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CHAPTER I

F?O UCTION

1.1 Statement of Pr&'\“\d\\\ //__/_/,t_'_/__r

Over the : ergy‘_aas b ord in the affairs of most
countries. Nearl o of energy- fro roleum fuels. Petroleum

fuels include c called oil. People use

I 4

pollution. J#Jﬁﬁn
The global co um‘i@gy_
on petroleum fuels by exploring-atternative

i """

means of . ' der

natural gas:kb‘ ':.-;l;!ag@i-! uch-as-methane,-ethanot-DME ~Eischer-Tropsch fuels,

or ways to reduce their dependence
es of energy or an alternative fuel. A
is to yse fuels derived from

- tive fuels. The best

]

pecompatible wl,t!‘ the proposed energy
demand and requd';ed technology, environmental and emissions, economics and

RN WETL

altermve fuel for 21* century due to its major advantages such as environmental

biodiesel ane-#iogaso
candidate of all alternative ft

friendly, infrastructure, non-petrole(m feed stocks, ecofi@mics and safet

R R e

DME is a useful chemical intermediate for production of many important chemicals
such as dimethyl sulfate, methyl acetate, light olefins and also used as an

environmental friendly aerosol propellant and green refrigerant because of their zero



ozone depletion potential (ODP) and lower globe warming potential (GWP). In view
of DME as an alternative fuel, it is a potentially clean fuel for diesel engines due to its
high cetane number (>55) and the low emission of CO, NOx and particulates in its
f bstitute for liquefied petroleum gases
;Zj 0 LPG, consequently, it may be

condltl eaS|Iy transported domestic

combustion. Moreover, DME

(LPG) because its physi

stored and handled LWL“
gases [2]. Tradci;w:h
syngas is first ¢ ed

However, the ¢

0 step processes where
ol dehydration to DME.
nol price. Recently, a

technology for di '. E is directly produced

Under these severe rea s-caused-of rapidly deactivated catalyst and high
production investme ly e production process. In terms of
DME as a potential clean onsideration should be given to the
production oﬁ?M ) the prodiiction cost becomes important.

|n prEV|0u w_r'II-II_L'-III_II_-VAVI'I:-'II!lllmglll-III_II'IIIII_-lIIH_L .'u' |ng DME SyntheS|S

_1‘1_62 n w&‘eveloped to propose
a novel procesle DME synthe om syngas at low tempﬁture by using methanol
as a liquid solventuaver the conventional hybrid catalyst. Furthermore, the effects of

mmwﬁmmwm TS

1.2 Objectlve of Research

W T IRINEAINYINY

of using methanol as a liquid solvent.

with consid



1.3 Scope of Research
DME synthesis reaction was performed under low-temperature process in a

slurry reactor by using methanol as a liquid solvent.

\W@ s ol

o — . ‘

The experimental proc

agtor and use syngas (H,:CO
6. Analyze the gasproducis by s chfomatograph with detectors as

follows:
E, methanol and

)
0 .Mon monooxide and

|

Summarge the results and write theS|s

ﬂUEI'JVIEW]iWEI’]ﬂﬁ
QW’]MﬂiEUﬁJW]’WIEJ’]aEI

carbon dioxide.




9

CHAPTER II

THEORY AND.L

AV

TERATURE REVIEWS

///

2.1 Dimethyl Ether

alternative fu I '\ E" ogies to increase the
efficiency of en i ill be the fuel that has

economics, and s : ““ e’ of \the er Ieadlng alternative fuel
PPEC S ) d L C
fuel of cho t\ u\

gest potential impact on the

2liminating the dependency

N as a multisource, multipurpose clean
fuel and chemlcal  feedstock : t is a_technically mature,
environmentaily/friendly, and market acceptal hle alternative 2 fuel. It can be readily
t dLaJ biomass and wood,
as well as Wastre atter. rnlng fl in a diesel engines, a

household fuel quefled petroleum gas; LPG) for heatlng a cooking, a fuel for gas

turbines in power fu Iforf Ic so ucing chemicals
H %ﬂ rosals eﬂ&pc I %DMEasa
fue qvarlous industries has been successfully tested by a number of leading

companies. Although studies indidate that DME willgbecome economical when oil

SNSRI RS

to develop into an alternative transportation and domestic fuel. It is apparent that
DME production costs will get even lower when its production capacities increase as
more and more countries start embracing the idea of utilizing this fuel as a viable



alternative. Feasibility studies on producing DME from syngas have been carried out
by NKK Corporation at their 5 ton/day facility and by Haldor Topsoe at their 50
kg/day facility. In addition, commercial plants have been planned under way such as

1/ dlé Eil?ggational Corporation Japan of 2500-

kg/m-s, as low ane,or butar - arcinogenic, virtually non-toxic
and also non-corrosi

OT 1D
fluorocarbons has confi -' c S tre

the troposphere for several hours 2

se as propellant to replace
low. DME is decomposed in
bution to the greenhouse effect and

ozone layer depletion.

AUINENINYINT
RIAINTUUNIINYIAY



Table 2.1 Physical properties and combustion characteristics of dimethyl ether
and other fuels [2]

Ethanol Gasoline Diesel

Formula / 2 gﬁHzOH CsHis  CigHzo

Molecular
weight 100.2 198.4
(g mol™)
Density
(gcm™) 0.737  0.856
Normal boiling 125-
point (°C) 38-204 400
LHV
(kd cm ™) 21.09 32.05 35.66
LHV

B 37 43.47 41.66
(kg™ @ [)

-
E ’_'!‘ I, J
nergy - =
(MIL Y i ° 23@ 32.84  33.32
Ene
46.94

‘Mﬁ)ﬂ El TMBNSNETS
Carb

ontent (wt%) ' 378 522 85.5

ammnmuwrmmaﬂ

(Ppm)




The other characteristics of DME as a clean fuel is that it contains no sulfur or
nitrogen compounds that are extremely toxic for humans and no corrosive effect on
metals. Its calorific value is approximately 65% that of methane (natural gas) and

approximately 40% that of me 13 Al DME has a lower calorific value than
LPG because of differen

che / re, the density of liquid DME is

greater, so that the to;a,lc\_.‘ alue of a tﬁﬁis approximately 90% of that

of a similar tan:pE has‘ﬁgh @m@&zmains oxygen and has a

chemical strucM ) its combustion is not
S I B\

accompanied b

ule clean fuel for various
fields such as ho at /e ation and as LPG. The
cetane numbe can be" usec el engines. However,
modification of fuglinjecti nsTequired o m \- stable fuel injection into
the engine cylinder. @ - test it . ho ved that no black diesel
exhaust smoke (p \ Ox emissions were much
lower than with dies COl ption. @s measured by calories was
identical to diesel fuel. Fu‘ ‘ --é-ﬁ-fa- = AE easily reformed into hydrogen as

methanol, it has a b| poten ! f‘“‘: Gell for automobiles in future. For
power geneé:br : s@ssfully [2].
V)

2.3 Appllcatlo«ljf Dimethyl Ether

ﬂwﬁ mﬁw Viaba e
qmam&ﬂwwwmmas

The need to develop alternative fuels is motivated by two important
issues. First, the important factor is self-reliance in meeting fuel demands, as fossil
fuel supply is controlled by a small number of oil exporting countries. Second, the



deleterious effect of fossil fuel combustion on the environment has caused harmful
exhaust emission such as nitrogen oxides (NOx), carbon monoxides, volatile organic

compounds, carbon particulates and carbon dioxides which is a greenhouse gas. Use
of DME, a cleaner burning o ry positive impact on these problems.
Properties of DME are co }X in Table 2.2.

Table 2.2 Comparlsoﬁnyl ether p diesel [2]

Prop?(// | —

180-370

Normal boiling-p0int (°C
Liquid density (g/cm3 ; 67 0.84
Ignition temperature (°C ‘ 250

Explosion limit (%) 0.60-0.65

Cetane number 40-55
Net heating value (k€al/kg & 3 10000
DME has attra :'""'v 2_as an ultraclean transportation fuel

L)

-
JNhiCh diminish the

te::ﬂ: Ju ngEmbustlon
as a low auto-ignition temperature.

ﬁwmﬂw SR

reasonable activation energy, which leads to high cetane number.
e The normal boiling poﬁ of DME is -24.9%G: This provides fast fuél/air

9 W'] S RNIIREIRY

e Oxygen content of DME is 35 wt%, which suppress the formation of soot

and facilitates smokeless combustion.



e DME qualifies as a renewable fuel, as it can be produced from biomass

and wood.

the advantages mentione

The diesel car ma e bi gest prospect for DME because of all
y take some time to establish

distribution infrastruct

used first for hem
manufacturers Iiw

and Volvo in Swed

I |ca| parts Therefore, DME may be
d trucks. Big diesel car

.\Mubishi Motors in Japan

avy duty fleet cars [2].

te for LPG as household

fuel for heatin i ian“countries such as Japan,

China, and India w. PG s .\ . Utilization of DME as a
0

household fuel can als -.m-iw den‘ evel

R

g countries that use solid fuels

like coal and firewood, wh et turn have 1l effects on the environment. DME
can be produced indigem%ﬂ@e ountries by taking advantage of
stranded n thfI s ot ' cIET fuel and the total

e
investment .1mn-ml-mm——-.—-a‘a77 et tures COUld be used

with minor ﬁ =

,d

E flame is a visible blue flame similar to at of natural gas, and it

used in king stove witho roducing so hydes. Its lower
a e th%‘ g m'r d| propane in
case

leakage. Combustion tests on have been conducted with mass- produced
household cooking stoves in Japa‘ and have passedgthe Japan Industrial Stand

WIS DABLHAT AHAR

variable air dampers.
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2.3.3 Dimethyl Ether for Power Generation [2]

DME is a promising new gas turbine fuel. Roughly speaking, 1 bcf/day
of gas, converted into about 20,0 0.; on per,day of DME, can generate about 10,000

MW of power. Utilizati

r generation offers tremendous
environmental benefit: NOX emission. It burns in
ekturbine or the combustors.

