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Resul ts  a re  shown of an exper imen t  in which the enthalpy of g rades  KI, KV, and KSSh quar tz  
g lass  was m e a s u r e d  at t e m p e r a t u r e s  f r o m  1300 to 2400~ 

Quar tz  g lass  r e p r e s e n t s  one of the many modif icat ions  of s i l ica,  and in this study i ts  enthalpy was 
m e a s u r e d  at t e m p e r a t u r e s  f r o m  1300 to 2400~ So fa r  the enthalpy of quar tz  g lass  had been m e a s u r e d  at 
t e m p e r a t u r e s  up to 1600~ [1-7] and only in one published study [8] was the t e m p e r a t u r e  as high as 1775~ 
The upper  l imit  on the t es t  t e m p e r a t u r e  is dictated by the t r emendous  diff icult ies  in measu r ing  the enthalpy 
of oxides in the liquid state.  Meanwhile, m e a s u r i n g  the enthalpy of quar tz  g lass  at e levated  t e m p e r a t u r e s  
is  ve ry  worthwhile not only in t e r m s  of accumulat ing m o r e  tes t  data for  a be t t e r  knowledge of the physical  
phenomena,  but also in t e r m s  of the rmodynamic  r e f e r ence  data needed for  heat  calculat ions.  

In this study the enthalpy was m e a s u r e d  in an appara tus  consis t ing of a h igh - t empe ra tu r e  oven with a 
tungsten hea te r  and a c a l o r i m e t e r ,  the l a t t e r  made up of a m a s s i v e  copper  block with an i so the rma l  shell  
inside a water  the rmos ta t .  The block t e m p e r a t u r e  was m e a s u r e d  with a coppe r - type  r e s i s t ance  t h e r m o m e -  
te r .  The shell  t e m p e r a t u r e  was mainta ined constant  with the aid of a model KMT-1 t h e r m i s t o r  probe in-  
side the t he rmos t a t  and a thyra t ron  ampl i f ie r .  Detai ls  of the appara tus ,  including i ts  components  and c i r -  
cui ts ,  as  well as the t es t  p rocedure  have a l ready been descr ibed  in [9-11]. 

The enthalpy of quar tz  g lass  was m e a s u r e d  on spec imens  of th ree  different grades :  KV a n d K I  made 
of Volynian raw ma te r i a l ,  and sk immed  KSSh ma te r i a l .  A spec t ra l  semiquant i ta t ive  ana lys i s  of the spec i -  
mens  is given in Table 1. It is evident here  that all impur i t i e s  in these  g r ades  of quar tz  g lass  did not ex-  
ceed 0.02%. The tes t  spec imens ,  shaped as  hollow cyl inders  17 m m  in d i ame te r  and 35-40 m m  high, were  
put inside molybdenum or  tungsten bulbs. Fo r  m e a s u r e m e n t s  at t e m p e r a t u r e s  up to 2000~ these  bulbs 
were  made of foil 0.5-0.1 m m  thick. Fo r  m e a s u r e m e n t s  above 2000~ we used  double bulbs: an inner one 
of molybdenum or  tungsten 0.05 m m  thick and an outer  one bored  out of molybdenum rod stock to a wall 
th ickness  of approximate ly  0.5 m m .  The use  of double bulbs was dictated by the different  t he rma l  expan-  
s iv i t ies  of the cas t  spec imen and the bulb ma te r i a l ,  which would cause the dest ruct ion of a bulb upon cool -  
ing of the spec imen inside the c a l o r i m e t e r .  A double bulb made it feas ib le  to p e r f o r m  severa l  t e s t s  with 
a single spec imen.  The amount of heat  pe r  bulb of meta l  foil r ep re sen t ed  approx imate ly  3% of the total  
heat input to the c a l o r i m e t e r .  In the case  of compound bulbs,  the amount  of heat  pe r  bulb had r i sen  to 
25%. The energy  spent on heating a bulb was calcula ted f rom the data in [12, 13]. 

The specimen t e m p e r a t u r e  was m e a s u r e d  with a model I~OP-51 optical  p y r o m e t e r ,  the l a t t e r  having 
been ca l ib ra ted  against  a set  of model SI-10-300 hea te r  l amps  which, in tu rn ,  had been checked against  
opera t ive  s tandards  on a model SPK-4 s p e c t r o m e t e r  stand at the D. I. Mendeleev All-Union Scient i f ic-  
R e s e a r c h  Insti tute of Metrology.  The t e m p e r a t u r e  of a spec imen was m e a s u r e d  with a b lack-body s tandard  

