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Conclusions

The following conclusions may be drawn from the present
work.
1. Ion exchange of the three isopropanol synthesis catalysts
(NaY, offretite/erionite, mordenite) was carried out as follows:
a) The mixture of catalyst powder and 1 Molar NH,NO,
solution was heated at 80° C for 2 Hours.
b) The catalyst paader was washed with distilled water.
c) Repeat;éteps 2)| and b) one more time.
&) Thecatalyst ~was dried in-an oven at 126 C for 24
hours. Yy /="
e) The catalyst w85gcglc1ned for 15 hours by heating in
atmospheric air at approxumately 500 C. The ecatalyst thus obtained was
pelletized to have a bulk den51tyf about .866 gm/cc, then crushed and

screened between mesh 10 and 15’Jfor use in isopropanol synthesis

;,.h_

experiments. P
2. The, exper1menta1 apparatus for 1sopropanol synthesis,

which was mountéd within a frame of angular .steel was fabricated
using stainless steel Swagelck parts. The maximum design pressure was
100 atg. and thesmaximum design . temperature 400° C. The heating
furnace was' made of refractory bricks inset with heating wires and
temperature control was done using 2 slidacs. Leak tests with N, was
carried out ‘at1,.2 5 15, 10-100 atg.

3. In the experiments, isopropanol was synthesized from
propylene and water at the feed mole ratio of 1/4-10. Experiments
were carried out at 45, 75 and 105 psig, while varying the temperature
from 150 ﬂo 300°C and .the space velocity from 2000 to 8000 hr " 2 mnl.
of catalyst was packed in the 1/2" 0.D. tubular reactor. Analyses of
the product gases and liquid were performed using gas chromatography
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(Shimadzu GC model 8AIT and GC 8AIF). Both equipped with porapak Q
column.

4. From the experimental results obtained in this study, it
may be concluded that the effects of temperature, pressure, space
velocity on isopropanol synthesis were as follows.

4.1 For catalyst n'o'.'it, a ternary H-Y catalyst of
$i0,/A1,0,/Na,0 = 66.7.2 20.3 :J12.3, total C,H, conversion generally
increased with temperature but decreased as space velocity and
pressure increaed. Isopropanol select.ivit.y increased remarkable with
temperature up to.an optimnm tehperat.ure taround 250 °C), above which
it instead decreaséd Space*time yield of isopropanol usually
increased with t.emperature up tﬁo ‘the optimum temperature (around
250 °C) but decreased as p.rgssure'_ mcreased Optimum space velocity
was around 5000 hr above,?r be]:?: which STY decreased.

4.2 For catalyst no.2, an offretite/erionite catalyst of

Si0,/A1,0_/Na_0/K 0 = 70.8 i 15.8 % 2436 : 11.2, total C_H, conversion
s o A
usually increased with temperature but decréased as space velocity

increased and 'sfi_ght.ly decreased as bressurgjﬂécreased. Isoprepanol
selectivity genei;ally increased with pressure up to an optimum
pressure 45 psig’ but decreased ; against space velocity. The
selectivity  generally increased with temperature up to a certain
optimum temperature (around 210 °‘C), above which it then decreased.
Space. | time yield ‘of “isopropanol was ‘also  found \Lo  increase with
temperature up to an optimum value (around 210 ‘Cc) above which it then
decreased. The optimum pressure and space velocity were 45 psig and
5000 hr ', below which the STY then decreased.

4.3 For catalyst no.3, Na mordenite, with Si0,/A1,0,/Na 0 =
87.7 ¢ 7.3 : 5.1. It was found by Dr.Wiwut Tanthapanichakoon that, in

general the total conversion of C_H_ increased with temperature up to
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an optimum temperature (around 280°C) above which it then decreased,
and isopropanol selectivity had the same temperature dependency as

C,H, conversion, the optimum temperature again around 280 °C. Both

pressure and space velocity had no remarkable effects on the space

time yield of isopropanol.
4.4 It was seen that aiﬁbgygh all the three catalysts had

qualitatively, the same effect of ﬁenpéiahure, pressure and space

velocity on isopropeﬂgl,synthe§{s, their quant1tative effects on the

yields of the majf:::EEs{de product. dlffered remarkably. Catalyst

no.2 converted more € _Hg to iso yropanol than catalyst no.1 and no.3

under the same pressure,: t.emp ratnﬁe and space velocity. Catalyst no.2

also converted some , Sec 3F‘H° but catalyst no.1 and no.3 did

not.

