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INTRODUCTION 

The utilization of oil shale a s  a source of synthetic fuels has been increasingly promoted in 
recent years.  While oil shales in the western United States have been extensively studied for many 
years,  eastern shales have received serious consideration only recently. 

clamation aspects of the resource,  processing requirements, the product composition and the over- 
all economics are some of the more  significant variables. However, the overall resource quality, 
which is represented by i ts  magnitude, accessability and oil content, i s  perhaps the most impor- 
tant. 

In i ts  various experimental forms ,  this assay results from the physical measurement of the amount 
of oil produced from the retorting of a shale sample under a standardized set of conditions. This 
assay and modified forms of it have, for  the most part, been the accepted and standard basis for 
judging the retorting potential of shales worldwide. 

The t rue  utility of a standard assay is,  however, i ts  predictive ability. Fischer Assays 
have been shown to be an  acceptable measure  of the conventional re tor t  potential of western U. S. 
shales, This, however, has not been shown to be true for eastern oil shales. The overwhelming 
acceptance of the Fischer Assay yield has ,  in  l a rge  part, been responsible for underestimating the 
value of and, therefore overlooking, eastern oil shale a s  a synfuel resource. The current interest 
in eastern shale i s  due in part  to the realization of its retorting characteristics and true oil gener- 
ation potential. 

have shown that the Fischer Assay of eastern oil shales typical of Kentucky a r e  low with respect to 
the shale's t rue  retorting potential. Retorting eastern oil shales under rapid heating, vacuum, 
steam addition, fluid bed, hydrogen atmosphere and donor solvent conditions (2,  5-8) have consis- 
tantly produced yields in excess of Fischer Assay values. A s s a y  ytelds have been exceeded by a s  
much as 25-100% when eastern oil shales have been retorted under these conditions. A more com- 
plete.discussion of eastern oil shale and their  retorting characterist ics can be found in the litera- 
ture (9-12). 

tical applications. Geochemical applications have Included the evaluation of source rock potential 
and oil  shale organic geochemistry (13-16). These techniques provide the opportunity to: pyrolyze 
materials under highly controlled thermal conditions, determine the material 's  response to pyro- 
lysis and characterize the products of the pyrolysis. 

mal conditions (1). The ability to carefully control thermal conditions in analytical pyrolysis ex- 
periments suggested that these techniques may be useful in evaluating shale retorting behavior. 
Preliminary evaluation of eastern oil shales by pyrolysis/gas chromatography analysis has exa- 
mined the yield and product composition trends related to pyrolysis conditions (17, 18). 

The work presented here represents an examination of an analytical pyrolysis technique as 
a method for determining oil shale retorting potential. A carefully selected and prepared set of oil 
shale samples was evaluated by three methods: Fischer Assay, bench scale fluid bed retorting and 
the analytical pyrolysis method described below. 

The value of a shale resource is determined by a variety of factors. The mining and re- 

The standard measure of oil shale quality (oil yield potential) has been the Fischer Assay. 

Work at the Institute for Mining and Minerals Research (IMMR) (1, 2) and others (3, 4) 

On an analytical scale, pyrolysis techniques have been used widely in many organic-analy- 

Eastern shale oil yields are sensitive to retorting parameters and, in particular, to ther- 

EXPERIMENTAL METHODS 

Oil Shale Samples 
Samples of Sunbury, Cleveland and Huron shales obtained from a ninety foot oil shale core 
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were used for Comparison of the pyrolysis and Fischer Assay yield determinations. A 1 .5  inch di- 
ameter core (identified as "T-16") was drilled in Madison County, Kentucky and has been thoroughly 
characterized (19). Since only limited amounts of core  material were available, additional samples 

comparison of the pyrolysis measurement with Fischer Assay and fluid bed yields. Bulk samples 
of the Ohio Shale were obtained from Fleming County, Kentucky; samples of the New Albany Shale 
from Henryville, Indiana. 

aliquots for each of these analyses. Samples were prepared in 8 x 30, 18 x 20 and -325 mesh 
sizes for the Fischer Assay, fluid bed and pyrolysis methods, respectively. These samples were 
stored under an argon atmosphere until used. 

