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Preparation of Ultra-High Performance Concrete with Steel Slag Mud
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Abstract: The technology of mechanical activation and multi-solid waste synergistic reaction is adopted to
make use of the cementing properties and fine aggregate properties of steel slag mud and cooperate with
other industrial solid waste to prepare ultra-high performance concrete (UHPC), so as to realize the
utilization of high dosage and high added value of steel slag mud. Effects of steel slag tailing mud content,
mass ratio of slag to gypsum, water consumption, and curing temperature on compressive and flexural
strength of ultra-high performance concrete were studied. The results show that the 28 d compressive
strength of UHPC test block is 140 MPa above, and the flexural strength is 35 MPa under the conditions
including steel slag mud content of 60% ., mass ratio of blast furnace slag to desulfurization gypsum of 4,
water consumption per cubic meter of 210 kg, curing temperature of 50 C, and the volume content of
steel fiber of 5% . By means of X-ray diffraction (XRD), Fourier - infrared spectroscopy (FT-IR) and
TG-DSC testing methods, the hydration hardening characteristics of steel slag mud - blast furnace slag -
desulfurization gypsum system have been studied. With the continuous development of the reaction, the
amount of hydration products ettringite and C—S— H gel strength substance is increasing.
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T A2 JE e A B E SR (B BE R B, t R 1 A La
AL, AN R R 1Y AL o o CaOL Fe, O,
Si0, 5 MgO, EZ 5P AH 220 Py A R 5 4k AR
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Table 1 Chemical compositions of the raw materials (mass fraction) [%
JEURL 44 FR CaO SiO2 Al Oy SO4 MgO Fey O P, 05 MnO TiO;
ik e 34.29 14. 10 2.50 0. 87 9.90 31. 24 2. 68 4.39 0. 80
it 41.28 28.03 14. 24 1.82 11. 74 0. 38 0.01 0. 24 1.33

R A7 B 43. 96 3.72 1.29 41. 86

1.55 2.00 0. 04 0.02 0.13
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Fig. 1 XRD patterns of steel slag mud (a),blast furnace slag (b) and desulfurized gypsum (c)
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Table 2 Orthogonal test factor level

KV AR R/ By ik 5 C-297 K ik
% I B4 Y R A b (kg *m %)
1 55 4 210
2 60 6 225
3 65 8 240

1.2.3 UHPC F#4iE E IR 5

HH IF A8 3 3 16 A DU T BE I A B AT 4 i A%
UHPC i, 435I LA 20,50,90 C = Fl il B 5 1 5%
PRI IR E XHZ AR 2N UHPC i e 5 i 4t 1k 5k
A UHPC Ffr B i 50 i e oy Ckg/m®) « B 838 A1
B 190 .03 760 AN YR 1 425 LT 4k 156 8K
) 14 K& 210,

1.2.4 UHPC g%

IEAR IR AL 2 JEATRC L T IR AR BURURE , Bt b
JIT TN R U8 il /N B 493 BB 10 min J5 (4 [m] 5 55 A7
iR ROR 94K s R R L AR B i Oy 14 kg/m?
W A JEORHE G J5 480 7K U8 IS0 4 P AL 35 L 100
WA G HEA 40 mm X 40 mm X 160 mm Y H b,
Pl 1B 5 A bR E SR AP AR B R FR 47, 24 h )5
P,

UHPC i He 42 B A i 30 fe U I FE (kg/m®) < 5N
HREUE 1 425 BB A F 190 8 i 760, K F 14,49
214 156 K 5 210 FRIUEDRL . bt Ab Fir F 4K i 2 18
Sy /N Ry B 10 min S5 R [R) B S A 40 EORE AL
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gk gt 2 3 d.7 d.28 d WL o 9 gE AT
Bt He 5 B 0 R B0 2 A B A0 3 e 2L AR B A T 1
Z: B (OK U8 JB Hb i B A 3 U7 i (1SO 36)) (GBT
17671-—2021) , JHT GO 20 B 19 ¥ R0 it 5 40 22 0%
WG PEAT W e AL L BE AR & 2 mm A2 A5 /RS LA
HAE  MATEK QBRI L kKA B 24 /NI
— R TCIK LW =G AT R B T J5 8 S ThIAE i
17 XRD,TG-DSC.IR 43#7 .

