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Project OP/POL/8:/002 

This reocrt co~er·s a trip to Katowice. Poland and. in 

oarticuiar. an ooerat1onal review of the 30.0 kg/hr orocess .. 
developmental unit in the Institute cf Ca~bc~hemistrv in 

Tvchv-l>Jvr··-.1. The oeriod of ~his reoort was 14 J~ne thr~Lgn 

June 1987 :~c!u~1ve. Although the unit was no~ in ooerati~r. 

reviewEd w:th Dr. Walter Matula and his stafi the crccecure ~er 

clant start~o 3rd coer3t1on. cperatlonal orob:ems ob~erved 

collected fr=~ tnese operating oeri~ds. 
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r 
1 

This sectj~n of the re?ort outlines the objectives of mv 
.. 

trio to :::-eland. As an expert in the ooerat1on of a coai 

llcue~act1Gn fac1l1tv, the focus of mv t~10 ~as to work with the 

::;~af+ at the Institute o-F Carbc-::nem1 str-·.: i.: lvc:hv-W"'r---.1~ to 

ident1fv pcss1ble cperat1ng probl~ms~ a~d ~e~ommend pcssible 

solut::.or.s. As a b~s1s for this d1scuss::.cn. I have included i~ 

F1gur9 1. a basic f:ow diagram o~ the Tvchy-Wv~v 

fa".:.:.: it.,.. T~e ~~llcwing list are mv recommendaticns. The 

~~r~~t f~r ~~1s secti~ns is that the 1d~nt~fication cf a orcblem 

my reccmmendatlon to resol~e each problem. 

fcla. 



.. 

2 

is being depressurized within the val~e bodv itself. It was 

cemcnstrated 3t ~1lscnv1lle tha~ this ~low =atte~n was unsafe 

and detr1ment3l to lonq valve life. It is unsafe be~ause the 

~alve. body is currently exposed to a very erosive material which 

can c>rode away '.:he valve bodv 3nd begin to leak e:-:ter;-;al l v. 

This lea~ be~ause ~f the che~icals i~vol~ed then becomes an 

I ~~ve ~M2ref~re re=ommended tnat the flow through tnis 

va:ve be reve~~ed. Thi3 al!ows tne flashed material to be 

As oart: of 

si~iiar ~o ~~e Wilscnv1ile facilit~. 

~~e irt~rna:~ =+ the va~ve ~nd into this small ·Jess~l. whic~ wa~ 



3 

- ' o~ .•. The lev~l =cntrol should be pur1ed w1:n hvdrogen gas for 

t:..10 rea~ar.s. r-:.rst. the qas :Jurqe shoulj ~r::;~1de for be-':~er 

level control. Hnd secondlv~ the liquid mat~ial in the high 

pressure seoarator is maintained at temper:it:.ires sufficientlv 

~1gh fer chemical reaction to take place an~ currentl~ is 

oroduced 3 c~~~-like-mater1al in che hign p~~ssure seoaratcr. 

The ccnclus1cn was t~a~ ~his coke-li~e-matE~:~l was fcr~ed as a 

h -;drogen. The ~vdrogen purge w1ll provide a small ~ut ~deauate 

The high oressure vesse~s op~rating ~O!Um& 

should als~ be operated at a m1n1mum to redw=e the passib1lit~ 

of such retr~gr3dE ~eact:on5. 

e:: cected. 

fl~w was toe ~mall. 

r.-,1 s 
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ccmoress~r. This installation is standard on most ccmpressor 

svs~e.-n w::.thir. the USA and 15 ::.llustrated in the Apper.ci;:. Figure 

4. The ourpose of this sys~em would be to provide better flow 

control of the gas flows from e3ch compressor. A second benefit 

is that t~e gas flew from ~Me compressor can be sto~ped and the 

comoresscr will aJtcmat1cal!J ~ec~cle it~2lf back to the 

be stccoed ana start~d with the c~mpresscr saf~ly operating 

durin~ c~2 entire oeriod. 

to dirEc~ tneir attention~ to other s~ea~ of ~he c~art with the 

knowledoe th2t the compressor 5ect:o~ 15 en automat:c recy=lg 

•-1nt i l :-. eed ed • 

7he ca~se c~ ~he orcblam is ~hat :~e s~ecific gra~itv of bo~h 

Tt e sc; 1 =~ t : er; 

8ri ef l ·1. 

' 
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approximate!~ :ooc F. and the heavier 11quio ~ater1al is then 

·=ol 1 ected. The flashed vaoor is then cooled tc condense all 

l i CUl r1. Thls l:au1j contains two components. the ~ater and the 

lighter . 1 
01. s. In a second vessel these two components ar~ 

Because the 

neavier ~r=cu=~s ~er~ remcved thr~ugh the f:asn procedure. these 

t.-;o ::ir-ocL1c-r.:: .:c;;-; se;:ar-~.te ea::ilv since -+:he:.!"" =~ecific gr~v1ties 

The se~=n~ absErved ~rcblem cc~csrned the ~bility to measure 

The recommenaaticns alreadv outlined to 

comcress~r sLr;es will recuce the sc1kes ~Lrren~iy observed 1n 

Thi: ne;; t :.te;:• ls t.:> :. n:~2l l purchased 

~.~ - ::=-;-- 5. 

Aitn!~ the59 ~lcw ~el:s. t~e cel~s s~culc be ~rstalled sc that 

. - -l r. ;-·::11 ar. c. 
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The tM1rd observed oroblem concerned the ab1lit~ to measure 

.3r::.ous l:=u1d stre3ms which contained nea~v solid-like 

-:iater::.a:s. Cur d1scuss1on focused on several streams from ~he 

~cal slurrv measurement to the measurement of various product 

streams. In this d1scuss1on. we evaluated tne different ~ethods 

~f measwr::.~g coal sl~rrv at Wilsonville. T~e most accurat~ 

methoc smcl~~ed is t~e use ~f vessels w1tn we1gh scales. 8o~h 

~~e coal ~lurrv oleno vess•l and the feed ves~el are installed 

Beca~se such ::.nstallatiors require p1p1ng 

these measurements the W1lsonv1lle fac1li:v based i~5 material 

b2"tl ance data. As a flow 2~d1cat1on. the ~1l~onville facility 

t~e cost. .Tranne,.... 

~ave t~c c~rtr=l va:ves: cne on the inlet and the other en t~e 

=ell ~h::.c~ has ~een c3librated f~r th~ s~~cif:c =-oduct. 



8 

vess~l fills. the bottom dischar~e valve is ~lcsed. and the 

inlet valve is open. When the level reaches a set "high levelq. 

the inlet valve closes and the bottom discharge valv~ opens. 

The material in the vessel ·jrains to a set ":ow le'vel" and then 

the ~rlG valves are again reversed to fill the vessel. 

weigh~ ~f one cycle of th1s batch system has been determined. 

the f:ow measLrement consists ~f simplv counting tne n~mber o~ 

cvcl95 the vessels dumps ard multiplyinq bv t~e calibratec 

Si~ce the casting solvent is ~oid of anv non-d1stillables 

~rac~ions. there is a cancer~ that the feed preheater might 

This is of carticula~ =~ncern during t~e initial star~uc 

- .. 
C! -

~r~c~1ons were returnee :n the pasting sol/e~t. 

To~ica: Recor~ ~c. 8 was l5Su~d outlining this pr~cedure. ~he 

Be=a~s~ tn1s r~ccrt gees irto s~cn de~ail. I left 
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and have enclosed one in the Aooend1x Figure 6. 

The c~n~1nual use of a m1cro-3utoclav~ at the Institute ~f 

Carbochemistry is most likely not entirelv necessary. Since 

after startup the high pressure separator b~ttom product is 

reclvced. the resid in this stream should reduce the formation 

c+ ~oke in ~~e oreheater. However. th1s a=sumotian shculd be 

~er1f1ed before ~uch test should be ~cns1aered no longer 

necessarv. ~uring this evaluation period. the collection cf 

this data ~r~m the micro-autoclave and the data collected from 

~~e NMR should be correlated. Most-likelv the NMR d~ts will 

crove to be superior in tne long run. ~ut sine~ such cat~ was 

not coll~cted at Wilsonville the f1n~l analvs1s has to be 

determined through the above outlined comoarisc~ test. 

2cth ~cnvers10~3 are 

·o 1mprcve =cal ccnveraicn. : reccmmenc three differen~ 

steps. 

02~orstr3tec the abil1t~ t~ ooer~te smootnl~ for a oericd of 

~~e re~scn for th~ dela~ is that these reccmmend~ticns 
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will cause the viscositv o+ the coal slurrv ~nd the high 

~ressure recvcle loop material to increase. -O .n.:.n1m1::e 

additional operational oroblems. all other oserat!onal problems 

should either have been resolved or at least ~ade ~anageable 

before emtarking on these new rLn conditions. 

The first stec is tc graduallv decrease t~e amcunt of 

~clvent !n the oast1ng solvent. Cur-entlv t-e ccerat1ons has 

beer ~1th th1rt~-eight i:S) percent coal conc3ntrat1on in the 

slurrv feed. The desig" maximum fc~ this s~s~em was ~ 

fiftv-five <55> cer=~nt c~al cor=entra~ion i~ the slLrry feed. 

~hr=ugh o~t the s~s~e~ ~ill be decreased. o~e immed~at~ benef:~ 

wcu!d be the r~duction c~ to the alread~ overlcaded 

~This was menti~nec in tne 

TMe ~eccnc recommenca~1cn ~cwld be ~o red~ce the ~olvert in 

~eccmm~~~at:or should follcw and n~t ~rocee~ the firs~ 
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naturali~ droo as the solvent is reduced :n the slurry feed. 

Theref~re. to ~revent the v1sc~sitv in this laop ~rom gett1rg to 

high. druo the salient in this loco secon~lv. Curref"ltl ·1 tne 

solvent in this loop is avera~1nq fiftv--five <55> oercent. It 

should be reduced to the rn:n1mLm design cf t~ir~y <30> percent. 

Again. data from the laboratcr~ test at the Institute of 

Sarboc~em~strv wo~l~ swo~~r~ t~is reccmmendat1an. ~ur 

disc~s~isns indicated that this ~ould imcr~ve coai conversi~n by 

an ~dd:t~on~l cne t~ twc percentage points. 

Cnc~ the atove two steps ha~e been completec. the thi~d steo 

coal conversion ~h1!e at the sa~e t1~e no~ greatly increasing 

the C1-C4 gas make. 

f eec o•..:r:'lc =. C..:rrentlv tnese owmos are va~1able stroke. 

sue~. ~t ti~es. tnese p~mos ~a~? ar~as w:th1n ~ne ~~m~in; 

cham~er ~hat can fill with ~02~ solids. i:.: these ;::::~1ds 
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the svstem as lar1e cnunks and pl~g smaller ooeninq within the 

r-eac:-+:or s :st~m. 7he sol~t1cn ir this c~se is to change the 

pumps t~ var:able soeed. 3im1lar to Wilsonville~ then the feed 

pumps would ~a~e a full stroke which prevents the accumulation 

of ccal m3ter1al ~ith1n tne ou~p1ng chamber: and the ~ump 

ravolu~ions ~~r1ed to prcv1de ~he desir~d coal slurr-v feed rate. 

T~e observed orotl~m is the significant incr~ase in the 

number ~f fla~o~s ~ith:~ the reactor svstem. The excerier=e a~ 

Wilsor~1ll~ ha3 shown tha~ eac~ additional f:ange ircreas~s the 

cha~ce o~ ~ leak. 

onl ·/ -':wo -:he bottom 

:""'~act~.-. 
-- ,_ 

---. -- ~ac:.11-:.-.. ... 
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~:so. wit~in the fac1l1tv at W1lsonv1lle. an inventorv o+ the 

neces~3.r · t 11ce~ cf- o i pe 3.r.d ... _he ea·_11 pment t.o ::)erfcrm such 

orocedures i5 canstant~v maintained. At the Tvchv-Wvrv 

;acilitv. there is neither the equipment ~r the personnel to 

This limitation ~as been re•lected 

~n the d~s~gr o• tne reactor ~vstem-additional flanges. 

'-iocef·..;ll.;. :iS the ci:erati:-;g s-caff develops cioerat1ng e~~oer1erc2. 

tnev wili ~new ~~1ch flanges that were installed in =ase of a 

~l~g. et~. ~~~ be elim1nated. 

· · ~-~~S~~G~~~-2~Q~1~-~~-Q~~~19E~~-~Q-~~~~-~Q~=QCQQCi§~~C~-Q~~~­

~§Q_~~-~~~j~QQ~~~ 

The cb/1ous oroblem i5 tnat two indecen~ent grcuos are 

d2veloo1,-,q c'"'=- 1 11~uefacti·=r. ':.t;?chncl..ogv with l:ir.-1ted ~·..tr.ds. In 

carticular. t~e Inst1t~te o~ Carocchem1strv =~ulo benefit a 

~ae~ no~ ~e t~tall·1 o~e-si1ed. 
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the electron 1n cr~scooe. Data from such develoomental work 

could imor~·,e the current modeling effcrt being oevelaced at 

W;. l sonv111 e. 

