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ARTICLE INFORMATION ABSTRACT
Original Research Paper The purpose of this paper is a qualitative evaluation of the mechanical properties of
Received 05 Decembers 2013 nanostructured titanium aluminum nitride (TiAIN) hard coatings applied on cutting tools using X-

Accepted 30 October 2014

Available Onlire 01 October 2014 ray diffraction (XRD). Deposition of nanostructured TiAIN and TiN coatings were carried out by a

pulse DC plasma-assisted vapor deposition (DC-PACVD) and a high power impulse magnetron

Keywords: sputtering (HIPIMS) machines. At first, for enhancement the adhesion of nanostructured TiAIN

[ DOR: 20.1001.1.10275940.1393.14.12.4.5]

X-ray diffraction (XRD) coating on the steel substrate, TiN inter-layer was deposited for the all samples. Nano-

Cutting Tools indentation, micro-hardness tester, and field emission scanning electron microscope (FE-SEM)

Qualitative Evaluation were used in order to measured and compare the qualitative results with the real and

.“lf:xr’:‘agg:g(’pe”'es experimental values. The results indicate that XRD pattern and their analysis can be a suitable
qualitative method to evaluate the mechanical properties of the coatings. The lattice parameter,
micro-strain, residual stress, texture coefficient, the crystal grain size and density of dislocation
are used to demonstrate the relationship between the mechanical properties of the coatings and
the XRD patterns. As a result, this method can be used as non-destructive and inexpensive method
for quantitative comparison and evaluation of mechanical properties of thin film materials.
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1- PACVD

2-PVD

3- Nano-Indentation

4- XRD

5- Hall-Petch Relation

6- High Power Impulse Magnetron Sputtering (HIPIMS or HPPMS)
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5- Bragg's Equation.

12 oploib 14 055 1393 Sisusl ( yop0 SailSe o isee


https://dorl.net/dor/20.1001.1.10275940.1393.14.12.4.5
https://mme.modares.ac.ir/article-15-2076-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-06 ]

[ DOR: 20.1001.1.10275940.1393.14.12.4.5]

UblSed 9 olgd ple ps

XRD ki Jakoxs 3l o0 3Lkl b b ps sl sl 59 2 0 3ubsloc TIAIN Hlabugils yiubgy SSlke golgd LS i)l

B 52z 0 Cur Sy el a0 Sy by Ole BLs oS
2 8B g BLakly cnl o asbise (L5595 151 S36 (Saiiwy)
abaly cpl o 0ol (g,Soslail olde o)l08 gl Lol oo bol,
aw A U 0 Jlie Glgie 4y 0) Cpess |y gy als ojlail olgs e
SLas 1) HIPIMS g, 4y ood sbmyl @glie TIAIN JLslugl s
SIFWHM Gl logad du cpl )0 0050 o0 ala>dle oS jsbolas 000 o0
330 ol el 00,5 o5 TIAIN(E) Lide U TIAINR) ise

als ol n daly 0 FWHM olie )86l b cpioren
ool 0as ;532 Jgdzr 10 00 dumlixe

Slgieen oy bl 5l oolizal b ails o)l Slowle coms L3l )
9 TIAIN(2) ,bslugl slaisg mhw 5| SEM polas a5 5 S
sobilen 10,5 soliiul wms o lis |y calisee oleiS )5 90,0 TIAIN(4)
L onds dpwlors sladils ojlusl o9l oo odalive o idigy SEM yslas 5l aS
o3l polie aitus oy Slaslie alie Jsd B c8s L XRD (y405]
ol 00 08,912 Jgoz ;0 b jidgy (soiails odd (g e 5l

lp ond amilma (111) gz o (5o @l cupd e o
als ojlail zals b o] Lmals o5 cal oo ;S3 2 Jgom ,0 idgr 4w
Bl cupo SRl 5 ails ol rals fele 5o s ol (aliee sk
2 Jgaz 5 iz Bl fse by (S Gl o wilg e sk
odd 08,5l (5 I3 Al gil oBws b oads (5 S oslil oy B i

Gy Sl plgs 3T 1 g Wilowsy (i (g o311 4 3

LS 1z o aalss (g5 0 S 51 Jalge 51 (S plgreds ailonsy s

15x¢
=D ®)

alides jidisy dw a4y Loy e oad duls sl glnl JBs o5

(111) (200 (220) (222)
' v Y

TiAIN (1)

