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T HE most widely used commercial method of soap 
manufacture in the United States is the " fu l l  
boiled" method. It  may be safely estimated that 

at least three quarters of the hard soap manufactured 
in the United States is made by the full-boiled method 
utilizing neutral fats as a base. Other methods of 
commercial importance, such as the "semiboiled," 
"cold-made" and "cont inuous,"  are used to some 
extent but so far have limited application. 

Boiling is conducted in large cylindrical or square 
kettles with capacities ranging from a few thousand 
pounds of stock to several hundred thousand pounds. 
Kettles are generally made of steel. Some are made 
with the various corrosion-resistant, clad steels in 
whole or in part  to avoid product contamination. 
Boiling is carried on by means of open steam, al- 
though closed steam coils are sometimes used. Proces- 
sing materials are introduced at the top of the kettle. 
Finished neat soap is withdrawn from the kettles by 
means of a swing or skimmer pipe. Lyes and niger 
are drawn off at the bottom of the kettle. 

Glycerine is a valuable chemical produced by the 
saponification of fats in soap boiling. Therefore, the 
efficiency of glycerine recovery, both from the soap 
kettle and also from the treatment and evaporation of 
spent soap lyes, is an important factor in the profit- 
able operation of the soap plant. This paper will 
include a discussion of recovery of glycerine from the 
soap kettle. The treatment and evaporation of spent 
soap lyes have been discussed in other papers (2, 5). 

Kettle Operations 
Three basic operations take place during the course 

of soap boiling, viz., saponification, washing, and 
fitting. 

Saponification. Fats charged to the kettle are 
saponified with caustic soda. The chemical reaction 
results in the formation of glycerol and sodium salts 
of fa t ty  acids or soap. 

Washing. The function of the wash is to remove 
coloring matter, impurities and glycerol from the 
kettle of soap. The method of performing a wash is 
to " g r a i n "  the kettle of soap by the addition of salt, 
caustic soda, or a combination of the two. A kettle 
when properly grained will separate into two layers. 
The upper layer is called the curd, and under good 
practice consists of from 60% to 64% anhydrous 
soap; the balance being water containing a small 
amount of electrolyte. The curd is not uniform 
throughout. 

The lower layer is soap lye consisting of an aqueous 
solution of salt, caustic, or both. This is drawn off 
preparatory to a further  change. 

Fitting. The third basic operation is the fit. The 
purpose of the fit is to produce a kettle soap of a 
texture suitable for further  processing into finished 
products. After the soap lye has been removed from 
the final wash, leaving only a curd, fresh water is 
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added to the curd under constant boiling to dilute 
its electrolyte content. When the fit is carried out 
properly, the kettle will settle into two layers. The 
upper layer, roughly amounting to three quarters of 
the total kettle, is neat kettle soap. This layer of 
relatively pure soap is fairly homogeneous through- 
out and may vary in anhydrous soap content from 
kettle to kettle in the range of 65% to 69%. The 
balance is mainly water, glycerol, and a small amount 
of electrolyte. 

The lower layer is called the niger. It  is a non- 
homogeneous mass and generally averages less than 
40% anhydrous soap. A large portion of the impuri- 
ties and coloring matter of the kettle settle into the 
niger, giving it its dark color. The niger is reused 
in a succeeding kettle. 

Distribution of Glycerol in the Kettle 
It  is well established (1, 4) that glycerol is dis- 

tributed uniformly throughout the aqueous portion 
of the kettle. For example, if the aqueous part  of 
the soap lye layer, excluding dissolved solids, con- 
tains 5 per cent glycerol, then the corresponding aque- 
ous part of the soap curd will also contain 5 per cent 
of glycerol. 

Furthermore, in ordinary kettle practice, 100 lb. 
of anhydrous soap in the curd will hold approxi- 
mately 61 lb. water and glycerol, and 100 lb. soap lye 
will hold approximately 90 lb. water and glycerol. 
These figures will vary somewhat over a limited range 
according to composition of soap base and existing 
kettle practices. 

Therefore, by regulating the size of the soap lye 
wash with respect to the curd, it is possible to remove 
a definite percentage of free glycerol from the kettle. 
It  is only a further  step to set up systems of washes 
with regard to size and number for the purpose of 
effecting a definite percentage recovery of the glycerol 
available in the fats charged to the kettle. 

Measurement of Kettle Contents 
In order to regulate the size of washes in the soap 

kettle, means must be provided for measuring the 
contents of the kettle during boiling. This may be 
accomplished by means of a back pressure (4) liquid 
level gauge, either the manometer or dial type. These 
gauges are obtainable from instrument and gauge 
manufacturers, or may be made locally. It  is desir- 
able that the air column pipe which goes to the bot- 
tom of the kettle be a two-inch pipe because in smaller 
sizes there is a tendency for soap to "se t  u p "  inside 
the pipe and block the flow of air, thereby making a 
correct gauge reading impossible. 

