CATALYST OEVELOPMENT
Catalyst Forming Tests

Methano! catalyst is presently available in 3/16" @ x 3/6" tablets for
use in vapor phase synthesis systems. These %ablet: are rot suitable for
use in the 1iquid phase synttesis primarily because cf rass transfer
Timitations which result a1 low effectiverness 'factprs, and seccondly,
because high 1liguid fluidization v:zlecities are required with this
diameter part cle.

For thuce réasnﬁs; some effort was spent 1in producing small catalyst
particles viavcmnnercia\ means., Samples of commercial Catalyst A powder
were obtained in hotl a pre- and pust-calcines condition and used in
these forming tests,

In the first series of tests, a commercial catalyst vendor tried
extruding and spheroicizing (1/16" @) both powders with and without
addition of a silicate binder. Inspection of this material indicated an
uracceptahly low crush strength, such that the extrudates did not warrant
testing in the bench scale unit., Much Tlater in the program, 2 second
catalyst company worked on this approach. These efforts are described
further on in this cection,

The second serias of tests used the commercial powder to produce 3/32" P
x 3/32" tablets (mini tablets) in a varfety of crush strengths and
graphite (lubricant) addition levels, These materials were all
phys‘cally acceptable shoming no signs of attrition throughout their
history of use in the bench scale unit.

Development of a Mini-Tablet

Tele 4-9 'ists the pertinent physical properties of the grepared 3/32"@
X /30" tehlets along with that of the 3/lo" @ X /16" commercial
tablet. Alluwing for the different sice of the fablecs, 3s well as the
experimental procedure for testing crush strength, Lhe 1.1 pcund value
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TABLE 2-9

PHYSICAL PROPERTIES OF CATALYST TABLET SAMPLES
PREPARED FROM CATALYST A CALCTNED POWDER

TARGET ACTUAL BULK SURFACE  PORE PORE
STRENGTH P STRENGTH  DENSITY ABEA VOLUME DIAMETER

(1bs) GRAFHITE (1bs} (gm/cc) {M</gm}  {cc/gm) A

3/32" 9 x 3/32" TEBLETS

3 1.5 5.2 - 99 0.32 129

5 2.0 4.8 1.63 101 0.28 110

7 1.5 6.6 _—- 102 0.29 13

7 2.0 7.0 1.14 94 0.28 119

9 2.0 8.3 .- 95 0.26 109

il 2.0 11.0 - 83 0.31 149

COM-ERCIAL 3/16" @ x 3/16" TABLET
-- 2-3 17.1 .—- 99 0.27 105
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for tha 3715" diameter tablot would be equivalent to a 6-8 pound value in
the 3,32" diameter tablet

Samples of the different strength catalyst tablets were run in the bench
scaie yreactor unit at 1000 psig uand 230, 250, and 270% at 2000, 30M0,
and 4000 VHSY. A synthesized Lurgi gas was used. This ddata can be found
in Table 4-310. Figqure 4.77 summarizes these results at the 230%
tenperzture level. HNote that while the physical properties of the 11
pound crush stsength tablets are significantly different from the other
five samples, as well as the commercial preparation, the reaction results
at all hut the highest flow rates are well within the experimental
scatter band of the other samples. The efiect of graphite (used as a
1ubricant in the tabletting process) is seemingly ambiguous, resulting in
sometimas higher and sometimes Tower conversion levels. However, in
retrospect, this is understandable since the average physical properties
for the resulting particles are not all that different.

Later in the B8SU development program tests were conducted with these
mini-tablets in conjunctior with a Koppers-Totzek fead gas. Tihis work
suhsequentiy formed the basis ror “he second series of Jong-term activity
tests conducted in both the B3 and PDU. The resy'ts for this process
variable scan are presented in Table 4-11. The rnit was operated on a
continuous basis.

