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T 
H E  ION EXCLUSION" PROCESS iS a unit  operation 
which utilizes ion exchange resins to separate 
solutes without the use of chemical regenerants. 

The separation is dependent  upon the physical and 
chemical properties of the resin, and no net ion ex- 
change takes place. That  is, when an aqueous solu- 
tion of two or more solutes is percolated through an 
ion exclusion column (which consists of ion exchange 
resins), a separation of the solutes occurs and they 
appear  in separate fractions in the effluent. While 
ion exclusion is most applicable at  higher ionic con- 
centrations, including those cases where ion exchange 
is prohibitive in cost, it is generally not feasible com- 
pletely to remove all of the ionic material  by ion 
exclusion. Therefore, when complete deionization is 
desired, the bulk of the ionic material  can be removed 
by ion exclusion and the remaining ionic material can 
be removed by conventional ion exchange. 

While it is t rue that  ion exclusion was initially 
described by Wheaton and Bauman (1) as a process 
for  separating ionic f rom nonionic solutes, it should 
be recognized that  it is also possible to use compar- 
able methods to separate: a) two or more electro- 
lytes such as HC1 and acetic acid, b) two or more 
noneleetrolytes such as acetone and formaldehyde, 
and e) materials on the basis of molecular size as 
glucose and acetone, i.e, the glucose is excluded from 
the resin matr ix  because of its size while the acetone 
is not. 

Although separations by the ion exclusion process 
are functions of several variables, one of the most 
important  f rom a theoretical standpoint  is the distri- 
bution constant. The distribution constant (K,~) can 
be defined as Ka ~ Ci/Co: where C~ is the concentra- 
tion of the solute in the resin phase expressed as 
weight per uni t  volume of solution inside the resin 
particle, exclusive of the resin itself, and Co is the 
concentration of the solute in the outside solution 
expressed in the same units. Wheaton and Bauman 
(2) have shown that  each solute has a definite K~ 
when placed in contact with ion exchangers and that  
these Kd values will va ry  with different resins as well 
as with the different ionic forms of these resins. These 
different values of Ka result f rom the Donnan equi- 
l ibrium effect, which occurs when an ion exchange 
particle is placed in an aqueous solution of one or 
more solutes such as sodium chloride and glycerin. 
That  is, the high ionic concentration within the resin 
causes the concentrations of the solutes within and 
outside the resin to be different. The electrolyte is 
excluded f rom the interior of the resin bead and the 
nonelectrotyte is not, thus producing a difference in 
the distr ibution of the electrolyte and the nonelectro- 
lyte between the resin and solution phases. 

A differential in Ka means that  a separation of 
solutes is possible and can therefore be used to deter- 
mine the separabil i ty of solutes. The Ka can also be 
used to determine the rate of a given solute, and 
consequently the order in which a group of solutes 
will t ravel  down an ion exclusion column. This then 
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means that the order of elution is determined by the 
Kd value. The solute having the lowest value of Kd 
will appear  in the effluent first. In  the ease of an 
aqueous solution of ionic and nonionie solutes, the 
ionic material appears in the effluent prior  to the non- 
ionic. While the order of solute elution is determined 
by the Ka, the position with respect to effluent volume 
at which these solutes appear  in the effluent is a func- 
tion of the characteristics of the resin bed. Generally 
speaking, a resin bed of total  bulk resin volume (VT) 
can be said to consist of three parts:  the interstit ial  
voluule (Vt) or the liquid volume between the resin 
beads, the .occluded volume (V2) or the volume of 
liquid held within the beads, and the volume of the 
resin network (V~) or the solid volume. In  a uni- 
form spherical product  V~ is approximately 38%. 
V2 has been experimental ly determined for Dowex 
50-X8, 50-100 mesh, sodium form as approximately 
37%. I f  then an aqueous solution containing an ionic 
and a nonionic solute is passed through an ion ex- 
clusion column, the ionic material  will appear  in the 
effluent as soon as the effluent volume equals V~. 

