Tre Pecoveny oF Crnupe GLyYCERINE

Composition of Spent Soap Lyes

PENT soap lyes as they are
drawn from the soap kettles

consist, in general, of glyc-
erine, sodium chloride and water,
with small quantities of caustic soda,
sodium carbonate, soap and fatty
acids, as well as albuminous and
oleaginous matter. When sulphates
and sulphuric acid are used in treat-
ing the lyes, sodium sulphate will
also be present.

The spent soap lyes are cooled to
remove soap and are treated to re-
duce the alkalinity and to remove
organic impurities. For the success-
ful recovery of a good quality of
crude glycerine the treatment should
be as effective in the removal of im-
purities as is economical.

The lyes should be cooled, treated
and filtered as promptly as possible
and all tanks should be kept clean
and free of sediment to prevent
fermentation of the lye. Fermenta-
tion causes serious losses of
glycerine, with the formation of tri-
methylene glycol, gas and acid dur-
ing the decomposition. Fur-
thermore, the gases pro-
duced by the bacteria give
trouble in evaporation of the
lyes and the trimethylene
glycol requires separation in
the subsequent refining op-
erations.

Treatment of Spent Soap
Lyes

One of the most satisfac-
tory and generally used
methods of treating spent
soap lyes is the double treat-
ment method using ferric
chloride may be prepared at
the plant in solution by dis-
solving iron ore or scrap
iron in hydrochloric acid. A

solution containing about
20% of FeCl, can be con-
veniently used. Ferric

chloride can be purchased in
lump form (FeCl,.68,0 con-
taining 60% active FeCl,
and 40% water of crystalli-
zation.

The treatment is carried
out as follows. The settled,
cooled and skimmed lye is
pumped to the first treatment
tank. Ferric chloride is add-
ed in the amount determined
by experience as being re-
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quired to give maximum precipita-
tion. In plants using all grades of
raw materials, about 0.25% ferric
chloride (FeCl,.6H,O0) on the
weight of the lye, or 2.5 lbs, per
1,000 1bs. lye, is required. In plants
using only the better grades of
stock the amount of ferric chloride
required may be less.

With lyes produced from mixed
and low grades of raw materials,
more complete precipitation of im-
purities may be obtained by the ad-
dition of about 0.05% on the
weight of the lye, or 0.5 lbs. per
1,000 1bs. lye, of aluminum sulphate
Al,(S0O,),.18H,0, with the ferric
chloride.

Ferric chloride is strongly cor-
rosive to iron and steel and is there-
fore dissolved in stoneware crocks
or glass lined tanks and added to the
treatment tank in solution. Rubber
lined tanks are also suitable. A con-
venient method of dissolving the
lump ferric chloride is to place it in
a perforated wooden box suspended
in the top of the lye tank so that
the lye just covers the solid ferric

Fig. 1. Wurster & Sanger Double
Effect Glycerine Evaporator.

chloride. As the ferric chloride dis-
solves the heavier solution flows
down and away from the container
and lighter lye flows in at the top
thus giving a natural circulation.
Steel treatment tanks are satisfac-

tory when the ferric chloride is
added as described.

The lye in the treatment tank
should be well agitated while add-
ing the chemicals and warmed if
necessary. Suitable agitation and
warming can be obtained simul-
taneously with a steam ejector placed
in the bottom of the tank and ar-
ranged to draw in air. This has the
objection of adding some condensed
steam to the lye, but even so is
probably as economical a method of
agitation as any, in most plants.
Compressed air injected through a
perforated coil in the bottom of the
tank is also a suitable means of
agitation.

After the chemicals are in and dis-
solved, hydrochloric acid is added to
bring the lye just on the acid side.
The acid is added slowly, during
agitation, so that it is neu-
tralized at once as it mixes
with the lye.

Filtered samples of lye
are tested separately with
dilute solutions of ferric
chloride and hydrochloric
acid and if the samples be-
come turbid more ferric
chloride and hydrochloric
acid must be added to the
lye in the first treatment
tank as required to give
maximum precipitation.

