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OIL. FOR THE OLEOCHEMICAL INDUSTRY *
H. Gielen

World production of oils and fats; oleochemicals

A <g1aace at a world map illustrating world-wide
production of oils and fats, in. millions of tons, shows that
the largest single production area is in the Far East, for
instance ih Mé]aysia and the Philippines. Proddcpion has
however increased enormously throughout_the world over the
last few decades, and this increase has been particularly
noteworthy as regards oils and fqts of 'vegeta1\ origin,
including sunflower, whereas other fats‘sgéh as tallow have
ﬁot undergone any marked change in volume of production.

Thé total volume of oils and fats produced hor1djwide in
1990/91 amounted to él 5 million metric tons, of which 61
metric tons was of vegetal origin and 20 5 m1111on tons of
animal origin. By far the largest proport1on of tota1 volume
was consumed in edible applications(65 m1111on tons) wh11e a
small amount was used in animal feed (6 million tons); the
o1eochemicé1 1ndustry.used only 10.5 million tons, equivalent
to about 14% of the total. Further bréakdown of applications
By the oleochemical industry shows that the major portion,
6.3 'mi11ioh tons, is sti{1 used in the classical soap
application, while 3.7 million tons are used in
oleochemicals, 0.2 in lubricants and 0.3 in coatings.

Among the various base products produced by . the

oleochemical industry an important “role’ is played by

* In The absence of the original text, a synthesis of the oral presentation by the speaker is
reproduced, transcribed from the recording made during the conference.
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glycerine, as will be nmentioned again later. Fatty acids and
methyl esters can_  be produced directly fronm the
triglycerides. Soap can 1likewise be produced directly fronm
triglycerides or else it can be obtained from fatty‘acids,
and similarly methyl esters can derive directly . from
tryg1yceridés or from fatty acids. Both methyl estefs and
fatty acids can in their turn be used as base products for
production of fatty amines and fatty alcolhol. Together with
these typical products of the oleochemical industry, a wide
variety of otHer specialty products’are also produced, such
as mahy kinds of esters.

Many of the above base products have increased markedly
over the last few decades; in particular, there has'been a
steady growth of fatty acids and methy1‘ester production. But
in 9eneré1 growth of. the variousv products needs‘;fo be
analyzed in terms of the end markets. Oleochemicals are used.
in aptergents, polymers, coatings, lubricants, cosﬁef%cs, in
mfning, and in an extensive range of other applications,
including even in food, such as liqueurs. This artic]e.aﬁms
to focus on two of these " interesting markets, namely
detergents and Tubricants, and then to give an overview of
new ve9e£a1 sources'for oleochemicals.
Detergents and sﬁrfactants

The world detergenf market is extremely vast, and the
overwhelm%ng proportion of material produéed is in the forn
of detergent ‘powder . for fabric wasﬁing (14.4 nillion tons in
1990}, though producfion of anp bars is also strong (6.8
million tons in 1990). A small amountiof production is taken

up by less frequently used forms of detergent, such as liquid
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detergent (3 hetric tons in 1990) or. détergent bars (0.8
mitlion fons\ﬁn 1990), though these minority forms tend to
fluctuate depending on trends of consumer interest.

From the point of view of the oleochemical Tndusfry, the
important element "is ﬁot reﬁresented by 'the detergents
themselves but rather by the aétives present in the
detergents. Surprisingly, soaﬁ, the simple fatty acid soap,
still éonstitutes roughly 50% of the active df a cdmmercia1]y
available detergent, with the remaining 50% const{tUted_by an
extensive range 'of surfactants. These surfactants are
essentially coﬁposed of anv_eﬁormoué vaﬁ{ety of different
fgtty alcohol derivatives, such as ethoxylated fatty
alcohols, benzene, 1inear a1ky1benzenes; sulfanates.