Fischer Assay Analysis 
The modified Fischer Assay procedure used at  the IMMR has been described previously 

(1). These assays were performed on 100 gm aliquots in the stainless steel retort  illustrated in 
Figure 1. A Lincberg electric furnace equipped with a programmable temperature controller was 
used to heat the retort  under the following conditions: heated to 150°C for 30 minutes, increased 
from 150 to 550°C at  a ra te  of 1321°C/minute and held at  500°C for 20 minutes. 

less the weight of water also collected (1). The density of each oil sample was determined on a 
Mettler DMA 40 density meter and was used to express oil weight on a gallons per ton (gal/t) oil 
yield basis. 

.' from the Cleveland Member of the Ohio Shale and the New Albany Shale were selected for a further 

Shales were crushed, blended, sieved and split to produce representative and homogeneous 

\ 

I 

Oil yields were determined from the weight change of the entire liquid collection apparatus 

Fluid Bed Retorting 

Figure 2. Operating conditions for this unit were: a bed temperature of 550°C. helium gas at a 
linear fluidizing velocity of 25.6 m/min, a shale residence time of 20 min and a calculated theore- 
tical heating rate of approximately 20,30O0C/min. A detailed description of the operation and pro- 
duct trapping system used in this apparatus is  given by Rubel et al. (20). 

A bench scale fluid bed retort ,  developed at the IMMR, used in this study is shown in 

Analytical Pyrolysis 

lysis system. The instrument was operated in i ts  "rapid Pl/P2" mode and can be viewed as having 
essentially the instrumental configuration illustrated in Figure 3. In this mode of operation, the 

is  continuously monitored by a flame ionization detector (FID). The FID signal is  recorded con- 
tinuously and integrated by a Hewlett-Packard Model 3390A reporting integrator. 

and held in place with small quartz wool plugs. The sample i s  inserted into the pyrolysis chamber 
and i s  flushed for three minutes with helium. The sample is rapidly heated, under a 50 cc/minute 
helium flow, from ambient temperature (50-60°C) to 300°C. held at  this temperature for nine 
minutes, heated at 6O'C/minute to 600°C and held at  this final temperature for fifteen minutes. 
The pyrolysis temperature program and the corresponding FTD response a re  illustrated in Figure 
4. 

The FID is predominately sensitive to organic carbon containing compounds. The moni- 
tor's response, therefore, represents organic carbon pyrolysate and does not include significant 
contributions from water, carbon dioxide, hydrogen sulfide or other inorganic species. The ma- 
terial evolved up to 300'C represents the distillable (Pl) fraction of the shale's organic content. 

The total FID re- 
sponse (P1 + PZ) per milligram of shale relative to that of a standard oil shale is  the basis for cor- 
relating pyrolysis data to Fischer Assay. 

Oil shales were subjected to pyrolysis using a Chemical Data systems Model 820GS pyro- 

I 1 sample is  heated to pyrolysis temperature under an inert atmosphere while the pyrolysate evolution 

Small samples (3-5 mg) of -325 mesh shale a r e  weighed into quartz capillaries (4 x 15  mm) 

, 
1 

f i e  pyrolysis product (P2) is  derived from the kerogen fraction of the shale. 

RESULTS AND DISCUSSION 

Shale Analyses 
A complete discussion of the retorting and analytical characteristics of the T-16 core  

samples is beyond the scope of this work. These samples have been thoroughly examined and 
these results have been reported (19). Core data useful to the following discusslon has been sum- 
marized ln Table I along with data for the group of bulk samples. 

Carbon and hydrogen analyses were determined using a Carlo-Erba Model 1106 elemental 
analyzer according to standard ASTM procedure D3178. Inorganic carbon was determined by mea- 
surement of acid-evolved carbon dioxide and was used to calculate organic carbon from total car- 
bon. 
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TABLE I 

SUMMARY O F  CHARACTERISTICS FOR OIL SHALES 

sample 

T-16 001 
T-16 003 
T-16 004 
T-16 005 
T-16 006 
T-16 007 
T-16 008 
T-16 009 
T-16 010 
T-16 011 
T-16 014 
T-16 017 
T-16 018 
T-16 019 
T-16 020 
T-16 021 
T-16 022 
T-16 023 
T-16 025 
NALB-1 
NA LB-2 
CLE 982C 
CLE 82C 

Shale 
Designation 

Sunbury 
Cleveland 
Cleveland 
Cleveland 
Cleveland 
Cleveland 
Cleveland 
Cleveland 
Cleveland 
Cleveland 
Cleveland 
Huron 
Huron 
Huron 
Huron 
Huron 
Huron 
Huron 
Huron 
New Albany 
New Albany 
Cleveland 
Cleveland 

Depth Interval 
(ft.) 

