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Sec t ion  1 

INTRODUCTION 

Th i s  is t h e  t h i r d  q u a r t e r l y  r e p o r t  under t h e  s u b j e c t  con- 

t r a c t  r e p o r t i n g  t h e  r e s u l t s  of ana lyses  of r e c y c l e  s l u r r y  o i l s  i n  

d i r e c t  l i q u e f a c t i o n  process ing .  Th i s  work i s  similar i n  scope and 

i n t e n t  t o  t h a t  r e c e n t l y  completed under Cont rac t  DE-AC05-79ET-14503, 

"Development of t h e  C.or re la t ion  Between S l u r r y  O i l  Composition and 

Process  Performance". That c o n t r a c t  was devoted t o  t h e  ana lyses  of 

s l u r r y  r e c y c l e  o i l s  from t h e  H-Coal process  development u n i t  opera ted  

by H R I  a t  Trenton,  New Je r sey .  I n  t h e ' c u r r e n t  c o n t r a c t  we expec t  t h a t  

t h e  ma jo r i t y  of samples w i l l  come from t h e  two-stage l i q u e f a c t i o n  

bench s c a l e  u n i t  opera ted  by Lummus a t  New Brunswick, New J e r s e y .  The 

Lurnrnus u n i t  c o n s i s t s  of a s h o r t  con tac t  t ime c o a l  l i q u e f a c t i o n ,  f o l -  

lowed by Lummus so lven t  deashing of t h e  s h o r t  r e s idence  t ime product .  

The deashed c o a l  l i q u i d s  a r e  then  upgraded i n  a Lummus-Cities Se rv i ce  

LC-fining u n i t .  The Lummus work is being conducted under DOE Cont rac t  

DE-AC02-79ET-14804. DOE w i l l  a l s o  provide  samples from o t h e r  sources  

f o r  a n a l y s i s  under t h i s  c o n t r a c t  no tab ly  t h e  H-Coal PDU and t h e  H-Coal 

p i l o t  p l a n t  i n  C a t l e t t s b u r g ,  Kentucky. The work i s  d iv ided  i n t o  t h r e e  

taslcs a s  descr ibed  below: 

Task 1 Ana ly t i ca l  Evaluat ion 

Under t h i s  t a s k  CCDC w i l l  review t h e  o p e r a t i o n a l  flow schemes, 

e x i s t i n g  a n a l y t i c a l  p l ans ,  and r equ i r ed  a n a l y t i c a l  d a t a  r e s u l t i n g  from 

ope ra t ions  of t h e  Lummus two-stage l i q u e f a c t i o n  bench s c a l e  u n i t .  CCDC 

w i l l  then  develop an  a n a l y t i c a l  p l a n  f o r  t h e  conduct of a n a l y t i c a l  

c h a r a c t e r i z a t i o n  on r e c y c l e  s l u r r y  o i l s  and o t h e r  process  o i l s  based 

upon t h e  need f o r  a thorough process  c h a r a c t e r i z a t i o n .  The eva lua t ion  

p l an  w i l l  i d e n t i f y  sampling requirements ,  sample ga the r ing  techniques ,  

sampling c o n t a i n e r s ,  and shipment procedures .  This  t a s k  has  been com- 

p l e t e d .  

Task 2 A n a l y t i c a l  Cha rac t e r i za t ion  

Samples rece ived  from t h e  two-stage l i q u e f a c t i o n  process  

development u n i t  o r  o t h e r  samples s p e c i f i e d  by DOE w i l l  be  sub jec t ed  



to a series of analytical characterization tests. The procedures for 
. . 

analytical testing are based upon the work conducted under Contract 

DE-AC05-79ET-14503. The following characterization methods will be 

employed for some or all of the samples as deemed appropriate. 

1. Distillation to quantitatively determine the distillate and 

resid fractions. 

2. Tetrahydrofuran (THF) extraction, as appropriate, of the 

resid fraction to quantitatively determine the soluble resi- 

due and unconverted coal plus ash. 

3. Combustion, as appropriate, of the THF insoluble residue to 

determine the unconverted coal and ash. 

4. Micrnai~tnc.lav~! exrracrions of a standard batch of Old Ben ill 

Mine Indiana V coal'at'2/1 slurry oil/coal, 30 min, and 750°F, 

termed the "~quilibrium" (EQ) run, to provide a relative 

measure of the total hydrogen donor content of the slurry oil, 

and at 811 solvent/coal, and 10 min, termed the "Kinetic" 

(KIN) run, to measure the kinetic activity of the hydrogen 

donors, based upon THF solubles. 

5. Proton nuclear magnetic resonance analysis of recycle slurry 

oils, process oils, and appropriate boiling range fractions 

thereof to determine the proton distribution (total, aroma- 

tic, aliphatic) and thus the donatable hydrogen. 

6 .  Gas chromatographic/mass spectrometric (GC/NS) analysis of 

oil fractions to derernfne molecular composition. 

7. Liquid chromatographic (LC) analyses, as appropriate, of the 

THF soluble residues to fractionate the sample by salubility 

class (ECF); cl~e~uical functiollality (SEX), and molecular 

size ((;PC). 

8. ' 'F-nuclear magnetic resonance of fluorinated derivatives 

of distillate samples to measure the conccntratjnn nf fiinc- 

tional (-OH, -SH, -NH) components. .These data will provide 

information on catalyst aging and selectivity. 

9. Reverse phase liquid chromatography (RPLC) of distillate 



, . s  

samples t o  separa te  func t iona l  components and hydrocarbons 

of d i f f e r e n t  degrees of a lky la t ion .  

We f o r s e e  t h e  p o s s i b i l i t y  t h a t  during t h e  two-year dura t ion  of t h i s  

p ro jec t  ana ly t i ca lmethods  o the r  than those. l i s t e d  above may be deemed 

des i rab le .  A l imi ted  nimber of new a n a l y t i c a l  methods may be  employed 

during t h e  course of t h i s  con t rac t ,  i f  time and money allow. 

Task 3 Data I n t e r p r e t a t i o n  and Reporting 

Our i n t e n t i o n  i n  t h i s  work is  not  simply t o  provide analy t -  

i c a l  da ta ,  but  t o  u t i l i z e  the  measurements of recycle  s l u r r y  and process 

o i l  c h a r a c t e r i s t i c s  t o  provide a s s i s t a n c e  t o  DOE and t o  t h e  personnel 

involved i n  DOE funded l iquefac t ion  p r o j e c t s  f o r  evaluat ing  t h e  r e l a -  

t ionsh ip  between coa l  l i q u i d  p roper t i e s  and process performance. Areas 

of process performance t o  be inves t iga ted  inc lude  but  a r e  not  l imi ted  

t o  t h e  following : 

1. Changes i n  the  s l u r r y  recycle  and process o i l  stream compo- 

s i t i o n s  during star t-up.  

2. The manner i n  which t h e  process reaches steady s t a t e  opera- 

t i o n  during s tar t -up .  

3.  The composition of t h e  recycle  and process o i l  streams during 

s t a b l e  operat ion.  

4 .  The changes i n  recycle  o i l  composition i n  response t o  planned 

v a r i a t i o n s  i n  process va r i ab les .  

5. Changes i n  recycle  o i l  compositions which cause o r  r e s u l t  

from unplanned upsets  i n  process opera t ion .  

6 .  Differences i n  recycle  and process o i l  compositions a s  a  

funct ion  of process opera t ing  condit ions.  

7 .  Differences i n  recycle  and process o i l  compositions a s  a  

funct ion  of process feed mate r i a l s .  



Sec t ion  2 

A .  RECYCLE OILS FROM H-COAL PDU RUN 10 

W e  r ece ived  69 samples of H-Coal PDU 10 r e c y c l e  o i l s .  A l l  

hydroclone overf low (HO) samples have been d i s t i l l e d ,  THF e x t r a c t e d  

and ashed. A l l  HO s o l u b l e  r e s i d s  have been analyzed by so lven t  f r a c -  

t i o n a t i o n  and t h e  d i s t i l l a t e s  by 'H-NMR. A l l  c l e a n  o i l  t ank  (COT) 

samples have a l s o  been analyzed by 'H-NMR. Se l ec t ed  COT and HO d i s -  

t i l l a t e  samples were analyzed by Gc/MS, microautoclave (MAC) ex t r ac -  

t i o n s  and by f l u o r i n e  d e r i v a t i z a t i o n  followed by "F-NMR. Se l ec t ed  

HO s o l u b l e  r e s i d s  were analyzed by ',H-NMR. .Planned experimental  work 

Is u e a ~ l y  1111Isl1ed. W e  C U I I C ~ U ~ ~  ~11e  Iu11uwi11g. 

