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                                               '
                 '                    PeEyrvcrserfizatfiome ef Olefin Gftses

                     'with Swa]fearic Acgdi CataRy$fr.

                              Hiroshi OHrvsuJ<A ･

                              NQbu ToMirrA

                              }Ijdeo SArvo

                           (Received Dec. 2C, 1949.)

                         g. Pelymerizatioft ef Propene.

(1) Apparatus and Procedure.

    Sample propene was obta'ined by dehydration of isopropanol with bentnite

as catalyst. The reaction apparatus as shown in Fig. 1-1, was a U-shaped tube,

and the larger arm of which contained many glass beads to incrcase contact surface.

110-115 g of sulfuTic acid was used for each experiment.

    Propene gas was conducted intp the reaction tube

from its smailer arm at a rate of 5l/hr..Unreacted

gas, after bubbling through sulfuric aci'd layer, was

collected from the top of the larger arm of the reactor,

and the polymer products separated out on the acid

surface. When the waste acid was.poured into cold

water, dark colored oil separated on water surface,

which was called "acid wash oil".

    The concentrations of sulfuric acid used were 86 %,

91%, 96 % and 99 %, and the reaction temperatures,

were OeC, 250C, 50eC and 750C.

(2) Experimental Results.

    (i) The absorption rate of propene by sulfuric

acid increased with acid concentration up to 96% acid,

then slightly decreased. At 500C, about 98% of con-

ducted propene was absorbed by 96% acid, while the yi-

elds of polymer oil and acid wash oil were 31.2% and i?ig･

of reacted propene respectively, The

21.7% by CJ6% agid, but yield of acid wash oil was

The effect of acid concentration, observed at 500C, is shown

    (ii) The optimum temperature for the production of

for 99% acid (49.2% of reacted propene), and 50"C for 96%

cases, the amount of acid wash oil increased with reaction

    The effect of reaction temperature, with 96% and 99%

1-3 and 1-4.
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   (iii) Although propene was easily absorbed by conc.

of liquid polymer could not been obtained. It was probably

that isopropyl sulfate was comperatively stable

liquid polymer was considered to be produced by the

Hence, the sulfuric acid process was not

propene poiymer.

    (iv) The process of propene polymerization in the presence

acid seemed to be a very complicated one. It was not "true

"conjunct polymerization". For one example, the liquid

acid at 500C boiled between 67.5tsbl283eC, and was mainly

hydrocarbons instead of olefinic hydrocarbons in the case of

p,e" diaslCs (S"

t)

  tsimdwJhe-

                                                   sulfuric acid, high yield

                                                         due to the fact

                                          under the reaction conditions, as the

                                                decomposition of this ester.

                                    recom,mendable for the production of liquid

                                                         of conc. sulfuric

                                                       polymeriz'ation" but

                                                  polymer obtained by 96%

                                                     consisted of payaffinic

                                                     true polymerization as
shown in the following table, And an appreciable amotint of sulfur trioxide evolved

during the reaction. The acid wash oil was copsisted of highly unsaturated hydro-

carbons among which probabiy contained some of ring structure.

                      TableZ-･1 Some Characteristics of Propene

                             Polymer by 96% Acid at 500C.

Fraction

67.5-J2000C

2oo-s.2soec

250w2830C

Gas & loss

Sp. gr,
 (Dle)

O.7427

O.7757

O.8157

1
1,

Mean
mol. wt.

138

165.5

219.0

Vol. %

49.9

37.7

 8.3

 4.1

loo.o

Components (Wt. %)
Olefin i Arom.

..==s=u"-

4

12

o

o

[ l.aph, i P.a. ra,

.vnvpmm"- "'"

o

o

96

88
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                       NI. Polymerization of Normal Butene.

(1) Apparatus and Procedure.

    Reaction apparatus and polymerization precedure were just the same as used

for propene polymerization. Normal butene was prepared by dehydration of normal

butanol.

(2) Experimental Results.

    (i) When the concentration of acid was kept constant, absorption rate of

butene increased with temperature up to a certain maximum point, then slightly

decreased. The optimum temperatures were 75eC for 85% acid, 50eC for 90% acid,

25eC for 95% acid and OOC for IOO% acid. The yield of liquid polymer also in-

creased with temperature at first, but rapidly fell at higher temperatures. The tem-

perature for yield maximum･was always lower than that for absorption maximum.

The yield of acid wash oil increased with temperature. Over 80% of reacted

butene was converted into liauid polymer at opthrium conditions.
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   Molecular weight and specific gravity of liquid polymer decreased with reaction

temperature, i. e., light polymer oil was obtained at high temperatures.

