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A Continuous Process for 'Synthetic Detergent Slurries 
HAROLD E. HUBER JR., PETER J. BAKER/ and P. B. SCHMIDT JR., The Girdler Company, 
Votator Division, Louisville, Kentucky 

T 
HE RECENT GRO%¥Ttt of  the synthetic detergent 
field, both  in  th is  c o u n t r y  a n d  ab road ,  has  in- 
tens i f ied  the  i n t e r e s t  in  t he  d e v e l o p m e n t  of a new 

a n d  i m p r o v e d  me thod  of  c a r r y i n g  o u t  a n d  con t ro l l i ng  
s u l f o n a t i o n  a n d  su l f a t i on  reac t ions .  As  a r e su l t  of  
this ,  a p r o g r a m  wa~ i n i t i a t e d  to  s t u d y  in  de t a i l  the  
effect of  o p e r a t i n g  v a r i a b l e s  of a s c r a p e d  su r f ace  con- 
t i n u o u s  r e a c t o r  on the  s u l f o n a t i o n  of  a ]ky l  a romat i c s .  
Re su l t s  were  so p r o m i s i n g  t h a t  the  i n v ~ t i g a t i o n  was  
e x p a n d e d  to  i nc lude  t h e  o the r  u n i t  ope r a t i ons  neces- 
s a r y  to  p r e p a r e  a h igh  ac t ive  s y u t h e t i c  d e t e r g e n t  
s l u r ry .  M a n y  m o n t h s  of c o n c e n t r a t e d  p i lo t  p l a n t  a n d  
e n g i n e e r i n g  s t u d y  were  invo lved  in  th i s  i n v e s t i g a t i o n ;  
a n d  the  work,  a i d e d  b y  p rev ious  exper i ence  ga ined  in  
the  des ign  a n d  cons t ruc t i on  of con t innous  reac tors ,  
r e s u l t e d  in  a f in ished con t inuous  process  c apa b l e  of  
p r o d u c i n g  a s l u r r y  of exce l len t  p rope r t i e s .  

The  h e a r t  of the  process  is a m u l t i p o r t  i n j e c t i o n  
r eac to r  which  is e m p l o y e d  in the  m a j o r  steps.  The  
f u n c t i o n  of th is  u n i t  wi l l  be e x p l a i n e d  in  d e t a i l  u n d e r  
su l fona t ion .  A l t h o u g h  the  o p e r a t i o n  which  we sha l l  
descr ibe  is a con t inuous ,  s t r a i g h t f o r w a r d  process ,  we 
sha l l  d iv ide  i t  in to  five d i s t i n c t  steps,  each of which  
can  have  a n  effect on the  f in ished  p r o d u c t .  

I n  genera l ,  ou r  m a i n  ob jec t ive  is to rea l ize  a f inal  
s l u r r y  t ha t  has  good color, low f ree  oil, a n d  a com- 
p le te  absence of odor.  I n  a d d i t i o n  to  this ,  o u r  secon- 
d a r y  ob jec t ive  is a con t inuous  process  t h a t  is inde-  
p e n d e n t  of  the  h u m a n  e lemen t  a n d  t h a t  r e su l t s  in  a 
u n i f o r m  p r o d u c t  of  the  des i r ed  ac t ive  level  which  is 
wh i t e  and  does no t  r e q u i r e  b leach ing .  The  p a r t i c u l a r  
p rocess  on which  we devo ted  ou r  t ime  is based  on the  
s u l f o n a t i o n  of  dodecy lbenzene  wi th  20% oleum fo1- 
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Fro. 1. Color vs. iron content of oleum. 

lowed b y  d iges t ion ,  d i lu t ion ,  s epa ra t ion ,  a n d  subse- 
quen t  n e u t r a l i z a t i o n  wi th  18 to 20% sod ium h y d r o x -  
ide. O the r  m a t e r i a l s  have  been used  fo r  the  va r i ous  
r e a c t a n t s ;  however  space does no t  a l low us to do a n y  
more  t h a n  m e n t i o n  these.  

