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vesielalasiauiinanls Insgamaifililueiesfnsaloglugie 400-600 °C snsnsinavesinglule
funudaildlunisneasseglugas 50-300 mUmin waziminvesiausaufjisen Pd/ALO, Aldviifu 05
n3u anmsnaaeamuiiielelnsiauanunsandalfainnszuiunsdisugufielulefinusadeled
aeldanzoumaiin lasgunginazdasnisivavesinglulefinusaililunisiujiseninade
Usnafelalasauiindald daidnsinisinavesimlulefimudawindu 50 mUmin guvgiinieluiedes
UFnsaiiviriu 600 °C Wdndlasluavesfinslalasiau (H,) senundundnsnsigeiansiniu 34.74 %
TneAndunalddonas (% yield of Hy) Wiy 10.72 % sfeinduanziuneandigailflunsmasosi
wazanunsaduiniesarnsiuasuluidunan fusivesfiedinu (% CH, conversion) figefigalunas

NARBILALYINAU 58.29 %

AdAey : Melelasiay; nssuiunsdsuumeledr; Melulelinude; unaiaies

Abstract

This research aimed to study the production of hydrogen from compressed bio-methane gas
by steam reforming process under low temperature condition (400-600 °C). The study can be
divided into 2 parts. The first part was creating a system in lab scale to produce hydrogen with a
steam reforming process. This system is used fixed bed reactor. The second part was hydrogen
production by stream reforming process under low temperature condition from system in first part.
The production was used compressed bio-methane gas (CBG) from Energy Research and
Development Institute — Nakornping, Chiang Mai University as a feedstock and alumina-supported
palladium (Pd/ALOs) as a catalyst. This will study the effects of temperature inside the reactor and
the flow rate of compressed bio-methane gas in the reaction that affects the amount of hydrogen
produced. The temperature in the reactor is in the range 400-600 °C, flow rate of compressed bio-
methane gas used in experiments in the range 50-300 ml/min and the weight of the Pd/Al,O,
catalyst at 0.5 grams. The results had shown that hydrogen can be produced from compressed bio-
methane gas by steam reforming process under low temperature conditions. The temperature
inside the reactor and the flow rate of compressed bio-methane gas in the reaction can affect the
amount of hydrogen produced. The maximum molar ratio of hydrogen gas at 34.74 % was achieved
at compressed bio-methane gas flow rate of 50 ml/min and reactor temperature at 600 °C,
representing percent yield of H, (% yield of H,) equal to 10.72 % which is the appropriate condition
tests in this experiment. The maximum of the percent conversion of methane (% CH, conversion)

in the experiment were 58.29 %.

Keywords: hydrogen; steam reforming process; compressed bio-methane gas; palladium
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Tutagduussmalnedinisimuiniu
gramnTsINNg L Tudedinisldninuzlunis
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nveada (fossil fuel) Falduwdamunaly wonain
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ddyluiagou deduisfinnaduaiivunas
wErunaunuieindenneada Tngoimas
ynfelelasiau (Hy) Hunildundnumadond
IFsunsfnwduaitegiawnsuans esnie
lelastududemasidiownlmiuga axldiinie
Arsuaulaeanlan (CO,) wazlinalminuaniig
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FuradausasuansaldiduLyorndseinuigas

\Walnas (Fuel Cell) MilUszANSnngslunisndn
Tiln [1] Fanalalasiautulandsanusesniie

W mtin (power density) g9galuusIALYBLNGS

v
o a

NIUA Ao Ussuna 120 Mi/kg (U3suiiiguiu
Arafmunarufaledufifiamdsaudeniae
Yhvednuindu 50 uas 44.4 Mi/ke augnsu) Tng
aswrlusiasinglalasiaulunsdifinn sunlng
auysait agldnandnduiuasndunuanufou
Tngldinfngmsveulaoanles feaunisi 1 [2]

