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PR S F A O &

doybane hove besn only recontly introduced into thie
country. ‘@ yot thaey nre ptill plented on &n exporimental eesle,
and much work muet be dono in ordor to determine the verioty best
suitod to the e0il and olimate of this pert of the world, Very
fow farmors know ndout 1t, nnd 1t e only whon we een make puffi-
eiontly good uso of 1t that the former will fnecept to plant ¢,
and theroby come $2 approcints both ite natritive snd 1ts soll -
fmproving cunlitioes.

Thie papor ie mainly o study of the chomistry of Syriem
eoybean 91l, Its technology, which is briefly 8iecuseed in the
firet part, givee s gonornl idea of the mothods used for ite
procoeeing. The third part, dealing with entelytie hydrolysis, e
a separate prodlem by iteelf, The critiosl study of & eolvent-
oxtraotion plont, given in Appendix "B", ig also & seperste problem,
denling with ofl teehnology.

I wigh %0 thank all the personnel of the Chemiptry Depesrt-
mant, ospecially Professor Nioholes D. Consten, who has kirpdly
ceoneantod to act as ndvieor to me on the work underteaken faring

thie acndemic yoar,
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Texonomy ond ocology

The soybeun bolonge to the fumily “"Leguminoeae”, sub-family
"Papillionancens”, and genus "Olycine” or “"Soja”". It ie a plent
indigenous to China, Muanchurie, Korsa, Japan, end T'ndo-China, That
it hae boen known for a long $imo 1p shown by the frot thet it was
doseribed in a "materia meiien”, written by the Chinese imperor
Shen-lung in the yoar 2838 B,C,, as a plant poseeeseing no lese than
threo hundred modicinel properties, Therefors it must have been
usei ae a stople food for a long time before thrt l&tn.u) The
Chinepe and Japances prepare a large variety of foode from the bean
which thoy coneume in groat quantities, To thom milk, butter,
oheeme, and mont havo nevor meant oows but soybeans,

It has beon found thet poorer types of eoil sait the bean
botter than rieh ground, which weakcns the plent's resistenee to
froet, The bean requires nitrifying bueterie whieh, 1f abeent
from the eoil, ean be introduced by invouletion of the peeds prior

to powing.

Morphology'®)

The eoybean (50)a meax) 18 a summor leguminouws annual, Fode
are from 2,06 to 6.6 centimetore long and contein from £ to 4 seeds.
The gtems, losves, £nd soed pods are covered with short reddieh-

brown or gray haire, The root tuberclee are lerge end abundant,

(1) Borth, pp. 206-9 (£) Purlieon, pp, 5-4



The flowors aro small &nd inconepicuous, either white or purple,

and are clustered in the sxile of the leaves, The stems are breaneh-
ed, rathoer woody, and grow from 5 to 6,5 contimeters or more in
height.

The 91l (npproximstoly 184) is ounteined mainly in the
cotolydons, which make up fuily 90% of the soed rnd contailn £0-£14
oi1, The gorm constitutos only % of the seed end contrine approx-
imatoly 104 0il. Thoe rommining 8% {e the hull, containing only

0.6% o11./1)

Uasce of the Hoybean

The soybean has beon culled by esome "the ubiguitous bean’
due to the imensity and Afvoreity of ites unes, ae shown in the

table on the following pagu.fﬁl

Figelo SUYBAARS FLANTED
AT AL-ABDEH, 1944

(guurteuy off iﬂo office
seonomique de GCuerre)

[Z] Referemce [7,p.2

~‘J h 055, {)-lh
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PART 1

THE TECHIOLOGY OF SOYBEAN OIL



THS THECHEOLOGY OF SOYBUAN OlL

A. Mothodg of Procersing:

Zoybean oil oan be obteined by three methods, »ll of whieh
arv widoly used:

(6) Continuous preseing in expollere and serew presnes,

(b) Nydroulie pressing.

(e) solvont oxtrmetion.

1)

(n) 3xpsller mothod! }) This ie the oldept end most widely used

method of extranoting soybesn oil., The beans are crushed, dried to
2 mpisture o mtont of about 8 por cent, and paesed through 2 eteam=-
Jacketed trough which hoats the beane to nbout €6°C, before they
ronch the preesing engo or expelior, Thie trestment rendere the
product more mobile without injuring tme quslity of the oill or
impairing tho digostibility of the putrionts in the memal, The
ordinery working proseare ig cbout six tone per square ineh, The
0il is pumpod throagh & rotory struinor on {te way to stornge,
whilo the onke omergoes in thin shoete that sre brokon up on a re-

volving oake breaker ut the diechurge end,

(b) Hydruulie pressing: The boans sro prepared in the same way

ae above, oxeept that they must bo heuted to = higher temperature
bofore being pressed., As this process is not eontinuows it reguires

much hand labor for loading end unloeding the presses.

(e) zolvent-extrnetion: Thie procoes hes been extensively ueoed in
surope., It eonsists in diesolving the oil in a euiteble solvent,

(1) Burlison, p.9
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puch as bongins, and Ilater evaporating the esolvent, leaving the

oil behind, 3oybean oil obtuined by thie method is elsimed to
possese suporior bleaching qualitiee ard showe leee refining 1loss.
Likawise ths moal bocomee lese cuscoptible to reancidity and ehowse
bottor vdhesive properties for utilisetion in the glue industry.