The accuracy of this method of weighing the con- 
tents of a kettle is generally -+- 2.0%, which affords 
adequate control over operations. 

System of Washes 
There are three general systems of washes used in 

the full boiled method of soap making. The main 
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FIG. 1. Individual wash system. 

purposes of washes are to cleanse impurities and 
coloring matter from the soap and to recover glycer- 
ine which the fats and oils yield on saponification. 

Iqldividual Wash System. The earliest system of 
washes (see Figure 1) is one in which several succes- 
sive fresh neutral washes are made on the same kettle 
for glycerine recovery. Saponification and fitting op- 
erations are carried out in the customary manner. 

This system of washes is still much used where the 
number of kettles is limited and various grades of 
stock must be handled without the possibility of con- 
taminating good soap stock by countercurrent washes 
from poorer soap stock. 

The individual system of washes has one major 
d r a w b a c k ,  viz., production of a relatively large 
amount of spent soap lye compared with the amount 
produced in countercurrent systems. Consequently, 
in the individual wash system, labor, material, and 
steam costs for evaporating spent lye to crude glycer- 
ine are oftentimes double those in the countercurrent 
system (see Figure 5). This places the former system 
at an obvious economic disadvantage. 

Semi-Countercurre~t System. A second system of 
washes, semi-countercurrent (see Figure 2), is a com- 
promise between the individual system just described 
and a straight countercurrent system. In this system 
several fresh washes of varying caustic soda strength 
are drawn off the same kettle into storage tanks. 
These washes are later used in the saponification or 
"k i l l ing"  change in succeeding kettles where they 
are " en r i ched"  by picking up more glycerine and 
where their caustic soda strength is spent in saponi- 
lying fresh fats and oils. 

(1) Saponification Change 

(2) Strong Change / Lyes to storage for use in 
(3) Strong Change t saponification change in 
(4) Strong Change succeeding kettle. 
(5) Fitting Change 

FIG. 2. Semi-eountercurrent system. 

The semi-countercurrent system has the same ad- 
vantage as the individual wash system for soap plants 
having limited kettle facilities. A variety of soap 
stock can be processed with little possibility of the 
contamination of good stock through interchange of 
lyes. 

It  has the advantage over the individual wash 
system of reducing the amount of spent soap lye 
produced by about 25 percent with a proportionate 
reduction of operating costs in the crude glycerine 
plant. 

Here again there are serious disadvantages in this 
system compared with the straight countercurrent 
system. Over one and one-half times the amount of 

spent soap lye is produced in the semi-countercurrent 
system as in the countereurrent system. This means 
that labor, material, and steam costs of producing 
crude glycerine are about one and one-half times 
those in the countercurrent system. 

A second disadvantage is in the extra amount of 
time, labor, and expense consumed in running partly 
spent lyes from the kettle to storage tanks and then 
back to a succeeding kettle for the saponification 
change. These part ly spent lyes may cool off on stor- 
age and i a  that  conditio~ the rea.etioa be~.ween their 
caustic soda content and the fat charge is slow and 
uncertain. 

C o u n t e r c u r r e n t  System. The third system of 
washes is the countercurrent system (see Figures 3 
and 4). In this system, a wash is pumped directly 
from one kettle to a succeeding kettle which is in an 
earlier stage of the process. The same wash will pass 
through a number of kettles until its countercycle is 
completed and it is transferred to the glycerine de- 
partment as spent lye. 

In larger soap plants where the countercurrent 
system is used, kettles receive ten or more washes on 
a twenty-four hour a day kettle schedule with short 
settles between washes. The recovery of glycerol from 
the saponification of the fats is approximately 95% 
of that theoretically available. This recovery is ac- 
complished with a ratio of less than one pound of 
spent lye produced per pound of fresh fat or oil 
charged to the kettles. 

In the medium or small soap plant, where it is not 
feasible to conduct a twenty-four hour a day schedule 
on the soap kettles, the countercurrent system is ap- 
plicable, using about three large washes per kettle 
and overnight settles between washes. 

Typical Operation of Three-Wash 
Countercurrent System 

Proper operation of the three-wash countercurrent 
system requires units of four kettles of equal capacity. 
Each unit is independent of other units and handles 
one grade of soap stock in its four kettles. 

The changes in each unit are so staggered that 
washes from kettles in a more advanced stage are 
pumped directly to kettles in a less advanced stage. 
For  a three-wash schedule, the cycle of each kettle 
from the initial charge until the kettle is ready to be 
charged again is eight days. One kettle of the unit is 
finished every second day, thus providing a steady, 
continuous supply of neat soap. A unit of four ket- 
tles will produce at the rate of approximately 3.5 
pounds of neat soap per day per cubic foot of kettle 
space. 

