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1.1 ##

RS A K (FA) P HITTL A 6 M KM g,
ELR AN 390 mP/kg, “FHRIARA 13 pm, FKE
9 0.44%; FE(GGBS)™ H = F 8 KR TTIEE
YRS, LLRTRLUA 513 mi/kg, FIIRIAA N
12 pum, FIKFEN 0.25%. R LA I AL 24 L
1.

x1 WMHEVREYELDEN
Table 1 Oxide compositions of dead-burned magnesia
powder and cement w/%
Oxide Si0, ALO; CaO Fe,03 KO MgO Na,O Others

FA 50.86 26.00 7.69 9.69 059 041 062 4.14
GGBS 34.01 1057 3990 054 083 215 7.50 450

MgO 4.50 92.30 3.20

w is mass fraction
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fit # + (SiO,, DE). NN'- F % XU 75 ¥ it f
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FURFN R R ERAR B 2, FEL SS AL
SUERBRIREMN, 31K AA BAREREE R BN IGR
S bk, BEE HAEIRERN, BNEEREE LR
S ER 2 K. DE R MRERIL S RN IGIREE
R R R AR B AR S IR T R, R T
Mpgia. HTmMAEER, BNEREEA HES
DiEEZ b B fE MBA ZERFIIMER R, TERCE
A =AM S TR IE R G, el Z
Wi 1b ffros . i 5y s e i e A B e L 3R
MSAP 7R/ VE K it = Lh(2~8) T R/t v T
R (5~15). 5l &7 APS FIE(FHXT T Hifk AA Ji
E[1 0.05%~0.25%) ZHF MBA & (FHXTT AA
BARTRER] 0.01%~0.10%)% R AFH T KR K-8
JERE, AREAL LR 2, WRIGH IR A A ot
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1 S /A i U SR T A R (MS AP) [ B v 5 i) 6 S8
Fig. 1 Design and preparation of starch grafted/diatomite-modified polyacrylic acid (MSAP)
*2 MSAPMIEMES!LL
Table 2 Mix proportions of the MSAP

SAP type AA/mL SS/g DE/g NaOH/mL AA/SS AA/DE w(APS)/% w(MBA)/%
AA2 3 1.5 0.2 35 2 15 0.15 0.05
AA6 3 0.5 0.2 35 6 15 0.15 0.05
AA8 3 0.4 0.2 35 8 15 0.15 0.05
DEI10 3 0.5 0.3 3.5 6 10 0.15 0.05
DE20 3 0.5 0.1 3.5 6 20 0.15 0.05
APSS 3 0.5 0.2 35 6 15 0.05 0.05
APS25 3 0.5 0.2 35 6 15 0.25 0.05
MBAI1 3 0.5 0.2 35 6 15 0.15 0.01
MBA10 3 0.5 0.2 35 6 15 0.15 0.10

MZERD AR Rh, MSAP Bkt /8. B M
BE T A SR B IR  B 5 SbRR R AT A
R, AHF RSB N SAP R 5 3R s AT
IRTHE T, PG T MSAP WK—ReKAT N2 R .
MSAP 7ERY S FLBRIH 25 min 3k 2 B KRR 2
LBy SR R RIS T s 1, g py R
/K5 MSAP [ & Ly A 20 : 1~45 ¢ 1.

PLBE N 0.1%1) MSAP BRI A RS2 MK, 1K 2
JEs T AR IR OK S N R R B Y R B S R
B N Z IR K RS SRR S E T UG I %) B
A = X T NI K-S MSAP 1) &= L

