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AIPO,BHEEHM EAREEMEHEME L TR

MXA, molé, ¥z, Z6%
(HA R THAE LR AT EEEE, ROARKE, % 710021)

8 E: R AUK TR ARSS A A G T2 C/C EAMERTHIT SiC/AIPO, A2, (§8) X H14k
FESHL(XRD) FOHHE L5 (SEM) X E G 1 2 1 S A BRI A EE A HEAT T RAE, T RUAF5E T AIPO, fAHES AR &2
AR WSS R BUEACTERERI R . 45 R ALPO, SARGS X B A2 I B A KA PR e A R R
M. SR FHA DEBIBEIR AR ( B-ALPO, ) (AR A I il 45 0 UR 2 LR B A, 1R 2 A BN R 25 LR IZ WA R 2
W, R A JERIBEIRAE (T-ALPO, ) AR (A T il 45 R 0 2 1 S50 8 M IS8 S PR AH L 1 B-ATPO, AR R 4, (&R
IAFAE— S8/ NLH R 2 5 3R IR AE S0, R AT A e R R 57 (C-ATPO, ) (i AHHA T i 45 19 1 2 B 330 HLJCHA (8
ML, SHEKGSE RAF. C-AIPO, fSAHA AT i £ 19 1k B B BT i B B Ak Be L U )2 R AE 1500°C 12 AR
A4k 21h JF R 0. 41wt% .
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Influence of AIPO, Crystalline Structure on Microstructure and
Antioxidation Property of Multi-layer Coating

YANG Wen-Dong, HUANG Jian-Feng, CAO Li-Yun, XIA Chang-Kui
(Key Laboratory of Auxiliary Chemistry & Technology for Chemical Industry ;- Ministry of Education, Shaanxi University of Sci-
ence & Technology, Xi’ an 710021, China)

Abstract: An SiC/AIPO, mulii-layers coating was fabricated on the carbon/carbon (C/C) composites by
using the pack cementation’ and the hydrothermal ‘eléctrophoretic deposition method. Phase compositions and
microstructures of the as-prepared multi-layers coating were characterized by XRD and SEM. The influences
of AIPO, crystalline “structure on microstructure-and antioxidation property of the as-prepared multi-layers
coating were investigated respectively. Results show that AIPO, crystalline structure has strongly influence on
the microstructure and antioxidation property of multi-layers coating. The porous coating with many defects is
obtained using berlinite-type ( B-AIPO, ) powder. Coating density and uniformity have been greatly improved
by using tridymite-type AIPO, (T-AIPO,) powder, but there are some small holes, and scale of cracks be-
tween the coating and the substrate can be observed. Very dense and homogeneous coating is obtained using
cristobalite-type AIPO,( C-AIPO,) powder. No visible micro-cracks and other defects at the interface be-
tween C-AlPO, coating and substrate can be observed. The C-AIPO, coating exhibits better antioxidation
property. The as-prepared C-AlPO, coating could effectively protect C/C composites from oxidation at
1500°C in air for 21h with a weight loss of 0.41wt% .

Key words: aluminum phosphate ; crystalline structure; coatings; oxidation
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T (450°C) sk kAL C/C A RRHRHR R
TRl e bR, W C/C & & shRhiia et
e HA T X

WEJLHAER, BFRFNIE C/C EaMEITA
TP TV 20 AR, T kbR 278 C/C
SRR TR R e, TRUFRIE
SAESREERIZY . R, TIRZEM C/C Sk
F]EA ) 22 1 ik 2R B0 AN DE FiE 4335 R 24480, i L 3k e
WIRTE C/C B MR SEALRE )y A BRI, T
W, RIET&AHMBEEZNEGREDY. xk%
JERZHCR A ST (CVD) 7 Al 2p A BB
(CVR)"™ R il 45" e — e R B b AT LU
S TIREF C/C BRI 21 ik R BORVC I AT 5
BURHUE IR, R T B e 3 JRAS 25 479 R
T XK Z N

VERWRIZMRE, BREREE (ALPO, ) HA mifi s I
1 PR IRPI K 22 50 G 2 L S 08 1B R R AL
SEER AR SR AL R L T K B TR TR
ARBAMRAS 520K AR 8, 9F BT IR R
2 5 T 25 LA i P 5 T T SR 2 2 B 0 R 45
i R T RV AR S e T —
FhEA SiC )2 A C-AIPO, SNZHIRUZ R ZIA R, 43
SR PR B AR L 5 52 B0 B4 4 480 1 LK P PR T A s
Hl N INEZ. AR T AIPO, SARZ X 4
2 AR B A PR IR S I

| A

1.1 &E#H&E
1.1.1 EEEr S & KAt

%S 1B 55 (chemical vapor infiltration,
CVI) il g 0 — 4k C/C Z AR FERIKFERY R ST
10mm x 10mm x 10mm, 25 4 1. 7g/cm3. P ARG
FESCH 150" W 408 2R 1, T 400" W 463 T BE I,
SRIG RITOK CEREVETEr, P HAR 100°C 5 H.
1.1.2  R[E AIPO, ¥Ery 4§l &

