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The pharmaceutical packaging market has been analyzed and the demand for glass containers for packaging 
pharmaceutical products has been found, taking into account high sanitary-hygienic and operational requirements. 
The prospects for using the method of dealkalization of the surface of glass containers to increase chemical resistance 
have been elucidated. The methods of the surface dealkalization of glass containers were analyzed depending on the 
type and modification mechanisms, and the features of their application were also determined. The composition of 
glass containers for pharmaceutical purposes has been developed under production conditions and it has been found 
that ensuring a polycationic effect for the composition of industrial glass container is an important factor in increasing 
their chemical resistance. The technological parameters of glass surface modification with ammonium sulfate and 1,1-
difluoroethane have been determined. 

The change in the structure of the glass surface after its dealkalization depending on the type of reagent was 
investigated. Changes in the content of elements on the glass surface after dealkalization were determined depending 
on the depth of penetration and its chemical resistance. The dependence of the change in the content of elements on 
the glass surface on the modification and the chemical resistance of its surface were determined. 

The mechanism of dealkalization of glass by a reagent has been justified, which consists in the leaching of alkaline 
cations during the reaction of reagents with glass and their inclusion in the products: Na2SO4 crystals after treatment 
with ammonium sulfate, H2[SiF6]ꞏ4H2O crystals after treatment with 1,1-difluoroethane. A comparative assessment of 
the change in the structure and chemical composition of glass containers after dealkalization with sulfate and fluoride 
compounds was carried out. It has been found that dealkalization of glass containers with 1,1-difluoroethane allows 
to significantly increase the chemical and hydrolytic resistance compared to the original glass, which indicates the 
prospects of using the specified method in the production of competitive glass containers for pharmaceutical purposes. 
The use of modern equipment for neutralizing the products of the process of the surface dealkalization of glass 
containers with 1,1-difluoroethane allows ensuring the implementation of the principles of environmentally sustainable 
production. 
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INTRODUCTION 

The pharmaceutical packaging market is 
growing rapidly and is focused on the 
development and implementation of 
environmentally friendly packaging with high 
performance properties. The global 
pharmaceutical glass packaging market size was 
estimated at USD 19.75 billion in 2023 and is 
expected to grow at a compound annual growth 
rate (CAGR) of 9.8 % from 2024 to 2030. The use 
of glass in the packaging of pharmaceutical 

products is a priority for many types of medicines, 
given the high chemical and biological resistance 
of glass, which prevents interaction between the 
glass forming the container and the product 
contained therein. 

The high chemical resistance of glass and its 
resistance to organic reagents is determined by the 
significant content of silicon, boron, and 
aluminum oxides, which significantly increase 
the synthesis temperature and cost of glass, while 
the presence of alkali oxides, on the contrary, 
reduces these indicators. The difficulty of 
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obtaining chemically resistant glass at a 
competitive cost is associated with the search for 
reliable ways to increase the structural strength of 
glass without using expensive components. This 
task is successfully solved by modifying the 
surface of the glass. 

A widely used method of glass dealkalization 
involves removing alkali ions, in particular 
sodium ions present near the surface of the inner 
wall of the container, in order to maximize the 
avoidance of leaching, which is an indicator of the 
chemical resistance of glass. In particular, Type 
III glass, which is made from sodium-calcium-
silicate glass, is dealkalized by introducing a solid 
or gaseous reactive substance into the glass 
container, which, during heat treatment, is 
capable of forming an acidic gas that can 
chemically react with the alkali ions present in the 
glass of the container [1]. Type II silicate glass 
with a dealkalized surface is characterized by a 

silica-enriched surface layer that has high 
chemical resistance. Dealkalization does not 
usually involve the complete removal of alkali 
from the glass, but rather its replacement with 
protons (H+) or hydronium ions (H3O+) in the 
structure through a process of ion exchange. 

