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Reaction Synthesis of ZrN and Phase Diagram in the Si;N,-ZrQO,-La,0; System

LI Yanrui, LU Youjun, LIU Yang, YUAN Zhenxia, HUANG Zhenkun

(School of Materials Science and Engineering, North Minzu University, Yinchuan 750021, China)

Abstract: Si;sN4-ZrO,-La,0; ternary system were prepared via solid-state reaction at 1500 ‘C for 1 h with N, pro-
tection, yielding coexistence phase of ZrN and lanthanum-based compounds, such as Las4;Si3013, LasSisNOy,,
La,Si,N,07, LaSiNO,, and La,Zr,0,. Since the generated ZrN and lanthanum-based compounds are not located on
the triangle plane of Si;N4-ZrO,-La,0; system, it is necessary to add SiO, to extend the ternary into quinary system
of Si3N4-Si0,-La,0;-ZrO,-ZrN. After the phase diagram of this quinary system is confirmed and presented, the
phase diagram of La,05-Si0,-ZrO, ternary subsystem at 1570 °C is further proposed for the first time. In addition,
La,0j5 in the Si3N4-ZrO,-La,0; ternary system can help to simulate the substitution reaction between SizN, and ZrO,
to produce ZrN.
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R, 25 SisNg-Zr0y-La,05 R G0N A ZeN AR B #4 823

Z10,-Si0,-Al,05-C-N, %t AR 1) F- 4 5% £ . Sun 27
PL SiC NERIR, ZrO, NEEIR, 5| NEAY) (MO)dE it
A S B i T ZeC/R i R £ AR R %, LB
& 3 L BB SN A Rl R £, AT R ZrO, 5
SiC Womm &, JFRE T Si-Z-M (M=Mg.
Ca)-O-C ZGiM K. Weiss "R T SisN4-ZrO,
RAEERIA TR BHLHIFAE R R, HRE TR
(1) F(2):

6210, +4Si3N,=6ZrN+12Si0(g) +5N,(g) (>1600 °C) (1)
ZIN+2Si0,=Zr0,+2Si0(g)+0.5Nx(g) (>1400 C) (2)
[FI, fEZTURA ZrO, H4 ) SisN, M & 1 #f 7t 13
RIAER T #5 ZeNUB fH KB 58 2 0 8 T 18
e il RN R I AR ) Ny TR IR A
JE PO, fifi e B (1)BE4T o 1H SisN,-ZrO, RGN 2>
PRSI0, MR ke gk RO SN, il ZrO, # & BRI
WWEY, AReBEERMNA K ZeN fl Si0,, A7 5]
N BRTRE IS+ LayOs, B7EIEE 5B IER SisN,
BEATER I S B, AE AR - RE R £ FH LA 4k Sio, [H]
BHEA SisNy 5 ZrO, Z [AIfc R B, i &
ZIN SHEEFRER IR A A o %N AR R B A
CVfE SisNy-Si0,-La,0; =G R4 ikil, WARSF
£ Lay0322Si3N4(1 : 2 H141). 2La,03°Si,ON,(FER} T
)~ La,03°S1,0N (787 K ) il B KA1 Lay 67813013
(OH). & Bl 7K 41 LasSisNO, (NH). 7 B2 4l
La,03°Si0,(1 : 1)H1 Lay05228i0, (1 : 2), H. 5=
M TER R 12 =M = A XU geah, #it
FERR 35 & B R AP PUK 288 b e Al — 2 1
PrEALPERED Y, BT P R B AR BEMOIR T, A AR
W SEEG A 7T T SisNg-ZrO,-La,03 R4 K &R,
FHEEH T Si-Zr-La-O-N RG-THTH K, Nl & ZiN
AP E R 5 (B 7 ) BT Ak 4

1 XWHZE

JEREA ZrO, (46 =99.0%, Dsg=100 nm), La,0;
(O Hr i, Dsg<10 um), a—SizNy (Z5)¥ =99.9%, Dsp=
0.7 pm), SiO, (7 M4k, Dse=5 pm). FACEY BHILE
1150 CREBEZBRIFAR. Wit 14 ANECH, B SZL
L~ SisNy/ZrOo/La,0; AFE L) 8 ANMELT7; H
S'ZL IR Si02/Zr0,/La,0s ANFE LLFIT 6 ANELTT .
KA HH S F T RRA Bk, AR
1h/10 g, KH 100 MPa T BTN ¢10 mm FI IR,
FFE BT A S R H A TR B A ST A
(HP-8X10-GG-2200-VM-G-15T HYimif R ke it
T IEE MBS . Hrb SisNg-ZrO,-La,05 =7t R4t
7E 1500 ‘C/1 h/N, F1 1550 ‘C/1 h/N, S5 R k4T8¢

