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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-Oil, COED and SYNTHOIL will be obtained. They will be heated and pumped, with 

and 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 catalyst 

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 evaluation of commercially available hydrotreating 

catalysts showed that the best denitrogenation catalysts are Cyanamid HDS9A and 

Harshaw HT 500 but only about 30% nitrogen reduction is obtained. The best 

hydrodesulfurization catalysts are Harshaw HT UOO, Shell 3^ and Cyanamid HDS20A 

with about 90$ of the sulfur removed. The program is now devoted to synthesizing 

new catalysts for this specific feed stock. Five Ketjen and one Norton supports 

impregnated with molybdenum, cobalt and nickel are being evaluated.

For PAMCO Solvent Refined Coal (SRC) Vacuum Flash Feed, the best commercially 

available denitrogenation catalyst is Harshaw Co-Mo-0401-T-l/8". The best 

desulfurization catalyst is Shell 324-E-1/16". Improved desulfurization was 

obtained with a catalyst fabricated here containing 0.2$ NiO, 1.1$ CoO, 15.5$ MoO^ 

on alumina and improved denitrogenation was accomplished with a catalyst comprising 

0.26$ NiO, 1.15$ CoO, 13.1$ MoO^ on- a Ketjen support.

For SYNTHOIL the best commercially available catalyst for desulfurization is Harshaw 

HT 500, for denitrogenation is Shell 324.

.NUGGET

For SRC a catalyst synthesized here comprising a nickel - cobalt-molybdenum 

on a Ketjen alumina-silica support gives the greatest amount of denitrogenation.
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COED PYROLYSIS OIL - S. Kujawa 

SUMMARY OF TECHNICAL PROGRESS

During previous quarters, it was found that for hydrotreating COED Pyrolysis 

oil, nitrogen removal was best effected by the nickel-moly catalysts Cyanamid 

HDS9A and Harshaw HT500. Sulfur removal was best using the Cobalt-Moly catalysts 

Harshaw HT400, Shell 344, and Cyanamid HDS20A. Sulfur removal averaged over 90 

percent and nitrogen removal averaged 30 percent in the better runs at 415°C and 

800 psig.

The intent of the work done for this report was to test the effects of the 

support on heteroaton removal. To accomplish this, five Ketjen and one Norton 

support were impregnated with Molybdenum, Cobalt and Nickel, the finished sulfided 

catalysts were then reacted with the feed.

The metal amounts on the supports varied greatly so that only two of the 

catalysts could be compared on an equal loading basis. One other catalyst was 

eliminated due to impregnation difficulty, and two others were of large diameter 

so the results of using them are clouded by film diffusion more than the smaller 

supports.

Two of the MSU catalysts, containing varying amounts of silica, and having 

different average unimpregnated pore sizes, were compared with the conclusion 

that nitrogen removal could be either a function of pore size or silica amount. 

Sulfur removal data was too scattered to conclude this however, Neither of the 

catalysts worked as well as the commercial catalysts.

It is apparent that closer control of catalysts makeup is necessary to deter­

mine support effects. To accomplish this, factorial catalyst tests will be run 

to determine metal content effect and then support effect.
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OBJECTIVES DURING THIS QUARTER

The experimental work during this quarter attempted to establish the effects 

of the support on hydrotreating COED Pyrolysis Oil. To accomplish this objective, 

six catalysts were made that contained approximately the same amounts of metal 

oxides on one Norton and five Ketjen catalyst carriers. The feedstock was then 

reacted over these catalysts at the same conditions that had previously been 

used for the commercial catalyst screening tests. THe ranking of these catalysts 

was then determined by the heteroatom removal from the feed.

CATALYST PREPARATION

The catalysts were made by impregnating aqueous solutions of Ammonium Hepta 

Molybdate, Nickel Nitrate, and Cobalt Nitrateon the supports in separate steps. 

The catalyst was impregnated first with Ammonium Molybdate, air dried, oven dried, 

and then calcined to 450°C. The catalyst was then weighed to determine the amount 

of Mo0g that was on it. Nickel and Cobalt were put on the catalyst in similar 

separate steps and weighed to determine the nickel oxide and cobalt oxide amounts. 

The catalysts were then sulfided in an mixture and then loaded in the re­

actor prior to the experimental run. The supports and catalysts were described 

in Table 1-1.

EXPERIMENTAL PROCEDURE

The experimental runs were made with a continuous reactor made from a 30" 

long piece of 1" Inconel schedule 80 pipe. TNe pressure was approximately 800 

psig and the hydrogen feed rate was approximately 10,000 scf/bbl (1781 NL/L).

The catalyst bed consisted of 80 ml. of catalyst mixed with 80 ml of inert
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Denstone support and was preceeded in the reactor by inertsupport 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 the bed temperature was such that 

the average of the three was approximately 415°C. Two to three reactor volumes 

of feed were run through the reactor 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.

TABLE 1-1 

SUPPORT PROPERTIES

Norton 6176: A1203 (>99.85%)

NA20 (<.014%)

Si02 (<.12%)
S.A. = 250 + 20 m2/g 

P.V. = .8 - 1.1 cc/g 
Avg. Pore Dia. <L52 8 1

Ketjen Supports
Weight Percent

Support No. Al2°3 Si02 na2o S.A. P.V. P.D

003-1.5E bal. 1.33% .01% 240 .7 117

006-1.5E bal. .37 .10 200 .73 146

005-2E bal. .55 .06 150 .64 171

000-3E bal. 1.5 .13 230 .64 111

LA-3P 13.8 bal. .13 410 .56 55

1. Avg. Pore Dia. = 40,000 X P.V.v S.A. in 8

1
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TABLE 1-1 continued

CATALYST DESCRIPTION Weight Percent

Catalyst No. Support No. Mo^ Ni Co

STK5-2-1 Norton 6176 23.9 .48 .75

STK5-2-2 Ketjen 003-1.5E 13.1 .26 1.15

STK5-2-3 Ketjen 000-3E 16.4 .5 1.1

STK5-2-4 KetjenLA-3P 5 1 .9

STK5-2-5 Ketjen 005-2E 14 .5 .8

STK5-2-6 Ketjen 006-1.5E 15.5 .2 1.1

2. Metal oxide weight percent

Shell 344 2.4% Co, 9.9% Mo, Alumina, 195 m^/g, .6cc/g

1238 Avg. P.D.
Harshaw HT500 3.17% Ni, 15.5% Mo, Alumina, 210 m^/g, .49 cc/gm,

93 8 Avg. P.D.

