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heat removal is consequently less crucial for the best 
product color in batch operation. 

Cyclic operation in the Votator with a small shaft 
is chemically similar to batch operation as described 
above, and it produces products of equally good qual- 
ity. The fact that it gave U values in the range of 
200 to 250 is considered of minor influence. However 
it does lead to the conclusion that, if a Votator with a 
small shaft is to be used for continuous sulfonation, 
cyclic operation is preferred over once-through both 
for quality and efficiency of heat removal even though 
it may be somewhat less straightforward mechani- 
cally, as discussed above. 

Summary and Conclusions 
Two continuous processes for sulfonating detergent 

alkylate with sulfur trioxide vapor have been devel- 
oped by using a Votator high-speed, scraping-blade 
heat-exchanger. Both procedures yield products suit- 
able for household use without bleaching. 

For the process of major interest, involving once- 
through operation, the ratio of shaft diameter to the 
enclosing shell is the prime factor governing equip- 
ment performance and product quality. This factor 
is not critical for the second method, involving cyclic 
operation. Numerous other process variables were 
studied for both procedures, with special emphasis 
on how they affect product quality and efficiency of 
heat transfer. 

Acknowledgments 

We wish to acknowledge the loan of a Votator by 
the Girdler Company, Votator Division, Louisville, 

Ky., and the technical assistance provided therewith 
by H. E. Huber Jr. and his associates. We are in= 
debted to R. K. Flitcraft, Monsanto Chemical Com- 
pany, for permission to publish details of their  pro- 
cedure for determining free oil. The figures were 
drawn by Sidney Hayes. Technical assistance was 
given by William McAdams. 

R E F E R E N C E S  

1. Bloch, H. S., Mammen, I-I. E. (to Universal  Oil Products  Com- 
pany) ,  U. S. Pa t en t  2,691,040 (Oct. 5, 1954) .  

2. Carlson, E. J., Flint, G., Gilbert, E. E., Nychka, H.  R., Ind.  Eng.  
Chem., 50, 276 (1958) .  

3. Continental  Oil Company, Petrochemical  Department ,  "Neolene 
400, In termedia te  for Synthetic Detergents ,"  1955. 

4. Flint, G., "Encyc loped ia  of Chemical Technology," vol. 13, p. 
501, New York, the Interscience Encyclopedia,  1954. 

5. GeYser, P.  E. (to Continental  Oil Company) ,  U. S. Pa t en t  2,806,- 
875 (Sept. 17, 1957) .  

6. Gerhart ,  K. R., Popovac, D. 0. ,  J .  Am. Oil Chemists' Soc., 81, 
200 (1954) .  

7. Gilbert, E. E., Jones, E. P.,  Ind .  Eng.  Chem., 47, 1920 (1955) .  
8. Gilbert, E. E., Moran, W. J., Perry,  J .  K. (to Allied ChemiCal and 

Dye Corpora t ion) ,  U. S. Pa ten t  2,723,990 (Nov. 15, 1955) .  
9. Gilbert, E. E., Veldhuis, B., Ind.  Eng.  Chem., 47, 2300 (1955) .  
10. Gilbert, E. E., Veldhuis, B., Carlson, E. J., Giolito, S. L., Ind.  

Eng.  Chem., 45, 2065 (1953) .  
11. Huber ,  I . i . E .  Jr . ,  ]3aker, P.  J., Schmidt, P.  ]3. Jr . ,  J .  Am. Oil 

Chemists' Soc., 83, 57 (1956) .  
12. Kircher ,  J .  E., Miller, E. L., Geiser, P.  E., Ind.  Eng.  Chem., 

46, 1925 (1954) .  
13. Luntz,  H.  E., Popovac, D. O., U. S. Pa ten t  2,768,199 (Oct. 23, 

1956) .  
14. Monsanto  Chemical Company, unpubl ished procedure developed 

by E. 5. Eccles J r .  of the Ino rgan i c  Chemicals Division. 
15. Per ry ,  J .  H., ed., "Chemical  Engineers '  Handbook ,"  3rd ed., 

p. 1213, New York, McGraw-Hill ,  1950. 
16. Votator  Division, the Girdler  Company, "Votator  Hea t  Transfer  

Data  for  Viscous and Liquid Materials ,"  1955. The name Votator is~ 
a registered t r a d e m a r k  of National  Cylinder Gas Cbmpany. 

