552 %5 12 1] if B O % W

=0 Vol. 52, No. 12
2024 % 12 H

JOURNAL OF THE CHINESE CERAMIC SOCIETY December, 2024

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20240399

G & T

BRIGE S R AL il & AL SR A I 5 ik e

wRG, FhE RERY A 1Y, BAEY, THERY

1. TEACEHM BRI ARAR, )11 750200;
2. dbF R R =H=A R RN S TR, )11 750021;
3. BRAEESGHE B & AR B R RO A TR AR G, I 7500215
4, R T REMR RS TR, T 510640)

B F: AL, ALOs-C FrH s HoAR s i bR AR AT A4 ] 2 AR L SRR BORE 77 2018 1 B #E
JEEA(CRN)TE & R (AINYE A ORI FEE R o 0 AH 5 - [ BB 8 1 e 23 e £ o 8 408 R A i 20 A K ) A i 7

FFRR e ] s P LR T & 0™ 5 R IRAA TR AE S (B 5, LA 2 T 7 AI-O-C 55 AI-C-N % ALO; AL+
A VIR o AL - SOSHLER S, C DR L BERE SRAT L7~ B8 2% 25 WL 7 IO PR BT 78 249 L 1S B (i 2 N, 23
FEAU S IE [ HEAT o R CRN LG BB A BOR TZ AL . 1) B 5INAHLE 2 T2 615 C 5 ALO; BRI
RS, DR RAE RO R 2 i R S 45 A Al 2) I S NFRE I IR X ALO; BRI S 6, R i
TGRS ALO; IS4 & 3) AN M RGeS . IR AN A TR eSS T 2 BOR S 2 L LR T A A
s B ) 26 AR R S AR R R B SR 6, BETT RS A NEI 261, LB RGK AIN Birfds 4) BN R4
BHOANAE, FEAR CO 70 I N, 730 s LAt & S B IR TR AT o ARARBLA T TR, AR BLRBEBOR 5 503
A A B, T I R e S AT SR A i 5 A U I A ke A, JU LT R DX 2 S AN 22 e 1) A e 5

A e, LA CRN VL AL & B AIN By (A R RE R EE

KRR FALER AR BRPVE R A RTIRAA
hESHES:TB332  XERER:A
PI4% R ATIE] : 2024-11-15

BEE T AR . ThER % B IR T A 34k
HIFE T2 A BT SR B4R, BALEEM R G
EG R SRR ERE . KA E R A
PR PR R 345 T Mot 2 g el ),
H AT P2\ B T 2 B2 T A AL AR P B AR
FEYH T =% LED #2551 IGBT. MOSFET %%
ThER ph 2 U071, 5 2 G F2 35 4% v ) 5
F %4 PECVD. PVD. ETCH. iBk%: T2
AR IS . BRI WM. MEROA . FER
&, ZRBIE AR B TSR T RIF R E
R, OFE B MR R T 0 T
101 o R PR R B A s e i R Ak R T
AT B B, R B AR ML BEAS P Bl ) —

Wk H#: 2024-06-09. BT H: 2024-06-26.

HEE&WH: EBREARR SR S (U23A20562); 7 & 50 kK % i
(2023BDE92008) ; #R JI| T &} £ 1) 0 4 & N\ A # 7% T2
(2023LJRCO8) % Hly; R RHL I H (2023GXZD17).

B FRPR1992—), B, Wit, TR,

WEEE: BEZEQ76—), T, [t #H%.

FHMER(1956—), T, WL, #Hg.

XEHS : 0454-5648(2024)12-3884—12

Wo BB R BB AE FEE N 2
2AIHN,1=2AIN (1)
ALO3+3C+N,1=2AIN+3CO 1 )

BT R AR B B AR A B A R e
HRGE LIS FRF R REFEAR, (HR PR F BT
s ahER A /b B AR 2V A E R R Y, W
AE T B ER, TR A 23 5 | G 7= i R R T A
BN A ORI B 3G, A% A TE i P
) it PR R o 52 21— R PR

BT SR (2) R FAGE JE AL 2 (CRN) E Z DL AL
AYERIRN A . ARSI B I R Bk
BUA ML R RME B A/ & SRS S T A A
TRER, P2 500~700 °CRLEE SR TR IR SRS

Received date: 2024-06-09. Revised date: 2024-06-26.

First author: YUAN Zhenxia (1992-), male, Master candidate, Engineer.

E-mail: yuanzhenxiam@163.com

Correspondent author: LU Youjun (1976-), male, Ph.D., Professor.
WANG Yanmin (1956-), male, Ph.D., Professor.

E-mail: youjunlu518@hotmail.com; wangym@scut.edu.cn



HS52EH 12

FARDRE S5 BREGE R EARTE S & BAC BRI FUE R . 3885 -

BAERE, BERS R difEm. RS %
FORLIE S 2 s U DR O R R K
AlyO3—C-Ny PA K 8] P24 2 [ ][ S A< - 5
T A2 S SR B TR L 2, A R £ 32 Rk
P VR RV A S . R RTIRE
AeEEERE, ZTERE R T A Rk
FRMRI E R BIREm AR B
SRR S STES0 . BRI B REFE SR AR 2 P b A=
P R A% ] A

KM RSHLEL, ALO;—C FHf it Bk
iy LU R T 208 A 1) 28 B AR B R N SR R A R AR
JiTH 478 CRN A4 BUR AR R R (1 BT it et
I R B A I 787 1) CA e P Ak R
R R,

1 CRN iE& kA R AL

BIR CRN EE MBS 2 N AT TlkE
77, {5 ALOs—C-N, 74 R 1) S S HLER AR AR 2 A S AT 5
W iz —. 7EHATpIs 7 £ 2 e TS RN
A R AR S S ] 2 Rl ERCO), B, BRRGA i
TR N AN HOL T SR ER N B A e LA
FEMNERRIE e T RS RS RS RN
g
1.1 S-ExMNE

S TSl Je NI, Lefort i1 2 mixt L
SCISHRIC T SAHAE CRN SO AR F ML o — A
TEAT SR b AR 73 235 S A0S Sk, 4 1550 C
R 10 h J5 RIUEALERTE 2K I RE R B /b & 1)
AIN By, FMEERE T RN GRS K; L=
W £E 3 25 (P=10" Pa) < 4 o 4 o 3K 0 0 #h &
1650 °C, 5 FH A S H i AGRAE A B B S R
W, 172478 NRS(P=10" Pa)J57E 1 550 ‘CARIE 15
min J& BPEABISEEAE, B8 RN
)5, PRRERR 32.7%, WS & TSR
26.1%, XU TARSBENER. Bk, #
Wi CRN f I N ALER A E A B AEARAR S 2 N S5
Pefuh oy il P AR R ZRTR, B S ERREH R N A RGN
AIN, T4 5 5k AR i CO Stk .

