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Attachment 1 

Solvent Separat1on Procedure A, 

and Assoc1ated Development Efforts 
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Appendix II 

Total Product 

Solvent Separation Procedure 

A 

A) Oils - Pentane Solubles/Benzene Soluble/Pyridine Soluble 

B) Asphaltenes - Pentane Insoluble/Benzene Soluble/Pyridine Soluble 

C) Prcasphaltenes - Pentane Insoluble/Benzene Insoluble/Pyridine Soluble 

D) Residue - Pentane Insoluble/Benzene Insoluble/Pyridine Insoluble 

This procedure is carried out at room temperature under nitrogen using high 
quality solvents. The sample may be liquid, solid or a mixture thereof, with 
less than 1% material boiling belo~ (300°F). Under laboratory conditions one 
(1) individual with technical training can perform the analysis in one (1) 
day. With experience one (1) technician can handle two (2) units and complete 
the operation in less than eight (8) hours. A reproducibility study of the 
solvent separation procedure was made on a total product liquid (sample XCL-23-
l32PL) The results of this study are given· in Table 1. 

Table 1 

Reproducibility of the Solvent Separation Procedure 

oils 

asphaltenes 

preasphaltenes 

residue 

*The result of five trials. 

1 

Mean 

63.3% 

8.7% 

9.7% 

18.2% 

Standard* 
Deviation 

1. 06% 

0.94% 

1.23% 

0. 31% 



Equipment Required: '. 

'1. Branson ~lode l 350 Sonicator .,.lith 1/2" horn 

2 .. Millipore 142 mm pressure filter with 1500 ml capacity #XX42-142~35 and 
YY-30-142-35 with 142 mm filter, 5 micron, LSWP 142-50· 

3. Glassware for solvent transfer lines 

4. Round bottom distilling flasks - 500 ml~ 250 ml, 2 each 

5. Rotovapor Re 120, VWR #27582-406 

6. Vacuum pump and trap 

7. Nitrogen-Gd~ (0-20 ps1 adjustable), pressure filter feed 

Nitrogen-Gas (0-20 psi adjustable), rotovapor feprl 

Nitrogen-liquid (l-2L), freeze sample (Dewar) 

8. a) n-Pentane -

b) Benzene -

c) Pyridine -

d) Methanol -

Grade of solvent depends upon ultimate 

use of sam~le subfract1ons Pesticide, 

Distilled in G1ass, or HPCL grad~ are 
acceptable. 

9. Fume hood 150-200 cfm air rate exchange 

10. Cooling water or heat exchanger for rotovapor condenser 

11. Balance to read weiyi1Ls + 0.005 grams or better with maximum load 200 grams. 

Safety Features: 

Solvents must be used only under the fume hood and transferred from bottle to 
flask by hand pump. Workers must wear protective gloves and overalls for 
laboratory work. Hands can be cleaned with Go-Jo waterless hanrl-cleaner, mild 
scrubbing followed by a warm water wash. All normal safety precautions must 
be observed d~ring the full operation. 

Sample Handling: 

The sample chosen for this procedure must be representative of the process 
unit output. Great care must be given to the isolation of approximately 
50 grams of gross product. 
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The sample once chosen must be kept free of air (oxygen), heat and lighL 
Samples not ready for separation should be stored at 4°C under a blanket of . 
nitrogen. Hot samples may be taken in 316 stainless steel bottles (DuPont #03226, 
235 ml 61 x 140 mm with screw cap). Samples may be warmed to 65°C in the ~ans 
and sonicated for 15 minutes with 1/2 inch tip to induce good mixing just prior 
to taking a 5 gram actual work-up sample. -

I , 
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Procedure 

The laboratory equipment is prepare·d in the following order: 

a) Adjust and clean ultrasonic unit equipped with 1/2" horn with methylene 
chloride. 

b) Put in place Millipore filter after taking weight of dry filter element.· 
Ensure that all 0-rings fit wel1 .with no leaks (test with n-pentane under 
10 psi). Use Teflon tape (3/411

) to wrap screw fittings and seals. 

c) Prepare rotovapor-bath temperature at 55-50°C for n-pentane; nitrogen 
flo'it rate should just cause 1~4-1/2" dimple in liquid of 250 ml flask. 

d) Cooling liquid for rotovapor condenser should be less than l0°C. 

Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Step 6 

Tare a 150 ml heavy wall Pyrex beaker, add 8 grams read to + 0.005 grams 
of the desired coal-derived sample. Add approximately 100 ml of 

·liquid nitrogen slowly to the b~aker to maintain a quiet solution. 
Total volume of liquid nitrogen used may exceed 500 ml. 

With a Pyrex glass stirring rod (3/8"0), grind the frozen sample to a 
fine powder. This step requires S-8 minutes. Fill with more liquid 
nitrogen to maintain at least 30 ml volume .,.,hile grinding. 

Allow the liquid nitrogen to evaporate to ju~t above the sdlid mixture. 
Add with moderate (micro-probe 1/3'', power level 3) sonication 100 ml 
of n-pentane. Some stirring may be required - keep tools out of 
beaker while sonic power is on. Sonciate for 5 minutes at po.,./er 
level 5. 

Allow m1xtur~ to settle (l-2 minutes) dPcant ~upernatant into filter' 
un1t, refill beaker with n-pentane and sonicate ag~in for 3-5 minutes. 
Allow decant liquid to filter into a 250 mL flask- rio not allow 
filter to dry frcm this time onwards. ----

Repeat Step 4 twice for a total of approximately 300 ml n-pentane. 
If catch flask-rTTTs transfer to rotovapor and begin to remove n-pentane 
under nitrogen at approximately 60°C. Transfer the solids with small 
portions (25~!;0 mL) of P~ntane. 

Do not discard beaker, hold for additi~nal transfer of solvents to 
filtPr. Thii aEcuPc~ removal uf maximum amount of material and 
reduces loss. 

Filter the solids, adding nitrogen pressur~ (5-10 psi) if ncede~. 
Auu new pentane via original beaker as needed for a total of approxi­
mately 2 L. This-amount can be recollected from rotovapor unit 
during the continuous solvent removal steps. 
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Step 7 Continue solvent filtering (up to 2 L) until the filtrate is a very 
light yellow/green. At the end of the pentane extraction, with 
approximately 25 ml pentane in the filter, add 100 ml benzene and 
continue as in Step 6 for 2.5 L. The new filtrate is collected in a 
new 500 ml flask (tare). Continue to transfer filtrate to rotovapor -
waterbath temperature 75°C. Nitrogen flmv rate l/2 11 dimple. 

Step 8 The pentane solubles from steps 6 and 7 should be held on rotovapor 
for 2 minutes after the last drop of pentane has condensed in the 
catch flask. Remove, clean and dry outside of the flask containing 
the oils (reddish) and weigh. From difference on tare: 

Yield of oils:--------------------grams 

Step 9 The benzene extraction is carried out in a similar fashion as in 
Steps 6-8. The benzene solubles are removed from rotovapor when 
10-20 ml of solution remain. The flask is swirled in liquid nitrogen 
to evenly coat 2/3 inner flask and freeze the solution in place. 
Quickly transfer flask to vacuum line (1 mm Hg) with trap and allow 
flask to stand unheated to freeze dry the benzene (sublime) in about 
1 hour. 

Yield of asphaltene~---------------grams 

Step 10 After the last benzene extraction begin to add.pyridine and continue 
extraction as in steps 6-8. Remove the solvent at 90°C under 1/4-1/211 

nitrogen dimple. Two liters of pyridine are required. The last wash 
should be pure methanol (100 ml), followed by nitrogen gas at 5 psi 
for 10 minutes. As the pyridine is just nearly removed (approx. 
5-10 ml) stop and add 10-15 ml benzene. Swirl flask to mix contents 
and freeze-dry as in Step #9 for one hour. If pyridine odor remains, 
add 50 ml methanol and sonicate with microptip for 3 min., decant 
into tared Millipore filter and wash with n-pentane, allow to dry 
15 minute under dry nitrogen. 

Yield of preasphaltenes------~--------grams 

Step 11 The residue will dry in-place after washing with 50 ml methanol and 
50 ml methylene chloride. Stop nitrogen, gently remove fil~er and 
weigh. 

Yield of residue--------------------grams 
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Step 12 Oils 

Asphaltencs 

Preasph.1ltenes 

Residue 

A 

B 

c 

D 

A + B + C + D = Total recovered 

Original mass of sample = MS. 

MS - total recovered = net loss or gain. 

If gain of weigh is nhserved solvent m.1y be left in uils or a$phaltenes. 

If loss of weigh is observed oils have volatile matter. 

Add net loss to mass of oils (A + net loss) and calculate over material recovery. 

Recov·ered Corrected 

Report: Oils A A + net loss 

Asphaltenes 8 B 

Preasphaltenes c c 

Residue D D 

Ictal Recovered MS 

It is now possible to compare samples derived during the coal conversion 
process with a high degreP. (! 1%) of reliability, and in a shod. amount of 
time. Once the classica·l separation hAs been made, the subfr·ddions 
can now undergo a first level chemical characterization. 
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PROCESS SYSTEMS GROUP 
DEVELOPMENT PROJECT REPORT 

OCTOBER/NOVEMBER/DECEMBER 19i9 

TITLE: Energy Systems Department 

PROGRAM ARSA: X 

PROGRAM MANAGER: J. c.-Tao 

87-l-X716 - PECO Demonstration Plant Development 
The GRH model has been tested with data acquired from a recent BGC gas-oil run. 
The model was found to be accurate in predicting light hydrocarbon yields but 
less effective in estimating yields of aromatics. Improvements to the model 
will be made when PECO operating data is available. 
Screening studies on the use of GRH technology for methanol production have 

. indicated that, in the present economic climate, GRH is not competitive with 
alternative processes. 

87-1-X024 - Solid/Liquid Separation 
A program to develop proprietary technology for the separation of ash and soluble 
coal products has been initiated. It is planned to install a Boll-Kirsch Candle 
filter at the Emmaus facility for investigative purposes during the next reporting 
period. 

87-1-X023-02 - Coal Liquids Analysis 
A coordinated approach has been establi~hed to analyze coal-derived materials 
generated from process studies at Trexlertown, and to prepare for cooperative . 
SRC process modelling programs with the Joint Venture·Group. A systems approach 
to control and minimize sampi~ handling, increase data collection efficiency and 
reduce report turnaround time is the initial goal of the program. Efforts during 
this first quarter were focused on establishin9 operating needs, purchase of 
necessary instrumentation and personnel training. 

87-l-X705 - Apolications of SRC as Anode Coke 
Progress during this reporting period was restricted as a result of manpower 
shortages. A sample of low ash solid SRC from the Lummus deashing unit at Fort 
Lewis was snipped to Alcoa for coking evaluation. Both A?C! and Alcoa labora­
tories are heavily engaged in setting up the new aspha ltene/~reasphaltene fe!d­
stcck eval~at~~n tests. Effo~ts a~e unde~ay to re~ruit a ~arbo~ che~ist to 
work in this area. 

87-l-X023-0l - Two Staoe Liouefac:ion 
A new .~rogram has been initiated with the objective of eva:uating the merits 
of two-stage liquefaction as co~~ared to other liquid produc~ng technologies. 
?roducts from the LC-Finino procram will be evaluated as solvents for the 
front end of the two-stace~process. E:fforts are being made to recr'Jit per~ 
sonnel to man this program. 
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PROCESS SYSTEMS GROUP 

DEVELOPMENT PROJECT REPORT 

OCTOBER/NOVEMBER/DECEMBER 1979 

TITLE: Coal Liquids Analysis 

PROJECT NO.: 87-l-X023-02 

PROJECT LEADER: F. K. Schweighar~t 

AOSTRACT: 

An organized and centralized approach has been established to analyze coal-derived 
materials from process studies at Trexlertown, and to prepare for cooperative pro­
grams with the Joint Venture Group to model the Demonstration SRC-I Plant. A 
systems approach to control and minimize sample handling, in~rease data collection 
efficiency and reduce report turn-around time are the initial goals of the program. 
Efforts during this first quarter were used to establish operating needs, purchase 
of necessary instrumentation and training of personnel. 

I. INTRODUCTION 

Development of a new coal-d~rivid liquids analysis program ~otas initiated 
during this reportina period. The previous llu:!Lhod, patterned after the 
method used by Pamco; suffer~rl from poor liquid yield m~~surements due to 
an inaccurate 850°F cut point. Although other elements Of t~1e SP['Iaration 
m~thod were uccurate, it was long and tedious to carry out. This new 
method depends heavily on inter-departmental cooperation [CRDO-CRSD] for 
servicing our present level operatic~ in ihe pilot plant and experimental 
1 aboratori es. 

I I. OB~ECTIVE 

The objective of this project is to set up praceflures to effectively and 
efficienLly analyze and characterize coal-derived materials from process 
studies at Trexlertown, and to support the ~oint Venture Group SRC-T 
Oemonitration plant progr~m. A further objective is to coordinate the 
interaction of the various CPOU pnJgrams, both in-!Juuse anc at Wllsonvi11e 
with CRSD. 

III. wORK AND RESULTS 

i. Visiterl Pittsburgh Ener;y Technolugy Cern.'er/OUE, 30 November, 
to meet personnel and tour analytical faciiities. Those at:ending 
were F. K. Schweignardt, ~. Zubyk, T. Slager, R. Cus~c~, M. Oaks 
and J. Wet:er. 
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Discussions were centered upon correlation of simulated distillation 
and true boiling curves for coal-derived materials. Speci-fic analy­
tical data and procedures were reviewed for the determination of 
hydroxyl (OH) and amine (NH) groups by near infrared measurements. 

ii. General visits and technical discussions were held with Catalytic, 
Wilsonville, 11 December; Auburn University, 9 November; and Alcoa, 
9 September. These trips were used to detail analytical needs, 
review procedures used to characterize coal-~erived materials and 
to establish standard laboratory practices. 

iii. As a result of reviewing the needs and future programs, the 
analytical work-up procedure at Trexlertown was changed to reflect 
a more efficient and direct measure of the coal conversion processes 
under study. Figure 1 outlines the present approach to obtaining 
oils, asphaltenes, preasph.ltenes and residue. 

~ 
Insoluble 

' I 

Pyridine 

+ 

Coal-Derived Product 

Frozen in~Liquid N.2 Ground to powder 

S . . ~/ on1cat1on n-pentane 

"' Filtration, 3 Millipore filter 

.s: 
Insoluble 
Benzene 

J, 
Soluble, oils 

J, 
Soluble, asohaltenes 

~ 
Insoluble, residue Soluble, pre3sphaltenes 

Figure 1 

iv. As analytical subfractions are obtained, each must be characterized 
to complete material balances and reflect conversion or product 
improvement. Taole 1 summarizes the analytical scheme proposed 
for each suofraction. 
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v. When specific analytical expertise was not available in-house 
university centers of excellence were contacted to assist with 
the analyses.· Programs for analytical services have been 
established at: · : 
a) Seton Hall University- Thermogravimetric Ana1ysis 
b) Duquesne University - Nuclear Magnetic Resonance 
c) University of Oklahoma - Mossbauer Spectra 
d) University of Nebr~ska -·High R•solution Mass S¢ectra. 

vi. A new coal product work-up laboratory was put into service as of 
November 1 to serve· the process engineers of Trexlertown. With 
the incorporation of the new procedure, Figure 1, sample through­
put increased at least three (3) fold, with an average material 
recovery of 98% by weight. 

CONCLUSION: 

i. A newly organized and chartered coal product work-up laboratory has been put 
into service at the Trexlertown site. 

ii. A unified approach has been established to better characterize conversion 
products from APCI 1 s CRST unit, and to wo~k with the Joint Venture Group 
to obtain useful modeling data for the SRC Demonstration Plant. 

iii. This first quarter was used effectively to develop and demonstrate coopera­
tion between in-house analytical services, Corporation-wide; with Government 
laboratories, and APCI contr~ctors. to affect a·comman ~pproach tg coJl product 
chJraet!rizatiun. · 
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PROCESS SYSTEMS GROUP 

DEVELOPMENT PROJECT REPORT 

JANUARY/FEBRUARY/MARCH 1980 

TiiLE: Energy Systems Department 

PROGRAM AREA: X 

PROGRAM MANAGER: J. C.Tao 

87-l-X716 - P~CO Demonstration Plant - Development 
ActiVity during this period was restricted to essential work required in support 
of the ficility design. Pr·ogr't!Ss was made on development of the Cycsyn process 
simulation program and integration of Cycsyn with the mini-computer system. Work 
continued on compilation of the Technical Manual. 

87-l-X024 - Solid/Liquid Separation 
The objective of this program is to develop proprietary technology for separation 
of ash and insoluble organic matter from soluble coal products. The C.E. for in­
stallation of a Boll-Kirsch Candle filter at the Emmaus facility has been approved 
and delivery of this equipment is anticipated in the near future. 

87-1-X023-02 - Coal Liquids Analysis 
l) Analytical Procedure reproducibility 

The reproducibility of results obtained using the APCI Solvent Separation Proce­
dure for analysis of coal-derived liquids has been investigated. It was ob­
serv~d that the reproducibility of the technique, as determined by the standard 
deviation in a series of five analyses. was apprn~i~ate1y l~ when applied to 
analysis of a product liquid substrate. 

2) Characterization of recycle solvents 
A change in the molecular composition of the phenolic fract'ion of a Wilsonviile 
recycle solvent was observed over a period of one to seven weeks with the sample 
stored dt room temperature and exposed to indirect sunlight The corresponding 
change in the inf1·ared $Pe~trum of the sample was consistent with o~idat1ve 
degradation of phenolic hydroxyl groups. Clearly, careful storage of coal 
liquids is necessary for preservation of molecular composition. 
The: use of C]as chr~atographic technique.s for analysis o"' re~ycie solvents \·las 
also 1nvestigated in this reporting period. 

87-l-Xi05 - Aco1ications of SRC as Anode Coke 
As a re~ult of uncertainties in respect of our joint progra~ wit Alcoa, work on 
the progra~ during this reporting period wa~ limited to deveiop n; skil1s of new 
personnel ir. the laboratory and pilot plant area. A carbon che~ st has been 
recruited to pursue this program. 

' 
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PROCESS SYSTEMS GROUP 
DEVELOPMENT PROJECT REPORT 
JANUARY/FEBRUARY/MARCH 1980 

TITLE: Coal Liquids Analysis 
PROJECT NO.: 87-l-X023-02 
PROJECT LEADER: F. K. Schweiahardt 
PRINCIPLE INVESTIGATOR: I. S. Kingsley 

ABSTRACT: 

A. In order to demonstrate the precision (reproducibility) of the APCI Solvent 
Separation Procedure it was necessary to repeat the procedure five times 
with a CPDU coal derived product liquid. 

B. 0 It was observed that the molecular composition of the phenolic fraction 
derived from a Wilsonville recycle solvent, Vl31B/190AMB changed over a 
period of one to seven weeks. The sample was stored at room temperature 
with indirect sunlight exposure during the test period. 

0 Multiple column chromatographic separations of a hydrogen donor solvent 
were performed and the reproducibility of weight fractions was determined. 

0 

0 

I. 

Column adsorption material in the chromatographic procedure was varied 
to find an optimal combination of silica and alumina for column separa­
tion of a hydrogen donor solvent into specific functional groups, saturate, 
aromatic, phenolic and N-bases. 

A hydrogen dono~ solvent (HDS) was separated into its functional group 
fractions and then characterized by gas chromatography (GC) and GC­
simulated distillation. Several key components present in the HDS 
were identified. 

INTRODUCTION 

During this reporting period considerable attention has be~n given to 
two basic questions faced in developing a coal-derived prcauct data base. 

A. Development of a reproducible and sound APCI coal 1iquids .solvent 
separation procedure. 

B. Characterization of recycle solvents. 

In the past an outline of the new method used 1n th~ CROC :~el work~up !ac 
was presented. We now present our study of the reprccwc~c~1ity of this 
method. : 

Most of the activiti~s during this period were devotea to :eve1oping 
solvent characterization metncds. Four different as;:~ts of this subjec: 
were investigated. 

•. 
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1. Storage stability of recycle solvent 
2. Reproducibility of column chromatography 
3. Selection of optimum adsorbants for column chromatography 
4. Application· of gas chromatography in the characterization of a 

hydrogen donor solvent. 

I I. OBJECTIVE 

The objective of this project is to establish standard procedures to 
efficiently analyze and characterize coal-derived materials from process 
studi~s at Trexlertown and to support the ICRC SR~-I demonstration plant 
program. 

III. WORK AND RESULTS 

A. Reproducibility of solvent separation procedure for product liquid 
samples. 

A product liquid Sdmple (XCk-13~~L) was scp~rated by the APCI solvent 
separation procedure as shown in Figure 1, to establish a range of 
variation to be expected from this method. Five samples were taken 
from the original product liquid sample and the solvent separation 
j:lrocedure, out l.i ned in the previous report, was perfonned on each­
sample. The results and error analysis are given in Table I, and 
show reproducibility, as determined by the standard deviation, to 
be· approximately 1%. 

B. Selective Characterization of Recycle Solvent 

·1. Storage stability of the phe~olic fraction of a Wilsonvill~ 
reeycle solvl:!nl., V131B/19UAMB. 

' 

fhe recycle solvent was subjected to a functional group sepdra· 
tion as outlined in Figure 2. Nitrogen base components were 
removed first, becaus~ they are known to irreversibly bind to 
silica gel used later in the procedure. As described, the 
saturate hydrocarbons elute first and do not respona to uv 
light ~t 320 nm. Aromatic hydra~~rbons elute as a combined 
fraction that give a large fluorescent respon$e; The pnler 
fraction is last to elute and contains hydroxyl species such 
as phenols and alcohols. 

The phenolic fraction was intentionally stored at room tempera­
ture, 25°C, in a fume hood with indirect sunlight ex~osure. Ove: 
~he course of seven weeks the infrared (!R) spectrum of this 
pheno 1 i c fract i en was taken as a smear on NaC 1 p 1 ates. , After 
less than t~o weeks a small absorption peak at 1730 em-' was 
noted, Figure 3. This vibration absorction is indicative of 
carbonyl, C~O, groups of the aldehyde RHC=O and ketone R2C=O 
ldr1d. 
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Table I 

Results of Solvent Seoaration Reproducibili:tv Study 

Sample # 2 3 4 5 
.ott. in grams 

initial sample 5.00 4.96 5.71 4.95 4.92 

oils 3.13 3. 12 3.60 3.03 2.97 

asphaltenes .40 .44 • 48 • 51, .40 

preasphaltenes . 56 . 41 . 54 .44 I S3 

res ·i due . 91 .89 1. 04 .89 .92 

recovered 5.00 4.86 5.66 4.87 4.82 

.., recovered 100 98 99 98 98 A> 

oils 62.6 64.9 63.9 62.8 62.4 

aspha,.tenes 8.0 8.9 8.4 10.3 8. 1 

preasphaltenes 11.2 8.3 9.5 8 .. 9 10.8 

residue 18.2 17.9 18.2 18.0 18.1 

Re!Jroduc i b i1 i ty of tht! Solvent S~oaration Procedure 

Standard 
Mean Deviation 

oils 63.3% 1.06% 

asphJltcnc~ 8. 7~ 0.94% 

preasphaltenes 9.n 1. 23% 

residue 18.2% 0.31% 

16 

•· 



* N-bases • HC1 
(insoluble) 

.\ 

,-:• •r;• 

~ Figure ~' ,. 
.• 

Column Seoaration of a ·Process Solvent . · 

. ~ .. benzene 

I 
HCl gas 

r 

... 

