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Glass decomposition by hydrofluoric acid and perchloric acid under 
atmospheric pressure 
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Glass Institute, Hradec Kralove (Czech Republic) 

The experimentally verified glass decomposition procedure using HF and HCIO4 acids in platinum dishes under atmospheric pres­
sure is described. This procedure provides relatively low and reproducible amounts of fluorine and Silicon ions in the reaction 
products. These have been identified as potentially interfering ions during the following treatment of the decomposed sample and 
therefore, they are chosen as criteria for the evaluation of the quahty and reliability of the decomposition process. 

The decomposition procedure suggested differs from those published before especially in respect of concentrations, volumes and 
rates of decomposition acids per 1 g of sample. The weight of the decomposed sample and the matrix composition should also be 
considered. The formation of soluble, relatively stable (undissociated) or barely soluble "secondary phases" in reaction products is 
caused by unfavourable decomposition conditions, in most cases. This fact is presented by the example of X-ray diffraction of barely 
soluble reaction products isolated from HF-HCIO4 decomposition of low alkah oxides-lime-alumina-magnesia-borosilicate 
glass, type E. 

Glaszersetzung durch Flußsäure und Perchlorsäure unter Atmosphärendruck 

Die Glaszersetzung durch Flußsäure und Perchlorsäure in Platinschalen unter Atmosphärendruck wird beschrieben. Die Durchfüh­
rung dieser Art von Aufschlüssen führt zu niedrigen Konzentrationen an Fluor- und Siliciumionen in den Zersetzungsprodukten. 
Diese Elemente stören möglicherweise die anschließende Bestimmung und gehen somit als Kriterium in die Bewertung der Qualität 
und Eignung des Aufschlusses mit ein. 

Der vorgeschlagene Aufschluß unterscheidet sich von den bisher veröffentlichten Methoden insbesondere im Hinblick auf die Kon­
zentrationen, die verbrauchten Mengen und die Mengenverhältnisse der eingesetzten Säuren pro 1 g Glasprobe. Die Einwaage und 
die Matrixzusammensetzung müssen ebenfalls berücksichtigt werden. Die Bildung von löslichen oder schwerlöslichen Rückständen 
wird meist durch den Aufschluß beeinflußt. Diese Tatsache wird am Beispiel der Röntgenstrahlenbeugung von schweriöslichen 
Reaktionsprodukten aus dem HF-HCIO4-Auf schluß eines Kalk-Aluminium-Magnesium-Borosilicatglases mit niedrigem Alka­
lioxidgehalt (Type E) präsentiert. 

1. Introduction 
T h e decompos i t ion of Silicates including glasses using 

inorganic acid mixtures unde r a tmospher i c pressure 

presents, f rom the technical po in t of view, a relatively 

easy way of solid mater ia ls dissolut ion. 

Hydrof luor ic acid, H F (azeot ropic composi t ion 

38.3 % (m/m) , boil ing po in t (b.p.) 112 °C at 0.1 M P a ) in 

combina t ion with a minera l acid, e.g. H2SO4, HCIO4, 
HNO3, H C l o r their mixtures, is used t o decompose Sili­

cates [1 to 6]. 

Decompos i t i on mixtures based on H F + H2SO4 and 

H F + HCIO4 are the mos t used in pract ice. The main 

reason to prefer t h e m is the relatively h igh boiling poin t 

of the acid mixture , i.e. H2SO4 (azeot ropic composi t ion 

9 8 . 3 % (m/m) , b.p. = 338 °C at 0.1 M P a ) and HCIO4 

(azeotropic compos i t ion 72.4 % (m/m) , b.p. 203 °C at 

0.1 M P a ) . 
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T h e m a t r i x c o m p o n e n t s Silicon a n d b o r o n are re­

l e a s e d f r o m t h e m a t r i x as vo la t i l e f luor ides , e spec ia l ly 

