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 ��� ���� ��� 90 wt%� ���� ������, �� � �! "#$ ��

%&�� '(. # )*+�� �, �  ��- .�//0 12
 345 67 ��� 54�8 345 67 9 67 :�

	; �<= >&- ?5�@(. �  ��
 ABC� 65-90µm, 90-106µm� 106-125µm AD,� �;�8 345� E

FG ?H�+� IJ�@KL, � M 106-125µm� AB� �N �  ��- �4G 345 OP QR� /S TI�@K

L, 67 :� ��*?� XRD � XPS� �4�8 ?5�@. 67 :� UP�B V W �X&- ?5�@(.

Abstract − The steel powder slags, consisted of 90 wt% of carbon and iron oxides, can be simply reduced to carbon and iron.

In this research, we studied the physicochemical characteristics of thermal spray coated films prepared using the reduced pow-
der slags as a highly valuable powders for the thermal spray coatings. After the reduced powder slags were divided into three

fractions(65 to 90µm, 90 to 106µm, and 106 to 125µm) based on the particle sizes, we carried out the thermal spray coating

using each samples under the same thermal spray coating condition and found out that the particles with the sizes of 106 to 125µm

had the best deposition efficiency. The microstructures of the coated films were investigated using XRD and XPS, and the

adhesion strength and corrosion resistance were studied as well. 
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 ��
 ��
 ��� ���� ���

�� ���, � ! "#
 $�%& '(%) ��*+ ,-./ 0

�12 �3
 4 65%� 567 8�. �9: 59! �3 '(%(slag)

� �, ;�, <=< > ?@A5 BC! DEF�) ��GDH7 8I

�J KLH7, MN ���
 �3�	�O ,-HP 7Q $�% R

ST QU
 $�%� �V 7Q '(%� �HW ?@AJB XYZ

[7 \! '( ] ^_5 A5H� `� �$S ab� cd '(e7

8�. 5f) ghcd*+ ijHP k� lR! F�& ���� m

�� �� ��� 2n �a� D,� opB 8�. q�O ��� rs

] tuvw x� n��O 59! ST yz�
 ?@A& 5f ST

f) 5A! 7$B B{
 �? -� |LB }~, �} ] MN�O

@,Z ��e7 8�[1-3]. X? 0B eP ?@A�*+P � ! �

�) �� STf R ��_*+ ;� \P �| QU
 GD�5 50 wt%

	J5�+ 5f �S) �V �Sf& $D���) 5AHW Sja

�*+� ;� \P �| L�%
 ��) �W �AHP ��&[4] 5

f ST ��%f R 4 40 wt% 	J� n�HP ��� QU� t�

HW S�& ;�
 ��?� QU+ HW ��?+ 5AHP |LB

��e�*�, � �&+O X? F�n ��5� �� ��� 5Ae

7 8�[5]. �9: 59! QU
 ?@A� X? ��_*+ �3 ��

�� 16 kg 	JB ,-HP ST
 10%	J� �{7 8*� u�_

*+J � E��5 co  4! 
U� � � 8�. q�O 5f ST

) gh �	) ¡HW 7$BB{
 �?+ ¢t.£ � 8P |LP

F� ?@A& tu ¤¥% Ysn��O co ¦§! ¨	� 8�.

~ |L©� ST) t�.ª « ST
 0��5 Fe(40 wt%)� C

(50 wt%)2 k) (¬+ HW 5f) ­­
 ��*+ �®HP kv�

P A¯HW �° QU+ 5AHP k5 v� u�_} � 8�P ±�

²bHW, t�³ ST) ´A� µ¶ ?�+ 5A BC!�� ��H

7F H·�. ´A� µ¶� � \P S¸ ?�+$¹ 5f ?�� A

¯H7 �º QU+ �»³ ¼½� ¾¿./ ¦À*+ �Á.ÂP (

Ã+O, ÄAS^B F�n, Å�, o0�� S^, ÁÆ1, $Æ ��, �

�A Ç9, ÈJÉ, ¹Ê ] Ë� >� 56(Ì� Í ��S^� � 
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HÎ SÏeÐ8*�[6], Ñ?_ �§B ��. q�O t�³ ST) Ò

gHÎ ´A� µ¶?�+ @A!�½, ��'(%) ÄAÓÔB co

Õ 7$BB{
 ?�+ ¢t.£ � 8�. 

