
Characteristics of microstructural phenomena occurring on

the surface of protective gloves by the action of mechanical

and chemical factors

Emilia Irzmañska1), Katarzyna Dyñska-Kukulska2),�), Magdalena Jurczyk-Kowalska3)

DOI: dx.doi.org/10.14314/polimery.2014.136

Abstract: The aim of this study was to evaluate the microstructural changes on the surface of glove materials used in
the workplace — new and subject to mechanical and chemical interactions in both simulated conditions in a labora-
tory and on actual jobs. The introductory part presents a brief review concerning application of the scanning electron
microscope technique to characterize the microstructural phenomena occurring on the surface of textiles used to con-
struct protective gloves. Research has indicated that a scanning electron microscope can be used to characterize the
microstructural phenomena occurring on the surface of the materials exposed to mechanical and chemical harmful
factors. Based on the results, it was found that the impact of the proposed conditions has a different influence on the
morphology of the rubber surface: acrylonitrile-butadiene and chloroprene. In both cases there are different morpho-
logical features characterizing particular types of changes observed on the surface.

Keywords: protective gloves, scanning electron microscope, acrylonitrile-butadiene rubber, chloroprene rubber,
microstructural phenomena.

Charakterystyka zjawisk mikrostrukturalnych zachodz¹cych na powierzchni
rêkawic ochronnych w wyniku oddzia³ywania czynników mechanicznych i che-
micznych

Streszczenie: W badaniach prowadzonych przy u¿yciu skaningowego mikroskopu elektronowego oceniano zmiany
strukturalne na powierzchni materia³ów rêkawic ochronnych stosowanych na stanowiskach pracy — nowych oraz
poddanych oddzia³ywaniu ró¿nych czynników mechanicznych i chemicznych, zarówno w warunkach symulowa-
nych w laboratorium, jak i rzeczywistych, na stanowiskach pracy. Scharakteryzowano uszkodzenia powierzchnio-
we, powsta³e w wyniku oddzia³ywañ zewnêtrznych,wp³ywaj¹cych na szybsz¹ utratê w³aœciwoœci ochronnych bada-
nych materia³ów, niezauwa¿alnych nieuzbrojonym okiem pracownika. Dowiedziono, ¿e wymienione czynniki
powoduj¹ charakterystyczne zmiany morfologii powierzchni badanych materia³ów rêkawic ochronnych, zale¿nie
od typu oddzia³ywania.

S³owa kluczowe: rêkawice ochronne, skaningowy mikroskop elektronowy, kauczuk butadienowo-akrylonitrylowy,
kauczuk chloroprenowy, zjawiska mikrostrukturalne.

Protective gloves made of polymer films and coated
textiles are widely used in various industries due to the
possibility to use them in many workplaces where there
is a risk associated with the combination of several dan-
gerous factors [1]. Materials used for gloves to be used in
mechanical workshops act as multifunctional protection
as they protect the employee’s hands from both selected
mechanical (cuts, punctures and abrasion) and chemical
factors (mineral oils, grease).

During the simultaneous impact of mechanical and
chemical factors on the protective glove materials, a gra-
dual loss of their protective properties could be seen. No
doubt, this is related to the occurrence of microstructural
phenomena occurring on the surface of the gloves (cavi-
ties, cracks, or gradual degradation of materials) under
the influence of external factors.

Although in many cases the surface morphology
changes in the micro scale it translates into a deteriora-
tion of the protective properties what is very important
for the hands of the employee.

It should be noted that the effectiveness of protective
gloves is assessed on the basis of standardized test me-
thods, but the efficiency of telling the extent of protection
of the tested products refers to the new units and does not
include multiple use. Little is known about the duration
of the service life of gloves, because the degree of wear
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and tear, or loss of protective properties depends on
many factors occurring in the workplace. The impact of
these factors is the subject of the analysis conducted in
accordance with the standards, the feed roller methods of
testing and evaluation of these measures. Therefore, it is
important to advance our knowledge of microstructural
phenomena occurring on the surface of protective gloves
in the context of the loss of the protective properties
during their use.

