Journal of the Korean Society of Dyers and Finishers
Vol. 15, No. 4, pp.24~ 31(2003. 8)

CHH5EER =C E T )

polycarboxylic acid A2 ¥2] Ester 7}l Aste] 7&a)] (1)

1 —
AREREE

et Aazsteet o F
(2003. 4. 15. Z472003. 6. 12. A

Hydrolysis of the Ester Crosslinking on Cotton Fabric Treated with
Polycarboxylic Acid( I)

'In-sook Kang and Hyun-sook Bae

Dept. of Clothing & Textiles , Chang-won National University
(Received April 15, 2003/Accepted June 12, 2003)

Abstract —In this research, we applied FT-IR spectroscopy to study the hydrolysis of the ester-crosslinking
formed by various polycarboxylic acids on the cotton fabric. We observed the following; (1) the ester-
crosslinking is less durable to hydrolysis than ether-crosslinking under all conditions; (2) the ester-crosslinking
formed by polycarboxylic acids having more than three carboxyl groups, such as butanetetracarboxylic acid
(BTCA), are substantially more durable to hydrolysis than the acids having two or three carboxyl groups, such
as maleic and citric acid; (3) alkaline conditions drastically accelerate the hydrolysis of both urea- and
ester-crosslinking; and (4) the ester-crosslinking formed by poly(maleic acid) is more resistant to hydrolysis at
alkaline conditions than BTCA. (5) polycarboxylic acid molecules were removed from the fabric at same rate
as the hydrolysis of the ester linkage. FT-IR spectroscopy has proved to be a useful analytical technique for
evaluating the hydrolysis of the crosslinked cotton fabric.
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Fig. 2. Phtoacoustic infrared spectra of cotton
fabric finished with DMHDEU.
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Fig. 3. Decrease of carbonyl band absorbance of
cotton fabric treated with DMDHEU and hy-
drolyzed in different solution at 70 C.
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Fig. 3. Phtoacoustic infrared spectra of cotton
fabric finished with polycarboxylic acid (A)
MA, (B)CA, (OBTCA, (D)PMA.
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Fig. 4. Decrease of ester carbonyl band
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catboxylic acid and hydrolyzed in deionized
water at 70 .

Table 1. The structure and name of the polycarboxylic acids ; carbonyl band intensity and carbonyl band
intensity ratio of the finished cotton fabrics with polycarboxylic acid

Structure and name of Carboxylate Ester carbonyl band Carbonyl band
the polycarboxylic acids carbonyl absorbance absorbance intensity(ester/carboxyl)

HOOC COOH
AN P
C=C
/ b
H H
maleic acid (MA)

0.71

0.49 0.70

COOH
HOOC—CH,—C—CH,—COOH
o
citric acid (CA)

0.72

0.56 0.78

HOOC (if()() H
I
HOOC—CH,—CH—CH—CH,—COOH 0.81
1,2,3,4-butanetetracarboxylic acid (BTCA)

0.60 0.74

HOOC  COOH

.
Fou—cn. 0.78

poly(maleic acid)(PMA)

0.46 0.59

J. of the Korean Soc. of Dyers and Finishers, Vol. 15, No. 4(2003. 8) / 227



28 % -

DMDHEU
(Decrease of Carbonyl Band Absorbance)

Decrease of Ester
Carbonyl Band Absorbance

=)
[N}

.
50 100 150 200
Exposure time (hr)

o

Fig. 5. Decrease of ester carbonyl band ab -
sorbance of cotton fabric treated with carboxylic
acid and hydrolyzed in 0.5% detergent solution
at 70 C

DMDHEU
\ [ (Decrease of Carbonyl Band Absorbance)

Decrease of Ester
Carbonyl Band Absorbance

—

200

100
Exposure time (hr)

0 50 150

Fig. 6. Decrease of ester carbonyl band ab -
sorbance of cotton fabric treated with carboxylic
acid and hydrolyzed in 1% Na PO, solution at
70T
Aol Hlgto] AA 3] Skokek

oleig A¥> pH7F =2 &elA poly -
carboxylic acid®} DMDHEU ZFe] z}o]7} 4lgct
ey A kel S Fskel B ow poly-
carboxylic acid ¢} DMDHEU &] WF-dol= Ao 7}
ST}, Fig 4, 5914 polycatboxylic acid & 7}3-3+ H
o] gollo] =Zg Z7|E 23]z DMDHEU
7heszol wlgto]l ulgdo] ESkth ol poly-
carboxylic acid= 71338+ M¥i= ester carbonyl7]&
carboxyl carbonyl 2RE Bg37] 98k 0.1M
NaOH §<fe = xjejed vf v2] n|9-g- polycar-
boxylic acid7} vzt AIAF AT DMDHEU 7}
T E= 1 Il AT wiEel A A4

