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The Casior planta, one to ten wmeter high, frow wild
in most tropical sawng sub-tropical areas of all cone
tinents, ‘They are culiivited in but a few countries,
the most prominent being Brazil, India and China,
followad by Thailand and Tanzanlia, In all, less than
a dozen couniries produce, each, more than 10,000
tons of Castour Leuns, per vear,

Total world cropa vary between 750,000 and 900,000
tons, yearly, Brazil accounting for almost 50 %,
Cultivation does not require any particular soil
nor growers' skill., An arnual rate of rain of %500/
800 mm i Favournhle, most of it “o sall during

the h’mnnths follewing planting, A vield of 1000/
1500 kilos of ce~hulind Castor boans por hnectars

is considered satlisfactory, Uritivation, harveste
ine and de~huliing methods Vary, but only for deem
hulling, m-chanical duvicaes shuuld'definitely he
available,

The Castor bean ia polisonous by ity toxie protein-
ricin, The oil, of which the bean contains from

45 % to 554, 18 free from toxic ingredients., The
residue, Castor meal, a5 still slightly poisonem
ous but much less than Castor beans are; on the
other hand, the effects of an allergzen which 1s
also evident in Castor, are much strongor in Cam
stor meal than in Castor heans,

Castor oil derives its vory particular characterw
istica from its nearly 90 € ricinoleic acid with

18 carhon atoms, a double houd in the 9th and 10th
position and one hydroxyi proup ad jacont to the
t<th carbon atom, This non-drving e6il has the highe
st viscosity and dony ty of all ofls: 1t is migm
cible with nlcohol, remevkably coide and hoate




resistunt and compatible by seultening wivh numerous
natural and sy:thetic resins, nolymerz and waxes,
having also formidable wetting and dispersing pro=

perties,

Centers of Castor bean processing are, apart from

Brazil and India, mainly those consumer countries

with 4 largely developed chemical industry as ma~

Jor customers, such as the USA, the UK, the Common
Market and Japan,

Castor meal is u«rclusively used as a fertilizer,
mainly for horticulture and viniculture, It is more
appreciated for its 85/87 % of orpanic matters than
for its relatively insignificant nutricious subwe
stances (5 =« 6% N, 2,5% Pfi()S' each 1% K,0 and Ca0,
plus tracea of other ealements),

Castor bean processin; starts by cleaning and prew
paring the beans for subsequsent crushing. The crude
01l i3 then gained by pressing and solvent extrace
tion. For Castor beans, being too oil-rich and soft
for crush by automatic screw ¢rosses, hydraulic
installations, preferably automatic operated, areo
recommended, The romaining cake contains 124 of
0il, which is then solvent extracted, Vertically
operating extractors of modern design are offered
by a Belgian firm, de Smet of Antwerp, and other
manufacturers, As a solvent, hexane yields the best
results on account of its low content of aromatics,
Refining of Castor oil includes de-acidification,
bleaching and clexning, the equipment for which is
not entirely identical with that for refining other
- edible ~ vepretalle oils,

The assessment of raw material reguluarly available

for erush is imperative ror general plant economics




as 25,000 to 306,000 Liotts ot el poa, e regquired
to opera.e even a modast pla.t, whilst the Hmore
efficient unit wouid consume, annually, 60,000 tons
of Castor beans, working «n a “0C tons per day lay =
out, For both, technical and health reasons, Castor
should not be processed torothor with other oile
seeds in the asame plant, as che equipment required
for Castor vuaries from that to be econoimically emm
Ployed for other raw materials, and as Castor isa
not only poisonous but also problematic for its ale
lergic effects,

Castor oil processing does not require much mane
power but a relatively high capital investment,

Being mainly absorbed by chemnical industries = only
abt, 1% 13 used for modicinal, pharmaceutical and
cosmetic purposes -~ Castor oil has its mrketas
wherever ithese industries are concentrated, A home
market for at least 30% of 1ts oil production seem
to be necessary Lo Justify the erection of a Castor
bean pressing plant,

The world market for Castor 0il can be econaidered
more or less saturated as supply and demand are nore
mally balanced, Uncertainties are evident in the
supply position on account of the important share
bora by only one country, Brazil, with 50% of the
world's Castor seed production, all of which is
processed indigenously, and the Brazilian oil weigh..
ing heavily on all markets, - as well as in the de-
mand situation the future of which ia rather vnpre=
dictable,

Derivates, such as dehydrated, hydrogenated, sulpho-~
rated and thermally decomposed Castor oils are in
competition with synthetic products of mainly petrowm
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chemical origins, of which . pelyawide, NYLON 12,
Just now threatons the future of Castor oil-based
NYLON 11, used mainly tor the production of nlastics
and fibres known under the French trade name RILSAN,

Castor oil consumption has steadily increased, world-
wide, until 1970, Since then, a decline is evident,
mainly on account of NYLON 11 being replaced by
NYLON 12 and Sebacic acid, another Castor oil derie
vete veing succeasfully rivalled by other products
of petro«chemical origin,

Yet, Uastor oil and its derivates are still consies
dered irreplaceable in various branches of chemical
and allied industries, The outstanding characteriee
tics of this raw material may preserve its importe
ance for some time to come,
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Chapter 1

(1) CASTOR, as referred to in this paper, is the
seed of the plant RICINUS COMMUNIS, the only spe-

cies of the monotypic genus RICINUS, of the euphar-
biacere family,

This plant grows wild in most tropical and sube
tropical areas where sometimes it is just considered
a troublesome weed, somotimes a sha.ow-giving agent
for more sensitive low-growing cash crops, such as
pineapple, sisal etc., and is only in some coun-
tries planted commsrcially,

It is 1 to 10 meters high, perennial with, how=
ever, fatal reactions to frost, which make it behave
as an annual in regions with occasional temperatures
below 0° C,

Whilst most wild~growing plants have a bushy ap=
pearance with an erect stem and numerous branches
starting from just above the surface, some of the
cultivated types branch cnly at the upper part of
the stem, thus benaving more tree-like,

The tissue of the stem is rather wide-mashed
and, at least in its first vears, not very resistant,
The stem becm;aes hollow with age,

The moust characteristic signs of Castor plants
are their palmately loped, large leaf-blades with
different shapes and coleurs ranging from dark- to
reddish-green, according to variety,

Inflorescence bears fumale flowers at the top
and male flowers at the hottom, of upto 2 feet
length, flowering starting from the base upwards,

Castor is regarded as a highly cross-pollinated

crop, and open pollination may cause differences in
size and degree ~f maturity of pods and aseeds formed 1




formed on the same plant,

Therutore, dify pens varieties should be
#rown isolated ot a distanee . { at least 30 mem
tTrErE,

Where and how Cnyteog stiarted first to grow, is
unknown, It is supposed to orisiinate in Africa from

wiere it has spread to the “lddie East as a wilde

S

srowing plant, 041 Lamps having been 1it in pham

rannie Egypt by Castor oil, arc an indication that

Castor was cultivated as early as 6.000 years ago,

Whilst beinp known in ladiu and China in the
tirst millennium A,Cyy it was supposedly introw

b,

duced Lo the Americas by colonists in the foote

steps of Columbus,

Nowadays, there (8 more Chnstor rgrown in South
America than anywhere else, dragil producing =
with 300,000 te 400,000 tens annually = almost
half of the world's Caitor seod crep, (‘ther South
Anerican Chstor roducing countries, though on a
such smaller scale, are Lounndor, Paraguay and Ape
f.entinag vhereas othier Latin Awerican countries

such as the Central American Hepubtilics, seem to

have nat yot realize ! tha importance of this easte
1y grown and relativeijv frugal plant, with the
excepiion of Nicaragsua, where an extendeod feasie
2ility study for the production and marketing of
Chastor beans is just now under way,

North America, with the United States still
having grown some 40,000 tons in 1968, but less
than 10,000 tons in 1970, and Mexico with a regue
lar ontput of almost 10,,00 tons per year, adds
ouly insignificantiy to the total world crop of
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something consitderahly below 1,000,000 tons, 1,0,
varying from 750,000 to 900,000 tons per year,

Europe has a little production ot between
10,000 and 20,000 tons in the Southern Baikans
(Roumania, Jugoslavia )e

Much more important for the production of Caw
stor seed is the Asian Continent with abt, 100,000
tons produced in India, 40,000 tons in Thailand,
adding up, with crops of largely alternating sise
in other countries - mainly China - to abt, 250,000
tons, annually,

Apart from this, the USSR are supposed to pro=
duce some 75.000 tons per year, mainly in their
Asian territories,

A vast source of supply is Africa, largely
still untapped, The Sudan, Tansania, South Afries,
Kenya, Uganda, Angola, Mozambique, Malagasi Repuw
bliec - in this order - contribute to a total of
around 75,000 tons,

Favourable climatic conditions for the growing
of Castor plants prevail in countries with a good
suppliy of water in their early vegetative phase,
until a vigorous roaot~systea has developed,

Experts consider the most favourable rate eof
annual rains amounting to 500,/800 mm, most of it
to fall just before and during the first & wmonthe
after planting. Afterwards, the Castor plant is
very drought resistant, actually getting along
without any additional water at all, Reing basicale
1y a lomg-day plant, Castor is adaptable to a wide
range in day-length, losing some yield with dimie
nishing day-light,

Rather high temperatures are favourable, and




any o alt:tade from sea=lavetr (0 1,000 m is sultable,
she soanl oeaa e very poar indeed, whilst a very

tevrnite ~ 501 oy cven render a lower yield in seed,

To avard exeessive seil g, 0r ~niine conditions,

the sotly should he weil-idrained,

Arcord g to e very iy (laces where wilde

eroving Ca . i1 vair te found, the plant is really
wodast in its choige of environment,

