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Abstract: Based on thermodynamic analysis, (Ca, Mg) d - Sialon- AIN-TiN composite powders were prepared by car
bothermal reductiorr nutridation from titanium-bearing blast furnace slag. The reaction process of synthesizing ( Ca, Mg)
d - Sialon- AIN-TiN powders was confirmed and the optimum synthesizing process parameters were: reaction temperature 1
480 C, holding time 10 h, 1.5 times of theoretical consuming carbon mass, nitrogen gas flow of 400 mL/ min. The
phase composition and microstructure of sintered materials were investigated by X-ray diffraction and scanning electron mi-
croscope. The results show that the final products consist mainly of d-Sialon, AIN and TiN. Small amounts of B-SiC,
15R and B-CaSiO3 were also identified in the synthesized powder. (Ca, Mg) d-Sialon presented flaky grains and AIN
taken on globular or short columnar shape mainly. EDS analysis result reveals that the solubility of Ca®* is much higher

than that of Mg?* in the d-Sialon lattice.
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Table 1 Relationship between AG® and T for SrCG-0-N and AFC-O-N systems

No. Chemical reaction AG®/ (Jomol™ ")
1 5102(s) + C(s)= SiC(s)+ O=(g) 831 710~ 165.72T
5 2SiN20(s) + 302(g) = 4Si04(s) + 2Na(g) . 5T Al LT
3 2Si,N,0(s) + 4C(s) = 4SiC(s) + 2N,(g) + Oa(g) | 024 400 231. 36T
1 SisN4(s) + 3C(s) = 3SiC(s)+ 2Na(g) 504 650— 292. 08T
5 4Si3N4(s) + 302(g) = 65iN20(s) + 2Na(g) - 1054 600- 474.00T
6 SizNa(s) + 302(g) = 35i02(s) + 2No(g) — 1990 480+ 205.08T
7 ALiC3( )+ 30,5(2) = 2A1,05(s) + 3C(s) - 3101 412+ 558.00T
8 14A1,03N(s) + 605(g) = 6A1,06N(s) + 4N,(g) — 4166 472+ 454.00T
9 4AL;00N(s) + 21C(s)= TALCs(s) + 1804(g) + 2Na(g) 19 612 172- 3 629. 00T
10 4A1305N(s) + 9C(s) = 3ALCs(s) + 602(g)+ 2Na(g) 7214796~ 1 426. 00T
11 6AIN(s)+ 30,(g) = 2AL03N(s) + 2Na(g) = 206 472+ 176. 00T
1z 4A1L,09N(s) + 30(g)= 14AL05(s)+ 2Ny(g) ~ 20T 7124 276,007
13 - 1028 452+ 358.00T

AliCa(s)+ 2No(g) = 4AIN(s) + 3C(s)
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Fig. 1 Overlapped diagram of

thermodynamic parameters for

SrC-O-N and AFC-O-N systems
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3Ti02(s) + C(s)= Tiz0s+ CO(g) (1)
Ti305(s) + 8C(s)= 3TiC(s) + 5CO(g) (2)
2Ti0,(s) + Na(g) + 4C(s) =

2TiN(s) + 4CO(g) (3)
2Ti305(s) + 3N(g) + 10C(s) =

6TiN(s)+ 10CO( g) (4)
2TiC(s) + Na(g) = 2TiN(s) + 2C(s) (5)

FIH SCHER[ 13] B9 #0225 ds, iHE S 2
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Fig.2 Diagram of thermodynamic

parameters for TrC-O-N system

1 612 K W, &MN(2) ¥ FFERIEAT, BRI N (5) K
TiC #4624 TiN, HlE1 T T ELMHREHIRE, 4
R AT REAELE TiC 5 TiN E Wk, HIZERL Ti(N,
C) AH . FERIRAE LR R Nk R, AR =50 ¥
AR T FrueR A, H& N DUA BPAR 2, Rk
EA B (Ca, Mg) o -Sialon #EHEH ) 2 4 4ETF,
Ti0, B JREM =Y AT RELL Ti(N, C) ERAFTE .