B TERZRIRAN, SRR, BB
il NI AT RE A RN S PR R AL (R ALO-
AlO), SRS RAERIRB A K AN,
Bl 1 NEET JANAF #7550 0 5 0 AL R A
7] O, Fl CO 43 & Nk SRR i 1 rp sk
o MAE LA AR TR A B St

X (], HAEEY) ALO AFasE, 1 AlO A1 AlO,
WAL CO 73 JEAE O, 73 FAE4E. Hirai &)
THE I 7RSSR SRR BT N ALO Al
ALO, HIMIAIZESE[P(ALOYF P(AL0,)] 5 FE )
KAMELR, KIAE N HIL T4 ALO B JE AL
TE R AIN &40 Forslund 25U 3iF B 76 AR [
AL FIER T iz, IR Al(g) M ALO(g)
9 CRN SN S LR TC, I Ny Ml B
AR AN,

0 5 10
5 T :
(ALCY) (ALO,) log P Co/Pa
o\? ok AIN
= ALO
Q,
g
< Al
AlOy, %AIO:@
-10 L . L . i
=20 -15 -10 -5 0 5
1g(P(O,))/Pa

Bl 1 AALEEIEATH Oy Bl CO 43 R A 56 F il 251
Fig. 1 Volatility diagram of Al,O; as a function of O, and CO
partial pressurel'”

1.2 [E-E RV

5] — ] J5 Jo7 AL 3 B s A Jo e 2 A ot T R R
TRUE I E A B . O'Donnell 25U 7458 10%11
ALO;—C JRAWIFE 1 400 “CAR3E 2 h ) TEM IR A K
DL, B0 AR TR/ DA AR R 5
FEN, X SR OEUERE(XEDS) 45 5 s ki 2
NEAE AR ORRFIERZ A, BoRmMEME
WO I 2 A B AR Sk, HLL A AR S
R AL E . IR, XA BB EENLI
TEARZ R T AR S A AT KL SR AR o 23—
FHEJE, SHBZ OSBRI SR AR
A S BN Sk 456 240 R 5 5 5
W B RATUCEC R JE I, e T 1% SE50 5% ik
P Ji 1o R P - [ e S AL

Zhou 2512002 gt DL — 1 SRR A 4 4 S
IS 45 AT T B R AL R i RRGE JR A
(1 [ AH S S ALEE DA R B b ig 2 . LR AR S8
ALO; 55 B ULEE IR L 1:3~1:4 VB & J5 76 47 B it
s AR AIN, K RS AERH T EIR
FFAE 300~700 Pa Z[H], FFERFEENMEL 3.8~6.0



+ 3886 - (RERR Sh2230)

J Chin Ceram Soc, 2024, 52(12): 38843895

2024 4F

L/min [ Ny VBN RS, IATEZ N RNA R
FEUIHRBR T AIN AMERIL T KRB ALO; 5 3 Ff
HIEZSYIAHED, ALOC. AlLC; 1 AlCsNy). Kl 2
N MR B AEAE 1 823 K &M 1 ps J&
ALOs—C-N, [ S £ ¥ BT, ARl g SR 1, 24
No 73 FAURBFE ALOs H 1) ALE T I FEASRETE K
BB, C TN B CEZERER. 9N,
T EBEWME AlJET B, TR B
WY, BATRMEMN Al JHTFEEREE N JFEF, 1
N, AR TZE C JRFAT AL RT B, C JRFEE
RESRIG T, WMAEREHm T, Ht, CRSMT NHM
Al R T Z A2 i, BB T Ny 401
R, R T RS S RN . 1%
BRI A AR T P A BRI AR R R B, B, 7R
b N, DX R BE IR U= AL-C 8. 7ok, A
FHFARPEERA T AlCaN, 1 ALCs 4393 5 N, (1)
RSHLEE . 0 ERTE, EDHR C R R
LT AR A (2 0 N, 2 R IGPE R, ELAANA )
C AMLATEGINRT Ny 70 F BA AL RIEH, A B
T ALCs Gt B AT tH SR AR T B B Bk I & Ak
AIN.

BT EA R M AE L, MR SRR E
SE BB T, CRN LA I A2 40 78 2 AR 5 48
VR BAE S FE R, S AR I R AR B B L B
AIN PZEMXIR, AR RALTRZIR. Xfit,
Zhou Z"IEH, AIN 5 ALOC. ALCs Z [AIFFLEN
2R, TR T2 5 AIN 72 )2 . O'Donnell 257

(b) Partial view

—

(a) Structure of Al,O;—C—N,(4 4 2)

O Al

"~ Geometry
*optimized = €%

WA B, WATE ALO; ML fEd 2
1%~2% M EFAR 2T gl C—N—O & i 4L
JIE”. B3 NFEE SN 300 Pa i ALOs—C-N, 1%
AT A R 5 s S R T AR N I
C. & Ny KR ALO; FAbN AIN, T#E Ny X1
ALOs-C HEHCA ALOC Al ALCs, TMEERJZBJRES
(17 AIN 5 3P AH AR R R LT R R GUEIE f5 , P
AR C T RIER TS Ny RSA L AIN.
AR R P AR T ALOC Al ALC;, {H
Z RV G SR R AlsCsN Al AlgC3N,
WA — BV RAE AL, LR
th & ¥ Nl HE PN s ALO;—ALOC—AlLC;—
AlsC3N—ALC;N, (Rl & E KA & &) H
&, TESEG o LLE 3k K S B0 T R A
=P, RIART Al-C 8R4 A I T &
A0S BE S R A A R [ A AR, Rk, A
HEBR AR AR S A

IR 2IE8, fEHS A CRN SZhrft
BET L K N AR CO 7 R F &AM, R
MR T Al—C E5A, RN Ny 2 PR
TEMRPBIE; KRBT CRN IR T
Al—C W&, BRI Ny 70 K rnidE 1
Al—C 7] AI-N Bt B2, PRk, 765 K1) CRN BH5T
HR AR A WL Al-O—C 5 AI-C—N b &9, i
B2 MLAR RN ALO; AHFI/> & AION FHfFETE. A
H1 AION KT Al—O—C b B R [, Bk
P AIN 5 ALO; Y A S8 o

~

© (d /
Geometry ~~ T After ALMD ,~ ;f’ iy
optimized

— |
\

© D)

o N O C

2 fE 1823K %A FIRML 1 ps Ji AlyO3—C-N, [ 5 I 45 44 1)

Fig. 2 Structure diagram of Al,O;—C—N, after geometric optimization and 1 ps dynamics simulation at 1 823 K!'*!



HS52EH 12

FARDRE S5 BREGE R EARTE S & BAC BRI FUE R

° 3887 -

(@ (b)

i
LW ! o Q

7 N
N
~ s

---@

X

N
N

15231773K

o -

——»e

ALO+C

e ] v
s N s

¢ | o &

A

ALO,+C

(©)

e
.

