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I N this discussion we will describe the uni t  processes 
involved in the recovery of glycerin as a co-product 
of the soap and f a t ty  acid industries. I t  should be 

mentioned that  while glycerin is being produced also 
by a synthetic process f rom propylene,  since the dis- 
cussion is l imited to the soap and synthetic detergent 
industry,  this paper  will be confined to glycerin as a 
product  derived fronl na tura l  glyceride fats  and oils. 

Glycerin is released dur ing the saponification of 
glyceride fats  with an alkali or dur ing the hydrolysis 
of glyceride fats  with water. Since the fats  used in 
soapmaking are triglycerides, one molecule of glycerin 
is fornled for  each three molecules of soap or f a t ty  
acid. Since the glycer:~l radical has a constant molec- 
ular  weigh~ while the f a t t y  acid radical  varies in mo- 
lecular weight according to the length of the aliphatie 
chain, the amount  of available glycerin varies accord- 
ing to the molecular weight of the f a t ty  acids existing 
in the fat. For  example, neut ra l  beef or hog fats  yield 
10.7% glycerin while the laurie acid type oils, such as 
coconut, babassu, and palm kernel, yield 13.5-13.9%. 
In  commercial practice 88-92% of this glycerin is 
recoverable. 

The unit  processes involved are:  

a) Purification of the glycerin bearing solutions 
(commonly called ' ' lye treatment") 

b) Evaporation 
e) Distillation 
d) Bleaching 

Purification (Lye Trea tment )  

Where the fa ts  are saponified with alkali as in the 
kettle process, the glycerin is separated f rom the re- 
sulting soap by  vir tue of the insolubility of soap in 
sodium chloride solutions. Usually a concentration of 
10-15% sodium chloride is sufficient to render  the soap 
insoluble. The soap is l ighter  in specific gravi ty  than  
the solution and rises to the top while the glycerin re- 
mains soluble in the lower layer, which is known as 
" s p e n t  l y e "  and is wi thdrawn for  the recovery of its 
glycerin. 

Where  countercurrent  soap-boiling is used, the glyc- 
erin content of the spent lye will usually be 10-12%, 
sometimes up to 15%. 

Where the fats  are hydrolyzed with water  alone, as 
in fa t  splitting, no salt is necessary for the separat ion 
since the f a t ty  acids are insoluble and rise to the top 
of the spli t t ing column. The glycerin-bearing solution 
in this case is known as "swee t  w a t e r "  and, depend- 
ing upon the fats  used and the water  to fa t  ratio used 
in splitting, may  contain up to 15-20% glycerin. 

In  the case of spent soap lye the solution will con- 
tain impuri t ies  such as unused caustic soda, sodium 
carbonate,  soaps of low molecular weight f a t ty  acids 
which are slightly soluble in salt solutions, mechanic- 
ally entrained soap, color bodies, and nitrogeneous im- 
purities. In  general, spent soap lye contains more im- 
purit ies than  sweet water  since the soaps are not as 
completely insoluble as are the fa t ty  acids, and there 
will always be some residual alkali present  f rom kettle 
saponification. Fur ther ,  in fa t  spli t t ing more of the 
non-glyceride impuri t ies  remain in the f a t ty  acid 
layer.  
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I t  is necessary to renlove these impurit ies as fa r  as 
possible pr ior  to evaporat ion and distillation, other- 
wise it would be impossible to conduct the subsequent 
operations efficiently and a very impure  product  would 
result. The t rea tment  of spent soap lye involves two 
basic factors:  a) neutralization of the unused alkali 
(sodium hydroxide and sodium carbonate chiefly):  
b) precipi tat ion and coagulation of the soaps and 
other organic impurities.  

The alkalies are neutralized with either sulphurie 
or hydrochloric acid, and the soaps and organic im- 
puri t ies are precipi tated by  an a luminum or iron salt 
such as the sulphate or chloride. Soaps are rendered 
insoluble by  conversion f rom the soluble sodium salt 
to the highly insoluble metallic salt. The a luminum 
and iron salts also coagulate nitrogeneous impuri t ies  
to form insoluble agglomerates. 

The choice between hydrochloric or sulphurie acid 
and between the metallic chloride or sulphate depends 
not solely on the cost of chemicals but  also upon other 
operat ing factors. Since the salt is to be recovered 
dur ing evaporat ion for  re-use in the soap kettles, it is 
impor tan t  to avoid the format ion of too much sodium 
sulphate dur ing lye t reatment .  Sodium sulphate has 
fa r  less " g r a i n i n g  p o w e r "  than sodium chloride. Fur -  
ther, sodium sulphate is harder  to ~;ash free of adher- 
ing glycerin. In  practice it is desirable to hold the sul- 
phate content of the recovered salt to 10% or less, and 
seldom over 15% ; otherwise an eventual discard of the 
salt itself would be necessary. 

