last one studied byw

 to show t.he effects
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Chapter 6
DISCUSSION AND COMPARISON OF EXPERIMENTAL RESULTS

Appendix B summarize he results of analysis of experi-
mental data for the case 31 opropanol synthesis catalyst
no. 1-3. The results ohﬂg\' of f r r;lonlte and Na-mordenite (the

ha]@plotted in Figs. 6.1-6.63

ressure;\@erature, space velocity

by each catalyst on
space time yield of isop opan \ ‘prod.uct distribution.

er‘s).on per pass, product selectivity,

ol

Here cataly. z m & NaY catalyst composed of Si0, =
66.7 %, AlL,0, = 20.3 %, S ., Si0,/A1,0, = 5.6/1 by
mole. To invest&gat.e the ef f écts of t.m?ure, pressure and space

5| catalyst, experiments
were carried out fnder the sum@rized in Table 6.1. The

catalyst powder was dpelletlzed to obt.am a density of 0.866 gm/cm and

then screeﬁlﬁﬁeﬂg %ﬁ ﬂw ’]ﬁﬁz ml of the screened

catalyst was packed in the tubula.r reactor for 1sopropanol synthesis

fr“‘ﬁﬁﬁ"laﬂ\"iﬂ‘ﬁm NW’TW IR

6.1.1 Total C,H, Conversion

Figs. 6.1-6.3 show that the total conversion of C_H_
increased smoothly with temperature. At a high temperature (230

-250 °C) intermolecular distance of reactants was closer and the
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Pressure (psig) " /Space/ Velocity Temperature Range {C)

45 150-300
150-300
150-300
150-300
150-300
150-300

150-300

75

105

150-300
150-300
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reactants were more activated than at a low temperature. At a high
space velocity, total conversion of C,H, decreased against increasing
space velocity, because there was less time for C H, and water to
react. The results suggested that the optimum space velocity of
isopropanol synthesis is 5,000 hr—l;

Figs. 6.7-6.12 indicate xﬁﬁutv space time yield (STY) of
isopropanol generally inereased with temperature between 230-250 ‘c,
and with space wvel6ciby between 2000-8000 hr . However STY of
isopropanol decz:Zégd’fas temﬂ?rature rose above 250 ‘C because the
selectivity of isoprepanol gectggsed greatly while more by-products

were produced.

6.1.2 TIsopropanol Selectivity
; / s {;E;
Figsi 654:5:6 sgéﬁgihe results obtained using a NaY
catalyst with mole ratios of Sidé&ﬂi;@a = 5.6/1. They indicate that
isopropanol se4@§Li1iLx_ingreaagd_!iLh_gpgggéi?elocity in the range of

2000-8000 hr"”{nnd decreased as tenperatﬁf% increased as it became

easier for the disproportionation of propylene to ethylene and butene.
Therefore a.selective ‘catalyst was required for isopropanol synthesis.
Figs. 6.4-6.6 'and.6.13-6.21.also indicate that| isopropanol selectivity
became favorable at low pressure when the temperature was in the range
of 200-260 °C..\Above 260 'C the selectivity began to\decrease and below
200°C' little isopropanol was synthesized. Thus the optimum tempera-
ture for isopropanol selectivity for this catalyst was between 230-
250 °C. Variation in reaction pressure seemed to have little effect

on the isopropanol synthesis.
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6.1.3 Product Distribution

Figs. 6.13-8.21 show the distribution of all observed
products at each temperature. The main (desired) isopropanol product

and by-products were obtained as follows:

2CH, S=———= , TGlHg*+ CJH,

CHg + HEO" ===+ i-CJHOH (major product)
1

- 4

G+ H’G f&==——= 0n-CHOH (minor product)

A &
f [ 7o
CH, + Hzo,f | : ’ "-:l“ ‘C 20

¢ ald ,-'JJ'..,.
i-CH, + H0 /[e=——= ,t.ﬁ;'C“HQOH
n-C, H % H O = 2-C,HOOH _ﬂ . {major product)
W 1 “
n-C H, + H0 e, 1-C 4H°OI~LH (minor product.)

