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the less dilute solutions of the higher soaps, the uppe r  
limit is exceeded b y  several fold, and in the more 
dilute solutions the concentration may  fall  beneath  
the lower value. Solubilized hexane reduced the p i t  
of potassium and sodium laurate  bu t  very  slightly. 
Potass ium or sodium chloride reduced the p H  of soap 
solutions over a certain range but  caused a slight 
increase in a nar row intermediate  range. 

Using the p H  values obtained, the actual  concen- 
t ra t ion  of f a t t y  acid in the soap solutions was cal- 
culated, and was found to be less than  the sa tura t ion 
concentrat ions obtained b y  conduct ivi ty measurements  
through the entire range investigated. Free  f a t t y  acid 
therefore never  separates as such f rom pure  soap 
solutions unless acted upon by  excess of acid such as 
carbon dioxide. 

Percentage hydrolysis  was calculated and curves 
were constructed. In  general, the potass ium soaps 
are hydrolyzed more than the corresponding sodium 

soaps; the difference is slight for  the laurates  bu t  is 
considerably grea ter  for  the myristates,  palmitates,  
and stearates in higher concentrations at 25~ The 
difference is apprec iab ly  smaller at  50 ~ than  at  25 ~ . 
Percentage hydrolysis  for  the laurates  is ve ry  much 
less than  for  the higher soaps. 
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Silicotes in Soops 
R. C. MERRILL, Philadelphia Quartz Co., Philadelphia 

S I L I C A T E S  of soda were added to soaps before 
1835. Soaps containing substant ia l  quanti t ies  of 
silicate became popula r  in this coun t ry  dur ing 

the Civil W a r  when the shortage of fa ts  and rosin 
in tile Nor th  caused manufac tu re r s  to add silicates 
to their  soap in order  to extend the supply.  The war-  
t ime and present  shortage of fats  is reemphasizing 
the value of silicates for this purpose. I t  is est imated 
tha t  the soap indus t ry  of the United States consumes 
more than  200,000 tons annual ly  of silicates calcu- 
lated to the 41 ~ Baum6 solution equivalent.  Most 
commercial  soaps now contain some silicate and some 
contain it in very  large proport ion.  

At  first silicates in soap were regarded  s imply as 
fillers which had little or no effect on the washing 
action of the soap. I t  is now well established both  
f rom careful  l abora tory  studies and continued prac- 
tical use under  a wide var ie ty  of conditions over m a n y  
years  tha t  silicates definitely improve the washing 
action of soaps under  conditions of use. Silicates of 
soda are themselves detergents jus t  as are soaps and 
the numerous  types  of new synthetic detergents.  Mix- 
tures of soap and silicates in the p roper  propor t ions  
are usual ly  bet ter  than  either alone. 

Types of Silicate. Sodium silicates are composed of 
va ry ing  propor t ions  of sodium oxide (Na20) ,  silica 
( S i Q ) ,  and  water.  More than  50 products  va ry ing  
in the ra t io  of these three components are commer- 
cially available as well as several potassium silicates. 
The characterist ics of those of most interest  to the 
soap and  detergent  manufac tu r e r  are summarized  in 
Table I. The sesqui- and metasilicates are white crys- 
talline, readi ly  soluble, definite chemical compounds 
of fixed composition. "GC" has a silica to alkali 
ratio of 2.0 and is an amorphous  hyd ra t ed  powder.  
" S S C "  is an essentially anhydrous  solid of the same 
ratio. The "GC" silicate is sp ray  dried and the 
" S S C "  powder  finely ground to provide r ap id  solu- 
bili ty.  Commercial ly  available silicates with a silica 
to alkali ra t io  greater  than  about  two are glasses 
whose silica to alkali rat io may  v a r y  continuously 
f rom two to abont  four, which is now the pract ical  
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upper  limit. Although quite soluble, these silicates 
can be dissolved satisfactori ly only by steanl under  
pressure so are sold as solutions as concentrated as 
practicable. The silicate now most commonly used by 
soapmakers  has a specific g rav i ty  of 41 ~ Baum5 and 
a silica to alkali ratio of 3.2. Tile chemistry of tile 
soluble silicates is discussed elsewhere (1, 10). 

Detergency of Silicated Soaps 
pH and Buffering Action. The phenomenon of de- 

tergency is complex and involves several factors  whose 
relative impor tance  varies with conditions. One im- 
por tan t  factor  involves the neutral izat ion of the or- 
ganic acids, sweat, and other acidic materials  in dir t  
and the saponification of fats, oil, and greases since 
these are a substant ia l  f rac t ion  of many  dirts. These 
mater ia ls  are converted to water  soluble sodium salts, 
which are readi ly  removed by  rinsing. Likewise, pro- 
teins and oil pa in ts  are usually more readily removed 
by  alkaline solutions. This requires a high p H  and 
high available alkalinity,  which should be mainta ined 
over a wide range  of concentrations and tempera tu res  
by  effective buffer ing action. Both of these are ob- 
tained by  using a suitable soluble silicate. 

In  addit ion to removing certain types of di r t  by  
neutral izat ion and  saponification, the alkal ini ty of the 
silicates prevents  the format ion  of acid soaps an d /o r  
free f a t t y  acids b y  reaction of the soap with less alka- 
line materials.  Such materials  include bicarbonates  
in water  softened by  ion exchange methods, and  car- 
bon dioxide absorbed f rom the air  as well as acidic 
dirts. Acid soaps are general ly regarded as h av in g  
little or no detergent  action in aqueous systems. 

Silicates, like other electrolytes, decrease the con- 
centrat ion at  which micelles begin to fo rm in soap 
solutions. This m a y  be impor tan t  for, as data  pre- 
sented by  Pres ton  (2) indicate, a marked  increase in 
detergent  action occurs at  about  the concentrat ion at 
which micelles begin to form. Silicates by  themselves 
do not  solubilize water-insoluble dyes. This makes it  
possible to obtain good cleaning without  fading dyed 
goods. The addit ion of silicates to a soap solution, 
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however, does increase its abil i ty to solubilize water 
insoluble materials.  This indicates that the propor- 
tion and size of the soap mieelles are increased. 

Several investigations have indicated that best de- 
tergent action is obtained with  soap-builder mixtures  
having p H ' s  at room temperature around 10 to 11 
although the nature of the builder definitely has an 
effect [e.g. (3, 9 ) ] .  Since soaps containing no excess 
free alkali have pH's  of around 10 or less at concen- 
trations os detergent interest,  these data indicate that 
it is necessary to add an alkali to obtain the opt imum 
pH for washing.  The variat ion of pII with  concen- 

27" 

Io.o 

2iZl: 

9..~1 / I I t I I I I I 
o./  .2 . 3  ~z'4/cAr,"~- .6 .7  .8  .~ 

F r o .  1. p H  vs.  c o n c e n t r a t i o n  f o r  s i l i c a t e s  o f  v a r y i n g  SiO..,/ 
Na.~O r a t i o  a t  20~  U n p u b l i s h c d  d a t a  f r o m  the  l a b o r a t o r i e s  of  
the  P h i l a d e l p h i a  Q u a r t z  Co. 

C u r v e  I - - N a O H ;  I I - - N a 2 S i O : , ;  l l I - - N a . . O . 1 . 6 S i O = ;  I V - -  
N a : O ' 2 . 0 S i O ~ ;  V - - N a : O - 2 . 9 S i O . : ;  V I - - N a 2 0 . 3 . 2 S i O _ . .  

tration and si l ica to alkali ratio makes it possible by 
using a suitable soluble silicate to reach and main- 
tain over a wide range of concentrations,  tempera- 
turcs, and added acidic materials,  any p H  desired in 
cleaning applications with soap. 

The increase in ptI  with concentration and decrease 
in pH with silica to alkali ratio are shown in Fig. 1 
for various commercial  silicates at 20~176 The 

buffering action due to the presence of soluble silica 
is also i l lustrated in this figure. Increasing the tem- 
perature lowers the p H  of silicate solutions. For  
example, the p H s  of 0.01% and 0.1% sodium sesqui- 
silicate solutions decrease from 10.71 and 11.80 at 
25~ to 9.86 and 10.83 at 60 ~ ; those of sodium recta- 
silicate solutions of the same concentration from 10.55 
and 11.55 at 25~ to 9.71 and 10.64 at 60 ~ (4) .  The 
change of p H  with  temperature for the more siliceous 
silicates is not accurately known,  but  is probably  
somewhat  less. The pH's  and hydroxy l  ion concen- 
trations at 25 ~ and 60~ of 0.01% and 0.1% solu- 
tions of alkalies commonly  used as soap builders are 
given in Table II  (4) .  T h e p H  of soap solutions like- 
wise decreases with increasing temperature.  

A frequent ly  raised objection to the use of alka- 
line silicates in soaps is that high pH's  are hard on 
human skin. Some evidence indicates that silicate 
solutions are much less hard on human skin than 
other alkalies at the same pH.  It  appears that sili- 
cates in soaps tend to decrease some soaps' effect on 
the skin up to  a certain concentration.  The buffering 
action of the sil iceous silicates prevents pH's  from 
ever becoming high enough to irritate the skin. More 
work needs to be done on this subject.  