The extent of the impurit ies is approximate ly :  

Soluble soaps--0.25% 
Unused alkali--0.20c/c as Na~O 
Other organic impurities--variable according to quality of 
fats used, probably 0.10-0.20% 

The first step is to accumulate the spent soap lyes 
in a storage tank for a holding period of at least three 
to four  hours to allow entrained soap to rise. In  large 
plants  it is cus tomary to provide two tanks for alter- 
nate use, one being used to receive new soap lye while 
the other is resting undisturbed.  F rom the la t ter  the 
batches for t rea tment  are withdrawn. Soap reclaimed 
in these tanks is eventually re turned to the soap ket- 
tles. The t rea tment  is usually done batch-wise in any  
convenient size, f rom perhaps  50,000 pounds in a 
smaller plant  to 300,000 pounds or more in a large 
plant.  A sample is analyzed for the percentage of un- 
used alkali, and f rom this the amount  of acid neces- 
sary to neutralize it is calculated and added to the 
charge under  constant agitation. The amount  of pre- 
cipitant,  a luminum sulphate for  example, is usually 
arr ived at by experience and varies according to the 
quali ty of lye being treated. This is added to the batch 
and af ter  sufficient agitation a sample is tested. 

Several variat ions in test procedure are used. The 
one described here is a simple one that  has proved ade- 
quate. A sample is filtered, and a port ion tested by  
adding to it a few drops of 10% aluminum sulphate 
solution. I f  upon heating to near  boiling no fu r the r  
precipi tate  is observed, enough a luminum sulphate 
has been added. A confirming test is used to prevent  
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wastage of a luminum sulphate (in the event that  too 
much was added) by  determining the acidity of a 
filtered sample in terms of sulphuric acid, which at 
this point should be between 0.08-0.12%. In  some 
plants the p H  is used as a control and at this point 
should be about  4.5. A good detailed description of 
the chemical control in lye t rea tment  has been de- 
scribed by  Govan (1). 

When the tests meet specifications, the batch is fil- 
tered. The tempera ture  mainta ined dur ing t rea tment  
is usually about  180~ which assists in the coagula- 
tion of the precipi tate  and assists filtration. 

F i l t ra t ion  may be done, using recessed plate or plate 
and f rame filterpresses or a continuous ro ta ry  vacuum 
filter. The cake in the filter is later  washed with water  
to reduce its residual glycerin content to 2-3% since 
this filter cake is discarded and usually amounts to 
about  2% of the weight of lye treated. 

The foregoing constitutes what  is known as the first 
t reatment .  The second t rea tment  is merely the re- 
moval of the excess a luminum sulphate by adding 
caustic soda to the filtered lye f rom the first t rea tment  
unti l  a sample is pink to phenolphthalein,  or unti l  a 
p H  of 8.5-9.0 is established. The a luminum hydra te  so 
formed is removed by  filtration, and the finished lye is 
ready for evaporation. F igure  1 i l lustrates the ar- 
rangement  of a typical  p lant  for  the t rea tment  of 
spent soap lye. The single effect evaporator  shown 
here will be described in greater  detail later. 

For  sweetwaters originat ing f rom high grade fats, a 
simpler t rea tment  is possible, such as the addition of 
a small amount  of lime, Ca(OH)~,  to precipi tate  f a t ty  
acids, followed by  filtration. When low grade fats  are 
split, the sweetwaters may require pract ical ly the same 
t rea tment  as for  spent lye. 

Evaporation 
Since the t reated soap lyes contain between 10-15% 

glycerin and about 15% salt, the next operation is to 
concentrate the solution to a crude glycerin of 80-85% 
concentration. During the removal of water  most of 
the salt beeonles insoluble, which makes it possible to 
recover this salt for reuse in the soap kettles. The final 
crude glycerin will contain about 7% of dissolved salt. 

Evapora t ion  is done in single or double effect vac- 
uum evaporators.  In  large plants  where exhaust  steam 
is available f rom the power plant  or other operations, 
single effect exaporators  are usually used. Double ef- 
fect evaporators  provide a means of economy where 
live steam must  be used since in a double-effect system 
two evaporators  are used in series so that  the steam 
vapors  f rom the evaporated water  in the first effect 
are used as the source of heat for the second effect. 
Therefore approximate ly  twice as much water  can be 
evaporated by a given amount  of steam although the 
evaporator  capacity is reduced by about half  since two 
evaporators  must  be used for the same output  as 
would be obtained f rom one single effect. F igures  2 
and 3 show the a r rangement  of a single effect and a 
double effect evaporator.  

The evaporator  consists of a vertical cylindrical 
shell, the lower par t  of which contains the heating ele- 
ment  known as the calandria.  This is a vertical tube 
bundle connected to the source of heating steam, which 
flows around the outside of the tubes. The liquor being 
evaporated circulates upward  through the inside of 
the tubes and downward through an enlarged open 
section known as the "down-comer , "  thus setting up 
a natura l  circulation of the liquor. 