1523~1773 K

-———

BN
N

®

1

|

|
[\

—e-

Rate-limiting s{ep: Chemical reaction
ALO4(8)+3C(s)+N,(2)=2AIN(s)+3CO(g)

® ©

Above 1 773 K

Above 1 773 K

= -0

Rate-limiting step: N, inner diffusion
ALC;(s)+2N,(2)=4AIN(s)+3CO(s)
ALOC(s)+N,(2)=2AIN(s)+CO(s)

B3 7EHE /7 300 Pa B Al,O;—C—N, [ R 7018
Fig. 3 Reaction model for Al,0;—C—N, at 300 pal'®

Raw material

Product

1 823 K,2.5h,300 Pa

=== AIN

!
1
i
)
v
Micrograph

® ALO;

(a) Image of raw materia and product at 1 823 K for 2.5h under pressure of 300Pa

K 4

AN, T S LB AR 5 S s S AL
AR R T AN LR KT A-0—C 5
Al—C—N ZErh al b & M ROREAZ B, TR SR
BN B G b AR 0T B A5 R Rt 20 A K ) A Jo T
R, ANIE] (0 SR 56 25 P8 T B — RO ML T REAS 2 A5
B IR BR AT, R, A ST PR T

Tangent plane image
7~
AIN ""'C @

@ ALCor ALCO

7 000
6000
5000
4000 -
3000
2000 -
1 000

0

-1 000 L
20 30

& A AIN
* ALO;
® .

ol Irlllm

40 50 60 70 80 90
20/°)

Intensity/Counts

(b) XRD pattern of product at the surface of C and Al,O;

2500

* ALo
\ 22000F - = ALLC,
§ * ALCO
v3 1500
iy
1 1 1 1 X 1 1

10 20 30 40 50 60 70 80 90
20/°)
(c) XRD pattern of product of the mixture of C and Al,O;

JEATEL SRS AE 1550 CHI 300 Pa i) ORI 2.5 h (19280 8T 5740 X 5 LR A 5 1)
Fig. 4 Experimental procedure and XRD patterns of raw material and product obtained at 1 550 “C and 300 Pa for 2.5h

[19]

2 R SIHUEEEAE AW, %A M T RN A
2 CRNZEAK AINWHEARTEHHE

2.1 ALO-C REEXERA
Zhou Z15 51144 C 2. ALO; 2L K ALOs-C
BEVEEHIE—, 7£ 300 Pa ARSI N, X



+ 3888 - (RERR Sh2230)

A4 1550 CI B 2.5h Ja kB, (NFE C 2
ALO; JZMAZE S AL, C-ALO; REWIT R T
AIN AR, W 4 Fios. BT iZsesefl iR r
FE IR 3 JZWRE, fE— @ FEFE BRHRG T N, 9 8L
B, FE ALO-C IR A& A AFAE K&
HHIE P2, AR R S5 A T R SRR & P S A ]
S SE AR, X 2 NI R AR E T AER
ALO—C IREF A Ny U KAE CRN M
WELAE,

KR CRN VE& 1 AIN [ EREA WK K LR
(1 ALOs SPUKRR TN, 1% L AR AR TE A= 7=
&R G R AE B R TR A SR . MIREN A
T KX % BTG, TRAE AR,
AF 72 O3 5 i N — 58 IR B A WL 40 R AT LK
T b B ATV VR o SR TR B A, T AR R ) SR A
% . Wang 2294 575N PEG #1 PEG-OP10 & &%)
BRI T2 BRI ALOs/R SISk, B 15 Dok,
FEFZ 80 CHET SRR BN N, S H 1600 C LR
B4 he RIUR A HBARE: IR E BT & )
AIN BR8N, R R AR A R
KR /NT 5 pum FIRURL 0T L BIER T+ 2 70.54% . A
EEANI I BOR IS T, I8 043 0 AT KR 32 b
TCHT & B L A2 4.8 o #3141 5 URE AN 1] 58 4
kLR . AR LT IR B (PVA) R R 045
FR(PAA) 2 FiE WL G K IR A ALOs-C AR
VIS AR FH AL, R IBEE 23 BT =3,
KRB E ek F T, MRbKE A 1:4 B, N
A 2% 0 PVA 825kK & oA 1:3 1Y,
N 3% PAA, 7 5liSE] T B BUIE, H
TE1Z LA ) 46 5 IR BRI B AL EE A PR (R LA
BT BRI . B TE A HLIA IR R #E PVB
] BRAR R A R ORI FE K45 1 B S5 810, B
hnsb B L BRI AT B R 2 TIRE Y (AI(OH);
A C) WOk Bk, HLBEE 2 B & R sk 1 n
H IR AR A

K15 9 OP-10/PEG 73 #{7AIXT ALOs Al Bk
(15 B B 6 S PVA 4856 ALOs—C ik
(7 BOHLEERT ., S5 SRR, & BRI BN AT A 2L
b R T L7 R RN PR

& 7 4 PVB 23 B 5% C—Al(OH); Sk £ )43
BRSPS, & Ta~E] Te B T BEE PVB 4 BTN
T 3G N 43 v N ) S R R . AR A
H A3 HT IR 28 R0 s N AR e 4 AT, BN AN
PVB 78U LIRS HT 5840 i, G0 BT e

J Chin Ceram Soc, 2024, 52(12): 3884-3895 2024
(R FLIE T2 32 N A5 5t
OP micelles containing
carbon inside
C
< PEG adsorbed on
) micelle surface
e r I

PEG intercalated into
a micellar hydrophilic layer

K5  OP-10/PEG 7 HFINT ALO; RIS BURL ) 43 b L
&2
Fig. 5 Dispersive mechanism of OP-10/PEG dispersant on
Al,O5 and carbon powders[26]

@% %% CRN @

g0 S8 ()

.g}tl))o \(C)Q
PVA golution /A[N
\ /
o ©60

90:6.: @ .&» o‘.(?. (.) °

o % ©+©
@ ©

Bl 6 PVA 43BN AlLOs—C FURL () 43 L 27
Fig. 6 Dispersive mechanism of PVA dispersant on Al,O;—C

powders 7]

(@) PVB C b og®0®_o®@
e® o 000 o’ ’.. o
® g.. * L ® .‘
o, ® °
o® ..... .. .... ....
® o0 t ® ® o [ ]
® e® o'a ® ° °

oo o3 ®/0 ®
% AI(OH), AL B

(©) 0o®e ...
° L °
° °

°
Je oo o°
) °
® °

)

° °
%0 o000

7 PVB X C-Al(OH); & R AEREE () # PVB JZ;
(b) "HAEEIE PVB ;i (c) /& PVB E
Fig. 7 Sketch map of Al(OH)s/carbon black mixture covered
with PVB layer: (a) thin PVB layer; (b) moderate PVB
layer; and (c) thick PVB layer *®
ERETTERY, I L BRI AT SR R
VS AR RORL ) 73 1, PAG BRI R . ZINRLAR Y
AIN K. thTER R AR T PVA B PVB
OBl o i, A 2 RE L T IRA S T B ALO;
FERACHTREL B2 . FR D TT S M LA WL 70 i
Bk B e EAT TR CL 7, 0 2 W 0 78 7 A ) B B Tk