For a long time, dealkalization was carried 
out by filling the annealing furnace with sulfur 
dioxide (SO2) or sulfur trioxide (SO3) gases, 
especially in the presence of water, which 
intensifies the reaction. Depleting the glass 
surface with alkali cations by treating it with 
sulfur gases leads to a noticeable strengthening of 
the glass surface due to a reduction in the 
expansion coefficient. The leaching rate can be 
doubled by using dispersed platinum to catalyze 
the oxidation of SO2 to SO3 before the gas reacts 
with the glass [2]. Reactions 1 and 2 occur on the 
glass surface under heat treatment conditions 
involving SO2 and SO3: 

 
SO2 surface treatment                                                                                                                                                                              (1) 
For H2O present in SO2 gas: 
2Na+ (glass) + SO2 + ½ O2 + H2O → 2H+ (glass) + Na2SO4 
For dry SO2 gas: 
Na2O (glass surface) + SO2 + ½ O2 → Na2SO4 (glass surface) 
 
SO3 is more reactive than SO2 and increases the reaction kinetics                                                              (2) 

2SO2 + O2 
௉௧ ௢௡ ௔௦௕௘௦௧௢௦
ሱ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ሮ 2SO3  

 

SO3 + glass 

Naା

Siସା

Oଶି

etc.

 + H2O → Na2SO4 + glass 

Siସା

Oଶି

Hା

HଶO

 etc. 

 
Surface treatment is an important factor in 

reducing the amount of potentially toxic elements 
contained in glass that can be released into 
solution. When analyzing five types of surface 
treatment with three different coatings (SnO2, 
TiO2, SiO2) and two acid treatments (SO2 
dealkalization and acid polishing), the authors [3] 
found that the best reduction in diffusion was 
achieved using the SO2 glass surface 
dealkalization method, which also demonstrated a 
positive effect on Ba retention by reducing alkali 
diffusion. An important indicator of the long-term 
effect of SO2 glass treatment is the study of the 
rate and mechanism of changes using a single 
protocol (4 % acetic acid, 70 °C) that simulates 
accelerated aging conditions for beverage or food 
containers over 1.3 years and the investigation of 

different types of glass: soda-lime, borosilicate, 
barium silicate, opal, and lead crystal. 

Despite the significant advantages of the 
method, it has lost its relevance due to its 
environmental unfriendliness. The use of these 
components in gaseous form poses significant 
problems for health, the environment, and 
technology, given the toxic and corrosive nature 
of these gases [1]. The effect of glass surface 
dealkalization also plays a significant role in the 
adhesion of parts to glass, since in practice the 
cleanliness of the glass surface is an important 
factor [4]. 

A widely known method of dealkalization 
treatment of glass involves introducing 
ammonium sulfate (NH4)2SO4 in solid form, for 
example, in the form of crystalline powder or 
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tablets, into a hot glass container. The advantage 
of using a powdered reactant is the ability to 
process glass containers at a relatively high speed, 
due to the continuous dosing of the powdered 
reactant into containers moving on a conveyor. 

However, this method also has its drawbacks: 
- there is a significant risk of precipitation and 
reaction of the reactant on the outer wall of the 
container, which leads to aesthetic defects or even 
local weakening of the container; 
- it is difficult to accurately control the amount of 
powdered reaction agent, which significantly 
reduces product quality and leads to significant 
economic and environmental consequences; 
- it is impossible to treat effectively containers 
with a small volume and/or small ring diameter, 
especially at high speeds; 
- dealkalization treatment of glass is not always 
carried out sufficiently evenly and repeatedly. 

Currently, improvements to this 
dealkalization method are directed toward the use 
of alternative environmentally friendly materials. 
Positive results were obtained by the authors [5], 
who used solutions of 2.5 wt. % alum 
(KAl(SO4)2ꞏ12H2O)), 5 wt. % alum, 5 wt. % 
citric acid (C6H8O7), 5 wt. % ammonium sulfate 
(NH4)2SO4, and 5 wt. % acetic acid (CH3COOH) 
in reactions 3-6. After rinsing the glass with the 
solutions, cleaning and drying at 110 °C for 
20 minutes, the results of the hydrolytic test 
(ISO 4802-1) showed that 5 wt. % alum gave the 
best result. For untreated glass, the consumption 
of 0.01 M HCl solution per 100 ml of extraction 
solution was 2.5 ml, while for treated glass with 
5 wt. % alum, it was only 0.9 ml. This indicated 
an increase in hydrolytic resistance because of a 
decrease of leached sodium. At the same time, the 
margin increase was only 0.05 %. 

