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Eúraction oJ sodium fronl the surJace ot container glass was studied for temperatures ol !00. C and 60ď C in
tertns of the time ot heating (t:qlosure) and the ucy oJ dosing (sůngle dose and repeated doses) ot ammonium
sulpfuate. Tke amount of sodium extracied incrcases wi,th increasing temperature of heating. At the lower
dealkr:lization temperature, the time dependence erhibits a steadg increase in the antount of sodium extracted
with batli the single a repeat,etl dosage ol the resct,due agent, and shows a parabolic course. At the higher
temperature, the amaunt of sotirunt, ertractq'd increasr"s uniformly only uhen the dealkalizing agent is supplied
continuously to the glass surtace (rcpeated dosing). The chemical durability oJ all the dealkalized surtaces ts

rnqrira times higher than, that a! the original urrtreated glass. In the case of glass surface dealkalized at the
hiEher tenrperature with an only limited dose ol tht reactiue agent, the chernical durability ol the surJace
is becotniyt,g g,raduall,y r,:dwr.r:r! trs r't tastlJi, al třstl di"{j,,'sion ot sodium lrom the internal glass layers into the
dn:clkaiized surf ace lager.

INTRoDUe T Ioí{

The corrosiorr oť glass surface by aqueous soli-l-
6ions and atmospherical humidity, and the undesir
able leaching oť glass comF'onents into solutions canl

be suppressed b3' s;uitable treatrnents. Třre ra.lost floIIi'
mon ones include application oť prrctective la.Yers ol-

dealkalization of {;he surface (leaching of the surfbc.'
layer, i'cn exetrange, extrection of alkalies by reaction;
with gaseous sribstances, etc.)"

Dealkalization using reactive ga^ses at elevated tem.-

penatures is an effecŮive and techno}ogieally vlabi.*
method, which ean be introduced either into the rnan'
taťecturíng process directly after forming (prior to an.
nealing), or as a separate additional process after an-
neaiing the ware

The high-ternperature dealkalizing is based olr r('-

action of the alkalies (,rr possr'oly aiso other compo-
nent,s) iri the glass surfac,e with gaseous subste,Í}ce;
(sulphur oxides, HCl, HF, etc.) produciug a wel! solu-
ble deposit on the surface, or substanees that vaporizr
from the surface at the ternperature of the treatment.

Dealkalization with gaseous substa,nces has been
known in giass t,echnology for a long t,irne" Extrac*
tion of soclium b'y producing sodiu.m sulphate in con-
necticin wit,h the Íllrrrration of a whrte tleposit ln an.
nealing iehrs was already mentioned e.g. by Williams
and Weyl [X]. In addi*"iou to these authors, an ex-
pianation of rh* r{ealkaiization rnechanisrn rvas at-
tempted by Douglas arrci Is.arr! í2] who studied ex-
traction oť sorl.uuin ťiorri gla.;s wlt,ti sirlp}irrr. rlroxictre

in terms oť te..rlpe,rat,ure alrci '.ihe presjellť,t' of vl;,'

ter vapo'.rrs. Tlrey conc!.rcied t,lraů ť,he dealkalizat,ic"lll
mechar,nisrn is t,enr p era, r, r.lre- depen eien i; " rlt, lo wer ! ov"'r,tr

temperatures (below approx. 5500C) the reaction pro-
ceeds according to the equation

2 Na_o_S' 
: ] i"á.i'n: ii::; (l)

Ttre process involvecl is an ionic exchange of Na* for
II*. The rate of the corrn[er-diffusion of the ions in
the glass depends on temperat,rrre and partial pres-
sure of water vapour in the atrrrosphere. At the stan-
dard dealkalization ternperat,ures (400"-700oC), the
surface reaction of Na* with SOz (and generally with
other reactive gases) is faster than the <lifusion of
ions in the glass, so that the diffusion is the con-
trolling process of the extract,ion. The surface reac-
tion may become the controlling process only <luring
the initial stage of the treatrnent when t,he srrrface is
treated with a highly dilrrte or poorly reactive gas.
In the presence of water val)our, a hyclrated surface
layer rich in SiO2 is forrned on the glass surface. The
dealkalization rnechanisrrr undergoes a change at the
higher temperatures. The alkalies are then renroved
from the glass according to [2] by unidirectional diffu-
sion of Na* and O-2 ions, while new Si-O Si bonds
are forrned in the glass surface:

2 Na-O-Si = + SO2 --+

.+ = Si-O-Si *NazSOo Q)

This react,ir:n, in which water vapour does not parti-
cipat,e, yields on t,lre surťace an anhytlrous high-
siileate layer rvlros+: character approaches tlrat of silica
girtss [3]

The effect oť water vapoirr on r |rt' dealkalization
rat,e was further irrvestigatecl l,}' Mochel et al. t4]
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Table I

Data on the glass samples employed

Chemical composition of the glass (wt. %) | SiO2 - 72.60

I NazO - 13.42

I XtO - o.8o

I cao - G.oz

I Mgo - 4.55

I 
Alzos - 1.41

I

Transformation temperature (T*) | 530'C

Chemical durability of the surface I Consumption of 0.01 mol/l HCI : 3.2 ml
with respect to water at 121oC I Durability class: HC 3

(arrtoclave test to Čsn-tso 4802-1)

Inner bottle capacity I o4cm'

lnner surface area of the bottle | 90 .ttt2

who found that SOs had more powerful dealkaliza-
tion effects than SOz, as also proved by llubert [5].

Apart frotn sulphur oxides, use can also be

nacle of the vapours of HCl, HzSO+, HF, (AlCl3)2,
organic fluorotlerivat,ives, atrcl also solid corttpouncls

((NH4)2SO4, NH'aNO3, K2S2Oz. KHSzOs, etc.)

which decompose at the treatment temperature, re-

leasing simple reactive gÍrs()S (So:, Sol, HCl. HP)

[6-ro]
'I'he rrrechanism of dealkalization, explained at first

on the example of sulphur clioxi<le, is also applic-
able to chlorine compounds. Schaeffer [6, 7] points
out that if the agent contains hydrogen, such as HCl,
dealkalization at the lower temperatures does trot so
much depend on the presence of water vapour in the
mixture, as is the case with SOz or SO3. However,
the water does affect the degree to which the sur-
face layer becornes hydrated. Different explanations
of the mechanism of dealkalization by means of fluo-
rine compounds can be found in the literature [9-11];
the rrrain disagreement concerns the presence of fluo-
rine irr the dealkalized layer.

High-temperature dealkalization brings about
a significantly improvecl chemical durability of the
surface. 'fhe ware treated in this way cotrforms to
the requirernents for medicinal purposes, where they
can replace borosilicate glass. The dealkalized sttrfac.e

retains its satisfactory chemical durability even after
repeated autoclave tests or sterilizations, and also re-

sists weathering [12, 13]. Dealkalization will prevent
leaching not only of alkalies, but also of other ttnde-

sirable components from glass, for instance even tltat
of lead frorn lead crvstal ware [14].

The present study summarizes the results obtained
in the study of extractiort of sodium from the surface
of container glass by the products of decomposition
of amrnoniurrr sulplrate. The study was aimed at elu-
cidating the effects of the dealkalization conditions on
the resulting chemical durability of the glass surface.

EXPERIMENTAL

The experiments were carried out with colourless
container glass bottles having the composition listed
irr 'l'able l.

The dealkalization was carried out at 4000C (<Tg)
ancl at 600oO (>'Ig). The clealkalization agent em-
ployed, ammonium sulphate, was introduced into the
bottles heated in advance at the respective tempera-
ture, in the forrn of pellets weighing 0.090 g eac.h.

