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lkjka’k

VkbVsfu;e&,Y;wehfu;e&ukbVªkbM (TiAlN) foysiu (coating) d¨ vfHkfØ;k’khy Mhlh eSXusVª‚u
LiVfjax rduhd }kjk LVsuysl LVhy voLrj (substrate) ij tek (deposit) fd;k x;kA voLrj ij
bldh vklatu’khyrk (adesiveness) dk ewY;kadu [kj äp ijh{k.k (LØSp VsLV) dk mi;¨x djds fd;k
x;kA ;g rduhd LVsuysl LVhy ds foysfir (d¨VsM) uewus ij c<+rs lkekU; Hkkj ds rgr ghjk LVkbyl
(ghjk yxh dye) ds }kjk [kj¨ap yxkus dh fØ;k ij vk/kkfjr gSA [kj äp ijh{k.k¨a ds n©jku ysiu dh Hkkj.k
nj (loading rate) esa ifjorZu fd;k x;k vkSj foysfir vklatd ij bl çHkko dk fo’ys"k.k fd;k x;kA
[kj¨ap ijh{k.k¨a ds n©jku foysfir vklatd (adhesive) ,oa llatu (cooesive) foQyrkvksa ds fy, Økafrd
Hkkj (critical weight) d¨ ekik x;kA fofHkUu Hkkj.k nj ä ij ?k"kZ.k xq.kkad () d¨ fu/kkZfjr fd;k x;kA de
Hkkj dh n’kk esa foysiu esa njkjsa fn[kuk] rFkk Åijh ijr ds gVus ds lkFk llatd foQyrk dh ?kVuk ns[kh
xÃA tcfd mPp Hkkj ij] vklatd foQyrk] Nhyu vFkok foysfir inkFkZ ds N¨Vs VqdM+s ;k Nhyu vyx
g¨uk (chipping)] leqR[kaMu (spalation) vFkkZr d¨fVax ds cM+s VqdM+̈ a dk VwV dj vyx g¨uk vkSj
foLrj.k@fola;¨tu (delamination) bR;kfn ns[kk x;kA

Abstract

Titanium-aluminium-nitride (TiAlN) coating was deposited on stainless steel substrate by
reactive DC magnetron sputtering technique. The adhesion was evaluated using scratch test. This
technique is based on scratching the coated stainless-steel sample with a diamond stylus under
increasing normal load. The loading rate was varied during the scratch tests and its effect on the
coated adhesive was analysed. The critical weight for adhesive and cohesive failures of the coated
adhesive was measured during the scratch tests. The coefficient of friction () was determined at
different loading rates. At low loads, the occurrence of cracks in the coating, and cohesive failure
with peeling of the top layer was observed. Whereas at high loads, adhesive failure, chipping or
breaking off of the coated material into smaller pieces, spallation i.e. breaking off of larger pieces
of the coating and delamination etc. were observed.

eq[; 'kCn % vklatu( vk[kqj.k@[kj äp ijh{k.k( TiAlN( eSXusVª‚u LiVfjax( Hkkj.k (loading) nj( ?k"kZ.k
xq.kkadA
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ifjp;

dÃ vuqç;¨x ä (applications) esa TiN d¨fVax
d¨ VkbVsfu;e&,Y;wehfu;e&ukbVªkbM (TiAlN) ds
ysi }kjk çfrLFkkfir fd;k tkrk gS [1]A TiAlN

d¨fVax mPp dB¨jrk] c<+k gqvk f?klko çfrj¨/k]
mPp vkWDlhdj.k çfrj¨/k vkSj dkVus dh csgrj
{kerk çnf’kZr djrh gSa [2]A TiAlN vFkok blh
rjg dh fdlh vU; d¨fVax d¨ vusd çdkj dh
Hk©frd ok"i fu{ksi.k rduhd¨a [3] (deposition

techniques) ds }kjk  tek fd;k tk ldrk gSA
TiN dh rqyuk es TiAlN foysfir /kkrq (TiAlN

coated metal) e’khuu (machining) vkSj fuekZ.k
vuqç;¨x ä dh ,d J̀a[kyk ds fy, csgrj  çn’kZu
n’kkZrh gSa] t¨ fd TiN ysi esa ,Y;wehfu;e ds tqM+us
ls vkSj ;a=ksa (instruments) dh lrg ij ,Y;wehfu;e
vkWDlkbM dh ijr ds fuekZ.k ds dkj.k gksrk gSA
;g foysiu (coating) ds izpkyu rkieku ijkl
(operating temperature range) dks tks TiN foysiu
vkLrj.k ds fy, 500º C g¨rk gS TiAlN foysiu
vkLrj.k ds fy, 800º C rd c<+k nsrk gSA TiAlN

