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Using two types of chemical durability tests (static and dynamic test in
Sozhlet’s extractor) at 95 °C, the resistance to water of two glasses (Float glass
and a glass intended for the fization of radiactive wastes) was determined while
taking into account the following factors:

a) the ratio of the sample surface area to the volume of the leaching solution
(the so-called SA[V ratio);

b) the form of the sample, by comparing ground and compact ones;

¢) various surface treatments of the samples (grinding and polishing).

Their effect was established by determining the amount of alkalies and silica
extracted into the solution.

The effect of the SA/V ratio on the amount of components eluted into solution
was found to depend on the composition of glass. The form of the sample does
not substantially influence the test results. The quality of surface finish affects
the amount of components eluted into solution.

INTRODUCTION

Chemical durability of glass is a decisive property for its application in many
fields. The determination of chemical durability has been standardized and the
respective specifications stipulate preccisely the respective test conditions. The
tests are generally short-term in nature, taking at the most several hours. However,
the short-term tests are not quite satisfactory for some special applications
of glasses. For example, glassy materials for the fixation of radioactive wastes
require much longer tests (of the order of months or vears) in view of the long
periods envisaged for their safe deposition. No tests for this type of special glasses
have yet been standardized; there are only drafts which have not yet been approved
in a binding way [1]. The working out of procedures and conditions for such tests
requires perfect knowledge of the effects of factors influencing the chemical dura-
bility of glass.

The fators affecting the chemical durability of glass can be generally divided
into three groups [2]:

1. System factors (the properties of the entire leaching system), i.e. temperature,.
ratio of the glass area to the volume of the leaching solution (SA V), possibly the
radiation level;

2. The properties of the leaching solution — its composition, pH, content of dis-
solved gases, rate of flow;

3. The properties of the glass, i.e. its composition, homogeneity (content of non-
glassy phases), its form, surface characteristics, thermal history.

A number of data on the effects of these factors can be found in the literature.
However, a critical study of their effect on the results of durability tests is still
lacking.
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The question of the effect of SA/V is one that is discussed very frequently [3 —8].
Whereas the tests carried out on current simple glasses show that an increase in the
SA/V ratio accelerates leaching, those on more complex glasses (usually those for
the fixation of radiactive waste) brought the opposite results.

The comparison of powdered and compact samples is discussed as a theoretical
problem of the suitability of a certain type of sample for the given test. The compli-
cations involved in the leaching of powdered samples are pointed out: the difficult
determination of the specific surface area of powdered samples, formation of powder
particle clusters, danger of sample compaction, change in the surface area of the
sample during the test due to decreasing particle size and creation of so-called
corrosion cells, i.e. areas in close proximity of the grain with a significantly higher
concentration of the corrosion or leaching products in the solution [9, 10]. To reduce
these effects to a minimum, the medium grain size of about 0.2 to 0.6 mm should
be used.

Elution of specimens with various surface finishes was compared e.g. by Pederson
et al. [3] who found that coarsely ground samples produce higher amounts of eluted
Si, Na and B than the polished ones, even when calculated per area of eluted surface.
A similar conclusion was reached by Sanders and Hench [11]. In the former case
the measurements were carried out on a comparatively complex glass for the fixa-
tion of radioactive waste, in the latter a simple Li,0—2 SiO; two-component glass
was involved.

EXPERIMENTAL

The two glasses chosen have different compositions as well as practical applica-
tions. The current commercial glasses were represented by the FLOAT sheet glass,
those for special applications by an experimental glass for the fixation of radiactive
waste, designated G. The composition of the two glasses is listed in Table I.

