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Description 

Technical  Field 

This  invention  relates  to  an  electrothermal 
graphite  furnace  for  atomization  of  samples  for 
analysis  by  means  of  atomic  absorption  spec- 
trophotometry,  comprising 
a  tubular  body  fabricated  entirely  of  pyrolytic 
graphite,  and 
rod-shaped  electrode  members  of  graphite  extend- 
ing  radially  from  said  body  for  passing  electric 
heating  current  therethrough. 

Background  Art 

Conventionally,  graphite  atomizers  comprise  a 
graphite  tube  having  its  ends  engaged  by  annular 
electrode  members  through  which  it  is  supplied 
with  an  electric  heating  current  to  cause  resistance 
heating  of  the  tube.  Normally,  heating  is  effected  in 
three,  progressively  higher  stages  to  dry,  then  ash, 
and  finally  atomize  the  sample  which  is  introduced 
through  a  small  port  in  the  side  wall  of  the  tube  at 
the  midpoint  of  its  length. 

When  constructed  of  spectral  graphite,  the 
tubes  have  low  heating  rates  and  eshibit  tempera- 
ture  gradients  along  their  length,  the  ends  beeing 
cooler.  This  temperature  variation  is  exacerbated 
by  the  dissipation  of  theat  to  the  electrodes  at  the 
ends  of  the  tube.  As  a  result,  sample  vapor  tends 
to  condense  at  the  ends  of  the  tube  and 
reevaporate  in  subsequent  usage,  contaminating 
the  new  sample  and  degrading  analytical  data  ob- 
tained. 

It  is  known  in  the  art  to  fabricate  graphite  tubes 
entirely  from  pyrolytic  graphite.  Owing  to  the  man- 
ner  of  its  production,  pyrolytic  graphite  (also  known 
as  oriented  graphite)  has  a  lamellar  structure  in 
consequence  of  which  the  material  exhibits  an- 
isotropy  of  its  electrical  and  thermal  conductivity. 
More  specifically,  both  electrical  and  thermal  con- 
ductivity  are  very  much  higher  in  the  plane  of  the 
lamellas  than  in  a  plane  perpendicular  thereto. 

As  discribed  in  Analytical  Chemistry,  52  (1980) 
at  pages  167-176,  the  tube  is  machined  from  a 
block  of  pyrolytic  graphite  consisting  of  plane,  par- 
allel  lamellas,  so  that  the  tube  axis  is  parallel  to  the 
planes  of  the  lamellas.  Heating  current  is  supplied 
transversely  to  the  tube  axis  by  means  of  elec- 
trodes  engaging  the  sidewalls  of  the  tube.  In  the 
machining  operation  the  lamellas  are  cut  and,  as  a 
result,  the  tube  has  no  defined  conductivity  con- 
dition. 

Also  known  in  the  art,  described  in  DE-OS  2 
949  275,  are  graphit  tubes  composed  entirely  of 
pyrolytic  graphite  and  contact  rings  of  pyrolytic 
graphite  having  hollow  cylindrical  lamellas  coaxial 

with  the  tubes,  these  contact  rings  being  placed  on 
the  ends  of  the  tubes  proper.  The  tubes  are  heated 
by  passing  current  longitudinally  therethrough. 

5  Disclosure  of  the  Invention 

With  the  foregoing  state  of  the  art  in  view,  it  is 
the  general  object  of  the  present  invention  to  pro- 
vide  a  transversely  heated  tubular  graphite  furnace 

io  for  electrothermal  atomization  of  samples  for  analy- 
sis  by  atomic  absorption  spectrophotometry  which 
overcomes  or  at  least  mitigates  the  shortcomings 
of  the  prior  art. 

A  specific  object  is  to  provide  a  tubular  graph- 
75  ite  furnace  of  the  type  alluded  to  in  the  preceding 

general  object  which,  in  use,  exhibits  a  substan- 
tially  uniform  temperature  along  its  entire  length. 