The nonionie material  having a Kd ~ 1 does not 
appear  unti l  the effluent volume reaches V~-{-V~. 
The position of the nonionic nmterial will va ry  since 
each material  has a different Ka value. However one 
must achieve complete equilibrium if the above con- 
ditions are to be met. I f  equilibrium conditions are 
not achieved, the nonionic material  will appear  prior  
to the theoretical position. 

The values of Kd for sodium chloride and glycerin 
are 0.19 and 0.59 for  the ion exchange resin Dowex 
50-X8, 50-100 mesh, sodium form (a strongly acidic 
cation exchange resin of the snlfonated polystyrene 
divinylbenzene copolymer type) .  Therefore glycerin 
can be separated from sodium chloride by ion exclu- 
sion on the basis of a difference in Kd. 

Operating Variables 
The major operating conditions for the ion exclu- 

sion process which warrant  consideration are: flow 
rate, particle size, temperature,  volume of feed, cross- 
linking or percentage of divinylbenzene (DVB) and 
concentration of the ionic and nonionie components. 
Generally speaking, too rapid a flow rate results in a 
premature  appearance of the nonionie material, in- 
complete separation, excessive dilution of the prod- 
net, and a decrease in product iv i ty  because of the 
lengthening of the time per cycle. While separation 
improves as the flow rate decreases, it is obvious that  
commercial operations should be at  the highest flow 
rate possible in order  to increase productivity.  The 
correct flow rate for  adequate separation is also a 
funct ion of resin particle size. Simpson and Wheaton 
(2) have shown that  a decrease in H.E.T.P .  and a 
sharpening of the elution curves occur with a de- 
crease in particle size. Experience indicates that  a 
flow rate of 0.5 gpm/sq, ft. of cross-sectional area and 
a part icle size of 50-100 mesh (U. S. S tandard  Screen) 
are satisfactory conditions for  most separations. 

The satisfactory feed volume employed per cycle 
depends upon V 2. Since V2 Dowex 50-X8, 50-100 
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mesh, sodium form is approximately 37%, this rep 
resents the maximum feed volume permissible per 
cycle at equilibrium. It has been shown that, under 
identical operating conditions, the b reak- th rough  
point or appearance in the effluent is the same for 
each solute for every run (3). The final average 
concentration is however directly proportional to the 
feed volume. Thus the feed volume must be adjusted 
to afford a satisfactory separation. Low volumes of 
feed may give complete separation of the solutes but 
at a low productivity rate. The opposite is true at 
maximum loading or feed volume. 

Crosslinking or percentage DVB of the resin de- 
scribes the porosity of an ion exchanger. Porosity 
decreases as crosslinking increases. Although product 
concentration increases slightly with a resin of high 
DVB content, the productivity decreases because of 
the decrease in solute-holding capacity of the resin. 
Diffusion rates also decrease with an increase in cross- 
linking. Generally, a resin conta ining 4 to 12% 
erosslinking is preferred since resins of low cross- 
linking (less than 4%) are less physically stable and 
produce a more dilute product. 

Separation may be improved at elevated tempera- 
tures because of the sharpening of the elution curves. 
This is especially true with viscous materials. 

Simpson and Bauman have shown that the maximum 
concentration of the nonionie effluent is an increasing 
function of the initial salt or ionic concentration (4). 
However the final nonionie concentration is also a 
function of the initial concentration. Generally speak- 
ing, separations are little affected by the nonionic con- 
centration of the influent material, i.e., separations 
are equally good at low and high nonionie concen- 
tration and any improvement is usually measured in 
terms of the eoneentration of effluent. 

Choice of System 
Glycerin can be separated from sodium chloride by 

ion exclusion on the basis of the difference in Ka. If  
such a separation could be affected on a commercial 
basis, the economics of the process could be compared 
with two other present commercial processes for pro- 
ducing CP glycerin, i.e., a) evaporation followed by 
distillation and b) deionization by conventional ion 
exchange followed by evaporation. 

