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Borlama y , 
korozyon ve

AISI 4140 ve
820 , 860 ,

900 ve 940 4, turul

860 ve 900 AISI 4140 ve AISI 
nin H2SO4

. 

ve Fe2
, 900 ve 940 borlanan 

Anahtar Kelimeler: Borlama, H2SO4 ,
Yapay Deniz Suyu.

ABSTRACT

Today boriding is one of the using methods because the surfaces of machine 
components protect and their life is long. Boriding surfaces have advantages in industrial 
applications such as high hardness, corrosion and wear resistance.

In this study, surfaces coating by boronizing process were examined corrosion and 
fracture behavior in AISI 1020, AISI 1040, AISI 4140 and AISI H13 steels. The boronizing

borides were measured. 
AISI 1020, AISI 1040 and AISI H13 steels boriding in 860, 900 and 2,4 hours were 

investigated their corrosion behavior by following weight loss. Steels were stayed in H2SO4 

solution (vol. 10 %) and artificial seawater during 21 days. It was researched how liquids in 
media affected boride layers. 

Also the fracture toughnesses of boride layers (FeB and Fe2B) were calculated via 
Vickers Indentation technique. It was analyzed how the fracture toughnesses of boride layers in 
all steels boriding in 860, 900, 940 in 8 hour changed with temperature and boride layers.

Keywords: Boriding, H2SO4 solution, Corrosion, Fracture Toughness, Vickers Indentation, 

Artificial seawater. 
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-

, titanyum 

ve bir uygulanabilmektedir. (Matuschka, 

1980)

Demir 

ve nisp

2 b . Proses 

olarak, malzemenin kimyasal 2B ya da 

faz (FeB, Fe2

elde . (B .

beraber de 

sahiptir. (Palombarini et al, 1987). kar

. 

. 

etki ederler. Dolgu malzemesi ve 

deoksidantlar ise borlama ve 

borlama malzemesinin ana malzemeye Borlama 

, borlanacak malzeme cinsi, 

elde edilen tabakaya etki eden fa

850 - 1000 -8 saat bekletilerek borlama 

incelenmektedir. Bunlar; k borlama

( , 2006). maliyet, basit ekipman, toz 

esneklik, kolay 



2

Bor, periyodik tabloda B 10,81 

serbest Borun 

kristal ve 

2.1 (Beatty, 2006)

iletkenidir. Kristalize 

bor, e neredeyse elmas kadar serttir

(Beatty, 2006).

Borun saf elementi ilk kez -Lussac ve Baron 

2.1. Kristal bor, b) amorf bor ve c) a (Beatty, 2006)

-
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2O3

. ( )

2.1. 

dikkate al

(Acarkan, 2002)

2.1.1. i

Tablo

2.1.1.1

Tablo 2.1.1. 1

  Bulundu  

Tinkal Konsantre Na2B4O7.10H2O  

 NaCaB5O9.5H2O  

Kolemanit Konsantre Ca2B6O11.5H2O  

Hidroborasit konsantre CaMgB6011.6H2O  

Szaybelit Konsantre MgBO2(OH)  

jide

(Acarkan, 2002)
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2.1.2. 

Rafine Uzun, 2002):

a. Boraks Dekahidrat: 

disodyum tetraborat dekahidrat (Na2B4O7.10H2

tabiatta tinkal minerali olarak

-

hafif 

b. Boraks Pentahidrat: 2B4O7.5H2

, -1143,5 

c. Susuz Boraks: Disodyum tetraborat (Na2B4O7

-

600-700

d. Borik Asit: Borik asit(H3BO3 2O3

- 22,2 

kJ/mol olan kri

eterli 

e. Bor Oksit (susuz borik asit) : Ticari bor oksit, B2O3 

Genellikle borik asitt

sanayinde

2O3

prose
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f. Sodyum Perborat: Sodyum perborat (NaBO2. H2O2.3H2O) genellikle tetrahidrat

2O3 Sodyum 

sabun ve deterjan 

sanayisinde

sanayinde

2.1.

(Acarkan, 2002)

a) Elementel Bor:

r. 

b) 

rinden biri, elmastan sonra ikinc

(Acarkan, 2002)

Bor-

- a preslenir. 

3

2450

c) 

ye kadar 

d) Ferrobor:
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tercih edilmektedir. 2, BN, B4

2.2

(Komisyon Bor Raporu, 2003).

Tablo 2.2.1. 