The dosing was effectecl either once by putting in one
pellet, or by repeated charges introduced at prede-
termined intervals: for 6000C, 1 ancl 3 minutes, for
400oC, 10 minutes. At 600oC, the results of the mea-
surements were identical for the intervals of I and i]

minutes, whereas the interval of 10 Irrinutes di<l not
ensure an adequately contittuous strpply of the rea,c-

tive component. At 400"(1, t,he results for the itrtervals
of 3 and 10 minutes were iclentical. F'ollowing I ltt' itt-
trocluction of the agent, the samples were heatt'tl ott

in the furnace at the respective tertrperature ftrr t he

period of tirne selectetl (0.5 to 240 minutes) antl t,lterr

removed from the furnace. ht the case of repeated
charging, the sarrtples were always withdrawn from
the furnace half a mittttte after introducing the last
charge of the agent.

Roth the <lt:alkalized samples ancl the untreated
ones were evaluated by the following proceclures:

Cerartri<:s Silikáty č. 3-4' 1994
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l. lVitlr tltt' dealkalized samples, the deposit oÍ.

socliunr sulphate frorn the inner surface was rinsed
with a defined amount of distilled water, the concen-
tration of sorlirrttl ilt Íltr' rittsiltg soIrtt.irltts wa'.s rIr'lt'r-
minc,l lrr tlt,' ,\.'\S rrrt'tlrorl. an,l lhr.atnoutrl rtf Na2o
tlxt.rirt'Ir'r| Í.r. r1tt I lIt' tttttI art';r ,lÍ l ltr' lllIl('r glarss surface
calculat,etl.

2. With both the dealkalized and the original sam-
ples, the surface chemical durability with respect to
water was determined by the autoclavr'llsl (lcnrl,r'ra-
ture 121oC, 1 hour, total alka|iltitr .'Í'tlr.' lt'aclratc by
titration with 0.01 mol/l ll('l s,'lution).

THE Rf.S(JI IS AND DISCUSSION

For botlr l, rnl),'ratures selecte,l ( l(l0o( land 6000C),
the extr;r, tr,rrr ()f alkalies frrrrrr tlrt' glass surface was
deterrnnl rl rn terms of thl t rrrrt'r:f heating (exposure)
antl ' 'f' I lr, way of dosirrg I lr,, ,h';rlkalization agent (sin-
gl,' 'rrr,l rcpeated charging).

J",rr, I shows the dependence of the arnount of
s, ',lnrrrr extracted (pg Na2O/cmt) on the second root
. 'í t lr.' tirne of h'eating, f.lr llr 

't lt It'ttt1lr'rirt ttrr's attrI
l',,rlr ways of dosing 'l'he arrrounts of sodiunl e.x.

f r;rr lt'd for botlr 'rrrgle and repeated dosing were
lrrglrt'r at 6000( ' t lr;rtr al 400o('. For t ltt' tt'rrrpcr;rtrrre
.,l l()0oC, thr' ..,}|ll.s(' {lÍ. llte t,irrre dependettce was vir.
trr;rlly identir';rl w'rth both ways of dosing over the
tirrre period ,'xarrrined (up to 60 rninutes), arrrl the
;urtount of s,rrlitttn increases continuously with tirrrt'.
At this terrrpt'rature, the amount of the sulphur ox*
ides in thr: gas volume was obviously satisfactory fon

the react iorr with alkalies even after introduction of

6mŤ

m@
tirnď1s'zJ

Fig I. The amount of sodiunr extracted us. the second root
of the time of hruting
+ 4000 C, single rlase of (NH4)zSOq
. .100a C, repeated do:;es oÍ (NHq)zSo+
* 60ďC, single rlose of (NH/)zSo+
Ú 600, C, repeated doses ol (NÍI+)zSo+

