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OBJECTIVE
It is the object of this research to convert coal to clean distillate fuels.

This program will be limited to research on the product from existing coal
liquefaction processes. Liquified coal will be converted by a catalytic hydrogen-
ation at elevated temperatures and pressures. Samples of the products from PAMCO,
H-0il, COED and SYNTHOIL will be obtained. They will be heated and pumped, with

end without solvent, into a catalytic reactor in the presence of hydrogen and other
reducing gases. Variables to be investigated will include temperature, pressure,
space velocity, hydrogen-to-oil ratio, chemical nature of the solvent. The catalysts
to be studied will include nickel molybdate and sulfide, nickel tungstate and other

combinations on carriers such as mordanites and other molecular sieve types.

ABSTRACT

For COED pyrolysis oil, the screening of available commercial catalysts was
completed. Cobalt molybdates are the best for desulfurization, nickel molybdates
the best for denitrogenation. For PAMCO Solvent Refined Coal (SRC) Vacuum Flash
Feed, the best desulfurlzatlon to date has been obtalned with cobalt molybdate

catalysts. Analyses 1nclud1ng desulfurlzatlon den1trogenat1on and ASTM dlstlll-
ations for nine previously reported runs and eleven new runs are reported. For
SYNTHOIL, four more runs were completed and correlated with the previously reported

forty-five runs. ‘The evaluation of two more commercial catalysts and two MSU-

fabricated catalysts was completed.

NUGGET

After having tested the available commercial catalysts recommended for hydrotreating
on Solvgnt Refined Coal (SRC), we formulated a catalyst which exceeded any of the
commercial catalysts for combined desulfurization - denitrogenation. MBU-STK-5-2-2-E-
1/16" containing 0.26% NiO, 1.15% CoO and 13.1% MoO3 on Ketjen -003 alumina gave
55% denitrogenation (1.14% to o.Sl%sz), 65% desulfurization (0.72% to 0.25% S). The
best commercial catalyst for SRC was Harshaw HT-L00-E-1/16" which contained 3% CoO,

15% MoO3 on alumina and gave 34% denitrogenation and 54% desulfurization.



COED PYROLYSIS OIL - S. Kujawa

SUMMARY OF TECHNICAL PROGRESS

Previously on this research it had been reported that the Harshaw Catalyst,
Ni4401, consisting of 6% NiO, 19% N03, 25% A1203, and 50% 5102, in a presul-
fided 1/12" extrusion, gave the best overall catalyst performance in terms of
hydrotreating and hydrocracking COED Pyrolysis 0il. This conclusion was
reached on the basis of batch and continuous runs at 450°C, and high hydrogen
pressure. However, in the period since the above runs were made, more recent
runs indicated that the severity of the screening runs should be reduced to
obtain a better idea of the intrinsic activity}of the catalysts. The reduced
temperature runs were made at an approximate average catalyst bed temperature
of 415°C,‘and a hydrogen feed rate of 10,000 sc f/bbl at 800 psig.

Twelve continuous runs were made during this quarter, which along with the
seven made the previous quarter, complete the screening runs of commercial
catalysts for this project. Six cobalt molybdate catalysts were tested along
with five niéke] tungsten catalysts, and five nickel molybdate catalysts.

Sulfur removal was best effected with cobalt molybdate catalysts. At a
~ space velocity of one and a half, Harshaw HT 400, Shell 344, and Cyanamid
HDS20A each removed over 90% of the sulfur in the feed. The Harshaw and Shell
~catalysts performed slightly better than the Cyanamid catalyst.

The nickel molybdate catalysts were the best for nitrogen removal. Cyanamid
HDS9A gave the best apparent nitrogen removal with Harshaw HT500 closely follow-
ing. The Cobalt moly catalysts did fairly good nitrogen removal also, with
Harshaw HT 400 and Shell 344 giving results similar to Harshaw HT 500 at the
Tower space velocities.

The nickel tungstén caia]ysts tested were poor compared with Cobalt moly



and nickel moly catalysts for heteroatom removal. For nitrogen removal, both
the nickel tungsten and cobalt moly catalysts showed a dependence on average
pore size. This was not apparent with nickel moly catalysts.

In general, the ASTM D-86 distillation curves gave a liquid product
distribution that was similiar for each catalyst. The cobalt molybdate cata-
lysts consistent]y gave slightly more volume percent boiling less than 700°F,
the majority of this increase being in the boiling range of 600-700°F. Several
of the nickel tungsten catalysts showed a slight tendency to produce more
liquid in the up to 425°F boiling range, this seemingly due to cracking of the
600-700°F. range as evident from the lower volume percent in this range along
with Tower overall distillate yield. The nickel molybdate catalysts yielded
large amounts of product in the range 425-600°F with low amounts in the up to
425°F range. A possible conclusion from this is that the n%cke] moly catalysts

are making less gas, which would be very desirable.

OBJECTIVES DURING THIS QUARTER

During the period June through August, 1977, the following was accom-
plished:

1. Continuous screening runs were completed on the commercial catalysts:

Nickel Molybdates: Shell 324, Harshaw HT-100 and HT-500, Houdry HR-811,
. and Cyanamid HDSO9A.

Nickel Tungstates: Harshaw 4401, 4301, and 4303; Ketjen HC-5 and Ketjen-
fine 330-3E. |

2. Analyses were competed on the products of the above runs and of those
using the cobalt molybdate catalysts: Harshaw 0401, and HT-400; Shell
344, Cyanamid HDS-ZOA; Houdry HR-801, and CCI C20-6.