(0

Fadlatrluiuseuiisuiunisinlugives

2H,+0, — 2H,0+ANuTau

Aeiiny (CH,) Falussrusenaundnvaaiig

ad d’i’ a a =3 1 ¥
sssurAMdudendsainweada aziuinlana
nanaanundufisaisuaulneanladsiuse fe
WAL UALNSN 2

CHy+ 20, — CO,+2H,0+anusou (2
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Tnonszuruniswaniinglalasaudiidud
fJeuundign Ao nszurunsiUdsusufineiinu
#releov (steam methane reforming process)
Fadunszuaumswantelelasauiitiussdnsam
gausidorldderoutnani InglutlagtuldiEud
AslA e uanssedulunszuaunng [1,3,
4] \flesnnineTinmilesdusznoundn Ao A
Sy Bnvidldfinisthfedanimanuudsemmam

' &

UAUSUI VIR BTN UNNLNTUY 158037 AL

aaa

Tulefiny (bio-methane gas) warlunsaninig
Snasfuiieldidudondsdmduenueud doy
Funnineluledinusanie CBG (compressed
bio-methane gas) Ingaa1Uuldonarwalul
NHINUUATRIA W Inedededln ladnewuay
Wanegnssaiiios Fefny CBG HilauURifouwn
AURNETTUYIRAIMSUTaBUR (NGV) @11158
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iUl dudondmawnudmsusosudnlonne
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NGV 8n9adag1u1salsnawnunieg LPG way
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uananiifne CBG fanunsaviluldunamdunig
lelnsiau deleflnuiseves funsle wasane [5]
dfne CBG lunamPuialslasiauniunszuiu
muﬂ%u‘gﬂﬁnalaﬁﬂ wudlausunuvesine
lalasiaugean 53.6 % lagnszurunisivdsugy
Aaiiudngletfinaundhsduiiu fudnnns de
nstleuledn (steam, H,0) L9158 uy Wio9i
Ufisenduiedinu (CHy) Inefinglelasiauazgn
fevonanfienausyuindletiuas Aeiinud
Houdluluszuy drusendauivdentiuay
Arsvaunasvindmuassrudafufufiig
arsuauusuanles (CO) (6] Tnonszuaunsi
Usznousie 2 Sumeuiiddey o

1.1 UfjA3en reforming seninaineiinuniu

v
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lounfigaumaiias (e19dmslddussujaserndy
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yoaudasaudie) ielildfglalasiau (Hy) &
wansluaunisi 3

1.2 9nduneudl 1 avuiuiniifreensuou-
wauenlud (CO) 1RntuTande futuaiinisti o

'
]

un 1:

'
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Qe
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CH; + H,O <> CO + 3H,

Qe

2: CO+HO <> CO,+H,

v

Aatiuazlaaun1ssInvesujizen Ao

CH; + 2H,O0 <> CO, + 4H,

\dlofinnsanaunsruvesufazerdredu
(@un15 5) nuindudFasenuuganinuieu
(endothermic) Fsazldndsnuaeutrannlunis
Aaufasen neddusdesinujisefigumniys
wielsiléfelalasiauindnldluliinaunn e
Tngjazldgumngiaefisuszunns 700-1,000 84fN
Wwaldead 3nmaradInadwalisuulunig
wanfelelnsiaugetunuludae fufufeudy
ogaBeiagdodldFusafisondrundaudie e
Windasinisnaninglalasiou wazdminannsa
angamnifldlunsiujisenasls Aazdanals

£

dunulunisudnfiglalasiauainnssurunisi
anadluse Taglatinuidedlandaielslnsiay
K1unsEUINNaUAsugUineiimudieletlng
meldanzgumgiinn [7-9] wuinfelslnsiau
ausandnldiiunszuaumsianeldtnsgamgd
400-600 peAwaLded wazazldiussufazensin

= o '

¢he deissufiseililasdwlngasdulany
NIUBYY (transition metal) I1wandniia (Ni)
\esanniisiagnuaziinnuieslilunisiss
U