HS52EH 12

FARDRE S5 BREGE R EARTE S & BAC BRI FUE R - 3889 -

PR T AR AR E ) . Sun S5EPTLLg K
y-ALO; FIE &M/ E AR ah B Rk, J8 I 7K Bkl & 1
TR ELE I ALO,/C HTRAAR, FJFidid CRN VLS R T 5
FHGK AIN BoR, BB BRAY AT L7 ki, ibn]
CABHASTE /il T BURL I e 2 SR 4, E I BRAK AIN
ARPURLITRLAR o [FIBT, B EL7E 1] y-ALO; 7E 50 “C/min
PP T2 T 1600 C IR KA y-ALOs 1L
0-ALO; i B ILGR, T2 IR KA T y-ALO;—AIN
Al y-ALO;—AION—AIN [N, RIET v-AlL03
(1) i IR BT TR A, B B A T 49 100 nm H14H
K AIN R

AR T 38 3k AL Ak 3K 25 T A0 2 1506 40 S Ak R By
&, ARG, 53R Eh) S A PR A
TEW ISV R S BCRT IR A4, 76 CRN R ZE
A, 3O B AT SRS o BE N A) HoAh A R E I
ALO3/C JREWP 0, (B 44 HURL AR AR A L LA
JRSA AR, FRAERIRIEI 5 NS PSS
HULEIE AN TS . Tung SEPURGE T LI 3% %
A EL A YT B E) AI(OH)(CriaHonO4g)-XH,O
(N=3) N RTIRAA, TG BSMR IR AL R Bh 2 S
A R AIN BUREAN 2 ) TAE, 76 NI R854
FRTERIN v-ALOs A RAE SRR R EHRE T
CRN S, BEHLFEAS 7 AIN G20 )& i B o

WA 57— Fh AR JFEAL A B ALOS/C R SR A4 1) T
2o Xiang 25UNEIE K HGE B T RERE . HERE.
JRENTEEFRIREE T Z, B MNERT 7%
TR 5 A R 3RA3 2 5T 1) ALO; #—C 5 45 14
AUORER, BP, ALO;#iit&E. ¥25) HEHMRZ %
o FL R B Al S 1S ALOS—C [—[F 4 Hieh &
W46 0, tBAERHAE 1300 CEIAT#44E Ky AIN, 1
k)2 B 7y BSAE RS T 1E4% ALOs Z [l FIAH .
Befeh, RS T AIN SRR, Kk, #
BTG CRN T8, ZLZa B AIN
R sl P PR AR P T A . SR, AR 3=
R Z M EEERS T CO SRHEE, HEEST
N, 5 [E A [ A 1) () 4fil,  BEAIK T ALO; [A) AIN
HALIROR
2.2 SRR AEHIEREA

BT ALO; 1 C MI¥SIRAZ AN, N N, 5
ALO—C A R L) CO X T AIN
bRk &t N R —. MEBSEPE ALO;
Fk 2B AN A AL 25 770 H 55 1 i B i ae ot HE R ol
BT SALEARY) 20 pm. EEREARL) 24 mP/g 2 1LRT
PR, 761700 CL 12h &/ T O N&&E2 A

0.73%- 33.45%, Dsp<<1 um &L HkL. Mylinh
SEBIDL a-ALO; FIFYEE B R R, 7E R LI R
ALOs FIURLI8 &) 43 HCE By I 0 I IO /K B A T 1 ) 2
FUIREEAR, Z RS NIEE R, £E 1400~1 650 Cilt
A h-AIN (BE, NT7d84Y), HAE 1700~1800 C
bt R B ) T — s eI C-AIN (B, 1Y
Ji iz Al .

AR IS A WL 5 Ak BORT )i 22 L5 R T DR LA
SN REE AR ASOR AN A Kb 8 J5URk ) 43 B
WARTE Bk . pk, AMTIFREH T 8RB & k>0,
VA F— Uk AN o Yy O A T SR B
Ik E HLA551 43 BT ALOs—C SR AT IRAA,  FF T Rk
ZILAEIEIN Ny, Z 5 -[E SomE . FApRee
A RS ER TR AR5 PR R IR A Y A
P, HHr, JREMFE A48 Z IRRV R RS iR
I3 AR R R S ) 23 R A BRI IR B R TR K
B SARD S, TR AR S5 R K
aRA, SRR NG R T 35 FLIR 25 . Chu
DT RYRRADS . AP AR IR SO Rk, A
VA PR 3R S AR AR (1 BE /R L (U/AT BB )Rs2ma iR le
JRNE P FE RS B], T A T AT IR y-ALO;
WURL R AT LE R AR, H 24(U/AL H)=0.5~2.0 i,
315 T HIRAE 9 30~80 pum [ERTE AIN ¥y A Bk,
HAHALZEIX 99%.

ARG R T 2T, BT LUER
—FBRRL, BT LAE A FIFE T DU RIS LR
FEAERERE . Pathak Z0RIF] AINO;)-9H,0. F715
Fi2 11 NH4OH Ay J5UR 22 Bt R 58 i 145 17 YL AIR 1)
C-ALO HTUEAE, 6 g il ALOs #5150 BIUfE 0.25 L
LR o LR & 82 5 50%, i HT IR AT 7E 1200 C
TG R AR, FFEE 1400 CUL 2Bl 484k,
AR AIN SRR SFZNF 100 nme Chu 2552000 76 7
FRER . A AT R 27k RIVEEAE E5IN TR,
Pem TR, IR IIZE AR
FEED, 192 C)BA & T AR BRIN BB IR
FE(R, 116 'C), HAEFTEZER S E4 0.2 mol/L I i
I A HL & d 1 LU AR THI R . FRAE 1400 C Ak 2h 3k
R RIEZ) 60~100 nm [ AIN BRJERRL . A 1 itk —
A5 1A AR (4 ELR R, Chu ZONE7E SR AT 1A
FRER A AT AT R 25 1 JR I Bl oR) R 2 B e A
Bkl 4% 1 S DERIERLE) C-ALOs RIIRAR. HAj
DA 2 AR A R S S A B R S VA S
R, B 2 L/min LW MESSRESEAN
M, 7E 800 C IR K AEAE I N HTE B E AR L] 1~4



+ 3890 - (RERR Sh2230)

J Chin Ceram Soc, 2024, 52(12): 38843895

2024 4F

um. “FI418E JEAY Sy 50~100 nm F v 23 BRI BURLIR AT
), HEERmAEL 62.5 mYg, HIFEBEE 8
Fizn. 1EE Sc~d 8d H, KIRL I 45 St ik T
WAhTE, INMANER ALOs BUk A K K 15

Fogdrop

l Heat

C6H1205
Al(NO;);

C6H1206+
H,O+AI(NOY);
+CONH,),

© AIN particles ®
@)

K8

BMIA: K ()T R TORLRE B 43 A 14

. H0

»
< N

C particleses

RS, FEETIRART LIRFEA SN ALO; Bk TE
J ORI AT, PRI R A RE A 5T o I e 1%
N, B, Fra i AIN kL a8 gk |
ALOs KiAR 73 AT XU AL, HORARY 30~50 pm.