S iF4 a n d BF3, d u r i n g the d e c o m p o s i t i o n p r o c e d u r e at 

i n c r e a s e d t emperature . S i m u l t a n e o u s l y , n o n v o l a t i l e reac­

t i o n p r o d u c t s are c o n v e r t e d i n t o s u l p h a t e s or P e r c h l o ­

rates (Chlorides). M o s t o f these salts are d i s s o l v e d in di­
l u t e d or c o n c e n t r a t e d i n o r g a n i c ac ids at i n c r e a s e d t e m ­

perature d u r i n g t h e f o l l o w i n g t rea tment , e x c e p t for s o m e 

s u l p h a t e s a n d Perch lora te s w i t h l imi ted so lubi l i t i es , n a ­

m e l y C a S 0 4 , S r S 0 4 , B a S 0 4 , P b S 0 4 , KCIO4, R b C 1 0 4 , 

a n d CSCIO4. F o r m a t i o n o f bare ly s o l u b l e o x i d e f o r m s 

o f a n t i m o n y , t i t a n i u m , m o l y b d e n u m a n d s o m e others , 

created d u r i n g e v a p o r a t i o n o f r e a c t i o n m i x t u r e s w i t h 

perch lor i c a c i d a d d e d t o the dr ied res idue, c a n b e m e n ­

t i o n e d as wel l [7 a n d 8]. 

R e a c t i o n p r o d u c t s c a n invo lve o t h e r relat ively s table 

C o m p o u n d s a n d p h a s e s , m o r e or less s o l u b l e u n d e r g i v e n 

r e a c t i o n c o n d i t i o n s , t h e c o m p o s i t i o n o f w h i c h is n o t 

usua l ly we l l d e f i n e d . T h e i r presence c a n b e crit ical in 

m a n y regards , e .g. in Separat ion Operations, in t h e deter -



minat ion of Silicate and glass componen t s using methods 

based on various principles, in selection of an optimal 

way of calibration, etc. 

The source of the resistant, badly soluble reaction 

products can be found in the original sample, in so-

called "p r imary" phases. O n the other hand , formation 

of the so-called "secondary" phases is usually a result of 

no t opt imal (uncontrolled) condi t ions of the decompo­

sition process. Both "p r imary" and "secondary" phases 

can be identified in reaction products resulting from sih­

cate and glass decomposit ions. In the case of glass de­

composi t ion, an occurrence of "secondary" phases pre-

dominates. The scale and a m o u n t of the "secondary" 

phases can be very extended. They are usually presented 

by fluorides, either no rma l or complex ones, which differ 

in their solubilities and stabilities under given reaction 

conditions. Unfortunately, da ta concerning their compo­

sitions and structures in react ion products are not nu­

merous in literature [8 to 12]. 

IVlany decomposi t ion procedures for Silicates includ­

ing glasses using hydrofluoric and perchloric acid under 

atmospheric pressure are published, e.g. in [7 and 13 to 

19]. The procedures differ for concentrat ions, volumes 

and a m o u n t of decomposi t ion acids per 1 g of sample, 

sequence of addit ion of decomposi t ion acids, number of 

evaporat ion steps or t ime-temperature programmes. To 

evaluate the present state-of-the-art concerning glass de­

composi t ion, the following experimental work has been 

carried out. 

2. Experimental 

2.1 Chemical composition of experimental 
glasses 

Commercially produced glasses with different matrices 

were submitted to decomposi t ion experiments. The com­

posit ion of the glasses is given in table 1. 

2.2 Reagents 

Reagents of recognized analytical grade and deionized 

water were used: 

- hydrofluoric acid, H F , 38 to 40 % (m/m); 

- perchloric acid, HCIO4, 69 to 71 % (m/m); 

- hydrochloric acid, HCl , 35 to 37 % (m/m). 

2.3 Apparatus 

There were applied an agate m o r t a r with pestle, plati­

num crucibles, volume 40 to 50 ml, and an electrically 

heated block with a controlled temperature, m a d e of alu­

minium alloy, with surfaces covered by a polytetrafluor-

ethylene (PTFE) layer. 

2.4 Decomposition procedure 

As starting method, a decomposi t ion procedure is select­

ed, labelled as "Variant 1", which is characterized by a 

relatively low volume of hydrofluoric acid, described in 

Table 1. Chemical composition of experimental glasses 

glass type no. oxide content 
in % (m/m) 

I: quartz glass Si02 > 9 9 . 9 

II: soda - l ime-magnes i a - Si02 = 70.1 Fe203 0.29 
-si l ica glass (representative NasO - 13.3 AI2O3 2.13 
of flat and Container K2O = 0.94 Θ Γ 2 Θ 3 0.11 
glasses) MgO = 2.82 

