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Analysis of Polymeric Rheological Properties and Microstructure of
Steel Slag Powder—Fly Ash Base Aggregate

JIA Jia, HUA Siyu
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Abstract: To achieve resource utilization of steel slag and reduce fly ash consumption, this study replaced fly ash with steel slag
powder at mass ratios of 10%, 20% , 30% , and 40% , while using alkali activators at 16% and 20%. The rheological properties
and evolution patterns of compressive, splitting tensile, and flexural strengths of the geopolymer slurry were analyzed.
Microstructural analysis was conducted using XRD and scanning electron microscopy (SEM). Results indicate that increasing
steel slag powder and activator content enhances paste shear stress and apparent viscosity, improving stability but reducing
workability. Mechanical strength increased with higher steel slag powder and activator dosages, though the rate of increase
slowed beyond 30% dosage. At 30% steel slag powder, compressive, splitting tensile, and flexural strengths exceeded the
control group by 56.9%, 59.5%, and 66. 1%, respectively. At high fly ash content, unreacted particles are present. The
introduction of calcium ions from steel slag powder accelerates the geopolymerization process, forming C—A-S—H gel that
densifies the microstructure and enhances the mechanical properties of the geopolymer. The research findings can serve as a
reference for the preparation of steel slag powder geopolymers.
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Table 1 Chemical composition of fly ash and steel slag powder/ %
#k Si0, MgO Al,O; Na,0 Fe,O3 CaO SO;  Hiih

R 32.26 3.71 12.47 1.06 1.15 45.73 0.84 2.78
WK 60.04 1.22 23.96 0.52 4.83 2.91 1.15 5.37
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Fig. 1 XRD patterns of steel slag powder and fly ash
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Table 2 Geopolymer mix ratio / (kg/m?)

Gi  OBBOR MR AR MR B BUbK
sl 420 670 1130 146.3  122.7
s2 378 42 670 1130 146.3  122.7
3 336 84 670 1130  146.3  122.7
sS4 294 126 670 1130 146.3  122.7
85 252 168 670 1130 146.3  122.7
S6 420 670 1130 182.8  103.1
s7 378 42 670 1130 182.8  103.1
S8 336 84 670 1130 182.8  103.1
9 294 126 670 1130 182.8  103.1
S10 252 168 670 1130 182.8  103.1
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Fig. 2 Rheological properties of alkali activated steel
slag powder and fly ash slurry
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Fig. 3 Compressive strength of polymers with different amounts
of steel slag powder

2.3 ERRIBAE

M 4 o750, SRR NI B RN 16% 0, A~
B Ry Y S A B TR R O 3.9 MPa, 9
WMBEN 10% ., 20% . 30% . 40% Wit 1B 204 hn
FERH L FEHEZH 2 428 T 20.5% . 38.5% ., 51.3%.,
58.9%; [FIFE, BRKIBE A 20%0, Sk 5
SAPTPIR N 4.2 MPa, BB E N 10% ., 20% .
30% . 40% AR FEF S4BT R 5 A L SE v 2H 4 S 2
T 28.6% . 45.2% . 59.5% . 69.1% . 540558
TEIAEE L, B A SN 4 0 L 3R A 4 B S e b o i
FURBURAE AT, Bl A 0 45 o 0 in B 4 e o o 3 1
K BT R A HR K, FLRSURL (Y L 2 T



3 1

ot

RS DR B R IE IR S Wi AL ) O ES F o b 41

B, A ORI 1 Ry B I UL 22 8] ) 23 B
TR B v H A 15 B 0 R ) B TR T
AISCHE I N 22— PR O R B 5l 16% 4 i =
20% , xR A BEIK A 1 4F B BT 175§ T T
7. 7%, B AR 8945 20 B 2P0 Hn o B2 42 T
T2 14% 5 XU = AR B4 X8 B9 A (14
OSSR SR A B ISR V% k2 )
FIAKREME T, SN REE T2 R G R
BEAERG C-A-S—H BEIE, $ v 5 i 3 X B 45
FH I8 M 2R 5 1 1) B T B SR A LMK
A 2R 5 S N G2 e, s BT A Y S I ) A RE
IRBIFUPSREE, i 28 d BYRGTHOR R T B #
Ev e

B 2RI/ MPa
wn [« -~

N
T

)

10 20 30 20
KB %
B4 AENEHZENHBEEVERTNEE
Fig.4 Splitting tensile strength of geopolymer with different
amounts of steel slag powder

(=)

2.4 RITIRE

HHES AT, SOk F B &l 16% 0, R
A i B TR EE Y 5.1 MPa, SN #42
N 10% . 20% . 30% . 40% A4 4 o BE AR Fb 3t
HELH 7> R T 39.2% . 51.0% . 62.8% . 64.7%;
[FRE, WORFNB RN 20% I, FEE 4R 3y o
H'5.6 MPa, W#EMBE N 10% ., 20% ., 30% ., 40%
A B A R A B S E A A B R T 410 1%,
53.6% . 66.1% . 71.4%, ¥HCAAHrviE ., B HuhL
SREEZERL, B 10% W8 5 Brdrom B 3G K o
F; WEBBE N 10%~30% 0, Hrir LK,
B KT 30% J5 P om B 3G i N, ORI
w i 16% 12 20%, ABINRK R A1 6 15 5
H10% . 20% . 30% . 40% A4 3T 5 B 43 S 4 v