EXPERIMENTAL PROCEDURE

The experimental runs were made with a continuous reactor made from a
30" long piece of 1" Inconel schedule 80 pipe. The pressure was approximately
800 psig and the hydrogen feed rate was approximately 10,000 scf/bbl (1781 NL/L).
The catalyst bed ;onsisted of 80 ml. of catalyst mixed with 80 ml of inert
Denstone support and was preceeded in the reactor by inert support used as a
preheating section. During the runs it was attempted to keep the top and bottom
of the bed at 410°C; usually the middle of fhe bed temperature was such that
the average of the three was approximately 415°C. Two to three reactor volumes
of feéd were run through the reator between changes of variables to allow the
reactor operation to steady out, usually three samples were taken during a
run with the total amount of feed being between 1200 and 1700 ml. No attempt

was made to check the initial activity decay of the catalyst.

RESULTS AND DISCUSSION

Cobalt Molybdate Catalysts

The experimental results using cobalt moly catalysts are presented in
Figures 1-1 and 1-2, and Tables 1-I and 1-IV. Harshaw HT 400 and Shell 344
gave the best sulfur removal, followed closely by Cyanamid HDS20A. At the ]ower"
. Space ve1ocitie§, nitrogen removal was as good for these catalysts as the nickel
molys shown later in the report. |

In Figure 1-2, the nitrogen removal for the above three catalysts increases
with the calculated average pore diameters. This suggests that nitrogen removal
is severely Timited by pore diffusion.

Table 1-I gives the distribution of Tliquid product according to boiling

ranges. Shell 344 and Harﬁhaw HT400 appear to give the highest amount of low -



boiling products, however, the boiling curves did not vary much in any of the
products from the six catalysts tested.

Nickel Tungsten Catalysts

A11 of the nickel tungsten catalysts had approximately 6% Ni and 19% W on them.
Harshaw 4401, 4301, and Ketjenfine 330-3E were silica alumina supports, which
were intended to increase hydrocrackiné activity. The silicated supports were
characterized by a much smaller average pore size than the non-silicated
catalysts.

Sulfur removal for these catalysts was lower than the cobalt molybdate
catalysts. Also, nitrogen removal was less; in many cases there being more
nitrogen in the product than in the feed. The characteristics of heteroaton
removal exactly followed pore size for these catalysts, the large pore non-
silicated catalysts, Ketjen HC-5 and Harshaw 4303, doing the best job.

In Figure 1-3, it appears that the slope for Ketjen HC-5 is negative,
contrary to the trend of the rest of the éatalysts. Although this could be
due to effects of poisoning or film diffusion, what is more 1ikely to have
happened is the samples at the lower and higher space velocities were switched
during labeling, thus giving ghe pictured results. v

From Table 1-II, it appears that the silicated supports yielded a higher
percent of lighter products in certain boiling ranges. Harshaw 4401 appeared
to give a higher volume in the 600-700°F range, and Ketjenfine 330-3E gave a
larger volume of IBP to 425°F products.

A special note about Harshaw 4401.Previously, in these reports, it had
been thought that this catalyst gave the best overall results. However, the
runs this was based on occurred at 450°C. with an un-diluted catalyst bed of

100 m1 volume. When it was tested at the less severe conditions of this series



of runs, it was found to be much less active towards heteroaton removal than
the newer generation of catalysts. This example shows the advisability of
testing initially at less severe temperatures to obtain a better idea of the
catalyst's fntrinsic activity.

Nickel Molybdate Cata]ysts

Figures 1-5 and 1-6 and Tables 1-III and 1-VI show the results of the
continuous tests for the five nickel moly catalysts. Sulfur removal and
liquid prdduct yield was poorer than the cobalt moly catalysts. Nitrogen
removal was the best so far in a continuous run. Cyanamid HDS9A took out the
most nitrogen, cTose]y paralleled by Harshaw HT 500 and Houdry HR 811; however,
the Houdry catalyst appeared to be poisoned quickly during the course of the
run. Interestingly, Shell 324 removed the most sulfur of .the nickel moly
catalysts whi]é being the second worst nitrogen remover. No reason for this
is apparent though. The Shell 324 catalyst did give the best 1iquid product
yields, but the Cyanamid HDS9A catalyst gave a higher percent in the desirable

425-600°F boiling range than any other caté]yst.

OVERALL PERFORMANCE AND CONCLUSIONS

From the experimental evidence, it appears that the best nickel moly and
cobalt moly catalysts show similar activity for hydrotreating COED Pyrolysis:
oil; the cobalt molybdate catalysts removing more sulfur, while the nickel
moly catalysts show more activity for nitrogen removal. The nickel tungsten
catalysts show lower activity than the cobalt and nickel moly catalysts for
hydrotreating.

From the limited average pore size data available for the catalysts
tested, it appears that nitrogen'remova), and to a lesser extent‘su]fﬁr removal ,

is very Timited by pore diffusion. To obtain a catalyst that will remove



nitrogen to the low levels necessary for further processing a study of the
effects of pore size distribution will have to be made to obtain data on
catalyst design.

A possible processing method would be to run the feed over a cobalt moly
catalyst to remove sulfur, ‘and then over a nickel moly catalyst to remove
nitrogen. This method might bring the heteraton levels down to an acceptable

point without severely increasing the processing conditions.

PROJECT FORECAST - COED PYROLYSIS OIL

During the next quarter, six catalysts will be tested consisting of
nickel, cobalt and molybdenum impregnated on six different supports. The data
from these tests will be used to determine what effects the support has on the
reaction. Five nickel-cobalt-tungsten catalysts on a Ketjen support will be

tested to see if they are as active as the nickel cobalt molybdenum catalysts.
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TABLE 1-I

LIQUID PRODUCT DISTRIBUTION FROM ASTM DISTILLATION
Cobalt Moly Catalysts ”

CATALYST LHSV IBP-425 425-600 600-700  REC.
Harshaw 0401 .93 19 32 20 74
2.5 16 23 31 74

