  |Bath pH
BTCA) / ) [
control ' ’ 0.0 13 —5.21 —4.69 169 100.0 100.0 100.0 809 -
SHP 0.5:1 7.2 4.0 —0.39 0.0 278 69.9 46.6 20.5 82.2 2.1
SHP 1:1 44 4.0 —0.26 0.0 280 735 40.7 114 724 2.2
CY 0.5:1 6.0 3.0 —0.78 —0.39 254 87.6 76,4 86.8 71.8 1.9
CY 1:1 6.4 33 —0.39 -0.39 259 80.9 64.3 824 70.0 19
DSC 0.25:1 6.8 33 —0.39 0.0 276 772 60.9 495 79.5 32
DSC 0.5:1 64 3.0 -0.39 —0.39 269 772 62.7 65.2 834 3.7
DSC 0.75:1 5.9 38 —0.39 —-0.39 256 85.7 736 75.8 834 4.2
DSC 1:1 4.2 33 —0.26 —0.13 248 85.3 700 56.8 7 4.5
DCY 0.5:1 6.7 34 —-0.39 —0.39 - 262 894 64.3 53.1 7.7 . 2.0
DCY 11 6.8 38 —0.39 -0.13 272 83.2 64.9 52.0 733 19

® All treating bath contained 1% softener and 0.1% Triton X—100. The fabric was dried at 85C for 5 minutes and
cured at 180C for 2 minutes. ®Dimensional change, conditioned wrinkle recovery, retentions of tearing strength,
breaking load, and Stoll flex abrasion resistance, and whiteness index. All measured after one laundering except

whiteness index measured after process washing.

dyed fabrics in the presence of carbodiimide cata-
lysts to examine effects of DP finishing on shade
changes of the dyed fabrics. The shade change was
evaluated by AATCC Gray scale method for visible
shade changes, JE and reflectance measurements
by the Hunter Spectrocolorimeter. The K/S value
was calculated by the Kubelka-Munk equation as
follows: :
K/S=(Q1-R)}¥/2R

where R was the reflectance of the sample at the
wavelength of maximum absorption™.

M. RESULTS AND DISCUSSION

As shown in Table 1, treatment of cotton cellu-
lose by BTCA and carbodiimide catalysts consid-
erably improved fiber resilience of the treated fab-
rics indicated by substantial increase in DP rating,

dimensional change, and conditioned WRA. All
three factors were measured after one home
laundering and negative dimensional change values
indicated the fabric shrinkage after laundering.

In general, CY was less effective than SHP in
improving DP rating and WRA of the treated
fabrics at the same molar ratio versus BTCA. The
CY treatment also caused more dimensional
changes after laundering. On the other hand, at 1:1
ratio of DCY versus BTCA and at 0.25:1 mole ratio
of DSC vs. BTCA at least two of three factors(DP
rating, dimensional change, and WRA) were com-
parable to those of the fabric treated by BTCA and
SHP.

In addition, the carbodiimide-treated fabrics
showed considerably higher retentions of mechan-
ical properties (Table 1), compared with those of
SHP-treated fabric. Especially, at similar dimen-
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sional changes increase in retention of Stoll flex
abrasion (SFA) resistance was substantial. For
example, retention of SFA resistance was 11.4% at
1:1 mole ratio of SHP vs. BTCA, while at 1:1 mole
ratio of DCY or 0.25:1 ratio of DSC vs. BTCA,
retention of SFA resistance increased to 52.09% and
49.5%, respectively.

DSC was also applied to cotton fabrics at dif-
ferent concentrations in the presence of 6.5% of
BTCA. As shown in Table 1, values in dimensional
change were relativelv consistent with varying DSC
concentration. On the other hand, conditioned
WRASs were continuously decreased with increase
in DSC concentration. At the same time, retentions
of mechanical properties were increased up to 0.75
mole ratio of DSC vs. BTCA and leveled off or

decreased. The decrease in wrinkle recovery angle -

and increase in mechanical properties can be
mainly due to pH changes occurred by increase of
DSC concentraticn in the bath.

