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Abstract: The temperature response features of cellulose/polyvinyl alcohol (PVA) hydrogel possess a potential of mitigating the
damage of cementitious materials caused by frozen attack. The influence of cellulose/PVA solution on the fluidity, mechanical
properties after freezing and thawing attack was evaluated. The hydration products, pore structure, cracks patterns of the composites
were determined. The results show that using cellulose/PVA solution can enhance the fluidity of cement paste. A cross-linked network
appears after applying a freeze-thaw cycling on the cellulose/PVA solution. The porous structure of cellulose /PVA hydrogel improves
the total porosity of cement-based composites, but alleviates the compressive strength loss and the microstructure damage caused by

freezing-thawing attacks.
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Table 1 Fluidity of hydrogel incorporated cement-based
composite materials

Sample No. Size of cellulose/um  m(cellulose):m(PVA) Fluidity/mm

R 245
I-1 20 3:1 270
1-2 20 1:1 280
1-3 20 1:3 265
-1 90 3:1 255
11-2 90 1:1 270
11-3 90 1:3 260

m is mass.
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(b) High magnification

1 EFYEER/PVA JKE-IBAR T I T SR AE
Fig. 1 Morphology of cellulose/PVA hydrogel

2.2 FHEZR/PVA BRI RATRENMER T

¥ 6 HEF4EZ/PVA B, HKIETER 5%15
NBE IR, RERAR BN s 45 R 1 Fs .
Y FR/PVA EREIBN, AR 238 K e 2% 4k
IRANE . UFRE L m(AF4E2):m(PVA)H A,
5 20 pm 2724 2 AR 730 FE 2 S T 45 90 pm 2R
A, BN R AR B PE, 20 pm 2 4E R
XA M G N . 76 2 AR RN 4
ERKMHART, 2 m(EF4ER):m(PVA)=1:1 K, i
HE R, RWLGHEERS PVA LB RS0 EH
A R o



5549 &5 11 1) &Il S JKEURE GKJEEEARERE S A I RHIE < 2473 -

23 KERESKREEMBNF R

R 2 4E 3R /PVA IEREB N BRI, oK
BEAE VR R 26 1F IR O 1R LR B RT 5
A BT T K ZEM RO REMA R R, R it e B
SHAFEREAT RALACEL . BEAT URRMIEFART SR (1 d)
W2 from. HEE 2 AT, UREREIR AT AR
UL SR FEAEAIT, KBS N AR B i 470 s 58 2
FAEAREEN . TR AR R AR A, AR
WO 1d, BreEdRRIEA I RE A, KIeKA57E
BEAT, AKUEAT BB R AR S R JE . RFELE T 20 IR
AL o DTS SR B 45 R AR 2 B DA
BAFLTYER/PVA I R G AR S 55 2 )
T IR . AP YRR AN IR A AEE S, B
20 pum £ 4E R IR A IO HE K R S A R4 v
a3 Ja 1T H o B ROCR BN . R URRLE A )
A AR SRR L T 2 2 S B A R
LS T IR R A A S5 AR BB A A A e L
BEAG s AE KV HEA R 5T IR BRI, £ VR f AT 24
ERER ORI 1KV AR N EREE R, HEFE 7K
AL

x2 KEREAKEEMRHAERE
Table 2 Compressive strength o of hydrogel incorporated
cementitious materials o/MPa

Sample Before freezing-thawing After freezing-thawing

No. cycles for 20 cycles
R 13.8 24.1
I-1 13.9 30.4
12 14.0 31.0
I3 14.1 32.6
1I-1 13.8 29.8
11-2 13.7 28.3
11-3 134 25.0

IR, KB Bt R B A Rk A s
TREFHHKEGE, S T UKIRBIR. 2U0RaIE
M 20 JEAEKYEEEMRE PSRRI B K B LA
% REESLAGH, A EIR KB RAL 1 Ak 4 8
G, HLRSE AR R 7R B T AR 1) 22 b 45 8 1
IERT . BEAN,  MRVAR I 7K Bk BRIt 8 7 7K o3
IR BHEAT, Pyl it — b g sm ik PE e, DUk,
TEIKVE I 5 N YEZR/PVA TG, M T
RSB, BEEREAREL, S TR Y
USRS o
24 IKEREEKIEM IR YIE K

