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Influence of process parameters on synthesis of
(Ca, Mg) d - Sialomr AIN- TiN powders from titaniunr bearing
blast furnace slag by carbothermal reduction nitridation
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Abstract: With titanium-bearing blast furnace slag, silica fume, bauxite chalmette and carbon black as raw materi-
als, (Ca, Mg) d-Sialon- AIN-TiN powders were synthesized by carbothermal reduction-nitridation (CRN). Phase
composition of reaction products was determined by X-ray diffractometry. The influence of synthesis temperature
and holding time on synthesis was studied and synthesis mechanism was discussed in detail. The results show that
synthesis temperature affects the formation of (Ca, Mg) d-Sialon AIN-T iN significantly. Content of d-Sialon in the
products increases with the increase of synthesis temperature and reaches the maximum at 1 480 ‘C, which is as-
sumed to be the best synthesis temperature. Holding time does affect the phase composition significantly, but with
holding time expending, carbothermal reductionnitridation reaction proceeds much sufficiently. Content of d-Sialon
in the samples reaches the maximum at 8 h, which is perfect holding time. Volatilization of SiO results in great mass
loss of the samples and increases with synthesis temperature increasing and holding time expending.
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Table 1 Compositions of raw material

powders (mass fraction, %)

Titanium-

Compound bearing Silica Bauxite
BF slag fume chalmette

Si02 24. 01 82 91 13. 28
Al O3 13. 49 0. 41 79. 30
Ca0 27. 19 0. 74 0. 35
MgO 7. 47 292 0. 04
K20 0 21
Na20 020
Ti02 23. 16 3.07
Fe203 2 64 113 297

Burning loss 8 29
Total 97. 49 96. 40 99. 42
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Fig. 1 XRD patterns for samples prepared at

different synthesis temperatures
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Fig. 2 Variation of phase compositions of

samples with synthesis temperature
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Fig. 3 Variation of mass loss rate of

samples with synthesis temperature
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Fig. 5 Variation of mass loss rate of

reaction products with holding time

/DT Si02 IBJRA Si0 R FE AP A RER K
2.3 At FENUEER T

M5 R EIEE] 1200 TR, JREH SiO,,
AL Os, CaO FI MgO #HH [8] JF4f K A2 | B AR B B2
KA EEKAMREA . RSB SRA XTI
Th R A I JR AR I N AE ) B-Sialon A1 15R AH . B
i, —#4r Si0. 5 C A N, JFaRAER N AR T
SiN»0, T K& Ti0. th E 4B R E AL A TiN .
BT ISR IS, o~ Sialon FRIEr S N 1 oK TR 46
HHAT . %M BT e R AR I R B T

25102+ 3A10s —3ALO0Os * 25102 (3)
Si02+ Al2O3+ 2Ca0 —>Ca2A 1:Si0 (4)
MgO+ ALOs — >MgALOs (5)
2Si02+ 3C+ N2 7/ ”Si2N20+ 3CO (6)
3A1,03 ¢ 25102+ C+ N, — ™

B-Sialon+ 15R+ CO (7)
2Ti024 4C+ N2 —™2TiN+ 4CO (8)

MVR TS 1250 CHF, KN (4) F(7) 44k
BT, AR E KA RS BRI, mx
KA S BN o BB, OV 2) WITERHEAT,
HHARRF M Si02, ALOs, CaO Al MgO JFIR A
AR T AR R — T R RTVEAE . AL Os HIIE A
R NAEZ I B TR BEAT I AT AIN . B 5,
SiN20, AIN A&WAHS Si0, C, N2 %, 24/ d-
Sialon 1 B-Sialon , Mg #2424 ¥ B-Sialon BL K& &
i(7) A2 B-Sialon 5 AIN F AR — 4 Si0,
C A1 N, Bt—F 0 R &AL A d-Sialon . & 2 Hff) B-
Sialon ¥ FEAEZM BLEEAREEA AR SE T X —#
W, ZH BT RE R AR R N R

Si02+ ALOs+ CaO+ MgO —>

(Ca, Mg, Si, Al).0,(liquid) (9)
ALOs+ 3C+ N2 —>2AIN+ 3CO (10)
Si2N>O+ AIN+ SiO+

(Ca, Mg, Si, A1).O,(liquid)+ C+ N, —>

(Ca, Mg)d-Sialon+ B-Sialon+ CO  (11)
B-Sialon+ AIN+ SiO+

(Ca, Mg, Si, Al).0,(liquid)+ C+ N, —>

(Ca, Mg)d-Sialon+ CO (12)

BEYRRE 4k 22 T =, W 4h A B R TR PR A 3ok
A REA VEEKA L SiaN20 F B-Sialon #HiE—
H 1] d-Sialon F1 AIN FHIE AL W52 400 2% .
i, Si0. 5 C JF4a ) WA Bk SiC . 2> &R =WV )
Si0, 5 CaO 1E A T BCaSiOs . 4 B ik
1480 CJ5, F=¥)h d-Sialon & B T, 15R



5% 15 &5 4 Y] ==

%, & TESYPT SR m B4 % ( Ca, Mg) d-Sialomr AIN-TiN ¥ ¥ 541 + 613 *

FFEAW %, XTI EEE 15R FIE 4> d-Sialon 7675
W NRAET 43 T3, &0 BT 68 & AR B I Y T
¥

Si02+ C—>SiC+ CO (13)
Si02+ CaO —>B-CaSi0; (14)
15R+ d-Sialon+ C—

AIN+ CaO+ MgO+ SiO+ CO (15)

3 4R

1) & IR X (Ca, Mg) d-Sialon- AIN-TiN ¥}
& B B W . S S RIS, Y d-
Sialon fHZ B H K, 1480 CHf d-Sialon 7 & ik i
K, RBENEREE.