ad

4.5 Of th jed' catalyst no.2 was most suitable

2\
b —z
Y \ ¥

As the ngft step of study we shouid%improve the catalyst
performance by sé;rching for a promoter, suéﬁ as an oxide of centain
alkali metal or alkali earth metal: " Once the best catalyst has been
found, then ‘more study on the phyéical properties, such as pore size
distribution~ BFT surfacecarea, ete.~before and ~after, the reaction
should ‘bé investigated to'see how'they affect-the performance of the
catalyst. The results of such study can then be used to further

optimize the catalyst performance.
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APPENDIX A
The following calibration curves obtained from Shimadzu

Gas Chromatography model 8AIT (TCD) with the operations:
150°C

‘Inj/Det. temperature
Column temperature : : 125°C

: Argon

Carrier gas

T A,

Carrier gas pressure of I \“ n
Flow rate of carrier&@
PQ detected 7
Polarity PQ
From Shi

the operations:
Inj/Detect temperat
Column temperature
Carrier gas

Carrier gas pressure o

Alr pressure

Hz pressure

PQ detected D 1, C,H_OH, i~C_H_OH,

C,H,OH, t-C H_OH,

Polarity PQPJ' u EJ‘;E :y] EJ (ﬂ %Jw Ef?T ﬁo'sand n-C,H_OH
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APPENDIX B
EXPERIMENTAL RESULTS OF CATALYST NO.1

Catalyst no.1 (H-Y)

React.ion Conditions:

P = 45 psig

GHSY #2000 hr™*

¢ a4 - o
T = 180-280 C

4
React.ion Tempera&prél(b) R 150 200 230 250 280
A7/ 1=
J,,aciﬁﬁ v 77;;31 3.62 | - - -
/ Fou L1 .53 22 | 1.49| e.62| 8.75
F F. . 2 i
o€ a- " | .33 .45 S 819
¢ H o= 1.28 17.69 4.62 | 24.44 | 21.13
- es ) e
Product Selectivity | i-C_H,OH | 78.95 | 73.11 | 79.21 | 42.16 | 51.85
(%) | n-CoHoH | a29 | 2. 23 73| 1.98 | 1.69
[ t=CHOH{—3:72 22| .95 | 3.73 | 3.67
T [ GO ot | 5.57 | 13.49 | 7.97
n-C,H_OH .95 .85 | 6.97 | 6.59 | 2.7
Total™ [100.0 |100.0  [100.0 [100.0 |100.0
Conversion of CJH, &) lin'Feed I7d |0 1.B4] EkbR() 2.86 | 1.67
At .17 .33 .22 .15

Space Time Yield of i-C_ H,OH
(mol/1l-cat.hr.)
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Catalyst no.1 (H-Y)

React.ion Conditions:

P = 45 psig
GHSV = 5000 hr ™
T = 200-300C
J"f_‘.-'".';
T
Reaction Temperature () | 200 230 250 280 300
- # [
jf’ h!}
f%/dz};lg_-' L fs A2 3.09| 3.13 | 2.22 -
/ “ghile - E— - 0.42 | 4.42 | 10.86
ﬂ rytcgﬁe A= - .08 .04 .12
/Caﬂsgﬂi“ 8u28 | 2.47 | 2.5 | 13.01 | 19.40
y i N i
Product Selectivity | i~C,H,OH | 91.59 | 93.95 | 88.68 | 62.49 | 49.14
' e
T 2k
(%) n-CofoH | —==5 - .58 | 1.36 .61
t=CZHOH [ SRR 07 .5 | 2.07 | 4.65
' [
A ;
Yo —2=C H OH .39 =4 2.56 | 8.94 | 15.16
- 2o o
. | n-C,H_OH - | 1.52 | 5.4 -
Total, , .1100.0,,,1100.0 1100.0 [100.0 [100.0
Conversion of C_H_ (%) in Feed 2.18 3.02 4.3 4.53 5.80
Space Time Yield 'of\ i-C_H OH .64 .90 ih21]] .90 .91
(mol/1-cat..hr.)
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Catalyst no.1 (H-Y)

Reaction Conditions:

P = 45 psig
GHSV = 8000 hr *
*ﬁ = 150-280°C
Y.
React.ion Temperatuﬁgmﬁb) T.1so 200 230 250 280
-7 7777
. 6.22 - 3.46
.45 A8 -} ©3.08
’j: .31 .01 .31

