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require the planting of about 65,0.00 acres and result 
in a gross income of about $5 million. 
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Laboratory Sulfonation Methods for Detergent Alkylbenzenes 
T. H. LIDDICOET and S. A. OLUND, California Research Corporation, Richmond, California 

Abstract 
Laboratory methods are described for evaluation 

of alkylbenzenes by three different sulfonation 
techniques: batch oleum sulfonation, continuous 
oleum sulfonation, and batch sulfur trioxide-air 
sulfonation. Sulfonation conditions such as temp, 
mixing, and reaction time are carefully con- 
trolled; and the resulting sulfonates are repro- 
ducible in quality. Of particular interest is the 
close control of the sulfonating agent feed rate. 
In the batch oleum method, this is accomplished 
by flow through a calibrated capillary under con- 
stant head and in the S03-air method, by con- 
stant rate injection of liquid SOn into the va- 
porizer. In the continuous oleum method, both 
alkylate and oleum feed rates are kept at desired 
levels with a duplex positive displacement pump 
which pumps against spring-loaded ball check 
valves in the lines to the mixing pump. 

Sulfonation data (including solution colors and 
unsulfonated oil contents of the products) are 
presented for several commercial detergent alkyl- 
benzenes varying in average tool wt from 241- 
267. Quality of the alkylbenzene is more critical 
for the continuous oleum and batch S03-air meth- 
ods than for the batch oleum sulfonation. 

Introduction 

S INCE THE INTRODUCTION o f  detergent alkylbenzene 
sulfonates after World War II, their use has 

steadily grown to a present level of about 600 M 
lb/year (10); and they now comprise the largest 
single type of detergent active production. As their 
usage increased, improvements in the quality of the 
detergent alkylbenzenes were continually made to 
meet the exacting quality standards required by the 
detergent manufacturers and formulators. 

Two of the most important sulfonate quality in- 
spections which concern the detergent manufacturer 
are unsulfonated oil content and color. Lower unsul- 
fonated oil content means greater sulfonate yield and 
often better odor and foam performance. Color has 
become increasingly important because of the con- 
sumers' preference for light colored products. Low 
sulfonate color means savings through reduced re- 
quirements in bleaching or in matching uniform col- 
ors in dyed products. 
N o t  only  the quality of the alkylbenzene but also 

the method of sulfonation affect the unsulfonated oil 
and color of the sulfonate. Furthermore, the same 
alkylbenzene may give a good quality product by one 
sulfonation procedure but a poor product by another 
method. Thus, it is imperative that rapid and mean- 
ingful laboratory sulfonation tests be available to 
evaluate detergent a]kylbenzenes. This paper pre- 
sents three laboratory sulfonation methods: batch 
and continuous oleum sulfonation and batch S03-air 
sulfonation. These methods have proven useful in 
evaluating differences i1~ alkylbenzenes as well as in 
developing new alkylbenzenes of the highest quality. 

The conditions and reactant ratios given in the 
methods are those normally used for laboratory eval- 
uations of detergent alkylbenzenes. However, the 
procedures offer great flexibility as regards temp, 
reaction times, reactant ratios, and mixing. Usually, 
the sodium alkylbenzene sulfonates are prepared; but 
preparation of other salts, such as ammonium or 
potassium, is equally feasible. 

Batch Oleum Sulfonation 
Experimental Procedure. Details of the batch sul- 

fonation reactor are shown in Figure 1. Other equip- 
ment necessary includes an ice bath, a hot water 
bath at 180-190F, and two constant temp baths at 
120F and at 150F, respectively. The heating or cool- 
ing water is circulated through the reactor jacket 
with a centrifugal pump. Temp, times, and stirring 
rates are precisely controlled; while the rate of addi- 
tion of the oleum, which is of particular importance, 
is maintained by flow through a replaceable calibrated 
capillary tube under a const head. After completion 
of the sulfonation step, the reaction mixture is diluted 
with water to facilitate phase separation of spent acid 
and sulfonic acid. 

