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Bipolar plates engraved with flow fields are key components in proton exchange mem-
brane fuel cells (PEMFCs). These flow fields are important because they isolate and enhance
the diffusion of the reactant for the electrochemical reaction. The flow fields on these
plates are pathways that both supply reactant and remove reaction products from the
anode and cathode of a PEMFC. Fluid flow in these flow fields can greatly affect the per-
formance and life span of the device. In this study, conventional and modified parallel flow
field designs were analyzed using computational fluid dynamic modeling. The designs split
flow into variant channel widths to facilitate even reactant distribution. Flow character-
istics are presented, including the pressure and velocity variations in the flow channels
across the flow field and comparison of the pressure-drop characteristics of different flow
fields. The results show that multiple stages of flow distribution can achieve an evenly
distributed pressure drop with an ideal distribution of reactant among channels.

© 2016 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.
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Introduction

Nationally, concern has grown about the depletion of fossil
fuels and climate changes caused by their burning. The proton
exchange membrane fuel cell (PEMFC) has been identified as
one of the most effective power systems to substitute for
conventional ones in automotive industries [1]. PEMFCs have
low emission and high efficiency and appear to be the most
promising option to build a futlire Jow-carbon environment
[2]. Only current, water and heat are“produced by PEMFCs
through their electrochemical reactions betiween hydrogen
and oxygen.

* Corresponding author. Tel.: +60 3 89118521; fax: +60 3 89118530.
E-mail addresses: edy@eng.ukm.my, edyhm71@gmail.com (E.H. Majlan).
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A bipolar plate in the PEMFC stack agfs as its mechanical
structure; it holds the membrane gfectrode assembly for
efficient collection and transmissiopof current and separates
the hydrogen and oxygen reactants on the anode and cath-
ode sides [3]. The flow field on the bipolar plate is the path for
the reactant to flow and diffuse into the membrane electrode
assembly to cause an electrochemical reaction. Uneven flow
distribution and a high pressure drop in the flow field design
is the most significant design challenge for fuel cells [4]. To
achieve maximum power output of a fuel cell, a uniform
distribution of the reactant is crucial. gneven flow distribu-
tion in the flow field leads to uneven pro ion of water,
heat and current. This, in turn, leads to localized hot3ps
flooding within the cell and directly reduces its performance

ke dalam konteks

latar belakang untuk
memasukkan kajian

Tinjauan literature

ringkas

electroche
causes

blocks
flow field design can reduce ghe flooding effect; however, it
algo leads to high parasitic power, which reduces the overall
Efficiency of the cell Moreover, a high pressure drop also
causes cross-leakage of reactant and incurs additional me-
chanical stresses that damage the cell. Numerous re-
searchers have investigated the effects of various flow field
designs to increase PEMFC performance, such as a parallel
flow field, a serpentine flow field, an interdigitated flow field
and a pin-type flow field [6—9]. Among the different types of
flow fields, serpentine and interdigitated fields have received
the most attention from researchers. A serpentine flow field
with multiple turns in a single path helps force the reactant
into the gas diffusion layer to react and also creates a larger
pressure drop that enhances the reactant flow from inlet to
outlet [10—14]. On the other hand, an interdigitated flow field
with a dead-end channel increases the reaction rate by
forcing the reactant to diffuse into the gas diffusion layer
[15—17]. However, large initial pressures are required for
serpentine and interdigitated flow fields to force the reactant
into the gas diffusion layer. Historically, it has been known
that a parallel flow field has a simple and cost-saving desig
however, researchers have not given it much attention.

Bagaimana
mengatasi
masalah

Alasan kajian
perlu dilakukan

B gt
il e : ‘A\
EXAMPLE.

