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Research Progress on Super Absorbent Polymer as Internal Curing Materials of Concrete

ZHANG Yuanyuan, MAO Qianjin, LI Songtao, WANG Ziming
(Faculty of Materials and Manufacturing, Beijing University of Technology, Beijing 100124, China)

Abstract: It is essential for the quality of concrete to carry out reasonable and adequate curing during the construction of concrete.
The conventional external curing methods such as watering and coating, which are commonly used at present, have some problems of
limited curing depth and dependence on the shape and construction part of the member. The internal curing method can solve these
problems well and has a good application potential for the parts and structures that are easy to shrink, crack and inconvenient for
external curing. This review represented recent development on the internal curing materials, and focused on the types of super
absorbent polymer (SAP) as the promising internal curing materials and the mechanism of water absorption/release and the
corresponding volume change. The water absorption/release behavior of SAP in cementitious materials and its influencing factors
were summarized. The influence of SAP on the hydration process, pore structure and macroscopic properties of cementitious
materials was discussed. In addition, the future direction of using SAP as an internal curing material for concrete was also envisaged.
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Fig. 1 External and internal curing mechanism
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Table 1 Absorption capacity of different types of SAP in deionized water and cement pore solution

Absorption capacity(g/g)/Absorption(saturation)time

Materials Particle size/pm — - References
Deionized water Cement pore solution
Sodium polyacrylate 140 475 g'g”'/2 min 40 g-g'/1 min [31]
saturation 11 g-g"/30 min
6-9 g-g"'/100 min
Sodium polyacrylate 197 275 g-g /10 min 30 g-g'/5 min [31]
saturation 23 g-g"'/30 min
6-9 g-g"'/100 min
Poly(sodium acrylate-co-acrylamide) 68 350-400 g-g '/10 min 36-40 g-g"'/1 min [32]
saturation 15 g-g"'/100 min
5-6 g-g /1000 min
Poly(sodium acrylate-co-acrylamide) 100 250 g-g"'/10 min 26-27 g'g”'/10 min [25]
saturation 28-31g:g'/1h
22gg'24n
Polyacrylamide 87 12-13 g'g"'/10 min 10-12 g'g”'/1 min [32]
saturation 15 g-g"'/100 min
22 g-g'/1000 min
Starch grafting acrylamide and 2-acrylamido-2-methylpropane 125 271 g'g"'/2 h saturation 87gg'2h [23]
sulfonic acid saturation
copolymer
Organic/inorganic compound super absorbent polymer (Starch, 75 268 g'g"'/2 h saturation 86 g'g'/2h [23]
acrylamide, 2-acrylamido-2-methylpropane sulfonic acid and saturation
sodium silicate solution are used as raw materials)
Sodium vinyl sulfonate and 2-acrylamido-2-methylpropane 100 60-66 g-g"'/10 min 20-21 g'g /10 min [25]

sulfonic acid copolymer

saturation

22/1h
21-22gg'24h
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Table 2 Effect of different SAP on the compressive strength of cementitious materials
Mass ratio Compressive strength variation/%
Materials Particle size/um Dosage/% References
W/Ceffeclive W/Cexlra 3d 7d 28 d
Sodium polyacrylate 250 0.30 0.175 0.05 -1.6 2.6 [77]
Sodium polyacrylate 125-841 0.20-0.40 0.3 0.02-0.066 -12.5-0 -19.19-0  -16.67—9.26 [84]
Potassium polyacrylate 476.6+£52.9 0.20 0.4 0.07 -31.03 -21.74 [85]
Poly(acrylic 100-120 0.57 0.3 0.06 -11.13 —4.44 —6.67 [86]
acid-co-acrylamide)
Sodium vinyl sulfonate and 100 0.26 0.3 0.054 -20 =20 [25]
2-acrylamido-2-methylpropa
ne sulfonic acid copolymer
Organic/inorganic compound 75 2.40-9.60 0.28-0.33 0.017-0.07 -10.19 —6.76—2.36 [23]
super absorbent polymer -1.70

(Starch, acrylamide,
2-acrylamido-2-methylpropa
ne sulfonic acid and sodium
silicate solution are used as

raw materials)
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Table 3 Effect of different SAP on the elastic modulus of cementitious materials

Mass ratio Elastic modulus variation/%
Materials Particle size/um Dosage References
W/Cefrective W/Cexira 3d 7d 28d
Poly(acrylic acid-co-acrylamide) 100-120 0.57% 0.3 0.06 -13.74 -15.36 -11.87 [86]
SAP 63 0.30% 0.15 0.05 -32.00 —23.64 -15.25 [76]
SAP 0.24% 0.33 0.06 -13.79 -14.71 —-13.16 [82]
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Table 4 Effect of different SAP on the autogenous shrinkage of cementitious materials
Mass ratio Autogenous shrinkage reduction rate/%
Materials Particle size/um  Dosage References
W/Cefrective ~ W/Cexira 3d 7d 28d

Sodium polyacrylate 125-841 0.20-0.40 0.3 0.02—0.066 75-140 50-133.33 40-108 [84]
Potassium polyacrylate 476.6+52.9 0.45 0.3 0.054 81.25 50 [97]
Polyacrylamide 10-190 0.42 0.3 0.054 92 91.67 [32]
Poly(acrylic acid-co-acrylamide) 125-150 0.16 0.33 0.03 77.27 43.18 41.67 [99]
Poly(acrylic acid-co-acrylamide) 200 0.30 0.3 0.0375 123.08 113.33 [98]
Poly(acrylic acid-co-acrylamide) 200 0.60 0.3 0.075 130.77 126.67 [98]
Poly(sodium acrylate-co-acrylamide) 100£21.5 0.22 0.3 0.054 112.5 118.18 [97]
SAP 63 0.30 0.15 0.05 90.91 86.67 81.48 [76]
Organic/inorganic compound super absorbent 75 2.40-9.60 0.28-0.33 0.017-0.07 40.9-719  36.33-65.4 [23]

polymer (Starch, acrylamide,
2-acrylamido-2-methylpropane sulfonic acid
and sodium silicate solution are used as raw

materials)

