ENCLOSURE (B2

| SUMMARY

‘To prepare an aviation gasoline from iso-butene, it was. fouad that the .~
D@ 8bmBa b8 LY E G~ LOr-pOLynerization-was-a~nixture~-of~phosphoric-actd-and~bari:
um sulphate. Iso-octane prepared from n-butene by use.of. this catalyst

was-hydrogenated  to iso-octane consisting.pf 2, 3, L~trimethyl pentane,

2, 2, 3-trimethyl pentane and 2y 2, h-trimethyl pentane, -~
.1 - INTRODUCTION - SRR . : :

The polymerizing actlon of sulphuric acid and phosphoric acid has been known
for some time, and when the lower polymerides of iso-butene are required, poly-
merization is riost conveniently effected by acid catalyst, e.g. sulphuric or
phosphoric acid. Fhosphoric acid is one of the most. successful polymerization
_catalysts, in supported form, so-called "solid phosphoric acid" catalyst, in
commercial use on a large scale in the production of high octane number polymer
gasolines from cracked gases. : . :

The autaor (K. FUJIMCTO) supposed that the polymerization activity of solid
anospheric acld catalyst depends on the catalyst suppoit and studied, from 1937
01639 at TUKUYALA, various materials such as BaS0,, Cas0,, ¥bs0,, kg0, HzO,
102, Ma3{ro,le, Ni3(P0,)p, H3PQ,, and Hg, Pp0q as sﬁpports and fo&nd that sul-
rhates-uwl Ba, Ca and Sr wgre %r most.suc%ess ul materials for polymerization -
1t isc-butylene. A catalyst composed of' §5% of BaSO; and 5% of H3P0, was used
in a commercial unit at TOKUYAIL, (employing C3 and C) hydrocarbof gas mixture
&s feed stock) and -it was indicated that'the catalyst gave better results with
regard to activity and especially in its selectivity, compared with U. 0, P.
catalyst. : ' : S

~Bext. ¥, NCLUTARI and Y. KaKIUCHI tried.to prepare high octane gasoline by‘poly-
merizing n-butene in the presence of the above mentioned cataulyst and to an-
-alyze it by means of Raman effect. ' :

II - DETAILD DESCRIFPIGN -

\
>

A diagram of the test apparatus used in the iblloﬁidé.ekperiments is given in
Figure 1(B)2. ‘ ! -

As  POLYMERIZATION OF ISC-BUTENE

Zxperimental results on polymerization of iso-butene at atmospheric res-
surg in the presence of the various catalysts are shown in Table I(B)2,
The iso-butenes were preparsd from iso-butanol by decomposition over
8lumina at 4500C, Catalyst size was about 5 mesh. .

TABLE I(B)2 e
- HyPOy (vt %) | Temp. (OC) | Gas S.V. | Yield of
3k : : (V/v/hr,) | Polymer (wt )

|Basoy, ©5-100 . | 125-150 270 -
CaSoy, 10-20 | 125-150 - 500+ |° ‘90
PbSO,, 5-15 . . | . 125 . 500 - - 80
1470 71 1 125 275 .80
Hpo - 25 and 40|~ -120~ 100 |80
Isfos 30 1 170 40 72
tny{Po,)o | 55-60 | - 125 500 68
Ni3(Foj)2 40 150 36 65
i 3P06 . o .| 200 280 -16

2i,P207 0 180 | 200 80
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On the basis of the above date BeS0j and H3PO, appeared £o be the
‘most effective catalyst, The following daga'ware obtained to deter~
gine the optimum composition and operating conditions for this cete~
Yot e T neLuiol

