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lkjka'k

m|ksxksa dh rduhdh ekaxksa dks iwjk djus ds fy, o"kks± esa dbZ ubZ feJ /krq,¡ vkSj lkexzh cukbZ xbZaA budkWusy 
625 dks vkS|ksfxd {ks=kksa tSls lkSj ÅtkZ la;a=kksa] isVªksdsfedy mRiknksa] leqæh vkSj ,;jksLisl {ks=kksa esaa blds vn~Hkqr 
HkkSfrdoknh xq.kksa ds dkj.k mi;ksx fd;k tkrk gSA budkWusy 625 feJ èkkrq dks fo'ks"k xq.kksa ds dkj.k e'khu 
vkSj ikWfy'k djuk eqf'dy gSA bl orZeku dk;Z esa budkWusy 625 VÔwcksa dh vkarfjd lrg dks pedkus ds 
fy, orZeku esa jklk;fud lgk;rk izkIr ,e-,-,iQ- dk mi;ksx fd;k x;k gSA ç;ksxksa dk fMtkbu izfrfØ;k lrg  
i}fr ls fd;k x;k gSA vi?k"kZd dk otu izfr'kr] lrg ?kweus dh xfr vkSj çfØ;k le; lkexzh fu"dklu 
(,evkj) cgqr çHkkoh gSaA çlaLdj.k vof/ (75 feuV) ,evkj esa o`f¼ dk eq[; dkjd gSA lkFk gh] vi?k"kZd 
otu dk 35» vkSj 270 vkjih,e dh ?kw.khZ xfr csgrj ,evkj ds fy, vuq'kaflr gSaA tkap ls irk pyk fd 
lh,e,,iQ çfØ;k esa lcls vPNk ,evkj 1-6 xzke FkkA ,lbZ,e Hkh rS;kj VÔwcksa dh lrg cukoV dk fo'ys"k.k 
djus ds fy, ç;ksx fd;k x;k gSA

Abstract
To meet the technical requirements of industries, various new alloys and materials were developed 

over the years. Inconel 625 has exceptional materialistic properties and is used in various industrial 
applications including solar power plants, petrochemical, marine, aerospace. Due to its eñceptional 
characteristics, Inconel 625 alloy is difficult to machine and polish by using conventional methods. In 
the present work, Chemical assisted MAF (CMAF) is used for polishing the inner surface of Inconel 
625 tubes. The experiments have been designed using RSM (Response Surface Methodology). The 
weights of the abrasive and the surface rotation speed and process time have significant effects on 
material removal (MR). Processing time (75 minutes) is the major contributing factor to the increase 
in MR. Rotational speed 270 rpm and 35% of abrasive weight is also recommended for better MR. 
Investigations revealed that improved MR of 1.6 g was achieved in the CMAF process. The surface 
teñture has also been analyzed using SEM.

eq[; 'kCn% jklk;fud lgk;rk izkIr ,e-,-,iQ-] budkWusy 625] vkj,l,e] lkexzh fu"dkluA 
Key Words: Chemical Assisted M.A.F, Inconel 625, RSM, Material Removal.



;wthlh ds;j lwph esa vuqeksfnr 'kks/ tuZy foKku izdk'k] ISSN% 1549-523-X, o"kZ 22] vad 4] vDVwcj&fnlEcj] 2024	 7

ifjp;