17 

,.Aci ds/Neutra 1 sl 

... 
alumina/silica 
column chr~matography 

• n-pen:tane elution 

l 
n-pentane 
CH2c1 2 eluti.on 

CH C1 
CH~:JH 2 
HCOOH elution • 
phenolic:s­
acids 

1 saturatesj 

arcmatics-l) 
neutrals 



Figure 3 

5.56 6.25 7.1t. (;d 
Wave.Length 

I . I 

I I :\f. . I 

' ' ' I I I 
' I 

I : ' I I 

I 

I / I ' I 

' """ --· ;·~ . l \ i • I 

' ' . t . ' : I ·' 
I I I i I. I --. I '/ .-
I ' I .L . I : 

' I l \ 
! I 1\ I I . 

. 1 :lOO 

. "T' ' 
i"'. 

' ' ! : 
; I ' 
I I ' I 

' ' . ,., 
i . •· I 

·L· 
I I • I 1 

.I_. 
: '\ I 

I 1 '\ ' 1: 

\ 
: . .A. 

r ". 

' 
: l,.l 

' I 
: I 

' ' 

·I 
I\: 

' f I 

" , ' , 
\· 
. \ 

, .... 

I 
\J 

'I HOIJ 
wave Number 

1 :~~0 '.' ( (:;;;) 

IR SPECTRA of phe~olic fraction 

(190 AMB) fresh and aged 

1 day old 

10 days old 

SO days old 



This observation is very clear evidence that oxidation occurs. 
with coal-derived materials and that the phenolic/hydroxyl 
components are very active. To confirm this observation, sam~les 
of the aged material were analyzed by ultra-high resolution mass 
spectrometry (HRMS) at the University of Nebraska (Michael Gross), 
and by combined gas chromatography-mass spectrometry (GC-MS) at 
Brigham Young Uni~~riiiy (Milton Lee). Both laboratories confirmed 
that carbonyl-containing species were present, and that dimethyl 
benzaldehyde (I) was a major component. 

2. Reproducibility. study of the column chromatographic procedure 
for the characterization of hydrogen donor solvents. 

A Wilsonville recycl~ solvent (Vl31B/190AMB) was separated by a 
mixed silica/alumina 1:1 (v/v) column into saturates, aromatics, 
phenolics and nitrogen bases as outlined in Figure 2. The frac­
tions were weighed after srilvent removal. Results of four 
different separations are given in Table II as well. as the error 
analysis of this experiment. 

3. Optimization of t~e column material in the column chromatographic 
procedure for a recycle 1olvent. 

Column chromatography of hydrogen donor or recycle solvent (drum 
#F219 WRS) was performed as outlined in Figure 2. The loading 
configuration of the alumina and silica absorbents in the column 
was varied to determin~ the optimal separation of the solvent 
into the saturate, aromatic and phenolic fractions after removal· 
of the nitrogen bases. 

The elution scheme for each column-was the same, using the same 
amounts of solvents to elute each fraction. ihe various column 
configurations which were used are shown in Figure 4. The inti­
mate mixture of silica and alumina in CoTumn V has been used in 
previous column separations. The results are given in Table III. 

Columns II and V gave poor total recovery probabiy due to exces­
sive amounts of phenolics irreversable bound to the silica in 
the absorption column. Column IV showed very poor initial flow-

. rates but gave a larger fraction of sa~ura~e~ compounds than 
the other columns. Column III would be a good column if the 
saturates and aromatics are not needed as twc separ3ted fractions 
but could be grouped as hydrocarbons. If t~e frac:ion of sat­
urate in the recycle solvent is the most impc~:a~t ~tem, column 
configuration IV is to be used. 
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Table II 

Weiaht Qf Recovered bv Column Se::>aration ,tJ 

Sample # 2 3 

saturates 6 8 8 

aromatics 57 61 65 

phenolics 1 35 28 25 

N·bases 2 3 3 

1 the results were normalized in favor of the phenolic fraction. 

saturates 

aromat i C!i 

pheno 1 i cs 

N-bases 

Reoroducibility of the Column Seoaratibn 

?.0 

Mean 
=---

i 

62 

29 

2 

Standard 
Qpviation 

0.9 

3.6 

4.2 

1.0 

4 

7 

64 

29 



· . FIGURE 4 

I I I I I I IV v 

s A A s 

&A 
S&A 

s A 

A s 

Column configuration for separation optimization using silic~(S), ~lumina(A) 
and a homogene0us mixture of silica and alumina (S&A). 
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Table III 

Results from Column Separation Ootimization Studv 

Column# I II III IV y3 

% rec9very 1 91.8 86.8 91.3 91 . .7 86.6 
phenolics 31.4 28.2 28. 7 30,62 34.4 
saturates 17.4 4.3 6.0 27.6. 12.2 
aromatics 51.3 67.6 65.2 41.8 53.3 

sat. & arom.* 68.7 71.9 71.2 69.4 65.5 

* total hydrocarbon 1 Normalized to account for phenolics irreversible bound to silica. 2 Fraction showed contamination by aromatic fraction. 
3 Column 1s identical to silica/alumina columns used in previous work. 
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4. Application of GC to Characterization of a Hydrogen Donor Soivent 

A Wilso~vil~~ hydrog~n d~not solvent (HOS), Vl31~/190AMB was 
solvent separated into oils, asphaltenes.and preasphaltenes, 
Figure 1, and gave 97%, ·.2. S% and 0. S% respectively. Column 
chromatography on silica/alumina, Figure 2, of the same solvent 
resulted in a functional group distribution that gave 7% saturates, 
62% aromatics/ hydroaromatics, 29% phenolics/hydroxyl compounds and 
Z% nitrogen bases. The chromatographic fractions were then char-

.acterized further by gas chromatography (GC), and GC-simulated 
distillation~ · · · · 

a. Gas Chro~atographic Characterization 

The advantages of gas chromatographic separation over a GC­
simulated distillation characterization is the enhanced 
resolution of individual compound peaks, so a more precise 
molecular profile can be assertained. ·The GC conditions were: 

Detector .... 
Liquid Phase 
Solid Phase. 
Column Temperature 

Sampler Induction Temp. 
Carrier Gas ... · .. . 
Flow Rate ...... . 
Column Length/Diameter. 
Sample Size ..... . 
Detector Temperature. . . 
Calculated Theor. Plates. 

.. 
Hydrogen Flame Ionization 
8% SP-2100 
Gas-chrom Q · 
Programmed at +50°C for 
10 min. then S°C/min to 
300°C 
150°C 
He 
30 cc/min 
10 ft by 3/16 in. 00 
0.9 1 
310°C 
2968 per meter 

The chromagrams are shown in Figures S-9. A model compound 
mixture was run for peak identification and relative retention 
time (rt) measurements. 

Figure Sa shows the chromagram for the initial HDS, Figure Sb 
the nitrogen bases and Figure Sc the N~base free material 
(precolumn). No significant peak pattern change occurred 
after removal of the N-bases. The N-base free material shows 
virtually the same chromatographic pattern as the initial HOS. 
This eliminates the possibility of determining the amount of 
N-bases 5n the total sample by peak quantification in the 
chromagram of the total HOS. 
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Figure 6a shows the N-ba~e free sample (precolumn), which 
contains saturates, aromatics/hydroaromatics and phenolic/ 
hydroxyl compouncts. Figure 68 shows the hydrocarbon fraction 
(saturate and aromatic), and Figure 6c shows a m.odel compound 
mixture containing aromatic and saturate. The peak identified 
by arrow in Figure 6a di~appears after removal of the phenolic 
compound, arrow in Figure 6b. Therefore, this peak is indica­
tive of the phenolic compounds. Comparing chromagrams Figure 6a 
with Figure 6c, compounds #7, 9, 14, 18 and 20 of the mixed 
model compounds are presen~ in the precolumn material and can 
be identified as naphthalene, 2-methyl naphthalene, n-tridecane, 
dimethyl naphthalenes~ phenantrene, anthracene, n-octadecane, 
fluoranthene and n-heneicosane and pyrene. The structures of 
these compounds are shown in Figure 1 a.-
Figure 7a ah~ws Lhe pr!~olumn material containing saturates, 
aromatics and phenolic~. Figure 7b shows the isolated saturate 
fraction and Figure 7c ~hows a satur~te compound model mixture. 
Compounds 3 and 4, n-tridecane and n-tetradecane are identified 
to be the two major compounds in the saturate fraction. The 
chromagrams also show that C10-c,q (nonaco.sane), all·normal 
paraffins, are present in deci"eanng amnunt.s in thi ·Hos. 

Figure Sa shows the chromagrami of the N-b~~e free !ample, 
Figure Sb·the aromatic fraction thereof, and Figure Scan 
aromatic model compound mixture. - The four major peaks in the 
unseparated sample are also the major peaks in the aromatic 
fraction and are identified from the model compound mixture 
chromagram as 2-methyl naphthalene, dimethyl MphthalQnii, 
fluorene, phenant~rene and anthrar.PnP 

Figure 9a ihows the chromagram of the N-base free HDS, qh the 
ph~nolic fraction and 9c the precolumn m~Lerial after removal 
of the phenolic frac:ion. Figure 9b shows a very large peak, 
which is missing in the phenolic free fraction, as seen on 
Figure 6b. This peak therefor is specific for the phenolic 
fraction in the HDS. 

Quantitative iViluation of ch~r~ct~ristic p~ak~ of each frac­
tion was attempted. The peak area in the mixed chromatogram 
(precolumn) plus the remainder of peak areas present in the 
fractionated chromatogram represent the peak areas of the 
individual fraction in the mixed chromatogram. 

Table IV shows the~peaks chosen, retention times, percent peak 
intensities of the chromagrams and. the last column is a calcula­
tion of the fraction present in the prec~lumn HOS materiai as 
follows:<·, · · · 

' s 
C =A~ A (1 -

100
), 

~here, A=~ intensity in precolumn chroma~ram for a peak at rt 
B =·~ intens~tv in fraction chromagram for a peak at r~ 
C = calcuiated ~ fraction present in the precolumn Hos· 
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Comparing the GC · calculated results with the actual weight 
fractions obtained by column separation it appears there is 
very little agreement in all three fractions. 

b. Characterization by GC-simulated Distillation 

The GC-simulated distillation was performed on the total HDS 
and its subtractions. The hydrocarbon chromagrams, Figure 11, 
show profiles very similar to those obtained by GC. The 
boiling ranges and% material distilled for the total HDS and 
its subtractions are given in Table V. 

The boiling point profile are similar over the entire tempera­
ture range for the total HOS and its subtractions. It is 
unlikely that a temperature cut can be used to segregate one 
fraction from another. 

IV. CONCLUSIONS 

A. Reproducibility of total recoveries by the APCI solvent separation 
method of product liquid samples shows a standard deviation of 1%. 

0 

0 

0 

0 

Coal-derived liquids must be carefully stored under nitrogen or 
argon at 4°C to ma1ntain or prolong molecular integrity. If 
we are to analyze the compounds from Wilsonville, Tacoma or even 
the Allentown Laboratories, the samples must be preserved to 
reduce sample oxidation. 

A relatively large variation in the weight percent of recovered 
material from the column chromatographic separated saturates/ 
aromatics/phenolics/N-bases indicates a need to improve the 
technique prior to establishing the procedure in the work-up 
laboratory. 

Optimization of column packings for the column separation pro­
cedure showed that a column Type III (see Figure 4) is to be 
us~d for a rapid and reliable separation of a hydrogen donor 
solvent into a mixed fraction of aromatics/satural~s and a 
phenolic fraction. When the saturated fraction is required as 
a separate fraction of the hydrogen donor solvent, a column of 
Type IV (see Figure 4) is to be used. 

A hydrogen donor solvent (HOS) and its functional group fractions 
were characterized by gas chromatography (GC) and GC-simulated 
distillation. Key compounds present in the HDS were identified 
as: 

2 methyl naphthalene 
dimethyl naphthalenes 
fluorene 
phenanthrene 
anthracene 
fluoranthene 
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Table V 

GC-Simulated Distillaticn [OF} 

total HDS satur. a rom. 

IBP 422 426 423 

25.% 486 495 486 

SO% 536 543 .. . .532 

75% 637 625 625 

95% 802 770 776 

FBP 921 864. ·900 
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pyrene 
n-tridecane and n-tetradecane 

' . 
An attempt was made to quantify the functional group fract~ons· 
directly from the chromagrams,-but this failed. 

Separation of the HDS into functional group fractions via temperature 
cuts from the GC-simulated distillation was shown futire-at this 
point. 
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Section 6 

PHASE I 

· ~10NTHL Y REPORT 

Coal Products Analysis Laboratory 

F. K. Schweighardt 

February 1980 

The current research effort of APCI thro.ugh the SRC Task Force i.s to develop 

the commercialization of solvent refined coal, SRC-I, by engineering a 6,000 ten 

per day demonstration plant. Irrespective of specific engineering approaches 

now being explored, a common need exists to develop and apply analytical 

techniques which will provide immediately useful i~formation on the coal 

feedstocks and products formed during conver~ion reactions. s~ch techniques 

must provide precise (reproducible) analytical data in a reasonable timeframe 

to permit a host of engineering decisions to be made. These same techniques 

should also provide physical-chemical data to the chemist, or at least supply 

representative samples for more detailed analytical characterization. 

Due to the inherent complexity of coal-derived materials, these products 

require some degree of separation to classify and quantify changes during coal 

conversion. An accounting of the present trends in development of a separation 

method is therefore in order. 
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( 
Historically the conversion of coal, a macro-molecular network of polynuclear 

aromatic/heteroaromatic hydrocarbons, to a new chemical form was defined as 

the increase in benzene solubility of the product. This was because the 

Germans (Ca 1935) found that the original coal (bituminous) and its entrained 

resins were slightly soluble C-==20%) in pyridine, and nea·.·ly insoluQle (1-3%) 

in benzene. In the 1940-So•s the degree of solubility in paraffinic solvents 

(pentane or hexane) was used to define the liquid end products (oils) of coal 

conversion. Specific distillation fractions (~00-450°C) of these oils later 

served as recycle solvents and today have become known as the hydrogen donor 

solvents for coal conversion. In th~ late 1930 1 s the Germans recognized that 

coal when heated (~450°C) for short time periods significantly increased its 

pyridine solubility but not its benzene solubility. Again in the 1970 1 s this 

fact was rediscovered in the United States and this "~ew" fraction was named 

preasphaltenes. The degree of solubility was now used to reflect changes in 

the coal conversion product during various stages in a process development 

unit (POU). 

In a typical liquefaction process preasphaltenes are generated in the dissolver 

stage with only small quantities of hydrogen (~1%) cor.~umed. Physical changes 

do occur in that the concentration of slurry solids decreases, viscosity 

increases and some thermal effects are noticed. In the reaction zone, downstream, 

(or still in the dissolver if recycle solvent and hydrogen conditions ~re 

sufficient) asphaltenes, benzene solubles-pentane insolubles, increase in 

population. Depending upon the engineering employed, which accounts for 

residence time, pentane soluble oils are generated along with hydrocarbon 

gases. As the process stream travels along, it se~s a multitude of conditions, 

some of which may drive these products to revert (retrograde or regressive 
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reaction) to less soluble components. Many of these regressive reactions seem 

to produce pyridine insoluble components similar to the original coal --·but 

much less reactive. 

Our separation procedure:to isolate oils-asphaltenes-preasphaltenes-residue is 

the result of many pertabations in classical coal chemistry thought and the 

consequence of the present state-of-the-art technology. Our philosophy is to 

define each subtraction in terms of iolubility in and not a pr~cipitate from a 

particular solvent or solvent pair. This approach reduces co-solubility and 

co-precipitation effects. Each sample is treated in the following manner~ 

A sample of the total product stream from a process unit (100 ml) is obtained 

at the appropriate let-down stage and held at 4°C under a nitrogen blanket ·if 

a delay ir. analysis is anticipated. The sample is warmed to 50°C and sonicated 

(20 MHz at 200 ~atts) for 10 minutes to regenerate a homogeneous prime sample. 

Five (5) grams is removed and sent for elemental composition and ash, a second 

five (5) gram analytical sample is then solvent separated. The analytical 

sample (Sg + .005) is frozen in liquid nitrogen, ground to a course powder 

(100%-100 mesh) then quickly diluted with n-pentane (100 ml) and sonicated to 

initially extract·the pentane soluble oils. 

The pentane-sonication-extraction regime is repeated three times with each 

supernatant being decanted into a Millipore stainless steel pressure filter 

containing a 5 micron fluropore filter element. The 4th and 5th wash (100 ml) 

is used to decant all remaining solids into the filter unit. Nitrogen gas is 

used to inert the sample and force the solubles through the filter to be 

collected. While the filtrate is purged with dry nitrogen, the solvent volume 
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is reduced at 50°C on a Rotovapour-R. Pentane extraction (2L) is continueq 

·until just a faint yellow color remains. Benzene is ne~i used to-continue the 

extraction to recover the asphaltenes in a similar fashion as pen.tarie. Nearly 

two liters of benzene are required. Pyridine (2-2.5L) is the final solvent 

for extraction to reclaim tl"~ preasphaltenes. · This procedure leaves the 

residue (mineral matter and insoluble organics) on the filter. After back 

washing with methanol and methylene chloride to remove· residual pyr-Idine from 

th• wet residue, it 1s then dried in-situ with nitrogen, removed and·weighed 

to quantify the residue weight perc:eont. 

Solvents other than pentane have· been used, e.g., hexanes, heptane and cyclchexane. 

Each gives (in the order sited) slightly more oils and therefo~e less ~sphaltenes, 

without greatly effecting the quantity of preasphaltenes or residue. Toluene 

has been substituted for benzene without major problems, but the laboratory 

work-up time is extended and some product changes may cccur due to proionged 

heating. Resfdual benzene o~ the other hand is removed from the aspha1tene 

solution by sublimation of 4°C under 1-Smm Hg in 1-2 hours. Ethyl ac:P.r.ata has 

been used recently to isolate asphaltenes but with mixed results due to poor 

so 1 vent remova 1. 

As far the preaspha1tenes, tetrahydrofuran (THF) has been substituted for 

pyridine but stability of ethers without peroxide inhibitors (e.g., BHT) 

provides an unsafe working environment. Methylene chloride and methanol (9:1) 

has been used with good success. The major problem is that this mixture 

recovers only 80-90% of the pyridine solubles. An error that could well 

influence kinatic measurements when coal to preasphaltene data is most important. 
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These results confirm that material recovery is high,"> 98~, and el_~mental 

analyses are fairly_ consistent, within experimental limits. Precision data on 

the solvent separation p~~cedu~e is presently being evaluated. 

In summar:f, the so 1 v.ent separ~t ion pro vi de_s the operating. engineer witl:l a 

physical-chemi~al probe that can quantify proces~_changes and relate these to . . . . . . 

a well-conceived coal conversion ~odel, and with tim• be used to forecast 

product q~ality assurance~. Mo::t importa~t. in developing this scheme was.that 

the procedure be flexible in purpose, precise, (+ Z% relative), operator 
. .- . 

independent and capable of being automated for single shift data t~rn-around. 

Jt is our desire to pr?vide .the SRC Tas~ Force with reliable information in a 

_timely fashion at .an exceptable. cost. .. ' .·. . 
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The methodology described above requires one laboratory assistant 8 hours to 

complete, less clean-up and r~port preparation. To demonstrate the effective-

ness of the method, the average material recovery has been 98% and elemental 

balances have been within experimental error limits. Experience with the 

method greatly reduces errors that ultimately effect engineering judgments. 

For example, a total product from a coal conversion POU was analyzed and 

solvent separated. Table 1 summ~rizes the elemental re~overy data, 

Table 1 

Norma 1i ze.d Composition 

Sample Wt% a a) nMwtb) Name Recoverv c H N s Ash 

Product 76.8 6.9 3.7 1.2 1.4 9.9 300 

[weighted elemental composition] 

Oils c) 57.5 50.3 5. 1 1.3 0.4 0.4 115 (200)d) 

Asphaltenes 11.9 10. 1 0.8 0.6 0.2 0.2 48 (400) 

Preaspha1tenes 14.2 11.8 0.8 0.9 0.4 0.2 0. 1 128 (900) 

Residue· 16.4 4.4 0.3 0. 7 0. 1 0.7 10.2 
~ 

Summation 98.4 76.6 7. 1 3.5 1.1 1.5 10.3 . 291 
(1 00.0) 

a)Direct determination 

b)Vapor pressure osmometry, 27°C in methylene chloride, 4 pts extrapolated to 
infinite dilution to give number average molecular weight. 

c)Material loss adjusted to oils as volitiles removed during work-up. 

d)nMwt of each fraction. 
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Attachment 2 

W1lsonv111e Solvent Separat1on Procedure 
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Appendix IV 

1. Scope 

. . 
Solvent Fractionation of Solvent Refined Coal 

For Characterization 

This method is designed to characterize ~igh molecular weight bituminous 
materials by separating into three group classifi~ations, using.solvents 
as the media. Since results will vary accor,ding to the·conditions of 
solvent treatment, the procedure is quite detailed and must be closely 
followed. The method has been developed primarily to characterize coal 
extracts. 

?. Principle 

Co a 1 extracts are separated by so 1 vent fract i nnr~t ion into the fo 11 owi ny 
thr!! t.-iyl1 molecular weight. fractions: · 

A. Benzene Insolubles -- that fraction of the solvent refined coal (SRC) 
that is insoluble in benzene at its atmospheric boiling point. 

B. Asphaltenes -- the fraction of the. benzene-soluble SRC jnsoluble at 
room temperature in a mixture of 100 parts of pentane and 9 parts of 
·benzene when the ratio of the liquid mixture to the weight of benzene 
solubles is 109. 

C. Oil -- the benzene-soluble, pentane-soluble fraction of the SRC. 

3. Apparatus Required 

(1) Alundum thimbles, 45 mm x 127 mm s·izc, round bottom RA 98 t.ype 
(2) Soxhlct extracto~ 
(3) Beaker A, a 600 ml Griffin beaker 
(4) Beaker B, a 100 ml Berzelius beaker 
(5) Beaker C, a 800 mL Griffin beaker 
(6) Buchner funnel, with fritted disc, medium porosity, 1.50 ml 

capacity 
(7) Wide mouth, 4 oz. sample bottle 

4. Reagents 

(1) Benzene, reagent grade 
(2) Pentane, practical grade 
(3) Celite 545. Anal. ·filter aid 

5. Procedure 

A. Separation of the Benzene Insoluble Fraction 

• 

(1) Grind approximately 10 grams of solvent refined coal sample 
(SRC) to minus 100 mesh and place in~ oz. bo~tle. 
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(2) 

(3) 

{4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10)' 

Dry the SRC sample in oven at 105°C for 1 hour. "At the same 
time dry an alundum thimble (1) containing 1-2 grams of celite 
at 105° for 1 hour. 

Remove both to desiccator and allow to cool to room temperature. 

Weigh thimble containing celite and record on calculation 
sheet at (2) and (5). 

Place 1-3 grams of· SRC in thimble and weigh. Record at (1) on 
calculation sheet {Note A). Subtract (2) from (1) on calculation 
sheet and retord'at (3). This is.the weight of sample. 

Mix celite and SRC as well as possible by rolling and tapping 
carefully. 

Place thimble in extra~tion apparatus. 

Put 3 boiling stones and approximately 250 ml benzene in 500 ml 
flask. Assernble_apparatus as shown in Figure l. 

·set powers~at ~t approximately 80.l°C, 80 volts ahd turn on 
heat. Check carefully for overflow of thimble and plugging in 
capillary at bottom of extractor as soon as reflux starts. 

At end of four hours stop extraction, remove thimble, allow to 
drain in be~ker. Check for precipitate on outside of thimble. 
If present, re~ove by washing with benzene and transfer washings 
back·into thimble. · 

(11) Stir material in thimble with small spatula. Replace thimble 
in extractor and continue extraction. 