As for ethylene and/ butene their selectivities decreased as
space velocity became high because there was not,  enough time for
propylene to disproportionate to ethylene and butene.

As for C_H_OH, CH OH, t-butanol, sec-butanol and n-butanol,
their selectivities usually increased with temperature and space
velocity. The influence of pressure however was not remarkable. It
was surmised that these alcohols came mainly from the reactions above.
If this be correct, then the yield of C,H_OH, t-C H OH, 2-C,H OH and

n-C_ H_OH should depend on the availability of C_H_ , butylene and the

2a®
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concentration of H,0. It was observed that the more C,H, and C * 9
detected, the higher the concentration of C_H,OH and C,-alcohols, and
vice versa. At high temperatures, total C,H, conversion as well as
C,H, and C,H, selectivity were found to be high, thus resulting in

i f .
more C_H_OH and C, alcohols. Wheﬁ /t.}e space velocit.y was high, there
was not enough time for CH, to ais ‘raﬂort.ionat.e to become C ,H, and
C,H, and further hydrat.ed to C;HSOH and"C,-alcohols, so less C_H_OH
and C,-alcohols were pbt. ined. |

Conclusions of 13‘%61 Synthesis Results for Catalyst No.1

' / s fon are:

propyleneida{:er mole ratio was expected to

j:’“ ?r a low ratio would adversely

affect plant size, t.hus mcreasmr mvest.ment. costs and operating

increase polymer f oxﬁatl

costs. The rat.lo studied varled. from 1 4 t? 1 : 10 in this work.

2. Kﬁmmmmasﬂp the formation of C,H,,
C, olefins and C "’ialcohols. Below 200°C, little reaction occurred.

3. Pressure ranging from 45 to 165 psig had no remarkable
effect on iSopropanol synthésis)

4., Decreasing the space velocity had a negative effect on
isopropanol .. yield, .Increasing the space velocity would. be expensive
because of theJincreasing ‘cost& of product. ‘separation and recycling of
unreacted propylene.
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% SELECTIVITY OF i-C3H-OH
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Effect of Temperature (200-300°C) on Selecti-
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hr~ ') for Catalyst no.1
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6.2 Comparison of Experimental Results between Catalysts No.1 and
No.2

Catalysts no.1 and no.2 were both zeolite catalysts but with
different composition of Si0_ :y?l O,. In addition catalyst no.2
contained K,0 11.2 wt% in its comp@m’n.

” _/

Catalyst n6 1 -was Nay with=S$i0, : A1,0, = 5.6 : 1 (mole

ratio) where as cata&ystfne.z was a mixture of offretite/erionite with

A7 70.7 31 and K L0008 Al O, = 0.78 = 1. Only

mole ratio of SiOz-

‘ comparable conditions will be compared

4 LA .

experimental res
quantitatively. ess 'ihe general qualitative effects of

pressure, temperatur 'paqe vé}6c1ty will also be compared.

Y idd

The qualxtat1ve-¢f§bpts of temperature and 'pressure
at a fixed space_iveloc1ty on 1sopropanolusxq£pe51s were the same for

both catalysts. ‘fetal propylene conversion 1ﬂr%eased with temperature
from 200°C up teJ280 °C and decreased beyond that as more by products

were instead obtained (see Figs./6.1-6.3 and Figs. 6.22-6.24). An
optimum space .welocity @ existed around 5000 hr—l, above which total
propylene conversion would sdecrease. .. Thus we may.conclude that the
effects of’temperabure, pressure and space veloclty on btotal propylene
conversion were qualltatlvely the same for catalyst no.1 and no.2.
Maximum observed total propylene conversion for catalyst no.1 was
25.9 % at 75 psig, 280°C, 8000 hr ' while it was 18.02 % at 45 psig,
230°C, 5000 hr ' for. catalyst no.2. On the other hand, at 45 psig,
250 °C, 5000 hr—l, for example, total propylene conversion (4.3 %) for
catalyst no.1 was lower than total conversion (9.84 %) for catalyst

no.2.
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Table 6.2 Comparison of Total Propylene Conversion between