(Count/sec) o

| R

20 30 40 50 60 70 80

el 5
O Olie & i (oo Zaz 0 5ok Sl ey Gl 5l Bl

Oy aples g Sl Plod 10 s i ge

16885 / I

L ZRUGRS/ TG

(4)

C

Syge by 50 Sy Dl |y 5y5k <8l oy Te alal) cnl o oS

il cuys Olie 1 Jsom o ailie s binl Sl osle 5 (ials)]
5| zys) TiN g TIAIN Jlslogl (idg g0 slp ool dele (5 9k
Olime 45 348 o samlive el 0ad 00,51 (3 S 0 zy00e sl loge
Sz S Sogh 8l oy
Sl g5 5l Slge o aSul 4 azgi b iadl oo TIAIN (ojzran (ibsy )

Ol Ol 5 i TIN (2digy & b 0 (111)

Solis caz ol 5l Bl 1wl (111) co> jo Lopa) cg> FCC
oz 5l Ll cnl wdlpe JSO pss g 353 Rl 5o esle Cuaglie
S o v e s 03l (gt Syl (111) (254 g 4 s
Olpee dumlio 1 Joaz 10 uizmen ol sole (e (liae (040 YU
cole b aS Gl 00l oo)BT g 90 v‘" IR 6)':5%“'”‘ s Ls"z“’

Dl Slyen B9

Pled 30 ol 1 g Jtslwgl g ails o3l g8 o3luil .3 .3
by Sl

(s il lapilse 5l S wd o )Lil dedie 45 oS jsbilen
S0l alal, el s asb e (ailog e oylime (stal33l L) ails olasl rals
e 3yl uSle S ails o3l ke b (2w oliee O alal)
B9l g0 00be (gBrw GialiEl e ge cails o3lail ralS L oS

1

B il Cge yiagil 10 eogazes b ails o5lasl zalS - Jlo alal,
Joaz 5o by il o3lail 5 (028 (o ilate bl | og2g) 05 o0
o [B] wi selys e alS Corge wls ojluil iy malS L g (2
sl als ojlail a3l e og SaeS cledy ol See giSew yhalS
Sgad 4z g5 ails o3lusl Lrall Cosguste a4y cwsl W Lans

087 S sl «sysk ails ojluil 335 6ol gl iz e
iy, sl eslatwl b Jl ol b (Js o4l 04>9 FE-SEM g TEM 5l ool
@ azgi b0y e 1) 50k ails o5l (J9ud BB o pE b 15 o0 XRD
2l oo slazel BB g el 5 (SlSe ol ol g Julos yo g,
Gl s 031l aploms Sl 6 alnly b s alall, 5l ol b oyl

[10] ssbse e

( @dr“—' 29 . 0.94 1 (6)
a oat 2l TIAIN S Logilh slo ity LeSal 5 il sl oges 4 JSi (B2 — B2)05 COS(H)
Vb (S5 Sl Ol b (bl (SlsasS 2s, $22 O 495 0 (g ST 1/5404) (2 g0 Jsbo A alay ol 50
2- Full Width at Half Maximum (FWHM). 1- Scherrer Formula.
12 oplois 14 693 1393 sibwl . ywyde SolSo uwite 64


https://dorl.net/dor/20.1001.1.10275940.1393.14.12.4.5
https://mme.modares.ac.ir/article-15-2076-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-06 ]

[ DOR: 20.1001.1.10275940.1393.14.12.4.5 ]

OlSen 5 olga ple cyws XRD gealis Jakoxs 1 o Sl b i 32 Lo 13al 59 2 0 3ubslacl TIAIN HUaLusgil yimdsgy S8l olgd S (il
oy (it ()28 (6 S0l 5 calisen Loyl 50 TIAIN Jlislugil sloids 65k Slasin 5 deile 2 Jgu
alols s o3l .
. At )b WIS oyl &l o3l bl o e o
o a7 TR i g AT P
20m (hkD) A A PR bl () s, (D) sk (oPR) o
(A) &)k (nm)
37/18 (111) 4/197 2/098 0/23 42 35 0/94 21/6 TiAIN (2)
42192 (200) 4/210 2/105 118 12 9 0175 25/3 TiAIN (3)
42m1 (200) 41228 2114 1/52 10 7 029 3005 TIAIN (4)

