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Table 1 Chemical composition of oil shale residue
Component SiO, AlLO3 Fe,04 K,O MgO TiO, Na,O CaO SO3 P,0s MnO
Content (%, ®) 64.8 20.6 8.20 1.26 1.09 0.962 0.934 0.777 0.775 0.292 0.124
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TEFRI: 05K (1983-), Y, WAREWEN, WL, FENFEAE FDAEATFT, E-mail: fengzongyul 120@163.com; B[] ik, JHIREER A,

E-mail: xuexx@mail.neu.edu.cn.
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Table 2 Composition of basic glass

Component Oil shale residue Calcium carbonate Basic magnesium carbonate Sodium carbonate
Content (%, ®) 75 15 5 5
3 ERIIBRI L FAN
Table 3 Chemical composition of basic glass
Component SiO, CaO Al O3 Fe O3 MgO Na,O K,O TiO, SO; P,0O5
Content (%, ®) 52.2 12.6 17.3 7.14 3.10 4.28 1.16 0.843 0.438 0.229

PP ER B RL 200 H(75 um)fifi, SHERES FI
WERR BN IS A LI e k), RONEREEHL VR 30 min, 4R
S 2 N AR 1) o B 2 B P RN AR 2 B
1 Fros R I T AL B AC TR B,
T BRI LR — B e) LUt 2k v (K 7K 4
CD MRRgiiiBr, FHEMEARZN, PR EREAIEL 2 5
fitts DE R RIS B, SRl s A, ARG
P B ARUZ MK EH R RR KB B, ik
ﬁ%mﬁﬁkﬁﬁmeEﬁ)ﬁﬁim (fLF R

— BT S BEG AT, DL BRIRAE R ).

1200

1000
800

600

Temperature (C)

400

200

50 | 100 | 150 | 200 | 250
Time (min)
K1 peRh 2k

Fig.1 Sintering process
RE AR B 2 SR i R Y AR R T
Y. 1%L, T IR S, BRI T2
FEA s — IRBCR— mlf e H— SR — — IR — &

T AR K- B IR D) F - B

3 ERS54

3.1 AR SR IR B A S
T iR BEE R WA IR 2, O T3R5
TE B, DA IR AL R 5 R A AR AR i
JEAAVCHE, Ze0d 22 PRSI0 R FEOR IR S 1 4 R A, kIR
PHLEIS B EORHR AR E 2 T S0 70, IR A&
BB 2 mm ZE AT AL, BT T VAR SR )
RO g AR, BRIRAT 45 R B R A I
REfIsZm & 2 fros.

115+ ©
1.10 |- ‘_\
1.05 -

1.00 |-

0.95 - o

ol T T e

! s ! s ! s ! s ! 05
1 2 3 4 5

Bulk density (g/cm®)
.\
| |
- N
(6] o
Pore diameter (mm)

Foaming agent content (%, o)

2 RIHB BRI TR B I R A 5
Fig.2 Effect of foaming agent content on the properties of
foam glass-ceramic
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Table 6 Properties of related materials

Material Bulk der;sity Pore diameter Compressive Water absorption rate Thermal conductivity
(kg/m’) (mm) strength (MPa) (%) [W/(m-K)]
Foam glass-ceramic 893 2.31 23.9 12 0.21
Sintered glass-ceramic 2700 0 118~549 0 -
Foam glass 200~400 3~5 1.5~3 8~11 0.12
Fired clay brick 1560 0 6.5 — 0.49
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Preparation of Foam Glass-ceramic from Oil Shale Residue

FENG Zong-yu, XUE Xiang-xin, LI Yong, YANG He

(School of Material and Metallurgy, Northeastern University, Shenyang, Liaoning 110004, China)

Abstract: Foam glass-ceramic was prepared with oil shale residue as major raw material, adding other auxiliary materials. The effects of
various factors on the properties of foam glass-ceramics were analyzed. The results showed that the optimal contents of both foaming
agent calcium carbonate and stabilizing agent sodium phosphate were 4% and 6% respectively. The optimal process conditions of heat
treatment were obtained as follows: the foaming temperature of 1080 C, foaming time of 15 min, and heating rate of 14 ‘C/min. The
foaming and crystallization processes of samples were completed after heat treatment including preheating, sintering, foaming,
stabilizing and annealing. In addition, the foaming process needed higher temperature and was held in a short time. The samples were
transformed into foam glass-ceramic as shown by the analysis of XRD, SEM and FT-IR. The primary crystallization phase was augite,
and the minor crystallization phase anorthite. These crystals formed in fibroid minicrystal structure, and complected one another.
Compared with related materials, the properties of foam glass-ceramic integrated the advantages of high mechanical strength and light
weight, heat preservation, and thermal insulation.

Key words: oil shale residue; foam glass-ceramic; foaming agent; foaming temperature



