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Table 1 Chemical composition of raw materials
Mass fraction/%
Raw material
SiO, Al,O; K,0 Na,O CaO Fe,0; Others
Spodumene tailings 79.75 12.04 5.39 0.96 0.25 0.81 0.8
Kaolin 54.30 42.43 0.13 0.00 0.42 0.67 2.05
Na-bentonite 64.63 19.16 2.29 0.54 5.59 4.19 3.6
F 2 JERRRLEE S AT #z3 WRATER
Table 2  Particle size distribution of raw materials Table 3 Experimental scheme
Raw material dio/um dso/pm doo/um Sample W-CM/  W-CMC/ M-HP/ ST/
0, 0 . -1 o,
Spodumene tailings ~ 9.05 61.62 167.80 No. % % (mLg ) c
. S) 5 0.7 0.007 1100
Kaolin 1.04 5.90 42.64
. S, 5 1.0 0.010 1150
Na-bentonite 2.36 16.47 62.29
S5 5 1.3 0.013 1200
S, 10 0.7 0.010 1200
| Weighing raw materials | S5 10 1.0 0.013 1100
= Water+H,0, S 10 1.3 0.007 1150
| Injection molding | 40 mm X 40 mm X 40 mm S, 15 0.7 0013 1150
l Demoulding Ss 15 1.0 0.007 1200
Dry 110°C, 12h
So 15 1.3 0.010 1100

| Muti-steps sintering |

Natural cooling
B L2k
Fig.1 Process flow chart
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Table 4 Results of flexural compressive strength, linear shrinkage, apparent porosity, water absorption and bulk density of porous

ceramics

Sample Na-bentonite Sample Kaolin
No. FS/ CS/ LS/ AP/ WA/ BD/ No. FS/ CS/ LS/ AP/ WA/ BD/
MPa MPa % % % (g'cmﬂ) MPa  MPa % % % (g-cmﬁ3 )
Sni 1.44 3.14 6.73 5513  50.35 1.10 Sk1 1.32 266 323 5854 5537 1.06
Sn2 736 1469 1755 29.77 18.00 1.65 Sk2 3.49 498 9.10 48.57 38.61 1.26
Sns 13.66 2249 2148 1.02 0.53 1.91 Sks 928 11.61 1580 2898 17.83 1.63
Sna 1233 2490 20.85 1.59 0.85 1.88 Ska 7.16  11.09 1535 3526 23.58 1.50
Sns 1.60 2.49 6.60 60.18 59.07 1.02 Sks 124 221 240 6237 66.63 0.94
Sne 6.35 19.15  16.63 32.19 20.16 1.60 Ske 246 493 898 5248 44.96 1.17
Sn7 579 1893 1633 33.17 20.73 1.60 Sk7 2.68  4.60 7.50 5421 48.00 1.13
Sns 12.04 2430 19.98 1.07 0.56 1.89 Sks 638 10.17 1320 4196 30.96 1.36
Sno 1.39 3.13 4.65 5959 5758 1.03 Sko 1.06 1.66 275 64.14 69.85 0.92
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Table 5 Range analysis of orthogonal test results of

Na-bentonite as binder

Result | W-CM/ - W-CMC M-HP/ ST/
name Ve % % (mL-g™") C
K, 7.49 6.52 6.61 1.48
K, 676 7.00 7.03 6.50
FS/MPa
Ky 641 7.13 7.02 12.68
R 1.08 0.61 0.42 11.20
K, 1344 15.66 15.53 2.92
K, 1551 13.82 1424  17.59
CS/MPa
Ky 1545 14.92 1464  23.90
R 2.07 1.83 1.29 20.98
K, 1525 14.63 14.44 5.99
K, 14.69 14.71 14.35 16.84
LS/%
K;  13.65 14.25 1480  20.77
R 1.60 0.46 0.45 14.78
K, 28.64 29.96 29.46 5830
K, 3132 30.34 3032 3171
AP/%
Ky 3127 30.93 31.45 1.23
R 2.68 0.97 1.99 57.07
K, 2296 23.97 23.69  55.67
K,  26.69 25.88 2548  19.63
WA/%
Ky 2629 26.09 26.78 0.65
R 3.73 2.12 3.09 55.02
K, 1.55 1.53 1.53 1.05
BD/ K, 1.50 1.52 1.52 1.62
(gem”) g, 1.51 1.51 1.51 1.89
R 0.05 0.01 0.02 0.84
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Table 6 Range analysis of orthogonal test results of kaolin as

binder
Result W-CM/ W-CMC/ M-HP/ ST/
Level 1 .
name % % (mL-g ) C
K, 4.70 3.72 3.39 1.21
K, 3.62 3.70 391 2.88
FS/MPa
K3 3.38 4.27 4.40 7.61
R 1.32 0.56 1.01 6.40
K, 6.42 6.12 5.92 2.18
K, 6.08 5.79 591 4.84
CS/MPa
K; 5.48 6.07 6.14 10.96
R 0.94 0.33 0.24 8.78
K, 9.38 8.69 8.47 2.79
K, 8.91 8.23 9.07 8.53
LS/%
K; 7.82 9.18 8.57 14.78
R 1.56 0.94 0.60 11.99
K; 45.36 49.34 50.99 61.68
K, 50.04 50.97 49.32 51.75
AP/%
K; 53.44 48.53 48.52 35.40
R 8.08 2.43 2.47 26.28
K, 37.27 42.32 43.76 63.95
K, 45.06 45.40 44.01 43.86
WA/%
K; 49.60 4421 44.15 24.12
R 12.33 3.08 0.39 39.83
K, 1.31 1.23 1.19 0.97
BD/ K, 1.20 1.18 122 1.18
(grem™) K; 1.13 1.24 1.23 1.49
R 0.18 0.05 0.04 0.52
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Fig. 2 Effects of different sintering temperatures on physical properties of porous ceramics: (a) Flexural strength; (b) Compressive

strength; (c) Linear shrinkage; (d) Apparent porosity; (e) Water absorption; (f) Bulk density
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Fig. 3 Surface and section morphologies of two samples after sintering at different temperatures: (a) With Na-bentonite as binder;

