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Abstract 
Recovery of 98-100% of the total fat ty acid 

content of soapstoek may be achieved by con- 
tinuous acidulation of soapstock with minimum 
acid consumption. The relatively high reaction 
pH allows the use of ordinary stainless steel 
equipment. By use of a two-stage separation 
process, quality acid-oil may be produced from 
even the most difficult loots, with a by-product 
stream high in phosphatides. Acid water from 
the system is suitable for waste disposal with 
little or no additional treatment. 

Analysis of the process economics as compared 
to conventional batch acidulation shows that a 
2-4 year system payout may be realized through 
acid savings, improved oil yield, and reduced 
labor eosts. 

Introduction 

D 
UE TO TttE lOW profit contribution available from 
processing of vegetable oil refinery soapstoek, 

very little development work has been done in the 
past to improve the antiquated, poorly controlled, and 
relatively expensive batch acidulation method for 
acid oil recovery. Conversion of the batch tank meth- 
od to continuous processing was further impeded by 
the extremely corrosive conditions prevalent in the 
batch process. During the past few years, increased 
interest in plant waste streams by the government 
has forced a reassessment of soapstoek treatment. A 
result of this interest has been the development of a 
continuous, automatically controlled soapstock acidu- 
lation process which not only offers a solution to the 
waste disposal problem, but through savings in re- 
agents, labor, and increased acid oil yield and quality, 
shows a reasonable system payout. 

Process Description 
A schematic flow diagram of a complete system for 

processing nondegummed oils is shown in Figure 1. 
Soapstoek is fed to a surge tank, where it is blended 
with water, if necessary, to provide an acidulation 
feed mixture of pumpable viscosity, and a total fat ty 
acid content below 25%. Liquid level control may be 
achieved by means o£ a weight-cell at the tank, con- 
trolling a pneumatic operator on the soapstock feed 
pump. A hot water line is provided at the feed pmnp 
suction, for system heating, and cleaning. Soapstoek 
is pumped continuously through a steam jet heater 
to the high shear mixer. The inlet temp to the mixer 
is automatically controlled at 190-200F, to provide 
the required speed of reaction. 66 ° Be' sulfuric acid 
is metered into the soapstock stream at the point of 
entry into the mixer. The acid rate is automatically 
controlled to give a pH of 3.5-4.0 after completion of 
the reaction. Temp rise due to heat of reaction is 
normally 5-15F. A plate heat exchanger is used to 
reduce the reaction mixture temp to that desired 
for acid oil separation, again with automatic temp 
control. 

Separation of the acid oil from acid water and 
solids is accomplished in a self-0pening centrifuge, 
which in addition to making the normal liquid/liquid 
separation, has provisions for automatic "shoot ing" 
of accumulated solids from the centrifuge bowl. 
Shooting is controlled by a timer, which ordinarily 
is set for a 15-20 rain interval. Solids removal takes 
10-15 see, and may be accomplished, in many eases, 
without interruption of feed to the separator. 

For soapstocks without phosphatide fractions, the 
acid oil discharged from the primary separator is 
suitable for marketing without further processing, 
with up to 96% TFA content. Since the recovery of 
acid oil is above 99% on such soapstocks, the acid 
water phase is virtually fat-free, and suitable for 
disposal after neutralization. In the case of soapstoeks 
with substantial gums content, however, four phases 
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F~a. 2. Typical centrifugal separation, acidulated soapstock. 

exist in the primary separator bowl, as is illustrated 
in Figure 2. 

At a reaction pH of 3.5-4.0, a large portion of the 
phosphatide phase is unreacted. Upon separation, 
this phase appears between the acid oil and water 
layers. Since this fraction is principally oil-wet, it 
is normally discharged from the primary separator 
as part of the acid oil, allowing a relatively clear acid 
water phase to be discharged. Since the acid water 
in this case does contain phosphatide degradation 
products, it therefore must be clarified after neutrali- 
zation, prior to sewering. This should normally be 
accomplished in the usual plant waste treatment sys- 
tem. In order to eliminate occasional floating solids 
in the acid water phase, a skim tank may be provided 
on the acid water stream. This allows recycling of all 
floating solids, in addition to up to 25-30% of the 
acid water phase. Acid water recycling decreases 
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the requirement for dilution water, and may reduce 
the acid requirement in acidulation by as much as 
15%. 