CaO = 9.89 

III: potassium oxide-lead Si02 = 59.5 PbO = 24.2 
oxide-silica glass NasO = 1.80 ZnO = 1.50 
(representative of lead K2O = 12.3 AI2O3 = 0.10 
crystal Utility glasses) 

IV: low alkali oxides- Si02 = 53.1 CaO = 18.0 
- l i m e - a l u m i n a - B2O3 - 7.70 F e 2 0 3 = 0.35 
- magnesia - borosilicate N a 2 0 = 0.20 AI2O3 = 15.0 
glass (representative of K2O - 0.60 T i 0 2 — 0.45 
low alkali borosilicate MgO = 4.20 
glasses, type E) 

V: barium oxide-lantha- Si02 = 11.9 AI2O3 0.34 
num oxide-ti tania-Stron­ B2O3 = 12.5 La203 = 18.9 
tium oxide-zirconia-boro­ SrO = 9.70 Ti02 = 17.3 
silicate glass (representative BaO = 27.0 Zr02 - 2.25 
of optical and technical 
glasses) 

Table 2. Decomposition procedure Variant 1; volumes of hydro­
fluoric acid, c(HF) = 22 mol/1, and perchloric acid, 
c(HC104) = 11.6 mol/1, used for decomposition of glass 
samples, weight from 0.1 to 2 g 

weight of first decomposition step second decomposition step 
the sample volume volume volume 

ing ofHC104 o fHF ofHC104 
Fin ml Fin ml Fin ml 

0.10 5 1.6 3 
0.25 5 4 3 
0.50 5 8 3 
1.0 5 16 3 
1.5 5 24 3 
2.0 5 32 3 

the Czech Standard C S N 700601 [14], a n d a relatively 

h igh vo lume of perchlor ic acid, descr ibed in the A m e r ­

ican Standard ASTIM C 116 [17]. 

Α pulverized glass sample (part icle size < 100 p m ) is 

weighed in to a p la t inum dish a n d mois tened wi th 3 to 

5 ml of water. Decompos i t i on acids for the first de ­

compos i t i on step are added in the o rder perchlor ic acid, 

hydrof luor ic acid, according to the concen t ra t ion a n d 

vo lumes given in table 2. 

T h e react ion mixture is st irred by a p l a t i num wire, 

f rom t ime to time. After 20 to 30 min the d ish is t r ans ­

ferred to an electrically heated b lock wi th a cont ro l led 

tempera ture . T h e t empera tu re of the block is increased 

by a rate of 1 K/min unti l the t empera tu re of the b lock 



surface achieves 90 °C^\ After a 15-min delay the tem­

pera tu re is increased to 130 °C at m a x i m u m by a rate 

0.5 K/min . Subsequently, the t empera tu re is increased 

u p to 170 °C with the rate of 1 K/min . Decomposi t ion 

is fmished in the State of the "wet res idue" Perchloric 

acid for the second decompos i t ion s tep is added after 

cool ing, the wall of the dish r insed wi th a b o u t 6 to 8 ml 

of water a n d the p la t inum dish p u t o n the tempered 

b lock wi th a t empera ture of abou t 100 °C. After a par­

tial o r a comple te dissolut ion of the reac t ion products, 

the t empera tu re is increased by a rate of 1 K/min until 

it achieves m a x i m u m 180 °C. T h e evapora t ion is fmished 

in the State of the "wet res idue" as in the first decompo­

sition step. T h e fluorine a n d Silicon ions a re determined 

in the reac t ion p roduc t s according to the procedures de­

scribed in section 2.5. 

2.5 Determination of fluorine and Silicon ions in 
reaction products 

Objective evaluat ion of the qual i ty a n d reliabihty of the 

decompos i t i on procedures "Var ian t 1" a n d "Variant 2" 

(see section 3.2) is based on a systematical determinat ion 

of the f luorine a n d Silicon ions in the reac t ion products 

result ing from decompos i t ion exper iments . 

F luo r ine has been de te rmined by us ing a fluorine ion 

selective electrode (ISE F ~ ) accord ing t o the Czech 

Standard C S N 70 0646/3 [20]. A n influence of the pos­

sible interfering ions, especially a l umin ium, t i tanium, 

z i rconium, is el iminated by the presence of Titriplex IV 

a n d citric acid t r ina t r ium salt in the cal ibrat ion and 

measur ing Solutions at p H 6.0 to 6.5. 