(b) With kaolin as binder; (c) Section, with Na-bentonite as binder; (d) Section, with kaolin as binder under different sintering

temperatures
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Fig. 4 Regression models of factors affecting physical properties of porous ceramics: (a) Flexural strength; (b) Compressive

strength; (c) Linear shrinkage; (d) Apparent porosity; (¢) Water absorption; (f) Bulk density
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Fig. 5 XRD patterns of porous ceramic samples at different sintering temperatures: (a) Whole patterns; (b) Local patterns
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Fig. 6 Phase composition of porous ceramic samples at

different sintering temperatures

27 AEIRETZMEAFZERBEURER

I BB SR [FR B 2 LI B )
Mk, ERwE 7 Fion. HE 7(~d)rTH, kesh s
BRI R AE TR AR . RS R A
500 CHf, =BHERGEL FATLEFEINR, kRS
TR E] 1100 CHY, HEEAR N T 38 6 55 = BEN
PO BLFLIA . FEE, B 7)~(d)ATA, Begs iR
500 CHf, F5r=BHE R GREE T 2R ERR, e
JREEIR LA ] 1100 CHF, #80 = BERAR K A o, %
A SR IR IR B AR AN RIUAR o GXBEAE T 7T SRR L R
XRD H iR R = BERI AT ST i) J5 R, B AT e 2 = B
RAT BRI RN TR,



2242 hEA O RYR

2020 £ 9 A

B7 REBER R [ obh St

Fig. 7 Microstructures of samples at different sintering temperatures: (a), (a’) 500 ‘C-Kaolin; (b), (b") 1100 ‘C-Kaolin; (c), (¢) 1150 ‘C-

Kaolin; (d), (d") 1200 ‘C-Kaolin

28 ARIEE TZIIRERMEHST

Bl 8 FTon g LA U - B 45 RIS AN R R 4 LS T
ZABER SEM &, Bt A GITENBORAL S, A
P A I R JROR B B P o X B B 8(a) (b)) T
A, BEERREEIR TR, A NI ILAR R A
M FLEEAS A AL, FL P9 BE T v ELROR (] 45 &
DR . MALIITEARRT 2 FLIE s B B A B,

TN A I SC 2 AL BT 56 BE AT s 5 P52 AR AL B A
REEREZ o B RN FLIR R i S A
TMUORE (R HERUR ) 2 BRI, IRt se i, BB
et B (T R B IRE TR A, TR
ZiEliapin A L in g e i B2 E P o il A L ER
HBETIF T B RNAS— LG B 8 Al i, it
FEAERALAR KA —, B fLARTER DY 6~500 pm. H



o530 B4 9 B i, S BRI RN R & 2 AL AR R e 2243

fa
8 AIFELEE T 2 fLM&EN SEM 14

Fig. 8 SEM images of porous ceramics at different sintering temperatures: (), (a’), (a”) 1100 C; (b), (b"), (b”) 1150 C; (c), (c"), (c”)

1200 'C
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Fig. 9 TG-DSC diagram of porous ceramic materials

ALSi(OH)4(Kaolinite)—> Al,Si,0,(Metakaolinite)+
2H,0 (7
3Al,Si,0,(Metakaolinite)—>3 Al,0;3-2Si0,(Mullite)+
4Si0,(Cristobalite) (8)
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Preparation and properties of porous ceramics from
spodumene flotation tailings

YANG Jie', XU Long-hua', CHEN Zhou?, WU Hou-qin®, WANG Zhou-jie', SHU Kai-gian'

(1. School of Environment and Resources, Southwest University of Science and Technology, Mianyang 621010, China;
2. Sinosteel Ma'anshan General Institute of Mining Research Co., Led., Ma'anshan 243000, China;
3. School of Civil Engineering and Architecture, Southwest University of Science and Technology,
Sichuan 621010, China)

Abstract: With spodumene flotation tailings as the main raw material, clay minerals as bonding materials, supplemented
with a small amount of sodium carboxymethyl cellulose to improve the strength of sample, porous ceramic materials
were prepared by hydrogen peroxide foaming. The effects of various factors on the properties of the samples were
investigated by orthogonal test, and the regression analysis was carried out by SPSS software. Finally, the chemical
composition, phase composition, microstructure and sintering process of porous ceramics were analyzed by XRD, SEM,
TG-DSC and optical microscope. The results show that kaolin is more suitable for porous ceramic bonding material than
Na-bentonite, and the two factors that have the greatest influence on its physical properties are sintering temperature and
binder mass ratio. The optimum sintering temperature and kaolin mass fraction are 1150 ‘C and 10%, respectively. The
flexural strength, compressive strength, apparent porosity and water absorption are 2.46 MPa, 4.93 MPa, 52.48% and
44.96%, respectively. The enhancement of liquid phase and mass transfer caused by feldspar softening at high
temperature should be the main reason for the combination of porous ceramic particles. The results of binary linear
regression equation fitting are good. The porous ceramics have high porosity and high water absorption. It has a certain
application potential in filtration materials, adsorption materials, carriers and water retaining bricks.

Key words: spodumene; flotation tailings; porous ceramics; bonding materials; multiple linear regression
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