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ABSTRACT: The work aims to prepare calcium chloride modified silica gel hygroscopic materials of different concen-
trations by calcium chloride and alcohol solution impregnation method, so as to solve the problems of easy rupture of
aqueous modified silica gel and low water absorption rate of ordinary silica gel. The appearance quality of hygroscopic
materials prepared by calcium chloride aqueous solution and alcohol aqueous solution was compared. The isothermal ad-
sorption curves were tested by gas adsorption method. The pore parameters and fractal dimensions of calcium chloride
modified silica gel hygroscopic materials were obtained based on BET theory and FHH model, respectively. The static
adsorption curve of vapor was obtained by the static adsorption method. The adsorption kinetics equation suitable for hy-
groscopic materials was established according to the quasi-first-order and quasi-second-order kinetic models. The calcium
chloride modified silica gel hygroscopic materials prepared by calcium chloride and alcohol solution could effectively
reduce the rupture. The specific surface area and pore volume of the materials decreased with the increase of CaCl, con-
tent, but the pore size changed little. The moisture adsorption of materials increased with the increase of CaCl, content.
The quasi-second-order kinetic model was more suitable to simulate the adsorption kinetics of the materials due to the
higher correlation coefficient. The calcium chloride modified silica gel hygroscopic materials prepared by 25wt.% CacCl,

alcohol solution have high hygroscopicity, low matrix rupture degree and excellent regeneration ability, thus having a
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Fig.1 Preparation flow chart of calcium chloride
modified silica gel hygroscopic materials
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Fig.2 Appearance of calcium chloride modified silica gel hygroscopic materials
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Fig.3 N, adsorption/desorption isotherms of calcium chloride modified silica gel hygroscopic materials
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Fig.5 Fractal dimensions of calcium chloride modified silica gel hygroscopic materials by FHH model
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Fig.6 Static adsorption curves of calcium chloride modified silica gel hygroscopic materials
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Tab.5 Model parameters of quasi-first order and quasi-second order equations for S,s adsorption

HE—Br B
AR B
g/ (mg-g™") ky/min ! IR| g/ (mg-g™") k/ (10 g'mg "min") IR|
30% 255.19 0.006 7 0.984 0 327.49 0.20 0.994 2
50% 387.35 0.007 4 0.993 3 473.20 0.17 0.997 8
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Fig.12 Fitting of kinetics equations
. Packaging Engineering, 2019, 40(19): 187-191.
3 HiF (31 WRHRHE, THBL. LTI R 1T 52 A bR 70 0
o N PERERFFRE[I]. SRR ZF544], 2017, 24(3): 100-102.
" jcEﬁgﬁi&j‘jﬁ1¢/’:ﬂm@?%{ﬁ{igﬁ{ZE){%%V%%% CHEN Fu-kang, MA Yue. Study on Adsorption Perfor-
WAE&1&?LW%%H%§{%%@E&f@:"f\fﬂﬁci’l}{ﬁ*ﬁfi » il mance of Composite Adsorbent Based on Silica Gel and
fﬁﬂmﬁgﬁﬁhwmﬁﬂ%ﬁ%ﬁﬁwﬁﬂm’ Calcium Chloride[J]. Journal of Ezhou University, 2017,
faihln Fosie. B S 24(3): 100-102.
LSRRI OSSR RBORRREL gy e oogen, s el e 6 W S
*m@ﬁf%ﬂ%%%%ﬁﬁ%%ﬁi%%ﬁ%ﬁO PELIL. 25 F A0 LM, 2018, 34(4): 289-297.
N 2) i’f&%@i&\%ﬁiﬂﬁi%ﬂkﬁﬂr%ﬂ iL]}’%ﬁ?j‘j$ LIU Yan, MA Chun-yuan, ZHANG Meng. Adorption
Gl %ﬁ%\j&%@ H EE{J%" le]/;,; HAR ;‘ :ﬂ‘%'ﬁlj\; and Desorption Properties of Silica Gel and Modified
qiig}éAI/,l\ftZiZi’ Hi)i}i'ﬁgﬁﬂﬁi’\ %L’ﬂﬁ%“jﬁjl‘@ﬁi Silaca Gel[J]. Ion Exchange and Adsorption, 2018,
WRRSHARS IS RIBOER. 34(4): 289297,
L 3) KM LRI RO R 5y e e, ) o s ek S
{ﬁkrg/ﬁﬁ:? E"J”ﬁl}ﬁﬁjﬂ?ﬁ 5 ﬁ}JL:F‘@I[&ﬂkE%%VHQ%% [&] gﬁ&ﬂ%m‘@ﬁ%[]] Eﬁ@ﬁﬁ%*&, 2010, 38(4): 735-740).
EL it = M 7k RS 16 SEL s, feky S
uicgi;@ﬁia i, H%ﬁﬂﬁf@ﬂ( PERE A IR0 A L ZHU Pei-yi, WANG Hai-zeng, LI Xi. Water Vapor Ad-
&/ﬂf)%@?;igl‘{‘gi?j?;%@ﬂiﬁﬁiﬂﬁfﬂﬁE' BHEL Y sorption Isotherm and Desorption Property of Magne-
wW@]g%Zjﬁjgiﬁﬂl@iﬁﬂ%*ﬁi sium Chloride Modified Silica[J]. Journal of the Chinese
D - XD 25, - N . .
B AT KT A L 05 e L i
o o [6] f7 Wt K5, M R W R IRy W R D). )R
2510 i YE — YL [ A 26 2 BT )
gﬁgﬁgﬁgéggim%%ﬂﬁﬁ’ﬂuﬁﬁm T, 2019, 46(9): 85-86.
= Fxded e HE Xian-pei. Test Method of Water Absorption of Des-
iccant[J]. Guangdong Chemical Industry, 2019, 46(9):
S 30k 85-86
[71 EFE, W4, HAE, & MEZ4 T ERAMH

