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NATTHAPHONG KONKHUNTHOT : CORROSION RESISTANCE
BEHAVIOUR OF AISI H13 HOT WORK TOOL STEEL BY DIAMOND-
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DIAMOND-LIKE CARBON/BIAS VOLTAGE/FCVA/CORROSION

Diamond-like carbon (DLC) films were deposited on AISI H13 hot work tool
steel prepared under alteration of bias voltage from -100 to -1000V by a filtered
cathodic vacuum arc (FCVA) deposition. The film structure and sp*/sp? ratio of DLC
films were investigated by Raman spectroscopy, x-ray photoelectron spectroscopy
(XPS), x-ray photoemission electron microscopy (X-PEEM), and scanning electron
microscope (SEM), respectively. Furthermore, the corrosion behavior of the uncoated
and DLC coated AlISI H13 hot work tool steel was examined in air-saturated 3.5 wt.%
NaCl solution with pH 2, 7, and 10 at 27°C by the electrochemical technique. After
the corrosion test has completed, SEM and X-PEEM were used to evaluate the
corroded area. The results indicated that the corrosion resistance of the DLC coated
AISI H13 sample was higher than that of uncoated AISI H13 in term of the corrosion
rate at all pHs. In addition, it also found that the DLC coated AISI H13 prepared
under -1000 V of bias voltage showed the highest corrosion resistance behavior at all

tested samples.
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R, 5 100°C 200°C 300°C 400°C
duilseansmvensaInieniy
, L 10.9 1.9 123 12.7
FOUTENIN 20°C 89 (10" m/m-K)
500°C 600°C 700°C
13.0 13.3 13.5
4 A gUNUNATRY
dulszansmsvad - - -
. . 200°C 400°C 800°C
(10" N/mm' = GPa)
224.9 213 124
ANIANNTOUN 100°C (J/g-°C) 0.44
ANUARUMUY (g/em’) 7.85
AMWNLLIMAD T
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German special steel canter, 2010)

ANV QuNiINAADY
(Hot tensile strength) 20°C 200°C 300°C 400°C 500°C 600°C
0.2% Y.S. min 1240 1150 1070 940 750 400
(N/mm2 = MPa) | max 1370 1320 1240 1130 910 590
U.T.S. min 1420 1370 1290 1180 990 640
(N/mmz) max 1560 1530 1425 1320 1130 800
min 29 29 29 32 35 48
% R.A.
max 45 45 45 53 59 77
mdnlszansmsda QUYNNAAOL

Q U

@72 E in N/mm’ (x1000)] 20°C | 100°C | 200°C | 300°C | 400°C | 500°C | 600°C | 700°C
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GI;‘}JLLGINLLazaUﬂWIﬂW

ALY 43 HRC 216 212 206 200 193 185 174 161

HagnaToUNYUNYN
2UDDULATNATOUN
217
20°C
< ~
FUUALAENATOUN
208

20°C
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(ionize) I OEAIA7 (decompose) Tuesuniluoznouriie lessuudunanisate Tounu
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FUYINANTONIFAITNAUA (plasma) "lﬂma’emuumm@mﬁﬂwu (substrate) ¥ 3D FUINU 4
Y

o a

A 4

Funao UM vouNNaNAad 1oy N 1491ANTLUIUMITAINA T INITOIUNDON 19 2

[

1 dy " v J y = dy
ngu Auegnuesnlszneuvedlelasnulusunioy Al



1. ﬂ@:llﬁllﬁ Tasnudlueeniszneu (hydrogenated  diamond-like =~ carbon  or
hydrogenated tetrahedral amorphous carbon; ta-C:H)
2. ﬂ’sj:iJ lidleTasmuiluesdilsznou (non-hydrogenated diamond-like carbon or

hydrogen-free tetrahedral amorphous carbon; ta-C)
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carbon) 1@ lulidnvaziaunisdiuIassadanan Taseadalsznov ldrenussnnauiy

1 4 A
521NNT 1ole (sp2 carbon bonds) UASINYT (sp3 carbon bonds) NIAIVANAUTUUAVD
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A 3 U

Y Y
%umﬁaﬂﬁ’ﬁﬂmmwmgﬁuagﬂumuﬂimq 7 195 Aeng i (voltage) fng ¥ lusoa

1Y 4 1
(bias voltage) wasnu'leesuvimsueu (carbon ions energy) ANUNUILLY looou (ion
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a @ 2 4 { A va
density) uazqmﬁQmmaﬁﬂwummzmﬂmﬂﬁau "IfulﬂaﬂﬂﬂTi‘]J@uﬁiJﬁiJUﬁﬂé}Wﬂ!W“]ﬁﬁ
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A

