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AESTRACT

Project DFP/FOL/B8Z/002

This repocrt covers a trip to kKarowlce. Poaland and, 1n
particuiar. an operat:onal review of the 20.0 kg/hr process
developmental unit 1n the Institute cf Carbochemistiry 1n

4 Jupe throucn

pes

Tvechv—Wvrv, The period of thics report was

June 1387

re

nclueive. Slithough the unit was not 1 operatior

it

reviewsgd with Dr. Walter Matula ancd his statr the orocecure
olant startup ard cperation., cperat:onai problems observed
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different flcwe be :rmoroved, 133 tre pzshting =slvent be
=vaiustad ssimg A micro—actocisve, (S the o=l ocancentoabl
s~z =Zcal slow-, Z2 rngrgased T LTDrIVE C0O&1 IINVETSIOO =
SLumDsEr oF Sl mTEs op the resctor SosteEm IE SEI.Isl AE
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J5~ +acilivt s oe s=stabllishzd.

THe <zcus =< =his recort 1= o the rm2ZocmmE~CaTihs as
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RECCMMENDAT IONS

This sectron of the renort outlines the objectives of mv
trip to Foland. As an expert 1n the operation of a coal
l:cuetackticn ragiriirtv, the focus of mv LriD was to work with the

staf+ at the Instituts St Carbecchemisirs 13 Tvchw=Wevrv. to
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g problems. and ~ecommend possible

snoluticre. r= 2 bzsis for thie discussion, I have i1ircluded 1n

4

tr= fAgrend:: Figurs 1. a2 Tasic flow diagram o+ the Tvchy—Wery
fac:lity. Trne +3licwing iist are mvy ~ecommandaticons. The

farmat for th:s sections 1s that the 1d2ntificatiorn of 2 orcblzm

1= $nllowes B my recommendat:on to rescive =ach problem.

These recconendztishs ara arrangec :in ordsr of their imoorisnse,
with *heose —orditicns affscring the zafety 2¢ the plant list=d
firz=.
L. BE _Z17223iiCA. Cliow IT %2 TALn _IrEs5sas2 letdgwr valgs
Ehow.3_zg _CEveTzed.

Tre cZoszoseI Irocolam with the lstdown was Twg (2 folo.
Sirzv “n= Ziart suoeciznced serv SEOFT SUerational 114e of t-e
- vaivese., ard second. the ton section oF the
s2.y2 bedies showed =z:i1ans of snZescive S Czion.

1 HzIiward ng rtve birlzonville ficziiite, TA1z A2s listed fFirzt
SFCALIE T+ LIS ZES1SUT ratures. Terrently, the $lashzd rator ol
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is being depressurized within the valve body itsel+t. It was
semcnztrated at Wilsenvilie that this flow cattsrn was unsafs
and detrimentsl to long valve life. I+ 1= unsafe because the
valve body is currently exposed toc a very erasive material which
can arode away tha valve body and begin to leak extearnallv.

This lealk b=causze af the chemicals i1nvolved then bDecomes an

I have therafore recommended that the flow through this

valve be ravercad. This allows the +lashed material tc be

thizs -~ecommendaticr. I would also adc an additional smali vessal

{1}

"

cinilar to =Fe Wilscmviile facility. A drawing of both the

valwvs and the vesezl are shown in the Aposndiun, Figurss 2 and
Z. Witk fhis desicn, the supErzonic velocitiss ars focused awads
the irtzrazlz -+ tRE valve and into this smali vesssl. which was
cesighec for Eull S&rvidaE,  WiTh this desigh. Lh2 Wiischviila
MGE =ECLE to SCErate 3 Si0oe LEtdoan vElsE Sfor CTE2rioci: LD o
TorEE TroZusarg [l Wy

Thz lsvsl corirsi on zhe S1gh presSurs sesarztor snewid aiso
Tz mooifled. These modlficstions should 1Tmorove tne acillity Lo
csrtrsl =m2 lazv2l witrim the high aressurs SEeCcE &Lor a2 A3 Sulr

Zurrentls trhise zorirol zvetem 1= ce-iooically pumped clear with




oil. The level zcontrol should be purjed with hvdroaoen gas for

twa reasors. first, the gas surge s

level control.

hou

y
13d =

r-si1de for bhezIter

and secondlv, the liguid matsrial 1n the high

pressure separator is maintained at temperatures sufficientlv

J
)y

ah for chem:ical reaction to take ©

i

H

b=

1~

entia

croduced = cskz-like—-material in cthe high prsce
The cencius:2on was that <“his coke-lise—mate-.=al

v void of nvdroocen. Svch ceonditic

currenti

1

n

rz at Wilsormville

retrograge ~=action causec oy high temperat.ir=2 ard the

h.,drogen.

should ais> be operated at & mirmimum

ne high arsssurs

to

-

The hyvdrogen purge will provide

ves
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N
m

- Ife_gas _cooorescor s3ciiofn snouil De rogifisc.

e gossrvesd cocblEn 1S e 3a: COMDrSSIIs wWES O.mags3d
Juring TE2 la2st Szl feed ruam o and i Zusrerco 3Ccwr For
rECc2irs. The rECvcle Zas IoMDr2SsSor was f2armsc=sd dur:nc
STersTian., A1 partiss azrsec Lthat trh2 most [i1kelv cause of
“ri3 gams3s es2as i C ZTarccv-cvyer Srom the Tzactor sSswstar,

The soiuvtich to this greoiem has two parzts. First, the
svernead filcws within the rzactcr s=veten wers nuch highsr than
e:xcected. As 3 rssult tne Zesicn of the Zooling svszamwm *or t=
Flow wazs Too amall. wits the curr-enc coerss:orat 43ta. 2
adecsiate Sooiing sveher Can SCwW De deslicornst 303 1nshzllso., Tra
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compresscr.  This i1nstallation i1s standard on mast compressor
swstem within the US4 and 1s 11lustrated i1n the Screnciaz. Figure
4. Th= purpose of this system wWwould be to provide bettsr flow
control of the gas flows from =23ch compresscr. A second benefit
15 that tre gas rlow from —he compressor zZan te stogped and the
comoresser will aurtcmaticzll s recwclz2 1tszlf back to the

cocmpreszz=cr swuchicor., With thi1s desicrh. =he compressor flow zan

1}

e stoppes and startad with the compresscor sately operating

curins ths =ntire pericod. This wculd ozqrmit the plant persornel

to cirsct thelr attentioms o other zreasz of Ythe plart with the

Lnowl2dce that the compresscr sect:on 1= on automet:c recvzls

z. TlOwWE _Teeced ic_be_i1mprovag.

ts/ees 2Ff orobliems wera2 Toserved.
Since tos rzcocmmenzaticone are 3iffzrznit fIr each croolem, =zach
Trooiem s TISCUSSEC =D ar Tl Ths sirEt o goblsr o1z ooz
TeZsuUreTeEntT o7 t-s oL erneac ztrsEam zioc® the wahtar aoZ Tl
oroducts form ar 2malzion Ytrnat TresvsErts the zccurats measuroement

CCATINEmte are TcC Zicse for zgdeauats separation. Tte sclut.on
1 simolv To sscarats the miditureg 1nto thrse strests ov means of
z simole flash., Trz zsimple flasr zvsten 13 illustrateg i1n tre
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—00% F. and the heavier liguig material 1s then

+1ashed vaoccr then cooled ts condense all
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gui1d zontains two components, the water and the

i

In a second vessel these two components are

a weir within the vessel. Becaussa the

ero remcved trhrough the filasn eprocedure. these
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Tre trird observed orokblem concerned the ability to measure
Larious lizuid str=2ams which contained heavw solid-liitke
natsri1a.s. Cur discussion focusad on several streams fram the
-cal siurrv measurement to the measurement o+ various product

his di

oM
P
N

str2ams. In cussi1an. we evaluated tne differe=nt netheds

of measuricg coal slurry at Wilsomville. Th= mcst accurate

metheoo =mcloved 13 the use ¥ vessels witn we:igh scales. Both
tme coal =lurrv bleno vessz:l and the feed vessel are instalied

cr weich scales. Eecause such installaticrs reguire plping

nodifi-at-cns tg be ac-urate, this expense has limited *his

acplicatizrn tc onlvy trhe feed tanks at Wiiszcnville., Iz is +rom
treoce meacuremenis the Wiisonville facilisy baseg its material
palance d=ata. s = flow 1mdicatiorn, the wilsonville facility
Lsec the ii—tubz ficw fensrs manafsctursd bv Micromoticon. Yo

[
i

= this -mzt-umert 1= the cnlyv device whizr- nas proven Lo

. R . . . el
—rmuide reneatEolE vlow 1mdicaticn 1o Streams Sinoar Lo the
=1, - Fm=—
=i Foz=I.

