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Macroscopic and microscopic characteristics of slag-steel slag cementitious system

under action of composite activator
GU Xiaowei'**, WANG Ying1’2’3, SUN Dianxing4, SUN Ruiheng4, LIU Jianping’, WANG Qing1’2’3
(1.School of Resources & Civil Engineering, Northeastern University, Shenyang 110819, China; 2. Liaoning Institute of Technological Innovation in Solid
Waste Utilization, Shenyang 110819, China; 3. Science and Technology Innovation Center of Smart Water and Resource Environment, Northeastern Uni-
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and Civil Engineering, Shenyang University of Technology, Shenyang 110217, China)

Abstract: Ordinary Portland cement is the most widely used cementitious material in tailings cementitious backfill, but its production
causes severe environmental pollution. The alkali-activated slag-steel slag cementitious system exhibits excellent mechanical properties
and workability, making it a potential substitute for ordinary Portland cement. To clarify the macro- and micro-characteristics of the slag-
steel slag cementitious system under the action of a composite activator, lime-sodium carbonate was used as a compound activator to activ-
ate the slag-steel slag cementitious system, producing a low-carbon and environmentally friendly alkali-activated slag-steel slag cementi-

tious material. The effects of the composite activator dosage and steel slag content on the setting time and compressive strength of the ce-
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mentitious system were investigated. The hydration characteristics and microstructure of the slag-steel slag cementitious system under the
lime-sodium carbonate composite activator were characterized through XRD, FTIR, SEM, and other testing methods.The results show that
the setting time of the lime-sodium carbonate composite-activated slag-steel slag cementitious system was within 255 minutes and was not
significantly affected by the steel slag content. The 3-day and 28-day compressive strengths of the cementitious system could reach 23.0
MPa and 30.4 MPa, respectively. The steel slag content did not alter the types of hydration products, which mainly consisted of
C—(A)—S—H gel, hydrotalcite, and calcite. Increasing the steel slag content slowed down the hydration heat release rate, reduced the cumu-
lative hydration heat, and promoted later-stage hydration, improving the proportion of harmless pores in the matrix. At a 20% steel slag
content, the formation of C—(A)—S—H gel was the highest. However, when the steel slag content exceeded 40%, the amount of
C—(A)—S—H gel continued to decrease with increasing steel slag content, microcracks appeared in the matrix, and the compressive strength
declined. This study provides a reference for the preparation of novel low-carbon cementitious materials and the resource utilization of
steel slag.

Key words: slag-steel slag cementitious system; composite activator; workability; mechanical properties; hydration characteristics; mi-

crostructure

0 3

FAPIESS eI H il A RIS ah 1 2y
KZ—. R mHb R RS (70% ~ 85%) | Ik
EEM B (3% ~ T%) FKA AL, Hor, 38 fEFREL K V8
S AP I 4 Fe I B R G SR R . SR,
FEMRERKIE A = SIEE R A KA L SR
A LA R, IR Co, Z iR SR, Hik, JF
2 A AT 4 PR g e A ek AR 3 ek R /K Ufe
Tl £ R AP A e R B R X R
BEAT R R P | R I S5 fek 0 I [ A % 5 P 1
SR TSR, R FE B 5 T o T — 2 B LR TR
JESBEEAA e, Sl A R R K VR A P R R i 2 — P,
gt o FH 08 A Fee S5 A R R 43 3 ik 1R 46 7K e
A2 809% AR AARHERIRN 43% HIREIRINFES,
AN, BRI A BEEEA LI B T2 PERE A 5 | it JE ol
PSS, B2 B [ AR S B K

S ILIRI, o E A AR 2 1.8 12 ¢, A
RAE 309%™, KA AR B R, WA SR+

i

B AL TG WA EE RN CS. CsS,

C,F LI K RO M, HAT W AR BETG P (A3
G BE R R, BT R AR, A2 A B B el ]
RORAE . R, B30 5 070 55 e 1 P R 31T
5 T 28 BB A B B A R 28 T 2 B RH DA 98 5 1Y 5%
T FE A g R B A A R R A R Y
(CaO+MgO)/(SiO+ALO,) ¥ it (1) 1 LA 0.90 B, 7K
TG HIA 81 C—(A)-S—H BRI A i, (OS5 H4 B
nEs, fEti iR M. ZHAO 1 (ot b
FHH L B9 T LA B AR 2K Ak, R BE AR R
SRR . /N SAEID 4 SR ik
TR I IEAE Ry B B85 A 70 ) B 40 e — A T U A I
WAL, & BRANRE (A I T LA kS I B A R 1 T A
fie, 12 PEfE AT DL ik F) 42.5R ¥ 8 £k R Eh K IR .
376

