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1.1 #mEHFFLie

3 AICAAE AIN H5 R A1 AIN B oK 5 6 NI R R G 8 8 JEURHEEAT 7 2 S50 it 7t

FES—HSLI S, (ARG ENE R B B EOK R AR AR B AIN R (99.9%405,
HED , RAREEN6-8  pum. B 1SR THHIGEM BRI BRET (SENDAEIR X SR AT
(XRD) K. S 7 B AR R B A4Sk, B TE WZB-20 BB 2340 34T B 2S5 Huih 2
TERRGEZ AT, R EH K E TN (Mo) HHfFlE4E 24 20 MPa LUEALEAREN1.8 mm H &4
5.0 mm WA AT HBREHRIMEMLY), S TERSE (HPHT) a3 2 1, MM R
BR IR 10 20%h. S O, SERELI K 115 A AR SRR HE e gt Aok /7041, IR R SR D 7Y
Pl (W 97 Re 3-W75 Re 25) #AHLBREAThR 05, HPHT K845 S0y FH v i Jlas B it 28 285 L 1 2(a)
B, KFH DS6x14 MN 75T TR HLIEAT il i Fe e 45 5006, P 2(b) WL s s 114 s 035 5 Hh 28
FEMEAE IR 4% 5.0 GPa W HARE /1, R85 LA 100, °C/min K INFAE HARiRE, REF 10
min, BEAELRG, Sl R ERFR S, PRI AR RGRE e IR N R] B LR B Ta] DLV B
FE & B B AR R AT

RS LI, REGHET T &N RF S BN 2GRt BE IR I 4 IR AP 3240
iR R 20 um (465 99.9%, HED o HMASCIH GBI nR 1 fros. 75 HPHT & AT, Kt
11l R T B AR A R 5 TE 7K AR TR B TR FE IR 12 /N o KRR AR K DL 55— 4 S0 A1 5] 37
FEHEATARE, FFERSHARIR RS I8 RS " VB TR 8R4, Khesi mrREf N TR HZ
10 mm, A 1-2 mm AR A4 .

#z hAELKBSEN AL

Table,l/Compositions of AIN/diamond mixtures

Group number AlN/diamond Ratio (by vol.) Diamond volume fraction
1 5:1 16.7%
2 4:1 20.0%
3 3:1 25.0%
4 2:1 33.3%

1.2 FRAEFNIA

T X FHEATH (XRD, Cu Ka, A=1.54056 A, DX-2700, Dandong, China) Z}H7Eest ke 5 i)
AL, AH AR T 2404 (SEM, JSM-IT 500 HR, Japan) WEZJEURE AIN 3 A BT A F0 W &
WrZRTH . SRR R B, ] FK-120 Y 2422 Dy Re [k 2 B -0 e e g iR 35 2 . (Ao
SHOPAEER (25 °C) FATHSRMIKX (LFA1000, Linseis, Germany) o WHRXAT, #F5X
HBRARRE JEE<10 um) , BRLIMRILE >95%. FRMNFREE T XfE:

k=apCy# (1)

Hr, o RBOGNGHETAG 5, p ABTHREZENS R EE, C, KA ERERSS

ELR BRIk . PR E RN 10 R, BCPME.
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Fig.1 (a) SE-SEM image of the as-received AIN powder; (b)yXRD pattern of the as-received AIN powder; (c) SE-SEM image

of the as-received diamond powder; (d) XRD pattern of the as-received diamond powder

(a) Assembly drawing
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Fig.2 (a) Sample assembly of the high-pressure cell; (b) temperature and pressure profiles
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AR TGS XS A0 2 & AIN BOWL S5 R HISEH,  7E 5.0 GPa [k JJ 4 600-1700 CHELSFE i i
AT 7 SEM RAE (E13) o SiREH], H[EKT 1000 °CH (B3 (a) - (¢) ), FEREI M
RYRRUREHERE S, SRR AU, FORDRE HARR RIS, Wikl AVR ST T, AAERZ ALK
TR 1200 °Cls (B3 (d) ), BKEAZIESE TN, Wi BT 40 [ 28 S I R . eas
IEN 1400 °C (K3 (o) ) B, FEamBTifLRR R EwD, kiR § RN 2408 H R oA
b, BPNES . HIEEETEE 1500-1700 °CHF (13 () - (h) ), FARH & ST 5 mURAORL
JEB S FRARIG R, IR D EILREI, SBOMINESNE TR BRI 1400 °C R
R AR . Wi S mUBRLEEAT 7 2049 SEM-EDS Z0#1, 48R WK 2. 5 1400 °CREMAHEL, 1500-
1700 °CFEMHIZIX IR O SRR hn, m N JE7 0B8R, StlmiE T & ARt
THEREEEINR.

