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            Polymerization of Normal Butene with

                  Mixed Acid Catalysts (Z).

            Reactions of Butenes with Sulfuric Acid.

                              By

             Hiroshi OHTsuKA and Takashi MORITA
                       (Received June 30, 1955)

                         lntroduction.

   In the previous paper," the polymerization of n-butene with mixed

aeid catalysts composed of sulfurie acid and phosphorie acid was
xeported,

   The mixed acid catalysts gave better polymer yield and had longer

life than sulf'uric acid alone. But even in the case of the mixed aeid,

catalyst li-£e was comparatively low.
   To clarify the reason for the catalyst deterioration, detailed in-

vestigation on 'ehe reactions between butene and aeid catalysts was

necessary.

   In this report, deseriptions are presented of the behaviours o£
butenes during the course of polymerization with sulfurie acid catalyst,

                         Experimentai.

   1. Apparatus and procedure.

   The reaetion vessel was a four-necked round bottom fiask as de-
scribed in the previous paper." Butene gas was bubbled under agita-
tion into 87% sulfuric acid contained in the fiask.

   The eondueted butene was partly polymerized to liquid polymer
which separated out over the acid Iayer and partly was absorbed by
the aeid. Hence, the amount of polyrnerized and absorbed butene
was taken as the amount of the reacted butene. The amount of the

su]£uric acid used for eaeh run was 50 g.
   The liquid polymer was separated from the aeid after standing

 ee The same authors, Memoirs of the Faculty of Engineering, Hokkaido University, Vol.
  9, No. 1. (1952).
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over night.

    Weight increase o£ the waste acid was measured after the polymer
      .separatlon.

    About one gram of sample was drawn off from the waste acid,
and it was titrated with N12 NaOH solution using methyl orange as
an indicator. The amount of N12 NaOH solution Tequired for neutral-

izing 1 g. of the waste acid was calculated £rom the titration data.

    2. Experimental Results.

    The results of polymerization experiments with n-butene and i-
butene i･n the presenee of 87% sulfurie aeid are summarized in Tables
1 to 3 and illustrated in Figs. 1 to 3.

                                                                '                   1[)iscussion of the Results.

    During the couTse of polymeTization, a part of the butene was
absorbed by the acid. The absorbed butene, which was shown as the
weight increase of the eatalyst, was supposed to form acid ester by
combining with sulfurie aeid,

       TABi.E 1. Polymerization of n-Butene with 87% H2S04.

          (Reaet. Temp. 50℃, Catalyst Aeid 50 g, Gas 'flow rate 12 e/hr)

Conducted n-butene

   S.T,?. Z 10 15 20 25 30 35.40 45 50 55 60
Reaest.eTd.pn:bUtenez g.o 13.s 17.o lg.6 21.s 22.s 23.6 24.o 24.3 24･6 24･8

Conversion rate
   Overall % 94.0 90.0 85.0 78.5 71.7 65.2 59.0 53.4 48.6 44.8 41.3

  Eachstage % 94D 82.0 70.0 52.0 38.0 26.0 16.0 8.0 6.0 6.0 4.0

Polymeryield g 19.3 23.2 26.3 28.8 312 32,8 34.e 34.5 35.0 35.2 35･2
            % 82.2 68.7 62.8 58.8 58.1 57.ts 57.6 57.5 57.5 57.3 56.8

Wt. increase of
Catalyst(Ester) g 3.5 10.0 15.5 19.6 22.0 23.8 24.5 25.2 25.8 26.1 26i2

            % 14.9 29.6 36.5 40.0 40.9 41.8 41.9 42.0 42.4 42.4 42.6
Total produet
(Ester+Polymer) g 22,8 33.2 41.8 48.4 53.2 56.6 58.5 59.7 60.8 61.3 61.4

            % 97,1 98.3 99.3 98.8 99.0 99.4 99.5 99.5 99,9 99.7 99.4

Consumption of
  "!g,NlgaO.H.,t...id 30'08 24'93 20'79 17'46 15'14 14'94 14･84 14'74 14'68 14'44 13･98



 Polymerization of Normal Butene with Mixed

[I]ABi.E 2. Polymerizatio of n-Butene

   (Reaet. Temp. 30"C, Catalyst Acid 50g, Gas

Aeid Cata!ysts (2)

with 87% H,S04･

flow rate 12 ¢lhr)

29

Conducted n-butene
   s.T.p, e
Reaeted n-butene
   S.T.P. 2
Conversion rate
   Overall %

