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CHONTHICHAKEAWHAN : CORROSION BEHAVIOR OF AISI 4140
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CORROSION/CHROMIUM NITRIDE FILM/TITANIUM NITRIDE/SURFACE

ROUGHNESS/PVD

The AISI 4140 steel samples with different surface roughnesses were coated
with CrN and TiN films by physical vapor deposition. The CrN and TiNcoated
samples were characterized by X-ray diffraction techniqueand atomic force
microscopyprior to corrosion testing. Then, the corrosion behavior of the uncoated,
CrN and TiN coated AISI 4140 steel samples was studied in air-saturated 3.5 wt%
NaCl solution at pH 2 7 and 10 by electrochemical technique.The surface of sample
after corrosion testing was examined by the scanning electron microscopy and X-ray
photoelectron spectroscopy. From the results, the results revealed that the CrN and
TiN coated AISI 4140 steel samples exhibited better corrosion resistance than the
uncoated samples. The CrN coated AISI 4140 steel samples have better corrosion
resistance than the TiN coated AISI 4140 steel samples at all pH values.Decrease of
surface roughness of AISI 4140 steel prior to coating and increase of solution pH
result in better corrosion resistance. Moreover, the corroded area and corrosion
products on the surface of CrN and TiN coated AISI 4140 steel samples were less

than thoseof the uncoated samples. Decreases of thesurface roughness of AlSI 4140



steel prior to coating and increases of the pH values of the solution resulted in less

corroded area and corrosion products.
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Tnasgnnaiue Tua uaztun Ina (metallic path)



Current camying electrolyte

Non-corroding area  Corroding area

=~ s s o '
g'ﬂ‘ﬂ 2.2 ﬂﬂﬂﬂi%ﬂ@ﬂﬂlﬂ\ﬂ“ﬁaﬁﬂﬁﬂﬂﬂﬁ@u%ﬂﬂiﬁﬁ% (AHMAD, Z., 2006)

[ ! d' o [ o a [} g’; a aAan =) Y

Tunszuarunsnmsnanseunmasduiveguuvzinalgaseinianai i
{ [ 1 adg
(electrochemical reaction) Niimsmemiszy lflvmsenannlasudanaseuluasazarsves
¥ ¥ 1 aan =) Q'/ a
miselud awilsznoudan 2 @au Ao URnse10enBHad (oxidation) voelane (M) than1s
A = ' = v g 2 ag )

gayidonsgaszrinezaeuved lanziuu udrezasuiunsznmeiludianasounga lilu

A 9 d' o Y a [ 1 aan a % . . A aan a
gunaaeuniliinamsnansou Ugnieeendasy (oxidation) nIvURnIeweluan

. . dy a 49! A g}.l Aama Ao o . . =)
(anodic reaction) Y INAVUN e lua (anode) uazﬂgﬂimsﬂﬂ%u (reduction reaction) H39®

aan a . b a ds! ~ g’; & I aan Ao
UgnsewnInan (cathodic reaction) NATUNVIMATNA (cathode)  FeaziTluillnsensy

a g
IANAIDU

[
[ J [

aan a Y =~ < -
Ufnseeendiatuvedlansignianiowilu aail

n+

M = M +  ne (2.1)

9 o aan v 1 I f
dmSulnseiantuszuiseoniuld 4wy Al

a 2 ¥ A I
) ulalasmumnavy (meluinianwilunsa)



2H" + 2 = H, (2.2)

=)

a v W a Sol 1 I
2) 1nasanFUYBIeonFal (Meluihnianmwilunsa)

0, + 4H +  4e = H,0 (2.3)

2

A Adu o a ? Aa I '
3) (NATANFUUDIDDNHLIU (ﬂ']flsluu'WI?Jﬁﬂ"IWL‘]JHﬂﬁNLLﬁS@1\1)
O, + 2HO+  4e = 40H (2.4)

4) INATANTUVDIDDOUVD ANy

3+ - 2+

M + e = M (2.5)

@ a aan [ 1 ,3 9 1 g A o
wasnnmanalgnseivesniinansoudesdu ae liladenissiuaiveslooonlu
o a a o 4 [ T Y ] ] <3 { A o U
msazate Mnarans M9 INMINANToU 210810951 Tunsaimanninamananiaulu
A Q( a3 aan @ [ glz I
msazatenlgniitlunais Ugaservesmsnansounavuasziullaweaunms 2.1) wag
@ ° Y a v 4 ,&f AAa j’ <
2.4) sawnu mldnamsdsznevveureisalaasen lad Fe(OH), Aunivoullomanaiy
aumsi (2.6)

2

2F¢ + O, + 2H,0 = 2F¢ + 40H = 2Fe(OH), (2.6)

Ao a a @ R 3 v a Aa ' o Y
ﬁ15ﬂ53ﬂ6ﬂuENLﬂﬂﬂTJE]E]ﬂ“BLW]iu]lﬂﬁ]fJNi’J@Li’Jﬂ’JfJE]E]ﬂ“IfH]uTIN?JQiuizﬂﬂ ‘VIﬂ’I’i

(A Fe(OH), Aeun3
2Fe(OH), + HO + 120, =  2Fe(OH), 2.7)
1 S A A 2 = 2 IS o ]
nszuIuMsae llnae mshasszneutivegadninaaiuamslsznoudln

a < 1 a [} ana ]
flo FeOOH 139 Fe,0,*3H,0 (aimmanduaq) uasfsumeensiou hifesmeljnsenns la

o A 1 a < o
aniinlou 1 Fe,0, unazrgalugilues Fe,0,*nH,0 (atiumands)
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° @ @ 1 A~ Al Y . . . S
Fmsumsnansouielnae lsaiiuae (chloride assisted corrosion process) Tunsal

d' so’ = 1 d‘ [ L% (% [ SJL:'Q
mihi a1 waweglumsazae e TavgdudanuTuanaves €I szgnaady 1inm) Tans

{ Y 4 a o aaa ' 1 [ 1
unuiziluTuanaii 1imiuegiia Ml naziilfisoae luluigaazla M™ + 2¢ dagila

A v o Yy a

3’; a Aaan [ = @ = [ 1 ’cf A A

2.3 ntuazinalgnsetiandundunama lalasnumiloununsainisnaniouluiill

I o : { a’y 1 ard 4 a 2 3 @

annilunsan i Gansdindinae lsadae liannsaatailan1don nalativzinavugoiu
9 A A dy Aaaa dy ] Aa [ = ) 1 [ 1

uazmalgTasnuinaduainilgasoilazimzedawiivediggsaezii lilgmsnansou

ao'l1) (0A%a siusiades, 2552)

[ MCl-
M — CI- +Cl-
M++ + ICl-

€= ——MCI

¥
o A

A I = 1 o J aa v A
517 2.3 Aae lsa luhilinanemsnansouluTans (eA%a Wusiades, 2552)

221 MsHANTOUNUDITN
[ ' <3 o . <3| (Y ' a AAa
NTINANTDULUVF VY (pitting corrosion) WumanansouuuLInAmWIE NN

Y a = 1 9 <3 a A X @ 1 A a dy
walvtnaanudseaeud19s G luySnaanizi Gﬁﬂ!ﬂuﬁiﬂyﬁWﬂﬁﬂﬂﬂi@u‘mﬂﬂ"UHNWﬂ

A

@ { o a o @ @ 1 v a 1 a o
TasmwiznuTangn ldnau IvuilauiloastumsnansouuuunIdIn uaiieWauuig
A a [ 1 A o 1 = A o Y o <
UANLENDDAIRNIZLINN NIzINAMINANIBMIRNIE NnanTauanad liiFees Mlddunaiu
Y A Aa o 4 1% 1 Y 9 o J dy [ Y o Y
laginiiosnnmaanuaimsnanionldalnaguien1d mananseuunuiivihldiunelden

< o Aa a v W 1 Aa 9 [ i 2 a
Tagna lihinaziRanamafersunuusaliiarveslan manamsnaniouluuuidunina
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Yy 19 L. 2 o A oqua A & =t ~ 2 A .
lAuarios pitting i udnyuz i lnitugusonguluie Tavz gartieniivuadniie lng)
s vV [ [ =\ <3 g’; <3 (BN [ A ] Y o
Ala ualagdrunnazivnamn UI9ATILIRUINTENEREHINNAY  HI0190g Indnuaug

Y A A .. I (% 1 A Y a = A 2 o Y
AAeA Tarig N3¢ pitting 1 uMsnansauNne IuinaaNudei oAz JUIIINGA BT 19

L4 A A A 2 1 1 a = A =2 9 J < =
91n3al INT0INB WIBFUAIUAII AAANNIFEIBHLBININTIZANABI] 0T IFUM T gy as
?:' ] s g’/ A Y [ o ~ =1 <
1N Ued AT aNIMuaNYes  anHAUZINIINNITATIVADLNLIINNIIZHYUIALAN

Y v
UDNIINUUIIWINNILATIVIAFIUTVIULAL ATIVIANITVEIIAIVDIANINAITAANTOUVD

L. v = o A (A ] Y

pitting 18 mT1zANNANIATIuvesgin]dsulasnmeldannzmmzannzlagnz il
a - @ ~ o 9 Y = Y g’-’ Y

M31AA pitting Ga1nNIzTLe ldanmsnagenluroanaassdnale veasien lgaiuu

= @ ' a . B < a A <3| 1Y '

sngamwueInsnanIou M13INA pitting umsnammizivag Wugluuumsnanseu

2

[ Y
NFULS ANMToMIeMNATUINIZINADENAUNAY (Fontana, M.G., 1987) JUuDUMS

Q

@ 1 < 1 v =
nansouuuugInlugluuuae uaaaslugiln 2.4

Narrow, Deep Eliptical Wide, Shallow

N A

Subsurface Undercutting

Harizontal Vertical

511 2.4 juBUMIAANTOULDVFIEY (pitting corrosion) (ASTM-G46 standard, 2005)
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23 mdasnaliihmstanseu anurmdunszualiihmsiansou

HAZONIININANITOU

#nd lvfhnsiangou (corrosion potential, E_ ) fie #nd luihiidasisanveslfize

corr

a gl.; ' v W aan a 1 Ao Y
LL’E]I‘L!@ﬂ‘ﬂ\‘]’H‘iJﬂL‘ﬂWﬂUE]G]iﬁ’lﬂJ"Uﬂ\‘ﬂJQﬂimuﬂI‘lﬂﬂﬂiﬂﬁlﬂ’ﬂllﬁ'uHl,uuﬂizuﬁﬂﬁﬂﬁﬂ“l’\h"hﬂﬁ

Aansou Fond AnuruLunszua IWHnsNANIaU (corrosion current density, I ) ¥490

corr

[

Y
Audnirsasimsnanseu msiadnd lWiaznszua Iihvazinamsdaniou (mmmf’f
I'd [l
nelsesadan, 2544) yimsiadndlWiaznszualifhwazinamsianseu TaglHnes

Twmud Toduan (potentiostat) FaNANHUTMIIAAIFUN 2.5

POTENTIOSTAT

Apply and Measure

Ramp the Current

Potential Response
st |

le—— Woltage Currert ———p

Solution

Reference  Corroding Counter
Electrode  Electrode Electrode

3107 2.5 mydanszua lihnmsdanieu vazdng Ifhmstansoulaaniog

U

a 4 = [ Q‘{
Twnug Toduan (Maywad noilsesaiaa, 2544)

ag Aq Y a A
aanInsanlew 3 siane
adg a
) 21an TNInd1994 (reference electrode) Ao Ag/AgCl BM KCI)
ad A A 4
%) dlanInsansua (counter electrode) A® Pt 159 A1TUDU

ad o ' . a & o " Ay
f) 2180 Insnal0619 (specimen) 19 FUIUAIDYNNADINITNATOU
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1 W (% [ 1 a d A v ad
mdng Iz 1dannmstameuaidng lisenaeadian Insasedanudian Inga
o ] 1 Y 9 = ' a g v ad o 1
@10819 Anszua lWihaz 1danmstameuszriedan Insanszuanudan Insad1ee14
T @ 1 { o 4 o [ Y] 4 1 1
nnadng I vazanszua lWihnda 18 iWwerhunad wnimuaasanuduiussena19a
Y '
naareevz lansmnidenin asvlidu Inar 1y (polarization curve)
{ LY v 4 1 [} Aann a
13U 2.6 narasnnuduiussznednd Inilhwagnszualiihvewlfnsene Tudn
aaa a dy a d' o v A [ 1 d’ =) Y ]
vazdnsown InanuuiuiivesTaveidaunanmsnansou ielinszua vl lvaru
3}4 {a 1 v d gll g’/ a { [ a
1 TR anuadndussrniaesaznamsasuulasdaludunimue Tuan (anodic
Yy a . o w ~ 1 o
curve) WaztduUnT1NLAINAN (cathodic curve) AINAIAY TAagNANNA1ANIVDILD TUADY
H ] [ 1 o J { 1 [ [ k4
wasualdluneuan druanuasdndueanna Inaszlasuar ) lunsay ludnvazuil
= a o ?x}z ?}JJ 1 o Y
uanadamana Twa I uve99Inaod (Fontana, M.G., 1987) ausaviadng lWins
nansounaznszua lihmsnanseuldningadaveuduniusuveudunsiue Tuauag
idunimuaInag
A 1 1 o Y| [ 1 9| [ U 9y
onsuaanuandns lihmisanseuvaznizua linsdanion udransom

9131 INANTOU (Sedriks, A. .. 1996) 1d210

R, = 0.00327i, e/ (2.8)
A A v a v 1 a A 1A
Tash R, Ap  dasIMsamsnanIoy (Tadmasaell)
i Av  ANNNULUUNTZIAMINANToOU
I a
(luTasuonilaemnusuamag)
A P o o @
e Ap  AWIININEYadved Tans

] o 1 J a
ANURUUUVOS Tave (ﬂiﬂJGl@QﬂUWﬁﬂlcﬁuﬁmﬁi)

o
o)}
@
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NOBLE
ANODIC
CURVE
LINEAR
W POLARIZATION
- REGION
=l "
=
-
&
- EconnT
L I
o | CATHODIC
i i CURVE
7 |
a |
] |
|
|
Ec . !
ACTIVE icorn
LOG. CURRENT DENSITY—=

51U 2.6 Andliihmsdanseunazanunuuniunszualiihmsdanieu

(Sedriks, A.J., 1996)

24 dulnanlsiadu
@sgit wedfadia, 2543) Tdvhmsanuinalomadia (passivity) veunanndd
Fadiy TaoAnwmnnsliduTnan lssduiioiniinaassaeaingli 2.6 Taoiusgnd il

lumeTuidia (noble) 910 E__ uazaiufinainszuahn la vz laasgali 2.7

N5 zUn 2.6 nswgedavesdunsiualnan tazidunsivue Tudn Ao A1

=3 g

dndlifhnansou vio B iioriiudnd lufhaedganils nszuanduanauilosninfayy

WauwaduudaTang Seaardnd lWihidaiuilugamadsuntasweaiiv-madsl

=

Y
(active-passive transition) ttaza1fng lWihigatiGenit dadliihmadndullsy (primarily

passive potentials) 1¥dayanwel E asgui 2.7 WeleudndIvihae lunszuavzisuanasan
HP I v A @ 1 [ [ S v 1
aannamiaudaziudng I 1dumsadae lanuruiniuvesnssuandang 1

v Y
aAnA U

A 1 A 1 a2 . 2 g @ (g
wasuudas srnsnnsziaasniizans9mnadil (passive zone) FUTUTNHULIANIZA?

A = A & a Y o A o Y = =2 1 &k AY e
mmmaQmmmumummwauuumiawz ﬂ"IENL‘Wllf”fﬂfﬂ‘V‘lWT@@“ﬂ@ﬂﬂuﬂﬂﬂTﬁuﬁm%uWﬁﬂ

' Y
a =l 1

= o Y tg 1 3 A 1 ~ = .
WTﬁﬁ‘l/\luﬁlﬂ‘ﬂﬂ‘ﬁﬂizLLﬁLWll"llu’e)EJNi’JﬂLi’JLiEJﬂGIf’NTILﬁﬂﬂﬂ 2 IS uaan (tranpassive

v 9 4
zone) tazFondnd lWihiigaiindnd lihmsumad 1¥dgydnual E, dndlvihigatidu

9 q
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v
1 A

A o J { Y J < .

i lanzisunansoumnizil Ao MINANTOUNVUFIVNHIONN (pitting corrosion) FIWIN
o a 1 a Y o v A 2 Y o {
Youdndluilunua , wwinamsuanvessuildumadvyalvdmuiu nagduilaugaiuan

a = @ [ A 'dﬂ! A ~ Y v Ay vy
uzlinsverealvesgiiuniongu Ingun iwenffeuieudu Tnar laadun ldvinns
o ] A T s A J 1
naaeved larzareowlumsazaieh litinaelsa  wazensazaisiiinae lsawuinlu
Aa J Y A A W & o 1w Y @ ' <3 A
amsazaeiianelsdag e B nSedmionilsiiondt dndlulihnanseunuugidunionqu
. . Yo o o o J = 9y 1 = v 9 o A
(pitting potential) 1¥daydnyal E M1nd1 nazlinnunhearnmadiuaundndu wan lsmdun

Tannmanaaeslumsazaren litnaelsd

NOBLE
NO CHLORIDE
3 TRANEPASEIVE
. { - - -
! CHLORIDE !
|
w EP'-—‘ ————qn-——-—-lr-
I
I
PASSIVE POTENTIAL
RANGE
g
;
t  AcTivepassive
TRANSITION

LOG. CURRENT DENGITY —

7141 2.7 dauee q AddgueuduTna lswdu @seial 2sdiadia, 2543)

a o A
2.5 NIFUAIICHYUINADD

ee

4 A

v Y
dmsumsinszrivumaeulumsiseluaseiiag 19 X-ray photoelectron spectroscopy
(XPS) 130 X-ray photoemission electron microscopy (X-PEEM) Q¢ scanning electron

. é = =S % dy
microscope (SEM) 53131802108 AAY
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d
251  NABIYANIIANDIANATDUNIUABINTIA (scanning electron microscope, SEM)

'
A A

Ja Jd J I o v
ndedganssAioanasouLIUdoIns1a (SEM) idumaiiandidgnis
Y v 1] 9
AT ADVAUANTAVOINUAIVOITAQUATFUIAAOD 11109910 SEM  UA1690818A 1A
1 ) wa A ad a dglz A =2 Yy
20 — 30,000 11 wazldpuantiananveddnasou @wTaIATIEHFWAdeL TULLIAN A
1 1 Y 4 Aa o Y 3 a1 a ia = ]
171300 tMvedndedganssailng s lditlumaddenisinsiziiiluseazivon nanms
° A 9 1 o a adg & o 9 A a agd A
MUYeUAT0I SEM  azilsznaudigurainiiiadianaseudaiimiinanaadianaseuive
9| Y o 1 ad Ay ¥ 1 o A v 9 9| g 1
Youldnuszun Tasnquaanasoun lavninurasduiiaszgnisedareaun i mnidungy
ad 1 J v A A o Y 1 adg <3|
DIANATDUILHIUIAUAIIVIINIIA (condenser  lensyiNorinlingquaidnasounaieily

o ad = o Y o A g T A < Y Y
avIaNANIDU G]Nﬁ']ﬂJ'liflﬂﬁ‘]Jélﬁ"llu'lﬂ"llﬂ\ia']'E)Laﬂﬁﬁ’ﬂuclﬁﬂgﬂﬁﬂlﬁﬂulﬂﬂ'luﬂﬂ\?ﬂ'ﬁ wuin

o Aa

Y A @ @ Yo aa =~ < [ kS <
G]’ENﬂﬁﬂW‘l‘VliJﬂ’ﬂiJﬂiJ‘]fﬂ%$ﬂiﬂiﬂﬁ1®mﬂﬁiﬂunmu1mﬂﬂ HAINUUABIANATOUISHN

Y
A

[ @ o @ a { [
Ususzez TWnaTasaudIndiag (objective lens) a9 lJuuAIFUOIUNADINMTANYY HaI9IN

oA g 2 o a adg a a 2 %
mamﬂmaugﬂﬂimawu%mm%wﬂﬁ'gﬂﬂmaﬂmaunmgu (secondary electron) ﬁw‘fﬁ

@ ad a Qdy v K I < a d
YYIUIIMNDLANATDUNAIHUUIEYNVUND me*ﬂm”lﬂ!ﬂuﬁmﬂnmvmamﬂm@ﬂuﬂﬁ uae

U g9

amih lafadluamuuae Insimise lluazamnsatiuiinamanmiiine Inssimi diae

awaaaluglin 2.8

= ¢
71 2.8 99f1/5ENO VYOI SEM
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d aa WU A
2.5.2 paesganssailladiivdudianaseuaalasalnsl (photoelectron
emission spectroscopy, PES)
XPS 1fuasdulnsasounrzod lug1anasaIu 50 -1000 eV 1INTzVUA RS
Y a oA [ [ [ 1 = L =
e BL3 weereslfiiamsuaaaey Taguaslugianasnuainaniylsg oy lumsany
] ] Y
annzmaniindmhasildamnsoszyl§aserdanaiy (intermediate reaction) MAAYU
1 F
VINUNUAI HAZTDIADIZHINNUAITITHIBNMIANNID 1A NTATIVTBUAINAITINITON
¥ A 2 A~ o .
18 Wiesnnimsivdannuannsa lumsuenusz e nasy (spectral resolution) taza1u'l
a o’g a o 9 a A o = v o Y
lumsAmsizginurrigaonnmslduasgulasaseunamnsodivnasuaingdsaula

