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Abstract

Chromium nitride (CrN,)~thin- fitnis|/have -been~ interested to be surface
improvement of cutting~blade—in agricultural industry.—tn [this thesis, DC reactive
magnetron sputtering~was adopted ,to - deposit. CrN, <thin films~on stainless steel
(SUS304) substrate. Two main deposited factors, Nygas partial pressure and annealing
process were employed in-order to optimize physicaland corrosion properties. The
N, partial pressure was varied at O.4x10;3, 0:8x10 ) 1.2%10 7, 1.6x10° and 2010~ mbar
(represented by P1, P2, P3, Pd and P5). The vacuum annealing process was treated at

400 °C for 2 h.<The standard characterization techriquies/ such as x-ray diffraction
(XRD), atomic forcewmicroscope (AFM), Vicker “hardness ‘test~and™ potentiostat
measurement, ‘were usedito study the crystal structure, surface’ morphology,
hardness and, corrosion. property respectively. The! XRD spectrum of/ as-deposited
films show Cr,N phase with (111) preferred.orientation atP1 and-then'the structure
change to CrN phase “with (200) preferred “orientation at P2 to P5. The crystal
structure of CrN; films inCreases after ahnealing process at all'Ny partial pressure. The
surface roughness of as-depositedCrN,. films..was”about 10-16 nm and it was
decreased to 5-11 nm after annealing process. The maximum hardness of CrN, film
was about 10 GPa at P4 as the result of increased grain density. Tafel curves were
carried out by potentiostat measurement. E.,, and I, are two variables for
determining corrosion property of the films. E.,, of as-deposited CrN, films were
displaced towards cathodic zone when the N, partial pressure increases. After
annealing process, E,, and I, decreased when compared with as-deposited CrN,
films. It could be concluded that the physical and corrosion properties of CrN, films

were enhanced by annealing process.

Keywords : Chromium nitride, dc reactive magnetron sputtering, corrosion
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TuAaldfesann ifesninaniog ‘uaamsmﬂgﬂsmlmmmuaumungausﬂwwaamuLLau
Tuwusy widululdinmsnusssasussnevasiintuluiasiideioynafianuidnangaa
Tunsy LLammg‘Uw 2.5 (b)
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3. uhdlulpsiunuifuesmenlasdlon vuRveususasiuvIatuY uanaNtds
wuinsi Sueedin allames lnethluanufureaufaliufisorivunzanfunisiia
asUseneuiigeansiu fidmniismaiiasuiunsinatfanss Sefestreuialiufisen
naufuufadosiitadnwmannzlnatiansals mmuﬁmﬁué’qﬁﬂﬁmﬁaéa{]mma’%aqaﬁuﬁw
venanideidiresildiferuiudesvesuiahujiserdesdiAmuzaniunmainiiay
arsUsenoulanediFeans LLamﬁagUﬁ 2.5 (c)
fhansnaey

(i1 h Laas

st 25 nalRat AT empE e s raiale  fier el s ey

2.3 WMATANNSIWAS1ZATeY Rl HlasInasite
2.3.1 BENNISHANALTEAATDL XRD

e e HemvuL S NI WA ay Diffractofmeter(XRD) \iuiniaile 1
THlunsimseiautantaddan ImEpafendnnniae utute3iens lnvarunsaviinis
fiLﬂsww‘lﬁﬂy’amsﬂwﬂauﬁﬁagﬂua'ﬁﬁm&mLLazﬁmﬂ'ﬁﬁnmsmazLS&@Lﬁ&@ﬁ’UIﬂNﬁ%’N
HAnuesANsEa0ENsaluNENYBIFIeE L RAT TR TERIWIATeY Unit Cell #laiivindu vils
iULLuwaamsLamwuimLaﬂwaanmlmmﬂu Y lML5181815011AUFURUS VD
a15UsENaUANe mmJLmumsLamwmaasqmaﬂﬁlm Feagyiliismeruin lusegneiug
umsﬂs“nauavliaama LONIINTHANITILATIZIYES XRD  2@U5ON09AUTENBUVBS
fegnslduddusiainsadunmusinaeeesiusenousiag Megludegreiuinm
UINBYNIATBILAAE Unit cell ANILATEAVDINIBEN mmmmuwaﬂ‘uaamamﬂﬂaﬂma
wonniifanunsayhmsinseiesduse NOUTINELUNUATA LA IMLY BT
U

wiae XRD Wuededioinmeiiasiuuddiendlundnvesiegne lngerdondnnis
Lﬁ@%ﬂﬁLéﬂfégns‘]amrmsswussm‘u‘uaqazmaumduwﬁﬂﬁymﬂﬂss‘vm 6 SvddndusduaL
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L ¥ A (] @ o ! ¥ o
agvieundu (M) Nyuagvieuwindugunnnseny lunmsewiniinsidenuuvesdd
Aﬂ 1 ﬂ': dl g 1 o L A a
wendngautundnfiegludiegalaearld Detector Sumnuduvesivdiond Mifinainnis
: 1 el
deunluyusing fdagu 2.6

.  -— -,

(&

2
'Q

a ¥ o a &
U7 2.7 maideiuuvesssdiand

&2 = Y o [y ¥ Py = & 1 ¥ o ¥ ¢ v 1%
nansiiiluenansianulidmsunslidanuiensfinyvingy ldeygreliilulddssloviaunism

lidnsdilagiiadu dnvivnuiilvdnaulasiient wagdesdnadadadvesenasynasaninisialuly
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Wa  d A SEHYNIs IS s uNUDLRRUYDINEN
6 fa yuimNnsEVUiBuiusTIUBYRBaNTEINEN
& ['] =3
n A LAYAUIULNUIN (n=1,2,3,...)
A #9 Anueniaduressdsndg

v oA

13Ut 2.7 Weedannsznus 2 & Tiansefuvhun 6 fuseutu Seddind
nsenudhussuuuuazasiausenuvhyn @ fussunu dusdfiasnssnudhiuszuny
dnluazagviousanuvigu 6 fusruuiians lneSedfidosasindouil i dussosmadiniy
AB+ BC wvsnasafuadudiiinils e?faﬂﬁuﬁy’aaa\iﬁﬂmﬁmzLmsnaamwma%u WNANINGD
unsnasafunuuliinsanaiuild uigrasldinnsunsnaeawuuiasuiu nasiswesssagnel
ﬂ?{um?{auﬁﬂﬁumﬁ"’u%é’mwhﬁ’uai’ﬂmmﬁm (n) Qmﬁ’um’mmaﬂﬁuﬁqaumsﬁdﬂﬁv

nA=AB+BC . : (2.3)

RAsnaIlnEENyERIN-ABZ FElaauns

AB=d’sin6 : (2.4)
Jdleswin AB =BC Feiu (2.4) a2l

nA=248 (2.5)
unuanns (2.4) luaunis.(2.5) agla

2dsinfd=nA (2.6)
Sty RnauIsTl (2.6) BUnaT dUNISTBLUSHA

TueASeiia X-Ray Diffractometer (XRD) wnlddnwsisagiBuniioriulasadng
uAnveslasluululage AUINNTUINBUNNAYBILSRE UNit cell, ANeagIendneszuIuves
wAn (d-spacing), AASTKEN (Lattice Constant)-hagyinfinsitasgsiaerlsenauyasilduung
Tasdloululasd  Taonadilfosgninldiseuifisuiugiudeyaninsgiy  JCPDS
(Joint Committee on Powder Diffraction Standard) uanssan1snedt 2.1 slunisiadiiam
YATBtEYMA (Grain size) anunsavildlaemsldaunawesises (Scherrer equation) fsil

0.94
=— (2.7)
Pcosd
dlofwuali ¢ Ao vuinveseynia, 2 Aerruenaduvesnasiiindid@iond d
Tngvialuasiirviniu 0.156 uiluwes, 8 fie mundrsiinnugadupsmilvesiugegan
284057 (Full width at half maximum, FWHM) uaz 8 7 QMLL‘U‘mﬁ (Bragg’s.angle) .
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1519t 2.157udeyau1nsgIu JCPDS Uoint Committee on Powder Diffraction

Standard)
JCPDS 20 hkl
CrN 16-2494 37.601 111
43.694 200
63.507 220
76.209 311
Cr,N 76-2159 29.238 101
37.350 110
1261, 111
56.439 211
S \Nilze—_
—)— $ S\ Tine@idi P "D
! — : ‘o :__ — ! -
_"-" — , oo . — -6-‘.
1 DB e S AN o Ty
2 YA\ T A Y

%2 (2575 7/ { c.c?o‘- Y iFawans p

o JEBTR P N

LU KSR\ (1" 3d

ARRAARA A e

- | \
L e e LN ——
ol MU 2 ZLAAASABNN =TT

— c
= I G
& 20
PR ame iy
C e
L=, O
isannadiliginsfifaueioaves
/ ¢ s o &
5L TUULTU

L‘fj@m :

Lm'az‘l‘ﬁ” lsiiAu 100-200 w1ty

Eﬁh@i&u BATIHINYDINTIN
L a a Q 5 L/ 2 U :’I d
dmumalianisnszideiidtonewuluaaaewdin1ued Bragg AILULLBNIIUAINY

o o a a & ° ' .
gMAAULAY IALUTAANISIRLIUY AANSOAUILNASEBYSEWINNTEUU (d-spacing) ¥ed
nanlnanaunsy (2.6) Faannsmnlaanndiasienazseuseutvdadutavsiad miller (hkl)

%
Il
1 =

13 ansaduuman d-spacing uda dluduiamaiasiiuaniie (lattice constant) 284
Tagnillassaiauuufitn wannaaunisn (2.8)

a
4= T 28

A o v = ! P a - ! { "
Wanmualy a fis Apsiuaniie | d fie ANSEEYIENINeSEUNU (d-spacing)

] N v o ) ] ~ = "3 ! ) v ¢ v v
wnastiluenansianulidmsunsldnuienisfnwmini lleygnlihlulgussleviiunisen

lidnsdilagiiadu dnviavnuiilvdnulasilent wagfasdnadadadvesenalsynasaniinisualuly
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2.3.2 né’mqawiiﬁﬁaLﬁnﬂiauuuvdadnim (Scanning electron microscope, SEM)

né’awamiﬂﬁﬁLﬁﬂmauuwdansm Lﬂum?aqﬁaﬁwﬁmﬁamﬁLﬂswvﬁﬁuﬁwaa
%umuwmumsmaau dlasan SEM fifdvenedaus 20 8 3,000 Wi uazannIOIATIE
Fupdouldants 300 whaasndesganssauung viluldanadsansinsgd nsiasizises
YmdrenTuIuSsansazans ‘zjumumvmmsmaaummaa’luamavawfg'lmﬂ wazn
mm*uumulumlﬂﬂwmlﬂLﬂaaumamaamf]aanulu"lwaLaﬂmaulﬂa.,awuuwwumulm
Imﬂmlﬂ SEM uﬂGIEJW’NEJGJﬂUmi’JLﬂ‘i’]uﬂﬂ?ﬂi\‘imaﬂ‘ﬁ mmwmmﬁumumaqmmaa
%uﬂ’lu ‘NLiEJﬂmﬂuﬂu’n Energy Dispersive X-ray Spectrometer (EDS)

electron gun

FUN 2.9/ ndeganasiuaianiseuuu Tansas 81

93y 2 Idauséastiyasndaayarisaralanseunudeining Wildiuusznoui
el Ay amuunayRalieaiann so UG enhudidngiowldlectron  qun)
5Lﬁnmaummmaamuungﬂm“lw,ﬂaauwaammmaaxummmwLﬂuammmmmaﬁmu
Anedndisdlugae 0 ANG0GTadidngsauliad lnsfiryagMsinaduiiozgnaiuauseiaud
wiwdnlwiidheiu 2 9o Waelinagua idnhsolizgoerdhetnoueniwesiaes (aperture)
Faflvunmsinatiu sudnurnslinT ArmeuamnEiTivhgausniSonit wudaeuiauiges
(condenser lens) Huindugunsaifisianudifyiigasonismuauddidnaseunssdy
udiviiviniitugndidnasouitisasnnundsiudeliiudifvuaiuiinidadnas
ei’wi"maué";"ma (objective lens) ?iwﬂmaué‘mamﬁwa%ﬁmﬁwﬁiﬂﬁ’aﬁwé‘)Lﬁnmau’l,ﬁlﬂmﬂ
vuimeg iy Tnsflupainnuauduasdidnasou (scanning ~ coils) mwmwnsmm
aLanm5au°lﬁlﬂuummawumu’tuﬂiauwumamasmaﬂq Feiuiiinvestunuuinadignds
freddidnmsouiivsindygimeieg Tunateuia digU 2.10 LLaJlummiawamsmu
Sidnnseunuudinsndigunsaidmiunsiadudygyia (detecter) slianaqiiloyszanana