´A� µ¶� 40Ö Í� iI .J³ «+  M, }~ ] D× �T

M�O ØÙ 10ÖÒ ÚÛ� �Á) HWÜ*� X? �ÓÔHÎ �A

e7 8�. ØÙ
 |L �Ý) v½ �Ë_ �¥ ÞJ� ßJ(3,000oC)

B [� ́ A� ��� ±n |L�
�O àÐ�� High Velocity Oxy-

Feul(HOVF) ��) 5AHW Bá
 BÞJ� âãZ äT./ IÞ

4åÌ� æ � 8P �®! ç{ è, >*+ |LB éRe7 8�[7].

5 ê HOVF �Æ*+ (ë� ¾¿! �Ff� co ì� í) Q��

� 8Î ³�. \! Two-wire Electric Arc ��[8]& Plasma ] T�

Plasma[9, 10] ��f5 @,Z |Le7 8�. ÍÉ_*+ v½ ´A�

µ¶� ç{ îF2& ÄA
 ï Õ S^+ X? |Le7 8*�, ?

� S^�O ´A� S¸ ?�� ð! |LP  ñ! �(
 S¸ -�

� R±) ï7 8*� 5� ¡HW ò ñ óí) ��HP |LB @

,Z T�e7 8�[11]. �9: �ôÌ� Í ñõ_*+ �� '(%

2 �� ST) 5A! ´A� µ¶� v7 ³ ö ÷�. 

q�O ~ |L�OP o� (¬_2 ́ A� µ¶Á{� 5AHW t

�³ �� ST) ´A� µ¶?�+ 5A� � 8P (¬_ Ùø� �

ùH7F, t� ST úFf) �(®+ �®! « ´A� µ¶) ��

H7 -�³ µ¶ í
 ��, ¼½ QUû, (ë&
 ü² 3J ] µ¶

í*+O
 N $Æ� > ¼½�� ] %j�û_ ��) ��H·�.

2. �  �

2-1. ����

~ |L� �A³ t� ST� ��5 C 50%, Fe 40%, SiO2 5%,

MgO 3%, Al2O3 2%+O (0)!ýM&B�O �â þÿ*�, �V �®

! ijH� `7 SIEVE (NO. 100& NO. 200, �õ
��)+ �®H

W úJ 106-125µm
 S¸(G120), 90-106µm (G106), � 65-90µm

(G60)
 ñ "#+ :�Ð |L� .�H·�. 5 ê G120, G106 ]

G60
 Fe GD�) �Æ S<! �& G60�O Fe
 G�5 4Ò �ÿ

*: ñ "#
 �� �ï Õ n5� v5�P `ÿ�.

´A� µ¶� 10 cm�10 cm
 °Þ (ë) Í ij ��á¶ « Fig. 1

� J.! L� 	�� 5AHW ´A� µ¶) ��H·*� 5 ê (

ë& A�
&
 øjP 10 cm, úF
 S� ÞJP 50-60 m/s, �¥


ßJP 3,100oC+ 7	HW |L� ��H·�. 5 ê Fig. 1
 A�


� 5P-II(NETCO) A�
*+�, S¸ YÁ ¡5 
� Á²eÐ 8Ð

A� ­JB �50o� ¬&HP uo�P S¸ 5�
5 76� `) �

8( êx� A� ­JP 0o� D�H·�. �j7 µ¶ í� 0.5�

0.025 mm� D�H·�. 

2-2. ��� �� 	 
��


µ¶ í
 S<� o� ¼½& g½
 QUû) |��	 ÷5 A�

Í
 S¸ QU� SEM(JEOL 200CX with EDS)) 5AHW S<H·

*�, µ¶ í& S¸
 �	�� XRD(D/MAX, RiKagu, Japan: CuKa

radiation)) 5AHW S<H·�. \! µ¶ Í«
 ¼½ ��) XPS

(KRATOS XSAM 800 type spectrometer)� 5AHW ��H·�. µ¶

í
 (ë� �! ü² 3JP Fig. 2� J.! ��*+ UTM(H10K-

S)) 5AHW c .� � 4= È� �	H·�. 

2-4. ����� ����

´A� µ¶³ µ¶ í
 $Æ��) ��v( ÔHW Sò¨�) �

�H·�. Sus� ´A� ³ .�) 5 cm�5 cm�0.5 cm �(+ rg!