SR FH 1T DR 6 2440 TN Wl Ak 2- 2l ALPO,.
OB SEI JFURE IR AT 0 B TR WAL HE SRS 1
NETZSC14STA449C #4443 T AL, 7625 K AW T U
10°C/min P T4 E B2 #5147 DSC/TG 404, S YK
a-AL O, , JHEETEEIH 0 ~ 1400°C. & 1 4 AIPO, Hifk
) DSC/TG il £k |&]. 3 iF XRD 43 #fr F B, U 2
(284°C) il 3(397°C) MICETEAHZ M HE7E, 14 4
(483°C) Ny A BB FR 4D ( B-ALPO, ) i A AR 0, 04
5(953°C) Fillég 6 (1303°C) 43l A e £ e Y e P 4 (T
AIPO, ) I J5 A1 o AL B iR 5 (C-AIPO, ) & Al A4 AR
gl Bt gy WK R UG AIPO, By A 7E 483 953 K¢
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Fig. 1. \DSC/TG curves of AIPO, powder

1000 1200 1400

1303°C N b fikb s, 153 B-AIPO, \T-AIPO, %
C-AIPO, =i SAH A 4.
1.1.3 #®EMH&

AR C/C AR R Hi 4 SiCIRZ,
R TS OCHR[6].

R KL IK IR LA C/C-SiC A 143 1] il
£ B-AIPO,  T-AIPO, F C-AIPO, #MN&JZE. FREL—E R
Y B-AIPO, [T-AIPO, K C-AIPO, #iiA, 43 5il&0% T
150mL S8 fE v, GGG D) HE 24h, PR S R
ISmin(H)4&5 200W) , Fifi 5 A 52 (LS fap HL A
JoR, A I N AT AR R 4R R AR U VA R
), FERE ) e 24h, BCAS B-AIPO, | T-AIPO, K
C-AIPO, =5y B PR A5 HI (BL IR B €, =0.6g/L).

535 HBUCTC ) G 1) B R (MR BB € =20g/L, €, =
0.6g/L) ET/KIMEN, FHHUKRERE LN 67% .
IKHAEE BIRRAE ] 20mm x 10mm x 3mm {7 54, BIA)
T — S 2 FAb L) C/ C—SiC BA. Al SCiik
(147, BEEUTRUEEE & 100°C, YUALHL TN 220V, T
AR A] 25min AT KRR, DURR 58 0 BB A
an, BT 60°C B TE TR THRAR N TR S RIS IR 2 1R
1.2 RERRIE

K H A H 4 Rigaku D/max #Y XS 28 477 5
(X-ray diffraction, XRD) {73 M7 ¥4 JZ 2% T 19 & AH 45
Hy. R JSM-6460 U474 1, T~ i fi 5% ( scanning elec-
tron microscope, SEM ) WELI4 /2 0435 0 AT i T2 5.
1.3 HmEH NI

BT 3k 45 1) B-AIPO, | T-AIPO, J C-AIPO, )2
FE A BICE 1500°C s 23 | ke AT ki, JF
FES M IR A SRR TR RS AP BAR R,
K NO. 52873 By 73 2 — B0 ML 773 B K P FR i
WZAMER B, A 40 2R A o FORVEMN TR
JABUE AL RE



5 3]

WA, 5 AIPO, RS F X B G U2 Bl A St A AL P RE R R 529

2 HRTIH

2.1 SRERHEARSH

& 2 AR AN [R) b AF R AR i) 48 U /2 2 1T 1) XRD
B, MIEL 2 ATLUE 1 02 A 235128 B-ATPO, |
T-AIPO, J C-AIPO,, H JCPDS K K 5 4 5| A
48-0652 51-1674 K 110500, 554 WIHE KA B8 AHAE
B SR B-AIPO, A il 45 B3R )2 v B-AIPO, fhAHI)
TR 55, Xl T B-AIPO, A S RIBEIRES, 5
AR, AT ST 18 sk, S5 AR A
B-AIPO, ¥y Al 2 (U2 SiC & AH A AT 5 I 40k
X AT RE AR TR 45 0 2 0 R AN, Mg X
SR B A TS R T-AIPO, J¢ C-AIPO, #jiAk
Frifil a5 R 2 Th A SiC Al AH R AT S 0g , H O AR AT
SFTUEERS LR
2.2 RERNEREHSH
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Fig.2 XRD patterns of the coatings deposited using AIPO, pow-

