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unaffected by reducillg the temperature from 26.7~ 
(80.0~ to 3~ (37.4~ though the amount of 
moisture t ransferred through each square centimeter 
of area was, of course, greatly reduced because of the 
reduction in vapor pressure. The films of cocoa but- 
ter behaved in a similar manner, but an explanation 
for' their behavior is undoubtedly different from that  
for the highly hydrogenated cottonseed oil. On reduc- 
ing the temperature of the cocoa butter, the approxi- 
nlately 20% of liquid component solidified, which 
might be expected to decrease the permeability. How- 
ever the 20% of liquid component probably solidified 
in tile relatiw~ly pernteable, low-melting forms. Fur-  
thcrmore shrinkage accompanying the solidification 
may have created a structure which was porous to 
sonic extent. 

Thcoreti(,ally the permeability constant for perma- 
nent gases wtries exponentially with temperature, a 
relationship first pointed out by Barrer  (1) ; at ordi- 
nary  temperatures the permeability constant should 
approximately donble for a rise of 10~ (18~ 
While many systenls iuvolving vapors behave accord- 
ing to this rule, the limited data given in Table II 
indicate that systems of fats and water' vapor do not 
behave in this manner. 

Vapor Pressure. The pernleability of the highly 
hydrogenated cottonseed oil at 26.7 ~ C. (80.0 ~ F.) does 
not appear to he affected by the changes in vapor 
pressure shown in Table 1[ though possibly the ac- 
curacy of the nlethod employed and the low values 
found for this lnaterial were slmh that moderate 
changes would not be detecte(1. The data obtailw(t 
for cocoa butter at 26.7~ (80.0 ~ F.) and a fihn thick- 
ness of about 1.6 lnnL definitely show that  tile l)ernm- 
ability constant was reduced by I.ethtcing the pres- 
sure gradient  across the fihn. 

The effects of changes in vapor pressure were very 
large for the chocolate liquor and sweet milk choco- 
late. When the vapor pressure difference across the 
fihns was increased to 26.3 ram. at 26.7~ (80.0~ 
a difference in relative humidity of 100%, the perme- 
ability constant for the chocolate liquor increased to 
about 540 x 10 ,-12 and that for the sweet milk choco- 
late to about 1130 x 10 -~2. These large permeability 
constants cannot be at tr ibuted to the behavior of the 
fat  component of the films; rather they must be at- 
tr ibuted to the nonfat  components, the protein, milk 
solids, sugar, etc. At  100% relative humidi ty  these 

components absorbed enough moisture to destroy the 
structure of the film. 

Summary 
Films of cocoa butter, highly hydrogenated cotton- 

seed oil, mixtures of highly hydrogenated cottonseed 
oil and cottonseed oil, chocolate liquor, and sweet 
milk chocolate were prepared;  and their permeability 
to water vapor was determined by the cup method. 
The permeability constant was calculated in terms of 
grams of water diffusing through a centimeter cube 
in one second under a vapor pressure gradient of one 
millimeter of mercury across the cube. 

Under the test conditions employed, the permoa- 
bility constant for cocoa butter at room temperature 
was found to vary from 5 .8x1012 to 81.6x10 -'2 
The permeability constants for the highly hydroge- 
nated cottonseed oil arid the cocoa butter, under com- 
parable conditions at room temperature, was found to 
be approximately 1.3 x 10 -12 and 33 x 10 12, respec- 
tively. 

From data obtained with cocoa butter it was COla- 
eluded that the permeability constant increased with 
moderate increases in film thickness. 