[
2Rl &oletar Azbe T

go] FfFel w2 &¥+= DMDHEU 739
7o}l FASHA polycarboxylic acide] FFoll &
Aol &) pH7t S7VETF ester 2] 717
S ST 1elvh &oo] uige] w

228 / #BTEN TEEE £ 158 24512003, 8)

Az

2} polycarboxylic acid®] ester Z39] 7Hri-3l= &
TAE AR A7 Y SR BTCA,
CA=PMA, MA 02 A|NoXl BTCA, PMA,
CA=MA =02 I12]3l Na;pO, £Nol|A 5047+
7HA] PMA, BTCA, MA, CA o2 74313tk
A2 BTCASE PMAZL Wl 0] Sl WHAE CA,
MAS] Y742 FE3klt
ZHTolA  polycarboxylic acid7} 7}
COOH 7H<rel w2 a3yl F=24 CooH 2| 78
= 4, 3, 29] 4421 BTCA, CA, PMA, MA ¢] =2
2 ester carbonyl band 2] =7} o] E°] COOH2]
NF7} BETF 7Y ester A TS
AR A ZPAE 22020 Aldel A 7123
9] carbonyl band gL 40 ~70% =7 HA
Aqk Z1 Foll A BTCAS] 7o) 7P Wt
HH MAS] ester 239 WA Aod| vg)
o] MA9] polymer?] PMA 9] U742 twts] £
o], 53] &9 pH7l F7FES PMAS W74
2 T2 polycarboxylic acidoll ®]s}le] thets] 94
31T NasPO, 8-llo| A 7hpdsl Alzte] 504]17F 73
sl PMAE A 9|8kl BE polycarboxylic acid &=
Hl=sk A5 Z2HA H=d) o] =& 0A1ZL o]
7} HH WA E EASE ester?] AjtEO] 5%
2 A7) wjifel g5zt wiEH o] glojzl Folgt A
ZFE e}, ol 25} ester AT esterol] 23 #-
A 7] B ges] AEE A9 A
o] &= polycarboxylic acid AL ROz Az}
HT} ester carbonyl band2] =7t %712 20% A
521 A9 o 7l 2 5 JEAE ERIs]
$3te] 70°C, 2% NaOH (pH 13.4)° 4 CA, BTCA,
PMA 7}FE3EE 256 AR ZHEEIsk] RESheE
+S AESIAFEe. 7)

=3

ester carbonyl

Decrease of Carbonyl of

Decrease of Ester
Carbonyl Band Absorbance
Carboxylic Acid and Ester

0 30 60 90

120 150 180 210 240
Hydrolysis time (hr)

Fig. 12. Decrease of ester carbonyl, and
carboxylic acid and ester absorbance of cotton
fabric treated with carboxylic acid and hy-
drolyzed in 2% NaOH solution at 70C.



polycarhoxylic acid X2/ E2] Ester 7t A e 783 (1) 29

o]Foll A PMAY] ester A%t Ao 7P =
Sk=dl PMAS] 79 ester carbonyl & 7Ha7t Ald
&gt 12k CA%F BTCA S A 7HrE3l
Akl 60AIZE AEetH JEaalE o s
2} polycarboxylic acid 71830l FHESHE ester
carbonyl 2 435}l wElA polycarboxylic acid
2 7FEsE Xolli= o o] ZhEEEl7E K aE v et
%= B AAE] ester carbonyl-> AT Fo

2 Kotk

33 Bster 7}al A3Fe] 7hiEEl ¢} polycarboxylic
acid @ -2

polycarboxylic acid® WA= ester3} A 7S
HAZ| EASH=  catbonyl®] FHeEl= -COO-,
-COOH-, 71]aL €00 " 9] 37pAo|th 73
g Al 7FE e EASHE carbonyl 9] FFell w}
£ HstE Felslr] 98ke] polycarboxylic acid 7}
XS R 3 % 0IN HAS A sk
1580 ~1588cm ' o] Q)= carboxylate anionS 1721~
1728cm™ ol ZHAATL FHg 8 PMA g ¥
3 AF] IR spectra ©|th wWEbA 1721~
1728cm™ €] bandi= carboxylic acid 9} ester o 31
Z carbonyle YEFAT Fg 8 BY (C) carboxylic
acid®} esterol] = # carbonyl = Fig. 8 9] A 2] (a)
o] LEPd ester carbonyl 7} Fig. 72 LE%3} 37
H| w5 TE Fg. 8ol REW ploycarboxylic acid?]
THol  FAIGIO]l ester carbonyl band FFAe}
carboxylic acid®} ester ZAFS A dEld A
carbonyl band ©] FAE ZhEEE] AlRFe] A el
2 A FASA|TE polycarboxylic acid 7F 2}
o]7} it} BTCAS 7% ester carbonyl band ©] 7}
27} carboxylic acid®} esterE ¥t carbonyl®]
gl Wl A4 Gk ole FAHE A
of vzl 7hgAlel oJal 7k A ester©] Aol
WA 8588 olulath et} PMA ShCA o 7
- F carbonyl 7+e] 7HAEo] FALEH o]+ ester
Aol 7hEalet Aol ATt AzollA fr
A7) wEolth

