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## 5370283421 : MAJOR METALLURGICAL ENGINEERING
KEYWORDS : ALUMINIZING/NICKEL BASE SUPERALLOY/HAYNES 214/0XIDATION

PASUTA KEERATIMAS : EFFECTS OF TEMPERATURE AND TIME IN PACK
ALUMINIZING PROCESS ON OXIDATION RESISTANCE OF NICKEL BASE
SUPERALLOY, HAYNES 214. ADVISOR: ASST. PROF. PATAMA

VISUTIPITUKUL, Ph.D., CO-ADVISOR: PANYAWAT WANGYAO, Ph.D. 72 pp.

In this research, pack aluminizing process was conducted on nickel base superalloy,
Haynes 214 at various temperatures (700,800 and 900°C) for 1, 1.25 and 6.25 hours. Phases in
layer were identified with XRD and the cross-sectional microstructure was observed by an
optical microscope. Hardness was measured by Vicker microhardness tester. Wear resistance was
tested by pin-on-disc wear machine and Surface morphologies of each wear tested specimen
were analyzed with SEM. Cyclic oxidation tests were conducted at 1000°C for 104 hours. During
cyclic oxidation test, sample weight was measured every cycles (8 hours each).

The surface consists of two layers: the inner layer is Ni,Al, (main phase) and the outer
layer consists of two phases: Ni,Al, and NiAl, (secondary phase). Temperatures and times in the
aluminizing process do affect to the thickness of the layer. The increasing of aluminizing
temperature would increase the thickness of the coating layer and the increasing of time would
also increase the thickness of coating layer. The aluminized Haynes 214 is harder and had better
wear resistance than those of untreated Haynes 214 specimens. When comparing specimens with
and without aluminized coating, it was found that the aluminized specimens show a higher mass
gain in the beginning of oxidation testing and then undergoing stably. The uncoated substrates

show a lower mass gain in the beginning of the test but have trends to rapidly increase later.

Department : __Metallurgical Engineering Student’s Signature

Field of Study : Metallurgical Engineering Advisor’s Signature

Academic Year: 2012 Co- advisor’s Signature
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Nominal Chemical Composition, Weight Percent

Ni Cr Al Fe Mn Si Zr C B Y
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MANHIN N

Y 4 Y 1
M13719 N1 LAAIANUHINTUAaeDYes lannaueyiioNuiinina Haynes 214 AU 1%

a =

o a a { 3 ] [l
N wagshez gl lud Ngungl 700 esruaaiFod 1Wunal 1,2.25, 4 uag 6.25 52109 (W10

G

Fhe'luasen)

adait 19T | 2259 e | 499Tue | 6.25 9219

1 25.66 38.45 56.52 69.88

2 26.65 41.22 56.21 69.25

3 25.66 38.85 55.9 69.57

4 26.65 42.02 55.59 68.32

5 25.66 42.02 53.11 70.19

6 26.65 43.21 54.04 71.12

7 26.65 43.6 55.9 68.32

8 27.63 42.81 55.9 71.12

9 25.66 42.02 57.14 68.32

10 27.63 42.81 57.76 73.29

Aunae 26.45 41.701 55.81 69.94

dufisunmnasgy 0.78 1.75 1.36 1.58
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Y 4 Y 1
M13719 0.2 LAAIANUHINT Ao UYes lanenauteyiioNuiinina Haynes 214 A U5 1%

a

° a A { I ] [l
U LLﬁzﬂWﬂzgﬂJlluﬁlfﬂ ﬁqmﬁﬂll 800 'E)\'iﬁ“%ﬁl@ﬂﬁ !ﬂul')a1 1,2.25,4 8% 6.25 G]f'JTlN (MU

U

Wu'luasen)

adadt 19T | 2259 e | 499Tue | 6.25 %219
1 67.64 77.2 103.4 112.61
2 66.85 76.23 100.3 112.81
3 66.85 80.09 94.2 111.02
4 66.45 77.2 94.2 111.41
5 69.63 78.16 91.99 111.81
6 69.63 69.48 91.99 110.62
7 66.85 77.2 92.73 113.4
8 67.25 77.2 93.83 114.2
9 68.44 78.16 88.31 111.02
10 70.03 81.06 87.95 115.39

