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Effects of chemical reactions in arcs 

Heinz H. Maecker 

Technical Un ivers i ty  o f  Munich, Fed. Rep. o f  Germany 

Abstract - I n  constr icted arcs temperatures o f  almost 30 000 K can be produced. 
I n  the temperature gradients chemical reactions 1 i ke  dissociat ions and ionizat ions 
occur s tead i l y .  The changing composition o f  the arc plasma w i th  temperature i s  the 
basis o f  valuable spectroscopic diagnostic methods. Furthermore the d i f f us ion  
processes i n  react ion zones transport ing the high react ion energy outwards con t r i -  
bute considerably t o  the heat conduction and inf luence the performance o f  arcs i n  
a typ ica l  way. F ina l l y ,  mass separation i n  react ion zones occur such tha t  the 
component being more d i f f i c u l t l y  t o  be dissociated or  ionized i s  gathered a t  high- 
e r  temperatures. S im i la r l y  the e l e c t r i c  f i e l d  dr ives trace elements t o  the cathode 
where they c o l l e c t  the more the lower the ion iza t ion  energy i s  (cataphoresis). 

1 THE ELECTRIC ARC 
The e l e c t r i c  arc i s  a gas discharge a t  atmospheric o r  elevated pressure w i th  currents i n  the A t o  kA 
range. The p lasm o f  the arc columns i s  close t o  the s ta te  o f  loca l  thermodynamic equil ibrium, i . e .  
population densi t ies and chemical reactions are governed by the loca l  temperature. The rad ia t ion  
f i e l d ,  however, does not correspond t o  the respective blackbody rad ia t ion .  Arc plasmas are ra ther  
transparent i n  the v i s i b l e  and i n  the near u l t r a v i o l e t  spectral region. I n  every day l i f e ,  arcs are 
encountered f o r  example i n  sun lamps, i n  high pressure mercury o r  sodium lamps f o r  road i l lumina t ion ,  
i n  welding processes on shipyards, etc.  I n  contrast, l ow  pressure gas discharge lamps make use o f  glow 
discharges w i th  r e l a t i v e l y  high electron temperatures and low 
temperatures o f  the heavy pa r t i c l es .  I n  e lec t r i ca l  arcs, axis 
temperatures o f  30 000 K o r  more can be achieved under stable 
and geometrically we l l  defined conditions, provided the arcs are 
proper ly constr icted. I n  t h i s  respect, the so-called cascade arc 
chamber (Fig.1) i s  a valuable tool  f o r  heating gases up t o  f u l l  
d issociat ion and single o r  even double ion iza t ion .  It consists 
o f  a stack o f  copper plates a few mi l l imeters  th ick  and insu- 
la ted  f r a n  each other by very t h i n  spacers o f  few tenth o f  a 
mi l l imeter .  The copper plates have central  holes o f  a few t o  
several m i l l imeters  diameter which are al ined t o  form a c y l i n -  
d r i ca l  tube i n  the centre o f  the stack. Each p la te  i s  i n t e r n a l l y  
cooled by an intense water f lw  directed r a d i a l l y  towards the 
outer wall o f  the arc channel. With su i tab le  electrodes a t  each 
end o f  the cascade, the arc burns i n  the central  channel o f  the 
cascade chamber and can be observed e i the r  side-on through t i n y  
s l i t s  between two neighbouring cascade plates or  end-on by pro- 
per o f f -ax i s  arrangement o f  the electrodes. Such cascade arc 
chambers allow a1 

p le te  cy l i nd r i ca l  symnetry. 

s t  20 kW/cm power input  per u n i t  arc length 
and about 20 kW/cm 9 wal l  load. These arcs are steady and o f  com- 

F ig .  1 Cascade arc chamber f o r  
heating gases up t o  almost 
30 000 K /l/ .  