(12) Repeat steps (10) and (11) at 8 hours, 12 hours, 16 hours, and 
20 hours. Benzene should now be coming through clear; if still 
cloudy, continue 4-hour runs. 

(13) Allow extractor to cool and drain. 

(14) Remove thimble and l~t stand in air until visibly dry. 

(15) Place thimble in vacuum oven and dry with at least 29 inches 
of mercury, vacuum, and 100°C for 4 hours. 

(16) Remove, place in desiccator to cool. Weigh and record at (4) 
on calculation sheet. Subtract (5) and (4) and record at (6). 
This. is the weight of Benzene Insoluble Fraction. 

B. Sep~ration of Benzene Soluble, Pentane Insoluble (Asphaltene) Fraction 

(17) Transfer carefully all the contents of the 500 ml flask into 
Beaker A usi~g fresh benzene to rinse out flask. Discard the 
boiling stones at this time. 
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,, 

(18) Evaporate this solution to approximately 50 ml on steam bath. 

(19). Evaporate as much as possible; add to 600 ml beaker cont~ining 
pentane var·y as little to wash as possible. 

(20) Stir Beaker C for 5 minutes and let stand at least one-half 
hour. 

(21) Weigh the clean, dry filter paper, and record on calculation 
sheet at appropriate place. 

. 
(22) Filter contents of Beaker C through the Buchner funne 1 'into a 

filter flask with suction. 

(23) Add 5 ml benzene to Beaker C to dissolve any holdup. Add 
50 mi. more pentane 1.r.1 b;akcr wnile sllrr1ng. Pour into funnel. 

(24) Aftir filt1·at·iu11, wastr Llle aspn~ltenr=>s on funnel wiU1 fresl"i 
pant~ne and ~Lir With spatula. Continue until washings come 
through clear. 

(25) Continue filtration until visibly dry. Place funnel in vacuum 
oven at 29 inches of mercury (vacuum) a11d l00°C for 4 hours. 

(26) Remove from oven. Place in desiccator until cool. 

(27) Weigh .and record at (7)·on calculation sheet. Then (7)-(8) 
equals line (9), weight of asphaltenes. 

C. ·Separation of Benzene Solublet Pentane Soluble (or oil) Fraction 

(20) Tr·ansfer pentane fil tt'~te from fil teri 11y f1 ask to a 1arge 
beaker, 600 or 800 ml, and evaporate on steam bath. 

(29) \o/hen val11me is down to CifJproximately 50 ml, transfer with 
rinsing to a tared (lined (11)) wide mouth, 4 oz. sample bottle. 

(30) Place in heated vacuum desiccator at 29 inches of Hg, vacuum, 
and 100°C for 4 hours. W~igh and r~cord in appropr·iate places 
on calculation sheet, 
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Solvent Fractionation of Extracts 

Data Sheet 

A B 

1. Weight of thimble and celite and sample 

2. Weight of thimble and celite 

3. Sample wei.gh1;. 

4. Weight of thimble and celite and benzene 
insoluble material 

5. Weight of thimble and celite 

6. Benzene insolubles 

7. Filter paper insolubles 

8. Filter paper 

9. Weight pf ~sphaltenes 

10. Beaker and oi 1 

11. Beaker weight 

12. Oil 

A B 

6 100 = - X 3 % benzene insolubles -----
~X 100 = 3 -----% asphaltenes 

12 100 = 3x % oil -----
% ash = 
% uc = 
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Attachment 3 

.D1st1llat1on Separat1on Procedure D 
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Appendix I 

Total Product 

Disti11ation Separation 

Procedure D 

A) ·Oils ~ ~ate~~al distillable from IBP to 

B) SRC:.. Pyridine soluble portion of distillation bottoms. 

C) ResJdue_- Pyridine insoluble portion of distillation b?~tom. 

D) SRC - Oi 1 s/asp·ha ltenes/prP.asphaltenes are determined by Procedure W. A 
fiVe (5) gram sample of the SRC is-recovered frnm thi pyridine solubl~~ 
and replac~~ the t~tal produ~t as th~ ~tart1ng mat~tial. 

Distillation: A 300 gram total product liquid sample is removed from the 
holding can after heating to 60°C and thorough mixing .. Gr~at care must be 
_tak~n to obtain a well-mixed sample. 

The sample is then distilled in a 111 x 611 vacuum jacketed distillation unit 
packed with podbieln1ak heli-pak high efficiency packing. The total plates 
as determined by Pod 1 s data book indicate 15 at total full reflux. A reflux 
ratio of 10:1 at 550°F. Fractions were collected at IBP to 420°F, and 420 to 
550°F under 100 mm Hg, and 550-end point (850°F) undet· 0.5 mm Hg. The pot 
temperature was 650°F at final end point. 

The distillation bottoms were pyridine extracted to yield the SRC ahd residue. 

The SRC was then solvent separated by Pr-ocedure w·to give SRC-oils, asphaltenes, 
and preasphaltenes. 
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New Ois.ti.llation.Workup Procedure 

R. Cusick 

A new method for separating CPOU ·process samples is being developed. CRDD is 
currently using a solvent separation scheme in which the entire pilot plant 
sample is extracted into·. pentane to remoy~ the oil fractiOIJ. How well this 
oil extraction method relates ~a a distillation method is uncertain. Therefore, 
a method to separate the pro,qess s.amp 1 es ·.by distill ati an. is, being deve 1 oped as 
an alternative method. · 

···1 

In the earlie~ method ~sed by"CRDD ia~pl~s w~re di~iili~~ to a 850~~ end~oint 
(corr.ected) .- .. Unfortunate l.y ther:e .seemed··· to, be, cons. i derabl e uncerta i.nty in the 
final cut point. In·the method we are developing,, the distillate materials 
that will be distilled of.f up to a 850~F cut pointwill be compared by simulated 
distillation to get absolute yields plus an understanding of the cut points 
themse 1 v·es. •· . · . · ... 

During the method developement period several distillations on.a standard 
process mixt~re from the pilot plant was distilled. During the distillation 
three cuts were removed:' : 

·' 

IBP-420°F . 
420-550°F 
sso-as0°F 

Simulated dis~illatipns w.ere made on each sample (Table 1). 
~! • ' . . : • : • ~ •• . 

Star~ing with.~· single CPDU material the reproducibility for the distillations 
is shown by comparing Run #2 and #3. The amount of 420-850°F material was 
65.3 and 63.3 wt.%, respectively. The 550°F cut points for all of the runs 
were quite reproducible. The 550°F cut point was consistently around the 96% 
point in the simulated distillation except for Run #5. 

The 850°F cut point varied between 719 and 751°F. We had long realized that 
the cut point of the lab method differed significantly from the plant distilla­
tions. When the 550-850 cut from a prior distillation was added back to the 
total sample as we had practiced in our earlier workup method, a different 
result was observed as shown in Run #4. 

By having the heavy cut present, the end point see~ed to increase although 
the yield of 550-850°F material decreased. 

When the solids are removed from the 550-850 diluted sample, even less yield 
of 550-850 material was observed as shown in Run #5. Therefore, to practice 
the dilution method seems to complicate the overall distillations. We will 
begin analyzing samples routinely using the procedure practiced in Runs #2 and 
#3. 
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METHOD DEVELOPMENT PRoG~AH FOR PRoDUCT VoRK-UP EX SRC PtLOT P~~NT. 

FEED: Bw:ND OF"BCL 22-50 PL AND XCL·23-1S9 PL 

( 
,~ .. 

,M8£R WGT. \ SIM WGT. \ SJM , 
OIST ~VMB~R tNT-~20\ 0157 ~20•550°~ 

st 

~·F 
~ 
s: 
6: 
7: 
s: 
~ 
~ 
11 Ct:t 

0 
0 
s:: 
Gl 
7: 
a: 
9:: 
p 
l C:·zr. 

. .. 
0 
J 
ss 

r Cj!t 

Cut 

1.6 

2.2 

3.2 

2.6 

27.1 

27.1 

ZI.O. 

3911 
n.o: 
96.~ 

548•F 
552., 
ssa 
568 
579 
512 

J99•F 
n.o: 
ea.os 
!lola•' 
549•F 
5ss•F 
564•F 
577•F 
592•F 

·400., 
9~01 

96.0: 
547 

sso•,­
ll!a•F 
565-F 
ua•v· 
w•F 

-4GZ 
10.0 
tl.O 

555 
159 
565 
574 
585 
599 

JCS: Actual lfqu14 Ulllatratures are rea~;t~eocf 

'· 

during 1 snort per1od at end af d1st111&t1on. 

mssur. ;nc:reases frCn. 0.4-0.5 to 1.0..1.111111 
running t1me an dfst111at1an - 9 ~. average. 

A~wo./ -;-,,c°F 
S"1n1 Pu-r 1 ') . ..t'7o ~ ??.rfl~ 

NO. SOLVENT 
WGT. \ SlM WGT. \ RECYCLE TO 
55Q-850° __ F" OJST aso-aTI'1S. ~TTl I ~ 'I'TF! n 

38.2 

36.2 

%1.9 

a.o: 
744~F 
75Z•F 
7511., ,,,., 
7u•; 
S02•F 
B:!o•r 

50 

31.2 

L1q. Ttm~~. 
6so•. 

33.8 

. 36.6 

Lf11. Temo. 
1120., 

40 •. 8. 

(0) 

420- 850 
65.3 

(0) 

420 - ~0 
63.3 

(1) • 

420- 850 
60.0 

60.0 93.3 
64.3 
Loss 6.7: 

(2J 
420. 850 

54.2 

55-.t a7 .4 
lr.! 
Loss 12.5: 

15 TP 
10: 1 .. RR. at .;: 
• sso·F. r.o ·. 
final c:ut poin: 

300 G Chg. 
:No diluent 
Added 

SliDe As Above 

Sue As Aboveo 
tllc:ept 212 !i ~-· 
!SD-final c:~~ o: 
tx run 2 ~ l s:! 
added ~a c:lt~. 

Solvent remove~ : 
pe7' qyhart. 

Same as abov~ 
uc:egt solids 
not rtii!Oved. 

Mervin O.ltU 
3-21-80 . 



Linwood Analyti~al·Acti~ities~ ~-

PHYSICAL TESTING - R. Cusick 

Product'Workup Distillations" 

XCL-21 - 314/315 PL Completed 

. XC(-23 - 51/52 PL Completed 

XCL-23 - 188/189 PL Dfscontinu·ed 

Set Up s·t i 1 1 #937'· ~·. ~· 

6" hipod column 
.. 

15 theoretical plates 

·, 

charged 300g ~as received) Reflux ratio 

Cuts: Int .. 

420 

550 

850 

Pressure: Int. 

420. 

550 

420 

550 

850' . : 

Btms. 

420 

550 

850 

10/1 

10/1 

Total take off 

100 rnm 

100. mflJ 

0.3/0.5 mm 

Run #1 BCL-22 - ·so PL & XCL-23 - 189 PL Blend 

#2 BCL -22 - 50 PL & XCL -23 - 189 PL Blend. 
. . 

13 BCL-22- 50 PL & XCL-23·- 189 PL Blend 

14 BCL-22.- 50 PL & XCL-23 - 189 PL Blend 

·#5 BCL-22 - 50 PL & XCL-23 - 189 PL Blend 

#6. BCL-22 - 50 PL & XCL-23 - 189 PL Blend 
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Attachment 4 

Solvent Separat1on 

Mod1f1ed W1lsonv1lle Procedure W 
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Appendix I II 

Total Product 

Solvent Separation 

Modified Wilsonville Procedure 

w 

A) Oils- Soluble material in pentane-benzene (lO:l).during the precipitation 
of the benzene soluble asphaltene. 

B) Asphaltenes- ·Soluble material .in benzene and insoluble by precipitation 
iri pentane-benzen~ .(10:1): 

C) Preasphaltenes - Benzene insoluble-pyridine soluble material by ~olvcnt 
extraction/filtration. 

D) Residue - Pyridine insolubles. 

Equipment Required: Same as that listed for Procedure A. 

Safety Features: As described for Procedure A. 

Sample Handling: As described for Procedure A. 

Procedure 

The laboratory equipment is prepared in the follOI'Iing mannet': 

a) Adjust and clean ultrasonic unit equipped with 1/211 horn with methylene 
chloride. 

b) Put in place Millipore filter after taking v1eight of dry filter element. 
Ensure that all 0-rings fit well with no leaks (test with n-pentane under 
10 psi). Use Teflon tape (3/4 11

) to wrap screw fittings and seals. 

c) Prepare rotovapor-bath temperature at 55-60°C for n-pentane; nitrogen 
flow rate should just cause 1/4-1/211 dimple in liqu.id of 250 ml flask. 

d) Cooling liquid for rotovapor condenser should be less than l0°C. 

Step lat•e a I!.JU ml pyr""ex beaker·, add 5 gr·dul::. n:!dd Lu! 0.005 yr·dul::. ur Llll::! 
desired total coal-derived product. Add approximately 100 ml benzene 
and sonicate 10 minutes with the 1/2 11 horn at power level 7. 

Step 2 Tare filter element and prepare filter unit. Pour supernatant benzene 
soluble into filter and catch in tared 1 L receiving flask. 
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Step 3 

Step 4 

Step 5 

Step 6 

Step 7 

Step 8 

Step 9 

Step 10 

Step 11 

Step 12 

Add 100 ml portions of benzene and sonicate 2-4 minutes to rapidly 
extract benzene solubles. Repeat this step 4 times. Each supernatant 
is passed through filter and recovered. 

At the 5th wash pour all beaker contents into filter and rinse beaker 
with 100-200 ml benzene in 50 ml portion. 

Continue benzene extraction via filter apparatus for 2.5 L, or until 
slight color remains- 3.5 L-.-

The benzene insolubles are extracted with 3 L of dry pyridine that 
has been \otarmed ·to 60°C. Catch in a tared flask. 

The pyridine insolubles are washed with 200 ml methanol, and 100 ml 
methylene chloride followed by a nitrogen flush for 15-20 minutes to 
remove excess solvent. The filter is removed, weighed and residue 
recovered. 

The pyridine solubles are.recovered for pyridine on a rotovapor RE 
under nitrogen gas, 1/2 11 dimple, at 90-100 9 C waterbath temperature. 
Preasphaltenes are recovered after being washed with 200 ml methanol 
and dried. 

The benzene solubles are reduced in volume of benzene to approximately 
50 ml. A 1 L beaker is filled vii th 500 ml n- pentane and p 1 aced ready 
to be sonicated, 1/211 horn. 

The concentrated benzene solubles are decanted into the n-pentane 
while the sonic power is at 3. The original flask may be washed with 
10 mL benzene to remove any material and \'tashed with n-pentane·, 
50 ml. · · 

The oils are recovered by filtering the mixture cr~ated in Step 10 
through a 5 millipore filter. The iniolubles are washed with 
500-1000 ml pentane. Oils are finally recovered by rotovap under 
nitrogen at 60°C. To ensure benzene removal flask must be rotating 
5-10 minutes past the last drop of material condensing. Check by GC 
for NHR for benzene remova 1. 

Aspha 1 tenes may be recovered from the fi 1 te1·, or better washed out 
with Z50 ml benzene. Benzene is removed. by rotovap and nitrogen flow 
at 75°C to just 10-20 ml. ·The tared flask is then frozen in liquid 
nitrogen and the benzene sublimed under vacuum (1 mm Hg) for 1-2 hours. 

losses are due to removal of light ends from oils or transfer error. If 
transfer error ~an be reduced by experience the loss may be assigned to the 
oils to complete the material recovery. 
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Attachment 5 

Stat~st1cal Compar1son of 

Three Solvent Separat1on Procedures 
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PROCESS SYSIEMS GROUP 

DEVELOPME~T PROJECT RE?ORT 
APRIL/MAY/JUNE 1980 

TITLE: Energy Systems De~artment 

PROGRM1 AREA: X 
PROGRAM MANAGER: J. C. Tao 

87-1-X716 - PECO Demonstration Plant- Oevelooment 
Support of the Marcus Hook project continued throu s period. 
The programming for CYCSYN simulati • verall fa~ility was c6mpl~tcd and 
decisions were ma·de on t · · omputer scanning frequencies, storage, trans-

and re requirements. Writeups for the Technical ~anual were 
.- e development plan and budget are under review. 

87-l-X024- Solid/Liauid Seoaration 
It-is anticipated that Dr. Doohee K~ng will be availabl ~su~e responsibility 
for this project in first quarter FY '81, as- program continues to 
be funded. The·8ol1-Kirsch candle 1s now on-site at the Emmaus facility 
and installation will proc "' ortly. Efforts are under-Nay to procure the 
necessary laborator · -~ 1pment and supplies to facilitate start-up in early 
FY '81. r~ · elt that alternative laboratory facilities will be required in 
th ·er term as the program develops. 

\ 87-1-X023-02 - Coal Licuids Analysis 
I 

\Activity during this r~porting pericd concerned the r.0r.~arison o7 three analytical 
! orccedures - conventi~na1 distillation and two solvent extra:ticn techniJues-
l used to fractionate coa1-derived liquid products. The res~:ts indicate that, 
ialthough a simple e1e~intal analy~is does ndt reveal appreciable ~iffere~ces 
:between the fractions produced by each procedure, a mere de:ailed investi;aticn 
\of· the che~ical and physical properties of the materials in:ic.:t~5 ~pprecic.ble 
\disslmilarity. It was also found that prolonged expos:.Jre o: coa: liauids to 
!relatively high temperatures during the distillation proced~re e:fects changes 
dn molecular co~~osition and boil ins range ot the startir.~ :=teria1. 
! . 

. . 
67-l-X7Q5 - Aoolications of SRC as ~ncde Coke 

A petro9ra;":ic labor.:.tory for .the o;tic:al charac:t , .. co.:.i5 a.rid car~cr. 
prod:.;cts is bein; set· up in Allen~own 1·'-:. ampie ;:r::ar::~::>r :::.;~;mer.t an~ 
a reflected li;n: microsco · equ~ppe1 fer ~~c:c~~:~c~pa;r.y wil 1 ~e 
purchased e. Evaluaticr. of a:~aratus for 5~~~~-s:.:.:: :ar~or.iza:~:r. 
o.: cck' "_ . eess :-~cks ~ s under~ay. · 
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PROCC:SS SYSTE1,1S GROUP 

DEVELOPMENT PROJECT REPORT 

APRIL/MAY/JUNE 1980· 

TITLE: Coa 1 Liquids Analysis 

PROJECT NO: 87-l-X023-02 
PROJECT LEADER: F. K. Sr.hweiahardt 
PRINCIPAL INVESTIGATOR: I. S. Kingsley 

I. OBJECTIVE 

The objective of thi~ project is to establish standard procedures to charac­
terize and analyze coal-derived materials from process studies at Trexlertown 
and to support the· ICRC SRC-I demonstration plant program. 

II. DESCRIPTION OF WORK 
Activity .during this reporting period concerned the statistical comparison 
of three analytical procedures that can be used to fractionate a total coal­
derived liquid.- Selection of the procedures was based upon methods currently 
practiced that can best simulate the separation of the Wilsonville ~ilot . 
plant product stream, i.e., distillation to recover recycle solvent and sol­
vent extraction to recover solvent refined coal from residue. 

III. RESULTS SU~~RY 
The results of our investigation show that each procedure produces subfrac­
tions that are individually different into themselves- oils/distillate­
asohaltenes - preasphaltenes - SRC oils - residue. In CQ~paring similar 
subfractions we find many more differences than similari~ies. The si~ilari­
ties in elemental compositions may be attributed to the precision of the 
methods e~p1oyet as well as to the continuum of molecu1ar species present 
in coal-derived materials. The continuum of composition in particular makes a 
clean.cut-point nearly impossible without high efficiency procedures/equipment. 

Differences are apparent both on the molecular level and the overall sub­
fraction level. W~ observe that th~ number aver~ge molecJ~ar weights for 
the distillate is less than the solvent separated oils, and that fractiona­
tion Proced~re ~using only n-~entane, g~ve oils of smaller mclec~lar weight 
t-han those ~rod~:ed from Procedure ·.~ where n-pentane: benzene ( 1 Q: 1) was used. 
This can· be attributed to 1ar;er mclecuiar species being ·:o-sc~ubi1ized ·,.,ith 
the adci:icn of benzene. ihe ore~s~ha1tene molecular wei:~: ~s oreatest fer 
the disti~ ~a:ir;.: ,:;rccec!ure. he car. at:rit:ute this tc possit:1e re;:·olyme:r-iza­
t~on of, ~ns '";sphalt2~~~ dur';.f ti":e prolonged (6-10 .~c~:r-s~ he;:~r.s o~ the 
total sa~:1e. ~efra~tive in~ex meas~re~ents also confir~ :~a: :he oi~s; 
disti1la:: frr e5ch proced:;r: are =ifferent ar.= agree t: t!'!e s~;;;e -:m:e,.. =s 
the ~oiec~:ar ~eight. 
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Gas chromatography used for both simulated distillation and molecular 
profiles for identification show that the distillate contain0 more light 
(IBP-420°F) material but does not achieve an endpoint of 850 F. In com­
paring the solvent separated oils, both procedures produced materials that 
gave higher boi1ing points but could not duplicate the boiling range of an 
authentic continuously distilled recycle solvent from the Wilsonville pilot 
plant. A forced

0
high temperature di~tillation was conducted and it gave an 

endpoint only 40 F less than the recycle solvent, and the distillate yield 
increased from 66 to 72~. The heavy distillate fraction (550-850 F) was 
the only fraction to increase. Gas chromatography has shown that the oil 
material left behind by our distillation, i.e., the oil associated with 
the SRC, contains mostly large 3 and 4 ring polynuclear aromatic. The 
composition of this SRC oil is less polar than either the oils or the as­
phaltene!. 

Nuclear magnet1c resonance has provided some structural information on the 
oils and distillate subfractions. Our calculations indicated an averaoe 
ring size of two and that n~arly one~third of the available ring site; 
were alkyl substituted, while approximately 1-2~ of the ~ites had hydroxyl 
groups (phenols) attached. An additional 1~ of the available ring sites 
occurred as ether oxygens. The hydroaromatic character of the oils was 
similar for the distillate and Procedure A, while the oils from Procedure 
W were slightly less hydroaromatic in nature. 

In general, the· distilTation procedure gave a distillate t~at was chemically 
and physically reproducible, but a bottoms that may have undergone repolymeri­
zation as evident from the analytical characterization. The distillation 
procedure can produce a reasonable oil product that approximates to a Wilson­
ville recycle solvent. It should be noted that our starting sa~ple is 
generated in a 50 lb/day CPDU and not the pilot plant. The de~ree of con­
version and saverity for this sa~~le may be less than that achievea~le else­
where. 

Tile sulvent separated preaspha"lter.es and residue were (che:,;ica11y) very 
similar, giving tne same recov€red value and ash content, while the oils 
and asphaltenes exhibited different chemical and physical prc~e~ties. The 
differences, as discussed, are attributed to the type of solvent used to 
i so 1 a te them . 

OJr reco~endations would be to distill the total product liqu~d in .S!JCh a 
manner as to r~dJce repolymerizaticr. (lower pressure) and to isolate the 
gross pyridine sclubles ·by ultrafiltration followed by ?rcced:.Jr; \~tore­
claim the total S~C and to improve the relative distribution c~ asoha~tenes/ 
preasphaltenes. 7hi~ would serve to increase the apparent pre:isicn of the 
method. 

