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1 .  I n t ro d u c t io n  
 
I t  is  o f g rea t  imp o rt a nce t o  h a v e a  met h o d s  fo r p recis iv e 

t emp era t u re mea s u rement s .  W it h  p ro g res s  in t ech niq u e t h e 
req u irement s  t o  a ccu ra cy  o f t emp era t u re mea s u rement s  a ls o  g ro w t h  
rea ch ing  t h e v a lu es ,  w h ich  a re a v a ila b le w it h  u s ing  o f p erio d ica lly  
v erified  t h ermo met er o nly .  O n t h a t  rea s o n it  is  need ed  t o  d es ig n t h e 
s eco nd a ry  fix  p o int ,  w h o s e ma in fu nct io na l ma t eria l h a s  a  fo llo w ing  
ch a ra ct eris t ics :  h ig h  co rro s iv e res is t iv it y ,  h ig h  t h erma l ca p a cit y  a nd  
t h erma l co nd u ct iv it y ,  s t a b ilit y  o f melt ing ↔cry s t a lliz a t io n 
t emp era t u re a nd  s t a b ilit y  o f t h erma l energ y  a t  p h a s e t ra ns it io ns ,  lo w  
v o la t ilit y  a nd  o t h ers .  M et a llic eu t ect ic a llo y s  a re t h e ma t eria ls ,  
w h o s e ma in p ro p ert ies  s a t is fy  t h es e req u irement s .  M a in fea t u re o f 
t h es e a llo y s  a mo ng  o t h er mu lt ico mp o nent  s y s t ems  is  t h e ex is t ence 
o f eq u ilib riu m b et w een t w o  s o lid  a nd  o ne liq u id  p h a s es  a t  s o me 
d efinit e t emp era t u re.  A ny  ch a ng e o f co ncent ra t io n,  t emp era t u re o r 
p res s u re lea d  t o  b rea k  o f s u ch  eq u ilib riu m.  T h is  fa ct  a llo w s  t o  u s e 
t h e eu t ect ic a llo y s  a s  t emp era t u re reference p o int s .  
I n mo s t  ca s es  o f co nt a ct  t emp era t u re s ens o rs  t h e p rincip a l 

req u irement  is  t h e ex is t ence o f t ermo d y na mica l eq u ilib riu m.  T h e 
u s e o f liq u id  met a ls  a s  a  t h ermo s ens it iv e element s  h a s  a  s o me 
p references  o n t h a t  rea s o n a nd  a llo w s  t o  increa s e t h e ra ng e o f 
mea s u red  t emp era t u res .  B u t  t h e influ ence o f cry s t a lline d es t ro y ing  
fa ct o r a nd  d o p ing  effect  o n t h e s t a b ilit y  o f elect ro n p ro p ert ies ,  
d et ermining  t h e met ro lo g ic ch a ra ct eris t ics  o f t emp era t u re 
mea s u ring  element s  a re p o o r s t u d ied  t o  p res ent  t ime.  
S ince t h e ind u s t ria l u s e o f t h ermo t ra ns fo rmers  s u p p o s e t h e 

v a rio u s  co nd it io ns  t h e a na ly t ica l d es crip t io n o f s u rro u nd ing  
influ ence o n t h ermo met ric ch a ra ct eris t ics  o f s ens o rs  is  imp o s s ib le.  
I n s t ru ct u ra l a s p ect s  t h e no ns t a b ilit y  o f t h ermo elect ric ch a ra ct eris t ics  
o f s o lid  cry s t a lline t ra ns fo rmers  ca n b e ex p la ined  b y  ex is t ence o f 
h ig h  t emp era t u re d efect s  ( p o int  a nd  v o lu me)  a s  w ell a s  ra d ia t io n 
d a ma g es ,  p o ly mo rp h o u s  t ra ns fo rma t io n,  recry s t a lliz a t io n a g ing  et c.  
N ev ert h eles s  a ll t h es e fa ct o rs  a re fa r fro m co mp let e a nd  t h ere a re 
ma ny  d ifferent  rea s o ns  o f erro rs  a t  mea s u rement s  a t  h ig h er 
t emp era t u re,  w h ich  ca n no t  b e d irect ly  a cco u nt ed  [ 1 ] .  



