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We describe a f a c i l i t y ,  b u i l t  l oca l l y ,  f o r  the preparat ion o f  m e t a l l i c  

compounds and a l l oys  o f  common use i n  s o l i d  s ta te  physics. This f a c i -  

li t y  i n c l  udes a mul t ipurpose furnace (FORARCO I) and accessories whi ch 

are capable o f  melt ing, quenching, casting, and annealing. 

Descrevemos um equipamento constru ido na UNICAMP para a preparação de 

compostos metál icos e l  igas de uso frequente em f í s i c a  do e s t a d o   sólido. 

Esse equipamento é composto de um forno de mul t i p l a s  f i n a l  idades (FORAR- 

C0 I) e de acessórios destinados à fundição, resfr iamento rápido, produ- 

ção de peças fundidas e recozimento. 
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A large p o r t i o n  o f  contemporary s o l i d  s ta te  research concerns the pro-  

pe r t i es  o f  m e t a l l i c  compounds and a l l oys .  The a b i l i t y  t o  prepare such 

mater ia ls i s  therefore o f  prime importante t o  innovat ive research. To 

f a c i l i t a t e  studies i n  met:al l ic magnetism and ca ta lys is ,  a sample prepa- 

r a t i o n  laboratory was developed a t  UNICAMP'. The i n i t i a l  e f f o r t  was the 

const ruc t ion  o f  FORARCO I, a mult ipurpose furnace i n s t a l l a t i o n  b u i l t e n -  

t i r e l y  i n  Campinas w i t h  specia l  emphasis placed on the u t i l i z a t i o n  o f  

mater ia ls  and components ava i l ab le  i n  the B r a z i l i a n  market. The FORARCO 

I insta1 l a t i o n  consists o f  a ve rsa t i  l e  arc-mel t ing chamber (see Figs. 1 

and 2) as we l l  as a high-vacuum chamber equipped t o  mel t samples w i  t h i n  

res is t ive ly- heated re f rac to ry  metal tubes (see Fig.3). 

Arc-melt ing i s  a widely used laboratory technique f o r  prepar ing metal- 

l i c  samples. Because o f  i t s  s i m p l i c i t y ,  i t  i s  ideal  f o r  synthesizingcom- 

pounds and a1 loys f o r  exp lora tory  experiments which o f t e n  requi re  the 

preparat ion o f  many samples. The sample components (usual l y  pre-wei ghed 

por t ions  o f  h igh-pur i  t y  elements) are introduced i n t o  an i n e r t  gas a t -  

mosphere. There, confined w i t h i n  an indenta t ion  i n  a copper hearth [Fig. 

l,e] . they can be s t ruck  by an arc from a movable probe [Fig.l, a]. The 

arc passing through a sample generates Joule heat, and mel t i n g  occurs i f 

the a rc  cur rent  i s  s u f f i c i e n t .  Any adjustable-output d.c. welding uni t 

i s  an adequate power supply. The furnace described here suppl ied a ma- 

ximum o f  375 ampères a t  35 v o l t s  (Ref.Z), can melt samples w i t h  masses 

up t o  20 grams a t  temperatures i n  excess o f  3 0 0 0 ~ ~ .  

Probe f l e x i b i  1 i t y  wi t h  vacuum i n t e g r i  t y  i s  provided by a bel  lows (bery l -  

1 ium-copper best; brass o r  s t a i  nless s tee l  acceptable) [Fig.l, 4. The ti p 

( t ho r i a ted  tungsten welding rod) [Fig. 1 ,c3 embedded i n the probe can thus 

d i r e c t  an arc t o  a sample r e s t i n g  a t  any po in t  on the hearth. I t  a lso  

serves as a f inger ,  when the arc i s  o f f ,  t o  move sample o r f l i p them. 

The p o r t i o n  o f  a sample c:ontingent t o  the hearth i s  sometimes inadequa- 

t e l y  mel ted, so samples niay necessari l y  be f l i pped  and re-mel ted seve- 

r a l  times t o  ensure homogenei t y  . 

Since the hearth and probe are electrodes, the s ta in less  steel base-pla- 

t e  KFig.1, and aluminum top-plate EFig.1, f ) ,  t o  which they are res- 

pec t i ve l y  attached, are insu la ted from one another by a t h i c k  -wa l l ed  



Fig.  1 - a. Movable probe; b. Non-conducting rod; c. Thoriated tungsten 

t i p ;  d. Beryllium-copper bellows; e. Copper hearth; f .  Aluminum top-pla- 

te;  g .  Stain less s tee l  base-plate; h. Access ports;  i. Copper rad ia t i on  

sh ie ld .  