Aunae 67.96 77.20 93.89 112.43

dufisunmnasgy 1.36 3.08 4.79 1.55




Y 4 Y 1
M13719 .3 LAAIANUHINT WA UYes lanenaueylioNuiinina Haynes 214 A 1UMNS 1%

a

Nuaziezgl lud Ngungil 900 per sl

U

= 3 ) ]
Foa 1Wuna 1,2.25, 4 uag 6.25 ¥ 134 (U8

Wu'luasen)
adadt 19T | 2259 e | 499Tue | 6.25 %219
1 96.69 171.89 221.29 309.495
2 97.49 169.51 220.255 312.07
3 97.09 166.72 214.58 317.23
4 98.28 167.92 209.94 325.485
5 99.48 167.92 205.81 324.97
6 99.48 169.51 204.265 324.97
7 98.28 165.13 205.3 326
8 97.88 167.52 203.75 326.515
9 98.68 168.71 201.69 326.515
10 97.09 171.1 199.11 324.455
Aunae 98.04 168.59 208.6 321.77
dufisunmnasgy 0.98 2.01 7.7 6.41
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Y 4 9 v
A4 .4 LFAAANINUIFUIAARVVB lareNauNAbaNuiinna Haynes 214 N1 limums

a

o a a 1 I &
149 uazvhozgll luds Ngangil 700 esswaidea Wuna 1,2.25, 4 uaz 6.25 31109

U

e luasen)

adadt 19T | 2259 e | 499Tue | 6.25 %219

1 32.28 38.375 57.12 66.01

2 32.21 38.17 57.83 67.26

3 31.73 38.17 58.32 66.08

4 31.19 38.175 59.31 67.02

5 30.12 38.38 59.37 71.34

6 32.26 38.58 59.82 71.33

7 29.51 38.58 60.42 72.28

8 31.6 38.375 60.24 71.32

9 31.17 38.585 60.86 64.47

10 32.33 38.585 61.01 64.91

Aunae 31.43 38.40 59.42 68.19

dufisunmnasgy 0.95 0.18 1.32 3.03
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Y 4 9 v
A1 0.5 LAAANUNUIFUIARDVVB lare NauiAbeNuiinna Haynes 214 N1 limums

a

o a a 1 I &
T¥auunazihozgll lude Ngangil 800 osswaidea iuna 1,2.25, 4 uaz 6.25 31104

U

e luasen)

adadt 19T | 2259 e | 499Tue | 6.25 %219
1 61.53 87.24 122.14 142.34
2 61.99 90.46 119.84 142.8
3 62.45 88.62 121.68 140.5
4 62.91 87.7 121.68 140.05
5 62.45 88.16 120.3 139.59
6 63.36 87.7 119.38 140.96
7 61.53 89.54 120.3 139.59
8 60.61 90.46 120.76 139.13
9 63.36 89.54 121.22 143.26
10 63.36 89.54 118.92 142.8

Aunae 62.36 88.90 120.62 141.10

dufisunmnasgy 0.94 1.17 1.06 1.56




61

Y 4 9 v
A4 1.6 LAAANUNUIFUIATDVVBS lareNauiAbiaNulinna Haynes 214 N1 limums

a

o a a 1 I &
TFauunazihozgll lude Ngangil 900 osswaidea iuna 1,2.25, 4 uaz 6.25 31104

U

e luasen)

adadt 19T | 2259 e | 499Tue | 6.25 %219
1 113.41 155.29 252.63 270.19
2 111.12 154.92 251.64 265.37
3 110.66 156.02 239.75 262.47
4 111.58 155.65 235.79 266.33
5 111.58 154.18 236.78 268.26
6 111.58 155.29 233.81 262.47
7 110.66 156.02 233.81 275.02
8 109.74 156.76 232.82 271.16
9 112.04 155.65 245.7 265.37
10 110.66 156.76 238.76 275.02

