
If we assume that the v iscos i ty  i so therms  retain their linearity for  an even deeper penetration into the 
metastable region,  we may approximate the v iscos i ty  for the states of access ible  superheating of the liquids 
by the line 3 in Fig. 2. The region of metastable (superheated) states lies between lines 2 and 3. 

NOTATION 

Prig, P, densit ies of m e r c u r y  at room temperature  and the liquid under consideration at the thermosta t  
temperature ,  respect ively;  g, gravitat ional  accelerat ion;  h, distance f rom the mercu ry  level in the glass  vessel  
to that in the measur ing tube (Fig. 1); ht, h 2, distances f rom the mercu ry  level in the glass vessel  to the lower 
and upper contacts,  respectively;  "r, t ime for a specified volume of liquid V to pass  through the capillary V, V = 
0.25 ~rd 2 (h 2 - hi); d, internal  d iameter  of the measur ing  tube; ~?, v iscosi ty  of the liquid under consideration; L, 
length; 2r, diazneter of the capillary; A, a quantity allowing for  the nonisothermal  nature of the flow of liquid 
through the capil lary;  Ps ,  Psu,  p r e s s u r e s  of the saturated vapor and the greates t  possible superheating of the 
liquid, respectively;  TC, cr i t ical  t empera ture .  Indices: 0, quantities corresponding to the re fe rence  p r e s s u r e  
Po. 
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USE OF A MICROCALORIMETER OF THE CALVI~ TYPE 

FOR DETERMINING THE KINETIC CHARACTERISTICS 

OF THERMAL EFFECTS IN CHEMICALLY REACTING 

MATERIALS 
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O. A.  G e r a s h c h e n k o ,  S. +q. M i s h c h e n k o ,  
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The construction of a dynamic mic roca lo r ime te r  designed for measur ing the kinetic charac -  
ter is t ics  of thermal effects in solid and powdered polymer  mater ia ls  which react  chemically 
on heating is considered.  

It is well known [1] that the kinetic charac te r i s t i cs  of thermal effects in chemically interacting mater ia ls  
may be determined ca lor imetr ica l ly  f rom the relationship between the rate of heat evolution by unit mass  of the 
reacting mixture dQ/d~- and the velocity d e / d 7  of the corresponding reaction. However, the ad iaba t ic -micro-  
ca lor imeter  method usually employed has the following shortcomings:  the necessi ty of introducing a cor rec t ion  
for heat exchange with the ambient, and the impossibil i ty of determining the thermal  effect of  the react ion with- 
out a p r io r i  knowledge as to the specific heat of the test mater ia l ,  which is assumed to be an invariant  function 
with respect  to temperature.  The use of the dynamic mic roca lo r ime te r  considered in this paper  ove rcomes  
these obstacles and reveals  the influence of heating rate on the kinetic pa r ame te r s  of chemically react ing ma-  
terials ~ 
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Fig. 1. Microca lor imet r ic  apparatus for quantitatively de- 
termining the thermal  effects of chemically react ing mater ia l s  
T, ~ q, W/m 2, ~-, SeCo 

The mic roca lo r im e t e r  consis ts  of two identical measur ing elements  I and II (Fig. 1) constituting copper 
s leeves containing copper -Cons tan tan  thermopiles  9, p repared  by electrodeposit ion.  The thermopiles are  
fixed in the sleeves and the sleeves themselves in the copper block 4 by means of a thin glue in ter layer  posses s -  
ing a good thermal  conductivity. Ground s i lver  ca lor imet r ic  vesse l s  with an internal d iameter  of 5 mm are 
inserted into the copper s leeves.  The e lec t r ic  signal of the differentially connected thermopiles  is recorded 
with an ~PP-17MZ automatic r eco rde r ,  having eight measur ing ranges ,  f rom 1 to 128 InV. At the same time 
a PSRI-18 potent iometer  r ecords  the tempera ture  of the block and the m~easuring cells by means of the thermo-  
couples 7 and 10o The temperature  fluctuations of the heater  8 surrounding the measur ing  cells are  part ly 
stabilized by introducing an additional thermal  res i s tance  in the form of aper tures  3 sited around the c i rcum-  
ference of the copper block. In o rde r  to reduce the end losses ,  thermal insulation is provided in the fo rm of 
Teflon stoppers  6 and glass-wool  l ayers  2 enclosed in a thermostat ing sc reen  5. In o rder  to eliminate the 
loss of heat by gas convection, an automatic control sys tem is incorpora ted  in the volumeter  1, keeping the 
temperature  of the lat ter  equal to the sample temperature .  The tempera ture  conditions are  regulated by means 
of an appropria te ly  positioned regula tor  built into the EPV-2-1IA instrument .  

