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Patcharin Naemjan 2011: Enhancement of Boriding Process on AISI 440C Stainless
Steel Using Direct Current. Master of Engineering (Materials Engineering), Major
Field: Materials Engineering, Department of Materials Engineering. Thesis Advisor:

Mr. Patiphan Juijerm, Dr.-Ing. 96 pages.

Martensitic stainless steel AISI 440C is used in a high-loading condition. Thus, its
surface should be modified to enhance performance. Boriding process provides a hard iron-
boride layer on the surface, however, the layer thickness is related to a coating time. The direct
current should be a method to improve the diffusion rate of the boriding process. Therefore, the
stainless steel AISI 440C will be borided using pack method with and without direct current (I =
5.5 A) at temperature range of 1123 - 1223 K for 2 - 6 h. The coated layers were characterized
by optical microscopy with Image analyzer and X-ray diffraction. The hardness values of the
layers were measured using Vickers microhardness tester. It was found that double phases (FeB
and Fe,B) boride layer formed on the stainless steel AISI 440C with and without direct current.
The hardness of boride layers on this steel were about 2000 HV. At direct current of 5.5 A, the
value of boride layer thickness and diffusion coefficient were higher than in the boriding process
without direct current. Moreover, the activation energy in boriding process with direct current

was lower than that in the convention boriding process.

Student’s signature Thesis Advisor’s signature
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Identified Patterns List: (Bookmark4)

Visible  Ref. Code  Score Compound Displacemen Scale Factor  Chemical

Name t[?2Th.] Formula
00-032-0463 32 Boron Iron 0.000 0.386 FeB
01-075-1062 17 Iron Boron 0.000 0.161 Fe2B

Plot of Identified Phases: (Bookmark 5)

Peak List

00-032-0463

01-075-1062

30 40 50 60 70 &0 90

Position[?2Theta]

i 4
@ J
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Y 3 J Qy { a
ﬂ1§1\‘iN‘H’Jﬂﬁ Ul mmwmmawumﬁaum"liﬂ‘ummqmﬁmuﬂizmuﬂﬁua"lsmgmuclﬁ’

nszualilih (lwihnszuaassvuna 5.5 wouuls) Hgan

a

G

N3 1123 1AAIU

Wunaane
o Aumnundeunelsd (lulasmwns)
MIIAAa . ; ;

4 2 4TI 4 %214 6 5139
" FeB + Fe,B FeB FeB + Fe,B FeB FeB + Fe,B FeB
1 19.52 6.67 17.62 8.57 36.19 25.71
2 22.90 8.57 14.76 5.24 32.38 21.90
3 18.10 10.48 21.90 6.19 42.86 23.33
4 19.10 12.86 21.43 4.76 37.14 25.71
5 21.05 10.48 2238 7.62 34.76 25.24
6 19.52 10.95 19.52 8.57 36.19 15.24
7 21.43 10.48 22.38 7.14 34.76 28.10
8 19.05 5.24 23.33 8.57 37.14 19.05
9 21.58 8.10 22.86 9.52 32.86 21.43
10 20.08 11.43 19.05 7.14 31.43 18.57
11 20.02 8.10 22.86 8.10 32.38 21.43
12 20.00 10.48 2238 10.48 34.29 23.33
13 19.81 9.06 20.00 8.57 33.81 12.38
14 21.10 6.67 21.90 11.43 36.67 21.90
15 20.11 7.62 23.33 8.57 34.29 21.43

m?;ﬂ 20.22 9.14 21.05 8.03 35.14 21.43
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m3fansai 2 427w 4 527w 6 ¥ 113