2 SPECTROSCOPIC DIAGNOSTICS, LARENZ M A X I M U M  

The spectra o f  such wa l l -s tab i l i zed  arcs (Fig. 2) cons is t  not only o f  the bands o f  the molecules and 
the l i nes  o f  the atoms but also o f  l i nes  o f  s ing ly  and doubly charged ions. This allows the conclusion 
t h a t  the axis temperatures of the arc are i n  the range o f  about 25 000 K. Therefore we are interested 
i n  the composition o f  the arc gas f o r  a high degree o f  d issociat ion and ion iza t ion .  These chemical 
react ions are governed by the MSS act ion law which, i n  case o f  b inary dissociat ion,  i s  given by 

(nay n = number densi t ies o f  atoms and molecules resp.; Z = p a r t i t i o n  function; ED = dissociat ion 
energy? and i n  case o f  the ion iza t ion  by the Eggert-Saha-equation 

2 Zztl (2mnekT)3/2 -EI/kT 
e - “ Z + l  - 

n e  Z z Z  h3 

(n 
veyi, (;=ionization energy. The other characters have the usual meaning). Regarding the pressure as 

n nztl are the number densi t ies o f  the electrons and the ions w i th  the charge z, z t l  respect i -  
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Fig. 2 a) End-on spectrum o f  the 
hydrogen l i n e  H a t  various currents 
121. Notice the tarenz maximum along 
the l i n e  and the broadening i n  
h -direction. 
b) Side-on spectrum o f  the nitrogen 
arc a t  various currents 131. 

being constant i n  the arc, and assuming quasi-neutrality zqj n j  = 0 a l l  pa r t i c l e  number densities 
can be calculated as functions o f  the temperature and the given pressure p (Fig.3). Whilst the to ta l  
number density decreases inversely w i th  temperature according t o  the general gas law n = p/kT the 
molecules disappear more rap id ly  w i th  increasing temperatures due t o  dissociation. I n  contrast, the 
atom and ion number densities f i r s t  increase and then f a l l  according t o  dissociation and ionization, 
respectively. Introducing the Boltzmann d is t r ibut ion over the excited states m o f  any species 

'm gm -E /kT 

n Z  
- = - e  m (3) 

and employing Einstein's t rans i t ion probabi l i t ies  qnn we obtain f o r  the absolute in tens i ty  o f  a spec- 
t r a l  l i n e  emitted frm a homogenous layer o f  length 2 

fL -Em/kT 

4R 
I = - A  .n.e 

p.1.013 bar 

$ 2  

pa1.013 bar 

(4) 