179.8%., 11.3%, 11.7% ., 12.1%, 14.3%; v U,
PO B BE O R B R i, ELBE R B
MR RE, PR RO, 2R B, B AW
Ry T4 R A R 3t 3R A W A R R, TR T
WA BT A B R O R, S
WyBEIR 22 M5 G RN AR J T WA C~A-S—H BEIE,
WG BT 12 1 A NP o E SR T I ON R O —
JTTAL, R B K R 4B R TR T A 3
fle it 3R 5 B R T

10

[ - IATIB A 16%
—— AR B 20%

0 10 20 30 20
Wi E%

5 AENEHEENMESIITEE
Fig. 5 Flexural strength of geopolymer with different
amounts of steel slag powder

2.5 XRD 5 #1

M 6 I, MRS XRD S A [E 7R
TR S ARAEAE, IF LSS R g 2 ) A R
AL, A, BRIk A AR RS
I AR AN T 20% 145 4 3 R A Wik 1
C—A-S-H BERWEIR 0 W35, Bl XA B 45 5 18 I Ais 54
U S L R R A, R A BB TR T LR A R
N IFFEETE, A L8 C-A-S—H BEIR Mk, i

1A% 2:5HAT 3 )7IRAT
458488 5:0-A-S-H

3 3
I =
3 3
MR 2
EI-Y 3
|
A A o
23
" k! 3
. A 3
o

10 15 20 20 30 35 40 45 50 55 60 65
20/°)
Bl6 ATEIRNEHISENMESY XRD T E
Fig. 6 XRD diffraction patterns of geopolymers with
different amounts of steel slag powder



42 M EIREE 5 M

40 %

b B A B AT R A A, XOHR TR G R
NEEE AR R eI A B A R E R, ObE A
BRI, 23R A RN IY B B I H0E AN B
W4 BRTRY S5 kB K 2R R R N T A T TR
GHER L, TR AL R & A i 2R A 7
C-A-S—H HITEZ) 25° ~ 30°yu [ g W& K 2], 7 i
AT B AR R 15 B i G s, X R T R
B A AR A S Y CO, TE LR IRESAH

BEAN, s PR BT Al AR i A Ok AR A R Sit
A Ca® BB B F IO 1, 5 b 2R A RO
PR, AR A YRR IE,; WM AR BE N
20% IR TR, A A 2 SR R R B = R
16% A o B 2, NEMBE R 10% 1 S2, S7
TR RS B B A e O A R SR A A AR A D
H C-A-S—H AHAYIEEom B G55 , Ul I BE I 1Y A= i
B,
2.6 SEM 5 #7

M7 AIAL, HBR AW RORESH B T ARifEfk
I, RAE W RN, A A R R ORE L R
TEAL R B IR, FER B IR B B 1 S2, S7 1k
fEr, R B0 R TG AL O R BORL, X TR B K
FNEE PERAR, T B0 K ORL TG 1 38 43 16 1L

SRAR TR
—

D: mm |
ot: SE 20pm

ssssss

(a) S2ikfE (b) S4ik#

FLOUIE 5 Hh B AT UL E ST iR 78 4y, AR A
TERREE AT, BEIAESR, OS5 50w vk
25, FEOV RS Y T 2 0m B AAR, Wil B
N 30% 1 S4 . SO a4 H A I Ak Ry BRI AR 55 /D
C—A-S—H BEf BRI, T T 58 308 1 o 25
H, XSRS R, BB AR T 4R
R M SR A R R, AR N 22 0 R A R
Ak, XS4 5 SO OSSR 25 S, AT & B S9
IRPEAR HC S R B0 X T 0 e i kB e it
T HLR A RV A G AT, R PR T 4 B A
IR AL A, AR T M R A SN
Jie A R, DT B AR T b 3R A A R A B0 2
L, X5 5 5 R Kk R I s R R e A R
—,

454 XRD ZrHr ] LIfS H, B — Ry S R A
YIRS e M L 4%k, BAS B T R S 80t
REVSREAL, XRWABMEAGE, 4. FHooE i
RAYIFEARTE ARG T 1 O R RAR B 7l i
BIE U BRI () AT A B A BT A
R SR BRI AP SRR L B, Rk
RVLIEYE, fHR SIS C-S-H #4748k C-A-
S-H, JERAY R A PSR A 5w ) 2R

g

&

& SR |
A g

(c¢) S7ikF (d) S9ik#

B 7 FENEHSENMESY SEM EK

Fig.7 SEM images of geopolymer with different amounts of steel slag powder
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