    (ii) At all reaction temperatures adopted, normal butene was almost totally

absorbed by 95% and higher concentration acids. The absorption rate was conside-

rably effected by a slight change in acid concentratio", as it increased very fapidly

with the increas-e of acid concentration up to 95%. The maximum yield of liquid

polymer waS obtained by 90% acid below room temperature.
                                                                '                                      tt   (iii) Under the reaction conditions adopted, there prevailed conjunct polymeri-

zation of butene. But, at lower temperatures, true polymerization was mainly observed

only by 85% acid. The conjunct polymerizaton products had a wide boiling range

and lower boiling fractions of which were highly ･paraffinic. The existence of

octanes and dodecanes was clearly observed by distillation test in the liquid polymer

obtained by 90% acid. ･
 ' (iv) Polymerization data were shown in Fig. 2--1-Fig. 2-4. In these figures,



curve of liquid polymer (I) showed weight % to reacted butene and curve of liquid

polymer (II) showed that to conducted butene. '
    (v) Some characteristics of liquid polymers were summarized in Table 2ine1

and their distillation data in Table 2-2,

                       Table 2-1 Some Characteristics of

                              LiquidPolymers, ' '
.".E. xpt. No.

209
210
211
212

213
2!4
2I5
2I6

Acid conc.

  (%)
React. temp.

   (.C)
p. gr.
(Dl:)

85
85
g; l'

o

25
50
75

i
i

O.7972
O.7913
8i;2es

O.7959
8i;2;g

O.7560

I

:
l

 Mean I Bromine
g}ol.. wt. I no.

235.5
231.5
221.0
218.0

/

48.5
36.5
38.1
134.5

l

       202
       201
       203
       2J4

       205
11. 206
       207
       208

gol 2s90j 5090! 75    1. ......

3:,51g i

z6gig i

      'i

18.2
26.4
27.2
22.5

95
    lgg 1
95 j

o
25
50
75
I

O.78{8
O.7624
O.7640
O.8120

I'

!

229.5
l87.5
194.2
187.3

I
l
]

l4.2
17..O

9.6
14.1

    Ilg: ,i

1oo

o
25
50
75

O.7817
O.7705
O.725i

239.0
233.0
227.0
218.0

7,6
2.6
15.C}

Table 2--2 Distillation Data of Liquid Polymers

      AcidExpt.
L--N.9:-- ":tt//1'

  209 85
  2IO 85
  211 85
  212 85

213
214
215
216

9J
90
90
90

Bei.lllS,E' i･ e2b,pt･

"--7]-''"
12s

  ;7, i7,g

  75 l3o

                           '.p. {.yge,.t･ '"ir [IJ'igPil."･Wc, iie2.'/Vp.:s 2,:Sg'Vp.o:, K,re,.iz,t,. .ls..?E.. Sd."e, ,,,Lo,f,?,.,

259
277
254
266

5

10

20 468 ･ 52
34 3025 28

21

26
l3
16

II

8

l2

19

  2
  6
,6
  2

o
25
50
75

gsl o
g; ig
95 75

124
117
l12
l37

299
287
270
268

1

I4

i7

8

Il

IO

22
27

19
,18

25
23

58
42
23
17

8
ll

11

10

3
5

2
15

202
201
203
204

i06
i10
110

l40

292
280
243
276

12

19

2]

24
33
34
33

17

15

31

22

34
15

2)

12
14
l3
21

l

4

2
4

205 ioo o 93 266 21 26 21 13 12 7
206 lOO 25 lil 227 i5 42 34 - 8 1'

207 1OO 5o li6 .n82 3 27 21 2] l7 12
208 100 75 129 303 - 28 l6 30 23 3

                 . . g)E. Polymerizationefisgh-tene.,

(1) Apparatus and Procedure.

   Apparatus and procedure were just the same as used for propene and normal
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butene polymerization already described in I. and II. Isobutene was prepared by

dehydration of isobutanol.

(2) Experirnental Results.

    (i) Isobutene being more reactive than normal butene, maximurn yield of

liquid polymer was obtained ncar OOC by 85tw90% acid. When concentrated acid

was used, reaction temperatures higher than 25"C were quite unsuitable for the pro-

duction of liquid polymer.

    (ii) Reaction tendency of isobutene in the presence of sulfuric' acid was very

                   'similar to that of notmal butene. But, isobutene polymer contained larger amount

of low boiling components and showed higher degree of unsaturation ag compared

with normal butene polymer. About 85% of reacted butene was converted into

liquid polymer by 90% acid at Q,R.,9, and by 85% acid at 250C. In both cases, the

yield of acid wash oil was only 1rw2%.
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       i-butene with 95% acid.

                    '(v) Some characteristics of liquid polymers were

             'their distillation data in Table 3-2.