Fig. 3 Number density diagrams 
f o r  H2 and N2 up t o  30 000 K a t  
atmospheric pressure 141. 
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Fig. 4 In tens i t ies o f  several spectral l ines as 
function o f  temperature f o r  N2 (p = 1 bar) 131. 
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Fig. 5 Measured rad ia l  temperature dis- 
t r ibut ions fo r  various currents i n  
N -arcs 131. 2 
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This formula i s  essent ia l l y  a product o f  two temperature functions, i . e .  n(T,p,) and exp(-E,/kT). The 
dependence o f  the l i n e  i n tens i t y  I (T) on temperature (Fig. 4)  i s  f i r s t  governed by the steep increase 
o f  the exponential funct ion and adb i t iona l l y  (apart  f r a n  the molecules) by the r i s e  o f  the special 
number density w i th  temperature. Thus, the absolute l i n e  i n tens i t y  IL i s  a sensi t ive gauge f o r  measu- 
r i n g  plasma temperatures i n  those regions where the l i n e  i n tens i t i es  grow. With increasing tempe- 
ratures the exponential funct ion approaches u n i t y  and the number density o f  the respective pa r t i c l es  
decreases rap id l y  due t o  fu r the r  ionizat ions.  Therefore, the l i n e  i n tens i t y  reaches a maximum and 
subsequently drops. The maximun o f  the l i n e  i n tens i t y  i s  ca l led  the Larenz maximum and the re la ted  
temperature the norm temperature /5 / .  So, wherever an i n tens i t y  maximum i s  observed, whether v i sua l l y  
o r  by spectral analysis there the re la ted  norm temperature can be a t t r i bu ted  (e.9. Fig.2).  The Larenz 
maximum i s  a valuable diagnostic too l  f o r  two reasons. Once an i n tens i t y  maximum i s  found the tempera- 
ture d i s t r i b u t i o n  on e i the r  side o f  the maximun can be determined without the d i f f i c u l t y  o f  absolute 
measurements. Furthermore, on the base o f  the Larenz maximum an absolute rad ia t ion  standard i s  ava i l -  
able, making use o f  the high plasma temperatures. Therefore, i t  i s  most su i tab le  f o r  the uv and vuv 
spectral regions. This method i s  e.g. employed by the National Bureau o f  Standards i n  USA (NBS) /1/ 
using a hydrogen cascade arc observed end-on. The current i s  adjusted such tha t  the maximun i n t e n s i t y  
o f  the chosen pa r t  o f  the spectrum, e.g. the Balmer continuum (370 nm > h > 125 nm) appears on axis.  
Then, the observed in tens i t y  equals the calculated maxirmm in tens i t y  which, p a r t i c u l a r l y  i n  the case 
o f  hydrogen, i s  precisely predictable (tube i . d .  2 mn; current about 80 A; Too ca. 20 000 K depen- 
ding on wave length A ) .  I n  t h i s  way, reactions such as dissociat ion or  i o n i z 2 i o n  provide valuable 
too ls  f o r  spectral measurements by means o f  the Larenz maximum a t  the norm temperature. As an example 
f o r  spectroscopic temperature measurements, the rad ia l  temperature d i s t r i bu t i ons  f o r  various currents 
i n  cascade arc chambers are shown i n  F ig .  5. 

3 REACTION HEAT CONDUCTION 

The physical behaviour o f  a stat ioEary arc i s  con t ro l led  by the energy equation, which means tha t  the 
power supplied by Ohmic heating S\.E has t o  be car r ied  away by heat conduction $ = -%grad T and by 
rad ia t ion  u 

(here the current densi ty i s  5 = 5 ( T ) E  and the heat conduct iv i t y  K=x(T) ) .  Radiation losses u w i l l  
not  be considered i n  the fo l lowing. A f te r  having chosen a parameter l i k e  the e l e c t r i c a l  f i e l d  strength 
E, or the current I, or  the power L per u n i t  arc length the energy equation f o r  the special case o f  
cy l i nd r i ca l  symmetry (Elenbaas-He1 l e r )  

( 5 )  
J-) j * E  t d iv  ( x g r a d  T ) - u = 0 

2 I d  dT 
r dr  d r  f j - E  t -- ( X r  - )  = 0 

y ie lds  the rad ia l  temperature d i s t r i bu t i on  T ( r , I ) .  O f  course the mater ia l  functions 6 (T )  andIC(T) must 
be known. Normally, a b e l l  shaped rad ia l  d i s t r i b u t i o n  resu l t s .  Reaction zones, however, behave d i f f e -  
ren t l y .  Growing temperatures are correlated w i th  an increase i n  the degree o f  reaction, resu l t i ng  i n  
addi t ional  p a r t i c l e  gradients, namely o f  react ion products i n  the d i rec t i on  o f  higher temperatg-es and 

= Q ~ V ~  which can e x i s t  i n  steady s ta te  due t o  the continuing separation o f  react ion partners d i k u s i n g  
inw r s t o  higher temperatures and t o  the recombination o f  separated partners d i f f us ing  outwards. The 
net mass f low through a t e s t  area must vanish due t o  steady state reasons 

o f  oziginal  pa r t i c l es  i n  opposite d i rec t ion .  These gradients cause the d i f f us ion  flows J .  = 

4 - b  4 

J~ t J~ = o o r  J~ = -Tl (7) 