Alkylbenzene (1.4 moles) is charged to the reactor 
and cooled to 40-45F by pumping ice water through 
the reactor jacket and stirring the alkylbenzene at 900 
rpm. Twenty-two per cent oleum (4.5 moles of equiv- 
alent S08; 3.2/1.0 mole ratio of sulfonating agent/  
alkylbenzene) is charged to the dropping funnel, 
the stopcock is opened wide, and the glass stopper is 
momentarily loosened until oleum covers the delivery 
tube of the dropping funnel. Oleum will now drop 
into the sulfonator through the capillary tube under 
const head and therefore at a eonst rate. Using a 
~- inch long, l-ram ID capillary tube, the  addition 
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the phase separation, the spent acid (bottom layer, 
79% sulfuric acid strength) is drained from the re- 
actor and discarded. 

The sulfonic acid (top layer) is emptied into a 
l-liter dropping funnel and neutralized by adding 
it slowly to 450 ml of 12.4% aqueous sodium hydrox- 
ide solution cooled in an ice-water bath and stirred 
with an Eppenbach mixer (Model L-l, Gifford-Wood 
Co.). The slurry temp is maintained below 110 F to 
avoid gel formation. After adding approx 350 ml of 
sulfonic acid, the pH of the slurry is checked peri- 
odically, using a spot plate and Grammercy Universal 
Indicator. Acid addition is stopped when the slurry 
pH is between 7.0 and 7.5. The resulting slurry 
contains 38-42% sodium alkylbenzenesulfonate and 
5-7% sodium sulfate. 

Discussion of Procedure. The procedure given in 
the experimental section is that normally used for 
detergent alky]benzene evaluation because experience 
has shown that such conditions usually distinguish 
clearly between alkylbenzenes of varying quality 
(unsulfonated oil content and color). However, a 
wide variety of experimental conditions can be used 
in the method. Acid addition rates are easily varied 
from 30--120 rain by using capillaries of different 
lengths, and other reaction conditions are even more 
easily changed. Of course, decreasing the temp, the 
oleum/alkylbenzene ratio, the oleum strength, or the 
digestion time normally decreases the sulfonate color 
and increases the oil content and vice versa. Detailed 
data on these variables have been reported previously 
in the literature (8,9), and similar qualitative corre- 
lations are found for this batch oleum sulfonation 
procedure. 

/ ~aot_ ~- 

FI(~. 1. Batch oleum sulfonation reactor. 

rate is 7.3-7.8 ml/min. The oleum delivery is ad- 
justed so that the oleum drips directly into the alkyl- 
benzene. Five rain before the end of oleum addition, 
circulation of cooling water is stopped, allowing the 
reaction mixture to warm to 75-80F. When all the 
oleum has been added, water at 180-190F is pumped 
through the sulfonator jacket until the temp of the 
reaction mixture is 85F. The hot water circulation 
is then stopped, and the temp of the reaction mix- 
ture will rise to approx ]20F. Stirring is continued 
for 1 hr while the reaction temp is maintained at 
118-122F by pumping 120F water from a const temp 
bath through the heating jacket. 

At the end of the digestion period, water (77 ml) 
is added from the dropping funnel over a period of 
5-6 rain while the temp of the reaction mixture is 
kept below 140F by circulating ice water. About 1 
rain before the end of the water addition, water at 
180-190F is pumped through the sulfonator jacket 
until the reaction temp has risen to 145F. The 180- 
190F hot water is stopped, and the reaction temp 
will coast to 150-155F. The stirring is stopped, and 
the spent acid is allowed to settle for 60 rain. During 
the spent acid settling, the reaction temp is main- 
tained at 150-155F by circulating 150-155F water 
through the sulfonator jacket. Upon completion of 

N O T E  A L L  D I M E N S I O N S  ARE 
- -  M I L L ~ M K T E R 5  E X C E P T  

A S  S H O W N .  
C A P A C I T Y - D O O  ML.  

