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Crystallization behavior and properties of
glass ceramic of ferrous tailings and slag

SHI Pei-yang, ZHANG Yi, ZHANG Da-yong, WANG Yuan-yuan, JJIANG Mao-fa

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

Abstract: The slag glass-ceramic was prepared from ferrous tailing, boron mud and fly ash. The microstructure of
glass-ceramic was investigated by X-ray diffractometry, scanning electron microscope and Mdssbauer spectrum. The
results show that, Main crystallization phase of glass ceramic was hedenbergite, and the minor crystallization phases were
augite and hypersthene. With increasing boron mud addition, the amount and the size of crystallization phases both
gradually increased, the configure of crystallization phases transformed from the branch, the ball, to the block. The
transformation from the branch to the ball could improve the properties of glass ceramic, and the transformation from the
ball to the block could worsen the properties of glass ceramic. On the experimental condition, most of Fe*" was
distributed in crystal phase, which promoted the crystal precipitation. As increasing of boron mud, the concentration of
Fe*" was increased. Fe?” and Fe** promoted the crystal precipitation together.
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Table1 Chemical compositions of ferrous tailings, fly ash and boron mud(mass fraction, %)

Appellation SiO, AlLO; CaO MgO Tre B,0; R,O Fly ash
Ferrous tailing from Anshan
Qidashan 7591 0.65 1.82 1.51 11.69 8.42
Fly ash from Liaoyang
thermoelectric factory 45.65 15.45 17.05 1.62 9.12 11.11
Boron mud from Liaoyang Yejian
chemical plant 26.43 1.78 2.11 40.26 10.11 2.62 1.68 8.75
R2 BB BIEALR BT
Table 2 Components of glass ceramic of ferrous tailings and slag(mass fraction, %)
Appellation Mixture ratio
Ferrous tailing 60 50 40 30 20 10
Fly ash 10 20 30 40 50 60
Boron mud 30 30 30 30 30 30
=3 HERRBIERI T
Table 3 Chemical compositions of glass ceramic of ferrous tailings and slag(mass fraction, %)
No. Si0, AlLO5 Ca0 MgO Fe,04 FeO Fe*'/Fe*t B,0; Na,O
4-1 66.27 10.12 7.43 4.41 6.14 3.06 1.81 2.03 0.46
4-2 62.02 9.19 7.23 8.78 6.86 2.75 2.25 2.62 0.51
4-3 57.68 8.74 7.08 13.44 7.09 2.53 2.52 2.77 0.59
4-4 53.74 8.52 7.01 17.09 7.81 2.27 3.10 2.85 0.68
4-5 49.25 8.34 6.87 21.91 7.87 2.03 3.49 2.96 0.72
4-6 44.39 7.89 6.59 26.66 8.77 1.74 4.54 3.08 0.84




ERVES R

SR, SF R B AT AT O S TERE 343

BRSES LA Mosfun B2 A BT /5
2 HREDMH

2.1 X BH&ATE R

FEAN IR T LU A N0 B B B 0] X B AT
Sy pral Rl 1 proR. wTLLEH, WO BT
T BT, OORAR AT AR
IR 30% 0, eGP ELIEATH . BEE
BN TRISE N, ™V A ot BB 2 i AR A PR AT 50
U R R S M DR P A X Pl T B IR N R P

s B W 48 1A ) (ST0) () i 3 BB,
AR (R T SRR S T, I RSO A P SR AR T B 1
BEK T B (KIAT i 17 o

22 FWBRSH

TEAS R ORHEC LU A A IO T Al B B 4 1 P
MR E 2 fros. nTLUE H, BE e BC A & 15,
AV BB R T ) R R SR T S R BRI
Fe, ARG BAREUN GRS, SRS B
i 1) 3R I, AR AT R SRR i . A7 SCHR[13]
Wi B2y Ol RS, BRRAEK S ca

(a)

v— Ca(MgFe)(SiO3),
vy  =— Ca(MgFeAl)(Si0),0¢

260/(°)

b
®) v— Ca(MgFe)(SiOs3)>
=— Ca(MgFe)(S1Al;)O,
M — CaMg(SlO3)2

26/(°)

() v— Ca(MgFe)(SiO3),

= — Ca(MgAI)(SiAl);04
*+— CaMg(SiO3),

v *— (FeMg};SlO_;

10 20 30 40 50 60 70

@ v— Ca(MgFe)(SiOs),
= — Ca(MgAI)(SiAl);,04
o — CaMg(SiOy),
* e — (FeMg), 81,0

20/(°) 200%)
(©) v — Ca(MgFe)(SiO3), () v v—Ca(MgFe)(SiO3),
v = — Ca(MgAIl)(SiAl),)04 = — Ca(MgAI)(SiAl);04
v +— CaMg(SiO3), . - +— CaMg(Si03),

« *—(FeMg),8i,04

10 20 30 40 50 60 70
26/(°)

1 A EURHEE FL A AF AV Rl it IR ) XS i oy ol

Fig.1 XRD patterns of glass ceramic with different components
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Fig.2 SEM images of glass ceramic with different components: (a) Boron mud addition 10%; (b) Boron mud addition 20%; (c)
Boron mud addition 30%; (d) Boron mud addition 40%; (e) Boron mud addition 50%; (f) Boron mud addition 60%
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Fig.3 Mossbauer spectra of glass ceramic with different components: (a) Boron mud addition 10%; (b) Boron mud addition 20%

(c) Boron mud addition 30%; (d) Boron mud addition 40%; (¢) Boron mud addition 50%; (f) Boron mud addition 60%
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Table 3 Madssbauer parameters of glass ceramic with different components
Fe**(crystal M1) Fe**(crystal M2) Fe**(crystal M2)
A f A f
No Isomer Quadrupole Area ofeach  Isomer  Quadrupole rea o .., Quadrupole rea o
: . o . o each Isomer shift/ . ach
shift/ splitting/ spectral shift/ splitting/ 3 splitting/
1 3 1 3 spectral (mm-s ) I spectral
(mm's ) (mm's ') component (mm's ) (mms ) (mm's )
component component
1 1.07 1.87 78 174 1.33 2.07 78 886 0.33 0.12 11727
2 1.17 1.86 68 225 1.25 2.20 244 271 0.44 0.17 21 845
3 1.21 1.85 62 667 1.23 2.42 53 647 0.47 0.21 22391
4 1.37 1.76 89 386 1.28 2.20 159 631 0.57 0.26 66 895
5 1.22 0.95 32 336 1.31 1.97 87 805 0.62 0.31 15070
6 1.11 0.76 13 468 1.34 1.04 21508 0.76 0.36 217 825

Fe** (amorphous state)

(n(Fe*")/n(Fe* +Fe*))/

Crystal phase(n(Fe*")/n(Fe*"))/

No. Isomer Quadrupole Area of each
shift/ splitting/  spectral % %
(mm-s ") (mm-s") component
1 0.30 0.36 35787 76.78 14.31
2 1.04 1.22 140 427 65.82 13.39
3 1.27 1.27 65309 56.74 10.77
4 1.06 1.95 621 525 26.57 7.70
5 0.91 1.83 649 323 16.42 4.77
6 0.60 1.41 123 964 9.28 0.28
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components
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