The powdered glass tests were carried out with the grain size fraction of 0.315 to
0.5 mm prepared according to the Czechoslovak standard [12]. The compact

Table T

Composition of glasses FLOAT and G which were
used in the experiments (in wt. %)

Elass
Oxide

FLOAT ‘ G
Si0, 72.54 ‘ 41.50
B, 0; — 10.70
Al;03 0.75 1.35
Fe;o; 0.05 _
CaO 5.25 ‘ 3.20
MgO 3.79 | 2.30
Na,0 13.89 9.80
K,0 0.41 ‘ 8.50
CI‘203 —_— 630
TiO, — 13.40
LizO _ l 2.85
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samples were prepared from the FLOAT glass only; the samples were cut into
specimens of suitable sizes and then ground on disks with a diamond abrasive
of various finenness (disks with 150 um and 50 .m abrasive were used in the tests
concerned with the comparison of compact and powdered samples). The individual
specimens for the tests assessing the effect of surface finish were prepared as fol-
lows:

1. grinding on disk 150 p.m
2. specimen ground as ad 1. additionally reground on disk 50 p.m
3. specimen treated as ad 2. additionally ground on disk 20 pm

4. specimen treated as ad 3. additionally polished to optical gloss by msans
of CeO;.

The chemical durability tests employed

Two types of tests were used, namely a static and a dynamic one. Both tests
proceeded at 95 °C, distilled water being employed as the eluent. A separate bottle
with the sample was used for each experimental point and the volume of distilled
water was always 70 ml. The dynamic tests were carried out in Soxhlet’s extractor.
The volume of distilled water in the boiling flask heated in a heating nest was
200 ml. The capacity of the extraction vessel up to the overlow amounted to 70 ml,
so that the volume of the eluent changed during each cycle from the minimum value
of the residual liquid following the draining of the vessel, up to the maximum value
of 70 ml (cf. Table ITI). The eluting vessel was thermally insulated from outside,
so that the solution change cycle was shortened to 5 minutes with a minimum
temperature fluctuation (41 °C). The solution in the boiling flask was always
replaced with distilled water and subjected to analysis after a certain period
of time.

Analysis of the eluates

In all the tests, the eluate was analyzed for the change in the content of alkalies
and SiO; and possibly for a change in pH. Silica was determined photometrically
according to CSN [13]. The total alkality was determined by titration according
to CSN [12]. The total amount of alkalies was recalculated to the Na,O content
in solution. In addition to this, the alkaline components in solution were also de-
termined by flame photometry. It was found that with the FLOAT glass, the
amount of eluted components, apart from Na, was negligible. In the case of glass
@, the ratio of the eluted alkaline components Na,0 : K.® was about 1 : 0.8. The
results of titration were also expressed as Na.O content to allow the two glasses to
be compared.

Evaluation of the experimental data

The values of the concentrations of the eluted components were calculated for
the total volume of the eluate and related to the sample surface area according to
the equation

el
Y= g4 100
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where Q; is the amount of eluted oxide ¢ in g m—2, S4 is the sample surface area
in cm?, V is the volume of the eluting solution in ml, ¢; is the concentration of com-
ponent 1 in the eluate in pg ml-1.

In the cage of the time dependence for the Soxhlet extractor tests, the amounts
were always added up from the beginning of the experiment. The surface area (SA)
was estimated for the given powder fraction on the basis of data from the literature
[10]. The value of 110 cm? per gram of powdered glass was used for the calculations.
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Pig. 1. Comparison of the time dependence for the elution of compact and powdered eamples of FLOAT
glass under static conditions; a — Na30, b — 8i0z, O — compact sample, ® — powdered sampls.
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RESULTS

Tables II and I1I list the results of determining the effect of the SA/V factor
on chemical durability of glasses as established by the static and the dynamic tests.

The time dependence of elution of compact and powdered samples of the FLOAT
glass measured by both tests is plotted in Figs. 1 and 2. The weight of the powdered
samples and the dimensions of the compact ones were chosen so as to achieve
a comparable surface area ard thus also the SA/V ratio.