Preliminary laboratory investigation showed that 
nonionie glycerin could be successfully separated 
from its dissolved salts, which were essentially so- 
dium chloride, sodium sulfate, and sodium carbonate. 
Laboratory data showed the following operating con- 
ditions to be feasible: 

Resin: Dowex 50-X8, 50-100 mesh, sodium form 
Flow rate: 0.5 gpm/sq, ft. 
Feed concentration: 25 to 35% glycerin by weight 
Temperature: 180°F. 
Feed volume: 25 to 35% of bulk resin volume or bed volume. 
Bed depth: Minimum approximately 29 in. 

Laboratory evaluation of the proposed separation 
showed that unsa t i s fac to ry  salt dropout occurred 
when using a feed solution of greater than 20% by 
weight glycerin at room temperature. However satis- 
factory separations were obtained at elevated temper- 
ature (180°F.) when using feed solutions containing 
up to 35% by weight glycerin. 

Analytical Methods 
The analytical methods employed for the labora- 

tory investigation were in accordance with the official 

and tentative methods of the American Oil Chemists" 
Society. The pilot plant results are based on analyses 
performed by the Production Control Laboratory of 
Lever Brothers Company, Hammond, Ind. 

Equipment 
Laboratory. The ion exchange resin, Dowex 50-X8, 

50-100 mesh, sodium form was contained in a glass 
column jacketed for temperature control. The resin 
bed, 0.6 in. in diameter and 60 in. deep, was supported 
by sintered glass. A flow rate of 4 ml. per minute 
(0.5 gpm/sq, ft.) was employed throughout the in- 
vestigation. The effluent cuts were collected by using 
a Technicon fraction collector. 

Pilot Plant.  The equipment was designed and con- 
structed by the Illinois Water Treatment Company, 
Rockford, Ill. The resin was contained in a cylin- 
drical column 12 in. in diameter by 120 in. in height 
insulated for temperature control. The 4.5 cu. ft. of 
resin, Dowex 50-X8, 50-100 mesh, sodium form was 
maintained at a bed depth of approximately 70 in. 
The elution curve was followed by a continuously 
recording Densitrol. The ionic etution curve was fol- 
lowed by conductivity. 

Method of Operation 
The simplest form of operating an ion exclusion 

process consists of filling a column to the desired 
depth with ion exchange resin and flooding it with 
water. A volume of feed solution considerably less 
than the bulk resin volume containing two or more 
separable solutes is then added with proper distribu- 
tion at the top of the resin bed. After the feed solu- 
tion has passed down the column at a constant flow 
rate, and approximately all of the feed has entered 
the top of the resin bed, flow is continued by intro- 
ducing an eluant such as water. As the feed mixture 
passes through the resin bed, a gradual separation 
of the solutes occurs, and when they are eluted from 
the column, they appear in separate fractions. Com- 
plete separation is not believed to be feasible for most 
commercial applications because of low productivity 
rates and in many cases excessive dilution of the 
product. Although increasing the vohlme of feed per 
cycle results in cross-contamination of the product, it 
does increase the productivity rate. 

Since ionic concentration of a feed solution made 
by diluting crude glycerin to a feasible concentration, 
i.e., 25-35% by weight of glycerin, was not sufficient 
to produce a concentrating effeet by recycling as de- 
scribed by Simpson and Bauman (4), the so-called 
batch recycle technique was employed in these pilot- 
plant studies. 

Briefly the batch recycle technique consists of re- 
cycling the effluent represented by the area of cross- 
contamination under the eht ion  curves and a portion 
of the area under the trailing edge of the nonionie 
curve to a recycle tank. A quantity of crude glycerin 
is then added to these recycle materials. This mix- 
ture in turn becomes the feed for the second cycle. 
A complete cycle would then consist of feeding crude 
glycerin,  followed by a water rinse. The effluent 
would contain cuts designated as waste. Recycle I or 
the cross-contaminated area, product :and Recycle I[ 
or the dilute portion of the trailing edge. 
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Pilot Plant Operating Results 
Figure ] shows a typical elution curve when feed- 