Surface Activity. Another  important  factor in de- 
tergent action is the surface act ivity of the solution. 
The addition of silicates to a soap solution lowers its 
surface tension. For  example, Richardson (5) showed 
that the addit ion of  a silicate with a silica to alkali 
ratio of  2.83 markedly  lowered the surface tension 
at 100~ of 0.05 to 0.25% solutions of a commercial  
flake soap. The interracial tensions of organic liquids 
against  soap solutions arc l ikewise lowered by  the 
addition of silicates. Millard's data (6)  show that one 
with a silica to alkali ratio of 1.6 was more effective 
than a 2.4 ratio silicate in reducing the interfacial  
tension of a soap sohition at 40 ~ against  benzene. 
Shell's  data (7) show that sodium metasil icate is 
mot 'e  e f f ec t ive  than trisodium phosphate,  sodium car- 
bonate, and modified soda in reducing the interracial 
tensions of dilute soap sohitions against  benzene con- 
taining a small amount  of acidic or saponifiable ma- 
terial. The surface tension, interfacial  tension against  
toluene, and contact angles against  wax of silicate 
solutions containing 1% Na,~O are lower than those 
of other alkalies. The surface tension and contact 
angle against  wax decrease with silica to alkali ratio 
(8) .  The surface activity of a silicate-caustic soda 
mixture changes with time since the reaction between 
silicates and strong bases is slow under ordinary 
conditions. 

T A B L E  1' 

Commercial Silicates of In le res t  lo tile Sou  M a n u f a ~ t u r e r  

I Gravity 
Name 

Sodium Sesquisilicate ............................. 

Sodium N:etasilicate Pentahydrate .......... 
(~(~ ............................................................. 
SSC P w d  ..................... . ............................ 
~ W  ........................................................... 

1) .............................................................. 

K .............................................................. 

0 ............................................................... 
Kasil No. 1 ............................................... 
Kasil No. 6 ................................................ 

FormuIa 

NasHSi04 .5HsO 
(o:" 3Na ,O,2S iO : .11HzO) 

Na:SiOa. 5H !O 
Na~O.2.1SiO,, 
Na_,O" 2.1SiOu 
Na:O. 1.7Si0~ 
NaeO'2.1SiOe 
Na20"2.1SiOz 
NaeO'2.5SiO., 
Na._,O" 3.0 SiO, 
Na~,O-3.3SiO.~ 
Na20"3.3Si02  
KzO'3.9SiOz 
K~O.3.3SiO.  

S; O.,/NaeO 
Vt. Rat io* 

0.69 

0.97 
2.00 
2.00 
1.60 
2.00 
2.00 
2.40 
2.90 
3.22 
3.22 
2.50 
2.10 

%NazO 

36.6 

29.2 
27.5 
32.7 
19.5 
18.0 
14.5 
13.8 
11.0 

8.90 
9.16 
%80 

12 .6  

%SiO~ 

24.4 

28.3 
55.0 
65.4 
31.2 
~6.0 
29.0 
33.1 
31.9 
28.7 
29.5 
19.5 
26.8 

Anhyd.  I 
%Solids Sp. Gr. 

_ _  20~/20~  

61 .O 

57.5 
82.5 
98.1 
50.7 
54.0 
43.5 
46.9 
42.9 
37.6 
38.7 
27.3 
39.4 

B~ 
20~  

1.68 58.5 
1.69 59.3 
1.53 50.0 
1.56 52.0 
1.48 47.0 
1.39 41.0 
1.41 42.2 
1.25 29.0 
1.39 40.7 

Approximate 
Viscosity 

Poises, 
20~ 

70 
700 

2.8 
17 

9.6 
1.8 
4.0 
0.4 

17.5 

*K~O for potassium silicates. 
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TABLE I I  
pH and Hydroxyl Ion Concentration of Various Alkali Solutions 

Substance 

N a O H  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Na~SiO ...................................................... 2::2: NaaPO4 ...................................................... 
Na2COa ............................................................. 
N a 4 P 2 0 7  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NaHCOs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' . .  

o.o1% O.lO% 

25 ~ 60  ~ 60  ~ 

pH (O]EI-) X 10 ~ pH pU pH 

1 1 . 3 0  
1 0 . 5 5  
1 0 . 2 9  
1 0 . 4 0  

9 . 5 0  
8 . 2 8  

2O 
3 .0  
2 .0  
2 .5  
0 .32  
0 . 0 1 9  

(OH-) • lO~ 

10.339.71 ] 4 .9  
9 .65  4 .3  
9 . 7 4  5.:1 
9 .23  1.0 
8d)8  0 . 0 1 1  

1 2 . 2 9  
11 .55  
11 .31  
1 0 . 9 4  
10 .0  

8 .43  

2 5 ~  I - -  

0% I 

(CH-) X_lO ~ 

11 .27  I 180  
1 0 . 6 4  42  
10.6'3 41 
1 0 . 3 0  448 

9 .64  ') 
8 .48  / 0J29 

Interfacial  tensions of the more alkaline Silicates 
against oils containing acidic or saponifiable material  
are only 2 or 3 dynes or less, and spontaneous emul- 
sification f requent ly  occurs. Accurate data showing 
the effect of silicates on the wetting power of soaps 
against fabrics and glass are apparent ly  not avail- 
able, bu t  it is a mat ter  of observation and practical  
experience that  wetting by  silicated soaps is as good 
or bet ter  than by  those containing no silicates. ] t  
has been demonstrated 'that the metasilicate is more 
effective than sodium hydroxide,  carbonate, or triso- 
dium phosphate ill wett ing glass or displacing a 
petroleum oil from a glass surface (9). 

Foaming and Emulsification. Good foaming and 
emulsifying qualities are greatly desired in commer- 
cial soap products. That  silicates increase the volume 
and stabili ty of foam from a soap solution can be 
readily demonstrated by  adding a little silicate to a 
soap solution so dihite that  alone it produces only a 
trace of foam. Tile large resulting increase in la ther  
volume has been shown and measured by  "Vail (10). 
The addition of 0.1% of a 40 ~ Baum6 3.2 ratio sili- 
cate to a 0.1% sodium oleate solution increased the 
life of the foam more than tenfoht (11). l~aker (9) 
has demonstrated that  the volume of foam formed by  
mixtures of alkalies with 0.0088% sodium stearate is 
greater  with sodium metasilieate than with trisodium 
phosphate, sodium carbonate, or hydroxide.  Sterieker 
(12) observed that  soap made by  neutral izing fa t ty  
acids with silicate gave more suds than that  produced 
by  neutral izat ion with caustic soda or soda ash. Like- 
wise more suds were produced by  adding various 
siliceous silicates to soap solution--kerosene emulsions 
than by  adding sodium carbonate or by  the soap solu- 
tion alone. The addit ion of as much silicate as 60% 
of the total detergent  minimized the tendency of the 
la ther  on a soap solution-oil emulsion to disappear on 
heating. 

Sterieker (12) has also shown that  a mixture  of 
soap and a siliceous silicate is a be t te r  emulsifying 
agent  for  mineral  and saponifiable oils than soap 
alone or soap plus sodium carbonate. The ease of 
emulsification, volume of emulsion formed, and its 
stabil i ty vary  with the type of oil, relative volumes 
of oil and soap-alkali solution, and temperature.  Par-  
t ieular ly stable, finely dispersed emulsions are formed 
with silicate-soap mixtures  when the oil contains 
acidic or saponifiable material,  as do many common 
dirts. Richardson concludes (5) " t h e  qual i ty of the 
emulsion formed by  reaction of sodium silicate solu- 
tions with greasy materials containing free f a t ty  acid 
is more s ignif icant  than  the quant i ty  of soap pro- 
duced . "  Another  fact  showing that  the high efficiency 
of silicates is not ent i re ly  due to soap formation is 
tha t  the emulsions formed with sodium carbonate or 
sodium hydroxide are much less stable. Vincent 's  
investigations show (13) that  a mixture  containing 

20% ()live oil soap and 80% of a silicate with a silica 
to alkali ratio of around 3 is an excellent emulsifying 
agent. Mitchell found (13A) that  at concentrations 
of detergent  interest mixtures of sodium oleate with 
a silicate form a larger volume of emulsion with par- 
affin oil than does the same soap with caustic soda, 
soda ash, sesquicarbonate of soda, trisodium phos- 
phate, sodium aluminate, or borax although the lat ter  
was equally effective at higher  concentrations under  
his conditions. 

Deflocculation and Suspending Action. A very  im- 
por tant  factor  in detergent action is the abili ty of 
the detergent  solution to keep dirt, which has been 
removed, dispersed in the solution so that  it does not 
deposit or redeposit  on the surface to be cleaned. This 
ability involves suspending, defloeculating, or peptiz- 
ing action, and prevention of deposition or redeposi- 
tion. Suspending action may be defined as the ability 
of an electrolyte to decrease the rate and amount  of 
sedimentation of dispersed solid partMes.  MeBain 
(14) has suggested that  sedimentation is decreased 
by the free ions of opposite sign which are held in 
the neighborhood of a charged particle by electro- 
static attraction. This means that  suspending action 
is favored by the preferent ia l  sorption of one ion so 
that  the suspended particle may have a large charge. 
The large preferent ial  sorption of the various types 
of silicate ions as compared with sodium ion or other 
alkali anions may explain the observed superior quali- 
ties of silicates as suspending agents. This is particu- 
lar ly true for  siliceous soils, exemplifying the general 
principle of " l ike  to l ike ."  In addition to their  sus- 
pending action silicates of soda, being colloidal, form 
mono- or polymoleeular films around dir t  particles 
and thus serve as protective agents. 

~ 2  

~.~tSC c) 
z ZIO 

140 

= 70 ~E 

TACtO~ SOAP 

' ~  OIL 50AP 

0.05 0.I O.Z 0.$ 0.4 o.5 
CONCENT2ATION OF 50LUTION (%) 

Fin. 2. Suspending  action of soaps and alkalies for  manga-  
nese dioxide at 40~ Data  f rom Fal l  (Ref.  15). 