                    Table 3-1 Some Characteristics of

                           Liquid Polymers.

         "Lo 25 50 7s
  Reaction temperaturec"C)

Polymerization oi'

iLbutene with 10Q% acid.･

summarized in Table 3 -1

pt -- Expt. No.

     217
     2i8
     219
     22)

221'

222
223
224

Aci conc.
  (%)
85
85
85
85

93
90
93
9]

React. temp.

  (..C)･ "

o

25
50
75

 o
25
50
･75

Sp. gr.
(Dl5o-)

O.7869
O.7796
O.7763
O.7713

O.7807
O.7791
O.7723
Oe7747

  ean
moL wt.

233.6
208.5
200.1
182,4

215.7
193.2
187.3 '･
l69,9

Bromine
 nor.n..7..mmxrr

   60.0
   57.4
   56.9 ･
   67.6

45.3
52.7
46,3
58;O

t 1･
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225
226
227
228

229
230
231
232

95
95
95
95

lOO
ioo
100
ioo

o
25
5r)

75

o
25
50
7S

O.7819
O.7818
O.7849
O.7843

O.7820
O.7832
O.78i4
O.7882

232,6
220.5
2)1.6
1,90.7

232.7
211.3
2eo.g
l8"i.6

18.0
l8.6
I7.7
31.8

17,7
I8.3
l8.4
22.2

Table 3-2 Distillation

    Data ef Liquid Polymers.

EiGet.･

 ;Ig

 S,i8

22t
222
223
224

225
226
227
228

229
230
231
232

Expt.
No.

217
218
219
220

22I
222
223
224

225
226
227
228

229
230
23I
232

Acid
conc.
(%･ )

85
85
85
85

90
90
90
93

95
95
95
95

1OQ
1OO
100
100

t50-w
 21OoC
(v.ol%?

49
44
49
70

30
49
50
60

22
58
21

43

17
15

20
17

React.
temp.
(.C)

o

25
50
75

o
25
50
75

o

25
50
75

I.b.pt.

(.C)

144
133
i36
1r6

108
90
t16
140

 112
  l15
  lIO
･ li3

o
25
50
75

 210N
 2so"c
(vol%)

!9

30
23
12

l8

30
23
19

21
8

24
41

22
17

20
23

le6
I?Z

16fl

250tw'
dry pt.
(y.ol%)

27
i6

30

6

31

30

35
39
27
32

Dry pt.
 (eC)

266
281
284
217

276
247
246
273

3e4
216
273
233

285
288
282
276

Res-id' ue

(.vol%)

･2

5

t4

9

6
5

14
10

10

8
17
12

18

9
22
22

I,b.p.n-

 15b"C
(vol%)

12

9

l2 ,
i4

t2

4

(1)

      .T..... in

eV. Polytnerization ef lsob"tene with

ConceRtrated 'Sulfuric Acid isy Means
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 Apparatus and Procedure.

 The reaction apparatus, as shown

 in Fig. 4-1, was a packed tower,
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32 ･' H. Onp"sui(A
contained a large number of O.5 cm dia. and 2cm long glass chips. 96% sulfuric

acid was added from the top of the reactor and was contained in the packing zone

of the tower. Sample isobutene entered the reactor from an inlet tube at its bottom

and, while bubbling up through acid Iayer, a Iarge portion of which was

absorbed and polymerized. The unreacted gas Ieft the reactor through an

outlet tube at its top. The liquid polymer, which condensed on the acid surface,

was withdrawn from the bottom together with the waste acid. The acid wash oil

was recovered from the waste acid as described in I.

(2) Experimental Results. .                                             '    (D Experimentaj data tor isobutene polym'erizatioh Were'surtirriarized iri Table

                                                                   '                                                       ' tt t              . Table4-IPolymerizationData.'- ' - i'

    pmtrm=- ･･･- -･-Exp. No.

sulfuric acid Jwt,

 used (vol.
sample olefin vel.

acid-olefin ratio

(g)

(cc)

(t/ N. T. P.)

(Wt.)

React temp: ("c)

Rate of gas flow (llhr)

Reacted olefin vol. (ll N. T. P.)