3olvent oxtroetion methods operate under tiwree different
forme:

1. The injopendent extractor process.

£, Tho gemicontinuous or serioe process,

3. The continuous process,

In the firet procase onch extrector hae ite own etill, con-
densor, end solvent tenk, apd ie u un!t by iteolf, independent in
every way from other extresetors., Thie form of solvent-extraetion
i# the lonet complicsted, »nd one thet !¢ eclaimed to prove more
prafitable in the long rum.'l’

The esmicontinuous or epories process usae & bettery of four
to six extrnetore working in eariee, oo that the hot sdslvent from
one is ueed in the next, theroby roducing the mmount of steam
neceseary to hoat the otherwiee co0ld solvent, The oil-laden solvent
ie then elthor dietilled of f in esch extreotor'e individesl etilld
or 2lse 1t ie collected end distilled off in & common cvnpmtor.m,

Continuous extraection procespees oporcte on the eounter-
current prineiple, In figure £, the Bollmen or "peaternceter”

(3) A pair of oonveyer cheine encircle upper and

syeton {p shown,
lower sprockot wheeles ani have nttached a lerge number of sieve-

bottom buekote contoining oileced flakes, whieh are introduced into

{1) Ind, 4ng, Ch,, 18, 608, (1986§). (£) see eppendix "B~.
(3) Goes, p. 1E,



the top brsket on the demeanding elde and are dlschrrged into C by

inverting each buskeot on the top, after it hes gono through the
eomplete eiroult, Tho asconding duskets uro washed et A with a
sproy of fresh solvent whieh trickles downward countereurrently.
The "half miecelln™ eollected from thie side is thern ro-used to
wash the desconding chein of baskots at B. The resulting “full-
migeolla” is then pumpod to evaporantore, snd the spont meel {e con-
veyod through a sories of driore,
Figure 3 phowe e sectionnl viow of the ¥ennedy continuoue

countorcurrent o:tmolur.”)

Thie extructor eoneiete of & long
horisontul chambor, the lower portion of whieh ie made up of & num-
ber of somieircular sections or pockets., imeh seotion eontaine a
paddle wheel having four perfornted bledee, sl1l turning simul-
tuneously in o direetion opposite to the movemont of the miseells,
The ground raw wmatorisil, fod ot one end of the extrretion chsmber,
is moved slowly from sectior to pection by the perforanted paddles,
and i{s finally 4rawn up 2 long incliinoe by a drag conveyor; there

it {e thoroughly dreined and dolivored to & solvent-reecovery veacuum
drior, whore tho monl ie freed from the last trecee of colvert,

For more dotniled diecussion the original article must be referred

to.,

B. The rafining of soyboen n:1.'%)
In pofining eoyhoan oil five stepe era nested: ")

a) leutrnlizsation

o m— e o e ——

(1) Ind. sng. Ch., 36, 188, 1944,
(2) Ind, 4ng. Oh, 28, 895, 1056,



b) Weaehing. . . o § 1PE PEmosd
e) Blenching.
d) Wintorigation.
~a) Dosdorization.
a)  jHeutralisatian: Thia is offected by slkuli treatment in lerge
opon tanke equippod with a stirring device, heating ocila, spraye
for the alinline solutione, and a Jocketsd sattling eons.
311 5t n tomparnture of 76° - 7%, 1s emulm! £i0d with
podium hydroxide (10°-14° Pe).
Heating is carried on with modorato ptirring until the
"broak” occoure, consisting of eesll elots of conp which, apr heating
continues, grow lergor ond dbocome puffielontly fluid to eonleree if
allowad to settles, Woet ig shut off (Ethe temporeture being eround

"ao" and stirring stopped, in ordsr to allow tho gettling of the
"soap etock”, This mottling trnkep 18 to £4 hours, after vhich the

clear 9il is drawn off, lenving %ho eorp mtoek 2ap a hy-produet for
the manafecture of dietilled ettty relds,

'®) Washing: ie earried out by etirring with nt lesst 8~10% of pure
water end hoating to bolling, The water mapt be free from ecleium

and magnesium, =8 their sonps may ceuwe flavor difficulties later,

e) Bleaching: is acoomplished by drying the oil and etirring it

under vacuum with Fallser'e sarth or cetivated ocerbon, The tempers-~

ture phould not oxceed 120°%,

4) winterigation 18 ususlly unneeepesry, &8 the oil is o natural

winter oil, with s freeging point of around ~4°C. Neverthelowes,




PART II

THE CHEMISTRY OF SYRIAN SOYBEAN OIL



The main whrk for this thewis hee besn eenin;tha on uil
obtained from gayboans plnntéa in the region of Hama, in the year
1939, The oil wae ﬁitainaa by grinding the beens and extreeting
the o1l with Sonalno-(s.n.r.ﬂ; grade), Thoe oil-besring -blvant
wags then distilled of f over a water-brnth; but ne thie treatment‘
eonla‘nnt remove the last trnces of the molvent the 01l was bolled
with water for some time. Thim resulted in on ambor-eplored erands
011 with a ebarmeteristic "beany" toste eni odor, snd which emount-
a4 iﬁly to 11.5€ of the beans., It was on thie ol1l thet experimorte
were ‘aalnefoa and determinatione mede, exeept whean otherwise

etatod,

A. Physlosl Constants
1, The spocifie vity woe determined on a sample of the

rnftnol o1l with & Westphal balance, Ite vuiaa wvag 0,925 et

20°/4%. .