The suspending action of various soaps and alkalies 
on manganese dioxide at 40~ is shown in Fig. 2, 
which has been plotted f rom the data of Fall  (15). 
Similar relative results were obtained for  70 ~ al- 



THE JOURNAb OF THE AMERICAN OIL CHEMISTS' SOCIETY, MARCH, 1948 87 

though the max imum efficiency was about  22 to 25% 
greater  at 40 ~ than  at 75~ At  room tempera tu re  
the max imum effleiency of both silicates and soaps 
was 12 to 15% more than  at  40~ At  low concen- 
t ra t ions the silicates are more effective than  soaps 
for  suspending manganese dioxide and reach an opti- 
mum effectiveness around 0.04%. Their  m ax imum 
efficiency compares favorab ly  with tha t  of soap at 
higher concentrations and is not much affected b y  the 
silica to alkali ratio. At  higher  concentrations the 
siliceous silicates are more effective. Quali tat ive tests 
showed that  silicates are capable of suspending other 
dirts, clay, and lampblack as well as other forms of 
manganese dioxide. Exper iments  with coarse man- 
ganese dioxide particles using sodium carbonate,  
borax, sodimn hydroxide,  and  tr isodium phosphate  
led to the conclusion that  " o n l y  silicate of soda and 
soap solutions produced stable suspens ions"  (15) 
although suspensions were obtained if the materials  
.to be suspended were of smaller  part icle size. 

Par t icu lar ly  stable suspensions are obtained with 
silicates when the mater ia l  to be suspended contains 
acidic or saponifiable material .  Richardson (5) states 
" w h e n  lampblack is mixed with oil or grease con- 
taining free f a t ty  acid and the mixture  shaken with 
a dilute solution of sodium silicate, we find that  the 
suspension is characterized by  unusual  stabil i ty.  This 
same stabi l i ty  does not result  if  sodium silicate is 
added to a suspension of lampblack  previously pro- 
dueed by  mixing it with a neut ra l  hydrocarbon  oil 
and shaking with a pure  soap solut ion."  Snell (16) 
found that  sodium metasil icate was superior  to so- 
dium hydroxide,  sodimn carbonate,  modified soda, and 
tr isodium phosphate  for  defloceulating bu rn t  umber  
coated with cottonseed oil, minera l  oil, and  oleie acid. 
Soap made f rom rosin neutral ized by  an alkaline sili- 
cate is a much bet ter  dispersing agent  for  (:rude or 
reclaimed rubbe r  than that  neutral ized by  an equiva- 
lent amount  of caustic (17). These references and 
much practical (,xperienee show tha t  the excellent 
suspending action of silicates on acidic or saponifi- 
able mater ia ls  is by  no means ent irely due to soap 
formation.  

Of more pract ical  importance  in detergency than 
the effect of silicates in redueing the rate and amount  
of sedimentat ion is their  abi l i ty  to prevent  the dep- 
osition or redeposition of dir t  on a fabr ic  or other 
mater ia l  dur ing agitation. C a r t e r ' s  s t u d i e s  (18) 
under  conditions closely approx imat ing  actual  h u n -  
d ry  practice showed that  mixtures  of soaps and 
silicates are as good or be t te r  than  either alone for 
prevent ing the deposition or redeposition of siliceous 
pigments  on cotton. The 13 different types  of pig- 
meats  used included ferr ic  oxide, Phi ladelphia dust, 
ground mica, graphite,  coal, carbon black, and such 
siliceous pigments  as vermilion, u l t ramar ine ,  bm'nt ,  
and raw umber .  Sodium hydroxide,  sodium carbon- 
ate, and modified soda showed only slight power or 
none at  all to prevent  the deposition of these pig- 
meats.  The addit ion of protect ive colloids such as 
animal  glue, gum arabic, colloidal clay, and wheat  
::tareh paste to these alkalies in some cases slightly 
increased their  effect, but  the mixtures  were still not 
as effective as the silicates. Tr isodium phosphate  is 
intermediate  between these and the silicates in pre- 
vent ing deposition. Silicates of all commercial  ratios 
are effective, but,  except at great  dilutions, those of 
highest silica to alkali ratio seenl to be more effective 

for  the more siliceous sols. This prevent ion of deposi- 
tion depends on the soluble silica r a the r  than  on t h e  
alkalinity.  Other experiments  showed that  silicates 
were excellent both in removing various types of soil 
f rom cotton and in prevent ing  their  redeposition. 
This was a t t r ibu ted  in p a r t  to the format ion  of an 
exceedingly thin, invisible protect ive film on the cloth 
which is readi ly  removed b y  rinsing. 

The detergent  action of sodium oleate on a soil con- 
ta ining wheat  starch, gum t ragacanth ,  and various 
pigments  is considerably reduced in ha rd  waters, such 
as those containing calcium bicarbonate  or carbon 
dioxide (19). The effect on mix tures  of soap and  
silicate, or the la t ter  alone is much less so tha t  in 
hard  water  the. mixtures  become more definitely bet- 
ter  than  the soap both in removing pigments  and 
prevent ing  their  redeposition. This is appa ren t ly  
pa r t l y  due to avoiding the format ion  of acid soaps 
and par t ia l ly  to selective precipi ta t ion of an amor- 
phous, fnely-dispersed,  calcium silicate ra ther  than  
st icky curds of calcium soaps. 

Powney and Noad (20) have measured the deposi- 
tion of ilmenite on cotton fabr ic  under  conditions of 
mechanical  action such tha t  sedimentat ion ~nder  
g rav i ty  is not the predominat ing  factor. Some of 
their  results are replot ted in Fig. 3. Comparison of 
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Fro. 3. Deposition of ihne, nite on cotton fabric at 22~ 
Data from Powney and Noad (20). 

tile five curves obta ined '  under  identical  conditions 
shows metasil ieate to be superior  to t r isodium phos- 
phate  in prevent ing the deposition of ihnenite on 
cotton and fa r  superior  to sodium hydroxide,  carbon- 
ate, and chloride. The protective action of metasili- 
cate was not affected b y  increase in t empera tu re  from 
22 ~ to 86~ al though deposition f rom water  and 
sodium carbonate  was increased. Increas ing the con- 
centrat ion of the metasil icate and of silicates with a 
silica to alkali ra t io  of 2.0 and 3.8 gave an opt immn 
suspending action approximate ly  equal to tha t  of 
0.1% sodium oleate. F u r t h e r  increase in concentra- 
tion of the silicates had little or no effect. This opti- 
m u m  suspending aetion is obtained at a concentrat ion 
of 0.009% for  the 3.8 ratio silicate; 0.012% for  the 
2.0 ratio silicate, and 0.02% for  the metasilieate. 
The corresponding SiO~ concentrations are 0.0071%, 
0.0079%, and 0.0098%. This protect ive action is 
a t t r ibu tab le  to preferent ia l  adsorption of the silicate, 
either as simple anions or possible as aggregates.  The 
increased negat ive charge on the fabr ic  and on the 
di r t  part icles due to selective anion adsorpt ion leads 
to an increased electrostatic repulsive force between 
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them and to a correspondingly decreased probabi l i ty  
of adhesion. The hexametaphosphate  and pyrophos-  
pha te  exhibited a suspending action comparable  to 
the silicates. The addit ion of sodium carbonate,  hy- 
droxide, or chloride to a soap solution decreased its 
abi l i ty to prevent  deposition of i lmenite;  the addit ion 
of silicate had no appreciable  effect on the protect ive 
power of the soap but  did exert  its own effect. 

W a t e r  So. f tening.  Silicates of soda reduce the 
amount  of soap required to fo rm suds in typical  ha rd  
waters.  This results in a decreased consumption 
under  m a n y  pract ical  conditions. Their  effectiveness 
as water  softeners varies considerably with the type 
of soap, type of hardness,  tempera ture ,  and presence 
of added materials.  The reduction i n  soap consump- 
tion results main ly  f rom the preferent ia l  reaction 
under  some conditions of the silicate ra ther  than  the 
soap to fo rm a fine, well dispersed calcium silicate. 
The reaction with hardness  is not entirely stoiehio- 
metr ic  for  either soap or silicate. More sodium soap 
is lost than  tha t  required to react  with hardness  to 
fo rm calcium or magnesium soaps. Likewise silicate 
may  remove more hardness than  the amount  react ing 
to fo rm calcium silicates (5).  I n  most  cases the water  
softening action of the silicate is somewhat grea ter  
i f  i t  is added before the soap ra ther  than  both being 
added together. The precipi ta te  formed b y  ha rd  wat- 
ers with silicates and phosphates  is of such small 
par t ic le  size and so well dispersed as to be appa ren t  
only as a quite stable tu rb id i ty  which does not adhere 
to fabrics.  This is in contrast  with the large, rap id ly  
settling, stable, adherent,  precipi ta te  formed in hard  
waters  by  sodium carbonates and hydroxide.  

Richardson (5) showed tha t  at  room tempera tu re  a 
2.83 rat io silicate had little effect in reducing the 
amount  of sodium oleate needed to fo rm stable suds 
in water  containing calcium hardness  bu t  grea t ly  
decreased the amount  for  suds format ion  in water  
containing magnes ium hardness. At  100~ the sili- 
cate softened the water  containing calcium hardness 
somewhat  and softened tha t  with magnes ium hard-  
ness still more than  at room tempera ture .  In  fact,  
at  this t empera tu re  the silicate softened the water  
equally as well as an equivalent quan t i ty  of soap. 
Vincen t ' s  exper iments  (13) with an olive oil soap 
and  a 3.2 rat io silicate in 0.001 molar  salt  solutions 
led him to conclude tha t  under  his conditions " a t  
room tempera tu re  sodium silicate mixed with soap is 
of extreme value as a softener of water  containing 
iron, of considerable value as a softener  of water  
containing magnesium, and of very  litt le wor th  as a 
sof tener  of water  containing calcium. At  100~ its 
value as a softener of magnesium water  is consider- 
ab ly  enhanced while the increase in t empera tu re  in- 
creases the silicates effectiveness on waters  containing 
calcium to only a very  l imited ex t en t . "  The mix ture  
containing 80% 3.2 rat io silicate and  20% olive oil 
soap was about  twice as effective as pure  soap for  
softening water  containing iron. 