The most common technique used to evaluate the
morphology of the materials is a scanning electron micro-
scope (SEM). A large depth of field scanning microscope
makes it particularly useful to study the surface morpho-
logy, especially concerning the surface quality and
damage to the surface layer [2—4]. Microscopic examina-
tion also allows verifying the changes in the structure of
textiles, polymers and coated textile materials [5, 6].

The first reports on the use of a scanning electron mic-
roscope to study the surface morphology of textiles come
from 1970s. These tests involved evaluation of the mor-
phology of the treated cotton fibers, exposed to swell fac-
tors, such as morphine, piperidine, piperazine, ethylene-
diamine and zinc chloride. The results indicated a signifi-
cant gradation in recrystallized swollen and non-swollen
cotton fibers, which have been used to develop a visual
scale of microfibers useful in assessment of recrystallized
cotton [7].

Subsequent reports on the use of scanning electron
microscope for morphology studies related to the testing
of textile cotton fibers [8]. Studies using scanning electron
microscope to evaluate the morphology of the surface
were also used in the preparation of composite fabric,
where polyacrylonitrile (PAN) was deposited on nylon
and polyethylene (PE) fibers. The scanning electron mic-
roscope study clearly showed that the composites thus
obtained were characterized by much better conductive
properties and adhesion. It was caused, according to the
authors, by an increase in the interaction of macromole-
cules by diffusion of polyacrylonitrile (PAN) chains into
layers of fibers, which was confirmed by images obtained
by scanning electron microscope [9].

Currently, as it is often used to control scanning elec-
tron microscope imaging and surface morphology of fi-
bers and textiles, in which the deposited polymer layer in
order to impart high mechanical and chemical resistance
of the output fiber [10—12] or drainage of excess electri-
cal charge through the use of conductive polymers [13,
14]. The above mentioned technique was quickly used to
evaluate the surface morphology of textiles, which were
incorporated in the nanoparticles in order to obtain func-
tional products — silver nanoparticles in textile fibers
[15] or chitosan nanoparticles with essential oils [16].

Scanning electron microscope studies confirmed the
incorporation of the nanoparticles of chitosan in the fiber
structure, and the gas chromatography coupled with
mass spectrometry (GC-MS) studies confirmed sustained
release of fragrance from their interior [16]. The zinc

oxide nanoparticles layer on the surface of cotton fibers,
applied by immersing and then drying the fibers, was de-
signed to enhance their antibacterial properties. Scanning
electron microscope examination of the structures thus
obtained showed that nanoparticles were uniformly dis-
tributed on the fiber surface, and the physical characteris-
tics showed no significant differences in mechanical
strength while increasing the bactericidal properties [17].
Studied the morphology of the surface-modified silver
metallic fibers using a novel wet-chemical technology —
scanning electron microscope images obtained confir-
med that the fibers are properly coated with a silver layer
[18].

The scanning electron microscope technique was also
used to assess the structure and morphology of the poly-
mer-modified fibers, including many compounds, e.g.
boronic acid [19], and ferric chloride [20].

From the point of view presented in this paper interes-
ting was the study on the use of nanoparticles using elec-
trospray incorporated in the surface of fabrics in order to
increase their resistance against water and mineral oils.
The resulting scanning electron microscope images con-
firmed that the application of nanoparticles using the
above techniques prevents the electrostatic interactions
by formation of agglomerates, which significantly increa-
ses the oil resistant properties of textiles [21].

In the literature there is no study on the evaluation of
microstructural phenomena occurring on the surface of
the protective gloves due to mechanical and chemical fac-
tors that occur in the workplace. The work carried out so
far on the impact of individual factors (most of selected
chemicals such as acids and bases or mechanical actions)
only on the standards defined in the protection of mate-
rials [22—28]. They did not relate to assessment of chan-
ges in the surface structure of materials created as a result
of use in the real world, and during or after the process of
use. One study on the effects of mineral oil on the protec-
tive properties of the materials indicated the need for
such analyzes to enable accurate interpretation of the re-
sults of safety parameters [29, 30].