Savunma Sanayi  

Cam Sanayi 

 

  

Elektronik ve 

Bilgisayar 

Sanayi 

-

-

 Malzemeler, Elektrik 

lar, Laser 

Printer tonerleri vb. 

 

 

 

Y  

 

 

 

Kozmetik Sanayi 
  

 C  

 

  

Kimya Sanayi lemler, Flotasyon 
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kimyasallar, Kozmetikler, 

 

Mumyalama vb. 

Koruyucu k 

  

Makine Sanayii 

 

 

p  

 

Sanayiinde Elektrolit Olarak, 

-  

Malzemelerinde 

 

 

 eer Kazalarda 

 

teknolojide emniyet malzemeleri, vb. 

Otomobil Sanayi 

 idrojen 

 Hidroliklerde, Plastik Aksamda, 

 

 

Seramik Sanayi  

Spor Malzemeleri  Tenis Raketleri, Ok-

 vb. 

 

 -  

 

 

 Parlatma 
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Malzemeleri, vb. 

 Yapay organlar, Antibiyotikler(boromicyn), Ostreopoz Tedavilerinde, 

 

Menopoz Tedavisinde, BNTC Terapi 

 

 

Uzay ve 

 

nmeye-
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3. BORLAMA

Bir termo-

et al, 2006).

-bor 

2B, yine a

0
C 

3.1) 

etkilenmemektedir. Borlamada, bor ver

2 . 

4

, 2002)
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2.1. D

, 2002)

2800 r

2SO4, H3PO4 ve HCl gibi 

larak uygulanabilir.
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, 2002)

hacimde hacimce %5 

3.1. 

Borlama gibidir 

:

3. Gaz ortamda borlama

4.Plazma (iyon) borlama.

uygulanabilmektedir (Karakan , 2002)

4), 

4 2), sodyum karbonat (Na2CO3
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(NH4

)

)

4C, %90 SiC, %5 KBF4

4C, %45 SiC, %5 KBF4

4C, %15 Na2CO3

4C, %5 Na2B4O7

4C, %16 Na2B4O7

-97), % (3-5) KBF4

-80) B4C, %(20-60) Fe2O3

4C, %5 B2O3 , %5 NaF, %30 demir oksit

4F.HF, %49 Al2O3

4C

4C, %5 KBF4 , %75 Grafit

4

4C, %5 NaF

4C, %20 Na2CO3

ortam borl larak 

Y

E
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)

.

maliyet gerektirir.

(B )

homojen .

Toz ortamda borlama:

-1000 -10 

ir kapak ile 

2002)

(a) (b)

3.2.1.3. )
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Macun Borlama: 

2007). 

na 

Bor

800 - -

9 saat 850 nin

durumunda azal borlama .

2007).

lemde susuz boraks (Na2B4O7), susuz borik asit (B2O3), metaborik asit (HBO2), boraks 

(Na2B4O7.10H2 4C) gibi bor 

grafit, NaC

veya NaCl gibi

iyik . )

pil

ak metal 

ile

2
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Ayter, 2005)

sonucu olarak 

edilmelerinin 

olarak gaz ortamda borlamada, bor potansiyelinin

elde etmek .

3.2.3.4. )

ve H2

(BCl3 nu rine 

ekil 3.2.3.1). 950 C ve 67 KPa (0,67 

bar), 1:15 BCl3+H2

3.2.4. Plazma borlama

Gaz ortamda 300-

3



16

m

1996)

-850 

-

d
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4. 

4.1. 

. Tane . Borlama 

2B ve FeB 

numunenin 

kil 4 , 2004)

4.1.5. ,2004)

2

daha 2 , ortamda yeterince bor 

konsantras Fe2

FeBx, FeB, Fe2

2

2 .
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(a) (b) (c) (d)

4.1.6.

4.2. 

, 1999)

borca zengin fazdan (FeB) ve demirce zengin fazdan 

et al., 2008)

2

FeB ve Fe2 . 

., 2002) 2B 

-6
C

-1
iken Fe2

4.2.1. 

-B denge 

C

, 2006)
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., 2006)

-200 

uy m 

2006)

4.2.2. Sertlik

Demirli malzemele 2B ile bu 

ve malzemelerde kendi . Tablo 4.2.2.1

e mikro sertlik . 

(ASM Handbook Komitesi, 1991)

Karbonl

(ASM Handbook Komitesi, 1991)

C

erleri, 

2006) 
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Tablo 4.2.2.7. mikro sertlikleri (ASM Handbook 

Komitesi, 1991)

4.2.3.