the single tlose, so that the reaction could proceed
for a longer tirne rrntil the dealkalization agent was
spent. After introduction of the single dose at 600oC,
tlre arnount of sodium extracted at first increased and
latcr orr rernained unchanged. This indicates that the
decornposition of the sulphate and the reactions of
its decomposition proceed at this temperature sub-
stantially faster than at 400oC, and that the reactive
Aases at the surface of glass become soon spent, in
part,icular as a result of their rapid escape from the
bottle. Out of the dose of the agent employed, only
a srnall fraction is actually utilized for the reaction
rvith tlrt alkalies, as shown by a calculation based on
[he amount of sodium found in the extract from the
glass surface. For example, at 600oC, of the single
dose of 90 mg ammoniurn sulphate cluring 10 min-
rrt,es of lreat,ing, only about 3To of the sulphate got
used up in the reaction with alkalies (calculated on
the assumption of its decomposition to SOs, NH3 and
ilIo)

During the experiments, the ammonium sulphate
pellets were patently decomposed at temperatures
abovr' 300oC, and the decomposition was vehement
at l,errrperat,ures of 500oC and higher. In the liter-
atrrre, a comparatively wicle tenrperature interval of
2lrUoC-5130C is specified, and the explanations of the
'decompositiorr rrrechanism differ. The decomposition
is assumed to take place in several stages yielding in-
lcrnrediate reaction products [15, 16].

Ilie rliagrarn in FiS. 1 also shows that with re-
peated charging of the agent at intervals of 1 to 3 min-
rutes, where the reactive gas was available at the glass
surface for the entire time of heating, the amount of
sodium extracted increasecl continuously during the
heating at 600oC. In this case, the sodium diffusing
to the glass surface was continuously consumed by
the reaction with the dealkalization agent.

Following the initial faster rise, the dependence of
the amount of sodium extracted on the second root
of time at 4001C had a linear course indicating that
diffusion of ions through the surface layer of glass was
the controlling process.

Using the known amount of sodium extracted (rn)
and the value of initial concentration (Cr) it was
possible to calculate the effective diffusion coefficient
(D) for the linear part of the curve by resolving the
2nd Fick's law for diffusion from a constant source
(r, - zco\F/i ). In view of the relatively poor ac-
curacy of diffusion coefficient determinations, the cal-
culatecl value Dqoo - 4.4 x 10-14 cm2s-1 is in a rela-
tively good agreement with that given by Douglas and
Isard [2] for dealkalization of glass by sulphur dioxide
(D = 1.1 x tr0-13 cm2s-1). However, the values are
lower by several orders of magnitude than the coef-
flcient of self-diffusion of sodium in Na2O-CaO-SiO2
glasses, which should amount to about 16-to-19-s
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cm2s*1 at 400oC. There is a difference in the mecha-
nism of the process, and in addition to this, the rleal-
kalized layer becomes gradually dehydrated with a re-
sulting densification of structure ancl a change in the
composition towards a higher content of SiOz.

For the ternperature of 600oC, the course of the
clependence oť the amount of extracted sodium on
t/1, after an initial rapid increase (up to approx 1.5

minute), is not explicitly linear (Fig. 1). It cannot
be ruled out that this course may be affected by
a slowing clown of diffusion caused by densification
of the glass surfa,ce layer, which is more clistinct at
this higher temperature than at 400oC.

The short initial non-linear part of the curve at
lioth ternperatures rnay be affected by an elevated
content of alkalies in the surface layer of the original
glass surface, forrned in consequence of the migration
of alkalies to the surface in the course of the manufac-
ture [3]. One should also take into ar:count that the
very short tinles nf dcalkalization (0.5- 1 nrin.) ínvol'''e
the largest error due to continuing extraction of alka-
lies during the cooling down of the samples following
their rernoval írorn the furnace.