A A v o 1 3 @ A ] A
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1 o Aaan = 19y o 1 g‘; A 14 A A 9 9
Gl@ﬂ']i‘ﬂTﬂg]ﬂifﬂ‘ﬂNlﬂiJ Lmﬂ’JEJL‘I’TﬂﬂNﬁﬂQﬂﬁTJ“I)’L!!ﬂafJ‘UﬂTiU@uﬂuﬁuﬂ@ﬂﬂWﬂLW%iﬂgqﬂMW
o A g & A A~ o & = va o Y A
11&@ﬂHill?.ﬁ‘VIHJ‘L!“B‘L!LﬂaﬂﬂﬁiﬂWﬁNUN%’\‘IlliJiJ“Uﬂ‘Ulﬂiu Tﬂﬂﬂmﬁumm‘lﬂmawumaw
4 1 4 [ 1 Y [ z:'
ﬂ1iﬂﬂullﬂa$§ﬂW®§NLLﬁ%’JﬁﬂﬁN 9 ulﬂﬂJﬂﬁLLﬁﬂ\iﬂx‘]@]']ﬁNVl 2.3 (Robertson, J., 2002) itag 2.4

(Marques, F.C., Lacerda, R. G., and Champi, A., 2003; Wei, C., and Yen, J.Y., 2007)

wa 9

9 A glz A o A 9 [ YA ax
ﬂ%ﬂ‘ﬂuﬂﬁLﬂﬁfJ‘]JGIf“L!Lﬂﬁ@‘]Jﬂﬁ‘U@l.miJﬁiJ‘]Jﬁﬂﬁ1EJLW‘]5§'UlﬂQﬂWGJJUﬂ‘ViiJWEﬂﬂWﬂHJTﬁ
Y 1 = Y = A Y o A a =
"l,mm ﬂﬁlﬂﬁ’ﬂﬂﬂ’!&lllmm\imﬂ msmaﬂumﬂm"laa@u ﬂ"li!ﬂﬁ’f)']JLL‘]J‘]Jﬁﬂm@]ﬂiﬂ UUDUATOU
a @ 9 a 14 I Y
alano3 WVUNAINUNTEAUGI uaza 15An015n 1TuAY (Strondl, C., Carvalho, N.M.,
Hosson, J.Th.M.D., and Kolk, G.J.V.D., 2003; Lu, Z.G., Chung, C.Y., 2008; Grill, A., 1999;

Anders, A., 2008)
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M1INN 2.3 ﬂTﬁ!ﬁlﬁ'ﬁl‘]_JL‘V]EJ‘]Jﬂﬂ!ﬁﬂJ‘Uﬁ"ll'ﬁNﬂTi‘U’E)u@ﬁﬂ!ﬂWl&ﬂUlW“ﬁiLlﬁ&Lﬂqu‘Iﬁ

Materials sp3 (%) H (%) Density (g-cm_S) Gap (eV) Hardness (GPa)
Diamond 100 0 3.515 5.5 100
Graphite 0 0 2.267 0 -
Evaporated C 0 0 1.9 0.4-0.7 -
Sputtered C 5 0 2.2 0.5 3
ta-C 80-88 0 3.1 2.5 80
a-C:H Hard 40 30-40 1.6-2.2 1.1-1.7 10-20
a-C:H soft 60 40-50 1.2-1.6 1.7-4 <10
ta-C:H 70 30 2.4 2.0-2.5 50

1 4
A13197 2.4 ﬂﬁfllﬂizﬁ‘l/]‘ﬁmﬁlEJWG]’JGH?JWN?J%}GH (the coefficient of thermal expansion, CTE)

[ v ~ A 9
VDAITAANN ] NNYIUVD

Materials CTE (um m K"
Diamond 1.0
Graphite 2-8
DLC 2.3
Ti 8.6
AISTHI13 10-13

I a { A ) @
Msindeualelen1anll (chemical vapor deposition, CVD) Wumadiniilenlddmsy

ee

4 A

o 4 { A % {Aa
ﬂ']'iﬁ\uﬂ'i'l%1/?GIﬂJ!,ﬂafJ‘Uﬂ'li‘]_]ﬂuﬁﬁﬁﬂ‘ﬂﬂﬂﬁﬁﬂlw%ﬁ “?\‘lﬂig‘UTHﬂWiﬁUEJiJﬁluﬂ'lﬂQﬂﬁ']ﬁﬂﬁﬁiJ
Y 1 . 2 g P Vo I 3
1@un plasma assisted CVD (PACVD) #udunszurumsnimslenis lalasaisueuilu