Falsaufisendnantaneiinge

ff3e1 egr9lsfnn winiluTsuliisuiu

na (noble metal)

U

WU TSR (Rh) wwatatiey (Pd) wagunanyy

AH298K: 206 k_J mOlil
AH298K: _41 k_J mOLil

AH298K: 165 k_J mOlil
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Wnduvufasendufiteansueunsusnlensn
A9 walrlamalalasiauinauy Aeusandluaunis
1 4 IngufisemiAnTuiiisand water-gas shift

reaction (WGS) [6]

v
I a a o a '

wudndnifaduiaitudscdalunisiss

(%
by

(Pt) 2

'
aaa o ' =

UA3e161n97 wazidyminisiinansuasuuuy
fufinvesiussfATen (carbon formation) lne
1afin1331897u316L39UfA381 Rh, Pd, way Pt
Preiiumnuiadlilumafaufizenlunssuiuns
Reforming LAZEINITOFUNIUAITLANAITUB UV
fufnvesiussufizels (7]
TnelusuddeiasAnurssuunisuanfing
lelastauannnszurunsiasusuinalulefivuge
#aeler (steam reforming process) Tngl4iwaiss
Ufiseunaiaiesuuisesusrgiun (Pd/ALO,)

o

maiéfaququﬁm (400-600 °C) wagay
Auunsnsidrulaeluavesineiinu (CH,) uag
1ot (H,0) AtewdlUlussuuWIAY 1:2 (CH,:
H,0 = 1:2) muaun1snsiinUfAsenfinanslu
aunnsi 5 Feinglulefinusande CBG Aldluns
NAABININFNNUUITBUALRAILING I UUATRIA
wningdedednl fiddndruvesieiinusiiu
81 % lneRgosdusznavves CBG ludruilnde
fe Aaarsusulaeenlen (CO,) Malulasiau (N,
warfwoendiau (O, Inslunisnaassiazadng
52UUN1INARTUTZHU lab scale LilonAnAne

lalasiauannszuiunswdsugufialuledmusn
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sl uazAnwiranszyungumginldlunis
MuUATewarsnInIsinavesing CBG M
Uiiseniiiinaseuinaesinglelasiauiingnls
Tnsgamniildluindesufnsaleglutas 400-600
°C $nsnslnavesinelulefinudaildlunis
nAaosoglura 50-300 mUmin uaziininves

FussuFAen Pd/ALO, Ay 0.5 ndu

2. 9Un3aluazIsN13IY
2.1 nsadeszuunisnaninglalasiau
2nnszurunaAsusudaslatilusedu lab
scale
2.1.1 gunsalluszuumsndn

(1) pressure regulator ¥iutidian
ANNAUINGANY CBG

(2) digital flow meter 1%
AIUANTRIINITINaLTaU3uInT (volumetric
flow rate) vo3M1% CBG

(3) temperature controller ¥ 1
mﬁwﬁmuamqmmgﬁmm humidifier, insulator
heater tape ey mixing chamber

(@) humidifier "38.A589911AY

¥
S o v

Fu mihiiliaufouundifiegnnely vinl
Aavduleh wavidlefe C8G lnaursaudaiu
1@‘51%'@&3':118114 humidifier 3¢ ld A1 onaud
Wingausan1siu isen

(5) insulator heater tape %3 ®
gunsaflinrndouiivuaunu uildauuild Ae
awulenmuazauulny

(6) humidity and temperature
transmitter (Series HMT330, Vaisala, Finland)
‘vﬁam%aﬁuﬁﬂmmm%uuazqmwgﬁmuiﬂﬁqm

mixing ratio (X) vesmwnausenIngletwayine
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CBG ﬁagjmﬂiu insulator heater tape

(7) mixing chamber #3agaNaw 911
siinditdostulalilothteglufanaudiiudnn
AANITAIULUY

