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highly chlorinated oils. I t  is apparent  from Table I I  
that  the degree of chlorination is directly related to 
the thermal stability of the composition. Also the 
physical properties observed are directly related to 
the degree of chlorination, and values tend generally 
to show an increase with increasing amounts of chlo- 
rine in the oil. 

Heat  stability measurements at 350~ on highly 
chlorinated compositions indicate greater reflectance 
loss during the initial 30 rain. than that  observed for 
a DOP plasticized composition, 50% as against 25%, 
respectively. Beyond this point the results favor 
DOP only slightly. At room temperature  no observ- 
able color change of these compositions was detected 
af ter  a period of three months. 

The over-all results indicate that highly chlorinated 
tung oils are effective in lowering the milling temper- 
atures of polyvinyl chloride copolymers, but  the prod- 
ucts are not very  flexible at room temperature.  

Summary 
The chlorination of tung oil was investigated, and 

certain chlorinated products were screened as plasti- 
cizers for polyvinyl chloride resin. Chlorine readily 
added at low temperatures (0 to 20~ as well as at 
higher temperature  (75~ The chlorination was 
highly selective for triene conjugation as the disap- 
pearance of triene closely paralleled the amount of 
chlorine added during early stages of chlorination. 
Considerable conjugated diene is formed as indicated 
by characteristic ultraviolet absorption in the diene 
region. In  later stages of chlorination considerable 
substitution occurs as evidenced by the fact  that  
products containing more than 40% of chlorine could 
readily be obtained. All the products were more or 
less unstable, evolving hydrogen chloride and darken- 

ing at room temperature.  The chlorinated tung oils 
were screened as plasticizers, at the 30% level, for  
polyvinyl chloride by using butyl  epoxystearate as a 
stabilizer. Products  containing small proportions of 
chlorine (less than about 20%) were not compatible 
with polyvinyl chloride; products  containing moder- 
ate amounts (abont 30%) were compatible and had 
some plasticizing effect but  decomposed excessively on 
milling. Those products containing the highest pro- 
portion of chlorine (more than 40%) were compatible 
and did not decompose on milling or molding. These 
highly chlorinated tung oils lowered the milling 
temperature  of polyvinyl chloride copolymer but  
showed little, if any, ability to product  compositions 
which are flexible at room temperature.  
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A New Approach to 
Composition Control I 

Continuous Soap Making Constant 

FREDRIK T. E. PALMQVIST, Aktiebolaget Separator, Stockholm, Sweden, and 
FRANK E. SULLIVAN, The De Laval Separator Company, 
Poughkeepsie, New York 

T 
H E  M A N U F A C T U R E  OF SOAP i s  o n e  o f  the oldest in- 
dustrial  processes known in chemical technology. 
The ar t  of making soap depended upon the skill 

of the soap boiler and was based upon many years of 
practical experience. During the past 50 years the 
rapid development of pure and applied chemistry, 
especially in the field of colloids, has made it possible 
to understand many reactions on /t scientific basis. 
Based on this knowledge, soapmaking has now devel- 
oped f rom an art  into a scientific procedure. 

The Centr ipure Process (1) of continuous soap- 
making is an example of the successful application 
of scientific knowledge to the continuous operation 
and automatic control of a chemical process basically 
known since the days of antiquity. 

1Presen ted  at  the fall meeting, Amer ican  Oil Chemists' Society, 
Chicago, Ill., October 20-22,  1958. 

In  this process the production of soap from neutral  
fa ts  is carried out continuously in three stages, each 
having its importance: saponification of the neutral  
f a t ty  oils with lye;  washing of the soap mass with 
brine to recover the glycerine released in the process; 
and fitting of the soap in order to effect fu r ther  
purification. 

The Saponification Stage 
As is well known, the initial reaction velocity in the 

saponification of neutral  f a t ty  oils with lye is very  
slow because of the immiscibility of the components. 
However the reaction may also be regarded as auto- 
catalytic since the soap produced is capable not only 
of dissolving lye but  also of dispersing neutra l  f a t ty  
oils into a colloidal suspension (2, 3). In  this way a 
considerable enlargement of the contact surface re- 
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suits, and the saponification is greatly accelerated. 
When carried out in accordance with the conventional 
kettle process with its unsatisfactory mixing of the 
components, soapmaking is characterized by a limited 
saponification velocity. I t  will thus take a consider- 
able time before the reaction is completed. 

