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INTRODUCTION 

The Fischer assay i s  not a standard ana ly t ica l  procedure. 
I t  does not  produce quant i ta t ive  values such as  the  weight percent 
nickel i n  a s t a i n l e s s  steel or t he  ppm mercury i n  water. Rather, 
t h e  Fischer assay is a performance test such a s  the  octane number 
of motor f u e l s  or t he  t ens i l e  s t rength  of f ibers .  Because it i s  
an assay -- a performance t e s t  -- the  da ta  obtained a r e  qu i t e  
dependent upon the  test procedure. Variances i n  the  t e s t  procedures, 
permitted i n  the  widely accepted USBM Fischer assay method, do cause 
s ign i f i can t  d i f fe rences  i n  the da ta  obtained. 

HISTORY OF THE FISCHER ASSAY 

The Fischer assay had i t s  o r ig ins  i n  the  ear ly  low- 
temperature coa l  r e to r t ing  research o r  Franz Fischer and Hans 
Schrader(’). However, our  present concern is with the USBM 
procedure a s  described i n  de t a i l  by S tanf ie ld  and Frost  and 
Hubbard i n  Bureau of Mines Reports of Investigations 4477 and 
6676 (2.3). The main d e t a i l s  of the USBM procedure a r e  shown i n  
Figure 1. Many of the d e t a i l s  a r e  no longer followed by labora tor ies  
doing Fischer assays (some a re  no longer followed by the  USBM ( 4 ) ! ) .  

attempting to use t h i s  procedure. The suggested apparatus, 
pa r t i cu la r ly  the  cast-aluminum r e t o r t ,  i s  the  major source of 
problems. The softening point of the  aluminum a l loy  i s  qui te  c lose  
t o  the  suggested r e t o r t i n g  temperature and the  s e a l  of t he  plug 
and r e t o r t  is not per fec t .  A diagram of the  USBM apparatus is 
shown i n  Figure 2 .  We use these U.S.B.M. r e t o r t s  i n  our laboratory.  
By carefu l ly  cont ro l l ing  the  r e t o r t  temperature through the  use 
of continuous cont ro l  and proportional hea t  (5), t he  problem of 
t h e  r e t o r t  melting has been lessened. 
t o  obviate t h e  softening and leakage problems. 
shown i n  Figure 3,  is constructed of steel. The head is fastened 
with four s t e e l  studs.  
and adjacent t o  the  r e t o r t  a s  shown. The overa l l  configuration of 
t h e  TOSCO r e t o r t  i s  similar t o  the  USBM r e t o r t .  The Core Laboratories 
r e t o r t  ( 7 ) ,  shown i n  Figure 4 ,  i s  a l so  constructed of s t e e l .  The 
cap i s  threaded on. 
from the USBM system. Ten of these r e t o r t s  a r e  placed i n  an oven 
with a s ing le  temperature cont ro l le r .  The Core Laboratories r e t o r t  
systems requi re  much l e s s  space than the  TOSCO or USBM. 
modifications,  TOSCO, and Core, a r e  designed t o  duplicate data 

The USBM Fischer assay presents  many problems t o  ana lys t s  

Two r e t o r t s  have been developed 
The TOSCO r e t o r t  (6) 

Thermocouples a r e  placed both i n  the  r e t o r t  

The Core r e t o r t  represents a d ra s t i c  change 

Both 
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obtained by the  USBM procedure. Because of problems with t h e  USBM 
apparatus, a standardized modification is c l ea r ly  needed. 

do indeed d i f f e r .  This difference is  i l l u s t r a t e d  i n  Table I. 
A sample of r a w  sha le  was carefu l ly  blended and r i f f l e - s p l i t  i n to  
2 1 / 2  lb. packages f o r  use as  a standard i n  our laboratory.  The 
mean r e s u l t s  from t en  r ep l i ca t e s  of t h i s  standard a r e  shown. The 
four labora tor ies  a r e  not necessarily those mentioned previously. 
These da ta ,  I f e e l ,  show t h a t  the  Fischer assay is  not a standard 
method - 

Fischer assay r e su l t s ,  obtained from various labora tor ies ,  

VARIANCE OF FISCHER ASSAY DATA 

Without studying each labora tory ' s  procedures i n  d e t a i l ,  

However, s tud ies  made i n  our laboratory show t h a t  modifications 
it is impossible t o  determine the  causes of v a r i a b i l i t y  shown i n  
Table I .  
i n  the Fischer assay, many permitted i n  the  USBM procedure, do have 
an e f f e c t  on the  data.  

d i f f e ren t  e f f e c t s  on the  o i l  yield.  F i r s t ,  it seems t h a t  o i l  shale 
r icher  i n  organics is more r e s i s t en t  t o  crushing than leaner 
shales. Thus, a s  shown i n  Table 11, the  o i l  y i e ld  tends t o  increase 
with increasing p a r t i c l e  s i ze  (decreasing mesh s i z e ) .  Thus, neither 
lumps nor f ines  may be decarded. Careful s p l i t t i n g  (without loss 
of dust)  must always be used t o  obtain a va l id  sample. 
such a s  needed t o  obtain the  100.0 grams recornended i n  the  USBM 
procedure, may not be representative.  

The o t h e r e f f e c t t h a t  p a r t i c l e  s i z e  has on o i l  y i e ld  a s  
shown i n  Table 111. Here the  same or ig ina l  samples were reduced by 
grinding to smaller p a r t i c l e  s ize .  Again, the  y ie ld  decreases 
with decreasing p a r t i c l e  s ize .  In t h i s  case, t he  cause i s  not c lear .  
N o  apparent degradation, o r  p a r t i a l  r e to r t ing ,  seemed t o  occur with 
grinding. 

