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Properties of Alkali-Activated Red Mud-Fly Ash-Carbide Slag Composites
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Abstract: Red mud was stabilized by using ( NaOH-+Na,SiO; ) solution, carbide slag and fly ash. Alkali-activated
red mud-fly ash-carbide slag composite was prepared. The strength formation and development mechanism of
the composite were analyzed by mechanical and microscopic property tests. The safety of the composite was
evaluated by heavy metals leaching test. The results show that the strength of the composite increases with the
decrease of red mud content and the increase of curing age. The composite containing 40% red mud reaches
a maximum compression strength value of 20.1 MPa at the curing age of 28 d. The formation of dense calcium
silicate hydrate (C-S-H) and calcium aluminate hydrate(C-A-H), and the physical combination of red mud
particles are the main reasons for the increase in strength. The heavy metals in red mud formed compounds
and are solidified in the composite after curing for 28 d. No heavy metals are detected in the leachate after
immersion for 28 d , which proved the safety of stabilizing red mud with strong alkali activator, carbide slag
and fly ash.
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Fig.1 SEM image and XRD pattern of red mud
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Table 1 Chemical compositions of red mud, carbide slag and fly ash

w/%
Material Ca0 sio, ALO, Fe,0, MgO TiO, K,0 S0, Na,0 cl
Red mud 0.95 25.10 31.98 18.90 0.10 5.28 0.10 0.34 16. 50 —
Carbide slag 87. 80 4.71 3.22 0.23 0.39 0.13 0.11 0.78 0.43 2.08
Fly ash 5.77 43.90 39. 80 4.66 0.54 1.64 1.12 0.92 0.72 —

1.2 REHE

ARG A LN 3R 2 TR, ok UK L
h0.65, 85 B e 3.00. HE A7 9 3% 4R AR KT Ak B
Jei DU 52 L K R R R B K RO A5 Y ~55%0 , ¥ T
VR EE R R A BT URE R R R NaOH %
WMk FE L E R 5 mol/L, I £ FF NaOH 5 Na,SiO,

BT E Lk 2.5, W BEUL B MY L ORI K LB A
OB A NaOH ¥ B 5 10 mol/L ™, % & %
NaOH 7£ 5 Fbr i FH o A 38 55, 8 % AR NaOH H
A G 223K 51 A Tk B R E A T 1R R Bt
£, NaOH 9 ¥ B2 Ik 2 5 mol/L. il & R~ H
20 mm X 20 mm X 80 mm AY 4+ 3 3k FE T 10
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95 75 (1SO ) ) #EAT , R 2 B 343014 1 °F- 24 i 1
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H10°~80°, 25K 4 0.03°. i J1] STA44A9F5 I £ 5 #4
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10 °C/min, & BE X 8] 2k 30~1 000 °C. [F] B, 444t
2 I G LA By 1k R S E TR R P Rk Ak K
kIR AT 7043 T M 0 v R RE B R, R &
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Table 2 Mix proportions of composites

w/%
Sample No. Red mud Carbide slag Fly ash
40RM 40 20 40
50RM 50 20 30
60RM 60 20 20
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Fig.2 Compressive strengths of composite mortar

60RM

specimens cured for 3, 7, 28 d

T 5.0 MPa, #7247 7 d J5 ¥ R 38 B H i 10.0 MPa, 37
P11 28 d Ji5 Pt H 5k B e e 1T ik 20.1 MPa, A3 2 2540
SR AR 7 oK 15 R A e e R A T R
IR E AR 19 T & v AT 1Y
2.2 XRD##
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fig 45 (C-A-FD'™ "l B 3] UL, &2 & b kRhge I il RE 1Y
XRD 35k 2 LR i 3, HAE 25°~35°4b 7R
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C-S-H. i THEKAL 2L #E H Ca(OH), A Wr 9 IH € , =
B A PERBT R 5 B B B 77 4 % 0T 0 S i R
H 1 3 38 ] D« P b i B T R == A (Portlandite,
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IS5 R T e A KA R, FEAE K AR 7 ) B AR A
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AR AL =B B XRD B, 7T LAOULEE 3 - (1) 3747
28 d WA FETE 10"~ 12°4b B T 3.7 d B33 K i B Y
A0 SE L Jade 6 BRAFHEATHAE 53 BT AT 0, 3 2 P
SIRICER A SAE H.O N P& La Wit
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F4P 3.7 d K AL 4 XRD & 5% i 7] 45 36 FB P9 3% A
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6—Calcium carbonate
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Fig. 3 XRD patterns of composite paste samples
cured for 3, 7, 28d
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2.3 TG-DSCH#r

TSR 28 d B G MORK AL W AL, R
FH TG-DSC 43 Hr 7K 46 7= W ) #4408 1 , 285 2R an e 4
B 7 . i 4 AT L C-S-H7E #5 K I B I 1B (50~
600 °C) it PR K 43 2 S B = b, TG-DSC
it 2% 7E 800 “C Ak MY BRI 1A/ i R L g
C-S-H 43 it J i K A7 (CaSio) A ¥ 78 50~150 °C
1 200~400 Chk BT 2 4~ IR #4454 XRD 7 #r
AL, X S5 KPR C-S-HA %5 T C-A-H7E 300 °C
KA KA KT DSC 2 3L T B C-A-H LK 7=k
14 W ARG SIF B A7 AE T KAk = b s Ca(OHD , 5k
CaCO, iy 2% 5 B X [ 45k 5o — (Wi B 5 T HFR,
T Ca(OH), B 43 , TG i £k 7£ 400~500 “CH H
PR B, 53 Ak, CalOH) ,AE SR K Ak 52 N 1 B 14 S 7
Y, HL B B R B O % 8 i e >, SR T &
600 “CLA_L B, 7K Ak 7= 9 v (%) BT A3 25 5 7K 35 1 B Tl i
X, [/ B CaCO,7E 600 CLA 4 it S 8082 &+
e TR R
2.4 SEM-EDS%#h

i &f SEM-EDS 43 87 3k #f & &2 & bk K 4k

QO A RN VOO NN D
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Fig.4 TG-DSC curves of composite paste samples
cured for 28 d
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MR RO IS P SIO, R ALO, & AR R, A T
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Fig.5 SEM images and EDS spectra of composite paste samples cured for 28 d
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Table 3 Analysis of heavy metals in composite and leachate

Composite Leachate

Heavy metal . .

M the limit of
Content/(mg-kg™") casuring fhe 1m1ﬂo Content/(pg+L ")
content/(mg-kg )

Measuring the limit of
content/(pg-L ")

Cr 200. 00 1. 00 —
Ni 17.60 1.90 —
Cu 16. 20 1. 20 —
Pb 14.70 0.10 —
Sb 0.89 0.01 —

Zn 17.70 2.00 —

0.10
0.02
0.04
0.10
0.05
0.06
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(1) B A A e — B K — v A1 s 52 6 4 RH i
JE 5 2 B B 2R U8 48 B 10 R AR 33 47 158 300 100 2 i 42
.l 209 HL A7 i .5 mol/L NaOH #il NaSiO, %
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