 

KAl(SO4)2ꞏ12H2O (alum) + 2H2O + 4Na+ glass → 2Na2SO4 + KAl(OH)4 + 4H+ +12H2O  (3) 

 

(citric acid) + H2O + 3Na+ glass →  (trisodium citrate) + 3H3O+ ,            (4) 

 

(NH4)2SO4 (ammonium sulfate) + 2H2O + 2Na+ glass → Na2SO4 + 2NH3 + 2H3O+, (5) 

 

CH3COOH (acetic acid) + H2O + Na+ glass → CH3COONa + H3O+. (6) 

 
The use of potassium pyrosulfate in the 

dealkalization of sodium silicate glass improves 
its strength and electrical properties. The authors 
[6] determined the concentration profile of alkali 
ions in the partially dealkalized layer and showed 
that the increase in strength is related to the 
thickness of the layer. The highest strength 
(70,000 pounds per square inch) was observed in 
aluminosilicate glass with a layer thickness of 
~ 50 μm. 

To prevent the diffusion of the alkali 
component from the glass surface into the 
electrically conductive layer, the authors [7] 
proposed a method for dealkalizing the glass 
surface, which consists of the following: silicate 
glass containing an alkaline component is treated 
with water at a temperature above 120 °C or kept 

in an aqueous solution at a pressure of 2–218 atm 
and a temperature of 120–374 °C. Thus, the alkali 
concentration of the surface layer of glass to a 
depth of 100 nm from the surface is less than 1/10 
of that before treatment by processing for three 
hours or less. 

Another method of treating glass surfaces 
with fluorine-containing compounds is usually 
carried out by adding a fluorinated gas mixture 
(e.g., 1,1-difluoroethane mixed with air) to bottles 
at high temperatures. The mixture burns inside the 
bottle, creating an extremely small dose of 
hydrofluoric acid, which reacts with the glass 
surface and serves to dealkalize it [8]. The glass 
surface is modified by its contact with the 
combustion products of 1,1-difluoroethane – HF. 
When glass is etched in both aqueous and 
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anhydrous environments, its surface is dehydrated 
to some extent due to the replacement of dipole 
hydroxyl ions with fluorine ions, which are not 
dipolar in nature: 
 

{Si-OH}+F-  {Si-F}+OH– .           (7) 
 

Freons have a similar effect, forming bonds 
on the glass surface. 

The authors [10] have proposed a method for 
obtaining a glass surface with significantly 
improved chemical resistance. It consists in 
contacting the glass surface with a non-acidic, 
non-aqueous solvent having a dielectric constant 
of more than approximately 40, consisting of 
formamide, dimethyl formamide, n-methyl 
propionamide, dimethyl sulfoxide, and mixtures 
thereof, at a temperature exceeding the softening 
temperature of the hydrated layer but below the 
temperature at which this layer blisters, for a 
period of time sufficient to remove the hydration 
product of the alkali metal hydroxide from the 
glass without damaging the silica network. 

The anti-corrosion effect obtained after 
treatment can be explained by the ion exchange of 
OH- or O2– surface groups with F– ions, which 
prevents further ion exchange between the bottle 
wall and the solution contained in the container. 
A promising method for increasing the chemical 
resistance of glass before applying successive 
layers of SiOx and TiOx is to use an additional 
fluorination step in the presence of                         
1,1-difluoroethane and air at the temperature of 
620 °C. The fluorination step is carried out on the 
inner walls of the vial before applying the coating 
layers [11]. 

In general, the intensity of glass 
dealkalization by gases depends mainly on the 
temperature, glass composition, and nature of the 
reagents. The use of an electric field increases the 
rate of dealkalization of silica glasses by active 
gases several times over. The authors [12] carried 
out thermochemical treatment of samples of 
various types of glass using SO2, NO2, CO2, HCl, 
HF, CF2Cl2, CHF2Cl, and gas mixtures. The 
reaction zone was exposed to an electric field to 
intensify the dealkalization of glass by gases. The 
studies led to the conclusion that glasses with a 
high content of alkali metals are subject to the 
most significant changes in the electric field. 
These data clearly indicate an increase in 
dealkalization in the electric field. 

A significant disadvantage of using fluorine-
containing compounds in the thermochemical 
treatment of glass is their negative impact on 
global warming. Fluorinated gases (F-gases), CF4, 
C2F6, SF6, and NF3 have a global warming 
potential 7,390, 12,200, 22,800, and 17,200 times 
higher than CO2. The environmental profile of 
these new processes can be improved by reducing 
the use and emissions of F-gases and energy 
consumption [13]. 

