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F U E L  CHEMISTRY 1940-1960 

by 

H. R. Batchelder 
, Harlan  W. Nelson 

I. INTRODUCTION 

During the period 1940-1960, the study of fuel chemis t ry  was subject 
to a se r ious  perturbation that pers i s ted  fo r  6-8 y e a r s  (1945-53), a f t e r  which 
r e s e a r c h  in  this field essent ia l ly  resumed i t s  previous pattern.  D r .  F ie ldner  
gave an excellent review of this field in  h i s  paper  for  the ACS Golden 
Anniversary.  

Up to the end of World W a r  11, those doing r e s e a r c h  i n  fuel chemis t ry  
were  concerned to a large extent  with coal. 
the determination of i t s  components,  the study of the proper t ies  of these 
components and especial ly .a t tempts  to elucidate the s t ruc ture  of the coa l  

' 

substance were  some of the m a j o r  subjects covered.  The elucidation of the 
coal s t ruc ture  was investigated by studying the products found when var ious 
coals  o r ' c o a l  fractions were  subjected to a fa i r ly  wide var ie ty  of chemical  
reagents o r  t reatments .  

The ranking of various coals; 

Those concerned with the utilization of coal were looking pr imar i ly  for  
ways to convert  it to a smokeless  fuel ( o r  a t  l ea s t  reduce smoke formation),  
for  ways to determine i t s  coking propert ies ,  for  ways to use  blends as a 
means of producing a bet ter  coke for  metal lurgical  uses ,  and for  ways to 
reduce the amount of premium medium-volati le coals  used so a s  to use  a 
grea te r  proportion of the l e s s  expensive high-volatile coals. The behavior 

, of various coals under the influence of heat  and p r e s s u r e  were studied in  : 

the laboratory and i n  a number of experimental  ovens. 
and pitch result ing f r o m  carbonizations were examined and processes  were 
developed fo r  separation of many important  chemical  products.  

The gas, oil, t a r ,  

The bulk of the r e s e a r c h  on coal was c a r r i e d  out by a relatively smal l  
number of organizations, a l m o s t  a l l  falling into three  classes:  the U .  S. 
Bureau of Mines,  severa l  of the Schools 0: Mineral  Industry in var ious 
univers i t ies ,  and a number of State  Geological Surveys o r  Bureaus of 
Mineral  Industries.  
nature  - the research  people were  in search  of knowledge pr imar i ly  for  i t s  
own sake, but always with the hope that this knowledge would prove useful 
in the future .  

This r e s e a r c h  partook substantially of a n  academic 
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The la rge  consumers  of coke did the i r . research  on carbonization 
pr imar i ly  in o r d e r  to  develop m o r e  efficient, economical processes  o r  to 
produce a m o r e  desirable  end product.  

, 
i. 

I 

The above do not by any means  cover  the full range of interests  of 
the Fuels  Division, but an  examination of pas t  p rograms shows that these 
subjects we r e  predominant.  . 

Toward the end of World War 11, with i t  shortages and rationing and 
the expectation of "taking up where we left off", se r ious  concern regarding 
the country 's  petroleum futu'res emerged.  I t  was this  situation which gave 
r i s e  to the perturbation. 

To show briefly the situation, F igure  1 shows the U .  S. o i l  proven 
r e s e r v e s  and production during the y e a r s  1935-1944. 
discovery and the then fantastic increase i n  consumption led to ser ious  con- 
c e r n  about our  oil futures and resulted in the passage of the Synthetic Liquid 
Fuels  Act.  F o r  a few y e a r s  the in te res t s  of the Division of Fuel  Chemistry 
were sharply focussed on the problems of producing gasoline f r o m  coal and 
f r o m  oi l  shale. 

The reduced rate  of 
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FIGURE 1. CRUDE PRODUCTION AND RESERVES, 1935-1944 

Looking back over  the p r o g r a m s  of the Division meetings,  between 
1940 and 1960 we find a sharp  r i se  ( in  many c a s e s  f r o m  none a t  a l l )  in  
papers  on coal hydrogenation, coal gasification, coal reactions,  and 
Fischer -Tropsch  synthesis.  
thought of natural  gas, except a s  a potential source of hydrogen for  coal 
hyd rog e nation. 

