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Theerapa Supanaroj 2013: Effects of Distance between Cathode and Anode on Kinetics
of Borided Hot Work Tool Steel AISI H13. Master of Engineering (Materials
Engineering), Major Field: Materials Engineering, Department of Materials Engineering.

Thesis Advisor: Mr. Patiphan Juijerm, Dr.-Ing. 82 pages.

Boriding is a thermochemical surface hardening process that can be increase the service
life of parts. Pack boriding is one way that helps to surface treatment of parts but is high
processing temperature and long process duration to lead a boriding case with an effective
thickness. Therefore, it is a process with high cost. Direct current field (DCF) was employed in
pack boriding which can be increased diffusion rate of boron atom. The factors that effected
diffusion rate of boron atom in a direct current field is distance between the electrodes. The aim
of this research was to investigate the effects of distance between cathode and anode on kinetics
of borided hot work tool steel AISI H13. So, the hot work tool steel AISI H13 will be borided
using pack boriding with and without direct current field (Current density = 80 mA/cm’) at
temperature of 850 — 950 °C for 2 - 6 h and distance between the electrodes 15 — 45 mm.
Afterwards, microstructure and thickness value were investigated using optical microscope.
Chemical compositions were investigated using X-ray diffraction. And the hardness of boride
layer was measured by micro-vicker harness tester, respectively. It was found that a double phase
(FeB and Fe,B) was detected on the boride layer. The near surface hardness value of about 1500
HV was measured. The boride layer has maximum thickness at the distance between the
electrodes 15 mm and the activation energy was 140.33 kJ/mol which is less than the activation

energy of pack boriding without direct current field was 185.71 kJ/mol.
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puuld 1 Idhnszuaas fgaungil 900 °C iuszeznaiaie

U

) A < E
aNurveIvunaeumanue lsa (lulasmas)

fansail . . .
2 %19 4 79 6 %2134

1 25.52 40.95 47.86
2 22.19 39.54 50.71
3 27.90 37.62 38.33
4 23.62 37.15 54.52
5 24.57 40.49 46.43
6 31.71 37.14 50.71
7 31.24 37.14 46.43
8 25.52 37.62 46.91
9 22.20 37.14 45.95
10 21.71 * 34.05

mae 25.62 38.31 46.19
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Y 2 <] s 2 {1 a
ﬂ1‘§1QNu3ﬂﬁ N3 mm‘wuwumﬁ@umaﬂﬂ@"limmwmmﬁwmﬂizmumﬂmﬂua”lim

a

[ § o I 1
puuld 1 Idhnszuaas fgangil 950 °C iluszeznaaiee

U

) A < E
aNurveIvunaeumanue lsa (lulasmas)

fansail . . .
2 %19 4 79 6 %2134
1 38.86 53.33 71.52
2 36.00 56.05 62.48
3 24.10 61.76 62.95
4 38.38 57.95 70.57
5 38.86 64.14 68.67
6 36.95 44.14 67.24
7 43.14 57.48 59.14
8 41.24 45.57 68.19
9 39.81 61.76 53.43
10 32.19 59.38 70.57

nae 36.95 55.86 65.48
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upuliIdihnszuanss (@nurmuuiunszuduwg 80 mA/em’) Nguinigil

o I 1 1 1 Y ad [
850 °C 1uszeznaIn1en uasiiszeeneseIeUIoEn Insanee

a

G

) A < E
aNurveIvunaeumanue lsa (lulasmas)