2. Viseosity: This determination wee condmeted at 37.7%

(ibo°r) in a Redwood viseorimeter. The viseosity, exprossed in
geoonde pof BO e.c., was 149, | |

3. ' The rofiaoiiva index wae latarnlnoa with a Zeise Abbe

refrootometor on a semple of Aeeolorlsql oil =t 22%,. The velue
obtained was 1.474. | .

.. golor: Orude smoyboan o1l gave a rosding of Y20 Rf.4 in
a standard Lovibond tlntuﬁtar, with o \e,;_ co bl .



{b) 84 kieplguhr and
4 earbon at
46°0, for 15 mta, Y 8.3 R 0.6
(o) 34 kiselguhr
at 20-Z8"C. for
16 mte, Y 6 E1l
A siwmilny attompt was mde to refine orude entton seed
oil, with the following results;
Crude =11 Plack
Heutralizei oil Y 10 R1
211 deeovlorized

with 3% kieslguhr
!lt 30°C. for ‘5 "tﬂo Y g.‘ H 0.‘

5. Voletile fatty mcide

g8, The "sichert-Meissl value ig o meseure of the soluble

fatty neids (dbutyriec, ocaproie, ani esvryliie), 1Ite velue wae 1,88,

b, The Polenske number iv jetermined ir eonjunetion with

thé ubove pne, and is & mersure of the insoluble futty aeide

(eaprie nnd laurie), The veiue obteined wre 0,58,

é. gg}ubla and irsoluble futty seids:

Thie determinntion {e osrried out in conjunetion with the
saponifiontion velue, The goluble fatty teide, expresmed ns
butyrie neld, nmounted to 17, while the irscvluble fatty ncide
(99hnor number) amounted to 92, 83%.

7. The gcetyl value wams detoarmined by the method of Roberte

and sohuottu.'l} The rencetion was crnrried out in & genled tubs
in the presonce of frephly distilled neetic enhydrids, Two

detorminntions guve an aversge of 15,5,

(1) Tnd, ung, Chem, Anelyt, s4. 4, £57, (1932)
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C. The Chemicel Composition of #yrian Soybean Oil.

s sogmtion of puturate:d from unesture ted neidse.

Thie popuration war affected by the leni salt other ;mot;hol
on & 20U grams ssmple, with the folliowing resulte:
saturnted neide = 14,2849 lTodine Yo, = 3,06
Unee turs ted ueide = 76,734 Yodirne Mo, = 168.8
The {98ine number of the guturnted ncide indicantes the preaessnce
of eome unpatursted peide ne well, Accordingly the correetion

wae mafdls ap followe:

Iodine No,of Saturated frection ( pereentage of
x 100 = ted n
fodine VNo,of Unenturted frection . ?:'::::‘mes‘ %3-3:;1,,,;
3.08
——— X 10U = A = 1,98
188.8

but ginee the esturated scids amount to 14,284, then

1.92 x 14,78
100

= O,2752

Tho gorrscted valuss then bagome
14.28 - 0.2762 = 14,0048 ¥  entursted selds.
76.93 4+ 0,872 = 76,0082 € nunsaturated acids,

g, Composition of the unsaturatod fruetion.

Thie dotermination ie poseible turouph tho eimul taneous
use of the iodine end thioeymnogen-iovdine numbers of the oil,
together with the kmowleige of the puro;n&t of aneature ted fatty
gseida., Since the pil ie known 2 containVthree uneaturated fatty
poide, the percentages of whieh wiil be expressed 2s X for oleie
neid, Y for linoleie necid, snd % for linolenie neid, the formula
need for the eomputution of their respeetive smounte must have

three simultaneoue equatione, esch of which expresses, in terms Of



“lP =

X, Y, nnd 2, one of the properties of the oil. TPwo yrnpértioa have
80 far been determined, nemely, the iodine wvalue npd the percentage
of unsnturatsd fatty seide., The third property is the thioseyanogen
-1odine number, which expresees, in terms of {odine, the percentage
of thiooyanogen sbsorbed by one gram of the sil, This conetent is
of value due to the fmet thnt thiocoymnogen adde to the double bhonde
of oleie neid, %o one of the two 4suble bonde of linolele meid, and
to two of the thrae double bonds of linolenie aeid. Its value was
found to be 72,1, 'The eguation im derived rne follows:

Theoret ienl

Fer gent Theoretieal Thioeyanogen-
Acid in ail Ivdine Mo, Ivdine Mo, -
Jaie b 4 89.9 8e.9
Linoleie b 4 i81.1 90. B
Linolanie b E278.7 _ 182.5
Taarefors

89.9X 4+ 181.1Y 4 273,727 = 100 (Todine No,) = 12980 _
69.9X + 90C.6Y 4 182,562 = 100 (Thiseyanogen-iodine No,) = 7¢10
4Y4 2= 76 = Parcentuge of unscturated neide in oil,

By solving these equitione the foliowing values srs obtnined,

% in Uneatureted

€ in 211 frection
X - 12,88 nlaie snetid 18,.9¢
Y = BY.7 linpleie meid 76.17
pA = 5.2 T.inolenie meid 6.B€3
76.76 99,998
3. Compogition of the suturnted fraction