The initfal activity level was established wit! a Lurgi type gas {(50%
Hos 25% €0, 10% COZ' 154, CH4) at a woressure i 100 psig, a
temperature of 230°C and 1 gas feed rate of 2°00 literc/hr-kg
catalyst. The (O conversion level of 38-3% percent s Ly ical for these
condftions, After 33 hours of steady performance thr feed gas
composition was ewitched to Xoppers-Totaack type gas (36% HZ' 56X €0, 7%
€0y, 6X Argon). Argon was used as an internal standard for flow
ca,culacfons. For the next 90 hours a temperature and feed rate variabie
scan was performed operating at each run condition until at least 4 hours
of steady performance had been attained. Three of the data peints, 17-2,
3 and 6 were repeated Juring the scan, as 17-8, -9 and -10, respectively,




TRBLE 4~10

SCREENING TESTS WITH MINI-TABLETS
(3/32 INCH BY 3/32 INCH TABLETS, WITCO 46 “INERAL OIL)

GAS COMPOSITION: 50% H,, 25% CO, 10% €0,, 15% CH,

WHSV VHSV co
RUN TEMP, PRESS {Liter Gas/ (Liter Gas CONVERS ION
NO. (°¢) (psig) Kg Cat-Hr) Liter Cat-Hr) (%)

SERIES 164 - 17 LB. AVERAGE CRUSH STRENGTH, 2% GRAPHITE

1 230 1000 2040 2560 37.8
2 230 1000 2130 2675 39.1
3 230 1noo 2150 2700 38.2
4 230 1000 2130 2675 37.8
5 233 10C% 4095 5135 ‘ 28.1
6 230 1000 2085 2620 37.2
7 230 1000 3965 4975 26.6
8 250 1000 3935 4940 27.7
9 250 1000 1975 2480 35.0
10 250 1000 - 4140 5195 26.1
n 210 1000 4375 5115 22.3
12 270 1000 2165 2720 27.7
SERIES 165 - 5 LB. AVERAGE CRUSH STRENGTH, 1.5% GRAPHIT
1 2 1070 . 4255 4250 34.6
2 220 1€00 4070 4065 34.8
3 250 1J00 3930 3975 33.4
4 250 1200 2010 2005 40.7
5 250 1000 4145 4140 2.5
5 270 100C 4105 4100 29.8
7 270 1000 2195 2190 1.6
SERIES 166 - 9 LB. AVERAGE CRUSH STRENGTH. 2% GRAPHITE
i 230 1000 1030 4540 30.7
2 230 1900 1675 1885 41.8
3 230 1000 3980 4485 30.8
4 289 1000 3970 4470 31.3
5 250 1000 2030 2285 37.8
5 2270 1000 4045 4558 7.6
7 270 1000 1888 2125 2.2
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{Continued)
TABLE 4-10
SCREENING TESTS WITH MINI-TASLETS
(3732 INCH BY 3/32 INCH TABLETS, WITCO 40 MINERAL OIL)
Gas Compositior: 50% HZ’ 25% C0, 10¢ C02. 15% CH4

WHSV VHSV co
RUN  TEMP.  PRESS. (Liter/Gas (Liter Gas CONVERSION
NO.  (°C) {psiq) Kg Cat-dr; Liter Cat-Hr) (%)
SERIES 167 - 7 LB. AVERAGE CRUSH STREMGTH, 2% GRAPHITE
1 230 1000 3900 3810 33.3
2 230 1u00 1875 1830 50.1
3 230 1000 3945 3850 31.9
a 250 1000 3970 3875 40.4
5 250 1000 1880 1835 37.5
6 250 1000 4265 . 4165 30.7
7 270 1000 4208 4105 29.7
8 270 1000 1885 1840 31.5
SERIES 170 - 7 LB. AVERAGE CRUSH STRENGTH, 2% GRAPHITE
1 230 1000 4070 4165 30.0
2 230 1000 2080 2130 37.7
3 250 1000 2160 ~o22m 23.6
4 250 1000 3920 4015 26.7
5 230 1000 3920 4015 25.8
6 250 1000 3890 3980 24.7
7 270 1000 3885 3975 22.8
8 270 1000 1950 1975 27.8
3 270 1000 2185 2238 2.2
10 250 1000 2115 2165 35.1
1 230 1000 2070 2120 35.5
12 230 100 4320 4820 ° 33.2
13 250 1000 4400 4505 25.0
14 270 1000 4345 4450 21.4
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{Continued)
TABLE 4-10
SCREENING TESTS WITH MINI-TABLETS
{3/32 INCH by 3/32 INCH TABLETS, WITCO 40 MINERAL oIL)
Gas Composition: 50% Hz. 25% €0, 102 COZ' 15% CH4