W in gas turbine include

nitrogen oxides, car I aC and sulfur oxides. DME

conventional gas turbi

Emissions produce

produces no sultur oxd issi \ the free. It generates the least

amount of NO 4 ,,-. u with natural gas and

distillate and lowe issions than- \
oﬂ‘ha Cle *' 00

da . ess for DME production, which

of BME‘& powe; \ |n

which typically use g_f‘f)
yp -y ,HJ l ’ \
coal are subject to en 2rns.'A pos it

problem would be to ener@l&eﬁﬁf&w ich e shipped and used in more energy-

sia, especially in Japan,

I. | oil and coal. Fuel oil and

e solution to circumvent this

efficient and enwronmenta y,CQNScious, m »Liquefied natural gas and LPG are
cleaner burni ; s, albeit at a much higher investm stﬁpan imports LNG, as
fuel for elesirs nower_generation Sheseco! al to import DME

produced frotr i ural _ > Tiel ds“considered too small
for LNG development for thermal power generation. The i{jbply source for LPG is
limited mainly to ?e Middle East for countr&m Southeast Asia and the Far East.

HE ST T
W asRHII NS

Fuel cells can be powered by DME. Daimler Chrysler A.G. has studied
the feasibility of using DME as a fuel in a polymer electrolyte membrane (PEM) fuel

cell. In Germany, the collaboration with Ballard Power Systems and University of
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Technology RWTH Aachen studied the direct oxidation fuel cells by using methanol
as fuel. Result showed that using methanol as fuel is hindered by efficiency losses.
The effect of methanol fuel crossover oxidation reaction at the cathode is the most

2

egts are the use of parasitic fluid pumps
X eous finding of the study is that
the cat el cell. This minimizes the
er, Igding f

significant efficiency loss; the ot

and mild toxicity of met

DME is typically no,]_gx&‘_.‘
wuel cell efficiencies when
2Cll Jdow dium current densities.

unwanted eﬁecw
compared to diyw/
Center at the Pennsylvania

State Universi igenti ition “ antac ME as a fuel in PEM

fuel cells. It mus 2S00 e carbon-carbon double
bonds, enabli jdation in; low-tempe; PEM fuel cells. Also,
DME can be stor h-Glensityliquid phase @ \\ pressures of around 5 atm,
and delivered as a ga {MQJ‘ pump le of e [ion, Therefore, the use of DME
can potethlaIIy co - e a‘ﬁ’.{.@%& casy fue t\ y of pressurized hydrogen
and the high energy depsity storage of figui 6].

J XSSOSR
TR

tmetnyl Ether as Propellant |2] =

\J

formulations tﬂ‘
layer of the atmoﬁh& DME is nontoxic Wasily degrades in the troposphere.
Al bou r t . indus rocarbon-
AP 2
used”opellant in the coming )?ars. Several aerosol-based household products
inelude colegn IS e S r ons ipetspirants r

YRASNT IR A TITETNE

q Current suppliers for the DME propellant market include DuPont,

Akzo Nobel and Mitsubishi Gas Chemicals. Demeon D, DME-based product from

2.3.

Ik B
a—propellant in aerosol

place chlorofluorocarbons, which are found to destroy the ozone
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Akzo Nobel, is used as a propellant in cosmetic formulations, foam blowing and paint
or other aerosol sprays.

Dymel® A, a pro q d,on DME manufactured by DuPont, is a
medium- to high-pressur ' / | _aerosol use, including personal

products. It has extre

sive limit in air is higher than

Ie compound. In agueous

solutions, the er i WpH range. Dymel® A is

unique among aer at. bility in both polar and

nonpolar solvents. !t i ISC bI \\ ic solvents and is by itself
a very good s pes 0 , Pol! \ rays and paint resins.
Dymel® A has 3 i es formulation of single

phase products*wi  of water and is the liquefied gas aerosol

ing Block
DME is an W,ﬂﬂ 5 e synthesis of hydrocarbon from
coal or natur 'Bh |
many |mpo
important commiér

downstream prodlg'ts ch as gasoline and r b0|I|ng hydrocarbons, are produced

g hreabos e1n (s v Y4 e e

precuﬂ)r like 1,2- dlmethoxyethaneitc can be formed usmg DME as a feedstock

qmmﬂmummmaﬂ

2.4 Dimethyl Ether Synthesis

pckytor the preparation of
methyl sulfate is an
0 as:-an electrolyte in high-

energy-density_ batteries. Second, lower olefins like ethwléne and propylene or

In the past, traditionally, DME is the by-product of high pressure methanol

synthesis and high purity product can be also produced through methanol dehydration.
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However, the cost of DME is mainly controlled by methanol price when DME is
produced as fuel; the production cost becomes more important than its purity. For this
reason, researchers have developed a process for DME synthesis in the vapor phase
) fj . I'his process has a drawback due to
i % e catalyst life. Synthesis of DME
n detail b@& 11]. In general, gas phase
from%e dww and CO conversions

electivit of DM ied with a high yield of
COs. In fact, t picall \‘\\o 0. high capital costs for
reactors and heat ioh. c“' ;\

Therefore, \ert \\ s

but suffer from low per-pas

contributing high temper

in the gas phase has bggL‘_‘

DME synthesis :;Pﬂgﬁ
per pass, along oW i

b";:. syngas in a single step

has been dev inert liquid as ashe "" for highly exothermic

reactions. Heat ge Ions is readily accommodated by the

inert liquid medium. #Thi ega\br@ﬁé‘; ion n isothermally, minimizing

catalyst deactivati ch is -f nimonly dssociatetl with the more adiabatic gas
AN L2

phase technologies. PTR :J
The technology for. di nthes ME developed by NKK employs a

g 722 188
single step eaxti ' eact MEfrom CO and Hj. An

overall reactiol 6EDME-Syiiiiesis-Ffrom-sSyngas-is-showi-i-eatation (2.1) below [4].

X ,_-! . . —
3CO + 3H, i}Hg - Eli (2.1)

The equation (2.]&.summarizes all of DME _direct synthesis from CO and H,. In

s Thile) (1) [e)

il

HAIRIBFA UNIIN BN

H,0 + CO — H, + CO; (2.4)

The two molecules of methanol synthesized from CO and H; in equation (2.2)

are dehydrated in equation (2.3) to produce DME. The water produced in equation
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(2.3) is recycled as hydrogen in equation (2.4) that is generally called the water-gas
shift reaction. It is important to note that the hydrogen produced at the completion of
the direct synthesis reaction becomes raw material for the reaction in equation (2.2).
In this way, a reaction cycle | nt j h the three reactions consume the by
product in each step. The x /&c ns therefore accumulate only to a

minimal extent, allo% y high c C|ency for the total reaction

equation (2.1). 'rl';ﬂq;mt;al) bgome
pressure, so the on i
ICrea

WOrame with increasing
) Pa and temperatures of

othermic reaction that

i ately 1280 kcal per kilogram of
\ e reactor to maintain a
=\ direct synthesis reaction.

Development of using hi _ ,_’ : ‘phase reactor has excellent mixing
Py 7 e

characteristics and on temp ature. This slurry phase reactor
contains a high boiling poi I :_ ne dium) in which fine catalyst particle
are mixed. The gases that*form the ra rials of the reaction provide strong

mixing of the catalyst TJJIS*I _‘ e . ow of the gases within the reactor, a very

even tempe&jhrg E_@FCt synthesis in the

distribution and ead

24.1 The‘Aﬁntages of Slurry Bhése Reactor for Dimethyl Ether

ﬂumnﬂmwmns

A fixed bed is generally used for catalytic reaction. For exothermic

ction such as methanol synthes varlous design ideas are ap Iled to conﬂo*r the
q more important how to contro the reactlon emperature than in the case of methano
synthesis, because the higher equilibrium conversion of DME synthesis could give

higher reaction heat, and hot spot in the reactor could damage the catalyst. As shown

in Figure 2.1, the slurry phase reactor is an apparatus in which the reactant gas forms
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bubbles, and chemical reaction takes place during the bubbles rise in the slurry: a
solvent containing fine catalyst particles. The heat of the reaction is quickly absorbed
by the solvent, which has a Iarge heat capacity, and high heat conductivity. The
f easily controlled in order to achieve
}/Ij e fewer restrictions on the shape
slurry p an in the fixed bed reactor.
e thé*eact

m@ by the solvent so it is

temperature within the react

higher conversion with |
and strength of the
However, catalyst

required to deve

L’m_}j 'llﬁ“*

e
20a [ 5,4

e .' ".'.:":. ; (2 g

Catilyst ;,n{—-#ﬁ

1
~
2

‘\
,\3
: -
S

AUEINGNINGIAS. ...