T O T A L  C H A R G E  

Continuous Oleum Sul fonat ion  
Experimental Procedure. Details of the continuous 

oleum sulfonation equipment are given with the sche- 
matic drawing of the unit in Figure 2. 

Precise control of the oleum and alkylbenzene feed 
rates is maintained by pumping through spring- 
loaded ball check valves into the suction side of a 
centrifugal pump. The oleum line extends to within 
about 1.5 mm of the pump impeller to assure fast 
mixing. Heat of reaction is removed by recirculation 
of the reaction products through a water-cooled glass 
heat exchanger. The overflow from the top of the 
heat exchanger is heated to the desired digestion 
temp in another heat exchanger and then passed 
through three digestors surrounded by a const temp 
bath. 

Total feed rate of oleum plus alky]benzene is stand- 
ardized at 20 • 0.5 ml/min, 20% oleum is used, and 
the temp at the discharge of the mixing pump is 
maintained at 118-120F. Reeireulation rate is 300- 
400 ml/min, digestion temp is 120F, and digestion 
time is 28 rain. While feed rates and sulfonation 
temp are being established at const values and for 
about 30 rain thereafter, reaction products are col- 
lected ahead of the digestors and discarded. After 
this, reaction products passing through the digestors 
are discarded for another 5 rain before a sample is 
taken for product evaluation. The whole acid is neu- 
tralized immediately as it leaves the last digestor by 
adding it to 12.4% sodium hydroxide solution agi- 
tated with a glass stirrer and cooled in an ice bath. 
The resulting slurry contains about 14-17% sodium 
alkylbenzenesulfonate and 13-15% sodium sulfate. 
If  it is desired to evaluate the effect of digestion time 
on sulfonate quality, samples may be taken ahead of 
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Equipment (See corresponding" number in schematic) 

1. 500-ml glass buret. 
2. 250-ml glass buret with W female joint at top. 
3. Drying tube with anhydrous calcium chloride. 
4. Teflon tubing, 4.8 mm ID. 
5. Polyethylene tubing, 4.8 mm ID. 
6. Milton-tCoy "Minipump," Model No. ~ M  2-B-99, 1/s-inch plunger 

on oleum side, x~.inch plunger on alkylbenzene side. 
7. Gage, 60-psi range. 
8. Gage, 100-psi range, with 316 stainless steel pro~ective diaphragm. 
9. ~-inch,  316 stainless steel ball cheek valve. Ball loaded with 

316 stainless steel spring to give about 30-psi back pressure. 
10. 3.2 mm 316 stainless steel tubing. Oleum line extends to within 

about 1.5 mm of mixing pump impeller. 

and between any  of the digestors. I f  a high active 
s lur ry  is necessary, the sulfonie acid can be diluted 
batchwise with water,  settled to give a spent acid 
s t rength of 79%, and then neutralized as in the 
batch oleum method. 

Discussion of Procedure. The continuous oleum 
sulfonation method was developed because sulfonates 
f rom commercial detergent  operations using differ- 
ent commercial alkylbenzenes were reported to have a 
larger var ia t ion in unsulfonated oil contents than  
found in the batch sulfonation. Our laboratory re- 
sults confirm that  the continuous unit  is more sensi- 
tive in showing the differences among alkylbenzenes 
with respect to oil content. 

i n  F igure  3 and Figure  4, the effect of dlgestion 
time Gn unsulfonated oil content is shown at o leum/  
alkylbenzene mole ratios of 3.2 and 3.0. In  these fig- 
ures, the 5-6 min holdup time in the mixing loop 
(sulfonator)  is not included. The difference in be- 
havior between the five samples is quite striking. 
For  instance, at an oleum/alkylbenzene mole ratio 
of 3.2 (F igure  3), an oil content of 0.6% was ob- 
tained af ter  on]y 9 min digestion with Alkylbenzene 
A as compared to 1.6-3.1% unsulfonated oil for  the 
other Samples. The significant effect of oleum/alkyl-  

