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Synthesis and Evaluation of Properties and Detachment

Mechanism of Ti(C,N) Coatings Produced on the Surface of

Ti-6AI-4V Alloy by Pack Nitro-Carburizing Process

Mahmood Sharifitabar
Department of Materials Engineering, University of Sistan and Baluchestan
(Received 6 July 2018, accepted 7 May 2019)
Abstract
In this research, titanium carbo-nitride coatings were synthesized on the surface of Ti-6Al-4V alloy by nitro-carburizing route
and the detachment mechanism of the coatings were investigated. For this purpose, rectangular blocks were embedded in a
carbon containing graphite cup. Then, the cup was placed in a tubular furnace containing nitrogen gas. After coating in
different temperatures between 1200 and 1400 °C for 20 to 60 min soaking times, structure and microstructure of the coatings
were investigated by X-ray diffraction, Raman analysis and scanning electron microscope equipped with energy dispersive
spectroscopy (EDS). Moreover, the effect of coatings on the corrosion resistance of the alloy in an aqueous solution
containing 5.2 mol HCI, 3.2 mol HNO3; and 3.2 mol HF was investigated. Results showed that the maximum thickness of the
titanium carbo-nitride coating for the sample treated at 1400 °C for 60 min was about 50 um. However, the possibility of
coating detachment increased with increasing the coating temperature. It was due to the formation of Al-rich layer at the
interface of the coating and the substrate and the formation of TisAl brittle phases, as well as the difference between the
thermal expansion coefficient of the coating and the substrate. Corrosion test results showed that the formation of the
coatings decreased the corrosion rate of the Ti-6Al-4V alloy from 130g.m™2.min! for the bare alloy to 10g.m2min,
Keywords: Pack nitro-carburizing process; Ti(C, N) coating; Ti-6Al-4V alloy; Detachment mechanism; Corrosion
resistance.
E-mail of Corresponding author: msharifitabar @eng.usb.ac.ir.


mailto:msharifitabar@eng.usb.ac.ir

OFAANA s pmdign 5 pgbe paw (55) eddaboml @ilis b i S b SRl S 5ke 5 ol (b3l i LS A 2 7

33 Ghls sddnlml Shg a5 Wsls OLAS i ol
23 055755 3\ (sl (S35 03 S S R
G oM Sk prmes Sl Y (S
a e @Y Gl LSS s el Sl aY s
et A3 SUT (Sss 5 le 4 aglie 4 5 L6
LS e S g e a0 Ghge [V] OLKes 5 SILLT
Saow THBAMV U il s
omldr xS ul (Glabadee  ascp SS055 %0
BE La\gMoML;.oJ:ibwwl .la.wj: A{.Yﬂ) )‘ u:*'“"’ﬁ
s addllas WY 5 5l s Sl S5l as
YY) CIRCH Y R0 PR A B I KPR LI S S IRCT PO
TEBAR STl (555 pslid i S iy 1l
s bl glabame as o S-055 0 sy« 4V
W.?M 9 J:"":’)t’. L GMM le.h)b Cj.v o
ollionls g:*':"j‘ (5LA41‘}¢QJ ;JJ? u.pb;— B u‘:"“"
e S WGV P PG JC g RV SO RSP S
A e s Y 5 ) A

GRS B9y g S g

Tie SUT 1 oS sl gl oo iy Al b s
o) J}J} 53 el &l Lﬁw g.,.:sfv“ Ln 6AIl-4V
et S A eslanal CaSe e he YXOX) ¢ sl
by aslS TS W ) et oSS
31 3 .4 eslizel GNR Solaris OES Plus o&eus
L 5 eslanad L lad gel c}a.w (A s Al B
Jadomn O})) AJ)AJ' A RS O J.:.Qj YO« U.Z.A nJL:.'..m
Sl OF GLbl e 5 i osls I3 28l S
aais (e LS o lls g (Merck 102186) Jls
e e R A NPT ESTRCESt
el J xS B L e e Fer Aol >
G Yo sles essa=e 5> (Carbolite RHF 1700)
o3y Sl = adds Pe B Y e w3l S Sl VY