Catalysts no.1 and no.2

Total Propylene Conversion (%)
Experimental Conditions -
a Catalysi no.1 Catalyst no.2
45 psig 200°C 5000 L | 2.18 10.36
45 psig 250°C 5000 b i ) 4.30 9.84
75 psig 200°C 50007}};1"{1?, /I =—=%\ st 5.16
75 psig 250°C 5ooo’fhn?;‘;';‘ W W\ 15.92
105 psig 200°C so00hr F | | -L_ .23 1.72
105 psig 250°C 5000 h# /| f Y218 2.19

r T T

I i SR -.a.-_'.-’JJ
" el i "

8.2.2 IsopropaQDIZSelecﬁiQiﬁgLand Space Time Yield of

a!gopropanol -

o

Isopropanol selectivity for both catalysts generally
decreased with_ increasing temperature, while the effect of pressure
was not remarkdble. (The selectivity tended to rise at first with
temperature, then decreasedias temperature became too high. With
respect, te isopropanol . selectivity, thé optimum Space velocity was
5000 hr'* for catalyst no.1. At space velocity = 2000 hr ' the selec-
tivity of isopropanol was low because there was too much time for by-
products to form. For catalyst no.2, isopropanol selectivity increased
with increasing space .velocity all the way to 5000 hr ' (see Figs. 6.4
-6.6 and Figs. 6.25-6.27).
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Table 6.3 compares isopropanol selectivity between catalysts
no.1 and no.2 under similar experimental conditions, as obtained from
Figs. 6.4-6.6 and Figs. 6.25-6.27. It is obvious from Table 6.3 that
catalyst no.2, except at 105 psig, 200 °C and 5000 hr ' where very
little product and by products were, obtained.

Table 6.3 Comparison of Isopropanol Selectivity Between

Catalysts no.1 and' nc.2

. !_ , Isopropanol Selectivity (%)
Experimental Cond';t_,jorrxé ' & ;
F ' r- -! 6atalyst no.1 Catalyst no.2
45 psig 200°C 5000 hy = 4l '-"'_Jf-g, 91.59  69.52
45 psig 250 C 5000 = T” 88.68 45.57
75 psig 200°C 5000 hr™ " §SSSec 0 51.36
75 psig 250 °C 5ﬂ00—b7—1—4$9.13 4.40
105 psig 200°C 5000 hr > 48.58 93.71
105 psig 250°C 5000 hr 63.75" 45.96

In general, space time'yield'«STY)' of ‘isopropanol for both
catalyst increased with space veloeity. (2000-8000 hr ). One
exception occured at 45 psig;-where both catalysts , had a maximum STY
at space velocity 5000 hr = (see Figs. 6.7-6.12 and Figs. 6.28-6.33).
Wwith respect to temperature, STY of isopropanol for catalyst no.1
increased as temperature increased from 220 - 250 °C but decreased at
temperature above 250 ° C because total propylene conversion and
isopropanol selectivity dropped rapidly above 250 °C. On the other
hand, STY of isopropanol for catalyst no.2 increased from 180-210 i
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and decreased above 230 C [Note that (STY) = (space velocity) x (total
propylene conversion) x (isopropanol selectivity) x (mole ratio of
C,H, : H,0)]

Table 6.4 compares the STY of isopropanol under similar
experimental conditions. Obvmqsly, catalyst no.2 had higher STY of
isopropanol than catalyst no.1 excé( xat 75 psig, 250 °c, 5000 hr ', in
which case the optimum STY 3f cata st.vno.z occured at a lower
temperature than catalyst no.1.