8 

13 
HEAT 

EXCHANGER 

I,.i,J 

0 
0 I0  2 0  3 0  

DIGESTION TIME, MINUTES 
FIG. 3. C o n t i n u o u s  o l e um s u l f o n a t i o n ;  u n s u l f o n n t e d  oil con- 

t e n t  vs.  d i g e s t i o n  t i m e ;  s u l f o n a t i n g  a g e n t / a l k y l b e n z e n e  mo le  
r a t i o  of  3.2:  1.0. 

m5 
DiGESTORS 

i I - -  

i 

1 ' 
_,_ ] 
L_ �9 

CONSTANT 
TEHPERATURE HATH 

t t .  Eastern centrifugal pump, Model E-7, 316 stainless steel, with 
mechanical rotary seal and Teflon packing. Pump speed is regu- 
lated with a variable transformer.  

]2. Water-cooled glass heas exchanger (length 20 cm, outside di- 
ameter 3.3 cm) with internal cooling coil wound from 140 cm 
of tubing'; annular  space coil to wall, 2 ram; thermowells at t o p  
and bottom; product vol, 70 ml; total product vol including 
pump and recycle line, 115 ml. 

13. 15-cm long, 9.5-ram OD glass tubing wrapped with a heating 
tape (10 ohms). Heat  input is regulated with a variable trans- 
former. 

14. Three-way stopcock. 
15. Glass digestor tubes, 15-cm length by 3.8-cm diameter, with 

thermowens. Total vol of digestors and connecting tubing is 
560 ml. 

16. Const temp bath. 

benzene ratio is also apparen t  f rom a comparison of 
F igure  3 and Figure  4. We did not investigate the 
reason for  the differences in unsulfonated oil contents 
of the various samples. Mol wt would be expected 
to be a variable affecting the degree of sulfonation. 
However, in our study, Sample E with the highest 
tool wt sulfonated to a lower oil content than  Sam- 
ples B, C, and D, indicating that  variables o the r  
than mol wt affect the unsulfonated oil contents of 
detergent  alkylbenzenes. 

B a t c h  S 0 3 - A i r  S u l f o n a t i o n  
Experimental Procedure. The appa ra tus  for  labo- 

ra tory  batch S03-air sulfonation is shown in F igure  
5, and the major  items of equipment  are described. 

All glass joints in the equipment are liberally 
sealed with Halocarbon stopcock grease, and the 
syringe p lunger  is l ightly lubricated with the same 
unreactive material .  The s t i r rer  shaft  is lubricated 
with the alkylbenzene being sulfonated. Dried air  
is s tar ted through the appara tus  at a rate  of 20 m l /  
sec; alkylbenzene (0.39 mole) is charged through a 
funnel  inserted into the vent in the reactor.  The 
vaporizer  heat is tu rned  on, the a]kylate is st irred at 
800 rpm, and the reactor jacket is filled with 102F 
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FIG. 5. Batch SOs-air sulfonation equipment. 

A. l~icroehemical  Special t ies Co. Syr inge  Feed Device. I t  is equipped 
wi th  a No. 13 cam and a 20-ml syr inge  which  del ivers  19 ml  of 
l iqu id  SOs in  approx 57 rain. The needle is a 2-inch No. 18 gage, 
cut  square  on the end. 

B. A i r  inlet  tube. The a i r  is dr ied by pass ing  th rough  concentrated 
su l fur ic  acid and anhydrous  calcium chloride, and is controlled 
by a reduct ion  valve,  and measured  by a cal ibrated orifice ma- 
nometer  filled wi th  detergent- range alkylbcnzene. 

water. The syringe is filled with 19 ml (36 g, 0.45 
mole) of stabilized liquid SOs, the needle is inserted 
through the rubber  diaphragm so that the point 
touches the opposite side of the vaporizer, and the 
syringe is clamped t ightly in position on the feed 
device. 

