
Chemical Problems in the Manufacture 
Soap 

F u n d a m e n t a l  Pr inc ip les  of 
Soap Making Discussed 

T 
HE study of soap-making 

from a chemical point of 
view presents  many inter-  

est ing problems. Like many other 
indust r ia l  operations, the manufac- 
ture  of soap has gradual ly  develop- 
ed from very rude beginnings, by 
accumulated experience, to become 
a highly specialized branch of 
chemical manufacture.  

I t  was well known tha t  when an 
oil or f a t  is mixed with a solution 
of caustic a lka l i - - soda  or p o t a s h - -  
and allowed to stand for  some lit- 
tle time, at a moderate tempera-  
ture, a solid product, or soap, is 
formed. This, in short, was the 
"cold process" of producing soap, 
but in this  operation any excess of 
alkali, also any impuri t ies  contain- 
ed in the alkali and the fat,  as well 
as the glycerine, remained with the 
soap, which was, therefore,  a va- 
r iable and fa r  from pure product.  
I t  was also known tha t  saponifica- 
tion could be accelerated by heat- 
ing the oil and alkali solution and 
br inging them into in t imate  con- 
tact  by agitat ion,  and when it  was 
discovered tha t  the soap could be 
"salted out" or separated by addi- 
tion of common salt, the removal of 
impurit ies,  together  with the gly- 
cerine, become possible, and bet ter  
qualit ies of soaps could be pro- 
d~ced. 

These operations of the soap 
maker,  although simple in appear- 
ance, depend for  the i r  success upon 
an int imate  knowledge of the raw 
mater ia ls  and the careful adjust-  
ment of the working conditions, 
since without  such knowledge and 

of 

attention to details it  would be a 
mat te r  of luck if a sa t i s fac tory  
finished product resulted, and the 
regular  production of a s tandard  
quality of mater ia l  would be alto- 
gether  out of the question. 

Composi t ion of Oils and Fats  

The composition of fa ts  and oils 
was established on a scientific 
basis by the researches of Chev- 
reul, described so clearly and ac- 
curately in his remarkable  work, 
"Recherches Chimiques sur les 
Corps Gras d 'Originie  Animale," 
1823. He showed tha t  when a fa t  
or oil is heated with an alkali two 
very definite products are always 
formed, viz., a soap and glycerine 
(the la t te r  previously discovered 
by Scheele, in 1779, by heat ing 
lard  with lead oxide and water  in 
the prepara t ion  of lead p las ter ) .  
He proved tha t  fa ts  are combina- 
tions of f a t ty  acids with glycerine 
---or, rather ,  with i ts radicle glyc- 
e r y l - - a n d  tha t  on hea t ine  with 
alkali the la t te r  combines with the 
f a t ty  acids to form salts, or soaps, 
while thus replacing the glycerine 
which appears in the free state. 

Chevreul was able to ident i fy  
several f a t ty  acids in various oils 
and fa t s ;  he separated and ana- 
lyzed these acids and examined  
many of t h e i r  compounds, and he 
also demonstrated that  na tura l  oils 
and fats  are composed of mixtures  
of the simple glycerides, olein, 
s tearin,  etc., in various propor-  
t ions;  the nature  and relat ive quan- 
t i t ies  of these governing the prop- 
ert ies of the product. 
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On separa t ing  the two constitu- 
e n t s - f a t t y  acids and g lyce r ine - -  
and weighing them, it was found 
tha t  the i r  combined weight  was 
grea te r  than tha t  of the or iginal  
fa t  taken, which is explained by 
the fact  tha t  the elements of water  
are taken up during the reaction, 
and he concluded tha t  saponifiable 
fa ts  have a composit,ion exactly 
s imi lar  to that  of the compound 
ethers, the alcohol in this  case be- 
ing glycerine, which is  capable of 
uni t ing with f a t ty  acids with the 
el imination of water  and the for- 
mation of the esters ( t r iglycer ides  
or f a t s ) .  

