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56910074: MAIJOR: PHYSICS; M.Sc. (PHYSICS)

KEYWORDS: GRAPHENE/ PALLADIUM NANOPARTICLES/ HYDROGEN GAS SENSOR
SAOWALUK INPAENG: FABRICATION OF HYDROGEN GAS SENSOR BASED

ON PALLADIUM NANOPARTICLES DISPERSED ON GRAPHENE SHEET. ADVISORY

COMMITTEE: CHAISAK ISSRO, Dr. rer. nat. 66 P. 2017.

Hydrogen gas sensor based on palladium nanoparticles dispersed on graphene sheet
was studied in this research. Graphene was synthesized on copper foils by CVD method using
acetylene as a carbon source. Conditions of growth time and growth temperature of graphene
were in the range of 5-10 min and 850-880 OC, respectively. The graphene structure on copper
was analyzed by Raman spectrometer. The result of Raman spectrum show that the prepared
graphene has multilayers, observation from the peak ratio of I,/I, < 1. For palladium
nanoparticles in this experiment was synthesized by polyol method which controlled palladium
nanoparticle sizes from changing amount of palladium chloride precursors in the range of
0.06-0.60 g. The palladium nanoparticles were characterized by Transmission electron
microscopy (TEM). The results show that the diameter size of palladium nanoparticles increased
in the range of 7.7- 12.0 nm with increasing amount of palladium chloride precursors. Hydrogen
gas sensor was obtained by using palladium solution coating on graphene sheets by spin-coater.
The controlled density of palladium nanoparticles on graphene sheets by changing volume of
palladium solution were in the range of 50-250 pl. After palladium nanoparticles coating on
graphene sheet was observed by Scanning electron microscopy (SEM). The results show that the
density of palladium nanoparticles on graphene sheet increased, when volume of palladium
solution were coated on graphene sheet increasing. For the measurement of hydrogen gas, based
on electrical resistance measurement study of the palladium nanoparticles on the graphene sheets
indicates that the change in electrical resistance respond to hydrogen gas. The results present that
the percentage responds on hydrogen gas gradually increases and reaches the maximum value of
3.90% for the sensor with 200 pl of palladium solution coating on graphene sheet. In addition, it
confirmed that palladium nanoparticles on the multilayers graphene sheet can be applied in

hydrogen gas detection and used to hydrogen gas sensor in a primary.
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. u’dy Aa 9 a . . . A Y
fermions) ‘]Jﬁﬂgﬂﬁmuﬁillﬁﬂ@‘ﬁﬂmiﬂﬂi%ﬁumimiﬂ (Dirac-like equatlon) 3J1ﬂﬂ311/]ﬁ]$b16]f
a ¢ . . < Aa g = A4 Ay
AUMTHTOAUIDT (Schrodinger equation) W uran1nImMsnoanaseuluunsiunaoundy
< Ia - @ []
AME W51 (Fermi velocity, V, ~ 1x10°ms™) TuszozniszauluTaswas Tagluiinig

a ac a -4
ﬂi%&%\ﬁl@\iﬂlaﬂﬁﬁﬂumﬂﬁu (Edward & Coleman, 2013)



ag [ d =
2.3 AIEMaeRNHUNINY
Edward and Coleman (2013) 1857053338 msdansizriunsily Gaanunsaaie
panilu 2 35 Nuand1aiu Ao 35UUAE (Top-down method) HaZITANUULY (Bottom-up

method) AIUEAIIUNING 5

&QD" 0 0-9
% 0-aQ o0
990
o o9 0;)0\) 0-o° o
0 Q 0
0 % Q .
g8 00 somm % Qf% % Tp |99 0009
9, 0 0 00 Down | 9-Q ‘)J 00
00 0 -9 J_) -V
090 0«)0% 0999
. LI PP
0009’9 v
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A [ 4 = Y a1 d%‘ am J
NINN 5 MIFUATIZHUNTHUAIITA NIV UL ITU LA (Edward & Coleman, 2013)