The air rate is increased to 160 ml/sec, and the 
feed device is started. After  all of the liquid SOs is 
injected ( ~  57 rain), the vaporizer heat is discon- 
tinued, the st irrer  stopped, and the air disconnected. 
The sulfonie acid is poured into a250-ml beaker 
and stirred while 15 ml of distilled water is added 
over a period of about 10 rain (maximum temp of 
130F).  This t reatment  decomposes the sulfonic acid 
anhydrides formed during the sulfonation (1). Neu- 
tralization of the sulfonic acid is accomplished as for 
the batch olemn sulfonation method, except 150 ml of 
6.7% aqueous NaOt t  is used. The resulting sulfonate 
s lurry  contains about 35% sodimn alkylbenzenesulfon- 
ate and has a sulfonate/sulfate ratio of about 97: 3. 

Discussion of Procedure. Both the SOs:air ratio and 
the SOs:alkylbenzcne ratio must be closely controlled 
in the batch SOs-air sulfonation procedure. Because 
high SOs:air ratios are detr imental  to sulfonate color 
(1,3,4,5), the SOs is vaporized in a stream of clean 
d ry  air to a maxinmm concentration of six wt per 
cent. This percentage of SOs in air is maintained 
by injecting liquid SOs into the heated vaporizer 
at a const rate while the rate of air flow is also 
controlled at a eonst level. The SOs is vaporized 
immediately on injection into the vapprizer, and 
thus  the possibility of buildup or fluctuations in the 
S03 concentration is minimized. 

BLADES 

s 30 XS 
3 PER LEVEL 60 
s STAGGER o 

O. R u b b e r  d i a p h r a g m  made f rom a red rubber  medical  dropper  bulb 
wi th  the  open f lange cut off. 

D. SOs vapor izer  made from Pyrex  glass and  wound  wi th  electrical 
hea t ing  tape (12 ohms) .  Tile hea t  to the vapor izer  is regula ted 
wi th  a var iab le  t r an s fo rmer  so tha t  the a i r -S03 strea~n enter ing  
the reactor  is 1 6 0 - 1 7 0 F .  (The temp of the vapor izer  is not  criti- 
cal as long as the l iqu id  SO3 is immedia te ly  vaporized upon injec- 
t ion  and the temp of the air-SOs s t ream is wi th in  the l imits  noted 
above.) 

E. Jacketed  SOs-air su l fona t ion  reactor made from Pyrex glass. Criti- 
cal d imens ions  are  shown in  schematic. 

The sulfonating agent:alky]benze, ne ratio is more 
critical in SOs sulfonation than in either batch or 
continuous oleum sulfonation. The ratio used in this 
method (1.14:1.00) was determined experimentally 
by varying the SO:~:alkylbenzene proportions for a 
high quali ty dodccylbenzene of 246 average tool wt 
(Alkylbenzenc A ill Table I I I )  and selecting the 
ratio giving the best combination of low unsulfon- 
ated oil content and low solution color (Figure 6). 
Lower SOa:alkylbenzene ratios give lower eolors but  
higher oils, while higher ratios of SOs give darker 
colors and also higher sodium sulfate contents (Table 
I ) .  This latter effect is par t icular ly  detrinlental if the 
SOs-air sulfonate is to be used in liquid detergents. 

The optimum ratio of SOa:alkylbenzenc used in this 
method is somewhat higher than that reported previ- 
ously by Gilbert (4 ) ;  however, this is probably due 
to a greater loss of SOs in the air stream in this 
procedure. 

Temp of the sulfonation reaction in the method 
is not controlled except by the moderating influence 
of the 102F water  in the jacket surrounding the 
reactor. However, the temp of the mixture normally 
rises f rom 102F to about 122F dur ing the course of 
the SOs addition. This temp range is optimum for 
SOs-air sulfonation; lower temp tend to give more 
sulfonic acid anhydride formation, while higher temp 
result in sulfonates of poorer color (4,5). 