2

2 (Buytoz, 2005)

Borla

(Karakan, 2002).
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(Demirci, 2004)

4.2.4. Korozyon

(Campos, 

2006)

n metal ve metal olmayan 

.

verir (Campos, 2007)

4.2.5. 

de 

,5 C 

2

3C, Cr23C6, Fe7C6, Fe3(B,C

(B jar, 2006)
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8. 

Bor atom

4.2.6. 

, 2008)

MPa m
1/2
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olarak

(Arios et al, 2009). Vickers sertlik izleriyle 

1999)

.

1999).

(5.1)

5.1 

5.1

5.1

5.1 5.1

5.1.e).(Munz, 1999)
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5.9. Vickers iz (Munz, 1999)

(Campos et al, 2008)

yen 

(Campos et al, 2008) 

(Rios et al, 2009).
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.b) 

5.2.a) (Barsoum, 1996)

5.10. (Barsoum, 1996)

Genellikle c/a > 

ifade edilir: (Keryvin et al, 2009)

(5.2)

P

E H = Sertlik eri (GPa)
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(5.3)

a (m)

l

(5.4)

Hv
2
k = sabit

et al, 2009)

gereken zarar 

vermeyen kolay bir tekniktir. Malzeme

(Campos e al, 2008). Bu tekni

(Barsoum, 1996). atlak tipi Palmqvist iken radyal medyan tip 
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6.DENEYS

6.1. Malzeme

H13

6.1.1

Tablo 6.1.2. 

 C Si Mn P S Cr Ni Mo Al Cu Ti Nb V W Fe 

1020 0,18 0,22 0,57 0,02 0,01 0,09 0,09 0,01 0,01 0,28 <0.01 <0,01 <0,01 <0,01 98,5 

1040 0,44 0,22 0,74 0,01 0,02 0.08 0,13 0,01 <<0,01 0,3 <0,01 <<0,01 <0,01 0,01 98,0 

4140 0,41 0,22 0,92 0,02 0,08 0,89 0,16 0,26 0,01 0,16 <0,01 <0,01 <0,01 0,01 96,8 

H13 0,47 1,12 0,34 0,02 <0,01 >3,5 0,09 1,39 <0,01 0,08 <0,01 0,01 0,99 0,13 91,7 

6.2. Borlama 

o
C 

Borlama

1



28

a) b)

c) d)

6.2.11.

6.3. Metalografik Analiz

.

6.3.12.
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6.4. Mikro Sertlik

-Tech marka mikro sertlik

y . Sadece 8 saat 

6.5. Korozyon Deneyi

Korozyon deneyi, H2SO4

Deneyde 860 ve 900 C 

Bo

korozyon 

. 

boyunc Daha sonra

da 

6.5.1.

Tablo 6.5.3. 

  

Yapay Deniz Suyu 96,5 gr su 3,5 gr NaCl 

 90 ml su 10 ml H2SO4 

6.6

FeB ve Fe2

2

uzunluk bu ile incelenerek 

gerekli olan sertl ertlikleri 
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a) b) 

6.6.13. 2 iz ve 

. 

Palmqvist tip 

gerekli . (Campos 

at al, 2008).

(6.6.1)

(6.6.2) 
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7. D

7.1. 

7.1.1 7.1.16 Resimlerde Fe2 FeB 

,

kopmalar 7.1.7, 7.1.8, 7.1.11, 7.1.14).

a) b)

c) d)

7.1.14. , b) AISI 1040, c) AISI 4140 ve d) AISI 

H13



32

a) b)

c) d)

7.1.15. 0, b) AISI 1040, c) AISI 4140 ve d) AISI 

eliklerine ait 

a) b)

c) d)

7.1.16.
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a) b)

c) d)

7.1.17.

a) b)

c) d)

7.1.18. AISI 1020, b) AISI 1040, c) AISI 4140 ve AISI H13 
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a) b)

c) d)

7.1.19. 

a) b)

c) d)

7.1.20. 
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a) b)

c) d)

7.1.21. a) AISI 1020, b) AISI 1040, c) AISI 4140 ve d) AISI 

H13

a) b)

c) d)

7.1.22. ve d) AISI 

H13
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a) b)

c) d)

7.1.23. 

a) b)

c) d)

7.1.24. 
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a) b)

c) d)

7.1.25. 

.

a) b)

c) d)

7.1.26. 2
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a) b)

c) d)

7.1.27. 

a) b)

c) d)

7.1.28. d) AISI 



39

a) b)

c) d)

7.1.29. 