4k, 1M Si0,-Lay03-ZrO, —JLRATE 1570 C/ 1 /N,
SOR TS, FHEEEN 20 C/min, fRIE
BFEA 1 h, BEY R . R X S RATHM(H AR
A, XRD-6000 AY) 73 AR it FIVIAH AL R, KSR AH
KR HIAHE

2 HR51R

SRR SisNy AWER T ZrO, 7E 28U/ FARAMEEL
FEAAT AR R B, B R E IR AR A S R, FE
FINERTEMEAL &4 MO (i SO 8f R,05 (1
La,03) 12k B o AW FEAE SisNs-ZrO,-La,03 R4
N SRR PE F AL EH Lay0;, LayOs S5 i 14 1
SisNy FEBARIKIRE (1500 C) FHEATER B B, 1
SisNy Z5F 73 B SIO AN, 7 B9 S 8 A o i Tk e
RIS, ZrO, BT DAFAR AR S0 AT B # () RO,
A% ZrN o

T SisNs-ZrO,-LayO3 —JC R Gt RS2 TE K
FELRERR A, TATK RIS Si0, T R4, W
wal N Sio, AR Y KMt RS
Si3N4-Zr0,-Lay03-Si0,-ZrN HIFHKR R . R HITR
G, SisNs-SiO-La0; —Ji ¥ RGO A IiE, 1M
Si0,-Zr0,-La,05 =701 RSt AH & R 1 AR WARIE
2.1 SiO0,-Zr0,-La,0; =TT &%

Si0,-Zr0,-La,03 =76 R Fi#H v L iiE 1 =4
I T RGE RN Si0,-Zr0; RS AR ZrSiO, B A
FUEL 700,-Lay05 RGUERL LayZi0; BG4 AR,
1M LayO3-SiOy 5 B Rl S B AE il = FhEERR H AH, R
1:1. 1:2 1 Lagg,Si;Op B KA . N T FRiGIX L
WWEWZ B R, Wit T 6 NM=Judm, 1&
1570 “C/1 W/N, [0 R AR [ S bedh, FEM ) XRD
EE A B 1(a~c) AT, ML T EE %R 1. HIE
1R 1 RTAT, 6 ANFF b IR A 2E 1 A5 40 3 3l 75 = AH 3
T=AXA, FREMR 6 M=AIGF =/, Al
T Si0,-ZrO»-La,03 =t RGAHE], WK 2 fir.
2.2 SizN4-Zr0,-La,0; =TT &%

Si3N4-ZrO,-La,05 = 7t & 4t [l #H [ N AT AE B
ZiN, PL=J0 SisNg-ZrO, 1 R 4t N LA, i 7
1500 °C/1 h/N, SGURT 2 4F T ZrO, 24 FH 5 SisNy
ONA R ZeN, W& T 7 AN N 7 R a2 (3)~(9)
BN, 52 R K T [ AE S R JS RS ) XRD
BIE, M AL R R ank 2 Fios.
Si3N4+3ZrO,+3La,0;=3ZrN+3La,Si05+0.5N>(g) (3)
2Si3N4+6Z1r0,+3La,05=6ZrN+3La,Si;0-+Na(g)  (4)
3Si,N,+97r0, +7La,0,=9ZrN+3La, ,Si,0,,+1.5N, (g) (5)
4Si,N,+97r0O, +10La,0,=9ZrN+4La Si,NO,, +1.5N, (g) (6)
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Fig. 1 XRD patterns of the samples of 0.3S'0.5Z0.2L and 0.43S'0.46Z0.11L (a), 0.25'0.3Z0.5L and 0.5S'0.3Z0.2L (b),
0.4S'0.1Z0.5L and 0.7S'0.1Z0.2L (c) sintered at 1570 ‘C for 1 h

%1 Si0,-La,05-ZrO, RGEHMTE 1570 “CreLh R BIFRLE A
Table 1 Phase compositions of the SiO,-La,03-Zr0O, sys-
tem after sintered at 1570 C

Phase composition
(XRD analysis results*)

LaZZr207(S)
La,SiOs(m)
La,O3(w)

LaZZr207(S)
Lay 67S1303(s)
LaZSiOS(m)

La,Zr,O4(vs)
La, 67S13013(vs)
Z1rO,(w)
Lazsi207(VS)
Lag 67S13013(vs)
Z1rO5(wW)
ZrSi04(vs)
LaZSi207(s)
Z1r0O,(m)
ZrSi04(vs)
LaZSi207(m)
Si0,(w)

*The intensity of XRD; vs: very strong, s: strong, m: medium,
w: weak, vw: very weak.