9201525 1 HIEMIRAE S, WA TEIITE 5 min
Jr g R %, BAE 20 min 5 AR MRS B AR B E K
T-&45 MSAP (¥t X —URFERHT NI
FOKAR, BRI T BRI LR A BUKKE; Sl E
ELik 30 : 1 RS IEARE S S50 BRZE i sh M AR ALk
HBONAL. N FRY UK RSN, AR
SRR AR EE 38K, Wb En YRR B . [
Wb, AR BRI I8 R U SR A B i B [ AR A
HIRf T B N FRPT7K S MSAP &N 30 - 1,
HAR MSAP BEFE i ] 15 BRI 258 . Tk
WO SRR S I B & LE S B 3K 3.
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Fig. 2 Flow properties of alkali-activated mortar with different internal curing water content
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Table 3 Mix proportions of the alkali-activated mortar kg/m
Samples Precursors o )
Alkali activator Fine aggregate Water MgO MSAP

No. FA GGBS

S00 300 300 90 1200 210 24 0

S01 300 300 90 1200 228 24 0.6

S02 300 300 90 1200 246 24 1.2

S03 300 300 90 1200 264 24 1.8

S04 300 300 90 1200 282 24 24

S05 300 300 90 1200 300 24 3.0

B ) 8 S FRPITE RS AF(25 C)idk AT« Tl
Sl B SR EE 1 min, BN ER/KHEEE 3 min
HEHN . HRAEENBE S, 797 24 h JFHEL
1.3 M7 E

WA IR e m K ME B IE N 729 7)Y (JCT
2551—2019) 3G EE R, @it A 48R E MSAP
TEZE T IKS 0.9%NaCl i~ A B 5O i
IR VERD AL AR KR K PERE . 28 TSI
WIHPRE, 0N moo PRI SAP ¥ K21 0.3 g
TRNZEEE, 188 my. KA SAP HIRISE AL
W, fEREE R R I, Mgk
HWE, 18N m.e. WIEER o THEI)ATR.

w="2"M™M "M (1)

m

FIH Gemini 500 37 & 5 £ 4 H 7 & 55
(FESEM)X} MSAP 51 I O &6 w6 ik 47 W,
AN 4 kV; A AR #4746 (FTIR) 58
1 Thermo Scientific Nicolet iS20 B 3% FHE1T,
TR A A 400~4000 cm ™'

XA D 3R B sh M (B 1) St &5 B TR) gk A7)

SE R ECRTEEE [R) Ayt 4 B TR) R B 25 SR s A
YAW-300C iRZGHL, XHAEAL 1. 3. 7. 28 d [k
AT L J7AR(70.7 mmx70.7 mmx70.7 mm)$iE .

45 ASTM C1608—12 FRvfl Ml 27 (A i
TE BRI RD AL 22 IS Ad s A B AR A =k S0 2%
B EFE S H AR, H PSR SPIRAS
BRI A KEARTE . 5] NI ME
RZF IR BAE LL ] MSAP XA & b 34k 2%
A5 J AR R, Q) prR.

CR =2 "84 100% )

&

A CR AWM ER; & NATE MSAP [ S00
FE S22/ B IR 5 e NBAELLB] MSAP £
A SE U AR B URCAE 2

K HKT-XY B30 R A% 1885 I e Bl R b 2K 57
1 0~28 d NEFEXTIEBE ARk, AR IR AR N RFE LY
935 mm; KA BHE KL KRS0 E KT E
MEE T MERRFET GG, ¥E4HE L
1A% AR Sk 4 v T L 4 N T BRI WD R A N
s IR Sk N KA S D J FLRR I B K K )
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., AR KR 70.7 mm TR, AR 200 -

. N g s L 450 |

RLIENIRE N 3 em, KEEPIEN 2 min; KA AA2 —e—AA6 AAS—v—DEI0
00 | DE20 —«—APS5 + APS25

JKIE(MIP)E AutoPore IV 9510 4 [ 5 1 7R AL 3 5E
FRP 28 d JEb I I FLBR S5 25

TR D IR IPKIBIE M S Pt Eh B B R 1
SE B RAE AT AE A VP AR AR A b il F R Y
KA. P K Rk S5 Pl A B 1O R 80E
(RCM) PN BRI b S I Pk B EVE S PR B &
FerEe AR RS 2008 EBEAR N 70 mmy T
MEAAN 80 mm. =4 30 mm [I#ECKFEHERF S
¢ 100 mmx50 mm ¥ [ FE RS 2R 1o