WHSY VHSV co
RUN  TEMF. PRESS. (Liter Gas/ (Liter Gas CONVERS ION
NG. (°c) (psig) Kg Cat-Hr) Liter Cat-Hr) (%)

SEPTES 171 - 5 LB. AVERAGE CRUSH STRENGTH, 2% GRAPHITE

1 230 500 1810 1805 18.4
2 230 500 4225 4215 9.6
3 230 1600 1710 1705 37.5
4 230 1000 5070 5055 16.8
5 230 1000 2030 2025 28.7
6 270 1000 2015 2010 24.9
7 250 1000 2080 2075 25.6
8 250 500 2140 2135 3.4
9 230 500 2165 2160 £.1
10 230 500 2030 2023 8.3
n 230 500 1150 1145 12.1
12 250 500 1235 1230 10.5
i3 250 1000 2060 2055 25.7
14 250 1000 1080 1075 2.3
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TABLE 4-11

BENCKH SCALE UNIT PROCESS VYARIABLE SCAN
KT BGas/Catalvst Ax/Witco 40 mineral gil

Feed Rate co
Pressure Temperature Liters Gas/ Conversicn
Run Gas {psig) L {2c) Hr-Kg Cat. (%)
171 Lurgi 1,000 230 2,300 38.5
17-2 KT 1,00C 230 2,100 20.2
17.3 KT 1,000 250 2,15¢C 21.5
17-4 T 1,000. 220 1,800 16.0
17-5 KT 1,00 220 3,050 .2.8
17-6 KT 1,000 250 3,100 16.6
17-7 KT 1,220 230 2,00 13.6
17-8 KT 1,000 230 1,950 16.4
17-9 KT 1,000 250 2,150 ’ 19,0
17-10 KT 1,000 250 3,100 15.4

* Catalyst A 3/32" @ X 3/32"%, 5 1h. crush strength,
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Due to the significant feed gas composition change, the catelyst requires
a certain period of time to establish a new stabilized activity level as
evidenced by the shift of lower conversfon levels for the later points.
The stabilized leveis are indicated in Figure 4-27. For Run 17-10
operating at the design conditions of 1000 psig and 3100 Viters/hr-kg
cataiyst, the conversion level of 15.4 percent fis nearly 20 percent
greater than the target activity level for this feed gas composition.

These data were subsequently analyzed with respect to reaction modeiling
and is discu od in more detail in Sectior 8., It is interesting to note
that producy alcoho) compositions are quite dependent on thz feed gas
composition used, as shown in Table 4-12. The Lurgi type gas gives a
product very high in MeOM, with 2-3 percent H20, but very low in higher
alcohols, less than 1 percent total. A K-T type gas product contains
less than 1 percent water and more than 8 percent higher alcohols. This
is discussed in more detail in Section 8.