Sample Si0,/La,05/Zr0O,

0.35'0.520.2L 0.3/0.5/0.2
0.435'0.46Z0.11L  0.43/0.46/0.11
0.25'0.320.5L 0.2/0.3/0.5
0.55'0.320.2L 0.5/0.3/0.2
0.45'0.120.5L 0.4/0.1/0.5

0.75'0.120.2L 0.7/0.1/0.2

4Si,N, +3Zr0,+6La,0,=3ZrN-+12LaSiNO,+0.5N, (g) (7)
4Si,N,+37r0, +12La,0,=3ZrN+6La,Si,N,0,+0.5N, (g) (8)
8Si,N,+3Zr0,+8La,0,=3ZrN+12LaSiNO, +2La,Si,N,0,+0.5N, (g)
©)
¥ 7 AN 77 FE R R S XRD 45 SR I
FeOMXFIE, [ 2(5)~(9) 5 AT 15 B B i A e,
1M SisNy : ZrO, BRI 10 3 I BE(3)F(4) AR
TR A=Y LaySiOs(3)F1 LaySi04(4), 1M
T LayZr,04(3)« LasSisNO»(3) 1 Lay ¢7Si30,3(4),
ST R: T RN(3), A TE PO, i i HIS2
ARETEAAER 3 mol ZrN, 12 R AR T 2 mol ZrN,
Z K ZrO, 5 Lay0; R N AEBikeskt fi LayZr,O,, Bl
S VE(3"):

:0.35'0.520.2L La,0,
£ 0.435'0.46Z0.11L
£ 0.258'0.3Z0.5L
:0.58'0.3Z0.2L
£ 0.48'0.1Z0.5L
£ 0.78'0.1Z0.2L

AU B WN =

La,SiOs
La, Si;Oy;

4.67

La,Si,0,

70, ZrSi0, Si0,

K2 Si0,-Lay05-ZrO, =Jc REE1E 1570 CHIAME
Fig. 2 Phase diagram of SiO,-La,0;-ZrO, ternary system at
1570 C

SisN4+3Zr0,+3La,05+3/40,=
27rN+LasSisNO,+0.5La,Zr,0,+NO(g) (3')
AIf3E] 5 XRD M HiAH— B4 8, T RB(4),
KNSR R R 3 BoR, W47 &M, (HTEZ
KB R A3 B P2 W) 02 LaserSisOn( A 2
La,Si,07), CA1 Lay05-Si0; TG RAFE=N0 T
EE I HE R B[ La,SiOs (1:1), Lag¢7SisO01s (7 : 9, OH #H),
La,Si,07 (1:2)], EMERSF AT E PO, fhis
i H A SEAE R H AR, F, SRSk Sio,
i [ B4y HMEA G LapSih0, (1: ), 1A
Si EH/D I Las6Si:013 (H M), #7> Zr0, KRS 5k
N, FXH AR R W B 3 BTN, B3R (4)0 B
B} BT FE SisNy-ZrO,-La,05 =76 R i AH K (K
K HMTF=TCREN.
MG SisNg-SiO,-La,05 =T RAMAH KR, X
A5 [ NAIEC EE, AT AT RE AR O RE AT T G e R
FRELHH
HH 2 2 AT AN, 7 AN B RE A A ZiN fLS 2 SR A7
] Lay 67513013 (OH, 2% A1 #H) B LasSisNO,(NH,
SRR, T Si0, %5 T A A 4 H
wL, ARTEERA (HHD M4, x5 wu &)
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R 2 SiNZr0O,-La,0; R4 1500 C K45+ S RIFELA K
Table 2 Phase compositions of the Si;N4-ZrQ,-La,0;
system samples at 1500 C

Phase composition

Sample Si:Ny/Zr0/La,05 (XRD analysis results*)
LasSi;NOa(s)
1S3Z3L 1/3/3 La,Zr,04(s)
ZrN(m)
2S6Z3L 2/6/3 La4}62§§8153) (vs)
Z10y(vw)
3S9Z7L 3/9/7 La4»6z7§\113(%1)3(vs)
4S9Z10L 4/9/10 Lasszlrsll\}f&)z(vs)
LaSiNO, (vs)
4S376L 4/3/6 ZrN(w)
La5Si3N012(W)
La4si2N207(VS)
4S3Z12L 4/3/12 ZiN(w)
La5Si3N012(W)
LaSiNO,(vs)
(55853028%) 8/3/8 ZiN(w)
LaQSi(,NgO3(W)

*The intensity of XRD; vs: very strong, s: strong, m: medium,
w: weak, vw: very weak.