2.3.1 F5vuasan (top-down method)
axAaq y osj = 3 A 9 o
Fuuasas fe 33719 lumsuensuvensueannTuVeLnT Id g Uy
[ I Y =1 1 o A 9 v o K ~ v Y 4
ﬂu@@mﬂu%u 9 TﬂﬂmmawummLms”lwmwvau‘ﬂuﬂuﬂﬂmumﬂummmnummma
Y
1 I A [ YR |
(Van der waals forces) Iaganunsouiiaooniluisas o aeae l1/i
2.3.1.1 Micromechanical Cleavage
a %) I am 09/' o a 4 3 4
Wanoan udTnmsasnduuns lud Iasldmilaamoasnduueosuns v
I~ 3 3 am ~Aq Y :fl = :’ ) Y
poniuyu q uazduisusnnlglumsneasslumsuensuvewnsiu msaend q i la
a = uaj =) = QSJI =} A 3 [ d‘ as dy
MaunTHUF A uasHuaoIFULazLNT WU EBINTO A NTUAULAAI UMW 6 AT

=1 =1 1as dy 1 o 3 = 9 3
llﬂiwuﬂgllﬂmﬂTWiI\i um‘ﬁmiu"lummmmmmmmmzmmumummLLﬂiV\Iu"l@ TIUNMI

o J = 1 Y Y 9 = =2
ﬂi%‘]J’Zluﬂﬁ’d\‘ilﬂ'ﬂ%ﬂuﬂ’iWuﬂ’é)u"lﬂ\ﬂﬂlmzﬁ’EN?J?]’NJJQ%L'E)EJ@Q’Q
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Scotch tape method of making
graphene

from HOPG

<,

v Y Y
NN 6 MIAONTUVDILNTNUOINIINFUUDI Highly oriented pyrolytic graphite (HOPG) lag

Idafoanl (Singh et al., 2011)

2.3.1.2 msaenlaalylnliuni (Electrochemical Exfoliation)
A 2 & S o 1 s
IEMIaonsuLnIHueenNTUYeInT Iddauaaslunmni 7 () lguns Ind
& o M @ ad @
1311 sacrificial electrode taziimsasnsuuons IWd lagldarsazareodnIas lagd
. Y =2 A ad J A
(Electrolyte solution) HEFUNUF1TAALTISIND (Surfactants) msazaredaning lad Ae
v Aa A =3 4 a
drsazavueInsadgaiianuag Inunadou leason loa (H,S0,-KOH) Taod15anisiaan
(] @ v Y I Y ' = v 1 @ = o Aaaa
maﬂaaﬂumiimmzwﬂuﬂ@ummuwugmiwuuazawaﬂﬂmﬂuuﬂw\Iumﬂmimﬂgﬂﬁfn
] Y
senaenguit birewin (Hydrophobic groups) i TT-orbital ¥04unsHu d15azatonsa
v Aal A I~ ad SAA o o ng: 4 @ 1
sanrsnluasazaredanlas lagnadmsumsaensuvsans aoonaniu ue
v o alAa o 1 o Y a Aaaa a % 1 QSII 4
miagmaﬂimamiﬂmmwawﬂmﬂﬂﬂgmzna@ﬂmﬂmuizmwvummuﬂi"lw@

S o & W - ¢ ad ¢ A
mazaztiusuiudesnauasazare Inunaden lsasen leatluasazareoanIas ladiiie
a Aaan a [ 1 QSII =S A Y I
aamnalnseeendadusziietuvewnsii a1sazals H,S0, ag KOH nluilueas

ad L qu} 4 A, a Y] u’qszl
adnTaslad lumsaenduveans ladlre3snsasn lasld Infuataz Idnansasisuuos
e’d‘d 1 [y [} L) qgj = z y
uﬂs"lwmmmmwuum-ﬂmaﬂuwﬁuﬂu@g MINMIUENTUUDUNTNY 2-3 ¥ laensiluuen
an dyo (% 2K A =~ 9y 1 1 wvAa A
ABmMstidvamsaausafaritoonanunsduldenn denansznuasautiania ez auia
A = H ~ o | ¥ A an e Y a o o
Mt uadivownsily msnensuvoaunsiunsziinlaen tinanIsminez ldnandas

