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Effects of Y,0; and Al,O; Addition on the Properties of Hot Pressed AIN Ceramics
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Abstract AIN plates were fabricated by hot pressing at 1700-1900°C using yttria and alumina (3 and 10 pm particle size)
powders as additives and characterized: density, thermal conductivity, transverse rupture strength, and grain size measurement by
SEM and EDS. Density values of 3.31-3.34 g/em’ are largely attributed to hot pressing of powder mixtures in carbon mold under
N, atmosphere which caused effective degree of oxygen removal from yttrium-aluminate phase expected to form at 1100°C. The
grain size of hot pressed AIN was almost homogeneous, with size approximately from 3.2 to 4.0 um after hot pressing. ALOs
powder of 3 um particle size resulted in better transverse rupture strength and finer grain size compared to 10 pm ALO; powder.
The thermal conductivity of AIN ranged between 83-92.7 W/m-K and decreased with Al,O; addition. Fine grain size is preferred

for better mechanical properties and thermal conductivity.

Key words AIN (Aluminum Nitride), Hot pressing, Sintering, Thermal conductivity, Transverse Rupture Strength.
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3t A7 Zart gloh diigew &4 2=E 1750°C
AER 23 AIONS A £58 dAA 2E F
Qb0 3 Ak o) ek AINSZRE ] i A
7] BgL Y=o whlEsEE ALO; YA =77 &
2gte] wWEkr AN &ZAA S 228t T & o] Fozl
the Abde] & 9Bz 10um, 3um ALO; ¥
S ARR-EI] AIN-ALO:-Y,0; A3EA 24A ] viA
Tz, 974, 33 39 A%, 2, ¢dss 9 ARt
o] 22 ZAE AFLE Y,0; ALOS FA43 ALO;
ro] ol uiet ojB A WA dAEth

Ao A AIN HEAE A 23517] $181A4 hot press
FTAL YA 53] 7MgAaE Aol vikld, 4t
A, 7k2A, L5, dE2A, £497] 24 T HA A
o7} Ao, AF AAAES 7IAH Fr 3 €A
T EA 9gg vzg. £ AFdA s ol2E hot
press 24 ZAE 5 24 A9 24 € 4% AN
24EY B4 v dFS HESAG.
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2.1. AN hot press A2ZX2| XM=

AIN hot press 2449 AZUHE Fig. 1o el
Ak 2FAFAZ AFEE dE BEA AN, Y05 %
ALOsS F8 EAL Table 10, Z} 8 29 1A
FzxE WEE Fig 20] et AR JA =
Ao Table 201 VERAITH AIN €35 22H(1.13 um)Z
Y,0; £2(3-5 um)e A12F S (reagent grade)°]UL &
£BY e HER BN Table 19 +5F 3l31
Fig. 3o Yo} A= &Z4A9] XRD 4#4E B 4E &
&80 9g SgHE ¥ HEAHA askth. 500 ml Jar
o AIN % 275¢, Y,0; % 13.75 g(5 wi%), AlLOs
Ba 275 g(1 wt%), ALO; ball 1,238 g, NH,OH 5.5
ml, EtOH (99.5%) 550 mlZ ¥ 24 A7+ &< ball

Table 1. Characterization of Raw Powders.

Sintering additives

AIN powder (Y,0, & AlLO, powder)

NH,OH + EtOH
solution

]1 Ball milling for 24 hr H

| Drying&sieving |

H AIN composite powder ﬂ

H Molding ”

Hot-pressing

f[ AIN ceramic specimen “

Fig. 1. Experimental procedure of the hot pressed AIN
ceramics.