In this paper, a scanning electron microscope techni-
que to evaluate the microstructure of the surface layer of
the polymer-coated textile in the protective gloves was
used. The materials were subjected to single and complex
interactions — mechanical stresses (tensile, bending and
abrasion), chemical (mineral oil) and microclimatic — ta-
king place in the space between the user’s hand and the
glove material (sweat, temperature, humidity). The aim
of this study was to evaluate the microstructural changes
on the surface of glove materials used in the workplace —
new and subjected to the above mentioned influences in
both simulated conditions in a laboratory and in real
workplaces. Particular emphasis is placed on the surface
characteristics of microdamage resulting from external
influences that could translate into more rapid loss of the
protective properties of the tested materials, imperceptib-
le from the perspective of the employee. A scanning elec-
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tron microscope which is a device designed to study the
material structure was used in this study.

EXPERIMENTAL PART

Materials

Two types of materials commonly used for protective
gloves at work in mechanical workshops were chosen —
knitted gloves coated with acrylonitrile-butadiene rub-
ber (NBR) and chloroprene (CR) all-rubber gloves
flocked with cotton fibers inside. Chloroprene rubber
and acrylonitrile-butadiene rubber, depending on the
thickness, processing conditions, the additives used and
other factors, have different resistance to the penetration
of mineral oils, usually at a high level. The gloves selected
for testing were manufactured by two leading manufac-
turers and suppliers of gloves of this type in the world,
according to manufacturers’ declarations — gloves sho-
wed high resistance to the penetration of mineral oils — 6
levels of performance (EN 374-3:2003, EN 374-3:2005,
EN 374-3:2005/AC:2006] gives the classification scale 6 —
gradual, according to procedure described in [31]). This
means that the penetration of the compounds takes place
at an average of more than 8 hours of continuous contact
with the glove samples was therefore influence factor by
simulations and actual cycle of 8 hours corresponding to
a working shift at work.

Method of testing

The tests included the following options:
— a new one (as reference material); subjected to me-

chanical loads only (tensile, abrasion) during a simulated
test work performed in the gloves;

— subjected to the artificial sweat, only a basic pH
(pH = 8,0 ± 0,2);

— subjected to the combined action of mechanical
loads, artificial sweat and mineral oil under certain con-
ditions, temperature (36 °C) and humidity (60 %) the de-
vice simulated research work performed in the gloves;

— exposed to the real conditions in the workplace.
Studies described in this work were done according to

the previously described test procedure by the authors in
[31, 32]. A characteristics of the variants is shown in Tab-
le 1. A scanning electron microscope was used to assess
the surface morphology of two types of polymer gloves.
The scanning electron microscope experiments were per-
formed on a HITACHI S-3500N at the accelerating volta-
ge of 10 and 15 kV and magnifications in the range be-
tween 40 and 2000 times.

The samples for microscopic examination were cut
from the palms of the gloves. Chloroprene rubber films
and acrylonitrile-butadiene rubber connected to the fab-
ric layer, with the dimensions 10 × 10 mm, were glued to
the microscope table with a conductive adhesive. Samp-
les were coated with a gold layer 5 nm thick.

RESULTS AND DISCUSSION

Microscopic analysis shows differences in surface
morphology of polymer protective gloves. Figures 1 to 10
show the surface microstructure of the tested samples.

Figure 1 shows the surface morphology of knitted glo-
ves coated with acrylonitrile-butadiene rubber. The sur-
face of the initial gloves has characteristic elements of
structure. Typical micropores have size in the range of
8 to 40 microns (the places indicated by arrows) (Fig. 1A).
The similar topography has been observed by numerous
researchers [33]. Rubber surface of gloves is weakly deve-
loped. Figure 1A shows the scanning electron microscope
photograph of typical structures of investigated polymer
materials. Spherical elements of structure on Fig. 1A are
molecules of the dispersed phase, characteristic for acry-
lonitrile-butadiene copolymers. Fig. 1B shows regions of
melted rubber which are formed as a result of joining the
fabric and polymer.

