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CHAPTER 4
PREPARATION OF ISOPROPANOL SYNTHESIS CATALYSTS
4.1 General Knowledge of Isopri ol Synthesis Catalysts

Isopropanol hﬁ__hen p v1a hydratlon of propylene
with zeolites as ca@eve al @ns of catalysts have been

developed. Here w?/ 7 Wof zeolites as catalyst.
' hapan i

One was mordenite (studi akoon) and the others were

8

of fretite/erionite

In 197 ;s,bsﬁdy of the hydrothermal

reaction between f : tes that mordenite was

formed in 7 days at ssure. He also claimed to

have prepared a philli S}}Ej;ype ite at 350°C from feldspars in
_: ‘ ‘ - g ol i < -‘.‘

the presence of f luorldes'ﬁ' suh . ﬁ_j __t.ed water vapor at atmospheric
-’ f T

pressure. Althc&gh Leonard was
data to charac‘{-l ts
identified. ] L i

one of Mi;st to use x-ray powder
not. un ambiguously

The f 1rst.d, substantiated synt.hes1s of a mordenite-type

zeolite wmﬂmﬂey '%nﬁxﬂ %ﬁ] a‘gh%ﬂ\lﬁcﬁl;ﬂ ‘a’lummate solution,

which contained sodium carbonate, was stirred 1nt.o an  aqueous

Z‘Z’Zﬂﬁ?ﬁ@ﬁﬁﬁﬁ AR

chemical composition similar to that of mordenite.
Crytallization was accomplished by heating the gel with water in an
autoclave at t.emperatgre up to 300°C. Although an alkaline medium is
necessary to crystallize mordenite, in strongly alkaline solution the

crystals which first precipitated tended to dissolve and convert to
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other unidentified species when left in contact with the mother liquor
at high temperatures. At a pH of between 7 and 8 crystallization was
retarded and the crystals which formed were fewer and smaller.

Mordenite, with a nearly constant ratio, indicates an
ordered distribution of Si and Al;in the framework structure.

The structure consistsﬁééiéggin crosslinked by the sharing
of neighboring owygens. Each tetraﬂﬁahon belongs to one or more
5-member rings in #gba. frame ork. Tﬁéimhigh degree of thermal
stability shown by‘nefaé Pte is probably due to the large number of
qéeﬁget ally favored in terms of stability.
moleeuies, the dehydrated zeolite has a

S-member rings whic

For the diffusion

—

: tem %ybrfor larger molecule the channel
1 and ma§ be subjected to diffusion blocks

..*.."-" ]

two-dimensional ¢
system 1is one di

produced by crysta 'ackLng fan}ts in the presence of amorphous

Fy e
material or cation in

are rapidly adsorbed by.dé§§dratéafﬁprdenite, whereas hydrocarbons

eiqiannelsﬁjqqgses such as nitrogen and oxygen

such as CH, or eﬁhane are slowly adsorbed Tﬂis is inconsistent with

the channel dlmehsﬁon of 6.7 A. Because the maﬂn channel system is in

one direction, any“blockage will completely s@yt off the main channel.
A synthetic type of mordenite, knewn as "large port" mordenite has
been preparéd which exhibitﬁ.the ddsorption characﬁeristics expected
for the free diffusion of molecules in the main 6.7 A diameter
channél} 951 Thefdxti-dnedus fmatter whiCh'i$ a3sumed) te)blaock the main
channels in the mineral is apparehtly nét present in this synthetic
form. Synthetic types of mordenite of the small-port variety can be
partially converted to the large-port by acid leaching. This
treatment presumable remove the extraneous matter and open up the main

channels
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Of fretite/erionite has a hexagonol structure consisting of
parallel arrangements of the (Al, Si)ao12 rings. In order to diffuse
from one cavity to another, moleculs must pass through an 8-member
ring aperture into an adjacent cavity in the original column. .
Continuous diffusion paths are ava; le for molecules of appropriate
size. Offretites/erionite readily ad;ﬁpbs normal hydrocarbons which
have a minimum klnetlc diameter gf 435 K”

The Klneﬁ:::g:;iézer X

For spherical Jnonpo‘lar molecules, the potential energy

we

of interaction, ¢(r) desetbbed by the Lennard-Jones potential

il J'IJ

o (r)= 451(""")” (—)‘]
(i - e

The parameters o Anui e,_P;e _constants which are charac-

teristic of the holecular spec1es and are deﬂ@ymlnd from the second

virial coeff1c1en§§. At large separatlon thejattractlve component.,
( a/r)a, is dominant and describes the induced dipole-induced dipole
interaction. At smallsseparations the repulsive component is dominant.
when the potential eqﬁal to 0" the diametér, r, is equal to o . The
kinetic diameter is the intermelecular distance of _.closest approach
for twe molecules colliding  with "zero initial | kinetic energy. The
maximum energy of attraction,e , occurs a.t.."z'mm wnt

‘ In assessing the 'apparent pore size of molecular sieve
zeolites, the critical dimensions for spherical molecules are given by

the value of_rhln. For diatomic molecules, r is based upon the van

min

der waals length, and rebresents the molecule in all orientations.

