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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 1023n.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.

INTRODUCTION

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 B20s.

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

10B + n = "Li + “He + y + AH, (1)

where AH ... total liberated energy

The magnitude of the liberated energy could be well demonstrated on & hypothe-
tical calculated case of an interaction of 1 gr of pure 19B 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 ot 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;
1 — vonic thermometer, 2 — conducting wire, 3 — insulating filling (MgO), 4 —
thermocouple cable, 5 — stainless steel cladding.
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EXPERIMENTAL

Electrical conductance experiments

The samples of Czechoslovak technical glasses SIMAX, SIAL, PN, UNTHOST,
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 irradiation (Gy.;.) and after irradiation (Gy.y.). 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
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Fig. 2. Glass drop with platinum electrodes for Fig. 3. The sample holder for electrical con-
ampoule reactor test; ductunce measurements at elevated temperature;
1 — glass drop, 2 — platinum electrode. 1 — fourhole-capillary, 2 — thermocouple, 3 —

sample, 4 — stainless steel crucible.
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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. The dosimetric foils have shown following neutron
fluences: '

fast neutrons (Cu, Ni) 3.0 X 1023n . 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 9% B10s,
SUPREMAX — 79, B,0; and UNITHOST — 09, B.O;, 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
taken 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
exrperiment;
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1 — thermocouple joint, 2 — glass drop, 3 — air, 4 — stainless steel clad-
ding, 5§ — thermocouple cable.

T
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Fig. 5. The distribution of thermocouples with glass drop in
Al-cylinder of the reactor rig;
t1, ta — 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.).
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RESULTS AND DISCUSSION

Electrical conductance

The obtained results of electrical conductance measurement were computed
using Arrhenius equation
log @ = a 4+ b/T, (2)

where G — apparent conductance [S],
T — absolute temperature [K],
a, b — constants,

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 usc of Student‘s distribution. Values @ were not tested because
the determined error was too high. The results has shown prevailing agreement for
individual measurements and the whole temperature range.

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

Table I

Arrhenius coefficients and conductance evaluated by regression
at 523 K of some czechoslovak technical glasses

before irradiation } after irradiation
Glass i
type '
(type) a b Gp.1.,8 l a . b Ga.i., S
| ‘ |
SIMAX 0.075 —3.966 3.16 x 108 | —1.128 | —3.648 1.28 x 10-8
SIAL 0.484 —3.949 8.69 x 10-8 | —0.599 | —3.574 3.74 x 10-8
PN 1.587 —3.978 9.88 x 10~7 | —1.134 | —2.896 2.18 x 107
KS-90 1.449 —3.840 1.29 x 10— ! 1.415 | —4.012 5.76 x 10-7
KS-80 1.438 —3.904 9.70 x 10-7 0.473 | —3.781 1.76 x 10-7
UNIHOST 0.852 —3.426 2.10 x 10-¢ ’ —0.535 | —2.945 6.91 x 10-7

Behaviour on the whole temperature range is for all samples very similar. The
conductance has decrcased considerably during irradiation and even heating up
to 400 °C does not suppress this effect fully. For practical purposesi.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 Fk, i.e.

k= Gb.i./Ga.i. (3)

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

Table 11

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

Glass ‘ & 5 »¥) estim. Glass r ‘ 3¢*) estim.
(type) | | (S.m™Y tyse | ‘ (S.m™)
i !
SIMAX 2.47 4.1 x 10-7 KS-90 224 | 6.6 x 10
SIAL 2.37 3.3 % 10-6 PN 453 | 2.2 x 10-6
KS-80 5.51 2.7 x 106 | UNIHOST 3.05 | 9.5 x 107

*) » — 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 content 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 boron heat production

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

Tauble 111

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

Reactor thermal t— 1 tsy — {2 ‘ tsu — t2 ! ty — &2
output, MW ¢ °C |‘ °C | (¢
1
|
0 1.0 —4.0 —1.5 : —1.5
7.00 2.5 24.0 } 21.0 ; 2.0
8.56 3.5 32.0 i 28.0 4.5
10.00 3.5 35.0 27.5 i 4.0

Symbols: ¢4 — thermometer Fig. 5
¢t — thermometer Fig. 5
ts; — temperature of SIMAX drop
tsy — temperature of SUPREMAX drop
ty — temperature of UNITHOST drop
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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 UNTHOST 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 gla.sses 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 izotcpe (Table IV).