The for~al r~;:r~ is ava~1able th~c~gM c~:D on request fr:~ t~e a~:~crs. 
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PROCESS SYSTEMS GROUP 

DEVELOPMENT PROJECT REPORT 

APRIL/MAY/JUNE 1980 

TITLE: Coal Liquids Analvsis · 

PROJECT NO.: 87-1-X023-02 

PROJECT lEADER~ F. K. Schweighardt 

PRINCIPAL INVESTIGATOR: .I. S. Kingsley 

ABSTRACT: 

The third quarter was devoted to evaluation of three analytical procedures for 
laboratory reproducibility and compari"son of the resulting fractions for 
differences in molecular composition. Procedures were selected on the basis 
that the method b~ currently practiced, and that the fractions best simulate 
the separation of the Wilsonville pilot plant product stream, i.e., distillation 
to recover recycle solvent and solvent extraction to recover solvent refined 
coal from residue. As a model we chose the recycle solvent from the Wilsonville 
~ilot plant that is continuously distilled to give a near 850°F end-point. By 
using simulated distillation and other analytical techniques we compared each 
solvent defined oil or batch distillate to the model recycle solvent. 

The results of our investigation show that each procedure produces five frac-
tions that are chemically and physically different ~ oils/distillate - asphaltenes -
praasphaltenes - SRC oils - residue. In comparing the fractions from each 
procedure we find many more differences than similarities. The similarities 

· in elemental composition may be attributed to the precision of the elemental 
analysis (CHONS) methods employed as well as to the continuum of molecular 
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species present in coal-derived materials .. The co~tinuum of composition in 
particular makes clean cut-points nearly impossible without greatly increasing 

the efficiency of the procedures and equipment. 

Differences are apparent both on the molecular level and the.overall fraction 
level. We observe that the number average molecular weight for the distillate 
is less than that for solvent separated oils, and that the pentane sol~ble 
oils from Procedure A had a smaller molecular weight than Procedu~e W oils 
which were soluble inn-pentane: benzen~ (10:1). This can be attributed to 
larger molecular species being co-solubilized with the addition of benzene. 
Increase in refractive index measurements confirm that the oils/ distillate 
from each procedure are different and also confirm.the observed increase in 
molecular w~iyhL. The pr~~sphalte~e fra~tion recov~rPrl from the di~tillation 

. . 

procedure had a higne~ molecular weight than the preasphaltenes recovered from 
the solvent fractionation procedures. We can attribute this to possible 
repolymerization of oils - asphaltenes - p~easphaltenes during the prolonged 
(3-6 hours) heating of the total sample. 

In general, the distillation procedure gave a reproducible distillate yield, 
but a bottoms (850°F+) that may haveundergone repolymerization as evident 
from our analytical characterization. The distillation procedure can pro~uce 
an oil product that nearly rP.sembla& a Wilsonville recycle solvent, if special 
heating conditions are used. 

The solvent separated preasphaltenes and residues were similar g1v1ng nearly 
identical yield and ash content.,. while the oils. and asphaltenes· exhibited 
different chemical and physical properties. The differences, as discussed, 
are attributed to the solvent composition used to isolate them. 

It must be kept in ~ind that our starting sample is. generated in a 50 lb/day 
CPDU and not a six ton per day pilot plant. The degree of conversion and 
severity experienced by our sample may be different than that achievable 
elsewhere. 
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Table of Abbreviations 

mg = mi 11 i gram 
.. mL = mi 11 i.l tter 
·IJL = microl ite_r 
L = liter 
0~ = degree~ celsius 
°F = qegress _fahrenheit 
em = centimeter 
nm =.nanometer 
mm = millimeter 

. D = diameter 
OH = hydroxyl group 
NH 

= amine group. 
NH2 
p = beta 
a = alpha. 
a= sigma 
_MHz = m~gaherz 

· IBP. =initial boiling point 
cfm =cubic feet per·minute 
psi = pounds per square inch 
Hg .== .mercury 
nMwt = number average molecular weight 
C .: carbon 
H = hydrogen 
0 = oxygen 

'·N = nitrogen . 
S = sulfur 
SO =-standard deviatton 
ppm= parts per million 
L = light ends IBP-420°F 
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·K =middle distillate 420-550°F 
D = heavy ends 550°F-FBP 
Asphalt. = asphaltenes 
Preasphalt. = pre~sphaltenes 
atm =atmosphere, 14.7 psi 
LHSV = superficial liquid hourly space velocity 
wt = weight 
CSTR = conti11uously stirred tank reactor 
CPDU ·= · Coa·l Proce~s Deve 1 opment Unit 
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I. INTRODUCTION 

The third quarter was devoted to evaluation of three analytical protedures 
for labo~atory reproducibility and comparison of the resulting fractions 
fo1· differences in mo 1 ecul ar composition. The three procedures were 
selected on the basis that their fractions .tould best represent the 
product streams as they will be isolated in the commercial SRC demonstra­
tion ~lant. The results of.this investigation will help· us to establi~h 
a standard procedure to separate cca 1-deri ved materia 1 and permit· us to· · 
relate liquefaction behavior in our process development units with the 
Wilsonville pilot plant and ultimately to the commercial scale plant. 

II. PROJECT OBJECTIVE 

The objective of the overall project is to establish analytical procedures 
to effectively characterize coal-~erived materials from process studies 
at Trexlertown that will relate directly to materials derived from the 
commercial SRC plant. This program supports the International Coal 
Refining Company SRC demonstration plant program. Other objectives 
are to coordinate the interac~ion of the various CROO-CPDU programs 
with CRSD staff, to inte~act with Wilsonville pilot plant staff and to 
join their activities with CROO. 

III. Sample Selection 

Selection·of the prime sample for this study was made·to best represent 
a total coal liquefaction product (liquids, solids, and mineral matter) 
and not a subtraction (distillation dverhead or u~derflow). The sample, 
XCL-23-169, was generated in the CRDD-CPDU from the conditions listed 
below: 
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IV. 

XCL-23-169 Process Conditions 

Hydrogen pressure 170 atm (2500 psi) 

Temperature 454°C (850°F) 

LHSV 
. -1 

2. 0 hr. 

Hydrogen 2.2 wt.% slurry 

Feed ~n% Pyre ·Ky. · #9 CO\!] 

Solvent 70% Wiisonville process solvent 

Se2aration Procedures 

The three procedures chosen for evaluation, D (~istillation), A (Air 
Products) ~nd W (Wilsonville), are outlined in schemes I-III. The 
detai 1 s of each _are given in Appendices I, U, and III. Each procedure 
was discussed with the technical staff ·two weeks in advance to familiarize 
each person with the details or the laboratory ~peration. To gain ex­
perience with the three procedures, product liquid samples taken from 
earl1er times in the same run (XCL-23) were used.* 

Procedure 0: Because distillation will be the primary .mea11s by which 
recycle solvent and other coal-derived liquids will be separ~ted from. 

·the SRC-I demonstration plant product stream,' it is i'!'portant tu be 
able to duplicate that process step in the laboratory for quality 
control. At the Wilsonville pilot plant a continuous distillation unit 
removes the -850°F liquids so that the bottoms may enter the solids 
separations unit, presently a Kerr-McGee critical solvent deasher. 

*The time of analysis is defined as the overall elapsed time to set-up, carry 
out and report the analytical results. 

·' 
·-~ 
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In the Wilsonville lab~ratory batch distillation high vacuum (.5 mm Hg) 
is used to remove the liquid products. The resulting bottoms are 
extracted with cresol to isolate unconverted residue/minerals (cresol 
insolubles) from the converted prciduct, SRC. SRC is then solvent 
separated to isolate SRC-oils, asphaltenes and preasphaltenes by Soxhlet 
extraction. The s·olvent separation procedure as performed at Wilsonville 
is given in Appendix IV. 

As perform~d at Wilsonville the entire procedure takes 4-5 days and a 
material balance is achieved by calculating the preasphaltenes by 
difference. 

We have modified the Wil~onville procedures to achieve a direct measure 
of each fraction for material balance and decreased the laboratory time 
by using ultrafiltration and sonication in place of Soxhlet extraction . 

. 
The procedure we adopted involves ."l flash distillation of 300 grairl of 
the total product liqui~ ta~ing cuts IBP-420°F and 420-550°F under 
100 nun Hg, and 550 to -850°F end-point at 0.5 nun Hg. The bottoms are 

' . 
pyridine ex~racted to give the soluble SRC with rejection of the insoluble 
organic matter (IOM) and mineral matter. The SRC is freed from pyridine 
a~d extracted with benzene by ultrasonic agitation and filtered through 
a 5 micron Millipore filter. Benzene insolubles on the filter are 
recovered as preasphaltenes. Asphaltenes are obtained by precipitating 
them from 50 ml of benzene in 500 ml n-pentane. The oils are therefore 
the n-pentane:benzene (10:.1) solubles that are recovered by removing 
the s~lvent mi~ture ~y rotovap under nitroge~ at 70°C.· As described ~n 
Sch~me I and ·detailed in Appendix I and III the di.stillation/separation 
procedure requires a total of 22 man-hours. 

The batch d1stillate portion, IBP-850°F, will be compared to the Wilsonville 
. . . 

recycle solvent obtained via continuous distillation and the solvent 
separated oils to be described. 
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Scheme I. Product Liquid Separation Procedure D 
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Procedure A: Another approach to coal product sep~ration is the isolation 
of the oils, asphaltenes, preasphaltenes, and residue as various solubility 
classes without prior distillation. The total product is handled 
directly_ and fractions are isolated in sequences as soluble in and not 
as a precipitate from a particular solvent or solvent pair to reduce 
co-solubility and co-precipitation effects. 

Procedure A is considerably different than Procedure D and atte~~ts to 
simuiate in quantity and composi.tion the continuously distilled recycle 
solvent from Wilsdnville or the batch distilled material (Procedure D). 
Scheme II outlines the procedure and Appendix II details the laboratory 
work-up. In general S-8 grams of the total product is frozen in liquid. 
nitrogen to ac~ieve a homogenous sample that can be crushed to a fine 
powder in ~he inert at~osphere.· Pentane is added to solubilize the 
oils and ultrasonic agitation is used to extract the oil from any solid 
matrix. The pentane solubles are f~ltered away using a five micron 
Millipore filter unit. Extraction and sonication with addition of 
n-pentane are continued in sao ml portions until the filtrate is clear, 
2-3 liter. Once the oils have been removed benzene is used to extract 
the asphaltenes. Pyridine is subsequently used to extract preasphal- · 
tenes in a similar fashion. Solvents are removed under nitrogen ar:d 
fractions weighed for direct material recovery. This procedure requires 
10-12 hours to perform. 

Procedure W: The separation procedure commonly practiced at the Wilsonvi~1e 
pilot plant, Method #34550-3 referenced. to Consolidation Coal Company 
Procedure #44 (12/30/59), Appendix IV, requires that the starting sample 
be a distillation bottoms free of cresol insoluble matter. In the 
operation at the Wilsonville pilot plant samples taken at plant site 
VllO (distillation feed) are first laboratory vacuum distilled to 
achieve an 850°F end point. These distillation bottoms are cresol 
extracted in a Soxhlet and the solubles are freed of cresol by distilla­
tion to give the starting material (SRC) for their solvent characterization. 

This procedure requires 3-4 days to complete. 
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s·cheme II. Product Liquid Separation Procedure A 
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Because this procedure involves extensive Soxhlet extraction and not 
all mater.ials ar~ directly recovered and weighed we have chosen to. 
substitute for this method as outlined in Appendix:1II, Scheme III. 
The total product is used as the starting material and we have s~bsti­

tuted ultrasonic extraction/micro-filtration for Soxhlet extraction. 
In this manner ve can reduce the overall separation time to approxi­
mately 10-12 hours, maintain the fraction distribution as found by 
Soxhlet extraction, and provide a high degree of reproducibility. 
Because this procedure uses benzene to sol~bilize the matertal and then 
precipitates the asphaltenes from a mixture of n-pentane:benzene (10:1) 
the chemical composition of the oils and as·!"lhaltenes may show significant 
differences when compared to the oil fraction of Procedure A. 

Procedures 0, W and A just described each provide operationally defined 
fractions that may be_different in their chemical composition as well 
as the quantity of fractions recovered.* This investigation wi~l · 
attempt to compare the physical-chemical nature of fractions from each 
procedure. From this information we will decide upon the best analytical 
approach that.will quantitatively relate to specific SRC demonstration 
plant product streams. We further wish to provide a flexible procedure 
that can be used in the CRDD-CPDU program that would quantitatively 
~~late $hang~~ in the total coal-derived product as a function of 
change in process temperature, hydrogen pressure, residence time, 
coal:solvent feed ratio, added mineral matter or catalyst content. 

*By operationally defined we mean that·the order of analysis used in each 
procedure effects the distribution of components. Far example, oils may 
be a distillate, a pentane soluble material, or a material first soluble 
in benzene that remains in solution when an excess of pentane is added. 
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Scheme III. Product liquid Separation Procedure W. 
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·Details of Analytical Workup 

Product Analyses 

o Elemental Analyses - Huffman Laboratories, Wheatridge, Colorado. 

Dir~ct determination was made oh a micro (3-10 mg) scale for each element, 
carbon, hydrogen, oxygen, nitrogen, and sulfur. Duplicate determ~~ations 
were requested f~r carbon, hydrogen and sulfur. Ash values were carried 

' 
out on 50-100 mg samples according to ASTM (D-482) procedure, with tempera-
ture conditions for dry ash, 750°C. 

0 Number Average Molecular Weight.:- Huffman Laboratories. 

Molecular weights were determined in methylene chloride or pyridine 
(preasphaltenes) at four concentratio~s in the range 1~10 mg/ml at 27°C 
or 50°C by vapor pressure osmometry (VPO). The reported number average 
molecular weights are extrapolated to infinite dilution to remove or 
reduce intermolecular interactions; e.g., hydrogen bonding. 

o Functional Groups (OH, NH, NH2) - APCI-CRSD. 

A method was designed to quantitatively measure, by near infrared spectro­
scopy, the amount of OH, NH and NH2 functional groups present in a sample 
of material soluble in methylene chloride (typically SRC liquefaction · 
products) by comparison to reference materials. 

A weighed amount of sample is dissolved in 10 mL of methylene chloride, 
transferred to a 1 em path cell and measured by near infrared spectrophoto­
metry. The molar absorbance of the OH, NH and NH2 functional groups are· 
measured at the wavelength maximum of OH (-2790 nm), NH (-2885 nm) and 
NH2 (-2950 nm). Since the molar absorbance of each functional group in 
heterogeneous samples, such. as SRC 11quefaction products. is the. average 
of many compounds containing one or more of the above functional groups, 
the peak maximum and the absorbance of any functional group is the average 
of all compounds having that one functional group. For the purpose of 
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this test the absorbance of each functional group at the wavelength 
maximum is assumed to be equal to that of ~-naphthol (OH), carbazole 
(NH) or 1-aminonaphthalene (NH2). These compounds are used as standard 
reference materials to estimate the weight percent of 0 as OH, N as NH 
and N and NH2. 

By comparing the NIR intensity of a sample to that of standard compounds, 
~-~aphthol for OH and carbazole for hH, we firid the example in Figure 1 
has 1.44% OH. and 0.17% NH. This sample contains 2.62% oxygen and 0.66% 
nitrogen by ·el:.emental analysis. By simple calculation we determine that 
55% of the oxygen·in the oils exists as hydro~yl, while only 26% of the 
nitrogen exists ·as NH. The other oxygen form (45%) is represented by 
cyclic ethers, and the.other nitrogen form {74%) by pyridine-like, -N=, 
structures. 

0 Nuclear Magnetic Resonance C~SO 

Proton ('H) magnetic resonance spectra were taken at 60 MHz as 10!; solutions 
in deuterated methylene chloride (CD2C1 2) at 35°C~ 

0 Simulated Distillation - CRSD 

Simulated distillation was mea~ured by gas chromatography. · The conditions 
us~d are given in Table I. 

Table 1 · 

GC Conditions Simulated Distillation 

Column length/IO 
Temperature 

Detector 
Carrier Gas 
Flow Rate 
Sample Size 
Column Pack.i ng 

Solid Phase 
Liquid Phase 

40.67 em x 6.35 mm (1.33 ft. x ·1/4") 
Progranuned at ., 1 °C/mi n - 30°C to +380°C 
Thermal conductivity 
Helium 
50 ml/min 

2 ~L 

Methyl silicon 
10% UC\ol 98 

80/100 mesh arom-:-P-acid .wash 
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Figure 1 

·.-

Near Infrared scan of an oils-sample obta i ned by product­
liquid separation procedure A. 

·-~-:-:-:==.:-.~:.--

I 

2760 2840 2920 3000 

wave length (nm) 
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A typical example of a standard aliphatic hydrocarbon (C5-c40) mixture 
used for calibrating the simulated distillation curve is given in Figure 2. 
Figure 3 represents a typical simulated distillation GC profile, while 
Table 2 lists the weight percent distilled as a function of temperature 
for a typical pentane soluble oil. 

o Gas Chromatography - CRSD 

The gas chromatographic separations were performed using the conditions 
below. 

The gas chromatographic conditions wP.re: 

Detector . • • • • 
liquid Phase ••• 
Solid Phase .... 
Column Temperature 

. . . . . . .. ••• . •• Hydrogen Flame Ionization 
. .... 8% SP-2100 

• Gas-chrom Q 
Programmed ~t +50°r. for 
10 min. then 5°C/min to 
300°C 

Sample Induction Temperature • • • • . • 150°C 
Carrier Gas. • • •. • • • •••• Helium 
Flow Rate. • • • • • • • . • • • • • . . · 30 mL/min 
Column Length/Diameter • • • • • . 4.07 m X 4.8 mm 00 (10 ft 

X 3/1611
) 

Sample Size ..•.••• 
Detector Temperdture .. 
Calculated Theor. Plates . 

.••• 0.9 ~L (microliter) 
• 310°C 
• 2668 per meter 

The retention times (Rt) were related to the boiling point of the respective 

compounds. Figure 4 gives a relationship between boiling point and 

structure of compounds typically found in recycle solvents as determined 

by the GC conditions employed for thi~ invest1gation. 

Q Rnfractive Index - Huffman Laboratories. 

Refractive index was determined as either transmittance or reflectance of 

light by the nea~ sample at 30°C. The values are precise to three signifi­

cant figures to the right of decimal. Both reflectance and transmittance 
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Figure 2. Simulated 
. d i stilla ti on chroma to­
gram of a C to ·c 
aliphatic h}droca~eon 
calibration mixture. 

Figure 3. Simulated 
distillation chromato­
gram of a pentane­
soluble-oils sample 
obtained by product 
liquid sparation 
procedure A. 
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Table 2 

Simulated distillation of an oils-sample obtained by product liquid separation 

Procedure A 

% Off Temp. OF 

IBP:~~t 359 

5 415 

10 445 

15 457 - -
20 473 

25 486 

30 493 

35 506 

40 522 

45 538 

so 555 

55 571 

60 592 

65 610 

70 631 

75 653 

so 682 

85 715 

90 758 

95 832 

99.5 999 

100 1040 

IBP:~~t = .5% 
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Figure 4. Standard curve of gas-chrcmatogra·pnic retention .. 

time versus boiling point of polynuclear aruuath: 
. . 

.hydrocarbons found in coal liquids. 
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were used due to the opaqueness of some of the oils/ distillates. Refractive 

index provides an indication of composition and in particular the degree 

of conjugatio~ such as found in polynuclear aromatic hydrocarbons. 

'' . 

/ 
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1 
· V. RESULTS AND DISCUSS·ION .. '. · ... ·· . ' ... ·' 

. . ~ 

.·,. 

The results of this investigation will be presented as a series of· 
compafi sons ·b'etweeri the' tnre~ methods of s~parat i o'n ~ .A,' w arid D. . Data 

are all average values of at least 3 trials in each case. When more 
than three values were used it is noted on the table or figure. 

puring the course of the investigation no data points were omit~ed, 
unless a laboratory error occurred wnile performing the procedure. 
When such an error, e.g., lost sample~ was reported the entire sample 

' . . . . . . . 

separation was repeated. Errors in subseque~t el~mental or nmr analysis 
for example, while harder to judge as being outside two values, were 
repeated once to allow it to fall within 10% of the other values. If 
the repeated value was not within 10%, the values were averaged as 
received. 

In every case possible the technician who started an analysis completed 
it to maintain constant human bias in laboratory technique. Analyses 

. . . 
were timed but no effort was made to stress rapid work-up to the technical 
staff. 

Definition of fractions used in this study are: 

T. The yield of solvent refined coal (SRC) will be defined as distilla­
tion bottoms (>850°F) that are pyridine soluble, while the solvent 
separation Procedures A and W will define SRC as the sum of aspha1tenes 
and preasphaltenes. 

2. Oils that are associated with the SRC (SRC-oils) will be reported 
separately (see Figure Sd). For Procedure D the SRC-oils are the 
bottoms material soluble in 10:1 pentane:benzene. SRC-oils from 
Procedure A are defined as the material soluble in 10:1 pentane:benzene 
from the asphaltcnes. The value obt~ined from Pro~edure A is used 
for Procedure W. 
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3. The distill~tion Pr:-ocedure 0 generates. three subtractions of. the 
total distillate (a). IBJ)-420°F, light ends; (b) 420-550°F, middle 
distillate; and (c) 550°-end point, heavy ends. 

0 Product Liquid Separations 

A summary of the fraction yields for each separation of the total 
liquid/solid product. is given ~n Figures Sa-c. Results are the 
average.of three trials with material losses adjusted by normali­
zation for Method 0 (loss average 2.5%) or by adding the total loss 
which presumably are light ~nds to the pentane soluble oils for 
both Method A ( 1 oss average 1. 5%) and Method W (1 oss average 5%). 

The o11 yields are. about 6% greater for the solvent separated proce­
dures than the distillate~ In order to· determine if the distilla­
t~on procedure was getting the full distillate as overhead we carried 
out a fourth distillation. In this case the entire unit was heat 
traced up to the distflling head and the end-point was determined 
when the·o.s mm Hg· vacuum broke due to decomposition and reached 
2.0 mm •. The.yield of distillate increased from 66 to.72% with a 
simulated distillation end point 5b°F higher than the three distilla­
tion average. 

SampHng a coal-derived product for analytical character-ization is 
a very difficult task due to the presence of mineral matter, suspended -
organic matter and 1 i qui d. Our samp.l i.ng. techniques i nvo 1 ved. two. ·• 
level$ of sample ·withdrawal; (a) Joo· gram from a 4 liter container, 
and (b) $-8 gram from a 100 ml glass container. To test our 
sampling for each protedure a 5 gram sample was removed.prior to 
running each procedure by each of fo~r technicians. This gave us 
nine (9) independent. samples from two containers - thrP.e from 
4 Titer and 6 from 100 ml containers. 

Elemental analysis, Figure 6a-b, was run on each sample. ·we found 
that the ash content·varied most at the 300·gram size. This is not 
unexpected due to the difficulty in mixinr a 4 l container. 
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Weight percent distribution of· the products. · 
Each is an averag~ of three complete separations. 

~igure Sa 

Product Liquid Separation 
. Procedure 0 

, . 
. . ') 

Figure Sb 

Product Liquid Separation 
Procedure A 

Figure Sc 

Product Liquid S~paration 
Procedure W 

Separation Procedure D 
OISTILLiiTE 

"·' 

OILS n 

OILS n., 
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Figure 6a. 

Comparison of the totat 
starting product XCL23-169PL 
elemental and ash conpos i tion · 
~fter nonnal ization.· The · ~ 
resu1 ts a;re an average "of I 
nine sampJings. . ~ 

~ T 

Figure 6b 

Comparison as in Figure 6a .· 
of the cal cu1 a ted ash free 
results as an average of 
nine samplings. 
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It is interesting to find that when the e)emental data is p~esented 
as ash free, Figure 6b, the distribution of CHONS is nearly identical. 
This may indicate that there is. non-selective adsorption of soluble 
organic material on resi.due matter in the total product. We may 
assume that the_relative distribution of oil~-asphaltenes-preasphaltenes 
should be unaffected by poor sampling, but the weight percent of 
the residue fraction and resulting ash value would be in error. 

