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Laksamee Angkurarach 2011: Effects of Direct Current on Kinetics of Boriding Process
on Martensitic Stainless Steel AISI 420. Master of Engineering (Materials Engineering),
Major Field: Materials Engineering, Department of Materials Engineering. Thesis

Advisor: Mr. Patipan Juijerm, Dr.Ing. 100 pages.

The effects of direct current field pack boriding process on martensitic stainless steel
AISI 420 have been investigated at temperatures 850, 900 and 950°C for about 2,4 and 6 h by
using Ekabor I powders with direct current field of 170 mA/cm’ The microstructure and the
presence of boride layers were chaeacterized using optical microscope and X-ray Diffraction
(XRD). The hardness values of the boride layer were measured by Vicker microhardness tester.
Experimental results show that the direct current field can enhance the decomposition and
chemical reaction in the boriding agents and also drive active force free boron ions as well as
atoms to diffuse toward the cathode. Therefore, a boron concentration around the specimen at the
cathode is higher than that at the anode and the reference. As a consequence, higher boride layer
thickness of direct current field boriding process was detected. The double-phase boride layer
(FeB and Fe,B) was found both conventional boriding process and boriding process with direct
current field. The hardness of the boride layer of about 1800-2000 HV can be observed. The
kinetics of the boriding process was analyzed by diffusion and Arrhenius equations. An activation
energy of conventional boriding process and boriding process with direct current field on
martensitic stainless steel AISI 420 is of about 186.04 and 111.50 kJ/mol. Finally, a general
equation using empirical parameters from experiment to predict the thickness of the boride layer

was established for industries.
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Boriding technique Materials Activation energy values (Q)
Electrochemical D2 137.86 KJ/mol
Molten Salt (current less) D2 170 KJ/mol
Powder Pack D2 176 KJ/mol

30: Sista e al (2011)
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Boride layer thickness (um)
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20 steel 105 70 55
45 steel 97 65 42
T12 steel 62.5 50 32
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Y
CPB = A52UIUMILUNAVD 15AVAUAY

20 steel ~ 0.20%C, 45 steel ~0.45%C 1z T12 steel ~1.20%C

A3: Xie ez al. (2006)
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72-1301 Quality: C

CAS Number:

Molecular Weight: 122.50
Volume[CD]  108.89
Dx 7.472 Dm:_7.240

Fe2 B
Iron Boride

Fef: Calculated from ICSD using POWD-12++, (1997)
Ref: Wever, F._ Mueller, & Z. Anorg. Allg. Chern_, 192, 317 [1930]
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5.G.: 182m[121)

Cell Parameters:

a 5078 b c 4223
o [ i

I/lcor: 5.56
Rad: CuKal
Lambda: 1.54060
Filter:

d-sp: calculated

ICSD #: 016809

Fixed Slit
Sgrt Intensity -=

MNEUINN N1 "ng}’Oiql,ﬁ Diffractrogram U84 Fe,B

32-0463 Quality:

CAS Number: 12006-84.7

Molecular Weight:  66.66
Volume[CD]:  B5.83
Dx: B.725 D

5.G.: Pbnm (62)

Cell Parameters:

a 4058 b 5503 c 2.947
o B Y

SS/FOM: F23=87(.0085, 39)
Iflcar:

Rad: Cukal

Lambda: 1.540538

Filter:

d-sp:

MWHUINA N2 slsllﬂyja Diffractrogram VY94 FeB
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Ref: Matl Bur. Stand. [U.5.] Monogr. 25, 18, 35 [1981]
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Qmwgﬁms a1 mmwmmm&f?umﬁau (”hﬂﬂimm) ANMUHUIVDY
INAOUA INABVAD Fundoumas
(eeuraided)  (#21u9) 1 2 3 4 5 6 7 8 9 10 (luTnswag)

850 2 17.62 17.62 16.67 17.62 17.62 15.71 17.14  20.95 19.05 19.05 17.90

4 30.48 31.90 31.90 30.00 3048 3095 3048 3048 3043 3048 30.86

6 30.00 31.90 3238 3095 3190 29.52 3095 3238 3429 31.90 31.62

900 2 28.10 2571 26.19 27.62 27.62 2524 26.19 27.14 26.19 25.72 26.57

4 4429 4476 4238 4190 4476 4381 4426 4353 4286 4526 43.78

6 4571 4571 48,57 5095 4333 48.10 49.05 49.05 5048 5048 48.14

950 2 46.19 4524 4238 4571 4381 44776 4524 4286 46.67 45.71 44.86

4 57.14  57.14 5429 5333 5333 60.00 5524 53.81 58.57 55.24 55.81

6 7524  76.67 75.71 75.71 80.00 76.67 7238 77.62 76.67 75.71 76.24
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(eeuraided) (#2119 1 2 3 4 5 6 7 8 9 10 (luTnswag)