A g 2,' A 1 [ v Aa dgl
mﬂuwuﬂi”lv\lwmmmwmgmﬂmaﬂuwﬁmumﬂmu
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1 0911 ] 4 4 A
NN 7 (7) SzUUMIanFuIeInsHueonnuHunseauns 1lad1833 Tl uail
[ J g Y ]
@) taz (@) urunosauns ldnoutazndinmsaonale I uadl (1) urduunsiuaoy
[ a ad 4 Y] ] =
pguuAIvesasoianlag lad (3) msnsznedrvewnuunsiuluasazals DMF

(Tripathi, Patel, Shaz, & Srivastava, n.d.)

2.3.1.3 Exfoliation of graphene intercalation compounds (GICs)

st fumsaonsuvownsilueenain GICs Taoldfhazaiouazany
Zoutelumsaonduvoannsii dmdumsldeniiazareselumsuenduresunsilueen
110 GICs Tasia lhfu3ias i Gics Tl Tafimaaluasazaioionsnduveunsiiy
990 15 M3vinen Tanzuoan la GICs 11 Twiinn1u NMP (N-methylpyrrolidone) ttag
®NUDA (ethanol) 11UAY 8nFI0199UNI51I Li- GICs Ty luhdauaaslunwd g
SmAE AL Yeusy GICs iiteuonduveaunsiluniu TasiallaziRamsanndonn
adouresBumes A ueaS AN e T GICs ifamaniuufngnau

=~ I Z
vounsHuoonuulugy o
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Li*

o Intercalation YK ¢ / Expansion
— k:,> LA '. N
DL
°
Graphite LiC
H Disintegration
" ) by T
s c k\o‘-".,oo — e "'.
Microexplosion \% ° A, ”‘.“. Sonication y
@- Bhownm » Q Graphene layers 400
$%0 0w
Ywanne ® HO

Graphene
Graphene stacks

A & =~ 4 ' .. .
NINN 8 ﬂi3‘ll'J‘L!ﬂ'liLlﬂﬂﬂfum@ﬂllﬂﬁﬂu@ﬁ]ﬂﬂ?ﬂllﬂiqw%IﬂfJN'l‘Ll Li intercalation—

expansion—microexplosion processes (Edward & Coleman, 2013)

o ¢ ¢
2.3.1.4 msaenyuveunsIvdeanlud (Exfoliation of graphite oxide)
I ax o J = 9 = a J a 4
WHudtmsduaneiunsilulaemsl¥nsauaviedlreenguauriuioand lad
% < 4 = ’ s A s Aaa s a
uns W@l 1iduuns Ivdeen lud Gamjvesoonlad laasenda msuonganuazaiuetia
9 I dy a v oa/' J o Y ] uaj 4
witn ldunsavagimedussunuiuim lutaazsuvouns Id Hlvuaazuveans Iva
Y dgl 4 4 U ogj 4 4 9 Y = a
MANTULAZAALTAIUADTNAITENINFU nuns Ildsen lyagnnszdudieus uiiesiia
a ' Y A = . . <3 [ = J
@7 15U M3 1FAAUANNAFI (Sonication) NamITavigavoniduunsHuoon lae (Graphene
[ { & g wvAa g ara
oxide) 18 dauaaalunini 9 Fansilueon loalauimilulalasian (Hydrophilic) azana 1@
3’ 1 1 o a o [ d I a 4
alurhua Ll lWdhuazaunsosasdareanssanunuds wu leasdulansa laiiusaad
= 14 . d! @ Yy [ [
unstluoon lae (Reduced graphene oxide) FIAINITONTOUAZNTZ WA |AAUUITQTOITY
a I ) o Y 4 o [ Aa [ 1 Aa
wadludduaih Wi Taeia hmsduasizdunsilueenladiiog 3 3wan 9 1dun 3%
PR ¢ 9 3w a J . A a =
Hummers method 3511 1% H,SO, iag KMnO, Wudreond lad graphite flakes NUANUUIYNS
I a aaa a o ]
9 1 Localizes defects 1u p-structure 30iluma lumsinailfasereendiadu iaisazats
o 1 a -4
fanan lotinase ldasazarennsilueon loa 19laas 1@y lanse (Hydrazine hydrate)

