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ABSTRACT AND SUMMARY 

As long as a substantial portion of raw materials 
for natural fatty acids are relatively inexpensive 
by-products of other major industries, natural fatty 
acids should fulfill the world's projected needs at 
least through 1985. Production of synthetic fatty 
acids may also increase; however, at the present time 
the cost of their raw material and processing has 
made them largely noncompetitive, except in a few 
cases. Synthetic organic acid manufacturers currently 
supplying short chain products will continue their ef- 
forts to enter the detergent range fatty acid market 
area. We expect some breakthrough in synthetics 
during the life of our forecast. However, potential 
producers have yet to develop an economically com- 
petitive synthetic fatty acid as a replacement for 
natural fatty acids in the U.S. Petroleum-based 
products include odd, even, and branched chain acids 
whose performance must be proven. Finally, the 
petroleum base for synthetic fatty acids no longer has 
the price stability we have been accustomed to in the 
past. Recent changes in price of ethylene and fore- 
casts are evidence of this trend for the future. 

INTRODUCTION 

Those of us with an involvement in the fatty acid busi- 
ness, either as producer or user, take a great interest in the 
continuing contest between natural and synthetic derived 
fatty acids for increased market position. 

The long range resolution will, of course, depend upon a 
complex combination of factors that are purely speculative 
at this stage; i.e., raw material availability and economics, 
new synthetic technology or improvements in existing 
processes, and of course, changing market demands for 
specific types of products which in turn may dictate 
production techniques. 

However, we can evaluate current technology, market 
requirements, and raw material status, with a considerable 
degree of accuracy. While this won't  carry us to the turn of 
the century, it gives us a good basis for short-term predic- 
tion, say to 1985. 

Disposition of Fatty Acid by Industry 
In recent years considerable changes have occurred in 

the use of normal fatty acids due to expanded technology. 
This is reflected in the commercial use of such fatty acid 
modifications as dibasic and dimer acids, nitrogen deriva- 
tives, and fatty alcohols. 

The last report compliled by the Fatty Acid Producers' 
Council was in 1965, and we believe this is now out-of-date 
due to product use changes. Table I shows the latest projec- 
tion of disposition of fatty acid production from a recent 
complilation by Chem. Systems, Inc. Note the magnitude 
of the nitrogen use area. 

The synthetic fatty acid manufacturer is primarily 
interested in the saturated fatty acid markets. Of immediate 
interest is group No. 2 shown in Table II. This five-year 
compilation by the Fatty Acid Producers' Council does not 
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include use by the large independent soapers but does in- 
clude the smaller fatty acid dependent soap maker and 
other applications. 

RAW MATERIALS 
Raw material sources represent a key element in our 

appraisal of the strength of fatty acids in the marketplace 
now and in the future. Naturally derived raw materials 
possess several unique and important differences as con- 
trasted with petroleum feedstocks such as olefins and 
paraffins. I will refer to these differences in terms of 
by-product status, substitution, and expandable potential. 

By-Product Status 
If a raw material is a by-product, it has an economic 

advantage such as vegetable oils and animal fats which are 
by-products of protein manufacture. The use of soapstocks 
of coconut oil, palm, and other vegetable oils further en- 
hances this aspect. Crude tall oil fatty acid is a by-product 
of sulfate kraft pulping in the paper industry. 

Substitution 
Substitution of common oil types is very important 

from an availability and economic standpoint. For example, 
coconut oil is the predominant laurie containing oil. We 
now have three sources of laurie oils completely inde- 
pendent of one another; i.e., babassu from Brazit which is 
in its infancy from the standpoint of growth potential, 
palm kernel from the conventional palm fruit, and the 
familiar coconut from the western Pacific area. For the 
longer chains such as CI 6 and CI 8, tallow, palm, tall, soy, 
and corn oil are all substitute sources. 

Expandable Potential 
U.S. and worm fats and oils situation: Table III outlines 

the expanding natural fats and oils industry worldwide 
from 1960 to 1974. Note, the U.S. has managed growth- 
wise to remain at the consistent level of 24-26% of the 
expanding world production (1). 

Interestingly, in the period ! 960 to 1973 U.S. production 
of fats and oils increased 46%, while the world increase was 
43%. U.S. population for this same period increased 17% 
and for the world it increased 27.5%. 

Also, the world per capita production of fats and oils in 
1960 was 22.47 lb, and in 1973 it expanded to ca. 25 lb. 
The U.S. per capita production in 1960 was 88.76 113, in- 
creasing to 111.68 lb in 1973. 

