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The Effects of Water-Resistant Agents on Physical Properties, Mechanical

Properties and Water Absorption Ability of Bamboo Culm Sheath Paper
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The objectives of this research were to study the production of water-resistant paper from bamboo
culm sheath using a handmade method and study the influence of water-resistant agents on the physical
properties, mechanical properties, and water absorption ability of the paper. Five water-resistant agents,
which were rosin-alum, alkyl ketene dimers (AKD), chitosan, natural latex, and soy wax, were blended with
bamboo culm sheath pulp during the paper-forming process in amounts of 1, 2, 3, and 4 % by weight,
based on the pulp weight. The results showed that the optimum amount of unbleached bamboo pulp for
paper formation is 40 grams. This amount produced strong, foldable, and rollable paper with the least
amount of bending and shrinkage. The addition of water-resistant agents increased the weight and
thickness of the paper, except for AKD and chitosan which did not lead to the significant change in paper
weight. The addition of AKD significantly affected the brightness value (L*) of the paper. Meanwhile, rosin-
alum and natural latex increased the red and yellow values of the paper. Morphological studies revealed
that AKD and chitosan had better distribution in the paper than rosin and alum, latex, and soy wax. For
the mechanical properties of water-resistant paper, tensile strength, Young's modulus, and elongation
depended on the type and amounts of water-resistant agents. The results showed that the presence of
chitosan, AKD, and latex increased the modulus of the paper. Specifically, the addition of 2 %chitosan by
weight led to the highest tensile strength and modulus values (P<0.05), which were 3.8110.70 and
482.02% 72.40 MPa, respectively. Nevertheless, the addition of rosin-alum, AKD, chitosan, and soy wax

caused the decrease in elongation at break of the paper. While, the addition of latex at 4% by weight could
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improve the elongation at break of the paper. Water resistant agents could significantly improve the paper’s
resistance to water absorption. The water absorption resistance of the paper increased when amounts of
water-resistant agents increased. The addition of 4% soy wax by weight contributed to the highest increase
in water absorption resistance. After soybean wax, AKD and chitosan were the second and third best
water-resistant agents, respectively. A contact angle study revealed that water droplets were able to wet
and rapidly penetrate into the bamboo pulp paper. The presence of water-resistant agents resulted in
higher contact angle value, indicating that the paper had a higher ability to resist water droplet penetration.
It was found that adding 1 % AKD by weight resulted in the highest value of contact angle between the

water drop and the paper surface.
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1. Study of the appropriate amount of bamboo

culm sheath pulp

dried bamboo culm sheath I

Pulp preparation with caustic soda solution

Forming paper using a handmade method

(pulp weight 10-100g)

2, Study of the Effects of water resistant agent

" bamboo culm sheath pulp

Mixing with water resistant agent
(1-4wt%)
- Rosin and Alum - AKD

- Chitosan - Para rubber

- Soy wax

Study the appropriate amount of bamboo culm
sheath pulp for paper forming

- Physical properties of paper

- Thickness and weigh of paper

Optimal conditions and
—+| amount of bamboo pulp for [

paper forming.

Forming paper using a handmade method

Study the effects of water resistant agent on paper

properties
- Physical properties
- Mechanical Properties

- Water absorbability

Figure 1 Schematic diagram of the experimental design
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Figure 2 Physical appearance of (a) bamboo sulm sheath (b) pulp after soaking in NaOH solution for 24 hours
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Table 1 Physical appearance, thickness and weight of handmade paper from bamboo Culm Sheath without bleaching

Formular (gram)

Thickness (mm)

weight (g/m?) Handmade paper

Commercial handmade paper

30

40

50

60

70

80

90

100

0.68%+0.12

0.48°+0.10

0.53°+0.09

0.59°+0.10

0.59°+0.2

0.642°+0.18

0.66°+0.18

0.67°+0.16

0.70°+0.15

117.57 2 £6.75

191.35 232,74

245.94°+32.74

350.63 “+48.11

411.37 “+62.15

504.20 +23.11

605.60 °£70.90

875.68 '+96.57

966.86 +63.12

A1 111) 0

Mean of the same column with different superscripts indicating significantly differences at 95% confidence level

