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Pore Structure Regulation and Humidity-controlling Effect of Natural Stellerite

DI Yonghao, ZHENG Shuilin, LI Chunquan, SUN Zhiming, ZHANG Xinchao
(School of Chemical and Environment Engineering, China University of Mining and Technology (Beijing), Beijing 100083)

Abstract: Acid leaching, alkali leaching and alkali leaching combined with hydrothermal process were used to control the pore
structure of stellerite, while the pore structure characteristics, phase composition, micro morphology, chemical composition and
humidity controlling performance of stellerite samples were systematically evaluated. The acid treatment led to an increase in the
number of micropores and mesopores of 2-10 nm, while the alkali treatment resulted in an increment in the number of mesopores of
2-50 nm. The combined process of alkali leaching and hydrothermal allowed the pore structure regulation of stellerite at lower alkali
concentrations. The moisture absorption capacity of the stellerite was increased as the number of micropores was increased, while the
moisture release behavior was enhanced if the number of the 10-50 nm mesopore and macropore was raised. In the relative humidity
range of 33—75%, the balance of moisture absorption and desorption of the alkali treated samples was better than that of those the acid
treated ones. After leaching with 3 mol/L hydrochloric acid solution, 5 mol/L sodium hydroxide solution and 0.6 mol/L sodium
hydroxide solution hydrothermal reaction, the 12 h moisture control capacities reached 4.44%, 5.41% and 3.72% respectively, which
were 4.62 times, 5.84 times and 3.71 times respectively higher than that of the untreated stellerite.
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Table 1 Comparison of specific surface area, total pore
volume, 12 h humidity regulation and 6 h
moisture adsorption-desorption ratio of samples

treated by alkali leaching-hydrothermal and only
alkali leaching treatment

Samples Specific szurgice Total por}e L 723‘/ . %

area/(m™g )  volume/(cm™-g ) (107"xg-g™) 0,
NS 7.85 0.027 0.79 323
NS-HT-Na-0 8.04 0.026 0.90 43.9
NS-HT-Na-0.3 28.67 0.106 2.40 72.6
NS-HT-Na-0.6 45.95 0.164 3.72 75.1
NS-HT-Na-0.9 56.89 0.172 3.80 81.6
NS-HT-Na-1.2 62.86 0.196 3.89 89.2
NS-HT-Na-1.5 74.89 0.178 4.02 79.7
NS-Na-0.1 12.48 0.047 1.37 89.0
NS-Na-1 33.12 0.129 2.24 63.4
NS-Na-2 35.58 0.115 2.37 59.8
NS-Na-3 38.83 0.187 2.51 56.7
NS-Na-5 71.46 0.311 5.41 68.8

S is humidity control capacity in 12 h, the value is ag plus d; a¢ is capacity

of moisture absorption in 6 h; dg is capacity of moisture desorption in 6 h.

0.14 = NS -+ NS-Na-3
& o012 ~+-NS-H-3 -+ NS-Na-5
w 0127 ~-NS-HT&Na-0.6
%) 010 RH=]5% RH=33%
5
2 0.08}
8
£ 006F g
£ 0.04
0.02 /.—.““\'—'7
0 2 4 6 8 10 12
Time/h

(a) Moisture content

24 ARIGEBEHTUAERAEMRIEST L

SRk — 5 W BT 203 A FL &5 R R I T B R %
IALER, XA [R] AR BE 26 A T TR B AR AR A
(i (NS-H-3. NS-Na-5. NS-HT-Na-0.6)#E4T#HH . ik
MIEH . ACE L o TR AE SO B SR 2k FLAE
A RS XL AT, 45 3 Bl 8~
Kl 10 f1Zk 2 Fios o

R AA RH P PR 4 P i 3 T, W U e R R R
KA FCEIRRR, BOEMERE 3 B A R = A RGE
AP KB e bR, I 8b Al WL, NS-HT-Na-0.6
R R e RE (B2 0~6 h BB 1t AE (25 1)
6~12 h BO¥W T NS-Na-3, {H§)T NS-Na-5, Z5&
XTEGEE 9a AR B AR R 28, NS-HT-Na-0.6 1%
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Fig. 8 Comparison of moisture content and moisture absorption of natural stellerite with time under different treatment conditions
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(a) N, adsorption desorption isotherms, pore size distributions of stellerite (b) XRD patterns of stellerite
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Fig. 9 Comparison of N, adsorption desorption isotherms, pore size distributions and XRD patterns of stellerite under different
treatment conditions
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Fig. 10 SEM morphologies of stellerite before and after treatment under different conditions



249 B T W

MoK S DB A IALA R R S XOLRIEYE BE + 1393 -

R2 FRIFHLEAIFLESAETENFENI ML
Table 2 Main chemical components of natural stellerite
before and after treatment under different

conditions wi%
Sample NO. SiO, ALOs CaO MgO K,O0 Na,O Fe,03
NS 71.25 16.32 11.37 039 0.28 0.13 0.16
NS-H-3 93.94 3.96 1.40 027 0.23 0.09 0.06
NS-Na-5 64.80 1395 12.64 0.50 031 3.79 0.17

NS-HT-Na-0.6 ~ 66.90 15.15 11.87 039 027 516 0.16

w is mass fraction.
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