The conclusions ar r ived at  by 
this  g rea t  invest igator  100 years  
ago have been amply confirmed by 
numerous la ter  workers,  who have 
also added considerably to our 
knowledge. Berthelot extended the 
work, and showed that  fa ts  can be 
produced artificially by the direct  
union of f a t ty  acids and glycerine 
under heat  and pressure  with elim- 
ination of one, two, or three mole- 
cules of water  and the format ion 
of what  we now know as mono-, 
di-, and tr i -glycerides,  respective- 
ly. 

Although it is possible to prepare  
these three  kinds of glycerides ar-  
tificially, the glycerides found in 
natura l  fa ts  are, probably without  
exception, ent irely those known as 
t r i -glycerides,  i.e., triolein, t r ipal-  
mitin,  t r i s tear in ,  etc., or mixed t r i -  
glycerides, such as oleo-dilaurin. 

F rom the different characters  of 
the various oils and fa ts  it  is evi- 
dent tha t  they do not all possess 
the same composition; in fact, 
there  are no two alike, and no nat- 
ural fa t  or oil consists of only one 
glyceride;  usually four  or five ~lyc- 
erides are present ;  sometime~ 
even more. Perhaps  the neares t  
approach to a pure glyceride is cas- 
tor oil, which contains near ly  95 

per cent. of tr ir icinolin.  Recent in- 
vest igat ions have however, shown 
tha t  the glycerides a re  compound, 
i.e., two or three f a t ty  acids may 
be in union with the same molecule 
of glycerine, forming what  are  
known as mixed glycerides, and 
quite a number of these compounds 
have been isolated and examined. 
The possible number of these molec- 
ular  compounds is infinite, and 
their  influence upon the propert ies  
of oils and fa ts  has only recently 
been realized. 

The crude oils and fa ts  are never 
neutral,  a proport ion of free acids 
being always present.  The amount 
of free fa t ty  acids depends upon 
the nature  of the or iginal  raw ma- 
terial ,  and also upon the method 
of extract ing the oil. Animal fa ts  
and oil usually contain litt le free 
acids, but  vegetable oils often con- 
tain a very large proport ion;  thus, 
the free f a t t y  acids in tallow rare-  
ly exceed 5 per cent., whereas olive 
oil sometimes contains 25 per cent. 
and palm oil may contain as m u c h  
as 80 per cent. 

Fa t -Spl i t t ing  Enzymes 

I f  the original  raw mater ia l  is 
damp or mouldy then the oils ex- 
tracfed theref rom contain a high 
percentage of f a t ty  acids, the lat- 
ter  being l iberated by the enzymic 
action of moulds and bacteria,  the 
glycerine l iberated a t  the same 
time being to a large ext~nt de- 
stroyed, with consequent low yield 
of tha t  commodity in the glycerine 
extraction house. Several seeds 
contain also active principles 
known as "lipolytic" or fat-spl i t -  
t ing enzymes, which are l iberated 
when the seeds are crushed, 
and these, assisted by moisture, 
warmth, and a s l ight  acidity, are 
capable of converting neutral  fa ts  
into f a t t y  acids and glycerine 
completely, and in very short  
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t ime.  Cas torseed  is a notable  
example  of a seed con ta in ing  a l ip-  
o lyt ic  enzyme or  " l ipase ,"  the  ap-  
p l ica t ion  of  th i s  seed in a c rushed  
s t a t e  for  f a t - s p l i t t i n g  b~ing the  
bas i s  of severa l  pa t en t s  by  Conn- 
s tein,  Nicloux,  and  others .  P a l m  
f r u i t  pulp  and olive pulp also con- 
t a i n  f a t - s p l i t t i n g  enzymes,  which  ac- 
counts  to some ex t en t  fo r  t h e  h igh  
pe rcen tages  of  f a t t y  acids  in the  
otis f r om these  sources,  bu t  these  
oils a r e  to a l a rge  ex ten t  p r e p a r e d  
f r o m  more  or  less decomposed ma-  
te r ia l ,  in which  moulds  and  bac- 
t e r i a  also g e n e r a t e  enzymes of a 
s i m i l a r  cha rac te r .  

