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Anhydrous Citric Acid Assisted Synthesis of Zirconium Silicate Thin
Film and Its Oxidation Resistance
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JIANG Feng?, FENG Guo?
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Abstract: Zirconium silicate (ZrSiO4) thin film was prepared on the SiC substrate by non-hydrolyzed sol-gel process combined
with dip-coating using zirconium n-propoxide and ethyl orthosilicate as zirconium source and silicon source, respectively, using
n-propanol as solvent and anhydrous citric acid as auxiliary additives. The effect mechanism of anhydrous citric acid-assisted
Z1rSi0O4 synthesis as well as the effects of anhydrous citric acid addition and coating times on the synthesis of ZrSiO4 and the
morphology of the film and the oxidation resistance of the film were studied via XRD, FT-IR, SEM, EDS and other methods.
The results showed that anhydrous citric acid could promote the dissolution of the lithium fluoride (LiF) in n-propanol,
resulting in the formation of pure ZrSiOs phase. When the amount of anhydrous citric acid added (molar ratio to zirconium
n-propoxide) was 1.1 : 1 and the number of coating times was 5, dense ZrSiO4 film with the thickness of 500 nm without
cracking could be obtained on the SiC substrate. After oxidizing at 1450 °C for 60 h, the weight gain per unit area of uncoated
SiC substrate was 7.2354x107* g/cm?, while that of the sample coated with ZrSiO4 film was only 2.2283x10™* g/cm?. The
surface of the sample was relatively flat and free of cracks after oxidizing process, indicating that the ZrSiO4 film had
excellent high temperature oxidation resistance.
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Fig.1 XRD patterns of ZrSiOs powders with different
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B 3 TAFRERMEN ZrSiO HEMFM: (8)0.9:1; (b)1:1; (¢)1.1:1; (d)1.2:1
Fig.3 The effect of precursor concentration on the synthesis of the ZrSiOa films (a) 0.9 : 1;(b) 1 : 1;(c) 1.1 : 1and(d) 1.2 : 1

E 4 FERERET ZrSiO. HEM R Mm(a) 0 X&k; (b) 4)K; (c)5&; (d) 6k
Fig.4 Effect of different coating times on the quality of ZrSiO4 film (a) zero; (b) four; (c) five; (d) six

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



$40% F o6

K % TKITBREBSREREEERERSUEEAR - 729 -

PEREURET N 0. 4. 5. 6 YT ARAG A THERE AL S
1 SEM HRH, MIE 4 v LIE S, AT R
) SiC HLIR(0 k), 4 WHEIE G, IR /7 1E
WEREAIES-1) SiC HLJEFLIF , IR RIS 80
Bifi 25 VR S OB B 0, ZrSiO. Ve IS JEE 5 -ty 4 197 1)
P, MBERE 5 Wn & PR AR . 8%
B UPEREEN 6 YR, R T,
X TR PR B N, ZrSi04 BREJESE AN,
MRS MR FATE Ki=d™ R Ko R
N7, d SRR RN R AREL, PR
K, WERS I, G565 1E, RS RRECH 5
Witk
2.3 ZrSiO. R ) SR Bt F T E 43 A

B 5 S AT A A T2 B B YRR S
XRD K, WE 5 HA] DLE H AR AR Sic
RS, PSR SiC BT HGR ZrSiOs fiT
g, FRB SIC F RS 1 T il £ IR A 3 A A A
ZrSiO4 Ao FH H AR RRAE S rhonT LB 5 i gk 2]
JREY SIC FLJRATHIE, XA T ZrSiOs k4
W, X PRGN SiC LR M I P AR B AT
Fhugg, & 6 el ZrSiOs AR 5 R [ T 1 SEM
B R A Y EDS A Z5 5%, N SEM EIH ] LIE
T A IR A B, B SiC LR A R,
JEREZY R 500 nm, FXF BT XK 1 34T T2,
X2 A3 A BT TS AT, B 6(c) S
WSRO LIE W 2 SO EMXT 3 S00E, BT

Si JLE M CILEA, IFA Zr JLEM O LK, 456
TR XRD 25 n] LUHIWT R ZeSiOs 3, H. 3 547
BAE SIC XILN, 1M 2 507 B AE ZrSiO, T8 X 15
LTI 6(d)rf 15 Xk JA 4 45 T o Bl & il IR
FEBAIN, Zr A1 O JUE SR L H B T G, i
C 5REE B WA, Wit B2 N ZrSiO, i,
TIZHR SiC HK. ZiaRM, 7F SiC Jk L REM
ikl 48 = R Y ZrSiOs AR
2.4 ZrSiO R M R BRI 3T