[

A Aa 4 I~ = = Qs:
Wo3AIsnaLluLnsWuDNAT
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Graphene Oxide

MuN 9 mydaaseiuns ldeon laduazunsiueen lsaainuns lud

(Garg, Bisht, & Ling, 2014)

Jd A d
2.3.1.5 013A0a@¥ 139 (Arc discharge)
I ax [ ] 1 :JI A d 1 4
whasmsnenszua ihnszuaassiuszgnined Tl uumans Tld
1 ~ 1 o o o 1 1 1 4 1 9
2 UM Tanuaedndlszanas 20 — 40 Thad anassuserIaunans ldaosunanield

a

[ A [] a A A o o Y a
VITHIMAVDNANDY 1Y DONHI0013N0U W IMNATDuZHAaN AL QUMY
a [ qu ad 1 9 [ Jd a I~ 9 [ I~ [
UINUITTHITBan Ingaderaliunauns amnanissavonatadu loudnruuuuilune
P o a aa A a ) o S ¢ o
wlumsveuaaaadluami 10 35mstieylslumsdunieiigau Tuasueus W
' P a A g & a 0 A J a 7 Y ) ¢
o Tumsvoutaziaeiy e 9 U imsidsersaadsanlslunmsdunsizy
09/1 Y Jd & (4] I~/ 1 ] 4
unslu 2-3 $u luussemaveaidiesuna mslFunalaTasmuiludiumanluivivos
W A o o I~ [ A [ ] a [ @ [
unalianudingiluediann wesmnuna laTasnuag lvegamsunisweaiuse sz nang
4 o Y [ :/} 9 @ 4 3 = 1 o 9 I'4 @
asueui ldedudansiiuavesmsueu lusuunsiu adawaniilviozaouvesmsusudv

v g ' 1
ﬂulﬂullwuﬂé}'lﬂllﬂullﬂﬁhlwﬁ
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- o g 4 9 ax d A 4
AR 10 F2UUMTFUATIZHNOU TUAITUOUAIITDITAATHITY

(Ando & Zhao, 2006)

2.3.1.6 Unzipping carbon nanotube
= A = 3 [ 9 ¥ 1 o o ngl =
uATHUKTaLATIY 2-3 HU ENTaFUATIZH 19910101 THAIT U UMITIFUIRY?
A 3 9 o 1 4 [ ya
NIDNAUTU AITNITHENHITIVIND U TUAIsUaUBaNINAU Iae 45 nemeninasna
Ao A 1 A AaaA . 1 an A S A am
wUAEA WU 11 15U I5nU)on (Wet chemistry methods) L5 M300nd ladn3eds
1T A o . .. v 9 .
NNNYNIN LFU 8LaLydT (Laser irradiation) UaZ NTNAAIWNWATETU (Plasma etching) N3
[ 4 = Y] 1 o 1 o I Y ] = a
Funszriunsiuanmsuenmisvoanom Tumsuon adawaim i lduruunsiuu TuSuven

. 9 1 @ 9 Y ' J ]
(graphene nanoribbons) ﬂ'J’lllﬂ'ﬂ\?"]]@\ulwullﬂitwuﬂﬂhlﬂ"lnﬂellu'lﬂl,ﬁuNWNﬂuUﬂa’l\ﬁl'ﬁNﬂﬂ

A QSJ' = 1 J yas A A .
7N 11 Msuenduveunsiiueananneuwr lumsveu laslsisauilen (Xiao et al., 2014)
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[4
agd 1 =