(1] Jalie. b 98 0 A ) B ol 4 B2 I 4 BE BF 52 [D].
At ARFRE, 2018: 1-7.

ZHOU Bo. Preparation and Study of the Hygrothermal
Performance of Zeolite-Based Humidity Control Mate-
rials[D]. Nanjing: Southeast University, 2018: 1-7.
HIRE, XUBEAE, BRI, dFLERIE il KMt R R 1) B
SE00]. A2 TR, 2019, 40(19): 187-191.

SHEN Zhan, LIU Yao-hua, LUO Jun-jie. Desorption
Properties of Fine Porous Spherical Silica Gel[J].

# MWARPERE[T]. A Tolk KA (A R B A D,
2019, 41(1): 30-35.

WANG Zi-hui, TAO Hai-jun, TIAN Xiang-long, et al.
Preparation and Hygroscopic Properties of Attapulgite
Supported Desiccant[J]. Journal of Nanjing Tech Uni-
versity (Natural Science Edition), 2019, 41(1): 30-35.
TR A /R A WA R R T e R PR A S
ATFE[D]. AR FRIHAKE, 2019: 19-20.

YE Song. Experimental Study on Zeolite/Hygroscopic



a3k 1S

WX, A A OV RE I I A R A i A B BETE S

2

© 225 -

[10]

[11]

[12]

[13]

[14]

[15]

Salt Composite Adsorbent for High-Temperature Heat
Pump[D]. Zhengzhou: Zhengzhou University, 2019.
UEHERE —, AR HE, ZARAR . R M) b
s SR Tk R, 2006: 31-81.

SEIICHI K, TATSUO I, IKUO A. Adsorption Science
[M]. Beijing: Chemical Industry Press, 2006: 31-81.
RIEA, Kl mEOBE & LR TER Si0,/Tio, <
BE e /N BR B9 ) A& R0 SR AE (3], bR TORE, 2017,
45(2): 7-11.