The yield of preasphaltenes (Figure Sa-c} was found to ~e signifi­
cantly greater from the distillation procedure (14.6%) than from 
either solv~nt extraction (10-11%). This .is the first indication 
that prolonged heating during distillation may have caused an 
apparent repolymerization of oils and/or asphaltenes to form preas­
phaltenes. 

The major product in SRC-I liquefaction is a solid that can r~ 
defined in terms of the distribution of SRC-oils, asphaltenes and 
preasphaltenes. The relative amounts of these components reflects 
the process that created it, and the process can be controlled to 
va~ the proportion of components to give the desired SRC product. 

The quantity of SRC-oi ·1 s represent- the dep.th. and/Qr effi c:i ~ncy of 
the distillation and solids removal steps. If the distillation 
temp~rature or vacuum is increased, less SRC-oils remain. For the 
demonstration plant 5-10% oils are necessary in the SRC to achieve 
a good fluid phase for transport after distillation but prior to 
Critical Solvent Oeashing. The SRC-oils are also important as a 
compon"nt of the SRC because tha quality of the SRC, e~g. softening 
point, can be controlled with the oil·s content. 

Chemically these SRC-oils are less polar than the distillate, Qre 
mostly 3-4 and 5 ring polynuclear aromatics, and have a number 
average molecular weight near 300. When isolated the SRC-oils 
appear as a heavy varnish with a slight aromati~ odor. 
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SRC asphaltenes and preasphaltenes provide detailed information as 

to the coal liquefaction process. Asphaltenes have been found with 
molecular weights from 350~700, and preasphaltenes exhibit molecular 

weights from 800-3000 .. The range of molecular weighti heteratom 
. content and carbon aromat i city of aspha 1 tenes and preasphaltenes 
reflect the degree of liquefaction severity. 

It is therefore important that the procedure to isolate and Jefine 
these =omponents.does not change their distribution in th~ proces~. 

Figure Sd gives the di~tribution of SRC/oils-asphaltenes-preasphaltenes 
in the SRC from the~ CPbli· sampl_e. XCL-23-.169 as determined by each of 
th~ three separation ~ro~edures, 0, A, .and W. The. most oils and 
asphaltenes are found by Procedure A and the least by PrQcedure W. 
The yield of preasphaltenes was greatest by Proced.ure 0 a~d least 
by Procedure A. These di fferen~es correspond to c_hanges that may 

·have been .generated as a result of the separation.procedure on the 
. . . 

total product. Batch. distillation exposes the product to _high 
temperatures (>600-650°F) for longer ti~e (3~6 hours) than does 
continuous distillation (<1 hour) .. Repolymerization may have 
resulted and changed the relative composition of the asphaltenes 
and preasphaltenes. 

Thus far we may s·ummari ze our observations: 

0 Oils will distill. 

0 Asphaltenes and preasphaltene~ will not·distill. 

0 Pentane soluble oils are nearly equi~alent to a distillate. 

0 'Batch distillation heating may cause rep'olymerizatio·n. 

We will now define in detail the chemical characteriiation of ea.ch 

fraction from each procedure. 

Table 2a summarizes the mean and standard deviation of the fractions 
fot each ~eparation m~thod. Once the technical st~ff gained·experience 
wit1 a method the major sources of error were associated with poor 

mixing pri~r-~o sampling, a~d poor ~ampiin~ for subsequent analytical 

chara~t~rization, ~uch as for ash. 
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Table 2a 

Means and Standard. Deviations of Weight Percent (three trial average) 
for Each Fraction Obtained by ~he Thre~ Separation Procedures 

Meari so 

Method 0 distillate 66. 1 0.6 

SRC derived oils 3.2 1.2 

aspha_l tenes 8.6 0.5 
. - . 

preasphaltenes . 14 .. 6 1.6 

residue 7.5 1.7 

Method A ofls 72.0 1.4 .. 

asphal~enes 10.6 . 0. 9 

preasphaltenes 10.0· 1.3 

residue 7.4 0.4 

Method W oils 73.5 . 0. 2 

·asphaltenes 1.-1 0.9 

prca:;phaltenes 10.9 1. 2 

residue 7.9 0.2 
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o Elemental Analysis 

Each sample and fraction was submitted for elemental analysis. :The 
total product liquid was sampled nine times and each aliquot analyzed. 
Figure 6a and b give the normalized and ash free elemental composit1on, 

respectively. Sampling of the total product caused significant 
error in ash content, y~t the elemental distribution was unaffected. 

Figure 7a,b,c compare the elemental distributions found in each 
fraction within individual procedures and contrasts them against · 
the other. Notice that the trend in elemental composition in going 
from oils to asphaltenes, preasphaltenes and finally to residue 
within each procedure is nearly identical to that of the other two 
procedures, e.g., carbon and hydrogen decrease while oxygen, nitrogen, 
and sulfur increase. The absolute weight percents of the elements 
in each fraction are compared in Figures 8a,b,c,d. 

Here we observe slight differences in the elemental distribution. 
The distillate/oils show the greatest similarity in elemental 
composition except for the oxygen content which is higher in the 
distillate. The functional group distribution of this oxygen will 
be discussed later. 

The asphaltenes and preasphaltenes show definite trends in their 
elemental composition with an increase in carbon and a decrease· in 

oxygen content comparing Method W ~ Method A ~ Method 0. ·The: · 
elemental hydrogen distribution is nearly identical in all three 
cases. The data are presented as ash free because the preasphaltenes 
derived from the distillation Procedure 0 contained mineral matter. 
On the average the 11 as received" elemental dat a gave the same 
trends for the oils and asphaltenes where no ash was present. 

The distribution of sulfur and nitrogen in nearly all fractions is 

uneventful. 
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Figure 7 
Elemental analysis results after normalization for ash-free composition., obtained on the subtractions of the thre~ separation procedures. 

:gure 7a 
Sepa~ation Procedure D 

Figure 7b 
Separation Procedure A 

Figure 7c 
Separation Procedure W 
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0 Molecular Weight 

Figure 9 gives the number average molecular weight profiles fo\ 
each fraction compared by the method of isolation. The trends are 
interesting and can be explained. Procedure W gave an oil with the 
highest molecular weight, 210. This may be due to the use of -10% 

benzene in the solvent mixture of Procedure W to recover the oils, 
thereby allowing co-solubilization of higher molecular weighc 

species. These compounds would therefore be taken away from the 
asphaltene fraction and accordingly increase its nMwt. We find the 
distillate oils having the lowest nMwt, 190, whir.h is not surprising. 
because the higher boiling compounds with larger molecular weights 
wPrP ,Pft in the bottoms as SRC·oil~. 

In the case of the asphaltenes we find that Method W's fraction has 
the greatest nMwt. This confi r1i1S the transfer of some materia 1 to 

the oil fraction due to the use of the benzene-pentane mixture. 

-It must be considered that to change the nMwt a significant number 
of moles must be transferred in relation to the total moles in the 
fraction. Therefore, the 3% of material nifference in Method W and 
Methuc.J A asphaltenes (7.7 v$. 1U.6%) adds about 4% to the oils, but 
makes a 25-30% difference in the final w~ight percent of asphaltenes. 

The number of moles transferred to the oils is small, but the 
number of moles of higher molecular weight materials left behind in 
the asphaltenes is now much larger. 

Preasphaltene molecular weight shows the biggest difference for the 
distillation bottoms. If prolonged· heating caused repolymerization -
but not coking -the numbet' avt!r'dYI:! mulecular we1ghi. should increase 
rapidly. We observe a change of nearly 1000 mass units in the nMwt 

for Method 0 preasphaltene. The error of analysis ts between 5-10% 

in the range 200-3000 Mwt. 
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Table 4 summarizes the overall weight percent recovery and elemental 
distribution for all fractions and gives the calculated mean with a 
standard deviation. In general elemental analysis can achieve ~he 
fallowing in overall precision for a typical coal-derived material 

C:87!0.4; H:8!.2; 0:3!~ 3; N:2!.2 and 5:1!.1. Duplicate analyses on 
the same sample by the same technician can achieve a precision for 
C, H, and 0 of :0.2. 

High precision in the distribution of the fractions obtained from 
each method is difficult to achieve on a routine basis. A standard 
deviation of !1-2% is possible, h11t if small di rferences in yield 
of oils/distillat~ are r~quired to be found dnd quantified, less 
subjectivity must be imparted on the methods, and equipment design 
must be modified to enhanc~ recovery. 

0 Functional Groups (-OH, -NH) 

Detailed characterization of the oil/distillate fraction included 
the determination of hydroxyl (OH) and NH functionalities. Table 5 
gives the distribution of ~he percent oxygen as hydroxyl and nitrogen 
as NH. The oils from Methods A and W have nearly identical hydroxyl 
content as well as total oxygen. Method D on the other hand has 
more total oxygen (2.8%) than th~ solvent separated oils (2.4%) but 
about the same percent in the hydroxyl form, 54 vs. 52%. On an 
absolute basis the distillate has about equal concentration of 
hydro.xyl as either solvent separated-oil. The other form of oxygen 
is the .ether functionality, usually a!i a cyclic ether or as a 
eontaminant from Dowtherm-diphenyl ether. 

The distributiuu of hydroxyl amongst the distillate fr~ctions is 
very interesting. Light ends contain nearly 6% oxygen of which 
-60% is in the hydroxyl form, the middle distillate (420-550°F) has 
nearly 60% of its 3.3% oxygen as hydroxyl and heavy ends (550-850°F) 
have nearly halr of their 1.9% oxygen as hydroxyl. Figure 10 gives 
the weight distribution of the distillation fractions. From the 
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· .Table 4 

Carbon HydrC?gen · Oxygen .. Nitrogen Sulfur Ash** 
Method Mean 50 1111 Mean 50 1111 Mean SO"' Mean 501111 Mean 501111 Mean 501111 

Oils 0· 87.2 0.3 8.5 0. 1 3. 1 0.4 0.8 0. 1 .0.4 0. 1' 

A 87.7 0.2 I 8.5 0.2 2.4 0. 1 0.9. 0.4 0.5 0. 1 

w 87.2 0.2 8.2 0. 1 2.5 0.2 0.9 0.1 0.6 0. 1 

~ 

Asphaltenes 0 87.1 1.5 6.2 0.4 3.9 1.1 . 2.0 0.-2 1.2 -o. 1 

A 86.1 0.5 6.3 0. 1 "-4.4 0.3 2.0 0. 1 /1. 1 0. 1· 

w 85.4 0. 1 6.0 0. 1 5.3 0. 1 2.3 0. 1 1.2 0. 1· 

Preasphaltenes 0 86. l 0.4 5.2 0. 1 5.3 0.5 2.4 0. 1 1.0 0. l 1.4111111111111 
\.0 .. A 85.4 0~4 5.4 0.2 5.6 ·o.3 2.5 0;1 . 1.1 0. 1 U1 

w .84.8 0.3 5.2 0.2 6.3 0.5 . 2. 6 0.2 1.1 0. 1 

Residue D 75.0 1.3 3.9 0. 1 11. l 1.2 1.8 . 0.4 8;2 0.6 3.0 .2 

A 74.4 0.4 4.0 0.2 10.9 0.6 2. 1 o. 1 8.6 0.2 4.2 • 1 

w 75.5 0.4 4.0 0. 1 10.7 0.4 2.2 0.2 7.6 0.4 4.3 . 1 
•. 

Mean and· standard d:eviation of normalized ash-free elemental analyses for each separation fraction. The results are- an 
average of three trials and may not add up to 100%. The standard deviation fs related to the mean by the following 
defin~~ion: · 

·1111 In any unimodal distribution, which is reasonably symmetrical about its average two thirds of the distribution, 
lies less than one standard deviat.ion away from the mean; and 95% of the distribution lies less than two 
standard deviations a\t.·ay from the mean. 

11111111Normalized ash content of total product (three trial average) 

IIII**Ash was found due to poor f11 teri ng. Add this value to residue (D) for 4.4% ~otal ash. 



Table 5 

Distribution of Functional Groups as 
Determined by Ne~r Infr~rP.d Measurements 

Fraction Wt.% Function Gp. Ele. Wt.% % Oxygen 

OH NH 0 N as OH 

Total Distillate (Method D) 1.5 o. 1 2.8 .8 54 

L/IBP-420°F 3.5 0.01 5.9 .5 59 

K/420-550°F 1.9 0.02 3.3 .6 ·58 

0/550-850°F 0.9 0.20 1.9 .9 49 
-
Oils (Method A) 1.3 0. 1 2.4 .9 52 
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Figure 10. Distribution of distillate fractions on a weight percent 
basis. 
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APCI-CPOU the total product does not contain more than 5% light 
ends, most of which are removed in the primary condenser with 
water. 

~ . . . 

0 NMR Analysis for Structural Parameters 

Proton magnetic resonance was used to determine the distribution of 
structural hydrogen in each fr~ction· of oils/distillate. Samples 
were dissolved in deuterated methyl~ne chloride (CD2Cl2) as 10% . 
soluti~ns to minimize intermolecular interactions. Spectra were 
taken at -35°C at 60 Mllz and the tallest peak set at 70% full chart 
expansion ... After·each spectrum was recorded it W9S intPgrated to 
provide the following areas: aliphatic proton (0-2 ppm) (Ha1); 
alpha hydrogen (Ha) to aromatic rings (2-4 ppm); and aromatic 
(6-9 ppm) hydrogen (Har). Table 6a summarizes the proton nmr data 
a5 received. 

To determine the differences in.average structure of the molecules 
in each oil/distillate fraction-the nmr data along with the sample's . . ' . ' 

elemental distribution (C,·H, 0, N-& S), functional group- assignment 
(% 0 C!S OH) and tho assiynment of. first approximation!. to certain. 
key NMR parameters were entered into a computer program. The 
program, modified by H. L Retcofsky and F._ K. Schweighardt, is_ 
based upon the Brown and Ladner eq~ations for calculating aromaticity 
of organic mixtures from proton magnetic resonance data. Table 6b 
sunvnar.izes the results of those CillcuJations. fhe aromaticity, fa. 
('H), relates the fraction of carbons in benzene (aromatic) rings. 
A value of .6 would indicate 60% of the carbuns are associated in 
aromatic rings. An example of a typical structure would be diethyl 
benzene with 6 aromatic carbons and 4 aliphatic carbons. 

The value of a (sigma) indicates the percentage of sites on such 
aromatic rings that are not substituted by hydrogen nor are part of 
adjacent aromatic rings. In diethyl benzene two of six sites have 
substituents, therefore a= 33%. The higher the value of a the 
greater is· the substitution. If during a process run splitting of 
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Table 6a 

Structural Parameters 

derived from proton magnetic resonance (NMR) 

for the oils/distillate obtained by the three separation methods 

0 A .-
Har 32.3 33.8 

Ha 29.8 29.8' 

Hal 37.1 35~5 

HOH . ' 0.9 0.9 

Har = percent hydrogen attached to aroma~ic ring carbon · 

Ha = percent hydrogen attached to carbon 
one bond removed from aromatic ring carbon 

w 

32.2 

31.1 

35.3 

1.4• 

Hal = percent hydrogen that is either two carbon atoms removed from an aromatic 
ring or of aliphatic/alicyclic structure 

HaH = percent hyd~ogen in hydroxyl functional groups 

• The hydroxyl value was estimated to be the same as that of the A-oil fraction. 
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Table 6b 

Calculated structural parameters for the 

oils/distillate obtained by the three separatio~ methods 

0 A w 

fa ('H) • 61 .62 .64 

a 34.6 33. 1 38. 1 

Har1Car .92 .95 .89 

X !c:.l:. 2.0 2.0 1, a 

. c 
fa 'H = fraction of carbon ~romaticity C ar as calculated from proton magnetic 

total 
r@S()nance data 

a =percent of substitution of the aromatic system, i.e., the fraction of 
avaflable aromatic edge atoms that is occupied by sub~tituents 

H /C = the atomic hydrogen to carbon ratio of the hypothetical unsubstituted 
ar ar aromatic nucleus . 

X .: number uf hydrogen attached to a carbon Best 
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alkyl groups off of rings were evident, a would decrease rapidly, 
while if hydrogenation of multi-ring system were taking place, a 

would increase, such as when napthalene becomes tetralin. The 

value of Har/Car is a general guide to the kind of structure present. 
If benzene were the prime unsubstituted structure H /C = 6/6 = . ar ar 
1, while if napthalene were the structure Har/Car = 8/10 = .8, and 
phenanthrene would give 14/10 = 0.7. Our data show that Procedure 0 
and A oils have more two ring ;tructures, while Procedure W oils 
contain more 3 ring or higher structures. This is reasonable in 
light of the use of 10% benzene in pentane to recover the oils 
which would carry larger aromatic rings into the· oil fraction. The 
value of X-best indicates ~he average number of hydrogens that are 
adjacent (alpha) to aromatic rings". In our example of diethyl 
benzene X = 2, while toluene would have X = 3. A value of X less 
than 2 would indicate more substitution on the a carbon .. 

Table 6c gives a summary of the nmr structural parameters from the 
distillate subtractions. The key features are.the increase in 
aromaticity (fa) going from the light ends (.5) to. the heavy ends 

(.63), the Har/Car ratio changes dramatically going from the light 
to middle cuts which confirms the·presence of saturated hydrocarbon 
and/or long chains on small rings in the light ends. The nmr data 
indicates that the degree of substitution is not changing very 
much, which in turn confirms that neither hydrogenation nor .splitting 
are over shadowing the distillate fraction. 

o Simulated Distillation 

An important comparison of solvent extracted material and a distillate 
is how well their simulated distillation profiles agree. Figure ll'a 
compares the simulated distillation profiles of .each oil/distillate 
as a function of temperature and weight percent distilled. The 
trend is very clear at each weight fraction, the distillate contains 
the least amount of material while Method W oils contain the most. 
The largest difference is at the 97% distilled where both solvent 
extracte'' oils had higher boiling materials. The efficiency of 
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T~ble 6c 

Structural parameters derived and calculated from proton magnetic resonance for 

three distillate subtractions L, K and 0 obtained at 

IBP-420°F (l), 420-550°F (K) and 550-850°F (D) 

l K D 
IBP-420°F . 420-550°F sso-asooF 

Har 27.9 31.6 32.9 

Ha 23. 1 29.0 29.5 

HaL 46 •. U 38.0 36.8 

HOH 2.2 1.4 0.7 

fa ('H) .51 .59 .63 

(j 35.3 34.7 32.9 

Har1Car 1.21 :1.02 .89 

xbest 2.0 1.9 2.0 
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F;gure lla COftPHRISOH OF SIM. DIST. OF OILS AHO A TRUE RECYCLE SOLVEHT 

Shows the comparison of 
GC-s1mulated distillation 
of the oils/distillate 
derived from each of the 
three different separation 
mehtods. 
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Figure llb tnftPARISOH OF DISTILLATION FRACTIONS 

Shows comparison of 
GC-simulated distillation 
of the total distillate 
and its distillate 
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the distillation unit and its mode of operation-- batch vs. continuous 

must be taken into consideration. The bar identified as recycle 

solvent in Figure lla is a Wilsonville pilot plant solvent derived 

from continuous distillation during the SRC-I process. Note that 

the recycle solvent has a higher initial boiling point and the 

highest end point at 97% distilled. Procedure W when applied to 

the total product best simulates the continuous distillation of a 

recycle solvent. Batch distillation as performed in this irivestiga­

tion tried not to superheat the bottoms so that destructive repoly­

merization could be minimized. This also reduced the yield by 

nearly 6 wt.%. 

Ffgure llb compare5 the Ji~lillation subfract1ons obtained from the 
total distillate. The range of cut points was helrl to IBP-420°F 

(light), 420-550°F (middle) and 550°F-end point under O.Smm Hg 

vacuum (heavy). As can be seer,·, the overlap between cuts is sma 11 

but the final end point does not approach 850°F. As discussed for 

Figure lla the batch distillation procedure does not seem to provid~ 

as deep a cut as the continuous still at Wilsonville does for the 

total recycle solvent. 

o Gas Chromatograohy 

Gas chromatographic analysis of the oils/distillate are shown in 
Figure 12a, b, and c. Details of the procedure are given in the 

analytical analysis section of this. report. The chromatograms 

confirm the evidence that the distillate cont~ins more light ends, 

material boiling below 450°F. Notice that Method W oils show 

practically no GC response below 400QF. Method W oils show slight 

· chromatuyraphic difference above 700-750°F, in the area of 3-4 ring 

polynuclear aromatics. To better define the molecular compounds we 

have identified 9 major components, these are listed in Table 7. 
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.. 
Shows the gas chromatogram of the o1ls/distillate obtained by the three different 

separation methods. The GC retention time was converted to the respective boiling 
points of the individual components identified in the fraction. 
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5 

6 

7 

8 

9 

Table 7 

Compound Identification 

Compound 

diethyl benzene 

. naphtha 1 ene 

2-methyl naphthalene . 

di-methyl naphthalene 

a.;tnaphthcne 

fluorene 

phenanthrene · 

fluoranthene 

pyrene 

The numbered compounds refer to Figures 12, ~3 and.l4. 
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The major compound types are the 2-ring di-alkylnapthalenes. If 
one compares the data from the. s1mulaied distillation by gas chromato­
graphy to this data the complexity of. ·the samples becomes apparent. 

If we now compare the distillate subtractions by using the same 
chromatograr.hic conditions. as used far Figure 12 we observe ~he 
distribution of compound types as a function of temperature, Figure 
13. The high chromatographic resolution reveals t~at each subtraction 
is very complex. Identification of nine major components was mad~ 
to reference the sharpn.ess of the distillation cut-point and to 
define compound-types found in each subfraction. The light ends, 
IBP-420°F, contains mostly one and two ring alkylaromatics and 
phenols, middle distillate, 420-SSO~F, has more 2 ring and polynuclear 
aromatics with bridgehea~s (PNA) e.g. acenapthene, which do not 
donate their hydroaromatic hydrogen. The highest boiling fraction 
is mostly three~and four-ring PNA systems. 

Figure 14 provides a clue as to the identity of the material that 
is left behind as oils in the SRC when isolated· by distillation. 

Figure 14a is the total distillate an~.F~g~re l4b the o~ls i~olat~d 
from the SRC by solvent extraction. To enhance the signal-to-noise 
ratio the·amplitude in l4b is 10 times greater. All of the higher 
boiling material may not elute under these conditions. Note that 
the major components are phenanthrene, pyrene, fluoranthene and 
fluorene. This region of the chromatogram is similar to the heavy 
ends of Figura 13c. As discussed·earlier this SRC-oil represents 
3-4% of the total product and 10-15% of an SRC that is derived from 
batch distillation bottoms. 

0 Refractive Index 

A common analytical reference tool for characteri~ing distillates 
is the refractive index. To provide an example, we have chosen to 
use the fractions from distillation. Figures lSa and 15b give the 

refractive. index measured as the transmittance of light at 30°C. 
The refractive index can be used as a measure of composition, its 
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Shows the GC chromatogram of the three distillate subfractions and the total d1sti11ate. 
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Total Distillate .. 

SRC derived oil 
l . 

Figure 14 

Shows th·e GC chromatogram of the total 
distillate (a) and the SRC deri~ed oil {b). 
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Ffgure 15a 
\ 

Refractive index of the 
oils/distillate obtained 
by the three different 
separation meth~~s. 

Figure 15b 

Refract1ve index of the 
three distillate cuts and 
the total distillate. 
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value increasing with aromatic content. From our analysis of the 
distillate fraction we know that the distillate subfractions increased 
in molecular weight, increased in aromaticity (fa), increased i~ 
ring size and decreased in phenol content as the boiling range 
increased. We observe·a.sub~tantial change in the refractive index 
that correlates with its physical-chemical properties . 