Aunae 111.30 155.65 240.15 268.17

dufisunmnasgy 1.00 0.80 7.34 4.61
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<3 a ¥ ¥ a a ' [
TN N.7 mmumwmTawxwﬁuw&ﬁmﬁeﬁuuﬂma Haynes 214 ﬁWWHﬂWiﬁl%}QWH LUAgHIUNIT

wezgil luds figangil 700 ossra@oa an 1,2.25, 4 uay 6.25 ¥ Tue (viefluny)

adait dodu | 14T | 225997 | 49aTue | 625 92T
1 243.6 477.6 606.4 491 635.4
2 248.3 490.2 611.3 641.6 636.8
3 250.2 525.7 670 665.2 637.7
4 250.4 540.4 677.7 701.7 638.5
5 251.1 602.7 726.2 7423 645.6
6 251.8 608.9 733.7 7483 645.6
7 252.7 620.5 743.2 751.3 653
8 253.2 629.1 743.8 757.4 663.7
9 257.3 641.1 750.1 758 686.1
10 258.9 653.9 751.3 759 735.5
Aunae 251.8 579.01 701.37 701.58 657.79
dudouunasgu | 4.32 64.68 56.53 85.1 31.47
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<3 a ¥ ¥ a a ' [
AT N N.8 mmumwmTawxwﬁuw&ﬁmﬁ@ﬁuuﬂma Haynes 214 ﬁWWHﬂWiﬁl%}QWH LUAZHIUNIT

wezgil luds figaungil 800 ossraoa an 1,2.25, 4 uay 6.25 ¥ T (viefluny)

adait dodu | 14T | 225997 | 49aTue | 625 92T
1 246.2 587.3 726.8 674.6 692.8
2 246.4 682.4 736.4 730.2 698.5
3 248.5 702 744.7 750.7 705.3
4 251.9 740.2 752.5 760.5 716.8
5 253.9 740.5 764.9 768.3 722.7
6 254.7 745.9 772.4 772.4 724.2
7 255 772.1 781 795.7 738.7
8 256 773.7 782.6 797.3 7423
9 256.4 781 788.8 810.4 743.8
10 259 784.2 794.7 840.8 763.3
Aunae 252.8 730.93 764.48 770.09 724.84
dmudounasgy | 4.42 60.64 23.36 46.2 22.38




<3 a ¥ ¥ a a ' [
AT N N9 mmumwmTawxwﬁuw&ﬁmﬁeﬁuuﬂma Haynes 214 ﬁWWHﬂWiﬁl%}QWH LUAZHIUNIT

ozgil luds figaungil 900 sssruaoa an 1,2.25, 4 uay 6.25 ¥ T (viefluny)

adait dodu | 14T | 225997 | 49aTue | 625 92T
1 234 652.5 585.7 686.1 719.3
2 234.3 660.1 724.2 7435 720.7
3 242.1 680.1 740.2 752.2 723
4 243.6 689.6 744.4 767.4 727.1
5 246.6 713.1 748.6 770.8 729.1
6 247.1 713.7 750.1 796 740.5
7 254.4 745 764.9 797.3 741.7
8 260.2 769.9 775.9 799 744.7
9 263.2 809.3 781.6 809.7 749.5
10 269 815.2 786.8 810.8 773.3
Aunae 249.5 724.85 740.24 773.28 736.89
dmudouuunasgu | 11.93 58.37 57.81 38.67 16.68
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<3 a ! & Ao a { [N ]
M1314 N.10 ANVLYved TavgnauNebiiioiuiinma Haynes 214 7 limums 19am uazriu

a

m3vhezgil luds fgamail 700 srisaiFod nan 1, 2.25, 4 uaz 6.25 %211 (Mioiluay)