Bolton (21) has repor ted  an investigation of the 
abi l i ty  of silicates of vary ing  silica to alkali ratio, 
phosphates,  borax,  soda ash, and caustic soda to re- 
duce the amount  of sodium oleate or s tearate  required 
to fo rm " p e r m a n e n t "  suds in a synthet ic  ha rd  water  
containing two-thirds calcium hardness  and one-third 
magnes ium hardness.  All of these alkalies, with the 
exception of borax,  decreased the amount  of the soap 
requi red  to fo rm pe rmanen t  suds. The silicates in- 

creased in value with decreasing silica to alkali ratio 
al though there was not much difference between ratios 
of 1.6, 2.0, and 2.4. The sesqui- and  metasilicates 
were about  as effective with sodium stearate  at 60 ~ 
as with sodium oleate at 20~ all the other alkalies 
were less so. Both silicates and phosphates  formed 
well dispersed fine floes with the hardness  ra ther  than  
hard  lime-soap curds which were obtained with the 
caustic soda and soda ash. Results with sodium lau- 
rate, myris ta te ,  and palmita te  are, in general, similar 
to those with the oleate and s tearate  al though differ- 
ences exist (22). 

Effect on Fabrics. Thi r ty  years  ago Zanker  and 
Schnable (23) showed tha t  cotton washed in a sili- 
cated soap was s tronger  than  tha t  washed in soap 
containing no silicate. More recently,  Castonguay, 
Leeklcy, and  E d g a r  (24) found tha t  the wet s t rength 
of cotton, wool, and various rayons a f te r  as many  as 
50 washings was higher when a silicated soap was 
used than  with a pure  olive oil soap. Their  data  also 
provide fu r the r  evidence to show tha t  silica does not 
deposit in the fabr ic  when washing with a silicated 
soap as has been claimed. The ash content of all 
fabr ics  was about  the same whether  washed in a sili- 
cared or pure  olive oil soap. Likewise the American 
Ins t i tu te  of Launder ing  states " t h e  s ta tement  is 
occasionally encountered tha t  when silicates arc used 
as soap builders,  an insoluble deposit of silica gradu-  
ally is accumulated on the mater ia l  being laundered.  
Under  commercial  l aundry  conditions wherein soft 
water  is used with a mult iple  suds formula,  this ac- 
cumulat ion of insoluble silica has not been observed 
by  the Depa r tmen t  of Research. The ash content of a 
cotton fabr ic  washed 150 times with a silicate-soap 
mixture  is repor ted  a f te r  ashing as 0 .008%."  The 
repor ted  cases of increased ash content  in fabrics  
washed with silicates are a t t r ibu tab le  to poor rinsing, 
either by  rinsing in hard  water  or with insufficient 
agi tat ion and  volume of water  to remove soluble and 
colloidally dispersed impurit ies.  The soluble silicates 
are readi ly  r insed f rom fabrics  and are, in fact, 
added to caustic soda scouring baths  to promote 
bet ter  rinsing, among other benefits. Exper ience has 
confirmed labora tory  studies by  showing tha t  under  
usual conditions silicated soaps do not in jure  t h e  
common fabrics,  are readi ly  and easily rinsed, and 
do not leave deposits of silica in the cloth. Even if, 
due to fa i lure  to rinse proper ly ,  some silica were left  
it would not  be in a hard  abrasive form, as some 
wri ters  have imagined. 

Iron Stains. Although litt le quant i ta t ive  work has 
been done on the abi l i ty of silicates to prevent  iron 
rust  stains, this effect is well established both experi- 
menta l ly  and in actual  washing practice.  That  sili- 
cate of soda prevents  rus t  stains has been demon- 
s t ra ted  by  washing cloth in water  containing 30 
p.p.m, fer rous  sulphate with soap both alone and in 
the presence of caustic soda, soda ash, and  silicates. 
Only the clothes washed in solutions containing sili- 
cates did not show rust  stains. 

Germicidal Action. Silicates have litt le germicidal 
action except tha t  due to their  alkalinity.  However,  
they appea r  to enhance this abi l i ty in other materials,  
possibly due to the improvement  in wetting, pene- 
t ra t ing,  and bacter ia  or germ-removing capacity.  
Mixtures of caustic soda and  metasil icate are bet ter  
germicides than  either alone, or a mix tu re  of caustic 
with other alkalies (25). The addit ion of silicates 
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to a pyre th rum-sod ium oleate mixture  definitely in- 
creased its insecticidal action. 

Wash Tests 
The previous discussion has shown tha t  the addit ion 

of silicates of soda to soaps affects f avorab ly  their  
colloidal and physical  proper t ies  cont r ibut ing  to 
detergent  action. Of possibly grea ter  pract ical  inter-  
est are the studies of the effect of silicates on actual  
washing operations under  s imulated pract ical  condi- 
tions. Baker  (9) found tha t  the addit ion of recta- 
silicate reduced the amount  of soap required to wash 
soiled napkins  to the same sa t is fac tory  degree of white- 
ness in a wash wheel using a s t andard  commercial  
l aundry  washing formula.  When  sufficient metasil icate 
was added to raise the p H  to 11.2, only 60% as much 
soap was needed as had been used at a p t I  of 9.9. 
Morgan ' s  work (26) in a l a u n d r y  wheel at  50 ~ using 
0.1% soap and a soap to bui lder  ratio of 2 to 1 on 
cloth soiled with mineral  oil, tallow, and lampblack  
gave the following decreasing order  of efficiency: 
sodium metasilieate, soda ash, t r isodium phosphate,  
and sodium hydroxide.  Sodium metasil icate was like- 
wise the best when each bui lder  was compared at  its 
concentrat ion of max imum efficiency and notably  in- 
creased the la ther ing power of the soap. Snell (27) 
found tha t  0.1% soap and sodium metasil icate was 
superior  to soap alone or soap plus sodium carbonate,  
sodium hydroxide or modified soda for  removing car- 
bon black-mineral  oil-cottonseed oil soil f rom cotton 
fabr ic  at  40~ in a l abora to ry  washer. On the basis 
of his work and experience he concludes " a n  unbui l t  
soap cannot approach  in effect a bui l t  s o a p "  and  
" s o a p  is not in the same class and not to be consid- 
ered a competi tor  of bui l t  soaps . "  Oesterling and 
Mack (28) of the Pennsylvania  L a u n d r y  Owners '  
Association stated tha t  " t h e  addit ion of va ry ing  
amounts  of sodium metasil icate to 0.1% low t i t re  
soap solution resul ted in marked  improvement  in 
soil removal efficiency up to the point  where the sum 
total  of sodium oxide content  of soap plus alkali 
reached 0 .04%."  F r o m  Germany  came the repor t  
tha t  in actual  washing tests under  household condi- 
tions metasilicate was ra ted  as being twice as high 
in washing effect as soda ash (29). Vaughn  and  Vit- 
tone 's  data  (30) on the removal  of a carbon black- 
hydrogenated  vegetable oil-mineral oil soil f rom fab-  
ric by  0.1% soap-0.05% bui lder  solutions in a launder-  
Ometer  at 60~ show tha t  up to a total  washing time 
of one-half hour  metasilicate was more effective than  
caustic soda, soda ash, sodium bicarbonate,  modified 
soda, or t r isodium phosphate.  Af t e r  one hour  and 
15 minutes  caustic soda appea red  more effective than  
metasil icate under  their  conditions. The metasil icate 
compared  favorab ly  with these other bui lders  with 
respect to whiteness retention. The data of Caston- 
guay,  Leekley, and  E d g a r  (24) show that  solutions 
of a silicated soap washed cottons, rayons, and wild 
silk whiter  than  a pure  olive oil soap or the sodium 
salt  of a sulfated alcohol. 

The most extensive published s tudy  of soil removal  
b y  soap-builder  mixtures  is tha t  of Cobbs, Harr is ,  
and Eek. They repor t  wash tests at  140~ in both 
ha rd  and soft  waters  using a medium ti tre soap with 
seven builders at three different detergent  concen- 
t ra t ions  over a range  of soap-builder  rat ios (31). 
Some of their  data  have been replot ted in Figs. 4 and  
5. As much as 40% of the soap could be replaced b y  
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FI~, 4. t~emoval of carbon black soil by 0.27% soap-builder 
mixtures at 140~ ~. in water of 300 p.p.m, hardness. D~t~. from 
Cobbs, ~larris, and Eck (31). 

sodium metasil icate or a silicate with a silica to alkali 
rat io of 2.0 before soil removal  in soft  water  (50 
p.p.m.)  was decreased at  all soap-mixture  concentra- 
tions. Subst i tu t ing for  p a r t  of the soap a silicate with 
a silica to alkali ratio of 3.3 decreased removal  of 
their  soil unless enough of the mix tu re  was added for  
m a x i m u m  detergent  efficiency. In  all other cases 
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FIG. 5. Removal of carbon black soil by 0.15% soap-builder 
mixtures at 140~/?. in water of 50 p.p.m, hardness. Data from 
Cobbs, I]~arris, and Eck (31). 

replacing pa r t  of the soap by  silicate increased soil 
removal.  The amount  of the increased efficiency was 
grea te r  in hard  than  in soft  water.  Fo r  example, at 
a total  soap plus bui lder  concentrat ion of 0.15% in 
soft  water  the soap removed 58.5% of the soil whereas 
a mix ture  of 20% of a 2.0 ratio silicate and 80% soap 
removed 66.7%. At  a total soap plus bui lder  concert- 
t ra t ion  of 0.32% in ha rd  water,  soap alone removed 
47.5% of the soil whereas a mix ture  of 40% of a 2.0 
rat io  silicate with 60% soap removed 66%. At  the 
lowest concentrations studied the 3.3 rat io silicate 
could be subst i tuted for  about  40% of the soap with 
approx imate ly  the same detergent  efficiency al though 
at  higher  concentrations decreases were observed. 
Combinat ions of the metasilicate, and 2.0 and 3.3 
rat io silicates with t r isodimn phosphate  or tetraso- 
dium pyrophospha te  usual ly  gave be t te r  soil removal 
than  with either bui lder  alone. The effectiveness of 
the silicates both alone and in mixtures  appeared  to 
increase with decreasing silica to alkali ratio. The 
soil used in this work was a mix ture  of oildag and 
vegetabIe oil. When siliceous pigments  or a non- 
saponifiable oil is used as a dirt,  the silicates show up 
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still more favorab ly  and their  effectiveness f requent ly  
increases with silica to alkali ratio. 