Above the ealandria is a large free space known as 
the vapor  belt ,  so designed in order to permi t  droplets 
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of liquor in the vapors  to fall  back into the liquid. The 
vapor  belt  is sometimes equipped with baffles to reduce 
fu r the r  the possibility of entrainment.  Af ter  leaving 
the evaporator,  the vapors  pass through an entrain- 
ment  separator ,  usually of the centr i fugal  type,  
wherein the vapors  assume a centr i fugal  motion, thus 
throwing the fine droplets of liquid to the walls where 
they coalesce and  drain back to the evaporator.  The 
vapors  then pass to a barometr ic  condenser where the 
steam is condensed. Non-condensable gas passes on to 
the vacuum ejectors. A two-stage ejector is sufficient 
to mainta in  the 26-28 inches of vacuum normal ly  used 
in evaporation. 

The bot tom of the evaporator  is connected to a salt 
d rum (as shown in F igure  3), in which the insoluble 
salt collects dur ing evaporat ion in the f o r m  of a s lur ry  
containing approximate ly  40 to 50% solids. By means 
of a connecting valve the salt d rum can be isolated 
f rom the system and the s lur ry  t rans fe r red  by  air 
pressure to a s lur ry  tank  for  the subsequent separation 
of salt and liquor. 

Operat ion (single effect) is as follows. The air  is 
first evacuated, a f ter  which t reated soap lye is fed un- 
til the calandria  is jus t  covered. Steam is tu rned  on 
gradual ly  to effect boiling, and the condensing water  
is regulated to main ta in  a vacuum of 26-27 inches by  
main ta in ing  a differential t empera ture  in the baromet-  
ric leg of 5-10~ below the t empera ture  of the vapors  
being condensed. The end of the feed cycle is deter- 
mined by  the t empera tu re  of the liquid in the evap- 
orator  in relation to the vacuum. For  example, when 
the t empera tu re  reaches 180~ at 28 inches vacuum, 
the glycerin concentration will be between 80-85%1 

The feed is then stopped, the condensing water  and 
steam are shut off, and the vacuum is broken by  ad- 
mit t ing air to the system. The batch is allowed to 
settle for  about  a half  hour to allow any remaining in- 
soluble salt to settle into the drum, af ter  which the 
crude is run off to a storage tank. The finished crude 
will contain between 80-85% glycerol, about  7% salt 
in solution, 1-3% organic impuri t ies  not removed by  
the lye t reatment ,  and 6-7% of water.  

Although it is possible to evaporate as described 
above direct f rom treated lye to crude, the more usual 
operat ion in a large plant  is to evaporate in two 
stages, using several evaporators  to evaporate to a 
half  crude of 50 to 60% glycerin and to accumulate 
this half  crude and finish it in one evaporator.  

The reason that  concentration is s topped at 80-85% 
glycerin is that  the removal  of the last of the water  
would require higher finishing temperatures ,  in a 
range where the vapor  pressure of glycerin increases 
to a point where some would be lost by  vaporization. 

Salt Recovery 
TILe salt s lur ry  may be separated into relatively d ry  

salt and mother  liquor in a number  of ways. One of 
the older methods is to connect a pa i r  of " s a l t  extrac- 
t o r s "  directly to the evaporator,  as shown in Figure  
2. The extractors  are cylindrical  drums fitted with 
screens over a rigid perfora ted  plate near  the bottom. 
The drums are used al ternately.  The salt s lur ry  set- 
tles in the d rmn and, when full, the connecting valve 
is closed and the bottom valve opened, thus using the 
vacuum in the evaporator  to pull  the liquor through 
the bed of salt and re turn  this liquor to the evapo- 
rator. The salt rest ing on the screen is then steamed 
to displace most of the liquor, af ter  which the door on 
the extractor  is opened and the salt raked out man- 
ually. Another  method employed small tanks fitted 
with a screen above the bottom, and a draw-off con- 
nection at the bot tom connected to a vacuum pump 
with a liquid t rap  in between. By this a r rangement  
the s lur ry  is flowed into the tank, and the salt is held 
by  the screen while tile liquid passes through the bed 
of salt and the screen and is pulled into the t rap  by 
the vacuum pump. The bed of salt could then be 
washed with water  to remove adhering glycerin. This 
a r rangement  is very similar to a labora tory  Gooeh 
filter. This system requires considerable manual  labor 
since the salt has to be shoveled out of the tank, and 
the process is slow and the washing of the salt ineffi- 
cient. These methods have largely been superseded by  
centrifuges of either the batch type or tile continuous 
type. 