[
29NUWUUN N

[

1A
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Incident electron beam

Back-scattered ¢’s Charactenistic X-rays

Bremsstrahlung X-rays
Secondarye’s

Visible light (cathodoluminescence)
Augere’s
Heat

Sample surtace

Diffracted ¢’s

Transohitted ’s

JUN 200 -V ATREIl GV EL T FRAREE ¢ hAii T2 BT ASAUC DI L D!

ks

mngﬁff’i 2.10 %Lﬁﬂﬁmmm%umummﬂﬂ aluidmaai s An gy 1oy
2 deyryeu A

1. Inungesdiannsaiuyisqil (Secondary electrons) mmmnmimaﬂmaﬂmau
(primary ele¢tron) P sy Aate B u,a'ﬂ*d‘uuﬂumaﬂmauwasuum%umu F4LAn
mstneloundeamaau A iiaI R E EianATe b T Qix‘lLiEJﬂﬂ’]’iﬂi‘“LﬂQLLUUU’J’] N3
ﬂimeLwluawau aama’lwatanmauwmﬂu (Secondary electrons) mg‘uuwumwaﬂ
98NN NUS AR TuL T udan ﬁ}vuamawauamnmnuaﬂwmuwum%awumuumLLam
panundunm

2. lnunvedRlanaiounszidenay (Pagk<Catt€red ateetrofisy LARRINA1SAEN
fianasaulgugll (primaryelectrén) AONSEVUUURIYE ST wadiAnn1sgaydendenuly
maaaulvmumanmauwaauumwmu mm’lw,ﬂmmimammmvmmimaaw nlLAn
MSNIELENSUTeIBIENAToU aSunTTIIETReE TS nsel U uEavey dyane Back-
scattered electrons L@uﬁmmwmﬁiﬁ%’a;ﬂammﬂumuﬂssﬂaumamuuummawumu uaz
wuandiiiiudnunzguivesiuingne Fyradmngauiunsiinsizviuuy EDS

uaﬂﬁ]’mﬁgﬂﬁmﬁLﬂiwﬁﬁmlﬁqwﬁdmu ( Energy Dispersive X-Ray Spectrometer;
EDS)  @4n13vieanuendenannis Enerey Dispersive X-Ray Spectroscopy —Lnnsiss
5L§nmau1ﬁﬁwa"amuqawammzw’aL*?J’wu%umu%wisﬂaulﬂé'wawamaamqﬁa@lu
anuziuauhlFsEnaseulussiudundanuaduldundnuanmssuaungaoenluain
LI LLé"sﬁLéﬂmaummauarﬁamawé’qmuaaﬂmmadauw%@mﬁuLﬂ?iau%u’uwﬁmum?wm
LmuwaLanmsauwamaanlU waqmuwaLaﬂmaumaaanmuawaa‘lu‘sﬂsaaLanmavum
ANz mmﬁmuu dlofnAmdanuididndiisae oS dransadase eIty
1Js*naumamwuuml@mmsamﬂ'mmswwmmiﬂamuumwsausL’;mwauhumjumuum
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ymsnsgiinavieuinaiulseneusesnrialathelaswanmaduaiuna fimdny
yos19eeniaufiussydndiulsinaveusazdiuusenou annsaadaununseyldiue
agsmegluuiinalatis (Mapping) wonaNigsansasiansanaduld (Spectrum
Synthesis) ¥ngUNIRIIATIENENTING 1Y

Spectrum 1

TT TR T TV W @) " \
0 2 4 8 8 10 2 14 16 18 20
Full S¢ale 5540°cts Cussor:0.000 keV)

SUN211 paaAR SR L AR UN T afladididesdeyl aln 90

A13197 2.2 WAIUUBSSIEENGTIUNAL (KeV) 983599

s FUT yaaoisidisndgamay 1060, <
Cr 54117

N 0.5249

Si 147398

Q 0,5249

Ar . 2.9541

2.3.3 N159AAULTS (Hardness Testing)

a0 I

anundadunisuaniguandiivesianiusuenfisnnuiuniuseusinavesian

q

be

[

gansanenNIsnsELINMSNIAdaUlavaInaleis fall

1. NM15VAABUAULTIILUY Brinell

Hunsedeuanuudauunilsiignldinegrenuiign dudunisnaaouaiu
wiauuhminasilunsna Fnamdnnduudasuuiufinduiiosmedey Unfazléfang
anueawinniguuds vievamuansludun 10 mm neasuuinduiasihnsveaeuse
¥minng 3000 ke dwsulanzuds 1500 ke dwsulangdifiauudauiunans wag 500 kg
vidashnindudiniuidaeouts

141270
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— d >

(a) (b)

JUN 2.12 (a) insptpfdeunvy-Banetl) (Y Lardamiipesarsosndlung sinaauauuds
WUU Brinell [5]

N3 212 6 v uisavaaIn i YeBrnel o p e

BHN =

F
2D (D DAEd )

Toe BHN T AafaniuiaBrinell (Ke/mm )
F \\ Aenbwiingsanafinssvimike)
D\ %o WushumighaRuediipainm)
d AN LB U UENTTUB IS eURAmI)

2. ﬂ’]‘i‘Vl(ﬂﬁSUﬂ’NNLL%QLLUU Rockwell

nMsnaaeuiuLUUF s ORsRRaa TSN T Brinell Ao maauudonldain
UIMANNANTEENAULTUNAAEUTIRRIINNSAReTnanelFimnaT wiRdetufiae
nsnAgaeu Rockwell %‘wmaaué’wﬁgmﬁﬂmqﬁuamsqm Lay WINAANNTUIA dIUNITNAGOU
Brinell azdivunmnaiunndnsesnliuazivinnaiiuinniiann nsmaaeu Rockwell 9si
seunafifvuAEnLaziunt dutaniihumaasuduriaferfufunismeasy Brinell
JaRvaIn1naaau Rockwell Avanunsavinnisvaaauldisania wsiganunsaguAALLda
Ianuihdaedesdioleviud
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SUM 2.13 inFemeaeunnuudsuuy Rockwell [5]

3. NMINAABUAINLTIMUY RockwettShperfieiat

MsnnaauLkuyRockwell. supercial FATuprsnede UG asiuiadaiinann
mMsnafisesiinug nfsndevuLLIMaRRISY MU TR uRI sAAe Y, Rockwell Lt aus
Whminnaiidadadnindm Arazanmniue Fintegiasaamvniu 0004 mm warldw
nALUUIREINURASIndeU Réckwell

4. NMSVAATUAITULISLUU Vickers

nENnaduanaN ity Vickerst Ulinashnsavasnadataalimnniiis s fiseiingu
AmdsndSauiintan, Fyiseate o slana w136 weyuionh iy peszning
5 - 120 Mlan%er lnsAviiiTuas @y 5 Alansi nanhasuRindy Vickers agldvdnnis
Wenfufunisyageu AT ilPRInet Aor il aasasdminiiassiasefuiives
seenn lunsuheetanTusauiosunea ouLiinEey shashilFoauiuAtituauduay
dlndoang dupauRguUamEBATELEAIIL RS Add L s adnlubesn 201 agha
siaiiles uazanvholiiomingneen aeTERlw AL ubldogfas sgavssad (ievi
msﬁ’mﬂ'1mmansuauﬁwuwgwuaqﬂiaaﬂmﬁLwﬁamﬁUﬁngﬁuuu?gumu

’-&. 1 AANAUNAINTY ¥
[ 3 " |

- -
Wazlingu

Aviasy

Funuveaeu
(a) (b)

JUT 2.14 (a) A3eavndauA1Lla (b) SNYUEIRNALALNITNAFDUAINULTIILUU Vickers
[5]
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o & Ao v
%']ﬂEU‘V] 2.14 (b) ﬁ’]ﬁJ'ﬁﬂW’]‘WUWN'ﬁ@E}ﬂﬂlﬂ

4 da d2 3 a 2
AUNHITOENA (A) = ———————  Faagdialneussunm = d
25in(136°/2) 1.8544

fafurnauuda Vickers Wanaiwasits fingwlviiendssa Diamond Pyramid

u
v
o3
a1 w
N

Hardness (DPH) %38 Vickers Hardness (HV) agliAn@sauns
pra =L (2.10)
A
PPH= 844 C211)

d2

T DPH v38 HV fo. apmasdiaVickers (kg/mm’)

F A8 dTinng (kg)
d fie AT IEUkENae (mm)

lunuAdutiazln1syveasum LU TuIUNIAaDUAE CrN Lagi5uae micro vicker
ﬂ’]ﬂ’)’]&JLL‘UﬂmﬁJ’ﬁﬂﬂ’m'mﬂﬂ’i]’]ﬂLLi\‘Nﬂﬂﬁl@WU‘WMU’]W\‘U@\‘]’S@EJﬂW FeArnnnuuds (HV) e

LUu kgf/mm 1oe 1 kgf/mm ='9.8x10”/GPa

A1919% 2.3 LLﬁﬂ\iﬁ’]Wﬂlﬂ‘U’eNﬁ"JﬂﬂLLﬁiﬁgﬁLﬂﬁﬁluﬂﬁi‘i’lﬂﬂBUﬂ’J’]SJLL%\‘iLLUUaﬂLﬂﬂ%

Hardness symbol Nominal valueof the test force F
) (N)
HV.0.01 0.0980
HV 0.02 0:1961
HV 0.05 0.4903
HV0.01 o 0.9807

5. MINAABUANLTGILUU Knoop

NINAFOURUUANLTIUUY Knoop Lﬂuﬂﬁi’mmjmﬁmmuﬂuaqﬁuﬁi’a‘@m’amiLﬁﬂ
seunavieronsidsgUssunnsiiuinvesTaquuuiendiu Faiaannisnaasuanuuds
LUV Vickers asafivianauuy Knoop ﬁ]vL‘fJuﬁqﬂmwasﬁizﬁmmu?{m?{amumﬂaﬂﬂu Tned
Lau‘wLLENmeum’Jﬂumuaummumuamﬁmu 7:1 ﬂ\ﬁ‘ﬂ LLavlwuﬂwuﬂﬂmiusuaa 25 -3600
ﬂiﬂl M3IVAFDULUY Knoop a]vlwsviwu“lumwmaaummqunwumuwmmmaﬂLLaww
fifufifnfdnquuiunuiemageu Toeranuudsazegluyisuszana 60 - 1000
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Operating
LOSIonN

JUT1 2.15 LansdnuuEINALaysesNATRINTTAZaUALLTILUY Knoop [5]

Tunsvegeuliiiunuiiasiinrmaaeunelivuniimagou. antuususseslniaves
NAD4YaNIIAY L& duidvasouitenimuniiissmaaeuuuiuin Mnduldesmin
AR BENNSYNIUETEUAUNISNARDUAILLTLUY Vickers @S auawnisinAiauem
mmLé’uwmemm‘sasJnﬂé’wuma‘lﬂﬁwmmmqmmmLL%qé‘fqamms

L7 Av e (2.12)
7 |

< 1

Tns KHN | #e #ipmauids Knoop (k¢/mm’)

F fia uIminna.(ke)
L A8 o ANENLEUVKE N TUETIVBITDENA (Mm)

2.3.4 n3zUUMINTAANsaY (Corrosion)

msfiansaie magardnidelansinamsin fasemaeiitudandeuetady
UfATeaiinieujisealrilaniand nspansendilsngnrsainiesssuviAegianile
naafle Auudrnefoguulanasidnmiiaiosimagid Jefuisgnogelildiiiolane
U3avs wililaneduegluanmiliedesawenntulavsaliiafosnmesnenaundud.
dan iy Aofuudnusssuvifesiiafiesnmgindt Ssfienszuaunisinnsou Fededldna
neorowlunsiiesinuanimuestansmariflfidonanimnsngnsianisutfosiignuas
srovhamslFnuiisnunuiian

[

nssuaumsmsianseulave sninldilafiosduseneundn 4 ssdusvneudil

1. ualum (Anode)

2. uAlng (Cathode)