With present kettle room
practice the amount of hydro-
chloric acid necessary to
neutralize the excess alkalin-
ity in the lye is small. The
total Na,O in the lye should
be below 0.2% and it may
be less. Before leaving the
kettle room the lye may be
boiled with fatty acids to re-
duce the alkalinity. In
counter-current soap boiling
the wash change brings the
spent lye down to neutral
or nearly so before it leaves
the kettle room for the gly-
cerine plant.

One pound of ferric
chloride neutralizes about
044 pounds of sodium



oetober. 1936

hydroxide according to the follow-
ing reaction:
FeCl.6H.O 4+ 3NaOH —> Fe(OH,) +
3NaCl + 6H.O

One pound of aluminum sulphate
neutralizes about 0.36 pounds of
sodium hydroxide according to the
following reaction:

Al,(80,),.18H,0 + 6NaOH -
2A1(OH), 4 3Na, SO, +
18H,0.

When the alkalinity in the spent
lyes is low, the addition of the fer-
ric chloride and aluminum sulphate
alone may carry the lye to the acid
side, in which case, of course, no

acid is added.

After thorough agitation in the
first treatment tank the lye is fil-
tered warm through the first treat-
ment filter press and run to the
second treatment tank. Caustic
soda of any desired strength is
added until the lye is on the alka-
line side. A filtered sample of the

oil &« soap

lye tested with a few drops of a When the treatment is satisfac-
10 per cent solution of ferric chlo- tory, the lye is filtered through the
ride should remain clear. If the second treatment. press and is ready
sample becomes cloudy, further for evaporation. The caustic treat-
treatment is given to get maximum ed lye must never be filtered
precipitation of the organic im- through a press which has in it fil-
purities. ter press cake from an acid filtra-

Fig. 2. Wurster & 2-STRGE
Sanger Single Effect th/',c,:ak

Glycerine Evaporator. S
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tion, as this would re-dissolve some
of the precipitate obtained in the
acid treatment, and, vice versa, the
acid lye must not be filtered through
a press containing the alkaline pre-
cipitate.

The ideal condition of a spent
Iye to give the best quality of crude
on evaporation is to have it in such
condition that there is present suf-
ficient acid to drive off all volatile
fatty acids which can be boiled off
in the evaporator. Crude glycerine
produced in this way can be dis-
tilled to the highest quality of re-
fined gycerine with the least diffi-
culty and expense. The objection
to evaporating lyes in this condi-

LBROIETRIC
CONDENSER

2L
T

@ o

tion is the corrosive action of the
vapors on the evaporator. It is a
question, however, if this objection
is not more than offset by the sav-
ing effected in the subsequent re-
fining operation and the higher
quality of the refined gycerine.

Other methods of treating spent
soap lyes have been previously de-
scribed in detail.t

The glycerol content of treated
and filtered spent soap lyes ready
for the evaporators will run from

1See Walter E. Sanger, Recovery of
Glycerine from Spent Soap Lyes, Chem. &
Met. Eng., Vol. 26, No. 26, June 28, 1922;
Oscar H. Wurster, Crude Glycerine, Mod-
crnizirg Tts Recovery, Soap, Vol. 5, No. 1,
September, No. 2, October, 1929,
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4 per cent to 10 per cent and the
salt from 11 per cent to 18 per cent.

Crude Glycerine Evaporators

The glycerine lyes may be evap-
orated in single effect or in double
effect. When evaporating in dou-
ble effect it is customary to run to
half-crude in double effect and to
finish in single effect. Single ef-
fects are used when exhaust steam
is available or when it is desired
to have a minimum amount of
equipment. When live steam is
used it is usual to evaporate in dou-
ble effect as the steam and water re-
quirements are approximately one-
half of the consumption in single
effect evaporation.

A single effect
shown in Figure 2.

A double effect evaporator is
shown in Figures 3 and 4.

The design of the evaporators is
such as to give maximum efficiency
in steam consumption and a high
rate of heat transfer so that the
equipment will be economical in
operation and have a large capacity.
The arrangement of the heating
tubes and the downcomer of the
calandria is shown in Figures 5
and 6. The large downcomer is
an integral part of the steam cham-
ber casting and is located opposite
the steam inlet. This design pro-
duces a definitely directed circula-
tion upwards through the tubes and
downwards in the downcomer. Fig-
ure 2 illustrates the flow of the
liquor. Cross-currents and counter-
currents to obstruct the circulation
are thus avoided. This rapid cir-
culation results in a high rate of
heat transfer. The rapid and di-
rected circulation keeps the tubes
free of salt. The salt crystals tend
to grow larger, due to the lack of
churning, and it is easier to free
the salt of glycerine.

