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Influence of bonding layer Cr content of thermal barrier coatings
on its interface conjunction factors

LI Zhrlin, WU Yuarr qi
(College of Materials Science and Engineering,
Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Interface conjunction factors of the ceramic layer/ binding layer interface of thermal barrier coatings were calculated on
various bonding layer Cr contents with the combination of the empirical electron theory of solid and molecule ( EET) and improved
Thomas- Ferinr Dirac theory. The influence of Cr on the conjunction state of the interface can be predicted with the factors. The re-
sults show: When the orientation of the surface of the binding layer is ( 111) or (100), Cr will improve the interface conjunction;
If the orientation is (110), Cr will improve the interface conjunction only when the Cr content is less than 10% ; and Cr will de-
crease the interface conjunction when the Cr content is greater than 10% . Therefore, in the case that the orientation of the surface
is difficult to be controlled technologically nowadays, the Cr content of Ni based binding layers should be as low as possible. Those

results can be a foundation of the composition design of the binding layer.
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Table 1 Valence electron structure of N Cr solid solution with 2% Cr
Bond name Iy Do/ nm Bm/nm ng AD o/ nm ZI, Znu B
By ¥ 12 0. 248 86 0.248 57 0.519 72 0. 000 29
12.114 9 6.296 32 0. 060 0 nm
By~ ¥ 6 0.351 94 0.351 65 0. 009 95 0. 000 29

a= 0.351 94 nm; Ni: Al13; nP= 6.37227; R(1)"= 0.11558 nm; Cr: A18; nl= 3.00000; R(1) "= 0.123 37 mm
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Fig. 1 Crystal cell of bonding layer
and its (100), (110), (111) planes
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Fig. 2 Electrons density difference between( 110)
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of NrCr solid solution
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(@) —Surface of bonding layer being( 111) ;

(b) —Surface of bonding layer being( 100) ;
(¢) —Surface of bonding layer being( 110)

B 3 AT 0L, 24oRG &5 B A (111) B, OuquafE
7691 252, {FE 16%26% Cr WK m, EIE$E 3 E
TR RS TN ) 54 Cr WAHE; 24 Cr
TN 20% I, Oupe 4K T 0, B LI A 4 5}
N B B AN G BN JR PR S 4 4,
Ouuper P Cr 25 B PR 3G 50 1T 38 K. 20K 45 2 B ) A
(100) i EHC A ( 111) BARAEL, ANFE R Oequa 7E 7

26%Cr W — KM, HM G &L 8% i
Ouperft KT 0. [Bltk, 2400k &5 2 k3 W9 il B[] B,
BT Cr BN S8 o T . AR e PR
TERARS BTN TR 2 2R . 2kG 45 2 R
F3(110) B, Ougat OB R ABL(7E 55 6% Cr B HYIR) A
192, & 10%Cr JGEIFE S 100 LLF, & 36% Cr Jo B&
£ 0; Oy I KMEAE] 40, & 10% Cr JGRIBEZ 0.
Frik, ZEMEAEL R T, HA S 10% Cr LT A BE £/
WEFHE N A EEAS I Cr I/, & 10% 36% Cr I 45
— BT FRASA AN 5 G A 7 36%
Cr VLRI, Cr 31261 o Fhan « Fhimmke g MR w fe
FH e F N ) BT i 32 2R .

2.3 Cr &5 EE5WER M EN B TEERX

=

P TR R OK, ST 45 A 1K W
R, PSS A ) N B T BT R ]
YL ) Sk (100) A1 111) I, FR& BT %
AR, NSRS 2 Cr SRR, MEZENET
B AR P= 20.440 00 nm™ %, FTLL Cr SRS
WA FHAMEG A RN, K4 EE R
(110) I}, K4 20 B 7% ERAK, Cr &EfHE
ey )T SR ] 4 P

13.2

1281

Pay

11.6

1 1

0 8 16 24 32 40
Ww(Cr)/%

K4 NrCr[EWA(110) BB THEES G ETENXR
Fig. 4 Relationship between electron density
of (110) plane of NrCr solid

solution and Cr content

HIE 4 7] UL, BRAE 4% LT BIAIK Cr 78 [ 4h,
O 110y MERGERE S Cr BERFKK, RAES 22%-
24% Cr WA — 330 . B LLRG 45 2 B 24 ( 110) 1,
BRAEAR Cr JufE A8, Cr SRS — R FE LS
B TR