RESULTS AND DISCUSSION

CATALYST CHARACTERISTICS

The six supports described in Table 1-1 varied mainly in silica content and 

average pore size. When the six were made into catalysts, the metal oxide amounts 

varied more than was wanted, so that the data from the runs using the catalysts 

cannot be interpreted only as due to support properties.

Of the six catalysts, one, STK5-2-4 on Ketjen LA-3P support, can be eliminated 

from consideration because of pore plugging during Molybdenum impregnation and the 

inability to impregnate it without agglomerating the particles.

The catalysts STK5-2-3 and STK5-2-5 are both of a diameter greater than 1/16", 

so when interpreting the results using these, it must be remembered that they will 

show external diffusion effects as compared to the other catalysts of 1/16" dia­

meter, namely STK5-2-1, STK5-2-2, and STK5-2-6.
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The three catalysts, STK5-2-1, 5-2-2, and 5-2-6 are of the same diameter 

but STK-5-2-1 was a much greater amount of Molybdenum oxide on it, which eliminates 

it from support properties comparison. Finally, STK-5-2-2 and 5-2-6 are the same 

diameter and approximately the same metals composition, therefore, of the six, 

the results of the runs using them can probably be used to interpret support 

effects.

RESULTS OF EXPERIMENTAL RUNS

NITROGEN REMOVAL

Figure 1-1 plots the weight percent of Nitrogen in the product against space 

velocity for the three best MSU catalysts and one of the best commercial catalysts. 

The experimental results for all of the MSU catalysts is presented in Table 1-2. 

None of the MSU catalysts performed as well as the Harshaw catalysts, however, 

the slightly better nitrogen removal by STK5-2-6 seems to imply that either a 

catalyst with larger average pore size or less silica improves nitrogen removal. 

(This assumes that the impregnated pore size stays larger when comparing STK5-2-6 

with 5-2-2.) As was stated before, STK5-2-1 contained much more Molybdenum than 

the other catalysts and could not be compared with them. The poorer performance 

of STK5-2-1 could therefore be due to pore plugging.

SULFUR REMOVAL

Figure 1-2 shows the sulfur removal effected by four of the MSU catalysts and 

one of the best commercial catalysts. Again, the commercial catalyst performed 

best. In this Figure, STK-5-2-2 and STK-5-2-6 performed equally well, the data
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for 5-2-6 having much scatter however. The two best MSU catalysts performed 

much closer to the commercial catalyst in sulfur removal than in nitrogen removal.

STK5-2-1, it is assumed, again probably had pores plugged by high molybdenum 

content. The performance of STK5-2-5 could possibly be explained by its larger 

diameter since it is believed that film diffusion is present to a great extent 

in this system.

CONCLUSION

From Figure 1-2, and the data for STK5-2-2 and STK5-2-6, it appears that pore 

size effects do not have the influence on sulfur removal that they appear to have 

on nitrogen removal. More work will have to be done before this conclusion can 

be verified.

FORECAST

Eight catalysts are now being prepared on Ketjen 003-1.5E support. These will 

be used in a factorial experiment to determine the effects of cobalt, nickel, and 

molybdenum oxides on the heteroaton removal. This is necessary because of the 

apparent pore plugging that occurred in this quarters work. After these experi­

ments are completed, the Norton 6176 and Ketjen 006-1.5E supports will be impregna­

ted in an attempt to determine support effects in the reaction.
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TABLE 1-2

COBALT - NICKEL - MOLYBDATE CATALYST PERFORMANCE

Catalyst
Avg. Bed Temp (°C)

Liquid
Hourly Space S in

%

Removal % N in
%

Removal
ASTM 086 Distillation of Liquid 
Product. Vol. % Boiling Below

Feed Rate (NL/L Velocity ■Product of S Product of N 425F 600F 700F Recovery

STK 5-2-1 1.32 .38 83 .88 4.3 14 41 60 67

416 2.05 .52 77 .95 0 14 38 58 68

1811

STK 5-2-2 1.44 .22 90 .77 17

413 1.78 .32 86 .81 12 15 41 61 68

1831 2.19 .41 82 .80 >13 15 42 61 70

2.61 .46 80 .93 0

STK 5-2-3 1.66 . .57 75 .92 0

415 1.81 .52 77 .90 2 14 40 57 64

1755 1.97 .57 75 1.04 ■0

2.36 .65 71 .93 0

STK 5-2-4 1.23 1.19 48 .97 0 11 35 51 60
412 1.71 1.22 46 .94 0
1792

STK 5-2-5 1.05 .22 90 .97 0 15 43 60 66

413 1.93 .48 79 .91 1

1843 2.24 .52 • 77 .91 1 13 35 53 65

STK 5-2-6 1.67 .28 88 .78 20

413 1.91 .6 74 .94 0
1699 2.37 .46 80 .86 7 14 43 68 76

2.45 .36 84 .86 7 15 42 64 74
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CONVERSION OF SOLVENT REFINED COAL TO DISTILLATE FUELS - G. R. Hass 

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. All batch tests were made previous to this 

quarter but complete ASTM Distillation data has not been 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 = 2500 psig 
Run Temperature = 420c + 5dC
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% Mo03> 2.3% NiO, 1.8% CuO on

alumina) gave the best desulfurizatior in a batch run. It can also be seen

that Harshaw Co-Mo-0401-T-l/8M (3% CoO, 9% Mo03 on alumina) and MSU STK-8-1-E-

1/16" (8.6% Mo03, 1.4% NiO, 11% W03 on alumina) gave the best denitrogenation

in a batch run.

SUMMARY OF CONTINUOUS FIXED BED REACTOR TESTS

Table 11-11 summarized heteroatom removal data and ASTM Distillation data 

.for continuous fixed bed reactor tests made with P/WCO's SRC Vacuum Flash Feed.