Table IV
Decrease of heat generation caused by boron-10 burn-out
Reactor thermal o?tﬂn;ngiﬂﬁ:ﬁt tsr— &2 tsu — &2 ty—t2
output, MW > ’ °C °C oQt
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 ¢; and ¢, is very
similar to the temperature increase in UNIHOST glass. As a drawback of UNI-
HOST glass the interference of high sodium content with ionic 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 UNTHOST 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 19B 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 °C,
part of conductance paths remained blocked.
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ELEKTRICKE VLASTNOSTI A CHOVANI TECHNICKYCH SKEL
V JADERNEM REAKTORU VVR-S§

Dus8an Jakes, Jindfich Rosenkranz, Jifi Kral
Ustav jaderného vyjzkumu, 250 68 Ret

Byly ozafovény vzorky skel SIMAX, SIAL, PN, UNIHOST, KS-80, KS-90 v reaktoru
VVR-S a studovéna jejich elektrickd vodivost. Byl zji&t&n pokles vodivosti po ozéfeni fluenc{
tepelnych neutroni 2,0 . 1023 nr . m—2, ktery je charakteristicky pro jednotlivé druhy skel. V reak-
torové sondé byla porovnévéna generace tepla skel obsahujicich bor (SIMAX, SUPREMAX-
a bezbdérového skla (UNIHOST). Zatimco bezborové sklo vykézalo prirustek v mezich chyby
méfen{ teploty, obd borosilikitova skla vykdzala pFi teplotdch 350—390 °C lokalni vzrust teploty
0 39 K, resp. 33 K.

Obr. 1. Obvykld sestava iontového teploméru,
1 — dontovy teplomér, 2 — vodi€, 3 — izolaéni vysyp (MgO), 4— termollinkovy kabel,
5 — nerezové armovdni.

Obr. 2. Sklenénd kapka s platinovymsi elektrodami pro ampulovou ozafovaci zkousku,
1 — sklenénd kapka, 2 — platinové elektrody.

Obr. 3. Drék vzorku pro méfend elektrické vodivostt pii zvyené teploteé;
1 — &tyrdérova kapiléra, 2 — termodlanek, 3 — vzorek, 4 — kelimek z nerezové oceli.

Obr. 4. ¥prava armovaného termotlinku pro experiment s generaci tepla borem.
1 — termollankovy spoj, 2 — sklenénd kapka, 3 — vzduch, 4 — obdlka z nerezové oceli,
5 — termoéldnkovy kabel.

Obr. 5. Rozmistént termoélankt, se sklenénymi kapkami v hlinikovém wvdlci reaktorové sondy,
t1, 2 — termobldnky, SI — &idlo se sklem SIMAX, SU — ¢&idlo se sklem SUPREMAX,
U —.&idlo se sklem UNIHOST, PN — ¢&idlo se sklem PN (A. Z. C. — smér k centru aktivni
20ny).

JJEKTPUYECKHE CBOICTBA
A NMOBEAEHHE TEXHHYECHKHUX CTEKO/I
B AOJEPHOM PEAKTOPE BBP-C

Adyman Axem, 1Iaap:kux Pocenkpann, Hpxn Kpaa

Huemumym adepuvix uccaedosarniii, Pucene 250 68

B peakrope BBP-C oGayuannes obpasum crexo:a Mapok CHUMAX, CHAJI, IIH, YHH-
I'OCT, HC-80, KC-90 u n3yuajack HX 3.1€KTPONPOBO;(HOCTEL. BEITIO yCTaHOBNEHO CHE:KeHHE
I POBOJMMOCTH 110¢J1€ 00,1yuenus (1109HCOM TeIIOBbI X HeliTpoHoB 2,0. 10-23 HeliTp . M2, KOTOpOe
ABJIACTCA XapaKTePUCTHHYECKHMM /NIA OTAEIbHBIX THIIOB CTEKO;1. B peaxkTopHO 30Hze Mccie-
JIOBaJIOCEH BhIJleleHHe Telljla cTersamu, cofepxaimmun 6op (CHMAKC, CYIIEPMAKCQ),
n crexjoM (e Gopa (YHUT'OCT). Be3GopHoe cTek:10 110Ka3a.10 MOBLILIEHHE TEMIIEpaTypHI,
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CpaBHMMOE C OIIMOKOM I3McpeHuA TeMIepaTypLl TepMomapoi. ¥ cTexoi ¢ GopoM Ghuto oT-

ME4€HO IIOBbIIIEHIIe TeMIlepaTypsl Ha 39 iuig cooTBeTcTBeHHO 33 K B obaacT TemmepaTyp
350—390 °C.

Puc. 1. O6vikroeeHHAS EOHCMPYRYUS woHIL020 mepmomempa: 1 — uonnwvile mepmomemp,
2 — npogodnur, 8 — uaoasyuonnas sactinka (MgO), 4 — mepmonapnsiii xKabeab,
d — apmuposarue u3 Hepxcaseloujeil cmaal.