Of a total U.S. production of fats and oils of 24.5 billion 
lb in 1973, the U.S. government reported that 2.0 billion 
lb, or 8% of the total, was used for fa t tyacid manufacture. 
Let us look at the principal raw materials on which the U.S. 
manufacturer of fatty acids depends. 

U.S. tallow: U.S. Tallow production in 1950 was 2.3 
billion lb, and increased to 5.2 in t971. USDA forecasts it 
will reach 6.7 billion by 1980. 38-45% of this tallow 
production has been exported each year. When you con- 
sider the anticipated 1.5 billion lb gain by 1980 plus a 
possible decline in exports of 3% per year due to expanding 
rendering capability in developing countries, it would make 
available over 2.0 billion lb of tallow annually, which is 
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sufficient  to fulfill our  1985 project ion in excess of  three 
t imes based on the projected consumpt ion  pat tern of  fa t ty  

acids. U.S. projected p roduc t ion  is i l lustrated in Table IV 
(2).  

Palm oil: Palm oil has gained prominence  but still has a 
long way to go volume-wise.  Figure 1 shows ant ic ipated 
expansion f rom 2.4 billion lb in 1973 to 4.2 by 1980 and is 
projected to exceed 5.0 billion lb by 1985 (3).  The U.S. is a 
heal thy impor te r  of  palm oil for  both food and non-food 
purposes." 

Palm kernel, babassu, and coconut oils: Palm kernel,  
babassu, and coconut  oil p roduc t ion  is 6.6 billion lb a year 
with worldwide expansion underway.  

Tall Oils: A growth factor  of  3-5% per  annum is ex- 
pected of  the pulp and paper industry.  Thus,  tall oil supply 
should be adequate  for our  pro jec t ion .  

Soybean oil: Soybeans,  already a very s trong crop in the 
U.S., will see increases not  only domest ica l ly  but  in o ther  
countries,  mainly Brazil. Soy demand will cont inue  to in- 
crease to satisfy the world need for protein.  

Raw Material Position 

We expect  the growth  of  the world supply of  fats and 
oils exper ienced in the last two  decades to cont inue,  unless 
economic  condi t ions  blunt  their  demand.  Since fat ty acids 
use less than 10% of fats and oils product ion ,  we see no 
supply problem within the period of  our  forecast  to 1985. 

FATTY ACID INDUSTRY 

Growth of the Fatty Acid Industry 

1960-19 74 Growth (total disposition): The total  dispo- 
sition of unsatura ted,  saturated,  and tall oil fa t ty  acids 
covering the period of  1960 to 1974 grew from 281.6 to 
1,157.0 mil l ion lb. 

For  all practical  purposes,  one can say the indus t ry  has 
doubled fat ty acid ou tpu t  in 15 yr  (1960-1974) .  The 
growth overall was 5% per year  during this period.  Note  
that  during the years o f  1973 and 1974 use level declined 
due to two main factors; i.e., expor t  of  crude tall oil and 
decline in pulp and paper industry.  

Trends - total disposition o f  fatty acids (1975-1985): 
Past growth and use per  capita are basic ingredients in our 
assessment of  t rends shown in Figure 2. The spread indi- 
cated in each forecast shows, at best, unabated  growth  at 
the 1960-1974 per annum rate projec ted  to 1985. The 
b o t t o m  line of  each project ion reflects the economic  dip of  
1975 wi th  anticipated 1976 recovery to 1973 level. The  
project ion from 1976 to 1985 reflects a conservative 60% 
of the growth rate per capita which we exper ienced during 
the 1960-1974 period.  This is the pessimistic side of  our  
projec t ion  due to general economic  decline,  possible fuel 
use reduct ion,  and technological  changes due to the auto-  
mot ive  industry  switching to small cars. This impact  will be 
felt by every supplying industry,  not  only au tomot ive ,  but 
rubber,  plastic, texti le,  steel,  lubricants,  protect ive  coatings,  
etc. 

Charles Aldag, vice-president and general manager  of  
Ashland Chemical  Company ' s  Chemical  Products  Division, 
in his paper,  " F a t t y  Acids - Review and Forecas t , "  
presented at the C.M.R.A. meet ing  in New York  on May 9, 
1975, used disposable personal  income as a guide to project  
future t rends o f  fat ty acids to 1985. Tota l  op t imal  demand 
calculated to 1.672 billion lb compared  to our  projec t ion  of  
1.626 billion lb. With addi t ional  background now available 
on the impact  o f  our  economic  condi t ions,  we have project-  
ed also a min imal  requi rement  of  1.517 billion lb. 