Since the separat ion of solids in this case is based 
upon sedimentation, it is easy to unders tand the value 
of a centrifuge. Fo r  example, if a centr i fuge is de- 
signed so that  when rotated at 1,000 RPM a force 
equal to 500 times that  of g rav i ty  is developed, the re- 
sult is that  a particle weighing one ounce will act as 
though it weighed 500 ounces in the centrifuge. Thus 
relat ively small particles are made to behave as peb- 
bles, and the separation is speeded up tremendously.  
Depending upon the size and speed of the centrifuge, 
forces over 1,000 times that  of gravi ty  are possible. 

The batch centrifuge consists of a per fora ted  metal  
basket rotated on a vertical axis, fitted with a metal  
screen. As the s lur ry  is fed to the rotat ing basket, the 
centr i fugal  force causes the liquid to pass immediately 
through the screen into a surrounding casing f rom 
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(pARTIALLY RAISED) 

Fro. 4. Section, Sharples Super-D-Hydrator. 
Caur~esy of The Sharpies Corp., Philadelphia,, Pa. 

which it drains to storage and is re turned to the evap- 
orator.  As the feed is continued, the bed of salt builds 
up as a layer  several inches thick. Af te r  the desired 
amount  of salt has accumulated, the feed is shut off 
and water  is sp rayed  On the salt  to displace adhering 
glycerin. The basket is then allowed to rotate for  a 
short t ime to d ry  the salt, a f te r  which it is discharged 
through a center bot tom outlet b y  means of a plough 
and the cycle repeated. The batch centr i fuge is much 
more efficient than  the older filter pans  bu t  still re- 
quires the at tendance of an operator.  

One type of continuous centr ifuge is the Sharples 
Super  D-Hydra to r ,  which is real ly a basket centr ifuge 
rotated on a horizontal axis and equipped with auto- 
matic controls to load, purge,  wash, dry,  and  unload 

without slowing or s topping the unit  and with no 
manual  attention. Any of the components of the cycle 
can be changed as desired so as to utilize the most ef- 
fective combination for the par t icu lar  s lur ry  being 
handled. The basket rotation is at a high speed (1,800- 
2,100 RPM),  consequently the centr i fugal  force is 
magnified to as much as 1,200 times gravi ty.  The 
whole cycle is complete in about  one minute  and auto- 
matical ly repeats so that  the effect of continuous oper- 
ation is attained. Figure  4 shows a sectional drawing 
of the Sharples Super  D-I tydra tor .  

Another  type of continuous centr ifuge is the Bird 
Machine Company unit,  which is available either in a 
screen type or in a solid bowl type. 

F igure  5 shows a screen type unit  which consists of 
a slotted metal  d rum rota ted on a horizontal axis. 
Within  this is a second drum known as the conveying 
drum which rotates in the same direction but  at a 
slower speed. The s lurry  is fed into one end of the 
unit  and is thrown against  the slotted drum by cen- 
t r i fugal  force, where the salt is retained while the 
liquor passes through. Ploughs mounted on the inner 
conveying d rum push the salt fo rward  to the discharge 
end. Spray  nozzles are mounted on the conveying 
drum through which water  is sprayed  on the salt at 
the proper  section in order to remove adhering glyc- 
erin. As the salt moves toward the discharge end, it is 
automatical ly purged  of mother  liquor, washed and 
dried, and, as it discharges, may be conveyed away to 
storage. 

F igure  6 illustrates the Bird  Solid Bowl unit.  This 
has no screen but  consists of a t runcated  cone rotat ing 
on a horizontal axis. S lur ry  is introduced at the large 
end, and the salt is moved toward the smaller end by 
means of an inner screw conveyor, rota t ing in the 
same direction as the main drum but  at a slower speed. 
Centr i fugal  force causes the liquor to drain through 
the bed of salt and along the wall of the cone, drain- 
ing toward the larger  end where it is continuously dis- 
charged. As the salt is moved forward,  it is carried 
above the level of the liquid toward the small end of 
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FIG. 6. Bird solid bowl centrifuge. 
Uo'urtesy of Bird M(~,ehine Uo~pany, So. Wcdpote, Ma*s. 

the cone which permits  final drainage of the remain- 
Lug liquor in the salt, a f te r  which it reaches an area 
where it is washed with water  through sprays located 
in f ront  of the conveyor blades. This wash water  also 
drains down the walls countercurrent ly  to the flow of 
salt. The washed and dried salt discharges continu- 
ously at the small end. 

