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Abstract

One of the working process in engineering of Proton Exchange Membrane Fuel cell (PEMIC) is
to manufacture variouws MEA design. Admong those designs were found the best one and being
mamufactured. This project imiroduces a sprav robotic instriment with xv-y axis configwration (o
monfucture the MEA design. The form of MEA laver which can be produced by this spraver wiil
Jfollow the periodical function, while the laver included thickness, porosity, pore dicmeter,
activated specific swrface orea wntuk  digunokan menvelenggorakan reaksi kimia  dealum
menghasitkan tenaga lisirik. Layer sizes are expiessed by spraver character numbers. The mumber
is « function of a robotic frequency value, fraverse nozzle and x-y subsirate dimension. The spraver
resulting two forms of MEA design will be close o the MEA commercial. Performance MEA design
form yang diusulian ahan ditingkarkan malolui the control of lavers fabricating using robotic
characteristic numbers with typical nozzle configurarion as a conmribution 1o determine laver of

MEA.

Keywords: Reaction, Current density, MEA design, fubrication, Number sprayer, Fuel cell

Introduction

One of the working process in enginecring of MUA
is 10 manuficture various design. Among those
desions were  found  the best onme and  Dbeing
manufactured. In manutscturing PUMEC there are
eleven layers involved with the desuin  and
manufacturing. The sequence of those layers Is the
bipolar plate (BP), gas Aow Reld (VF), gasket (G),
wus diffusion luyer (GDLY, clecurode (B}, membrane
(W, This layer configuration is the BP-IF-G-GDL-
E-M-1-GDL-G-FE-PP. hhie electrode  assembly
{(MLA) part has 3 layers of GDL-E-M-1-GDL and
recently was develop as 6 layers and called MEGA
or G-GIYL-E-M-13-GDE-G, Design and
nwgnutacturing of gas flow field PEMUC have fast
growing development and manufacluring  using
ONC instrument. The MEA design beoin to develop
cominuously  to  improve the performance  of
PEMEC. One of the basic principle w design MLA
is o use nanotechnology so as t employ a very
sensitive instrument such as vacuum plasma spray
coating. vacuum atomization and sputlering,

Many  simulations  and  experimental  MUA

previously undertaken 1o guide the explanation of

bayer size of e MEA in fued cell and always to be
developed by the more accurare equation | 1], Layer
sive of MEA and the interdependence between sizes
is perlormed by graphics und the pertormance
equation of PEM fuel ccll J2534] lTvom the
mapping simulation and experimental résulls were
carried oul. these are the thickness, porosity. pore
diameter aetivated specitic surface aren are the very

crucial parameters of MUA [5,6.7.8], and are
expressed by the equation related 0 volluge and
PEM fucl cell current [9.10.11]. The thickness of
the calalytic Jayer must be able to conduct protons
and their reactions (3.12.13,15). High active surface
area catalyst Is also essential to conduct un enoush
high reaction rate [8). Besides thal, the eftuctive
porosity will increase the current density of the
PIN fuel eell flow [10). Maximizing the current
depsity is otten carried om by adjusting the
thickness apd effective porosity o create unilorm
distribution of gas and humidity in MV A [3.4].
Generally, electrode sizes are optimized on the
requirement of the tranfer of the mass, clectrones.
protons, and completing the ionic reaclion on the
clectrode 13.6.7]. 1t seems that the best solution is to
minhmize the thickness ot the catalvst laver while
optimizing the combination of the clectrode size
parameters  [9.00.11). The lavers  preparation
includes involves ink, coating, pressing and drying
11.2.3]. T general, the layers preparation of ML
have 1o be carried v by utilizing the ink couting
method on fhe surfuce of gas diffusion electrade
(GDEY or above the membrane surfuce [5]. One of
the eguipments tequired 1o perlorm the esperimemnt
1% a sprayving method. In this rescarch the equipnent
used s Robotle Nozzle Sprayver which is able
conduct  the uaitorm ok mixng with high
whulence. Besides that, it has a function «s iok
distributor to e surtace of substrate. The objective
of this vescurel Is o study the vonol ol lavers
fabriceting wsing robotie choracleristic nunmber-
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with typleal nozzle kontiguration as a eantribution
ko do the design GDE und to determine electrode
laver of MEA. Characterization. Benchmarking
polarization of PEM [uel cell

Theory
The rabot used in the system employs o specific
artitude expression of the x-y configuration shown
intig 1.