Absorption rate (%)

Liquid polymerfVOI" (cc)

           lyield (%)

Sp. gr. of polymer (D:.fi)

Acid wash oil iVOI, Ccc)

          W,k',,(g:.,

          ･ ,mm--.-

   {.])
  l40

 1290
 700
  110

4.7:1

   25

  110

  110

  lOO

  225

 63.5

O.7763

   74

 64.4

 23.4

  141

  736
  40j

  l13

2.6:1

   23

  113

  1l3

  1OO

  250

 69.5

O.7831

   73

   63

 24.1

l

1

  l42

  552
  300

107.5

?.:05:
il
I

 143
 36s I

 2oo.I

126.8

.16:1

  23

 129
;07.5

i:g

67.7

O.7911

  gl

 23.0

, 2Q

 143

l26.8

 1eo

 260
65.3

O.7950

  5I

  48

 15.1

  144

  184
  1OO

115,2

O.64:l

   21

  115

 115.2

  ioo

  303

 84.2

O.7987

   30

   27

  2.･4

   (2)'
  l45

  33
  (2)

  69.2

O,l9:1

NptY - . .

(ii) Distillation

    /t t

       t tttttt

data of liquid polymers

 Table 4-2 Distillation Data

                 tt
were shown in Table

of Liquid polymers.

4p 2.

   18

  104

 57.6

 83.3

  {50

 81.7

O.7838

   o

   o
   'o

  -. v-,

Expt. No.

acid-olefin ratio

Init. b. pt.

Dry pt.

I, b, p. tvloo"C

ec)

t'c)

(%)

  140

4.7:I

26

265

8.2

  141

2,6:I

36

27.4

6.4
i

  142

2.05:1

67

284

3.4

 143
1.l6 :･ I

 35

268

5.'2･

  144

O.64:1

l

 36'

258
2.' l1

  I･45

O.19:1

 25
2-]]

t8.4

  nvwt tL
(1) At first, dOOcc of acid

$ly during the experiment.

acidlayer-'cOnstani:. ･

(2) Acid was used as thin

        .uaany-T.
Was contained in the

Waste acid was also

film on glass packing

reactor, and

 withdrawn

 surface.

300cc of acid

continuously

was added continuou-

to keep the Ievel of



too-"t.sorC

150tv2oeeC

AJ2ooeC total

2eotv2soec

250tsJDry pt.

Residue

Loss
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                                '                '              t.

     (%) 10.3                         17.0                              12.1                                     9.6
     (%) 21.9 18.6 13.8 10.2
     (%) 40.fl 42.0 29.3 25.0
     (%) 16.6 22.6 16.6 i6,O
     (%) 22.9 24.1 42.7 46.2
     (%) 19.2 10.6 11.2 12.8
     (%) o.g o,7 O･2 9

6.4

17.0

25.5

42.6

19.2

Il.9

O.8
F

26.6

45.5

91.5

-
7.8

 I.7
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   (iii)

4- 3.

Some
                               "' tt '"- '"        '

characteristics of liquid Folyrners were shown in the following Table

                                tt                                                  '

              tt    Table4-3SomeCharacteristicsofLiquidPolymers. '

Expt.

..

No.,

  6
 ues
 LH
 9
 8
 cu  ?
 d
 si
 tw.
'-'b･'

 E
 s-t

 9
 trOl

 pa  ?
 8
 pa-･

 8
 ,:

 d
 B
 9
 R
 ou

Sp.gr.(D]g). ''"'

gB6r;i;i'll/ls64 soitibie (wt%)'

Sp. gr. of 96%H2S04 insoluble(D]R)

Aniline'pt.of v ("c)

140

O.73i'

 2.4
21,3

O.73i

  80

-.. 141

 O.75i

 ,, 4.7

  31.f)

 O.732

   81

sp. gl･ (Dig).

96%H2S04 soluble (wt%)

Sp.gr･ of96%II2S04: insoluble(D]g)

..AnL/l-n.g-pt:Tof m.., (ec)

Sp. gr. (Dlg)

96%H2SOas solublg (wt%)

Sp,gr.of96%H2S04insoluble(Dlg)

Anilinept.of e (cc)

,,Fg,

 27.8

･P, ･76tt

  87
,,gsg-l'

 60,1

,O.799

. ' 92

'O.8i3'

 68.9

O.781

  90

O.825

 92.7

O.788

  92

 --ut. .....t -.

         ;43   142

 '6.74g'       'O.752'

   5.1         l6
  Z8.4        47.8
 O.732       O.701

   81         81

       6.7s2 o.7sg

  58.7        46,6
 ,O.771i.       0.777

   87 .. ,C8
I,.g'ig ,.,l-,'

  78.8        84,6

 O.797       O.785

   92         89

 1-44 ･l45
o.i7'l'' 'o.763

  65 '        84
 71.7 87.8

O.735 O.746

  EO      82.8
ol's)i'o --

78.3 ･-
O.764 --
  86 -
O.816 -
92.8 -
O.802 -
86.5 ･-

    (iv) The values of acid-olefin ratio were comFarable to the contact tjme bet-

ween ' olefin and acid. As shown in experimental results, only a small amount of

acid was necessary to convert total isobutene into polymer. The existence of excess

acid did not increase polymer yield, but it gave great influences on the properties

of Iiquid polymer. Low conversion rate in Expt.145 might be explained by the

fact that thin acid film was gradully washed away during experiment.

