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Investigation of the humidity-controlling performance and

mechanism of raw soil materials

HU Mingyu', FU Chao' ,WEI Lili*'*, GUO Xingguo'
(1. School of Civil Engineering and Architecture, Nanchang University, Nanchang 330031, China;
2. Chifeng University, School of Architectural and Mechanical Engineering, Chifeng 024000, China)

Abstract; The equilibrium moisture content, adsorption and desorption rate of the clay raw soil materials and raw
soil materials have been tested experimentally. The humidity-controlling mechanism of the raw soil material is
investigated based on the micro-analysis of the scanning electron microscope and the absorption/desorption theory of
materials. The results show that though the density of the raw soil materials is higher than those of the clay raw
materials, the raw soil materials have the similar microstructure like the clay raw materials. Therefore, the raw
soil materials have a good humidity-controlling performance. The maximum equilibrium moisture content of the raw
soil material which is made from 75% pure soil material and 25 % modified admixture is 11. 59%. The absorption
and desorption rate can reach 0. 030 4 Kg/Kg « d and 0. 025 7Kg/Kg * d respectively. The humidity controlling
mechanism of the raw soil material is that its cellular microstructure has the effects of capillary channel, chemical
adsorption and surface physical adsorption on water vapor, in which the influence of the capillary channel and
chemical adsorption on the adsorption effect of water vapor are strong while the surface physical adsorption effect is

weak. Therefore, the raw soil material is able to control the indoor air relative humidity automatically.
Key words: raw soil material; modified admixture; equilibrium moisture content; adsorption and desorption rate;

humidity controlling mechanism
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content under 25 C

B 2 ol s, FEAH IR EE R 33.8% . 61,20,
76.6% . 85.9% . 99.0% W T, A + B A A
R 1 W Tl T R A A A 2,000 . 4,14 %
6.19% . 8.99% F1 15.27% H 1.53% . 3.19%.
4.64% , 6. T4V 11.59%. A=+ 50BN & B Kb
BORZS, FLIE 23 B AR, A b kL 28 a2
5 o R B SR A, AR — E R b e L 4k
¥, DRI P A P R A, AR R i T P
YRR 5% A, W AR AL IR B TR
B SEESH R 0.63% ., 1.74% ., 2.05%,
2.30% . 4.57%, AR R LA LA RNG £
Bk L, BEE S SR ET S, AR R A
bR W P e X BE O, I H AR A R A — 5K

W S AR B R T 600 B, R = JEURERIAE 48
B % I BE R AR T, AE A R BE R 99 06 I
WE I HE 0 38 B W (B T 0 SR B B 2 AU R B Y
B, S AR AN

MR IS E R, U AR 2R & i 1 R
BB AT R A e R R A R
B | T £ X ) 98 R % N, JF HAEIX
i) PAY R 4 pb 8 A A B R, U TR R el | LK
2 A 2 AR O I R A R TR AR B JE LN R B
R, AR A bR A SO R E R T 60 40 I G
PERER SR &, HBGR IS B SR EAT, #H R
A i VI P RE.
2.2 BHBEERLERSSN

HR A e 25 2R 45 (1) L () A (3) 5 A
AR RIRD S AE A A I 2 B (RO IR U (260) FIk
(BOMHER V(Kg/Kg - d). B 3 R4 kRIS
HH 25°C e, iR A Sy 2. & 3 RT A,
A T AR A5 A I 8] DX 1) f9 08 | T i L R R
O AR AL O v TP, HE L R R R
ey 2.5 fELLE, AL AR AR R E A AR B 64 i
PERE.
12.001
11.001
10.00
9.001
8.00F
7.001

6.001
5.00F

4.00f
3.00F
2.00

1.00f

0012 3 4 5 6 7 8 9 10 11
PN
(a) = T AT AED S i 5 )y i 2%

- b

i

LA

12.00g
11.00 —a— 2k P
10.00F ——T
9.001
8.001
7.001
6.001
5.00f
4.00F
3.001
2.001
1.00F
0.00

B &%

0123456 78910111213141516
Ref )/
(b) A= HAT BRI S 0 B ) i 28
3 25C £rmBmuRe R, M3k
Fig. 3 Adsorption and desorption kinetic curves of raw soil

material and mortar under 25 C

Hi 3 PRI RT g, AR 1R A AR AR D 5
W, O R Yok, HEATRW T s R AR
PCHLEEAR L, fH A2 AR B | G B R E R T



56 M

WIE, S5 A AR ORGP RE 4 AT 793

W, MEPH ., HURHE R 2.2 5L . Mk
b, FEENBIEAC, ORI MO R TR AR
AR 8 R AR [ ] 0. 000 9 Kg/Kg - d,
RIS B 0 - 4 s O LR R, SR 12 RAIE )
TG A, BV b W A )
2.3 WREMEREENESHR