Puc. 2. Cmerasnnas kanas ¢ naamurossimu sackmpodamu 048 o6ayuenur ¢ amnyae: 1 — cme-
Kashhad kanas, 2 — Pl-anexmpodu.

Puc. 3. Ixpan-kormeiinep usmepenus 3aexmponpocodrocmu 06pa3yos npu  NOGhLlueHHolL
memnepamype: 1 — uwemvipexkanaabrblii xanuasap, 2 — mepmonapa, 8 — obpasey,
4 — mueeav u3 Hepucaserwjeli cmaal.

Puc. 4. Bapuanm apmuposanHOl mepmonapvt 04 3KCNepUMERMA C GblOeseHUeM Menaomoi
om adeproli peaxyuu Gopa: 1 — mepmonapuwiii pabowuti cnad, 2 — cmexaannas
kanaf, 3 — 6030yx, 4 — apmuposarue u3 Hepucageloweli cmaau, § — mepmonap-

HBLiE Kabeab.

Puc. 6. Paamewerue mepsonap co CMERASHHBMI KANASIMU 6 ARIOMUHUEEOM YUAUNOpe
peaxmoprozo 30H0a: t; , t2 — mepmonapur, SI — damuux co cmexaom CHMAKC, SU —
damuuk co cmenaom CYINEPMAKRKC, U — damuuk co cmekaom Y HUTOCT, PN —
damuux co cmewaomw IOJTY BHDBI HOPMAJ (A. Z. C. — nanpasaenue ¢ yerwmp
AKMUBHOTE 30HbL).

ABRAZIVNI MATERIALY (Abrazivnyje materialy). A. P. Garsin, V. M. Gropjanov,
J. V. Lagunov. Maginostrojenije, Leningrad 1983 (232 str., 71 tab., 69 obr.).

Monografie o abrazivnich materialech, které v roce 1983 vysla v SSSR, se tyka velmi aktualni
problematiky, souvisejici se zvySovdnim vyznamu broudeni pii obrébéni kovu, jejich slitin a dal-
8ich, predev&im anorganickych materialt. Autofi knihy poprvé, na rozdil od monografii podob-
ného typu, poddvaji uceleny vyklad zakladnich vlastnosti abrazivnich litek ve vzajemné sou-
vislosti s jejich elektronovou a krystalovou strukturou.

V knize jsou na 232 strandch vysvétleny zéklady teorie tvrdosti a fyzikalné chemickych
procesu, které probihaji pfi syntéze a spékani abrazivnich materidli. Déle jsou popsdny teore-
tické zdklady rozdruzovéani tvrdych litek. Uvadéns technologickd schémata vyroby brousicich
néstroju a metody modifikovani jejich povrchu naznaluji moznosti zlepSovani uzitnych charak-
teristik abrazivnich obrabé&cich néstroju.

Dalsi pozoruhodnosti knihy je pohled na ekologické problémy, spojené s vyrobou a pouZitim
abrazivnich materialu, predevsim z hlediska spotieby vody a vodniho hospodaistvi.

S ohledem na vdechny vy3euvedené aspekty, které zobechuji a systematizuji poznatky
o abrazivech na zdkladé souc¢asnych predstav fyziky a chemie pevnych latek, je aktudlnost knihy
nespornd. Tato monografie bude nejen stimulovat daldi rozvoj odvétvi syntetickych velmi
tvrdych latek a abrazivnich materialu, ale bude i velmi uzitetnou pomuckou pro studenty,
technické a inzenyrské pracovniky v chemickém, metalurgickém a silikdtovém prumyslu, jakoz
i pro aspiranty a védecké pracovniky specializované na fyziku a chemii pevnych latek.

Vi. Bro¥fek

BERNARD D’ESPAGNAT:INSEARCHOFREALITY.APHYSICIST'S VIEW
(Hledénf reality. Pohled fyzika). Springer Verlag, Berlin 1983. 182 str. cena 16,7 dol.

Kniha pojednavé o zékladni otdzce, do jaké miry muZe soulasné fyzika potvrdit existenci
nezdvislé reality mimo nase védomi. Shromazduje vysledky posledniho vyvoje v oblasti fyziky
mikro&édstic a srovndvd moderni fyzikélni teorie s pfstupem nékolika filozofickych gkol. Ukazuje,
co lze od fyziky oekdvat a co naopak fyzika nemuze nikdy odhalit. Autor psal knihu pro &tenéare,
ktefi se zajimaji o filozofické otézky, tykajici se zékladnich problému v&dy. Nepouzivéd jazyka
matematiky, predpokladé vsak hluboké znalosti o soudasném védeckém poznéni v oblasti fyziky.

S atava
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