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ABSTRACT The 2Cr13 martensitic stainless steel used in pumps and valves was modified by
plasma–based low–energy nitrogen ion implantation at a processing temperature of 450 � for a treat-
ment time of 4 h. The modified layer on the 2Cr13 stainless steel had a thickness range of 10—
12 μm. The modified layer consisted of monophase and has a high supersaturated nitrogen concentra-
tion up to 35%—40% (atomic fraction). The microhardness of the ε–Fe2−3N phase layer was measured
to be 15.7 GPa, and the increased wear resistance of the modified layer was obtained on a ball on
disc tribometer with a decreased friction coefficient from 1.0 of the original stainless steel to 0.85. A
typical course from self–passivation to pitting corrosion of the modified layer in 3.5%NaCl solution was
observed with a corrosion potential of −185 mV(vs SCE), a passive current density of 10−1 μA/cm2,
and a pitting potential of −134 mV(vs SCE). The pitting corrosion resistance of the modified layer
was improved in comparison with that of the original stainless steel with non anodic passivation. It
was found that the plasma–based low–energy nitrogen ion implantation of 2Cr13 martensitic stainless
steel could meet the wear and corrosion resistance requirement for use in pumps and valves.
KEY WORDS plasma–based low–energy nitrogen ion implantation, 2Cr13 martensitic stainless

steel, wear resistance, corrosion resistance
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Alphonsa ( [1]%Pinedo  Monteiro[2] 9>?$

5>?,(@H�6@ 2Cr13 $��" �, ! 480—

580 A:BA;) ε–Fe3N, γ
′–Fe4N  CrN 6*CB

7<D. Kim ( [3] ?$7C(@H�! 350—500 A6

@ 2Cr13$��" �, 98.98+E: 400 A/:B

;) ε–Fe3N  ; N D;$��6 (αN) *7<D, F.

98+&: 450 A*7<D?;) ε–Fe3N  CrN 6.

Manova ( [4,5] ?$(@H�EF@@HI9=:, !

.98+ 320—420 A9>GGA 2Cr13, AISI431, 17–

4PH( 5J$�� ;<�" �, :BA6>?6=*

αN  >(* CrN 6KH*7<D. Xi ( [6,7] I 2Cr13

$��" �?<?$5>?,(@H�, ! 350—

550A, 15 h9>:BA ε–Fe3N αN 6, +( ε–Fe3N,

γ′–Fe4N  CrN 6(J6>?*CB7<D. H@AI

@J Cr13 �#$��" �CB8*:;A=K, 7+

>:8*.9*K>, 8*CB*H99L%6:BL(

=8-+"#*-(AM��=K, N?8*CB**-

K@C), BABO67*8*1D [7,8].

CDE�#"4566$$ Cr13 �#$��" 

�=8-+"#8**/-*, PFÆQA(@H�EE
-@@HI9 2Cr13 $��" �*8*>D, =KA

E8$$(R&@FS CB*8-%"#*-B N M

+ 6>?*G�.

1 LMNO
HGCH* 2Cr13 $��" �I.H5NC

20 mm, T 6 mm I<, OU8PJKQD(@H�E
E-@@HI9GG. #HLEMF (ECR) JV(@H
�EE-@@HI9PG(.AHGNFI [9,10]. .9

WK+: JVORC 300 W,(@H�S+C 0.5×1012—

1.5×1012 cm−3, #H8+ 5—8 eV. PXJT+C

1.5×10−3 Pa, Y N2 *6@UKC 5×10−2 Pa. ?,P

VKC −2 kV, CRC 102—103 Hz, T+C 5×101—

5×102 μs, @@HI9Q(LRC 0.44 mA/cm2. .9

8+C 450 A, GG1/C 4 h.

2Cr13 $��" �8*DRSB*T6KL?$
Marble IQ#M. 8*D*H99L?$ SHIMADZU

EPMA–1600 N#HDOMJ9PQ (EPMA) 9P 

Z(. ?$ SHIMADZU XRD–6000 N X 7R7Q

(XRD, CuKα) 9P8*D*6>?.

?$ HX–1000TM NMJ Vicker 7+UZ[8*

D*MJ7+, SVC 0.25 N. W\TMU! WTM–

2E NN – XOW\IUWPQD, Si3N4 Q]N5NC

4 mm, RI*PVC 2 N, I<X*6I>$ÆL+C
0.25 m/s,MU1/C 1 h. I<CB8X3Y?$ SUR-

FCORDER ET4000MNZ[QZ(, DO^NC 5 μm.