Each kettle is charged with a weight of fresh fat 
equal to approximately three-tenths the gross capac- 
ity of the kettle calculated as Water. 

When the operation is started for the first time on 
empty kettles, the fat charge is increased above the 
normal charge by about 15% to allow for soap stock 
equivalent to that in a normal niger. The kettles are 
not put into operation simultaneously, but one is 
started on every second day until all are in operation. 
Washes are made up of fresh caustic lye, salt, and 
water, until washes from other kettles in the unit 
become available. 

Figure 3 shows the schedule for the four-kettle 
unit in which the three-wash countercurrent system 
is used. The pattern of the eight-day cycle as shown 
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is r e p e a t e d  c o n t i n u o u s l y  d u r i n g  the o p e r a t i o n  of the  
p lan t .  

F o r  the  p u r p o s e  of i l l u s t r a t i on ,  the  flow sheet  in  
F i g u r e  3 is ba sed  on a ke t t l e  charge  of 50,000 lb.  of 
f a t s  a n d  oils which  y ie ld ,  on sapon i f i ca t ion  w i th  caus-  
t ic  soda,  51,500 lb. a n h y d r o u s  soap a n d  5,000 lb.  
g lycero l .  

I f  the  ke t t l e  charge  is g r e a t e r  or  less t h a n  50,000 
lb.,  the  ke t t l e  compos i t ions  shown be low wi l l  v a r y  in 
p r o p o r t i o n  to the  charge .  

The compos i t ion  of the  ke t t l e s  on each change  is 
a p p r o x i m a t e l y  as fo l lows :  

First Change 
Curd : 

Anhydrous Soap ........................................... .46,400 lb. 
Unsaponified Fat  .......................................... 5,000 lb. 
NaC1 and other dissolved solids ................ 900 lb. 
Glycerol .......................................................... 2,360 lb. 
Water .............................................................. 25,240 lb. 

Total ........................................................... 
Lye : 

NaCI and other dissolved solids ................ 6,200 lb. 
Glycerol .......................................................... 4,730 lb. 
Water ............................................................. .50,470 lb. 

79,900 lb. 

Total ........................................................... 

Second Change 
Curd : 

Anhydrous Soap ........................................... 51,500 lb. 
NaC1, NaOH, and other 

dissolved solids 1,000 lb. 
Glycerol .......................................................... 1,055 lb. 
Water ............................................................. 29,445 lb. 

61,400 lb. 

Total ........................................................... 
Lye : 

NaC1, NaOH, and other 
dissolved solids 8,300 lb. 

Glycerol .......................................................... 2,590 lb. 
Water ............................................................. .72,310 lb. 

83,000 lb. 

Total ........................................................... 

Third Change 
Curd : 

Anhydrous Soap ........................................... 60,600 lb. 
NaC1, NaOH, and other 

dissolved solids .......................................... 1,200 lb. 
Glycerol ........................................................... 405 lb. 
Water ............................................................. 35,495 lb. 

83,2001b. 

Total ........................................................... 
Lye : 

NaC1, NaOH, and other 
dissolved solids .......................................... 7,700 lb. 

Glycerol .......................................................... 785 lb. 
Water ............................................................. 88,715 lb. 

Total ........................................................... 

Fourth Change 
Neat : 

Anhydrous Soap ............................................ 51,500 lb. 
NaC1, NaOH, and other 

dissolved solids .......................................... 300 lb. 
Glycerol .......................................................... 270 lb. 
Water ............................................................. 26,830 lb. 

Total ........................................................... 
Niger: 

Anhydrous Soap ............................................ 9,100 lb. 
NaC1, NaOH, and other 900 lb. 

dissolved solids .......................................... 
Glycerol .......................................................... 130 lb. 
Water ............................................................. ~12,970 lb. 

T o t a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

97,700 lb. 

77,200 lb. 

78,900 lb. 

23,100 lb. 

Changes  fo r  K e t t l e  A on ly  a re  d e s c r i b e d  below.  
The same changes  on the  o the r  ke t t l e s  a r e  p e r f o r m e d  
in  the  same m a n n e r .  