Amouphous
ALOs+C

Precursor
hollow spheres

©  AlLQ, particles
o

DERATIRAA K AIN & UL (2)~(b) “HATIERT B (o)~(d) TR L (/W14 CRN S (DRI ; (2)Ft

Fig. 8 Formation mechanism for precursor hollow spheres and AIN: Initial gasification stages (a) and (b); Further gasification and
combustion processes (c) and (d); Initial CRN reaction (e); Contact and cluster (f); Reunite and grow up (g); Gradient

distribution (h)1”!

T8 R P g P A o) 5 v B R TR
A BN ALOs—C H R4, H K Mg A T 2 v
iR, EERCEFEME AR o R K ARV A R I
J5 BT AR AR K A T T8 ki, i
FEAXT AI4%,  FLaT i) 2% v bR AR 1) ALOs—C |
ORAR, (HVEPTE ARG, T 2RIHAN E 2.
T RR e UL B 1 F DR A 1 ek FE AR I 2, DRIk
o T R 1 5 R o2 9 o A AR v 1) ol A dfe
JEP, Mao ZEHOUEH y-ALOs By AR B A JFR,
TN 23 BRI B e 7 VR A 25 R 5 BRI R e 4
HE L ZH RN NILHEHE KN
ALO;-C JEIKATIRAMR, Wik 9 fion. K 9 A%,
IR FLBR RN 56%I, SEA RN A K AIN ¥R fE
IFA] A 3.5 hs T 24 FLER A2 = 2 80%F1 90% 1] 58
A NI A AT R4 4 2 h, R EAR, EOEMIFRIE S
B R Ny (M B, IR 7 RNCR . 1%
FEMH T y-ALOs fENIEEL, {HFE 1300 CH &I
y AH AR o #H, FELE 1650 CEHRL T fmki R

SFANT Tum () AIN Bk 72 S SERF 50, Mao 4517
B BRTE R T y-ALOs BRI AL, JEAS3] THESE.

100

80

60

40

AIN conversion fraction/%

Reaction time/h

9 £ 1600 T FATIRIAFLIE SRR I R 2R
Fig. 9 Effect of porosity on nitridation rate at 1 600 ‘CH®!

B 10 9539 Ao S RN 57 W AR B R Ak R e

TEA RN E T & = A B9, 78 1300~

1400 C ) SN =P, B B B E AR A B y-AL O,



HS52EH 12

FARDRE S5 BREGE R EARTE S & BAC BRI FUE R < 3891 -

. * AIN

. O(X-A1203
H . T 5 1650C
* 1 3 1600C
. | R B Syt A
g U . P2 4201550C
E Thet
1 l | et tr  ee,001500C
I ’ o 1 .+ l4ooC
® jo ) ) A.o s 4
I * $ 1. er 1300C
20 30 40 50 60 70 80
260/°)
(a)A1203/C

. « AIN
. ¢ y-ALOs
[ ]
. * .
) JL ) . JiR600C

L4 [

g J L sirs00C
5 P

A= A . . (] . . 5

S AU s easec

U A 400C

' e 2 . 350C

¢ * 1300C

30 40 50 60 70 80
20/°)

(b)Al,O3/sucrose foam

Bl 10 LA SRR A7 B H B AT B IR I 7E AN TR SE A B0 X S i g o)

Fig. 10 XRD patterns of products obtained by heating Al,0;/C and Al,Os/sucrose foams at different temperatures

WAAFAE, XK HZ MR EED y-ALO;
BT T a-ALOs 1 f B AR I R LN
AIN, X5 Sun BB FLE RIS, Bk i 6L 7 0]
T y-ALO; H A AR [, HT y-ALO; 13
LR BT ALO; 5B &%k AIN B KR B
1550 CR#ZE T 1450 °C, HATE A AIN Bk fL
£ Z) 50nmo.

B 11 s s B b o B s G i B A B R R
(¥] SEM H& R, Bl SR 1550 CIREE
1600 ‘C, AIN $kiFHZ) 100 nm ¥ 1% %) 200 nm,
A B P2 T v A L 5 380 Bl e ORIk, IXRR
8] 70 B AR B 0. 78 LA R TR 2 FLAGS R AT IR AR 1 52
TSI T T & ) AIN kL, BI— 2 FE b )
T RAR BRI 0RE AE Fo

(a) 1550 C

BT EANFNREE LRI 2h A AL A ) SEM fEF 1)
Fig. 11 SEM images of AIN powders synthesized at different
temperatures for 2 ht*”)

(b) 1600 C

23 RNMSFHIEGIRAR

CRN VEG AIN AR ST C 5 ALO; [E-[#
N Ny 5 C-ALO; IRA YA -1 S M. 2
ANERSy o LEAH ST 0 SRR TR IR ()3 6 L Rk
HUORKARTEAS BT 3545 [A) 7 Bk 2 Fh 5480
PRI R T D O A AR DL R R PR RE
RMNASRBHGBN) & —IEEPEAR, HizEAR

[46-47]

OO R % BT 45 A Wit . Canikoglu M
Boussebha ZE* NI 7T 7 HY T — Rt A G Bh A
POR SR B AR, YRR BN A IR ARIL S5 E AL (DCRN)
HE A/ EAE(DTM), B, 7 e X 0 il
R IRNESR S, oG R A B RN [ AH
BB, HIGMT CO M Es ) SiLE 41
s, R, FERARAREE (1450 C)FEHRL
I 1) P (1.5 h)3R A3 1 395 1S ACOK R AIN K4k

Forslund 2P 58 7 28 AN AR B2 (B, 1 300~
1700 C)MARSHFES T ED, 0.1~5.0 MPa)Xf it
AR AIN BRI R . 25 R, 78 I M A2 R i
BH5IN CO BB AIN K, HIMNE
FERRAG . AR IR, CO RS AR ™ = .
F AR CO AN AR IR IE iy 25 B S [ AR T, T
N, LA 3% CO 5 ALO—C RS WHfm, & =4
48 & B s - Shan 251 T —FiiE S 4RSS
TRFAGE R EA(ACRN) HAR, 72 N i F A
P K R SIS B R (2.0~4.4 kPa, 84s), Ml
B JE Bk 27 mm 1) ALOs—C VR & W78 5 S st 8] Y
S TE A . ZBTE N N ARIE TR E A E
TR, MPNEE AT EE T LR, HESEE 3
FIHHEH Ny/CO R E SR LIBEA ST, 124 %
IR TR TR, B AHFREAFRAR S

K 12 A ACRN 5 CCRN(CCRN)VEFTA R
AINCHA XRD #E0°Y, fyl& 12 a7 WL, 72 H R 2 A
FAET, o R FGE R B AR AR R T 2 HL
N THT 23 i S MR FE IR D HL B IK. T ACRN ¥%
I 2 JEE LI T ALO; W58 24k, KR
2 BRI SR B 4 2 DA S ] AR R T R T
BIF=4) CO, R T Ny 7, E e 1 S B[]
FHA T .