Sbgy (Sl oy o) Fl g b g lul JEs amlxe 5.3

Sl 2l 58 (oot BB sk (A8l 5l (S plsre a4 la ol
Pl il 5 el 5o gl JB (il 550l 51L[8] ol olse
gk Lol JBs (e spSojlul Glp il Foo (Sl
by, cnl 45 Sgd o colizul EBSD g TEM 9> (olagbs, 5| Jyene
gy gl Julos jlooliul b Jlo cnl b Jg oaiies panie 5 Scds
8 alal, ;0 [8.5] s)ls 0929 o ol JK> (oo ,8 acwle o5sl XRD
() s o)l g (D) wls o5lasl (&) 23,59, Sue a5 ol 00 o0ls Lt
[10] st 138 51 (8) Lo ol JK> (5 So5hl o
aidls o aily ol (618 51 egms Sileds jbay 6 JSb uiman
ol Ao E990 S 30 (6l 45 [B] ol 00sS pgai a1 b ol
@liee b dw 4 bgye odd aiilre slo olbulb JB ol
& 5090 YU Js 4yl oas e0ls i 3 Jgaz 50 TIAIN lis-Lugil
- bl J&> jlade il col [Uss! TIAIN ael> Jele 50 b oloub
DL (sl 0gh (P Il Al j0 g i az e oS1S coge b
L aS ool o 03,51 (028 Oy9a S0l (S B Jguz 0 g5
S Calae by gl K> 4 by e ledb]

Sy (SHilo (plgS (235l 53 Jolge yilw jgui> -6-3
el byl anly Wb bgidg (Sl ol (A5 b))l 5
wasls Hlaiae 1) wilawy (55 5 (5 )sh 8L o ils olusl @Sl el
Fr %9 Saie Sl (S esle g3 anylie )3 Sl (Soe oS |
2 St Sl ole plaS oS sgad Jlow (sl adl anals g S1 0o
asls vales Sl ple>

S ol Gl p Sl (Sen (2B Jelge o8 Geizen
e b (el Jolme 5l 80 (s3locius aile) cute DIl sy
ail axsls (el 1 oyienST g 5 atile Lallbl polic jpas i)
90 dmlie ;o Jle plpie 4055 13 Jhiae (sl la il o oS
S 5o el Joloma JuSias Jdoay (5w (li8l SITIAIN 5 TiN s,
sl 0 s il o el dllie (gl 43 0 oy lge

[5] b ol aails jo ails ojladl (638 5 ogoes 5 olos 6 Jsui

65

e () i3 Logls sloidyy Jf (chagy 5975 o5Smg Son sl B JSb
TIAIN(4) wses (o TIAIN(2)

& 09 YU Js 4y el oas e0ls Las 3 Jgaz 50 TIAIN lis-Lugil
- abrl JE> e alE cosl LAl TIAIN wals Jslrs s b ol
DL (sl 0gh (P Gl A 50 g Sy 4z e oS1S coge b
L aS ool o 03,51 (228 Oypa S0l (5w B Jguz 0 ggde
oyls cillas b bl JEx 4 bsye SledL|

ilony A5 Gliee GRIBIL Coal Jltil il ilae 5y o5 jsboles
eslinul b (o Bl (025 @ pSojlil bl (ldl by (S5
ol S ) s &5 spde Alimdle s IS wliogl olKius
)1 Sl e oy mli 4 bay e Sledbl b (s )L wilowy i

Loylys 50 TIAIN jlslogil sla iy (Swlse Slasie S e 3 Jgdo

log,] (228 (s i 5 hliie

s 5>
9,5 oo Silouy 15 .
=) X10-3 T O
©Pa) ( ) (x 10-15) (GPa)
21/6 0/261 0122 01 TiAIN (2)
253 1/144 5/18 0/44 TiAIN (3)
30/5 1/693 9/53 0/65 TiAIN (4)

12 oploib 14 055 1393 sisusl ( yop0 Silke uwide


https://dorl.net/dor/20.1001.1.10275940.1393.14.12.4.5
https://mme.modares.ac.ir/article-15-2076-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-06 ]

[ DOR: 20.1001.1.10275940.1393.14.12.4.5]

UblSed 9 olgd ple ps

XRD ki Jakoxs 3l o0 3Lkl b b ps sl sl 59 2 0 3ubsloc TIAIN Hlabugils yiubgy SSlke golgd LS i)l

(0baly) 2559500 515l 2 Sad e By
bt J&x 6
SS9 &
(GPa) wilown 15 @
(42,0) Sl 55,0 G 4l 0
U5y 9,80 5l il Sk ayely B P
A) e5e dsb 2
GSs Ol ca e U
W g9y )
(b)) Sibpks
S int

Sk Sz sl il (i

e -6

[1]. C. Mitterer, F. Holler, F. Ustel, D. Heim, Application of hard coatings in
aluminum die casting-soldering, erosion and thermal fatigue behavior,
Surface and Coatings Technology, Vol. 125, pp. 233-239, 2000.