However in this continuous process the main prin- 
ciple is to utilize the catalytic effect of the soap in the 
saponification reaction by feeding the neutral  f a t ty  
oils into the soap already present. Here the oil is 
immediately dispersed and dissolved. 

- 

SAPONIFIED FAT 

1 

LYE 

Fro. 1. Saponifieation section. 

FAT 

The operation of the saponification column is shown 
in Figure  1. A circulating pump brings the soap into 
the saponification column while the neutral  fa t  and 
the lye required for saponification are conveyed to the 
column by proportioning pumps. The soap in the 
lower portion of the column always contains a certain 
excess of lye, hence the saponification of the neutral  
oil introduced in the column will s tar t  immediately. 

The excess lye also makes it possible to avoid forma- 
tion of certain less desirable soap phases of low elec- 
trolyte content, such as middle soap and acid soap. 
For  the same reason it is very important  to maintain 
a high reeirculation velocity in the saponification 
column. 

The fat  is introduced into the middle section of 
the saponification column and mixed with the soap 
already present by means of a centrifugal pump. Al- 
though the passage through this par t  of the column 
is a mat ter  of only two minutes, analytical tests have 
shown the degree of saponification to be as high as 
99.8%. When leaving at the the top of the colmnn, 
the soap is actually 99.95% saponified. 

As has already been mentioned, a definite excess of 
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lye is extremely important  not only completely to 
saponify the neutral  fa t ty  oils but also to make sure 
that the correct soap phases are formed (4). This 
makes it necessary to have complete control of the 
lye-to-oil ratio at all times. I t  is well known to every 
soapmaker that  the physical characteristics of the 
soap, par t icular ly  the viscosity, will vary  considerably 
under  the influence of excess lye. Detailed investiga- 
tions of these factors have shown the viscosity vari- 
ations of the soap to be useful not only in a qualitative 
but  also in a quantitat ive sense. 

Figure  2 illustrates the relationship of electrolyte 
content to viscosity, where the viscosity is expressed 
in terms of differential pressure. At  an initial low 
electrolyte content the soap in question will be ex- 
tremely viscous. As the electrolyte content increases, 
the viscosity will decrease and, af ter  passing a mini- 
mum, will again rapidly  increase. Points a, b, and c 
illustrate increasing viscosity with increasing elec- 
trolyte concentration. 

The relationship may fu r the r  be il lustrated by the 
use of a McBain (5) diagram for a par t icular  soap. 
Figure  3 illustrates a typical  diagram with the im- 
portant  phases enlarged. Area A indicates the neat 
soap phase, Area P the nigre soap and middle soap 
(not marked),  Area G a mixture of neat soap and 
nigre soap, Area I represents a three-phase region of 
neat soap, nigre soap, and spent lye, and Area J rep- 
resents neat soap and spent lye. AIso on this diagram 
are shaded areas indicating regions of equal viscosity. 

The point of minimum viscosity (Figure  2) cor- 
responds very  closely with the boundary zone be- 
tween neat soap and nigre (point a). The right-hand 
branch of the viscosity curve first corresponds to a 
mixture of neat soap and nigre and, at higher vis- 
cosities, to a mixture of neat soap, nigre, and spent 
lye (point b). At  still higher viscosities a phase has 
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been established between neat soap and spent lye, for  
example point e. 

An important  feature  of the MeBain diagram with 
its characteristic phase equilibria is that  every point 
in the shaded area corresponds to a well-defined vis- 
cosity and vice  versa.  Consequently the changes in 
viscosity may  be used for the automatic constant- 
composition control of the lye-fat ratio. In actual 
production practice the viscosity of the soap in the 
saponification column is determined by measuring the 
pressure drop across the circulating pump. While the 
feed pump for neutral  fat  is set at a constant through- 
put  corresponding to the actual through-put  of the 
entire soap plant, the through-put  of the lye pump 
may be varied. Any  change in the viscosity of the 
soap, which indicates either a deficiency or excess of 
lye in the saponification stage, would automatically 
result in a compensating change in the lye flow. 