3.72 14 27 28 72

Harshaw HT400 1.13 - -
2.46 12 32 30 76

2.64 - -

Shell 344 1.27 - i - )
2.06 19 28 29 78

2.84 16 27 25 70

Houdry HR8O1 1.46 24 23 © 20 73
1.49 18 22 25 71

2.13 18 24 18 72

CCI-C20-6 1.01 20 24 24 73
1.82 17 21 22 66

2.58 16 21 29 70

Cyanamid HDS20A 1.38 18 27 21 69
1.81 16 27 20 67

2.66 17 25 22 69
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TABLE 1-II
LIQUID PRODUCT DISTRIBUTION FROM ASTM DISTILLATION

Nickel Tungsten Catalysts:

CATALYST LHSV IBP-425 425-600 600-700  REC.
Harshaw 4401 ' ' .86 19 26 24 74
' 1.43 - 8 22 30 63

, 2.23 10 21 29 66
Harshaw 4301 1.02 12 2 16 61
2.06 9 24 21 60

2.46 5 29 24 64

Harshaw 4303 .95 17 - 29 17 68
1.65 16 25 17 64

2.35 13 27 16 62

Ketjenfine 330-3E .91 25 22 16 68
1.71 22 23 22 72

2.56 8 25 - 24 63

Ketjen HC-5 1.17 20 22 23 70
1.75 22 20 19 - 66

2.09 10 33 19 66
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TABLE 1-III

LIQUID PRODUCT DISTRIBUTION FROM ASTM DISTILLATION

Nickel Molybdate Catalysts

CATALYSTS LHSV IBP-425 425-600 600-700  REC.
Shell 324 1.63 22 28 19 73
1.77 19 25 21 68
1.1 20 29 17 69
2.24 13 28 19 64
2.26 14 28 20 66
Harshaw HT100 1.41 13- 28 17 63
1.71 10 27 20 62
Harshaw HT500 1.12 1 27 23 68
1.66 11 21 28 64
2.31 7 28 17 60
Cyanamid HDS9A .89 11 35 28 80
2.08 11 30 18 65
2.63 7 29 16 60
Houdry HR811 1.54 14 24 17 63
1.56 15 23 20 68

2.17 1 28 17 64




TABLE 1-1IV
COBALT MOLYBDATE CATALYST PERFORMANCE

LigUiy

CATALYST HOURLY | | A ASTMD-86 DISTILLATION OF LIQUID
AVG. BED TEMP. (°c) SPACE %S IN | % REMOVAL | % N IN |% REMOVAL | PRODUCT VOL. % BOILING BELOW
H, FEED RATE (NL/L) VELOCITY | PRODUCT | OF SULFUR | PRODUCT |OF NITROGEN | 425F | 6OOF | 700F | RECOVERY
Harshaw 0401-T-1/8" © .93 .36 84 .81 10 19| 51| 711 74
420 2.5 .86 63 .94 0 16 | 39 | 70 74
1761 3.72 1.02 56 .92 0 14 | 41 | 69 72
Harshaw HT-400-E-1/16" 1.13 .12 95 .61 32 - - - -
414 2.46 .27 88 .88 2 12| 44 | 74 76 |
1700 2.64 .29 | 87 .89 1 - - - -
Shell 344-E-1/16" 1.27 .13 94 .64 29 - - - -
408 2.06 .27 88 .76 16 19| 47| 76 78 '
1616 2.84 .36 84 .81 10 16 | 43 | 68 70 ~
Houdry HR-801-E-1/16" 1.46 .83 64 .91 0 24 | 47 | 67 73
396 1.49 .89 61 .94 0 18| 40 | 65 71
| 1722 2.13 .86 63 .93 0 18| 42| 60 72
CCI-C20-6-E-1/16" 1.01 .59 74 .93 0 20 | 44 | 68 73
404 1.82 .89 61 .96 0 17 | 38| 60 66
1769 2.58 1.08 53 .94 0 16 ] 37| 66 70
Cyanami d-HDS 20A 1.38 .28 88 .75 18 18| 45 | 66 69
413 1.81 .31 86 .84 9 16 | 43| 63 67
1840 - 2.66 .40 82 .92 0 17| 42| 64 69
CATALYST DESCRIPTIONS % Co % Mo SUPPORT S.A. P.V. AVG. PORE SIZE
Harshaw 0401 3 9 Silica Alumina 160 A 100 R
Harshaw HT400 3 15 Alumina 220 .5 91 R
Shell 344 2.4 9.9  Alumina 195 .6 123
Houdry HR-801 3 15 Alumina 300 - -
CCI C20-6 3 15. Alumina - - -
Cyanamid HDS20A 5 16.2  Alumina 230 .52 90R



TABLE 1-V

NICKEL TUNGSTEN CATALYST PERFORMANCE

, LIQUID . o
CATALYST HOURLY ) ASTMD-86 DISTILLATION OF LIQUID
\VG. BED TEMP. (°C) SPACE %S IN | % REMOVAL |% N IN |% REMOVAL | PRODUCT VOL. % BOILING BELOW
i, FEED RATE (NL/L) VELOCITY | PRODUCT | OF SULFUR | PRODUCT | OF NITROGEN| 425F | 600F | 700F | RECOVERY
Harshaw 4401 i .86 ~ .76 67 .B85 2 19 |45 |69 74
415 1.43 1.08 53 .98 0 8 130 |60 63
1844 2.23 1.2 48 .925 0 10 |31 |60 66
Harshaw 4301 1.02 .47 80 .91 2 12 |38 |54 61
413 2.06 .81 64 .93 0 9 |33 |54 60
1757 2.46 .92 60 .96 0 5 |34 |58 64
Harshaw 4303 .95 .26 89 .77 16 17 |46 |63 68
414 1.65 .5 78 .88 4 16 |41 |58 64
1779 2.35 | .54 76 1.03 0 13 |40 |56 62
Ketjen 330-3-E .91 .57 75 .90 2 25 |47 |63 68
412 1.71 .57 75 .89 3 22 |45 |67 72
1746 2.56 .80 65 .95 0 8 |33 |57 63
Ketjen HC-5 1.17 .61 73 .86 7 20 |42 |65 70
414 1.75 .52 77 .87 5 22 |42 |61 66
1798 2.09 .48 79 .86 7 10 |43 |62 66
CATALYST DESCRIPTIONS % N. % W. SUPPORT S.A. P.V.  AVG. PORE SIZE
Harshaw 4401 6 19 50% Si0,, 25% A1,0, - - -
Harshaw 4301 6 - 19 Silica Alumina 228 .37 65 R
Harshaw 4303 6 19 Alumina 152 54 - 142 &
Ketjen 330-3E 6.6 19.8 Silicia Alumina 193 43 89 R
Ketjen HC-5 6.5 21  Alumina 200 .62 124 R




