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Abstract: GdPO, is a potential thermal barrier coating material, but its fracture toughness needs
to be further improved. In this study, SiC,, was doped into GdPO, and their high-temperature
compatibility, the formed reaction products, and effects of doping on the fracture toughness were
investigated. The results showed that SiC,, and GdPO, underwent chemical reactions, and the
reaction products were doping content dependent: at 10 mol% doping, they were composed of
Gdy 35(S104)60; and SiO,, and turned to Si0,, Gd,Si,07 and Gdy 33(Si04)s0, when the doping content
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was 20 mol%; At a higher doping amount (30 mol%), the reaction product was basically Gd,Si,O.
The reaction products had positive effects on the fracture toughness. The composite with 10 mol%
SiC,, had a fracture toughness of 1.37 MPa-m"? + 0.1 MPa-m"?, about 20% higher than that of pure
GdPO,. The toughening mechanism is that the newly formed phase can reduce the driving force for
crack propagation and produce fine grain strengthening. In addition, Gdy3;(Si04)¢O, has a low
thermal conductivity, which benefits to the thermal insulation performance of the coating.

Key words: Silicon carbide whisker; GdPO,; Phase composition; Second phase; Toughening
mechanism
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1250°C I}, FRBIUIAY CMAS (EE R/ N CaO-MgO-ALOs—SiO, 4R WAk, KILKEE) *Hig
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Table 1 Physical performance parameters of SiC,,

Decomposition temperature / K 2973
Linear expansion coefficient 2.98x107°°
Density / g-cm™ 3.216
Hardness / GPa 9.5

1% %
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Figure 1 Schematic diagram of the measurement of
fracture toughness by indentation method
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P 2 R A A ST VR AUB R E ) 4 1 GAPO, JERIHMARAE B T /5 19 XRD B . M Hm]
DU H, 900°C fEIRAKLIE 4 h J5 18K XRD B0 SR HUbEE R R AR, ATSF0EsEaneE 2, A1
S T, X RN 2 iR AL EE, B oK SRR 4h SRR R AT, AN SE A4 A S R A I SR AR D
Kl 3 (a) N SiCy 1) XRD K&, HATHUEAAE, {THFERAL S, A Mg, AR, KBl 3 (b) M SiCy
AR RS A, WA RAKFPIRASEE A, KAt BR, & E SR K, S0 2 FUHIE A 2R .
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Figure 2 XRD patterns of GdPO,4 powder before and after heat treatment
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Figure 3 (a) XRD pattern and (b) SEM micrograph of SiC,,
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K4 [ SiC, %2 28K A SEM B F: (a) 10 mol%; (b) 20 mol%; (c) 30 mol%
Figure 4 SEM images of powders doped with (a) 10 mol%, (b) 20 mol% and (c) 30 mol% SiC,,
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Bk HIFEFEGE: AR fhE R — MRS TR MRS, KT NS ARCE R, mx
R e s a4 5 NG v i R - S T e S B B S TS TGN 3 1T (1 g 2 YU N
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PRZ A MRS A7, B T RRARE S AR SR 2 45, AT 53 T e ATk s A 64 mh 1 2 e v 2

Kl 5 (a)s (b) A1 (c) 454 SiC, B 44 & 10 mol%-. 20 mol% #1130 mol% i SiC,/GdPO, FE&k ik
XRD K. {8 Jade B KBTS XRD B S5FRAEY)T PDF = 7 HUxS, e 7 AFE S5 e &%
TR A4 . 24 SiC, B4 N 10 mol% I, k&R N AN GdPO,. SiO, 5+
TERR ER EU K AT [Gdo33(Si04)601]5 24 SiCy, #5445 20 mol% i, FEZE R H 2 B Si0;+Gdg 33(Si04)605-
H1 GdySi,07; GREEIEINF B2 F] 30 mol% B, Be4hifRH Gd,Si,0; 5 SiO, IRk PR AT LARA 2
BEE SiCy B =M, SiCy 5 GAPO4 FER I S MR K R 5 2% o 24 fR 2045 Ak f A Bl — 8 1, GPO,
Fefh 2 5 AUE A R BAE S GdaSih07. mAlBAE N 20 mol% B, SiC, BAREIEA L LUE SiCy 5
GdPO, FAAK [ [ S F2 58 3047, BLsr B 379 Gdo33(Si04)602+ SiO, Jhs& A=)