The accuracy that  may be obtained in the setting 
of the excess of lye not only depends on the accuracy 
of the instrmnents and the character of the fa t ty  
charge but also on the portion of the curve (Figure  2) 
that  corresponds to the operating conditions. Under 
certain conditions it may be possible to obtain an 
accuracy of •  in the excess of lye. Although it 
is t rue that the composition of the fa t ty  material  ex- 
erts a certain influence on the shape of the viscosity 
curve, the glycerine content of the initial material is 
of much greater  importance in the  manufacture  of 
most s tandard toilet soaps. A high glycerine content 
in the initial material, which would occur when using 
neutral  f a t ty  oils, would result in the displacement of 
the viscosity minimum on the curve (Figure  2) to the 
left, which would apparent ly  indicate a low electro- 
lyte content. With a low glycerine content in the 
initial material, for  example, when using higher per- 
centages of f a t t y  acid, the viscosity minimum would 
be displaced towards the r ight  and would indicate an 
apparent  higher electrolyte content. 

However these matters  are of negligible importance 
in the practical application of automatic constant- 

composition control since, with a given start ing ma- 
terial, it is quite easy under  normal conditions to 
determine the position of the minimum. In practice, 
when carrying out operations at some point on the 
left  branch of the curve in F igure  2, there will be 
an immediate drop in viscosity when the fat  pump is 
momentari ly stopped. The drop in viscosity willl con- 
tinue until  the minimum has been reached and the 
viseosimeter pointer begins to move up again. The 
shape of the viscosity curve for the fat  mixture  in 
question will, hence, be well-defined and there will 
be no difficulties in finding a suitable point of con- 
trol for the regulation of the fat-lye ratio. 

The unique relationship between the viscosity of 
the soap and the equilibrium of its phases offers an 
oppor tuni ty  of using viscosity measurements for the 
continuous control of the saponification process. This 
puts an end to time-consuming chemical analyses and 
also the risk of t reat ing any considerable quantities 
of soul) in an inadequate manner.  

The Washing Stage 

To recover the glycerine the soap is washed counter- 
current ly  by an aqueous electrolyte solution. The so- 
lution nlost generally used is brine (NaC1). The soap 
is mixed with brine (electrolyte solution) in each 
washing step; the phases are formed, that  is, fitted 
neat soap and spent lye, then are separated in a 
Hermetic centrifuge. I t  is of great importance that  
the electrolyte concentration be carefully adjusted. 
A high electrolyte concentration can result in the 
formation of a grainy soap phase that  occludes spent 
lye containing glycerine. Therefore the presence of 
this grainy soap phase will impair the efficiency of 
the washing stage and must be avoided. At  too low 
an electrolyte concentration, nigre may occur, and 
this will mean an unnecessary loss of soap. Generally 
an electrolyte concentration of 12-14% as NaC1 is 
maintained. 

It is, of course, possible to judge the properties of 
the different phases occurring in the washing stage by 
examining samples taken from the separators. How- 
ever the use of instruments to. determine the phase 
conditions offers a most important  means of facilitat- 
ing the control work. The same viscosity-indicating 
system as in the saponification stage is used to provide 
the information necessary concerning the phase con- 
ditions of the fitted neat soap. 

The amount of brine necessary for the washing is 
set by adjust ing a variable-speed proport ioning pump. 
Pure  water and concentrated brine are fed to the suc- 
tion side of the pump. The spent lye-to-soap ratio 
(generally some 35-50 kg. spent lye to every 100 kg. 
of fitted neat soap) is preset by adjusting the pump 
flow rate. The concentration of the brine is adjusted 
by varying the quant i ty  of water by means of a 
rotameter  in such a way that  the desired phase con- 
ditions of the soap are established. This may  easily 
be checked by the viscosity readings at the instru- 
ments. I t  is possible to arrange the adjustment  of 
the electrolyte concentration along completely auto- 
matic lines if desired. The concentration of free 
alkali in the spent lye is dependent  to some extent on 
the operating conditions and the excess lye in the 
saponification stage. Generally the excess lye ranges 
between 0.1% and 0.3% in the saponification stage. 