This exchange can be as simple as arranging for the oublish 

r-ecorts fr~m each t.:.~1t to =~ :ient to the other partv. If th:s 

informat1anal exchange ora ?d benefic!al. then a f~ll techni=al 

:?,:c:h=inqe i:-i mee"t.1:"'!g ...:cr!'l cou:a be emoloved. s::.nce ope..-at1n; 

funcs are limitEd fo,..- both fac1lit1es. such ~::changes c~uld 

~oss1ble reduc? ~:ce~s1ve duplic3t1on c~ research for both 

cart i 2s. 

Tc te.::;in e-,::::lor:;.ng the ~ossib1litv of such an e~;change. 

met wi ':h Gar-·/ 3t :I E5. Pr-oj ec"t Mari.ager fo- Southern Comoanv 

se~v1ce on r~escav. 30 June. He indicated that such an ex=~an~e 

wculd ~eve tc ce a~proved bv all the =urr?nt ~ponsors at 
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The focus of the reccmmendat1cns were en ~Me l1~u~~act1on 

sec~1on cf the 80 kg/hr PDU facility at Tvch~-wvrv. This is 

illustrated in the too pcrtion of the Dasie ~:~w diagram. 

Althcu~h. the research st~~+ had ~ompleted scne bencM sca!e 

develi:Jomental work en the coking sc-ctior!. tha': secti·:H-, .:Jf the 

ola~t had not bee~ operated. ~nd the general fe~ling at t~e 

facili~~ was. at the ti~e of my ~isit. that 5ec~ion woulj net ~e 

this infc~maticn. T focus mv atten~1on en t~e ~art c~ t~~ 
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orinc1ple also. Unfortuna~el~. their fac1l1tv does not compete 

as well with the other emol~vers in the area. Therefcre. their 

abil1t~ tc attract a tco =oer~~ing st~~f has ~een af~~cted. The 

~valuati=n of th1~ segment o~ their fa:il1t. was not oossibl~ 

Since 

the ola~~ w~s not oc?rati~c. ~est of nv ~bservaticns were made 

ceo.:;.r~menta! 
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14-15 June: Scent these two davs traveling from Chelsea. 

Alabama to katowice. Poland 

lo-17 June: Seen~ these two days rev12wing the research 

devel•::)ped tor this PDU facility~ learning the basic flows as 

outline~ in the flew schematic in t"e Appendix ~1gure 1. 

18 June: 7h:s was a hol1dav so no v1s1t Aas made to the research 

facility 3t Tychy-Wyry. 

19 J~ne: 3~en~ this jav l~ reviewing startup of the facility. 

I 

.J ._:ne: di sc:..1ss1n9 ~per .;.r: ion with th~ 

f ?.Cl 11 t ,,. . 
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~3 June: Scent this final dav reviewing plant operating data 

with both the research group and the engineering staff 

resoonsible fer plant modeling. 

=4 June: Spe~~ this dav travelling to Vienna, Austr1a from 

Katow1ce. F~land. 

=5 June: ~et with the UNIDO staff and held a debriefing meeting 

26 June: Scent tnis Ieng day travelling to Chelsea, Alabama from 
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FLOW DIAGRAM FOR THE 80 KG/HR POU •.••...•... FIGURE 1. 

INTERNAL DES I GN HIGH PRESSUF:E LET DONN '·,;AUiE • • • • • FIGURE 2. 

DESIGN OF THE HIGH PRESSURE LET DOWN VESSEL. . . . . . FIGURE 3. 

F·RESSUFE CONTROL SCHEMATIC F:JR GAS COMPRESSOR ••••• FIGURE 4. 

PRODUCT SEPARATION V!A FLASH SYSTEM. . . . • . . . . • ~IGURE 5. 

~!LSONV!LLE TECHNICAL REPORT NO. 8 . . . . • • . . . . FIGURE 6. 
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ABSTRACT 

This topical report presents data and results relative to 
the role of recycle solvent in the SRC process at the 
Advanced Coal ~iquefacticn R & D facility at Wilsonville, 
Alabama. Data gathered over a period of two years is pre­
senced in a convenient format and cor-clusions based upon 
this data are summarized. Among the various aspects of 
the topic discussed in t.~is report are the following: 
impact of solvent on process performance, achievement of 
steady state over extended recycle operation, control of 
solvent activity and the interrelationships among various 
solvent pr-:>perties. Finally, a general discussion on the 
current pe~ception, viz-a-vis the role of solvent in coal 
liquefaction reac~ion, has been included. 

1 



~-------~--~-~~-----~----

I. INTRODUCTION 

Di~ect coal liquefaction is the conversion of coal to low~r 
~olecular weight products a~d occurs when coal and hydrogen 
are reacted at an elevated pressure and temperat~re in the 
presence of a hydrogen donor (H-donor) solvent. ~he u!timate 
goals of all liquefaction processes are to increase the H/C 
atomic ratio and remove heteroatoms and inorganic mineral 
matter (Ref. l} • 

It is now generally accepted that the hydrogen donor activity 
of the solvenc plays a very important role in the process of 
coal conversion. Coal conversion can be envisioned to 
occur in three stages, i.e., dissolution, hydrogen transfer, 
and rehydrogenation. In each of these steps, the nature of 
the solvent can affect the rate of reaction, the type of 
reaction, and the selectivity of the prcducts(Ref. 2). 

This report presents data and results relative to the role of 
recycle solvent in the SRC process gathered at the Wilson­
ville Advanced Coal Liquefaction R & o facility. During a 
two year period, Kentud~y 9 and Illinois 6 coals were pro­
cessed at the Wilsonvil}e facility and the solvent was 
analyzed. The objective of this report is to present all 
available data in a convenient format and to summarize 
findings and conclusions. 

2 



TI. PROCESS DE. .!PT ION 

In the solvent refined coal (SRC-I) process, pulverized coal 
is slurried with process-derived solvent. Feed gas is 
added to the slurry and the mixture is heated and fed to the 
dissolver. E:fluent from the dissol~er is flashed and the 
gases are separated and scrubbed to remove hydrogen sulfide 
and carbon dioAide. The scrubued recycle gas is mixed with 
fresh makeup hydrogen to maintain 85 mole percent hydrogen 
in the feed gas. 

The flashed dissolver effluent underflow, c~ntaining ash and 
undissolved coal solids, is then processed by Critical Sol­
vent Deashing (CSD) to remove the ash and unreacted coal. 

Before being fed to the CSD unit, the SRC sl·.Jrry is distil­
led to separate the solvent. The slurry is ~~en extracted 
with a deashing solvent (DAS) at conditions close to the 
critical temperature and ?ressure of that solvent. Heavy 
ash concentrate, SRC, and light SRC (LSRC) are separated and 
collected, and the DAS is recovered for recycle. The·LSRC 
can be recycled to the front end as a component of the 
process solve~t feed in proportions varying from 5% to 30%. 

A~ the SRC unit, the recovered liquid is separated by 
fractional distillation. The liquid fraction boiling above 
450°F is termed "distillate" solvent. This solvent is the 
major component of the recycled process sclvent that is used 
as feed to the SRC unit. The other component of the process 
solvent is LSRC (5% to 30%). 

In 1981, a catalytic hydrotreater began operation at Wilson­
ville to allow further SRC upgrading. Following the success­
ful start-up of the unit, the facility was operated in a 
non-integrated two-stage liquefaction (NTSL) ~ode. rn this 
mode, the thermal coal dissolver (SRC unit), ~he Critical 
Solvent Deashing (CSD unit), and ..:he catalytic hydrotreater 
(HTR unit) are combined sequentially without any recycle of 
the hydrotreater products to the first stage (SRC and CSD 
units). 

Figure 1 shows the NTSL process in a schematic form. Figures 
2, 3, and 4 are simplified process flow diagrams for the 
three units. 

In this report, the role of process solvent relative to the 
operation and performance of the SRC and CSD ~nits is 
analyzed. 
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III. THE ROLE OF PROCESS SOLVENT - CURRE~~T PERCEPTION 

The activity of the process solvent is known to have a 
significant impact on the coal liquefaction ?recess. However, 
in spite of extensive research in r~cent years, the precise 
role of solven~ in coal liquefaction reaction mechanism is 
not yet fully understood. This is not surprising since the 
reactions involved are numerous, simultaneous, and quite 
complex. Nevertheless, in recent years, a broad conceptual 
picture has emerged. 

Coal is a heterogeneous organic rock interspersed with 
inorganic minerals. The organic portion of the coal is 
a mixture of distinct rock types known as macerals. The 
most predominant maceral is vitrinite. The vitrinite 
pore.ion of coal is a highly cr0ss-linked polymer. con!:.isting 
of a number of stable cluster units tied together by a 
network of weak links. These links include aliphatic carbon, 
ethers, weak hydrogen bonds, and charge-transfer complexes. 
During the dissolution step, the thermal energy at reaction 
temperatures (600°F to 850°F) is sufficient to rupture these 
links and break up the large macro~olecule into a number of 
smaller, but highly reactive, free radicals. This transition 
occ·Jrs within the preheater tubes in a very short period of 
time. The free radicals that are formed have a ve~ short 
half-~ife and they tend to get stabilized by various reactions. 
If donatable hydrogen is available in sufficient quantity, 
these free radicals are "capped" or stabilized by hydrogen 
and stable, low molecular weight, species are formed. If 
there is a deficiency cf donatable hydrogen, then the 
probability of free radical stabilization via condensation 
reactions (autostabilization) increases. This results in 
high molecular weight species also known as char or coke. 
These free radical reactions take place in liquid phase. 
Thus the solvent, which is in liquid phase and which con-
tains chemical species with donatable hydrogen, dictates ~~~ 
reaction path taxen by the reactive free radicals.(Ref. 1) 

It is now generally accepted(Ref. l, 2) that there are four 
groups cf chemical species in the solvent that affect the 
overall liquefaction process. These are: H-donors, H­
shuttle~s, phenols (heavy and light), and H-abstractors. 
The activity or "effectiveness" of a particular solvent 
depends on the relative and absolute concentratioi of these 
chemical groups. In the following sections, the ·:ole of each 
group is reviewed. 

• H-Donors:lRef. 1, 2) 

ln general, almost all of the chemical species in 
solvent are capable of donating hydrogen under 
the appropriate set of reaction conditions. However, 
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some do so mo~e readily and without adverse effects. 
It is these species that are normally referred to 
as H-Donors. 

The primary effect of thermal fragmentation in 
the preheater is the creation of hydrogen demand 
by reacti7e free radicals. This demand has to be 
satisfied and the ~ree radicals will tend to pick 
up hydrogen from any available source. The source 
for >ydrogen is a function of the demand, and gen­
erally follows a hierarchial mechanism with the 
most active H-donors receiving preference. Con­
ventional hydroaromatic compounds such as 
dihydrophenanthrene and tetralin are the first to 
provide hydrogen. This mechanism is the preferred 
one since the resulting aromatic compounds can be 
rehydrogenated - thus preventing solvent degra­
dation. However, if the hydroaromatics cannot 
fully satisfy the hydrogen demand, then relatively 
poor H-donors, such as, p-cresol become donor~. In 
the case of these compounds, they too become reactive 
and tend to get incorporated into the product SRC 
matrix. (This increases the product oxygen content 
and produces solvent deficiency.) It is now well 
established that a high concentration of certain 
hydroaromatic compounds not only enhances conversion, 
both at short and long contact times, but also improve 
the product distribution and hydrogen utilization 
efficiencies(Ref. 2). The absence of hydroaromatic 
coficentration does not preclude coal conversion, but 
the products may ccntain repolymerized solids or coke 
and the reaction can lead to increasing incorporation 
of solvent species into SRC products. 

• H-Shuttlers: (Ref. 1, 2> 

Although H-donors are a major controlling species 
in coal liquefaction, they are not the ~ole factor. 
Coal and SRC can also be a source of hydrogen. 
Bench-scale experiments have pr~ven that signifi­
cant levels of coal can be converted to pyridine 
soluble products in total absence of hydrogen gas 
or hyd.r,.,aromatic compounds, but in the presence 
of non-donor solvents such as naphthalene and 
pyrene(Ref. 3). The apparent mechanism for this 
is an H-shuttling phenomenon whP.reby hydr~gen 
atoms from hydrogen rich portions of the coal 
structure are redistributed to free radicals 
via the reversible hydrogenation/dehydrogenation 
of the H-shuttlers. This process has its limita­
tions because the small quantity of available 
hydrogen within coal i~ rapidly consumed. This 
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results in hydrogen transfer occurring at the 
expense of coke formation. Several studies have 
shown that hydrogen shuttling is ~ore efficient 
for_high-boiling polycondensed aromatic ring systems 
(Ret. 2). In sitilations where the concentration of 
H-Donors in the solvent is limited, H-donors and 
H-shuttlers can act synergistically to yield an 
effective solvent. This synergism, demonstrated 
on a bench-scale, may be important for low-severity 
runs with high LSRC recycle. 