Suffactants made by the oleochemical industry cannot be
distinguished from surfactants made by thé petrochemical
ﬁndustry in terms of their effectiveness: they are ﬁn fact
iQeﬁticaf. At the present time it can be said that the vast
majority of SQrfactants originaie from petrochemical-dékived
materials, but over the last few years c1éar evidence has
come from the-market that the consumér‘ﬁé ésking for non-
petrochemical actives. As an example one may cite APG's,»the
sugar fatty-acid dérivatives, which have excellent detergent
properties and are prepared from renéwébTe g}een raw
materials, precisely the characteristics the moderh consumer
wishes to see. |
Lubricants

The market for TJlubricants is extensive: in Western
Europe, .the engine lubricant - .market alone bonsumed} 2,9

million metric tons %n‘1990, while the industrial lubricant
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market used 1,9 million metric tons of material. Applications
are extremely varied. Engine Tubricant applications include
machine o0ils (12% of total volume), two-stroke petfolv(3%),
brake fluids (1%), chain oils (1%), four-stroke diese1<(35%),
gear oils (7%), four-stroke petrol (32%) and other
applications (8%). Industrial 1lubricants are used in
hydraulics (31% of tota] volume), metal working (32%), gear
oils (3%), process oils (23%), functional fluids (7%),
compressor 1u5r1cants (3%), refrigerétor Tubricants (1%).

Only a minor part of this market, however, (scarcely
more than 5%) is supplied by the-o1eochem{cé1 industry. The
overwhelmingly predoninanf source is represented by
petrochemical materials, and more specifically the main. raw
" material is mineral oil, which is processed in refineries by
petrochemjcal processes into Ultra High Viscosity Index 041
and Poly-Alphé Olefins. These products allow production of
fop qué1ity engine oils. As far as the minority oleochemical
soﬁrce is concerned, vegetal oil is ihé major source of raw
material, which may be used in the form of triglycerides or
processed into esters. The Tatter present the'advanfage of
having extremely good performance chéractéristics.

The kinds of-procésses used in the o1eochgmica1 industry
for préduction of Tlubricants include splitting glycerides
into the fatty acids 'aﬁd glycerine, followed vby the
rebuilding of esters in what is.essentia11y an application
~ more 1ingenious than nature dtself: trimethylethyl prgpaAe
estérs are applied, or penta-aerosytoﬁ”esters or short and
mid-chain fatty acids. These 5pp1icaﬁions are possible

because the fatty acids undergo modification before

1636



esterification, and this allows creation of esters possessing
high performance characteristics.

If 1lubricant esters produced by the oleochenical
industry are compared with- mineral oil-based materials; the
latter ‘are seeﬁ to have certain limitations in tﬁeir use. The
pour point of mineral oil-based lubricants is in many cases
hot low ehough, the& can be rather yo1atile} the oxydation
stability s xunre1iab1e and their 1ubficity compares
unfavorably to tﬁat of esters. Furthermore, the important
“issue of biodegradability must‘a1so be éonsidereﬂ: mineral
oil~based 1lubricants 'are non-biodegrada51e, and they have
considefab]e. toxicity an& _water-endange?ing properties. In
some areas the risk to uater.qua1ity is considered to be so
serjous that béns on use have been introduced: for instance, .
on the Lake of Geneva in Switzerland and the Bodénsee in
Germany/Austria, 1ubriégtion of outboard engines on boa;s is
permitted only with biodegradable ‘ esters ~ from the
oleochemical industry. The degree of biodegrédabi{ity oft
these esters can be cgntro11éd by the ester%fication process,
without jeopardizing the performance. Indeed, where high
performance is required, esters are the <ﬁrime choice as
compared with miﬁera1 oil-based lubricants: for example, in
the aviation findustry, no mineral oil-based lubricants are.
used.

As an alternative to use of esters, vegetable 0il can be
used without esterification, as mentioned garlier, and'indéed
in Germany nowadays there are many hydraulic applications in
agriculture making use of rapeseed oil. Rapeseed, houever;

has 'the disadvantage of inadequate oxydation stability.
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-<$unf10wer presents greater oxydatioﬁ stability but suffers’

from pour point troubles, especially in colder c¢limates such
as those of northern Europe. Esters are thus vasf1y
preferable to.these oils, but are considerably more expaﬁsfve
to ‘produce on account of the high investment in all the
edﬂipment required to carry out the chémica1 ﬁrocessing.