This laboratory method is used routinely to evalu- 
ate alkylbenzenes with average tool wt from 235-270 
by using the same mole ratio of SO3:alkylbenzene 
(1.14:1.00). However, for very  high average tool 
wt alkylbenzenes, such as pentadecylbenzcnes, the 

E q u i p m e n t  (See cor responding  le t ter  in  schematic)  
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mole ratio of S0~:hydrocarbon must be increased in 
order to get realistic unsulfonated oil contents (Ta- 
ble I I ) .  Necessity for this adjustment is possibly 
due to the sulfonic acid viscosity of the very high 
mol wt alkylbenzenes. These high viscosities result 
in poorer mixing, poorer contact between S03 and 
alkylbenzene, and thus less efficient utilization of S03. 

Analytical Methods 
Sulfonate Quality Evaluation. The quality of the 

sulfonates prepared by these laboratory methods is 
evaluated by determination of the unsulfonated oil 
contents and solution colors. Unsulfonated oil con- 
tent is determined by extraction with petroleum ether 
or isopentane from 70% ethanol solution, followed by 
weighing the residue after evaporation of the solvent 
on a steam bath (7). The colors are measured in terms 
of the internationally defined IC[ tristimulus system 
(6). In practice, the colors of 2.0% sulfonate solu- 
tions are expressed in terms of per cent saturation 
(or per cent purity) (7). The higher the per cent 
saturation, the poorer the color. 

Low inorganic sulfate content is another important 
quality factor for liquid detergents. Sodium sulfon- 
ate:sodium sulfate ratios are determined by analyz- 
ing the sulfonation reaction mixture for snlfonic acid 
and for sulfuric acid. The sulfonic acid is determined 
by titration with standard quaternary solution (7) 
and the total acid by titration with standard sodium 
hydroxide solution. The difference between total acid 
and sulfonic acid is the sulfuric acid content The 
inorganic sulfate content is calculated from the sul- 

T A B L E  I 

Effect  of SOs:  Alkylbenzene Ra t io  on Sul fona te :  Sul fa te  
Ratio  of P r o d u c t  

S0a  : alkylbenzene 
mole ratio 

Sod ium sul fonate  : sod ium su l fa te  ratio 

Alkylbenzene A Alkylbenzene E 
( a v g  M W =  246)  ( a v g  M W =  267)  

1.14 9 7 : 3  9 7 : 3  
1 . 2 8  9 6 : 4  9 7 : 3  
1.45 9 3 : 7  9 3 : 7  

furic acid percentage and is reported in terms of the 
sodium sulfonate:sodium sulfate ratio. 

Alkylbenzene Bromine Numbers. Bromine numbers 
are determined by a modification of ASTM D 1159- 
59T (2). Modifications are: 

1. The use of a 50:50 wt ratio of carbon tetrachlo- 
ride/glacial acetic acid as the solvent. 

2. Reaction of bromide-bromate with hydrocarbon 
at ice bath temp. 

Comparison of Detergent Alkylbenzenes 
Table I I I  summarizes unsulfonated ,0il and 'color 

data for the five commercial Alkylbenzenes A, B, C, 
D, and E previously mentioned and for Alkylbenzenes 
F and G also commercially available. Variations in 
unsulfonated oil contents were fairly small employing 
batch 0leum (1.0-1.8% of sulfonate) or S03-air (1.0- 
1.8% of sulfonate) sulfonation; but with the continu- 
ous oleum sulfonation method, more significant differ- 
ences were obtained (0.4-2.6% of sulfonate). 