Phenols: (Ref. 2) 

Phenolic compounds constitute a major portion of 
the steady-state recycle solvent in SRC process 
(20 to 30%) (Ref. 2). Buth light and heavy phenols 
contribute substantially to the physical salvation 
properties of the solvent. Even highly polar coal 
products can, therefore, dissolve in the liquid 
phase. Phenols can also donate hydrogen through 
alkylation reactions especially if the hydroaro­
matic concentration is low. However, in this case, 
phenols get consumed by becoming incorporated in the 
SRC product. Reactions with heavy and light phenols 
are similar. However, in the case of heavy phenols, 
hydrogen can be donated via dehydrogenation in addi­
tion to alkylation. Some reactions involving heavy 
phenols can lead to c~ke formation(Ref. 2). 

(Ref. 1 2) 
a-Abstractors: ' 

High concentrations of H-donors generally produce 
higher quality of SRC (with higher hydrogen, lower 
oxygen, sulfur, and aromatic carbon). However, if 
some solvent components consume hydrogen, then the 
overall amount of hydrogen available for reaction 
with coal is reduced. Benzophenone is such a com­
ponent. Since coal or SRC can function as H-donors, 
any a-abstractor in solvent can lower the quality 
of the SRC. In addition, H-abstractors promote coke 
formation from SRC components or even solvent com­
ponents, and lower the observed conversion. 

One major problem of all liquefaction processes employing 
hydrogen donor solvents is the recycling of the solvent. In 
order to achieve a stable steady-state, it is necessary to 
provide a means of replenishing the H-donor capacity of the 
process solvent. During the reaction, ~:1vent activity de­
clines due to conve~~ion of hydroaromatics to condensed 
aromatics. If these hydroaromatics do not get replenished, 
deleterious side reactions such as phenol condensation, 
dimerization, and coke formation occur. Stable solvent com­
position is achieved by hydrogen transfer from the gas phase 

6 



to condensed aromatics and the subsequent production of new 
hydroaromatics from coal. Rehydrogenatj.on reactions are 
generally slow and are presumably helped by catalytic action 
of coal minerals {such as pyrites) and hydrogen partial 
pressure. In addition to the desired rehydrogenation 
reactions, solvent is subject to seve~al deleterious side 
reactions such as isomerization, cracking, polymerization, 
and adduction{Ref. 9). These reactions can cause an irre­
versible reduction in sol.•1ent activity. 

From the above liscussion on the role of process solvent in 
coal liquefaction processes, it becomes obvious that moni­
toring and controlling the solvent activity is crucial for 
process stability. It is also clear that a meaningful 
characterization of solvent activity can be very di=ficult 
and involves time consuming and sophisticated analytical 
methods. At Wilsonville, solvent activity is monitored by 
microautoclave tests {described in Section IV). In addition, 
several physical properties such as specific gravity, viscosity, 
boiling ranges, and elemental analysis are routinely mon~tored. 
These tests have been useful in monitoring the process 
operations. However, for the purposes of data correlation 
and quantitative analysis, more comprehensive testinq procedures 
may have to be developed. 
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IV. DISCUSSION OF RESULTS 

This report analyzes solvent property data monitored at 
Wilsonville from 1 January 1980 (Run 195) to 6 March 1982 
(Run 236). During most of this period (1980 and 1981), high 
sulfur Kentucky 9 coal from Fies mine was processed. During 
1982, the feed coal was changed to Illinois 6 coal from the 
Burning Star mine. Tables l and 2 summarize the reported 
distillate and process solvent properties for all material 
balance runs during the report period. The table contains 
the following data: 

• LSRC concentration in Process Solvent 

• Short and long microautoclave conversion data 

• Specific gravity 

• Elemental analysis 

• Boiling ranges 

Distillate solvent is a pro=ess-derived fraction with a boiling 
range between 450°F at 760 mm Hg and 600°F at 0.1 mm Hg. The 
distillate solvent is blended with varying quantities (from 5 
to 30%) of LSRC to form the recycle process solvent that is 
actually mixed with the feed coal. 

All runs listed in Tables 1 and 2 were conducted in either 
the single stage or non-integrated two-stage mode. The single 
stage mode involves the conversion of coal in the thermal dis­
solver followed by the separation of ash in the CSD unit. The 
non-integrated two-stage mode involves further conversion of the 
deashed SRC 5.n the catalytic HTR unit. In both these modes, 
hydrotreated product concentration in the process solvent is 
zero. It must be pointed out that for runs with a low con­
centration of LSRC in the process solvent, the physical 
properties of the distillate and process solvents are very 
similar. However, for runs with high concentration of LSRC 
(30~), distillate and process solvents are quite dissimilar. 
Generally, low severity operations, with dissolver at 2,000 psig 
and between 750 and 785°F, use process solvents with a high 
LSRC concentration. High severity operations, with dissolver 
at 2,100 psig and between 825 and 840°F, use process solvents 
with a low LSRC concentration. (See Sec~ion 3 below.) Details 
of the operating conditions and results for each material 
balance and the analyses of the feed coal are summarized in 
Tables 3 and 4, respectively. 

Figures 5, 6, and 7 plot the variations ~n solvent activity, 
LSRC addition rate, hydrogen content, and specific gravity 
over the report period. Pertinent run conditions and in­
stances of anthracene oil additions are also shown on the 
plots. For periods of high LSRC addition, distillate solvent 
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properties were used in the plots. During periods of low 
LSRC addition, properties of process solvent were sometimes 
used in lieu of cistillate solvent properties if the former 
was unavailable. As mentioned earlier, during periods of 
low LSRC recycle ("~5%), the properties of both distillate 
and process solv~nt are similar and can be used interchange­
ably. 

1. Solvent Activity Measurement 

Because of the very complex nature of interaction between 
solvent and coal at reaction conditions, effective character­
ization of solvent activity can involve a combination of 
several sophisticated analytical tests. At Wilsonville, a 
relatively simple test, using a microautoclave, has been 
developed to monitor solvent activity. It is recognized 
that this empirical test, conducted in the absence of 
hydrogen gas, does not complet~ly define the solvent char­
acteristics. Nevertheless, it has been found to be useful 
for routine process monitoring. In this test, a "standard 
coal" is reacted with the solvent sample at standard con­
ditions in a 30 cc laboratory microautoclave. 

The microautoclave apparatus is illustrated in Figures 8 and 
9. Equipment specifications are as follows: 

Reactor dimensions 

Volume, ml 
Inside diameter, in. 
Outside diameter, in. 
Height, in. 
Material 

Mixing ball in reactor 

Number 
Size, in. 
Material 

Reactor orientation 

Agitation, strokes/minute 

Stroke length, in. 

Standard coal 

9 

30 
5/8 
7 /8 
6 (working) 

316 SS 

1 
3/8 

316 SS 

Vertical 

1,000 

Indiana V (Old Ben), 
supplied by Conoco 



The tetrahydrofuran (THF) conversion achieved in this test 
is assumed to be an indication of solvent activity. Standard 
conditions for the test are given below: 

Test 

Short 
(kinetic) 

Long 
(Equilibrium) 

750 

7'50 

Solvent tc. 
coal ratio 

8:1 

2:1 

R~action 

time, m.I.n. 

10 

30 

The short (kinetic) test gives an indication of the hydrogen 
transfer rate and hydrogen shuttling ability of the solvent. 
The long (equilibrium) test gives an indication of the con­
centration of donatable hydrogen in solvent. For the SRC 
process or distillate solvent, short test conversions are 
usually higher than long test conversion. This is due to 
either the higher solvent ratio used for the short test or 
repolymerization of free radicals in the hydrogen-donor 
limiting environment of the long test. It is interesting to 
note that for hydrotreated solvent, which presumably has a 
higher concentration of donor hydrogen, the long test con­
versions are consistently higher than the short test con­
versions. 

A variant of the above test can be used to measure feed coal 
reactivity. In this test, a standard (synthetic) solvent 
composed of 25% tetralin in 1-methylnaphthalene is used to 
measure the coal conversion at standard reactor conditions. 
This is useful in monitori~g the relative activity of the 
feed coal. 

One problem associated with the microautoclave tests is the 
use of a "standard" coal. Coal is known to be heterogeneous 
and can vary in composition within a given mine. This means 
that the reactivity of the "standard" coal can vary signifi­
cantly from batch to batch. To avoid this problem, Wilson­
ville ordered a fairly large stock of standard coal during 
1978 with the hope that the same batch of coal would be 
available for many years. The Indiana V standard coal was 
packaged in two pound quantities in sealed plastic containers. 
These were stored in a metal container under ambient condi­
tions. This strategy gave rise to its own problems. Once a 
sample of coal is mined, crushed, and stored, its properties 
can change with time - presumably by air oxidation and/or 
ambient temperature cycling. The following table illustrates 
the change in reactivity of standard coal with time. 
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Date 

June 197g 
~ov 1973 
~1ay 1932 

3tor1ge duration, 
:nonths 

0 
6 

~8 

Standard 
coal reactivitv(a) 
Short (DJ Long ( c J 

~o 

68 
t>2 

78 
. :> 

69 

(a) \ THF ~onversion in microautoclave using 25% tetralin 
in 1-methylnaphthalene. 

(b) Solvent/coal r~tio - 8/1; reaction time = 10 minutes. 
(c) Solvent/coal ratjo - 2/1; reaction time = 30 minutes. 

The data is plott2d in Figure 10. This figure shows that 
standard coal ac~ivity by both the short and long tests de-
~ lined steadily. auring the period from January 1980 to 
~arch 1982 (Runs 195 to 236), there was a 3.5% and 2.5% drop 
in coal =eactivity by the short and long tests, respectively. 
This means that, for any long term trend analysis, a correc­
tion of 1.0 to 1.5% per year must be considered. This 
steady drop in activity of the standard coal does not affect 
any short term trend conclusions since the order of magni­
tude of experimental error is =2%. 

2. Coking Reactions and Solvent Activity 

Coking in liquefaction plants has been a matter of c0ncern 
in existing pilot facilities as well as in the design of 
commercial size units. As explained in Section III, the 
fundamental reasons for coke formation are: (a) excessive 
demand for hydrogen by free radical coal fragments and/or 
(b) inability of the solvent to donate sufficient quantity 
of hydrogen to satisf] the denand. Factors that control the 
basic demand for hydrc;·;en are: heat flux in the preheater 
tubes, reaction temperature, and the type of coal. In 
general, higher fluxes and reaction temperatures increase 
the rate of thermal decomposition which, in turn, increases 
the demand :or hydrogen. Different types of coal have 
reactive macerals with different chemical structure. Fence, 
one can expect that different coals will produce different 
levels of hydrogen demand even if the preheater flux and the 
dissolver temperature are held constant. Factors that 
control the availability of hydrogen to satisfy this demand 
are: solvent activity (or ~ffectiveness), hydrogen partial 
pressure, total reactor pressure, and the solvent to coal 
(S/C) ratio. Hence, adverse coking reactions can be elimi­
nated or, at least, minimized by: 

Controlling the hydrogen demand by 

• reducing the preheater flux, 

• reducing the reactor severity, ar.d 

• ?roper selection of feed coals. 
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Improving the availability of hydrogen by 

• increasing the tota: pressure, 

• increasing the hydrogen partial pressure, 

• improYi.l"lg the solvent activity. 

The SRC liquefaction process has been undergoing a gradual 
evolution over a period of eight years at Wilsonville. It 
is fair to say that, in recent years, preheater and dis­
solver coking has been less of a problem than it was during 
the earlier operating periods. In fact, during the period 
from 1 January 1980 (Run 195) to 30 March 1982 (Run 236), 
there was no instance of an involuntary plant shutdown 
solely due to coke formation in the preheater or dissolver. 
Operations at lower dissolver severity, higher dissolver 
pressures (2,000 psi instead of 1,400 to 1,700 psi}, use 
of dissolver solids withdrawal system, limited use of solvent 
activity control, use of coals that are less susceptible to 
coking, such as Kentucky 9 and Illinois 6 (Burning Star}, 
and generally low heat flux in the fired heater (2,500 to 
3,00 Btu/hr-ft 2

} could have contributed to this excellent 
r~cord. Notwithstanding this recent performance reco~d, 
coking phenomenon is still considered a critical issue in 
eventual design of a cormnercial plant. 

It 11as been known for some time that the economic feasibility 
of the process on a commercial scale depends, to a large 
extent, on an optimal heat recovery system and equipment 
sizes. There is a clear economic incentive to increase the 
preheater flux (7,000 to 10,000 Btu/hr-ft2

) and reduce the 
quantity of recycle gas at the heater inlet. Both improve­
ments in design imply higher probability of coke formation. 
This tendency to form coke can be alleviated by maintaining 
high solvent activity. In this section, Wilsonville data 
related to solvent activity and coke formation is presented. 

