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Antibacterial modification of palygorskite-based materials and
synergistic performance of moisture buffering and antibacterial

properties

SHUI Leyao®, ZHAO Lefi*, XIA Zunsheng®

(a. School of Building Services Science and Engineering; b. National Key Laboratory of Green Building, Xi'an
University of Architecture and Technology, Xi'an 710055, P. R. China)

Abstract: Traditional mositure-buffering materials are prone to mold growth under prolonged exposure to warm
and humid conditions, posing risks to both human health and building durability. To address this limitation, this
study developed four antibacterial moisture-buffering composites by incorporating nano-TiO,or ZnO into
palygorskite-based (denoted as T-FP, T-WFP, Z-FP and Z-WFP). The synergistic effects of the type of
antibacterial agent and the type of fiber on the moisture regulation and antibacterial performance of the material
were systematically explored through tests such as moisture-buffering value (MBV), moisture absorption
strength and mold coverage, and by using SEM, TEM and other methods to test and analyze the microscopic

appearance and physical property parameters of the composite material. Results indicated that nano-zno
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significantly enhanced the comprehensive performance. Compared to the TiO, systems, Z-FP and Z-WFP

exhibited superior practical MBV (reaching 2.06-2.75 g/(m®+ %) under high humidity) and antibacterial efficacy.

Notably, Z-WFP demonstrated less than 10% mold coverage and over 90% structural integrity after a 60-day

natural mold incubation test, identifying it as the optimal formulation. Further antibacterial tests determined that

the optimal mass ratio of palygorskite to nano-ZnO was 4:1. The nano-zno modified material Z-WP-4 has

excellent moisture-regulating and antibacterial properties and is suitable for use as a building moisture-regulating

coating.

Keywords: palygorskite composite; moisture buffer value (MBV); antibacterial performance ; nano antibacterial

agent; synergistic effect

TN AR B R R ) AR R B R O (A i
JHE OGS R, AN TE TR AN B e R EIA
DL AR ET 3 RN 35 9 A A R T 2 5 e LA 2 A
f iR FH PR, B A B2 B (O G R B R ) A 9 A 4 it
TARAE, 7E R R R O M X B A 2 T
B C LR — A LR Y ) BT R A
I61 - B FLAR I 7= Wy 4305 Yo = N 25 R, SR 5 R WE T
b B A K il 5 G 2o Tl BT I 9 1 R KURS: [
T B, U A LA G R Cn 2 R E 4R 2w
VSRR A ) T B BB A AW (A AEAERB AR = iR
B0 2 TR U P AR Y, UL, R R BRI
BB I = NI BRI SR RE R IR MR, 2
JI Sy S B S5 40 1 E B AR O Oy 1) 2 T AR
1M, % 4t 22 AL 8 90 B4 A o 250 W 1) ) B, JHE 1 8
FLBRZ5 G v oy & UK 43 A A T v 1 B 5 e i 2
R B TR AR R AR A TR IR R BRI T 0 2 b A
FEVR M DX A4 R o O R DX — P L B R S
HEgorie 5 KA i DI ae i 2 & Mk, & Ch %=
i >4 T A I 250 7 O B

U AR, 2 38 TT WA e PR 3 4 b 5 | A Bt B 41 o
57 i s 1 - 7 I 2 R S 1 PO ¢ 8
B/ REBE G MR B A YK MgO 55 3 4R
T4 T Ik B R A 2 R T 0 B4R R A
U AE 8L i A 402k T1O. 81 ZnO, il £ ) B A B 55
TIBE IR 2 7k 55 2 %M Ti0, 5 Zn(NO,),- 6H,0
TE BT 55 1 8 FE 43R A il %5 1 Ti0./ZnO & & #
B4 hJE AR R B R IR 99. 9% LA b s BR— LA
K k6 % 7 TiO,/Si0, &2 a8k, HAE UVA
LHNET RE R 92.7% ., XEHFIT R, BN
TEHLA8 K BT ) (A Ti0- . ZnO \MgO) J2& 48 T i 12
AR B T B B AT RGR AR o T B AEDTRE & a 2k
LR EF 4 (FP) 5 3 26 A JE R i 27 4 (WEP) 41 %}
AN/ VS NI/ = 0 IR S N (W 7 N o g S A
ife .

