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A Situdy on the Mechanical Properties and Corrosion Resistance
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Abstract : The characteristics of corrosion resistance for the surface of ductile cast iron(GCDAY) by
plasma nitriding process have been studied in terms of electrochemical polarization behaviors
including corrosion potential(Een), anodic polarization trends, polarization resistance(Rp), and also
have been studied microstructures, hardness and specific wear of nitrided layer

Nitrided layer showed an enhanced hardness values i all the plasma nitriding condition
investigated. In the result of wear test, specific wear of nitrided specimens were much decreased
than that of non freated specimens. In the results of XRD, v'phase and & phage were detected in
nifrided surface. And it was found that ¢ phase was decreased and v'phase was increased
regpectively, as the mnitriding time became longer. In the test of corrosion resistance, natural
potentials in all the mnifrided specimens were towards noble directiong than in the case of
non treated specimens. The measurement of electrode potentials revealed that corrosion resistivity of
plasma nitrided specimens were higher than in the case of the non treated gpecimens.
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Table 1 Chemical composition of alloy used

Material Chen?ical composition{wt. %)
C Si | Mn | Mg P 5
GCD40 | 378 | 2.82 | 009 | 005 | 002 (001
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Fig. 1 Geometry of the gpecimen for nitriding
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Fig. 2 Maximum surface hardness value of nitrided
GCDAD at different nitriding time and gas ratio

HAEZE ¢ 800~850Hy e e yehy
sirh el "t HqAztE spu s e
EHAEY Aole 24 42 ¢ 5 ook =z
A7) FrtEE thah EUAEZe] FastE
AEE Bole AL A 27 HgHEW SAEE
Zo] vl WHFESo] 2EHe] ARAF o] &
=97 WEed e FAHG

TG Fig 244 ERAEZe 7B =24 Yed
AL HeNp¥ 7hzv]go] 3703, 5A7HESE A&
Az e Y FSolr) o]z 24y Hdg
ol E7t F7teke A AEST wobad, &
8 vARD AE7 2L edo] FE2 FAAHUA
v, Had g Ax 2E=EERIY Ft2 daEe
Aol W&y vlASA ey dEegn
»tg

—

32 mEtsel olM=E 3 MY

A DA e AEHL SEM vz
AnA s} stavge] QBT W AA o]
Zolgel wet 71AzAL siFel= dAt U
oA ZANA BHHos BIYE ARTuT ¥
2z dgEe] A,

923, GAT ARAYLENN Aze] FoE
F2 2RF(REES I FA FHH3
o, ® FHRZE w4 3PES0] AT
93, FGEFH 2hteld ANRE Fux F
£V FelN4o2 B7=E 2% A4 2
o] HAHE FFL PRLE 50CHA A L
wate] BAYel TUHA BT

0z

A

o e

o S

Fig. 3& o5& #@4=S Fosty] Aste @&
AZEE 520TeAM 3AZE AFA-T F
g THAH JFE FHEELE C N, Fe,
Mg, Mn ¥ Si8] £XE EPMAE A&5le A&
A5 daE Uebdrh Fig 3949 Zo] FFE
o 13T FIFNA N SidEY SAT
THEge AY #wEHA @t I3y Fe, Mg
2 Mnd F4ele IdFESAA AHoz =&
FHAZFEE e FEOAR #HEeE 99
o gl vls) & X A FEFAEA el
gt I Co F4e FiAFeMd AUHo=
HAZEZ v FE(UARE HEo|E FH &
Fhd dA= fFAE X A4 FHEAEST UEY
gt ol g HuE FHTA FaAZ
%0 HAHEA Fe &€ CY o] AdjHoz A
ettt e v gk