(%

310 2.9

Photoelectron
e

4

Vacuum level

Ee y Fermi surface

LLLL A Valence band

E,,— o o|le 0o 0 @ L2
EL1 a|e L1
Incident
X-ray
(hv)
EK o—e K

Y
[

2.9 TZAVFUNAINIUYDI XPS (Einstein, A., 1905)

&
=
=h.
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U

Aa v
2.6  MINUNIUITIUNIIY (reviewed literature) HAZNHIVWNNYIVDY
A a v A Y 3 Aa Y o
M3AABUHIAENTZUIUMTIARO DA Tomenentwiluideny1duinludagiiu
o w o wa X a o S 9 ¢ 5 S v A a
dmsumsdivilpeguantifuesnurmiagilszmnmanndimiveuduazmannduasodilo
A 1 1 v Y A Ay Y A a 9 I
siaa19q  awlngsunaeunldnnnszurumanaeuriaie loniemenineziiu
% X
msiszaeusznnlulasd (Ibrahim, M.A.M., Korablov S.F., Yoshimura, M., 2002) &aiiju
g’/ A A A 9 9 = Y [ U Aa
FundoURNUANITANIAUMTAUMUMITIHTOUAZMIATUMUMTAANTOUNR 1Az
1 s
(Medina-Flores, A., Arganis, C., Santiago, P., Oseguera., 2004) Tatruedwaveslulasan
Y
11150928 1un 15U DU 5In1TAIUNIUMITAANT D UVBIFUIIUINANITALAI1BUDITIA
1 [} 3’, 4 1 o aan v
Tulasnuilieglusuadou lulasdeengasazats uazilgasenylalasnuloseu (H)
1 ' I ) ' I 1 3 o
neglumsazaenaeiiuuen Tudion (NH,) s ldasazaelisanuiluarsnnyuild
AT IMINANTOUAADY
Darja, K.M., Peter P., Miha, C., Marijan M. (2004) la¥hmsAnyinavedniouninig
I o <3 < a
Tasmeululasanduuumannd (mild — steel) Hazianndl 15 aiiy (stainless  steel) 1A®
NIZUIUMIAABUA ToN19IMEAINLLY jon plating AoAmENTANIAUNIUMIAANTOU 21N
[ 1 a 4
msnageumsnansoualeIsmaail ihluasazareImdeunae lsaanududu 0.5 Ty
s < 3 o { :
a3 vz lawansnaaouduns i Inar s (polarization  curves) A9l 2.11 Faueag
o 4 J 1 o
ANuFuUE sz uiunseua 1 (current  density) uazdnd 11#h (potential)
Y H Y H
WSeuieuserneFuaunds ldiumsindo vl wazFunuimumsaeuiinle Insilio
s o A a < v 2 A 9 a o & v
Tulasd mendemsindevAunannamsaessianlelanion luasieanauiu dawali
wAa Y [ 1 ddy A T o c'lfl Y o 1 = A da!
AuauanIsmumuUNINanIouAYN 1iesnnadnd Idihnisnansoulinunugevunas

' Y @ 1 = o A a Yy ad = 4
mmwumuuﬂﬁzuﬁ"lww1mﬁﬂ@ﬂieummaﬂmmﬂwmmﬁmaaummaﬂaﬂmmau"lu"lmﬂ
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0.5M NaCl solution

88304, |=213"107Acm”; R =1.22"10" em’
Cr(C,NYSS; i =34*10"Acm ™ R =6.310° cm’

10F ms;  i-166'10%cm®; R=1680 cm’ /
| Cr(C.NYMS; i=4.4'10"Acm™; R =5.3"10" em” :

CINMS;  i=2.0"0"Acm"; R =1.3*10" cm’

w05 f el
e [ cuNsw /ss 304, b
& ——=_~_—5”'—__ E
> 00} ~—~\§ |
-05
-1.0 -
sl wosaud o nl sasand o ool samed soonad ool sl ool s

1E-11 1E-10 1E-9 1E-8 1E-7 1E-6 1E5 1E-4 1E-3 001 01 1
current density /Acm™

A 9 % QSI A 1 A a Qy A A a 9 3’/ A
507 2.10 iduTwan lsduvesiunui ignndeuiuaz suauiignindoumidevundo
4 I'4
cr-(C,N) TuensazaneTw@sunas lsannuwudy 0.5 Tuais

(Darja, K.M., Peter P., Miha, C., Marijan M. (2004))

I o
Bertrand, G., Mahdjoub, H., Meunier , C. (2004) laannavedlnsieonlulasanduy
1 A 9 % 1 < 9 [} =1 @ 1 =\ I o d’l 9
ADAUTNUANITAIUNMUNITNANTDUVDIUHANNAUTUASINY ua Ingdion Julasalanil laun
NANTTUIUMIIAARUAD Tonamenniuy magnetron reactive sputtering mﬂmimaauﬁ’w

Fmaail ihmunlasdenlulasailsuamnsodfuljenaauiansdumumsianou

Y
1 =

< Y q yaX v aw ! ~ Iy o a A
ﬂlﬁ]ﬂ!ﬁaﬂﬂa’ﬂﬂﬂﬂ]u I@IEJ‘L!ﬂ'J‘”l]ﬂﬂﬂﬂuﬁiﬂﬂ’ljﬂﬁluﬂﬂlluhlﬁiﬂwanfﬂgllﬁﬂ\‘]wq@ﬂifl'lllﬂ't‘]fl

Q Q
v
a <

=\ = ~ Y| o F) @ 1 9 K 1
wazdadesmmenusanazileaduFuauanndinnmnanieuvesaisazaela uan 1y
Y @ 1 9 1 J =4 dytv 1 Y~ 1
annsatlesmsnansounindisazateldedeanysal Tlunisanufidinain1doniinig
Y
ATUNMIUNMITAANTOUVDITUIAADUIZYNTINAR IO UNNT B (defect) HAZFWU (porosity)
9 4
melulasaad19uearundon Hona1nil Ahn, S.H., Choi, Y.S., Kim, J.G., Han, J.G. (2002) §3
=S 1 a [ v g‘.} A = 4 =\ [ v o
i@updnIMsnamsnanseuvestunaoy Inslion lulasdazlinnuduiusnuguninves
2 A Y y A A P ' A y A &
Fundon laun Tassaduiudazdounniod (FWFUHI0F INTQ) YDIFUIARDY FITIHE

Ed
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Cl -534.5 7.47 0.0220 -526.5 0.75 0.0022 -465.5 0.72 0.0021
C2 -534.5 2.61 0.0077 -492 0.58 0.0017 -421.5 0.57 0.0017
C3 -536 0.92 0.0027 -411.5 0.42 0.0012 -419.5 0.25 0.0007
T1 -536 4.10 0.0129 -468.5 0.62 0.0019 -469.5 0.66 0.0021
T2 -560.5 4.07 0.0128 -456 0.53 0.0017 -463.5 0.69 0.0019
T3 -502 1.25 0.0039 -426 0.21 0.0007 -433 0.66 0.0020
NN E.  mAngthmsnanieu adliad)
 manumuuiunszua dhmsdanseu (luTasuenil/msusudmns)
R MonsIMInanIou (Haawns/il)

mmy



69

A a = = A a I Y Y ar d ~ 1
WO TUIUDINAUDINIANYINIIAADUANMANNAT AISI 4140 A28WANVIINUANAI
a [ A s 4 =\ 4 1 I 1
yhanu Ao Iasienlulasanas lnmidionlulasq easasuainnuilunsa-a1e (pH) vos

{ Aa <3 1
miazmﬂﬁﬂlﬁumwﬂﬁﬂu LlagWasll@\‘]ﬂ'J"IiJﬂfJ"I‘]JW'JGU@QLﬁaﬂﬂé}'I AISI 4140 ﬂﬂuﬂ’]ilﬂﬁ@‘ﬂ

]
a Aad

Yy
AINUABDNHANITIUNIINANTDUUDIFUITU I?jﬁﬁ]EJ‘%Q“Ui’JinfTUi’JwaﬂﬁVlﬂﬂﬂ\iuﬁgﬂ"li’JLﬂinﬁ

Y
wamIinaaaduandlusitdoas li

431  wavaamsnaeuanualasmanlulasauazilanmalnmiiealulasauu

(Mannan AISI 4140 NiseNGANIINNMIIHANTOU

~ = Vo 9 o ' 2 2 9
51N 419039421 uaaandng IinmInani U IFUNUKANNAT AISI 4140
- A £ <3

1 9 A A a g ad =\ 4
“I/IlliJﬂﬂ!ﬂaf]‘]JN’J FUITULVaNNAT AIST 4140 VIQﬂLﬂﬁE]‘]JN’Jﬂ?ﬂﬂﬁﬂﬂ?ﬂjﬂilﬂﬂwquqﬁﬁﬂ tae

U

3

Y < v

A A A a g ar d = L =
FUIULKANNA1 AISI 4140 Wgﬂmaaummwaumﬁ"1‘Vlm!,uﬂullullﬁiﬂclumiazmﬂm%u

4 ?,' ] H o 1 Y
aao lsaanudududosas 3.5 Tagiimiinna1ies 2 7 uag 10 Mud ey wuNnaans i

[ 1 2 <3 Y = A A A a g a o
MIAANTOUVBIFUNIUHANNET AIST 4140 Hmsnlasun)auiegmadeuridreildunig

s a ¢ L { a o
Tandonlulasauazlduurg Inmiionlulasq Tassuanugnindeuiidreilauuia
= 4 2 I ) A A a 9 a Jd =\ L=l
Tasou lulasanazyuanumanndmgandeniidrolanue lnmitionlulasalia
[} 9, [} 1 1 Qy d' 1 A a d‘ 1 a L= =1 [}
dnd Ifhmsnanseugennduaui lignindeuiiaianumeruanazmiitleyaInu
' o [ 1 { A 2 [ a a d Jd a d
adnd ihmsnanseunmugeiunasmamaevuiimeilanuialnsdionlulasduaziay

=\ e’c’z}; Y~ 1 ay =\ =\ =~ Y @ 1

v Inidion T lasdiu vaaddiiunsuauiimdesnmuazinnudumumsnaniou

2 2
INUUINUU



70

@ Ao |
B Aumeui 2

O Arumenui 3

o a

mdnd Ilihnsiansou (TaaTiad)

=300

=200

-100

k=1
T T I O O

LI I O

Uncoated CrN

&
TUHITH

~ Vo 9 o 2 < ) Ay v A a 2
314 4.19 mdnd Trihmsdanseuvesduanumannd AISI 4140 A hignindeuia Fua
< k) A A a 9 a o = 4 Qy
anna1 AISI 4140 NgninaeuAsalelanua Tasdion lulasd vazauau
< { a a L
mannal AISI 4140 ngniadaeuiasieilauuiglmmiionlulasalu

o sgl @ H [
myazae IwRsunae lsaanudududosas 3.5 lasiminnaiiioy 2

-800
o ] mu.nwnn""ll
=700 —E B AT 2
~— L (] ﬂ".l'll.l'llU'l'IJ'I"JIJ
\'E L
= =600 -+
= C
— o
© -
= =500 —+
= L
_@ -
£ -400 L
= - | .. | . | |
= o
= -300 +
= =
S E
= 200 +
= N
= o
f -
-= -
-l00
o T
Uncoated TiN
TFUITU

{ 1o v 1 2 <] { 1 a 2
g1l 4.20 sndnd lWihmsdanseuvesyuanumannd AIst 4140 1 hignindouid Fuau
< k) A = a 9 a o =1 4 Qy
anna AISI 4140 NgnindeuAiadeianunalasdionlulasd vazauau
< { a ard o
mannd AISI 4140 Ngniadeuadredauuig lnmdion Tulasalu

o % ] {1
myazane laRsuaae lsaanudududosas 3.5 Tastimtinnaiies 7



71

-800

O o |

W A7 uHeui 2

=700

[ anuve A 3

-600

100)

-500

-400

-300

lilthmsdaniou (el

Vo
ATFNY

-200

Ly

-100

Uncoated CrN TiN

2
FUATU

[

4 1 o 1 2 I { 1 a £
514 4.21 mdnd lwfhmsnanseuvesruanumannal AISI 4140 7 higniadeuia Fuau
< Y A A a g a o s 4 ay
annd AISI 4140 NgnindourIaleianue Tasdionlulasd vazduau
I~ Y A A a 9 a ~ o
mannadl AISI 4140 Ngnindeudialeldauuie lmmdionlulasaluy

o g @ {1
myazare Iwasunas lsaanuuiudosas 3.5 Tagiimiinnaiiiey 10

~ Y % 1 2 < ~
5UN 4.22 5\1 4.24 LLﬁﬂ\Tﬂ"lf]ﬂ'iTﬂ?iﬂﬂﬂﬁ@UﬂlﬂQWHQTulﬁaﬂﬂ’éﬁ AIST 4140 n

U

2 <

] A a Y A A a 9 a d = 14
lignindeuia Fuaumannal AISI 4140 NgnndeuAidleTlanueInsdionlulase uaz
2 < Y A A A Y a2 ~ 2 =
FUUIHANNAT AISI 4140 Ngnindeudnleilauuie iy lulase luasazare Tadon

J Yy Y 9 K v A1 A T W o [
aao lsaanuutudosay 3.5 Taguiiiinna iy 2 7 1ag 10 WUNADAITINTHANT DUV

< { 4 a a1 d o a o

wanna AISI 4140 Umsnlasuudauiiegnindeviimeavuislasdion Tulasauaz ldn
= 4 [ [ 1 Qy d' = a 9 ar d =

v it lulased Tasmoasimsnanseuvesruanuignadormdelauuiensdion
4 2 I 9 A A a g a o = s 1 9

Tulasa nazuaumannar AISI 4140 Agnindeuiimeavins nmdienlulasatianios

1 QSI dl 1 A a d' 1 a L= =S w

AMFUOUR lgnindeumRmANUHeURILas M FRYINY
Y Y

NHaVINANS IHHINIAANT O ULAZAIDATINMIAANT O UVDIFUNUNIKUA
= ' g1 £ ~ A A 9y o = rd 2 ~ A a v
wnan lanFunungnindeurimeiavuelandionlulasd vazsunuigniadoudidie
ard =1 2= 9 @ 1 A 1 Ay ~ [ A a
WauuglnmdionlulasalimsdumumsdanseunannFuaiui lugnindouds (Ahn,
S.H., Choi, Y.S., Kim, J.G., Han, J.G., 2002; Darja, K.M., Peter P., Miha, C., Marijan M., 2004;
Feng, H.P., Cheng, H.H., Jung, K.L., Yih H.S., 2003; Chen J.Y.,Yu G.P., Huang J.H., 2000; You,
H. —xia., Xu, H.-bin., Zhang, Y., Zheng, S.-li., Gao, Y.-ying., 2008; Rudenja, S., Kulu, P.,

Tallimets E., Mikli, V., Straecde C.A., 1999.)



0.140 -
T @ anunoiui |
0.120 E: = AN 2
—_ ;; (] n'mmumﬁ_\
f‘é o.100 F
& T
E -4
‘€ oo0so T
= T
= I
-2 0060 +
' I
é o040 F
35 T
0020 +
0.000 L _L—\ I—-—\
Uncoated CrN TiN
Fuam
A 1w @ J 2 < Y A ] A a £
gﬂﬂ 4.22 AMATINITNANTOUVDIVUITULIANNAT AISI 4140 ‘VlhlﬁJQﬂ!ﬂﬁE]‘UW'J FUHUITU
< 9 A A a gy a o =1 o -Qy
mannal AISI 4140 ﬂgﬂma’oummaﬂanmﬂﬂimau”lu"lmmmz%mm
<

Y A A a g a o )=\ I
mannal AISI 4140 Ngnaasudinlrelanuielmmionlulasalu

4 gol @ 1
msazae TasRsunas lsaanutuiusosas 3.5 Tasiminnaiies 2

0.140
] 1 Arumeui
0.120 W\ Ao 2
= g .
= 1 [ anuveium
"= 0100
= p
= ]
© ]
< ]
92 0.080
= ]
® ]
-2 .
= 0.060 -
= i
p e
= ]
& ]
= 0.040 -
e R
0.020 4
0.000 - ;
Uncoated CrN TiN
2
EATERIT]

(%

{ 1 1% J 2 < { 1 a &
319 4.23 MBATIMINANTOUVDITFUTIUIHANNA AISI 4140 #1 liignindoudd Fua
Sy = A A y ag a ¢ L
anna1 AISI 4140 Ngnindeuriaedanunalasdionlulasduazauau
< v { a 9 @
mannan AISI 4140 fignindeurialeflauuie Tmmdionlulasalu

s Y U v ¥ o A
asazaneIm@sunas lsaanuuiudosas 3.5 Tasininnaiey 7



73

0.140 P
:: EI r'l'.'lll!'llll'l'llﬁ 1

0.120 -+ O ATIHITIN 2
. F 0O ATMHOTIR 3
T T
-2 0100 F
. I
= 1
= 1
L= —+
= 0.080 -+
=2 1
= T
=] 1
“E 0.060 —+
R T
= L
S 0.040 F
Und -+
23 T

0.020 +

0.000 :h ................ - T 7

Uncoated CrN TiN
FUIIU

{ 1w v 1 L <3 { ' a £
511 4.24 MaIMINANTOUVDITUNIUIHANNET ATST 4140 1 lugnindeDR? Fuaw
2 v A A A Y = s L
anna AISI 4140 Ngniadeuiidseiasuielasdeon lulasd nazguau
<] { a = o J
mannd AISI 4140 Ngniadeurdreflauuie lnmiionlulasalu

4 %’ @ i
asazae lsmounas lsaanududusosas 3.5 Iagthminnaiies 10

Y ~ A

-d'Q cs' A a 9y ard =1 4 ay
m3nFunuigmnasurIlsilaue nsion lulasauazFunungmndon
a 9 a Jd ~ =) Y [ 1 Y 1 ay ~ '
Aaeflane lnmidion lulasaianuansodumumsnanseu ldannguaun lugn
a 3’, a [~ a| d 4 a d P
inauRiL 93U lautumannlduunaTasdion lu lasauaziduung lnmidisu Tulasan
a < [ ] [ [ { a S a
IAADUUUAIVOUUANNAT AIST 4140 HauF18 UM TAIUNIUMTAANTDUNILDAV UV U
3 4 a ~ s A o
Mannal AISI 4140 1193910 luTasnuezaouludduuiaTasmon Tulasauaz dlauung
=1 A [ [ 1 I
Tnmidionlulasainanmsazatesgrinmsnadeumsnansou uazdsngilululasauly
- a a AQSI % ] [ J - H 1
sUdszgau (N uSnuAIruau $aegsaelumsnanozaonvesaas lsa (CI)  foglu
v ] 9 '
msazarenazitiaeiruaulieonnnusnuFEIFUOY ety (N) nazaislu

v @ a [ {
asazavzsauaany lalasaulesou (H) wadlunenTudis (NH') deaunsi 4.1

+

IN]  + 4H  + 3¢ = NH," (4.1)

d' = + d' a t%l o Y1 A
Nnaumsi 4.1 a1sUsznevuen lutle (NH 4) Mnavuazinliaiiesves

' Y v
msazaeminIui limsnanseuinannaisazaivantiosad (Chyou S. D., Shih H. C.,



74

1991; Grabke H. J., 1996; Medina-Flores, A., Arganis, C., Santiago, P., Oseguera., 2004) ¥q
Y] @ v 1A o o ' A A A Yy A E
doandoanumsiamiiiteymeraimsnageuminaniounaies 2 Nluud Tdunugu
1 Y] [ 1 Qy H a ard
TagA1fiteBUDIA1TAZA1A1ONAININATOUNTNANTOUVDITUNUNYNIAADUAIA 18T AN
= 4 2 A A a g a d =\ L= A
vulasdonlulasa  sazduauigmadovrmideildnua ity lulasatia Tasmae
90U 2.15 1AL 2.10 Ua19U aIUNANLY 7 1AL 10 MEUAINMINATOUMINANTBUA
9 Y
fertuuiTiyanad (MNBFAOULASHAINATOUMINANTOUUDIFUNUNIHUALTAI 11
AAKUIN A)
dy d‘ = LY Y 1Y 1 zay d' A a
wennniiienfFouioumdnd lrilnsdanseuveskuanuiigniadeuin
Y A ~ P 2 ~ A A Y o ~ P )
aeilavu Insdonlulasauazsuaungnindeuimeilasue lnmitionlulasa woia
1Y [} 1 t:y 4 a a| o -7 1
dnd lWihnmsnanseuvesyuauignnasuiiaoilavua Iasdion lulasdinul Tiuliaige
1 Qy ~ A a Y a o ~ 4 = Y] A A
ansuuigmadeurinteiduu o lulasa uazlusmzi@ernulonasan
=1 LY [ 1 Qy dl A a Y ar d =1 4
WSeuiieuamonsimsnansouvesFuauignndeuiiarelanuielasdionlulasduaz
q" ~ A a g a o ~ L4 (LY [ 1 ay A
Funngnindeumdeilauue lnmidienlulasd nunhasasimsnansouvesFuauign
= a 9 a Jd =~ IS 0 9 1 Qy ~ A a Y a Jd
wasuAIarefanueInslon lulasaliaidesninyuauiignindeuiiareflanuig
=\ S = Y 3 1 Qy ~ A a g a| o =~ =
Tnmidionlulesa FwaadddiiunyunuignnaeuiidreilduuIandeululasatiaim
Y o 1 A v L ~ A a 9 a o = 4 .
Aumumsnanseunanyuaungmnaeurarelanuelnniionlulase (Ibrahim,
M.A M., Korablov S.F., Yoshimura, M. 2002; Liu, C., Bi, Q., Matthews, A. 2001) wazuanali
<3 1 ya( o = 4 =1 9 1 o =1 I3 v =\
wu s uua Iasaisn v lasdazianununissnnwanuia mmdlen lulasandand
wAa Y [T 1 A 1 Ao dya J = 4
guauiansmumumsnansounann  (lusddeidduuialandonlulasanun 0.9
ar o =1 4 % 1 zﬂ'
Tuasoumas uazWauuralnmidlenlulasdviun 1.2 Tuaseuuas) Hadanai101ad9491n
Al SR AL A 2w ' ' '
Wdulnmiion Ty lasadludaund Taseadradludnyaizund (columnar) tazitoUNNT 0 13U
dy ar d o Y = ~ 19 l%’; a o Aaaa
gy Twdledduun ildarsazareliTomanazunsidrgruddunazihilgnseints
o 1 3’, ar d Y 1A o = S A 9 I o J
fansausudanldienniduuaTasdienlulasantlassad1utudnyazuna (columnar)
] =) [ 1 [} = B =Y A Y (=4 =\
UAeINY uatauruiY Tanuaduane vaztSnagnguindesnnilay lnmiionlu
Jd o a 4 ¥ a a L
lase daaaalunannmsIns1zdiuAIa29 AFM 1azmMsinsIgn 13983 199a01A0LU7
AMAAAYINAIY SEM (Liu, C., Leyland, A., Lyon, S., Matthews, A. 2001; William Grips, V.K.,

Harish, C.B., Ezhil Selvi, V., Kalavati, Rajam K.S. 2006)



