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Tlte e.ffect of solutions of salts of organic acids (citric, oxalic, lactic, ascorl:ic, tctrtaric, glucortic, ethylene- diantineteu'aacetic)
on tlte clissolvin8 of silicct glass was stuclied on powdered santples of the glass at 98.C. All of Íhe contpouncls were found to
accaleraÍc tlrc clissolution of silica glass in neutral and cllkalirte soluÍiotts, and the effect decreased in the followitl8 sequenCe,.
citrate, o.ralate, lactate, clisocliunt salt of EDTA, ctscorbate, tartrate, gluconate. More detailed attention tvas paid to citrate. Even
iÍslov,cottcerttraIiottsitttheleacltingsolutitltt(0,1wt'%o)pronlotesignificant|l,thedissolutionofsilicaglass.Concerttrat
Sio. itt tlrc cittate lcacltate increase s wiÍlt increasing pH of the solutiott. The rate of dissolution of silica glass itl citrate solution
is tnarkedlt, ltiglter tltatt that o.f siliccr in crysyalline fornr (quartz cr1tsyo11.

INTRODUCTION

Glass comes into contact with organic compounds in
tlrc lbrnr t;f contaitlcrs fi)r loodstuťÍ.s, pharmaceuticals
and chenricals, as laboratory and appalatus glass, and the
like. The problem of the effbct of chemical compounds
on glass is irnportant in particular with container glass fbr
pharmaceutical purposcs, where the minimum possible
Iibcration oÍ.-9lass conlponents is desirable. Tlris applies
especially to parenteral prcparations (i.e. those applied in
ways other than through the digestive tract), and to
products to be sterilized in glass vessels. In the oase of
container gIass Íbr fbodstufTs and beverages, the
prob|ems are basically ooncerned with the eÍfect oť
organic compounds in thc contents on the leaohing of
heavy nrctals l'rorn the glass (Pb, Cd. Ba, Cr, eto.).

The standard tests oť chenlical durability of glass
include only tests of resistance to water and inorganic
acicls and bases. oť organic oompounds' use is only made
clf acetic acid solution íbr dctermining the leachate of Pb,
Ccl and possibly also other heavy metals.

The literature dealing witl'r tlrc eff'ects oť organic
compounds on glass is far fiom extensive, but some of
the publications report lhat certain organic compounds
promote the corrosion of _9lass. Bacon and Raggon []
observed a strong aggressive effeot of oitrate solutions on
dealkalized surÍ'accs of sodit-linre glass' over Íhe pH
range in cluestion (5 to 7.6) (he corrosion increased with
incrcasing pH o1' the solution. The authors also
established a sirnilar cflect with neutral solutions of salts
oÍ. otlrer organio acic|s.

Ernsberget 12] fbun<l that aggressive ef-Íbcts on
soda-lime glass were promoted by neutral solutions of

EDTA salts, while Olsen et al. [3] and Paul and Youssefl
[4] established the same eÍ.fbct with lead crystal' Pineiro
t5'] discovered that Sio' Íiom soda-lime, neutral and
borosilicate glasses fbr medical purposes dissolves at a
higher rate in solutions oť glucose and calcium gluconate.
Passl t6l observed that neutral solution ( 1.9 Vn) of
potassium lactate had stronger aggressive efÍects on the
dealkalized surf-ace of soda-lime glass than the NaCl
physiological solution of the same concentration. Paul
and YoussefÍ] [4] reported more extensive leaching of
calcium Íj.om soda-lime glasses in sugar solutions (0.5
mol I I) in an alkaline medium.

Lead and other components of lead crystals were
found to be extracted at a higher rate by citrate and
tartrate solutions [7]. Accelerated corrosion of glasses in
thc Na,O-CaO-SiOr-PrO., system due to the presence of
trishydroxynrethylaminomethane (TRIS) aS buÍÍering
agent in simulated body Íluid was described in [8,9l.