2) ¥ A 1D P A 2 P R A o B
LA K ) 5L R T AT 4685 SR R AR I N HEAT S B 78
4% . T 8 h RFET d-Sialon & B, BB
AR B I 7]

3) G ROERE T RN Si0.+ C —>Si0+ CO 7=
AH Si0 SARBIRBNI N2 #F AR R ARk PR K
PR R, ELBEAE A R B ) T i A i 1]
K, R RBURIE K .

4 HREENE R JFEF Si02, ALOs,
CaO F1 M gO FHE [ 56 K A e B AR Bk A B3
KAFREA . MEERRNERA NS C, N2 KN
A%, B-Sialon M1 15R A1 . [, #B4> Si02 # Ti0»
A5 C, No KA N AR SizN.O F1 TiN . bJE,
ALOs B JREALA B AIN 5 (a4 SiN.O Fl
B-Sialon LA i # 3 — 25 & N 24E i ( Ca, Mg) d-
Sialon . ZPE R RNV Si0. 5 CaO YEFH A T B-
CaSiOs . 7E 1 480 C1HWA 8 h J&, 15R F# 4 d-
Sialon K470 .

REFERENCES

[1] Ekstrom T, Nygren M. SiAlON ceramics[ J].
Ceram Soc, 1992, 75: 259 ~ 276.

[2] Hampshire S, Park H K, Thompson D P, et al. d-
Sialon ceramics[ J]. Nature, 1978, 274: 880 ~ 882.

[3] Wood C A, Zhao H, Cheng Y B. Microstructural de-

J Am

velopment of Ca d-Sialon ceramics with elongated
grains[ J]. J Am Ceram Soc, 1999, 82(2): 421 —428.
[4] Chen I W, Rosenflanz A. A tough Sialon ceramic
based on ®SisNs with a whisker-like microstructure

[J]. Nature, 1997, 389: 701 ~ 704.

[5]

[ 10]

[11]

[13]

Wang P L, Zhang C, Sun W Y, et al. Characteristics
of Ca d-Sialon —phase formation, microstructure and
mechanical properties[ J]. J Eur Ceram Soc, 1999, 19:
553 ~ 560.
Komeya K, Zhang C, Hotta M, et al. Hollow beads
composed of nanosize Car d-Sialon grains[J]. J Am
Ceram Soc, 2000, 83(4): 995~ 997.
Zhang C, Komeya K, Tatami J, et al. Synthesis of
Mg d-Sialon powders from talec and halloysite clay
minerals[ J]. J Eur Ceram Soc, 2000, 20: 1809 ~
1814.

van Rutten ] W T, Terpstra R A, van der Heijde J C
T, et al. Carbothermal preparation and characteriza-
tion of Ca d'Sialon[ J]. J Eur Ceram Soc, 1995, 15:
599 ~ 604.
XI5, AR, ZESCHE, % EAPE AR Cr d-Sia
lon -SiC K3 K20 L T ZERALT] . ERBECR
2R AR, 2001, 23(5): 404 - 408.
LIU Keming, WANG Fu-ming, LI Wernrchao, et al.
Synthesis of Ca d-SialorrSiC powders from blast fur-
nace slag and optimization of its synthesis[ J]. Journal
of University of Science and Technology Beijing,
2001, 23(5): 404 - 408.

Chen W W, Wang P L, Chen D Y, et al. Synthesis
of (Ca, Mg) d-Sialon from slag by self-propagation
high-temperature synthesis[ J]. J Mater Chem, 2002,
12: 1199 ~ 1202.

% W, BEMK. S SR (Ca, Mg) d-Sia
lor AIN-TiN Ky AREWEFE[T]. F B G 68 #R,
2004, 14(12): 2009 ~2015.

JIANG Tao, XUE Xiang-xin. Study of Synthesis of
(Ca, Mg) d-Sialon- AIN-TiN powders from titanium-
bearing blast furnace slag[ J]. The Chinese Journal of
Nonferrous Metals, 2004, 14(12): 2002 ~ 2015.
Robbins C R, McMurdie H F, Levin E M. Phase Di
agrams for Ceramists| M]. Columbus, Oh: American
Ceramics Society, 1964. 291.

Sopicka Lizer M, Terpstra R A, Metselaar R. Car-
bothermal production of B-Sialon from alumina, silica
and carbon mixture[ J]. J Mater Sci, 1995, 30: 6363
~6369.

Qiu J Y, Tatami J, Zhang C, et al. Influence of
starting material composition and carbon content on
the preparation of Mg‘d'Sialon powders by carboth-
ermal reductiomrnitridation[ J]. J Eur Ceram Soc,

2002, 22: 2989 ~2996.

(. BRE)