Wild Castor renderes rather swallesized beans
which ¢ be, howaver, of first clauss commercial va-
lue, as thesr o1l eontent may sti1ll be well over
b %

A large portion of the important HDrazilian outm
put - perhups some 50 % - are gathered frow wild
growing Crhstor tlbus representing at least one quarw
ter of the world's praduction, taking into account
that in many othe~ sreas as well, heans are collect=
ed from wild-growing Castor plants,

it is vather alfficult to make a more accurate
assessment as to the percentage of wildegrowing
Castor, but the one given above i3 more likely to
he on the low side,

Commercial fyrming f UYastor knows both, Hybrid
and fnbhred vari. sties aof saed, most of which have
been developed in the United States, A high oil cone
tent of the beans, theiv vield ,nd a low-growing ty=
pe of plant « ¢ eagier harvesting - have been
aimed at,

Well=khnown names nf successful Hybrids are Bae
ker's 22, 4L, 55 ard 463 MeNairts 101, 202, and 3034
whilst Cimar:on most probably is the best-known
Inbred variety, Hale, an intermediate flowering

dwarf~-internode variety, grows to a height of
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or 100=150 c¢cm under irrigat.on and yields over 50%
of oil, o

Castor producttor under irrigation is not recom=-
mended in mosi areas, ior economic reasons, This may,
however, not refer tn farms with estahlished irri-
rsation facilities, rrofiting from planting Cas:or to
shndow other plants, or as a auxiliary crop on pate
ches cof soil, ntherwise useless, though wituin the
ranre of irrigation systcems,

Cultivation of Castor doesn't require any parti-
cular skill, Castor can be suown by hand or mecha=
nteally, on land proepared as for corn, Ploughing
1s only necessary in cases where primary roots are
unlikely to develop otherwise,

The treatment of sced with a disinfectant, befors
planting, is advisable to prevent the damping-off
of the aseedlin; 8,

Plantiny rows should ben pood meter apart and leave
35 to 40 cm space betwean plants, in a row,

1t should be emphasized again that Castor grovws
ing is advisable av 8 supplomentary crop for moat
types of private farms, whilst it renders satise
factory results as a main crop only after extensive
studies have been made of s0il and seed with regard
to yield and oil content to be expected,

In general, a yield of 1.000 to 1,500 kilos per
hectare is considered satisfactory; Brazil sup=
posedly achieves an average of little leas than
1,000 kilos per hectare for the totality of uncule

tivated crops, since 1966,

Reports of a new variety developed in Braeil,
1AC Camminas, indicate the yvield with 5,000 to 6,000
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%1 los por hecture nof hoars with 50752 % annlytio oil
conteit,

Cultivatioa wethod, for Castor vary, and so does
ha;vasting, Machines deo oxist for both procedures,
though thedir economica. use can still be doubted,
the more as the queltity of sced may suffer frolm Me=
chanical harvesting,

It 33 alsu to he noted thal wost varieties do
not mature at cae aame time, so that 2 - 3 pickings

are necessary to obtnin maximum yields. In these
casese, ol course, the usa of mechanical harvesting
is totally inapportune,

A weli-known, cheap and practical harvesting
sethod is the uyue of tin~cans with & V«shaped
noteh ¢ni in the sids, by which tie dry fruit are
made te fall into Lhe Cup.

in some nrazilian growiwme areas, such as the
Mate Grosso, the stum of the Castor plant is aew
vered shon: 1) cwm sheve the pground, a'ter harvoste
tng, to enccurape H = 7 new stems to sprout from
the ol stwelk in the feollceing vear. *

Mo#t o.he, cnltivation methods involve the row
moval a1 Lho o1 plapne aad for new sowing svery

(2) THE FRUIT of the Castor plant is of globular
appearance, with mcre ov less soit spines, green
o reddish-preen, before maturity, The Castor fruit
~usembies the f-ult of the Chestnut tree in all
but its size, the Tormer beiny much smallor than
the loatter,

in maturing, the outer Qull of the fruit
shrinks into a dry, brown cﬁpsuza,wnich may finale

v split sud shed the seed, tliree of which are
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located fin each fruit,

Each separate seed 15 wranped in a rather hard
shell, or hvll,

Fully duried, un-denulied sced nceds treatuent
by which the bear located Zn th2 interior of the
hull is to be separavea from ite wrapping, This
process, very often referved .o as "decortication",
is more coyxsrectly (nlled "hulling” or "dehulling®,
as the seed is already "decourticated" when freed
from 4ts ovter hull, mostly taken care of by time
and sun, only,

Efficient hulling of the beaas is of utmost ime
portance as the crushing process, later on, requires
undamaged beans and as little extraneous matter,
such as dirt or debriss of hull, as possible,

Hulling can be done by nand, but this certain-
1y requires a lot c¢f very cheap labour with more
spare~time availchle than to be expected anywhere,
nowvadays,

Theref{ore, mechanical hullers sbhould be availe
able, Those are cn the mo- . :t .ith a capacity of
2 = 10 ton- por hour, the costs of the machines
varying irem § 1,000,~-- to i} 4000,~=, depending on
their working system and capacity, Small hullers
which can easily bc transported from one harveste
ing center to che other, have been developed in

France, South Africa and elsewhere.=-

(3) THE ACTUAL CASTOR 37%AN, peing finally freed
from its onter and inner hull, represents itself
as a rather beautiful ltooking, ovaleshaped bean,
from » little larger to double in size of a coffee

bean, covered with = glossy, maroon=coloured coat

with black spreckles, tne bease snolour sometimes
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ranging to almost white or almost red, This coat 18
britile and breaks very easily thus reducing the
quality of the bhean and, in turn, that of its oil,
the acidity of which increases, when the protective
coat is damaged,

Inside, the flesh of the Castor bean consists
of a white substance which can bhe squashed between
two Tingers,

The Castor bean is definitely poisonous, ocon-
taining a toxic protein-ricin, Also, it contains an
allergevn, CBA, the effects of which, as a toxinm,
are still widely disputed, Unbroken beans are defi-
nitely harmless, as long as they are hot used for
alimentation or as animal feed,

The effoct of the ricin derives from the dis~-
solution of erythrocytes, and is stronger than hy=-
dronyanic acid (1 Kilo of ricin is likely to kill
3.6 million people, 1 Kilo of hydrocyanic acid only
1.600),

The oil, after pressing and/or extracting, 18
‘definitoly free from any toxic ingredients, which
remain in the residue, the Castor seal, wherse they
are most unlikely, however, to inflict irritations
te humans or to animals, unless consumed in large
quantities which is unlikely to happen.

The allergen, on the other hand, may become
troublesome as it can enter, with the dust of the
residue, into respiratory tracts and irritate shems
rather severely,

Castor beans weigh between 0,1 and 1,] grams
of which 25 - 40 4 fall to the skin,

The average content, including skin, iss

oil k5 - 55 %




water 4y - 8 %
soluble car- y
bohydrate 5 - 12 %
fibre 15 - 18 %
proteins 1 - 21 %
ash 2 3%

The oil is mostly found in the white substance
of the bean, whilst the skin contains only 20-70 %
of oil,

Practically, and economically, the Castor bean
can be divided into oil, water and residue or meal,
the latter representing abt, 50/55 % of the bean's
weight, depeading oa the presence of remainders,

Castor beans are, normally, not classifieda by
s tandards, these axisting only in India, whilst
they are marketed on a world-wide scale according
to trading terms specified in the proforma contract
No., 15 of the Federation of Oils, Seeds and Fats As-
sociations (FOSFA), this contract having replaced,
in 197!, the contract No, 69 of the Incorporated
0il Seed Association (10SA), which have since been
merged with other fat ard oil quality control as-
sociations, all of them residing in London,

This contrat form describes in detail the me~
thods of how Castor sead is to be traded and how
impurities are to be defined and reckoned, As &
quality description, reference to the origin of
growth, such as "TUK" (Tanzania, Uganda, Kenya),
combined with the term "fair average quality" suf=
fices,

Indian standard specifications differentiate
6 grades, 3 "bold" and 3 "small", according to the
size of the beans, counted in numbers of beans to

the gram.
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Supply and demand have hen, in the averago,
somehow balanced, llowever, witn more important crops
varying subject to sconomic and climatic influences,
a lack of supply is more lJikely than a production
which does not meet its dJdemand, the more as Castor
sead can easily be stored, also in the open (with
coverage against rain and sun), without its quality

being affected, and thus its commercial value,

Of the major producing countries, wiich have al=
ready been listed above, hrazil and (ndia have no
bearing on the annual supply and demand position,
as far as beans are concoerned,

Although Brazil accounts for almost %0 % of
the world's production of Castor seed, the beans
are not made available to the world market, as lo~
sislation practically banned exports ot Castor seed,
ever since 1959, Similar legislation prevents ex=
ports of Castor seed from India,.

The Soviet Union, with their 60,000 to 80,000
tons of Castor beans produced, annually, have also
not been found, yet, amongst e exporting coun-
tries; the more as the USSR are known as buyers of
additional quantities of o0il, mainly from India,

Therefore, Castor seed exports amount to abt,
150,000 tons, annually, only, which represent some
20 % of the world's production,

The most importunt market for exportable Cagtor
seed is Maintand China which scld 80,000 tons in
1967, but as 1ittle as 20,000 tons in 1968, Also in
very recent yoars, China have put very little seed
on the market which, in addition, is usually left

completely in the dark as far as crop position,
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estimates, availabilities and trading intentions
are concerned.

