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Abstract

Due to the amount of petroleum is predicted to be used up in less than 50 years. It
is very important to replace such an effective energy source. Direct methanol fuel
cells(DMFCs) have drawn great attention recently due to its high density, low pollution

emission and low operating temperature.
This experiment aims to enhance performance in DMFCs.

Graphene oxide (GO) was prepared by oxidizing graphite using potassium
permanganate (KMnO,4). Benzoyl Chloride was added to modify the surface which is
called GO-B in order to compare with the one without being modified. Then hydrogen
hexachlorplatinate (H,PtCls) was reduced to Pt on the surface, using sodium borhydride
(NaBHy,) to be as a catalyst. G-B-Pt and G-Pt are elements derived from the process

where Go-B-Pt and Go-pt reduce H,PtClg to Pt on the surface.

In the end, sulfuric acid(H,SO,4) and methanol(CH3OH) were to catalyze by the
means of cyclic voltammetry (CV), and then it is obvious that the modified
electrochemical performance of Graphene Oxide turned out to be superior.

The activity of methanol electro-oxidation of two samples in G-B-Pt was about
600 mAcm?while that of G-Pt was only about 400 mAcm™. The enhanced catalytic
activity may be due to the unique interaction between Pt and graphene. Pt supported on
GO-B can exhibit larger electrochemical active surface, which can offer more Pt activity
sites for chemisorption of methanol. Also, the current value of G-B-Pt is more steady
than G-Pt. Thus, the result shows that this report provides a new method of
modifications of materials having energy-related application values which command

great significance for references.
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pH 3+

LS

Z =k

£ & f (graghite(sp-1)) -
¥ & 99.999% ; Bay Carbon, Inc.

& fi& (sulfuric acid) » HySOq4 -

R 96% ; M=98.07 ; d=1.84 ; Acros

A % 4h (sodium nitrate) » NaNOs :

A R:99+% ; M=84.9947 ; d=2.26 ; Acros

1§ 4% fi% 47 (potassium permanganate) - KMnO, :
BB 1 99.5+% ; M=158.03 ; Acros
i % 1* & (hydrogen peroxide) » H,0O; :

& 1 35wit% ; M=34.00 ; d=1.135 ; Acros



6. # p&(hydrochloric acid) » HCI :

R 37wt% s M=36.55; d=1.18 ; Sigma Aldrich

7. ¢ pg(ethanol) » C2H50H :

R 1 99.9% ; M=46.07 ; J.T.Baker

8. # 4ap&(hydrogen hexachloroplatinate) - H2PtCI6 - xH20 :

M=409.82 ; Acros

9. & % i*4p(sodium hydroxide) > NaOH :

M=40.00 ; Acros

10. 2 g i 4 (Sodium borohydride) - NaBH4 :

B =98+% ; M=237.83 ; Acros

11. ¥ 7 fg % (Benzoyl chloride) :

R 99+% ; M=140.57 ; Alfar Aesar

12. 7 A 7 fgre(Dimethylformamide) » (CH3)2NC(O)H :

M=73.09 ; d=0.949 ; Acros

1. # 45 ;% T+ ¥ Hcs—Scanning electron microscope (SEM)
2. R+ * B pcsi—Atomic force microscope (AFM)

3. B %k X k¥étig—powder X-ray diffraction(XRD)

4. F & &3 ix—Raman Spectroscopy

5. R EwEw ZFf: B ## & 47 k—Inductively Coupled Plasma Mass Spectrometry
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Modification of Graphene with Enhanced Efficiency
for Direct Methanol Fuel Cells

The world’s resources of easily accessible fossil fuels have been diminishing
quickly over the last few decades. Thus, it has now become very important for people
to increase the efficiency of fuel cells. Direct methanol fuel cells (DMFCs) have drawn
great attention recently due to their high density, low pollution emission, and low

operating temperatures.

Graphene is known as a 2D structure material, which has great conductivity when
used as an electrode. Platinum nanoparticles are deposited onto graphene sheets via

synchronous reduction of H2PtCls and graphene oxide (GO) suspension using NaBH,.

Furthermore, oxygen groups on the graphene oxide were removed to leave
graphene. In order to enhance the electrochemical performance of DMFCs, this
experiment also added modified material, benzoyl chloride and terephthaloyl chloride,
to study the differences from the unmodified one. Samples were characterized by
X-ray diffraction (XRD), raman spectroscopy, etc. The platinum metal surface area
was evaluated by cyclic voltammetry(CV) on a thin porous coated disk electrode. It
became clear that the modified electrochemical performance of graphene proved to be

superior.
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Due to the recent progress in development of gadgetry and technology, people are
relying on portable energy resources much more. Additionally, irreplaceable resources
such as petroleum and natural gas are more difficult to locate and more expensive to

extract. Thus, it is very important for people to address the problem and find solutions.

