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A B S T R A C T

The gas diffusion layer is one of the key components of proton exchange membrane fuel cell. Temperature and
water content of gas diffusion layers have a significant impact on its thermal conductivity. The thermal con-
ductivity of the dry gas diffusion layer shows an upward trend with increasing temperature, but the change is
small. The thermal conductivity of the gas diffusion layer shows a linear increase with the increase of water
content. When the water content of the gas diffusion layer is 77%, its thermal conductivity increases with the
temperature. Its thermal conductivity increased from 0.3592 W/(m·K) at 25 °C to 0.7871 W/(m·K) at 85 °C.

1. Introduction

The Gas Diffusion Layer [1] (GDL) is one of the key components of
proton exchange membrane fuel cell. It is located between the catalytic
layer and the bipolar plate. It is usually composed of porous conductive
fiber materials, such as carbon paper and carbon cloth (Figs. 1 and 2).
The fiber diameter is on the order of 10 μm. The thickness of the gas
diffusion layer is generally 10–400 μm. The gas diffusion layer has three
important functions in the fuel cell: conductive gas, discharge reaction
products, collecting current. Firstly, the gas diffusion layer makes the
reaction gas (hydrogen or oxygen) reach the catalytic layer uniformly
from the flow channel. However, for some gas diffusion layers, because
the pores of carbon paper or carbon cloth are relatively large, such as
carbon paper Toray TGP-H-060, which accounts for about 90% of the
large pores with a pore diameter greater than 20 μm, so a microporous
layer (MPL) must be added between the catalytic layer and the carbon
paper[2–4]. was added in the meantime. The gas diffusion layer has a
double-layer structure: the base layer and the microporous layer. The
carbon paper or carbon cloth layer is called a substrate layer (SL).
Secondly, the gas diffusion layer is responsible for discharging the
water generated by the electrochemical reaction of the cathode cata-
lytic layer into the flow channel [4]. In order to prevent the reaction gas
from being blocked (due to the transfer of liquid water in the gas dif-
fusion layer), the carbon paper or carbon cloth used for the gas diffu-
sion layer is generally hydrophobized [5] to build a hydrophobic gas
channel. Thirdly, the gas diffusion layer is responsible for providing the

electrical contact between the electrode and the external bipolar plate
to collect the generated current. The factors affecting the performance
of the gas diffusion layer are mainly the type of carbon black, the
material of the base layer, the preparation process and the content of
the component [6]. Jordan [7] and Passalacqua et al. [8] believe that a
larger pore volume is conducive to gas transmission, so it is more
conducive to battery output performance. However, Neergat et al. [9]
thought that the output performance of the battery produced by MPL
with high specific surface Ketjen Black was better.

Because there are both solids and liquids in the gas diffusion layer,
and the holes formed by the fiber interleaving are random, the heat
transfer process of GDL is very complicated, including heat conduction,
convective heat transfer and radiative heat transfer. When studying the
heat transfer of non-uniform porous GDL, thermal conductivity is one of
the most important material properties. Zhou et al. [10] and Omrani
et al. [11] found that gas diffusion layer and MPL thermal conductivity
are the most critical parameters to improve fuel cell performance. At
present, only a few literatures have described the experimental de-
termination of GDL thermal conductivity. Vie et al. [12] calculated the
thermal conductivity of the gas diffusion layer and membrane based on
the measured internal temperature distribution of the single fuel cell.
Teertstra et al. [13] measured the thermal conductivity of GDL using a
steady state measurement method and studied the effect of PTFE con-
tent on its thermal conductivity: the higher the PTFE content, the lower
the thermal conductivity. Ramousse et al. [14], Khandelwal et al. [15],
Nitta et al. [16], Karimi et al. [17], also measured the thermal
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conductivity of the gas diffusion layer using the same method. Some of
these studies specifically considered the effect of pressure on GDL
thickness. Chen et al. [18] studied study the effect of PTFE content and
external load on the thermal conductivity of GDL materials by sensing
technology. Table 1 is the thermal conductivity results of GDL and PEM
reported in the literature [17], which shows that the test results are
very inconsistent. At the same time, it can be found that these tests
rarely study the influence of temperature and water content on the
thermal conductivity. Therefore, this paper mainly focuses on the ef-
fects of temperature and water content on the thermal conductivity of
gas diffusion layers produced in China.