Therefore, countries importing and processing
Castor seed and lackf.r a secured source of supply,
tend to leok appreciativeiv Lo the deve Llopment of
new growing areas where they are likely to offer en-
couragement by means of purchasing ruaarantees at a
very early date of cultivation, at full world mar=
ket valuea, these tending to be ever more above the
level of § 100 per ton FUL, for pure seed,

Main processing countries are certainly Brasil,
India and USSR, crushing their entire respective
crops.

Besides these, processing of Castor seed takes
place where-ever there is a strong demand for oil
and meal, i.e, the most industriallized areas of
the world, except for the 'ISA,

The USA are refraining, to a large extent, from
Castor seed crushing, in favour of imports of oil
from Brazil, amounting te 30, 000,/60,000 tons Aannus.
ally, against an insignificant crush of domestic
production wnich is lively to vease entirelY.

On the other hand, stroug Unstor saend crushe
ing industries aro situated in Western burope and
in Japan, the leading lmport center beinyg the Come
mon Market, Its Castor secd crushing mills, situated
in the Federal Republic of Germany (1 will), France
(1) and Italy (2) consume around 70,000 tons of
Castor seed, annually, thus producing over 30,000
tons of Castor oil, which amounts to abt, one third

of the E.,E,C, Castor oil consumption,

With the entrance of Great Britain into the




Common Market. ihe “uropeanr crushins volume will
be increased by soume 15,000 to 25,000 tons, to a
total of tittle less than 100,000 tons of Castor
beans for the piroduction of nearly 50,000 tons of
Castor oll, With varving figures from one year to
the other, tnis umonnts to almost half of Europe's
Casgtor oil requirewments,

The requirements of Japar are approximately
30,000 tons of ‘astor beans, and they account fer
th- total consumption of Castor oil in that coun=
try, Comparatively, the Castor oil production in
the United States, with 12,000 tons each in 1068
and 1969 or, 20 % of the country's requirements
has already heen rather insignificant and may cease
altopother,

152,000 tons of worlu Castor hean exports, ane
pually, create somc transportation problems diffem
rent Uz om these .awon in the trade of grain and
other ollseeds, Contrapry to the large bulk ship=
ments of ithe latter producti, Cnstor beans have
to be packeu in hags, due to .he sensibility of
the hean'= anhei!, which would suffer severe dam
mapges Lf ahipped ir bulk, tlowever, those problems
are fur less important than those involved in the
shipment o either Castor oil or Castor meal, as
shall be uvemonsyraied below,

Loto the presont, mainly jute- or sisal-bags
have been utilized, containing betweea 50 and 100
kilos each, There is a tendency to change over o
noneventilating plastic bags, 1in order to help port
authoritirs avoid allergic irritations amongsti page

ticularly sensi.ive stevedores, in ports of desatie

nation,
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(4) CASTOR OIL, when refined, is an almost colour-
less, slightly yellowish oll with the following
charac’eristics:

adensity (20° C.) 0,955 / 0,968 g/ml
refractive index n :f 1o476 « 1,4795
saponification index 175 / 187
iedine value 82 / 88
ualapenifieablg matter 0ed = 0,7 9%
hydroxyl value minimum 160
viscosity (20° ¢,) 945 = 11,0 poise
miscibilisy eompletely in aleohol
and glacial acetioc
acid =

with hydrocarden at

normal temperatures

in limited quantities,
* only.

Pellowing more recent research with gascnroma=
Segraphic wethods, the undermentioned composition
of fatty acids in Castor oil ia deriveu frem ane=
lysis of the methyl-saster of Castor oil fatty acidit

palmitic acid 0.9 » 1,2
sseari- acid 0,7 = 1,2
oleic acid Je2 = 343
l1ineleic acid el = 347
linolenic aeid 0.2
ricinoleic acid 89 ~ 89,k

dihydroxy-stearic acid 1¢3 = 1,4

The structure of the glycerides of Castor oil
has beon ascertained with appr., 68 4 triricinolein,
28 % diricinolein, 3 % monoricinolein and | % with
rieineleic acid,

These typical analytic values for Castor oil
WAy vary, aacording to the crigin of Castor beans,
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and they depend, of course, on the analytic me-
thods utilized,

Castor oil is the triglyceride estar of the
fatty acids, The very particular characteristica
derive from the nearly 90 % ricinoleic acid availm=
able in this oil,

Ricinoleic acid is a fatty acid with 18 carbon
atoms, one double bond in the 9th and 10th posie
tion and one hydroxyl group adjacent to the t2th
carbon atom, It is also a 12 hydroxy oleic acid,

We do not knew any other natural oil containe
ing a similarly high content of hydroxy fatty acid,
This characteristic composition of glycerides dim
stinguishes Castor oil from a1l other vegetable
oils and fats and is responsible for its remarkable
phvsical and chemical properties: the non-~drying
Castor oil has the highest viscosity (which changes
only slightly at different temperatures) of all vems
getable oils,

Castor oil has tle highest density of all oilsy
unlike all other veget:hle oils, it is miscible
with alcohol, in every concentration, but only
miscible within limits with aliphatic petroleum
“solvents,

Its remarkable cold resistance (the pour point
is at 16° €. below zero), the egnally remarkable
heat resistance, as well as the capability to burn
almost without residues, give it the property of a
lubricant.

Castor oil, due to its polar hydroxyl groups,
is compatible with numerocus natural and synthetic
resins, polymers and waxes, As a plasticizer, it has

formidnble wetting and daspersing properties for




pigments, fillin,, sgerts aud coluuring matter,
lLumerous poassible re. ctions which ean be CONw-
ducted with the reactive centeras of Castor ail,
1.e, the hydroxy] sroups, the double bonds and
ester unions, will be pentioned farther below,
The purging effect is well-known, There will
be reference to pharmaceuntical Castor oil in
Chapter V,
Castor oil is marketed in 2 wain qualities,
technical oil and pharmaceutical oil,
" Whilst the latter quality is definec in the
BP and similar medical specifications, technical
Castor oil can be divided into "first" and "second"
or "third" (or "commercial™) qualities, Only the
*first" quality refers to Castor vil obtained by
preasing of the seed, containing no extraction oil,
and normally defined by the British Standard Spe=
cifications (BSS), reading as follows:
quote =
This British Standard applies to Castor oil
*first" quality, The oil shall be t'e product
obtained by eapressioa from Casitor seeds, and
shall be free from admixture with other oils or
fats,
Colour (when measured through n one-inch cell
of Lovibond Colour Scale) - max, 2,2 yellow
max, 0,3 red
Relative Density - not lower than 0,958
not higherthan 0,969

Refractive Index - not less than 1,477
at 20° Cs not great.,than 1,481
Jodine value - not less than 82

not great,than 90
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Saponification value - not less than 177
" not great, than 187
Critical solution temperature of oil in ethanol
shall be below 0° ¢,

Unsaponification matter max, one percent
Acetyl value not less than 140
Acidity: "The oil shall be free from mineral and add-
ed extraneous organic acids, Unless otherwise agreed

between the purchaser and the vendor, the acid va=
lues shall not be greater than 4,0} this is equiva=~
lent to 2,0 per cent by mass of free Tatty acids,
calculated as oleic acid,”

Note: "In certain seasons, compliance with the above
1imits of acidity may not be generally possible and
in such instance tne 1imits should be subject to
agreement between the purchaser and the wvendeor,"
unquote =~

Bragilian Castor oil is mostly sold according
to specification "No, I" which is less rigid and
may contain extrucied oil,

First pressing oils of German, Frencn and Itali=
an and, of course, also British production distingue
ish themselves by outstandingly high quality stande
ards, being almost colourless and of particularly
low acidity.

comumercial g rades, as offered under this denomi=
nation from Braziiian, Chinese and other origins,
are in much less demand and can be used for only a
1imited variety of processing activities,

Castor oil derivates such as dehydrated Castor
oil, hydrogenated Castor oil and Castor Oil fatty
acids, will be referred to in Chapter Ve
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(5) casTor MEAL, representine the residue of Castor
seed /ith 50/55 % of its seight, after . ne extract-
ion of the oil (as for the production process see
Chapter II), is mostly traded as either a coarsely
ground substance or granulated into pellets,

The former appearance is arrived at, after de~
solventising, without further treatment, whilst the
pellets are produced by prossure pressing of the
"coarse grinding",

There is aluo meal of “fine grinding”, achieved
by the additional grinding of the coarse material,
sometimes required for industrial utilization, such
as the produoction of mixed fertilisgers,

However, the "fine grinding" deveiops the largest
degree of dust and is thus rather dangerous in proe
duction, transportacion and procesaing,

Castor meal, in its dry suhstance, consists ofi

Nitrogen APPre ‘145 = 6,0 %
P,0, 2.5 %

Kaa 1.0 - 1,5 %
Ca0 # leo %

Mgo N5 - 0,7 %
Cu » 27 ppm

Mn 55 ppm

-] 23 ppm

Organic matter appr, 85 - 87 %

In its original consistence, Castor meal ana-
lysis usually records appr, 10% of H,0 and a maxi-
mum of 1% of oil, the percentage of the aiove list-
ed ingredients thus reducing accordingly,

Castor meal is poisonous, having both toxic and

allergic properties,
The lnternational BIO-KReseareh Inc., of St. Louis
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(USA) have conducted, in their branch laboratory of
Hannover (Germany), respective tests in 1966 with
rats and gninea pigs, resulting in two perceptions:
firstly, that Castor meal takes affect, in toxic
doses, acutely or sub-acntely, though less faval
than Castor beans. Secondly, that none of the anile-
mals, after having been kept under the influence of
Castor meal dust for over three weeks in an inhala~
tion chamber, showed any allergic affects but bem=
haved completely normal,

These results confirm the e xperience gained by
experts according to which Castor meal is less poim
sonous than Castor seed, although none of the poi=-
sonous properties remain in the oil, Actually, Castor
meal can hardly cause accidents, by its toxic pro=
perties, in small doses, On the other hand, the al-
Aergen, though apparently ineffective to animals,
causes irritations of different degrees and in a
variety of symptoms to human beings. This phenome=
non still remains rather unexplored though, contra=
ry to wide=spread opittion amongst laymen, it seoms
to be the result of fear and human imagination that
causes most of the troubles encountered, More re=
cent research, conducted by medical circles arrives,
however, at different results; according to it, the
influence of the allergen carried by castor dust
from both beans and meal, is most alarming and calls
for preventive actions, where—ever these materiale
ares being handled.