17. Wilson, C. E. (to Union Oil Company) ,  U. S. Pa ten t  2,543,885 
(March 6, 1951) .  

[ R e c e i v e d  J u l y  2, 1 9 5 9 ]  

Improved Process for the Preparation of Conjugated 
Soybean and Lower Alkyl Vinyl Ether 
Copolymers by Flash Polymerization 
G. C. MUSTAKAS, M. C. RAETHER, 2 and E. L. GRIFFIN JR., Northern Regional 
Research Laboratory, 3 Peoria, Illinois 

D 
U R I N G  T H E  PAST YEAR a n  extensive research pro- 
gram has been in progress at this laboratory on 
the preparation and evaluation of new vinyl 

ether monomers derived from soybean and linseed oils. 
Pure vinyl ethers capable of polymerization were pro- 
duced without significant loss of unsaturation by re- 
acting fat ty  alcohols with acetylene at atmospheric 
pressure (1, 2). Copolymerization o'f the fatty vinyl 
ethers with various comonomers was accomplished at 
room temperature by using Lewis-acid-type of cata- 
lysts and a flash technique in solvent (5). Baked co- 
polymers dried to hard varnish-like films that had good 
resistance to acids, alkalies, and solvents. Among the 
comonomers studied, the lower alkyl vinyl ethers ap- 
peared most promising for baked metal and  can coat- 
ings (4, 5, 6, 8). 

1Presen ted  a~t the 50th annua l  meeting, Amer ican  Oil Chemists' 
Society, New Orleans, La.,  Apri l  20-22, 1959. 

2 Present  address :  The Hadley  Company, Uhl Brothers ,  ]3rookfield, 
Wis. 

a This is a labora tory  of the Nor thern  Utilization Research and  De- 
velopment Division, Agr icu l tu ra l  Research Service, U. S. Depar tment  
of Agricul ture .  

From the view-point of economics and performance 
isobutyl and ethyl vinyl ethers were selected for more 
intensive industrial evaluation. The test samples were 
prepared both on a laboratory and pilot-plant scale. 
Isobutyl, ethyl, and n-butyl vinyl ethers were copoly- 
merized by flash techniques with conjugated soybean 
vinyl ether at a mole ratio of 3 :1  lower alkyl/fat ty 
monomer, using stannic chloride catalyst in solvent. 
Improved techniques of polymerization and catalyst 
handling are reported from the standpoint of com- 
mercial pro'eess development. A simplified procedure 
for separation of catalyst, using hydrated lime, is 
described; turbo-agitation is proposed as a method 
for obtaining essentially water-white copolymers; and 
two solvent recovery processes are described. 

F~xperimental 

Materials and Equipment. Fat ty  vinyl ether mono- 
mers were prepared by atmospheric vinylation of 
conjugated soybean f a t ty  alcohol in the presence of 
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FIG. 1. Effect of agitation on temperature and color develop- 

ment during copolymerization. 

potassium hydroxide as catalyst  (1)i and the distilled 
monomers analyzed 98-99.5% vinyl  ether. Inhibi tors  
in the lower alkyl vinyl  ether eomonomers, obtained 
as commercial grade, were removed by distillation. 

Anhydrous  stannic chloride was dissolved in dried 
toluene as an 8% solution by weight ; lower concentra- 
tions were obtained by dilution. 

Commercial-grade solvents were used exclusively 
and were dried pr ior  to use. Sodium hydroxide and 
calcium sulphate were used as d ry ing  agents to reduce 
the moisture level of the solvents to below 0.00,5%. 
Effective drying of solvents was also obtained by the 
use of a molecular sieve-packed column. 