+ 3892 - (RERR Sh2230)

J Chin Ceram Soc, 2024, 52(12): 38843895

2024 4F

+« AIN
. Alzoz

*
+

J}\ h h b J\'A
SR
' o )
bJMMJﬁjmm
25 30 35 40 45 50 55 60 65 70 75 80 85 90
20/°)
(a) CCRN

Top |

IMiddlgU:Jb

WI\ B ottom \JJ

Intensity

€

Top

*
k
Middle | J\

Bottom JLJUL J‘L ) )| MM

25 30 35 40 45 50 55 60 65 70 75 80 85 90
260/°)

(b) ACRN

Intensity

K12 R ACRN 5 CCRN JA7E 1600 °CHRH 3h A AIN K27 mm JEJE N ALOs-C IRAWI X AT 55
Fig. 12 XRD patterns of AIN powders synthesized at 1 600 °C for 3 h (27 mm Al,O3/C mixture) by CCRN (conventional CRN) and

ACRN (active gas exchange technique for CRN)P!

3 REHRZE

CRN JEEEH AIN Fd 2 S ST 17
AT AL [ -] S SEATLEE 2 2K, o, 25k
I W EZ B AR 75V R SR T 5 261 N i &4
AR A RIS N AR RS T S R 5
SR AR AR I AR s T [ s R 4% AL
HENRRE T 6 B =45 w4 Y 3 A 22 1 I G DL %
Z IR Al-0—C 5 Al—C—N %5 ALOs; 541k
WS SRR L], LR AR BT 1)
INAT o RIS, R[] e SALERRE AL I, Ny 43
TARKEES ALO; 1 Al R T2 [T HL 758 3k
IRE ST, 1 C R R L EERE SRS B Ak /L
TR T T 78 2 T A A Ny A3 AR s
EFHAT. BAh, AR CO 43K 2514 nT B S e i3t
Al—C M&5E, BRI RN AT R R n#E Al—C
] AI-N A8,

A ) CRN VLA AIN BRI AR FEAIE
T T A= AiE 2 4580 B TR
B P AR PR3 A T 2R T 1. AR A ¢
MLERRFE 72 L, BB B ARAF FEIX 40 1)l
B NEHEGI I C 5 ALOs I B, SEIIE
JEORN WUk R R E T b s g A A, et
C—ALOs I 3511 2)i8 i 51 N HLEE 45 7 TE %
I ALO; WIS, FERT R 5] A ALK,
HA PRI MRS ALO; KA1 44, 3)i@id
MU FRIRIGE B s Vs IR A RN R R 55 T
SHEAR S Z AL LR A AT IR H % . A4k, &
AL A R R S A LR IR 1) 20 A s S S IR R 5 Tk
TRAEABIRAN RS R EIR G, KRR T X

PETEA I ZAT, H PTG R b T K AIN R A4
DA 4)idad o A o 45 vt SR R AU B
B BRE, B K CO M7 I3 Ny 73 &
et & R B

MHECRAH CRN LT A = AIN Fpfhk, F22E
AFAE R I i A 1o 72 i B Bk & 843 26 7= A 50
b FTORAAR S RE TG AR A R AT S AR P2 A
REFE R IR . F4b, AFLE IR ANRLAE ™ i
W EAEE S BN UP IR, AR R L ]
R T e R A PR R DA S A T A 26 R
B . LRgEIAR AL PR A R AIN T2
MIESFENAET: NTREEGRAE, Pt
JERFSURE 43 BT R 51 NG A 57 1R T 08 A AR SR 14
I C 5 ALO; kL a] iy 5z fk DA & LU SR TR, JF
HREPEAK CO 43K $EH No 20 e AT kA RS B
B2, W6 Je it R HT IR I &R 5 2 LD
(5 %4, SEULEELE SL96 = 46 1F T & T & &
RTIRAARRAL . ok, FESERRAEF =, BARE Rr
(AT JG DXCREHS I R X S 2 AR AN R R AL
ZEFISRZE, AR AR X 2 5] K% Xk R
N A A R B AN S A 2, AR AR i X
2B O e AR AL RE . RN, AfEE
AR AR AT G K2 e DU 2 52 e UL E X AN R )
(35 59 1

T R AIN MR A BRSCR A T 2 R T
FHEEST, PAlALAERS AIN FIRE SJHRTHE B A B 5%
BT ZHEAG G GRS R, W 1)
RS FURME . TR B BT SR A i 4
RE &, B NN RIS 20 T 20T
2)il i S A e AR A R, R &S



9525 12 W FARDRE S5 BREGE R EARTE S & BAC BRI FUE R . 3893 -

I X ISR SR 32— B 3)iES S

b T2, B BRI 1
FErhh s 4) BTt IS ke A S NLIX )RR B
B, SETRAE AR AR O L&, ERR
I CO FEor i, I e kAo R S RHimis
TRRMT B ORI 4 8 S v 2 AT AR AR A
WAL, N T

SE R

[1] WEI X, ZHANG H, DANG J J, et al. Effects of grain boundary phase
distributions on mechanical characteristics of the high thermal
conductivity AIN ceramics[J]. Ceram Int, 2024, 50(17): 29632-29641.

[2] JIANG H, WANG X H, LEI W, et al. Effects of two-step sintering on
thermal and mechanical properties of aluminum nitride ceramics by
impedance spectroscopy analysis[J]. J Eur Ceram Soc, 2019, 39(2/3):
249-254.

[3] KIMJ I, KIM J, LEE S M, et al. Low-temperature hot-press sintering
of AIN ceramics with MgO-CaO-Al,0s-SiO, glass additives for
ceramic heater applications[J]. Ceram Int, 2022, 48(18): 26022—-26027.

[4] KREE, FEE, @i, & S EemE sic Hk LEK
AIN B B BTk (1], REFR #1273, 2023, 51(6): 1439-1449.
ZHU Yajun, WANG Guodong, YU Ruixian, et al. J Chin Ceram Soc,
2023, 51(6): 1439-1449..

(5] foom s, 363505, AR NS & 3T H 20 2 5010 B0 P O 78 2 T 3R 1
PR s MRS . BEAR AR B [I]. RERR B R, 2022, 50(6):
1701-1714.

HE Duanpeng, HUANG Xueyin, REN Gang, et al. J Chin Ceram Soc,
2022, 50(6): 1701-1714.

[6] LU CY, ZHANG C Y, XU H T, et al. Constructing a heterogeneous
interlayer in relieving the residual stresses for the AIN/Cu brazed joint
used in IGBT[J]. Mater Charact, 2023, 199: 112759.

[7] LEI D, HAN K Z, WU Y, et al. High performance Ga,O3
metal-oxide-semiconductor field-effect transistors on an AIN/Si
substrate[J]. IEEE J Electron Devices Soc, 2019, 7: 596-600.

[8] JEONGJ S, AN Y G. Lifetime and degradation analysis of AgPt alloy
thick film/AIN heater for semiconductor wafer annealing[J].
Microelectron Reliab, 2021, 126: 114402.