The mass flows themselves, as expressed by the gradient o f  the pa r t i cu la r  mass concentration cl=el/g 
are a - L  

J1 = -J2 = -e D1 2 'grad c1 = -e D12.(dcl/dT).grad T (8) 

w i t h  the usual de f i n i t i on  o f  the d i f f us ion  coe f f i c i en t  D.  The concentration gradient can be d i r e c t l y  
re la ted  t o  the temperature gradient, as already done i n  the above formula, by means o f  the number 
densi ty diagrams i n  Fig.3. I n  contrast  t o  the vanishing net mass flow, there ex is ts  a strong energy 
f l o w  i n  the react ion zone, since the separated partners car ry  essent ia l l y  the separation energy out- 
wards and deposit i t  during recombination. This i s  the reason f o r  a heat f low 

(9)  
4 2  wD = Jlhl t T 2 h 2  =Tl(hl - h2) = - (hl - h 2 ) 3 .  D 12 .(dcl/dT).grad T 

where the di f ference o f  enthalpies per u n i t  mass i s  the net dissociat ion energy o f  a molecule 

1 5  
1 2  m 1 2  h - h = - - - (  - k T  t 2 U2 - U1 t ED ) 

Here, f o r  a binary reaction, 2m2=ml has been used. U and U2 are the exc i ta t i on  energies per par t i c le ,  
respectively. I n  t h i s  way, a new, very e f fec t i ve  hea i  conduct iv i ty i n  react ion zones has been 
introduced by 

I n  the case o f  ion iza t ion  pa i rs  o f  ca r r i e rs  bound by e l e c t r i c  forces are produced d i f f us ing  together 
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p 

against the d i f f us ion  f low of atoms and against the temperature gradient. This ambipolar d i f f us ion  
resu l t s  i n  the ion iza t ion  heat conduct iv i ty 

*/' 

which again i s  much higher than the c lass ica l  one. As an example, F ig .  6 shows the t o t a l  heat conduc- 
t i v i t i e s  o f  H2,and N2 both calculated and measured. I n  both cases the maxima i n  the dissociat ion and 
ion iza t ion  regimes are d i s t i n c t l y  marked. 

I n  order t o  learn how the maxima o f  the heat conduct iv i ty IcR i n  the react ion zones a f fec t  the perfor- 
mance o f  the arc, l e t  us ask f o r  the rad ia l  temperature d i s t r i b u t i o n  i n  the v i c i n i t y  o f  the arc axis.  
For t h i s  purpose we approximate the T(r)-curve i n  the arc centre by a parabola 

(13) 
T ( r )  = T A - k r 2 = T  t - ( d T / d r ) A r  1 2  2 2 + ... 

A 2  
and compare t h i s  ansatz w i th  the respective Taylor expansion.This procedure shows tha t  the coe f f i c i en t  

(14) 
2 b = - 2 (d  T/dr2)i1 = 2/k A = 2 RA = dA 

i s  iden t ica l  w i th  the diameter dA o f  the c i r c l e  o f  curvature i n  the vertex o f  the downwards open 
parabola. So the coe f f i c i en t  b i s  a measure f o r  the width o f  the arc core, which can be calculated 
from the cy l i nd r i ca l  energy equation t o  y i e l d  

n 

Since the ax ia l  ohmic heating SA.E2 i s  a slowly varying funct ion of I ,  the arc core w i l l  be broad f o r  
a high ax ia l  heat conduct iv i ty xA and n a r r w  f o r  l w  ax ia l  heat conduct iv i t ies .  