RIRIA LS K8 KAL) SRR — %€
SO,y T R UK YR B A A T T R K

FEXEIKAR =DM, GF 28 20 VRV Rl AR 2R 1K) 7K B i
EKPeFEMRLEAT TG-DSC 0¥, k45 B an
Kl 2. DSC M2k EZA7AE 3 M. 105 CAL
(R B 7K 7K A B R K 28 R R e, 470 C /ety
Ca(OH), SZ 33 fift R K B5 R K (PR B, 740 °C A2 d5
CaCOs; Z ST RN . TSR 5%,
BKIILPE TG-DSC M AR Be e il B 2 4E 2 /PVA 43
fftie . fBBE CaCOs 3 Ca(OH), BiAL IR, W LA
i Ca(OH),w CaCOs FF 245 2 R AT 5 A
h Ca(OH), & & o AR5 X (1) 7T 5 35U o Ca(OH),
.
37n 37m
A:T+E ()
X 4 NEES T Ca(OH), &R, %: n NEER
£ TG-DSC Ml HF Ca(OH), i LR, %; m
NFE S AE TG-DSC MK o CaCOs 11 5T & 451 2%
E, %o
THHERER, FHRFEH AW S EH
FUN, BIHENT 1%, FiRSE BRI F4ER/PVA
TR B FL R RO oA SB35 R R IR S /K TR KA, 2
A% m(cellulose):m(PVA)H I AR R /KA =4 Fh 245 )
TR,
2.5 KERRESIKCREMEIFLEH
K3, K 4 A2t 20 YOF B IEIRHI % KB IR B
HRVEEMBHFLBR A s . B 3 AT%1, 7K
B A KV FEA R BT FLAR R = T IR AERE . ] 3a
, BAUARRYS PVA SR, BEE PVA B
Fesgn, S LT AR, 17E R 3b Hri A s 2 B
SR, HE 4 TR, BYER/PVA JRE R AR
S FLAR A SRR, $55RILAE 10~100 nm Y& H
LS & oS i K. KBRS A7 TE S BUa AR FLBR 26
P EE R B T/NMLEEMN, KF 100 nm fL& &
A L 23R
AT FE B, = DA 35 50 R FLX 2 e Vi v 1
TR 1 A A R (P2, T T AR/ T 0.05 mm? 6L
BN B T 1R m R AR, AL R AR A
S FEORE R, AT, Bl AL
REPURREBEARARI, SHaIEAER G R
LB R SRR 2 B I AR F I A M. 2 ARERIPT
JE 8 FE RS FLAR IR T KB R B A /K Ve AR
M7E 145 L AHF, KERE G /KIREM R PUE
55 AR G, RERTE 1T A, Prikss
[ PVA BRI, SfLAFFEE PVA
I BT B



. 2474 . (HERR Sh22 400

100
R 405
o 95t
< {00 ©
E o
s 90} 464.61°C =
& 1-05 ©
z
© =}
ﬂ)
jan
80 |- 41-1.5
75 L L 1 1 1 _20
0 200 400 600 800 1000
Temperature/'C
(a) Blank sample
100
405
95
° i ~
E 0.0 b
= 90 |
3 4-0.5 5
E :
2 85k =
S 1-1.0 =
:
80 4-15
75 -2.0
0 200 400 600 800 1000
Temperature/'C
(b) With m(20 um cellulose):m(PVA)=3:1
100
2 109
95
X 100
= 20
2 90t 463.77°C =
5] 1-05 ¥
& g
2 81 =
s 17 3
jant
80 | 1-1.5
75 I 1 1 1 | | 20
0 200 400 600 800 1000
Temperature/'C
(c) With m(20 pm cellulose):m(PVA)=1:1
100
-3 10.5
95
& 100 T
= 463.86C b
S 90 =
8 1-05 &
& g
g8r 1-10 T
= B
jas)
80 - 1-1.5
75 1 1 1 1 1 1 20
0 200 400 600 800 1000

Temperature/'C
(d) With m(20 um cellulose):m(PVA)=1:3
Notes: After freezing-thawing for 20 cycles.
B 2 AFRLYER/PVA IS KR Z SRR
ff) TG-DSC 43 #t

Fig. 2 TG-DSC curves of hydrogel incorporated cement-based
composites
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Fig. 4 Pore size distribution curve of hydrogel incorporated cement-based composites
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Fig. 5 2D X-CT sectional images obtained at different depths away from molding surface (R)
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Fig. 6 2D X-CT sectional images obtained at different depths away from molding surface (I-2)
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