75

d
432  wavesmanuilunsa-ae (pH) vesmsazaelwieunas lsanandinty

1 a

Fowaz 3.5 lashmiinanengAnssumsiansou

1o Y (% 1 2 3 kY
sUf 4258 427 uaasandnd lliimsdaniouvesiuaumannad AISI
iy 2 < v { A Y o< s
4140 7 luignindey Fuaumannd) AISI 4140 NgnindeurimieiauuiIasdoylulase
2 < ) A A A Y a< ~ 7
uazFUNIUHANNAT AIST 4140 Ngniadeudinreiauue Innfion lulasalumsazaie
s Yy Y v ¥ o A Vo o Y
TaReunas lsdanudududosas 3.5 Tagriminiaiiey 2 7 uag 10 wunadng s
[ 1 Qy d’ 1 A Aa A d' T A 1 1
nansouvesruIui lignindeuAalinisulasunlasauaifitevvesaisazate daua
o Y o 1 2 I Y A A a 9 a o =
dndIfmsdaniouvesFuaumanndl AISI 4140 Higaindeudaseflauualasdion
s 2 < v A A A Y Ao ~ =
Tu'lasa vagFuaumanndt AISI 4140 Agnadeuidareflavuie lmmiion lulasadl
9 d%' A = A dy @ 9 @ 1 A A da! Y
wn Tiugauiemieyvesasazaroiuanniu dnd lihnsnanseuiiugeiunaasli

< v 2 o J A 2
mu’ﬂsh'uﬂuflLﬁafJiﬂW‘lLm$ﬂ’ZﬂiJﬁ'ﬂJ15E]S;ll”luvnuﬂﬁﬂﬂﬂif]uLWMMWﬂ‘ldju

=800 I S N

@ fioy 2
700 - W oy 7
1 [ foy 10

-600

(fadTrad)

-500

nANIou

-400

Y

-300

lylilims

=200

@ o
fTANY

100 —

Bl B2 B3

&
FUITU

{ 1w 1% 1 2 < { 1
511 4.25 mdnd lfhnmsnanseuvesruaumannd AISI 4140 A lignindew

% o 9
Gll‘!ﬁﬁﬁ%ﬁﬂﬂicmaEliJﬂathliﬂﬂ’ﬂiJlﬁllﬂJGUlﬁ@ﬂag 3.5

S 1A

9
Tasimiinia ey 2 7 az 10



-800
[ view 2
m oy 7
[ fey 10

(TiaaTan)

NANIDUY

A

w

Fvithns
-

MAnd
o
[=]
[=]
|

[

=)

=
|

[=]

Cl c2

£
FUITU

~ Vo 9 o 1 2 < v ~ A
51/ 4.26 sndnd lWihmsdaniouvesyuanumannd AISI 4140 igniadou
a1 o o 4
deduuaTasdionlulasa luasazars Isasunao 15

Y Y Y 3 o A1 A
ANULVNUVUIDYIAY 3.5 IﬂﬂuTVmﬂ‘ﬂﬂTWLi’J‘]f 278 10

800 e B . 1. -
o vey 2
700 @ ey 7

0 vex 10

A

-600 =

a_a

adne Iihmsiansen (adlan)

-500

-400

A

=300

m

-200

-100

-

T1 T3

TFUITU

{ 1o @ 1 2 <] !
g1 4.27 ndnd lWihmsdans euvesyuaumannd AISI 4140 Ngniaden

U

eflauura lnmdion lu'lasa luasazare TaRounas lsa

Y Y Y 3 o A1 A
ANULVVUUIDYIAY 3.5 IﬂﬂuTVmﬂVlﬂTWLﬂ‘]f 278 10



71

Y
(Y] @ 1 A <3
51U 4.28 09430 HAAIWAVBIAIOATINTAANTOUVDIFUNIUIHANNAT AISI
A ] A 2 < Y A A a 9 ad = 4
4140 N'lignindon Fuaumannal AISI 4140 gnndevudiaeilauuelasdionlulase
Qy <3 9 A A a 9 a o s I

uazFuOMMannal AISI 4140 Agnindeurimieilavunsnmdisnlulasaluaisazane

= s Yy 9 Y e v A1 A A =
Tw@esuaan lsaanudutusosas 3.5 Tagumiinnafiey 2 7 uag 10 WU oA DY YD4

A 2 Vo o ' 2 Z i
AIAZAUINNVY AIPATINITNANT O UVBIFUNUNINNATuU T yanas Tagnarfitoy 2

Qy = U 3 1 d’ d‘ = % d‘ = o
%uﬂWUﬂzuﬂTﬂﬁiWﬂTiﬂﬂﬂﬁi’)“L!lﬂﬂ’ﬂ’cjﬂlllﬂllﬁEJ‘]JWIEJ‘]Jﬂ']J‘VIﬂWWLi’]G]f 7uag 10 auaay

0.140

O #ey 2

0.120 W iy 7

O vy 10
0.100
0.080

0.060

0.040

anTIMsnAniau (Haammiaoil)

0.020

O O O N O O O I |
7

LIS L L O I

=

0.000
Bl B2 B3

&
U

A 1 o [ 1 Ay <3 P ~ ] A
5UN 4.28 A1OATININANTOUVOIFUILHANNEAY AISI 4140 w"lugﬂmaau

Y

4
lueasazae TaRsunas lsannudududosas 3.5

%} v d' =
Tagminna e 2 7 uag 10



0.025
T @ ey 2
4 MW fiey 7
0.020 —+ [ w10
= T
&=
h 4
- 4
ez 0.015 —
(=3 4
) -
= 41
= -
=
< 0.010 -+
= 1
= ik
= -+
1=
"E‘ 4
= 0.005 -+
o000 I =
Cl1 C2 3

Y
TUHATU

H LY @ [ ay < {
517 4.29 MOATINMIAANTOUVBITUNMIHANNAT AIST 4140 gniAdeL
a o o 4
meduunaTasdonlulasa luasazare Infeunao 15

Y 9y ¥ o A1 A
ANULVNUVUIDIAY 3.5 TﬂﬂuTViuﬂTI‘ﬂ”IWL’E)% 27uas 10

0.014

O #es 2
W Vo 7
] #ew 10

0.012

T '

o1))

0.010

0.008

o m

T T O T

0.006

w

0.004

0.002
0.000 r

Tl T2 T3

gnTImInaniey (Haamasa

T

&
FUITU

Y [ 1

H ‘:9] < H
51111 4.30 MBATINIAANTOUVBITUNUIHANNET ATST 4140 NgniAToL

Felauura lnmdion lulasa luasazare TaRounas 15a

Y 9 Y ¥ o A A
ANUVVVUITDIA 3.5 TﬂﬂuWﬁuﬂ’ﬂﬂ1WL’05}f 27uas 10

78



79

Y [ 1

v Y
NARATDIAIANEG INTINMTAANTOUUALEAIINITAANT OUVBIFUIUNINUA
= ' Y1 1A A A 2 ' 92 = £ o ' Aa
Jnan lanmiieyvesansazareNnuunyy aanaliyuanuiianumumumsnansaung
Y 4 v Y )
YU MINNYANTITUMINANTOUVDIFUOIULAANA1NU Tuaz AL 919HBINIINNE
v v Y
¥o4 looounlinglumsazaeiasnanengdnssumsnaniouvesduaiiuluuaaz Aoy
pafe nandier 2 lavmsdsuaiieslasldnsalalasaassn (HC) M liiysuna
- A I B o X o 42
anelsd lopou (C) luasazatamivanniu s Cl azan llvhanaiiodag Idungadu way
A A [ v v W - o Aaaa [ 3 2+ dy
WekveTdaduranudIsazats Cl Tuasazaisaziingnsonnuman  (Fe)  luile
I a I A 4 o { % g’u
manndi AISI 4140 naluansiseneumessnaas 15@ (Fe CI) @aaumsn 4.2 HaI1niu
- aan o % a I a
Fe''cl, vgnsennuni (H,0) mallumisiszneunsalalasaasin (HC) nazasdszno
s s o { o o & ! I~ Al o
essa'lanseonluq (Fe(OH),) AFUNTN 4.3 ﬁmiu%mmﬁgﬂmﬁaumﬁ’aﬂwanw
=1 4 ay d' A a 9 ar d =1 n'g}; a ar o
Tasidiow lulasduazsuauignnaeuridareilauuia lnmiienlulasauu Arvesiauung
4 ar o J (% 1 - a 1
Tasfeon Tulasauazilduuenmidion Tulasavzgniansoulas cl' o USnadounniog
ard ] I
voulay 15y JNTU LBTTDULAN iy (Cunha, L., Andritschky M., Rebouta L., Pischow.,
Ao A a Aca A o O fo A ~
1999) uenantdalimanalfnsesanduaeslelasoulooou (H) Alieguinlumsazaieh
I A 3 o 1 a a
tanuilunsaguazmuiuninmslivaiesTasldnsa laTasnassn (HC) Tag (H) 1ha
v o - & o o A @ Aa 2 O |
msswaany ¢ Wumalalasnuasannisi 4.4 vazmalalasmuiinaunnlgnseiioz
[] a ] a o a [ o a Y] a ar o
IMEBYMIUAIVRITAG  tarilduyIunALs AUV aguazHIveIHdN L TN TN

Tulase waz lmmdion lu'lasd ldnaanudenie 1a

Fe’' (aq) + Cl, (aq) — Fe:2+Cl2 (aq) 4.2)
Fe''Cl, (aq) + 2H,0 (aq) — Fe(OH), (s) + 2H'CI (aq) (4.3)
2H" (aq) + 2¢ — H, (g) (4.4)

'
9 [ A A [ 1

Y 1
dwmsulunsaiyuaulugnadeviiiinansnanseulumsazateiiia

=) g’J aAan v 1 d‘ a 49! a aAan S o L4 a
Wews 7 waz 10 Wy UPATeIMInanseuinavuIzinaIn Az esanduvetoondiay
Y Aa I ' ° aaa 9 o ] @ ~ R
(meluhmianmiunanauazag) ilgnseainandd1i OH Avaun1si 4.5 uag OH
A o a 4 Aq Y o 1A o
nnanmsuandivedImfenlaasenlaa (NaoH) lFlumslsumfesvesaisazarein

UgAsendu Fe” luiiomanndn AISI 4140 fidudaniuasazaromailuasilsznon Fe(OH),



80

(% A dy 3 o A 1 Y % U 9
AIENMSN 4.6 a1sdsenou Fe(OH)21!!‘].]L!’I/\IﬁiJ“I/IﬂTJJ']ﬁﬂGIf'JfJﬁluﬂTi@1uﬂ1uﬂ15ﬂﬂﬂiﬂullﬂ

[ a

(AHMAD, Z., 2006) uaa151seneou Fe(OH);ﬁfNﬁmﬁmﬂﬂﬂﬁaaﬂ@mc]‘fyuda”lﬂﬁ’aEJ'N
Tadadweenduuiieglussuunaziniadiumsdszneunlesinlansenlsd (Fe(oH),)
Faaumsii 4.7 Feensiszney Fe(on), fluasdsznond lifiiedosnmazifadiisode 1
naoiluensilszneulmi Ao asdsznonlamsniesinoon lud (Fe,0,) wWiaFoniuadia

) 1 A 3
cI/]'J‘JIL]J’J’I AUUNANTLA

0,(s) +2H,0 (aq) +4e — 4O0H (aq) (4.5)
Fe'' (aq) + 20H (aq) — 2Fe(OH), (s) (4.6)
4Fe(OH), (s) + O, (aq) + 2H,0 (aq) —> 4Fe(OH), (s) 4.7)

[ = ay ~ A a g a o = 4 Qy
mu“luﬂﬁmmawmm‘ngnma@ummawmJ‘mﬂﬂiLuﬂu"lu"lmmmwmm

a g

= A a o ~ P g o ' A
“I/IQﬂ!ﬂﬁﬂﬂﬂﬂﬂﬁﬂi"laMUN‘l“ﬂmmﬂhuluhlﬁiﬂﬂﬂWWLﬂﬂf 7 40 10 UU ATZUIUNITNANTOUN

a

2 1 [ 4 a ar o { a o 1 @ @ J
Lﬂﬂﬁu%gllﬁﬂﬂﬁﬂu !ﬁ’ﬂ\iﬁj’lEJGB‘L!ﬂ"’lJENV‘ImJ‘]JNﬁLﬂ’SEJ‘U‘UuWﬁ%ﬁﬂl!@]ﬂﬁNﬂu Tagmsnansou
1 Y vy ]

A a K Aa a =1 A a 9 ar d = e’g‘; a é’ a
nRevuUNEIveITUOIUignndsuRIalelauy e Taslen lulasduuRaduanilduui
3 ann o 3 a g Y
Tasdiow'lulasdilgnseniuih (1,0) wailuaisdszneuTasidion (1) oonlya (Cro) as
{ o aaa o 3 a g @
aumsf 4.8 wievlgnsenninii (1,0) wailumssznenlasden (1) sen lad (Cr,0,) A

A = g A A ad da o LN Y

aumsn 4.9 Faansdszneunidesriainduilduniadssnmuazqaauialumsaiunu
m‘jﬁﬂﬂﬁlﬁlu]lﬁla (Cunha, L., Andritschky, M., Rebouta, L., Silva, R., 1997; Cunha, L.,
Y
Andritschky M., Rebouta L., Pischow., 1999; Fenker, M., Balzer M., Kappl H., 2006) UONING

Tasdion (cnlulduuralasndionlulasdeniilgnserdy on iafluaisiszney

=

4 [ { g I A
Tasfienlaasonlaq (Cr(OH),) Bndao Asaunsh 4.10 Tasa1slsznou Cr(OH), Hiiluilay
~ 9 o [ 9 A I A A (= ~ 2K A
Nanuenusagmunumsnansou la uaiisanduidun lidiadesam 3alanuainise

[ 1 " o
aumumsnansou latieeni1lan Cr,0, (You, H. —xia., Xu, H.-bin., Zhang, Y., Zheng, S.-li.,
= @ =~ ay ~ a a| o ~
Gao, Y.-ying., 2010) luvmz@ernulunsaivessuaungnndonimaieiauuie lnmidion
o’gﬂ A1 A {’,'J [ 1 A a 49! a a Jd ~
Tulasdsiunafies 7 uag 10 WU ATZUIUMIAANTBUNINAVUINAIAN AN Tnmiiiow

Jd o aan v a A 1 = ¥ a I
Tulasavhgnsenueengiou©, hiledlumsazaenson (H,0) mailuaisilsznoy



81

= s . o = A o = 4 o
Tmndienlaoonlad (Tio,) asaunsi 4.11 uaz 4.12 vsedduue lnmidion lulasae1ash
ann o ¥ a g J . @ { :
Ufnsenuii,o) malumsisznou lnmition lsasen lea (Ti(OH),) Avaumsi 4.13 @9

. . y a dyc:,’ ald A ' Y [ J
a151l5znoU Tio, iaz Ti(OH), Nidesriatliluflauiamwnsasiglumsdumumsnaniou
Y o 2 Y . . . . v & dy . I Aa A
Idnuauaula (Ying, L., Li, Q., Fuihui, W., 2003) uansil Tio, Wluasisznounimdesnmn

HazANUAIs IR IUMUMINANseu 1aANI1 Ti(OH), (Bharat, A.,Pradeep H. 2010)

2CiN (s) + 2H,0 (aq) — 2CrO + N, (g) + 2H, (g) 4.8)
2CrO (s) + H,0 (aq) — Cr,0, (s) + H, (g) 4.9
Cr (s) + 20H (aq) — Cr(OH), (s) + e (4.10)
2TiN + 20,—> 2Ti0, +N, (4.11)
TiN + 2H,0 — TiO, +1/2N, +4H " +4¢ (4.12)
TiN + 3H,0 — Ti(OH), +N, +3H" +3e (4.13)

433 WAYRIMIANNHEIUAIVOUHANNAT AISI 4140 ADNGANIINMINANTOU
ao Ay ya =2 a % A < 9
Tuau3deil laimsAnyInaveIn eI UHIveITaqHI0IHaNNa

$ 1 a o 1 2 [ FY § 1 2
AISI 4140 ﬁ‘ﬁ@]fl‘Wi}ﬁﬂiiMﬂ1iﬂﬂﬂi’f]usll’f]\i"]fuﬂ'lulﬂaﬂﬂa'l AISI 4140 ﬁqﬂgﬂlﬂﬁﬂ‘ﬂ PFUITU

=) a

< ) A Y a ~ 7 2 < v
mannan AISI 4140 ‘]/]ﬂﬂlﬂﬁﬁ]’ﬂN’Jﬂ’)ﬁ]‘V\lﬁﬂJUNIﬂimﬂMquqﬁiﬂ LS UIIULaNNAN

£

= A A Y A< = 7 = %
AISI 4140 fignindeurmieiavun lnnitienlulasaluasazas Tndouaae lsaai

Yy Y v ¥ v A =2 Y Y o a < v

wutudesay 3.5 Tasthminnaiiey 2 7 uaz 10 39 1dumstaanureIuAIveUNannA
1 [ A a 9 ar o =1 4 a o =1

AISI 4140 nauuaznaamanaovurgleiduuaIasdenlulasauazWanune Inunidisy

g g { { ' a ay 1
Tulasd @aaaaluaisnan 3.3 3.4 vaz 3.5 TUuNi 3) WUNANUNIIUAIVOIFUIIUIZIIA

[ =

1] H Y 9
aﬂﬁ\‘llﬁﬂﬂi%’ﬂ‘ﬂﬂi%}iuﬂﬁﬂlﬂN’J’Jﬁﬂllﬂ’ﬂllﬁglﬂElﬂiﬂﬂ"ldju HUINITNUIINUITNAITUHITURNT

q

A a

[ ' = 1 a @ a ar o
ﬂl@ﬂ!ﬁﬁﬂﬂéj'l AISI 4140 ﬂ’f]uﬂTilﬂa@‘UW'lNWﬁ@l@ﬂ'ﬂﬂJWﬂ'lUW'Jﬂ’lflﬁﬁ\iﬂ’]ﬁ!ﬂﬁﬂﬂﬂ?ﬁlﬂﬂwaﬂ

=~ 4 a d =~ s & Y v a Qy
mﬂmmﬂn”lu‘lmﬂuawlauma”lmmumflullmﬂ GBQLLU’JI'L!M?]1ﬂ’)13J1’iEJT]JN’J"IIfN“b'u\‘Hu



82

[ A a 9 a d = 4 ar o =\ =
MeviaamndsurIaleiauaIasienlulase vaziavuia mmdienlulasaldnyas

H [ [ [ a a3 [ a
malasulauru@efuiuaNURe LRIV UNANNAT AISI 4140 NOUMTIAADUN

{ 1w 1Y U Y <
5‘1]ﬁ 431 5\‘] 4.33 Llﬁﬂﬂﬂ"lﬁﬂfjmhfﬁj\hﬂ'liﬂﬂﬂi@uﬂlﬂﬂ“ﬁu@Tutﬂaﬂﬂéﬁ

U

1 A

A 2 < 9 ~ = a 9 ar g =1

AIST 4140 N liignindey Fuaumannd AISI 4140 Ngnindeudiaseflanunelasilioy

s 2 3 v A A A Y ad ~ S 1
Tulasd wazFuaumannd AISI 4140 Agniaaeurmeiavue lnmition Tulasaniia

A 4 ) ] o = J Yy 9

ANMUNGIVAIVOUNANAAT AIST 4140 uananuluasazars Tsfsunan lsanumay
k) Bo} v A1 A o w [ LY 9 [ 1
Fouaz 3.5 lasinunnaiey 2 7 uaz 10 udidy wunedand ihmsdaniouusa
2 =0 = 1 a < 9 ~ (= A
Funulinnlasunladldawmnnureruiiveananndl AISI 4140 finnamiiter Taefian
= VoA a I 9 A X Vo 9
AO¥ 2 1Az 10 WUIUNOMANNHVAIUDURANNAT AIST 4140 tLUINATU Adnd IWHng
[ 1 ay ~ [ A a A Y A U A A 3’; A 1
Aansouvesruaui lugnindeurtuud Tiulinmanas aruimies 7 Uuiiemnume
a < 9 A 4%’ Y Y o 1 £ ~ [} A a A
AveUMANNA AISI 4140 1wanniu mdng llihmsnanseuvesiuaiui hignadevfai

Y A A 49! 1 d' 1 a < 9 A 49!
w2 T AURULINAY LAz WU OAIANUHEIUAIVDIURANNAT AIST 4140 (HUUINAUU
" W Y o 1 2 < 9 A A a 9 ad =
adnd lfhmsdanseuvesiuaiumannd AISI 4140 AgawmasuiaoilduuielnTdion

4 2 < Y A A a 9 a| o ~ I

Tu'lasa vagFusnunanndr AISI 4140 fgmadeuidareflavuie lnmiion Tulasall

Y A 1A ] Y [ 1 ~ Y I 1 Qy =\ =
uur Tduanashinaaifitey dnd lfhmsdansouianasaaslifiiunsuauiadesan

Lm%ﬂ’ﬂﬂJﬁ']lJﬁﬂ@%u‘ﬂWuﬂﬁfTﬂﬂﬁ'ﬂuﬂﬂﬁ@ﬂa\‘l

-800 T ———

o Wes 2
700 - W\ Wex 7
I ] #es 10

-600

Naalad)
|

-500

-400

AAnIou (

300

mdnd Irihms

=200

-100

31.14 200.12 563.12
AANITUHOTUAIVBUHANNAT AIST 4140 (W1 THINAT)

d' T o 9 [ 1 ay d' 1 A a d'd 1 a
gﬂ“ﬂ 431 ﬂ1ﬁﬂﬁww1ﬂ1‘iﬂﬂﬂ§@uﬂlﬂ\1‘ﬁuﬂu AISI 4140 “VIvlllgﬂLﬂﬁﬂUW’)ﬂNﬂWﬂ’)ﬁJﬁEﬂ‘UW’)
< Y ' Y 2 4
VOUNanNNa1 AISI 4140 LLﬂﬂﬁNﬂuiuﬁﬁag’sﬂﬂT%ﬂElllﬂ’d’é)hliﬂ

Y 9 9 o w A1 a
ANUVVVUIDYINE 3.5 IﬂﬂuWﬁuﬂ‘ﬂﬂTWLﬂ%’ 27uas 10



-800
0 vies 2
-700 W fex 7

O #ex 10

-600

=500

o

(fiadTrad)

-400

fansou

=300

Mviihms

mAnd

-200

-100

3114 200.12 563.12
AN NUHOTUAIDUHANNAT AIST 4140 (11 TAT)

~ [ 9, o 1 Qy ~ A a 9 a o
51/ 432 andnd lldhmstanseuvea¥uaiu AISI 4140 AigninaeuAIeTlduNg
P 1 a a3 1 Y]
Tasmon lulasaniAANNHETURIVOANANNAT AISI 4140 LANA WA