8.86 7.32 | 10.8

Product. Selectivity 83.03 | 89.85 | 81.66

(%) 10l .64 .48 .68
C4H,0 i .47 .50 .59
\ | 2-c H0H - = - .63 .39
e -
\/ | nCHOH| - ) - 1.02 | 1.04
Total 100.0 100.0 100.0 100.0 100.0
Conversion of “"C_H_ (%) in Feed .31 s 22 1.47 2.78 1.60
Space Time (Yield of i<C_H,OH 302 403 ASidy 1-11 .53

o7 1-ch hrY
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Catalyst no.1 (H-Y)

Reaction Conditions:

P = 75 psig
GHSV = 2000 hr™’
T = 200-300C
vy
)7
>
Reaction Temperatiré (ty | 200 | 230 | 250 | 280 | 300
;:j 3.22 - ~
A .14 A7 | 4.38
, /4 .02 | 2.43 .42
, 19.74 | 66.03 | 17.07
Product Selectivity 66.76 | 15.44 | 15.18
(%) 3.19 19,1 2.2
3.34 | 5.28 1 2.48
o 4.31 | 4.32 | 54.60
; 5] 3.28 | 5.62| 2.53
Total [100.0 [100.0 [100.0 [100.0 [100.0
Conversion of{C_H_ (%) in Feed 1.84 4.93 9.46 | 17.19 2.25
Space FimerYield-ofyi~C_ H.OH . 17 64 &7 .47 .06

(mol/1-cat.hr.)
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Catalyst no.1 (H-Y)

React.ion Condit.ions

P = 75 psig
GHSV = 5000 hr '
/T = 180-280 C
.u"';if
Reaction Temperature «°C) 180 200 230 250 280
f}/@’ﬂjl S \ 2.61 .29 .33 -
/ O™ == 31 | 3.50 AT | 9.27
//n Cf (DA 4 . 3 | .08 | 1.48
; 2] OH = 37.41 28.9 52.45 45.53 31.87
Product Selectivity J ifCH,OH | 62.58 | 66.0 | 39.13 | 51.25 | 34.94
( %) ﬁ—CA_EH i;_;:u .38 .88 1.69 10.22
- t;C_ 5,'H§0H _f\‘:_ F .89 . 1.30 «0D 7.89
. | 2-c,HOH - RE L .67 .51 | 2.86
T = —
;j: n—CAHQOH - .{9- .93 .38 1.44
Total 100.0 100.0 100.0 100.0 100.0
Conversion of C,H, (#® in Feed 3.01 5.91 7.64 10.46 3.86
Space Time Yield of | i~C H 00 L7 (62 | 1A .48 [ 1.01
(mol/l-cat.hr.)
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Catalyst no.1 (H-Y)

Reaction Conditions:
P = 75 psig
GHSV = 8000 hr
/T = 150-280 C
)y,
React.ion Temperature C . 150 180 200 230 250 280
- '.
,xéﬂ‘ ! 3,98 | 254 | 11.95 | 3.09 | z.92 | 1.56
K/II:.‘FC‘H‘ AR 70 | 2.67 | 1.11 | 5.63 | 13.12
/ Al T @ |\ hsh| - .08 | .59 | 2.08
A CHbon {4 - 'i9.4a | 4.12 | 46.87 | 63.24 | 34.83
Product Selectivity [|i4C,H,0f | 11,08 | 57412 | 74.30 | 48.04 | 18.18 | 13.12
(%) n—CaH_,(;H 15:5‘55, 13.97 | 1.75 .38 | 3.08 | 12.11
t~CoH0R 17?3\4 8.73 | 1.52 | .46 | 2.56 | 10.68
| 2cuon | 12.85 | eof] 2.2 | - 1.4 | 2.0
{7 | n=cuon | 1s.07 4.41_'3_4 1.36 | - 2.35 | 9.50
Total |100.0 [100.0 [100.0 [100.0 [100.0 [100.0
Conversion of/C,H, (% in Feed | 1.17 | .72 [ 1.25 | 10.87 | 18.20 | 25.90
STY of \CQHYOH (molal<catshry) 200 A antb |~ Ald) 2.33 | 1.41 | 1.52
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Catalyst no.1 (H-Y)