Vorr Glos U e glos 31 aso)l > TS

VRV
3 paspamia ol Bs 4 THBARV ks 35U
4 Caglis VL 055 4 pllomal s dhex 5l 5
Al i mls 5o sl 5 S
oliil 5550 (S 5 sl (il p0 5 Ladlga
ool Gl 4 caglie bl Y] 58 s B
ot il Bl s 53 0T 3 8 Cus o e U
o2l g Gl les xS Slidss 10 [Y] el
a eslie slagtiy skl Gk Sl WDl e
wlagiiy ol [0 5 ¥ ] ol s el nLe
(Sog P3RS 5 P05 Lile il s )
S 83 SHasE 5 oS el b 20 S
bl oiles N[ ol o e 3 s b
oS B LK 5 oS [V o5 f] Ko
Sy s ol & caslie Olslagy, Ly abeedl
W13 13 ey p 3,5 | TEBARAV U1 Ko
ViCs 5 TIC slasl a5 o8 Losls ol Lol [¥]
S 5 il Caglie 3 gy o SUT 2w 535
Gk 3l LS 5 el ol sas U
ol Ll S Sl IKine sl S 5 0l l 3
Lo 33 55 g baws OF 3 5 U v s,
S b ol A S M WS 4 G e O35
S A0 ol [F] s STl e (55 YU Sl
o ey o5 b s iy sla s bl
il 5 o3 OIS ey 3lasl Ll 5l b i,
e dmd g SIS rimed e oy D g
JERINTEPNY P P TH R PCHIA S A
2 5 phe et S e e Sl (S
—0Sas ha ke L3 [A] 538 adas ol
Sy Sy dex Sl gl axn S
ol W b yolg 5 shien (ool
a G Al 3 opl Sl estinal b [A] LIS 5 bl
L palls ks w65, TICN) iy sl



PYOYAIAN Ao pmdign 5 pgle cphim (55) oddaloml @blis dy g S b Sl a5l 5 (ol als)l st Gl A 2

SosbsE Ol oy L gad 055 D is v
S i (e Sl o A alie UG Ly e
T SRR R S R s
sp5 00 Jhel L L INnove Nexus Jus 5505
A g Seslul asb Ve Ol

o gl

i) sla iy oSl el G S K
yagds Vo Sl sl S Sl 1 Fer BV glales s
5 (Bl LS Glajl oS ol S30LLE a3 e 0L
035 2Se OLSS iy Skl ol ol o 20
Gl e ol aSis ol e 5 LT sl Les s
SBI S BRSSP UILYA A R A QI CA RV JELNe
b Sl cpmmen JA] cl ze gl AAARINEY
G S el @ a3 oSS A S B A
ool L g en s ate oS3 lMde 53 o 059,30
Sy Wkl SRl 035 4 S e
oSGl sl 3 S s B sl assis
asd= G Olg e 1) 56 ps 5 il Jlisen
23le b 0T aglin 5 Jles S a0 ol el G b

O ol 20 5 Sl Ao S slasl el il

.JJS
o ®  ATIN
1'151 (200) OTiCp3Ng.7
R o OTi
o O
“\Q; B A
v B (220) O
2 AR
\:;/ N . (311)
(. Vue C w (222)|
£ DA s

60 70 80

20

53 e ddesls i ek gl WSSl andl (il oKLY IS

e glabes

ﬁAz);OQTJ'\w}@;ﬁ ey Vool S sl
Er L 03s S sl e s S Ll aads
S S G ensS Oaod 4 akds p )Y 0L
Slos U ek god 5 s il 0,8 ot Oley oS

LS s d<.“w~aj @ o
Ti-6AAV 5UT Jlact oS5 ) Jpa

Ti Si Zr Fe \Y/ Al s ol

LXVAR SERYZS SERRVIRNRNNYES R ZR NN Y/ SR PR W

S S A T G el s e
zse Jsb Sl eslizat L (XRD Unisantis XMD400)
(kS Frsias s Wy (xS VONIA) e
53 kel 43U Y B 5 Ol 5w s 0/ Y rt_<7 Jsb
Xpert High Ji5sl o 5 5l Ll plabd g adls
oKy KaS @ 0bel, LT iman .2 oslizal ScOTE
51 eslizul b (SENTERRA) Jie 0, ik
S oslinad 2 VAD 7 se Job 5 SS,SS 5
5 LAs Sl e llag gl pl!
Ave s 800 FYe DAY e glaeslaw 1 eslizull
oslizal U gle (g l8eatls 5 aalsl L3 . bus (g3lweslal
508, s fo el b ekl s )
G b5l 3 leslinad b lg oS esls
8%  Jihme 3 baksel e S plil e
Las S~ HF+5% HCI H,0+10%

