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Preparation and performance of polyvinyl alcohol aerogel modified with polyaniline/carbon nanotube
LI Min, ZHU Yan, PANG Yiting, WANG Yishuo, WANG Yanxiao, WANG Jiayue, JIA Shikui
(National & Local Joint Engineering Laboratory for Slag Comprehensive Utilization and Environmental Technology , School of Materials Science and
Engineering , Shaanxi University of Technology , Hanzhong 723001 , China)

Abstract : Solar interfacial evaporation technology holds broad application prospects in the field of water treatment. To devel-
op efficient and stable solar interfacial evaporation device, polyvinyl alcohol (PVAL) was utilized as the matrix, 3-aminopropyl-
triethoxysilane (APTES)-modified carbon nanotubes (m-CNT) and hydrochloric acid-doped polyaniline (m-PANI) were used as
photothermal enhancers, pure PVAL, PVAL/m-CNT, PVAL/m-PANI, and a series of PVAL/CNT/PANI composite acrogels (PC,P)
were successfully constructed by using freeze-drying technology in this paper. The microstructure and chemical composition of the
aerogels were characterized using by scanning electron microscopy and fourier transform infrared spectroscopy. Their water absorp-
tion, thermal conductivity, photothermal conversion, and interfacial evaporation properties were systematically studied. The results
indicate that the inner layer of m-PANI-modified PVAL aerogel presents a wrinkled morphology , and combined with an appropriate
amount of m-CNT, a hierarchical pore structure can be synergistically constructed. When mass ratio of m-CNT and m-PANI is 9:1,
PC,P, aerogel achieves a water absorption ratio of 7.32, a thermal conductivity of 0.102 W/(m+K), and a surface temperature of
101.0 °C under 1.5 kW/m? illumination. However, evaporation performance is not only positively correlated with photothermal
temperature, but also influenced by pore structure and hydrophilicity. The evaporation rate of PC,P, [2.20 kg/(m’-h)] in freshwater is
slightly lower than that of PC.P, [2.28 kg/(m’-h)] and PC,P, [3.13 kg/(m’-h)], while PC,P, has the best evaporation performance in

salt water. These results demonstrate that the optimal evaporation performance is influenced by the combined factors of photother-
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mal conversion, water transport and thermal management. Aerogels exhibit more prominent photothermal conversion performance in

freshwater environments, while the water supply capacity and saltscale resistance are dominant in high-salt environments. This study

provides experimental support for the design of multi-component composite evaporation materials.

Keywords : aecrogel ; polyvinyl alcohol ; polyaniline ; carbon nanotubes ; interfacial evaporation
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Fig. 1 Schematic diagram of preparation of PVAL-based composite aerogel
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Tab.1 Component ratio of PANI and CNT modified PVAL

composite aerogel

g
Sample PVAL CNT PANI
PVAL 2.5 - -

PVAL/m-CNT 25 1.0 -

PVAL/m-PANI 25 - 1.0
PC P, 25 0.500 0.500
PC,P, 25 0.750 0.250
PC.P, 25 0.834 0.166
PC,P, 25 0.875 0.125
PCP, 25 0.900 0.100
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SIHER A 4 om ™ L 400~4 000 cm ™',
143 sEAKME MK

I8 oo B fh A I 42 A X PVAL , PVAL/m-PANI
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Fig. 2 SEM photos of interior of PVAL and PC P acrogels
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Fig.3 SEM photos of photothermal surface layer of PVAL and PC P,
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Fig. 4 FTIR spectra of PVAL-based composite aerogels
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Fig. 5 Contact angle photos of hydrophilic layer of PVAL,PVAL/m-
CNT,PVAL/m-PANI and PC P, aerogels
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SR, PC,P, B AR AS WK HE e (7.32 glg), 1H
IKAEACHR T B K, 55 R T R 3 ) 2 A
Ko PCP, i it CNT HEFR S B0 o X Bt 7K A
W0 45 R 32 B 5 Tl PC.P, PSR K B RE ML 0 A BE 242
WHAER R I B s . X— 2R HERW TG
2.4 RIS
17 2 PVAL K AR 2k PVAL 26 UBE L Y
H8.51, HorFik e & iy (—OH)RE 5K 40 F
T R SR T, T L0 S B S K R K A
RRCFANT o [, oK HE iR, 2R & 3, PVAL/m-
CNT. PVAL/m-PANI. PC,P,. PC,P,. PC.P,. PC.P,.
3.12.3.92.4.93.6.89.6.37 .4.24 7.32, " PVAL/m-
CNT FA2H 73 Bl PR BRI WK P B A, 3 2 ph T8 48

oo e
0 ms | I's
l I's
Fl6  PCP A IR A B B
HAN IRl 1 (36.43°) K T PC,P, (25.31°), iX KW
CNT 8 55 U L SRR -8 K " 5 3R 1, 75
L7 S it B K e AN R
WK i L. F L RTHT, 4 PVAL “SBE I I K L
{H5i— PVAL B4 = A ROCIRAL 5y, S BUR 2%
PC,P, 5 & HBE WK L 43 51l %5 4l PVAL 19 % %2
APTES B MEAE CNT £ 51 A T 258 (—NH,) &5 557K