m|ksxksa esa gqbZ rduhdh çxfr dks iwjk djus ds 
fy, u, feJ /krqvksa dk mRiknu fd;k tk jgk gSA 
budkWusy 625 feJ /krq dks fof'k"V xq.kksa ds dkj.k 
vDlj lkSj ÅtkZ LVs'kuksa] ijek.kq ÅtkZ la;a=kksa] leqæh 
vuqç;ksxksa vkSj ghV ,Dlpsatj VÔwfcax esa ç;ksx fd;k 
tkrk gSA¹1]2º budkWusy 625 vf/d dBksj gS] blfy, 
ikjaifjd rjhdksa ls iw.kZ djuk cgqr eqf'dy gSA¹3]4º 
dBksj feJ /krqvksa dks •Re djus ds fy, cgqr ls 
'kks/drkZvksa us xSj&ikjaifjd ifj"dj.k fof/ fodflr 
dh gSA ,e,iQ rduhd O;kid :i ls vkS|ksfxd {ks=kksa 
esa bLrseky dh tkrh gS D;ksafd ;g de ls de lrg 
nks"kksa ds lkFk lVhd lrg iw.kZr% çkIr djus esa l{ke 
gSA¹5º ;g vDlj ihry] ,Y;wehfu;e vkSj LVsuysl 
LVhy dh xksy lrgksa dks iw.kZ djus ds fy, ç;ksx 
fd;k tkrk FkkA ,e,iQ dh enn ls ,l;w,l 304 
LVsuysl LVhy VÔwc dh vkarfjd lrg dk •qjnjkiu 
0-7 ls 0-2 feeh rd de gksrk gSA¹6º ;kekxqph vkSj 
f'kueqjk¹7º us ,e,,iQ esa iksy jksVs'ku çfØ;k dk 
mi;ksx djds vkarfjd lrg dks pedk;kA lkFk gh] 
eqfyd vkSj ikaMs¹8º us lrg dks csgrj cukus ds fy, 
vYVªklksfud daiu vkSj ,e,,iQ dks feyk;kA ,e,iQ 
bLrseky djds taxjfgr LVhy lqbZ dh vkarfjd vkSj 
ckgjh lrgksa dks iw.kZ fd;k x;k] ftldh lrg yxHkx 
0-01mm FkhA¹9º >kax o vU;¹10º us ,l,l 316 VÔwc 
dh vkarfjd lrg dks pedkus ds fy, ,e,,iQ esa 
,d u, pqacdh; :i ls lapkfyr midj.k dk mi;ksx 
fd;k x;kA gkx o vU;¹11º us Al2O3 / ykSg&vk/kfjr 
vi?k"kZd dk mi;ksx djds ,l;w,l&316 ,y VÔwc 
(vaMkdkj vkdkj) dks •Re fd;kA ftlls lrg dh 
fiQfu'k yxHkx 0-04 mm lq/kjh xbZA ;ku o vU;¹12º 
us ,e,,iQ dk mi;ksx djds 4-1 ekbØksu ls 10 
,u,e rd dh lrg •qjnjkiu okyh iryh nhokj 
okyh VÔwc cukbZA ethn o vU;¹28º us ,,1100 feJ 
/krq ij ,e,,iQ dk mi;ksx fd;k vkSj 1-5 ,fEi;j 
ds lkFk 270 vkjih,e xfr ij vf/dre ,evkj çkIr 
fd;kA blfy,] ljy ,e,,iQ dbZ iQk;nksa ds ctk; 
dBksj lkefxz;ksa ds fy, de mRiknd gSA

jklk;fud lgk;rk izkIr ,e,,iQ (lh,e,,iQ) 
us dBksj vkSj Hkaxqj lkefxz;ksa esa ,e,,iQ ds çn'kZu dks 

c<+k;kA tc dke dh lrg dks jklk;fud çfrfØ;kvksa 
ds nkSjku c<+s gq, rkieku ij •ksnrs gSa rc ,e,,iQ 
çfØ;k odZihl dh lrg ijr dks detksj djrh gSA¹13º 
flag o vU;¹14º us eYVh&iksy pqacdh; midj.k dh 
?kw.kZu xfr dks ,evkj ds fy, lcls egRoiw.kZ pj crk;k 
vkSj budkWusy 625 VÔwc dks ,e,,iQ çfØ;k ls iwjk 
fd;kA vi?k"kZd otu çfr'kr (35») vkSj çlaLdj.k 
le; (75 feuV) Hkh mPp ,evkj esa ;ksxnku nsrs FksA 
VaxLVu likV lrgksa dks •Re djus ds fy, lh,e,,iQ 
dk mi;ksx fd;k x;k] ftlls lrg •Re dks yxHkx 
79-52» c<+k;k x;k Fkk] tks lcls vPNs ekudksa ij 
fuHkZj FkkA¹13]15º lkFk gh] budkWusy 718 ÝySV lrgksa 
dks pedkus ds fy, lh,e,,iQ Hkh ç;ksx fd;k x;k 
FkkA 35» vi?k"kZd dk eè;orhZ otu (») vkSj 75 
feuV dk vf/dre lekiu le; vf/dre ,evkj 
ds fy, ftEesnkj FksA¹16º lkFk gh] budkWusy 625 
VÔwcksa dh vkarfjd vkSj ckgjh lrgksa dh ikWfyf'kax 
ds nkSjku lh,e,,iQ ds çHkko dks Hkh ns•k x;kA¹17º 
blds vykok] lh,e,,iQ buiqV ?kVdksa dk budkWusy 
625 VÔwcksa dh vkarfjd vkSj ckgjh xksykbZ ij çHkko 
Hkh ns•k x;kA¹18] 19º lkFk gh] vuqoakf'kd ,YxksfjFe 
dk mi;ksx djds lh,e,,iQ çfØ;k ekinaMksa dks 
,evkj vkSj lrg iw.kZ ds fy, cnyus dh dksf'k'k 
dh xbZA¹20&27º 