The emphasis  was all on liquid fuels; no one 

Institutions previously engaged in coal r e s e a r c h  promptly shifted the 
emphasis  i n  the i r  work toward the solution of what was generally regarded 
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a s  a m o s t  pressing problem. 
whose authors  worked .for companies whose future  was tied closely to petro-  
leum o r  to products made therefrom. 

In  addition, there  began to appear  papers  

The emphasis  in r e s e a r c h  again shifted with the l a t e r  advent of the 
Middle E a s t  oil a t  p r ices  that were  extremely at t ract ive,  and with the es t i -  
mated  r e s e r v e s  in the Middle E a s t  that seemed almost  unlimited. In te res t  
in liquid fuels  f r o m  coal subsided very rapidly, the Office of Synthetic Fuels  
was eliminated, and many of the academic r e s e a r c h  workers  (o r  their  suc- 
c e s s o r s )  returned to the study of coal as a substance - looking for  an in- 
c r e a s e  i n  knowledge that would contribute in  the future to the advancement 
of science.  

Rarely,  if ever, h a s  such a s e v e r e  dislocation in a field of r e s e a r c h  
been experienced, and r a re ly  h a s  in te res t  i n  a par t icular  a r e a  of science 
and technology disappeared so rapidly. 

This i s  the period that.we will a t tempt  to explore.  We will concen- 
t r a t e  to some extent on the production of liquid fuels f r o m  coal, partly be-  
cause  it caused the perturbation and par t ly  because of i t s  p resent  interest .  

In o r d e r  to supply some background we will review the fuels situation 
worldwide and in the U.  S. during the per iod 1940-1960. 

Becsuse of its importance a t  the t h e  and because of i t s  relevance 
today we devote a fa i r  amount of t ime to the production of synthetic liquids 
f r o m  coal, and the production of synthesis gas and hydrogen, a l so  f rom 
coal. F r o m  some years  these occupied the attention of many of those con- 
cerned with coal chemistry,  

The history of the demise  of that effort and a brief summary  of the 
situation in 1960 will complete o u r  s tory.  

11. REVIEW O F  FUELS SITUATION - 1940-1960 

In the United States in 1940, there  was little reason for  concern 
regarding domest ic  energy sources .  Coal, petroleum, and natural  gas  
(locally) were all in  abundant supply. Reserves ,  i f  considered a t  all, were 
judged to be ample for the foreseeable  future .  A s  a m a t t e r  of fact, one 
concern was  the pers is tent  displacement  of coal a s  a source of energy by 
petroleum and i t s  der ivat ives  and the consequent reduction of coal mining. 
Much natural  gas  was being f lared o r  used for  the production of carbon 
black, and the by-products were wasted to the a i r .  
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The distribution of our  var ious sources  of energy i s  shown in Figure 2 
f r o m  1940 to 1960. At  the beginning of the period, coal supplied about half 
of o u r  needs, but lost  ground steadily; f i r s t  to petroleum then af te r  the ad-  
vent of gas  pipelines, to natural  gas. 
about one-fourth of our energy needs. These needs had increased signifi- 
cantly during the postwar yea r s .  Petroleum, whose situation was so d i s -  
turbing during the immediate postwar years  had increased i t s  s h a r e  of the 
total energy consumption to about 42 percent  by vir tue of a lmost  doubled 
production during the 20 years .  

By 1960 coal was supplying only 

FIGURE 2.  CONSUMPTION O F  MINERAL FUELS AND WATER 
POWER IN U.  S . ,  1940-1960 

Natural  gas, until the long gas pipelines were built, held quite steady 
a t  around 10 percent  of the total. However, once there  were means to 
distribute this gas, i t s  convenience, cleanliness,  and above all i t s  low 
pr ice  led to remarkable  gains. By 1960 gas was supplying a lmost  one- 
third of our  total energy consumption. 
thing under 4 t r i l l ion cubic feet in  1940 to 13 trillion cubic feet in  1960, 
a more  than threefold increase.  
a lmost  unabated for  the next decade and led in  la rge  pa r t  to our  present  
situation. 

Annual production rose  f r o m  some- 

A s  we al l  know, this  increase  continued 

This  then h a s  been the pat tern of the distribution of the energy load 
among our  principal sources .  
situation fo r  each one. 

I t  w i l l  perhaps be worthwhile to look at  the 

F igure  3 shows the s tory for  coal production. No figure for  r e s e r v e s  
i s  shown because there  a r e  such wide variations depending on the basis fo r  
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the es t imate ,  
we have m o r e  coal  in the ground than the A r a b s  have oil. 
r e a s s u r e  us ,  then est imates  ranging f rom 200 to 1000 yea r s '  supply should 
give some comfort .  