*The t e m p e r a t u r e  here  is  r e f e r r e d  to the MPTSh-48 sca le .  
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in the f o r m  of a hollow molybdenum or  tungsten cyl inder .  This  cavity,  25 m m  
deep and 3 m m  in d iamete r ,  was p laced axial ly  inside a spec imen  along a spe -  
c ia l ly  p red r i l l ed  hole. The e r r o r  of t e m p e r a t u r e  m e a s u r e m e n t s  due to i m p e r -  
fection of the b lack-body s tandard  did not exceed  1% under  the mos t  unfavorable  
conditions and was,  t he re fo re ,  d i s regarded .  The spec imen t e m p e r a t u r e  w a s  
m e a s u r e d  through a p r i s m  with total  ref lect ion.  The co r r ec t i on  for  e r r o r s  in 
t e m p e r a t u r e  readings  due to absorpt ion  of radia t ion in the p r i s m  was d e t e r -  
mined in specia l  t e s t s .  The p r e s s u r e  in s i o  2 vapor  is 1 a tm a l ready  at a t e m -  
pe r a t u r e  of 1900~ [14], which may  cuase  contaminat ion of the viewing channel 
with products  of spec imen  subl imation and evapora t ion .  In o r d e r  to reduce  the 
effect  of evaporat ion,  the t e s t s  were  p e r f o r m e d  in an argon a t m o s p h e r e  under  
a p r e s s u r e  of 1.05 a tm and with the appara tus  evacuated  down to 10 -4 m m  Hg.  
In o r d e r  to r e m o v e  the evapora t ion  products  f rom the viewing channel, through 
which the p y r o m e t e r  was focused on a spec imen,  it had been purged with a mild  
s t r e a m  of argon [15] p r i o r  to m e a s u r e m e n t s .  

Heat l o s s e s  incur red  during the t r a n s f e r  of a spec imen  f r o m  the oven in-  
to the c a l o r i m e t e r  were  accounted for  on the assumpt ion  that,  during this t r a n s -  
fe r ,  heat  was t r a n s m i t t e d  f r o m  the spec imen  to the ambient  medium by r a d i a -  
tion only. The emi s s iv i t y  of the bulb ma te r i a l ,  which had to be known for  c a l -  
culating the radia t ive  heat  l o s se s ,  was taken f r o m  [16]. 

Spectral  semiquant i ta t ive  ana lyses  of spec imens  before  and a f t e r  a t es t  
r evea led  an i nc r ea se  of tungsten and molybdenum impur i ty  at the spec imen  s u r -  
face .  Thus,  while at the sur face  of grade  KV quar tz  g lass  the re  was 1" 10-3% 

tungsten and 1.6.10-3% molybdenum before  a tes t ,  the i r  amounts  a f t e r  a t e s t  
were  5" 10-3% and 16.10-2% respec t ive ly  (a sur face  l a y e r  of approx ima te ly  0.2 
m m  was sampled  for  analysis) ,  with 1.10-3% and 3 �9 10-~% respec t ive ly  deeper  
in the bulk. No substant ia l  quanti tat ive changes  in the content leve ls  of o ther  
impur i t i e s  were  detected.  

This exper iment ,  cover ing  the 1300-2400~ t e m p e r a t u r e  range,  yielded 
25 t e s t  values:  15 for  grade KV, 6 for  grade  KI, and 4 for  grade  KSSh sp ec i -  
mens .  The r e su l t s  a r e  shown in Table 2. The t e m p e r a t u r e  298.15~ was 
adopted as r e f e r e n c e  for  the enthalpy readings .  The enthalpy co r rec t ion  for  
the depar tu re  of the final t e m p e r a t u r e  of a spec imen  f r o m  298.15~ was ca l -  
culated on the bas i s  of the data in [2]. The l ikely sys t ema t i c  e r r o r  in enthalpy 
m e a s u r e m e n t s  ove r  the ent i re  range was e s t ima ted  at 0.7-1.3%. 

As was to be expected,  the study of va r ious  g l a s s e s  with a 0.02% content 
of d ive r se  impur i t i e s  did not yield,  within t es t  accuracy-, different  va lues  for  
the enthalpy.  

TABLE 2. Resu l t s  of Enthalpy M e a s u r e m e n t s  on Specimens  of 
Grades  KV, KI, and KSSh Quartz  Glass  ove r  the 1300-2400~ T e m -  
pe r a t u r e  Range 

7". ~I( 

1318 
1318 
1356 
1374 
1384 
1432 
1486 
1538 
1560 
1560 
!661 
1729 
i757 

t'iT --11298,15' 
J/mole 

65980 
67570 
6841 o 
69750 
7079~ 
744so 
787o 0 
82640 
8615 o 
8448o 
9151 o 
973~ o 

100630 

Grade of 
quartz glass 

KSSh 
KI 
KI 
KV 
KV 
KV 
KV 
KV 
KI 
KSSh 

' KV 
KV 
KV 

T, c~ 

1856 
1869 
1958 
2043 
2076 
2105 
2175 
2210 
2210 
2328 
2355 
2356 

I-IT --H298, 15, 
J/mole 

10849 o 
109330 
11531o 
123~so 
125770 
1 2 8 0 a  o 

135270 
138410 
140250 
14749o 
149410 
1507j 0 

Grade of 
quartz glass 

KSSh 
KV 
KV 
KI 
KV 
KV 
KV 
KSSh 
KV 
KI 
KI 
KV 

Note. The molecular weight of quartz glass was taken as 60.08. 
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T 
HT--H298.15 

NOTATION 

is the temperature of a specimen, ~ 
is the enthalpy of a specimen through the temperature interval (298.15--T), J/mole. 
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