    (v) In Expt. 145, with the smailest amount of acid, there prevaiJed true

polym,erization. The ipain components bf Iiquid polymers were dimer and trimer

of isobutene. In Expt. 144, with the acidin-olefin ratio O.64: 1, true polymerization

was still predominant. But, the Iiquid polymer became rich in high boiling compo-
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nents. With higher acid-olefin ratios, conjunct polymerization occurred appreciably.

Low boiling fraction of the liquid polymers became paraffinic and high boiling frac-

tion contained unsaturated hydrocarbons of complex structure.

    (vi) Precise investigation sh6wed that the acid wash oil contained unsaturated

ringhydrocarbons.. , ･

                 V. PelynierizatioR of isohutene with Copcentrated

   ,･, SulfuricAcitiatLowTemperatllres. ,

(1) Apparatus and Procedure.

    The reaction apparatus was a three-necked tlasl< cquipped with a stirrer.

Sample isobutene gas was liquefied in the flask cooled at -20eC. 96% sulfuric acid

was added dropwise under'stirring. The acid addition had to be regulated not to

rise the liquid,temperature above -20eC. After total acid was added, stirring was

contiriued for a certain duration of time. The reaction tjme included time required

for acid addition. When the reaction was over, the acid layer was syphoned out

and the hydrocarbon layer was warmed to room ternperature to expel unreacted

isobutene. The liquid polymer thus obtained was then washed, dried and distilled.

                                                                 ,(2) Experimental Results. ･
    (i) The data of polymerization expeuiments were shown in Table 5 -- 1.

          '

              Table 5-1 Polymerization of Isobutene at Low Temperatures.

    =t.rmrt....-.t...7 t. ...tt....t. ntL..tlt. -..t. op
                                                          'Expt. No.

React. temp. (ec)

React. time (hr)

Acid-olefin ratio

Sample oletin vol. (N. T. P. gas)

React6d olefin vol. <N･ T. P. gas)

Absorption rate '(%)

,Liquid polymer (cc)

Sp. gr. of polymer (Dgg)

Liquid polymer yield (%)

Dist. test of liquid polyrher

   Init･ b. pt. ("c)

   Dry pt. (ec)

   Dimer fraction ("vi5U"C) (%)

   Trimer'fraction(150rv2IOOC)(%)

   DimerlTrimer ratio

  167

 -20
  114

O.12:1

o

i

  :69
  - 20

    1

O.OE6:1

        4ZE,)92.i

        2S.892.1

        6o.o 10U

 245         59
.7838 O.7488

         62  84

  3o         20
218.5         l64

        47.6 48.8

        40;O 26.1

      I;O.84:O,53

  170

 -20
  114

O,24;1

o

1

48.2

48.2

 100

 123

.7826

  80

  33

238.7

27.5

 37.7

:1.37

  171

 -2)

   l
O.12;l

 48.6

 48.6

  ･100

  143

O.7665

   91

   20

  233

 33.0

 43..2
i:1.31

  172

  -20

    2
O.056:1

 47.7

 32.8

   69.

   66
o.74os

   60

   20

 176.5

 44.7

 38,2

l:O.S5
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    (ii) It was possible to obtain comperatively low boiling polymers by true poly-

merization in the presence of concentrated sulfuric acid at low temperatures below

OeC. But, for the production of butene dimer, phosphoric acid polymerization gave

better results. The liquid polymers by phosphoric acid polymerization usually had

the dimer/trimer ratio of 1: O,2, while the best dimer/trimer ratio in the current

experiments with sulfuric acid was 1: O.53 in Expt, 167.

               VP. Polymerization of Butenes with Puiitjce Catalyst

                   gmpregnated with Cencentrated Sulfilric Acid.

(1) Apparatus and Procedure.

    The reaction apparatus was just the same as used for the ex'periments des-

cribed in Chapter IV, But, instead of glass packings, small pieces of pumice impreg-

nated with concentrated sulfuric acid were contained in 'the reactor. Almost all

liquid polymer was withdrawn from the bottom of the reactor. 96% and 90% acids

were used. Experiments were conducted at room temperature and afterwards at

low temper4tures.

(2) Experimental Results.

    (i) PreliMinary experiments, shown in Table 6 v- 1-6 -- 5,gave the following

conclusions.

    (a) Isobutene was the best charging stock for "solid sulfuric acid" polymeriza-

tion. It gave liquid polymer in good yield. While, normal butene was quite

unsuitable for this purpose, its sulfuric acid ester being stable at room temperature.

