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The technical glasses SIMAX, SIAL, PN, UNIHOST, KS-80, KS-90 
were irradiated in the VVR-S reactor and their electrical conductance was 
measured. The decrease of conductance was found after irradiation by 
thermal neutron fluence 2.0 x 1023 n .  m-2 having characteristical values 
for different sorts of glasses, In the reactor rig was studied the heat gene
ration in glasses with boron (SIMAX, SUPREMAX) and without boron 
(UNIHOST). Boronless glass has shown the temperature increment compa
rable with temperature measurement error. Both borosilicate glasses pro
duced elevation 39 K, resp. 33 K, at the rig operational temperature 350 to 
390 °C. 

IN TRODUCTION 

The electrical conductance of common technical glasses in the nuclear reactor 
radiation field and the additive influence of the high temperature was not syste
matically studied (see for example 1, 2, 3). So far, the attention was concentrated 
on the optical properties in such conditions (4, 5]. Electrical conductance was 
studied only at low, or very low temperature (6, 7]. The endeavour to apply ionic 
thermometers [8, 9, 10] for in-core reactor instrumentation made imperative to 
study the insulating properties of glasses in reactor radiation field. At the same 
time, the actual production of heat in borosilicate glasses and its influence on 
thermometric properties of the ionic thermometer needed more enlightening. 
The glasses used for ionic thermometers contain as a rule, some boron. Most 
frequently used SUPREMAX (DDR) has 5-7 per cent of B203 • 

In a thermal. neutron field, an intensive nuclear reaction occurs with izotope 
10 boron according to equation 

10B + n = 7Li + 4He + y + !:::.H, (1) 

where !:::.H ..• total liberat,ed energy 
The magnitude of the liberated energy could be well demonstrated on a hypothe
tical calculated case of an interaction of 1 gr of pure 10B with thermal neutrons, 
where 3.1 GJ is carried away by helions and photons and 7.7 GJ is dissipated 
by hot atoms of 7Li. Both energy carriers interact actually with surrounding 
glass heating it up. This considerable effect had to be explored in configuration 
similar to that of ionic thermometer (Fig. 1 ). The other possible approach to this 
problem - calculation of the thermal fields, turned out to be more complex and 
will be reported later. 
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Fig. 1. Usual configuration of the ionic thermometer; 

4 1 - ionic thermometer, 2 - conducting wire, 3 - insulating filling (MgO), 4 -
thermocouple cable, 5 - stainless steel cladding. 

s 

2 

EXPERIMENTAL 

El ectrical condu ctance experiments 

The samples of Czechoslovak technical glasses SIMAX, SIAL, PN, UNIHOST, 
KS-80, KS-90 (described elsewhere [11]) were prepared in the form of glass drop 
with platinum contacts (Fig. 2). Such arrangement makes possible to measure 
only simple conductance, not the specific value. On the other hand the form is 
very similar to the actual ionic thermometer. The electrical conductance of every 
sample was measured before irr11,diation (Gb. 1.) and after irradiation (Gu.. L). The 
measurement of the electrical conductance was made by TESLA BM-484 RLC 
measuring bridge at the frequence 1 592 s-1 (104 rad). The sample holder used for 
measurement (Fig. 3) was designed to assure homogeneous temperature field and 

Fig. 2. Glass drop with platinum electrodes for 
ampoule reactor test; 

1 - glass drop, 2 - platinum electrode. 
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Fig. 3. The sample holder for electrical con
ductance measurements at elevated temperature; 

1 - fourhole-capillary, 2 -thermocouple, 3 -
sample, 4 - stainless steel c:rucible. 
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lower the radiation hazard as well. The temperature measurement were made by 
Ni-NiCr thermocouple and digital electrometer DANA 4 800. The conductivity 
was measured within 150-400 °C which covers well the expected temperature 
range in reactors VVER. 