The general literature [0] mentions that a nurnber
oť organic compounds, including Some of those
mentioned above, are capable oÍ' Íbrming compleX
compounds with cations oť many metallic elements, also
those contained in glass (Ca, M_e, Al, Pb, Zn, Fe and
others). This is why most of the authors [2 through 4]

consider the higher aggressivity oť the organic solutions
to be due to fbrmation of complex compounds of organio
anions with the respective metal oations. In this way, the
structure of glass in the surface layer is weakened and
the other components, including SiOr, are allowed to
dissolve. The theory oí. the ef-Íbct of complex fbrming
compounds on glass is discussed by Paul Ill].

On the other hand, Bacon and Raggon [1] assume
that the given organic compounds fbrm soluble comple-
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xes also with silicon ions, and that this is the main reason
rll. tlre higlrcr rate 01. corrosion oť silioate glasses' They
oťf'er as evidence the results o1. their experiments when
neutral citrate solution promoted corrosion not only of
soda-lirne ancl borosilioate glasses, but also that of silica
glass ancl pure orystalline SiO,.

So far, no complex cornpounds ol' citrate or other
itnirlns wit|r sí|icon itlns have been desoribe d in the

litcrature. However, a conrplex conrpound of <;atechol

(o-dihyclrobenzene) with silicon was alreridy dcscribed in
l9-'.1 ll2l Data on the ellbct o1' catcohol and other
sinrilal conrpounds on the dissoiution of SiO, was
surnrnarizecl by llcr t l3l Formation of oomplex
cclttt 1'lou nils cl ť poly hyc| rtlzrl iplrirtic conrpounds with si l icon
was not so 1'ar dcsoribed. Silicon complexes with organio
cornpounds ocour in somc live organisms and plants, fbr
example thosc oontninin-u lipids, cholcsterol, and the likc.
Foucalte and Collette [ 3] rcportcd on f'aster dissolution
clf Sio, in rirt peritclneurn than in a buÍTer solution of

1tH = 7 4. Thc luthors ussunrcd thal this rnay be ciiused
by thc prcsencc ol'or-uanic cornpouncls (sirnilar in

structurc to catcchol) in lhc live organism.
TIrc prcsent papcr is concernecl with studying the

in Í'lucncc tlf aque()us solutions oť some or-eanic

ccllt-l1.ltluttcls ( cxhi bi t i n g morc cxtcnsi vc aggressive eÍ.Íbcts

accorcling to thc litcraturc) on thc
clissolution ol' silica glass.

EXPERIMENTAL PART

Iri thc cxperiments, usc was niade oť c|ear silioa

-u 
l ass tl í. Cz-cc lr nr an u l.ltc turc (cott tc ttt of inl pu ri ties approx.
l0) %,1. Sornc ol' thc compiirison nrcasulcn]ents werc
carriecl out on crystallinc silica (Brazilian crystal).

Ac1uctlus solutions clť clrganio acids (citric, oxalic,
tartaric:, lactic, ascorbic, gluconic, cthylencdiaminetetra-
ncetic) ancl their soclium salts (with the exception of
potassiurn oxalatc) were used as thc leaching media.
SclIutirln tlÍ. trishyclroxyrtlethylanrinomethane (TRIS)'
tllien used as a bu|Ícring agent, was a|so chosen. In all
instanccs, thc concentration was 4 wt.Vo, except that with
citrate also lower concentrations were tested (0.1 to 4
wt,a/o) Thc pH <:|. solutitlns oÍ. salts was ad.justed to

npproxinrntcly ncutral or any othcr desired, by adding the

acicl <rr NaOH. Distillccl watcr, whose pH was as neces-

sary acljustcd with NaOH or HNO, to corrcspond to the

pH <>l' thc or',sanic solution, was used for cornparison in
all oÍ'thc inst.anccs.