e

_76_



Fig 4% ARAANL G2 Ans R
X 4 §2%4 9E Y Reld. dpHoz
ARALAN A EH AHIE HFESY E

B 320 v FeN4sh ¢ FeNe &40
g0l A% vl B
AFteF P2

F7retn v A

Ao FIHEFE
aste AF%E dEedd. Z2H3
Tre] FEFo] FIFESFE e ol
ol Faste Ao e e,

Ret
LIne

i 10 = kL
BN FTmantal a@a:-;'mm (el
LU K AntE = E’Jmh -
s I | T
oL : W | s
R 1.0 v, i
1L i I I L]
'Y TR " L A
 Wm-k y H-RD
i LT fewriay ¥ i s
P s ]
1 " "
e iR mamp Pl e
# [r’/‘d A o 32 b
] [ -
s e
) 8
i'! T T L] T )
A B B EE % AH
&,ﬁ\ﬁ-iﬂg\m L B kL

[CTTIRRE W4T 5 ] Wak 3z jTEwn1Lg

[ B
e

Fig. 3 EPMA line profiles for various elements on
cross section of GCD40 nitrided at 520T for
3h

et AR Eebzcl AnAYct dRed @

AbEA g el7] mEd FidsEd #AH= 07}0
2Zok Azt ofs) BEAE] WEHI] HE

Aoz AzrEe B AP GCDASIAE o i‘&
Ag7 9xss Ans Fe 304 FA=
Z Fig 49A & 5 F0] 307 B¢ FHAY
3 NBMAE v FeNAe HIAET & FeprWi
o sABERT d¥os w4 Jeum go
W, A2N7HE 3 5 7 2 1008 EANA I
A5 P ABIAAS v FeNo| HEREHT} ¢
FeroNel HAZE7 da 24 Jedw sio.
= AFAYNZ] AFE eio] 274547, VAl
Hards AFe 8L €+ U 2 olfE 2
AP A o] AolPelmE B %o AFEo
Eue F4ad Ao v 30 i $El
=8 ool Bol ¥yHEY WEY Row ARY
. oolEd BFEL Aavst WHENAT AY
TUF He S ehdel HelE g,

* w TP
ﬂ i ; F s -&-W- '11‘1
;% ;’a J a
)
Iwﬁﬁ g%l\% rfﬁ g’ aam‘;gw;. %WW Q"E}":ﬁ?‘ﬁhﬂ?m;!%wm»
i
%,4 !%; ! .|.l- i
T, =r i ; i
1% g‘i f-i ‘ "\‘mﬁﬁ"% g’%a'@g& RN Lﬂéﬁ”-‘%i ién‘ﬁ
o] :
E . t’
it
3 ;iﬂ. _ .g“‘ ;} 3 H H "’ t.‘
l}éi ZM?!!%;.E . fh Zéi 2{% %fs'%?g'i??ﬁ%[ hi}f,&#‘%!ig*,iﬁ i??’ y{i’&i’ﬂf
b
o+ &
[ " é‘ ‘l
i J;zM% P ﬁgh
&L -&,g‘&-ﬂ h-&!ﬂ‘ m%ﬁ E Iﬂm}%
] I
- " @ :m 7 © =
20

Fig. 4 X ray diffraction pattern from the surface of
GCD40 nitrided at 520 for various nitri
ding times
(a} 3h (b} 5h (e} 7h (d} 10h

33 Hasef oild sS4

Fig. 5= ZaAzstA &2
520TAAM A+ B ZhavlE

_77_



2=

FFAYS B wrtERWo S JERS. 2
YolA vl FSolE vvEe] 27107
(mmi/kg -mm)E 2A G zei, 22
B Aol VTR Rl 61071410 (mm kg -
mm)d HHE FAAA ASurt vulE el
27 Fege Yegn U

2213, AHARE 307, 547 @ 7Anew
3, HNpe] Flavlgs @d B4, Aave
o] 37 & Wt vlebEFe] AbH B dehgs @
F gt S8 $99 slevgs AFAANE 5
Az M2l AgEe] ¥ T AAw A W
el okt S5 A) GER ol4% 2e o
2AE 2AAE B 9 AFA0D B57 AADA
o Rem smEFe] WA Basd, 5
Aelel elstel uElE el 2 awTE AL
g gloy, AP Z 2H G2 o}
"8 Aele 2A gL Aow vyt

