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Multi-layer Coatings for Preventing Diffusion of Nickel
into Tungsten Fiber

Takashi ARAl, Toshiharu KOBAYASHI, Takehiko ITAGAKI,
Sokichi TAKATSU, Kunio SHIBUKI and Tetsuharu TSUKAMOTO

Synopsis :

Attempts have been made to develop multi-layer ceramic barrier coatings over the reinforcing wire in
tungsten wire reinforced nickel-base superalloys suitable for their fabrication by a casting technique.
Using the processing of chemical vapor deposition, the wire was first coated with a 1 um thick layer of TiN,
then with a 5 pum thick layer of TiC or TiN or Al,03;, and finally with a 1 um thick layer of Al,03. It was
found that none of these multi-layer coatings was damaged during the composite fabrication by casting.

The most favorable in terms of the barrier effect was the Al,O3-based coating (TiN-Al,05/Al,05), which
completely inhibitted the nickel-induced recrystallization of tungsten wire even after 1000h exposure at
1200°C. The TiC-based coating (TiN/TiC/Al,03) was unfavorable because complicated chemical interac-
tions occured especially between TiC and TiN. While the TiN-based coating (TiN/TiN/Al,O3) was struc-
turally similar to the Al,O3-based coating, results were somewhat different since the constituent layers,

TiN and Al,O3, had different thickness.
the composite creep-rupture testing.
Key words : metal-matrix composite materials ;

The superiority of the Al;O3-based coating was also confirmed by

tungsten fiber reinforced superalloys; nickel-induced

recrystallization ; multi-barrier coatings ; TiC, Al,O3 and TiN based barriers ; interactions among Ni/bar-

riers/W wire ; creep rupture strength.
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Table 1. Chemical composition of matrix alloy,
113M.

C Si Mn Ni Cr w Ti Zr
0.05 0.3 0.1 Bal 23 18 0.5 0.03
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Photo. 1. Transverse gage section of creep-
rupture test piece.

(a) 1100°C-300h (b) 1200°C-1000h
Photo. 2. Microstructures of nickel plated tungsten wires after heating.

(a) TiN-system (b) AlpO3-system (¢ ) TiC-system
Photo. 3. Microstructures of nickel plated barrier-coated tungsten wires after heating for 1 000 h at 1 200°C.
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Fig. 2. EPMA scanning charts of TiN-based bar-
rier system after heating for 700 h at 1 200°C.
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Fig. 3. EPMA scanning charts of TiC-based bar-
rier system after heating for 1 000 h at 1 200°C.

a: TiN-system b : AlyO3-sysstem ¢ : TiC-system
SEM images of nickel plated multi-barrier systems after heating at 1 200°C.

Photo. 4.
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Photo. 5. Room

temperature
nickel plated TiN-system after heating for 500 h
at 1200°C.
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Photo. 6. Room
nickel-plated Al,O3-coated tungsten wires after
heating at 1 200°C.
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Fig. 4. Stress vs. time to rupture of the compos-

ites, tungsten wires and matrix alloys at 1 050°C.
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101 / /’l }/"
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/ O-Yithout barrier
10°— @ —————/ / A4ith TiC barrier @

Secondary creep rates (%/h)
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Fig. 5. Stress vs. secondary creep rates of the
composites, tungsten wires and matrix alloys.
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a : With TiC-barrier coating
b : With TiC-barrier coating

Photo. 7. Microstures  beneath
the fracture surface of nickel-
plated specimens.
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a : As-received wire b : Ni-coated wire with Al;03-barrier coating ¢ : Ni-coated wire without barrier coating
Photo. 8. Microstructures of creep-ruptured surface of tungsten wires tested under the condition of

1 050°C-45 kgf / mm? after holding for 48h at 1 200°C.

FHIH AN S CEREEISR S 27 L < H1L ¥ 2 M2 S
5.
EREAHEIY 50°C BV L ICEET AL BhbRs.

4. #

WHIHERILIN 2L 5 & 2 5 < B AETHET 258108
L7-fi@BhiE N YORE*HE LT, CVD#HEL
7B T Iy 2 AN XIZOWT, HMEER OB
IR EEEM DY) — THEREICRIT TR & DBE
Hr Bt L, ROEREHL.

(1) AlLO; REKV TIN THZ2#EH L EERIN
VX3 H ARG N Y Y OEE 2554 L
7z. (2) TiN, AlLOs, RO TiC #ENU Y & L%
BN YD53bdbo b bBERTVADIIE ALO; R T
&o7:. 1200°C MIFLT, 500h F TWHRO 1 REHH
#HIHIL, 1000h F@BLTH 2 RFEHRRIEDONL
Mo7:. (3) TiN &EOFREDHBAED TIiIC /XY ¥
it TiC-TiN OHEERIZ L BN Y OIEEI O &L,
TiN & OMAERITE L TH . (4) TiN Z2NY Yk
Ni OIEEFIHIT BRFE0 L%, NUYELTOR
Ruadirw (5) NUYHESBORED S b,
TiN-Al,03 K U TiC-Al,05 O JUG I 1E & A L ED LW
Ewzbn, (6) WHBHBEILESM O 1050°C 2.9 —
THECH L, ZRBRNY Vi 1, ORETIE AlLOs &
BRRERTVD I L ERLI.

Bbyi, AEETICH VAR TERY W
72V 7o S BRI ZE R A R B B TR IR R 1 LI B R UK,
FpTAF R (EPMA %#Eg), H=ZIK (SEM E5),

]

TEABMERK (7 ) — 7HRTERF O/ER) K OHiRE
REK (70— THIRER) CR#OEERLET.
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