The results of chemical durability of FLOAT glass specimens with various surface
finishes, obtained by both methods, are given in Table IV.
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Fig. 2. Comparison of the time dependence for the elution of compact and powdered samples of FLOAT
glass in Sozhlet’s extractor; a — Na,0, b — Si0;, O — compact sample, ® — powdered sample.
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Table IT

Effect of the SA/V ratio on the amount of components eluted under static conditions (powdered
samples, 95 °C, duration of test 90 hours)

Sample Volume of FLOAT ’ G ‘
weight solution ' NoiO ‘ I* ‘
2 ol pH a.;_z ! 7S10_; | P ~ 1\{8,2_0 _ Slo_z
| gm | gm72 | gm™2 g m™2
0.10 70 8.1 0.15 0.36 9.0 1.02 3.04
1.00 70 9.0 0.24 0.80 9.3 0.64 2.22
2.00 70 9.2 0.30 0.93 9.4 0.45 1.08
5.00 70 9.2 0.45 1.21 9.7 0.30 | 084
10.00 70 9.4 0.65 2.51 — — " — ,
Table ITT

Effect of the SA/V ratio on the amount of eluted ecomponents for the Soxhlet extractor test
(powdered samples, 95 °C, test duration 90 hours)

Weight of Volume of ' FLOAT ¢
sample solution B ) |
—_— Na,0 | sio, Na,0 |  Si0,
4 ml i
| gme | gm gm- gm=
i !
- T
0.10 max. 70 0.38 , 1.46 9.18 34.16
1.00 max. 70 1.49 5.81 8.08 27.19
2.00 max. 70 1.82 7.09 5.95 12,15
Table IV

Effect of various surface finishes of compact samples on the amount of eluted components
(FLOAT glass, 95 °C, test duration 50 hours, sample surface area 30 cm?)

Soxhlet extractor Static test
Surface finish
(abrasive grade) Na20 Si0, Na,0 SiO,
g m—2 g m™2 gm-2 gm2
- |

150 gm 2.2 9.45 0.45 1.58

50 um 1.28 5.28 0.29 0.88

20 pm 1.23 5.10 0.28 0.79
CeO, 1.10 4.82 0.22 0.66

DISCUSSION

The effects of the following three factors on the results of chemical durability
tests on glass were investigated: the ratio of the sample surface area to the volume
of the eluting solution (SA/V), the form of the sample (powdered and compact).
the state of surface of the compact samples (degree of polishing).
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The SA/V ratio

The effect of SA/V was established under static and dynamic conditions (Sox-
hlet’s extractor) for two different glasses. Both tests showed that the direction
of the effect depends on glass composition. With the comparatively simple FLOAT
glass, an increase in the SA/V ratio brings about an increase in the amount of the
components (Na,O, Si0,) passing into soluticn. The more complex G glass shows
the opposite effect of the factor, as the amount of dissolved components decreases
with increasing SA/V. However, the dependence is not linear in either of the cases.
In interpreting the results, one has to take into account all phenomena that can
affect the process. The amount of corrosion products found in the solution at
a certain time is affected by time-dependent quantities which are moreover mutally
dependent. For example, the pH value at the given conditions of elution (at a given
value of SA/V and temperature) will rise to a certain value during a certain time
and then remain essentially unchanged even when the test proceeds for a very
long time (14—17). The value is specific for a given glass and the results obtained
so far indicate that it is always lower than 10.5 even with glasses of low chemical
durability (with the exception of two-component ones). There are also the signifi-
cant effects of the concentration of corrosion products in the solution, particularly
Si0,, PbO, Al,05 and other components which are responsible for various reaction
mechanisms.

SiO, can cause the solubility to be reduced: if the solution is saturated with
dissolved SiO; (the value of saturated concentration depending of course on pH),
the corrosion is significantly slowed down or stopped completely. Polyvalent ions
in solution may precipitate the other corrosion products (including SiO,). The
precipitates can deposit directly on the corroded surface of the original sample
in the form of a secondary layer which may suppress further leaching. On the other
hand, a decrease of the concentration of components dissolved in the solution
(resulting from their precipitation on the glass surface) may speed up the corrosion
process. An explanation of the opposite effect of the SA/V factor on glasses of diffe-
rent composition should obviously be seeked in the diverse effects of such factors
as pH, the presence of leaching products in the solution, formation of secondary
layers on the surface of glass, possible spalling of the partially corroded layers,
ete. It is therefore apparent that the effects of the individual factors should not
be assessed separately and that their interactions should be considered. The more
complex the glass, the more complex conditions arise in the glass-solution system
and the more difficult their interpretation.