Polymorphism was found to have a large effect on 
permeability, an approximately 15-fold difference was 
found between quickly chilled and tempered films of 
cocoa but ter  at 3~ (37.4~ 

The percentage of liquid component in the fat was 
found to have a large effect on permeability. The 
increasing of the percentage of liquid cottonseed oil 
in highly hydrogenated cottonseed oil fronl 0 to 40% 
int.reased the permeability constant from 1.3x 10 'e 
to about 420 x 10 -'2 

The permeability of chocolate liquor and sweet 
milk chocolate at room temperature was increased 
greatly when the relatiw'~ humidity on the wet side of 
the films wa~ increased to 100%. The nonfat  coin- 
ponents absorbed enough moisture to impair the struc- 
ture of the film. 
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.A New Development in Vegetable Oil Refining Equipment 
HERBERT R. KAISER and COLLIN M. DOYLE, 1 Podbielniak Inc., Chicago, Illinois 

NEW D E V E L O P M E N T  in v e g e t a b l e  oil refining 
equipment has made possible similar advance- 
ments in process technology. This device is a 

rotat ing eontactor, and its application for refining all 
types of vegetable, fish, and animal oils by any of the 
processes in common use will be described in this paper. 
Data  obtained from pilot and commercial plant  opera- 
tions on a number of oils show obvious advantages in 
simplifying the process flow sheet and reducing the 
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number of units to a maximum of two for any size of 
refining plant. 

I t  has been pointed out previously (1) that separa- 
tion of gum and soapstoek from oils did not depend 
solely on high centrifugal force as obtained in centri- 
fuges; rather  coalescing surface and rosidence time 
play equally important  roles. Moreover a combination 
of these factors and relatively lower separating force 
in the contaetor accomplishes the same and, in most 
instances, superior results. 
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Low operat ing speeds minimize wear, noise, fre- 
queney of cleaning, and power consumption. Results 
are especially improved when reagent strength, per- 
eentage of treat, mixing, holding time, temperature,  
and associated factors are carefully determined and 
automatically controlled to produce a practically neu- 
tral  oil and a liquid soapstock low in neutral  oil. 

The rotat ing eontaetor consists of a 36-in. diameter 
rotor  spinning in a horizontal plane on two anti- 
fr ict ion bearings. At each end of the shaft  arc hy- 
draulically balanced mechanical seals for feeding and 
withdrawing liquids continuously. The rotor is driven 
by a fluid dri-ce and motor, permit t ing changing of 
r.p.m, as desired and acceleration to operating speed 
without excessive torque. 

Two operations, re-refining and water washing, are 
earr ied out simultaneously in a single machine 
(Fig. 1). Specially designed sections are provided 
for each operation. The clarifying section (A) is 
capable of produeing clear, clean oil with less than 
.2% of moisture while the separating seetion (C) pro- 
daces a liquid soapstoek practically oil-free. 

"11uJ ,l J uxtN 

. : WAB  ,NG S ECT,O" 
C- SEPARATING SECTION 
D = WITHDRAWING SECTION 

(SOAPSTOCK) 

]~IG, l. Flow of liquids through rotating eontaetor. 

Effective mixing and water washing takes plaee 
in section (B) while the oil which is separated from 
the soapstock passes fresh ineoming wash-water be- 
fore it leaves the rotor at the center. The soap with- 
drawal seetion (D) is equipped with hot-water nozzles 
for handling viscous soapstocks. These are rarely 
needed however for  re-refining operations. The wash 
water  joins the relatively small percentage of soap- 
stoek, diluting it and produeing soapstoek--wash 
water solution which leaves the machine as a clear 
liquid, free of oil. 

M ANY gOAPSTOCKg, such as those from coconut. 
pahn, and palm" kernel oils, do not require high 

separating force but  cannot stand over-mixing be- 
cause of emulsion tendencies. Conversely hard-to- 
wash oils and those containing large amounts of gums 
such as cottonseed, soy, and corn, can stand more 
vigorous mixing, which requires greater  separating 
force. The wide range of controllable mixing energy 
within the rotor, eoupled with adjustable separating 
power, combine to make the rotat ing contaetor an 
unique and versatile process tool for vegetable oil and 
fat  industries. 

All types of oil and refining processes have been 
handled in commercial or pilot operations. The "mix-  
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i n "  position and wash-water nozzles may be varied to 
suit the specific process application. The position of 
the separating zone within the rotor  and its magnitude 
can be controlled remotely by means of a back pres- 
sure-valve from the operating panel. Operating pres- 
sures are relatively low (40-70 p.s.i.), depending upon 
the strength of caustic used and rotor  speed. The 
differential between feed pressure and back pressure 
on the refined oil is a guide to separating zone positi<m 
and is maintained at about 2 to 5 lbs. This feature is 
automatic as are others deseribed in a previous 
paper  (2).  