Labora tory  polymerizations were carried out in a 
2-liter Py rex  beaker with flat-blade turbine agitator,  
s ta t ionary  baffles, nitrogen inlet tube, thermocouple, 
and head-plate cover. The rise in polymerizat ion 
tempera ture  was followed by using a fast:response 
tempera ture  recorder. Vacuum filtration was con- 
ducted in a conventional Biiehner funnel  and filtration 
flask. Desolventization was carr ied out by vacuum- 
distilling the polymer  solution in a round-bottom flask, 
fitted with a ni trogen gas ebullator tube, distillation 
head, water  condenser, and receiver. 

Pi lot-plant  runs were conducted in stainless steel. 
Fo r  the polymerization the equipment  consisted of a 
30-gal, flat-bottom tank, flat-blade turbine agitator,  
explosion-proof motor, thermocouple, head cover, and 
nitrogen inlet tube.  The agi ta tor  revolved at 570 
r . p . m .  Catalyst  precipi tat ion was carr ied out in a 
30-gal.; cone-bottom tank with an air-dr iven agitator.  
Af te r  filtering the precipi tate  through a 5-gal., Biich- 
ner type of filter, the polymer mixture  was desolvent- 
ized in a flash rota t ing- type evaporator,  which oper- 
ated under  vacuum. 

Analytical Methods. The vinyl  ether content of the 
f a t ty  monomers was determined by the iodometric 
method described by Teeter et al. (2 ) .  Wate r  content 
of the solvents was analyzed b y  the Kar l  Fischer 

method. Number-average molecular weights of the 
copolymers were obtained by the cryoscopic method 
by using water-sa tura ted eyelohexane as the solvent 
(7). The s tandard  Gardner  scales were used for vis- 
cosity and color. 

Polymerization Procedure. In  a typical  laboratory  
eopolymerization 50 g. (0.17 mole) of conjugated soy- 
bean vinyl  ether and 51.5 g. (0.51 mole) of isobutyl 
vinyl  ether were dissolved in 300 ml. of dried toluene. 
The vapor  space in the reactor was purged  with 
nitrogen, and agi tat ion was started. The reaction was 
then init iated at 21~ by the addit ion of 6 ml. of 
catalyst  solution (4% SnC14 in toluene).  The reaction 
was s t rongly exothermie, and a rapid  t empera ture  rise 
occurred. Within  10-30 seconds the t empera ture  
reached a max imum value of 80~ The catalyst  was 
deactivated at  this point  by quenching with 50 ml. of 
absolute methanol. The yellow color produced in the 
earbonium ion reaction was decolorized b y  the meth- 
anol. The water-white solution was then cooled to 
room temperature .  Five grams of hydra ted  lime and 
5 cc. of w a t e r  were added, and the resul t ing mixture  
was st irred for  30 min. and filtered. When viscous 
solutions were encountered, a small quant i ty  of Fi l ter-  
eel was added in the filtration. Af te r  desolventizing 
by heating over a steam bath  and s t r ipp ing  with 
ni trogen under  reduced pressure, the filtrate yielded 
the pure, clear copolymer. 

Pi lot-plant  runs  were conducted by a similar pro- 
cedure except that  a 45-fold increase in the weight of 
materials  was used. 

Results and Discussion 

Solvent Selection. The solvent serves to abso'rb 
exothermic heat and act as a soluble carr ier  for the 
copolymer. Such factors as the degree of polymeri-  
zation desired, toxicity, dielectric constant, hygro- 
scopicity, heat capacity,  and cost must  be considered 
in selecting the solvent. Af te r  testing several solvents, 
toluene was found to have impor tan t  advantages  and 
was used in the major i ty  of the runs. The moisture 
of the toluene was reduced f rom approximate ly  0.03% 
to levels below 0.005% to prevent  hydrolysis  or inacti- 
vat ion of the catalyst.  