25 T 7 T T !
45 Nelvidieg lemp. 520 -
.._\.E} v b _
— '
g?%- -
T el (s righioid, B3
E ------- .
E ank B =
§ LR }
£ *r )
- g™
0} g
4 B e e
& 1 L . n
Rior-nitpded 3 5 ¥ 10
Mitriching tmedh;

Fig. 5 Specific wear of nitrided GCD40 at different
nitriding time and gas ratio

34 Zatsol LA
34.1 XAX 2o
Fig. 62 viAZA & Et2vt A4 o)

SIETRPNEN

& AAANEar)E AFADH 7hovl & wreh
MEE ROE GRARY FIE F 680mv

% 2BAYT GCDAY IAZER 2 AR BE 9

=9 A ExE e glod, A4 234 #
= ES=r @A AEY AdAdds oA
2 Aol vlsted AEE w& 350~ 200mVe 9
€ YEnfx gin

ol & FEhErt AzATt ZAY AdHE A
(noble)d FFoe FoAve e oI
=, AFAAG Alde] wAAd wlE YA
= A% AfE dedne AL AFso 9%
A =4 W FREAREC] Fade Aoz F
e

Fig. 7& HyN:¥ 7i2ulE0] 372 AT o
ANZHE WE3AA AFAHF AlEF A A
3t S EFFAE £Hcd Hed A el

2T ddAA et skt o]l wAZAge] A
T FEH d9e] SA5A ¥n BYFHeET
ol Fol He, A AHEe HEbe 2E
Z A A +0.1V F2o 5 FFdH AFE B
ol glow REFHE He FH 4o AHe
frAtotk ot

}:} i H 1 T
Al Miiridieg teerp; B30

- T
i
E 30 | w y
i
B -
g
% = o -
= Gt ratiorHL P}
=

il I F
B - e 515
o 3
-7 ’
_E’-&.I} 1 ] £ 17 1
Mogvritridad 3 5 el il
Pisricdireg firmeaihs

Fig. 6 Natural potential of mitrided GCD40 at i
fferent nitriding time and gas ratio

T Fig 7214 € § 9%0] AANZHE WHAA
= 4FEITHL AY FAE AFE BT

_78_



;(]1:!I

\l§2‘

¢

A2 Azre] Aeids2 REFH Fe] o

b zshEel YEY g

s Pl Sl

E0 - Lk B @ s

15
_ 'i‘“,bﬁmé%tide;ﬁ |
§ Wwe |
:;.:{ .
E 05

Bl

L5

[l i 1 05° 1i¥
Curment donsiy (Bl

Fig.

7 Effect of nitriding time on  polarization
curves of GCDA0 specimens nitrided at 520

THZN2 3:7)

sal.

10

a4

Pasential (W HCE

Qi

i
ﬁ‘f!’* 1E'-éﬁ [ TR =T

l‘éu[“!-il‘?fda:l

T RN

Fig. 8

Fig. 8& 71294

Al

AMAZ %

gre] Aast HALeHA +0.1V FZl A
=Y 71%: Holx =

i 15 ik 0w Led
Chirent dengily (e
Effect of gas ratio on polarization curves of

GCD40 specimens nitrided at 5207 for Sh

A 5AZE

|
T4

&g WA
AR FFET
et

b =3 RS
o R =2

Ahelg HolA gx

o

SRR, HpNp 7:30l A A2l AlEe Ao F
o ¥&A WA et it

A Fig. 7 & Fig gl 4 5 9de Hts
o] A2 ANFEHLE HFe FHo] EA}HA

rE‘: f
]
A
i
i)
i
A,
w
b
)
A
o,
>

LA

AA) oEstA &
FEH AEs Y
oA 2] gl o] ‘H A 1‘_ BE Tea)Fke] 24
Aol 53 PASEEE vedo & 5 gl
ot o] EFh=vl ABA 2| o) WAge] STt
© olfe FRESS THTT e W] AT
e(FeysN)7do] JdtiHos faido] o Ef5
Zate #EAEE s] WEkl des A4Hn