fiNys vè;;uksa esa ,e,,iQ vkSj lh,e,,iQ dks 
ihry] VaxLVu] LVsuysl LVhy] fudy feJ /krq vkSj 
dbZ vU; inkFkks± ls fudkyus ds fy, ç;ksx fd;k x;k 
gSA orZeku vè;;u esa lh,e,,iQ çfØ;k dks budkWusy 
625 VÔwcksa dh vkarfjd lrg dks lekIr djus dh 
tkap dh xbZ gSA lh,e,,iQ esa ,evkj ij buiqV 
çfrfØ;kvksa dk fo'ys"k.k fd;k x;k gSA

lkexzh vkSj fof/

lh,e,,iQ dk ewy fl¼kar fp=k 1 esa fn•k;k 
x;k gSA CMC çfØ;k esa bFksukWy vkSj iQsfjd DyksjkbM 
(FeCl3) dk lgh feJ.k dke dh lrg ij yxk;k tkrk 
gS vkSj fiQj 50°C ls vf/d rkieku ij eiQy Hkêðh 
esa j•k tkrk gSA vk/s ?kaVs rd 65°C rd bl nkSjku] 
jklk;fud dk;Z dh lrg ds lkFk çfrfØ;k djrk gS] 
blls dk;Z ds VqdM+s dh Hkhrjh lrg uje gks tkrh gSA 
jklk;fud ud~dk'kh ds ckn] ,d lkèkkj.k ,e,,iQ 

xqjizhr flag] ^^jklk;fud lgk;rk izkIr ,e-,-,iQ dk mi;ksx djds budkWusy 625 ij tk¡p**
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dk mi;ksx djds dk;Z lrg dh uje vk.kfod ijr 
dks gVk;k tkrk gSA 

pqacdh; midj.k dk mís'; budkWusy 625 
VÔwfcax (Ø 25 × 2 ×150) feeh dk van:uh Hkkx 
pedkuk FkkA Nd-Fe-B eSXusV (35×35×25) feeh 
nks LØw ls ,Y;wehfu;e fiQDLpj ls tqM+k gqvk gSA 
LFkk;h pqacdksa dk mi;ksx fLFkj pqacdh; çokg ?kuRo 
dks cuk, j•us ds fy, fd;k x;k Fkk tks fd 0-5 
VsLyk gks x;k FkkA ,Y;wfefu;e vkarfjd ;ksd (Internal 
Yoke) tks ,l,l&400 LVhy ls cuk gS] pqacd ds 
fupys (NS) /zqo ls tqM+k gqvk gSA  Åijh pqacd èkzqoksa 
ls VÔwc dh ckgjh lrg feyrh gSA  cgq&xfr lVhd 
•jkn ij bldk mi;ksx fd;k x;k FkkA ihVh,iQbZ Vsi 
pqacd èkzqoksa dks pqacd èkzqoksa vkSj VÔwc dh lrg ds chp 
,d fpduh jksVjh xfr çnku djrk gSA ;g ç;ksx •jkn 
e'khu ij fiQV fd, x, fufeZr pqacdh; midj.k dk 
mi;ksx djds fd, x, FksA 

