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Abstract— Polycarboxylics acids are used as crosslinking agents for cotton cellulose to produce durable finished press cotton
fabric. It has been observed that the strength of the cotton fabric treated with polycarboxylic acids showed significant reduction as
a result of the crosslinking process. The effect of acid-catalyzed depolymerization on the tear strength of cotton fabric is investigated
by evaluating the cotton fabric treated by succinic acid, which does not crosslink cotton cellulose and form little ester on the cotton
fabric. We find that the tear strength of cotton fabric treated with succinic acid decreases at elevated temperature due to
acid-catalyzed depolymerization of cellulose. The magnitude of fabric strength reduction increases as the acid concentration increases.
At a constant acid concentration, it increases as the curing temperature and time increases. It decreases as the pH of the acid solution
increases. We also find that the dissociation constant of an acid also has a significant effect on the fabric strength reduction. The
magnitude of fabric tear strength reduction increases as the acid dissociation constant decreases.
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Table 1. The structure, anhydride intermediate and molecular weight of the succinic acid, and ester carbonyl band

intensity finished cotton fabrics with succinic acid
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Structure . . . -1
intermediate weight band (cm)
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S o 118 1728
H2C‘7‘ﬁ
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Fig. 1. Winkle recovery angle and ester carbonyl band

intensity of cotton treated with SUA or BTCA and

NaHPO. at different temperature for 2 min.
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Fig. 2. Concentration of SUA on fabric and ester
carbonyl band intensity of cotton treated with SUA
and NaH:PO. at different temperature for 2 min.
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Fig. 3. Tear and tensile strength retention of cotton
treated with SUA and NaHPO, at different tem-—
perature for 2 min.
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Fig. 5. Tear and tensile strength retention of cotton
treated with SUA in the absence or presence of
NaH2PO2 at different temperature for 2 min.
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Fig. 6. Tear strength retention of cotton treated with
different SUA contents at 180°C for 2 min.

100
<
= 80
°
5
= 60
o
e
> 40
c
o —O—warp
) 20 + —A— filling
©
(0]
'_
O 1 1
22 25 35 45
pH

Fig. 7. Tear strength retention of cotton treated with
SUA with different pH at 180°C for 2 min.

polycarboxylic acid* 2] A] A8& 4=~ 9l= pH ¥
9101 22-4.58 pHE W3FA| 7|1 180T ol 4] 25.7¢
dAgsto] JAIF=E FET Ay Fig 73 &
ok pH7} F716tH JEHE HEE] F7tste
o, pH ¥3}of| W AEH =2 HSpE2 thE A
gz vlsto] Witk 283 oE X =da
7R = BAREEEY] AER =T ARl
H|5lo] pHO| #Aglo] RFhrt.
3.3 SUAXZ|EQe| elgXdr X5} ¢l
3.31 d&235 &1}
DP7}5of Qlol @3+ 7}?—11]9} @%ﬁi/\
o] BAZ RS FAeA she

39 shol7] miEel Lol A=

J. of the Korean Soc. of Dyers and Finishers, Vol. 21, No. 3 | 5 |



100 il
E\i 80
c
2
= 60
3
[}
x
< 40
o ——}—— tear, warp
5 —N— tear, filling
g 20 r - -M- - - tensile, warp
- -A- - - tensile, filling
0 1 1 1 1 1 1

140 150 160 170 180 190 200 210

Curing Temperature(T)

Fig. 8. Tear and tensile strength retention of cotton
fabric cured at different temperature for 2 min.

< 9T 5 gl FHolnth. o] AT BN F
L9 FFol wat Apo|7F AR FE=A s A
< Rk

wEtx DP7FEZO] A5k aclow 7H4
HA A= 2o ik GEsiddo] 7|23
2 t}FojAof gt} Fig. 81} 9+ succinic acid?]
g zo A7 2= 9 A Azt & A4
A 9 JAAFEE AES Aot EA2=
2 AZbo| T2 1A R A= A uf¢
FABHAIRE =t RIS =Y] E & o
£ Ant Aok Ach. AR A 2A
2ewst w3, Azl Aol et B 9lAt
WEFel e £ A9 AR JAEHFE=S H
+ A&7 170 Colidolar AHEA|Tte] 28-S
205t Fesdo] el EAREE W

wfeh Zol7} Glof AAY G ulste] St

o

o
fel

ool

332 HEL0 ME ExXt2t tmsnt
dutd oz DP7IEEY ZFEAFE 7HEAI9}
AERo 2 7ho) FAH ] WA FAL 7HA
oL BEAZ 7tue} g ZAA THEIAE Al
gt Hafj7} 29108 YZhE T YA o5 ¢
9l EHA oz uobstr|rt 44 ¥t} succinic
acide 2719 7t22A7)E 7HAL 9, EFHE
A7letE 140CHES] 2= A= AER2 @ A0}
ester 7k 2SS AT FujE HUlSHA] &2 4
o dAHTE 200CHHE AEZ S A} ester
HmATE A9 SHA gtk wehd SUA X9

A EEE7} o5 defstel AGYEE AES

|6 | 74 733ts] 4] A 214 A 3%

100

(0]
o
T

o)}
o
T

A
o
T

—— tensile, warp
—A— tensile, filling
—IL1}— tear, warp
—/\— tear, filling

0 i i i i i
05 1 15 2 3 4
Curing Time(min.)
Fig. 9. Tear and tensile strength retention of cotton
fabric cured at 180°C for different time periods.

