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Abstract

A theoretical model which combines gaseous transport and solid state diffusion with the multi-compo-
nent equilibrium at the gas/pack and gas/coating interfaces was used to study the kinetics of diffusion
aluminide coating. The diffusion aluminide coatings were applied by pack cementation with Ni substrate
under argon atmosphere in the high activity and the low activity pack containing NH,Cl or AlF; activator.
On the basis of the process conditions, the suggested model allows the surface composition, the growth rate
of coating layers and the aluminium concentration profiles in coatings to be calculated. In the case of NH,
Cl activator, careful consideration was required in the analysis, because activator contains nitrogen and
hydrogen as well as halogen element to activate the pack. A good agreement is obtained between the theo-
retical predictions and the experimental results.
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Table 1. Experimental conditions for pack cementation
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Experimental Condition 1 2 3 4
High High Low Low
Classification o o o L
activity process | activity process | activity process | activity process
Temperature(°C) 850 950 1050 1050
Time(hrs.) 4 4 10 10
activator 4wt % Awt% 4wt % 4wt %
NH,C1 NHCI NH,CI AlF,
Pack Al 4wt9, 4wt % 25wt % 25wt %
composition source powder pure Al pure Al Ni,Al, Ni,Al;
. . AlLOs ALOs ALQ; AlQ;
nert filler
J (balance) (balance) (balance) (balance)
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Fig. 1. Activities of Al as a function of the Al con-
tent for Ni-Al alloy at various tempera-
tures '?
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Table 2. Thermodynamic calculations of the equilibrium composition of a Pack by SOLGAS-MIX under

Ar atmosphere

Experimental condition 1 2 3 4
Species Pressure(atm.) Pressure(atm.) Pressure(atm.) Pressure(atm.)
Gas phase
AICI 0.15004 x 10! 0.44278 x 107! 0.39065 x 107!
AlCL, 0.60693x 1072 0.13326 x 107! 0.16357x 107!
AlCl; 0.13050 0.11326 0.11309
AlLCls 0.36342x 1073 0.10110x 1073 0.43274 x107*
AlF 0.39558 x 10!
AlF, 0.49222x107%
AlF; 0.23395x10™!
ALFs 0.10566 x 102
H, 0.84178 0.82314 0.82481
HCI 0.17400x 1073 0.41188x 1073 0.15468 x 1072
Ar 0.61090x107? 0.54795 % 1072 0.50861x10°? 0.93107
Condensed phase
AIN 0.37420x 107! 0.37420x 107! 0.37420x 107!
AlF, 0.21738%x 107!
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Fig. 2. Variations of the interdiffrsion coefficient
with concentration in the Ni—Al alloy at
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Fig. 3. Net instantaneous flux of Al in the gas
phase as a function of the Al concentra-
tion at the coating surface for different
temperatures ; 4wt % Al 4wt% NHCI
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Fig. 4. Net instantaneous flux of Al in the gas
phase as a function of the Al concentra-
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activator

o SFetdct. ol thE ATxte] BRI} x|
s 2t o|2REH ZEIUe Z YAE T
o FAML JAE GA ¢ F oy, = i

ofl
o[)(n

o Al z% % 43L& WDS HEHe
%1‘4
A¥23 19 AT Fig. 5(a)lM 48 & &4
A%s H] wl £ o, fHFze 38 A4
NLALZolZ 2 FA7F 8lm F=YE vehin
om, NiAlZ# NiAlFe &3 Fxrto] 34
Hoks Zg B9F3 Aok ol A¥ARe} UX
3 ok w¢ APAse] WDS HEA @sts}
HHAne] FEHHo] 2 AFE Holm ¢l

re M 252 950CE &Y gz 2
o] A%(Fig. 5(b))= dj4 Axpr) 4y AAE A
o] BEs dFs lon, ex9 = Qg
850Ce AsEn Z®F FA7 o Yolrn
UEE BAFI Q)