TABLE 1-VI

NICKEL MOLYBDATE CATALYST PERFORMANCE

LIQUID _ ) -
CATALYST HOSRLY ASTMD-86 DISTILLATION OF LIQUID

AVG. BED TEMP. (°C) SPACE %S IN % REMOVAL | 4 N IN |% REMOVAL PRODUCT VOL. % BOILING BELGCHW
H2 FEED RATE (NL/L) VELOCITY | PRODUCT | OF SULFUR | PRODUCT {OF NITROGEN | 425F | 600F| 700F| RECOVERY
Shell 324-E-1/16" 1.63 .27 88 .62 33 22 50 69 73

414 (80 CC bed) 1.77 .44 81 .81 12 19 44 65 68

- 1704

Shell 324-E-1/16" 1.1 .29 87 .73 21 20 49 66 69

412 (68 CC bed) 2.24 .53 77 .84 9 13 41 60 64

1765 - 2.26 41 82 .86 7 14 42 62 66
Harshaw HT-100-E-1/12" 1.41 .46 80 .88 4 13 41 58 63

414 1.71 .56 75 .90 2 10 37 57 62

1831 : _
Harshaw HT-500-E-1/8" 1.12 .64 72 .63 32 11 38 61 68
: 412 1.66 .63 72 .6 35 11 32 60 64

1768 2.31 .80 65 " .68 26 7 35 52 60
Cyanamid HDS-9A - .89 .45 80 .44 52 11 46 74 80

414 - 2.08 .48 79 71 23 11 41 59 65

1812 2.63 .54 76 .73 21 7 36 52 60
Houdry HR811-E-1/8" 1.54 .70 69 .69 - 25 14 38 55 63

414 1.56 .58 75 .67 27 15 38 58 68

1856 2.17 71 69 .64 30 11 39 56 64
CATALYST DESCRIPTIONS % Ni % Mo SUPPORT S.A. P.V. AVG. PORE SIZE
Shell 324 | 2.7 13.2 Alumina 160 5 o125 .
Harshaw HT-100 3.8 16.8 1.5% 5102,A1umina 175 54 123 §
Harshaw HT-500 3.17 - 15.5 Alumina 210 .49 93 R
Cyanamid HDS9A 3-4 17.5 - 18.5 Alumina - - -
Houdry HR811 3 15 Alumina 7300 - -
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SUMMARY OF BATCH CATALYST SCREENING TESTS

Table II-I appended to this report, summarizes heteroatom removal data
and ASTM distillation data for all batch tests made with PAMCO's Solvent Re-
fined Coal (SRC) Vacuum Flash Feed. Al1 batch tests were made previous to this
quarter but complete ASTM Distillation data has not beeh previously reported.
Batch tests were made in a Parr rocking autoclave of 500 ml internal volume.

Batch run conditions were as follows:

Vacuum Flash Feed Charged = 200 gr.
Catalyst Charged = 25 ml
Initial Hydrogen Pressure = 2508 psig
Run Temperature = 420C + 5°C

Residence Time 1 hour at run temp.
From Table II-I it can be seen that Shell 324-E-1/16" catalyst (2.7% Ni,

13.2% Mo on alumina) and MSU STK-14-E-1/16" (17.4% MoO., 2.3% NiO, 1.8% Cu0 on

3’
alumina) gave the best desulfurization in a batch run. It can also be seen

that Harshaw Co-Mo-0401-T-1/8" (3% Co0O, 9% MoO3 on alumina) and MSU STK-8-1-E-
1/16" (8.6%'M003, 1.4% NiO, 11% wo3 on alumina) gave the best denitrogenation

in a batch run.

SUMMARY OF CONTINUOUS FIXED BED REACTOR TESTS

Tabel II-II summarizes heteroatomremoval data and ASTM Distillation data
for continuous fixed bed reactor tests made with PAMCO's SRC Vacuum Flash Feed.
Runs numbered C-1 through C-8 were completed previous to this quarter and runs
numbered C-9 through C-19 were made during this quarter. These continuous
fixed bed reactor runs were made at the following conditions unless specifically

noted:
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Pressure 1008 psigo
Temperature 450°C + 5°C
H2 to oil ratio= 10000 SCF/BBL

Catalyst bed 60 ml catalyst diluted with 60 ml
Denstone 1/8" suppgrt
LHSY = 1.0, 1.5, 2.0 hr

ion

]

From Table II-II, it can be seen that the best desulfurization.averaged
over tﬁe three space velocities tested, was obtained with Cyanamid HDS-20AE1/16"

(5.0% Co0, 16.2% MoO3, on alumina) and Shell 344 E1/16" (2.4% Co0O, 9.9% MoO3 on
alumina). The best denitrogenation, over the space velocities tested, was ob-
tained with.M.S.U. STK-5-2-2 (.26% NiO, 1.15% Co0, 13.1% MoO3 on Ketjen -003-

E-1/16" support which contains 1.33% SiOz).