(8) wvertical split tube furnace
(mvaalnauUln) ¥in electrical heater
Faunuunil 220339 catalytic reactor 14n1elu
1@ oy PID digtal temperature with step
controller lugunsaifildmunugamnd

(9) fixed bed catalytic reactor
viain3esfnsaliaiseufAzenuuiunis Jeeg
nelu vertical split tube furnace 1ay catalytic
reactor tuazifunasaufia quartz nsansTUen
YUIALFURIUANINAIS 3 LUALAT AINE1T 30
LGUALLAT AUTT9 quartz wool Wag@ILTy
Ufisenedniyluy

(10) yandoLdufrandn e
280110 catalytic reactor Fazusynauluse
¥n condenser Wag chiller

(11) luusiazgunsaiazgnideusiery
Fa8viefiinain stainless steel YUALEURIY

4

AUINANS 1.9 1wufung
2.1.2 ANSANTAUNITASNTEUUNITHER
Tuszau lab scale
svuunisudnfinglalasiauavgn
a%’mmuLqumwé’aﬁLLamﬂugUﬁ 1
2.2 mswanfnelalasiauainnszuaunisg
Wasuguielathaneldanizgaumgiicn
2.2.1 Tanuazasiall
(1) Argluledinuennie CBG
(com-pressed bio-methane gas) 31n@a1UIUIL
LATWAIUINSIIUUATRIA Ur1Ine1aedeslny

1ay CBG fdnaruvasingdinu (CH,) windu 81 %
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(2) frLsaU AT UNALAREUUUGT
5993Ueggiun (5% Pd on alumina powder,

Pd/ALO,, Premetek, United States)

Pressure regulator
Di

(3) quartz wool (fine grade,
Tosoh, Japan) ﬂzLﬁufaﬂLaaa (inert material) 7

nhfsessuluafLs s izen

igital

flow meter

Humidity and Temperature Transmitter |

Catalytic reactor

Water inlet —> Humidifier —’( Insulator heater tape

Mixing

Vertical Split
chamber 2

Tube Furnace

Temperature controller

Quartz wool

Catalyst bed

GC Analysis 4—( Condenser and Chiller

PID Digital temperature

controller

JUN 1 ununnszuunsedninglalasiauainnszuiunisieusumele

(@) gaiufingndndaue aun 17.8x
17.8 L9 ufuns A8 1 8ns (multi-layer gas
sample bag, Restek, United States)
2.2.2 \n3esileuazgunsal
(1) szvuntsudaniglalasiauain
nszvIuMaUAugUselothftadiedun
(2) P30 gas chromatography (GC
7890A, Agilent technologies, United States) i
TAs189M0IAUsENaUVBIRTHAN AU
2.23 mswaniglalasiauainszuu
nSHARTES Y
Tun1snmassiiasnanielslasiou
nfingluledinudn (CBG) nwldaniizamumngi
e sEUUNSHARTE3 Y Fearfnuinanseny

vasgauniingluasesuniniuardnsinisiva

9 U

& a '

yaafnglulafimudanldlunisvihujiseifinane

885

USunuvesinalalasiauiindale lnglunisnaass
2 o X
Tyumau satl

(1) deArguungiives insulator
heater tape Wa g mixing chamber 1991 110 °C

4]

U

wazgun Yo humidifier zgnalIuAulie
Tusing 88-92 °C

(2) Ydoufing CBG 1gszuu lay
CBG 9¥H1U pressure regulator LfiaanAI 1M
Tnvananusuliivde 4 bar udrusuderndns
nslna@isuiuing (volumetric flow rate) U84
CBG U digital flow meter laglun1smaansay
USulasua1snsinisinasos CBG winfu 50,
100, 150, 200, 250 wag 300 m/min AUFIRU

(3) 81UAT mixing ratio (X) U9
NALUKIUNILAT D9 humidity and temperature

transmitter lagen mixing ratio Adesnslglunng
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v