7.2.Tabaka K

7.2.1 - 7.2.4

7.2.5 7.2.8

7.5.9 

7.5.12

7.5.13 7.5.16 A arabolik olarak 
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a) b)

c) d)

7.2.30. ta a) 2 saat b) 4 saat c) 6 sa

FeB 
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a) b)

c) d)

7.2.31.

FeB 
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a) b)

c) d)

7.2.32.

FeB 
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a) b)

c) d)

7.2.33.

FeB 
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a) b)

7.2.34. 2 sa b)FeB 

tabakas .

a) b)

7.2.35. a) b)FeB 

.
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a) b)

7.2.36. a) b)FeB 

.

a) b)

7.2.37. a) b)FeB 

ta .
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a) b)

7.2.38. - a) b)FeB 

.

a) b)

7.2.39. AISI 104 - a) b)FeB 

.
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a) b)

7.2.40. - a) b)FeB 

.

a) b)

7.2.41. AISI H - a) b)FeB 

.
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a) b)

7.2.42. a) b)FeB 

.

a) b)

7.2.43. a) b)FeB 

.
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a) b)

7.2.44. a) b)FeB 

.

a) b)

7.2.45. a) b)FeB 

.
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7.3.1 

7.3.4

b

2

b

7

8 saat b 7.3.3 e

8 saat b 7.3.4

4140 ve AISI H13 malzemelerinde se
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7.3.46

l 7.3.47.
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7.3.48. 

sertlik

7.3.49

7.4. Korozyon Deneyi

korozyon deneyi 7.4.1 7.4.9 a .
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7.4.1 

7.4.2, 7.4.3, 7.4.4, 7.4.5 teki gibi 860 borlanan

in de 

.  AISI H13 

-7.4.9 a

a) b)

c)

7.4.50. 
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a) b)

c)

7.4.51 60 C 

a) b)

c)

7.4.52

a) AISI 1040 b)
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a) b)

c)

7.4.53

a) b)

c)

7.4.54
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a) b)

c)

7.4.55.1 1040 b)AISI H13 c) 

AISI 4140 

a) b)

7.4.56. C

borlanan AISI
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a) b)

7.4.57. 

a) b)

7.4.58. 14 g

7.4.10 7.4.17

2B+ FeB) parantez 

(gr/cm
2
).

7.4.10

. 

ki 
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7.4.11 dedir. 

sonra asit, 18 korozyon 

7.4.12 tedir.

7.4.13 dedi

sa

7.4.14 edir.

k 

4 saat 2 saat su ve 

7.4.15 ve 7.4.16

90 4 sa

7.4.17 edir. 

in
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a) b)

7.4.59. AISI 104

a) b)

7.4.60. AISI 4140 



60

a) b)

7.4.61. 

7.4.62. 



61

7.4.63. 

7.4.64. 
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7.4.65. 

7.4.66. 

meydana gelen .
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7.5. 

7.5.1 .

7.5.1 - da

Tablo 7.5.4

   a ( m) l ( m) c ( m) c/a  

1020 860 Fe2B 9,978 9,706 19,684 1,97 2,94 

1020 900 Fe2B 10,58 9,47 20,05 1,90 2,94 

1020 940 Fe2B 14,37 10,42 24,79 1,73 4,9 

1020 860 FeB 5,467 3,59 9,057 1,66 0,98 

1020 900 FeB 5,08 4,81 9,89 1,95 0,98 

1020 940 FeB 9,725 12,279 22,004 2,26 2,94 

1040 860 Fe2B 10,45 8,74 19,19 1,84 2,94 

1040 900 Fe2B 10,22 11,86 22,08 2,16 2,94 

1040 940 Fe2B 13,789 12,71 26,499 1,92 4,9 

1040 860 FeB 5,543 2,958 8,501 1,53 0,98 

1040 900 FeB 5,028 6,702 11,73 2,33 0,98 

1040 940 FeB 5,35 5,212 10,562 1,97 0,98 

4140 860 Fe2B 5,5755 6,84 12,4155 2,23 0,98 

4140 900 Fe2B 10,09 11,07 21,16 2,10 2,94 

4140 940 Fe2B 14,31 8,728 23,038 1,61 4,9 

4140 860 FeB 3,259 6,7785 10,0375 3,08 0,49 

4140 900 FeB 4,96 7,036 11,996 2,42 0,98 

4140 940 FeB 9,337 9,8405 19,1775 2,05 2,94 

H13 860 Fe2B 4,6998 3,594 8,2938 1,76 0,49 

H13 900 Fe2B 4,89 7,775 12,665 2,59 0,98 

H13 940 Fe2B 9,395 6,669 16,064 1,71 2,94 

H13 860 FeB           

H13 900 FeB           

H13 940 FeB 4,79 5,814 10,604 2,21 0,98 
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2

a) b)

7.5.67. 

hesaplanan .

a) b)

7.5.68

mi.
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a) b)

7.5.69

a) b)

7.5.70. 8 saat s
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a) b)

7.5.71 a) Medyan 

a) b)

7.5.72 2
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En y

C 2 saat

Sertlik deri

f



68

KAYNAKLAR

,2002.