1T o A 4 [V g’/ g’/ A Ay Y I g‘} A 4 o =\
UAANDUUAUDIAITUDU muuGlmma’a‘u*n”lﬂi]$L‘}Ju*vuLﬂaaumwauaamgmuawawau
g 7 3 2 A Aa o
vo4 laTasnuiluesdsznon (amorphous carbon, a-C: H) 1 UFUIARDUNNAINMITITINAY
Y J 14 2 3 A <
VOINUTLTLNINT W6 (sp” carbon  bonds) UALINFT (sp carbon  bonds) UAIAITULUN

551319900 §43000 H, (Uszana 9 5330 GPa) Tawialnszuaums PACVD azvhlfina
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v g ¢ { 4 { o a & 3 !
uananilulosouvesmsueuniilszauan () wasud ludim Isanalluswndound
o < a L @ A 3 A
WUTLUTWTIVVHIVOIFUNIU udaeaaziin 22 nszuIums PACVD  1ilunszuaunsi

A [ 9 ' a a J Y
ﬁ1u1iﬂlﬂﬁﬁlﬂﬂﬁﬂ]‘lﬂﬁa1ﬂﬂa1ﬂ LHU WATAD IEWI% Hagsung Lﬂuﬁu

MVU TM Izophase CVD ICP

Gas 1

to RF generator
Vacuum chamber g
Inductor

Vacuum
Substrate holder substrate

A A ) A v a A
gﬂﬂ 2.2 UWHUNINNITLAaUSUAQDL DLC ﬂ')ﬂ!‘ﬂﬂuﬂll'ﬂvnﬂmll

(http://www.made-in-zelenograd.com, 2010)

A Y o . .. I A & a o o
ﬂ"lil‘ﬂﬁ'f)ﬂﬂ?ﬂﬁ"lllﬂﬂﬂu (ion beam deposition, IBD) Lﬂuﬂﬂﬁuﬂl‘ﬂﬂuﬂﬁ"ﬁﬁﬁﬂ
A a v s Aa a9 =q 9 o ° s
ﬂigﬂﬂuﬂ'lilﬂa’flﬂW'Jﬂ')flﬂ'lill’f]u‘ﬂllfTiJ‘lJﬁﬂﬁWEJLWG]ﬁ‘VI‘IGBWﬁﬂﬂ'lia'lulf]@@uSU@\‘lﬂ']i’]J'f]ucl,u
I o A A ? A s A
ﬂ”l'iﬂgﬂﬁﬂﬂ%ﬁ@ﬂﬂ]@ﬂﬂ?ﬁﬂﬂu Llﬁﬂﬂﬂﬂgﬂ'ﬂ 23 UNUNTNUNTIAADUFULIAADUAITUDUNY
va 9 Y a ) 2 d a A 1 o A J 9 A
mmﬁﬂmmwmmmm%mmﬂaa@u GI)'Q!,‘]J‘NWIﬂuﬂ‘l/]u’ﬂaﬁﬂ'lluﬂelli’]\iﬂ'liﬂﬂuvlﬂiﬂﬂmﬁﬂﬂ
o A . A Y 4 +. 1 2}4 = 1 o A
ﬂﬂuﬂ‘li’)i’)i’)u (ion source) mclmawwllﬂaaummmsuau (C) IMUU UAZULRAINUUAUD

ad (% - 9 o U o 4 4 {2
ALANATDUNAINIUG (e beam evaporator) 16195}?(11’7TUL'H'\‘]Wa\‘l\TWUﬂauﬂJﬂ\?ﬂWiUﬂuVl@ﬂ’E]'H“ﬁ')\‘]

Y
a

9 A A YA o é’ :’, 1 = ad 4
m”lﬂgmz‘ﬂmﬂlfmmiwuwawmqwumgm 100 943 1000 maﬂmauham (Robertson, 1.,
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auuauo (http://www.spirecorp.com, 2010)
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A A g A Y a o
Eﬂﬂ 2.3 LHUNINMTRad UYURaDY DLC ﬂ?ﬂlﬂﬂuﬂﬁflﬂﬂ@u

A 9 a a . . @ 9 o ] <
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u
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(Strondl, C., Carvalho, N.M., Hosson, J.Th.M.D., and Kolk, G.J.V.D., 2003)
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NISUANTIVITONATY1 (long-pulse) Tagdnave Ueuuuiman®iin (magnetic steering) tWBUT

4 { ¢ ! o 2 ' 1o o
numsmdoufueIgae1inuun Isavaz i luwaddu (short-pulse) 3z lull (lusuiludead)
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{ 1 A a 14

yaulasun)asligmsisudumsinagaeisnuun isa

ad o ° 1o & 2 4 %

Adnd lilihus s lusuiludesldszuugadszae Il lumsiGudunisersn dagn
~ 1 . c!'dy 9 g}a = ) ?x}f A [ A g
30071 triggerless  Tuillsznou lidreswndovanilaammizvundouvesiagilu