The effect of the sample form

The time dependences for FLOAT glass in Figs. 1 and 2 indicate that under both
static and dynamic conditions the corrosion proceeds at a somewhat higher rate
with compact samples during shorter periods of time, the opposite applying for
powdered samples and longer time periods (both cases expressed per unit surface
area). However, the differences are not significant, so that it can be concluded
that the form of the samples is not decisive with respect to corrosion tests. In
view of the difficulties involved in the use of the powdered samples (precise surface
area determination the presence of fine particles, possible formation of co-called
corrosion cells), compact samples are often recommended for long-term tests.
In the study of the effects of some factors, however, powdered samples are
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preferred as they allow a wide range of SA/V ratios to be obtained. The
advantage of powdered samples lies in their simple preparation which does not
require any special technical equipment. They have the additional advantage
of providing a fresh fracture surface for the tests.

The effect of glass surface finish

The comparison of four types of FLOAT glass specimens with surfaces treated
in different ways showed the chemical durability to depend on the type of surface
finish. The optically polished specimen yields, after 50 hours of leaching under both
‘sta tic and dynamic conditions at 95 °C, just one half of the leaching losses compared
to that polished on the 150 pm disk only. The differences between the specimens
ground on 20 pm and 50 um disks are no longer so distinct. As the creation of the
optical gloss is a quite demanding operation, final finishing with the 50 pm or
20 pm abrasive should be satisfactory for routine testing.

CONCLUSION

The following conclusions can be formulated on the basis of the results obtained.

The effect of the ratio of the sample surface area to the volume of the leaching
solution on the amount of glass component passed into the eluate depends on the
particular type of glass. With the complex G glass, an increase in this ratio leads
to lowering the amount of the amount of components passed into the solution, and
the opposite applies to the simple FLOAT glass.

The form of the samples does not substantially affect the results of the durabilit y
tests, so that the choice between a powdered or a compact sample is given rather
by the nature and purpose of the test.

The quality of the glass surface is important for chemical durability testing;
ho wever, for routine tests it is not necessary to polish the specimens to optical
gloss as grinding with fine abrasives (20 to 50 um) should be satisfactory. In this
case, the difference in the amount of eluted components compared to optically
polished surface is not significant.

The FLOAT glass has proved suitable for the study of the factors given above.
The glass can be readily made into both powdered and compact specimens and the
concentrations of the eluted components can be easily determined by the analytical
methods employed.

In testing the chemical durability of special glasses (such as those for the fixat ion
of radiactive waste) it is conventient to measure a standard glass in a parallel
test to allow the results to be compared. If such a glass has not been directly spe ci-
fied, it is possible to use a standard commercial glass with a composition that
is virtually identical in many parts of the world, such as the FLOAT glass.
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FAKTORY OVLIVNUJICI VYSLEDKY TESTU CHEMICKE ODOLNOSTI

Barbora To8nerové, Hana Suvové, Ludmila Rybatikova
Vysokd $kola chemicko-t echnologickd, Katedra technologie silikdtst, 165 28 Praha

Na dvou sklech (tabulové sklo FLOAT a experimentélni sklo pro fixaci radioaktivnieh odpada
oznaéené ,,G*) byl sledovén vliv t¥i faktoru, které mohou ovlivnit vysledky testu chemiels odol-
nosti proti vods. Byly pouzity dva typy testu — staticky a dynamicky test na Soxhletové extrak-
toru; v obou piipadech probihalo louZeni pii teploté 95 °C. Byla stanovovéna celkové alkelita
vyluhu (kterd byla pfepoétena na obsah Na,0) a koncentrace SiO,, u statickych testti hodnota
PH vyluhu.

Byl sledovén vliv:

a) pomséru velikosti povrchu vzorku k objemu louziciho roztoku — SA/V, na drfovyeh vzor-
cich;

b) formy skla — porovnéni drtovych a celistvych vzorku;

¢) razné povrchové upravy vzorku na mnoizstvi slozek vylouZzenych do roztoku.

Bylo zjidténo, Ze vliv poméru SA/V na mnoiZstvi koroznich produktu piedlych do roztoku z4-
visi na sloZeni skla. U slozitého skla ,,G‘‘ vztiist tohoto pomé&ru snizuje mnozstvi slozek pieslych
do roztoku u jednoduchého skla FLOAT je tomu naopak (tab. II. a IIT).