2 EREH®

2.1 MSAP &S ExT KRR HERERY R T

Kl 3 S MSAP TEA FVER IS % . A
] &5 S B 46 1 MSAP 76 25 B8 1 /K HH ¥ R B0 A
30 min PYPR R K FRIREPE , I S R TR T 2R I T %
FEAE 120 min J58 2IRBCFETPIRA . AA6 B MSAP
TEX B TR RIS B, 1E 240 min B A4
472 g/g. ¥4 SS BB, #B5> SS MELATE 4k
N, PIREHOIRES . & T B HEBAIRES
(1SS 5 AA AR B] A ELVE F 32 AR T A . 1X
FhE5IER: S BUL I & o TN BN IESS, i
AAS B MSAP WK £ 26 KR FERE 22 85 g/g. 1ELUME
MR, DE AR S5 R MGRREE - Rt
B AR N ids o A Bk EE#, DL DE Bkl
ORI, W58 T MSAP FIWGR S
1 DE WA 20, B SARE THE, R
TR PRI E BB R, b T KTt
N B 23 18], X 53 MSAP 2 T W /K i P
HBIEAE

5 LB TFAKME, HA A KRS &1
MSAP 7£ 0.9% (i &4 %0) NaCl %3 IR A5 2%
BE T, JFHRZ—7ET MSAP 7£ NaCl & 1)
BIERARTELEBF/KY; FE, B NaCl 5/&Em
I B8 2% 5 23 [V LR IR T MSAP S
TR AR 5, PR T MSAP 8 I LAy 25 T
BEMIBRAS 7K FHRIA B E . HAEE R SE
% MSAP 7E 0.9%NaCl R R H 5 K51 K
FEABLARI VRS 1, BIRG 30 min P BRSEE R K ELWR R0
SR A] A SR T Wi . (EAERME, CG A
1E NaCl ¥ I AR 23 g/g, BB A
EH TR E, M4 SS #kS DE ot /Em
MSAP W% Z T4 110 g/g.
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(c) Pore solution of mortar

CG is control group without MSAP inclusion.

K3 MSAP AR AW 5 5
Liquid absorption capacity of MSAP in different
solutions

WHRALBR P B T 5P AR+ 52,
FZFBABHE T, BHAFE G RS % 1) MSAP 7E
BRI R A IR R Y b e AL B HH IR R s e an B 3
Bz~ MSAP 75 FL BRI H I B 8 00 Wi R
fiE, B MSAP iARAMK-FHi I, WRR A 5 IZHT T R
H#aTRaE. AA6 B MSAP 7EfPH FLIR K 240 min
B RFEZE 10 g/g. RIS 2R T BRI 32 25 R 7E

Fig. 3
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2.2 MSAP B3R R FEEMIRAE

MSAP £ RERSEWME 4 frs. E400Z T
b, FERRAS T MSAP 23 B0 1 W 2% 45 44,
R BARMIE N MTEMAZET, MSAP Fiki
TEAAHN, REAAEEE NSRS, HERm

Water absorption

for4 h

oA V2 SN RPRDIR R o XA 5 MSAP Fi
RILER IR K, 15 58 2 IR RN AL BB Pk 5
ARy FE o ik, 1R T REAR OIRIRAE /15 4L
R S5 R 78 B AR AL (<& Kb, (RiE T KrE
B T ORAKIERE . MSAP TEAN RV 57 W
SRR BRARIIKI R, HIEKL 24
(IR 2 L% IR . MSAP 7ERRI R BD J FLBR I
H LB S22 PR R R TR