A high vapor chamber equipped
with baffles is provided to insure
separation of the liquor and vapor
and prevent liquor from carrying
over.

Separators for removing entrain-
ment are provided for each evap-
orator. The most efficient device
for this purpose is the Flick Sep-
arator shown in Figures 7, 8 9
and 10.

The Flick Separator consists es-
sentially of an outer shell, an in-
ner liner with louvers, a helical baf-
fle to direct the vapors and proper-
ly located vapor inlet and outlet.
The vapors enter tangentially and
a circular motion at high velocity
is set up. The centrifugal force
throws the entrained particles

evaporator is
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Fig. 7. Flick Centrifugal Catchall and
Entrainment Separator.

Fig. 5. Wurster & Sanger Calandria with 1,350
Sq. Ft. Heating Surface.

Fig. 6. Wurster & Sanger Calandria with 1,800 Fig. 8. Cast Iron Flick Separators for Glycerine
Sq. Ft. Heating Surface. Evaporators Being Assembled in Shops.
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Fig. 9. Flick Separator and Barometric Condenser
on Single Effect Glycerine Evaporator. Mounted

Fig. 11.

on Roof Above the Evaporator.

against the spaced staves of the in-
ner liner and through the vertical
louvers. The liquid particles in the
quiet space between the inner liner
and the outer shell flow down to an
isolated chamber in the bottom of
the separator and out through a
drain to be returned to the evap-
orator. The effectiveness of the

Flick Separator is due to the cen-
trifugal separation of the entrained
particles and the complete removal
of the separated entrainment from
the path of the vapors.

The vapor piping of a double
effect evaporator may be arranged
(1) so that the unit can be operat-
ed as a double effect only, (2) that,

Fig. 10. Two Flick Separators on Double Effect Glycerine Evaporator.
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Wurster & Sanger Salt Extractors on
Double Effect Glycerine Evaporator.

in addition to operating as a double
effect, the second effect may be
operated as a single effect for fin-
ishing, or (3) that, in addition to
operating as a double effect, either
or both effects may be operated as
single effects. Figures 3 and 12
show the third arrangement.
The vacuum equipment usually
consists of a barometric conden-
ser and two-stage steam ejector,
as shown in Figure 9. For the
successful operation of a steam
ejector the steam pressure must
be uniform and preferably not
less than 90 lbs. per square inch,
gauge pressure. When the
steam pressure is low and fluctu-
ating, reciprocating steam driven
vacuum pumps are used. Steam
ejectors may be operated con-
densing or non-condensing. The
exhaust steam from either ejec-
tors or pumps may be used for
evaporation when the vacuum
equipment is designed for a suit-
able back pressure, which is
usually about 5 lbs. gauge.

A low level jet condenser may
be used in connection with a re-
ciprocating, steam driven, wet
vacuum pump on small installa-
tions.

Water jet condensers and
barometric heads may also be
used, thus condensing the vapors
and producing the vacuum with
one piece of equipment. For this
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arrangement the water must be clean
to prevent clogging the nozzles and
the water must be under pressure.
The water consumption is some-
what greater than with a standard
barometric condenser. With this
type of vacuum equipment precau-
tions must be taken to prevent flood-
ing the evaporators with condensing
water.

The design of the equipment also
varies with reference to the method
of removing the salt. Figures 2, 3
and 11 show salt extractors. Fig-
ures 12 and 13 show salt drums.
The different methods of operating
this equipment will be described
later.