3 55 " 4 "
(saw':s,u.w'.@w N seh sl woirmmratnsehy” T Hibdae
3 ¢ % R

(a) (b)

Fig. 2. FE-SEM microstructures of raw ceramic powders: (a)
1.13 um AIN; (b) 3.2 um Y,0;; (c) 10 pm ALO3; (d) 3 pm
Al:()}.

milling 8ted AIN £8]8]& AlZ38H vk NHOHE ball
milling media®] pHE &3] A8t &2 437 &

Properties AIN Y,0; ALO;
Shape spherical needle-like spherical
Particle size (um) 1.13 32 10.0 3.0
0.83% O 0.04 ppm Na
206 ppm C 2.1 ppm Fe 0.02 ppm Fe
Impurity Level 226 ppm Ca 16 ppm Ca 0.06 ppm Si
43 ppm Si 0.1 ppm Mg

12 ppm Fe
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Table 2. Composition of AIN powder mixtures.

opdyt - MHs - AR

Sample name AIN (wt%) Y,0; (wt%) ALO; (Wt%)
5Y 95 5
5Y-1A10 94 5 1 (10 pm AlLO;)
5Y-1A03 94 5 1 3 um ALO;)
(b)
5000 ¢ ° - —— - 7000
4500 - @ AIN ¢ @ AIN
3000 | ®Y,0, 6000 .
w00 | . ® AlYO, 500
= oo} . @ ALY,0, E - .
£ T .
2000 * *
o0 l ’j.
4|

20232528303335538404345485053565861636668871737678

2THETA

202325283033 353840434546505356586163666871 737678

2THETA

AIN Y504 ALO; AlYO; AL Y40,
Strong 3322 29.36 43.36 34.20 29.50
peaks 37.92 30.92 35.14 23.70 26.60
@) 36.04 27.00 57.52 49.00 30.60
Element weight% atomic%
N K 35.82 53.44
Al K 58.36 45.19
YL 5.83 1.37
Totals 10000 100.00

Fig. 3. (a), (b):Hot pressed AIN ceramics, (¢) XRD pattern and strong peaks of hot pressed AIN ceramics.

A& WAL £4F A1E 5202 HIHKdeflocculant)st
Aeh'? Azd £82E heating mantleS o] &3] &
gebEA AxstEen, 110°CY Ax7)oA 3417 F¢t
A AZANZ G AZRAZ £ B4 £ 500 mesh
9} sieve® ©]&3lY FdT AV|Z AHIHEE AT
A7VE FHE vHR AIN-Y,0; 2L 100X 100 mm
FAESO, AIN-ALO,Y,0; BTE ¢ 4"ID) SAEC

2T
AAEL o]F TP Z(Hot press, Kovaco

2

KHP-350)00 33 5 2 2% EFAE 2904 30
kgfiem® 22 13} 714 Aok 13} 7igte] @59 F,
rotary pumpE ©]&39 2 R ¢l 107 torr}
2 w7Ex wi7] A7 F A4S o 101 kPa 7ER] A
2 F 2087 AAIIAZE purge ST oluf E ¢to
2 EYEorle 2avkke] §%E 20 m/min®] H=F
ZA314 ) Purge’l 9EH F 2F 25714 15°C/min
9] £E2 $2AA AT B FAG F 247 Fet
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AR Wzhstdch 7iHe 1,500°CelA % 75 kef/
om? X9 &2 A3 71EH T, AIN-Y,0:9] #
Z 27 AdE 1,900°C A, AIN-ALOs-Y,0;2 3%
27 AoE 1700°CH 1750°ClA 30 kgflem®®] 482
2 A7 B9 71 AEE AT 2 12413
ot Wzt 7] & Fig 3(a), () 2 T HF
AIN 2Z2A4 & HAd3dTH

2.2. AIN 2ZHe| SHEHN

Hot pressing #3& Ax A2 AN £2ZA = KS
L 1604 72 (¢12.4 mmXx2.4 mm)ll @} laser flash™¥
& WA AEEE 2son, 33 38 A= (Transverse
Rupture Strength, TRS)E KS L 1591 7HZ(3 mmXx4
mm X34 mm)] wet BAEch B & dTolME
AIN 23A 9] t)HTxE Hotslr] 3] FE-SEME ©l
g5l AHe) SHEE FASA

