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Historickéa skla barvena uranem byla vyrabéna v fadé ceskych sklaren ptiblizné mezi

lety 1830 a 1945. Obsah uranu v téchto sklech se pohybuje v fadu desetin procenta. Material
piedstavuje vhodny analog tzv. nuklearnich skel slouzicich k imobilizaci radioaktivniho
odpadu. Vzhledem ke slozitosti procest predpokladanych v podzemnim tlozisti v dobé kdy se
odpadni skla dostanou do kontaktu s vodou ma material velkou vypovidaci hodnotu pro
posouzeni dlouhodobé stability skla v ptirodnich podminkach se zaméfenim na chovani
uranu.

V ptedlozené praci jsou studovany zmény historickych uranem barvenych skel

vystavenych az 150 let ptisobeni ptirodnich roztokl v exogennich podminkéach. Béhem této
doby doslo na povrchu vzorki ke korozi.

U draselnych skel bylo pfi povrchu zjisténo preferencni vylouzeni alkalii a vznik
hydratované diftzni zony o mocnosti az 0,6 mm. V této korodované ¢asti bylo pozorovano
srazeni novotvoteného kalcitu (CaCO3) patrné v disledku zvySeného pH. Oproti pivodnimu
sklu byla ve vylouzené zon¢ potvrzena stabilni, v nékterych ptipadech zvysena koncentrace
uranu. Ackoli doSlo k vylouZeni az 17,5 % K20 a nahrazeni prakticky veskerého drasliku
ionty H30+ z roztoku, uran zistal ve vylouzené fazi efektivné fixovan.

U fady nalezenych vzorki byla zjiSténa pfirodni alterace povrchu spojend s mobilizaci
hliniku a vznikem novotvotenych Al-fazi. Alterace byla identifikovana na draselnych i
sodnodraselnych sklech barvenych uranem. Tence laminované povrchové zony jsou tvoieny
dealkalizovanym sklem a nové¢ vzniklymi pevnymi fazemi. V krustach byly identifikovany
gibbsit (AlI(OH)3), kaolinit (Al2Si205(0H)4) a kalcit (CaCO3). Tyto komplexni altera¢ni
krusty vykazovaly pouze zlomek plivodni koncentrace uranu ve skle. VéEtSina uranu tedy byla
pfi alteraci skla uvolnéna do okoli.

Kromé chemického a mineralogického studia pfirodnich vzorkl byl proveden téz

srovnavaci laboratorni louzici experiment o délce 14 mésicii, pomoci kterého se podatilo
zjistit hlavni trendy v interakcich mezi sklem a vodou. Jako ekvivalent historickych skel bylo
pouzito uranem barvené sklo vyrobené v souc¢asné dob¢ Jablonexem a.s, Jablonec n. Nisou.
Vysledky experimentu potvrzuji to, co bylo pozorovano na ptirodnich
difiznéiontovyménnych koroznich zénach: Uran ma tendenci koncentrovat se v rezidualnich
vrstvach, protoze je ze skla uvoliiovan pomaleji nez alkélie 1 dvojmocné kationty. Bylo
zjisténo, Ze rychlost uvolnovani uranu je velmi podobna jako u kiemiku, ktery tvoii zakladni
sit’ skla a do roztoku piechazi zejména pii rozpousténi skla jako celku. Termodynamicka
modelovani saturace vyluht viici pevnym fazim ukazuji, Ze faze jako gibbsit a kaolinit, které
byly nalezeny mineralogickymi metodami v ptirodnich altera¢nich krustach, se mohou
formovat i v jednoduchém systému voda-sklo jaky byl testovan v laboratofi.