2 SR

AWFFEH m= 2n KI(Ca, Mg) a - Sialon 44}
YERBE 5% 5, BV 43 A2 T SisN4 Al Ca(Mg) O
3AIN %L b . I o -Sialon (94622 28 0] &4k K
(Ca, Mg),Siia- 3,Al3, O, Nig o, EH 4= 1.8, B
F 4y (Ca, Mg) 1 8Sis 6Als 401 sN 14 o EATECRL . 5K
B P F E 2 JEORE g Bk m P v (R AR AN B AR A A
Ay, JFHEER(NZR A ) Ml 2ok
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K HTBR SR (TR 1 2 7)) AR R A1), 3 o s 5 Bk 5
HEON 95. 44% o ¥ LR JRRHZ BT BLor 3EAT T
Bl AR ECHIGF TR SR E T R AR E# T, L
ToIK SBER AN R 24 h, SR G KRR LA
T 60 CRHT . BRI 7R TG f T8 4 h,
U ORIB AR AR5 . BRI 1.5 g BB AM A
F, T 25 MPa T B RHUE K ERHR 15 mm [/
A RN A SRS, BT MoSi, H
BELpPPE R T b, ER RS 08 N T Al (Al >
99.999%), {EW & FHEATREST . FHREEZ L 5 C/
min, FFIEEELA 4 C/min. R 18R FE P K
TiN Ak, KRG AR T-580 T {RIR6 h,

F2 SEHEORHR B L
Table 2 Compositions of experimental raw

material powders ( mass fraction, %)

T itanium- B
Compound bearing Silicon ash P
BF slag

S5i02 24.01 82.91 13.28

ALO; 13.49 0. 41 79. 30

Ca0 27.19 0. 74 0.35

MgO 7.47 2.92 0.04

K0 0.21

Na,0 0.20

Ti0, 23.16 3.07

Fe,05 2.64 1.13 2.97
Burning loss 8.29

Total 97. 49 96. 40 99. 42
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Table 3 Orthogonal design of

material synthesis

Temperature/  Holding N flow/ Carbon
Lever . . o =
C time/h  (mLemin~ ")  mass
1 1380 6 100 1.5
2 1430 10 400 2.0
3 1 480 14 800 2.5

* Carbon mass represents times of theoretical carbon mass.
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3.1 & (Ca, Mg) o -Sialom AIN-TiN ¥} 7 (1) 5 1
TESHIEH
EARAERNFK 4. KRBT VI M HE—

KRS AR, ki, ko, ky AXTNE—FHZE

KN EEEFEFREME; R AWE. HK 47

A, e RAMR R R R R K EMNAS
e, FHUOR PRI TR RN R . Bl S BBk =
B, R . AR R KRS N ERA
FlFrE=aE s . WHRZA 6N RETZS
o A3BoCoDy, BITCAR = M EIRMER 1.5 £5, &S
JLEA 400 mL/ min, KVHLEHR 1480 C, fE# 10
h.

3.2 A AFES T XRD A1 SEMFEDS K AE 53 Ht

B XRD At vl 40, BT AR A i 47 ) 3 A Al
%14(Ca, Mg) o -Sialon . AIN FIZb& TiN, {H TiN
NI d B [ A5 A e B 7 A%, 3 U B
CHIRERIVHENT TiN @M R T — 2 &M
Ti(N, C) ¥4k, MM TiN & MA Tz, X
HETH P T 220 M A — 80, 1eAh, =ik b
B B-SiC . 15R Al B-CaSiOs( fE K A7) %5 4% FAH( I
R S5) . H STCG-O-N RAT 0T a0, 2R MR
FERT 1457 C, =¥k SiC 74, HA
WS R NIRRT 1 457 CHIRFE T i fife b &
) B-SiC, HAIRFEZ)7 F B-SiC M EE A, X
ULHEBARIR BE (1 380 C) T SiC WA Al BEAE % .
SCHR[ 14] R B, R B HGE JR B AL [ N AT ZE 1500
~ 1550 CHIZ&ME TR aSisNg, 1M SiC W) 754 58
RS AR . HEHTARRTEHREZM