Thc lcachin-c conclitions ernployed werc the standard
()lles s1lcciťicd by CSN 1So 1|9. Two grams of
crushed glarss (piirticlc sizc 3-5 rnm) were exposed to

the leaching solution in teÍlon vessels with well sealing
licJs in a drying rlven ttt 98 .C for a pcriod oť | to 24
hours. In thc lcachates. the concentration of silicon
clioxiclc wais cletermincd by the photornetr"ic rnethod t<r

ČsN zo 0527. In the case of leachates where the pres-
ence of the organic compounds could have an interf'ering
effbct on the determination, atomic absorption spectrosco-
py was used.

RESULTS AND DISCUSSION

The results obtained by leaching silica glass into the
individual solutions (expressed in terms of SiO" concen-
tration in the leachates) are summarized in table I {or

tinres oÍ. leaching oť 6 to 24 hours. The results show t|rat

neutral 4 o/o aqueous solutions of the organic acids in
question promote transf-er of Sio' íl.om t|re surftrce of
silica glass into solution as compared to clistilled water
whose pH was adjusted with NaOH to thc oorresponding
value.

Tab|e l. Conccntration oť Sio' in so|utiotls alicr Ieaclrirrg silica
glass. Ternperature 98 'C. Concentration of organic solutions
4 wÍ,o/a,

solution initial 7rH tirnc SiO,
(liours) ('rg f')

distilled water

distilled water with NaOH

c r trate

citric acid

tartrate 
,

tartaric acid

lactate

lactic acid

gluconate

gluconic acid

ascorbate

ascorbic acid

oxalate

oxalic acid

disodiurn salt oť EDTA

TRIS

5.69

6.90

7.08

2.tl

7.0u

2.04

6.80

2.21

6.89

r.83

6.6't

2.69

6.51

1.72

6.93

6.89

|.25

zt.6
-5.8

2t.6
,1t].6

224.6
< 4.3

< 4.3
10.7

78.5
< 4.3

< 4.3
28.1

r43.0
< 4.3

6.4
8.6

42.8
5.6
8.6

16.-s

r30.5
< 4.3

< 4.3
6?.3

t65.8
< 4.3
< 4.3
3 t.9

I J+.J
1.9

16.-5

6
1,1L+

6
24

6
1,1L+

6
),1:Ť
6

24
(r

),1
L-

6
a^L+

6
1Á
LS

6
aÁ:+

6
1^L+

6
1^LA

6
",, ÁLA

6
a^
L-

6
^|ÁL+

6
24
6

z4
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In thc casc ()ť solutions of organic aciiJs with low

7rH valucs ( 1.83 Lc't 2.69), thc conccntration of SiO. in

leachates was lower than in that of watcr, and in most

instanoes (with thc cxceptitln oť gluconic ancl lactic acids)

ancl Íilr thc ltlngest tirnc oť cxposure (24 hclurs) was also

bclow thc detennination limit of thc AAS method

crnployccl (<4.3 nrg SiO" I r). Thc highcst collccntration
oť Sio,, was cstablislrcd in thc leaclrate in the citratc

solution. T|re aggressive el.f'cct oť organic acids waS

decreasing in thc sequence citrate, oxalate, lactate,

clisodiurrr sa|t of EDTA, elscorbate, tárrtrate and gluconate.

No increased aggressivc cÍ.t.ect was obset.ved in the case

<lÍ.t|rc TRIS stllutiotl. The rc|ation bctwecn the cllects oI

thc inclividual solutiorts is contprchcnsivcly shown irt

Í.igure | Íor tlre tinrc oÍ'Ieaching o|. 24 hours.

250

200
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100

Án

n

Irigurc l. Concctttratitttts ol' SiO. in silica gliiss lcachates.
.T.ctnpcrlttut.c 

9t3 .C. tiIl-tc tlÍ. lcaching 24 lrours.