First Change. C h a n g  e No. 1, somet imes  ca l led  the  
" s a p o n i f i c a t i o n "  or  "kil l ing" change ,  is g iven  to 
K e t t l e  A. The  n i g e r  f r o m  the  p r e v i o u s  boi l  in  th i s  
ke t t l e  has  been  p u m p e d  over  to s to rage  a n d  the  new 
boi l  is b e g u n  on an  e m p t y  ke t t l e .  V i g o r o u s  bo i l i ng  is 
c a r r i e d  out  w i th  open s t eam whi le  the  f a t  s tock a n d  
the  soap lye  f r o m  Change  No. 2 of K e t t l e  D a re  
p u m p e d  in to  the  ke t t l e .  The  caus t ic  s t r e n g t h  of the  
lye  is " s p e n t "  o r  used  u p  in  s a p o n i f y i n g  the  f a t  
charge .  A d d i t i o n a l  f r e sh  caus t i c  lye  is n e e d e d  to 
c a r r y  the  sapon i f i ca t ion  f u r t h e r .  V i r t u a l l y  comple te  
sapon i f i ca t ion  can  be a c c ompl i she d  a t  th is  s tage  b y  
sk i l l fu l  o p e r a t i o n  a n d  w i th  suff icient  t ime.  However ,  
i t  is p r a c t i c a l  to s a p o n i f y  on ly  85% to 90% of  the  
f r e s h  cha rge  because  the  e x t r a  t ime  r e q u i r e d  fo r  
comple te  sapon i f i ca t ion  is no t  j u s t i f i ed  b y  a n y  a p p r e -  
c iab le  a d d e d  benefi t .  

I t  is i m p o r t a n t  t h a t  a p r o p e r  b a l a n c e  of  e l ec t ro ly t e  
be m a i n t a i n e d  in  the  ke t t l e  d u r i n g  the  saponi f ica t ion .  
Too l i t t l e  e l ec t ro ly t e  causes " b u n c h i n g , "  r e s u l t i n g  in 
a h i g h l y  viscous mass  of soap in  which  a g i t a t i o n  a n d  
i n t e r m i x i n g  become n e a r l y  imposs ib le .  Too much  elec- 
t r o l y t e  on the  o the r  h a n d  g r a i n s  ou t  t he  soap  a n d  
r e t a r d s  the  p r o g r e s s  of saponi f ica t ion .  I t  is wel l  to 
keep  the soap  in  a s e m i - p a s t y  or  c losed Condi t ion 
t h r o u g h o u t  th i s  ope ra t ion .  

I f  sapon.if icat ion is c a r r i e d  out  p r o p e r l y ,  i t  shou ld  
t ake  no more  t h a n  two or  t h r ee  hour s  to s a p o n i f y  up-  
w a r d s  of 50,000 lb.  f a t  to the  e x t e n t  of 90% of the  
f a t  charge .  

T o w a r d  the  end  of  the  sapon i f i ca t ion  phase  of the  
f i rs t  change,  the  ke t t l e  beg ins  to t ake  u p  a d d i t i o n s  of  
f r e sh  caus t ic  lye  more  a n d  more  s lowly.  This  is an  
i n d i c a t i o n  t h a t  sapon i f i ca t ion  has  gone as f a r  is p r ac -  
t ical .  Before  p r o c e e d i n g  to g r a i n  ou t  the  soap  w i th  
sal t ,  the  ke t t l e  shou ld  be bo i l ed  t h o r o u g h l y  u n t i l  t he re  
is no f ree  caus t ic  lef t .  A su i t ab l e  i n d i c a t o r  fo r  de tec t -  
i ng  f ree  caus t i c  is t h y m o l p h t h a l e i n  so lu t ion  or  tes t  
pape r s .  I f  no color  shows on u s i n g  the  i n d i c a t o r  or  
i f  on ly  a f a i n t  b lue  color  a p p e a r s ,  the  ke t t l e  can be 
cons ide red  n e u t r a l  a n d  r e a d y  fo r  the  g r a i n i n g  ou t  
ope ra t ion .  

W h e n  the  ke t t l e  is neu t r a l ,  i t  is g r a i n e d  ou t  w i th  
d r y  salt .  C o n c e n t r a t e d  b r i n e  is somet imes  used  b u t  i t  
inc reases  the  a m o u n t  of  s p e n t  lye  u n d u l y .  G r e a t  ca re  
m u s t  be exerc i sed  in o b t a i n i n g  the  r i g h t  c o n c e n t r a t i o n  
of  sa l t  in  the  lye.  Insuff ic ient  sa l t  r e su l t s  in a spen t  
lye  c o n t a i n i n g  a l a rge  a m o u n t  of d i s so lved  soap.  Not  
on ly  is th i s  soap was t ed  d u r i n g  the  t r e a t m e n t  of s p e n t  
lyes,  b u t  i t s  p resence  makes  s a t i s f a c t o r y  t r e a t m e n t  
difficult .  

Too h igh  a sa l t  c o n c e n t r a t i o n  in  the  lye  causes a 
cond i t i on  k n o w n  as " o v e r s a l t i n g . "  The  c u r d  has  a 
"hard g r a i n "  a n d  t e n d s  to ho ld  a g r e a t e r  p e r c e n t a g e  
of  w a t e r  t h a n  is normal .  Th is  r educes  the  efficiency 
of  the  g lyce r ine  r ecove ry  s ince a g r e a t e r  p o r t i o n  of  
g lyce ro l  is r e t a i n e d  in  the  c u r d  a n d  a lesser  p o r t i o n  
of g lyce ro l  is r emoved  w i th  the  s p e n t  lye.  