U

adait dodu | 14T | 225497 | 49aTue | 625 92T
1 305.6 496 524.5 501.4 680.3
2 308.5 500.2 555 562.8 634
3 307 519.8 626.7 634.4 686.4
4 309.1 523.6 637.3 643 686.7
5 309.7 604.5 641.8 712.3 702.8
6 313.2 613.8 643.7 740.2 708.4
7 314.9 614 691.2 742.9 710
8 315.4 627.4 691.7 751 7233
9 323.2 646.4 692.3 751.3 724.6
10 329.1 664.9 723.9 773.7 726.5
Aunde 313.56 | 581.06 642.81 681.3 703.3
dnufleuuunasgy | 7.50 64.10 63.03 92.25 18.03
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<3 a ! & Ao a { [N ]
M1319 N.11 ANLYeved Tavgnauiebiiioiuinma Haynes 214 7 lirums 190w uazriu

a

m3Thezgil luds fgamail 800 esrisaidod nan 1, 2.25, 4 uaz 6.25 %21 1ue (Mioiluay)

U

adait dodu | 14T | 225997 | 49aTue | 625 92T
1 299.3 573.3 636.8 616.7 688.2
2 304.4 609.8 641.8 665.7 697.7
3 304.7 632.6 680.9 710.9 710.6
4 309.2 700.1 692.8 732.9 711.4
5 310.8 721.9 736.4 745 712.5
6 312 750.1 740.2 751 7225
7 3125 755 753.8 782.9 728.2
8 316 765.8 754.4 786.2 7343
9 316.7 783.6 755 789.8 743.2
10 317 785.2 769.2 7943 7483
Aunae 310.3 707.74 716.13 737.54 719.69
dudeuuunasgy | 591 76.54 49.22 58.79 19.27
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<3 a ! & Ao a { [N ]
M1319 N.12 ANLYeved Tavgnauiebiiioiuinma Haynes 214 7 lirmums 190w uazriu

a

m3vhezgil luds fgamail 900 esrisaiFod nan 1, 2.25, 4 uaz 6.25 %211 (Mioiluay)

U

adait dedty | 14Tws | 22549Twe | 49aTua | 625 92T
1 308.1 669.7 617.8 642.8 713.9
2 310.3 679.6 623.3 655.7 718.2
3 310.8 683.7 728.2 692.3 720.7
4 3133 713.7 728.8 732.3 729.7
5 314 730.2 730.5 757.1 731.1
6 316.6 731.4 732.6 777.2 732.6
7 318.4 743.8 764.2 787.8 736.4
8 321.4 748 766.1 844.4 737.3
9 329 755 788.1 844.4 757.1
10 3313 758 793 846.6 768.6
Aunae 3173 721.31 727.26 758.06 734.56
dmfleuumnesgy | 7.85 32.92 61.22 76.56 17.01
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M k4 Yy A
M1TN N.13 umuﬂﬂlmTamwamwmmﬁaﬁuuﬂma Haynes 214 ‘D'Iﬂﬂﬁﬂﬂﬁ’f)ﬂﬂ']ﬁﬁﬂﬁﬁﬂ

Ta83F PIN ON DISC (Miedluns)

9 ]
Fuamd luiumsihezgi Tuas

9 v
Fununmumshezgll lud

seozma | lusumsidon | dumsldou | lddwmsldon | dumsldau
ums |, . ||, [dwain |, i |, L | dhwdn
imin | imin | wmiin | wmiin |
AL fanag fanas IGEGR fanas
0 33.5728 - 33.4849 - 33.8589 - 33.6353 -
50 | 33.5712 | 0.0016 | 33.4829 | 0.002 | 33.858 | 0.0009 | 33.6342 | 0.0011
100 | 33.5704 | 0.0008 | 33.4815 | 0.0014 | 33.8579 | 0.0001 | 33.6339 | 0.0003
150 | 33.5698 | 0.0006 | 33.4806 | 0.0009 | 33.8578 | 0.0001 | 33.6334 | 0.0005
200 | 33.5694 | 0.0004 | 33.4797 | 0.0009 | 33.8576 | 0.0002 | 33.6333 | 0.0001
250 | 33.5689 | 0.0005 | 33.4788 | 0.0009 | 33.8575 | 0.0001 | 33.6331 | 0.0002
300 | 33.5687 | 0.0002 | 33.4782 | 0.0006 | 33.8573 | 0.0002 | 33.633 | 0.0001
350 | 33.5685 | 0.0002 | 33.4775 | 0.0007 | 33.8572 | 0.0001 | 33.633 0
400 | 33.5684 | 0.0001 | 33.4773 | 0.0002 | 33.857 | 0.0002 | 33.6329 | 0.0001
450 | 33.5679 | 0.0005 | 33.4768 | 0.0005 | 33.857 0 33.6328 | 0.0001
500 | 33.5672 | 0.0007 | 33.4766 | 0.0002 | 33.857 0 33.6328 0
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@ 1 %’ o A A %:l v A Y 1 &1 Aa
A1519 N.14 951 auves Mt nnasaasniniinidnis uauaenuneg vos lavgney