consmof a metallic function (co posed of oxide such as CuO, ZnO, Al,0O3; and

QIR el

methanol into DME (methanol dehydration reaction). The metallic function catalyst

and an acid function catalyst are physically mixed to obtain a hybrid catalyst.
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For this research, the CuZnO/HZSM-5 hybrid catalyst was chosen to catalyze
DME formation reactions. Therefore, the reaction mechanism for synthesis of DME
from syngas has been mvestlgated |nto two mechanisms due to different functions of

the hybrid catalyst.
A
25.1 Meih;m/mgnano%yntlw

The C ee Ily for several decades for

the production of me as the tion pathway involving the
Cu/ZnO-based ys : ' 5\ t CO; is hydrogenated
on the Cu sites to d ater that sub gas phase transport from

(2.5)
(2.6)

(2.7)

%b + OH@rf) (2.8)

€a Q/
B VT PR o
methw species are hydrated on the ZnO sites. This is consistent with the observation

that small amounts of water in the l‘actant gas feed ingrease the catalyst activit§i

AW QM- bl il G54

mechanism in which methanol reacts with methanoates on the ZnO to produce methyl
methanoate, which ultimately hydrogenated when in contact with copper:
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Cu CO; + 3H, — CHiOH + H,0 (2.9)

ZnO OH(surf) + CO — HCOO(a) (2.10)

HCOOCH; + OH(surf) (2.11)
z& - (2.12)

3, Reubroycharoen and

synthesis of D

co-workers [17 thesis by which methanol

was synthesized fr i (: ‘u\;. oxide catalyst in an

organic alcoh Oute can be operated at

significantly lo and 30-50 bar. It was

(2.13)

(2.14)
HCOOCu_ ROH: ' (2.15)
HCOOR + 2H, H.OH + | ROH (2.16)
CUOH o (2.17)
] I

¢

ALY INGINT

opper represents the catalytic site of Cu-based catalysts. The ROH is

the accompanying alcohol which isfycled during the rgaetion. Involvement of @lgbhol

QRN TR AT &
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CO, + My

COy + Hy (1
CK/' \ \/(/ @
- co

2.5.2 Mechanis ot Deh iration Reaction

In contrast tG !{ﬂn Ne catalytic dehydration of methanol
to DME has received less _ﬂ;;Ei"vq_ﬂ {? R a few solid acid catalysts, such as
v-Al,03, silif’:aal - d fd hydration catalysts
for DME sytiiesis=Among-ti V-5 nSed extensively because

of its very higf “cat emperature [3].

|l
Is well known that an active function of zédhte is composed of two

kinds of acid site, (eﬁand Bronsted acid swas shown in Flgure 2.3. Both Lewis

xﬁmﬂaﬂy ar |m ﬂ %%&tl 0N over'a d%alysts and
selec“ty control to limit dehydration of to olefins and aromatics requwes
that the surface acidity not be too ‘gh and the reactlwmperature be belo

A RIRIOIM HUTINHARS

aromatics. Reaction mechanisms for DME formation have been proposed by various

researchers.
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reacts with a gas-phase

methanol molecule 30-300 \ 2= Cs aliphatics and aromatics

above 300°C. Further : acid sites (Al,—OH), associated with
YA . .

non-skeletal alumina, can also for ¥ metho ording to the reaction

AlL,—OH + CH3;OH <« f;;;‘; (2.19)

A1l
A

ﬂxde duamud -base mechanism in
| i

which CH3OHreacts on a Bronsted acid site and another methianol molecule reacts at
an adjacent O% (iﬂThus a bimoleculaffangmuir — Hinshelwood reaction

PUBIRBRTREAN

JmenTim Indt

[CH3]" + [CH30] <> CH3OCHjs (2.24)
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And reaction in equation (2.24) is the rate limiting step.

In 1997, Corbin and co-workers [21] have reported a reaction

mechanism of DME formation vi thanol dehydration over solid acid catalyst. The
reaction route is presented\ /y
— ﬁ
W\

"

AUt Inepsue)ns

OCH,

ARIANIUSIIANEIAY

@)
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DME ¢ M-natural ga: ther carbon containing
materials. Using existi f natliral“gas with current technology,
DME can be ecoriomi UCE ‘_ arge; s synthesis gas. The detail of

Synthesis gas 1gas), the ant intermediate for petrochemicals,
is the precursor of two big-vetume chemicals,“ammonia and methanol. It is also an
important building blo :
briefly disc&_ ed

The production of syngas is

I Ul
2.6.1 Steam Reforming of Natural Gas

AU INES NG T

abou%% of the world’s supply. This reaction is an endothermic, and therefore is

RS R

shown In equation (2.25)

CHs + H0 — CO + 3H, (2.25)
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The process uses nickel as catalysts which are normally dispersed on
aluminum oxide or magnesium oxide as a support. The concept of a catalyst support
derives from the fact that catalytic reactions occur at the surfaces. Figure 2.8 presents

an action of a catalyst at i{\&x l ///

[
—

_— Catalyst surface

l«——— Catalyst support

& —' o \
Figure 2.8 Theaction o -\\ at the ace; the bulk of the

ole in the reaction.

steam reforming. First, the

material, whi€h suppg s?ﬁe de o\ Ve 2
A

e \

Howeyer, { -Hj_j .

. S e . . .

high temperatures of the'reacti | t"il ntering of the nickel. As the particles of
nickel grow, their surface 1525?;. Se: ence the catalytic activity drops.

Second, there is a potential; sidefeaction ) and CO.

rﬁ s is to use LPG or
s htha is illustrated in

=

naphtha as :- tock. The product i

- z‘l -
the reaction equatio

CaHio #°4H,0 — 4CO + 9H, (2.26)
‘a Q
t | i t r ural gas,
earlyﬂSt century.

ARIAINIANNIINYAY
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2.6.2 Coal Gasification [1]

The key feature of steam reforming of natural gas, LPG or naphtha is

derived from methanel is Mgty atiractive ¢ s become an alternative fuel. The
composition of syngas def“ -- is different from that derived from
natural gas and h consist -u-_‘ n v of H, ar Dl ithrmall amount of CO,,
whereas bi :""'7"':":"‘?;;E':"';':“"‘"‘““"‘f""-"':":-:'—T_'J .)

.-l .

jo s yngas+ with hydrogen/carbon
monoxide rati l »/CO) of 1.0 is appropriate for DME synthgsis. As shown in Figure
2.9 the eqwhbnur‘cgersmn of synthesis gas (CO conversion plus H, conversion)

:;ﬁ.u BRimnenaang e

reactl , the equilibrium conversen has its maX|mum peak where H2/C

o Wkl eIty e o

equilibrium conversion for DME synthesis reaction (1) is much higher than that for

methanol synthesis reaction (2).
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100
3C0+3H,—DME+CO, (1)
— 80 \ 200+4H,—0ME+H,0
== \ ! —
.g : \ : VI \\
g = _‘—--- _-.-1.___ | J \
3 —
) )
+
z
! 2.5 3.0
i 0
Figure 2.9 Equilibri g(}m f synthesis gas (260 °C, 5 MPa) [14]
= ]
P Te
NGT
2.7 Dimethyl Ether Symithesi ess y
i,
A number of proce 5 ed to convert coal or natural gas-
YIN Y,
based syngas_into ose hy Haldor Topsoe and
NKK Corp @elow.
V) \J
— el

| {l
2.7.1 HﬁJdor Topsoe Process [24]

wmvm MWy

eformlng

AR mwn VI’EJ’]& t

CO + H,0 & CO; + Hy (2.30)
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DME synthesis:
3H; + CO < CH3;OH + H,O (2.31)
H,O + CO « 7/ (2.32)
ZCH30 /& (2.33)

s coﬁuctedmle amount of research for

the purpose of | gas. They developed a

new process, Whi ion of methanol from
synthesis gas gene natural gas to coal and
biomass, followed hy’its subse gg . ] one single plant. As
shown in Figure 2710, ifle progess consis th i in steps: synthesis gas
preparation, methang! and'Di Ii‘s.yn ation unit.