Manufacturing Capability of the 
Fatty Acid Industry (1975-1985) 

The ques t ion  we now may ask is, "Does  our  industry 

TABLE I 

Typical Disposition of 1973 Production o f  Fatty  Acids  
(End-Use Consumption o f  Fatty Acids  in the U.S.) 

Industry Percentage a In mm. of Ibs b 

Surfactants  - soaps 33 392 
Fatty nitrogens 18 214 
Rubber industry l 0  119 
Surface coatings 10 I 19 
Grease - heavy metal soaps 5 60 
Textile industry 5 60 
Plasticizers 4 48 
Food additives 1 12 
Cosmetic 1 12 
Pharmaceuticals, export and other 13 154 

Total  Disposi t ion c 100% 1,190 

aChem Systems Inc. 
bprocess  evaluation by Ashland. 
CFAPC Total Disposition of Fatty Acids  (1973). 

TABLE lI 

5-Year Average Disposition of Saturated Acids  a 

Fatty acid area % Principal use area 

No. 1 Capric-Caprylic 2.7 Synthetic lubricants and 
plasticizers 

No.  2 Lauric-Myristic 15.9 Surface active wet t ing  agents 
No.  3 Palmitic-Behenic 81.4 �9 use 

100% 

aCompiled from FAPC Annual Data 1970-1974. 

TABLE III 

U.S. and World Production of Fats and Oils 
in M of Metric Tons 

Year World U.S. % of World 

1960 29,561 7,273 25 25 
1965 35,091 8 ,435 24 
1970 39,329 10,327 26 
1971 41 ,551  10,441 25 
1972 42,862 10,370 24 
1973 42,212 10,656 25 
1974 a 4 5 , 9 9 3  11 ,986  26 

aForecast .  Ref. 1. 

TABLE IV 

U.S. Tallow Projection 

Year Metric tons 

1950 1.04 
1973 2.36 
1980 3.04 

aRef. 2. 

possess suff icient  p roduc t ion  capabil i ty to  handle  the 
projec t ion  we have made to 1985?"  The Fa t ty  Acid 
Producers '  Counci l  annually reports  the manufac tur ing  
capaci ty of  its members .  Table V shows the capaci ty  re- 
por ted  for 1975 which represents ca. 80% of  the  industry.  

Considering tall oil does no t  require hydrolysis  (unlike 
tal low or vegetable oils) fat splitt ing and dist i l lat ion should 
be adequate  for our  1985 project ion.  There could be some 
weakness in separat ion and hydrogena t ion  depending  on 
the product  mix,  fuel, and hydrocarbon  supply as we go 
into the 1980-1985 area. In o ther  words, hardware  appears 
adequa te .  

The ever increasing interest  on the part of  the synthet ic  
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FIG. 1. World palm oil production. 

fatty acid proponent is of concern to the natural producers. 
His interest surfaces with greater frequency as time passes. 
We liken this to the Loch Ness Monster. He raises his head 
at propitious moments when an opportunity appears 
economical, but so far has retreated into the depths to 
disappear once more, not liking the market situation for 
permanency. When will the next surfacing occur? 

S Y N T H E T I C  F A T T Y  A C I D S  

Synthetic Fatty Acid Process Review 

Within a relatively short period of time, a number of 
developments and new processes have subverted Mother 
Nature. Notably these include the advent of synthetic fibers 
as replacements for wool, cotton, and silk, and a similar 
situation between synthetic rubber and natural rubber. 
Each one of these has created economic and sociological 
change. 

In our own industry we have witnessed the development 
of synthetic glycerine as a replacement for the natural 
product. The natural glycerine survival is due to favorable 
economics, since it is a by-product of fatty acid manufac- 
ture. 

Unproven routes to commercial development are shown 

in Table VI. Within the last eight years we have examined a 
number of samples of synthetic fatty acids from foreign as 
well as domestic sources. Yet there are no commercially 
produced counterparts to the natural fatty acids in the U.S. 
marketplace today. It is interesting to note in the case of 
glycerine that both the natural and synthetic have survived. 
Does this foretell the fatty acid situation? A number  of 
interesting routes to the synthetic fatty acids have come to 
our at tention,  but to date none has proved commercially 
successful in the U.S. 

Companies  as potential  supplies: A number of 
companies in our country have offered synthetic fatty acids 
and after a period of time have withdrawn from the market 
place presumably due to unfavorable economics. These in- 
clude Conoco, Gulf Oil, Ethyl, Shell, and Texaco. We will 
discuss Texaco later in our report. 

Companies active in commercial development: Three 
companies currently active in the market development of 
s y n t h e t i c  f a t t y  ac ids  on  a commercial scale are 
Liquichimica, Monsanto, and Emery. 