343
Fig. 9= P A HEo} 50T A 2N
o We EFeach AnAeH 2ILI AY
Zwe YEA SEM 20| o
BRI EEEESE

ATl o|HEE

o] o3 ga AsA S4d e BEY
.z AFAR AR A
201 290 59 £950] goiA

Fig. 9 Surface morphology of specimens  after
anodic polarization tests in 0.1N H2S04

(mitriding temp.; 520C, HZN2 3:7)
(pitting)e] EH AA EEH e Ao #F
Hu goy wHIA v E EZHAEHIT A
FE FEshA vety ik 22 Az &

2 2 Fele HolA goy AH{Agte] 2 34
Zholuh BAIZE] Aol Az Alghe] TITAZEET
FH FANEHI £2] A B A



gzst ARAYL GODAY ZIAFYE 2 WA BY 4

HyNg 37

' MoNe 55

HoNs 7.3

HoN» 73

Fig. 10 Crossection microstructures of specimens
nitrided at varfous gas ratio after anodic
polarization tests in 01N H2504(nitriding

temp.; 520°C)
Fig. 102 520T A 7}2v] 82 @2]she 5471
TA 7=l FEAFE AEFLE SGFEIAEY

%, ERy29) wHe] He SEM 2ot
G5 F4o 9 2ol 4859 foiAT
FAEWE BB 2T 4UE dein ge
A, cl=l® s JEhiAE 2iiou daste
gFol RAU AHLE} R BT o A
Jegel Badar. et F¥eF N9 &
AFol} BAEL oW FFE ek ik

344 FANF 2 23 ol

o|&l LIAIA =7}
Flg, 11~Fig. 12%= v A2 A)

H A4 Az
<= 22ishd FaA T AFg diste R
’—}‘Eé Hlastz] fs g2y 2 ESAYEE ©
ot % FHAFLE o) 2 E3AFRY

#E vagd 23g Jved Aol

Fig. 11~Fig. 12614 A2 AHE o
rA AL AFEE L7t W+ =4 YEg
& 5 Uk

o 2

43 WS
o
12 [
o B
M
” L.
o ”E'
E i an E
2 " 2
g Eaps % - » I:%
- J
Fat R
] 2
HE 1"
[t N e 1 N HTY He il ire

Nitriding time(h)

Fig. 11 Effect of nitriding time on Icorr and Rp

value of specimens nitrided at 5207

(HZNZ 3.7}
= EHA K
g e
S * B
W EE
ey
5 { B
2ol |
E H
3 ml . #0 3
iy
b | :
al , * .
ol N
. / R
Rl PRI 515 XA

Gas ratio(Hz:Nz2)

Fig. 12 Effect of gas ratio on Icorr and Rp value
of specimens nitrided at 520T for Sh

uebA Eebzul A zle] s Jagde] 3
A FrE RS 4 5 ook 2y FFEHE
ZFAL FHZAZHFig. 11), 7t=8] 8 (Fig. 12)4 o}
S AT Ledte]l 54 mZeolE Eeo|i gled, o
AL FegAMHFT dEE AHAATY Has A8



12 1 .
aTE

o
oF

=

FEHE So] EFHoz H3E WAHA Y
Aog A7
iﬂﬂuﬂﬂﬁﬁﬁﬁf%;HJH%mQ§H:1
o ®laele] Yehzi=H, Fig. uf4ﬁg12ﬂ%
%A ﬂ@+%ﬂ%ﬁﬂaﬂ4 = #HRp)
248107 ~3.05x 1072 - e 91 S Jeh =1
vls), FlA A 25710 - a2 2 &R A
Ae Add Py F4E Boln gk

