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Abstract— A purpose of this research is to prove unknown relation -ship between finish bath pH
and crosslinking. In pursuit of these goals, we have treated 100% cotton broad cloth with PTCA and
BTCA at different pH values. They were used with H,PO,, NaH,PO,, NaH,PO,, Na,HPO,, Na,PO,, catalysts

to produce nonformaldehyde fabric finishes. Treatments were applied to all cotton fabrics using a pad-

dry-cure process. For the fully understood on the relationship of finish bath pH effect and cotton cellulose

esterification, the relative concentrations of chemical species were calculated from ionization constants.

The effect of pH on the cotton cellulose ester was investigated using Fourier transform infrared spectra,

the surface area measurement by BET method and wrinkle recovery analysis. Results of differential

FT-IR spectra and their relative concentration analysis were compared with those of catalyst treated

controls. FT-IR and wrinkle recovery data indicated that the esterfication by polycarboxylic acids is pH-

dependent. A similar phenomenon also occurred when a phosphate or hypophosphite was used. Therefore,

it is necessary to choose the optimum pH range of a finishing bath in order to achieve the most effective

esterification.
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Fig. 1 The reactive concentrations of H.PO,
(ay), H:POy (o), HPO (o) and PO,
(as:) as a function of pH in a phosphate

solution.
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Table 1. Compositions of finishing solutions with the different phosphates and pH values

Symbol Catalysts pH Symbol Catalysts pH
BTCA PTCA BTCA PTCA
A NaH,PO, 1.34 1.27 a H:PO, 1.09 1.07
B NaH,PO, 2.03 2.04 b H3PO, 1.87 191
C NaH.PO, 2.70 2.73 c NaH.PO, 2.61 2.80
D NaH,PO, 343 341 d NaH,PO, 3.02 3.28
E NaH.PO, 4.10 4.11 e NaH,PO, 3.44 3.74
F NaH.PO, 4.81 4.80 f Na,HPO, 3.84 421
G NaH,PO, 548 5.53 g Na;PO, 494 5.50

328 / RGBT ESGEE $9% $598(1997. 10)



34 Sl

Fabolv A2t BAVE Qi 4 :
lol ek S oy g e WM:

ol AF88E 71A] F3F A 2] o i QUANTACH-
ROME AUTOSORB-1(Model-AS-1: Quantachrome
co., USA)E AFE-3tLt,

Ao ol e FH

o] <l

2

4.1 JIBRURIRIS0| EXftE 2 sieiEel Ak
s = g
[ R Y

4.1.1 PTCAZ} BTCAS| altisE
pHell whehA]l vhg A= ]S dlofl = asis PITCA
9} BTCA 71 3}shgo] Abolis & Table 29 &v)

el 4] 2-1~2-24 G-osl Alabelo] Table 34
47 Aelck

Table 2. The pKa valucs of phosphoric, hy-

pophosphorous acid, BTCA, and
PTCA
7 I\ii 7 7‘ QLil)s‘rtz:riée ]
P PO, HPHO. BTCA PTCA
pKa, 2.15 1.23 343 3.67
pKa, 7.20 — 4.58 4.87
pKa, 12.38 - 5.85 6.38
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Table 3. The relative concentration(a) of H,P,

HL.P", and P* according to the pH

values
7 ~ Relative concentration
bH HP  oHP  aHP'  aP
1.07 (. ()()/ - 0.003 0.000 0.000
1.27 0.996 0.004 0.000 0.000
191 0.983 0.017 0.000 0.000
2.04 0.977 0.023 0.000 0.000
273 0.897 0.103 0.000 0.000
2.80 0.881 0.119 0.000 0.000
3.28 0.711 0.289 0.000 0.000
3.41 0.646 0.354 0.000 0.000
3.74 0.460 0.540 0.000 0.000
4.11 0.266 0.734 0.000 0.000
4.21 0.223 0.777 0.000 0.000
4.80 0.039 0.520 0.441 0.000
5.50 0.003 0.171 0.730 0.096
5.53 (0.002 0.160 0.734 0.104
4.2 21559 AT WME ofAE2 BHEe|
T
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HLPOGT 18.3% 21 an], BTCA9) -9+ [LPO, 7t
74.3% , H.PO= T 25.7% ALk

BTCA(pKa, +-3.43) 1} PTCA(pKa, = 3.67)+ H
PO (pKa. - 7.20) 1th 23t abolv] ufitel], o)1

,;r‘;,f]; ],}. 138 }\I ;]_ Ea q ou LH o] NaH.PO. & /1 /]_o] ;
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Table 4. The relative concentration{(a) of H,
B, H;B, H.B*, HB*, and B* accor-
ding to the pH values

Relative concentration

H :
P aH:B  oH:B aH,B* oHB* oB"

1.09 0.995 0.005 0.000 0.000 0.000
1.34 0.992 0.008 0.000 0.000 0.000
1.87 0.973 0.027 0.000 0.000 0.000
2.03 0.962 0.038 0.000 0.000 0.000
2.61 0.867 0.131 0.002 0.000 0.000
2.70 0.841 0.157 0.002 0.000 0.000
3.02 0.714 0278 0.008 0.000 0.000
343 0483 0483 0.034 0.000 0.000
3.44 0477 0483 0.035 0.000 0.000
3.84 0.248 0636 0.116 0.000 0.000
4.10 0.138 0644 0214 0004 0.000
4.81 0.014 0.345 0.587 0.054 0.000
4.94 0.009 0277 0.636 0.078 0.000
548 0.000 0.080 0.642 0272 0.006

Table 5. The rclative concentration(a) of H;
PO,, H.PO,, HPO,*, and PO.> in the
PTCA or BTCA/catalyst solutions
according to the pH values

Relative concentration

aH,PO, aH,PO; ¢ HPO,* oPO*
H,PO,” 107 0923 0077 0.000 0.000
H,;PO, 109 0920 0.080 0.000 0.000
H,;PO, 187 0.655 0.345 0.000 0.000
H:,PO,” 191 0635 0365 0000 0.000
NaH.,PO, 261 0257 0.743 0.000 0.000
NaH,PO,” 280 0.183 0.817 0.000 0.000
NaH,PO, 302 0119 0.881 0.000 0.000
NaH.PO,” 328 0.069 0931 0.000 0.000
NaH.,PO, 344 0049 0951 0.000 0.000
Na,HPO," 3.74 0.025 0.975 0.000 0.000
NaH,PO, 384 0.020 0.980 0.000 0.000
NaH,PO,” 421 0009 0990 0.001 0.000
Na,PO, 494 0002 0993 0.005 0.000
Na,PO,” 550 0.000 0.980 0.020 0.000

Catalysts pH

*with the PTCA solution.
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Fig. 2 Total weight add-on of cotton cellulose
treated with PTCA or BTCA solutions

on the different pH values.
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