Figs 2 to 5 show the surface morphology of the knitted
materials after an exposure to external factors. The sur-
face observed had different morphology. Figs 2 and 3
show the surface morphology of materials treated with
single agents, mechanical interactions and activity of arti-
ficial sweat, respectively. Characteristic of these surfaces
is the presence of spherical structural elements that occur
on the material surface not influenced by external im-
pacts.
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Fig. 1. SEM micrographs of reference knitted fabric acryloni-

trile-butadiene rubber (NBR) gloves (1N)
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Fig. 2. SEM surface morphology of knitted fabric acrylonitrile-

-butadiene rubber (NBR) gloves after mechanical impact (1M)
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B)

50 m�

C)

Fig. 3. SEM surface morphology of knitted fabric acrylonitrile-

-butadiene rubber (NBR) gloves after the chemical reactions (arti-

ficial sweat) (1S)

T a b l e 1. Characteristics of the tested materials

Protective gloves Knitted gloves coated with rubber All-rubber gloves

Symbol 1 2

Characteristic
Fabric of polyamide yarns, coated

with acrylonitrile-butadiene
rubber (NBR) in the palm

Chloroprene (CR) all-rubber
gloves flocked with cotton

fibers inside

Tested variants

Samples from a new gloves 1 N 2 N

Samples subjected to mechanical loads only (tensile, abrasion)
to the test simulated work performed in the laboratory — 8 h 1M 2M

Samples subjected to the artificial sweat in laboratory — 8 h 1S 2S

Samples subjected to the combined action of mechanical loads,
artificial sweat and mineral oil under certain conditions,
temperature and humidity in the device simulated real work — 8 h

1L 2L

Samples exposed to the real conditions in the workplace
in mechanical workshop — 8 h 1MW 2MW



Occurring in the form of spherical precipitates disper-
sed phase morphology has changed compared to the ini-
tial state. For the 1M material (Fig. 2A) dispersed phase in
the form of spherical elements of the structure is more flat
in comparison to the starting material (Fig. 1), whereas
for the material 1S (Fig. 3) on the periphery of the disper-
sed phase separation (light line) related to the impact of
artificial sweat to the surface occurs. In addition, the me-
chanical interaction causes formation of characteristic
bands associated with mechanical damage to the surface
(Fig. 2B). There are also crumbled filler particles and/or
contamination on the surface (Fig. 2C).

Artificial sweat has a different impact on the rubber
surface. Figure 3 shows light cracked areas on the surfa-
ce, which testify to aggressive impact of this factor on the
acrylonitrile-butadiene rubber. Cracking and swelling of

the material found on the surface are in the form of bands
(Fig. 3A), which may be associated with the occurrence of
agglomerates fillers in these areas. So you can say that
these areas which are weakly resistant to the artificial
sweat in consequence lead to loss of continuity of the ma-
terial surface. Changes on the surface of the protective
gloves are typical to the processes of chemical degrada-
tion of rubber, which may consequently lead to reduction
in a number of properties of the material, including pro-
tective properties [34].

Study of the effect of artificial sweat on polymeric ma-
terials in the context of the loss of their protective proper-
ties has not been intensified. There are reports confirming
that the artificial sweat has hydrolytic properties in re-
gard to polymer and causes the degradation. Studies
were carried out on the special device to allow dispensing
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Fig. 4. SEM surface morphology of knitted fabric acrylonitrile-

-butadiene rubber (NBR) gloves after work in simulation condi-

tions in laboratory (1L)
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Fig. 5. SEM surface morphology of knitted fabric acrylonitrile-

-butadiene rubber (NBR) gloves after usage in car repair shop

(1MW)



of the artificial sweat solution which was thermostated.
The results clearly confirm that the artificial sweat consi-
derably increases the weight loss of polymers in terms of
exposure to visible light. It should also be noted that de-
signed sweat dosing device made sweat application in
temperature conditions similar to human body tempera-
ture, since the dosing container was placed in a thermo-
static vessel [34].