Direct methanol fuel cells (DMFCs) is quite environmental friendly because it can
utilize energy resources efficiently. Unlike fossil fuels, DMFCs can directly change
chemical energy into electricity without heat loss. In order to lower the operating
temperature, they need a catalyst to work on it. And catalyst needs to be deposited on
substrate. Platinum is used as a catalyst while carbon materials are used as the

substrate in industry.

Graphene is known as a two dimensional (2D) structure carbon-based material
which is very conductive and has high surface area. Many scientists have devoted
themselves to finding different methods of preparing graphene by using such methods
as mechanical exfoliating, chemical vapor deposition (CVD), and oxidation and
reduction. This study chose the easiest way - oxidation and reduction to complete the

study.
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Research Goals

Enhance the efficiency for methanol oxidation by modification of graphene.
(1) Preparetion of modified grapheme

(a) Oxidation

30min

Graphite

Graphene Oxide
(GO)

(b) Modification

2, ple (a) GO-B
* E:_FT aw O o
meodification woat b o5 o
 E——
50. C o] ak 24 oH g
48 hrs ”‘]’I‘m Hoae L¥]
Cl o COOH
+ \&/ﬁ" =0
> 3’:} (b) GO-T
oH

graphene (G) ’ "

(2) Preparation of modified grapheme-based platinum electrode

Reduction

reduction, NaBH, e — "o
GO,GO-B, or GO-T > 0OaQ I
H,PECl, T —— o
25°C 24 hrs it o n =y ot
Pt/G Pt/G-B Pt/G-T
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Chemicals

graphite (sp-1), sulfuric acid, sodium nitrate, potassium permanganate,
hydrogen peroxide, hydrochloric acid, ethanol, hydrogen
hexachloroplatinate, sodium hydroxide, sodium borohydride, benzoyl
chloride, terephthaloyl chloride, dimethylformamide

Equipment

(1) X-Ray Diffraction (XRD), (Bruker D8 advance) — interlayer separation, crystalline

structure and size of Pt nanoparticles
(2) Raman spectroscopy, (Jobin Yvon T64000) — sp2 coupling strength

(3) Inductivity Coupled Plasma Mass Spectrometry (ICP-MS), (Horiba JY 20002) —

weight percentages of Pt

(4) Cyclic Voltammetry (CV), (CH Instruments model 614B series electrochemical

analyzer) — electrochemical properties of electrodes

O

O
Cl

Cl (]

benzoyl chloride o terephthaloyl chloride
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This work has tried to change the substrate of graphene, via modifying reagent.
After modifying the structure, the spacing from layer to layer enlarged. Then, the

catalyst coating on graphene oxide could work more efficiently to catalyze methanol.

1. Synthesis of graphene oxide (GO)

3 g graphite, 1.5 g NaNOs and saturated H,SO4 were reacted in ice area. Then, 9 g
KMnO4 was slowly added at 20°C. After adding oxidant, removed it from ice area,
then kept at 35°C and stirred for 30 minutes. Next, 138 mL H,O was added before
heated to 98°C for 15 minutes. Sample was cooled down in ice area to room
temperature for ten minutes. Next, added 420 mL H,O and 3 mL 30% H,0,, then heat
released to room temperature. The sample was coped with 300 um sieving and

centrifuged. In the end, filtered and washed the sample by using H,O.

2. Preparation of modifying graphene oxide (GO-B, GO-T)

50 mg GO and 1mmol modifying material (benzoyl chloride or terephthaloyl
chloride) were added into DMF solution at 50°C for 48 hours. Then sample was
washed by water and filtered by pump.

3. Synthesis of Pt/G, Pt/G-B and Pt/G-T

GO, GO-B, or GO-T was dispersed in 120 mL water for an hour. 5 ml of 0.02M
H,PtCls was added to 25mg GO, GO-B or GO-T, and the pH of the solution was
adjusted to pH=10 with 1M NaOH. One gram of NaBH, was added into the reaction
mixture, and the reaction was carried out at 25°C for 24hrs. In the end, sample was

washed by water and filtered by pump.
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l.

Characterization of substrate

(A) sp’ coupling strength

Pt/G-B

Intensity (a.u.)