During early operating period (Runs 135 to 156) when Indiana 
v and Kentucky 6 and 11 coals were processed, a definite 
correlation could be seen between coke formation and solvent 
activity. The following data sununarizes pertinent data from 
these runs(Ref. 4). 

Coal Indiana II Kentuckl'. 6 and 11 

Run 135 137 140 150/151 155 156 

Dissolver c~nditions 
4-:' so 25 Space: rate, lb/hr- ft 3 47 52 47 

H2 partial press, psi l, 440 730 l,390 l, 140/]. '450 950 i,200 

Solvent 3CtiVit~ 
63 67 Short, .. •6 ~1 

'I 64 . ·-
Long, \ 76 67 71 63 62 69 

Coke deoosition 
'lo Yes Yes )lo 

?reheat er \o Yes 
01ssolver distributor, lb <l 15 6 15 15 <l 
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From the :oregoing table it can be seen t~at when the solvent 
activity was low (less than 65) and/or the hy~rogen partial 
?ressure Has low (less than 1,000 psi), coke was deposited 
in both the preheater tube and the dissolver distributor. 

During the above-mentioned period, there were several runs 
with decreasing solvent activity, but no apparent coke 
deposition. These are: Runs 129, 136, 14J (Indiana V), and 
Run 149 (Kentucky 6 and 11). Four batches of representative 
distilla~e solve~t from these runs were sent to Conoco for 
use in their Shcrt Residence Time process development 
program. These batches are identified along with sampling 
dates in the following table(Ref. 5). 

Sot •1ent 

...,a:::"'. Jate Sar.t:>led Coal t-roe il.un no. 

September, 19'."-:' Indiana 'I 1:9 
I I! ~;ir1 l, 1978 Indiana ~- 136 
r~~ AU&'.lSt, 1975 rndia"la " 1~3 

VI October, 1973 Kentucky ~ and 11 149 

All the samples were fairly large (approximately 5 drums) 
and were taken f~om the solvent inventory. During the 
period over which these samples were taken, no anthracene 
oil was added to the system. Data from these samples provide 
an excellent basis fer describing "good" and "bad" solvents 
(Ref. 3) . 

The properties of these solvents were determined by Conoco 
(Ref. 5) and are simu'l\arized in the table below. Note that 
the solvent microautocla11e activity as measured by Conoco 
cannot ~e directly compared with the solvent microautoclave 
activity measured at Wilsonville. 

Solvent 
So~vent '!:lat ct\ H, '; short 

3.0 81.-' 
!II 9. 'J 76.S 
IV s.s :'7 . .i 
V! 8.9 75 ·" 

~ ~ Condensed aromatics 
(a) · l.R Uncondense aromatics 

activi~, \ 
Lon_& Cordensed: 

76.S :.15 
74.4 1.31 
73.7 l. 27 
67.4 l. 21 

Arcnatics, \ 
JnconoenseCl 

0.9 
0.95 
l. 09 
1.09 

~AR (a) 

2.39 
l. 37 
1.17 
l. ll 

The above table shows that in terms of microautoclave tests, 
Batch 1 solvent was significantly mvre active than Batch VI 
solvent. The microautoclave conversion data was reported 
to correlate well with the ratio of condensed aromatic to 
uncondensed aromatic. The condensed aromatics concentration 
seems to improve the hydrogen donor capacity(Ref. 5). 

All the solvent batches were used by Conoco in a bench-scale 
Short ~esidence Time '.SRT) extraction unit. They found a 
strong relationship between solvent activity, as determined 
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by microautoclave, and process operability. nBatch ! 
solvents (good activity) were all operable in fourteen runs 
in the SRC unit, in the sense that no problems with reac:tcr 
plugging (coking) caused premature termination of any r· . .m. 
Four attempts were made to operate the SRT unit wi·:h i3atch 
III solvent, but all failed because of plugging •.. "(Ref. 3) 
They could operate the unit with Batch III and Batch n- sol­
vent. only after addition of t.ydrogen gas (increasing hydroc;·en 
partial pressure) or by prehydrogenation of the solvent ever 
catalyst (improving solvent activity). 

Another instance of process instability and cokin•j due tcJ 
"poor" solvent was experienced during the early d~ys cf SR: 
process development (1974/1975) with Illinois 6 (~onterey) 
coal. From December 6, 1974, to December 23, 1974, (Runs 
16, 17, and 18), the plant operated relatively s~oothly with 
coal conversions of 90 to 93%. However, during ;.pril 13 to 
May 5, 1975, the plant performance was very "erratic" w:.th 
coal conversions fluctuating between 75% to 85%. Represe~ta­
tive samples of distillate solvent from these ru~s were sent 
to Mobil Research and Development Co. for analysis. D~rins 
this period, microautoclave method for characterizing sclvent 
activity was not yet developed at Wilsonville. The following 
table summarizes the results of Mobil's analysis(Ref. 2): 

Run 

!7 

Z1 

Estimated available hy~rogen 
:ontl'nt (gH/100 g solvent) 

Heavy 
Hydroaromat ics phenols Total 

O.Z7 o.:;1 

a .13 0.40 0.53 

Rt>oorted 
conversion 

95 

75-85 

C.JllUllents 

Slable process pe~fo:mance 

E:rrat. ic ;>rocess perf:>rmance 

The table shows that the total hydrogen donor concentrations 
were similar for both the runs, but the "good" solvent 
contained significantly more hydroaromatics anc the "poc·r'' 
solvent contained more heavy phenols. The ~obil da-:a ir.di­
cated that the low apparent conversion (and erratic process 
performance) was due to solvent coking which rE?SUlted from 
H-donation from heavy phe~1ols. The chemistry of the r.eavy 
phenolic component of recycle solvent is not wall unde!r·· 
stood. Heavy phenols having more than 9 carbon:; have tht? 
potential of hydroaromatic structure and could thus funr:tion 
as hydrogen donors. The more functional heavy phenol,; ·:an 
also form coke via condensation reactions. SL1ce cokr~ 
formed during the reacticn cannot be distingui;hed from 
unconverted carbon, low apparent conversion ca~ be the 
result. 

From the above discussion, one can conclude that thera are 
several factors that can lead to coke formation in t:i.?. 
liquefaction reaction. Coke formation can be minimiz:d by 
maintaining high process solvent activity. This fact te­
comes more critical if other design and operating :eat~res 
tend to increase •the likelihood of coke formation. F~r 
optiITtal design of commerc:ial uni ts, maintenance of higt, 
solvent activity can be ·1ery important. 
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3. Solvent Activitv and Process Performance 

~est of the runs during the report period can be classified 
into "high" and "low" severity runs. 

The high severity runs were ca~ried out at dissolver tem­
peratures of 825 to 840°F and 2,100 psig ?ressure with process 
solvent containing about 5% LSRC. This process solvent has 
properties similar to the distillate solvent since the LSRC 
concentration is quite low. 

The low severity runs were carried out at 750 to 785°F and 
2,000 psig pressure with process solvent containing as much as 
30% LSRC. In this case, the process solvent is significantly 
heavier and more active by the kinetic test. 

The available material balance data on high and low severity 
runs at relatively constant dissolver conditions and constant 
feed coal are summarized below: 

;Jigh severity L:>w severi:v 

Coai type 
Reactor temperature, ~F 
Reactor pressure, psig 
Coal space rate, lb/hr-ft 1 

Process solvent/coal ratio 
LSRC rate, \ process solvent 

Runs 

So. of )o!aterial 3alance 
data points 

Ky 9 (Fies) (y 9 
840 

:,100 
40 

l. 6/ l 
s 

209, 210, 219, 217. 
Z20, 225. 227, 233, 
and 235 

17 

(a) Illinois 6 (Burning Star) coal was used for Run Z36. 
(bJ Spac:? :::-ate for Runs 2:.:1 and ::2 ·..as 13 lb/hr-ft 3 • 

(Fies' /Ill. 6(a) 
785 

Z,000 
35/18 (b) 

2/1 
30 

221, zz:, 232, 
2 34. a1l4i 236 

lJ 

Details of solvent properties, coal properties, run con­
ditions, and results for all of the above listed runs are qiven 
in Tables 1 through 4. 

The low severity runs using a high LSRC recycle rate were 
based in large part on the bench work done by Conoco(Ref. 5). 
This work clearly showed that presence of LSRC in process 
solvent markedly changed the product distribution, favoring 
significantly higher distillate yields than without LSRC in 
recycle solvents. Liq11efaction temperatures of 750 to 800°F 
were normally sufficient to generate enough distillate and 
LSRC for the plant to be in balance. This was not the case 
when only distillate solvent was recycled at the same reactor 
conditions(Ref. 6). These experiments at Conoco clearly 
demonstrated that the nature of the solvent was crucial in 
determining the yield structure (and, consequently, the effi­
ciency of hydrogen utilization). Subsequent tes~s at 
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Wilsonville confirmed the Conoco fin~ings. The following 
table compares the results for Run 210AB and Run 217AB along 
with the pertinent coal properties. 

Ru11 no. 

Severity 

Solveont activitv (~in), \ 
Dist ilbte 
Process 

l'ie!d~. \ "IAf' coal 
C,-Cs 
Dis~illate 

SRC 

Hydrogen consumption, \ MAf coal 

Coal analysis, \ 
Carbon 
'iydrogen 
Total sulfur 
Pyritic sulfur 
Sulfide sulfur 
Sulfate sulfur 
Ash 

Coal reactivity, \ 

ZlOAS 

69 
-69 

7 

2.3 

71.99 
5.03 
3.18 
1.14 
0.02 
0.06 
8.4 

81.0 

Low 

79 
32 

3 
28 .9 
57 

2.0 

72.42 
4.99 
3.29 
l.42 

<0.01 
0.01 
8.9 

75.7 

Run 210AB was a high severity run with relatively low 
process/distillate solvent activity. Run 217AB was a low 
severity run with relatively high process and distillate 
solvent activity. The high activity of solvent in Run 217AB 
was due to LSRC recycle and the addition of anthracene oil 
during previous Run 214. The above data indicate that it is 
possible to increase or maintain distillate yield concurrent 
with a significant reduction of Ci-c, gas yield simply by 
manipulating the nature of the process solvent (LSRC addition) 
and lowering the dissolver temperature. 

Another run which illustrates the effects of LSRC recycle on 
yield structure is Run 228. This was a high severity run 
with dissolver temperature of 825cF. When LSRC rate was 
reduced from 0.26 lb/lb MAF coal (20 to 25 ~ay) to 0.12 lb/lb 
MAF coal (27 to 31 May), the distillate solvent yield 
decreased from 24.0 to 14.5% MAF coal. The results are 
summarized on the following page along with sulfur and ash 
analysis in coal. 
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Run no. 

RlOl Dissolver 
Temperature, '!' 
?ressure, psig 
Volume used, \ 

?eriod, 1981 

LSRC rate, lb/lb l4Af coal 

Distillate ~olvent ~ctivity (kin.),\ 

Feed coal properties, \ 
Sulfur 
Ash 

Yield, '; ~F coal 
Total ias 
Distillate solvent 

(a) From ZZ8AS material balance. 

-------------zzs-------------

-------------~:s-------------
------------1.100------------
--------------75-------------
:o to :s 'lay 

o.:6 

77 

Z.39 
3.00 

i.'.'1 
24.0 

:i to 31 'lay 

0.12 

i6 

3.lS 
1.gs 

11.~(a) 
14.sCaJ 

Although the above d~~a illustrate the improvement in yield 
structure that can be achievr~d by recycling varying amounts 
of LSRC, there is enough evidence to show that, at constant 
dissolver conditions and LSRC rate, solvent activity may be 
playing some role in determining the process performance. 

• High Severity Runs 

After completion of Run 217, which attained a 
high distillate solvent activity, the plant was 
operated (Run 219) at high severity conditions 
duplicating Run 210. The only difference between 
Run 219 and Run 210 was the distillate solvent 
quality. It was "high" for Run 219 (78%) and 
"low" for Run 210 (69%). Pertinent properties 
of coal and the results of these two runs are 
summarized on the followinq page for comparison: 
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:tun 

Severity 

Solvent 1ctivitv (kin), ~ 
D1st1llate 
Process 

Yields. ~ ~F coil 
~ 1-\.5 

Distill<ite 
SRC 

Hydrcgen consUlllption, 
\ )4Af cod 

SRC :malvsis, '; 
.Ji ls 
Asphaltene 
?Teasphaltene 

Oils • Asohaltene 
?reaspnaltene 

SRC recovery, \ cresol 
solubles in TlOZ bottoms 

Energy rejected to ash 
concentrite, \ of feed 
coal energy 

Coal analysis, \ 
Carbon 
Hydrogen 
Total sulfur 
Pyritic sulfur 
Sulfide sulfur 
Sulfate sulfur 
Ash 

Coal reactivity, \ 

6.7 
26.l 
Sl.8 

2 3 

10.3 
.l3. 5 
-lo.:: 

l..Z 

80.'J 

22.6 

71.99 
S.03 
3.18 
1.14 
0.02 
0.06 
s • .so 

31. i) 

78 

.i.o 
ZS .1 
58.6 

2.6 

::s.,; 
55.6 
19.l 

4.Z 

86.0 

17.6 

71.30 
4.66 
3.38 
1.37 
0.01 
0.06 
8. 7J 
~2.4 

Among the key differences in results from Runs 210 and 
219, which differ primarily in the activity of the 
distillate solvent were the higher (oil + as~haltenel/ 
preasphaltene ratio in SRC from the SRC unit for Run 
219. This presumably improves the performance of the 
CSD unit as sh~wn by the increased SRC recovery and 
reduced energy rejection. 