The acid oil phase normally contains 10-25% 
phosphatides, by vol. Although the TFA level is high 
enough for use as feed supplement (above 87%) (1), 
the pasty, viscous nature of the mixture, and the low 
pH of the entrained moisture makes it rather poor 
quality material for marketing. The phosphatide level 
makes the oil compIetely unacceptable as distillers' 
feedstock. 

A high quality acid oil may be recovered from the 
acid oil-phosphatide mixture by further centrifuga- 
tion in a Hermetic separator. The addition of a small 
amt of water to the centrifuge feed not only aids in 
discharging phosphatides from the centrifuge bowl, 
but effectively washes mineral acid from the acid oil, 
as indicated by acid oil ash pH levels above 6. Sepa- 
rated acid oil is normally above 90% TFA content 
and contains 85% of the TFA content of the original 
soapstoek. If a price premium can be obtained on 
acid-oil above 95% TFA content, vacuum drying of 
the phosphatide-free acid-oil may be employed to re- 
duce the soluble moisture content to less than 1%. 

The phosphatide phase, containing only 15% of 
the fat ty acid, is suitable for addition to feed meal, 
if such an outlet is available to the processor. Further  
treatment of the phosphatide phase is not eonsidered 
justified by the small potential oil recovery. 

A major advantage of the relatively high operating 
pH in this process is the use of ordinary 3116 stainless 
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TABLE I 

Continuous Soapstock Acidulation Maximum Utilities Consumption 

Power 
231/s Connected H ,P .  
17.6 kw h r / h r  @ 1 .5c /kwh  ....................................................... $0.26 

Steam 
1500 pph @ 1.00/1000 Ib .......................................................... 1.50 

Water  
40,000 lb /b r  @ $0.20/1000 g~l ................................................ 0.96 

Air 
15 SCFM .............................................................................. Negligible 

Total hourly cost: ............................................................. $2.72 
Cost per lb 95 TFA oil 
5,000 ppb @ 20% TFA feed . . . . . . . . . . . . . . . . . . . .  $0.0026 
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TABLE II 
Economic Comparison, Batch vs Continuous Acidulation of Non- 

degummed Soybean Soap~tock. Bas is :  5000 pph Feed at 20% 
TFA, (Annual Production) Plant  Cost, Two Stage System: 

$75,000 est. 20 hr  Opera t ion/Day,  300 D a y s / Y e a r  

steel equipment af ter  the point  of acid addition. The 
only area subject to an extremely corrosive mixture  
is the acid inlet, at  which point  a ceramic or glass tee 
is utilized to wi ths tand acid attack. 

Commercial  grade, 66 ° Be'  sulfuric acid is used as 
a reagent,  eliminating costly acid dilution systems. 
Acid usage is general ly in the range of 0.2 to 0.3 lb 
per  pound of f a t t y  acid produced on a 100% T F A  
basis. 

The compactness of the soapstock acidulation p lan t  
is i l lustrated in a proposed, skid-mounted system in 
F igure  3. 

The basic, single stage system for  processing of 
soapstocks low in phosphatides, is mounted on a skid 
measuring only 16 f t  × 8 f t  × 9 f t  6 in overall height. 
The auxi l iary  equipment required for  production of 
high quali ty acid oil f rom raw materials  containing 
gums may  be mounted on a second skid, 7 f t  6 in × 8 f t  
× 9 f t  6 in high. Both skids may  be t ranspor ted  by low- 
bed trailer,  and are ready for operation af ter  connec- 
tion of water, steam, air  and waste lines to the p lant  
manifolds, and power to the main s tar ter  frame. 
Uti l i ty  requirements for a 5,000 pph  soapstoek ca- 
paci ty  are as shown in Table I. 

Dollar  costs of utilities are based on national aver- 
ages of ut i l i ty  prices, and p lan t  steam cost estimates 
as recommended by Zimmerman and Lavine (2). 
Costs are on an hour ly  basis, but  may  be converted 
to a uni t  cost by dividing by the T F A  rate per  hour, 
as shown for  20% T F A  feed material .  

Economic Justification 
Economic justification for the purchase of a con- 

tinuous acidulation system may be demonstrated in 
a comparison of batch acidulation costs with those for 
continuous acidulation. 