From a cost point of view, therefore, esters appear to
compare,véry unfavorably both to vegetable oils and to the
much cheaper petrochemical Tubricants. Over a period of 5-6

vears, however, the situation could well be more favorable to

"esters in certain applications: for instance use of rapeseed

cor petrochemicals as Tubricants in hydrau1ﬁcshapplicafions in

agriculture could be expensive over a,5-6 period because of .
the need for frequent oil chénges, whereas esteks‘are Rore
durab1e' because of the%r- stability and do not require
frequeht 0il change.,

New vegetable oilé )

" In recent years'a number of new vegetable oils have been
devejoped foh industrfa1 use, ‘deriving érpm new crops.
Several different motivations for this trend towards new
prodﬁctions can be perceived, acéompanied by a number of
prob]éms. Most importantly, this trend provides a hew 6ut1et
for agricultural overcapécifies, but in this sense one ma&
qhestioﬁ whether industry and the market really need these
producﬁs. Development of new productions also provides a
means‘of rep1aciﬂg imports by indigeqogs, i.e. European or
American, raw materials, though in Ithis case ecohonmic
problems arise becaﬁse the imports to be replaced, deriving

from the Philippines or from Malaysia, are extremely cheap,
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‘propab1y much cheaper than the producté that would repface o
them. Another reason Ties in nodern attitudes, which are .
part1y oriented towards the desire to substit&te" all
synthetic materiais py rehewab1e green maferiaTs,.and this
may create .a market demand.

' - But if one examines the properties new crops and new
oleochemicals shou]d‘_idea11y have in order to represent a
profitable prbposition for industrial production,it’bebbmes
clear that difficulties will be encountered in attemptiﬁé td
satisfy all the requirements., Thus as far as supp19 is
concerned, the oleochemical industry néedé good availability
and low pricé levels, together with secure sdppaiesL'Certa%n
specifig properties would also be desirable: oils of
differeﬁt chain lengths, preferably tailored to the specific
needs of the individual industries; sinilarly, 1ﬁi1bréd
double vdistributﬁon of double bonds, high honqmer
unsaturates, low polyunsaturates, new fuﬁctiéna1ities in thel
fatty acids.

. A11 of these characteristics can be of gfeat ih;eréét to-
industry, but théy represent high-risk long-term development
because they are in competition with the we11—estab1ishéd‘f
technology that h$s<become standard practice in produetioﬂ
techniques and in the fractionation process. Well-established
téchnology can be relied on to produce fatty acids ‘of ;
specific purity, but new oiTs‘also require development of-néw
technological processes, and this means dinvestment without.i
certainty of successful results. Furthermoré,' industrial :

' ~applications of new oils are re1ativeiy ﬁinor kgo-far, énd'vi

therefore more. applications research is required. There are

<
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also constraints based on volume: since the new crops are
mainly in the experimental stage, volumes tend to be rafher
small, which is not cost-effective for industry and in many
cases not even feasible to handle. For instance, at our
UNICHEMA factories the smallest lot that can be handied is
100 tons. '

Another seridus(prob1em is represented by the question
of glycerine, If the question of overproduction on the edible
side 1is tackled by boosting industrial production froﬁ
oilseed crops, there will always be side production of 10414%
glycerine as a result'of the splitting prﬁcess -utilized iq
o1eochem{ca1 technology. Unless new glycerineg outlets are-
. found, targe volume projects will adversely affect 91ycerine‘
markets by creating a glut of glycerine, and consequently
prices fetched by. glycerine will fall. Tﬁis means that
costing of projected new crop applications will not be
realistic if based on the current market price of glycerine.
Unrealistic forecasts of costs have for example been made for
the neufbio—dieseTAfue1s applications in Germany and France.
In4 actual fact glycerine prices risk falling s0 Tow that
in&ustry would :actuaTTy have to pay to eliminate the
g?fcerine»instead of obtaining a profit from it.