3. Bidnlaslan (Electrolyte)

4. shnanslunisdreleudidnnsau (electron transfer) n3elwnssualnaszning
SusTunfudauelng (electron flow)
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msiianszurunsianseuasiiaujiseieendinduvedlans fe Julfiserilave
wolun FaezneuveslanziinnislessluduazlossuredansasidiludansazaneBianlng
lad vneiididnnsousresninueluniilesainlessuvaslavevgresnainuelun Favili
Aansnszuaumsiandautunuanns

M->M"™ +ne” (2.13)

Ujiseneendiadu szsiinduiidiudauelun iwevinliiinaunadunelusyuuisd

Ufzedsnduistusudiuelne lnemludfisenidnduazuiseandu 4 wuussil

1. flelauuwindu (neluiasmdumse

WA 2e™ A H) (2.14)
2. \Ansfnduvedenaiau(i Mo ngerias)

Ot $2¢5 = H,0 (2.15)
3. Aeadnfilvedana U@ EliARRE AN AR 5)

O,7#2H,0F4e” |5 40HA” (2.16)
4. Aewindavedobouvealans

Mo\ M (2.17)

[ % a aaa (Y ¥ A’ 2, :’/ ! <A g
W& LA AU RSN IRANA DUlin IR s ovwelt e msshidadeslonavly
ansaraly MLANAREATII RN INANSEY

——
Electron Flow

Corrasion Ocdlts
Heare

o Lormosion
Z#Occurs Here

Current []
from Cathodic
Reduction

U 2.16 aeamUsenauvaInszuIuNsiianasianseululavy (6]
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2.6.1 m3fanseukuugdu (Pitting Corrosion)

msfinnseunuugdu Wudymiidndusnnlasiamesiulansdiiinsedouiiduasly
ulavy ieazdastunsianseunuuiimiliugs widlofiduuraduunnooniawizunsd
whlfiAanisianseuams Afansouazgninnsoudnasiudesq vilkdunaldenn
iesnnudndosinisinnseuldiunaauienly nmatanseunvuiiildaanisalldenn taevh
sglvasiinatuluimnaderfuussddudidan ssiAanisianseunwiduildurazos
pitting 1Hudnuazivilidugvdonquluilolans svanionfowndnvielngfld uilae
drunazdivuiadn maﬂ%ﬂ%ﬁuiﬂsumaasi*w'wﬁ'u w%aamaa"lné’ﬁ’uaumé’waﬁﬂamﬁ
VIV msﬂw 2.17 msnmnsauuuu Pitting Junsinnsoud na‘lmnmmmmamaua"
uuseiian Favh Tigunsal indesile uletuamsiag mwmaamaLuaqmmm'}uaﬂma
Lﬂamumsamtaam niinyed] '
undn  uenantudseinias ‘&1

nsaumaq Pitting AAgtws1zm

2825251

§19291¢8

SUT 2.17 msfianseunuugid (Pitting corrosion) [6]

2.6.2 myiadndluilunisinnseu Amnuvuiuduvesnseualiiiinsiansauwagsnsnig
finnToau

fndluinnsianseuCorrosion potential, E.,)  #8 dndluihdisnsisanves
Uff3reendinduimuaviifuuiisenssntu Tnsarumuuiuesnseuaddndliiing
AinnTau 1IennANunUILLuYeInsEualninsianseu(Corrosion current density, /.o,)
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Blanlnsnmeis (Working electrode)
araufnglninazlaannnisinaziinainnisiuseusuduadngluWinsening
SlanInsnensdatudianlnsasiogns way ArANBuILLUnszhalidiaziAinnisia
Wsuieuseninediannsanszuaiudidningasiads annardndnviuazainurunnuy
A‘u v :‘ o v L LY L 1 1 5 v e‘el 1
nsendluinndale Wethunasransvianinnuduiusserinaaedssslansmnisenia

nslidulnanlswtu

) D

[

Small Amplitude AC Amplitude AC
Voltage (or ¢ voltage)
input
N $lgs
= =
O AN,

\\
< N ;?—‘
T’ WA g g

o
o

o f IT I I E
= U n UYDILAT W 6 @
) (m
N3 @ 01 R | MUY szLZﬂWﬂ’]‘UEN
UfiTeeendia 5o ARS Aseualne u*?vyuﬁ’a‘um}am
fitduianisians "%q;vua ik it 'mm % Yaat i isans

Juinnsildsunta Wﬂl,a‘@@g‘%ﬁ%ﬁww U LaeA1AuA1eANg

YpanolufnaziialunieAiul afaziiarlunieAtau Tudnwug
wuiluansdanisiialnanlswdurestmastannsamamanusisinglinisinnsouuas
AumukUuveInsualninisianseuldainyadinvesdunsnuelufnuazidunsmualn
fin

dlansuamanusednglniinisianseunasarnuuiniuveinseualniiiniste
NTBULAN AANTARIUINNERTINTAANSBULARINANNTS

R, =—=—e=t 218

mpy
P

e R, Ao dnsufamsiansou (adwnseet)
lnansiluenansianulidmsunsidnuiiensinwsiadu loyelvihlulduseleviaunise

lﬁ,mmaﬂ,mmau @ﬂWQMWMNELMG]@LLUaQLUBM’] LLaSG]@ﬂ%]’NENﬂQLﬁ]’]%@x’iL@ﬂﬂ’]iﬂﬂﬂiﬂ%ﬂﬂ?iﬂ’ﬂﬂi“ﬁ



25

e A Uminniuauyaduadlans
0 #o anunuiwduvedane (nSusiegnuiAiigufiuns)

NOBLE
NO CHLORIDE
NoBLE - & . TRANSPASSIVE.
" ARODIC : T omomioe v
CURVE : :
LINEAR | W BT - Jr _
w POLARIZATION “ 3
F REGION i
i ! PASSIVE POTENTIAL
& g Il pANGE
g - 5 i
= ~eoR] 1 5 I
g ‘ £ -
o } caTHODI < I
w | LURVE SS
g | 5 e e —m i, acTivepassive
& } ACTIVE
; e i — - — — — — =
€ ¢ ! CATHODIC.
ACTIV i
E -leonR ACTIVE, ey .
.06, CURRENT DENSITY -~ LOG. CURRENT DENSITY ~p-

(a) (b)

U 2.19 / msvsapeaiuduiussenindngindinasdanseudueinaviuiuuues
nyuglnihmstansou 6] ‘

2.6.3 dulwanlsiedy

MATNEUT (2.49 (o) -3 Tuihaaiaesidunsmuslunduidunsiviualngn Aorn
Fnglninansen (.o,) Lﬁmﬁuﬁﬂsﬁw%maﬁquﬁq Asslanduanadiiosanifintuildy
wiadnluuiialaviz 3eran mandliiiTainduganisudeuasuenfin-madnuagdn
ﬁﬂé‘l?\lﬁﬂﬁﬁmﬁlﬁ&m'ﬁﬂ ﬁﬂEﬂWﬂ’lWﬂﬁ%L’ﬁUUgN (Primarily, passive potentials)/ 1tdyanwal
E,, WlatoudndliiihdelunseidasiSennwunsifmmiansdasfvdndlidilfunivadsaly
AnavLLuYednssLafg e AsuulasiasnsmininssiansTiSanin aamnadul (Passive
zone) Fududnvasaweiikansdnununuvesiiduuuinlane MdaRudndlnidely
Snaufsimiaiviliduigamaadnann, szilinssuaiutuegienag Sentaeilin g
nsuw1ad (transpassive  zone) “was3endngluiiniiaadin dndluilwmsuwadn E)
dndlniinfiaaididudriilansiFuiAnnisfandsulanisit Aonisdnniounvugidy
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R né’aeqamiﬂﬁuidazﬂau (Atomic Force Microscopy)
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AFM) 7] Wumadinussinnnilslunguues Scanning Probe Microscopy #aifiumnaiiafi
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(a) (b)
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5. Unufaensneadianausuadlitrmusuiin tadiiausounntansesiud
ausadndlniinadlidadu 100 Taamgiiusyiiel320-C) laelPwdageilaiau (Halogen
lamp) \uunaslfpinuFenndangoeit, 30 il G241 3)

6. \idlfnm¥etun Tana i H UM ALEN0THUTUMSIARIY Cr LilaLiy
AALTRN P AR ns A A LST T U LTA

7. [9i3unsuTunasie daulh ghn sUSU s ds Tarn iss s edvowhdlulasiou (u
A15197 3.1) waza LTSI AA S N UN AT AT TS5 .00 0 - Aabar Wi siadeu
fisndslih 300 W Adalinswdeu 3o i Sduntsiadsiiisuudesdigululesai
AnusTLE AU e TRt RN N ARRe O e At TR e A Seid ﬁ@gw‘/’i
3.14

8. VAIanAABMASIE ) uslTERUddedn lulimewrEoudmnnisunas 5ol
Funuiiedetliuaoudavunaduan@ v dan ke tulinssmugufiely

d’ L « ﬂ' L2 | L2 ) 2 1 QJ 3
‘E‘U‘Vl 3.14 aﬂ'tmwﬁ‘wa’mm’lLM@B@?WH’JUF\’J’WN@MU@U‘UE}QLLﬂﬁl‘uI@'ﬁLﬁ]u3’)NWﬂﬂU 0.4 x 10
-3 -3 3 3
mbar, 0.8 x 10 mbar, 1.2 x 10 mbar, 1.6x10 tag 2.0 x 10 mbar



= v o a6 a (3 1 aa
13199 3.1 ‘U’e)ll“ﬁﬂ']iLﬂﬁEJ‘U‘NaﬁJ'U'1\‘117’15L3JEJ§J11J1€‘139\6\1U14LLN‘lJ‘Uaﬂ?J‘u

Auus ATININUA

o 3
AIMUAUITIU 4.0x10 " mbar

gaumgiifiuiisesfuneumdeulasidlon 320 °c

)

i ;awmfsi

1“‘;,,"\
V1IN |

4
a

EAZIPN N SIS
qmmuﬁuﬁ'ssaﬁu ¥

[ i‘,}:}\.’%‘n[l\”\i"1“;.;' 1]‘ ‘{:1\1

fdslnivusedaulasdieululasa 300 W

ANURUN VDAL 5 pm

dy 1 dl Y o U 14 d‘ = ! gj 1 Y o ¥ € Y 14
wnanstiluenansianulidmsunisidauienistnwiinnu ldeyanliluldusslewisunisen

ludnsallagsau Snvivhudlvidaudasilon wazsesedadadivesenarsynasainisinluly
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3.4 N15IATIZIANE

3.4.1 M5REIUUVRLSIEBNY (X-ray diffractometer, XRD)
lumAdedliesevantiddassadvesiiaunuislasdivululass  lagldiaes
VARDUNNSLALULYDISIEBNG (X- Ray Diffraction, XRD) Aagu#l 3.15 Gelltumaussil

U0 3.5 A5 pNETRIAT AN SIAELIESSA L 8D

©

1. Sl s il e asluiikn 33 9d 1 9sesas (sample holdern) Tne
AU09a15BE19 Ao BEiNTT Iy ) AUATIANU I3 7873

2. [t s hans 1 UL A O KRD

3. Budmedosing WS 1M 208 207 Uawilaaitilda 26 i 80°

4. Wpliuansosnanegey Luiuedns A KANIS e TR 26 thwad
WnuSeuititiogutonamadgnunvassedtong amedsaeoysinygauiaiiusing (Uil
3.16)

600 1

500 —
400 —

300 —

Intensity (arb.unit.)