Development of An -Extrudate

Rs had been mentioned at the beginning of this sectson, an alternative
approach to the use of mini-tablets (3/32" ¢ «x 3/32"), was the
deve iopment of small, < 1/16", spherical or extruded forms of catalyst,
While 1in~itfal experiments had been unsuccessful, a second catalyst
manufacturer felt there wus sufficient incentive tu continue the effort.
This work was internally funded, and unfortunately a subsequent change in
corporate policy resulted in a premature cancellation of their program.
Nevertheless, tneir work is detailed here in order to provide guidelines
for future work in this area,

In order to prevent unnecessary experiments in the BSU the manufacturer
screened the catalyst candidates in a fixed bed vapor phase reactor., In
a2 parallel effort, several samples were also tested at Chem Systems
laboratory, Quantitative data from the manufacturer were not always
available when needed, thus there was some dugVication of effort.
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TABLE 4-12
ALCOHOL PRODUCT ANALYSIS (1) WEIGHT Basts

Methano!l
Methyl Formate
Ethano!
1-Propano?
kethy! Acetate
n-Propanol

C4 &lcohols

C5 Alcohols
CG* Alcohgis
Water

Lurgi Gas Koppers-Totzek
8BSy BSU
96.16 91.44
0.17 0.24
0.32 2.55
tr tr
g.07 0.78
0.14 1.23
J.73 1.43
0.33 1.40
0.05 0.55
2.71 0.51

(1) Of1-free basis, oil level is a function of

composition (es
and temperature

pecially water concentration)

4-54




The vapor phase units were first put on-stream with the commercial
Catalyst A tabYets. This material had been previqusly tested and the run

served both to check out the vapor phase units and provide a basis of
comparison fo- the four new catalyst candidates.

The nominal reaction conditions in all cases were 500 psig and 225%;
salt bath temperature. The feed gas* rate was equivalent to 2300-2500
liters gas/hr-kg catalyst, : :

The results for the commeicial Catalyst A (3/16® #) tadlets are shown in
Flavre 4-28. The initial CO conversion level of 19 percent at a 2200
Mr"1 VHSV leve! s consistent with the results obtained previously
during the poisoning studies. There were two tnterruptions during the
test: (1) the system was put on a N, purge and Towered to 180% in
crder to reduce cataiyst in the other reactor, and (2) the gas flcw was
temporarily lowered to about 1100 Hr™" VHSY in order to conserve feed
gas and maintain the unit on-stream when the feed gas cylinder delivery
was late. In both cases, when normal operating conditions were
re-established, the conversion level returned to its previous value. As
in the previous run, there was a slight drop in conversion over the first
1000 hours on-strezm. The product methanol stream was periodically
analyzed during the run and a typica?l analysis fs shown in Table 4-13.

With these results in hand three catalysts were tested. The catalyst
compositions and properties are given in Table 4-14 and the weaction
results are given in Figures 4-29, -30 and -31. The samples have varying
ratfos of Cu/In/Cr and there were no promoters used as the purpose of
these runs was simply to -0 in on the compositional region of
interest. The G-1 (3/16" @ x 1/16") and 6-2 (3/16* B x 1/16") catalysts
gave results quite similar to the commercial Catalyst A, while G-3 (3716
P x 1/16") showed substantially tower activity. A review of the patent
Titerature 1indicated that the G-2 catalyst s probably close in

*Nominal Composition: 50% Hz. 25% CO, 10% coz and 15% CH4.
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TABLE 4-13
ANALYSIS GF MeOli SAMPLES

Catalyst A W.R. frace W.R. Grace W.R. Grace W.R. Grace

Component Tablet 6-2 Tablet G-l Tablet G-3 Tablet 6-1 Extrudate
MeOH X Py Difference 96.70 95.42 96.64 92.24 61.54
-‘Methy1 Furmate 0.07 0.08 0.14 0.05 -
Ethano) 0.62 o 0.47 0.33 0.11 1.03
Isopropanoi 0.01 0.01 <0.01 <0.1 0.13
Methyl Acetate 0.03 0.03 0.03 - 0.086
n-%ropanol 0.e3 C.16 0.11 0.07 0.44
t-Butarol - - - - -
sec-Butanol 0.02 0.04 0.03 0.02 p.27
Isobutanol 0.07 0.04 0.03 <0.01 0.19
n=3u*anol 0.10 0.16 0.04 0.0% 0.17
t-Amyl Alcohol - <0.01 <0.01 - c.08
2- and 3-Pentanol - 0.03 <0.01  <0.01 V.52
Isopantanol 2.03 0.04 <0.01 0.02 4.00
1-Pentanol 0.02 0.06 <0.01 <0.01 -
G6 and Higher

