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SEM S ZMEIET-Br, MZ4EM LR ANRDS MgO
P AAS IKAGHRFPE . ZH R AR B Ao 45 1A R R L
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1.1 E#
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WOR R K RS, WIMAIEE 3.3, B & & 35.5%,
T S ANV 2 B AR SRR 2 1.5, BT
NG MgO, HRE YB/T 4019—2020 (ke b
B E RN 7D WsE FRBLENE, 73 A s
£ HR-MgO(20 s 7t A7) Fl i 1% MR-MgO(70~90 s).
b4 1SO #rifERP . 3% 14 Slag FIVEE MgO L2

M. B 14 Slag FiE M MgO 1) XRD %, nf LA
Hi: Slag 7F 20 =~ 25°~35° 2 [AJF4E 1 D Ta iR LI,
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F B 7 B AR AN TS5 PR K B R AR U
W] HR-MgO EZF SR MuKi; MR-MgO #£77
BEARHEES, RS EMNA . TEA. WA
FEEVE . 9 2 JE7R T Slag 1354 MgO ) SEM & J o
ATCUEH, R S AR, RS A
JURHCK 2 L RCKANEE , 0 2037 M B8 5 fig 22
FHEEZ T, WG MgO BRIESB NS, TR
SR DL L HH g oK G BR R ORI R T . R
MR-MgO $ihL R~ 73 A 28 JUeoK 22 Lk 2 4],
HAEG DB W45 HR-MgO Bk R~ N7 J L
KEATURCK, IR 50 BOR Mg(OH), ik
IAELE .

F 1 WIEMEME MgO BILFAEM
Table 1 Chemical compositions of slag and active MgO
wW/%

Material CaO SiO, ALO; MgO SO; TiO, Na,O Fe,O; Fe,O LOI

Slag 38.97 29.53 12.60 6.93 2.58 0.77 0.48 0.39 0.38 2.16
HR-MgO 2.01 1.93 0.82 94.15 0.49
MR-MgO 1.61 9.19 0.78 85.65 0.07 0.05 2.63

W is mass fraction.

¢ Periclase # Brucite ¥ Dolomite = Calcite
Zeolite = Quartz A Forsterite ¥ Gehlenite

v

Slag
Q N
Z = |8 S
2 = 0 ¥
2 HR-MgO, A L . I\
MO e A
LA s

Mg,0, JCPDS 98-015-9369
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20/

Bl 1§ #EATETE MgO 1 XRD
Fig. 1 XRD patterns of slag and active MgO

(c) HR-MgO

(a) Slag

B2 §EAETE MgO ) SEM A
Fig. 2 SEM images of slag and active MgO

(b) MR-MgO
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1.2 HmbH&E
1.2.1 Jedeph el el jlose v AAS &R R
TN 2 R, WORFIIE (NayO b5 ¥ (15

BHDEON 6%, HE(Ms=Si0/Na,0) N 1.5, 7KI[H
E(SEBr F 7K E A FEHOR T & K & #EE7K)N 0.4,
MgO B & 5§ E & E 580 0% 4%- 8% 12%.

F 2 AAS BIREMRILA R T

Table 2 Composition design of cementitious materials in AAS

Samples No. Massie Alkali content/% Modulus Water to solid ratio
Slag HR-MgO MR-MgO Water

C 100 0 0 40 6 1.5 0.4

MR-4 100 0 4 40 6 1.5 0.4

MR-8 100 0 8 40 6 1.5 0.4
MR-12 100 0 12 40 6 1.5 0.4
HR-4 100 4 0 40 6 1.5 0.4

HR-8 100 8 0 40 6 1.5 0.4
HR-12 100 12 0 40 6 1.5 0.4
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BHABH & AAS AR IRXFEE =R A T AL
A, #E 6 h G, HAEIREQ0+2)C . AHXIREE
=95% M BT H B IR R . BJE, Kk
FEROW G BT N REHIR I 3 d Dbk, &
AR 40 CHEA TR T T4 48 he