100

20 30 40 50 60 70 80

26 (Degree)

sU 3.16 sUnuumsiaeauuiididndvedlasslenlulased (CrN)
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3.4.2 né’a\‘lqamiﬁﬁaLanmauu‘uuﬁaﬂnﬁﬂ (Scanning Electron Microscope, SEM)

nderanssmiuuudansiagy EVO-MALO faguil 3.17 Wuedesdlenldnwaanu
wuuardnunziuivesdiduudasndenlulasd  dnseuaunsiaudensufiunes
mmsaﬂ’uﬁﬂgﬂﬁmaluiﬂiﬂiww Ansandau Enerey Dispersive X-ray (EDX) Tnefidunounis
yiadouRall

SUN BT NRehaa s siRUURa 10N L EVO-MAL0)

1. $AEnunsles e iRavuuiuaasaEas p(stab) whiualueyy [Specimen
) | v =
holder @onftoedsit i Ulmebes
2. digdpiapdnadridtuimdesidinasamagadlimpaaaguilussyudgionie
3. Msgvvlaviodldasiios sy se iaiunne ievedldansiluszuy
anrazisuiohgsBdSEnnsoutTiRoUaa I sTet I U RO )8 udninisidien

L]

TueANABINTIn

SU7
Y

3.18 asudwmsuldanssingng
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3.4.3 ﬂﬂi%ﬂﬂ’)ﬂuLL%Q%aﬂa’JLﬂg@U (Hardness)

w

JUT 3975e38WnanuAILTATALDYANIN DS

T3 3uilaassvre i s WALT Srnaetuln snhQtA3 B IMAdoUAIM
wlasganAuuuiNifios (Vickérs—Hardiess, Tésy s 3.19, lnsiisdadBendunaunis
naaausIt

1 AR ey

2. AV INY TR uRanRE BULAE L3610 9807 WY

3. SRR TN PTIETIEN IR TP ne R LU TunS I Fhardtest Vfﬁ@@&ﬁum%@maau
AT

0. $ AL T 0N TN s A U A SR ER

5. YoEeB T i osA A ABLI0E Az ANRRA s LI ITAs A S0 B /RS Lilawn
ARAEALINUERLAT oY

3.4.4 N1SNAFBUNTSNANEDY

TuuisedlantasaeaTansnasinnsoumesa ey Poteatiottat Wuinsasltnaaeu
msfnseulasmiuauAusdiBuian sTua iU yuwdius@inanalusuraadulAsinan
Tsiwdu ndsntudidulAsnanlswditomednrisnaniou dwansluzuin 3.20

guﬁ 3120 \a3aslnmuiloausy (Potentiostat)
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o a & a v a ¢ ° @ | v o
1. ih3unuignindeviiamelasflenlulase luihnsmageumsinnseumieinias
a . o H v aa '
Twnudloausn (Potentiostat) luaisazarensadulzsn lasvmdnidaiaudunsn-ang
W Y oo o
(pH) Wiy 3.5 Tnsmivanangn1sveaedlving Ao
- PRSINSHANUVNNU 1 Tadlaanseiuld
2. WUTuUastuaNsaraenInaulL S ATUUALNaN UaSazane
v al\lv o Y @ '
3. wlamuvaNgraRdunsINAlaaInnisnaaswieviafnglWin  n1sianseu
% p o
(Corrosion potential, Ecorr ) (3Un 3.21)

P,, 1.6x10° mbar

115 101

3
mbar

dy [ dl Y o U ¥ ﬂl = } gj 1 Y o v 6 v ¥
wnanstluenansnanulidmsunisidnuienisnwintu ldeyaslmiluldusslowisunisen

Lidnsallagnsdu dnvivhudilvidaudasilon uavdesesdediadivaaenarsynasaninisiluly



uni 4
NANTSIYLAZN159AUS1INE

Tuund 4 Bunmsiiauenansisouasnseiusenavesiiduudlasdoylylase
(CrN) Imaﬁﬁasﬁdumsﬁnauaﬁaﬁ A9 (1) wansiaszrmauualasdonlulnsiasuuuny
Faneu iemdnsnsindoufiduudesndenlulag Tnensdieseinafaundomaia
Scanning Electron Microscope (SEM) (2) msitasigvinisimseuiduundlasideululnsaas
UNUHUALAULEE 304 laln nan1siaseilassasememeailn Xray diffraction (XRD), W@
NFAATITINIARATINIAIEWATIA SEM, nan1saiasieisnsidiuvedasiilouselulasiou
semaila Energy Dispersive X-ray Spectrometer (EDX), Han153tAs1swiiufn e ilduung
Tasdsululasamemaia AEM, NanTsnageua ULl sagianIsinaaun1sinnseu (3) na
Mylasgiinauulaslienlulasdndsnssuatnisay lhun manrsieeilasadrase
waila X-ray diffraction (XRD), NAATTILASIEHATARATIIRILNATA SEM, RAN1TILATIZN
Hufvesiiduuiilasdentulasdmamate AFM Lagaam s iAAouUnsiantay Tnerde
DT R oA S G G U

4.1 mawsguRduvrdaslenlulasiasuiutiudanau :

Iuﬁluﬁlﬁ]&ﬂumiﬁﬂE’IMﬂﬁﬂLLaSmiLﬁl‘%HNWéNUWQIﬂiLﬁEJJJ‘Lu‘lGﬁﬁmUHLLBJU‘%Eﬂau
Womsnnnsieaoy Ingisuuslasifenlilasngninseuremadnsusrfividuuninsou
alninosss Belinrsmunumnduegsgroadalulasinmiu 0.4 x 107 mbar, | 0.8 x 10°
mbar, 1.2 x 10°-mbar wéz 1,6 x 10 - mbar Ingfnaiildiafauumm 30 uii ndsantugi
Waum\‘mlé’lmﬂmﬂwuﬂmEmmwmmwmammﬂ SEM Lwamsuawahlmmmmammﬁ
\AFeU Iﬂaimmmauwuﬁ

. R
Deposition rate (D) = T (nm/min) h (4.1)

We D fAe ans1n1sweday (hm/ min)
X AB AUNUBINAY (nm)
t Ap LaALglunIsAday (min.)

i]’mgﬂﬁ 4.1 LLE’{GNﬂ'JWNﬂUW%BQWéNUWQIﬂSLflEJlIl‘L!lG]Sﬁﬁﬂ?’]ﬂﬁu&jﬁlﬂ‘luel;ﬁiL’\]UGiﬂ
ANAUTIYIAAY 0.4 x 107 mbar, 0.8 x 10~ mbar, 1.2 x 10° mbar, 1.6 x 10° mbar wag
2.0 x 10° mbar fe 2.089 um, 1.741 pm, 1,185 um , 0.889 um wag 0.769 um MNa1AU
W‘ud']Lﬁaﬂ%mmuﬁaluimmuLﬁuﬁummwmmaq?\léumﬂﬂﬂﬁaﬂlu‘lmﬁﬂsﬁmﬁamaa
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g‘UVi 4.1 amdavnsvesiauundasdenlulasaaineies SEM fisnsndiuninusutes
TulpsiaurenuiusIy @) 0.4 x 10° mbar, (b) 0.8 x 10° mbar, (c) 1.2 x 10° mbar,
(d) 1.6 x 10° mbar wag (e) 2.0 x 10~ mbar
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U 4.2 vl ieuimaudalulasiaudvinndy arumunesiiduuns
Tasfloululnsdaziidranasauisaedureld 2 uumnsdie wumedt 1 e nsnsdiu
YunaufdlulpsiaudeUinautaesnauiinadednnisindsvresiiduunslasdeululnge
dednsdiuanudugeslulasieuiiniy dwaldusinnwesuiasiinouanas ¥lilessy
vinveserineufivuilasfleniitiosas aymelasilsuvgeesnanitiuadeuianacde
Mlsnsnisiedeuiiduanas wazuumied 2 Lﬁaﬂ‘%mmuﬁaluimwuiuﬁaqmﬁau:ﬁﬂ'mm
P wialulnsudadinssumfvesnenlasifonudnaimithanadoudnindudy
U9 vesansusneulandeululasa CrN L%'Uﬂﬂsﬂﬂg]miﬁdw Target Poisoning Y%A
wWhasirdsulinmsinwianasdsalidnsinsaliawmesansiadou (C) Tranasiazamiy
vuesiidnanasnulusieg dnensidunsndlddunseesilsiduendlmuuioaiana
Mlaunsavnauniseeansvlane

BR\3| &7/ 75 S 4.2)
do P e USihdimusugesvasuialulasiay (mban

lunsndeuilduntsinmnnusudaguesdalulnsiaudug aunsaldaunis (4.2)
ATUNNERTINISLARDUABENAIN L LUNIT ORI UANAIINRUNTNAUA

-p/1.55
70 = D=943e" 191
\\\\ -
] : R=0.963
60 -
AV
£ |
E 504
£
o ]
S
S 40- LNE
o E >~
Q. ;
[ \‘\_.
0 304 LI
.
_ T~
20 ! T 1 T | T | ' 1
04 0.8 1.2 1.6 2.0

" Nitrogen partial pressures (x10"3 mbar)

U7 4.2 Sansiefeuitduunlandenlulasddnadiuamudugosvesualulasiousu
@ -3 -3 -3 -3 -3
iM1AU 0.4 x 10~ mbar, 0.8 x 10~ mbar, 1.2 x 10~ mbar, 1.6x10~ uay 2.0 x 10~ mbar
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4.2 uan153tas1znanunalasisnlulnsArfouauLBNLEALAULaE 304

Tuduiduidguunslasdlonlulnsaiindevasuunsuawnuaa 304 lngafonuanig
mswErINnsAnuTiHuN uitedesnismuaummmuvesiiduundasionlulasdi
5 um dldEnnalunaedeuiiduudasdeslulasinmnganluusaganusudesly
Tan  wazgnariildlunisiedeviiduunslasdivululasafinnusugeslulasiaudy
0.4 x 1O3 mbar, 0.8 x 10 ’ mbar, 1.2 x 10 ’ mbar, 1.6 x 103 mbar ag 2.0 x 103 mbar
Fangeft 4.1

M5 4.1 nansedeuiduunslasdledlulasaludnsdiuanuaugeslulasiausieg oy
AMUAANANIANIAUY 5 pum

Anun oy lulesieertmbar) LA mswReuTan CrN (u19)
¢ 10° i
0.8 710~ 92
1.2 o> 120
1650 158
polTT0 268

gﬂﬁ 4.3 nmdernsvesiiduudlasdiodlulassaineios SEM fienusugeslulnsiaude (a)
04 x 10° mbar, (b) 0.8 x 103 mbar, (c) 1.2 x 103 mbar, (d) 1.6 x 1O3 mbar Lag
(&) 2.0:% 10 ’ fbar
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2.0x10" mbar

sUN 4.3 (519) Mniev1srasianurslasiisululnsnaneIas SEM Ranusrugaslulasiau

A9 (@) 0.4 x 1Oj mbar, (b) 0.8 x40 mbar=te) =il 0w mbar, (d) 1.6 x 10 mbar wag
(€) 2.0 x 10~ mbar

gtﬁ 43 yhalnwseuiimresnanui esdleniilasennrmiiug oslulasioudu
0.4 x 10°, 0.8 ¥10°, 17 X010 W6 WD hag LN hbar lneTglainia3es SEM
(Scanning EWéafron ~Micraseopey M. diaimumilo e azigsiunslasilbgilulasdnianny
sutotluln AT 0@ 4101 Bar0B/ o | THBa 4.2 pet0. bar=1% % 10° mbar
way 20 x/ 102 mkst Aasaa78 why ~ 62500 e (6840 L, 1 5778 pim g 5.018 um
AUAIGU

4.2.1 NMaesazalasdasten winaln Xiray diffraction(XRD)

NN 5%da TR HLd LAl as8as0i v s s A s BNl e (G ndeuasuu
W uaLA LAY \BOB 116 nSPd THR TR UL BB B TR Al L AS0a U D R LS IULYIN AU
0.4 x 10~ mbAN0.8xA0 " mian e X ) 10Smbats 116450~ mbaruay/20 x 10° mbar
Taglgwatia XRD ”Lc-ﬁ”maﬁaguﬁl ]

N3V 4.4 DAQIRAEryunessdBndlynasthdaudlatiung CN,  wudins
Benuunsatuszuy (111)200uaz 1220) Imaﬁymmﬁaﬂmwuaa 37.60°, 43.77° uag
63.60° aud e Tneflszunulnninun s 20oymues nunyisuues Axel Ferrec [22] &9
TasdlenlulasaillasiadradunvuAtnddefsufunmsdsnvuaingudeyauinsgiu
JCPDS 00-011-0065 dansldinilevsinamesiulasiauiindiy aruduvesiiafissunu (111)
yadlasidlonlulnsdanas wazisleusinalulasiouiisdy Anuduvesiinfiszuru (200) ves
Tasdlenlulassifinduge Suihldszuiu (200) Wussunuilanwuuaziiedunedisnsdiu
anusugsvasuialulnsiausoAuFuSIIYIAY 0.8 x 10 mbar wufiafiszuu (200) v8s
CroN  wagiunliinadu ON - fyumsdenuudl 4258 Ssaumgiliinanuiunufine
Tulnsuiiitosyildiinssufiseninesneululpsuiiitesnitesnouvalasilouvinl
liiadulasdledlulasa (CrN)
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CrN (200) P 2.0x10 ‘mbar
. N2
CrN(111)
" it kit L e e -
CrN(200) -8
P 1.6x10 mbar
N2
CIN(111) CrN(220)
i
y i : ! k o “tnm,m:”-u ke Jual:.l.l'rliLMl\)vMMmm%" Al 4 :
: CrN (200) -3
P 1.2x10 mbar
N2
CrN (111 ORR20)

GiN(111)

CrN 200)1‘.(‘, IRY ante e 2ot ol 14 e '3
F‘N2 0.8x10 mbar

uﬂ.nlu'u-Hn":.n.nuuu[ ey ullm.-uj&lh-l' ol Bpoan. W LYo 4 N2

CrN(117)

Intensity (arb.unit.)