4
TuasazareTsdeuaas lsaanududuiosas 3.5

v
S 1 A

Y
TagrmunnaA ey 2 7 uaz 10

-800 — —

@ vies 2
-700 W dew 7
O s 10

-600

=500
-400

=300

-200

mdne hmsiansen (Haalian)
1
T

-100 —+

3114 200.12 563.12
AINIUHITUAIVOAHANNAT AIST 4140 (11 THILIAT)

{ Y2 [ 1 ay { Aa a
51/ 433 sdnd llihmsfians ouveaFuaIu AISI 4140 Hgninaeura T auL
=1 s a 3 9 1 @
Tnmdien TulasantannuvenuAIveAanna1 AISI 4140 LANANAY
r'd
TuasazareTs@eunas lsaanudutudosas 3.5

%’ v d‘ 1T A
Tagminna ey 2 7 uag 10



84

A Y @ U 2 <] ~
5UN 4.34 5\1 4.36 LLﬁﬂ\iﬂTﬂ@ﬁ'lﬂ1§ﬂﬂﬂiﬂumﬂﬂ%uﬂWﬂlﬁaﬂﬂéﬁ AISI 4140

U

] A 2 < Y A A a 9 a d = 4
ll‘lJQﬂL‘ﬂﬁf]‘U FUNULHANNAT AISI 4140 ﬂgﬂlﬂﬁﬂﬂﬂ?ﬂ?ﬂwauﬂ”lﬂiﬂﬁmﬂuhluulﬂﬁﬂ nag

Ia

2 <3 Y A A a 9 ard = A A
FUITULaNNA1 AIST 4140 “I/IQﬂLﬂﬁ@UW'Jﬂ'JEJV‘Iﬁ?J‘U”NVLVI!‘VILuﬂi]lluulﬁiﬂ‘l’mﬂTﬂ’ﬂiJﬁﬂ'lﬂw'J

I 9 1 @ 2 J Y 9 9
YaUnanna AISI 4140 Lmfwmﬂulumiazmaicﬂmamaa"lmmmwmusaﬂaz 3.5 lag

g Y] I 1 4 [ Aa < A 3
MMINNAfiLY 2 7 uag 10 WUIULBAIANNHSILAIVOURANNAT AIST 4140 1NULINVU
1 Y1 o o 1 2 Ay A A a1 A 2 1 o A1 A
danaldnmionsimanansouvesFuIui lugnindeurlia unuuInIued 1 FaUNMTIRY 2
[ i 4 1 a <] ) ] (.
1A 7 @IUNAAIDY 10 HDAIANUHEURIVBUNANNAT AIST 4140 (WHIINVY ADATINNG
@ [ A dg! 3 9 A =1 v A1 A dyw 1w
AaniomuIanesloSeuieununaies 2 uaz 7 UeNIALIINUIBAIINNT
@ 1 ay ~ = a 9 ar o =\ 4 ay ~ A a 9
AansouvesFuIungnndouinsildu Insdien lulasanazsuaungnndoiinig
a| d L Y 1 [} 4 1 a
Aduua Inmdlen Ty lasanuun Tlumslaounlauru@edtu As WoaANuMe AU
< A 3 [ @ (% [ Qa' ] A S [
IANNAT AISI 4140  (WuN1NUY d99ali9aT1mInNanI o UV IFUNUNAUNLNINUUD 1
@ i 1 Y 4 [ a < A
FAUNANDY 2 dIUNANOY 7 1ag 10 WoAIANNHURIUDUKANNAT AIST 4140 tNUUIN

2 J Y1 W ) ' = 2 2 g 9 A P v A1 A
UU ﬁ\‘lwach’iﬂ']@ﬁ'i']ﬂ']'iﬂﬂﬂﬁ’f]uiJﬂTiLWiJGUulaﬂu@ﬂluallﬁﬂﬂ!ﬂﬂﬂﬂumﬂ']wtﬂ“ﬁ 2

0.160
T @ v 2
0.140 F W vy 7
I O ey 10

= 0120 F
'S T
& 4
E -
g o100 F
© T
[ T
‘2 o080 F
= T
® T
= T
& 0060 F
= T
= 0040 F
&
w T

0.020 F

0.000 L

31.14 200.12 563.12
ANNWHOVEIVDUNANND T AIST 4140 (W THLAT)

] Pl f '
511 4.34 A9 IMINANT OUVDITUIIU AISI 4140 1 higniadeurINlAAUMEeUHY
< Y ' o = J
VoIrannNa AISI 4140 Llﬂﬂﬁ1ﬁﬂu1uﬁ1ia33181‘ﬁﬂﬂElllﬂﬁ@hl'iﬂ

Y Y Y 3 v A1 a
ANVVNUVUIDYAY 3.5 IﬂﬁluWﬁuﬂ‘ﬂﬂWWL@% 2 7u8% 10



0.030
] @ Yoy 2
] W Vo 7
0025 T O ey 10
!!o N
=
Z 0.020 +
E -4
= -}
= -
= ]
= 0015 +
= ]
-t -
= -
= ]
< 0010 +
=
o ]
B
0.005 +
R S I — Il
31.14 200.12 563.12
AAIUHOTIATVDUNANNAT AIST 4140 (W1 TuAT)

A Y @ 1 2 A A a 9y ad
319 435 A9ATIMINANT DUVBIFUNU AISI 4140 NYNIATOVAIA WAL
P 1 a <
Tasmon' lulasaNIAINNNHETURIVDURANNAT AISI 4140
1 @ = 4 Y 9

uanannulumsazara Isfeunas lsannududy

Y ¥ v A1 A
I8 3.5 Iﬂﬂlﬂ‘l’iuﬂﬂﬂWWL@% 27 uag 10

0.030
=+ 0 ey 2
+ | diew 7
0.025 + .
5 T [ wes 10
(=]
-2 T
g S
g o020 4
[ T
g T
= -
2 0015 -
e T
& T
5 T
= 0010 -+
- S
-2 ——
b= T
0.005 I
0.000 L L—'
31.14 200.12 563.12
AAUHOTUAMBUHANNAT AIST 4140 (11 TwAT)

~ T W [ 1 ay ~ A a 9y a d
317 436 MOATIMINANTOUVDIFUITU AISI 4140 N AR UAIR TN
= s a < Y
TnmdienTulasantiannumenurrvearannal AISI 4140
[ @ ~ 4 Y 9
uanaanuluasazane InAesunae lsaauduay

Y 2 v A1 A
Joyay 3.5 Iﬂﬂu"lﬁuﬂﬂﬂTWl’é)G]f 27 uag 10



86

@ 9 [ 1 @ [ 1 Y I 2 A
mﬂWﬁﬂJ@ﬂﬁﬂfﬂWV\hﬂﬁﬂﬂﬂ'i’f)lll!ﬁ%@ﬂﬁ'lﬂﬁﬂﬂﬂiﬂullﬁﬂﬂélﬁmu’ﬂ“ﬁuﬂuﬂ

v Y v Y
ﬂWﬂﬁTJJﬂfJT]JNTIJfN’JﬁﬂﬁiJ'Iﬂ‘lde ﬁﬂwaiﬁ}%uﬂumﬂﬂ"liﬂﬂﬂi’E)‘Lliﬂﬂﬁl‘lﬁ%ﬂﬁﬂ?anﬁﬁJﬁﬂ
9 (Y 1 d‘ Qy d’d a d' dg! ' Y a 1
ATUNTIUNTNANTDUAAAN IUBIITNFUITUNUANTUHITIURINUINUU ’E)ﬁ]ﬁﬂﬂﬁclﬁ!ﬂﬂﬂ’nwllll

= ] ° dy L) yddy AA 9 [ o ' a 9 Y
L'ifl‘]_lll,ag“111ﬁiﬂlﬁll@"llf‘]\iwuN?V]TGlWNWHVIVIﬁ"ﬁa”ﬁ']EJﬁ"]ll15ﬂlﬂl?llﬂﬂTﬂTiﬂﬂﬂiﬂuﬂﬁﬁUW"lﬂ

]
[ a0

t%l [ A a o a Y o A FY
UINUU memmimaauﬂaummum’gawummmwmummwu @1%1/]111’71/\Iﬁ11‘]_|1\1‘1/]"lﬂ

q

[ A a a | 9 ~ d o Y =< 1 3}; a d
‘Ha\1ﬂ§$‘]J'JLlﬂTiLﬂﬁf’]‘]JW'JiJ‘]Ji?J"IﬂHJ@TJﬂWii’NVIiﬂﬂGUH LLE“IS’JVHQIWﬂTiﬂﬂLﬂTgﬁgﬂUWQ%uwﬁM
[ U A [ U g’.; a d
uaziaganas Nawwaldguaniasunmumsnaniouressuilananas (Walter, R., Bobby
4 v
Kannan, M., 2011; Durst, O., Ellermeier, J., Berger, C., 2008) wonntanns 1 Twan Ty
d' 1 Qy d’d a d' = d‘ A Qy d' L=
(qﬁlﬂ‘ﬂ 4.104.13 11ae 4.16 ) W‘]J’JVKU\TIH“V]?J?]’J"IMWEJTIJN'JVIEI%L'&‘]EI@W]?I@ A9 YUITU B3 NATNLDY

v
S 1 A

2 A A £ Y g =X A (A o
10 FUNU C3 NAMOF 7 tag 10 uazFuau T3 Naies 10 uaadldmiudnadnilay
. a 49! a z:al é = a d d a
(passive film) NAVUUUAIVDIFUNY R [T T Yot MY, FVIRAAPRA AT SRR
@ 1 Y o 3’_, = [ Y a @ [ A a ) I @ Ao w
fansou'ld muuwﬂan”lmwmmwfmJmeumm@;ﬂaumimaaumumﬂumuﬂswmﬂm
1 wAa Y o 1 a1 d = 4 a d =
AeamautanIsIumumsnaniouveddlavu Ianiou lulasduasdauuielnmiiion
s 1A A o A A @ ~ s ar @ ~ s
Tu'lasa nanae wermaaaeudavuaTasdenlulasauazWduuelnmdionlu'lasa
' 1 Y
VudaghliaIAuMeIIAIAARY A1NT IR AULANTAIUNIUMIAANTOUUYBIFUIIU
Y
T¥&8931 (Shen-Chih, Lee, Wei-Yu, H., Lai, F.D. 1996; Liu, C., Leyland, A., Lyon, S.,

Matthews, A. 1995)

44 QUADHMZVYBITUNMHMANNGT AIST 4140 N INGMAARUAI FunuHANNE

v
=

A Aafd d A
AISI 4140 ‘ngnmﬁaumé’wwaumﬂmaﬁw"lu‘lmmmwmmmﬁnﬂéﬁ

a = a Y ad = ¢ o (v ]

AISI 4140 Higninaevddeflanindnmidisnlulasandmaaeumsianson

441  MOIIANLAIIBULNURAIVOBUNMKANNE AIST 4140 A hignindevia

Funuwdnnd AISI 4140 Ngnndevidelanuislasfienlulasd vaz

Fuanumannd AISI 4140 Hgmndsuiadisilannalnmidiealulnsade
ndesganssAUUGeINIIA (SEM)

U7 4.37 §1 439 naAan U AURIVesT UM AN ATST 4140 7 1]

QiAdey Fuaumanndd AISI 4140 figiadeviidaeiidunalasdenlulasd uasua

wannd1 AISI 4140 igaindouirdaeflduunalnmidion T lnsdlumsazawIm@ouaae lsd

9y 9 9 1 o A1 A o T A A 2 Ay ot
anududuosas 3.5 Tashmiinfiaiies 2 7 uag 10 Mud 1Ay WUNNLEIFUOUN lign

P Y Y v
Lﬂﬁi’)”ﬂN’JQﬂﬂﬂﬂi@ullﬁzﬁwa@mmcﬁﬂﬁﬂﬂﬂi@u!ﬂﬂ%uﬂuﬂ’)%uﬁuiﬂﬂﬂﬁ”I%'Ll\ﬂl!ﬁgﬂ!ﬂﬁﬂll



87

a 9

A ~ s 2 ~ A A Y A< ~ oA
Aaelanuelnsfey v lasauazyuanuigmndouiisieilduus lmndien Tulasannn

Id?\l J =

1A I A Qy ~ 1 A I Qy A a A
ATNLDY @mﬂuWammmﬂ%mnm'hjgﬂmaamﬂu%mmgﬂaaﬂ"lm AUUNIAADUNIUND

v v
@ ' 1A =

4
‘i’ijﬂuﬂ']iﬂﬂﬂi@uﬂTﬂﬁ'"liﬁZﬁ'IfJ “ﬁuN’ﬁ\‘lﬂﬂﬂﬂﬂi’ﬂuﬁﬂﬂﬁﬁa%a'lflvlﬁj\‘]'lﬂﬂ?']%uﬁuﬂ f

Q U
Y v
' 2 '

A a 9 a d 1 [ 1 A Aa a Qy = [} A a v A
A UHINIENANL1G TﬂEli?Nii’Jﬂﬂﬁﬂﬂﬂi?J‘L!‘Vl!,ﬂﬂsllu‘]_ll.!N’Jﬂl@ﬂ%uﬁ"luﬂhlﬂgﬂlﬂﬁﬂ‘]_lN’Juull

v Yy v
ﬂ}lmgﬂﬁﬂﬂﬂi@u!,mﬂ‘i/lﬁnlﬂ (general corrosion) ﬂﬁ]’lﬁi’) FUNUICYNTITASAWNANTDUND
9

a Y = [ 9 a [ 4 [ 1 A a zg < g’/ a Y Qy A
MIWNIHUN "]Nﬁ"liJ"liﬂﬁ'QLﬂﬁhlﬂﬁ]1ﬂNﬁﬁﬂm"ﬂfﬂiﬂﬂﬂi@u%Lﬂﬂﬂluﬂ’N]ﬂN’J‘Viu1%uﬁu Tuvaeh

ee

a a1 d =1 4 a| d = 4 a [ 1 d‘
arvesilavuaTasden lulasduazilavunalnmidienlulasd azinanmsdtansewanizi

ee

a| d I 1 a I~ a a a| d
(localized ~ corrosion) WawzgnnansewnailusosuaAnRNIZUNUTNUVUFAIVOINANLI

=1 4 a| d ~ Jd 1 gl.z a = dy a
Tasdeu lulasauazWduuna nmdion Tulasamniu vazminiasaFsumsununIve

Qa' d‘ A a Y ar d =1 4 QBI d' A a Y a| d
FuaungnadaeurnredanuieIandonlulasa uazFunungnadoudidrelauuig
=\ 4 [ ] 1 A A a 9 ar d = 4
Tnmidion lulasanadmaaeumsnansou nunngniadeurIaseiaue lnmitionlulase
a1 o 1 a Qy 1 Qy ~ A a 9 ar d =\ 4
1599500MINANTOUDUAITUNUINNANFUNUAIIAs URIAIEHEND N Tas Ty Tu a5 e

~ s Y

NNy
y
=2

dyw 1 = { (% 1 a o 4 @ U { A
u’i)ﬂﬂWﬂufJx‘]WiJ’]'l‘Uil’Jﬂ!“ﬁQﬂﬂﬂﬂif]UngWﬁ@lﬂﬂ!cﬂﬂTJﬂﬂﬂﬁﬂuﬁlﬂﬂmuﬂlﬂ\?

Y H H
Fuarui higniadevartinsdsumasldawanuneruiivesigquazarfitesvos

[
= [ J

4 ' a < 2 2 a
a13azany Iﬂﬂlﬁﬂﬂ1ﬂ’]1h“ﬁm‘uW’Jﬂl@\ilﬂﬁﬂﬂﬁﬁ AISI 4140 quumﬁu VIIUNYNNANTDOU

U

v
= 1A

A a o I @ 1 { A 2 a AQSI o A 3
Lmz‘ﬂilﬂﬂlWaﬁﬂm“ﬂﬂ"liﬂﬂﬂi@u‘ﬁlﬂﬂeﬁuuuw?%@\i%uﬁuﬁ%TH’JHLWMMWﬂEﬁUWﬂﬂﬂTWL@%

a

I A o Y A o ' o 1 A A dy A 2 v Y
LLﬁ%LﬂuﬂﬁﬂlﬂﬂqﬂQTWﬁﬁﬂmmﬂWSﬂﬂﬂiﬂuﬂLﬂﬂﬂluUuW’J%u\ﬂu Bl uag B2 (UANENTLAH

4 o w a X @ 1 a o J
1035 180 1Az 600 MUAIN) ILNAVUAINTOILUIVAVBINTLATHNI Y AIUHAAADINNIT
Y J A a X a £ o Y J A o < <3
AANTOUNINAVUUUHIFUOIU B3 (VAAI8NTZAIBIUDT 1200) NanvaziluoymavuiaGn

v Aa s < ' o a £ . 1
1aznszeNIAIMINTUIY naaa iU INareIMITARITUINAIENTZAHNTIBAUANA I
Yy H
A AIHARDMTINANSAANTBUVUAITUIL HaznUNUSHUNgNAANT OB NAAS BTN
[ 1 A a é’ a Qy A A a g a Jd = 4 Qy A
fanTouinaTLUNRIYeIFLIIURgNIAdeuAIAIsTau Tasden lulasd nazduauign
A a9 ad = 7 = a 2 v
waouAIneare Tnndion Tulasdtinmsnlasunlad hawanumeniveunannd
1 = v o 2 A [} A a ] A A A ald <3 Y
AIST 4140 wu@Rernunuruaui lignadeuds nane wewdsuilauuiauumanna
{ 1 a 2 J a { @ J a o 4 (% 1
AISI 4140 ATMANUMIVA1NNTY dewa I U naRgniansoutazanfusinIsnaNT o

a 2 - 1 ' o A1 A 3 o Y1 & o !

VUHAIVIFUNURNI UG T U diey 2 Tasvzriuganulanguilduuedinves
Y

2 A1~ &2 o £ A a <
FUITU C1 Lag T1 NATNLOY 2 FUIUFUUNUMANUHIIVAIVOBHANNA AISI 4140 W1n

{ 1 a £ @ (% 1 X g 4
Nga WUMNT0EUANLAZHYADDNIINAITUNURAINATIUMINANTOU T unaIlioIu19In

Y
=

a [ d' d%l 1 Y [ A a 9 ar o =1 4
ANUNYIUNIVDIITAWUNUINUYY mwa“lwmwmmimaaummfmlaumﬂmmau"lu"l@m

q



88

g’/ a ay a [] -': U g’/ al o Aa o o a
‘Ll'LlN’J%u\i"li‘!!ﬂﬂﬂ’ﬂlllhlﬁﬂﬂlﬁll’ﬂ uaz*ﬁmiﬁmmzizmwwuwammzmm@aﬂm “I/Iﬂ‘l?ijlﬂﬂ
a a d A o @ ' I
5’6EJLWIﬂ‘UuN’JWﬁiJ‘U'NLL'dgﬁQﬂﬂ@ﬂ%?ﬂﬂ’)?ﬁﬂﬂlmzﬂﬂﬁﬂﬂﬂ?ﬁﬂﬂﬂi@ﬂlﬂﬂﬁﬂﬁﬁ]ﬂlﬁ}

=< 1 g’; a o 9 [ U Aa o Y dy U A a
ﬁﬁﬁ%ﬁ?ﬂﬁ"liﬂiml“ﬂiﬂ“]mNTL!GD'LW\ImJLGU"Ill‘]Jﬂﬂﬂi’ﬂuN’nﬂ'ﬂllﬂﬂ']ﬂ‘Uu AIUNAIANUHYIUND
< Y ~ Y A a o 4 Y J A~
YoUriannal AISI 4140 naaad WNVToLANVITUNaNaz S IuNaaNUNNITNANTOUN

o w o o {1 ? 1 4 1 a <]
ﬁ'aaammamu ﬁﬁ’iiﬂﬁﬂ?ﬁ!@ﬂf 7 uaz 10 U W‘]J’NLﬁ’E)ﬂTﬂ’Nll‘l’ifﬂ‘UN’J"l]i’NL‘ViﬁﬂﬂZ%}”I
dy a Qy A A a 9 a o = 14 Qy ~
AISI 4140 aaay wumﬁuaqvam‘ﬂgmﬂaaumﬂasJWan‘maTmmsmllu‘lmmmwmmmgﬂ
A a9 a o = (= A ~ < 9y [

Lﬂﬁﬂﬂﬂ’lﬂlﬂwaﬂﬂﬁhhllﬂ!,uEllllluulﬁiﬂ11ﬂ"IiL‘]JﬁEJLlLL‘]JaQLWfNLaﬂuﬂﬂ‘ﬂﬁﬁﬂii‘ﬂﬂﬁﬂ“ﬂﬂTﬁ

o 1 dy Y o a d o &' a 2 < Y ~ [l
NANIOU u@ﬂi]'lﬂunlﬂ1/nﬂ1i’)!ﬂi1$1’i AHUSNUNIVOIFUIIULHANNAT AIST 4140 T]llil@jﬂ

= a

A 2 < ) A Y A ~ 7 2
AU YUIULKAaNNA1 AISI 4140 ‘vmﬂma'aummm\laumﬂmmﬂﬂu"l@m LAZHUITU

U

]
= A

< a ar o U [ 1 [

Wanna1 AISI 4140 fgnindevdinledlanunslnmidion Tulasneunaaeumsnansouas
4 < 1 o g a Py 1 o

uaaslumaruan 9 e ldimuaNuIanaA VB IdN VAL NUAIYOIFUIUND UL HEINATD

MINANTOU

Y
A A o 1

a d o v a 4
"l]'lﬂNﬁﬂ'li'Jl,ﬂﬁ'mﬂﬁﬂHmZWHW?ﬂQﬂﬁ'I'JﬁfJﬂﬂﬁlﬂﬂﬂ“]JNﬁﬂ1‘i’J!ﬂﬁ'l$W"U’f]\1Wﬁﬂ1§

wasuRgreduu Iasionlulasduazilduui lnmidionlu'lasd wavesaranuilu

1 a < { J a (% J
NIA-AN (pH) LLﬁ%ﬂ'ﬂiJﬁElTiJW’JGIJ’ENLﬂﬁﬂﬂé}W AISI 4140 ﬁﬁﬁﬂWﬂﬁﬂﬁiNﬂWiﬂﬂﬂi@uﬂl@ﬁ