6.2.3 "__,Qis;tri!latim

a2

f 'Lempe{'?,tures C,H, selectivity generally
»e, alt.hough in the temperature range between
nt.al resu—l'}? showed a decrease in C.H, selec-

etzhanol seh&‘.@lvﬁ.y. Apparently some of the
C,H, was converted to C, HSOH aq’jn the reaction C oHy + B0~

increased with tempe
230-300 C, some e

tivity due to increas

C,H,OH. The effdct. of space velocity and temée;ature on C_H, selecti-
vity are shown n{ Flgs. 6.13-6.21 and 6. 34—8}4’2. For both catalysts

the effect of pressure was not remarkable @ at low space velocity or
high temperature, though there were more by-products, especially
olefins and higher alcohols, probably as follows:

2 - C,HOH (major product).

i - C;H, + HO t - C,H_OH

CH. *:HO =~ 1 -=.CHOH (minor product.)
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Wy

Table 6.4 Comg

Mld of Isopropanol

/// \\}

panol (mol/l-cat.hr.)

Experimental Condi igns e

Catalyst no.2

45 psig 200°C 5000 hr j :
45 psig 250°C 5000 hr " SR
75 psig 200°C 50
75 psig 250 °C 500?

105 psig 200°C 500 hr [

105 psig 25(ﬁ 5000 ' ‘ :

Iane

2.29

1.36
.85
.23
.51
.32

QW’]ﬂ\ﬂﬂiﬂJ URIAINA Y
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.

of Jt.h@mﬂ.y Between Catalysts

Table 6.5

€ ne Selectivity (%)
Experimental Conditi » * '
f , no.1 Catalyst no. 2
45 psig 200°C 5000 4.72 1.49
45 psig 250°C 5000 hr =~ "f“’ Q"‘L | 3 | 5.18
75 psig 200°C§000 br -~ L 1.76
75 psig 250°C 5000 , .507
105 psig 200°C 5 l hr* - N -
105 psig zﬁ ‘ . o .

ammmm ll‘lﬂ’]’lﬂiﬂﬂ%l
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D

Table 6.6 C ectivity between

\\\\

ne Selectivity (%)

..1\ \\

Experimental Condi
0.1 Catalyst no.2

.85
3.64

45 psig 200°C 5000 hr
45 psig 250 °C 5000 hr~
75 psig 200°C ;‘———_' .638
75 psig 250 °C 50 20.64
105 psig 200°C 500 hr .94

105 psig ZS(FT m VI ﬂ iwal] ﬂ lj 2.58

Q‘W’]ﬁﬂﬂ‘im UA1AINYAY
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L

‘/// %\\\

t1vit.y between

Experimental Conditi

\}\ ity of 1-Butene (%)

Catalyst no.2

45 psig 200°C 5000 hr ' |
45 psig 250°C 5000 hr

75 psig 200°C S000HE

—
75 psig 250°C soghr .Gm
105 psig 200°C 5000 hr” 2.06

e ie = TN mwmn‘s

3.42
12.0
.85
1.34
.142
.148

QW’]@\‘iﬂiﬂJN%T)V]H’]@‘c’J
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Table 6.8 Selectivity between Catalysts

§'»/

Experimental Cond

Catalyst no.2

45 psig 200°C 5000 hr '~ i 14.76
45 psig 250°C 5000 h R Vi 10.82
75 psig 200°C 500 o6 9.58

75 psig 250°C soomhr
105 psig 200 °C 5000 ‘m 2.58 1.91

s seie 256 i bed V16117 NG e

’QWW&Nﬂ‘iﬂJ NMW’JVIEHMJ
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f 1ect1v1ty between