    (b) 90% acid gave better results than 96% acid in polymer yield and catalyst

life.

    (c) Isobutene had some activity to decompose'normal butene ester and change

it into polymer.

                     Table 6-1 Polymetization of Isobutene witli

                             90% H, SO,-Pumice Catalyst.

             HrS04:84g Pumice:IC)-Og Olelinflow.rate:5Uhr

                                               :            Expt. No. <5 runs)                                         3-2i3-3 3-4                                                               3-5                                  3,- 1
                                               !

Sample' olefin vol. (ll N T. P)

Absorbed olefin vol. (I/ N. T. P.)

Absorption rate (%)
Liq, poiymer4i86ipie oiefin (cc)

Liq. polymerLabsorbed olefin (cc)

Sp. gr. of liq. polymer (D],5)
Acid siudge/g9Kipie oiefin (cc)

 9.82

 9.81

 99.9

 23.9

 23.9

O.7839

  7.6

 10.50

 1O.04

 99.9

 24.8

 24 .8

O.7582

  3.5

 9.35 [I

 g.3sl

  iOO i

 21.9 I

 21.gI

O.7569

  2.9

  8.9t

  8,89

  99.7
'

  20.8

  2Q.9

O.7515

  3.1

I

r
l

I
l

 9.27

 9.22

 99.5

 25.4

 25.6

O.7742

  3.9,



36 H. OH'rsul<A

Tabie -2 Polymerization of Isobutene with

96% H,SO,-･Pumice Catalyst.

H2SQ4 : 72g Pumice IOOg , Olefin flow rate : 51/`hr

Expt. No. (5 runs) li-,
ih

Sample olefin vo!, (i/ N. T. P,)

Absorption rate (%)
Liq. poiymer/g(Afupi oiefin <cc)

Sp. gr. of liq. polymer (DIR)
Acid siudge/gCAAip!e'oiefin (cc)

                           '

 10.05

 99.9

  l8.1

O.7758

  6.9

1-2

  9.9

 99.9

  17.5

O,7608

  3.5

1-3

  10.3

 99.9

  21.7

O.7560

  3,6

l-4 l-5

  le.1

 99,9

 20.2

O.7556

  2.4

 't  iO.4

 99.9

  19,6

O.7543

   l.5

v '･ Table'6-3 Polymerization of nButene wieh

96%H, SO,-Pumice Cataly.st･

H2S04 : 76g Pumice : 126 g Olefin tlow
  ==MManl;U

rate : 5 t/hr

Expt. No. (5 runs) 5-l

Sarnple olefin vol. (ll N. T. P.)

Absorbed olefin vol, (ll N. T, P.

Absorptiop rate.(%)
Liq. poiymer/ggilipie oiefin (cc>

Liq. pQiymer/AObsiorbed oiefin (cc)

$p. gr. of liq. polymer <D:R)
Acid sludge/g:thple olefin (cc)

.10.05

 9.99

 99.4

  l.1

  1.i

  8.8

5-2 5-3
9.25

6.95

75.0

 O.8

 I.2

 2,3

8,90

3.19

35.8

 O.7

 2.2

 3.8

5 -4
*

I

[

9.05

5.08

56.2

 U.6

 1.2

 3.8

5-5
9.57

3.rl

32.5

, O,3

O,.96

 3.9

Table 6-4 Polymerization of n-Butene with

90%H2 SO,-Pamice Catalyst.

ww

 H, S04

Exp. No,

: 58g Pumice : 126 g Olefin

-2

flow rat e : 5 Ilhr

<5 runs) 6-1
Sample olefin voL (l/ N. T. P.)

'Absorbed olefin voL (l/ N. T. P.)

Absorption rate (%)
･Liq. poiymer/g2ikpie oiefin･(cc)

Liq. poiyrnerlAebsiorbed oieiin (cc)

Acid sludge!g:iliple olefin (cc)

F
L
I

I
L
r
:

I
t
1

9.59

9.50

99.1

 1o9

 1.9

12,2

6
1

I6-3I

8.78

7.29

83.0

 2.r

 2.5

 5.7

9･4o

4.54

48.3

 O.5

 ･1.I

 6.6

       l
6-4 16-5

*

9.74

2.67

27.4

 O.3

 t't

 7.0

7.68

4.24

f. 5.2

 Oe3

 O.7

 6.9

* These runs were conducted after draining the acid sludge over night.



Poiymetization of

     Table 6-5

eleiin Cases with Suifuric Acid Cataiyst

Polymerizatidn of Isobutene with

the'Waste Catalyst used for Expt. 6.

g7

Catalys : 121g Olefirt ilow rate : 5 llhr.