The radiation experiment in one channel of VVR-S reactor was done in so  
called "wet can". The samples were covered with aluminium foil, marked and 
enclosed in quartz ampoule. In this ampoules were placed the dosimetric foils - Cu, 
Ni for fast neutrons, .Co for the thermal ones. After irradiation the samples were 
uncovered and identified. Th!:) dosimetric foils have shown following neutron 
fl.uences: 

fast neutrons (Cu, Ni) 3.0 x 1023 n .  m-2 
thermal neutrons (Co) 2.0 x 1023 n .  m-2 

The electrical conductance of the irradiated samples was measured taking special 
care at the first measurement, because of irreversible changes in conductance 
(disappearance of brown colour as well). 

Boron heat  production experiment 
For this purpose a part of the thermometric reactor rig capacity was used 

(reactor VVR-S, Rez). There different types of glasses (SIMAX - 13 % B203, 

SUPREMAX - 7 % B203 and UNIHOST - 0 % B203 , marked subsequently 
in Fig. 5 SI, SU, U) were cast in form of a drop on the thermocouple joint. No 
insulating MgO powder was used, so the thermal barrier was very efficient -
static air (Fig. 4). The reactor rig was of usual design [12], equipped by massive 
aluminium cylinder in which three studied thermocouple assemblies were placed. 

The heating was provided by the CHOUCA-T rig system with EUROTHERM:

temperature controller. Temperature of the aluminium thermometric cylinder was 
te.ken by two independent Ni-NiCr thermocouples, calibrated by ZES SKODA 
Works Bolevec, Metrological Laboratory. The arrangement in the cylinder is sche
matically shown in Fig. 5 (the ionic thermometers, irrelevant to this paper are 
marked by numbers). 

The actual experiment has taken two week cycles (92 and 95 hours) with tem
perature measurements done at various power levels of the VVR-S reactor. 

Fig. 4. The alteration of the thermocouple setting for a boron heat production 
experiment; 

1 - thermocouple joint, 2 - glass drop, 3 - air, 4 - stainless steel clad
ding, 5 - thermocouple cable. 
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""AZC 

Fig. 5. The distribution of thermocouples with glass drop in
Al-cylinder of the reactor rig; 

t1 , t1 - thermocouples, SI - thermocouple with glass SIMAX, 
SU - thermocouple with glass SUPREMAX, U - thermo
couple with glass UNIHOST, PN - thermocouple with glass 

PN (direction to active zone center -- A. Z. C.). 

RESULTS AND DISCUSSION 

Electr ical  c onductance 

The obtained results of electrical conductance measurement were computed 
using Arrhenius equation 

log G = a + b/T, 

where G - apparent conductance [S], 
T :-- absolute temperature [KJ, 

a, b - constants. 

(2) 

The calculation done by least square routine determined the variance of the a, b

values and the residual variance as well. 
Using this technique the values a, b were computed for temperatures within 

197 '-400 °C. The lowest temperatures has shown too high error and were not 
included in further calculations, The values b of the individual regression functions 
were tested with the use of Student's distribution. Values a were not tested because 
the determined error was too high. The results has shown prevailing agreement for 
individual measurements and the whole temperature range. 

Tne total volume of the numerical results is available in report [12]. To support 
our conclusions we have considered adequate thf' brief summary in the Table I. 

Glass 
(type) 