2.3.2 I5aNVYUVY (bottom-up method)
adm 1 4?1 = (2 4 = A 4
AWanTuuy Ao MIduATIZRLnIHIUINMSADNUTTYOLADUVDIAITUDUDIN
1 o A J @ o A ] 4 1 I ax [ dy
unasiuilansvouasuuigasossuNuiuou Fansonisesnduisai q aeaelii
2.3.2.1 Epitaxial growth on silicon carbide
& axd o = aa J J . A a ' o
s idhmsdgaunsiuuudaneuas lua (Sic) Ngumgligendi 1000 °C
! ~ 1aa J o
molditou lvgamnagaunn (UHV 107 Pa) Tasms Idanudeunnganouas lud vlw
A
aa 1 a a a aa 4 @ @ a
PLABUYBIFANDULNAIUAANITTLHADDNININAIVDITANBUAT lUF HasnINTUIZIAA
@ [ 4 .. . I'4 Qy 99 [ o Y a 0911
MINANTOUMUDLUNT 1WA (graphitisation) YBI0zABUAITUOUNY AT 9Hae i lvinaduveq
4 v Y [ ]
unsHuduawaaslunnd 12 Fmstidmanaeudreunsiiuly Puuiagseivou 9 18

10 iedosmathunsiuliszgnd s

O GO O O GO O A0 O

i
i > L -
T o F F o<
i
it i e ¥ W e P

A o '3 ~ Aaa o Y ] 9
AINN12 ﬂ']ﬁﬁ\uﬂﬁ']zﬁllﬂﬁV\Iuﬂucﬁﬁﬂﬂuﬂ']iulﬂﬂﬂ?ﬂﬂ?ﬁ@ﬂﬂ?ﬂﬂ??ﬂﬁﬂu

(Hibino, Kageshima, & Nagase, 2010)

2.3.2.2 I5nmnaevlosziviemandl (Chemical Vapor Deposition, CVD)

=

ax @ o = 9 ax I [ 4 =1 a ]
AFNMITUATIZHUATNUAIETT CVD nJumimmﬂzmmaﬂummwnﬂumq

Q )

a o [ [~ A @ L4
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=) a o 9 am d' 9 [ a aan =\ d‘ dya
umﬂuuuiammmcﬁ%ummﬁ CVD LﬂEJ’JGUENﬂUﬂﬁLﬂW]J;]ﬂiEJHﬂlI Iﬂﬂ‘ﬂﬂi%ﬂ’)uﬂTiulﬂﬂ
v P ! < A A g 1o A s o q ¥
GD1ﬂfﬂ'ialfl”i?]’ﬂll'i’E)’L!LLﬂIﬂJl,'ﬁ'f].fﬂ"Uf]\1LI,ﬂ’c;’(‘l’ii’if)all’E'J\1lfl”ifﬂ’Zl‘1/1l,‘]J“L‘!l,lfl’i'ﬁQfﬂlfL!(9115]13’°]Jf)°l1l“l/nsl°l’iill!,’ﬁfc]’cﬂ
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namslasuudasnadunnggausennaisaau IiJlﬁQﬁﬂlﬂﬂ!tﬂﬁﬁﬁ@ﬂ,@ﬁglﬁﬂﬂl@ﬁl@\‘llﬁa’J
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= & 9 % 1 Aaaa A o % 1 o a 4] o [}
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Plasma/thermal-energy supply Reactor

Pressure gauge
—

Thermocouple

Gas mixer

Catalyst

Exit gas trap€§

and analysis

Hydrocarbon

Inert gas
source

M 13 5201 cvb NlFlumsdunsiziunsiu (Galib, 2012)
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NIUFFUDBY 9 (Co, Ry, Ir taz 91 9 ) dziinmsuandves luana lalasmsueuiiiesnin
Y
a o J a o o
anudouluszul CVD tazinan3 AT Uz ABNYBIAS UBULUNLRIVDITTYT0951 Tag
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’deconposmon [ ]

4

tecomposmow
¥ »

' adsorpuon ' ’

i ‘ ’ dehydrogenauon

AN 14 nalnmsinavensiuuudus ulgasentinnataz newunas

(Mufioz & Aleixandre, 2013)
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4
@ 1 ° o v w o ' @ [ o o w
JunpuasIiIMIiiaiaaiosiuoen wu s ldiagsessuiluneuas tiimssiianeauns
) 4 [ 4 4 A a A
ponlasldasazarenlosinnan l5a (FeCl) nauiuaisazatsdu o ioiudlszansninlu
o w o A 4 ] [
msfdaneasliauyssiungsiu 1wy neuiua1sazale HCL, HNO,, Fe(NO,),, (NH,),SO,
@ { o w < 4 g 1 o
18z CuCl, HA191NNN0WAIRNIITAIAT VAN T I 92IMA0TUYDY PMMA/graphene 8040 11
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graphene

