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Abstract
This paper presents a study on the thermal insulation of commercial protective gloves with
passive and active heating systems considering different simulated temperatures (-15 °C,
-10 °C, 0 °C and +5 °C). The insulation parameter was determined on a thermal hand model
for two heated gloves supplied with different heat sources (active and passive) according
to an originally developed procedure. The results confirmed that the use of an additional
heat source (active or passive) makes it possible to obtain higher values of thermal insulation, expressed by a change in the performance level. In addition, the results indicate that
active systems are more effective than the passive heat sources tested. The procedure shows
how to evaluate the performance of heated products. It was found that active and passive
systems differentially follow temperature changes, and thus differ in the levels of thermal
insulation provided in the workplace. Depending on the degree of exposure of the worker
to a cold environment, it is advisable to wear gloves additionally equipped with passive or
active heat sources.
Key words: heating protective gloves, cold work environment, thermal insulation.

Introduction
Gloves protecting the user against low
temperature should have a thermal insulation ability and a low transfer heat flux
coefficient while maintaining flexibility
and comfort of use [1]. Cold-resistant
gloves significantly reduce the risk of
contact with low temperature and cooling of the skin of the hands. The use of
such gloves does not completely eliminate the risk of the user’s loss of comfort
– it only protects against quick cooling
[2, 3]. However, there is still slow cooling of the hands and loss of the dexterity
of fingers, intensified by the rigidity of
the gloves [4, 5].
In workplaces where there is a risk of
cooling of distal parts of the body, gloves
with insulating properties are used [6].
This takes place in the case of the production, storage and distribution of food
products, where it is required to carry out
work in rooms where cold conditions are
intentionally maintained (e.g., work in
cold stores, freezing tunnels in meat, fish,
milk and cheese processing, ice cream
and frozen foods, sorting frozen vegetables and fruits) [7]. Traditional protective
gloves are made of textile systems, possibly with the use of waterproof leathers or
materials coated with polyvinyl chloride,
nitrile rubber or polyurethane, and an increase in thermal insulation is achieved
through the use of additional insulating
inserts/linings. Despite the possibility of
choosing gloves from traditional materials with different insulating properties,
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it turns out to be insufficient to meet the
expectations of users [8].
According to the current state of the art,
modern protective glove designs are also
being developed equipped with systems
supporting heat preservation [9]. Such
products can be divided by the way of
heating and by the heat supply system
for passive and active sources of heating
used in protective gloves [10-12] (Figure 1).
Passive heat sources (PHS) can perform
advanced functions, taking into account
economic and environmental considerations. PHS include active mineral compounds that are a mixture of iron powder,
alkali metal, alkaline earth or transition
metal, active and inactive carbon, and
additives used according to the specific
application [12].
Active heat sources (AHS) include
electrical power and phase transformation materials. Often in solutions using
electrical heating, a single electric cable
connected to the power source is used.
These solutions make that the gloves can
be rigid and heavy, especially due to the
size and weight of the battery. Nowadays,
more and more printed conductive paths
are being used to provide heat to the various heating zones of a glove [13].
Another way to provide heat to a product is to use phase transformation materials that are characterized by an ability
to accumulate and release large amounts

of energy. Application of these materials
is made by using finishing techniques
or direct application in the polymer matrix during the spinning process. Phasechange materials (PCM) can absorb energy when the phase changes from solid to
liquid, and can also release energy when
the phase changes from liquid to solid.
In textile applications, the PCM is usually enclosed in small polymer spheres of
only a few micrometers diameter The effectiveness of these solutions is not always sufficient to meet the expectations
of users [14, 15].
Heated protective gloves, due to the release of additional heat from the active
source, should be tested using an appropriate test method [16, 17]. At present,
many of the solutions have disadvantages, such as the battery performance may
not meet the requirements of long exposure in cold conditions for electrically
heated gloves and footwear [18]. In the
case of chemical heating, the temperature
is not controlled and kept constant [18,
19]. Depending on the system used, researchers use different methods to assess
the heat emission of heated gloves and
footwear.
Currently, there is a scarcity of research
on evaluation methodology for assessing the safety and performance of heated protective products in the workplace.
The basic requirements specified in
Directive 89/656/EEC and Regulation
2017/625 [20, 21] do not address to
any large extent the actual workplace
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diameter The effectiveness of these solutions is not always sufficient to meet the expectations
users14,15.
conditions for which such products are
intended. To make ensure that products
containing heating elements, whether
passive (e.g., mineral compounds, gels)
or active (e.g., heating coils), effectively ensure worker safety in cold environments, and thus can be considered proper
PPE, their performance in the workplace
should be evaluated.