BRE A, ELAE IR G5 R4 114 o 38 5 A AU 1 — 4 o 4%
h—E FEBE B T K53 TR B 3% s PVAL/m-
PANI /3 FHES5 ARSI A siAs , | A T —NH, %
SR P AT, SR KPR B AR 25 PANT B S o 3%, L
7K iR F PVAL/m-CNT 2 43 el MERE i

10

Water absorption ratio/(g-g™")

DUNRLR LR SR SER SER IR
WU

o Q\x%

Samples

/€7 4 PVAL B &SRB H
Fig. 7 Water absorption ratio of neat PVAL and its composite aerogels

1E PCP, R A 5 G A BEE T, WK LU BE CNT &
ARG S ST S BRI R R X SO A
FoKME BT Es R —% . Hb, nT g8t F PC,P, FI
PC.P M DGR 53 43 HOR 8, FLIE Bl
B K AH XA, 3 0l Ry 4.93 Fl4.245 4 m-
CNT 5 m-PANI JiT 1 [t of 3: 1 fi1 5: 1 ), PC,P, Fil
PC.P HEA WK HL 2513551 6.89 F16.37. EAb, 24k
— A H R m-CNT 9 i &t L), PCP, WK LT 2
7.32, 3% &R & B CNT 5 PANT (Y & S EE T 3%
SL R IR I Z QR ALIE S5, 3 F T I SR OK B RE A
(—NH, .—COOH %5 )& B U [ 558 1 57K 43
FRA ELAE FH [ FLE 32 38 P MO R AR T K %
HIBH T, AR K M REAR BIOLAE ; 1 PCP AR FHIROK HE
(6.37) BT PC,P, .PC,P,, ] B 5 1%L b T 414340
BCIRAS LI G5 I AN 22 A OG o SR, WK He
I W A K BE T, sh A K X 25 & 1 e [
FESCHE . 254 2.1 1 AIFLES R 43 M7, PCP, LI /K HE
WEATG A 378 388 A B e 1) 22 L mT SRR P
YNARIK 5 1T PCP, B s W /K HE B R IR T FL I &
gk (A FLIE LS 28 S BOMK RT FE
2.5 RHFERESAT

P18 I BT b 7 T AN [R) A BERE AE 1.5 kW/m2 i
LA BH G RE ST B Z1 A PG 1 B 2 T e vy U
XF . 4l PVAL SEE RO 5 HE T e 55 , 2% T8 IR
JE A, R 2 min f5 SR TANR (R 35.6 °C. Tl
A5G A 2 AR R  R RL 2 2



18 AR

2026 4E, 45 54 4 55 4 1)

PEFF. BRI, PVAL/m-CNT 58 i 114 2 1T et 3 35 )
97.5 °C, X JH A F CNT i 57 1) 6 I i 2 % 1k g
71 5 H PVAL/m-PANI < %t B 19 2% 1 i & 3k 2
91.4 °C, XIR FMRB ML T Hor 454, 1h5% T
Y20,

35.6.°C B3 197.5°C

(H PC.P, - (h) PCQP] §

8 PVAL B PC P & & BRI IR ]
Fig. 8  Infrared thermography images of PVAL and PC P, acrogels

RS, PANT 5 CNT 76 48 570 i SO 63w
267 1 R L B E M RO . B CNT & B
B, B2 A RBE RE 1HIR E RIRRSE BT
B PCP RBE RIS B T fe i YR AR 101.0 °C.
XEEHHE T — 5, CNT A B HA % 56 i K A
TR WA R R e ) DG R 403 5 W] PANT Y
CNT7E =423 [ B R T B % 454 1t A i 5
oG, LRI T AR RO SO T IR L A
by B SR I 2%, HLACBEIE R A I R A RE A A
TR TR LS,
2.6 HFERHH