Development of Water-White Copolymers. Copoly- 
mers were improved in color and molecular weight 
when turbulent  agitat ion was provided dur ing the 
polymerization.  Also turbo-mixing resulted in more 
rapid  and int imate dispersion Of the catalyst  than slow 
agitation. Consequently carbonium ion polymeriza- 
tion was carr ied out more rapidly,  and color format ion 
was minimized. Decolorization dur ing deactivation 
was thus more complete than with slow agitation. The 
effects of agitat ion on decolorization are i l lustrated 
by F igure  1, where typical  polymerization curves 
show the ra te  of t empera ture  rise and degree of color 
development in the reactions for fas t  and slow agi- 
tation, respectively. The degree of color development 
was less pronounced when high pu r i ty  (99% + )  f a t ty  
monomers were used or when concentrations of the 
catalyst  were low. 

Typical  data  for laboratory  copolymerizations are 
given in Table I. 

The isobutyl-soybean and ethyl-soybean eopolymer 
films were evaluated by  being baked on glass at 200~ 
for  10 rain. and at 150~ for 1 hr., with and without 
cobalt drier. When  the dried films were tested for  
hardness and chemical resistance to acid, alkali, and 
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T A B L E  I 
Typical  Labora to ry  Polymer iza t ion  Data  and Analys is  of Copolymers 

React ion Data  Copolymer 

Viny l  ether comonomer a Ga rdne r  

Isobutyl  
I sobutyl  
I sobutyl  
I sobutyl  
N:butyl  
E thyl  
E thyl  

In i t .  
t ime 

~ee. 
I c 
I e 

Ie 
Ie 
10 

4 

In i t .  Max. 
temp. temp. 

~ ~ 
21 80 
21 76 
21 67 
20 80 a 
21 74 
17 60 
21 80 

Total  
t ime 

15 
15 
30 
10 
83 
52 
24 

Mole 
wt. 

7,400 
9,500 
9,525 
5,100 
5,700 
5,350 
5,130 

D.P.  b 
Color 

50.0 1 
64.2 1 
64.3 1 
34.5 4 
38.6 2 
42.1 1 
40.4 1 

Viscosity 

! Z6-F 
Z 6 +  
Z 6 +  

i Z 6 ~ -  
Z6-~- 
Z6-~ 
Z6~- 

a 3 :1  mole ra t io  of eomonomer:  monomer, where monomer is conjugated  soybean v iny l  ether. 
b Degree of polymerizat ion ~- M . W . / A v .  M.W. of v iny l  monomer uni t .  
e Ins t an taneous .  
a Calcium hydroxide used as catalyst  deact ivator .  

solvents, they were found to be resistant to water, 
95% ethanol, butanol, diethyl ether, hexane, acetone, 
and kerosene. Swelling occurred in the presence of 
chloroform and benzene. Sward hardness values and 
resistance to acid and alkalies are given in Table II .  
Films baked with cobalt drier  were hardest, but in- 
creased alkali resistance resulted when no drier  was 
used. Isobutyl was superior to' ethyl eopolymer film 
in hardness. Fi lm properties for copolymers of this 
type are also reported by coworkers (4, 8). 

Litt le or no change was observed in unsaturat ion or 
geometric isomerism of the fa t ty  vinyl ethers during 
polymerization except for increased isolated trans, as 
shown in Table III .  

T A B L E  I I I  

Changes in  Unsa tu l ' a t i on  and Geometric I somer i sm of Soybean Viny l  
E thers  D u r i n g  Copolymerizat ion wi th  I sobuty l  Viny l  E ther  

Mater ia l  

Conjuga ted  soybean 
monomer ................. 

I sobutyl -conjugated  
soybean monomer 
mix tu re  ( 3 : 1 ) a 
before polymeri- 
zation . . . . . . . . . . . . . . . . . . . . .  

I sobuty l -conjugated  
soybean copolymer 
( 3 : 1 )  a af ter  

polymeriza t ion  ...... 