A Y Y

ay v 9 A Y 1 A Aa a|
FUIU (Glu'ﬁ")"ll’f] 42.1 422uay 4.23) ﬂllﬁﬂﬁiﬂlﬂuﬂnﬂﬂlﬂﬁﬂﬂWﬁ?ﬁﬂﬂ?ﬂﬂﬁﬂﬂ’lﬁ

q

2 '

a s ard ~ 1A A A
Tﬂﬁmam”lu"lmmmzvxlaumq"lmmuﬂullu”lmﬂ ANNDBUBDITITASANIYNINUUU  LATAININY

Aa A U Slay =} Y @ 1 ti'dds!
WEJT]JW’J“I/Iaﬂa\‘]fﬂ%ﬁ’\iNﬁﬁlﬁ%uﬁ‘anﬂWiQWM‘Vl"luﬂ"liﬂﬂﬂﬁ@l!‘ﬂﬂslm



&9

%t WD Bp ——] 100 2 1@AMn

SE 103 1 STREC . 15KV ®28e A4mn

(%) ¥UY B3 () FUNU C3 (QY) ¥UNU T3

~A o g Aa 2 3 Y ~ ] A a 2
3'1]1/] 437 MWANHUEWUNIVOIFUIIULYIaNNAT AISI 4140 ﬂhlllQﬂ!.ﬂﬁf]‘UN'J FUHITU
<3 k) A A a 9 a o a 4 Qy
MannNAIAISI 4140 ﬂ@jﬂ!ﬂﬁﬂ‘ﬂN'Jﬂ'lfJ‘V‘lﬁil‘]JNIﬂiLilﬂnllullﬁiﬂllag‘HUQTH
I 9 A = a 9 a o =1 ¢
MannNAIAISI 4140 "I/Ifq]ﬂ!ﬂai]‘ﬂN'Jﬂ'JfJT‘IaMTJNVl“VIWILuﬂillluhlﬁ'iﬂcluﬁ"li

= 4 Y 9 9 T
ﬁz%ﬂﬂj"]ﬂﬂﬂilﬂﬁﬂuliﬂﬂ’ﬂmsllil‘llu’iﬂﬂag 3.5 TﬂﬂuTﬁuﬂ‘ﬂﬂ']WLﬂ‘lf 2



90

| — 100 ym
10 14mm

Mm o -

(%) ¥uU B3 (M) FUU C3 (QY) FUNU T3

STREC SR lE KN Keoo 14mm

A ] &‘ a Qy < 9 A ] A A g
311 438 MMENYAIZNUAIVEIFUNMANNET AIST 4140 1 liigniAGouAD a1
<3 Y A A a Y A = J 2
MANNAIAISI 4140 NgnndourIeianualasdion lulasduazauau
< { a ar I
IMANNAIATSI 4140 NgnindeurIdeauLe Tmmdion TulasaTums

d 7 Y Y Y oA a
azmﬂhmﬂmaa'lmmmwmuiaﬂaz 3.5 Tﬂaumuﬂwmwm% 7



91

'
By —— 1o
I 4 STREC 19KY 14mm

(V) ¥UNU C1

" k ( 1% i , L I
Det WD Bp ———1 100um | L L |
i o L | 'STREQ ' 1SKU.| . %2@@. 1dnm
| . 1 0

STREC 15KV

(%) ¥UU B3 (1) ¥UNY C3 Q) ¥UNU T3

~ o :&’ a 2 < 9 A [ A a £
317 439 MMENYAIZNUAIVEIFUNMANNET ATST 4140 N liigniAdouAd Fuau
<3 { a = d J 2
1anNNaN AISI 4140 NgnindeuiidreilauueInnden Tulasauazsuan
< { a ar d J
IANNAIATSI 4140 NgnindeurIdeiauLe TnmitienTulasaTuens

2 4 Y Y Y Y o A1 a
azmahmﬂuﬂaalliﬂmmmmuﬁaaaz 3.5 IﬂﬂuTﬂuﬂ%ﬂ'lWl’O"]f 10




92

a Jd o ! a Y @ @ 1
UBNINMIINTIZHANH UL NURAIVDIFUNUNINTNATOUMIAANTOUAIY
1 a 1 o 1 a @ 4
ndes SEM uda laimsasavdeudiuwauniunll o UNNT08508MsNANTOUIAZHARN AT
o 1 A a da! a Qy Y a 2 3 A A P [ 9
MINANTBUMAATUVUAIFUOIUAIEMALIA EDX Faudumaiian1431ununded SEM lagas
gnNAI0E19N1TATITODAIUNANNINAT a1 USnaAgnianToutaskandmainIsianToun
a X a 2 o @ J J
MATUUUAIVBIFUIU B C1 uaz T nasmadeumsnansouluasazareudounas 154
Y 9 Y 3 o A1 a £ g X Ay A a K =
anududuiesaz 3.5 Tashmminiaminies 2 Fududuaun lignndoudd Fuauign
A a 9 = 4 2 A A a g =\ S a
indeurIare Tandon lulasauazsunuiignadeiidie lnmition lulasaniinigine
AansoulIniga muday aadaalugii 4.40 89 4.42 aud1AD naIMsaTIVTOUAIUNTY
g a £ 1 a { @ 1 a [ o 1 H
muauuiuAIFuOU Bl tay C1 wunusnafignianioutazkaaiusimsiansoud
a X A a a < a I 1 a3 =]
AAYUUITOUINIY 1 UF1AN (Fe) taz519eensian (0) iuaiunaumunliundn &5
= TR = < s A 9 o
Fe uaz 0 Mwvoridludiunaumuniiveananoon lsainannaisazaredn lunanson
d‘Q [ Qy a = 1 g}; ar d =1 4
TagasaNAIdgueeruaL Bl nazinaanaisazatonns suiusuilaninsnsdon lulase
9 [ v Aa o Qy a < < o’dy a Qy o [ a ~
i ldfanseudiaguesruaiu c1 aunadlumvanesn laduuuuaizuau dmsuusnun
@ U 2 @ I U A g @ :
RINANTOUVBIFUNIU T HAINITATINAOUNUSFIY Fe 1Wuarunaumunliilundn aa
Y a dala 4 = 4 [ 1 Aa o
amnsnszy lanusnaiiflasuelnmidienlu lasagniansousurgasenniniiiagaumrua
=2 A & 1 @ @ =~ T 2 A = dy 1 a o 4
WHUBIY Fe Miluaruwaundanvesiaqiiiesadiauded taziiiosnnusnuil linunaaius
Y Y
MINANTOUVUAIFUNIY D TUNUTIG O 1IFUABINUNITA T B tag C1 Tuvazi@edny
Y o a J A Ay o ' A a A Y ' J
Tavimsinnzriusnui lignianseunseuinm 2 e ldimiuanuuanavedsnlszne
MualinaimsnageumInansouszHINYINUNgNnanseutay lignianioudnale Tag
a 2 J <] < v = & J
VI 2 VoFUNU Bl wuedAlsznouvessigman (Fe) iunan suilusigesnszney
@ [ <] 1 2 4
WANYOIIAQHIOMANNAL AIST 4140 dIUFUNU C1 WuoIALTZNOVVEIE1A InTiHon (Cr)
S ¢ ) a2 s L
uaz Tulasou () Fuilusigesndsznouranvesilavuielasfonlulasa tazduau T1
s S v R g @
nueenlsznovvessg lmmidion (T wazlulasou N) dundn suilusmesndsznou
v ard d .o o 1 a 1
vanvesflanue lnmidionTulasa (dmfomsasaeudiunaumuail o USNUT0IT00

[ 1 a [ 4 [ U 2 4 A a {
ﬂTiﬂﬂﬂif’]‘uuazNﬁ@ﬂm“ﬂﬂﬁﬂﬂﬂiﬂuﬂl@ﬂ%uﬁuﬁu‘] Z‘T”Iiﬂiﬂﬁﬂkl1LW3JL@]3JU1@%}1?Iﬂ1ﬂWU’Jﬂ )



93

) NNA18 SEM

Fel

FeK

L e

200 400 6.00 800 10.00 71200 1400 71600 18.00 200 400 GO0 B.00 1000 1200 1400 1600 1800

V) anlpasuusow 1 f) arlnasuusow 2

d' 1 a 4 o =1 dy a
311 4.40 MWA1e SEM tiagrHamsdingzyiodnlszne umanl uuiuEIve

Qy [ % 1 o

FuUNU BIudanaaauminanioulumsazas Is@eunas laa

Y 9 Y oA a
ANUAUNVUIDYNS 3.51ﬂﬂu1ﬁuﬂﬂﬂ1‘wmﬂf 2




94

L | L

) NND18 SEM

Fek

UK
NK

FeK

2.00

400 600 §.00 1000 1200 1400 1600 18.00 200 400 600  6.00 10.00 1200 1400 7600 18.00

f) alnasuusnm 1 9) dlnasuusm 2

3

u

A 1 a 4 4 = ng a
1171 4.41 §1WD18 SEM taznamsdini1zvodnlsznoumaaluununIve
Qy [ w 1 o
FUNU Cl viaanaaeumsnanioulumsazans Is@eunas laa

Y 9y oA a
ANUUNVUIDYIAS 3.5 TﬂEJ‘HTHuﬂVIﬂTWLﬂGB 2




95

YW 2

f) NND18 SEM

Ti Fe
Fe

Ba

B g q Ti
T . TP Crf{ Fe
FA BE . w S Cr
| ' ' ! ' | ' j ' T T T T | ! ' ' ' |
§ 10 § ]
V) glnasuusow 1 f) alnasuusnm 2

d' 1 a 4 4 =1 dy a
311 4.42 MWa1e SEM tagramsiingzyiodnlszne umanl uuiumIve
g [ % 1 o
FUNU T1 naamageumsnansoulumsazaelu@eunanlsad

Y 9 gy Y A1 a
ANVUUVNVUIDYIRE 3.5 Tﬂﬂumuﬂwmwm% 2




96

a d (Y] ald = r.’d' A < 1'%
442  myamnzvigudnsazvesilanmalasifienlulasaimaevvimdnnd
AISI 4140 Aenatin X-ray Photoelectron Spectroscopy (XPS)

51N 4.43 wanawadilnaiuves Xps GUE]\‘IGT:‘HﬂuﬁQﬂLﬂﬁﬂ‘Uﬁ’JﬁJ’Jﬂ?"lf;ﬁJUN
Tasidlon u lnsdneunazndmaaeumsiansou Tavtuam C1 fmiios 2 nazguan €3 1
Moy 10 Hdamaaeumstanseugnideniionsivaeudiemaiin Xps w3 Funugang
ﬁJuﬁTfyuﬂuﬁﬁ’é‘fmwmiﬁﬂﬂiauqaﬁqw uazndJuﬁTsym1uﬁﬁé’m1ﬂﬁﬁ’ﬂﬂiew§’1ﬁqs¢1 RPN

[ [T

1ANITATIVAOUNUAIUNTUNIUALNATEAUNAIIU 577.5 (587.8), 399.4, 533.8 1A 287.8
eV FamszAUNEIUaINa a1 IndiReanuAs A UNAIIUUDIBIY Cr 2p,,, O 1s, N Is LAz
C 1s MUa1A1 ( Emery, C., Chourasia A.R., Yashar, P., 1999; A.Vyas and et al., 2008; Vyas, A.,
9 '
Shen, Y.G., Zhou, ZF., Li, K.Y., 2005; Bertoti, I. 2002) #agWuNFUNUNNATOUAINY
g1 (% J
Tasdienlulasanoumsnageumsnaniounumsisinguessig Iasdionuaz luTasau
Y 4 Y 1

PINFAIU UANTININATOUNINANTOU WUNFUNU C1 NANDY 2 UAFUIY C3 A1
= = = ] <3 Y [ 2

o 10 Hlsmmvessig Inaillonanasunvag Wunngiunwdualne sy wazduau C1
A A S A A < Y [ 1 = o 1
ey 2 NS lulasnuiasassuunvazlnnguiuuududlnasusu@mern ua
2 A A g’; o [ Y o 1 1 Y
Fuam €3 ey 10 Hudmulimusig luTasauegianios anwagina1ne19na1d 1an

@ (% 1 ar d = P = Y 9 [ 1 ar d

naamsnageumsnansoulanuielasdion lulasanmaeuuuiriag ldgniansouauildy

1 F) j’ Aa o 1 o Y a =}
vnduldngaseniniiuiiiae dewaiilvdsumvessialasdisunas lulasnuanas

]
S 1A

1 <3 A 2 a a d ~ o £
pg3 lsnauiiosniniiuiiveslavunelasfionlulasavesyuaiu €3 Amdier 10 gn
[ 1 9 1 Qy d' = =S o 1 dy a ay
AansoutiesnNFUNU C1 Aoy 2 1danusig Tulasnulsingeguunuiive sruau
a 4 ~ dgl} a ap o =1 Al
51900NHIULAZI UeUNYNATIINUBUNURIveINauL1 Tnstoy Tulasanoumsnadou
o [ Qy A A g’/ = I LY B~ a 4
MInaniou tagdFuau €3 Nafiey 10 uniinnuiulyl1dilusmesndutazasvou
A & a [} o A A
nilumsvanuegluoinan i wievinnszuirumsindoulenisnienn (Tunmee, .
I
Euaruksakul, C., Songsiriritthigul, P., Witit-Anun, N., Wongpanya, P., 2011) ‘w%gﬂuﬁm
a ~ a a Y a o = 4 a ~
ponFunmINMInasensasuvesilanu Iasdonlulase azsinoendauignasi
2 A1 A 1A A A4 2 X2 a a a o A 2
wulusuau el Aamiey 2 wuNNYSANNNIY FUNAINNTNABDNFATUNNINIY
Lﬂ' [ 1 d‘ 42' 1 [] < 1 1 o % =1 d‘
11099INMINANTOUNMINATY tAod 1 T ANUNATZAUNGINUYDITIA InTiloungnasInuY
A Qy 1 [ 1 1 [ 1 I 4
AYpIFuIIUnRUNAaUMInansaunuinm lndifesduaindsauveslasiioneson laa
(Cr,0,) MUTIBUIIBV0 (Fenker, M., Balzer, M., Kappl, H, 2006) $99191A0910519) IA1igw
¥ a d d o Aaan Y] a a I
lwdteWavuraTasdionlulasaiigaserdueensnwnaiuaisdszneu cr,o, Tag

s A

E4
a I A @ 1
fﬂi‘]Jﬁgﬂi’)ﬂ%uﬂﬁlﬂuﬂﬁﬂﬂﬁTNTiﬂ@%uﬂ"Mﬂ”lﬁﬂﬂﬂ'iﬂuhlﬁ)a



97

5.0E+13
—CrN (As-coated)
—C1 at pH2
4.0E+13 LTIZP:».-': C3 at pH10
3.0E+13 -~
(72}
-
=)
— )
32 2.0E+13 4
—
= ' W ™ i
&= i . TR /\"\f‘f\’"-"."',a’"- ~V \ i v
: | \W ! f
1.0E+13 4 : 5 '\nmw';
0.0E+00 — _ T T T T T
650 600 550 500 450 400 350 300 250
M = H
WAINUTAHHED (eV)

A [ ay A A a g ad = 4
317 4.43 wadnlnaiuves XPS wpsrunuigniadoumdeauu Ingdion Tulasa

AOULATHAINATDLNTNANT O

a d [ ard = da A < 14
4.4.3 ﬂ1§3lﬂ§1$?‘if’!ﬁ!aﬂ‘]&lQ!S‘UENW‘Ia3~lTJ1\3‘17]!‘VI!‘Hﬂu‘luﬂﬂﬁﬂ‘nlﬂﬁﬂﬂﬂuﬂmﬂﬂﬁ1
AISI 4140 Aemaiin X-ray Photoelectron Spectroscopy (XPS)
= o L A A a Y Y a7
gﬂ‘ﬂ 4.44 LLﬁﬂ\?WﬁﬁLﬁJﬂﬁiNﬂl@\i XPS GUEJ\1“1)’1!\11uﬂ@jﬂlﬂaﬂﬂwﬂﬂﬁﬂﬂﬂﬂwah
~ I o o ' 2 A1 A 2
U'lxiul‘ﬂ!‘ﬂ!uEJlIll‘Llhlﬁiﬂﬂﬂulla$ﬂaﬁﬂﬂﬁﬂﬂﬂ15ﬂﬂﬂiﬂu Iﬂﬂ“]fuﬂ'lu T1 NATNDY 2 LA FUIU
H i1 Y
T3 ﬁﬂ'lﬁl@"]f 10 Waﬂ‘ﬂﬂf’fﬂ'ﬂﬂ'liﬂ@ﬂiﬁ]u@jﬂlaﬁ]ﬂlﬁ@@]iﬁ]ﬁ]ﬁ'@ﬂﬁjﬁﬁllﬂﬂuﬂ XPS IWFICHUINU

[ ' I e AA o @ 1 ~ I 2 AA o o U o A
ﬂﬂﬂaWﬂLﬂu“ﬁUQWU‘ﬂN@ﬁﬁ'lﬂ'ﬁﬂﬂﬂﬁ@u’quq@ l!ﬁglﬂu‘]fu\'i'lu‘ﬂNﬂﬁiWﬂWiﬂﬂﬂﬁ@u@Tﬂq@

'
a0 [ v

GﬂiJﬁWﬁl‘]J GmﬂﬂTW]i’Ji]’(?ff)“]J’l'\l‘]Jffh‘lﬂlNﬁll‘l/IN!‘f’lll‘V]ﬂ"’ﬂﬁ%?’1‘]J°1"|'(ﬁ\3\111! 463.1, 535.2 1ag 289.8 eV
FINTLAUNGINUAINA 1A INAIABINUAITZAUNGINUVDIEIA Ti 2p,,, O Is, Az C Is
AINAINL (Diana, L., Carlos, S., Alejandro, T., 2005; Subramanian, B., Muraleedharan, C.V.,
Ananthakumat, R., Jayachandran., 2011; Milosev, I., Strehblow, H.-H., Navinsek, B., 1995;
. ' T ' o o 2 &
Bertoti, I 2002)  udluinumsdsinguesmszaunasaiuvessig lulasou yuiu

7 o a ~ s & A 2 A<
ﬁ]\‘iﬂ‘ﬂﬁgﬂ@ﬂﬁﬁﬂﬂlﬂﬂi"lﬁﬂﬂ%ﬂﬂmmEJiJhlLlllG]Sﬂ (@'lﬂlﬂl!Walu’EN%"Iﬂ‘ﬁWJﬂﬁ‘U@H“VILﬂHﬁ'Iﬁ



98

¥
a 1 a 1 o ] < ' 7
vanulleguinuuiuil dwwalialnaiuvessialulasoulddsing iimiuedesdann)
1 Qy { a 0 [ U
LLﬁ%W‘U’N%uﬁuﬁQﬂlﬂaﬂ‘UW’Jﬁ}?ﬂulﬂmlﬁﬂmuluul@iﬂﬂﬂUﬂﬁﬂﬂﬁﬂUﬂﬁﬂﬂﬂi’ﬂu‘W‘Uﬂﬁ
Y v
‘]Jﬁ'lﬂgﬂl’rN‘ﬁWJ 11“]/“1/]!?!811@81\1%@&%1! UAYANNITNATDUNITNANTOUNUINYUIU T1 ﬁ?ﬂﬁ!@c}f
2 A A A A = ] < Y
2 UagsuNIu T3 NAINeY 10 uﬂsmmmmﬁwﬂmmufmaﬂaummz'luﬂﬁﬂgmuuumu
@ 1 Aa A A A E 2 A A a Y A
anaswy uaz‘wmmmaaﬂm%uuﬂimmmmmmu UABUAIU T NAONLDY 2 mmﬂum
' 9 v
ﬂ?mmmawmaaﬂ«ma}uﬁmﬂmwmm T3 ﬁi"ﬂﬁ!@% 10 ‘t]"lﬂﬂﬁﬂ\‘iﬂﬁ1’3@1‘Dﬂﬁ1’lulﬁj’31ﬂﬁﬁﬂ"li
@ 1 ar d = 4 @ 1 a Jd 1 9
‘Vlﬂﬁi’)llﬂﬁﬂﬂﬂiﬂuwai\l‘]_l"lﬂul‘ﬂmt‘lmllhlull@5ﬂQﬂﬂﬂﬂiﬂuﬂuwall‘]JNZ‘TTJHllﬂﬁQﬂﬂﬂﬂiﬂﬂ

a o

dy = 1 Y a =\ =Y a A A g
WuRIge Jdawald U umvessia lnnifionanas nazlSuuvessiaoonduiiuiu
o % 1 13 a a U ad = d
naamageumsnansoumaIndunamnnmsnasendesuvesilanuis lnndion lu'lasa
A a a @ (% s ~ s a o
viemanaeendasuvesida lunsaindduue lnmiion lulasdngasenainaiiaguas
Y H H v
NAABUNIINANTOU TAFUNIU T1 NAMIY 2 WUUTUIUUBITIA00NFRUNNINNNFUIU
A1 A A [ [ = 1 Y a a @ d%’ [l <
T3 AT 10 119991NYNAANTOUNINNI IaHa lTinANMToONFIATUNINTY 0819150
f Pl .
ANDIIATZAUNGIUYDI519 lnHeuNgnas 19N UUHIVIFUIUNOUNATO NS
@ v = Y @ 1 @ = o . a v
nanseulialndinesnuaminasauves lnmidionlasonlad (Tio)  awsivanuisvues
(Ananthakumar, R., Subramanian, Akira, K., Jayachandran M., 2011 ) G?Nmﬁ]!,ﬁﬂi]m‘ﬁm
~ X a0 ~ Jd o aan Y a a g .
Tmndiedodduuelnmidion lulasdaslfazenvesnguwnailuaslsznoy Tio,
a dy 3 a s A Y o 1 Y dyw T o
Tavensdszneuriatiudlauiannsomumumsnanioulaa uenantdmunamszau
2 a d‘ a Qy d’ = =} tﬂ'
WAL UVDITINDDINFAUNYNATINVUFIVRIFUNIU T1 AMes 2 Uandasuuilasain
<3| < ' | . a : % 1
535.2'11iTu 533.8 eV uaraalifiiiuai oxidation state vo9519oonFRUAsUNas T uadsla