15 because of the poor distribution of reactant of the con-
ventional Pasallel flow field [18]. More recently, research has
been conducted to Tmprove PEMFC performance with parallel
flow fields. Bi et al. [19] haveexperimentally enhanced par-
allel flow field design by adding a gas flow restrictor channel
near the flow field inlet. This improved the flow distribution
so that the pressure drop in the flow field channel increased
compared to the conventional parallel flow field. Research
was also performed numerically on multiple design modifi-
cations to the conventional parallel flow field to improve the
flow distribution [20]. Among eight design changes that have
been reported, it was concluded that the increase in collector
area widths, the top and bottom areas of the flow field, can
enhance uniform flow distribution. Wang and Wang [21]
modified the conventional parallel flow-field design and re-
ported that reducing the ratio of channel area to intake
header improves te uniformity of the flow. Reduction of this
ratio is adu:ygzepmting the active area into two areas;

two inlets outlets were used.

The ob' ctive of this paper is to establish a modified par-

parallel flow field.

Metode yang akan
digunakan

penelifian
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MATERIALS AND METHODS

Materials and methods

Materials. Culture media were obtained from Life Technologies (Gaithersburg,
MD). Okadaic acid was purchased from Alexis Company (Laufelfingen,
Switzerland). Antibodies to MEK1/2 and phosphorylated MAPK were purchased
from New England Biolabs (Beverley, MA).

Induction of cell death. Cell death was induced as described previously [15].
Briefly, cell death was induced by adding okadaic acid (0-300 nM, Alexis Co.) after
washing slice cultures in serum-free medium.

Light and electron microscopy. Cultures were fixed in 2.5% glutaraldehyde and 1%
formaldehyde, treated with 1% OsO,in 0.1 M phosphate buffer, pH 7.4, dehydrated in a
graded series of ethanol and propylene oxide, and flat-embedded in an epoxy resin
(Durcupan ACM, Fluka, Neu-Ulm, Germany). Semithin sections were stained with toluidine
blue, and ultrathin sections were stained with 1% uranyl acetate for 20 min and 1% lead
citrate for 2 min.

Statistics. For statistical analysis, 2-tailed Student’s t test was used to assess the
significance of mean differences. Differences were considered significant at a P
value of 0.05 or less.

Materials
described first
Suppliers/locations
given

Clear subheadings
Refs used to save
space

Enough
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reproduce the
experiment

Statistical test
parameters
provided
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2, Material and methods

The materials used to manufacture the electrodes were P75T
CPS carbon paper (Ballard, USA) as a gas diffusion media
(GDM) or macroporous layer (first layer), carbon black-Vulcan
XC72 (Cabot, USA) as carbon substrate, PTFE solution (60 wt%,
DuPont, USA), Nafion Solution (5 wt%, DuPont, USA), Pt/C
(20 wt%, PMC, USA), MPL and CL. The MPL of the second layer
electrode was made by ultrasonicating carbon black — Vulcan
XC72 (3.0 mg cm?), isopropyl alcohol (IPA) and ammonium
bicarbonate (S0 wt%) for 17 min, then incorporating 30 wt%
PTFE for carbon mass and sonicating for an additional 5 min.
The resulting ink was sprayed uniformly onto the carbon
paper and then placed in a furnace at 350 °C for 3 h. The third
layer of the electrode was a CL with a platinum content at the
anode of 0.1, 0.3, 0.5, 0.7 and 0.9 mg cm™? with a constant
platinum content at the cathode of 0.7 mg cm™2 The CL
consists of three layers: The first layer was made by mixing
half of the total Pt/C content with 20 wt% PTFE and IPA,
spraying the mixture onto the GDL and sintering at 350 *C for
3 h. The second catalyst layer consists of remaining Pt/C, IPA
and 17.5 wt% Nafion for the anode with 15 wt% for the cath-
ode. The third layer consists of 17.5 wt% Nafion and the IPA.
The resulting electrodes were analyzed and characterized
using SEM—EDX (Zeiss Supra-55 VP).