Another set of runs which can be used to evaluate the 
impact of distillate solvent activity on process per­
formance are Runs 225 and 235. Prior to Run 225, th 
entire solvent inventory was replaced by anthracene 
oil. The oil ~as prehydrogenated under mild condi­
tions which caused the distillate solvent activity 
to be high for Run 225 (82%). This activity declined 
steadily over 8 to 9 months until it was 70% for Run 
235. It is strongly suspected that the deteriorating 
coal properties (Table 4), as shewn by increased sul­
fate content of feed coal during Runs 229 to 234, played 
a key role in the solvent degradation. (See Section 4.) 
Dissol•1er conditions for the two runs were almost identi­
cal. The following table compares the results from Run 
225 and Run 235. 
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• 

Run z2sac ZlSC 

Severity Hi&h Hi ah 

Solvent ac,iv1tr (kinl, ' Distill.ite 82 71 
Process 

Yields, \ l4Af coal 
c1...:s 4.2 6.9 
Distillau 30.4 26.S 
SRC SS SS 

Hydroiien consumption, 
\ l4Af coal l. 7 Z.l 

SRC .inalyses. \ 
A.5phaltene • oil 76 66 
?reasphal tene Z4 34 

Ener1y rejected to ash 
CJncentrate, \ of feed 
coal enerl)' 18.S Z2.3 

Coal analyses, \ 
Carron 72.SO 74.77 
Hydro1en 4.98 S.15 
Total 5U!fur 3.35 3.07 
Pyritic sulfur 1.37 1.20 
Sulfide sulfur <0.01 o.u1 
Sul fate sulfur 0.04 <0,01 
Ash 8.SO 7.68 

Coal reactivity, \ 80.l 78.4 

Comparing the yield structure for Run 225BC and 
235C indicates that Rur 235C had a slightly higher 
hydrocarbon gas make, a.1d somewhat higher energy 
rejection to ~sh conce~trate at the CSD unit. 
Although these differences, between Runs 210 and 
219 or between 225 and 235 are not dramatic, they 
are all consistent and point toward a somewhat 
better process performance with higher distillate 
solvent activity. 

• Low Severity Runs. 

Three sets of low severity runs at a constant coal 
space rate indicated the effect of solvent activity 
on process performance during runs with a high LSRC 
recycle rate (30% of process solvent). ~hese runs 
are summarized on the following page. 
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~uns : 1bl:17 :33/:3J .:36 

~ ... i,J;l l r'.""?e ~' 9 i F te51 ~- ·J 1 Fie-s) r 11. 0 Surntng :;t:ir) 

l:oal ;pace rate-, lb/hr-rt 1 jS ;o 30 

Coal 2rooe rt 1 e~ . ~ \If 
.>..;,h 3. :! 10.3 
"."'1.1t.Jl ")Ul fur 3.3 -. 7 L-l 
l'\r:n..: ::.u I ~·Jr !. -l u. 3 . ' 

l. -
~u I f:u c- "U l f11r !) . ~b J.: «l. JI 
~ ... -~..:r11J1ty, ·. . ~ •7 

Solvent .1CtlVltY , l 1n). \ 
t>roi.:-t..•'.'is l3 •b(a) 30 
l>tst ti late SC o6(bJ 73 

LSilC tn rroces5 solvent. \ :9 31 30 

[~) ~ven11,e of two data ;ioints (76.3 and ·s.J). 
(!>) '18 ner~gc. 

The typical yield structure for corresponding material 
balances are given below: 

217..\B 2:S4C 236A 

Yields, \ of~ coal 

SRC 57 72 56 
Distillate solvent 24 7 20 
Total distillates 29 11 26 
Total gas S.6 7. l ( 3.) 7 .3 (a) 

Hydrogen con5Ulllption, \ 
1'4AF coal 2.0 2.o(al 1.6 (a) 

(a) By ethylene injection ~ethod. 

Comparison of Runs 217 and 234 indicated a significantly 
higher distillate production for Run 217. This higher 
distillate make for Run 217 cannot be fully attributed to 
higher solvent activity for Run 217 since the properties 
of coa: were different. Kentucky 9 Fies Coal for Run 217 
had a low sulfate and a high pyrite sulfur content compared 
to the coal for Run 243 even though they came from the same 
mine. These differences could have been caused by aging 
of coal during storage. Feed coal for Run 243 had been stored 
for approximately six months at ambient conditions before 
it was processed in the plant. In contrast, the feed coal 
processed during Run 217 was stored at ambient conditions for 
only one month prior to being processed. The higher oxidation 
level of the feed coal during Run 243 is reflected by the 
higher level of sulfate content and lower level of pyrite 
content. It has been reported that even slight oxidation 
can decrease the coal reactivity. The oxidation process 
which involves cross-linking reactions causes a reduction 
in the plastic properties of coal(Ref. 7, 8). Aging of 
coal on air ~xposure has an effect on its conversion. 
Davies and his co-workers (Ref. 9) have reported that coal 
conversion of aged coal to THF solubles is significantly 
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less than that from fresh coal. The mineral contents of 
coal and their effect on solvent activity is discussed 
in detail in Section 5 under "Feed Coal Specifications". 

Comparison of Run.234C with Run 236A is quite interesting. 
Run 236A used a different coal (Illinois 6 Burning Star 
mine). Nevertheless, it was more reactive than the Kv 9 coal 
used during Run 234. The pyritic sulfur was quite high and 
sulfate conte~t was low. However, distillate solvent 
activity d~ring Run 236 was somewhat higher than that for 
Run 234. Run 236 had a distillate yield considerably higher 
than that of Run 234 even though distillate solvent balance 
was still maintained during Run 234. Aoparently, interaction 
of LSRC with a reactive coal played a key role in the conver­
sion to distillate range products at low severity conditions. 

The performance of the :so unit seemed to indicate that more 
reactive preasphaltenes were present in the CSD feed during 
Run 236 when compared to Runs 217 or 234. Distillate solvent 
activity appe~red to be important not only for the interaction 
of LSRC with reactive coal, but also for the stabilization 
of reactive preasphaltenes downstream of the reactor in the 
absence of hydrogen gas. 

4. Steady State Solvent 

Figure 11 is a plot of distillate solvent activity as a func­
tion of on-stream time for three high severity runs (Runs 
219/220; Run 225, and Run 235). This plot depicts the achieve­
ment of steady state properties of distillate solvent after 
continuous recycle over 30-60 days. Run 219/220 and Run 225 
started with relatively active solvents. Run 219/220 followed 
Run 217 when the solvent activity was high due to LSRC recycle 
and prior addition of anthracene oil. Run 225 started with a 
mildly hydrogenated anthracene oil. In contrast to Runs 219/220 
and 225, Run 235 started with a solvent of lower activity. T~is 
run follow~d Run 234 when the solvent activity declined steadily 
over a forty-day period. For all the three runs, steady state 
was achieved over a 30-60 day period. However, the steady state 
activity for Run 219/220 and Run 225 was higher (78%) than the 
steady state activity for Run 235 (71%). Since coal properties 
were approximately equivalent, the different steady states 
were apparently related to the nature of the starting solvent 
(Ref. 10) . 

Figure 12 is a plot of distillate and process solvent activ­
ities as a function of on-stream time for two low severity 
runs (Run 217 and Runs 230-234). Run 217 had high process 
and distillate solvent activities, but the duration of the run 
was not sufficient to know whether steady state was achieved. 
Runs 230-234 were approximately 70 days long. For the first 
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30 days, the solvent appeared to have reac~ed a steady state 
activity (73~}. However, after this initial 9eriod, a sharp 
decline was observed eve~ the entire remainin~ run period. As 
mentioned earlier, the feed coal during =his period had low 
?Yrite and high sulfate content. ~his deterioration o: the 
feed coal (oresumably by air oxidation} 9robab:y caused 
the observed activity trend(Ref. 10}. 

5. Solvent Activity Control 

From the discussion in the previous section, it is obvious 
that maintenance of adequate solvent activity is critical 
for good performance and stability. Although it is possible 
to start up the process with a relatively active solvent 
(such as mildly hydrogenated anthracene oil), there is no 
certainty that solvent activity can be maintained over an 
extended period of time. All indications point out that 
initial high solvent activity declines with time, presumably 
to some steady-state value. This value depends on the operating 
conditions, the type of coal and the nature of the starting 
solvent. At this time, available data is insufficient to 
predict the steady-state activity. In any case, it has been 
demonstrated that the activity can fall to levels where 
process performance and stability is adversely affected. It 
is inconceivable that external, high activity solvent can be 
continuously added to maintain the solvent activity for a 
large commercial plant. It is, therefore, very important to 
be able to maintain an adequate level of solvent activity by 
manipulating the process flow scheme and/or operating condi­
tions of the various unit~ within the process. 

Prior to the installation of the CSD and HTR units, an-.hracene 
oil (Allied Chemical 24CB} was added to the system fairly often. 
Although this was done primarily :o maintain adequate in­
ventory, the activity of the solvent was improved after 
every addition. This method of improving solvent activity, 
although quite effective on a small scale, is not practical 
for commercial units. The installation of the CSO and the 
HTR units added a new dimension to the Wilsonville process. 
Streams external to the SRC unit, such as LSRC, hydrotreated 
SRC, and hydrotreated solvent are now available for control 
of process solvent activity in the thermal dissolver. 

In this section, various techniques used at Wilsonville to 
control solvent activity will be discussed. 

• Anthracene Oil Addition 

Anthracene oil is a highly aro~atic coal 
derived start-up ~olvent used at Wilsonville. 
Table 5 lists ~ome pertinent properties of 
this oil. Fre3h anthr.acene oil is a ooor 
hydrogen donor. 3ut, upon mild hydro~enation 
in the presence of coal, this oil becomes an 
excellent hydrogen donor. During the initial 
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hydrogenation of this oil, the ~romatic components 
in the oil presumably get hydrogenated and become 
hydroaromatics. 

During the ?eriod covered in this report (January 
1980 to ~arch 1982), anthracene oil was added to the 
svstem on four different occasions. ~his does not 
i~clude an occasion when the entire inventory ~as 
replaced with anthracene oil (6 January 1981). On 
two of the occasions, the amount this oil added 
was very small in comparison to the total system in­
ventory (31 March 1981 to 10 April 1981). The instan­
ces of anthracene oil addition and the quantity added 
are noted on the Figures 5 and 6 trend charts. 

On 24 June 1980, 8,600 lb of anthracene oil was added 
to the system. ~his represented a 25.6% increase in 
inventory of distillate solvent. During this ?eriod, 
LSRC addition rate was held at 40 to 50 lb/hr - consti­
tuting less than 7% of the process solvent. This 
process solvent has properties similar to the.distil­
late solvent since the LSRC concentration is quite law. 
Figure 13 shows the trend in process solvent activity 
from 22 to 26 June 1980. It shows that the solvent 
activity increased from 73% to 76% in about 16 days. 
This increase in activity was sustained for about 
three weeks. It is interesting to note the temporary 
decline in solvent activity {to 71%) immediately after 
the addition of anthracene oil. This dip is due ta 
the fact that fresh anthracene oil, prior to hydrogen­
ation, is in fact, a poor solvent. 

e LSRC Addition 

Addition of LSRC has a direct effect on the com­
position of the process solvent. Since LSRC is 
basically a light fraction of residual material, 
most of its components boil above 650:iF. Hence, 
addition of LSRC makes the orocess solvent sub­
stantially heavier and more~active. Since the 
residual material is separated by the vacuum 
column, the distillate solver.t from runs with high 
LSRC addition are not sig~ificantly heavier, and 
a.re marginally :nore active. 

Two different periods juring 1980 to 1982 are 
used to illustrate the effect or LSRC addition. 
These periods are summarized below: 

?er:od <:.:ns 

'.ov;Oec 1980 ::a- 2: l '· 0l 

'....S~C. 

\ zrocess solvent ,Ru!I l 
aefore ~f~•r ---

0(2141 i1s1 

() ( 2201 

'iet incr~ase 
in solv~nt ac~1v1t~. 

