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Abstract—PTCA(1,2,3-propanetricarboxylic acid) and BTCA(1,2,34-butanetetracarboxylic acid) are selec-
ted as new nonformaldehyde agents for ester crosslinking of cotton cellulose to replace the traditional
DMDHEU reagent. A goal of this research is to propose unknown ester mechanism of cotton cellulose
by PTCA or BTCA using crystal structure model suggested by Meyer and Takahashi. In pursuit of these
goals, we have treated 100% cotton broad cloth with PTCA or BTCA and different catalysts. They were
used with NaH,PO,, NaH,PO,, Na,HPO,, NaH,PO., Na;PO,, catalysts to produce nonformaldehyde fabric
finishes.

Treatments were applied to all cotton fabrics using a pad-dry -cure process. The esterfication of cotton
treated with BTCA or PTCA was investigated using Fourier transform infrared(FT-IR) spectra and the
breaking strength, abrasion retention and discoloration properties were determined to prove the durable
finished fabrics. Patterns with respect to abrasion resistance were more complex. Because PTCA and
BTCA add-ons were comparable, the data suggest that the more effective catalysts, NaH,PO, and mixed
phosphate(NaH,PO,/NaH,PO,) are effecting either a great number of crosslinks in the cotton or producing

crosslinks that differ in actual structure.
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Fig. 1 Projections of cellulose unit cell.
(a) c-a plane, (b) a-b plane.

Table 1. Unit cell parameters of crystal cellu-

lose
. Parameters
ame
a® b @ @ B
Mey.er & 8.2 79 10.3 84
Misch
Takahashi & 8.34 771 10.37 97.6
Matsunaga
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Fig. 2 Hydrogen-bonding networks in cellu-

lose chains. (a) corner, (b) center.
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Fig. 3 The following illustration of ester-
linkage mechanism between BTCA

and cotton cellulose with phosphate.
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Table 2. Construction characteristics of cotton fabrics

Fabrics Density Fabric Wrinkle
weight, recovery angle,
No Finish ends/in. picks/in. g/m (W+F)
1 Grey 138 82 12.6 202
2 Vat* dyed 146 82 134 -
sodium hydroxide, hydrochloric acid, sodium Table 37+ 2tk

dodecyl sulfate, Triton X-100 52} L& Aloke A)5
£ ¥ 15 A3

*Structural formula of vat dye
(C. L. VAT GREEN 1) :

O O
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Table 3. Compositions of finishing solutions with the different phosphates

Sa{\? ple Catalysts gflg(egerrcaet;ﬁ pH
0 catalysts BTCA PTCA
A NaH,PO, 2.64 2.26 245
NaH,PO,/NaH,PO; 1:1 252 2.70
C NaH,PO./NaH.PO, 2.1 242 261
D NaH,PO./NaH,PO, 1:2 2,58 2.76
E NaH,PO, 3.60 264 2.81
F Na,HPO, 4.35 3.84 421
G Na;PO, 5.61 4.94 5.50
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B)NaH.PO»/NaH,PO,(1: 1), C)NaH,
PO;NaH,PO.,(2: 1), D)NaH.PO,/
NaH.PO,(1: 2), E)NaH,PO,, F)Na,
HPO., G) Na.PO,.

Elongation retention( %t

D
Phosphates

Fig. 11 Tensile-strength and elongation reten-

tion* of cotton fabrics treated with
PTCA or BTCA and the different
phosphate solutions : A)NaH,PO,,
B)NaH,PO,/NaH,PO,(1 : 1), C)NaH
»PO./NaH,PO.,(2 : 1), D)NaH,PO,/
NaH,PO,(1 : 2), E)NaH,PO,, F)Na.
HPO,, G)Na,PO..
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717} ol =6 23} 3k}, BTCAE 4719] 7t25-2 7] wW3lE JeERH, Aax HA(4)H =4 (—)9
o)ste] o2:¥ 23} szt o]F BTCAE oladH= WME2 AbL SA(+)T HA(—)o WaEs 7zt
7tnE F938 zlejmg BTCA7F PTCARTH ¢ L}E}ﬂb}.

Fg WFEEE 7HE Aolth vat@ ) WZHE2 PTCASH BTCAZVEAIAM w5

Table 4. Color difference values of the vat dyed cotton fabrics treated with BTCA or PTCA,
with the different catalysts. The catalysts of the finishing solutions : A) NaH,PO,,
B)NaH,PO./NaH,PO,.(1 : 1), C)NaH,PO/NaH,PO.(2 : 1), D)NaH,PO,/NaH,PO,(1 : 2),
E)NaH,PO,, F)Na, HPO,, G)Na,PO,

" Color difference values

No AL Aa Db AE NBS
BA PA BA PA BA PA BA PA BA PA
A —329 —391 -—-274 —15 0.60 1.02 4.32 4.33 4.4 4.4
B —361 —404 —274 —164 0.60 1.02 4.57 4.48 4.6 44
C —381 —389 —234 —274 0.77 1.02 4.54 4.87 4.5 4.8
D —-360 —399 —274 —153 0.77 0.81 4.59 4.35 4.6 44
E -390 —391 —234 -—2863 0.80 0.93 4.62 4.80 4.7 4.8
F —377 —402 —155 —155 0.80 0.91 4.15 4.40 4.2 4.6
G —377 —425 -~254 —155 0.89 0.91 4.63 461 4.7 4.8
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(B)

Fig. 14 Scanning electron micrographs( X 5000) of cotton fibers :
PTCA, C) weated 0.25M BTCA.

(C)

A) untreated, B) treated 0.25M
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