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Napapan Jaroonvechatam 2013: Synthesis of Cu-based-Al-MCM-41 for Conversion
CO, to Value Added Chemicals. Master of Engineering (Chemical Engineering),
Major Field: Chemical Engineering, Department of Chemical Engineering. Thesis

Advisor: Associate Professor Paisan Kongkachuichay, Ph.D. 104 pages.

The aim of this research is to synthesize metals/Al-MCM-41catalysts for conversion of
carbon dioxide to value added chemicals. AI-MCM-41, the support, have been successfully
synthesized via a sol-gel process at pH 11.5 using Tetracthylorthosilicate (TEOS) and
aluminum nitrate as silica and alumina sources and Cetyl Trimethyl Ammonium Bromide
(CTAB) as a template. Then, the obtained AI-MCM-41 was loaded with metals (Cu, Rh, Zn, Mn
and Ni) by an incipient wetness impregnation. Subsequently, the metal/Al-MCM-41 was used to
catalyze the reaction between CO, and H, with volume ratio of 1:3. The total of gas feed flow
rate was 20 ml/min. The temperature and pressure was varied in the range of 250-300 °C and
10-20 bar, respectively. The effluent stream was analyzed by means of Gas Chromatography.
Consequently, the total conversion of CO, and the yield of products (CO, CH,, C,H,, CH,OH)
were determined. From the obtained results, it can be concluded that 1%Rh10%Cu/Al-MCM-41
catalyst reacting at 300 °C, 15 bar was the optimal condition giving the conversion of CO, = 43

mole%, yields of CO, CH,, C,H,, CH,0OH = 26.8, 61.5, 31.3 and 8.9 x 10—4mole%, respectively.

Student’s signature Thesis Advisor’s signature
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lalasmesiia uaz1¥ dnalaswiauenTudlonTus lud (CTAB) Wluaissvualnssai

2. dunsgrdrsesiudusaulfnser suz-4 nndwnay ludasidin Famlsase
Bwnan wdy 50: 50 Aomadialsana (Sol Gel) uazlalasmeiia nazly maszieniia
uonTuiilow'laasonled (TEAOH) Hlumsfvualaseaii

3. waenaasalnsen Tarzaee vua2I095uANT 1 Iae 1INANANISINYY (Incipient
Wetness Impregnation)
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1. WQINIH

JerAgn3U (Porous Material) 130 JaaNisznoudiogniu Inseasnvesiagznyusy
< 1

I v 4 Y A @ A o
SITEGRIAR uazﬁmfﬂugw§u3Jmm‘lﬂmammma’mmm% wldadIulsuIaTvessnIuae

U 9

g‘; 1 1 ' a 1 4
U51asnivua (Porosity) agﬁluﬂma 0.2 - 0.95 1%U AU, Anodic Alumina 48E NDATTUDUUVUIA
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1. guguunudla Ao guguiirenzgnumeueniag dewi ) lnduausalfnse

U Q q

d' A g d' 1 Aann 913‘/
L‘HfN%1ﬂﬂ181u§1/\|?Hﬁ]gL“WiJWL!“VIGluﬂﬁlﬁ\iﬂgﬂiﬂﬂﬂﬂx‘lﬁuﬂ
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a A A A a o 9 I
2. EW'E‘H!L‘U‘U‘UQ A9 JWIUN LNUYDIINLTONADNUITR uﬂumulﬂ“lmﬂuﬂmu

U Q

9 v Y = A 9
A m5uleanudearisonNToU

Uszinnvosiagguuldgnutisamuavesgugy Tag The International Union of

Q Y

Pure and Applied Chemistry (IUPAC) (Taguchi; Schiith, 2005) Aqll

[

< o $ 1 4
1. Fagznyuvina@an (Microporous Material) fio Jagnlvuiaduriuguanalaves
] 1 4 a o I
guguitesndn 2 uTuwas 18un &Te'lad, Metal Organic Framework (MOF) tiownin la/ 1413
@ 1 Aann @ o d‘ = c’d’d [ o
ansalfnsen agesu wagmsuanilasuleoou Taemmizdle ladniianymzmsnszaesa