There  a re  severa l  me thods  of  d e t e r m i n i n g  when  a 
" g r a i n e d "  s ta te  has  been  comple t ed .  A sample  of  
bo i l i ng  soap is w i t h d r a w n  f r o m  the  ke t t l e  w i th  a 
t rowel .  I f  the  soap is in  a g r a i n e d  condi t ion ,  severa l  
d r o p s  of c lear  lye  wi l l  s e p a r a t e  f r o m  the  c u r d y  mass.  
I f  no lye  s e p a r a t e s  f rom the  mass,  the  ke t t l e  is s t i l l  
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in a closed state and requires more salt. If  the clear 
separated lye is dropped on a cold surface of metal 
or glass and, on cooling, remains clear, it is an indi- 
cation that graining is complete. If, however, the 
drop of lye becomes opaque and milky, then addi- 
tional salt must be added to complete the graining 
out. 

A second method of determining if graining out 
has been completed is to filter a small sample of clear 
lye from a mass of curdy soap taken from the kettle. 
Salt or concentrated brine is stirred into the clear 
lye. I f  fur ther  curds of soap separate from the clear 
lye, then graining out is incomplete and more salt is 
needed for the kettle. If the lye remains clear, grain- 
ing out is complete. 

Oversalting can be corrected by dilution of the 
kettle with water. However, it is best to avoid over- 
salting by approaching the end point of the graining 
operation with care. 

A definite change in the physical appearance of the 
boiling soap can be detected when the end point is 
approached. 

When the kettle is properly grained, it is allowed 
to settle overnight. 

Second Change. The spent lye which has settled 
out overnight from the first change in Kettle A is 
discharged to the glycerine department for glycerine 
recovery. Kettle A is then given its second change. 
Enough water is added to the curd to just "c lose"  

the soap. At the same time, open steam is turned 
on in the kettle for agitation. When the soap has 
smoothed out to a pasty, closed condition, fresh caus- 
tic soda lye is run into the boiling kettle to complete 
the saponification of the change. Care must be taken 
not to add the caustic much faster than it will react 
with the unsaponified fat. An excessive concentration 
of free caustic will grain out the soap and retard 
saponification. Complete saponification can be com- 
pleted in a relatively short period of boiling in the 
closed state with but a slight excess of caustic. 

When the charge is completely saponified and no 
longer reacts with a slight excess of caustic in the 
kettle, soap lye is pumped o~er from the third change 
of Kettle D. While this lye is being added, constant 
agitation with open steam is maintained. The kettle 
is then grained out with fresh caustic or dry salt and 
allowed to settle overnight. 

Third Change. The soap lye which has settled out 
overnight from the second change in Kettle A is 
pumped over to Kettle B which is being given its first 
change. 

Change No. 3 is then given to Kettle A. As in 
Change No. 2, the curd is closed up with water while 
being agitated with steam. To make doubly sure of 
complete saponification, a small addition of fresh 
caustic is run into the kettle and boiling is continued 
for a short period while the kettle is in a closed state. 

Niger is pumped from storage into Kettle A with 
constant boiling. The wash is built up to the desired 
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size and the kettle is grained out with brine or caustic 
or a combination of the two. 

I t  is to be noted that the relative concentration of 
NaC1 and NaOII on this change will be the same as 
found in the neat soap after the kettle is fitted and 
settled. Hence, regulation of the relative NaOH and 
NaC1 content of this change affords a means of ad- 
justing free NaOH or NaC1 in the finished neat soap. 

When the wash has been built to the proper size 
and the kettle is grained out, it is allowed to settle 
overnight. 

Fourth Change. The lye from the third change of 
Kettle A is pumped over to Kettle B for the second 
change oh the latter. 

Change No. 4, the " f i t , "  is then given to Kettle A. 
This is a critical operation and requires considerable 
experience in its accomplishment since it is difficult 
to determine beforehand by analytical means the cor- 
rect amount of water to be added. After the soap lye 
has been pumped from Kettle A to Kettle B, the curd 
is boiled on open steam and the proper quantity of 
water is added gradually to the kettle to obtain the 
type of fit desired. Webb (3) describes the fitting 
operation in detail, especially in regard to the types 
of fit from "coarse" to "fine." Roughly, four or 
five pounds of water, including steam condensate 
from the open steam coil, are required for every 100 
lb. of normal curd soap to obtain a " m e d i u m "  fit. 

Tf too little :water is added on this change, an 
extremely coarse fit is obtained which settles out 
little dirt and produces neat soap which is short in 
character and unsuitable for further  processing. 

On the other hand, an excess of water produces a 
viscous, waxy mass which will settle out a niger only 
with difficulty. The soap handles poorly, if at all, 
on further processing. 

