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## 4870519821  : MAJOR METALLURGICAL ENGINEERING

KEY WORD: ALUMINIZING/ NICKEL BASE SUPERALLOY/ INCONEL 738/ GTD 111
SIRINY A CHANSAKSOONG: EFFECTS OF TEMPERATURE AND TIME ON
FILM THICKNESS AND STRUCTURE OF PACK-ALUMINIZING OF NICKEL
BASE SUPERALLOY GRADE IN 738 AND GTD 111. THESIS ADVISOR:
PATAMA VISUTIPITUKUL, Ph.D. AND THESIS CO-ADVISOR: PANYAWAT
WANGYAO, Ph.D. 131 pp.

Aluminizing process is a simple method to improve oxidation resistance of cast nickel base
superalloys. In the present study, nickel base superalloys grade IN 738 and GTD 111 were surface
coated by aluminide compounds, using pack aluminizing process at the temperature of 800 "C, 900°C
and 1000 °C for 1 to 6.25 hours. In addition, annealing process to homogenize coating surface was
subsequently carried out at 1000 °C for 6, 10, 14 and 20 hours. The microstructure and thickness of
coating layer was analyzed by x-ray diffractometer.

It was found that the coating layer consists of Ni,Al, and NiAl, compounds. The thickness
of coating layer increases with aluminizing time and temperature. The square of thickness values
increased linearly with soaking time. After annealing, the Ni,Al, compound transformed to NiAl
compound. This results in a better oxidation resistance of nickel base superalloys grade IN 738 and
GTD 111,

Academic Year: ..........2000.........
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dudisuuumasgy 1.57 4.66 0.30 2.41
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Q15190 1.2 ANUNIFLAdY TaneHauNao Nl ANaYila IN 738 NHIUMTIAADURD

A07% Pack-Aluminizing ‘ﬁqmw

SN (wﬁamﬂu‘lmiau)

U 900 DIF ALY

U
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oer 131780 1, 2.25, 4 uag 6.25

A 1daTue | 2.25 927w 4 2 Tug 6.25 #1119
1 75.10 115.08 152.67 227.16
2 93.67 108.10 151.72 228.39
3 89.31 113.04 147.84 235.80
4 88.39 108.83 150.61 232.71
5 90.52 110.25 149.23 236.46
6 - - 146.88 227.13
f‘hiﬂﬂ?gﬂ 75.10 115.08 146.88 236.46
Miloogea 93.67 108.10 152.67 227.13
Aunaviigasnga
sz o 89.41 110.7067 149.85 231.015
dudisauumasgy 1.07 2.141829 1.683152 3.979987
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a ! a < o
A183% Pack-Aluminizing Ngavgil 1000 ossuaaidoa (Jual 1,2.25 uaz 4 %219

miuduluason)
A 1daTue | 2.25 927w 4 2 Tug 6.25 #1119
1 85.71 265.43 455.7 -
2 82.61 313.57 463.29 -
3 88.82 298.14 336.71 -
4 89.44 313.57 302.53 -
5 89.31 241.11 484.39 -
6 79.93 318.07 295.44 -
ANINGA 89.31 318.07 484.39 -
Miloogea 79.93 241.11 295.44 -
Aunaviigasnga
sz o 86.65 297.6775 389.5575 -
dudisauumasgy 3.15 22.69551 82.0121 -




v Y Y Y v
Q13199 1.4 ANVHUFUIADU TansNauNANIHBNULNAa%HA GTD 111 NHIUMTAADURD

A07% Pack-Aluminizing ‘ﬁqmw

SN (wﬁamﬂu‘lmiau)

U 900 DIF ALY

U
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o 151780 1, 2.25, 4 uag 6.25