Allaoui O., Bouaouadja N., Sainderman G., Characterization of boronized layers on XC38 steel, 

Surface and coating technology, 201, 3475-3482, 2006.

Arios C.T., Coelho A. A., Batista W. W., ISE and fracture toguhness evalution by Vickers 

hardness testing of an Al2Nb- Nb2Al- AlNbNi in situ composite, Alloys and compounds, 472, 

2009.

ASM Handbook Komitesi, ASM Handbook, Volume 4, Heat Treating.1991.

Celal Bay 2005.

k Lisans Tezi, 2007.

Barsoum M. W., Fundamentals of Ceramics, McGraw-Hill Companies,1996.

, -59., 2004.

Beatty Richard, Boron (The Elements), Newyork, p 4, 2006.

- alloy steels, 

Journal of Materials Processing Technology, 173, 352-358, 2006.

Bindal, C Characterization of borides formed on impurity-controlled chromium-

based low alloy steels, Surface Coating Tech, 122, 208-213,1999.

Teknolojileri Elektronik Dergisi,4, 41-5, 2005.

Campos I., M. Farah, N.Lopez, G.Bermudez, G.Rodriguez, C. VillaVelazquez, Evalution of the 

tool life and fracture toughness of cutting tools boronized by the paste boriding process, Applied 

Surface Science, 254, 10, 2967-2974, 2008.

Campos I., Palomar M. , Amador A., Ganem R. , Martinez J., Evaluation of the corrosion 

resistance of iron boride coatings obtained by paste boriding process, Surface & Coatings 

Technology, vol. 201, pp 2438 2442. 2006.



69

Campos I., Palomar-Pardave M., Amador A., VillaVelazquez C., Hadad J., Corrosion behavior 

of boride layers evaluated by the EIS technique, Applied Surface Science, vol. 253, pp 9061

9066. 2007.

Campos I., Palomar- r 

of boride layers evaluted by EIS technique, Applied Surface Science, 253, 9061-9066, 2007. 

morphology produced by Vickers indentation on AISI 1045 borided steels, Materials Science 

and Engineering, 475, 285-292, 2008.

on AISI 1045 borided steels, Mate. Science and Engineering, A488, 561-568, 2008.

Culha O., Toparli M, Sahin 

mechanical properties, Materials Processing Technology, 206, 231-240, 2008.

i, 1. Bor Sempozyumu, 2002.

D. Munz ve T. Fett, Ceramics, Springer, 1999.

elektrokimyasal borlama ile mekanik ve

Malzeme Sempozyumu, 2008.

2002.

Keryvin V, Hoang V. H., Shen J., Hardness, toughness, brittleness and cracking systems in an 

iron-based bulk metalic glass by indentation, Intermetallics, 17, 211-217, 2009.

Komisyon, Bor Raporu, Tmm

Kubaschewski O., Fe B, Iron Boron., volume Iron-Binary phase diagrams, Springer-Verlag,

1982.

,

particle size used in boronizing with solid boron-yielding substances, Materials Research 

Bulletin, 35, pp. 2165 2172, 2000.

mesi, Makina- 1999.



70

Palombarini G. and Carbucicchio M., Growth of boride coating on iron, J Mater Sci Lett, 6, pp. 

415 416, 1987.

m R., ISE and fracture 

toughness evalution by Vickers hardness testing of an Al3NB-Nb2Al-AlNbNi in situ composite, 

Alloys and Compounds, 472, 65-70, 2009.

on the surface roughness and dimensions of AISI 1020, 

AISI 1040, and AISI 2714, Materials Processing Technology, 209, 1736-1741, 2009.

S.

Manisa, 1999.

-

1741, 2009.

ncelenmesi, 

Uzun H. A., B

si 74, 2002.



71

-Yeri:

Medeni Hali: 

Lise: 1999-

-

Ekim 2007-