I - clistillecl watcr: 2 - clistillccl water with NaOH (pH = 6.90);

3 - citlatc: Ll - tartrillct -5 - lactatcl 6 - lactic acicl; 7 - gluconatc;

tl - gltrconic ircícj; 9 - asctlrbatc; l0 - oxalate; 1l . disodiutn salt

of EDTA: l2 - TRIS

SirniIiir cclnclusirlns were reaohed Íi.onr the time

clependence ol' SiO. concentrations in leachates in the

incliviclual solutions. Fi-qLrrc 2 shows ii cotllparison of the

tirnc cfcpcndcncc |or 4 0/t' citrate iind lactate solutions

250

with that for distilled water, and that Íbr distilled water

whose pH was adjusted to approxirnately neutral with
NaoH. In spite of the rather orientation character oť thc

measurements due to tlre Iow number oí. the exposure

periods crnployed, the rate of dissolution of silica glass

in citrate and lactate solutions is clearly several times

hig|rer (by a l.aotor of nine and ťive respectivcly) than 1.or

distilled water and neutral aqueous solution of NaOH.
organic compounds aťe generally known to eithcr

suppress dissolution of SiO. by coatin-t thc surfacc with
a í.irrnly adsorbed Í'ilm oť an organic conlpouncl. or tcl

accclerate it by rernoving the soluble Si(OH)4, nort'r'rally

in cquiIibriunl with thc surťace , itl the fiurn tlÍ.a solublc
cornplex compound. The present results inclicate correot-

ness oť thc assumption that thc dissolution of silica glass

is prornoted by neutral aqueous solutions o1' the rcspec-

tir,e or-qanic compounds in consequence oť lbrniatitln o1.

somc type of sclluble organic cornpound of silicon.
As the most aggressivc organic oolnpound anlong

those studied. citrate was lurthcr examineri as to its

ef-lbcts in terms oť concentration. Figurc 3 shows the

depcndence cll' SiO" concentration in leaohate in depen-

clcnce on citrate concentťation in the leachin-e solution |br

thc tcnrperature of 98 "C and tlre tirne oť letiching oť 6

hours. Already low concentration ol' oitrate iiccelerate

signiÍ.icantly thc lcachin-g procesS. For example, at a

ctlnccntration oť 0.l wt.Ttl citrate, the concentration oť

SiO. in thc leaohate was almost thrce times higher than

in thc distillecl water lcachate. At flrst, the concctrtration

clepcndencc shows a rapid increasc' levelling clÍ.ť at the

higher oonccntrations. This inriioates that only a ccrtain
concentration of the or-Qanic oonlpound is requirecl lbr
clinrinating the soluble Si(OH)* by chenrical reaction, iind

tliat l'urtl-ter increasing o1' this concentration no longcr
rcsults in any significant transf'er of SiO" into solution.
Tlie effbct r>ť pH of citrate solutions on the dissoluticln of
silica -elass is shown in f igurc 4. This is the dcpendence

oÍ. Sio. concentration in thc leaclrate on pH ťr>r a 4 o/a

citrate solution. and at the same tirne fbr citrate-liee
aqueoLls solutions whose pH was acljusted with HNO'.
zurd NirOH to approximately thc same value as that o1'thc

citrate solutions. SiO, concentration in both types of
lcachates rises with increasing pH of the scllution, the

incrcase being faster with the citrate solution than with
the citrate-fiee one. This may be due to increasiltg
solubility oí.the arising organic silicon cornpound with

incrcasing 1lH of the solution. The conrplex-Í.orming

capability is also -ecnerally known to increase with

incrcitsin-e pH ll0).
Several measurements with crystalline quartz were

carried out in order t() aSSeSS tlre ef.fbct oť citrate on

the crystalline tbrm of SiOr. For e xatnple , the conoentra-

tion oť Sio' in leachate into a ncutral 4 o/o citrate so-

lution attained 26.5 mg mol ' after 24 hours of leaching
at c)8 oC, whereas only 6.1 mg I I in the case of distilled

C zoo
c',
Ej rso
CN

ínn
+

IlEn
lvv

0 5 10

-------)

Figurc 2. Cortccntraticltt ol'SiO. in
oť lcaclring. Tctnperaturc 9[J oC'

| - citrate: 2 - lactatc: 3 - distilled
NaOH QtH = 6.90)