ing approximately 30% crude glycerin. The feed was 
made by diluting, with softened water, 82% crude 
glycerine having the analysis as shown in Table II. 
Since these eluant curves remain constant under 
proper and constant operating conditions, a time 
cycle can be developed from an elution curve for 
continuous operation. Productivity rates can like- 
wise be increased by employing closely concatenated 
cycles. The timing for such cyclic operations would 
then be such that the ionic material appears in the 
effluent immediately after the nouionic material from 
the preceding cycle. The quantity of crude glycerin 
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.jr 
added to recycle portions I and I1 for each cycle is 
equal to the quantity of prodt~ct removed per cycle. 
A time cycle was set up on the basis of the solutiou 
curve shown in Figure 2. This same time cycle was 
successfully employed for a number of operating cy- 
cles, a number of which are presented i~ Table I. It 
should be recognized that an appropriate time cycle 
could be based on laboratory data and scaled to pilot 
plant or plant equipment since excellent duplication 
can be obtained between laboratory and pilot plant 
equipment. Figure 3 shows the elution curves ob~ 
rained under similar operating conditions for the 
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FIG. 3. Laboratory vs. pilot plant. 

0.6-ira diameter laboraWry column az~d the 12-in. 
diameter pilot plant. Notice also that the ionic ma- 
terial appears after displacement of approximately 
V: or 1/3 VT. 

The glycerin, or nonionic material, appears after 
displacement of approximate ly  V1 ~-V~. Approxi- 
mately 4/3 V~ are displaced in order to completely 
remove all of the feed solution. While the time, or 
volume displaced, required to completely elute all of 
the feed solution wilt vary with the volume of the 
feed, the point at which the ionic and nonionic ma- 
terials appear are not functions of the feed volume 
but remain essentially constant. This is especially 
true of the ionic material. The position at which the 
uonionic material appears will vary with the K~ and 
consequently the compound. 

Figure 4 shows the effect of varying temperature. 
Again excellent agreement between laboratory and 
pilot plant data resulted, i.e., salt trailing, product 
dilution, and a decrease in productivity are pro- 
nounced at room tempera ture  for the conditions 
shown. While it is true that these differences become 
less as the concentration of the glycerin is decreased, 
any decrease in feed concentration will also result in 
a corresponding decrease in product concentration. 

Pilot plant results agree with the laboratory data 
when considering the variable flow rates. For exam- 
ple, excessive cross-contamination, unsatisfactory salt 
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TABLE I 

Quanti tat ive Results a 

VoL. 33 

No. of cycles 

26 
6 .... 

12 
36 
30 
18 

6 
12 
18 

Cycle 
t ime in 
minutes 

73 
73 
74 
75 
80 
80 
95 
95 
73 

C~ 

Percentage  Percentage 
glycerin NaC1 

30,0 2.6 
30.9 2.6 
31.0 2.6 
30.0 2.7 
30.0 2,8 
30.0 2.7 
30.0 3.1 
31.0 3.1 
35.0 3.3 

V~/V: 

22.5 
22.5 
22.5 
22.5 
26.0 
26.0 
31,0 
31,0 
25.0 

Lbs . /  
cu. ft. 

hr. 

4.25 
4.25 
4.25 
4.25 
4.25 
4.25 
4.75 
5.05 
5.23 

Percentage  
glycerin 

18.0 
17,3 
18,0 
16.3 
16.5 
17,0 
20.4 
21.5 
19.9 

Ce 

Percentage 
NaC1 

0,18 
0.16 
0.18 
0.10 
0.06 
0.10 
0.52 
0.50 
0.25 

Percentage 
ionic 

separation 

86.0 
85.2 
79.0 
89.0 
90.0 
88.0 
71.5 
63.8 
76.2 

Percentage 
glycerin 

loss 

0.58 
0.64 
1.00 
0.60 
0.60 
0.58 
0.52 
0.70 
2.00 

aResults obtained employing flow rate ~ 0.42 gpm/sq,  ft. 

dropout,  and extensive glycerin trail ing occur at a 
flow rate of 0.73 gpm/sq, ft. as i l lustrated in Figure  
5. Significant improvement  of the above conditions 
were obtained when employing a flow rate of 0.5 
gpm/sq, ft., with the remaining operating conditions 
being similar as i l lustrated in Figure  1. 
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FIG. 5. V a r y i n g  f low r a t e .  