The p r o d u c t i o n  of h igh  ac t ive  s l u r r y ,  u s ing  oleum, 
r e q u i r e s  five d i s t i n c t  s teps,  a l l  of  which  wi l l  be dis-  
cussed in  de ta i l .  Tab le  I g ives  the  r a t e s  of  the  va r ious  
s t r eams  a n d  the  p r o d u c t  a n a l y s i s  fo r  the  smal l  size 
commerc ia l  p l a n t  des igned  fo r  the  p r o d u c t i o n  of  500 

TAB LE I 

Product Streams 
Continuous Sulfonation Process; Sulfonation of Alkyl Benzene with 20% Oleum Composition of Product Streams 

Product 
Feed 

To SuI- 
fonating 

Unit 

Alkylate Lb. (1VLW. : 232)  ......... 350 
Oleum Lb. 104 .5% HaSO4, 437.5 
Sulfuric Acid Lb. Y % lq~SO~... 
Sulfonic Acid Lb. RSOaH .......... 
Sodium Sutfonate No. RSOaNa. 
Caustic Sol. Lb. X % NaOH ..... 

Sodium Sulfate Lb .................... 
Water ..................................... J 

•otal L h s / n  ........................... ::l 787 .5  

Approximate Density ................................ 
Approximate Visc ................. 

Discharge Feed Discharge  Overf low 
F r o m  To F rom F r o m  

Digester Di lu t ion  Di lu t ion  Se t t l ing  
Tank  U n i t  U n i t  •Tank 

3.5 3,5 3.5 3.5 
317.6 317.6 399.0 64.43 
(97 .9% )  (97 .9%)  ( 7 8 % )  ( 7 8 % )  
466.4  466.4 466.4 464.07 

81.4 
787.5 868.9 868.9 532.0 

1,242 1.02 
600 cp 400 cp 

80°F.  130°F.  

Feed To 
Spen t  Neutral-  
Acid iz ing  

Discharge  U n i t  

3.5 
334.57 64.43 
( 7 8 % )  ( 7 8 % )  

2.33 464.07 

558.0 
(18%) 

336.9 1090.0 

1.73 

Product 

3.5 

496.0 

72.8 
517.7 

1090.0 

0.75 to 0.9 
2500 to 
8000 cp 

% ~ % 
Composi- Comp osi 
tion As tionDry 

Discharged Basis 

0.3 0.6 

45.5 86,7 

6.6 12,7 
47.6 
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lbs. per  hour of active material .  One point  tha t  
should be brought  out is that,  when sulfonat ing with 
98% acid, the entire plant  can use city water  in place 
of refr igerat ion,  which in some instances would result 
in a considerable saving in processing costs. Should 
a low active product  be desired, then the dilu.tion and 
separat ion steps can be omitted. In  general, we shall 
discuss the high active product  as it is the one of 
more general interest and the one that  is harder  to 
make. 

Introduction 
The first, and also generally considered the most 

critical, step is sulfonation. I t  is here that  the over- 
all yields and the odors are basically controlled, and 
it is also here that  the color qual i ty  can be lost by 
secondary reactions. In  order to realize the best prod- 
net it is, of course, necessary to have raw nmterials 
of high standards.  This applies not only to the alkyl 
aromatics but  also to the oleum. The dodecylbenzene 
no longer appears  to be a problem; however the 
olemn can cause some trouble if  extreme care is not 
taken, especially where relat ively small quantit ies of 
oleum are used. In  these instances the acid used 
should have a min imum amount  of storage in iron 
drums;  and a close check should be made on all iron 
contents. F igure  1 shows the change in l ight t rans-  
mission or color of the finished product  due to change 
in iron content of the oleum feed. S tandard  specifi- 
cations should call for  iron below 40 par ts  per mil- 
lion. I f  the acid is received direct f rom the manu- 
fac turer  ill stainless steel cars or trucks, then low 
iron content is not  a problem. 