Whiteness index was measured before home
laundering, but after process-washing. The fabrics
treated with BTCA and DSC showed high
whiteness indices (close to 80), as shown in Table 1,
comparable to that of the fabrics treated by BTCA
and SHP. We believe that the high whiteness index
of the BTCA and DSC treated sample was also
mainly due to the high pH of the treating bath. On

the other hand, SHP is a reductive in nature and
has a bleaching effect on the treated fabric
resulting in whiter fabric. However, a further in-
crease in SHP concentration decreased whiteness
index of the treated fabric. The different whiteness
indices by varying SHP concentration have been
also observed in our previous study'”. Overall, the
treated cotton fabrics showed excellent whiteness
indices after the DP finishing treatment by BTCA
and carbodiimide catalysts.

These results clearly show that these carbodi-
imide compounds can be used as nonphosphorus
catalysts in DP finishing treatment of cotton fab-
rics with BTCA. However, cyanamide is a primary
skin irritant and its stability during the storage is
low. Commercial samples are either solid or 50%
aqueous solution which requires cool and dry
condition to store'®. Therefore, the use of DCY and
DSC is much preferred over CY in practical appli-
cations.

It has been claimed that the addition of ammo-
nium ion in the treating bath enhanced the fixation
of phosphorus-containing reactive dyes toward cel-
lulose molecules®™. We, therefore, also examined
the effects of ammonium ions during the reaction of
BTCA and carbodiimides with cellulose. As seen in
Table 2, the fabrics are treated by 8% BTCA and
DCY in the presence of added aqueous ammonia.

Table 2. Effect of ammonia in the performance properties of cotton treated with BTCA and dicyandiamide.®

NH

P DP DC(%)® CWRA® | TS* BS* | SFaA®
(mole ratio 9% add-on rating wa filli (WD) ©0) %) %) Bath pH
vs. DCY) p illing w . % %
control 0.0 13 —521 —4.69 169 100.0 100.0 100.0 -
0 72 35 0.0 0.0 289 853 | 536 39.2 19
0.25 7.2 38 0.0 0.0 275 89.7 63.6 54.9 2.8
05 6.4 35 0.0 0.0 275 88.2 614 76.6 3.1
1.0 5.4 33 -078  —0.78 262 95.6 64.3 1385 35

* All treating bath contained 8% BTCA, DCY (1:1 mole ratio vs. BTCA), 1% softener, and 0.1% Triton X-100. The fabric was dried
at 85C for 5 minutes and cured at 180C for 2 minutes. * All abbreviations are the same as Table 1.
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Fig. 1. Dimensional changes of the DP finished cotton
fabrics treated by 6.5% BTCA and CY or DCY
(1: 1 mole ratio vs. BTCA) at different pH

values.
@ CY-warp, 8 CY-filling,
A DCY-wap, v DCY-filling.

Some properties increased while some decreased.
Most significant increase was observed in retention
of SFA resistance. Retentions of other mechanical
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properties were also improved but the increase was
not as great as that of SFA resistance. However, at
the same time decrease in WRA and increase in
dimensional change at high ammonia concentration
indicated the effect of high pH on the esterification
reaction of BTCA and cellulose molecules.

In order to confirm the pH effect in DP finishing
of cotton with BTCA
carbodiimide catalysts, we treated cotton fabrics
with BTCA and CY or DCY at different levels of
bath pH. The pH of the bath was controlled by
addition of 509 sodium hydroxide buffer solution.
As shown in Fig, 1, the pH was an important factor

in the presence of

in determining dimensional change. Up to pH 3.5
dimensional change was relatively consistent, and
then started to decrease sharply. Wrinkle recovery
angle values showed a similar trend(not shown).
In addition to BTCA, we also examined other
polycarboxylic acid systems such as EDTA, citric
acid, maleic acid, and malonic acid to treat cotton
cellulose in the presence of DCY. Dicarboxylic

Table 3. Performance properties of cotton fabrics treated with various polycarboxylic acids and dicyandiamide.®

DCY(::::B PCA® 9% add—on | DP rating DC%) . wE*

vs. PCA) warp filling before after

control 00 13 -5.21 —4.69 80.9 97.1
0.5 EDTA 0.6 2.3 —-1.04 —~1.82 77.8 95.2
CA 5.7 3.0 —0.78 —0.78 40.8 486
MA 41 3.0 —1.04 —0.78 : 38.1 42.7
MOA 36 33 —052 —078 248 483
1.0 EDTA 1.1 2.0 —1.56 —1.56 773 93.7
CA 6.0 3.3 —0.39 —0.78 40.4 40.0
MA 34 2.8 —0.91 —0.91 303 424
MOA 41 3.0 —~1.04 —0.78 16.7 38.7

* All treating bath contained 8% polycarboxylic acid(PCA), DCY, 1% softener, and 0.1% Triton X—100. The fabric
was dried at 85C for 5 minutes and cured at 180C for 2 minutes.