Forma vzorku vysledky testu podstatnd neovliviiuje (obr. 1 a 2).

Kvalita povrchu vzorku ovliviiuje mnozstvi koroznich produktui preslych do roztoku, ¢im
jemn&jsim brusivem je povrch opracovéin, tim mensi mnozstvi ldtek pfechdzi do roztoku (tabulka
IV). Pfi pouziti celistvych vzorku je tedy dulezité, aby viechny vzorky mély stejnou povrchovou
apravu.

Prii studiu chemické odolnosti specidlnich materidlu (napt. skel pro fixaei radioaktivnich odpa-
du) je ucelné pouzit pro porovnéni vysledki standardni sklo. Pokud neni takové sklo speciédlnd
uréeno, je mozné pouzit i vhodné komeréni sklo s celosvétovd ustédlenym sloZenim napf. sklo
typu FLOAT.

Obr. 1. Porovndnt Sasové zdvislosti vyluhovdni celistého a drtového vzorku skia FLOAT za statickych
podminek; a) Na,0, b) SiO; O — celistvy vzorek, ® — drtovy vzorek.

Obr. 2. Porovndni dasové zdvislosti vyluhovdni celistvého a drtového vzorku skla FLOAT na Sozhletové
extraktoru; a) Nay0O, b) 8iO;, O — celistvy vzorek, ® — drtovy vzorek.
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ODAKTOPBl OKA3LIBAIOOINE BJIWAHWE HA PE3VYJbTATHI
TECTOB XMMWUYECKOU CTOMKOCTH

Bapbopa TommepoBa, 'ama CyBoBa, Jlyamuiaa PribapainkoBa

Kaghedpa mexnonoeuu cuauramos Xumuro-mexroroeuneckozo uncmumyma, 166 28 Ilpaea 6

Ha nByx Bujax crexsaa (:;iuctoBoe crexsio FLOAT u axcmepuMeHTa.IbHOE CTCKJIO, NIpeI-
HazHaueHHOe JJ1H PHKcalMy PaJMOaKTHBHEIX OTXO0HO0B, 0003HaYeHHOe Yepe3 ,,G**) Hee1e;[0Bas
BJINAHKE TpeX GaKTOPOB, KOTOPhIe MOTYT OK&3BIBATh, BIMAHME HA Pe3y.ThbTaThl TECTOB XIMH-
gecKoll BOJOCTOMKOCTH. IIpuMeHsuIMCH [Ba THIIA TeCTOB — cTaTHYeCKNI I MHaMITuec KMI
TecT Ha 3KcTpakTope Coxkcilera, B 000MX ciIy9aAX BhldleJaunBaHHeE NPOTEKAIO IIPH TeMIilepa-
type 95 °C. YcraHaB/iMBajach oOmias IIEJIOYHOCTh BKCTPAKTOB (mepecuuTaHHAs[ Ha cO;ep-
skaHne NazO) u xomneHTpanua SiO,, y cTaTudecKHX TecTOB BesnuuHa pH akcTpakToB.
HccitenoBaiin BilAHKE: a) OTHOMIEHUA pa3Mepa IMoBepXHOcTH 0o6paslia ¥ 00'beMy BhbIINeJIauu-
Balolllero pactBopa — SA/V Ba npobaeBbix obpasnax, 6) GopMel cTekila — colOCTaBleHHE
Apo0sieBbIX ¥ KOMIOAKTHLIX 06pa3IloB, B) pa3#oil 10BepPXHOCTHONH 06paboTKH Ha KOIMYeCTBO
KOMOOHEHTOB, BHINIeJIaYMBaeMBIX B pacTBOP.

Biuto ycraHOBJIeHO, 9TO BauMAHNe OTHOmMeHHA SA/V Ha KOJHYECTBO KOPPOsHOHHbLIN I1PO-
JAYKTOB, IlepelIelIINX B PacTBOP, 3 BUCUT OT COCTaBa CTeKJIa. ¥ CJIOKHOTO cTeriaa ,,G* poct
OTHOINEHHA IOHUKAET KOJIMIeCTBO KOMIIOHEHTOB, Iepelle/lINX B PAcTBOP, Y IPOCTOI0 CTEK.Ia
FLLOAT sromy maoGopor (tabus. IT 11 III).