The mic roca lo r ime t e r  was cal ibrated by means of a potent iometr ic  sys tem based on the Joule effect. 
The power dQ/d~- was calculated f rom the C a l v 6 - T i a n  equation [2]: 

dQ k [ AT ~_ dAT j 
d~--  = ' Tim d-~-- ' (I) 

where AT is the deflection of the ins t rument  needle in mm. For  our  p resen t  mic roca lo r ime te r  the calibration 
constant with respect  to the deflection k (the sensitivitiy of the instrument) equals 0.00203-0.26 W/mm (depend- 
ing on the scale of the instrument) ,  while Tins (time constant of the instrument)  equals 10-30 sec (depending on 
the mass  and the thermophysical  cha rac te r i s t i c s  of the samples) .  

It should be noted that the sensi t ivi ty of the mic roca lo r ime te r  may be great ly  increased  by using a photo- 
compensation amplif ier  of the F l16 /1  type. 

The total thermal  effect is determined by integrating the thermal power.  A knowledge of the mass  of the 
test  mater ia l  m enables us to determine the specific thermal  effect of the react ion AH = Q/m.  
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T A B L E  1. Kine t i c  C h a r a c t e r i s t i c s  of  the T h e r m a l  E f f ec t s  In -  
v o l v e d  in  the H a r d e n i n g  and V u l c a n i z a t i o n  o f  C e r t a i n  P o l y m e r  
M a t e r i a l s  

Material 

Ebonite 
LI-IO 

Ebonite 
ZV-8 

Scmiebonite 
lq-51 

Composite 
K-18-2 

Rate of tise, 
teml~zataze 

~ 

0,0224 
0,0305 
0,0438 
0,0622 
0,0801 

0,0215 
0,0321 
0,0462 
0,0621 

0,0189 
0,0285 
0,0406 
0,0701 

0,0659 
0,0910 
0,122 
0,327 
0,775 

Reaction Exponential Decimal 
paramemr index, logarithm, 
(effective) deg �9 10 -s k0, 1/sec 

1,05 
1,05 
1,075 
t,10 
1,125 

! ,005 
1,025 
1,05 
1,075 

t ,033 
1,065 
1,083 
1,1 

1,45 
1,42 
1,38 
1,36 
1,35 

28,08 25,18 
26,52 23,39 

22,73 19,37 
19,65 16,05 
17,81 14,11 

27,31 24,21 
21,68 18,30 
18,34 14,75 
16,77 13,07 

27,98 25,10 
24,39 20,82 
22,05 18,01 
17,26 13,01 

36,63 37~21 
34,02 34,12 
30,15 29,65 
26,57 25,56 
18,93 16,82 

Tempetamt, 
at the onset 
of the reac-  
tion. "r 

i41,5 
143,3 
145,0 
147,0 
148,8 

140,4 
142,0 
143,0 
145,0 

139,8 
146,7 
154,0 
158,4 

109 
ll0 
I l l  
112 
115 

;S peeffic 
tSermal 
effect of 
the rez~c- 
tion, j/g 

213,5 

298,6 

246,0 

20,8 

W r i t i n g  the k ine t i c  equa t ion  f o r  the r e a c t i o n s  u n d e r  c o n s i d e r a t i o n  in  the f o r m  

dQ =AH d~ ___AHkoexp(_F~(l_cp). 
dr d '~  ~ T ]  (2) 