PAK 12/ 20 0 6     5 
 

2. F u n d a m e n t a l  
 
O ne can t h ink  t h at  st ruct ural  nonst abil it y of  el ect ric propert ies 

are in d ev el oping  d uring  break ing  of  cryst al l ine cel l  at  mel t ing  but  
real l y it  is not  observ ed  and  opposit e sit uat ion occurs.  T ak ing  int o 
account  t h e st ruct ural  st ud ies it  is possibl e t o consid er t h e l iq uid  
met al  as a d isord ered  syst em,  w h ose at oms are no l ocal iz ed  w it h in 
some d ef init e microv ol ume but  sh ow  t h e d if f usiv e mig rat ion 
w it h out  any act iv at ion ov er al l  v ol ume of  l iq uid  [ 2 ] .  T h e h eat ing  
of  mel t  is accompanied  by l ack  of  t h e rest  cryst al l ine l ik e sh ort  
rang e ord er,  w h o d ominat es in at omic d ist ribut ion near t h e mel t ing  
point .  T h e act iv at ion of  t ransl at ion mot ion of  at oms w it h  increase 
of  int erat omic d ist ances become more sig nif icant  at  h ig h er 
t emperat ures.  
T h eref ore t h e h eat ing  of  mel t  l ead s t o f ormat ion of  more perf ect  

specif ic l iq uid  l ik e st ruct ure,  w h ich  can be d escribed  w it h  using  of  
probabil it y f unct ions.  T h is f act  sh ow s t h e principal  d if f erence 
bet w een l iq uid  and  sol id .  F or l ast  t h e h eat ing  is accompanied  by 
more int ensiv e f ormat ion of  t h e st ruct ural  d ef ect s.  O n t h at  reason 
t h e repl icat ion of  mel t ’ s el ect ron propert ies sh oul d  be more 
rel iabl e at  h ig h er t emperat ures cont rary t o opposit e beh av iour in 
sol id s.  T h e most  import ant  reasons:  
• resid ual  t h ermal  st resses are impossibl e in l iq uid  as isot ropic 
and  l abil  syst em;  

• rad iat ion d ef ect s as w el l  as point  or v ol ume ones h av e anot h er 
t h eir orig in.  T h ey d isappear w it h  rel ax at ion period ,  w h ich  is 
sig nif icant l y l ess t h en el ect ric propert ies measuring  t ime;  

• such  reasons of  inst abil it y in el ect ric propert ies as 
recryst al l iz at ion,  ag ing  and  f at ig ue no occur in mel t s d ue t o 
absence of  l ong  rang e ord er,  w h ich  is responsibl e f or t h eir 
appearance;  

• more compl icat ed  is t h e inf l uence of  impurit ies.  I t  is k now n t h at  
met al s in l iq uid  st at e sh ow  t h e h ig h er ch emical  act iv it y.  I n ord er 
t o d epress t h e possibl e react ions t h e const ruct ion mat erial s of  
corrosiv e resist iv it y (carbid es,  nit rid es,  carbonit rid es,  ox id es)  
are commonl y used .  B ut  v ery import ant  is a f act ,  conf irmed  
bot h  by in t h eoret ical  and  ex periment al  w ay,  t h at  impurit ies 
more sig nif icant l y ef f ect  t h e el ect ric propert ies in l iq uid  st at e 
t h an in sol id .  
P ract ical  use of  l iq uid  met al  t emperat ure t ransf ormes is 

connect ed  w it h :  ch oosing  of  mel t ,  w h ose t h ermal  ph ysical  
propert ies are req uired ;  t h e sat isf ying  of  const ruct ion mat erial s t o 
t h ermomet ric mel t s;  t ech nol og y of  l iq uid  met al l ic t emperat ure 
sensors prod ucing .  
I n ord er t o measure t h e t emperat ure in w id e rang e t h e d if f erent   

ref erence point s are need ed .  E special l y,  some probl ems appear in 
case of  int ermed iat e and  h ig h er t emperat ures.  O ne of  t h em is t h e 
ch emical  int eract ion bet w een eut ect ic mel t  and  const ruct ion 
mat erial s.  O ne of  eut ect ic mel t ,  w h ich  can be used  in int ermed iat e  
rang e of  t emperat ure is B i0,45C d 0,55 al l oy.  I t s mel t ing  t emperat ure 
eq ual s t o 1 4 8 ° C .  E q uil ibrium ph ase d iag ram (F ig .  1 )  rev eal s t h e 
ex t remel y smal l  sol ubil it y in sol id  st at e [ 3 ] .   
 