The most widely a(;cept<'<l re.fining processes in use 
today are miscella refining, caustic refining, soda ash 
refining, C.S.A. (caustic-soda ash) refining, ammo- 
nium hydro'xide refining, l>lus re-refining and water 
washing, and degumming followed by re-refining and 
water  washing. These processes and their various 
eombinations are used to produce finished products  
of certain specifications, l )ewqopment  of the rotat ing 
eontaetor was stinmlated by lhe need for a contact- 
ing and separation unit  with sufficient flexibility to 
meet the requirements of the most common plant  
designs. 

Over the past two years an intensive development 
program has produced a coutactor which can greatly 
simplify and improve refinery operations. Changes in 
raw material  and product  specifications which are 
governed pr imar i ly  by market  demands are easily 
accommodated because of the versatile characteristics 
of the Podbielniak Contaetor. 

An example of this versat i l i ty is the ammonia de- 
gumming process, whieh produces gums containing 
free f a t ty  acids and other compounds of nutri t ional  
value. The nutr i t ional  value of these materials is 
normally destroyed in the caustic refining process. 
Their  use as a cattle feed supplement greatly increases 
the desirability of this process in many market  areas. 

BASIC FLOW St=iEET for the s tandard processes is 
shown in Figure  2. By nnique equipment design 

a three-step process by former  standards can be re- 
duced to a two-step operation. Reagent tanks and 
chemical feeder pumps are arranged to supply the 
proper  reagent into' the main oil flow. These are con- 
trolled from an oil flow meter equipped with either an 
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Re-Ref in ing and Wate r  Washing" Data  on Wate r  Degummed Soy Bean Oil 

V O L .  3 7  

Contactor  operat ions  Oil effluent Soapstoek 

Speed P .S . I .  Temp. ~ HeO 

r.p ..... in Out I ~  ~O~t ~ C C 

2~oo ~ 57.5 159 132 14 
2100 59 57.5 159 132 15.4 
2100 58.5 57.5 159 133 14.1 
2100 I 59.5 I 57.0 I 160 I 133 I 17.2 

Caust ic  
% 20 ~ B6. 

].8 
1,8 
1.7 
1.5 

HeO 
% 

0.22 
0.28 
0.29 
0.27 

% P  
p.p.m. 

12.2 
13.5 
14.9 
14.9 

Soap 
p.p.m. 

120 
104 
100 

86 

Free T.F.A. 
oil % % 

.03 6.03 
Nil 4.22 
Nil 4.86 
Nil 5.79 

% Counter -cur ren t  wash water  de te rmined  from sodium balance (mix tu re  in and soapstock) .  
Soap in effluent oil relmrted as sodium oleate. 

electrical t r ansmi t t e r  to a pneumat ic  act ivat ing system 
or an electronic amplifier. All reagent  pumps  operate 
fronl this main control, and the output  of each is 
posit ively proport ioned to the oil flow at  all times. 
Pipe zone mixers, residence t ime mixers, heaters, and 
coolers complete the flow sheet. 

In  the p r i m a r y  step either gums or soapstock are 
separated f rom the oil by a Duozon ro ta t ing  contaetor. 

,The oil then flows to a small surge chamber. Positive 
level control in the surge chamber assures eontinuous 
operat ion with the re-refining and water-washing oper- 
ations carr ied out in the second rota t ing contaetor 
known as the Hydrazon.  Soapsto<'k discharging f rom 
Dnozon joins that  f rom the I tydrazon ,  di lut ing it 
sufficiently to permit  pumping  by a simple gear pump.  

The oil f rom tlle I Iydrazon  is processed fu r the r  by 
vacuum-drying,  bleaching, and deodorizing. 