The economic consequences of these particularie
ties in Castor meal will be dealt with later (see
specially Chapter V).

- -




Chapuer 11

(1) NTRODUCTIUN: Oil se:d processing Las been the
business, ever since industrialization in its ear-
l1iest stages, of crushing mills, the name already
indicating the procedure and the kind of machinery
in uset the seed is pressed to yield its oil,

In order to serve its purposes, the modern crush-
ing industry, however, distinguishes various press=
ing wethods which depend only partially on preasing
installations, as the inability to obtain, from the
seed, its entire oil content by crushing, would ren=
der this industry uneconomical unless alternative or
additional devices are utilized,

Therefore, efficiency depends largely on the knowe
ledge of which crushing process ~ "cold"~pressing,
hydraulic pressing, screwmpressing - and which sol=
vent extraction - extracting directly from the oil
ssed or from a pre-pressed '"cake" - is best to be ewn=
ployed in order to achieve the individual oil mill's
ultimate economical goal to either process many dif=-
ferent oil seeds in the sameo installatinn, or re=
strict its activ’ ' des t those vil seaus- which it a
certain technical conception for the purpose of the
largest crushing voluame, or suit the processing of a
certain, particular ol) fruit,

Qui_te certainly, the characteristics of Castor
beans require special consideration and hardly tend
themselves to any combination of the above economical
copceptions without endangoring the etfficiency of the
operation,

First of all, it is to be taken into account that
Castor beans have a higher oil content and are softer

than most other oil seeds,
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They present tnemselves, ‘urthermorc, with a
very brittile shell which breaks uvasily when mecha=
nically strained, The ahell, in itself, is hard and
sharp~-edged, thus causing considerable wear and tear
of the conveying equipment, particularly when pneu=
matically handled. De-shelled, skinned beans are ale
ready smeary and particularly soft, without being
heated, Only the moisture with 5 = 7 % hardly devim
ates from other comparable 0il seeds,

As far as storage i{s concerned, the most protecs
tive for Castor seed is the storage of bagged beans
in dry warehousaes, Al;o. bulk keeping in silos is
possible, though with some complications, Already
the transport via normal conveying cquipmont. such
as conveying belts and elevators, and the pourring
of the beans into the silos cause breakage of appre
7 % of the seed, Tests with pneumatic equipment have
resulted in a breakage of upto 30 %, Beans with such
a high breaxage would, however, acidify and rot,
during extended storage., Lovering the silos with Niw
trogen pas would be both problematic and expensive,

(2) THE CLEANING AND PREPARATION PROCESS requires

a vibrating sieve with different perforated steel
plates through which the beans are led in order to
separate l.rger foreign matters suth as stones, wood,
other fruit like narder nuts as well as metallic
particles, Both aced as well as foreign matters
smaller than tastor beans, Aalso small stones and
sand, remain with the seed, (if an expeller type

of wmachinery would be used, however, the smallest
particles would also have to be eliminated, as this
kind of device lis operated mechanically more so=~
phioticated. to avoid failure of the more intricate




parts oi the machinery).

‘“fterwards, the seed runs through o sifter with
cyclone, in which all mae.cels spoeciticarily lighter
than vastor beans are eliminuted, particularly broken
shells, deaf beans and jnte or sisal tissue from the
bags,

Quite a problewm is constituted bv meiallic par-
ticles not larger than Castor beans, Thesv cannot
even be eliminated by the most efficient mapgnets
over which the seed is ordinarily run, and they cause
big complications during the cake preparation as
sparks are emitted in the roller mills and this again

may caus: dust explosions,

(3) THE PRESSING PROCESS is equally intricate, as nei=
ther the "cold" process nor the utilization of auto=-
matic screw-presses offer alternatives to the use of
hydraulic presses, The rirst, because the viscosity

of Castor Oil with 1,000 c,p, at 20° C., does not per=
mit "cold" pressing to work efficiently, even 1f enere
gy is wasted,

The second, automaiic screw-presses, though appli~
cable for the pressing o  Castor seed, raquire an ex=
pensive conditioning of the seed, such as reducing
it to smaller plecces, steam-treating and drying.

furthremore, seed temperatures during the pro-
ceas of upto 120% C., which cause a considerable de=~

terioration of the oil quality, have to he tolerated,

'The screw-presses working, with Castor sced, only
in a pre~-press operation, leave the cake with a re=~
sidual oil content of 12 % which would have to be

solvent extracted,

Compared to hydraullic presses, SCrew=presses re=




require donule the mmount 0! cnergsy and are worn=-out
very quickly whaen crerated for Cnstor scead.

The crude ©oil 1 tovan, {ivom serewa-prosses contains
so mmch scdiment tnat it roquliros ore=filtration be-
fore entering into he veirnery, Apainst SC.,OW=-DPIrossSe
es, for crushing :as.or basns, stands also the re=
quirement of & largar workshop and store of aparee
parts for impending repnirs, the trequency of which
is rather intolorable,

Tha seed ts w0 bu warmec-up L Appre 600 Cey
this temperature to be apparent at the outside of
the beans, The conter of the beans should he rela=
tively cooler on account ot the poor neat conductie
vity of o1l seeds, i, ;eneral.

The warming/drying process of the seed is effect=
ed in a multi-floor dryer. fha seed runs, by means of
a metal siova-beli, througn the different Tloore of
the drying machine which i3 heated with hot air at
120G C. The air serving rathe~ for heating than
for drying, is to Lo led, by means of ventilators,
under presgsure al 50 tbﬁ!inz via 7%40 ¢, hoaters
through the seed uniil tha surrcunding i ir 1s almost
santurated with moisture, Only then, 14 15 to be vem=
moved i'rom the warming case,

The drying offect achieved with this kind of
warmingesystem does not oxcaad 1 = 2 %, Besides the
aforcmentioned, there is another one wortiiwhile cone
asidering: the digiectric capacity process, where
high frequency 1is produced in a tube =generator upon
the stecl-plates ot a condensor hetween which the
sesd is led Tor heating. Lt is operated at voltagen
of upto 15,000 V,

With sueh an instaliation, tue efficiuncy reachem
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reaches 30/530 %, The appreciable advantage of such
an inst llation depends upc . a move reyula - penetra=
tion of the entire bean, with wa.mth, thus improving
enormously the crushing-suitability, However, this
process, in most cases, must be discarded as being
far too expensive,

From the warmin  device, the seed is delivered
jnto a smaller silo, where it is kept under heated
air, and from where it can be withdrawn to the crushe
ing presses, according to requirements, The nigher
the temperature, the better is the performance of
the crushing press, the capacity of which, however,
is limited by the importance given to the quality
of the oil,

An additional pre~conditioning of the seed, as
it is usually required for other oilseeds, is not
necessary, as far as Castor is concerned,

Far the followin; crushing process, hydraulic
presses are employed. They mainly consist of 480 mm
diameter "strainers", operating in three pressure
stages nf 50, 120 ana 320 atmospheres,

The crude cil 1 avin: t ese nNreases, ~ontains
very little sediment, so tnat at way be led directly
into the refinery, witaout pievious filtrationg the
cake contains appr. 12 ‘o fat,

As an alternative to the above mentioned process,
automatic screw presses have already heen mentioned,
as well as their disadvantages, However, they can de=
finitely be employed for the crushing of Castor, but
it must be remembered that tney require a rather éX=
tensive syétem of pre-conditioning of the seed,

As these presses, for Castor, can only be opem

rated ut their input stage, they achieve niso not
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lass than 17 % otl coutent in the cake, this having
to be exiracted, as welle

Consequently, 1t 1= the hydrauliec press which =
at least Vvor Castor - can atii! be ronsidered the
more economicel crushing device, being particularly
protective tor the ipstaliation as well as for the
oil,

The seed tumperaiarg must be kept at a steady
6&6 Ce., during the ¢ ushing, as aiready an increase
of a few degreos could cause, under anfavourable con=-
ditions, a deterioration of the oil-quality, as far
as its colour is concerned,

Also, the crude oil must be refined, instantly,
after leaving the press or, at least, its humidity
must be reduced, Even ol hours of keeping crude oil
4n its humid state, are likely to double the acid
value and deteriorate the colour value, 1t has ale=
ready been demonstrated with the example of auto~
matic screw presses, as to how the temperature may
influence the coiour of the oils,

For further compa:x 1801, the Lovibond telour Scale
jmdicates 1,5 red, 5 yellow, for crude 0il from hy=-
draulic presses; and 2.9 red, 50 yellow, for the

same, when automaiic screw presses are employed,

(&) A REFINERY ror vastor oil requires equipment for
de=acidifying, hleraching and cleaninge.