6.3.2 TS  ETERIREET, KIeEM RN
AR M A2 R T B R A TR RS . Rostami
2100120 Tan 25U OL B ST SAP IR Tk 4 2%
5 SAP Fris NI FRK A K, BIANM N FEFK
BE, FrRgsio. wa U250k SAP BKE
SR PEFEA B FLIR R, AT 137K 5 58 5 2%
Ko SECEEUGE IR Liv 278 KK 0.18
(IR JeFAT R R RN 0.3%A1 0.6%11) SAP KL, £
91 d W, FEi4aZesr g 2.7%F 10.9%. 1
Han 290 Yao 2510 1o 3% 4 30 SAP FIIIN R
BRI /K YR HEA R B T8 4, {2 SAP Fik| B W4
2R AR T L AR T AR 4 (R . Ma 2500
WM SAP HAIAL 51 KIS, 2338 KK e FEA R
T4, 24 T45 SAP Itf, BE% SAP SRR
I, AKYE AR BRI A BN, X R B SAP
X TR e R R S 84 5| K & DIRO%  BEAk,
X TR VRS B, R NN FRSIK
G TR, IRMELREFERVEIEAM LS, HETAH]
FHHT s, R, RIS R IXFE D
TR AT U, G, CYE4EFIR SAP &
PRTEC A FH I, SR T- 1 K e Rk g
q&éﬁ[w}, 108] .

7T HEwERER

M SAP IS —REKAE FIHLER . AR R R S A
FRAARAE VA S SAP X T 7Kg A RO S5 44« WL
REMIRZMSE 2N 25 1 SAP fEJviREE L N IR
PRRIRT SR R, T H AT TR LA B LT

é:él:i/lf\‘:

1) SAP [WR—BIKAT NS HA T 450 Rife.
HRFRIRRIE . MR E TR ER R A K. SAP
A ISR KL SAP WK 1 = B3 J k5,
KT BNIG, H =g ARE K 5 F A7 T 5%
HE YN ER . SAP TE/KIBRM P ZREIE K 1% %=
SEAEHR, SAP 2B K. B, 1ENNFEY
MEHY SAP TEX B F/KHIRKEE I —/A 200~
500 g/g, T HAE K YEIKARFLBR I A IR IR B8 171X
9 10~40 g/g, HIEWIEHIREEIE SAP FAIEIR-N
IR A SAP TEI B P BB KR AS I (1 7R R
— N IR AR R 8~27 1%

2) fEKIEFEAEIFHB N SAP I, FEEKiLIT
FEMIEAT, KVEFEM LA K A WIH#E, SAP
FK ALK PR M BRI HERE , 3R B KK 1L
TR, [FIT2401k SAP A H LB . SAP /K JE7E/K
PR R RZRIUN 2 ML, 70512 SAP 5K
AR GE S TR AR SAP K 5K e R4k g &
(4TS o

3) HT SAP WIMUKEHE, fE/KEHEEMEF S
A SAP B, £FBUKREME TAEMEREE %=, W]
DL R B4 5] K B K 75 8ok ol K e gk
PR TAEERE . fE48 N SAP AT 2 Fhrik, 435
FETRKIERESN G KT8 R TR KR,
B LE SAP TE/KUR HARFLIG I T H (1)~ R K fx
K, MERABINIKTHBIEN, BEEHE SAP 75K
T FARFUBRIE I (PR K A 2, EEE R SAP
(IR KR
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4) SAP £ NoKHEMELE, HT SAP H 5 5%
X, BAERKIGHE FRORIFLE, 8 20K e 2k
MR 2 R Re = LE AR RE A, (H BB 08
SAP RAEH WP YER, KIBEEMBI S22 R 2
AETRE .

5) SAP X Tk IR FA R B 4 B A R4 (4
HIYER, SAP B2 AESN 5K S, #H| H Uk
EMIRCRBRAT, T SAP KA T B WK 1 BE 1 5
ERH G5 E. ah, =EAITT SAP XHKIE
B BT 4R i sema A2 A 4, WS SAP Pl
NN FEF K ER K.

HHT SAP fENIRE NI MBI CEBE T
REWWIT, EJA LRI R ERARE:

1) SAP 7E/K Y FEAT L i B /K 2 F M Y 729
MR, X5 SAP F & TR AUKEILBIA R+ 2
WEFRAHBEAERA R, AR XM
K, Wit HAIER SAP 7 T4, TR Z A0 B
X SAP ¥ A4 RE 52 o

2) SAP TEIK IR FEA B 1 1145 B BRI L AE 7K IR
B RE (R P AR A 2 NGRS 5 K B R, T
SAP fEIK IR EM KL IR e 1 2 Z BIK K LG 7K
TR TSR R R, DRk, A 0 B3R K SAP
TE 7K YA AL Hp P R K A% 26 R HE B 51

3) HEEFT SAP KRt T /KU 30 R 46
Re. U VERE RSB, TEORUE B R AP 46 RL
RER, T RERVN SRR, DU E B
R ARG TEN S
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