<3| 4 ] ! 2 A '
Wufnidainilu oxidation state Tugihiula Falueinaaeaziimsnaaeuimauive1d

vy = 7 A X
"lﬂmayjamﬁuu“immmwu

Y
Aav A

v ~ Ay )
INHAVDINITNATDUAIUNAUA XPS GIfLN']‘Ll'J’i]EJ‘HLTJHLWEN%@HQHJ@Q@H LHag

a 4 [ [ [ 1 a
ﬂ']i'Jlﬂi1$WNﬁsll@\1ﬁLﬂﬂﬁﬁllENflﬁmm?miﬂﬂ?uiuﬂﬁ%ﬂ?uﬂ’]ﬁ?ﬂﬂQﬂﬂﬂ Iﬂﬂf’]']’i]ﬁ]%!,ﬂﬂfﬂ"lﬂ
A =< a ° aw a S A a A Yy ¥
FUTIDUZUDIUATOI XPS “]5\111!ﬂu’]ﬂ@’l@”ﬁ]ﬂgﬂﬂﬁiﬂ"lﬂ"ﬁ?’ﬂEJLLEIS3&ﬂ31$WLW3JWI3J!W@1ﬂ]1@1

9 = o 1o ) o Y A a 9 A 2
mayjamﬁuusm LU uazmmsa"l%ﬂﬁsTﬂ%u“lumuﬂizmumimaaumiam“lﬂmﬂﬂwu



99

1.3E+14

1.L1IE+14

9.0E+13  ~

7.0E+13 +

AUV (CPS)

S.0E+13

3.0E+13 -+

1.0E+13 — | - |

—TiN (As-coated)

—T1 at pH2

T3 at pH10

600 550 500 450 400
WAINUTAH LT (eV)

350

300 250

d‘ [ Qy d' A a 9 ard =1 o
517 4.44 waanlnaiuves XPs vosrunungnnaouAIassanu lnmdion lulasa

AOULATNAINATBUNTNANTDU



a
Unn s

Y
Uﬂagﬂuammaummg

51 ayUwamsidy
a J Y a 1 d = I
511 anamsuasgHalemaia XRD - wunwdvuelasnfenlulasall
s I
Taseaamanszuu (111) (200) (220) taz (311) Taediszuy (111) 1)U preferred orientation
a Jd Y a 1 a Jd ~ I
512 aRamsAATIzdalemaia XRD - wunwduuia lnmdiey Ty lasql
= I
Taseaamanszuiu (111) (200) (220) taz (311) Taediszuy (111) 11U preferred orientation
2 a3 v A A A Y = s
513 Fuanumannd) AISI 4140 Agnindeuiiaieiduunlasdonlulasduas
2 o ) A A A Y a2 = )
FuInnannar AISI - 4140 Agnadevidaaeflavuig lmmiiey lulasatinnuainso
Y [ U Y 1 Qy <3 9 ~ ] A A a 1A
aumumsnaniou laanNFuaumannal AISI 4140 7 lignndeurinnna ey
Qy <3 FY A A a gy a =\ =
514 Fuanumannal AISI 4140 Ngniadeudlareflavuielasdion lulasall
Y @ J = v 2 <3 Y A A a gy ad
ANVAMNTIANUMUMINANTOUANNFUNUHANNAT AIST 4140 NYNIAADVHIAIBW TN
4
Tnmdionlulasa
' A 2w A 1 v )
515  MANNHOIUHIToUHANNAal AISI 4140 Naaad dana IHyuaumannal AISI
A 1 A a 2 3 Y A A a 9 ar d = 4
4140 1 higninde Uiy Funuanna AISI 4140 fignindeuiisleiavineasdion Tulased
2 < ) ~ A A Y Ao ~ =
HazFUIIMANNAY AISI 4140 Ngnindeumiadilauua lnmiionlulasatianueainso
Y o J dtg
AMUNMUMITNANTOUAVY
(= A A tg 1 BJQy I Y
5.1.6  mieyvesansazareil¥lumsnageuiinay damalisuaumanna AISI

~ 1 A a £ I 9 ~ A a 9 a o ~ 4
4140 Nliigniadeuid FuaMannal AISI 4140 NgnnasuineanuaTasion Tulasé

]
I =

a” < 9 a 9 ar d =\ =
LagyuuUannal AISI 4140 ‘I/I@,ﬂl,ﬂﬁﬂ'ﬂW’Jﬂ'JEﬁ/\lﬁlITJ'Nll‘]/]l,‘V]LL!EJlIUluvlﬁﬁﬂllﬂ’ﬂu’fﬂlﬂiﬂ
9y (Y] 1 ddg!

AMUHMUNMINANTBDUAUU
L < ¥ A A a9 A s L
5.1.7  ¥UUiannan AISI 4140 mgﬂmaaummﬂiﬂimaullullmmmmuqm
I~ Y A = a g =\ 4 o o 1 ddy ~
iwannan AISI 4140 ﬂgﬂ!ﬂﬁﬂ‘uW’Jﬂ’)ﬁlul‘mﬂL'HEJ?Jhluklﬁ'H'ﬂﬂﬁ\i‘ﬂﬂﬁ@ﬂﬂWiﬂﬂﬂﬁ@uNWH‘ﬂgﬂ
o J = a @ 1 { v L 3 A ' a
ﬂﬂﬂi@ullﬁ%ﬂiMWﬂ!Wﬁﬂﬂ?iﬂﬂﬂiﬂu‘ﬁﬁ}@Elﬂ'ﬂ“h'u\ﬂuﬂ"iﬁﬂﬂﬁH AIST 4140 ‘Vlhlilgﬂlﬂﬁﬂ‘UW’J
1] ] ' v v 9 ]
LLﬁZﬂWﬂ’NlI“ViEJTUW’Jﬂﬁﬂﬂ\il!ﬁ%ﬁ?iﬁ%ﬂWﬂ‘ﬂNﬂWﬁ!@“b’!WlliﬂﬂﬁuﬁiWﬁiﬁ%uﬂuﬂﬁuﬁgﬂ f

U a o 4 @ 1 {
nsoutazUSIuNaasuNNMsnansaunanad



101

Y
5.2 YdLlaUDUUS
a [ 1 Qy I FY A ] A a Qy
NOANTTIUNITNANTDUVDIFUNIULANNAT AIST 4140 ﬂ"lugﬂmaa‘um YUY
< 9 ~ A a 9 a =\ 4 Qy 3 9
1annan AIST 4140 ‘VIQﬂLﬂﬁﬂ‘UW'Jﬂ’JEJ‘I/\IﬁiJ‘]JNTﬂiHJfJiJUluVlﬂiﬂ Uag¥UNUannal AISI

A A a 9 a Jd )=\ 0,49! (Y o 1 a Al ¢ A
4140 ‘wgﬂmaa‘ummavxlaumﬂmmuﬂu'lu"lmmuaﬂﬂummmuﬂﬁ WU Favesaun

LTl

= a

Y Y
mﬁa‘uuuqum ﬂ’J"IiJ‘HfJT]JN?ﬂlﬂﬁ’)ﬁﬂﬁﬂﬂ@l&ﬂﬁlﬂﬁﬂﬂﬂ’) ﬂ?ﬁl’f)“])""ll’f)xiﬁﬁﬁ%ﬁ?ﬂﬂ%@
Y A £ [ 1 = a a S 1 dy YR (% 1 dy 2
TNNNISLINADUNUHGNTNITNANTDU enﬂuTnfnuwumauu"lﬂﬁﬂmwammmuﬂmi'mu Iﬂﬂulﬂ

Y o ) o g A 9 A g A
Vlﬂa@\ulagWaﬂ1§wﬂa@\jﬂ\1l!ﬁﬂ\11UU%%WTH?J'] Llﬁm@uaﬂﬁﬂa']jlﬂulWﬂQm@Nﬁlu@Q@u LIRUND

G Y

Yo Aaw R a9

J a o A w A a o g}J
m3tlszgna 19 lugadmnssuasindsimsmiseAnyuiuan aniudiiteddidoauony
Y
Tumsviiseaela dail
A Y ] @ £ 4
521 msmuanurvessuilaydegszan 23 luasouwasyulyl wens 14

Y Aa A 1 1 o A a o Yy 3’, Al Aa
qm”lmsq L‘LIE’N%1ﬂﬁ’lu1ﬁﬂ31uq€ﬂﬁ1ﬁﬂiﬁJ%31/]1ﬂ1§l,ﬂaEJ‘]JW’J’Jﬁﬂﬂ’m%uwaﬂﬂﬂﬂ’nuﬁuﬂu

Y
v

=\
YA
o [ Aa o i} Y ] 1 A Y I
522 asdiuamanuneurveTag iy iiraleseannureIy e vy
9 v
ANUUANANVDINGANTTUMITNANTBUVBIFUNUNTAANNHEUAIA1eT U AT
- ANURGIUN 1 IETINRIAIBNTZATENI101UDS 180
~ a 4
- ANUNEIUN 2 9T IURINIINTLATHNT DS 320
~ = a 4
- ANUKEIUN 3 ETIURINIINTLATHNT DS 600
~ = a 4
- ANUKEIUN 4 9TIURAIAIINTLATHNTIUDS 800
~ = a 4
- ANUKEIUN 5 19TIUAIAIINTLATENT DS 1200
S ANMURGIUT 6 (6T INAIAIINTZATENT 1WIUDS 2000
~ = a 9 a
- ANUHOIUN 7 W3 BURIAIBHIDL NN
~ G a 9 =
- ANUNAUN 8 19T HUAIAENINYIANVAZIDA 1 Tuasou
~ = a 9 =
- ANUNAIUN 9 BT HUAIAENINYIANVAZID A 3 Tuasou
va A g’/ a A a [} 1 <
523 A1sinsnadeunuauiATInavesFuNaNIAN 150 AN
= o =< ?x’/ a o A ° 9 d1 @
ANNEINTD IUMTIAINIE uazensIMTanrIeveIruUNay tetwan l5se Tewis1un

HANNAIUNYANTTUMINANTOU



3181391999

a 4

J o a 4 <3 a 1
sz aedtiudia. (2543). msadraumugiinesuudvounanndr 13aiin 316L luaisazanen
= J Y a 9 = a a da v A
ma@”lmmm ﬂ?ﬂl%ﬂﬂﬂﬂ?\illV\IV\lTLﬂll. INYTIUNHBIAINIINANTAINHIVUNA
a a v A A [y ¢ a (Y]
ﬁVUTJ‘IITJﬁ?ﬂiﬁNia'ﬁﬂYJ YanaInegnag §W1aﬂﬂ§m3~l1"n?ﬂﬂ1ﬁﬂ.
4 = o £ 1 9 [ 1 [ Y
ﬂTﬂg‘!W\if”f ﬂﬂﬂiﬁiﬁ?ﬁﬂ. (2544). Naﬂl@ﬂhluiﬁﬁﬁlu@]ﬂﬂ'ﬂiwnuﬂTuﬂﬁﬂﬂﬂii’]um@\uﬁﬁﬂﬂﬁ"l
1Fatiustineomauilanina 304L. InenfinusIsnssumansumniata anvdIn
a v A A Y d a LY
Qﬁﬁﬂ‘iﬁﬂliﬁ‘l’if’ﬂﬁ VaUNAINaIae §W1ﬁﬂﬂ§ﬂ!3~l‘ﬂ1ﬂ]ﬂﬂ1ﬁﬂ.
aa v Jd A =2 ~ £ @ J <3 YNy A
DAYN NUBLADYT. (2552). ﬂTiﬁﬂ'H"IL‘LI%fJ‘]_lmfJ‘]Jﬂ’J"I?JG]TLH/]TLlﬂTﬂ'iﬂﬂ'iﬂLlsUﬂ\u‘ViaﬂﬂaW"liE‘TLllI
1 < Aa 0 a a da
“aolnsa 201 LLﬂSLWﬁﬂﬂﬁHUl%}ﬁuiJﬁﬁﬂLﬂﬁﬂ 304.  INBTUNUBIAINIINAIATAT
e avIvIAInssnlanms urInedumalulagnszaemnasuy3

Ahmad, Z. 2006. Principles of corrosion engineering and corrosion control. Institution of
Chemical Engineering.

Ahn, S.H., Choi, Y.S., Kim, J.G.,, Han, J.G. (2002). A study on corrosion resistance
characteristics of PVD Cr-N coated steels by electrochemical method. Surface and
Coatings Technology. (150): 319-326.

Altun, H., Sen, S.i. (2004). Studies on the influence of chioride ion concentration and pH on the
corrosion and electrochemical behavior of AZ63 magnesium alloy. Material and
Design. (25): 637-643.

Ananthakumar, R., Subramanian, Akira, K., Jayachandran, M. (2011). Electrochemical corrosion
and material properties of reactively sputtered TiN/TiAIN multilayer coatings. Ceramics
International:1-9.

Bertoti, I. (2002). Characterization of nitride coatings by XPS. Surface and Coatings

Technology. (151-152): 194-203.



103

Bertrand, G., Mahdjoub, H., Meunier , C. (2000). A study of the corrosion behavior and
protective quality of sputtered chromium nitride coatings. Surface and Coatings
Technology. (126): 199-209.

Bharat, a., Pradeep, H. (2010). Electrochemical oxidation behavior of titanium nitride based
electrocatalysts under PEM fuel cell conditions. Electrochimica Acta. (55): 9024-9034.

Chen, 1.Y., Yu, G.P., Huang, J.H. (2000). Corrosion behavior and adhesion of ion-plated TiN
films on AISI 304 steel. Materials Chemistry and Physics. (65): 310-315

Chyou, S. D., Shih, H. C. (1991). The Effect of nitrogen on the corrosion of plasma-nitrided 4140
Steel. Corrosion. (47(1)): 31-34.

Cunha, L., Andritschky, M., Rebouta, L., Silva, R. (1998), Corrosion of TiN (TiADN and CrN
hard coating produced by magnetron sputtering. Surface and Coatings Technology.
(317): 351-355.

Cunha, L., Andritschky M., Rebouta L., Pischow. (1999). Corrosion of CrN and TiAIN coatings
in chloride-containing atmospheres. Surface and Coatings Technology. (116-119):
1152-1160.

Darja, K.M., Peter P., Miha, C., Marijan M. (2004). The corrosion behavior of Cr-(C,N) PVD
hard Coatings deposited on various substrates. Electrochimica Acta. (49(9-10)): 1527-
1533.

Diana, L., Carlos, S., Alejandro, T. (2005). Corrosion-erosion behavior of TiN-coated stainless
steels in aqueous slurries. Wear. (258): 684-692.

Durst, O., Ellermeier, J., Berger, C. (2008). Influence of plasma-nitridring and surface roughness
on the wear and corrosion resistance if thin films (PVD/PECVD). Surface and
Coatings Technology. (203): 848-854.

Einstein, A. (1905). Ann. Physik. (17): 132.

Emery, C., Chourasia A.R., Yashar, P. (1999). A study of CrN_ thin film by X-ray photoelectron

spectroscopy. Journal of Electron Spectroscopy. (104): 91-97.



104

Feng, H.P., Cheng, H.H., Jung, K.L., Yih H.S. (2003). Effects of PVD sputtered coatings on the
corrosion resistance of AISI 304 stainless steel. Materials Science and Engineering A.
(347): 123-1209.

Fengqun, L., Zhiming, Y. (2001). The corrosion resistance and wear resistance of thick TiN
coatings deposited by arc ion plating. Surface and Coatings Technology. (145): 80-87.

Fenker, M., Balzer, M., Kappl, H. (2006). Corrosion behavior of decorative and wear resistant
coating on steel deposited by reactive magnetron sputtering-Tests and improvements.
Thin Solid Films. (515): 27-32.

Fontana, M. G. (1987). Corrosion Engineering. 3" Edition, McGraw-Hill Book Company.
Singapore.

Franco, C.V., Fontana, L.C., Bechi, D., Martinelli, A.E., Muzart, JL.R. (1998). An
electrochemical study of magnetron-sputtered Ti-And TiN-coated steel. Corrosion
Science. (40): 103-112.

Grabke, H. J. (1996). The Role of nitrogen in the corrosion of iron and steels (review). ISIJ
International. (36(7)): 777-786.

Hanand, S., Lin, J.H., Tsai, S.H., Chung, S.C., Wamg, D.Y., Lu, F.H., Shih, H.C. (2000).
Corrosion and tribological studies of chromium nitride coated on steel with an interlayer
of electroplated chromium. Surface and Coatings Technology. (133-134): 460-465.

Herranen, M., Wiklund U., Carlsson, J.O., Hogmark. (1998). Corrosion behavior of Ti/TiN
multilayer coated tool steel. Surface and Coatings Technology. (99): 191-196.

Hiroki, T. (2008). The role of rusts corrosion and corrosion protection of iron and steel.
Corrosion science. (50): 1872-1883.

Ibrahim, M.A.M., Korablov S.F., Yoshimura, M. (2002). Corrosion of stainless steel coated with

TiN, (TiADN and CrN in aqueous environments. Corrosion Science. (44): 815-828.



105

Liu, C., Leyland, A., Lyon, S., Matthews, A. (1995). An a.c impedance study on PVD-coated
mild steel with different surface roughness. Surface and Coatings Technology.
(76-77(part2)): 623-631.

Liu, C., Bi, Q., Matthews, A. (2001). Corrosion resistance of multi-layered plasma-assited
physical vapour deposition TiN and CrN coating. Surface and Coatings Technology.
(141): 164-173.

Liu, C., Bi, Q., Matthews, A. (2001). EIS comparison on corrosion performance of PVD TiN and
CrN coated mild steel in 0.5 N NaCl aqueous solution. Corrosion Science. (43): 1953-1961.

Medina-Flores, A., Arganis, C., Santiago, P., Oseguera. (2004). Electrochemicals corrosion tests
of an AISI-SAE 4140 steel nitride by post-discharges wave plasma. Surface and
Coatings Technology. (188-189): 140-145.

Milosev, I., Strehblow, H.-H., Navinsek, B. (1995). XPS in the study of high-temperature
oxidation of CrN and TiN hard coatings. Surface and Coatings Technology. (74-75):
897-902.

Ming, C.Z., Ming, L., Guang, L.S., Andrej, A. (2008). Influence of pH and Chloride ion
concentration on the corrosion of Mg alloy ZE41. Corrosion Science. (50): 3168-3178.

Novakovic, M., Popovic, M., Bibic, N. (2010). Ion-beam irradiation effects on reactively
sputtered CrN thin films. Beam Interactions with Materials and Atoms. (268): 2883-2887.

Rober, G. (1998). Tool steels. 5" Edition, Materials Park. OH: ASM International.

Rudenja, S., Kulu, P., Tallimets E., Mikli, V., Stracde C.A. (1999). Duplex TiN coatings
deposited by arc plating for increased corrosion resistance of stainless steel substrates.
Surface and Coatings Technology. (114): 129-136.

Sedriks, A. J. (1996). Corrosion of stainless steels. 2" Edition, John-Wiley & Sons. New York.

Shen-Chih, L., Wei-Yu, H., Lai, F.D. (1996). Effect of substrate surface roughness on the

characteristics of CrN hard film. Materials Chemistry and Physics. (43): 266-273.



106

Sivitski A., Ajaots M. and Podra P., (2008). Wear PVD hard coatings in sliding contacts. In the
Proceedings of the 6" International DAAAM Baltic Conference Industrial
Engineering, Tallinn, Estonia: 549-554

Souto, R.M., Alanyali, H. (2000). Electrochemical characteristics of steel coated with TiN and
TiAIN coating. Corrosion Science. (42): 2201-2211.

Standard guide for examination and evaluation of pitting corrosion. (2005). ASTM-G46.

Subramanian, B., Muraleedharan, C.V., Ananthakumat, R., Jayachandran. (2011). A comparative
study of titanium nitride (TiN), titanium oxy nitride (TiON) and titanium aluminum
nitride (TiAIN), as surface coatings for bio implants. Surface and Coatings
Technology. (205): 5014-5020.

Tunmee, S. Euaruksakul, C., Songsiriritthigul, P., Witit-Anun, N., Wongpanya, P. (2011). The
study of sputtered CrN films on the AISI H13 tool steel. Proceeding of the 6" Annual
Conference of the Thai Physics Society: 325-329.

Vyas, A., Shen, Y.G., Zhou, Z.F., Li, K.Y. (2008). Nano-structured CrN/CN_ multilayer films
deposited by magnetron sputtering. Composites Science and Technolgy. (68): 2922-
2929.

Walter, R., Bobby, K. M. (2011). Influence of surface roughness on the corrosion behavior of
magnesium alloy. Material and Design. (32(4)): 2350-2354.

William Grips, V.K., Harish, C.B., Ezhil Selvi, V., Kalavati, Rajam K.S.. (2006). Electrochemical
behavior of single layer CrN, TiN, TiAIN caotings and nanolayered TiAIN/CrN
multilayer coatings prepared by reactive direct current magnetron sputtering. Thin Solid
Films. (514): 204-211.

Yang, J., Ping Yu, G., Hong H.J. (2000). Corrosion behavior and adhesion of ion-plated TiN
films on AISI 304 steel. Material Chemistry and Physics. (65): 310-315.

Ying, L., Li, Q., Fuihui, W. (2003) The electrochemical corrosion behavior of TiN and (Ti,AI)N

coating in acid and salt solution. Corrosion Science. (45): 1367-1381.



107

You, H. —xia., Xu, H.-bin., Zhang, Y., Zheng, S.-li., Gao, Y.-ying. (2010). Potential-pH diagrams
of Cr-H,O system at elevated temperatures. Transactions of Nonferrous Metals Society
of China. (20): s26-s31.

Zaid, B., Saidi, D., Benzaid, A., Hadji, S. (2008). Effects of pH and chloride concentration on
pitting corrosion of AA6061 aluminum alloy. Corrosion Science. (50): 1841-1847.

Zhou, Q.G., Bai, X.D., Chen, X.W., Peng, D.Q., Ling, Y.H., Wang, D.R., (2003). Corrosion
Resistance of Duplex and Gradient CrN_Coated H13 Steel. Applied Surface Science.

(211(1-11)): 293-299.