\kl nl!t lC) 

'.l 

:n 

l) .\nthncene oil ••S •dded dur1n1 Run 214. Dissolver seventy was ~l,o reduced. 
') J1ssober "'v"r:ty •as ~lso ceduced. 
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Runs 213-217: 

This period illustrates the combined e:fect of 
L.S?C and anthracene oil addition. A ~rend chart 
for this period on an expanded scale is given in 
Figure 14. On 10 August 1980, 14,800 lb of anthra­
cene oil (or 43.9% of inventory) was added to the 
system. After 15 days of operatioa, t.:1e plant was 
shut down from 26 August through 4 September 1980. 
The plant resumed operations on 4 September with 
Run 216. The dissolver severity was reduced and 
the LSRC rate was increased. The sol·1ent activity 
during Runs 216 and 217 was influence~ by both 
anthracene oil addition and by increased rate of 
LSRC recycle. 

Prior to 10 August, the distillate solvent activity 
was about 73%. However, during Run 216, it was 
almost 80%. This substantial increase is attributed 
mainly to the anthracene oil. Process solvent 
activity during Runs 216 and 217 was about 84%. 
This represents a 11% increase over t~e distillate 
solvent activity prior to 10 Augus~. The net 
increase in process solvent activity represents a 
combined effect of LSRC and anthracene oil additions. 

Runs 220-221: 

During Run 220 (high severity conditions), the ~ver­
age process (or distillate) solvent activity was 
74% and the LSRC recycle rate was only 60 lb/hr. 
For Run 221 (low severity conditions), the LSRC re­
cycle rate was increased to 200 lb/~r. During this 
period, and during more than two mon"C..~S prior to 
this period, no anthracene oil was acded to the 
system. The increase in LSRC recycle caused the 
distillate solvent activity to increase to 78% 
during Run 221. The process solvent activity 
increased to 84%. A trend chart for this period 
is given in Figure 15. 

From the above data, it can be concl~ded that, 
during low severity operation, addition of LSRC 
in sufficient quantity (up to JO%) si;nificantly 
improves the process solvent activity and marginally 
improves the distillate solvent acti•;i ty. The 
changes in both distillate and process solvent activ­
ities are almost immediate. 
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• Solvent Activity Control By Distillation 

It has been observed that, for any given distil­
late solvent, the heavier fractions are more 
active than the lighter fractions. Data supporting 
this observation are discussed in the next section. 
~~erefore, it should be possible to improve the 
quality of the solvent by fractional distillation. 
This method of controlling the solvent activity 
is quite practical for a commercial plant where 
fractionatcrs can be installed to split the sol­
vent into many cuts. These cuts, in turn, could 
be blended to meet a desired specification. 
This method is not practical at Wilsonville since 
the available '!acuum tower (Tl02) was not designed 
to split the solvent into sharp fractions. At 
Wilsonville, the distillate solvent boiling 
range can be modified by withdrawing a portion 
of the liquid from a point (tray-3> above the 
main draw off point (tray-8). This causes the 
tray-8 material to become heavier. However, the 
stream from tray-3 still contains a substantial 
quantity of •650°F material. This inefficient 
draw off, over a perlod of time, can cause the 
system distillate solvent inventory to drop 
below levels necessary for plant operation -
unless process conditions are such that significant 
excess amount of solvent is continuously produced. 
Hence, solvent activity control by withdrawing 
tray-3 material is not routinely emplcyed. 

During Run 236, tray-3 liquids were withdrawn from 
12 through 17 February 1982. The total quantity 
of the withdrawn liquid amounted to 23~ of the distil­
late solvent inventory. The effects of this action 
are illustrated in Figure 16. Prior to 12 February, 
distillate solvent contained 41~ of the +650°F 
fraction and its activity was ~eclining and averaged 
70%. Process solvent during this period contained 
55~ of the +650°F fraction and its activity was 79%. 
After removal of the tray-3 liquids, distillate 
solvent activity increased to 74~. Tray-3 liquids 
were withdrawn for four days (12, 13, 15, and 17 
February) . Approximately two weeks after the last 
withdrawal, the distillate and ~recess solvent 
activities declined to 72% and 77%, respectively. 

• Addition of Hydrotreated SRC 

Recent work at the University of Wyoming(Ref. 11) 
indicateJ that the presence of mildly hydrotreated 
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SR~ in process solvent (up to 50%) significantly 
im?roved the yield structure in a batch reactor. 
These results have formed the basis of intearatincr 
the thermal SRC unit and the catalytic hydrotreatinq 
unit. ~icroautoclave tests at Wilsonville have · 
shown that solvents of improved activity can be 
obtained wit., addition of hydrotreated SRC. 

Two sets of tests were conducted at Wilsonville to 
evaluate the effects of hydrotreated SRC addition 
to dis~illate solvent from the thermal reactor. The 
hydrotreated SRC and distill~te solv2nt are from 
NTSL mode of operation. In the first test, hyd~o­
treated SRC from a given ba~ch was added to 
distillate solvent in varying amounts. ~he 
hydrotreated SRC was produced at a reactor temo­
erature of 755,F. The resulting mixture was -
tested with the microautoclave (in the absence of 
hydrogen gas) to determine the solvent activity 
(kinetic). The results of these tests are plotted 
in Figure 17. This figure indicates that an in­
crease in the concentration of hydrotreated SRC 
increases the solvent activity. A 20% increase in 
activity (kinetic} was achieved at a 50% HTR SRC 
concentration. 

A second test was made using hydrotreated SRC 
from different batches produced at varying HTR 
reactor temperatures and catalyst ages. The 
concentration of the blend was maintained at 30%. 
Figure 18 is a plot of hydrogen content of che 
residual material as a function of the percentage 
increase in solvent activity. This plot includes 
two data points where SRC and LSRC were used 
in lieu of the hydrotreated SRC. Figure 18 
shows that increasing the hydrogen content of the 
residue (HTR SRC, SRC, or LSRC) increases the 
solvent activity. A 25% increase in solvent 
activity is possible if the hydrotreated SRC has 
7.25% hydrogen. In general, high HTR reactor temp­
eratureR and high catalyst age reduce the hydrogen 
content of the SRC. Hence, these tests indicate 
that SRC, hydrotrea=ed under mild conditions and 
in the presence of relatively fresh catalyst, may 
be effective in controlling the process solvent 
activity in the thermal stage. ~hese tests do 
not reveal any l~ng-term effects on the process 
due to extended recycle operativn in a continuous 
mode. T~is subject will be further discussed in a 
separate report dealing with the integ~ated runs. 

• Fe3d Coal Specifications 

Since the solvent used in all liquefa:tion processes 
is basically derived from the feed coal! it sta~ds 
to reason that the nature of the coal itself has 
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some effect on solvent activity. A:though the feed 
coal is a heterogeneous rock whose composition can 
vary widely from place to place within the same mine, 
some control over its composition is possible by 
writing proper specifications and purchase contracts. 

Data relative to solvent activity and coal properties 
is not very conclusive primarily because solvent 
activity is also a function of several other vari­
ables such as reaction conditions, anthracene oil 
additions, LSRC recycle, etc. A least-square 
correlation between the distillate solvent activity 
and the mineral content of feed coal yielded the 
following results: 

Independent 
Vari.lb le 

Pyrite sulfur 
Ash 

Correlation Coefficients 
High Severity 

•0.32 
•0.59 

Lo·• Severity 

•0.76 
•0."86 

The above table seems to imply a strong correlation 
at low severity conditions and a weaker correlation 
at high severity conditions. ?.cwever, an examina­
tion of the run history for low severity conditions 
reveals that, for Runs 217, 221, and 222, addition 
of anthracene oil during Run 214 was an important 
factor in producing high solvent activities. Lack of 
strong correlation at high severity conditions 
can be explained by the fact that, for these runs, 
the range of variation in coal properties was quite 
narrow. 

During an earlier period (Runs 160 to 212), Ken­
tucky 9 coals from various mines (Pyre, Lafayette, 
Dotiki, and Fies) were processed at constant dis­
solver conditions (1,700 psig, 825°F). The average 
coal conversion was significantly higher (94.3%) 
when processing coal from Fies mine and was signif i­
cantly lower (92.2%) when processing coal from 
Lafayette mine. A total of ten ~aterial balances 
were made. Figure 19 is a plot of average coal 
conversion versus solvent activity. A fairly good 
correlation between solvent acti•1ity and coal con­
version is indicated. Lower conversion of Lafayette 
coal corresponds to lower solvent activity and higher 
conversion of Fies coal corresponds to higher solvent 
activity. If the dissolver is viewed as isolated 
from the rest of the plant, then solvent activity 
can be considered an independent •1ariable. ';•lith 
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this assumption, the above correlation agrees 
very well with the observations made by Ruberto 
at Gulf Research and Development that: "conversioL 
levels deper.d primarily"qn the level of transferable 
hydrogen in the solvent ,Ref. 12) However, the 
process solven~ used at the pilot plant is a recycle 
stream, and, therefore, not strictly an independent 
variable. It is, therefore, difficult to determine 
whether the low conversion of Lafayette coal and 
hi~h conversion of Fies coal are due to independent 
variations in solvent activity or whether the vari­
ations of both solvent activity and coal conversion 
are due to differences in chemical composition of 
the coals. It is interes~ing to note that Lafayette 
coal had ~he lowest pyritic sulfur content. The 
observations made at ~ilsonville seem to imply that 
mineral content of coal may have a beneficial effect 
on liquefaction reaction, although conclusive data 
does not exist. At least, the data is not incon­
sistent with what has been reported in the literature. 
For example, conversion of coal to liquid products 
has been found to increase as the mineral matter 
content and the concentration of the iron and titan~u.~ 
in the coal increase(Ref. 13). The catalysis by iron 
compounds in coal liquefaction reaction has been used 
by the Germans to improve liquefaction results(Ref. 14). 
Wright and Severson reported that addition of iron 
contained in the residues from coal liquefaction in­
creased the hydrogen transfer capacity of anttracene 
oil(Ref. 15). 

6. Solvent Prooerties 

• Specific Gravity 

The specific gravity cf distillate solvent during 
the period of tnis report varied from 1.007 to 
1.053. For periods of high LSRC recycle (low 
severity runs), the specific gravity of process 
solvent varied from l.05 t~ 1.07. 

Figures 5, 6, and 7 show the specific gravity 
trend: of distillate solvent (or process solvent 
with less than 7% LSRC) from January 1980 through 
March 1982. The avera~e specific gravity for 1980 
was 1.023 and for 1981 it was 1.034. This increase 
in 1981 can be attributed to the replacement of 
the entire solvent inventory with heavier anthracene 
oil i~ January 1981. The plot shows a sharp 
increase in specific gravity at each instance of 
significant anthracene oil addition. However, 
these increases were short-lived. In each case, 
the gravity dropped to some steady-state value. 
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~ables 1 and 2 su.":'lmarize the specific gravities of 
both process and distillate solvents for all MB 
runs during this report ~eriod. This table also 
lists the corresponding solvent activities. In 
general, heavier sol•Jents seem to be more active. 
rlddition of 20 to 30~ LSRC siqnificantly increases 
both the density and the activity of the process 
solvent. Fig~re 20 9lots solvent activity (kinetic) 
ver~~s solvent density for both distillate and 
proc&ss solvents. The following least sq~ares 
straight lines were obtained: 

:.:irrelation 
Eauation ~)eff:c1ent 

5A = :!lo.6 [sp. gr.)-~Ol.l .J.31 

~emarks 

:a~1 ~~r ?r~ce~s so~~e~t ~ith 
~1;h :.5~C recyc:e ex~l~ded 

\ll ?Ol~ts ~ncluded 

The f ir3t equation is a least-squares fit of all 
material balance data related to distillate 
solvent and process solvent containing less than 
7% LSRC. The second equation includes data for 
all low severity process solvent data which can 
contain up to 30% LSRC. As can be seen, one line 
can be used for all the points. 

The strong correlation indicated by the results 
implies that continuous monitoring of the solvent 
specific gravity can be a useful ~ethod for pre­
dicting trends in solvent activity. However, wide 
scatter in the daily data is indicative of other 
factors affecting solvent activity. Hence, a 
direct corresp0ndence between solvent activity and 
its specific gravity cannot be assumed. :igure 
21 shows the trends in solvent activity as measured 
~y micrcautoclave (solid line) superimposed on 
trends predicted by speci:ic gravity measurement~ 
(dotted line) for two ty?ical periods. As can 
be seen, the two lines agree with one anot~er 
~easonably. The specific gravity lines show less 
1ay to day variation and are smoother. 

• nydrogen Content 

Of all of the physical and chemical properties, 
one would expect the solvent hydrogen content to ~e 
most closely related to the solvent activity. 
After all, the kinetic solvent activity is an 
i~dication of hydrogen donor capability o: the 
solvent. However, this is not t!-:e case. Hvdrogen 
in solvent, as measure<l by an elemental analyzer 
;ives the total hydrogen conten~. Not all of this 
~ydrogen is available for ctonation. The readily 
~ransferable hydrogen attached to h:1droaromatic 
ccrnpounds and hea~y 9heno!s are a sraal1 fraction 
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of the total hydrogen content. Hence, or.e can 
expect that measurement of the transferable hydrogen, 
with instruments using nuclear magnetic resonance 
(NMR), would be more ~seful for correlation with sol-
vent activity tr1an measurement of total hydrogen with 
instruments such as an elemental (CHN) analyzer. Due 
to lack of analytical equipment at Wilsonville, only 
total hydrogen is routinely measured. 