DETAILED RESULTS

Figures 2-1 through 2-3 are plots of percent sulfur in product versus
space time (LHSV_l). Figure 2-1 is a plot of the best commercial cobalt-molyb-
date catalysts. Figure 2-2 is a plot of the best commercial nickel-molybdate
catalysts. Figure 2-3 is a plot of the best commercial nickel-tungstate catalysts.
Figures 2-4 through 2-6 are plots of percent nitrogén in pro&uct versus space
time (LHSV"I). Also plotted on these graphs for comparison purposes, are two
catalysts made in our laboratory, namely: MSU-STK-5-2-1 and MSU-STK-5-2-2.
Figure 2-4 is a plot of the best commercial .cobalt-molybdate catalysts. Figure
2-5 is a plot of the best commercial nicke]-mo]ybdaté catalysts. Figure 2-6 is
a plot of the best nickel-tungstate catalysts. It is very important to note on
Figures 2-1 through 2-6 that the data for space time equal to .67 corresponding
to a space velocity equal to 1.5 appears to be much better than the other two
points on the graphs. This is consistent for almost all the continuous runs and
can be attributed to the fact-that this. is fhe first steady state sample taken

from the reactor while the catalyst is still operating at high initial activity.



Figures 2-7 through 2-11 are plots of ASTM Distillations (D-86) of the
three best commercial catalysts and the two best Montana State University cata-
lysts tested to date.

Continuous Run C-14 was made using Harshaw H T-400 E-1/16" catalysts for
the purpose of making enough product so it could be used as feedstock for a
second pass over the cafa]yst. C-14 was>a1so run at Tower temperature (400°C).
Harshaw HT-400-E-1/16" performed well at 450°C, as can be seen in Table I1-11,
Run C-4. Desulfurization at the lower temperature remained fairly consistent
over the twelve hours of the run. Denitrogenation at the lower temperature was
good during one initial three hours of the run (C-14-1), but dropped off to zero
as the catalyst lined out. Run C-14 thus gave us some good temperature study

data which will be useful in the furture.

CONCLUSIONS FROM THIS QUARTER'S WORK

1. Cyanamid HDS-20A-1/16" Trilobe gave the best average desulfurization over
the space velocities tested.

2. MSU-STK-5-2-2-E-1/16" gave the best average denitrogenation over the
space velocities tested.

3. THe temperature of the runs is extremely critical.

FORECAST OF FUTURE WORK

Catalyst testing in the continuous fixed bed reactor will continue. A
series of nickel oxide-cobalt oxide-molybdenumtrioxide catalysts have been pre;
pared on five different commercial supports. These catalysts will be tested in
order to determine any support effects on catalysis. Another series of five

cobalt oxide-nickel oxide-tungstate catalysts have been prepared to determine the
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effects of cobalt and nickel loadings on catalysis.

Debugging of a gas chromatographic system for use in off-gas analysis
from our reactors will continue. If this can be completed, we will be able to
complete the mass balance around our continuous reactors.

A linear elution adsorption chromatographic system is being set up to
analyze for asphaltene, heavy aromatic, 1ight aromatic, and saturate concentra-
tions in products. When this is in operation, it will be a very useful tool for

figuring out what each catalyst is doing to the feedstock.



TABLE II-I
DATA SUMMARY OF BATCH RUNS ON S R C VACUUM FLASH FEED

RUN CATALYST 7 DN* | % DS** ASTM DISTILLATION D-86 (VOL %)
- 18P-425°F | 425-600°F | 600-700°F YIELD
26B | Harshaw HT-400-E-1/8" 25.4 | 36.8 12.0 32.7 23.7 68.4
278 | Harshaw HT-500-E-1/8" 16.9 | 33.2 7.8 37.2 19.5 64.5
288 | Ketjen HC-5-E-1/16" 5.8 | 27.0 8.0 32.0 21.9 61.9
298 | Ketjen-330-E-3/32" 12.3 | 37.3 9.8 35.2 21.2 66.2
308 | Harshaw Co-Mo-0401-T-1/8" 29.5 | 36.0 9.5 34.0 24.2 67.9
31B | MSU-STK-6-E-1/16" 1.5 | 17.7 10.7 36.1 18.3 65.1
328 | Shell 324-E-1/16" 27.5 | 75.3 9.1 39.2 27.4 75.7
338 | Shell 344-E-1/16" » 18.8 | 52.5 8.5 35.4 32.2 76.1
348 | MSU-STK-5-E-1/16" 20.2 | 44.1 8.7 35.8 29.2 73.7
358 | Harshaw Ni-4401-T-1/8" 20.4 | 35.7 12.0 28.8 25.0 65.8
36B | MSU-STK-8-2-E-1/16" 21.5 | 47.7 8.5 36.8 31.8 77.1
378 | MSU-STK-10-E-1/16" 12.0 | 28.3 9.4 32.9 26.8 69.1
388 | MSU-STK-11-E-1/16" 12.0 | 38.9 8.3 32.5 28.7 69.5
398 | Harshaw Ni-4303-1/8" 19.4 | 42.1 8.8 31.7 25.6 67.05
40B | MSU-STK-14-E-1/16" 10.2 | 50.8 8.0 34.0 34.2 76.2
418 | MSU-STK-9-E-1/16" 14.9 8.7 5.7 34.6 24.3 64.6
428 | MSU-STK-12-E-1/16" 16.1 | 46.7 8.7 34.3 24.7 67.7
438 | MSU-STK-13-E-1/16" 21.7 | 21.0 8.9 32.8 24.5 66.2
448 | MSU-STK-8-1-E-1/16" 29.4 | 15.7 8.1 36.5 25.9 70.5

* % DN - Weight Percent Denitrogenation
** 4 DS - Weight Percent Desulfurization
NOTE: This sample of S R C Vacuum Flash Feed contained .644% Sulfur and 1.30% Nitrogen.