Standard protective gloves designed for
use in cold environments should be characterised by appropriate insulation properties, expressed as a performance level
(a measure of protection performance in
the workplace). The study used a thermal hand model, in accordance with EN
Figure 1. Types of hand protection products by heating system and heating medium
511:2006 [22]. Protective gloves with Figure 1. Types of hand protection products by heating system and heating medium.
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Student’s t-test was applied for two dependent and independent samples by
means of the posteriori Bootstrap method (sampling 1000). The significance of
the results was assumed at the level of
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tho

p < 0.05. The normal distribution of
variables was confirmed on the basis of
skewness and kurtosis values not exceeding the range <-1; 1>.

Test results of thermal protective
properties of gloves
Table 3 presents descriptive statistics of
the test results of thermal insulation tests,
determined for 8 measurements (after 5,
10, 20, 60, 80, 120, 140 and 200 minutes
of testing) during a 200-minute mode
of gloves with a passive heating system
(RPA variant) and active system heating
(RAK variant) at all ambient temperatures
tested: +5 °C, 0 °C, -10 °C & -15 °C.
A summary of these results are presented
in Figure 3.
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66

61

51.6
50.6

values of mean thermal insulation were observed than in the specific measurement, as shown in
Figure 5.
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0.25
0.20
0.15
0.10
0.05
0.00

RPA variant

RAK variant

Protective glove constriuction

Discussion
In workplaces where the risk of cooling of the distal parts of the body occurs, gloves with insulating properties
are used. Traditional protective gloves
are made of textile or leather materials,
and an increase in thermal insulation is
achieved through the use of additional
insulating inserts/linings. In practice,
this results in a deterioration of manual dexterity. An alternative may be the
construction of gloves with a smaller
number of insulating layers but equipped
with additional heat-supporting elements
(active or passive). These types of gloves
can achieve a higher level of efficiency in
terms of the thermal insulation required.

Thermal insulation
m2*°C/W

Specific measurement

Thermal
insulation,
m2*°C/W

Glove
construction

Figure 5. Effect of the type of measurement on thermal insulation, m2*°C/W for protective
Above
should
be ‘Protective
construction’
gloves
in the
variant with glove
a passive
(RPA) and active (RAK) heating element.
Figure 5. Effect of the type of measurement on thermal insulation [m2 * °C / W] for protective
A cold work environment is characterTable 5. Test Statistic for the effect of the design of the protective gloves on the thermal
glovesinsulation
in the variant
with a passive
(RPA) at
andtemperatures
active (RAK)ofheating
ised by a temperature of less than 10 °C.
in a specific
measurement
+5 °C,element
0 °C, -10 °C & -15 °C and
for the mean thermal insulation.
Work in such thermal conditions causes
the cooling of hands and reduction of
Glove construction
T Test Statistic
4. DISCUSSION
the manual worker’s efficiency, which
Variant R
Variant R
t (14)
p
In workplaces where the risk of coolingPAof the distalAKparts of the body occurs, gloves in
with
turn reduces the effectiveness of work
M
0.16
0.21
3.09
p < 0.05
Temp. +5 °C
and
may pose a risk of accident [24].
insulating properties are used. Traditional
protective
gloves
are
made
of
textile
or
leather
materials,
SD
0.02
0.05
Moreover,
the direct contact of fingers
M
0.22
p < 0.05 insulating
and an increase Temp.
in thermal
insulation
is 0.16
achieved through
the 3.51
use of additional
0 °C
with
a
cold
surface can cause a greater
SD
0.02
0.05
thermal
injury
than exposure to a cold
inserts/linings. In practice, this results
in
a
deterioration
of
manual
dexterity.
An
alternative
may
be
M
0.16
0.20
3.37
p < 0.05
Temp. -10 °C
atmosphere
[25,
26]. Therefore, it is jusSD
0.02 of insulating
0.03
the construction of gloves with a smaller
number
layers but equipped with additional
tified
to
use
different
types of protective
M
0.15
0.20
4.50
p< 0.001
heat-supporting elements
or passive). These types of gloves can achieve a higher level
of with good insulating properties.
Temp. -15(active
°C
gloves
SD
0.02
0.02
Gloves used to protect against heat loss
efficiency in terms of the thermal insulation
required.
M
0.16
0.21
23.68
p < 0.001
Mean
should be characterised by high values
SD
0.02
0.03
of this parameter, which depends on the
construction of the glove [23].
Table 6. Test Statistic for the effect of the type of measurement on the mean thermal insulation
for protective gloves in the variant with a passive (RPA) and active (RAK) heating element.
This fact is related to the type, surface
mass and also number of layers of mateType of measurements
T Test Statistic
rials used in individual parts of the glove
Reference
Specific
t (7)
p
[27]. Alternative solutions, e.g. products
M
0.14
0.16
-2.58
p < 0.05
Variant RPA
equipped with active or passive heat
SD
0.01
0.02
sources, must have appropriate research
M
0.17
0.21
-3.40
p < 0.05
methodology related to determining the
Variant RAK
SD
0.01
0.03
added heat [28].