The Operation of a Double Ef-
fect Evaporator

It is not difficult to run a double
effect evaporator and produce crude
glycerine, but to operate the unit
at its highest efficiency and maxi-
mum capacity, to save steam and
time, requires careful attention to
numerous details,

Equipment Required

A double effect evaporator for
the evaporation of spent soap lye
to 80 per cent soap lye crude glyc-
erine consists of a first and second
effect, each with calandria and va-
por chamber equipped with baffles,
salt drums or salt extractors on
each effect, a separator on each
eflect, barometric condenser, vac-

Fig. 13. Salt Drums

on Wurster & Sanger

Double Effect Glycer-
ine Evaporator.

uum pump, condensate pump and
the connecting piping. Auxiliary
equipment required with the salt
drums is a salt sludge tank and
centrifuge or continuous filter. This
equipment is shown in Figures 3
and 12.
Testing the Equipment

After the equipment is erected
and the piping is in place the evap-
orator unit is ready to be tested
for leaks. It is, of course, impor-
tant that all bolts on equipment
flanges be drawn up tightly during
erection, all threaded joints made
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tight and all valve stems properly
packed.

The valves on all cutside open-
ings are closed, valves on lines con-
necting parts of the equipment are
opened and the vacuum pump is
started, venting the exhaust steam
to the air. A small amount of
water is turned on the barometric
condenser. A vacuum of 25-in. to
28-in., referred to 30-in. barometer,
is pulled on the equipment. The
steam to the vacuum pump or
ejector is then turned off and the
valve on the vapor line to the pump,

&- Srage Saccron
Yacuuns Purem

-

Fig. 12. Wurster & Sanger Glycerine Evaporator Plant. Doubl

e Effect Evaporator to Run to Crude

Glycerine and Single Effect Fimishing Evaporator. The Salt Recovery Equipment Includes Salt Drums

and Centrifuge.
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or the valve on the exhaust line
from the second stage ejector, is
closed thus sealing the entire unit.
The condensing water is turned off.
The vacuum on the system should
not drop more than 1 in. per hour.
If there are leaks, it is necessary
to go over the entire equipment
and draw up all joints.

Another method of testing the
equipment, which shows where the
leaks are, is to fill the entire unit
with water and put on a water
pressure up to 25 lbs. per square
inch. All leaking joints must be
marked and drawn up after re-
lieving the pressure. If no leaks
appear within two hours after the
final drawing up, the equipment is
tight and the water may be drained
out.

It is preferable not to insulate
the equipment until it has been
tested and made tight.

After the evaporator has been in
operation a few days it is advisa-
ble to go over the equipment care-
fully and draw up all bolts, as they
can usually be taken up after the
equipment has been heated.

Starting

In starting up the evaporator as
a double effect, the valves on the
vapor lines are so set that steam
will enter the calandria of the first
effect and the vapors from the
vapor chamber of the first effect
will -pass through the first separa-
tor and into the calandria of the
second effect. The vapor line from
the second effect is connected to
the second separator and then to
the barometric condenser and vac-
uum pump.

The condensate from the calan-
dria of the first effect is removed
through a steam trap. The con-
densation drain from the calandria
of the second effect is connected
to both the condensate pump and to
a steam trap. The condensate is re-
moved by the condensate pump
when operating as a double effect
(when the steam chest is under
vacuum), and by the steam trap
when operating as a single effect
(when the steam chest is under
pressure).

The calandria of the second ef-
fect is vented near the top into the
vapor chamber of the second ef-
fect to take off non-condensable
gases which may accumulate in this
part of the steam chest. In start-
ing up, this vent line valve is
opened wide, so as to pull a vacuum
on the first effect. When operat-
ing as- a double effect, the valve
on this vent line is always kept
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slightly open to prevent fouling of
the heating surfaces in the top of
the calandria by non-condensable
gases. However, in normal op-
eration the valve .on this vent line
must not be open so far as to draw
vapor through the line and increase
the vacuum on the first effect.

The salt valves at the bottom of
the evaporators are closed and the
valves on the feed and discharge
lines and on the vacuum breakers
are all closed.

When starting operation of the
double-effect evaporator, steam is
turned on the vacuum pump and
the condensate pump is started.

A small quantity of water is
turned on to the barometric con-
denser. In regular operation the
water -in the discharge leg of the
barometric condenser should have a
temperature of 100° to 115° F.,
depending on the vacuum. The
tail-pipe temperature is controlled
by the amount of cold water run
into the barometric condenser and
must have attention throughout the
run.