Die~ 

% 
41.8 

20.6 

21.9 

Tr iene 

% 

0.5 

0.25 h 

0.2 

Tetra- 
ene 

% 
0,04 

0,02 D 

0.01 

(~'s- 
t r a n s  

% 

32.9 

16.2 b 

17.1 

r a n s -  Isola ted 
r a n s  t r a n s  

% % 

2.2 0 

6.0 b 0 b 

8.4 15.3 

a Molar composition. 
b Calculated from conjuga ted  soybean monomer.  

By analyzing the copolymers for  vinyl ether content 
the completeness of each copolymerization run was 
checked. The products consistently analyzed less t h a n  
1% vinyl ether. 

Catalyst Concentration. Concentration of the cata- 
lyst was investigated over the range of 0.1 to 0.4 g. 
SnC14 per 100 g. of total monomers. Polymerization 

curves plotted in Figure  2 show the relationship 
between quant i ty  of catalyst and a) initiation t ime,  
b) rate of temperature  rise, and e) total reaction:time. 
Molecular weights and other properties of the copoly- 
mers are presented in Table IV. The highest molecu- 
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FIG.  2. ]Ef fec t  o f  c a t a l y s t  c o n c e n t r a t i o n s  o n  r e a c t i o n  r a t e  a n d  

t e m p e r a t u r e .  

lar weight obtained was at a SnC14 level of 0.2 g. per 
100 g. of total monomer for  both isobutyl and ethyl 
copolymers. Viscosity and degree of polymerization 

T A B L E  I I  
Ha rdnes s  and Chemical  Resis tance of Typical  Baked Conjugated  Soybean Vinyl  E ther  Copolymer F i l m s  

I sobuty l__Soybean  a, b E thy l__Soybean  a, c 

Tests W i t h  dr ie r  d W i t h o u t  dr ie r  W i t h  dr ie r  a Wi thou t  d r i e r  

Sward  rocker  hardness  
Chemical  res is tance 

18% HC1 
Frosted,  hrs  ........................... 

5% NaOH 
Swelling, hrs  ........................ 
Dissolved, hrs  . . . . . . . . . . . . .  

200~ 150~C. 
10 Min. 1 hr.  

10 18 

24 e 24 

4 3 
24. 7 

200~ 150~ 
10 Min.  1 hr. 

2 Tacky 

24 3-6 

24 4 
24 e 

200~ 
10 Min.  

6 

24 e 

2-8 

150~ 
1 hr.  

8 

24 e 

1�89 
3 

200~ 150~ 
10 Min.  1 hr. 

Tacky Tacky 

4 1 

3 
5 1 

~ 3 :1  mole ra t io  of a l ky l : f a t t y  v iny l  ether. 
b M.W. ---- 7,400. 
c M.W. ~--3,450; essential ly the same resul ts  were obtained wi th  ~r ~ 5,400. 
a Dr i e r  ---- 0 .1% cobalt nap thana te .  
e Sl ight .  
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T A B L E  I V  
Effect of Catalys t  Concent ra t ion  on Proper t ies  of I sobu ty l  and  E thy l  

Vinyl  E the r  Copolymers a wi th  Conjuga ted  Soybean Vinyl  E ther  

Soybean copolymer 

Isobutyl  
Molecular we igh t  ................... 
Degree of polymerizat ion ....... 
Ga rdne r  color ........ ................ 
Viscosity, bubble seconds b, e 

E thy l  
Molecular we igh t  ................... 
Degree of polymeriza t ion  ...... 
Ga rdne r  color ....................... 
Viscosity, bubble seconds b, c 