Other Silicate Advantages 
The benefits of adding silicates to soaps are not 

l imited to increasing detergent  efficiency and lowering 
cost. The siliceous silicates react  with caustic soda 
to fo rm a more alkaline silicate. This reaction can be 
used to prevent  the occurrence of free alkali  in soap, 
provided tha t  the conditions are such tha t  complete 
reaction occurs and the final silica to alkali ra t io  is 
not much below 2.0. The addit ion of the commercial  
" l i q u i d "  silicates to kettle soap, which may  be coarse 
and grainy,  produces a smooth mixture.  Some soap 
companies therefore  look upon silicate as a "smooth-  
ing agen t . "  Silicates impar t  body and firmness to 
soaps, producing a ba r  which does not need dry ing  
to hold its shape and is not undu ly  softened or wasted 
in hot water.  This is of par t i cu la r  value for  soft  
soaps, such as those containing lower t i t re  fa ts  or 
rosin or in warm humid climates. The whiter, ha rder  
bar  or flake soap titus produced may  be a t t r ibu ted  to 
bet ter  crystal l izat ion of the soap. Soaps containing 
up to about  15% silicates (anhydrous  basis) as the 
only bui lder  do not effloresce. Silicates also tend to 
p reven t  efflorescence or " b l o o m i n g "  in soaps contain- 
ing sodium carbonate.  

Another  impor t an t  advantage  of adding silicates to 
soaps is their  ant ioxidant  qualities which are m)t 
possessed by  most other alkalies. The use of approxi-  
mate ly  1% (on an anhydrous  basis) of a sodimn 
silicate with a silica to alkali ratio grea ter  than 2.0 
prevents  the development  of rancidi ty  in soaps (32). 
This abil i ty is of par t i cu la r  importance  in soap pt)w- 
ders or spray  dried soaps which have a large surface 
exposed to the oxygen of the air. The more siliceous 
silicates are often added to shaving soaps and cosmet- 
ics to p reven t  corrosion of the t in or a luminum con- 
tainers. P robab ly  this involves tile format ion  of a 
film of a siliceous meta l  silicate. The cloudiness which 
results when liquid soaps are stored in glass contain- 
ers f rom at tack on the glass b y  the alkal ini ty of the 
soap solution m a y  be preven ted  by  adding 0.07 to 2% 
of a siliceous sodium silicate to the soap, heat ing to 
70~ allowing to s tand for  a week, cooling to 40~ 
and filtering (33). The result ing liquid soap contains 
0.022 to 0.016% of soluble silica which prevents  solu- 
tion of the glass container. The use of silicates to 
p u r i f y  soaps by  removing amino compounds dur ing 
the sal t ing out process has been suggested (34). 

A recent  pa t en t  (35) covers the process of spray ing  
soap part icles with a water-soluble silicate to reduce 
dust, to minimize their  tendency to lump together  
when added to water,  and to control the appa ren t  
density. Silicates tend to stabilize soap powders con- 
ta ining "ac t ive  oxygen , "  sueh as those including' 
perbora tes  (36). 

Manufacture of Silicated Soaps 
Cold Process. The cold process for  making a sili- 

cated soap involves mixing the careful ly  weighed or 
measured fats  or grease, caustic soda, and silicate in 
a crutcber.  Usual ly  the silicate is added rap id ly  when 
the heat  of reaction between the grease and  caustic 
has lowered the viscosity of the mix. A formula  suc- 
cessfully used for  m a n y  years  includes 75 lb. tallow, 
25 lb. cocoanut oil, 75 lb. 35.5 ~ Baum6 (30%) caustic 

soda lye, and 125 lb. of a 41 ~ Baum6 silicate with a 
silica to alkali (Na20) ratio of 3.2 ( " N "  Silicate). 

Semi-Boiled Process. The semi-boiled m e t h o d  is 
similar to the cold process except tha t  a longer period 
at a high t empera tu re  is provided. The tallow and 
grease is heated, usual ly to around 140~ and the 
lye and silicate then added. Some soap makers  p re fe r  
to mix the silicate and caustic and add them together. 
A successfully used formula  for  this type of soap 
includes 316 lb. tallow, 55 lb. cocoanut oil, 280 lb. 
35 ~ Baum6 caustic soda lye, and 185 lb. 41 ~ Baum(~ 
3.2 rat io silicate ( " N "  Silicate).  

Full-Boiled Process. In the full  boiled process tile 
silicate is added in a erutcher  to the "ke t t l e  s o a p "  
result ing f rom the final salt ing out. The amount  of 
silicate added varies. A usual propor t ion  for the 
crutchcr  charge is 200 lb. of kettle soap to 100 lb. of 
silicate, bu t  la rger  amounts  are used, par t icu lar ly  in 
ba r  soaps. As much as 800 lb. of a 41 ~ Bantu5 3.2 
ratio sodium silicate ( " N "  Silicate) can be added 
per  1,000 lb. of most kettle soaps (31% water)  and  
a good soap produced without  much difficulty. Since 
the commercial  silicate of this composition contains 
37.6% solids, the result ing produc t  contains 38.3% 
anhydrous  soap, 16.7% anhydrous  sodium silicate 
solids, and 45% water. The water  content will he 
lower if a more alkaline silicate is used which permits  
a higher solids content in the commercial silicate. 
More silicate than  this can be added if suitable mate-  
rials, good equipment,  and technique or special meth- 
ods are used. Semi-boiled or cold process soaps incor- 
porate  readi ly  substant ia l ly  larger  quanti t ies of sili- 
cate than  do full-boiled. 

When more than 800 lb. of the 41 ~ Bamu5, 3.2 
ratio silicate, are added per  1,000 lb. of kettle soap, 
several difficulties may  be encountered, bu t  these can 
be overcome. 3'he addit ion of large amounts  of sili- 
cates or other electrolyte builders to kettle soap, if 
not p roper ly  incorporated in the soap, tends to cause 
separat ion into two layers---a layer  of neat  soap on 
lye. This results in the format ion  in tile f rame of a 
hollow area and free liquid encased by  solid soap, 
commonly known as a soap "coff in ."  Recent  research 
(37, 3s) has indicated that  much more of the silice- 
ous silicates than of any  other bui lder  can be added 
to soap-wate r  mixtures  before tending to produce 
this separation.  Soap products  containing as much 
or more solid silicate than  soap m a y  effloresce or 
" b l o o m , "  par t icu la r ly  if  soda ash is present.  This 
makes a less a t t ract ive  produc t  and affects the solu- 
bi l i ty characteristics. The addit ion of sugars, long 
used to produce t r anspa ren t  soaps, tends to prevent  
efflorescence (39). H igh ly  silieated soaps may be- 
come pas ty  or viscous bu t  can be worked on the 
rolls to produce a smooth, white soap. The opaque 
rumpled  flake produced under  these conditions al- 
though not t ranslucent  or t ransparent ,  at least in 
some eases, is desirable. Although soaps containing 
moderate  amounts  of silicates are as good or bet ter  
sudsing agents than  pure  soaps, those containing as 
much or more silicates than  soap are poorer  foaming 
agents. To some extent  foaming power may  be re- 
stored by  adding other sudsing agents. 

The presence of more than  about  25% of an anhy- 
drous siliceous silicate in a powdered, granular ,  chip, 
or sp ray  dr ied  soap, or other products  having a large 
surface to weight ratio may  result  in the format ion 
of some insoluble ma t t e r  on prolonged exposure to 



THE JOURNAL OF THE AMERICAN 0IL CHEMISTS' SOCIETY, MARCH, 1948 91 

air.  This rarely,  if  ever, occurs for  mixtures  of soap 
and  silicate only bu t  is much more likely to occur if  
other mater ia ls  such as carbonates and phosphates  
are present.  

The simultaneous use of silicates and carbonates  
in flaked soap may,  under  some conditions, result  in 
the precipi ta t ion of an insoluble siliceous mater ia l  
(40). This is p robab ly  a hydra t ed  amorphous silica 
or a sodium silicate with a silica to alkali (Na20)  
rat io grea ter  than  about  3.5. These can be fo rmed by  
the sorption of carbon dioxide f rom the atmosphere 
and  its reaction with the silicate to fo rm sodium car- 
bonate. Evapora t ion  dehydrates  both the silica and 
silicate. The format ion  of insoluble mat te r  m a y  be 
prevented  by  good packaging which reduces both 
contact with carbon dioxide and evaporation.  More 
alkaline silicates should have less tendency to fo rm 
insoluble matter .  