[9] FU R, CHEN K, AGATHOPOULOS S, et al. Factors which affect the
morphology of AIN particles made by self-propagating
high-temperature synthesis (SHS)[J]. J Cryst Growth, 2006, 296(1):
97-103.

[10] g2, B, T kg, & BRGEEEAGE R & ZALER M A
HERE[I. #rAR‘E 4T, 2019, 29(1): 69-72
HOU Hailan, FENG Yuebin, ZI Futing, et al. Powder Metall Ind, 2019,
29(1): 69-72.

[11] TRE, RWIAL, R, & FALER A & 77 2 R Fu st JR ().
MARIR SRR, 2021, 39(4): 373-382.

ZHANG Zhirui, QIN Mingli, WU Haoyang, et al. Powder Metall
Technol, 2021, 39(4): 373-382.

[12] LEFORT P, BILLY M. Mechanism of AIN formation through the
carbothermal reduction of AL,Os in a flowing N, atmosphere[J]. ] Am
Ceram Soc, 1993, 76(9): 2295-2299.

[13] HIRAI S, MIWA T, IWATA T, et al. Formation of AIN by carbothermic
reduction of Al,Os in a flowing N, atmosphere[J]. JPn Inst Metals,
1989, 53(10): 1035-1040.

[14] FORSLUND B, ZHENG J. Carbothermal synthesis of aluminium
nitride at elevated nitrogen pressures: Part II Effect of process
parameters on particle size and morphology[J]. J Mater Sci, 1993,
28(12): 3132-3136.

[15] 5k25€. FALERBRHGE R EAL KL ELE S [D]. EAW: EEWIBE TR,
2017.

ZHANG Xiao. Study on mechanism of carbothermal reduction
nitridation of alumina [D]. Kunming: Kunming University of Science
and Technology, 2017.

[16] TEHIRE, TEREER, FPE10, &5 BALER RMHI )], R H 2R,
1986(3): 78-84, 135.

HUANG Liping, HUANG Xingzhang, FU Xiren, et al. J Chin Ceram
Soc, 1986(3): 78-84, 135.

[17] O'DONNELL R G, TRIGG M B. The mechanism of conversion of
ALO; to AIN via carbothermal synthesis[J]. Micron, 1994, 25(6):
575-579.

[18] ZHOU Z Q, XU Y L, CHEN X M, et al. Preparation of AIN under
vacuum by the alumina carbothermal reduction nitridation method[J].
Ceram Int, 2020, 46(4): 4095-4103.

[19] ZHOU Z Q, CHEN X M, ZHAO Z Q, et al. Ab initio and experimental
study of the mechanism of alumina carbothermal reduction and
nitridation under vacuum([J]. Ceram Int, 2021, 47(19): 27972-27978.

[20] XU Y L, ZHOU Z Q, CHEN X M, et al. Ultrafine AIN synthesis by
alumina carbothermal reduction under vacuum: Mechanism and
experimental study[J]. Powder Technol, 2021, 377: 843-846.

[21] HE B Y, CHEN X M, DENG P, et al. Ab initio and experimental study
on the mechanism of Al;C; nitridation in vacuum to prepare AIN[J].
Ceram Int, 2022, 48(5): 6977-6984.

[22] Kang M S, Shin K H, Kim D W, et al. Optimisation study for making
aluminium nitride using an improved carbothermal reduction-
nitridation process[J]. J Ceram Process Res, 2017, 18(12): 848-853.

[23] SUN X N, WANG J B, WANG Z C, et al. Preparation of single phase
nano-sized AIN powder by carbothermal reduction and nitridation of
hydrothermal synthesized carbon coated y-Al,O; from glucose via fast
heating[J]. Ceram Int, 2023, 49(13): 22128-22138.

[24] WANG L Y, ZHANG N. Mechanism and research on preparation of
AIN powder by carbon thermal reduction method[J]. IOP Conf Ser:
Mater Sci Eng, 2019, 647(1): 012007.

[25] S5 HE, TR, SO0 BRPVEG B AIN BT % BB 7y 2 (0] 1
B2 #h IR, 1993(5): 29-31, 37
WENG lvgian, HUANG Dongsheng, HUANG Shangwen, Bull Chin
Ceram Soc, 1993(5): 29-31, 37.

[26] WANG Y M, QIAO L, ZHENG J W, et al. Preparation of AIN with low
agglomeration using polyethylene glycol and emulsifier to disperse the
ultrafine raw powders[J]. Ceram Int, 2023, 49(1): 1390-1400.

[27] R A . B HRE R AL V5 ) A IR T 5 44k 40 M 22 B % O BT (D).
B #IE Tl K%, 2021.

WEN Qian. Study on preparation of low agglomeration aluminum
nitride ceramic powder by carbothermal reduction nitridation[D]. Hangzhou:
Zhejiang University of Technology, 2021.

[28] WEN Q, WANG P, ZHENG J W, et al. Carbothermal reduction
synthesis of aluminum nitride from AI(OH);/C/PVB slurries prepared
by three-roll mixing[J]. Materials, 2021, 14(6): 1386.

[29] JUNG W S, AHN S K. Preparation of aluminium nitride powder from a
(hydroxo)(succinato)aluminium(IIl) complex[J]. J Mater Chem, 1994,
4(6): 949-953.

[30] AHN S K, OH C W, JUNG W S. Conversion of succinateand



+ 3894 - (RERR Sh2230)

J Chin Ceram Soc, 2024, 52(12): 38843895

2024 4F

adipate-coordinated AI(IIT) complexes to AIN in N, and NH;
atmospheres [J]. J Korean Ceram Soc, 1996, 33(4): 455-463.

[31] JUNG W S, AHN S K. Synthesis of aluminum nitride by a modified
carbothermal reduction and nitridation method using basic
dicarboxylate AI(III) complexes AI(OH)(C,+2H2,04)-xH,O (n=3, 6,
8)[J]. J Eur Ceram Soc, 2001, 21(1): 79-85.

[32] XIANG M, ZHOU Y F, XU W T, et al. Hydrothermal-carbothermal
synthesis of highly sinterable AIN nanopowders[J]. ] Am Ceram Soc,
2017, 100(6): 2482-2491.

[33] g%, sk, FhEB, &5, BRPGE AL Al AIN B i
FERAFED]. M ARA AR 5 TAR, 2018, 23(6): 624-631.

WEI Xin, ZHANG Hao, SUN Denggqiong, et al. Mater Sci Eng Powder
Metall, 2018, 23(6): 624—631.

[34] MYLINH D T, YOON D H, KIM C Y. Aluminum nitride formation
from aluminum oxide/phenol resin solid—gel mixture by carbothermal
reduction nitridation method[J]. Arch Metall Mater, 2015, 60(2):
1551-1555.

[35] FUMO D A, JURADO I, SEGADAES A M, et al. Combustion
synthesis of iron-substituted strontium titanate perovskites[J]. Mater
Res Bull, 1997, 32(10): 1459-1470.