K Lo Y )E T2 a6, HIEAR LY
BT AL A i S DY TR R R B AR\ TR e AR T
g Rl W A S WANTTR N SR VA
WH) OH, i i 3t i 45725 5 4 2 IR IR 3R
Yoo BT =, WU TE A S\ T R R A R, 2EE
TR AT TH s i AH 0 i A A S R R BT, &
LA 2R T 192 R DY THT A TR AR B9 7S A T 90 L W 72
=ML, K a Y )E B — O LA nm, —
J U2 B0 A i B AT B T, T OREE 2 B0 WA
P, JENAETE R 2R 3L AR, )2 A —
s B AE ELAE T Eh R X OB AT I 43 AT
WECE D, B S SEBamaEs Y. SNa
ORI ARG R, 45 B T 2 B B T A )
H ) SiO W R e —F ALO, (OH), J\TH & A TE
i, BB FEEEEEAE NS, Ky TIRE 5t
W, PR SR B A H A R RE K 2 RO
PEN A R o B 52 N OB AR A, T
Ly L ASURE A1 A K R ) 4 BH 1 R R R OK
B, RERIEEKEEA 5K AR b 2 K &
FRICAC RN, RIFRAE AR S s ke A
TS 1 (S )RR B 7 (AP ) 2 B 48 S R
AR B PH 7 B A, 7 58 5 A B 60 L T
T8 R M e ) B R, SR A AR L, RIK S
TEA SN, AL T A LR B
BL, JBIEIN T R EE SR OKFE A 5K 2R ) ) AR
SREE. BRAh, AR bE R AR T R A e UKL N A R
AL AR BT, AL AR T R B SO 2K
RN i S TN U A2 IR 0 N 4 I B X o
BERW, ROP=A e gy B, Mk b, A
B A0 LB R R AL 2 R R 5, A 5 I
B, (EL 3% T 4y BE W RO A R B 58, B AR IR A
BEi% A e prk T LR 28 SO K 28U 1 A2 4 A 3
W Bt o RE K 2 -, IR B R N IR
Hi.

XHAE A JSORE AN AE B R EE AT 3 R B AT
H SEM B2l LI 4 Al 5. dy &l 4 w5, A
TR AR AE R B AR BAAL, HomE o A — &

B/NT 1 pm BAOR0RL. AR FLZS R . FLER K
Te FCALAR 43 A1 A v s PRI P BE 00 G g 28, T
DL, ORG  RORHRA R R B0 IR L RE.

B4 ErEBAMBRERA

Fig. 4 Scanning electron micrographs of pure raw soil

i T
(b) Ji K12 000f%

Bs5 £rmBameERA

Fig. 5 Scanning electron micrographs of raw soil material



794 (7S )

BB R

»2,
=

ESE QR SR ) 549 %

BT A LR &l R 2 B 5, Wit
HeseE Eebe. mIE S wTLUE L, BN ESE
SCEEW G, (HEEM A E L, WEMBEERE
THAERR. FEREH TS AR EM, R
L] B /ANT 1o B A 3 550K 38 T T 1808t 1 22 4K 7
Y, AU MREURL 8] 00 25 & 1, a3 0 2548
MIBREERRE. B EARE TR IA AR AR NI
PEFAE R T Ca - 1. 7MgO - 3Si0, . 2Ca0 - Al O,
- Si0, Ml Na,CaSiO, Z /=¥y, H M E «-C,S
7-Co STRAR B W AR i 1) C-S-H B8 55 4 o S FEAE R
TRz B, FEA N R R TR e Y 45 A T A
JE2E 77, A5 A 0 R B i K P R
PURPE. PG, SIS SR 1R AU AR
A0 ISR A T, 38 v] R 5 AR LY
B 400N (A REE A I 0 R R P RE

M, WA AR A A, Hx
2R HK S VR O B FLIE RN . 38T Ak AR
FFN R TH Y B AR B & . g b, DL ESE
i 245 TR O R W Z AL A W VR R 7 i (3R A P i W i
FA11.59%), A AR R & /D T RE &
L TR P 7 i ) e W U S 5 R 1) (IR Bl R TR
J&), X IEEFUESE A AT

H
=

3 #Hit

(OHAELFERH R A SRR RE, & ok P
FRROIER] 15,270, th 75 %04 L JFORHR £ 0 A
AR R SRR R 11.59%. BARA Ak
PO TSR 25 S B o i, (HE R AR T RAR RS -
MITEEE A, Rk 5 TE LS 15 B R R R B A
B ZARFEY AR bR B AR I 0 PR P R

()M R IR &K, TR L, HA
AR S A A B AR Ak R e P A
T Ay 55 AV N DX N T AR A A S | R 1
e AR K.

(3) BANFLIE RN . A 2% W 5 R 3 T 4 L%
B 3 ] VE B 4% B O K RS AR Al AR 4 Rt
HA 50 a8 e,

B %Wk References
(1] ZEWREN . & & VR IR AR il 2 B B A2 3 et v i )57 F 3F
D] SR 4B K, 2008.

LI Xiaoli. Study on preparation and application in coat-

ing of humidity controlling composite material [ D ].

(2]

[3]

(8]

[10]

Quanzhou; Huaqiao University,2008.