MANUIN N

msrmang iihmspanseu
1 Y w L
anunumunszua Iihnsnansou
HAZMIAUIVUOAIINIINANITOUVDITHNMKANNA AISI4140
c:, 4 a afd d
FUNHANNA AISI 4140 Ngnnaeurmeanualasfiealylasa

z;’ Y a a(d d
HAZBUNUHANN ATSI 4140 ignasuAdedlasnsdlnndiaalasa



109

v o d Y U \ ] Y w \ t:
mswmiadnglwilinisnanieu sazanunmurdunszualiinisfaniouva v uau
v A d d
IMANNET AIST 4140 FuOMHANNAIAIST 4140 NgnnasuAnadlanvislasdisnlulasa
Qy H a a(d d
iz FUNUHANDMAISI 4140 ignindevdidseilaunalnmidionlulasa

1 o J [ 1 1 o U Qy [
ﬂWﬁﬂthh\l%l\lWﬂ"liﬂﬂﬂ'ii’)uua%ua$ﬂ"lﬂi$uﬁll1/\|°ﬂ1ﬂ1§ﬂﬂﬂiﬂu‘u@\1%u\ﬂuﬂ18ﬁa\1

[ ! Y 9 a A o o . . A
‘I/Iﬂﬁ’e)‘lJﬂTiﬂﬂﬂi@l&‘lﬂllﬂﬂ”lﬂﬂTiGlﬁb'T]JﬁLlﬂiumuﬂiilﬂiﬁ%u (linear regression program) N9

U

luinSe9 AUTOLAB PGSTAT 302H #4i35msmlasiimuadimitia 2 gauuuudulag
@ o ¥ o o o o o '
Tnanlsdundr ldmdonadiossinsasu Tusunsuagshimamuiaduasiszninga 2 99

A o Y o A =< 3 U 9 % 9 ] JREPN Aaan
Tlﬂ?ﬂl!ﬂ]hﬂﬂgl]‘ﬂ n.1 “Nuﬁﬂdfqﬂ@]ﬂig‘IKi’JNLﬁHﬂ’J”I?JBIﬁJGUE’NLﬁuﬂiW\IGIf’N‘VILﬂﬂ‘]Jj‘]ﬂim

1 Y
a =3 v A

o Tua uaziduanusuveudunimlsninnaljisemalng Tasiyadailazaiunsonia

q

dnglfhmsnaniounazainszuda Iihmsdansoula

200

156)

J

-200

d 1

FA0TAOTAIDIAAD

a

-400

A) ao (

J

corr

-600

-800

dnd 1 (Hadloa

TN N T [ TN O T N N Y I T S Y Y B
1T rrrrrrpprrrrrrrrTrrTTrT T T T

-1000 e

1.00E-09 1.00E-08 1.00E-07 1.00E-06 1.00E-05 1.00E-04 1.00E-03 1.00E-02
manurununszua i Qulasueuilapmstausuamas)

510 n.1 Bmsmadnd Wihmsnans eusaziazanszue lihmstans ounmdu Tnan s



110

NMIAUIUHIIATINMINANTOUVRITUNMIHANNEY  AIST 4140 T lalgnindevids Fuam
v g ¢ v

IMANNAAISI 4140 TigninaeuianreTlannalasiienlulasa uazsuaniumanndAIST 4140
d' A a v afd = Jd
ngninaevidelanndlnmitienlulasa

M3mpNoATIMInAnseudsan Idanmahmanunuiunszud i

o S v y v ) o '

msnanseunien lanmdu Tas Inar lsidu hminavyaveslans tagaNuRUILNYOY

Tanz unuadluaumsn a.1 Tasawaiimanansaunaiuda laszuaninaluniieiaamag

101

R e = (0.00327 ¥ 1 * )/ P (n.1)
Tag R, o 9R31IMIAAMINANITOU
(Haamasael))
I o amanumuuiunszud lihnsnansou
(B a
(luTasuonilaomusuamns)
A P v w ¢
c flo innsuauyadvesTans
p Ao ANUNUIMU YDA Tans

@ 1 J a
(ﬂihﬂﬂgﬂﬂ1ﬁﬂl%uml}ﬁi)



MANUIN U

4 a d' %4 % Y Y
ﬁuayaﬂuﬂ‘lﬂmﬂmﬁmmuiwm"liww

Ammsnaassannsaalumusloauan



Y 2 v A1 A
100 3.51ﬂaumumnmwm% 2

112

H T W % 1 Qy 4
M3190 v.1 adnd Ifhmsnanseuvesruauluasazaie Tadeuaas lsganuudu

Fua ) m ; AnaY ﬁuﬁmmummgm
B1 -572 -638 -605 46.67
B2 -636 -642 -639 4.24
B3 -572 -568 -570 2.83
Cl -538 -531 -534.5 4.95
C2 -531 -538 -534.5 4.95
C3 -532 -540 -536 5.66
T1 -548 -524 -536 16.97
T2 -541 -580 -560.5 27.58
T3 -502 -502 -502 0.00

Y 1 v A1 A
1090 3.51ﬂﬂumuﬂmmwm% 2

{ 1 o @ 1 2 J
A1519N V.2 ﬂTEW]31ﬂ1'§ﬂﬂﬂﬁﬂum@ﬁ%u31u1u575a$ﬁ161%@ﬂﬂﬂﬁ’f]lliﬂﬂ'ﬂlll"lal}ll"lglju

Fua ) 11 ’ Aunae fim'j'mmummgm
B1 0.1289 0.1348 0.1318 0.0041
B2 0.0652 0.0610 0.0631 0.0029
B3 0.0609 0.0663 0.0636 0.0039
Cl 0.0219 0.0221 0.0220 0.0002
C2 0.0059 0.0095 0.0077 0.0025
C3 0.0026 0.0028 0.0027 0.0001
T1 0.0237 0.0020 0.0129 0.0153
T2 0.0238 0.0017 0.0128 0.0156
T3 0.0039 0.0041 0.0040 0.0001




113

H T W % 1 Qy 4
M50 v.3 adnd Ifhmsnanseuvesruauluasazaie Tudeuaas lsganuudu

Y 2 v A1 A
100 3.51@amwuﬂmmwmﬁy 7

Fuan e AunaY ﬂ'uﬁmmuumsgm
1 2
B1 -533 -537 -535 2.83
B2 -532 -539 -535.5 495
B3 -599 -598 -598.5 0.71
Cl -485 -568 -526.5 58.69
C2 -455 -529 -492 52.33
C3 -405 -418 -411.5 9.19
T1 -476 -461 -468.5 10.61
T2 -455 -457 -456 1.41
T3 -426 -472 -449 32.53

{ 1 o @ 1 2 J
A159N V.4 ﬂTE]ﬁ31ﬂ1'ﬁﬂﬂﬂ'iﬂuﬂl@ﬁ%UQWHEluﬁWﬁa%aWﬂIGmaﬂﬂﬂﬁﬂklﬁﬂﬂ'ﬂlll"ﬂ}ﬂaﬁju

Y 3 v A1 A
1980 3.51ﬂﬂu1ﬂUﬂﬂﬂ1WLfJ"K 7

P asai L DL
FUNU : I ALNAY ANLOAVUNINTIIV
Bl 0.0952 0.0930 0.0941 0.0016
B2 0.0399 0.0662 0.0531 0.0186
B3 0.0071 0.0067 0.0069 0.0003
Cl 0.0023 0.0021 0.0022 0.0001
C2 0.0018 0.0016 0.0017 0.0001
C3 0.0011 0.0014 0.0012 0.0003
T1 0.0020 0.0019 0.0019 0.0001
T2 0.0016 0.0017 0.0017 0.0000
T3 0.0007 0.0006 0.0006 0.0001




114

H T W % 1 Qy 4
M319N v.5 adnd Ifhmsnanseuvesruauluasazaie Tadeuaas lsganuudu

Y 2 v A1 A
100 3.51@amwuﬂmmwmﬁy 10

Fuan e AunaY ﬂ'uﬁmmuumsgm
1 2
Bl -587 -577 -582 7.07
B2 -596 -594 -595 1.41
B3 -560 -558 -559 1.41
Cl -473 -458 -465.5 10.61
C2 -423 -420 -421.5 2.12
C3 -354 -485 -419.5 92.63
T1 -459 -480 -469.5 14.85
T2 -477 -450 -463.5 19.09
T3 -433 -449 -441 11.31

{ 1w @ 1 2 J
A5 19N V.6 ﬂTE]@]31ﬂ1'§ﬂﬂﬂ‘iﬂuﬂl@ﬁGHUQWHGluﬁWiagﬁﬁlic]ﬂaﬂﬂﬂﬁﬂllﬁﬂﬂ'ﬂill"lal}ﬂ"lglju

Y 3 v A1 A
1980 3.51@ﬂu1ﬂUﬂﬂﬂ1WLﬂ"K 10

] ﬂ%\‘l‘ﬁ yoa y o
FUITU ANURAY ANVYUVUNINTITU
1 2

B1 0.0080 0.0088 0.0084 0.0006
B2 0.0079 0.0069 0.0074 0.0007
B3 0.0053 0.0055 0.0054 0.0001
Cl 0.0021 0.0022 0.0021 0.0001
C2 0.0017 0.0016 0.0017 0.0001
C3 0.0003 0.0011 0.0007 0.0006
T1 0.0021 0.0021 0.0021 0.0000
T2 0.0017 0.0036 0.0019 0.0003
T3 0.0019 0.0021 0.0020 0.0001




MANUIN A

MNIBTVIITUNMIHANNAIAISI 4140
PR A A A s Y = A A
nliignindeuA ) TUIHANNAIAISI 4140 TigNIAABUR"
ard J a Y
aetlannalasiienlulasa nazsuanumannAISI 4140 Nign

A a Y Aafd = [ Y] [y v
!ﬂﬁf.’)‘l.lN’Jﬂ'JfJ‘I/‘IE’]NU1ﬂllﬂ!Tl!HﬂN‘1ullﬂﬁﬂﬂ@ﬂ!!ﬁ%ﬁﬁﬂﬂ1§ﬂﬂﬁi’)ﬂﬂ1‘§ﬂﬂﬂﬁi’]u



116

{ 1 1 1% [ ' Y <
msnﬁ f.1 ﬂ"lﬁl’f)slfﬂ’f)ut!,ﬁgﬁaﬂﬂ"li‘ﬂﬂﬁ@1Jﬂ"liﬂﬂﬂi@u‘ll’f)\‘lslfu\i"lulﬂﬁﬂﬂéﬁ AISI 4140

Fuan MABTNOUMINATOUMINANTOU | ANBTHAINITNATOUMINANTOU
2.00 1.93
B1 7.00 6.25
10.00 7.26
2.00 1.95
B2 7.00 6.50
10.00 7.45
2.00 1.97
B3 7.00 6.55
10.00 7.90

{ 1 ' o (% 1 2 < {
ﬂ?ﬁNﬁ .2 ﬂ"lﬁLﬂ%ﬂﬂut!ﬁ%ﬁa\‘]ﬂﬁ‘ﬂﬂﬁﬂﬂﬂﬁﬂﬂﬂﬁf)uﬂl@ﬂ%uﬁu!‘ﬂaﬂﬂéﬁ AISI 4140 'ﬁgﬂ

wdoumdreiduunlnsmenlulase

Fruan MATNOUNITNATOUMINANTOU | AMNOFHAINTNATOUNTAANTOU
2.00 2.10
Cl 7.00 6.78
10.00 8.32
2.00 2.13
C2 7.00 6.80
10.00 8.34
2.00 2.15
C3 7.00 6.53
10.00 7.81




117

{ 1 1 o v 1 2 < {
msnﬁ .3 ﬂ”l‘l?‘ll’t’)sb'ﬂ’f)uLlagﬁﬁ\‘lﬂ1ﬁﬂﬂﬁﬂ‘ﬂﬂ?ﬁﬂﬂﬂﬁﬂuﬂl@\icﬁuﬂu!‘ﬁaﬂﬂéﬁ AISI 4140 “ﬁgﬂ

A a g ad )=\ 4
ma@umm&ﬂaumﬂmmuﬂu"lullmﬂ

Fuan MABTNOUNMTNATOUMINANTOU | MNOFHAINTNATOUNTNANTOU
2.00 2.11
T1 7.00 6.04
10.00 7.95
2.00 2.00
T2 7.00 6.53
10.00 7.65
2.00 2.04
T3 7.00 6.14
10.00 7.51




MANHIN 3

MNANHUSNURIVBITUNKANNAT ALSIT 4140

De

<

v A A 0, ~ A A
1 laigninas U IBUNMHANNAIAIST 4140 NgNIAAB DA
afd ¢ a
aeanalasdenlulasg uaziuaiunannaiAISI 4140

d' A a v afd = d 1 [y '
ﬂgﬂ!ﬂﬁ’ﬂﬂﬂ?ﬂ]ﬂwQN‘].IN"l‘Vl!TIEHEJNllu"lﬂiﬂﬂf’)ﬂﬂﬂﬁ@‘ﬂﬂ1ﬁﬂﬂﬂ‘if’)‘t!

119



119

1 . S
STREC 15KV . _STREC = ISKY

(1) FUNU B2 (@) FUNU C2 () FUNU T2

1 i ! 1
STREC 15KV 25 i STREC 15KU B Sm STREC 15KUY
¥

(%) U9 B3 () FUU C3 (QY) FUNU T3

~ o &’ a 2 < Y ~ 1 A a £ I Y
s 4.1 mmdnpagiuAIvesFuumrannd AISI 4140 1 hignindeudd Fuaumannd)
A A a 9 ad =\ J 2 < 9
AISI 4140 NgmndeurmIdseilavinaTasiion lulasa uazdunumannd
{ a gy a o 4
AISI 4140 fignindeurIdreilauue Tnidion Tulasé

noUNATOUMINANTOU




HNNANUIN

namsdnsztiosntsznoumauniidlamaiia EDX
VDITUNMWHANNAIATSIA140 FUNHANDAIATIST 4140 Hignindou
a a(d dJ a Y
AadeTlanalasdienlilasa vazsunimmanndr AISI 4140 fign

Y

A a Aafd =~ d v [ [V \
!ﬂﬁf’]‘lJN'Jﬂﬁﬂﬂﬁﬁl‘lﬂﬁulﬂ!ﬂ!uﬂﬁ»lnlu“!ﬂ‘iﬂﬂﬂu!!ﬁ&’ﬁﬁQﬂ1§‘ﬂﬂﬁf’]‘ﬂﬂ1§ﬂﬂﬂ§’0u



121

FeL

100 pm

f) NN SEM

Fek

L L

2.00

400 600 600 1000 1200 1400 1600 18.00 200 400 600 .00 10.00 12.00 1400 16.00 18.00

V) galpasuusne 1 ) alpasuusnm 2

A U a L4 J = dy a
g‘]J“VI 2.1 MND18 SEM LagHans 3512 He9als2noumualuunuHiIves

Y v
FUU B2 MOVAINATOUNTNANTOUNAINLDY 2




122

) NWD18 SEM

Fel Fek

y — I L L

200 400 600  §.00 1000 71200 1400 1600 18.00 200 400 600  8.00 10.00 1200 1400 1600 1800

¥) anlnasuusna 1 f) anlpasuusHm 2

~ J a 4 4 =\ .i’ a
5UN 9.2 MWa19 SEM Lagnan1sans 1z iednlsenoumaaluununIved

U

Y 1 { 1
FUNU B3 Moviaanagoumsnansouiiaiiites 2




123

el

) NWD18 SEM

0K

oK IJ CIK oK

2.00

A00 600 800 1000 1200 1400 16.00 18.00 200 400 600 8.00 10.00 1200 1400 1600 18.00

V) alnasuus N 1 f) arlpasuusm 2

d‘ 1 a J 4 =\ &’ a
5U% 9.3 7MW019 SEM tazramsains1zioinlsenounanluununiIves

Y

Y v
FUNU Bl Moviaanagoumsnansouiiaiies 7




124

“AccV  Spot Magn
£200kv 40 200x

Fel

) — I

GO ~

Det WD Exp 1 100um
SE 1001 10

-

f) AIND18 SEM

| .

FeK

L

200 400 6.00 8.00 10.00 1200 1400

V) alpasuus M 1

16.00

18.00 200 400

6.00  8.00 10.00 1200 1400 1600 18.00

) alpasuusm 2

~ 1 a 4 4 = ‘i} Aa
51U 9.4 NIND1Y SEM HAZHANITIATIZHOIATENDUMIANUUNUAIVOI

U

Y 1 { 1
FUNU B2 Meviaanagoumsnansouiiaiiies 7



125

e o S 1
‘ﬁ\.‘.}
LT

~ "
e® .8 n

Py

-,
! ™

-

F—— 100um
12

f) MW SEM

FeK

L

200 400 GO0  6.00 1000 1200 1400 1600 18.00 200 400 600  8.00 10.00 1200 1400 71600 1800

V) alnasuus M 1 ) alnasuusnm 2

A U a L4 J = dy a
;i“]J“VI 2.5 MND19 SEM Lazram3 A5 12HoInlsenoumanluununIves

Y 1
FUNU B3 Moviaanagoumsnansouniaiies 7




126

Fel

CK

) MNa1Y SEM

-

| S—T

FeK

2.00

400 600 800 10.00 1200 1400 7600 1800 200

V) glnasuusnm 1

4.00

6.00  8.00 10.00 1200 1400 1600 18.00

M) alpasuusnm 2

A U a d J = t&l a
g“ﬂ“l’l 2.6 MND1Y SEM LazHan1sns1zHesnlsenoumauniluununIves

y 1
FUIU Bl Meraanagoumsnaniounaies 10




127

i

) NWD18 SEM

FeK

Crk i l

200 400 600 B.O0 10.00 1200 14.00 1600 18.00 200 400 600  8.00 10.00 1200 1400 16.00 18.00

¥) anlnasuusoa 1 A) anlpasuusHm 2

a‘ 1 a Jd 4 = &’ a
5UN 9.7 Mg SEM tagnan1sans 1z iesnlsenoumanl uununIves

Y

Y 1 { 1
FUNU B2 MIaInagoUNsnansounmiey 10



128

STETRL

]

) NND18 SEM

FEK 0K Fek

Fel

200 400 600  B.00 1000 1200 1400 1600 18.00 200 400 500 800 10.00 1200 1400 16.00 16.00

V) alpasuusnm 1 ) alpas 5w 2

A~ J a L4 J = ‘i} a
sUn 9.8 NND1®Y SEM HAZHANITIATIZHOIATENDUMIATUUNUAIVOI

U

Y 1
FUNU B3 MIMaInadoUnsnaniounmnoy 10



129

CIK
Sik

) AN SEM

Fek

Crk

0K
NK

FeK

L

2.00

4.00

6.00 300 1000 1200 1400 1600 18.00

f) alnasuusnm 2

200 400 600 800 10.00 1200 1400 71600 18.00

V) anlpasuuso 1

0K

Fek

miny

200 400 600 @00 10.00 1200 1400 1600 13.00

Q) aulpasuusnm 3

P~ U a d J = é] a
gﬂ“l’l 2.9 MND18 SEM LazHan1sas1zHenlsenoumauniluununIves

Y 1
FUNIU C2 MIHAINATOUMINANTOUNAINIDY 2



130

&

VI3 § % : ; K

A

UM 2

‘.—ﬁﬁal-l"[il i . | FlEK

200 400 600 800 10.00 1200 1400 71600 18.00

f1) MND18 SEM V) gilpasuusnm 1
ik FeK
Fel
SiK
K
Ok Fek Crk
2.00 400 600  8.00 1000 1200 1400 1600 18.00 200 400 600  B.00 1000 1200 1400 16.00 18.00
f) anlnasuuso 2 9) anlpasuusom 3

A 1 a 4 J = &’ a
5UN 9.10 MW018 SEM LazHam s 1A51eHe9alsenoumualuunuiives

U

Y v
FUNU C3 MeriaanagouMsnansouiaIiey 2



131

) NWD18 SEM

0K

Fek

200 400 6.00 800 10.00 1200 1400 16.00 18.00 200400 ROD RNM I0AD12.00 1400 1600 1800

V) alpasuusnm 1 ) alpas 5w 2

A ' a P a X a
51JVI .11 MWD SEM llﬁzwaﬂ]ﬁ')Lﬂi131’?@Qﬂﬂi$ﬂﬂﬂ‘ﬂ1%ﬂ3\lﬂuwuW')"U'EN

U

Y 1 { 1
FUNU C1 MIriaInagoUNInANToUNANLDY 7



132

U510 2

()

) NWD18 SEM

Ok tk
0K
NK
0K FeK
NK
e
FeK
l ‘HM - + — — TR R
200 400 600 GO0 1000 1200 1400 1600 16.00 200 400 GO0 800 1000 1200 1400 1600 1800
V) gilnasuusnm 1 ) glpasuusnm 2

P~ U a 4 J = ,&’ a
gﬂ‘i’l 9.12 NN SEM !LEWWﬁﬂ1i’JLﬂ51$W@Qﬂﬂ‘§$ﬂﬂﬂ1’l1ﬂlﬂuﬂuwuW’J"’UEJ\‘]

y '
FUNIU C2 MOKAINATOUMINANTOUNAINLOY 7




133

Usnm 2

apl
) &

-

Ui 1

) NWD18 SEM

0K
NK

FeK

"y

200 400 600 .00 10.00 1200 1400 16.00

V) gilpasuusnm 1

18.00

K

Sik
aK

CIK

KK

FeK

CIK

2.00

400

6.00

8.00 10.00 1200 1400 16.00 18.00

) alpasuusnm 2

P~ U a 4 J = é] a
gﬂ‘i’l 9.13 NND1Y SEM !Lﬁ%Wﬁﬂ13’3Lﬂ513W@Qﬂﬂ‘i$ﬂ@ﬂ1’l1\1lﬂuﬂuwuW’JGUEN

y '
FUNIU C3 MOKaINATOUMINANTOUNAINLOY 7



134

) NWD18 SEM

0K
NK

FeK ok |
‘ b

-
200 400 600 8.0 10.00 1200 1400 16.00 18.00 200 400 600 800 10.00 71200 71400 1600 18.00

V) gilpasuusnm 1 ) dulpasuusnm 2

A 1 a 4 J = dy a
g‘ﬂ‘l’l .14 NNO18 SEM LazHan15 3512 09AlsenoumunluunuHiIves

Y v
FUNU C1 MIVAINATOUNITNANTOUNAINLOY 10



135

0K
NK

) NWD18 SEM

FeK

0K
NK

Usm 2

FeK

L

200 400 600  B.00 10.00 1200 1400 1600 18.00

V) gulpasuusnm 1

200

4.00

) alpasuusm 2

6.00 800 10.00 1200 1400 1600 18.00

A ' a 4 J = é’ a
gﬂ‘i’l 9.15 NN SEM !LEWWﬁﬂ1i’JLﬂ51$W@Qﬂﬂ‘§$ﬂﬂﬂ1’l1ﬂlﬂuﬂuwuW’J"’UEJ\‘]

Y v
FUNU C2 MIVAINATOUNITNANTOUNAINLOY 10



136

) NWD18 SEM

Gk K
0K CIK
CK KK
0K
NK
Nak
Fek
FeK
200 400 ROD  ROD 100D 1200 1400 1600 1800 200 400 600 800 10.00 1200 1400 1600 18.00
V) gilnasuusom 1 ) dilnasuusm 2