= A A o 9 A @ [ @ 9
aIsaasganasuuuauIuiimiiiuena Isauazue Tuaeeniniu vanndng i



105
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~ I 1 A o I ToAA [ < v 9 & o
Fentluunune “duct” UanvazilunenivaalnmuuNManuaeNTeU 390YNIATEAY

Y
v =

dl a 49! 1 @ Y o ?xj; =1 Y dl a
TuTlaswasnmavumeluas hicansoesninainsesdnyauzilld auiuduuirTdunezaa

Y o [

F
vioazountisnelunemyunuiaanuld dmiuiganIsauiesria endleo19su
[ 14 1a 1A v 1 (%] 1 Y] [
pynnszau lulaswasvesnmsvouas luAnegimiane uainszdziousgnislumiie
11NN
CRIRERNBINBLG (opened-architecture filters): ﬂtywwmmgmﬂizﬁ’ﬂﬂmmmﬁ
9 td' Y [ % [ dy 9 [
pur Tdunvzazdouansatanis ladansesansugil 1d msizeyninszaluTnswas
1 ] Y a 1 [ { 1A 1
aunsonszasariueen 1118 dnsewwuila lulidnvas idunetlaualseneudisvaaia
' < S A ! . . : o
AUINLIHANNAIDE19D T TS (free-standing magnetic field coil) ﬁﬁﬂﬂmiﬁﬂuﬂmﬁzﬂﬂ
1 9 1 1 a d' % 1 1 d‘
TuTaswasaul1d5grievesvesuaaialassisanmameaanmisne uataynise
o SRR o w < 4
aumaszanluTnnwesnds liaunsamsaliiiugudld iiesanunseymnenaziouan
IZ/ ] o o g}J o Z/ ] Aa S o 1 o o ]
yaarnasgyunaou ldmunu auiudInsownuatedddsznd luamisasulsznuiag
v& A A g
ldsundounlsanneymanivue
@ 3 a) : [ -4
Tagna ldnsewvutasegnldluszuunszuaasazimahauszuuwadoz 14
I o A R @ o AqQ Y A o w o a
Wudnsewnuiladansuzvosniniosi nemsaoynaszan lulaswasluaiTsan

J ] I @ ] <]
prsnauIngiziludnsesuuauuuimian lildalas 90 8991 (90° curved solenoid

filter)



107

A a ¢
M3AAB VUV EANDISN
A P . . A A aAq Y
MINADUAIINAITN (plasma-assisted deposition) AD madanliwarauiveslane
% ) 4 [ 4 g}l o o 4
Feazgmih Tl Idiensduasizdrunaon Wngnmih Il 14 lunategaamnssuionts
o dy a o A 9 3’, A 1 1 3’; A A ‘a a 4
Ysulganumvesiaquazinoad WFUAToUAN 9 15U FUndouweglnIalBiannyeling
a H A A 9 = o '
201/An0a LATFUIAADUINOAUNMUNTANNTOUALNTNANT DU
a 49! ~ 4 [ 1 ) <
Tagwanan1ved lanzazinarungAe1snUUA1I5ANDUNIDDNIINAT IFAAIIAIINIG)
] =< 4 1A AR o v do @ =2
vodlooouluria 1 993x10" wasaeI N Faduwusnundsnuvedlossudszuna 10 B4
Aa g o’ds! (Y] [ g’/ 9 [ dyd o @ 1
200 Branasou TnadvuednuuIa loosuvesiaga Isatu meanbuzilinnuddyuinas

Y H '
AUNNVBIFUIATDD MFIAAUNNAINUYD looougzi i Idgurgifiuzaons Ia

a

9
a %

2 A o q ¥ ~ A A X Aa o : A A
VDNVUIAAD U 1/]'1611’7@3@]@3J3Jﬂ'J'lllﬁ']ll'lﬁﬂﬁluﬂ’lilﬂa@uﬂﬂuwup‘n‘ﬂﬂ u']hlﬂQWULﬂa@‘]JﬂiJ

Y 9
AU Mg uazdl5ulyamssamzvesrnaenIiaiu

NaNIZNUVYBINS lUIR AR Y HINADY

. . { o { 13 4 1 Aa A
M3 lutod (biasing) NIAQNY (substrate) oI wnsoelonNsz@ansnimlums

[ =\ g}.l = A A Y [ )
aruqunasuvedlesoulunmsnaeusuadouiinerdesnunarau Taenaldluns

[ \ { { I 4
luneavz 15dnd luihay o lesaunan (unsaina Isaidlumsven, ) a'ldgndeen
[ < 1 y L X a [ y [