I n  order t o  obviate e f f ec t s  of mesh s i z e  of Fischer assay 
data,  t h e  following a re  recmended:  

Mesh Size. The p a r t i c l e  s i z e  of t he  sample has two 

Grab samples, 

(1) 
( 2 )  M a s s  reduction should be by r i f f l e  s p l i t t i n g .  
(3) Samples should be ground t o  uniform, standard mesh 

Neither la rge  pieces nor f i n e  dus t  may be discarded. 

s ize .  

Temperature. In the USBM procedure, t he  temperatures 
of t h ree  components are defined. 
the condenser, and, of course, t he  r e t o r t .  

Fischer assay i n  defining the  gas-liquid s p l i t  ( the  condensation 
of gaseous vapors i n t o  l iqu ids)  the  temperature of t he  receiver 
has a pronounced e f f ec t  on o i l  yields.  
where the  temperature of t he  receiver ranged from 20°F t o  100°F. 
Changing from the  prescribed 32OF t o  the  pemissable  100°F does 
a f f ec t  t he  o i l  yield.  An i ce  bath, recommended by Atwood (6) 
seems bes t  su i ted  f o r  cont ro l l ing  the  receiver temperature. 

The temperature of t he  condenser is l i s t e d  as 32 5 9% 
i n  t he  USBM procedure. Yet, the  condenser has no e f f ec t  on the  o i l  
y ie ld  data: any o i l  escaping t h e  receiver and condensed i n  the  
condenser w i l l  not be measured. Because of t he  l o w  pour poin t  
of crude sha le  o i l ,  t h i s  material  w i l l  remain on the  condenser walls 
and not be weighed with the receiver and adapter. 
our laboratory have shown t h a t  removing the  condenser from the  

These componenets a r e  the  receiver,  

Since temperature is the cont ro l l ing  fac tor  of t h e  

This is shown i n  Table I V  

Studies i n  
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system has had no e f f e c t  on the  Fischer assay data.  
condenser can be eliminated. 

shown i n  Figure 5. This is a s t r ip-char t  recording from our 12- 
pos i t ion  bench. 
procedure produced low r e s u l t s  as shown in  Table V. Increased t i m e  
does not appear t o  increase the  o i l  yield.  The e f f e c t  of increased 
temperature cannot be studied using the aluminum USBM r e t o r t .  I t  
has been suggested ( 8 )  t h a t  t he  location of the  thermocouple w e l l  
(beneath the  spout) i s  poor. Truer readings and be t t e r  cont ro l  can 
be achieved i f  the  thermocouple is located a t  t he  bottom center  or 
r e a r  of the r e t o r t .  This pos i t ion  would be s i m i l a r  t o  t h a t  suggested 
by Atwood (6) . 
by various temperature f luc tua t ions ,  t he  following a r e  recomended: 

Perhaps the  

The suggested time-temperature p r o f i l e  of t h e  r e t o r t  i s  

Fa i lure  t o  reach t h e  932OF prescribed i n  the  USBM 

I n  order t o  obviate e r ro r s  i n  Fischer assay data caused 

(1) 

(2 )  The condenser be eliminated. 
(3) The temperature of t he  r e t o r t  be carefu l ly  cont ro l le r  

The temperature of t he  receiver be controlled by 
an i c e  bath. 

with thc suggested relocation of the  themcouples to 
the  r ea r  of t he  r e t o r t .  

FISCHER ASSAY mTERNATES 

With the  uncer ta in t ies  i n  the  Fischer assay data,  t he  
c a p i t a l  cos t s  i n  fabr ica t ing  a Fischer assay bench, the  la rger  
laboratory space required, and the  long time needed t o  complete 
t h e  test, it is no wonder t h a t  severa l  a l t e rna t ives  fo r  the  Fischer 
assay have been proposed in  recent years. 
are l is ted i n  T a b l e  V I .  Pulsed NMR (9) is used t o  measure the 
organic hydrogen content of shale.  Direct organic carbon, by 
cont ro l led  combustion, eliminates e f f e c t s  of the  inorganic 
carbonates (10).  Thermal chromatography(l1) and laser-chromatography 
(12) r e l a t e  o i l  y ie lds  t o  the  concentration of cer ta in  hydrocarbon 

releasedby heating. 
advantages, most su f f e r  from the  following disadvantages: 

Some of these a l t e rna t ives  

Although each of these a l t e rna t ives  has ce r t a in  

(1) 
(2)  Instrument cos ts  a r e  s imi la r  t o  those of a Fischer 

(3) Sample s i z e  are s m a l l .  This requi res  addi t iona l  sample 

(4 )  

They o f f e r  l i t t l e  o r  no improvement i n  precision. 

bench. 

preparation time and trouble.  
They a re  used t o  measure only o i l  y ie lds  whereas the  
normal Fischer assay measures o i l  y i e ld  (ga l / ton) ,  
water y ie ld  (ga l / ton) ,  gas + Loss ( w t % ) ,  spec i f i c  
grav i ty  o f  t h e  o i l ,  and coking tendency of the shale.  

STANDARD FISCHER ASSAY 

In  s p i t e  of t he  d i f fe rences  i n  procedures and t h e  
var ia t ions  i n  the  da ta  obtained, t he  Fischer assay seems destined 
t o  be the  standard f o r  the o i l  sha le  industry. 
procedure of fe r red  t o  da te  is completely sa t i s fac tory .  With t h i s  
i n  mind, t he  ASTM Committee D-2 on Petroleum Products and Lubricants 
has formed a subcommittee t o  solve the aforementioned inconsistencies 
and crea te  a standard Fischer assay. In our laboratory,  w e  await the 
r e s u l t s  -- a standard Fischer assay t e s t  procedure! 

N o  a l t e rna t ive  
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