. 0 Recycle  d i s t i l l a t e s  from PDU 10 (Wyodak, Syncrudc) a r e  ex- 

t remely p a r a f f i n i c ,  even a b l e  t o  form wax c r y s t a l s  a t  room 

temperature.  This  proper ty  a long  wi th  t h e i r  low concentra- 

t i o n  of hydroaromatics  causes  them t o  be  poorer  l i q u e f a c t i o n  

media t han  d i s t i l l a t e s  from PDU 5 ( I l l i n o i s  6 ,  Syncrude) o r  

PDU 9 (Kentucky 11, Syncrude) i n  terms of bo th  hydrogen donor 

s t r e n g t h  and t h e i r  a b i l i t y  t o  a c t  a s  phys i ca l  s o l v e n t s .  The i r  

low concen t r a t ions  of condesned aromat ics  sugges t s  t h a t  addi- 

t i o n a l  hydrogenat ion of t h e  d i s t i l l a t e s  would n o t  s i g n i f i c a n t l y  

improve t h e s e  p r o p e r t i e s .  

The p a r a f f i n  con ten t  of PDU 10 r e c y c l e  d i s t i l l a t e s  increased  

a f t e r  day 20 of the run p a r a l l e l i n g  decreas ing  so lven t  q u a l i t y  

a s  determined by 'H-NMR and MAC. 

The . dec l in ing  a roma t i c i ty  of t h e  r e c y c l e  d i s t i l l a t e s  over  t h e  

end of PDU 10 is  n o t  a r e s u l t  of i nc reased  hydrogenat ion b u t  

probably r e s u l t s  from a decreas ing  removal of p a r a f f i n s  from 

t h e  d i s t i l l a t e  r e c y c l e  so lven t .  

PDU 10 r e c y c l e  d i s t i l l a t e s  have a lower phenol conten t  chan 

those  from PDU 5 o r  9 .  Phenol ic  conten t  increased  g radua l ly  

throughout  t h e  run,  .evidence of dec l in ing  c a t a l y s t  a c t i v i t y .  

Tha compoaition of t h e  THF oo lub le  r c o i d  i a  o i m i l a r  f o r  

Syncrude runs  PDU 5,  9 and 10 r e g a r d l e s s  of f eed  coa l .  



B. LUMMUS TWO-STAGE LIQUEFACTION (TSL) AND LC-FINING OPERATIONS 

We have received 116 Lummus SCT, ASDA, and LC-Fining samples 

as of 9/15/81. As applicable, all samples have been distilled, THF 

extracted, ashed and analyzed by 'H-NMR and solvent fractionation. 

Various other analyses were performed on some of the samples. We con- 

clude the following. 

The solvent quality of the distillate portion of the TSL 

pasting solvent is very good. The microautoclave tests used 

to characterize SRC-I and H-Coal recycle distillates are not 

applicable to the Lumrnus solvents because all of them gave 

essentially the maximum conversion (?. 90%) achievable with 

the Indiana V coal used in the test. 

The first stage (short contact time or SCT unit) product 

quality, as preasphaltene content, is unaffected by space 

velocity over the range 115-190 lb/hr/ft3. This might be 

expected in the largely thermal first stage reaction. Product . 

preasphaltene content was positively correlated to feed pre- 

asphaltene content, feed distillate content and feed distil- 

late aromaticity while it was negatively correlated to the 

ratios of condensed/uncondensed aromatics and cyclic/alkyl 

aliphatics in the feed distillate. It may be possible to 

use these correlations to optimize SCT operations. 

There appears to be no chemical alteration or physical frac- 

tionation of the 850°F+ components during their transit 

through the antisolvent deashing (ASDA) unit. However, addi- 

tional work is planned to determine if any selective physical 

fractionation is performed on the 850'~' solubles. 

The coal conversion to THF solubles obtained in the process 

does not all occur in the f i r s t  stage. Additional conversion 

of THF insolubles to THF solubles takes place in the LC-Finer. 

In the LC-Finer operations with Wilsonville SRC feeds, low 

severity operation ulaii~tail~ed product selectivity longer than 

high severity operation. Also, regeneration of the deacti- 

vated catalyst restored preasphaltene conversion and distil- 

late hydrogenation but selectivity to desired products was 

lost. 



Sectinn 3 

EXPERIMENTAL 

Experimental descriptions were given in the first two quar- 

terly reports. 



Sec t ion  4 

RESULTS AND DISCUSSION 

A. RECYCLE OILS FROM H-COAL PDU RUN 10 

Proton D i s t r i b u t i o n  of t h e  HO Soluble  Resid.  Proton D i s t r i -  

bu t ions  were determined on s e l e c t e d  THF s o l u b l e ,  9 7 5 0 ~ '  HO r e s i d s  

and a r e  given i n  Table 4-1. The a roma t i c i ty  r i s e s  throughout t h e  run 

a s  t h e  concen t r a t ions  of b e t a  and gamma pro tons  decrease .  Th i s  is  

t h e  oppos i t e  of t h e  behavior  of t h e  d i s t i l l a t e s  a f t e r  day 15 though 

t h e  magnitude of t h e  change is  much l e s s .  

Below a r e  average pro ton  d i s t r i b u t i o n s  f o r  t h e  HO s o l u b l e  

r e s i d s  of  PDU Runs 5 ,  8 ,  9 and 10. 

PDU 
Run Run Days Feed Coal Mode Aromatic Alpha Beta Gamma 

5 12-30 I l l i n o i s  6 Syncrude 46.5 30.2 18.5 4.8 

8 11-15 I l l i n o i s  6 Fuel  O i l  44.1 31.3 19.9 4.7 
8 17-23 I l l i n o i s  6 In te rmedia te  42.0 32.4 20.7 4.9 

9 12-30 Kentucky, 11 Syncrude 43.7 32.1 19.9 4.3 
10 17,19,26, Wyodak Syncrude . 45.7 28.2 21.3 4.9 

34,40 

There is very  l i t t l e  d i f f e r e n c e .  'H-NMR s p e c t r a  from t h e  va r ious  runs  

appeared n e a r l y  i d e n t i c a l  except  t h a t  t hose  from PDU 10 (Wyodak) had a 

no t i ceab ly  l a r g e r  p a r a f f i n  -CH2- peak t h a t  r e s u l t s  i n  a somewhat l a r g e r  

percentage  of b e t a  pro tons .  

Solvent  f r a c t i o n a t i o n  ana lyses  prev ious ly  showed t h e  HO s o l -  

ub le  r e s i d s  from t h e  t h r e e  Syncrude r u b  t o  be  very s i m i l a r  r e g a r d l e s s  

of f eed  coa l .  

Microautoclave Ex t r ac t ions .  Se l ec t ed  PDU 10 r e c y c l e  d i s t i l -  

lates were used t o  e x t r a c t  Ind iana  V Old Ben #1  mine c o a l  i n  t h e  micro- 

au toc l ave  (MAC). The r e s u l t s  a r e  r epo r t ed  i n  Table 4-2 a long  wi th  

average va lues  f rnm PnTT R~ins  5 ,  8 and 9. The va lues  f o r  PDU Runs 5 ,  8 

and 9 are averages of t h r e e  samples from t h e  beginning,  middle and end 

of t h e  t h r e e  PDU runs.  These MAC runs  were a l l  made wi th  t h e  same . 

ba tch  of Indiana  V coa l .  Th i s  is  n o t  t h e  same c o a l  used f o r  t h e  micro- 

au toc l ave  runs  wi th  t h e  Lummus TSL samples. 



Table 4-1 

Run 

Day 

Proton Dis t r ibu t ions  of HO Soluble Resid 

Aromatics 

41.1  

43.0 

45.1  

44.5 

44.6 

45.1 

47 .1  

47.3 

Alpha 

27.5 

26.7 

28.0 

28.1 

28.4 

28.4 

28.1 

27.6 

Beta 

25.3 

24.1 

22.2 

22.4 

21.5 

21.9 

20.3 

20.5 

Gamma 

6.2 

5.4 

4.7 

5 .0  

5.5  

4 .6  

4.5 

4.7 



Table 4-2 

Microautoclave Conversions With 
H-Coal Samples 

Conversion to  THF 
Solubles, 

w t  % MAF Coal 
Sample Type Run Day KIN EQ 

HO D i s t i l l a t e  5 
9 

14 
17 
19 
2 6 
34 

Avg. PDU 5 
Avg. PDU 8 
Avg. PDU 9 

COT 

Avg. PDU 5 
Avg. PDU 8 
Avg. PDU 9 

KIN = 7 5 0 ° ~ ,  10 min, 811 S I C .  
EQ = 750°F, 30 min, 211 SIC. 