The cathode and anode with an active area of 25 cm?” were
combined using nafion membranes 212 (NR212) and nafion
membranes 112 (N112) for comparison (DuPont, USA), to
create the MEA. The performance of the MEAs was tested in a
multiple-serpentine flow channel pattern cell using GasHub
fuel cell station both with and without back pressure and
varying the cell temperature, catalyst content and mem-
branes. Electrochemical characterization of the MEAs was
performed using electrochemical impedance spectroscopy
(EIS) with a Metrohm Autolab PGSTAT128N (Netherlands).
Pure hydrogen gas was supplied to the anode at a flow rate of
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transpartation and energy market 2. Hydrogen is alkso widely
produced for chemical and industrial purpeses by hydmge-
nation and methanl reforming to produce synthesis gas [3}
Hydrogen production eurrently relies on fossil fuels, using
steam reforming of natursl gas and coal gasificstion tachnol-
ogies [4]. Steam reformers often produce a small amount of
carbon mongxide (typically 0.5-5 mel%). Cabon manexide
easily deactivates the catslyst of the preton exchangs
membrane fusl cell (PEMFC) electrode. Traces of cabon

eould cause detrimental effects on the cdl voliage
and reduce the fuel cell's power output [5]. A recent study
indieatss that approximately 10 ppm of CO in the feed gas
str=am of PEMEC reduces the oell performance [1]. Hence the
rbon o avery
low level, preferably below 10ppm. for the hydrogen-rich
reformate effluent to be suitable as fuel cell feed.

In a case which requires high purity, the hydmgen product
stam s passed on to & separation 2one, which comprises
a thennal swing adsorpion system or 3 pressure swing
adsarption, (5S4) ystem 1o produce 2 bigh purty hydiogen
steam [3]. The PSA systs
system that can be wsed to puify H from xzomm efflu=nt
The process eycle & fast, it can produce hydrogen continu-
ensly without disrupting the regenration process of the used
adsarbents. The PSA system allows one to give a purified
hydrogen product at the same pressure of the feeding flow
.m at a high pusity [e]. In & typical PSA eycle, the adsorbent

ised for sdsorpion and regenerated seversl tmes before it
e 1 adsomptive capacity. The PSA system should have
3 compact design, small pressure drop and have to start the
purification process instantaneously to ensure a continuous
supply of clean Hs. Thersfors, & COMPAc Pressure swing
adsarption [CPSA) system was used to adsorb the COand CO;
from 2 mode] mixture of H,/CO/CO,, which was used in the
study to mimic the steam reformer effluent whose maisture
content has been ramovad by any standard process

The main sbjectiveof this purification pracess is to remove
or reduce e concantration of CO gas from the hydrogen
steam to as low 38 10 ppm or below. The esson for this
ebjective & to produce pure hydrogen which cn be used as
fuel in PEMEC Tater on

Table 1 - Specification of CPSA system.

ltem Parameter
CPSA Material Stainless el

CPSA Shape Eylinder with fourbas
Tatal bed height J0em

Tota] diameter of adsorptionbad 5em

Admrption messure 5 smagpher
Adsrption temperature sk
Cancenuration of GO in feed Ao ppm
Concentration of €0;n feed Smolh

Desarption preaure 1 stmasgphere

feed for second bed is from product of st bed. Mixturss of
€0 will enter

from the CPSA. CO1s adsorbed in the first and second beds,

and purifiedhydmgen wil exit through the CPS A asa product.

The valves and process eyles contrdl system were designed

for manual and sutomatic operation.

‘The performance of fhe PSA cyeleis measured in terms of
thise main parmmelers, namely, prduct impurity content,
product recavery and product throughput. It should be noted
that the term “product” in this work refers to the purified Hy
steam exiting the bed throughout the feed step fstep 3)
Product recovery manifests itsel in two other parameters
purge/fead ratio and vent loss feed ratio [

22 Experiment

COadsorption was tested on three types of adsarbents, which
ame commerdal activated carbon (AC), composice sdsorbent
and AC impregnated wm\ Sn. Table 2 shows the adsorbants,

which were wed in
The composite :r]smhems used were modified original
adsoents (Tsble 1). The composite sdsombents were
prepared according 1o Hiral et sl [9]. A solution of capper (1)
Talide foncantration: 20-2000mmold; cclor: pale yellow) in
a solvent thersfore was prepared. Examples of solvents of
‘copper (1) halide are acetonitrle, methans], ethanol, propio-
nitrile, acetone, methyl ethyl ketone, methylene chloride, 1.2-
dichloroethane, etc
i omel permale of