Natural Ga
Purge Gas to Fuel

DME

Final
Punﬁcatlon

mt

T I e e s ] —— e — —

(T Methanol
DME/Methanol/Watg Water

f USANUNINGIAT

The synthesis gas ‘reparatlon processauses autothermal ref@rming

q mmmmm WL SARIRE

the ATR is low (as low as 0.6) and the exit temperature is high. This ensures a
favorable synthesis gas composition and low methane content. Synthesis of methanol
and conversion of methanol into DME takes place in two separate reactors, which
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allows both parts of the sequential reaction to be carried out at optimal conditions.
Methanol synthesis, which is a more exothermic reaction than DME synthesis, is
carried out in a cooled reactor where reactlon exothermic is continuously removed.
j ry multiple-function methanol/DME

' g?a ed reactors in series. These have

interstate cooling to k conversﬁtoz. The product mixture of
DME/methanoI/me densed and
is split into a e s (

hydrogen recyc

DME synthesis takes place

catalyst in a loop comprisi

unconverted synthesis gas

is used as fuel and as

rification unit.

oped a process for DME

synthesis from technology, utilizing a

proprietary highly tly from the syngas at high

tec lll:jlirik 1A :{

‘! .nm} " jﬂ‘

The reactions a dreaction-h

=] "h-"

demonstrated since 1999.

concerning DME synthesis are as
follows;

13H, — CH3;OCH; + C 0,  -246.0k] ' (2.34)
(2.35)
(2.36)

CO + H,d -45C0, + H; _41.0kJDME-mol  (2.37)

ﬂUﬂ')ﬂﬂﬂﬁWﬂ’lﬂﬁ

On the basis of the g)eratlonal data, conceptual design and feasibility

q mmﬂ%ﬁﬁmmwm oY

diagram of 100 tons/day demonstration plant is shown in Figure 2.11.
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i i - _____ i _____ ..| Purge gas
| | i OME ank
: | o |— tooor
Natural H !
gas | , . [}
Oxygen E@
Steam 4 j i
B

ASU

Auto the o ) - V CO2 DME  MeOH
reform absorbe - GO oolumn column

Figure 2.11 Progess Flo Diagrm

\ E Synthesis Plant [14]
aturaligas is refgﬂfé N \ nal reformer at the following
conditions: the outlet tery erf;'br r, ;n C - inner pressure is 2.3 MPa

\

with oxygen, steam and carbon ‘w de re ed fro \ a carbon dioxide removal unit

and a purification unit'to g i;‘ Asis’ ga /CO=1. The synthesis gas is cooled,

compressed and carbon dio f&; j,s ﬁ hanol absorption and supplied into
the DME synthesis a Ie["[‘he main reactor is a
2.3 m in inner diameier and 22 m in heighi, the sinai is 0.65 m in inner
diameter ano ‘!

data with highé—ﬁgas velocity conditions. Reaction heat isJJsljn
exchanger coils t(vg Erate steam. The stan&ajl reaction condition is temperature:

A AL ) I

in t\I\MdIStI”atIOI’I columns and s red in pressurized tanks (1,000 tons). The by-

qwﬁmﬁwmﬁﬁﬁw’ﬁ

various engineering

oved by internal heat
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2.8 Literature Reviews

In 1997, Mingting Xu et al. [25] studied the catalytic conversion of methanol

to DME over a series of SO|Id a d sts (y-Al,O3, H-ZSM-5, amorphous silica-
alumina and titania modlf atalysts are active and selective for
DME formation. Wate g in of the activity of  y-Al,O3,

whereas the effect = 50) The rate of methanol

dehydration decw ing .~-¢. Sl ent) over the amorphous
silica-alumina catalysts. : '=.25.is the most active among

the catalysts tested, ivit |s v\x % @ "'! , a typical temperature

\\\\ | ca=alumina catalyst with

20 wt% silica co hibits t e ¢ lytic pe erformance among those
tested at 280°C: \\
- ! r

In 2003, Corrie L. rnesah . [2€ prepe studied several nanopartical

metal oxides for thg catalytic. m’ﬁ&) / u\ rom hydrogen and carbon
¥ s
dioxide. ZnO, C angl.wz alyst e prepared through sol-gel

synthesis. The catalyti¢ pro 1.0f metk s studlied at various temperatures in
y yiiép m@m nethanol :
a flow reactor. Unlike the , e::*.nv::: and NiO catalysts were active at low

LT

temperature '“ 4 nd to rapidly reduce to Cu.

Copper metal {S-not-active, but small copper-particles-in- 2 CUQ/ZnO matrix are a very

NS

pr—)

In 2004L_Eieubroychareon et al. [17] synthesized me{ﬂ)linol at low-temperature
from CO,- contalng'f ngas with Cu/ZnO eat yst The aid of alcohols has been

LU HINMHN TN

the a| of catalytic alcohol at Ioaytemperature from CO,-containing syngas The

RTENI EIIINGR g

conversion and 98.9% selectivity at 443 K and 50 bar.

active combinafion,
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In 2004, Konpeng Sun et al. [27] prepared three series of Pd-modified CuO-
Zn0-Al,03-ZrO,/HZSM-5 catalysts (sequential-precipitating sedimentation (SPS)

method, Physical mixing (PM) method, and conventional impregnation (IM) method)

compared  with  CuO-ZnQ-Al ’Z catalysts  (co-precipitation
sedimentation (CPS) me oh |t Gzﬁ of DME for carbon dioxide

SM-5
hydrogenation at lo e (T=20 F,D'-‘(___.QJ/IPa, GHSV = 1800 h™). The

results indicated W of paﬂadiu ( hanced the DME synthesis
and retarded thy( “ofithis ting effect of Pd on the
d be'a S

DME synthesi 0 rogen from Pd° to the
neighboring phase

magnesium o i 4 » ) I ent. The modified H-

ZSM-5 zeolites ieally ' w { esis components (CuO-

conditions: 4 MPa,Ha feem‘pfg;uﬂ%;w ,.and a temperature of 260°C. The

results ind'@jd,-*'fhat modification of Lﬁ@z amount of MgO
- -

and CO; from

wt%, both the cc‘vﬂ)n of CO and selectivity of DME decreased, activity for
ARHNHRTNBNT
ZSM.5 zeolite.

n 2005, Javier Erena et al. [3] studied the effe6t-of oierating conditioMime

I
selectivit Dﬁ, ield of D nd product distri utiani th sylth iSf

H,, CO and CO, in a single reaction step. CO conversion is total at 275°C and 40 bar,
with a selectivity to DME of 80% and a yield of DME of 78%, for a space time of 67
(g of catalyst) h/mol of (H, + CO) and for a feed made up of H,/CO = 2/1. Catalyst

and 87.1% ereas the conversion of CO was

ll
However, when the MgO contents were Jeqhal to or higher than 5
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deactivation under these conditions is insignificant, even when CO; is fed and there is

a high water concentration in the medium.

In 2005, Ramos et al. [2 he direct synthesis of DME (DME) in a
continuous high-pressured uni C.,5 MPa) A commercial methanol
synthesis catalyst and a HZSM-5, tungsten-zirconia

and sulfated-zirconia as pt&*slcalmne step DME synthesis from

——
syngas can be aW i I Wmethanol catalyst and a

Zn0-Al,03/NaHZSM
deactivation by coke usmg
that water ceptent.in the re’acﬁg

deactlvatlorﬁ-b cok 1-ll-nnu-r-r-m=:m-7=ms cased the activity of

v-Al,03 acid il_}bﬂgg becau aps on the acid site.
0

Regenerability of'the catalysts nas been studied in 10 cyclel f reaction-regeneration

he minimization of catalysts
dlng water. The results indicated

0 e

icient decreasing the

carried out in sﬂudn reactor at 260°C with a ixture of air and helium. It has been

AU TNINS RGNS =

excelmnt performance and recove?:i its Kinetic capaC|ty subsequent to 10 reactlon-

QWﬁ&\TmimNM'lM]ﬂ’lﬁﬂ

Cu-based methanol synthesis catalyst and modified Cu-based catalyst with Mn to
improve its activity and stability for DME synthesis from syngas in slurry phase. The

Cu-based catalyst was prepared by co-precipitation of nitrates of Cu and Zn with
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Cu/Zn mole ratio was 5:2, 1:1 and 3:4. The DME yield was improved distinctly from
45.4% to 50.0% with the change of the Cu/Zn mole ratio from 5:2 to 1:1 and reduced
to 49.4% with the Cu/Zn mole ratio was 3:4. Obviously, the Cu/Zn mole ratio of 1:1

can significantly im and ac st In the experiment range,

has the best performance for because an appropriate mole ratio of
Cu/Zn. Addition of Mn tg )Z talyst by co-precipitation method
260°C is the op;i.rw tem ratur@hesis over Mn-modified

Cu-based catalyst.

In 2006, Jin- i \\ copper content on Cu-Mn-
s. Under the reaction
io of H,/CO = 3/2, the

s above 0.6, and the

'ty
conversion of C u‘ ME *.‘- and 67%, respectively.

Increasing copper co 9{1? /FV n/Y cata c \ cive to enhance its activity

content of copper mainly

'..‘.--

for direct synthesi E from m};, genati \
affects the adsorption af CO- {— he catal ace, and the copper reduced from the

excess CuO phase is benefi 2Hto-the-ae of CO at lower temperature.