YANG Hailiang, PENG Zhigin, ZHOU Yang, et al.
Preparation and performances of a novel intelligent hu-
midity control composite material [ J]. Energy and
Buildings, 2011, 43.:386-392

B ZFTAT Y/ R (RRIR—P R B ) 8 E
HREL T g R RERF ST (D], KHE: RHEEA S, 2014,
DONG Fei. Synthesis and humidity controlling proper-
ties of mineral/poly (sodium acrylate-acrylamide ) com-
posite[ D]. Tianjin; Tianjin University, 2014,

VU DinhHieu, WANG Kuensheng, BAC Bui Hoang ,
et al. Humidity control materials prepared from diat-
omite and volcanic ash [J]. Construction and Building
Materials, 2013,38: 1066-1072

VR4 , IR ES ok 75 M8, 55 . AR M B 6 R I ARt 0 4
PEREGE[T]. W@ AR, 2007, 37(11):14-17.

CHEN Guanyi, BAI Xiaoling, ZHANG Xiumei, et al.
Research on characteristics of biomass-based humidity-
controlling materials[]J]. Heating Ventilating and air
Conditioning, 2007, 37(11):14-17.

ZHANG Nan, FANG Shuying, XIA Wei, et al. Prep-
aration and characterization of functional humidity-con-
trolling materials[J ]. Journal of Functional Materials,
2013, 44(3):3337-3342

SRR . RGBT T RE T LR B A R 5 PEREIE AT
(D] b5 o @ SRR 5TEBE , 2006,
ZHANG Liansong. Studies on inorganic coating mate-
rial with the function of controlling humidity purifying
indoor air and antibacterial action[D]. Beijing: China
Building Materials Academy, 2006.

BRT . HAMERA AU RS AT]. RS
1#,2002(11) :42-44.

RAN Maoyu. Review of Research and application of
air humidity controlling materials in Japan[]J]. Materi-
als Review, 2002(11).42-44.

T =TV N 1A | ST RSI  a t o B 095 LT E A
S]], R ER, 2015, 34(12):13-17.
SHANG Jianli, MA Xianglong, ZHANG Lei. Per-
formance of humidity controlling of modified soil mate-
rials and structure analysis[J]. Bulletin of the Chinese
Ceramic Society, 2015, 34(12):13-17.

MER . HBEELMBEERID]. EE:BHAE KX
2 ,2015.

KE Shujun. Study on the new raw soil materials[ D].
Nanchang: Nanchang University, 2015.

WIER . R R (T]. AR, 2006,
10:8-11.

JIANG Zhengwu. Research progress of humidity con-

trolling materials [ J ]. Materials Review, 2006, 10;



55 6 3 WHE, 5 A LR RO R 55 A B A AT 795
8-11. composite[ D]. Tianjin: Tianjin University, 2009.

[12] Thigae, REIE, BiBZE . BAW/ RARGERIDH L9 [15] WANG Rongmin, WANG Junfeng, WANG Xiaowen,
KE AWM. dbmt: B2z WL, 2009, et al. Preparation of acrylate based copolymer emul-
MA Xiaoyan, LIANG Guozheng, LU Haijun. Poly- sion and its humidity controlling mechanism in interior
mer unmodified clay silicate nanocomposite [ M]. Bei- wall coatings[]J]. Progress in Organic Coatings, 2011,
jing: Science Press, 2009. 71(4):369-375.

(13] PWE2s . VIR AR IF & [T ], 46 T3 24 8, 1997 [16] ZEMS, SR KIE AP E . ks L R R AL 0018 52 5t 20 5b
(3):9-12,2. Jeik (DRIFT) BE5E [T ]. i 5= 56 4 47 . 2001, 21
LOU Xiyun. The development of humidity controlling (6): 783-786.
materials[J]. New Chemical Materials, 1997 (3): 9- YUANG Peng, WU Daqing, LIN Zhongyu. Study on
12,2. the surface hydroxyl species of diatomite using DRIFT

[14] skF7E . ZB L/ AHLE o F 5 G R P A e spectroscopy[J]. Spectroscopy and Spectral Analysis,

&5 HERE[D]. KE: KA %=, 2000.
ZHANG Ziyang. Preparation and properties of humid-

ity controlling and antiseptic montmorillonite/polymer

2001, 21(6): 783-786.

(h# XES)

(k3% 789 70)

(9]

[10]

HEAEWE . WA BIE 5 u i (M. db st R A
Tolk it , 2014,

SHI Chuxian. Masonry structures theory and design
[M]
Press,2014.

e N B 3 I ) R bR o . A A O GB
50009-2012[S]. Jbat. drE @ 3 Tolk ik, 2012.
National standards of the People’s Republic of China. Load

. Beijing: China Architecture and Building

[11]

code for the design of building structures: GB 50009-
2012 [ S].
Press,2012.
HIEW . WA SRS T]. B8 @3, 1981(11):
43-46.

Beijing: China Architecture and Building

XIA Zhengzhong. Safety assessment of steel structures

[J]. Metallurgical construction,1981(11):43-46.
(¥ XEHH)