. Figure 15a gives the refractive index of each oil/distillat~ measured. 
~s the refl)tt~nce of the sample at 30°C.· An increase in ~he 

·refractive index represents an increase in c=c conjugation and/or 
heteroatom content. We found the distillate t9 give the lowest 

' . 
value (1.568) and the oils from procedure W the highest value 
(1._600). This conf.irms our observation. that the total distillate 
had less pol~nuclear arom~iic material that ~ontains smaller rings. 
with the least conjugation. The refractive index provides a first 

.... 
measure of reJative ccimpositfor:· and molecular structure for the 
oils and distillate subtractions. 

Figure lSb shows the refractive index of the distillate subtractions 
and the total distillate.. The refractive index of the light ends 
(1BP-420°F). is. the lowest and the heavy .ends (550-FBP) gave the 
highest value, 1.500 and 1.600, respectively. Therefore the molecular 
make-up of the distillate clearly indicates that the oils left . 
behind by distillation must be large ring syste~s - as shown by 
Figure 14 b. 
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Conclusions 

Th~ third quarter was devoted to evaluation of three analytical procedures for 
laboratory reproducibility and comparison of the resulting fractions for 
differences in molecular composition. 
I . 

r- comparing similar fractions·from each procedure we found many more differences 
I. than similarities. Similarities were fou~d in the elemental composition of 

I ' the fractions and may·be attributed to the precision of the elemental analysis 
(CHONS) methods employed. 

/ .Difficulties in workin·g·with coal-derived tiquids stems from ttie ·c£omplexity in 
I molecular co~positi~n~ The~e.~ppears to be a·continuum of molecular ~pecies . . .' 

in coal"liquids that include aiipha~ic, aromatic, hydroaromatic, phen~ls "and 
nitrogen bases that range from 1 to. 6 rings with mono· to tri alkyl substitution. 

At our prese~t level of understanding there is no definite chemical or physical 
separation procedure that can provide absolute classification of the entire 
product stream. 

The results of our study show that differences in chemical composition and 
physical properties are apparent both on the· molecular level and the primary 
fraction level among. the three methods tested. We observe that the number 
average molecular weight for Procedure D distillate is less ~han that of the 
solvent separated oils. Procedure A oils, using only n-pentane as extractant, 
gave a smaller molecular weight than Procedure W oils, where n-pentane: benzene 

. (10: .. 1) was used ... This can be attributed to larger mo.lecular species being ·. 
co-solubilized with the addition of benzene. The preasphaltene molecular 

weight is greatest for the distillation bottoms. We attribute this to possible 
repolymerization.of oils, asphaltenes, and preasphaltenes during the prolonged 
(3-6 hours) heating of the total sample. 

Gas chromatography used for both iimulated distillation and molecular profiles 

showed that the distillate contained more light (IBP-420°F) material than 

,solvent separated oils but did not ac~ieve an end point of 850°F. In comparing 
the so 1 vent separated oi 1 s, procedures A a·nd W produced materia 1 s that gave 
higher boiling points but could not duplicate an authentic continuously distilled 
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recycle solvent from the Wilsonville pilot plant. A forced high temperature 

distillation was conducted giving an end point only 40°F less than the authentic 

recycle solvent, and a distillate yield increas~ from 66 to 7'0o. 

Gas chromatography showed that the oil material left behind by distillation 

becomes the oil associated with the SRC. This S~C-oil contains _mostly 3 and 

4 ring polynuclear aromatics and is less polar than either the distillate or 

the asphalt~n~~- . 

The distillation procedure produced a bottom (>850°F) that may have undergone 

rep.olymerization as evident from our analytical characterization. The preasphal­

tene content increased 40% (10 ~~·- 14) over .the solvent _separated fraction, 
and the molecular weight gained nearly 1000 mass units to 2800. 

The solvent separated preasphaltenes and residue were chemically similar, 

givi_ng _the ~arne ·yield and ash content, ,respectively. The oils and asph?.ltenes 
exhibited different chemic~l and physical properties. The differences, molecular 

weight, yield and refractive index are attributed to sol~ent composition and 

the operation sequence used to isolate them. 

The elapsed laboratory time required to conduct each procedure does become 

imp~rtant. Solvent separation Procedures A and W require nearly 11 hours to 
prepare equipment, cond~ct the separation, clean-up and write a report. . . 

Procedure 0 takes nearly 12 hours for the distillation and 10 additional hours 
for the solvent separation. For quality control of a small process development 

.unit such times .~nd costs could be tolerated on .. the justification of receiving 
high precision data. A 6,000 TPD demonstration plant would require a turn-around 

of 4-5 hours and quantitative data that reflects process changes in product 

quality. 

The best time efficient approach to date has been a compound class separation 

into saturate/aromatic/polars by liquid chromatography developed at Mobil 

(1978). This procedure suffers from poor material recovery (70-95%) and -
fractions that cannot be analyzed because only a few milligrams are received 

IS product. Therefore, the classical oil/asphaltene/preasphaltene/residue 

solvent separation must be made more ~recise and far less time consum1ng until 

we ~an develop new procedures. 
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In summary, we have shown that separation of coal-derived liquids into oils-· 

asphaltenes-preasphaltenes-residue can· be acchieved with' a precisian of :2%. 
The fractions are dependent upon the separation sequence or operation (distilla­

tion Y!.:_ solubility) for yield and molecular compos.ition. As routine procedures 
. . 

all three methods can"be perf.ormed well with a· few weeks of laboratory training. 

Elapsed time of analysis ~~ries from 10/12 to riearly 22 hours. This factor 

and our characterization data lead .us to conclude that a standard solvent 

separation 1:.ethad, such as a combination of l'rocedure A and W should be automated 

to reduce su,bjectivity and man-hours. ·we propc~e to d~s;'gn, construct, and 

test such a device as a quality control tool for coal liquefaction during 

FY 81. 
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Appendix I 
Total Product 

Distillation Separation 

Procedure 0 

A) Oils - Material aistillable from IBP to <850°F. 

B) SRC - Pyridine soluble portion of di~tillation bottoms. 

C) Residue - Pyridfne insoluble portion of distillation bottom. 

D) SRC - Oils/asphaltenes/preasphaltenes are determined by Procedure W. A 
five (5) gram sample of the SRC is recovered from the pyridine solubles 
and replaces the total product as the starting material. 

Distillation: A 300 gram total product liquid sample is removed from the 
holding can after heating to 60°C and thorough mixing. Great care must be 
taken to obtain a well-mixed sample. 

The sample i~ then distilled in a 111 x 6" vacuum jacketed distillation ~nit 
packed with podbielniak heli-pak high efficiency packing. The total plates 
as determined by Pod•s data book indicate 15 at total full reflux. A reflux 
ratio of 10:1 at 550°F. Fractions were collected at IBP to 420°F, and 420 to 
550°F under 100 mm Hg, and 550-end point (850°F) under o·.s mm Hg. The pot 
temperature was 650°F at final end point~ 

The distillation bottoms were pyridine extracted to yield the SRC and residue. 

The SRC was then solvent separated by Procedure W to give SRC-oils, asphaltenes, 
and preasphaltenes. 
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Appendix II 

Total Product 

Solvent Separatio~ Procedure 

A 

A) Oils - Pentane Solubles/Benzene Soluble/Pyridine Soluble 

B) Asphaltenes - Pentane Insoluble/Benzene Solub-le/Pyridine Soluble 

C) Preasphaltenes - Pentane Insoluble/Benzene Insoluble/Pyridine Soluble 

D) · Residue - Pentc:ne Insoluble/Benzene Insoluble/Pyridine Insoluble 

This procedure h ~arried out at room temperature under nitrQg~n using high 
quality solvents. The sample may be liquid, solid or·a mixture thereof, with 
less than 1% material boiling below (300°F). Under laboratory conditions one 
(1) individual with technical training can perform the analysis in one (1) 
day. With experience one (1) technician can handle two (2) units and Cwmplete 
the operation in less than eight (8) hours. A reproducibility study of the 
solvent separation procedure was made on a total product liquid (sample XCL-23-
132Pl) The res11lts of this study are given in Table 1. 

Table 1 

Reproducibility of the Solvent Separation Procedure 

oils 

asphaltenes 

preasphaltanei 

re5idue . 

~he result of five tri~ls. 
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63.3% 

8.7% 

9.7% 

18.2% 

Standard:~~t 
Deviation 

1.06% 

0.94% 

l.ZJX 

0.31% 



Equipme~t Required: 

1. Branson Made 1 350 Sani catar with 1/211 horn 

2. Millipare 142 mm pressure filter with 1500 ml capacity #XX42-142-35 ahd 
YY-30-142-35 with 142 mm filter, 5 micron, LSWP 142-50 

3 .. Glassware far solvent transfer lines 

4. Round bottom distilling flasks - 500 ml, 250 ml, 2 each 

5. .Ratavapar Re 120, VWR #27582-406 

6. Vacuum pump· and. trap 

7. Nitr:Ogen-Gas< (0~20 psi adjustable), 'pressure filter feed 

Nitrogen-Gas (0~20 psi adjustable), rotavapor feed 

Nitrogen-li~uid (l-2L), freeze sample (Dewar) 

8. a) ~-Pentane -

b) B~nzene -

c) Pyridine -

d) Methanol -

Grade of solvent depends upon ·ultimate 

. use of sample subtractions Pesticide,· 

Distilled in Glass, or HPCL grade are 
acceptable. 

9. Fume hood 150-200 cfm air.~ate exchang~ 

10. Coaling ~ater or heat exchanger for rotovapor condenser·· 

·11. Balance to read weights! 0.005 grams or better with maximum load 200 grams. 

Safety Features: 

Solvents must be used only u~der the fume hood and transferred from battle to 
flask by hand ·pump. Workers must wear protective gloves and overalls far 
laboratory work. Hands can be cleaned with Ga-Jo waterless hand-cleaner, mild 
scrubbing fallowed by a warm·water wash. All normal safety precautions must 
be observed during the full operation. 

Sample Handling: 

The sample chosen far this procedure must be .representative of the process 
unit output. Great care·must be given to the isolation of approximately 
50 grams of gross product. 
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The sample once chosen must be kept free of air (oxygen), heat and light. 
Samples not ready for separation .should be stored at 4°C under a blanket of . 
nitrogen. Hot samples may be taken in 316 stainless steel bottles (DuPont #03226, 
235 ml 61 x 140 mm with screw cap). Samples may be ~armed to 65°C in the cans 
and sonicated for 15 minutes with 1/2 inch tip to induce good mixing just priof 
to taking a 5 gram actual work-up sample. 
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Procedure 

The laboratory equipment is prepared in the following order:. 

a) Adjust and clean ul.trasonic unit equipped with 1/2'' horn with methylene 
chloride. · 

b) Put in place Millipore filter after taking weight of dry filter element. 
Ensure that all O-rings fit well with no leaks (test with n-pentane under 
10 psi). Use Teflon tape (3/4 11

) to wrap screw fittings and seals. 

· c) Prepare rotovapor-bath temperature a~ 55-60°C for n-pentane; nitrogen 
flow rate should just cause 1/4-1/2" dimple in liquid of 250 ml flask. 

d) Cooling liquid for ~otovapor condenser shoul~ be less than l0°C. 

Step 1 Tare a 150 mL heavy wall Pyrex beaker, a~j 8 grams read to+ 0.005 grams 
of the desired coal-derived sample. Add approximately 100 mL of 
liquid nitrogen slowly to the beaker to maintain a quiet solution. 
Total val ume of 1 i quid nitrogen· .used may exceed 500 ml. 

Step 2 With a Pyrex glass stirring.rod (3/8 11 0), grind the frozen sample to a 
fine powder. This step requires 5-8 minutes. Fill with more liquid 
nitrogen to maintain at least 30 m1 volume while grinding. 

Step 3 Allow the liquid nitrogen to evaporate to just above the solid mixture. 
Add with moderate (micro-probe 1/3 11

, power level 3) sonication 100 mL 
of n-pentane. Some stirring may be required - keep tools out of 
beaker while sonic power is on. Sonciate for 5 minutes at power 
level 5. ---- ---- · 

Step 4 Allow mixture to settle (1-2 minutes) decant supernatant into filter 
unit, refill. beaker with n-pentane and sonicate again for 3-5 minutes. 
Allow decant liquid to filter into a 250 mL flask- do not allow 
filter to£.!:£ from this time onwards. ---- --

Step 5 Repeat Step 4 twice for a total of approximately 300 mL n-pentane. 

Step 6 

If catch flask fills transfer to rotovapor and begin to remove n-pentane 
under nitrogen at approximately 60°C. t~ransfer the solids with small 
portions (25-50 mL) of pentane. 

Do not discard beaker, hold for additional transfer of solvents to 
filter. This assures removal of maximum amount of material and 
reduces loss. 

Filter the ~dlids, adding nitrogen pressure (5-10 psi) if needed. 
Add new pentane via original beaker as needed for a total of approxi­
mately 2 L. This-imount can be recollected from rotovapor unit 
during the continuous solvent removal steps. 
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Step 7 

Step 8 

Continue solvent filtering (up to 2 L) until the filtrate is a very 
light yellow/green. At the end of the pentane extraction, with 
approximately 25 ml pentane i~ the filter, add 100 ml benzene and 
continue as in Step 6 for 2.5 L. The new filtrate is collected in a 
new 500 ml flask (tare). Continue to transfer filtrate to rotovapor -
waterbath temperature 75°C. Nitrogen flow rate 1/211 dimple. 

The pentane solubles from steps 6 and 7 should be held on rotovapor 
for 2 ~inutes after th~ last drop of ·pentane has condensed in the 
catch flask. Remove, clean and dry outside of the flask containing 
the oils (reddish) and weigh. From difference on tare: 

Yield of oils:-------~------------grams 

Step 9 ·The·benzene extraction is carried out in a similar fashion as in 
Steps 6-8. The benzene solubl~~ are removed from rotnvapor when 
10-20 ml of solution remain. The flask ii swirled iri li~uid nitrogen 
to evenly coat 2/3 inner flask and freeze the solut10h ~n place. 

·Quickly tr·ansfei· flask to vacuum 11ne Cl mm Hg) with trap and allow 
flask to stand unheated to freeze dry the benzene (sublime) in about 

Step 10 

Step 11 

·1 hour. · 

Yield of· ·aspha 1 tenes---------------grams 

After the last benzene extraction begin to add pyridine and continue 
extraction as in steps 6-8. Remove the· solvent at 90°C under 1/4-1/211 

nitrogen dimple. Two liters of pyridine are required. The last wash 
should be pure methanol (100 ml), followed by nitrogen gas at 5 psi 
for 10 minutes. As the pyridine is just nearly removed (approx. 
5-10 ml) stop and add 10-15 ml benzene. Swirl flask to mix contents 
and freeze-dry as in Step 119 for one hour. If pyridine odor· remains, 1 

add 50 ml mcthano 1 and sonicate with nri crept i p for 3 m1 n. , decant 
into tared Millipore filter and·wash with n-pentane, a.llow to.dry 
15 minute under dry nitrogen. 

Yield of preasphaltenes---------------grams 

The residue will dry in-place after washing with 50 ml methanol and 
SO ml methylene chloride. Stop nitrogen, gently remove filter and 
we1gn. 

Yield of residue--------------------grams 
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Step 12 Oils 

As.pha 1 tenes 

Pr:easphaltenes 

Residue 

A 

B 

c 

0 

A+ B + C + 0 =·Total recovered 

·original mass ·of sample = MS. 

MS - total recovered = riet: loss or gain. 

If gain of weigh is observed solvent may be left in oils or asphaltenes. 

If .loss of weig~ is observed oils ha~e volatile m~tter. · 

Add net loss to ma$S of oils (A + net loss) and calculate over material recovery. 

Recovered Corrected 

Report: Oils A A+ ·net loss 

Asphaltenes 8 8 

Preasphaltenes c c 
Residue 0 _Q_ 

Total Recovered MS 

It is now.possible to compare samples derived during the coal conversion 
process with a high degree (+ 1%) of reliability, and in a short amount of 
time. Once the classical separation has been made, the subfractions 
can now undergo a first level chemical characterization. 
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Appendix III · · 

Total Product 

Solvent Separation 

Modified Wilsonville Procedure 

w 

A) Oils- Soluble material in pentane-benzene (10:1) during the precipitation 
of the benzene soluble asphaltene. 

B) Asphaltenes - Soluble material in benzene and insoluble by precipitation 
in pentane-benzene (10:1). 

C) Preasphaltenes - Benzene insoluble-pyridine soluble material by solvent 
extraction/filtration. 

D) Residue - Pyridine insolubles. 

Equipment Required: Same as that listed for Procedure A. 

Safety Features: As described for Procedure A. 

Sample Handling: As described for Procedure A. 

Procedure 

the laboratory equipment is prepared in the following manner: 

a) Adjust and clean ultrasonic unit equipped with 1/2" horn with methylene 
chloride. 

b) Put in place Millipore filter after taking weight of dry filter element. 
Ensure that all a-rings fit well with no leaks (test with n-pentane under 
1~ psi). Use Teflon tape (3/411

) to wrap screw fittings and· seals. 

c) Prepare rotovapor-bath temperature at 55-60°C for n-pentane; nitrogen 
flow rate should just cause 1/4-1/2" dimple in liquid of 250 ml flask. 

d) Cooling liquid for rotovapor condenser should be less than l0°C. 

Step 1 

Step 2 

Tare a 150 ml pyrex beaker. add 5 grams read to ! 0.005 grams of the 
desired total coal-derived product. Add approximately 100 ml benzene· 
and sonicate 10 minutes with the 1/211 horn at power level 7. 

Tare filter element and prepare filter unit. Pour supernatant benzene 
soluble into filter and catch in tared l L receiving flask. 
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Step 3 

Step 4 

Step 5 

Step 6 

Step 7 

Step 8 

Step .9 

Step 10 

Step 11 

Step 12 

Add 100 mL portions ~f benzene and sonicate 2-4 minutes to rapidly 
extract benzene solubles. Repeat this step 4 times. Each supernat~nt 
is passed through filter and recovered. 

At the 5th wash pour all beaker contents into filter and rinse be~ker 
with 100-200 ml benzene-in 50 ml portion. 

Continue behzene extraction via filter apparatus for 2.5 L~ or until 
slight color remains - 3.5 L:-- · · 

The benzene insolubles are extracted with 3 L of dry pyridine that 
has been warmed to 60°C. Catch in a tared flask. 

The pyridine insolubles are washed with 200 ml methanol, and· 100 ml 
methylene chloride followed by a nitrogen flush for 15-20 minutes to 
remove excess solvent. The.filter is remo~ed, weighed and residue 
recovered. 

The pyri"dine solubles are rec·overed for pyridine on a rotovapor RE. 
under nitrogen gas, 1/211 dimple, at 90-100°C waterbath temperature. 
Preasphaltenes are recovered after being washed with 200 ml methanol 
and dried. · 

T~e benzene solubles are reduced in volume of ben.zene tc approximately 
SO mL. A 1 l beaker is filled.with SOO ml n-pentane and placed ready 
to be sonicated, 1/211 horn. 

The concentrated benzene solubles are decanted into ~he n-pentane 
while the sonic power is at 3. The original flask may be washed with 
TO ml benzene to remove any material and washed with n-pentane, 
so rilL. 

The oils are recovered by filtering the mixture created in Step 10 
through a 5~ millipore filter. The insolubles are washed with 
S00-1000 ml pentane. Oils are finally recovered by rotovap under 
nitrogen at 60°C. To ensure benzene removal flask must be rotating 
S-10 minutes past the last drop of material condensing. Check by GC 
for NMR for benzene removal. 

Asphaltenes may be recovered from the filter, or better washed out 
with 250 ml benzene. Benzene i~ removed by rotovap and nitrogen flow 
at 75°C to just 10-20 ml. The tared flask is then frozen in liquid 
nitrogen and the benzene sublimed under vacuum (1 mm Hg) for 1~2 hours. 

losses are due to rem~val of light ends from.oils or transfer error. If 
transfer error can be reduced by experience the loss may be assigned to the 
oils to complete the material recovery.· 
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Appendix IV 

l. Scope 

Solvent Fractionation of Solv.ent Refined Coal 
For Chara~terization 

Procedure #34550-3* 

This method is designed to characterize high molecular weight bituminous 
materials by separating into three gfoup classifications, using solvents 
as the media.· Since results wi_ll vary accordil"lg to the conditions of 
solvent treatment, the procedure is quite detailed and must be closely 
followed. The method has been developed primarily to characterize coal 
extracts. 

2. Principle 

Coal extracts are separated by solvent fractionation into the following 
three high molecular weight fractions: 

. . 
A. Benzene Insolubles -- that fraction of the solvent refined coal (SRC) 

tha·;;. is insoluble in benze11e at its atmospheric boiling point 

B. Asphaltenes -- the fraction. of the benzeMe-soluble SRC insoluble at 
room temperature in a mixture of· 100 parts of pentane and 9 parts of 
benzene when the ratio of the liquid mixture to the weight of benzene 
sol ub l es i.s 109. 

C. Oil -- the benzene-soluble, pentane-soluble fraction of the SRC. 

3. Apparatus Required 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 

(7) 

4. Reagents 

Alundum thimbles, 45 mm x 127 mm size, round bottom RA 98 type 
Soxhlet extractor 
Beaker A, a 600 ml Griffin beaker 
Beaker 8, a 100 ml Berzeljus beaker 
Beaker C, a 800 ml Griffin beaker· -·· 
Buchner funne 1, with. fri tted disc, medi urn porosity, 150 ml 
capacity 
Wide mouth, 4 oz. sample bottle 

(1) Benzene, reagent grade 
(2) Pentane, practical grade 
{3) Celite 545, Anal. filter aid 

5. Procedure 

A. Separation of the Benzene Insoluble Fraction 

*Consolidation Coal Company, Procedure #44 

126 



(1) Grind approximately 10 grams of solvent refined coal sample 
(SRC) to minus. 100 mesh and place in 1 oz. bottle. 

(2) Dry the SRC sample in oven at 105°C for 1 hour. At the same 
time dry an alundum· thimble (1) containing 1-2 grams of celite 
at 105° for 1 hour. 

(3) Remove both to desiccator and allow to cool to room temperature. 

(4) Weigh thimble containing celite and record on calculation 
sheet at (~) and" (5) ... 

(5) Place 1-1 grams of SRC in thimble and weigh. Record at (1) on 
calculation sheet (Note A). Subtract (2) from (1) on calculation 
·sheet and record ·at (3). This is the weight of sample. 

(6) Mix celite and SRC as well as possible by rolling and tapping 
carefully. 

(7) . Place thimble in extraction apparatus. 

(8) Put 3 boiling stones and approximately 250 mL benzene in 500 ml 
flask. Assemble apparatus as shown in Figure 1. 

(9) Set power~tat at approximately 80.1°C, 80 volts and turn on 
heat. Check carefully for overflow of thimble and plugging in 

_capillary at bottom of extractor as soon as _reflux starts. 

(10) At end of four ho~rs stop extraction, remove-thimble, allow to 
drain in beaker. Check for precipitate on outside of thimble. 
If present, remove by washing wi.th benzene and transfer washings 
back into thlmble. · · · 

(11) Stir material in thimble with small spatula. Replace thimble 
in extractor and continue extraction. 

(12) 

(13) 

(14) 

(15) 

(16) 

Repeat steps (10) and (11) at 8 hours, 12 hours, 16 hours, and 
20 hours. Benzene should now be coming through clear; if still 
cloudy, continue 4·-hour runs. 

Allow extractor to cool and drain. 

Remove thimble and let stand in air until visibly dry. 

Place thimble in vacuum oven and dry with at least 29 inches 
of mercury, vacuum, and 100°C for~ hours. 