G S S eslinad b bl gla s 2
SEM Cam Scan MV2300-Vega ) _iss, 55,5
5P S mwcih 3 IUT 4 e pee (TesCan
slaos S 5L, sl 5 (EDS Oxford Instrument)
soads SUT Saos 4 Caslie bl 225
U3 O/Y sl ol Jsbme 53 ediionls iy (ads ya
Aol d g VY 5 SO0 el 5o Y/Y (S5, IS
by T 055 2l g Seslul Gk 5l Sk
o oS ey i L T syl
ssbe pl 4 A ) il g0l s (goeb 2



OFAANA s wdign 5 pobe paw (55) eddaboml @ilis by e S s SRl S 5ke 5 (olss (b3l i LS & 2 PY

27 S Gl 1400 lad 33 0l Gl Olikes —
45001 Iy 28 35l 1200 sled 33 o oy Olples — — —-

2500

(Ao Bl ) Foo dis

VEee 50 los s sddmn ids Obly Uil Y S

aads Y Ol e ;1;651,.,4

Worglos 5o eddpme fdy @ by b
En sl a3t 53 Bl e e shls 31 S sl
e aldel ey cd el Ve g
G g0 b 53 il e e mle Ly 004 5 FYY LYYV
53 Sl e Sl a8 Bl Ve glas s el
Sasle 2 AT 5000 AT VY Gty s sl

213 35
LS 56 s 5o [A] GELKes 5 0S5V
bos O3s 5 oS b sl glacd b ol
4w shyls (TIND Y'ft"f; Lo 5 as sl s ol J:JLT
R OF STVE VY ity g slasl 5y L)
Ll o Sl YO 750 sde 5o 43 S s el
S S Doyl S ol DL LT sla e b
o ol LS 5B ST s ks sl
Sl e 055,55 5wl Mg ) Lo ol
Tor 348 53 o d S5 el e 500 0 VL e
Sde aiy 5 Ll dB 5 el Ui e il 5 YPO
Lsls LS LT dal g S5 2 Sl 2 PV e
b A8 5B LSS sy LS A ) sl S

1
Alarcon

ol s 5B sl Ol b ) R
4405 55> e 36 (ICDD Card No: 01-087-0629)
Sl |yl 58 mle VY er gles s el
Sl 2ol /FYES L ol el g 56 aSKs ot
AL e ol s 5B A b Ll LB
ICDD ) woej pilid U aasin glacsly opizen
2l iy @S s 5 (Card No: 00-001-1198
ST bz glos il il Ll sdaline LB & ses
(g Cwles ilsBl Cle 4 ol S bl VY
Lo 5 okl Bl wie) @Sl U aatie LS
LiEsS s el A sl et Sy
J~G (ICDD Card No: 00-042-1488) N
S5 eslinal b aSlis ol acnlne ol sdaline
5 s gles (il boas sl Ol WS anil 3
5B gl s ol e ol S sle VEee L VY
Sl el SFYW 4 el o/EYER 51 i
o o i 5B as ol ldie o LT 51l il
SR s a5 Bl S slasl A L
SIS Sl e glas 53 03 8wt Ol g o 1 s ls
TiBAIVSUT mhe o5y wilis 2y, 56
el ol JSES

Sl Olojan 595 5l iy Oliabl J e ) shaiess
o3 edkdpies Glaidg o wilid A8 5 Sl a
Sheslizal b s eslizal ol 5JUT 51 Calises (slales
b Shis 0 g sl g5 Olise ST
o aolie b s ooleas s 13 s S
Lopled gladise (2ol be b Sl S 5 Al
Aol sl Olejan ) pa OS50 b oSS 5 00 S
on Sz Oty ol s (Sl gy sl
Sy Ol ST b Y S e S el B
Yo oden 31,8 Bl 1 F e 5 VY glales 55 oyt

Aas e OliS | adss



PYOYAAN A plaw wdige 5 pole cphaw (555 ebdoloml (Sl b i S by Gl S a5ke 5 olss bl G Gl A A