ﬂUEJ'JﬂEJﬂ?WEJ’]ﬂﬁ
qmmnmummmaﬂ
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In 2006, Shin Dong Kim et al. [33] investigated the effect of y-alumina on the
catalytic performance of Na-modified ZSM-5 via the dehydration of methanol to
DME. A series of modified ZSM-5 iFyStS were prepared with/without  y-alumina

Sle

and the activity of each catal _| in the dehydration of crude methanol
%ss re of 10 atm and LHSV of 10
Ataining 7 ﬁmina (NaHZSM-5 (70)) as a

to DME using a fixed-bed"
9

. . . e — e ——
binder is active and stabl! rsion e methanol to DME. The pure vy-

alumina exhibited mu Vi an-th -5 catalysts modified with Na.
aHZSM-5 (0, 30 and
re range (OTR) than

Even though
50), NaHZSM-

In 2007, Dingfen m‘eﬂéﬁ“_‘[&f Srepared a series, of zeolite Y modified with
¥ e d

, Pr, m;&m“ d Eu) ia Ion-exchange for DME synthesis

rare earth metals (La,

from methanol and s ga&ﬁ@?y@r@;‘aﬁ “metals Were encapsulated in the super

cage of zeolite Y and resulte J_ hance f acidity. Among them, La-, Ce-, Pr- and
J:-l-".ol I,J.. \ o

Nd- modifieQ zeolite Y"'éxﬁfl;it%‘éfh}g*h*e!r ity and,stability than pure HY for

methanol dehydration to DME. For DME synthesize Tjirectly from CO
hydrogenatiMé’ing__ the dual _s__ﬁ.-!tu-Mn-Zn/La—Y and
Cu-Mn-Zn/Ce-F wéfé; ore a -Zn pure-I—E] The conversion of CO
on Cu-Mn-Zn/Ce-HY achieved 77.1% in an isothermal fixed bed reactor at 245°C, 2.0

RS VANI NGNS o

|
prepﬁion method for direct synthesis of DME from synthesis gas. In hybrid catalyst

reparation, sol-gel impregn tioﬂ' has been dev: d which showed%tter
Iﬁffr}aa ﬁofp'r% glb lhelolw ethads. vi % lod, Iaaes
catalysts with different contents of alumina have been prepared. The optimum weig

ratio for CuO/ZnO/Al,O3 catalyst has been found to be about 2:1:5, respectively. The
catalysts performance was tested at 240°C, 40 bar and space velocity 1000 ml/gcah,

with the inlet gas composition H,/CO/N, = 64/32/4 in a micro slurry reactor.



CHAPTER I

3.1 Materials

All chemicals a

_

AR

Table 3.1 List of chgimicalsé X

v

\\‘
\
"N
\\\ NN Source
Copper (1) nitrate hydrate’(Cu(N )2!2:8H50) N\ N\ Ajax chemicals
Ny

Zinc (11) nitratgexahydrage (Zn(NO=)2.61 A\ Q) Qrec

N
Sodium carbonateNa,CO A \\\ Ajax chemicals

HZSM-5 zeolite Tosoh corporation

Methanol (CH3O Fisher
Paraffin Fisher
Nitrogen gas (99.9% puri ) .. Praxair
Hydrogen gas ;,_,___.,,__;__:___— Q Praxair
5%Hydroge HiSt ' TIG
2%0xygen in nitfogen gas EJ‘ TIG
Standard synthesi£ﬂ2/Ar/CO(48/4/48) Q/ TIG
Standard as, Ho/ / 5/5/10 T

ARIANTAUUMIINEIAY
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3.2 Instruments and Equipments

3.2.1 Instruments and\\‘ f Catalyst Preparation
1. Perlst&

2.‘Werbaﬁ '—“'"‘

7]
12. I—t.ydraullc pump

ﬂUﬂﬂ‘ﬁﬁWjW’ﬂ’]ﬂi

14. Tube furnace and temperature controller

ﬂW'] AR AN

16. Temperature transmitter and indicator

17. Flow meter
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3.2.2 Instruments and Equipments for Catalyst Characterization

1. X-ray diffractometer (XRD) (X’ Pert Phillips)

2. Surface area and | r (Micromeritics, ASAP 2020)

GC 2014)

3.2.3 Instruments nethyl Ether Synthesis

5
\J

U
mman

0

3. IWSS flow readout and contwmpment

ﬂUH%%H%iWH']ﬂ?

5. Band heater and ddgltal temperature controller

QW’]Q\‘]ﬁ%ﬁﬁJW]’JVIEﬂﬂH

7. Slurry reactor with built in impeller

8. Motor and speed controller
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9. Condenser

10. Submersible water pump

Copper,zinc oxide:(Cu i' 7 C t was prepared by co-precipitation
method in aqueous solution, 500-F COpper nitrate and zinc nitrate (each 0.12 M,
Cu/Zn mole ratio w | onate (0.24 M) were used as
precipitant and simultaneously added to 700 mL deionized w 3 J)nder rapid stirred at
65°C and &) _\.W_Jght under ambient
temperature. Ttl]e precip Wlth °C deionized water for

eight times to removed sodium residue, then the precipitate was dried at 110 °C for

ﬁﬂﬁﬁﬁﬁ%%’ﬁﬁﬁﬁ%m

3 2 Preparation of Cu/Z%O/HZSM -5 Catalyst

ARG AN

synthesis catalyst (CuO/ZnQ) and HZSM-5 powder. The obtained hybrid catalyst was
grounded, pelletized by compression in the mould at 60 MPa, crushed, screened and

collected the particles whose size ranges from 25 to 45 mesh sieve. To activate the
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catalyst, the hybrid catalyst particle (CuO/ZnO/HZSM-5) was pretreated with N, 30
mL/min, heated from ambient temperature to 110 °C for 1 h and held for 1 h. The

reduction was performed by flowing a 5% H, in N, mixture 30 mL/min, heated up to

ept temperature with flowing N, 30 mL/min
| /Ln N, mixture 5 mL/min for 24 h,

for 6 h followed by passival

as shown in Figure
e — =]

110 °C,0.5
th ; J i : ‘ -. V .',."'7 : Tambient, 24 h

T

Tambient

()

Figur

>

i activation.

AL
e

=T

—
The reaﬁjln parameters were studied as follow:

ﬁ-ﬁ\i us ion. e/
ﬂ“ u e cﬁeﬁﬁ vﬁx nﬁﬂ;]amqj solvent.
2. The effect of mixﬁ liquid solvent systém (paraffin and methM
Vi

AR RN N E

4. The effect of methanol content
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5. The effect of temperature (160°C, 170°C and 180°C) when

methanol is used as a liquid solvent.

6. The effect of weig

jf CuznO and HZSM-5 catalyst

)ﬁ)}M -5 catalyst

a

\\\\

ment was performed using
\t C i

- - .. . / " ‘

from the full width aximum of Cu® XF ak Dy using Scherrer equation as

line size was evaluated

(3.1)

ndﬁhj

Q:[:x e peak

{1

Bz Is the Bragg angle

ﬂuﬁ%ﬂﬁﬁfﬁm 5.

Mlcrmerltlcs ASAP 2020 surface‘area porosity ana Aer The catalyst meas

o Wk N WV T Lk T

using the BET calculation method.
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3.4 Dimethyl Ether Synthesis and Characterization of the Reaction Products

3.4.1 Semi-Continuous Dimethyl Ether Synthesis

her synthesis was used to study the

)@' (1 g) of the catalyst was

grounded in liquid s or. The reactor is connected to
the reaction app;w g %—W@? reaction, the system is
purged with W as (H: C0= 48/4/48) using Ar was as an

Pa and heated to the

A semi-conti

effect of temperature,

internal stand
desired temperat ing the reactant gas 40
mL/min at the cons irring speed-(150€ he effluent gases from the

reactor were p e water-coo ndense alyzed the on-line gas

Pressure regulator

a5s flog controlle j/g ' 'E,“ peed controller

Ry {5 T Back-pressure regulator

— Sampling

AR TAIAIALINEIN Y
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3.4.2 Analysis of the Reaction Products

The effluent gases were analyzed by an on-line Shimadzu GC-2014

gas chromatograph by two types o tlfr
(A) Therma i /#/ -TCD) equipped with the

Unibead-C column.

CO convers

3.2)

N reactant gas

\,, post -reaction gas

ed with the Porapak-Q

(3.3)

ﬂUEI'JVIEIﬂiWﬂ']ﬂi
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CHAPTER IV

RESULT T D DISCUSSION

4.1 Characterizatio

An impo t is its surface area so it

is normally desi e area. Jun et al [36]
methanol syn : ¢ ic activity of Cu/ZnO-

based catalyst f 1thesis, i ) nt on the surface area

Table 4.1 pr surface |p es of CuOZnO, HZSM-5 and CuO
ZnO/HZSM-5 cat GUO? <_ pared’ By e0-precipitation method has
surface area and por :ﬂ 6 3 mg S.and 0123 cmg™, respectively. For
HZSM-5 zeolite, methanol tehydra
273.2 m*g* and 0.11 --rf'*' dition, CuOZnO/HZSM-5, DME

syr-lthesis cs n@SM-S with weight

s surface area and pore volume are

ratio of 2:1" i e E)jume of 131.5 mg™
and 0.18 cm®y “~esp nO'F!HZSM-S catalyst clearly
has surface argeproportional to the weight ratio benNeer'l-‘-LEuOZnO and HZSM-5
catalyst therefore ﬁWSlcal mixing method has less effect of the loss of overall

ﬂﬂ?ﬂﬂﬂﬂﬁﬂﬂ’lﬂﬁ
QW']MﬂﬁﬁUﬁJWYJﬂEJ’]ﬂEI
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Table 4.1 The textural properties of catalyst

%

(em*g™)
Cuozno % 0.23
HZSM-5° ——— 0.11
cwmomst , 0.18

Note 2 BET surface a
® Average'pore vallime
¢ Calcined at’500 °C

¢ The weight ratfo of €uQ nleZ

As previously mention; “methanoly synthesis “Catalyst prepared by co-

....a-

precipitation method C‘ (N --_:'*' n(NO3),.6H,0. After calcination,
e A
CuOZnO was obtained but .-_........ active species that have a role in catalyzing the

reaction should be the __.ﬂg'f? S ;.-{g, he H, reduction step. Confirming

this expect@ b stre ,L;}

-

The _-E_) j_e}}eJ 4.1. The unreduced
catalyst and re_l\:ljc as BR (befoé' H; reduction) and AR
(after H, reductlo@ respectively. From the diffraction line of BR, there are peaks

