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IESTRICTED lprll 15, 1918 
English 

This trip covered the period or April 3-9, 1988, lncluslYe. Tbe period 
or April 5-8 was spent in the latovlce area at tbe Institute or C&rbo­
cblaisb-J ln TJchy-VJrJ. The dlscuaaiona at tbe lnatltute or CarbocbmiStl"J 
dealt wltb the mmP-tunded project mtltl.S •ttquetactlan or eoai•, DP/PG./ 
82/002/1/01137. MJ duties were coftrecl bf two job clescrlptlona, wls., 
DP/POL/82/002/11-01/32.1c and DP/PCl./82/002/11-02/32.1c, and dealt vitb coal 
llqueractlon technol<>u and p!ant construction. The objectlYe was to assist 
the Polish government in these areas wberebJ they •J use their abundant 
coal reserves to increase their llquld tuel supplies. Discussions concerned 
the operation or the 80 kg/hr Process Development Unit (POU). a review was 
also •de of the 5.0 kg/hr unit that provided design data for the 80 kg/hr 
POU. The POU was successfully operated on a long-ter11 basis feeding coal. 
Mechanical start-up was completed in September 1986, and technical start-up 
by December 1986. The Polish engineers provided for recirculation or bot 
separator bottoms, a severe pt.mping service, but required for their proposed 
non-catalytic operation in order to obtain adequate conversion. The 80 kg/ 
hr PDU was originally operated with oil and hydrogen, then switched to coal 
slurry. Several successfUl runs or 10 days or more were •de feeding coal. 
During 1987, they operated over 1,000 hours feeding coal in a fully inte­
grated operation. 

In general, this project was a success story. It was co.pleted on time 
and under budget. This effort was an excellent eumple of developing a 
technology from the bench scale to the process development stage. Many 
ditficult technical problems were analyzed and solved to ensure orderly 
operations. 
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IDnICTID 

IITROWCTICll 

lprll 15, 1988 
£ncl191l 

The per!od covered 1n this report is April 3-9, 1988, inclusive. I 
left Pittsburgh on April 3 and tlew to London, £ncland, arriving °" April '• 1•. ltter an overni&ht sta1, I left tor Poland an April 5 and reained 
tblre until lprll a in tbe latolllce area. Duri• ., staJ 1n Poland, I 
operated under blo (2) Jab ducrlptlana, vu., (a) DP/PU./82/002111-01/ 
32.1.c (Process Develosment Unit (POU) Construction Ezpert), and 
(b) DP/IU/82/002111-02/32.1.c (Coal Liquefaction Process Tecbnolog 
bpert). The overall purpose or both Job descriptions ls to assist the 
gowrment ot Poland 1n their investigations pertinent to direct coal Uque­
tactton. This work is being conducted at the Central Mining Institute in 
latollice and tile Institute or Carbochellistry in TJchy-VJry. Tbe latter is a 
subdivision of the fon1er. To ainillize confusion, the organization in 
Tychy-Vyry will be ref'!rred to u the "Institute" in this report, since this 
is the location or the 80 leg/hr PDU. 

The Polish goverment intends to utilize its uple coal resources to 
augant its limited liquid tuel supply, which ls primrily iaported. The 
present plans call for the operation of a 80 leg/hr (coal feed input) PDU to 
deteraine the optta. operating conditions for the liquefaction of several 
Poli~'! coals. The program .also includes the operation or a 5.0 leg/hr bencb­
scale unit to provide b'lckup MD for the PDU. In genenl, I advised on the 
technical problems associated with the operation or tbe PDU for direct coal 
liquefaction. I provided infon1ation on what was learned under various U.S. 
DOE-funded prograas, such u SRC (Sol vent Refined Coal), ff-Coal, and EDS 
(Esson Donor Solvent). The discussions centered on the 80 leg/hr (2 t/d of 
coal) PDU in regard to coal grinding and drying, slurry preparation and pre­
heating, hydrogenation, solids separation, and final product distillation. 

To sillplity the organization of this report, I have written it in a 
dally Journal fon1at. This type of presentation lends itaeJ.f to a con­
venient 11eans to express conclusions and mice r~tions. The whole 
period was spent at the Institute of CarbocheaistrJ in Tychy-Wyry, which is 
in the latowice, Poland, area. The Institute ls COlllpOHd of about 200 
people and has sis diYisiona, viz., (a) Basic Technical Research; 
(b) Analytical Research; (c) Developmental Units; (d) Process Engineering; 
(e) General Maintenance; and (t) Manageaent. Each division bu about 30 
people, ezcept tor the Devel0(19ental Units Division, llhich has approxillately 
50 people. 

DISCU~ICll 

As indicated in the Introduction, this report is organized on a daily 
Joornal basis. 