(cpsS) Lo
500 1000 1500 2000
50 i . 1 L

e
4A1+3C = AlCy P P
Lo -~

-150

T (SCEp  o41)

2200 =

-250

-300

(€ic frory© o

£

L

L

- 2350
Cilits lasle a5 s ik 33T (551 Ol ks poe T S

[Y¥]s13 Sl AVYV los b Jaes (gl 3

RN K-t S RPPS R CA R PP v R PR
Gl Oloper USG5 4 ol ol S AL e SalS
L1 58 el S s A s il S
Jﬁjﬁjlﬁﬁbb‘bbuéd}f}uﬁpdbﬁﬂbé‘
B kS T 5 s il 55 51 i

N
Y s Gl gsSesSe sl ¥ JSS
Yool thjal_}fdﬂd VYoo les Hs ol
Sod s eddpios aY Cubis das o 0L 1 aids
Feo 0l J\,SL;:-"L*‘ VFee Gles s sddesla )l >

Dy ey Se OF 35l 53 aglds

. A

BL GJ\—\;I‘):MA.‘I‘V ‘5;;.)) QF’JJ:Q‘ $j§.w}§:ﬂ J.‘l'}.,d_‘l' .YJQ

aabs Yo QJM.gj:lqu:JLNWH sles

o AU 0 s e baw gt ol [4]
spbe edalie YOS 5 & 480 V] e
S Bl e glos Haads S5 il gy o g0 olsl
O35/ 5 olid Lsm 4 by mse slbel b Gl
o ol 5 @il s 50 LSS 5 il & el
VEre slos s eddzin by e slel ldl LSL
23 ekl Rds e alel b oaslis 53 01 S Sle
¥YY SV £ YYY Sl s S asl S Sl WY gles
S ommes ol Bl LI e Sl VYA 4
et B e Bl AT e sde s il S
e 5 YL aa slael 4 by obelr ol
SOl e Sl 5 PYA mgesde po bl Ky sl
5008 b el Gl (s L Olegen JSE5 ekias
=B ol S Sobew [A] el O350 L ks
VEer gles o3 eddgmie b &S das e Ol
S i s el S SLS 5 lls 518 sl
Wiler 5 Ol IUT 51 ol b coplply o
LS 5B RS S el B S b
add gs S e aol 1S Bl Ve glas s il
RV 2 sliel e o 3 e |
et gldd 53 sl pls S 4 b e e b
INT ol gy o 3 5 50 53

2 sl S S (Sealis g5 s 5 st
s s lastead ST (6550 i e YU gles
3L SLVYV los b dases (glos 31 ilises (glajls
D] et ons oy ¥ IS s

s b (Salusse s (ol oS sl e dadle
S SIS sl sles o3 sdme 3 SN
AV 6l LSS Gl bl 1 el 5



OFAANA s mdign 5 pgle v (55) eddaboml @bilis L g S by Sl S 5ke 5 ol (L3l e Ol (A 2 7Y

s VG (SWL el G55 dons OA Lol sl
el el Gl pbaw (36 Sl 7 IS
IIY] s o 0lad 15 51 8 Bl o glas s o 523Ul
5 pasbly s paadl (SSUT jobe slie & e sl
S T e R B
- o Al Ll ol 031y OLES (30 Lls ged g5, T
20305 0B g3l ab s b B S 5 S sl
oS e fead N s psedl clle Bl L
a3 S | 5 04B+0; (36 aw adle 534U opl S
5SSl TBAL 50 S5 ap 56 .ol
O W o5 sibom w55 ol el oS
Aol 5l S5 B el ple VY] o
3 Bl ¥y 5 S S e fead 3 il

Al sl Sl SRl LY

Gl S8 LB IS0l 5o ey 5 Y Sl fab
s s bl s :ﬁﬁudfwd?midhajlﬁ
S M e S S S ks b
sbaa s olrlag ) Gla o, 2 ol 0l 4N 55
sl olis (;.z\c Ji.&) :\det.'.u VEoe glos jo el
S gles SRl LAY s sz e el Ol oS
S 03 e sles 5B VL e L e SRl