For six of these alkylbenzenes, continuous o]eum 
TABLE II 

Effect  of Alkylbenzene  A v e r a g e  ~:ol W t  on SO3: Alkylbenzene Rat io  
N e c e s s a r y  for Labora tory  Sul fona t ion  of H i g h  Qua l i ty  A l k y l b e n z e n e s  

A l k y l b e n z e n e  SOs : a lkylbenzene U n s u l f o n a t e d  
a v g  tool w t  mole ratio oil content ,  % 

of su l fonate  

2 4 6 3  1 , 1 4 : 1 . 0 0  1.1 
267 b 1 . 1 4 : 1 . 0 0  1.3 
279 c 1 , 2 2 : 1 . 0 0  1,3 
289 c 1 . 2 2 : 1 . 0 0  1.4 

a A l k y l b e n z e n e  A,  Table  I I I .  
b Alkylbenzene  E,  Table  I I L  

E x p e r i m e n t a l  ~'esearch alkylbenzene.  

sulfonates were lower in color than the correspond- 
ing batch oleum and S08-air sulfonates. Colors of 
S0~-air sulfonates varied more widely than colors of 
the oleum sulfonates, probably due to the sensitivity 
of the SOu-air sulfonation method to alkylbenzene 
impurities. For example, S03-air sulfonation is very 
sensitive to unsaturates, as shown by the poor color 
of sulfonate from Alkylbenzene F (with a high bro- 
mine number of 0.13 cg/g). On the other hand, there 
is no apparent relationship between color and bro- 
mine number for the oleum sulfonation procedures. 
For example, Alkylbenzene P gives excellent sul- 
fonate colors by both oleum sulfonation procedures. 

Comparisons of sulfonates made from the other 
alkylbenzenes also show interesting variations in qual- 

T A B L E  I I I  

Sul fona te  Qual i ty  f r o m  B a t c h  and  Con t inuous  O l e u m  S u l f o n a t i o n  a n d  Ba tch  S O s - A i r  S u l f o n a t i o n  

Iden t i f i ca t ion  

B . . . .  

D 

O . . . . . . . . .  
[] . . . . . . . . . . .  

Alkylbenzene  

B r o m i n e  
number ,  

c g / g  

0.02 
0.01 
0.02 
0.03 
0.02 
0.13 
0.05 

A v g  mol w t  

246  
258 
258 
258 
267 
241 
261 

Oleum su l fona t ion  a 

Ba t ch  

U n s u l f o n a t e d  Color, % 
sa turat ion  

oil, w t  % ( 2 . 0 %  
of su l fonate  solut ion)  

1.0 6 
1.3 7 
1.5 9 
1.1 10 
1.0 6 
1.0 4 
1.8 9 

Con t inuous  

U n s u l f o n a t e d  Color, % 
sa tura t ion  

oil, w t  % ( 2 . 0 %  
of su l fonate  so lu t ion)  

0.4 3 
2.6 4 
1.4 6 
0.9 6 
0.7 4 
0.4 5 
1.6 8 

SOu-air su l fonat ion  b 

U n s u l f o n a t e d  Color, % 
sa tura t ion  

oil, w t  % ( 2 . 0 %  
of su l fonate  so lut ion)  

1.1 6 
1.5 8 
1.8 8 
1.7 15 
1.3 7 
1.0 25 
1.3 13 

a 01eum/a lky lbenzene  mole r a t io  : 3.2 : 1.0. 
b S0a / a lky lbenzene  mole r a t i o :  1 .14 :  1.0. 
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ity. Alkylbenzene B gives fa i r ly  good colors by all 
three sulfonation techniques but high oil contents, 
while Alkylbenzene D gives low oils when oleum sul- 
fonated but  high oil content and a poor color when 
SOa-air sulfonated. Alkylbenzene G gives fa i r  colors 
but  high oils by the oleum nlethods and a poor color 
on SO3-air sulfonation. On the other hand, Alkyl- 
benzenes A and E gave good colors and low oils by 
all three sulfonation procedures. 

