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Effects of sintering aids Y,O; and PrqOy; on
relative density and thermal conductivity of Al,O; ceramics

LIU Bing, PENG Chao-qun, WANG Ri-chu, WANG Xiao-feng, LI Ting-ting, WANG Zhi-yong

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The effects of the amounts of Y,0;and Pr¢O;; on the relative density and thermal conductivity of the Al,O3
ceramics were investigated by preparing mixed nanometer powders through polymer network method. The bulk density
of the Al,O; ceramics was measured by the Archimedes method. The thermal diffusivity was measured by the laser pulse
method, and the thermal conductivity was calculated. The results show that both sintering aids in the alumina powders
can decrease the sintering temperature and improve the thermal conductivity, and the role of Y,O; is more effective.
When the holding time is the same and the sintering temperature is 1 500—1 650 °C, the relative density and the thermal
conductivity of Al,O; ceramics increase with the increase of the sintering temperature. When the sintering temperature is
the same and the holding time is 30—120 min, the relative density and thermal conductivity of Al,O; ceramics also
increase with the increase of the holding time. The causes affecting the thermal conductivity of Al,O; ceramics are
explained according to the microstructure and the theory of heat transfer by phonon.
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Fig. 1 Flow diagram of polymer network to preparing nanometer powder
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Fig. 2 Relationship between relative density of Al,O; and

sintering additives amount
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Fig. 3 Morphologies of Al,O; ceramics after adding different mass fractions of Y,03and PrsOy;: (a) 0.5% Y,05; (b) 1.5% Y,0;;

(C) 0.5%Pr6011; (d) 1.5% PI'6011
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Fig. 4 XRD patterns of Al,O; ceramic after doped with

different Y,03; amounts
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Table 1 Room temperature thermal conductivity of alumina

ceramics at different doping amounts of sintering additives

Thermal conductivity/(W-m K )

Doping
amount/% Y,0; PrOy;
0.5 24.83 23.05
1.5 26.91 23.99
2.0 25.58 23.51

AT B> L ORI O L R RO
K/NBFEAY, SRR 1 RO R LN, 5P
H R, PSR, pEE LA R
B, PRI A AR A A 5 A FE AR
SRS, X UG AR B2 R IX PR AL ALO, Fi %
RS R EEN R BIAEN 1.5%, XH
AR IR AEDN 2 FE AN G A HRIA B Jpe KM . X E 2
TR A S, AL, AR . 4
IINER 2%, PARFE T RN &EA



2306 A G A R

201248 H

L5%I R XTI Y,05 B ESRFE, XAhe2
IRk 2B AL B AT KA (YAG) I 20, YAG 25 ' 4
T AR ISR R G U UM S Tl A AR R I
gk, MR KBRS PreOy, (F1F8
BAFE, ATRERE N —TJ7 1 PreOn MIIIAZIXS ALO;
AT ERER] “H” FIVER: J3—J7 1 PreOy 31
ALO; £ BUE 2 [ AA, f AL O, Sh 4 1) 58 2 1 3]
TR, AL ARSI %, X AR S Al 11

EIA RN, FEPERER. AR IAVER
W, PR PreOy I BRI INAZALAK .

2.2 REBEN ALO; FEMRERIS I

ALO; P BRI A 5 1 15 e 453 B2 1 0% 2% ith 2k
KI5 Jrose BB, Begi DA A 1.5%, ORI [E]
9 120 min. AIDLEH, FEREANEEETEE P, AHX S
FEAE R SR B i i e ok, iR s T 1 650
CI, AN FE R g kT 2% fEAH R 45 iR
FER, S nke g B AR LL2l ALOs P& (1 AR X 2%
FEHS o g FREE R IJR N R EERT, W)
FAR I FE DRI HO) £, Ry #U se ol <
FLHITEAR AN RE 5 R roCa R R SE T, RIS RE
LB AR s AR R B, WA i B
R BN 3, AR BT S SonAseE e, Kk,
B o L E P T v A X R RO A . MR ST
1650 CH, FEAHG %5 FERE KRS T 128, F22
B TReah i BE gk e Ja i, kST m bR g5 It
ANRESE AT 2 REA o IR FE T i, AR PR R 1
I, g IR K, g R, AN RGEERLA
Wi 2k, RRTRRDZE A K . 2 SRR T
BUEA AT, LKA B HE 2 Bl B A RN

95

ool " Pure Al,0;
4 — 1.5%Y,04

v — 1.5%Pr,O,

851

80r

57

Relative density/%

70 ¢

65r

60 . : .