vkLrj.k l[r Hkh g¨rk gS] ftlds ifj.kkeLo:i
Nhyu ds m[kM+us esa deh vkrh gSA TiAlN foysiu
ds xq.k bls U;wure Lusgd (lubricants) ds mi;¨x
ds lkFk mPp rkieku ij dkVus dh fØ;k ds
lapkyu ds fy, mi;qDr cukrs gSaA bldk mi;¨x
VkbVsfu;e] ,Y;wehfu;e] fudy feJ&/kkrq] LVsuysl
LVhy] feJ&/kkr q LVhy] d¨ckYV&Ø¨fe;e
&e¨fyCMsue (Co–Cr–Mo) vkSj dPps y¨gs ls cus
;a=¨a esa lQyrkiwoZd fd;k tk ldrk gSA bl rjg
ds ysi ds lcls egRoiw.kZ ewY;kadu ekinaM ä esa ls
,d vklatd 'kfDr (adhesive power) [4] gSA
foysiu vkSj voLrj (substrate) ds chp vklatu
dk ewY;kadu [kj äp ijh{k.k dk mi;¨x djds fd;k
tk ldrk gSA ;g ijh{k.k j‚dosy lh ghjk narqjd
(diamond inentor) d¨ ysfir uewus (lkekU;r: 20

ls 50 feeh vkdkj) ij ;a= }kjk pykrs gq, uewus dh
lrg ij jSf[kd :i ls y¨M (Hkkj) d¨ lrr c<+k dj
fd;k tkrk gSA narqjd (indentor) esa 200 m (ASTM

ekud) dh u¨d&f=T;k (tip radius) g¨rh gSA yxk,
x,  lkekU; Hkkj (y¨M) d¨ 1 N ls ysdj vf/kdre
100 N rd c<+k;k tk ldrk gSA Hkkj.k nj vkSj
[kj¨ap dh yackÃ iwoZ&fu/kkZfjr dh tkrh gSA [kj¨ap
ijh{k.k ds n©jku] og IysVQ+‚eZ] ftl ij uewus d¨
fLFkj (fix) fd;k tkrk gS] {kSfrt :i ls pyrk gSA
narqjd ij] /ofud mRltZu (Acoustic Emission–

AE)] ?k"kZ.k cy (Friction Force) vkSj xgjkÃ (depth)

ekiu lsalj yxk, tkrs gSa] t¨ [kj¨ap ijh{k.k ds
n©jku MsVk d¨ fujarj fjd‚MZ djrs gSaA foysiu dh
foQyrkvksa ds fy, n¨ çeq[k çdkj ds Økafrd Hkkj
(critical force) ifjHkkf"kr fd, x, gSaA ,d] llatd
Økafrd Hkkj (cohesive critical load)] og Hkkj gS
ftl ij llatd foQyrk g¨rh gS] ;kuh foysiu ds
Hkhrj foQyrk tSls fd foysiu ds Hkhrj lw{e njkjsa
vkSj nwljk vklatu foQyrk ;kuh fd Nhyu
(chipping) fudyuk] leqR[kaMu (spallation)]
foiVyu (dellmination) ;k ,slh fdlh Hkh ?kVuk
dk voy¨du ftlesa foysiu ds uhps voLrj
(substrate) mtkxj g¨ tkrk gSA [kj¨ap ijh{k.k ds
rqjar ckn çdk’kh; lw{enf’kZdh (optical microscopy)

esa [kj¨ap iFk (scratch track) d¨ ns[kdj vkSj [kj¨ap
iFk ij vyx&vyx Hkkj ij Q¨V¨ ysdj Økafrd
Hkkj çkIr fd, tk ldrs gSaA [kj¨ap ijh{k.k ds n©jku
çkIr /ofud mRltZu (AE) ladsr ;k ?k"kZ.k cy
(friction force) O;ogkj esa ifjorZu ds lkFk Økafrd
H k kj d¨ H k h
fu/kkZfjr ;k lglacaf/kr fd;k tk ldrk gSA orZeku
v/;;u Mhlh eSXusVª‚u LiVfjax }kjk l~Vsuysl LVhy
ij tek TiAlN foysiu (coatin) ds vklatu
(adhesivvness) ij Hkkj.k nj ds çHkko dk ewY;kadu
djrk gSA [kj¨ap ijh{k.k ds n©jku çkIr ?k"kZ.k cy
vkSj /ofud mRltZu ladsr¨a dk ewY;kadu vkSj rqyuk
dh xÃ gSA Hkkj.k nj¨a ds lanHkZ esa ?k"kZ.k xq.kkad dk
ewY;kadu Hkh fd;k x;k gSA
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foysiu