The trowel test as described by Webb (3) is the 
best practical guide for the correctness of the opera- 
tion. This is an empirical test depending on the de- 
gree of tackiness possessed by the kettle soap. Tacki- 
ness is measured by observing how hot soap dipped 
up from the boiling kettle slides from a tilted trowel. 

A definite correlation can be noted between the way 
the soap slides off the trowel and the type of fit. In 
coarsely fitted kettles, the thin layer Qf soap has a 
tendency to break up into flakes as it leaves the trowel 
and the surface of the trowel dries off almost immedi- 
ately. In finely fitted kettles, the soap is tackier and 
tends to drop off the trowel without flaking, leaving 
the surface of the trowel greasy to the touch. In inter- 
mediate fits, the soap has less tendency to flake than 
in coarse fits and the surface of the trowel requires a 
few seconds longer to dry after the layer of soap has 
slid off. 

With experience, a soapmaker can observe the prog- 
ress of the fit by the appearance of the boiling mass 
of soap. 

Wigner (4) describes in detail a method of con- 
ducting the fit by adding a predetermined amount of 
water calculated from the proportion of electrolyte, 
anhydrous soap, and water, present in the curd. This 
method appears to have good possibilities for quanti- 
tative control purposes when properly standardized. 

If, by chance, an excessive amount of water has 
been added on the fit and the soap is too thick, this 
condition can be corrected by the addition of a small 
amount of salt or caustic. However, it is best to avoid 
such a condition since the addition of extra salt or 

Day 
of 

Cycle 
K E T T L E  A 

CHANGE ][. 
Charge with fat andi 
lye f rom Change 2 
of Kettle O. Dis- 
charge spent  lye to 
Glycerine Dept. 

CHANGE 2. 
Charge with lye 
f rom Change 3 of 
Kettle C. Discharge  
lye to Change 1 of 
Kettle B. 

CHANGE 3. 
Charge with n iger  
f rom s torage and 
fresh lye. Discharge 
lye to Change 2 
of Kettle B. 

CHANGR 4. 
Fitting 

Operation 

Settle 

Discha rge  neat 
soap to process and 
niger to storage. 

K E T T L E  B 

Settle 

Discharge neat 
soap to process 
and niger to 
storage.  

CHANGE 1. 
i Charge  with fat and 
lye f rom Change  2 
of Kett le A. Dis- 
charge  spent lye 

' to Glycerine Dept. 

CHANGB 2. 
Charge with lye 
from Change 3 of 
Kettle A. 
Discharge lye to 
Change  1 of 
Kettle C. 

CHA~GE 3. 
Charge  with niger 
from storage and 
fresh lye. 
Discharge lye to 
Change 2 of 
Kettle O. 

CHANG~ 4. 
Fitting 

Operation 

K E 2 ~ L E  C 

CHANGE 3. 
Charge  with n iger  
from storage and 
fresh lye. Dis- 
charge lye to 
0hange  2 of 
Kettle A. 

CHA~G~ 4. 
F i t t ing  

Operation 

Settle 

Discharge neat 
soap to process 
and niger to 
storage. 

CHANG~ 1. 
Charge  with fat and 
lye from Change 2 
of Kettle B. Dis- 
charge  spent lye 
to Glycerine Dept. 

CHANGE 2. 
Charge  with lye 
f rom Change 3 of 
Kettle B. Dis- 
charge  lye to 
Change 1 of 
Kettle A. 

F I e .  4. T h r e e - k e t t l e  c o u n t e r c u r r e n t  u n i t  s c h e d u l e .  

caustic during the fit will produce excessively large 
nigers. 

When the proper degree of fit has been obtained 
on Kettle A, it is allowed to settle into the two layers, 
neat soap and niger. The period of settling will vary 
according to size of kettles, type of fit, and soap base. 
Large kettles take longer to settle than small ones. 
Fine fits require a longer settling time than coarse 
fits. Kettles containing rosin in the soap base require 
a longer settling period than straight tallow or grease 
base kettles. 

A f t e r  p r o p e r  settling, the neat soap layer is 
pumped to storage or directly to processing. When 
the neat soap has been entirely withdrawn, the niger 
is boiled up with open steam, and is pumped to niger 
storage for reuse in a succeeding kettle. 

If  the niger is excessively dark, it may be cleaned 
up by an operation called a " p i t c h . "  This is done 
by diluting the niger with a small amount of water 
while boiling it with open steam and then allowing 
it to settle. A dark sludge will settle to the bottom 
of the kettle. This mass is discarded or, if it contains 
enough soap, it may be used as soap stock for a low 
grade soap. The balance of the niger is pumped to 
niger storage for reuse. 