ders with different crystalline structures
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FRIEESE R, BT LG B U2 210 i Rtk fb ks
¥R, 454 B 2 XRD 43 Hr el A, H43 50k B-AIPO, ,
T-AIPO, J2 C-AIPO, fibki. ¥R )2 351 PE S B0 1 bl
# AIPO, SAHIAN R R I B K22 5. R B-AIPO,
W RBTH & P UR 2 LR A, AT — 22 B K FL IR
KABEAE (DL 3 (a) ). SR T-AIPO, Foy 44 fir il 5
FITR 2 R M Y &) AH L T B-AIPO, A 1R K AY
fem, HEREAERZ/NL(IE 3(b)). RH
C-AIPO By (A I il 28 1A U J2 1R FL B R B SR AR, e
FLR IS 8% (WK 3 (¢) ).

[l 4 Sh % A [A] diAl ATPO, M A BT D B U J2 1Y
Wi e S B, i 0T LA, i 3 or ol & 1
SiC WIRJZERERTE 80pm a4y, /KA IK TR %
JIrifil % 1) C-AIPO, IR 2 1 5L K 29 7E 50 ~ 60pum
Z ). Frifl s ayshR )25 SiC MR 2 Z 81255 18 B kil
H AIPO, A IR R I B R 25 5. R B-AIPO,
BRIl 28 1R 2 (B 4 (a) ) B HREE A5,
WE RSN R IR E BN ERZ . R
T-AIPO, ¥y Tl & iR )2 (B 4 (b)) M5 FE
AR FoR A B-ATPO, il 25 R 2 B 8 03, IR
J2 SHARRYES S A BT escs (24 W] B A7 7E 24 e
K C-ALPO - 1A Jir il 45 11 U J2 J55 8 34 59 HL 80%
WA SR W45 6 ity , WA HaFPE.

21 g5 TSR AIPO, i AH I HAIE2 ik 2R 50 % e
SR MIHT SiC A R %(4.3 ~5.4) x107°/C,
C-AIPO, L3008, B-AIPO, 5 T-AIPO, {4255 4.
IRIEIKITRR L R v, A K R 2 5 Sl Ab
WEZ AN T, BRSEORZ AR AU B
J&A. B-AIPO, Y T-AIPO, Hy#ANZIK &% th T 45 SiC
PR K 22 BOR 22 3k, DRI 5 B 4k B 1 38 T AN ]
B R g. CAIPO, #h ¥k RET o # ik
SIC, 5 AR m LI T R 4 B AL 24 A A

50pm
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Fig.3 SEM images of the coatings surface deposited using AIPO, powders with different crystalline structures
(a) B-AIPO,; (b) T-AIPO,; (¢) C-AIPO,
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Fig.4 Cross-section SEM images of the coatings deposited using AIPO, powders with different crystalline structures
(a) B-AIPO,; (b) T-AIPO, ; (c) C-AIPO,

®1 AIPO, BEMAEK AL R RESH

Table 1 Thermal expansion coefficients and cell parameters-of aluminum phosphate

AlPO, crystal phase

Transformation temperature/C

Thermal expansion coefficients/

Cell parameter/nm

(x10°-%,c7")
B-AIPO, 500 7.5 a=0.9638,b=0.8664,c =1.8280
T-AIPO, 953 8.3 a=3.7399,b=0.5047,c =2.6224
C-AlPO, 1303 5.5 a=0.7082,b=0.7098,c =0.6993
To L. FAM R 1 &S B0 R e R i B-AIPO, T-AIPO, C-AIPO,
FRSE (B-ALPO, ) VAt iy o R, 5 77 STl %ﬁj
R (T-AIPO, ) SR E5 44 i R AR 4544, T A1 e i BR A5 — - 5
(C-AIPO, ) S iRZE ¥4 Ry 37 J5 4544 Sic Sic Sic
Bk ok A o, 82 0B S R BT B R
D ORI S FROTE SR AR @) th o LR e st e
8103 DA T I A K X 2 R i 2, X i o BT e & oo,

KL s B AR X @) i HORL A AR AT Y
W B o3 S5 DAY s (@ W B A Raz sl & IR
B, 0K 3R AR AR AR SR TE L/ 1 3R AA -
(OF=i55 Sy REINEE L NSEIR i @aainy) IWNTIBESERIS
Ky @ B g, 4 BRE R KB — e R,
AHCEL ] e R TE M 28R 46548 @ TE R %2,
WEE ORI AN WTIE S, 2% P 28 BB AL /)N, B 7T
B —E RS, WORCE M TR — )= FIREE )R,
WARs:, 2L IR Z.

