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Production of High Wet Strength Paper Using
a NaOH-thiourea-urea Aqueous Solution *!

Guangfan JiN*2 Rui ZHA1*2, Shunli Kou*2, Huili WANG*3
and Akiko NAKAGAWA-1ZUMI**

In this work, paper prepared from cotton fibers was treated with a NaOH-thiourea-urea aqueous so-
lution to provide high wet strength. Effects of alkali concentration, soaking time, cooling temperature,
cooling time, and washing time were evaluated by single-factor experiments. Analysis by FT-IR, XRD,
TGA, and SEM was used to examine differences of microscale properties between treated and untreat-
ed papers. The optimal conditions were determined to be an alkali concentration of 6%, a soaking time
of 2 s, a cooling temperature of —6 C , a cooling time of 10 min, and a washing time of 15 min. These
optimal conditions increased dry tensile index of the treated paper by 84%, dry burst index by 368%,
wet tensile index by 380%, and wet burst index by 1150% as compared to untreated paper. There
were no significant changes of thermostability, structure of the functional groups, and crystallinity;
however, the paper surface morphology changed significantly.

Keywords :  cotton fiber, gelation reaction, NaOH-thiourea-urea aqueous solution,
wet-strength paper.
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Table 1. Effect of alkali concentration on mechanical properties.
Alkali concentration Dry tensile index Wet tensile index Dry burst index Wet burst index
(%) (Nm/g) (N'm/g) (kParm®/g) (kPa'm®/g)
4 336 5.1 2.5 04
5 40.1 73 40 03
6 488 10.6 52 12
7 454 9.0 42 1.1
8 39.2 7.0 3.0 0.7
Significance * * o o

Impregnation time: 2 s, Freezing temperature: —8 C, Freezing time: 12 min, Washing time : 20 min
Notes: *: Significance at 3 % level, **: Significance at 5% level.
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Table 2. Effect of impregnation time on strength properties.

Impregnation time Dry tensile index

Wet tensile index

Dry burst index Wet burst index

(s) (N'm/g) (N'm/g) (kPam®/g) (kPam®/g)

1 384 6.7 35 05

2 49.1 10.8 5.1 12

3 46.3 9.3 4.6 0.9

4 41.8 6.3 3.7 0.6
Significance * * o o

Alkali concentration: 6 %, Freezing temperature: —8 C, Freezing time : 12 min, Washing time : 20 min
Note: *: Significance at 3% level, **: Significance at 5% level.

Table 3. Effect of cooling temperature on strength properties.

Freezing (temperature Dry tensile index
T

Wet tensile index

Dry burst index Wet burst index

) N'm/g) Nm/g (kPam?®/g) (kPam®/g)
-2 36.6 59 3 05
-4 44.1 8.6 4.3 0.8
-6 514 116 59 12
-8 49.2 10.7 52 11
-10 42.6 6.7 3.7 0.8

Significance *

*

* % * %

Alkali concentration : 6 %, Impregnation time: 2 s, Freezing time: 12 min, Washing time : 20 min

Note : Standard Deviation: *: Significance at 3 % level,

%,

Significance at 5 % level.
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Table 4. Effect of cooling time on strength properties.

Freezing time Dry tensile index

Wet tensile index

Dry burst index Wet burst index

(min) (Nm/g) (N'm/g) (kParm®/g) (kPa'm®/g)
6 41.6 6.3 4.1 0.6
8 473 8.7 51 0.9
10 535 12.2 6.4 1.3
12 51.2 11.2 58 12
14 46.9 71 4.3 0.9
Significance * * o o

Alkali concentration : 6 %, Impregnation time: 2 s, Freezing temperature: —6 C, Washing time : 20 min
Note: *: Significance at 3 % level, ** : Significance at 5 % level.
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Table 5. Effect of washing time.

Washing time Dry tensile index

Wet tensile index

Dry burst index Wet burst index

min N'm/g N'm/g (kPam?®/g) (kPam®/g)
5 439 72 4.1 0.7
10 49.3 8.9 55 1.1
15 54.7 12.7 6.6 14
20 53.3 12 6.3 1.3
25 51.6 10.5 59 12

Significance *

*

* % * %

Alkali concentration: 6 %, Impregnation time: 2 s, Freezing temperature: —6 C, Freezing tim: 10 min
Note: *: Significance at 3% level, ** : Significance at 5% level.
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Table 6. Comparison of strength properties of papers.
performance index Untreated paper treated paper Increase (%)

Dry tensile index (N'm/g) 29.7 54.7 84

Wet tensile index (N'm/g) 2.6 127 380

Dry tensile index/ Wet tensile index (%) 89 235 164
Dry burst index (kPam®/g) 14 6.6 368

Wet burst index (kPam?®/g) 0.1 14 1150

Dry burst index/ Wet burst index (%) 78 21.2 172
Degree of polymerization 1176 1154 -2

1¥15min TH %,
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Fig.1. FT-IR Analysis.
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Fig. 3. Thermogravimetric analysis.
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Fig.4. Scanning electron microscope analysis.
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