& 21500-1700 ’CHRPBAETSFHRA SEM-EDS RTAEBNMHER (1400 °CHERBIEHEE)  (at.%, mean =
SD)
Table 2 SEM-EDS quantitative atomic compositions of the bright particles at grain boundﬂiés/i&mes sintered at 1500-
1700 °C, with the 1400 °C sample included as a reference (at.%ﬁ_@\ S]j).

Temperature (°C) N (at.%) O (at.%) Al (at.%)
1400 44.07 +£5.74 516+ 1.71 50.77 £ 6.30
1500 33.63+£3.93 28.43 £4.96 37.93 +£2.85
1600 35.30 £5.05 29.1942.07 3551 +£3.26
1700 29.83 £2.36 3294 & 385 37.23+4.84

(o) TR |0 (d) RSN |2(0:C
2 - ¥ L ;

3 7E 5.0'GPa. A[FIGELE IR & N il & A AIN P& Wi ) SEM Elfg (a-h)
Fig.3 Fracture<surface' SEM images of pure AIN ceramics prepared at 5.0 GPa and different sintering temperatures: (a—h)
2.2 4hitH AINGEM SER DT
HIRTT 5.0 GPa =i EBeaE T AIN B Z0EAE, FRATHF 600-1700 °C BREFEMEAT T
XRD 4r#fr. B4 (a) &, 7E 600-1400 °CIREEIEHIN, AN AIN BIATHAFHENE, XU TR
FERPIAZAE AIN, RO AREA AR A . ST 2 1500 °C K& LLER, EREFRIFEHI o-
ALO; fiTHtE, TR BOR A T8N B0, 1X—25 53 2 v iy 555 SURORE X e 4 & == 3 n
FRFAEAE — 3. 2P XF AIN AR ST AT = %8 (FWHMD #4708 (B4 (b) D &
FWHM 7E 600-1400 °C BEHEE T %A TR, T 1400 °C £ E5/N; 78 1500 °C HILEITF; Bl 7E
1500-1700 °C [X [ FF- /28R FE#a% . HRIE Williamson-Hall 5< R AT &N, X 52817506 Ji 98 3= BRI
TR RS RN ST A RN, B3 (a) - (h) 3R, AS[ERSE L N A i 4 230 A 3 SR AL
BURAS . BURLSE SRR R A A B2 Ak, R W SR R AR Ak . R AT St R B AR 2 S
4
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PR BRI S ik 4 B A A SR07-191, 454k SEM & 3 (a) - (e) A%, fE 600-1400 °CHLX A,

PRMLERZ#R, FETF 1400 °CIEBIREEARE . ZECE IR BT 5B BE 1) Jk > 5 5% 4 B
FIRIBEI, AT SB35 B AR AR o BRI X FWHM 3342 T [ 32 29 PR B 4k S 35 i sz A%

/N FHEA 1500 °Cfa, Wi AL RIS &0 i, [FES XRD A E] o-ALO; @M 7RIS
PR, BIAHITE 25 5 5 80U FHE S R BTSN R 5B Sy AN, DT 386 5 A8 o Vg Joe 9 1 T iR
HSEFWHM [E| T}, Ti7E 1500-1700 °CIX[A], FWHM R N, 7] fg 5 i T 6 be i HE Ak 4 N
D1k — R K
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Fig.4 (a) XRD patterns obtained at 5.0 GPa and differentysinfering/temperatures; (b) variations in the full width at half

maximum (FWHM) of the representative AIN reflections; (100), (002), (101), and (102), as a function of temperature
2.3 48 AIN S 54