850 2 8.57 9.05 6.19 6.67 7.62 6.67 7.14 5.71 6.67 5.71 7.00

4 18.10 18.57 20.00 16.67 1429 17.14 17.61 17.10 17.32 17.00 17.38

6 17.14 1429 1095 1238 1429 1429 1524 16.67 11.90 12.86 14.00

900 2 10.48 7.62 9.52 10.48 9.05 11.90 10.95 7.62 8.57 8.57 9.48

4 2142 2333 2048 19.05 20.00 2143 19.52 18.10 21.43 22.25 20.70

6 20.95 2381 23.33 2238 1810 19.52 20.00 19.50 23.81 20.00 21.14

950 2 18.10 16.19 18.57 17.14 18.10 1524 1524 18.10 1476 14.29 16.57

4 9.52 11.43 10.95 12.86 9.05 8.10 11.90 11.90 8.57 9.06 10.33

6 16.19 2476 22.86 18.57 17.62 19.05 20.00 28.10 23.80 23.78 21.47
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INAOUA INAOVAD Fundoumds
(eeniraided)  (#11u9) 1 2 3 4 5 6 7 8 9 10 (luTnsung)
850 2 9.05 857 1048 1095 10.00 1048 855 1524 1238 13.33 10.90
4 12.38  13.33 11.90 13.33 16.19  13.81 12.86  13.33 1429 13.33 13.48
6 12.86 17.62 2143 18.57 17.62 1524 15.71 1571 22.38 19.05 17.62
900 2 17.62 18.10 16.67 17.14 18.57 13.33 1524 19.52 17.62 17.12 17.09
4 2238 19.05 2190 23.81 2476 23.74 2232 2524 2333 24.29 23.08
6 24776 2190 2524 2857 2524 2857 29.05 29.52 26.67 3048 27.00
950 2 28.10 29.05 23.81 2857 2571 2952 3000 2476 3190 31.43 28.29
4 4762 4571 4333 4048 4429 5190 4333 4190 50.00 46.18 4548
6 59.05 5190 52.86 57.14 62.38 57.62 5238 4952 5286  51.90 54.76
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:; 3 A o I 9 9y a 4 Aaa P a 9 9
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PUNNNUALIIAINNC

QUNNNMNT 313 amivessauadoy (lulasuns) ANUNUIUDY
IAADURA? INAOUAD Fundounio
(PR U QITOH) #Tu9) 1 2 3 4 5 6 7 8 9 10 (luTnswag)

850 2 32.86 33.33 3381 37.14 35.24 3476  37.62 3524 36.67 36.67 35.33

4 5143 52.86 53.81 53.81 52.86 5238 5190 4952 5286 53.81 52.52

6 59.52 60.00 59.05 62.38 61.43 60.48 59.52 62.86 59.05 60.00 60.43

900 2 39.05 39.52  38.57 40.00 40.48 38.10 40.95 38.57 40.00 40.48 39.57

4 69.05 70.00 69.05 7143 67.62 68.57 72.86 7476 7048  69.52 70.33

6 66.67 7524 76.67 77.62 7571 7620 7429 7571 7286 75.71 74.67

950 2 5582 5875 59.05 56.67 5746 5884 56.67 58.15 57.10 56.35 57.49

4 76.67 8095 79.05 8048 8238  80.00 73.33 78.57 8190 72.38 78.57

6 103.81 10143 9524 10571 100.00 102.38 97.62 102.86 92.38 102.86 100.43
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(eeuraided) (#2119 1 2 3 4 5 6 7 8 9 10 (luTnswag)