2. Experimental principle and sample preparation

The experimental test system includes a Hotdisk thermal con-
ductivity meter, a computer terminal installed with supporting test
software, and a test fixture device, shown in Fig. 3. Its basic principle is
the transient planar heat source method, which is a technology devel-
oped on basis of the hot wire method and has become an ISO standard
for thermal conductivity measurement [19]. A thin layer disc-shaped
resistance wire was used as the sample probe. The probe is a thin sheet
of double-helix structure formed by etching of metallic nickel. The
double helix structure is covered with polyimide or mica insulation
protection layer. During the test, the probe is placed between two

identical samples to be tested, and the sandwich structure is formed by
close contact. The test sample should be of sufficient thickness and
diameter to ensure that the temperature rise of the probe is not trans-
mitted to the boundary during the test, so that the semi-infinite medium
assumption is satisfied. The effect of thickness on its thermal coefficient
determination is very important. GDL is sandwiched between two steel
plates of known thickness, so that the thickness of the entire sandwich
structure under a fixed pressure can be read directly through a digital
micrometer. Since the steel plates on both sides hardly deform when
subjected to a small pressure, its thickness can be measured more ac-
curately. When measuring these values, multiple measurements are
used to average the values to obtain a more accurate GDL thickness.

The samples used in this experiment were purchased from Institute
of New Energy Wuhan Company. The size is 7cm×7cm. The material
object is shown in Fig. 4a, and its microstructure is shown in Fig. 4b.

Since the working temperature of a proton exchange membrane fuel
cell is 25–90 °C and the working pressure is atmospheric pressure, the
temperature range measured in this paper is 25–90 °C, and the pressure
is standard atmospheric pressure. After the experimental equipment
system was turned on, the system was stable and the test was started.
We still need to wait an hour for the next test to stabilize the system.
The sample measurement under the same working condition is gen-
erally performed more than three times. When the characteristic tem-
perature is less than 10−4 K, the measurement is considered accurate.
The input parameters are: the thermal conductivity of the probe at the
corresponding temperature, the number of tests, and the thickness at
standard atmospheric pressure. The thermal conductivity can be cal-
culated by Hotdisk computer software.

3. Results and analysis

Fig. 5 shows the thermal conductivity of the dry gas diffusion layer
filled with air in the pores as a function of temperature. It can be seen
from the figure that as the temperature increases, the thermal con-
ductivity of the gas diffusion layer shows an upward trend, but the
change is not large.

Because the proton exchange membrane in a proton exchange
membrane fuel cell must work under a certain water content, a dry gas
diffusion layer does not actually exist in a proton exchange membrane
fuel cell. Therefore, water must be contained in the pores of the gas
diffusion layer. So the thermal conductivity of the gas diffusion layer
under a certain water content is measured in this paper. Fig. 6 shows

Fig. 1. SEM scan of carbon cloth [4].

Fig. 2. SEM scan of carbon paper [4].

Table 1
Thermal conductivity of GDL reported in the literature.

Author Maggio et al. Wohr et al. Gurau et al. Argyropoulos et al. Toray Indusries Inc. Nguyen et al. Hwang et al.

Thermal conductivity of GDL
W·m−1·K−1

15.56 65 21.5 0.15 1.6 1.3 1.7

Fig. 3. Experimental test system.
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the relationship between the thermal conductivity of the gas diffusion
layer and its water content. Obviously, the thermal conductivity in-
creases linearly with the increase of the water content. The relationship
equation of the thermal conductivity of the gas diffusion layer with the
water content can be obtained by the least squares fitting:

= +λ h0.029 0.1454GDL water

In fact, the temperature of a proton exchange membrane fuel cell
changes from startup to normal operation. Therefore, this paper also
measured the thermal conductivity of the gas diffusion layer at 77%
water content, shown in Fig. 7.