Zi-~==z r=g Js= =+ w2ich scales ars vers SiIensiJe.

wilZ2Onviiie mAas enClic.2C thns usSe of a smail +ess2l that Satches

-h=z cmrtirues flow o ~zduce tre cost. Ir this manne-. <he

WELIIDT3 ST -ECICUS Trocuct STrEEems ars CLnalrac. These “EsSel1s
—ave twD cortrci walwess one on the 1nlet and ths cother on the
sutlet. E-t- ars= ~srtrollzd ov the lsvel witoin the vessel.
Thiz lewel 13 meEasur=sd bV & gas surgec Ji<-era2nTial preszurs
-=1! whic- mas -—esnm calibrated for the specific --ocuct. Az “he




vessel fills. the bottom discharge valve is zlcsed., and the
inlet vaive is open. When the level reaches a set “hiah lavel”.
the i1nlet valve closes and the bottom discharge valve opens.

The material in the vessel dJrains to a set "low level"” and then
the twc valves are aqain reverszad to £ill the vessel. Sirmce the
weishe 2f one cvcle of +his patch systam has been determined.
the f.ow measurement consists of simply counting the numier o

cveles the vessels dumps ard multiplvina bv the calibrated

A, The pasting_sclvent socuid ke evaluatad uaszirg_a

Circe the pasting solvermt 1s vold of anv non-cdistillables

Zractions. ther=s 135 & conceEr?® +ihat the feed preheatsr @

v
[u]
ot

~oke. This is of particulas Zoncern during the initial startuo

I rzcommernd that a TEsET 45107 & Ticro-au-ocliavs 28 wE=2 T
=,zl.z=s -~e opaz-.ng =sivent,  This +23% was wsaed Jarl. &t
MNiizoryv-llz wuntil the recwols of nEavier mcr-distillable
fractiohs were returnec in the pasiing soi sent. This procscur2

.

mas zo imcortamt Tt tihie researzh afforts at wiilsconvi

Tesical Report No. B was 1ssusd cutlining this prooedura, The
e-iiomert us=ad. and ths datz f-cm di1f+ferent ogesrating perizds st
wilzemwills. Zezause knmis rscort goes 1rto suen detail, I et




and have =2nclosed one 1n the Apoendix Figure 6.

The continual use ot a micro—autoclave at the Iinstitute of
Carbocriemistry is most likely not entirelv necessary. 5S5incs
after startup the high pressure separator bottom product is
reclvced. the resid in th:s stream chould reduce the format:ion
c+¥ coke 1n vne preheater. However, thi:s assumotion shculd pe

veri1fied before such test should be ccnsidered no longsr

M
n
0
Pt
[
M
n
+
I
0
3
[n]
+

necessarv. Jurirng this svaluation periad. th
this data “rom the micro—autoclave and the data collected from

“Fe NME should be correlzated. Most-likely the MME datzs wiil

prove *c be superior in the long run, fut s1ncs such data was

rot cocllscted at Wilsonviiiz the f2mnzl analvsiz has to bhe

determined throucgh thes above outlined comgariscrh test.

- _ = = ew = - - " — . — - - i - — - — o~ - -
ThE MEaSUrsEs ICal Zcoversion o date nas Ceen quch I Twer
tma~ ThEe TiMllacs cperati~g data From Wilscnwillie. Zurrentle ot

zcal conversion has osen =zightv-+ive (38) gsrosnt as zomnar-sd
nimeto-zne 1F1) zercsEnt st Wilscnvilla, Fohth conversiorns ars

Cas=

[}

Gocn & laboratory 2=t ousing THS,

b
.h
)
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]
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1
ot

o improvs zo2l conversion. @Iorecemmenc three di
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ot

s . C oo
=r th urit Fas
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Sznorstratec the abilits to cperate smootnly for & periogd of

Time, The rasaschn for the delavs 1s trhat thess rzcommendaticrns
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will cause the viscositv ot the coal slurrv arnd the hiah
sressure ra2cvcie loop materi1al to 1ncrease. To minimize
additional operational problems., all other ocerat:onal preblems
should either have beer resolved or at least nade manageable
before embarking on these new rurn conditions.

The first stec i1s te graduallv decrease the amcunt of

sdlvent

»

n the pastirna solvent. Cur-ently t-es ccerat:i:ans has
Heer with thirtys—eight {(I3! percent coal concantration in the

siurry feed. The dessign maximum for this swsIem was =2

£iftv—F1

o
<
L1}

(S5) percent coal corncentraition in the slurry feed.

fs this concentration is increacsed. the amcurnt of solvent

IR}
)
B
5]
[
fal
|
Q
L
o
e
M
0
u
in
vt
U}
El
¥
>
[y
b
r
o
0
1Y

=z=creased. 2ne 1mmediate cenet:it

wcuild be the reducticn cf filow

o

o the alread. overlcased

cserhead product coolers. {This was menticzorzc in the
racommenrdaticn 2.0 Grother zffe-t will be on the c2al
TOANCErTratior i~ tte czactor. Ir #hig roactizcn SvYSTSM ra23ocCnse
Zimilar Tz thne WNilsgovillis facilitoe. then zhiz z=hould 1 nsrove
Izl Cors®” 21351, Tatz from tme laccrator 2=zt atT T2 mnsTitus=s
=¥ Carbozhemistry woulI SLHCport =hiz praocoicmwsSgatizn 31 sC. Sur
Jiscussicon irdicated tnat v-Ccm trgilr dats toiz zouid 1mprove
m0&. C—Zr.erzi177 ¢ a~ zg2itiocrnal twd o thrze oercenTage CZIDLS,

the bigh prezsurs zZzpsrator reclce loop. ‘e reEssor this
recommergatiorn should follcw and not orocees the first

rezcmmendaticn. 1= zimolv ths sclivent 1n £hi1= loop will




paturaliv droo as the

Thers+sr=. to nr=vent
highn. droc the sclven

solvent in this locp

should be r=ducad to

fgain. data from the

Carbocrem.stsv wouild

discus=zicns ind:icated

L1

sglvent 1s reduced :n the slurrv feed.

the viscosity in this laoop from gettira to

t in this lceco seconclv. Currently *the

is averacing fiftv-five (3Z) percent. It

the mi:rimum desian of tnirzy (20) percent.

laborator: test at the Institute of

35 =1 recommendation. Cur

u

uorar+t

rhat +thkis —ould improwve CcSai cohversisn by

ar acd.ti=nal cne 12 L“wo cercentage points.

frc= the atpve two stspe have been compietes. the third sten
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DAILY JOURNAL

13-15 June: Soent these two davs traveling from Chel sea,

Alabama to katowice, Poland

15-17 June: Spent these two davs rszviawing the research

deveioped +or this FDU facilitv. iearning the basic flows as

pob

outlined in the flow schemstic in th2 Appendix Figure 1.
12 June: Th:i:z was a noliday so no v1S1T was mads to the ressearch

facility 2t Tychv-Wyry.
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-o joepe: Scert the day discuassing plant zperation with th2

engireers corcerned with the nechanil-&l design of the PDU
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with both the research group and the engineering staf+f
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=4 June: Spent this dav travelling to Vienra, Austria from

-5 Supe: Met with the UNIDO staff and reld & debriefing meeting
with Dr. M. Der-ouch.
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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 Tiquefacticn R & D facility at Wilsonville,
Alabama. Cata gathered over a period of two years is pre-
sented in a convenient format and cenclusions based upon
this data are summarized. Among the various aspects of
the topic discussed in this 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
solven: properties. Finally, a general discussion on the
current perception, vis-a-vis the role of solvent in coal
liguefaction react+ion, has been included.




I. INTRODUCTION

Direct coal liquefaction is the conversion of coal to lower
molecular weight products and occurs when coal and hydrogen
are reacted at an elevated pressure and temperature in the
presence of a hydrogen donor (H-donor) solvent. The ultimate
goals of all liquefaction processes are to increase the H/C
atomic ratio and remove heteroatoms and inorganic mineral

matter (Ref. 1}.

It is now generally accepted that the hydrogen donor activity
of the solvent 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 preducts (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 & D facility. Durinag a
two year period, Kentucky 9 and Illinois 6 coals were pro-
cessed at the Wilsonviile facility and the solvent was
analyzed. The objective of this report is to present all

available data 1n a convenient format and to summarize
findings and conclusions.



ITI. PRCCESS DE . I[PTION

In the solvent refined coal (SRC-I) process, pulverized coal
is slurried with process-derived solvent. Feed gas 1is

added to the slurry and the mixture is heated and fed to the
dissolver. Effluent from the dissolver is flashed and the
gases are separated and scrubbed to remove hydrogen sulfide
and carbon dioxide. The scrubbed recycle gas is mixed with
fresh makeup hydrogen to maintain 85 mole percent hydrogen
in the feed gas.

The flashed dissolver effluent underflow, cnataining 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 slurry is distil-
led to separate the solvent. The slurry is then extracted
with a deashing solvent (DAS) at conditions close to the
critical temperature and pressure 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 componeunt of the
process solvent feed in proportions varying from 5% to 308.

A~ the SRC unit, the recovered liquid is separated by
fractional distillation. The ligquid fraction boiling above
450°F is termed "distillate" solvent. This solvent is the
major component of the recycled process sc¢lvent 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 ligquefaction (MNTSL) mode. In this
mode, the thermal coal dissolver (SRC unit), the Critical
Solvent Deashing (CSD unit), and che catalytic hydrotreater
(HTR unit) are combined sequentially without any recycle of
the hydrotreater products to the first stage {(3RC 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 units is
analyzed.