Reaction Conditions:

p = 105 psig
GHSV = 2000 hr ™’
T = 200-300°C
Z.
Reaction Temperature (o PJ 200 230 250 280 300
A e
jéfq - 3.42 5.28
i?C‘,H.« . .08 11.44 8.43
/ /x{ AN - .52 .08
Product. Selectivity /’4 2.38 11.42 | 28.75
(%) 32.37 45.84 | 44.11
.03 3.08 2.01
.03 4.92 3.1
W (] 65.04 | 11.96 | 5.47
[ 'l o5 | 7.3 | 2.73
o Total 100.0 100.0_- 100.0 100.0 100.0
Conversion of "C_H_ (%) in Feed .35 1°3.84 10.75 4,28 4.26
STY of i—CQH.,OH ‘mol/ I=cats.hx.p 301 099 52 .29 .28
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Catalyst no.1 (H-Y)

Reaction Conditions:

P = 105 psig
GHSV = 5000 hr *
T = 200-300"°C
/e
Reaction Temperature (C) 200 230 250 280 300
o |
NS | -1
iS4 Afar.a JaT.79 | a.7a | 8.41 [ 14.93
/ ot h Tl 42,08 |\ 2097 | 1.01| 1.68 | 2.4
o | 2.58 | 1.56 | 22.52 | 20.19 | 41.96
Product Selectivity | i4C H OH 48.58 | 83.06 | 60.07 | 43.0 | 22.81
(%) ﬁ’-q@ﬁﬂ | 8.21 | - 3.8 | 5.72
teE-bﬁ{QOH 7.05 | - 3.7 | 4.13
| sec—c,h on 12,45 | 4.81 | 4.79 | 3.27
7 caon 1756 | 6.82 | 5.39 | 4.7
: Total [100.0 [100.0 |100.0 [100.0 |100.0
Conversion 6f C_H_ (%) in Feed | .23 .27 | 1.3a| 1.64| 2.18
Space-Time Yield of i-C H OH /03 o1 - .22 .16
(mol/1-cat.hr.)
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Catalyst no.1 (H-Y)

React.ion Conditions:

P = 105 psig
GHSV = 8000 hr™’
T = 200-300°C
.
-~
. -
React.ion Temperature (&) | 200 230 250 280 300
.-""Mri 7 "4 ‘I
A Coy | |\31.68 - - 2.64 | -
/@f‘cafne--* SARN 1.38 | 1.21 | 2.39 | 3.06
[/h-,é‘}la 1 ?) 4% .27 .15 | 1.07 .98
/ ‘;fzg;oa e 3 22.55 | 54.10 | 34.59 | 45.69
Product Selectivity | iSC_HOH | 68.31 | 74.49 | 42.43 | 48.04 | 39.06
| ahd F AL
(%) m-CHOH | - .66 | 3.12 | =2.88
ter-C H 04 | - .57 | 3.38 | 3.33
)| see-CH0H 485 .44 | 3.06 [ =2.23
.7 | n-C,H,0H - Taa A0 LT | 226
Total 100.0 |100.0 [100.0 [100.0 [100.0
Conversion ofC_H, (%) in Feed .36 1.01 | 4.41 | 1.29 | 2.34
Space TimecYield-ofy i=C H-OH A1 238 .95 22 .47
(mol/1-cat.hr.)
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EXPERIMENTAL RESULTS OF CATALYST NO.2

Catalyst no. 2 (offretite/erionite)

Reaction Conditions:

GHSV

P = 45 psig

= 2000 hr '

7 = 150-250°C

-
Reaction Temperah-ur{g_;‘('C) | 150 180 210 230 250
g y -IL
o 14
/ )cz}'la = B g B & i
fidc iy () a2tas |\ 9,33 | 11.91 | 19.11 | 18.54
Pl - A\ % | .60 | 1.85| 3.13
d F ] o’ + I '. ; # o
26CHy | Ae1o || Tuae | 172 | 471 | 6.24
C_H 08 - | 3.49) | "4.42 - 1.40 | 3.85
Product Selectivity | i-€ HOH | 9.20. 32.72 | 45.47 | 29.23 | 33.95
(%) Al ncHon| 1.563 | e¥d.| 4.37 | 7.25 | 8.67
/| t-cuon | 4.1 | 18:58] 12.21 | 15.83 | 17.73
| 2-c HOH | 11.56 | 27.07 | 13.98 | 12.20 | 4.46
n-CHOH | 5.65 [ - 9.7 | 8.42 | 4.39
Total . |100.0 |100.0 [100.0, |100.0 [100.0
Conversion of C_H, (%) in Feed .82 | 2.18 | =2.05| 3.01| 1.87
Space Time Yield of i-C_H OH il ar o Faas] dios

(mol/1l-cat.hr.)
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Catalyst no.2 (offretite/erionite)

Reaction Conditions:

P = 45 psig
GHSV = 5000 hr
T, = 150-280 °C
. J ,
Reaction Temperature (C) 150 180 210 230 250 280
Ry P AR 1.49 | 3.1 | s5.18 | .92
e r
o 4 4 - 2 9
r}—%“‘ A- 247 | aso | .85 | 1.93| 3.64 | 4.92
r =y
gt 0 04| 3.42 | s5.92 | 12.0 | 19.35
¥f{s[ 8%
fe g 4 - 1.80 | 2.94 | 4.64 | 6.90
¢,HJOH | 11.67 | 7.32 | 14.76 | 10.40 | 10.82 | 9.58
Ad ¥ Y
Product Selectivity | i-€JH.OH | 80.24 |, 77.92 | 69.52 | 59.69 | 45.57 | 15.38
(% n-C_H.OH- WJ '3.18 | 1.85 | 3.99 | =2.06 | 20.61
e Ll R (=
| t-C.H_OH 23 | 213 | 3.98 | 3.95| 6.48 | 13.98
. /| 2-C_HOH | 3.66 | 3.52 | /1.34 | 3.88 | 5.26 | 1.47
| n-c pon | laa " 88| .95 | 4.14 | 4.3 | 6.84
! {t
Total | 100.0, “f100.0" | [106-0 [100.0 [100.0 [100.0
Conversien ofyC3Hs (%) 4n Feedy ||q 8459f, ~2.25 p 10338 [e18.02 [ 9.41 | 16.65
STY, of ' i-C_H_ OH SAROSMobWl b a2 | 138 .81

(mol/1l-cat.hr.)
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Catalyst no.2 (offretite/erionite)

Reaction Conditions:

P =45 psig
GHSV = 8000 hr '
/T = 150-250 C
Reaction Temperature (&>~ | 150, 180 | 210 | 230 | 250
WA, | - | - | -
g /H_ckua_ ':’8.7 1.78 | 6.49 .82 | 8.81
--*’p—c’ma (A 3418 .50 .16 «33 | 118
£-£.1 A - - .98 | 2.58
Product, Selectivity c;usoa -__5:}:;_.‘5"7 5.88 [ 3.56 | 12.54 | -
%) i-gon | 80.22 | 91.83 | 88.16 | 80.06 | 60.84
n-C_H,0H ?jﬂ - ABY - 3.37
Y | t-c,HoH | - = (] 8| - 6.57
7 [zcHoA| = =) 1.00| s5.25 | 15.42
| | n-CHOH |- -] - - 1.19
Total ([100.0'\ [100.0 [100.0 |100.0 [100.0-
Conversianiof\CoH,, ((4)) in’ Feed .08 .38 2.83 2.04 1.94
Space Time Yield of i-C H OH o2 " MRl N49%wsr 83 | .80
(mol/1-cat.hr.)




196

Catalyst no.2 (offretite/erionite)

Reaction Conditions:

P = 75 psig
GHSV = 2000 hr
T;= 150-250°C
- -
React.ion Temperature (C) 150 180 210 230 250
o "l

rr‘}‘e‘ H 1 i. Y - - - -
Vjﬁgana =2 - .49 | 16.87 | 23.08
| néC‘HQ 3 - - - .45 | 1.04
’27£4u8 e - - 1.75 | 2.18

Product Selectivity QFH,OH"‘ . 29.93 | 44.06 | 27.66 | 6.1
(%) i-€ q,on 70.07 | 54.97 | 13.95 | 3.97
n-C H,Oﬁf - - - 5.23 | 9.41
) t~CH_OH - £ .47 | 10.48 | 13.98
. /| 2-Cc,H_OH - 1 - 18.63 | 23.96
| n-C_H_OH - - - 4.92 | 16.23

Total - | [100.0 1000 [100.0 [100.0 [100.0
Conversion ofyC Hg (%) 4n Feed 108 143 4 2u12 | 3.48 | 8.50

Space Time Yield of i-C_H OH 8.97x10 " '|' "T0a -1 .07 .05

(mol/1-cat.hr.)
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Catalyst no.2 (offretite/erionite)

Reaction Condit.ions:

