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Abstract

In this study, nano calcium oxide was employed as a deacidification agent for paper. The
synthesized calcium oxide nanoparticles have an average size of 16.23 + 2.1 nm and disperse
effectively in an isopropanol medium. Their basic strength, determined using the Hammett indicator,
falls within the range of 9.3 < H < 15.0. The deacidification process involved immersing the paper in
a colloid of nano calcium oxide. Scanning electron microscopy was utilized to examine the distribution
of nanoparticles on the paper. The acid reduction capacity was assessed by measuring the degree

of polymerization and the percentage of cellulose depolymerization under various experimental
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conditions. Under controlled conditions, where the paper was treated with calcium oxide

nanoparticles, depolymerization decreased by approximately 5-10 percent after exposure to a nitric

acid solution at pH 1 and 3 for 10 minutes, followed by heating at 120 °C for 30 minutes.

Keywords: Deacidification; Nano calcium oxide; Degree of polymerization; Cellulose
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Figure 1 a) TEM image of calcium oxide nanoparticles b) particle size distribution histogram
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Figure 3 a) A photograph of calcium oxide nanoparticles dispersed in different media (A) ethanol

(B) isopropanol (C) methanol (D) water, standing for 24 h, colloidal concentration of 6.25x10-4 ¢/mL

b) colloidal calcium oxide nanoparticles in isopropanol at different concentrations.
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Table 1 Hammett indicators for the measurement of base strength

Indicators Original-basic color Base strength Color change
Bromothymol blue colorless - blue H >72 blue
Phenolphthalein colorless - pink H >93 pink
2,4-dinitroaniline yellow - violet H <150 yellow

NANISNAABIEDAARDINUIILITUABUNATN
[15] wpadeuoanlesiimnneldaninzussennie
fmanuuswatud (H ) Tudie 93 < H < 150
Tuvaizfiniswnneldussernalulasiaunnudy

3.4 dnuaznalUraensTaeiiegg
Frogenszauiildlunisinuiidvien
Yhana fufnduia lddeu wdminnsdiassaning
nmavhanelaegunssauluasazatensnluniniay
msaulianudou wunssmeiikiunsyiliiay
anmEnunsakaTALSeU SnvaETemEA iy
60 Ao nsvmuiidnuasouumnniy idesn

pH1

waslAngandilugig 15.0 < H_ < 18.4 Tuvaueh
wrawenlansonlonlazunal@ounisuaiun
FNUANMULTAUAIUTI 9.3 <H <150 waz 7.2
<H_ <9.3muanuy

nsnau1IsUisenisinaneanslgnediues
waglaauaanszay uavdvesnseanuudsudud
dhaady FuRnanniseendnduvesaniuiaiy
23AUSENBUlUNTEATY NNENUNTEAENOULALIAT
miLL‘liﬂ'ﬁ@]LLamﬁﬁEUﬁ a

120 °C, 30 min

After soaking with nitric acid

Figure 4 The photograph of old paper before damaging and after damaging by soaking with nitric acid

(pH 1) for 10 minutes and further heating at a temperature of 120 °C for 30 minutes.
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Figure 5 SEM images of a) old paper sample b) paper sample after soaking with nitric acid solution at pH

1 for 10 min and heating at 120° C for 30 min.
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Figure 6 Photograph of old paper before and after deacidification treatment with calcium oxide

nanoparticles
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Figure 7 SEM images of a) old paper sample after coating with different concentrations of calcium oxide

nanoparticles dispersed in isopropanol a) 6.25 x 10-4 ¢/mL b) 2.5 x 10-3 ¢/mL
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Table 2 pH of distillated water, paper sample and paper sample with treatment with calcium oxide

nanoparticles at different concentrations

Samples pH
1. Distilled water 7.05 + 0.15
2. Paper sample 6.86 + 0.25

3. Paper samples after dip coating with
colloidal calcium oxide nanoparticles with
different concentrations

6.25 x 10" ¢/mL 8.68 + 0.25

1.25x 10 g/mL 9.01 + 0.21

2.50 x 10” ¢/mL 9.84 +0.18

3.75 x 10 ¢/mL 10.21 £ 0.16
26
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Table 3 Viscosity and degree of polymerization of old paper samples with non-treating and treating

with different concentrations of CaO nanoparticles and damaging with different pH of HNO,

for 10 min, and heating temperature is 120 °C for 30 min.

o —— pH of | Concentration of Viscosii;y Degre.e of Depolymerization
HNO, nanoCaOo (g/mL) | (N.s/m”) | Polymerization (%)
Before treatment - - 0.98 131 -
Non-treatment 1 - 0.48 64 51.2
3 - 0.52 69 a7.3
After treatment 1 6.25 x 10" 0.53 71 45.8
1 3.75x 107 0.56 75 42.7
3 6.25 x 10 0.60 80 38.9
3 3.75x 10° 0.62 82 37.5
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