IITI. THE ROLE OF PROCESS SOLVENT - CURRENT PERCEPTION

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

Coal is a hetercgeneous 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
porction of coal is a highly cross-linked polymer consisting
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 macromolecule into a number of
smalier, but highly reactive, free radicals. This transition
occiurs within the preheater tubes in a very short period of
time. The free radicals that are formed have a very short
half-life and they tend to get stabilized by various reactions.
If donatable hydrogen is available in sufficient quantity,
tnese free radicals are "capped" or stabilized by hydrogen
and stable, low molecular weight, species are formed. 1If
there 1s a deficiency ¢f 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 the
reaction path taken by the reactive free radicals.(Ref. 1)

It is now generally accepted(Ref- 1, 2) that there are four
groups ¢f chemical species in the solvent that affect the
overall liquefaction process. These are: H-donors, H-
shuttlers, phenols (heavy and light), and H-abstractors.

The activity or "effectiveness" of a particular solvent
depends on the relative and absolute concentration of these
chemical groups. In the following sections, the rTole of each
group is reviewed.

® H-Doriors: (Ref. 1, 2)
in general, almost all of the chemical species in

solvent are capable of donating hydrogen under
the appropriate set of reaction conditions. However,




some do so more 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 1is the creation of hydrogen demand

by reactive free radicals. This demand has to be
satisfied and the free radicals will tend to pick

up hydrogen from any available source. The source
for rydrogen 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
dihydrophenantnrene 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-donecrs, such as, p-cresol become donors. 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 alsoc improve
the product distribution and hydrogen utilization
efficiencies(Ref. 2), The absence of hydrocaromatic
coficentration does not preclude coal conversion, but
the products may ccntain repolymerized solids or coke
and the reaction can icad 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 Lole factor.
Coal and SRC can also be a source of hydrogen.
Bench-scale experiments have oroven that signifi-
cant levels of coal can be converted to pyridine
soluble products in total absence of hydrogen gas
or hydrnaromatic 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 whereby hydrecgen
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 is rapidly consumed. This




results in hydrogen transfer occurring at the
expense of coke formation. Several studies have
shown that hydrogen shuttling is more efficient

‘or hlah boiling polycondensed aromatic ring systems
(Ref In situations 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) = puth light and heavy phenols
contribute substantially to the physical solwvation
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 ir 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 coke formation(Ref. 2),

(Ref. 1, 2)

° H-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 H-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. 1In
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, :=-2lvent activity de-
clines due to conve~sion 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




to condensed aromatics and the subsequent production of new
hydroaromatics from ccal. Rehydrogenation 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 1s subject to severvral deleterious side
reactions such as isomerization, cracking, polymerization,
and adduction(Ref. 9),  These reactions can cause an irre-
versible reduction in solvent 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 diIficult

and involves time consuming and sophisticated analytical
methods. At Wilsonville, solvent activity is monitored by
microautoclave tests (described in Section IV). 1In addition,
several physical properties such as specific gravity, viscosity,
boiling ranges, and elemental analysis are routinely monitored.
These tests have been useful in monitoring the process
operations., However, for the purposes of data correlation

and quantitative analysis, more comprehensive testing procedures
may have to be developed.




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 Xentucky 9 coal from Fies mine was processed. During
1982, the feed coal was changed to Illinois 6 coal from the
Burning Star mine. Tables 1 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

e Elemental analysis

[ Boiling ranges

Distillate solvent is a process-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 in the catalytic HTR unit. 1In both these modes,
hydrotreated product concentration in the process solvent is
Zzero. 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 Section 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 i1n solvent activity,
LSRC addition rate, hydrogen content, and specific gravity
over the report pericd. Pertinent run conditions and in-
stances of anthracene oil additions are also shown on the
plots. For periods of high LSRC addition, distillate solvent




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 (35%), the properties of both distillate
and process solvent 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,
for routine process monitoring.

it has been found to be useful
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.

Qutside diameter, in.

Height, in.
Material

Mixing ball in reactor

Number

Size, in.

Material
Reactor orientation
Agitation, strokes/minute

Stroke length, in.

Standard coal

30

5/8

7/8

6 (werking)
316 SS

.
3/8
316 SS
Vertical
1,000
2

Indiana Vv (0ld 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:

Solvent tc Reaction
Test TemE, °F coal ratio time, min.
Short 750 8:1
- {kinetic) 10
Long
(Equilibrium) T30 2:1 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. I[a this test, a standard (synthetic) solvent
composed of 25% tetralin in l-methylnaphthalene is used to
measure the coal conversion at standard reactor conditions.
This is useful in monitoring 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" cocal 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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Standard

Storage duration, coal reacrivitvia)

Date months Shortid)  Longlc)
June 1973 0 70 78
Nov 1973 6 68 -5
May 1932 18 02 69

2,

(a} 3 THF conversion in microautoclave using 25% tetralin
in l-methylnaphthalene.
(b) Solvent/coal ratio - 8/1; reaction time

= 10 minutes.
{¢) Solvent/coal ratio - 2/1; reaction time = 3

0 minutes,

The data 1s plottad in Figure 1C. This figure shows that
standard coal activity by both the short and long tests de-
clined steadily. During the period from January 1980 %o
March 1982 (Runs 195 to 236), there was a 3.5% and 2.5% drop
in coal reactivity 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 cancern
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 guantity
of hydrogen tc satisf the demand. Factors that control the
vasic demand for hydrcjen 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 for hydrogen. Different types of coal have
reactive macerals with different chemical structure. Hence,
one can expect that different ccals 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 =2£fectiveness), hydrogen partial
pressure, total reactor pressure, and the solvent to coal
(S/C) ratio. Hence, adverse coking reactions can be =limi-
nated or, at least, minimized by:

Controllirg the hydrogen demand by

° reducing the preheater flux,
) reducing the reactor severity, and
° oroper selection of feed coals.
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Improving the availability of hydrogen by

® increasing the total pressure,
° increasing the hydrogen partial pressure,
° improving the solvent activity.

The SRC liquefacticn 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. 1In fact, during the period
rom 1 January 1980 (Run 195) to 30 March 1982 (Run 236},
there was no instance of an involuntary plant shutdown
sclely 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 ) could have contributed to this excellent
record. Notwithstanding this recent performance recoxd,
coking phenomenon is still considered a critical issue in
eventual design of a commercial plant.

It nas 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-ft?) 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. 1In this section, Wilsonville data
related to solvent activity and coke formation is presented.

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

Coal Indiana V Kentucky 6 and il
Eun 135 137 140 150/151 155 136
Oissolver conditions ]
£ 3 7 7 25
Space rate, ip/nr-ft’ 47 32 47 47 50
HS partial press, psi 1,440 730 1,390 1,140/1,450 950 1,200
Solvent activity . i - o .
Short, % 76 T2 77 Gf 3 7
iong, Y 76 67 71 63 62 69

Coke deposition
Preheater No Yef ;
Dissolver distributor, lb <l 13 -] 15

No Yes Yes No
15 <l

12




Frem the Zoregeing table it can be seen that when the solvent
activity was low (less than 65) and/or the hydrogen partial
oressurs was 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, 142 (Indiana V), and
Run 149 (Kentucky 6 and 1ll). Four batches of representative
distillate solvent from these runs were sent to Conoco for
use in their Shcrt Residence Time process development
orogram. These batches are identified along with sampling
dates in the following table(Ref. .

Solvent
tazca Date sampled Coal type un no.

-

September, 1977 Indiana Vv 12

T

LI April, 1978 Indiana V 136
j August, 1978 I{ndiana V 143
vl October, 1978 Kentucky 5 and 11 149

All the samples were fairly large (approximately 5 drums)

and were taken from the solvent inventory. During the

period over which these samples were taken, no anthracene

0il was added to the system. Data from these samples provide

?n %xcellent basis fcr describing "gocd" and "bad" solvents
Ref. 3),

The properties of these solvents were determined by Conoco
(Ref. 5) and are snmmarized in the table below. Note that
the solvent microautoclave activity as measured by Ccnoco
cannot be directly compared with the solvent microautoclave
activity measured at Wilsonville.

Solvent activity, % Arcmatics, %
Soivent hatch H, *  Short Cong Jordensed Unconaensed 4R (&)
I 8.0 81.4 76.5 2.15 0.9 2.39
I 9.9 76.5 74.4 1.31 0.95 1.37
v 4.3 77.4 73.7 1.27 1.09 1.17
V1 8.9 75.4 67.4 1.21 1.09 1.11

Condensed aromatics

(a) ] -
(a) AR Uncondense aromatics

The above table shows that in terms of microautoclave tests,
Batch 1 solvent was significantly more 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. 3),

All the solvent batches were used by Conoco in a bench-scale

Short Residence Time {SRT) extraction unit. They found a
strong relationship between solvent activity, as determined
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by microautcclave, and process operability. "Batch I
solvents (good activity) were all operable in fourteen runs
in the SRC unit, in the sense that no problems with reactcr
plugging (coking) caused premature termination of any run.
Four attempts were made to op2rate the SRT unit wi:h Batch
III solvent, but all failed because of plugging..."(Ref. 3)
They could operate the unit with Batch IIT and Batch IV sol-
vent only after addition of hydrogen gas (increasing hvdrocen
partial pressure) or by prehydrogenation of the solven: cver
catalyst (improving solvent activity).