@opma obpasna Ha pe3yJIbTaThl TECTOB He OKA3LKIBaeT cyMlecTBenHOe BiMAHMe (pHc. | 1 2).

HKagecTBo moBepxHOcTH 00pa3lia OKa3piBaeT BIMAHUE HA KOJLYECTBO KOPPO3HMOHHEIX IIpO-
JAYKTOB, NepelleflnX B pacTBop: deM GoJilee ToHKMM abpa3mBoM obpabaThiBacTcs moBepx-
A0CTh, TeM MeHbIIee KOJUYecTBO BenlecTB Iepexo;(uT B pacTBop (Tabi. 1V). CireyoBaTeisHO,
[pH JIpUMeHeHUA KOMIAKTHHIX 06pa3noB BakBo, 4To0A Bce 06pasnpl BRIIEJIAIIMCH OTMHA KOBOM
00pasoTKoii.

ITpn uccilefOBAHMM XMMHUECKOH CTOWKOCTM CHENUAJLHRX MaTepHajoB (HANp. CTeKO,
npefHa3HaueHHBIX 1A (QUKCAlMM paJMOOAKTHBHBIX OTXOHOB) IieJiec000pa3HO NpPHMEHATH
IJIS1 cOIIOCTaBJIeHNA Pe3yJIbTaTOB CTaH;JaPTHOE cTekya0. B kpaliHeM ciTyuae MOM#HO IPUMEHATDH
Jake MPUIoIHOE TIPOjlaKHOe CTeK:10 C YCTaHOBJIeHHBLIM COCTABOM BO BceM MHpe, Hanp. CTEK.10
viima FLOAT.

Puc. 1. Conocmasaerue 6pemerHoiL 3L UFUMOCILU 6b1I4EAAUUEAHUR KOMNAKMH020 1 OP00.1eH020
o6paaya cmexna FLOAT npu cmamuneckux ycaosuaz: a) Naz0, b) SiOz, 0 — rom-
nakmmuili o6pasey, 0 — Jdpob.aenvili o6pasey.

Puc. 2. Conocmagaerue 6pemerHoti 3a8UCUMOCILU KOMNAKMHK020 U Opobaenozo o6pasya cmex.aa
FLOAT na akemparsmope Cokcaema; a) NaiO, b) SiOz, 0 —- xomnaxmnusiii o6 pazey,
® — Opobaenviii o6pasey.

Zajimavosty

NOVOU METODU VYROBY KERAMICKYCH KOMPOZITNICH MATERTA.
LU vyvinula firma Lanxide Corp. Material pouzivany jako plnivo je vdzdn na keramickou matrix
pripravenou Fizenou oxidaci roztaveného kovu. Béhem tvoreni matrix reaguje roztaveny kov
s plynnym oxidantem. Vysledkemprocesu je kompozitni materidl keramika—kov. Mikrostruktura
a vlastnosti matrix z4visi na dopujici latce, teploté a dobé trvani reakce. Piipraveny jiz byly
keramické materidly soustavy Al,0;—Al, AIN—Al, TiN—Ti a ZrN—Zr. Proces tvorby kompo-
zitniho materidlu je charakterizovén jako fizeny rust matrix kolem mareridlu pouzivaného jako
plnivo, kterym mohou byt vldkna, whiskery nebo jinak tvarovany mareridl. Jedinou podminkou
je kompatibilnost plniva jak s oxidantem, tak s roztavenym kovem. Napf. pro soustavu Al;0;—Al
se jako plniva pouzivd dopovan4 slitina Al. Jako dopant muZe byt pouZit Mg, Zn, Si apod. Rust
matrix je pozorovan pii 700 az 1350 °C. Vlastnosti koneéného materidlu je mozné Fidit na zdkladé
sloZeni slitiny, teploty procesu, atmosféry a vybéru plniva.

Fryntovd
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