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INTRODUCTIOM: - Demonstration Operations at the Dired Liquefaction Proof.Ol-Concept Facility at 
the HRI Research and Development Center in Lawremville. N.J. are funded by the U.S. Department of 
Energy. Hydrocarbon Research Inc. and the Ken-McGee Corporation. The facility is operated and managed 
by Hydrocarbon Research Inc. 

The Proof of Concept Facility mnsists of several distinct process units, a Coal Handling System, a Slurry 
Preparation-Pumping-Preheating System. Two €bullated-Bed Reactors in Series, an On-Line Hydrotrealer, 
Separation and Pressure Let-Down System, Scrubbing and Oil-Water Separation. Flash Vessels and 
Atmospheric and Vawum Oistillation Equipment, a Rose-Sp and U.S. Filter Solid Lquid Separation 
Systems and Produd Storage. The POC Process Development Unl  (PDU) processes about 3 tons a day 
of mal produang about 15 barrels per day of clean distillate liquid product and can operate wlh or without 
solids containing recyde soivent. The Rose-SR unit and On-Line Hydmtreater were added along wlh other 
improvements to the equipment and mntrol systems pmr to the CTSLTy Process Scale-up with Illinois 116 
Bituminous Coal. F@um 1 shows a schematic of the process. 

The CatalyticTwo Stage Lqueladion Process (CTSL) is an advanced direct coal liquefadion process that 
utiliies a low temperature first stage to foster hydrogenation in the presence of a nickel molybdenum 
ebullated bed cataiyst and a hgher temperature second stage to increase conversion and heteroatom 
removal. In POC Run 01, the main objective was to scaleup the CTSL Process wlh Illinois #6 mal in the 
extinction recycle mode to produce an all distillate slate of products. 

The Prwf of Concept Program started in October 1992 wlh the first year devoted to a facility upgrade, 
folbwed by operations on POC Run 01 through Fetuuary 1994. 

PROGRAN AND POCO1 OBJECllVES - The overall program objective is to develop direct mal 
liquefaction and assodated transitional techmbgies which are capable of produang premium liquid fuels, 
which are competitive with petroleum and which can be produced in an environmentally acceptable manner. 

POC-1 objectives were to wnfirm equipment operability, to mlled data in the CTSL mode of operation while 
feeding Illinois #6 Crown II Mine mal, to mllect 2500 gallons of distillate for upgrading studies. to evaluate 
the FOSESRg" and US. Filter Systems. and to provide a comparison with the existing data base. 

FACILITY UPGRADE - During the first year the POC facilty was modified to improve reliability and 
to povide the flexibility to operate in several alternate modes. Ken-McGee's Rose-SR"unit from Wilsonville. 
Alabama was redesigned and installed at HRI to allow a comparison with the U.S. Rtter solids separation 
system. Also induded was modifying a reactor from Wilsonville, enlarging the reactor structure, installing an 
on-line hydrotreater, providing interstage sampling. upgrading the mmputer mntml and data acquisition 
system, revising the preheaters and conneding to an alternate power supply grid. 

OPERAllONS - Run POC-1 started on Odober 29. 1993 feeding Illinois #6 mal using 1116th inch 
NI-Mo on alumina catalyst in each of two ebullated readors and with hydrogenated Cat Cyde oil for start-up. 
The operating mndlions plan as shown in the foilowing Operating Summary consisted of five main conditions 
with some variations in mndflions 3 8 4. (See Table 1). As indicated the space vebciiy and reacton 
temperatures were increased and the solvenVcoal ratio was decreased as the run pcogressed. In addition 

1187 



/ 

I 

the catalyst addZion rate was inaeased as planned and inadveltently decreased by maldperation of the 
catalyst addition system in periods 47-Y). Fifty-eight days on mal feed were completed mncluding in a 
planned shutdown in February 1994. 

Illinois 116 mal with a Rose-SR solid separation una. In the first hK, operating conditions at moderate 
temperatures and at low space velocity (2 tonsldxy), hgh distillate yields and mnversion were observed; C4- 
975Fyields of 73-82%01 W F m a l  and 975R Conversions of 86.95%. These resub confined bench scale 
data and as seen in Table 2 were sustained in ensuing periods despite variations in Deasher performance 
as optimum operating mndiaions and procedures were baing developed. In the lmer stages of the operation, 
resid mnversion and distilhte yield decreased due to problems with the catalyst addition system and low 
reski recovery from the Rose-SR Deasher due to a 10% increas in asphailene yield. The downward trends 
of key performance indicators as the mn progressed are depided in Fgure 2. 

