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ABSTRACT

/129

The purpose of this study is to clarify the influence of the reaction temperature and AlCl; content on
the aluminide coating formation on Ni-based superalloy IN713C in CVD process and to compare its throw-

ing power with that of Pack Cementation process.

Aluminide coating was formed by CVD in hot-wall stainless tube reactor from an AlCl,-H, mixture in

the temperature range 850~1050C.

At reaction temperature 8507C, the coating thickness and the content of aluminium at the surface
were increased as AlCl; heating temperature was raised. At reaction temperature 1050°C, they were not in-
fluenced by the variation of AICl, heating temperature. When AICl, heating temperature was fixed 1257,
the phases of the coatings were varied from Ni,Al; to Al-rich NiAl and to Ni—rich NiAl with the reaction
temperature. Therefore, in this stucy the reaction temperature has been found to be a major factor in deter-
mining the phase formed in CVD process. The throwing power of CVD was superior to that of Pack Ce-

mentation.
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Fig. 1 Schematic diagram of the reaction apparatus.

(1) flow meter (7) ALO;+ Al powder
(2) valve (8) specimen

(3) AICl; bath and heating coil (9) stainless tube

(4) AICl, (10) ‘bordon gauge

(56) thermocouple (11) rotary pump

(6) mulite tube and heating coil (12) NaOH bubbler
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Fig. 2 Variation in surface composition(Ni and Al)
of aluminide coatings with AICl; heating
temperature and reaction temperature.

(a) reaction temperature 850°C
(b) reaction temperature 1,050°C
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Photo. 1 SEM cross-sectional micrographs of specimens coated at reaction temperature 850°C and 1,050°C.

(a) AICl; heating temperature 90°C
(b} AICI; heating temperature 107.5C
(c) AICl; heating temperature 125C
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Table 1. Thermodynamic calculations of the
equibrium composition of a pack by

SOLGAX-MIX under argon : P =latm

Type Outward
. Inward Type
Condition Type
Temperature(C) 1050 850
Species Pressure(atm) | Pressure(atm)
AICl .92423E—-03 13719E—-01
AlCI, .27220E—02 .50745E 02
AICI, .13229E4-00 .99767E—01
AICl; .59220E—04 .21241E—03
Cl .15784E—07
Al .32529E—09 .31188E—-08
H, .82351E400 .64909E+00
Ar .29624E—01 .23199E+00
HCI .10865E—01 .13971E—03
AIH .74753E—-09 .20155E--07
H .14267E—05 .34374E—07
NH; .17838E—07
N, .42840E—07
Ni 57264E—09
NiCl .18076E—07
NiCl, .13283E—-06
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Fig. 3 Variation in calculated eguilibrium partial
pressure of gaseous species with AlCl,
heating temperature : P, =latm, H, atmo-
sphere.

(a) reaction temperature 850°C
(b) reaction temperature 1,050C



ETVE LS UL IR LRI B R ——

oz Azt

T3, Fig. 3az2%e AICL719L %9 #Halo) o3t
AICI 2 AlCLo] HaHEstel Wyl 3e)&o g0z
‘4 (Fig. 2b) & 57| W3l (Photo. 1)of] & %43g 0|
A& & 4 Utk et Wapdgatag e A

F8 7ZIANEE F, AICIY] o] mg%

+E9Jr AR A A Ak AE)

At aE o] PYAHE 2% 1,050Ce A%
£ AHRd, AlClY) FYEA2 Aol +4
dlA= 0.0009atme]at, 3}3tF (Fig, 3b)olA=
AlCLe} 719 e2%7t 90°C, 107.5C, 125°C o, 7
2} 0.0014atm, 0.0079atm, 2 0.0333atmo.3 A=
HolHd FAoAe AAYRT BE ] & HY
Holo] waslg oy, & Al 7AuvgFES o &
< HYPEAE e AlabE B ELe] Fold
E Bpsin g aneo) AICL 9] W
o wiet o] WalslA i (Fig. 2b), FAzlel7} 2
A YebtA] & (photo. 1) o]f= HAAWE o] F
BollMe] ATANY wl7tA R LA defe] FHito
g AuEty) il ez 4zpdr

_\.‘l
oft
ox

2 HIZE2To| HE

4 Ao AP o3t AICLS 7}E&E 125
TollX Wakd 2 fgFgdgitage] vg2x 850C
9} 1,050CoA Zzk gAsAt olziE A
AlICL 7ML oM WHg2xrt 3Y S5 4 HAd
Zuj A Q2 243 Ao w¥ 5 ot wh}
A el 383 4 AR vl 9%% 1
F3l7] 9i8le, AICL7I9e=E 125Ce 133,
V2 E HSIAA 2o wE e &4 nEds
Art.

321 4 2 AREA

AlCL7HE e x 125Cold wgexd m& XRD
4238 Fig 40 Heh e} vHg2 % 850, 900C
9 B+ NiAlde] &5, 2% 950, 1,000,
L,050°Ce A $E= =% NiAl Ao] #aE e}, oz
HE AICLME 25 125CoAN e S 4 dAALS
F2 ghgeme o3 AFHE AL & ¢ Utk

Fig. 5& AICL719 &% 125CA ¥lg-exo]| w
& 2939 ¥UzA 938 Jehd Aok, XRDE

Fig. 4 Effect of reaction temperature on the X-ray
diffraction patterns of specimens coated at
AICl; heating temperature 125C.

ATOMIC PERCENT

I
10

o s 1 1
850 800 950 1,000 1,050

Temperature(T}

Fig. 5 Variation in surface composition(Ni and Al)
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Phote. 2 SEM and OM cross—sectional micrographs of spicimens coated at different reaction
temperatures . AlCl; heating temperature 125C.
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Fig. 6 Concentration profiles in specimens coated
at different reaction temperatures . AlCl,
heating temperature 125C.

{a) reaction temperature 850C
(b) reaction temperature 950°C
(¢} reaction temperature 1,050C
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Photo. 3 Variation in coating thickness of aluminide coatings formed by CVD and Pack Cementation at reac-
tign temperature 1,050C.
(a) Pack Cementation (gap distance . 100um)

(b) CVD (gap distance : 100;m)
(c) CVD (gap distance . 50/m)
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