Cu foil

PMMA spin coating gmphene

Dissolving PMMA"
Cu etching l

Cat ; Transfer

PMMA /graphene membrane

Target substrate
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[ [

ﬁ@pmﬁuﬁu ( Kumar & Lee, 2013)
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A A A Y o I'd = o [ =1 1Y
AT |NN 1 N@uul"’llﬂﬁlclfﬁlufnﬁﬁ\ilﬂﬁ’]gﬂLlﬂﬁwullagﬂﬂﬁ'lﬁ?u L/I; WA NNTUA ANV

unsHuAIvg19aaaaslunINg 16 (Mohsin, 2012)

Haneay gl dan lnavesfadiny I2p/1g

OLIAN (°C) (scem) )
1 980 10 5 1.08
2 980 10 10 0.94
3 980 10 20 0.87
4 980 20 5 1.04
5 980 20 10 0.453
6 980 20 20 0.34

G
! ,\D A CH,=20sccm , Growth time = 20 min. 2D
| I N
A |\ CH,=20sccm , Growth time = 10 min. -

CH, = 20sccm , Growth time = § min.

/\ CH, =10sccm , Growth time = 20 min. /\
j\ CH, =10sccm , Growth time = 10 min. /\
n  CH,=10sccm, Growth time = § min. /\

1000 1500 © 2000 250 3000
Raman Shift (cm)

Raman intensity (arbitrary units)
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U

A19n U (Mohsin, 2012)
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Graphene synthesis PMMA coating Graphene/PMMA transfer
on copper foil on a PET substrate

Removal of PMMA Pd deposition Electrode formation &
measurement
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(R) Pd-Gr-70 (Phan & Chung, 2014 b)
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3.1 Yaq gunseildlunisnaaes

[

3.1.1 Faq qunsaiillunsdunnzrinsily
3.1.1.1 NoAI®NY (Quartz tube)
3.1.1.2 MFULAIONG (Quartz boat)
3.1.1.3 WegAneaad (Copper foil)
3.1.1.4 ufeoziEnan (C,H, 99.6% ) (Bangkok Industrial gas Co., LTD)
3.1.1.5 uda'lalasou (H,) (Bangkok Industrial gas Co., LTD)
3.1.1.6 UAADIINOU (Ar) (Bangkok Industrial gas Co., LTD)
3.1.1.7 0x% lau (CH,COCH, 95.5%., GR Grade) (Duksan Pure Chemical)
3.1.1.8 t®NMUDA (C,H,OH 94.8%., Extra Pure Grade) (Duksan Pure Chemical)
3.1.1.9 1‘im’c°19”u (DI-water)
3.1.1.10 dnnes
3.1.1.11 m?mﬂ’mﬂu5mmﬁhlwammuf°fa (Mass flow controller)
3.1.2 Saq qunsaliltlumandoudheunsi
3.1.2.1 WoaNawMIAsLan (Poly methyl methacrylate, PMMA, M.W. 94,600)
3.1.2.2 wlossnnanlsd (FeCl,) (Carlo Erba)
3.1.2.3 Ingdu (CH,CH, 99.5%) (Carlo Erba)
3.1.24 151ﬂ§u
3.1.2.5 0z lau
3.1.2.6 1OMUDA
3.1.2.7 nialalasnaosn (HC137%., AR Grade ) (Qrec New Zealand)
3.1.2.8 dnnes
3.1.2.9 $8EnTnsALLIFL Si0,/Si