..VZ-




TABLE

II-11

'DATA SUMMARY OF CONTINUOUS RUNS ON S R C VACUUM FLASH FEED

ASTM DISTILLATION D-66 (VOL %)

RUN . CATALYST LHSV*| % DN**| ¢ DS*** | 1Bp-425°F| 425-600°F| 600-700°F | YIELD
C-1 | Shell 324-E-1/16" 1.0 | 38.81{ 70.5 13.6 41.2 22.1 76.9
1.5 | 15.4 | 61.8 7.3 35.5 31.4 74.2

2.0 8.5 | 49.5 7.8 33.8 27.3 68.9

C-3.| Harshaw Co-Mo-0401-T-1/8" 1.0 | 19.2 | s54.2 8.3 41.5 26.6 76.4
1.5 | 12.7 | 59.9 8.0 36.6 28.2 72.8

2.0 | 3.8 38.8 7.9 35.4 31.2 74.5

C-4 | Harshaw HT-400-E-1/16" 1.0 | 33.8| 67.1 11.9 39.5 24.2 75.6
: 1.5 | 32.3 ] 53.9 8.5 41.6 28.0 78.1

| 2.0 | 26.2 | 55.3 8.2 37.6 28.0 73.8

C-5 | Harshaw HT-4-0-E-1/8" 1.0 | 18.8 | 62.3 8.3 38.4 30.5 77.2
1.5 | 20.5| 56.4 8.2 36.6 34.3 79.2

2.0 | 10.1 | 34.3 5.6 33.0 29.0 67.6

C-6 | Harshaw HT-500-E-1/8" 1.0 | 18.5 | 53.1 7.9 38.8 - 31.4 78.1
1.5 | 20.0 | 58.8 7.9 37.5 26.3 71.7

2.0 | 13.1.| 53.6 5.7 36.0 33.3 75.0

C-7| Shell 344-E-1/16" 1.0 | 31.11{ 73.9 12.4 38.9 23.3 74.6
1.5 | 37.0 | 61.2 13.5 39.0 24.2 76.7

2.0 | 17.7 | 65.2 8.0 38.3 28.9 75.2

C-8 | Harshaw Ni-4401-T-1/8" 1.0 | 15.2 | 66.3 7.7 35.6 30.0 73.4
1.5 | 17.8 | 38.2 8.1 34.6 31.5 74.2

2.0 | 13.5| 41.5 1.3 38.2 32.7 72.2

C-9 | Cyanamid HDS-20A 1.0 | 18.4] 62.5° 10.2 47.0 26.7 83.9
1.5 | 16.7 | 70.8 9.7 44.6 27.1 81.4

2.0 11.0 | 69.4 9.0 44.5 23.8 77.3

C-10| Cyanamid HDS-9A 1.0 | 21.1] 61.1 7.7 49.3 24.6 81.6
1.5 | 26.3] 62.5 12.5 51.0 17.7 81.2

2.0 | 21.1} s61.1 8.2 47.3 25.0 80.5

continued....
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DATA SUMMARY OF CONTINUOUS RUNS ON S R C VACUUM FLASH FEED

CJABLE II-II - Continued

~ ASTM DISTILLATION D-66 (VOL 2Z)

RUN CATALYST _ LHSV*| % DN**| % DS*** | 1BP-425°F| 425-600°F | 600-700°F | YIELD
C-11 |Harshaw Co-Mo-0603-T-1/8" 1.0 | 13.2 | 54.2 13.0 43.0 21.7 77.7
1.5 | 15.4 | 45.8 12.4 46.7 21.8 80.9
2.0 4.4 | 54.9 13.0 57.6 20.9 75.5
C-12 |Harshaw Ni-4301-T-1/8" 1.0 9.6 | 61.1 12.0 39.6 23.0 74.6
1.5 | 10.5 | 51.4 10.4 41.3 28.4 80.1
2.0 2.2| 48.6 9.9 40.5 22.1 72.5
C-13 |Harshaw Ni-4303-T-1/8" 1.0 | 11.4 | 53.5 10.2 45.9 25.7 81.8
1.5| 15.8 | 55.6 10.2 44.7 24.9 79.8
2.0 11.4 | 48.6 8.8 43.7 24.1 76.6

C-14 |Harshaw HT-400-E-1/16"
C-14-1 2.0 | 20.2 | 54.9 4.7 42.7 22.3 69.7
C-14-2 2.0 1.8 | 43.1 6.3 38.2 27.2 71.7
| c-14-3 2.0 | -0- | 47.2 9.5 38.5 24.8 72.8
C-14-4 2.0 -0- | 41.7 6.5 38.5 23.4 68.4
C-15 |Harshaw HT-100-E-1/12" 1.0] 17.1 | s56.2 10.1 45.3 23.3 78.7
1.5 | 21.5 | 51.4 10.2 45.7 22.7 78.6
20| 6.0 | 54.2 7.5 43.2 21.3 72.0
C-16 | Harshaw Ni-3250-T-1/8" 1.0 | 18.0 | 21.5 7.5 43.5 22.5 73.5
1.5 | 14.5 | 16.0 5.1 47.5 21.2 | 73.8
20| 4.8 18.1 2.7 42.6 23.3 68.6
C-17 | Harshaw Ni-1601-T-1/8" 1.0 [ 30.3 | 20.1 5.6 44.0 25.3 74.9
1.5 32.9 | 27.8" 6.1 50.7 23.9 80.7
2.0 24.1| 4.2 7.1 40.5 28.5 76.1
C-18 | MSU-STK-5-2-1-E-1/16" 1.0 | 32.9 | 47.9 11.8 42.8 22.6 77.2
| 1.5 | 39.5 | 47.9 11.9 43.6 21.2 76.7
2.0 | 29.8 | 39.6 10.0 40.7 24.9 75.6

continued...
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TABLE II-II - Continued

DATA SUMMARY OF‘CONTINUOUS RUNS ON S R C VACUUM FLASH FEED

- ASTW DISTILLATION D-66 {VOL %)

RUN CATALYST - LHSV* | % DN**| % DS*¥* 18P-425°F | 425-600°F| 600-700°F | YIELD

C-19| MSU-STK-5-2-2-E-1/16" 1.0 46.5 56.2 . 15.4 45.3 25.7 86.4
1.5 54.8 65.3 14.8 45.6 27.2 88.6
2.0 35.1 53.5 8.1 44.5 26.3 78.9