served than in the case of protective
gloves in the RAK variant with an active
heating element.
There was also a statistically significant
effect of the construction of the protective
gloves on thermal insulation in a specific
measurement at four ambient temperatures: +5 °C, 0 °C, -10 °C & -15 °C. At
each ambient temperature tested, in the
case of protective gloves in the RPA variant with a passive heating element, lower
thermal insulation values were observed
than in the case of protective gloves in
the RAK variant with an active heating
element.
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Table 6 presents a summary of the test
statistics for the effect of the type of
measurement on thermal insulation in
general for protective gloves in the variant with a passive (RPA) and active (RAK)
heating element.
There was a statistically significant effect of the type of measurement on the
mean thermal insulation in the case of
a protective glove in the variant with
a passive (RPA) and active (RAK) heating
element. In both construction variants of
protective gloves, in the reference measurement, lower values of mean thermal
insulation were observed than in the specific measurement, as shown in Figure 5.

Currently, there is no literature describing the provision of protection to employees at an appropriate level by gloves
equipped with additional heat sources.
Own research confirms that the performance level of thermal insulation for
gloves (RPA variant) in simulated cold
environment conditions (for all selected
temperatures), without an active heating system, was at level 1, while in the
case of RAK – level 2. The mean thermal
insulation for the RAK gloves with the
heating system turned on at temperatures
of 5 and 0 °C was about 0.250 m2K/W,
which meant the achievement of the
3 rd performance level. In the other cases studied, the mean thermal insulation
FIBRES & TEXTILES in Eastern Europe 2020, Vol. 28, 1(139)

for the gloves tested with the heating
system turned on ranged from 0.15 to
0.22 m2K/W, which meant the achievement of the 2 nd performance level.
Therefore, the use of both passive and active heating systems in protective gloves
in a cold work environment increases
their thermal insulation, expressed by
increasing the performance level, which
is statistically significant. For the passive
system, the added heat index (AHI) is
+5 °C – 24.25%, 0 °C – 23.35%, -10 °C
– 19.13% and 15 °C – 19.07%, and for
the active system a heat indicator added
(AHI) is +5 °C – 51,6%, 0 °C – 50,6%,
-10 °C – 28,44% and 15 °C – 28,00%.
When comparing the results of the mean
thermal insulation for the gloves (Figure 5), it can be clearly seen that the parameter decreases with the lowering of
the temperature value. A small influence
of ambient temperature on thermal insulation was observed mainly in the case of
a five-finger glove with a passive heating
system (RPA), which is statistically significant. This is due to the location of the
heating element, because only one zone
in the glove is heated up. In addition, due
to the construction and close adherence
of the glove to the thermal hand model,
there is a small convection of heat produced by the element inside the glove.
In turn, determination of the Added Heat
Index (AHI), which evaluates the efficiency of the heating element used, helps
to determine the increase in thermal insulation of the heated glove. The indicator values obtained show that an active
heating system increases insulation by up
to 52%.
Moreover, analysing the results of measurements of additional energy for variant
RAK (Table 4), it can be concluded that
with a temperature decrease, Et increases, which is related to maintaining the set
temperature of 33 °C of the hand model.
It can also be noted that the amount of
heat added at temperatures to -10 °C is
at a similar level (ranging from 5-68.3 J),
while below this temperature, at -15 °C
in the case of RAK, the amount of heat
increases by 37%, up to 108, 4 J. Which
means that below -10 °C, it is more difficult to maintain thermal comfort in the
glove.
In the case of a passive system, frequent
local overheating was observed, caused
by an uncontrolled temperature increase
FIBRES & TEXTILES in Eastern Europe 2020, Vol. 28, 1(139)