F14EE oM

M, S KGR Cr X ER R S 45 A T S

* 1481 -

2.4 ZRESHT

2ok gh 2 I EL A R (111) AT 100) I, B & 2/
Kigs BRI RN T EEE ARudIfE Cr &S
MRS, SRR RS N Cr Jo A S I 25
FEARERIE S R TR 418 J #E AN Cr & /b1
IN—AEEY, HM OBl 03T Cr FBLH 0
Fhim « FrimAR e R m R E AN & B TR
Z RN, S ONIASZ Cr S RME W,
P ARG 45 2 20 X B AR E A B, Cr ] DA i
[HI A ST 45 6 o AH S AL 45 2 B 24 (110) B, R
Cr & BAKT 10% WA APuintbTE Cr B/, Ogpe>
0, RIFFAEAL S 1 Y ) B B BRI IR FIRS A S, Cr
SE T FmRRE MR R AN A T
HEFHEZ BN, P LTS Cr I, Cr v PAEEE
ZAHME S . Y G FERET 10% B ARl LT Cr
IR, Ouper= 0, Oequa BB FFAK, O — MW LLTE Cr
MK, Cr BSR ARG S, 4o R8T
36% I}, Ouga= 0, BIH —H R R R LU S

ML P35 22 5ok Cr HAHIE, Cr 301 Jd .

G AR s MR B A4 F AR 32 B N1 T R

Kigs 2N Cr EER N TIRERENIEA
AT AT AR ok, JF AR 3 ALOs R I Y E
> T E RS o S ENRAER. b
WoHTRY, WRgEH TERER, Mg E IR
T4 (111) B 100) 2344, WIHN Cr W] PACSSE A R iR
JERIM R Z g E R R 4G . EHAT L2
AR SR LA W XS L, ST &5 &
&, MBEWRER NI B RS G BN R R,
JEHAREREIT 36% . RAE Wk, SEBr N R4S 2
Cr SRR T 10%, SLFRN R Co k452
K] Cr & 215 35% 38% LA /2 P 8 AL 2 AT 4
JE b A TR R | A ST S SRR U NI JERE £ 2 )
Cr &= WAL = MR AN IE 210 . SEFR Y A Ni JEHG
CERI) Cr Zr B ERLE 15%28% "), U T S 1H 45
HRREmPUEMN  HUE TR . BRI Bk
B B SRS G AR HE N H B E R, [BX
SEA PR E U T IR R e i S I
PG B R B v 3R A 7485 .

3 45ie

1) kG4 E MBI R (111) F1( 100) I, FE&E 2/
R4 2 S /N2 AR IR Cr & & Tt
EM RS, SRR RS N Cr J AT S 1 i 25
AR RS 0 R TR A S HELA I Cr 22/ 1

=N EEH, HM Oqat Oupe 7 AT AT 51, XA
d T Fim R ML AR AN 32 BN A T B
W ST PUIARZ Cr &2 .

2) gk R B A (110) B, Cr S EALT 10%),
APuinEETE Cr B/, Ogpe> 0, Cr B S FHim
ke M = M E A &2 2N 7 R iR, P
WG Cr B, Cr A RABGE X A 465 Cr &
BT 10%, AR Cr BT K, 0ype= 0, Ouuath
B BFEAK, O — ML T Cr I, Cr BRBdRiZ A im
A

3) WgedEE T2, RS E IR A
(111) B( 100) FIZH), W0 Cr vT PACKE s v 2 1
W& R A E R g & . 7 HEr L2414
BEHIZM R RAERELT, NFHSE%E, Ni
FR RS G BN R BRI .. AR H 4R
LB T H AU B Ni BERS 5 JE R ot 1) A B
IR A G R B PR A TR .

REFERENCES

[1] XU Hurbin, GONG Sheng kai, DENG Liang. Preparation of
thermal barrier coatings for gas turbine blades by EB-PVD
[J]. Thin Selid Films, 1998, 334: 98 ~ 102.