FeB + Fe,B FeB FeB + Fe,B FeB FeB + Fe,B FeB

1 19.52 12.38 50.00 29.05 47.15 24.29

2 24.29 13.33 55.71 30.00 36.67 21.43
3 28.57 11.43 51.90 31.43 47.14 26.67
4 25.71 8.57 51.43 29.52 48.10 35.24
5 23.81 10.95 54.29 27.14 50.95 21.43
6 26.19 11.90 52.86 39.05 47.14 32.38
7 24.29 11.90 51.43 36.19 40.00 30.48
8 21.43 14.76 49.05 28.57 50.48 26.67
9 23.33 9.05 51.90 21.43 4381 34.29
10 23.33 9.52 54.29 33.34 41.90 29.05
11 21.90 9.52 53.81 30.48 45.71 27.62
12 21.90 8.10 42.86 30.95 51.43 25.24
13 23.81 15.24 48.57 22.86 47.62 32.38
14 18.10 12.86 47.62 26.67 50.00 17.62
15 18.10 10.00 51.90 28.57 51.90 25.24
mae 22.95 11.30 51.17 29.68 46.67 27.33




75

Y 3 J Qy { a
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a
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FeB + Fe,B FeB FeB + Fe,B FeB FeB + Fe,B FeB

1 49.05 28.10 65.24 38.57 68.10 31.90
2 47.62 18.57 70.48 37.62 73.81 30.48
3 50.95 22.38 70.48 44.76 69.05 25.71
4 48.57 20.95 71.90 41.43 71.90 34.29
5 49.05 23.81 70.00 28.10 74.76 33.33
6 46.67 21.43 65.71 47.14 66.67 17.62
7 47.14 23.33 72.86 52.38 70.95 31.90
8 50.00 26.19 69.52 43.81 71.43 24.29
9 50.00 24.29 63.81 38.10 70.00 18.10
10 52.38 21.43 71.90 52.86 70.95 29.05
11 49.52 26.19 72.38 39.52 67.62 32.38
12 52.86 22.38 73.33 42.86 71.90 24.76
13 42.86 20.48 65.24 34.76 70.00 36.67
14 51.90 23.33 67.14 41.90 74.76 29.52
15 50.00 24.29 70.48 38.57 69.52 27.62
mﬁ'a 49.24 23.14 69.37 41.49 70.76 28.51
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FeB + Fe,B FeB FeB + Fe,B FeB FeB + Fe,B FeB

1 4381 24.29 41.90 19.05 61.43 21.43

2 41.90 20.95 41.43 11.91 67.14 29.05

3 42.38 22.86 39.52 15.71 65.24 27.62
4 35.71 18.10 35.71 9.05 67.14 24.76

5 40.48 25.24 43.33 8.10 64.76 25.24
6 36.19 16.19 40.95 18.10 67.62 31.43
7 37.14 17.14 42.38 12.38 63.81 24.76
8 35.24 20.00 42.38 12.38 61.90 23.81
9 38.57 18.10 38.10 12.38 68.57 27.14
10 38.10 16.19 49.05 16.69 63.33 20.95
11 38.57 18.10 48.10 12.86 53.81 23.33
12 38.57 17.14 40.48 19.05 60.48 23.33
13 43.33 13.33 41.43 13.33 50.95 18.10
14 37.14 19.52 46.67 12.86 57.14 24.29
15 40.00 12.86 45.24 15.74 55.71 17.14
mﬁlﬂ 39.14 18.67 42.44 13.97 61.94 24.16
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FeB + Fe,B FeB FeB + Fe,B FeB FeB + Fe,B FeB

1 14.29 3.81 13.81 5.24 15.71 9.05

2 10.48 3.81 12.86 5.71 14.76 10.48
3 12.38 5.71 12.38 7.14 19.05 10.48
4 11.43 4.76 12.38 6.19 19.52 8.10
5 10.95 3.84 12.38 4.29 19.05 8.57
6 10.95 4.76 13.81 4.29 20.95 12.86
7 12.86 5.71 13.33 5.71 21.43 11.90
8 11.43 6.68 10.48 4.29 20.48 7.14
9 13.81 6.67 11.90 3.81 22.38 10.95
10 10.95 6.19 12.86 4.29 19.05 8.10
11 14.29 4.29 13.81 3.81 16.20 6.19
12 11.90 6.19 11.90 2.86 20.00 6.19
13 11.90 5.71 11.90 3.81 16.19 10.00
14 12.86 4.29 13.33 3.81 22.38 7.14
15 12.38 5.24 13.81 4.29 20.00 6.67
mﬁa 12.19 5.18 12.73 4.63 19.14 8.92
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FeB + Fe,B FeB FeB + Fe,B FeB FeB + Fe,B FeB