we d e t e r m i n e d  k 0 (the p r e - e x p o n e n t i a l  f a c t o r ) ,  F (the index  of the exponen t i a l ) ,  and n (the e f f ec t ive  r e a c t i o n  
p a r a m e t e r )  in A r r h e n i u s  c o o r d i n a t e s  by a n a l y s i s  in  the P r o m i n ' - 2  c o m p u t e r ,  u s ing  as  i n i t i a l  d a t a  the e x p e r i -  
m e n t a l l y  d e t e r m i n e d  cu rve  of the a b s o r b e d  o r  l i b e r a t e d  p o w e r ,  p r o c e s s e d  in  a c c o r d a n c e  wi th  Eq.  (1), t o g e t h e r  
wi th  the s a m p l e - h e a t i n g  t h e r m o g r a p h .  The  c r i t e r i o n  f o r  the c h o i c e  of  n was  the l i n e a r  r e l a t i o n s h i p  

d'~ as:a function of 1/T, whcreTisthe temperature. 
lg ( 1 - -  ~)" 

The p o s s i b i l i t y  of u s i n g  Eq.  (2) to d e s c r i b e  the k i n e t i c s  of  h e a t  evo lu t ion  in  c e r t a i n  c h e m i c a l l y  r e a c t i n g  
m a t e r i a l s  was  c o n s i d e r e d  in  [3]. 

Our  k ine t i c  c u r v e s  b a s e d  on  the t a b u l a t e d  da t a  a g r e e  wi th  the  e x p e r i m e n t a l  v a l u e s  (within the l i m i t s  o f  
e x p e r i m e n t a l  e r r o r ) ,  so j u s t i f y i n g  the u s e  of Eq.  (2) to d e s c r i b e  the k i n e t i c  c h a r a c t e r i s t i c s  of the r e a c t i o n s  
taking p l a c e  on hea t i ng  the m a t e r i a l s ,  a s  shown in T a b l e  1. 

By way of  a t r i a l  p r o b l e m ,  w e  d e t e r m i n e d  the h e a t s  of  f u s ion  of  c h e m i c a l l y  p u r e  naph tha lene  and benzo ic  
ac id .  Sub jec t  to s t a b l e  r e p r o d u c i b i l i t y  of the r e s u l t s  o f  the m e a s u r e m e n t s ,  the r e s u l t a n t  h e a t s  of  fus ion  d i f f e r  
by no m o r e  than 370 f r o m  the A l l - U n i o n  S c i e n t i f i c - R e s e a r c h  In s t i t u t e  of  M e t r o l o g y  S t a n d a r d  d a t a .  An a n a l y s i s  
of the e r r o r s  c o m m i t t e d  in  d e t e r m i n i n g  the k ine t i c  c o n s t a n t s  of  the r e a c t i o n s  showed that  the p r i n c i p a l  e r r o r s  
lay in the c a l i b r a t i o n  of the t h e r m a l - f l u x  s e n s o r ,  t o g e t h e r  wi th  the r e c o r d i n g  and g r a p h i c a l  a n a l y s i s  of  the 
e x p e r i m e n t a l  r e s u l t s .  The to ta l  e r r o r  due to t hese  f a c t o r s  was 4% o r  u n d e r .  

Tab le  1 shows  the r e s u l t s  o f  a quan t i t a t i ve  i n v e s t i g a t i o n  into the t h e r m a l  e f f e c t s  of the r e a c t i o n s  i n v o l v e d  
in the h a r d e n i n g  and v u l c a n i z a t i o n  o f  c e r t a i n  m a t e r i a l s .  