TiAlN fQ+Yesa taxj¨/kh bLikr voLrj (stainless

steel substrate) ij vfHkfØ;k’khy (reactive) dc

eSXusVª‚u LiVfjax }kjk fo’ks"k :i ls fufeZr bdkÃ
(custom built unit) esa rS;kj dh xÃaA lrg dh
lQkÃ {kkjh; ?k¨y esa dh xÃ] rFkk ?k¨y dk rkieku
60º C j[kk x;k FkkA {kkjh; ?k¨y esa lQkÃ ds ckn]
voLrj lcLVªsV~l d¨ 33% (v/v) gkbMª̈ tu Dy¨jkbM
(HCl) es a Mqc¨;k x;kA lHkh pj.k ijkJO;
(ultrasonic) çs{k.k ä ds :i esa fd, x,A çR;sd pj.k
d s c kn ] ue wu ¨ a  d¨ lkn s  ikuh l s
/k¨;k x;k vkSj fQj vklfor [kfut (distilled

mineral–DM) ikuh ls /k¨;k x;kA foysiu dk
teko ukbVª¨tu@vkxZu çokg ds 20% vuqikr ij
fd;k x;kA VkbVsfu;e vkSj ,Y;wehfu;e ds oSdfYid
pki [kaM¨a okys ,d x¨ykdkj e¨t+sd /kkrq y{; dk
mi;¨x fd;k x;k FkkA y{; dk O;kl 160 feeh
vkSj lrg {ks= vuqikr (C

Ti
/C

Al
) ,d FkkA ?kw.khZ

(rotary) iai }kjk lefFkZr folj.k (diffusion) iai
dh lgk;rk ls d{k esa <1×10–5 mbar (<0.0076

mTorr) dk fuokZr (vacuum) cuk;k x;kA mPp
'kq)rk okys vkxZu vkSj ukbVª¨tu xSl ä (’kq)rk
>99.99%) d¨ fQj ls d{k esa Hkj fn;k x;kA lHkh
ç;¨x¨a esa vkxZu xSl dk çokg 20 sccm ij fLFkj
j[kk x;k] rFkk dqy ncko yxHkx 4×10–3 mbar

(3.8 mTorr) ij fLFkj j[kk x;kA ukbVª̈ tu çokg
d¨ vu qd w fyr fd;k x;k vk S j 20% d s
ukbVª̈ tu@dqy xSl çokg vuqikr ds bl vuqdwfyr
eku ij ysi rS;kj fd;k x;kA ysi ds teko ds
n©jku] voLrj d¨ –100 V ij vfHkur (bias)

fd;k x;k ,oa y{; /kkjk d¨ 0.6 A j[kk x;k FkkA
ysi ds teko ds n©jku] d¨Ã ckgjh rkiu (heating)

ugha dh xÃ FkhA y{; ls voLrj ds chp dh nwjh
60 feeh j[kh xÃ FkhA y{; d¨ 0–1000 V (6 A
vf/kdre) dh fLFkj çR;{k /kkjk 'kfDr (direct

current–DC power) vkiwfrZ ds ek/;e ls fctyh
dh vkiwfrZ dh xÃ FkhA voLrj vfHkufr (substrate

biasing) d¨ ifjorZuh; o¨YVst (0–300 V) vkSj

/kkjk (current) (0–500 mA) dh fLFkj çR;{k /kkjk
'kfDr dh vkiwfrZ ds ek/;e ls ykxw fd;k x;kA
ukbVªkbM foysiu esa csgrj vklatu çkIr djus ds
fy,] lHkh ç;¨x¨a esa lcls igys y{; (Ti–Al)

inkFkZ dk ,d iryk /kkrq var%Lrj (interlayer)

(<0.2 m) d¨ d{k esa ukbVª̈ tu dh 'kq:vkr ls
igys tek fd;k x;k FkkA çkIr TiAlN ysi dh
e¨VkÃ 1.8 ls 2.2 mdh lhek esa FkhA