3.1.2.10 1A504 spin-coating
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3.1.3 aq gunseinlslumsdunsizroymamnluwaiaiiey
3.1.3.1 uwaadounaelsa (PACL > 99.9 %) (Sigma Aldrich)
3.1.3.2 wea hilalnlsalau (Poly vinyl pyrrolidone, PVP, MW 40,000)
3.1.3.3 enaulnanea (CH,0,)
3.1.3.4 nsalalasnaesn
3.1.3.5 9% lau
3.1.3.6 1ONUDA
3.1.3.7 1ATOMHUINILA (centrifuge)
3.1.3.8 dnnes

(24 .
3.1.3.9 una luTasau (N,) (Bangkok Industrial gas Co., LTD)

3.1.4 aq gunseinlylumsasiedausalalasiou
3.1.4.1 una'lalasau
3.1.4.2 ®IMAUR (Dry air)
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A [ (94
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A a sq YV @ o a
AT NN 3 WTD'HJL@]@iﬂGlGBGlUﬂ'lﬁﬁ\‘llﬂﬁ'lgﬂllﬂﬁwu

v
a

fedly  gqamgiildlums  dasimsIvaveuda naililums
duanz¥innsiu CC) DLIBNAY (scem) Fuanzdiunsily (i)
1 850 17 5
2 850 17 7
3 850 17 10
4 880 17 5
5 880 17 7
6 880 17 10

A g =~

3.3 mstaaeugaunsu

faunsiuuuHuleeAN oAl (Graphene/Cu) YHIA 0.6 x 0.8 cm 11T

A 9 = 3 ac Il . L v A A
aoudounsiiulinsudidbn Insauuudu Sio/Si aenszurumsnuaasluning 27
9 Y

AuTunauaaae 11

3.3.1 W38UAITazAINDANNANMATIAN (PMMA) 120 mg T4 Ingdu 3 mL nau
{lunan 3 Fr1lusfigaingiiies

9 v v
3.3.2 1080 PMMA 5 pL a9UUYY Graphene/Cu Tagmaiiailundon 1ens15a
Y
2500 rpm w2 ldduveq PMMA/Graphene/Cu
2 9
3.3.3 11M5819A%U Cu 89AINFU PMMA/Graphene/Cu lagn1s1in liaselu
oA J ~ 9/09//
asazanelessanas lsatlunal 120 w92 1d%U PMMA/Graphene
9

3.3.4 1M 3&1eHu PMMA/Graphene Mlaseluaisazanensalalasnaein 2 %

Wuna 10 wilagldnszamniinm mednasazaamossnaaslsananiisosn

A v '
3.3.5 819%U PMMA/Graphene Iag1i1nduvians o) 500 aua1 pH 1iunais uagih
A S ad ' . . v . .
msiaaeude lneuudavan Insauuku $io,/Si 92 1a%u PMMA/Graphene/SiO,/Si

9 9
3.3.6 1IMINIAFY PMMA 0909104 PMMA/Graphene/SiO,/Si 10801511101
% Il 1 | a < o QSJI z
ar0813 Iugluezd Taungugil 70 'Cilurnal 60 w1 i v 184 uves Graphene Y17

ad ] . .
21an INTAVULAY Si0,/Si
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— ] el
on substrate Graphene

E §i0,/Sielectrode pattern
PMMA spin-coated PMMA
Graphene PMMA Removed
PMMA Dl-water
Graphene
Rinsed to remove Acetone
Cu etching L .
l = the remaining residue PMMA
Graphene
810, /81 electrode pattern
PMIMA Remove remaining PMMA l
S etchant residue (I

FeCl; solution i ELETIET Graphene
§i0,/Sielectrode pattern

A A 9 = ] J 3 ad
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LHY SiO,/Si

Y] d =

3.4 ﬂ]iﬁﬁ!ﬂﬁ]gﬂ@‘l}!ﬂ‘lﬂu]Iu!!Wﬁ!alﬂﬂN
o 4 = 9 an a 9 =S 4

duasizroumau Tuunafonalis Indeoa lasldsunamidounan lsq (PdCL)
I :l' a o a a a I o ]
Wumsasdu weawesned latialnlsalau (Pve) iuaisilestumssmduazaiugy