VINNAIAV ALY NITIAINGINOUNIZANNTENDANUAIVOITAANUAIINITATVANNAIIIU
Y

9

104 lpoourzdina TnsnI oA NN UILUY ANMAUVIFILAADULAZ NI 1F ILDFEINITD

=

44 . 2 PPN, N L i vadad
Nznldsunlasguaniavesrumaomionz 17 ldndisundounliguauiananga lu
Tagiiufizlunumsldlutededianainuate wu luneauuunszase (direct current, DC
v J 4 {a
bias) luueanszuansUUNad (pulse DC bias) "lmmmmmﬁummﬁmq (radio frequency,
. = o [ [ g’/ 1 <3 9 S o Y
RF bias) @4 luueaazniziunniznyleooumniy 2619 1l5naums 14 luteandido
) o A Aq YA ~Aq Y ~ J [ <~ 1 S A
seiasziuilonm IsanlFinanannlnuiaveslosounuanaienu edinanemsadamesn
1 @ Y1 o Jsaq Y T o v Aa dy o A
uananny udndndn1Flums luweaszminu Jyvuinnatunua Isaniiniaveslesou
L4 . . ' d[ dg [
HUN (heavier ion) uazmﬁmuzmmﬂﬁzﬁ; (charge state) g4 Falunsatindsnuved looouay
dy U [ g‘; 1 9 4 9 [ ld’!
gavumumanuzlszy aaiudawalimsadameigaaienissiunuvesulaving lngau
[ da! A [ J o U a U =S o Y v 1
pazwasnugeu enasnulumsadawmesainangunu lzdwwaideilioasiaiuves
@ gﬂ A ~ Y ] ° o g’; 2R o l A @ T
azaouminuazin lusundeundsams luaiaue auiudssuilusgregalumsisuains
A o qw Yy o o A A g o £ A v ¥ A
lunemnerliaoandesnundanuved lessunszdutmndiruanurazie 17 Idvunasy

Aa A Y
NUTUUANUADINT



108

G Qy o (% A a
MIAIBNBFUNUTH VAR VN
o s Y A o @ a o a
1. handzendunusens eeduLuUsans Ivtind ludisazatwezdlau 5
1 () {
Wi awdae @sazaeensiuea 5 i wazganenhldudsdenalulasou Qunsain
9 = 2 A o Y Aa ] Y o £ Y
Aouasenruaieti linadoudiomaiin LEEM/PEEM  s1iludesdasuaiulityua
[ 4
AN ez 1 1 uaz 2.5 wuduas e TideaenmsnadeutazinuiAB oy
A g o ¢ 2L
ieilesniumsersnvesruauvaznadon)
R ¥ Ao o o & Ry S v A 9 9 &
2. mislagailonseldaunnasendudanuyuaundiaai g esdremFuau
= I 1
uaswanlsnvziuldyaiviivessuugyaima
a £ o X ¥ A = Y
3. msaaruuuuidgiuadsldnuseminnaunsaldlussuugyains

& @ndazlsmilmsuen)

v

a\ & o Y [~
mslaszuuifunaziiviaediu
MIasszuUgyIMavzAeuilatlunyu (rotary pump) tazauaetlu Tuanamuy

4 ' a3 o a o
95 1Y (turbomolecular pump) drumstani luianensatuinueue

[
o

3’/ a A J & : v
L MsadeszuugaIneiuay (<1013 daaus) Tatuvgu daldanududiga
3a Aa S 1w J g & : A 2§
Uszana 10° Jaaus miny 0.75x10° ne3 TasmaideuianveaunyuniesfunzEuily

a a J [ & 4 [ !
2. awdeladdasmundsdndasaniuzduTuanauuumes 1o aegii v.1.1

=

9 ’ H [
(e 1) nasnniuse liinseansenldnundrdudon D-sub pin Nenruguly Asgll

A <3 2 & d -5 R 6 A _Aa J
V. 1.2 (Muaa 2) 1AT0INIZITUM TN (3$uuqmm1ﬂ1ﬁﬂluq0 5x10° 99 5x10  Waau19s AT

=

a & 4 A @ - 4 @ Y & &
WeaduTuanavuumes luianuaulszuna 2x10° nes ieilesnuluwavestudeone) tu
4 { o w o ' o o - 4
Twananvumes ludlddmsuszunainang ldanuaumgalszum 2.5x10° nos lag
A o A ' @ I & o w
p1maned luroundevazgngaeenm Ly TuanatyumesuazTuvyu Tuauaiauy

=y 1 < 1 9 9y A [ ~ = a
3. msilaszuuviaodu ALy ON A uninIed gl v. 2 aamstlassuu

a =

1 < a 1 A = A A Y YA [
vasguzilaneumsinasulszuia 59910 wn LWﬂiﬁ@ﬂ!‘l’iﬂuﬂlﬂﬂﬁgﬂﬂlﬂﬁﬂﬂiﬂﬁlﬂﬂﬂﬂﬂ