fp=k 1- ,e,iQ dk fl¼kar

rkfydk 1 esa fufo"V çfrfØ;kvksa dks lhek ds 
lkFk fn•k;k x;k gSA iqLrdksa dh leh{kk vkSj e'khu 
dh {kerkvksa ds vk/kj ij çfØ;k dkjd vkSj mudh 
lhek fu/kZfjr dh xbZ gSaA lh,e,,iQ çfØ;k esa lcls  
egRoiw.kZ buiqV dkjd çlaLdj.k le;] vi?k"kZd dk 
otu çfr'kr vkSj lrg jksVs'ku xfr gSaA rkfydk 2 esa 
jklk;fud uDdk'kh vkSj vU; fLFkj dkjd fn•k, x, 
gSaA lh,e,,iQ çfØ;k dh 'kq#vkr esa] dke dh lrg dks 

jklk;fud lek/ku ls jklk;fud mipkj fn;k x;k FkkA 

fp=k 2- izk;ksfxd lsVvi
bFksukWy vkSj iQsfjd DyksjkbM ;qDr jklk;fud ?kksy] 

okafNr jklk;fud lkaærk ds vuqlkj cuk;k x;kA bysfDVªd 
eiQy dks Hkêòh esa Mkyus ls igys] VÔwc dks jklk;fud 
feJ.k esa Mqcks;k x;kA rhl feuV ds fy, jklk;fud 
mipkj esa rkieku 65ºC FkkA ;g jklk;fud ?kVuk 
budkWusy 625 VÔwc dh Åijh uje lrg dks folfjr 
djrh gSA ,e,iQ Hkh VÔwc dh vkarfjd folfjr lrg dks 
gVkrk gSA ckn esa] pqacd /zqoksa ds chp mipkfjr VÔwc dks 
j•k x;k vkSj vi?k"kZd d.k (3th) VÔwc esa Mkys x,A 
pqacdh; vi?k"kZd VÔwc ds van:uh fgLls esa pqacdh; {ks=k 
ls vkdf"kZr gksrs gSaA VÔwc ?kwers gq, viuh vkarfjd lrg 
dks ikWfy'k djrk gSA

rkfydk 1- lh,e,,iQ çfØ;k fufo"V çfrfØ;k,a

çfØ;k fufo"V

dkjd

çrhd Lrj 

1

Lrj 

2

Lrj 

3

&1 0 1

izlaLdj.k le; A 25 50 75

lrg dh xfr B 110 190 270

vi?k"kZd ds 

otu (»)

C 25» 35» 45»
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rkfydk 2- vU; izkpy
dk;Z oLrq dh lkexzh vkSj vkdkj budkWusy 625 vkSj (Ø 25×150×2) feeh esa ,uMh&,iQbZ&ch eSXusV

pqacd çdkj ;ksd (yoke) ds fy, ,l,l&400 LVhy

vi?k"kZd çdkj vkSj vkdkj flfydkWu dkckZbM] vkdkj&60 ekbØksehVj

yksgs ds d.k dk vkdkj 300 ekbØksehVj

uDdk'kh rkieku 65ºC 
,psaV	 FeCl3 
jklk;fud lkaæ.k	 600 xzke@yhVj

uDdk'kh dk le; 30 ekbØksehVj

rkfydk 3 esa fn•k, x, ç;ksxksa dh ;kstuk cukus vkSj mUgsa iwjk djus ds fy, vkj,l,e dk mi;ksx fd;k 
x;k FkkA vkj,l,e yacs le; dh vko';drk dks de djrk gS vkSj buiqV vkSj vkmViqV çfrfØ;kvksa ds chp 
csgrj lglaca/ cukrk gSA gVkbZ xbZ lkexzh dks bl dk;Z esa vkmViqV çfrfØ;k dgrs gSaA VÔwc dk otu fiQfuf'kax 
ls igys vkSj fiQfuf'kax ds ckn LdkbZ VsDuksykWth bafM;k (,l,iQ&400lh) dh fMftVy otu e'khu ls tkapk 
x;k FkkA VÔwc dks e'khu ds iSu ij yacor j•k x;k Fkk vkSj VÔwc dk otu e'khu ds fMftVy fMLIys ij 
fn•k;k x;k FkkA çkjafHkd vkSj vafre otu ds vk/kj ij ,evkj dh x.kuk fuEufyf•r laca/ dk mi;ksx djds 
dh xbZ FkhA rkfydk 3 esa çk;ksfxd fLFkfr;ksa ds lkFk ,evkj ifj.kke fn•k, x, gSaA