‘ "Despite these limitations, it is certain]y worthwhile to
give an overview of sone of these new crops and innovations
1nfroduced by breeding and selection into existing crops. One
intgrestﬁng development is the high oleic sunflower, in
particular if it is over 90% oleic. Qikh high oleic sunflower
one can simply split and purify the oleine, and sell it oF

utiiize ﬁt for other applications. It should be remembered,
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however, that this would mean coWpeting asgainst the very
A.cheap tallow separation precess, which is the wost wideTy
used purification process‘in the oleochemical imdustry and is
highly cost-effective. A
The high.o1eﬁc sunflower can be used in dimer fatty aéid
production, and it also has potential lubricant and hydraulic
fluid applications. In addition, fatty acid amides can Bg
produced, fron which a fine anti-block agent can be
obtained.1
another remarkable new crop in Western Europe is crambe
abyssiniéa, on which a considerable amount of research has
é]readQ been carried out in the United States by the USDA.
Crambe has about 65% erucic acid; it a1§o allows preparation
of yery'interesting dimers, as well as dicarboxylic acids,
and it ﬁas applications as lubricants and amides. In Western
" Europe cultivation of this crop is still in its iﬁfancy, Bu{
in the Netherlands successful cultivation is carried out now
on a 300-acre basis by a weli-known agricultural compan9 that
supplties our firm with the oil. \
The high-erucic property af' crambe %s barticul;rly
'important,-because ﬁi makes this crop a potential substitute
for the high-erucic rape. The high¥erucic rape needsvio be
harvested %n isolated areas to overcome cross-fertilization
with the low-erucic fape. In the paSt»these-isoTated areas
were located in Poland and the former East Germany, but thése
areas no longer function as reliable suppliers, whereas
industny ﬁeeds security of supplies, as mentioned earlier.

Crambe does not suffer from this kind of limitation in its

1 the acid derived from helianthus annuus is cis-9-
octadecenoic acid. :
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cultivation, and therefore could we11 be a promising
substitute for the high-erucic rapez.

‘ Vernonia, or .Euphorbia, is another example of a new
crop, which has epo*e functionality in the fatty acids which
can be applied in the coating industry, in plastics
production, in cosmetics and in polymer chemica1s3.

. Lesquerella has been developed fairly extensively in the
United States, with potential applications in cosmetics and
toiletries, lubricants and dimer fatty acids, polyesters and
polyurethanes4. ‘

Finally, another interesting crop  is Meadowfoan
(Limnanthes alba), 3150 produced in the _Unite& States,
although on a limited scale. with potential app1icati6ns in
dimer fatty acids, ozoholysis (dicarbo#y]ic ‘ ac{ds),
lubricants, and fatty amides (anti-block agent)s.

Conclusions

| A number of exciting innovations are being introduced
into the field of oleochemicals, and.industry is watching all
these deve1§pments with great interest. Much more research is
still required, in-agronomy, breeding, selection, in order to
improve quality, because high quatity products will
facilitate successful cheﬁica1 exﬁefimentation and production
of éuccessfu1 materials. The real problem at this> stage,
uhfortﬁnate1y, is that the present period 1is one of

"technology push™ rather than "market pull®™: in fact there is

5 The acid derived from crambe is cis-13-docosenoic acid.
The acid derived from vernonia is 12,13-epoxy-cis-9~
gctadecanoic acid. b :
4 The acid derived from Jesquerella is 1l4-hydroxy cis-11-
%icosenoic acid. V
The acids derived from lignanthes alba are: cis-5-
eicosenoic acid, erucineic acid, gadoleineic acid.
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hardly any mark;t‘demand for these new functionalities and
new fatty acids, aﬁd tonsiderable effort qeeds to be made'to
promote the new applications. But if this new.trendlsucceeds

and STeochemicaTs become predaminant compared to(

pleasant place.
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