[2]. SH. Lee, JW. Lim, D.K. Lee, Y.H. Han, JJ. Lee, A study on the
characteristics of (Til-xAIx)N coatings deposited by plasma-enhanced
chemical vapor deposition after heat treatment, Surface and Coatings
Technology, Vol. 169 -170, pp. 371-374, 2003.

[3] D.Y. Wang, Y.W. Li, C.L. Chang, W.Y. Ho, Deposition of high quality
(Ti,Al')N hard coatings by vacuum arc evaporation process, Surface and
Coatings Technology, Vol. 114, pp. 109-113, 1999.

[4]. S. PalDey, S.C. Deevi, Single layer and multilayer wear resistant coatings
of (Ti,A)N: a review, Materials Science and Engineering, Vol. A342, pp.
58_79, 2003.

[5]. C. James, M. Li, Mechanical Properties of Nanocrystalline Materials,
published by Pan Stanford Publishing Pte. Ltd, 2011.

[6]. S. Nourouzi, M. Shakeri, N. Karimi, Comparison of microucture and
mechanical properties of aluminum alloy joining by friction stir welding
in air and underwater, Journal of Modares Mechanical Engineering,
Vol.13,No.3, 2013, pp.146-152.(In Persian)

[7]. R. Abbaschian, L. Abbaschian, R.E. Reed-Hill, Physical Metallurgy Principle,
14th edition, published by Cengage LearningTM, 1994.

[8]. Z-J. Liu, P.W. Shum, Y.G. Shen, Hardening mechanisms of nanocrystalline
Ti-Al-N solid solution films, Thin Solid Films, Vol. 468, pp. 161-166,
2004.

[9]. B. Subramanian, K. Ashok, M. Jayachandran, Effect of substrate
temperature on the structural properties of magnetron sputtered
titanium nitride thin films with brush plated nickel interlayer on mild
steel, Applied Surface Science, Vol. 255, pp. 2133-2138, 2008.

[10]. Tao Zhou, Pulin Nie, Xun Cai, Paul K. Chu, Influence of N2 partial
pressure on mechanical properties of (Ti,A)N films deposited by
reactive magnetron sputtering, Vacuum, Vol. 83, pp. 1057-1059, 2009.

12 oploib 14 055 1393 sisusl ( yop0 SailSe o idee

Jelge pogdle el p3¥ (Sl plsm 25 SU,l g Jedow jo cnlplo
| e 5 58 el plyis b Sadls Jia 1y Jalye b s ol

Dged al)|

S 15 domi -4
Sook Slge (Qlulid )3 O by Olie 4 Sul $in e )
Slge 5ysk (ghaatuin lp Lid by, cnl l lime e a5
lyo wle 5o oSl Ly, (S 3l AT L Sl ol b Js a8 o eolin
Aoz 5l Slye SlSe s> S 5IUT el XRD g, 5l esliad b
J8le s s XRD (slo,logas 31 oolaiwl b .ojlo dg2g jlislugl o i
LSy oo eals o3l a2l (6 uF05ll Sel JADEBS nass
o (il 03l05] dnlme 40 (lgi e Loy 5l 4S5 ls Bg2g Bl il e
0dges gyl 1) baolml (s g dilony (A5 ¢ (59,59,500 1559k 8L
ol 5o oged )l 1) gy (Sl plss 5l (ST 2yl ol Geld 5
2l TIAIN Jislogl (ibe Sl olss oS b)) 5w allis
SloFed TS L 9o o mls aF b alie 225 Gsesl b odel Cesny

abls

e S yg8 -5
(A) Sl b a
(nm) ‘5)51.3 Olraw alold dg
(1) 555 5w ss5b o s Gy
(nm) 5,6k als o3lasl D
(GPa) gy Kb Jyso  Ef
(GPa) oole ouls 6)5%“'”‘ G.m H
(Gpa) oole 15 5w Hing
oolo o oae K
Rt S 50 Sy wad (ki

ook <8l oy Te

g mdle
S5 See g el oludl Sl b Sas o B

66


https://dorl.net/dor/20.1001.1.10275940.1393.14.12.4.5
https://mme.modares.ac.ir/article-15-2076-en.html
http://www.tcpdf.org