S B T A FE i B s TR T R AR fE
B 7 AMARPERL SiC FLR AR ZrSiOs R SiC
1E 1450 °C JEA AL B RS L h £, v LR H A

* 71810,
Coated ZrSiO, film = & SiC
= —
S )
- = . T 2
&," = j Al E
-
z oS I % en
E »
= | Uncoated ZrSiO, ﬁlm| *
ol *
RIENESE
" ..JL .l ? I\ il *
T T T T

T
10 20 30 40 50 60 70
26 (degree)

5 REERMFER ZrSiO. HIE SiC £ 89 XRD Eik
Fig.5 XRD patterns of SiC substrates with and
without ZrSiO4 film

(c) Si +2

Intensity (a.u.)

Intensity (a.u.)

0 2 4 6 8 10 0 2 4
Energy/keV

Energy/keV

Intensity (a.u.)

A ANt A A I NPl e ]
6 8 10 0.0 0.5 1.0 1.5 2.0 2.5
Distance (x107* m)

6 ZrSiO. % SEM BB : BirEE(a), WrEAKE (b)F1 EDS Eit(c-e)
Fig.6 SEM images of ZrSiO4 film: cross section (a), enlarged image of cross section (b) and EDS patterns (c-¢)
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Fig.7 Effect of oxidation time on weight of film SiC substrate
(a) and SiC substrate coated with ZrSiO4 film (b)

8 mELMXEMFIR: SiIC EK(a), EEHESR(D)
Fig.8 The morphology of oxidation resistance test sample SiC substrate (a) and SiC substrate coated with ZrSiOg film (b)

&1 REEMEIRH SiC HBHEIR 60 h FH AN MRELLE

Tab.1 Comparison of oxidation resistance of SiC materials uncoated and coated with ZrSiOa film after 60 h cycles

Pre-calcining Weight after Oxidation weight

Average unit surface

Unit surface area gain .
area gain

Surfarea/cm?

: > ; o 4 2
weight/g calcining/g gain rate/% /107* g/cm /10~ glem?
5.1659 5.1783 024 2637 47028
SiC substrate 3.1922 32034 0.35 11.88 9.4276 7.2354
3.1829 3.1919 0.28 11.88 7.5757
2.8965 2.8987 0.076 10.92 2.0146
SiC substrate coated , o 2.9221 0.051 10.92 13736 22283
with ZrSiOs film : ' : : ' :
29183 2.9219 0.096 10.92 3.2967

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved.
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K % TKITERBREDSREREERE ERSL SRR - 731 -

£40% F61
3 % ®

PLIENBEES N A5 IR IERERR S ls M EEDR,

TRATBETR RSB I, SR AR K S 5 e - i 45
BIRE-RP BB T AT SIC K AE R il &
ZrSiO, Wi, Hrp oK R AR T LR LiF
B, IWIMEHEAEA ZrSiOos IIA L, HEnJt
KPR MBS Y EE /R LE R 1.1 0 1, BEAR 5 YRHHRE
il BRI . R0 500 nm AR, 7E
1450 °C #EAEAL 60 h J5 X5 5 i AU FA
2.2283x107* glem?, (R TR SiC B HY
 7.2354x10° g/em?, HAGIREALL 60 h J5 P AE
iR AAHR T3 . oL, RMHFIR ZrSio,
BARS MRy At 6e.

SE k-

(1]

(7]

BELMONTE M, NISTAL A, BOUTBIEN P, et al.
Toughened and strengthened silicon carbide ceramics by
adding graphene-based fillers [J]. Scripta Materialia,
2016, 113: 127-130.

S FEME, L, WEIR, 2. SiC Mg IERSEEUEL
SRRATSEI]. F&244R, 2017, 38(1): 20-25.

SHI X M, CUI H, CAO J W, et al. Journal of Ceramics,
2017, 38(1): 20-25.

ZHANG J, JIANG D, LIN Q, et al. Properties of silicon
carbide ceramics from gelcasting and pressureless sintering
[J]. Materials & Design (1980-2015), 2015, 65: 12-16.

Al NASIRI N, PATRA N, NI N, et al
Oxidation behaviour of SiC/SiC ceramic matrix
composites in air [J]. Journal of the European Ceramic
Society, 2016, 36(14): 3293-3302.

Wrle, &GI8, RACH, 5. RERSMIBEN X i 4 ik iR
B R B FE B SR A M BE R S A (7], TCAILAA R AR
2017, 32(11): 1154-1158.