1.3 Fi*

131 JshfE. FeEREE K E &SR] AAS
Wb RSN EE R 3% B GB/T 2419—2005 (/K Je ik
RN FENE T7ik) AT, IR AR Rk Sk,
P FERII 5T I RD SRR N AR Y, 3R T S
B BRidf, 78 25 ks Gl S KPR E R, UOT
RSN . AAS IR bR IHERR B FH 7K B R Bk i
IR GB/T 1346—2011 (/K e br A K
W BEEEA REMER E) BT, Bk,
Tk 2 RSO R FRAEAR B R K &, AR BN TIN R
(6=1) mm i E G I& KK 32, DAARHER S
PRI S AE I TR), SR FARAELE R AT, 1E SR
LB Z] . BT RIRIITEIR S (20£2) C. AHXNEE
= 90% HIAREIR B N EEAT

132 K fH TAM Air 280 &R
AAS FIKATEIAAT . LR 2 Fion AAS IR HE
PRME BT, il R IR B S HoK . T,
Je R 2 oK EROGEATRAME, HETEHRET
105% 30 min FELL AL, DHIR RGifa e . M fE

SKAE 72 h FRER

133 PUERE  AAS W00 58 B A5 ke
RSN 40 mmx40 mm=x40 mm, FEFRETEP &
[ (20£2) C, AHXTIRE =95%] F I 4 2 Hil e s
Wlo MRAT, BETRFERT, #emERm . K
i AR, SRAE I T Bl inEk,  ndar e 4s
HII7E(2400+£200) N/s, HZIRFEREIN, 0% RBER
WA, IEFHEPUREMREE . ARG 6 MAFE, 1
HAPIEE A 45 3

134 ZEHASH(TG/DTG)  BUHIKZ 10 g #
i, BTEZ TR WG, FRAESTERM 40 CF
48 h, AHIBHE S AR, I EAAN 75 pm 77 4L
e . RABIRIE#I A Netzsch STA-409C
B, PO AT SRS FHR X R 20~1000 °C, FHE# B
410 ‘C/min, PS5 MAHES.

1.3.5 X 447553 # (XRD) o AR il 1) 1
P FE S A S0 — B, K H A2 X SR AT
S, A Cu-K, FRST AT M. SEIe S 80k E
NEHE 30 kv, EH 10 mA, HHETEHE(20)
5°~70°, B 0.02°, FHHEAE 2(°)/min. FHE K
25, FIF Highscore B4 3EAT 7 5 06 1 15U 51 A0 AH
5581, J#5 ICDD PDF ##s FEdE AT VLA, LAHE
FE i IR0 AH 4H A

1.3.6 & H AR 4 27 461 43 H7 (FTIR) K H
TRAGER R il &R, FRE 1 mg IR RIS
100 mg WAL SR A . 240 M H Thermo
Scientific 1S10 4T, FHETEE 4000~400 cm ™', 43
P 2em !, BFREM 64 K.

1.3.7  H# B+ &5 E (SEM) ff A FEI
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Fig. 3 Flowability of AAS with different MgO activities and
contents
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Fig. 4 Water requirement of normal consistency and setting time
of AAS with different MgO activities and contents
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S Ve S LR
22 KR
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ARIRIBIIE 3~10 h J&, 3R hnig g . 76 kI,
W Si—O # Al—0 B7E OH /R W, If
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M 5a 7T LLE H, i MR-MgO 5= 138,
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128 kJ/(kg-h). HILAHXIN, Kl 5b &7, HR-MgO
BRI ARSI A B B IS ETHE R
fRfa%s, C. HR-4. HR-8. HR-12 414 4E R
WA 43 3 98+ 117 109+ 111 kJ/(kg-h). £ AT
A, EE MgO #2517 AAS WIRA g,
MR-MgO 3R T HR-MgO. X E I, MgO fE
R VAR, I BRI L, BB E
o, X R E AR ES . B2 E A
[F R it R K AR DI B AT LA I, € 2 ek 0 e
9 8.5kJ/(kg-h), UEEIT AN 4.35 he MR-MgO ]
B NBE RS = T A A, R R AT T b0 A
WA A ) Y BRLRRE A o JErp, MIR-8 2L A T3k 30 0 i ¢
w1k %] 8.65kI/(kg-h), T MR-12 ZH ik H 0