Alcohols 0.07 0.05 - - 0.27
Lights 0.06 0.03 <0.01 - -
Water, % 1.97 2.45 2.58 7.40 31.30
01, X ") all) ) ) ul(l)
Others, % - <0.0® <08 . -

Total 100.00 100.00 100.00 100.00 100.00

(1) See Figure 8-14 for typfcal ofl level,
(2) Unknown: May be methyl propfonate.

4-87



TABLE 4-14

COMPOSITION AND PHYSICAL PROPERTIES OF METHANOL CATALYST PREPARATIONS

Cemposi.ion Crush

Cu/Zr./Cr Strengti Area
Sample  Atomic Ratio bs Mg
6-1# 75/18/7 17.5 43
G-2 60/30/10 17.3 120
6-3 40/40/20 12.8 74
G-1v+ 75/18/7 NA 37

* Tablets were 3/16" @ « 1/16%,
** Extrudate - 3/32" 9,
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composition to the commercial preparation except that chromfa is used
fnstead of alumina. This fis apparently not too important a difference
since the metheno) product compositions for the G-1 and 6-2 catalysts are
nearly the same as the Catalyst ‘A product (see Table 4-13). The 6-3
catalyst product has about four times the normal water level (7.4 percent
instead of 2 percent) and a peculiar pale yellow color.

Based on these results, attempts were made to pr-oduce‘ an extrudate form
of both the 6-1 and 6-2 compositions. Unfortunately while composition
G-1 formed perfec: 1/16" @ and 3/32% § extrudates, composition 6-2 could
not be oDrocassed to produce extrudates with any physical strength. dore
importantly, while the G-1 extrudates had the same chemical éompoéition
as the G-1 tablets, no more than 3 percent CO conversion was obtained
when the extrudates were put on-stream (at tiie base conditions) following
the standard reduction prunedure. A repcat of this run with a new batch
of catalyst gave the same results. Ia addition, as the analysis given in
Table 4-13 indicates, the product made had a verv different composition,
containing substantial amounts of higher alcohols 2znd water, At first it
was thought that the crrocessing might have produced a “"thick-skinned”
extrudate. Several "stronger" reduction procedures involving higher
tempcratures {(wp  to 300°C. {nstead of 240°C). higher H,
concentrations (up to 100 percent Hys instead of 2 percent Hz) and
higher pressures (up to 300 psig, instead of 0 psig) were tried. In all
cases the conversion remainad at a very low lev2l. Subsejuent chemical
analysis of this catalyst revealed high leveis of residual alkali metal
as a result of incomplete washing of the alkali bircarbonate salts used in
the prenipitation step of the manufacturing process.

The manufacturer continued his development effort, uitimately producing
severa) viable candidates for testing in the BSU. Table 4-15 presents
the test data for these catalysts, including the mini-tablet version of
Catalyst A. Based on these and fin-house results, catziysts R-11076,
P-11078 and R-11080 were tested. The pure Catalyst A (R-11078) was
tested ax a base case. The Catalyst A/25% o -alumina (R-11078} blend was




ny

TABLE 4-15

VAPOR PHASE SCREENING TESTS - EFFECT OF COIPOSITIDN AND
PHYSICAL FORM: PANUFACTURERS

Activity(2)

Sample Desciription X Conversion Ratfo

R-11081  60-30-1011) compocition, 3/32% pi11s 21.5 0.92

R-11082 60-30-10 composition, @ 253 Aizo3 20.5 0.88
3/32* p111s

R-11076 Catalyst A composition, 3/32" pills 23.3 1.00

R-11078 Catalyst A composition, B 25% Al 03 23.9 | 1.03
3/32° pitls

]-11080 60-30-10 compos tion, & 50% A1,0 3, 15.0 0.64
1/16" ext,

R-11079 60-30-10 compos1tion @ 50% A1203. R U 0.63
3/32" ext.