It can be seen from Fig. 7 that the thermal conductivity increases
with temperature, from 0.3592 W/(m·K) at 25 °C to 0.7871 W/(m·K) at
85 °C. The figure also shows the thermal conductivity of Toray carbon
paper (TGP-H-060) measured by Khandelwal et al. [15]: it decreased
from 1.80 W/(m·K) at 26 °C to 1.24 W/(m·K) at 73 °C. Comparing with
the experimental results measured by Khandelwal et al., the two trends
are completely different. The main reasons are as follows:

1) The structure of the test materials is different. Khandelwal et al. [15]
measured TGP-H-060, and the measurement material in this chapter
was GMPL, which was further processed based on Toray TGP-H-060
carbon paper.

2) Water content is different. Khandelwal et al. did not mention water
content in the text. If it contains water, the thermal conductivity of
water increases rapidly with increasing temperature, so the thermal
conductivity of the gas diffusion layer should not decrease so
quickly. It is concluded that it may be the measurement result in the
dry state. Even in the dry state, it is inconsistent with the result that
the thermal conductivity of the dry GMPL is basically unchanged. In
this paper, GMPL with a water content of 77 wt% was measured,
and its thermal conductivity increased with increasing temperature.
This result is reasonable.

Fig. 4. a) GDL entity picture, b) SEM scan of GDL.

Fig. 4. (continued)

Fig. 5. Thermal conductivity curve of GDL at different temperatures.

Fig. 6. Thermal conductivity curve of GDL at different water contents.

Fig. 7. Thermal conductivity curve of GDL with 77% water content at different
temperatures.
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3) Different test methods are used. Khandelwal et al. used a steady-
state thermal conductivity test method. The influence of thermal
resistance needs to be considered, which will inevitably bring cer-
tain errors. This article adopts the transient method without con-
sidering the contact thermal resistance. It's more accurate.

4. Conclusion

In this paper, the thermal conductivity of the gas diffusion layer was
measured using a Hotdisk thermal conductivity meter, and the effects of
water content and temperature on its thermal conductivity were stu-
died. The thermal conductivity of the dry gas diffusion layer shows an
upward trend with increasing temperature, but it does not change
much. The thermal conductivity of the gas diffusion layer under a
certain water content shows a linear increase with the increase of the
water content, and the relationship equation between the thermal
conductivity and the water content is obtained by the least square
method fitting. The temperature of a proton exchange membrane fuel
cell changes from startup to normal operation. Therefore, when the
water content of the gas diffusion layer was 77%, the change of the
thermal conductivity of the gas diffusion layer under the influence of
temperature was also studied. The thermal conductivity showed an
upward trend with increasing temperature. It increases from 0.3592 W/
(m·K) at 25 °C to 0.7871 W/(m·K) at 85 °C.

CRediT authorship contribution statement

Lei Chen: Conceptualization, Methodology, Formal analysis. Yi-Fan
Wang: Writing - review & editing. Wen-Quan Tao: Writing - review &
editing.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgements

This work has been supported by the National Natural Science
Foundation of China (Grant numbers 51876161).

References

[1] S. Park, J.W. Lee, B.N. Popov, A review of gas diffusion layer in PEM fuel cells:
materials and designs, Int. J. Hydrogen Energy 37 (2012) 5850–5865.

[2] J.E. Owejan, P.T. Yu, R. Makahria, Mitigation of carbon corrison in microporous
layers in PEM fuel cells, ECS Trans. 11 (2007) 1049–1057.

[3] M.F. Mathias, J. Roth, J. Fleming, et al., Diffusion media materials and character-
isation, Handbook of Fuel Cells, John Wiley & Sons, New York, 2010.

[4] M. Mathias, J. Roth, J. Fleming, et al., Handbook of Fuel Cells Fundamentals,
Technology and Applications, John Wiley & sons, New York, 2003.

[5] Q.L. Zhu, C.D. Si, Research progress of fuel cells, Power Supply Technol. Appl. 9
(2011) 57–59.