Silicon ions, expressed as silica, are determined by 

using the m e t h o d of molecular abso rp t ion spect rophoto­

me t ry (IVIAS) as a yellow si l icomolybdate acid complex 

accord ing t o the Standard C S N 700621/1 [21]. 

2.6 Identification of "insoluble" reaction products 

At ten t ion was pa id to the p repara t ion , Separation and 

Identification of " inso luble" react ion produc ts rep­

resented by secondary phases, as well. 

2 g of powdered glass is weighed in to a pla t inum dish 

a n d d e c o m p o s e d by a hydrofluoric a n d perchloric acid 

mixture , accord ing to the decompos i t i on procedure 

"Var ian t 1" (section 2.4). To the resul t ing "wet residue" 

5 ml of hydrochlor ic acid (c(HCl) = 6 mol/1) is added. 

T h e reac t ion mix ture is di luted wi th 25 m l of deionized 

water a n d dis integrated o n a water b a t h at 80 to 90 °C 

for 15 min . After cool ing the react ion m i x t u r e is filtered 

t h rough a pape r of m e d i u m porosity. Α sohd phase is 

separa ted o n the filter a n d accumula ted f rom ten parallel 

sample decompos i t ions carr ied ou t in the same way, 

dried at l abora to ry t empera tu re a n d submi t t ed to X-ray 

diffraction analysis (see section 3.3). 

0.5 1.0 1.5 
— Sample weight w in g — 

Figure 1. Decomposition procedure Variant 1; plot of the 
amount of fluorine ions m^- (in μg), determined in the reaction 
products versus the weight of the decomposed glasses, w (in g), 
of different chemical compositions. 
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Figure 2. Decomposition procedure Variant 1; plot of Silicon 
ions amount, msi02 (in pg), determined in the reaction products 
versus the weight of the decomposed glasses, w (in g), of differ­
ent chemical compositions. 

3. Results and discussions 

3.1 Decomposition experiments "Variant 1" 

The start ing series of decomposi t ion experiments were 

carried out according to the decomposi t ion procedure 

"Variant 1" (see section 2.4). The amoun t s of fluorine 

and Silicon ions in the reaction products , expressed as 

mp- (in pg), and msi02 (iii l^g) dependence on the 

weight of the decomposed glasses, W (in g), are presented 

in figures 1 and 2. Corresponding experimental da ta are 

summarized in tables 3 and 4. 

The results achieved can be characterized in the fol­

lowing way: 

a) The a m o u n t s of fluorine ions, mp-, and silica, msi02? 

in the decomposi t ion products increase with the weight of 

the decomposed sample. Quar tz glass is an exception. 

b) There is a certain "crit ical" weight for a given glass 

type, with regard to its chemical (matrix) composi t ion 

and the given decomposi t ion procedure, which should 

be considered to get relatively low and reproducible 

amoun t s of mp- and msi02 in reaction products. 

The temperature difference between surface of the block and 
reaction mixture was found to be Δ/ < 10 K. 
Wet residue is a State of decomposition when no liquid phase 
is observed visually, but the residue is not dried completely. 

Critical weight designates an amount of sample (in g) which 
is high enough to cause the nonlinear increase of fluorine 
and/or Silicon ions in the reaction products under given reac­
tion conditions. 



Table 3. Deeomposition procedure Variant 1; summary of results of fluorine ions amount, expressed as m^- in pg, in decomposition 
products as a function of the weight of the decomposed sample, w in g, for a given glass type 

weight of the 
decomposed 

sample 
w in g 

glass type no. and fluorine ions amount 

I 
mp- in pg 

II 
mp- in pg 

III 
MF- in pg 

IV 
mp- in pg 

V 
mp- in pg 

X < 10 (5) 11.0 (5) 20.4 (5) 22.2 (5) 212.7 (3) 
_ s - 1.2 15.9 16.3 26.6 

IX < 10 (5) 13.8 (5) 30.8 (5) 323.6 (5) 725.7 (3) 
[s - 4.0 12.1 226.6 180.1 

X < 10 (5) 50.8 (5) 242.2 (5) 1047 (5) HV 
s - 29.3 105.0 201.4 HV 

X < 10 (5) 223.5 (5) HV HV HV 
s 57.3 HV HV HV 

X < 10 (5) 485.6 (5) HV HV HV 
s 206.2 HV HV HV 

0.100 

0.500 

1.000 

1.500 

2.000 

Explanations: 
< : the concentration levels corresponding to the detection limit (for a given method under conditions of the test) 
x: arithmetic mean of a sample 
(n): sample size given as a number of parallel determinations 
s: Standard deviation for (n-\) degrees of freedom 
HV: high and irreproducible values οΐ χ {x > 1000, s > 300) usually accompanied by a presence of insoluble precipitates in the 

