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R I N G X A S A N

Penggeseran puncak difz'aksi sitar-I dapat
dipez,gwnkan untuk nenentul<tn t€ttp?-r'd tur. f,enu-
Lnhan dari Logan-Logan tiengan stntktuy' kubus
berpusat sisl. Dengan cara tersebut dapat di-
Lentukan balu,ta senbuk kikiran darl. d Ag-Sn
pulih kenbaLi pad,t ternperatur antara 100" dcn
200"C. Diketerm,tkan pula bahra ener4i aaLah
turpuk doti paduan-tersel,ut i exktrang dengttn
bertqnbahnqa konsentt asi tinah putiiL.

A n , i i ' R A a t

X-xay ciiffraa';ion p;,ak st1i.j'.. c.rn brt u.seu
to cletez,rnine the recooet'i Lenp€Tature of .fctce
centered cui Lc metqls . Lis'Lng thi.t; :,: i  lniL i L
uas found LhaL fi led tj , iE-i?, ai., i!t l ,.t i .rcr
aL ten+.-erittLt|e beh:aon 100" ot,i 20i'," t. , i . i tt:

ttac:king faui t, energt, -r111r .1irr1rri t,o bc dr:cxeas-
tng  u t th  l .nc re ,as ing  t in  ( :on t . , t .L ,

Ii.ITRODUCT ION

Cold  de format ion  process  in  ne ta l  wor l i ing  produces  de-
fo rned-or  d is to r ted  s t ruc tu re  in  ne ta l .  Tb is  co ld  work  s t ruc-
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l u re  can be  t rans for roed back  an t , '  nc rmal  s t ruc lu r r  D , ! . .  anne4L-
r n g .  D u r i n B  l h e  a n n e a l i n g ,  ' - h : - c (  

f r o c c s i e s  J .  c u r .  L h e v  a r e
(e .  overy r ,  , f  ec rys ta l l i za t ion /ano gro t t t l l  .  p roc !sses .  The lasr
tq ro  p rocesses  are  acconpan ieC by  mic ros t : , i c tu ra I  change,
there fore  th .ey  can be  de tec ted  roe ia l lograpn ica l l v .  Whi le  the
f i rs t  one,  wh ich  is  a  nons t ruc tura l  change process ,  i s  re la -
t i ve ly  d  i f  f  i cu l t  to  de t6rn ine .

ln this work the tenperature during which the recovery
process occurs in tr Ag-Sn was delerrnined by the use of X-ray
d i f f rac t ion  melhod.  Frorn  lhe  X- ray  peak  sh i f t  the  re la t ion
bet\.reen stacking fault energy and tin content was aoalyzed.

MATERIAL AND METHOD !

Mate?iaLs

Materials ..,rhich were used in this work are 5 Ag-Sn alloys
w i t h  0 . 0 ,  2 , 9 ,  5 . 2 ,  8 . 1  a n d  9 . 9  v t  %  S n .

Sc{rple Preparation t.

The a l loys  were  made by  mel t ing  s l l ver  g ranu les  o f  99 .99%
pur i ty ,  then add ing  the  requ i ted  amount  o f  99 .992 pur i ty  t in
into it. Then ingots were rnade by remelting the alloys and
cas t ing  theD cent r i . fuga l l y  in to  Vycor  g lass  tube w i th  3 .8  mr t r
inner dlaDeter. This procedure gave a dense, unifonn and re-
producible ingot s truc lure.

The ingots  r^ 'e re  then hooogen ized a t  400"C fo r  48  hours .
During the honogenization process each ingot was sealed in an
evacuated 8lass tube to minin-ize oxydation. r

|rp erlnental Method "

Cold defornation lras introduced to the samples by fi l ing
hooogenized ingots into chips. Chips of each alloy were then
annea led  a t  roon tenpera ture ,  1C0oc,  150 'c .  250 'c  and 350 'C
for  one hour .  One sample  fo r  each a l loy .was fu l l y  annea led  a t
400"C fo r  6  hours .

X-ray diffraction patterns of !he sarnples, whlch cover
(111)  and (200)  peaks  vere  rnade anr i  lhe  d i f fe rences  1n  Bragg
ang1e of the two peaks rdere neasureq. These l-ray diffractlon
patterns were made with Cu-Ko radiation on a General Electric
d i f f r a c t i o n  u n i t .