[kj äp vklatu ijh{k.k (scratch adhesive test)

foysiu ds fy, cqfu;knh vko’;drk ;g gS]
fd tek dh xÃ fQYe voLrj ls vPNh rjg ls
tqM+h gqÃ g¨A [kj¨ap vklatu ijh{k.k ,d okf.kfT;d
Lopkfyr [kj¨ap ijh{kd (CSEM] fLoVtjySaM
fufeZr) dk mi;¨x djds fd;k x;k Fkk] t¨ j‚dosy
lh Mk;eaM LVkbyl (’kadq 'kh"kZ d¨.k 120º] vxz
f=T;k 200 ekbØ¨u) vkSj çdk’kh; lw{enf’kZdh ls
lqlfTtr FkkA 1 ls 30 N rd jSf[kd :i ls c<+rs
Hkkj ds rgr [kj äp cuk, x, FksA 10] 30] 50] 70

vkSj 100 N/min dh Hkkj.k nj¨a ij vyx&vyx
[kj¨ap fd, x, Fks] ftlesa [kj¨ap dh yackÃ 3 feeh
ij fLFkj j[kh xÃ FkhA pwafd ysi 30 N Hkkj rd
iwjh rjg ls foQy ugha gqÃ Fkh] blfy, 30 N/min

dh Hkkj.k nj ij ykxw lkekU; cy d¨ 50 N rd
c<+kdj [kj¨ap ijh{k.k n¨gjk;k x;kA fofHkUu ysi
foQyrk ?kVukvksa esa lw{e njkjsa] Nhyu] leqR[kaMu
(spallation)] inkFkZ dk ik'oZ çokg (side flow)]
vkaf’kd ;k iw.kZ fola;¨tu (disjunction) 'kkfey
gSaA c<+rs Hkkj ds lkFk [kj¨ap çfr:i ftlesa fofHkUu
çdkj dh foysiu foQyrk,a g¨rh gSa] çdk’kh;
lw{enf’kZdh vkSj ?k"kZ.k cy eki }kjk tkuk tk
ldrk gSA ;g lq>ko fn;k x;k gS] fd vklatu
foQyrk lh/ks ?k"kZ.k cy vkSj AE eku esa vpkud
of̀) ds lkFk tqM+h gqÃ gSA /ofud lalwpd (acoustic

detector) t¨ ewy :i ls [kj¨ap ds n©jku mRlftZr
/ofu ÅtkZ d¨ ekirk gS] LVkbyl ds Åij yxk;k
tkrk gS] vkSj lw{e njkj¨a ds xBu vkSj çlkj ls
fudyus okys ç?kkrh rjax çLQ¨V (shock wave

burst) ds ek/;e ls ysi ds uqdlku dh 'kq#vkr
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dk irk yxkrk gSA /ofud ladsr ä (acoustic signals) ds cM+s Lianu ä (vibrations) vkSj foysiu foQyrk ds
chp ,d laca/k gSA ?k"kZ.k cy lalwpd (friction force detector) [kj äp ijh{k.k ds n©jku ?k"kZ.k cy d¨ yxkrkj
fjd‚MZ djrk gSA foysi ds VwVus] vyx g¨us ;k vU;Fkk {kfrxzLr g¨us ij ?k"kZ.k cy cny tkrk gSA mPp Hkkj
ij O;ogkj dk fujh{k.k djus ds fy,] 50 N (30 N/feuV dh Hkkj.k nj ij) rd Hkkj c<+kdj [kj¨ap ijh{k.k
d¨ n¨gjk;k x;kA

ifj.kke vkSj ppkZ

[kj¨ap ijh{k.k ds n©jku lkekU; Hkkj] ?k"kZ.k xq.kkad (friction coefficient) vkSj /ofud mRltZu ds xzkQ
ntZ fd, x,A ;g ns[kk x;k gS] fd 30 N Hkkj rd] fNyuk] Åijh ijr gVkuk] foysi inkFkZ dk vkxs dh vksj
çokg] ik'oZ çokg vFkok dqN LFkku¨a ij fNyuk vkSj vkaf’kd fola;¨tu (disjunction) ns[kk x;k] tcfd iw.kZ
fola;¨tu ugha ik;k x;kA mPp Hkkj ij O;ogkj dk fujh{k.k djus ds fy,] 50 N rd Hkkj c<+kdj [kj¨ap
ijh{k.k fd;k x;kA

Hkkj.k (loading) nj dk çHkko

fp= 1: fofHkUu Hkkj ij lw{e Nfo;ka (micrograph) (Hkkj.k nj: 10 N/feuV)

fp= 1 esa] 10 N/feuV dh Hkkj.k nj ij fd, x, [kj¨ap ijh{k.k ds fy, vyx&vyx Hkkj ij [kj¨ap
iFk dh lw{e Nfo;ka fn[kkÃ xÃ gSaA 8 N Hkkj rd d¨Ã njkj ;k Nhyu ugha ns[kh xÃA tSls gh Hkkj 13 N
rd c<+k] ekewyh Nhyu ns[kh xÃA 17.5 N Hkkj ij Åijh ijr gV xÃ vkSj Nhyu ds lkFk&lkFk N¨Vh njkjsa
Hkh vkÃaA 23.8 N Hkkj ij] njkj vkSj Nhyu c<+ xÃ vkSj inkFkZ dk çokg (flow) 'kq: g¨ x;kA 25.5 N