2. Material and experiment
21, Material and equipment

The CPSA system was designed according to White and
Barkley [7]. The design was built based on: adsorption size,
welodity, regenerstion, and choice of fhe adsorbent material
specifications of which are pressntad in Tsble 1

while the conventional design of PSA has 3 separate bed for
ud\ adsorber (Fig, 1)

The CPSA operates in five steps: (1) pressurization, (2)
adsarption | feed from previous bed), (3) adsomtion I direct
fead), (4) blowdown, snd (5) purging On the other hand the
PSAsteps in the cycle process are runsimultaneously whersas
they are run intermitenty on sktemate adsorbers in
a conventional PSA_ For adsarption step in the CPSA system,

copper (halide and theresultant mixture is stirred or shaken

5. The color of the sclution changed
from pale yellow to yelow. This change indicates that the
Dinary complex of the pyridine eompound and eopper (1)
chloride was formed.

The sbove-obtained solution of binary complex was added
to 1-100% by weight of fhe binary complex solution, of
a parous inoganic carfier. The resultant mixnirewss stimed
at 90°C for 30min-Z4h. Subsequently, the solvent was

pressure. Th was diied
at 0-90°C for 30 min-5 h under a pressure of 0,110 mmHg,
thus, obtaining the pyridine compound/espper (1) halde
Dinary ccmpkx«pamu; composite adsorbent The modified
composite adsorbents are the following

- activated cabon composite: SigmaAldrch (AC-S-C);
~ activated carbon composite: BDH Lab. (AC-EDH-C).

Fessam

Fig. 1- (a) CPSA system, ) schematic CPSA.

Enzac¥ 34 (2009) 2771-2777

P, el s

Purge e Do Blom Do 1,

Pt

Fig. 2 - CPSA eyelic process for dual bed system (P low pressure; Py: high pressure).

2222, Dual bed cyck. The dual bed process in the CPSA
cycling system was an adsorption process which used two
Deds in series. At ore time, there were two calumns going
through adsorption. The eydie processes for every bed are
Tisted below, a5 depicted in Fg, 2

- activated carbon composite Mindong Lianyl (AC-H15-C);
- silica gel composite (5G-C).

Adsorbents impregnated with Sn were prepared accord-
ing to the literature [10,1]. A known amount of SnCh-2HO
(May and Baker) was dissolved in 40ml of HCl and stirred
under nitrogen. Four grams of AC were then added to the
solution and agitated for 24 h under N, gas. The sample was
then filtered and washed with distilled water untd the pH of
the water became around 5 and the sample was then dried
at 200°C. The adsoments impregnated with tin are as
follows:

Partide size
(mm)
Activted cbon (AC-S)  Sigma-Aldrich, 0842
Netheriands
Activated carbon (AC-EDH)  BDH Lab., UK. 12

Activated carbon (CH11)  Mindonglianyl, China 1682
Activated carbon (AC-H1S)  Mindonglianyl, China  1.19-1.41
Silica gel (5G) MindongLianyl China  1.68-2.38

- activated carbon: BDH Lab. (AC-EDH-);
- activated carbon: Mindong Lianyl (AC-H11-0;
- activated carbon: Mindong Lianyl (AC-H15-].

The gases used were supplied by Malaysian Oxygen
MOX) Bethad CO and nitrogen of purified grade gases are
the adsorbates. Purified grade He was used as a carrier
£as.

221 Analysis of adsarptive capacity of the adsorbent
‘The adsorbent capacity analysis was done by using the BET-
AUTOSORE-1C equipment (Quants Chiome Corp., USA). In
this experiment, the temperature was set at 302K and the
pressure at 1 atm, for 305 [10].