®3 REM@BANFHEER
Table 3 Thermodynamic calculation results of
reaction formula (4)

7/C AG/(kJ-mol™) 7/C AG/(kJ-mol™)
1400 ~122.513 1600 -139.531
1500 -130.893 1700 —148.436

FIFRIE — . B IE R NG)FD), TN B(5)~(9) ]
153 2 FUEA A B, ORI 8 Si3Ng-ZrO,-La,O3 =7t
RGMIMFE R, Y SizN, : Zr0, FIEE/REERT 1:3
B, RN ZERSEERMJI. K. NH £
La,SisO3Ng ), N SisNg 5 [FIZR 1 Si0, 44 i = M.
R Si,ON,, #2447 211 Si,ONy 5 La,03 &M
A A R, 1% AR A XRD I
S(a~c)fin. {H ] K MU ZeN 3547, BHIEA
— M NH M. #HT SiO; 445 L 53 PO, ¥ %
AR RIS, SisNy-La,O5 f 70 S 5 R BHUK
T R AR JOK B NHY Y. % R 7E 1500 °C/1 /N,
SRR S E R 2S0Z3L R GFE i O ) XRD B
WE S(c)Frw, ofLHEN, 43N Zro, &=, &
I 3E NH AH 142 B

SLT7 RSk A A LaoZr, O I AE R IR FE R A2,
HTEMEmhE&a —gR®ME T, NEART M
ATy EefmiE, @ S sy
By, BENEIRE SisN4-ZrO,-La,05 =TT RS R N IEE

FEH, 4 SisNg-ZrO,-La,03 RGN A i ZeN AR ) 2 825
1500 C «ZiN  0-Z10; a-La,Si;0n
N »-La,Zr,0; o-LasSi;NO,
286Z3L 1

Intersity / (a.u.)

1S3z3L |
© . Oe . ooo . .

10 20 30 40 50 60 70 80
26/(°)

K3 1S3Z3L M 2S6Z3L RGittAnE 1500 CIHIR 1 h J5
XRD i

Fig. 3 XRD patterns of the samples 1S3Z3L and 2S6Z3L
after sintered at 1500 ‘C for 1 h

Zr0O,

ZrN+La, ¢;Si;0,3(0H)

ZrN+LasSi;NO
La,Zr,0, 5S1;NO,,(NH)

ZIN+La,Si;N,0,(J) ZrN+LaSiNO,(K)

La,0; La,SiN:Os Si;N,

4 SizN4-ZrO,-La,0; =G RATE 1500 CHIMHE
Fig. 4 Phase diagram of SizN,4-ZrO,-La,0; ternary system at
1500 C

2.3 Si-Zr-La-O-N(Si3N4-Zr0,-La,03-Si0,-ZrN)
ETAFEHERXR

22 Eal W, £ SisN4-ZrO,-La,05 R4 i,
£ 1500 °C/Np 5T [BAH e B 48 45 A2 il ZeN 35143
) AN BEAN R 2 56 (OH A L J K NH #H B La,SigO3Ng
) LayZr,O5 (P, BELk A1 AL AF . SR, JE
R T A B Eh YA TE JR Si3Ny-Zr0,-Lay O3 = JC
AW =MFmA, MmEEET S0, 1
Si3Ny-Si0,-La,05 B, Si0,-Zr0,-La,0; =6 R4 =
MmN, Bk, FELSIN SIO, HJt, HY R
A SizNy-Zr0,-La;03-Si0,-ZrN 1176 R Gt 74 R ffiid
FEREA TR R

FH 2 A A1, ZeN 7] 43 77 5 La,SigO3Ng(8S3Z8L)
F LayZr,0,(1S3Z3L)AHILAE, #fE SisNy-ZrN-La,0s
# 4 4 W ZrN-La,SigOsNg 45 2 , 1E
ZrN-Zr0,-La,03 & 4t 11 47 1F ZrN-La,Zr,0, 45 28, [A]
i, Zr0,-SisNy fl ZrO,-Si,ON, &5 2k 7F ZrO,-SiAION
R G p PO, kR I T 1500 C
SisNs-ZrO,-La,0; — 6 R G A B e H H 3 J@ 1
Si3N4-Zr0,-La;03-Si0,- ZrN(Si-Zr-La-O-N) T 7t &
G, 4 FE 6 TR
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Fig. 5 XRD patterns of the samples (a) 3S9Z7L and 4S9Z10L, (b) 4S3Z6L and 4S3Z12L after sintered at 1500 ‘C for 1 h, and
(c) 8S3Z8L after sintered at 1550 ‘C for 1 h and the samples 2S0Z3L after sintered at 1500 C for 1 h

(21) Lazsi6N303

K: LaSiNO,

J: La4$12N207

OH: La, 6;,Si;013

NH: LassigNOu LaZZr207
(1:1): La,SiOs
(1:2): La,Si,0,

2/3 (La203)

1/3(SisNy)
Bl 6 Si3N,-ZrO,-La,05-SiOr-ZtN FIG R GiE 1500 CHIHHE
Fig. 6 Phase diagram of Si;N4-ZrO,-La,0;-Si0,-ZrN quinary
system at 1500 C
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