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Effect of SiC on Pore Structure and Physical Properties of Porous
Glass-ceramics Derived from Surface Modified Pickling
Copper Mine Tailings

BIAN Taiyi, CAI Xiaolong, WANG Xinshun, LU Jinshan

(School of Materials Science and Engineering, Nanchang Hangkong University, Nanchang 330063, Jiangxi, China)

Abstract: Porous glass-ceramics were derived from surface-modified pickling copper mine tailing powder with boehmite sol
(1 wt.%) as the sintering additive and SiC (0-5.0 wt.%) as the foaming agent. The effect of SiC on pore structure, compressive
strength and thermal conductivity of the glass-ceramics were systematically studied. With increasing content of SiC, the pores
generated by the blowing agent in the porous glass-ceramics gradually connected and coalesced with the residual pores in the
matrix to form larger pores. The porosity first increased and then decreased, the compressive strength and specific strength
continued to decrease, and the thermal conductivity first decreased and then increased. With 2.0 wt.% SiC, the porosity of
porous glass-ceramics is 45.6%, while the compressive strength and thermal conductivity are 60.4 MPa and 0.828 W-m '-K ',
respectively. The theoretical value of thermal conductivity is higher than the measured value at low porosity, while the

theoretical value is basically the same as the measured value at high porosity, indicating that the pores are of closed structure
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after coalescence. These red porous glass-ceramics are suitable for lightweight decorative building materials, thus realizing the

value-added utilization of copper mine tailings.

Key words: copper mine tailings; porous glass-ceramic; pore structure; compressive strength; specific strength; thermal

conductivity

0 5l

e

Hiw R R A A s e AR R, IR
W R P B A 2021 FikFE 4 {20, B
HOER = At BRI R E AR, K
HREBHEFANGE LR, m xR HE Y
S FBL 1 - S K R T R A fa 5 . AR R
i E BN Si0, . ALOs. Fe 05 %, HRIR
TIRD LR ARERL, AT ER AR IARITAY, T
et . EIERE . WRREY . 21mEstl,

il B 25 25 T T BB B A R i A
JE, SIiC &R, il R B R,
RFBE N 0.3 wt.%IF, 5B F A AR 25 i
9 0.183 grem >, FEHF 0.07881 Wem K ',
PiESRE A 0.6 MPa, #Mi VLIS ES . K
A KA. AaahEE, SR E N
0.3 wt.%H}, 22 1200 °CHELE 1) K I P e F L3 i Hy
0.605 g-cm > BRI N 5.3 MPa FLERR N 72.7%.
KRN 1.4%. 1k [ S U 0 i oy 3
B, OMARRIL A . AT KR S A T ARG
DR, U RSB A RN 85 wt.%ld [E, heshi
RUI RSB BE FE<0.42 grem ™, HiEIREE>6 MPa,

WA RS YR, il RS R A &
W, SRS EORE R S 2R RS [, KL
b RE A DA, BEAE IR TE2E . W EREY)

HALSEERER, RORAE R R A kL AE, al Ak
B YIS E A ROR RBE A T A, TR TR

R SR, MBS S AR A . A
3C AR TSR B9 TR DR AR R TR O JEORE, LA
SiC A5, DABRI O BEAE BIGR , beah il &
AU RBEES , BFIT SiC R R R A
PG TALR L YRR AT R AR, R
o R RE W B T TR BT RE AR Y, D
17 R A A R BRI AR SCHE

1.1 FE #

i e i A VLG LTI T R PO A A PR A
wl, ELFEHUE AR PR, AT P 2 o ABURL R

STHBRZEN . BKEEA A ZrO, Bk(NanorZr-95,
@ mm~5 mm), W E A A A R
Nle SAATALER IR R BE 36% ~ 37%), W H E 2y
R FN AT o AE R R TR, A BRI
kB2 = 2 (3-FF A TN SR A ) fiE b
(KH561, 4lE>96%), W H B T 12215 A\ o
VERBESE B, 57 IS (AIOOH, Dsg=0.18 pm,
WRE 20%)0 B B3R AR A IR AR . RO
P (4l W A T NI T BR AR, FH TR A
W5 o ATEi e CBENE HOREETH & AL TAH
BRN T i & 3R 4R 46 SiC #HA(Ds=94.9 um,
4l 98.5%), M H FE 2y bR A Al .
1.2 ZIRBBEBEHHF