U n s a p o n i f i a b l e  M a t t e r  

The unsaponif iable  m a t t e r  in 
f a t s  and oils, cons is t ing ,  fo r  the  
mos t  par t ,  of  cholesterol  or  phy-  
t es te ro l  and the i r  es ters ,  p lays  no 
de:finite p a r t  in soap-making ,  s ince 
the  amoun t  p r e sen t  is so small ,  in 
mos t  eases, r a r e l y  amoun t ing  to 
more  t han  one per  cent . ;  bu t  cer-  
t a i n  oils conta in  h igh  p ropo r t i ons  
of  unsaponif iable  ma t t e r .  F o r  in- 
s tance,  spe rm oil con ta ins  about  
45 per  cent.  of  alcohols, which  ap-  
pea r s  as unsaponif iable  ma t t e r ,  and 
ce r t a in  s h a r k  l iver  oils have  been 
found  to conta in  unsaponif iable  hy-  
d roca rbons  in such quan t i t i e s  as  to 
r e n d e r  them en t i r e ly  unsu i t ab le  
fo r  soap-making .  

I t  is  a wel l -known f a c t  t h a t  in 
the  m a n u f a c t u r e  of soap by  the  
boi l ing  process  s t r ong  solut ions  of 
caus t ic  soda a re  unsu i t ab le  in 
the  f irst  s tages ,  s ince the  oil 
and  a lkal i  do not  m i x ;  t h a t  
is, the  i n t e r r a c i a l  t ens ion  be tween  
the  two is so h igh  t h a t  t h e r e  is 
p rac t i ca l ly  no i n t e rpene t r a t i on ,  any  
ac t ion  which  t akes  place be ing  pos- 
s ible  only a t  the  su r faces  in con- 
t ac t  or  bv violent  a g i t a t i o n ;  t he  
s t rong  soda solution,  behav ing  in 
a s imi l a r  m a n n e r  to common sal t  

in s a l t i ng  out  any  soap which  m a y  
be formed,  also i n t e r f e r e s  wi th  t h e  
saponif icat ion.  I t  is, t he re fo re ,  
necessa ry  to employ weak  so lu t ions  
of  a lkal i  a t  f i rs t  t h r o u g h  which  t h e  
oil can be d i s semina t ed  in a finely 
d iv ided  condi t ion  in the  f o r m  of  an 
emulsion.  In  emuls ions  the  oi l  
globules  a re  reduced  to e x t r e m e l y  
minu t e  dimensions ,  and t hus  t hey  
expose an enormous  su r face  to  t h e  
hydro ly t i c  ac t ion of the  alkal i .  A t  
the  same  t ime,  t h e  soap f o r m e d  
lowers  the  i n t e r f a c i a l  t ens ion  be- 
tween the oil and the  wa te r ,  so t h a t  
the  oil globules  a re  s t i l l  f u r t h e r  
comminu ted  and saponif ica t ion  p r o -  
ceeds more  rap id ly ,  the  soap, in th i s  
case, r e m a i n i n g  in solut ion,  the  al-  
kal i  is f ree  to  exe r t  the  m a x i m u m  
act ion cons i s ten t  w i th  the  condi-  
t ions.  

In  th i s  d i rect ion,  the  presence  of  
f ree  f a t t y  acids  in the  oil is a d is-  
t inc t  advantage ,  s ince  the  combina-  
t ion of  these  w i th  t he  alkal i  is al- 
most  immedia te ,  and  no ex t e rna l  
ene rgy  is r equ i r ed  to  b r i n g  i t  
abou t ;  the  saponif ica t ion of the  oil 
is thus  acce le ra ted  by  t h e i r  pres-  
ence. 

