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Tests and Comparison of Hygrotherml Properties of Two Kinds of
Palygorskite-Based Composite Humidity Control Materials

FENG Lin, ZHAO Lei’, QIJiawei, WANG Fei

(School of Building Services Science and Engineering, Xi’an University of Architecture and Technology,
Xi’an 710055, China)

Abstract: In view of the fact that the hygrotherml properties of humidity control materials determine their heat and
moisture transfer behavior, two new palygorskite-based composite humidity control materials, namely palygorskite
based flax fiber material (FP) and palygorskite based wood fiber material (WFP) were developed. The water vapor
permeability coefficient, isothermal adsorption curve, moisture diffusivity and other physical parameters related to
the moisture absorption and release capacity and heat and humidity transfer characteristics of two materials were
measured. The influence of humidity control material thickness and upper and lower limits of relative humidity on
the moisture buffer value were explored. The results show that the thicker the composite humidity control material,
the higher the relative humidity range, the stronger its moisture absorption and desorption ability. The moisture buffer
values of FP and WEP with a thickness of 2.5 cm reach 2.83,3.11 g/(m*+ %), respectively.
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Fig. 1 Physical photos of four kinds of raw materials
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Fig.2 SEM images of four kinds of raw materials
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S (42+41.4) Y (45+1.7) % M B A BL5% B (o.0) 50
B (23704 30) (2 3854 35) kg/m’.
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Table 1 Particle diameter distribution of palygorskite and gypsum

Particle diameter distribution/ %

Material 145 1o-20 20-30 30-40 40-50 5060
pm pm pm pm pm pm
Palygorskite  24.0 45.0 17.0 8.0 0 6.0

Gypsum 38.5 39.0 11.0 6.5 5.0 0

K2 AMEMBEHILE

Table 2 Pore size of four kinds of raw materials

Material Average pore/nm  Most available pore/nm
Gypsum 9.040 3 3.9536
Palygorskite 9.717 1 4.1541
Flax fiber 14.482 3 1.802 5
Wood fiber 33.566 4 4.154 8

(a) FP

(b) WFP
3 2R B 5 & PR AT R RE S
Fig.3 Appearance of two kinds of palygorskite-based

composite humidity control materials
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Table 3 Corresponding table of saturated salt solutions and corresponding relative humidity formed

Saturated salt solution o/ % Error /% Saturated salt solution o/% Error /%
LiCl 12.33 +0.51 NaCl 75.36 +0.13
MgCL,-6H,0O 32.90 +0.17 KCl 84.65 +0.27
NaBr 53.49 +0.22 K,SO, 97.42 +0.47
R ) 25 21 SR FH X (6) T3 FP A WEP 935 ﬂzﬁ (6)
)

FHLIA 7 () -
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Sample

LiCl salt solution(p=12%)

NaBr salt solution(¢p=54%)
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Fig.4 Schematic diagram of measuring device for water vapor permeability coefficient
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Table 4 Thermophysical parameters of FP and WFP

Sample A/(Wem LK) a X 10%/(m%s 1) ¢,/(Tkg K1) p/(kgm ?)
FP 0.10-0.02 5.41-5.43 1360-1 380 1437
WEP 0.11-0.13 6.96-6.98 1140—-1 160 1536
560 520
— —e—
500 | ! 480 :
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t/d t/d
(a) FP (b) WFP

& 5

PR AR AR S A Bl AL T 2k

Fig.5 Dynamic mass variations of dry and wet cups
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Table 5 Water Vapor permeability coefficient and resistance

factor
3, X 10"/(kg-m s Pa ) 2
Sample
Dry cup Wet cup Dry cup Wet cup
FP 1.12 1.73 16.76 11.64
WEP 1.60 1.84 12.55 10. 87
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Table 6 Values of undetermined coefficient a, b, ¢ and d of
fitted curves

Sample a b ¢ d
WFP  0.44940. 132 5.899+3. 189 5.031+0. 155 0. 17440. 361
FP  0.437 0. 326 3.37842.666 5.00940. 339 0. 154=+0. 059
250
225 L = FP_ads
200 - ° WFP_ads
=~ 50 _ wrp R*=0.997 41
_E 150 -
125
= 100 - )
[ R2=0.996 74
50
25 1 1 1 1 1 1 1
20 30 40 50 60 70 80 90 100
%
6 FPHIWEP () 45 i e B il 2k
Fig. 6 Isothermal adsorption curves of FP and WFP
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(b) Slope of isothermal adsorption curve
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Fig.7 Variation curves of moisture diffusivities and slopes of isothermal of isothermal adsorption curves vs. relative

humidity of FP and WFP
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Fig. 9 Moisture adsorption and desorption quantity of FP sample of 2. 5 cm thick in the environment with alternative
step change in relative humidity
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Fig. 10 Moisture adsorption and desorption quantity of WFP sample of 2. 5 cm thick in the environment with alternative

step change in relative humidity
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Table7 Moisture buffering values and thicknesses of
various materials

Material (g-ml/- % //cm | Material (g.mi/_ %Y //cm
Gypsum 0.26 SLC 2.59 7.0
Concrete 0.35 FP 2.83 2.5

HLC 2.02 7.0 WEP 3.11 2.5

3 HHig

(KT 2% B A ) S Bt ——3 2 A B0
JEREF 444 FH(FP) FI3E 26 47 B K BT 245 44 kL (WEFP)
JEE T HMGEYME S . SFPM L, WEP Y fLBR
R, KERBBE RE VA &K B ANR Y SR
B .

(2) WEP Fl FP B 5, 52 PR 22 vh (8 (9, ) B
R U MRHE R FiRB B (d, 0 )8, g, 54531
ARG /N T MRE BN T d, B d, L RATAE
R AEIHERE TR LS5

(3)WEFP MW iR Ge UL T FP, RIS R T i
B e LU A 5 2 B0 I 26 B b R A T
B BE T 1 7,0 359 080 T ARAH R R BE T 1 9,05 24 AH X
X 6] A 75%~95% It , FP 1 WEP (15 2% vl BE /7 F
WS R RN F 7 2% vhEE ) R
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