Another instance of process instability and coking due to
"poor" solvent was experienced during the early days cf SRS
process development (1974/1975) with Illinois 6 (Monterey)
coal. From December 6, 1974, to December 23, 1974, (Runs

16, 17, and 18), the plant operated relatively smoothly with
coal conversions of 90 to 93%. However, during Zpril 13 to
May 5, 1975, the plant performance was very "erratic" with
coal conversions fluctuating between 75% to 85%. Representa-
tive samples of distillate solvent from these ruis were sent
to Mobil Research and Development Co. for analysis. Durin
this period, microautoclave method for characterizing sclvent
activity was not yet developed at Wilsonville. The follcwing
table summarizes the results of Mobil's analysis (Ref. 2).

Estimated available hydrogen
content (gH/100 g solvent)

Heavy Reported
Run Hydroaromatics ohenols Total conversion Comments

17 0.24 0.27 0.31 95 Sitable process performance

7 0.13 0.40 0.53 75-85 Zrraric process performance

The table shows that the total hydrogen donor concentrations
were similar for both the runs, but the "good" solvent
contained significantly more hydrocaromatics ané the "pocr"
solvent contained more heavy phenols. The Mobil daza irdi-
cated that the low apparent conversion (and erratic process
performance) was due to solvent coking which resulted from
H-donation from heavy pheaols. The chemistry of the hLeavy
phenolic component of recycle solvent is not well under-
stood. Heavy phenols having more than 9 carbons have the
potential of hydroaromatic structure and could thus function
as hydrogen donors. The more functional heavy phenols :can
also form coke via condensation reactions. Since coke
formed during the reacticn cannot be distinguished from
unconverted carbon, low apparent conversion caa be the
result.

From the above discussion, one can conclude that ther:2 are
several factors that can lead to coke formation in tha2
liguefaction reaction. Coke formation can be minimiza=d by
maintaining high process solvent activity. This £fact te-
comes more critical if other design and operating Zeatures
tend to increase ‘the likelihood of coke formation. For
optimal design of commercial units, maintenance of high
solvent activity can be very important.
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3. Solvent Activityvy and Process Performance

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

The high severity runs were carried out at dissolver tem-
peratures of 825 to 840°F and 2,100 vsig pressure with process
solvent containing about 5% LSRC. This process solvent has
properties similar to the distillate solvent since the LSRC
concentration is gquite 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 bv 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:

High severity Low severity
Coai type Ky 9 (Fies) Ky 9 (Fies)/Ill. 6(3)
Reactor temperature, °F 340 785
Reactor pressure, psig 2,100 2,000
Coal space rate, lb/hr-ft’ 10 35/18(9)
Process solvent/coal ratio 1.6/1 2/1
LSRC rate, % process solvent 5 30
Runs 209, 210, 219, 217, 221, 222, 232,
220, 225, 227, 233, 234, and 236
and 235
No. of Material 3alance
data points 17 14
(a) Illinois 6 {Burning Star) coal was used tfor Run 136.

(b) Spaca rate for Runs 2z and 222 was 18 Ib/hr-ft’.

Details of solvent properties, coal properties, run con-
ditions, and results for all of the above listed runs are given
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. Liguefaction 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, conseqguently, the effi-
ciency of hydrogen utilization). Subsequent tes:ts at




Wilsonville confirmed the Conoco finuings. The following
table compares the results for Run 210AB and Run 217AB along

with the pertinent coal properties.

Run no. 21048 217AB
Severity High Lo
1
Solvent activity (kin), %
Distillate
69
Process ~09 ;3

Yislds, % MAF coal

Ci-Cs 7 3
Distillate 2
SRC ;6”1 3_3.9
- 3/
Hydrogen consumption, % MAF coal 2.3 2.0

Coal analysis, %

Carbon 7 2
HYydrogen ; gg 7; . ;;
Total sulfur 3.18 3"9
Pyritic sulfur 1.14 1.12
Sulfide sulfur 0.02 <0.01
Sulfate sulfur 0.06 0.01
Ash .
Coal reactivity, % 8?; "g.g

~

Run 210ABR 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 C.1-Cs 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 825°F, When LSRC rate was
reduced from 0.26 1lb/lb MAF coal (20 to 25 May) to 0.12 1b/1b
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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Runno.  csceseccac~== pde]. DU

R101 Dissolver

Temperature, °F  cmememaeae 325 eecmmm— e
Pressure, psig 0000 ceemeces-enm-- 2,100-==-mmmmemem

Volume used, ¥ = sececcmsemceesTSecemcccncaaaa

%eriod, 1981 20 to 25 May 27 to 31 May
LSRC rate, 1b/1b MAF coal 0.26 0.12
Distillate solvent a2ctivity (kin.), % 77 76

Feed coal properties, 3

Sulfur 2.39 3.15

Ash 8.00 7.9S
Yield, 3 MAF coal

Total gas 7.3 11.4(3)

Distillate solvent 24.0 14.5(a)

(a) From 228AB material balance.

Although the above daca illustrate the improvement in yield
structure that can be achieved 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 213 (78%) and
"low" for Run 210 (69%). Pertinent properties
of coal and the results of these two runs are
summarized on the following page for comparison:
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Run 210a3 21%A8
Severity High High
Solvent ictivity (kin), S

Distillate - -
Process 53 78

Yields, 5 WF coal
Z1-Cs .
Distillate 26.
SRC Sl.

w
vy
& w
e v e
[« W NN =]

. Hydregen consumption,
3 MAF coal

"~
(%)
(8]
o

SRC analysis, %
Jils 10.
Asphaltene 43.
Preasphaltene 46.

2s.

33.

19.

[T Tl
—

Qils + Asphaltene
?reasphaltene 1.2

'
™
.
LN

SRC recovery, % cresol
solubles in T102 bottoms 80.2 86.0

Energy rejected to ash
concentrate, % of feed
coal energy

~
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Coal analysis, %
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Hydrogen
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Pyrizic sulfur
Sulfide sulfur
Sulfate sulfur
Ash

Coal reactivity, %
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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 + asphaltene)/
preasphaltene ratio in SRC from the SRC unit for Run
219. This presumably improves the performance of the

CSD unit as shown 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

0il. The oil was 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 shcwn by increased sul-
fate content of feed coal during Runs 229 to 234, played
a key role in the solvent degradation. (See Section 4.)
Dissolver conditions for the two runs were almost identi-
cal. The following table compares the results from Run
225 and Run 235.




Run

2258C

Severity High High
Solvent activity {(kin}, %
Oistillate 82 71
Process - -
Li._gd;_\ MAF coal
Cl—s 4.2 6.9
Distillate 30.4 26.5
SRC 55 SS
Hydrogen consumption,
% MAF coal 1.7 2.1
SRC analyses, %
Asphaltene + oil 76 66
Preasphaltene 24 34
Energy rejected to ash
concentrate, % of feed
coal energy 18.5 22.3
Coal analyses, 3
Carhon 72.30 74.77
Hydrogen 4,98 5.15
Total sulfur 3.35 3.07
Pyritic sulfur 1.37 1‘20
Sulfide sulfur <0.01 0.61
Sul fate sulfur 0.04 <0:01
Ash B 3.50 7.68
Coal reactivity, % 80.1 78.4

Comparing the yield structure for Run 225BC and

235C indicates that Rur 235C had a slightly higher
hydrocarbon gas make, aud somewhat higher energy
rejection to ash concentrate 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). These runs
are summarized on the following page.
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Runs 216/217 2337234 236

Coal type Ky 9 (Fies} Xy 3 iFies) 11, o .Burning Star)

Coal space rate, ld/hr-ft’ 35 30 30

Coal properties, % \IF
Ash - 3.3
Tatal sulfur 3.3
Parioie sultur 1
Sulrace suifur 0..6
Qcacrivity, 4 - -

oo

'

A

~N T e Q@
-

<oy
—

Solvent activity  kin), %
PTOCCsS 33 *6(a) 30
Distiilate 3¢ o6(b) 73

LSRC i1n process solvent,k 3 29 31 30

{a) Average of two data points (76.3 and 75.3).
{b) M8 averagc.

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

2178 234C 2364
Yields, % of MAF coal
SRC s7 72 56
Distillate solvent 24 7 20
Total distillates 29 11 26 *
Total gas 5.6 7.1(3) 7 3(a)
Hydrogen consumption, %
MAF coal 2.0 2.0(3} g ¢(a)

(a) By ethylene injection method.

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 coal 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. 1In 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 2xposure 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 cocal. 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 Xy 9 coal
used during Run 234. The pyritic sulfur was quite high and
sulfate contert was low. However, distillate solvent
activity during 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 baiance
was still maintained during Run 234. Avparently, interaction
of LSRC with a reactive coal played a key role in the conver-
sion to distillate range products at lcw severity conditions.