Liquichimica has announced a 220 million lb plant 
(annual basis) slated for 1977. This plant process is de- 
scribed as oxidation of oxo aldehydes prepared from 
normal olefins (10% alpha); therefore, the main product 
stream is suspected to be heavily branched. 

Monsanto is now market sampling a mixture of C1 l to 
C13 synthetic fatty acids reported to contain 55% straight 
chain terminal carboxyls with the balance a mixture of 
2-3-4 branch carboxyl groups. In addition, they are re- 
ported to be market testing 90% or better straight chain 
with terminal carboxyl. These synthetic fatty acids, we 
believe, correspond to some Monsanto patents covering the 
oxo approach by the addition of carbon monoxide and 
water to random olefins. 

Emery Industries is sampling a synthetic fatty acid 
numbered 4117D which is a C29 plus, alpha branched acid. 
4117D is reported to be a free radical addition of acids to 
olefins to make the high molecular weight branched 
product. 

Prominent Commercial Processes - Synthetic Acids 

We wish to  comment briefly on the two processes for 
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synthet ic  fa t ty  acids which have been most  widely  used and 
discussed; i.e., the oxida t ion  of  the paraffins and the oxo  
process. 

Oxida t ion  o f  the  paraf f ins:  The Russians, using the oxi- 
dat ion of  paraffins, manufac ture  over  a bil l ion pounds  of  
synthet ic  fa t ty  acids annually.  In fact, the  number  o f  plants 
within the communis t  b loc  is current ly  reported to be in 
the area of  twenty .  Oxidat ion  of  the paraffins is fol lowed 
by saponif icat ion,  separat ion of  unsaponif iable,  hydrolysis  
o f  the soap, and f ract ionat ion of  the crude fa t ty  acids to 
yield the final fa t ty  acid products .  A typical  analysis of  the 
acids repor ted  from Russian p roduc t ion  is shown in Table 
VII.  Feeds tock  in this instance is n-paraffins, essentially 
C 1 g through C30. 

Oxo process:  The oxo  process is very impor tan t  to the 
chemical  industry  providing us wi th  a n u m b e r  of  essential 
chemical  products ;  i.e., a ldehydes and short  chain alcohols.  
Oxo  chemis t ry  begins with the addi t ion of  carbon monox-  
ide and hydrogen  to olefin feedstock.  The source o f  olef in 
may vary;  it can be f rom ethylene,  f rom cracked paraffin,  
or  f rom the dehydrogena t ion  of  n-paraffins. The olefin may  
be random or alpha and may  range from e thylene  to tri- 
acontene .  The nature  of  the finished acid will depend  on 
the nature of  the feedstock;  i.e., odd,  even, or branching.  

Oxo  organic acids which are current ly  manufac tured  are 
outl ined in Table VIII .  Included are several na tu ra l ly  
derived fat ty acids such as capric/capryl ic  f rom the lauric 
oils, hep tanoic  f rom castor, and pelargonic from oleic. The  
market  size for the short  chain organic acids has been re- 
cent ly repor ted  at 70-80 mil l ion lb annually.  

The synthet ic  producer  would  now like to add the coco- 
nut  oil range of  fa t ty  acids to the short  chains already being 
marketed .  Coconu t  oil used in fa t ty  acid manufac tu re  and 
in convent ional  soap in 1973 was some 276 mill ion lb. 
Since synthet ic  fat ty acids would  potent ia l ly  conta in  odd 
and even chains and branching, per formance  must  be 
proven to capture  the market .  

D e t e r g e n t  range f a t t y  acid  c o m m e n t :  The natural  fa t ty  
acid producer ,  part icularly in 1973-1974 was faced with  a 
dramatic  increase in coconu t  oil price, actual ly exceeding 
$0.60/lb.  This was a s t imulus for the synthe t ic  producer ,  
but  today 's  price is ca. $0.16/lb West Coast. In the period 
o f  1952-1973 (some 22 yr) the average price of  coconu t  oil 
was $0.145/ lb ,  which is not  an encouraging level for  the 
synthet ic  producer .  The synthet ic  fa t ty  acid producer  for 
the first t ime is faced with  uncertain raw mater ia l  costs for 
bo th  e thy lene  and paraffin feedstock,  which depend  on 
pe t ro leum economics .  

Natura l  versus s y n t h e t i c  f a t t y  acids - Texaco "s process: 
Chem. Systems, Inc. repor ted  some interest ing background 
which we would  like to share with you  on Texaco ' s  process 
for entry in to  the  synthet ic  fa t ty  acids. E thy lene  was 
Texaco ' s  choice of  raw mater ial  for alpha olefins to be 
fol lowed by carbonylat ion.  The technology  required to  
make synthet ic  fat ty acids via the e thylene  route  is much  
more sophist icated than the process required to make  them 
from natural  fats and oils. 

