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m E: FRALE. {E. BRSET=MREFERNETHER, 2HRY LaPO, ME.
WE, RIET ZMBLEBRER LaPOs B BELEE, ST RERHE4E. Fa,
ETF Al,O3 #1 LaPOs HIZEFERBLE S RE, REREHET THERSSHASLHLY
40wt%Al203/LaPOy TN TXE &4k

3% @ 8: LaPOy; hEthfE; BWEEW, ThIME

hES%S . TB321 XE#HFHNE: A

1 5]

FENAESELZFFEAM (fiber coating) W F R ELLF LI RBEEL SN
(Continuous Fiber Reinforced Ceramic Matrix Composite) SEER 43k . 5] FEFRBHERTR) &
MEMEREA RN 1 AFEHBETEEEEAHHAERER. RAESSKR, Xt
REFTRELHETBR HHERENRFE THLEEREANTHERERS. &
W, BARRERRIENEIBE. BEARWER (C) AT AW (b-BN) BRE BNTE
Wl 3 ERESBE A ERE T e e A Y. E4%, J.B. Davis # D. B.
Marshall®! % %8 : LaPO, REBAFBMEA (A 2070+20°C) WE LW A E %R EM
B FANESRGEELSE. YAGHRREWLFEER (<1650°C) MERB[FE, XAFFLH
HEBE, WHHATREESHEOEREE. 55 FMER LaPO, BERESEHREH
I RE S L, FAEA R T bR ).

ETFXFEEE, LaPOy WA TRME] ALOs FE MY M & EAM B RH R ER
HMETIMTHE EaHRIBTXMHERAERARLME, RERBRET LM
7, BEBTIHFERE., SR, BRMHHERNR, BE T RTEMTTMT
HEE. EBHETENIEREE XSRS FEH £ 8 LaPOy MERETTH ., SEHeE.
BMAHUTIRRE. AMEMALERS ., RERES. BRSEE TREH ST LaPO, B
B FEBFRTEMNORELRE, SW178. NEEHEBRBHMEN, FRNRT. fiET
AL Al,O3/LaPO, H &1k
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Matrix© /7 HsPO, KWW, KEMNEERBEYSL
Interphase ' HAEMR, RETBAT:
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Fig. 1 Interface illustration of fiber reinforced R 740 P K BT K i 2 DR VR pHL £
ceramic matrix composite J& 7. LaPO4 ¥ #E 1000°C 445 2h, XRD

FRRY =Y HHAH LaPOy(monazite-type) FiHH. R/ M BN R BRER S, UL KZ B
N (BFBE Jv B 35 B4 2R) BREE 24h. F A RS &Y (R-201, B %) - F 845, 1T 100 B 7%
A LaPOy ¥k, ALO; HEREEWHE £ TEHR B R 0.25um fY a-AlOs(a &
B >95%). MIBATHILRER 1 RB% UM (6], LaPOy WHk 5> Bl FI Jo I #245 (1600°C/2h,
Nabertherm, Germany) , %545 (1450°C/2h, [E} 25MPa, H A B Lo A2 4 &
High-multi 5000 & F & S &) . BEBESE 744 (1350°C/3min, [ # 25MPa, Dr Sinter 1020
SPS, Sumitomo Coal Mining Co., Japan) i % i LaPO, Mg %&.

2.2 HEERERR

R AR LIVBMI., #X)E, FAHKE (Achimedes method) U & B BE. K5 4T
HERR, W, NETRESHEHENNE. §H= ST H%EEHEHE AG-2000G &
RTARELBINEM SN RTRENBEEER, KRERTH dmmx3Immx36mm, 86
30mm, fNEFE B K 0.5mm/min. f HV-10A BB F RS RO EEREE. fH X #4145
S (Model Automated D/Max RB, Japan) il SEM-450 394 5 F 8 4% (Hitachi, SEM-450,
Japan) , LEO-1530 (Model SEM LEO1530, Germany) 3 & S 13 #i ¥ B & S48 4
EEE B M. FRREERN T ILERSH & 40wt% Al,03/LaPO, E&kH, 3/
FEWE R RET I TR RE. M AHER S B#ME (Olympus SZx12 DF PLFL,
Japan) M Z T RHEEFLIE A IE£.