The glycerine yield and the glycerine coneentra- 
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tion in the spent lye as well as the glycerine content 
of the finished soap depend upon a number of factors. 
The nmst important  are as follows: the amount of 
glycerine in the initial material that may  be recovered 
theoretically;  the soap-to-spent lye rat io;  and the 
number of washing steps. 

Assuming that  the recoverable glycerine content of 
the initial f a t t y  charge amounts to 10% and that  
some 40-45 par ts  of spent lye are used for every 100 
parts  of washed soap, the glycerine recovery in a 
soap plant comprising three washing stages and one 
fitting stage will be 90-95%. The glycerine concen- 
t rat ion in the spent lye would be 14-16%, and the 
glycerine content of the fitted soap would be approxi- 
mately 0.5%. 

The Fit t ing Stage 

Although glycerine, water-soluble color pigments, 
and other impurities are removed by the washing 
operation, the washed soap still contains various fat- 
soluble impurities, such as hydroxy fa t ty  acids and 
low-molecular-weight fa t ty  acids. Under certain con- 
ditions these impurities may impair the quali ty of 
the finished soap. The fitting operation has been in- 
eluded so that these impurities may be removed and 
milling properties of the soap improved. 

Eve ry  soapmaker knows the difficulties that  are 
often associated with a correct fitting operation. I t  
is therefore a mat ter  of great importance that  the 
continuous soap process permits automatic regulation 
in the fitting stage. The underlying principle of this 
eonstant-eomposiiton control system has already been 
mentioned in the description of the saponification 
stage. Its function in the fitting stage may be readily 
il lustrated by Figure 4. As may be seen, the soap in 
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the fitting stage has its lowest viscosity in the central 
portion of fitting area G. A study of the fitting oper- 
ation of a soap mixture  containing 651/o soap will 
show the following picture. At  low electrolyte con- 
centrations the soap is a mixture of nigre and middle 
soap, possibly also containing some neat soap (area 
F ) .  At  0.83% electrolyte content (point a) the fit- 
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t ing zone is entered, and the soap now comprises two 
phases, nigre and neat soap. As the electrolyte content 
increases, there is a drop in viscosity. The minimum 
viscosity at this soap concentration is at an average 
electrolyte content of about 1.1%. As the electrolyte 
content increases, there is an increase in viscosity, 
and at 1.25% electrolyte (point b) the boundary of 
the three-phase area is reached. At higher electrolyte 
content the soap mass is comprised of three phases 
which are neat soap, nigre, and spent lye. This would 
occur on the diagram of electrolyte contents between 
1.25% and 1.38%, that is between points b and e. 

When carrying out the fitting operation two vari- 
ables must be fixed. One is the soap content of the 
entire soap mass. This is adjusted by means of the 
proportioning' pump for  the fitting electrolyte. The 
other is the desired composition of the nigre. This 
factor is set by means of the electrolyte concentration. 
I t  is controlled from the changes in viscosity. 

A typical viscosity curve of a fitting operation is 
shown in F igure  5. When soap is to be fitted from a 
fa t ty  stock of unknown composition, a high electrolyte 
concentration in the salting-out area, or three-phase 
area, is used initially. The eleetrolyte concentration 
is then quickly reduced until  the minimum point on 
the viscosity curve has been reached. A suitable point 
of operation is then adjusted on the right-hand branch 
of the control curve. 

I f  a nigre of high soap content is desired, the work- 
ing point is established near the minimum of the con- 
trol  curve (point f) .  I f  a " h a r d "  fitting is desired, 
that  is a nig're with low soap and high electrolyte 
content, the working point is established far ther  up 
the eontrol curve between points f and b. 

Experience has shown that in practice it is best to 
carry  out the fitting operation along the right-hand 
branch of the viscosity curve. When working on the 
left  branch of the control eurve, between points a and 
f, the nigre obtained has a high soap content and a 
small electrolyte content. This type of nigre is very 
difficult to separate fronl the neat soap. The nigre 
under these conditions has a very  high viscosity. In 
addition, the dens i ty  difference between this type of 
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nigre and neat soap is very  low, making centrifugal  
separation of neat soap and nigre very  difficult. 