However, most pharmaceutical containers 
have higher chemical resistance requirements 
than Type II glass, for which this indicator is 
insufficient for the storage and preservation of 
certain pharmaceutical products and substances 
known to be particularly aggressive and/or 
unstable with regard to the glass containers in 
which they are contained. To solve these tasks, 
innovative technologies are used to strengthen 
borosilicate glass (or Type I or “neutral” glass), 
with inner surface coated with a thin layer of pure 
SiO2 silica to form a barrier layer between the 
glass container and the product it contains. Such 
silica-coated containers usually have satisfactory 
chemical resistance for storing ultrapure water, 
but low or moderate chemical resistance for more 
aggressive solutions, such as those with a pH of 8 
or pH 10. However, applying a barrier layer of 
pure silica is relatively expensive and difficult to 
implement, and is usually limited to small-
capacity containers [1]. 

Given the growing demand for Type I 
pharmaceutical containers, it is necessary to find 
alternative methods of modifying the surface of 
container glass that take environmental aspects 
into account. Equally important for reducing the 
cost of pharmaceutical containers is the 
replacement of borosilicate glass with less 
expensive Type II glass, which has increased 
chemical resistance. Therefore, researching the 
possibility of using container glass with a 
modified surface for pharmaceutical applications, 
taking into account modern approaches to the 
creation of environmentally safe technologies and 
ensuring the market with competitive products, is 
a relevant task. 

EXPERIMENTAL 

The aim of the work is to study the surface 
structure of pharmaceutical glass containers after 
modification by surface dealkalization. The glass 
surface was modified by dealkalization with 
sulfate and fluoride compounds. 
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Obtaining pharmaceutical glass containers 
under production conditions. The experimental 
glass with MTO 7.4 marking is characterized by 
content, wt. %: SiO2 = 72.4; Al2O3 = 2.2; 
CaO + MgO = 11.9; Na2O + K2O = 13.5 and is 
close to the limits of components for the 
production composition of transparent container 
glass, wt. %: SiO2 = 72.0 + 1.5; Al2O3 = 2.0 + 0.5; 
CaO + MgO = 12.5 + 1.5; Na2O + K2O = 13.5 + 1.5; 
SO3 – no more than 0.5; Fe2O3 – no more than 0.1. 

The experimental glass was synthesized 
under production conditions at Malinovsky 
Glassworks. Raw materials for glass production 
included: quartz sand, limestone, soda ash, 
sodium sulfate, feldspar, dolomite, cerium (IV) 
oxide, selenium, cobalt oxide. The glass was 
melted in a HORN System “DEEP END 
MELTER” regenerative glass furnace, with 
preheating of air with a horseshoe-shaped flame 
direction, with a capacity of 240 tons/day at a 
glass melting temperature interval of                
1484–1556 °C. The glass containers were formed 
on the sectional glass forming machine. 

Malinovsky Glassworks produced glass 
pharmaceutical bottles “II -250-M-2-B” in 
accordance with TU 23.1-32858847-003:2017 
with a smooth neck of type II, a nominal volume 
of 250 ml, a nominal volume mark M, group 2 
(with a treated surface) made of colorless glass. 

Dealkalization methods. The first method 
involved introducing ammonium sulfate 
(NH4)2SO4 in tablet form within a temperature 
range of 800–900 °C in the hot zone of glass 
container production on the conveyor of a glass 
forming machine using a special device that 
automatically dispensed tablets weighing 0.4 
grams. 

The second method involved treating the 
inner surface of the vials with 1,1-difluoroethane 
gas (marked 152 A) using hot-end coating 
equipment (UW type).  For pharmaceutical glass 
containers, high gas concentrations of 5–17 % are 
required. This is the self-ignition range of the 
mixture of difluoroethane with air. To dispose of 
environmentally hazardous gases such as carbon 
dioxide, hydrogen fluoride, carbonyl fluoride, 
which are released when 1,1-difluoroethane 
interacts with a glass surface when heated, a 
neutralizer consisting of a plastic container (250 l) 
and a liquid level control system with 8 % 
calcium hydroxide solution. During 
neutralization, the final compound, calcium 
fluoride, which is slightly soluble in water, 

precipitates and is filtered out of the process 
solution. 

Research methods. The chemical 
composition of the surface layers was determined 
after dealkalization without rinsing, since the 
rinsing of bottles to remove salt deposits is 
performed directly at pharmaceutical manu-
facturing facilities. The chemical composition of 
the surface layers was determined by quantitative 
electron probe microanalysis on a Tescan Mira 3 
LMU scanning electron microscope using an 
Oxford X-max 80 mm energy dispersive 
spectrometer. 