Hkkj ij] ;s lHkh ?kVuk,¡ mPp lhek rd c<+h ns[kh xÃaA 28 N ij] dqN LFkku¨a ij leqR[kaMu vkSj vkaf’kd
fola;¨tu (partial disjunction) Hkh gqvkA

fp= 2 esa 30 N/feuV dh Hkkj.k nj ij fd, x, [kj¨ap ijh{k.k ls fofHkUu Hkkj¨a ij lw{e Nfo;ka
(micrograph) fn[kkÃ xÃ gSaA ;g ns[kk x;k fd 17.6 N Hkkj ij] Nhyu ls Åijh ijr gVus yxh] tcfd
20.5 N Hkkj ij njkjsa fn[kkÃ nsus yxhaA 23.5 N Hkkj ij njkjsa yach] xgjh vkSj p©M+h g¨ xÃa vkSj vkaf’kd
:i ls fola;¨tu (disjuntion) gqvkA 26 N Hkkj ij] inkFkZ dk çokg (flow of material) Hkh ns[kk x;kA
28 N Hkkj ij] fNyus vkSj njkj ä dh ek=k c<+ xÃ vkSj fdukj¨a ij inkFkZ dk çokg Hkh ns[kk x;kA
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fp= 2: fofHkUu Hkkj ij lw{e Nfo;ka ¼Hkkj.k nj% 30 N/feuV½

fp= 3: fofHkUu Hkkj ij lw{e Nfo;ka (Hkkj.k nj% 50 N/feuV)

50 N/feuV (fp= 3) dh Hkkj.k nj ij] ;g ns[kk x;k fd 16.4 N ij dsoy Åijh ijr gV xÃA 20

N ij ØSfdax vkSj fpfiax 'kq: gqÃ vkSj 23 N Hkkj ij leqR[kaMu gqvkA 25 N ij pVdus (cracking) vkSj
fNyus dh ek=k c<+ xÃ] vkSj fdukj¨a ij inkFkZ dk çokg Hkh 'kq: g¨ x;kA 28 N ij fNyuk] fpVduk vkSj
inkFkZ ds çokg dh ek=k c<+h ns[kh xÃA 30 N ds ijh{k.k Hkkj rd d¨Ã fola;¨tu ugha ns[kk x;kA

70 N/feuV Hkkj.k nj ij] fp= 4 ls ;g Li"V gS] fd 14 N rd] d¨Ã Hkh llatd foQyrk (cohesive

failure) ugha ns[kh xÃA 18 N Hkkj ij] njkjsa] fNyuk vkSj Åijh ijr dk gVuk 'kq: g¨ x;kA 26.9 N Hkkj
ij] njkjsa xgjh vkSj yach g¨ xÃa] inkFkZ dk çokg Hkh ns[kk x;kA 28 N ij] fNyus dh ek=k c<+ xÃ] fdukj¨a
ij inkFkZ dk çokg ns[kk x;k] ysfdu 30 N Hkkj rd d¨Ã vklatu foQyrk (adhesion failure) ugha gqÃA
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fp= 4: fofHkUu Hkkj ij lw{e Nfo;ka (Hkkj.k nj% 70 N/feuV)

fp= 5: fofHkUu Hkkj ij lw{e Nfo;ka (Hkkj.k nj% 100 N/feuV)

100 N/feuV Hkkj.k nj (fp= 5) ij] 18 N Hkkj ij Åijh ijr dk gVuk vkSj fNyuk ns[kk x;kA 21

N Hkkj ij] foysi esa njkjsa 'kq: g¨ xÃaA 24.3 N Hkkj ij] njkj¨a dk ?kuRo (density) c<+ x;k] vkSj fdukj¨a
ij inkFkZ dk çokg Hkh ns[kk x;kA 28 N Hkkj ij] fNyus vkSj vkaf’kd fola;¨tu ds lkFk inkFkZ dk Hkkjh
çokg gqvkA tc ge vyx&vyx Hkkj.k nj ä ij fd, x, leku Hkkj ij [kj¨ap çfr:i (scratch pattern)