Rate of Saponification 

T h e  ra t e  a t  which  saponif ica t ion  
proceeds  will  v a r y  wi th  the  n a t u r e  
of the  oil or  f a t  used, the  t empera -  
ture ,  and  the  s t r e n g t h  of the  solu- 
t ion of alkaii .  All  f a t s  and  oils 
a re  not  equal in the  ease w i th  which  
they  can be saponified.  Coconut 
oil is ve ry  quickly saponified,  and  
so is cas to r  oil, bu t  olive oil not  
so r ead i ly  and ta l low s t i l l  less eas- 
i ly ;  bu t  by  b lend ing  oils  which  a r e  
r ead i ly  saponif ied wi th  those  t h a t  
a re  not, the  saponif icat ion of  the  
m i x t u r e s  is r ende red  eas ier .  

The quest ion has  a r i sen  as  to 
w h e t h e r  ce r t a in  g lyce r ides  in oils 
a r e  saponif ied before  o thers ,  or  
whe the r  the  oil is saponif ied as  a 

322 



whole,  and  also whe the r  the  saponi-  
fication, once s t a r t ed ,  proceeds  di- 
rec t  to the  f o r m a t i o n  of soap or in 
th ree  s tages ,  w i th  the  f o r m a t i o n  of  
d ig lycer ide ,  monoglycer ide ,  and 
then  soap. These  problems  will  
have to be deal t  w i th  la ter .  

There  is every  reason to believe 
t h a t  some g lycer ides  a re  more  read-  
i ly saponif ied than  o the r s ;  the  glyc- 
e r ides  of  the  lower  f a t t y  acids,  for  
i n s t a n c e  bu tyr ic ,  capryl ic ,  etc., up 
to  m y r i s t i c  acid, appea r  to be more  
r e a d i l y  saponif ied than  the glyc- 
e r ides  of the  h i g h e r  acids,  e.g., 
pa lmi t i c ,  s tea r ic ,  etc., bu t  they  a r e  
so combined wi th  one ano the r  in 
the  n a t u r a l  f a t s  t h a t  the  i nd iv ' dua l  
g lyce r ides  a re  no t  se lect ively hy-  
drolyzed,  the  f a t s  be ing  a p p a r e n t l y  
saponif ied  as a whole. 

In  the  m a n u f a c t u r e  of  commer-  
c ia l  soaps i t  is usual  to blend two 
or  more  oils t oge the r  to obta in  pa r -  
t i c u l a r  resul t s .  

Tal low or  s t ea r in  fo rms  an ex- 
t r e m e l y  ha rd  soap, which does not  
r e a d i l y  dissolve in water ,  f o rms  a 
st iff  pas te  wi th  wa te r ,  and does 
no t  r ead i ly  la ther ,  a l though the  
l a the r ,  once formed,  is a l a s t ing  
one. On the  o ther  hand oils usu-  
al ly yie ld  so f te r  soaps which  a re  
more  eas i ly  soluble, f o rm  th in  solu- 
t ions,  and  r ead i ly  la ther ,  a l though  
the  l a the r  is no t  ve ry  pe rmanen t .  
By b lend ing  ta l low wi th  oils a f a i r -  
ly h a r d  soap is ob ta ined ,  which dis-  
solves m o d e r a t e l y  eas i ly  in wa te r ,  
f o r m s  a th i cke r  solution,  which  
l a t he r s  easi ly,  and  the  l a the r  is 
more  pe rmanen t .  

P a l m  oil f o rms  a soap which is 
i n t e r m e d i a t e  in i ts  p rope r t i e s  be- 
tween  t h a t  of  ta l low and the  oils, 
and  f o r m s  a usefu l  t h i r d  m a t e r i a l  
fo r  b lending  the  o the r s  toge ther .  

