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Abstract— In this research, we investigated hydrolysis of the ester crosslinking on cotton fabric treated
with polymer of maleic acid(PMA), citric acid(CA)and combination of polymer of maleic acid and citric acid
using Fourier transform infrared spectroscophy.

The rate of hydrolysis of the ester crosslinkage increased with pH regardless of the type of
polycarboxylic acid used and even after hydrolysis for 256 hour in pH 13.4 solution, the treated fabric
retained 10-20% ester crosslinkage. The durability to alkaline hydrolysis of the ester crosslinkage formed
by CA was lower than that of by PMA and combination of poly(maleic acid) and citric acid indicating that
the ester formed by CA on the cotton fabric is more susceptible to hydrolysis than that formed by PMA
and combination of PMA and CA. The total amount of ester and polycarboxylic acid molecules removed
from fabric increased with increasing hydrolysis time but the rate of hydrolysis of ester linkage were
higher than that of removal of polycarboxylic acid molecule from the fabric. The characteristic of
hydrolysis of fabric treated with combination of PMA and CA was related with the mixing ratio of PMA
and CA in treating fabric.
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Table 1. The structure and name of the PCA ; band intensity ratio of the finished cotton fabrics with PCA

poly(maleic acid)

citric acid (CA) (PMA) CA+PMA
Structure and name (’:OOH HOOC COOH
of the PCA HOOC—CH,—C—CH,—COOH | | co-polymer
, Fcu—cn, |
OH
carbonyl of carboxylic 0.77 0.75 0.78
acid and ester
Carboxylate carbonyl 0.72 0.78 0.73
absorbance
Ester carbonyl band 0.56 0.46 0.51
absorbance
Carbony! band 0.78 0.59 0.70

intensity(ester/carboxyl)
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Fig. 1. Inrared spectrum of cotton fabric finished
with CA and then treated with an 0.1M
NaOH.

136 / mBEYta in TEEEE 174 H35E2005. 6)

*J%’rﬂl*ﬂ 0.94% =& carbonyl
7 2 e AT 339
:}. Fig. 1S CAS] X2 ZE 0.1M NaOH L8] 4]
287 AeE)stal F4E3 carboxylE carboxylate
anions 2.2 W 3}A|A ester carboxyl bandE carboxyl
carbonyl bandol| A 2| A|Z] F2] FT-IR AHEF
o]t} 1718-17300] Ltelt 3] I &= ester carbonyl
band©] 1L carboxylate carbonyl band= 1573-1585¢]
UelgEd ojd FElE PMAXE 22| ATEYHE
Fshelch

A7 B WREIe) AEHS WA Bo
OH$} 713-A| 2] COOH7] Atolol FAJE ofAH
Fake] ol meh el ol waby i
EHE T FT-IR spectrao] e carbonyl
band 7+ 2] WHELZ A PCA of 23t o AE7] A
o) 7heiisl HEE elste] BAzt 7hne) UT
48 mhebgt 2= 9ltk. wekA PCA ZFREE 7H
Hal3lo] 1721-1728cm-"of| VFERL}E ester carbonyl
band®] W3S SO =N PCAY YF4E F
E¢ % ek

of 2] pH glol A 71Rahe] A7HE Pelatod
PMA % CA 7}ZX9] ester carbonyl @] 7} = ¥ 3}
€ HE3 A& Fg 2, 33 &t Fig 2, 39 9
31 PMA 2 CAX 2] 2] ester carbonyl®] ZEH
3he pHell TAglo] 7heEsl Alzto] F7h=H A
2] Z 9} ester carbonyl 2] = Z4F 1 Qe

Fate] 27100 eser carbomyle] ZE7} B LA
8] AT A7kl BTSHE 7R Al
700l g Hage stk R 27, eter