[36] ZEHAAL, MhikME, B P22, 55 FRENHTIRY) B B AR B AR BE T
FHFIA]. ARE GRS TR, 2002, 7(4): 277-282.

QIN Mingli, QU Xuanhui, XIAO Ping’an, et al. Mater Sci Eng Powder
Metall, 2002, 7(4): 277-282.

[37] CHU A M, QIN M L, RAFI-UD-DIN, et al. Effect of urea on the size
and morphology of AIN nanoparticles synthesized from combustion
synthesis precursors[J]. J Alloys Compd, 2012, 530: 144-151.

[38] PATHAK L C, RAY A K, DAS S, et al. Carbothermal synthesis of
nanocrystalline aluminum nitride powders[J]. J Am Ceram Soc, 1999,
82(1): 257-260.

[39] CHU A M, QIN M L, RAFI-UD-DIN, et al. Citric acid-assisted
combustion-carbothermal synthesis of well-distributed highly sinterable
AIN nanopowders[J]. J Am Ceram Soc, 2012, 95(8): 2510-2515.

[40] CHU A M, ZHAO Y P, UD-DIN R, et al. Carbon-containing droplet
combustion-carbothermal synthesis of well-distributed AIN nanometer
powders[J]. J Am Ceram Soc, 2022, 105(10): 5999-6006.

[41] Z=UIAL, mhdkhE, pRigye, 2. (RIRBRPGEFVE G A &R

M AT, TEHR R, 2002, 17(5): 1054-1058.
QIN Mingli, QU Xuanhui, LIN Jianliang, et al. J Inorg Mater, 2002,
17(5): 1054-1058.

[42] 30, JIVE, BROCH. RSB R A %075 SHLE). RERR £
Wi, 2002, 21(5): 12-16.

TONG Jianfeng, ZHOU Yang, CHEN Daming. Bull Chin Ceram Soc,
2002, 21(5): 12-16.

[43] ZERAAL, HkmE, MhRfdi, 5. WR-RER T 24 EUL AR M 4H
BARD]. BAESMEE Y S TR, 2002, 7(1): 50-54.

QIN Mingli, QU Xuanhui, LIN Jianliang, et al. Mater Sci Eng Powder
Metall, 2002, 7(1): 50-54.

[44] TKEE, B, BRIET, 5. EKARVE —RER 455 s TR A A2
% AIN Bk LZHT T[], P EFEE, 2014, 50(7): 33-36.

ZHANG Pu, YANG Jinping, WEI Hengyong, et al. China Ceram, 2014,
50(7): 33-36.

[45) BLBUH, FRIE T, B, & T KR sol-gel VMBI A
A BB AR R[T]. ThREA L, 2013, 44(17): 2546-2549.
WETI Yingna, WEI Hengyong, ZHAO Dongmei, et al. J] Funct Mater,
2013, 44(17): 2546-2549.

[46] MAO X X, LI J, ZHANG H L, et al. Synthesis of AIN powder by
carbothermal reduction-nitridation of alumina/carbon black foam[J]. J
Inorg Mater, 2017, 32(10): 1115-1120.

[47] MAO X X, XU Y G, MAO X J, et al. Synthesis of fine AIN powders by
foamed precursor-assisted carbothermal reduction-nitridation method[J].
J Inorg Mater, 2019, 34(10): 1123-1127.

[48] CANIKOGLU N. Synthesizing of nano-sized AIN powder with
alumina balls[J]. J Ceram Process Res, 2021, 22(3): 258-263.

[49] BOUSSEBHA H, MUTLU N, CANIKOGLU N, et al. Synthesis of
submicron AIN powder using dynamic/thermochemical method[J]. Int J
Appl Ceram Technol, 2022, 19(6): 2967-2978.

[50] FORSLUND B, ZHENG J. Carbothermal synthesis of aluminium
nitride at elevated nitrogen pressures: Part 1 Effect of process
parameters on conversion rate[J]. J Mater Sci, 1993, 28(12):
3125-3131.

[51] SHAN C, XU J H, SUN X N, et al. Preparation of AIN powder of low
oxygen content via carbothermal reduction and nitridation by active gas
exchange technique[J]. Ceram Int, 2020, 46(13): 21182-21189.

Research Progress on Synthesis of Aluminum Nitride Powder via Carbon Thermal Reduction

YUAN Zhenxia', LI Dahai', XU Jiahao®?, SAO Yuan®?, LU Youjun*?, WANG Yanmin®*
(1. Ningxia North Ceramic New Material Technology Co., Ltd, Yinchuan, 750200, China;
2. College of Materials Science and Engineering, North Minzu University, Yinchuan, 750021, China;
3. Carbon-based advanced ceramic preparation technology National and local joint engineering research center,
Yinchuan, 750021, China;
4. School of Materials Science and Engineering, South China University of Technology, Guangzhou, 510640, China)

Extended Abstract

This review represents the research progress on the synthesis of aluminium nitride powder via carbon thermal reduction (CRN)
in terms of the related reaction mechanism, Al,Os—C interface improvement, high specific surface area precursor preparation and
reaction atmosphere regulation. In this review, the mass loss of the reaction process and the mass transfer process of whisker growth
were discussed based on the gas—solid reaction, and the phenomenon of the continuation of the morphology of the synthesized
products and precursors as well as the mechanism of the formation of the transformed intermediate state compounds such as Al,O3
from Al—O—C and Al—C—N were analyzed according to the solid-solid reaction control mechanism. Moreover, the solid-solid



9525 12 W FHRDR A TRAGE SRR & B AL AR TTE fE . 3895 -

reaction mechanism indicates that C atoms act as electron exchange mediators to promote N, decomposition, and the reaction
proceeds in a positive direction due to their ability to both gain and lose electrons. Recent research work on the CRN method for the
synthesis of AIN powder was summarized.

Summary and prospects These researches involve 1) the introduction of organic dispersants to increase the dispersion of C and
Al,O; particles, and the formation of a uniform binding interface between particles, 2) the introduction of a binder (i.e., an organic
carbon source) on the uniform coating of Al,O; particles and pyrolysis to form a uniform combination of cracked carbon and Al,04
particles, 3) the decomposition of organic matter, combustion synthesis and sol-gel and foam-injection coagulation to obtain
precursors with a porous structure and a high specific surface area and the uniform mixing of aluminium and carbon sources in a
micron scale, thus reducing the conditions for complete reaction and synthesizes high-quality nanopowders of AIN and 4) increasing
the substitution (flow) efficiency of the reaction atmosphere, reducing the partial pressure of CO and increasing the partial pressure of
N, to promote the positive synthesis reaction. According to the existing research, the future industrial development can be based on
the combination of key process technology and key equipment. The continuous precursor manufacturing and continuous
high-temperature synthesis equipment, especially continuous high-temperature synthesis equipment to eliminate differences in
temperature zones and in airflow fields, need to be developed for the enhanced performance and efficiency of AIN powder
synthesized by the CRN method.

Keywords aluminium nitride powders; carbothermal reduction nitriding; precursors