AIN P2 (1 200 P 3 R B 45 IR BE AR (L In &l 5 (a) Jfizm. 7E 600-1400 °CIX ], #4546 A&
3B3W-m K URE TR, JET 1400°CIAFIE(EL) 1016 Wom K. (HARZEFHRZ 1500 °Cf5, # 5
FYRFERL) 40 Wo-m K 1; B 5 AL 1600-1700 °CHL/MIE I THZE 49-51 Wem K-, 43I {i% T+ 1400 °CHf
IR - 122 T2 B2 SRR AR AR B 15 B R I ) DA K i FOIR S B BE i 1102021, 78 600-1000 °C
rBL X E LT 96.9%48 % 98.3%, AT A KR BTt Ut SLERIEA B T A TG . £E 1000-
1400 °C, XRD ‘R Ff SR RFAIN BAR,  AT5F 0 e T8 B L TH R RRERR/DN, - & 1400 °CIA R I,
SRR B 5 5 AR 9 ¥ AR, [F]B SEM /MR B, 1400 °CHESEAR o dnlli e, o fhid
2 HARF BB R W, T i A S, AR R RIS T TR A EUN . A PRI
H, AEASFE AL £E 1400 SCIA BIH G AIE(H . HiRETHE 1500 °C/a, i BB, MSFRIK
N R . XRDATRE R, BLIERE FAERT o-ALOs 3B M, H AIN fitigfm s ETT. 454 SEM
P 7E i AR T LR S ALBE, RTINS A A RS, TR T SIS IR S
JEIEBIE B A, AT 525 1 0 A U, A SR R BRI, 7E 1600-1700 °CEE it FEIX TA], 4
RIS BT, RIS XS AT S 0w 8 U, Ud B A B ) 5 R B 1S BB 2 S Ak . SR e
TEFE THARREE AR, MRRIGATCIEIKE 2 1400 CCHIEE . 25 ERTE, AWFFULT 1400
°C (5.0 GPa) HIFZRTG 101.6 W-m - K- (R V3, PERE I STk H 7 1800 °CLL LA gk £
RIKF1023-27) (] 5b) o IXUE] T i e R R S BOR A 5 48 LASRAT s 1 R A 5k
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Fig.5 (a) Relative density and thermal conductivity of AIN sintered bodies a8,a funhction'of sintering temperature; (b)
comparison between the thermal conductivity measured in this work and the thefmal conductivity of pure AIN ceramics
reported in previous studi€s

24 ANENAEAREALRE

IR AN/ NI R R e I e b e NI AR 2S00 OB S5 K AS HORZ I, #E 5.0 GPa. 1400
CCHIBEAZMET XS AN IR S WA AR AR 23 HORe it O R4 7 SEM RAE. K 6 2o, FES TP AE7EIK
PP AASF A FER X 3. 256 BSE EUMEAT BERFAE 53 B/ BT FIWT K EOE SR AR AIN Bk, BEE X
XF WA o B < IR 70 BN 16. 79501 25 33.3%, 7T ML 8¢ B 5 WA ) R 6 X AT AR
ARG, UKL R, BRI A IR MR A . e R OIS, RGN
WAL 53 A1 ) JR) 0 S AR T UM 2 el o thabh, 7E ] 7 Al R B & WA kL 2% ) SR AR
DCRAF R SRR, X EERH AIN 5eNIA 2 A AR #5805 VR 2 7 E. fEREmAe
AR S R b, St PO R W g YA e R g A, RS SR T AR 28291,
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6 1£ 5.0 GPa. 1400 °C Tl & M4 ?Eﬁsfr ﬁi&zﬁa\wﬁ 16.7%- 20%- 25%. 33.3%% 5 AI@%TJ@EE’J SEM-BSE
% Ca-d)

Fig.6 Polished cross-sectional BSE images of composite ceramics prepared at d 1400 °C with diamond volume

il 4% 10 G WA AR B A 16.7%. 20%- 25%- 33.3%I1 5 A ) S I THI ) SEM-SE
Eg (a-d)
Fig.7 Fractu SEM-SE images of composite ceramics prepared at 5.0 GPa and 1400 °C with diamond volume
fractions of 16.7%, 20%, 25%, and 33.3%: (a-d)
2.5 AINNENIAE SRESHSER DT
NIRIT 5.0 GPa. 1400 °C'F AIN/ R4 R & ZE R ZELG  BATDRIAAN FA R 73 B M