During January 1981, the entire solvent inventory 
was replaced with anthracene oil. This oil is 
rich in a=omatic compounds and has a very poor 
hydrogen donor activity (59.9%) and a relatively 
low total hydrogen content (6.35%). However, 
after a few days of hydrogenation, the aromatic 
compounds in anthracene oil are converted to 
hydroaromatics and the solvent activity increases 
sharply to 84%. Bacause of this solvent changeover, 
Run 225 (January/February 1981) had a high average 
solvent activity (79.4%). However, as the plant 
continued to operate without any new addition of 
anthracene oil, solvent activity steadily declined 
until i~ avecaged 65.8% for Run 234. This accele­
rated decline of solvent activity may have been 
precipitated by the relatively poorer liquefaction 
properties of the feed coal. Increased rates of 
~e~eterious side reactions probably occurred due 
~o a decreased demand for hydrogen by the feed coal. 
\Hydrogan, "H", content of solvent was at "unsteady 
state".) The following table compares the properties 
of the sclvent from Runs 225 and 234 as determined 
by Conoco using NMR.(Ref. 7): 

!'olvent (a) Distribution itatios 
itun 
no. 

~•ys on \ Total acuv1ty. Condensed aro~at1cs Cvclic .il1cn•tics a ate ~ hvdro1en ~kinet1c2 :.inc:ondensed •lkj'.1 

:2s lS Feb l981 3: 3. l ~9.• 3.93 0.1>51 

J ;ept 1981 : "'5 9.Z 65.3 I. 75 0.533 

(a) 501vent activity (ki.iet1c) :1111::-~autoclave ~ests were done at lllilsonville. 

Conoco determined that the ratio of condensed to 
uncondensed aromatic hydrogen correlates well with 
the solvent kinetic activity test c~nversion, and 
the ratio of cyclic to alkyl aliphatic hydrogen 
-.:orrelates well with the solvent equilibrium activity 
test conversion. Hence, the above table shows that 
NMR analysis can be directly related to bot:1 kinetic 
and equilibrium solvent activity. Whereas, the total 
hydrogen seems to increase with decreases in solvent 
activity (kinetic) • 

Figures 5, 6. and 7 show the trends in process 
solvent hy~rogen content and activity for the 
entire report period. A comparison of the two 
trend lines re·1eals that, for the most part, 
an increase in ~otal hydrogen content decreases 
the solvent activity. This rule, however, is not 
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applicable to relatively short period immediately 
after the addition of a signifir~,t quantity of 
anthracene oil. During these F ~iods, presumably 
when the aromatics in the anthracene oil are 
being hydrogenated to hydroaromatics, an increase 
in hydrogen content seems to increase the solvent 
activity. 

Figure 22 is a plot of hydrogen content of distil­
late solvent, and/or process solvent with less 
than 7% LSRC, versus solvent activity. Although 
there seems to be an overall correlation, the 
scatter is quite high. The correlation coefficient 
for all of the points was 0.52. 

• Effects of +650°F Liquid Fractions 

Previous studies have indicated that higher 
concentrations of +650°F fractions in process 
solvent have resulted in better solvent activ~ 
ity(Ref. 16). Addition of LSRC is one method 
for increasing this fraction(Ref. 5). The 
following table summarizes the results of 
fractionation studies conducted at Wilsonville 
in 1979. In these tests, a sample of Wilsonville 
distillate solvent was fractionated into various 
cuts in a laboratory column and each cut was 
tested for solvent activity (kinetic and 
equilibrium) • 

Soiling range, Avg. boiling point, Solvent activit2'., 
'F Wt, \ "F Kinetic Eauilibrium 

ff7-536 27 .9 507 61.0 56.3 
552-619 23.8 586 65. l 61. l 
637-756 ZS .1 697 69.3 64.0 
~56-EP i:;. 9 :"56 69.6 69.6 

Composite 100.0 65.l 

Figure 23 is a plot of this data which clearly shows 
that heavier boiling fractions are more effective 
solvents. This confirms similar observations made 
independently by Sandia Laboratories(Ref. 16). 

The possible reasons for the apparent positive 
influences of heavy boilers on solvent quality are 
numerous. Higher boiling fractions have greater 
solubility for both hydrogen and the initial 
reaction products. It has also been demonstrated 
that hydrogen transfsr from partially hydrogenated 
higher boiling three-ring compounds is faster than 
the transfer from similar boiling two-ring compounds. 
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This would suggest that greater concentrations of 
the high boiling liquids, with proper ring structure, 
should aid in improving solvent activity. Solvent 
activity data from Wilsonville generally supports 
this theory(Ref. 6). 

Figure 24 is a plot of solvent activity (kinetic) 
versus weight fraction of +650°F material. The 
plot includes distillate and process solvent data 
for both high and low severity runs. This figure 
does reveal a general trend of high solvent activity 
wj.th high +650°F fraction although the correlation 
coefficient is only 0.63. Figure 25 is a similar 
plot for Run 236 which was a low severity run 
using Illinois #6 (Burning Star) coal. Correlation 
coefficient for this plot is 0.78. 
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V. CONCLUSIONS 

The following conclusions were drawn from the analyses of 
data presented in this topical report. 

Process Performance 

• Coking reactions in coal liquefaction systems 
occur primarily because of excessive hydrogen 
demand by free radical coal fragments combined 
with the inability of the solvent to satisfy 
this demand. This situation can lead to plugging 
of lines, coke buildup in dissolvers, erratic 
letdowns, and low apparent conversion. 

• Several process design and operating variables, 
including solvent activity, influence the extent 
of coke formation. Maintenance of adeqt•::lte 
solvent activity is one way to minimize this 
deleterious side reaction. 

• Results of Wilsonville low severity runs con­
firm the anticipated benefits of recycling LSRC 
as a component of process solvent. A 30% blend 
of LSRC and distillate solvent substantially 
improves the process solvent activity and 
makes it possible to operate at solvent balance 
conditions e~en at a relatively low dissolver 
temperature of 780°F. ,,. 

• At high severity conditions (dissclver tempera­
greater than 800°F), increasing the LSRC 
concentration in process solvent from 5% to 10% 
substantially increases the distillate solvent 
yields. 

• Interaction of LSRC with a reactive coal is 
important for the production of distillates 
at low severity conditions. 

• Distillate solvent act.~.vity is important to 
the LSRC interaction and to the stabilization 
of r~active coke precursors in absence of 
gaseous hydrogen. 

• For a given set of operating conditions and 
feed coal, the distillate solvent activity 
achieves a s~eady state value after about 
30-60 daye of recycle. This steady state 
value app~ars to be a function of starting 
solvent properties. 
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Solvent Activity Control 

• Solvent activity can be improved by addition 
of LSRC or anthracene oil. The response time 
is 3horter with LSRC addition. 

• Control of distillate solvent boiling range 
by fractionation is ~ feasible technique 
for maintaining a desired level of solvent 
activity. 

• Based upon laboratory studies at Wilsonville, 
addition of mildly hydrotreated SRC seems to 
be an effective method for controlling the 
process solvent activity in the thermal stage. 
Demonstration of this technique on a continuous 
integrated basis is required before arriving at 
any conclusion. 

• Feec. r::· ,al properties se· .n to influence the 
ste~jy state solvent activity achieved after 
extended recycle operations. Oxidized feed 
coal with low reactivity may cause a sharp 
dec:ine in solvent activity. 

Solvent Prooerties 

• For the range studied, a decrease in solvent 
activity can be correlated with an increase in 
its hydrogen content and a decrease in its 
specifj~ gravity. 

• An incI-ase in +650°F liquid fraction in 
recycla solvent generally resulted in better 
solvent activity. 
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.lltill 2!J.6 111.!'> S!J.4 1. USO 115. 57 I!. 31 1.111 o.S7 '\. l7 0.04 0.119 111. H l!l.ll 112.Ul ll.!Jlt 



Table l 
Opentln11 ConJitions 1nJ Yields - Mau1rhl Bal1rnco Data 

SRC Unit 

l'n:heater 
Mun 

~l an 1 n& Oun•tiun, 
_cual(<t) 

l:oal fecJ, Ml' Coial .ish, Slua·ry ~u11<:, Inlet pres1., tt~.&Ltur 1•1·1.:>s., 

~111 Mun Jate J;&ys lb/hr ~~- -~-t'~~ -~·-- --- _ l'::.•L-----

-----
201AllC 2/ 11/110 lb L 518 \1.41 l7 .l I, HI I, 7UU 

202A 2/lb/110 II ll 525 9.04 l7.9 I, 740 1,71111 

20lOE l/7/80 10 0 SO!i !1.lO lb.9 I, 742 I, 700 

2(,4'' l/ lb/110 17 ll !il7 !1.10 17. !i 1,11(10 1,11110 

21\bA 4/l 7/110 ll ll 5.\5 I(). ll 17. !I 1,1140 I ,llUO 

2,1t8 4/ 17/80 II 0 !ill !1.41> J8. I 1,840 I, llllO 

20!1All !i/4/80 6 D 5!i6 !I.OS J!I. 7 1,850 l,tWO 

20!1A8 !i,'2!i/80 13 F !i20 7 .16 J7.7 2, 140 2, IUU 

l IOAB b/7/110 lO F !iJS 8.40 l9 .1 2, 150 l, IUU 

21111 b/lU/110 25 F SU 8. 1 l 3!1. l l, 710 I, 71111 

212All 7/14/80 lb f 527 11. 20 lll. 2 1,745 I, 700 

217All ~l/ 17 /'UO l2 F ll3 8.117 33.4 2,05'.l 2,UUU 

217Ul !l/ 17/110 ll F 304 II. bl ll. 7 2 ,U!i7 2,UllO 

Jl!IAll I0/ 11/80 11 F 5l!i 11.n lb.5 2, 1!15 2. 1110 

220All 10/2.\/110 17 F 544 8.52 lb.I> 2,215 2. illll 

22001! l0/21/110 l7 F 540 11.66 Jb.2 2,203 2, IOU 

22111 12/9/110 20 F lll 8.b!i 30.8 2 ,04l l, illlll 

lHG 12/9/dO 20 F lll II. !i7 lO. I 2,0H 2,0110 

w 222AllC l 4/l~•/80 1 F 332 II. 44 2!1. 7 2,019 2, llUU 

\.0 USllC 1/ll/81 lll F 5t>4 8.50 lh.l 2, 11111 .l, lllll 

nsi: I/ 11/111 lll I' !i48 8 .1!1 l!i.5 2. 11111 .l, 1110 

"/. l.~(~ 1/11/111 Jll F !i5b II.bl 37.2 2, l!IS 2, IOU 

ns1 I/ I I/ II I lll F !i!>b 8.'17 l7. 4 2, 177 l, IUU 

2VA l/ll/111 !i8 f 57!i 7.115 39.0 2, 141 J., 1110 

lOCO l/21/111 511 F 5bl 8.00 311.11 2, 147 l, IUU 

2Ht: 3/21/'UI !ill I' 57l 8.2!1 J!I. 4 2, 145 2, IUll 

n11; J/ l 1/111 511 I' 51>4 1. !Ill 311. 7 .l, 1411 l, llHl 

UdAll .,,, 111/ II l :.!5 F !>H tl.~i 311.11 2. 117 l, lllll 

229A b/1/111 d F 552 7 .llb lll.7 l, lllJ 2. lUU 

P!lti b/l/dl 21 F 5b0 1. !.I!> 111.4 2, J2!1 l, .lllll 

H2A 7/ll/81 9 I' 47b 7.86 ll.b 2, llU!> l,UUO 

ll.lti 7/ll/81 25 F uo 7 .1111 l2.9 2,11011 l, OllU 

H4A II/ 14/111 lO F 41l 7.S4 Jl. I 2 ,011 2, lllHI 

n.i11 8/14/81 JO F 391> 7.38 31.7 2,llH 2,1100 

2HC 11/14/111 JO F 411 7 .111 ll .11 2 ,UI I l, llllU 

2.Hll 8/14/111 JO I' 411> 7.M Jl,11 2, un ;i.,Ullll 

HSAll 10/17/81 bb I' !ill 7 .~II 17.6 2. 14 2 2. lllll 

235C 10/17/81 bb II S20 b.117 18.4 2, 14S 2, IUO 

H!>ll IU/ 17/111 bb F 534 7.61 J7.b 2. 144 l, IUO 

H~l: lll/17/&l bb F 546 1.1>1 J!I'. J 2, 1411 2, IUU 

Bt>" l/!i/lll b2 II 410 I0.57 Jl.0 2 ,0.1!> l, lHIO 

2.lllll 1/5/112 62 B 401 10. !Ill ll.5 2,044 2, llUO 

(a) L - Lahy.:tte, Ky !I; ll - Ootiki, Ky !I; I' - fills, Ky !I; B - llurni1111 Star, Ill. b. 