N
o
T

Strength Retention(%)

H succinic acid®] 2| Z 2] ZFrE=A|3}F2] oA Al
E2020 7HEAITE F4E BARE 7k 81lo]
A Adeel 2R Aelo] B4 4 9]
gjgo] ZEASle] 29 RHo] wr} Bes o
& 9le Aoz AziEr.

polycarboxylic acid2 WA EZ esterd A|HS
o] HAEof| E£A5t= carbonyl®] FH= -COO-,
-COOH-, 183 -C007¢] 37}xjo|t}. ula}A]
polycarboxylic acid7} 525 At} &2 A
¥ IREAS] 98] 7HZEe] ZAJSH= carbonyl
o] FRE dotE & 7] "ol SUAXZE
£ 0.IM NaOH fdo=z A7l F4E7}
carboxyl7] & carboxylate anions©.Z H3S}IA| A
carboxyl carbonyl bandE ester carboxyl bandoj| 4|
BYAAMY H QAL esterBAZE 7t AEE 1}
orstsict.

Fig. 102 6% SUA-Y0| 4% NaH,PO, H7}4]
S gasto] 180TCoA 287 AT 29
ester carboxyl band®] =& ol ZAiylo|t}.

oo &JstH ZHj= A NaH,PO,9] 7} o Fo
wE ester carbonyl band®] ZE Z}ol= Wkt
succinic acidH o] glo] ZujE HrHSHA eke
AL EX 8= W ester carbonyl band 7=
o Wakme Aol gk 2e Zu2 Ariekw
G5 2% 150Col o] AHelewst 2715t
A 7HEAt AER A7 P E= estero] <
e BARE 7k Adol FUbste EAFEE 18
0CoA ZAZt 7turt iz FAHHAT A
ZEH Fig. 5& Fig. 109] 274 SUAX 222

O
2

z

(1o

(]
[*]



0.6

05 r

04

03 r

—— without
—— with

02

01 f o oo

Ester Carbonyl Band Absorbance

O 1 1 1 1 1
140 150 160 170 180 190 200
Curing Temperature(T)

Fig. 10. Ester carbonyl band absorbance of cotton
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Table 2. The name, molecular formula, molecular weight, concentration and ionization constants™®  of

polycarboxylic acid

Name of polycarboxylic Acid Molecular formula Molecular

weight Concentration (w/w) Ionization constants

succinic acid C4HsO,4 118 6% 6.21x10°
malic acid C4H4Os 134 6.9% 3.48x10™
malonic acid C;H,04 104 5.4% 1.92x10°
oxalic acid C:H,0, 90 4.6% 5.60x10>
100
" 160 170 0180 | 4.2 =

&

1

8 & 8

Tear Strength Retention(%)

b

succinic malic malonic oxalic
acid acid acid acid
Polycarboxylic Acid

Fig. 12. Tear strength retention of cotton treated with
polycarboxylic acid at different curing temperature.

o
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eE7} At AdgEe] REge Asdt 3

polycarboxylic acid*]2]Z 9] Q1 E7} =+ succinic
acid, malic acid, malonic acid, oxalic acid &2 &
Z3=7} ZolA, succinic acido]] B]3}4] oxalic acid
o JAEF == EA T 2= wat zfol= YA
NEFEO HEE0] 50% °|st= ofF Rdeh ¢l
B7= 9] A1HE Table 29] AFS| o] 23} o}

succinic acid *2|H3EZ 2] DP7}FA| 242 a3},

Azl Be degE, 127 A=Y A
o falg Bl e e BES A

. SUAE= Euli7} H7tEojof MEZ A%} ester
3o o3t BEx7E 7tnE FAsth SUAXE
WA= Y FARL esterd o] S+
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AT 10-20% =2 BTCAX 2 E2] 20-50%
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2 A 2
HA]71"H 2} polycarboxylic acid*] 2] Z o] Q17 = =
O] EHZL Ao o] 23T E4F FUHEI o] &2 2007d% FHdistw AFu]of 25}
ol Ate] o] 23FTt S4F Al A% BT o qagge
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