 

   
F i g . 1.  E q u i l i b r i u m  p h a s e  d i a g r a m  o f   B i -C d  a n d  C d -S n  [ 3 ]   
R y s . 1.  D i a g r a m  s t a n u  w  s t r u k t u r a c h  C d -S n ,  B i -C d  [ 3 ]  
 
I t  w as sh ow n t h at  st ruct ure of  eut ect ic mel t  is ch aract eriz ed  by 
ex ist ence of  l ik e k ind  at omic g roups up t o 2 5 0 ° C .  T h e d ensit y 
d epend ence f rom concent rat ion rev eal s t h e t end ency t o ord ering  in 

B i-C d  al l oys [ 4 ] .  O n ot h er h and ,  t h ere are no ch emical  compound s 
in eq uil ibrium ph ase d iag rams.  N ev ert h el ess,  t h e t h ermod ynamic 
d at a not e t h e t end ency t o pref er int eract ion of  unl ik e k ind  at oms.  
E nt h al py of  mix ing  sh ow s t h e neg at iv e d ev iat ion in comparison 
w it h  reg ul ar sol ut ions mod el  [ 5 ] .  
T h eref ore t h e more d et ail ed  st ruct ure and  ph ysical  propert ies 

st ud ies are need ed  t o und erst and  t h e f eat ures of  at omic 
d ist ribut ion and  int erat omic int eract ion in t h is mol t en al l oy.  
S imil ar sit uat ion is al so f or C d -S n eut ect ic mel t .  
 
3 . E x p e r i m e n t a l  
 
B i0,45C d 0,55 al l oy w as prepared  f rom pure B i (9 9 . 9 9 9 9 % )  and  

C d  (9 9 . 9 9 % )  by mel t ing  in v acuum f urnace f il l ed  w it h  arg on  
X-ray d if f ract ion st ud ies w ere carried  out  w it h  using  a h ig h  
t emperat ure d if f ract omet er w it h  special  at t ach ment  t h at  mak es it  
possibl e t o inv est ig at e sol id s and  l iq uid  sampl es at  d if f erent  
t emperat ures up t o 1 8 0 0 K .  T h e B reg -B rent ano f ocusing  g eomet ry 
w as used  t o obt ain t h e d if f ract ion pat t erns w it h  h ig h  accuracy and  
resol ut ion.  T h e C uK α rad iat ion w as monoch romat iz ed  by L iF  
sing l e cryst al s,  inst al l ed  in t h e init ial  beam.  T h e scat t ered  
int ensit ies as a f unct ion of  scat t ering  ang l e w ere record ed  w it h in 
t h e rang e 1 · 1 0 10m< k < 7 · 1 0 10m,  using  a special  el ect ronic syst em.  
I n ord er t o obt ain more accurat e scat t ered  int ensit ies,  t h e scan t ime 
w as eq ual  t o 1 0 0 s in t h e reg ion of  principal  peak  and  2 0 s in t h e 
remaining  part s of  int ensit y curv e.  C ompt on scat t ering  w as t ak en 
int o account  bef ore normal iz at ion of  t h e int ensit y curv es.  T h is 
scat t ering  w as subt ract ed  f rom t h e t ot al  int ensit y using  t h e d at a 
present ed  in [ 2 ] .  T h e d if f ract ed  int ensit y v al ues w ere record ed  
using  a N aJ (T l )  scint il l at or-d et ect or in conj unct ion w it h  an 
ampl if icat ion syst em.  T h e sampl e w as pl aced  in a round ed  cup of  
2 0  mm  d iamet er.  A f t er t h e correct ion f or incoh erent  scat t ering  
and  pol ariz at ion,  t h e pat t erns w ere normal iz ed  by K rog h -M oe` s 
met h od .  A f t er t h is proced ure,  int ensit y f unct ions w ere used  t o 
cal cul at e t h e st ruct ure f act ors S(k )  and  pair correl at ion f unct ions 
g(r) .  T h ese f unct ions w ere anal yz ed  and  main st ruct ure paramet ers 
w ere obt ained  f rom t h em.  
C d -S n and  B i-C d  eut ect ic al l oys w as prepared  f rom pure 