] s
YoIgNguaiIaNoLazIFINNINTZIIBAINUIAL

]
v v I3

1 4
2. AFAFNTUIUIANAN (Mesoporous Material) ﬁ'ﬂ] 'JﬁﬂVlﬁﬂluWﬂLﬁUPHLlﬂuﬂﬂﬂ”I\i

a

YoIgN Ueg T3 2 09 50 wrTumas laun ue1519a (Aerogel) Taqatia M41S 151 MCM-41,
3 Y
MCM-48 1iluau

] T 4
3. ﬁ@gwgumm@ﬂmy (Macroporous Material) Ao aﬁ@mﬁmmmﬁ’umuﬁuaﬂmﬂ

¥o93N3uNANN 50 w1 Twwas 1dun dunesaleie (Inverse Opals) T (Foams)
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o 4 o o R =X = dy
fﬂilﬂul“lfl“lfﬂusllf]\‘l'z]ﬁﬂgw31!1!1!@]@\1?]11!\1‘0\‘] VYUIAVBDIIFNIU Feazuaadlunseasil

q

d’ o N 1
M1319N 1 mmmuwmflummﬂﬂ%mmmﬂgwgumm

Filter Catalyst Bioreactor Gas distributer Oil-containing
bearing
Open >30 >30 >30 >30 20-40
porosity (%)
Pore size Appropriate Appropriate For bacteria: >Um >Um
size, depending size, depending  5-30 Wm
on applications on applications  For enzymes:
10-100 nm
PSD" Narrow Narrow Narrow Narrow Insensitive
(depending on  (depending on
applications, applications,
bimodal) bimodal)
SSA® Depending on 1-2000 mz/g >1 mz/g Depending on Insensitive
applications pore size
Permeability ~ High Depending on Depending on  High Insensitive
applications applications
Mechanical High Depending on High Depending on High
strength applications applications
Others Chemical Catalysis Appropriate - Chemical and
resistance function surface water resistance
potential

* PSD = Pore size distribution ,b SSA = Specific surface area per unit volume

31 Kozo et al., (1998)
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2. JaQINFUHA MCM-41

o X g ¥ 1 v a 4 a o
McM-41 lagndunsizivuiunsausn Taenguiininenaasvesuisn Mobil Oil

A

Corporation 141l 1992 Taos¥ouos MCM-41 8911910 Mobil Composition of Matter No.41
I @ Aa AAaa I 4 o A v Aaa

MCM-41 Judagyngunignguvinanannnuaanuiuesnilszneunannso wlswesada

g 9 KR v A ] I = °
M (Mesoporous Silica) InssasNmanIaizeseduiuszileudinduonuy  tenwe Inuoa
(Hexagonal Pore Structure) Adua@adlunmi 1 Uanunseatevesvagnguiuny lages
] ] @ ,3 Aa ' 9 Y o Y Yo
pglua9 15-100 dsaason WunAIge uaznuaeanuioulda hld Mcm-41 1a5uaam
{ o I o v w1 aan o 1 aan ] .
aulalumsiezihunldiludrsesivansaljisenvesdnsalfisenTanzisu Ni, Pt, Rh, Ir,
A L = o a A v Y

1ag Ru 404 e 191unszuiums la1asdmdu (Hydrogenation) 39 N5ZUIUNTUANAIAIY
. o 1 aaa % @ o { < .

leTasiou (Hydrocracking) Aaselfnsen agadunay duanlasulszy Wudu (Taguchi;

Schiith, 2005)

o 4 A Y1 A 9 Y an ¥ '3 1
MIdunsIzd MCM-41 e larnthugaisuduvesmsaunudsmsdunsiziuun n

Y o 1 a o a ldg! Slg o d Y
uaz lawannaeuvwnadaggnyurialnivy  Tagldnuguvesmsduasizidienalnms
! o [ o2 1o J aa a
141it01 (Templating Mechanism) fadelumsdunsiziauegny uidswesdam vio wia
=2 a <3| a £y a A v % 2 ¥
YOIA1TAAUTIAINT  (Surfactants) TuAMUTUITWATY dsviaReItuaINTdunTIZd 19