YA i 5, A 4.13 he MIXFT 5, HR-MgO [
B ONBE U AR T I B0 A, (RS AT Tk
fH I IA] o £E HR 4L 7h, HR-4 ZH (1 in 3k 30 0 {8 e 11K,
N 8.34 kJ/(kg-h), 1 HR-12 ZH 055 3 i i i) 7]
w5, A 4.23 he LR EFTIR, MgO 454 155 M
FEGIT (], FRAT T 00 IH 0 A A R, (LR s
[EZER- AL Ny N
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(166.66 kJ/kg)« MR-4(166.41 kJ/kg). C(157.14 kJ/kg).
XU RE, MO MG &5 &35 58 A e it
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Fig. 5 Hydration heat release rate of AAS with different MgO activities and contents

150 —
= 150 —0cC
ko Initial heat release
P 3 0} — MR-4
T | MR-4
E 12015 50| [~ MR+4 MR-8
o =1 N MR-12
TR - A\ MR-12
i ;) 30
S 30}
< 90 T
= E L L L L )
) 2 .0 01 02 03 04 05 =
= Time/h =12
§ 60k ;n Accelerated heat release
£ 2
=3 z 8
8 g
= g ;
=4 24 N
+ MR-4
g 30 E MR-8
= MR-12
“ §% 5 4 5 ¢ 7
- Time/h
0 1 r L
0 12 24 36 48
Time/h
(a) MR-MgO
200
150 | M

10001 /

Normalized heat/(kJ-kg™)

50t —o—C
MR-4
MR-8
MR-12
0 . . . . .
0 12 24 36 48 60 72
Time/h
(a) MR-MgO

200

—
D
(=

100+

50F

Normalized heat/(kJ-kg™)

0 1 1 1 1
0 12 24 36 48 60 72
Time/h
(b) HR-MgO

Ko AfF MgO iEIEMBET AAS [ RBUKILTIH
Fig. 6 Cumulative hydration heat of AAS with different MgO activities and contents
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HR-12 211 28 d T % 58 B AR 10 HE2H 25 33l 1 %
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HFBE T, HR-MgO X 28 d ft & 55 5 11 1 [ 5
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Fig. 7 Compressive strength of AAS mortar with different MgO activities and contents
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Aw; is mass loss from hydration products between 20-250 C; Aw, is mass loss from hydration products between 250-450°C; Aws is mass loss from hydration
products between 450—-750°C; Aw, is mass loss from hydration products between 700-850 C.
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Fig. 8 TG/DTG curves of AAS with different MgO activities and contents (1 d)
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Fig. 9 TG/DTG curves of AAS with different MgO activities and contents (28 d)
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Table 3 Mass loss in different temperature ranges of TG curves
1d 28d
Samples No.
AwW/% AW,/% Aws/% AW/ % AW/% AW,/% Aws/% AW4/%
C 10.03 1.79 1.44 0.27 14.24 2.98 2.59 0.69
MR-4 10.32 2.07 1.70 0.39 14.77 3.17 1.99 0.47
MR-8 10.21 2.66 1.69 0.35 15.77 3.18 1.69 0.31
MR-12 10.72 2.92 1.54 0.28 15.14 3.23 1.83 0.43
HR-4 10.34 2.76 1.40 0.21 16.49 3.06 1.63 0.32
HR-8 10.06 2.96 1.66 0.31 15.12 3.40 1.86 0.36
HR-12 10.06 3.10 1.50 0.25 15.48 3.52 1.94 0.46
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Fig. 10 XRD patterns of AAS with different MgO activities and contents (1 d)
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Fig. 11 XRD patterns of AAS with different MgO activities and contents (28 d)
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Fig. 12 FTIR spectra of AAS with different MgO activities and contents (1 d)
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Fig. 13 FTIR spectra of AAS with different MgO activities and contents (28 d)

