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Crystallization of glass-ceramics with oil shale residue
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Abstract: The glass-ceramics was prepared with oil shale residue as primary material. The crystallization process and
microstructure of the glass-ceramics were investigated by DTA, XRD, SEM and FT-IR. The results show that the
glass-ceramics with fibroid structure is produced after definite heat treatment, the main crystallization phase is
hedenbergite and anorthite is the minor crystallization phase. The optimal process of heat treatment shows as follows: the
nucleation temperature is 850 ‘C and hold time is 100 min, and the crystallization temperature is 980 “C and hold time is
80 min. With increasing heat treatment temperature, the FT-IR absorption bands appear obvious split, the
aluminum-oxide polyhedron in the glass network changes from [AlO,] to [AlOg]. The titanium ion in the glass network
gradually transforms to the 6-coordinated, moreover forms minicrystal of MgTi,Os and Fe,TiO, which provides the
position of heterogeneous nucleation for the growth of crystal.
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Table 1 Chemical composition of oil shale residue (mass

fraction, %)

SlOz A1203 F6203 Kzo MgO TlOz

64.8 20.6 8.20 1.26 1.09 0.962

Na,O CaO SO; P,0s MnO

0.934 0.777 0.775 0.292 0.124
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Table 2 Chemical composition of glasses (mass fraction, %)

SiO, CaO AlLO; Fe,0; MgO
50.6 12.3 16.8 6.93 3.01
Na,O K,0 TiO, P,05
4.15 1.02 2.79 0.979
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Fig.l1 DTA curve of glasses

1.3  ERIRIE AR E

BARFEREE 2 74 um J5, KA PW3040/60 Ari
Ao AT S B R B ) A BRI e s,
5% I AR P 1 120 s J5, I H 7 S—3400N 15
it 7 BB T SEM BT, MR B Y
BIEEH BARPEDTEE E 74 um Ji, K KBr JE Ak,
£ Nicolet 380 £LAMGIHEAFAT LLAM G E -

2 HER5SH

21 WMEImIBHERE

WA B 32 2R ] Ca0-ALO5-Si0, (CAS)R
g8, R EEDT, HAM I TUEE ) Si0,.
ALO; i, ARSI R CAS R4:.

UEAM M U AL Z M) Fe,O5, fEHURFRIT,
Fe 1 W 26 1 B AR RE R BB 1Y) Si—O—Si 2514, [
ICHEEE R, A7 )1 Fe MBBERR I 26 rp i 25 1 R = 4 1k
A, IAEEENT S i Fe i ] LS AEIB G A
a AR, TR PO, TR bR

N B AR A5 Tl B AT B R AR B R R, S I CaO-
ALOs-Si0, ZRGUMHE, ISR T AR LI i i Ft
LRPHAT . RN AEA T B S (M AT T, R AT RE
M TUE W, AL 70%4E 4. TS RHOEAL
HEH 1250 °C, EAIEFEAC, AR FFCRE

2.2 TBRIIEHT XRD 24

Fefb B2t 850 °C, 100 min ZALALELS, 435
#£ 960+ 980. 1000 F1 1020 CHEATMALALFE 80 min.
fi A JE RS XRD #5018 2 o . diE 2(b) e %n, R



678 op A G R 2008 4 4 H
(a) * — Ca(Fe, Mg)Si,Og (d) 1 » — Ca(Fe, Mg)Si,04
‘T %a/_\rl_-_SIEOS s — CaALSI,O; |
— re; | ' *— (Mg, F 78‘0.
+ — MgTi,0; (M. Fe).Si0,

* — (Mg, Fe),SiO,

(b) I

A Ao Y e ® e
] a s ! n - ® . *
20 40 60 80 20 40 60 80
26/(°) 20/(°)

2 AFAHAE TS FE S T XRD %

Fig.2 XRD patterns of glass samples after different heat treatments: (a) Glass; (b) 850 C, 100 min; (c) 850 ‘C, 100 min+960 ‘C, 80
min; (d) 850 ‘C, 100 min+980 ‘C, 80 min; (¢) 850 C, 100 min+1 000 ‘C, 80 min; (f) 850 °C, 100 min+1 020 ‘C, 80 min
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Fig.3 SEM photographs of glass samples by
various heat-treatments: (a) 850 ‘C, 100 min; (b)
850 ‘C, 100 mint960 C, 80 min; (c) 850 C,
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Fig.4  FT-IR absorption spectra of glass samples after
different heat treatments: (a) Glass; (b) 850 ‘C, 100 min; (c)
850 ‘C, 100 mint960 C, 80 min; (d) 850 ‘C, 100
min+980 ‘C, 80 min; (e) 850 ‘C, 100 min+ 1 000 C, 80
min; (f) 850 °C, 100 min+1 020 °C, 80 min

em ' LIS MREE, B Si—O MRS E
K, VB A2 AN IR R] LUAS I 3
B P AFAE[TIO) (PR T 550 em™), X WK B
EAT AR BRSSP0 2% 25 v (R BK B -8 Ak 7S
P, ANE GRS TE A S, T SRk
VEF S BT AR BRI ER 2k f AT . 800~650 cm ™'
T ) KA IR 8, H L[ ALOG ) RFAIE MR AL U (O
JF 760 em™'), XU WAL I [A1O,] il i AL A 1)
[AlOq) 554k, EEBIWIVERT, ST BEES AT & A 2 1
H, R R AR S AR 1A Y X BT A [XO04]
MXOs] R ECALIRAS, BOA HOE R, W m Kk 77
W3l [RINHZE B R 5, B T—O—T Mréa4h
PR A VRRE, BEIAE AN S PERE R, AR T3
FEIIAT o P 4(b) H AT 232 A e A R A 0 1
T, ULIASERIE A R O TR .