A3 14Tue | 2.25 42T 449Tue | 625 %2l
1 80.86 151.23 188.89 195.06
2 82.1 151.23 192.59 209.87
3 82.1 140.12 209.87 214.81
4 77.16 140.12 173.45 225.92
5 77.04 156.47 169.67 195.00
6 85.52 139.98 209.87 225.92
ANINGA 85.52 156.47 209.87 225.92
Milouqa 77.04 139.98 169.67 195.00
Aunaviigasnga
sz o 80.555 145.675 191.2 211.415
drudeuuumnasg 2337598 |  6.414361 14.95437 12.80357




a

[ Y Y v 1 v
M98 0.5 dasidrmhinaenunAuleiIMINadoueeNFIATUNgUHl 1000 D3F

Q

I 1 a { 4 a A a !
wraFed 1unainiee vee lavenauiaitiofuiininayia IN 738 ag GTD 111 9

a =

[l 1o a a { < o
mullummimﬁeum, mﬁ@umﬁqmﬁﬂu 900 DAL aLe U Wuan 4 ‘H'JI?N uae

U
a =

A a A & o Y o & A a4
A UANINYUTIYN 900 DI ALY YT Lﬂumﬂ’] 4 "]5'31“\1Lla'lu'lulﬂ@ULﬂulu@LﬂUfJ‘ﬂ

U

a < o ] [ [ a
2U1U 1000 ’E]\?ﬁ%“lfal‘?iflﬁ iWuan 10 515'3111\1 (1’?‘1/1’3ﬂ!ﬂuﬂiﬂﬁ@@ni"ﬁl“ﬁu@lmﬁi)

A 04aTus | 2427w | 492Tua | 94aTus | 15 92 Tus
IN 738 0 -0.000555 | -0.000581 | -0.000959 | -0.002499
IN 738 Aluminized 0 0.000138 | 0.000138 | 0.000138 | 0.000110
IN 738 Aluminized&Annealed 0 0.000099 | 0.000124 | 0.000124 | 0.000124
GTD 111 0 -0.001601 | -0.001674 | -0.002474 | -0.002547
GTD 111 Aluminized 0 0.000085 | 0.000169 | 0.000113 | 0.000056
GTD 111 Aluminized&Annealed 0 0.000161 | 0.000188 | 0.000188 | 0.000188




MANUIN U

Wagner’s Equation
v
Wagner aiimsaneina lnmsinadunaeulunssuIums Pack-Aluminizing WU
910N Fick’s First Law
1=-D[OC/OX] (1)
A a qu’ A I . . Y A o '
Wonalnmsinaduadewiuuu Diffusion control ANHHIN IdazTanTudadiu
AR AIAUNS
E’=2k't )

Taga k' ﬁ@ 1 Tammann’s constant

A Aa & A
ﬂ1§‘l"i1W1!‘V]N’J"IlENﬁ!T‘iﬁEI§JGlﬂ”|
A A v Y v ) '
ﬁlﬁﬂﬂlﬂﬂﬂ ‘mﬂchfm:mJmwwammzmmmuma a, b, ¢ AT d ITHIWITONIA
semiperimeter 18 faaums
s=(a+b+c+d)/2 3)

F4
a

o A A A A Yo
ﬂWﬂuuﬁ”liJ”liﬂﬁ”l‘WiﬁﬂW’JGIJ’ENE‘TL‘WE]EJNGLW]llﬂﬂ\iﬁuﬂ”li

A(®)= J(s-a)(s- B)(s-c)s-4d) “
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?1519% 7.2 Reference pattern: Nickel Aluminum (NiAl,)
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?15197 7.3 Reference pattern: Nickel Aluminum (NiAl)
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A13197 7.4 Reference pattern: Chromium Oxide (Cr,0,)
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A13197 7.5 Reference pattern: Nickel Oxide (Ni,0,)
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A13197 7.6 Reference pattern: Nickel Oxide (NiO,)
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A137197 7.7 Reference pattern: Nickel Oxide (NiO)
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A13197 7.8 Reference pattern: Aluminum Oxide (A1203)
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A a a J
Usz IAQIUIIMENTNUS

@ J = a o 4

aa @ { { o @ <
WA ATUY TUNSANAGL INATUANTN 6 WauAIAL WA, 2526 NTIKTAYNA 19
=2 o P = =) =2 091’ 9 =] v a 4 a @
Anvdsenilarei Isusoumisngandny mntu ladnuissdulSygriuda vangas
a 4 a a @ a a
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a J J a % A ' Y = ! g a
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a % s N o 4
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