S n (9 9 . 9 9 9 9 % ) ,  C d  (9 9 . 9 9 % )  and  B i (9 9 . 9 9 % ) .  C al orymet ric 
st ud ies of  C d -S n w ere carried  out  by d if f erent ial  scanning  
microcal orymet er (D S C )  [ 6 ] .  T h e P ercin-E l mer scanning  
microcal orymet er w it h  h eat  f l ow  compensat ion w as used .  T h e use 
of  such  eq uipment  is mot iv at ed  by necessarit y of  more precisiv e 
inv est ig at ion of  ph ase t ransit ion as a process w it h  sig nif icant  
d ensit y of  h eat  f l ow .  I n t h is case w e are int erest ed  in obt aining  of  
precisiv e prof il e of  h eart  f l ow  max ima.  T h e accuracy in h eat  f l ow ,  
obt ained  w it h  using  of  t h is cal orymet er w as l ess t h an 3 ÷ 5 % .  T h e 
reit erat ion in measured  resul t s of  suppl ied  h eat  at  ph ase t ransit ion 
in one measuring  series w as eq ual  t o ± 1 % .  T h e accuracy in 
t emperat ure measurement  w as ± 0 , 1  K .  T h e crucibl e w it h  sampl e 
w as h eat ed  f l uent l y w it h  l inear h eat ing  rat e in unit  of  l arg e mass 
and  st abil iz ed  ax ial  h eat  f l ow .  B y means of  resist ance d isk  
pl at inum t ermomet er t h e t emperat ure measurement s w ere carried  
out  as w el l  as h eat  f l ow  al ong  bot h  sampl e and  et al on ax is,  w h at  is 
need ed  t h eir t emperat ures w ere eq ual .  
O ne of  st ud ied  in t h is w ork  mat erial s w as t h e C d -S n eut ect ic 

al l oys (Tmel t = 4 4 9 . 2 K ) .  T h is al l oy consist s t in,  w h ich  at  
cryst al l iz at ion t ransit s f rom d iamag net ic t o paramag net ic st at e.  
T h e mel t  w as cryst al l iz ed  in f urnace of  mag net omet er w it h  
cool ing  rat e 3 0  K / min in mag net ic f iel d  of   8 0 0  k A / m st reng t h  and  
w it h out  it .  W e h av e anal yz ed  al so t h e ch ang es in eut ect ic al l oy,  
w h ich  w ere caused  by out sid e energ et ic inf l uence,  by means of  
met al og raph y and  cal orymet ry.  
 

4 . R e s u l t s  a n d  D i s c u s s i o n  
 
T h e st ruct ure f act or f or l iq uid  B i0,45C d 0,55 eut ect ic al l oy w as 

obt ained  at  t emperat ure 5 K  abov e mel t ing  point  (F ig .  2 ) .  I n t h is 
f ig ure are al so present ed  t h e S(k )  f or l iq uid  B i and  C d .   
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F i g . 2 .  S tr u c tu r e  f a c to r  o f  B i -C d  e u te c ti c  m e l t w i th  c o m p a r i s o n  to  o n e s   

c o m p o n e n ts  ( T=TM + 5  K )   
R y s . 2 .  C z y n n i ki  s tr u ktu r a l n e  c i e kł e j  e u te kty ki  B i -C d  o r a z  j e j  ko m p o n e n tу  

w  ( T=TM + 5  K )  
 
C omp aris on of  t h es e f unct ions  al l ow ed  us  t o not e t h at  S(k )   f or 
eut ect ic mel t  is  more s imil ar t o one of  l iq uid  B i t h an f or l iq uid  C d .  
O ne can s ee t h at  s h oul d er on rig h t  h and  s id e in S(k )   of   B i al s o 
ap p ears  on p rincip al  p eak  f or eut ect ic mel t .  I t  can be s een al s o t h e 
p os it ion of  f irs t  p eak  in S(k )  f or eut ect ic mol t en al l oy  is  cl os er t o 
corres p ond ing  v al ue by  l iq uid  B i.  T h e s imil ar f eat ures  are al s o 
obs erv ed  in s t ruct ure p aramet ers , obt ained  f rom p air correl at ion 
f unct ions .  M os t  p robabl e int erat omic d is t ance r1 and  number of  
neig h bours  Z1 w ere us ed  f or mod el  int erp ret at ion of  s t ruct ure d at a.  
M od el  of  rand om at omic d is t ribut ion and  q uas ieut ect ic one w ere 
us ed .  A ccord ing  t o t h es e mod el s  r1 p aramet ers  can be w rit t en:  
 

 ( ) ( )r.d.
1 B i 1 . B i C d 1 .C d B i B i C d C dr c r c r c K c K= + ⋅ +                (1 )  

 
 q.e. 2 2

1 B i B i 1 . B i C d C d 1 .C dr c K r c K r= +                            (2 )  
 
w h ere r1r . d . , r1q . d .  – mos t  p robabl e int erat omic d is t ances , cal cul at ed  
f or mod el  of  rand om at omic d is t ribut ion and  q uas ieut ect ic one.  
c B i , c C d  – f ract ions  of  B i and  C d  in al l oy  w h ich  f or our mel t  eq ual  
t o 0 ,4 5  and  0 ,5 5  res p ect iv el y .  r1. B i , r1. C d  – mos t  p robabl e 
int erat omic d is t ances  f or l iq uid  B i and  C d  res p ect iv el y .   
 