K4 ERERLR
Table 4 Results of orthogonal experiment

Lo(3% T emperature Time N flow Carbon mass Nitrogen content
(A) (B) (0 (D) (w/ %)

zn 1(1380 C) 1(6 h) 3(800 mL) 2(2.0) 19.635 5
752 2(1430 ) 1(6 h) 1(100 mL) 1(1.5) 17. 898 2
7J3 3(1 480 C) 1(6 h) 2(400 mL) 3(2.5) 18.282 8
7J4 1(1 380 ) 2(10 h) 2(400 mL) 1(1.5) 23.632 2
VAR 2(1430 C) 2(10 h) 3(800 mL) 3(2.5) 17.593 8
7J6 3(1480 ) 2(10 h) 1(100 mL) 2(2.0) 19.153 5
717 1(1380 C) 3(14 h) 1(100 mL) 3(2.5) 13.929 8
7J8 2(1430 ) 3(14 h) 2(400 mL) 2(2.0) 22.686 0
719 3(1480 C) 3(14 h) 3(800 mL) 1(1.5) 23.037 5
I 57.197 5 55.816 5 50.981 5 64.567 9

II 58.178 0 60.379 5 64. 601 0 61.475 0

il 60.473 8 59.653 3 60. 266 8 49. 806 4

k1 19.065 8 18.605 5 16.993 8 21.5226

ko> 19.392 7 20.126 5 21.5337 20.491 7

ks 20.157 9 19. 884 4 20. 088 9 16. 602 1

R 1.092 1 1.5210 4.5399 4.920 5
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Table S Compositions of impurity phases : ':i:ils\lialon
in products +—TiN
. +—B-CaSiO,

Sample No. B-siC 15R B-CaSiO;
Z]1 M edium Weak
7]2 M edium Strong
Z]3 Weak Weak Strong
ZJ4 W eak M edium M edium
VAR W eak W eak M edium
ZJ6 Strong Strong
7)1 Medium strong Strong
7J8 W eak W eak Medium
7J9 Weak

ZeFCE (M Fe . Ca 1 Mg £5) , XS8R AR (A AE
MR TR R 2B E A, TSR T AR R AP
s, AR RIERACIELE T = A5 2 M AE, M
M-S A 1380~ 1480 CYEH N4 T Sic, X5
SCHR[ 14] FI45 8 AH—3 . WFE Z2J9 ok WA B-SiC
I, IXUEBH SiC ] B8 2 &% B B P2, B
S IS R EAT T 3 BT 02D B 22 31 2K . Kokmeijer 251"
R FEH, Fe 05 X B HUE R A AL VL G K B -Sialon
R A B B B JEAE FH, AT K OK 46 46 I . I [],
A S5 BT JEORE R — 52 B Fep O3 HIAFAE 4 i
o -Sialon B AR N HIAT .

Kl 3 B ke 2)9 i) X SR ATEE . ]
W, RKE ZJ9 P2 (Ca, Mg) o -Sialon X &
B 70% KA, HAE SiC A 15R M. P24 AIN
PR EA B R — 5 2 BT AT
WP x = 1.8 f1(Ca, Mg) o -Sialon 40 {7 4b 7

SisN4Cay. sAlsN 4/ 3( Als03N) “F1i o - Sialon .