Table 6.9

Experimental Conditi

Catalyst no.2

g ;\\\\ ¥ v
y -k

45 psig 200°C 5000 hr - 1.85
45 psig 250 s 5! 0 h

W s 2.06

75 psig 200°C 5 e Y] 2.0
75 psig 250 °C 500 3 m 10.74
105 psig 200°C sooo 238

i zswzﬁﬂ nswenng o

1 -
- P ki
e Y Bat

’QW']ﬁNﬂiﬂJ UNIAINAY
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Table 6.10 Comparison O -‘“4 1_‘ lectivity between

bl Selectivity (%)

Experimental Conditi

10. 1 Catalyst no.2

45 psig 200°C 5000 hr | 3.98
45 psig 250°C ,p' i 6.48
75 psig 200°C 500 8.94
75 psig 250°C 500£Dhr 19.67

105 psig 200 °C 5000 br -

= SHHHANYNTNYING

ammnim URNAINYA Y
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Butanol Selectivity (%)

Experimental Conditions F

Catalyst no.2

g ° =% —=
45 psig 200 C 5000 hr T

45 psig 250°C 000
75 psig 200°C ’v':-__ =
75 psig 250 C sooﬂhr

105 psig 200°C 5000 p-; 7.38

105 psig ZBﬂ ﬂ’m Qn 4 VI %JWE’I‘ ’] ﬂ ‘ji

1.34
5.26
12.86
18.96
3.03
28.97

AAIANIUNNING Y
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§’/#/

Table 6.12 Compz

//\\

Se ect. ivity between

Catalyst no.2

45 psig 200°C sooo'hr‘*_,_

45 psig 250°C sobpdr |
75 psig 200°C 5000 hr = |
75 psig 250°C sooghr

Experimental Conditic
7 ;‘::==: :
e

Y]
38 |

105 psig 200°C 5000 ﬁr 1.98

105 psig 25(ﬂ %ﬂf’}l qn ﬂ j Wﬁq ﬂ ‘j

.95
4.3
11.9

20.24

16.3

ammnimumqwmaa
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Table 6.13 Arison-of $ of ,i. between Catalysts

Catalyst no.2

45 psig 200°C 5000 hr i} A 0 , .049

45 psig 250°C GEDG-Re———F AT .155

75 psig 200°C ot g .028
6.99x1@3

75 psig 250°C éj_‘ hr * .025
105 psig zoﬁﬁm‘ Lah & o
105 psig 25 *qﬂ i ﬂjwzj,]ﬂ‘j %

4

RINNIUUNIINE Y
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Experimental Conditions

ene between Catalysts

\

Cat.alyst. no.2

45 psig
45 psig
75 psig
75 psig
105 psig
105 psig

_if"" 5

o -1 me—
200°C 5000 hr -
250 "C 500¢

200 °C 5000 hr

ﬁ‘%ﬁ@"ﬂ NSWEINg

.028
.109
.01

1.04

5.15x10
.018

ammmmw’nwmaﬂ
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é ‘\\ n-But.ene (mol/1l-cat hr)

‘-' no.1

Catalyst no.2

45 psig
45 psig

75 psig ,‘ 500
75 psig ' 1.£{1o-a

1% ﬁmsiﬁmw SwerdHs

112
.36
.013
.068
7.78x10
1.03x10
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Table 6.16 between Catalysts
: ‘i
i& j; ol (mol/l-cat. hr.)
Experimental Condifions: < _. —

y f’ir 1 % | Catalyst no.2

é i
45 psig 200°C 5000 he s 2 .48
45 psig 250°C .324
75 psig 200°C 5 .157
75 psig 250°C 5 Ohr— 7 109m X
105 psig i .010
105 psig @u‘j‘;gj m VI j wm ﬂ ‘j .019

ammnmumwmaa
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Catalyst no.2

45 psig
45 psig
75 psig
75 psig
105 psig
105 psig

200 °C 5000 =L TN : .061
250 °C g e ) .061
200°C 5 vl Y Ox10 .034
250 °C 500€ .545

imﬁw mwmn‘f

’QW’]@\“Iﬂ‘iﬂJ &IW]’J?]EJ’]GEJ
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Table 6.18 CO

§U//

anol between Catalysts

Experimental Cond1 () .ﬁ,

‘
%Q\\ ~Butanol (mol/1-cat.hr.)