FESL T A — A EEEREN OH, FAFAEML L
WEBQHLT 2 AW 1) 3440 cm':
C-(N)-A-S-H %5 i bt 7k O—H B e 4 i 515,
2) 1650 cm ': C-(N)-A-S-H #tfiz i [t /K H—O—H
S IIRENCY, 1 d WA, BEE MgO WSt KB
SN, O—H HEXF R IS I 5 B S T 1 K, 3%
B MgO 7E 5 HIREBS 2 13 C-(N)-A-S-H HERL I 2E o
28 d WA AN, O—H BRI YSC g i B2 i MigO I 1% Je 45
B8 nam BE A%, R W MgO 7R 5 I #
C-(N)-A-S-H B E . 4h, HR-MgO ZHAf
£ 3700 cm ' ARHYEL 1 AN/NIE, 4R Mg(OH), 4
F7K O—H RN 4E RS, 1%Eki#H HR-MgO (13
Iz, LYAER T ¥ £ 1 Mg(OH),.

£ 1350~1550 cm ' Ab I iét K2 T COs>
C—O HEI IR GRS, Z 0w VAR T4

TEFRYP AN ol fE 5 S AR R . [
H MgO BERIEM, ZRBUEAR I8N 2 A
g . Lanas Z5PTRORT fe R W, —KSEEER”
(MgCO5-3H,0)7E 1466 cm ™' F1 1512 cm™' [iiEE 2
AN SRR, R MgO 7R SRR AE R T =K
RIREE. 28 d WIINE, FE%E MgO T MEMB & 1 1Y
hn, C—O SRS IEE 5 BB W 55, R W] MgO fig
EI5E AAS FIPTIRILEE /T . X2 T MgO FEK T
C-A-S-H &t Al FIHUARE, (2 1/ B 8 AH I
A B T AAS HRTTBRAL IR (T A0 2 22 v VR AL
MM AAS HEHUBRALAR AL 7 A2 o F D8,
2.7 MR

SEM 8 4878 7 MgO X AAS TR0 45 #a j 48 %
KA =TSR AR B 20, 4 14 ATEL 15 Bz
ME 14a ATLAEH, STHERZLLE 1 d BEKAE =P %



« 3146 - CRERR Sh=2340)

J Chin Ceram Soc, 2025, 53(11): 3136-3157

2025 4F

B, WOREHBONGRS, RINAAEREIL . R
45 DL TR 584 RS VE RIORL, 3R B KA B BE i oA
AT, R EFREEBAR . #E— BN S,
RO RN R g A, RINER T — B RSA
F) 2 pm B EURER . EDS 45 R, Xk R
C-(N)-A-S-H #ti%, HHBEMHMECRHAR, K
REA RUR LB I SE, SRS MR, B
PER ZE . I 14b JE/R T MR-12 FEGTE 1 d B A0
TES, BON R RAG s . KER KM MgO
UKL A HERR, A BT LD B ZOIREERR . EDS 44T
SERERH, XUER A C-(N)-A-S-H 5 M-S-H 3k
B EERORAEE(10 000 f%) R, AIBLWEL S|k
HRELN 1 um FRIREER D B R A K
K 14c y HR-12 #ESLAE 1d BB SEM B . AT DA
RBREKEHA ORI AR AT 4E I, TR
WRGEH, DR ZORBERIE A T AL, D%
ST . EDS 45 RRW, AR 4E b IR
C-(N)-A-S-H &t H A, W] HR-MgO #255 I AAS
KA AR . [FIRY, 7RI 14d HR-12 i
B UL ZIACIR Mg(OH),, e T e 53 IR
% . RIS E(50 000 £5) TR I, W B RBER
K EKEZ) 120 nm R FRIREEZH K. EDS 4558
R, XL FRIRBE I 32 B o ROV 5. R
DL R/ BRI, J& C-(N)-A-S-H BEIE i 5t /NS 1) A