4-6.7 
7-10 

10-12 
12-14 
14-16 
16-18 
18-20 
20-22 
22-24 
24-26 
30-32.4 

35.8-38 
38-40 

40.5-44 
44-48 
48-52 
52-56 
56-60 
64-67 

- 

Organic Carbon 
0 

13.34 
10.96 
14.62 
11.60 
16.57 
15.67 
10.75 
11.81 
11.85 
10.67 

8.65 
7.78 
8.31 
7.43 
7.51 
7.74 
7.98 
8.51 
8.64 

13.31 
12.79 
11.65 
11.13 

Hydrogen/Carbon 

1.17 
1.31 
1.21 
1 . 2 1  
1 . 2 1  
1 . 2 1  
1.26 
1.21 
1.25 
1.27 
1.35 
1.31 
1.31 
1.31 
1.42 
1 . 4 1  
1.38 
1 .35  
1.33 
1 .28  
1.33 
1.41 
1 .49  

Yield Determinations 
Fischer Assays were performed on the shales described above with mass and carbon ba- 

lances in the 99-100% range. Oil yields were measured in weight percent and converted to gallons 
per  ton using the individually determined oil densities. Oil yields, for the T-16 core  samples, 
based on this classical method, varied from 7 . 1  to 19.0 gal/t. 
the IMMR, Fischer Assay values parallel shale organic carbon content and yield about 1.1 gal/t for 
each weight percent organic carbon. The organic carbon versus Fischer Assay correlation (r) 
equalled 0.96 for the T-16 core  samples. The data describing the Fischer Assay analyses a r e  
summarized in Table II. 

7 . 1  to 8.1% of the raw shale. M a s s  and carbon balances of 98 to 100% were obtained. These 
yields reflect a 130 to 145% enhancement of the values determined by Fischer Assay. This is pre- 
sented in Table 111. 

For Kentucky shales examined at 

Under fluid bed retorting conditions, oil yields from the bulk shale samples varied from 

Analytical Pyrolysis 
Shale samples from the T-16 core  were pyrolyzed as described earlier,  and a value re- 

presenting the FID response per milligram of shale was determined. This measurement reflects 
the amount of hydrocarbons evolved but i s  not used directly a s  an indication of yield. Because of 
potential day to day variations in the FID response, this value (response per mg) is normalized to 
that of a standard. The standard in this case  was a shale sample with a known Fischer Assay value 
and permitted day to day comparison of our pyrolysis data and facilitated the conversion of response 
per  milligram data to a gallons per ton basis. The data from other oil shales examined here were 
treated similarly. Table IV contains a summary of the normalized pyrolysis response data. 

Data Correlations 
Very good correlations were  found between the normalized pyrolysis response values and 

the results from Fischer Assay. For T-16 core  samples, the correlation (r) between the analyti- 
cal  pyrolysis and Fischer Assay data was 0. 966. A similar relationship was found for the bulk 
shales examined. The T-16 core  pyrolysis correlations with Fischer Assay and organic carbon are 
illustrated in Figure 5. 

The fluid bed versus pyrolysis yield correlations for the bulk samples were a l so  very gaod 
(r=O. 962). Due to the nature of the fluid bed experiment and the method of oil collection, yield 
data were only available on a weight percent basis. The results summarizing the Fischer Assay, 
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fluid bed and pyrolysis evaluation of these samples are presented in Figure 6 .  