NHCI 4418 AMe-s A €52 33U 49
£33 3¢9 AFEFH(Fig. 5(c))E HA¥zA 1, 2
e 23 FHd NLAL Fo] 48R ¢ Al-
rich NiAlZo] FAHUALEE YeEpAT g} o=
AR} dXeh= Ao 2A, Ao 2ZapA)
o5td IS ol Ni,Al,Zo] BA=o] Uz @&
3 Al-rich NiAl&3} Ni-rich NiAl&e] 7 &%
E R vaA A A 43T AL B+
e £ AAH = AHY 2 NiAlE
9] FA(Al-rich NiAl¢} Ni-rich NIADE 4
2ot dEZIH} ZHEE BAFL YA Y
239 NiAlE FA7E dgdnect o 15% =
A deht Aok Akl 93 E8 dA4% T
7t AEZAEG Frhs e 7o sREY Al
£g 27 Aty 2 4 gon, 1 9
€ o 2 olfstn 4add. &, £ Al
HEELE AMEEHE 1 855 FFYAME Al
2] 38 9ol AlNe] F43t1n FdslA o
dElo], “3.2"HolM AE3 AINg 1}‘4&4"“
ek B g4 §k(1/3 5)e] HHsitty Ak
i}, NiLAL & TUE A A 85
FAAMNE Al ‘?_}%"4°] gojA, Ed g
HEAAE bR Nig) oz AlNo] Fdq

T3 ¢

+ o



160

AT AT YA A28 A3F 1995

0.00

202 45-55-26-16 -6 & _15 26 36 45 66 65

U 3
=% 65 66-45-5525-166 b
Distance from initial surface Otm)

£878 2BKU  X1.668 1Gvu W

16 26

(a)

206 ¥1,089  {avn WD3Z

Ni—rich NiAl

Distance from initial surface {sm)

(c)

~
Bo.80

©0.70
[}
Ho.80
E 0.50
c0.40
=
80.30
0.20
80.10 |
[&]
0.00L

6B69  2BKY %3

. NiAl

[ NiAl

¥ NisAl

Y Solid

- solution
2 01 56-60-60-40—20 0_ 20, 40 80 80 100 120

Distance from initial surface (um)

So.s0

©0.70
&o.60
é 0.50
50.40
-d
£0.30
¢0.20
80.10
o
0.00

3 -80 —30 —40 —20

(b)

020 40 80, 80,
Distance from initial surface (usm)

(d)

Fig. 5. Comparison of experimental WDS line-profiles and computed composition-profiles in the diffu-
sion zone, aluminized with
(a) 4w1% Al 4wt% NH.C), 92wt % AlO; for 4 hrs. at 850°C
(b} 4wt% Al, 4wt% NH,Cl, 92wt% AlLQO; for 4 hrs, at 950°C
{c) 28w1% Ni,Al; 4wt% NH,Cl 71wt% ALO; for 10 hrs, at 1050°C
(d) 25w1% NiAl;, 4wt% AlF;, 71wt % Al,O; for 10 hrs. at 1050°C
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Table 3. Comparison of theoretical predictions and experimental data for weight gain, surface

composition and primary coating layer.

2) SAo] o8 YU Al BE $I, 7
439 S, 29 E

A ZbRe 49ane 2 vdstn At

3) A BFE TAAAM H4 £ HFAFA)
okt zeolE Ut olf s ZELEIL ¥
T3 ngolnz BAPYAVL Jtate] HYR
8 #25= Ax7) A8ty HEojgtn B
"ot

4) & A7 ALY Ni 7= &l Fe
£ Co7IAd=E H&7t5stn, AT 92
24 Al9d Cr, Si 59 940 dA= dA
g 7hsd oz duHA, Jtag B4 =
¥ 33 T 0Ud &4 28 FAC 9T gd
&l 71 "t

Experimental condition 1 2 3 | 4
Weight gain
14.8 28.0 11.8 21.0
(mg/cm?®)
Surface conc.
of aluminium 59.3 60.3 55.2 56.8
Experiment (at%)
Thickness of
] 80um 126m 65 um 114 um
primary . . . .
. (Ni,Aly) (N1,Al,) (NIAD) (NIAD)
coating layer
Weight gain
16.0 27.0 11.0 26.0
(mg/cm?)
Surface conc.
Calculation of aluminium 60.4 60.5 54.1 56.3
(at%)
Thickness of
. 81um 123um 54 /m 127 ym
primary . . . .
. (N1,Als) (N1,AlL) (NIAD (Ni1AD)
coating layer
a0 g s
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