�I, ´A� µ¶³ $S) ��. ��+ �@HÎ ��!�. ��.

��B u�³ «� R�$S� ¤ç��) 5AHW ôu 4 mm 	J


�) �fÐ ��. ��) ��N7 ´A� µ¶ �5 ��eJ� !

�. 5� R�*+ .�Ô� �Ù Djð �p�7 ¨j *+ 7	H

W .� ÍÌ� !."5¹ N� vðH·�. $Æ¨�
 õ# J� Fig. 3

� :ýN��. .�
 Í(�û_ Sò� EG&G 274A Potentiostat/

Galommostat� 5AHW 5 mV/sec
 0�ÞJ+ Sò¨�) �H·�.

Fig. 1. Descriptive set up for a thermal spray coating.

Fig. 2. Schematic illustration for the adhesion test.

Fig. 3. Schematic illustration for the test electrochemical corrosion cell.
���� �41� �3� 2003� 6�



�� �
 ���� ��� ��� �� �� ��
�  !��� 315
µ¶ í
 Í(�û_ $ÆJ �	¨�) Ôa �A³ Ía$� 
ß

�O B%! $Æ tu� a�HP 0.1 N HCl A$) �AH·�. 5ê

ÍÔ� �	H( Ô! (& Íò(reference electrode)*+P Ï�'+(

Íò(saturated calomel electrode: SCE)) �AH·*�, 
�Íò

(counter electrode)*+P )°�(Pt wire)) 5AHW t���Bá ,

-
 (� °Þ*+ �AH·7, .�Íò(working)
 ��½_� ôu

4 mm
 g½ �*+ H·�. DC $Æ �	) Ôa 352 softcorr III $

Æ .á* �+,-Ð� 5AH·�.

3. �� 	 
�

G60, G106 ] G120 t� STf
 Fe ��� �Æ S<[12]) ¡H

W ��! �& 10% ÓÔ N�O }	G) � � 8��. q�O ~ |

L�OP G60 G106 ] G120�O
 Fe G�5 �}! k*+ B	H

7 ´A� µ¶) ��H·�. %. ´A� µ¶ í
  ñL�P S¸

úF
 SÏ ] ´A� �
f� /sHÎ ¢�H:[13], o� ­­ ú

Ff
 ä² E�) �( Ôa S¸ DúÞJ(0.3 g/sec), A�øj(10 cm)

] (ë
 �((5 cm�5 cm)� }	HÎ ! « ä²í5 0.5 mm ï0

+ �ÁHP! 1jP .Ò) �	2*�, � �&� t� ST& ��

5 BÁ D�! X? 
A�H7 8P 350NS A� S¸ ?�� �ËH

W Fig. 4� J.H·�. ä²E�� G1205 
AHP 350NS& D�H

Î o�H·�. � 5D+P G60& G106 ?�f� úF
 �(B 3

� �¥ b�O (�eÐ ä²E�5 s�! k*+ ��³�. A� S

¸ ?�P gS�³ LQ}�� ?� Dú5 A5HW BÁ 5
_5

:, X¨_*. 59! gS�³ LQ ?�
 -�5 ø
 KBCH�,

}È_*+ Fig. 5� J.! t� STf& 45 K56! QU
 úF

fJ 75 �A³�. t� STf� Fig. 5
 SEM 5 �� 45 K5

6! 8'+9 � 
 ;� úF� S¸ QU
 Fe úFf+ �}! k

) � � 8�. úF � f5 5
_2 LQ� ��: A�
*+ D

úHP! ®�V Ðp:� :ý:� `ÿ�. 
(
 ¬( �&� (&

HW ~ |L�OP ä² EC5 ;ÿ< G120 ?�� R�*+ ´A�

µ¶) ��H·�. 