Pk 1IN TSR SR TP TR UL NNPPIN »
P 0.4x10 ‘mbar
N2

I'r'ﬁ A il b
(111)
(220)

(] (311)

| =

m(111) CrN
11)
(101)  (110) sl S O
- .
L 1 1 T | I | 1 l | 1 TI IT
20 30 40 50 °0 ° %

206 (Degree)

JUT 4.4 sdwuumsideavusdidndvadendisnlulase findevasanuaainsn 304 fina
[ -3 -3 -3 -3
sugaglulasiauwdy 0.4 x 10 mbar, 0.8 x 10~ mbar, 1.2 x 10~ mbar, 1.6 x 10~ mbar

wag 2.0 x 10° mbar
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(a)

1000 -

CrN (200)

P,,2.0x10” mbar
800 -

B..1 2x10” mbar

600 P, 1.6x10” mbar

3
P, 0.8x10" mbar

400 A

Intensity (arb.unit.)

-3 & a e
mbar ag 2.0 x 10~ mbar wpIn1siedauiauuns (CrNy) vualuLaanss 304

Hosnanusugosutalulasiauil 0.4 x 10° mbar adsldifadulassasne CN
FefufAnuniainisiIeuiiou XRD idasdrurnududesveufalulnsiaudeninuiu
5909fU 0.8 x 10 mbar, 1.2 x 10 mbar, 1.6 x 10° mbar wag 2.0 x 10 mbar mngﬂ‘?‘i
4.5 Lﬂumsl,ﬂ'iauLﬁaugﬂLLUUmﬂﬁymLuumaa%’aﬁt.ﬁncﬁﬁizmu (111) waz (200) ieiinng
Wasuwassaauanusugssvasuialulnsiausenuiusiuwiiu 0.8 x 10° mbar, 1.2
x 10° mbar, 1.6 x 10~ mbar uaz 2.0 x 10~ mbar Iﬂaﬁgﬂ 4.5 (a) wag 4.5 (b) Wuns
Wisuiisumadeanuuiissuiu (1) uee (200) Sediymsideavuveddasdlnlulasdi
37.60° way 43.77° 9UAIAU 5&Lnm'wLﬁaﬂ%mmmmﬁu&iawaﬂu‘[msr«amﬁw‘uvulgu‘lums

Laﬂauﬁfﬂumw‘fﬁmﬁ%ﬁmﬁﬁaa%mmﬁdﬂqsﬁu@mﬁnﬁuh&’eﬂrﬁﬁﬁﬁ%%ﬁﬂﬁﬂ@iﬁ?w%ﬂms%ﬁ

linsdilagsiedu snviuildiaulaiiom uay maaﬁma<1mLWUENLaﬂmimmwumimw%
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slananiaenndoeiuauideuss ARuden ez [23] Alfeuneiuualiiuvesuueins
Bonuutesaadefivsinalulasioudniy lunidssinuindlesnmdumusugosvos
uAglulasiausonuAUTINWINAU 0.8 x 10” mbar azsuildifulasadslasdionlulnse
(CrN) ﬁauugiﬁ Fanadildaonrdosunudsoves GWel wasame [13] ¥esuneliin el
snsduanuiugeslulasiausiennudusindu 10 - 15% Hauasvasusheglugy CrN
_LLasLﬁaé’mﬁdaummﬁuéaa‘uaaLLﬁaIuImiLﬁ]uﬁiammﬁuﬂmmﬁ’u 20% Wanagnosudiog
Tugd CiN- "

A15199 4.2 ANT2HLMINTENINTEUIU VUIAVBINAN LALAIAININEN

DNINFIUAIIUAUL DY o - DA
o , . SYHLYNTENIN | VUNRUBIHEN ANASNIEEN
Tassadne | lulssiausiornusiy '
551U (nm) (nm) {nm)
594 (mbar) : '
0.8 x 10.3 0.239 12.455 0.429
1.2 x 10—3 0.243 14.369 0.422
CrN (111) -
1.6.x-10 0.243 9.688 0.421
2.0%x710° 0.243 8428 |\ 0422
08 X 10° 0.206 7 10188 0.497
1.2.x 10_3 : / 0.209 11.857 0.491
CrN (200) 3
. 1.6 x710 0.209 9,880 0.491
12,0107 IRBIA (S48 0.491

- INANNITVETLUIAN 2d'sinf =l Laelunyinld Cukaﬁﬁmmmfmﬁu%’aﬁlﬁn%
1.54056 A anunsafunivmgeeeiniseniaessuy (d-spacing) aunvasudn’ (grain size)
Way AAsTinEn (Lattice constant) 193 Gy szt (11 1) wae (200) Ingfiszunu (111) &
S5EEMNTEIINNTENUBE N9 0.239 = 0,283 nm AIsTUU (200) Ssgdginaseninessuty
oglutna 0.206 - 0:209 i aiflefinnsanvuiavassdn Asguiullil) fvueveswdneg
Tue 8.428 - 14.369 nm-#19811U (200) U PwaRKENe §lLY78.9880 - 11.857 nm 491N
msagUldindiszunu (111) uaz-00) Asmsrdrnmiiudtdosvoafalulasiaudoniudy
siAU 1.2 x 10° mbar fanudusdnainniign wazidefinrsandiasiindniiszu (112)
ogflutaq 0.421 - 0.429 nm fiszunu (200) Termsiindneglutis 0.491 - 0.497 nm
Apaindndiaindifseiuanuideves GWei uazaniz [13] Tneiiehasiindnvodiasdlouly
Insadu 0.417 nm
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4.2.2 ANSIATITHAIARAVINANATNA FE-SEM

Y bai:

TMEC 5.0kV 12.7mm x30.0k SE(V) 9/22/2014 15:08

(C) (d)

(e)

gﬁﬁ 4.6 nniavInsvesiduunelasdlonlulassanniaies FESSEM fisnsndiuainusugos
TulpsiausieauusId (@) 0.4 x 10° mbar, (b) 0.8 x 10 ’ mbar, (c) 1.2 x 10 ’ mbar, (d)
1.6 x 10 mbar uag (e) 2.0 x 10" mbar

U 4.6 nmidavswesianulassleslulasdanniaies FE-SEM fifhdswene 30K
5U 4.6 (a) SnsndruausugoslulnsiauronususINg 0.4 x 10° mbar fuimnsudn
A dunEnsdaaenndefuNanITIATIZ XRD Snwasnsiinveansuiatulusuides
g‘u‘?i 4.6 (b) SnsndruausugaglulnslauioAILRLTINT 0.8 x 10° mbar nsuiidnuee
ADUTIANYT0] maAsnsululuads (columnar) Feaenndasiunanishingizs XRD Taedi
Snsnarumnuiugoslulnsiausonusus g 0.8 x 10 mbar Hduazwesusidulasdley
Tlors (CH) Byl 3UR a6 (&) S aiurTifug os TR Ro s WRMFaT 112
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10 mbar sunvennsulngfiandefiuiusandunusugeslulnsiaudug fiaenados
fiuna XRD dnwazinsuluuuaie Anuseliisweunsuanas g"d‘ﬁ 4.6 (d) 9n31@IUAINUAU
gaglulnsiauserudusind 1.6 x 10° mbar vuAveRNSUENES LLm'immmmLLﬁuqa%u
Snwarnsiandluidauazuundes uaz SUR 4.6 () Shmdumnudugeslulasiause
AMUAITINT 20 x 107 mbar Anunukivanasdefisuiusnsdiuanuduges
Tulnsiaudi 1.6 x 10 mbar 5ﬂwmzmsuduuimjaq‘lmt,m&y’a fuundesdhadnios

4.2.3 MsAszalemaiia Energy Dispersive X-ray Spectrometer (EDX)

MTIATIEN EDS iemsnsiaruvaddasiiouselulasiouluiiduung N, fisnsndu
ausugasveauialulnsIausoAILRUTINYIARY 0.4 x 10° mbar, 0.8 x 10° mbar, 1.2
103 mbar, 1.6 x 10 ’ mbar Lkag 2.0ex 103 mbar %ﬁmuﬁammaieﬁuﬁawam Cr:N 3
AN31971 4.4

Spectrum 1

0 2 4 6 8 10 12 14 16 18 20
Full Scale 5540 cts Cursor: 0.000 keV|

JUT 4.7 amangann SEM wag NaaUNASUYRITUIURdURITeNauuralasledlulase

¥
< A a

mﬂg‘uﬁ 4.7 \Juguinuiivaslduuns N, Auansuinaiideniniausinudndiu
oznouvassmiiagluilofidn uargluaniaianiuseninseraeulasifioniuosnouvas
lulnsiou Tnsunuiswansauiduressigiiinlduasunuusuianmdanuanmvuessed
Sndrvezneuvadasiivuuwazlulpsiauinlvididnnseutu K-shell ngaooniinislaasdwa
TWaidnnseursuenidununuinasasaudeendsanussnulumie ke dsazidurinai
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Ky = 54117 keV, Ly = 0.5729 keV uag TulnseuildmdnuanmsUasundasasves
Sidnmseudu Ky = 0.3924 keV

An57 4.3 Wasidudesnauvedasilauuaglulasiauluiiduuis CrN,

BRINFIUAINUAUL DY
Tulasiaureanuausiud | Cr (%atom) N (%atom) Cr:N
(mbar)
0.4x10° 65.11 34,89 1.00 : 0.53
0.8 x 10-3 44.50. 55.50 1.00:1.24
12x10° 43.50 56.50 1.00 : 1.29
1.6 x 10_3 44.11 55.89 1.00:1.26
2.0 x 10-3 43.93 56.07 1.00: 1.27

N9 A3 wuddisasadmusudeslulpsisuReauiUsINd 0.4 x 107
mbar I8nsdnezneuvetlasiiousolulasawiu 1,00 . 053 dasiarudananyinlvian
Aduiaseatiafiu CrN Fuaonedasfiunanisiias 1z XRD fignsdauaudugoslulnsiay ‘
REAAAUTIN 0.8 X 10~ mbar ﬁé’m‘ﬂdauawamaﬂﬂﬁﬁamia"l,u‘[mwmﬂu 1.00 : 1.24
_ E‘)’sma'auc?fqﬂdnﬁﬂﬁf’jﬁ\léuﬁiﬂsaa%ﬂL“ﬂu CrN TaaenAdaafuRAnITLATIYA XRD uash
Snsnarum g aslulnsiausen U125 107 mbar, 1.6 x 407 mbar uae
20x 107 mbar :ﬁ'é’mwa’auasmamaﬂﬂsL:ﬁam\'aluimmuﬁ’lﬂé’tﬁmﬁ’uﬁﬂﬁi’jﬁ\léuﬁ
Tnssatadu Civ Saennresiunantsiiasizi XRD #isuil 4.4 Tnaduunisidgaiuuanas
aglutianeiy

4.2.4 HANISNARDUAIULDY

M5iiAseden Ll sTRuRm e ENT s Oy sl iihanuaa 304
wRauseiduundlasSeslilassfanusntesvosuAalulasgdiviaiy 0.4 x 107 mbar,
0.8 x 10~ mbar, 1.2 x 107 mbar’ 116 % 10" mbar 1ta% 2.0 x 10~ bar lunmsnaaauay
wiaiflfmruau gamnil uasuavaImIudNsinsvesdamiondenliviniu 24.5°c uay
56 %RH MuERU ntuI s lunegeuwuy Vickers ﬁaguﬁ 4.8