Z provedeného vyzkumu je zfejmé, Ze mira uvoliiovani uranu ze skla je zcela zavisla na
tom, ktery ze dvou nalezenych zplsobi pfirodni alterace se bude uplatiiovat. Nepochybné
tedy 1 malé lokélni zména podminek uloZeni skla (naptiklad mnozstvi roztoku v okoli) ma

v dlouhodobém ¢asovém horizontu dalekosahlé nasledky.
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Historical Uranium Glasses

The study is concerned with the corrosion of historical uranium-coloured glasses from

the Czech Republic. The samples were taken from the dumps of several former glassworks.
Uranium content ranges from 0.09 to 0.56 wt % depending on the particular glass type.
Corroded surface layers were formed naturally on the glasses during the burial period. The
alteration features of the historical uranium-coloured glasses exposed to natural weathering
for over 150 years can help to bring more light to the long-term natural corrosion of glass.
These materials represent convenient analogues for nuclear glass (vitrified radioactive waste)
and their investigation is extremely useful in the context of possible U release/attenuation
during glass alteration. The overall uranium concentration of several tenths of weight percent
in the historical uranium-coloured glasses is equivalent to that in certain common types of
nuclear waste glasses for example French SON 68 (R7T7) or U.S. WVDP (West Valley
Demonstration Project) and DWPF (Defence Waste Processing Facility).

Natural Corrosion and Alteration

Two types of natural corrosion crusts were identified by a combination of SEM/EDS,
HRTEM/SAED, EPMA and XRD:

(1) The leached surface layer (up to ~ 600 pum thick) that is hydrated, depleted in alkalis

and enriched in Si with the stable concentration of U and Al. Some thin veinlets of calcite
(CaCO3) are present as the only neo-formed phase in this kind of layer. In some cases
uranium concentration in the leached layer was found slightly increased probably because
(UO2)2+ effective fixation by sorption on the residual hydrated glass.

(2) Formation of lamellae depleted in alkalis, Si and U and enriched highly in Al. The
surface layer system of newly formed phases and leached relics of the glass is at most 30 to
50 um thick. The presence of newly formed gibbsite (Al(OH)3) moreover kaolinite
(Al2Si205(0H)4) and calcite (CaCO3) were confirmed in this type of corrosion crust by
HRTEM. With respect to the primary glass composition the research suggests that the Ca2+
and Al3+ ions forming new phases have been provided by the natural leaching solution.
Uranium concentration in the alteration crust is significantly lower in comparison to the intact
glass. Alpha spectroscopy of the alteration crust demonstrated the isotopes 238U and 234U in
the products of the glass corrosion are at the radioactive disequilibrium.

Experimental Leaching

The batch leaching test was performed in laboratory and the glass dissolution rates with
respect to main components including uranium were established. The alteration features of the
historical uranium-coloured glasses exposed to natural weathering for over 150 years were
compared to the experimental alteration of similar glass with ~ 0.3 wt % of uranium using a
long-term (up to 426 days) kinetic laboratory batch leaching test in deionised water.

The experimental leaching indicated the preferential release of alkalis (K, Na, Li). Silica

and U were released from the glass at a slower rate. This process resulted in the formation of a
3-um deep corrosion layer depleted in alkalis and relatively enriched in Si. The PHREEQC-2
modelling also predicted the precipitation of secondary gibbsite and kaolinite in the late stages
of the leaching. These phases may form especially when sufficient amounts of Al are
available from the environment (e.g., soil).

Conclusions

Glass exposed to weathering in soils for 150 years exhibited two types of corrosion

crusts: (i) a leached zone depleted in alkalis, enriched in Si and with stable U concentration;
(i1) a zone composed of lamellae depleted in alkalis, Si and U and enriched in Al with the



formation of secondary Al-oxyhydroxides (gibbsite) and Al-phylosilicates (kaolinite). The
PHREEQC-2 calculation of laboratory extracts also predicted the precipitation of secondary
gibbsite and kaolinite for these altered glasses in a long-term perspective, which is in
agreement with the investigation of natural alteration zones.

In actual nuclear waste disposal systems the potential contact of water with glass is
deferred to the times after the waste container has been breached. The maximum supposed
depth of these systems is up to 1 km. In such mine-construction the environment is still
comparable to the surface burial conditions of the historical uranium glasses. Investigating
these glasses it was recognized even a small change in natural burial conditions (such as
sufficiency of solution) can change the glass degradation type principally. Subsequently the
way of the glass alteration influences the rate of U release/attenuation.