SIMAX 

SIAL 

PN 

KS-90 
KS-80 

UNIHOST 

Table I 
Arrhenius coefficients and conductance Ewalnated by regression 

at 523 K of some czechoslovak technical glasses 

before irradiation 

a ., 

I 
I 

0.075 -3.!)66 3.16 X 10-s I 

0.484 

I 

-3.949 8.69 X 10-s i 
1.587 -3.978 9.88 X 10-1 I 

1.449 -3.840 1.29 X 10-• I 
1.438 I -3.904 9.70 X 10-1 I 
0.852 

I 
-3.426 2.10 X 10-6 

I 

a 

I 
-1.128 !
-0.599
-1.134

1.415
0.473

-0.535

after irradiation 

b Ga I S .. , 

-3.648 1.28 X 10-• 
-3.574 3.74 X 10-8 
-2.896 2.18 X 10-1 
-4.012 5.76 X 10-7 

-3.781 1.76 X 10-7

-2.945 6.91 X 10-1 

Behaviour on the whole temperature range is for all samples very similar. The

conductance has decreased considerably during irradiation and even heating up 
to 400 °0 does not suppress this effect fully. For practical purposes i.e. electroinsulat-
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ing the electrodes of the ionic thermometer the properties are improving within 
required temperature range. 

In view of the impossibility to obtain the specific conductance we have for 
better understanding, calculated the coefficient of conductance decrease k, i.e. 

(3) 

ratio of conductance before and after irradiation. The actual values are in Table II. 

Table II 

Conductance decrease induced by irradiation in nuclear reactor 
described as coefficient K and estimated values of decreased specific conductance 

Glass I
I "*) estim. 

I
Glass I I Y.*) estim. 

k 
I 

k 
(type) I I (S. m-1) type I I 

(S. m-1) 

SIMAX 2.47 4.1 X 10-7 KS-90 2.24- I 6.6 X 10-• 
SIAL 2.37 3.3 X 10-• PN 4.53 i 2.2 X 10-0 
KS-80 5.51 2.7 X 10-0 UNIHOST 3.05 I 9.5 X 10-• 

*) x - estimated specific conductance (S. m-1) 

They could be used according to equation (3) to estimate "after-irradiation specific 
values" from the published specific ones (13). Such estimation is shown for 250 °C 
in the Table II. The contmt of boron (decreasing from SIMAX to UNIHOST) 
has not obviously any influence on decrease of the conductance in spite of consider
able energy production and consequently radiation damage frcm previously 
mentioned nuclear reaction in the mass of glass. 

The possible mechanism of the observed phenomenon is connected probably 
with the ion diffusion channels disruption by displaced atoms or ions. 

The b oron heat  pro duction 

The thermometric measurement in  the reactor rig partly equipped by altered 
thermocouples (Fig. 4) were done at several different levels of the reactor power. 

Table III 

The average temperature increment caused by heat generation 
in glasses in dependence on the reactor thermal output 

Reactor thermal t,-t2 
output, MW oc 

0 1.0 
7.00 2.5 
8.56 3.5 

10.00 3.5 

Symbols: t, - thermometer Fig. 5 
t2 - thermometer Fig. 5 
tsr -temperature of SIMAX drop 

tsr -t2 
cc 

-4.0 
24.0 
32.0 
35.0 

tsu - temperature of SUPREMAX drop 
tu -temperature of UNIHOST drop 
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tsu-t2 
uc 

-I.ii 

21.0 
28.0 
27.5 

tu-t2 
"l' 

-1.5
2.0
4.5 
4.0 
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In such way, it was possible to observe the temperature gap between the alumi
nium cylinder and the glass drop on thermocouple joint. In Table III, the average 
temperatures increments of the glass drops made out of SIMAX, SUPREMAX 
and UNIHOST are demonstrated. The PN glass mentioned in the Fig. 5 is omitted, 
because thermocouple lost its voltage during the experiment. This results were 
obtained at 350-390 °C at which the CHOUCA-T rig was working (parallel 
ionic thermometers experiment). 
It seems certain, that boron could not be accepted in glasses used for reactor 
grade ionic thermometers. The found temperature discrepancy between the 
aluminium holder and thermocouple with glass drops presents the systematic 
error far too high, to be adjusted by some correction. In finer details, it was possible 
to find the influence of bad thermal transport between Al-holder and the thermo
couples. The heat generation was decreasing with time of the experiment accord
ing to increasing burn-out of boron -10 izotope (Table IV). 