A a5l oY SuS @ e g
53 psmee 5 S il jobe mis ali 0 S
Yo Oloy 518 Sl Ve los 43 el i
La¥ oS s5d 0 ab>dle das o 0L | aids
3ot m S ate b 53 el VL il
ool e oShad el sdd SIS 4
S5 S8 i T ey S Y ol s

G T &S 3 S35 ko A npds A (5 Sl

i3 Y Ol 53l S Bl P (glos s eddzi iy s psma Il s o S il ole mis alB 0 K2



POOYANN A mhawr pwdign 5 pole cphim (55) obdaloml olis Wy S b Sl S a5l 5 (ol abo)l st Gl A 2

Data / Grid: at.%
Axes: at.%

20

L

Ti-6AI-AV 51T

2 40
Ti

60 80
\'

[vv] SIS s Gl s (aﬁblilj—(w_,ﬂ—mjl:cj 2Baw (30 Sl 508 sles e Clmu?‘ Jss

Oloy e Ci IS 5l s 48 55 e sdalin 3l S Sls

NG P R PR R SSRGS P

10
F s — .;-uat'as-h aigod /u'
£ - = = - 1200C e
. e P g
3 HWF p v
x 1400°C P ,
) ke
tF,‘\ 6 , s
— ’ 7 7
r% /"/ 4 7
§ - A
e 4 / Vs e
¢t ’ s 7
%— | /,/ y /_/
. L . P
7’ /
R n
2 o/ s
3 e (e
L e P //,/
e f
;.-" -~ —
0 AP R e s R R | L
0 10 20 30 40 50 60
(42:83) Oloy

Gases 5 b SUT gosabse oy Osesl bV SS

Calisee 6&&: BE o&ia:l:&ix

- e g oS el OF s Ylaast Slid, o5 ol
sloes 55 Lasie Olyods CidS 31w odd
53 Ui 0y ST OT 5l g 5 0k J (Sasp
Sles Rl bl 4 S 5 oy 5 Jsloe (5 0
SO 5 SN sb Oley po Sl sl oas iy
PR gy Sl o3 g gle I s
wSG g p3Y (gt Oy 5 OF Il sl &8 3L

33 S a4 Caglie o tin S cl Ol a5 LG

S om Gl Bl e Bl s
OA 3 o e 53 LS5 bl 5 (5 ae 5 (Sl s
SR Sl B 51 R (S Kl s e
AL Y

Slasped 5 4l SUT by So 00l 2l
0313 QLIS V IS 55 il (slales s sldesls iy
ol sl SUT O35 oS ssd e i ol ol
W3 RalS adEs e e e ST E 5L sl
SIS Sl e los s sdesls idg aises 53 Ul
A D e e e SV 4 (St e
53 el a1 xS L VY s s &S al
o oS Lsls OLES [A] 5558 5 1) pmile wlie i
3 el b alie o1 Jslowe o alls ks (Sa, 5%
S oS MV st s (el sl eslinal G oy
S L e S Al slml &S g Sy 55w
2S00 Soosr o JalS o OF s (o)
S ARBS oo g e

L OISy Saupt 4 Cuslie 53 a5 LG s
ol ST o (55 ol L2 S RS LSS

AWeo 53V lales 55 eddosls il g 4505 (gl 0 80s



OYAANA mhaws pwkige 5 psle cplaw g3y eddolml @Bl L S b e S5l 5 polss b)) i O A A5 PP

1000

800 |-

200

o SN IS RIS EESSEEN N S S SR Sr—n Er—"
20 40 60 80 100 120 140 160 180 200

(AagsSes) aw 31 dbold

& gal 3 @Vﬁ;chk“jljﬁj@sﬁﬂ)Q\ﬁgdA U

Wi3s Fo Oloy 5 3l S Sl Ve los js eddesls [y

S o

L 5SSl et bl Sl Goes 5l Sua
3055 S s THOARV SUT b (o)
WY 5 sl e gl JB sl e 5 lakaise
a4 Ol5e b Gis l S) Jeols il e
BS Gy g ) Do pe

Glabaios (2305525 0 S Al Sl eslasad L
5 e VL e bl i S Ry
(mmmen A3 sbwl TiF6A4V 35U s
Ve Sl iy gl SRl L Ay cals
53l il sl s SO0 4 ¥ Sl sl S sl Ve
S S el et ) ekt i U g
B S i