Nominal onerating conditfions: 230°C 3C0 psig with ', feed gas rate of 2,100
leswﬂzmnmmumg "

(1) Cv'Zn/Cr atomic ratfos K

(2) (Lonversion with catalyst Ruxxxxx/Converslon,nith catalyst R-11076)

4-63



tested because the manufacturer recognized that the addition of a-alimina
was necessary in order to he able *c produce physically arceptable
extrudates, Lastly, the high alumina biend catalyst (R-11080) was tested
because: (1) it wac the only compositional hlend that the manufacturer
had been able to form physically acceptable extrudates from and (2) at
the time it was believed there was substantial promise of activity
improvement with this material.

The results for the pure Catalyst A tablets (R-11076) are presented in
Tables 4-16 and 4-17. As a basis for comparison, in the most recent
tests with the same catalyst/liquid pair, the initiai conversion Tlevels
at 230°C and 1000 psig were:

e 40 percent at 2000 liters/hr-kg cat
e 36 percent at 3000 liters/hr-kg cat
e 32 percent at 4000 liter;/hr-kg cat

It can be seen that the results ai e wel)l within the expectea ranges.

There was stme question during the P, 12 serfes of experiments arising
out of the p-esence of a substantial quantity of naterial eluting during
chromatngragay at the same time as the i::4 alcoho’s, This materizl was
subsequently fdentified as cyclohexane, which had been used to clean the
unit before opercting.

Catalyst A/25X% a-alumina hlend (R-11070) ‘est results are tabulated in
Tahle 4-156. While the init‘c) activity levels for the pure Catalyst A
were shout 10 percent lower (relative) the composite catalyst appeared to
equiiibrate more rapidly, so that by thz fourtii day the activity levels
were essentially the same (see Tahle 4-19),

The last serfes of experwments in this catalyst development task were

performed with the composite 60Cu/30Zn/19Cr/ o-alumina extrudates
{R-11080) The results are presented in Table 4-20. Run Series 15
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COMMERCIAL CATALYST A (3/32" @ x 3/32%)(

Run No,

12-1a
12-1p
12-1c
12-1d
12-22
12-2b
12-2¢
12 -2d
12-3a
12-3b
12-3c¢
12-°4d
12-3e
12-4a
12-4b
12-4¢
12-44
12-8e
12-52
12-5b
12-5¢
12-5d
12-S¢
12-6a
12-8b
12-6¢
12-6d

(1) R-11076:

(2) Feed gas compos

Temperature;

230
230
250
250
730
.0
210
230
230
230
230
230
230
230
230
230
230
230
200
230
250
270
230
230
230
230
230

Average crush

TABLE 4-16
BSU PROCESS VARIABLE N:

/WITCO 40 MINERAL OIL

Pressure wHsv; (2) CO Conversion;
__psig liters/hr-kg cat b3
1,000 3,515 35.6
1,000 4,610 29.5
1,000 4,260 29.4
{,000 3,840 32.3
1,000 3,380 32.3
1,000 3,330 30.8
1,000 3,210 26.2
500 - 2,040 13.4
1,000 2,080 37.9
1,000 4,480 24.8
1,000 3,378 20,5
500 2,420 14.1
500 1,705 18.5
1,000 3,360 28.1
1,000 2,210 34.9
1,000 2,000 35.%
1,000 4,555 22.5
509 2,394 14.3
1,000 3,325 18.4
1,000 3,430 26.8
1,000 3,425 26.4
1,000 3,460 75.5
1,000 3,520 5.8
1,000 3,395 25.4
1,000 2,720 33,7
1,000 4,655 20.2
1,000 2,670 27.0

strength - Sf, 2% graphite,
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TABLE 4-17