Both PDU 10 recycle  d i s t i l l a t e  streams (COT and HO d i s t i l l a t e )  

d e t e r i o r a t e d  i n  q u a l i t y  (conversion) between days 5 and 14 a t  both the  

K I N  and EQ condi t ions .  This could be predicted from the  'H-NMR da ta ( ' ' * )  

because the  d i s t i l l a t e s  became both more aromatic and more p a r a f f i n i c  

while becoming l e s s  hydroaromatic over t h a t  period. This is  l i k e l y  an 

e f f e c t  of c a t a l y s t  deact ivat ion.  

A t  r e s t a r t  on day 15, condit ions w e r e  changed. The space 

v e l o c i t y  was lowered and c a t a l y s t  add i t ion  r a t e  was increased. Also, 

a t .  t h a t  time, t h e  used c a t a l y s t  was washed and ca. 20% was replaced by 

f r e s h  su l f ided  c a t a l y s t .  Hydrogenated anthracene o i l  was used a s  re- 

s t a r t u p  o i l .  These changes produced good q u a l i t y  recycle  d i s t i l l a t e s  

f o r  day 17. On day 18, make-up hydrogenated anthracene was added- 

r e s u i t i n g  i n  good q u a l i t y  recycle  d i s t i l l a t e s  on day 19, For those 

samples t e s t e d  i n  t h e  microautoclave, l iquefac t ion  q u a l i t y  declined 

a f t e r  day 19 f o r  both recycle  s t r eams .as  measured by both microauto- 

c lave  condit ions.  The COT-26 sample.gave an unusually low conversion 

a t - ' t h e  K I N  condi t ion  and'may be a .bad d a t a  point .  Af te r  day 19, both 

d i s t i l l a t e  streams became . l e s s  aromatic and more p a r a f f i n i c .  The 

i n ' c r e a s i n g ' p a r a f f i n i c  nature  of ' the  d i s t i l l a t e s  reduced solvent  q u a l i t y  

a s  t h e  run progressed. 

Cursory inspect ions  of t h e  GC/MS of t h e  d i s t i l l a t e s  confirms 

t h a t  a major inc rease  i n  the concentrat ion of normal, branched and 

c y c l i c  p a r a f f i n s  occurred from day 19 to 40. These compo~~nds w e r e  

c e r t a i n l y  not - ' -oreated  by r ing  opening hydrogenation reac t ions  of 

aromatics b u t 3 a r e  primary coal  products produced i n  much higher  quan- 

t i t y  from Wyodak coal '  than e i t h e r  12linois  6 o r  Kentucky 11 coals .  

P a r a f f i n s  may be  removed from t h e  d i s t i l l a t e  stream by cracking t o  

flght gases. In PUW' 10,. the  yield. 'of C1 x C7 hydrocarbon gases 

decreased from day 19 t o  40 paralle12ng t h e  increased concenGration 

of p a r a f f i n s  i n  t h e  recycle  d i s t i l l a t e .  Therefore, w e  take  t h e  

increas ing p a r a f f i n i c i t y , o f  the d i s t i l l a t e s  t o  be a r e s u l t  o f  a 

decreasing a c t i v i t y  toward pa ra f f in .  removal and not  of increas ing 

hydrogenat ion a c t i v i t y  . . . 

The average MAC conversions from P D U ' 5  and 9 d i s t i l l a t e s  

a r e  comparable t o  one another a s  predic ted  by 'H-NMR and a r e  consid- 

e rab ly  higher than MAC conversions from PDU 8 d i s t i l l a t e s  which i n  



t u r n  a r e  higher than MAC conversions from PDU 10 d i s t i l l a t e s .  We con- 

clude t h a t  i n  Syncrude mode opera t ions ,  the  bituminous coa l s  produce 

b e t t e r  q u a l i t y  recycle  d i s t i l l a t e s  than wyodak coa l ,  i n  p a r t  because 

of t h e i r  less p a r a f f i n i c  na tu re .  

There were more d i f fe rences  than j u s t  .feed coa1,between PDU 5, 

9 and 10; notably c a t a l y s t ,  c a t a l y s t  add i t ion  r a t e  and space v e l o c i t y  

but  w e  be l i eve  these  t o  be l e s s  of a  f a c t o r  (over t h i s  range) than t h e  

feed coa l  was toward d i s t i l l a t e  composition,and q u a l i t y .  

For a l l  four PDU runs we inspected,  t h e  HO d i s t i l l a t e s  gave 

better,MAC performance than t h e  corresponding COT sample. This  may,be 

a r e s u l t  of t h e  higher b o i l i n g  point  d i s t r i b u t i o n  of t h e  HO d i s t i l l a t e s .  

HRI  ran  d a i l y  COT samples i n  t h e i r  microautoclave a t  the  

K I N  condi t ions  ( 3 ) .  I n  general ,  t h e i r  conversion values were c lose .  t o  

ours  but  ca. 2% lower. The d i f f e r e n c e  may be due t o  procedural  d i f -  

ferences  o r  a  d i f f e rence  i n  t h e  a c t i v i t y  of ,the feed c o a l . .  Our s tudy.  

used "A" period samples, while HRI ran  MAC experiments on "B!'.period.- 

samples. I n  t h i s  s tudy w e  found t h e  EQ condi t ions  t o  be.more s e n s i t i v e  

t o  so lvent  properties. .  

Concentration of Phenolic -OH. The. concentra t ion  of phenolic  

-OH i n  the  COT and s e v e r a l  HO d i s t i l l a t e  samples w e r e  determined by , 

der iva t i za t2on  with a,a , a - t r i f  luoroacety l  ch lo r ide  followed b y  "F-NMR. 

This  method w i l l  a l s o  d e t e c t  a lcohols  but  n0r.e were observed. The . .  

values a r e  given i n  Table 4-3. Over the  f i r s t  s e c t i o n  of PDu 10, from 

days 4 to .  10, t h e  concentrat ion of' phenolic .$H i n  t h e  .COT increased 

from 0.4 t,n 0.6 meqlg. This can be. accounted .fo,r: by the  inc rease  in:. 

space v e l o c i t y  from ca. 28 t o  ca...32 l b ~ / h r / f t , ~  .and by "ca ta lys t  deact i -  

va t ion  t h a t  probably occurred rap id ly  during t h e  beginning of the  run 

r e s u l t i n g  i n  less hydrodeoxygenatiQn. . .  . . 

Space v e l o c i t i e s  f o r  the , .per iod  from day 11 t o  15 averaged 

only ca.  20 l b s ~ h r ~ f t . ~ .  Small amounts of hydrogenated anthracene o i l  

w e r e  added t o  the  syatem on days 13 and 14. These two f a c t o r s  a r e  prob- 

ably  responsib le  f o r  t h e  reduction .in phenolic  -OH concentra t ion  over 

t h a t  period.  

. . 



Hydrogenated anthracene oil was used as the start-up oil 

during the re-start on day 15 which substantially reduced the phenolic 

concentration on days immediately following. Contributing factors 

were that the used catalyst was washed with fuel oil., ca. 10% fresh 

sulfided catalyst was added to the reactor inventory, catalyst addi- 

tion rate was increased and space velocity was lowered. Make-up hydro- 

genated anthracene oil was added to the system on days 18 and 22 

causing temporary reductions in the phenolic -OH concentration immediately 

thereafter. 

From day 16 to 34, the phenolic concentration increased in a 

fairly smooth manner which may be a result of catalyst deactivation, 

Days 39 and 40 have low concentrations of phenols, undoubtedly due to ' 

the accidental dilution of the COT in the PDU by /I2 fuel oil. Day 35 

has an unexplainably low value and days 36 and 37 both have relatively 

low values. 

Average COT phenolic concentations are compared below for 

Syncrude runs PDU 5, 9 and 10. 

PDU Run Phenolic .-OH Con- 
Run Days Feed Coal centration, meq/g - 
5 12-31 Illknols: G 0.62 
9 12-30 Kentucky 11 '0.64 
10 16-40 Wyodak 0.38 

PDU 10 COT samples are considerably less phenolic than th.ose from the 

bituminous coals. Other work(4). has shown Wyodak Syncrude naphtha to 

contain less oxygen than that from Illinois 6 coal which has less than 

that from Kentucky 11 coal. 