% PCA:ethylenediamine tetraacetic acid disodium saits(EDTA), citric

(MOA).

¢ Before laundering(after précessing—washing) and after one laundering.
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acids were also included to examine if they can
form crosslinking with cellulose, rather than one
-side reaction (anchoring) in the presence of
carbodiimide catalysts. However, these acids did
not show sufficient levels of smooth drying appear-
ance as shown in Table 3. In addition, except
EDTA-treated fabrics the treatment with PCA and
DCY caused considerable yellowing of the treated
fabrics. The fabric whiteness was not recovered by
home launderings. This is believed due to the
formation of considerable amounts of urea, which
might have been sorbed into the cotton cellulose.
Substantial increases of the whiteness indices in the
untreated control and EDTA-treated
samples were due to the sorption of fluorescent
whitening agent from the AATCC detergent 124.
We believe that the tautomeric carbodiimide

fabric

0 (o) NH

K—C—OH +NH;C=N—R —C—0—C—NH; (1)
A A I'

) 0

i 1
I + cell-OH —= R — C~—0—cell+ H;N —C—NH, (2)

A
o 0
| ' | 9
R—C—OH R—C,_
+NH,C=N—=| O+H,N—C—NH,
R'—C—OH rR—C”
"- | " @3
A-O A O
0
llz‘_c_o—cell
+ cell-OH—
]I ce R,_E_OH @
A O
(Scheme 1] Carbodiimide catalyst in cellulose

esterification with BTCA (A is the moiety
of BTCA)

BEKRLER

catalysts could facilitate the esterification of
polycarboxylic acid and cellulose in two ways as
shown in Scheme 1. Both reactions involve the
formation of urea. In equations (1) and (2),
carbodiimide facilitated a direct esterification
between cellulose and BTCA, where as the
carbodiimide enhanced the formation of an
anhydride intermediate that was a precursor for the
esterification between BTCA and cellulose in
equations (3) and (4). Therefore, low effectiveness
in improving DP rating and dimensional change of
the treated cotton with other PCAs such as maleic
acid tended to suggest that the anhydride formation
in equations (3) and (4) was more important in
carbodiimide catalysis than the direct esterification
mechanism. At least three carboxylic groups in the
molecule are needed to induce esterification cross-
finking on cellulose when the reaction proceeds
through the anhydride formation®. Furthermore,
the formation of urea by hydrolysis of carbodiimide
can also easily occur at elevated temperature and

?1
t
I
|
|
|

|
Iy

u

Dimenslonal Change (%)

-10 T T T T T T Y

[ 2 4 ] 8 10 12 14 18
. Number of Washings
Fig. 2. Durability of the DP finished cotton fabrics

treated by 8% BTCA and DCY (1: 1 mole ratio
vs. BTCA). All values are average of two

samples.
@ control-warp, # control-filling,
A DCY-wap, ¥ DCY-filling.
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Table 4. Color changes ofthe dyed fabrics treated by BTCA and various catalysts®
Dyes® Gray Scales 4E° Relative K/S value®
CYy DSC | DCY | SHP CY DSC | DCY | SHP cY DSC | DCY | SHP
1 3 2~3 3 4 0.64 2.28 141 059 | 106.1 | 102.8 | 100.2 99.6
2 4~5 5 4~5 | 2~3 0.59 0.74 0.85 1.60 | 103.0 | 103.0 98.5 924
3 3~4 3 3 2 1.84 3.37 3.30 4.17 85.7 82.0 85.2 72.5
4 4~5 5 4~5 | 2~3 0.52 0.66 1.05 231 96.2 93.1 89.1 87.7
5 4 4~5 4 2~3 0.13 0.23 0.30 1.67 98.1 97.1 101.5 93.3

* All treating bath contained 8% BTCA, catalyst (1:1mole ratio vs. BTCA), 1% softener and 0.19 Triton X-100. The

fabric was driedat 85C for 5 minutes and cured at 180C for 2 minutes.
{Leuco Sulfur Blue 20), 3 (Leuco Sulfur Green2), 4 (Leuco Sulfur Brown 96), and 5 (Leuco Sulfur Black 2).