TABLE ll 

SUMMARY O F  RESULTS FROM THE FISCHER ASSAY EVALUATION O F  
T-16 CORE OIL SHALE SAMPLES 

Fischer Assay Fischer Assay 
T-16 Sample (gal/t) (Wt %) Oi l  Density 

001 
003 
004 
005 
006 
007 
008 
009 
010 
011 
014 
017 
018 
019 
020 
021 
022 
023 
025 

1 3 . 9  
1 3 . 2  
1 8 . 3  
1 3 . 9  
1 9 . 0  
1 7 . 6  
1 3 . 0  
1 3 . 7  
1 2 . 1  
1 2 . 9  

9 . 4  
9 . 3  
7 . 8  
8 . 0  
7 . 8  
7 . 3  
9 . 6  

10.0 
9 . 3  

5 . 4 0  
5 . 0 1  
6 .97  
5 . 2 3  
7 . 2 0  
6 . 6 8  
4 . 9 9  
5 . 1 9  
4 . 6 2  
4 . 9 2  
3 . 6 2  
3 . 4 4  

3 . 0 2  
2 . 9 6  
2 . 7 5  
3 . 6 3  
3 . 7 9  
3 . 5 1  

- 

, 9 3 2  
. 9 1 0  
. 9 1 3  
. 9 0 2  
. 9 0 8  
. 9 1 0  
, 9 2 0  
. g o 9  
. 9 1 4  
, 9 1 4  
. 9 2 4  
. 8 8 7  

. 9 0 6  

. 9 1 0  
, 9 0 2  
. 9 0 6  
. g o 9  
. 9 0 4  

- 

TABLE in 

SUMMARY OF BULK SHALE RETORTING RESULTS FROM 
FLUID BED AND FISCHER ASSAY EXPERIMENTS 

Fischer Assay Fluid Bed 
Sample (Wt Q) Ax!L%L 
NALB-1 6 . 1  8 . 1  
NALB-2 5 . 9  7 . 8  
CLE 982C 5 .2  7 . 1  
CLE 82C 4 .  7 6 .  7 

The correlation of T-16 pyrolysis data with organic carbon (Figure 5b) is  notably better 
than the correlation with Fischer Assay values (Figure 5a). Although the correlations for both sets 
of data a re  very good, the scatter in the pyrolysis versus organic carbon data appears smaller. I n  
part, this reflects the smaller e r ro r  associated with the determination of organic carbon a s  opposed 
to the greater experimental e r r o r  associated with Fischer Assay determinations. The retorting as- 
say methods have several contributing sources of e r ro r  related to the control of thermal conditions, 
product trapping efficiency, product isolation, manipulative losses and density measurement among 
others. The pyrolysis approach has superior control over thermal parameters and no losses re -  
lated to product handling. Potential problems related to reproducible FID response, standardiza- 
tion, weighing and sampling small samples and the preparation of representative samples exist. 
There a re  also several fundamental differences between retorting and analytical pyrolysis methods, 

The measurement of yield by retorting assay methods a r e  essentially volumetric deter- 
minations (gallons per ton) and reflect both the mass of organic matter produced and its density. 
The response of the FID in the pyrolysis experiment only reflects the mass of the organic matter 
evolved and, therefore, i ts  yield is  independent of product density. This difference between me- 
thods can be minimized by correlating 011 yield data on a wt % rather than a gal/t basis. The uni- 
formity in the oil densities for the T-16 products suggests similar pyrolysis correlation by either 
approach. The wt % based correlation between these methods for the T-16 core  samples plotted in 
Figure 7 i s  virtually indistinguishable from the gal/t basis. 

While retorting assay methods quantify yields on the basis of recovered liquid products, 
the FID based pyrolysis technique reflects the production of both gaseous and liquid hydrocarbons 

79 

I 



without distinction. I n  the evaluation of the T-16 core shales,  the amount of organic carbon evolved 
in the form of gases was fairly constant in the 1 to 2% range. This relatively small and constant 
amount of gaseous hydrocarbon contributes to the pyrolysis versus Fischer Assay correlation. The 
noncondensible hydrocarbon fraction i s  generally overlooked by retort  assay methods and, in this 
regard,  the FID response gives a more  accurate measurement of the total hydrocarbon product 
evolved 