1500 1550 1600 1650 1700
Temperature/C

5 ALO; B BN RO R

Fig. 5 Relationship between relative density of AlO;

ceramics and sintering temperature
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Fig.6 Fractographs of Al,O; ceramics doped with Y,03 and Pr¢O; after sintering at different temperatures: (a) 1.5% Y,0s, 1 500
C; (b) 1.5% Y,0s, 1 650 C; (¢) 1.5% PrOy;, 1 500 C; (d) 1.5% PrOyy, 1 650 C
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Table 2 Room temperature thermal conductivity of AlO;

ceramics at different sintering temperatures

Thermal conductivity/(W-m K )

Sintering
temperature/C 1.5% Y,0s 1.5% PrcOyy
1 600 23.84 22.78
1 650 2691 23.99
1680 27.02 24.06
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Fig. 7 Relationship between relative density of AlO;
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Fig. 8 Fractographs of Al,O; ceramics at different holding times: (a) 1.5% Y,03, 30 min; (b) 1.5% Y,0s, 120 min; (¢) 1.5% PrsOy,,

30 mln, (d) 1.5% Pr(,O“, 120 min
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Table 3 Room temperature thermal conductivity of alumina

ceramics at 1 650 ‘C for different holding times

Thermal conductivity/(W-m K )

Holding

time/min 1.5% Y,0; 1.5% PrsOy;
30 23.26 21.78
120 26.91 23.99
180 26.98 24.04
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Fig. 9 Relationship between relative shrinkage ratio of Al,O4

ceramics and sintering temperature

ARTH B R EEAT, fedbheat. HmARHEK
I, MRS It IR A, S A
AE AT ARSI, A3 i B B AR ATR 3R . &5
EPA, SIS Y,05 Al PreOy i AL e 4 h
I, Al Os BB FOFR A LB DL Gl By A e 2 B [ AH e &5
A, BLBARKESS k.

3 Zig

1) Y03 #l PreOy, Begk B I DA 2 1R e
ALOs P & RAH % B, FLAFDX % B B N & 184 n 5
EFHES, Hh Y,0; BB EHAIRE,  PreOyy
AR TS o 24 Y05 AN 1.5% K45 IEE A 1650
C PRI TE] K 120 min B, AlLOs P s R AH % 4% B 1A
EICPNIR

2) ALOs P& (A % FEAE RS e 453 B2 (1 T e
K, SUREE T 1 650 “CIF,  AHXT8 Ry e
JEHET1-2% . ALOs Fi B #4- T 50 Wl e 4 il 2 (1) T
55 ARG 5 5 AR A FATE A — 0, RIS 2 Bk

3) BEAE ORI TAE S, ALOs M BE A X 5 B2 5
BB, M ORE A TE K S 120 min 5, BEREA
I G%. NI Y05 AT PreOyy U (14 4T 22 12 B Ok b
() SE A T RSO, 55 AFN 4 FEE B DR T 1) 119 4% A R A I
A8 PR 180 min ) ALOs BRI 120 min
ALO; P & T 2 B A ] o

REFERENCES

(1] ZFehs, BRI, E0W), £, x| . s Rit

R B R BE SRR (D], A 4R Ak, 2010, 20(7):
1365-1374.
LI Ting-ting, PENG Chao-qun, WANG Ri-chu, WANG
Xiao-feng, LIU Bing. Research progress in ceramic substrate
material for electronic packaging[J]. The Chinese Journal of
Nonferrous Metals, 2010, 20(7): 1365-1374.

21 sk, Bl il hedtoBl S HEOR K AR BLT]. B R

BEFEERLE S TR, 2003, 8(3): 216-223.
ZHANG Hai-po, RUAN Jian-ming. The development of
materials and technology of electronic packaging[J]. Materials
Science and Engineering of Powder Metallurgy, 2003, 8(3):
216-223.

31 FHITE, SRR SRR LI SRR M. deat: Ao
Tolk AR, 2001.

YING Yan-sheng, ZHANG Jing-de. Alumina ceramics and its
composite materials{M]. Beijing: Chemical Industry Press, 2001.