222, CO adsorption using CPSA

222.1. Single bed cycle. Adsorption was done on one bed
while the other beds were regenerated or prepared for
another adsorption process after the first bed saturated. The
cyclic processes for every bed were: pressurization, adsorp-
tion process at high pressure, blowdown and purging The
single bed process cycle has been presented eailier by Iyuke
et al [10]

» adsomtons 1, feeder from the product of snother column.
frefers 1o cyele 1l column 2, which recsives feed from
ealumn 1) (Fig. 2);

+ adsomption 2, feeder from the initial mixture gas (refers to
eycle M column 1) [Fig, 2);

dCOx

e 3~ The copachy of e mipebient n e

dsorption process.

Adsorbent COadsarbed  COradsobed  CO/COs
{mmealig) (mmolg  adsored

(55 01 [T
Acuse a0s 0w on
sc-c a1 am on
Ac-mH an as 025
AGsc 0 0o on
AC-EDHC [ am 0:
AC-EDH a8 o 018
AcH1L e o® a8
AG-HIS aor e a4
56 om 01 an
ACHIS 006 ) 008
ACHIL 0 0 [

« Hlowdown;
» purging
‘Non-dispersive infrared gas filter comelation, with solid

state detector (O00FM - Signal UK), was used as theorline 00
and CO; analyzer.

3.  Results and discussion
3.1 Choice of adsorbent

The adsorbent that was used in purification was
chosen based on the adsorption capasity and the selectivity
for CO. Table 3shows the GO and GO, adsorption results using
BET-AUTOSORE-1C for 3505 and the comparison of the
adsorbent selectivity for CO. The adsarbent should have high

Table 4 - Activated carbon (Sigma-Aldrich)
characterization.

‘Specification Result
Particle 5z= 1-14mm
Materal Charcoal
BET surface area 63507 mlg
Micropore surfcs so487 mlg
Exeernal misropore surface ares 1021 m¥g
Mictopare volume PETETY
Average pare size 26438
Adsorption capacity of €O [T7) 0.5 mmallg.
Adsorption capacity of C0s §TH) 2,05 mmallg.
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Resulls....... Apa yang telah didapate

Results

Okadaic induces death of dentate gyrus neurons selectively. Hippocampal slice cultures treated
with OA (1-300 nM) showed selective cell death of neurons in the dentate gyrus, but neurons in
the CA1-3 regions were largely unaffected. Cell death occurred in a time- and dose-dependent subheadings
manner. Propidium iodide staining of treated slides indicated....

Clear

Electron microscopy revealed a number of ultrastructural changes in hippocampal pyramidal
neurons, particularly those in the CA3 region, in slices treated with 300 nM OA for 24 h (Fig 3).
These changes included slight nuclear aggregations (arrow in Fig 3A), accumulation of
mitochondria around nuclei (arrowheads in Fig 3B) and an increased amount of endoplasmic to save space
reticulum (Fig 3C). As shown in Figure 4, the nuclei of pyramidal neurons in the CA1 and CA3

regions...

Graphics used

Involvement of MAPK signaling in the effect of OA. Compared with slices treated with medium
only and treated slices at O h, slices treated with 300 nM OA showed increasing levels of

phosphorylated MAPK at 4 h, 8 h, 16 h and 24 h, with no corresponding change in the levels of Clea.r
total MAPK. This increase was prevented in slices that were co-incubated with a protein kinase comparisons
inhibitor. In addition, the levels of phosphorylated Tau were higher in OA- treated slices than in made

control slices...
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Fig. 3 — Numerical results of conventional parallel flow field with single inlet/outlet (a) mass flow rate across the flow field,
(b) total 1 (€) velocity magnitud

double mlet/outlet, 337,578 elements. The velocity and pres-
sure distributions of the four flow field designs were compared
using simulation models.

outlet conventional flow field. This concentrated high
pressure is due tothe higher reactant flow rate in that area.
From the velocity magnitude contour in Figs. 3(c) and 4{c),
velocity is high near the inlet and outlet areas. The velocity
vector profile in Fig 3(c) moved horizontally near the right
inlet area. This is because the flow moved towards the
channels not directly facing the inlet. Concentrated hari-
zontal flow was further divided into the remaining channels
on the right area, and Fig 3{z) shows that the remaining
channels had a lower mass flow rate than channels in the
left area. In Fig. 4{c), the velocity vector shows that the flow
was split and moved in the top and bottomn directions. This
phenomenon occurred because of the rib blockage near the
inlet entrance. It demonstrated that higher velocity flowed
to the top area, and the flow divided into the remaining
channels. However, Fig 4z} clearly shows that the first
channel on both sides of the inlets has the highest flow rate
relative to the remaining channels.