ZHONG 2 1F 5% 2 B R Y ol e 7 3 B 93 2 i —
P IAR R, EERA= Y C—~(A)-S—H EEE A
WhAHH, B R RN 40% I, JREEEIAR 2R 6 T4
W 4 23R A5 0 Rk R R K DA S . ZHOU 261 (o
e W T SO MK BB S B 38 A 703 A R s
T8 BE 4% 40 AL b4 R FLBR S5 48, JF7E C—~(A)—
S—H #E e v A= B 22 1 ik SRR (Si—O—Si) 8, MM
P2 5 B EE A R PR SR o o5 — 5 T, TERR R I
BEA I 25 A B SR 7R v WO 7K 38 3 A5 R
RFVEAE LA ER 2 | BRHERCR RS, i,
N T FE PSR R R A 2, AR 5%
Wz BIBFSEE EAL. YAN 256070 SR ] A s — o il A
NIEAWEH, GERFW, —FH AT LI EHA R h A
i NaOH 1 CaSO,, b J5 (1 B &E M4 LB 58 )& N
6.0 MPa, $/{JE58 & g 37.9 MPa, GAO %" % ]y
A1 {8 —NaCO, 4 LIk M 3 & 7, WX R B H 8%
Na,CO, Ml 2.5% H AT 1 .d Fl 28 d iy KITH8
JE 43504 21.8 MPa 1 37.7 MPa, 5 3% 1 fif: 12 £5 7Kk
eI EL, LA -NaCO; & iKY CO, HERE: |
BEAE AR 50 51 ] FRAIR 2 94% . 87% Kl 20% . %5
401 % F CaO—Na,CO, il 5 I & 0 b3, &
LY Na,0 80N 6.5% I, B & 5 i b3 £L
SERTEEUE, 15 PERe L T A AR IR E Kb, (H
LR K T iR SR /K e DK .

g BTR, B g s s I AR R St
K 3 35 A S B AT 2 A5 Ry T B R R, s A
TS TE AU 7K 3 38 A S A T AH B PR R K Ak, BT LA
il 28 1 PR RE AN A BB R 5 1 B R S BB A e
SR, 2R 7K B 38 S8 i A ) 28 a2 | it
RAFGR AL H 250N 5, PR T 0 A i & e
PORRE AT o PR, S 0 e 4 . PR B A KTl
TR 52 T R TR B A R 1 — A e R A R 1) 4
PR SR, 7~ I B A R AE A IR TR 4N



RIS ST AT 7 — S A R B 2 B 2 O

2025 455 8 A

SEE WO B 75 DU BE AN P 1 ke =2 A
KWETE o PRI, Sy B BT s — 5 i JC B A 28 1A K —
R BRI A2 5 ORI R A B P R K AR 7, 2
R A IR BRENAE O 55 AR X A — A e
BEAR R AT AL, H 5 BRI OR A BRI A IS BER R .
IIMTAT I — i RS B A R AT IR —BR RS 5 A5
NRITERE, MK =) | A S5 S5 T T RS
A R R AR AT KRR TR BN A G0 T Bk Ak

K1 R . A KRR M 53 3 2h Ca(OH), 43 Hr 4liiak
FIFITCIK Na,CO, 43 B2l . H™ i i (b8 A
FIETT, S95 9, FLHAK K, Dy=9.72 um, 75 XRD
H1 20=25° ~ 35°AF7EBR B “TpIg” , KT A7
TER B TER K BEPE TS E B Yot 4N A Wb
DU, Fe b i, 48 AR, Dy=17.53 pm, £
#HH Ca(OH),. ,S. C;S. C,F. Jff#tf1. RO HHLH M.

EAEFIOIES . R RARLZEAR
Table 1 Chemical composition of raw materials %
1 i L} JER L Si0, ALO, Fe,0, MgO Ca0
1.1 ERR i 16.20 4.86 23.45 6.05 42.56
B A ELR A W3 1, B4R 40 . XRD 1 Wi 34.50 17.70 3.03 7.01 34.00
100 P e i 35 1__Ca(OH)
—— ﬁﬂé 5 j 2—CF i
80 JJ R, )
' 4—C,S
S JJ 5-CS
;\ﬁi 60 L 7 ! 6—RO i
\lajé iI ./. 6 6 .
£z i ¢ T
i 40 b . J,J' F ;
B S 3
20 |
it
0 1 1 1 1 1 1 1 1 1
0.1 1 10 100 1000 10 20 30 40 50 60 70 80
AR/ um 20/(°)
(a) KAt B AR 2 (b) XRD
B AR AR B Al 4R
Fig.1 Phase composition and particle size of raw materials
1.2 s Fz2 HRELLE

VEWCA KRR B b 1 1 R A
R, BEWARTVRRIMBEINA . Bk e .
W | AN AT D e AR B FE 3 min
(140 t/min) . i FEII 515 A K, MK BEHE 5 min
(140 r/min) J5 F A 40 mmx40 mmx40 mm 1) = 5k 45
ELA L il 50 B SR A TR TR B (2042) °C, 1 &
KT 95% Wy tE iR ER R A IR 24 h AL, ik
P AR 5 Ak 2L A SR AP Th AT IR, SR R AR i
W TR B e BRI R AOWI R FH SR 4
Wk 28 d B . TSR R 28 d IR R,
SR I I RO AR B E T 5 S 24 h 28
1EAKAE . 2ok KA B AR BLCE T 40 °C HET46
24 h . BEEGAK 3~ 5mm /N T SEM,
MIP A6 I, A i B FH 35 356 A s 4 -5k 200 H
(0.075 mm)#ii, ¥4 i 45 K 17 XRD. FTIR, TG-
DTG 58T FOBHEC L L2 2, BRAER AR AN 2 fis .

Table 2 Experimental proportions

T mCaK) /g mBRIRM)/g m(E)/g m(FiE)/le mOK)/g

1 7.4 10.6 108 252 180
2 14.8 21.2 108 252 180
3 222 31.8 108 252 180
4 29.6 42.4 108 352 180
5 14.8 21.2 36 324 180
6 14.8 21.2 72 288 180
7 14.8 21.2 144 216 180
8 14.8 21.2 180 180 180

1.3 REAHE
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