* Liquid Hourly Space Velocity

*k Weight Percent Denitrogenation

**% % DS Weight Percent Desulfurization

NOTES: Runs C-1 through C-8 Feedstock contained:

Runs C-9 through C-19

Feedstock contained:

.644% S and 1.30% N
72%

S and 1.14% N

-LZ-
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TABLE TI-I1I -
CATALYST DESCRIPTION

Harshaw Cor¥o 0401 T 1/8 3% Co0, 9% MoO3 on silica alumina
Harshaw HT 105 3.8% NHi0, 16.8%-3-'.003 on.si1ica_a]umina
Hershaw HT 500 3.2% Ni0, 16% to03 on alunina
Harshaw Ni 4401 6% Ni0, 19% Hb 50% 5102, 25% A120
Harshaw Hi 4301 6% NiO, 19% ﬁ03 on s111ca'a1um1na

Harshaw Ni 4303 6% Ni0, 19% H0g on alumina
Harshaw Hi 160i 3% Ni0, 37Co0, 3% Fe203 on alumina
Harshaw Ni 3250 50% Micke)

Harshav Ma-1201 '10%'”003 on alumina

Harshaw 11 0801 10% NO3 on alumina |
Harshaw Ni 1600 3% Co0, 3% Ri0, 3% Fe,05 on silica alumina
Shell 324 3% Ni0, 13% r303

Shell 344 2.4% Co0, 9.9% lo0,

Ketjen HC-5 6.5% 10, 21% H0, on alumina

Ketjen Ketjeniine 330-3E 6.6% Mi0, 19.8% uoa, 1.2% Sioz‘on alumina
MSU-STK-5 1.2% CoU, vu.d4» ni0, 18.2% h003_6n aluﬁ{ha
HSU STK-6 1.5% €00, 1.2% Ki0, 18% KoO3 on alumina
CCI-C20-6 4% Co0, 15% W04 on alumina

Harshaw HT 400 E1/16" 3% Co0, 15% V003, on a]uw1na

] S.A. = 220 W/g; .55¢cc/g

Houdry, HR 801 3% Co0. 15% M003, on alumina

S,A = 300 M2 /95 1/16" extrudates
Morton 6176 Alumina Supports Alun1na Supports.
0,199 .85%) Na02(<O0. 014<)
sl 2?¢o 12%) Fe303(<0.065%) -
“S.A% = 250+20 M2/g, P.V. - 0.8-1016¢/gr
before impregration.

Gontinued...
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TABLE II-III -continued

CATALYST DESCRIPTION

Cyanamid HDS-20A 5% Co0, 16.2% MoO3 on alumina, 1/16" Tilobe
S.A. = 230 m%/g
P.V. = .52 cc/g -
Cyanamid HDS-9A 3.5% Ni0, 18.0% MoO3 on alumina,
S.A. = 300 mz/g, 1/8" extrudates
Houdry HR-811 3.0% NiO, 15.0% MoO3 on alumina,
S.A. = 300 m2/g, 1/8" extrudates
Harshaw Co-Mo-0603 3% Co0, 12.0% MoO3 on alumina
M.S.U.-STK-5-2-1" .48% Ni0, 23.9% M003, .75% Co0 on Norton

6176 support.

M.S.U.-STKk-5-2-2 .26% Ni0, 1.15% Co0, 13.1% M003, on Ketjen-
003-1.5E support which contains 1.33% 5102
.01% NAZO, Bg]ance A1203
S.A. =240 m /g
P.V. = .7 ¢cc/g
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CATALYTIC HYDROGENATION OF SYNTHOIL - M. D. Anderson

SUMMARY OF PREVIOUS WORK

To this date, a total of 35 bomb runs have been made on Synthoil using 26
commercially prepared catalysts and three M.S.U. catalysts. Synthoil has been
tested with ten commercial catalysts in the continuous reactor. In the contin-
uous reactor, Harshaw Catalyst HT-500 gave the best sulfur removal, and Shell
324 Catalyst gave the best hydrocracking and nitrogen removal. The best M.S.U.
catalyst tested in the bomb is STK-10. The p}operties of these catalysts are

given in Table 3-I.

SUMMARY OF PROGRESS DURING THIS REPORTING PERIOD

During this quarter, two bomb runs and two continuous runs were made on
Synthoil. Bomb runs were made using two MSU catalysts, MSU-STK-12 and MSU-STK-
14. Two commercial catalysts, Shell 324 and Shell 344, were tested in the con-

tinuous reactor. All of the catalysts tested were sulfided.

DISCUSSION OF BOMB RUNS

Two MSU catalysts were tested in a 500 ml. Parr rocking autoclave under the

conditions given below:

Synthoil charged = 150 ml.
Catalysts charged =25 ml.
Initial Hydrogen pressure = 2008 psig0
Run Temperature #:450°C + 5°C
Run Time = 1 hour

The two catalyst tested were MSU-STK-14 and MSU-STK-12 which are described
in Table 3-I. The éompositions of the two catalysts are approximately the same
with the exception thatkMSU-STK-14 contains 1.8% Cu0 while MSU-STK-12 contains
1.7% Zn0. -
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Table II1I-II gives the results of the ASTM distillations from runs B33,
B34 and B35 along with the distillation results of untreated Synthoil. From

this Table, it can be seen that STK-14 cracked the Synthoil only slightly better
than MSU-STK-12. The highest degree of hydrocracking achieved in the bomb to
date was given by MSU-STK-10 catalyst in Run B33.

Table III-III presents the bomb run heteroatom removal data for two of the
three MSU catalysts tested. The product from run B34 was inadvertently rendered

useless for heteroatom analysis.