dh rqyuk djrs gSa] r¨ ge ns[krs gSa] fd tSls&tSls Hkkj.k nj c<+rh gS] fpVduk] fNyuk] vkSj inkFkZ dk çokg
rFkk Åijh ijr dk gVuk] leqR[kaMu vkfn lHkh ?kVuk,a rsth ls g¨rh gSaA fp= 1–5 esa] tc 8–12 N Hkkj
ds chp [kj¨ap çfreku dh rqyuk dh tkrh gS] r¨ leku Hkkj ij Hkkj.k nj esa o`f) ds lkFk de n¨"k ns[ks
x,A fofHkUu Hkkj.k nj¨a ij 16–18 N Hkkj ds chp (fp= 1–5) [kj¨ap çfr:i (scratch pattern) dh rqyuk
djus ij] ;g ns[kk x;k fd tSls&tSls Hkkj.k nj c<+rh gS] leku ykxw Hkkj ij inkFkZ dk çokg vkSj njkjsa
de g¨rh tkrh gSaA blh rjg] tc fofHkUu Hkkj.k nj¨a ds fy, 21–24 N Hkkj ds chp [kj äp çfr:i dh rqyuk
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dh xÃ] r¨ ;g ns[kk x;k] fd de Hkkj.k nj ä ij inkFkZ dk çokg vkSj lrgh n¨"k vf/kd Li"V Fks] vkSj Hkkj.k
nj c<+us ds lkFk de g¨ x,A 28 N Hkkj ij] fofHkUu Hkkj.k nj¨a ds fy, [kj¨ap çfreku dh rqyuk djus
ij] ;g ns[kk x;k fd de Hkkj.k nj ij] vf/kd QSyko vkSj inkFkZ dk çokg gqvkA

50 N rd ds Hkkj ij [kj¨ap

[kj¨ap ijh{k.k 50 N rd ds lkekU; Hkkj ij n¨gjk;k x;k] D;¨afd 30 N rd ds Hkkj ij] foysi esa d¨Ã
cM+h vklatu foQyrk ugha ikÃ xÃA Hkkj.k nj 30 N/feuV Fkh vkSj [kj äp dh yackÃ 3 feeh j[kh xÃ FkhA
fofHkUu Hkkj¨a ij [kj äp iFk (track) ds lw{e Nfo;ka fp= 6 esa fn[kkÃ xÃa gSaA

fp= 6: fofHkUu Hkkj ij lw{e Nfo;ka (Hkkj.k nj% 30 N/feuV)

fp= 6 ls] ;g ns[kk x;k fd 19.2 N Hkkj ij] fNyuk vkSj njkjsa vkÃaA 26 N Hkkj ij] njkjsa vkSj fNyus
ds lkFk&lkFk inkFkZ dk çokg ns[kk x;kA 35 N Hkkj ij] fc[kjko gqvk vkSj fdukj¨a ij inkFkZ dk çokg c<+
x;k] lkFk gh vkaf’kd fola;¨tu Hkh gqvkA 45 N Hkkj ij] fc[kjko vkSj vkaf’kd fola;¨tu dh ek=k c<+ xÃ]
vkSj fdukj¨a ij inkFkZ dk Hkkjh çokg ns[kk x;kA 48 N Hkkj ij] fc[kjko] inkFkZ dk çokg vkSj vkaf’kd
fola;¨tu vkSj Hkh c<+ x;k] tSlk fd fp= esa fn[kk;k x;k gSA gkykafd] voLrj ls foysi dk iw.kZ
fola;¨tu@vyxko 50 N Hkkj rd ugha ns[kk x;kA

?k"kZ.k xq.kkad

fofHkUu Hkkj.k nj¨a ij fd, x, [k¡j¨p ijh{k.k ds n©jku fofHkUu Hkkj¨a ij çkIr ?k"kZ.k xq.kkad () rkfydk
1 esa fn[kk, x, gSaA [k¡j¨p ijh{k.k esa lkekU; Hkkj 1 ls 30 N rd c<+k, tkus ij]  /khjs&/khjs ykxw Hkkj ds
lkFk c<+dj 50 N@feuV rd dh Hkkj.k nj ä ds fy, 0.1 vkSj 70 vkSj 100 N@feuV dh Hkkj.k nj¨a ds fy,
0.11 rd c<+ x;kA Hkkj esa òf) ds lkFk ?k"kZ.k xq.kkad esa òf)] voLrj çHkko esa of̀) ds dkj.k g¨rh gSA [kj äp
ijh{k.k ds n©jku Hkkj.k nj c<+kus ls fofHkUu Hkkj ij  ij vyx&vyx çHkko iM+kA de Hkkj (6.7 vkSj 12.5