HE 4~ LA, St )5, 1100~
900 cm ' Al 500~400 cm ' WA K AE B Ay 24, I
KA PR 204861, 454 XRD Ml SEM 77
BT, DEHIRE S O h Al B 0 e A0 0 T B . 800~
650 cm WO AR TEAL, DB ES LS RIE D R R
VAL . Bl AL BRI 1T, WO (¥ 2 4R A

980 C (FeA: (IFAKLEE T 25 I ik Bk, H LA S 4S
YIBEHEA41(466 630, 860 F1 1 060 cm™")FI45 K A7(540
H 575 emYRFAEMRIBOIE DA LAt 1 AN A g A
BN IR LD R R RSO (T 006 em ).

3 it

1) PAvCEE o 250k, 75 1250 CRUGMIIE
A B BT ) R, ARG e — e A
PRI, R LASRECE S A A5 Bk B A AT A R S K
AT TRV ET AR A B 8 o

2) TR B I A A A T2 N 850 C, 100
min+980 ‘C, 80 min, R BT, AHUULR
PRI I 2 s TR R S, A ERIE AT AR
R 1) 5 KA A AR

3) BEAG FAE T B (R T v, ot B R
A B IR A BORTEAL, BEER AR T I [ALOL] DY [ A 32
0] [ALO6] J\ THI A4 S5 KA, XoF B B8 (1 BT it b 280 {1 A
.

4) 454 XRD. SEM UL K FT-IR 08T, BEFE 155G
KA, BEMAT AR IR BRI ER 2R oA TR, Ol
PRI AR KR LA S AL AT B, SRR A ERIE A R
NSRSt EISyNS

REFERENCES

[1]  JIANG X M, HAN X X, CUI Z G. New technology for the
comprehensive utilization of Chinese oil shale resources[J].
Energy, 2007, 32: 772-777.

2] WeHH, AT, X, whiCAERSEa IR S R[] At
HJ, 2004, 12(3): 261-265.

YOU Jun-jun, YE Song-qing, LIU Zhao-jun. Comprehensive
development and utilization of oil shale[J]. Global Geology,
2004, 12(3): 261-265.

[31 AL-QODAH Z, SHAWAQFEH A T, LAFI W K. Adsorption of
pesticides from aqueous solutions using oil shale ash[J].
Desalination, 2007, 208: 294-305.

[4] FERNANDES MACHADO N R C, MALACHINI MIOTTO D
M. Synthesis of Na-A and -X zeolites from oil shale ash[J]. Fuel,
2005, 84: 2289-2294.

[51 SHAWABKEH R, AL-HARAHSHEH A, HAMI M. Conversion
of oil shale ash into zeolite for cadmium and lead removal from
wastewater[J]. Fuel, 2004, 83: 981-985.

[6] EROL M, KUCUKBAYRAK S, ERSOY-MERICBOYU A.
Production of glass-ceramics obtained from industrial wastes by

means of controlled nucleation and crystallization[J].Chemical



I8 4 W) %

%, e W

B B ) A R

681

(7]

(8]

(9]

(10]

(1]

Engineering Journal, 2007, 132: 335-343.

TOYA T, NAKAMURA A, KAMESHIMA Y. Glass-ceramics
prepared from sludge generated by a water purification plant[J].
Ceramics International, 2007, 3: 573—577.

SRR, AR R, SRR TGN B AT b AT N 5 T RE
D] A TR AR, 2007, 17(2): 341-347.

SHI Pei-yang, ZHANG Ying, ZHANG Da-yong. Crystallization
behavior and properties of glass ceramic of ferrous tailings and
slag[J]. The Chinese Journal of Nonferrous Metals, 2007, 17(2):
341-347.

BARBIERI L, CORRADI A, LANCELOTTI I. Thermal and
chemical behavior of different glasses containing steel fly ash
and their transformation into glass-ceramics[J]. Journal of the
European Ceramic Society, 2002, 22(11): 1759-1765.
BOCCACINI A R, PETITMERMET M, WINTERMANTEL E.
Glass-ceramics from municipal incinerator fly ash[J]. The
American Ceramic Society Bulletin, 1997, 97: 75-78.

SUZUKI S, TANAKA M, KONEKO T. Glass-ceramic from
sewage sludge ash[J]. Journal of Materials Science, 1997, 32:

[12]

[13]

[14]

[15]

1775—-1779.

BARBIERI L, CORRADI A, LANCELOTTI I. Nucleation and
crystal growth of a MgO-Ca0O-Al,0;-Si0; glass with added steel
fly ash[J]. Journal of the American Ceramic Society, 2002, 85:
670—674.

OKUNO M, ZOTOV N, SCHMUCKER M. Structure of
Si0,-AL,05 glasses: Combined X-ray diffraction, IR and Raman
studies[J]. 2005, 351:
1032—-1038.

LINPINSKA-KALILA K E. Infrared spectroscopic investigation

Journal of Non-Crystalline Solids,

of structure and crystallization of aluminosilicate glasses[J].
Journal of Non-crystalline Solids, 1990, 119: 310-317.

FEdkEE, KAk, HE . R,ONa0, Ky0)-ALOs-Si0) RE B
BN EE S R[T]. R ER 2R, 1978, 6(4): 307-311.
CHENG lJi-jian, ZHANG Guan-lin, BI Chang-hua. Structure and
properties of R,0O(Na,O, K,0)-ALO;-SiO, system glasses[J].
Journal of the Chinese Ceramics Society, 1978, 6(4): 307-311.

(Wi EITH)