B 1 A e R AR 2 2 FL G B B 1) T
SUTRE . TR S AR R R, P R
2 3k AR ] 610 JEURE P BTSSR0 B OHLRS (40
ZEIK . ZrO, BRIZIE & 20 % BREFLL 3 1 1 /Y
B IR A, fEAT B EIL(XQM, Kb KA
LT )" 380 romin' 5 FEREE 2 ho BREEIORI
R/ 10 %, (F FHHERE R RE 1R, JoPR
ERREYED Y, BTE.O TS, o 80 B,
5320 Py R RS ORI (AR ) o Ak 2R BRI,
5% MRIE AR 288K, FEMIR &0 T X549
PR R AR LR (AR AT BRI, SRS, 1T
80 HIi I, FRAFERVE KL (40

B ERUE LR . AL 2 ¢ 3 E AT IR
A, BCHU RS ERA W, JoK LEE . KHS61 L
R R R LR 97 < 2 0 1, I SRS AK
W e b 1 4 IRA A, TR ifE , 75200t
WA BCPER IR IMA R R 2 N 1.0 wt.%Y
FRYEIE LA L 0 wt.% ~ 5.0 wt.% SiC, IREHAIG,
105 °CT4 1 h, 3 80 HFf M . i 3% £ )d 1
(PVAVK AT IR, J7 TR E (45 mmx45 mm)
FETEAH (@20 mm) &S AL E B, 500 °CF
PAEFE 2 h, FBR PVA #4650, A, ¥R R
PRANE A 2R BRI AFE =X B (SXo-5-12A, 442%
AR RIS T 1100 °CEE4E 2 h, T H R
5 °C-min', 5B, [ SiC 45200
HH1 2000 EDAFES, SRIAHEHIIE, JrE ke
FFIAATR, B F T sk



154, % #

2024% 8 AR

- 784 -

Ball milling Magnetic rod Ball milling

Copper mine Magnetic Pickling
tailings separation treatment

Porous glass- | Powder Powder
ceramics N compaction | mixture

Sintering Modifying seolution/
Boehmite/SiC

B1 Ay EERMERESAMREENIZRE
Fig. 1 Flowchart of the porous glass-ceramics derived from
copper mine tailings.
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Fig. 2 XRD patterns of the powders: (a) raw powders, (b) pickling powders, (c) magnetic residue
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Fig. 3 Sintering shrinkage curves (a) and linear fitting of In(AL/L¢)~1/T (b) for the powder compacts at initial sintering stage
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Tab. 2 Sintering kinetic parameters of the powder compacts
with and without 2 wt.%% SiC

Powder . . . ~
compacts Ty°C  v/(mm-min ) QJ/(kJ-mol )
None 913 8.94 131.5

20wt%SiC 925 9.91 55.6
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Fig. 4 Digital photos of the porous glass-ceramics with various contents of SiC
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Fig. 5 FESEM images of the porous glass-ceramics with various contents of SiC
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Fig. 6 Crystal structure and compositions of the porous glass-ceramics with various contents of SiC:
(a) XRD patterns and (b) phase content
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Fig. 7 Physical properties of the porous glass-ceramics:
(a) apparent density and porosity and (b) compressive
strength and specific strength
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Fig. 8 Thermal conductivity of the porous glass-ceramics
versus the content of SiC
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Tab. 3 Calculated thermal conductivity of the solid phases
with various contents of SiC

SiC P Quartz Orthoclase Glassy phase As
% 1% 1% % 1% /W-m K"
0 84 268 34.6 38.6 1.7112
0.5 226 268 335 39.7 1.7112
1 338 267 335 39.8 1.6846
2 456 267 329 40.4 1.6692
3 40.0 246 32.0 454 1.6322
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Fig. 9 Linear fitting of thermal conductivity versus porosity
of the porous glass-ceramics
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