We have been a s s u r e d  by one of the power companies that  
If this does not 

FIGURE 3. COAL PRODUCTION, 1940 TO 1960 

The war  and i ts  a f te rmath  gave some impetus to  coal  production, but 
the inroads of oil and gas began to  show their effect and production of coal 
had decreased by almost one-third by 1960. 

Figure 4 shows data  on crude  petroleum production. On this scale  the 
s h a r p  increase  during the w a r  i s  overshadowed by the continuing increase  
over  the r e s t  of the decade. 
to show a tremendous r a t e  of growth, doubling f rom 1950 to  1960. 
U.  S. s h a r e  of world production dropped f rom over  two-thirds to one-third. 

World production, however, about 1950 began 
The 

Figure  5 shows the changes i n  world and U .  S. r e se rves .  

Known reserves  in the U. S. showed a modest but steady growth 
throughout the period, but s ince production rose much m o r e  rapidly than 
new reserves ,  there was a significant decline in the reserves-to-production 
rat io .  

The Middle E a s t  discoveries  s tar t ing in 1950 began to grow a t  an  
a lmost  unbelievable ra te .  F r o m  a little over  20 billion ba r re l s  in 1950, 
the est imated reserves  rose  to a l m o s t  200 billion bar re l s  by 1960, a ten- 
fold increase  in 10 years!  Af te r  about 1957 r e s e r v e s  in  other  pa r t s  of the 
world began to increase a l so  and the total world r e s e r v e s  rose  to about 
270 billion ba r re l s .  
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FIGURE 4. CRUDE PETROLEUM PRODUCTION 

FIGURE 5. PETROLEUM RESERVES: FREE WORLD TOTAL, MIDDLE 
EAST, AND THE UNITED STATES, 1940 TO 1960 
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Figure  6 shows the h is tory  of g a s  during this  period. In 1946 produc- 
tion was about 5 t r i l l ion cubic f e e t  and by 1960 had r i sen  to over  15 tri l l ion 
cubic f e e t . .  However, f o r  a number  of reasons,  the development of new 
r e s e r v e s  failed to keep pace with increases  i n  production. 
ratio of r e s e r v e s  to annual production was over  30. 
dropped to 201 

I n  1945 the 
By 1960 this had 

I 
I t ! 

111. i 

FIGURE 6. NATURAL GAS ESTIMATED PROVED RESERVES AND NET 
PRODUCTION, 1540 TO 1960 
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111. PRODUCTION O F  LIQUID FUELS FROM COAL (1946-1953) 

As noted above, the strong worry  about postwar fuel supplies led to 
a n  a lmost  complete dedication to solutions of the problems of producing 
synthetic fuel. . .. 

Not only was it necessa ry  to develop coal hydrogenation processes ,  
but a l so  to develop the F ischer -Tropsch  synthesis, the production of hydro- 
gen and synthesis gas  f rom coal, and finally the purification of those gases .  

A.  Coal Hydrogenation 

In what seemed to be a n  emergency, the r e sea rch  and development 
work in the U. S. d rew very  heavily a t  the beginning on the information re -  
garding German  war-time activit ies.  
Br i t i sh  and U.  S. Technical Oil  Missions followed hard  on the hee ls  of 
the advancing a rmies ,  collecting documents, drawings, and intelligence 
concerning the top German  men  in the field who might be available for in- 
formation and advice concerning the work in the U. s. and Grea t  Britain.  
A considerable number of these men left Germany fo r  England and the 
United S ta tes .  

I n  the closing days of the war, 

Thei r  contribution was significant. 

German Prac t ice .  
stocks in seven ma jo r  plants. 
not be attempted because of t ime limitations. 

Germany used  a variety of carbonaceous feed- 
Detailed descriptions of these plants will 

In genera l  the coal was pulverized and made into a paste (50 percent 
coal) with a recycle heavy oil; catalyst  was added and the paste preheated 
in the presence  of some hydrogen a s  shown in F igure  7. The heated mix- 
ture  passed through a se r i e s  of th ree  conver te rs  usually operating in the 
neighborhood of 900 F and 10,000 ps i .  
outlet, oil and gaseous product were separated and sent to the distillation 
sys tem for recovery. The residue (ash,  catalyst, unconverted coal, and 
the heaviest  o i l )  was diluted with heavy oil, and centrifuged to recover a s  
much oil as possible. 
where additional oil was recovered and the solid residue was discarded. 