4 WRIRHTJS I MSAP £ RETESHE A
Fig. 4 Multiscale morphology images of MSAP before and after liquid absorption

XTLCAHT AA6 K CG FEH I E REIFRZE, {58
HEEIW, 5. & 5 H 3438 om ! Ak SR G T BRI,
Bt K AR 22 45 A 7K H i —OH L F B A HR 3 LA R
H—O—H %25 /4R 50; 2949 cm ' &b RIS IE Ty AA
Lk CH, B ORI 4R 3h, KRS &A
R R BEA R 1591 cm ' Akl C=0 [ i 45

1735 1591 13451280 619
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AA6 B
f) H/\ \
7
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Fig. 5 FTIR spectra of MSAP samples

PRzhg, 4SS #:45 DE StPE/E 1 AA6 B MSAP
£ 1650 cm 'y SS H AT HE BT BEF B —O0—
MgEIRZNIE; 1345 cm ' 5 1280 cm™' B4 5IH
—COOR Fil C—O—C #HIHRHNIE; 474.95 cm™' 4b
IHFEIE A DE H i Si—O FIMHZEIRBNIE, R AA
FRIRFE A5 DE KM HKE T RN .

AR B VLA T MSAP [ERALH %S
¥, BPIIERE R R R L N 6. TR IR Ak R
Eeh 104 517 APS Fl &N 0.15%. 2B MBA
&M 0.05%.
2.3 WIHARRRNE S LR A

ANFE L] MSAP Bis R b 3 i sh P an il 6a fir
7No SO0 FE S IRIGE IR BIE N 112 mm, B
FKIWILE R BEREE MSAP 45 & {8 i1k, S05
FESIRIAETR S LT E 165 mm. X2 F A
MSAP 5k i A TE BB FIR, TASNA TR
IKBIBNAEF RS R T . B NAS [ E A
MSAP IR D 2% I 20 P 22 B B ) 2 12 347 B
ik, HAKSB MSAP 1 S00 £ 5 7EL 40 min J5
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WA KR 65 mm. BT W FRFKIR LG K,
1#345 MSAP BRI D K AR PERE S5 25 H AN
SEE, WUOTMRENE N BN . T MSAP 2 {ERb
LRI 2 I 2 WO IRAT A WAL
BRIV 2 K MSAP W 4 i g $F i o Bk, B A
0.5%MSAP ] S05 #£ i 7E 70 min Ji FIIR SHE A 4E RF
7E 100 mm I8 7K.

A F LA MS AP BRI D 2 (1) Bk 445 B 1] e e
WK 6b AR« SO0 BRI A D HE R i Tt 5 2 st
[E]4> %4 64 min 5 92 min. & AAR[F G MSAP
(BRI D 2R ) gt f ) B R 2B, i S04 WD HEAE
i IR0k 5 2B 8] 43 531 b+ 22 127 min &5 169 min,
I3 A S00 FEfh ETHZ) 98.4% 5 83.7%. iXsEHT
WK AN S 1 MSAP ZELE T BRI D 2% (1 7K Ak Js B
WA, FHAE RIS TR R A

S00 S01

180
—v—S03

160 V/‘\ S02
—o— 504 S05

Liquidity value/mm
S
S S &

o0
(=]
T

(=)
(=]
T

N
=

0 10 20 30 40 50 60 70
Time/min

(a) Flow properties of alkali-activated mortar
220

200 | [__]Initial
180 | A Final

160

ime/min
SN
S =
—

100

Setting t
RN )
S S & &

(=]

S00 S01 S02 S03 S04
Samples No.
(b) Setting time
Kl 6 BA LA MSAP BB RS IR A b Bk A I (1]
Fig. 6 Fluidity and setting time of alkali-activated mortar with
different proportions of MSAP

2.4 WIHERIR SISt

AR LU AT MS AP BRI D R F2 47 AN [R168 A
PUESREE WA 7 iz . KB MSAP [1) S00 # 5 7E 7%
#11.3.7d 5 28 d J5IPUERIRE 73958 10.7. 234,