We s e e  f r o m  the t ab l e  that  the p r e - e x p o n e n t i a l  f a c t o r  k0, the e f f ec t i ve  r e a c t i o n  p a r a m e t e r  n,  and the e x -  
ponen t i a l  index  F depend  not  only  on the m a t e r i a l  s t u d i e d ,  but  a l so  o n  the r a t e  of  hea t i ng .  Th i s  de pe ndence  m a y  
be exp l a ined  by the f ac t  that  f o r  a l l  the m a t e r i a l s  u n d e r  c o n s i d e r a t i o n  the r e a c t i o n s  have  a c o m p l e x  p a r a l l e l -  
p r o g r e s s i v e  c h a r a c t e r ,  in which  p a r t i c u l a r  s t a g e s  of  the r e a c t i o n  p r e v a i l  o v e r  o t h e r s  in  a c c o r d a n c e  wi th  the  
t e m p e r a t u r e ,  which  i s  i t s e l f  un ique ly  r e l a t e d  to the hea t ing  r a t e .  The  p a r a m e t e r s  so d e t e r m i n e d  r e p r e s e n t  

1556 



effective, overal l  charac te r i s t i c s .  The tendency for  k0, F, and n to become independent of the heating rate on 
increasing the latter may be explained on the same general  basis.  

1 .  
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An end-plane type p lasmot ron  permit t ing generation of h igh-pressure  h igh- tempera ture  hydro-  
gen flows with mean mass  tempera ture  f rom 2000 to 5000~ is considered.  

The development of a number  of projec ts  in the fields of p lasmochemis t ry  and metal lurgy requires  the 
use of low-tempera ture  hydrogen-p lasma genera tors  at a power level of 1-10 MW at operat ing times up to 100 
h, with high efficiency with respec t  to t ransformat ion  of e lect r ical  energy into flow thermal energy. The speci-  
fics of some technological p r o c e s s e s  demand important  additional requi rements  in the generator :  Mgh hydrogen 
purity (absence of electrode mater ia l  impuri t ies) ,  ability to vary  tempera ture ,  flow rate ,  and p re s su re  over 
wide ranges ,  reproducibi l i ty  of p a r a m e t e r s  f rom operat ion to operat ion,  and minimal p a r a m e t e r  pulsation dur-  
ing op eration. 

P lasmotrons  operat ing with air ,  nitrogen, and iner t  gases  have been studied thoroughly, and their power 
level has been increased to 50 MW [1]. However,  convers ion of such p lasmot rons  to operat ion with hydrogen 
produces significant difficulties connected with the increase  in energy liberation in the electrode regions [2] 
and decrease  in stability of the a re  discharge.  Of existing hydrogen p lasmot rons ,  those with power grea ter  
than 1 MW are  of pract ica l  in teres t  (Table 1). 

The gas turbulence p lasmot ron  of  [3] has high efficiency and is capable of continuous operation for  hun- 
dreds of hours .  However,  use of graphite electrode coatings leads to enr ichment  of the hydrogen p lasma by 
carbon. In the operation of the coaxial hydrogen p lasmotron  of [2] the significant erosion of the central  elec-  
trode limits operating time even with use of porous tungsten filling. Improvements  of this method led to c rea -  
tion of p lasmot rons  with electrode gas curtains at places of a r c  contact,  which allows generation of a flow of 
hydrogen-containing working p lasma at p r e s s u r e s  up to 50 atm. The end-plane type plasmotron allows com-  
bination of  the advantages of the gas turbulence sys tem (high efficiency) and the coaxial sys tem (high p ressure ) .  

The present  study will offer  resul ts  of an experimental  investigation of an end-plane type p lasmotron  with 
a power level of 2 MW. 

1. P l a s m o t r o n  O p e r a t i o n  

The p lasmotron  construct ion consis ts  of a thermocathode formed of lanthanum-coated tungsten (VL~ 10, 
d c - 7-10 ram, 1 c = 70-120 mm), soldered to a wate r -cooled  copper nozzle,  intermediate  e lec t r ica l  insulation, 
and an anode (da = 20, 40, and 74 mm) with a solenoid mounted on it [4]. Figure  1 presents  the v o l t - a m p e r e  
charac te r i s t i cs  and the mean mass  hydrogen tempera ture  of the plasmotron.  Thermal  efficiency is limited 
mainly by anode losses  which increase  l inearly with cur ren t  [5]. With an increase  in the are  chamber  d iameter  
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