Results obtained when employing flow rates sig- 
nificantly less than 0.5 gpm/sq, ft. are not presented 
because no data  were obtained by employing operat- 
ing conditions comparable to those shown in Figures  
1 and 5. Since the separations were only slightly 
improved, it was felt  that  flow rates less than 0.4 
gpm/sq, ft. should not be investigated in the pilot 
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FIG. 7. Varying glycerin concentration. 

plant  because of the reduced product ivi ty  under  
these conditions. 

I t  can be seen f rom Figures  6 and 7 that varying 
the nonienic or glycerin concentration of the feed 
solution did not material ly affect the operation of the 
unit, exclusive of product iv i ty  and average concen- 
t ra t ion of the glycerin in the effluent. These differences 
are less significant because they are also related to 
the difference in feed volumes which were employed. 

I f  we now consider F igure  1, from the standpoint 
of the nonionic or glycerin concentration, we readily 
see that  the glycerin concentration of the effluent did 
not exceed that  of the influent. The same result oc- 
curred when the glycerin concentration was 21 and 
35%, as shown in Figures  6 and 7. Thus we see that  
no concentrating effect was experienced for 21, 30, 
and 35% glycerin with a low concentration of the 
ionic component, i.e., 1.88 to 2.5%. However it is 
possible to produce a product  which is more concen- 
t ra ted than the feed with a system which contains 
ionized material  in concentrations greater  than  2.5%. 
In fact, the higher the ionic concentration, the greater  
is the concentrat ing effect. This was shown by Simp- 
son and Bauman in their use of 10% ethylene glycol 
and 5, 10, and 20% sodium chloride (4).  A definite 
concentrat ing effect was achieved in the pilot plant 
when the sodium chloride concentration in the feed 
solution was increased to approximately  12%. This 
concentrat ing effect is clearly shown in F igure  8, 
where the glycerin concentration reaches a maximum 
of 1.63 Ce/Cf. The feed solution employed for F igure  
8 was the so-called soap lye solution or the product  
of the salting-out step, which is later evaporated ta 
produce crude glycerin. 
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The final variable investigated was feed volume. 
F igure  9 shows almost complete separation of the 
solutes at a total  time of 1.02 Ve/VT displaced, using 
a feed equal to 15% V~. F igure  10 shows an increased 
area of cross-contamination, a slight increase in the 
peak glycerin concentration in the effluent, and com- 
plete displacement of the feed solution in 1.08 bed 
volumes. Here  complete salt dropout  occurs a f te r  dis- 
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FIG.  10. V a r y i n g  f e e d  v o l u m e .  

1.2 

placement of 0.68 bed volumes while glycerin reaches 
:its maximum concentration at 0.73 bed volumes. Fig- 
ure 11 shows a feed of 35% VT. The area of cross 
contamination increases as does the time required to 
obtain complete displacement of the feed solution. 
Salt dropout  occurs at a displacement of 0.9 bed 
volumes while glycerin reaches its maximum concen- 
t ra t ion at  0.78 bed volumes. 
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Quantitative Results and Economics 
By employing the ion exclusion process, it was 

possible to separate up to 90% of the total dissolved 
ionic salts f rom soap lye crude glycerin. The glycerin 
losses were approximately  0.6% by weight. Higher  
losses were prevalent  when the feed concentration, 
Cf, was 35% glycerin by weight. Shortening the time 
cycle also gave higher losses. Table 1 illustrates some 
of the quanti ta t ive results obtained. 