YU Yu-xi, ZHU Meng-wei. Preparation and Characteri-
zation of Highly Spherical Silica-Titania Aerogel Beads
with High Surface Area[J]. Journal of Materials Engi-
neering, 2017, 45(2): 7-11.

PRk, R, K. SR ML RAE 2 LA R
bR MR L ALEE M [I]. MARIE 4 Tolk, 2011, 21(2):
45-49.

CHEN lJin-mei, TAN Ping, WANG lJian-yong. Characteri-
zation of Pore Structure and Specific Surface Area Based
on Gas Adsorption Applied for Porous Materials[J]. Pow-
der Metallurgy Industry, 2011, 21(2): 45-49.

HU Zhi-bo, ZHENG Shui-lin, TAN Ye, et al. Prepara-
tion and Characterization of Diatomite/Silica Composite
Humidity Control Material by Partial Alkali Dissolu-
tion[J]. Materials Letters, 2017, 196: 234-237.

JE =R, XRHR, B aibk, . ARETEE FEFLARE &
S RAET]. A5 RAK K H T, 2018, 39(2):
373-383.

ZHOU San-dong, LIU Da-meng, CAI Yi-dong, et al.
Characterization and Fractal Nature of Adsorption Pores
in Low Rank Coal[J]. Oil & Gas Geology, 2018, 39(2):
373-383.

XUGH. 5 FLAR 3 A1 238 Ak 5 L B E 22 18] 5C
ZIWHFFE[D]. T 4EEG TR, 2011: 11-13.
LIU Juan. Study on Relationship between Fractal Char-
acterization of Pore-Size Distribution and Adsorption
Performance of Activated Carbon[D].
South China University of Technology, 2011: 11-13.
R, 2P, AREL, G R b R T I 4 oK 2

Guangzhou:

[16]

[17]

[18]

[19]

[20]

FLEBR M A AiE B BU T M 5 )], R AR kB o7,
2017, 28(1): 173-182.

LI Feng-li, JIANG Bo, SONG Yu, et al. Nano Scale Pore
Structure and Fractal Characteristics of Low-Medium
Metamorphic Tectonically Deformed Coal[J]. Natural
Gas Geoscience, 2017, 28(1): 173-182.

PR, HakeE, AHREE, S BTG E S TR
£ 5 PERE R ST [0]. AL ¥ TR AR, 2012,
26(6): 1054-1059.

HE Yang-kun, YANG lJi-ping, FU Han-wei, et al. Re-
search on a Modified Silica Gel-Based Desiccant[J].
Journal of Chemical Engineering of Chinese Universi-
ties, 2012, 26(6): 1054-1059.

PR RS G T MR AR S AL R AL B A H N
JE[D]. L BIACH KA, 2006: 45-47.

JIA Chun-xia. Study on Reinforcement Dehumidifica-
tion Mechanism and Application of Composite Desic-
cant Based on Silica Gel[D]. Shanghai: Shanghai Jiao
Tong University, 2006: 45-47.

P, REITE. KE KR AR S M), R
KRR 2 A, 2002: 19-33.

NIU Zi-de, CHENG Fang-qin. Phase Diagram of Salt
System and Its Application[M]. Tianjin: Tianjin Univer-
sity Press, 2002: 19-33.

XV R, AT B A2 5 W RS 6 5 £ % B 3l g =
FEHEMF R ). Ll T R4, 2006, 28(2):
107-110.

LIU Ye-feng, WANG Ru-zhu. Study on Adsorption Ki-
netics Characteristic of a Kind of New Composite Des-
iccant[J]. Journal of University of Shanghai for Science
and Technology, 2006, 28(2): 107-110.

=BT SR . AN [R5 R 1k J A RS R 2 1 ) W R A7 Sy K
W B 3h ) 2 SR WE A (], B ER 5 TR, 2018,
18(8): 157-162.

YAN Ke-le. Experimental Investigation on the Adsorp-
tion Behavior and Adsorption Kinetic of Toluene on the
Different Silica Gels[J]. Science Technology and Engi-
neering, 2018, 18(8): 157-162.

SRS LR