The chemical resistance of the glass was 
determined according to ISO 10134.1:2018. 
Chemical resistance was assessed by the values of 
the change in pH of water (Δ pH of water) after 
treating the vials in a steam sterilizer (autoclave) 
at a temperature of (121±1) °C for 30 min, Δ pH 
of water should not exceed 1.7, and by the value 
of the change in pH of 0.9 % aqueous sodium 
chloride solution (Δ pH of 0.9 % NaCl solution) 
after treating the vials in a steam sterilizer 
(autoclave) at a temperature of (121±1) °C for 
60 min, Δ pH of 0.9 % NaCl solution should not 
exceed 0.8. The hydrolytic resistance of 
containers for pharmacological use was 
determined by titration of the extracted substance 
and evaluated taking into account the 
requirements of the State Pharmacopoeia of 
Ukraine [14], according to which the volume of 
0.01 M HCl solution used for titration should not 
exceed 0.30 cm3. 

RESULTS AND DISCUSSION 

Study of the surface structure of glass 
containers after modification. Studying the 
surface structure of glass containers is one of the 
most effective methods for determining the 
mechanism of action of reagents on the glass 
surface and their modification [15, 16]. 

After dealkalization, changes in the surface 
and its chemical composition were observed 
depending on the influence of reagents (NH4)2SO4 
(sample 2) and C2H4F2 (sample 3) when compared 
to untreated glass (sample 1) (Fig. 1). 

The structure of the initial glass is 
heterogeneous and characterized by the presence 
of significant fragments of 0.5–2.0 μm in size, 
which form aggregates that are unevenly 
distributed across the glass surface (Fig. 1 a). 
Against the general background, isolated clusters 
of nano-inhomogeneities are observed. These 
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structural inhomogeneities may be the result of 
contact between a mold with irregularities and the 
glass. Such surface structure defects can lead to 

the accumulation of stresses at the boundaries of 
the inhomogeneities and contribute to a decrease 
in the mechanical properties of the glass. 

 

 
a 

 
b 

 
c 

Fig. 1. SEM images of the glass surface before and after treatment with reagents: a) initial glass; b) after treatment 
with (NH4)2SO4; c) after treatment with 1,1-difluoroethane 

 
After treating the surface of ammonium 

sulfate (NH4)2SO4 in solid form, the structure of 
the glass surface changes and becomes fine-
grained (Fig. 1 b). The number of nano- 
inhomogeneities in the volume increases 
significantly, and their distribution becomes more 
uniform. Clear crystals of sodium sulfate Na2SO4 
are observed on the glass surface, which have an 
orthorhombic structure and are connected in 
clusters 2–4 μm in size. The presence of sodium 
sulfate crystals indicates that reaction 5 is taking 
place on the glass surface and that it is being 
modified by dealkalization. 

The surface structure of glass containers after 
interaction with 1,1-difluoroethane is 
characterized by a significant degree of 
homogeneity with the size of inhomogeneities of 

0.1–0.4 μm, which form a nanostructured surface 
layer. 

Fluorine hydrogen interacts with silicon oxide 
contained in glass (etching of glass), resulting in 
modification of the glass surface texture 
according to the reaction 4HF + SiO2 = SiF4 (gas) 
+ 2H2O. On the surface, there are solid white 
crystal hydrates of hydrofluorosilicic acid with 
the composition H2[SiF6]ꞏ4H2O, which have an 
ionic structure (H5O2

+)2 (H3O+)2 [SiF6]2–
2 

according to the reaction: SiO2 + 6HF= 
H2[SiF6] + 2H2O. 

Study on the chemical composition of the 
surface of glass containers after modification. 
After treating the surface of glass containers with 
(NH4)2SO4 and C2H4F2, significant changes in the 
chemical composition of its surface were 
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observed (Table 1). The surface of the initial glass 
(sample 1) contains elements of sodium, 
potassium, calcium, magnesium, aluminum, and 
oxygen, which are present in the glass, in 
accordance with its chemical composition. The 
presence of carbon is associated with the 
insignificant presence of carbon dioxide in the 
glass mass, which is formed by the reaction: 
CaNa2(CO3)2 + 2SiO2 → CaSiO3 + Na2SiO3 + 2CO2. 
The presence of sulfate is associated with the 
introduction of the clarifier Na2SO4, which 
reduces the surface tension at the gas-melt 
interface. After treating the glass container with 
(NH4)2SO4 (sample 2), the amount of sulfur and 

sodium increases, which may indicate the 
presence of sodium sulfate Na2SO4 crystals on its 
surface. The appearance of the element fluorine 
on the surface of sample 3 after treatment with 
1,1-difluoroethane may indicate the presence of 
H2[SiF6]ꞏ4H2O on its surface. 