On account of its high specific gravity of 0,96
(at 20° €,), its high viscosity of 1,000 co.pe (20° C)
and its extreme tendency to emulsify in contact with
bases, Castor oil requires considerahly dit'ferent pros
visions tor retining than is the vase with all other

oila,
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The ketile system has .roved reliable. The press-
oil is dircotly pumped from the press into the refi=
nery (boiler) which should have abt, 10-50 cm> content,
and be equipped with a stirring device and heating
pipes.,

The kettle should further be equipped with nozz=
les for bases, salt water and not water, and with
light- and control=windows, aa well as with a thermoe
stat for the regulation of the oil temperature,

The oil is heated under constant stirring., In the
meantime, the kettle is kept under vacuum to remove
the humidity from the oil,

During this phase, ruller's earth is sucked snto
the oil, via the vacuum, before the latter is relea-
sed and the oil passed through the filters.

0i1 cannot be, treated a second time with Fuller's
earth, without risking a deterioration of the colour
beyond the attempted result,

For bleaching and drying of Castor oil, a con=
tinuou: process can be als employed, for which & vae
cuum dryer and & mixer wiil dosage device for Fule
ler's esarth are required, |

Normal rress=—oil is de-acidified by means of -
hases. The oil is to be hoated under stirring, then
the base sprayed slowly through nozzles on the oil,

After some time, and when the stirring is then
stopped, the mixture has reacted into separating the
hoavier soapstock from the clean oil. The so&hstock
gsettles at the bottom of the boiler and can be withe
drawn,

Soap residues in the neutralized oil are washed-
out under constant stirring and adding of hot water,
Stirring too fast, or operating under too low tempé-
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ratures of water and oil, lead to partial or complete
emul ification of the o . This emulsic1 can only be
separated in a dryaing process requiring much time and
energy, and deteriorating the quality of the oil.

The oil is washed until the water leaving the
kettle, appears to be as claar as when added to the
oil.

Further de~acidification is necessary for the pro=~
duction of phannaeeutical Castor oil as well &8 for
the improvement of colour- and acid-values of extrac~
tion oil.

During the miscella phase (see below: oztrtetioql
it has not produced favourable resultsy The afore~
mentioned refining kettles are used for de-acidifi=
ecation of these two oil qualities, as welle

The soapstock, to +hich is added highly acid pit~
oil, is collected 1in a pointed, acidareaiatant and
isolated container. Sulfuric acid (78%) is added for
neutralization. The contniner 1is equipped at the cone
with a direct eteam inta&e through which steam is
blown with 50 1be/in”

In order to avoid f aming before builing, the

and 1540 Co into the soapstock,

steamflow is automatically‘reduced whenever the coh<
tent rises.

Once the boiling peint is weached, the material
doesn't rise any more.,

Roiling takes 4 - 5 hours and results in split-
ting the soapstock into refining fatty acid + neutrsl
oil and acid waste-water, The waste-water is drawne
off, neutralized and abandoned whilst the acid oil
is dried, bleached and rfijtered like the other
olls,

All qualities of oil are to be filtered with the
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same pressure and the same temperature, The filter
is in*er-woven metal-strm ture with ref’1ed steel
sieves and fill.. ...ii.e st Capacity ol the filters
should be 300 = 350 litres of refined oil per mszn
acoording to the degree of dirt in the sieves,

The above mentioned capacity can only be main-
tained as long as the filters don't cool-off but re-
main continuously under operation,

As soon as the filter is left cold for half or

. even full days, the surface of the filter tends to
resinification and the capacity is thus reduced con=-
siderably.

Therefore, it is imperative to employ a refinery
perpetually.

The filter is to be cleaned every 45 minutes, in
order to secure economical filtration, For this purm=
pole, the punps are stopped, These are mono- or
eccentric screw pumps which secure 2a steady admige
stion of the oil, The filter is biown ary vith air or
steam, After abt, H~7 minutes blowing time, the filter
cake or Fuller's enrth residue is dry envugh -~ though
'gtill containing 2?5 % fa - to fall frou the filter
frame by vibration, ;

Since the pumps are exposed, by the dirt con-
tained in the oil, to a high degree of wear, and
since the oil steam~exhausted from the filter vessel
has to be snce more dried, it is recommended to in-
stal pressure vessels, in relation to the filter ca-
pacity, between kettle and tilter, and to blow the
0il with compressed air through the filter.

After tiltration, the oils are ready for sale, ex-
cept for pharmaceutical 0oil which, after cooling, has

to be filtermpolished by means of a multi-ply paper
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filter.,

(5) SOLVENT EXTRACT1ON, as hereunder mentioned, conm
cerns the extraction of 0il from vastor cake and not
from Castor geed, directly,

100% solvent extraction of the latter has been
tried apzain and again, but so far not yielded satis~
fac cory resultsi in as far as the necessary shelling
of beans create numerous hitherto unsolved protisms, .
experts are convinced that the solvent extraction of
vastor beans sould - even if ever posaible = not
yield oil} of similar good quality as hydraulic press~
ed can,

The remainder of oil in the cake, at abte 6 = 7
% humidity, is abt, 12 % and can be reduced, by sole
vent extraction, to 0.7 - 0,9 % oil content in the
remaining vastor meal,

In this connection, the humidity of the cakd =
depending on the origin of the respective seed ~ 18
of great importance. The Lewer the humidity in the
cake, th. better the extrac: ion., However, 1ae humie
dity should not go belovw 5 %o

The warm press=cake renches, after running through
some cracking rolls and flakers, the extraction withe
out further neating and drying.

It is to be supposed that the general system of
solvent extraction is weli-known, There are various
types of vertically operating extractors of which the
method "de Smet" cnn be consicered most up to date
(for further reference see: de Smet Extraction Engi=~
neerings, Antwerp, Belgium),

As for the solvent, ultimate results can be achie=
ved with hexane (0.01 % aromatics) dissolving less

non=fatty components which render, in their dissolved
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state, the crude oils darker and make refining more
difficult,

Due to the piesence of 1,5 % aromatics, ESSO-
solvent dissolves more non~fatty cowponents than
hexane,

Ethyl=-alcohol, though also dissolving non-fatty
components such as phosphatides, saponines and pig=
ments from the cake, has the agreeable property to
pettle, under room temperature, in twe different
Layers: one containing oil with only traces of al-
cohol, the other alcohol with the above mentionad
impurities which are thus withdrawn from the oil,
ﬁike this, a relatively light and clean oll reaches
the refinery.

The solvent extraction plant is the most dane
gerous part of the 0il mill, Jts inatallation has
to be absolutely explosion-proof, i.e. all switch=
es, motors uic, have to he mounted and equipped une
der safeguard of the respective security measures
decreed by the local authorities,

It is the mixture of volatile solvent with air
which causes the danger of explosions, the coONncenm~
tration of the cas-air=-mixture being highly sensie
tive to sparks and other abruptly appearing contacts
with extreme temperatures,

Security measures, in most plants, include strict
instructions not to admit into the extraction plant
persons carrying metal implements likely to strike
sparks when falling to the floor or hittirg other
hard materials,




- 30 =

Chapter 111

(1) GENERAL PLANT ECONUMICS require - as far as Ca-
stor seed preealsing is concerned - an assessment
of rew materials available for orush as the deoci~
sive factor technically and economically not only
to determine the capacity of the plant but, more=
ever, of the entire scheme,

Resarding, at this stage, :olQly the technical
aspects, it is generally assumed that 25,000 to
90,000 tons of Castor seed muat be available, annu=
ally, to operate & Castor plant,

This refers to smaller plants, as they are still
operated, today, without automation of the hydrau=
1ic orushing installations.

For a modern conception, the former type of
erushing plant must already be considered outdated,
Theyrefore, tor a plant really to meet tomore
rovw's competition by exploiting all achievements
of modern technology, *he outlay of the crushing
installation should be based on 8 requirement of
abt, 60,000 tons annually, of beans or, 300 tons

per daye.

It 1s this quantity which corresponds ideally
with the number of attendants required for the pro=

cess of hydrauliec crushing directly followed by
solvent extraction,

The acquisition of smaller units for a lower
daily crushing volume would also be disadvantae=
geous if provisions were made for additional unite
t0o increase, in stages, the capacity later on,

Each unit would then require individual su-=
perviaion and thus cause 2a diaproportionato ine

crease of manpower to be employed.
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If a regular supply of seed is secured but the
quantities do not suffice to operate the plant con-
tinuously, production we:ld have to be stopped dur-
ing oné or even two thirds of the day, thus working
on one or two shifts of 8 hours oach, only.