DISCUSSION OF CONTINUQUS RUNS

Two commercial catalysts were tested in the continuous fixed bed reactor
at the following conditions:

Pressure
Temperature
H2:Synthoil ratio
Catalyst bed

8000ps1g

450°c + 5°¢

10,000 SCf/bb1

70 m1 catalyst diluted with 70 ml. Denstone
1/8" inert support material

1.23, 2.0

nonun i

LHSV

The first run (CR1) was made using Shell 344 Catalyst (2.4% Co, 9.9% Mo
on alumina) at a liquid hourly space velocity (LHSV) of 2.0. Run CR2 was made
using Shell 324 catalyst (1.7% Ni, 13.2% Mo on alumina) at space velocities of
1.23 and 2.0. The best results were obtained at the lowest space velocity.
Table III-IV presents the ASTM distillation results for the products of the
two continuous runs. Figure 3-1‘is a plot of the ASTM distillation data for Run
CR2 which shows that a higher degree of hydrocracking was achieved at the lower
space velocity. Products CR2-2 and CR2-3 were made at approximately the same
conditions but different amounts were distilled, 20 ml and 50 ml, to determine
if varying the amount of the sample distilled would affect the resu]ts Figure

3-1 indi @ates that the two d1st111at1ons give essent1a11y the same resu]ts
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Table III-V presents the continuous run heteroatom removal data. The
highest denitrogenation to date (43%) was achieved by Shell 324 catalyst at a
space velocity of 1.23. The sulfur removal for this run ( 36%) was relatively
Tow, however, and does not seem to corre]ate with the desulfurization that was

achieved in the bomb for this catalyst (55%).

CONCLUSIONS FROM THIS QUARTERS WORK

1. The best MSU catalyst tested to date is MSU-STK-10 which gave the best
hydrocracking of all the catalysts that were tested in the bomb.
2. The best hydrocracking and nitrogen removal in the continuous reactor were

given by Shell 324 catalyst.

FORECAST OF FUTURE WORK

Batch testing of catalysts will continue to screen catalyst activity.
Runs_wi]] be made to try to determine the effects of catalyst pore volume,

surfacé area, and mean pore diameter on catalyst activity.
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TABLE III-I
CATALYST PROPERTIES

RUN. NO. CATALYST

9-1 & B25 Harshaw HT-500 (1/8" extrusions)
3% Ni0, 15.5% MoO3 on alumina, Surface
area - 210 nF/gPore volume - .44 cc/g

B33 . MSU-STK-10 (1/16" extrusions), 12.0% MoO3,
o 1.7% Co0, 2.6% Ni0, .9% Fe,0, on alumina,
B34 MSU-STK-14 (1/16" extrusions)
17.4% M003, 2.3% Ni0, 1.8% Cu0 on alumina
B35 MSU-STK-12 (1/16" extrusions)
18% Mo0.,, 2% NiO, 1.7% Zn0O on alumina

39
CR1 Shell 344 (1/16" extrusions)
2.4% Co, 9.9% Mo on alumina, Surface
area = 195 m%/g, Pore volume = .6 cc/g

CR2 Shell 324 (1/16" extrusions)
1.7% Ni, 13.2% Mo on alumina, Surface
area - 160 m2/g, Pore volume - .5 cc/g

NOTE: A11 MSU catalysts have been prepared on Norton 6176 alumina support
(99.85% A1203, .014% Na20 s -12% Si02, .065% Fe203, Pore volume - .95 cc/g,
surface area - 250 + 20 m2/g).




-45-

TABLE ITI-II

BOMB RUN DISTILLATE YIELDS

% NAPHTgA % FUEL 8IL % GAS 06L % RESIDUE | TOTAL
RUN NO. CATALYST IBP-425"F | 425-600"F | 600-700°F | 700°F VoL %

- Synthoil 4 20 20 56 44
B33 MSU-STK-10 11 25 31 33 67(a)
B34 MSU-STK-14 11 23 28 38 62
B35 MSU-STK-12 9 24 27 40 60

(a) This is the highest degree of hydrocracking achieved to date.
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TABLE III-III
BOMB_RUN HETEROATOM RemovAL(®)

RUN_NO. CATALYST % des(® 4 ge n(C)
B33 MSU-STK-10 36 23
B34 ~ MSU-STK-14 (d) (d)
B35 MSU-STK-12 17 22

(a) Shell 324 has provided the best desulfurization (55%), and
Harshaw HT-500 has provided the best denitrogenation (33%)
to date. ‘

(b) Weight percent desulfurization based on Synthoil containing
.44 weight percent sulfur.

(c) Weight percent denitrogenation based on Synthoil containing
1.06 weight percent nitrogen.

(d)  Product rendered useless for heteroatom analysis.
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TABLE III-IV
CONTINUOUS RUN DISTILLATE YIELDS

% NAPHTgA % FUEL glL % GAS OBL % RE§IDUE TOTAL
F

RUN No.  CATALYST 18P-425°F | 425-600°F | 600-700°F | 700%F  |voL %
- Synthoil 4 20 20 56 a4
cR1-2 | shell 344 15 29 26 30 70
CR2-1 | Shell 324 12 36 29 23 77(2)
CR2-2 | Shell 324 7 32 26 35 65

CR2-3 Shell 324 11 29 22 38 62

(a) This is the Highest degree of hydrocracking achieved to date.



TABLE III-V
- CONTINUOUS RUN HETEROATOM REMOVAL(a)

HZ2:0IL ) ©
RUN NO. LHSV RATIO,SCF/BBL | % de S % de N
CR1-2 2.1 10,000 24 25
CR2-1 1.23 10,000 36 43
CR2-2 2.0 10,000 32 35
CR2-3 2.0 10,000 30 35

(a) Harshaw HT-500 has provided the best desulfurization (70%),
and Shell 324 has provided the best denitrogenation (43%) to
date.

(b) Weight percent desulfurization based on Synthoil conta1n1ng
.44 weight percent sulfur.

(c) Weight percent denitrogenation based on Synthoil containing
1.06 weight percent nitrogen.
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