The results of the conventional parallel flow field as

Results and discussion

Simulation results of the modified and corventional parallel
flow fields were analyzed using the pressure and mass flow
rate distributions across the widths of the fields. Figs. 3 and 4
show the mass flow rate distributions across the flow field
width and contour plots of the conventional parallel flow field,
respectively. The mass flow rate graph was plotted from the
results of velocity contours.

From Figs. 3(a) and 4a), the flow distribution of the
conventional parellel flow field is concentrated in the
charnels nearest the inlet and outlet. This resulted in an
uneven flow distribution in which less reactant is distrib-
uted into the other channels. Pressure graduzlly decresses

s 0.00E+00

n
n
n
men

l results of

Fig.4
width, (b) toal pressure, () velocity ma

«

move towards the channels neamst tl

to the ional para
have been made to enhance the flow dis
was given to the division of flows across
modifications of the parallel design we:
the flow field into three sections to
division.

Simulation results of the modified p
single and double inlets/outlets are show
Figs. 5(a) and &(a), the distributions of the
evenly among the channels. The pressure

s flow rate (

as!
[
8
s
=)
<

0.00E+00

Flow

(b)

Fig. 5 ~ Numerical results of modified panlhl flow field wit
width, (b) total p (c) velocity

h

ls. For plotof see
Fxg 5(b); the modxﬁed single inlet/outlet field evenly distrib-
utes the pressure near the inlet, and pressure is shown to
decrease gradually. This can help in purging water from
channels in the PEMFC.

The mod.lﬁed double mleo’out.let parallel flow field, also
d p d reactant distribution among chan-
nels (Fig. 6(b)). Th ldoublei fieldhasa
higher flow rate in the first and last channels due to a rib
blocking the flow. Moreover, reactant tends to choose the
shortest channel path from inlet to outlet. Thus, Fig. 4(a)
shows a higher flow rate in the first channel on each side of
the inlets. Flow distribution was improved by modifying the
double inlet/outlet field to distribute the reactant by stages
and by having similar flow path lengths to create similar
pressure drops. The longest channels were in the center area
of the modified double inlet/cutlet field. The left and right
inlets both distribute to the center area of channels and
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whereP is pressure, S is the area on which the pressure acts,
and F; is wall shear stress. In the equation of steady state flow,
the sum of the mass balance is equal to the net momentum
flow rate and net forces of pressure and wall shear stress.
Fig. 7 shows the contml volume of the model of the smgle
inlet/outlet The balance

can be further d.eveloped as follows:

-V = (Pi =Py )5 —Fy

-V = —APS—F,
AP =mVS-FL

where mV is the inlet momentum flow rate, F; is the friction
force generated by the fluid flow, and S is the pressure action
area. Thus, the final momentum balance equation shows that
pressure difference between the inlet and outlet is due to the
friction force generated during the flow across the field. For
the double inl Het model, the um balance equa-
tion is the same as for the single inlet/outlet configuration

S

YT -y -r5-¥F

for both conventional flow fields, though a slightly concen-
trated high pressure was observed on the left of single inlet/

shown in Fig. 4 are comparable with a research study re-
ported by Imbrioscia et al. [20], where the flow tends to

from inlet to outlet. Fig. 5(c) shows that velocity is constant
from the inlet to the channels. There was only a slight con-
centration of high velocity on the left sides near the inlets.
This was probably due to high pressure caused by the flow
blockage of the second rib on the left The high pressure

inlet/outlet field, modification of the parsllel flow field design
improves the reactant distribution. The distribution of reac-
tant among channels is more uniformin Fig. 5(a) than thatin
Fig. 3(a). The reactant distributed in stages helps to create
similar channel lengths that further lead to uniform flow

Inlet

ll’l
imV
1Ff
P:l Outlet
Fig.7 - Sch ic of single inl 1! fi ti

control volume.
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because the inlet mass flow rates of the left and right sides are
always equivalent.