TO(BEA) - HE—BUESE T Mg(OH), 7K i A2 FRoRE TR
BEBT T RS IR C-(N)-A-S-H BHI 45 . £RF14N,
A2 Rl M-S-H Bt J2 fI4 C-A-S-H BB

M 15a iTLAE H, BEER BRI, AAS £
A RO S5 P TE NS, FLBRRBRAG. 3E—2BTeK
WMEL, ATLAEH, C-A-S-H BHRMEE SR, #
P 1 d AR A B EIRBER, A KRN E
FHACHR PR s ) B AR 450 . ] 15b J@7R T HR-8
HFEALAE 28 d BFTIOTESR, 45388, #n MgO
Je B S SR FR B AR T X FR AL BTG, 30 &
IKALHIR . FABCHERR ) MgO kLI 58 1 JE4A 1)
IREEFERE . D OCEE, ATLURIL, MgO H4E
X IR E T TR T AR A KL=,
FrIR ) Mg(OH),~ £1IR ) Ht BAK ZUIR 1) M-S-H §E
EB MgO KA T ZROKMAER, RIKA=9)
Mg(OH), 51k £ H[Si0,]* FI[AIOH),] S5, AR
HBEARF= 4. I 15¢ 9 HR-12 4R 5y 78 28 d I ) SEM
BEF . ATLLESIRERSE 10 um A4 455 R
PRk, & 4 EDS SRR, Holk Bk
Ca(OH),. [AIBWERH] 2 PR FETESAAIEER, HH 2
KBRS =A%, SEAMAELG HCREBH AR &=,
S PERECE RS . X2 T MgO —IR/KALH
FE T [Si04] " RI[AIOH),] &, FFE T C-A-S-H iz
e aE, HAEHS: Ca(OH), fEAk R b iiiE .

(d) HR-12

K14 AR MgO iEHEMBET AAS 1) SEM I (1 d)
Fig. 14 SEM images of AAS with different MgO activities and contents (1 d)
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Table 4 EDS elemental composition analysis W/%

Spot CaO SiO, Al O3 MgO Na,O
Slag particles 53.35 31.44 10.40 3.51 1.29
MgO particles 11.68 10.77 5.45 71.16 0.94
C-A-S-H gel 44.48 37.47 7.73 3.33 6.99
N-A-S-H gel 43.00 35.29 6.42 223 13.06
M-S-H gel 31.43 25.32 3.75 34.17 5.33
Ht 13.89 10.16 19.71 53.57 2.69
Mg(OH), 9.41 7.89 1.82 77.58 332
Ca(OH), 73.83 6.36 2.02 0 17.80
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26.97%. [FIRF, HAR tso BEE MgO &R InE
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Table 5 Hydration kinetic parameters of MgO-modified
AAS based on the Knudsen model
Sample No. Qua/(J'g") to/h  ts/h

Knudsen equation

C 13532 2.368 18.24 1/Q(t)=0.13477/(t-2.368)+0.00739
MR-4 14327 2.305 19.00 1/Q(t)=0.13260/(t-2.305)+0.00631
MR-8 150.15  2.367 20.50 1/Q(t)=0.13654/(t-2.367)+0.00658
MR-12 15576 2.280 21.29 1/Q(t)=0.13666/(t-2.280)+0.00692
HR-4 136.05  2.392 18.52 1/Q(t)=0.13477/(t-2.368)+0.00739
HR-8 14948 2.384 20.67 1/Q(t)=0.13828/(t-2.384)+0.00648
HR-12 171.82 2.363 24.72 1/Q(t)=0.14389/(t-2.363)+0.00706

Qmax is denotes the theoretical total heat of hydration; t, isdenotes the time at
the end of the induction period; t5, is denotes the time required to reach
50% of the total heat of hydration (hydration half-life); Q(t) is denotes the
cumulative heat released at time t, measured from the onset of the

acceleration period.
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Fig. 16 Fitting curves between 1/Q and 1/(t-to)
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Fig. 17 Hydration reaction rate curves of AAS with different MgO activities and contents
% 6 MgO M % AAS &Y Krstulovic-Dabic #EIK L3 ¥ 55
Table 6 Hydration kinetic parameters of MgO-modified AAS based on the Krstulovic-Dabic model
Sample No. n Kxg K; Kp Kinetic a a