NOW, a f t e r  the breadth o f  the arc core l e t  us i nves t i -  
gate the ax ia l  temperatures i n  reac t ion  zones. Here, the 
energy equation must be integrated tw ice  i n  order to get 
the temperature i t s e l f .  This can be done approximately 
by choosing a proper step funct ion f o r  the necessary 
mater ia l  function, i.e. the e l e c t r i c a l  conduct iv i t y  qS) 
as a fun t ion  o f  the heat f l u x  po ten t ia l  S, defined by 
dS =xdT. The ca lcu la t ion  y ie lds  f o r  the increase o f  the 
ax ia l  temperature TA w i t h  Ohmic power L per u n i t  arc 
length 

1 1 
o r  dT = -  dL (16) 4rKA 

dTA - = -  
dL ~ Y ~ K J A  

where the increase o f  p w e r  dL can be performed by 
ra i s ing  the current as we l l .  The formula above can be 
best in te rpre ted  by saying t h a t  f o r  constant increments 
o f  power dL the ax ia l  temperatures TA are the c loser  
together the higher the heat conduct iv i ty X A  i s  and 
vice versa. Thus, i n  the middle o f  the react ion zones 
where the heat conduct iv i ty XR i s  highest (Fig.7) a 

1 r- 

Fig.  7 Radial temperature d i s t r i bu t i ons  
(schematic). F l a t  and close curves f o r  
high heat conduct iv i t ies  i n  the react ion 
regimes, small and d i s tan t  curves i n  the 
minima o f  the heat conduct iv i ty.  
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set  o f  c lose ly  spaced ax ia l  temperatures T and very 
broad temperature d i s t r i bu t i ons  r e s u l t  whi fe i n  the 
minimum beyond the reac t ion  zone there appears a new 
narrow core w i t h  r a p i d l y  increasing ax ia l  temperatures 
when increasing the power o r  current.  Exactly, t h i s  
behaviour can be recognized a t  the rad ia l  temperature 
d i s t r i bu t i ons  of N2 i n  Fig.5 a t  about 7000 K and higher 
f o r  d issociat ion,  and a t  about 14 000 K and higher f o r  
ion iza t ion .  

The formation o f  an arc core beyond the d issoc ia t ion  
regime can be observed very impressively i n  a f ree  
burning arc i n  a i r  between a t h i n  carbon cathode and a 
massive carbon anode a t  200 A (Fig.  8). This so-cal led 
Beck arc o r  high i n t e n s i t y  arc has a b r i g h t  core i n  the 
centre which i s  caused by the minimun o f  the heat con- 
d u c t i v i t y  a t  about 10 000 K beyond the d issoc ia t ion  
maximun o f  the reac t ion  N 2N. The l a t t e r  maximum i s  
responsible f o r  the f l a t  ZeGerature shoulders o f  about 
7000 K around the core. L w  cur ren t  arcs do no t  s h w  a 
core and operate only i n  the molecule region a t  very low 
degrees o f  ion iza t ion .  Arcs i n  ra re  gases do not have a 
pronounced core e i the r .  

Fig. 8 High i n t e n s i t y  arc i n  a i r  a t  
200 A. Notice the white core emit ted 
fran atoms, the (b lue -v io le t )  aureol 
emit ted from molecules, and the 
(yel low) border emit ted from impuri- 
t i e s  / 8 / .  

The high i n t e n s i t y  arc exh ib i t s  an extraordinary s t a b i l i t y  due t o  selfmagnetic pinch forces d r i v ing  
the a i r  along the cathode through the colunn towards the anode. The plasma j e t  produced i n  t h i s  way 
(200 m/s) s tab i l i zes  the arc and the gas f low from outside b e l w  i s  a subs t i tu te  f o r  cons t r i c t i ng  
wal ls which would be necessary w i thout  f lw.  F ina l l y ,  i t  should be emphasized t h a t  the co ld  gas f lw- 
i n g  i n t o  the arc from below penetrates the dark d issoc ia t ion  zone without increasing i t s  temperature 
very much, but gaining much enthalpy i n  form o f  d issoc ia t ion  energy. So, when h i t t i n g  the anode, the 
plasma j e t  de l i vers  a l o t  o f  energy t o  the anode and heats it up t o  high brightness. S imi la r  processes 
occur i n  arc heating o f  work pieces, i n  welding, melt ing etc.  