CHEN T, ZHA J R, ZHANG X J, et al. Journal of
Inorganic Materials, 2017, 32(11): 1154-1158.

Wris, W5, A8, 4. R AR AE AR K i
Vs JES- B IV ) o RE R B WS TP S (0], P e 2,
2017, 38(2): 248-253.

CHEN T, CAO F, ZHA J R, et al. Journal of Ceramics,
2017, 38(2): 248-253.

ANDRINI L, TOJA R M, GAUNA M R, et al. Extended
and local structural characterization of a natural and 800°C
fired Na-montmorillonite-Patagonian bentonite by XRD
and Al/Si XANES [J]. Applied Clay Science, 2017, 137:
233-240.

B, VTARHE, OO, S NSRRI e - e vk i 4
TR B W B 2 R (7). AN TR 2A 4R, 2017, 46(2):
224-230.

LI C, JIANG W H, FENG G, et al. Journal of Synthetic
Crystals, 2017, 46(2): 224-230.

CAO F, CHEN T, JIANG W H, et al. Effects of solvent on
the phase composition and microstructure of ZrSiO4 film

[11]

[13]

[18]

[J]. Advanced Materials Research, 2015, 1104: 119-124.
SRARH, RIS, TRETT, & AR I -SRI
B RAK BIVOL B (L BHT). RERRER2HR, 2019, 47(1):
13-21.

ZHANG X J, CHEN T, XU Y Q, et al. Journal of the
Chinese Ceramic Society, 2019, 47(1): 13-21.

Wi, A S8, sKACH, 5. REBCMIRRIX il 4 fE iR
5 IR N BT S A P RE A B2 IR (D). TE ML RL 2 4R,
2017, 32(11): 1154-1158.

CHEN T, ZHA J R, ZHANG X J, et al. Journal of
Inorganic Materials, 2017, 32(11): 1154-1158.

FENG G, JIANG W H, LIU J M, et al. A novel green
nonaqueous sol-gel process for preparation of partially
stabilized zirconia nanopowder [J]. Processing and
Application of Ceramics, 2017, 11(3): 220-224.

SRR, #3%, TRNE, 45, FraiRrousssrE].
HRHE, 2011, 47(9): 34-39.

ZHOU S, XU Y B, WANG C H, et al. Tobacco
Chemistry, 2011, 47(9): 34-39.

ZHAO J P, FAN WPH, WU D, et al. Synthesis of highly
stabilized zirconia sols from zirconium n-propoxide—
diglycol system [J]. Journal of Non-Crystalline Solids,
2000, 261: 15-20.

W, XIH, AR, S ARG S8 AT
i SR LTAMEERAMERE )], RERRER 244, 2012, 40(6):
806-810.

PENG Z J, LIU J X, SHI F, et al. Journal of the Chinese
Ceramic Society, 2012, 40(6): 806-810.

LI L F, LEE H S, LI H, et al. New electrolytes for
lithium ion batteries using LiF salt and boron based
anion receptors [J]. Journal of Power Sources, 2008,
184(2): 517-521.

MONDRAGON M A, CASTANO VM, GARCIAM J, et
al. Vibrational analysis of Si(OC2Hs)4 and spectroscopic
studies on the formation of glasses via silica gels [J].
Vibrational Spectroscopy, 1995, 9(9): 293-304.
TARAFDR A, PANDA A B, PRAMANIK P. Synthesis
of Zr02-SiO2 mesocomposite with high ZrO> content via
a novel sol-gel method [J]. Microporous and
Mesoporous Materials, 2005, 84(1-3): 223-228.
KONGWUDTHITI S, PRASERTHDAM P,
TANAKULRUNGSANK W, et al. The influence of
Si-O-Zr bonds on the crystal-growth inhibition of zirconia
prepared by the glycothermal method [J]. Journal of
Materials Processing Technology, 2003, 136(1-3): 186-189.
JEIH A AR KR - IV AR 5 LA R B A3 AR )
W5E[D]. SHEHIR R, 2008.

THOULESS M D. Decohesion of films with
axisymmetric geometries [J]. Acta Metallurgica, 1988,
36(12): 3131-3135.

YAMAMOTO O, Inagaki M. Antioxidation coating of
carbon materials coupled with SiC concentration
gradient [J]. New Carbon Materials, 1999, 14(1): 1-4.
SHAH S R, RAJ R. Multilayer design and evaluation of
a high temperature environmental barrier coating for
Si-based ceramics [J]. Journal of the American Ceramic
Society, 2007, 90(2): 516-522.