measured Solutions 

Table 4. Decomposition procedure Variant 1; summary of results of Silicon ions amount, expressed as msi02 iî  Pg^ iî  decomposition 
products as a function of the weight of the decomposed sample, w in g, for a given glass type 

weight of the 
decomposed 

sample 
w in g 

glass type no. and Silicon ions amount weight of the 
decomposed 

sample 
w in g 

I 
msi02 in pg 

II 
msi02 in pg 

III 
msi02 in pg 

IV 
msi02 in pg 

0.100 
X 

s 
40(1) 85 (5) 

9 
577 (4) 
183 

89 (5) 
11 

0.500 
X 

s 
24(1) 540 (5) 

117 
459 (4) 
147 

2406 (5) 
1054 

1.000 
X 

s 
40 (1) 5 3007 (5) 

732 
718 (4) 
237 

>5000 (5) 

1.500 
X 

s 
25 (1) >5000 HV HV 

2.000 
\x 
[s 

30 (2) >5000 HV HV 

Explanations see table 3. 

c) The weight of the decomposed sample, especially 

when higher than the "cri t ical" weight, provides in­

creased and irreproducible a m o u n t s of mp- and msi02 in 

the reaction products. 

d) The glasses containing higher amoun t s of cations, 

which have increased ability to b o n d fluorine ions (glass 

types IV and V, e.g.), provide a higher a m o u n t of fluo-

rines in their decomposi t ion products . 

Based on the results achieved, the decomposi t ion 

procedure "Variant 1" was evaluated as not suitable for 

glasses, especially when a glass sample of higher weight 

with complicated matr ix is decomposed. 

3.2 D e c o m p o s i t i o n p rocedu re "Variant 2 " 

T h e new series of decompos i t ion exper iments , labelled 

as "Var iant 2" , were carr ied ou t u n d e r c h a n g e d con­

di t ions. T h e changes, c o m p a r e d to the s ta r t ing de ­

compos i t ion procedure "Var iant 1", can be s u m m a r i z e d 

as foHows: 

a) T h e volume of hydrofluoric acid ha s been signifi­

cant ly reduced, based on a calculat ion for the " s to ich io ­

m e t r i c " volumes of the given exper imenta l glass. T h e 

volumes of hydrofluoric acid r e c o m m e n d e d for de­

compos i t ion of exper imenta l glasses are p rov ided in 

table 5. 



Table 5. "Stoichiometric" and "recommended" volumes of hy­
drofluoric acid for decomposition of 1 g of experimental glass 
type 

glass type 
no. 

volumes of hydrofluoric acid, c(HF) = 22 mol/1, 
per 1 g sample 

stoichiometric volume 
Fin ml4) 

recommended volume 
Fin ml5> 

I 4.54 5.0 
II 3.74 4.1 
III 2.97 3.3 
IV 4.06 4.5 
V 2.27 2.5 

"Stoichiometric" volumes are calculated assuming the con­
centration of hydrofluoric acid, c(HF) = 22 mol/1, and con­
sidering a molar composition of a given glass type. The indi­
vidual oxides are assumed to be converted to corresponding 
fluoride Compounds with maximum number of fluoride h-
gands, i.e.: 
Si02 ^ SiFi - , B2O3 ^ 2BF4 , Na20 -> 2NaF, K2O -> 2KF, 
MgO M G F 2 , CaO C A F 2 , SrO S R F 2 , BaO ^ B A F 2 , 

ZnO ^ Z N F 2 , PbO ^ P B F 2 , FcsOs ^ 2 F e F | - , 
AI2O3 2A1F^ , Cr203 2CrF3, La203 ^ 2LaF3, 
T I 0 2 ^ T iF i - , Z R 0 2 Z r F ^ . 
"Recommended" volumes are derived from "stoichiometric" 
volumes by increasing by about 10%. 