6 (a) i NARB IR SiC,, 4l GAPO, LA AR IS SEM M fr. WEIH ] LAIE H, GdPO,
kL SFAE 20 um BAPY, FPEIECE . I 6 (b) N 10 mol% SiCy, 324 GdPO, K245 1A SEM & A,
AT LR BAS FE B AR AL A, 2 Bbsm o A CREFTE) F B (H R E). XHMLEY A f1 B
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Figure 5 XRD patterns of the bulks doped with (a) 10 mol%, (b) 20 mol% and (c) and 30 mol% SiC,,
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Bl 6 1 [F SiC, # 4 & B 45 1 L4 45 SEM B 7 (a) 0 mol%; (b) 10 mol%; (c) 20 mol%; (d) 30mol %
Figure 6 SEM images of sintered bodies doped with (a) 0 mol%, (b) 10 mol%, (c) 20 mol%, (d) 30 mol% SiC,,
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HEAT EDS 7041, SR WE 2 Fin: A HEH 1745 at% Gd. 16.59 at.% P 1 65.99 at.%0, B 1 &H
21.34 at% Gd. 15.08 at.% Si 1 61.57 at.% O. %54 XRD W45 R, nlHiik A N GdPO,, B A
Gdo33(Si04)s0,. 5K 6 (a) XELRBAKIL, B GdPO, fki R ~F/NT 10 um, Sk B4iik. 25—
AR T AL R R R . BT 28 ARSI, @S ee A, i TR, BRAS ISR,
2 SiCy, B4+ 8N 20 mol% Hf [ 6 (¢)], GAPO, FEJE F7E 5 A B L2 N =4, M XRD 43 #r4s ok
E, XYL E 2. 30 mol% SiCy 7% GdPO, K4tk SEM Bt 6 (d) Frw, 78 Bk
Al JL—Y SiC,, (B), HAKIMBEMN GdPO,, XAIRERH T SiCy BRI N, FE 3 AR 5E
ZVHFE T GdPO4. X HEAT EDS 738, 453RA TR 2 Fim. 456K 5 (o) 1 XRD 455, w#iE D
F1 F N Gdo33(Si04)60 -

* 2 E 6 #1449 A~E 8R4 (at.%)

Table 2 Chemical composition of compounds A ~ E (at.%) in Figure 6

Gd P (0] Si C
A 17.45 16.56 65.99 — —
B 21.34 — 61.57 17.54 —
C 29.64 — 49.61 20.75 —
D 25.50 — 50.49 24.01 —
E 12.14 — 36.33 31.72 19.81
F 19.67 — 61.01 19.32 —

% 3 57 10 mol% SiC,, #5825 1K 4 [XBE 2 An iy 4] 14
Table 3 Vickers hardness and fracture toughness of the sintered bulk doped with 10 mol% SiC,,

Material H,/ GPa Kic / MPa-m'?
10 mol% SiC,, — GdPO, 0.68+0.3 1.37+0.1
GdPO, 4.93+0.3 1.16+£0.2

XPREEAHAT T AERBEENE . BT SiCy B4 20 mol% EX 30 mol% I, SiCy 5 GdPO,
AR B GdySia07, SCERPHRIE GdySi,07 BOCRUREST, FAHM T ekl (AR,
A SIS AT K Gd,Sip O, 4 BAE B K M 58 o 451 T T i (9 7325005 7 10 mol% SiCy, 524 ke
GEARYE FHRERE Hy MM Kie, 45 BAIT3 3. RT3 3 367G 4l GAPO, Kesh 4 1) 4 PR FE Al
WrEgItE, FTRLE 10 mol% SiCy, ISR B R 1t 3 i 7L 20%. H S RAE T

(1) —fetE i LS MR SRR B ek R AEBA R (K7 )], HEiRH o
(R /N T 58 AR AR T4 e A 2L E00T 5 BT Ak B AL B A B R} R EUR i — 5
PR, A AT RE S EGURT u R AR TR AL, JUFL R A AR AR R A X A 18 A S TR A
RS 75 1) R A e i, RS e R TR (K7 (b)]. RarmiHFe T es, LR
uiid R IK SN FIREAG, TR AR

(2) B ABRLF ISR & T S TR, S0 T AR RO, AN T SRR AR, 8 A SR
PR T SRR P 2L

SiCy, TE Ml N5 GdPO, J A= B[ T HERR S 8 A AHRESE iR GAPO, M. 2R, BEE
SiC,, B BRI IN, 72A RIS AR 0 —RERR SR AF T B A MR de s . ik, ~E 3
BABFIMERE SR, SiC, BARENKT 10 mol%. [N, A7 BT SiCy, 53Rk X
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Figure 7 Schematic diagrams of the crack deflections

B2, PRI S AVESG WP RYERE, "R BAAL S, WifE SiC, R EE ALOs, FRL
SiCy 15 GdPO, %/, IEF|FHZUEH] GAPO, Z H . BEAk, JRMIZRLMT Gdo33(Si04)s0, B AR AT #
S5, HHTREM IR A

3% %

A% T SiCy, $B2=M GAPO, M A (524 E 518 0 mol%. 10 mol%- 20 mol%F 30 mol%),
TERSLER P FE b ESAR), SiCy M GAPO, KA ETR N« SiCy 544 E A 10 mol% I,
S FE R Gdg 33(Si04)60, F Si0,; Bl 5 A< 2 I3 11, SiCy, 5 GAPO, A4 1) 5 MK 78 47 30 mol%
BARER, REREARH GdySi,07 5 SiO A k. R4 KEIRENET 10 mol% SiC,, 4% GdPO,
Ik EIPE, 4 1.37 0.1 MPa-m'?, H4E GAPO, 325 20% 4 . BHIHLEE)y: SiCy, 5 GAPO, 3
A RIS A [Gdo 33(Si04)602 A1 Si0,] — J5TH AT LIME RS, PRGN R IREh JIBEAR, )
— 5 T AT CAZiAk fR ok, B gl dR s e R o
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