C 1.127 52 0.086 18 0.022 17 0.002 73 NG-I-D 0.15 0.17
MR-4 1.129 77 0.082 95 0.020 62 0.002 56 NG-I-D 0.10 0.18
MR-8 1.129 92 0.078 89 0.017 92 0.002 40 NG-I-D 0.04 0.19
MR-12 1.122 65 0.075 19 0.016 89 0.002 26 NG-I-D 0.03 0.21
HR-4 1.104 74 0.077 91 0.021 03 0.002 70 NG-D 0.22 0.18
HR-8 1.110 73 0.074 06 0.018 65 0.002 40 NG-I-D 0.07 0.18
HR-12 1.107 41 0.065 01 0.015 16 0.001 96 NG-I-D 0.03 0.18

3.2 MgO 7 AAS FHI{ERHIE

WIS TG XRD fl FTIR (45 R, &
B MgO MUt AAS PIMIAL K, #RiT MgO Xt

AAS IKACF=IEAL S AR LR AR AL K SO S R 52
i, MR MgO 7E AAS HAE FHLEE .
B, NEREAE MgO fE /KA FE A i f i FE
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HR-8. HR-12 FEALEE R AR BE 3008 48.4%
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WS, MR-4. MR-8. MR-12 [REALES SN AL
FEAREL 1d B 43 B3R 1 142.3% 70.2%- 43.0%;
HR-MgO f£ 7 d I NFREEX A 3 28 d I
90%LA F. 28 d #HAKE, MR-MgO ) s N FE 5 445
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Fig. 18 Reaction degree of MgO in samples at different curing
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PEIZAC T HR-MgO, {HIH %% ) A2 5 HR-MgO
ZEPEAK

Pk, 454 TG. XRD HIEEDITER, HWA
MgO X AAS ZKAL =N B 152 o AR 20(12) T 55
FEd R Mg(OH), i 2734 AR X (13) T FE
HHAEAE T M-S-H &bk & Ht o MgO i &0 %, H
TERAE MgO Xf HAR S BEDAH(M-S-H Btk e H) &
BHREm ;s ARG TR A TE T BT R
gk SR R4S K& 504, B T RAE MgO Xf
it H S T e i B SR AR FE TR R

MM
(OH)
Wtg(om), = AW, X ——e (12)
H,0
* M MgO
Whis-H & Ht =WMng§_AW2x—g (13)
H,0
Wy = AW, + AW, — Aw, (14)

KA Wy om), TURFEAR T Mg(OH), 15 5 2 44
Myg(omm, 9 Mg(OH), FIAHXT 70 T s My o 97K
IAHXS 73 F IR R Wysnem [NEFES LT
M-S-H §Ef5 &% Ht H MgO HIFTE 734 My, N MgO
PRI 705 JU R s W AR Al A7 AE T AT e
A KA KRR AW~ Aw, « Aw, + Aw,
I3 B3R K AL PR AE 20~250 C . 250~450 °C .
450~750 CHI1700~850 °C Ik E D HL.

z 7 AAFIREH AAS FEf Mg(OH),. HAih
SEEVIAI(M-S-H B 5 He) LU Btk s B 1 5 Bt
AR, SEREY], £ 1 d N, MgOH), & &
b MgO 5 & 13 iz K, H MgO i M ikim
Mg(OH), &% . H5HFEN, M-S-H #ik5 Ht
& EWRME MgO BEMIMmE M, HHEAY
2D, Fk MgO X H & EHMA T, XEH,