Poly(maleic acid)/Citric Acid &% A gl®H X 2] Ester 7t w A 9] 7p5H8 19

carbonyl 8] 7= 0] 43 i 7HE Eof Bl
& L35 £A 39 ester carbonyl 9] 7}E 37}
Hlo)7| & k3 FhpEa] Ajxto] A=W HE
£ SAst= 2258 4= Qe AlAE7| ol A
Ao g Zo|lg7] fEe Aer Azt
2]3 PMA 9 CAX2|3E9] ester carbonyl 7=
H3k= pHol| wet ZpolE Holx §lrt pH7} 109
|H M THFEE 7ieRE AHS s PMA 9
CA9] HJA| o] WE Zpo]7} glo] ¥|x3t AHE
Holi glo] 19647 7R3 E st PMA ¥
CAX 8] 3EoJ A ester carbonyl == 70% ==
fFA7F B ALz yeigth 28y 7keEe &
Ao pH7T =2 A9 7HEAIY] F5el ©E Ao
£ 34 Jebgth pH 1094 = A9 w3t A3}
£ EJAT pH 110} gH o= 7tEsfstH
PMA A2 29| 79 7}4=E 8|7t 196470} HH
ester carbonyl®] = 50% Y == FA|7F H AT
CAA g Lo A= 30%8 =7t fAEch 183 7}
83l 8§H49f pH 120]4}0] HH PMA Xz2] Zo
A 7HES) AlREe Bae] o HErt v
A A8 A AT CAXE EQ] A%, 7R}
27] QAN A ester carbonyl 9] ZF=7} F43] 7
25ty 7HEET} 71 Ll 9] ester carbonyl 9] 7
59| 10%2 BolAT 7}Ea) Alzto] Z7tsllE
T o]ArY] ester carbonyl Ay §lgich
727t 71 A 9 ester carbonyl &) 7% 7}
10%2 FA == AL o] Aejollx WA Eof £
Sk A AE7= HAES £ A8 g 7k
Ad o2E7] Afolely] B ded] AER
S 20 AR Y MFARAY AR A%
Hrt. ogjgt A4S PMA X ZojAE 7423
A|Zko] 7 3}= o] ester carbonyl®] ZF7t WA
H UehE| ) e debR e s CAR ] 2o
H|3}e] PMA 7+82 9| o AE7] Ao YF4L
PMAQ] BARZE F29] QI Ao) 7|R1ske AR
AZFET}. Yang”ol ©J3}w PCAZF Mg g o 20)
o &87] A% 517 918ke] acid7F 7ML =
COOH7|®] HA gjife] FEo A4S ¥
g3t o GAA o] FUATE AER e
OH%} A%S 3he 208 d2A Slth PMA A7
Iz AT A hgE neie RaE9)
SIS F3HAT CA9] F$ 3749 AR
COOHE:= MY E ne|33HES 45|71 ol”

ATkt CAZE 7R3 Q= OH7 |} ofste] AE2
o200 B Amdttel Y57 EoS 4
7o},

3t 1578cm o] LpER band: Y o]
carboxylate 2] carbonyl©] NaOHA| 2] 2 218} car-
boxylate 2 HBE HOoE MER A0} o AEY
A sHAl YL Y= carbonyl 24 w[¥-2-H 7}
FIA 2 Azt

10
——f—pmo.o;
—=—pH 109 |

= 08 —8—pH 113 |

5 —%—pH 127

2 i‘

Sz 08

R

RS

28 04

o«

(]

@

@ 02

Q

jol

a

00 ; :
0 50 100 150 200

Exposure time (hr)

Fig. 2. Decrease of ester carbonyl absorbance of
cotton fabric treated with PMA and hydro-
lyzed in different pH solution at 70°C.
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Fig. 3. Decrease of ester carbonyl absorbance of
cotton fabric treated with CA and hydro-
lyzed in different pH solution at 70°C.
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Fig. 4. Decrease of ester carbonyl and carboxylate
absorbance of cotton fabric treated with CA
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solution at 70C.
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Fig. 5. Infrared spectra overlapped of cotton fabric
finished with PMA(A) and CA(B) and
hydrolyzed in NasPO, solution at 70°C for
different times.
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Fig. 8. Decrease of total carbonyl absorbanceof
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and hydrolyzed in 2% NaOH solution.