Day 1 - Sundal,, April 3, 1988 

After securing 'a'J visa, tickets, and 00£ approval, I left the 
United States Sundty evening for an overnight flight to Europe, 
stopping over in London, England. 
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llSTllC!D 

Day 2 .. Monda!, April •• 1988 

Arrived in London to change planes tor Poland. 
reading past trip reports and present job description. 
ln London. 

Dy 3 .. T!aeada!· lprll 5. 1988 

Aprll 15, 1911 
English 

Spent the daJ 
Spent the night 

Flew trm London to Warsaw and was •t by tbe latowice personnel 
who provided transportation rrcm the Varsav airport to ay hotel in 
la tow ice, located in sou them Poland about 300 ldlomters from Var saw. 

Day ' • Wednesday t Apr 11 6 p 1988 

This day was spent at the Institute or Carboche11istry at Tychy­
Vyry. Ve talked in general about the 80 leg/hr PDU and the apparent 
decreased emphasis that the United States is placing on coal lique­
faction technology. I explained the DOE role in regard to high-risk, 
long-range research. This indicated no lack on emphasis, only a shift 
fro11 large-scale pilot plants to bench-scale research. 

• At the Institute of Carboche11istry at Tychy-Vyry, the •in project 
is the 80 kg/hr (coal feed) unit. This unit is a modification of their 
previous 50 leg/hr unit based on the Consol SJDthetic Fuel (CSF) 
process. They use the "natural" catalysts in the coal owing to the 
lack (and high cost) or Co and Mo in Poland. They have an extensive 
source or bituainous (Janina) coal with about 20J ash and 3J sulfur, 
which when cleaned yields an acceptable feed coal containing about SJ 
ash and 1J sulfur. There ls ample •terial a~allable for a large-scale 
coal liquefaction plant. 

I •t with the following people: 

o Mr. Walter Matula - Institute Director 
o Ms. J. lulczycta - Assoc. Prof. (UIDP Project Office) 
o Mr. Adaa Vorsztynowicz - Division Director 

Ve reviewed the construction and operation of the PDU in regard to 
the basic equipment {pumps, vessels, heaters, etc.), instnmentation, 
and insulation. Ve discuued the coal grinding, slurrJ preparation, 
hydrogen generation, and hydrogen compression (makeup and recycle) and 
reactor sections. Original operations were with oil and hydrogen on a 
recycle basis, and reatured conditions of 200 atmospheres (3000 psig) 
and 3400C in the reactor. When coal slurry was processed, the tempera­
ture was increased to 415oC. The PDU was operated 24 hours per day on 
a shift basis, with each shift CClllpOsed of 12 operators and 4 process 
engineers. 

Ve spent the rest of the day discussing present DOE work and the 
effort at the Vllsonville plant on Two-Stage Liquefaction. I outlined 
the U.S. DOE past and present programs for coal liquefaction (pyrolysis 
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and indirect and direct Uqueractlon) • I concentrated on direct Uque­
raction and bow it related t.o the on-going Polish llOl"t being tundecl ln 
part bJ tllDP. I brietlJ outlined the new work ln two-stage Uquetac­
tlon of coal. 

Ve reYlewecl the deslp ot tbe CODYeetlon bater procaaln& all 
feed (coal, slurrr oil, ..nup bJdropn, and reerole pa) to tbe 
reactor. It ls a oouervatlYe dealp prona ln tile .... 1, wort ln tbe 
German and United States coal hydro plants. ·n. more recent coal 
llquetactlon plants in tbe United States used radiant beaters, which 
are prone to coking and require close operator attention. 

Ve reviewed the dealgn or the pmp circulating tbe Hot Separator 
Bottom back to the Reaction Section. 'nils is rather severe pumping 
service, but the application is very siailar to the H-toal pmp that is 
u.~ed to ~irculate reactor contents to maintain a liquid fluidized bed. 
'nils pu11p had a 1()()J spare. 

Ve also discussed the design recycle gas composition, which varied 
between 70 and 80 vol. j H 1 . 'nle recycle gas scrubbing sys tell involves 
only an oil "8Sh, no a11ine scrubbing for H1S removal. Tbe overall 
systm was adequate with the high purity makeup bJdrogen (99.9 vol .J). 
Total reactor pres;nare can be increased to ensure an adequate H1 
partial pressure in the reactor if required. 

Ve next reviewed the mechanical aspects of the 80 kg/hr POU. 'nle 
discussion centered around the letdown valves. This was the main area 
ot erosion while the PDU was processing coal. These valves were taken 
out and thoroughly inspected between runs. 

