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Preparation of Superabsorbent PVA Films with Polycarboxylic Acid Crosslinkers
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Abstract— PVA films were crosslinked with dimethylol dihydroxy ethylene urea (DMDHEU) and thiee polycarboxylic acids of
butanetetracarboxylic acid (BTCA), citric acid and malic acid. Different factors influencing the crosslinking treatment with BTCA
were investigated including BTCA and sodium hypophosphite (SHP) concentration, curing temperature and time. The cured films was
extracted with boiling water and gel fraction was calculated based on weight change of the PVA films. The gel fraction of PVA
films increased with increasing curing temperature and time. And the resistance to water and thermal stability of the crosslinked PVA
films improved with the BICA crosslinking treatment. While crosslinking with citric acid gave the highest gel fraction among the
crosslinkers, crosslinking with malic acid showed the highest absorbancy in 0.9% saline solution, which was attributed to lower
crosslink density and high number-average molecular weight between crosslinks. The superabsorbent PVA films could be prepared
by adjusting the crosslinking condition of PVA with polycarboxilic acids.
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Fig. 1. The crosslinking mechanism of cellulose with BTCA.
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Fig. 2. The molecular structures of crosslinkers and a catalyst.

Table 1. Crosslinking conditions of PVA films

Sample name Crosslinker conc.(wt%) SHP(mol %) WPU'(%) Curing
MA-1 10
MA-2 12
MA-3 14
03
CA-1 8
CA-2 12
CA-3 16 o .
60 190°C for 3min
BTCA-1 0.1
BTCA-2 11 0.3
BTCA-3 0.5
DM-1 2
DM-2 -
DM-3 10

* WPU(%) : wet pickup
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Fig. 3. FT-IR spectra of (@) PVA, (b) BTCA and (c)
crosslinked PVA film.
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Fig. 4. ATR spectra of crosslinked PVA films de-
pending on curing temperature; (@) 150°C, (b) 170C
and (c) 190TC.
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Fig. 5. Effect of BTCA concentration on gel fraction
and water absorbancy(0.3mol% SHP, 1607, 3min).

A3g 3718 ¥ LELAH A Az THsdt

g2t A dHt.



Sc|ItZS Al JIDNE 0|88 185=+4

Fig. 6& 11wt%9 BTCA HE& 190°Co|A 3%
T AR GE O & sxo wE AsgH F
F= H93E Yl Aot SHP Euf o] F
7t wat AgRo] FAFAAT FoEE T
At ol= Zuj7t BICAY #4 F4E9 o2&
HE 7tatgE £34717] B 7tuxst &ot
A7 fZoltt. 0.Imol% SHP HzZe)Mt o
4% AL HYI oF 1600%9] FFAES Hole
g FAE AT 5 Q99 gHA Eq)
FEE HA3 2AUYE &o|sHA vhd Aty

FrHE e 1EFFA E5E AxE 4 9
£ ALE woudE.
th&-& 11wt% BTCA, 03mol% SHPE PVA I
ol 387 AT w A= wE stmd
PVA 259 24 Wsto|t(Fig. 7). 5= vt
AAANZ AErt S7iet] we} Astge 37t
i FrEe AU FHNBEALS o f
& 7hae] QoA e Ae tnA Y geuks
< &olstA 3o @ F4Eol HA FAHH=E=R
PVA Atg7ke) 7bmz} golsty] g&olet. shA|at
ol gzt BE Yol EAt: vt sty

B

[o

100 1600
1400
80|
11200

60

%GF

40 |

20 |

0.0 0.2 0.4 0:6 0:8
i SHP concentration (mol%)

Fig. 6. Effect of SHP concentration on gel fraction and
water absorbancy.
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Fig. 7. Effect of curing temperature on gel fraction and
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Fig. 9. DTGA curves of untreated and crosslinked
PVA films.
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Table 2. TGA analysis of crosslinked PVA films with BTCA

TGA analysis
Treatment %GF Peak temp.(°C) yT95 CC)  Char yield (%)
untreated 0 106, 206, 274, 388, 452 157.2 1.3
BTCA 82.5 132, 369, 472 170.2 4.1
100 "o vor 1600 Table 3. The absorbancy of crosslinked PVA films
a0l " Samsle %GF Absorbancy (%) M. dx
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| CA-1 994 485 742 723 000193
o . . N . 0 CA-2 991 433 778 698 0.00199
° ! 23 5 CA3 986 375 541 659 000211
Curing time (min)
. ) ) ] BTCA-1 435 1,543 401 652 0.00214
Fig. 10. Effect of curing time on gel fraction and water
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BTCA-3 75.8 433 338 554 0.00251
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