140 [ SEE M TESE H17E H35E2005. 6)

Ztuel ey

PMAL G342 Zo)x PMARAL 7t F4E9]
27t AL FAshe o o] FEEEY A2
712 Qldle] §EAJo] H&ste] AER A2 OH
o A7 A g7 wj2e) EA 7tnAR
Ao mgAdo] WoXick 181 CA: AR +
Z7} 7t A R 584 0] -2 butanetetracarboxylic
acidBTCA)S} 8|23t t22 7HX| 3 AR CA
Q= OHe oJ5le] HA| MEZ 2 A0 OHol H
81717} €A gk PMAS CAS S35 o 7
ZA)7} Zro] @A2lpyol A FAH PMAS] & 3}
S22 AEEo] CAY FFAT &t oA
7] 98-8 slof 47)9) 712 EA7E 7HAA E o
BICAS}H §-A13E 27t FAdH| 7taAzA $2
AFPE 7hA g

Q 0 CH,—COOH
én-g CH—cooH | |
\ : CH—C—Q—C—COOH
| 30 + HO—C—COOH I
CH—C g CH,—COOH
o CH,—COOH CH--COOH
0 |
PMA CA

2 Ao hE B2 o]o] £ PMA [CA7}
o] SRl that TS AEstch o
X AEE PMA 9 CA ©5 7}g X9 5 =
oA E%F PMA/CA(1:1)7}-E 3£.9] ester carbonyl
of 7= WSS ARG Ft Fg o9t Pk £
PMA/CAX E] Z9] ester carbonyl®] = HE =
PMA % CA BE 72 ZrkFg 239 §4
8 AES Bt pHoll ARl 7HeE3l Altel
Z71E)w A7 X2 ester carbonyl®] 7HE= ZrAsH
I 9l d 7hgE8] 27)ol ester carbonyl®] ¢
£o} wmd G4 gastAw Alzo] Azetd
7} Ba) A7l mhE FAR-S At pHYL 10
ol goiof| A XS ZheRE AlRE de A2
Z o A] ester carbonyl ZFEE 0% == FA7H
He A& vy

pH11¢l §H o2 7}H3tH &7 PMA/CA
A oA 7AEINAIZE 196417E0] EH ester
carbonyl@] == 60%P = FA7F HIL pH 12



Poly(maleic acid)/Citric Acid ¥ A 2™ ¥ o] Ester 7t AT 7t il 23

olAto] =W Y o) ester band = 20% W =7F
827} Ak o]d b= PMAA ] o H|s}
of o2 E7] Agte] WA HolA ARt CA A2 £
o wjdtels FL WolTh

carbonyl band 1721 ~1728cm o] LFERE ester
carbonyl band= HA-4-9] cellulose2t PCAZt] &
e GeATol 95t o AE 7|9 cellulose2}2] £
Zzk 7he) ojgt ojAE7) AghE BA vEhd A
o2 wadd AAHE B M dEE Y
g Agtdol qlch'” whebA carbonyl band
intensity ratio(ester/carboxylate) 7} 238 EA1t
w548 2 4¥sts 847 2 4 o

Fig. 102 PMA, CA, 183 PMA+CA (LD)E
7453 AEE pH 27904 7HeREE § 72
) ester carbonyl band®} carbonyl band intensity
ratio 2] W3S 7 Vebd Aelth PMA, CA 1
21 PMA+CA (L1)7HE-E) 3ol 7H-E3E 3t
2] 9k U ester/carboxylate ratios= z+z} 0.60,
0.83 283 0.700) g1t} CAj d]5}od PMASY A
carbonyl band intensity ratio7t 2 AL 7HEE
23 7HEA S ol |t ol 2E7] Zol
Hth= Ao 2 o]k PMATL 7HEEOA AT =
PR B e S5 AT BES FHFCE
RAEZ o0 AW 4 Yk F0] E157) W
Eog y7tErh

PMA©| CAS Z§3H5S 1 ester carbonyl band
9} carbonyl band intensity ratio®] Z-> PMA, CA
o] ©E sfpzo) ge) Z7tos Uk Ty

Decrease of ester carbonyl
absorbace

4} 20 100 150 20
Exposure time {(hr)

Fig. 9. Decrease of ester carbonyl absorbance of
cotton fabric treated with PMA+CA (1:1)
and hydrolyzed in different pH solution at
70C.
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Fig. 10. Decrease of ester carbonyl absorbance and
carbonyl band intensity ratio of cotton
fabric treated with PMA, CA and PMA+
CA(1:1) and hydrolyzed in pH 12.7
solution at 70°C.
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Fig. 11. Decrease of ester carbonyl absorbance and
carbonyl band intensity ratio of cotton
fabric treated with PMA+CA(1:1, 1:3, 3:1)
and hydrolyzed in 1% NasPO, solution at
70C. -
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