Ve discussed several other subjects, sum as: 

a. Data Acquisition - Installed in all PDU's and pilot plants in 
the United States to improve data-gathering accuracy and 
rellabilitJ. Tbe r~•ended system tor tne 80 kg/hr POU to 
scan, alarm, and compute duri• operation vu installed. 

b. VIL EQullibrim Data - 'nlia information bu been developed 
and correlated. 

c. Coal Science Meeting - 'nle next meeting is in Japan in 1989. 
The Institute should attend • 

.!\t the Tychy-Vyry Institute, we concentrated our discussions on 
various aspe~ta or the operati<Yl of the 80 kg/hr PDU, particularly coal 
grinding, drying, and transfer. We discussed slurry •izing and the 
pre.ent batch system. Larger plants would use •wet• grinding, pul­
v~rizing the coal ln the slurry oil. In regard to solids separation, I 
indicated that ve b:lve successfully used vacuum distillation. Present 
DOE work la concentra,ing on solvent deashing, but this technique has 
not been proven to the extent that vacuum distillation has. 
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Ve discussed the use or centrit\lpl pumps wersus positlwe dis­
placement pumps. The former are used ror lllch-wol-, low AP applica­
tior.a, while the latter are utilized ror low-volme, bigh AP. ls a 
result, slurl"J •id• and transfer 1enerall1 use centritugal pumps, and 
reactor teed puDpS utilize the posiUwe displacaent type. Both types 
ot pmpa are suitable tor sir- with bip (up to SOS) solida content. 
Recent llOl"k 1n pump mnutacture bu indicated tilat acme llleb-.ol ... , 
bleb AP applications (e.1., amine scMlbblnl SJ•U.) are suitable tor 
centritugal pmps. 

Day 5 - Thursday, Aprll 7. 1988 

Tbe Tripartite Review (TPR) Meeting was held on this daJ at the 
Institute in Tychy-Vyry. Ve reviewed operations when the unit at 
'Tfchy-Vyry was processing coal at the 80 kg/hr rate, or about 2 t/d. 
lo operating difficulties out of the ordinary were apparent. 'ftle 
reactor was operated at 200 atmospheres and 1t30°C. At that coal rate 
(2 t/d), they were using 6 t/d of slurry oil, hence feeding a 25 wtJ 
slurrJ. Subsequent runs were •de at higher slurry conC1!ntrations up 
to Ito vtJ. In addition to the combined coal (2 t/d) and slurry oil (6 
t/d), they were circulating an additional 24 t/d of hot separator 
bottom. Later runs were made at 2.5 t/d of coal. 'This was a very 
impressive performance in ~ard to ease and duration of operation •. 

We then discuss~ the method to be used in scaling up the results 
troa the 80 kg/hr PDU to a tull-scale comercial plant. Generally the 
•terial balance can be set with some degree of accuracy; however, the 
degree of process and heat integration must be illproved upon to obtain 
favorable economics. nie PDU is not sui toble for obtaining accurate 
heat balance data owing to its relatively small size and its inherent 
high ratio of surface to volUlle. nie Polish workers have 90St or the 
current coal liquefaction literature, and I intend to continue sending 
the11 pertinent •terial as it becames available. 

During the week or our TPR meeting, coal was out or the 1Dlit, and 
the PDU was shut down tor inspection. Tbe PDU hu been operated on 
coal tor about 1,000 hours during the lut year. Several runs or 10 
days or 90re were mcle during this period. 

nie Director of the Institute at Tychy-V,ry indicated that he •Y 
wish to send several people to the United States to survey the latest 
developments in direct coal liquefaction. They asked tor advice on the 
arrangements and points of contact. I recci•ended that they -.rite 
(through UNIDO) to the PETC Director outlining in detail the tollowing: 

1. Names and suggested caates 
2. Background of visitors 
3. Suggested itinerary 
It. People they wish to ~:ee 
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The PoUsb •nalneel's and scientist.I ezpresaed ll'&titude fol' the 
rtnanclal and technical help supplied bJ tllDP and mtDO. A project or 
tills -anltude relies on acthe coopel'atloa or all parties involved. 
Ve reviewed the completed work an the 5.0 lrg/br bench-scale unit. It 
lndlcated tbat the deslp basis or the 80 1rcJbr PDU was aound. A 
nview or the 80 q/br POU operatlnc panMters .. mde bued on the 
Nall.ts or tbe 5.0 lr&lbr bencll 9Cale unit. 

Day 6 - Friday, lprll 8, 1988 

'nils was a travel daJ, and I lert la tow lee early to get to Val'saw 
to catch an afternoon tllgbt to Lmdon, England, tor an overnipt stop. 