1.3 srrFnsm

KM TYE-300 %Y & Jy 5 35 L6 e b i e itk 47
5 B I TR ALi KRR S 300 kN, R B £k
SRR A X RS 5 BT A (XRE) 43 B A

L1 A 2 SRR ¥ SR HOK AR R T XA S
PO RE i AT X AT 0 BT (XRD) 5 & 5 487 i A EEL 3
433124 40 KV FI 100 mA 36 FE Ry 3°~70%, SR
NETZSCH STA 449 F3 [a] 25 #4553 M AL 17 7K AL 7 9
492 P A E 4 T FE RS R AT TR Tl
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I A9 FE YR A RLAR A A K HE R A T fE
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Table 3 Particle size distribution of steel slag mud /%
F53 B Bk 7] / min +0. 6 mm —0.6+0.3 mm —0.3+0.15 mm —0.15+0.075 mm  —0.075 mm Bt
0 4.02 33. 29 35. 86 16.55 10. 28 100. 0
5 0.47 14.78 34.03 22.27 28. 46 100. 0
10 0.18 4.18 15. 40 27.05 53.19 100. 0
15 0. 20 3.71 11.98 26.17 57. 94 100. 0
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WL 3.7.56 d B3 5 7B R P om B A I L 9F
W HAE I AR AR R0 45 T WL 4, W 22 0 T 45 R
e 5 iR,
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56 J3E 5 MR B/ 19 5 K R BT T 58 R 5 B 0 T UK A
BRI BT I 9 5 5 B S B A B
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FEP T d A R YR 4B R (A X BL I 58 R M
R HLE A BT 1 55 B2 5 4 i R T 42 o A 6 A
S A I 5 T A1 5 L (OB AR TF 6 T 4T 3 o
JRE 52 M) 5 K AELAS (] 7K P 2 ) P 5 B2 222 8 3 D/
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Table 4 Results of orthogonal test
. EEY S YU 3/ MPa YUY JE/MPa

Al% B Cl(kg * m—3) 3d 7d 56 d 3d 7d 56 d

1 55 4 210 4.21 23.68 98.41 1.82 6.10 16. 61
2 55 6 225 1.16 24.95 93.95 2. 40 5. 80 9.09
3 55 8 240 3.16 20.72 88.15 1.73 4.77 12.03
4 60 4 240 2.25 14.61 112.78 1.30 5.48 18.17
5 60 6 210 3.16 16.35 94. 62 1.32 4.73 6. 52
6 60 8 225 4.92 16. 69 89. 67 2.62 11. 46 10. 61
7 65 1 225 2.84 12. 33 94. 87 1.37 5. 56 10. 59
8 65 6 240 4.70 11.17 83. 45 2.00 6. 68 11. 48
9 65 8 210 3. 87 8. 56 77.57 1.92 9. 64 14. 24

x5 EXRBBREST
Table 5 Range analysis of orthogonal test
1/ 2 AR 1L 8 D AR 2P )

K, K> K3 R K, K, K; R
A 3. 84 3. 44 3. 80 0. 40 1.98 1.74 1.76 0.24
3 B 3.10 4.00 3.98 0. 90 1.49 5.74 8. 62 7.13
C 4.61 3.43 3.06 1.55 2. 14 1.87 1.47 0. 67
A 23.12 15. 88 10. 69 12.43 5. 56 7.22 7.29 1.74
7 B 16. 87 17. 49 15. 32 2.17 5.71 4. 30 8. 62 4.32
C 17.18 16. 04 16. 46 1. 14 8.08 6.97 5.02 3.06
A 93.51 99. 02 85. 30 13.73 12.58 11.76 12.10 0. 81
56 B 102. 02 90. 67 85. 13 16. 89 15.12 9.03 12.29 6.10
C 90. 51 94. 77 92.55 4.25 12.90 13. 83 9.71 4.12