Runs numbered C-l through C-19 were completed previous to this quarter and runs 

C-20 through C-28 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 = 1000 psig
Temperature = 450°C + 5°C

to oil ratio = 10,000 SCF/BBL

Catalyst bed = 60 ml catalyst diluted with 60 ml
Denstone 1/8" support.

LHSV = 1.0, 1.5, 2.0

From Table 11-11, it can be seen that the best desulfurization averaged over 

the three space velocities tested was obtained with MSU-STK 5-2-6 (.2% NiO, 1.1% 

CoO, 15.5% Mo03 on alumina). THe best denitrogentation, over the space velocities 

tested was obtained with MSU-STK 5-2-2 (.26% NiO, 1.15% CoO, 13.1% Mo03 on Ketjen- 

00 -E 1/16" support which contains 1.33% Si^).

DETAILED RESULTS

During this quarter five catalysts fabricated at MSU were tested to determine 

support effects on heteroatom removal. Four supports from Ketjen and one Norton 

support were impregnated with nickel oxide, cobalt oxide, and molybdenum trioxide. 

The properties of these supports and catalysts are reported in Table II-4.

Figure II-l shows percent sulfur in product versus space time (LHSV-*) for 

these five catalysts. The best sulfur removal was obtained with MSU-STK 5-2-6. 

Figure II-3 shows percent nitrogen in product versus space time (LHSV-*) for these 

five catalysts. The best nitrogen removal was obtained with MSU-STK 5-2-2. Also 

this quarter five catalysts were fabricated on Ketjen support 003-E 1/16" to 

determine optimum metal loadings of nickel oxide, cobalt oxide, and tungsten 

trioxide. The support was chosen from the test results of the five Ni-Co-Mo 

catalysts mentioned above. Ketjen 003-E1/16" support gave the best denitrogenation 

when loaded with NiO, CoO, and MoOg. The properties of the five Ni-Co-W catalysts 

are reported on Table II-5.
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Figure 11-2 shows percent sulfur in product versus space time (LHSV *) for 

these five catalysts. These data are too similar to make any conclusions on 

the effects of metal loading on sulfur removal. Figure II-4 shows percent 

nitrogen versus space time (LHSV-^) for these five catalysts. These data are too 

similar to make any conclusions on the effects of metal loading on nitrogen re­

moval .

The data from the five Ni-Co-Mo catalysts seems to indicate pore volume and

average pore diameter has some effect on nitrogen removal. This is also substanti-

12ated in the literature ’ .

CONCLUSIONS FROM THIS QUARTER'S WORK

1. MSU-STK 5-2-2-E1/16" gave the best denitrogenation over the space velocities 

tested.

2. MSU-STK 5-2-6E1/16" gave the best desulfurization over the space velocities 

tested.

3. Pore volume distribution plays a very important role in denitrogenation.

FORECAST OF FUTURE WORK

Eight nickel oxide, cobalt oxide, and molybdenum trioxide catalysts are being 

fabricated on Ketjen 003-E1/16" support to further study the effects of metal

* U.S. Patent 3,928,176 Exxon Research Co.

^ U.S. Patent 3,891,539 Texaco, Inc.
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loading on denitrogenation and desulfurization.

The gas chromatograph system has been set up and calibrated and is ready 

for mass balance studies around our reactors.

Temperature studies using the best catalysts will be completed.



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

RUN CATALYST % DN* % DS** ASTM
IBP-425°F

DISTILLATK
425-600°F

DN D-86 (V( 
600-700°F

3LTJ
YIELD

26B Harshaw HT-400-E-1/8" 25.4 34.8 12.0 32.7 23.7 68.4

27B Harshaw HT-500-E-1/8" 16.9 33.2 7.8 37.2 19.5 64.5
28B Ketjen HC-5-E-l/16M 5.8 27.0 8.0 32.0 21.9 61.9
29B Ketjen-330-E-3/32" 12.3 37.3 9.8 35.2 21.2 66.2

3 OB Harshaw Co-Mo-0401-T-l/8" 29.5 36.0 9.5 34.0 24.2 67,9
3 IB MSU-STK-6-E-1/16" 1.5 17.7 10.7 36.1 18.3 65.1
32B Shell 324-E-1/16" 27.5 75.3 9.1 39.2 27.4 75.7
33B Shell 344-E-1/16" 18.8 52.5 8.5 35.4 32.2 76.1
34B MSU-STK-5-E-1/16" 20.2 44.1 :.8:.7 35.8 29.2 73.7
35B Harshaw Ni-4401-T-l/8" 20.4 35.7 12.0 28.8 •25.0 65.8

36B MSU-STK-8-2-E-1/1611 21.5 47.7 8.5 36.8 31.8 77.1
37B MSU-STK-10-E-1/16M 12.0 28.3 9.4 32.9 26.8 69.1
38B MSU-STK-ll-E-1/16" 12.0 38.9 8.3 32.5 28.7 69.5
39B 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
4 IB MSU-STK-9-E-1/16" 14.9 8.7 5.7 34.6 24.3 64.6

42B MSU-STK-12-E-1/16" 16.1 46.7 8.7 34.3 24.7 67.7
43B MSU-STK-13-E-1/16" 21.7 21.0 8.9 32.8 24.5 66.2

44B MSU-STK-8-1-E-1/16" 29.4 15.7 8.1 36.5 25.9 70.5

* % DN - Weight Percent Denitrogenation 

** % DS - Weight Percent Desulfurization

NOTE: This sample of S R C Vacuum Flash Feed contained .644%-Sulfur and 1.30% Nitrogen.