Since in the centr i fugal  type machines the force of 
gravi ty  is magnified nlany times, it is obvious that  the 
separation of salt and liquor is pract ical ly instantane- 
ous, and the residual moisture and glycerin content 
of the salt will be less than in the old vacuum pan 
system. With  a small amount  of water,  such as .3-.4 
pounds per pound of salt, the centr i fugal  machines 
can deliver salt containing between .2 and .3% glyc- 
erin. ~omewhat more water  will be required in the 
batch type centrifuge because of its slower speed. The 
moisture content of the dried salt f rom a continuous 
high speed centr i fugal  machine will be about  3-4%. In  
the old style vacuum pans it was difficult to wash the 
glycerin out of the salt below .5-1.0% and even this 

had to be accomplished b y  repeated washings with 
much larger  quantit ies of water.  The importance of 
recovering this salt with as little glycerin in it as pos- 
sible lies in the fact  that  this salt is reused in the soap 
kettles and it has been estimated that  about  25% of 
whatever glycerin is left  in the salt will be lost when 
the salt is reused. Not only do the modern centrifuges 
minimize this loss but  much less floor space is required 
for any given tonnage of salt to be recovered, and in 
the continuous units manual  labor is pract ical ly un- 
llecessary expect for occasional attention. 

Distillation 

The crude glycerin is brown in color and contains 
salt and organic impuri t ies  which must  be removed to 
produce the pure  glycerin known to commerce. Up 
until  very recently the only process for accomplishing 
this was distillation. More recently the purification of 
crude glycerin by ion exchange has been developed 
and will de discussed later. I t  will be inlpossible 
within the scope of this discussion to describe all of 
the various designs of distillation units that  have been 
used. Therefore we will confine this discussion to a 
description of two of the modern units in use ; namely, 
the Wurs te r  and Sanger distillation unit,  which has 
been described by  Wurs te r  (2), and the I t tne r  still 
(3), which has been described by Peterson (4). 

At atmospheric pressure the boiling point of glyc- 
erin is 554~ or stat ing it differently, the vapor  pres- 
sure of glycerol is 760 mm. at 554~ Since, at  tem- 
peratures  of 400~ or higher, glycerol will polymerize 
and decompose to some extent, depending upon the 
time exposed to this temperature ,  it is not possible in 
practice to distill at  atmospheric pressure. 
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I t  is possible to distill without open steam if the 
pressure is low enough. Fo r  example, glycerol will 
vaporize at  338~ at 10 ram. absolute pressure. How- 
ever it is usually the practice to use a small amount  of 
open steam for two reasons: 

a) .  By reducing the par t ia l  pressure of the glycerol 
vapors,  it is possible to distill at even lower tempera-  
lures. To use an exaggerated example, at 45 ram. pres- 
sure glycerol will vaporize at  400~ with no steam in 
the vapor,  but  if steam is injected so as to reduce the 
par t ia l  pressure of the glycerol vapor  to 15 ram., with 
tha t  of the steam consti tut ing the remaining 30 ran1.. 
then the glycerol will vaporize at 347~ with the 
total pressure remaining at 45 ram. Under  the distilla- 
tion conditions used in practice the following equation 
will app ly  approximate ly  : 

Wt. Glye.Vapor Partial Press. Glye. Vapor M.W. Glye. 

Wt.WaterVapor Partial Press. Water Vapor M.W.Water 

Solving this for  the values given, the amount  of steam 
required is 0.39 pounds steam per pound glycerin 
distilled. 

b)  The use of open Steam serves to agitate the con- 
tents of the still, thus increasing the rate of heat trans- 
fer  f rom the heating coils. This is impor tant  with vis- 
cous liquids like glycerin. 

Obviously, the lower the total pressure in the still, 
the less open s team will be required for any desired 
distillation temperature .  Modern stills take advantage 
of this fact  by  using three-stage steam ejectors to re- 
duce the pressure to about 10 ram. The result ing re- 
duction in open steam requirement  provides for more 
economical sizing of "r lines and barometr ic  con- 
densers. 

F igure  7 shows the Wurs t e r  and Sanger  continuous 
distillation unit. A feature  of this still is the low pres- 
sure of 6 to 12 mill imeters absolute in the system 
which great ly  reduces the amount  of open steam re- 
quired and allows the use of relatively low pressur,,~ 
for  the heating steam (100 P.S.I .G.) ,  which permits  
distillation at  a tempera ture  in the still of 315-320~ 
result ing in a minimum decomposition of glycerin. 
Fur ther ,  through control of the tempera ture  of the 
condensers, it is possible to condense all of the glyc- 
erin in a highly concentrated form. Another  interest- 
ing feature  is the use of a salt d rum underneath  the 
still so that  salt accumulat ing as the glycerol is re- 
moved dur ing distillation can be isolated and removed 
for separat ion of the solid salt in the slurry,  with sub- 
sequent distillation of the liquor, result ing in a low 
residual loss of glycerin in the foo~s. 