A NSNS T TS

last smues presented in XRD pattE;rn of BR is HZSM-5, there are peaks at about

QR AT TR

ZnO and HZSM-5. In the case of AR, the catalyst not only presents diffraction line of

ed catalyst ar

CuO, ZnO and HZSM-5 but also exhibits a new peaks which located at about
20 = 43.5° 51.2° and 74.3° which are assigned to Cu [39]. However, the diffraction
peaks of CuO were still observed after H, reduction due to the effect of passivation by
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0O,. The only Cu metal is located at the surface of catalyst granules are transformed to
CuO after passivation. Meanwhile, ZnO and HZSM-5 peaks are kept almost

unchanged after H, reduction, in ic ting that both are not reduced during the

;-__,,

A Cu ® CuO
< ZnO ¥ HZSM-5

= .‘\\
= BR
& <o
g
£
L
AR
A
5 70 75
Figure 4.1 The Xray r""—"""—; : of Cu/ZnO/HZSM-5 catalyst;

AR as c?a‘lyst after H,
5
J

ﬂUEI'JVIEIﬂiWﬂ']ﬂi
QW’]Mﬂ‘JWﬁJ‘W]’JV]EﬂﬂH
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Paraffin as Liquid Solvent.

Traditionally, production o

" T t f Cu-based catalyst, in methanol

V
fow aéf/ temperature. The one step

4.2 Effect of Temperature on the Semi-Continuous Dimethyl Ether Synthesis;
7E/ in single step from syngas is usually

M 5 was used as acidic
| .of methanol synthesis
u methanol formation has
so reactions.
4#;
CO + H,0 « CO, (4.1)
CO + 2H, < CH30OH ' (4.2)

7 ik
2CH30H < CH3OCHg+~ - e *Jf

=
Te A2 S

l
In this e erlment DME synthesis from syngas usmgiquid paraffin as liquid
solven! |n slurr eﬁ with various tem ure (260°C 2000 and 170°C) w,

ve |o t| eon w s%hems with
cata yst urln hours and reaction temperature = 260°C, 200°

and 170°C is shown in Figure 4.2 From the result of,the reaction temperature

A RIRIIN RN

reaction, the CO conversion slightly dropped and became stable at about 40%
conversion. It implied that DME synthesis got into equilibrium of reaction. The

possible reason for high CO conversion at the initial time was due to high CO
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consumption in the water gas shift (WGS) reaction in equation (4.1) and methanol
synthesis reaction in equation (4.2).

At the reaction temperature of 200°C, CO conversion was gradually increased
at initial reaction time (0-5 h) “izf\ stable at about 14% conversion which is
much lower than the c@ rj}{/ emperature = 260°C because the
decreasing temperauk___.‘ ffected t@f the catalyst. Also, at the

reaction temperwhe r ctionwost no conversion of CO
(about 1% Coy/ RO

Treaction =200°C
Treaction = 2600C

D
o
1

Conversion (%)
N
o
/
7,
]
[ ]
]
[ ]
[]

N
o
1

Figure 4.2 st for DME synthesis

gr.)
— ; —
in semi-continu various tejﬂperatures of reaction.

Condit'bons; Ho/Ar/ICO = 48/4/48; pressure = 4.0 MPa; catalyst

A WEITENIWE Ty

At 170°C of reaction temperature, DME coufé®not synthesize from% as
B R b
ata

low CO conversion as the result of a catalyst performance at low temperature (170°C).

The reducibility is also a key parameter to assess catalyst performance which
illustrated in Figure 4.3.
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200 °C

H, consumption

i ' 0 T
100 50 0 \ 300 350

Figure 4.3 Temperaturg'programmed ai tion orofiles on CuzZnO/HZSM-5

w
=

N )
The CuZnOfHZSM-5 ca w“ sho two
The CuzZnO/HZSM-5/cata zL-L-
180-200°C, which are known-as-the redu of CuO. A peak around 200°C was
observed as a main peak-together ' \: around 180°C. The larger area
of the pea@ﬁf h tem) | _- indicative of well-
WEJ by hydrogen in two

steps from TP ofiles: in thm
Cu® and the C phase was reduced in the second step fr

Obviously, the reguﬁ‘n of copper spemeMok lace at around 180-200°C
infl | ea ion coul ot occur at low

temperature and was the cause of a‘lost no CO conver nat170°C

qmmnmumwmaﬂ

ction peaks for TPR curve.

- ‘

t reduction peaks at about

rst step from Cu?* into
Cu® into Cu® [41, 42].
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]
~ (]
60 4 m anol
[ § ocarbons
3
5.40 "
3 l
20 -
0
Figure 4.4 Effect of reactionitémpera S eity of products for DME

synthesiS in sémi-contiuous réagtor at 15ihouts. Conditions; Ho/Ar/CO =

48/4/48; pressu A '“"*‘ K st (CUZNO/HZSM-5 = 2:1) = 1 g;
paraffln =20m , eactant-gas

__/}"' A JJ
Theé&e, / of products for DME synthesis with @bus temperatures is

presented i 0) }ant cases. First, the
selectivity of E a 200'°' and 170°C are about

64%, 59% an % respectively. The high reaction tempe ure promoted the high

DME selectivit tgcﬁ HZSM-5 had a ver h catalytic activity at the optimum
m eﬂegloﬁﬂ ﬂ ’] d ca ons at the
0° nd 170°C “are abou o and 1%,

respectively. However, the selectiyity of hydrocarb of reaction temper

qmmmmmmmmm

can lead to the formation of hydrocarbons in addition to DME. The general reaction

yrate = 40 mL/min.

scheme given by Ton V. W. Janssens [43] can be outlined as follows:
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-H,0 -H,0 .
CHOH & CHsOCH; =  C,-Csolefins (4.5)

Concisely, DME synthesis from syngas actually could not proceed at reaction
' ysolvent because the results exhibited

temperature = 170°C in liqui
almost no CO conversiony THe \ & /a)q DME selectivity were directly
depended on temperature 2 nplied that _@temperature led to increased

e methanol dehydration

proceeded at re was not controlled by

thermodynamic e_kinetics of methanol

AUINENINYINg
ARIANTAUUMIINGIAY
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4.3 Effect of Liquid Solvent System on CO Conversion

In a slurry reactor, solvent becomes important function to remove heat

scti ethanol synthesis. The fact that, in the
1 | /m mical reaction takes place during

e catalyst in the slurry reactor

formation from the exothermic re

slurry reactor, the reactant gasf

than fixed bed reactor, conventi yntheS|s Nevertheless, as
catalyst particles i ired to develop on efficient

catalyst.

; from syngas at low
temperature with ¢ rid catalyst washi igated under a concept of
novel methano -::,.:.: Reubroycharoen and
co-worker [17]. A néw reac ?‘m s 2sis at low temperature with
Cu/ZnO catalys mi-bateh reactor by addition of

alcohols. The use o methanol synthesis at 443

ﬂUEI')ﬂEW]iWEI’]ﬂﬁ
QW’]MﬂiEUﬁJW]’WIEJ’]ﬂEI
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40 -
-‘ ,///7‘ P20

S 10 M
[

S

S 20 A

C

o

O

'i\\

J‘l' " nSt

Figure 4.5 Variations o C6 ‘%ﬁ 4 ) \ \ :

\»

0

synthesis in‘semi-confinous reactor by

R

50

10

\\s g = =

15

on stream (h) for DME

arious liquid solvent systems.

Conditions; Hal, .,.L'c{; +48/4, perature = 170°C; pressure = 4.0

MPa; catalyst (CUZnO/HZSV-

mﬂm 2 i

1 ‘ 'h—t'tnln-—-m:m | 1N ]

Al
As shoYv in F| of syngas

could not take piace at reaction temperature of 170°C WhIC

about 1% f e t| r
Qa} co ta!“a
stil lwalned or 3 hours ago. It |mpI|ed that synthesi

=1 g; reactant gas flow rate = 40
affi ‘Elo mL and methanol

a\J

Y r conventional catalyst

as conversion of only
urs f reaction is
r of action and

s got Into equilibrium of

reaction or steady state so the 0B conversion at thisyreaction should be @_go

RIRENIRABI RS

methanol as a solvent in a slurry reactor. The results showe
paraffin 20 mL, paraffin 10 mL mixed with methanol 10 mL

about 1%, 1% and 3% at 15 hours of reaction time.

d that CO conversion of

and methanol 10 mL are
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The addition of methanol into paraffin influences the dimethy ether synthesis
preceded at low temperature (170°C). For paraffin 10 mL and methanol 10 mL mixer,

in the initial reaction time shows high CO conversion due to the existence of
methanol. After 10 hours of reaction t?[ic nversion slightly dropped until almost
no conversion that was probal \ y nol was running low. Therefore,
ic liqui ’_'_‘.'],Uvas co-catalyst with Cu/ZnO

The‘j"novel

:@uction of DME at low

methanol could be used a5 ea aly
for methanol syw
temperature WW
3CO + 3H,0 « 3CO

2C0O; + 2H, + 2C
2HCOOCH; +

A
The equation (4.6) was the wa er-gs eaction, then a formation of methyl
formate from an esterifica_; j j *, 7). After that, the hydrogenation of
methyl for led- > “formation ‘of ‘meth : Arjztiqer reaction was the
dehydration<o ...'"‘:':"'":,:':.;:.:;““”;“ overall DME synthesis

reaction folie: !a' or for DME synthesis

—

from syngas at!low temperature was realized when methanE!Lwas added as catalytic

liquid solvent. ¢ a 'Y,
Hﬁ/ﬁﬂ%i acwrﬁ “ﬂﬂtﬂﬁe paraffin
fre tem, “the"CO conversionof paraffin free Sys as higher“than the mixed
system because methanol could ngt’dissolve in quuitﬂaffin and formed anol
It Iyti i itutio p i h
| WIANILI QLT IITE I RE)
q formation that was a by-product from DME synthesis.