   Eaehstage %

Polymeryield g
               %

Wt. inerease of
Catalyst(Ester) g

               %

Total product

(Es£er+Polymer) g

               %

Consumption of
  N12 NaOH
    cclg waste acid

 10 15 20 25 30

9.8 14.2 18,1 21.2 23.6

98.0 95,O 90.6 85.0 78.5

98.0 88.0 78,O 62.0 48.0

10.5 14.7 18.3 20.9 23.0

42.9 41.2 40.5 39.4 39.0

13.0 19.5 25.4 30.6 345

53.2 55.0 56.2 57.7 58.5

23.5 34,2 43.7 51.5 57.5

96.1 96.2 96.7 97.1 97.5

25.5 20.0 15,O 12.5 11,5

 35

25.0

71.5

28.0

24.0

38.4

37.0

59.2

61.0

97.6

112

 40 45 50

26.0 26.0 26.0

65.0 57.8 52.0

20.0 20.0 20.0

24.7 25.4 25.5

38.0 37.8 3V.8

39.0 39.5 39.5

60.0 58.5 58.5

63.0 64.9 65.0

98.0 96.3 96.3

11.2 11.2 11.2

 55 60

26.0 26.0

47.3 43.3

20.0 20.0

25.5 25.5

378 37.8

39.5 39.5

58.5 58.5

65.0 65.0

96.3 96.3

11.2 11.2

TABLE 3. Polymerization
   (React. Temp. 5Q"C, Catalyst

of i-Butene with 87% H2S04･

Acid 50 g, Gas fiow rate 12 ¢!hr)

Conducted i-butene

   S.T.P. Z
Reacted i-butene

   s.T.p. e
Conversion rate

   Overall %

   Eachstage %

Po!ymeryield g
               %

Wt. inerease of
Catalyst(Ester) g

               %

Total product
(Ester+Polymer) g

               %

Consumption of
   N/?NaOH
    cclg waste aeid

 10 15 20 25 30

 10 15 20 25 30
     F

100 100 100 100 100

100 100 100 100 100

23.5 35.2 47.0 58.8 70.5

94.0 94.0 94.0 94.0 94.0

 1.0 2.0 2.8 3.6 4.4
 4.0 5.34 5.6 5.76 5.87

24,5 37.2 49.8 62.4 74.9

98,O 99.34 99.6 99.76 99.87

32.90 31.29 29.67 28.67 27.55

 35

 35

100

100

82.2

94.0

 5.2

 5.94

87.4

99.94

26.65

 40

 40

100

100

94.e

94.0

 5.9

 5.9

99.9

99.9

25.84

 45 50

 45 50

loe loo

100 100

105.7 117.6

 94.0 94.0

 6.6 7.2
 5.87 5.76

112.3 124.8

 99.87 99.76

 25.23 2483

 55 60

 55 60

100 100

100 100

129.0 141.0

 94.0 94.0

 8.0 9.0
 5.82 6.0

137.0 150D

 99,82 10e.O

 23.92 22.51
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                   C,,H,+H,SO, -"> C,H,･HSO,

   I£ x g. o£ 100% sulfuric aeid in 1 g. of a % sulfuric acid was con-
sumed to form acid ester, (1+O.57 x) g. of ester-containing aeid was

produced. Thus, in 1 g. of the ester-eontaining acid, the amounts of

acid ester and free aeid (100% H2SOa) may be calculated as shown
below ;

               Weight of aeid ester =:= 1'57X g
                                    1+O.57 x

                                      a                                         -x               Weightoffreeacid=r100 g
                                    1+O.57x

   Hence, if y ce of N/2 NaOH solution is required for neutralizing
1 g. of ester-eontaining acid (waste acid), this amount of soda solution

                                                    a                                                       -xisconsumedtoneutralize--1'57X--gofacidester,andleO gof
                        1+e.57 x                                                   1+e.57x
free acid by the following equations.

          '       ' C4H,･HS04+NaOH----->C4H,･NaS04+H20

            H,S04+2NaOH ---->Na2S04+2H20

        . 20.4x O.408a-40.8mO.408a-20.4x             = -+ --=       .. y                1+O.57x 1+O.57x 1+O.57x
        ･ x= 9rl08a-LzL
       -i                O.57 y + 20.4

    l.X.elg,ht,,Of.a.C,X'd, e.S,t,e," =- ,1'Z7,ij･-EE- =- ,,i.st(,O.g4,O.8",.-,,Y,). J･･ a)

                           a                        - '-loo -x    i.elg,ht,,O£..fg,e,e.a,C,i,'drm,.,.,,.=(',i.2'20,5.Z,a).Yh,i,062,O.`cu (2)

   By the above two equations (1) & (2), the amouts of acid este.r
and free acid in 1 g, of waste･acid may be caleulated from the volume

of N12 NaOH solution required for neutralizing 1g. of waste aeid (y).