The eomposition ot this franction wee dotermined hy freo-
tionsl dietillution under = high veouum of the methyl esters of
the paturuted meids, The puponifiention velue of eseh freetion

was thon determined, frum whioh ite moan moloouler welight, =nd
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henoe 1te composition, eould be esnleouls ted respeetively,
The methyl estere ware prepered seccording to Baughman and

1) The rosulte of the fractionn]l dietillation are ep

J“lo.ano
follows:

braiiminery dletilletion

Jemple = E7.684 gre. of methyl esters of prturcted relds,

Frugtion Tompors turs Frogsure Feight
A 178-176%C, Lees then O,Bmr  6,2B8F pgrem,
B 175-177 " " 3,536
¢ 177-180 " - 4.499
D 180-181 » . 6,947
Raeidue .- mme—- - memmcee—- 4.66
2h, 070

¥inel bLigtillmtion

Fruetion Tempar: ture Preopsure wulght
AnBng B 1) 170-174 Lepe then 0O, Hem 4,.2E48
¢ ndded (2) 170=17%4 - . 4, 7868
b edded {(2) 170-.74 v Ly 4,068
(4) 174-179 L w 6.8586
Ragidua
added (8) 179-189 - - £,99686
Finsl
rosidus (6) ——cmem= meceee-- 1,768
24,8828

(1) Jour. Am. Ohem, 3Sve., 42, 1200, (1920).
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The method of enloulation ie us fnllawo:‘l’
280.6 = moenn molecnlsy woight of unseturnted neide.
280,6 4 14,03 = 294,68 = monn moleenlur weight of the methyl esters
of unpnturated aeide.
6.1 = moleculer welght of KOH
(66.1 * ¥94.68) x 1000 = 190.4 eaponifieation value of the methyl
apters of unseturated meiis.
1868,8 = 1odine number of unesturnted ncide
280, 6 X
294,63 - 168.8

X = 181.3 = 10dins number of the waethyl enters of uneaturanted reids.

gemple enlenlation for freetion (1)

1.51 = i9dine number 2f frsetiorn (1)

1.51 x 160
161.8

z 0.9998 = porosntags of uneatur: ted eastarn in freetion(l)

100 -« 0.99 = 99,01 = percontsage of satureted estore,
0,0099 x 190.4 = 1.9 mge, XOH required to saponify the unesturasted
ogtere in 1 gram of fraetion (1),
201,22 = saponifiestion value of fruetion (1).
£01.28 - 1.9 = 199,83 mge, KOH ragquired t5 saponify the satursted
setors in 1 grem of fraetion (1),
199.8 # 0.9901 = 201,.4 = suponification valus of the epetur:sted
sstere in fraetion (1)
56.1 ¢ 0.P2014 = ?78.6 = morr moleculer walght of the satur: ted
estere,
From the mesn moleoular wolght freetion (1) appemre to ecortain

mothyl-palmitate und methyl-stoearate,

(1) -Jours Am. Chem, Soc. 4B, 166, (1920).
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Lat A represent the moleeunlar weight of ndthyl-pallitate and X,
ite proportion in fraetion 1; «nd let B represent the molecular
woight of methyl stearute,
Then AX 4 B (1-X) = mean molseular woight of tho freetion,
or 270,.4BX + £98,6 (1-X) = 78,6
from whieh X = C,7094 wund 1-X = 0,2006.
Therafore, 70.94 = percentage of methyl palmitete
and 29,06 = percentepgs of mothyl etearate,
How 4,2248 pre = weight of fracotion (1)
94.82 =z poerecontaga of palmitie noid in methyl pelmitate,
95.78 = porcontags of gtonriec aoid in mathyl etasrnia,
Tharefore fraction (1) eontrine
4,2248 X 00,7094 - 2,99 gra, of maethyl palmitats
and  1.28 ara, of mathyl stamrnta,
corrasponding t9 2,84 gra, of prlmitie reid
#nd 1,17 gre. >f stounrie soid,
3imiler orleulntions wore dora for the other fractione with the

following resmlt;

L bl oy My s he
fruetion (1) &89 pre. pulmitic und Usdé—pgro, wtearie,
" (8) 2,97 pgre, myristic and 00,7666 pgre, melmitie,
" (4) 2,00 gre, palmitie nnd 4.42 gye, stemrie.
" (8) 0,885 gre, stearie and £,88 gre, arschidle.
" (6) 0.83 gre. arschidie snd (0,868 gre, lignoesrie,
Total Acids

Myristic -

Palmitie =

gtesrie =

Arachidie =

Lignocerie s
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14,0048 = pareentage of saturnted soide ir the oil,

The comporition of the suturated fraetion is:

Porgent in Percent in

Aeid 511 gt turs ted fraotigg
Myrietie ::;: 133
Palmitie 9 :t&
Stearie . \
drschidie g Oo %0
Lignooerie s-ll la:ll.

