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Effect of In-situ Formed Prs33Al11.833019 on Fracture Toughness of ZTA Ceramics

HONG Yuhong, BAI Mingmin, CHANG Qibing, LI Xiuying, LIU Kun, WANG Yongqing
(School of Materials Science and Engineering, Jingdezhen Ceramic Institute, Jingdezhen 333000, Jiangxi, China)

Abstract: The fracture toughness of zirconia toughened alumina (ZTA, 15% ZrO, in mass fraction) ceramics was improved via the
addition of plate-like Prgg33Al1 433019 crystals prepared by in-situ solid-state reaction. The effects of PrgO;; dopant content and
sintering system on the microstructure and mechanical properties of ZTA ceramics were investigated. The results show that the
plate-like Prg33Al1 833019 crystals can be in-situ prepared at PrgO;; doping content of >1.0% (mass fraction) and by heat preservation at
600 C for 4h, 800 C for 1 h and 1 600 °C for 2 h, respectively. The ZTA ceramic with the plate-like crystals at an average aspect ratio
of 11.76 uniformly distribute at Al,O; grain boundary has the fracture toughness of 6.37 MPa-m'?
compared to the ZTA ceramic without the plate-like crystals.

, which is increased by 88%,

Keywords: composite; toughening; praseodymium hexaluminate plate-like crystal; alumina; zirconia; in-situ

AR A v, TN . P EER  E AR LI B AR E R — PR A AR e A
WeERGE TR, OB A TR 4R IR R, WS T AR 2 e oL,

LW PEAAG, BRI T e A S5 M 5 T HAZIR B-ALO; 451 BB IR #h A& W) (1
N EE LTI, I AEACERIEAR R SN, T SrALLOw T B B B AT 4 I AR IR B B
YERBOIR A M, W EIL S B KA (LaAl, 05 LnMgAl;;010™, Ln=La, Pr, Nd, Sm, Eu,
BRSO Y, SR, R ERE R Y Gd), T HAEKS & e, TR T R
UMW I)\””WHZ??IWLEJ‘%E%PEE S o HIME YRR I E], AR AR
SIVEZE DA S ek s IR A 1) i St SR A BB, T T IR ALO; B 7. An 25O

ek H e 2020-10-30, AT H M 2020-11-29, Received date: 2020-10-30.  Revised date: 2020-11-29.
FEETH: FERESATRITRQ018YFC1903406); YLVGHHE TRl First author: HONG Yuhong (1992-), female, Doctoral candidate.
BARWFF I H (GII190735); TLUGAT [ SRR} 24k 4 ¢ W 351 H E-mail: hyh9216@126.com
(20202BABL204020)% B Correspondent author: WANG Yongqing (1966-), male, Ph.D., Professor.
R M(1992—), &, WA E-mail: wyq8248g@126.com

WEEE: EAGH1966—), H, Ht, #HiI%.



549 5 4 1)

//ﬂi@ﬁ{% ii% E’fiq:ﬁi Pl”o_g33A111,833019*&%E’%X‘JA ZTA K@%*’ﬂ‘l\ﬁ;EQ/aéulﬂ * 693 -

T ALO3-CaAl;,0y0 KRR G, &5 RK 0
CaAl;,019 HCIR i 5 30T 28000 03 G0 42 55
RemFEHOL R, BEEBCIR ARG i, e
P 8. Chen 25U DR R uE . A5 HH K
1550~1650 C ¥ [k B¢ &5, LAAS [ 9 N 0 R
(LaAl;;05~ LaMgAl;;019+ SrAl1,019~ MgyNaAl 50;5)
HEAH, HI4R T BRI A ALO; R 50%
AR IE R SR . M b 5 st mT BUA J
BOR LnAl,O!", I TR &), W
LaAl;0i5™" . CeAl; 055" NdALL O™ o #R 3
PreO11-ALOs —TC RGN, PreOy 55 ALO; f71E
ZA WA, A ProgssAln 533010 RATBCIRE
& Z i RS AR R AE,  HETAE ProgssAly 833019
FRIBIT 9 A5 B T o A 4 g i s U O R 30 o 88 437 v S 1k
PrAlO;-Pro g33A1; 833010 2 5 45 AT R O 27,
Prog33Al11 833019 BCHR fits F P B 15 P A5 4R 0E