Remove, place in desiccator to cool. Weigh and record at (4) 
on calculation sheet. Subtract (5) and (4) and record at (6). 
This is the weight of Benzene Insoluble Fraction. 
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COAL PRODUCT CHARACTERIZATION 
June 1980 

I. S. Kingsley 
F. K. Schweighardt 

Compound identification in three distillate cuts of a product liquid. 

Compound identification by high perfonnance liquid chromatography and by gas 
chromatography (HPLC and GC) was performed on a product liquid sample obtained 
during a CPOU run. 

Sample XCL-23-169PL w~s generated from the conditio~~ below: 

XCL-23-169 Process Condition 

Hydrogen Pressure 
Temperature 
LHSV 
Hydrogen 
Feed 
Solvent 

170 atm (2500 psi) 
454°C (850°F) 
2.0 hr-l 

2.2 wt % slurry 
30% Pyro KY#9 coal 

· 70% Wilsonville Process Solvent 

Three distillate cuts were obtained in a 300 g samplP- b~tch type distillation 
by CRSU Linwood: 

Cut 1: IBP-215°C (IBP~420°F) at 4 weight X 

Cut 2: . 215-288°C . (420-550°F) at 51 weight % 

Cut 3: 288-415°C (550-780°F = FBP) at 45 weight % - ·:~.-· 

The weight percent distribution of the distillate fraction is shown in Figure 1. 

HPLC conditions for the chromatograph-ic separation, as shown in Figures 2a-c, 
were: 

. s·tationary Phase - 5 micron silica 
Mobile Phase - 100% isooctane 
Liquid Flow Rate·- 0.5 ml/min 
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The x-axis o~ ~e chromat~grams ~haws ~he. __ r~tention time from right to left 
and the y-ax1s 1s a funct1on of 1ntens1ty of absorption at 290 nm of the· 
components. The retention time of a component using .the above HPLC con­
ditions is a function of solubility in the mobile phase a~d the component•s 
interaction·with the stationary phase. Therefore, nonpolar, smaller molecular 
components wi11 .elute_befC?re polar or larg~r molecular components . . . 
Cut 1 (Figure 2a) ·shows three major peaks over a total retention time of 

' ··#· -16.4' to 34 minutes bef()re achieving._ba.seline . 
. . . ' • ·r 

Cut 2 (Figure 2b) shows five major peaks o·ver a. total ·retention tirr.~ of 
16.6 to 38.3 minutes before achieving b_aseline:" · · 

Cut 3 (Figure 2c) shows three major peaks. over a tota·l--retention time of 
25 to 64 mi nute!O before a chi evi ng base 1 i ne. . 

The increase in retention time shown with increasing boiling range of the 
distillate cuts is indicative of more polar and/or larger molecules fn the 
higher boiling range _dtstillate cut. Identi.fication of the HPLC peaks has 
not been carri'ed out. at this time. · 

· '·Gas . chromatographic separ~'tion of the. three disti 11 ate cuts ·was perfonned for 
compound identification as shown in Figure .3a-c~ Using the chromatogram of 
a known· compound mixture, Figure 3a shows: · · 

d1ethylbenzenes (1) 

tetralin (2). 
. 

naphthalene (j) 
' 

..... 

' 

ro . . 

~ 
~· 

... 

as the major compounds in distillate cut 1 (IBP:..215°C)-.. 
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Figure 3b shows: 

2-methylnaphthalene (4) 

dimethylnaphthalene (5) 

acenaphthene (6) 

as the major compounds in distillate cut 2 (215-288°C). 

and Figure 3c shows: 

fluorene 

phenanthrene 

as the major· compounds in distillate cut 3 (288-415°C), as obtained by CRSD 
Linwood on a 300 g batch type still. 

Figure 4 shows the HPLC (a) and GC (b) chromatograms of the total recombined 
distillate fractions, representing a distillate fraction as is obtained from 
IBP-780°F . · 
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ABSTRACT: 

Coal Liquids Analysis 

I. S. Kingsley 

F. K. Schweighardt 

A. In order to demonstrate the precision (r~pr\jducibility) ·of the APCI Solvent 
Separation Procedure it was necessary to.repeat the procedure five times 
with a CPDU coal derived product liquid. . ' · 

B. 0 It was observed that the molecular composition of the phenolic fraction 
·derived from a Wilsonville recycle solvent, V131B/190AMB changed over a 
peri ad of one to seven weeks.. The samp 1 e was. stored at room temperature 
with indirect ~unlight cxpo~urc during the te5t period.· 

.i~'Mult1ple column chromatographic separati.ons of a hydrogen donor solvent 
were performed and the reproducibil'ity of weight fractions was determined. 

° Column adsorption material in the chromatographic procedure was varied 
to find an optimal combination of silica and alumina for column separa-

. tion of a hydrogen donor solvent into specific functional groups, saturate, 
aromatic, phenolic and N-bases. · 

1~/.· 
~ ~ hydrogen donor solvent (HDS) was separated into its functional group 

fractions and then characterized by gas chromatography (GC) and GC­
simulated distillation. Several key components present in the HDS 
were identified, 

I. INTRODUCTION 

During this reporting period considerable attenti~n has been given to 
two basic questions faced i'n developing a coal-derived product data base. 

A. Development of a reproducible and sound APCI coal liquids solvent 
separation procedure. · 

B. Characterization of recycle solvents. 

In the past an outline of the new method·used in the CROO ~oal work-yp lab 
was presented. We now present our study of the reproducibil·ity of this 
method. · 

Most of the activities during this period were devoted to developing 
solveht characteritation methods. Four different asp~cts of this subject 
were investigated. 

·~ 
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1. Storage stability of recycle solvent 
2. Reproducibility of column chromatography 
3. Selection of optimum adsorbants for column chromatography 
4. Application of gas chromatography in the characterization of a 

hydrogen donor solvent. 

I I. OBJECTIVE 

The objective of this project is to establish standard procedures to 
efficiently analyze and~characterize coal-derived materials from process 
studies at Trexlertown ··and to support the ICRC SRC- I demonstration p 1 ant 
program. 

III. ~/ORK AND RESULTS -

A. Reproducibility of solvent separation procedure for product liquid 
samples. 

A product liquid sample· (XCL-132PL) was separated by the APCI solvent 
separation procedure as shown in Figure 1, to establish a range of 
variation to be expected from this method. Five samples were taken 
from the original ;.reduct liquid sample and the solvent s~paration 
procedure, outlined in the previous report, was performed on each 
sample. The results and error analysis are given in Table I, and 
show reproducibility, as determined by the standard deviation, to 
be approximately 1%. 

B. Selective .Characterization of Recycle Solvent 

1. Storage stability of the phenolic fraction of a Wilsonville 
· recycle solvent, Vl31B/190A~1B. 

The recycle solvent was subjected to a functional group separa­
tion as out1ined in Figure 2. Nitrogen base components were 
removed first, because they are known to irreversibly bind to 
silica gel used later in the procedure. As described, the 
saturate hydro~~rbons elute first and do not respond to UV 
light at 320 nm. Aromatic hydrocarbons elute as a combined 
fraction that give a large fluorescent response. The polar 
fraction is last to e1ute and contains hydroxyl species such 
as phenols and alcohols. 

The phenoli~ fraction was intentionally stored at room tempera­
ture, 25°C, in a fume hood with indirect sunlight exposure. Over 
the course of seven weeks the infrared (IR) spectrum of this 
phenolic fraction was taken as a smear on NaCl plates._iAfter 
less than two weeks a small absorption peak at 1730 em was 
noted, Figure 3. This vibration absorption is indicative of 
carbonyl, C=O, groups of the aldehyde RHC=O and ketone R2C=O 
kind. 
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Table 1 

Results of Solvent Separation Repropuci bi 1 ity Study 

Sample # 1 2 3 4 5 
wt. in grams 

initial sample 5.00 4.96 5.71 4.95 4.92 

oils 3.13 3 .. 12 . 3.60. 3.03 2.97 

asphaltenes .40 .44 . 48 .51 .40 
.. , 

preasphaltenes .56 . 41 .54 .44 .53 

residue • 91 .89 1. 04 .89 .92 

recovered 5.00 4.86 5.66 4.87 4.82 

% recovered 100 98 99 98 98 
' -. 

oils . 62.6 64'. 9 63.9 62.8 62.4 

asphaltenes 8.0 8.9 8.4 . 10.3 8.1 
... 

preasphaltenes ll. 2 8.3 9.5 8.9 10.8 

residue 18.2 17.9 18.2 18.0 18.7 

. ReEroduci bi 1 it~ of the Solvent Separation Procedure 

Standard 
Mean Deviation 

oils 63.3% 1.06% 

asphaltenes 8.7% 0.94% 

preasphaltenes 9.7% 1.23% 

residue 18.2~ 0.31% 
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Figure 3 

5.56 6.25 7.11. Y<' 
'·· Have Length 

... -·--· 
----·----~·-· I : . ---·· 

-----· ... L---.-.--'·±: ... 
... -:-.-- -- ~--· -'-.-: ~--:-+-· -: -
··---- -~· ·--·-··---··· 

... I 

1000 'lCOO 1~00 (c~) 
Wave Number 

·IR SPECTRA of phe,ol ic fraction 

(190 ANB) fresh and aged 

141 

1 .day old 

1.0 days old 

50 days old 

• 



This observation is very clear evidence that oxidation occurs 
with coal-derived materials and that the phenolic/hydroxyl 
components are very active. To confirm this observation, samples 
of the aged material were analyzed by ultra-high resolution mass 
spectrometry (HRMS) at the University of Nebraska (Michael Gross), 
and by combined gas chromatography-mass spectrometry (GC-MS) at 
Brigha~ Young University (Milton Lee). Both laboratories confirmed 
that carbonyl-containing species were present, and that dimethyl 
benzaldehyde (I) was a major component. 

2. Reproducibility study of the. column chromatographic procedure 
for the characterization of hydrogen donor solvents. 

A Wilsonville recycle solvent (Vl31B/l90AM8) was separated by a 
mixed silica/alumina 1:1 (v/v) column into saturates, aromatics, 
phenolics and nitrogen bases as outlined in Figure 2. The frac­
tions were weighed after solvent removal. Results of four 
different separations are given in Table II as well as the error 
analysis of this experiment. 

3. Optimization of the column material in the column chromatographic 
procedure for a recycle solvent. 

Column chromatography of hydrogen donor or recycle solvent (drum 
#F219 WRS) was performed as outlined in Figure 2. The loading 
configuration of the alumina and silica absorbents in the column 
was varied to determine the optimal separation of the solvent 
into the saturate, aromatic and phenolic fractions after removal 
of the nitrogen bases. 

The elution scheme for each column was the same, using the same 
amounts of solvents to elute each fraction. The various column 
configurations which were used are shown in Figure 4. The inti­
mate mixture of ~ilica and alumina 1n Column V has beer1 used in 
previous column separations. The results. are given in Table III. 

Columns II and V gave poor total recovery probably due to exces­
sive amounts of phenolics irreversable bound to the silica in 
the absorption column. Column IV shuwed very poor initial flow­
rates. but gave a larger fraction of saturated compounds than 
the other columns. Column III would be a good .column if the 
saturates and aromatics are not needed as two separated fractions 
but could be grouped as hydrocarbons. If the fraction of sat­
urate in the recycle solvent is the most important item, column 
configuration IV is to be used. 
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·r Table. II 

Weight % Recovered by Column Seoaration 

Sample # 1 2 3 

saturates 6 8 . 8. 

aromatics 57 61 65 

ph~nolics 1 35 28 25 

N-bases 2 3 3 

results were normalized in favor of the phenolic fraction. 

saturates 

aromatics 

phenolics 

N-bases 

Reproduci6ility of the Column Separati~n 

Standard 
Mean Deviation 

7 0.9 

62 '· 3.6 

29 4.2 

2 1.0 

., 
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FIGURE.4 

I ·. II III IV v 

s A A 

S&A . . 

s A 

A s 

--

Column confiquration for separation optimization using siTica(S), alumina(A) 
and a homogeneous mixture of silica and alumina (S&A). 
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Table III 

Results from Column Separation Optimization Study 

Column # I II Ill IV v3 

% recovery 1 91~8 86.8 .91.3 91;7 86.6 
phenolics 31.4 28.2 28.7 30.62 34.4 
saturates J; 17.4 4.3 6.0 27.6 12.2 
aromatics 5l.3. 

1.' 67.6 . 65.:2 41.8 53.3 

sat. & arom.* 68.7 71.9 7L2 69.4 65.5 

l total hydrocarbon 
2 Normalized to account for phenolics irreversible bound tri silica. 
3 Fraction showed contamination by aromatic fraction. 

Column is identical to ~ilic~/alumina columns used in previous work. 
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4. Appl.ication of GC to Characterization of a Hydrogen Donor Solvent 

A Wilsonville hydrogen donor solvent (HOS), V1318/190AMB was 
solvent separated into oils, asphaltenes and preasphaltenes, 
Figure 1, and gave 97%, 2.5% and 0.5% respectively. Column 
chromatography.on silica/alumina, Figure 2, of the same solvent 
resulted in a functional group distribution that gave 7% saturates, 
62% aromatics/ hydroaromatics, 29% phenolics/hydroxyl compounds and 
Z% nitrogen bases. The chromatographic fractions were then char-

. acterized further by gas chromatography (GC), .and GC-simulated 
distillation. · ·' · 

,, 4 ~ 

a. Gas Chromatographic Characterization 

The advantages of gas chromatographic separation over a GC­
simulated distillation characterization is the enhanced 
resolution of individual compound peaks, so a mete precise 
mol:cular profile can be ass~rtained. The GC conditions were: 

Detector • • . • • •• 
Liquid Phase · • • • 
Solid Phase. 

• Hydrogen Flame Ionization 
. 8% SP-2100 
~ Gas-chrom Q · 

Column Temperature ••••• • Programmed at +50°C for 
10 min. then 5°C/min to 
300°C 

..... 150°C 
• • • • • • He 

Sampler Induction Temp. 
Carrier Gas · •••••• 
Flow Rate •.••••• 
Column Length/Diameter. 
Sample Stze •.••••.• 
Detector Temperature. ~ . 
Calculated Theor. Plates. 

• 30 cc/min 
10 ft by 3/16 in. CD 

.. • • • 0.9 1 
• • •. 310°C 

• 2668 per meter 

The chromagrams are shown in Figures S-9. A model compound 
mixture was run for peak identification and relative retention 
t~me (rt) measurements. 

figure Sa shows the chromagram for the initial HOS, Figure Sb 
the nitrogen bases and Figure Sc the N-base fre• mate~ial 
·(precolumn). No significant peak pattern change occurred 
after re~oval of the N~bases. The N-base free material shows 
virtually the same chromatographic pattern as the initial HDS • 

. This eliminates the possibility of determining the amount of 
N-bases in the total sample by peak quantification ·in the 
chromagram of the total HOS • 

., 
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Figure 6a shows theN-base free sample (precolumn), which 
contains saturates,.aromatics/hydroaromatics and phenoli~/ 
hydroxyl compounds.· Figure 68 shows the hydrocarbon fraction 
(saturate and aro.matic), and Figure 6c shows a model· comp-ound 
mixture contairdng aromatic and saturate .. The- peak identified 
by arrow_ in Figure 6a disappears after removal of the~ phenolic 
co~pound, arrow i~ Figure 6b. Therefore, this peak- is indica­
tive of the ph~nolic compounds. Comparing chroma~rams Figure ~a 
·with_Figur~ 6c, compciunds #7, 9, 14, 18 and 20 of the. mixed · 
model compounds·~re'present:in the precolumn material and can 
be~identified as naphthalene, 2-methyl naphthalene, ri~tridecane, 
dimethyl naphthalenes, phenantren~, anthracene, n-octadecane, 
fluoranthene and n-heneicosane a~d pyrene. The structures -6f 
ttrese compounds, are. shown in Figure 10. 

. ' .. ' 

Figure 7a- s.hows. the pr-ecolumn material containing -saturates, 
aromatics and phen6l·ics, Figure 7b shows the isolated saturate 
fracti.on and Figure 7c shows a saturate compound model mixture. 
Comp-ounds 3 and 4, n-tri decane and n-tetradecane are i dent ifi ed_ 
to be the two major compounds in the saturate fraction. The 
chroma~rams also show t~at c1n-C?q (nonacosan7) ,_ all normal 
paraff1ns, are pr~sent 1n decrea~1ng amounts 1n the HOS. 

Figure Sa shows· the. 'chromagrams of the N-base free sample, 
Figure Sb the aromatic fraction thereof, and Figure Sc an 

·aromatic model compound mixture. The four major peaks in the 
unsep~rated sample are also the major peaks in the aromatic 
fraction and are identified fr-om the model compound mixture 
chromagram as-2-methyl naphthalene, dimethyl naphthalenes, 
fluorene, phenanthrene and anthracene. - ~ 

Figure 9a shows the chromagram of the N-base free HDSa 9b the 
phenolic fraction and 9c the precolumn material after removal 
of the phenolic fraction. Figure 9b shows a Very large peak, 
which is missing in the phenolic free fraction, as ~een on 
Figure 6b. This peak therefo~ is specifi~ for the phenolic 
fract. ion in the EiJS. -

Quantitative evaluation of characteristic peaks of ~ach frac­
tion was attempt~d. The peak·area in the mixed chromat6gram 
(precolumn) plus the r~mainder of peak areas present in the 
fractionated chromatogram-represent the peak areas of the· 
individual fraction in the mixed chromatogram. · 

Table IV shows the peaks chosen, retention times, percent peak 
intensities of the chromagrams and the last column is a calcula­
tion of the fraction present in the precolumn HOS material as 
fo 11 ows: 

-a C =A+ A (1 - 100), 

where, A.=% intensity in precollrnn chromagram for a peak at rt 
B = X intensity in fraction chromagram for a peak at rt 
C = calculated % fraction present in the precolumn HOS 
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Figure 10 

,·-~ .. 

1aphtha 1 ene 2-methyl.-na phtha T ene dimethyl-naphthalenes 

anthracene phenanthrene fluorene 

fluoroan thene . ··~-. 

pyrene. 

CH3(CH2}11 cH3 tridecane 

\.H3(CH2)12cH3 tetradecane 

CH3(cH2)16cH3 octadecane 

CH3(cH2)19cH3 henei cosane . 

Cr' 'H2)27CH3 nonacosane 
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Table IV 

calculated 
% in precol. % in fraction % fraction 

rt characteristic for chroma gram chromagram in precolumn 

45.4 saturates 1.29 6.93 21 

43.7 aromatics 3.26 3.86 22 

35.8 phenolics 1.18 5 •. 80 57 

.. 

154 



Comparing the GC calculated results with the actual weight 
fractions obtained by column separation it appears there is 
very little agreement in all three fractions. 

b. Characterization by GC-simulated Distillation 

The GC-simulated distillation was performed on the total HDS 
and its subfractions. The hydrocarbon chrcmagrams, Figure 11, 
-show profiles very similar t o those obtained by GC. The 
boiling ranges and% material distilled for the total HDS and 
its subtractions are given in Table V. 

The boiling point profile are similar over the entire tempera­
ture range for the total HOS and its subtractions. It is 
unlikely that a temperature cut can be used to segregate one 
fraction from another. 

IV. CONCLUSIONS 

A. Reproducibility of total recoveries by the APCI solvent separation 
method of product l i quid samples shows a standard deviation of 1%. 

0 

0 

0 

0 

Coal-derived liquids must be carefully stored under nitrogen or 
argon at 4°C to maintain or prolong molecular integrity. If 
we are to analyze the compounds from Wilsonville, Tacoma or even 
the Allentown Laboratories, the samples must be preserved to 
reduce sample oxidation. 

A relatively large variation in the weight percent of recovered 
material from the column chromatographic separated saturates/ 
aromatics/phenolics/N-bases indicates a need to improve the 
technique prior to establishing the procedure in the work-up 
laboratory. 

Optimization of column packings for the column separation pro­
cedure showPd that a column Type III (see Figure 4) is to be 
used for a rapid and reliable separ~tion of a hydrogen donor 
solvent into a mixed fraction of aromatics/saturate~ and a 
phenolic fraction . When the saturated fraction is required as 
a separate fraction of the hydrogen donor solvent, a column of 
Type IV (see Figure 4) is to be used. 

A hydrogen donor solvent (HDS) and its functional group fractions 
were characterized by gas chromatography (GC) and GC-simulated 
distillation. Key compounds present in the HOS were identified 
as : 

2 methyl naphthalene 
dimethyl naphthalenes 
fluorene 
phenanthren~ 
anthracene 
fluoranthene 
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Table V 

·GC-Simulated Distillation [oF] 

total HDS satur. a rom. 

IBP 422 426 423 

25% 486 495 486 

50% 536 543 532 

75% 637 625 625 

95% 802 770 776 

FBP . 921 864 900 

157 



pyrene 
n-tridecane and n-tetradecane 

An attempt was made to quantify the functional group fractions 
directly from the chromagrams, but this failed. 

Separation of the HDS into functional group fractions via temperature 
cuts from the GC-simulated distillation was shown futire-at this 
point. 
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Coal· _P;roducts Character.i zat ion 

~ ' I 

·· ·F. K. Sc-hweighardt, I. Kingsley 
. ., 
l •. 

.:) " 

N-Base Separation from Process Solvent 

A. riew techrd que has -.been a'pp 1 i'e'd to the characterization of hydrogen donor' ·. :· . -. / 

process solvents. A Wilsonville recycle solvent (Vl318) 190 AMB was treated 

with HCl(g) while in benzene solution to remove N-base components as HCl-adducts. 

The benzene soluble remaining (acid/neutrals) were column chromatographed to give 

three subractions: l. saturates, 2. aromatic/hydroaromatics, and 3. phenolic 

acids. The base components were reclaimed by passing NH 3 through a mixture 

of the HCl-adducts in benzene. An outline of this procedure is given in 

Figure 1 and the results from separation of the Vl318 Wilsonville recycle 

solvent from Rum 190 AMB are as follows: 

Subfraction 

Saturates 

Aromatic 

Acids/Phenolics 

Bases 

Wt. Percent 

18 

51 

26 

5 

Each subfraction will be subjected to further characterization to determine 

hydrogen distribution (HNMR), CH/NH percent (NIR), boiling point distribution 

(Sim Dist-GC) and elemental analysis. 
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H1gh Performance L1qu1d 

Chromatograph1c Procedure 
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PROCESS SYSTEMS GROUP 

R&D PROJECT SUMMARY REPORT 

JULY /A.UGUST /Sc?TEI18ER 1980 

TITLE: Enercv Svstems 

PROGRAt1. AREA: X 

PROGRAI-1 MANAGER: J. C. Tao 

87-l-X023- Two-Stage Liquefaction & Coal Liquids Analysis 

A novel high performance liquid chromatographic procedure was developed and 
optimized to quantitatively profile the hydrocarbon neutral fraction of a 
coal liquefaction recycle solvent. 

87-l-X024 - Solid-Liquid Seoaratjon 

Work progressed on the installation of the Boll and Kirch candle filter 
Er.nla11~. 

87-l-X705 Application of SRC as Anode Coke 

Laboratory equipment has begun to arrive and installation has begun. 

37-1-~715 - Crvo-Recvcle Deve1co~e~t - PECO Demo Plant 

.... 
Q\. • 

Support of the ~arcus Hook project continued. Progress was made on the 
mini-comcuter/CYCSYN interface, the Technic~l Manual, process hazards ana1ysis, 
operator training, and the revised development plan~ 
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PROCESS SYSTEMS GROUP 

DEVELOPMENT PROJECT REPORT 

JULY/AUGUST/SEPTEMBER 1980 

Title: Coal Liquids Analysis 

Project No.: 87-1-X023-02 

Project Leader: Frank K. Schweighardt 

Principal Investigator: Ilse S. Kingsley 

AI::!SfRACT 

A High Performance.liquid Chromatographic Procedure (HPLC) was developed to 

quantitatively profile the hydrocarbon neutral fraction of a coal liquefaction 

recycle solvent. The H~LC procedure was optimized for mobile phase (HPLC 

solvent), maximum detector response, chromatographic resolution, and reproduci· 

bility. The HPLC system was interfaced with a Tektronix 4052 _graphics qic;play 

unit for data reduction and storage. 