The nature of the interaction between the 
reagent (NH4)2SO4 and the glass surface, as an 
indicator of the improvement in the chemical 
resistance of the surface, can be monitored by 
changes in the content of elements on the glass 
surface depending on the depth of penetration 
(Table 2, Fig. 2). 

 

Table 1. Element content on the surface of the glasses 

Sample 
No. 

Element content, wt. % 
Carbon Oxygen Sodium Magnesium Silicon Calcium Sulfur Aluminium Potassium Fluorine 

1 5.03 31.19 10.83 0.03 38.63 11.79 0.22 1.59 0.69 - 
2 2.45 35.96 17.51 0.04 19.77 6.94 16.06 0.48 0.79 - 
3 4.46 31.46 8.87 0.09 38.16 13.13 0.20 1.42 0.89 1.32 

 

Table 2. Element content on the glass surface modified with (NH4)2SO4 reagent depending on its penetration depth 

Depth, 
µm 

Element content, wt. % 
Carbon Oxygen Sodium Magnesium Silicon Calcium Sulfur Aluminium Potassium 

2 1.93 42.99 8.53 1.52 30.95 10.11 1.83 1.51 0.63 
10 2.55 33.59 17.54 0.63 21.85 6.59 16.25 0.45 0.55 

117 0.53 37.24 10.49 1.35 37.17 11.22 0.75 1.25 - 
 
 

 
Comparison of the composition of the surface 

of treated with (NH4)2SO4 container glass allowed 
us to found the degree of dealkalization 
depending on the depth of reagent penetration. 
The most intense dealkalization is observed at a 
penetration depth of 10 μm and an increase in the 
amount of sulfur and sodium and a decrease in 
silicon and calcium. For a penetration depth of 
2 μm, on the surface, on the contrary, there is a 
decrease in the amount of sulfur and sodium and 
an increase in silicon and calcium when compared 
with the previous sample, which indicates a 
decrease in the degree of dealkalization. A similar 
trend is observed when studying the degree of 
reagent penetration to a depth of 117 μm. 
However, it should be noted that when compared 
with the chemical composition of the initial glass 
(Table 1, sample 1), changes in the elemental 
composition of the surface are observed even at a 
significant depth of 117 μm. 

Study on the chemical resistance of 
pharmaceutical glass containers after 

modification. Ensuring the necessary chemical 
resistance values of the developed glass 
determines the possibility of its use as a 
pharmaceutical product due to the simultaneous 
realization of a polyalkali and polycationic effect 
at a reduced content of Na₂O + K₂O = 13.5 wt. % 
and CaO + MgO = 11.9 wt. %. 

Studies of the hydrolytic and chemical 
resistance of the inner surface of experimental 
glass containers (Table 3) without treatment 
(sample 1) and after treatment with (NH4)2SO4 
(sample 2) and C2H4F2 (sample 3) allowed us to 
elucidate that the highest indicators of hydrolytic 
and chemical resistance are characterized by glass 
containers treated with C2H4F2 with a 
consumption of 0.01 M HCl. Thus, dealkalization 
of the surface of glass containers with (NH4)2SO4 
and C2H4F2 significantly increases chemical and 
hydrolytic resistance compared to the original 
glass, which indicates the promise of these 
methods for use in the production of competitive 
glass containers for pharmaceutical purposes. 
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а 

 
b 

 
c 

Fig. 2. Distribution of elements on the surface of glass treated with (NH4)2SO4 depending on the penetration depth: 
a – 2 μm; b – 10 μm; c – 117 μm 
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Table 3. Chemical resistance of the initial glass and the inner surface of glass container after treatment with 
(NH4)2SO4 and C2H4F2 

 
 

CONCLUSIONS 

Under production conditions at Malinovsky 
Glassworks, using environmentally friendly 
principles of glass container production 
technology, the composition of the glass was 
developed and its surface was treated with 
ammonium sulfate and 1,1-difluoroethane. The 
effects of reagents on the surface of glass 
containers were studied by changing their surface 
structure and element content. It has been 
confirmed that the use of surface dealkalization 
methods increases chemical resistance through 
the reaction of reagents with glass, the leaching of 
alkali cations, and their inclusion in the reaction 
products. Na2SO4 crystals form on the glass 
surface after treatment with ammonium sulfate, 
and H2[SiF6]ꞏ4H2O crystals form after treatment 
with 1,1-difluoroethane. 