P = 75 psig
GHSV = 5000 hr
T = 150-250 °C
J‘j >
React.ion Temperature (¢) 150 180 210 230 250
?" '-,
K] | ez.zs 9:54 | 1.78%| - .51
/w‘i-c‘ﬂf; “4%2.02 15.49 .64 | 6.82 | 23.64
/‘f“‘l :p—_c;HB_ H 2.00 1.28 .85 .46 | 1.3
# Fofc naicida - - - 1.49 | 3.46
CZHSOH J,_ . 9.58 | 25.58 -
Product Selectivity | i-CH O '§§@%ﬁ 65.27 | 51.36 | 18.05 4.40
(%) ?{?aﬁ,oa ?:_ 8.4 2.07 | 4.90 | 10.74
N t-C,H OH | 25.50 [ 8.94 | 9.41 | 19.67
Ly Z-C_H.OH | = JT_ ] - 12.86 | 18.26 | 18.96
| | n-cHoH | - | - | 11.90 | 14.99 | 20.24
Total' |100.0 100.0 |100.0 [100.0 [100.0
Conversionyof CzH o (#) 4n Feed 08 .20 5. 16 5.86 | 15.92
Space Time'Yield of i-C_H OH 9.3x1077 104 a5 1 84k - o2
(mol/1l-cat.hr.)
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Catalyst no.2 (offretites/erionite)

React.ion Conditions:

=l
[}

75 psig
8000 hr '
150-250 C

React.ion Temperatu A%  ,L»’ ; 210 230 250
.22 o 2.17
005 T -54
Product Selectivity |/C,H.OH .55 6.49 | 2.07 | 2.38
(%) 33 | 93.22 | 97.93 | 88.83
- i 2.68

n-C,H_OH - i =

4
quﬂ ﬁmﬁmﬁow E.l:)aﬂ ‘500.0 100.0 |100.0
— =) o

comy 5 8108 32 B 19611 8] 88 1t | o

Space Time Yield of i-C_H OH .08 281 1.42 T1°%. <08

(mol/1l-cat.hr.)
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Catalyst no.2 (offretite/erionite)

React.ion Conditions:

P = 105 psig
GHSV = 2000 hr *
g =,}50-250°c
if;j,
2 :
React.ion Temperature_fb) 150 180 210 230 250
14.61 | 8.35 | 16.42
.50 A8 .34
1.50 .71 | 1.56
Product. Select.ivity 3.56 | 36.74 3.12
(%) 17.63 | 20.75 .49
6.09 | 3.53 | 8.82
13.18 | 7.85 | 17.3
26.45 | 17.52 | 36.04
16.45 | 4.40 | 15.80
Total /{100.0 100.0 ||100.0 [100.0 [100.0
Conversion |of [C4H, (%)7in Feed A6} A &l e s.07 | 3.3
Space Time:Yield of i-C,H OH 1.0x107> | .01 .03 .16 | 2.4x107°

(mol/1l-cat.hr.)
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Catalyst no.2 (offretite/erionite)

Reaction Conditions:

d
]

105 psig
5000 hr
150-250 °C

React.ion Tempew — 180 210 230 250
16.08 .94 .61 | 2.58
3.01 .14 - .15
i = - .44
21.78 | 1.91 | 6.93 | 2.75
Product Selectivity 50.94 | 93.71 | 90.54 | 45.96
(%) 8.17 .23 79 | 1.45
M\ = - 7.1 F 1.87
i. H = 3.03 - 28.47
|j . [ - 4 - 16.3
[ o/ ;
ﬂ u EJ ﬁ‘i{]‘ﬁlﬂ ?cﬂﬂ EJ "] m 100.0 [100.0 [100.0
. ¢ -3 F oy
Conversi , fT i w&tim El,Ia EI.'fz 1.33 | 2.19
mgﬁiﬁﬁr i ém 2. . .51 .38 .32

(mol/1l-cat.hr.)
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Catalyst no.2 (offretite/erionite)

React.ion Conditions:

P = 105 psig
GHSV = 8000 hr
; o
/T = 150-250 'C
/7
_
-l
React.ion Tempe:}g\';e},&) | 150 180 210 230 250
4
/¥ i JJ 1 - - — -
§ ey
A ]’ a % 3.09 251 100 | 2.96
C HEO0 - .39 | .06 | .18 1.58
Ve v % -"-:,“ i;_ - = s o
-CA‘.JH; -‘.:"f
Product Selectivity | C H.OH j'-;iia}feo 1023 4.30 | 6.04 |- 2.79
JE w3iel b
(%) i=G_H.OH | 85.40 | 86.28 | 95.38 | 92.67 | 73.43
- A t,l,l‘{”__
n=C_H,OH [ ' = v - - 5.52
'’ |
T S———teeH w1 | - - 3.59
et -
T 2-C,H_OH - = - - 10.10
= -
n-C,H_OH - - - - -
Total '[100.0° "{100.0 [100.0 [100.0 [100.0
Conversion of € Hy (%) dniFeed .15 22 2.66 .92 .40
Space Time Yield of i-C_H OH .08 B84 ] 1.18 .38 19
(mol/1-cat.hr.)
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EXPERIMENTAL RESULTS OF CATALYST NO.3