General notes: 
- In case the chemical composition of the decomposed glass 

sample is not known, 5.0 ml of hydrofluoric acid per 1 g of 
sample at maximum is recommended. 

- For decomposition of lower or higher sample weights than 
1 g the equivalent volumes of hydrofluoric acid are recom­
mended, e.g. 0.5 ml/0.1 g, 10 ml/2 g. 

b) T h e vo lume of perchloric acid used in the first de-

c o m p o s i ü o n step has been increased to 10 ml at mini­

m u m . T h e use of this vo lume follows at least four as­

pects: 

- Firs t , accord ing to Gulberg-Waag 's law the releasing 

effect of perchloric acid against fluorine ions, bonded 

in the react ion products , a n d the conversion of the 

react ion p roduc t s in to soluble salts wi th deflned com­

pos i t ion (Perchlorates, Chlorides) increases. 

- Second, the di lut ion of the decompos i t i on acid mix­

ture should be avoided a n d kept u n d e r strict control 

because the bo ihng po in t of concen t ra ted perchloric 

acid significantly decreases with d i lu t ion [22F\ 

- Th i rd , the prescribed min imal vo lume of perchloric 

acid^^ in the first decompos i t ion step should guaran­

tee a comple te dissolut ion of the reac t ion products in 

The suggested reduction of volume of hydrofluoric acid per 
1 g of sample (table 5) is in accordance with this measure. 

'̂ ^ Minimal volume of perchloric acid is defmed as a volume 
sufficient for complete dissolution of reaction products dur­
ing the first decomposition step. For dissolution of exper­
imental glasses type nos. I, II, and III 10 ml of perchloric 
acid per 1 g of sample is recommended. The experimental 
glasses type nos. IV and V need 15 ml of perchloric acid at 
minimum. 

Table 6. Decomposition procedure Variant 2; recommended 
volumes of hydrofluoric acid, c(HF) = 22 mol/1, and perchloric 
acid, c(HC104) = 11.6 mol/1, for decomposition of glass 
samples, weight from 0.1 to 2 g 

weight of first decomposition step second decomposition step 
the sample volume volume volume 

ing ofHC104 ofHF ofHC104 
Fin ml Fin ml Fin ml 

0.10 10 0.5 3(5) 
0.25 10 1.25 3(5) 
0.50 10 (15) 2.5 5(10) 
1.0 10(15) 5.0 5(10) 
1.5 15 (20) 7.5 5(10) 
2.0 15 (20) 10.0 5(10) 

Explanation: Volumes of HCIO4 given in brackets are recom­
mended in the case of higher weights of decomposed glass 
samples (usually w > 1 g) and/or in the case of more compli­
cated glass matrices (see glass type nos. IV and V, e.g.) as for 
affinity to fluorine ions. 

1000 

100 -

0 . 1 0 0.25 0.50 0.75 1 . 0 0  

Sample weight w in g 

Figure 3. Decomposition procedure Variant 2; plot of fluorine 
ions amount, mp- (in pg), determined in the reaction products 
versus the weight of the decomposed glasses, w (in g), of differ­
ent chemical compositions. 

the temperature ränge of 90 to 130 °C, as weh. In 

such a way, the decomposi t ion process is converted 

from a heterogeneous into a homogeneous system in 

which there are more favourable condit ions for com­

plete and reproducible decomposi t ion. 

- Four th , the opt imal set of time - temperature pro­

g ramme of decomposifion is necessary to enable a 

Visual checking of dissolution of reaction products . 

The measures ment ioned under a) and b) considered 

in decomposi t ion experiments labelled as "Variant 2 " 

are summarized in table 6. The amoun t s of fluorine and 

Silicon ions in the reaction products , expressed as 

mp- (in pg) and msios (in pg), are plot ted in dependence 

on the weight of the decomposed glasses, w (in g), in 

figures 3 and 4. Corresponding experimental da ta are 

summarized in tables 7 and 8. 