Another  object  is  the  provision  of  a  tubular 
graphite  furnace  which  presents  a  relatively  high 

20  electric  resistance  to  heating  current,  thus  enabling 
the  use  of  higher  operating  voltages  with  lower 
current  and  rendering  transition  resistances  non- 
critical. 

Still  another  object  of  the  invention  is  to 
25  achieve  a  graphite  furnace  in  accordance  with  the 

preceding  objects  in  which  the  heating  and  heat 
opacity  of  the  elctrodes  are  reduced  in  comparison 
with  comparable  prior  art  furnaces. 

According  to  the  invention  these  objects  are 
30  achieved  in  that 

said  pyrolytic  graphite  of  said  tubular  body  is 
formed  in  coaxial  cylindrical  lamellas  and 
said  rod  shaped  electrode  members  are  arranged 
to  pass  said  heating  current  substantially  only 

35  transversely  thorugh  said  tubular  body,  whereby 
the  pyrolytic  graphite  has  a  relatively  high  electrical 
resitivity  for  the  transversely  flowing  heating  current 
and  a  high  thermal  conductivity  in  the  longitudinal 
direction. 

40  With  this  construction  the  pyrolytic  graphite 
has  a  relatively  high  electrical  resistivity  for  the 
transversely  flowing  electrical  heating  current;  this 
enables  the  use  of  higher  voltages  and  lower  heat- 
ing  current  with  a  consequent  reduction  in  elec- 

45  trade  heating.  In  addition,  transition  resistance  be- 
tween  the  electrodes  and  the  furnace  are  rendered 
less  critical. 

Concomitently,  in  the  longitudinal  direction  of 
the  tubular  body,  thermal  conductivity  is  high,  re- 

50  suiting  in  rapid  temperature  equalization.  This  ef- 
fect  is  enhanced  by  the  fact  that  there  is  no  dis- 
sipation  of  heat  to  the  electrodes  at  the  ends  of  the 
tube  as  is  the  case  in  conventional  graphite  fur- 
naces. 

55 
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Brief  Description  of  the  Drawings 

Fig.  1  is  a  schematic  perspective  elevational 
view  of  a  tubular  furnace  embodying  the  present 
invention. 

Figs.  2  and  4  are  essentially  identical  sche- 
matic  plan  views  of  graphite  furnaces  embodying 
the  invention,  differing  only  in  the  matter  of  dimen- 
sions  and  employed  to  graphically  depict  the  dis- 
tribution  of  energy  consumption. 

Figs.  3  and  5  are  graphic  presentations  cor- 
relating  with  Figs.  2  and  4,  respectively,  to  show 
the  energy  consumption  distribution  by  the  tubes 
and  electrodes  of  the  graphite  furnace. 

Preferred  Embodiment  of  the  Invention 

Referring  to  the  drawings  and  first,  in  particular, 
to  Fig.  1,  numeral  10  designates  a  tubular  body 
fabricated  entirely  of  pyrolytic  graphite.  Body  10  is 
composed  of  a  plurality  of  lamellas  12  cylindrical  in 
form  and  coaxial  with  and  defining  the  longitudinal 
axis  of  the  tube.  To  enable  electrothermal  atomiza- 
tion  of  a  sample,  body  10  is  provided  with  a  pair  of 
rod-shaped  graphite  electrode  members  14  and  16, 
each  having  one  end  engaging  the  body  only  at 
respective  diametrically  opposed  points  on  the 
midsection  thereof. 

Electrode  members  14,  16  are  connected  to  a 
source  (not  shown)  of  electric  power.  Electric  cur- 
rent  flows  through  the  electrodes  14,  16  and  trans- 
versely  through  body  10,  as  indicated  by  arrows  18 
and  20,  "Joule"  heating  the  medial  portion  thereof. 
Heat  is  distributed  along  the  length  of  body  10  by 
thermal  conduction  as  indicated  by  arrows  22  and 
24.  A  small  port  15  in  the  sidewalls  of  body  10 
enables  introduction  of  a  sample  into  the  interior  of 
the  body. 