[6] L. Cindrella, A.M. Kannan, R. Ahmad, et al., Surface modification of gas diffusion
layers by inorganic nanomaterials for performance enhancement of proton ex-
change membrane fuel cells at low RH conditions, Int. J. Hydrogen Energy 34
(2009) 6377–6383.

[7] L.R. Jordan, A.K. Shukla, T. Behrsing, et al., Effect of diffusion-layer morphology on
the performance of polymer electrolyte fuel cells operating at atmospheric pressure,
J. Appl. Electrochem. 30 (2000) 641–646.

[8] E. Passalacqua, G. Squadrito, F. Lufrano, et al., Effects of the diffusion layer char-
acteristics on the performance of polymer electrolyte fuel cell electrodes, J. Appl.
Electrochem. 31 (2001) 449–454.

[9] M. Neergat, A.K. Shukla, Effect of diffusion-layer morphology on the performance
of solid-polymer-electrolyte direct methanol fuel cells, J. Power Sources 104 (2002)
289–294.

[10] J. Zhou, S. Shukla, A. Putz, et al., Analysis of the role of the microporous layer in
improving polymer, 20th Topical Meeting of the International-Society-of-
Electrochemistry (ISE), Buenos Aires, Argentina, 2017.

[11] R. Omrani, B. Shabani, Review of gas diffusion layer for proton exchange mem-
brane-based technologies with a focus on unitised regenerative fuel cells, Int. J.
Hydrogen Energy 44 (2019) 3834–3860.

[12] P.J.S. Vie, S. Kjelstrup, Thermal conductivities from temperature profiles in the
polymer electrolyte fuel cell, Electrochim. Acta 49 (2004) 1069–1077.

[13] P. Teertstra, G. Karimi, X. Li, Measurement of in-plane effective thermal con-
ductivity in PEM fuel cell diffusion media, Electrochim. Acta 56 (2011) 1670–1675.

[14] J. Ramousse, S. Didierjean, O. Lottin, et al., Estimation of the effective thermal
conductivity of carbon felts used as PEMFC Gas Diffusion Layers, Int. J. Therm. Sci.
47 (2008) 1–6.

[15] M. Khandelwal, M.M. Mench, Direct measurement of through-plane thermal con-
ductivity and contact resistance in fuel cell materials, J. Power Sources 161 (2006)
1106–1115.

[16] I. Nitta, O. Himanen, M. Mikkola, Thermal conductivity and contact resistance of
compressed gas diff usion layer of PEM fuel cell, Fuel Cells 8 (2008) 111–119.

[17] G. Karimi, X. Li, P. Teertstra, Measurement of through-plane effective thermal
conductivity and contact resistance in PEM fuel cell diffusion media, Electrochim.
Acta 55 (2010) 1619–1625.

[18] T. Chen, S.H. Liu, J.W. Zhang, et al., Study on the characteristics of GDL with
different PTFE content and its effect on the performance of PEMFC, Int. J. Heat
Mass Transf. 128 (2019) 1168–1174.

[19] ISO. Plastics-Determination of thermal conductivity and thermal diffusivity-Part 2:
Transient plane heat source (hot disc) method, 22007-2. 2008: 1-16.

L. Chen, et al. Thermal Science and Engineering Progress 19 (2020) 100616

4

http://refhub.elsevier.com/S2451-9049(20)30136-0/h0005
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0005
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0010
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0010
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0015
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0015
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0020
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0020
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0025
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0025
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0030
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0030
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0030
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0030
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0035
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0035
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0035
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0040
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0040
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0040
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0045
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0045
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0045
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0050
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0050
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0050
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0055
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0055
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0055
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0060
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0060
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0065
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0065
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0070
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0070
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0070
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0075
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0075
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0075
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0080
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0080
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0085
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0085
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0085
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0090
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0090
http://refhub.elsevier.com/S2451-9049(20)30136-0/h0090

	Experimental study on the effect of temperature and water content on the thermal conductivity of gas diffusion layers in proton exchange membrane fuel cell
	Introduction
	Experimental principle and sample preparation
	Results and analysis
	Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	References