due to the exothermic chemical reaction
occurring in the gel heater and its large
size. In addition, there was a large temperature drop in the finger zone, which
could cause, for example, the risk of
frostbite in working conditions [29].
The active heating system was characterised by very good thermal insulation and
a constant, evenly distributed temperature inside the glove tested. Thermal insulation in the strategic finger zone did
not differ from the average for the whole
glove.
Based on the results obtained, when we
consider the 8-hour work system, a glove
with a passive heating system in the form
of a gel heater would not work well, as
the frequent necessity to replace the gel
cartridges could impede the work. Moreover, the size of the contribution and the
degree of hardness after the change of
the phase to a crystalline one could cause
discomfort at work.
In the case of using a glove with an active
heating system placed on the whole surface of the glove, it can be stated that it
would work if it is possible to replace the
battery supplying the heating system during breaks. Due to the fact that the charging time of these batteries is 8 hours, the
employee would have to have a set of
a minimum of 3 pairs of batteries charged
alternately.
Based on the results of the study, guidelines were developed for the use of gloves
with passive and active heat sources
in a cold environment. To improve the
safety of workers wearing heated hand
protection products, it should be borne in
mind that:
n in gloves with passive heat sources,
the increment in thermal insulation
is up to approx. 20%, corresponding
to an increase in glove performance
by 1 level, with a heating duration
of approx. 70 min, which means that
the heating elements must be replaced
during work;
n in gloves with active heat sources,
the increment in thermal insulation
is approx. 50%, corresponding to an
increase in glove performance by 1 or
2 levels, with a heating duration of approx. 120 min, which means that the
batteries may be replaced or charged
during a break.
The procedure shows how to evaluate the
performance of heated hand protection

products. The study indicates that active
and passive systems differentially follow
temperature changes, and thus differ in
the levels of thermal insulation provided
in the workplace. In a further study, the
authors intend to compare findings from
the methodological approach presented
with results from experiments involving
subjective evaluation by human participants.

Conclusions
The study evaluated the thermal insulation properties (as expressed by the thermal performance) of gloves with passive
and active heat sources. The assessment
approach proposed is useful in that it
complements the standard procedure EN
511:2006 in terms of determining the
thermal performance of heated gloves in
cold work environments.
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The Laboratory is active in testing fibres, yarns, textiles and medical products. The usability and physico-mechanical properties of textiles and medical products are tested in accordance with European EN, International ISO and Polish PN standards.
Tests within the accreditation procedure:
n 	 linear density of fibres and yarns, n mass per unit area using small samples, n elasticity of yarns, n breaking force and
elongation of fibres, yarns and medical products, n loop tenacity of fibres and yarns, n bending length and specific flexural
rigidity of textile and medical products
Other tests:
n for fibres: n diameter of fibres, n staple length and its distribution of fibres, n linear shrinkage of fibres, n elasticity and initial
modulus of drawn fibres, n crimp index, n tenacity
n for yarn: n yarn twist, n contractility of multifilament yarns, n tenacity,
n for textiles: n mass per unit area using small samples, n thickness
n for films: n thickness-mechanical scanning method, n mechanical properties under static tension
n for medical products: n determination of the compressive strength of skull bones, n determination of breaking strength
and elongation at break, n suture retention strength of medical products, n perforation strength and dislocation at perforation
The Laboratory of Metrology carries out analyses for:
n 	 research and development work, n consultancy and expertise
Main equipment:
n 	 Instron tensile testing machines, n electrical capacitance tester for the determination of linear density unevenness
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