#<T"#MU! EG&G PAR2273 NY#

S/Y#>QPQD, Z[VZZ<TÆU$VW+

3.5%NaCl('(9K), ?$W#Z��, S [\#Z

(SCE) B Pt #Z9>AW_#ZB!Æ#Z, X\L

RC 0.5 mV/s.

2 LMQR
2.1 STUVWX%YZ[\]^

Y 1 2`A(@H�EE-@@HI9 2Cr13 $�

�" �8*D*RSBT6X]. /N, 2Cr13 " �

O_$��E�KL^Y, CB8*D! 10—12 μm Z

+IKL92_MZ<, 7+F)]aO[[*8*DB

E�^B. T6X]?12`A\8*DZ+_]*MJ

Vicker 7+KX.

Y 2 2`A8*D*H9 – Z+9LTÆ. EPMA

Z[*H9C_, !8*DI N M+>C(`b\+`

E*_H, CB`& N M+cO 35%—40%(HH9K),

Z+RF 10 μm. 8*D? C *9LF)_M*:<, ?

1^]]aO Fe  Cr *Va8_.

Y 3 C8*bK* XRD c. /N, B]GG 2Cr13

" � α $��6KH6_, 8* 2Cr13 " �CB9

>! 37.78◦, 43.08◦, 56.71◦, 68.11◦  83.24◦ ]aO
�#*R7a, /d hcp >? Fe2−3N 6* 110, 111,

112, 300  302 `e<, dbfK a=0.2746 nm, c=

0.4436 nm, c/a=1.62. U3H* ε–Fe2−3N 6, BfB

a 1 �
"����	
"#� 2Cr13 ������Æ	�
�cd���ae

Fig.1 Cross sectional metallograph of the 2Cr13 marten-

sitic stainless steel sample after surface modification

by plasma–based low–energy nitrogen ion implanta-

tion
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a 2 2Cr13 ������_cÆ	���� – ���h��

Fig.2 Concentration–depth profiles of the elements in the

modified layer measured by EPMA

a 3 2Cr13 ������_cÆ	ff� XRD g

Fig.3 XRD patterns of 2Cr13 martensitic stainless steel

sample before and after surface modification.

* ε–Fe2N(JCPDS732102, JCPDS500957), ε–Fe3N

(JCPDS860232) ε–Fe2−3N(JCPDS30925)6*R7

ai!b`[*K@. XRD c?, ]98ha6*R7

a`8, ! XRD gZij+hbIC_, 8*CBD>

jd* ε–Fe2−3N 6?H.

2.2 STUVcdeTf
Y 4 2`A 2Cr13 $��" �8*D*MJ

Vicker 7+ – Z+9LTÆ. /N, ! 0.25 N SVA
$(, E� α $��*7+eC 4 GPa, 8*D*CB7

+&c 15.7 GPa, gi`E*7+\+Mc`CB7<
hb! 10—15 μm. 8*D*MJ7+ – Z+9LBH

9 – Z+9L*BLd?.

Y 5 2`A 2Cr13 $��" �8*bKCD*

W\�K:<TÆ. >Y/N, Hd" �B Si3N4 Q]

?H*W\j, W\�KeC 1.0, 8*" �*W\�

Kf`EA 0.85. Y 6 2`A 2Cr13 $��" �8

*bKCD*8XZ[TÆ. B Si3N4 Q]?H*W\

j, Hd" �CB3HAZ+C 4—5 μm, k+C 80—

90 μm*lk, F8*" �CB8Xm%k+g, Z+g

a 4 2Cr13 ������Æ	���e�� – ���h��

Fig.4 Microhardness distribution from modified layer to

matrix of 2Cr13 martensitic stainless steel

a 5 2Cr13 ������Æ	ff�������k���

Fig.5 Friction coefficient curves of surface layers of the

2Cr13 martensitic stainless steel before and after sur-

face modification

a 6 2Cr13 ������Æ	ff����lno��

Fig.6 Cross sectional profilometer patterns of wear tracks

on the unmodified and modified layers of the 2Cr13

martensitic stainless steel

: 1 μm, k+C 50—60 μm. /N, (@H�EE-@@
HI9)1`EA 2Cr13 $��" �*W\�K%M

hf&A=8*-.

