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Effect of Heavy Metal Cadmium on the Microstructure and Physicochemical Properties of Slag Glass-Ceramics
MA Rui'*, CUI Xiutao®, WU Nannan', OUYANG Shunli'*
(1.Basic Teaching Department, Guangzhou Maritime College, Guangzhou, Guangdong 510725, China;
2.School of Material and Metallurgy, Inner Mongolia University of
Science & Technology, Baotou, Inner Mongolia 014010, China)

Abstract: In order to make slag resource utilization and harmless treatment, CaO-MgO-Al, O;-SiO; (CMAS) slag glass-
ceramics were successfully prepared with different additions of cadmium using glass-ceramics preparation technology with solid
wastes such as tailings and fly ash as main raw materials. The crystallization characteristics of glass-ceramics with different
additions of cadmium were characterized by differential scanning calorimetry (DSC), XRD, SEM, and Raman spectrum. At the
same time, the bulk density, flexural strength, thermal expansion coefficient, Vickers hardness and toxicity leaching
concentration of glass-ceramics with different additions of cadmium were analyzed. The results show that with the increase of
cadmium addition, the full width at half maximum of the crystallization peak gradually decreases, which promotes the
crystallization of the glass-ceramics, but the main crystal phase does not change significantly. The related elements in the glass-
ceramics are depolymerized due to the addition of cadmium, which changes the microstructure of the glass-ceramics. In
addition, the flexural strength, Vickers hardness and bulk density of the glass-ceramics increase with the increase of cadmium
slag addition. The results of toxicity leaching test indicate that the maximum leaching concentration of cadmium is 0.030 37
mg/L, which is far lower than the maximum leaching concentration of hazardous waste specified by the state.
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Table 1 Chemical composition of fly ash %
Al O; Na,O MgO K;0 CaO TFe  CaF ity
2Us az g 2 a e al'z (/1<}i@)
13.4 1.2 3.15 3.15 14.2 6.98 0.21 57.71

BT S B B T SRR S S LR 2, ik
56 rp R A S (99 %) VAARES (99 %) VR EE
(>>99%) =4 AL 48 (99 YO IR HEAT RN FE , kb
CMAS R0l Al B 38 B2l A 2. 3% R

Ve K A 7 R BT SRR M A A8 ST 180 g BURE, BOABRIE HLA IR 4 2 b 48
Cd™ —FA AT ARSI 4 CA Bt BIAIRE
®2 WBHBEA
Table 2 Formulation of glass-ceramics %
. - 4
R i SIS SiO; CaO Al; O3 MgO Na; O . K;0O By O3 Fe; Oy Cd HiAl
S1 0.3 41.60 14.72 8.10 6.54 8.38 1.10 5 13.96 0.21 0.09
S2 0.6 41.53 14.71 8.08 6.10 8.28 1.10 5 13.94 0.42 0.24
S3 0.9 41.30 14.54 8.06 5.99 8.28 1.09 5 13.94 0.63 0.27
S4 1.2 41.15 14.20 8.06 5.99 8.18 1.09 ) 13.94 0.84 0.35
S5 1.5 40.79 14.09 8.03 5.99 8.08 1.09 5 13.93 1.05 0.45
S6 2.0 40.14 13.98 8.01 5.89 7.98 1.09 5 13.92 1.40 0.59

BAGTHHHRGY R AIEHIRTE 1 550 CHY
o i A HL B L 10 °C/min B THE AR 3 h.
A AR LY 5 00 20 BB K L A5 3K P R

it s X EE K PR FH T DSC 40T, oAt 425 il 38 38 7
G IR A L O BEAT IR AR B 45 B AT 9K AR 3
1. i DSC oAl £ BB AE i L B E 5 T A%
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Fig.1 DSC curves of water-quenched slag with

different additions of cadmium slag
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Table 3 Thermodynamic data of samples

i 25 T,/T T./C AT./C AT'
S1 644 782 138 0.214
S2 644 792 148 0.230
S3 643 780 137 0.213
S4 642 788 146 0.227
S5 642 776 134 0.208
S6 644 776 132 0.205
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Fig.2 XRD patterns of glass-ceramics

with different additions of cadmium slag
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Fig.3 The change curve of crystallinity with

the addition of cadmium slag
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Fig.4 SEM of glass-ceramics samples with different additions of cadmium slag
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Fig.5 Raman spectra of precursor glasses prepared by

adding different contents of cadmium slag
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Table 4 The main vibration types and corresponding bands

in the Raman spectra of precursor glasses
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Fig.6 Gaussian fitting results of Raman spectra of precursor glass
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Table 5 The fitting results of 800 —1 200 cm™'