Potassium silicates are said to have a decreased 
tendency to fo rm insoluble mat te r  on exposure to 
air. The addit ion of sucrose (cane or beet sugar ) ,  
glucose, dextrin,  corn syrup,  honey, starch, and simi- 
lar  materials,  as well as rosin, are repor ted  to be 
helpful  in reducing the format ion  of insolubles, and, 
in addition, produce clearer, smoother mixes in the 
crutcher.  Compounds containing mult iple  hydroxyl  
groups, such as sorbitol, should behave similarly. 
Adding  silicate to the eruteher  in the fo rm of a finely 
divided, soluble powder  may, for  a given silicate 
content, reduce the tendency to fo rm insoluble ma t t e r  
on contact with carbon dioxide. 

The addition of silicates to kettle soap produces a 
viscous mass which requires good mixing at elevated 
temperatures .  The most effective crutching tempera-  
tures  for silicate-soap mixtures  va ry  with the type  of 
soap stock, moisture content, efficiency of mixing, and 
nature  of the silicate. The t empera tu re  must  be jus t  
high enough tha t  the mixture  is sufficiently fluid to 
flow freely and permi t  good mixing to a smooth, 
homogenous product .  Too high a t empera tu re  may  
cause separat ion into two layers. Soaps containing 
a large propor t ion of tallow or other high t i t re fa ts  
are sat isfactori ly crutched at 160 ~ or 170~ or above, 
grease and rosin soaps at  140~ or even lower. I Iea t -  
ing the silicate solution before mixing with the soap 
has been found to be helpful.  When a smooth homo- 
geneous dispersion has been obtained, the mixture  
should be gradual ly  cooled and  discharged f rom the 
crutcher  at as low a t empera tu re  as is consistent with 
clearing the appara tus .  A plastic mix is obtained at 
the h)wcr tempera ture .  In  order to minimize the 
possibili ty of highly silicated soaps separat ing in the 
frames, they should be cooled as rap id ly  as practi-  
cable. Artificial cooling of the frames, or cooling by  
extrusion of the mix ture  through a water  cooled 
orifice, such as tha t  on plodders for  making milled 
soaps, should be helpful.  The mixture  may also be 
cooled rapidly  by  passing it  through a water- jacketed 
screw conveyor (e.g. a " V o t a t o r " ) .  Usually special 
cooling is not necessary. 

The type of soap stock is also an impor tan t  fac tor  
in the product ion of a sat isfactory silicated soap. 
Most soap makers  have found it easier to incorporate 
silicates in soaps f rom tallow, palm, and other high 
t i t re fats  than  in soaps f rom greases, similar low t i t re  
fats, and rosins. At  least pa r t  of the reason is tha t  
often soaps f rom these low t i tre fats  are crutched at  
too high a tempera ture .  Soaps f rom hydrogenated  

oils incorporate  silicate less readi ly  than  those f r o m  
tallow. The addit ion of a cocoanut oil to tallow in- 
creases the ease of incorporat ing silicate in soaps 
made f rom the fat.  However,  cocoanut oil soaps do 
not incorporate  silicate much, if  any, more readi ly  
than  a s t ra ight  tallow soap, and considerably less 
readi ly  than  the mixture.  Pa lm kernel  oil soaps 
should behave similarly. Silicates are most readi ly  
incorporated in mixtures  of high and  low t i t re  fats,  
which are miscible with the silicate at elevated tem- 
pera tures  and which solidify on cooling over a range 
of temperatures .  Tallow-cocoanut oil mixtures  con- 
ta ining approx imate ly  equal weights of each are good 
for  making a highly silicated soap. 

The addit ion of re la t ively  small amounts  of sodium 
hydroxide solutions aids in the incorporat ion of large 
amounts  of silicates b y  lowering the viscosity of the 
mix and possibly also by  increasing the s tabi l i ty  of 
the dispersion or emulsion. Excess caustic m a y  be 
added by  finishing the soap " s trong "- - i .e . ,  with an 
excess of lye. Another  way is to add  caustic to the 
usual  41 ~ Baum~ 3.2 rat io  silicate. A common com- 
mercial  pract ice is to causticize the silicate to a silica 
to alkali (Na20) rat io of a round 2.4 to 2.5 before 
mixing with the kettle soap. In  order  tha t  the reac- 
tion between the siliceous silicate and caustic may  be 
essentially completed, they should be mixed and  
heated at  least 24 hours  before using. Otherwise the 
soap may  contain free alkali  which damages hands,  
fabrics,  and some metals, and may  cause carbonation.  
The purchase of a commercial  silicate more alkaline 
than  the usual  3.2 ratio, which contains a higher pro- 
port ion of solids, has the advantage  of obtaining a 
careful ly  controlled, completely reacted product  at  
lower cost. Ttle commercial  alkaline silicates cannot  
be duplicated economically by  causticizing a 3.2 rat io 
silicate and evapora t ing  to a higher solids content. 

The higher solids content  of the commercial  alka- 
line silicates makes it possible to subst i tute  more 
anhydrous  silicate solids for  anhydrous  soap at  an 
equivalent  moisture content. This is i l lus t ra ted in 
Fig.  6. The lines on the g raph  show tl~e max imum 
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FIG. 6. Maximum solids contents of soaps obtainable by add- 
ing various commercial silicates to kettle soap. 

solids content obtained by  adding various commer- 
cial silicates to a kettle soap containing 70% anhy- 
drous soap. Descriptions of the different silicates are 
given in Table I. I t  is appa ren t  tha t  the more alka- 
line the silicate (above a ratio of 2.0), the higher the 
possible solids content of the silicated soap, or the 
more soap can be replaced by  silicate at  a given water  
content. F o r  example,  a finished soap containing 
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,60% solids made by  adding various silicates to kettle 
soap containing 70% solids will have 33% anhydrous 
silicate solids if a 59.3 ~ Baum5 2.0 ratio silicate is used, 
20% if a 52 ~ Baum6 2.4 ratio silicate is used, 16% 
for  a 47 ~ 2.9 ratio, and only 12% for  a 41 ~ 3.2 ratio. 
The corresponding values for  anhydrous soaps are 
29%, 40%, 44%, and 48%. Of course practical  ]imi- 
tations on mixing may make it  impossible to take 
full  advantage of these differences. In  addition to 
this advantage, a more alkaline silicate with a silica 
to alkali ratio of 2.0 can satisfactorily be used. 

Efforts have been made, par t icular ly  in Germany, 
just  pr ior  to Wor ld  War  II,  to increase the amount  
of silicate which can be readily incorporated in soaps 
by the addition of other materials. Lottermoser (41) 
has suggested that  this be accomplished by using pot- 
ash or potassium hydroxide. Af ter  par t ia l  saponifi- 
cation in one kettle, the mixture  is t ransfer red  to a 
second pan or kettle where silicate solution and more 
soda and potash, or potassium hydroxide are added 
to complete saponification. I le  considers the potas- 
sium of importance for the product ion of a stable, 
highly silicated soap, which is a good detergent,  does 
not effloresce or " b l o o m , "  and undergoes no note- 
worthy change in weight or volume on prolonged 
exposure of the finished bar  to air. The addition of a 
mixed alkaline sodium and potassium silicate directly 
to kettle soap should accomplish the same result and 
make the extra step of saponification with a potassium 
alkali unnecessary. 

Lorgus (42) repor ted that  silicate-soap mixtures 
can be homogenized with the aid of a solution of 
sodium thiosulfate. The fa t ty  acid content could be 
reduced to 30% without  causing the soap to effloresce 
or lose its form. 

Since the soap-silicate mixture  in the cruteher can 
be considered an emulsion of a silicate solution in a 
soap solution saturated with silicate, at tempts have 
been made to increase the stabil i ty of these mixtures 
by adding emulsifying agents. The long time use of 
starches with silicates is probably  an example of this. 
Weissbein (43) has patented the use of saponin to 
increase the amount  of salts which can be added to 
soap systems. Such emulsifying agents as balsam and 
other turpentines,  sandalwood oil, terpene and other 
oils, tu rkey  red oils, and synthetic detergents have 
been used recently (44). Curzon (45) found that  
colloidal substances such as hydrolyzed starch, flour, 
or other material  containing a high proport ion of 
starch, dextrin,  gum arabic, gum ghatti ,  t ragacanth,  
in fact  all protective colloids, and even glucose in- 
creased the amount  of silicate which could readily 
be added to soaps under  practical  conditions. Suds- 
ing power of these products  containing more silicate 
than soap was increased by  adding such materials as 
te trasodium pyrophosphate,  sodium hexametaphos- 
phate (Calgon),  and soluble sodium aluminosilicates. 
His pa tent  covers "a soap composition comprising 
kettle soap and sodium silicates, the ratio of sodium 
silicate to soap being at least 4 to 10, an organic 
water  soluble colloidal dispersing agent  in quant i ty  
sufficient to make the soap and silicate compatible, 
and a sudsing material  selected f rom the group con- 
sisting of sodium pyrophosphate  and sodium hexa- 
metaphosphate,  said sudsing material  being present  
in sufficient quant i ty  to induce normal  sudsing of 
said composi t ion."  

The sodium salt of cellulose glycolic acid used by  
the Germans dur ing the war in amounts up to 25% 
of the total  soap should assist emulsification of sili- 
cate-soap mixtures. Other materials of interest for  
this purpose are various types of oxidized and chlo- 
r inated starches, sodium alginate, sodium pectate or 
pectinate, carboxymethylcelluloses, sodium salts of 
polyacrylic acids, and the alkali metal salts of cellu- 
lose oxidized by  nitrogen dioxide to a polyanhydro- 
glucuronic acid. Various synthetic detergents, such 
as alkyl aryl  sulfonates, should be helpful  and at the 
same time promote sudsing. 