Table I shows data  on re-refining and water  washing 
of degummed soybean oil. The hot water  f rom wash- 
ing was controlled by  a globe valve and rotameter.  
I towever  a more precise measurement  was obtained 
f rom a sodium balance. This was aehieved by analyzing 
the mix enter ing and the soap wash-water  leaving the 
machine. I t  is interest ing to note the extremely low 
moisture  cmltent of the oil. The absence of free oil in 
the soap wash-water  is also significant because it con- 
t r ibutes  to a refining loss near  theoretical. 

A ro t a ry  contactor capable of pe r fo rming  the func- 
tions of both steps of the process has been tested in 
pi lot-plant  operations on a number  of different vege- 
table oils (4). 

Table II presents data on refining of crude palm 
kernel  oil. Da ta  on the refining of crude corn oil have 
been provided previously (4).  The low operat ing pres- 
sures of the ro t a ry  contaetor should be noted par t icu-  
larly. The condition of the refined oil and the effluent 
soap-water  solution is wor thy  of notice because of the 
unusual  c lar i ty  of each. The low moisture-content  
(0.22%) in the off throws less burden on vacuum 
driers. Acidulat ion of a liquid soapstoek solution is 
simplified. 

The ammonia  refining process produces a gum which 

has considerable fa t ty  acid content and is much more 
easily discharged at relat ively low operat ing pressures. 

Periodic cleaning of the contactor is not required 
at the low operat ing speeds. A n y  meal or fines which 
come through f rom the expellers is held by the gum or 
soapstoek and discharges with it continuously. Clean- 

Fro. 3. 

ing of the machine is achieved by displacing the gum 
or soap hold-up with hot oil. In  re-refining and water-  
washing operations the machine is cleaned s imply by 
flushing with hot water.  

The effectiveness of washing miseella-refined cotton- 
seed oil has been shown (3) in a machine designed 
for  pressure operation, which makes it especially suit- 

TABLE II 

Ref in ing  Per fo rmance  R o t a r y  Contaetor  
(Crude  Pa lm  Kerne l  0 i l - - 6 . 1 %  F.F .A. )  

Press.  p.s.i.g. Temp. ~ P rehea t  
temp. "F. 

190 
190 
190 

Speed 
r.p.m. 

2100 
2100 
2050 

I n  Out 

58 61 
56 61 
52 56 

Flow ra te  
l b s . /m in .  

8 
8 
7.8 

I n  

184 
184 
188 

Out  

180 
181 
185 

Refined 
oil  Soapstock 

Clear  F l u i d  
Clear  F l u i d  
Clear  F lu id  

Note :  t 0  ~ B~ caus t ic  soda of 0.05 excess used. 

Analyses Refined oil :  Soapstock:  (as is basis)  

F.F.A.  ---- 0 .05% Mois ture  ---- 62 .6% 
Soap ---- 300 p.p.m. Free oil ---- 1 .9% 

T.F.A. --~ 34 .5% 
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able for this as well as the ammonium hydroxide 
process by eliminating leakage of hazardous vapors. 

A typical plant installation is shown in Figure 3, 
showing the compactness and neat housekeeping pos- 
sible with the to'taring contaetor. These plants range 
in size from 4 to 10 tank cars per-day capacity. 

Summary 
New developments, using the rotating contactor, 

in the vegetable oil processing industry have been de- 
scribed and illustrated. Results from various refining 
operations on a number of oils have been presented. 
Economies from reduction of capital expenditures and 

o'perating costs are expected to accrue to the user. He 
can also choose the process to give those products best 
suited to the market. The improved rotating contaetor 
offers to the vegetable oil processor a most versatile 
plant. 
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Application of Gas-Liquid Partition Chromatography 
to the Quantitative Estimation of Monoglycerides ,,2 
A. G. MclNNES, a N. H. TATTRIE, and M. KATES, Division of Applied Biology, 
National Research Council, Ottawa, Canada 

T 
HE ISOLATION and fat ty acid analysis of mono- 
glycerides have recently received particular 
attention in regard to studies of the positional 

arrangement of fat ty acids in natural triglyeerides. 
Such studies have been made possible by the discovery 
that the hydrolysis of triglyeeride by pancreatic li- 
pase is a series of directed stepwise reactions from 
triglyeeride to afl-diglyeeride to fl-monoglyeeride (8, 
14). Thus the nature of the fatty acids present in the 
B-position of the original triglyeeride is readily de- 
termined by isolation of the fl-monoglyeerides from 
the hydrolysate and analysis of their component fat ty 
acids (9, 15). 