The following operating conditions proved to be 
the most satisfactory for the separation of glycerin 
from its dissolved solids: 

Crude feed rate : 4.25 lbs. 82% crude per hour per cubic 
foot resin 

F e e d  c o n c e n t r a t i o n ,  Ca : 3 0 %  g l y c e r i n  b y  w e i g h t  
F e e d  v o l u m e ,  V~ ~ 2 6 %  V,r 
F l o w  r a t e  ~ 0 .42  g p m / s q ,  f t .  
T e m p e r a t u r e  ~ 1 8 0 ° F .  

T A B L E  I I  

Analys is  of Crude  and  CP Glycer in  

A. Soap Lye Crude  Glyce r in :  
Pe rcen tage  t rue  glycerol .................................................. 82.48 
Appearance  ...................................................................... S l igh t ly  cloudy 
Color ................................................................................ 19 
Percen tage  tota l  res idue  a t  160°C ................................... 11.26 
Percen tage  ash ................................................................ 9.76 
Pe rcen tage  o rgan ic  res idue  ............................................. 1.50 
Ash a lkal ini ty ,  percentage  NazO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  68 
Crude a lkal ini ty ,  Na~O ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
Percen tage  Na~O combined . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43 
Percen tage  r educ ing  matter ,  N~zS~Os . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  03 
Appearance  on acidif icat ion ............................................ Clear 
Percen tage  NaC1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.94 

B. Glycer in  produced  by the combined ion exclu- 
sion, i on  exchange, and evapora t ion  processes:  
Specific g r a v i t y  a t  15 .5 /15 .5°C  .......................... 1.2597 
Percen tage  glycer in  ............................................ 97.81 
Percen tage  res idue  on ign i t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0002 
Chlorides,  percentage  NaC1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0001 
F a t t y  acids and  esters ......................................... 4.9 
Color .................................................................. Be t te r  t h a n  st<]. 
Neu t ra l i ty  to l i tmus  ............................................. Neu t ra l  
Sulphates  ............................................................ Clear  
Carbonizable  substances  ..................................... B~tt.er t h a n  " H "  s t d .  

Acrolein ............................................................... Nil  
H e a v y  metals  ...................................................... Be t te r  than  std, 
Arsenic  ................................................................ 2 p.p.m. 
Chlor ina ted  compounds  ...................................... Be t te r  t han  std. 
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Although CP glycerin cannot be made from crude 
glycerin by the ion exclusion process alone, further 
processing of the glycerin effluent from an ion exclu- 
sion column by ion exchange to remove the remain- 
ing trace ionic material, concentrated by evaporation, 
will produce CP glycerin which meets and/or exceeds 
U.S.P. specifications. The analyses of the crude glyc- 
erin used as feed for the ion exclusion pilot plant and 
the CP glycerin produced by the above method are 
shown in Table II. 

A cost analysis for a glycerin plant that processes 
1,000 pounds of 82% crude per hour, 250 days per 
year, is illustrated by using the aforementioned oper- 
ating conditions to demonstrate the economics of the 
ion exclusion process. In any given plant other bases 
for power, utilities, and labor may be necessary. The 
CP glycerin this plant would produce will have an 
analysis comparable to that given in Part  B, Table II. 

Plant Cost Calculation 
1. I t e m s  to be considered to  de te rmine  ope ra t iona l  cos t :  

s t eam for  hea t ing ,  so f t  wa te r  for  r ins ing ,  cool ing  be tween 
ion exclusion and  ion exchange steps,  power fo r  p u m p i n g  
and e lec t r ica l  control  equipment ,  g lycer in  losses, and  labor,  ~ 

2. Volume of res in  r equ i red :  

1,000 lbs . /h r .  
235 cu. f t .  