Nevertheless, Calculation of obtained methanol content from equations (4.6)
to (4.8) realized the obtained methanol content was 2.39 mL when 2400 mL/h of
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reactant gas (CO/H, = 1:1) and 10 mL of methanol was added into the reaction.
Although the addition of methanol directly assisted DME formation step at low

temperature but an important function in a slurry phase reactor was a liquid solvent
methanol content was too low that

atalyst In this experiment, the
|ch was a small content that

long time. Therefore, the
as is studied in a next

did not allow t:p@
appropriate met co
issue.

ﬂUEI’JVIEIﬂiWﬂ’]ﬂi
QW']ﬂ\‘lﬂifUﬁJW]’mEJ’]ﬂtl
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4.4 Effect of Methanol Content on Dimethyl Ether Synthesis.

The aim of this section is to study the effect of methanol content on DME
synthesis over conventional Cu/Zn / [SM -5 catalyst. Figure 4.6 shows the CO

conversion with various met \ i-continuous DME synthesis at 15
hours of reaction time. %

30
g
& 20 -
5
>
c
(@)
O
10 A
0 r
0 40
Figure 4.6

n{2%) for DME synthesis
in sm | -conti ; i Eﬁ H./Ar/CO = 48/4/48;

temper ure = 170°C; pressure = 4.0 MPa; catalyst (CuZnO/HZSM-5 =
ﬁﬁ : \ﬁ fw‘ﬂ
aﬂ conver s:s]afljol content
mcreﬂs At 15 hours of reaction ‘rme the CO converS|on (%) of each con

ﬂmmﬁmummmaﬂ
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O DME
\ @ CO
60 - l \ /
NN B Methanol
S S
> —{ 5 o O Hydrocarbons
) ——.
Saq | | BN |
i | |7
201 | ’
— ‘ ’n\'
O - M ‘. -
Flgure47Effect of methanol ) ¢ tivity of products for DME synthesis in

Conditions; H»/Ar/CO = 48/4/48;
Pa; catalyst (CuZnO/HZSM-5 =

L)

,mahanol contents was

50.8%, 56.4%,;?.1% ore,'ﬂa methanol content did
not directly aff t on selectivity of DME.

St inaning

I|qU| olvent) in cases of CO co ersion (%) and DME vyield (%) was shown in

QR PtV TA St TLTiernt s

Obviously, both of the CO conversion and DME yield of a proposed process exhibited

higher value than a conventional process because of an effect of adding methanol. The
optimum methanol content used as solvent in a slurry reactor which was chosen for
further study was 40 mL.
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0O Methanol

B Paraffin

Percentage (%)

Figure 4.8 Comparison’of DME s nthesis betwet onventional process (paraffin
was usedras liqui zidh/eﬂrj and ¢ ess methanol was used as
liquid#solvent) ondigf Ar/CQ\="48/4/48; temperature = 170°C;

pressure & 4.0 i*&;' 9'-* ,( O/H \'\ 5 = 2:1) = 1 g; reactant gas

LAl
flow rate = 40 mL/mir ,[5. ’

. S o -
P

4.5 Effect of Reaction Tenperature on L ) n;czfsis;
Methanol as Liguid Sofvent af

> Al
A

il
ange and ti on stream for semi-
continuous DME ?nthesis over Cu/ZnO/HZSM-5 catalyst with the various reaction

te tures It resrepo h io reaction,.te ratures of

4%.,%pectively. At the reaction temperature of 180°C, the CO conversion showed

o
Figure 4.9 presents CO ¢co

inth increase with increase in inﬂal reaction time, aft@x that it dropped a liffle”and
of reaction time. Although t ction"temperature of 180° y elhl ited

highest conversion but stability of reaction was poor. The reaction stability was an
appearance of reaction which showed constant value of CO conversion through

reaction time. The poor reaction stability at 180°C was the cause of its CO conversion
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rapidly dropped at 12 hours of reaction, before 15 hours which was the end of reaction
time. However, at 12 hours, the CO conversion slightly increased before rapidly

declined because the added methanol was probably running low and nearly terminated

QWi (reactant—catalyst) could directly contact
I 952// lost from the reaction, the CO
o lack o éﬂent (methanol). On the other

w__ Id take place and showed
been é h along reaction time) but

ngas was an optimum

from the reaction. Therefore,
together. After the add

conversion suddenly

hand, at the react :
good reaction st (C
ow *

the conversion \

temperature when anol was

reaction = 160°C

60 1 't\\ T reaction = 170°C
\ reaction = 180°C
g 40 -
c
2 —
2
s
s 20 £
O --8--8-24-/0--0-\9--4
— = A
7t \J
VY T T r r —- T T r \

15

AUt ineiEwiang.

reactor by a various Jgaction temperatures in methanol. Conditions;

QR SESRSTINEE
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As results shown in Table 4.2, DME selectivity at the reaction temperatures of
160°, 170° and 180°C are 68.3%, 72.5% and 84.9%, respectively. The DME
selectivity at 180°C shows the hig

est selectivity which is affected by the higher
temperature. In the case J

electivity, result at the reaction
)ﬁ)pd 13.2%, respectively.

temperatures of 160°, 170*&nd"

Table 4.2 Effect of ffer?n = E SVYF -
J

Temperature DME yield
(°C) (%)
160 10.3
170 224
180 13.2 3.5
Reaction conditions; HofAr/CQ.=48/4/48; temperaturé= 170°C; pressure = 4.0 MPa;
catalyst (Cu/ZnO/HZSM-5&2:1) =1 ¢: m 40'mL; reactant gas flow rate =
40 mL/min; at 15 hours of re
Theréfore, at 180°C is not suitable for a reaction temperaitire because a severe

reaction take alyst that had lost its
ability but alsoﬂjds to reaction stability that was not constaﬂj‘and the high formation

of hydrocarbons

ﬂUEI'JﬂEJﬂﬁWEI’]ﬂﬁ
ﬂmmnmummmaﬂ
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4.6 Effect of Ratio of CuZnO/HZSM-5 Catalyst (wt:wt) on Dimethyl Ether

Synthesis

\\i{ﬂ of various ratio of CuZnO/HZSM-5
catalyst (wt:wt) on DM /Z? uZnO/HZSM-5 with the ratio of
1:2,1:1,2:1,3:1 andk the conv urs as 4.3%, 24.4%, 30.9%,
24.6% and 13.3"?&0, Th@’CuZ@_ ith ratio of 2:1 had the
highest CO con n. Reasondkb {plan S should be the optimize

content of methapel syntiesis cate st occurring of methanol

As shown in Figure

synthesis reaction.gHoweve ase of hanol synthesis catalyst
presented lo action. The low content of
methanol dehyd ht toward reaction less

happen.

w
o

ion (%)
o

L

Conver
F—-

=
S

Flgure 4.10 Effect of ratio of CuZgO/HZSM-5 (wt: w the CO conversmn@for

997 RSO RN TRS

mL; reactant gas flow rate = 40 mL/min.
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Effect of weight ratio of CuZnO/HZSM-5 (wt:wt) on DME vyield was
presented in Figure 4.11. The CuZnO/HZSM-5 with ratio of 1:2, 1:1, 2:1, 3:1 and 4:1
showed DME vyield (%) at 15 hours ii? 17.9, 22.4, 15.7 and 8.9, respectively.