A feed rate of 5000 pph  of 40% TFA,  nondegum- 
reed soybean soapstoek has been chosen for comparison 
(Table I I ) .  

Labor  savings are based on the fact  that  the con- 
tinuous soapstoek acidulation system may  be operated 
as a pa r t  of the existing oil refinery, without the use 
of addit ional operat ing personnel. Tile use of auto- 
matic  p H  and temp controls reduce operator  observa- 
tion to an absolute min imum (1). Ord inary  fluctua- 
tions in feed composition have no effect on process 
operation. For  batch acidulation, it has been assumed 
that  a minimum of one man-shif t  per  day  is consumed 
dur ing periods of acid addition, and draining of 
waste and product  a f te r  acidulation. In  the case of 
nondegummed oil soapstocks, addit ional operator t ime 
is required due to the extreme care necessary to achieve 
high acid-oil yields in the presence of phosphatides. 

Acid consumption in the high pH,  continuous 
acidulation process are less than  half  of that  in even 
a well-controlled batch process, where p H ' s  as low as 
1.0-1.5 are common. Assuming the use of caustic 

Labor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Caustic soda . . . . . . . . . . . . . . . . . . . . . . . .  

Utilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Maintenance . . . . . . . . . . . . . . . . . . . . . . .  

Acid oil yield ....................... 
Ph osphatides 

(as soapstoek) ................. 

Batch Continuous 
acidulation acidulation 

$ 7,500 a 
64,000 $ 29,500 
50,000 12,000 
15,000 16,400 b 

3,750 3,750 c 
590,000 671,000 

...... 42,000 

Savings 
(loss) 

$ 7,500 
34,500 
38,500 
(L4oo) 

0 
81,000 
42,000 

$202,100 

Total profit contribution ignor ing depreciation: 
a Operated by refinery operator. 
bAbsolute maximum, i.e., us ing total connected HP ,  and no reuse of 

waste water  for dilution or cooling. 
CEstimated maximum, 5% of equipment cost. 

soda for  neutralization of this excess acid, even more 
substantial  savings may  be realized in the t rea tment  
of acid water  waste. Caustic usage in batch systems 
is more than  four  times tha t  in the continuous acidu- 
lation process. In  addition, the uni form waste water  
rate f rom the continuous p lan t  lends itself very nicely 
to automatic  p H  control in neutralization. 

The yield of high qual i ty  acid oil f rom the two 
stage continuous process has shown to be 85% of the 
available T F A  with the balance of the T F A  being 
collected in the phosphat ide fraction. Unless extreme 
care is used, a batch acidulation process applied to 
nondegummed loots cannot  be expected to yield more 
than 75% of the available T F A  as high quality oil, 
with the balance, unreacted phosphatides, and degra- 
dation products,  going down the drain in the waste 
water  stream. I t  must  be pointed out, in addition, 
that  the relatively mild t rea tment  of foots in the 
continuous process results in oxy-fa t ty  acid levels 
below 2% in the finished oil, as compared to 4% or 
higher f rom the batch process. 

An additional dollar yield may  be expected f rom 
the separated phosphatide fraction, which, at  40% 
T F A  on a d ry  basis, may  be used as feed supplement 
in the same manner  as the originat soapstoek. 

The magni tude of the overall cost reduction comes 
into focus when compared to the total value of the 
acid oil produced. On the material  taken as an ex- 
ample, the savings amount  to 35% of tlle market  value 
of the product  oil. 

A final advantage of the continuous acidulation 
process lies in control of the refinery operation. By 
monitor ing the acid oil F F A ,  and the appearance of 
the acid water  waste stream, an operator  may quickly 
and continuously determine his refining efficiency. 

In  summary,  this simple, compact, automatically 
controlled process will continuously recover 98-100% 
of the total  f a t ty  acid f rom even the most difficult 
soapstoeks. The use of a self-cleaning centrifuge for 
p r ima ry  separation, plus automatic  control brings 
operator  at tent ion to an absolute minimum. 

By use of a relat ively high react.ion pH,  substantial  
savings in reagents are achieved, in addit ion to allow- 
ing the use of o rd inary  stainless steel process 
equipment.  

The overall savings in labor and reagents, coupled 
with a consistently high acid-oil yield offer a reason- 
able system payout  over the conventional batch acidu- 
lation process. 
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