TARLE TI(B)2

‘| Reaction Temp. ( Gas rate Polymer d?o'or o
(%) | (eoftr/ec) | (%) [ “Polymer
Bas0y,:H5P0, = o : - : Lot
9525 7% " 300 - 52,2 0.7136 \
. . 100 300 8l.3 | . 0,7220
125 300 . 88,6 -0,7236
. 150 300 | . 92,6 10,7246
175 300 86,8 067205
. 200 300 . 78.8 | 0,7124
Be304,:H3PO, = | 75 17300 . ) 69,8 10,7245,
o ok S1000 300, - 77.8 0,7172
90:10 C 125 300 88.2 0,7234
o T 150 of 3000 L L 86uh - | 0,722
175 . 300 . 86.Y 0,7207
200 300 73.2 0.7182
. 225 - 300 - 7.8 | 0.7082
. 150 3000 | ). . 63.0 0.7175"°
85:15 175 3000 T 80.3 | 0,7206
Tl 2000 LT 300 81,1 0.7171
o . 225 300 72,1 0.7163
BaS0,,:H3P0,, = 100 . .300 26,3 | 0.7221
: 125 300 60.1 | -0,8171
80:20 ©150 NG| 300 75.2 0,714,
: 175 300 - 8Ll -0.7148
200 . 300 . 78.0 0,7147
. 225 300 67.2 0.7136
Bgsoh:H3P0“ = | 125 S 73000 T L 24,3 0.7238
A A 150 300 57.5 | 0.7215
75:25 175 300 68,6 | 0,7182
: © 200 . 300 70,8 0,7136
225 © 300 75.8 " 0.7140
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. B.- . DOLYMERIZATION OF n-BUTENES "~ '

... . Experiments showéd_that‘n-bﬁbenes‘feact with HyPO gBéSO (lO{90)ﬁcataljét 
e g =Pt bV 01 Y ~LOW~bOMPEFabUros~and-under-aLnos heéic-pzﬁssuﬁe;ho;tntm.hkgL.m
octane number polymer, ~Thése résults were.as follows:. ‘

w——~~-»A--~~v~'~—-1;r—m--‘-?l-‘.-v—wRelm:i.ve'»-i'a't:e'sl'o"filpo'J:yme'1'-sza"ti:[on of “I=biitetie and_2=butene

1-Butene was obtained from normal butanbl by dehy@ratibn‘in thérpréF

sence of alumina at 4000C with purity of 9L.7%, as determined by the
low temperature fractional distillation method of Podbielniak; 2~

buténé’wﬂS”prépured fron 2rbutanol“with‘pufity”98;8%;:;‘ e
' TABLE III(B)2 :

- b v l-butene, , . |  2-butene
Temp. (9C) o _ k 150 , 150
: PreSsu;e. L e 1.;‘,atmospheric; _H_ atmospheric

Gas rate ce/hr/cc cat . 150 . 150

" lyield of polymer -wté _ L1.0 ‘ ' 33.3°
Dimer fraction -wt# - . T 68,7 ‘ 71,0
Octane lio. of hydrogenated "89.5 . 88,0
polymer S : : -

~

2. Effects'of opéraﬁing conditions

- Varying temperature with H3P04-B&SOL(10:90) catalyst at constant gas -
. rate and atmospheric pressiirs, influenced the. octane rating of the
iso-octane fraction: fsee Table ;Y(B)Z).
' " TABLE IV(B)2 - : R

~ .+ LIXTURE OF 1-BUTENT AND 2-BUTENE (94.7% 1-BUIENE). .

: : . ‘ . Hydro.
Temp. (°C) ! Cas Rate wt % Polym. ¢ Dimer . Dimer
: ! oe/hr/cc. cat. . ! Fraction Octane No.
150 300 ’ 9.9 78.9 | 90.8
170 .. L300 T 1647 : 81.2 ' 88.6
200 3000 - 25,1 80.2 | 8.3
, ‘ . : L

vVariation of the gas-rate at constant temp. of 150°C, and 200°C and
‘atmospheric pressure did not appreciably influence the octane-No., of
the iso-octane fractions.. :
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Temp. (0C). .

‘Hydro, “Dimer

.| Gas Rate ‘t .. {#) Polym. " |. (%) Dimer: -
—— " ” N ™ ) " ; " ---{Jevane No.
150 150 20,7 8.7 90.5
3000 15 9.9 78.9 90.8 .~
150 200 49.1 78.3 86,0
300 200 BECN D 86;2" o 86.3:

Variation of the pressure at constant temperature 150°c influenced
the yleld of iso-octanes. o

TABLE VI(Bi2t_*L;:'

Press(kg/éhz)v-\. -Gas Rate -~ {%) - Polym. (%) “Dimer " Hydro. Dimer
- ce/hr/cc ' Octane No.
RO R 1150 20,7 78.7 90.5
5 150 * 28,1 56.4 90,2~
§ .
VT [ R 175 -—,« . s