Typical  dimensions  of  the  graphite  furnace  10 
may  be  18  mm  in  length;  an  outer  diameter  (O.D.) 
of  5,6  mm;  and  a  wall  thickness  of  0.25  mm.  The 
distance  between  the  free  ends  of  electrode  mem- 
bers  is  26  mm  in  the  examplary  embodiments. 
Functional  parameters  for  a  furnace  of  these  di- 
mensions  will  be  given  presently  with  reference  to 
Figs.  2  and  3,  as  well  as  for  a  furnace  having  the 
same  tube  length  and  distance  between  the  ends 
of  the  electrode  rods  but  an  O.D.  of  7.9  mm  and  a 
wall  thickness  of  0.6  mm  with  reference  to  Figs.  4 
and  5. 

Referring  them  to  Figs.  2  and  3,  the  figures  are 
placed  in  juxtaposition  so  that  the  schematic  repre- 
sentation  of  the  graphite  furnace  in  Fig.  2  underlies 
the  graph  in  fig.  3.  The  electrode  rods  14  and  16 
are  disposed  to  represent  the  abscissa  for  the 
graph  constituting  Fig.  3.  In  this  embodiment,  the 
energy  consumption  was  about  60  %  of  a  conven- 
tional,  longitudinally-heated  graphite  furnace.  The 

temperature  distribution  along  the  length  of  tubular 
body  10  was  uniform  to  whithin  100  degrees  C  at 
an  equilibrium  temperature  of  1000  degrees  C  at 
an  equilibrium  temperature  of  2000  degrees  C,  the 

5  temperature  of  tubular  body  10  was  uniform  to 
within  170  degrees  C  over  its  entire  length. 

Fig.  3  shows  the  distribution  of  energy  con- 
sumption  along  the  graphite  rods  constituting  elec- 
trodes  14,  16.  It  can  be  seen  that  90  %  of  the 

io  energy  consumption  occurs  in  the  graphite  body 
10  and  only  5  %  in  the  electrode  members  14,  16. 

As  previously  mentioned,  Figs.  4  and  5  are 
comparable  to  Figs.  3  and  4  but  refer  to  a  dimen- 
sionally  different  embodiment,  viz.,  an  O.D.  of  7.9 

is  mm  and  wall  thickness  of  0.6  mm.  In  this  embodi- 
ment  also,  the  primary  energy  consumption,  90  % 
occured  in  body  10  and  only  5  %  each  in  the 
electrodes  14,  16  and  transition  resistances. 

20  Claims 

1.  An  electrothermal  graphite  furnace  for  atomiza- 
tion  of  samples  for  analysis  by  means  of  atom- 
ic  absorption  spectrophotometry,  comprising 

25  a  tubular  body  (10)  fabricated  entirely  of 
pyrolytic  graphite,  and 
rod-shaped  electrode  members  (14,16)  of 
graphite  extending  radially  from  said  body  (10) 
for  passing  electric  heating  current  thereth- 

30  rough, 
characterized  in  that 
said  pyrolytic  graphite  of  said  tubular  body 
(10)  is  formed  in  coaxial  cylindrical  lamellas 
(12)  and 

35  said  rod-shaped  electrode  members  are  ar- 
ranged  to  pass  said  heating  current  substan- 
tially  only  transversely  through  said  tubular 
body  (10),  whereby  the  pyrolytic  graphite  has 
a  relatively  high  electrical  resistivity  for  the 

40  transversely  flowing  heating  current  and  a  high 
thermal  conductivity  in  the  longitudinal  direc- 
tion. 

2.  An  electrothermal  graphite  furnace  as  claimed 
45  in  claim  1  , 

characterized  in  that 
there  are  only  two  rod-shaped  (14,16)  elec- 
trode  members  (14,16),  and 
said  electrode  members  (14,16)  engage  said 

50  tubular  body  (10)  only  at  diametrically  opposite 
points  at  the  midsection  thereof. 