The phenolic concentration in the HO distillate is somewhat 

lower than that of the corresponding COT sample. This was also seen 

for PDU 5 and 9. The COT samples have a lower boiling point distri- 

bution so this may suggest that the majority of phenols present are 

low molecular weight. 



Table 4-3  

Run 

Day 

Concentration of Phenolic -OH by 
Der ivat iza t ion Followed by ' 'F-NMR 

H-Coal PDU Run 10 

Concentration of Phenolic -OH, meq/g 
COT HO D i s t i l l a t e  



B. LlJMMUS TSL AND LC-FINING OPERATIONS 

1. Short  Contact Time Liquefact ion 

The SCT u n i t  i s  the  f i r s t  s t a g e  of t h e  Lummus TSL process. 

Pas t ing  so lven t s  (PS), cons i s t ing  of d i s t i l l a t e ,  so lub le  and insol -  

ub le  r e s i d ,  and ash ,  a r e  used t o  s l u r r y  coa l  which is  then l i q u e f i e d  

i n  a tubular  r e a c t o r  a t  res idence  times of 5-10 minutes. We have 

received samples from twenty SCT run per iods ;  t h e  opera t ing  condi t ions  

a r e  given i n  Table 4-4. While space v e l o c i t y  was ,va r i ed  considerably,  

t h e  o t h e r  run conddtions, except f o r  pas t ing  solvent  composition, 

have 'been e s s e n t i a i i y  invar i an t .  For four  of the runs (12, 13, 14-1 

and 19-5) w e  rece ived feed s l u r r y  ins tead  of PS samples. Because t h e  

presence of t h e  f e ed  coa l  Interferes with our a n a l y t i c a l  yrucedures 

t h e s e  run  per iods  a r e  not  included i n  our da ta  i n t e r p r e t a t i o n s ,  and 

most of the  d i scuss ion  below concerns t h e  remaining 16 run periods.  

The component d i s t r i b u t i o n s  of t h e  SCT samples a r e  given i n  

Tables 4-5 and 4-6. The "mass balance" i n d i c a t e s  t h e  recovery of t h e  

sample through t h e  d i s t i l l a t i o n  which comprises t h e  f i r s t  p a r t  of t h e  

a n a l y t i c a l  procedhre ( c f .  Sect ion 3 ) ,  and averages around 99%. PS 

d i s t i l l a t e  con ten t s  range from 4.6% t o  78%. Subs tan t i a l  q u a n t i t i e s  of 

I O M  and ash are a l s o  present  i n  some'.of t h e  PS samples. 

The THF ~ o l u b l e  r e s i d s  (85u°F1") were analyzed fnr n i l s  

(hexane soluble) ,asphal tenes  (benzene soluble/hexane i n s o l u b l e h a n d  

preasphal tenes  (pyr id ine  soluble/benzene insoluble) .  These da ta  are 

given i n  Tables 4-7 and 4-8. Again, t h e  PS show s u b s t a n t i a l  var ia-  

t i o n s ,  with preasphal tenes  ( f o r  example) ranging from 16% t o  40% of 

t h e  THF so lub le  r.esid. Heavy o i l  (HO) products a l s o  show s i g n i f i c a n t  

v a r i a t i o n s ,  wi th  preasphaltenes ranging from.38% t o  60%. 

The d i s t i l l a t e  f r a c t i o n s  were analyzed by 'H-NMR t o  g ive  t h e  

proton d i s t r i b u t i o n s  shown.in Tables 4-9 and 4-10. Since the  PS a r e  

composited from LC-Finer products ,  a wide range of hydrogenation is 

p o s s i b l e ,  and i s  evident  i n  these  data .  



Table-  4-4 

Shor t  Contact  Time Run Condit ions 

Prehea t e r  
c o a l  Space O u t l e t  P rehea te r  H2 

Run No. , Rate  Concentrat ion,  Temperature, Pre'ssure,  p s i g  
Per iod ,  Date l b lh r - f  t3  % MF Coal OF I n l e t  O u t l e t  



Table 4-5 

Component Distribution Short Contact Time Samples 

THF 
270"~-15 torr Soluble Oxidized Mass 

Sample Distillate Resid IOM Ash Balance 



Table 4-6 

Sample D i s t r i b u t i o n s  - Shor t  Contact  Time P a s t i n g  
Solvents  (PS) and Heavy O i l  (HO) Products  - Run SCT19 

THF Soluble  
Period D i s t i l l a t e  Resid IOM - Ash - 

Operat ing Condit ions - Run SCT19 

Coal Ou t l e t  T o t a l  P r e s s u r e  
Per iod  Space Rate  Concentzat ion Temperature I n l e t  O u t l e t  



Table 4-7 

+ 
Solvent Fractionation of THF soluble 270°c 15 torr 

Resid Short Contact Time Samples 

Wt % of THF Soluble Resid 
Oils Asphaltenes Preasphal tenes Sample 

SCT 16-PS 128 1 
PS2281 
4PS 1381 
5PS2381 
BPS3381 



. , 

Table 4-8 

Solubility Fractionations - Run SCT19 

Wt % 850"~+, THF Solubles 
Period Sample Oils Asphaltenes Preasphaltenes 



Table 4-9 

Proton Distributions 
Short Contact Time Distillates, ( 8 5 0 ~ ~ ~ )  

Condensed Uncondensed Cyclic Alkyl Cyclic 
Sample Aromatics Aromatics a a I3 

SCT 14-1F11280 
PS2 1280 
PS31280 
PS41280 
P351200 
1H011280 
H02 1280 
H031280 
H04 1280 
H051280 

Alkyl 
B v  



Table 4-10 

Proton Distributions by 'H-NMR - SCT Run ,I9 
Pasting ~ d l v e n t  (PS) and Heavy O i l  (HO) D i s t i l l a t e s  (85o0I?-) 

Condensed Uncondensed Cyclic Alkyl Cyclic Alkyl 
Period Sample Aromatics Aromatics a -  a f3 A L L  



The SCT pas t ing  solvents  obviously show s i g n i f i c a n t  var ia-  

t i o n s  i n  composition. Given t h e  l a rge ly  invar ian t .  SCT opera t ing 

condi t ions  (T, P, s l u r r y  concentrat ion) i t  should be poss ib le  t o  

assess t h e  e f f e c t ,  i f  any, of PS composition on SCT product compo- 

s i t i o n .  W e  have taken two approaches t o  t h i s  question: (1) deter -  

mining t h e  q u a l i t y  of PS d i s t i l l a t e s  a s  hydrogen donor solvents  i n  

s tandard  microautoclave tests, and (2) c o r r e l a t i n g  HO compositions 

wi th  PS compositions. The r e s u l t s  a r e  described below. 

Microautoclave Extract ions Usinn PS D i s t i l l a t e s .  The dis- 

t i l l a t e  f r a c t i o n s  of t h e  PS have been used i n  standard microautoclave 

tests previously d e ~ c r i b e d ( " " ~ ) .  Two run condit ions (EQ: 7 5 0 ° ~ ,  

211 SIC, 30 min and K I N :  75O0I?, 011 SIC, 10 min) lrave bean used pre- 

vious ly  with SRC-I(') and ~ - ~ o a l ( ~ )  l i q u i d s  and a considerable body 

of d a t a  e x i s t s  descr ib ing a so lven t ' s  q u a l i t y  by its a b i l i t y  t o  con- 

v e r t  a s tandard coa l  t o  THF so lub les  a t  these  condit ions.  The coal  

used i n  these  tests is t h e  same Indiana V (Old Ben 81) used i n  

Lummus' TSL opera t ions .  A s  shown i n  t h e  previous quar te r ly  r e p o r t ( 2 )  

i t  is  equivalent  t o  t h a t  used previously with SRC-I  solvent^(^). The 

r e s u l t s  with t h e  SCT PS samples (Table 4-11) show conversions of 

8U-902 a t  t h e  EQ condi t ions  f o r  a l l  of t h e  PS samples t e s ted .  This is 

e s s e n t i a l l y  t h e  maximum conversion ( t o  THF solubles)  a t t a i n a b l e  with 

t h i s  c o a l  a t  t h e  condi t ions  used. Typical SRC-I solvents  give con- 

ve r s ions  of 65-75%( ' ), and 8-Coal recycle  d i s t i l l a t e s  ( a l s o  made 

wi th  mid-continent bituminous coals)  g ive  conversions of 75-85% ( 6, . 
Because the  standard EQ test was not  a b l e  t o  d i f f e r e n t i a t e  between 

t h e  PS samples, t h e  test was modified by reducing the  solvent /coal  

r a t i o  t o  1.511 i n  an attempt t o  e f f e c t  more complete donor hydrogen 

dep le t ion  of t h e  solvents .  Again, t h e  conversions w e r e  e s s e n t i a l l y  

constant  a t  89-902 (Table 4-11). Thfa leads  us  t o  conclude ehae ehe 

PS a r e  of .such high q u a l i t y  t h a t  t h e  d e f i n i t i o n  of soivent  q u a l i t y  

which has  been app l i cab le  t o  H-Coal and SRC-I d i s t i l l a t e  recycle  

solvents-  is  not  .useful  i n  d i f f e r e n t i a t i n g  among the  PS d i s t i l l a t e s .  