By stepwise p r e s s u r e  letdown at the 

The centrifuge residue was sent to  coking kilns 

The high-boiling portions of the product oil were  vaporized and hydro- 

The cha rac t e r  of the final products 
genated fur ther  over  catalyst  contained in a s e r i e s  of baskets in the vapor- 
phase conver te r  as shown in Figure 8 . ; %  
was determined by the amount of recycle and by the amount of hydrogen 
used. Any reasonable product m i x  was possible, but the l ighter the prod-' 
uct, the sma l l e r  the plant output and the g rea t e r  the hydrogen consumption. 

* At lower temperatures. 
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FIGURE 7 .  GENERAL SCHEME, LIQUID PHASE 
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FIGURE 8. F M W  DIAGRAM, VAPOR PHASE 
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I t  should be borne i n  mind that although Germany produced over one- 
third of i ts  total requirements by synthesis,  this amounted to only 100,000 
ba r re l s  pe r  day. 
16-17 million ba r re l s  pe r  day in the U.  S. 

This  may be compared with the 1973 consumption of 

i 

h 

\ 

! 
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U .  S .  Bureau of Mines Demonstration Plant.  The construction of this 
plant was authorized by the Synthetic Liquid Fue l s  Act .  
design was patterned af ter  the German operations a t  Lutzkendorff and 
Welheim. The design was developed with the a i m  of applying modern U.  S. 
engineering pract ices  whenever such applications showed promise  of i n -  
creasing throughput o r  efficiency, promoting safety, o r  decreasing the cost  
of the gasoline product. 
were 39 feet  long and approximately 20 inches inside d i ame te r .  
was designed to charge just  under 2 tons of coal p e r  hour  and to produce 
about 200 ba r re l s  pe r  day. 
to 4000 tons each of four bituminous coals,  one sub-bituminous coal, and 
one lignite had been processed. 

The basis for  the 

The converters  ( 2  liquid phase,  one vapor phase) 
The plant 

When the operations terminated in  1953, 2000 

The emphas is  w a s  on operabili ty and, although, not all of the problems 
were successfully eliminated, a remarkable  amount of p rogres s  had been 
made. 

Bureau of Mines Pilot  and Resea rch  Efforts.  
genation s tar ted in the Bureau in  1936 and with the advent of the Synthetic 
Fuels  P r o g r a m  a new laboratory was built a t  Bruceton, Pennsylvania. 
bench-scale and pilot-plant r e sea rch  ca r r i ed  on h e r e  made  a large contri-  
bution to the construction and operation of the demonstration plant. 
were  per formed on new catalysts,  catalyst  preparation, effects of p rocess  
variables,  reaction mechanism, and other  significant e lements .  

Resea rch  on coal hydro- 

The 

Studies 

Activit ies in England. England had a commerc ia l  coal hydrogenation 
plant in operation in  1937. When war  came, because of the bomb hazards,  
coal operations were terminated and the plant was used at  lower p r e s s u r e s  
for  the hydrogenation of creosote  oils.  
development were  ca r r i ed  on but references in the l i t e r a tu re  a r e  scarce.  

Undoubtedly some re sea rch  and 

Union Carbide Company. The Union Carbide Company announced in 
1952 the operation of i t s  coal-hydrogenation plant a t  South Charleston, 
West Virginia. 
duction of chemical raw ma te r i a l s  and intermediates r a the r  than liquid 
fuels f rom coal. P r e s s u r e s  were lower (6,000 ps i  maximum), temperatures  
lower, throughputs higher, and hydrogen consumption lower than in con- 
ventional liquid- and vapor-phase operations.  
coal was liquefied to asphalt, and the announced intention was to feed this 

I t  was stated that the p rocess  would be aimed a t  the pro- 

A substantial  p a r t  of the 

I 

\ 
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to a unit for  the production of metal lurgical  o r  specialty coke. The l ighter  
products were to be processed to  separate  chemicals  o r  c l a s ses  of chemi-  
ca ls  for  sa le  o r  use a s  such. The unit was stated to have a design capacity 
of 300 tons of coal per  day with the expectation that this could be increased  
a s  operating experience was gained. 

Since operating conditions differed so widely f rom those actually r e -  
quired for  gasoline production, this operation is not of d i r ec t  in te res t  in 
connection with synthetic fuels. 