Stubsteat

W2

Fig [.'The x-v conliguration

The spray variahle is expressed by lrequency {9 1,
nozzle height (W3, distribution distarce (4 <)
division number ol spray couling line oo subsuae
fnyand nozzle veloeity (853221 The spras dieciion
coling  process s designed perpendioulas o
substrate, The nozzle froquency iz alven e

equution L.

20+ x)

In equation 1, the robotic lrequency depends on §
and M oat certain boundary condition.. Tt the novrle
hefoht 1 is direct proportions! lo Ay and 1, is
desigred o be propartional with - Assumed the
Ay
robotic spray, therefore the caleulated value will be
dutermined as follows based on the passing spraver
muvement

S = 2eSy

f 20l

S

Bused en the eguation 20 CAD s desizned o
pessvss e dimensions olx, 3w S and 11 leved,
The nuzele position on x-y axis ts generated on the
CALY system according W parameter n, The spray
cuating cansists of the oosrle position and controd
cudy, e control code has & value corresponding to

he dosired subarrile condition,

o 18 known as the characteristic number of

ul Fy 'y Fy ry i '

i A

i

i . ¥

i B

| b S

: F-3

: k ¥ h h 4 ¥ i Wl
y e

Fig 200D ofworkpioce
sclain itu menghasitkan thick size ¢ f ) pore
diumwser ). porasine L &£ ) Lpical activaed
specific surlace fa,). the voriable of inx drop
distribution of the nozzle wilt afteet the lever size
are 44w and p.

Loody g a, = fIK gov oop. 3

Assume pois constant, surleee teasion ¢ F )
womstant, thus theorctically the correlation ot £, o,
tewnrd all vedabnles and the robotie
Ui drop variable are given by

£ i

e

The wiscnsiny effect and surface tension are
constant and negtecting the solidifving eflect on
substrate surice. Based on cquation 3, the . o),
&, ey dve given by the dimensionless equation + to

Aoy loilows

Foctly, B NS e s

Lguations 4 1o 3. the Voo . & and e of an

clectrode can be Jdowermined by the mobolic
characteristic number (N, b Asswumed the lavers
resulls from robolic spraver is sel to be the MEA,
therelore the relslionship of % with the current
density of PEM Tael cell can be lormulaied using
Grudicic 120047 [18] The spraying wehnique model
o MEA Tehricasion is ws {ollows:

Curremt density (10
Iomi s (E— (A exp(—a, (g, )) )

p e

yeoth( KL exp(=K, (@ )"
6
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121,(1-£)FD,,

{ "':ﬁ-"\:x-‘rurJ------ e
f 0.5d, '
ia,(05d,)
K, = ”—1”_4_ 5 /1. SO 8
4FC5 Dy,

and Voltage (V)
V=

E- E)RSYEIH L dp, e)C, (= f {dp. &}

Ta,: RT o
N o] (T 07 SR LR
2 I RT .
coth( f {ep, ) -.f.n.:f expl— (@, )}}I Y i

b 05F
[17.18,19.20]
Based on cqualions, the value of coeffisicnt mudel
of cwrent density depend on Ny, The Nopoay
becomes the main control for manulacturing fayer
size of MEA design form

Generafly, the MEA design form conliguration
employed by rescarches as shown in Fig.3a is the
G-GDL-E-M-E-GDL-G. In this paper the catalyst
laver employed the configuration as shown in
Fig.3b 1o obain highly activated specilic surlace
area. In Fig.3c the cutalyst wiilised a support to
cumposile the catalyst into the membranc (novel).

Al

Fig.3. The MEA design conliguration (1) CGrasket,
{2} GIL, (3) electrode,
{41 membrane, {3) composite, (6) electrode suppart

Experiment

Gias Diffusion layer (GDL) in MLEA employed
Vulkan XC-72R carbon black with patticle size 38
nanometer or aggregale 3 micron, PTIE 60
(w2l prophyl alkohol 89 % und curbon cloth
with @ thickness of 210 micron. Vulean XC-72
foading in GDL is as large as 3 mgfem2 and PTTTE
1.253 mgiem?2, The cleetrode layer in MEA
emploved a mixture of PYC(20 %), nafion solution
(3%, prophyl alkebol 89 % and water. The weight
ratio of PrAC and Nafien in electrode ink was made
w be (0.7 - 0.3 [20]. The ratio of Nafion wilh water
was made to be 1:13. To obluin a sprayer
characteristic. PEC ink was spread over the GDIL
surface with N values ot 0.3 to 2.0, The spraying
pressure of air mixture was 4 bar. The spraying
applicd hot plate under 60 °C to remove isoprophyl
alcohol.