C o m p a r e d with the starting decomposi t ion pro­

cedure "Variant 2 " provides substantially lower a m o u n t s 

of fluorine and Silicon ions in decomposifion products 



Table 7. Deeomposition procedure Variant 2; summary of results of fluorine ions amount, expressed as mp- in pg, in decomposition 
products as a function of the weight of the decomposed sample, W in g, and a given glass type 

weight of the 
decomposed 

sample 
in g 

glass type no. and fluorine ions amount weight of the 
decomposed 

sample 
in g 

I 
m p - in pg 

II 
m p - in pg 

III 
m p - in pg 

IV 
m p - in pg 

V 
m p - in pg 

0.100 
X 

S 

< 10 (5) < 10 (5) < 10 (5) < 10 (5) 15.8 (5) 
6.3 

0.250 
X 

S 

< 10 (5) < 10 (5) < 10 (5) < 10 (5) 36.2 (5) 
16.7 

0.500 
X 

. S 

< 10 (5) < 10 (5) 18.0 (5) 
6.8 

< 10 (5) 275.3 (4) 
89.8 

0.750 
X 

, S 

< 10 (5) < 10 (5) 32.2 (5) 
16.1 

53.5 (5) 
4.7 — 

1.000 
X 

S 

< 10 (5) < 10 (5) — - — 

Explanations see table 3. 

Α1000 

0.10 0.25 0.50 0.75 
— Sample weight w in g 

1.00 

Figure 4. Decomposition procedure Variant 2; plot of Silicon 
ions amount, msios (in pg), determined in the reaction products 
versus the weight of the decomposed glasses, W (in g), of differ­
ent chemical compositions. 

with a good repeatability. The extent of a "safe" sample 

weight for decomposi t ion of glass with defmed chemical 

(matrix) composi t ion was generalized, as well. 

3.3 Identif ication of " insoluble" react ion p roduc ts 

The separated solid phase represented by "insoluble" re­

action products resulting from H F - HCIO4 decompo­

sition of experimental glass no. IV according to the pro­

cedure "Variant 1" and the following t reatment de­

scribed in section 2.6 was analyzed by the X-ray diffrac­

tion powder method. The results of the diffraction 

analysis are summarized in table 9. 

The dominan t crystalline phases, represented by the 

complex fluorides CaMg2Al2Fi2 ( J C P D S code 25-152) 

and a -CaAlFs ( JCPDS code 20-196) were identified in 

the diffractograms. Α presence of CaF2 ( JCPDS code 

35-816) cannot be excluded because its diffraction lines 

interfere with the lines of the d o m i n a n t phases. The pres-

Table 8. Decomposition procedure Variant 2; summary of re­
sults of Silicon ions amount, expressed as msioi in pg, in de­
composition products as a function of the weight of the decom-
posed sample, W in g , and a given glass type 

weight of the 
decomposed 

glass type no. and Silicon ions amount weight of the 
decomposed 

sample I II IV 
W in g M S I 0 2 in pg M S I 0 2 in pg M S I 0 2 in pg 

0.100 
X < 20 (5) 24.0 (5) -

0.100 
S — 5.7 — 

0.250 
X < 20 (4) 30.0 (4) 93.0 (5) 

0.250 
S — 11.5 (4) 8.9 

0.500 
X < 20 (4) 45.6 (5) 155.2 (5) 

0.500 
S — 12.5 33.6 

0.750 
X < 20 (4) 100.8 (5) 278.4 

0.750 
S — 21.8 58.4 

1.000 
X < 20 (4) 158.4 (5) -

1.000 
S 22.6 — 

Explanations see table 3. 

ence of the o ther phases can also be supposed , bu t only 

in m i n o r a m o u n t , because some o ther diffraction lines 

were n o t identified. 

4. Summary 

T h e experimental ly verified work ing condi t ions for de­

compos i t i on of glasses using an HF-HCIO4 m ix tu re 

u n d e r a tmospher ic pressure were described. 

T h e critical factors which can influence the co mpo s i ­

t ion of the react ion products , e.g. concen t ra t ions , 

vo lumes and a m o u n t s of decompos i t ion acids, weight of 

the decomposed sample, its mat r ix co mp o s i t i o n a n d 

t i m e - t e m p e r a t u r e p r o g r a m m e of decompos i t ion , were 

established. Except for the sample mat r ix compos i t i on , 

all of the men t ioned factors can be opt imized. 