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

RUN CATALYST LHSV* % DN** % DS***
ASTM DISTILLATION D-86 (VOL %)

IBP-425°F 425-600°F 600-700°F YIELD

C-l

C-3

C-4

C-5

C-6

C-7

C-8

C-9

C-10

Shell 324-E-1/16"

Harshaw Co-Mo-0401-T-l/8"

Harshaw HT-400-E-1/16"

Harshaw HT-4-0-E-1/8"

Harshaw HT-500-E-1/8"

Shell 344-E-1/16"

Harshaw Ni-4401-T-l/8"

Cyanamid HDS-20A

Cyanamid HDS-9A

1.0
1.5
2.0
1.0
1.5
2.0
1.0
1.5
2.0
1.0
1.5
2.0
1.0
1.5
2.0
1.0
1.5
2.0
1.0
1.5
2.0
1.0
1.5
2.0
1.0
1.5
2.0

38.8
15.4 
8.5

19.2
12.7
3.8

33.8
32.3 
26.2

18.8
20.5
10.1
18.5
20.0
13.1

31.1
37.0
17.7

15.2
17.8
13.5

18.4 
16.7
11.0
21.1
26.3 
21.1

70.5 
61.8
49.5

54.2 
59.9
38.8

67.1
53.9
55.3

62.3
56.4 
34.3

53.1
58.8
53.6

73.9
61.2
65.2

66.3 
38.2
41.5

62.5 
70.8
69.4

•61.1
62.5 
61.1

13.6
7.3
7.8

8.3
8.0
7.9

11.9
8.5
8.2
3.3
8.2
5.6

7.9
7.9
5.7

12.4
13.5
8.0
7.7
8.1
1.3

10.2
9.7 
9.0

7.7
12.5
8.2

41.2
35.5
33.8

41.5
36.6
35.4

39.5
41.6
37.6

38.4
36.6
33.0

38.8
37.5
36.0

38.9
39.0
38.3

35.6
34.6
38.2

47.0
44.6 
44.5

49.3
51.0
47.3

22.1
31.4 
27.3

26.6
28.2
31.2

24.2 
28.0 
28.0

30.5
34.3
29.0

31.4
26.3
33.3

23.3 
24.2 
28.9

30.01
31.5
32.7

26.7
27.1
23.8

24.6
17.7 
25.0

76.9 
74.2
68.9

76.4
72.8
74.5

75.6
78.1
73.8

77.2
79.2
67.6

78.1
71.7 
75.0

74.6
76.7
75.2

73.4
74.2
72.2

83.9
81.4
77.3

81.6
81.2
80.5

continued



TABLE II-II - Continued
DATA SUMMARY OF CONTINUOUS RUNS ON S R C VACUUM FLASH FEED

RUN CATALYST LHSV* % DN** % DS***

ASTM
IBP-425°F

DISTILLATIO
425-600°F

N D-86 (VOL
600-700°F

%)

YIELD

C-ll Harshaw Co-Mo-0603-T-l/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-l/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-l/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 69.7C-14”2 2.0 1.8 43.1 6.3 38.2 27.2 71.7C-14-3 2.0 -0- 47.2 9.5 38.5 24.8 72.8C-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 56.2 10.1 45.3 23.3 78.7
1.5 21.5 51.4 10.2 45.7 22.7 78.6
2.0 6.0 54.2 7.5 43.2 21.3 72.0

C-16 Harshaw Ni-3250-T-l/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
2.0 4.8 18.1 2.7 42.6 23.3 68.6

C-l 7 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.



lASLE II-II - Continued

' DATA SUMMARY OF CONTINUOUS RUNS ON SRC VACUUM FLASH FEED

RUM CATALYST ' LHSV* % DN** % DS***

ASTM
I8P-425°F

DISTILLATK
425-600°F

)N D-86 (VOL
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

C-20 MSU-STK-5-2-3-E-1/16" 1.0 32.0 58.3 10.2 46.1 23.6 79.9
1.5 36.8 54.9 10.1 43.1 14.1 67.7
2.0 30.7 52.1 9.1 42.6 25.4 77.1

C-21 MSU-STK-5-2-5-E-1/16" 1.0 34.2 64.6 10.2 45.3 24.0 79.5
1.5 27.7 61.1 10.2 • 44.4 27.6 82.2
2.0 30.3 48.6 10.2 46.5 21.3 78.0

C-22 MSU-STK-5-2-6-E-1/16" 1.0 36.0 72.9 10.1 50.8 24.5 85.4
1.5 39.0 74.3 10.2 47.2 25.7 83.1
2.0 31.1 70.1 10.3 46.3 24.8 81.4

C-23 MSU-GRH-l-E-1/16" 1.0 18.2 72.2 10.1 50.7 26.2 87.0
1.5 - • 66.0 19.8 45.1 25.1 90.0
2.0 5.7 47.9 \

C-24 MSU-GRH-2-E-1/16" 1.0 15.6 59.7
1.5 - 63.9
2.0 4.9 66.7 8.5 48.1 24.5 81.1

C-25 MSU-GRH-3-E-1/16" 1.0 18.0 56.1
1.5 24.2 61.1
2.0 6.6 47.8

C-26 MSU-GRH-4-E-1/16" 1.0 22.5 54.7
1.5 23.8 56.0
2.0 6.1 51.1 k

...

continued



TABLE II-II - Continued

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

ASTM DISTILLATION D-86 (VOL %)

RUN CATALYST • LHSV* % DN** % DS*** IBP-425°F 425-600°F 600-700°F YIELD

C-27 MSU-GRH-5-E-1/16" 1.0 20.7 54.3
1.5 29.3 61.1 -
2.0 8.6 43.1

C-28 KETJEN-330-3-E-1/16" 1.0 15.1 55.8
1.5 15.8 48.3
2.0 5.2 45.8

* LHSV 
** % DN 
*** % DS

NOTES: Runs
Runs
Runs

Liquid Hourly Space Velocity 
Weight Percent Denitrogenation 
Weight Percent Desulfurization

C-l through C-8 
C-9 through C-22 

C-23 through C-28

Feedstock contained: 
Feedstock contained: 
Feedstock contained:

.644% S and 1:30% N 

.72% S and 1.14% N 

.72% S and 1.22% N
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TA&LE 'II-HI 

CATALYST DESCRIPTION

Kershaw CoXo 0401 T 1/8 3S5 CoO, D^.KoO^ on silica alumina

Harshaw HT 100 • 3.8% MiO» 16.8^ MoO^ on silica alumina

Harshaw HT 500 3.2# NiO> 16% MoO^ on alumina

Harshaw Hi 4401 6% HiO, 19% W03-, 50% Si02, 25% A1203

Harshaw Hi 4301 6% NiO, 19% l'0Q on silica alumina

Harshaw Hi 4303 6% HiO, 19% W03 on alumina • '