[ 9 an I :JI v Aa o v o Y A
sUsnvesoyma wazldenau lnaneailluiidisaaguazAaiazats aenszurumsindea
A o o 1 <
Tumnh 28 audunsudaae lil
Y v
3.4.1 Tupeuusninsveanialalasnaoinnanuwuyu 0.1 M USu1a3 1 ml ag
=) 4 I dy =) Y]

11 0.06 g vouwaa@eunan 158 nvauasazaneduile@edny

3.4.2 @udIsazans 0.375 g voanea lia lnlsa laulu 90 ml veseniau lnanea

I 49} = @
a1l mumsazaevwihutiofedny
o [ 4 1 a I
3.4.3 thasazaewdan TS Wand (reflux) nazniuiigairigll 125 'Ciflunan
=\

90 1%

L:l < { a o o
344 naARBuNgumgiives ldasuviuacsdd udnhasazanelidrede

q

a 9 d’ = .
925 IAUNANY ) 50U AI0IATOINYUINAL (centrifuge)
o { 1 Y
3.4.5 Wmanznoun ld nhldudadrouna lulasau

3.4.6 Wmnznoun laazaieluemuoa 15 ml 92 laasazalsvoanaafy
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v 9 v

o o v J o { a oL 3
3.4.7 Msnaaosmuduaeunnau lagimsasunsilmes luduaou

7 3.4.1 99915797 4

Add PVPdissolved

Droped 0.1 M

in ethylene glycol
of HCI1

PdCl, (0.4 g) —_— _ [:__ T

The mixture was refluxed with stirring |

\L at 125 °C for 1.30 hr

Centrifuge

Pd solution

Dissolved Pd powder

‘Washed
the product ‘
Heat @ by acetone

by ethanol

A o L4 = 9 as =
NINN 28 ﬂizu’mmimmiwﬁaumﬂuﬂuuwammanmmﬂwaaaa

~ a P 9 o 4 =
M1319N 4 ‘V‘niWML@I?JiVIGlGHGluﬂﬁﬁQLﬂiEWBHﬂTﬂHTIuLLWﬁLﬁLﬂEﬁJ

Y] 1 =2 S A (o d A (o d
121NN ﬂ%ﬁl]ﬂ!!!‘wmﬁ!ﬂﬂ&l Qmﬂgﬁlumsiwanm !’mﬂuﬂﬁi‘l"lﬁﬂ“ﬂ

nae e (g) °C) (1)
Al 0.06 125 90
A2 0.2 125 90
A3 0.4 125 90

A4 0.6 125 90
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o o =t <3 d o A 0911 9 Ao A A
duasizvunsiluadoauyssl Msnasy PMMA aduUsUY03 Gr/Cu Ade3siluindeuie
[ 9 = 1 dl 9 = o o w 09;
Fnulassaivewnsvulusenienszuiumsnasudenns iy iinmsmIaduves
o & A e
nowasoen lasmisuues PMMA/Gr/Cu llassludisazmemlessnaae 15q ekhinis
o w < ¢ A o o ad ' . .
Adaneaudisauysel nasuiotuues PMMA/Gr TieuudasianInsauuusiu Sio,/Si
4 Y
AuReMsHia PMMA Tagmsthduves PMMA/Gr/SiO,/Si TuusluezdTau a1 lddn
a . . o ad ~ d 9 o = 2
Wanvea Gr/sio,/Si vudadan Insanauyssl gamenimsnastoynau Tuunaa@gy
= A |a = 9 Axo A A
auunsNuNTnasasazargunai@en 50, 100, 150, 200 uaz 250 ul AIITwAFBUN

88357 1,000 rpm

Graphene (Gr) PMMA supporting layer

/

—_>
—_—> PMMA
Graphene growth spin-coated

via CVD method |

Cu etching & PMMA supporting
ransfer

layer coated Gr stack t

Pd NP/Gr

Hydrogen gas sensor

—_>
—_

Pd nanoparticle
PMMA Removed

Spin-coated
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w [+
3.6 mInsladauialalasiou
J o 4] %
Nuyuyosuna lalasnu Pd-NP/Gr meluszuuasiaiauna lalasmuaananaly
{ o [} 4 a, v Aaa o
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