IR KIS R, C-ALPO, JBORE T I B A7
B B0~ (S AT ) R A HH Y HL i ey I A
AIPO, + nH" + (n —x)AA" = AIPO, - nH" (n —x)AA”

i 3 A DA R AR A e g v SOAE ) W R
E L, B-AIPO, 5 T-AIPO, K C-AIPO, &2 HIIE
JOK QA S s, i T R AR SE I TEAR KRR BE 52w
IRIZBCETE SIS R BRFARE L, DRI R FH AN [] b
FRZER Y ALPO, 53 14 T ] £ Y IR IR TETE A0 R B
TERIAF(E 3 FE 4 frzs) . B-AIPO, BARGhL
SIE AL H kP A 2 BIR 2 (KIS (a) ), C-AIPO,

Bls SR SR ALPO, B AR BT il & Ui J= RO i 7

Fig.5 Formation process of the as-prepared coatings deposited
using AIPO, powders with different crystalline structures

(a) B-AIPO, ; (b) T-AIPO,; (¢) C-AIPO,

STJF G5 RE B AR N 23 T8 B B0 HL Bk B D B TR )2
(El5(c)), T-AIPO, WAF = FZE (E 5(b)).
2.3 REMIIENEEST
WIEMPLEAERE S IR 2 LS — A Rk
R, 5 i BRI 2 BA B Pt A et se.
55 LA AT, C-ALPO, AR AYAE AT BB LA 38
R L ERE. 6 MiRZ C/CIFELE 1500CF
ALk B £k, T LA 1 C/C-SiC 3 438 K 7E
1500°C # 24 25 < & 4k 10h J5, 5 & it 2k i o
6.36wi% , YLHHHR—IR)ZEXT C/C Z & # R A AL R
PPEREM A 2. 18 C/C-SiC FIHULEL AIPO, SNR)Z 5
REEPTAIERE R T B E MRS, HIRZEFEm
P ERE R A AIPO, ShAHSS W AR AN TR, >R
FH B-AIPO, H344 fr il 25 (¥R 2, 1€ 1500°C T~ A 1k
15h)5, JlREHI K1, 68wt% ; 3% FHT- AIPO, #5 {4 fif
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St —e— SiC/B-AIPO, coated C/C
—A— SiC/T-AIPO, coated C/C
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Fig.6 Isothermal oxidation curves of the coated C/C composites

at 1500°C

il % 1 ¥R J=, 1500°C R 4 AL 1Sh J5, JRE Rk N
1.02wt% ; % C-AIPO, A B il 5 Wi )2, 1500°C
MEA2Th 5, BB 0. 41wt% . iR B pr
il % 1 C-AlPO, TR JE HA RAF R HT A Ltk e, 04
EEJEHINAERT AIPO, JZ2H5 51 (2 1300°C) Ay A1+
', SiC/C-AIPO, IR ZHIFIE A A —E R TR 285
A, P08 nT SRR ARG, P AT
TR 2 4K 153 B A ALt A AL SR, BAAIPO, A
T-AIPO, TR JZ1RE RO B K 2R B0 22 57 LR IZ A
B ES Y Z2 1)t B A BT S8 A i 7 P 2T 2 AR 40k 1 B
R, AP A TR

3 #ig

AIPO, XS €/C & S F R A U2 19 2 Tl s
HA B BRI, R B-AIPO, B A T il £ f) %
JEHCBGER, TR H S R B 2E HIR 2 N RAT
TERLZ BRI, SR T-ALPO, A (A BT ] 45 1) TR J2 O B
PERIE S PEAR BT B-AIPO, AR, (A2
THFETE— 28 /N L LR 2 5 2R () A7 7 TR e, R
i1 C-ALPO, AR Jir il 4 ) U4 J 2= die B30 HL G I J 7y ¢
or, SEERLE R4 RIEEEN AL RERE
AIPO, fARZEFY I AN [ AN TR]. - C-ATIPO, i AR A UAE
HA BRI P EALPERE, 78 1500°C #2525 b 4k
21h J&, Bk 0. 41wi% .
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