,evkj ¾ ifj"dj.k ls igys VÔwc dk otu & ifj"dj.k ds ckn VÔwc dk otu
rkfydk 3- fuxZe çfrfØ;kvksa ds lkFk çk;ksfxd fLFkfr

ixMaMh A. izlaLdj.k 
le;

B. lrg dh xfr C. vi?k"kZd ds 
otu (»)

lh,e,,iQ esa ,e 
vkj (th)

1 1 1 &1 1-6
2 0 &1 0 0-9
3 &1 &1 &1 0-6
4 0 0 &1 0-9
5 0 0 1 1-1
6 0 0 0 1-2
7 1 &1 1 1-3
8 &1 1 1 0-7
9 0 0 0 1-1
10 1 0 0 1-5
11 &1 0 0 0-6
12 0 0 0 1-2
13 0 0 0 1-2
14 0 1 0 1-3
15 0 0 0 1-2

xqjizhr flag] ^^jklk;fud lgk;rk izkIr ,e-,-,iQ dk mi;ksx djds budkWusy 625 ij tk¡p**
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ifj.kke ,oa ppkZ

lh,e,,iQ çfØ;k esa ,evkj ifj.kkeksa dk fo'ys"k.k fopj.k (,uksok) fo'ys"k.k ls fd;k x;k FkkA ,evkj 
us egRoiw.kZ mnkgj.k cuk,A ,evkj ij buiqV dkjdksa ds çHkko dk fo'ys"k.k djus ds fy, ,d baVjSD'ku IykWV 
cuk;k x;k FkkA rkfydk 4 esa ,evkj ds fy, ljy ,e,,iQ esa ,uksok ifj.kke fn•k, x, gSaA 0-0026 ih&eku 
vkSj 18-26 ,iQ&eku ekWMy dk egRo çnf'kZr djrs gSaA

rkfydk 4- lh,e,,iQ esa ,evkj ds fy, ,uksok
lzksr ,l,l Mh,iQ ,e,l F-eku P&eku fVIif.k;k¡

uewuk 1-26 9 0-1395 48-90 0-0002 egRoiw.kZ

A&izlaLdj.k le; 0-4050 1 0-4050 142-01 0-0001

B&lrg dh xfr 0-0800 1 0-0800 28-05 0-0032

C&vi?k"kZd ds otu (») 0-0200 1 0-0200 7-01 0-0455

AB 0-0291 1 0-0291 10-22 0-0241

AC 0-0034 1 0-0034 1-20 0-3227

BC 0-0134 1 0-0134 4-69 0-0825

A² 0-0179 1 0-0179 6-27 0-0542

B² 0-0041 1 0-0041 1-45 0-2825

C² 0-0413 1 0-0413 14-47 0-0126

fiQV dh deh 0-0063 1 0-0063 3-13 0-1516 egRoiw.kZ ugha gS

'kq¼ =kqfV 0-0080 4 0-0020

dqy 1-27 14

lh,e,,iQ esa ,evkj ij lrg dh xfr vkSj çlaLdj.k le; dk çHkko % fp=k 3 esa fn•k;k x;k gS fd 
,evkj lrg dh xfr vkSj çfØ;k dh vof/ ds lkFk c<+rk tkrk gSA lh,e,,iQ esa 270 vkjih,e dh xfr ij 
vkSj 75 feuV dh çlaLdj.k vof/ ij vf/dre ,evkj 1-6 xzke gSA ftldk dkj.k vi?k"kZd vkarfjd lrgksa 
dks yacs le; rd •Re fd;k tkuk gSA blds foijhr xfr c<+us ls ?k"kZ.k nj c<+rh gS] ftlls ,evkj c<+rk gSA

       
fp=k 3- lh,e,,iQ esa ,evkj ij lrg dh xfr vkSj çlaLdj.k le; dk çHkko  

lh,e,,iQ esa ,evkj ij vi?k"kZd ds otu (») vkSj çlaLdj.k le; dk çHkko % fp=k 4 ls irk 
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pyrk gS fd çfØ;k dh vof/ esa o`f¼ ds lkFk ,evkj yxkrkj c<+ jgk gSA vi?k"kZd ds otu (») ds lkFk] 
,evkj dks 30» rd c<+k;k tkrk gS vkSj fiQj /hjs&/hjs de gksuk 'kq: gks tkrk gSA tc vi?k"kZd dk otu  
35» gksrk gS vkSj çfØ;k vof/ 75 feuV gksrh gS] rks vf/dre ,evkj lh,e,,iQ feyrk gSA ekuk tkrk gS 
fd çlaLdj.k ds nkSjku le; lcls egRoiw.kZ gSA blds foijhr] dq'ky pqacdh; vi?k"kZd cz'k vi?k"kZd ds 
otu (») 35 ij mRiUu gksrk gS] tks vf/dre ,evkj dk dkj.k gSA 