This would create complications with the proper
tiiing of the various phases of the working cycle
which requires the simultaneous opersation of the
pressing, refining and solvent extraction plants,

Otherwise, power and steam would have to be
supplied all the same for continuous 24 hours per
day, notwithstanding the actual time the plant 1s
epcrqtod. as an interruption of the power and steam

Iuppiy would have most unfavourabhle effects on the

filtration and domacidification process and ultie
mately, on the quality of the oil,

Whilst the ideal outlay of the plant thus de-
pends on the initiators' skill to match the sup~
posed capacity of the plant with the expected
supply of raw material ~ not speaking of other
criteria, such as the marketing of oil and moal =
it m st always be rememt red that only ‘'ully auto=
matic hydraulic crushing installations satisfy the
r¢qu1£0uentl of modern technolofly.:

Such a Castor plant to be operated in a con=
tinuous and well-tuned flow of production in ite
various stages -~ the requirement of abaolute con~
tinuity in filtration calls argain for attention =
with é¢omplete. co=ordination of machinery and mane
power, could be imagined to have the following
layout: The seed which has to be di~electrically
pre-heated - with penetration of moderate heat
deep into the inner bean - 1is fgd into fully auto-~
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automatic hydraulic presses of 300 tons daily capams
city to t ' accomplished in t' ree shifts of © hours
each,

The cake is to be run over grouved and reoller
mills into the extractor which is to bu operated
with hexane or ethyl=alcohol as a solvent, the exe
traction plant including vacuum distillation and
de~gsolventiser toaster to ary the meal,

The 0il then enters the refinery wvhere it is to

be operated in a kettle process, as previously de=
monatrated,

The importance of a well-designed power and
water supply system must not be under-estimated,

A crush of 300 tona of beans per day requires

abt, 9 tons of steam per hour at approx, 150° Ce
Refinery and extraction plant consume most of this
steam,

At tne samo time, 600/700 kw of power are
needed, Since a turbine power plant with a 9 ton

h

boiler may easily renerate 700 kwh. auch an acquie
sition is advisable,

Finally, appr, 100 ¢bm o fresh, clean .nd
rather cold water, possible to be drawn from a well,
must be available,

This water serves mainly for cooling purposes
in the solvent extraction plant,

(2) THE INDEPENDENT CASTOR PLANT should certainly

be favoured agninst an oilmill crushing all kinds

of vegetable oilseeds, as a unit precessing Caetor
boans requires installacions and accessories which
are not suitadble = or at least absolutely unecono=
mic - for other oilseeds,

Also, there is, for Castor, no need for pre=
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onfitioning ar deoduriSinﬂ, a8 required for the Pro=-
duction of other oils,

Quite certainiv, most other seeds cannot bo ecow
nomically crushed ip hydraal i o Preasses; the advane
tage or fully avtomatiec sdrew pressas LEing obvie
ous and undisputed,

Furthermore, the use or hydrautic prosses for
other oilseeds mostly rendering edible oils would
require additional equipment Linch as a pre=filtraas
tion unit and g pre—~demucilago installation tor the
orude oil, whilst femacidification of such edible
oils calls ror centrifugal instal]atluns, which do
not suit Castor oi],

Ueneral |y speaking, it could be emphasized that
the choice should pe for screw presses if oilseeds
with a lower oil content - soya, linseed - are pProm
cessed; for hydraulic presses when the crush of Oilew
seeds with high oil content - Lagtor - js intended,

Furthermare, there arc two more reasons for
keeping a Castor seed crashing mil! apart from gsjie
milay installations whrich procaess oilseeds yieldm
ing edihje oils: security and health,

It cannot be imagined that the authorities anye
where in the world are Likely to close their ayes
to the danger invalved wherever Castor seed is
stored togethe: with other oilseeds destined for
alimentary pPurposes or, if the same couveying
equipment is used for their transport,

A Castor plant as described above requires the
number and qualitfication of workers 45 lListed bew
low:

per shift - tenerating plant: | superintendant

pre=conditioning: 1 labourer
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automatic presses: 1 labourer (trainee)
refinery: 1 labourer (tr:inee)
extraction plant: 1 labourer (trainees)
1 superintendant (who
should be qualified
as a mechanic)
t additional hand to
assiit the superine
tendant,
Purthermore, the day-shift requires
a team of 4 wechanics under 1 foreman,
another of 2 electricians under 1 foreman,
a tcam of 15%/20 hands under 1 superintenm
dant for transport and storage,
1 bricklayer, | painter, 1 hand for cleane
ing jobs, 1 technician,
This list does not account for managerial ssaff
and clerks to be employed in the commercial departe

ments of the company,

Sufficient importance has to be given to the
allergic properties of Ca' tor seed and Usstor mneal
= these being mucih more dangerous than the toxic
factor - and their influonce on plant attendants,

Firat of all, the individual human physique
reacting differently to allergic influences, persons
should be selected as plant attendants who prove
less sensitivs than average,

Secondly, an exhaust system for dust absorpe
tion should be installed in those parts of the
plant where seed and meal are stored, moved or
treated,

Also the location of the plant is to be taken
into account, as far as third persons can be aller=
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allergically contaminated by fumes discharged from
the plant,

Caution, in this respect, certainly rules the
choice of seed- and meal-storage and =transport, as
described in Chapter IIT,

No such caution is necessary for the storage of
841, this having neither allergic nor toxic propers
ties and requiring only heatable steel tanks to
maintain the fluidity of the oil when it has to be
discharged and filled into tankcars and drums,

The plant should possibly be located near a
waterway with approach to the open sea, for either
raw material supply or export >f oil and meal, Rew
sidential areas must be avoided for danger of exw
pPlosion always existing in solvent extrastion plants
and on account of allergic contamination,

Aparc from these rather general remarks, an ine
dividual feasibility study must, under all circume
stances, be available by expert marketing and Agrim
cultural consultants before serious industrial
Planning can take place, and the most suitable pros
cessing technology be selected,

(3) THE INFLULNCE OF CASTUR OTL MANKETING ON INDU-

STRIAL PLAANING i certainly not to he undere
estimated, International Castor oil trading, with
the peculiarity of Brazil's outstanding positioen,
is important enough a factor to be thoroughly taken
into account berore launching the venture of a Ca=
stor seed crushing will,

Before evaluating, however, all those conside~
rations, hopes, guesses and facts which accumulate
in result of any thoroughly conducted examination
of the market chances for the merchandise intended

i e o o
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to be produced, it 1s tnevitzble to pgive some very
serious thouphts, once mo e, to the ues: ion whether,
in every individual caawe voncerned, the repular supe
Ply of sufficient seed iy secured and what could,

for instance, be done in case of a failure of the
very crop on which the mill totally depends for

its annual crush,

It has been demonstrated earlier in this Chapter
(see above) that the plant can be considered sufe
ficiently supplied if there are some %,000/30,000
tons annually available for crushing, provided the
initiators have decided for the more orthodox than
the technically advanced version,

The management of the plant has to make sure,
moreover, that this quantity, which in most instances
will be derived from one single crop and be thus
available in the course of 2 months at most, can be
financed and stored i/or crush in later months - une
lees their arricultural counterparts are satisfied ,
that they cannot dispose of their crop immediately
upon heing harveated but nlv by instalments, thus
involving the necesasity oi storage at their end,

There remains a third possibility: that of lete
ing the plant operate tor only a few months a year
at least on Castor, The nazards involved have been
equally demonstrated in this Chapter,

(4) THE WORLD “ARKET SITUATION for a commodity is
gonerally governed by demand and supply, Whoever
vants to promote supply should, therufore, gain

the necessiry knowledpge ot the demand-structure for

this cowrmodity, For Castor oil, the pattern of con~
sumption in difterent industrial countries differs
so0 widely, that rseneralization is as difficult as
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it is danyerons,

Whilst it AT YRR S A the 1y ared 1y

Gt P ow

tain huropea g4, RS paiat . oy Varuilshios, gl
sStics and re« {4 e Yo wmere (g a0 N ool Cam
sLor oit COLSUnptLon, the Ll qerane Ty coansumy (1o
ly 20 % or its reg.tiresents oo uamodr fied Castor
oil, the rest APpaariny in the Pori 6f gehycie acid,
hydrogenateq Castor vwil o =Patty acidg, dehyvdratoed
Castor oil} or ~fuatty 4ciads, binwng Casvor i1, sule
phonated Castor 443 "t g, hefora fUtering the varie
ous stages of turthar Proce sing,

Of the ahove mentionead 0 % oaf Lastor oll uype
modified for marketing, less than 10 % aceount for
cosmetics, pharmaceutical and wedicinal use, this
fact ﬂnfinitely disﬁdldiﬂﬂ the - false common
opinion that Lastor ail is nainly destined to bhe
swal lowed,

As a matter of faet, the quantities needed to
meel the demand tor medicinal, pharmaceutical and
cosmetic purposes ar. far tuo Heglipible to jue
stify the ereciion of a Costor of] plant,

It Is LENerai.y assumed Laat o plant producing
raw materials mainly destinad for Berving chemie
cal industries - and Lastov 0i) ecan he so clasaiem
fied - should be a. © to hase on a home market for
at least 30 % of its production, This woild pro-
vide, ot Course, for a sophisticated structure of
domestic industries fencrally not avallable in -
ccuntries interested in Castor oi] produc tion, on
account of their Glimatic and othep conditions,
rendering them well dispnsed for, at least, Castor
seed production,

*
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Unfortunately, the major reason for failure of
Castor seed processing plants in other than highly
industrialized countries has always been the lack
of sufficient knowledge of consumer habits which are
difficult to be analysed and followed, unlees they
can be studied in the actual neighbourhood and thus
lead to an easy adjustment of the Castor oil prow
ducer's marketing strategies,

It doesn't seem to suffice replacing a home
market with all its merits by governmental support
programs destined to foster the export of the oil,
since this does not help to keep the producer of
the oil sufficiently in touch with his consumer,

On the other hand, support programs have to be
paid for by someone who is certainly not identical
with the importer in other consumer markets, More
likely, it is the local agriculture which has to
foot the bill when, for instance, the oilseed
crushing industry of & country is to be protected
by a ban, or a levy, on the exports of seed,

Lacking competition on the raw material acquie
sition front, the crushers who have enough trouble
to place their oil on saturated and anonymous world
.markets, tend to obtain relief by simply underpaying
their suppliers, the seed growers,

If a certain home market capacity is necessary
for Castor nil, it is not less desirable for Cae
stor meal, this being used as fertiliger, only,

Most a;ricultures, however, suffer « above all =
trom insufficient N,P,K, for field manuring, and
will certainly prefer a synthetic fertilizer, such
as sulphate of ammonia, to Castor meal, with ite

5 = 6 % of Nitrogen being worth abt, § 1.~ per




unit, compared to 8 0,20 per unit in sulphate of
ammonia,

The high market value of Castor meal originates
from {its appreciatioa as an organic tertilizer for
sophisticated agricultural ventures, such as lawns,
flowers, prime vegetables, fruits and vineyards,

Its disposal on A market with , restricted nume
ber of consumers who are likely to pay more forpr
Castor meal than the value of Nitrogen therein cone
tained is certainly a factor not to he under-ogti=
mated, the more as overseas tranapartatinn, transe
shipment and discharging of Castor meal create a
number of problems originating from the allergic
affects, particularly of Castor meal dust wirich =
as most port authorities claim already - is insyufs
ferable for stevedores and other humans likely to
be contaminated,

In a rather saturated world mairket, profitabie
lity of Castor oil exports also deponds on the
producer's technical ability and economic readiness
to otier such birh qualities of Castor oil as PETr=
mit an offectiv. couipuet it jon hy fetehing Chese
prices which are normally quoted for oil wirich has
not suffered in colour ansd acidity by overseas
transport and transshipment, .