3.2 Nﬂﬂ’lﬁ’lﬂﬁaﬂﬁ&/ﬁa‘llﬂdﬂﬁ‘f@l’lﬂlﬁﬂﬂ’lﬂ'ZN'
3.2.1 MMUNUAS AN AWITEINTEN 114

Table 2 LFAIUIHINUAZAINURUID DI
ﬂi:mm?}amu"lsiﬁﬁmuaumséﬁumumi@@%uﬁw
HAMINARBINLFY TNRENUAZANURINTBINTZAN BT
Lawaﬁ@i’mmumsg@%uﬁwagjlum\‘l 248.18-912.54
g/m? Lagz 0.78-1.92 mm @MUR1AL NITLANTUEW
ez lagandsssonaliiininuesnszens
Lﬁ'ugﬁu fuauﬁ'umsﬁuﬁﬂﬁﬁwﬁfmmaam:muga
ﬂiwmiﬁmmumi@m%wﬁwﬁ@S'u 9 1fasanmaiia

o

a a a A @ A a
a’]iIWLmaL‘ﬁEI&Ia:@ZJLuﬂu‘ﬁmﬂ(ﬂ HRIDRNIFN LWNBLNA

w”uﬁ:mamﬁimiwa:QﬁLﬁwvlaaau viarduny

U
Warigun lizeuth uaznifegvasezglifionleaaund

ﬁmﬁfﬂiuLaqagalﬂmm%aﬁ'ﬁ@ﬁ@ﬁ'msﬁagiaa 213
Hunalddiininuesnszarwiindw (Gess, 1996)
TuameAans AKD uazlalagurinlddninaes
nszenwlaiifeuudasunnin
mm'ﬁmmaamzmwﬁmmumi@@%uﬁw
mmﬁaﬂmvl,siﬁ@hagﬂwﬁ’m 0.78-1.92 fadluas N9
Laumm’wumumsg]@%uﬁwﬁﬂﬁmzmmﬁamﬂwﬁ
AnunWLRNIW aunwaasnszadum i Rndn
LfiaLﬁuﬂ%wmmsﬁmmumsg@sﬁuﬁwmn%ﬂﬂa: 194
4 Tagsniin onciuinenons (eruysunain
grawIsL AN R nTasar 1 89 4 lagsiinidnvinld
anunwpasnzanslduanarsiuenn madvlads
waasfiUSunmieuas 4 lagimindinalinszanud

mwwmggaﬁq@



Recent Science and Technology 17(2) 262463 (2025)

3.2.2 A1ANETN AANUTRSILINGY uas

U = :/ a =~
eanuduaidwnass

Table 2 WRAIANE L* a* b* UBINTLANWLE B
rAa a v = ¥
mu"l,smumimumimumumsg@sﬁum lag
AuRNIgTaddl L iuuan Aa d1anuaing we

= 1 a 1 v a
NMIANEIWLTIN NTLAN AKD sdRal#nIzansidiainu
a’hogm’jmixmwﬁmﬂaumﬁﬁmmumsg@%uﬁw
Thad% 9 aglnudIAY Nady AKD Nsauas 4 ¥
ﬁlﬁﬂi:mwﬁ@hmmaiwgdq@w (P<0.05) LYinNU
83.1210.74 wailaSoufisuianiznszan BNGuas
AKD WU tlatwuydSunm AKD 31nTauas 1-4 lay
PRUNFINA PAAIAINRIIIVDINTEA 1 b LANAIIN Y
adaliviwiany Twanenmadusuwsuwnumssy lalaann
PHNITY walunnied MEINAFaA1ANUEINIVDI
nyzaN

A A A o =
LWANANTUIATR a* Wae b* wuIel a* tiw

= oA ' &) A oA =
17N A ANRLAILAZAT b* LTuUIN AadRLARAY 1N

a9 2 WU Maduinesnndine linszan sl
AALAILATAFIARBIFINTIIMILANITEUNIUNIAA
Fuinsiadu 9 mItduiignansiseuss 4 lay
iwein v‘iﬂﬁm:mwﬁmﬁumLLazﬁmﬁaagaﬁqﬂ
(P<0.05) ¥inNU 6.3430.85 waz 19.73E£1.27 enudau
Tuwnizfimadu AKD uazlalamu ginsldfuaua:
fundasnasnszamioniulianss Wadndsunala
TamuuazAKDINFosay 1-3 lagsianiin laivinlwen g
LAIUAZANRIARDITDINTZANHUANGWNNWBUINTN WANTT
dulaanudisesas 4 lagtiwindn v duasuazand
MAsInszaANdu n13Leu AKD Aizesaz 1 lag
ﬁmﬁfﬂﬁﬂﬁﬂs:mwﬁ@h%umLLa:%‘mﬁaaﬁaﬂﬁq@Lﬁa
Wounumaiussziiadu 9 (P<0.05) fa 2.93+0.08
LRz 9.9610.12 @MURI1AY AVFLAILAZTINRBIVDY
nszanudumn liuAudwide Ui awestuauiuan séu

a & g o . a IS A '
WANAW wananiganudn s ludnieslaisiua

AafN TN ILATAITLAIUBINTEANY (P=0.05)

Table 2 Thickness, weight and L a b color of handmade paper from bamboo Culm Sheath with water-resistant agents