4,25 lbs . /h r . / eu ,  f t ,  

3. Ope ra t i ona l  cost per  d a y :  
s t eam a t  354,/1,000 ]bs ...................................................... $ 4.66 
sof t  wa te r  a t  15¢/1,000 ga l  ............................. ................ 2.65 
cooling ahead  of ion exchange  a t  1/s cost  of h e a t i n g  .... 0.58 
power a t  2¢/1,000 ga l  ....................................................... 0.51 
g lycer in  loss of 0.6% a t  26.5g'/lb .................................... 25.00 
labor  a t  $2.40/hr .  for  24 h r s . / d a y  .................................. 57.60 

TOTAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $91.00 

4. E q u i p m e n t  and  res in  cost per  yea r :  
equ ipment  amor t i z a t i on  over 10-yr. per iod ............. $ 6,800,00 
res in  amor t i za t i on  over 3-yr. per iod ........................ 3,000.00 

5. To ta l  cost per  yea r :  
opera t iona l  cost $91.00 X 250 ................................... $22,800,00 
equ ipment  amor t i za t i on  ............................................. 6,800.00 
resin amor t i z a t i on  ...................................................... 3,000.00 

TOTAJ~ ......................................................................... $32,600.00 

6. Yea r ly  ou tpu t  of 95% g lyce r in :  
1,000 X .82/.95 X 24 X 250 ~ 5,190,000 ]bs. 

7. Cost per  pound,  95% g lyce r in :  
$32,600/5,190,000 lbs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.63( ~ 

8. Cost per  pound for  ion exchange ( f in ishing s t ep )  (5)  : 
chemicals ,  resin,  and  equ ipment  amor t i za t i on  ................ 0.12¢ 

9. Cost per  pound for  concen t ra t ion  by evapora t ion(5) . . . .0 .25¢ 

I t  is recognized that labor is an intangible cost in any cost analysis. 
However it is believed that charging the process for labor at the rate of 
$2,40 per hour for a 24-hr. day would represent a maximum price since 
the equipment would be automatic, thus freeing the operator for other 
duties within the department for a majority of the time. Although no 
labor breakdown was made to include supervision and overhead, the 
availability of the operator for additional duties for a majority of the 
time should offset this cost. The doubling of the above labor cost wotlld 
increase the total cost of producing CP glycerin approximately ~£ ¢ per 
pound. 

10. Tota l  cost per  pound to produce  95% CP glycer in  by 
ion exclusion,  ion exchange,  and  evapora t ion  processes :  

for  ion exclusion ................................................................... 0.63¢ 
for  ion exchange ................................................................... 0.12¢ 
for  evapora t ion  .................................................................... 0.25¢ 

TO'rA]~ .................................................................................. 1.00¢ 

Conclusio~ 
The results obtained from operating a pilot plant, 

using the ion exclusion process for the separation of 
crude glycerin from its dissolved solids, proved to be 
predictable according to previous publications. The 
operating variables investigated were: temperature, 
flow rate, nonionic concentration, ionic concentration, 
and feed volume. No serious problems were incurred 
as a result of scale up from the 0.6-in. diameter labo- 
ratory column to the 12-in. diameter pilot plant and 
laboratory data were duplicated in the pilot plant. 
The product obtained from the ion exclusion pilot 
plant, which was finished by ion exchange and evapo- 
ration, meets and/or exceeds U.S.P. specifications for 
CP glycerin. 

A cost analysis based on the above process, which 
includes operational cost, equipment, and resin amor- 
tization, indicates that CP glycerin could be produced 
for one cent per pound. 
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N o m e n c l a t u r e  

C~ ~ Concen t ra te  of solute  in  effluent 
Cr ~ Concen t ra t ion  of solute  in feed solut ion 
Ks ~ D i s t r i bu t i on  coefficient 

C~/Co 
_ concen t ra t ion  of solute  in  res in  phase  

concen t ra t ion  of  solute  in  l iquid  phase  
Vf ---- Feed  volume 
V~ ~ Effluent volume 
VT ~ B u l k  volume of res in  bed 
V~ ~ Volume occupied by res in  ne twork  or solid volume 
V~ ~ I n t e r s t i t i a l  volume of the res in  column 
V._, ~ Solvent  volume ins ide  res in  pa r t i c l e s  in to ta l  coh, m ,  
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