 

  
F i g . 3 .  H e a t f l o w  a t m e l ti n g  e u te c ti c  a l l o y  
R y s . 3 .  C i e p ł o  w ł a ś c i w e  to p n i e n i a  e u te kty ki  
 
 

1.000

1.001

1.002

1.04

1.08

1.12

1.16

Pa
ra
m
et
er
 V
al
ue

after Reheating

 P eak  H eight,  m W
 A rea,  m J
 ∆ H eatF l o w ,  J / g
 P eak  p l ac e,  ° C
 end ,  ° C
 o nS et,  ° C

after M agnetic  T reatm ent
  

F i g . 4.  I n f l u e n c e  o f  e n e r g e ti c  p r e h i s to r y  o f  h e a t f l o w  f o r  C d -S n  e u te c ti c  a l l o y  a t 
p h a s e  tr a n s i ti o n  s o l i d -l i q u i d  

R y s . 4.  W p ł y w  e n e r g e ty c z n e j  p r e h i s to r i i  n a  c i e p ł o  w ł a ś c i w e  to p n i e n i a  e u te kty ki  
C d -S n  w  tr a kc i e  p r z e j ś c i a  f a z o w e g o  s o l i d -l i q u i d  

T h e res ul t s  on s t ud ies  of  mag net ic f iel d  inf l uence of  eut ect ic 
C d -S n mol t en al l oy  are rep res ent ed .  T h is  al l oy  is  cons id ered  as  
p romis ing  f or t emp erat ure f ix -p oint  (ref erence p oint ) .  S uch  f ix  
p oint  can be us ed  in mobil e ref erence s y s t ems  f or ch eck ing  of  
t h ermocoup l e t h ermomet ers  and  res is t iv it y  ones  [ 7 ] .  T h is  w ork  is  
in f rame of  more w id er p roj ect  on d et erminat ion of  out s id e 
energ et ic inf l uence on t h e ch ang e of  eut ect ic mel t ing  p l at eau 
rep rod ucing  [ 8 , 9 ] .  
E arl y  it  w as  s h ow n by  means  of  met al l og rap h y  t h e ex is t ence of  

s ig nif icant  ch ang es  of  h omog eneit y  in t h is  eut ect ic al l oy  d ue t o 
ap p l ied  mag net ic f iel d .  T h es e ch ang es  are caus ed  by  S n-cl us t ers , 
w h ich  ex is t  in mel t .  N oneq ual it y  in v al ues  of  energ y  s up p l ied  
d uring  cry s t al l iz at ion in mag net ic f iel d  t reat ed  and  unt reat ed  
s amp l es  is  conf irmed  by  cal ory met ry  anal y s is .  T h e obs erv ed  
ch ang es  in h eat  energ y  at  mel t ing  ind icat e t h e l es s  ch ang es  at  
t h ermal  cy cl ing  of  mag net ical l y  t reat ed  s amp l e.  
I t  s h oul d  be not ed  al s o t h at  p aramet rs  of  h eat  f l ow  f or s amp l e 

t reat ed  by  mag net ic f iel d  and  normal iz ed  v ia ov erh eat ing  
ev id ent l y  ind icat es  t h e ex is t ence of  s ens it iv e f rom met rol og y  p oint  
of  v iew  ch ang es  in p l at eau s h ap e d y ring  p h as e t rans it ion.  
P art icul arl y  t h e ch ang e of  h eig h t  and  s q uare und er max imum 
d ef init el y  is  d is p l ay ed  in p l at eau s t abil it y  f or us ed  p h as e 
t rans it ions .  
 

5. C o n c l u s i o n s  
 
O bt ained  res ul t s  al l ow ed  us  t o concl ud e t h at  us e of  

mul t icomp onent  met al l ic s y s t ems  at  t emp erat ure ref erence p oint  is  
connect ed  w it h  comp l ex  s t ud ies  of  main p h y s ical  p rop ert ies  and  
s t ruct ure near mel t nig  p oint  bot h  in l iq uid  and  s ol id  s t at e.  
I n t h e s t ruct ure inh omog eneit ies  in B i-C d  and  C d -S n eut ect ic 

mel t s  bef ore s ol id if icat ion p oint s  and  p os s ibil it y  t o ef f ect  t h em by  
means  of  out s id e energ et ic t reat ment  s h oul d  be t ak en int o account  
at  cons t ruct ion of  t ermos ens it iv e s y s t ems .  
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