The cherriical .irrrabiiity of tire intter surÍaces oť t}re

clealkalized sarnples, assessed by the autoclave test at
l210C and expressecl by the cotrsurnption oť IICI irr
titrating 100 rnl of the leachate, is plotied in Fig. 2

for both temperatures in terrns of the time of heat-
ing following introcluction of one dose of anrmonium
sulphate. The consurnption of HCI for the original un-
treated surface is likewise plottecl for the sake cf coln*
parison. The cotrsunrption of HCI for dealkalized sur-
faces is rnuch lower (approx. 100-times for the short
times of dealkalizatiorr) than that ťor the origínal sur-
face. The chemical durability of the surface, achieved
by a single close of ammonium sulphate at 400oC, re-

mainecl virtually unchangecl in terms of the time of
heating, whereas in the same case at 6000C it de-

creased distinctly with the time of heating (the HCI
consumption increased) in spite of the fact that the
arnount of sodium extracted after using one dose of
the agent at 6000C was higher at all the tirnes of heat-
ing (Fig. 1) than it was at 400oC. This result indicates
that at 600oC, when the reactive gaseous component
produced from one dose of the agent is quickly spent
at the glass surface. the subsequent heatrrrg iea.ds to
a gradual equalization of tire concentraiton profile of
sodium in the surface layer, as a result of its diffu-
sion from the interior glass layers. In consequence of
tlris, the chernical drrrability of the glass surÍ'ace is
becorning gradually redi.i ced.

The concentrat,ion protiles of sodiurn in the surface
layers of ttre giass werc Ínťasurecl irt ordcr to explain
the differc'nces ln t,he behaviotrr oť surfa,r.es dealka-
lized under different c.onditions. 'lhe results will t.re

presented in another publicatron being preparecl [17].

0.12

ots

0.04

0m

6Úc

Fig. 2. The eftect of the time of heating (exposure) dur-
ing dealkalization on chemical durability of the surface ex-
pressed as consurnption of HCI (C : 0.01 mol/l) on titrat-
ing the leachate aJter the autoclaue test.
L consumption of HCI for the original non-d,ealkalized
surf uce

CONCLUSION

The extraction of sodium from the surface of glass
resulting from a reaction with the products of decom-
positron of ammonium sulphate depends on tempera-
l,ure, the tirne of heating and the way of charging the
dealkalization agent. The amount of sodium extracted
increases with the heating temperature. At the lower
temperature, the time dependence exhibits a contin-
uous increase in the amount of sodium extracted in
terms of time, and shows a parabolic course indicat-
ing that diffusion of ions through the surface layer of
gla,ss is the controlling process. At the higher tem-
perature, the amount of sodium extracted increases
uniformly only when the dealkalizing agent is contin-
uously and adequately supplied to the glass surface,
and the time dependence is not explicitly parabolic.
The extraction of sodium at higher temperatures is
associated with a densification of the dealkalized sur-
face layer which may affect the diffusion of the ions.

The chemical durability of dealkalized surfaces is
many tirnes higher than that of the original glass.
The chemical durability of glass surfaces dealkalized
at higher temperatures by a limited amount of the
agenb tends to decrease in terms of the time of heat-
ing, as a result of the diífusion of sodium from the
inner glass layers into the dealkalized surface layer.
The chernical durability of glass surfaces dealkalized
at the iower temperatures is not influenced by the
tirne of heating.
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pro teploty 400oC (<T,) a 600oC (>Tn) v závislosti na
čase temperování a způsobu dávkování (jednorázová dáv-
ka a opakované dávky) dezalkalizačního činidla. Dezalka-
lizované i původní povrchy byly hodnoceny následujícími
postupy:

1. Stanovením mnoŽství sodíku vyextrahovaného ze skla
na základě analýzy depozitu vytvořeného pŤi reakci
na jeho povrchu.

2. Stanovením chemické odolnosti povrchů proti vodě
autoklávovou zkouškou (121oC; 1 h; titrace výluhu
HCI o koncentraci 0,01 mol/l).