Despite results of investigations by Korinth et al. [35]
stating that sweat does not have any effect on chemicals
penetration through gloves material, it was observed that
during the contact of artificial sweat with plastics, chemi-
cals which were added to polymer compositions in order
to improve their properties, were often released.

The additives: dithiocarbamates [36] or thiurams [37],
are carcinogenic and can lead to allergic reactions, what
impacts the comfort and safety of the finished products’
users.

Based on microscopic analysis it can therefore be con-
cluded that the mechanical impact and the impact of artifi-
cial sweat, despite the fact that they have different effects
on the morphology of the rubber surface, lead to a decrease
in protective properties of the tested gloves. Both factors
lead to significant development of surface damages in
comparison to the initial material. In the first case, surface
damage is visible due to the tension acting, in the second
case there is a chemical surface degradation.

Figures 4 and 5 show surfaces of materials subjected
to the combined effect of exposure factors. In both cases
of materials tested in simulated and real working condi-

tions changes in the surface morphology of the gloves are
affected by many factors. In both samples a considerable
surface degradation was observed. Spherical elements of
the structure were not found, what testifies to intensive
wear of the rubber’s surface layer. Presented results show
that mechanical impacts have complex character in case
of simulated researches and real working conditions.

Simulated conditions in a laboratory have led to signi-
ficant damage to the surface of the glove (see Fig. 4). Da-
mage to the surface indicates that simulated operating
conditions during the experiment produce complex me-
chanical influences. Voids formed as a result of stresses
are visible on the material surface. As a result, there are
frictional forces acting to remove the layer from the sur-
face of the elastomer and disclose filler agglomerates.
Note that in the initial material a thin layer of elastomer
was protecting filler, since filler was not observed on the
surface. Cracks and microcracks in both elastomer (Fig.
4B) and in the filler (Fig. 4C), which can affect the barrier
properties of the test materials against mineral oils are
present. The resulting damage to the rubber surface
(cracks, delaminations, voids) is the cause of weakening
of the protective properties — resulting mainly in accele-
rated penetration of substances present in the workplace
to the skin of the hands.

The surface of gloves used in a car repair shop were
very impure. As a result of the real use of the fillers agglo-
merates were revealed on the rubber surface. There were
empty spaces (cracks) observed on the border between
elastomer and fillers.
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Fig. 6. SEM surface morphology of chloroprene rubber (CR) gloves, flocked cotton fibers from the inside (reference samples) (2N)
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Fig. 8. SEM surface morphology of chloroprene rubber (CR) gloves after the chemical interactions (artificial sweat) (2S)
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Fig. 7. SEM surface morphology of chloroprene rubber (CR) gloves after mechanical affect (2M)
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Fig. 10. SEM surface morphology of chloroprene rubber (CR) gloves after usage in car repair shop (2MW)
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Fig. 9. SEM surface morphology of chloroprene rubber (CR) gloves after work in simulation conditions in laboratory (2L)



Another group of test materials were chloroprene rub-
ber gloves. The morphology of the initial state and the im-
pact of external factors (Table 1) are shown in Figs 6—10.

Figure 6 shows the surface morphology of chloropre-
ne rubber gloves, flocked with cotton fibers from the in-
side. The influence of the specified conditions on the sur-
face layers of CR rubber was analyzed. On the inner sur-
face of gloves two characteristic microstructural areas
were observed due to the presence of the textured
non-slip structures. The area 1 (Fig. 1) has a developed
surface. Area 2 between the edges of the non-slip struc-
ture has a morphology characteristic of filled elastomers
[6]. This figure shows the aggregates and agglomerates of
fillers on the rubber surface.