'rs 20 25

time (hrs)

silicl glass lcachates vs. titne

watcr: 4 - distillecJ water with
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Fi_gure 3. Concentration o1' SiO, in silica glass leachates vs.

citrate content in leaching solution. Temperature 98 oC, tirne of
leacl-rins 6 hours.
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Figure 4. ConcentratiOll oť Sio, in silica glass leachateS VS. ŽH
oť |circlring stllutiott.
I - citrate; 2 - inor_Eanic solution

water adjusted with NaOH to an approximately neutral
pH. With orystalline SiO2, the rate of dissolution is
si-enificantly lower than with silica glass, as illustrated by
the comparison o1' time dependencies in figure 5. The
lclvrer rate oť dissolution of crystalline Sio' was also
observed with other types of solutions [13].

12 15 18

-----) time (hrs)

Figure 5. Comparison of the time dependence of SiO, concentra-
tion in silica glass and crystalline silica leachates. Temperature
98 oC. 4 wt.a/o citrate solution.
l - silica glassl 2 - quartz crystal

The assumption of fbrmation of soluble complex
silicon compounds with citrate and other similar organic
anions was first suggested by Bacon [1], but such
compounds have not so f-ar been described in the litera-
ture, nor has the subject matter been dealt with in greater
detail. However, the problems involved are of consider-
able interest and practical significance in view of the
wide application of oontainer glass in rnedicine and
pharmacy, where it comes into contact with a wide range
of organio chemical compounds' Further study oÍ. the
issues thus seems to deserve further detailed studv.

CONCLUSION

The results of the present study show that neutral
and alkaline aqueous solutions of salts of the organic
acids in question promote dissolution of silica glass, as

well aS that of crystalline Íbrms oÍ. Sio, . With the
organic compounds studied, the aggressive eťf'ects

decreased in the sequenoe citrate, lactate, sodium salt of
EDTA, ascorbate, tartrate, gluconate.

The effects of citrate as the most aggl'essive com-
pound among those in question were studied in more
detail. A|ready low concentrations of citrate were Íbund
to speed up considerably the dissolution of silica glass.
Concentration of SiO, in citrate leachates increases with
increasing pH of the solution at a higher rate than in
citrate-tiee aqueous solutions. The leaching rate in citrate
so|utions is signiÍicantly higher with silica glass than that
with crystalline fbrms oť Sio'.

The results support the assumption ! I that under the
effbct of oitrate and other sirnilar ions on pure Íbrms of
SiO, in aqueous neutral or alkaline solutions, there arise
Sonle types oť soluble organic compounds of silicon
which speed up dissolution of these rnaterials.

5
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Tran'slatecl by K. Něnrcček.

KOROZE KREMENNEHO SKLA
VoDNÝMl ROZToKY oRGANICKÝCH SLoUČENIN

l-UDMILA RYBAŘÍKoVÁ. rvn KoUŘILoVÁ

U.ylttl, .sklct u kcrtttltik.l,, V.l,stlk škola cltetnicko.te'cltnologická,
Tecltnic:ká 5. IÓ6 28 Pralru

o pťrsobení vodnych roztokŮ organickyclr sloučenin na sk|o
není v Iitcratuí.e pí.íliš rnnolro rida.jri, i když '|e tato problernatika
drjležitá z lr|ediska sk|eněnyclr oba|ri pro farrnaceutické čely. Je
ale zttámo, že nčkteré organické sloučeniny uryc|r|u.jí korozi skla.
PatŤí k niIn ze.jrnélta neutrální roztoky solí některyclr organickych
kyselin. Názory na podstittu.;e.iich prisobení na sklo ze zatím Iiší'
Zvyšené korozní ričinky vysvětlu.ie většina irutor tvorbou
komp|ex organickycIr arriontrj s kationty kovovyclr prvkŮ ve

skle, pouZe o.iediněle .ie pí.edpokládán vznik kompIexních
sloučenin pÍímo s ionty kÍemíku.