Table 4-11 

Microautoclave Extractions of Indiana V Coal 
With SCT Distillates (850°F-) 

Conversion to. THI? Solubles, 
wt % MAF Coal 
211 SIC 1.511 SIC 

KIN A EQ 



Conversions a t  the  K I N  condi t ions ,  which a r e  meant t o  mea- 

s u r e  hydrogen donor k i n e t i c s ,  average around 82% f o r  the  PS d i s t i l -  

l a t e s .  Several  of t h e  so lven t s  do show conversions s i g n i f i c a n t l y  

above t h i s  norm, p a r t i c u l a r l y  SCT14-PS-2-1280 and SCT15-PS-3181. 

D i s t i l l a t e s  from SCT14-PS-3-1280 and SCT14-PS-4-1280 give  s i g n i f i -  

c a n t l y  lower conversions.  This i s  not  s u r p r i s i n g  s ince  t h e  'H-NMR 

d a t a  show t h e  former t o  be high i n  condensed aromatics and t h e  l a t t e r  

t o  be  low i n  condensed aromatics r e l a t i v e  t o  the  norm f o r  the  PS d i s -  

t i l l a t e s  (Table 4-9). Given t h e  su rp lus  of donor hydrogen a v a i l a b l e ,  

a s  evidenced by t h e  EQ r e s u l t s  and f u r t h e r  insured by t h e  high sol -  

v e n t l c o a l  r a t i o  a t  t h e  K I N  condi t ions ,  i t  seems l i k e i y  t h a t  d i f f e rences  

i n  so lven t  q u a l i t y  a s  measured by the  K I N  condi t ions  r e f l e c t  d i f f e r -  

ences i n  t h e  physica l  so lvent  p r o p e r t i e s  of these  solvents .  That is ,  

more aromatic so lven t s  a r e  b e t t e r  physica l  so lvents  and w i l l  g ive  

h igher  K I N  conversions i n  t h e  presence of adequate donor hydrogen. 

Typical  SRC-I so lven t s  g ive  conversions of 75-80% a t  t h e  

K I N   condition^(^), whi le  H-Coal recycle  d i s t i l l a t e s  average near  

8 0 % ( ~ ) .  The f a c t  t h a t  these  va lues  l i e  much c l o s e r  t o  t h e  TSL-PS 

values  than do t h e  EQ r e s u l t s  i n d i c a t e s  t h a t  t h e  same kinds of donor 

hydrogen mechanisms a r e  opera t ive  f o r  a l l  t hese  so lven t s ,  and t h a t  

d i f f e rences  a r e  more i n  t h e  quan t i ty  of donor hydrogen ava i l ab le .  

Conversion wi th  t h e  HO (product) d i s t i l l a t e s  a t  t h e  EQ condi t ions  

average s e v e r a l  p o i n t s  lower than the  corresponding PS d i s t i l l a t e s .  

A t  t h e  KIN cond i t ions ,  conversions a r e  about t h e  same f o r  feed and 

product d i s t i l l a t e s .  This  too is evidence f o r  t h e  donor hydrogen 

mechanism implied above. 

Cor re la t ion  of SCT Operating Resul ts  With PS Q u a l i t y .  The 

r e s u l t s  above e s t a b l i s h  t h e  PS d i s t i l l a t e s  a s  remarkably high q u a l i t y  

hydrogen donor so lven t s .  However, i n  SCT opera t ions  t h e  PS composi- 

t i o n  inc ludes  varying amounts of d i s t i l l a t e ,  and varying q u a l i t i e s  

of r ecyc le  r e s i d .  I n  add i t ion ,  t h e  space v e l o c i t y  i n  t h e  SCT u n i t  

was va r i ed  over a  wide range. The f a c t  t h a t  t h e  PS d i s t i l l a t e s  were 



not  s t r i c t l y  equ iva l en t  a t  t h e  K I N  cond i t i ons ,  c o n s i s t e n t  wi th  d i f -  

f e r ences  i n  t h e i r  p r o t o n ' d i s t r i b u t i o n s ,  a rgues  f o r  an a t tempt  t o  

c o r r e l a t e  o v e r a l l  PS composition wi th  SCT u n i t  performance. The w t  % 

preasphal tene  i n  t h e  HO (product)  r e s i d  was s e l e c t e d  a s  t h e  response 

v a r i a b l e  f o r  t h i s  i n t e r p r e t a t i v e  e f f o r t  f o r  severa l '  reasons:  

Since SCT c o a l  conversions (e.g.', t o  THF s o l u b l e s )  a r e  
e s s e n t i a l l y  cons tan t  a t  32%, v a r i a t i o n s  i n  t h e  preasphal-  
t ene  content  should b e  a good i n d i c a t i o n  of u n i t  per- 
formance. 

The preasphal tene  content  of t h e  HO r e s i d  is  l i k e l y  t o  have 
an impact on subsequent ASDA and LC-Finer pro.cessing. 

+ The preasphal tene  con ten t ,  on a w t  % 850°F THF s o l u b l e  
b a s i s ,  is i n v a r i a n t  t o  t h e  amount of l i g h t  d i s t i l l a t e  and 
gases  removed i n  t h e  post-SCT p res su re  letdown and can,  
t h e r e f o r e ,  be  e s t a b l i s h e d  wi th  a h igh  degree of c e r t a i n t y .  

The independent v a r i a b l e s  chosen f o r  t h e  c o r r e l a t i o n  a r e  

g iven  i n  Table 4-12 and f a l l  i n t o  t h r e e  c a t q g ~ r i e s ,  . . 
1. Unit  Operat ing Parameters.  Only space  v e l o c i t y  was used. 

Temperature, p re s su re  and c o a l  concent ra t ion  were no t  

s i g n i f i c a n t l y  va r i ed  i n  t h e  Lummus runs.  

2. PS Resid Qual i ty .  The amount of d i s t i l l a t e  i n  t h e  PS and 

t h e  amount of preasphal tenes  i n  t h e  PS r e s i d  s e r v e  t o  s c a l e  

t h e  c o r r e l a t i o n  t o  account f o r  t h e  l i k e l i h o o d  t h a t  h igh  

preasphal tenes  i n  t h e  PS w i l l  produce h igh  preasphal tenes  

i n  t h e  product .  

3. PS D i s t i l l a t e  Qual i ty .  The t h r e e  pro ton  type  r a t i o s  used 

h e r e  a r e  l i n e a r l y  independent and have been shown i n  pre- 

v ious  work(5) t o  provide a v a l i d  q u a n t i t a t i v e  d e s c r i p t i o n  

of so lven t  q u a l i t y .  

These s i x  v a r i a b l e s  were used i n  a m u l t i p l e  l i n e a r  r e g r e s s i o n  wi th  

t h e  HO res ' id  preasphal tenes  and t h e  r e s u l t s  a r e  g iven  i n  Table 4-13. 

Using a l l  s i x t e e n  d a t a  -poin ts  a v a i l a b l e  gave a c o r r e l a t i o n  c o e f f i -  

c i e n t  of 0.86 ( r 2  =. 0.'74) with an average ( abso lu t e )  e r r o r  between 

c a l c u l a t e d  and observed va lues  of 2.2%. Two d a t a  p o i n t s  a r e  pas-. 

t i c u l a r l y  poorly c o r r e l a t e d  (SCT15-1 and SCT19-7), and e l imina t ing  



Table 4-12 

Correlation of Pasting Solvent Quality and Preasphaltene Content 
of 30 Resid - Input Parameters and Correlation Ccastants 

Resid Quality Distillate PS Solvent ~uality* 
Space X Distillate % Preasphaltenes Aromatic Cmknsed Cyclic % Preasphaltenes 

Run Period Velocity - in PS in PS Resid Aliphatic Unmridensed Alkyl . in HO Resid 
.. . , 

' *  Proton rati~s from 'H-NMR spectre of FS distillates, Tables 4-5 and ,$-lo. 