B SR

13.98 99,978

To eonfirm the above firdirge the saponifiestion wvnlue of the
saturated freetion wnp dvtormined, snd the meean moleculsr weight
enleuln tod therefrom;

£0B.0

saponifiention valus of the puturrted froetion.
2.06 # fodine number,

£06.t = corrvcted velue fur the ssponifiertion velus,

B6.1 ¢ 0,206f = B78.4 = mecn moleculer weight of the snturated acide.
The mvan moleeuiar waight wee nlso enlenlated from the

above perecentage comporiticn, The two velues wers found to mgres

very wall:

E73.4 = mesr moleculer weight, ¢g enleulnted from the seponifies-
tion walue,

2?‘.# = mesn moleeulsr welght, =g caleuleted from the psrecentage
compori tion,

0;7 = parecentage srror,

D. Analypew of the xtrueted Beans.

The Aanalyess heroby undertuker sre not complete, but perve
to give & genersl ides sbosut the soybean meal, 211 the annlyecs

ware eonducted on m merl with a moispture content of o€,
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1. Praotein gontont.

The XKjeldnhl wothod for nitrogoen determination wae ll!ﬂ.!3)
Hitrogen eantent = €.00 %
Frotoin oontent = 6.00 x 6,26 = 87.6 €4
Ho further analysie of the protein was made, but it ie reported to
conglet largely of the globulin glyeinin, together with smaller

ouantitiee of mlbumin~-11ke Ingumnlin.t?)

2. Agh Cuntunt.

The mgh content smounted to 4.96 %, and wee anelyged for
eulefium #and iror., The erlcium wig dotermined by the oxalate
method and the iron by Farrsr's colorimetrie nothna.(a} excopt
thet 1l 4 poteseium poarmengenste was used {nstesd of nitrie neid
to oxidiga the iron to ths ferrie Btuta.“3 The ferrie thio-
oyemate was then extrmeted with iev-amyl aleohel, »nd compered

in & eslorimetsr with & ptandard, The resulte are:

ish contant = 4,96 1
Ceiofium in seh = 6,077 4

Iron in Aeh o.22 4

(1) A.0.,2,C., P EB (£) Referevreco 14, p., 8.
(3) J. ®iol. Chem, 110, 685, (192B) (47 refersnee 18, p. 441,
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CATALYTIC HYDROLYSIS WITH SULFONIC ACIDS



CATALYTIC HYDROLYSIS WITH SULPONIC A0IDS

Hydrolyeie, e itg nome impliss, hae for end the breskdown
of glyeerides intn thoir eomponent relds and glyesrin. 1In xll sueh
enpas, watsr ie tho hydrolysing agent; without it no hydrolyels esn

tuke planece, ae it is recaegpary for the resetion.

lnc:m_)a O Hg + 88, o = Cz Hy (OH)g + 8 RCOOHW

Although glycerides sre hydrolyeed with water &lone, in the
form of superhosted stem, or when frte ere figosted vith it under
eonsiderable pressure, yet the rosetion en be eoneidersbly ppeajed
up by the use of ontalyste, whieh, in mddition, mllow for s great
reduetion in tewpersture, These entalysts inclvde concentrated
sulphurie =nd hydroehlsrie vteide, alkslie, arometic ang £liphe tie
sulfonie noide, and hydrolytie angymen, _

For the following oxperimunte 1t wae fscided to work with
sulfonie neide, both mifpheatie nna aromitie, in order to determine
their rolntive euitebiiity ap hydrolytie estnlyete,

| Twitehell's entulytic processe has besn known for a long
time, and {e based on Twitehell's iiscovery thet & coertein elsse
of salphonated aromatie futty reid eompounde has the property of
aecolerating the hydrolytioe decomposition of ratn.fll Their setion
ie due to the fmet thet they are soluble in water and eil, meting
thereby very mueh like 80ap. At the same time they ave melds
which are sleetrolytienily dissoveisted to » high degree, and the
hydrogen fone wet free esmuse the hydrolyeie of ths portion of the

(1) wright, p. 736.
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fat llllal?!l.‘l) It appasrs therefore thut the bulk of the mole-
enle nets #p an emuleifying agent, while the hydrogen ione ioee-
larate the hydrolysis.

All that i@ meontioned about the preprration of theee aelie
in the aveilable liternture doee not go beyond the statement that
thoy ara prepered by ndding concentrated eulphurie scid to m
mixture of oleie seid «nd nn arommtiec hydroesrbon, suech ap bong4ne

or naphthAIwne.'g)

1 My ¥ Cpp Mgq Op ¥ Hy 804 = €y Hy (805) € Hyg Op 4 7y ©
Now ginee the rapuliting compound is made up of naphthalene

on the one hend and oleie tcid on the other, it wns planned to
conduet experizonte in the following mmunner;

a, Yydrolysie with aromatic nydroenrbons alone,

b, Hydrolyeis with Twitchell'e reaagent,

e, Mydrolyeis with the suifonntion produet of olele seid,
All thepe exparimunts were conducted on olive 211 with sn originasl

acidity of 1.5 € (oleie).

n, gxdro}laia with aromatic sulfonic solde.

For thie experiment five aromutic sulfonie scide were
tried, of whieh four were derivetives of naphthalene, and one of
banzene, 7o ench of five 100 gre, semple was ndded £ € of the
sulfonie seid #rd 1 grum of etearie refd, 2rdbout 830 e.c, of watar
werd then sndded snd the mixture steamed in BOO e.0. round bottom
flaskse, eanch of which had steum genersted from a liter dietilling
fivek, steaming wus ecerrisd out for 10 houre; none of the five

pamples showed any eoneiderable increnpe in smeldity, proving

(1) Jour, Am., Chem, goc,, £8, 197, (1906).
(£) Wright, p. 736.