The analysis showed that used factors in different
ways affect the changes to the surface of chloroprene rub-
ber gloves. Figures 7 and 8 show the surface morphology
of gloves after mechanical and artificial sweat interac-
tions, respectively. For both materials, between the edges
of the anti slip structure an increase in the degree of sur-
face development compared to the initial material was
observed. This is mainly due to the presence of characte-
ristic microcraters on the rubber surface (Fig. 8B and 7B).
In both cases presence of individual filler particles on the
surface was found. On the surface of the samples treated
with artificial sweat pits and etched areas were present
(Fig. 8B—D). Surface discontinuities being a result of
contact with artificial sweat can lead to deterioration of
surface density of the rubber and the loss of their protec-
tive properties during use. In this case chemical degrada-
tion on the anti-slip structure was not observed.

Significant changes in the surface morphology were
observed in rubber samples tested in a laboratory simula-
tion. Figure 9 shows scanning electron microscope photo-
graph of the morphology of structure of anti-slip edges
which became fractured due to intensive friction.
Anti-slip edges are the most abrasion hazard during
work conditions simulated in the laboratory [6]. The area
between the edges has numerous pits (Fig. 9B) and is lar-
gely covered with a coating (precipitates) (Fig. 9C and D).
Precipitates on the rubber surface are in the form of a
fractured layer and spherical particles.

Due to large surface contamination of gloves used in
the car repair shop it was very difficult to identify surface
changes. It was clearly stated that non-slip surfaces of the
edge of the structure has been significantly damaged as a
result of real usage. Fig. 10B shows the cracks and crumb-
led pieces of elastomer on the surface. For all samples of
chloroprene rubber gloves which were tested in variable
environments different morphology of the pits was ob-
served, what can be identified by comparison of the follo-
wing images: 7B, 8B, 9B, 10D. This demonstrates clearly
the different impact of investigated factors on the chloro-
prene rubber surfaces.

Similarly, conditions simulated in the laboratory
have an effect on the chloroprene rubber surfaces. In
this case there were observed changes in surface mor-
phology which are cause of mechanical cracks and un-
der the chemical environmental influence. It can be
unambiguously stated that as a result of these inter-
actions there is both mechanical and chemical degra-
dation of tested surfaces.
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T a b l e 2. Mean values of the tested protection parameters and performance levels for the studied protective gloves according to cur-

rent standards for personal protective equipment evaluation [32]

Sample
designa-

tion

Mean values
of blade cut
resistance
[in] [x±SD]

Blade cut
resistance

performance
levels �)

Mean values
of abrasion
resistance

[number of
cycles]

Abrasion
resistance

performance
levels �)

Mean values
of tear

resistance;
tearing force

[N] x±SD

Tear
resistance

performance
levels �)

Mean values of oil
permeation rate during

8 h continuous
exposure [µg/cm2·min]

[x±SD] ��)

1N 1.8 ± 0.1 1 2000 3 87 ± 2 4 171 ± 9

1L 1.6 ± 0.1 1 500 2 52 ± 3 3 1266 ± 39

1MW 1.7 ± 0.1 1 500 2 54 ± 3 3 1126 ± 38

2N 1.7 ± 0.0 1 2000 3 25 ± 2 2 18 ± 1

2L 1.5 ± 0.1 1 500 2 15 ± 1 1 94 ± 3

2MW 1.5 ± 0.0 1 500 2 15 ± 2 1 76 ± 2

Notes: x — mean value, SD — standard deviation, number of tested samples: n = 6.
�) Tests for cutting, abrasion and tearing were conducted according to the standards EN 388:2003 and EN 420+A1:2010; in case of cut resis-
tance there was no differences for new and used samples of gloves; in case of abrasion resistance there was reduction of performance level
for used samples of gloves in comparison to the new one (reported one point decreasing in protective level); tear resistance — there was
decreasing of performance level of used gloves samples in comparison to the new one (reported one point decreasing in protective level
from 4 to 3 for knitted gloves coated with rubber and from 2 to 1 for all-rubber gloves).
��) The test for mineral oil permeation was conducted according to the standards EN 374-3:2005, EN 374-3:2005/AC:2006. In this studies a
huge amount of mineral oil permeating thru the gloves during 8 h testing in used samples in comparison to the new one was observed (the
amount of permeated mineral oil thru the gloves was about 100 % higher for knitted gloves coated and also all-rubber gloves in comparison
to the new one).