Catalyst  concent ra t ion  
g. S n C h / 1 0 0  g. total  monomer 

0.1 

3,700 
18.2 

1 � 8 9  
3,000 

5,000 
39.4 

2 
99O 

0.2 

7,690 
62.0 

1 
1,680 

5,130 
40.4 

1 � 8 9  
879 

0.3 0.4 

5,400 5,050 
36.5 34.1 

1 1 
1,230 1,275 

4,444 5.O00 
35.0 39.4 

1 � 8 9  1 � 8 9  
600 420 

a Mole rat io of lower a lky l / soybean  monomer = 3 /1 .  
b Ga rdne r  tube ;  7 � 8 9  cm. X 10.6 mm. diameter.  
c Gardne r  v i s c o s i t y - - Z 6  ~ for  all concentrat ions.  

were slightly higher for the i sobutyl  c0polymer. All 
the copolymers were approximate ly  water-white, rang- 
ing f rom 1 to 2 in Gardner  color value. 

Catalyst Deactivators. Stannic chloride deactiva- 
tors tha t  were examined included aqueous and abso- 
lute methanol, calcium hydroxide, distilled water, and 
ammonium hydroxide. SnC14 undergoes decomposition 
to insoluble hydrolysis products  with ammonia or hot 
water.  Af t e r  being heated in the polymerization re- 
action, an aqueous methanol quench converted the 
catalyst  to a gelatinous precipitate.  Drainage and 
cleaning of the reactor proved very difficult and re- 
quired detergent  and scouring. A dry ing  step was 
then needed to make the vessel anhydrous  for a subse- 
quent  polymerization. 

When the polymerizat ion mixture  was quenched 
with absolute methanol, a clear, water-white solution 
was obtained, no hydrolysis  of catalyst  occurred;  and 
SnC14 remained in the soluble anhydrous  state. The 
reactor therefore drained quickly, could be rinsed with 
solvent, and was immediately available in anhydrous  
condition for  the next  polymerizatio~l. Since hydroly-  
sis had not occurred, the removal of catalyst  was facili- 
tated. 

Calcium hydroxide was used directly in one experi- 
ment  (Table I, footnote d) as both the quench and 
precipi ta t ing agent for  the catalyst. Although the 
catalyst  was deactivated, the reaction resulted in less 
extensive decolorization than normal ly  and in a yel- 
low-colored product.  

When ammonium hydroxide and distilled water  
were used as deactivators, white, highly turbid  copoly- 
mers with low molecular weights were obtained. Abso- 
lute methanol was selected as the quenching agent for  
polymerizat ion studies. 

Catalyst Separation. An impor tan t  step in the over- 
all process consisted of the catalyst  separat ion f rom 

the eopolymers. Incomplete  removal of catalyst  re- 
sulted in their  darkening upon aging. Two methods 
of separat ion were investigated, namely, solvent ex- 
t ract ion with methanol and chemical precipi ta t ion 
with calcium hydroxide. 

In  the first method four  or more batch extractions 
with 50% aqueous methanol were used to extract  the 
catalyst. Hydrolys is  of the catalyst  resulted in a 
gelatinous precipitate,  and separat ion of the emulsi- 
fied layers required approximate ly  10-15 min. per  
decantation. The separat ion became even more diffi- 
cult  when more viscous polymer  solutions were en- 
countered. The initial emulsion was more effectively 
broken if the polymerizat ion mixture  was heated to 
approximate ly  95~ Afte r  decantation, the polymer  
phase was fu r t he r  extracted with successive washes of 
50% aqueous methanol at room temperature .  A more 
rapid  extraction was at ta ined by  this technique. 

In  the second method, hydra ted  lime and a trace of 
water  were added to the copolymer mixture  to produce 
an insoluble precipi tate  with stannie chloride. Adding 
water  at this point  increased the ionization and rate  
of calcium precipitation.  The catalyst  precipi tate  was 
then separated f rom the copolymer toluene solution by 
simple filtration, using filter aid, and a clear filtrate 
was obtained. 