With a 2-stage ejector with in-
ter-condenser, water must also be
run to the inter-condenser in suf-
ficient quantity to condense the
water vapors. An excess of water
must be avoided, for this will flood
the ejector unit and interfere with
its proper operation, A non-con-
densing ejector, of course, requires
no water.

A small quantity of cold water
is run continuously to the conden-
sate pump to seal the valves and
keep the pump cool.

Care must be exercised to draw
only water and non-condensable
gases to the condensate pump. If
the pump is operated at a capacity
considerably above that required to
remove the condensate, steam may
also be drawn to the pump, result-
ing in a steam loss. This is indi-
cated if the pump becomes hot.

When the evaporators are under
a vacuum of about 15 inches, or
a vacuum sufficiently high to pull in
lye, treated and filtered lye from
the feed tank is run into both evap-
orators. In subsequent operation,
any liquor remaining in the first
effect from a previous run is first
drawn into the second effect. Fresh
liquor is then fed to the first effect
only and the second effect is fed
from the first effect. In this way
the proper balance of operation is
maintained. In starting a run, the
feed is shut off when the liquor
level shows in the gauge glasses,
or when the calandrias are 4 to
% full.
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When the vacuum in the second
effect reaches about 23 in., steam is
slowly turned into the calandria of
the first effect. The exhaust from
the vacuum pumps may also be
turned into the first effect calandria.
When the liquid in the first effect
begins to boil, the vacuum therein
will drop.

The vapors pass from the vapor
belt of the first effect into the calan-
dria of the second effect, where they
are condensed and are withdrawn
by the condensate pump. The con-
densate pump also removes non-
condensables heavier than steam,
while the non-condensables lighter
than steam pass out through the
vent line at the top of the calan-
dria. As the vapors are condensed
and the non-condensables removed,
the vacuum in the first effect again
rises.

The liquor in the second effect
soon starts to boil from the heat
of the condensing vapgrs. The
vacuum first drops sl%htly and
then rises as the vapors are con-
densed in the barometric condenser.

The starting of the evaporators
should be done sufficiently slowly
that there will be a minimum drop
and subsequent rise in vacuum.

Attention must be given to the
water supply to the barometric con-
denser as the evaporation increases.
As stated above, the temperature
of the tail-pipe water is usually
between 100° and 115° F., depend-
ng on the vacuum in the 2nd ef-
tect.

When the liquid boils in the first
effect, more steam is turned on
antil there is a positive pressure
on the gauge connected to the con-
densate drain. The liquor level
in each effect is so maintained that
the tubes are continually wet.

The vacuum on the second effect
will generally be from 26 in. to
27 in. Some installations are made
for slightly lower or higher vacua
for special reasons, but the usual
limits are 25 in. to 28 in. The
vacuum on the first effect may be
as high as 20 in. at the start and
gradually drop as the concentra-
tion in the second effect increases.
If the concentration in the second
effect is carried to 80 per cent
crude, the vacuum in the first ef-
fect will drop to zero. When op-
erating to semi-crude in double
effect, as is the usual practice, the
difference in vacuum hetween the
two effects is about 10 in. or 12 in,

Operation
Under the above conditions the
evaporator is operating at normal
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capacity. As the liquor level drops
in the second effect, more liquor is
fed from the first effect and fresh
lye is fed to the first effect so as
to keep the liquid levels in each ef-
fect constant. It is important for
the smooth and uniform operation
of the plant that feed to each ef-
fect be regular and steady rather
than than that the level be allowed
to drop and then a large charge
fed in. With a little practice and
care, the feed valves can be set so
as to feed at the required uniform
rate. Liquid level regulators can
be used, but the salt content of
spent soap lye is so high that these
devices are not entirely reliable on
soap lye evaporators. Liquid level
controllers for the first effect are
fairly satisfactory, but when used
on the second effect they require
50 much attention that manual con-
trol is usually used.

Steam to the first effect is reg-
ulated as required to show a posi-

tive pressure on the condensate
drain.
Water to the barometric con-

denser is adjusted to maintain a
uniform vacuum in the second ef-
fect and uniform temperature in
the tail pipe. The greatest amount
of water will be required at the
start of the run. As the concentra-
tion of the liquor increases and the
rate of evaporation decreases, less
condensing water will be required.