4 DEMlXlNG IN REACTION ZONES 
Le t  us begin w i t h  a mixture o f  two gases, the one being an i n e r t  f i l l i n g  gas (subscr ip t  F), the other 
being able t o  undergo dissociat ions l i k e  A1=2A2. The mixing r a t i o  may be described by the r e l a t i v e  
p a r t i a l  pressures a t  l w  temperatures p /p-q and p ,/p=l-q. I f n w  the temperature i s  ra ised  a t  con- 
s tan t  pressure p the degree o f  d issoc iahon x=pz/(hp +p2) increases l i kewise  and the p a r t i a l  pressure 
o f  the molecules p1 i s  being gradual ly replaced by t k a t  o f  atoms (Fig.  9). A f t e r  completion o f  the 
d issoc ia t ion  the number o f  pa r t i c l es  o f  the reac t ing  gas has doubled wh i le  t h a t  o f  the i n e r t  gas i s  
conserved. Regarding the t o t a l  pressure p t o  be constant the r e l a t i v e  p a r t i a l  pressure o f  the i n e r t  
gas reduces from q t o  q/(2-q) and t h a t  o f  the reac t ing  gas increases from 1-q t o  ( l -q ) / ( l -q /Z) .  Take 
e.g. q=1/2, then pF decreases from 1/2 t o  1/3 and the reac t ing  gas from 1/2 t o  2/3. I n  the temperature 
gradient o f  an arc t h i s  means a c rea t ion  o f  a p a r t i a l  pressure gradient f o r  an i n e r t  f i l l i n g  gas i n  
reac t ion  zones d i rec ted  ouhards.  This i n  tu rn  causes a d i f f u s i o n  f l o w  o f  the f i l l i n g  gas inwards 
according t o  

-4 

F J = - -0.grad p F T  

which means the beginning o f  the demixing process and the enr ich ing  o f  the f i l l i n g  gas a t  higher 
temperatures. The f i n a l  steady s ta te  i s  reached when 
no forces are ac t ing  on the f i l l i n g  gas i.e. when the 
f i l l i n g  gas does not have a p a r t i a l  pressure gradient 
anymore. For t h i s  approximation i t  i s  assumed t h a t  the 
opposing d i f f us ion  f lows o f  the reac t ive  partner do 
not exer t  a n e t  f r i c t i o n  force on the f i l l i n g  gas. I f  
we permi t  a ce r ta in  general isat ion o f  the above consi- 
derat ions we may s ta te  t h a t  the gases w i t h  higher 
reac t ion  energy are dr iven t o  higher temperatures and 
the more eas i l y  reac t ing  gases outwards /9,10/. 

The demixing processes occur i n  d issoc ia t ion  and i o n i -  
zat ion regimes 1 i kewi se. I n  the above discussed examp- 
l e  for d issoc ia t ion  one has t o  replace, i n  case o f  
ionizat ion,  the number densi ty o f  atoms by t h a t  o f  the 
charge ca r r i e rs  i.e. the sum o f  the  ambipolar d i f f us -  
i n g  ions and electrons. The mass separation i n  arcs i s  
of importance for quant i ta t i ve  spectroscopic measurements because one must not r e l y  on the assumption 
t h a t  a gas mix tu re  chosen fo r  any inves t iga t ion  w i l l  be met again w i t h  the same r a t i o  i n  the observa- 
t ions.  For mass separation i n  la rge  scale, the described process has no t  achieved any importance y e t  
i n  sp i te  o f  several t r i a l s .  

pjI 
P 

p1 

/ I  

pF - 
T 0 

Fig. 9 Demixing i n  reac t ion  zones 
(schematic). The reac t ion  creates a 
gradient o f  the f i l l i n g  gas pressure. 
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5 CATAPHORESIS 