Expt. Ng. (4 runs) L 7hl

Sarnple olefin vol. U/ N. T. P.)

Absorbed olefin vol. <t/ N. T. P.)

Absorption rate <%)
Liq. poiymer/4Zkpie oiefin (cc)

Liq. poiymer/L[Oisiorbed oiefin' {cc)

Sp. gr, of liq. polyiner (Dl:)
Acid siudge/"(a/ilkple oiefin (cc}

1

r

l
i

r
]

i
:
l
l

 9.60

 9.13

 95.1

 21.4

 22,4

O.7705

  2.5

7m72 I
       ,

7--3 i
      tl
7-4

 9.38

 7.79

 83.0

 22.2

 26.7

O.7608

  1.6 l
F

 9.30

  7.65

 8).1

 24.0

 29.2

O.7739

  1.7

 IO.25

  7.98

  77.8

 2).8

 26.7

O.7543

  O.4

    (ii) Comparative polymerization experiments were conducted with

unt of isobutene in the presence of 90% acid-pumice and 96% acid-

                                  'lysts, and those verified the conclusions obtained by the preiiminary

(See (i) (a) and (b)). The experimental results were summarized in

                  Table 6--6 Comparative Polymerization Experiments with

                           90% H., SO,-Pumice and 96% H,SO,--Pumice Catalysts:*

a large amo-

    .pumlce cata-

 experiments

Table 6-6.

Expt. No,

No. of runs

Conc.ofH?S04t%) .
        H2so4 (g)

        Pumice (g)

Olefin vol. used for each run(l/ N. T･ P.)

.Olefin flow rate (l/hr)

2

   21

   96

   98

  2 ]O

ca. 10

    5

Sample olefin vol. (l! N. T. P.)

Absorbed olefin vol. (ll N. T. P.}

Absorption rate (%)

Liq. polymerllOl sample olefin (cc)

Liq. polymerllOl absorbed olefin (cc)

       ttt
I 198.4
I'l I88.5
!

1 95.0]

1 2i,o
l

l 22.f)

4

   I7

   90

  151

  2]O

ca･ 2]

    5

302.2

29}.3

96･2

24.2

 25.6

                                     ,pa

6-7 and 6 p- 8, the composition of liquid

  The liquid polymer became richer and

as the reaction time passed.

"

    (iii) As shown in Table

nged with the reaction time.

boiling components according

polymer cha-

richer in low

* Experiments were discontinued, when absorption rate dropped to 85%.
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Table 6-7,

H: eHTsv{(A

   nm .
I.b.pt, (oc)

Distillation Data oE,Isobutene Polymer

 with 90% Acid･･Catalyst'.

Expt. No.

2L' 1,

2- ]3,

2- .i

2- 7,
2L '9,

2`=rl1,

2-l･3･

2,-]5,.

2-17,

2-19,

2- 2

2- 4

2- 6

2- 8

2-IO

2-12

2-l4

2-16

2-l8

2-20

38

27

3i

54

6]

30

66

36

36

Dry pt.(ee)

235

224

215

214

205

169

184.5

181

201

r.b,pt.-･ulso"c

 frac. (%)

A

28.0,

37.8

45.6

51.8

53.9

56.9

58.3

61.0

15Q-v21oec
frac. (%)

55.2

51.9

44.8

'41.0

44.0

40.4

40.9

38.3

,210-vdry pt.
 frac. (%)

13.7

6.5

6.8

4.7

  i,,

Residue
 (%)

.

-=･

3.1

3,8

2.8

2.5

2.1

2.7

0.8

O.7

nv

'ji{

''i

'

'' /'' 1'/1 't ''i'l':

Table 67,8 DiFtil,lation Data of,Isobutene Polymer

    with 90% Acid Catalyst.
      f              '

i/1

,Expl. No.

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

-1
-2
L3
-4
-5
-6
-7
-8
-- 9
- 10
- tl
L- 12

- 13
- 14
- 15
- 16
- 1,7

I,bEp. t. (oc)

515
75

103

43

36

38

36

37

35

34

84

49

58

54

36

4i

44

Dry pt. (oc)

5

I,b.pt.--15ooc

 frac./(%),

242

225

183

207

203

214

210

205

204

206

207

214

203

210

l98

175

198

20.3

26.s

36.2

41.6

46,3

47.6

36.0

49.5

45.5

61.9

48.8

59.0

58･3

53.6

64,3

64.9

58.4

l5o--.,21oec

frac. (%}

6).8

58.1

ss.4

55.4

55.4

46.7

62.2

48.4

54.5･

38.I

50.9

34..4

41.4

46.4

35.7

35.I

41.6

210-･Jdry pt.
 frac. (%)

16.9

l2'.6

4.6

4e4

Residue
･･ (%)

2.0

2.5

10.4

2.0

0.3

1.1

1.8

2.l

  o
  {1)

O.3

2.2

  o

  o

  o

  o

  o

   (iv)

were also

Polymerization experiments with mixed gas of isobutene and normal butene

                     t ttt ttconducted. The siummarized results were shown in Table 6-9.