Harshaw Ni 1501 3%.HiO, 3%CoO, 3% ^2^3 on alumina

Harshaw Hi 3250 50% Nickel

Harshaw-Mo-1201 10%Mo03 on alumina

Harshaw W 0801 10% WO^ on alumina

. Harshaw Ni 1600 3% CoO, 3% HiO, 3% ^e2^3 S1"^*ca alumina

Shell 324 3% HiO, 13% M0O3

Shell 344 2.4% CoO, 9.9% Mo03

Ketjen HC-5 6.5% NiO, 21% H03 on alumina

Ketjen Ketjenfine 330-3E 6.6% NiO, 19.8% W03, 1.2% Si02 on alumina

. MSU-STK-5 1.2% CoO, u.4;s NiO, 18.2% MoO, on alumina

’ MSU STK-6 1.5% CoO, 1.2% HiO, 18% Ko03 on alumina

CCI-C20-6 4% CoO, 15% W03 on alumina

Harshaw HT 400 El/16" 3% CoO, 15% r'‘o0o, on alumina
S.A. = 220 Myg; P.V. = .55cc/g

Houdry, HR 801 3% CoO, 15% M0O0, on alumina
S.A. = 300 M2/g, 1/16" extrudates

Horton 6176 Alumina Supports Alumina Supports.
Alp03(>39.85%) Na02(^0.014^)
S-i0?^0.12%) Fe703(<.0.065%}
S.A.' = 250+20 M2/g, P.V. - 0.8-101cc/gr 
before impregnation.

66'ritinued...



TABLE II-'III -continued

CATALYST DESCRIPTION'

Cyanamid HDS-20A

Cyanamid HDS-9A

Houdry HR-811

Harshaw Co-Mo-0603 

M.S.U.-STK-5-2-1

5% CoO, 16.2% MoOg on alumina, 1/16" Tilobe 
S.A. = 230 m2/g 

P.V. = .52 cc/g

3.5% NiO, 18.0% MoO^ on alumina,
S.A. = 300 m2/g, 1/8" extrudates

3.0% NiO, 15.0% MoOg on alumina,
S.A. = 300 m2/g, 1/8" extrudates

3% CoO, 12.0% Mo03 on alumina

.48% NiO, 23.9% MoO^, .75% CoO on Norton 

6176 support.

.26% NiO, 1.15% CoO, 13.1% Mo03> on Ketjen- 

003-1.5E support which contains 1.33% SiOg 

.01% NA2O, Balance Al203 
S.A. = 240 m2/g 

P.V. = .7 cc/g

M.S.U.-STKk-5-2-2
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TABLE I1-4

Ni - Co - Mo CATALYSTS

Catalyst Support % Mo03 % NiO l CoO

MSU-STK-5-2-1 NORTON 6176 23.9 .48 .75

MSU-STK-5-2-2 KETJEN-003-1.5E 13.1 .26 1.15

MSU-STK-5-2-3 KETJEN-000-3E 16.4 .5 1.1

MSU-STK-5-2-5 KETJEN-005-2E 14.0 .5 .8

MSU-STK-5-2-6 KETJEN-006-1.5E 15.5 .2 1.1

SUPPORT PROPERTIES

Support % A1203 % Si02 .% NA20 S A 
m2/q

P V 
cc/g

P.D.1
0

. -A

NORTON 6176 99.85 .12 .014 250 .9 152

KETJEN-003-1.5E bal. 1.33 .01 240 .7 117

KETJEN-006-1.5E bal. .37 .10 200 .73 146

KETJEN-005-2E bal. . 55 .06 150 .64 171

KETJEN-000-3E bal. 1.5 .13 230 .64 111

1. Average Pore Diameter = 40,000 x P.V./S.A. in l



TABLE II-5

KETJEN-003-E1/161' SUPPORT DATA

Al2°3 Si02 na2o S A P V P.D.1

bal. 1.33% .01% 240 m2/g .73 cc/g 146 %

CATALYST DATA

Catalyst NiO CoO Wo3

MSU-GRH-1 6.10% 2.85% 19.91%

MSU-GRH-2 2.91% 2.91% 18.84%

MSU-GRH-3 6.06% 6.12% 18.53%

MSU-GRH-4 3.13% 5.90% 19.02%

MSU-GRH-5 5.88% 0 18.00%

1. Average Pore Diameter = 40,000 x P.V ./S.A. in l
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CATALYTIC HYDROGENATION OF SYNTHOIL - M. D. Anderson

SUMMARY OF PREVIOUS WORK

To date, a total of 36 bomb runs have been made on SYNTHOIL using 27 

commercially prepared catalysts and three M.S.U. catalysts. SYNTHOIL has been 

hydrotreated with twelve commercial catalysts in the continuous reactor. In 

the continuous reactor Harshaw HT-500 gave the best sulfur removal, and Shell 

324 gave the best hydrocracking and nitrogen removal.

SUMMARY OF PROGRESS DURING THIS QUARTER

During this quarter, one bomb run and two continuous runs were made on 

SYNTHOIL. Cyanamid Catalyst HDS-20A (Co-Mo), was tested in the batch autoclave, 

and two nickel molybdate catalysts, Cyanamid HDS-9A and Houdry HR-811 were tested 

in the continuous reactor. Table III-l gives the complete description of these 

catalysts. The analysis of products from these runs has not yet been completed.

DISCUSSION OF BOMB RUNS '

Batch catalyst testing takes place in a 500 ml Parr rocking autoclave at

the following conditions:

SYNTHOIL charged = 150 ml.
Catalyst charged = 25 ml.
Initial hydrogen pressure = 2,000 psig 
Run temperature = 450°C + 5°C
Run time = 1 hour

The catalyst tested in run BR-1 was Cyanamid catalyst HDS-20A (5% Co,

16.2% Mo on alumina), which is loaded on a trilobe support. Due to a thermocouple 

malfunction, the actual temperature of the bomb during the run was between 500 and
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550°C, instead of the usual 450°C. As a result of thse extreme conditions, 

approximately 50 percent of the SYNTHOIL charged was either converted to gas 

or deposited as coke in the bottom of the bomb. The remaining liquid product 

was very light and contained only 0.40 percent nitrogen. Although this is 

cilmost twice the denitrogenation that has been achieved at normal operating 

conditions, the extreme temperatures and loss of liquid product are obviously 

not desirable. The remaining analysis of this product has not yet been completed.