B. Fischer-Tropsch Synthesis 

Work on the F ischer -Tropsch  Synthesis had been c a r r i e d  out for  
many y e a r s  in Germany and had been brought to commerc ia l  production, 
although on a limited sca le .  

With the prospects  of petroleum shortages in  the U. S . ,  in te res t  in 
the process  became widespread. I n  general ,  there  were two basic 
approaches.  

One was a high-temperature  fluid bed synthesis aimed pr imar i ly  a t  

Such a synthesis requi red  a high rat io  of hydrogen to carbon 
the production of gasoline. 
companies.  
monoxide, to minimize deposit ion of carbon on the catalyst. 
where cheap methane was available, the decomposition of methane with 
s team o r  oxygen was used a s  a source  of synthesis gas .  

This  was the path followed by the petroleum 

In c a s e s  

The methane was re formed with steam: 

CH t H20 - CO t 3HZ 
4 

o r  par t ia l  combustion with oxygen: 

CH4 t 1 / 2 0  - GO t 2H2 . 
2 

The hydrogen-to-carbon monoxide rat io  was adjusted by water-gas  shift 
if  necessary  to give the des i red  feed to the synthesis  unit. 

Construction of two commerc ia l  plants was s tar ted and one of these 
was put i n  operation. 
operation was not economically competitive a t  that t ime with gasoline f r o m  
pet roleum. 

Li t t le  was published on the resul ts  except that the 

The second approach to liquid fuels  f r o m  coal  by the F ischer -Tropsch  
reaction was generally a compromise  between the German operations and 
those contemplated by the oil companies .  The coal was to b e  gasified a s  
descr ibed below, the deleter ious sulfur compounds removed, and the H2 to 
CO ratio adjusted by the water-gas  shift reaction, to produce the des i red  
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feed to the synthesis unit. There  were a goodly number of variations pro-  
posed each with i t s  own advocates. Also,  there  was  required a substantial 
study of the theoretical aspec ts  of the process .  The thermodynamics and 
kinetics of the various schemes  were  explored, and the work required was 
multiplied by the possibility of hot and cold gas  recycle, additions of carbon 
dioxide o r  water to the feed, and a wide variety of means  to remove the 
heat of reaction and to control tempera tures .  
proved catalysts a l so  was pursued vigorously. 

The s e a r c h  fo r  new and im- 

Undoubtedly much of the r e s e a r c h  and development related to the 
F ischer -Tropsch  processes  has  never  been reported, but the publications 
that did i ssue  bear ample evidence of the l a rge  amounts of work that was 
done. 

The Bureau of Mines Labora tor ies  a t  Bruceton did much bench-scale 
and pilot-plant experimentation, and a demonstration plant was constructed 
and operated at Louisiana, Missour i .  The re  st i l l  remained unsolved 
problems when the plant was shut down in 1953, but it i s  reasonable to 
believe that a reliable, sustained operation of this p rocess  could be 
achieved. 

C. Coal Gasification 

Whether coal hydrogenation o r  F ischer -Tropsch  were  used to make 
liquid fuels, hydrogen o r  synthesis gas  would be needed i.n grea t  quantities. 

Pe t ro leum consumption in the United States was in 1946 about 5 mill ion 
ba r re l s  a day; if synthetic fuels were  to make a significant contribution, 
outputs of 1 /2  million bar re l s  a day certainly could be visualized. Coal 
hydrogenation required about 8 ,000  cubic feet  of hydrogen pe r  ba r re l  of 
liquid product, and the F ischer -Tropsch  p r o c e s s  required around 30,000 
cubic feet  of synthesis gas  pe r  bar re l .  Gas requirements then could range 
from 4 to 15 billion cubic feet p e r  day, o r  1. 5 to 5 trillion cubic feet  p e r  
year.  
gas  production of the United States a t  that t ime.  

On a volume basis, that i s  of the same  o r d e r  a s  the total natural  

Although it was proposed in some c a s e s  to make hydrogen o r  synthesis 
gas by reaction of methane with s t eam o r  oxygen, even in those days it was 
practical  only if for  some special  reason  methane was ex t remely  low in 
price.  