{'l';1hlo cunl i ""'"I) 



'l'ahlc :i (•·u11li1111.,JI 

011cr.1111111 Cu11Jiliu11s u11J YiclJs - ~l.ilcl'lal llala11~u llat.i 
!iltC Unit 

lcmpc1·aturl!, _ "~-- _______ ----- 11101 Cual ~11.1\.'.u r•alt.:, llj·J1 ll~t'll 
r1<·li-.,-a-l"e-. itlOI llissulv•ll" vol um~ ~II' I h/ 111· - ft 1 

l:u11·.-u111pt '""• 

Mil M1111 out let !!ol~~----,1i-.i. ,-~.i ln USI! 1 \ tii.u.;Tu!":lY~------- ---f!~! \ ~Ml '"·'I ---- ----
lUIAllC 7':17 11111 lll4 75 31. I 311. l 
2U.?A 794 111!1 H.?h 75 ll. s .Ill. 1 I .-1 

201111: 711\l 111\J 11 !L ·1s ·su. 1 :r1. 2 2.2 
.?1Ml: llU.? llH 11-11 75 3!.2 l\J. 5 !.~ 

lllhA llU4 llB IHU 75 l ! . I l!L4 j . ~ -
!tU)H 111~ llH 1140 7S 31. 4 lll.S L . .l 
LOllA:J 11114 llH 1141 75 l I .. \ 40.!I 41.!> 

ill'll\h ·nu Ill!> H.W 75 ll. l ltl.3 1.1 

! lUAll llh 1':> ll. I 1!1.4 ! . I 

i I Ill 7t.ll IUb 11.?5 75 ll. s 40.0 I. •J 

;? I .?All 7Ml 1116 lll5 75 31.b 311.d L . .l 

ll7All 794 7112 7tlS so 2!">. s 14.0 !.O 
217('lJ 79l 7110 7114 SU 24.7 H.I 1.11 

2191\11 71111 812 1140 75 ll. I l~I. 4 l.L 

1 lUMI 1111 1104 1140 75 32.6 40. I L, L• 

l !11111: 7':Jb llUIJ 1140 75 32 .4 l'.1.11 L, I.' 

2.' I Ii 7111 745 7t.iS 100 14.5 lb.!l I. 7• 

nu; 7b0 745 170 IOO 15.5 111. I I.ti ... 2UAllC 7Sll 735 7!>4 100 15.5 Ill.I I. l 
0 ns11c 770 1112 1142 7S H.11 41. s I. 7• 

:USI' 17':. 1111 1141 75 H.9 40.4 l.!I 

215li 171 11 IJ 1141 75 H.l 411.!I 1.J• 

2251 771 812 1142 75 H.l ·10. !I I. II 

2VA 7!12 7!15 11•11 -75 14.S 42. l 1. ,,. 

2nrn 7!12 791 1141 75 H.7 41. 4 ~. 7 • 
Ult 791 797 1141 75 34.4 41. 2 .! . ~· 
2.!7G 19l 1102 lll!I 75 H.11 41. s .! • 7. 
;?;?KAii 7bS 1100 1115 75 34 .4 41 2 2. l • 

2l!IA 77l 7!111 llH 75 ll. I •IO.L 2.5 

U!lll 71b 1!1b 1124 75 ll.t.i 41. 2 2.2 

ll!A 751 7ht.i 711) 75 211.h JS,(I L. u• 
2.Hll 763 7M1 7116 H H.11 2!1. I 1. I' 
.ll4A 71>5 76!1 7116 75 24. II JO. 4 2. 1 • 

23411 7S7 7M 7117 75 211.1> 2!1. I 2. 1 • 

H4t: 769 11>11 7115 75 2).9 ll. 7 2.u• 

LHU 7til 7bb 7116 75 2• .. o lO .(1 2.1• 
BSAB 750 7!J"/ llH 1S ll. 9 19. I 2. J' 

B!>t: 791 1104 llH JS ll. i lll .1 L 1• 

J !SU 792 11114 llH 75 3Lll j!j,j 2, IJ• 

HSI: 7d7 1111:; !Ub h l2.tl 40. 2 l' , • 

l.ilcA 7H 7h!l 711S 75 24.b .Ill. 2 I . IJ• 

Ht.II HcS 7bll JllS 75 24. 2 J!I." I . ·1 • 

"lly ethylene injection •ethoJ. 

(Table continued) 



Table J (conti"ucd) 
Opentina Conditions and Yields - Material l!alance Oata 

SRC Unit 

llydrog1rn Oistillatc Naphtha MiJ. dist. 

llyJ I "II"" i II 
p;u-t ial pn,ss., so Iv. y icld, yidd, yidd, lutal ·:·ota I 

fc.-J 11as, 111oi inli:i, s1u: yi1:IJ, 4!.0-1'.I' ("f). 1111'-JSO ("I'), 350-450 ( 0 1'), Jist. yiclJ, 11as y1dJ, llll l'L'"L' l CJ 

Mii 1(1111 aoh: \ p3l \ MAI' coal \ MAI' co.,;I \ MAI' coa I \ ~IAI' coa I \ ~IAI' coa I \MAI'-~ t;UJ I.!_.!!!__!. 

------ ---- ----·--- --·----

201f.llC 115.0 1,4114 Cd. 7 Ill. I 2.6 4.4 17. I 7. l 7 .5 

.!t121\ 112 .II 1,451 ~5.!I H.!I 2.2 .Lt> 21l. 7 7.b L.2 

2U~UE lH.l 1,4/u 5!1.b 14.7 4.!I 4.0 H.o II. I I. u 

lU4C Ill. 5 1,547 55.5 17.0 6.4 7.0 30.4 7. !I L.4 

20t>A lll.S I. !>lO 55.!I lb.5 S.11 7.0 2!L l II. 4 7. 3 

20bll 114 .b I ,Sb!I t.0.6 I:>. 7 S.11 5.7 2~.2 7.8 II. 5 

WtlAll tl4.0 I, 5L7 5!1. l 15. 6 4.2 6.1 25.!l !I. s 7.b 

2u!J,\ll 110. l l, n1 54.11 17 4 2.l b.2 lti. I ll. 9 I>. 2 

'tlUAll Ill. 2 I, 7110 SI.II lt>.O 4.4 5.7 21>. I 10.J !J .H 

ii II• 114.S 1,451: bO.l lU. l 0.2 4.l l-\.7 5.l t>.O 

ll l/\11 111.0 I, 4t>l 57. !I H.11 I. !I l.b 2~l. l 7.2 5.7 

ll'/f.11 !12. I I, !Ill:.! 57.1 14.2 l.!I 2. ti 211.!I 5.6 ti. ti 

211rn !ll.11 l ,!102 bO.l 111.4 \ 4.4 3. II lt. 4; 5.5 b.!I 

ll!li\ll 112. :s l, 111 !I 511.b 17 .4 4. II 6.0 211' l 8.2 1,. 4 

2!1lAll 112.l 1,1123 53.6 a.II 4.7 5.l H.!I 11. l ~.tJ 

lltllll: 114.5 1,1174 54.l 20.11 4.0 4.11 l~. t, 8.J h.4 

Ulll 116. 2 l ,774 59.b 2:s. 4 2.5 l.5 lll.4 s. I> l;,b 

2211; 112. 8 l ,t>!JS 64.0 ll.b 5.6 2 .o 21. l 7.S 11.l 

222Atll: II!>. 3 1,752 bl.7 15.5 3.2 I. !J 20.h ~.ti 1.ti 

"'" 
USilC llJ.b I, 1142 55.l 21. 7 4.2 4.S 30.4 b. l b.i 

........ 2251' 71,q 1,6!19 5~.11 17.4 4.8 t>,6 211.11 II.I 7.3 

2 !!·l~ 112. l I ,II 17 5b.4 l!l.O 4.4 5. 2 211. b 9. 2 t •. 'J 

U~> I II\. ~l 1,111!1 ~)K II. I .L!l 4. I l~•. I 8.7 l. ~ 

Ulfl /~L ti I, ·1 IC. ~I!~ , i\ • ~ I • ( I 
l .. , c.. I .>!1,11 ll. 4 

I ., 

2ncu Ill. I I, 775 )3. () 2 I. I 4. !:t h.11 .\J ·I Ill. I ,, 

2211: 114. I 1,1117 57.2 ll. 5 ). !) 7. l l~. I; II. j II. I 

2n1; 114.5 i ,a21 54.7 Ill. 3 5.0 II.II ll. I !J.I 1 .5 

22Kf\ll 117 .0 1,1172 511.11 14.5 4.3 b.0 l4 .II 11.4 7. 7 

2l9A IB.b I, 957 t.O.l 15. I 4.6 5.2 l4 .!I II. J b.l 

:.?2!111 114. 2 } • !J74 57. l I I. !I 4.b 4.& 27.) 7.5 II.I 

HJ.A 11..1. 3 I ,t>!IO b7.1 10.4 3.0 3.2 lb.b 7.0 7.7 

ll.HI Ill. 9 l ,t.511 71 . I II. 4 2. !.I l.4 14. 7 7. !J 

HH 115.0 I, 7l0 71. I 11.7 l.5 2. I I :I. l b.2• 7. !) 

2.Hll 115.4 1,740 b7.4 lb.b 2.0 l.!J 14. 5 ti. 5• II. l 

2HC II}. 2 I ,t.70 7 c I t>.11 2.4 I .!J 11. I 1 . 1 • II.ti 

n.i11 83.2 1,700 b7.0 10. 7 l.O 2.9 llJ.b b.b• 8 .c, 

:.?..\~All 85.4 1,1140 511.7 12 1 3.4 5.1 21 . l lU. !1° 7.l 

nsr 84.5 1,810 55.2 17.2 :; . 2 t.I 2c •. 5 I U. t • t..S 

2.\!.U 114. 7 I ,lllO S7.I 14.5 3. I S.11 H.4 10.i• 11.'J 

2351: 117.11 l,!100 Sb.O 111.!J 3. ') 5. () n.11 !l .O• 1 .. ·1 

Bt>A 114 .II I, 7 lU 55.7 l!J.b I.II 4.7 lh. I 7.11" II. I 

.?lt>ll 8b.5 1,7111 55.0 iu.o 2.7 4.7 n.4 7 .11 • ll.11 

•11y "thylo:ue inJ.,cl'ion method. 
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""' ""' 

Specific gravity Mt J8/IS.suc 

Wat cl", \ 

Benzene insolubles, ~t \ 

t;C S1111ulatcd lli!il i l lat ion 

801 I ing point nng~I' 

1111'-l~O 

JS0-450 

450-500 

SOU-S511 

SSO-t.50 

b50-EI' 

lll:s1Juc 

!:__!~~~~!~!- aua ly~.!~~ _! 

L;.a1·!iun !W.7t. 

llyJ1·og.:11 - t..JS 

Nitrogom I. !12 

Chlorinc - o.u 

Sulfu1· - ll. ll 

A>h O.lll 

tu.y!icll 0.41 

Act iv l1 ~ (ld:u't i<:j 
\ TIU' coovcn. ion 

T11ble S 
l'ropcrtin of Anthr11cenc Oil 

I.Ob 

I. 0 

o.so 

Weight \ 

o.os 

b.!14 

20.!12 

1 l. Sil 

n.n 

JS..117 

o.ou 

S!l.9 



PROCESS 
SOLVENT 

I 
! PROCESS SOL VENT 

PREPAR.lTION 

LIGHT 
SRC 

DISTILLATE 
SOLVENT 

PUL VERiZEO COAL 

1 
SLURRY ;__j 

PREPARATION 

THERMAL 
HYOROGENA TlON 

OISTILLA TE SOL VENT 
RECOVERY 

\ w-
CRITICA;.. $(,•.VENT 

OEASHING PROCE::i3 

' 

CATALYTiC 
HYDROGENATION 

DISTILLATE SOl VENT 
RECOVERY 

I I 
._________j 

--

~-

HYDqOGEN 

OISTILLA TES 

ASH 
CONCENTRATE 

HYDROGEN 

HYDROTREATED SRC 
OIST!LLA TES 

FIGURE I. TWO STAGE LlQUEFACTION (NON INTERGRATED 
MOOE) 
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DEAS HING 
SOLVENT 

VACUUM 
BOTTOMS 

MIXER 
FIRST 
STAGE 

SETTLER 

I 
C:cCONO 
STAGE 
SEiTLE~ 

'?HIRD 
STAGE 

Ci ETTL ER 

OEASHING SOL VENT 
MAKE-UP 

EASH IN 
SOLVENI 

TANK 

SOLVENT 
SEPARATOR 

NO. 3 

SOLVENT 
SEPARATOR 
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