For long molecules, such as hydrocarbons, the dimension is the minimum
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cross sectional diameter. It is prefered to use values, where
available, for nonpolar spherical molecules and values, obtained
from minimum cross-sectional diameter for more complex molecules.
Typical crystals of erionite are fibrous. Unlike other
fibrous zeolites, however, dehydrp?ed offretiteserionite has a very
stable framework structure. Specim;ﬂgié£’ offretite/erionite exposed
to H,0 vapor at 375 C over a long peritd-of tlme showed essentially no
.change in adsorpthpwacap301ty4 which eonfirms a high degree of
structural stabllltxaf’;;

, epa.rel by using a eolloidal silicasol or

ili¢a source. Additional zeolites are formed
S

Zeolltesr

amorphous silica as the
which do not readily s@}ll&ga from the homogeneous sodium
silicate-aluminosilicate elsff Wﬁ%n an aqueous colloidal silica sol
is employed as the soutce o{éslllca, ‘the Si0, content. of the

start.ing reaction mixture ms hlgher ihaé that, normally employed in the

case of the other sodium zeolltequ,txplcally for zeolite Y, the
composit.ion ranggs w1th1n the 11m1t as followsf. Na,0/Si0, = .4-.6,
Si0,/A1,0, = 15~2§Iand H,0/Na,0 = 20-50 d"

It appears that the gel prepared from the colloidal silica

sol is heterogeneous ~on a molecular scale and contains a hydrous
aluminosilicate phase togéther with a solution. After the initial gel
formation, an" aging step is neccessary in order to equilibrate the
heterogenedus |del « mixture " with ‘the |solubion. Room | temperature
equilibration dr aging reducé; the SiOz/Alzo3 ratio in the gel
necessary to form zeolite Y which has composition : Na,0/Al,0, = 1,

$i0,/A1,0, = 3-6, H,0/Al,0, = o.
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4.2 Preparation of isopropanol synthesis catalyst
Catalysts used for isopropanol synthesis can be devided as

follows

1. Na-mordenite (TSZ-640 NAA) containing these metal oxides,

i / Al O =20.3
‘)OKOA) containing four metal

2°3

3 Offret.it.e.@i‘

)

Sio,, Al,0,, Na,0, with mol

oxides,Si0,, Al 0, w1 rat.los, Sio, /Al 0, = 7.7,
Na,0/a1,0, = 0.25 V; h‘gtd
3. Na-Yc ining peta xides, Si0, = 66.7 %, Al,O,
= 20.3 %, Na,0 ] ) / Iz&)ﬂ‘3 5.6 by mole. ;
The cata : : Cl"qnlcal Research Laboratory
of Toyo Soda Manufacturi ’H* ' _'Xan Since they obtained in
the Na form, we sl i : ge" i e H-form the procedure was

as follows.

S
1. Prepare 1 l‘i:f.::e—of E.r \IH N0, solution.
ufl‘;;{ -

2 Adﬁo gm of’f'ﬁef caba »- f interest to 45 ml of

the 1-Molar NH, NOZ-soiu =ten— :
3 Hea ot, pﬁt.e and stir continuously

at 80° C for 2 hours.

tifmzi“f‘a’ g3t b rnie R

BTN 8. T

6. Pour 45 ml of 1-Molar NH NO, solution in the catalyst and
repeat step 3 to step 5. :
7. Dry the catalyst in an oven at 120° C for 24 hours.
8. Calcine the catalyst for 15 hours by heating in

atmospheric air at approximately 500° C.
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To use in the experiment, the catalyst was weighed and then
compressed to obtain a pellet with density of 0.866 gm/lcc. The
pellet was next cut up and screened to select fragments of size
between mesh # 10 and # 15. Then classified fragments were packed

into the middle section of reactor for iscpropanol synthesis.

Figure 4.1 Set of Ion-changing for Isopropanol Synthesis
Catalysts.
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