Steam and glycerin vapors  leaving the still are 
passed through a centr i fugal  separator  to remove en- 
t rainment .  The vapors  are condensed in a series of 
three surface condensers, the first of which acts as a 
heat exchanger to preheat  the crude entering the still. 
Both the first and second condensers are maintained 
at a t empera ture  tha t  will permit  the g!yeerin to con- 
dense but  the water  to pass on as va~or. The third 
condenser is operated at a somewhat lower tempera-  
lure and condenses the remaining small amount  of 
glycerin in the vapor  with a little water, but  even here 
the concentration is over 90% glycerin. The glyeeriu 
f rom the condensers flows into receivers and the frac- 
tion which condenses in the first and second con- 
densers, which is suitable for  U.S.P. grades, is deodor- 
ized b y  steam passing through it in the receiver, which 
serves also as a deodorizer. 

When this type of continuous unit  is operated in 
connection with a separate toots still for  boiling down 
the final residue, the system can be fed continuously. 
The removal of salt f rom the p r i m a r y  still and its 
elimination f rom the liquor by  centr i fuging results in 
a much lower loss of glycerin in the final " t o o t s , "  
which must be discarded. With a direct boil-down in 
a batch still the fools loss will be about  :3-4% of the 
glycerin fed, but with the separation made possible in 
the Wurs te r  and Sanger  still, together with the low 
distillation temperature ,  the fools loss can be reduced 
to about 1%. 

In modern stills, such as this, many  of the disad- 
vantages of older units have been eliminated. Through 
controlled condensation tempera tures  the vapors  can 
be s t r ipped of all of their glycerin in concentrated 
form. This eliminates several objections to earlier 
systems. The condensed glycerin requires little or no 
concentration to br ing it up  to the commercial concen- 
trations demanded, which are 95% glycerol for  the 
U.S.P. grade and 98.7% glycerol for  the Dynamite  
grade. There is no sweet water  to be re-evaporated 
and redistilled. In  some older type units it was com- 
mon to obtain between 1-2 pounds of sweet water  per  
pound of glycerin distilled, and this contained only 2 
or 3~- glycerol, thus requir ing re-evaporation and re- 
distillation for  recovery. Operat ion under  high vac- 
uum reduces steam costs considerably and minimizes 
decomposition. 

Another  type of modern still is the I t t ne r  still de- 
veloped by  Dr. I t tne r  of the Colgate-Palmolive-Poet 
Company. F igure  8 illustrates the features of this 
unit. As in the Wurs te r  and Sanger  still, a low abso- 
lute pressure is employed by using a three-stage ejec- 
tor together with a barometr ic  condenser. An inter- 
esting feature of this still is that  considerable steam 
economy is gained by exchange of the latent heat of 
the gl.vccriu vapor  with water  coming f rom the heat- 
ing coils of the still to create the open steam required 
by  the still. This is done in the "bo i l e r  condenser ."  
The condensate from the closed coils of the still goes 
to a condensate receiver ( I ) ,  which acts as a flash 
tank. The pressure drops f rom 150 P S I G  to 25 PSIG,  
eausi~.g about 1 0 ~  of the condensate to flash into 
steam. This steam is relieved f rom the flash tank (at 
J )  and used in the preheater  (B)  to heat the crude 
going to the still. The jacket of the feed tank (A) for 
tt:e still also receives some of the steam f rom the flash 
tank so that, in effect, two preheat ing stages are ob- 
tai,_~.ed. The water  f rom the flash tank then flows un- 
der pressure to the boiler condenser (H) ,  where its 
pros:sure drops to 5 PSIG.  This water  is maintained 
at 5 pounds pressure by  the heat f rom the glycerin 
vapors, thus recovering this heat and utilizing it to 
generate the open steam for the open steam jets ( F ) .  
The crude is fed through the preheater  to the still 
(C),  where it is heated to a tempera ture  of 330~ by  
the closed steam coils. The glycerin and water  vapors  
leave the still, passing through a centr i fugal  separator  
(G) to the first condenser (H)  which is called the 
"bo i le r  condenser ."  Since this condenser is main- 
tained at a constant pressure of 5 PSIG,  its tempera-  
ture will be 22~~ This permits  condensation of ap- 
proximately  70~{ of the total glycerin at a concentra- 
*ion of about 99.5% glycerol. All metal  surfaces in 
contact with glycerin up to this point are of stainless 
steel, and this distillate fract ion is used for U.S.P. 
grade. The uncondensed vapors  pass through a cross- 
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over pipe (L) connecting the first and second con- 
densers at the bottom. The second condenser (M) is 
also known as the " c o o l e r "  and is operated at a lower 
temperature.  The cooling medium in this case is circu- 
lating water, which enters at the top at 90 to 100~ 
and leaves the bottom at 180-190~ 

Here practically all of the remaining glycerin is 
condensed at a concentration of 99.0-99.2% glycerol. 
This fract ion is used for "dynamite" or " h i g h  grav- 
i t y "  grade. 

A final condenser (O) removes the last 1-2% of 
glycerin, at about 95% concentration. No sweetwater 
is obtained. 