I t  m a y  be noted t h a t  oils, such 
as  olive oil, con ta in ing  f a t t y  acids  
be long ing  a lmost  en t i r e ly  to the  
oleic ser ies  fo rm ve ry  good h a r d  

soaps,  whe reas  those  con ta in ing  a 
h igh  pe rcen tage  of the  more  u n -  
s a t u r a t e d  ac ids - - l i no l i e ,  e tc . - - i . e . ,  
co t tonseed oil, l inseed oil, fish oils, 
etc., f o rm  p a s t y  soaps,  and  a re  un- 
su i tab le  to be used alone, except  
for  sof t - soap  making .  Cas tor  oil 
f o rms  a h a r d  soap, bu t  the  solu- 
t ions  a r e  ve ry  th in ,  i t  g ives  ve ry  
l i t t le  l a ther ,  has  ve ry  l i t t le  de te r -  
gen t  p roper t i e s ,  and  does not  hy-  
drolyze like o the r  soaps when dis-  
solved in wa te r .  

T h e  Q u a n t i t y  of  A l k a l i  

I t  has  been s t a ted  t h a t  saponifi-  
ca t ion is never  complete  unless  the  
a lkal i  is in excess, but  th i s  is not  
cor rec t ;  complete saponif ica t ion can 
be b rough t  about  wi th  the  t heo re t i -  
cal q u a n t i t y  of  alkal i ,  p rov ided  the  
r i g h t  condi t ions  a re  ensured.  Ex-  
cess of  a lkal i  is more  l ikely to re-  
t a r d  saponif ica t ion than  is a defi- 
ciency. In  cold saponif icat ion,  in 
which  a s t r ong  solut ion of  a lkal i  
is s t i r r e d  into the  w a r m  oil and  the  
mass  kep t  a t  a t e m p e r a t u r e  of  70 ~ 
to 80 ~ F.,  95 to  99 pe r  cent. of  the  
oil wilt  be saponif ied in 48 hours ,  
and  i f  the  t e m p e r a t u r e  of the  oil be 
r a i sed  to about  160 ~ F. and  the  
solut ion of  a lkal i  is  well s t i r r e d  in, 
the  saponif ica t ion is so r a p i d  t ha t  
the  whole mass  wil l  set  to a st iff  
t r ans lucen t  je l ly  in about  ha l f  an 
hour.  

Sa l t i ng  Out  

A f t e r  the  saponif icat ion is a lmos t  
complete,  we have in the  boi l ing  
process  a m i x t u r e  cons i s t ing  of a 
solut ion of soap and glycer ine ,  some 
f ree  alkal i ,  and some unsaponif ied  
fa t .  Since soaps a re  hydro lyzed  
by wa te r ,  t he re  will  be f ree  a lkal i  
and  an acid  soap, or  pe rhaps  f ree  
f a t t y  acids.  On add i t i on  of  com- 
mon sa l t  the  soap becomes much 
more  viscous,  and at  a ce r t a in  con- 
een t r a t ion  of  sa l t  two l ayers  a re  
formed,  a concen t ra ted  .solution of 
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soap on the  su r face  con ta in ing  the  
unsaponif ied  f a t  and a sa l t  solut ion 
below con ta in ing  the  g lycer ine .  
T h e r e  m a y  be a t h i r d  i n t e r m e d i a t e  
layer ,  con ta in ing  a p ropor t ion  of  
all the  cons t i tuents .  I f  the  sa l t  is 
added  in sufficient q u a n t i t y  soap 
curds  will  be formed.  This  ac t ion 
t akes  place not  only wi th  s t rong  
so lu t ions  of soap, but  w i th  com- 
pa r a t i ve ly  weak  ones also. Caus t ic  
soda  has  the  same effect as  common 
sal t ,  and  is even more  effect ive;  i t  
also fo rms  curds .  Carbona te  of 
soda  and su lpha te  of soda also will  
sa l t  out  soap, but  t hey  a r e  not  so 
effective, and  they  behave in a 
somewha t  d i f ferent  manner ,  fo rm-  
ing  two l iquid  layers ,  the  upper  
soap l aye r  se t t ing  to a ge la t inous  
mass  on cooling. Su lpha te  of soda 
is the  leas t  effective. 