¥ ¥
A A

WiAyieNuinfia Haynes 214 91 lurunisihes gl Tuge wazrumsiezgl Tuds i

QUM 700 DIAUTAFHA 1301 6,255 114 LAz NQaKnN 800 DIFNIAITHE 1301 2.25%2 119

a =

4 o a o [ ! 1 < A A o 1
Lﬁ@“l/lWﬂWiﬂﬂﬁﬂﬂﬂﬂﬂ‘;ﬁLWBuuUU'}a‘ﬂﬂiﬁ UNHYU 1000 DIAHALFY (wmmﬂuuaaﬂium

U

AT IUFUALNAT)

Fuanilisumsh | Suouiimesgiiuge | Fuauiihergilude
GELITIITER figainndl 700 o4 figainadl 800 04N
TUA iralFed a1 6,255 109 | waFed a1 2,255 11
fumsly | Tdehums | eumsls | Tdeums | dumsls | deumns
N a1 N LR N JEARIY
0 3274 0 0 0 0 0 0
8 GI?'J’JTM\‘] 0.6661 0.1775 0.7351 0.7759 1.8073 2.0837
16 GI?'J’JTM\‘] 0.7306 0.2663 1.1027 1.1207 3.0983 2.5198
24 GI?'J’JTM\‘] 0.7510 0.2663 1.4205 1.1638 3.6663 2.5682
32 6]?’3111\1 0.8057 0.2663 1.6081 1.2500 4.0343 2.5682
405903 | 0.9267 0.2721 1.6184 1.2511 4.1311 2.5682
48 6]?’311]\1 1.0403 0.3106 1.6258 1.2636 4.2120 2.5682
56 6]?’311]\1 1.1348 0.3374 1.6375 1.2707 4.2343 2.608
64 GI?’JT?J\‘] 1.2468 0.4106 1.6540 1.2829 4.3376 2.6536
72 GI?’JT?J\‘] 1.3571 0.5013 1.6540 1.2931 4.4409 2.7589
80 GI?’JT?J\‘] 1.5027 0.5769 1.7459 1.3793 4.4925 2.8105
88 6]?’3111\1 1.6177 0.6588 1.8378 1.3793 4.4925 2.8105
96 ‘IQ;"JIMQ 1.8177 0.7100 1.8838 1.5086 4.5524 2.9074
104 ‘IQ;”JIMQ 1.9984 0.7544 1.9157 1.5517 4.5618 2.9359




MANUIN U

f11319 V. Reference pattern U9 Ni, Al, Ni,Al, 4ag NiAl,

Nickel (Ni)

[ 3

&4 PDF # B70712, Wavelength = 1.54056 (A)

g7-0712 Quality: Ni
L3 Humber, Rt Calcadated fomICSD using POWD-12 [1557]
. . el alculated rrom LEIng sle++,
ﬂg:ﬁfﬂﬂf&gﬁe'gﬂé Lo Ref. Swanson, HE., Tatge, E.. Matl, Bur, Stand (U.5.], Cire. 539, 359, 11 [1953]
Dw 8911 Dim; 2.910 N
Sy Cubic !
Lattice: Face-centersd % =
5.G.: Frdm [225] iz "
Cell Parameters: = % $
a 3523 b C == -
i i ¥ " |
1 | 1 1 1
1Mlcor 7.44 a 15 a0 45 E0 283
Rad: Cuk.al
Lambda: 1.54080 dia) Int-f bk 1| dig) Int-f bk 1| dig) Int-f h k|
Filter: 20344 993+ 1 1 1 | 17619 420 2 0 0 |1.2458 B/ 2 20

d-sp: calculated
ICSD # : 054989

bimeral Marme:
Mickel

Aluminum (Al)