@

a K v < o A < Y I 2 9 = = Ay o
DUNHAUVDIUTIIDDIIU Waﬂ%1ﬂlﬂa@ﬂlﬁﬁ%llaaﬂﬂgﬂﬁqﬂﬂﬁgu1m 59910 W eieenu

Q U

thermal shock



109

a  Jda a (% & A (% &
3N . 1.1 adagitlaale duaasaniuzveily 3191 9. 1.2 D-sub pin ttagAINIVAUITY



110

QU

a A A Y A d Aa v
minﬂﬂmimmaeumu!ﬂm)um‘mauﬂuauu AAENY I

4 1 U { o o 1 U (-7 Qal
1. Waasesniedns Wi luneanlddmsuaiedns 1 luneald dusuau

[

naddngaEs Sa3Uf 4. 3.1 udamudaeims Tonadadanumiiy dagui v, 3.2 T
31 ON wasIniuasaUsunadnd i lunea IddetunyusuThas

2. aodmo USB 11011 1%11r97995A2UA pulse (Arduino Diecomila)

3. peadadilad uaunied Plasma Arc Power Supply ﬁ'ﬁgﬂﬁ v.4.1 1iieiila
a3agsredndlifhildlumsensn

4. gatolonadadilasiolw i ON % Arduino e aa310f . 4.2 szunfey

FUIMINaY



111

a J

siit @, 3.1 adadila/ila nsevtednd luih 35U v. 3.2 a30% ON/OFF uaz1jumyulsy

u

luned fng Il



112

wer supply
Plasma ‘"f,_?.gm Feamiine Division
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Filtered Cathodic Vacuum arc Technique

Natthaphong KONKHUNTHOT', Chanan EUARUKSAKUL?,
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"School of Metallurgical Engineering, Institute of Engincering, Suwranarce University
3 af Technolagy, Nakhaon Ratchasimea 3000, Thailand
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Abstract

Diamond-like carbon (DLC) films were prepared on AIS] H13 hot-work tool steel substrates by
filtered cathodic vacuum are (FCVA) technique under variable substrate DC biasing. The atomic structures
of the films were investigated by Raman spectroscopy, X-ray photoclectron spectroscopy, and near edge
x-ray absorption fine structure spectroscopy. The Raman spectra revealed that when the magnitude of the
bias voltage increased, the G peak was shifted toward lower wave numbers, and indicated that the sp’
content in the DLC films increased. The ratios between the sp’ and sp” bonds in the films were verified by
X-ray photwelectron spectroscopy, and the analyses from near-edge x-ray absorption fine structure
measurements demonstrated the mixture of the sp’, sp’ bonds together with C-0, C-H bonds, and the

amomphous structure in the DLC flms.

Key words : Filtered cathodic vacuum are, Diamond-like carbon, Amaorphous carbon film, Bias voltage

Introduction

AISI H13 hot-work tool steel is the most
popular materials for hot working of industries in
Thailand. It has been utilized as parts of hot molds,
punches, extrusion dies, and forging because of its
high toughness, wear and abrasion resistance and
red- hardness. However, applications of AISI HI3
under an exposure to lubricant and high
temperature may result in the corrosion of surface,
leading to severe degradation of the properies, A
possible way 1o solve this problem is to use surface
madification methods such  as  carburizing,
carbonitriding, nitriding, chemical vapor
deposition, and physical vapor depesition 1o help
improve the corrosion resistance. In the past, hard
Cr-plating has been the most widely used
technique for this purpose. However, despite the
excellent wear and corrosion resistance properties,
the negative health impact and environmental in
hazards in the form of chromic-acid by-products
have led to the reduction of hard Cr-plating usage
worldwide."' In recent years, diamond-like carbon
{DLC) coating becomes a more environmental-
friendly alternative to Cr-plating. DLC possesses
excellent physical and chemical properties similar
to these of diamond film™", having extreme
characteristics of not only high hardness and wear
resistance, and low friction coefficient. but also

high chemical ineriness. As a result, the DLC
coatings have been extensively used to prevent
corrosion in molds, sliding parts, auto mobile parts,
magnetic  storage  disks, cufting tools, high
precision gears, micro electro-mechanical devices
and biomedical equipment.™ The propenties of
DLC films are strongly dependent on the fraction
of spllsp” C bonding as the mixed bonds provide
combined characteristics of diamond and graphite.
In many applications of DLC, the sp” C bonding is
desirable as it provides higher hardness, Yong's
modulus, and wear resistance. There are several
deposition methods which have been successfully
used 1o gynthesize the DLC films: plasma-
enhanced chemical vapor deposition’™ | jon-beam
cieposilim"‘" . DC and RF magnetron sputtering
depositions™ | jon plating™ | laser ablation, mass
selected ion beam deposition, plasma-immersion
ion implantation and deposition™""" , and filtered
cathodic vacuum arc (FCVA) deposition.”!
Among these, FCVA has been proved as one of the
most successful to synthesize high quality DLC
films, typically having sp’-bonded C close to 90%
of the total mass."™™ However, in metallurgical
applications, one of the main problems of DLC
films prepared on steel substrates is the poor
adhesion due to the diffusion of C from the films
into the steel substrates, after which delaminating
of the DLC films takes place"'*! This problem can

* Corresponding author, E-mail address: pornwasati@sut.ac.th
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be solved by depositing a barrier layer prior to the
DLC coatings to hinder the C diffusion.”" Many
effective barrier layers have been awliud such as
™, W, TN, T, W, Y, and Mo !