Some of the mapr accomplishments of this initial run are: 

' 

RESULTS h ACCOMPUSHMENTS * This run WaS a SUCCeSSfUl scale-up Of the CTSL processing Of 

Successfullyoperated a new3 towday two stage ebullated-bed reador system incorporating a Rose-SR 
sold separation unit. 

Demonstrated distillate produdion at C4-975F levels of 70-75wt% MAF and coal conversions of 94.96% 
with Illinois 16 mal. 

Achieved a Bottoms Energy Rejedion of 12% for a sustained p r o d  of Rose-SR operalion. Retrograde 
reactions were not observed. 

Achieved operation wfih a more concentrated feed slurry; mal conc8ntrations up to 53%. 

Collected 3500 Gallons of 150-650F distillate ( 0.06% N, 0.03% S ) for upgrading and engine testing. 

Evaluated various materials of construction in a hgh temperalure hydrogen environment. 

' 

' 

Plana - Run POC-2 is starting in May of this year. It is scheduled to be a 40 day Wration on sub 
bituminous Black Thunder Mine Wyoming mal investigating scaleup of the CTSL Process with on-line 
hydrdreating, Rose-SRand Filtration Separation and most importantly whether or not sold deposition m r s  
in the prccess equipment and lines. POC-3 is scheduled for October 1994 and will study the cogmessing 
of subbhuminous mal and a hgh metals, CaMomia Petroleum Resid over a 40 day period. P W 4  is 
planned for early 1995 with the obpciive to study the scale-up Or the prooesjlrrg 01 sub-biitumiiiuus mal using 
dispersed and supported catdysfs. 

The P m i  o i  Concspt Plogram is sponsored by the U.S. OOE at PETC, under mnlract DE-AC22- 
92PC92148. Other sponsors incbde Hydmarbm Research, lm: and Ken-Mee Corporatkm. 
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POGO1 PROCESS PERFORMANCE 
Effect of Catalyst EquiIibrationlAging 

pmcess Condtions 
Periodh 

..................................................................................... ................................ :.-L+ I 

U O R w S R  1 2 38 48 C 
14 18-20 24-26 42-43 47-49 55.57 

16 ....................................................................................................................... 
........................................................................................................................... -t Y ----------- I 

R W e  Type 

R W  K-1: 
Temperatvre, Oee. C 

R W  K-2: 
Tempecahne, Dee. C 

Flw Rabr, 

Pmcsslpertamanoe 
chemical yconsumpbml,w% M4F 
coal canversion, W% MAF 
524 C+ Canveniar, W% klAF 
DesuMpizalim (&gallic), w% 
Denieogenalion. w% 
w524  c OMcalm. w% M4F 

- 
coal Feed. KgRlr 

............................................................................................................................ 

.......................................................................................................................... 1 \ I  

Ashy Ashy c- Ash-frw -> 

'409 408 407 411 414 413 

426 432 432 433 433 436 

68.6 69.5 70.2 87.9 89.0 102.8 

7.6 7.1 7.1 6.1 5.9 5.3 
95.2 95.6 95.0 94.7 95.1 95.4 
90.1 86.6 86.6 83.0 78.0 76.0 
98.3 98.0 97.7 96.0 94.4 94.0 
88.2 86.0 82.5 78.2 75.9 78.0 
75.1 72.8 74.2 m.w 63.2 58.8 

1 4 ................................................................................................................................ 

Energy Rejecbon. % 
DeasherWconversim,w%M4F 

Flgure 2 

2 3 1  25.2 16.5 12.8 22.5 33.0 
968 95.7 95.1 95.2 95.2 94.9 

Poco1 PROCESS PERFORMANCE 
coal: Illirois No. 6 C r o m  II Mine (10.4 w% By Ash) 
Catat@l: Akzo AOdO l/W NiMD Extndates in both Rexiom 

I vacuumstin I - ROSE-SR -> 
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