If it can be assumed, after studying reliable
international statistics such as the Foreign Agrim
culture Circular regularlv puhlished by The Fow
reign Agricultural Service of the 4§ Department of
Agriculture on Worid Exports of Uilseads, Fats and
Oils, that the supply and demand rosition in exe-
isting markets for Castor 0il can at least be called
balanced by presently available Casior seed crushe




crushin/ capacities, the ass(sament of future Cae
stor oil consumption definitely merits considera=
tion, as all industrial planning should be guided,
after all, by sound economie aspects, only,

In this rcspect, experts' opinions do differ
much more than is desirable,

It is known, for instance, that France has been
producins a synthetie fibre, RILSAN, from Castor
oil, accounting for 75 % of the oil consumed in that
country, in 1969,

In 1970, the requirements for Castor eil of this
one industry once more rose by 9,000 tons to 45,000
tons (out of 75,000 tons total imported by the Come
mon Market countries besides their own production
in that year of some J0,000 tons), and as late as
in the fall of this year, RILSAN production, for
1971, was estimated to push raw material requiree=
ments upto 60,000 tons of vastor oil, However, it
became evident in spring, 1971, that the depres«-
sion from which the synthetir fibre industriss had
started to suffer, worldewide, made it necessary teo
reduce the RILSAN production sharply, From January
to September, 1971, not even 20,000 tons of Castor
oil were actually absorbed by this consumer,

The very large proportion of Castor oil used as
a drying oil for making paints and plastics, also
calls for attention,

Certain characteristics of Castor o0il which hawve
been mentioned in Chapter I have not yet been mate
ched by synthetic products, Future development of
Castor oil consumption will depend, however, to
a very large extent on the chemical industries' pee

search and its results in this respect,
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Chapter Tv

(1) coMmon vsg OF CASTOR MEAL has alwiys been in
—— et e g

the past, and still is, that ot Hanuring, partiocwe

larly in demand f'or gardening, ang wheraver heople

ask for an orpanic fertilizar,

As shown 1in Chapter T, Cistop meal is not paje
ticularly rich in nutrious subetinces, containing
relatively little N, P, K,

Being very offective, however, for certain ciulm
tivations such a8 lawis, flawnorpg. Prime vepetablas
and trapes, Castor meul has its regul ar COnsumers
who absorb the annusl nrodyction,

This refers tgo Europe and Japan, No accurate dew-
tails arce available from Brazil andg India, where
Castor meal seems to eerve gisp for field manuring,
Possibly mixed with synthetic fertilivers,

There is some negliigible cxport or Castor meai,
from Brazil o Europe, wihrich has tardly any chances

to expand although import duty on Costor meal is

A

neither charged by the Common Market nor in UK,
As shipment ig difficrlt on account of the notoe

rious allergic hazards, and as the bulkiness of the
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merchandise makcs Lt rather expensive, an impetus
for export is lacking on he shippers' side, As the
European market is more or less staggering on acm
count of competition arislng from chicken refuse and
other organic residues of newly creqated industries,
the import into cansumer countries is not very much
attractive,

The advantages of Castor meal on the fertilizer
market are still prevailing over the one alterna=
tive, detoxification, because the fertilizer prices
are, thourh low, relatively =table,

Castor meal i» net a money-maker but a constant
calculation factor. which permits the manufacturer
to escape the two-front combat, the dread of the
average oil seed crushers wito normally have t(wo se-
perate hazards to cope with, ups and downs of olile

prices and of cake~ and meal-prices,

(2) ALTERNATIVE USES OF CASTOR MEAL can be seemn, gew
nerally, in the extraction of its pure protein,
Castor meal contnining MN/26 4 of protein, = or in
its use as a feeding stul  after detoxification,

This second alternative has attracted some ate
tention, new and thern, in recent decades; less bow
cause of an imminent shortage of protein-containing
feed stuff - the production of sovabean meal rising
continuously « but for various detoxification mew
thods which have beon developed and published, in
due course,

As a matter of fact, some of these methods are
neither comp!icated nor uncertain, as far as theipr
positive results are concerned, lHowever, even if
detoxification were imperative, for reason of a

necessary Jdisnosal of the meal rather than for
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cCommercial conaiderationg - there woulg have been
created some Sérious problems |t Castor meal had
hot found its merits 5 g fertilizer - the avajle
ability of a non-toxic, hon-ajlersie Ciastor meal
on the fodder market would be far from making it
& paying Proposition,

Recent studies have peen extensively made and
completed by proy. Ferrando of the Ecole Vitérie
naire a'Alfort of Prris/FRANCE,

Their results have confirmed the sceptic views
always kept by Castor crushers; though the elimje
nation of tje riein wvould bhe relatively simple,
the meal would not only be refused by farmers ine
atlnctively but would actually remain dangerous
as an animal feed beecause of 14 containing de~
bris of the bean she}l whieh is extremely abrase
ive and Provokes cuts anad bruises in the tissue of
the animals’ direstive apparatus,

Consequsntly. it would he hecessary to peel
the beans before ¢rushing,

The impracticability of this processg = which ia
tochnicnlly Possible = has been demonstratea ip
respect to the Question of a 100 % solvent extracm
tion of Castor beans (sce above Chapter 11/5), For
the sake of rendering Castor meal harmless, after
dotoxificatinn, it would involve an inadequately
high expenditure,

Equally exorhitant have pProved to be the costs
of processing Castor meal with the aim of obtaine
ing Furfural, an aldehyde usually derived from the
furfure of oats, The alcohol of Furfural is in
good demand by manufacturers of luran-resins which
are used in the iron- and metal-foundry business,
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to prepare casting moulds,

Unfortunntely, the yield of Furtural is far too
low caompared Lo that i rowm furfure of oats, in order
to justi,y this precesy which had sattracted Castor
soerl crushers soiv $oars 170,

There remains the estraction of pure protein,
It 182 achieved by treatment of the meal with a
solution oY soliom-{nloride and its precipitation
with hydrochlorie acid,

Howevor, proteins of otaer origins are not only
cheupe:r Lot alee of palter quality, as regularly
made ef{toris have revonled, hoth, in feeding teste

as welil as in ndustrasl explojitation,
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(1) PtmRMgg:EUfrICAL_, CASTOR OIL has heen 1lready rqm
ferred to in other connections,

For every layman Castor o1} is, first of all, a
laxative, its taste and ity purzing effectas having
marked moments of anxiety for fenerations ofr constie
pated human beings,

Toduy, Castor o1l hus been more Ov less replaced
by more elaborate products, listed as 8specialities

by the pharmaceuticaj industry for the intesvinal
relief or markind,

Castor oil {n the medical field, i,e, in dermatolow
8Ys where it was used to eliminate warts and to soothe
the skin against itch,

More important, nowadays, is the use of Castor
0il 4in the cosmetic industry, serving as softener

for nail polisﬁ:é, lipsticks. in creams ang lotions,

Both, medicinal use and cosmetje industries ace
counted (in UsKey, 1969) rop 7 % of the consumption
of unmodifieqd Castor oi) which, .in turn, made only
18 % of the total consuuption, the rest boing mow
dified Castor oils,

This means, that little more than 1 % of the
Castor oil (in U.Ke, 1969) actually served for medie
cinal, Pharmaceutical or cosmetical purposes,

(2) uNMODIFIED CASTOR OIL, or its chemical charace
toristics, after refining, as wel) as its analytie
value and itg trade dnsariptionu, have been acknows=
ledged in Chapter 1 above,

First pressing Castor oil is mainly used for
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surfaceycoating, i,¢., in the manufacture of alkyd
resins which reprcosenv vehi-les for highly efficient
oven-baked varnishes anc enamel finishes, as they
are used, for instance, in +he automobile industry,
for the coanting of household utensils, refrigera=~
tors, etc,

For some of its properties, such as liquidity
and solubility, and 10r being an excellent emulsi=
fier and wetting agent, Castor oil is also used in
the manufacture of household and industrial disine
tectants and of products used in pest=control,

Whilst [ew techniques seem to have been ~“aveém
loped, in recent years, to match Castor oil in the
surface coating and the disinfectant field, none
seem to have succeesded in replacing it, not evoen
in 1967/1968 when Castor oil topped the § 500, ==
por tom CIVF mark, due to an unusually bad crop
year in Hrazil,

1t has been mentioned that Tall oi) has re=
placed Castor oil to some extent, in those years,
but lower prices for Castor cil witnessea more
recently - & 200 / § 350 per ton CIF - seem to
nave stemmed this tendency just when the urge to
find formulae favouring synthetic compounds or
derivatives o1 cheaper oil »s a basis for products
of similur chiracteristics as the yet unrivaled
Cnstor oil, became threatening.