Content Thickness Weight L a b color value
Formulation
(Wt%) (mm) (L) (a) (b)
handmade paper 0 0.539+0.09 245942 +3274 77.86°°%°+0.99 4.23°+0.20  12.98'+0.13
Rosin+Alum 1 0.81°+0.08 417.78°+7.56  79.68%"+1.43  4.65"+0.39  13.84%+0.85
2 0.96%+0.12 640.96° +11.75 78.18°+1.55  5.3320.41 15.68"+0.80
3 1.00 °+0.14 728.76 742224  77.12°9+2.04  4.399+0.53 15.91'+0.87
4 1.15%40.18 912549 +41.55 73.78%+1.75  5.89%+0.21  16.57'+0.59
AKD 1 0.83°+0.08  255.36%+2.03 81.89'+0.53 2.93%+0.08 9.96%+0.12
2 0.78°+0.09 261.59 2+42.50 80.96 "+1.07 3.50°°+0.15  11.02°°£0.34
3 0.86°°+0.12  278.17%%12.76 81.15+1.15 3.17%°£0.18  10.40%+0.33
4 1.00°t0.15 277.79%°+18.35 83.12'+0.74 3.12%°+0.18  10.99°°+0.44
Chitosan 1 0.92%%+0.08 248.18°%43.94 77520400  3.61°40.11  11.59+0.28
2 0.91°%¢ +0.07  250.60°+7.84  78.31%f9+1 57 3.85°°+0.14 11.96%+0.36
3 0.89°%+0.06 255.21°435.57  79.409+065  3.74%0.15  11.52%+0.34
4 1.00°£0.14  260.05°+11.52  77.9ebdefr0 53  5.24140.23  15.76"+0.46
Para rubber 1 14794012 383.30°+15.12  79.15°9%¢1.02 4.79°°+0.45 15.31"+1.21
2 1.549 +0.19  523.779421.85 76.86°9+1.47 4.89"+0.23  15.59"+0.85
3 1.439+0.18 539 08942185 78.25%€40 57  5.84¢1.15 18.13'+1.46
4 1469 £0.16 54264944594 76.747°°+1.26  6.34't0.85  19.73*¢1.27
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Table 2 (Continuous)

Content Thickness Weight L a b color value
Formulation )
(wt%) (mm) (9/m’) (L) (a) (b)
Soy wax 1 1559 £0.12  245.19°%0.19  77.97°®+1.79b 4.66%'+0.29  13.849+0.80
2 1.779+0.10  431.75°+14.61 76.55° +1.32 4.37%+0.60  12.56°+0.99
3 1.80"£0.09  543.75+49.16 79.09°9£1.93  4.14%'+0.39  13.199%1.02
4 1.921£0.08 633.31+25.73 76.49P+2.23 4.20°+0.46  13.18"9£0.73

*Mean values with the same lowercase letters are not significantly different at 95% confidence level

Table 3 Physical appearance of handmade paper from bamboo Culm Sheath with water-resistant agents

Type

water-resistant agent content (wt%)

2 3 4

Rosin+

Alum

AKD

Chitosan

Para

rubber

Soywax
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Table 4 Physical appearance of handmade paper from bamboo Culm Sheath with water-resistant agents by using

stereo microscope at 45x magnification

Type water-resistant agent content (wt%)

0 1 2 3 4
Rosin+
Alum
) - - . - -

Chitosan

Para

rubber

Soywax
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*Mean values with the same lowercase letters in each picture are not significantly different at 95% confidence level

Figure 3 (a) Tensile strength (b) Young’s modulus and (c) elongation at break of handmade paper from bamboo

Culm Sheath with water-resistant agents (control as paper from bamboo culm sheath without water resistant agent)
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Figure 4 Water absorption ability of handmade paper from bamboo Culm Sheath with water-resistant agents

(control as paper from bamboo culm sheath without water resistant agent)
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Table 5 Wetting characteristics of water droplets on the surfaces of unbleached handmade paper with water-resistant agents

water-resistant agent content (wt%)

Type 0 1
Rosin+Alum -
AKD
Chitosan e

Para rubber

Soy wax
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Table 6 Contact angle of water droplet on surfaces of unbleached handmade paper with water-resistant agents

Type water-resistant agent content (wt%)
0 1 2 3 4
Rosin+Alum
. miw
19.8 deg 50.6 deg 56.8 deg 94.6 deg 123.8 deg
AKD .
O O O mile
19.8 deg 137.1 deg 133.2 deg 115.5 deg 109.0 deg
Chitosan
B i e
19.8 deg 91.9 deg 112.6 deg 117.6 deg 105.3 deg
Para rubber
P ———
19.8 deg 72.7 deg 107.4 deg 102.1 deg 100.2 deg
Soy wax
S
19.8 deg 127.3 deg 116.9 deg 124.1 deg 131.6 deg
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