35.6 MPa 5 47.5 MPa. fEFEHIN, A MSAP
MR E SR S H BN BT, BA
0.5%MSAP ] S05 FEMAEFRY 1. 3. 7 d 5P %
SREEY I RS 5.7, 13.8 MPa 5 19.3 MPa, %%
AR A S00 FE il N L) 87.7% 69.6%5 84.4%,

X2 HH T MSAP 5] A LR 2 0 s s /b 2% %
588 55 777 AR A7 T S 1) PRI A R I E o T 3 1)
MSAP (<0.3%) 5| N X BR80R /b 5 (1) B s 53k 5 T8 B
SR . B 0.1%MSAP [ S01 FEAHT 28 d
PUESRE N 52.4 MPa, AT [FIEEHA S00 Ff S Bg A

P
55
50l S00 = ,
45 S01 I
& S02 I
=40t S03
S 35 I S04 IEE
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> 30+ =
o
Iid :
%20 + - I
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10 T L - I
5 L L.
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1 3 7 28
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Bl 7 BAIH B MSAP BRHBUR IS 3 b 3
Fig. 7 Compressive strength of alkali-activated mortar with
different proportions of MSAP
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B 8 45 H1 T N\ MSAP AN[A] i & b ] il &
WhIRAE L HA(0~48 h) 5 K& H#H(0~28 )b 5= 14
AT . BRSO D 2R B Ak RIS AT R B 2 o B
FRAE: 58 1 BT B(0~2 h), TERIIRKALIIEL, Bk
WHRFEME K, X EZEHE TS MgO fIHL
TR KA R A AR AR I K 4R HRTH 138 0 54k
LY 5 2 B BL(2~16 h), BRI R BE K,
WC IS BRI R S e NGB B, i XA 13 PR 4H 4
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Extended Abstract

Introduction The utilization of alkali-activated materials represents an effective approach to energy conservation and emission
reduction in the construction sector, having a strategic importance for supporting the achievement of “dual-carbon” goals. However,
alkali-activated mortar is prone to substantial volume deformation at early stage due to the coupling effect of chemical shrinkage and
autogenous shrinkage. In the long term, its insufficient durability adversely affects the service life of repair structures, thereby
restricting broader engineering applications. Furthermore, conventional internal curing methods using polyacrylic superabsorbent
polymer (SAP) exhibit a poor durability in high-alkali and salt-rich environments. Therefore, this study was to synthesize a modified
polyacrylic-based SAP (MSAP) through starch grafting and diatomite incorporation, with optimized design parameters. The influence
of MSAP dosage on the rheological properties, strength development, shrinkage behavior, and durability of alkali-activated fly
ash-slag mortar was investigated. The findings could provide new methodologies and technical support for controlling shrinkage and
enhancing the durability of alkali-activated mortar, thereby facilitating its large-scale green application.

Methods The MSAP was synthesized via aqueous solution polymerization. The key synthesis parameters (i.e., the acrylic
acid-to-starch mass ratio, acrylic acid-to-diatomite mass ratio, amount of initiator ammonium persulfate, and amount of crosslinker
N,N'-methylene bisacrylamide) were systematically optimized. The water retention and release performance of the MSAP were
evaluated by a tea-bag method in different solutions. Multiple batches of mortar samples were casted. Mix proportions with favorable
mechanical properties and bond strength were screened, and the optimal internal curing water dosage was determined for the mortar
system. Furthermore, the influence of MSAP content (i.e., 0—0.5%) on the properties of alkali-activated mortar was investigated.