   The calculated values of acid ester and £ree aeid are shown in
Tables 4 to 6 and illustrated in Figs. 4 to 6 corresponding to Tables
1 to 3 respeetively.
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       TABI.E 4,

Catalyst Acid Composition.

  (Based on 1g Catalyst Acid)

       [I]ABT,E 5.

Catalyst Acid Composition.

  (Based on 1g Catalyst Acid)

Condueted
n-butene
S.T.P. £

10

15

20

25

30

35

40

45

50

55

60

        IFree Acid 1

   gl
Ester

 g

Condueted
n-butene
s.T.p. e'

O.668

O.479

O.327

O.205

O.120

O,112

O.109

O.105

O.103

O.094

O.077

O.206

O.405

O.566

O.694

O.784

O.792

O.796

0800

O.802

O.811

O.829

10

15

20

25

30

35

40

45

50

55

60

Free Aeid

  g
O.4998

O.2980

O.1145

O.0227

Ester

 g
O.3833

O.5965

O.7894

O.8861

O.9247

O.9363

 ny

       TABLE 6.
Catalyst Acid Composition.

  (Based on 1g Catalyst Aeid)

Condueted
i-butene
s.rp. e

10

15

20

25

30

35

40

45

50

55

60

Free Acid

   g
O.771

OO13

O.653

O.616

O.575

O.542

O.512

O.490

O.475

O.442

O.390

Ester

 g
O.097

O.159

O.222

O.261

O.304

O.339

O.370

O.394

O.409

O.447

O.499

acid ester for the polymerization

over the reaction temperature range
the whole of the catalyst acid has changed to acid ester

tioit reaetion of n-butene is substantially

    As shown clearly in the above

-figures, catalyst sul£uric acid
.gradually ehanges to acid ester
 by eombining with butenes in the
 course of polymerization. In the

 case o£ n-butene, ester forrnation
 veloeity seems to be mueh higher
 than in the case of i-butene. Low

 reaction temperatures seem to
 favor ester formation.
    For example, after tr6ating

 ea. 25 liters of n-butene, 50 g, of

 87% sulfuric acid is almost com-
 pletely converted into aeid ester

 under the reaction temperature of
 300C.

    The catalytic activity of the
of n-butene seems to be negligible

   employed. Hence, when almost
                 ,the polymeriza-

      diseontinued.
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    But this acid ester still possesses hppreciable catalytie aetivity for

the polymerization of i-butene. About 20 liters o£ i-butene were con-

ducted into 50 g. o£ acid ester obtained in the experiment shown in
Table 2 at 300C and following results were obtained;

        Conductedi-butene(S.T.P.) 2ea
        Reactedi-butene (S.T.P.) 12.7a

        Conversion rate 68.5%
        Polyrner yield 34.0g(99% of theoretical
                                          amount)

        Weightincreaceofeatalyst Og
        N12 soda equivalents were just the same (11.2 cc for 1 g.

           catalyst) before and after the reaction.

    The obtaining of almost the exaet theoretieal polymer yield was
worth notice.

    These esters are stable up to 800C. When heated to over 1000C,
decomposition oceurs. But, heating or ]ong standing of these esters

never causes £oTmation of liquid polymer.
    Considering from the above shown experimental results, polymeri-
zation and ester formation of butenens are eompetitive reactions in

the presenee of acid catalysts. As far as the present experimental
results are concerned, acid ester is never the intermediate produet of

polymerization reaction. Ester formation is only a side reaction and

polymer'ization reaction seems 'to proceed according to the ,proton ex-

change mechanism as proposed by Prof. Horiuchi.
    Thus, catalyst acid deterioration caused by ester formation is inevi-

table in so far as the eatalyst acid is used in liquid phase and under

comparatively low reaction temperatures.
    The addition of phosphorie acid (especially pyrophosphoric acid) to

sulfurie acid catalyst is fairly effective for the elongation of the life

of the catalyst, as the butyl phosphoric aeid ester is mueh more
unstable than the sulfurie ciad ester.

                                   (Chemical Engineering Laboratory)


