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Research status on preparation and properties of RE hafnates for
thermal/environmental barrier coatings

SUN Zhipeng, REN Yutong, LIAO Guixiu, HE Ling, PAN Ling, ZHOU Wei,
XIAO Peng, LI Yang*

(Powder Metallurgy Research Institute, Central South University, Changsha 410083, China)

Abstract: The types, preparation methods, thermal and mechanical properties of rare earth hafnate materials and their corrosion
behaviors exposed to low melting point silicate(CMAS) and high temperature water vapor are summarized. The previous

investigations indicate that the rare earth hafnates have the characteristics of low thermal conductivity, excellent high-temperature
phase stability and good resistance to CMAS corrosion, which shows a favorable application prospect in the field of
thermal/environmental barrier coatings( T/EBCs ). However, in order to overcome the limitations of a single-phase rare earth hafnate
exposed to water vapor corrosion and CMAS, it is still necessary to carry out systematic studies on multi-rare earth
components/high-entropy rare earth hafnate in the future, and further clarify the mechanism of influence of lattice distortion caused
by components on physical and chemical properties of materials. Moreover, the coupled control method of thermal, mechanical and
chemical properties of hafnate with integrated functions such as thermal protection, water vapor corrosion resistance and CMAS
resistance and their corresponding material preparation processes should be explored.

Key words: RE hafnates; thermal/environmental barrier coatings; mechanical properties; thermal properties; corrosion resistance
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Thermal properties of some rare-earth hafnates and rare-earth zirconates

[13-20]

CTE/ (10°K™")

Thermal conductivity/ (W +m ' +K ")

*1
Table 1
Materials
(Lag,Gdg,Hoy,Erg,Tmy, ) HE0,, 8.58
(b yLug,Hog ,Erg,Tmg, )jHE01, 9.05

Ho,Hf30, 9.51
Er,Hf304, 9.49
Tm,Hf;0,, 9.57
Yb,Hf30,, 7.64
Lu,Hf;0,, 7.46
Er,Zr,0,

Yb,Zr,0;

Sm,Zr,04 10.8
Eu,Zr,0;

Gd,Zr,0, 11.6
Dy,Zr,0; 11.1
La,Zr,0, 9.1
Nd,Zr,0, 9.5

[15]

[15]

[17]

[18]

[20]

141"

1.82L13J

1.67L13J

1.7L13J

1.71L13J

222 [13]

2.37L13J

1.49"%

1.58U4J

I.SUGJ

1.6{16J

1.91L15J

1.34"

1.15L19J

1.25 [20]

CTE test temperature range: room temperature to 1473 K; thermal conductivity test temperature range: room tempera-

ture to 1723 K.
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Fig. 1  Structure map for A}Bi* 05,010, compounds[m
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.
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[25, 42-44, 46-50]
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B—HSHR T RERE AN F R

P 2(a) kg L TR f 24 FC A P R AR A S A [ A
£ Bt IR BT (AL G 2, WRoT R L M ap
iF 5N 4 LG RE B T AR X ARl Yk =
10 N B, 8-Yb,Hf;0,, Fl §-Lu,HF,0,, Y4k FCili B 4y
149 (12.8+0.2) GPa F1(13.4+0.1) GPa.

K 2(b) A 8-YbHF0,, Fil 5-Lu,HF0,, Fi & Y
SR B B L AR A R 2, R A R ) S A o
Wi U v i B P AT, 7 e v DR e A
HE I TRGH N B A H, 1400 °C T AR 2 TR (8 1
80%. iititE, 43 5-Yb,Hf0,, A1 8-LuyHE0,,
F14) U 2 457) 5 14T AN T ol FH R R VR DA 1) A% G A e
WM B YSZ MW 24 . £E 1400 °C =il T 44
R I O S R W, LA e R R e A

Table 2 Comparison of advantages and disadvantages of some preparation methods and characteristics of the

[25, 42-44, 46-50]

produced powders
Preparation methods Characteristics Advantages Disadvantages
R PRES B AR S Pesi B
Solid-phase Fgﬁction method™ Particles are not agglomerated, Simple to operate, high The reaction is not
I&51 2 1 92% with good filling properties volume production, fewer sufficient. The product has a

WURLCHIR | by

[42]

Sol-gel method Nanoscale particles available

3 TS EEEEIES T
Pyrolysis glﬁthod[m Ultrafine powder

processes, low cost. Raw
materials are usually readily
available

BAERIR, ERR, TF
A I RLE AR SR
B, A

Simple process, low
calcination temperature; short
process time, good product
performance

TR JBE AR IE]
i R R

Simple production process,
easy to control the particle size
of the alumina powder produced
CEVRS NP N T S S (UK o2
Ky BRLEE ) T F il

large particle size and uneven
particle size distribution, with
low purity

FONIATE s PR, H
KLEE AR ANEE AR

High cost; long processing
time ( sometimes up to 1 to

2 months ) ; high
environmental quality
requirements for products and
susceptibility to tearing
AR By ARBRRT I (AR
KIR1~2H) 5 il oA BRI
USRS, Y0 ER

It is more difficult to remove the
impurities, more complicated
to operate, and not easy to
industrialize at scale

NG ZIHEAT Ak
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Table 2 (Continued)
Preparation methods Characteristics Advantages Disadvantages
il # J7 B A5 Pesi B
Hydrotl}flimal method"*" Good dispersibility and Good product performance Only oxide powders; high
K crystallinity T RE RAT dependence on production

Co-precipitation method"*”

Shytgek

High-energy ball milling
methodL47Jg -
o5 FE BRI 12

Spray pyrolyag method "

W A

Solution chbustion
synthesis

%%?£[49]