                                   '                   t, t,,･. ･･ ,･･t.･                          '

t
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     Table 6-9 Polymerization of Mixed Gas of Isobutenb' ''i' : '

 ' .'andNormalButenewithSulfuricAcid-PumiceCatalyst.
                                   'ann=/-=7 rm .                                     '

39

96% Acid

  ...t. 1.t        '
Expt. No.

No, of runs*
               '
i-Butene/n-butene ratio

    'vazza
: 70--.85 g pumice : i .90g OIefin i16w rate : s tlhr

                               l3 ,12 9. 14 i6,.,.17,,,
                               5.,,5 '5.-5.･5',5,,,v.
                              1:9 2:8 5.:5 6:4. 8:2 9:1.,

                                                                      ..,'x j･

                                             t

                    90 ,
                                  ,                 . su '''' (iiL 'lrk=Slb
                              '                           '                              .                (li 7o `']!n-:`i!e ,
                 s
                 E6o '
                .fi. iln=-=- fV8
                 "eJ 50 "                Sl 'il"=i/g
                    40                 =･                L:'L `                60 3o Ni!.-oAo
                    2e --"pt-nv..Lrm..-.i,---L-laL--wntm---------'p･"-
                      o ]o                             ･20                                 30                                     AO f-,O
                                 Reactiontime(hr)
                    Fig. 6--: R.elation between Isobutene-Normal
                            Butene Ratio and Catalyst Life,

    Pure isobutene produced 21.9 cc of liquid polymer apd pure normal butene 1.1

cc of liquid polymer per 101 of absorbed gas respectively. Hence, the 50/50

mixture of isobutene and normal butene was to produce 11.5 cc of liquid polymer,

                                                    iassuming both olefins reacted independently. While, as shown in Tabie 6-9, the

mixture produced 15.9cc of liquid polymer. In this case, no"nal butene was chan-

ged into liquid polymer in better yield in the presence of isobutene than in the

case of pure normal butene･alone. This fact was probably due te the inter-

Tg651-io-ii5s"was 'Iigbo-';6il e5ch ru{.' '-

'

l

   lo

    5

  4:6

Totalolefinvol.CllN,T.P.i 46.4 48.3 46.2 48.1 46.7 47.3 46.6'

Absorbedolefinvol,(llN.T.P.) 36.5 4).4 42.7 46.3 45.2 47.2 465

Meanabsorptionrate(%) 78,8 83.7 92.5 96,2 96.8 99.8 99.9

TotalLiquidpolymerCcc) 11L7 3'g.r? 56.0 73.6 84.r) 107 101
Liq.poiYmer/laObsgorbedoletin(cc)

3.2 9,.8 13.1

I.

Is,b
18.7 22.6 '21.9'
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polymerization of both olefins. .
    (v) In the experiments above described, polymerization was conducted at room

temperature (20rw25"C). In a series of experimeRts, the reactor was cooled at 13"C

by means of water jacl<et. In this case, for example, 84.7l of isobutene was intro-

duced in the reactor at a flow rate of 5l/hr, and 99.9% of isobutene was absorbed

to yield 26.8cc of liquid polymer per 10l of reacted isobutene. Hence, it may be

concluded that low reaction temperature favors liquid polymer production.

    (vi) In the packed-tower type reactor, polymerization reaction was observed to

occur at first in the lowest small portion of the catalyst. And, when all the sulfu-

tic acid in that Portion seemed to become inactive, the reaction zone moved into the

next higher portion of the catalyst. The liquid polymer flowed down through the

waste catalyst and was collected at the bottom of the reactor, The higher was the

flow velocity of olefin, se]f-evidently the wider was the reaction zone in the catalyst.

Specific gravity of liquid polymer increased with the increase of flow velocity.

This fact may be explained as folloWing: As mentioned above, when the flow

velocity of olefin was high, po]ymerization reaction took place in a comparatively

wide range ot the catalyst tower. So, on the average, the liquid polymer fiowed

down through a thick layer of catalyst, This caused further polymerization of

liquid po]ymer to increase its specific gravity. In the case of low flow velocity,

the reaction zone being narrow, there occurred no appreciable secondary polymeri-

zation of ]iquid polymer due to the residual activity of the waste catalyst.

                    (Chemical Engineering Laboratory, Facuity of

                         Engineering, Hokkaido University)