Veaeslifosunnd 1008 ¢ H,0/kg CBG daléiun
nmsiruneaaEIulngluavesiteiiing (CH,)
warlo (H,0) Adewdrlulussuuwiiu 1:2
(CHy:H,0=1:2) muaumiﬂmﬁmﬂﬁﬁ%mﬁLLam
Tuaunisi 5 Tneen 1008 Lu191nnsAIwINaIN
aun1si 6

Mass of water (g)

Mixing ratio (X) = (6)
Mass of dry air (kg)

TneAn mixing ratio lun1snnassi
Ao ONI1E@IUTTNINOATINTLAALTINIA (Mass
flow rate) vaslatuazsnsinisivaldaiaves
CBG waglun1sAIuANAI mixing ratio Wlanu
mméfaamiﬁ?u%muqmmuma humidifier
temperature controller qm%qﬁmm humidifier
WUUIHUATINUAT mixing ratio Tnglunsveassil
gauniives humidifier axAIuAxlviagluyle 88-
92 °C

@ Argnanayivaldds mixing
chamber fiisrgamnily 110 °C tetlosfuiloth
Flwarhudiinnisauuiy anduieneade
mmsm fixed bed catalytic reactor i quartz
wool kagit5au e Pd/AL0, Yamiin 0.5

o '

n¥u vssgegniely ielvfenaniiinudani
UiAsenfudLisuiten e catalytic reactor i
agagnnelu vertical split tube fumnace fifl PID
digital temperature controller vfu 0.Uns ol

AIUANgUNNH lngazAIuANgUALIued reactor

mole of H, obtained

% yield of H, =
4 x mole of CHy initial

x 100

T duluaufismuslunisvaaes e 400, 500

ke 600 °C guaInu

Catalytic reactor

Vertical Split

Tube Furnace

Quartz wool

Catalyst bed

PID Digital temperature

controller

gﬂﬁ 2 WHUNTN fixed bed catalytic reactor

ﬁagjmﬂu vertical split tube furnace

(5) Rronanfausifioanuiain
reactor axgnasludyavaeidunou ilevinlife
nanfaanfuasasindulethfienaasidossnn
1nUFASe1 antuasiiviandadusildguiu
Tneldnalunisifiving 3 widl wWethluieszs
asdUsznaulagldiades gas chromatography

2.2.0 MTIATIZVNANITNARDY

Tunisnaaesdordiaszinnald
Savazvvosfivlalasaudilaainnisnaass (%
yield of H,) wasSesazmadsuluilundnsos
yosfiinu (% CH, conversion) Inedlaunsaild

Tuniseuan fadl [4,8]

(mole of CHy initial - mole of CH, remained)

% CH, conversion =

x 100 (8)

mole of CH, initial
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3. HAN15IILUAIRNT0]
3.1 5zuunisudafinelalasiauain
nszuruMaAsugUislathlusedu lab scale
szuunmswaninelelasiauainnszuiu
nsdsuguielothasgnadienuununingsd
wanslugud 1 laeillesogunsaiudazyinign

safundy azldgamaaeuduiuszuunisnaning

Digital flow meter

Insulator heater tape
% * 4

-_—

e s < NS

Humidity & Temperature
Transmitter

Pressure regulator

Humidifier & Mixing chamber
temperature controller

lalasianluszdiu lab scale fafiwanslugui 3
Taeludiuaes fixed bed catalytic
reactor ﬁla&‘jﬂﬂ vlu vertical split tube furnace
#u2u999 quartz wool Lar#aL59U FA5E1
wnalalfsnuuiiTessuezgiiun (Pd/ALO,) 8

ety Asandlugun 4

Y C -
—Vertical Split Tube Furnace
{

&

e

- -

PID Digital temperature

controller

Condenser

Heater tape temperature controller

Vertical Split Tube

Furnace

g‘lJ‘i?i 4 fixed bed catalytic reactor ﬁaggmﬂu vertical split tube furnace
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3.2 nsuanfinglalasiauainnszuiunis
Wasugudaslethneldanizaumniolngld
sTUUMIKBRTIEs 9Ty