& Caslis e 5B s o Sy LSS
el 3o O (sl ol sbe 3 ST (So)
Aol Jse Y1V 5 s dsl Jse YV Su IS
T SUT So50 o o (om0
R EA SR C;W" 3 osSde Jalse o 6Al-4V
2 e oSV SR Osl dsed 3 4ids

ol Rl aids

sdalice 5l S lu VFre los js addesls il g 4 gel
o G ool 53 s SAS Jlal &S bl Sl
sdidy 45 235 D Ol Wy e (p 2o
Sl 315 e ol 5 (gl e sed (g5luweslel al= e
b S Sy calde SIL sl eslias Gl iy
3 S sba i & s g O Ol (o
EPR-RREP

ch.wj‘jé}@»ﬁ) Sl eds e A ISS
j‘@w‘ﬁwox))_}ﬁ¢&uwdj:§o)lvb\ (‘@
Lo a s ole 4 S sl s S
S5l BB e Jlade ales I g e &S
Jf%()ﬁ}\/\@')é.wwa@w}bj

S Wsls Ol [A] 5555 5 1 sadle wlive Guiss K s
L L«"ﬁ'“}- V-:JL:; de.w S eJuibt?r.L‘ J:»a;ﬁ d:}w
S T Sl i leadee (a3 05558 A
qud‘)z L):"":’ﬁ Lg.ibf 4.:;—[; L dbuw‘)‘.lj.& .Jﬁ
4 Ll g e aS s VL e 5 BB Ol w4 5 5S e
5 oS s Qs Kl el pale 358
Dlde lal L aSb aU ot 5o TibAIl ;6 IS oman
)j.bm.cb.ﬂj\ S, Ss Yoo B A WB)JJEW
sls plas @L:_'. o) s ool @il oeals SSL
S Son s TEBARAV U1 SO ol y= &S

el glize b SUT ol g



PVAYAAN A law wdkige 5 pole cprhaw (555 ebdoloml (Sl b A S b Gl S a5ke 5 olss bl i Gl A A

[9] L. Escobar-Alarcon, V. Medina, E. Camps,
S. Romero, M. Fernandez, D. Solis-Casados,
Microstructural characterization of Ti—-C-N
thin films prepared by reactive crossed beam
pulsed laser deposition, Applied Surface
Science, 257 (2011) 9033-9037.

[10] I. Dreiling, A. Haug, H. Holzschuh, T.
Chassé, Raman spectroscopy as a tool to study
cubic Ti-C-N CVD coatings, Surface and
Coatings Technology, 204 (2009) 1008 — 1012
[11] A. Zhecheva, W. Sha, S. Malinov, A.
Long, Enhancing the microstructure and
properties of titanium alloys through nitriding
and other surface engineering methods,
Surface and Coatings Technology, 200 (2005)
2192 — 2207.

[12] Reaction web,
http://www.crct.polymtl.ca/reacweb.htm, Fact-
Sage, 2018

[13] G. Effenberg, S. llyenko, Al-Ti-V
(Aluminium - Titanium - Vanadium), Landolt-
Bornstein - Group 1V Physical Chemistry
(Numerical Data and Functional

Relationships in Science and Technology),
Springer, Berlin, Heidelberg, 11A4 (2012)
26-53.

[14] B. Dim¢i¢ M. Vilotijevic,et al.,
Microstructural and Mechanical Properties of
Ti;Al-Based Intermetallics Produced by
Powder Metallurgy, Materials Science Forum,
494 (2005) 211-216.

[15] Y. Sakka, H. Okuyama, T. Uchikoshi, S.