55

WUy Vickers

JUN 4.8
R
9 3d FIUTUNIIYS

APNLALEBY
1o’ mbar,
CrN,
7 20x10”
mbar
1 1014.3
2 16NN, V35131 9029 OF A3 | 10143
3 165.2 898:45) - 336 A 10361 | 10143
4 168.1 1058.5 | 1036.1
5 165.2 844.7 11317 | 10143 | 11313
wds (HY) | 164.7 839.3 9860 | 10363 | 1014.3
Wiy (GPa) | 1615 8.255 9663 | 10016 | 9.940

- U A L2 1 1 6 Q’j o U d. < 5
MN’]EJIMG} k (1) ﬂ’liﬂﬂﬂﬂLQﬁEJﬁ]W\ﬂﬂ’]QG?!ﬂLLa:‘,ﬂ’WCﬂ’li’!ﬂ’eJ’eJﬂ FINUUUIATNLREDNG 3 U
ANRAY
(2) HVO.1 $iAvinfu 9.80665 MPa

] N v o ) ] ~ = "3 ! ) v 1Y v
wnastiluenansianulidmsunsldnuienisfinwmini lleygalihlulgussleviiunisen

lidnsdilagiiadu dnviavnuiilvdnulasilent wagfasdadadadvesenarsynasaniinisualuly
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PNATNT 4.4 Wuldiarauud s upuamuLaa 304 deuvinfu 1.615 GPa way
Araundsvssiduulasiflsvlulasaidnsidruniusudesvasnialulnsiaunonausiy
W -3 -3 -3 -3
FUWNNY 0.4 x 10 mbar, 0.8 x 10~ mbar, 1.2x 10~ mbar, 1.6 x 10" mbar kag
_3 = dl 1 U dl 7] 1 LY 1 1 Qs
2.0 x 10~ mbar ziAAuLdsALAnssiy Aeas1drunusuteylulnsiauReaIUAUTIN
dl '3 a0 d' ) 1 U 1 N 13 U d'
711.6x 10" mbar ummmﬁaqaqm warfsnsdiuanusugaslulaslaunamUAUSIUA
-3 a & ° d'
0.8 x 10~ mbar #rA1ALTIANTIER

10.5 —

10.0 -

-

B
et

9.5 4

9.0

8.5 -

8.0

Hardness (GPa)

7.5 4

i

7.0 4

T 1 g 1 4 LD

; ; .
0.4 0.8 1.2 1.6 20
Nitrogen partial pressures (x*lO'3 mbar)

SUT 4.9 nsmluaasuavesnsiuudeiugnsdiunudutesvesufialulpsiaursanufusiy
1w -3 -3 -3 -3 -3
WU 0.4 x 10. ' mbar; 0.8 x 10 “mbar, 1:2 10~ mbar, 1.6 x 10 mbar/tiaz 2.0 x 10

mbar

INMILAsIEA. EDS adngan1iodiiurveesnonutfituny Jeawnsangns
Tassadravailduune N, ACrN=way CroN Tassasaswtu-CrN avdauudaussnnnii
Taseadranuy ON - [12] 9ngud 4.9 esiiuldiidhsndanudugasiulasiauioaudy

o -3 o - | o -3 ! o W oA -

53071 0.4 x 10~ mbar aefiA1AuuTagend1f 0.8 x 10~ mbar udluvugifieaiulrniy
@ ° Y] 1 @ 1 ) t [9) o -3 -3

wisinIndnsidarunnuaugeslulasiauseanuiusang 1.2 x 107, 1.6x 10 wa

-3 P a a X = oqu ' a1 a
2.0 x 10~ mbar Wasamnusualulesiaufuuiniuy FevildanunuiiiuresezaouiiaAiing
1nfy  wasyinlraudundndanindu [13] Sedwalianuudevesidufindu 9nn1s
a P | o 1 Y ’ 1 19 a -3
AAT199 XRD JUT 4.1 wuinfidasndiunnududeslulnsiaudenudusini 1.2x 107,

'3 _3 = <= d. 2 L |‘ﬂl QI i 7] ]
1.6 x 107 wag 2.0 x 10 mbar SAranuidundniilndifesiu usnidnsidiuauiugos
| o a -3 P 2 o I et o 8 v ‘o e
Tulpsauranudusiud 0.8 x 10 mbar danudundndinit Fevinliannuudevesidu
vilasdleululasddinit uazainnisiasigsinnunuinlsiaies SEM UN 4.3(d) uag
t:ll ;d'u 1 % ] 1 ) d’ -3 a
U7 4.3(e) Nensdumudugesulnslaufenufusmm 1.6 x 107 mbar azfiaaumuy
' o Ve ) o ' o o 3
wiuresaraanfigeinitndnsdiuanududeslulnsiaudeaiuiusini 2.0 x 107 mbar
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v O a o ' YR | @ Pu] 3 a | A
AatuAULTsns@UANGuE a8 lULASIURBAINAUTINT 1.6 x 10 mbar HAgeNINd
v ] o 1 1 v ‘ﬂl 3
gns1dumusugaglulnsiaufaAUAUTINA 2.0 x 10~ mbar

4.2.5 ANSIAIITRNIAAAVINAWNATA AFM

WéumﬂﬂsLﬁaululmﬁﬁmﬁaulﬁ%gﬂﬁwlﬁimiwﬁamwﬁuﬁwm%uﬁwmﬂﬁﬂ
nMyiandesganssmustornay (AFM) Tulnuansinuuy Non-contact AdnTdm sy
goovaauialulnsian 0.4 x 10°, 0.8 x 10°, 1.2 x 10, 1.6 x 10 waw 2.0 x 10~ mbar 34l
swaziBeadweluil

SU 4.10 wananmene APM - vasiiduuilasdisnlulasdfisandueuiudesveauia
1lnsiau 04 x10°,0.8 x 107, 1.2 x 10°, 1.6.x 10 g 2.0 x 10 mbar
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'«miﬂw 410 wansdnwasiuinvediduuialasdionlulase wansliiiuiesesi
mmmmmaaﬂau‘lﬂsmaululmmwns maml,ﬂaauuul.t,wuaummaa 304 ma'lmaaulw
amswmummﬂuaawamnalu‘lmLam 04 x 10>, 08 x 10°, 1.2 x 10° 1.6 x 10° way

20 x 10° mbar sudRy T,ﬂsJm'uru':;msz‘uaqwauaqmmlmmnmwmwmu (Roughness
root mean square, Rq)

d £ ¥ a a, § = 3
A151991 4.5 Snwaziuinveauulasdloululage

Nitrogen partial pressure (mbar) Rg (hm) Ra(nm)
04x10° 9.968 7.953
0.8x10° 13.617 10.818
12x10° 5,282 12.492

6.757
8.060

N0 J5enfiAAy
WS @0 9A "  rieary 4 dus -" e, Ra Veaes
NUINAN ¥7AINGU
gosuialu 20x 10°

Roughness, Rq (nm)

T ¥ T T T v T T T 1
0.4 0.8 1.2 1 6 2.0
Nitrogen partial pressures (x10 mbar)

UM 4.11 auvguszvesilanulasfiolulnsdiuinauialulnsiauiie

&2 = v o o v = = & 1 v o ] v Y
nansiiluenarsnanulidmsunmsldnuienisfinwwingu leygalmhlulduselevisunism

lidnsdilagiadu dnvivnuiilvidaulasient wagdesdnadadadvesenasynasaninisialuly
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sl

903U 4.11 wansauvgvszvesiiduulasdenlulasafiuiinuufalulasiou
#1499 wuilugsiusinauialulesiou 0.4 X107 §3 1.2X10°° mbar Wduasdirungussii
11T Feanunsnasuneldainusingnisel Shadowing effect Aoiiioarnon CrN anasnil
fuinvesiidudauandluguil 4.12 ildRduAansviunsludiugongunniudsiliidus
mwmmszmn% wardnuazraansulrTmFLduuuy Columnar uarlutasiiasaile
Usinamesudalulpsauiisdudous 1.2 X10° 1 2.0x10°° mbar uwiltuwesiaiuvgusy
szanasansnosueliinuilesnadiunududosvesuialulasiaulussuvatamesann
Tunardnsidrunnudureufaaisnoundutiosas shlssunulossuvesufaeninoudivy

fuithlanglasdfienssiidruiuanatiasdnsnisindiountes dwmalieynievedlasilionlu

ﬁméauéﬁnwﬂ@ﬂémw\ daunsnansoululn
duvzsn ievelauszynihe S M52t XRD WUi1AUAY
o d' ’3 e o / S =) & @ n‘; Vet = o
wialulasiaud 0.4 x 10 mbar westiindmifsiaslasdonlulasd dmugAnwidei
[ 1 a ¢ 5 ld' (v 1 & [ -3
ASNAABUNISHANTDUVBINALUIY ON Fansnausugaswnalulansiaudu 0.8 x 10
-3 -3 -3
mbar, 1.2 x 10 mbar, 1.6 x 10 mbar kag 2.0 x 10 mba_r

& < Q‘I v o Y} Y] P = O | ¥ o v 5% v
nansiiluenarsianulidmsumsldanuienisfinwiwinuu Weygelnhlulduselesimunism

lidnsdilagiiadu Snviavnuiilvanulasilon wagdednadadadivesenarsynasaninisiiluly
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P, : 0.8 x10” mbar

1 Ecorr =-0.060

APPLIED POTENTIAL,E
o
B
I

APPLIED POTENTIAL,E

T —
1E-7 1E-6

LOG, CURRENT DENSITY

JUN 4.13 mImarauidndiiinnisinanioukazanunuwiunssualiiinisianseu

v v a'l a 6 = L3 Au ] £ 1 o
Mndulaslnanlswtuvasiduundasdisululnse Adnsrdrumnusugssvaufalulnsiau
$149°9)

dy I dl Y o U 14 dl = 1 gj 1 Y o ¥ € Y ¥
wnanstiluenasianulidmsunisldnuienisfinwivintu ldeygnlrihluldusslevisunisen

ludnsdllagrsau Snvivhudilvidawdasilon uavdesgedadadivedenarsnnasaninisuiiluly
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P, : 1.6 x10° mbar

1.0
.
0.8 /
0.6
w 0.4 4
g q
= 0.2 4
5 Ecorr =-0.035
[
o 004
a
[a)
w
k==
g
AT
NAA AN
VNN TN
w
-d
<
.—
z
w
'-
O
a
(=)
w
vl
o
o
<

%
T T T

T
1E-5 1E-4

T T

ML R AL | ML |
1E-8 1E-7 1E-6
LOG, CURRENT DENSITY

d 1 1 1 U ‘A - o 1 1 2
JUT 4.13 (si0) AIIAIAUANFNENAANISTANTaukaEANLrLILLUNsERalWinIAn
' 9 & a ¢ a oo \ Y] o
nsou MnEulflnalswtureaiduuidasdlenlulnsn Nonsrd@uanufutDEvDILN

Tulnsiausnge

dy 3 dl ¥ o U ¥ dl = } 5 1 Y o ¥ 6 v ¥
wnanstluenansnanulidmsunisidnumenisfnwvintu ldeyaelmihluldusslowisunisen

Lidnsallagmau dnvivhudilvidaudasion uavdeesdediadivadenarsynasaninisiluly
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AT NT 4.6 nansnagaunIsinnsauvesiduuslasiluylulasa

Nitrogen partial Ecorr icorr

pressure
(mbar) - ) (A/cm)

Stainless 304 0408 8.529x10"
0.8x10° | -0.065 5.889x10"
1.2x10° -0.115 8.417x10"
1.6x10° 0.134 2.137x10°
2.0x10°” 0,134 1.947x10°

mﬂaﬂw 4.13 9gtiulain waﬂ13';mmsnmmawawlaumﬂﬂiLuaululmmium
a‘uﬂvsoﬁmwmwmuaaEJLLﬂa”LuImLauLUu 0.8'x10” mbar, 1.2 x 100 mbar, 16x 10°
mbar Wag 2.0 x/10° mbar puEsuAinszuglniifiaananiieduammadndluaudaen
AR EARNITAANIAU(E L) A L ax UG s At sUBRT e saluns
FrumusenishnnseuiuAed Eiy fpveuansiniauesiinisadedidnaseuldie 3
fianuannsaluansiuniusanisiansautaenI WLt Foann- 91nwanIsiaseiay
UL B ﬁmﬁiﬂé't,ﬁmﬁ’uagﬂwdw UAZ-0.065 V §14-0.134 v, kasA1AR UMY
Y09nsEudlNAnT R nnT o (L) Tuniiefshslun1sfanssutiusuddiiidininy
wu kiU szua iSRS o () do8 dganu1sad LA sn T lun1sinnseu
FuaulEIN 995297 4.6 MR bRl TR U 1.6 x 107 mbar uaz
20x 10" mbardiiAamidnsmannsnansou (E..) MWy wasilefannainiu
wunutuvesnssualnihnisianseu (o) Fenuiusssutalulaaudu 20x  10° mbar
ansafuNURESR U AnnseliRndaTiasauiue sewialula 1.6x 10” mbar
wasd musugesuRalulaauiy 1:2°x 107 mbar fATA At aenseualniiinisin
n50U (on) *7'1'mnﬁa;mLLaﬂﬂﬁLﬁujwa']miaéhumum'aé’mﬂumiﬁ’mﬂiawﬁumuﬁﬁaaﬁqm
%aaamaqﬁ’uwamaamﬁm AEM. tilasannfidnudugasudalulaiou 1.2 x 107 mbar 361
ﬂ’J’]ﬂJ‘US‘UiuVliﬂﬂVlﬁﬂ wﬂwwummaaﬂaumwwwauNaﬂumiavmamﬂmmwacﬂaamﬂms
finnsau
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~V-RaqrT