Lk T IRG R

3.1 REFESMHA

RIARFRERE (TERE . RERY . RESEFREE) & LaPO, MR KL
TZ BEABEMBRRY. BRTH, RERS RERS. RSB THRE) BERE
R &K 150~350°C HREE AT, MBEABRENE. BEXERF R ERNELRF S
RERMERTRALUBHEAMAR . SALTRPHRERERETTHNEERER
#iJ7 M #y XRD 2551 5 18052 08 A T8 I B 45 U 9 XRD £ R5AT H AR, DA (200) 5 (012)
By U T AR B LB SR R AE P IR R 4 XA B S . [ 2 W E B 45 LaPOy BN
F# XRD &5, FRSGHT 8 ERKMBFERN LaPOy MR T ERLE R LaPO, &
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f7 XRD %5 5. B HH LaPO, BHAM T E W

B i LaPO, MRS (200) A1 (012) M T )
By H 51l 5 31 9 0.6370 7 0.7232, T e £ 3
) LaPOy P %147 A1 32 B3 F J (v e T B

f H) 43 51 0.4116 11 1.8680, i #h I B2 45 w
LaPO, Mg %77 7E ¥ T B 4144 . 3 \‘__.JL
R2IIMT RIERE . BERE . : !

Intensity

B 5B T e 4 ] 4 ) LaPO, M9 %5 S B 7 A
SHERE. (BRI RS LaPO, §9REHE R i

fi& (Hv: 4.48~5.2GPa), 5T i1 T3 & & B 2 &% LaPOs MIEREE., HIERE
B (Mica glass-ceramicl®: 3GPa; TisSiC[21°]: LaPO, P&/ XRD %R

4~5GPa) L. TR R RIEA BN T 6k Fig. 2 XRD patterns of LaPO4 ceramics by
WEERE, —BKE, BERE, MR different sintering and processing methods
0T BE R 5 (a) || HP direction; (b) L HP direction; (c) By

pressureless sintering (d) Calcined LaPO4 powders

R1 ZHFERYE LaPO, ENREFERMHNRBLER

Table 1 Densities and processing conditions of LaPQ,4 ceramics

Sintering route Sintering temperature/°C Density/g-cm ™3 Grain size/um
Pressureless sintering 1600°C/2h 4.94(97.4%) 1~3
Hot pressing sintering 1450°C/2h 5.01(98.6%) >3
Spark plasma sintering 1350°C/3min 5.11 >3

xR 2 SHAZERE LaPO, A H3EEEE
Table 2 Typical properties for layered LaPO,4 ceramics by different sintering methods

Sintering system Bending strength/MPa Elastic modulus/GPa Hardness/GPa

Spark plasma sintering 1350°C/3min 130.18 — 5.2
Hot-pressing 1450°C/2h 136.77 209.04 4.48
Pressureless sintering 1600°C/2h 101.82 99.62 4.86

3.3 BENREH

& 3(a) AWARE S MA LaPOy B 7E 1200°C #2558 2h ERIMMATE S, SHIRPARE
JORMERE. E3(b) . (). (d) BHATERES ., RERLE . HAEE TR LaPO, &
MR OB ANTERES LaPOy RSP TUAWET : KBS RBRERANEFR
oM. R REABATRER, WHSEK (WTARFREW) WRERRRBER.
BMEWE XRD £ R —H, HEWR LaPOy EREBEI Bt Emek, LKk FHER
FREFM, NFEARWEMAR. ERAT LaPO, WXMEFWREH, #HEMHFEM
TR =EWHNLTIFE LaPOy B RE . 'R, HHBREREHL, XML
TR S5 b He) 9 M A o O O 3
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B 3 fBiELaPOs MEERETE., BE. BBEEFHRYE LaPOs BEH K D4R
Fig. 3 Scanning electron micrographs of the calcined LaPO4 powders and sintered layered LaPO4
ceramics
(a) Calcined powders (1200°C/2h); (b) By pressureless sintering (1600°C/2h); (c) By spark plasma sintering
(1350°C/3min); (d) By hot pressing (1450°C/2h)