The hydra ted  lime procedure (5 g./100 g. of total  
monomer)  represented a considerable reduction in 
number  of steps and in processing time required to 
remove the catalyst.  Although the quant i ty  is in 
excess of the stoichiometric amount,  a it represents  a 
very  small cost in a commercial process. Since only 
0.2 g. of SnC14 is required to polymerize 100 g. of 
monomer, it would not be economical to recover SnC14. 
Lime precipi tat ion seems the s impler  procedure for  
catalyst  separat ion and disposal. 

Pilot-Plant Operations. The polymerizing process 
was carried out w i t h  approx imate ly  10 lbs. of total 
monomers per  batch. Flash reactions and tempera ture-  
rise curves obtained in the laboratory  runs were re- 
produced in the pi lot-plant  unit. Processing data are 
shown in Table V, and a flowsheet, based on 100 lbs. 
of finished copolymer, is given in F igure  3. 

Near ly  water-white isobutyl copolymers in a molecu- 
lar  weight range of 4,200-5,300 were produced. 
Although higher molecular weights of 6,000-9,500 
Obtained in the laboratory  could not be reproduced in 
the pilot plant ,  since similar fihn propert ies  were 
found irrespective of molecular size, the relative differ- 
ences of molecular weight are probably  not significant. 
Pi lot-plant  products  were lower  in viscosity and re- 

a 2 � 8 9  moles Ca(Ot-I)2 per  mole SnCh.  

T A B L E  V 
Polymeriza t ion  ]~ata a n d  Analysis  of Copolymers P repa red  in the P i lo t  P l a n t  

Copolymer 

Vinyl  ether comonomer a 

Isobuty] ................................. 
I sobutyl  ................................. 
I sobutyl  ................................. 
I sobutyl  ................................. 
E thyl  ..................................... 

React ion data 

Ini t .  In i t .  Max. To t.al 
t ime temp. I temp. I t ime 

~ ~ ~ec. 70 174 ~ee.lO 
70 183 32 

3 70 I 171 I 10 
5 86 189 30, 

43 50 I 156 [ 81 

Gardner .Hold tc  

M W  D P  b ~ . . . .  (~ ] VISCOSIty 
--0 or bubble test)  

- - I - - - I  I s . . . .  

4,255 28.8 1 877 
4,350 / 29.4 I 1 � 8 9  I 1,430 
5,000 / 3 3 . 8  I 1 I 938 
5.30o / 358~  I 2 I ...... 
3,450 / 27.2 I 1 / ...... 

a 3 :1  mole ra t io  of com roomer : monomer,  where monomer  i s  conjugated  soybean v inyl  ether. 
b Degree of polymeriza t ion-- - -M.W./Av.  M.W. of v iny l  monomer  uni t .  
c G a r d n e r  tube ;  7 � 8 9  cm. )< 10.6 ram. diameter .  
d Comonomers cha rged- - I sobu ty l - soybean  = 10.1 lb. 

Ethyl~soybean ---- 6.0 lb. 
e Losses due  to process ing ra the r  t lmn 1.tlar~acted monomer.  

__. D iene 
conju- 
ga t ion  

% 
16.6 

18.1 
19.6 

Iod ine  I 
v ~ u e  

44.5 

52.5 I 
59.4 I 

Recovered d, e 

lb. 
8.7 
8.9 
8.6 
8.9 
5.1 
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rAenumer 50 Ib.D 
Comonomer a 52 lb. 
Toluene 265 I 

Filter Aid 

SnCI4 0.2 lb. (Dissolved in 
5 lb. toluene) 

MeOH 40 lb. 

Ca(OHh 5 lb. 
HOH 5 lb. 

e Ca - Catalyst ppt. 
HOH 

~ Vacuom 

Toluene - MeOH 
(To solvent recover'~,) 

Copolymer - 100 lb. c 

a Isubutyl vinyl ether 
b Cleur water-white solution 
c Assume 98% monomer conversion 

Fro.  3. F l o w s h e e t  of  s i m p l i f i e d  p roce s s  fo r  p r e p a r a t i o n  of  
c o n j u g a t e d  s o y b e a n  a n d  lower  a l k y l  e t h e r  ~opo lymers .  

mained quite fluid. In  contrast,  labora tory  copoly- 
mers above 6,000 molecular weight were too' viscous 
to pour without  redissolving in solvent. The p roper ty  
of lower viscosity could be a significant advantage 
in industrial  casting of copolymer films. 