DISCUSSION OF CONTINUOUS RUNS

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

the following conditions. The products of these runs have not yet been analyzed.

Pressure = 800 psig
Temperature = 450°C + 50C
H2:SYNTH0IL Ratio = 10,000 scf/bbl

Catalyst Bed = 70 ml. catalyst diluted with 70 ml.
Denstone 1/8" inert support.

LHSV = 1.0 - 2.0

Run CR-3 was made using Cyanamid HDS-9 (3.5% Ni, 18% Mo on alumina). The 

liquid hourly space velocity (LHSV) was varied from 1.0 to 1.6 at a H2:0il ratio 

of 10,000 scf/bbl.

Run CR-4 was made using Houdry HR-811 (3.0% Ni, 15.0% Mo on alumina) at the 

above conditions.

During preheating, the temperature of the reactor reached a maximum of 550°C 

before it was allowed to cool down to operating temperature. This excessive 

temperature may have had a tendency to deactivate the catalyst, but this will not 

be determined until the products are analyzed.
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CONCLUSIONS FROM THIS QUARTER'S WORK

1. The severe cracking conditions that were experienced in run BR-1 resulted 

in high nitrogen removal at the cost of high conversion of SYNTHOIL to gas.

FORECAST OF FUTURE WORK

1. The analysis of the products from runs BR-1, CR-3, and CR-4 will be 

completed.

2. Five of the available commercial catalysts that have not yet been tested 

with SYNTHOIL will be tested in the continuous reactor.
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TABLE III-l

CATALYST DESCRIPTION

Cyanamid HDS-20A 5.0% CoO, 16.2% MoOg on alumina, 

1/16" trilobe 
S.A. = 230 m2/g 

P.V. = .52 cc/g

Cyanamid HDS-9A 3.5% NiO, 18.0% Mo03 on alumina, 

1/16" extrudates

Houdry HR-811 3% NiO, 15.0% MoO^ on alumina, 

1/16" extrudates,
S.A. = 300 m2/g

NOTE: All catalysts were sulfided prior to testing



PICTORIAL PROGRESS REPORT

Build
Equipment

COED
SYRTBOIL
SRC

Test Continuous 
Equipment

COED
SYNTHOIL
SRC

Catalyst
Development

COED
SYNTHOIL
SRC

3
Sl
_____ S’

/r
£

y
__y

YT-
£

(o \'2- 1$ 2-4

L»4 € CgvaI i t^ct - 0v\ iIt Si
3^ 3(o

CO
ro

tV J



JO T 30Vd>: ;

dA’oie

*'9*291?

1V10I

01*90? 
2 V * 0 I

0 0 * G ?
1 9 * 0 TI
9 a * 7 
€9*??T 
19*11 
59*1?

c ?19? 
■J l £

T C
1/ o
C , * 1 f- T 
0 0 * 1 C 9 r 9*99 f. 
0 0 * i.i i 9 
&S*U? 
INHOiNV

ON I<ni > ! Jx J1105ijS>! 0%{\%■'. '' 1 i ;i G G*; — f,
dL) r-1 S-'■}0rAc jG■G 92 ■ ' rif - r

G ^ ,-i(i-..I0onw11 ?: •) "■ rz -r ?
GG?C.N Oc t 7 n H ♦ f't1-0' I

OOnii i•i<■; (;■ ? 0 1 6 P/.# ^ f
ViJon7O •' ? fi ''I ;.( f"" /t - :i i
i.i'ig nc .1, T r) ■' r/_j - t
V'c*G(Ion1'1 1 i G 2; r*!_/ — ^ ^

v'3 1 3jS»C n
\1 V 6■jG 9?i -

0 C \cH? ~
1i’-i V i od :■ i 9VV•wrn'y?i-

7 HJli C «/1. ; jrtVG
■■‘j£ —

GO A v.rVG•j y
S’Toa91V" r* -i v iA>:23i11i) -

;v l.-1r i d f1;JS(j>, Go.-ni3 A ^
Nonoy S'ivt'i

1 1 V i -j U

co
oo♦vQ ■

*?CG9aI

idoa'na

b 5 ? ‘3 T3 M

'?«.* ?19?9I
*019CS:) 0*01^9 */ * ono9' 91*0911
*Cfll2TTT’eeo^

19*091
• 0 9 1 c I2 9 * ? /. ? 9 I
-coon

£ v * 0 C t
* C 0 o 01 £ * 1 */ T 2

7 • * a 1 9 *99?966*180?
* 1 c 9 o 9So*Z8l£9

OaillW^OD 11101

6 T * !■ 2 T o ? 

C 9 * *’ 2 1 S I
7 T T

/

£T*153.:

i e • 9 ^ o c e
‘i T * O' f‘ W 1
T f ‘ £ ? ? G 

*09 1 
‘U2"T C 'j

Lx
v/ '■)

.............. /■
-Gf?T

S n jr;i

/. V 
i

' 1 c*
V' f‘

r
i?
V _

? /, 7

i?*6?9??- HSV0 

9 < * o o ■■ ? 

r. 9 * ? 9 [ ?
Offf'Utr 
G 0 * G 0 3

93*3^1

■( * (. < 
o c * c r ^

? f * 0 I P ■ ■■

3'JN ilVG 

1 2 i 0 i

SdOcliO 1 0 J 2 i (3: .
.......S'.'riV?.! ■
i "3 >1; 9 9 J 

J Jv?
9-d ni.iiri
OiifujGC')

srn : rjDi lo
1 -AGO]

!■’i Vv, N a 39 
3 I j 9 3

G3GV? GW aGGIVS
s;i?ai luo joxg

o1-61-9

00* ZC65SI 

*H10tf' *1W§

i 0 ■

>B A

96*12006 

.60 Ci IViiji

t

1 d t;,

' n 6 i. 9 32 2 a ft j 

on-' r;u nii.9iU 

v’o ia?ro6?