. . Table 4-13 

Comparison of Observed and Calculated 
Preasphaltenes in THF Soluble HO Resid 

16 Point Correlation 14 Point Correlation 
'% Preasphal tenes % Preasphaltenes 

in HO Resid in HO ~esid 
Run Period Calculated . Observed Calculated Observed - 

Average (Calc-Obs) 
Correlation Coefficient 



these gives the 14-point correlation with r2 = 0.96 and an average 

error of 1.2%. This is about the experimental uncertainty of the 

preasphaltene measurement. The correlation is plotted in Figure 4-1. 

The effects of the individual term in the correlation can 

be determined from the correlation constants, Table 4-14. The data 

in Table 4-14 include the signed values of the constants for both the 

16 and 14 point correlations, and the average response (the constant 

times the average value of a variable) and response range (the stan- 

dard deviation of the variable times the correlation constant) for 

the 14-point correlation. 

The space velocity has no sfgnificant effect on the pre- 

asphaltenes in the HO resid. The response range (1.3%) is within 

experimental uncertainty. 

The amount of distillate in the PS has a positive corre- 

. lation with HO preasphaltenes. This suggests that a higher boiling 

recycle distillate is desirable in the.SCT unit, the other variables 

being held constant. As expected, the PS preasphaltenes show a 

strong positive correlation with the HO preasphaltenes. We will be 

receiving data from Lummus which will allow us to calculate balances 

around the SCT unit, .and we will investigate whether the PS pre- 

asphaltenes are simply carried through the SCT unit or if they are 

converted to lighter product.. 

The three parameters . describing . the PS distillate solvent 

quality have significant impacts on HO resid preasphaltenes. In- 

creasing the cyclic/alkyl aliphatic and condensed/uncondensed aro- 

matic proton ratios reduce preasphaltenes, at a constant aromatic/ 

aliphatic ratio. Increased aromaticity increases the preasphaltene 

yield. These three parameters define the balance that must be 

achieved in the LC-Finer unit to optimize recycle distillate quality. 

Too little hydrogenation, while it may increase the condensed/uncon- 

densed ratio, will also raise total aromaticity and reduce cyclic/ 

alkyl aliphatics (e.g., SCT15-3). Over hydrogenation, while reducing 



Figure 4-1 

Comparison o f  Calculated and Observed SCT 
Heavy O i l  Product Resid Compositions : w t  

% Preasphal tenes i n  850°F' THF Soluble Resid 

- - 
Observed (wt %) 

. . 



Table 4-14 

Correlation of Pasting Solvent Compasitian.With Heavy Oil Preasphaltenes - Correlation Constants 

F-eaid Quality Distillat2 PS Solvent Quality 
~orrelat iona Space X Distillete % Preasphaltenes Aromatic Condensed Cyclic 

Constants (Ci) Velocity in PS in PS Resid Aliphatic Vmcondensed Alkyl Constant (Co) 

16 pt. -0.006 0.101 - 0.519 24.58 -2.81 -12.62 36.40 
14 pt. -0.022 0.161 0.646 18.30 -3.60 -16.23 38.99 

Avg. Response 
b -3.5 10.5 20.0 6.2 -8.5 -16.5 39 .O 

< c iT) 
Response Range 

b 1.3 2.9 
(2 a Ci) 

6 
a% preasphaltenes in HO resid = Z CiXi where X. is the value of a given variable. 

i=o 
1 

b~ased on 14-point correlation. 



total aromatics, will also reduce condensed aromatics and cyclic1 

alkyl aliphatics (perhape'seen in SCT16-6). In summary, the,ideal 

PS would exhibit the following properties. 

e The distillate content would be reduced, perhaps by 
increasing its IBP. 

a The preasphaltene content would be reduced, if this 
can be done in the LC-Fining step without sacrificing 
donor hydrogen properties. 

e The distillate hydrogenation would be controlled to 
promote hydroaromatic formation, but without cracking 
of condensed aromatics to alkylated mono-aromatics. 
This trade-off must be experimentally determined but 
can be monitored using the three proton ratios. It 
may, for example, be possible to improve solvent qual- 
ity by reducing LC-Finer severity, although with a 
probable decrease in 850°F+ conversion to 850°F-. 

2. Antisolvent Deasher (ASDA) Operation 

Samples of feed, overflow and underflow from two ASDA runs . . 
(128 and 129) were analyzed to determine if any fractionation of the 

soluble material occurs in the unit. The idea that the antisolvent 

precipitates a portion of the solubilized coal, which agglomerates 

the ash and IOM causing it to settle more rapidly, suggests an 

enrichment of, probably, the preasphaltenes in the underflow. 

Component distributions of the ASDA samples are given in 

Table 4-15.  he. effective removal of TOM. and ash from the overflow 
are apparent. Table 4-16 presents the solubility fractionations'of 

the 850"fl THF solubles from these samples. ASDA 128 does show a 

slight enrichment of preasphaltenes in the underflow, with a ' corres- 

ponding decrease in the overflow. The data from ASDA 129, which are 

very similar to the ASDA 128 data, show no apparent trend. At best, 

the ASDA 128 data show a very slight fractionation of preasphaltenes. 

While the differences are outside of the experimental uncertainty - 
of 'the analytical method (% 1% for each solubility fraction) it is 

possible that sampling, sample handling, work-up, etc. could effect 

the small differences observed. 850'e mass balanced around the 

ASDA, based on a forced ash balance (Table 4-17) are good, indicating 



Table 4-15 

Run - 

Antisolvent Deasher (ASDA) Feeds OverfLows 
and Underflaws, Component Distributim~s 

Wt- % of Total Semple 
S 3mp le Distillate Oils Aspha~tenes Preas3haltenes IOM - Ash - 

ASDA 128 Fezd 42.8 13.9 11.3 
O ~ r f  low 46.5 17.0 13.3 
Underflow 44.4 9.7 8.3 

ASCA 129 Feed 43.0 15.5 10.2 21.1 5.1 4.6 
Overflow 40.7 19.2 14.3 25.3 0 .1  0 .1  
Underflow 40.6 9.6 7.6 13.7 15.6 11.8 



Table 4-16 

Solubility Fractionations - Antisolvent Deasher Feeds, 
Overflows and Underf lows, 85o0+ THF Solubles 

Wt % 850°F'+, THF Solubles 
Run - Sample Oils - Asphaltenes Preasphal tenes 

ASDA 128 Feed 29.9 24.2 
Overflow 32.3 25.3 
Underflow 28.0 24.1 

ASDA 129 Feed 33.2 21.7 
Overflow 32.6 24,4 
Underflow 3 1  .O 24.6 



~ n t  isdlvent ~ e a s h e r  - Mass Balances. 
of 850°+ components - Forced Ash Balance 

ASDA 128 . 

observed IN 24.6 19.9 37 .8  9.4 8.2 

ASDA 129 

Observed I N  27.4 18.1 37.3 9 .O 8.1 

26.2 calculated OUT 19.8 - 35.2 10.7 8 . 1  

% OUTlIN 95.6 109.4 94.6 118.9 100.0 



Table 4-18 

Proton Distributions by 'H-NMR 
Antisolvent Deasher (ASDA) Distillates (850°~-) 

. . 

Condensed 
Run Sample Aromatics - 

128 Feed 22.5 
Overflow 23.9 
Underflow 23.5 

129 Feed 23.6 
Over flow 28.8 
Underflow 23.4 

Uncondensed Cyclic 
Aromatics a 

Alkyl 
a 

8.6 
11 .o 
13.8 

Cyclic 
B 

Alkyl 
B 



no chemical a 1  t e r a t  ion- of the  850°F+ components during t h e i r  t r a n s i t  

through t h e  ASDA u n i t .  W e  w i l l  be  analyzing add i t iona l  ASDA sample 

sets, and expect t o  rece ive  feed and product r a t e  da ta  t o  allow us 

t o  c a l c u l a t e  unforced balances. These may help t o  understand the  

ASDA phenomenon. W e  w i l l  a l s o  be f u r t h e r  analyzing the  whole 8500~'  

f r a c t i o n s  and t h e i r  individual  components by g e l  permeation chroma- 

tography t o  determine i f  molecular s i z e  d i f f e r e n t i a t i o n  occurs i n  t h e  

ASDA. I f  so ,  i t  must occur without s i g n i f i c a n t l y  a l t e r i n g  t h e  solu- 

b i l i t y  f r a c t i o n a t i o n s  of these  r e s i d s ,  which seems unl ikely .  