Fig.  2 - a.  Cross section of the arc  furnace. 



pyrex cy l i nde r  (see Fig.2). This, o f  course, a l lows c lea r  v i s i b i l i t y  i n -  
t o  the furnace chamber. The ends o f  the cy l i nde r ,  ground square, are 

bo l t ed  t i g h l y  against  O-rings i n  the p l a t e  faces by non-conducting rods 

(e.g., phenol i c )  [Fig.1, q .  We note here two very important p recaut i-  

ons: (1) the probe must be both grounded (s ince i t  i s  hand held)  andne- 

ga t i ve  (so i t  c o l l e c t s  any metal ions), and (2) eyes must be p ro tec ted  

against  intense rad ia t i on  when viewing the arc.  Surrounding the hearth 

i s  a r a d i a t i o n  s h i e l d  [Fig.l, g ,  a shor t  sec t i on  o f  copper tubing which 

serves t o  i n te rcep t  the most intense r a d i a t i o n  which might l oca l  l y  over- 

heat the pyrex. The hearth and probe are water-cooled through the useof 

concentr ic  tubing, copper f i t t i n g s ,  and a b a f f l e  (see Fig.2). This m i -  

nimizes sample contamination by m e t a l l i c  evaporation from par ts  o f  e i -  

ther  e lec t rode and e l im inates  the p o s s i b i l i t y  o f  mel t ing  an O-ring o r  

fus íng a sample t o  the hearth. 

With a mechanical pump and a gas-handling system the furnace chamber can 

be evacuated and r e - f i  1 led  w i t h  an i n e r t  gas (argon o r  hel  ium) through 

an access p o r t  [Fi g. 1, h). Pressure i s  moni to red a t  another such p o r t .  

I n  operation, the chamber i s  normal l y  "pumped and f 1 ushed" severa1 t i  - 
mes p r i o r  t o  any mel t ing.  Further c leansing o f  a c t i v e  gases fran the fur- 

nace chamber i s  achieved by mel t ing  f i r s t  a p iece o f  z i rconium o r  t i t a -  

nium "getter". D i sco lo ra t i on  o f  the ge t te r  i s  i n d i c a t i o n  o f  a contami- 

ned atmosphere; vacuum i n t e g r i  t y  and/or gas p u r i  t y  should be checked be- 

fo re  proceeding t o  mel t  samples. 

Ordinar i  l y ,  arc-melted samples take the form o f  spheroids, f l a t t ened  on 

one s ide  by contact  wi t h  the hearth; i t  i s  through t h i s  i n te r face  tha t  

they c001 t o  room temperature. The basi c a r c  furnace may be modi f ied, 

however, t o  a l t e r  sample shape and r a t e  o f  cool ing.  Two such modi f ica-  

t i ons  are described below. 

With one mod i f i ca t i on  a sample i s  quenched very rap id l y  from the molten 

s t a t e  by s p l a t t i n g  i t  against  a c lean copper surface. This can be achi-  

eved e i t h e r  by t r i p p i n g  a springloaded hamner which h i t s  the m l t e n  sam- 

p l e  or ,  more s a t i s f a c t o r i  l y ,  by re leas ing a charge o f  pressur ized i n e r t  

gas which blows the mel t  against  a w a l l  (mechanical coupl ing o r  gas- l ine 

en t r y  i s  through an access po r t )  . I f  the l a t t e r  technique i s  employed, 



s o m  s o r t  o f  over-pressure r e l  i e f  must be provided. "Splatt-quenching" 

i s  useful  when at tempt ing t o  r e t a i n  a h igh  temperature c rys ta l lograph ic  

phase which i s  l o s t  dur ing  normal cool ing.  

With another modi f i ca t ion ,  a sample can be cast  i n t o  a rod3 (su i tab le  

f o r  a v a r i e t y  o f  measurements; r e s i s t i v i t y  o r  thermal conduct iv i ty ,  f o r  

example) by arc-mel t ing i t  on a copper b lock over a ho le  (o f  &sired ge- 

ometry) which i s opened suddenly t o  an auxi 1 i ary vacuum chamber (the va- 

cuum I i ne enters the f urnace charnber through an access ~ o r t )  . The mo1 - 
ten sample s o l i d i f i e s  as i t  i s  sucked i n t o  the hole. Heat-sunk t o  the 

water-cooled hearth, the copper b lock i s cons t ruc ted i n halves, spl i t a t  

the hole, f o r  easy r e t r i e v a l  o f  the molded rod. A f t e r  "vacuum -cast ingM 

espec ia l l y ,  annealing f o r  s t r a i n  r e l i e f  may be necessary. 

With e i t h e r  modi f i ca t ion  described above, a chamber s t i l l  funct ions as 

an arc  furnace. A d i f f e r e n t  mode o f  operation, easi l y  rea l  ized, permits 

more cont ro l  led mel t ing  o f  a sample. The procedure we wi 1 1  present is in- 

va l  uable f o r  reac t i  ng a t  h i  gh temperature components whi ch have m i  srnat- 

ched mel t ing  and b o i l i n g  po in t s4 .  Add i t i ona l l y ,  due t o  the existence of 

temperature gradients and the capabi 1 i t y  o f  care fu l  temperature control , 
i t  i s  extremely useful  f o r  promoting s ing le  c rys ta l  growth. The sample 

components are placed i n  a re f rac to ry  metal tube (usual ly tantalum) [Fig. 