%7 TG/XRD £E&{iITEYEEE
Table 7 Phase content calculated by combined TG/XRD

analysis
1d 28d
Sample No. M-S-H
Mg(OH), Total gel Mg(OH), Total gel & Ht
C 5.78 11.20 9.61 16.14
MR-4 6.66 11.63 0.04 10.20 16.29 2.06
MR-8 8.58 11.55 0.11 10.24 17.15 4.72
MR-12 9.42 11.98 1.43 10.41 16.55 7.68
HR-4 8.88 11.54 0.08 9.86 17.80 2.76
HR-8 9.55 11.41 1.34 10.95 16.62 5.02
HR-12 9.98 11.31 322 11.33 16.96 7.75
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5RO, Horht QAN IR T AP (~0.53 A)HUfE
Si*'(~0.42 A), 3 Si—O fEh KA AR,
BN MgO Ja, QA Qq WA ¥ MK AW ,
ESE M-S-H R A2 B . Mg PRl e B 77 25 3 R S T
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HR-8 41 Q &= &AK, N 83.71%. Zi& FTIR 45
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et M-S-H &ERHIIE s, s 1 HERBER A 7
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Fig. 19 FTIR spectra deconvolution of AAS with different MgO activities and contents (1 d)
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Fig. 20 FTIR spectra deconvolution of AAS with different MgO activities and contents (28 d)
*8 FTIRLENEEREESN
Table 8 Quantitative analysis of FTIR spectra deconvolution
1d 28d
Sample No.
Qi Qa(Al) Q2 Qs Qi Qa(Al) Q Qs
C 0.89 4.62 87.59 6.90 0.63 5.02 96.18 1.59
MR-4 0.74 7.71 88.63 1.78 2.98 13.73 81.79 2.07
MR-8 1.32 5.13 92.19 2.65 1.84 9.05 89.23 1.62
MR-12 1.02 5.15 92.35 2.60 1.51 7.69 91.11 1.98
HR-4 1.15 4.01 92.51 3.75 2.96 12.15 84.74 1.84
HR-8 1.04 4.03 90.90 4.66 3.15 13.15 83.71 1.82
HR-12 1.09 3.21 90.47 4.83 3.20 12.09 85.02 1.98
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MgO &l miihf, XM AR 4655 . SEM
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Extended abstract

Introduction Alkali-activated slag (AAS) is a cementitious material prepared by using blast furnace slag as the precursor, triggered
by alkaline activators to undergo dissolution, polycondensation, and solidification reactions. Compared to traditional cement-based
materials, inherent defects of AAS, such as rapid setting and hardening, significant volumetric shrinkage, and susceptibility to
cracking, severely limit its engineering applications. The hydration of magnesium oxide (MgO) generates magnesium hydroxide, with
a solid-phase volume expansion of approximately 118%, which effectively compensates for the volumetric shrinkage caused by AAS
hydration. However, existing studies are predominantly confined to single-dimensional analyses, such as the impact of MgO reactivity
and content, fixed activator parameters, or specific curing ages on isolated performance, lacking systematic investigation into the
coupling effects of multiple factors, microstructural evolution, and macro-performance development. This paper systematically
investigates the regulatory mechanisms of MgO as a modifier on the hydration kinetics, hardening behavior, and microstructure
evolution of AAS.

Methods The precursor used in this experiment was slag with a specific surface area of 426 m?/kg. The alkaline activator was liquid
sodium silicate which adjusted to a modulus of 1.5 using sodium hydroxide and deionized water. The sand employed was ISO
standard sand. The additives included high-reactivity HR-MgO (reactivity time: ~20 s) and medium-reactivity MR-MgO (reactivity
time: 70~90 s). The experimental parameters were set as follows: alkali content (Na,O as a mass percentage of slag) = 6%, modulus
(Ms = Si0,/Na,O molar ratio) = 1.5, water-to-solid ratio (including water in the activator and mixing water) = 0.4, and MgO dosage
(as a mass percentage of slag) = 0%, 4%, 8%, and 12%. The specimens were molded at room temperature, demolded after resting for
6 h, and then cured under sealed conditions at a temperature of (20 +2) “C and relative humidity = 95% until the specified curing
age. The flowability, setting time, hydration heat, compressive strength, TG, XRD, FTIR, and SEM tests were conducted.