JRUAE 0 B R R WAL R A B 5 B 0 A ik R
HHR T 2 TrEw - A SRR, W3

23X — = MR AR RNE M 5 9 KRB R 2 A
FE AR FEAY 5 1 5% AN R 99K 05 5 (4o Ti0. 5
ZnO) 78 AH [ 3 44 5 (14 P BE X EE L B H 5 K [R) 4 9 £F
Yt (7R 5 AR50 ) Db [R) R0 1) 3R G MR A X 48 ok i = 5
BeAh A MR BT B AL EE , DL B B R st b
R 0 PRI BB 5 T 2 M 8 A 5 ML AT T TR A
Bt ZEH DL kAR & 0 Bk 2k A 3 R T 4t
(FP) FIA Ji £F 46 (WEFP) A B R X 4, 530l & 52 1
SLAYK TiO, . ZnO W R TCHLPT R, il 45 4 Fh 90 B&
Y W 2% A 8 A kL (T-FP. T-WFP ., Z-FP. Z-
WFP) , § 7& # #i 1SO 12571: 2021" il ASTM
C1498-04a(2023)"", 328 1 12 22 w1 45 4% .0 18 18
fig, Jf ok [ AR R B R 0 S A & T
25 A VP L B0 T AL e S AP 45 A FL PR 45 4 )
LTI I B I e A 1 O B 1 R < K o e Bl a1 ]
N

1 iREE

1.1 H&RH&E

T2 56 T ) D R A 5 R I R A A ) T 4 B 5
S PO I REAR o B2k A (P308) 5 A (ZT303)
fE R F 2R S FE S5 40, W T W S AR A 7 i A R
o8 A H 3 AR AE WA 4 o (Mg, ADs[(OH)L(SH,
AD:Oy]- SHO Fl Ca,SO,+ 2H,O , 43 ] 5 11 €0 Fl ik 21
Ry AR o 1 ZF 4 2k I PR £F 4k (Y -500) FlK Ji
27 4k (H-1000) , W T A7 58 JE 1 A1 g b1 B 24 W)
B 11 E N7 1 N 1 i o | T R N R E N
5T £ 4 44 AN /N T 99 %6 o PRUTE /)N 1 30 JRR 21 4 15
Jr HL W fE ) BE s HLTE g 5 At b R FE A TR A K
AUy 2 i B WO 1000A R 22 1) BB A R ML
$5 IV JBR 2T 4 BF % 2 0. 1~0. 5 mm, LA 34 58 H 20 vk
FHRA B 51 . U TIBEAH b 40K TiO,CRiAR 290
20 nm) 5 44k ZnO (#i 42 30~50 nm) . K 1 FIK 2
A3 g B R 6 i R R S5 ) B 5 SEM O
T 5 (R FH 7 [ ZEISS Sigma 300 & # 6iff i, 7 & 1%
Bi(SEM) ML) .



BLIR B, 55k % B R AR AL BOME R W R R R A A M AR 3

Lo

(c) TP JREF 4

(d) AK&r4 (e) 4k TiO,
E1 6FEMBHIYWRA
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Fig.2 SEM images of six raw materials
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Table 1 Particle size distributions of the two matrix

materials
wRRLAR S A /Y
ME 0~10 10~20 20~30 30~40 40~50 50~60
um pm pm pm um pm
Wk 24 45 17 8 0 6
HE 385 39 11 6.5 5 0
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Table 2 Pore diameters of the six raw materials

oK FHFLAE /nm fe/NLAE /nm
Wk 9.717 3. 954
o 9.040 4.154
VbR 47 4 14.482 1.803
NaE 33. 566 4.155
44k TiO, 15. 660 0.744
44k ZnO 16. 622 0.779
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Fig.3 The particle size distribution diagrams of two

antibacterial raw materials
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Table 3 Saturated salt solutions and corresponding

relative humidity

URIEANR(1 HEXT R/ Y6 /%
NaBr 53.49 +0.22
KI 68.86 +0.24
NaCl 75. 36 +0.13
KCl 84.65 +0.27
K,SO, 97.42 +0.47
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Table 4 Evaluation form of material mold growth
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Table 5 The proportion of raw materials for the anti-

mold test
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Fig.4 The dynamic variation curves of the test block mass

in the medium humidity level humidity regulation test
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Fig.5 The dynamic variation curves of the test block mass

in the high humidity level humidity regulation test
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Fig.6 Actual moisture buffer values of various test

specimens and grade of moiture buffering performance
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Fig.7 Records of moisture absorption and mold growth of

different test specimens
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Fig.10 The changes in mold coverage of the five test

blocks
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Fig.11 The low-temperature adsorption and desorption

curves of the two materials
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Table 6 The measured values of porosity and skeleton

density of four types of test blocks
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Fig.12 Microscopic structure diagram of the test block

for natural moisture absorption and mold growth
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