Special Silicated Soaps. In  addition to their  use 
in the common types of soap such as l aundry  bars 
and chips, silicates are used in producing special 
types. A mechanics hand soap is made by  prepar ing 
a paste f rom 100 parts  soap chips made from stock 
containing cocoanut oil, 200 parts  water, 25 parts  41 ~ 
Baum6, 3.2 ratio silicate, 10 parts  glycerine, and 5 
parts  perfume and then mixing with this 150 parts  
pumice or sand. The silicate forms a firm jelly which 
keeps the abrasive from falling out. Blue mottled 
soaps are also made by adding salt, soda ash, ultra- 
marine blue and a 60 ~ Baum6 2.0 ratio silicate to a 
suitable kettle soap (46). 

Alkaline silicates have been used as saponifying 
agents in making soap mixtures. As early as 1909 
Miss Hutehins  (47) used a "homogeneous"  (and 
therefore at least part ial ly saponified) mixture of 
linseed oil, distilled water and silicate of soda as a 
cleansing fluid. More recently Leffer (48) has pat- 
ented the use of a silicate causticized with sodium or 
potassium hydroxide to saponify fats  or f a t ty  oils 
at 260~ and 2 to 6 atmospheres pressure to form a 
hard  soap. Sesqui- or metasilicate have successfully 
been used to produce a good soap by  saponification of 
fats and oils. 

Fatty Acids and Silicates. At the present time 
there is a t rend  in the soap indust ry  toward the man- 
ufacture  of soaps f rom f a t t y  acids ra the r  than fats. 
The more alkaline silicates can be used without the 
addition of caustic to neutralize f a t t y  acids with the 
formation of a silicated soap. Silicates with a silica 
to alkali (NafO) ratio of 2.5 or less should be used 
and care taken that  the final ratio is below 3.9 and 
pre fe rab ly  below 3.0. Sesqui- and metasilicate should 
be par t icular ly  suitable. Although less alkaline than 
caustic soda, they are bet ter  wetting and emulsifying 
agents so that  the rate of reaction in the two-phase 
system may not be very  different. Mukai 's  Japanese 
patent  (49) discloses a process of neutral izing fa t ty  
acids with sodium silicate, with or without  additional 
alkali, in the presence of a large amount  of water. 
A German patent  issued to Bergell (50) covers the 
format ion of soap from fa t ty  acids by  a concentrated 
metasilicate solution in the cold or luke-warm condi- 
tion. A detergent  has been prepared  by  Moss and 
Snell (51) by  spraying f a t ty  acids on metasilicate to 
form a coating of soap. Vail (52) produces substan- 
tially homogeneous soap-silicate mixtures by  reacting 
fa t ty  acids with " e x p a n d e d "  or intumescent metal  
silicates. 

Theory. An unders tanding of the systems obtained 
by  adding silicates to soaps is aided by  a s tudy of the 
t e rna ry  phase diagrams, soaps-silicates-water.  A 
tentat ive diagram for  the system commercial soap- 
2.46 ratio sodium silicate-water at 90~176 is 
shown in Fig. 7. The boundaries of the region of iso- 
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:Fro. 7. Tentative phase diagram for  a commercial soap- -  
2.46 ratio sodium silicate-water system. 

tropic solution ( F )  were determined experimental ly 
(37) for a soap having the composition of a typical  
fitted and settled household soap made f rom f a t t y  
acids of average molecular weight 273 and an iodine 
value of 48.4. I ts  solubility in water  corresponds 
approximately to that  of a soap made f rom 75% 
tallow-25% cocoanut oil (53b). The remainder  of 
the diagram is based by  analogy on the previous 
work of other investigators with pure soaps, tallow- 
cocoanut oil soap mixtures, and sodium chloride (53). 
No at tempt  was made to depict equilibria in solutions 
more concentrated in soap and silicate than those 
above the upper  r ight  hand line of Fig. 7, i.e., those 
forming three phases consisting of curd fibre, neat  
soap, and the concentrated silicate solution corre- 
sponding to " l y e "  in the sodium hydroxide or chlo- 
ride system. When the system is in equil ibrium at 
90~ compositions enclosed within areas A, C, and 
F consist of single homogeneous phases, compositions 
in areas B, E, G, I, and J consist of two phases of 
varying composition and amount, and compositions 
enclosed within areas D, H, and K of three phases 
whose composition does not va ry  but  whose relative 
proport ion does. The phases in equil ibrium in each 
are:  A- - ne a t  soap, B - - n e a t  soap-middle soap, C - -  
middle soap, D--middle  soap-neat soap-nigre, E - -  
middle soap-nigre, F - - n i g r e  (homogeneous isotropic 
solution), G- - ne a t  soap-nigre, H - - n e a t  soap-nigrc- 
" l y e , "  I - - n i g r e - " l y e , "  J - - n e a t  soap -" lye , "  K - -  
neat soap-curd fibre or "crystallized" soap-" lye. " 
The compositions of the mixtures formed, when to a 
kettle soap containing 70% anhydrous soap is added 
a sodium silicate solution containing 45.4% anhy- 
drous solids of a silica to alkali ratio os 2.46, are 
shown by the dotted line. According to this tenta- 
tive figure, at 90~ an amount  of the commercial 
" l i q u i d "  silicate equal to about 6% anhydrous sili- 
cate can be added to the liquid crystalline neat  or 
ke t t l e  soap and the combination remains one homo- 
geneous phase. The addition of larger  amounts of 
silicate converts neat soap into two phases, neat soap 
and lye, and the mixture  has a tendency to " o p e n "  
or form two layers. Thus, the miscibility of kettle 
or neat soap with this silicate is l imited and fur ther  
amounts of silicate tend to cause separation. 

However, this does not mean that  the maximum 
amount of silicate or other bui lder  which can be 
added to form an apparent ly  homogeneous product  
is the maximum amount completely miscible with 
neat soap without  tending to produce two phases. 
Much larger  amounts of silicates can be added with 

suitable mixing equipment  to form stable dispersions 
or " em u l s io n s "  of the liquid crystall ine neat  or 
kettle soap sa tura ted  with silicate and the concen- 
t ra ted  silicate. The microscopic s t ruc ture  of soaps 
containing a small propor t ion of bui lder  is about  the 
same as tha t  of the original soap (54). Maclennan 
reports  tha t  the outstanding internal  s t ruc ture  en- 
countered with heavily bui l t  soaps was composed of 
numerous spherical, crystalline globules in various 
states of aggregation. These were presumably  ce- 
mented together and held by  a mixture  of soap fibre 
and silicate. This observation indicates tha t  the sili- 
cate is dispersed in the soap and comprises the in- 
ternal  phase in the crutcher.  Possibly the highly 
silicated soaps Maclennan used were not thoroughly 
mixed. 

On cooling from 90~ to room temperature ,  the 
solubility of the silicate in neat soap is first reduced, 
and then the neat soap containing dissolved and dis- 
persed or "emuls i f i ed"  silicate crystallizes out into 
at least one and usually several of the mult ipl ici ty  
of crystalline soap phases now known to exist at 
room temperature.  The tempera ture  at which crys- 
tallization begins, identical with the To tempera ture  
of the phase studies by  McBain and others (e.g. 53), 
is raised by  the addit ion of silicates. Cooling con- 
verts the two-phase dispersion or "emulsion" of neat 
soap and lye into mixtures of crystall ine soap or 
" c u r d  f ibres,"  neat soap and lye (region K) ,  or 
crystalline soap and lye. These lat ter  mixtures have 
a greater  tendency to separate al though this is 
avoided by  agitat ing during cooling unti l  the mix- 
ture  solidifies sufficiently to prevent  separation me- 
chanically. Nothing appears to be known of the effect 
of silicates on . the  par t icular  type or types of crys~ 
talline soap produced under  different processing 
conditions. Tim position of the recent ly  discovered 
"ke t t l e  w a x "  phase (55) has not been determined 
for silicate systems. The location and state of the 
silicate in the finished soap is not known with cer- 
tainty. The silicate may form mixed crystals or solid 
solutions with the soap or remain as a concentrated 
solution or jelly around and between the crystalline 
soap fibres. I t  may be incorporated between the 
polar heads of the soap molecules and cause an in- 
crease in the long spacings revealed by  X-rays.  

These theoretical considerations provide an ex- 
planation of methods used to increase the amount  of 
silicates or other builders which can be readily in- 
corporated in soaps and suggest ways to at tack the 
problem fur ther .  One way is to increase the solu- 
bil i ty of the neat  or kettle soap in silicate or other 
bui lder  by raising the temperature,  decreasing the 
average chain length, increasing the degree of unsat- 
urat ion of the soap, or adding substi tuents such as 
chlorine or hydroxyl.  Another  is to choose the type 
of bui lder  most miscible with soaps. Exper imenta l  
studies (37,38) indicate that the siliceous silicates 
are considerably more miscible with soap than  any 
of the other common builders. Potassium silicates are 
much more miscible than sodium. The addit ion of 
some other materials is known to increase the solu- 
bil i ty of soaps and thus should increase their  misci- 
bi l i ty with silicates. Sodium or ammonium sulfamates 
are claimed to prevent  jelly format ion and render  
soap solutions fluid at  all temperatures  (56). E thy l  
acetate exends great ly  the range of isotropic solu- 
tions, increases the concentration of salt required to 



94 TH~ JOURNAL 0~' THE AMERICAN OIL CHEMIS'rS' SOCIETY, )~{ARCII, 1948 

salt out soap, and  grea t ly  extends the region of ex- 
istence of neat  soap in the sodium oleate-water-sodium 
chloride system (57). Cyclohexanol, ereosol, and pine 
oil are believed to increase the solubility of soaps in 
ha rd  water  al though their  action appears  to be quite 
specific (58). Added mater ia ls  which would serve as 
blending or coupling agents, or co-solvents for  sili- 
cates and soaps should p robab ly  contain both non- 
polar  port ions to combine with the soap and  polar  
port ions to make this combination miscible with water  
and silicates. 