The flow chart of spraying is shown ia Fig. 4 with
operational condition as foilows ; nozzle height 7,
hot plate under 60°C, air compressor 4 kelem”
H The patlern of nozzle 7 is shown in Fig. 2.
The mixing process in mixing tank 3 is sct o be
taminair. The characteristic number of spraying is
adjusicd by PLC pancl as desired. When the
tempetature of GDI. achieved 60°C, then the speed
of ink catalyst is set as desired, Al the same time.
the rohotic is sct W be on. Atter spraying process.
the substrate should be dricd for 1 h and then put
in the dryer under 80°C for 3 h.

Vi

GLL

1. \\-‘at;:r lunk . NitTogen Lk
2. P ponndar 7 Sprasvi

3 Aleehol tank g Diving

= 9 Hat pressuie
o

9. Racovery

L 2 G o e R PO (R
Ui, o 3 L o Gdlaaiie v v sl

|G R s
walil Lceloaliagd

Atterwards hol pressure should be undertaken Tor
3 minutes, under L3O and pressure ol 30 kgem™.
This kind of work has heen dane Tor various
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numbers of spraying characieristic. The next step.
examinalions have been carried out for thickness.
holes, hole digmeter. GDE surface area to obtain
spraving data. The techaigque of GDIL fabrication
has been adjusted 1o the available design as well as
the technique [or characterization. The work has
been done after selecting spraying variables in the
characterization work. The same method has been
done for GIDL fabrication. The GDE fabrication
arc shown in I'ig. 3a and 3b. After (nishing GDF
fabrication, the Nufion 117 membrane is cleancd
by 3 wi % T11L:0: under 80°C for 1h to oxidize
organic impurities. Impurities arc removed by
bolied water lor 1h. To remove the expected
iorganic in the membrane, the membrane should
be cleaned by H2504 5 wi% under 80 °C tor 1h
The membrane is washed by water under 8G7C
several times until really clean. Marcover. the

layers are combined by confisuration type ol

GDUA-M-GDEK. 1ot pressing has been donc
under 30 kpiem2, at 130°C for 3 minutey, The
result of this arrangement is called as MEA. The
instruments used for analysis to collect sprayving
data are the porosimeter and FCTS. Lixatination
using porosimetry is employved for collecting data
ol holes, hole diamcter and hole surface aren.

Pressine ‘
[ kX

M
——FNI cmbranc —l —‘L— Pur\“m'manc:\

) Assainbly ‘ sluck
L |

1

7

—
> GDLIL

; Proscdure
‘ | | ‘ h 4

Fig. 3. Prosedie MEA

Furthermore, the layer is merged  with  Lhe
membrane as shown in the flow chart in Figd. The
MEA from hot pressing is examined by 1'CTS made
of Arbin. For analysis of eleetro  potentiul
aptimization in the spraying performance model the
experiment applicd VI3,

Result and discussion

The research In MEA laver designing
includes two steps Le. the sprayer characterislic and
MEA designing and manufacturing, The cftect of
spray ding on clectrode taver sive is demonstrated
in Fig 6. From Fig 6 it will determine the elcecirade
thickness on the surface of GDE, When we obsorve
the distribution of Jata point there are many choice
w determine electrode thickness which tollowed the

A-10

method  as deseribed i journal.  In this
investigation. the robotic sprayer is adjusted 1o
vield electrode thickness trom 0.01 mm 1o .05 mm
[20]. "The correlation of porosity, diameter pore and
activated specific surface arca with N is iliustrated
as exponential tunction. For porosity. 13 has g
coetficient of 2.572 167 and power of -0.59. Lor
hole diameter. it has coeflicient of 3.87 107 and
poner of .23, and for activated specilic surlace
ared it has coetficient ol 3.84 107 and power of
0.094.

e i e S s -
|
LR *
5 -
a7 i # * .
®
- i B Ly
E N . .
= o SR
= 7 -
mo e 4 ®
L N X 5
B L a
o -‘-—-—i NEE S
= s + B R
= i W
= A -
Li
L | L I " = e
R T vhooonToay b 1 )

Claraeterizle numler | Nukm)

Fig 6. T'he etlect of characteristic number on
elecirode thickness

Voo obleln the interdependent of sizes, ie 1.
da. &, a, which one anether will be related with
values abf My Lhe smaller the value ol 1, while
d,. £ and a, wilt be larger. This condition indicated
that when one of the sizes to be determined so the
olher stze will be fixed, As so Lur the characteristic
sprayer will only adjust the thickness and forms
layer tollowed MEA desien.