F o r  mos t  of the country, the source  of synthesis gas  o r  hydrogen 
must be coal, and the gasification of coal became the subject of very  exten- 
sive investigation. 
produced in a lmost  every pa r t  of the country and, i f  possible they must  u s e  
coals locally available. 
should be one in which a lmost  any coal was suitable. A s  is known today, 
this puts some very  stringent res t r ic t ions  on the gasification process .  

If synthetic fuels were to be used widely, they mus t  be 

This meant that the p re fe r r ed  gasification s tep  
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Lignite seemed favorable because of i t s  suspected higher reactivity, 
but the higher moisture and a sh  content, and the location of mos t  of the 
lignite deposits did not make it a t t rac t ive  a s  the universal  feed. 

Much of the bituminous coa l  available in  the heavily industrialized 
regions of the country was modera te ly  o r  strongly caking, which difficulty 
would have to be overcome. 
p rocess  development work was  a imed at a p rocess  that could use  any coal 
a s  a feed. 

In any case  mos t  of the coal-gasification 

Some processes  operated at a tmospher ic  p re s su re ,  but mos t  were 
designed fo r  operation a t  p r e s s u r e s  that would pe rmi t  gas  purification and 
Fischer -Tropsch  operations without fur ther  compression. 
genation, compression cos ts  would be substantially reduced with hydrogen 
a t  300-400 p s i  instead of a t  a tmospher ic  p r e s s u r e .  

F o r  coal hydro- 

Substantially all of the p rocesses  under investigation used oxygen and 
s team to gasify the coal. 
o r  minimize the use  of oxygen, ana lyses  showed that the economics were 
not favorable. 

In the few attempts that were made to eliminate 

The surge  of in te res t  in th i s  field can  be i l lustrated by the United 
States patents granted on gasification processes .  
shows the number of patents gran ted  whose application dates fall in the 
period indicated. 

The following tabulation 

Number 

1930-1944 ( avg /y r  = 5 . 5 )  77 
1945 13 
1946 25 
1947 29 
1948 28 
1949 31 

These  f igures  apply only to United States patents. 

I t  is not possible to d i scuss  each  of these many approaches.  
a r e  many l i te ra ture  re ferences  that descr ibe  them in detail  and judging by 
the publications, many of the m e m b e r s  0.f the Fuel  Division a t  that t ime 
were  heavily preoccupied with the problems of coal gasification. 
for  the Bureau of Mines Synthetic Fuels  Plant,  and the Du Pont  Company a t  
Belle, West Virginia, mos t  did not p rogres s  beyond a throughput of 100 to 
500 pounds of coal pe r  hour. 

There  

Except 

At  Louisiana, Missour i ,  the Bureau  was able to obtain a Linde-k-ranke 
oxygen plant with a production of 25 tons per  day and the gasification section 
was designed on that basis.  Coal was pulverized to about 80 percent  through 
200 m e s h  and transported by the oxygen to a Koppers-Totsek gasifier.  
S team was preheated to about 2000 F in a pebble hea ter  f ired by natural gas .  
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The unit was a horizontal  cylinder with s team, coal, and oxygen fed 
a t  each end and a gas  offtake near  the top center .  Af te r  a waste heat 
boiler, the product was water  scrubbed, passed through a n  electrostat ic  
precipitator, and sent  t o  the c o m p r e s s o r  o r  to a tmospheric  p r e s s u r e  
storage.  

The 2000 F s team superheat  was to promote react ion and t o  reduce 
the oxygen demand. It was found that this  was not economical and la te r  
operations in another unit used s team a t  1000 F. 
units was pr imar i ly  experimental ,  and a lmost  a l l  of the gas  supplied to 
the F ischer -Tropsch  unit was made f r o m  coke in a Kerpely producer with 
steam-oxygen blast. 
y e a r s  f o r  the production of ammonia synthesis g a s . )  

The operation of these 

(Operation of this process  had been pract iced for  some 

The Du Pont  Company installed a commercial-s ized atmospheric  
coal-gasification unit in the plant a t  Belle, West Virginia,  p r imar i ly  for  
the production of hydrogen fo r  ammonia synthesis .  The design used was 
an outgrowth of their  own development work, plus  that  of the Babcock.and 
Wilcox Company in  cooperation with the Bureau of Mines a t  Morgantown, 
West Virginia. 
feet p e r  day and is reported to have operated sat isfactor i ly .  
been published. 
in favor of the use of natural  gas as a r a w  mater ia l .  