Catalyst no.2

45 psig 200°C 5000 hr =~ ﬁ

.131
45 psig 250°C 1:‘:?* 510 - .194
75 psig 200 °C 5000 M TX1E .147
75 psig 250 °Cc 5000 hr .998

o miiﬁﬁm mwmm
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Catalyst no.2

45 psig
45 psig
75 psig
75 psig
105 psig
105 psig

250 °C 500¢

250 °C 5000 hr~
200 °C 5000¢he., Qs S. 20x10

sﬂcﬂ%ﬂ@‘lﬂ NIWBEINT

.044
. 157
.211
.962
.016
.198

amaﬂnm UA1AINYA Y
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ol between Catalysts

Table 6.20 ompa3 /

7k

PA& utanol (mol/l-cat.hr.)

Experimental Conditio

Catalyst no.2

j fﬂ’ ,.-'El ‘,-V' T

45 psig 200°C 5000 hr* | .031
45 psig 250°C 5000 7 A YN .129
75 psig 200°C 5000 hr 1107 .195
75 psig 250°C 5oﬂhr — 8. 1.02

105 psig 200°C 5000 hhr- 6.42x10 -

e SRRV SNBNN G

ammmmumwmaﬂ
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Table 6.5 shows that temperature and space velocity slightly
affected C,H, selectivity for both catalysts.

As seen from Table 6.6, at pressure 45-75 psig i—CAH8 selec-
tivity of catalyst no.2 was higher than that of no.1, but at 105 psig
the reverse was true. The c?ntradiction was caused by the pressence
of numerous by-products whlch’ﬂwere also reaction intermediates.
Overall the i- C.H, select1v1ty of“ “catalyst no.2 was higher than
catalyst no.1. Tables 6.7-6.%2 show the selectivity of 1- ~C 1 O OH,
n-C_H_OH, t—Caﬂgggfaanz-CAHg?H, respectively. The results of Tables
6.7-6.12 are quali a&ively thé same as Table 6.6.

s.z.aéécg Ti;ne_Yi-s'lq. of By-Products

;7 ; 'A !
Qﬁb%ﬁs N 13 B 36 show that space time yields of C,H

i-C H,, 1-C 2Hgs CZHde n C H70H;:t?C H_OH and n-C,H OH for catalyst

no.2 were generally hlgher thantfﬁése for catalyst no.1. The excep-
tions were space time y1e1ds of i & ﬁ‘, 1- C£H and C_H OH at 105 psig,
5000 hr ' g 200;p and 250 C. So it may be Jconcluded that catalyst

no.2, which is offret1te/er10n1te with mole ratio of 510, /A1 20, = 7.7,

NaZO/Alzo =0, 25 K O/Al 205 = 0,78, performed better than H-Y, which
has mole (ratio of S10,/A170, '~ 650

Because of the difference in SiO »/A1,0,, the "optimum"
conditiden-of ~isopropanol-synthesis~for, the two-catalysts turned out to
be Somewhat-different in the present ‘study.” To maximize isopropanol
selectivity and space time yield for catalyst no.1, synthesis should
be_ carried at a low pressure and medium space velocity with
temperature ranging from 250-280°C. For catalyst no.2, the optimum
conditions for isopropanol selectivity and space time yield were
similar to those of catalyst no.1 except that the temperature range

should be 200-230°C. For both catalysts the optimum space velocity

was around 5000 hr—l, and pressure around 45-75 psig.
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Figure 6.28 Effect of Temperature (150-250 C) on Space Time
Yield of Isopropanol (at 45 psig, 2000-8000 hr )
for Catalyst no.2
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Figure 6.29 Effect of Temperature (150-250°C) on Space Time