Catalyst no.3 (mordenite)

Reaction Conditions:

P = 45 psig
GHSV, = 2000 hr
" -‘1{{’%/%00—300 "
|z
Reaction Tempex:gt,f/ﬁ};'("c) 200230 | 260 | 280 | 300
P INY
/f?»" . ';“7.1 .64 .88 .58 | 2.42
/ -GH, || 2.4 Pzl 157 | s
}('rn_fi;“lg BadANYr | e | 7| s0
Product Selectivity /| € H OH ~[420.34 | '8.05 | 4.22 | 31.90 | 13.68
(%) 14e,i,0i | 68.45 | s5.00 | 88.61 | 63.77 | 65.34
n-CHoH | 800.| .41 | 2.27| 1.08| s5.25
(AMSCSCUPOHNOIN g ) .42 | .21 | 1.19
| ecuon| 1z | V09| 5| 23| 112
Y |ncHOMT 50| We| .23 .13| .es
Total | |100.01 [100.0 ||100.0 [100.0 [100.0
Convefsiah| of) GuH, )| Tn Feed] |91 297| 94.69| {11008 | 17.77 | s.62
Space Time Yield of i—CaHvoﬂ .056 S .67 .78 .39

( mol/l-cat.hr.)
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Catalyst no.3 (mordenite)

Reaction Conditions:

d
]

45 psig

GHSV = 5000 hr
200-300 'C

React.ion Tempe

Product. Selectivit,
(%)

Conversion g* C,H, (%) in Feed .51

svaci i Shan - eged [/ ) 118)°

(mol/1-cat..hr.)

260 280 300
11.34 | 1.10 4.21

3.63 | 2.46 | 13.56

3.18 | .28 .87

3.72 |20.08 5.16

73.43 [70.86 | 58.13

1.47 | 1.12 3.91

1.20 | 1.09 3.21

1.45 | .98 3.70

.54 | 2.00 7.21

ﬂ ¢ o ﬁig 00.0 [100.0 [100.0 [100.0
.62 | 1.08 4.04 | 3.18

]anE] .65 .42




204

Catalyst no.3 (mordenite)

Reaction Conditions:

s

8000

45 psig

hr—x

Wi

React.ion Tempe 260 280 300
6.07 3.19 | 3.71
21 3.02 | 4.58
.91 1.91 | 4.4
Product. Selectivity 6.01 4.97 8.95
(%) ' 82.09 | 83.44 | 73.23
$a11 1.35 1.63
. .36 .76 | 1.08
*f’}- | 2-CHOH | - | 13.6 .44 B 1.45
1 oH | 23| .55| .93
[

ﬂ u EJ %‘ﬂﬁ]v % Ioﬁ.h:joo.o 100.0 [100.0

R 0¥ - am
Conversion of C_H_ (%) in Feed .5 -56 n83 | 2.34 | 12.77
space'tibe viatd or (o o[V bedl V& || Nat)| 7o | oo

mol/l-cat..hr.)
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Catalyst no.3 (mordenite)

Reaction Conditions:

dJ
I

75 psig

GHSV = 2000 hr '

)//=200-300 C

Product Select.ivi
(%)

Conversion c;.fl C,H, (%) in Feed 79 1.

el TH R G R mﬁﬂw

{mol/1l-cat.hr.)

260 280 300

18.63 | 2.66 | 19.5

15.21 | 23.00 | 14.02

5.94 | 9.24 | 7.45

10.30 | 13.32 5.90

19.42 | 27.43 | 41.17

11.94 | 12.15 | 4.85

4.74 | 3.80 | 2.60

7.63 | 5.14 | 1.e8

6.14 | 3.88 | 2.78

¢ Total 1100.0 ]100.0 ]100.0 |100.0, |100.0
AETOLLIL ST Takats

8 w52 | 3351 s.80

E"A] acﬂ .16 .28
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Catalyst no.3 (mordenite)

Reaction Conditions:

P = 75 psig
GHSV = 5000 hr *
'/ T = 200-300°C
i/,
-
React.ion Temperature © 200 230 260 280 300
A
AL AN | - | o -
/f";-aca}i&’ 31,02 116 | 2.41| 2.35 | 8.94
/ f"ﬁ-(:'*h ol RN N2.29 | 1.75 | 1.17 | 6.48
Product, Selectivity I,-‘*r zasou Luotos [\ 9.1 | 6.12| 9.3 | 7.7
(%) 4/ -Cﬂﬂ_,OH | 51.60 | 67.25 | 85.39 | 83.45 | 63.76
‘ n-—e SH,0H 32"*34 375§ 2.69 )} &0l | .M
: 4=C,H_OH Yol | 1. 16 .66 .80 |+2:10
: 2-C,HOH | 1.74 | gé:&i- .80 .13 | 2.02
“£ | nchuon| 3857202 [ 61| .32 | 1.24
Total [100.0 _[100.0 ]100.0 [100.0 {100.0
Conversion of C_H, (%) in Feed 1.2% 1.80 3.80 5.98 2.40
SpaceyTie Yield'of (i-Cyom | | [1.0a TV aa || fhas|| sz | .16

(mol/1-cat.hr.)
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Catalyst no. 3 (mordenit.e)

React.ion Conditions:

d
[}

75 psig

GHSV = 8000 hr *

= 200-300°C

Reaction Temperata 260 280 300
2.46 | 1.14 .84
1.38 | 1.73 | 4.84
.39 .88 | 4.84
5.14 | 6.18 | 4.37
Product. Selectivit 89.18 | 87.94 | 78.66
(%) %11 |- 1.8 1 B3.55
.31 .39 | 1.07
- B E - 1.18
- - .87
j 4

¢~ Total |100.0 |100.0 |100.0 |100.0 [100.0

aﬁqu‘o'q_g%ar%_wemﬂ%

'l c ; BAN*AREN
Conver51on C,H, (%) in F%pd .Zzh .-31 aups 2.01 1.07
RIS IHUNTINLIRE| ~| =
mol/1l-cat.hr
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Catalyst no.? (mordenite)
Reaction Conditions:
P = 105 psig
GHSV = 2000 hr ™’
T = 200-300°C

React.ion Temperat - 230 260 280 300
3.23 5.15 2.41 1.27
.16 5.30 15.15 16.97
.03 .07 3.08 3.49
817, 47.81 40.55 .56 17.95
Product Selectivity 3 f'w | 34.83 | 33.80 | 53.48 | 16.28
(%) 6.27 5.84 1.78 18.88
1.64 1.49 4.42 4.14
A L H,0 - “4.64 | 3.68 | 14.46 | 17.50
s 7 n-C,HOH | .38 | 3.45 | .4.61 ) 3t
l} -

g Total ;29.0 100.0 100.0 100.0 100.0

SHEARS

Rir.
Conversion of C,H, (%) in Fﬁ?d 6.6x10 1.76 2.45 3.69 6.82
.20 .11

Spac
%%51?101/ cat.

TRIDTM URTIN IEI’-PET g o0
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Catalyst no.3 (mordenite)
Reaction Conditions:
P = 105 psig
= 5000 hr
= 200-300°C

Reaction Tempe

Product. Selectivity

(%)

260 280 300
2.50 .38 1.87
21.96 7.82 | 22.72
3.00 1.62 9.14
10.06 5.73 8.24
24.24 | 71.05 | 31.73
16.35 5.37 | 19.41
6.72 2.09 2.24
8.62 4.18 2.85
6.50 1.71 1.80
100.0 ]100.0
Conversion gf C,H, (%) in Feed <49 .79 074 4.60 3.05
1.04 .21

o agrarietal 111196) Y10 G

(mol/1l-cat.hr.)
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Catalyst no.3 (mordenite)

Reaction Conditions:

P = 105 psig
GHSV

8000 hr *
200-300 °C

—

Reaction Temperature (0) | 200 230 260 280 300
7/ - “ N
€ 44 9.89. | 2 7.54 | 11.15 | 1.82
! : 8.26 | 13.53 | 22.03
3.35 | 5.17 | 11.18
3.4 4.61 | 2.23
Product Selectivity 72.78 | 54.50 | 26.02
(%) 5.07| 3.010| e.18 | 14.93
.96 .88 | 2.01| 5.56
Ch 40 .37 | 2.43 | 9.89
Ly 59| 1.38} 6.3
—
7

¢~ Total [100.0 [100.0 [100.0 [100.0 [100.0

geleiduneinE e nad

& ¢ 1R
Conversion CH (%) in F .36 .95 2.77 3.7 5.81

oHe eed 3

: 1.02 R

~R I TN T

f(mol/l-cat.hr)

.
R
)
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