As mentioned, at low over-all electrolyte content, 
the nigre produced contains a comparatively large 
amount of soap. ~Vhen operating along the right- 
hand branch of the viscosity curve however, the nigre 
phase will decrease in soap content and increase in 
electrolyte as the viscosity increases. At  high electro- 
lyte contents the conditions of the fitting operation 
begin to resemble those of the washing operation, and 
the desired improvement in the qualities of the neat 
soap can no longer be obtained. 

The relationship between the over-all electrolyte 
content of the soap and its viscosity is almost inde- 
pendent  of the composition of the initial f a t ty  charge 
as far  as the fitting stage is concerned. In the saponi- 
fication stage this was not the case since the glycerine 
content of the raw materials exerts a strong influence 
on the viscosity curve. In the fitting step where there 
is almost no glycerine present, small changes in the 
soap because of variations in the feed stock have very  
little effect on the viscosity. At all times the fitting 
is thoroughly controlled by the automatic constant- 
composition instruments. The neat soap is produced 
at the precise degree of fitting desired, and the quan- 
t i ty  of nigre formed is accurately controlled. 

In  the manufacture  of toilet soap with its severe 
demands on the over-all electrolyte content of the 
finished soap, it  is extremely important  to use a 
highly efficient centrifugal  separator in the fitting 
step. The over-all electrolyte content of the finished 
soap is dependent  on the composition of the original 
f a t t y  charge, par t icular ly  on its content of low-molecu- 
lar f a t ty  acids. From our numerous tests it is felt  that  
the values obtained under  practical plant-operating 
conditions will be only 0.03% over the theoretical 
values. For  the major i ty  of toilet soaps this would 
correspond to an over-all electrolyte content of 0.38% 
to 0.43%. 

I t  is possible to set the NaOH-to-NaC1 ratio, within 
certain limits, by choosing a suitable fitting electro- 
lyre. The free NaOH content may be kept as low as 
0.02% without difficulty. 

To avoid increasing concentrations of hydroxy  acids 
and low-molecular f a t ty  acids, a certain par t  of the 
nigre is continually bled off from the system. Nor- 
really up to 10% of the nigre is sent to the slop tank 
for  rework while the rest will be re turned to the last 
washing stage. 

S&PONIRC&TION 

Fro. 6. 

Fro. 7. De LavM 'Chermer separator. 

The Plant Operation 

This process consists of a hermetically closed, com- 
pletely automatic system controlled from one instru- 
ment panel. The over-all process is i l lustrated in the 
flow sheet shown in Figure  6. 

The raw fa t ty  material and caustic soda solution 
enter the saponification reactor by means of pmnps 
P1 and P2, respectively. The completely saponified 
soap leaving reactor K1 then flows to the washing 
section. Here the soap is countercurrent ly  washed 
with electrolyte and af ter  each wash is centr ifugally 
separated. The mixing towers of the washing section 
are shown as columns K2, K3, and K4. The Hermetic 
centrifugal  separators for the washing section are 
designated as S1, 82, and $3, respectively. 

The completely washed soap leaving the washing 
section then enters the fitting section. Af ter  reaching 
phase equilibrium for the fitting in columns K5a 
and b, the fitted neat soap is separated from the nigre 
in the Hermetic  centrifuge designated as $4. 

The fitted neat soap then may go to the additive 
section, designated as eolmnn K6, where the soap 
may be mixed with certain fillers. 

As mentioned, this process is continuously oper- 
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ated under  automatic  constant-composition control in 
a completely air-free hermetic condition. This is ac- 
complished by  utilizing Hermet ic  pressure centrifuges 
for  all separat ion in the various stages. The centr i fuge 
used is of the type shown in F igure  7 (6). The mate- 
rial  to be separated enters the bowl through the hollow 
spindle. At  the inlet to this hollow spindle is a special 
feed pump  mounted direct ly on the spindle. By  means 
of this built-in pump the mater ial  is forced to the 
separat ing zone of the centr ifuge bowl. Here  separa- 
tion of the l ight component  (soap) f rom the heavy 
component (spent lye or nigre, depending on the 
stage) occurs. These components then flow respec- 
t ively to the next processing stage without  the need 
of intermediate booster pumps.  