Table IV 

Decrease of heat generation caused by boron-10 bum-out 

Runnings hours 

I I
' 

Reactor thermal ts1 - t, fsu-t2 

I 

tu-t2 
output, MW 

of the experiment, 
oc oc I oc 

h 

10 24 37,0 33.0 4.5 
10 60 35.5 28.5 4.0 
10 100 36.0 27.0 4.0 
10 140 34.0 25.5 4.0 

On the other hand the difference between the thermocouples t1 and t2 is very 
similar to the temperature increase in UNIHOST glass. As a drawback of UNI
HOST glass the interference of high sodium content with iomc salt thermometer 
filling was confirmed. 

CONCLUSIONS 

The experimental endeavours have shown the possible solution of boron heat 
generation problem in ionic thermometer design by the application of an boronless 
glass. As one choice, the use of UNIHOST glass is open, even though it has high 
sodium content. Its electrical conductance is low enough, especially under irradiat
ion, to ensure good behaviour as an insulator. The burning of 10B izotope is produc
ing considerable temperature increase which could not be simply corrected. The 
radiation damage in glasses could not be eliminated by heating up to 400 °0, 
part of conductance paths remained blocked. 
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EL EKT RICKE VLAST N O S TI A CHOV AN1 T ECHNICKYCH SK EL 
V JADERNEM REAK T O RU V V R-S 

Du�n Jakes, Jindfich Rosenkranz, Jiff Kral 
Ostav jaderneho vyzkumu, 250 68 Ref. 

Byly ozafovany vzorky skel SIMAX, SIAL, PN, UNIHOST, KS-80, KS-90 v reaktoru 
VVR-S a studovana jejich elektricka vodivost. Byl zjist15n pokles vodivosti po ozaren( fluencf 
tepelnych mmtromi 2,0 . 1023 n. m-2, ktery je charakteristicky pro jednotlive druhy skel. V reak
torove sond15 byla porovnavana generace tepla skel obsahujicich b6r (SIMAX, SUPREMAX
a bezb6roveho skla (UNIHOST). Zatfmco bezb6rove sklo vykazalo pHrustek v mezfoh chyby 
m�feni teploty, obe borosilikatova skla vykazala pri teplotach 350-390 °C lokalnf vzrust teploty 
o 39 K, reap. 33 K.

0b1'. 1. Obvykla sestava iontoveho teplomeru; 
1- iontovy, teplome_r,, 2- vodic, 3 - izolacni vysyp (MgO), 4- termoclankovy kabel,
5 - nerezove armovan,. 

0b1'. 2. Sklenlna kapka s platinovymi elektrodami pro ampulovou ozafovaci zkousku; 
1 - sklenena kapka, 2 - platinove elektrody. 

Obr. 3. Drf.ak vzorku pro mlfeni elektricke vodivosti pfi zvy§ene teplote; 
1 - ctyfdlrova kapil6.ra, 2 - termocl6.nek, 3 - vzorek, 4 - keUmek z nerezove oceli. 

Obr. 4. Uprava armovaneho termoclrinku pro experiment s generaci tepla borem; 
1- termoclankovy spoj, 2- sklenena kapka, 3 - vzduch, 4 - obalka z nerewve oceli,
5 - termocl6.nkovy kabel. 

Obr. 5. Rozmistlni termoclanku se sklenenymi kapkami v hlinikovem vrilci reaktorove sondy, 
t1, t2 -termoclanky, Sl-cidlo se sklem SIMAX, SU-cidlo se sklem SUPREMAX, 
U -.cidlo se sklem UNIHOST, PN - cidlo se sklem PN (A. z. C. - smer k centru aktivni 
z6ny). 