FEA 56 d W, 5 B A A Y BT L (B) X
PO 5 P09 BE 1 52 e A 0 Fe K Ha S e it
55 5 B4 E E B 2 B G R PR R E
VL By et . 93 e e 48 i (A) X Bt s 3 B2 7Y 52 i
IRZ s A KPR He Bt e 5 5 4 05 B K 2 (O)
XFHLHT IR B A SE IR Z . C 5 GRS A
25 B4 MY % T UHPC 2% F 3% 76 T 9
PREEH , DL I IR g £S5, LU R (R4
WihZ % oy FK R 210 kg/m®, Af 42 & R
160
(a) EE20C

140k B 50 °C
. 90 C

120

3 7 28
i 31/d

SR o I3 BT 5 B T B BRI 60 06 5 0 T 5 A1 I T
I 4. 25 BT A OE A2 1R B A 0 AL G [
AR 6000 0 IA S LA A T R B L 4L
Jr FK A 210 kg/m®
2.3 FPRERBERSN

eI IE 52 6 5 1 Ak BC bE 2E A7 5 B I R X
UHPC i 558 )5 52 i i 56 F7 7 I 2 20 90 6 B 20,
50 A1 90 C =Fh K P #E AT B, L 25 SR AN 2
fiis .

40

YU E/MPa

3 7 28
i%391/d

B2 FiiREX UHPC iXRHIERE (a) FIHITIEE (b) 21T
Fig. 2 Effects of curing temperature on compressive strength (a) and flexural strength (b) of UHPC
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7K 4k
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L EES SR NT A ZKAE.C.S.CS, £5
) R S LA

FE 3~T7 d I AT 5 AU 55 1 F2 B A RN G S,
Bl =2 HE B/ I 3 K R S AL 45 UHPC Bk
R 5 B AR Ak, R DA B ik BE A TR Cs S K Ak AR A

C—S—H Bt F Ca(OH),, Ca(OH), 12 i 5 ¥
4 A 4 O T A 5 5 AR I TS A 2R L O AR A2 AR AN 1Y
ERF . 580 SO A LA LA« LI 85 81 A A=
B0 IR 7 IR B i RE Ak B A R A
VL RO R R m R EAKE C-S—H B K
fefit,

FE T~28 d B AT ST 55 1) FBEA AR G S,
T 885 BFL AT R0 S5 0 i J32 0 B I8 % ot I 4 L 4 7
R Z R NE R TP A ER Z 12 C,S.C. S K
TLRERS = A i 2 1) C—S—H M Ca(OH), ,
T8 T A SR D AR 5 A D A o AR S LA
AN 2 TR B C—S—H BRI 45 22 2 L 4
UE T 3 9 B ) AN W G

1-E5ALA 2-TIKAE 3-HEMR 45(C,S)
4-FERR=H5(CS)  S-KMLRERRES  6-)ftfi  7-ROMH
2
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Fig. 3 XRD patterns of sample J1 at

different ages
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113.7 "C L ) B e ey W Ol BE R LI T 200 €L &%
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.

PE— 2B AR LG 3 d FL SEAE 113, 7 C B
R IR A L A 133, 7 C ik B d g MR A 5 T 28 L 2
MR SEAE 113. 7 C ik Sl iR W iig 78 133.7 CH B
/I B I AU 330 T A ] 0 SO I 1 S
AR B X B Y A A BOR 2% S A5 4 XRD
IIMTAE R .3 d I FEAT B R A e I B ROR
HA /NGB 5 R .28 d 4T 8 2 185 B £ A
C—S—H BRI - SOV 5 R 22 800 A 8« R ] L4
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Wit . 113.7 C AR R A 7K 19 32 52 21 43 0 45 L A1
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Fig. 4 TG-DSC curves of J1 sample at

different ages
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