9 &4l PVAL . PVAL/m-CNT, PVAL/m-PANI
DL RISt 52 A B (A A T 258 Vi BT e S 3 T
PANI 5 CNT & & M % PVAL AR $uE S PERERY
PEEAE T o H IR, 4l PVAL BRI A AN IE R
FALH 0.025 W/(m-K), # it A% 16 32 B 7y 1 Ik
oy, ME LA R AT 75 R e 7ok . 5] A m-
CNT 1 )5 , PVAL/m-CNT S #E I 0 G R 2T+ 2
0.057 W/(m-K), m-CNT F 5 AR L i i T
AL AL H A — SR i S A A S
PR, AGoREETHIR B RN s i — 25| A m-PANI R &
U JE , PVAL/m-PANT S BEI AT 5 0 28 0.029 W/
(m-K), PANT f 3L 485544 5 PVAL JEARTE J 560 L i
YRR B/ 1P - R i A BH R

PVAL 5L & A BERC A TR 0 0 LT
#..PC,P,.PC,P, .PC.P, .PC,P, 5 PC,P, i # G % /3 |
%% 0.036.0.042,0.065.0.089 10.102 W/(m-K), H
o1 PC,P, 1R &R A R4 4l PVAL %E IS 2 T+ 24

(e) PC,P, (2) PCP,

308%, X FEIFH T : —J7 M, m-CNT 5 m-PANI
()52 A5 R i Bt 1 EE A AE PVAL SRR I AL T 3%
Zny G B, e 1N S S ) — T,
m-PANI 5 PVAL SARTE S IR 51 IR i 21
() S A RS ATR T OB A i) g AL TET FARHL
WD T FE A S | A HARFE

0.125-

0.100} ‘)j)ﬁ*l»

0.0751 0.065

0.050+

0.042
0.036
0.025) |0:929
0.025 W m
¢ 5

3 Samples
&9 4l PVAL & GBI G5
Fig. 9 Thermal conductivity of pure PVAL and its composite acrogels

MZ,m-CNT 5 m-PANI & & 2t B2 7+ T
PVAL SHERL AT, iR T 2l PVAL SBERAR A
FRFE A ZE LR AL R R, R e A
OSBRI 1) G-I E - 28 R R A RCR AR T A
ZERMEREBAE T AR
2.7 R AR AR AT

10 IR T AR ABE B AE IR K AR 7K () 2%
KANERE . TEFTARESL R, 4l PVAL SBEIR (25 & 1
A2 . B OB ZE R ERe XS 2 KR T,
XA a5 T HAL LR R i b iy Z AL 45 H o
TEIR K78 %K Hh (] 10a F1 I 10b), PC.P, B A/ LI
AT, HAROK 78 &l #8383 3.13 kg/(m’+h), &40
PVAL < BE E 19 3.1 £, 728 & 300 % 35 5] 92.96%.
PVAL/m-CNT [{R 7K 78 & # % 2.16 kg/(m’+h) . 78 &
2% 90.13%] Fl PVAL/m-PANI [¥4 7K 28 & 3 % 2.10
kg/(m*+h) . 28 R BCH 87.55% ) LEEE W FR B @, X
55 TR A g B ) LRI R ) S A e M BB L
TG, BEAM, PC,P, IR IK 75 & 4 2.20 kg/(m®« h)Hi
T PC.P, [2.28 kg/(m?-h)] Fll PC.P, ), 3X U A TR

Thermal conductivity/[W-(m-K)™']
(=}
1
1

(=}

K7 K R 32 B AL B A 8 5 IR AL BE T i U
%Zuﬂo

1 K 7% & v (18] 10c #1E 10d), PC.P, 2 A<
BERE A VERE IR 58 1, 28 i U R 43 i) 3k 3]
2.25 kg/(m’+h) F1 94.11%, 1fii PC.P, & A Bk I 1) £



R A RO AN A A SR M B B o B TR

19

E
an
<
)
on
)
<
<
Q
2
E
o —u— PVAL/m-PANI i
-3.0F —x—PVAL/m-CNT Ne
—=—PVAL
_3 '5 L L L L L L I}
0 10 20 30 40 50 60
Time/min
(a) Quality change curves for freshwater evaporation
0-
-0.5+
g _10t
50
< 15— PC.P
% —1.
S HolL+ PCP
; | —e—-PCpP
% _p5L—=—PCP
& —=—PVAL/m-PANI
-3.0-—*—PVAL/m-CNT
—=—PVAL
-35 L L L L L I |
0 10 20 30 40 50 60
Time/min

(c) Quality change curves for saltwater evaporation
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(e) Optical photographs of salt resistance and salt scale resistance of PVAL and PC P composite acrogels
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Fig. 10 Freshwater/saltwater evaporation and salt resistance performances of PVAL and PC P composite aerogels
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