fp=k 4- lh,e,,iQ esa ,evkj ij çlaLdj.k le; vkSj vi?k"kZd ds otu (») dk çHkko

lh,e,,iQ esa ,evkj ij lrg dh xfr vkSj vi?k"kZd ds otu (») dk çHkko % fp=k 5 esa fn•k;k 
x;k gS fd lh,e,,iQ esa eè; lhek rd vi?k"kZd xfr vkSj Hkkj esa o`f¼ ds lkFk ,evkj esa lq/kj gks jgk gSA 
vi?k"kZd dh ?kw.khZ xfr 270 vkjih,e gksrh gS vkSj blds otu dk vf/dre 35» gksrk gSA ,slk VÔwc dh 
lrg ij d.k çgkj nj esa o`f¼ vkSj vi?k"kZd d.kksa dh çHkkoh ek=kk ls gqvkA vè;;u crkrk gS fd VÔwc lrg 
dh jklk;fud uDdk'kh lh,e,,iQ esa ,evkj dks c<+krh gSSA

fp=k 5- lh,e,,iQ esa ,evkj ij lrg dh xfr vkSj vi?k"kZd ds MCY;wVh (») dk çHkko

xqjizhr flag] ^^jklk;fud lgk;rk izkIr ,e-,-,iQ dk mi;ksx djds budkWusy 625 ij tk¡p**
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lrgh LFkykÑfr

rS;kj lrg dh cukoV dh tkap] lh,e,,iQ ds lkFk •qjnjh lrg ij bysDVªkWu ekbØksLdksih LdSfuax dk 
mi;ksx djds dh xbZ gSA fp=k 6(a) •qjnjh lrg dh SEM fp=k gSA •qjnjh lrg ij •jksap] ygjnkjiu vkSj 
midj.k ds fu'kku tSlh vfu;ferrk,a gSaA fp=k 6(b) lrg dh ,lbZ,e Nfo dks lh,e,,iQ çfØ;k ls rS;kj 
djrk gSA lh,e,,iQ }kjk fufeZr lrg esa de vfu;ferrk,a Li"V :i ls fn•kbZ nsrh gSaA blfy,] lh,e,,iQ 
csgrj lrg cukoV vkSj ,evkj çnku djrk gS] tks mfpr gSA

(a) 

(b) 
fp=k 6- ,lbZ,e Nfo;ka (a) •qjnjh lrg_ (b) lh,e,,iQ ds lkFk ikWfy'k fd;k x;k

fu"d"kZ

budkWusy 625 VÔwc dh vkarfjd lrg dks lh,e,,iQ çfØ;k ds lkFk dq'kyrkiwoZd lekIr fd;k x;k 
gS vkSj fuEufyf•r fu"d"kZ fudkys x, gSa%
1-	 lrg ?kw.khZ xfr] çlaLdj.k le;] vi?k"kZd vkdkj vkSj vi?k"kZd dk otu (») ,evkj ij dkiQh çHkko 

Mkyrs gSaA
2-	 lh,e,,iQ esa] ,evkj esa lq/kj ds fy, çlaLdj.k le; lcls egRoiw.kZ dkjd gS] ckn esa  

?kw.khZ xfr vkSj vi?k"kZd dk otu (») vkrs gSaA
3-	 lh,e,,iQ çfØ;k esa vf/dre ,evkj çkIr djus ds fy, 75 feuV dh çfØ;k vkSj 270 vkjih,e dh 

?kw.khZ xfr dh fliQkfj'k dh tkrh gSA
4-	 lh,e,,iQ esa vi?k"kZd ds 35 çfr'kr otu (») ij lokZf/d ,evkj feyrk gSA
5-	 lh,e,,iQ çfØ;k esa lcls vf/d ,evkj 1-6 xzke çkIr gqvkA
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