1 16.19 8.57 30.00 12.86 35.24 16.67

2 18.10 7.14 28.10 10.95 33.33 19.05
3 19.05 6.67 24.29 13.81 38.10 16.67
4 12.86 10.00 20.95 15.24 36.67 21.90
5 15.72 6.67 24.76 14.76 38.10 17.62
6 18.57 9.05 23.33 15.71 31.43 15.71
7 15.24 9.52 27.14 16.19 36.67 15.71
8 14.29 9.52 30.00 17.14 35.24 17.14
9 12.86 10.48 30.48 17.62 28.57 19.05
10 17.14 9.52 27.62 17.62 31.43 22.86
11 19.52 9.52 24.76 10.95 33.81 19.52
12 15.71 9.05 29.05 12.38 35.71 18.57
13 15.71 15.71 31.43 14.29 39.52 18.57
14 17.62 7.14 26.67 9.54 37.62 20.00
15 18.10 10.48 28.57 14.29 37.14 13.81
m?;a 16.45 9.27 27.14 14.22 35.24 18.19
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FeB + Fe,B FeB FeB + Fe,B FeB FeB + Fe,B FeB

1 26.19 12.38 40.00 16.19 50.48 12.38

2 28.57 14.29 36.67 10.00 46.19 8.10
3 24.76 12.38 34.29 14.29 44.29 20.95
4 23.81 14.29 41.90 11.43 43.33 20.95
5 22.86 13.33 40.00 16.67 45.71 14.76
6 22.86 15.71 41.43 18.57 40.95 22.86
7 19.52 9.05 41.90 19.05 43 81 19.52
8 20.48 11.90 41.90 15.71 46.67 18.12
9 27.62 11.43 34.29 17.14 38.10 22.38
10 32.86 10.48 31.90 18.57 48.10 10.48
11 26.67 10.96 37.14 18.57 44.77 20.95
12 23.33 9.54 34.29 17.14 32.38 12.86
13 22.86 8.58 40.00 14.29 46.67 11.44
14 25.72 8.57 36.67 13.33 4381 20.00
15 20.95 9.05 41.90 12.38 41.43 20.48
mﬁa 24.60 11.46 38.29 15.56 43.78 17.08
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AN (HV, ) szazrannid (lulnswas)
2038.00 10.10
2222.00 11.05
1885.00 12.42
537.00 51.94
574.30 84.29
591.90 107.66
538.20 166.23
524.20 183.81
546.00 230.04
522.20 275.71
564.50 298.13
570.10 354.29
569.20 359.09
560.70 385.24
494.20 426.70
549.70 469.52

582.00 494.80
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AN (HV, ) szozrenni (lulnswas)
2281.00 10.48
2089.00 13.81
1885.00 14.29
476.20 25.73
576.00 49.52
557.70 86.69
549.20 110.95
522.70 149.07
562.10 176.19
537.70 216.69
555.50 254.29
541.80 277.64
589.00 314.77
548.60 330.02
587.20 366.20
576.60 388.12
592.50 420.21
553.10 465.35

592.70 489.04
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AN (HV, ) szazrannid (lulaswas)
1984.00 18.32
2085.00 20.11
2153.00 23.33
499.10 55.11
593.10 85.72
551.80 97.69
562.60 130.23
550.00 160.48
548.60 201.20
507.10 25048
556.10 290.10
538.20 330.58
537.00 399.39
534.20 452.50

527.60 490.33
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1773.00 17.37

1592.00 19.52

462.20 38.11

574.50 75.24

539.80 139.06
537.10 185.24
548.50 231.43
523.40 235.73
530.30 279.01
521.00 301.48
537.50 348.10
512.30 356.20
543.10 412.03
500.30 474.29