Effect  of  Sa l t  

The effect of the  sa l t  is, however ,  
not  mere ly  t h a t  of  s e p a r a t i n g  the  
soap  in the  fo rm of  a pas te  or  as 
curds .  There  a r e  in t he  ket t le ,  be-  
s ides  neu t r a l  soaps,  the  p roduc ts  
of  d i s s o c i a t i o n - - f r e e  a lkal i  and  an 
acid  soap or f ree  a c i d s - - w h i c h  a re  
caused to recombine  by the  addi -  
t ion of the  sa l t ;  t h a t  th i s  is the  case 
may  be demo ns t r a t e d  by e s t ima t ion  
of the  f ree  a lkal i  before  and a f t e r  
such addi t ion .  

The w r i t e r  has  been able to touch 
upon only a few poifi ts  in the  pres -  
en t  ar t ic le .  As  t ime  goe~ on, o ther  
p rob lems  will  be deal t  wi th ,  and, 
no doubt,  t he re  wil l  be oppor tun i -  
t ies  fo r  t r e a t i n g  upon these  sub-  
j ec t s  in a fu l l e r  manner .  Oil and 
Color Trades Journal. 

The Detection of Extracted Olive Oils 
Organ ic  Si lver  Salts  E x h i b i t  
M a r k e d  R e a c t i v i t y  to S u l p h u r  

By M. F. LAURO 

T 
H E  var ious  tes t s  fo r  ex- 

t r a c t ed  oils a re  based  on 
reac t ions  wi th  t r aces  of  

the  solvents  l e f t  in the  oils a f t e r  
ex t rac t ion .  On Olive Oil Foo t s  
or  I n d u s t r i a l  Olive Oil, ex t r ac t ed  
f rom olive pulp by  means  of car-  
bon bisulphide ,  sufficient solvent  is 
a lways  p r e sen t  to be eas i ly  ascer-  
ta inable ,  by  a lmost  any  of  the  
methods  used for  the  de tec t ion  of 
sulphm" or  su lphur  compounds.  
When,  however ,  such oils a re  
bleached,  ref ined and blended wi th  
p ressed  oils, the  pe rcen tage  of  sol- 
ven t  p re sen t  is cons ide rab ly  re-  
duced, gene ra l ly  to  a po in t  where  
i t  bocomes qui te  a p rob lem for  
the  chemis t  to de t e rmine  i ts  pres-  
ence. 

Me ta l l i c  S i lver  M e t h o d  

The so-called "Coin"  t e s t  is the  
one most  of ten used in the  Uni ted  
S t a t e s  fo r  the  detec t ion  of  carbon 
b i su lph ide  in olive oil. The sus-  
pected oil is heated,  w i th  a b r i g h t  
new dime or  piece of s i lver  foi l  
suspended ha l f -way  in the  oil, in 
a t e s t - tube  i m m e r s e d  in an ou te r  
oil ba th  to  p reven t  scorching.  The  
h e a t  is g r adua l l y  ca r r i ed  up to 
210~ t ak ing  f rom fif teen to twen-  
ty  minutes ,  then held a t  t h a t  t em-  
p e r a t u r e  fo r  ano the r  f i f teen min-  
utes.  The s i lver  is examined  to 
see i f  blackened.  A black s ta in  
on the  s i lver  indica tes  the  pres-  
ence of su lphur  or  i ts  compounds.  
A t  t ime~ the  meta l  is s t a ined  a 
coppery  hue, r a t h e r  than  black, in 
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