S j. d 1 G 0 .16

If. T9 1?jU
o’ 0 0 ll/QC/6ioiro



C :<» C

T!■, ACT Ion

E?-:CU:^P. *HCE

P R u J £C I F A iV 7«t C j .7 A. N P33T .......... f,C. 789 9 3 0 7 7
F; FT L ■ .PUV.prp. D F S C ? F p T T 0 9 . SHHU'JT TOTAL

0 “ I 6 ~ i’ J ■ ■ o M 'i 1 V: I 0A;13 V3LV:C5IITI.*X 2 6.4V
0 J i:-~l t 7: 4 £ 1 9.1 i 33pthf cn i i . 0 1
0^-16-77 O s l i 'i i O UXTGH'! C SUPPLY 227.42
0 -- - i - 7 7 »Jl - *v< ' .i. < ' V Ci'FG ST«;PPS 2 6.53
CP-i',-77 J >■• u (: 2 1 > . CFC;...?] CPFS ..................... ■ 153.15

•/ ~.i 4- i / J 7 ! • 3 ?! 7 c,SJ!)K*':S- - ................... 7 7.30
P')-P 3- 7 7 J ^ i. ^ 6 X 8 P D X '‘7 C!; 2 633.34
a--20-77 J ■ U 2 3 C ;T PHOTO 17.40

1503.94
U i 0 l — ( { ■ .........  J v-t/3 ] 70 ■ WATS JULY . ...................................... . ........ ...........  22.11...........

22.11
0 - - , y-7 / O ^ K‘ d. J ■ • O Pi:n ! tp * ccsunless 8.0 4

- i 7 - 7 i 8 ' C 2 J 3 F LLUYU F5.P.C 335.04
■403.03

•. '-/-?? ■' 4 C I 3 3 'J SC1?LMCIC PRDCTS 560.00
660.GC

1/ y ~ .1 t ■“ j >•' /, •;> t Cf r? n y AFK C AL2FPSCN 4GQ.C0
430.00

P - 3 v, - 7 p SALARY A'CURJR'ACE 2444.31
i,: V - $ 0 - / J SALARY HNCUP-np# «\CP 11637.00

SALARY lLCU??!? ANCL ................. 2313.25
■ 16396*56 OJ

-p»

■ i a < PAGE OF



G & C . PROJECT FINANCIAL REPORT ........... . ■ ■ l'* U * 7 U 'i 1J/2//7

DcPT 6131 BERG OTSTILLATE FUELS PEG IN DATE 07-01-75 END DATE 6-19-
CURRENT HO. :...TOTAL TO. OAT £ . Ail I. AUTH.

R rcEIPIS . o a 30021.30 155932.CD

r ncuhbrances total committed i-UDGET
E X P E *•; D1T U ’< ES X

S ' L ' v A NO WAGES 2337.30 4 3 O 2 3 » 6 2 19537.2d o5663.60 b io j7 .
t- L 1 i i ] L ............. . 26 0.53. .<....... . 2348.32 2348.52 42 65.'■ •" i> r, m A T T!T 47 5 . ' 4 475.94

TO '.v-; L 2147.37 2147.37 3000.
cn-'•U’,TC UIOms 6.17 306.60 3 9 o * 6 H
CHOPUIcR 3 (J u 0 •
SUPPLIES 715.18 15 9 8 8.80 15 8'!'. 2 0 12760.
SUuCJMTk ACT 150.97 150.97
L ■' !j T r *■ T 3. o 9.6 5 ^ 9202.76 92 02.76 1 2 7 r' i .A ‘if A RO S 'H z* J * -J 0 / 2300.93 2300.95 b c U 0 •
I''r:T?ECT CHARGES 1914.00 35739.37 8010.63 456 70.UO 4 5 5 70 .

TOTAL 6 03 3.6 3 1.10604,80 29347.91 147962.71 165932.

VMZUCv. C ’:SH -2ii56?..:J0 FR!}F R- l\l. AVC 'c 7)7j.2) co
cn

OAT E NUMi) ER description A1-’ OU‘;T
- -7 06550 LLOYD 620.37
- -7 I TILERY JAPES ROSS 2 ? n ‘ ‘
- .-7 .. ... . HASS GARY P- , . .......63 3.0 0_ —~7 “ART? EL TZAR fll? C n . 50
— — 7 KUJAWA STEP HAM T 635.CO
- -? HUSO SILAS A 237.26

10-13-77 : J u 0 0 3 3 0 F.IM AID FRK STUDY 15,64
10-3 5-7 7 J B C 0 3 5 5 SEPT HI UCC 3.3 4
10-19-77 J 2 0 0 3 5 c S r- P T v T f ’ <; 01.61A

'-.

i■v ̂1

*-< . . J c 0 C 3.36 . sept ■GRp'n.sD,...... .... .. .. .... . 16.00
10-19-77 J 6 0 2-336 SEPT GRP ’no 1 u. o c
10-1?-77 J 5 0 L 3 4 2 SEPT HI IA 11.36
I 0-1 9-77 J 0 0 3 4 7 SP*! SOC SEC 1 ;; c.-. 5 7
10-19-77 JED 135 1 SEPT PELS ..31.43
10-19-77 J 3 L 0 j 3 P CIS fin v;rk STUDY .9 0

TOTAL

25J7.3C

260.53

INU ) r\ * f*P A K? ~>c1 0*=



g <; c 1 /3 / 7

tht^lCFT-ML •
TP ViS.SCTICN

FNCUM^K^NCE

PROJECT FINAMC IAL RCPOR I UC. 7S<
D AT r "t U r >; OF SC4 TPT T in AO OU M

10 — i; 3- 7 7 n 22 27 V * •n! WAT L.
n SC 80 r r 6 s i t . ■k) X.