A TAERI T PrsOyy T’?‘fﬂ%iﬂ]}%?ﬁ 1 B Xf
Pros33Al1.833010 BOR A, BEM 8 7R
AR EEXT ZTA B & WAl A /e A PR BRI 52

1.1 FER

FALEI(ALOs, Ds=0.16 um, ZIiJE 99.99%). %
EE(3Y-Zr0,, Ds=0.36 um, 4[F>99.5%). &1L
(PrgO11> ZHEE 99.9%).
1.2 #&mHl&E

B S A T E L 85:15 HEATHC
bb, 3G & 253 /KIS R 43 AIFREL 0.5%
1.0%- 1.5% [ (mp, o, / (myy0, + My, ) x100% JTiUGE
B PreOyy, WEARAEE AR T o RS
TN ZTA FR AT ER B VR A o BRESVR & 5 (1 20k
£ 80 CTJ 12h. ki f5, 71 20 MPa N Hsifil 2,
T 210 MPa FA%EEHE 2 min, 44 5 mmx
7 mmx40 mm [FAER o KA HOEON 5 R il H e
KR 1 PR e sl il B AT he g .
1.3 H@REE

KM D8-Advance B X SR ATHHA, 4#H Cu-K,,
FESUE, L 0.02° (2O)FAPFEAT 2 (°)/min M HH
K, AE 15°~75°0 [l W XHRe 85 S AT T WIAH S E
it GASA # A, FIFH Rieveld J7ikHEAT 45 KIAS 15 o
Y% ASTM B311 FrifE, 5ET Archimedes %5, LL2:
B TRKNEIAN T, e T ZEMEH AT
FEOOT 2 BE U E B 7 105 R R AR B B LU A A RHE
FEB S, ALOs ZrO, Fl Progas Al 533010 MRS

FESy 514 3.98, 6.10 glem® F1 4.18 g/em® (Bl =k A
“ICSD JoHLA RSk Edls 7). SR SU-8010 241
SR HL T S5 1% (FE-SEM) % B 3 6 sk 1) Wit T
AT WA A 5, JERCE JED-2300T ZYREHEAY
(EDS)X TG E AT REATRR I . ZEMRFT, H 4007,
8007F1 1 200" H 4T 3 um [ x4 85 X b 4t ARk i A T
PAbEE . FJH] Image pro plus # 44, SR LetE#iE
% AEREATMEIEMTEOL Y, E2lE T ALO;
(AR R, JRAE S i Rl e
UH\U%T Pro.33A111.833019 *HE‘JK%E[ZKO IX%{M%%E
FEAFEA ) 4 DA R BEAL AT 1), Hor g/
FLHE 500 AR

i"% 1 A[E PrqOy @%*iﬁ:ﬁ"]ﬁ%étﬂg
Table 1 Sintering schedule of samples doped with different
concentration of PrgOy;

Holding time/h

Sample w/%
Stage I (600 'C)  Stage I[(800 C) Stage III (1 600 C)

OPr-ZTA 0.0 4 1 2

0.5Pr-ZTA 0.5 4 1 2
1Pr-ZTA 1.0 4 1 2
1.5Pr-ZTA 1.5 4 1 2
1Pr-ZTA-2 1.0 6 1 2
IPr-ZTA-3 1.0 8 1 2
1Pr-ZTA-4 1.0 12 1 2
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Fig. 2 Effect of PrsO;, doping content on mechanical properties of ZTA composite ceramics
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(a) EDS spectrum of point 4 in Fig. 3(d)

(b) EDS maps for Pr in Fig. 3(d)

(c) EDS maps for Al in Fig. 3(d)

(d) EDS maps for Zr in Fig. 3(d)
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Fig. 4 EDS photographs and element distribution mappings of 1.5Pr-ZTA
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x—Mole fraction.
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(b) Rietveld refinement of the XRD pattern
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Table 3 Comparison of mechanical property of ZTA matrix

Sample KIC/(MPam”z) o/MPa Literature sources
ZTA-Prjg33Al11 833019 6.37 637.86 This work
ZTA-Ba-f-Al,05 6.40 338.00 [6]
ZTA-SrAl12019 7.82 168.00 [40]
ZTA-CAS 6.73 556.35 [41]
ZTA-LaAl;1O5 7.30 535.00 [42]
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