Once a homogenous soap-silicate solution or disper- 
sion is obtained by  mixing at  elevated temperatures ,  
the problem is to mainta in  this Oll cooling to room 
tempera tu re  where the equi l ibr ium state is at  least 
two separate  phases. Rapid  cooling and crystalliza- 
tion to fo rm a strong mat r ix  or curd  are necessary. 
Good agi tat ion and the selection of a suitable soap 
stock are needed. The effectiveness of tallow-cocoanut 
oil mixtures  is at least pa r t l y  a t t r ibu tab le  to the rela- 
t ively wide range of tempera tures  over which the 
mix ture  hardens.  The effect of mater ia ls  such as rosin 
soaps in increasing the ease of incorpora t ing  silicates 
in soaps containing them is a t t r ibu tab le  both to in- 
creasing the miscibil i ty of soap-silicate nfixtures and 
to widening the range  over which the soap becomes 
firm (5'9). Possibly the addition of small amounts  of 
soaps f rom f a t t y  acids containing 20 or more ear- 
bonatoms, e.g., arachidie, behenic, ccrotic, or mixed 
f a t t y  acids f rom j a p a n  or other waxes may  provide 
a s t rong " g e l "  or ma t r ix  to keep a un i form soap- 
silicate mix ture  without  apprec iahly  affecting the sol- 
ubi l i ty  characteristics.  The addit ion of other good 
emuls i fying and dispersing agents is helpful  and fur -  
tiler research on tile newer mater ia ls  of this type  is 
warranted .  

Another  possible method of mininlizing separat ion 
of soap-silicate mixtures  is to add the bui lder  in the 
fo rm of a slowly soluble powder. 

Potassium Silicates 
Potass ium silicates have been used to some extent 

as a bui lder ,  sometimes in conjunction with starch or 
flour as a bui lder  for  potash " r i g g e d "  or paste soaps. 
The addit ion of potassium silicates to a sodium soap 
converts  it par t ia l ly  into a potash soap. In  this way, 
the ra te  and  amount  of solution can be increased with- 
out encounter ing the difficulties of salt ing out a pot- 
ash soap. While there is apparen t ly  no data available 
on the detergent  action of potass ium silicates in the 
l i terature ,  they should resemble the sodium silicates 
closely in this respect. Another  use for  potassimn sili- 
cates is in the p repara t ion  of liquid soap products.  A 
commercial  30 to 40% potash cocoanut oil soap solu- 
t ion can be mixed in all propor t ions  with a commer- 
cial potass ium silicate containing 39.4% solids with a 
silica to potash (KpO) rat io  by  weight  of 2.10 (60). 
Mixing up  to 25% of this silicate wi th  a l iquid soap 
may  resul t  in an improved  detergent  at  lower cost. 

Analysis of Silicated Soaps 
Soluble silicates are obtained f rom a silicated soap 

in a fo rm suitable for  analysis in two ways. In  one 
method the soap is first split  with hydrochloric  acid 
and  the f a t t y  acids ext rac ted with ether. The aque- 
ous layer  is evapora ted  to dryness, filtered, and the 
silica determined gravimetr iea l ly  in the usual  man-  
ner. P r o b a b l y  a be t te r  way is to char  the soap at  a 

low t empera tu re  unt i l  organic mater ia l  has been 
bu rn t  off. The residue is then fused with sodium 
carbonate,  dissolved in water,  and the silica deter- 
mined gravimetr ical ly.  The port ion of the total  alkali 
needed to react  with the f a t t y  acids is subtracted,  and  
tile remainder  is assumed to have been combined with 
the silicate. The usual analyt ical  methods do not dis- 
t inguish between free caustic soda and  that  which 
has reacted with the silicate. 

As Edeler  (61) has shown, the usual  free alkali 
determinat ion in silieated soaps gives results which 
are due to the extract ion of alkali f rom the alkaline 
sodium silicate by  the alcohol. Silicates with a silica 
to alkali (Na~O) ratio by  weight grea ter  than of 
about  2 show no free alkali by  the usual method. 
The exact ratio depends on the proport ions  of alcohol 
and  moisture,  and possibly also on the state of the 
silicate in the soap. 
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Continuous Fat Splitting Plants Using the 
Colgate-Emery Process 
H. L. BARNEBEY, Blaw-Knox Company, Pittsburgh, Pa., and A. C. BROWN, 
Emery Industries, Inc., Cincinnati, Ohio 

A CONTINUOUS high tempera ture  fa t  splitt ing 
process, employing countercurrent  reaction in a 
pressure tower with internal  heat exchange, has 

been developed and carried through pilot plant  in- 
vestigation to successful commercial operation. This 
method, known as the Colgate-Emery Fa t  Spli t t ing 
Process, gives split t ing effcieneies of about 981%, 
producing acids which can generally be bleached to 
a color equal to or bet ter  than that  of the original 
fat. Because of savings in steam, since no catalyst is 
needed, the new process shows considerable economy 
over the old Twitchell method. 

The earliest a t tempts to split fats were in soap 
making, where the fa t ty  acids appear  as sodium or 
potassimn soaps and the glycerine is either left  in 
the soap or is separated by salting-out. Fa t ty  acids 
are readily made from soap by  acidulation, but  tile 
overall process is indirect  and costly in chemicals. 
Chevreul, in 1813, discovered that  fa t  is a regular  
chemical compound of glycerine and one, two, or 
three fa t ty  acids. Tie also discovered that  fa t  can be 
separated into these parts  by causing it to unite with 
water. In 1853 Tilghman (1) ttiscovcred that  the 
reaction of fa t  and water, to fomn fa t ty  acids anti 
glycerine, can be carried out by  mixing the fa t  with 
water and then subjecting tile mixture  to a high de- 
gree of heat while the pressure is nmintained suffi- 
ciently high to prevent  vaporization of the water. 
This inventor was in advance of his time, as materials 
of construction and techniques of operation for the 
required high tempera ture  and high pressure condi- 
tions were then unknown. Twitchell, in 1890, took a 
forward  stride when he devised a relatively simple 
method for  producing fa t ty  acids and glycerine di- 
rectly f rom fats. This is an atmospheric pressure boil- 
ing method employing a reagent or catalyst to speed 
np the hydrolysis. Twitehell 's method is widely used 
and will not be replaced entirely for  many years be- 
cause it is still a good process for  certain types of 
splitting. Batch autoclave splitt ing at 100 to 150 psi 
with lime, magnesia, or zinc catalyst, has been widely 
used, especially in Europe,  while the batch process at 
around 400 psi without  catalyst has found limited 
populari ty.  Continuous eountereurrent  high tempera- 
ture splitting, as carried out by Procter  and Gamble 
(2, 3) and more recently in novel form by Colgate- 
Palmolive-Peet and Emery  Industr ies  (4, 5) consti- 
tutes a marked improvement  over Twitehell and is 

* Presented a t  the Twenty  :First Annua l  Meeting" of the Ameriearl Oil 
Chenlists' Society at the Edgewate r  Beach I-Iotel, Chicago, Illinois, Oct. 
22, 1947. 

finding wide immediate acceptance, par t icu lar ly  for  
large scale operation. In  the Colgate-Emery Process 
fa t  and water  react  eountereurrent ly  in a column at 
about 500 degrees Fahrenhei t  and about  725 psi. Hea t  
exchange between fa t ty  acid and water  takes place in 
the top port ion of the column and between fat  and 
sweet water  in the bottom part.  

The f a t ty  acid indus t ry  originated early in the last 
century and first produced stearie acid for candles. 
The present  day stearic and oleic acid industry,  based 
pr imari ly  on animal fats, has developed from this 
primitive origin and now produces materials which 
find their  way into a wide var ie ty  of uses. Moreover 
the fiehl for  f a t ty  acid from other sources such as 
vegetable oils and hydrogenated oils is steadily ex- 
pan(ling. Because of the advantages of eountercur- 
rent fa t  Sl:)litting as a step in soap making, indications 
are that  fu ture  expansion of the soap indus t ry  will 
eontimle in this direction. 

l )a ta  on hydrolysis of many fats ill a pilot counter- 
current  splitt ing tllant buil t  by  Colgate-Palmolive- 
Peet have been published by Allen and coworkers 
(6). One of the present authors proposed an improve- 
ment  of ttlc original process consisting of tile addition 
of internal  heat exchange (5), of whic.h the equipment 
details were reported in the last reference. A number  
of runs were made in the modified unit,  and sufficient 
data were obtained to design a commercial plant. 

The selection of the optinnnn temperature-pressure 
operating range called for  a careful analysis of many 
factors. The higher the tempera ture  (and therefore 
tile pressure) the faster  the reaction rate. Tile higher 
the temperature,  the greater  the solubility of water  
in fat, which is desirable unti l  tile amount  becomes 
so great  that  the amount  of water in the column cuts 
down on the tower capacity. The higher the pressure, 
the greater  the cost of equipment per  uni t  of vohlme 
bu t  with increased reaction rate the volume of the 
splitt ing zone cau be smaller. I f  the tempera ture  is 
too high, it nlay have a deleterious effect on certain 
fats and may in fact  make counterflow impossible 
by  causing complete miscibility. A tempera ture  of 
a round 500~ was selected as a pract ical  compromise, 
and a maximum operating pressure of 725 lbs. was 
chosen to provide a suitable excess to prevent  boiling 
(vapor pressure of water  at 500~ is 669 psi).  

The first commercial plant,  having a design capac- 
i ty of 3,000 lbs. of feed per hour, intended pr imari ly  
for  low-grade fats, was buil t  at Cincinnati, Ohio, by  
Em ery  Industries and has been in operation since 