3. @3 ¥ uF

3.1. AIN 2Zx 2 B2H SHEHN

AIN B2 AAZAZ Y,0;, 2 ALO;E H7HsE &
hot pressingdt] Ax& AIN 24A9] &) 54& £
23 AE Table 391 UERAACH AINS H]F< 31
24 gAEEr} B Ao A ded, olv ¥
A% 2oy & &84, diamondd YW AAFZ
AR 3 Y7] gEolth AING iFE AAe] H7tE <
& AIN Azl 713 FA8A Ho) dARET #4aH
e E4L wolA e, 2 dFAM L0 E Swih
A7} AIN 22AY GAEEE 927 Wm-KE +
23 EAL JeERIUT) o] gk HZo| ¥ AINY €
AEE 7 200 Wm - KPRTHE O 2oz & £ 9
o B d7e EEQ AN JE ZE|ES UE A
= 2EX9 33 73 A= 59 AW A 443 =
Ae EA7)HE GAEE EEX T3 ofd 7 3%
oz 248 Fart Ak 3 FF F=x 46.16kg /
mm® 2 EAEHAE, ol ¢Rvu 33 33 A=
(30kgmm)ETt & Ao veht 7jde] FA Ha
2 A% AL HA  F Yo} HeE 5T A
oz Bt} £ JF 42F4A 9] HF 4R Alel=

-

2

t o

il

E 4pm Aom, ¢ 33 gem’?) WEE T Y= A
o2 ZAEI.

AN B 2AZ2AZ Y,0,8 ALOE ¥ FHE
AT AL Y,0,8 §EoF F4E Al wsle ¥
&8 223 EAL JYehled, ol A7E 48T
8] xo} 2A e 2 FHY ol 7T A
o2 Btk ALO; HERTY Yd=rt FE EFHE B
& v A& 3 pm ALO;Y E7F Al ball milling 3N
darge 24 @ A4l gl wat 10 um
ALO:E A7IE wo wsiA 2AAY XLt &
3p7) W2e] 2 EF EAo] 3l Vel A
o Helth

AN 2ZAFANN 1 wi% ALO:¢ F7tel weh o
e AL 71E3 AFe Aoz HoleH, o FA
A ka2 BEEo] UAY trapHe] AU W X
22 AANAM QAEES I Ao Addd. E
3 2AZAZ HF LT ALY B, &F TR T
TEHE Z/MAN ZE € AL @3¢ fzde o
e g we A 23] HEold, 2FY #aE ¢
o A 271 2 7|FEY Fh @Ao] wAsd 7
E7t 2% 2718 Aoz g

2 Q978 B35 AN 2249 27 d=E ANY ©]
BYT 326gem’ BT} Tk & A2 Yeted?,
I o)HE FHE EEE ol&sly Ah EHNAM &2
oz TR 2& hg-o] YojubA yttrium-aluminate
o) BAE Aoz AZATD

ALY, 05+ N+ 3C — 2Y,0;+2AIN+3CO

Y05+ N+ 3C — 2YN+3CO

o] A% 09 ¥=rt £AA Y] YREThs FHAM H
& Zolg d4Er.

gAEEE A2 ALO;Y A7l wel ZAistH ot
ALO; 98 B2e] ¢ whjgso. 2 olfe €
Ax7t AIN 2R EL webd dojuhB R 10 um37)9]
ALO; €8 2% A143 A%, 3um ALO; 98 BE
& AHE3e W 2ot 2P o] ok EARUE
& ¢ 5 Uz FEFHoUR FAY Aleje] dAlAe]
3um ALO; 98 BTE ASIS o B Aoy

Table 3. Mechanical and physical properties of sintered AIN ceramics.
. Results
Properties
5Y sample 5Y-1A10 sample 5Y-1A03 sample
Thermal conductivity (W/m - K) 92.7 83.0 92.0
Transverse rupture strength (kgf/mm?) 46.2 45.0 46.1
Average grain sizes (um) 4.0 3.6 32
Density (g/cm’) 3.30 3.34 3.34
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Fig. 4. SEM-EDX images of (a), (b) AIN-Y,0; mixture, and
(c) AIN-Y,0;-Al,0; mixture before hot pressing.
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Fig. 5. FE-SEM & EDX image of 5Y AIN.

(a)

(-

=
o«

$4700 15,0k Smm x5 00k Sf(U} “’;'

(b)

Fig. 6. Microstructures of post-TRS samples: (a) 5Y-1A10
AIN; (b) 5Y-1A03 ceramics.
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