The total steam requirement is about one-third that 
of some older units. This is due to : 

a) Use of heat exchange to recover latent heat from the 
vapors 

b) Reduction of open steam requirement by use of high 
vacuum 

e) Elimination of sweetwater 
d) No redistillation required for U.S.P. grade 
e) No concentration of distillate required 

Bleaching 
The fraction of the distillate intended for U.S.P. 

grade is bleached with activated carbon in order to re- 
move the last traces of color and odor. The activated 
carbons possess a very high service absorbent effi- 
ciency so that the usual dosage required will be from 
a few tenths of 1% up to perhaps as much as 1% for 
the regular  U.S.P. grade. For  some special uses in- 
volving very  rigid odor specifications, a somewhat 
higher dosage may be required. 

The bleaching process is simple and requires noth- 
ing more than contacting the glycerin with the acti- 
vated carbon at about 80-900C. in a tank provided 
with an efficient agitator for  about one-half to one 
hour. I t  is desirable to use stainless steel or aluminum 
tanks when glycerin is being bleached for U.S.P. For  
the dynamite grade little or no bleaching is required 
depending upon the color of the distillate and the 
quality of the crude from which the distillate was 
obtained. 

The mixture  is then filtered unti l  crystal clear, 
using a small amount of diatomaceous earth if neces- 
sary to assist in clarification and to maintain a desired 
flow rate. The final step is to adjust  the concentration 
as required by specifications. F rom the more modern 
distillation units glycerin will be obtained over 99% 
concentration, and water  may be added to adjust  it to 
the desired specification since no premium is paid for 
a higher concentration. 

The finished glycerin is then pu t  into tank ears, 55- 
gallon or llO-gallon drums, and 1-gallon and 5-gallon 
cans. 

In order  to avoid loss of glycerin in the carbon press 
cake from the filter presses it is customary to remove 
this cake and re turn  it to the lye t reatment  tanks. 

Ion Exchange Purification (5) 
In recent years the ion-exchange method has been 

developed to the point where it is being applied com- 
mercially (6). The advantages are that  it eliminates 
the distillation step and that  all of the glycerin can 
be U.S.P. quali ty instead of about 70% of it when 
distilled. The glycerin is also superior in some re- 
spects to that  obtained by distillation. 

The process is based upon the fact that  when a non- 
ionizable substance, in this case glycerin, is eontam- 

inated chiefly by ionizable substances, in this case so- 
dium chloride, sodium sulfate, fa t ty  acids or soaps, 
certain insoluble resins have the properties of ion- 
exchangers- - tha t  is, a cation exchange resin will re- 
move the sodium ions from the solution and replace 
them with hydrogen ions, forming hydrochloric acid, 
for example, from sodium chloride. By next  passing 
the solution to an anion exchanger, the chlorine ions 
will be removed and replaced by hydroxyl  ions, form- 
ing water. 

Examples of the cation resins arc:  
Condensates of phenol sulfonic acid and formaldehyde 
Sulfonated polymers of styrene and di-vinyl benzene. 

Examples of anion resins are:  
Quaternerized polymer of styrene and di-vinyl benzene 
(strong base) 

Condensation product of aliphatic amines and phenol 
with formaldehyde (weak base). 

Obviously, non-ionizable impurities such as poly- 
glycerol, glycols, or esters would not be removed, but  
for tunate ly  these normally exist only to an extremely 
small degree in the glycerin liquors, not enough to 
preclude the production of a high quali ty glycerin 
that  meets U.S.P. specifications. 

The process has been applied both to the purifica- 
tion of sweetwaters from the fat  splitting process and 
to spent lyes from the kettle process. When sweet- 
water is to be handled, no prior evaporation is neces- 
sary since the impurities involved amount to only a 
few tenths of 1%. However, when spent soap lye is 
to be treated, the high salt content (10-15%) makes 
it necessary to evaporate as usual to an 80% crude "~o 
remove most of the salt in order to make the subse- 
quent ion-exchange practicable. The crude must then 
be diluted to about 25-30% glycerol concentration in 
order  to lower its viscosity enough to permit  reason- 
able flow rates through the exchange vessels, af ter  
which the solution is re-evaporated to the desired 
concentration. 

Natural ly  the economics are more favorable when 
sweetwater is to be purified, but it can be pointed out 
that  commercial units are in operation on both sweet- 
water and soap lye crude. The solution to be purified 
must be free of fats and turbidi ty  to avoid fouling of 
the resin beds. I f  these are present the solution is first 
filtered. Figure  9 shows a simple arrangement for  
swectwater. 

WATER FOR REC_~NERATION 

TYPICAL FLOW ~ FOR ION EXCHANGE 

PURIFICATION OF GLYCERINE SWEETWATER 

FIG. 9. 