3JIEHTPJ1qE CHI1E CBOHCTBA 
11 TI O B E .JJ:.E H H E TEX H lf l·I EC H H X C TE HO .Jl 

B H.JJ:EPHO.M PEAHTOPE RBP-C 

,Il,ynmH flKern, llni:1pm11x PocCHKpann:, Hpmn Hpaii 

J1iicmumym ROepliblX ucc.tieoo1ia1-mu, PJl('eJI(' 250 68

B peaKTOpe IlBP-C o6nyqaJJncb o6pa3IIhl cTe1<o,TI MapoK CH�1AX, CHAJI, TIH, -YHII
rOCT, HC-80, KC-90 11 113yqanacL 11x a:ieRTpo11poB0;1HocTL. ELwo ycTanoBneno cHnIBeH11e 
IIpOBO/:IHMOCTII IIOCJIC o6Jiy'leHHH qimoaHCOM TCIIJIOBhlX HCl!TpOHOB 2,0. 10-23 HCIITP. M2, ROTopoe 
HBJIH0TCH xapaKTepHCTH'l0CKHM ):IJIH OT):10.:IbHb!X THIIOB CTCKOil. fl peaKTOpHOll 30H)l0 HCCJIC· 
.ri;oBaJIOCL BhU\CJICHlle Te11Jia cTCRJiaM11, coi:1epmal1l11M11 6op (ClIMAHC, C-Y TIEPMAHC), 
H CT0KJIOM 6e3 6opa (-YH HrOCT). Ee36opHoe CTCI(;IO 1101(338.'.IO IIOBbIIIICHIIC TCMIIepaTypIJ, 

Sillkaty c. 3, 1984 201 



D. Jakes, J. Rosenkranz, J. Kral:

cpaBHlfMOe C oum:fowii: II3Mcpemrn TCMrrepaTypu TepMorrapoii:. y CTCROJI C 6opoM OhlJIO OT
MeqeHO IIOBLIIII0Hll8 TeMnepaTypu Ha 39 lIJI.II COOTBCTCTBeHHO 33 II'. B o6nacrn: TeMnepaTyp 
350-390 °c.

Puc. 1. O6btliH06e11,11,a.q, 1w11,cmpy1.4ua llowweo mep.Mo.Mempa: 1 UOHHblU mep.Mo.Memp, 
2 - npoao&Huli, 3 - uao.tiRZfuomw.<i aacb1n1.a (MgO), 4 - mep.Monap1-mu ,w6e.ab, 
5 - ap.Mupoea,rne ua HepJ1C06'61-0Ufeil cma.11,u. 

Puc. 2. Cmeli.tiRHIWR 1.a1uR c n.wmuH06bt.Mu a.tier.mpo&a.Mu &.tiR 06.tiy'te1-<ua e a.Mny.tie: 1 - cme-
1>.i.flH,Ha11, ,;an.ia, 2 - Pt-a.tie1.mpo&bi. 

Puc. 3. Eh,pa1-<-1;;o1-<me1,Hep ua.Mepe11,ua a.tier.mponpoeoch-wcmu 06paa4oe npu noeuwe1-<1-<oii 
me.Mnepamype: 1 - •tembipexnaHa.ibHbtii h'.anu.tiRp, 2 - mepMonapa, 3 - 06paae4, 
4 - mu2e.tib ua 11,epJ1caee10u1eu cma.11,u. 

Puc. 4. BapuaH,ln ap.MupoaaHHoii mep.Monapu a.tiR a1.cnepu.Menma c e&i&e.11,e11,ue.M men.11,omb1 
om a&ep11,oii pea1.4uu 6opa: 1 - mep.Monapmiii pa6o'tuu cnaii,, 2 - cmei;.11,R1-t1-taR 
,;an.11,a, 3 - eoa&yx, 4 - ap.1tupoeamte ua 11,epJ1Caee10Ufeii cma.tiu, 5 - mep.uonap· 
1-<uu 1.a6e.ib. 