Yield of Isopropanol (at 75 psig, 2000-8000 hr )
for Catalyst no.2
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Figure 6.30 Effect of Temperature (150-250°C) on Space Time
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for Catalyst no.2
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Figure 6.31 Effect of Temperature (150-250°C) on Space Time
Yield of Isopropanol (at 45-105 psig, 2000-8000
hr ') for Catalyst no.2
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Figure 6.32 Effect of Temperature (150-250°C) on Space Time
Yield of Isopropanol (at 45-105 psig, 5000 hr )
for Catalyst no.2
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6.3 Comparison of Experimental Results among Catalysts No.1, No.2 and
No.3 '

: Sinée ‘catalysts no.1 and no.2 were the same zeolite differ-
ing only in the presence or absence of K,O and in the mole ratio of
5i0,/A1,0,, they exhibited similar effects of temperature, pressure
and space velocity on isoproﬁ;nol synthesis. Thus it suffices  to
compare catalysts no.i and no.2 &nd to compare either of them to
catalyst no.3..«wThe former cbmparison has been made previously. Here
we choose to comparé mainly catalysts no.2 and no.3.

Catalyst/no.3 vas .N!_a-mordenite obtained from the Chemical
Research Laboratory of Tbyo '.‘gda Manufacturing Co.Ltd,. It consisted
of Si0, 87.7 %, ,,Al 7 '3 % a.hd Na 0 5.1 %. All synthesis experiments
- were carried out at medlum m:essures (45-105 psig). The range of
space velocity was from. 2000" bg 8000 hr = and the temperature range
was from 200 to 300°C. H

6.3.1 Comparison of Totsl C o L 5 conversmn between Catalysts
. No.2 and No.3

The, total C.H, conversion for catalyst no.2 generally
increased with te:;xperat.ure but.idecreased as pressure or space velocity
increased (see Figs.6.22-6.24) Catalyst no.3 exhibited the similar
trend \as catalyst no.2 (see Figs. 6.43-6.45).

With respect to spacé velocity, the total C,H_, conversion
for both catalysts tended to decrease as space velocity increased.
The effect of space velocity for catalyst no.3 was less than that for
catalyst no.2 when the temperature was low (200-250 ‘C). On the other
~hand, at a higher temperature (280-300°C) the total conversion of CH,

for catalyst no.3 was higher.
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In general catalyst no.3 was found to give a lower total
C.H; conversion than catalyst no.1 and no.2. In terms of STY of

isopropanol, the order of ranking was : catalyst no.2 > no.1 > no.3.

6.3.2 Comparison of Isopropanol Selectivity and STY of

Isopropanol bet.geen Catalysts No.2 and No.3

2 :

Isepropanol selectivity for catalyst no.2 generally
increased as spaee velogity ix‘lcreased,' but. decreased when temperature
increased (see Eigs. 6.-25‘-6.21!) The effect of pressure however was not
significant. For catalyﬁf.’nc;:é isopropanol selectivity was high at
230-280 C but 1t vas hard io éis’cem the effect of temperature. The
results of both catalysts indiéqt.red that as space velocity increased
or as temperature decr_:eased'; i isopropanol selectivity generally
increased. The optmumt.emperat.m for isopropanol selectivity was
180-230 °C for catalyst no.2 an@?_zgp_-;zeo °c for catalyst no.3. In any

case, we may __égnclude that the effects of _pressure, temperature and

space velocity’' on isopropanol selectivity were qualitatively similar
for the two catalysts. When the observed maximum values of isopropanol
selectivity were’ compared among .’ catalyst no.1, no.2 and no.3, it was
found that catalyst. no.3 usually performed the worst (73.43 % compared
to 80.24 % and 93.59 % for catalysts no.2 and no.1, respectively)