µ¶«
 ¼½� �»5 :� Ðï9 �=>) ?�*�, Fig. 6(a)�

J.! SEM 5 �� 
H½ ´A� µ¶ «
 ¼½ QUP Fig. 5�

O ð�! K56! 8'+9 QU
 ;�� S¸ QU
 Fe úFf5

���7 íQU� LQ QU+ K56HÎ (ë� ä²³ k) � �

8�. 5f ¼½) v� @�HW v½ LQ5: í QU
 L�f5

50-100µm	J
  ñ LQúFf+ L�³ k) @2 � � 8��

(Fig. 6(a)). �z úFf5 �A< QU(Fig. 4)f5 ���7 LQ& K

56! í QU� v5P k� úFf5 �¥ b�O A¯³ « (ë�

¾¿H� ¯²eÐ :ýB L�2 k*+ ��³�. \! µ¶³ í


g� L�� SEM) 5AHW ��! �& íg½ ÍC� 1D �}H

Î LQ
 úFf5 ¯²e�, ä²³ QU� vW07 8�(Fig. 6(b)).

SEM 5 ��O µ¶í5 7� (�) ��7 8I) vW0: 59

! X
� ´A�. A�
& (ë&
 øj� �rH� �¥
 ßJ

] ÞJ� �5½ (�5 s�� k*+ ��³�. µ¶ í
 E+9 Q

Uûf+ v� 0�S2 Fe� ;�B O+ ¯aeÐ ä²e� E+9

%F
 í*+ µ¶³ k*+ ��³�. 

µ¶ í
  ñL�� v� FñZ ð�H( Ôa XRD� 5AHW

G120 ?�� A� « µ¶ í
 x-ray =r S< �&� �Ëa v½

�	ãFf5 co �V k) � � 8�*�, �Z µ¶ í�OP �

�Gý5, QU
 ���5 µ¶ í�OP 0+ -�³ k) � � 8

��(Fig. 7). ̈ �+ t�ST
 x-ray =r �H� 0+ ;�� FeB

0�SI) � � 8*:, ´A� «�P Fe� �! x-ray =r �H�

���7 ��Gý5,
 3! x-ray =r �H& ;�� �! 4! X-

ray =r �H� :ýJ) � � 8�(Fig. 7). 5P ´A� µ¶ R A

¯³ FeB �( R
 �� ] �S& KÎ ��HW ��Gý5,+ ¢

Q³ k*+ ��³�. ¨�+ FeB 0�S2 
AHP ´A� S¸?

�2 350NS) �}! �
�O ´A�! « XRD� 5AHW ��!

Fig. 4. Deposition efficiency for G60, G106, G120, and 350NS. Fig. 5. SEM images for G60 (a), G106 (b), and G120 (c).
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�&� v½ G120) 5A! µ¶ í& �}HÎ ��Gý5,B 0�

SI) KÎ � � 8��. %. A��
) ¢�.ª�½ ��Gý5

, L� �V QU
 %F+ µ¶5 BCH:[14], 59! |LP ~ M

x
 ÓÔ� N*�+ 5� ð! $S� �I Mx�O �O7F!�.

´A� «
 G120 µ¶ í ��) XPS+ ��! �& Fe
 ����

� ��2 707 eV PC�OP ��B v5� `ÿ*:, ��Gý5,

QU
 Fe ����� ��B 710.9 eV[15]�O :ý:P k) @2 �

� 8�*� 5P XRD �&� }{HP �&� � � 8�(Fig. 8). 

µ¶ í
 (ë� �! ü²Q� ´A� ÄA�½�O BÁ R§!

%�5� � � 8�. ´A��O
 ü²Q� µ¶í5  ñL�
 (

ë& ��?�
 �ã) ?( êx� °Þ (ë� A� µ¶³ ��u

+� q� (õ_ 2¹�, °Þ-°Þ \P ñ�R-°Þ �� ] �û_

��
 ñ "#+ �Î S#� � 8�[16]. ́ A�
 �	 \P �
f

) ¢�G� q� µ¶
  ñL�B ¢�S� q� 5+ 2! ü²3

J \! Ô
 ñ B� S# b�O ¢�³�. \! ü²3J
 �	 �

�� q�OJ �	T5 }	H� `( êx� Û_! ´A� µ¶ .

á*� _�! Á{� U� �	HW^ !�. q�O ~ |L�OP Fig. 2

� J.! ��*+ UTM) 5AHW 4= �	HW � �&� Table 1

Fig. 6. SEM images for the surface (a) and the cross section (b) of the coated film.