Tumsnnassilazndnfielalasiauain
fralulefinudn (CBG) nneldannizgumgiisn
Fpsruunsnaniiadieiu Swsdnuinanseny
vesgamniinielundesufnsaiuazdnsinisiva
ye3fing CBG Mlunsiufiseiinase Ui

asielalasiaunndnle InunaunN1sNNaB9LLN

0.5 n¥u ntuaziananSaeflaluAesen
asfUsznaulngldiedes eas chromatography lng
#19819904 chromatogram L#91nA1531ATIEH
szuansluguil 5

a1519fl 1 esdUsznovresiglulefinudn
(compressed bio-methane gas,

CBG) M4lumsnaass

- - . . v 29AUTENOUYDINY CBG | dndiulaglua (% mole)
finy CBG ludimsigesauseneulaeldinies cas
d e o = CH, 80.98
chromatography LwegdnaiuvaInIgilnu (CH,)
a{' v ° aaa = vy a ¢ o cO -
wleudnluuiisen Baldnan1sinszinauand
lum15799 1 27nduIENAaes Fegunginldly €0, 1035
\w3eaUfnsaltvinfu 400, 500 way 600 °C §ns1 O, 1.62
nsinavesing CBG Nllun1snaaswiniu 50, N 7.08
100, 150, 200, 250 kag 300 ml/min ANUAAU H, -
LAz MENUeIRISIUATe PA/ALO; NgINAY Totals 100
TCD1 C, Aux Signal (SAMPLE 1116\TEST000167.D)
25uV_f § g 3 8
] . o )
2000 3 ° 3 5
| & g 3 =
1500 b
3 o«
1000 -
] g
500 . p
] L8 ‘
0—3 T v! T T T T
Tt T T Y % o I e L ;
2 4 6 8 10 12 14 16 min|

3U# 5 #1081 chromatogram AlARNNTAATIEsingnaEnsioue

3.2.1 Msieszsinaiilaainnisnaans
nnsthAeRansusilaanms
naaesluimsiziesdusznaulasldinios gas
chromatography WufinwuanfastiasRUszneu

A ey

Aofinwasusulaoeanlen (CO,) Awlalasiau (H,)

AgoandLau (0,) Awlulasiau (N,) Al

888

(CH,) wazfrwersueuneusnled (CO) lneiile
Fasarludiwrestenansuaiduinglalasiau
(H,) anansaidrlu@eudunsvinansanuduius
5e11198031N15Iavesfing CBG wazaamniilug

saa o o P
nsainiinasedndiulaeluavasivlalnsiau e

[l
£9)

ae
he
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40

% H, (Yamole)
= [ w
(=] (=] (=]

(=]

——400 °C
—J-500 “°C

600 °C

100 150 200 250

Flow rate of CBG (mU/min)

JUN 6 N9 uanIAUFuuSsENIN98nT

A15bnavpeRe CBG wardndlrulngy

Tuavestalalasiaunnanlalulmay

LS ORIVEF
12
10
I 8
s
E é __}\\ —— 400 °C
; 4 — ~fl-500 °C

600 °C

Flow rate of CBG (ml/min)

JUN 7 nsuanAuduiussEninasns

A15MaveInnY CBG wasNalasouay
098719t alASLAUNHNAN LA LUWAAZ I

R

60

50

40

20

% CH, Conversion

30 -

—9— 400 °C

10 -

—J-500 °C

600 °C

100 150 200 250 300 350

Flow rate of CBG (ml/min)

U 8 N luanInuduiussEnInens

n15luaveanng CBG warsauaznis
Wasulddundndusvaafiadimuly

WAingYegunnil

889

LAEIINNITNAABDITLATUIUNN
nalnsosazaesniglalasiau (% yield of H,)
wazfosazmaUdsuluilundndasivosinedimy
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