AIN FEAH=ARSEAE X, B &b NS
BZH) AIN M, 55—l BT @®RPH—&0
Si0, FEfE L J5U i FE K DA Si0 A I FUBE &
AULHRE, B K R EE R T ALOs HRLR, Jf
TEREJE G IR B FE B 46 O AIN o B8 R AT 5
K30 Y (Ca, Mg) o -Sialon B BSHN: a=
0.794 68 nm, c¢= 0.576 15 nm . #R#E Ca d -Sialon
A SR A R O R R, AT SEBRRE
d -Sialon ZEMII(Ca, Mg) * hox= 1.3, 455k
N 70% fiAi, X53CHK[ 6] g5 ie A —2 .
B, (Ca, Mg) o -Sialon [ 2T RN
(Ca, Mg)1.3Sis. 1Al3 901 3N 14.7 . 5 3CHEK[ 16] H X W
Begs & I Car o - Sialon A b, A SCVEH & K I( Ca,
Mg) o -Sialon 15 5 K[ W&, 51K Sk K

20/C°)

B3 WA ZI9 1 X SR ATH

Fig.3 XRD pattern of
sintered sample ZJ9

WHK .

RN R e ZJ9 M B MESi WK 4 s . w]
WL, A Bk AR B dioRn B AN B R JLART AR, TEAR
FCLEG ffoRL T 1 4% [ SR SE 4 . 2P (Ca, Mg) d-
Sialon fkiZ LU REAFAE, H kLR IR O
W, REL 2 Um Zofh, X5 WS B AR
o -Sialon SR FIARE . AIN k22 5 BR % 540 A
W, KL 0.5 bm A4, /DT (Ca, Mg)d-
Sialon R . [ A3k A] WL/ 5 41 /)N B 44 K 2 R,
Al g AR T Ti0, JRALIE R B AL J5 TE
TiN §ERL .

B4 S Bkm P i
(Ca, Mg) d-Sialon-AIN-TiN ¥} K ff] SEM H F
Fig.4 SEM photograph of (Ca, Mg) d-Sialon

AIN-TiN powders synthesized from
titanium-bearing BF slag

Kl 5(a) 1 5(b) ftzs 20 5 b & Bk R
(Ca, Mg) d-Sialon F1 AIN ff] EDS i . 454 XRD K
R, - BPUELTERM KT HELTH
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(Ca, Mg) d-Sialon Fl AIN . i1 T TiN &KL 40/,
% EDS 43 #7 K FE 19 BR 110 JE 32 H EDS #F — 5 F
S¢. H1EI5(a) AT, BLAR Ca® A Mg™ #T#EA d-
Sialon K%, 1H Ca™ HMIEWRIZHE T Mg™ . H
PRI L, XF(Ca+ Mg) EEBIRM AL, Ca™ MHE
Ji o -Sialon A2 EAE M . & 5(b) AT, AIN [
ms@ Lrh 7 /& Si B . Wood 2514 )\ A ix 8t Sj
ARk A T E R o -Sialon AHELI AL 2L A .

(a) vy
)
Mﬁ
e
R B S R T
E/keV
Eﬂ
R

o
2
AR

1 L 1 e
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EkeV

K5 (Ca, Mg) d-Sialon #1 AIN #[f] EDS #%

Fig. 5 EDS spectra of (Ca, Mg) (Il'Sialon( a)
and AIN(b) phases

4 iR

1) ERIFSIEA E, DERE P E R
BB JERLR R RO SRR AL I A T (Ca, Mg) d-
Sialor AIN-TiN ¥3 2K, I iF T # J7 % 2 #r 1 1E
8

2) SR K5 ORI B S L Ca, Mg)
d -Sialor AIN-TiN ¥R RAE T ESHCN: RN
& 1480 C, fRfE 10 h, FCAKE NEIRMER 1.5 4,

KA E 400 mL/min. Wb TEEMHTF, =9
(Ca, Mg) d-Sialon FRIAFX 25 55 i AT 3% 70% 2245 .
3) XA R R AT T A AL BT L BAOE
SRR M, WESET WP A AR
(Ca, Mg) d-Sialon . BRREE AR AIN BLA AT RER
YUK TiN . tesh, F=Phic b= B-SiC . 15R #
B-CaSiOs &5 2R i M. Ca™ . Mg™ #BHEAN T d-
Sialon fA% 1, {H Ca™ HIBARZE T Mg .
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