Summary 
A new continuous process for  the manufac tu re  of 

soap is described, detail ing the three main operations 
in soapmaking, that  is, saponification, washing, and 
fitting. 

In  the new process all operations involved in the 
product ion of soap are carried out in a hermetical ly 
closed system. The amounts of lye necessary for the 

saponification as well as of brine for  the washing and 
fitting operations are regulated by the automatic  con- 
stant-composition control system, which eliminates the 
older method of control of the soapmaking process by  
cumbersome chemical analyses. 

The process is based on the use of the Hermet ic  
separator,  a centrifuge of special design which allows 
the regulation of the separat ion efficiency dur ing  oper- 
ation and which prevents  any  admixture  or contact of 
the soap with air  and consequently any  oxidation of 
the product  dur ing  processing. 

All types of soap, high grade toilet soap as well 
as l aundry  soap and industr ial  soaps, can be produced 
by this process, which is characterized by high flexi- 
bility, low operation-costs, and a high quali ty of the 
finished product.  
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X-Ray Diffraction Study of Some Normal Alkyl 
Thiolesters of Long Chain Acids 
D. A. LUTZ 1 and L. P. WITNAUER, Eastern Regional Research Laboratory, 2 Philadelphia, Pennsylvania; 
GEORGE S. SASIN and RICHARD SASIN, Drexel Institute of Technology, Philadelphia, Pennsylvania 

ECENT P U B L I C A T I O N S  ( 2 ,  3) described the prep- 
ara t ion of some normal  alkyl thio]esters of 
long-chain acids. Many of the thiolesters of 

long-chain f a t ty  acids are solid crystalline materials  
at ord inary  temperatures ,  suitable for characteriza- 
t ion by X- ray  diffraction. I n  this paper  long spacings 
taken f rom X- ray  diffraction powder data are re- 
ported for 39 n-alkyl thiolesters of normal  long-chain 
aliphatic acids containing an even number  of carbon 
atoms, namely, laurie, myristie,  palmitic, and stearic 
acids. The length of the n-alkyl groups at tached to 
sulfur  varied f rom 7 to 18 carbon atoms, with indi- 
vidual groups containing even or odd numbers  of 
carbon atoms. 

Experimental 
The thiolesters used were those p repared  recently 

by  Sasin and Sasin et al. (2, 3). The compounds used 
were crystallized f rom acetone at  room temperature .  
X- ray  diffraction measurements  were made with a 
General Eleetric XRD-3 direct recording unit,  using 
nickel-filtered CuK~ radiat ion (X = 1.5405 A),  1 ~ beam 
slit, 0.1 ~ detector slit, medium resolution Soller slit, 
scanning speed 2 ~ per minute, chart  speed 60 in. per  
hour, l inear scale, 2-second time-constant. The long- 
spacing values given in Table I were obtained f rom 
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oriented unground samples. The unground  samples 
were placed in a thin layer  on a glass slide and firmly 
pressed to insure adherence. The exposed surface of 
the specimen on the glass slide was approximate ly  
0.5 in. wide by 1.0 in. long. These long-spacing values 
are the average of at least seven orders taken f rom 
the oriented samples. The first and often the second 
and third orders were not included in the average 
because of the limited accuracy with which they could 
be measured. In  general, the values given in Table I 
are precise at least to +0 .05  A. 

Also included in Table I are the relative intensi- 
ties of the first five orders of long spacing. The rela- 
tive intensities were obtained as follows. All samples 
were careful ly  ground in an agate mor ta r  to minimize 
orientation. The ground samples were placed in the 
recess of a plastic holder 1.0 in. long, 0.5 in. wide 
and 0.015 in. deep and were gently packed to insure 
adherence. The intensities of the diffraction lines 
were measured as counts per  second at the maximum 
height minus counts per  second of the background, 
then expressed on a relative scale (IRel) with the 
strongest line a rb i t ra r i ly  given a value of 1,000. 

The complete X- ray  powder-diffraction data for 
these compounds are not included herein because of 
the relat ively large amount  of space that  this would 
require. However  the data were sent to the Jo in t  
Committee on Chemical Analysis by Powder-Diffrac- 