Patentanspruche 

55  1.  Elektrothermischer  Graphitofen  zur  Atomisie- 
rung  von  Proben  fur  die  Analyse  mittels  der 
Atomabsorptions-Spektralphotometrie,  enthal- 
tend 
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einen  ganz  aus  pyrolytischem  Graphit  gefertig- 
ten  rohrformigen  Korper  (10)  und 
stabformige  Elektrodenglieder  (14,16)  aus  Gra- 
phit,  die  sich  radial  von  dem  Korper  (10)  er- 
strecken,  zur  Durchleitung  von  elektrischem 
Heizstrom, 
dadurch  gekennzeichnet,  dal3 
der  pyrolytische  Graphit  des  rohrformigen  Kor- 
pers  (10)  in  Form  koaxialer,  zylindrischer  La- 
mellen  (12)  vorliegt  und 
die  stabformigen  Elektrodenglieder  derart  an- 
geordnet  sind,  dal3  sie  den  Heizstrom  im  we- 
sentlichen  nur  quer  durch  den  rohrformigen 
Korper  (10)  leiten,  wobei  der  pyrolytische  Gra- 
phit  relativ  hohen  elektrischen  Widerstand  fur 
den  quer  flieBenden  Heizstrom  und  hohe  ther- 
mische  Leitfahigkeit  in  Langsrichtung  besitzt. 

2.  Elektrothermischer  Graphitofen  nach  Anspruch 
1,  dadurch  gekennzeichnet,  dal3 
nur  zwei  stabformige  (14,16)  Elektrodenglieder 
(14,16)  vorhanden  sind  und 
die  Elektrodenglieder  (14,16)  dem  rohrformi- 
gen  Korper  (10)  nur  an  diametral  gegenuber- 
liegenden  Stellen  in  dessen  Mittelteil  anliegen. 

sont  en  contact  avec  ledit  corps  tubulaire  (10) 
qu'a  des  points  diametralement  opposes  sur 
I'intersection  centrale  de  ceux-ci. 
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Revendicatlons 

1.  Un  four  de  graphite  electrothermique  destine  a 
I'atomisation  d'echantillons  pour  des  analyses  30 
au  moyen  de  la  spectrophotometie  d'absorp- 
tion  atomique,  comprenant 

un  corps  tubulaire  (10)  fabrique  entiere- 
ment  de  graphite  pyrolytique,  et 

des  elements  d'electrodes  (14,16)  en  for-  35 
me  de  tige  de  graphite,  qui  s'etendent  radiale- 
ment  dudit  corps  (10)  afin  de  faire  passer  du 
courant  de  chauffage  electrique  par  celui-ci, 

caracterise  par  le  fait  que 
ledit  graphite  pyrolytique  dudit  corps  tubu-  40 

laire  (10)  est  forme  dans  des  lamelles  (12) 
cylindriques  coaxiales,  et 

lesdits  elements  d'electrodes  en  forme  de 
tige  sont  susceptibles  de  faire  passer  ledit 
courant  de  chauffage  essentiellement  seule-  45 
ment  transversalement  par  ledit  corps  tubulaire 
(10)  ce  qui  fait  que  le  graphite  pyrolytique  a 
une  resistance  electrique  relativement  elevee 
pour  le  courant  de  chauffage  s'ecoulant  trans- 
versalement,  et  un  conductivity  thermique  ele-  50 
vee  dans  la  direction  longitudinale. 

2.  Un  four  de  graphite  electrothermique  selon  la 
revendication  1, 

caracterise  par  le  fait  que  55 
il  n'y  a  que  deux  elements  d'electrode 

(14,16)  en  forme  de  tige  (14,16),  et 
lesdits  elements  d'electrodes  (14,16)  ne 
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