The performance of the ISD 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 appexred 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 3State 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. 1In contrast to Runs 219/220
and 225, Run 235 started with a solvent of lower activity. This
run followed 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 (713%). 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




30 days, the solvent appeared to have reached a steady state
activity (73%). However, after this initial period, a sharp
decline was observed over the entire remaining run period. Aas
mentioned earlier, the feed coal during this period had low
ovrite and high sulfate content. This detericration of the
feed coal (oresumably by air oxidation) probably caused

the observed activity trend(Ref. 10).

5. Solvent Activity Control

From the discussion in the previcus 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 1is no
certainty that sclvent 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 overating condi=-
tions of the various units within the process.

Prior to the installation of the CSD and HTR units, an=hracene
o0il (Allied Chemical 24CB) was added to the system fairly often.
Although this was done primarily to 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 installaticn of the CSD 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 ©0il is a highly aromatic coal
derived start-up solvent used at Wilsonville.
Table 5 lists some pertinent properties of
this oil. Fresh anthracene 0il is a poor
hydrogen doror. 3ut, upon mild hydrogenation
in the presence of coal, this o0il becomes an
excellent hydrogen donor. During the initial

22




hydrogenation of this oil, the aromatic components
in the o0il presumably get hydrogenated and become
hydroaromatics.

During the period covered in this report (January

1980 to March 1982), anthracene o0il was added to the
system on four different occasions. This does not
include an occasion when the entire inventcry was
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 o0il 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. This represented a 25.6% increase in
inventory of distillate solvent. During this period,
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 gquite low.
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 to
the fact that fresh anthracene oil, prior to hydrogen-
ation, is in fact, a poor solvent.

° 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 akove 650°F. Hence,
addition of LSRC makes the process solvent sub-
stantially heavier and more active. Since the
residual material is separated by the vacuum
column, the distillate solvert from runs with high
LSRC addition are not sigrificantly heavier, and
are marginally more active.

Two different periods during 1980 to 1982 are
used to illustrate the effect or LSRC addi:ion.
These periods are summarized below:

Net increase
in solvent activity,
'SRC, ‘kineric)
% Srocess soivent (Runj Process Jdist:illace
Per:od Runs defare After sO.vent sclvent

g, Sept 1980 213-21773) 2(214/215) 300216) 11 -
ov,Dec 1980 120-22140) 6 (220) 260221 10 3

"1} Anthracene oil was added during Run 214, Oissoiver severity was also reduced.
3) Dissolver severity was also ceduced.
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Runs 213-217:

This period illustrates the combined eifect of
Ls2C 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 43.8% of inventory) was added to the
system. After 15 days of operatioa, tie 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 raduced and
the LSRC rate was increased. The solvent activity
during Runs 216 and 217 was influenced 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 o0il. Process solvent ’
activity during Runs 216 and 217 was about 84%.

This represents a 11% increase over :he distillate
solvent activity prior to 10 August. 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 zver-
age process {or distillate) solvent activity was
74% and the LSRC recycle rate was onlv 60 lb/hr.
For Run 221 (low severity conditions), the LSRC re-
cycle rate was increased to 200 1lb/hr. During this
period, and during more than two monctis prior to
this period, no anthracene oil was added 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 concluded that,

during low severity operation, addition of LSRC

in sufficient quantity (up to 30%) significantly
improves the process solvent activity and marginally
improves the distillate solvent activity. 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.
Therefore, it should be possible to improve the
guality 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 wvacuum tower (T102) was not designed
o 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
guantity of +630°F material. This inefficient
draw off, over a per.od of time, can cause the
system distillate solvent inventory to drop

below levels nescessary 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 declining 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 ligquids, distillate
solvent activity increased to 74%. Tray-3 liguids
were withdrawn for four days (12, 13, 15, and 17
February). Approximately two weeks after the last
withdrawal, the distillate and rrocess solvent
activities declined to 72% and 77%, respectively.

Addition of Hydrotreated SRC

Recent work at the University of Wyoming(Ref. 1l1)
indicatel that the presence of mildly hydrotreated




SRC 1in process solvent (up to 30%) significantly
improved the yield structure in a batch reactor.
These results have formed the basis of integrating
the thermal SRC unit and the catalytic hydrotreating
unit. Microautoclave tests at Wilsonville have A
shown that solvents of improved activitv can be
obtained with addition of hydrotreated SRC.

Two sets of tests were conducted at Wilsonville to
evaluate the effects of hydrotreated SRC addition
to dis*tillate solvent from the thermal reactor. The
hydrotreated SRC and distillate solvznt are from
NTSL mode of operation. 1In the first test, hydio-
treated SRC from a given ba*tch was added to
distillate solvent in varying amounts. The
hydrotreated SRC was produced at a reactor temp-
erature of 7557F. 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 nydrogen 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-
eratures 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. These tests do
not reveal any long-term effects on the process
due to extended recycle operation in a continuous
mode. This subject will be further discussed in a
separate report dealing with the integrated runs.

° Fe2d Coal Specifications

Since the solvent used in all ligquefaction processes
is basically derived Zrom the feed coal, it stands
to reascon that the nature of the coal itself has
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some effect on solvent activity. Although the feed
coal 1s 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 provmerties
is not very conclusive primarily because solvent
activity is also a function of several other vari-
ables such a3 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 Correlation Coefficients
variable High Severity Low Severity
Pyrite sulfur +0,32 +0.76
Ash +0.59 +0.86

The above table seems to imply a strong correlation
at low severity conditions and a weaker correlation
at high severity conditions. Ecowever, 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 guite
narrow.

During an earlier period (Runs 160 to 212), Xen-
tucky 9 coals from various mines (Pyro, Lafayette,
Dotiki, and Fies) were proccessed 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 signifi-
cantly lower (92.2%) when processing coal from
Lafayette mine. A total of ten material balances
were made. Figure 19 is a plot of average coal
conversion versus solvent activity. A fairly good
correlation between solvent activity 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. 1If the dissolver is viewed as isolated
from the rest of the plant, then solvent activity

can be considered an independent variable. With
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this assumption, the above correlation agrees
very well with the observations made by Ruberto
at Gulf Research and Development that: "conversior
levels depend primarily on the level of transferable
hydrogen in the solvent Ref. 12)  gowever, the
process solveat used at the pilot plant is a recycle
stream, and, therefore, not strictly an independent
variable. It is, therefore, difficult co determine
whether the low conversion of Lafayette coal and

- hich conversion of Fies coal are due to independent
variations in solvent activity or whether the vari-
ations of both solvent activity and coal conversicn
are due to differences in chemical composition of
the coals. It is interesting tc note that Lafayette
co2l had the lowest pyritic sulfur contentc. The
observations made at Wilsonville seem to imply %that
mineral content of coal may have a beneficial effect
on liquefaction reacticn, 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 fcund to increase as the mineral matter
content and the concentration of the iron and titanium
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 cocal liquefaction in-
creased the hydrogen transfer capacity of anthracene
oil (Ref. 15},

6. Solvent Properties

) Specific Gravity

The specific gravity cf distillate sclvent during
the period of this 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 1.05 to 1,07.

Figures 5, 6, and 7 show the specific gravity
trends of distillate solvent (or process solvent
with less than 7% LSRC) from January 1980 through
March 1982. The average 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
cil in January 198i. The plot shows a sharp
increase in specific gravity at each instance of
significant anthracene oil addition. However,
these increases were short-lived. 1In each case,
the gravity dropped to some steady-state value.
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Tables 1 and 2 summarize the specific gravities of
both process ané distillate solvents for all MB
runs during this report period. This table also
lists the corresponding solvent activities. In
general, heavier solvents seem to be more active.
Addition of 20 to 30% LSRC significantlyv increases
both the density and the activity of the process
solvent. Figure 20 plots solvent activity (kinetic)
versus solvent density for both distillate and
process solvents. The following least sgiares
straight lines were obtained:

Zorrelation
Equation sy2fficient Qemarks

SA = 286.7 {sp. gw.i-lii.T Q.72 Zaza for process saivent with
high LSRC recycle z2xcluded
SA = 266.6 [sp. gr.)-201.1 J3.31 All porats included

The first 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 severitv process solvent data which can
contain up to 30% LSRC. As can be seen, one line
can be used for all :he points.

The strong correlation indicated by the results
implies that continuous monitoring of the solvent
specific gravity can be a useful method 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 correspondence between solvent activity and
its specific gravity cannot te assumed. TFigure

21 shows the trends in solvent activity as measured
by micrcautoclave {solid line) superimposed on
trends predicted by specific gravity measurement.
(dotted line) for two tyvical oceriods. As can

be seen, the two lines agree with one another
reasonably. The specific gravity lines show less
day to day variation and are smoother.