2]
vt

el

ﬁl‘

A
TR

E
o
&

1
Sy

o] 2} QL‘J] ks
A A ESAZRESG s 2 7;‘&3 %1’ T
o1, @ﬂ?ﬁﬂfﬁﬁf] Had e ESATE
Zhel7h glel, Az HEd g JH4g Ao
= FHdxu godard

AlE=29]

arumz&

4.2 &

Zetzrl A FAZIFTAGCDLAN
ot AFAZ, 25 2 Jhauge i 1A
A B PR e ZAE g2y, den ge gE

= 23

1) 520 AgAAAQY EHFET A HAY
A= vlusked A F7HE A
XED #4427, d#aF THg FgFEF v
© FeNA T & FepgNAe] dA=How, J2lA
el AE edbo] Frlska, viAbel ZasS
=8
3) Ogoshi®] #lEAE 23, A=A v Fa
A e JdetEAgel 2A FAHEUG TE
AZAZE E Tkl BE JEiE g e Aol
= At
%%ﬁ%ﬂ 23, A2 AdHdN=
Amoble) g WFoz FEEHow, EFIAF
(Rp)#-2 vlA Al vl A=s =4 ey
e WAAE debiR o 2Ev AeEd
e Mg g Felw Hoh

2)

1

&

h=1

4)

gy 8

Ho

1. A Fry, “Stickstoff in Eigen, Stahl und Eige
n' , Kruppsche Monatshefte, 43, p. 76, 1923

2. MG, TEEHT, Vol 49, No. 10, n 1494, 1963

3 H S Pak C Y. Kang and K Nakata, “Swr
face Modification of Iron alloy Steels by Plag

= . 1
= 79/\1-

10.

11.

12.

13.

14,

15.

16.

_81_

CPH—E BRE

CerEk,

. Fils et al.,

- BiEERX,

Of—l—
ma Nifriding Process(in Korean)” , Journal of
KWS, Vol 14 No. 2, pp. 19, 1996

B, #h ME, REEA, "E1b
BB TLREMINCr 2 T v Al 7 7 X<
fbic & 2 = EE LR, BUEE, 35 5,

Dp. 288 294, 1995

ZHA, 8T,
ghEntF A 2] 2
EHAINEAA A
e

71» L "I

S 1NN ]:F[E ﬁ
13Cr ZH 32279
= AFZH A LFHHY
, g eg R 16 1, pp. 88 97, 1998

“Corrosion behaviour of Stainless
Steel after Plasma and Ammonia Nitriding” |
5, No. 2, p. 151,

1

Surface Engineering, Vol
1989

. N. Dingremont, E. Bergmann, M. Hang and

P. Collignon, “Comparison of corrosion
resistance of different steel grades nitrided,
coated  and  duplex  freated” , Surface and
Coatings Tech nology, Vol. 76, No. 77, pp
218224, 1995

‘WozEBEbEs LTog{k”,
#, Vol 9, pp. 14231434, 1930

&

DA R, A F 2R, BTILEIER, b
5~62, 1984

R. Babolan, “Electrochemical techniques for
corrosion engineering” , NACE, 24, pp. 81~
92, 1986

"CMS100 Framework Software” , Operator’s
Manual, Gamry Instruments, Inc., pp 1-6

1904

ASTM, Annual Book of ASTM Standards
G5, Vol 03, Noo 02, American Society for
Testing and Materials, pp. 63~73, 1994

MK. Kim et al, “Characteristics of Hardness
and Wear Resistance of Plagsma Nitrided and
Nitrocarburized Carbon Steels”, Journal of the
Karean Society for Heat Treatment, 12 2
(1999), tp. 166173 Vol 12, No. 2, pp. 166~
173, 2000

. R. Booker, J. Norbury and A L. Sufton,
J. Iron Steel Inst, p. 205, 1957

RE E £F 5 PHACOMP |, BA&EBEEE
Vol 33, p. 673, 1863

BT, ", SRHFEEEM SA=0EZ 4
ol Fet E;F"’”” B RER K2R, pp
1~-180, 1999