In Table 2 mean values of the tested protection para-
meters and performance levels for the studied protective
gloves are shown.

The conducted study shows that the conditions under
which gloves are used and the harmful factors they are
exposed to exert a substantial impact on their effective-
ness as a barrier against harmful chemical substances in-
cluding mineral oils. Measurement of the concurrent
effects of material degradation (decreased mechanical
strength) changes in the permeation rate and changes in
their surface morphology enables a comprehensive
assessment of glove usefulness for repeated use.

CONCLUSIONS

— The research has indicated that the scanning electron
microscope technique can be used to characterize the mi-
crostructural phenomena occurring on the surface of the
materials barrier exposed to mechanical and chemical
harmful factors. Scanning electron microscope technique
allows accurate assessment of the morphology of the glove
surface impacted by a single and combined action of harm-
ful factors and shows that the simultaneous impact of risk
factors on the gloves can negatively affect protection per-
formance. Obtained scanning electron microscope obser-
vations allow claiming that for this purpose the device
simulating usage processes in laboratory achied similar
results in comparison to materials used in the workplace.

— Presented studies using a scanning electron micro-
scope reveal changes in the microscopic scale on the pro-
tective gloves surface. Based on the results, it was found
that the impact of the proposed conditions has a different
influence on the morphology of the surface of both acry-
lonitrile-butadiene and chloroprene rubbers. In both ca-
ses there are different morphological features characteri-
zing particular types of changes observed on the surface.

— In the case of the impact of individual factors on
polyacrylonitryle rubber: mechanical factors and artifi-
cial sweat, there can be seen a different kind of damage to
the surface, respectively, delaminations and voids. They
confirm lack of rubber continuity, triggered by stress,
swelling and cracking of the material, typical of the che-
mical surface degradation. In the case of complex im-
pacts, the mechanical one has the most considerable in-
fluence on the impenetrability of the rubber. It is proven
by the damage of the surface which is typical for mecha-
nical degradation.

— The nature of the surface damage of the neoprene
rubber is mainly influenced by the presence of a non-slip
structure on the tested surface that is exposed to mecha-
nical damage to a greater extent than other areas of the
glove surface, which was proven on the basis of the re-
search carried out in a workplace. In the case of the artifi-
cial sweat impact, some etched areas on the surface of the
glove were found. Other surface changes resulting from
the influence of the aggressive environment were obser-
ved in the case of application of the group of factors in

simulated conditions in the laboratory. In the second case
there was observed the cracked surface layer and the pre-
sence of light spherical particles, which may be products
of chemical degradation of the surface.

— Scanning electron microscope technique could be
used as an auxiliary tool which helps to predict the end of
the service life of protective gloves and protective proper-
ties after the loss. Using SEM together with the protection
parameters tests gives a full view of investigated gloves
samples and it helps to conclude that the penetration of
chemicals through protective material of the glove, that is
its contact with human skin, may occur as soon as after 8
hours of work, despite the fact that the glove does not dis-
play any visible signs of damage. Defining the end of the
use period of the protective gloves in workplaces after
they were used for a few days or a few weeks may elimi-
nate the situations where the user is exposed to uncon-
trolled impact of mainly harmful chemicals on his skin
and the whole organism.

The publication has been based on the results of Phase II of the
National Programme “Safety and working conditions improve-
ment”, funded in the years 2011—2013 in the area of tasks rela-
ted to services for the State by the Ministry of Labour and So-
cial Policy. The Programme coordinator is Central Institute for
Labour Protection — National Research Institute.
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