Conclusion

Modified and conventional parallel flow fields across fuel cell
plates have been studied mumerically with ANSYS Fluent
software. A comparison of the modified and conventional flow
fields predicts that a modified parallel flow field has better
reactant distribution capsbility than a conventional parallel
flow field. The modified field was designed to distribute the
chamnels into multiple stages to ensure even distribution of
flow. Channel widths were reduced from the inlet to the mid-
section. In the outlet area, the channel width was increased
to create a large pressure drop to help both uniform flow dis-
tribution and water purging. Simulation results showed that
the modified parallel flow field can distribute the flow evenly
and reduce pressure graduzlly from inlet to outlet. An even
distribution of reactant and pressurein a flow feld maxdmizes
the performance of a PEMFC because the totsl active area is
utilized. Comparson of both modified parallel flow felds
showed that the single inlet/outlet design was better than the
double because the single inlet/outlet had the same channel
length in the 1 mm channel area. In contrast, the double inlet/
outlethadvanous channellengths Variation of channellength
scan cause non-uniformdistributions of flow; hence, the angle
inlet/outl et generated a more uniform flow distribution.
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Tampilan tabel

Table1 Percentages of cells that were dead as indicated by propidium iodode
within a single field-of-view (40.000 um?) using a 40x objective lens in hippocam Clear concise
pal slices treated with a variety of concentrations of okadaic acid. Data are means
+SD for 20 fields of view per treatment and region.

legend / caption

Treatment CA1 CA2 CA3 DG

0 NnM OA (medium only) 1.5+0.7 1.7+0.3 1.2+0.9 1.610.4

10 nM OA 1.6+0.9 1.6+0.4 1.6+1.1 2.5+0.9 Data divided
75 nM OA 1.9+1.1 1.9+0.6 2.1x1.2 11.9+1.2 into Categories
150 nM OA 1.6+:0.9 1.6+:0.4 1.6x1.1 2.5+0.9 fOf' cIa rity

300 nM OA 1.4+0.9 1.7+0.4 1.6x+1.8 2.5+0.8

OA = okadic acid; CA1 (Al CA3 regions of th hippocampus;
DG = the dentate gyrus of the hippocampus Abbreviations

defined




Tampilan tabel

Samples T/K G,/K Ascs Avh
GdBaSrCu,0, 87 385 0.62 0.044
GdBaSr(Cu, 942N, 51)05.5 84 420 0.58 0.041
GdBaSr(Cu, o,ZN, 45)05.5 82 449 0.55 0.040
GdBaSr(Cu, 4,2, 46) 0.5 73 440 0.52 0.038
GdBaSr(Cu, ¢Zn, ,)O,_, NS 452 - -
DyBaSrCu,0, 82 464 0.54 0.039
(Dy, 4Pr,,)BaSrCu,0, 75 400 0.56 0.040
(Dy, gPr,,)BaSrCu,0,_; 59 374 0.51 0.038
(Dy, ¢Pr, ,)BaSrCu,0, 28 402 0.36 0.028
(Dy, 5Pr,-)BaSrCu,0, NS 434 - -
TISr,(Cay .Y, 5)Cu,0, 71 400 0.54 0.039
TISr,(CaysY,5)CU0, 73 396 0.55 0.040
TISr,(Sr,,Y,5)CU,0, 81 433 0.56 0.040
Text/Label — | Tisr,(sr, .Y, .)Cu,0, 87 454 0.56 0.041
justity Ieft. | iy, cay Pr, )Cu,0, . 90 342 0.69 0.046
Significant figures and decimal points are consistent Align the deIimaI point

Justify right
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Comparison Between Dynamic and
Constant Relaxation Rate

Dynamic Relaxation Rate for different
values of M
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