Závislost mnoŽství vyextrahovaného sodíku na čase
temperace je pro obě sledované teploty a oba způsoby
dávkování dezalkalizačního činidla na obr. 1. MnoŽství vy-
extrahovaného sodíku roste s teplotou temperace. Ča"o-
vá závislost vykazuje pro niŽší pouŽitou teplotu (400"C)
piynulý vzrůst vyextrahovaného množství sodíku s dobou
temperace a má po počátečnírn rychlejším nárůstu paÍa.
bolický tvar (lineární závislost na rt) naznačující, že Íí-
dícím dějem extrakce je diíúze iontů povrchovou vrstvou.
Ve siedovaném časovém rozmezí (60 min) je průběh té-
to závislosti stejný pro jednotázové i opakované dávko-
vání činidla. Při této teplotě je ve výrobku po vhození
pouze jedné dávky činidla dostatečné mnoŽství reaktiv-
ní sloŽky pro plyrrulý průběh reakce i po delsí dobu. Při
;yš,íí t,eplcltě (600"C) roste rnnožství vyextrahovaného so-
dítr<u s ča^seim plyrruie pouze pŤi nepŤetrŽitém přísunu re-
aktivní sloŽky k pr;vrchu skla (opakované dávky). Časová
závislost nemá v tomto případě jednoznačně:parabolický
iívar. Extrakce sodíku při vyŠších teplotách je spojena se
zhutňovánÍm struktury povrchové dezalkalizované vrstvy
skla a touto skutečností může být difúze iontů povrchovou
vrstvou ovlivněna.

Chemická odolnost dezalkalizovaných povrchů je ve vše-
ch připadech mnohonásobně vyšŠí, neŽ u povrchů původ-
rrích. U povrchů dezalkalizovaných při vyšší teplotě pou-
ze jednou dávkou reaktivního Činidla se s rostoucí dobou
temperace výsledná chemická odolnost postupně poněkud
zhoršuje v důsledku di{úze sodíku z vnitŤních vrstev skla
do povrchové dezalkalizované vrstvy (obr. 2). U povrchů
dezalkalizovaných při nižší teplotě není výsledná chernická
odolnost dobou temperace ovlivněna. .:

obr" 1 Záuislast množstuí uyextrahouaného sod,íku na dru-
hé odmocnině z času temperace
+ 4000 C, jedna dáaka (NHn),son
. 4000 C, opakouané dávkg (NH+)zSon
* 60ď C, jedna dát;ka (NHn),So+ .

a 600o C, opakouané dáuky (NH4)2so4
obr" 2 VIiv doby temperace při dezalkalizaci na chemóckou

odolnost pourchu. [Vyjádřeno spotřebou HCl (C=0,01
rnotr/l) při titraci uýluhu po autoklúuoaé zkoušce.]
L spotřeba HCI pro půuodní nedezalkalizouaný pourch
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EXTRAKCE soDíKU Z PoVRCHU SKLA PRoD|..lKTY
RoZKLADU SíRANU AM0NNÉHCI

Bsern'rcr PlBŠrx conovÁ *, Luolau,n, RyBaŘíxcrvÁ,
Jln HlavÁč

Vysoká škola chemicko technologickó, Úsfuu sklrl
a kerant,iky, Techraická 5, 166 28 Praha 6

. Kerarnické záuodg l{ošice, Tomašíkoua 35, 0l0 01
Košice

Vysokoteplotní dezďkďizace půs.:benírrr reaktivních
plynů na povrch sklaje účinnou úpravou pro zvýšení povr-
chové chemické odolnosti. Její podstatou je reakce alkilií
(event. dďších sloŽek) v povrchu skla s plynnými látkami
(oxidy síry, HCl, HF aj") za vzniku solí, které vytvářejí na
povrchu skla snadno rozpustrrý niíJet nebo z povrctrrr skla
vytěkají.

Experirrientálně byla sl'edována extrakce sodíku z povr-
chu obďového skla prc'dukty rozkladu síranu amonného
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