[2] Movchan B A, Malashenko I S, Yu K, et al. Two and three-
layer coatings produced by deposition in vacuum for gas tur
bine blade protection[ J]. Surface and Coatings Technology,
1994, 67: 55~ 63.

[3] 4REM, SAEEL, XA 2 R 3Bl 3R R 2R

ERMBERI] . fiasaz4k, 2000, 21(1): 7711,
XU Hur bin, GONG Sheng kai, LIU Furshun. Research on
the materials system of the thermal barrier coatings of aero-
nautics turbine[ J]. Acta Aeronautica et Astronautica Sinica,
2000, 21(1): 7~ 1.

[4] REwH. BEAES50T2EHE THIBL)]. BFER,
1978, 23(4): 217 ~ 224.

YU Rurhuang. Empirical electron theory in solids and
molecules| J]. Chinese Science Bulletin, 1978, 23(4): 217
—224..

[5] GUO Yong quan, YU Rurhuang, ZHANG Rurlin, et al.
Calculation of magnetic properties and analysis of valence
electron structures of Laly;- , Al, (T= Fe, Co) compounds
[J]. J Phys Chem B, 1998, 102(1): 9~ 16..

[6] LIU Zhrlin, LI Zhrlin, SUN Zherr guo. Catalysis mecha
nism and catalyst design of diamond growth[ J]. Metallurgical
and Materials Transactions A, 1999, 30(11): 2757 = 2766.

[7] CHENG Karjia. Application of the TFD model and Yu s the-

ory to material design[ J]. Progress in Natural Science,



1482

T EA R IR

2004 £ 9 H

[ 11]

[12]

[13]

1993, 3(3): 211 ~230.
LIU Zhr lin, LI Zhrlin, SUN Zherr guo. Electron density of
austenite/ martensite biphase interface[ J]. Chinese Science
Bulletin, 1996, 41(5): 367 ~ 370.
LIU Zhtlin, SUN Zherr guo, LI Zhtlin. Application of Yu s
theory and Cheng s theory in alloy research[ J].
Natural Science, 1998, 8(2): 134 ~ 146.
XEAR, ZEMK, XK. S T g 5 e
[M]. dbmt: Bl2EHRRAE, 2002. 163~ 240.
LIU Zhr lin, LI Zhtlin, LIU Werr dong. Electron Structure
of Interfaces and Their Properties[ M ].
Press, 2002. 163 ~ 240.
LI Zhtrlin, LIU Zhrlin, LIU Werdong, et al. Interface

Progress in

Beijing: Science

conjunction factors of the second phase particles in alloys
and their effects[ J]. Science in China( Series E), 2002, 45
(2): 195~ 205.

LI Zhrlin, LIU Zhtlin, LIU Wetrdong. Valence electron
structures of cementite phase and its interface and the tem-
pering phenomenon[ J], Science in China( Series E), 2002,
45(3): 282~ 290.

LI Zhr lin, XU Hur bin, GONG Sheng-kai. Interface comr

[ 14]

[ 16]

[ 17]

junction factors of thermal barrier coatings and the relation-
ship between factors and composition[ J]. Science in China
(Series E), 2003, 46: 234~ 244.

Sohn Y H, Biederman P P, Sisson R D. Microstructural de-
velopment in physical vapour deposited partially stabilized
zirconia thermal barrier coatings [ J]. Thin Solid Films,
1994, 250: 1-7.

wOFE. RERESRA
1978. 8~ 49.

YE Jun. Nickel Based High Temperature Alloys in American
[M]. Beijing: Science Press, 1978. 8 ~49.

KET AR, B S0 TaR B TER(M]. KEF: HK
Rl HOR R AL, 1993, 314~ 315.

ZHANG Rurlin. Empirical Electron Theory in Solids and
Molecules| M| .
Press, 1993. 314 ~ 315.

Hecht R J, Goward G W, Elam R C. High Temperature
NiCoCrAlY Coatings[ P]. United States Patent 3928026,
1975 ~ 07 ~ 28.

[M]. dbxt: BEEHRRAL,

Changchun: Jilin Science and Technology

(9 BRES)