Results and discussion During hydration, MgO consumes partial free water, significantly reducing the fluidity of AAS mortar, with
the fluidity loss intensifying as MgO reactivity and dosage increase. Concurrently, MgO incorporation prolongs the setting time of
AAS paste, particularly with HR-MgO exhibiting stronger retardation effects. This phenomenon primarily arises from the formation
of a passivation layer—composed of Mg(OH), and M-S-H gel generated via MgO hydration—on slag particle surfaces, which
inhibits further slag dissolution and thus delays setting. Moderate MgO content enhances the early hydration exothermic rate of AAS,
shortening the duration of the induction period, with MR-MgO exhibiting superior enhancement effects compared to HR-MgO. While
MgO minimally impacts the peak exothermic rate during the acceleration stage, it significantly increases cumulative heat release over
72 h. For instance, the HR-12 group achieved 178.84 kl/kg, representing a 13.8% improvement over the control group. This indicates
that MgO synergistically promotes hydration by accelerating slag dissolution and ion exchange processes, though excessive dosage
diminishes early activation efficiency. MgO incorporation improves the early compressive strength of AAS. The HR-8 group attained
a maximum 8 h compressive strength of 51.76 MPa, representing a 38.82% increase compared to the control group. However,
strength growth in MgO-doped samples lags behind the control group at later ages, with 28 d compressive strength decreasing as
MgO reactivity and dosage increase. MgO incorporation reduces the geometric crystal growth index (n) during the nucleation and
growth (NG) stage, shifting hydration from homogeneous to heterogeneous nucleation. This accelerates crystal nucleation/growth
rates, enabling earlier transition to the phase boundary reaction (I) stage. During Stage I, the synergistic interaction between MgO’s
secondary reactions and slag particle phase boundary reaction dominates hydration kinetics, causing actual exothermic curves to
deviate upward from fitted curves and resulting in reduced curve fitting accuracy. As hydration progresses, the hydration product
layer gradually covers slag particles, inhibiting ion diffusion and thereby reducing reaction rates during the diffusion-controlled (D)
stage. Additionally, MgO alters AAS hydration product composition: M-S-H gel (with lower hydration heat than C-A-S-H gel) further
decreases the D-stage reaction rate constant, impacting long-term hydration.

Conclusions MgO markedly reduces the fluidity of fresh paste through free water absorption. During the initial hydration phase, the
low solubility of Mg (OH), under high alkalinity enables the formation of a passivation layer on slag particles, effectively delaying
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slag dissolution and prolonging setting time. As hydration progresses, pH reduction enhances Mg(OH), solubility, releasing Mg®" and
OH’ ions that exhibit synergistic effects: 1) Elevated alkalinity accelerates slag dissolution; 2) Mg?®" reacts with dissolved [SiO4]* and
[AI(OH),]” to generate secondary hydration products (M-S-H gel and hydrotalcite, Ht), substantially improving early compressive
strength (8 h strength increased by up to 38.82% with MgO content of 8%). However, excessive Mg®* competitively consumes
[Si04]* and [AI(OH),] with Ca*, suppressing the crystallinity of C-(A)-S-H gels and reducing their aluminum substitution,
ultimately leading to structural loosening and compromised long-term strength development (28 d strength reduction up to 15.99%).
Krstulovic-Dabic hydration kinetic modeling demonstrates that MgO incorporation enhances the nucleation and crystal growth (NG)
rate but hinders the diffusion-controlled (D) stage by forming a shielding product layer. Notably, the total hydration heat exhibits
positive correlation with MgO reactivity and dosage, attributed to continuous formation of magnesium-bearing phases (Mg (OH),, Ht,
M-S-H). This work provides theoretical insights for optimizing AAS formulations to balance setting regulation, early strength
enhancement, and long-term strength sustainability.

Keyword alkali-activated slag; active magnesium oxide; hydration process; microstructure; mechanical property