Hvdrogen Content

0f all of the physical and chemical properties,
one would expect the sclvent hydrogen content to ve
most closely related to the solvent activity.
After all, the kinetic solvent activity is an
indication of hydrogen donor capability of the
solvent, However, this is not the case. Hydrogen
in solvent, as measured by an elemental analvzer
gives the total hvdrogen content. Not all of tiis
nydrogen is availables for donation. The readily
transferable hydrogen attached to hvdrocaromatic
ccmpounds and heavy ohenol:s are a small fraction
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of the total nydrogen content. Hence, one can
expect that measurement of the transferaple hydrogen,
with instruments using nuclear magnetic resonance
(NMR) , wculd be more useful for correlation with sol-
vent activity than 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 aromatic compounds and has a very pocr
hydrogen cdonor activity (59.9%) and a relatively
low total hydrogen content (6.35%). However,
after a few days of hydrogenation, the aromatic
compounds in anthracene o0il are converted to
hydroaromatics and the solvent activity increases
sharply to 843%. Bacause of this solvent changeover,
Run 225 (January/February 198l) had a high average
solvent activity (79.4%). However, as the plant
continued to operate without any new addition of
anthracene o0il, solvent activity steadily declined
until it averaged 65.8% for Run 224. This accele-
rated decline of solvent activity may have been
precipitated by the relatively poorer ligquefaction
properties of the feed coal. Increased rates of
celeterious side reactions probably occurred Que
to 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.

Solvent(3) Distribution Ratios

Run Jays on % Total aczivity, Condensed aromatics vvclic alipnatics
no. Date Recvcle hydrogen (kinetic) uncondensed alkyl % Aromact:c

225 15 Fed 1981 32 8.1 9.4 3.43 0.651 38.6

34 3 Sept 1981 178 9.2 65.3 1.75 0.533 3.3

(a) Soivent zctivity (kinetic) sicraautoclave tests were done at Wilsonville.

Conoco determined that the ratio of condensed to
uncondensed aromatic hydrogen correlates well with
the solvent kinetic activity test conversion, and

the ratio of cyclic to alkyl aliphatic hydrogen
correlates well with the solvent equilibrium activity
test conversion. Hence, the above table shows that
NMR analysis can be directly related to bota kinetic
and equilibrium solvent activity. Whereas, the total
hydrogen seems to increase with decreases in solvent
activity (kinetic).

Figures 5, &, and 7 show the trends in process
solvent hydrogen content and activity for the
entire report period. A comparison of the two
trend lines reveals that, for the most part,

an increase in total hydrogen content decreases
the solvent activity. This rule, however, is not
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applicable to relatively short perind immediately
after the addition of a significaat quantity of
anthracene oil. During these ¢ riods, 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
fnllowing table summarizes the results of
fractionation studies conducted at Wilsonville
in 1979. 1In 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).

S30iling range, Avg. boiling point, Solvent activity,

i we, % °F Kinetic Equilibrium
477-336 7.9 507 61.0 36.3
352-619 23.8 386 65.1 61.1
637-736 8.1 697 69.3 64.0
756<EP 13.9 736 69.6 69.6

Composite 100.0 - 65.1 -

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
with 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.

Preccess Performance

Coking reactions in coal ligquefaction 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 adeqrate
solvent activity is one way to minimize thls
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 even at a relatively low dissolver
temperature of 780°F. .

At high severlty 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 activity is important to
the LSRC interaction and to the stabilization
of reactive coke precursors in absence of

gaseous hydrogen.

For a given set of operating conditions and
feed coal, the distillate solvent activity
achieves a steady state value after about
30-60 days of recycle. This steady state
value appears to be a function of starting
solvent properties.
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Solvent Activity Control

e Solvent activity can be improved by addition
of LSRC or anthracene oil. The response time
is shorter with LSRC addition.

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

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

° Fea( r .al properties se'an to influence the
steady state solvent activity achieved after
extended recycle operations. Oxidized feed
coal with low reactivity may cause & sharp
decline in solvent activity.

Solvent Properties

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

. An incr.ase in +650°F liquid fraction in

recycla solvent generally resulted in better
solvent activity.
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201 ABC

202A
2030t
?254C
200A
2068
208A8
209AB
210AB
2118
21248
217A8
217¢H
219A8
220A8
2200
2218
22146

222A8C

2258C
225F
2250
2251
227A
227CD
227k
2276
2J8Ab
220
2290
2824
2138
234A
2348
234C
234D
234578
235¢C
2350
23SE
230LA
2308

Activity

A NIF _couversion

Short Long
79.3
8.4 6Y.1
iv.1 0.4
74.8 9.7
82.2 65.0
78.5 65.5
81.2 64.9
75.6 6l.5
0.6 03
73.6 62.17
8.9 61.6
8u.1 uo.8
tu.4 2.7
69.4 63.3
Lh. b 6l.4
7).8 uh.Y
6?.3 635
[T ] 6d.2
63.1 62.4
62.6 61.2
e7.8 62.5
4.3 6l.7
70.5 4.2
72.3 6.7
76.4 L. 6
74.7 6l.5
1.4 62.5

Specific

Tuble 1
Physical and Ciemical Properties of bistillate Solvent

gravity, ﬁ"w_flﬁﬂfﬂgilnﬂﬂill>is- wt A
at ol C 1} N S 0
87..2 8.72 0.80 0.4¢0 2.70
1. 020 Ho .27 9.14 0.53 0.306 3.70
1.0 B7 A4 8.97 1.00 0.23 1.9¢6
1.025 H5.74 9.20 0.65 0.6l 3. /b
1.053 87.78 7.87 0.71 0.58 3.06
V.00 87.04 8.8 0.70 0.35 3.63
1.044 Bu.42 4.17 0.60 0.48 4.33
Vo042 87.74 8.10 0.0b4 0.23 3.29
1.044 6 .23 4.23 0.064 .41 4.49
1.u44d gu.748 7.94 0.6l V.37 5.30
§.0ae 87.51) 1.97 0.93 0.31 3.28
1.040 86,38 7.83 a9.77 0.2 4.74
[IIER) B7.88 8.30 0.44 0.9 3.04
1,025 87.78 8.84 0.67 0. 30 2.41
1.0 HG L 7Y 4.80 1.306 0.35 2.7
1oule Ho. Gl 0.2 0.4% 0.44 4,38
b.uz2 K630 Y, 30 0.6 0,44 320
1.0)4 HL.42 v.02 0.75 0.39 3.42
1.013 85.42 9.31 .02 0. 30 3.89
1.007 85.67 .09 1.07 0.52 3.09
1.o08 HS .61 9.31 .66 0.43 3.99
b.0b8 Ho .50 8.73% 0.04 (Tr{l] $. 47
1.018 45.46 - B.Y0 0.90 0.7 q.51
1.02 Ho .38 8.70 1.06 U.24 3.58
1.021 Ha .90 8.06 0.56 0.22 5.006
1.0306 85.09 8 60 1.08 0.45 q4.78
1.028 8a.91 8.90 0.62 0.53 5.04

Comﬁgmlm.lzx_m_l..i" oint_range (F), wt b

18P- 150- 450- S0- 650-

_}?_g‘ __;4_?_0_ 550 650 (24
0.0 1.23 28.07 26.22 14,48
0.0 1.40 25.70 24.74 48. 10
v U.44 23.58 23 K4 5214
0.02 3L 27,84 20.05 42.30
0.0 2.52 28.006 25.58 43, K4
0.0 2.73 24. 20 25,77 43,28
0.0 3.0 24,23 20,03 40.04
O.u 3.19 31.20 27.11 48.50
0.0 3.2% 33.42 27.00 $6.75
0.0 2.76 26.34 27.74 43,17
0.01 3.u% 27.07 30,29 59,57
0.03 S.07 33.85 2453 Su.71
0.0 4.8% 33.48 24. 80 0. 8%
0.0l .88 33.03 24.0% $7.04
0.4 4,449 27.84 2501 LR}
[T 40N 17.82 2404 4450
0.0 300 29,04 24,01 42,00
0.0 3.0l 29,65 23,04 45,80
0.0 3.57 29,70 2645 40,21
()] 5.71 31.54 20.40 iH. 84
0.0 $.048 33.00 2108 39,74
0.0 FARUN $h. 02 1. 78 Q2.2
0.0 2,24 34,58 24.8H 37.29
¢.0 4.18 3u. 35 25.50 33.90
0.0 0.54 20.59 23,99 54.488
0.0 1.19 25.25 25.03 44 52
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2030k
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206A
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217AB
2070
219Ab
220AB
2200k
2218
2216
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225F
2254
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2340
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235AB
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64.
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70.
¢b.
0b.
69.
71.
69.
77.
70.
Bl.
82.
76.
78.
81.

83.4

- OO N0 b OO0 NwsC W

Activity
A THE conversion

solvent, wt A Short Long
60.
au.
64.
ol
60.
$Y.
6).
65,
4.
67.
64,
6l.
65 .
67.