These ASDA r e s u l t s  a r e  enigmatic. I f  i n  f a c t  add i t iona l  

work e s t a b l i s h e s  t h a t  no f r a c t i o n a t i o n  of t h e  so lub le  por t ion  of the  

ASDA feed occurs ,  t h e  idea  tha t  the  ASDA involves p r e c i p i t a t i o n  of a 

por t ion  of t h e  so lub le  feed may need t o  be reconsidered. 

3. LC-Finer Operation i n  t h e  In tegra ted  TSL Process 

The LC-Finer u n i t  hydrogenates ASDA product t o  y i e l d  t h e  

d i s t i l l a t e  product from tfie TSL process and t o  prepare t h e  pas t ing 

so lven t  f o r  t h e  SCT u n i t ,  by a f l u i d i z e d  bed hydrogenation. Most of 

t h e  samples w e  have analyzed have come from LC-Finer Run 7 ,  and t h e  

run condi t ions  a r e  given i n  Table 4-19. Sample work-ups, s o l u b i l i t y  > 

f r a c t i o n a t i o n s  of t h e  r e s i d s  and 'H-NMR of the d i s t i l l a t e s  a r e  corn- 

p l e t e  (Tables 4-20, 4-21, and 4-22), We a r e  await ing more complete 

opera t ing d a t a  before  we attempt any i n t e r p r e t a t i o n  of our r e s u l t s .  

4 .  LC-Finer Operations With Wilsonvil le  SRC Feeds 

Severa l  runs on a d i f f e r e n t  LC-Finer u n i t  than t h a t  used i n  

t h e  in tegra ted  opera t ion ( ~ L C F  vs .  ~LCP) were made by Lummus and 

C i t i e s  Service  t o  provide da ta  f o r  t h e  ICRC design of SRC-I demo 

p lan t .  Samples from these  runs, which fed SRC from the  Wilsonvil le ,  

Alabama p i l o t  p lan t ,  were analyzed i n  p a r t  under con t rac t  from C i t i e s  

Service,  and i n  p a r t  under t h i s  DOE conrracr .  Feed and product anal- 

yses  from s e l e c t e d  per iods  of f i v e  of these  runs a r e  reported here. 

Limited da ta  on run condit ions a r e  given i n  Table 4-24. Same 

of these  da ta ,  and r e s u l t s  on o t h e r  2LCF runs have been reported 



Table 4-19 

LC-Finer Run ~ b n d i t  ions  

8 5 0 ° ~ + ( ' )  Reference 
Run No. , Temperature, Pressure, Content i n  Feed, Space Veloc i ty  

Period, Date OF p s  ig W t  % of  Feed 

( 1 )  Lummus determination. 



Table 4-20 

Sample - , 

Component D i s t r ibut ion  LC-Finer Samples 
From Integrated TSL Operations 

W t  % of Tota l  Sample 
270~~-15 t o r r  Soluble  Oxidized 
D i s t i l l a t e  Resid - IOM Ash 

Mass 
Balance 



Table 4-21 
. . + I 

Solvent ~ractionation of THF Soluble 2 7 0 ' ~  I5 torr 
Resid LC-Finer Samples From Integrated TSL Operations 

. .- . . Wt % of THF Soluble Resld 
..' ". Sample Oils - Asphaltenes Preasphaltenes 



Table 4-22 

Proton Distributions LC-Finer Distillates (850~~-) 
From Integrated TSL Operations 

Condensed' Uncondensed Cyclic Alkyl Cyclic Alkyl 
Sample Aromatics Aromatics a a -.lL-Y- 



Table 4-23  

Microautoclave conversions, LCF D i s t i l l a t e s  
(850°~-)  From TSL Operations 

Conversion t o  THF Solubles, 
w t  % MAF Coal 
211 SIC 1.511 SIC 

KIN EQ EQ 



Run 

2 ~ ~ ~ 2 2  

24 

2 7 

28 

2 Y 

Table 4-24 

LC-Finer Run Descriptions 

Catalyst  Feed SRC 

Ni/Mo Pyro Mine 8% H 

Ni/Mo Pyro Mine 7% H 

NI/MO Fies  Mine 

Co/Mo Fies  Mine 

Severity r 

High 

1Iigh 

I.nw 



el~ewhere(~). With the limited operatikg results available it is, 

nevertheless, possible to draw some conclusions concerning catalyst 

deactivation mechanisms in these LC-Finer operations from the ana- 

lytical data. Table 4-25.gives component'~distributl"ons and sample 

descriptions. Note that in Run 27 some catalyst was replaced and 

regeneration attempted after Cycle 111. The last Run 27 sample, made 

,with the recycle oil from Cycle 111 is ref'erred to below as cydie IV. 

Solubility fractionation data are given in Table 4-26. - P.roton'dis- 

tributions are given in Table 4-27. 

Run 27 showed a significant catalyst deactivation, and the 

data in Table 4-26 show this in the increasing preasphaltene yield in 

the total liquid product. IOM yield is also on the rise. After re- 

generation (Cycle IV) the catalyst activity for preasphaltene conver- 

sion is apparently restored. 

Run 29, made at lower severity than Run 27, shows lower 

distillate and higher preasphaltenes in the feed materials than does 

Run 27. However, the Run 29 feeds are essentially IOM free (Table 4-25). 

The two runs are compared in Table 4-30 on the basis of the 

change in each measured component upon hydrogenation. Preasphaltene 

and IOM are combined as a single entity. Run 29 shows better dis- 

tillate selectivity than Run 27. Oils and asphaltene selectivities 

are about the same for Cycles I, I1 and I11 of Run 27 and Cycles I, 

I1 and 111 of Run 29. The preasphaltene selectivity shows the sig- 

nificant decline in catalyst activity in Run 27, mentioned above. 

Run 29 shows a similar decline, although apparently not so severe as 

in Run 27. Regeneration of the catalyst in Run 27 restores preasphal- 

tene conversion activity. However, it does not appear to improve 

distillate, oils or asphaltene activity, resulting in an increase in 

asphaltenes in Run 27, Cycle IV. 

'H-NbIR data show l i t r l e  difference between fccd and product 

distillates in Run 27 (Table 4-31) for Cycles I, I1 and 111. Distil- 

late aromaticity is steadily increasing for these three cycles, with 

substantial loss of donor hydrogen (Cyclic 6). Catalyst regeneration 



Table 4-25 

Component D i s t r i b u t i o n  of LC-Finer Samples - 
Operat ions With Wilsonvi l le  SRC Feed 

THF 
8 5 0 ' ~ -  Soluble  Oxidized Mass 

Sample D i s t i l l a t e  Resid I O M  Ash Balance 

2LCF22-Feed 
I n i t i a l  TLP 
F i n a l  TLP 

2LCF24-Feed 
I n i t i a l  TLP 
F i n a l  fL'B 

2LCF27-Once Through 67.7 31.9 < 0.01 c 0 . 0 1  99.6 
Cycle I 57.8 41.7 0.2 0.1 99.8 
Cycle I1 55 .O 43.1 1.4 0.1 99.6 
Cycle I11 55 .O 40.3 3.8 0.04 99.2 
Once Through With 53.3 44.7 0.2 0.04 98.3 

Foreign Solvent ,  
Before Regenera- 
t ion * 

A f t e r  Kegeneration 60.4 35.1 2.3 0.05 97.9 
With Recycle O i l  

Af t e r  Regenerat ion 52.5 43.5 2.7 0 .1  98.8 
With Recyclc O i l  
From Cycle I11 

2LCF28-Once Through Feed 22.4 77.8 0.1 0.02 100.3 
Cycle I Peed 22.9 75.0 0.2 0.01 98.1 
Cycle I Feed 23.6 74'. 7 0.1 0.2 98.6 
Once Through Prod. 48.8 49.5 0.5 0.03 98.8 
Cycle I Prod. 51.4 43.4 4.2 0.1 99.1 
Cycle I Prod. 44.7 53.9 0.2 0.04 98.9 

2LCF29-Once Through Feed 
Cycle T Fped 
Cycle I1 Feed 
Cycle I11 Feed 
Once Through Prod. 
Cycle T Prod. 
Cycle I T  Prod. 
Cycle I11 Prod. 

* This  sample contained 12.6% (absolu te)  water  t h a t  reporred t o . t l i e  d i s t i l -  
l a te  f r a c t i o n .  