The objective of this work is to investigate
compositions and structures of DLC films prepared
on AISI H13 hot work tool steel substrates by
FCWVA using a variety of the substrate ne%atiw: bias
voltages in order to improve the sp’.l’sp bonding
ratio, The DLC films were examined by Raman
spectroscopy, x-ray photoelectron  spectroscopy
(XPS), and near edge x-ray absorption fine
structure (NEXAFS) spectroscopy.

Materials and Experimental procedures

DLC films were deposited on AISI H13
hot work tool steel substrates (the chemical
composition of the steel is shown in Table 1) at
room temperature using FCVA under variable
negative DC biasing on the substrates. To prepare
the substrates, first, the steel was cut into rectangular
pieces of 10 mm = 10 mm = 2.5 mm. Then, the samples
were heat-treated at 1075°C  followed by oil
quenching and tempering. Their hardness at this
stape was measured as about 30 HRC, which was
within the standard range of this material.
Subsequently, the samples were polished with SiC
sand paper in order to smoathen the surface, and
then successively cleaned by ultra-sonication in
acetone, isopropyl alcohol, and de-ionized water
for 5 minutes each. The samples were pre-coated
with =100 nm Ti interlayer by DC magnetron
sputtering to improve the adhesion and to prevent
the C inter-diffusion. For DLC deposition, the
zamples were introduced to the FCVA chamber
which was later pumped down to =3.0 = 10-5 Tor
by a turbo-molecular pump. The C deposition is
supplied by a graphite rod with a diameter of 6.25
mm and purity of 99.99%. During the deposition, a
negative DC bias was applied to the samples. For
each set of samples, we selected the bias voltage
{=Vy) from 100 to 1000 V. The film thickness was
controlled by the deposition time.

Table 1. Chemical composition of AISI HI13 hot work

ool steel,
Elements C Si Cr | Mo | ¥V Fe
Wt %o 040 [ 100 | 530 | 1.40 | 1.0D | Bal.

The bonding structure of the deposited
DLC  films was chameterized by Raman
spectroscopy with the source 3 of 51435 nm
produced by a 20 mW Ar-ion laser. The chemical
states and the electronic struetures of the films
were determined by XPS at Beamline 3.2a: PES
and NEXAFS at Beamline 3.2b: PEEM at the
Synchrotron  Light Research Institute (Public
Organization), Thailand. The Raman and XPS
specira were  curve-fitted by ORIGIN  and
ADVANTAGE softwares to evaluate the Ipflg
ratio, the G peak position, the sp’/sp” contents in
the DLC films for comparison with other
references.

Results and Discussions

Raman spectroscopy in the B00=230) cm™”
spectral range is extensively used to _identify the
sp' and sp’ sites in the DLC film For pure
diamond, the Raman peak is located at 1332 em™,
while for gralphite the peaks are located at 1350
and 1580 em™"*'

The Raman spectrum of disordered graphite
shows two sharp peaks. The peak around 1580—
1600 emi”' is designated as the G peak attributed to
graphite-like layers of sp® microdomains, and
the other peak around 1350 cm™ is designated as
the “D" peak representing bond-angle disorder in
the sp” graphite-like microdomains """ In comparison,
the Raman spectrum of amorphous C contains two
broad peaks, a G peak centered around 1 500-1700
e and a [ peak centered around 12001450 em™,