TABLE V 

July 1975 Fatty Acid Processing Capacity a 

Million lbs 

Fat splitting 1,687 
Distillation 1,966 
Separation 529 
Hydrogenation 741 

aFAPC Survey of Fatty Acid Capacity 1975 (July). 

TABLE VI 

Potential but Unproven Routes 
t o  Synthetic Fatty Acids 

1. Oxo carboxylation of olefins 
2. Oxidation of olefins and paraffins 
3. Oxidation or carboxylation of ethylene growth intermediates 
4. Oxidation of alcohols or aldehydes 
5. Ozonation of olefins 
6. Telomerization of ethylene with formic or acetic acids, esters, 

and amides 
7. Telomerization of ethylene with chloroform 
8. Telomerization of various dienes with acrylates 
9. Olefins or Diolefins plus HCN to make nitriles for acid o r  

amine conversion 
10. Fermentation of paraffins 

TABLE VII 

Typical Analysis of Russian 
Synthetic Fatty Acids 

Chain length Weight % 

C5 _ C6 3 
C7 _ C9 10 
CI0- C16 40 
C17 . C20 25 
C21 and up, including 

still residues 22 

Plant inves tment  required for  synthet ic  fa t ty  acids has 
been repor ted  to be up to ten t imes greater  than that  for 
convent iona l  hydrolysis  of  fats and oils. Plant wr i te-off  is a 
major  problem.  Base raw material  costs for the long range 
will be deciding fac tor  and will de termine  whe the r  natural  
fa t ty  acids or  syn the t ic  will win out  in the marketp lace .  

Chem. Sys tems '  analysis o f  the Texaco  process in Figure 
3 depicts the comparat ive  economics  of  natural  and synthe-  
tic fa t ty  acids in a graphic form. Ethylene ,  coconu t  oil,  and 
finished fat ty  acid values are compared.  Note  the  effect  of  
eff icient  catalyst  recovery or  its impact  on process costs for 
the synthet ic  route.  

If coconut  oil remains at an average of  $0.18/ lb  and the  
corresponding fat ty  acid transfer  value is in the $0.21 to  
$0.22 range, e thy lene  with  catalyst  recovery of  99.9% must  
be priced at less than $0.05/ lb to  compete .  E thy lene  is 
repor ted  now at the $0.10 level and may possibly reach 

TABLE VIII 

Short Chain Organic Acids Manufactured in the U.S. 

Organic acid Process Major end uses 

Valaric acids C-S Oxo Synthetic lubricants 
n-Caproic C-6 Oxo Synthetic lubricants 
n-Heptanoic C-7 Ex Castor Synthetic lubricants 
n-C 8 & C10 C-8/C-10 Nat'l acids Via , Synthetic lubricants, 

fractionation plasticizers and peroxides 
2-Ethyl hexanoic C-8 Oxo Driers-Stabilizers 
Neo-Decanoic C-10 Koch Polymers, driers, stabilizers 
Versatics C-7/C-9 Koch Driers and stabilizers 

C-11 
Pelargonic NC-9 Ozonolysis Synthetic lubricants, 

plasticizers and coatings 
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FIG. 3. Linear fatty acid production economics, Texaco process 
vs. conventional technology vis coconut oil. 

h igher  levels within the  near  future.  This virtually elimi- 
nates  e thy lene  as a source for  compet i t ive  de te rgen t  range 
fa t ty  acids, unless future  economics  can be improved .  

Comment: It remains to be seen if olefins f rom cracked 
paraff ins can be economica l ly  conver ted  to  fa t ty  acids via 
e i ther  the ca rbonyla t ion  or ca rboxyla t ion  route .  Very  little 
i n fo rma t ion  is available on possible success of  current  re- 

search and d e v e l o p m e n t  in this area. We do  know that  Shell 
has a n n o u n c e d  it is adding 1.5 billion lb of  e thy lene  capa- 
city at Deer  Park, Texas, and 100 mill ion lb of  alpha 
olefins.  Economics  will be interest ing.  Current  olefin sales 
price is in the low $0.20/lb range. 

Within our  forecast  per iod it is expec ted  tha t  syn the t i c  
fa t ty  acids will achieve some break th rough  due to  the heavy 
inves tmen t  in research.  Likely some unique proper t ies  will 
emerge f rom certain syn the t i c  fa t ty  acids which  will result  
in p ro d u c t  sales outs ide  an area current ly  served by  natural  
fa t ty  acids. 
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