The workability (i.e., flowability and setting time) and mechanical properties (i.e., compressive strength) of the mortar were
tested in accordance with the JGJ/T 70-2009. The chemical shrinkage was measured by an expansion method based on the standard
ASTM C1608-12, while the autogenous volume deformation was determined via a non-contact corrugated tube tester based on the
standard ASTM C1698-00. Internal relative humidity development within the mortar for 0-28 d of curing was monitored by HKT-XY
humidity sensors. The capillary pressure was recorded by a capillary pressure sensing system. The microstructural and pore structure
characteristics were examined by field emission scanning electron microscopy and mercury intrusion porosimetry.

Results and discussion The MSAP samples synthesized under different parameters all exhibit a rapid liquid absorption within the
first 30 min in deionized water, followed by a gradual decrease in absorption rate until reaching equilibrium after 120 min. Compared
to deionized water, the absorption capacity of MSAP in 0.9% NaCl solution is significantly reduced. A commercial SAP shows an
absorption ratio of only 23 g in NaCl solution, indicating its inadequacy for high-salinity environments. The modified MSAP
developed in this study achieves a markedly improved absorption ratio of up to 110 g/g. In the dry state, MSAP particles display a
dense network structure with a low light transmittance. Microstructurally, the particles exhibit irregular morphologies with abundant
pores, wrinkles, and fine granular protrusions on the surface.

The MSAP demonstrates significant liquid absorption and release behaviors in the pore solution of alkali-activated mortar,
helping to maintain a high flowability (>60 mm) even after 60 min. It delays the hydration reaction rate and inhibits the early
formation of gel frameworks, resulting in prolonged setting time across mixes with different MSAP contents. For longer curing
periods, however, the hydration degree improves and the microstructure becomes denser. The incorporation of MSAP at appropriate
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dosages (i.e., <0.3%) does not significantly compromise the compressive strength. Sample SO01 with 0.1% MSAP reaches a 28 d
compressive strength of 52.4 MPa, which is slightly higher than that of the reference group.

The chemical shrinkage of alkali-activated mortar shows a multi-stage evolution, i.e., initial expansion, accelerated shrinkage,
release-compensation, and steady phases. A greater MSAP content suppresses an early-age chemical shrinkage. However, at excessive
dosages (e.g., 0.5%), notable negative volumetric effects emerge at later stages, with compensation rates varying widely from —77.4%
to 73.6%.

A non-linear positive correlation occurs between MSAP content and autogenous shrinkage compensation, exhibiting a threshold
effect. At 0.2% MSAP, the development of capillary pressure is significantly delayed, the autogenous shrinkage compensation rate
reaches 52.2%—63.1%. Beyond 0.3% MSAP, the sensitivity of compensation efficiency to further dosage increases diminished,
stabilizing within 65%—-85%.

The physical filling effect and hydration promotion by MSAP increase a fluid flow resistance, thereby reducing the relative
permeability coefficient and slowing moisture diffusion. At 0.2% MSAP, the relative permeability coefficient decreases to 4.29x107'2 m/s,
which is approximately 40.0% lower than that of the control group. Similarly, the chloride diffusion coefficient of sample S02
decreases to 6.0x107'2 m?/s. Conversely, a greater MSAP content leads to interconnected pore networks and localized macro-cracks
and voids, adversely affecting the durability of the mortar.

Conclusions The optimal preparation parameters for starch-grafted/diatomite-modified polyacrylic acid MSAP involved the mass
ratio of acrylic acid to starch of 6, the mass ratio of acrylic acid to diatomite of 10, the amount of initiator APS of 0.15%, and the
amount of crosslinking agent MBA of 0.05%. An appropriate dosage of SAP particles effectively promoted the hydration process of
alkali-activated gel products through the slow release of internally stored water, thereby improving the pore structure and enhancing
both mechanical properties and durability. Meanwhile, MSAP could supply the consumption of free water in the system via releasing
absorbed moisture, thus mitigating the development of capillary pressure within the alkali-activated mortar and reducing its
autogenous shrinkage.

Keywords alkali-activated mortar; internal curing; superabsorbent polymer; shrinkage; durability