The  effect: of pressure on STY of isopropanol was the same
for" all three catalysts. It was hard to compare because they were
not significant (see Figs. 6.7-6.12, 6.28-6.33 and 6.49-6.54). With
respect to space velocity, both catalysts no.2 and no.3 exhibited a
positive effect on the STY of isopropanol. Except at 45 psig, the
maximum STY was observed at 5000 hr = and 180-230°C for catalyst no.2
and at 2000 hr ' and 260-280°C for catalyst no.3.
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Comparison of the observed maximum values of STY of
isopropanol revealed that catalyst no.2 had a much higher STY than
catalyst no.3 (3.42 mol/l-cat.hr compared to 0.65 mol/l-cat.hr at the
same pressure 45 psig and space velocity 5000 hr '. Note that the
applicable temperature ranges were different (230°C for no.2 and 280°C

F

for no.3).
J
6.3.3 Comparison of Product Distribution among Catalysts
NG. 15 No.2 and No.3
for 8.11 the t"hree catalysts, when temperature
increased or space velocit.y"\ decreased, olefinic products would
increase. The ei‘ f eﬁt of space veloclty on olefinic products was more
significant t.han 'r.hat of teﬁygrature because a low space velocity
allowed enough time to- produce él@f ins and to decompose isopropanol.
At a temperature lower t.han {.aﬂ C_, isopropanol could hardly be
detected. Thp: suitable temperature range_{was 230-250 'C for catalyst
no.1, 210-230°C for no.2 and 260-280°C foro.3. Below the suitable

temperatures, little olefins or isopropancl were observed. Above the
suitable temperature ranges such by-product as higher olefins and
higher alcohols were observed. :

In summary, we might conclude that in terms of isopropanol
STY. ancl seleelivity, ‘the order of ranking was : cafalyst no.2 > no.1 >
no. 3%

It should be noted that only catalyst no.2 had K,0 as
a compositon, which was not present in catalysts no.1 and no.3. The
experimental results seemed to indicate that having K,O as composition

and smaller pore size were best for isopropanol synthesis.
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Figure 6.47 Effect of Temperature (200-300°C) on Selec-
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Figure 6.50 Effect of Temperature (200-300°C) on Space
Time Yield of Isopropanol (at 75 psig, 2000-
8000 hr ') for Catalyst no.3
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Figure 6.51 Effect of Temperature (200-300 °C) on Space
Time Yield of Isopropanol (at 105 psig, 2000-
8000 hr ') for Catalyst no.3
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Comparison of Isopropanol Synthesis Performance between Present,
Catalyst and Industrial Catalyst

The isopropanol synthesis industry typically used a series
of 2-10 reactors, in which strong acid catioh exchanged resins are
packed. The reported performance at 120-200 °C, 60-200 bar is 99.6 #
propylene conversion and 99.4 A ﬁs ropanol selectivity. On the other
hand the present work used a slngl ’{gﬂferentlal reactor, in which a
cation exchanged zeglite catalyst —~was passed. At the present low
_ pressure of only 45 Psig, 230 °C and SV 2000 hr~', it was found that

the H-Y catalyst

14098 # propylene conversion and 95 # isopropa-

nol selectivity. f;bé Co@QPrison, we assume that a series of

10 reactors are p: thé ﬁ;Y catalyst, and that all products

air of - &eactors. Then we have the following

&

are removed bet.ween

# i
i o d ;.4 ,

results. 7Y P

no. of reactors il J% coanr81on #selectivity

1. -T 95
2. L2k 94.79
3. -?é fép' 94.85
4. ‘”if ,':J 94.88
5. - - ; 94.91
6. 94.91
7. 94.91
a8, 94.92
\ ol 94.93
1o. 94.94

Thus the above salsulation showed that the industrial
catalyst 1is still quite superior to our own catalysts. Thus there is
still room for further improvement before industrial application may

be considered.
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