2m2im3)

Porocity
T )
Ta

(Ex

anz

Terckcss o)

Fip.7. The mapping Tom sprayer resuit
= & faray

The mopping  fem shadolios moedcding o
experiment will show the thickness value ot

elecirode {f,} of the PLM fuel celt 7 that are Iten:
(o 33 micron {0.001-0.033 em). & from r .25

[
3. size average, o, bs 00 amoand ¢, e from 100

i
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o 6000 cmiem™ [19]. 1t is found that some values
from eq. are located on that mapping. This implics
that the sprayer can tollow the results of simulalion
and experiment in journals, For cxample, the
mapping trom sprayer resubt are demonstruled in
Fig.7. In lip.7. the porosity point and activaled
specitic surface area (SSA) obtained from sprayer
ate located in the mapping region. however the
SSA 0 sl much below the “high  perlornmance
specific surtace area e Ix{0%emem” {101, The
differcnce of mapping value with experimental
result probably caused by the condition of drying
treatment.  hot  pressing  [3]. and  membrane
wreatnient. On other side the robotic sprayer 5 not
as aceurate as UNC, vacuum plasma spray coaling,
spray vacuum atomization and sputering, However
the spraver already  wsed  in MPEA  design
manuiaciuring. The following desien uses elecirade
loading of 0.28 maPtiem2 und sive as shown in
I'ig.8

GUOL 210 microp
Caralyst = 20 micron
Membranc 180 micron
Tlectrode Suppart
Gasker 230 micron

R

Fig. 8. The MUA design form

i this design, the experimental MEA starling point,
N 18 (0 be 0.7, and will yield the current density
of PEMEC around 60 mAfem2, Atterwards the N,
is 1o be 1.0, will prodoce cwrrent density of 83
mAsemZ. To turn it implics that thinper clectrode on
GDLL surface. the current density obtained becomes
larger. The thickness of the catalvtic laver aot
thinner will be able to conduct protons and their
reactions (3,12.13]. This is doe 1o the higher active
surtface area catalyst obtained T8} Besides that. the
cilective porosity will increase the current density
ol'the PEMUC Qow [30]. By adjusting the ¥, . the
thickness and porosity  will produce  unilorm
distribution of gas and humidity in MEA layers
[3.4]). 1t seems that the best solution to niinimize the
diglmese wof the @alyel Myey 18 e v ks
research i3I0 agreement with previons fownals
[9.10,11].

=3 dimesdingl
~ Wukra=1 {enproved exp )
£ w— Commarcial
i 0_?(Sla|'li_n;: Fail sar

Fig. 9. The polarization of PEM fuel cell

In manulacturing the clectrode fayers there is an
Improvement in carrent density as laree as 41.0%
from the cxperimental MEA  staring  poind
mentioned above, The increment is high enough
therefore the N, will be lound 0 be T and used
tor manufacturing both for designing as is showrn in
Fig. 8 as well as other desian.

Conclusion

The sprayer in this experiment can yield various
sizes ol thickness, diameter pore. porosity and
activated specific suface arca. Laver sives can be
portormed  with  characteristic number  robotic
sprayer, Characteristic layer on substrate is close to
characteristic  simulation  and  experiment  in

journals., The increment ol the value ol sprayer

chavacteristic will vield the improvement of the
PEM tuel cell performance.

From the experimental resulls, the value of & is
be unity and can dmprove the clectrode
performance.  The  configurstion  couling  on
substrate is a periodic function. The value o ¥ is
to be unity  and can be ulilized as the method for
manulacturing MEA design.
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i, activated specifie surfuce area.
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I = ivision number

Vapne 7 Numther o rabotic sprayer
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H = Renould number
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W1
w2
i34

A

Ak
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@

= velocily ink , mfjam
nozzle height , m

= ink distribution width. m
=Weber number

- substrate coordinate, m
= viscosity, cp
= poTOSity

= [requency, 1/second
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