Puc. 5. Paa.MeUfe1-<ue mep.Honap co cme1..tiRHHb!MU 1.an.tiR.¾u e a.11,10.Munueeo.M 4u11,u1-tope 
peaKmop1-to20 ao1-tiJa: t;, l2 - mepMonapoi, SI- &am'tUJ. co cme,uio • .,. CH Jl,JAifC, SU -
iJam'tUli co cmeli,W.M CYIIEPJl,JAHC, U - iJam'tUK co cnie1.,io.M YHHI'OCT, PN -

oam,,,u,;; co cmen.io.-.i IIOHJ7BHbI HOPJl;lAa1 (A. Z. C. - Hanpa1J.tie1-tue e 4mmp 
aKmue1-toii. ao1-tbi). 

ABRAZfVNf MA TERI.ALY (Abrazivnyje materialy). A. P. Garsin, V. M. Gropjanov, 
J. V. Lagunov. Masinostrojenije, Leningrad 1983 (232 str., 71 tab., 69 obr.).

Monografie o abrazivnich materialech, ktera v roce 1983 vysla v SSSR, se tyka velmi aktualnf
problematiky, souvisejfci se zvysovanim vyznamu brousenf pfi obrabeni kovu, jejich slitin a dal
sich, predevsim anorganickych materialu. Autori knihy poprve, na rozdil od monografii podob
neho typu, podavaji uceleny vyklad zakladnich vlastnosti abrazivnfch latek ve vzajemne sou
vislosti s jejich elektronovou a krystalovou strukturou. 

V knize jsou na 232 stranach vysvetleny zaklady teorie tvrdosti a fyzikalne chemickych 
procesu, ktere probihaji pri synteze a spekanf abrazivnich materialu. Dale jsou popsany teore
ticke zaklady rozdruzovani tvrdych latek. Uvadena technologicka schemata vyroby brousicich 
nastroju a metody modiflkovani jejich povrchu naznacuji moznosti zlepilovani uzitnych charak
teristik abrazivnich obrabecfoh nastroju. 

Dalsi pozoruhodnosti knihy je pohled na ekologicke problemy, spojene s vyrobou a pouiitfm 
abrazivnich materialu, pfedevsim z hlediska spotreby vody a vodniho hospodarstvi. 

S ohledem na vsechny vyseuvedene aspekty, ktere zobocimji a systematizuji poznatky 
o abrazivech na zakla<le soucasnych pfodstav fyziky a chemie pevnych latek, je aktualnost knihy
nesporna. Tato monografie bude nejen stimulovat dalsi rozvoj odvetvi syntetickych velmi
tvrdych latek a abrazivnich materialu, ale bude i velmi uzitecnou pomuckou pro studenty,
technicke a inzenyrske pracovniky v chemickem, metalurgickem a silikatovem prumyslu, jakoz
i pro aspiranty a vedecke pracovniky specializovanb na fyziku a chemii pevnych latek.

Vl. Bro£ek 

BERNARD D'ESPAGNAT: IN SEARCH OF REALITY. A PHYSICIST'S VIEW 
(Hledanf reality. Pohled fyzika). Springer Verlag, Berlin 1983. 182 str. cena 16,7 do!. 

Kniha pojednava o zakladni otazce, do jake miry muze soucasna fyzika potvrdit existenci 
ne2.avisl6 reality mimo nase vedomi. Shroma.l:duje vysledky posledniho vyvoje v oblasti fyziky 
mikrocastic a srovnava moderni fyzikalni teorie s pi'istupem nekolika filozofickych skol. Ukazuje, 
co lze od fyziky ocekavat a co naopak fyzika nemuze nikdy odhalit. Autor psal knihu pro ctenare, 
ktei'i se zajimaji o filozoficke otazky, tykajici se zakladnich problemu vedy. Nepouziva jazyka 
matematiky, pi-edpoklada vsak hluboke znalosti o soucasnbm vedeckem poznani v oblasti fyziky. 

Satava 
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