E4 PDF # B51327, Wavelength = 1.54056 (A)

85-1327 Guality: C o
Ca5 Mumber: Alurinum

[ Ref: Calculated from IC5D using POWD-12++, [1557]
Molecular 'Weight:  26.98 .
VohmelCD] 85,40 Ref. Swanson, H.E., Tatge, E., Natl. Bur. Stand. [1.5.], Circ. 539, 359, 1[1953)
D 2699 Dm:_ 2 698
Syz: Cubic
Lattice: Face-centered
5.G.: Fradm [225)
Cell Parameters:
a 4049 b =
t B ¥ | |

T T T T T

IAcar 410 0 15 30 45 £0 5 2 A5
Rad: Cuk.al
Larnbda: 1.54050 diA) Inti h k
Filter. 23379 9335 1 1
d-zp: calculated 20247 455 20
ICSD #: 064700
tineral b ame:
Aluminum

=

Fixed Slit
Intensity

- 6244

] dia) Int-f dia) Int-f bk

ho ko
1 | 1436 2302 2 0 |11e83 B2 2 2 2
0 | 12209 28 3 11
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Aluminum Nickel (Ni,Al,)

£2 PDF # 140648, Wavelength - 1.54056 (A)

14-0648 Guality: AlFNI2

A5 Mumber: Alumitrn Mickel

Malecular weight: 198,34 Ref. Barnes, 5., Hurley, P., Chem. Dept., Group Res. Centre, Joseph Lucaz Lid., England, UK, Private Communication

Yolume[CD) 70021 N

D 4691 Do L

Sys: Hexagonal E =

L attice: Primitive @

5.G.. P3m1[164] = & .

Cell Parameters: = E =

5 40B5 b c 4908 - ‘ | | 2

n |3 ¥ T Il L T L 1 |I|

S5/FOM: F19=5(0.144, 27) 0 0 40 B0 a0 00 2 8

|/lor:

Rad Cuka 2a It-F ho ko 28 Int-f bk 2 Int-f ho ko

Lambda: 1.5418 18.089 45 0 0 1 |E555 4 201|834 B 10 4

Filter: Ni 25281 40 1 0 0 |6258 6 10 3 |85199 4 301

d-sp: 3215 3] 1 0 1 |ER2E7 2 2 0 2 |944% E 1 1 4
44 E45 E5 1 1 0 [71028 2 2 1 0 [988E66 4 220
45067 m 10 2 73995 2 2 1 1 10007 4 20 4
48567 12 1 1 1 [ 77999 260 0 4
51.751 4 2 000|825 200 2 1 2

Aluminum Nickel (NiAl,)

4 PDF # 020416, Wavelength = 1.54056 (A)

02-0416 GQuality: | AI3Mi

a5 Mumber: .&Iuminum Mickel .

Molecular Weight 139.64 Ref: Bradley, Taylor, Philos. Mag., 23, 1049 [1937]

Yolume[CD]  232.54

Dw 3982 Dm: g

Sys: Orthorhombic ==

Lattice: Primitive g =

5.G.: Prnma [E2] = % =

Cell Parameters: B = w

s 6598 b 7352 o 4802 ud | | ‘ ‘ |

L) B ¥ T T T { T

55/FOM: F20=15(0 055, 25) 0 10 20 a0 40 50 Zag

Ilcar

Pt Coka 28 i h k || 28 i h k 1| 28 4 h kI

Lambda: 1.730 22.094 40 0 1 1 |34 402 2 0 |45305 W 301

Fiter 22842 0010 1 37441 20 0 0 2 |4603 Doz 30

drsp: other 24,164 50 0 2 0 |3985% 5 1 0 2 |47.045 W 317
25,879 w11 1 | 41383 70003 1 |48378 m oz 1z
29,655 B0 2 1 0 |41.784 B0 1 1 2 |494% 3/ 040
33.026 3 201|438 Wl 1 3 1 |51.809 0327
35164 ;02 1 1 |45067 a0 0 2 2
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