Step A--Sulfonation 
A dodecylbenzene cut and the 20% oleum are 

brought  together in the desired proport ions in a spe- 

cially designed continuous reactor,  which is equipped 
with a mult ipl ic i ty  of injection ports. An a r t i s t ' s  
conception of one form of this reactor is shown in 
F igure  2. iln this par t icular  instance the alkyl  aro- 
matic is passed through the product  annulus ;  and 
the acid is injected through the ports  or orifices, 
which can be located in either the shaft  or the jacket,  
depending upon the par t icular  unit  employed. As the 
reaction of the alkyl aromatics and the oleum occurs 
ra ther  rapidly  under  the conditions employed, the 
tendency of overheating and side reactions is l imited 
by controlling the amount  of acid at any  one point. 
This is done by inject ing about one-quarter  of the to- 
tal acid into the first pa r t  of the turbulent  zone, thus, 
in effect, providing a large excess of the alkyl aro- 
matie as a diluent. At  the same time the violent agi- 
ration afforded by the revolving shaft  gives max imum 
dispersion between the acid and the alkalate phase. 
In  addition to this, the scraped surface principle re- 
sults in rapid  removal of the exothermic heat of reae- 
tion, thus affording excellent t empera tu re  control. A t  
a point approx imate ly  one-fourth the length of the 
reaction zone an addit ional  one-quarter  of the acid is 
injected. At  the ha l fway point in the reactor the re, 
mainder  of the acid can be injected. The dilution 
afforded by bo~h the spent acid and the sulfonic acids 
previously produced prevents  local overheating and 
loss in color. At  the exit of the mut t ipor t  injection 
reactor the rea~tion is f rom 85 to 95% complete, de- 
pending upon the tempera ture  level at which the sul- 
fonation is controlled and upon the acid to alkytate 
rat ios used. 

The conversion v e r s u s  the sulfonation t empera tu re  
is shown in F igure  3. As it is always desirable to 
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FIG. 3. Sulfonation temperature vs. conversion. 

obtain the maximmn yields on feed, the ideal situa- 
t ion would be to increase the tempera ture  of sulfo- 
nation to tha t  point where yields begin to fall  off, 
thus indicating secondary reactions sueh as the de- 
alkylation of the alky] aromatic.  

F igure  4 shows the effect of snlfonation tempera-  
ture on free oil at two different acid ratios. The aging 
time in this instance was only 6 rain. Should these 
same data be taken a f t e r  a 40-minnte digestion pc- 
riod, the curves would be considerably lower; how- 
ever thei r  general  shape and the t empera tu re  of 
mininmm free oil would be approximate ly  the same. 
Using these curves alone, a t empera ture  between 90 
and 100°F. would be chosen for the opt imum eondi- 
tions for sulfonation;  however we find that  in gen- 
eral when using 20% oleum and when digesting for  
a sufficient period to give a final free oil content of 
approximate ly  .6% on a d ry  basis, it is necessary to 
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Fro. 4. Sulfonation temperature vs. free oil. 
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sulfonate somewhere around 80°F. in order to pre- 
vent loss in color. Thus, from the above, we find that 
the optimum operating conditions are not dependent 
upon a single variable, but upon acid ratios, sulfona- 
tion temperatures, and digestion periods. 

Step B--Digestion 
As mentioned previously ,  under the conditions 

chosen the reaction is approximately 90% completed. 
To carry the conversion to 98 to 99% requires a di- 
gestion period of approximately 40 min. The effect 
of digestion time v e r s u s  free oil, which is the indica- 
cation of conversion, is shown on Figure 5. This 
series of three curves indicates the effect of tempera- 
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Fla. 5. Time vs. free oil. 