(1.8

54.
59.4

[19

Specific
gravity,
LUk

Elewental wnalysis, wi &

Table 2
Physical and Chemical Properties of Process Solvent

C

O W N NBHOODSIL LN LS

(-4

I
1

1.019
1.0)3
1.012
1.0l6
1.007
1.010
1.013
1.025
1.02%
1.021
1.014
1.066
1.008
1.029
1.038
1.
1
1
]
1
1
A
1
]
1
i
1
1
1
i
)

046

070
RIUY
. 064
062
.050
LUS3
L08S
LS50
.04y
L049
047
.03s
033
029
A6Y

122
Uso

87.77
87.40
87.27
87.31
87.73
87.53
86.95
87.71
87.45
88.35
48.89
86.98
85.74
845.83
86.98
86.38
87.33
a6.67
86.67
87.94
87.33
88.56
87.11
85.36
85.93
88.22
86.80
87.74
87.48
85.73
86.59
86.43
85 .45
86.0S
85.74
86.9¢06
47.36
86.19
86.35
85.31
85.12
85.57
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0.39
0.49
0.63
0.52
0.2}
0.48
0.84
0.39
0.28
0.38
0.80
0.88
0.96
0.80
0.91
0.73
0.92
0.80
0.84
0.80
0.58
0.82
0.79
0.69
0.71
0.96
0.69
1.12
0.79
0.70
0.6l
1.0}
0.92
0.91
0.74
1.62
0.58
0.82
0.96
0.68
0.79
1.18

Oc:CPCOOGSCCCCCOCQCCCGOCCOC

=

cCoCcocoCcOoCoOQOCoTCCC

2.85
3.03
2.94
3,08
2.79
3.02
3.09
2.03
3.29
1.95
0.81
3,31
4.40
4.54
3.10
3.72
2.59
3.07
3.48
2.68
3.36
2.09
3.52
5.54
5.4l
2.32
4.24
2.23
2.38
4.43
4.00
3.0
4.0l
3.87
4.26
2.34
3.0l
3.72
3.93%
5.15
5.45
4.37

0.
0.
0.
Q.
0.
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10§
350

L

0
15

27.
22,
27.
29,
.45

3l

33,
3.
38,
34,
34,
34,
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89,
Jo.
4.
52,
47.
47.
$2.]
42.

L

90
P]
B85
i/

82
97
59
(15
72
206
15
3
25

41

huiling point pinge (UF), wi %
350- 450- 550- 650-
_4s0 550 650
0.24 47.97 .88
0.21 46.04 Al
1.56 46.50 )
1.28 43.03 A4
0.43 43.94 .04
0.25 42,10 .43
1.57 42.03 .44
3.11 33.87 .43
2.67 38.01 .67
3.85 38.38 9
3.80 36.71 24
4.48 21.64 28
4.27 18.43 us
3.70 32,37 59
3.77 29.17 56
3.07 21.37 25
.56 26,28 31
1.1 26.96 73
0.81 22.89 .29
2.97 27.43 .88
2.6% 27.82 .66
2.38 28.33 47
2.37 28.27 .04
2.97 8.4 56
3.41 31.27 19
3.38 31.74 15
4.006 31,67 48
4.08 35. 27 31
3.98 31.69 Yy
5.14 31.8¢ 748
3.02 18,67 70
2.82 24,00 7%
2.93 27.23 48
2.74 26.15 .37
2.52 22.05 Y3
2.67 23.87 .14
1.91 33.06 6b
4.02 38.58 70
3.21 34.88 4
3.72 36.37 09
0.53 14.96 o4
0.89 18.72 L¥]
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Run
starting Duration, }

MB Run date duys Coal(‘)
20)ABC 2/11/80 1o L
202A 2/26/80 1 1
2030E 3/7/80 10 [V}
20.4C 3/16/80 17 1
200A 4/17/80 11 )]
2utd 4/12/80 1 )}
208A8 S/4/80 6 D
209A8 5,'25/80 13 F
210AB 6/7/80 10 F
2118 6/20/806 25 F
212A8 7/14780 16 F
217A8 9/17/80 12 F
21700 9/17/80 12 ¥
219AB /11780 13 ¥
220AB 10/23/80 17 F
220DE 10723780 17 F
2218 12/9/80 20 ¥
2214 12/9/80 20 F
222ABC V12/29/80 7 F
2254C 1711781 38 F
225F 111781 38 3
224G 1/711/81 34 F
2251 1711/81 38 F
227A 3/721/81 58 ¥
227CH 3/21/81 58 F
22 3/21/81 S8 K
2276 3721781 58 F
228AB 5/18/81 25 F
229A 6/1/81 z) F
2798 6/1/81 21 L
232A 7/13/81 9 F
2338 1721781 25 F
234A 8/14/81 30 F
2348 8/14/81 30 F
2340 B/14/81 30 F
2340 8/14/81 30 F
235AB 10/17/81 [ ¥
2350 10/17/81 66 R
235D /17781 66 ¥
234k 1/17/81 66 F
230A 1/5/782 62 ]
2308 1/5/82 62 8
(a) L - Lafayette, Ky 9; D - Dotiki, Ky 9; F - Fies, Ky 9;

Coul feed, MK
/e

Si8
528
SuUsS
837
S35
523
556
520
835
543
5§27
3i3
304
535
544
540
31
33
332
564
548
556
550
575

396
431
416
531
520
534
540
410
403

Table 3
Opersting Conditions and Yields - Material Balance Usta
SRC Unit

Coul ash,
wt &

Y.41
9.04
9.30
9.10
10.13
9.406
9.05
7.16
8.40
8.12
8.20
8.87
8.63
8.73
8.52
8.66
8.65
8.57
8.44
8.50
8.3
8.6l
8.77
7.85
8.00
8.29
7.98
B.5%2
7.80
7.98
7.86
7.88
7.54
7.38
7.81
7.64
7.58
6.87
7.61
7.67
10.57
10.98

B - Burning Svar, 111. 6.

{Tuble conti nued )

Slurry cang,

A M¥ could

37.3
37.9
16.9
37.5
37.9
8.1
39.7
37.17
39.1
39.3
38.2
33.4
32.7
36.5
36.6
16.2
30.8
30.1
29.7
36.3
35.5
37.2
37.4
39.0
ig. b
39.4
38.7
38.48
38.7
38.4
35,6
32.9
33.1
32.7
33.8
33.4
37.6
38.4
37.6
39.3
33.0
33.5

Preheater
inlet press.,

VS LLLY T

1,731
1,740
1,742
), B60G
1,840
1,840
1,850
2,140
2,150
1,710
1,745
2,08)
2,057
2,195
2,215
2,203
2,043
2,032
2,039
2,188
2, 180
2,195
2,477
2,141
2,147
2,145
2,140
2,187
2,320
2,329
2,005
2,000
2,000
2,023
2,040
2,027
2,142
2,145
2,144
2,148
2,03%
2,044

Reactor press.,

U 127 O

}, 700
1,700
1,700
1,800
|,800
1,800
1,800
2,100
2,100
1,700
),700
2,000
2,u00
2,100
2,100
2, o
2,0
2,000
2,000
2,
2, 10
2,100
2,
2,000
2,
2,100
2,100
2, o
2,300
2,300
2,000
2,00
2,000
2,000
2, 000
Z, Ui
2,100
2,100
2,100
2,100
2,000
2,000



ov

Tempevature, “F

Frohwaten w0l bisselver
MB Run _outler Botium Gut et
201ABL 797 Big 824
202A 794 819 H26
20308 7HY L1D]) dlu
204 BU2 439 Bl
200A du4 813 #i0
206k 814 834 840
ZUlAl 804 834 843
F{ARTY)) 793 824 LEY]
21uAal - - .33
20\l 760 8lo 825
212A8 769 816 825
21778 794 782 48
217CD 793 780 744
21948 788 812 s4u
220A8 14?7 404 B840
22UDE 7906 duob g4
2218 781 745 765
2216 760 745 770
222AHBC 758 735 754
22580 770 412 442
225F 775 813 8413
2256 772 812 841
2251 771 812 842
227A 7492 795 841
227¢h 792 793 841
227t 791 797 841
227G 792 802 839
228A8 765 800 825
229A 773 798 823
2290 776 796 824
232A 752 766 785
2338 763 706 780
234A 765 709 786
2348 757 764 47
2340 769 768 785
2330 763 700 186
2315A8 750 797 837
235¢ 793 8u4 833
2350 792 814 834
235k 747 803 436
236A 772 769 788
PRI} 765 7ol 785

“By ethylene injection method.

Table 3 (vontinucd)
Opercat ing Conditions und Yiclds - Material Balance Data

SRC Unit

R101

volumz
in use, %

(Table continued)

Caal spave rate,

coen

~ e 1

~o

e M
1

.6

<

=

b/t

k1ol

38,2
38.7
3.2
39.5
V.4
8.5
0.9
38,3
3v.4
40.0
38.8
34.0
33,1
39.4
40.1
39.8
lo.9
18.)
8.1
41.5
40. 4
4u.9
40.9
42.3
4.4
42.2
41.5
42 2
40.¢
41.2
35.¢
29.1)
30.4
9.4
3.7
30.6
39.1
8.3
39.3
40.2
3.2
29.6

tHydiogen
Conaumprt b,
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MB Hun

200 AR
2027
2030k
2040
200A
2008
208AH8
20878
2luap
PAR L
212AB
217A8
21710
21UAB
220AB
22001
2218
22106

222ABL

22500
225F
2244
2251
227A
227¢D
227k
22746
228A8
229A
228
232A
233
2347
2348
2340
2340
235A8
235¢
284D
235k
236A
2308

gy ethylene injection method.