=’

DME yield (%)

L

Pl £ 4

M-5 (wt:wt)

Figure 4.11 Effect o weight atid 5 on DME yield of DME

synthesis irk _s@)/Ar/co = 48/4/48;
pressure = 4L0 j)l = 40 mL; reactant

AL
—

AUINENINYINg
ARIANTAUUMIINGIAY
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Selectivity of products was exhibited in Table 4.3. The CuZnO/HZSM-5 with
ratio of 1:2, 1:1, 2:1, 3:1 and 4:1showed DME selectivity (%) as 88.1, 73.7, 72.5, 70.5
and 67.5, respectively. Clearly, the ratio of methanol synthesis catalyst (CuzZnO) and
‘\\\ i{ imp rtantly affect on DME selectivity. The

er methanol synthesis catalyst. A

methanol dehydration catalyst

partial methanol conten -;:s"o trans because of the low content
HZSM-5. ! ,

Table 4.3 Effe 00 ME synthesis

Ratio of
CuZnO/HZSM-

\ t \a 0 (%) Yield of
DME
?_‘;‘ M\\\ {ydrocarbons (%)

1:2 0.0 3.7
11 0.0 17.9
2:1 0.0 22.4
31 0.0 15.7

Reaction co& Jressure 4.0 MPa;
hanc reaﬁtlon time = 15 hours.

i

ﬂUEI')ﬂEW]iWEI’]ﬂﬁ
QW’]MﬂiEUﬁJW]’WIEJ’]ﬂEI

catalyst=1g;
It
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4.7 Catalytic Regeneration of CuZnO/HZSM-5 Catalyst on Dimethyl Ether
Synthesis

an i ersions (%) of DME synthesis over
CuZnO/HZSM-5 compareg.V rege ﬂ yst as R-Cu/ZnO/HZSM-5 were
( onversi -5 and R-Cu/ZnO/HZSM-5
are about 30% a:w . :
5 is much highe e 7

the fresh Cu/ZnO/HZSM-

30 - L 10O
S
5
‘s> 20
>
>
c
@]
@)
10
A
0 s

Figure, 4.12 Variatio onversion (%) wi e on stream for DME _synthesis in
QAP s Y poE
“ catalyst. Conditions; H,/Ar/CO = 48/4/48; temperature = 170°C; pressure

= 4.0 MPa; catalyst = ‘g; paraffin = 20 ity reactant gas flow rafe.£ 40

ARIRENIUNATINEIREY
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Selectivity of products is shown in Table 4.4. DME selectivity of
CuZnO/HZSM-5 is higher than that of the R-Cu/ZnO/HZSM-5. Methanol selectivity
of the CuZnO/HZSM-5 is lower than that of the R-Cu/ZnO/HZSM-5.

Table 4.4 Comparing an@ %(/5 and R-Cu/ZnO/HZSM-5 on

DME syn — e
= r

\

. , 6 AN s =~ DM(E/);ield
: /AN& drocarbons
3 W\ X
Cu/ZnO/HZSM-5 09 1 Yh\ \ 22.4

R-CU/ZnO/HZSM-5° Y 2.2

Reaction conditions: Hy/AHICO = A8JA/48:
?\; riae 3
40 mL{;;lp""
S K —. - #
e %
Comparing the XRD, patte ' M-5 in various states was shown

in Figure ”;Lﬁ A et c:jElyst before and after
reaction, peaks-of-Cu-disappeared-bui-ZnO-an =HZSIVi=5estilt existed. This result
Al
etal
s_duo. After that catalyst was regenerated
used for catalyzeoeﬂ'on again. The diffraw peaks shows small peaks of Cu.

AW IS SN T

4.5). gmeans the crystal grains ofiu increased greatly and agglomeration occurred

QRSB T Y

7 ‘ 0.0
1 \\\\\ 0.0

pe \-.\ 170°C; pressure = 4.0 MPa;
40 mL/n reaction time = 15 hours

catalyst = 1 g; methano!
% Regenerated Cu/ZnQO/

reveals the al (! ef6re H, reduction step)

forms that wa: /' H, reduction step and
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A Cu ® CuO
<& ZnO ¥ HZSM-5

‘ Regeneration: after reaction
v Z'\\ A A A
v : o> < ‘ 20 o o
- WAUNGY, W
S .
) A
g A 2egen ratlon before reaction
= \ A A
£
€ =
- // é \\\\ After reaction
i :
l "\\\\ Before reaction
A
u‘
5 10 15 f“3" “‘ 3 50455 60 65 70 75

Figure 4.13 The X-ra |ff5 O

states.

ZSM-5 catalyst in various

/St \ .a exert an influence
§<pected at the lower

varlo_' states was reported in

Kim, et'al

on the reactk(l A

crystallinity [4i1T
Table 4.5. T Cu crystalline size of catalyst at eac

regene atlon befo@ feaetion and re eneratloufter reaction) was 10.97, 12.68 and
s linit fr alyst (10.97 nm) therefore

the difference of their crystallinity ‘iportantly mfluen on their activity.

qmmmmummmaﬂ

tate (before reaction,
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Table 4.5 Effect of catalytic regeneration of CuzZnO/HZSM-5 catalysts on

crystalline size and CO conversion for DME synthesis

Catalysts CO conversion (%)

Before reaction 30.9
Regeneration: bw 3.6
Regeneration: a ctig 0.0

Reaction conditions; #Hy/ACQO r °C pressure = 4.0 MPa;

catalyst =1 g;.n = W rate 1in.; reaction time = 15 hours.

\ ‘
However, this experi st S-S ks due to a restriction of semi-

\

5. The cata sactor and was crushed, heated

\

s destroyed and showed poor

continuous proces
again and again. T

L]

activity.

ﬂUEI'JVIEIﬂiWﬂ']ﬂi
QW’]Mﬂ‘JWﬁJ‘W]’JV]EﬂﬂH



CHAPTER V

CONCLUSION 71D RECOMMENDATION

9

== | S~—
In this M  Gats ted as hybrid catalyst for

dimethyl ether synt S ion at low temperature by

5.1 Conclusion

NasSHOIOpEr & t | synthesis catalyst. For
conventional i ¢ \ gher reaction temperature, the

i orocarbon was high. The

result revealed the i q&ﬁf ) SM-5 'was Increased when reaction
temperature incre ; VL ' \ sformed to hydrocarbon.
Meanwhile at reaction emperature-170°C; eaction could not proceed. Adding a

‘ . _‘._1.'4 ;l‘
little content of methanol “mto-—reaction tem assisted an increasing of CO
conversion at low tm f‘« 7 otentially change the reaction path
way to allo @ study was to usin
methanol as& jaited the best results
both of CO comversi the@ME synthesis reaction
proceeds thougf-teaction time due to suitable methanol content. The effect of ratio of

CuzZnO/HZSM-5 «\W) catalyst was dlsg’ studied. The weight ratio of

additi ethanol as catalyti vent. ously,“t tio of methanol synthesis

catalyst (CuzZnO) and methanol de@rdration catalyst (ESM-S) importantly a@ on

o WL T WL AL E AL

the low content of HZSM-5. Finally, the CO conversion of regenerated

CuZnO/HZSM-5 was less than that of fresh catalyst.
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Concisely, DME synthesis from syngas was successfully synthesized at low
temperature by addition of methanol as catalytic solvent. CO conversion of 30.9% and

DME selectivity of 72.5% were achieved with an optimum reaction conditions as

j 8/4/48; temperature = 170°C; pressure
: )}‘,Jiquid solvent as methanol = 40
— ] : -
52 RecommeM _ | \
For futur ME synthesi as in semi-continuous

reactor should be fugiher investigate

follow; component of syngas as
= 4.0 MPa; catalyst (Cu/ ".

ml; flow rate = 40

ied for the first issue.
a\ I \,

stigated. Finally, catalytic

regeneration pr yst shotitd belir o f¢ \on ction of DME synthesis
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Appendix A
Examined Calculation for Prepaiz '1n fiCulZzn=1
Cu/Zn =1 was prepared by.c@ \ /f%
Basis 10 g of CuO/ZnO(m = .
" J ——-"-'_’
= . —d'

(0GR %
ZnO mole used = 5.0572

= '
1 mole CuO =1.m 1"{"' AP

1 m&_ ’nO =1 mole Zn(NO3) ______ D R,

ﬁght 0 59 ‘ﬁ"i‘say - 0.99)

=0.0621 x 232.59/0.99 = 14.579 0

igh 2)2:6HH20 07.

A UEAIEILLS
“I’otal m-lcilee usedo=f 0.02621 +( .062f = 0.12943 r:ol i | Y

QMRS AN A

For pH control in range 6.8 — 7.0, Na,CO3 must used >13.1714 g
Therefore, from the experiment, weight of Na,CO3 ~ 18.50 g
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Appendix B

Data from the use of catalyst

Examined Calculation of Reaction r(%ucts
Determination of C

/7u/ NO:HZSM-5=2:1, Teaction = 170 °C
Table B-1 CO/Ar of reactant.gas

t
—

mm\ o,

time CO/Ar

11.05451
11.10305
11.12001
11.07896
11.14366
11.11780
11.10300

SOOI WN P

H,/Ar/CO/ = 48/4/48

Table B-2 Determinati

% CO Conversion

Hr. H, Ar

0 825.30 4440.3 17.6
1 : 30.7
2 13045 246250.3°""528! 23.9
3 22.3
4 = 26.4
5 1292 7 817 4 111648 I 26.9
6 1294.6 -5753.7 46754.1 20866.8 8.125919 26.8
7 1297.1 5676 46337.9 20713. 163830 26.5
8 .

ik 50 0 8 W
10 2

11 281.8 5409.5 43978.8 20536.5 8.129920 26.8

279.9 5335.1 43222.* 20609.7 27.0

IRESE

QT
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Determination of selectivity and yield.

Table B-3 Determination of selectivity and yield of products?

Reactor

Products _ Area
CO; (%) N\ 44065 271891296.5
CH3OCH; (%) ‘\\\ - 21182284.9
CH30H (%) & 575701.9
Hydrocarbons (%) o 625522.8

—— Yield
CO; (%) 5.94
CH30CH3; (% 17.89
CH30H (%) 2.52
Hydrocarbons (¢ . 0\ W ; 0.16
Semi-continuous conditions: Ha/A 8; rea ' - 2 pressure = 4.0 MPa; catalyst =
1 g; solvent = 40 ow rate =40 ml/mia '
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