ture on free oil as the digestion period, oi' aging 
time, is varied. This first se~es of curves was ob- 
tained with a single-point injection wherein the total 
quantity of acid was injected along with the dodecyl- 
benzene at the inlet of the sulfonation reactor. The 
break in the 92°F. curve under these conditions of 
operation is apparently due to dealkylation. The 
lower curve shown in this figure indicates the effect 
of going from a single-point injection to a multi- 
point injection. From this it can be seen that free 
oil v e r s u s  aging times does not change appreciably 
after approximately 1 hr. Experiments have indi- 
cated that with this improved method of injection 
acceptable products can be obtained at. higher sul- 
fonation temperatures. Referring again te Figure 4, 
it is also noted that the original acid-to-alkylate ratio 
will decrease the digestion period. Color deteriorates 
with increased length o~ holding time as well as with 
the increase of alkyla£e-to-acid ratio and the increase 
in sulfonation temperature; thus we find that the 
color factor again is responsible for the correct bal- 
ance between temperature and the digestion period. 

The extreme mixing afforded during the sulfonation 
step results in a sulfonic acid-sulfuric acid mixture 
that will not separate during the digestion period. 
This is true even for the single-point injection. For 
that reason, this part  of the, process equipment con- 
sists merely of an expanded section or tank, and at 
this point neither agitation nor heating is required. 
The temperature rise due to the reaction's going to 
completion is anywhere from 10 to 15°F., when using 
20% oleum to sulfonate. 

Step C~Dilut ion 

Dilution is required in high active production, for 
without it a separation cannot be obtained between 
the sulfonic acids and the large excess of sulfuric 
acid that it is necessary to add in the sulfo~ation 
step. When dilution is used prior to neutralization, 
it is found possible to separate the resulting mixture 
into two layers, the bottom layer of which is predomi- 
nantly spent sulfuric acid, having a concentration of 
78 to 80% while the top layer is a concentrated sul- 
fonie acid mixture with from 11 to 12% sulfuric acid. 

The highly exothermic nature of the dilutio:n reac- 
tion can, if not properly controlled, result in color 
degradation of the product. The work during the 
development of this process has shown the necessity 
of using the multiport injection system, t ter  e, also, 
is the most critical operation from a corrosion point 
of view. 

A continuous stream equivalent to the combined 
streams of the sulfonation step is taken from the 
digester and metered with the appropriate amount of 
water into a multiport injection reactor identical in 
general overall desigu to that used in the first step. 
Here however it is desirable to construct the unit of 
alloy 20, whereas the reactor used in the sulfonation 
step is preferably constructed of 316 stainless steel. 
Here again, the intimate contacting of the material is 
made possible by the very violent agitation and the 
injection at a multiplicity of points. In this instance 
the water is metered through the ports while the ma- 
terial from the digester is brought through the main 
inlet to the annulus. In general, the dilution is car- 
ried out in such a manner that the outlet temperature 
is in the range of 130 to 135°F., and the resulting 
spent acid from the separation step is approximately 



g(} r[)tll~: J(IURNAI~ O1.' 'I'HI~ A.~II~RICAN OIL CHIP.MINTS * SOCIETY VOL. 33 

78% after  4 hrs. The ehoi~.e for I|,e above conditions 
will be explained in the separation step. 

The foregoing procedure is used for the production 
of high active slurries. When low active materials are 
desired, the mixed acids are pumped directly to the 
neutralization step from the digester. 

Step D~Separation 
The et~uent from the dilution reactor is pa~ed di- 

rectly into a tank with a capacity equivalent to 
approximately four  to six times the hour ly  volumetric 
flow from the dilution step. The design of this tank 
should be such that  it has a relatively large area of 
interface to the total volume. With  such design the 
surface of the sulfonie acid layer  is at a minimum 
distance from the interface separating the acid layers. 
The tank itself is equipped with a means of external 
heating in order to maintain the temperature  of the 
entire mass at the optimmu conditions for  rapid sep- 
aration. As the rate  of separation for a given dilution 
is a function of the mass temperature,  it is desirable 
to go to as high a temperature  level as possible; how- 
ever, as the temperature  is raised, the color of the 
final product  will deteriorate. Another  factor that  is 
important  at this point is that  for any given tem- 
perature  level the color of the final paste will be a 
function of the time. Thus it is necessary to find the 
optimum tempera ture  that will give the best balance 
point due to loss in color by separating time and loss 
in color due to temperature.  For  the process that  is 
outlined for 20% oleum this appears to be around 
130 to 135°F. In this temperature  range it requires 
about 4 hrs. for separation sufficient to gve a final 
paste of 86 to 88% on a d ry  basis. Higher  active- 
ingredient materials are possible by adjust ing the 
conditions dur ing  the dilution and separation;  how- 
ever it is fel t  that  the loss in final color would not 
warrant  increase in temperature  or longer holding 
time, which would not result in a product  greater  
than 92% active ingredient. 