Molten-salt method
Ko™

IREL. AAh R

Maybe agglomerated or not
uniformly composed

AT R & AR PR B A
¥y

Highly active, nanoscale

rE e AR

Small particle size, good
dispersibility

K NN i e

Fluffy, smaller particles,

less likely to agglomerate;
good crystallinity; high purity
R, BRIV, A5 KA
HIR: ShimEs; iR

Good control of powder
composition and morphology
and high powder activity
RSy | ISR
Py

Simple process, low cost,
easy to control preparation
conditions, short synthesis
period

T, AR, HlE &
o TR A UE B

Powder activity is greatly
increased, even inducing
multiphase chemical reactions;
low-temperature chemical
reactions have already been
realized in many systems to
successfully synthesize new
substances

ARG RS, 2
REMWERN; HATETE
R 2% R4 SE R AL
B, R E R BT B

Simple equipment and process,
good product performance

WS T A = ahikhE

Simple process, short
preparation cycle, easy to
operate, lower preparation
temperature required

T M, s Ay, 5%
VETRTER, e il o i BE A

Low preparation temperature,
short holding time, simple
process

A R AL L DRI AR TR B
FRAEfa

equipment. The experiment is
carried out in a closed containers
and full process of the
experiment can’t be observed

— B L RE R AL A Xt
AP B MRS R i 5 S
TER A AT, ANBEXS S
B BT R

High energy consumption,

long production cycles, high
equipment requirements and
process complexity

FERERGE | ARG &%
FHEORE M L LR IR

High energy consumption,

long production cycles, high
equipment requirements and
process complexity

FERERC R . AU AR X
HEOR M T A

High energy consumption,

long production cycles, high
equipment requirements and
process complexity

FERERT . ARG R
SRR T 255 A

The ignition temperature is
difficult to control; small
yield, not easy to large-scale
industrialization; easily
polluted

B JAREAMELLEE R, R,
ARG RIET A, Zhat
V5

High price of raw material; low
yield; high energy
consumption; pollution of the
environment

JORMITAR RS | A RAR . RE
R IUNNREE I8! )

i, (HWRBI BN BRIE W 45 1 REGHEO,,
(14 1 22 PR B Z ARk, A3 e i PR A D T A

GEEE

32 SRmIRRENNFIERE
[l AN X I AR IR ER O BE A Z . i

WIFsE 2™, 5 K1 B9 RE,HEO,,(RE=Ho. Er.

Tm) A FE, e 0 i 5 1R R B 2 s AT B AR, LA

W& B /N T 10%. &l 3(a) 45 i (Lag,Gdgy,Hog ,Erg
Tmy ;) 4Hf304;, A1 (Ybg ,Lug ,;Hog ,Erg ;Tmy 5 ) 4HE304,
Y [CRE 3 B 1T IR 20 A 8 il £k, 24 3o B
10 N i, PIARRE L8 B2 42 TA8 %, 2959 10 GPa,
Pl 3(b) b7 (e i s - B IR R 1 I 1 I3, 7T R0
SL1) %ty R 2 03 22 S AN (], W7 245 At A A
i) o &1 3(c) g mfi Al i P B b s s S 6, PR
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Fig. 2 Vickers hardness of 3-YbsHf;0, and 8-Lu,Hf30,, as a function of indentation loading[m (a) and modulus of elasticity
versus temperature of 6-Yb Hf;0,, and S-Lu4Hf3012[21J (b)

13 @

121 ‘ -s- F-YL -+-F-LG
1+

10} ?‘;;-_‘_ e — |

Vickers hardness/GPa

8 " " " " "
0 5 10 15 20 25 30
Load/N

11

=10} (©)

¥ gl

L 8t - F-LG

< 7t - F-YL

w gl - F-Ho,Hf,O,,

5 sl + F-ErHf.0,,
. - F-Tm,Hf,0,,
4

00 800 1200 1600 2000
Temperature/K

K3 (Lag,Gdg,HogEry ,Tmg,) sHf504, (F-LG)F1(Yby,Lug,Hog ,Erg ,Tmy 5 ) jHE04, (F-YL) FISEHERE 5 H
(a) 2k [CREREREHIRBR AT ARG R ™ 5 (b) = A i s s Wi
() BRI Bt FE 14705 1k 5 HoAth RE,HE, Oy, % (RE 24 Ho ., Er. Tm. Yb 1 Lu) "™
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tures (a)relationship between Vickers hardness with indentation load"™; (b)fracture morphology after three-point bending
test[m; (¢)temperature dependence of elastic modulus for F-LG,
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SiC-CMC 2 2 1F e /v R AV T K28/
AR A B I Y, I Z 2 K R T/EBC 3%
JZH T 2 AR B A PR SR Bl BE, LA
FH1E SiC-CMC #B{4-8 32 /K ZE S B ikt
A KA ik R R AR K 28 G Tl ) F 9 4K
Kz, Tian 2" R T AR O L RERR
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(2) WA S«
6RESi05(s) +4H,0(g) = REg 33(Si04)60a(s)+
2.67RE(OH)3(g) (1)
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"
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o

RE;SiO5(s) + 5H,0(g) = Si(OH),(2)+
2RE(OH);3(g) (2)

TE X2-RE,SiOs [ i il /K 78 & kot #2 vy, 7
+ HRERR £E 3 E 4% A Si(OH) , Ml RE(OH) 5 <,
i, SRS R,

Fritsch 25> % BURE -+ XURE R £h 76 K 8 S A 355
hORRaRE, S N kR, £ & B (3)
S

RE;Si,07(s) +4H,0(g) = RE,SiOs(s)+
Si(OH)4(g) +2H,0(g) (3)
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