N) ij eku 10 ls 100 N@feuV rd Hkkj.k nj esa of̀) ds lkFk de g¨ x;k] 18.3 N Hkkj ij eku fLFkj jgk]
tcfd mPp Hkkj (24.2 vkSj 30 N) ij ;g 10 ls 100 N@feuV rd Hkkj.k nj esa òf) ds lkFk (,d lhfer
lhek rd) c<+ x;kA ifj.kke n’kkZrs gSa] fd Åijh Hkkj.k nj dh ,d lhek gS] ftlls vf/kd nj ij [kj¨ap ijh{k.k
d¨ gr¨Rlkfgr fd;k tkuk pkfg,A orZeku ekeys esa] ;g 50 N@feuV ik;k x;kA
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rkfydk 1: LØSp ijh{k.k ds n©jku fofHkUu Hkkj ij ?k"kZ.k xq.kkad ()

yksfMax nj 
(N/min) 

fofHkUu Hkkj ij ?k"kZ.k xq.kkad (µ) 

6.7 N 12.5 N 18.3 N 24.2 N 30 N 

10 0.05 0.07 0.08 0.09 0.10 

30 0.04 0.06 0.08 0.09 0.10 

50 0.05 0.06 0.08 0.09 0.10 

70 0.03 0.05 0.08 0.10 0.11 

100 0.04 0.05 0.08 0.10 0.11 

/ofud mRltZu

[kj¨ap ijh{k.k ds n©jku] /ofud mRltZu ladsr mRiUu gq,A ftUgsa xzkQ ds :i esa fjd‚MZ fd;k x;kA
;s ladsr njkjsa] fNyuk] fola;¨tu vkfn ds xBu d¨ bafxr djrs gSaA tc flXuy dh ÅapkÃ c<+ tkrh gS]
r¨ ;g [kj¨ap ijh{k.k ds n©jku njkj vkSj fNyus esa o`f) d¨ n’kkZrk gSA çdk’kh; lw{en’khZ (optical

microscope) esa [kj¨ap iFk ds voy¨du ls bldh iqf"V gqÃA [kj äp ijh{k.k (30 N@feuV dh Hkkj.k nj
ij) ds n©jku çkIr ,d fof’k"V AE xzkQ fp= 7 esa fn[kk;k x;k gSA

fp= 7: [kj¨ap ijh{k.k ds n©jku çkIr AE xzkQ (Hkkj.k nj% 30 N@feuV)

Økafrd Hkkj (critical load)

Økafrd Hkkj d¨ ml Hkkj ds :i esa ifjHkkf"kr fd;k tk ldrk gS] ftl ij foysi@voLrj ç.kkyh
(coating/substrate system) esa dqN vklatu@llatu (adhesive/cohesive) foQyrk 'kq: g¨rh gSA tSlk
fd mij¨Dr v/;;u¨a ls Li"V gS] fd 30 N Hkkj rd] vklatu foQyrk (leqR[kaMu] voLrj ls vkaf’kd
foysiu foLrj.k) ns[kk x;kA rkfydk 2 fofHkUu Hkkj.k nj¨a ij [kj¨ap ijh{k.k ds n©jku ns[ks x, fofHkUu
Økafrd Hkkj ds eku¨a d¨ n’kkZrh gSA
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rkfydk 2 : fofHkUu Hkkj.k nj¨a ij [kj¨ap ijh{k.k ds n©jku ns[kk x;k Økafrd Hkkj

yksfMax nj 
(N/min) 

LC1 

(N) 
LC2 

(N) 
LC 
(N) 

LC4 
(N) 

10 12.9 17.5 22.8 23.8 

30 13.5 17.8 23.5 23.5 

50 13.9 20.0 25.0 23.0 

70 14.0 20.5 26.9 26.9 

100 14.1 21.0 27.0 30.0 

tgk¡ LC
1
 = og Økafrd Hkkj ftl ij Åijh ijr dk gVuk vkSj fNyuk 'kq: gqvkA

LC
2
 = og Økafrd Hkkj ftl ij njkjsa mRiUu gqÃaA

LC
3
 = og Økafrd Hkkj ftl ij fdukj ä ij inkFkZ dk çokg ns[kk x;kA

LC
4
 = og Økafrd Hkkj ftl ij fNyuk@vkaf’kd fola;¨tu gqvkA

ge rkfydk 2 ls ns[krs gSa fd Åijh ijr d¨ gVus vkSj fNyus ds fy, vko’;d Økafrd Hkkj (LC
1
) Hkkj.k

nj esa o`f) ds lkFk /khjs&/khjs c<+rk x;kA blh rjg] njkjsa mRiUu djus ds fy, vko’;d Økafrd Hkkj (LC
2
)

vkSj inkFkZ dk çokg (LC
3
) Hkh Hkkj.k nj esa of̀) ds lkFk c<+rk x;kA

gkyk¡fd] fNyuk@vkaf’kd fola;¨tu (LC
4
) ij Hkkj.k nj dk çHkko vyx FkkA LC

4
 dk eku Hkkj.k nj

esa 50 N/min rd dh o`f) ds lkFk Fk¨M+k de gqvk vkSj fQj Hkkj.k nj esa 100 N/min rd dh o`f) ds lkFk
;g c<+ x;kA ;g n’kkZrk gS fd 70 vkSj 100 N@feuV dh Hkkj.k njsa LC