Variations in the Countercurrent System 
Three Kettle Unit. It  is possible to conduct the 

countercurrent system in a three-kettle unit if the 
kettles are small enough in size to require less than 
two days' settle after the fit. Figure 4 illustrates the 
six-day cycle schedule for the three-kettle unit. This 
unit is equal to the four-kettle Unit in ease of opera- 
tion and in efficiency of glycerine recovery and re- 
moval of soluble impurities. 
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Niger Handling. Instead of removing the niger 
before starting a new boil, the niger can be left in 
the kettle and the new charge pumped into it. The 
presence of soap in the niger is an aid to initial saponi- 
fication in the first change. However, the niger dilutes 
the concentration of glycerol in the spent lye and in- 
creases its bulk. Furthermore, the working capacity 
of the kettles is decreased by 10% to 15%. Thus, little 
useful purpose is served by allowing the niger to 
remain in the kettle. 

Glycerol Recovery Comparison 
Figure 5 shows a comparison of pounds of spent 

lye produced per pound of fat charge at varying 
levels of glycerine recovery for both the individual 
and the countercurrent wash systems. Each system 
employs three washes. 

Glycerine recovery from the kettles for the indi- 
vidual wash system is derived from the formula: 

Glycerine Recovery 

300(L+M-FN LM LN MN-~-LMN) 

2 -~- L -~-M -~- N--LM--LN--MN ~-LMN 

In this formula, L. M. and N represent the frac- 
tion of free glycerol in the kettles removed in each 
of the three changes. 

In like manner, glycerine recovery for the counter- 
current system is derived from the formula: 

% Glycerine Recovery 
200 L (0.9--0.9N+1.4 MN+0.11VI) 
2---2N ~- 2MN--2M-~2LM+LMN 

The letters L, M, and N represent the fraction of 
free gtycerol removed on the 1st, 2nd, and 3rd changes 
respectively. 

Saponification in the countercurrent system is 
taken to be 90% complete in the first change and 
100% complete in the second change. For simplicity, 
saponification in the individual wash system is taken 
to be complete in the first change. 

In both systems, the composition of the curd is 
assumed to be 62% anhydrous soap and dissolved 
solids and 38% aqueous. The lye layer is taken to 
consist of 10% dissolved solids and 90% aqueous. On 
the settl~, the distributien of glycerol between the 
neat soap layer and the niger is taken to be in the 
ratio two to one. 

The ratio of spent soap lye to fat charge for each 
definite glycerine recovery is calculated using the 
above compositions for curd and soap lye. 

For illustration, the values for L, tV[, and N used 
for the countercurrent flowsheet in Figure 3 are .67, 
.71, and .66 respectively. On substituting these val- 
ues in the above formula for countercurrent glycerine 
recovery, the percentage of glycerine recovery from 
the kettles is found to be 94.7%. The ratio of spent 
soap lye to fat charge is 61,400 lb. lye to 50,000 lb. 
fat, or 1.23 lb. to one lb. 

It may be pointed out for greater clarity that the 
fractions, L, M, and N, are determined from the 
composition of the curd and the soap lye. With ref- 
erence to the flowsheet in Figure 3, the amount of 
water plus glycerol on the first change is 27,600 lb. 
in the curd and 55,200 lb. in the lye. The total water 
plus glycerol in the kettle is therefore 82,800 lb. The 
amount in the lye, 55,200 lb., is the fraction .67 of 
the total amount of water plus glycerol in the kettle. 
Therefore, the fraction, L, equals .67 in the first 
change. The fractions, M and N, are derived in the 
same manner for the other changes. 

Other points in the curves are derived in the same 
manner as in the above illustration. However, it 
must be noted that in the individual wash system 
the total amount of spent soap lye produced per 
kettle is found by adding together the three washes. 

An inspection of Figure 5 indicates that a 95% 
kettle recovery of glycerine is p~acticable for the full 
countercurrent system of washes, whereas only 85% 
to 90% appears to be the practical limit for the indi- 
vidual wash system. 

Even at the level of 85% to 90% recovery in the 
individual wash system, costs of treating and evapo- 
rating the spent lye produced are considerably more 
than for a 95% kettle recovery in the full counter- 
current system. 

Therefore, it appears that it is advantageous to use, 
wherever possible, the full countercurrent wash sys- 
tem instead of the individual wash system. 

Summary 
Soap boiling operations and the various systems of 

washes used in full boiled soap making are described. 
A flowsheet and description of a typical four-kettle 
unit cycle, employing the full countercurrent wash 
system, is given in detail. 