Fig. 7. XRD patterns for thermal spray coated films using G120 powder.
���� �41� �3� 2003� 6�
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ot

,”

l-

rial

-

h-

e-

by

N

� J.H·�. V
 Fig. 6� J.! ¼½ ] g½ QU�O � � 8

W5 µ¶ í� 7� (�) ��7 8Ð ü²3JB �� `) k*+

X�2*:, µ¶í5 ój³ « (ë ¼½� µ¶ �5 75 J�8P

k*+ v� (ë ¼½& µ¶ í �5� �û_ ��5 8�< k*+

��³�. G120) 5A! A�µ¶� .ëH7 8P 350NS� �HW

üY3JB �>HÎ :ýZ�. 5� 45 ~ |L�O �A! ´A�

�

 uo FeB 0�S2 S¸?� �A. °Þ (ë&P �û_ �

�) ��� � 8P k*+ v2�.

µ¶ í
 N $Æ�� µ¶ í
 ÄA S^� �	HP R§! 2F

f R H:5�. ~ |L�OP µ¶ í
 N $Æ�) Í( �û_ �

�*+ ��H7 � �&� Table 2� Fig. 9� J.H·�. Fig. 9P ­

.�?�� �HW �ÍÔ Sò ø�) ��v( ÔHW 0.1 N HClA

$�O 0�ÞJ 5 mV/sec� 0Ð t� ST(G106, G120), �|(5%)

[� S¸(G120-G) >*+$¹ ��³ µ¶ í
 Sò .�! �&�

:ýN��. \! W(� NÆ�) $WH( ÔHW Fe/Mo/C ��) \

P 
�A ´A� ?�B [�³ t� S¸(G120-350NS)+$¹ ��

³ ́ A� .�) �Ë! �&J G0 :ýN��. \! $Æ� 
! ]


YÅ 	J� SòYÅ(Rp:polarization resistance) T*+ }È_*+

¼.H( êx� 5f ­ .�� �! Sò YÅ T) Table 2� :ý

N��.

Fig. 9� Table 2�O � � 8W5 �Q ÍÔ T5 BÁ �� 
�A

´A� ?�B [�³ t� S¸(G120-350NS)5 BÁ o�! $ÆY

Å�) :ýN7 8�. \! �|5 ^B³ S¸J $Æ YÅ�� o�

H·*: t� ST
 uo µ¶ « ��� QU+O $Æ YÅ�5 ;

� `� k*+ :ýZ�. 5P VO 	_! µ¶ í
 ¼½ S< �&

�J }{HP �&� vW 07 8�. ̀  G120-350NSP ´A� .�

0�S2 Fe� ;�B O+ ¯aeÐ ä²S*+� E+9 QU
 í

*+ ¼½5 �V .�� �a {aHÎ µ¶³ k*+ ëg³�. È½

t�ST �*+ µ¶³ .�P ¼½5 bc K56_5� 7� (�

J C. ð�e7 8�. � n5
 	JP úJB 3� t�ST(G106)

�O �Î :ý: $ÆYÅ�J BÁ :d k*+ ëg³�. 5P $Æ

YÅ�5 ¼½� Q�eP µ¶ í
 ��� �Î 
wH�, �°��


 ^B� q�O e�T�P Kim >[17]
 |L �&� f }{G)

vW07 8�.

4. �  �

�� '(%2 ST) 5AHW gh �	) ¡a 5f STf5 7

$BB{
 ´A� µ¶ ?�+ 5Ag � 8I) v·�. Fe� ;�B

ÍÉ t� ST G�
 90%2 STf) úJ®+ �®HW ´A� µ

¶ S¸?�+ 5A. úJ �(B 106-125µm(G120)2 STf
 ä

² E�5 �} �ÿ7, XRD� XPS S<) ¡a ;�� ��Gý5

,
 ��%+ µ¶e�I) � � 8��. 5 ê µ¶ í
 ü² 3J

P 4 0.1 MPa+O 
AHP 350NS) 5A! µ¶ í
 ü² 3J�

D� H·�. \! Í( �û_ $Æ ¨�) ¡a G120& G120� �

|) 5% ̂ B! µ¶ í
 N $Æ� \! o�! k*+ v·�. q

�O G120-G� Ô�O �.! ��+ [�HW ´A� µ¶!�½ $

Æ��� Û_*+ HP h� E&B 8) k*+ ëg³�.

�  


~ |LP R�(��
 i�.j �9n ��& (0)!ý kl�� ¡

a ��e����. |L� ��� s����. 

�
��
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