RISLILT AND DISCUSSlON

The d i f fe rences  in  Bragg or  29  ang le  ber \deen f , i i f ) , . "a

le.
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(ZOoj-,peats, ehlch I ' l l l  be deslSnated with A20, were Plotted
rg;i"ii the anneallng teaPerature. This relation 1s shown in

figure 1. Thls flgure lndlcates that the value of 420 for the
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Flgure 1

X-ray diffraction Peak shlft of
cold-worked c Ag-Sn alloYs

as cold worked and annealed sarnples are different. Thts phe-

nomenon is explained in the follorting.
d  Ag-Sn a l loy  i s  a  face  centered  cub ic  (FCC)  meta l '  I t

has been known that in most FCC metal' plastic defornation is

accornodated by slip between the sllp planes. In FCC metal the
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slip plane i.s the (111-) plane and there are three dlfferently
orlented slip planes, whl-ch are usually deslgnated a9 a, b and
c, Therefore the stacking sequence of these sllp planes ln
F C C  n e t a l  i s  . . a b c a b c . . . e t c .  F u r t h e r ,  l t  a l e o
has been knou! that the atoDlc arrangeDent of the slip pLane
iI hexagonal close packed (IiCP) oetal is exactly the aa$e as
that of FCC neta1. The difference between these two atructure
lies only on the stacking sequence of thelr slip plane, In
H C P  o e t a l  t h e  s e q u e n c e  l s  . a b a b . . . e t c .

Durlng the deformation, FCC oetal nay undergo a coaplete
slip, a partial sl lp or a Elxture of both of theE. In the
case of conplete slip, the deforned roetal keeps its stscklng
sequence, wh1le ln the case of partlal sl lp the orlentatlon of
the sltp plane changes rrlth respect to each other. Thls par-
tlal sl i.p therefore oay transforn plane a lnto b or c, plane b
l - n t o  a  o r  c  a n d  p l a n e  c  l n t o  a  o r  b  p o s l t l o n ,  s o t h a t . ,  a b
a b . . or HCP stacking sequence ltray appear In the deforned
FCC Decal. This fault is caLled stacking fault.

From the above explanation 1t can be concluded that de-
fornatlon nay transforo part of FCC Detal lnto HCP structure
ln the forn of srackin; fault. consequently X-ray peak posi-
tldn of the deforrned FCC metal ElBht nove slightly toward the
peak pos i t lon  o f  HCP neta l .  Th ts  peak  sh l f l  i s  the  A20 '  wh lch
vas detected and measured in this work.

Flgure I also lndlcates that the 420 value of the cold
worked sanples changes abruptly toward the value of fu11y an-

nealed saDple at tenperature between 1.00o and 200"C. Thts
Deans that at this teEperature range the rolsplaced atoms Dove

tosard the norDal FCC arrangenent. Thls atololc rearrangefrent
ls the recovery process. So 1t can be concluded lhat ft led a

Ag-Sn chips recover at a tenperature between 100' and 200'c.

This result ls 1n agreement nlth that of Ne-ltton and n.rtf(I),
ln whlch they found that defon0ed Ag-Sn wlth 9 at Z Sn starts
to  reco"er  rap id ly  a t  165"C.

The stacklng fault probabil lty lras calculated accordlng

to the nathehaticat formulation develoPed by wtta"n(2). th.

equat ion  is  as  fo l low:

P =
(orn) 

" ."  

-  (429) 
f ,  a

(+s/ l / r2) [ t . r  2g(zoo) +rz tat  t t { rrr ; ]

P = stacklng fault probabil lty
c.v. = cold-vorked
f.a. = fully annealed

\
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The valuee of the calculated stacklng fauJ-t probabil ity

for each alLoy were thcn plotted as a function of the tin con-

tent. Tll la relatlon ls shorm ln Figure 2. Froo this figure
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Fl .sure  2

Stack ing  fau l t  p robab i l . i t y  o f  co ld -worked
o Ag-Sn a11oys as function of t in content

i t  i s  c lea !  L . ra t  t .he  s tack ing  fau l t  p rob  ab  i l i  t y  .  inc reases  w i th
jncreasr ing  t i ! r  con ten t .  So  i . t  can  be  conc luded tha t  the
stacking fault ' energy deireases as the tin content in the al-
l , : y  i . rc reases .  T i r i s  phenonenon is  exPected  s ince  t in  conten t
(,i !rc.e than jl) ' , iL 7. vil-I produce stable hexagonal close pack-
ed  s t ruc t r j . c  o l  [ i  Ag-Sn a1roy  as  lnd ica ted  by  the  Phase d ia -
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( ' 1 \
g ram o f  Ag -Sn  sys tem ' - ' .  l ' h i s  r esu l t  con f i rms  t he  ! . r o t k  o f

( L \
Ru f t  and  I ves " ,  i n  wh i c l r  t he !  use ( ,  t r ansm iss ion  e iec t ron
m ic rosc ( !p . ! -  t o  ca l cu la te  t i r L  1 . : . t c k rn t  t au i t  ene rg r  , r r  - t  Ag -Sn
f r o n  t h e  c i i s l - o c a t  i o n  n o d e s .

CONCLUSIONS

1.  X- ray  d i f f rac t ion  peak  sh j f t  cou ld  be  used to  de tern lne
the  recovery  tenpera tu le  o f  FCC meta ls .

2 .  I i l ed  . , r  Ag-Sn ch ip  recovets  a t  a  temPera ture  be tween 100"C
and 200"  c .

3 .  the  i tack ing  fau l t  energy  in  o  Ag-sn  a11oys  decreases  w l th
increas ing  t in  conten t .
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