carbonyl band 1721 ~1728cm o LFERS  ester
carbonyl band= TA3-f-2] cellulese £} polycarboxylic
acid7tol HAE @A ol 93 ester & cellulose
oFo] FARE Zhael o3k ester AS A LbE}
W Zom WA AdYe AR Tha A
yehli=d] Algte] e, webA] carbonyl band
intensity ratio(ester/carboxylate)”} 2.8]# &1t 7}

(b)

Ve

o)

Absorbance

(c)

4000 3000 2000 1000
Wavenumbers(cm-1)

(a) ester carbonyl band
(1718~-1730)

(b) carboxylate carbonyl band
(1573~1585)

(c) carbonyl of carboxylic acid
and ester (1721-1728)

Fig. 13. Infrared spectra of cotton fabric treated
with PMA. (A)treated with an 0.1IM NaOH
(B)treated with an 0.IM HCl (C)carbonyl of
carboxylic acid and ester.

wel EAS F Ayele @97 9 5tk

Fig. 9, 102 U704 xtel7l B2 BTCA<}
MA 7}eXEE B8t SH59 NaOH -&-<fellA]
723l st 5 ester carbonyl band @} carbonyl band
intensity ratioS 37 YERA Zo|t) Fig 94 7}
FEE Z7]9] YA carboxylate carbonylol] H]s}
ester carbonyl®] H|&o] Frtsle AL 8T
VR e AESIE W g =EEH K-
2zl Q)& polycarboxylic acid”} ©gtE o] Aol
A O = ester carbonyle] YA|Ho R H7] wlEdl
Aoz AZtET) 22} Fg. 10914 ester A3
7kl 559 JgEERE Oy ave 3
HA| eFskeh

7hesl a4 F79 NaOH 8-l
A ester carbonyl @} carbonyl band intensity ratio A}
ool ztol7b AATE FFolA ester 7FL AT
77 A= X RE HEgE carbonyl band in -
tensity ratio’= A A13] HAslal Utk wpEhA o]
ester 7F9] 71387} polycarboxylic acid @] 521
Hoh o] whES on|gith vt ester

J. of the Korean Soc. of Dyers and Finishers, Vol. 15, No. 4(2003. 8) / 229



30 % -

0.9 0.9

—e—BTCA
~-:%-- ......... P el —&—MA 08
e BT 0 BTCA L

S oowa o7

0.6 0.6

0.5 “_.\.E'\'\‘ 05

0.4 0.4

Ester Carbonyl Band
Absorbance
Ester / Carboxylate

Absorbance Ratio

0.3 0.3

0.2

0 20 40 60 80 100 120 140 160 180

Hydrolysis time ()

Fig. 14. Ester carbonyl band absorbance and
carbonyl band intensity ratio of cotton fabric
treated with carboxylic acid and hydrolyzed in
deionized water at 70 C.

Ester Carbonyl Band
Absorbance
Ester / Carboxylate
Absorbance Ratio

L L L s L L L L
0 20 40 60 80 100 120 140 160 180

Hydrolysis time (hr)

Fig. 15. Ester carbonyl band absorbance and
carbonyl band intensity ratio of cotton fabric
treated with carboxylic acid and hydrolyzed in
2% NaOH solution at 70 C

VR 343 Z1dE= NaOH &4 7F
83 20~80A1 7kl A ester/carboxylate ratio 7} &
AH o2 A5Eo] ester®] ZHEEElETE poly-
carboxylic acid®] 20°] ¥ B2 Fo=Z ERT
743l 20~80A1%F o] ol A ester®] ZHEtEl
O ol z18¥| =] ¢kar 1ol w} F carbonyl 1t
o] HEE YAt

Fig. 73} Hg. 9, 108] A3E F33SHH ester 9] 7}
TR Suks] Y= Al ester A7
7HERa) 7} polycarboxylic acid®] 2ol H]a)
27 YL A7 NaOH &0l A9} o] pH7} =5
of ZlEdl o] wEW estero] 7Rl
polycarboxylic acid o] #2 H|EZ FAld 7