Raman band of precursor glass

AW S1 S2 S3 S4 S5 S6
Vi 879.29  877.48 877.49  877.51  877.44 877.61
Vo 925.73  929.20  929.22  929.27  929.25 929.53

V3 989.48  996.59  996.61  996.69  996.84 997.04

vy 1066.53 1069.18 1069.19 1069.23 1069.31 1 069.40
W, 48.54 54.09 54.11 54.13 53.98 54.28
W, 73.86 81.12 81.11 81.13 81.44 81.18
W, 102.19  106.11  106.08  106.01  106.08 105.64
U 76.62 76.01 76.00 75.96 75.92 75.80

s1 13 500.61 18 102.88 18 122.82 18 147.26 17 916.32 18 311.58
sz 49 467.39 73 390.17 73 423.96 73 567.03 74 055.54 74 183.55
s3 98 904.75118 682.53118 632.69118 489.78118 370.31 117 780.06
sg 21092.93 22 299.62 22 295.73 22 270.94 22 130.95 22 199.12

Ay 7.38 7.79 7.80 7.81 7.71 7.88
Al 27.04 31.57 31.58 31.65 31.86 31.91
As 54.06 51.05 51.03 50.97 50.92 50.66
Ay 11.53 9.59 9.59 9.58 9.52 9.55
X 8.49 8.96 8.97 8.98 8.87 9.06
X2 27.58 32.20 32.21 32.28 32.50 32.55
X3 56.22 53.09 53.07 53.01 52.96 52.69
X, 7.71 5.75 5.75 5.73 5.67 5.70
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Fig.7 Raman spectra of glass-ceramics with
different contents of cadmium slag

.

46 800~1 200 cm " 4 [ A 0 K0 203 4 347
Hrila MG ER IR 6,
6 WRWIES0~1200 cm 'HBETHELER
Table 6 The fitting results of 800 —1 200 cm™'

Raman bands of glass-ceramics

WEm o Sl S2 S3 S4 S5 S6
Vi 877.41 878.92  880.43 881.01  882.05 896.85
Vs 954.38  963.35  962.84  962.56  962.36 968.20
ys 1012.74 1023.88 1021.70 1022.20 1021.05 1 039.28
vy 1066.72 1075.63 1073.92 1077.27 1076.79 1 090.24
W, 55.69  55.25  60.52  61.94  64.33 72.13
W, 82.37  83.09  78.55  76.91  74.62 77.59
W, 52.30  49.66  50.65  53.99  54.62 57.43
W, 80.85  84.08  87.64  81.63  82.81 59.44

$1 150 071.50 221 038.77 259 432.59 269 247.67 286 310.63 1 822 212.36
sz 679 555.59 931 213.04 888 206.93 866 554.56 839 495.37 565 523.33
s3 173 646.23 150 930.74 169 489.99 213 746.05 226 995.35 174 680.54
s¢ 303 980.80 340 880.94 366 777.73 329 182.96 335 744.57 121 196.05

Ay 11.43 13.44 15.41 16.05 16.96 17.46
A 51.75 56.64 52.75 51.65 49.72 54.19
As 13.68 9.18 10.07 12.74 13.44 16.74
Ay 23.15 20.73 21.78 19.56 19.88 11.61
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Table 7 Physical and chemical properties of samples

FESD RFREEREE/ PUYTSREE/ 4EICHERE )/ WEERME/ W ekeE/
%5 (g/cm®) MPa GPa % %
S1 2.992 107.75 16.70 88.08 94.74
S2 2.997 139.00 16.79 92.80 94.80
S3 2.996 162.75 17.26 96.82 93.28
S4 2.999 155.00 17.37 98.16 90.48
S5 3.008 168.65 17.53 91.92 93.94
S6 3.015 212.70 18.11 92.78 94.56
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Fig.8 Vickers hardness indentation of glass-ceramics with different additions of cadmium slag
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Fig.9 CTE curves of glass-ceramics with different
additions of cadmium slag at 100 -500 C
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Table 8 Leaching concentration cadmium in glass-ceramics mg/L
GB 5085.3—2007 HHLSE A3 H ¥k JiE S1 Sz S3 S4 S5 S6
1 0.001 24 0.003 17 0.009 57 0.013 22 0.023 67 0.030 37
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Fig.10 Unstable ratio of glass-ceramics
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Fig.11 The structure of cadmium in glass-ceramics
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