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Concentration profiles of lead in the surface of lead crystal glass (24 wt.%) treated by products of decomposition of
ammonium chloride at 280 °C and 450 °C were measured by the method of photoelectron spectroscopy. The concentration
profiles showed that the dealkalization resulted in a distinct reduction of lead concentration in the glass surface already
at the lower treatment temperature (280 °C). The dealkalized surfaces yielded very low extracts of lead even by long-term

leaching into 4 vol.% acetic acid at room temperature.

INTRODUCTION

Leaching of lead from lead crystal glass ware can be
suppressed by suitable surface treatment. The methods
employed are aimed in particular at reducing the lead
content in the surface of finished products prior to their
application in practice. Apart from extraction in solutions
of acids, use can also be made of surface dealkalization
at elevated temperatures otherwise employed for the
purpose of improving the chemical durability of
soda-lime glasses. The method is based on interaction of
alkalies and possibly other components in the glass
surface with reactive gases (SO,, SO,, HCI) at elevated
temperatures, whose products either form readily soluble
deposits on the surface, or vaporize at the treatment
temperature. It is assumed that apart from alkalies, the
treatment also removes other components, in particular
calcium, and at higher temperatures also other elements
(Fe, Pb, B, etc.) [1, 2]. This paper presents the results of
measuring the concentration profiles of lead in the
surface of lead crystal samples with dealkalized surfaces.
The effect of dealkalization on the amounts of lead
extracted from the surface by leaching was determined at
the same time.

EXPERIMENTAL PROCEDURES

Glass specimens
(lead crystal glass with a content of 24 wt.% PbO)

1. Platelets 10 x 10 x 4 mm cut from the cup bottom,
the surface treated mechanically by grinding and
polishing (samples for measuring the concentration
profiles).

2. Drinking glass: goblets of 300 ml capacity
(samples for determining the lead extracts).

Dealkalization of specimen surfaces

Carried out with ammonium chloride at 280 °C and
450 °C. The deposits were washed off the surface with
distilled water.

Measuring the lead concentration profiles

Use was made of X-ray photoelectron spectroscopy
in combination with the ion sputtering {3]. The rate of
sputtering from the surface was about 0.6 nm min™.

Determination of lead extracts
from the inner surfaces of drinking glass

Leaching of inner surfaces with dilute acetic acid
(4 vol.%) at room temperature. The lead content in the
extracts was determined by the AAS method.

RESULTS

Figure 1 shows the concentration profile in the
surface of a specimen prepared from the original glass
from commercial production by grinding and polishing
the surface. The specimens thus prepared were used in
dealkalization. Also shown is the concentration profile of
lead obtained from the same glass not subjected to
additional grinding and polishing.
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Figure 1. Concentration profiles of lead in the surface of non-
dealkalized glass specimens.

B - original glass from production, A - surface treated
mechanically by grinding and polishing
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Figure 2. Concentration profiles of lead in the surface of
dealkalized glass specimens.
A - initial non-dealkalized surface, M - dealkalization at 280 °C,
@ - dealkalization at 450 °C
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Figure 3. Time dependence of lead concentration in extracts into
acetic acid (4 vol.%) at room temperature. 300 ml goblets.

A - non-dealkalized surface, B - dealkalization at 280 °C, @ -
dealkalization at 450 °C

Figure 2 shows the concentration profiles of lead in
the surface of ground and polished specimens following
their dealkalization at 280 °C and 450 °C respectively, in
comparison with the concentration profile of
non-dealkalized surface.

Figure 3 shows the time dependence of lead concen-
tration in extracts from drinking glass (goblets of 300 ml
capacity) with dealkalized and non-dealkalized inner
surfaces, into acetic acid (4 vol.%) at room temperature.

DISCUSSION

The results of measuring the lead concentration
profiles in the surface of non-dealkalized specimens
(figure 1) show that the original surface from commercial
production (chemically unpolished surface), compared to
the additionally mechanically treated one, shows
enrichment with lead in the subsurface layers, with a
maximum reached after about 10 minutes of sputtering,
i.e. at a depth of approximately 6 nm. In the case of
specimens with ground and polished surfaces the
concentration profile of lead has changed considerably as
a result of removal of the surface lead-enriched layer,
and obviously as one of partial extraction of lead in the
course of grinding and polishing.

The comparison of lead concentration profiles from
dealkalized and non-dealkalized glass surfaces (figure 2)
shows that lead concentration in the surface of dealkali-
zed glass was significantly reduced (by a factor of
about 7). Gradual sputtering of the outer layer of dealka-
lized surfaces brings about only a very slow increase in
lead concentration in the subsurface layers which rises
distinctly only after removal of about 30 to 40 nm. Short
periods of surface sputtering bring about only minimum
differences in the concentration profiles of specimens
dealkalized at various temperatures (280 °C and 450 °C).
Some differences appear only in the deeper layers where
in the layer dealkalized at the lower temperature the lead
content starts to rise earlier (after about 55 minutes of
sputtering) than in that dealkalized at the higher
temperature (after about 70 minutes of sputtering).

The results of extraction from the surface of ware
into acetic acid solution at room temperature (figure 3)
demonstrate a significant effect of surface dealkalization
on suppressing the leaching of lead. Even after long-term
leaching (112 days) the concentration of lead in extracts
from dealkalized surfaces remained within the detection
limits of the analytical method employed (about
0.05 mg I'").

CONCLUSIONS

The results of measuring the concentration profiles
of lead showed that dealkalization by reactive gases at
elevated temperatures is a very efficient treatment
bringing about removal of lead from the surface layers of
glass. The treatment results in a significant reduction of
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lead leached from the surface of lead crystal ware. The
dealkalized surfaces exhibited extremely small values of
extracted lead even after long-term leaching in acetic
acid.