TABLE IV 

SUMMARY OF NORMALIZED PYROLYSIS RESWNSE DATA FOR THE 
T-16 CORE AND BULK OIL SHALE SAMPLES 

Sample 

T-16 O O l b  
T-16 003 
T-16 004 
T-16 005 
T-16 006 
T-16 001 
T-16 008 
T-16 009 
T-16 010 
T-16 011 
T-16 014 
T-16 017 
T-16 018 
T-16 019 
T-16 020 
T-16 021 
T-16 022 
T-16 023 
T-16 025 
NALB-1 
NALB-2 
CLE 982C 
CLE 82C 

Pyrolysisa Relative 
Response No. of Samplcs % Deviation 

1. 00 - 
0.92 2 0.02 5 
1.17 2 0.01 8 
0.96 2 0.04 I 
1 .33  2 0.05 2 
1 .21  2 0.04 5 
0.93 2 0.02 3 
1.07 5 0.04  2 
1.00 2 0.05 4 
0.99 2 0.05 4 
0.17+0.03 5 
0.75 2 0.02 3 
0.73 2 0.00 2 
0.64 2 0.05 3 
0.71 2 0.04 2 
0 . 1 4  2 0. 04 4 

0. 83 2 0.01 2 
0.78 2 0.05 8 
1.13 2 0. 04 3 
1.07 2 0.01 3 
0 .9620 .05  3 
0.96 2 0.01 3 

0.72 1 

- 
2.2 
6.0 
4.2 
3 .8  
3 .3  
2 .1  
3.7 
5.0 
5 .1  
3.9 
2.7 

7.8 
5.6 
5.4 

1 . 2  
6.4 

- 

- 

- 
- 
- 
- 

a. Mean 2 standard deviation. 
b. Sample used a s  pyrolysis reference standard. 

The work described above has  been a part of a n  overall Kentucky oil shale resource cha- 
racterization effort. The T-16 core  has been extensively examined and the pyrolysis results 
c€osely parallel a variety of characterization parameters in addition to Fischer Assay values. A 
more  complete discussion of the T-16 core  trends appears elsewhere in the literature (19). The 
T-16 core samples represent a wide range of compositions with varied geologic ages, depth of bur- 
ial ,  organic content and depositional history. For  purposes of evaluating down core  trends, the 
pyrolysis results compare very favorably to other measurements. 

SUMMARY 

It is evident from the data presented above that an analytical pyrolysis based assay is an 
acceptable alternative to more traditional methods, This approach was also shown to be predictive 
of the yield of several different shales under fluid bed retorting conditions. Further,  there a re  
several distinct advantages that the pyrolysis method offers. These principally relate to sample 
s ize  requirements, speed of analysis and ancillary analytical capabilities. 

Classical assay methods require large amounts of sample in comparison to an  analytical 
pyrolysis technique. 
and fluid bed evaluations normally consume more. While sample availability is not usually a factor 
in bulk sample analyses, it is a major limitation in evaluating drilled core. To measure Fischer 
Assay yields on a typical 1.5-inch diameter core,  one-half of the core is  consumed and material 
covering 2-foot intervals combined. The milligram scale pyrolysis sample requirement can pre- 
se rve  most of the core and provide more detailed yield and resource information as a result  of the 

The Fischer Assay determinations described above used approximately 100 g 
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substantially smaller sampling interval used. It is  in  the core  analysis and resource characteriza- 
tion Context that analytical pyrolysis may be of greatest use. 

Fischer Assays and fluid bed evaluations, however, require a s  much as two hours in retorting time 
alone. 

The pyrolysis experiment described here represents only one aspect of the capabilities of 
this technique. The ability to carefully control the pyrolysis conditions (e.g. ,  temperature l imits,  
rates and residence times) should permit the evaluation of the relationship between yield and ther- 
mal treatment. The products from the above analytical pyrolysis were  not examined but the capa- 
bility to Perform capillary gas chromatography is an additional feature of the Chemical Data Sys- 
tems' 820 GS instrumentation. The integration of the pyrolysis yield, thermal treatment and pro- 
duct analysis capabilities a r e  currently under evaluation in an effort to determine relationships be- 
tween retorting conditions, product yield and product composition. 

The pyrolytic analyses described here  can be performed a t  a r a t e  of nearly two per hour. 
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