I t  is evident that  sulfonate quali ty obtainable f rom 
any  par t icular  alkylbenzene is great ly  influenced by 
method of sulfonation. Var ia t ion in alkylbenzene 
most s t rongly affects the colors of SOa-air sulfonates 
and the oil contents of continuous oleum sulfonates. 
However,  the two effects are apparen t ly  not related, 
as the same alkylbenzenes are not necessarily poor 
in both qualities. Exeept  for  the above-mentioned 
relation, no effective general correlations between 
alkylbenzene inspeeticms and sulfonate quali ty appear  
to exist. Thus, it is not yet  possible to accurately 
predict  alkylbenzene sulfonation performance with- 
out actual sulfonation tests. Small-scale sulfonation 
methods as described in this paper  are therefore 

inost useful in predict ing snlfonate quality. 
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Abstract 
Activated aluminas, modified by t rea tment  with 

inorganic and orga~fie acids were tested for their  
efficiency as bleaching agents and for  their  abil i ty 
to eliminate the response of refined cottonseed oil 
to the Halphen  test. The best of these adsorbents, 
an alumina eontaining catalytic amolmts of ad- 
sorbed sulfurous acid, is a bleaching" agent  that  is 
effective in removing' problem pigments f rom off- 
eolored cottonseed oils, and is superior to acti- 
vated aluminas in removing green chlorophyll- 
like pigments.  Oils bleached with the catalytic 
adsorbent are negative to the Halphen test, and 
are free of sulfur.  

S tudy  of the rate  of reduction in the t i a lphen  
test response as a function of bleaching time and 
temp indicated that  sulfurous acid t reated alu- 
mina has a pronounced catalytic effect. The Hal-  
phen test response is eliminated during a 30 min 
bleaching period at 225C. Deodorization condi- 
tions employed had little effect on Halphen test 
reduetion. 

Introduction 

~ SORPTION BLEACHING Of refined cottonseed oil is 
practiced for the purpose of removing objection- 

able red, yellow, and green color bodies f rom the oil. 
However,  the Bentonites and Ful lers  earths normal ly  
used for this purpose have little, if any, affinity for 
the re f rac tory  red color bodies which occur in about 
25% of the domestically produced oils (7). Such oils 
are termed "off-color" refined oils. 

F inely  ground activated alumina was found re- 

1 Presented  at the AOCS ICfeeting in New Orleans, 1962. 
2 One of the laboratories of tile Southern Util ization Research  and 

Development Division, Agr icu l tura l  l%esearch Service, U.S.D.A. 

cently to be superior  to both Na tnra l  and acid acti- 
vated Ful lers  earths for removing the red " p r o b l e m "  
pigments  fronl off-color refined cottonseed oils (7). 
Alumina,  however, tnust be employed in conjunction 
with small amounts of activated carbon to remove the 
green chlorophyll-like pigments which oeeur in some 
refined oils (7). 

Cottonseed oil, and tile seed oils of seeds f rom 
many  plants of the order Malvales, give a positive 
I t a lphen  test. These oils tu rn  red when they are 
heated in the I)resence of sulfur  and carbon disulfide 
(1,4). It  is generally assumed that  this test is spe- 
cific for f a t ty  acids containing a cyelopropene ring. 

Although the removal of the Halphen  test response 
is not generally an objective of the bleaching process, 
adsorbents which are efficient both for the removal  
of objectionable pigments,  and the Halphen test re- 
sponse, would mater ia l ly  broaden the scope of the 
bleaching process. 

In  the studies reported here, on the evaluation of 
acid modified aluminas, a catalytic sulfurous acid- 
t reated alumina adsorbent was found to be efficient 
for removing green chlorophyll-like pigments as well 
as objectionable red and yellow pigments  from refined 
cottonseed oil. Oils bleached with this adsorbent were 
found to be negative to the Ha lphcn  test, and free 
of sulfur.  

Materials and Methods 
The several modified alumina adsorbents used in 

the present  s tudy were prepared  f rom a commercial 
activated alumina which was ground in a ball mill 
to pass a 400 mesh screen. The part icle size distribu- 
tion of this stock alumina, and of official AOCS Natu- 
ral  E a r t h  (1) are reported in Table I. F i f ty-g  pot- 