Table 4-26 

+ Solvent Fractionation of THF Soluble 270°C 15 torr 
(850°~+, atm) Resid of LC-Finer Samples - 
Operations With Wilsonville SRC Feed 

Wt % of THF Soluble Resid 
Sample Oils Asphaltenes Preasphal t enes 

2LCF22-Feed 38.7 29 .O 
Initial TLP 67.5 22.4 
Final TLP 51.2 26.4 

2LCF24-Feed 37.2 31.4 
Initial TLP 41.4 28.6 
Final TLP 45.0 31.8 

2LCF27-Once Through 
Cycle I 
Cycle I1 
Cycle I11 
Once Through With 
Foreign Solvent 
Before Regenera- 
t ion 

After Regeneration 
With Recycle Oil 

After Regeneration 
With Recycle Oil 
From Cycle 111 

2LCF28-Once Through Feed 
Cycle I Feed 
Cycle I1 Feed 
Once Through Prod. 
Cycle I Prod. 
Cycle I1 Prod. 

2LCF29-Once Through Feed 
Cycle I Feed' 
Cycle I1 Feed 
Cycle I11 Feed 
Once Through Prod. 
Cycle I Prod. 
Cycle I1 Prod. 
Cycle I11 Prod. 



Table 4-27 

Proton Dis t r ibu t ions  of LC-Finer D i s t i l l a t e s  (850°~-) 
Operat ions.  With ~ i l s o . & i l ~ e  SRC Feed 

Cond. Uncond. Cyclic  Alkyl Cyclic  
Sample % H A r  A r  a -  a B -- 

2LCF22-Feed 8.26 24.0 '8.5 19.1 10.5 19.2 
I n i t i a l  TLP 10.03 , 9.6 7.9 14.9 9.5 24.0 
F i n a l  TLP 8.88 18.8 8.5 14.7 9.8 18.6 

2LCF24-Feed 7.22 36.6 9.8 17.8 9.7 12.7 
I n i t i a l  TLP 9.53 11.7' 9.0 16.5 10.0 23.2. 
Fina l  TLF 9 . 1 3  15.4 9.0 16.1 10.1 20.7 

2LCP27-011ce Through 8.57 19.6 8.5 10.1 8.8 21.1 
Cycle 1 8.79 18.7 8.6 17.3 9.6 20.1 
Cycle 11 8.65 19.3 9.8 16.2 10.2 18.2 
Cycle I11 8.40 25.2 9.7 17.1 . 10.8 14.0 
Once Through with 8.06 25.2 8.9 18.7 9.4 17.6 

Foreign Solvent 
Before Regener- 
a t  ion  

Af te r  Regeneration 8.74 19.3 9.4. 17.0 10.3 17.8 
with a Recycle 
O i l  

Af te r  Regeneration 8.85 20.5 9.9 16.7 11.0 16.6 
with a Recycle 
O i l  from Cycle 
I11 

2LCF28-Once Through Feed -- 32.0 9.5 19.3 8.7 15.7 
cycl&. I Feed -- 30.4 9.8 19.3 8.4 17.0 
Cycle I1 Feed -- 26.6 9.1 16.8 10.3 1.5.1 
Once Through Prod. 8.16 24.1 10.4 18.2 11.0 15.8 
Cycle I Prod. 7.95 29.4 9.2 17.8 10.6 13.7 
Cycle I1 Prod. 8.16 26.8 9.8 16.9 11.6 13.7 

2LCF29 ..Once Tl~rough Feed 
Cycle I Feed 
Cycle 11. Feed 
Cycle I11 Feed 
Once Through Prod. 
Cycle I Prod. 
Cycle I1 Prod. 
Cycle I11 Prod. 

Alkyl 
B u  



Table 4-28 

. . 
Feed and Total Liquid Product ~ n a l i s e s  - LC-Finer Run 2LCF27 

Sample 
W t  % Total Sample 

~ i s t  i l l a t e  a O i l s  Asphaltenes Preasphaltenes IOM - Ash 

Once Through Feed 35.8 27.2 18.4 
Product 67.7 22.4 6.4 

Cycle One Feed 34.0 31.9 17.6 16.3 0.1 0.01 
Product 57.8 26.5 10.0 5.2 0.2 0.1 

Cycle Two Feed 36.4 29.6 16.0 16.6 0.6 0.03 
Product 55.0 26.6 10.9 . 5.6 1.4 0.1 

Cycle Three Feed 32.2 29.3 17.0 18.6 2.5 0.04 
Product 55.0 20.3 11.3 8.7 3.8 0.04 

Cycle .Four Feed 32.9 26.9 16.7 
Product 52.5 23.3 18.1 

. ~ .. . 



Table 4-29 

Sample D i s t r i b u t i o n s  - Run 2LCF29 

Pe r iod  DistiJJ-ate n j 1 s  Asphalfcnco P r e a s p l ~ a l t e n e s  TUM Ash 

Once Through Feed 31.4 27.0 18.1 22.0 0.2 0 .1  
Product  55.4 27.4 10.6 5.4 0.1 0.0 

Cycle  One Feed 23.3 29.5' 20.6 24.. 8 0.2 0.1  
Product  52.2 27.4 12.6 7.0 0.0 0.0 

Cycle  Two Feed 23.1 28.2 20.7 25.5 1 .3  0.1 
Product  51.0 26.6 10.8 1.0.4 0.1 0.0 

Cycle  Three Feed 21.6 30.6 20.4 25.6 0.5 0 .1  
Product  46.4 28.0 12.9 11.5 0 .1  0.1 



T a b l e  4-30 

LC-Finer Runs 2LCF27 and 2LCF29 - 
Hydrogenat ion S e l e c t i v i t i e s  

Run Sample 

2LCF27 Once Through 
Cyc le  One 
Cycle  Two 
Cyc1.e Three  
Cyc le  Four 

2LCF29 Once Through 
Cycle  One 
Cycle  Two 
Cycle  Three  

(OUTIIN) x 100 
P r e a s p h a l t e n e s  

D i s t i l l a t e  O i l s  Aspha l tenes  - + IOM 



Table 4-31 

Samp 1 e 

P r ~ t o n  D i s t r i 3 u t i o l s  by 'H-NMR, Feed and Pr>duct  D i s t i l l a t e s ,  
(850°F-) LC-Finer Run 2LCF27 

Once Throu.3h Feed 
Pr3duct 

Cycle On2 Feed 
Produ-t 

Cycle Two Feed 
P r ~ d u c t  

Cycle.  Three. Feed 
Product 

Cycle Four Feed 
Product 

Proton Di s t z ibu t ion  
Condensed Uncondensed Cycl ic  Alkyl Cycl ic  Alkyl 
A r c m ~ t  i c s  Aromatics a 13 $ f3 - - Y 

17.7 8.8 17.9 8.8 21.7 15.5 9.7 
LB. 7 8.6 17.3 5.6 20 .1  16.3 9.4 



r e s t o r e s  a c t i v i t y  f o r  aromatic  r educ t ion  (Cycle IV) b u t  does not  

. i nc rease  donor hydrogen. In s t ead  t h e ' d e c r e a s e  i n  a r o m a t i c i t y  in-  

c r e a s e s  t h e  a l k y l  B and p a r a f f i n i c  a l k y l  a and y protons .  I n  Run 

29 s u b s t a n t i a l  dec reases  i n  d i s t i l l a t e s  a r o m a t i c i t y  between feed  

and product a r e  seen  i n  each cyc le ,  wi th  corresponding inc reases  i n  

c y c l i c  B ,  a l k y l  6 and y protons.  While i t  i s . n o t  c l e a r  from t h e  run  

d a t a  a v a i l a b l e  how t h e s e  d i f f e r e n c e s  a f f e c t e d  o r  w e r e  e f f e c t e d  by 

process  ope ra t ions ,  it can  be concluded t h a t  s i g n i f i c a n t  q u a l i t a t i v e  

d i f f e r e n c e s  d i d  e x i s t  which should be  taken  i n t o  account i n  a s se s s -  

i ng  t h e  import of t h e s e  runs .  It should a l s o  be emphasized t h a t  

t h e s e  r u n s  were made by r e c o n s t i t u t i n g  Wi l sonv i l l e  SRC wi th  c reoso te  

o i l  d i s t i l l a t e s  ( i n  once-through opera t ion)  and wi th  r e c y c l e  LC-Finer 

d i s t i l l a t e s  i n  t h e  subsequent r e c y c l e  ope ra t ions .  I n t e g r a t e d  SCT-LC- 

Fin ing  ope ra t ions  now conducted a t  Lummus have shown s i g n i f i c a n t l y  

b e t t e r  c a t a l y s t  l i f e .  
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