Day 1 - SatUl'day, April 9, 1988 

The day was spent in tl'avel rrcm London, England, to Pittsburgh, 
Pennsylvania. 
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llSTIICTED 

tmCLUSJg§ 

April 15, ,. 
Encllab 

Considerable progress has been Mele i.n the canstructlon and operation 
or the 80 q/br PDU at the Institute ot CarbochalstrJ at TJcbJ-VJl"J, 
Poland. 'ftle plant was completed and operated on sehedule. The attainment 
or tull integrated operatiau bJ Declllber 1986 roUOlled successful 
..mantcal start-up in earlJ 1986 and teebnical start-up 1n late 1986. 

Tbe budget was adequate tor tbis project, and eqll!llditures were closel1 
controlled. The UIDP Fellowship program bu are&tlJ helped this pro Ject. 
SeYeral Polish engineers each spent si1 (6) mantbs at PETC to improve their 
access to technical literature in the tield ot direct coal liquefaction. I 
will continue as in the put to send pertinent literature directly to the 
tnstitute ln Tychy-VyrJ. 

Operation of the 80 leg/hr PDU was a success, including coal grinding, 
slurry preparation, hydrogen production and compression, the preheater and 
reaction system, and the hot separator with ~e bot circulation pumps. The 
hydrogenation section was the most critical area of the POU. The completion 
of the electrical and instrumentation areas was given top priority. The 
section C0111pleted last was the product distillation area. All projected 
CClllpletion dates were attained. 

Finally, we concluded this trip with yearly Tripartite Meeting. At 
this ti.lie a great deal ot actual operating data on processing coal slurries 
was available. The Polish workers successfully developed a process tor 
direct hydrogenation or a particular type or coal. Their long-range goal is 
to Eke use of their vast coal deposits, which, although accessible, contain 
high uounts of sulfur. Deposits in the Janina region (at 250-300 meters) 
have been estimated at 7 billion tons. The high-sulfur coals from these 
shallow aines are cheaper than aost other European coals but cannot be 
burned in power plants owing to pollution. Direct hydrogenation or these 
coals has given encouraging results. The integrated operation of the PDU 
hu yielded technical data to serve as a basis tor tbe design or a demon­
stration plant having a capacity ot 8-20 t/br coal throughput. 

The tinal concluaion relates to the success or this project which is 
due to the hard work or the Poliah engineers and scientists. The project 
te?llowec:I the agreed-upon schedule and was eo11pleted an tille. Many probl .. 
ot a technical and/or aechanical nature were recognized, analyzed, and 
solved on-site by the Polish workers. Coat aanqaent was given top 
priority, and the project was brought in under budget. Owing to careful 
planning and attention to detail, the start-up was sate, error-tree, and 
proceeded SllOOthly. Subsequent integrated operations proved out the basic 
design upon wb.lch the plant was based. All in all, this project could be 
considered a model tor developing a complez t~chnology under less than 
favorable conditions. 
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IDTllCTD 

RECOtlODATICllS 

April 15, 1988 
Enr,llsh 

Based on r/ stay at the Tycby-Vyry Institute or Carbocbealstry durlna 
tbe period ot Aprll St, 1988, the rollowing reciume:adatlons are pertinent 
relative to tbe Pollsh coal llquetactlon errort (DP/PCl../82/002/8101/37): 

1. OUtatancU.na progress was made in tile operation ot the 80 q/hr 
PDU. Concentrated errorta were required to teep this project on 
schedule, but the projected date tor attaining tull integrated 
operation (December 1986) was attair.ed. The Institute .-ers 
should advise UIIDO or operating progress 1D detail on a monthly 
basis. 

2. There ls a continual need to ensure that the members or the 
Institute keep abreast or the latest develosments ln coal lique­
fac:.tion. I wlll continue to send pertinent material. The UNDP 
Fellowship prograa has proven very valuable. 

3. Physical property data obtained at PETC aided the des!gn of the 
80 kg/hr PDU. Mr. E. Jedrysik spent 6 months at PETC on a UNIDO 
Fellowship to work in this area. 

11. .The uae or a puiip to recirculate a portion of the hot separator 
bottou to the inlet or the preheater was critical to the opera­
tion or the 80 kg/hr PDU. This pump provided a means of obtaining 
sufficient coal conversion without costly catalysts. Recognition 
should be given to the Polish team tor developing this pump. 

5. Information uchange should be continued. I would recomnend that 
Polish progress reports be sent to 11e when they are available. I 
will continue to perioc:Ucally send pertinent coal liquefaction 
literature to th•. 

6. The Polish engineers and scientists should be considered as a 
UIIDO source or technical ezpertise on the design, construction, 
and operation or direct coal llquetaetion plants. They could 
serve as •ezperts• in tuture UllIDO projects. 

7. The Institute or Tychy-Vyry should be considered as a training 
facility tor short- and long-teni visitors tram other countries 
interested in this technology. UNI DO fellowships should be used 
to ~end engineers from other countries to Poland for training in 
the design, construction, and operation of direct coal liquefac­
tion process development units. 
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