2.3 STUVijTf
Y 7 2`A 2Cr13 $��" �8*bKCD!

3.5%NaCl VW?*VZZ<TÆ. /N, ! 3.5%NaCl
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a 7 2Cr13 ������Æ	ff��� 3.5%NaCl ��'
�������

Fig.7 Anodic polarization curves of surface layers of the

2Cr13 martensitic stainless steel before and after sur-

face modification in 3.5%NaCl solution

VW?, ]GG* 2Cr13 $��" �I<dkG:m
<Vn_H, E"##SeC −308 mV (vs SCE). 8

** 2Cr13 " �f,)lN*Em< – p#'ng

h, E"##Sf&A −185 mV(vs SCE), hm#>S

+C 10−1 μA/cm2, p#'n#SeC −134 mV (vs

SCE). iBIj*+, 8*Dp#'nK, "##>S+

8]`8oÆk)*8_, F+ib#S*kI, !E:

103 μA/cm2 *hbIpqk). MÆ, (@H�EE-
@@HI9 2Cr13 $��" �*+p#*-Mh8j.

8*D* ε–Fe2−3N 6?*R&FS N, !"#VnF

o?B H+ 3H NH+
3 , N?#plb pH ik), "#

LR`E.

3 mnop
(@H�EE-@@HI9=:ACdJE8%E

KCB8*=:, ,)E-@HI9?pGDk*D0q
'W., +((@H�GDkll m.nI9HH7]
o`*rsq'A$. !E?,PVKA$(*@Hmp
nH"qr:.98+*E-@HI9, ÆKnI9*H
H!%E.98+(92@q*GDk [11]. oFtst

.I9@@H-(%@Hp>S+ I<8+(WK, :

BA 35%—40%R&@FS * 2Cr13$��" �8

*CB, 8*D>jd* ε–Fe2−3N 6?H, CB7+&

c 15.7 GPa, W\�K`E, =8*)r+f&, +p#

*-Mh8j. Kim ( [3] ?$7C(@H�6@ 2Cr13

$��" �, !.98+E: 400 A, 16 h 3HA

ε–Fe3N  αN q6KL*CB7<D, F.98+&:

450 Af,) ε–Fe3N  CrN *q6KL, 7<A$
u)`E. Xi ( [6,7] ?<?$5>?,(@H�6@.
9, ! 350 A, 15 h 3HA ε–Fe3N  αN q6KL,

550 A, 15 h fC ε–Fe3N, γ
′–Fe4N  CrN 6*J6K

L. (@H�EE-@@HI9 2Cr13 $��" �, :

BAj6* ε–Fe2−3N KL. sv8*.98++(8

*DR&FS M+ \+Dk>?, 2Cr13 $��" 

�CB3HAdJr*R&FS * ε–Fe2−3N 6. /

MP, Kim ( [3] ! 400 A, 4 h nO]aO)=* ε–

Fe2−3N*i!, ww!tskI*GG1/I, /-92

Atr* ε–Fe2−3N ]r[* ε–Fe3N  αN *9nF

o. &d6:Fos)u:Qdp��=K.

Cr13 �#$��" �*=8-+"#CB8*u

!Qdp*@�#"-)4566$*./0*. -)6

@%@@HI9(@CBuT<GG.9, >:8*CB

Tt@<u*3H, 7+Mhf&, 6%*/-N?$�

�" �*E�x Cr, +"#*-(`BAv<. H@

AI@J Cr13 �#$��" �*CB8*:;A=

K, 7+=8-+"#vu8*=K%>, 8*CBqr

CrN P`w2*7<A$FN?+#*`E*vw, /

-+6G=Ky+xBy9*D0H4 [1,2,12]. 4;, C

BzD=:! Cr13�#$��" �CB8*?"xy
I, 7+, 8-"#z{*{v$$ zD*z|.1?

<w.A6G=:*%$ [13]. (@H�EE-@@HI
9 2Cr13 $��" �,)=8-+"#vu*8*A
$, n|}u:!�#"#%$&>���%�&' !
 '$!(!Æ��3<(*%$.

4 Qp
(1) (@H�EE-@@HI9 2Cr13 $��" 

�, ! 450 A, 4 h :BAw+C 10—12 μm *8*

D. >jd ε–Fe2−3N 6?H*8*CB* N S M+

C 35%—40%, ,)=8-+"#vu8*A$.

(2) 2Cr13 $��" �8*D*CB7+&c

15.7 GPa, W\�K>Hd* 1.0 xgA 0.85, =8*

Mhf&.

(3) 2Cr13 $��" �8*D! 3.5%NaCl VW

?,)lN*Em< – p#'ngh, E"##Sf&
A −185 mV(vs SCE), hm#>S+C 10−1 μA/cm2,

p#'n#SeC −134 mV(vs SCE), +p#*-_M

8j.
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