- £8 -

thereaby thet aromatie sulfonie neide nlone sare not sffiefant under

the conditione of the experiment,

b, Hydrolysis with Twitohell's resgont

The rongeont wee propered by cdding 6 e.e. (1/10 mole) of
coneentrated eulphurie neids to a mixture of 14 gre, (1/E0 wole)
of oleie #eid und &é.,8 gre. (1/20 mole) of paphthelene, The whole
wag thon hanted for sbout four hours on & water bath, This trest-
mant rerulted in & viseoue blsek 1iguid, which wee used re such
for the subsequent hydrolyels,

Po tupt the affectivenoms of this preparation Z grems of
1t wore ndded to 100 grome of olive oil, To this mixture 4 greme
of olaie meid were added to set up a "starter” for the h;arolyals.fi’

gteaming was onrried on for 34 houre;

Time % acidity (oleie)
3.6 houre 82,6

£8 " BY .2

34 " 76,09

The next etep was to determine the relative effectivenssse
of 41 fforsnt percentsges of this rasgent, Five 100 gre, esmples
of 011, to sach of whileh 4 grame of olele neid bad been previously
added, wore trested with dirferent concentratiors of Twitehell'e
rangent, The reeulte are shown in the following table; the rcidity

{e axproseai in terme of oleie reid.

A C I DI T Y

e 14 0 2% 3% 4% 8%

é hre. 11.4 21.8 £9.4 36.6 B:.8
14 ¢ 12,0 80.0 42.0 45.0 €6.0
26 " 13.28 40,456 B2 .k B4.,08 7 B

Hydrolysie ¥ ith Pwitohell's reagent,

(1) I‘.'k".ﬁ.oh. Vol. I, p. 66,
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e. Wydrolyeies with sulfo-stesrie neld,

The following experiments wers eoniucted to teet the ali-
phatie part of Twitehell's reugont, aftor it was shown that the
sromatie part nlone hud no velue e & hydrolyeing rgent,

The rumgort wap preprred by addire 6 c.c, of eoncentrs ted
pulphurie seid to 14 zre, of olefe weid, and heating on & water
buth, Thie time nlep # viseovus blsek licould reeulted, vory mueh
1ik2 the Twitehell's remngont montioned shove,

4 preliminery topt wae wodo, ueing 8 % of thie resgernt with
olive oil to which 4 grame of oleie 2eid ht4 been sdded, sSteaming
for 10 houre gave an 9il with &n seidity of #9 4,

Agnin a seriee of experironte were eonficeted with different

eoncentratione of the reapsnt, ¢8 zhown in the following teble;

£ ¢ 1T v 1 ¥ Y
mee 18 2% 3% & 84
5 hre, 8.1 1£.18 PZ.46 £3.78 41,18
14 " 10,44 21,0 - 59,44 76.4
£ " 12,7886 30,4856 43.91 48,18 83.756

Hyirolyeis »~ith sulpho-gtenrie meid.

Prom thie table it is seen that seulfo-stearie neid ecompares
favorably with Twiteholl'e reugeont, »nd oan therefosre repluace it
in enee 1t 1p not available,

Industrially, 24 houre of eteswing with 0.6 € tors € of
Twitehells reagont are ususlly enough to obtesin an alwmoset ecomplate
econveresion of the glyeerids to frve fatty seida, but the steam umed
ig ander, while in the nbove experiments steeming wae done under
atmosphorie preesure, Thie probably aecounte for the imeomplete
hydrolyeis of the oil in the time ueed for etonming.
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COMPARATIV: PABLS “F RISULTS

gpeoifie Gravity

0.92¢ (186°%.)
0.9242 (18%.)
J.9270 (18%.)
0.926 (20%.)

Rafraotive index

1.472-1,475 lsbﬂcb)
1.4748-1,4786 (40°%,)
1.474 (22%,)

Saponifieation Valus

189-194
190. ?'195. 9
190. ‘

190- .-1920 B
192.6

192,.9

198.4

Iodine Value

1£21.3

122.2
123"18? .8
124

124-148
182.2-126.6
134

136,389
137.4-138.4
129,86

Thioeyanogen value

79.21 (Yodine Yo, 186,.39)
72.1 (Yodire No, 12¢.8)

Hohnar Valus

93.0-94.3
96.8-96
26,1
92,088

ghukoff

De Vegri snd Fobrie
Yorawekl end gtingle
gyrian pil

Fallere
Osttinger end Ruckta
Syrirn oil

Jemieson

Follere

Shukoff

Lowkowiseh

De Hegri sni Fabris
¥oraweki snd stingle
Syrian 11

De Hegri sind Pabrie
Morawek] mnd stingle
¥ellers

Shukoff

Jumieson

Pafley and Baldeeifer
Smith

Jamieson

Low

Syrian 011

Jemianon
Syrien "l

Fellars

Dettinger snd Puchta
Low

Syrien {1
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Reiohart-Moisel Humber

4.3%-6.2 Fellere
0.48-0,.b66 pattinger und Buchta
1,83 syrian 0l

Unnanunlflablq muttor

0.39-0,.69 Dattinger and Buchta
0V.8-1.8 Jemienon
1.18 10w

1.29 gyrinn 711
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APPENDIX "B"