Monoglyeerides have been separated from mixtures 
of mono-, di-, and triglyeerides by eountereurrent 
distribution (4), silieic acid chromatography (3), 
reversed-phase chromatography on silieonized kiesel- 
guhr (13), or silica gel adsorptiml chromatography 
(12, 11). To obtain the fl-monoglyeerides free from 
the s-isomer, BorgstrSm (3) proposed treating the 
isolated monoglyeerides with periodic acid and then 
separating the fl-monoglycerides from the products 
of oxidation of the a-isomers (glyeoaldehyde esters) 
by silicie acid chromatography. Because of the ease 
of a ,~-fl isomerization of monoglycerides, Savary and 
Desnuelle (15) recently modified the procedure by 
treating the total glyeeride mixture with periodic 
acid and then separating the resulting glyeolaldehyde 
esters from the unreaeted fl-monoglycerides on a si l l  
conized kieselguhr eolmnn; the di- and triglycerides 
remained on the column with the solvent system used. 

The present investigation was aimed at developing 
a method for determining the fat ty acid composition 
of monoglyeerides in a mixture of glyeerides, without 
first having to isolate the monoglyeerides. The ap- 
proach used was to convert only the monoglycerides 
to volatile derivatives, which could then be separated 
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by gas-liquid partition chromatography (GLPC).  
Conversion of a-monoglyeerides to their isopropyli- 
dene derivatives (1) appeared to be a promising 
method. Ilowever it was found that, although the 
isopropylidene a-monoglyeerides containing C., to C~s 
fat ty acids were readily separable by GH)C, the 
higher nlembers tlf the series (Cu;-Cls) had exces- 
sively high retention-times. Furthermore this method 
would be applieabh~ only to the ~-monoglyeeridcs 
since the B-isomers do not forl,l isopropylidene deriv- 
atives under the conditions ttscd. 

A more feasible method proved to be the conversion 
of both ~- and /3-is0nlers to allyl esters of the corre- 
sponding fatty aeids, via thc dimesyl derivatives, as 
outlined in Figure I. l~oth (,- and B-monoglyeerides 
were found to be eouw, rted quantitatively to allyl 

H2C - OH 

I rnesyl chloridep 
H C - O H  

! 0 pyridine 
n 

H 2 C - O - C - - R  

O -- rnonoglycerlde 

H~,C - 0 $0  z CH 3 
I 

H C- -O SOz CH s 
, 

H2C - - O - C - R  

dlrnesyl G - ~ a  
rnonoglycer|de "~= " ~  H2C 

II 
H C  

t 0 
. ..~es..Hz C - 0 - C -  R H2C-  OH H 2 C -  0 SO 2 CH s II 

I 0 I , ~  9 , ~ ,  ~ "  
H C - O - - ( ~ - R  mesyl chloride ollyl 

pyrldlne P H Cl - O - - C - - R  ~ , ~ , 9 ,  es ter  ! 
~ 2 C - O H  ~2c ~ 0 so 2 C~ s 

, 8 -  rnonoglycerlde dimesyl ,8 - 
monoglycer lde 

FIG. 1. R e a c t i o n  s c h e m e  f o r  t h e  c o n v e r s i o n  o f  a-  a n d  f l -mono-  
g l y c e r i d e s  to  t h e  a l l y l  e s t e r s  o f  t h e  c o r r e s p o n d i n g  f a t t y  a c i d s .  

esters, and the allyl esters t/f Cs to Cls fat ty acids 
proved to be readily separable by GLPC. Further-  
more fl-monoglycerides could be determined sepa- 
rately by the same method after removal of the 
,-isomers by  periodate oxidation. Finally the analysis 
of monog]ycerides could be carried out equally well 