1J ~ i. 7- < i U r? 2 6 77 p :i v TAT 6* su PPL V« LCi Ck • 1 s
10 -i 7- 11 ? H 0 ;> /, 7 P V j4 ? SC V r M IT r T 4 C 5 • 3 2
10 ~ 1 *7I 7 7 8402<> 7 9 ? < J s — :< oxr G I- >4 <• SUPPLY 3 36. 97
] 0 _ ■»X 7- < 7 n 4 ?b 0 0 J ■ k- cu T TS 5 . 6 3
i'J -2 0 — 7 7 ■ o4 0 2 7 6 9 6U TIjU K S TO t'x f i C 7. 7 5
10 —{) 3- 77 jp r\V 02 94 T CO T C n L S c \ tV TC v. r .

v.. O .. 2 0 • 2 3i n _ i n7J “* 7 7 84 r. \ • 2 76s V A LL E Y r>1 : TO K SU p PLY 4 • 0-9
!0 -I V 77 ! 0 0361 . ro vi ’• 6 ■ ST n r E S ....... 21 J * 5 6
10 -2 T - 77 . Jfc 1/ 4 'j 2 L A A 2 Y X t?» ox • i 6
If) — 0 6" 7 7 Jt; 3 0 3 0 4 C T3 r >; ST ri n E ^ <)■ « 5 4
10 <— x — 77 JO L> 0 3 1 0 E« * ■s ro C K n- p UM 2 . 3 9
1 0 -2 ]> 7 7 JS rv.> 04 09 • X c ' OX p. VOL <* H E ..... . 24. 4 4
1!) -1 9— 77 J8 0 «J 3 62 W A TS 8 T L L r UG i iu c: T 6. 17
10 ““ i. 7 7 94 A 27 3i-> 0 00 K S T ST RU t* ;; T nv .. .........16 Ĉ * 00
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.. .Jis.xa .......

6.17 

16 3.6 5

.::45 0.&o ..
00CTt

1 9 5 3 7.28 ................
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G 5 C PROJECT FINANCIAL REPORT NU. 739
O'rPT 6131. AERO DISTILLATE FIFLS BEGIN HATE

CURRENT HP. TOTAL TO DATE
RECEIPTS .00 90021,90

ryPEf. 07 TUP f 8
encumbrances

S ' L ' i1 Y A'jn 'JTGES 3236.75 53210.37 17095.12
EE NEr-'TTS 317.29 2665.hi!,r? 6 MAIN! A 7 • d *tT y M 2147.37
C0 '•if'iTCATI C n • p ij v ;• k

ON S 306.60
c m r? »7 ♦ r c

; f I k. • ‘ v ) 1075.70 17064.50sir CuMPACT 1 5.0 0 165.97ECU T?nr * j t 776.50 3 c 79.26A w a : n s i: u r ci £ 2886.50
I‘H;TPrCT CM ARSES 2465.52 38224.89 7345.11

T C I A L. 8522.71 ' 127127.61 24440.23
CH. 'MCE CASH -37105.61 FREE "6 AL AN

Of i L N U MPER r\ r* SCR TPTTON— — *7i 8 E R G LLOYD
- -7 T ILL FRY JAPES ROSS
- -7 H A S S GARY P
- -7 ri A RT 7. ELIZABETH C— — 7 KUJA WA STEP H-AN T
_ ~ 7 ! :• U S 0 SILAS A

11-00-77 J 8 0 0 4 8 7 C. M* -U 
i J. '■ A 70 W ;<K STUDY

11-22-77 J b C J 5 2 9 i" 1 i’m ATO V:RK STUDY
11-13-77 J 8 0 0.5 0 6 P/R CCRR-L BERG
11-10-77 J8 0M 4 66 OCT Stic SEC ............
i1-10-77 J• 034 73 PCI M T I A
11-10-7 7 J ^ C C 4 7 7 OCT FIRSll-i0-77 J8004 MO - c r P FRS
i i-31-77 J 8 C 0 4 3 6 OCT UCC
11-03-7? JPC0487 K T Mi 4. < ATP URK STUDY
11-22-77 Jb00529 FIN AID'WRK STUDY

N/V /Q,

07-01-75 END DATE 6-19-73 
AMT. AUTH.

155932.00

TOTAL COMMITTED BUDGET
70305.49 2665.31 475.342147.37306.60
17064.50165.97
9979.26?eS6.9045570.00

151567.74
4364.26

AMOUNT620.37271.54
656.00
175.00
636.00 257.252 3.46 25 .76620.37
106.57 5.84 120.76 31.47 4.8 8 1.35 1.43

63657.4255.
3 0 0 0.
3 0 0 C . 

12750.
12700.

6QC0.45570.
155932.

IDT AL

3286.75

MO. 789 PAGE 1 OF 2



NO. 789(: K r

n »: T |1 ' *
* 8 T I n N

E?.CO:^r n^CE

prnjrc F I > NCIflL REPORT
■ 1 •' nu:hfr D E ? C 9. T ? TIH N amount

11-1 - 7 7 J 0 0 3 0 3 P/R C09R-L PCRG 4.4 0
1t-18-7 j J 8 0 0 5 0 6 ?/ ; CCRR-L ROPG 38.7 7
11-3 8-7 7 8600506 P/R CORP-L ?: 5~G .54
11-1o-77 Jc 003 0 8 P/S CGRR-L H ERG 1.23
11—: j-77 F 4 0 3 v 4 4 IDAHO VALVE & FTTTMG 63.79
11-07-77 J0G0457 CJ1FH STCRZS 7 0.73
1 1 -10-f7 84 C 12 3 8 COLF-^ARvfp 7? .7 4
j i-i r-‘T7 6 ^ 03 3 93 H-R 0> YGiiK 7 SUPPLY 310.29
ii-l ?--7 7 8 4 u 3 3 4 VAR v r t I- " S 8 ROGERS 7«.87
1L-19-77 84 03393 CULP-PASHES G 2.2 8
11-16-77 0403396 v A If! r SON 112.50
1 1-2 5-77 8403536 .SALT CSFPk FSSHTWYS 17.49
11-22-77 J - 0 0 :j 2 5 XE POX SFVOl CH E 266.93
U-J 7-77 J c 0 0 5 0 2 TECLMTCAl SERVICES 15.00
i 1-15-77 84 0 3264 VWR SCIENTIFIC 776,50
i i-ij-n 8403266 M Aoi< Af'C'FSSPM 400.00
11-17-77 8600499 nut' QRT OFF ESP KENTS 185.95
11-30-71 SALARY rNCUPniANCE 4342.59
i1-30-71 SALARY F liCUNO R ANC£ 19 0 0.7 3
11-30-71 SALARY FLCURRRANCF 9051.00
11-30-71 salary fncunoragcf lo 0 G•75

NO. 769

N V Ot 
TOTAL

317.29

1075.70
15.00

776.50

385.-3'5

17095.12

PAGE 2 OF 2

co
CO

K.J

<3
44
45

47
434-;
53
51
52
53
54
55
56
57 
33
59
60