AEEFEGBEAT T XRD 2087 (B8 (a) ) o FRUEIR, Frateii XRD Bt AU 2 7577
AIN 5E&NIAMAE, ARAIAAATHIE, X RUIFRHERESS Ja AR A A R Sl B B %
B AIN [(100) (002). (101) &4 THI A g MIAT (111 48 T RORTHT I = 58 (FWHMD #EAT € 820 M7

(8 (b) ) o KIMBEHEERIG SR, $ACRIEN FWHM 2 2 BUEHTE 5B . 4t SEM
IIMTEE RIS, PURE SR B IK R R G P R BRR N T . B A SRR, BRI A Y

K 7 {E 5.0 GPas_14002
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FHHETARIE N, SEBERR NI AT YR, NASA N, RAAE XRD B R AT o i
R GEpE TE A 0031,
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K8 (a) AIN SENIARAM AR XRD B (b) AIN BREHERACRMEGR T (100). (002). (101) K<
WA AR 5 T (10 1) T S ) - 0 5 B < WA PRER 0 ) 28 A
Fig.8 (a) XRD patterns of sintered samples prepared from AIN/diamond mixed/powdets; (b) variation in the full width at
half maximum (FWHM) of the representative AIN reflections, (100),1002), and (101), and the representative diamond
reflection, (111), with diamond yolume fraetion
2.6 AINENIAEARERS TR
Kl 9 (a) B, B NIRRT o B AN/ G NG B AR A SR LI E T
Feja BRIt . Dl AIN P E I #-G%E=101.6 W-m "K' NS, Y 0=16.7%HT,
WFRTER £=83.6 W-m K15 Bl J7 B8 BN LE 0=25% DUl 26 AIN F&; 4 9=33.3%H7,
IFFB DRI E k=1124 W Ko X5 B 7R R S 10 32 LS R 7 R A4
VAR . FEGNIA SRR, AIN NESEA . SRR B 7 A He, - P 2 20T AIN A
T fEMRRRY, PR REFIE AIN/ERIA S, A2 A TR, 8 Re) HIFE
Wilo Ry 5E SUCNES FHRIT S AT SEUMNE IR T g Z P2
AT = qRy# (2)
2R, PR EE R A AR S, 2 PR A BRI P AR B . SEBR AR GRS T
REORE S, P AN EAREET A L SR TR . 0 WA RORL A A2 a BBk, )
SR AR B S I T A3 T A A B3,

vV

Hrb, dig 4R 50, v OkEa SR 120K, FERERAL o I, FRE R o Ltk
Wane WEAARSENHT, Re FIEAN m2 KW, Ain/V FIEDNN m!, ZFHFBUG LR Uk K&
N2, DRI S RN AE 25 W R IO B AR B AR B B ok, R AT A B

A,

A%~RK'7= a #(4)

ZAUH, EIK o BrBG UGN AIN MR R B 5 i, Ha 5 R BERS, 4k
BHZEI I TTAREE o 2otk ETI04, gehh, RERE 9 (a) BoRFERmIBELRE o AKX, H
XRD AT I SE DER W], BEH GRS S0, WA A A B S B AR S A UG 5. X T LA
AT SR AIN 5ERI, HAGRATRIR N,

1
= §cm#(5)
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Horp C ARG, v B TREEE, [ NFE P E . S NS I T EUR, BRI

[y MIMAETS P SEBR IS AR T ERAE . Nk, ASCFINIELH AT kpase(9), 78 X RAHE R

B 5 AR SR AT Ik AP TRHAABE Ry B I ELRAEBY, Rk, 71K o BB, e SR 32

FIWAH E G SRS T B ST B D0 A BEIE ) X E S SRR SN MR A S B, A
REBNGFRAT B ERIRN:
1 1 3Ry

~ + (o < ¢ )#(6)
keff kbase(q)) a ¢

Horb ke NEMARBINEER, o NEWIATE T RGE BRI S BRAE . 2R, 1E <o, XTH],
BEE o 38900, ke RIUTEEES . g, sUPLVEI 3pRe/a ST T2 #i R R 5 BOR B IGL
Gl — BRI BT T B RS, 23RBS B R A AR e,