Solvent Recovery. Two al ternate methods for sol- 
vent recovery, indicated in F igure  4, emphasize the 
complete separat ion of methanol  f rom toluene since 
the recycled alcohol would serve as a catalyst  deacti- 
vator  in a subsequent polymerization. In  Method 1 
the quench is recovered and recycled as 100% meth- 
anol whereas in Metho'd 2 the methanol is recovered 
as a b inary  azeotrope with toluene. Since the azeo- 
trope can be used in this fo rm as a quench, Method 2 
appears  to be a simpler process for commercial ap- 
pl icat ion 

In  the copolymer-desolventizing step a trace of 
water  may  remain in the distillate, in which case it 

Method I 
H2C 

I Phase Separation [ 
r I Toluene . k  MeOH - H~O H20 - MeOH e 

E Phase Separation [[Fractional Distillation[ 

H20 - MeOH a Toluene MeOH 

Re(role Itacycle 
as Quench 

HzO 

Toluene'. Methanol 

Method 2 

[ Fractional Dlstillatian ] 

i I 
MeOn - Toluene' Toluene - MnOH d 

Azeotrope ~ 4  H20 

I Phase Separation I 

I * 
Tolenne H~O - MeOH v 

lecyde lecyde 
as Quench 

Fro.  4. P r o p o s e d  s o l v e n t  r e c o v e r y  b y  two  a l t e r n a t e  m e t h o d s :  
a )  87 wt .  % t o l u e n e ;  b )  t r a c e  of  M e O H  a n d  w a t e r ;  c)  32 wt .  
% M e O H ;  d )  t r a c e  of  M e O H ;  e)  64.8 wt .  % M e O t t .  

should be removed by an adsorbant  such as sodium 
sulfate pr ior  to use, as in Method 2. 

Summary 
An improved process was developed for the copoly- 

merization of lower alkyl vinyl  ethers in the presence 
of anhydrous stannic chloride catalyst  and toluene. 
When a turbo-mixer  was used fo'r dispersing the 
catalyst,  water-white viscous eopolymers with molecu- 
lar  weight of 4,000-9,500 resulted. In  eontrast, slower 
agitat ion techniques produced yellow-colored copoly- 
mers with lower moleeular weights. 

The maximum degree of polymerization was fonnd 
at  a level of 0.2 g. SnC14 per  100 g. of monomer. By 
using absolute methanol as a terminator,  decompo- 
sition of the catalyst  to the gelatinous form, which 
occurs with use of aqueous alcohols, was prevented.  
This procedure gave clear, water-white copolymer 
solutions with the catalyst  in nongelatinized state to 
facil i tate its removal.  

A low-cost lime precipi tat ion method, developed to 
recover the catalyst,  simplifies the over-all process and 
offers an efficient means of catalyst  disposal  Since the 
catalyst  used is very  small, its recovery was not deemed 
economically ~ustified. 

Labora tory  conditions were substantial ly duplicated 
on a larger  scale in pi lot-plant  operations. Clear 
viscous c0polymers in the molecular weight r ange  of 
3,500-5,500 were produced. F i lm propert ies remained 
unchanged al though molecular weights were lower 
than  comparat ive laboratory results. The pilot-plant 
product  retained sufficient fluidity for pour ing at 
room tempera ture  whereas laboratory  cooolymers with 
higher molecular weight ( >  6,000) did not. 

Baked fihns obtained in these studies were hard  and 
wrinkle-free and showed good resistance to acids, 
alkalies, and ord inary  solvents. 

The techniques involved in this work should be aD- 
plicable to a large var ie ty  of monomers that  can be 
copolymerized with SnClt in solvent. 
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