3SU PROCESS VARIABLE SCAN:
COMMERCTAL CATALYSY A (3/32" 9 x 3/32*) (1) 1700 20 MImERAL OIL

Temperature;  Pressure wisy; (2) €0 Conversion;

Run No. oc ~_psig liters/hr-kg cat %

13-1a 230 1.000 2,360 42.1
13-1b ' 230 1,000 3,505 34.2
13-1c 230 1,000 4,850 28.1%
i2-1¢ 230 1,009 2,205 ‘ 41.9
13-2a 230 1,000 2,670 3.2
13-2b 2. 1,000 3,490 32.2
13-2¢ 230 1,000 4,730 27.2
13-2d 230 1,000 2,265 3%.4

{1) R-11076: Average crush strength - S#, 7% graphite.
f2) Feed gas composition: 50% #-, 25% CO, '0X €D- a~d 15% CHy.
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TABLE 4-18

PROCESS VARIABLE SCAN - BENCH Eﬁs UNIT
COMMERCIAL CATALYST A/o-ALUMINA (3/32* @ x 3/32%)(1)/WITCO 40 MINERAL OIL

Temperature; Pressure HHSV;(Z) CO Conversion;
Run No. oC psig liters/hr-kg cat 5
14-1a 230 1,000 3,465 31.3
18-1b 230 1,000 4,180 28.%
14-22 229 1,000 3,420 : 7.9
14-2b 230 1,000 4,130 25.7
14-2¢ 230 1,000 2,060 32.9
14-2d 250 1,000 2,165 31.0
14-3a 250 1,000 3,460 26.6
14-3b 230 1,000 3,495 25.5
14-3¢ 200 1,000 3.430 15.3
_14—3d 270 1,000 3,490 22.6
14-3e 2 1,000 3,480 26.6
14-83 230 : 1,000 2,130 34.6
14-4p 230 1,000 4,090 25.9
14-4c 230 1,000 4,840 24.1
14-44d 230 1,000 3,430 25.6

(1) R-11078: Composite catalyst consisting of 75% by wetght Catalyst A
and 25% by weight o-alumina, Average crush strength-5§, with 2%
graphite,

(2] Feed gas composition: 50% Hz, 25% CO, 10% CO» anc. 15% CHy.
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TABLE 4-19
COMFARISON OF VAPOR PHASE AND LIQUID PHASE SCREENING TESTS

Activity Ratio(l)
Catalyst Vapor Phase {Iquid Phase
R-11076 ) :
Catalyst A Taplets 1.00 - 1.00

(3/32" @ » 3/32%)

R-11078 .
Catalyst A 0 25X «-Alumina Tablets 1.03 1.0
(3/32" @ » 3732")

R-11080
60Cu/30Zn/10Cr @ 50% «-Alumina 0.64 0.7-0.8

Extrudates (1/16" @)

(1) (Conversion with catelyst R-xxxxx/Conversion with catalyst R-11076),




TABLE 4-20

PROCESS VARIABLE SCAN - BENCH SCALE UNIT
60Cu/302n/10Cr @ SO% ALUMINA (1/16" EXTRUDATES) (1)/WITCO 40 MINERAL OIL

Temporature: Pressure wisy; (2) CO Conversion;
Run No. oc psig litors/hr-kg cat 4
15-1a 230 500 2,300 12.8
15-1b 250 500 2,300 14,5
15-22 230 500 2,300 4.5
15-28 265 00 2,300 9.8
15-2¢ 265 500 3,450 8.1
16-1a 230 500 2,540 16.5
16-1h 230 500 3,420 13.0
lo-1c 25C 500 3,280 12.8
16-2a 230 500 2,310 14.7
16-2b 250 €00 2,400 -~ 16.1
16-2¢ 250 500 3,480 12.8

(1) R-11080: Composite catalyst containing 50% by weight a 60Cu/30Zn/10Cr
blend anc 50% ty weight ¢ -alumina,
(2) Lurgi feed gas compusition: 50% Hz, 25% CO, 10% 602, and 15% CHy.
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