4
 ds okLrfod eku ä d¨ n’kkZus

ds fy, cgqr vf/kd gSaA

fu"d"kZ

Mhlh eSXusVª‚u LiVfjax }kjk LVsuysl LVhy lClVªsV ij tek fd, x, TiAlN foysi dk ewY;kadu 10,

30, 50, 70 vkSj 100 N@feuV dh Hkkj.k nj¨a ij 1–30 N Hkkj ls [kj¨ap vklatu ijh{k.k }kjk fd;k x;kA

lHkh ijh{k.k¨a esa [kj¨ap dh yackÃ 3 feeh ij fLFkj j[kh xÃ FkhA c<+rs ykxw Hkkj ds lkFk ?k"kZ.k cy vkSj
?k"kZ.k xq.kkad d¨ lrr ekik x;kA fuEufyf[kr fu"d"kZ çkIr gq, &

• inkFkZ ds çokg] lw{e njkjsa] QSyko] vkaf’kd fola;¨tu vkfn n¨"k ä ds voy¨du esa ;g ik;k x;k fd
Hkkj.k nj esa Øfed of̀) ds lkFk lHkh esa nsjh gqÃ ;kuh ,d fo’ks"k Hkkj ij] n¨"k de Hkkj.k nj¨a ij
vf/kd Li"V Fks vkSj Hkkj.k nj c<+us ds lkFk de g¨ x,A

• [kj¨ap ijh{k.k esa Hkkj d¨ 1 ls 30 N rd c<+kus ij]  /khjs&/khjs 50 N@feuV rd Hkkj.k nj¨a ds
fy, 0.1 rd vkSj 70 vkSj 100 N@feuV dh Hkkj.k nj¨a ds fy, 0.11 rd c<+ x;kA

• de Hkkj ij  Hkkj.k nj esa 10 ls 100 N@feuV dh o`f) ds lkFk de g¨ x;k] tcfd mPp Hkkj
ij ;g Hkkj.k nj esa 10 ls 100 N@feuV dh o`f) ds lkFk Fk¨M+k c<+ x;kA

• 'kh"kZ ijr gVus vkSj fNyus (LC
1
)] njkjsa fuekZ.k (LC

2
)] vkSj inkFkZ ds çokg (LC

3
) ds fy, Økafrd

Hkkj Hkkj.k nj ds lkFk c<+ x;kA gkykafd] leqR[kaMu@vkaf’kd fola;¨tu (LC
4
) ds fy, Økafrd

Hkkj Hkkj.k nj esa 50 N@feuV rd dh o`f) ds lkFk Fk¨M+k de g¨ x;k vkSj fQj Hkkj.k nj esa 100

N@feuV rd dh o`f) ds lkFk ;g c<+ x;kA
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• Hkkj.k nj¨a ds v/;;u ls irk pyrk gS fd [kj¨ap ijh{k.k¨a ds n©jku Hkkj.k nj dk ,d b"Vre Åijh
eku g¨rk gSA orZeku v/;;u esa ;g 50 N@feuV gSA

'k¨/k i= esa ç;qDr vaxzsth 'kCn¨a dh lekukFkZd fganh 'kCnkoyh

Alphabetically sorted terminology in 
English 

o.kZekyk vuqØfer fgUnh 'kCnkoyh 

Acoustic detector /ofud lalwpd 

Adhesiveness evaluation vklatu’khy ewY;kadu 

Coating foysiu 

Cohesive llatu 

Delamination foLrj.k@fola;kstu 

Diamond indentor ghjk narqjd 

Disjunction fola;kstu 

Loading rate Hkkj.k nj 

Optical microscopy izdkf’kd lw{enf’kZdh 

Scratch test vk[kqj.k@[kjksap ijh{k.k 

Shock wave burst iz?kkrh rjax izLQksV 

Spallation leqR[kaMu 

Substrate voLrj 

Ultrasonic ijkJO; 
 lanHkZ
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