V práci byl studován vliv vodnych roztokr] solí vybranych
organickych kyselin na rozpouštění kÍemenného skla' pro
porovnání bylo provedeno několik měÍení také u čisté krystalické
fbrrny Sio, (kÍišt'álu). Driové vzorky kÍernenného skla (event.

kÍišt'álu) piipravené standardním postupem pod|e ČSN ISo 7l9
byly louženy ve vodnych roztocích (4 hmot'o/o) solí organickyclr
kyselin pÍi teplotč 98 "C po dobu I až 24 h' Ve vyluzích byla
Stanovena koncentrace Sio. bud' fbtometricky nebo pomocí AAS.

Bylo z.1ištěno, Že neutrální roztoky solí slcdovanych orga-
nickych kyselin (citronové, št'avelové, mléčné, askorbové' viltné,
glukonové. etlrylendiaminotetraoctové) zvyšu.jí pŤechod Sio. z
povrchu kŤemenného skla do roztoku v porovnání s desti|ovanou
vodou a destilovanou vodou s upravenyn pH na pí.ib|ižně
neutrá|ní hodnotu pomocí NaoH (tabu|ka l'). Korozní činek
organickfch sIoučenin klesal v poÍadí: citrát. š|'avelan. Iaktát'
sodná sril kyseliny ethylendiaminotetraoctové, askorbát, vinan.
g|ukonan. U roztokťr odpovídajících organickfch kyselin s nízkou
lrodnotou pH (1,83 - 2,69) byla koncentrace Sio, ve v1/luzíclr
niŽŠí neŽ u vody. Porovnání činku jednotlivlch roztokú pro čas
|oužení 24 h ie na obr.l.

Časové závis|osti koncentrace Sio, ve vyluzíclr clo neutrá|-
níclt roztok citrátu a laktiitu v porovni1trí s obdobnlmi zá-
vislostmi pro destilovanou vodu a destilovanou vodu s uprave-
nyn pH QlH = 6.90) .jsou na obr. 2. Rychlost rozpouštění
kŤetnenné|ro sk|a v roztocích citrátu a laktátu .ic několikrát vyšší
než v desti|ované voclě iv desti|ované vorlě s upravenyn pH.

Podrobně.ji bylo sledováno prisobení citrátu .jako ne.i-

agresivně.išího ze s|edovanyclr činide|. Na obr. 3 .je uvedena
závis]ost koncentrace Sio' ve vy|uzích z, kÍemennéIro skla na
koncentraci citrátu v loužícím roztoku (tcp|ota 98 "C, čas louŽení
6 h). Již nízké koncentrace citrátu v roztoku vyrazně urychlu.jí
rozpouštění kÍemenného sk|a, S rostoucí koncentrací citrátu v
roztoku se a|e r st koncentrace Sio, ve vy|uhu postupně Zpolna.
lu.ie. Koncentrace Sio, ve vy|ulru roste dále s rostoucím 7;H
roztoku citrátu. Tento vzrrjst.ie u roztoku citrátu vyrazně.|ší. rteŽ

u roztoku bez citrátu se ste.jnyrn pH (t'br.4). PÍítomnost citrírtu ve
vodném roz-toku urych|u.|e i rozpouštění čisté krysta|ické Íorrny
Sio, . kŤišt'álu. Z porovnáIrí rozpouštěrrí kÍernenIlélro skla a

kÍiš|'álu do roztoku 4 o/o citrá,tu na obr.5.|e zŤe.imé. že kÍ.ernenné
sklo se rozpouští podstatně rychIe.ji než kŤiš|'ál.

Vlsledky uvedené v pŤedložené práci potvrzu.ií, že citráty
a so|i dalších organickych kyse|in v neutrálníc|r a a|kalickyclr
vodn1/c|t roztocíclr urychlují rozpouštění čistlch fbrem Sio,,
.iakymi.jsou kÍernenné sklo a kÍišt'ál. To podporu.je pÍedpoklad o
tvorbě ně.jakélro typu rozpustné organické sloučeniny kÍ.emíku s
citrátovymi a da|šími organickymi anionty'
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