TANT . : .
P 2 1 1u9 4 57139 6 % 119
N TiSuw oww 4sww ISww 0ww 4suw I1Sww 30wy 45
1 2600 2295 1729 3390 2924  23.00 4500 4610  29.43
2 2505 2390 1871 4200 3829 2348 5405 4181  37.52
3 27.90 2438 1871 4105 3638 2490 4548 4324  29.90
4 2457 1867 1443 3676 3829 2395 4595 3514 3038
5 2552 2296 1681 3390 3352  30.14 4262 3943  37.05
6 2410 2533 1824 29.62 3590 19.67 5214 3895  30.38
7 2314 19.62 2015 3152 3590 23.00 5215 3419  27.05
8 2552 2629 22,05 3486 3829 3110 4881 4371  33.71
9 2600 2676 1400 3724 3686 2824  43.10 4229 3324
10 2695  29.62 1871 4295 3162 2871 5500 4371 3181
Ay 2548 2405 1781 3638 3543 2562 4843 4086 3205
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upuliIdihnszuanss (@nurmuuiunszuduwg 80 mA/em’) Nguinigil

o I 1 1 1 Y ad [
900 °C 1Tuszeza19199 1Az iszeeH195EHINTIBEaN INTAN1N

a

G

) A < E
aNurveIvunaeumanue lsa (lulasmas)

TANT . : .
P 2 1 1u9 4 57139 6 % 119
N TiSuw oww 4sww ISww 0ww 4suw I1Sww 30wy 45
1 36.76 3195 2538 5390 47.86 3891 6757 6581 4871
2 3343 3529 2586 5390 4881  43.67  66.14 5343 4871
3 3676 27.19 2633 5200 4738 3748 6043  60.57  52.52
4 4152 3719 2586 4867 5024 3938 5995 5867 5538
5 39.62  38.14 2921  49.14 4643 4129  69.00 60.57  53.95
6 3676 31.01  30.62 5295 4452 3605 67.10 6248 3824
7 3152 3901 2729 49.14 4357 3890  69.00 6343  46.81
8 39.15  29.58 22,07 49.62 4500 3510 6281 59.62 5110
9 39.62  37.19 2871 5248 4595 3795 6186  * 55.86
10 4057 3338 2776 58.19 % 37.00  65.19 % 51.57

Ay 3757 3400 2691 5200 4664 3857 6491 6057 5029
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upuliIdihnszuanss (@nurmuuiunszuduwg 80 mA/em’) Nguinigil

o I 1 1 1 Y ad [
950 °C 1T uszezA1A199 1Az lsLeeH19TEHINTIBEN INTANTN

a

G

) A < E
aNurveIvunaeumanue lsa (lulasmas)

TANT . : .
P 2 1 1u9 4 57139 6 % 119
N TiSuw oww 4sww ISww 0ww 4suw I1Sww 30wy 45
1 36.62  53.05 39.62 7381 7071  56.05 8590  87.62  73.86
2 50.90 4590 4581 7571 7453 6748 8924 8476  79.10
3 4471 5543 4248  77.14 6786  63.67 8638  80.00 748l
4 5948 4495 4390 7095 7214 5938 8495 8286  72.43
5 60.43 3733 4724 7286 6881 6510 87.81 8333  70.52
6 5376 44.00 4390 7429 7833 6938 96.86 8429  80.05
7 5424 4495 4581 7476 7262 5986 9733 8476  74.81
8 53.76 4495 4343 8048 7262 5652 8305 7571  69.57
9 59.00 4971 4295 77.62 57.86 6320  90.67 80.00  58.62
10 55.67 4971 5010 7048 5881  57.00 8448 8238  72.43

Ay 5286 47.00 4452 7481 6943 6076 8867 8257  72.62
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d‘ 1 < 3/ A < 4 Py A
MIWUINT VT AIANUUTIVDIFUAADUINAN VD 15 AUBIFUINTUNFIUNTELIUMTUNA
ve'lsaauu i lWihnszuaass @NuruulunsZUauUIa 80 mA/cm’)
PN ° I o = ' ' d ag
gangil 950 °C iWuszezna 6 321w nagliszezesznIeo@an Insa

15 Haatuns

Annundie (1V, ) srozi1anni (lulaswag)
1548.00 33.05
452.89 70.34
231.13 91.52
378.48 148.31
404.17 227.97
44234 344.92
386.65 468.64
463.60 622.92

432.36 674.42
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