850 2 14.76 17.62 19.52 16.19 18.57 20.48 19.52 19.05 18.10 17.62 18.14

4 29.52 3286 2381 2571 29.05 27.14 26.19 2143 2476 2524 26.57

6 3429 3381 3429 3333 3238 3857 3762 3381 3238 32.86 34.33

900 2 24776  20.00 2524 26.19 2524 19.52 2095 2571 2286 22.38 23.29

4 3524 3381 33.81 3571 3429 2952 36.67 3143 3476 36.67 34.19

6 37.14 3381 38.10 38.10 3429 36.67 34.76 30.00 40.00 39.05 36.19

950 2 2335 2286 2095 2257 1986 19.67 2186 2246 2185 21.33 21.68

4 39.52 3143 33.33 33.33 36.67 37.14 4238 4238 4190 33.33 37.14

6 26.19 36.67 3143 27.62 2857 30.00 34.76 37.62 26.67 28.57 30.81
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ATTNNUINN V6 AUV UIVDITU FGZB Uulﬂaﬂﬂa']ulﬁﬁuuu’]ilﬂucﬁ@ﬂ AISI 420 ‘VlW’luﬂ53'U')"L!ﬂ'liLlWﬂU@hlﬁﬂ\iﬂjﬂﬂ’liclﬂll‘i/\lﬁ'lﬂigllﬁﬁi\clﬂ UMYy
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QUUNNUM3 AN mmwmmmﬂ?umﬁau (luTasiwas) ANMUNUIVDY
InAOUA INADUAD Fundoumds
(eeniwaided)  (#2119) 1 2 3 4 5 6 7 8 9 10 (luTnswng)

850 2 18.10 15.71 1429  20.95 16.67 1429  18.10 16.19  18.57 19.05 17.19

4 21.90 20.00 30.00 28.10 23.81 2524 25.71 28.10  28.10  28.57 25.95

6 2524 2620 2476 29.05 29.05 2190 2190 29.05 26.67 27.14 26.10

900 2 1429 19.52 13.33 13.81 1524 18.57 20.00 1286 17.14 18.10 16.28

4 33.81 3524 36.19 3571 3333 39.05 3620 38.10 3571 38.10 36.14

6 29.52  37.14 38.57 43.81 4143 4095 3952 4428 3571 33.83 38.48

950 2 34776  41.05 3258 39.15 36.52 32.67 3581 36.67 3645 3247 35.81

4 37.14 4952 4571 4571 4286 3095 36.19 40.00 39.05 47.14 41.43

6 77.62 64.76 63.80 78.10 7143 7238 6286 6524 65.71 74.29 69.62
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a

~ o . & o
ﬂi%uﬁ@]iﬂﬂ’qmﬁﬂﬂ 900 C L‘]Junm 4 GH’JT?N

U

YFuuues mmwmmmﬂ?umﬁau (luTaswasg) ANUUUIVDY
il ihnszianss Fundoumds
(mA/cm’) 1 2 3 4 3 6 7 8 9 10 (lyTaswes)
0 44.29 44.76 42.38 41.90 44.76 43 81 44.26 43.53 42.86 45.26 43.78
i 60 42 .38 43.65 41.90 46.67 43.81 44.12 40.00 43.33 44.06 42.21 43.21
Hne 120 50.00 50.00 49.52 51.90 49.05 50.95 50.00 49.52 48.10 50.95 50.00
170 69.05 70.00 69.05 71.43 67.62 68.57 72.86 74.776 70.48 69.52 70.33
0 44.29 4476  42.38 4190 4476  43.81 4426  43.53 42.86  45.26 43.78
] 60 37.14 38.10 34.29 38.10 4048 39.05 37.62 32.86 38.57 34,76 37.10
Ho TR 120 43.81 4190 4429 4333 43.81 44.29 4476 4429 4523 41.43 43.71
170 51.90 54.76 57.15 50.95 51.90 57.14 51.43 52.86 54.29 50.48 53.29
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d‘ a Qy @ a 3 kY Y a 4
M3 1eWUINA A1 gurgieswesruuun InanulSunanseud lveunanndr 13ativuns
INUTAN AISI 420 NHIUNTZUIUMIUNALD 15A3a10m3 17 Iihnszua

A a 0 I )
A3aNgUNYL 900°C 1ual 4 42134

Ysmmwed lWihnszuaass (maem’) QUNNNITI (DIAUTAUTEN)
0 900.0
60 905.0
120 907.5

170 930.0
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GRLHT AU (0.05HV) GRS AU (0.05HV)
1 303.0 16 309.2
2 309.2 17 309.9
3 3104 18 310.1
4 313.3 19 310.6
5 313.0 20 306.9
6 311.7 21 313.9
7 306.0 22 308.1
8 313.5 23 309.1
9 310.0 24 308.2
10 308.2 25 310.1
11 301.7 26 312.3
12 310.4 27 313.5
13 310.8 28 306.8
14 313.9 29 3122
15 313.5 30 311.9

AnGY 310.0
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98.57 422.6
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217.14 427.4
265.24 429.8
299.52 422.6
349.05 426.4
379.52 430.9
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471.90 424 .4
526.67 435.0
564.76 432.0

617.14 428.7
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317.62 4242
365.24 426.2
400.00 428.5
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272.86 465.1
320.00 455.2
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405.24 462.3
436.19 463.7
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526.67 468.9
580.95 469.5
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