[4] X S R, O, A Sk, ERE. ALOs M
BT BRI SURE RED]. R (G A, 2011,
21(8): 1893—1903.

LIU Bing, PENG Chao-qun, WANG Ri-chu, WANG Xiao-feng,
LI Ting-ting, WANG Zhi-yong. Research progress in alumina
ceramics substrate material for electronic packaging[J]. The
Chinese Journal of Nonferrous Metals, 2011, 21(8): 1893—-1903.

[51 akAflfs, o U, MEM, B OB, T & RES&E=

99.5%% AL ERBE T [T]. N T AR, 2007, 36(5): 1109—
1112.
ZHANG Wei-ru, SUN Feng, TIAN Ting-yan, CHEN Bo, WANG
Pei. Preparation for =99.5% polycrystal alumina ceramics at
low temperature[J]. Journal of Synthetic Crystals, 2007, 36(5):
1109-1112.

6] SR, & |, HBEH, WHFI. WA et
REMISEIAT]. B HLTHIR, 2004(4): 28-30.

YAO Yi-jun, QIU Tai, JIAO Bao-xiang, SHEN Chun-ying. The
effects of rare earth oxide on the properties of alumina
ceramics[J]. Vacuum Electronic, 2004(4): 28—-30.

(71 BfER, IMUZR. b3 ALO; M REREARELE . RS .

SEVEREMI IR, o RS 1= 2431, 2002, 20(S): 104-107.
MU Bai-chun, SUN Xu-dong. Effect of rare earths on sintering
temperature, microstructure and mechanical properties of ALO3
ceramics[J]. Journal of the Chinese Rare Earth Society, 2002,
20(S): 104-107.

[8] FANG Jin-xin, MARK T, HARMER M P. Effect of Yttrium and
Lanthanum on the final-stage sintering behavior of ultrahigh-

purity alumina[J]. Journal of the American Ceramic Society,



2310

A G A R

201248 H

[10]

[12]

[14]

1997, 80(8): 2005-2012.

WANG Chong-Min, JUNGHYUN C, HELEN M C, HARMER
M P, RICKMAN J M. Influence of dopant concentration on
creep properties of Nd,Os-doped ALOs[J]. Journal of the
American Ceramic Society, 2001, 84(5): 1010—-1016.

FANVE, EHY), A, P BB EAR
SR o EA 4R ], 2010, 20(3): 496-509.

WANG Xiao-feng, WANG Ri-chu, PENG Chao-qun, LI
The
Chinese Journal of Nonferrous Metals, 2010, 20(3): 496—509.

Ting-ting. Research and development of gelcasting[J].

CHEN Chang-ping, GAO Jing-xia, YANG Hui-zhi, SUN
Hong-wei, HU Xing. Effects of ternary compound additives on
densification and microstructure of alumina[J]. Materials
Science and Engineering, 2008, 477(2): 379-385.

. M. dunt: RE TR RAL, 2002.

XU Guang-xian. Rare earths[M]. Beijing: Metallurgical Industry
Press, 2002.

SATO E, CARRY C. Yttria

doping and sintering of

submicrometer-grained a-Al,O; alumina[J]. Journal of the
American Ceramic Society, 1996, 79(8): 2156—2160.

KORINEK S L, CARRY C, PRIESTER L. Multiscale aspects of

[16]

[17]

[18]

the influence of yttrium on microstructure, sintering and creep of
alumina[J]. Journal of the European Society, 2002, 22(9):
1525-1541.

LI Yan-zun, WANG Chong-min, HELEN M C, RICKMAN J M,
MARTIN P H. Codoping of alumina enhance creep resistance[J].
Journal of the American Ceramic Society, 1999, 82(6):
1497-1504.

RIFPE. AR ATEEM]. Bl R A BOR AR,
2010.

XI Tong-geng. Inorganic material thermal physical[M]. Shanghai:
Shanghai Scientific and Technical Publishers, 2010.

RIRSC. TEHURPRL AR SR M]. BB BB bR AR AL,
1996.

LU Pei-wen. Inorganic materials science foundation[M]. Wuhan:
Wuhan Industrial University Press, 1996.

YANN A, VINCENT G, ELISABETH D. Influence of green
state processes on the sintering behaviour and the subsequent
optical properties of spark plasma sintered alumina[J]. Journal of

the European Ceramic Society, 2009, 29(16): 3363—3370.

(4mig  FTHBLD)