A ' a 4 J = é’ a
gﬂ‘i’l 9.16 NND1EY SEM !LEWWﬁﬂ1i’JLﬂ51$W@Qﬂﬂ‘§$ﬂﬂﬂ1’l1ﬂlﬂuﬂuwuW’J"’UEJ\‘]

y v
FUNIU C3 MoraInagoUMInansounaINey 10



137

- B

Usm 2

STREC 15KV

) NN SEM V) gilnasuusm 1

Fe Fe

Lr
Ti Mn FE
T H Ti o Lﬂk
£ 10

) alnasuusnm 2 9) anlpasuusom 3

~ 1 a 4 J = g a
gﬂﬂ .17 NNO18 SEM LazHan15 3512 e9alsenoumunluunuiives

Y H
FUNU T2 NINAINATOUMINANTOUNAINLDY 2



138

fe

Ti

Ba
Ba

l
1

Ti
Fa
e Ba ?A B Fe
e rrmd UL
]
) NND18 SEM V) glpasuusnw 1

Ti

Ba
Ba
Ti

Fa
Ba e

| ' ' ' j i j j | ' ' ' ' |
10 5 10

f) anlnasuusn 2 9) anlpasuusnm 3

A U a 4 4 = .&’ a
5UN 9.18 7MND18 SEM LazHams 1A51eHe9AlsenoumualuunuHiIve

U

Y 1 { 1
FUNU T3 NINAINATOUNMINANTOUNAINLDY 2



139

Ti

Ba
Ba

f) NN SEM

Ba

Ti Fa

EA Ba Fe
I
]

V) glpasuusnm 1

Na Ti
fe B
0 s Ca) Ba
oA 8  Ba|Ti e
{1 My 5 [a | B Fe |
| o T i .
10 ] 10

) alpasuusnm 2

A 1 a L4 J = dy a
;i“]J“VI .19 NNWO18 SEM LazHan15 3512 e9AlsenoumunluunuHiIves

Y H
FUNU T1 NINAINATOUMINANTOUNAINLDY 7



140

Ti

STEPLT

188Fm s
1288 14mm —

) AN SEM V) anlpasuuso 1

f) alnasuusnm 2 Q) aulpasuusnm 3

A 1 a L4 J = dy a
gﬂﬂ .20 NNWO1Y SEM LazHan15 3512 H09alsenoumunluunuiiIves

Y [
FUNU T2 MINAINATOUMINANTOUNATNLDY 7



141

Ti

STETRLTR

YW 2 : Bl

25

o 503

Ba

(
s i . Fe Tﬁa Fe
L = SKU o A : ! | Fe
STREC 15KLU t‘ SllS : Ba % Ba
' T T
5 10
) AN SEM V) anlpasuuso 1
0

10

A) alnasuusoa 1 9) andpasuusm 2

a‘ 1 a J 4 = g a
5UN 9.21 7MN018 SEM LazHam s 1A51eHe9alsenoumualuunuHives

Y

Y H
FUNU T3 NINAINATOUMINANTOUNAINLDY 7




142

o R Ti
o f
b o B
YIIU 3 S T - 5
- ; Ba
1& K- = Fa Tia Fe
L e i Fe
STREC 15KU _ A< B EA B
- T = — — T T T T = T Y |
5 1
) AN SEM V) anlpasuuso 1

Fe

I
1

f) alnasuusnm 2 Q) aulpasuusnm 3

A 1 a L4 J = dy a
gﬂﬂ .22 NNO18 SEM LazHan15 3512 He9alsenoumunluunuiiIves

Y [
FUNU T1 MINAINATOUMINANTOUNAINIDY 10



143

Ti

Ba
Ba

Brm |
a . bEmm:,
™

f) NN SEM

T
l fe

Ba ?A Ba Fe

R

g 10

V) glpasuusnm 1

) alpasuusnm 2

A 1 a L4 J = dy a
g‘ﬂ“l’l .23 NNO18 SEM LazHan15 3512 e9alsenoumunluunuiiIves

Y [
FUNU T2 MINAINATOUMINANTOUNAINIDY 10



144

) MWD SEM

Ti

Ti

V) alpasuusnm 1 ) alpas 5w 2

P~ U a L4 J = t&l a
g“ﬂ“l’l .24 MND18 SEM Liagnam s s 1eHiesnlsenaumaaluunumIves

y H
FUNIU T3 MIRAINATOUMINANTOUNMNIDY 10



MANHIN Y

a d' Yo a A d Y
‘]J‘Ylﬂ’J13J’J“lﬂﬂ'li‘l’lllﬂ‘i‘ljﬂ”lﬁﬂ‘WN‘W!NEI!!‘Wi



A a ~ Yo A A d '
‘i12]“[5ﬁ)‘U‘Vlﬂ'J13»1'JGII1ﬂ1i‘i’ﬂﬂ‘iﬂﬂ1iﬂWNW!Nﬂ!!W5

C. Keawhan, P. Songsiriritthigul, N. Witit-Anan, P. Wongpanya, Corrosion Behavior of AISI
4140 Steel Surface Coated by Physical Vapor Deposition. Journal of Metals, Material

and Minerals, Vol. 22 No. 1 pp. 69-76, 2012.



Journal of Metals, Materials and Minerals, Vol.22 No.1 pp. 69-76, 2012

Corrosion Behavior of AISI 4140 Steel Surface Coated by
Physical Vapor Deposition

Chonthicha KEAWHAN' , Pornwasa WONGPANYA"",
Nirun WITIT-ANUN’ and Prayoon SONGSIRIRITTHIGUL®

'School of Metallurgical Engineering, Institute of Engineering,
Suranaree University of Technology, Nakhon Ratchasima, 30000 Thailand,

’Department of Physics, Burapha University, Chonburi, 20131, Thailand,
’School of Physics, Suranaree University of Technology, Nakhon Ratchasima, 30000, Thailand,
ISynchrotron Light Research Institute (Public Organization),
Nakhon Ratchasima, 30000, Thailand,

Abstract

The corrosion behavior of uncoated and CrN-coated onto AISI 4140 steel was studied by
clectrochemical technique. Firstly, the AISI 4140 steel samples were solution heat treated and oil
quenched in order to achieve proper hardness. Then, they were surface-prepared with alteration of
surface roughness by using SiC paper at different numbers of 180, 600, and 1200 prior to CrN
coating. The samples were coated with CrN film by physical vapor deposition (PVD) technique.
The corrosion behavior of the uncoated and CrN-coated samples was studied in air-saturated 3.5
wi% NaCl solution at the pH values of 2, 7 and 10 at room temperature. Before and after corrosion
testing, the surface of the uncoated and CrN-coated samples was characterized by scanning electron
microscopy (SEM) with chemical composition analysis by energy dispersive X-rays (EDX).The
results showed that the CrN-coated samples exhibited lower corrosion rate than the uncoated
samples at all pH. values. In addition, it was found that corrosion rate of the uncoated and CrN-
coated samples significantly altered with the surface roughness of the substrate prior to coating.
The finer surface roughness is, the more corrosion resistance is.

Keywords: AISI 4140 steel, Chromium nitride coating, Electrochemical technique, 3.5-wt% NaCl
solution.

I
parts are focused on wear and hardness.""

But, in several services they have been used
in corrosive environments such as lubricant,
gaseous and liquid environments resulting in

Low alloy steels have been commonly reduction of performance and lifetime of
used in many engineering applications, those parts. As a result, surface modifications,
especially parts in the automotive industry i.e. Physical Vapor Deposition (PVD),
such as crankshaft, gear, pinion, bolt and Chemical ~ Vapor  Deposition  (CVD).
various machine tool components because Nitriding, ~Carbonitriding and  Thermal
they have good mechanical properties and spraying, are widely used to improve their

Introduction

they are easily fabricated. In general, those
parts are usually used for wear and abrasion
applications. Therefore, the parts require high
hardness of surface for increasing wear and
abrasion resistance. The properties of the

surface in order to achieve better wear,
abrasion and corrosion resistance. However,
the PVD technique 1s a popular method used
for improvement of surface because it is safe
and clean technology.”’ PVD coatings are

Email address: pornwasa@sut.ac.th
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mostly composed of metal nitrides such as
TiAIN, CrN and etc. that are employed as a
protective film due to it has good hardness,
chemically inert and thermal stability leading
to improve corrosion resistance."”’ Properties
of PVD coatings, such as corrosion, wear and
abrasion resistance, depend on various
parameters in accordance with type of
substrates, microstructure of  substrates,
thickness and porosity of the PVD coatings.
However, it still remains in question about the
effective surface roughness of substrate prior
to PVD coating on properties of the coating in
particular for NaCl solutions with various
pHs. In order to understand the effect of
surface roughness of substrate on the
corrosion behavior of AISI 4140 steel surface
coated by physical vapor deposition (PVD) in
air-saturated 3.5 wt% NaCl solution at pH 2,
7 and 10, the electrochemical technique has
been used in this study. After electrochemical
testing, the corroded surface of samples was
investigated by scanning electron microscopy
(SEM) with chemical composition analysis by
energy dispersive X-rays (EDX).

Materials and Experimental Procedures
Sample Preparation

Low alloy steel with code name AISI
4140 was employed as the substrate in this
study. The chemical compositions of AISI
4140 were measured and listed in Table I.
Firstly, the AISI 4140 steels were cut to
obtain dimension 10x10x2° mm. After that,
the samples were austenitized at 850°C for
30 minutes and oil-quenched. Then, the
samples were polished by using SiC at
various grit numbers, i.e. 180, 600 and 1200,
in order to prepare difference of surface
roughness. In addition, the surface roughness
(R, value) of the samples was measured by a
profile-meter (Veeco) model as shown in
Table 2. Then, the samples were rinsed by
distilled water, acetone and were air-dried
before PVD coating.

Table 1 : Chemical compositions of 4140
steel (in wt. %).

Grade | C Mn |Cr |Si Mo | Fe

4140 {047 [0.78 | 0.81 [ 0.26 | 0.19 | bal.

Table 2 : The average surface roughness (R,).

Substrate R, (in nm)
Prior to coating | After coating
180 SiC 563.13 294,32
600 SiC 200.12 165.56
1200 SiC 3114 30.92

Coating Preparation

The PVD sputtering process was
employed to prepare chromium nitride (CrN)
coating. The target used for coating process
was made of chromium with 99.9% purity.
The samples were cleaned in an ultrasonic
cleaner for 20 minutes and were dried prior to
coating process. The chromium nitride (CrN)
coating was deposited onto the samples with
the deposition conditions as shown in
Table 3.

Table 3 : Deposition conditions of CrN

coating.
Ar flow rate 9 scem
N, flow rate 6 scem
Base pressure 5.0 x 10 mbar

Working pressure 3.5 x 10”7 mbar

Current 800 mA
Voltage 456 V
Deposition time 45 min
Target-to-substrate

2 15¢em

spacing

Coating thickness 0.914 ym
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Corrosion Testing

Electrochemical technique was used
to study the corrosion behavior of the CrN
coating onto the AISI 4140 steel and carried
out by using a p-Autolab software (General
Purpose Electrochemical, GPES). A three-
electrode cell was used for the polarization
measurements. A silver/silver  chloride
(Ag/AgCl) electrode and graphite electrode
were used as a counter and reference
electrode, respectively. The study of
corrosion behavior was firstly started by
measuring the open circuit potential (OCP),
Then, the samples were polarized to
potentials ranking from -900 mV to +200 mV
ata scan rate of 1.0 mV/s in air-saturated 3.5
wit% NaCl solution at pH 2, 7 and 10 and
27°C. The pH of solution was adjusted by
addition of hydrochloric acid (HCI) and
sodium hydroxide (NaOH) for acidic and
alkaline solutions, respectively. The tested
areas of the samples were 0.85 c¢m’. The
polarization curves were used to evaluate
corrosion behavior in terms of corrosion
potential (Eor) and corrosion current density
(Icon) on the basis of the Tafel analysis afier
potentiodynamic polarization measurements.
The corrosion rate (R,,,) was calculated
from the corrosion current density after the
Faraday’s law. Before and after the
electrochemical testing, the surface of the
uncoated and CrN coated samples was
examined by using scanning electron
microscopy (SEM)  with  chemical
composition analysis by energy dispersive X-
rays (EDX).

Results and Discussion

Effect of CrN Coatings on the Corrosion
Behaviour

Figure 1 shows the polarization curves
of the uncoated and CrN coated samples with
alteration of surface roughness tested in air-
saturated 3.5 wt% NaCl solution at pH 2, 7
and 10. The polarization curves were

recorded from -900 mV to +2Q0 mV with the
scan rate of 1.0 mV/s. The important
parameters estimated from the polarization
curves are listed in Table 4.

Table 4 : Important values evaluated from the
polarization curves of uncoated and
CrN coated samples tested in air-
saturated 3.5 wt% NaCl solution.

pH Samples | Sicpaper | B | o |
Na. 180 -571 | 1098 | 0.1289

Uncoated | No600 | -636 | 5.55 | 0.0652

o2 No.1200 | -572 | 5.19 | 0.0609
No.80 | -538 | 7.43 | 0.0219

CN | Nog00 | -531 | 2.00 | 0.0059

. No.1200 | -532 | 0.89 | 0.0026
No.80 | -533 | 811 | 00952

Uncoated | No.600 532 340 | 0.0399

oH7 No.1200 | -599 | 0.60 | 0.0071
: No.180 -485 | 0.77 | 0.0023

CrN No.600 | 455 | 0.60 | 0.0018

w. B No.1200 | -405 | 0.36 | 00011
No.180 | -587 | 0.68 | 0.0080

Uncoated | No.600 | -596 | 0.67 | 0.0079

pH 10 No.1200 | -560 | 045 | 0.0053
No.180 | -473 | 0.70 | 0.0021

N | No600 | 423 | 0.59 | 0.0017

No.1200 | -354 | 0.10 | 0.0003

Ecor  Corrosion potential (mV, Ag/AgCl)
lor  Corrosion current density (pA/em?)
Rumy  Corrosion rate (mm/year)

It is obvious that the CrN coating
significantly affects corrosion properties of
the AISI 4140 steel in particular the corrosion
potential (Eco) and corrosion current density
(Leorr). From the comparison of the corrosion
potential (E..,) of the CrN-coated samples
and uncoated samples, it is found that the
corrosion potential (Egy,) is shifted to more
positive value, if the samples were surface-
coated by CrN.
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Figure 1 : The  polarization curves of
uncoated and CrN-coated samples
tested in air - saturated 3.5 wt%
NaCl solution.

For example, at pH 2 the corrosion
potential (E,;) of the uncoated sample with
the highest surface roughness (No.180) is -
571 mV, while the corrosion potential (Ecoy)
of the CrN-coated sample is increased to -
538 mV. And, there is the same trend at pH 7
and pH 10. In addition, it is found that the
CrN-coated samples have lower corrosion

current densities (L.or) than the uncoated,
samples at all pHs.”) Those results indicate
that after application of CtN coating onto the
surface of bare steel, the corrosion resistance
is better. The reason, why CrN enhances the
corrosion resistance, is due to the fact that
nitrogen atom in the nitride layer firstly
dissolved into the solution, and it could repel
the Chloride ion (CI) away from the sample
surface. The nitrogen anion (N') then
combines with hydrogen ion (H') in the
solution to form the ammonium (NH,")
resulting increase of solution pH. Finally,
corrosion  attack from the solutions

decreases.”

Effect of pH of Solution on Corrosion
Behaviour

In order to study the effect of pH of
solution on corrosion behavior of the
uncoated and CrN coated samples tested in
air-saturated 3.5 wt% NaCl solution, the
solution was pH adjusted by addition of
hydrochloric acid (HCl) and sodium
hydroxide (NaOH) for pH 2 and 10,
respectively. Then, the corrosion testing was
done at the same procedure. From the
polarization curves, shown in Figure I,
corrosion rate in terms of millimetre per year
(mm/yr) is calculated and plotted with various
pHs of solution as shown in Figure 2.

B Uscoased_AIS|4140_No 18D
o Uncoated_ASEA140_No 600
012 M Uncassed_AISI4140_No | 200
[0 CrN couted om AISTA14D_ No 180
I (1N coated om AISLAT40_ Mo 600
N costed om ABS] 140 No 1 200

o

(=4
=
=

Corrosion rate in mm/year
= =
® F

=
2

=
2

phi2 pHT pHI0
pH of 3.5 wt® NaCl solution
Figure 2 : Corrosion rate of uncoated and
CrN coated samples with various
pHs of solution.
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It is obvious that the corrosion rate
decreases as the pH of solution increases. The
highest corrosion rate is observed at pH 2
because the solution was adjusted by HCI
acid that significantly increased chloride (CI)
ion and hydrogen ion (H') in the solution.
This means that the solution at pH 2 is more
aggressive than that at pH 7 and pH 10. The
corrosion attack is more severe in the
uncoated samples than in the CrN-coated
samples. Even though the CI ion still attacks
the CrN coating as the same in the uncoated
samples, corrosion appearance is not the
same. Because the CI' ion attacks at the
specific area of CrN coating i.e. pore and
crack, then it penetrates to the substrate
resulting in pitting corrosion.'” Moreover,
there is more available hydrogen ion (H') in
solution causing H, evolution resulting
increask: in the corrosion rate at pH 2 more
than p[j Tand 10. At pH 10, it was found that
the uhcoated sample with the smoothest
surface shows passive behavior. This is due to
the fact that iron can form hydroxide film at
basic pH more than 7. As a result, the
corrosion resistance in basic solution is better
than in acid solution.

Effect of Surface Roughness on Corrosion
Behavior

‘In order to investigate the effect of
surface roughness on corrosion behavior, the
samples prior to PVD coating were surface-
prepared by using different SiC numbers. The
average surface roughness in R, values of
each sample both before and after coating was
measured by using the profile-meter (Veeco)
model as listed in Table 2. It clearly
demonstrates that the average surface
roughness (R,) of the samples prior to coating
decreases with the number of grinding paper
increases. Moreover, it is obvious that the
surface roughness of sample prior to coating
also affects the surface roughness of the CrN-

coated samples. The effect of surface
roughness of uncoated samples on corrosion
rate at pH 2, 7 and 10 is shown in Figure 3. It
is obvious that corrosion rate significantly
increases with the surface roughness of the
substrate, especially at pH 2 and pH 7. In case
of pH 7, surface roughness slightly affects the
corrosion rate. Figure 4 also shows effect of
surface roughness on corrosion rate of the
CrN-coated samples. It is obvious that the
CrN coated onto the rougher surface has a
higher corrosion rate than the CrN coated
onto the smoother surface. The evidence of
increasing corrosion rate can be observed at
pH 2. In contrast to pH 2, there is slightly
increasing of corrosion rate at pH 7 and 10.
This is due to the fact that higher surface
roughness leads to a higher number of defects
in the coating and also results in lower
complete coverage of the sample by the
coating. Those results also have the same
trend as shown in the uncoated samples. And,
those can be used to confirm that the surface
roughness of substrate prior to coating
significantly effects on the deposition of CrN
film. %
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Figure 3: Corrosion rate of uncoated samples
with different surface roughness
in air - saturated 3.5 wt% NaCl
solution at pH 2, 7 and 10.
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Figure 4 : Corrosion rate of CrN - coated
samples with different surface
roughness in air - saturated
3.5 wit% NaCl solution at pH 2, 7
and 10.

Corrosion Morphology

|
il
7

The SEM images of the uncoated
samples after corrosion testing in air-saturated
3.5 wt% NaCl solution are shown in Figure 5.
Corrosion products appear on corroded
surface of all samples, but there is different in
the amount and lgcation of corrosion
products. There are more corroded areas in
the sample with the highest surface roughness
than in the sample with the finest surface
roughness. This is certainly true, if the pH of
solutions is 2. And, it can be observed in
Figure 5a and the corrosion products appear
along the scratch of grinding.

¢) No. 1200 SiC paper at pH 10

Figure 5 : SEM images of the uncoated
samples after corrosion testing
in air - saturated 3.5 wt% NaCl
solution at pH 2, 7 and 10.

Moreover, it is “found that the
uncoated samples with the finest surface have
a little amount of corrosion products in
particular at pH 10 and they represent the best 4k
corrosion resistance. The compositions of
corrosion products evaluated by EDX are
shown in Figure 6. From the EDX analysis, it Fok
reveals the content of Fe and O representing
the corrosion products.

| I

z.00 4.00 6.00 B8.00 10.00 12.00 14.00 16.00

Figure 6: The EDX analysis of spectrum A.
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¢) No. 1200 SiC paper at pH 10

Figure 7 : SEM images of the CrN coated
samples after corrosion test in air-
saturated 3.5 wt% NaCl solution.

Figure 7 shows the SEM images of the
CiN coated samples after corrosion testing in
air-saturated 3.5 wi% NaCl solution. It is
obvious that the CrN-coated samples have
less corrosion products in comparison with
the uncoated samples (Figure 5) at the same
condition for testing. From the results, it is
shown that the CrN film represents as a
protective film which can be used to reduce
corrosion attack of NaCl solution. In addition,

the results show that the corrosion resistance
of the CrN film drastically depends on the
roughness of substrate and pH of solution.
For example, the CrN coated samples with
the highest surface roughness and tested in
solution at pH 2 (Figure 7a) exhibit the worst
corrosion resistance. This is due to the fact
that some parts of the CrN film break and
remove from the substrate resulting in the ion
penetrates easily into the CrN coating and
attacks the surface of substrate. The
breakdown of the CrN film is a result from an
imperfection of adhesion between the CrN
coating and substrate. In contrast, the CrN
coated samples with smoother surface and
tested at pH 7 and 10 almost have no
corroded area as shown in Figure 7b and 7e.
From those results, it is corresponding to the
previous results " that corrosion resistance
of the samples is better, if the surface of
samples is smoother and pH of solution is
higher.

Conclusions

The corrosion behavior of AISI4140
steel surface coated with chromium nitride
(CrN) film by physical vapor deposition
(PVD) was studied. The following
conclusions are:

I. The CrN coated samples exhibited better
corrosion resistance than the uncoated
samples in 3.5 wt% NaCl solution at all
pH values.

(3]

. The corrosion resistance of the uncoated
and CrN coated samples significantly
altered with pH of solution. And, the
corrosion resistance of the samples at pH
10 was better than at pH 7 and pH 2
respectively.

3. The surface roughness of substrate prior to
coating significantly effected on the
deposition and breakdown of CrN film
during corrosion testing. And, the




76

KEAWHAN, C. et al.

corrosion rate increased with increasing
surface roughness of substrate,

4. The corroded area in the CrN-coated
samples was less than that in the uncoated
samples.
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