An al ternate method of separation may employ a 
centrifuge immediately following the dilution step. 
In this instance sufficient water would be added to 
the dilution reactor to give a spent acid of approxi- 
mately 82 to 83%. At dilutions above this percentage 
the loss of sulfonic acid to the acid layer becomes 
excessive while at figures below this the corrosive 
effect on the centrifuge increases. 

The main problem is to find a centrifuge con- 
strueted of materials having the required tensile 
strength and at the same time having resistance to 
corrosion from the acid components. Another disad- 
vantage in the centr ifuge is that  capacities are usu- 
ally not great enough for the quantities involved. 
Manufacturers  of centrifuges have recently had some 
success in finding acceptable materials of construction 
for the centrifuge bowl; however the tank method 
will offer economical advantages that  will be hard to 
surpass. The main at tractiou of the centr ifuge sep- 
aration is that  it would result in a process that  would 
keep a minimunl amount  of material in process at. any 
one time, with the only tag in the whole operation 
being in the initial start-up, where approximately 40 
rain. are required in the digester. I t  is possible even 
to reduce the digester t ime to a mat ter  of 1 or 2 rain. 
by using a 2-stage sulfonat.ion step. 

Step E--Neutralization 
Neutralization is carried out in the same type of 

reactor as is employed for  sulfonation and dilution. 
In  this instance the mixed sulfonie acids are taken 
from the top layer of the separation tank and in- 
jected through the multiports  into the caustic being 
proport ioned into the product  ammlus. By  means of 
a tempera ture  recorder controller at the outlet of the 
reactor  the desired temperature  is maintained on the 
neutralized product.  During the early development 
an outlet tempera ture  in the range of 80 to 85°F. 
was maintained, which necessitated employing 35°F. 
brine or chilled water  on the neutral izer  jacket. Since 
then, however, it has bee:u found that  by employing 
the mult iport  injection system an outlet  temperature  
of f rom 130 to 135°F. can be used without losing 
color. This change has permit ted the use of 70°F. 
water instead of refr igerated brine, and it also gives 
a more fluid paste, which is easier to handle in the 
building and drying steps. 

Since the neutralization operation is conducted in 
a completely enclosed system and since this type  of 
appara tus  can handle viscosities much higher than 
are economically feasible in other types of equip- 
ment, it is possible to neutralize with concentrated 
ammonium hydroxide or even liquid ammonia. In 
the pilot plant 18 to 20% sodium hydroxide was gen- 
erally used; however runs have been made with 28% 
ammonium hydroxide, ethanol amine, and caustic so- 
lutions up  to 40%. With 18% sodium hydroxide the 
analysis on an " a s  i s "  basis will show .3% free oil, 
451//2% sodimn sulfonate, 6.6% sodium sulfate, and 
47.6% water. On a dLv basis this means that  the fin- 
ished paste will have .6% of free oil, 86.7% sodium 
sulfonate, and 12.7% sodium sulfate. 

FIG. 6. 4,000-pounds-per-hour plant. 

A complete plant for  producing 4,000 lbs. per hour 
of active material is shown in F igure  6. This plant 
can be assembled in two s tandard bays of 18 ft. x 18 
ft., giving a total floor space requirement  of only 650 
sq. ft. A smaller plant  of 500 lbs. per hour  active 
ingredient requires less than 200 sq. ft. 

Fo r  low active slurries, that  is for  those operations 
in which the dilution and separation steps are not 
employed, the floor space requirements a.re reduced 
considerably. 
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