Table 9. Results of the X-ray diffraction analysis of the "in­
soluble" reaction products resulted from decomposition of ex­
perimental glass type no. IV according to "Variant Γ' 

d- 10-1 
in nm 

^rel - —Γ ' 

in % 

5.81 100 
4.92 14 
3.94 72 
3.49 24 
3.15 84 
3.026 56 
2.893 77 
2.516 15 
2.510 13 
2.298 b 23 
2.283 19 
2.043 b 17 
2.003 19 
1.965 24 
1.926 26 
1.819 19 
1.771 46 
1.696 b 6 
1.667 b 11 
1.652 b 6 
1.578 b 10 
1.527 b 9 
1.509 b 16 

100 

Explanations: diffractometer SIEMENS U 13-008, nickel-fil-
tered Cu-K« radiation 
d\ interplanar spacings, d - 10"^ in nm 
/rei: relative intensity in % 
/ : intensity of a given diffraction line 
IQ'. diffraction line with a maximum intensity 
b: broad diffraction lines 

To gua ran tee low a n d reproducible a m o u n t s of fluo­

rine a n d Silicon ions in decompos i t ion products , as they 

are the m a i n interfering ions dur ing the following treat­

m e n t a n d measu remen t s of the decomposed glass 

sample, some rules should be observed in analytical 

practice. These rules, experimental ly verified and vali-

da ted in decompos i t ion p rocedure "Var ian t 2" , can be 

character ized: 

- by a relatively low volume of hydrofluoric acid, 

c ( H F ) = 22 mol/1 per 1 g of d e c o m p o s e d glass. The 

subs tan t ia l reduct ion in the vo lume of hydrofluoric 

acid is based on the calculat ion of the "stoichio­

me t r i c " vo lume according to a given glass matr ix 

compos i t ion . T h e vo lume of hydrof luor ic acid should 

n o t exceed 5 ml/g of decomposed glass; 

— by a relatively high vo lume of perchloric acid, 

c(HC104) = 11.6 mol/1, r e c o m m e n d e d for the first 

decompos i t ion step. T h e r e c o m m e n d e d volume 

co r re sponds to 10 ml at m i n i m u m . M o r e complicated 

glass matr ices, especially wi th h igher contents of 

c o m p o n e n t s wi th increased ability t o b ind fluorides, 

yielded 15 ml of perchlor ic acid at m i n i m u m to com­

plete decompos i t ion . Two positive effects result from 

this. Firs t , the ability of concen t ra ted perchloric acid 

to decompose reaction products and release the 

bonded fluorine and Silicon ions in volatile form in a 

more complete way is increased. Second, the de­

composi t ion process is converted from a hetero­

geneous to a homogeneous system under increased 

temperature corresponding to 90 to 130 °C. The end 

of the "conversion per iod" can be indicated visually 

by the complete dissolution of the reaction products 

assuming that the t i m e - t e m p e r a t u r e p rogramme in 

the first decomposi t ion step is set optimally; 

- by avoiding a dilution of decomposi t ion acid mixture 

dur ing the whole decomposi t ion process. Α dilution 

of reaction acid mixture decreases the boiling point 

of concentrated perchloric acid, which results in an 

undefmed and uncompleted conversion of reaction 

products to soluble and defined Compounds; 

- by considering the weight of decomposed glass and 

its chemical (matrix) composi t ion. The weights of the 

decomposed glass samples, w > 1 g, can be critical 

and cause problems as for defined composi t ion of the 

resulted reaction products, generally. In the case of 

more complicated glass matrices, especially with 

higher content of ions with increased abilities to b o n d 

fluorine ions, the critical weights are further de­

creased. For example, for glass type nos. IV and V 

the weights w > 0.25 g can already be critical. 

Α simultaneous application of all the ment ioned 

measures in the decomposi t ion procedure "Variant 2" 

enabled the release of fluorine and Silicon in volatile 

form from reaction products with an efficiency > 99 % 

in most cases. 

At ten t ion was paid to the preparat ion, Separation 

and Identification of " insoluble" secondary phases in 

reaction products , as well. In the case of low alkali 

oxides - a lumina - lime - magnesia - borosil icate glass 

(type E) using the decomposi t ion procedure "Variant 1", 

the complex crystalline fluorides CaMg2Al2Fi2 and 

a - C a A l F s were identified as dominan t phases. Α pres­

ence of CaF2 and other by-products in minor concen­

trat ions canno t be excluded. 
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