16 0

| v —I—Im _90 §

15 4 @,

] 75 S
144 g
E L0 B
bl b —_
o Q
x E )
o 45 S
@ 12 @,
) ] - <
& -~
S M- -30 g
& B
® 104 u -15 S
&

] >

= (¢)

2 Lo 3
VN

JUT 4.14 figafn A AY A AN Y WAL g salveIlauuIe
Tasiiloulule

N MWUUVDY

9 A’ a, ¢ A

nszualvihanInengon oS aNUN ielyldo; s e PouNAUUIN
anad NazaNl nﬁi 14 if AUNEIU
Yasituin AR RN LR A QL} gapulaein I
\ v p(aYaYs .
Aanalyianng g "L%ﬁmn uw-,r.a" w wumamsnm
nyaulanaL) 4 -.-.1 101 \}:\) 5 UYDIRITana
dnalviduanuiintadien
4.3 NANTSIATIZIANA] A piualeULaE 304 ANEVAY
NITUIUNIIDU

Tudrutiidunadauuralasioululpsnasvusiuawauiad 304 AAUAUEDE
-3 -3 -3 -3
Tulwsiaudlu 0.4 x 10° mbar, 0.8 x 10~ mbar, 1.2 x 10 mbar, 1.6 x 10  mbar wag
-3 o a‘ a =) Q'J e‘ L%
20 x 10~ mbar lngvhniseuiigamgil 400 sarwaidea Uunian 2 $alus enueiy
-5
2.0x10  mbar

S 2 - v o Y ] = = L ! ¥ o o 5% ¥
nansiiluenansianulidmsumsldanuienisdinwivintgu leygnlmhluldusslesimunism

ludnsallagsau Snvivhudlvidawdasilon wazsesedadadivesenarsynasainisinluly
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4.3.1 msansieilaseadsfrewmaiin X-ray diffraction (XRD)

1NMTVAEBEIATIEY XRD wosllduuidlasiflenlulasd (N indouauy
WHUALLLAE 304 Tiddnsndruauiudesveialulasiausenudusiuyiiy 0.4 x 107
mbar, 0.8 x 10° mbar, 1.2 x:10'3 ‘mbar, 1.6 x 10° mbar uag 2.0 x 10° mbar
Ienasiaguil 4.13

3
CrN(111) CrN(200) P, 2:0x10 mbar

ChAA 'MW’WWJ\W‘W/\MWWMMM

CrN@z0)  CINET)

.3 -

CrN(141) CiN(200) P, 1:6x10 mbar

\ WJ\\K Cingzo)  CMETD
m&mmmw W\;WWWWWWWW/\\M%

CrN(111) CrN(200) P 1.2x10 mb
W\J\W CrN{220)
e "’WM“"NMMMM

£
3. i
Q S\
6 CrN(200) PNz 0.8x10 mbar
> CrN(220)
k) ;
S eyt mwwmwwf\wmwﬂw
E LAY AR P 04x10 mbar
_ NS CrN(112)
Pk "*’M‘WI\” W‘:’smw/\www“\ﬁ
JCPDS (111) -=(200) CrN
-(220)
" a)
[ I ! 1 } , 1
JePDS (111) CrN
(211) ‘
(101)  (110) (112) (300) (311)
m ! |F 1 ! ] ! S -
20 40 . 60 80

20 (Degree)

JUT 4.15 gunuumsidgaivusdiondvedlasidienlulasd (CN) ndenssuiuniseu Miadeu -
AELAULAALNTA 304 vmamwmsLﬂaauLLﬂaqamwmumaanws ginafalulesian (N,) fu
21510U (An) ‘ ’
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JUN 4.15 uansguuuumsiienuuiedidndveslasidlenlulase (CrN) wdsnszuunig

U

2

o a

1Y) i a Y -5
aufigavgil 400 ssriwaldea Wuiian 2 99l Niannzganiafinaudy 2.0x10° mbar

9 Y
[
° P~ [

ethyumstasauuvesisdidnduuSsuisuiudeyaunsgiu JCPDS 76-2494 gemuin 4
sanduanuiudesveuidlulpsiauserusiusiumiiiu 0.4 x 10° mbar Hdulasidealy
Tnsfndanszuiumsevasilassadnediiiutuan N (111) Widulassaieinauiusening
CrN (111) wag CrN (119) fighsrdruanusudosewialulnsiausoanufusiumiiu
0.8 x 10° mbar, 1.2 x 10” mbar, 1.6 x 10” mbar uas 2.0x 10° mbar #du CN 3
TAsea¥efo CrN (111), CrN (200), CrN (220) ae CrN (311) 95WUI1A18nEINTEUILUNITaY
amuduresfinezianfindy uandinnsindesvsmdniidusadoviu Iduilasiatng
Lﬂu‘[ﬂiLﬁamlulmﬁ‘ﬁ'auymimﬂﬁudawaiﬁmmuﬁmaaﬁﬂLﬁw??u

A15199 4.7 ANSEUENITENINTSINY- TR UDIHNAN RsSATPNINE N WEINTEUIUNNTOU

Fas1dIumM LU DY , . NN\ D4
. , ] SYHEVNNE ST TUIRTDINER ANASANAN
Tassadne | lulssiausomiisiy '
38UV (hm) (hm) (nm)
574 (mbar) :
0.8:x 10_3 0.239 - 12567 0.429
1.2:% 10_3 0.246 28.991 0.493
CrN (111) 3
1.6 x 10 0.246 18.203 0.492
20%10° 0.246 18363 |7 | 0.491
0.8 x 10-3 0.283 12.528 0.572
1.2 x 10_3 0.286 24.497 0.567
CrN (200) 3
1.6x 10 0.286 15.623 0.567
20x10° 0.286 17,540 0.565

AN37 4.7, WARSEESMISEIAGEUAY (d spacing) TueueenaD (grain size) way
ApsTinEn (Lattice “constance) #inseUIUNTIOU Vaailgavns O ﬁiEU’]‘U (111) uaz
(200) Taefiszunuy (111) Tlsggsvinasyid issanuatlughe 0.239< 0.246 nrm fisvuy (200)
fisvesvinesewinsszurvegluag 0:283-= 0.286-nm LilaRa1snvunnvessdn fissuiy
(111) fvwnvesndneglugag 12567 - 28.991 nm fiszuu (200) vuAvsNanaglugae
12.528 - 24.497 nm %ﬂﬁmmswaqﬂlﬁdwﬁismu (111) wa (200) Adasrdmaudugos
vowfdlulnsiaursnufusiumindy 12 x 10° mbar fmnufusdnuinian wasde
farsenmpsitndniissunu (111) ogluvae 0429 - 0.493 nm Fisgunu (200) fenasiisdneg
Tutias 0.565 - 0.572 Am NFUT 4.16 uanavwIAvesHAnfivSInaufalulasausieg oy
NSTUIUNTOULALMAINTEUINNNTEU NUIAendanseuIunseuiiduundtasnideslulase

yunrounTulvunfingTues1adnau Jeaenadasiuuideves FH.Lu uag HY. Chen
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(21] dievimseuiauunslasudenlulasafigamgil 400-600 ssrneadea aelianie

qeeINA ANULATEATBIMENIzanaarIUIRYBLNT UL Y TU

—m— as deposited
28 ® annealed
24 ] ®
22 ]
20
18 -
16

14

Grain size (nm)

maﬁ@@w‘% *

N996 TN

UNANTTATIEN XRD Iﬂem
Hanazwesuiululasdisululased (CrN) amaaugicﬁ gﬂw 4.17 (o) dnsndmAUIULRY
lulnsiausieruiusand 1.2 x 10 mbar vnavesnsulvgiigadleifisufiusnsiduny
fudoslulnsiausug Fudenndasiuna  XRD dnwazinsuluwuine aruseiiiosennsy
anas U7 4.17 (d) Samaumnusiugeslulnsiousiennudusiui 1.6 x 10° mbar uaz 5
figuil 4.17 (o) Smsrdumnudugeslulnsiousdenudusindl 20 x 10° mbar 2u1AY8Y
insudnas wilinnuvnuuiugstu devhnmsusuifieutugui 4.6 wuineunssuaumsey
uazvdanszUIuMseUiidnuuzeansuTideuidimileudy

S 2 - v o Y ] = = L ! ¥ o o 5% ¥
nanstiluenansianulidmsumsldnuienisdnwivintgu leygnlmhluldusslesimunism

ludnsallagsau Snvivhudlvidawdasilon wazsesedadadivesenarsynasainisinluly
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U 4.17 awdnrnavesiiduudlasdlenlulasdaniades SEM fimnusudeslulnsiaude
(a) 0.4 x 10 mbar, (b) 0.8 x 10° mbar, () 1.2 x 10 mbar, (d) 1.6 x 10 mbar uag
(€) 2.0 x 10~ mbar ANBVAINTLTUIUNITOU
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4.3.3 N15ATITRNIARAVINAWNATA AFM

JUN 4.18 wansnnene ARINge WAl grlamind binsandhafauainududovvasuia

3 3 3 3 v
lasiaw 0.4 x 107, 0.8 x 10 =hZX=10==4=6"X00""Uav 2.0 x 10  mbar nEn&
N3LUIUNTOU

1%

dnwngiuiivesitdauunslasdenlulasd (3n5u#a.18) ndevuuiagsesiuiniy
almulaa Wendanszuiunseuiigumgi 400 ssawaidea  uan 2 §2lus flanag
anaINIATiALAY 2.0x10° mbar dnwgiuiivesiiduundlesdeululasdiiuunliudey
Fu dunaldniAumenu (Roughness root mean square, Rq) lumsnssialuil
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M99 4.8 AnwaeNuRlvasiduutasieululase vaenseuIunseu

Nitrogen partial pressure (mbar) aillc
Rg (nm) Ra(nm)
04x10° 7.696 6.068
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Abstract

In this paper, Chromium nitride thin films were deposited on silicon wafer
substrates by DC reactive magnetron sputtering technique to study the result of
nitrogen partial pressure to total pressure in deposition process on deposition rate, the
crystal structure and the rate of corrosion in pineapple juice which was applied as
coating on the blade used for cutting pineapple to extend life of blade. The ratio of
nitrogen per total pressure is 10%, 20%, 30% and 40%.The controlled the thickness of
film is 2.0 pm. The XRD results showed that the (111) and (200) preferred
orientation. The d-spacing and lattice-parameter.of chromium nitride at the ratio of
nitrogen per total pressure-10%-40% range between.1.0577-2.4141 A and 2.1731-
4.8282 A respectively.’Consideration of ‘corrosion of the thin film has the Ecorr from
-0.2 to -0.06 volts:” Chromium-nitride at the ratio”of nitrogen per total pressure 30%
has the best corrosion resistance.