Kettle recovery formulas on a three-wash basis are 
given for the individual and countercurrent systems. 
A graph indicating kettle glycerine recovery and 
pounds of spent lye per pound of fat charged to ket- 
tles is also shown for the individual and counter- 
current systems. 
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SUPPLEMENT 
It is felt that the derivation of the equation used for 
estimating glycerol recovery in the full countercurrent 
system will be of value. This is given below: 

Let L ~-fract ion of free glycerol in kettle removed 
by first wash 

M = fraction of free glycerol in kettle removed 
by second wash 

N = fraction of free glycerol in kettle removed 
by third wash 

a = glycerol in niger 

s = glycerol bound in unsaponified portion of 
fat charge in first change 

y = glycerol in the lye from a second change 

z ~ glycerol in the lye from a third change 

R = fraction recovered of available glycerol in 
the fat charge 

1-~-available glycerol in the fat charge 

Then, 
R = L (1--s~-y) (1) 
y -~-M [ ( I~L) (1 - - s -~y)  ~-s~-z] (2) 
z =  N [ ( I~M)  [ ( l ~ L )  (1--s~-y)-~-s~-z]-~-a] 

(U) 

Solving (2) and (3) simultaneously, the following 
value for " y "  is obtained, 

M(1--L-~Ls-{-Na) 
Y ~ 1 - - N + M N ~ M ~ - L M  (4) 

Solving (4) and (1) simultaneously, the following 
value for " R "  is obtained, 

R = L  [1--s-~ M(1- -L~-Ls+Na  ] (5) 

Now if it is assumed that the charge of fat is 90% 
saponified on the first change, then the fraction " s "  

representing the glycerol bound in the unsaponified 
fat is 0.1 and (5) becomes, 

M (1--0.9L-~-Na) ] 
• :  L [ 0.9  1-- -MJ (6) 

Now if it is assumed that on the fitting change the 
free glycerol is divided between the niger soap and 
the neat soap layers in the ratio of one to two respec- 
tively, then since the glycerol in the niger is rep- 
resented by " a , "  the glycerol in the neat soap can be 
represented by " 2 a . "  
It  then follows that 

R = 1--2a 
o r  

1--R 
a - -  (7) 

2 

where "1~" is the fraction recovered of the available 
glycerol, " 2 a "  is the glycerol lost in the neat soap, 
and "1"  is the available glycerol in the fat charge. 
Solving (6) and (7) simultaneously, the following 
value for " R "  is obtained, 

[ 0.9--0.9N~- 1.4MN~-0.1M ] (8) 

R-~- 2L L 2 - - 2 N - ~ - 2 M N J 2 M ~ 2 L M ~ L M N J  

Multiplying both sides of equation by 100, 

% Recovery 
[ 0.9--0.9N~-I.4MN~-0.1M ] 

eo0L t 2-- MNJ (9) 

which is the recovery formula for the full counter- 
current wash system. 
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Report of the Gossypol  Committee 
The G o s s y p o l  C o m m i t t e e  of the American Oil 

Chemists' Society, since its original appointment in 
April, 1945, has been engaged in a comprehensive 
program involving the investigation of the complete- 
ness, accuracy, and specificity of the various pub- 
lished methods for the determination of gossypol in 
cottonseed and cottonseed products. 

The first phase of this program, namely, investi- 
gation of methods for the determination of gossypol 
in unprocessed cottonseed, has been under way for 
some time. The methods listed below are being ap- 
plied to the determination of gossypol in samples of 
two lots of pure-bred cottonseed furnished by Dr. 
J. Winston Neely of the U. S. Cotton Field Station 
at Stoneville, Mississippi. The methods being investi- 
gated cover those pertaining to the extraction of 
gossypol and subsequent estimation of the content of 
gossypol in the extracts. The methods are as follows: 

Methods  for the Extract ion of Gossypol from Cottonseed 
1. Exhaustive extraction for 24-72 hours: Extrac t  in Soxhlet 

type extractor  with diethyl ether (peroxide-free).  Setlwartze, 
E. W. and Alsberg, G. L., J .  Agr. Res. 25, 289-295 (1923). 

2. Exhaustive extraction in Soxhlet type extractor  with diethyl 
ether (peroxide-free) containing 2.3-2.5% ethyl alcohol (by 
weight) and 1-1.2% water,  and having a density of 0.724- 
0.726 g./ce, a t  15.6°C.; water added to mixture in receiving 
flask (5 ec./350 cc.) [Smith, F. H., Ind. Eng. Chem. Anal. 
Ed., 5, 29-33 (1933) ; F. H. Smith, private communication.] 

3. Exhaustive extraction in But t  type extractor using same 
solvent mixture as in (2) .  Lyman, C. M., Holland, B. R., 
and Hale, F., Ind. Eng. Chem, Anal. Ed., 15, 489-491 (1943). 

4. Equilibration: Equil ibrate  finely ground seed in chloroform 
a t  37-38°) ~. according to the method described by Boatner,  
Curare]In, and Kyame, Ind. Eng. Chem., Anal. Ed., 16, 566- 
73 (1944). 

5. Equilibration : Same as (4) using diethyl ether as solvent. 
Same reference as (4) .  

6. Equilibration: Same as (4) using chloroform at  room tem- 
perature with agi ta t ion  according to method of Procter  and 
Gamble, unpublished. 