Separation of Salt

In concentrating spent soap lye
to crude glycerine about 11 to 15
Ibs. of salt is separated from each
100 Ibs. of lye, the exact amount
depending upon the amounts of salt
and glycerine in the spent lye and

-on the concentration of the finished

crude. As soon as the liquor in
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either effect reaches the salting
point, salt will begin to crystallize
and drop to the bottom of the evap-
orator. The presence of salt may
be observed in the liquor which is
thrown against the sight glasses on
the vapor belt. After salt begins
to crystallize out, the lye has no
further value in dissolving any salt
remaining on the tubes from a pre-
vious run, as it is then a supersat-
urated salt solution, and it is time
to start removing the salt from the
evaporators.

Methods of Recovering Salt

There are three generally used
methods of separating the salt from
the glycerine.

(This paper will be concluded in
the November issue of OIL &
SoaP.)

T RernactoMeTRIC DETERMINATION
oF BlooineE Numeen IN Fraxserp Onis

By LAWRENCE ZELENY

Associate Chemist, Grain Division, Bureau of Agricultural Economics

In Charge, Milling and Baking Investigations, Grain Division,

INTRODUCTION

S linseed oil is used primarily

in the manufacture of

paints, =varnishes, and lin-
oleum, the rapidity with which a
given sample of oil will oxidize is
usually the most important single
factor governing its quality. Al-
though it is true that the drying
time of low-quality linseed oils
may be materially shortened by the
addition of chemical “driers,” oils
that have low initial drying times
nevertheless produce paint films of
better quality.

Todine number as a measure of
the total degree of unsaturation of
the oil may be considered a quan-
titative measure of the quantity of
oxygen the oil is potentially able
to absorb. The rate of oxidation,
however, depends not only upon
the total degree of unsaturation but
upon the relative proportions of
the various unsaturated fatty acids
in the glycerides of the oil. As the
iodine number does not differen-
tiate between these various unsat-
urated fatty acids, it may not be
considered as an exact measure of
the drying time of the oil. Rapid-
drying raw linseed oils, however,
are high in linolenic-acid content

D. A. COLEMAN

and show a high iodine number.
Conversely, slow-drying linseed
oils are relatively low in linolenic-
acid content and have correspond-
ingly low iodine numbers. The
iodine-number determination may

therefore be considered a good

practical (though not exact) meth-
od for determining the relative dry-
ing times of untreated raw linseed
oils, and as such is used extensively
in commercial practice. The iodine
numbers of linseed oils from dif-
ferent lots of commercial flaxseed
range from about 150 to 200 or
over. Oils having iodine numbers
below 165 are generally considered
to be of decidedly inferior quality
whereas iodine numbers of 185 or
over usually indicate superior dry-
ing properties.

The importance of iodine num-
ber in the linseed-oil manufactur-
ing industry has greatly increased
during recent years, because of the
fact that large quantities of flax-
seed have heen marketed, the oil
of which has possessed very in-
ferior drying qualities and cor-
respondingly low iodine numbers.
The production of these large quan-
tities of low-quality flaxseed has
been due partly to drought con-

Bureau of Agricultural Economics, U. 8. Department of Agriculture

ditions and unseasonably high tem-
peratures in the principal flax-
growing regions of the United
States over a period of years; and
partly to the introduction of new
varieties of flax that have been
bred for high yields and disease-
resistant qualities, but which in-
herently produce low-quality oils.

Since such a wide variation ex-
ists in the jodine number of oils
prepared from different lots of
flaxseed, the linseed-oil industry
should be benefited by a simple
method for determining in advance
the iodine number of the oil that
could be pressed from a given lot
of flaxseed.

Relationship Between Iodine
Number and Refractive Index

It has long been known that in
the case of animal and vegetable
oils in general, a positive correla-
tion exists between refractive in-
dex and iodine number. ILewko-
witsch (4), however, after ac-
cumulating data on a large num-
ber of different oils concluded
that no definite relationship ex-
isted between these two fac-
tors. Niegemann and Kayser
(5), on the other hand, report-
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