A change in the composition of the surface of 
container glass treated with (NH4)2SO4 has been 
found. It has been determined that the degree of 
dealkalization is significant and depends on the 
depth of reagent penetration. 

The chemical resistance of the initial glass 
and the inner surface of the glass container after 
treatment with (NH4)2SO4 and C2H4F2 was 
examined. The realization of the polycationic 
effect for industrial container glass composition 

with reduced Na2O + K2O = 13.5 wt. % and 
CaO + MgO = 11.9 wt. % allows ensuring 
required chemical resistance values for 
pharmaceutical glass containers. 

It was found that dealkalization of the surface 
of glass containers with ammonium sulfate and 
1,1-difluoroethane allows increasing chemical 
resistance compared to the initial glass, which 
indicates the promising application of these 
methods in the production of competitive glass 
containers for pharmaceutical use. 

A series of studies on the implementation of 
pharmaceutical glass technology based on 
container glass using methods of dealkalization of 
its surface allows us to abandon costly 
components and introduce competitive products 
with high performance properties to the glass 
container market. 

It has been determined that the use of modern 
equipment for neutralization of products of the 
surface dealkalization of container glass with   
1,1-difluoroethane allows to ensure the 
implementation of the principles of 
environmentally sustainable production, which is 
an important condition for sustainable 
development. 
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Sample No. 

Chemical resistance indicators of the inner surface of glass containers 

Hydrolytic resistance 
(consumption of 0.01 M 

HCl solution, cm3) 

Chemical resistance 
Δ pH of 0.9 % NaCl 

solution 
Δ pH of water 

1. Without treatment 1.44 3.77 1.86 
2. After treatment with (NH4)2SO4 0.10 0.53 0.74 
3. After treatment with C2H4F2   0.07 0.51 0.76 
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Проаналізовано ринок фармацевтичної тари та встановлено затребуваність скляної тари при пакуванні 
фармацевтичної продукції з урахуванням високих санітарно-гігієнічних та експлуатаційних вимог. 
Встановлено перспективність застосування методу деалкалізації поверхні тарних стекол для підвищення 
хімічної стійкості. Проаналізовано методи деалкалізації поверхні тарних стекол в залежності від типу та 
визначено механізми модифікації та особливості застосування. У виробничих умовах розроблено склад 
склотари фармацевтичного призначення та встановлено, що забезпечення полікатіонного ефекту для складу 
промислового тарного скла є важливим чинником підвищення їхньої хімічної стійкості. Визначено 
технологічні параметри модифікації поверхні скла сульфатом амонію та 1,1-дифторетаном. 

Досліджено зміну структури поверхні скла після його деалкалізації в залежності від виду реагента. 
Визначено залежність зміни вмісту елементів на поверхні скла в залежності від глибини модифікації та 
хімічну стійкість його поверхні. Встановлено механізм деалкалізації скла реагентом, який полягає у  
вилуговуванні лужних катіонів та включення їх до продуктів реакції реагентів зі склом: кристалів Na2SO4 
після обробки сульфатом амонію, кристалів  H2[SiF6]ꞏ4H2O після обробки 1,1-дифторетаном. Проведено 
порівняльну оцінку зміни структури та хімічного складу скляної тари після деалкалізації сульфатними та 
фторидними сполуками. Встановлено, що деалкалізація тарного скла 1,1-дифторетаном дозволяє значно 
підвищити хімічну та гідролітичну стійкість при порівнянні з вихідним склом, що вказує на перспективність 
застосування вказаного методу при виробництві конкурентоздатної скляної тари фармацевтичного 
призначення. Застосування сучасного обладнання для нейтралізації продуктів процесу деалкалізації поверхні 
тарного скла 1,1-дифторетаном дозоляє забезпечити впровадження принципів екологічно стійкого 
виробництва. 

Ключові слова: скляна тара, структура, деалкалізація, поверхня, модифікація, хімічна стійкість, 
виробництво 
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