A CRITICAL STUDY OF A SOLVENT EXTRACTION FLANT
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A CRITICAL STUDY OF A SOLVSNT-SXTRACTION PLANT

The prement study ie undertaken se a practical problem in
o1l teehnology, und g the resnit of a etudy made on an actusl
plant for solvent-extraction of olive-kernel oil,

Bofore any commente can bhe made it ig necesesary firet to

give an acenunt of the way the factory ie metuslly being operated,

A. Qperation of the rlent,

The faetory works on the sumieontinuous prineiple of solvent-
axtroetion, It eonaiste of » battery of four axtrectors with »
eomrion eondsnear and a eommon avaporator, sach extrrnetor having
& eapscity of four tone, Pigure 6 shows the elevation of the
factory, with the lower pipirg syetem shown disgrame tienlly,

Tho faotory atarte by filling extructor Fo, 1 with olive
kdérnels, and fresh bengine is pumped into it (fig, ¥, deteil B)
from roeservoir Yo, £ (fig. 6, srd fig, 7, detril 4) until the
extragtor i fiiled with benzine, Coil stoam e mdmitted 10
minutes after pumping eterte. Distillation begine after 6 houre,
and e continued for B0 minutes, after which ¢0il steem 1o ehut
off, and the oil-1nden bengine left to drain for about half an
hour, Thie 21l-12den bengzine is then transferred into extrretor
Mo, ¢, which wag boing f1.194 meanvhile, through the inter-extract-
or bangine-tranefer syetom, Thie is sccompliehed by pumping froeh
benzine into No. 1 over the irained miseella, while velve B, (fig.B)
i left open. The propsure of tho oncoming fresh benzine forees
the miscolla through the pips thet Selivers it o No. £ (fig,7,
datnil 3). 1t ie clery thet this trectment not only results in

the sranefor of bunsine from one extreotor to another, but =leo
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gervee a9 & pocnnd washing to the eontente of ¥o, 1. The same
operetion is conducted in axtreator Mo, E, and whan the time comes
for ite eontente to bo wamhed, froeh benegine fe admitted to wo, 1,
and then transferred to No, 2 through valve B, epd thenee to Wo, 2
through valve Bz, This troateant gives Nold ite third washing end
#3. £ {ts second, VWhen Mo, & ie finished 1te miseelln jg trane-
farred {ntoy Yo, 4 by the sare proceiure, which gives Yo, 1 ite
fourth weehing, Yo, 2, ite third, »nd Vo, 8, ite eecond, The
axeepe benzine in Vo, 1 18 then drswn irto ressrvolir ¥o. 1 through
valve W,. Live steam in than ndmitted into Lo, 1 in order to free
the extrneted kornels from the lept troeoe of molvent, When this
ie ncoompliehed, it cun be jJuiged from tha sbeence of bensine
vapors (fig. B, valve D;). sxtrsetor Mo, 1 ie now finished; it
is emptied through the menhols nt ite lowar end, und then imme-
diately reechurged.

h'n ¥o, 4 hae been washed once the miscells is trersferreid
into the evspor:tor through velve BHge Thie ie avaampliabel apein,

into MNo.
by pumping fresh benzine ints Yoo 2, thurea/‘raubirg ié & thira

‘ l
tima, and thence into %o, 4, /from whieh the miacalla goea to the
avaporator, sinee the level of solvert in the extractor ie higher

than the dslivery pipe to the eveporator,

The fTaetory now has sturted, »rnd the operstion is secord-
ingly modified, 1Into lNo. 1,.whioh is now filled with a fresh
eherge, froph benzine is pumped oniy for 30 to 45 minutee, ooil
stonm being admitted 10 minutes nfter the pumping is started,

The quentity of benzine thus ndmitted is only snough to eover

the eoile &#nd touch the lowurmost part of the kermels, It there-
fore tokes only sbout £ houre for distillmtion to begin., At this
momant the extreetor is filled with hot benzire from the fourth



wvashing of Mo, 2, The excese bengine ir %o, £ is then drained
to reservoir Mo, 1 through velve Wy, 2nd is then steemed, smptied
and recharged,

In Mo, 1 4ietilletion is milowed to eontinue for 30 to 45
minutes, after whiech the mipeolla e left to sottle for nbout helf
an hour, Oold bensine im thon pumped over thie in order to fores
the migeella into the evaporator through val ve ¥ The firet three
washinge now all g2 to the eveporator, while the fourth goee to
the axtradtor noxt in the geousnce »f gporation,

No. 2 is T111led the pure way &g No. 1 end receives ite
full of benzine largely from the fourth washing of Mo, 3, which
ie than Arnined, steamed, ewmptivd, oni recharged, It is then
f111e4 with bensine from the fourth weghing of No, 4. When the
time comes for No, 4 to be Fi11l08, 1t recelves the bulk of 1ts
konzine from Vo, 1, which by now hee reschei {te fourth weshing

and is ready to be emptied,

The catarsct ie a pair of merubbing towars for the benxine
vapore, Pipes eoming from tho condeneer, aveporator, extraectors,
and tho two benzine remervoire all ramify at tne bottom of the
firet towar (fig. 6, &nd fig, 7, detail 1), Thees towere conmist
snch of n pat of three curved pletes hollowed in the middle and
surmounted by indoenteld erpe., The water trickles from sbove and
moats the aseonding bensine vapore, which 1t serubbs down, 1If
any vapors eseape such trentment in the firet tower, they will
get 1t in the second., The sorubbing water thsan goee into reser-
volr No. 1, where the wuter pinke to the bottom and is omptied by
siphon setion (fig. 7, deteil 4), while the benszine passoee into
the seepnd reservoir, from which it becomes aveilable to the

axtractors.