I. INTRODUCTION 

Development of a novel HPLC procedure to profile polynuclear aromatics 

(PNA 1 S) from recycle solvents was initiated during this reporting 

period. Instrumentation was assembled and interfaced with a microprocessor 

to allow for unattended methods development. This maxi~ized the efficient 

overnight use of this equipment. Recycle solvents of v~~ying hydrogen 

donor efficiency (Procedure #43080-60) were ohtained f~cm the Wilionviiii 

pilot plant. Chromatographic conditions were inc~emer.tally changed to 

optimize peak to peak separation, and detector response for both ult~aviole~ 

(UV) cllu r·~Fr-cic:t.lve fndex (RI). Th1S procedure,., II be used to routinely 

screen recyc1e solvents from Wi Isonville, Tacoma S~C-!:, and the Coal 

Process D~velopment Unit (CPDU) at Trexlertown during=~ 81. 
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II. OBJECTIVE 

The overall objective of the coal Jiq.uidsanalysis project is to develop 

and demonstrate the applicability of new analytical techn.iques to coal 

derived liquids. In particular, methods are developed that will provide 

correlation between coal processing variables and the product streams 

of a SRC-I conversion process. 

This quarter was devoted to the analysis of the hydrogen donor recycle 

solvent (HORS), defined as the 450-850°F distillate. 

III. WORK AND RESULTS 

Two Wilsonville recycle solvents, WRS #49679 (drum #F-217) called "F 11
., 

and WRS #49675, called "8 11
, were separated into polar and nonpolar 

fractions by column chromatography using silica/alumina. The nonpolar 

fraction defined as FA and SA consisted of saturates, aromatics and 

hydroaromatics, was the subject sample of this report. It is assumed 

that these components, less the saturates, contribute most to the 

transfer of gaseous hydrogen to coal and its thermolysis products. 

This report covers: 

Fingerprinting optimization of the chromatogram, i.e., conditions 

leading to the maximum number of peaks with base1i~e resolution. 

Selection of UV-detector wavelengths for maximum response. 

Reproducibility of.retention times . 

. • Relationship of UV res~onse and differential refractive index for 

quantifying components. 

Summary of f:~cings: 

Cptim~m :hromatographic c:~di::cns were fauna usi~~ _ reversad 

phasa c:~umn C~l8(00S) ar.c acetonitrile as t~e moci:e phase. 
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Maximum UV-response was found at· 295 nm on the variable wavelength 

UV-detector. 

Four standard tomponents, naph~h~]ent (1), pheoanthrene (2), 

2,3-dimethylnaphthylene (3), and pyrene (4) ~ere used to assess 

reproducibility (retention time). Reproducibility ~as found to be 

:o. 1 minutes of a 15 minute chromatogram. 

The response of the differential refractometer provided a relative 

measure of component concentration ~hile the UV-detector at 295 nm, 

due to the variability of molar absorptivity. was selected to 

enhance the absorption of 2-3 ring aromatic components. 

Analysis of Recvcle Solvents 

The two recycle solvents ~ere chosen to repre~~ht different degrees of 

hydrogen donor capability as determined by the microautoclave test 

(Method No. 43080-60, Catalytic, Inc.) performed at Wilsonville. The 

results of this solvent quality test, the elemental composition, and 

the molecular weight of the solvents are given in Table I. 

Table II gives th~ weight percent bailing point distribution of thi 

recycle solvents as determined by simulated distillation, ASTM 0-2887. 

Fractionation of the solvents into polar· and nonpolar groups, resulted 

in 59 and 77 ~eight percent nonpclars for Wilsonville recyc;e solvents 
11 F" and 11 811

, respectively. 

Table III gives the optimized chromatographic conditions, and ~hare 

applicable, the range of conditions tested. 

All chrcma:ograms were oc:ained at a sample concent~ation o: 3 ~~.~1 ~n 

CH
2
:1 2 using a 20 ul sam~~e loco. Figure sno~s a ser•es :: f:~r 

c;,romatcgrams at differen: UV-wavelengths obtained for t:"le ~.cr.;c:a:s of 

lGG 
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Tapl e ·I· 

Solvent Quality Index by Microautoclave Test, Elemental Comoosition 

and Molecular Weight of Wilsonvill~ Recycle Solvents 8 and F 

B F ·-
Carbon 91.71 87.57 

Hydrogen .7. 41 . 8.30 

. Oxygen 0.40 2.88 

Nitrogen 0.44 0.76 
Sulfur 0.04 0.48 

n Molecular Weight 21Q 177 

Solvent Qual. Index 8~. 4. 69.8 
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Tab 1 e II 

Weight Percent Distribution bv 8oi1inq Point (°F) 

of Wilsonville Recvc1e Solvent "8" and "F" 

Boil i no Points 

Weight Percent "8" 

1 436 

10 620 

20 656 

30 ~74 

40 691 

50* 711 -
60 730 

70 747 

80 773 

90 804 

95 823 

FBP 873 

~Ncte the temperature at wh~c~ e:c~ sc~ve~t is SG~ d~st~~iec. 
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II Fit 

400 

442 

469 

4tl~ 

510 

537 

572 

604 

651 

712 

76i 

868 
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.T a~ 1 e II I 

Q~t.llll!ed Chromato!l!:aphic Conditions for Reversed 

~!~se R_.PLC of the Nc.npolar Fraction o·f WilsonviHe necycle Solvent 

Range of Conditions 

Flowrate-
Mobi l'e 1P1ctse Detectors mll11in Column Samp.le l•)O(l Size -·---·---··---

0-100% CII
3

CN in uv 260. 290 1.5, 3. ODS C-18 100 ul 

100-0% M~OII 295. 334 nm 5 20 ul 

RI .. 

Optimilell Condition UV 295 nm 5 mllmin ODS C-18 20 ul 



Sample 11 F11
• Detector response at 295 nm was chosen as the standard 

wavelength because all absorbances ~oul9 te displayed with nearly 

equivalent response·including the major component phenanthrene (2). 

The absorbance at 334 nm, although not:representative of the total 

d-istribution of components, does provi~l:a selectivity for four ring 

PNA's, e.g., pyrene (4). Model components identified are peak (2) 

naphthalene and peak (3) 2,3-dimethylnaphthale~e. 

Figure 2 compares th·e nonpolar fractions of the recycle solvents at 

295 nm ~nd 334 nm. :The major differences at 295·nm ~~the gr~ater 

distribution of 2-3 ring PNA's in FA and alkylated (C 1-c4) 3 and 4 ring 

PNA' s in SA. .. 

These findings are confirmed with the chrc;>!llatogra~s obtained at 334 nm. 

Concentration of pyrene (4) was found to be approximately 3 times 

greater in Sample BA than in FA .. The 334 nm chromatograms also show a 

series of components with retention times from S-8 minutes in BA, that . 
are of larger ring size than pyrene: These components were not detectable 

in Sample FA. 

Figure 3 provides a comparison of the RI and the UV-detector at 290 nm 

for the nonpolar fraction of Wilsonville recycle solvent F. This 

sample was run at a 10 mg/ml concentration using a 20 ul sample loop. 

Peak (1) naphthalene, although barely detec~ed at 290 nm shows a signifi­

cant response using tne refractive ind~A detector. The rc~ponse of 

peak (3) and the peak between compo~ents (2) and (3) at 290 nm is very 

similar, but the ref~active index shows that peak (2) is present at a 

much higher concentration. Reproducibility of retention times was 

established at . 1 min over 15 minutes. The refractive incex detector 

provides a relative quantitat~ve measure of the components in the 

nonpolar frac~ions of recycie soivents. An exac~ compar~s~n of compc::ent 

concentra:ion can be made if e~ual sample weights are ch;:mato~raphed. 
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CONCLUSION 

A novel liquid chromatographic procedure has been developed to profile· 

the nonpolar of HORS. 

Chromatographic conditions were optimized for mobile phase, maximum 

detector response in the uv, chromatographic resolution on ~n oos-clS 

reversed phase column. 

The chromatographic procedure was used to demonstrate the differences in 

the neutral fractions between two Wilsonville recycle solvents ~hqr~'terized 

by the microautoclave te!t to be diff~r~nt in qu~lity. 

This procedure will tie used durin~fY 81 ta ~rofile ~ecycle solvents from 

Wilsonville, Tacoma SRC-I/II, and CPOU-CRQO. 
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A Wilsonville recycle solvent (WRS #49679) drum #F-217 was separated into its 

functional group fractions as shown in Scheme I. The nonpolar fraction, con­

sisting of the aromatics and the saturates, was then used at a 10 mg/ml conc'en­

tration for the study of reversed phase chromatography. This report covers: 

I. fingerprinting opti~isation of the chromatogram~ i.e .. condition leading 

to the most peaks with best resolution in the chromatogram 

II. evaluation of different mobile phases 

III. evaluation of different detector wav~engths 

IV. peak identification of four peaks i~ th~ chrom~toar~m 

V. effect of flowrate on resolution and·analysis time 

VI. sample 1oop size variatio~ effect on ~he chromatogram 

VII. relationship of UV response with differenital refractive index as mean 

of chromatograph detection 

A summary of findings is listed below. 

'('.. 

I. Fingerprinting chromatography using aeeto~itri1e and methanol at 260 

and 290 nm showed a more detailed chromatogram with acetonitrile at 

290 nm than with methanol and at 260 nm. 

II. Gradient elution between 100% acetonitrile and 100% methanol showed 

best resolution of peaks in lOO% acetonitrile at 290 nm. 

III. HPLC at 260, 290, 295 and 334 nm showed one peak of a pyrene type 

structure as determined by absorbance ratios, and three peaks of another 

long condensed aromatic ring structured components. 

IV. Standard components identified naphthalene, phenanthnene, 2,3 dimethyl­

naphthalene and pyrenP. as components in the sample tested. 
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V. The flow rate can be increased from 1.5 ml,lmin to 3 ml/min and even 

5 ml/min without change in retention volume or resolution of the highly 
. . 

complex.chromatogram. This reduc.es the.ana-lysis time from 25 to about 

10 minute~ per sample . 

. VI... A change in s·ample l.oop size from 20 ul to 100 ul does not effect the 

chromatogram with respect to resolution of peaks or retention time. 
t 

VII. Differential refractive index defection aids the determination of 

rel~ative coru:~ntratfo~·jtf. companeri\ts. dete~ted, whereas ·w detection 

can be used for moni'torJng ·sP,ecific components and simplification of 
'• . 

chromatograms~ : 

I. Preliminary Peak Assignment by 260/290 nm Wavelength. Fingerprintina 

The chromatographic·conditions were: 

Flowrate 

Column 

Sample loop 

UV Detector 

Mobile phase 

1.5 mVmin 
. - . . ~..... 't'tl. 'N\. 

00S 5fv'. 250 RfR. X 10 AIR-· 

20~L 

at 260 nm and at 290 nm 

Four chromatograms were obtained, which are shown in Figure 1 through 

4. 

Based on the significantly differe-nt chromatographic "fingerprint11 

obtained by changing the detector wavelength from 260 to 290 nm and by 

changing the mobile phase an attempt was made to locate peaks obtained 

by C~3CN elution in the CH30H chromatograms. 
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Peak Ill in Figure 1 at 26~ m., has a higher absorbance than at 290 nm 

(Figure 2).. Switching m<?bi 1 ~ phase from CHjCN to C.H30H peak #1 seems 

to split into two peaks as seen at 260 nm (Figure 3) one of which 

doesn't visualize at 290 nm. Adding the approximate peak areas of the 

. two first peaks _in Figure 3 one arrives at the approximate ratio of 

260/290 ~or peak #2 Jn CH30H as seen for CH3CN as a mobile phase. 

Peak #2 shows a very high 260/290 ratio in CH3CN as well as CH30H~ 

·rherfore one can a·ssume the same types of compounds to elute at this 

relative retention time using both mobile phases. · 

Peak #3 in CH30H <.Figure 2) shows a ~ow 260./290 ratio and therefore one 

could find a peak of the similar ratio seen in Figure 3 which shows up 

as a shoulder in Figure 4 as peak #3 eluting after.peak #4, using CH30H 

as a mobile phase. 

Peak #4 in CH3CN (Figure 1 and 2) shows a high 260/290 ratio, where as 

peak label #4 in CH30H (Fi~ures 3 and 4) give a low 260/290 ratio. 

This indicates the prese·nce of a different group of components in 

peak #4 eluting with CH3CN 1 versus the elution with CH30H. 

Peak #5 shows an absorbance above 2.0 in each of the four chromatograms 

which can indicate the elution of the same group of components in each 

mobile_phase. at that retention time. 
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Figure 1 
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Figure 3 OOS-HPLC at 260 nm in CH30H . 
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Peak #6 shows a low 260/290 ratio and can therefore be identified at 

the same relative elution order in both mobile phases. Peak #7 shows a 

different absorbance ratio, in CH
3

CN versus CH
3
0H, which again indicates· 

different component composition at that elution time in the different 

solvents; this is also the case for peaks #8 and 9. Figure 4 shows 

also a peak at 290 nm which is not ~isible_ at 260 nm, but does not 

separate-into a discrete peak using CH
3

CN. Peak #10 can be noticed as 

a small peak between peaks #9 and 11 in each chromatogram~· 

Tilt:! dssJgnments and alignments of the following peaks becomes less 

certain due to the peak spreading a.t the longer retention t,imes. A 

tentat~ve assignment is shown in the four figures. 

The best fingerprint chromatogram chosen was lOOO(CH~C~ at 290 nm. 

II. Mobile Phase Optimization 

The chromatographic conditions were chosen as . 

flow rate 

column 

detector 

sample loop 

mobile phase 

1.5 mVmin 
'M~ ~""' 

ODS 5JA-2~0 Hf't X T~ NM" 

-UV 290 NM 

20 p.L 
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The mobile phase w~s varied as shown below: 

run CH30H % CH 3CN -
1 a· 100 

2· 25 75 

3 50 50 ~ 

·4 ' 0 75 . 25 

5 90 10 

6 100 0 

The res~~ting chromatograms are shown in Figure 5 through 10 corres­

ponding_to runs #1 through 6'above. They-axis shows the absorbance at 

290 nm, the x-axis shows the minutes, which can be related tothe 

volume eluted by the flow rate of .1.5 ml/min .. 

It was observed that 

a shift in order of elution occurred with peak #3, #6, #7, and #12. 

resolution of.peaks #15 through 18 obtained by a CH3CN mobile phas~ 

diminished with increasing concentration of CH30H in the mobile 

phasP.. 

retention time of initial peaks increased with increasing concentra-

tion of CH30H 

at 100% CH30H a peak was observed between peaks #6 and 8 (see 

Figure 10) which could not be identified in any of the other mobile 

phase combinations. 
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Figure 5 OOS-HPLC in 100% CH3CN 
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The shift in peak height by variation of the mobile phase indicates 

unresolved, overlapping peaks shifting peak numbers. 

The most resolved peak pattern was observed with 100% CH3CN and this 

mobile phase was chosen to be used for future chromatographic separation 

of nonpolars on reversed phase HPLC. 

III. HPLC Reversed Phase Chromatography of Nonpolar Fraction of a Recycle 

Solvent at Different Wavelengths 

The chromatographic conditions wre chosen as: 

f1ow rate 5 mVmi n 
W.,'IM. IN\ 'N\ 

column ODS 5/J- 250 ~ x 10 -Rflr 

sample loop 20 fl'-
mobile phase CH3CN 

detector UV at 260, 290 and 334 nm 

The wavelength 334 nm was chosen as a specific detector for pyrene 

which has a~~ax at 334 as shown in Figure 11, i.e., the molar absorptivity 

(E) has a maximum at the wavelength of 334 nm. The chromatograms 

obtained are shown in Figure 12. It was noted that the chromatogram 

obtained at 260 nm seemed to be shifted to the right by 0.5 minutes 

retention time. 
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Figure 12 005-HPLC using different detector wavelengths 
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The log "E" for pyrene at the three chosen wavelengths is: 

260 nm 

290 nm 

334 nm 

4.425 

3.575 

4.650 

and the absorbances obtained for peak #13 in Figure 12 at these wave­

lengths show: 

Z60 nm 

290 nm 

334 nm 

0.68 

0.47 

0.67 

The relative absorbances for the pure pyrene spectrum and for peak #13 

are very similar. One can therefore say that peak #13, based on the 

absorbance ratios may be pyrene or al~lated pyrene compounrl -- which 

has a very similar absorbance spectrum. 

Pe~ks #9, #14, and #17, which are the other peaks visual at 334 nm 

might be components of larger condensed aromatic ring structure than 

the .other peaks observed only at 290 and 260 nm. 

The high~t· wavelength should only be used if there is specific interest 

in the larger condensed aromatic ring structures. It ·does not warrant 

as detailed a fingerprint as the 290 and 260 nm detector delivers. 
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IV. Compound !dent ifi cation· '·" . 

The retention times of the, nonpolar chromatogram compared with the 

retent-ion times obtai ned by HPLC of four pure components known to be 

pres~nt in the nonpolar fraction of coal liquids. 

The ~hromatographic conditions were: 

flllwrate 

column 

sample l.oop 

mobne phases 

detector 

· 1~ 5 niVmfn 
. . . V(\ 'N\ Vo\ 'M. 

O().S SfA-250 .;!m x. 10 Rttt ~ 

2~.:fJ1 . 

100%·c~~N.and 100% CH30H 

UV at 290 nm 

The standard components chosen were 

· naphtha 1 ene 

2,3 dimethylnaphthalene 
~ phenanthene 

pyrene 

9,10' dihydrophenantfe'ne 

• ·• • l ~ • ~ ' • ~ .,_ ·• . ., ' 

Retention times obtained for the ~ure componehts are listed below: 

CH3CN CH30H 

naphthalene (A) 10.6 11.0 

phen~ntHene (B) ·12. 6 13.3 

2,3 dimethylnaphtha1ene (C) 13.0 13.8 

9,10 . h ,.-d1hydrop enanthene (E) 12.6 14.0 

pyrene (D) 15.4 16.7 
" 
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A chromatogram was generated by overlay of the individual ·chromatograms 
. r 

and is shown in Figure 13 and 15.* 9,10 dihydrophenanthene in CH3CN 

(Figure 13) showed the. same retention time as phenanfene,fl$ and in CH3CN 

(Figure 15) showed poor resolution from 3,3 dimethylnaphthal~ne. Equal 

proportions of all but the obtained chromatogram ·wa~ identical to that 

generated in Figure 13 and 15. as Figure 14 and 16 shows. This confirms 

that there is no interaction of these components with respect to their 

elution times or peak shape. 

The chromatogram of the standard mixture was then compared to the 

chromatogram of the nonpolar recycle· solvent fraction. Figure 17 and 

18 elutin~CH3CN and Figure .19 and. 20 eluti.ngV.~H30H. 

The comparison of retention times at two different mobile phases give 

identification to: 

peak #1 naphtha 1 tna · (A) 

peak. #5 phenanthrene (B) 

peak #11 pyrene (D) 

peak #6 2, 3 · di methy·l nilphthill ene (C) 

Identification of peak #11 in CH3CN and CH30H confirms findings in 

Section III. 
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Figure 17 295 nm CH 3CN 

Figure 18 Standard CH3CN 
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Figure 1.9 

1 

E1.8 

0.6 

0.4 

r. ~ ""·-

19 

Figure 20 

·> -1. s 
1. 6 
1. 4 
1. 2 
1 
e.s 
0.6 
e.4 
0.2 
e 

10 

29 nm 

3.S 

15 29 

290 nm 

15 20 

196 



V. Reversed Phase HPLC of the Nonpolar Fraction of a Recycle Solvent at 

Different Flowrates 

The nonpolar fraction was chromatographed using three flowrates. 

Chromatographic conditions were: 

column 

sample loop 

mobile phase 

detector · 

flowrates 

.~'M. ltv\ \1\1 
ODS 5r250 RITI' x 10 flfiT" 

20 ,t.~l 

CH3CN 

UV at 290 and 334 nm 

1.5 mVmin, 3.0 m-lJmin and 5 mVmi~· 

Speci~l attention was given to the predictability of retention times as 

well as to the reproducability of resolution with higher flowrates. 

' The chromatograms obtained at 290 nm are shown in Figures 21a and·b, 

and at 334 nm·in Figure 22a and. b. It can be observed that the finger­

print of the chromatogram did not change with increase of the flowrate, 

i.e., all peaks found at 1.5 mitmin are found ·with the same relative 

absorbance ratios using a 3 mLtmin flowrate. 5 m\imin chromatograms at 

290 and 334 nm are shown in Figure· 12. 

The chromatograms at 290 nm.were then overlayed with the same amplified 

chromatogram to magnify small peaks and compared on the same retention 

volume scale, i.e., double x-axis is scale for half flowrate. The 

scale is still labeled in minutes retention time. Figure 23a shows 

this overlayed chromatogram at 3 ml/min and Figure 23b at 1.5 m~min. 

No difference in resolution and retention volume is seen. This shows 
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that the reversed phase chromatography·of the nonpolar fraction of a 

recycle solvent can be performed at 3x_the previously evaluated flowrate 

and therefore will only take approximately 10 minutes per chromatogram 

using_ aceto.ni-trile _in the mobile phase .. 

VI. Evaluation of Sample Loop Size 

The sample loop, which delivers the sample onto the HPLC column was 

varied from a 20 ul loop ·to a 100 ul lrio8· 

Chtomatographfc conditions were: 

flowrate 

mobile phase 

detector 

. sample loops 

sample cone. 

5 ml/mi n · 

ODS ~250 x 10 mm 

UV at 195 nm 

20 ul and 100 ul 

10 mq/ml and 3 mg/mL 

The resulting chromatograms are shown in Figure 25. ·It can be hoticed 

that the range in sample volume did not effect the sharpness of.peaks 

nor the retention times. 

VII. Comparison of Chromatograms Obtained by Differential Refractometer and 

UV Spectrophotomet~r Detectors 

Chromatographic co~ditions were: 

flow rate 

mobile phase 

column 

5 ml/min 

CH 3CN 

ODS ~250 mm x 10 mm 
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Figure 25 
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sample loop 

chart speed 

detectors: - .. 

differential.R9l1) 

UV-Spectr.c?~otometer 

3 em/min 

290 nm, 0-400 

The chromatogram~ obtained are shown in Figure 24. 

The refr.active·-index detector (RID) respons~ is ~ more true reflection 

on compound concentration, than the UV detector. 

As shown in Figure 11 the UV absorbance of a c6mpound fluctuates greatly 

with the wavelength at which it is measured. Ther~fore, the UV detector· 
·, 

can be used to magnify specific components in the chromatogram or even 

simplify a. highly .complex spectrum as seen in Figure 12. 

Using the RID'it can be seen that peak #2, barely detected at 290 nm is 

of substantial concentration. This peak had been identified as naphthalene 

Peak #6 and #7 sharing a similar response at 290 nm seem to be of 

different concentrations present in the sample. Peaks #8-13 show a 

similar relative response at 290 nm as obtained with RIO. Peaks #1 and 

2, low 290 nm response high RID response, are therefore present at a 

sianificant concentration and due to their·· luw molar absorptivity at 

290 NM these compounds showed only small peaks at 290 nm. Therefore, 

these components are only 1-2 aromatic rings - which are compounds of 

low absorbance at the wavelength chosen. 
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