e WIS BT S =25%, UKL ERAE /D, M ELEAMEARIE R, IZEE B I A A
2. DL, AuE SRR EE H AIN AR, AN AIN JAR S SR I EATRITR A 1.
SR 3 5 ) et SR A S R0 T SR S B A P 2% P W S P2 5% R HEAT JE PERIE TS

knet(q)) & (QD - q)c)t#(7)

b e NI FHREL ke SN M ZE RPN FATTIR X RE I, Y o BT o J5, Tl
[ S HGEBRTE R, HOTERRE o 2 RIREOGK . FIEENZ, TRIEHEL, XRD 74T @7 P AH A
(R 5 N AR a5, A B S REREFRSE T %, RIS R IAETE . R, Bk GR 1)AR
AHLR T Ky 77 R B 25 5 FR BRI 08 BRI B 0 2 T (R 54 e k325 7 R B0, ARG
KRB AIN, B 9=25%0F, FERMFRETAVAIN FRNGR ko B2, TR R R Tk
I AIN EAARRIRSCEL, FHTINERIA RN AFHGER, AU 5.0 GPa. 1400 °CHHF T il
) AIN/E R 2 A W EES NI ET BN 38 3%RBRE T 1124 W-m K G R, Nik—F
PG AR RR PR EE IR & O R AR K, PO T A TAE B A i 5 SRR R IR Bh I e 4
AIN P& R E. LA R, AR TRV ZHH Kobayashil®%E ANEZ) 1450  °CHRIE T 30-80
W-m K- 2T T2 40.5%-274.7%; R KimPO5E AAE 1500 °CIRIHR#UE IR HIRZ) 91.2 We-m K- 4
b, tHRILHZ) 23.2% M3 FH; AHEE Hel2V5E ATE 1400 °C RSS2 AIN FEASE (93 Wmr
LKD) B2 RIRR R
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Study on Thermal Conductivity of AIN/diamond Composites Sintered under

High-Pressure and High-Temperature

GONG Fa!, LIANG Wenjia?, WANG Qiming', LI Qian', LIU Hongwen', HE Peihong', HE
Duanwei'*, PENG Fang'*
(1. Institute of Atomic and Molecular Physics, Sichuan UniversitysChengdu 610065, Sichuan, China;
2. School of Intelligent Manufacturing, Sichuan University of drts and Science, Dazhou 635002, Sichuan,
China)

Abstract: Aluminum nitride ceramics are important héat-dissipation materials for high-power electronic
devices. However, the high sintering temperatures réquired-by“conventional processing routes limit their
practical application and increase fabrication costs. It is thérefore necessary to develop preparation methods
capable of achieving densification at relatively low temperatures. To address the difficulty of simultaneously
obtaining high densification and high thermal conduetivity in polycrystalline AIN ceramics under reduced-
temperature sintering conditions, this work adopts a stepwise research strategy. First, the densification
behavior and thermal conductivity of pure AIN under high-pressure assistance were investigated, and the
optimal sintering conditions were identified. Under additive-free conditions, pure-phase AIN ceramics with
clean grain boundaries and high densification were prepared at 5.0 GPa and 1400 °C, achieving a thermal
conductivity of 101.6 W-m »K:!7 Based on these optimized conditions, the AIN/diamond composite system
was further studied, and‘the/effect of diamond volume fraction on the structure and properties of the
composites was systematieally fexamined. The results show that the thermal conductivity of the composites
first decreases and thérrincreases with increasing diamond content, reaching 112.4 W-m-K-! at 33.3 vol%.
Mechanistic analysisindicates that interfacial thermal resistance dominates at low diamond contents, whereas
at high diamond contents the enhancement of heat transport by thermally conductive diamond pathways
becomes more’significant. By taking full advantage of the processing benefits of high-temperature and high-
pressure technology, this work achieves substantial improvement of AIN-based materials at temperatures
lower than those required in conventional sintering, thereby providing a new route for the low-temperature
fabrication of high-performance thermally conductive ceramics.

Keywords: Aluminum nitride ceramics; Diamond; HPHT sintering; Thermal conductivity
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