3 , c )  which shor t- c i  r c u i t s  the probe [ ~ i ~ . 3 , 4  t o  the hearth [Fig. 3, e]. 

Should any component have a p a r t i c u l a r l y  h igh vapor pressure i n  the tern- 

perature range o f  sarnple f o r m t i o n ,  the tube must be sealed (each end i s  

f la t tened,  then closed by an arc-melt weld; one before, the other a f t e r  

the sample components are introduced) before connection t o  the e lec t ro -  

des. For an open tube, e l e c t r i c a l  contacts are made simply by i n s e r t i n g  

a probe t i p  o f  appropr iate diameter i n t o  one end o f  the tube and a t i p  

embedded i n  the center  o f  the hearth i n t o  the other;  f o r  a sealed tube, 

they are more elaborate. Mel t i n g  i s  accomplished i n  an evacuated cham- 

ber (h i  gh-vacuum i f  desi red - see below) by passing cur rent  through the 

tube, thus prov id ing  Joule heat surrounding the sample. The leve1 of he- 

a t i n g  i s  adjusted by vary ing the output  o f  the power supply. While a py- 

rometer may be employed t o  determine temperature, o r d i n a r i l y  one notes 

v isua l  l y  when a sample has mel ted.. I t  wets the tube, hence there i s  a 

p a r a l l e l  cur rent  path across tha t  region conta in ing  molten sample. Con- 



F i g .  3 - a. Brass c o l l a r ;  b. High-vacuum access p o r t ;  c. Tantalum tube 

h e a t i n g  element; d. Water-cooled probe; e .  Water-cooled hear th .  



sequently, t h i s  area o f  tube i s  less heated and becomes darker than con- 

t i  guous areas. 

Since tube mel t in!  i s  done i n  vacuum and o f t e n  over extended time (wi t h  

c r y s t a l  growth, e s p e c i a l l ~ ) ,  i t  i s  important t ha t  h igh  vacuum ( 1 0 ' ~  to rd  

be achievable w i t h i n  the chamber. To t h i s  end, a shortened pyrex c y l i n -  

der i s  used w i to  a c o l l a r  [~ i~ .3 ,a ] ,  provided w i t h  access ports much lar- 
a 
ger than those ; r i  the >ase-plate. A d i f f u s i o n  pump i s  connected t o  one 

o f  these po r t s  [r i j .?,o_]. The others can accomodate mechanical o r  e lec-  

t r ica1, feed-throuyhs o r ,  f o r  t h a t  matter, splat t- quenching o r  vacuum- 

-cas t ing  accessories. 

F ina l l y ,  we mention a supplementary i n s t a l l a t i o n  and some add i t i ona l  

techniques f o r  metal 1 i c  sample preparat ion present ly  i n use a t  UNICAMP. 

We have b u i l t  a modest glass bench equipped t o  evacuate, f i l l  w i t h i n e r t  

gas, and seal o f f  quartx tubes. Where tube-mel t i n g  might be appropriate, 

bu t  the sample forms below 1 2 0 0 ~ ~  and on ly  moderate vapor pressures are 

involved, the components are sealed instead i n  a quar tz  tube witn a par-  

t i a 1  atmosphere o f  i n e r t  gas. The sample i s  then reacted i n  a conventi- 

onal oven. Where long-time anneal i n g  o f  an arc-mel ted sample i s  necessa- 

r y  t o  promote a p a r t i c u l a r  c r ys ta l l og raph i c  phase, t o  homogenize, o r  t o  

s t r a i n  re l ieve;  again sea l i ng  i n  quartz i n  ener t  gas and oven- hea t i ng  

i s  employed. For annealing, a sample i s  wrapped i n  a re f rac to ry  m e t a l  

f o i  l (customari l y ,  tantalum) t o  avoid d i  r e c t  contact  wi t h  .the quartz, 

and a g e t t e r  ( t i  tanium o r  z i  rconium f o i  l o r  chips) i s  a l so  included i n  

the tube. A quar tz  tube, we note, can be withdrawn from an oven andplun- 

ged qu ick ly ,  wi thout  breaking, i n t o  a water bath. Though not as rap id  as 

splatt-quenching, p lunging a sample sealed i n  quartz i n t o  water i s  ano- 

ther  technique f o r  r e t a i n i n g  a hJgh temperature c rys ta l lograph ic  phase. 

Together, FORARCO I and i t s  accessories comprise an extremel y useful and 

ve rsa t i  l e  metal1 i c  sample prepara t ion  laboratory.  Furthermore, our faci- 

1 i t y  represents a successful Brazi 1 i an  e f f o r t  t o  u t i  1 i z e  local  resources 

o f  mater ia l  and manpower i n  the development o f  t h i s  country 's  technolo- 

gy. We wi11 provide, i n  response t o  s p e c i f i c  enquiry, de ta i l ed  descr ip-  

t i o n  o f  any apparatus discussed herein.  

Much o f  the f a c i l  i t y  was insp i  red by one e x i s t i n g  i n  the labora tory  o f  
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