Fig.8., Upper pipes and valves
l, To cataract; 2,to econdenser; 3.fresh solvent; 4.,inter-extraetor benzime pipe
(see fig,7,detail 3)

Fig.9. Lower pipes and valves
l.inter-extractor steam pipe 4,miscella transfer to evaporator
2.inter-exsractor benzine-transfer pipe 5.wash benzine,to reservoir 1
deinter-extractor benzine-transter valve 6,c00il-steam exhaust
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B. Qomments,
1, Ths operstion of each extreetor tekes wore time then 1t

should, From three to Tonr houre sre mllowed for ssech washing,
2ither becsuse the sxtrector ie waiting to weeh another extrsctor
or becruse the eveporstor ie working on the miseella from mnother
extreetor. The total timo for ench extrsetor lies between 14 to
16 howrse, a eomeidor:bia part of which is spont in wsiting, @
mantionad absva, During thess “weiting houre” the extrector in,
for all practies] yurpoese, out of operution. The amount of time
thue lost impaire eonefderabiy the affieienoy of the plunt,

B, The inter-extractor bangins-trenefer eystem Ailutes un-
necesearily the solutior of o1l in bensine, Trus, thie operstion
d91livorse moderntaly hot svlvent to the next extreelor, theresby
redueing the smount of mtesm nscessury for honting, but thie
seving ie countorbulenesd by the greator smount of stesm necepenyy
to eveporetn mll thie quantity of eolvent when it rerches the
eveporator,

3. The hot benrine theut distilles from the evevorator is eon-
duoted dirsetiy to the rseervoirs, Inetocd, 3t epull be ured in
ond of the extreetors, sinee it im moderstely hot, thereby affeet~
ing a real saving in steem,

4, One evaporator is not sufficisnt, Thie dovee not mean thett
A largor one should be uaed, dat thet three or four should be
prosent. A large evsporstor would roduece lebor snd eget of fnetal-
lation, but the i1 will be expoe=d tu hest for » longer period.
In nddition, intensive mtesming »nd hosting will be nacessrry when
it comes to removirg the lumt trecem of solvent, This would esre

tainly vesult in un infurior grade of oil.‘l)

(1) Ind. inz. Ch, 18, 60B, (1926).
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0. BSuggestions for Improvoment,

1, It wne pointed out mbove that a 1ot of time ie loet in
weiting, partly dus to the precaree of sne evaporetor., 93 ramedy
thies would neceseisate the inetaliction of sn sveporctor for esch
extraetor, whioh im corteinly e eortly operstion, This difficulty
enn be overeome, howsver, in a much wmoure effieiont rnd eeonomienl
way,

The filter =t tho bottam of neh extractor, just below the
mErhols, servee o prevent eontuct between the stosm eollp and the

olive-kernelm, But it is vuo low. Hy reising it to sbout 174 or

1/8 »f the extraetor will autometieslly provide the sxtreotor with
8 8till, making 1t utverly anneeaeenry to use & pspor: te aveporttor,
In rddition, thig now still nesde mueh lees mttention thenm the

mors oomplicated ovaporntor, srd the operetions neeessery for the
trinefar of thoe miscalls e¢rn therefarae bhe sivantageonsly Aleporesd
witn, Of eourrd, this enggertion moune ti»t the et.praity of the
extreotor i reduesd from 4 to sbout 3 Sone, but the time saved
will more then meake up for 4w,

2 The inter-extruetir beongine-trrrefor aystom could be coreidere
ably improved iT the condensor =nd sulvont-storage tanks were
higher then the extreetors. But ¢s thie would moesn eoptly ropeire,
6nd sines the benzine roegervoire ani ectorset eyetom cve working
vory effielently, the moxt boet thing would be to esteblish eornees-
tione batween the uppar parte of tho extractorse, or to econneet
batwsen tho eondenser and the banzine pump, 5 thot kot hensine
e¢oald be rupplisd to snothar extrretur, withiut the receseity of
intr2neing eold heneins on top nf the first extrsetur.

3. Ae enn be paon from figure €, the plent has more then four



axtractors. Opersting theee would result in = greater yield of

0il without any grest sdditionei aexpunse,

The dingrums sceompenying this diseursion show thet the
plont has & lot of compliestions, Contrary to meny types of
machirnery, esolvent-extroction resolves iteelf elmoet to the erude
formule - the fower the refirements the better the extruetor, In
othor worde, the laborstory S:xhlet on & ecomreroisl perle is
almost the {jeal, (1)

Tt was in mecordsrece with thie preectienl fomules thet the
commante and sugrestione for {wvrovoment were mode, wherover their
montion or meplicution wae thought to brirng about & nesrer spproseh

»

to a more afficiont proeedure o7 extrection,

Fig.10 The bdenzine
pump
1.50lvent ifintake from reservoir JNe.2

- ——— -— —

{1) Ird, ing. Ch, 16, €06, 196,
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