3.4 THT AlLO;/LaPO, EEMENBIE SR

M EMEEN T RS, FERRYRTMREMERTHRL. EINERFTERT,
XMW EERE R EMBREMBEA EERR, WA a3t MR
ERMYT. BFELBHRERMREHSL BRUNTHEAIRITEERANITE WA
MM LB T TRE, BFRAFHER: BHTRERE. BBHE RO
FHMHSEEREES: EMERF LER—FERAREBEEOM. FmRkfe
FREED. B, ¥ MIABF LW RYTHEHFERHFEOHEMRE . 1hE BE
BEIHFERER. HRRL. BaMHMERKR. BT, @31 ALO; B FH N ER
# LaPOy M, 7E AlO3 & F EFEM Al O3/LaPOs S5, EM BB TN THERERE.
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4 HAABEREGEWE X
%t 40wt% Al,O3/LaPOy4 E & # B (LEFE
g, 1600°C/2h) &FLE IR R LRE.
Al O3/LaPOs HAM B M ITAERHEEE
EROTHALTHES AlLLO3/LaPOy F
R FE HFiE, BARDFARE . B LM
B . B 5N 40wt%Al,05/LaPOy
AR O BMEHH KB TFRNER
S TR BREHET a8 R LaPO,
#- B AR LaPOy MM TE ALOs &k
BRE, SRR ERNH, T B 4 BREZMELIT 40wt%Al205/LaPOs
Al,03/LaPOs AERFBAE. H& B % EAMBILERED 5
ECHE JE 2 6.3:£0.45GPa, 386 T8 8 70 B 1o Fig. 4 Hole drilled in machinable
8 AlLOs BREFF (12~19GPa), FlB L3 F 40'wt%A1203/LaPO4. cerar.nic composite by
TR Tl % f R (Mica glass-ceramic: using cemented carbide drills
3GPa; Ti3SiCy: 4~5GPa). ¥ E Fik#y LaPO, W MEI AWM ES, SEMERHAE,
REAERREE ST I TAE.

A
L

M, : 2 ) N 4 R, & i : D . W “.&"'f
M 5 RERET T 40wt%Al,0s/LaPOy & HBH W OB AR
Fig. 5 Scanning electron micrographs of machinable 40wt%Al;03/LaPQ4 ceramic composite by

"rm
T TP —

pressureless sintering (1600°C/2h)

(a) Second electron image; (b) Backscattered electron image

4 ik

B L ERRS, RERS  HBSE TR & T REELN (>97.4% Eik % K)LaPO, Mg
%. JlE T SRR TR 8 LaPO, BB M EE /2. BMEHUERIN, LaPOs
ERENNEHRIE RGN, RERELBIEEHBNEN. MALERETERET
] 8 A & 4 Sk B FL Y 40wt%A1,05/LaPOy B & 1M, X FRH#H Y BE B 6.3+£0.45GPa.
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Mechanical Properties and Microstructure of Layered LaPO, Ceramics

WANG Rui-Gang, PAN Wei, JIANG Meng-Ning, CHEN Jian, LUO Yong-Ming, CAO Zhen-Zhu

(Department of Materials Science and Engineering, State Key Lab of New Ceramics and Fine Processing

Tsinghua University, Beijing 100084, China)

Abstract: Dense and layered LaPQ, ceramics were fabricated by using pressureless sintering,
hot pressing and spark plasma sintering . Densification, texture and mechanical properties of
LaPQ, ceramics by different sintering routes were characterized . Based on the. formation of
weak interface of Al;O3 and LaPO, phase, machinable 40wt%Al,03/LaPQO,4 composite having a
hardness of 6.3+0.45GPa, was fabricated and characterized by using cemented carbide drill.

Key words LaPQy; mechanical properties; microstructure; machinable ceramics