A I 1 o o
¥aINNa18IB (Taguchi; Schiith, 2005) tAiio9INANUTUNTAVDI MCM-41 fouded 1w
Y ]

Hmsiau MCM-41 au Tasmsmiy ezgiitua  ([A10,]) avl/luTaseadves dana

(sio]") wazldflu wlsweds  evgiiTudaina (Mesoporous Aluminosilicate) 1A

G

R-

Y
VwiziFen AFMCM-41  oindszaninmlumsnuaeanglalasmeiia
TA5auI8
<3 2 v 1 [ Aa A ) I
(Hydrothermal) galaa uazlinnuilunsageiu Fedwanelszaninmaoanisilyllniy
) 2

anselnseazasessuansslfnsenliuiniudndae (Chamnankid et al., 2011)
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130 Zeolite and Nanostructured Materials Laboratory (2011)
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I Aaan @ 1
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Yo A
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Vo lag ludnuasil ldnail

sz ToniveadTo ladi Hiudnsal§iz e (Dyer, 1988; Bhatia, 1990)

v 9 v 1

1. MIuanaIAIea s 1l§nsen (Catalytic Cracking) @414 lumsuaniiuszvos
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a

?,’ o A 1 4 ~ Y ] 4 ~ 1
Tuanavesdniuauniiae Isvesla TasmsveunenlduanauilulaTasmsueuniuinm

(C1- Co) tazenusori 1155 Toand 18
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. s . .
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A ° Y3 Aa A R A ~ [
uazqumummaaﬂmu@ﬂmﬂu"l’e)Tcmwumuu,a?;”lﬂLwammumumaaﬂmuwgaﬂm
o 0} 90’ %
5. mymaaluluiiniy (Dewaxing)

6. MIANTIYOanaluUUFY (Benzene Alkylation) 1Y NSHAAONAIUUTUIINID-
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A = A A a A ~ an I Y
NAULASIUUY U mamma@mmumﬂmumuuaﬂmwau Wuau
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nn: Lukyanov et al., (1998)

d‘ ! ' = Jd a
HMNN 4 @ﬁm'mmawie"lamuﬂ SUZ-4

nn: Luykanov et al., (1998)
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(2n+1)H, +nCO—>C H,,., +nH,O (1)

a s = o o 7 =TI A
nszuIUMIimyes Insdamsoasumadansiev (Syngas) Fudumasnaun

(4 9] 4 4 I a [ 4
Usznou Aromas laTasion (Hydrogen, H,) uazmaaiivounouson laa liliflunansmala
N W a . < ¥ . o ¢
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v . & Y ¥ Aq w A @ a
14 (Takayuki e al,2008) @iar5asdunldlunszuiunmsgaamnisuiio MIsITUIA
{~ s s o < s ' '
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v v Y
ms19h 2 Ufiseniimatulunszuiumsilnyes Ingil

Ugnsen A3
a) Paraffins formation (2n+1)H, +nCO—C H,,, +nH,0O
b) Olefins formation 2nH, +nCO—C H,, +nH,O
¢) Alcohols formation 2nH, + nNCO— C H,,.,OH+(n-1)H,0
d) Water-gas shift reaction CO+H,0-CO, +H,
e) Boudouard reaction 2CO«+—>C+CO,

f) Carbonaceous materials formation (X + (%»H , +XCO - C,H, +xH,0
g) Bulk carbide formation yCO+xM - M, 0, +yC

yCO, +XxM - M, 0, +yC

1307: Davis (2001)
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Sample: Cu/AI-MCM-41-1h
Size: 228820 mg
Method: Coke Buming

TGA-DTA
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File: D2..\10Cu-AI-MCM41-300C 1 h-anal
Operator: PSK

Run Date: 9-Mar-13 10:08

Instrument: 2560 SDT V3.0F
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Sample: Cu/Al-MCM-41-3h File: D:.. \0Cu-A-MCM41-300C 3 h-anal
Size: 253607 mg TGA-DTA Operator: PSK
Method: Coke Burmning Run Date: 9-Mar-13 11:59
Instrument: 2960 SDT V3.0F
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