® Dyes: 1 (C.I. Leuco Sulfur Yellow 1), 2
< AE

was measured against the dyed, untreated cotton fabrics. Relative K/S values were calculated as follows: Relative

K/S=[(K/S)sample/(K/S)dyed unfinished}x100

acidic conditions, as in the finishing conditions used
in the bresent study’®. Therefore, we presume that
different catalytic activity of the three car-
bodiimides in esterification could be related to the
hydrolysis rate of the individual compound.

A repeated home laundering can be a good esti-
mation of the durability of the finishes. As shown in
Fig. 2, the untreated control and the fabric treated
by BTCA and DCY were washed up to 15 times in
a washing machine and their dimensional changes
were measured. In both warp and filling directions,
dimensional change for the DCY-treated fabric was
only slightly varied indicating the durability of the
finishes. .

It has been known that SHP caused considerable
shade changes in sulfur dyed samples®”. In this
stuay, five different leuco sulfur dyes were selected
to dye cotton fabrics prior to finishing treatment by
the methods described elsewhere!®®, After the DP
finishing of the dyed samples, color changes were
measured by three methods, as shown in Table 4.
Relative K/S was calculated based on the ratio
between the dyed and finished samples and the dyed
and unfinished samples. Therefére,‘ the value close
to 1009 represents that no or little color change has
occurred by the finishing treatment. In general,

sodium hypophosphite showed the most significant
shade changes except the fabric dyed with C.I
Leuco Sulfur Yellow 1. For some cases, certain
fevels of shade changes were observed from the
fabrics treated with carbodiimide catalysts and
BTCA. The most substantial color change occurred
with the fabrics dyed with C.I. Leuco Sulfur Green
2 which changed its shade from green to bluish

w, ® — v 30
Ew /
€7 /
334 anf/ \% L 20
g ¥ z
3" :
o -TY [ >
o
& - a4 g”' Lwé
G 2 ©
=2
c
22 g”' .mg
én.
38J ° — 200

L) n.'a 0:80 s 10 .23
Mole ratio of SHP In the mixed catalyst (DCY)

Fig. 3. Performance properties of the DP finished cot-
ton fabrics treated by 6.5% BTCA and a mixed
system of DCY and SHP. Total mole ratio of
two compounds vs, BTCA was 1: 1.

@ retention of tearing strength, Il retention of
breaking load, A retention of Stoll flex abra-
sion, O CWRA, V DP rating.

—917—




114

green. For an individual dye, all three factors (Gray
scale, 4E and relative K/S) were in good agreement
in terms of differentiating shade changes.

We also examined mixed catalyst systems of
SHP and carbodiimide. The fabrics were treated by

6.5% BTCA in the presence of mixture of SHP and -

DCY, as shown in Fig. 3. With increasing amounts
of SHP concentration in the mixed systems WRAs
and DP ratings were slightly improved. On the
other hand, retention of SFA resistance decreased
and 11.49%,
retentions of breaking load and tearing strength

continuously between 52% while
were only marginally decreased. The same trend
was observed with other nonphosphorus catalysts
such as imidazole and mono or disodium salts of
dicarboxylic acids**'2,

IV. CONCLUSIONS

Carbodiimide compounds such as cyanamide,
dicyandiamide, and disodium cyanamide have been
examined in the DP finishing of cotton with
polycarboxylic acid. Cyanamide was tended to be
slightly less effective than two other compounds. In
addition, DCY and DSC are also preferred catalysts
due to toxicity and storage problems of CY. Addi-
tion of small amounts of ammonia can enhance
retention of SFA resistance of the treated fabrics,
probably due to the pH effect. The bath pH must be
controlled precisely to obtain desirable smooth
drying appearance as well as retentions of
mechanical strength and whiteness of the treated
fabrics. These carbodiimides generally caused less
shade changes for the fabrics dyed by selective
sulfur dyes. The treated fabric showed durability of
the finishes when washed by home laundering
" process.

The use cf these carbodiimides in the presence of
BTCA can produce smooth drying cotton fabrics by
“environmentally-friendly” nonformaldehyde-non-
phosphorus DP finishing treatment.
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