Ohno, Synthesis and characterization of Fe
and composite Fe—TiN nanoparticles by DC
arc-plasma, Journal of Alloys and
Compounds, 346 (2002) 285-291.

b slacyjaals iylo L, Lo sdame 55 s [VF]
O FFOYADR (b pnigo 5 pske oY 5 Ol 4o

WY 5 o b Sxie s bls 5l s s Y
@bz Gl L sttt U b 5alsl Glsl il
b a¥ o @ oty ool 3L I s iy
AN 5 5 b S rie fhad 3 e gl VL clale
WV s Sy Sl bl s sl

A el Sl

12l o
[1] M. Buciumeanu, A. Bagheri, N. Shamsaei,
et al., Tribocorrosion behavior of additive
manufactured Ti-6Al-4V biomedical alloy,
Tribology International, 119 (2018) 381-388.
[2] J. Dai, N. Zhang, A. Wang, H. Zhang, C.
Chen, Microstructure and high temperature
oxidation behavior of Ti-Al-Nb-Si coatings on
Ti-6Al-4V alloy, Journal of Alloys and
Compounds, 765 (2018) 46-57.
[3] T. S. Kim, Y.G. Park, M.Y. Wey,
Characterization of Ti-6Al-4V alloy modified
by plasma carburizing process, Journal of
Materials Science and Engineering A, 361
(2003) 275-280.
[4] A.F. Yetim, F. Yildiz, Y. Vangolu, A.
Alsaran, A. Celik, Several plasma diffusion
processes for improving wear properties of
Ti6AIl4V alloy, Wear, 267 (2009) 2179-2185.
[5] F. Oukati Sadeqg, M. Sharifitabar, M.
Shafiee Afarani, Synthesis of Ti—Si—Al coatings
on the surface of Ti—6Al-4V alloy via hot dip
siliconizing route, Surface and Coatings
Technology, 337 (2018) 349-356.
[6] B.S. Yilbas, S. Akhtar, B.J. Abdul Aleem,
C. Karatas, 5. Laser gas-assisted processing of
carbon coated and TiC embedded Ti-6Al-4V
alloy surface, Applied Surface Science, 257
(2010) 531-537.

[7] M. Shafiee Afarani, S. Khorshahian, M.
Sharifitabar, Synthesis of Ti(C, N) ceramic
layer on surface of Ti—-6Al-4V alloy via pack
nitro-carburizing route, Surface and Coatings
Technology, 219 (2013) 94-100.

[8] K. Matsuura, M. Kudoh, Surface
modification of titanium by a diffusional
carbonitriding method, Acta Materialia, 50
(2002) 2693-2700.


https://www.sciencedirect.com/science/article/pii/S0301679X17305467#!
https://www.sciencedirect.com/science/article/pii/S0301679X17305467#!
https://www.sciencedirect.com/science/article/pii/S0301679X17305467#!
https://www.sciencedirect.com/science/journal/0301679X
https://www.sciencedirect.com/science/article/pii/S0925838818323594#!
https://www.sciencedirect.com/science/article/pii/S0925838818323594#!
https://www.sciencedirect.com/science/article/pii/S0925838818323594#!
https://www.sciencedirect.com/science/article/pii/S0925838818323594#!
https://www.sciencedirect.com/science/article/pii/S0925838818323594#!
https://www.sciencedirect.com/science/article/pii/S0925838818323594#!
https://www.sciencedirect.com/science/article/pii/S0257897218300458#!
https://www.sciencedirect.com/science/article/pii/S0257897218300458#!
https://www.sciencedirect.com/science/article/pii/S0257897218300458#!
https://www.sciencedirect.com/science/article/pii/S0257897218300458#!
https://www.sciencedirect.com/science/article/pii/S0257897213000789#!
https://www.sciencedirect.com/science/article/pii/S0257897213000789#!
https://www.sciencedirect.com/science/article/pii/S0257897213000789#!
https://www.sciencedirect.com/science/article/pii/S0257897213000789#!
https://www.sciencedirect.com/science/article/pii/S0169433211008063
https://www.sciencedirect.com/science/article/pii/S0169433211008063
https://www.sciencedirect.com/science/article/pii/S0169433211008063
https://www.sciencedirect.com/science/article/pii/S0257897209004587
https://www.sciencedirect.com/science/article/pii/S0257897209004587
https://www.sciencedirect.com/science/article/pii/S0257897204007091
https://www.sciencedirect.com/science/article/pii/S0257897204007091
https://www.sciencedirect.com/science/article/pii/S0257897204007091
http://www.crct.polymtl.ca/reacweb.htm
https://www.scientific.net/author-papers/m-vilotijevi%C4%87
https://www.sciencedirect.com/science/article/pii/S0925838802005145
https://www.sciencedirect.com/science/article/pii/S0925838802005145
https://www.sciencedirect.com/science/article/pii/S0925838802005145