Change of temperature under 5

No.»and the yield (Table VII(B)Z)
TABLE VII(B)2 ,

kg/cm? pressure influenced the octane

Temp. (°C) Prgéétkg/émé) Gas Rate | (%) Polym. | (%) Dimer Hyd;;. Dimer
. . : R . 'Octaqe No.
150 5 150 28.1 56,4 90.2
175 5 150 4.8 62.2 88.9
~ RO o 150 TU75.8 7 | 50,8 83.8
3. 'Catalzs
Effect of content of phosphorio acid {Table VIII(B)Z) at atm,
pregsure: . )
" TABLE VIII(B)2
% of:H3P0h Temp. {°C) - Gas Rate (%) Polym.
10 150 150 6.0
13 150 150 13.7
15 150 150 24.9
17 150 . 150 20,1
20 .. 150 150 - 81
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] TABLE IX(B)2

“X- 38(N) 2_

ey ot T

(%) Polym.

o Temp.{9C). . | Gas Rate
Ortho-phiosphoric acid | - 150 - © 150 40.7
Pyro phosphoric acid 150 150° : 24.7

It is geen that ortho phosphor¢c acid barium sulphate is much more
..active for the polymerization of butene-1. . -

Effect of 5% by welght of nhosphate promoter added to (90 10 catalysﬂ.

|

TABLE X(B)2

Fromoter (3) Polym. _:» Promoter (%) Polym.
Hone 35.5 B PO, 0
Ne 3P0, 0 AL PO, o
%570, - 0 | 'Pb3(ﬁgu)2 2.3
Cuy (PO, )2 32.5 -er-Ro, . 4.8
Ag3PO); '40.0 F‘e;‘(;oh) 2 0
CO3(PO,)p . | .0 B Feyto, 6k

[zngtro), | 1. 005(P0,) 2 0
©d4(P0,) 5 29.8- _ Ni5(POY o 12,4
Hg5 (PO, ), ET -

Note: Temp(°C) 150, Gas rate 150.

". From these results,-it was -deduced that Ag and Hg-phosphates were
the most active promoters, but yield improvement was insufficient to _
Justify use of promoter. ) ) x

C. ANALYSIS OF THE SAIPLE BY I-TEANS OF RAMAN.EFFZCT

The sample taken was the so-called iso~octane fragtion produced by the
polymerizetion of l-butene under conditions of dtm. pressure, temperature
of 1500C, space velocity of 300 and % of polymerization 9.9. The octane
rating of the sample was 90.8,

The Reman spectrum of the sumple was ohotographed and the spectrum den-
sity was measured with the eye. The result was compared with the known
date of pure samples and a rough estiiate of the percent of prinmcipal
components of the sample wes made as ;OllOWS

2, 3, 4 Trimethylpentane «..eveevescasenacese 35=4
2, 2,3 Trimethylpentane ...c.cceevessnsesess 35=4
2, 2,‘g.ﬁ Trimqthylpentane trervsesesensaaenane 20-2

e
. '

Moo
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The physical constants of ﬁhéféahpié,are:giyen“in.tgble_XI(B)g{

.TABLE XI(B)2
: BT 0bg,..... [ . CRlO.-
[Density (a30) : 071161, 0.712
Refractive Index (nf)) | L4013 | 1,01
Mesn M. W. . | 15 | il

III. GONGLUSIONS _ _
. On the basis. of the data obtained, the following conclusions can bgAdrawg:

1. BaS0,-H3P0), catalyst {8 an active catalyst for the polymerization of
igobu%enes. : : '
2. The.preferred-composition of catalyst is BaS0 /H3P0,,295/5-90/10,
3. The best temperature for the polymerizetion o% iso-gutenes is between
. . 1250 and 1500C, and the yield of polymer is 90%. .
b The best conditions for the polymerization of n~-butene vo obtain the
~ 91 octane polymer are as follows: :

Temperature .L................l..m....JIQQi"15000 -
Pressure esrsrsnesassrsssssasiarsaess Atmospheric N

. V. R A 1]

5. ,A,hydrogenated‘9lvooténavpp;ymer consists mainly of 2, 3, L=trime-
) thylpentane, 2, 2, 3-trimethylpentane and 2, 2, l~-trimethylpen-
tane, ’ i
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Reaction Tube
(Did- 20m.m, *
R Léﬂj-JOdn-ni)"

_BbleTube_

%/

— (20cc)
Feed Gas Holder

_ Condender Wastz Gas Holder

T
- Recewar

( SerNo.079, Enc. B-2)

_ Figure 1(B)2 .
APPARATUS FOR POLYMERIZATION OF BUTENE
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