Key Words: CrN thin film, DC reactive magnetron sputtering, Cotrosion
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Abstract

In this study, we investigate'a facet of the fabricationprocess of chromium nitride (CrN)
film intended as a protective coating-for pineapple blades. CrN-thin films were deposited on
unpolished stainless 'steel substrates (AISI304) by DC reactive magnetron.sputtering in Ar+N,
gases. In principle, the proportion of nitrogen partial pressure to-the total pressure in the sputtering
process should have considerable effects on-the CrN film’s chemical composition, its crystal
structure, its hardness, and its corrosion resistance. We tested this supposition-out by using several
different nitrogen partial pressures in the sputtering process and observed the films dep0s1ted The
coatings were dep031ted at five different nltrogen partial pressures of 4.0x107* mbar, 8.0x10™ mbar,
1.2x107 mbar, 1.6x10~ mbar, and 2.0x10”, The deposition times were controlled to achieve 5-um
thick films in each deposition. The films were analyzed by several analytical methods, such as X-
ray diffraction (XRD), scanning. electron microscope, micro-hardness and potentiostat in pineapple
juice. The XRD spectra of the films showed face-centered cubic structure with (200) preferred
orientation, positively identifying them as Cr,N and CrN thin films. The calculated d-spacing and
‘lattice parameter of the CrN films increased with increasing nitregen partial pressure; the ranges
were 0.283-0.287 nm and 0.491-0.497 nm, respectively. The cross-section morphology of the CrN
films reveals the columnar grain growth with a high density. The erystal structure and the grain
texture correspond with the harduess property. The films corrosion potential, an indicator of their
corrosion property, was varied from--0.14 to -0.05 volts with varying nitrogen pressure. The most
corrosmn resistant and the good hardness were the film-fabricated at the nitrogen partial pressure of
1.2x107 mbar.

Introduction

Entrepreneurs of agricultural industry, an important industry in Thailand, have been
struggling with the problem of rapid corrosion of machinery equipment in industrial processing of
agricultural products for quite some time. One way to handle it is to coat their equipment with a
metal hard-coating to extend its usable life. Chromium nitride thin film is commonly used for this
purpose because of its excellent physical properties (hardness, adhesion, corrosion resistant).
Chromium nitride thin film can be prepared by several methods, such as chemical vapor deposition
(CVD), filtered cathodic arc, and reactive magnetron sputtering. The reactive magnetron sputtering
method has many advantages over other methods because various parameters in the method’s
coating process can be-easily controlled to achieve desired: film: properties: In addition, the-
technique is scalable and yields homogeneous coat even over a large surface area [1].

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
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A previous study by G. Wei et al. showed that chromium nitride thin film can be deposited
on silicon wafer substrates by DC reactive magnetron sputtering. Their d-spacing, lattice parameter
and hardness were results 0.288 nm, 0.417 nm and 15 GPa, respectively [2]. In another study,
Pornwasa Wongpanya et al. investigated the corrosion resistance of AISI 4140 steel coated with
chromium nitride (CrN) and titanium nitride (TiN) thin films prepared by physical vapor deposition
[3]. The film thicknesses of CrN and TiN were controlled to be 914 nm and 1200 nm respectively.
The corrosion resistance of the samples was electrochemically tested in an air-saturated 3.5 wt %
NaCl solution at pH 2, 7, and 10. The CrN and TiN coats on the samples showed effective
resistance at all pHs tested. Chakapun Thawornthira et al. conducted a study on CrN thin film
coating of pineapple cutting knife as a means to extend its usable life [4]. They found that a short
knife coated with CrN lasted longer than an uncoated one, one to six times longer. Therefore, CrN
thin film is a good candidate for coating knife to extend its usable life.

Previous studies on CrN film’s corresion property were done in NaCl solution. For the
purpose of extending the life of pineapple blades, crucial information about the film’s corrosion
property in fruit juices containing several organic ‘acids is still lacking. Hence, we conducted this
study to investigate not only-the influenceof varying nitrogen partial pressure in the deposition
process on the CrN film’s general properties but also its influence on the film’s corrosion property
in pineapple juice in particular. Our findings can be used to optimize the deposition process of
corrosion resistant film on cutting blades for pineapple industry.

Experimental

Our experiment involved depositing chromium nitride thin film. on. stainless steel 304
substrates by DC reactive magnetron sputtering of pure chromium target (99.95%). The coatings
were deposited at five different nitrogen partial pressures of 4.0x107* mbar, 8.0x10™ mbar, 1.2x10
mbar, 1.6x10”° mbar and 2:0x10° mbar. The substrate ‘was cleaned chemically by using a
trichloroethylene (TCE), acetone, and methanol, respectively. Then, the substrates were rinsed with
deionized water (DI), and blow dried with nitrogen gas (N2). Our sputtering system consisted of a 3-
inch magnetron gun, a 1-kW dc power supply, two mass flow controllers and a halogen lamp
heater. A vacuum was created in a chamber at a base pressure of 6.0x10°° mbar before deposition of
C1N film. During the deposition process, the total pressure (Ar + Ny)-in the chamber was 4.0x107
mbar. A Cr target was pre-sputtered with an argon gas source for 5 minutes at 100W. After that, the
substrate was heated up to 320+°C for,30 minutes."An adhesive interface layer'of Cr was deposited
on the substrate, using 150W of power for,5 minutes. Then, a,CrN thin film was deposited at a
specified nitrogen partial pressure, using. 300W of power. The deposition times were calibrated by
scanning electron microscope to determine the film’s-thickness. The total film thickness was about
5 um. The structural, cross-section morphological and hardness properties of these CrN thin films
were then determined by x-ray diffraction (XRD), scanning electron microscope, and Vickers
" micro-hardness, respectively. The chemical composition was obtained by energy dispersive electron
spectroscopy (EDS). Their corrosion property in pineapple juice was measured with a potentiostat.
The corrosion potential (Ecor) and corrosion current (Lor) Were used to determine the corrosion
resistance.

Result and Discussion

Figure 1(a) shows the crystal structure of CrN thin films at different nitrogen partial
pressures of 4.0x10™, 8.0x10™, 1.2x102, 1.6x10”, and 2.0x10” mbar. The XRD results show the
characteristic peaks of CrN at 20 = 37.60° 43.77° and 63.60° mbar corresponding to the (111),
(200), and (220) orientations, respectively. These peaks are the CrN reference peaks in the JCPDS
00-011-0065. The XRD spectra show that the (200) orientation was the preferred orientation. Also,
the degree of crystal increased with increasing nitrogen partial pressure. Fig. 1(b) show
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magnification of the peaks that correspond to the (200) plane, it can be concluded that the peaks
tend to shift toward lower angles as the flow of nitrogen increases. Our result agrees with the A.
Ruden et al. that may imply the compression of crystal lattice in the CrN film [5].

Intensdy (arb umt

(a) (b)

Figure 1. (a) X -ray diffraction spectrd of CiN thm films at mtrogen partial pressures of 4.0x10™
mbar, 8.0x10™* mbar, and 1.2x10and 1.6x10% \mbar /ahd 2,0x10™ (b) Magnification of the perks
that correspond to the 200 plan€ of CrN-coatings growmn on AIS1.364 substrates.

According to Bragg’s law (2dsind's nX)with an-X~fay source lof CuKa radiation (1.5418 A),
the d-spacing and lattice parametér of the standard, CrN-reference are 0.288 nmyand 0.417 nm,
respectively [2]. The d-spacing and; lattice parameter of the CrN thin films-prepared with different
nitrogen partial pressures betweenm h0x10% smbar and’ 2.0x 107 .mbar; they were 0.283 — 0.287 nm
and 0.491 - 0.497 nm, tespectively: By usingthe Sehewer’-formula,ithe grain'size of CrN thin films
prepared with different’hitrogen partial PIESSYTES: they weie 98,807 =5 118:573 “Aras shown in Tab.
1. At nitrogen partial préssures of 1:2x10~ mbar Kaye'the latgest gramy size.

Table I
The grain size of différent nitregen partial-pressures between 8.0x10=: mbar t6.2.0x10~ mbar.
Py, (mbat) 8.0x107 1\ 250 16x10° Jox107
Grain size(A) 104.881 P118.5 73 98.807 10¥.767
Table2:

Compositions of CeNufilms-and their depositing\Nitrogen’partial pressure

Py (mbar) 4.0x10™ 8,00 2% 10 1.6x107 2.0x107
Cr (%At) 65.11 47.50 43.50 44.11 43.93

N (%At) 34.89 52.50 56.50 55.89 56.07
Cr:N 1.00 :0.53  1.00:1.10 1.00:1.29  1.00:1.26  1.00:1.27

Table 2 shows the chemical compositions of CrN thin films deposited with different
nitrogen partial pressure. The film deposited at nitrogen partial pressures of 4.0x10™ mbar has a
non-stoichiometric CrN whereas the film exhibit Cr;N composition (Cr:N ~ 2:1). While the film
deposited at the nitrogen partial pressures of 8.0x10™ mbar has a nearly stoichiometric CrN
composition (Cr:N ~ 1:1). The nitrogen content is slightly increased with the increasing of nitrogen
partial pressure because of the nitrogen-rich from the high ratio of the reaction gas, restraining the
formation of crystalline phases. This result corresponds to the XRD spectrum of Cr;N and CrN
obtained by depositing with the lower and the higher nitrogen partial pressure, respectively.

Fig..2:shows: cross-sectional  images .of the CtN. thin! films ‘at-different nitrogen partial
pressures. It can'be seen-that the film textures were.different: at 4.0x10™ mbar, the film shows a
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small columnar grain 2(a), at 8.0x10™ mbar, the film shows a large columnar grain with
homogeneity 2(b), at 1 2x10 mbar, the grain size becomes larger with lower homogeneity 2(c),
and at 1.6x10~ to 2.0x107, the films enhance the packing density 2(d)-(e). The crystal and film
density usually affect to hardness of the film that will be described in the next section.

Figure 2(a-d). Cross sectional images of CrN films deposited at different nitrogen partial pressures
of 4.0x10™ mbar, 8.0x10™ mbar, 1.2x10” mbar, 1.6x10™ mbar and 2.0x10™ mbar, respectively.
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Figure 3. Electrochemical corresion-measurements (a); Ecore-and foor 0f CrN thin-film§ prepared
withedifferent nittogen partial pressures(by):

Figure 3(a) shaws electrochemical corrosion measurements of CrN thin films in pineapple
juice (electrolyte solutién). Inrthe | first region; the eleetic | currentydecreased_as| the potential
difference increased to @ carrosion, potential (Eg+) Eco 18/the potential-that caused the mmlmum
current. The CrN thin films prepared-with the-hitrogen partial pressuresybetween 4/0x10™ mbar to
2.0x10™ mbar have an\E& of arotind -0714 10/50.05 Volt! In'the second regions the ¢lectric current
increased as the potential difference-imereaseddrom Ee.... Fhe/lower cufrent dt"a given potential has
the higher corrosion resistance,_simplified by ©hm law™ In:Fig. 3(b): the most €ofrosion resistance
of CrN film was prepared, by theitrogen’pattial.ptsssurcof 1.2x107 nibar AHe film exhibits the
highest E; and the lowest eortosionycurrent (I.y). The'corrosion resistanee could be explained by
the surface area touch to the solutien. Phé film deposited-at themitrogén’pattial pressure of 1.2x10™
mbar has the largest grain size corfesponding with the!l6west surfacc.atca (as seen in Tab. 1). As a
result of less surface area touch to thé“selufions-indieatifig_that it is the best film for corrosion
resistant coating.

Hardness (GPa)

Figure 4. Micro-hardness of CrN, thin films as a function of nitrogen partial pressures.

Figure 4 shows the micro-hardness of CrNy thin films as a function of mtrogen partial
pressures. In Fig.4, the hardness of the film deposited at nitrogen partial pressure of 0.4x10™ mbar is
higher ‘than"that"of ' the “film deposited at nitrogen partial pressure”of -0. 8x10™ mbar. “Usually! the
CrN structure. is -higher. hardness than the: CrN structure [6].-Howeyer, the increasing, of nitrogen
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partial pressure between 1.2x10™ mbar to 2.0x10™ mbar affect to the increased crystal and density
that enhance the hardness of the CrN films as seen in Fig.4. The hardness is not quite difference
when increase the nitrogen partial pressure more than 1.2x10 mbar.

Conclusion

Chromium nitride (CrN) thin films were deposited on stainless steel substrates by reactive
DC magnetron sputtering. The effects of nitrogen partial pressures in the sputtering process on
crystal structure chemical composition, cross-sectional morphology, hardness, and corrosion
property of CrN film were determined. Our experimental results show that as nitrogen partial
pressure increased the crystal structure change from CrN to CrN structure, crystal increased and
the film texture became denser. The high density and the grain size of the CrN thin film enchanced
the hardness and corrosion properties of thin film, respectively. The hardness and electrochemical
corrosion test indicated that the best corrosion resistant CrN thin film was the one prepared at
nitrogen partial pressure of 1.2x10” mbar:
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