% Center = 1581(1) cm™

Center = 1337(1) cm™ % 1
' Half width = 97(6) cm’

Half width = 167(4) cm™ %

1200 1400 4 1600
Raman shift (cm )

Fig. 2 Raman spectrum of Pt/G-B

Table 1 sp coupling of the substrate
Sample | Pt/G | Pt/G-B | Pt/G-T

2
sp” Raman

shift (cm™) 1300 | 1337 1345

The characteristics sp” Raman lines of the modified substrates are found
to be shifted to higher frequencies (1337, 1345 v.s 1300), showing that the
strength of sp® coupling is enhanced. The enhancement of higher frequencies
show that the binding of carbon and carbon is stronger. By stabilizing the

structure of the substrate, it is expected to stabilize the efficiency.
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(B) Number of graphene layers

Pt/G . Pt/G-B

Triple-layvered

Intensity (a.u.)

18 20 22 24 26 28 30
Scattering angle 26 (deg.)

Fig. 3 Characteristic of graphene (002) XRD peak profile of Pt/G and Pt/G-B

Table 2 number of coupled layered
Sample Pt/G | Pt/G-B | Pt/G-T

Number of
coupled layers

The number of coupled graphene layer can be obtained from the width
of the characteristic X-ray diffraction profiles. The result shows that the
modified electrodes have 3 coupled layers whereas the non-modified

electrode has 2 coupled layers.
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Characterization of graphene-based Pt electrode

(A) Size and relative surface area

The solid lines in plot indicate the fitted diffraction profile, which give a

mean particle diameter of 2 nm in Pt/G-B.

Pt (111)

3
L
-
=
7
c Graphite (002) Pt (200)
[
]
£
Pt I I
Graphite | 1L L
10 20 30 40 50 60

Scattering angle 26 (deg.)
Fig. 4 XRD pattern of Pt/G-B

Table 3 Surface area of Pt nanoparticles deposited on substrate

Sample Pt/G | Pt/G-B | Pt/G-T
Pt particle diameter (nm) 41 20 15
(A)
Weight percentage of
platinum (%) (B) 6.80 6.00 3.94
measured by ICP-MS
Relative 1.65 3.00 2.63

surface area (B/A) (100%) | (198%) | (159%)

The particle size diameter of modified electrodes which is determined
by XRD pattern are smaller than non-modified electrode. The relative
surface area of modified electrode are higher than nonmodified electrodes.
Among the three electrodes, Pt/G-B has the highest relative surface area

which is about two times better than Pt/G.
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(B)  Active surface area
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Fig. 5 Cyclic voltammograms of Pt/G-B in 0.5 M H2S04 at 25°C (5 mVs™)
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Table 4 Active Surface of Pt nanoparticles

Sample Pt/G | Pt/G-B | Pt/G-T

Surface area | 9.8 22.0 15.7
(mg/mC) | (100%) | (224%) | (160%)

The H-desorption is directly proportional to the area of the Pt surface

participating in the electrochemical process.

The integrated area (H-desorption) corresponding to desorption of H2
indicates that metallic Pt nanoparticles on the Pt/G-B substrate have a larger

active surface than those on Pt/G and Pt/GT substrates.
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3. Catalytic Activity of Electrode

The peak current (/) corresponds to the catalytic activity of the Pt-based catalysts
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Fig. 6 Cyclic voltammograms (5 mVs™) of (a) Pt/G, (b) Pt/G-B, and

(c) Pt/G-T vs. SCE in 0.5 M H»SO4 + 0.5 M CH;0H at 25°C

(1) Obviously, the electrocatalytic activity, known as y axis of current density, of
the cell with a Pt/G-B substrate (2000) is significantly higher than these with
Pt/G and Pt/G-T substrates (<400).

(2) The modified substrate (Pt/G-B, Pt/G-T) are more stable than non-modified
electrode (Pt/G).
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4.

Key parameters
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Fig. 7 Comparisons of the key parameters of the three graphene-based electrodes

(1) The number of coupled graphene layers, active surface area, the catalytic Pt
nanoparticle surface-area, the intra-layer sp2 coupling of Pt/G-B are all
considerably higher than those of Pt/G and Pt/G-T. The four parameters can
effectively affect the electrical catalytic activity of the electrodes (Fig. 6(b)).

(2) The interlayer bindings in Pt/G-B and Pt/G-T enhance the intra-layer sp2
binding strength, which stabilizes the structure for a stable electrocatalytic

activity through bias cycling (Fig. 6(b), 6(c)).
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The active surface area, the Pt particle size, the modified sp® coupling strength,
and the number of coupled graphene-layers are found to be the key parameters in

catalytic activity of the electrode.

Modification does enhance the performance of the electrode. The modified
electrode, Pt/G-B and Pt/G-T, are more stable than the non-modified electrode,
Pt/G. More likely, due to the enhancement of the sp” intralayer binding strength,

the modified electrodes are more stable than non-modified electrode.

The modified electrode, Pt/G-B, provides better performance than Pt/G-T and the
non-modified electrode, Pt/G. Among the modified electrodes, Pt/G-B has better
catalytic performance than Pt/G-T.
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