Caurlesy of lll~no#s Water Tre~t~et~t Co., Rockford, lll. 
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Since a single pass through a cation and an anion 
exchanger is not 100% efficient, the process is designed 
to provide multiple passes in series; each succeeding 
pair  of exchangers being smaller and sized so that all 
units will require regeneration at the same time. 

The degree of pur i ty  required for the finished prod- 
uct and the quality of the start ing material  will gov- 
ern the number of stages necessary. For  sweetwater, 
one or two stages plus a mixed bed stage may be re- 
quired, while for the purification of soap lye crude, 
three stages are used in series, plus a " m i x e d  b e d "  as 
the final stage. This mixed bed is very  efficient and 
removes the last traces of impurities. I t  contains both 
cation and anion exchange resins intimately mixed; 
therefore the effect is that  of a great number of small 
individual units. For  example, in a bed 24" deep 
there are theoretically 407 de-ionizers operating in 
series. 

The operation of the process is simple. The raw 
solution is pumped, at about 95~ through the units 
in series at the designed rate. The soap lye crude has 
been prepared by dilution to 25-30% glycerol and fil- 
tration. Since the resin beds are kept covered with 
water between operating cycles, the first effluent from 
the process will be displaced water, followed by dilute 
glycerin. In practice, the effluent is run  to a separate 
tank unti l  the glycerol concentration reaches 15 ~ ,  at 
which point it is run  to the product  tank. The dilute 
solution is used as water  for dilution of a succeeding 
batch of crude. This early phase is known as "swe.~t - 
ening o n "  a term borrowed from the sugar industry. 
At  the end of the cycle the procedure is reversed while 
water is pumped through to displace the glycerin. 
This is known as "sweetening off ."  

The length of the cycle is governed by the anlount 
of resins in the vessels in relation to the amount of 
solution passed through and the ionizable salts con- 
tained and is designed to fit the operating seheclule 
desired. F o r  example, the cycle il lustrated here is 12 
hours including purification and regeneration of the 
resin beds. The cycle is necessary because the resins 
become saturated with absorbed ions and must be 
regenerated. 

Regeneration is accomplished in the cation ex- 
changers by pumping a 12% solution of sulphuric 
acid through them. The sodium ions are converted to 
sodium sulphate. For  the anion exchangers a 5% so- 
dium hydroxide is used, and the corresponding sodium 
salt, such as sodium chloride, is for:'nect. These solu- 
tions are discarded and the beds rins~d with water, 
af ter  which the next cycle can begin. 

In regeneration of the mixed bed it is first neces- 
sary to separate the cation and anion resins. This is 

possible because the anion resin has a lower density 
and can be classified by backwashing the bed with 
water until  the resins are separated into two ]avers, 
the anion resin on top of the cation resin. Regenera- 
tion is then accomplished by passing sodium hydrox- 
ide solution through a top inlet and sulphurie acid 
through a bottom inlet, drawing these off at the in- 
terface. After  rinsing, the resins are remixed by air 
agitation. 

The final operation is to concentrate the purified 
solution to the desired concentration, such as 95% 
glycerol for  the U.S.P. grade. I f  this is done in a 
stainless steel exaporator,  no bleaching is needed. All 
of the color is removed in the ion exchangers since 
some of the resins used have very  good color absorb- 
ing characteristics. 

Production and Uses of Glycerin 
The total domestic production of glycerin in 1951 

was reported as 211 million pounds, of which 171 
million was obtained from fats and oils. 

Glycerin has li terally many hundreds of diversified 
uses, the most important  of which are:  

a) As a chemical in esterification reactions. Since glycerin 
is a tri-hydric alcohol, it contains three funct ional  hydroxyl 
groups and is utilized in the prepara t ion  of:  

1. Alkyd resins, which basically a r e  e s t e r s  of glycerin and 
phthalic anhydride ; 

2. Es ter  gums, which are esters of glycerin and rosin;  
3. Mono- and di-glyceride esters of fa t s  and oils. 
b) Because of its non-volatil i ty at ordinary tempera tures  it 

is used as a plasticizer in cellophane, sausage casings, glassine, 
and grease-proof papers.  

c) The hygroscopic propert ies  of glycerin make it useful  in 
tobacco as a humectant .  

d) One of the oldest uses of glycerin is in the manufac tu re  
of the explosive nitro-glycerin, which is an ester of glycerin 
and nitric acid. 

e) Glycerin has wide use as a solvent, moistening agent,  and 
as a vehicle in pharmacy,  food products,  syrups,  and cosmetics, 
such as skin creams and lotions, dentifrices, and shaving creams. 

f )  There are a host of other miscellaneous uses too numerous 
to ment ion here, based largely on the physical characteristics of 
glycerin, such as its high viscosity, low freezing point,  hygro- 
seopicity, non-volatility, pleasant  taste, non-toxicity, solubility, 
solvent power, and stabi l i ty  to oxidation. 
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