522.20 482.87
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AN (HV, ) szazrannid (lulaswas)
2135.00 3.67
2286.00 6.08

521.70 14.00
607.00 25.83
632.60 46.58
653.00 62.92
607.60 94.00
653.40 152.27
634.60 197.02
564.50 230.43
551.30 267.42
617.60 301.26
533.40 342.86
567.20 389.16
652.60 412.54
569.90 451.96

631.40 487.13
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2161.00 3.60
2293.00 591
2135.00 6.76
637.90 53.48
570.40 75.12
657.90 97.16
569.20 125.95
550.50 168.57
588.40 217.46
534.70 24585
592.20 272.96
692.40 299.10
570.10 332.15
583.10 376.75
617.50 42032
526.60 451.68

554.20 496.25




MANUHIN 3

Y
DUNANFUNY

Q U

87



88

9
a

4‘ a A a 9 a g Y
AT NAUINT 91 ’qmwﬂmmmmmxmaaummamzmumsm‘lsﬂmuu"lﬂwmma“lﬂﬂw

U

~ a a 3 )
ngaunny 1123 183U Wuran 4 G]f'JIlN

v

na1lumsindonad (ui) QUNYUFUNU (DIFNITAITH)

5 850.6
10 850.2
15 851.6
20 852.5
25 851.6
30 850.5
35 850.0
40 849.6
45 849.7
50 849.7
55 849.7
60 849.8
65 849.7
70 849.8
75 850.3
80 850.1
85 850.2
90 850.3
95 850.2
100 850.2
105 849.7
110 849.9
115 849.8
120 849.9
125 850.2

130 851.1
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140
145
150
155
160
165
170
175
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185
190
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850.8
850.7
850.7
850.6
850.7
850.7
850.7
850.8
850.9
850.9
850.7
850.8
850.8
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851.1
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851.0
851.6
852.1
851.8
851.5
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5 901.2
10 901.4
15 901.0
20 901.5
25 901.2
30 901.2
40 901.2
50 901.3
60 899.9
80 900.2
100 901.2
120 902.1
140 901.7
150 901.6
160 901.3
170 901.5
180 901.5
190 901.6
200 901.1
210 901.2
220 901.5
230 900.9

240 901.2
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5 869.3
10 869.0
15 870.8
20 871.8
25 871.1
30 870.3
35 870.7
40 871.2
45 871.8
50 872.4
55 872.6
60 872.8
65 872.9
70 873.8
75 875.2
80 875.4
85 875.7
90 875.3
95 875.2
100 875.3
105 874.8
110 875.0
115 875.0
120 875.1
125 875.5

130 876.4
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876.2
876.1
876.1
876.1
876.3
876.4
876.6
876.7
876.8
876.9
876.8
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877.2
871.3
871.3
877.2
876.1
873.6
872.5
871.9
871.4
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5 932.5
10 932.9
15 932.9
20 933.3
25 933.0
30 932.9
40 932.9
50 932.9
60 930.0
80 932.5
100 932.9
120 931.5
140 930.4
150 929.3
160 927.5
170 926.4
180 924.4
190 923.1
200 921.2
210 920.0
220 919.8
230 920.0

240 919.5
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5 978.2
10 977.4
15 972.7
20 970.9
25 972.2
30 973.3
35 973.9
40 974.2
45 974.6
50 974.6
55 974.8
60 975.2
65 975.1
70 975.3
75 975.5
80 975.6
85 975.7
90 976.0
95 976.2
100 976.2
105 976.3
110 976.6
115 976.5
120 976.5
125 976.5

130 976.6
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140
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976.6
976.5
976.6
976.7
976.8
976.7
976.7
976.6
976.8
976.8
976.8
976.9
976.8
976.9
976.7
976.9
976.8
977.1
977.2
977.5
977.6
977.6
977.7

977.8
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