A comparison of concentration profiles of specimens
dealkalized at temperatures of 280 °C and 450 °C
respectively indicates that from the standpoint of
removing lead from the surface layers of glass,
dealkalization at the lower temperature far below the
transformation temperature of glass is already adequately
effective. Evidence of the efficiency of the treatment
even at the lower temperature is provided by the results
of extraction of surfaces dealkalized at the lower
temperature (280 °C), which showed a significant
decrease of the amount of extracted lead compared to
non-dealkalized surfaces. Similar results were obtained by
dealkalization at the higher temperature (450 °C).

Acknowledgement

The present study was supported the Grant Agency of Czech
Republic. Project No. 106/99/1419.

References

1. Schaeffer H.A., Stengel M., Mecha J.: J.Non-Cryst.Solids
80, 400 (1986).

2. Rybafikové L.: Ceramics-Silikaty 37, 193 (1993).

3. Moulder J.F,, Stickle W.F,, Sobol P.E., Bomben K.D., in :
Handbook of X-ray Photoelectron Spectroscopy, Perkin-
Elmer Co., Eden Prairie, USA, 1992.

Translated by K. Némecek.

KONCENTRACNI PROFILY OLOVA
V POVRCHU OLOVNATEHO KRISTALU

LUDMILA RYBARIKOVA, PETR JIRICEK*, HELENA HRADECKA

Ustav skla a keramiky,
Vysokd Skola chemicko technologickd v Praze,
Technickd 5, 166 28 Praha

*Fyzikdlni istav Akademie véd CR,
Cukrovarnicka 10, 162 00 Praha

SniZeni vyluhd olova u vyrobkd z olovnatého kfistalu je
mozné dosdhnout vhodnou dpravou povrchu, kterd vede k
extrakci olova z povrchovych vrstev skla pfed jeho pouZitim.

V prici byl sledovén vliv dezalkalizace povrchu olovnatého
kiistalu (24 hmot.% PbO) produkty rozkladu chloridu amonného
pfi teplotdch 280 °C a 450 °C na obsah olova v povrchovych
vrstvdch skla a na sniZeni vyluhi olova z povrchu vyrobka.
Koncentra¢ni profily olova byly méfeny metodou fotoelektronové
spektroskopie ve spojen{ s odpraSovinim povrchu energetickymi
ionty. Rychlost odpraSovdni povrchovych vrstev skla byla
pfiblizn& 0,6 nm min™.

Vliv dezalkalizace na vyluhovani olova z povrchu byl
sledovéan dlouhodobym (aZ 112 dnf) louZenim nédpojového skla
(sklenice 300 ml) do roztoku kyseliny octové (4 obj.%) za
laboratomnf{ teploty.

Na obr.1 je koncentraCnf profil olova v povrchu zakladntho
vzorku pfipraveného z plivodniho skla z vyroby brousenim a
mechanickym leSténfm povrchu. Vzorky s takto upravenym
povrchem byly pouZity pro dezalkalizaci. Soucasné je zde uveden
koncentraéni profil olova v povrchu vzorku téhoZ skla, ale s
pivodnim povrchem z vyroby dodateéné mechanicky
neopracovanym. Z porovnan{ koncentraénich profild je zfejmé,
Ze plvodni povrch z vyroby (chemicky nelestény vzorek)
vykazuje oproti dodate¢né mechanicky opracovanému povrchu
obohacenf olovem v podpovrchovych vrstvach. U vzorku
s povrchem dodatecné brouSenym a lesténym doSlo k vyrazné
zméné koncentratntho profilu olova v porovnan{ s pivodnim
vzorkem z vyroby v disledku odstranéni povrchové, olovem
obohacené vrstvy skla a zfejmé i Cdsteénym vylouZenim olova
z povrchu v pribéhu brousen{ a le$téni. Méfeni koncentra¢nich
profild  dezalkalizovanych vzorki ukazalo (obr.2), Ze
koncentrace olova v povrchovych vrstviach skla
s dezalkalizovanym povrchem vyrazné klesla v porovnani
s nedezalkalizovanym povrchem (cca 7x), k nérdstu koncentrace
olova v hlubsich podpovrchovych vrstvich dochézi jen velmi
pozvolné. Koncentratni profily olova u- vzorkd dezalkali-
zovanych za riznych teplot (280 °C a 450 °C) se pfi krat3ich
Casech odpralovani povrchové vrstvy prakticky nelisi, uréity
rozdil se zalind projevovat aZ v hlubSich vrstvach (cca 40 nm)
pod povrchem skla. Dlouhodobé louZeni povrchu vyrobki do
roztoku kyseliny octové za laboratorni teploty (obr.3) prokdzalo
vyrazné sniZeni vyluhli olova u vzorki s dezalkalizovanym
povrchem a to pro obé& pouZité teploty dezalkalizace.

Vysledky méfeni koncentratnich profild potvrdily, Ze
dezalkalizace dCinkem reaktivnich plyni za vysSich teplot je
velmi G¢innou tpravou k extrakci olova z povrchovych vrstev
skla. Disledkem této dpravy je vyrazné sniZeni vyluhii olova z
povrchu vyrobkd. Dezalkalizované povrchy vykazuji velmi nizké
vyluhy olova i po dlouhodobém louZeni v kyselin€ octové.
Uginn4 je jiz dezalkalizace za pomérné nizkych teplot (280 °C)
hluboko pod transformacnim bodem skla.
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