EEL

4. 2 =

Polycarboxylic acid A 2|WHXE9] ester 7}nlZ 3]
FrEdle HEsH] 9iskel MA, CA, BICA

230 / #mBTEn TEEE £ 158 24552003, 8)

ot

2~
=

PMAE 733 WA ES pHY| S oz 7}
FE 5] ester 23] WIS FILIREAORE 7
E3}a, DMDHEU 7}3X9] ether A3} A= H]
w3
L 7FEd] g9 FF/ol BAGO] polycar -
boxylic acidol] 2|3 ester 7}uli= DMDHEU®I
O3k ether 7haulell Bls Wgdo]l A
P
2. carboxyl 717} 370 ©]7321 polycarboxylic acid
o3l FAdE ester 7tul7} 37] ©]3F1 poly -
carboxylic acidell ]3]l FJH ester 7FnlHTh
WAl EUAINE pHYE =2 fddA =
PMA7} 9.3]2 BTCA 9| Hldllester ZA32] U
Tl ¥ Fdth
3. polycarboxylic acid & 5ol LAl 75
3 gHo] pH7} =T Fester 239 717
el FEe] APHJAL, AESh=ester A
tepol 2719 10~20% A%k A o o
A eser] 1R oA et
4 pH7F 2 Bl eser 2T 5o
polycarboxylic acid & frAe] 22 vlE&E=Z 2
YA AHoez pHF w2 S
ester A39] 71237} polycarboxylic acid ]
S} W)

e 2

o] =2 2001 A% FAdstal AtH]e] <Jst
o] A55AE-

oo Me

ol

A=l

1. Laemmermann. D., New Possibilities for
Non-Formaldehyde Finishing of Cellulosic Fibers.
Melliand Textilber. 3, 274 ~279(1992).

Welch, C. M., Formaldehyde-Free durable Press

Finishes. Rev. Prog. Color. 22, 3241 (1992).

3. Welch, C. M., Formaldehyde-Free DP Finishing
with polycarboxylic acids. Am. Dyest. Rep. 84
(2). 19~26, 132(1994).

4. Yang, C. Q., Infrared Spectroscopy Studies of
the Effects of Catalyst on the Ester Crosslinking
of Cotton Cellulose by polycarboxylic acids, J.
Appl. Plym. Sci. 50, 2047 ~2053(1993).

5. Yang, C. Q., Infrared Spectroscopy Studies of
the Cyclic Anhydride as the Intermediate for the

(S



X

polycarboxylic acid *2|H X

Ester Crosslinking of Cotton Cellulose by
Polycarboxylic Acod, I: Identification of the
Cyclic Anhydride Inetermediate, J. Appl. Plym.
Sci. Pilym. Chem. Ed. 31, 1187 ~1193.

. Welch, C. M, Tetracarboxylic Acids as
Formaldehyde-free  Durable Press  Finishing
Agents, Textile Fes. J. 58, 480~486(1988).

N. M, and Adrews, B. A. K.
Determination of polycarboxylic acids on Cotton
Fabric by FT-IR Spectroscopy. Textile Chem.
Color. 26(2), 19~23(1994).

. Morris, N. M., Catalano. E.A. and Andrews, B.
A. K, FT-IR Dtermination of Degree of
Crosslinkong ~ polycarboxylic acid ~ Cross-link
Finishing of Cotton Cellulose 2, 31 ~39(1995).

. Yang, C. Q., characterizing the FEster Cross-
linkages of Cotton Cellulose with FT-IR Photo-

. Morris,

o] Ester 7t A9 k&3l (1)

10.

11.

31

acoustic Spectroscopy. Textile Res. J. 61, 377 ~
384(1996).

Yang, C. Q., and Bakshi. G., Quantitative
Analysis of the Nonformaldhyde Durable Press
Finish on Cotton Fabric: Acid-Base Titration and
Infrared Spectroscopy. Textile Res. J. 66, 377 ~
384(1996).

Kang, In-Sook and Yang, C. Q., Mechanical
strength of Durable Press Finished Cotton Fabric.
Par 1: FEffects of Acid Degradation and
Crosslinking of Cellulose by polycarboxylic
acids, Textile Res. J. 68, 865 ~870(1998).

Wei, W. and Yang, C. Q., Predicting the Per-
formance of Durable Press Finished Cotton
Fabric with Infrared Spectroscopy, Textile Res. J.
69, 145--161(1999).

J. of the Korean Soc. of Dyers and Finishers, Vol. 15, No. 4(2003. 8) / 231