Let  us assume a cy l i nd r i ca l  arc column wi thout  any dependence on the ax ia l  coordinate. I n  the p a r t i a l -  
l y  ionized arc gas the electrons ca r ry  most of the current along the axis through the arc towards the 
anode dr iven by the ax ia l  e l e c t r i c  f ie ld.  The same f i e l d  also dr ives the ions towards the cathode and 
no force stops t h i s  motion due t o  the cy l i nd r i ca l  symmetry. Now the question arises, where the ions 
remain, a f ter  having reached the cathode. The answer i s  
as fo l lows: the ions recombine t o  neutrals by catching 
an electron from the cathode and form w i t h  t i m e  a fan 
l i k e  pressure gradient i n  f r o n t  o f  the cathode u n t i l  so 
many neutrals leave the cathode space as ions from the 

a t  the cathode necessary f o r  t h i s  c i r c u l a t i n g  f l ow  can 
be very small and cannot re tard the ions i n  the column 
perceptibly. P a r t i c u l a r i l y  i n  free arcs o r  i n  wal ls tab i -  
l i z e d  arcs w i t h  a bypass connection between the anode 
and cathode space the equ i l i za t i on  f l ow  can run wi thout  
any e f f e c t  on the columns. 

If now an eas i l y  ionizable t race gas i s  added t o  the arc i t  w i l l  almost completely be ionized and i t s  
ions w i l l  gather i n  f ront  of the cathode and neutral ize.  Thereby a concentration gradient i s  formed 
which causes the trace gas to d r i f t  away by d i f fus ion.  This way an accumulation o f  the t race gas i n  
f r o n t  of  the cathode i s  established which can be ten or  a hundred f o l d  the concentration i n  the 
column. This accumulation i s  of course the higher the more eas i l y  the trace gas can be ionized i.e. 
the lower the ion izat ion energy i s  (Fig. 10). This process ca l led cataphoresis i s  o f  importance f o r  
the proof o f  t race elements i n  the spectral analysis. 

.%- 

column reach the cathode. The neutrals t ravel  back along *1** 

the tube wa l l  t o  the anode region. The pressure gradient 4 1  I I 4 i $; 
e B **  e e  

Fig. 10 Spectrum of the cathode region 
o f  a low current  carbon arc showing the 
enrichment o f  added impur i t i es  /ll/. 

6 SUMMARY 

I n  const r ic ted arcs w i t h  ax ia l  temperatures o f  several ten thousand degrees, rad ia l  temperature gra- 
dients appear along which steady react ions i.e. e i t h e r  dissociat ions o r  ion izat ions occur. So the 
p a r t i c l e  number densi t ies grow and f a l l .  Especial ly the spectral l i n e  i n tens i t i es  show up the so- 
ca l l ed  Larenz-maximum which i s  a valuable support f o r  plasma diagnostics and temperature measurements. 

I n  react ion zones a t ransport  of react ion energy by d i f f us ion  takes place contr ibut ing t o  the heat 
conduction and being many times stronger than the c lass ica l  heat conduction. The e f f e c t  o f  the high 
heat conduct iv i ty  i n  react ion zones of arcs i s  a d i s t i n c t  broadening o f  the arc and an only slow 
increase o f  the ax ia l  temperature w i t h  elevat ing power. But beyond the react ion zones a t  low heat 
conduct iv i t ies  again a f a s t  r i s i n g  arc core on the f l a t  shoulders r ises.  

I f  the arc gas ex i s t s  o f  a rea l  mixture then a demixing process i n  react ion zones occur such tha t  the 
component more d i f f i c u l t l y  to be dissociated o r  ionized gather a t  higher temperatures and the compo- 
nent more eas i l y  t o  be separated i s  pushed outwards- Also the e l e c t r i c  f i e l d  e f fec ts  a separation o f  
species i n  ax ia l  d i rec t i on  i n  the sense tha t  t race elements are co l lected i n  f r o n t  o f  the cathode and 
tha t  the more the lower the ion izat ion potent ia l  is. 
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