Hydrogen in
feed gas,
wmole A

85.0

-7
8l
42
82
84
84
40
82

Operating Conditions a

Table 3 (continued)
nd Yields - Material Balance Data

<

PEE N bRNNAECWNE

55.0

Hydrogen Distillate

patrtial press., salv. yield, Total Total

8102 inlex, SRC yield, as0-tP (°F), 188-350 (°F), 350-450 (°F), dist, yield, gas yield,
psi A MAF coa! A MAE coal A MAF coal 4 MAF coal
1,484 6y.7 i .6 17.1 7.1
1,453 55.9 22.9 .2 . 24.7 7.6
1,428 59.6 14.7 .9 L0 23.0 .1
1,547 88.5 17.0 .4 .0 30.4 7.9
1.530 5.9 16.5 .8 .0 29.3 H.4
1,509 60.6 V3.7 .8 7 5.2 7.8
1,507 59.2 15.6 .2 .l 25.9 4.5
1,731 54.8 17.4 .3 .2 26.1 11.9
1,780 51.8 1.0 .4 .7 20.) 10.3
1,458 60.3 20.13 .2 2 24.7 5.3
1,401 57.9 23.8 .9 b 29.3 7.2
1,902 $7.1 24.2 .9 N 28.9 5.6
1,902 Lo, 2 18.4 .4 .8 20 4 5.8
1,819 8.0 17.4 .8 .0 8.2 8.2
1,823 53.6 22.8 .7 .3 32.9 1.3
1,874 54.3 20.8 4.0 ] V.6 8.3
1,774 $9.6 23.4 2.5 .S 8.4 5.6
1,095 64.0 12,6 5.6 .0 21.2 1.5
1,752 03.7 15.5 3.2 .9 20,0 5.8
1,842 56.2 2.7 1.2 .S 30.4 8.1
1,699 55.8 17.4 4.8 6 8.8 8.1}
1,847 56.4 1.0 4.4 .2 4.6 9,2
(IR He t7.1 3.9 N 25.1 8.7
1,710 Ho.A Ih. 6 k) N 24 12.4
1,275 53.0 2101 q. N KR} 10,
1,847 57.2 12.5 5.9 .2 2h.0 8.3
1,321 4.7 14.3 S.0 .8 320 9.1
1,872 SH.8 14.5 4.3 6.0 24.8 11.4
1,957 Lu.3 15.1 4.6 5.2 24.9 8.3
1,974 §7.1 17.9 4.6 4.6 27.3% 7.5
1,090 67.17 10.4 3.0 3.2 6.6 7.0
1,650 71.1 8.4 2.9 3.4 14.7 -
1,720 71.1 8.7 2.5 2.1 15.3 6.2*
1,740 ©7.4 10.6 2.0 1.9 14.5 6.5
1,670 7¢.1 6.8 2.4 1.9 1.1 7.1
1,700 67.0 10.7 3.0 2.9, 6.6 b.6"
1,840 S8.7 12.7 3.4 5.1 21.2 10.9*
t,830 5.2 17.2 3.2 t.l 26.5 0.1
1,830 57.1 1a.5 3.1 5.8 23.4 10,24
1,900 56.0 18.9 3.9 5.0 27 .4 v.0*
1,750 5.7 19.6 1.8 4.7 20.) 7.8*
1,78) 20.0 2.7 4.7 21.4 7.8*
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Specific gravity at

water, 3

38/15.5°C

Benzene insolubles, wt

GC Simulated bistillation

Boiling puint range, “F Weight %

18P-350 0.05

. 350-450 6.94

450-500 20.92

500-550 13.5%0

550-650 22.72

:: 6S0-EP 35.87
Residue g.00

Ilemental anatysis, %

Curtion -
fiydrogen -
Nitrogen -
Chlorine -
Sulfur -
Ash -
uxyyen -

Activury (hinetic)
A MiE conversion

90.706
6.35
1,92

0.13

0.30

0.41

59.49

Tuble S
Properties uof Anthracene 0il



PULVERIZED COAL

PROCESS SLURRY
SOLVENT PREPARATION
THERMAL
HYDROGENATION . - HYDROGEN
PROCESS SOLVENT DISTILLATE SOLVENT -
PREPARATION RECOVERY DISTILLATES
|
UGHT CRITICAL S{A.VENT | ASH
SRC DEASHING PROCES3 CONCENTRATE
CATALYTIC
Y
HYDROGENATION ——— HYDROGEN

1

DISTILLATE SOLVENT = HYDROTREATED SRC
RECOVERY DISTILLATES

DISTILLATE
SOLVENT

FIGURE |. TWO STAGE LIQUEFACTION (NON INTERGRATED
MODE )
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DEASHING SOLVENT
MAKE-UP

r_\;_l{. EXCH. [

DEASHING
SOLVENT

FIRST ScCOND THIRD
STAGE STAGE STAGE
SETTLER SETTLER SETTLER

EASHIN
SOLVENT
TANK

VACUUM
BOTTOMS } ( ;‘0"1_..,
SOLVENT
SEPARATOR
NO. 3
SOLVENT SOLVENT
SEPARATOR SCPARATOR
NO. 1 NO. 2
o
LIGHT SOLVENT
ASH SOLVENT REFINED COAL
CONCENTRATE REFINED COAL {LSRC}
{SAC)

FIGURE 3. CRITICAL SOLVENT DEASHING PROCESS
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CAUSTIC SOLY T ION commamutnf

AECYCLE GAS

necvert
GAS
CoMPRESIOn o
MYOROGENATION ,
REACTOR .
o0
i
SAC/LSAC FOOM CSD }
OLVENY

1 FRESH
seeo
ns‘::u NEATER

EBULLATING
U

RECYCLE
GAS MEATER

N

FLARE

CAUSTIC
SCRUSSLN

TOWASTE WATER
TAEATMENT

NAPWTMA
AND MIDOLE
DISTILLATE SYPROOUCTS

HYOROTREATER
PROOUCT
RECYCLE Tarm

b——‘ HMYDRQTAEATIO SAC

FIGURE 4, EBULLATED BED HYDROTREATER PROCESS
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STANDARD COAL REACTIVITY
% THF CONVERSION

RUN 195 - RUN 236

== = § JAN. 1,1980 — MAR. 30,1982 o=
rodE e = —=F A=25%
= : =—F A =3.5%
= e =
60 ‘ s —
= ———r—— A LONG TEST |
e , C SHORT TEST |
0 12 24 48

STORAGE TIME, NONTHS

FIGURE 10 CHANGE IN COAL REACTIVITY WITH
STORAGE TIME
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S¢S

88'}

SOLVENT ACTIVITY (KIN) , %

e RUNS 219/220 (DISTILLATE SOLVENT)
A RUN 225 (DISTILLATE SOLVENT)
B RUN 235 (DISTILLATE SOLVENT)

60

FIGURE Il.

| B T Y Y T 1 Y V 1
8 16 24 32 40 48 56 64 72 80 88

RUN DURATION (DAYS)

STEADY STATE SOLVENT ACTIVITY- HIGH SEVERITY



SOLVENT ACTIVITY (KIN) ,%

88 A& RUN 217 (PROCESS SOL VENT)
A RUN 217 (DISTILLATE SOLVENT)

84 - o RUNS 230/234 (PROCESS SOLVENT)
e RUNS 230/234 (DISTILLATE SOLVENT)

80 - o

76 - o

72 -

68 -

64 -

60 1 Y

I ' | ] ¥ I ¥ I )

O 8 16 24 32 40 48 56 64 72 80 88
RUN DURATION (DAYS)
FIGURE 12. STEADY STATE SOLVENT ACTIVITY-LOW SEVERITY
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FIGURE 13. EFFECT OF ANTHRACENE OIL
ADDITION ON SOLVENT ACTIVITY




LSRC ADDITION (LB/HR;j

SOLVENT ACTIVITY (KIN) , %

ANTHRACENE Uil ADDED
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100 A
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FIGURE 14, EFFECTS OF ANTHRACENE QIL,LSRC

ADDITION, AND CHANGES IN SEVERTY
ON SOLVEMT ACTIMITY
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FIGURE 15. EFFECT OF LSRC ADDITION AND
: CHANGES IN SEVERITY ON SOLVENT
ACTIVITY
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FIGURE 16. CONTROL OF SCOLVENT ACTIVITY BY

DISTILLATION
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25 1

HYDROTREATER UNIT
TEMP: 650 TO 830°F
CAY AGE: 120 TO 630 LB SRC/LB

20 -
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> o
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FIGURE 18, EFFECT OF HYDROGEN CONTENT

OF RESIDUALS ON SOLVENT
ACTIVITY
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FIGURE 22. HYDROGEN CONTENT OF SOLVENT
VERSUS SOLVENT ACTIVITY
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FIGURE 23. SOLVENT ACTIVITY VERSUS AVERAGE BOILING
POINTS OF DISTILLATE FRACTIONS
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FIGURE 24. t+650°F FRACTION IN SOLVENT VERSUS SOLVENT ACTIVITY
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FIGURE 25. 650°F FRACTION IN SOLVENT VERSUS
SOLVENT ACTIVITY (RUN 236)
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