Crator o+1 sc ond, or third pressing = the di=
vision hetween them heing somewhat arhitrary, the
denomination "commercial srade” applyving as well,
and all confirming quite definitely that "first"
pressed oil has been mixed with extraction oil,
4f it is not just that - have a limited use in
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similar ftielas, where-over their lower prices ap-
pease the technicians' conscience, bhut they are lare
rely serving 2o raw materials tor the production of
derivatives,

The breakdown of 1969 figuros for UK., as come
piled by the International Trade Center of Geneva,
in Novewber 1970, reveal that of 28,000 tons of Cgm
stor oil consumed in that country, 5,000 tons were
marketed s unmodified, 1,750 tons of which were for
surface coating, 1,600 tons for disinfectants, 1,000
tons for lubricants,

More than 23,000 tone, on the other hand, were
listed as derivatives which, in due course, would
have served similar purposes as the unmodified oil,
Just as this or that particular industry may have
preferred their raw materials more or less semin
processed,

This fact rendors statistical figurcs whieh are,
therefore, more likely confusing than enlightening,
rather immiterial,

(1) CASTOR OIL PROCESSING, thoush mainly a task for
the chemical industries who are customers to the

erusﬁ?ﬁg mills, has bheecn added to a certain degree,
to the activities of the la.ter,

By traditiom, the European Castor seed crushers
produce not only umnmodified Castor oil in pharma«
ceutical, first pressing and - moatly modified =
extraction quality, but also those derivatives not
requiring techniques which would be “solutely une
common in uil mills, such as blown and dehydrated
Castor oil,

“"Blown?®" is the description for a Castor

o4l which has been thickened by air-goxidation,
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It retains its fluility at a lower temperature
than nnmedif.cd Castor oil and is preferred as a
hasic inaredien*t for hvdraulic oils,

De hydrated Cnstor oil is a drying oll,
contrary to unmodified Castor oil which is non=
drving,

Dehydration of Castor oil is aechieved by reacte
ing the hydraoxyl group of tha ricinoleic acid with
an adjacent hydrogen atom and separation of water,
producing unsaturated fatty acids with 2 double bonds
of the 9.1” and 9.11 linoleic acid types,

This process is nowadays practiced to a large
extent by emploving acid catalysts under vacuum at
high temperitu es,

an oil with 2% % conjugated fatty acids is so
ehtainable, ‘

pvehydrated Castor oil being very pale and odour=
less, is most snited fo. the production of alkyd
resins, epoxy resins, styrenated and acrylized ale
kyd resins as weli as for utilization in combina=
tion w'th nther drying oilr and resins,

it constitutes films of outstanding flexibilie
ty and rlosa., 12 fast Aarving and possesses good metal
adhesion properiies,

The same chfn be attributed to de hydrae
ted Castor oil fatty aocids,
which are also {aveured by she surface coating ine
dustry,

They are ohtained by decomposition processes in
which very f:w manufacturers are specialized.

Alternatively to dehydrated Castor oil which is
novmally of low, i,e 2 = 3 polase, viscosity, there
is also produced ant offered a s t an doil eof

;




dehydriated C.astor 0il, polymerized to 30 poise and
nigher viscosities,

Other derivatives of Castor ©il requiring more
extensive installations, are usually manufactured by
subsequent industries, usinz Costor 0il first press=
ing as well as commercial trades, for some of these

Processes hereafter described depend on the chemical

components of Castor oil morc than on the total scope
of applications available in first pressing Castor
oil, only,

Sulfonated Castor o 11 1is used
by a wide range of industries as a rinish,

Sulfonation - or sulfating, bein; a more up=tom
date denominaiion - refers to the treatment of oils
with concentrated sulfuric acid, oleum and chloro-
sulfuric acid, in order to obtain esters of sul Tum
ric acid and sulfonic acid,

Paterification of the hydroxyl groups of Castor
oil results in several useful products, the most
well«known of which is Turkey Red o0il, a sulfo-
nated -~ or sulfated -~ Castor oil of medium degree
avlfation,

Concentrated sulfuric acid acts on Castor oll,
the unreactive msulfuric acid is was)ede=out and neue
traliged with soda-lye,

Turkey Red o0il has been, for a long time, une
rivaled as a medium to impregnate cotton making it
receptive for dye-stuffs,

Sulfated as well as the more recently developm
®d highly sulfated Castor oils, are frequently uti-
lized in dye-works, textile finishing, textile Pros
cessing and leather industries, They are also used
for wetting a.d emulsifyirpy agents in the paint ine

dustry,




These oile arce soluble “n water, they possess
the properties of =soaps without being as sensitive
to hard water as tnese,

sulfated oils cin be considered the ancestors of
synthetic wetting agents and dcetergents, this expla=~
nation implying that the former are now in the course
of being supplantad by the latter which are mai.nl.y‘l
produced from petro-chemical materiales,

Hydrogenation ia another way of mow
dification of Castor oil, ’

Catalytic hydrogenation of fats, 1.,e, the addi-
tion of hydrogen to unsaturated fatty acids which are
transformed into saturated fatty acids by the splite
ting of their double bonds, refers to this term,

When Castor oil is hydrogenated, the double bond
of the ricinoleic acid is saturated, developping inte
hydroxy-stearic acid,

The typical features and the usefulness of hys
drogenated Castor oil depend on its hydroxyl groups
which must he protected to .he extent that they re=
main evident after full hv=drogenation,

This type of medified Castor oil is, with a
high hydroxyl value and a low iodine value, of brittle
hard, tastc- and odourless nature, melting at a tems
perature of 86° ¢,

In its solid form, it is mostly supplied in
flukes with a flat, waxewlike gloss, The melted pro=
duct is clear, tiansparent and almoat colourless,

Hydrogenated Castor oil is compatible with all
natural and petrowschimical waxes, increasing their
melting point and decreasing their molting range.

The acid of hydrogennted Castor oil, 12 hy=
droxy steariec acid, is also sucoess»
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successfully marketed,

Both products are uged in the snurface coating in-
dustry, in lubrication rreases and various polishes
and dressings,

Their main use (s ip crefses, the resistance of
which to extreme temperatures, Lotn henat aud cold,
is decisivaly increased when containting hydropsonated
Castor oil,

Zven niore important, at teast i respeet of the
quantities it absorbs of hydrosenated Castor oll,

18 thd surface ¢oating industry who appreciate it
ar a pigment dispersing or Mtiesetiling arent in
paints, to improve brushing qualities and to reduce
the sagging of thick coats, Alsov, hydrogenated Cpe
stor oil affords food non-yellowing propervies for
stoving finishes and enamels which are subject to
high temperatures,

12 hydroxy~-stearic acid is used for similar ape

plications.

Some of the most sophisticated derivatives of Ca~
stor oil are, by all means, those polyamides which
are oroduced in France nder the trade mark RILSAN,

They are attained by t h e r m a L de coma
Pow1ltion of Cogtor oil which is heated to
500 / 600° C, into cenenithol (a hept-aldehyde) and
undecylenic acid,

This reaction leads, via the undecylenic acid,
in several stages to 11-aminoundecylic acid which
is then tranaformed by poly-condensation, into polye

‘amide 11 (or NYLON 11) which, under the name of

RILSAN, has met a large scope of application,
It is humidity-, chemicals-, and cofosion ~
reasistant and used as a plastio for high precision
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parts, insulating material in the electronic indue
stry and for metal=-protective coating,

Most of its fame it has achieved as a textile
tibre,

Its heat=resistance reaches from 40° ¢, below
to 130o C. above zero,

Recently (compare Lhapter III/4 above) RILSAN is
under heavy competition from a polyamide of petrom
chemical origin which is known as NYLON 12,

It is obtainod from butadien which is available
as & residue in petroleum refineries and can be
transformed by polymerisation and condensation by
gradual process,

Finally, there is s e bacic ac i d to be
mentioned as a derivative of Castor oil, although it
is ugderstood that all former major uses for it are
on the decline, or have already ceased, consumers
outside the UK hardly being traceable any longer,

Reasons for thi: development appear particular=
ly complex and uard to analyse,

Sebacic acid can be used for the production of
the polyamid NYLON 610, Its esters are excellent
plasticizers for vinylic resins and gained reputam=
tion as lubricants for jeteaircraft,

Sebacic acid and iso-octanol which is used in
perfumery as a defoaming agent and as a high boile
ing solvent, result from the decomposition of the
chain of carbon~-atoms of the ricinoleic acid in re=
action with alkalis at 270° Cey the fracture taking,
place between the 10th and 11th carbon atoms.

(&) TO DRAW A CUNCLUSION, the imporiance of Caster
eil as n raw material for the chemical industry, is

not easily assessed,
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Until 1970, consumption of Castor oil has Ateadi-
ly ircreascd, world-wide ,

Adding up Cavor se Cxports, in .¢rms of oil,
and Castor oil exports for the period from 1964 to
1969, these tipures rise f'rom 205,300 in 1964, to
267,850 in 1969, this leaving unconsidered the home
censumption in Brazil, India and some minor importe
ant seeu growing countries,

Whilst for 1970 a decline in Castor oil exports
is statiatically evident but may not bear much sigm
-nificance, tne sharply reduced consumption of Custor
oil in France, for the production of RILSAN, should
leave its marks on world totals, at least as from

1971 onwards,

8till, there is no evidence of a replacement of
Castor oil by other materials, elsewhere, with the
exception of sebacic acid consumption,

Whether or not new fields of application for

" Castor o0il may still be undetected, remains to be
sean,

For the time heing, qaite certainly, Castor ot}
is tu be judged ns a rav material of ouvtstanding vaw
lue to various branches of the chemical and allied
industries, and it |s most likely that this asitua=
tion will prevail for still some time to cCoOme,