The unit was designed fo r  the production of 2 5  million cubic 

After more  than 2 y e a r s  of use, operat ions were terminated 
N o  data have 

Theoret ical  Studies. A t  the same time that the p r o c e s s  development 
work was in  progress ,  there  was a la rge  amount of r e s e a r c h  and develop- 
ment devoted to the thermodynamics and the kinetics of steam-coal-oxygen- 
synthesis gas  systems.  
gasif iers ,  it led t o  new gasif ier  concepts, and it led to  means  of increasing 
coal conversion and decreasing oxygen requirements .  

This work was essent ia l  to the design of the var ious 

D. Synthesis Gas  Purification 

The Fischer -Tropsch  catalysts  under  investigation were in  general  
very sensitive t o  sulfur poisoning, and much effor t  was  devoted to purifica- 
tion of the synthesis gas  f r o m  coal. Many commerc ia l  p r o c e s s e s  existed, 
but it was felt that fur ther  work would resu l t  in  m o r e  efficient and economi- 
ca l  p rocesses .  Except for  that a t  Louisiana, Missouri ,  none of these 
newer approaches were placed in operation on a significant scale, but f r o m  
the standpoint of fuel chemistry r e s e a r c h  and development, a considerable 
effort was expended. 
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IV .  ADVENT O F  INCREASED FOREIGN OIL SUPPLIES 

Even a s  the United S ta tes  was  engaged in a ma jo r  effort to develop oil 
supplies fo r  ou r  anticipated demand, the development began of new oil  
r e se rves  in the Middle E a s t  and in Africa.  

In  1951, the U.  S. had a consumption of a l i t t le over  2 billion ba r re l s  
p e r  yea r  and proven r e s e r v e s  of only 25 million ba r re l s .  
figure, only the Middle E a s t  showed m o r e  r e se rves ,  a t  about 50 billion 
ba r re l s .  

Even at this low 

World r e se rves  were  only 103 billion ba r re l s .  

By the end of 1961, proven  U .  S. r e se rves  had increased  to about 
38 billion ba r re l s  and consumption had r i sen  to over  3-1/2 billion ba r re l s  
p e r  year .  Elsewhere,  however, the situation was vastly different. The  
Middle E a s t  r e se rves  had inc reased  to a lmost  200 billion bar re l s ,  Russ i a ' s  
proven r e s e r v e s  were about equivalent to those of the U. S. Africa was 
beginning to be developed, a s  were  other eas t e rn  hemisphere  sources .  New 
additions to r e se rves  were being made in Canada, and i n  the Carr ibbean  
countries.  World r e s e r v e s  had r i s en  to 305 billion ba r re l s  in the face of 
rising consumption in the U.  S. and in the r e s t  of the world. 

The increase  in world r e s e r v e s  cas t  increasing doubt on the wisdom 
of continuing the urgent U. S. e f for t  to develop synthetic liquid fuels.  A 
change of administration in the U .  S .  added impetus to the movement to 
abandon this effort, and the Office of Synthetic Liquid Fuels  was eliminated 
in 1953. The Demonstration P lan t s  were  shut down, laboratory staffs were 
reduced, and the r e sea rch  emphas i s  for those remaining was shifted to 
o ther  l ines of endeavor. 

The programs of the Fue l  Chemis t ry  Division for  the remainder  of the 
decade reflected this change v e r y  quickly. 
synthetic fuels almost disappeared, and o the r  subjects began to replace 
them. 

P a p e r s  describing work on 

V.  SITUATION IN 1960 

A t  the end of 1960 then, we find the r e sea rch  in fuels chemis t ry  
focussed on much the same  f ie lds  as  in 1940. 
effort  on synthetic fuels had la rge ly  subsided and p res su res  associated with 
it had la rge ly  been relieved. 

The upset occasioned by the 

The re  were evidences of increas ing  concern regarding ou r  diminishing 
domestic resources ,  especially with respec t  to  natural  gas. Some efforts 
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were being res ta r ted  on the gasification of coal and on the synthesis of 
pipeline-quality gas - but these were not extensive. Discussing this aspec t  
fur ther  would probably c a r r y  this paper  over  into the r e a l m  of the following 
one. 

Although the fields of fuels  r e s e a r c h  general ly  were  comparable  to 
those in  1940, i t  does not mean that no progress  was made during the 20  
years .  In spite of the war interruption, much fruitful work was done and 
our  knowledge of the constitution, charac te r ,  and utilization of fossi l  fuels  
had been advanced significantly. 
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