Figure 1, shows the Raman spectra of
DLC films deposited with different substrate bias
voltages. The spectra from all samples in this study
have similar shape, with a broad skewed peak
centered at approximately 1560 cm™', which is the
characteristic of the diamond-like structure. ™' Each
spectrum can be decomposed into two Gaussian line
curves, one ai the lower wave numbers between
1350 and 1370 em™ (D peak) and the other at the
higher wave numbers between 1545 and 15635 em™
{G peak). The structure of the different C films can
be specified by analyzing features in the Raman
spectra, such as the relative position of G and D
peaks, the intensity ratdo of the filed Gaussian
curves representing cach peak (Ipflg). or the full
width half maximum of each.”™ From Figure 2,
when the magnitude of the bias voltage increase
from =100 to =200 V, the G peak shifted toward
lower wave numbers from 1564 1o 1557 em™. For
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the bias voltage from -600 to -1000 V, the G peak
shifted to lower wave numbers from | 560 to 1546
em™, In the same way, the D peak also shifted
toward lower wave numbers. The shifi of G peak
position woward the lower wave numbers has been
related to the increase of the sp’ fraction of the
DLC films.™ In our results, the G peak position tends
to decrease as the negative bias voltage increases,
which suggests that more sp’ content can be achieved
by applying higher sample bias. The increase of the
sp’ bonding is mainly owing to the higher acceleration
of bombarding ion species during the FVCA deposition,
leading to implantation and local densification
under the surface of the DLC films.”™"

Normalized Intensity (arb, uniis)

1200 40 Tieby 1808
HRaman Shift lm":

Figure 1. Raman spectra of DLC films prepared by
FCWA at different negative bias voltages,

1583
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Figure 2, Position of the G peak as a function of the

negative bias voltage.

XP5 is used to study the chemical states
of the prepared DLC films. In Figure 3, the Cls
XPS spectra of the -100 V and - 1000 V DLC films
were deconveluted into three peaks at around
287.5, 285.0, and 284.0 eV. The background is
subtracted by Shirley method. The first peak o
287.5 ¢V is corresponded to C—0 bonding from
contamination which .may have been deposited
during the sample preparation and from moisture in
the atmosphere while the < at 285.0 and 284.0
e‘{ are corresponded to sp” bonding (diamond). and
sp” bonding (graphite), respectively, Our XPS
measurement is consistert with reference' | thus
confirming the diamond-like structure in the films,
From Gaussian fitting, the calculated percentages
of sp’. sp” C-C, and C-0 bonds are shown in Table 2.

= Hurw specirum
= = + Diimmand
—— 0

e Cemphite
—— Backgrommd

Intensity (arb. umnits)

292 290 288 286 IE4 282 280 278
Binding energy (eV)

Figare 3. Cls XP5 spectra of DLC films prepared by
FCV A with negative bias voltages of 100 and
1000 W,

Table 2. Peak positions in the XPS spectra of DLC films
analyzed using Gaussian-curve fitting procedure:

Bins Center | Area

V) Structure (V) At. %
C-sp’ 2840|3828 | 89

1000 e 2840|262 |47
C-0 287.7 202 6.2
C-sp’ 2850 2295 | 833

100 Csp W42 |212 |78
C-0 288.0 24.5 9.1
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The WNEXAFS technique is performed in
the electron-vicld mode to determine electronic
structure of the sp’ and sp’ bond mixwre, Figure 4,
shows the C K-edge absorption spectra of the DLC
films deposited under the sample bins of -100,
=600, and -1000 V. The spectra of all samples show
three main peaks. The peak located at 285.2 eV s
cormesponded to the transition from C (15) — a*
state in graphite {sp= hybridization), the small
shoulder near 287.8 ¢V is due to the C(1s) — o*
transition of carbon atoms bonded 1o H and O [sp’
{C-H) or sp’ (C=0)]. The peak located at 289.5 eV
is due to the transition of C (1s) — o* state, the
characteristics for diamond’s sp’ hybridization,
The broadened absorption feature behind 291 eV
reveals the amorphous structure of the films.™
Taking the NEXAFS measurements with longer
acquisition time to improve the quality of the
spectra are required in order to further analyze the
difference in the electronic structures between
DLC films deposited in the different conditions.

Hinabng; <5 Y ___j'

Nis 8%, Ol o Ol

uar..-’jmu’—-.

Normalized intensity (arb. units)
.‘}

Hiasing; - 100 ¥

275 1;[! Iéi ".'“IKI '!“;‘5 EI:II
Photon energy (eV)

Figure 4. Carbon K-edge spectra of DLC films synthesized

using FCVA with a substrate negative bias

voltage at 104, 600, and 1000 V.

Conclusions

The DLC films were successfully synthesized
by FCVA using substrate negative DC biasing as a
variable to control the sp3 content. The bonding
ratio and the atomic structure of the DLC films
were investigated with Raman spectroscopy, XPS,
and NEXAFS techniques, The measurement results
can be summarized as follows,

a. The Raman spectra of the DLC films reveal
that an increase in the negative bias voltage
improves the sp’ content of the DLC films,

b. XPS demonstrates that the DLC films
mainly contain a mixre of sp’ and sp’
bonds along with C-O bonding, The peak-
fiting results from DLC deposited under
100 and -1000 ¥ bias are in agreement with
the Raman measurement.

c. NEXAFS spectra illustrate the amorphous
structure of the films, and the C-O and C-H
bonds mixing among the sp’ and sp” bonds.
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