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Alkylation of Pentane Fraction with H,PO,-BF, Catalyst

Hideo SaTO
Kazuo AOMURA
Hiroshi OHTSUKA

Abstract

When straight run gasoline is used as the feed stock for naphtha cracking or naphtha
reforming, its light fraction is usually removed. This light fraction, the so called “pzntane
fraction”, mainly consists of C;—and C, paraffins. Its isoparaffin/normal paraffin ratio is
about 50 : 50.

The alkylation of the pentane fraction with propene or isobutene in the presence of
H,PO,-BF, catalyst was studied with special reference to the production of high octane
motor fuel.

The olefins were conducted into the four necked-flask with a stirrer containing the
pentane fraction and the catalyst under atmospheric pressure.

The products, separated from the unreacted pentane fraction, mainly consisted of
isoparaffins with a small amount of olefin polymers.

Both olefins produced the mixtures of Cy—and C, isoparaffins as the alkylates. In the
case of isobutene, the main components of the alkylates were methylheptanes. While, in
the case of propene, dimethylhexanes were the predominant components of the alkylates.

The maximum conversion of the pentane fraction into the alkylate was about 60%.
This figure showed that a small part of normal paraffins presumably participated in the

alkylation reaction.
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Component % Content {wt %) 3
1
: | ; Columm : Colay U(Squalane) LSm
i-Cy | 0.2 Temp. : 30 °C
n-C, 4.9 i Carrier Gas : Hp 1 ml/min
i-Cs 22.8
n-Cs 40.6
i-Cg 25.6 1. Neopentane
n-Cs 5.1 2. i-Pentane
i | 3. n-Pentane
-G 04 L. 2,2-Dimethylbutane
B. 04 2 5. Cyclopentane
- | ) - 6. 2,3-Dimethylbutane
Total | 100.0 7. 2-Methylpentane
. 8. 3-Methylpentane
Ave. M. W. (Calc) ca. 75 " 9. n-Hexane
dit 0.6394
o 1.3653 ]
R. V. P. kg/em?) 1.08
Total Sulfur (%) 0.005
Engler Distillation L 1 5
IBP°C 31 N
10% 36
50 415 3 6
95 6 Retention Time {min)
EP 72 ’ i
Rec.% 985 Fig. 1. Gaschromatogram of Sample
Res. 0.5 Pentane Fraction.

Loss 1.0
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6 NaBF, +B,0,+6 H,SO,——8 BF,+6 NaHSO,+3 H,0
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68) DI L2 2T, T OAEKI0g i BF, 1 2 A& Fh e 8/, Ll
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g1k KR E O BB
O B °C 0 18 30 —12 18
HWkt=v a2 vy g 48 48 48 50 50
fi L g 40 40 41 60 60
77 v A ¢/hr 4.9 5.0 4.8 3.0 3.0
ST s A 0 e T hr 2 2 2 2 2
KOG 7 5 v i g 24.6 24.8 23.9 14.1 14.0
RIS e g 62.3 69.7 65.2 64.0 58.7
R BIG Hoy g 25.6 26.4 24.2 41.2 315
gy R RS E A % 41.1 37.9 37.1 64.3 53.7
Hopto ZIEHR % 46.7 45.0 49.6 17.6 37.0
BCHS 2B R O g 36.7 43.3 41.0 22.8 272
g 35.2 404 39.4 19.6 26.3

T F L=
. % 96.0 93.2 96.0 85.8 96.7
A A

. g 15 2.9 1.6 3.2 0.9
oA i i )
% 4.0 6.8 4.0 14.2 3.3
TAFV—- VN EET TV % 143 163 164 139 188
EaMl/RE 77 v % 6.1 117 6.7 22.7 6.4

WAT 7 v ORERFIBTCI0% BETH» D THRATERTS

(%)
50

Lo

30

20 +

Sample Cg Fract, L8 g

Cat. ko g
i-Butene reacted 25 g
Feed Rate 5 1/hr

(%)
1170

O
—>
Alkylate/i-Butene reacted
—’—f:/
@

10 /‘—’

——’/._—\(
° Polymer in Alkylate -3

Sample Cs Fract. Conversion

Polymer/i-Butene reacted

—_

I

1 150

130

Fig. 2.

18

Reaction Temperature (°C)

Effect of Reaction Temperature.

30
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TaAFVv— ALY, TO—EaRESMC o, S5 T7sv1ierRWL, ALY
AVRL2ZEAOETRIELICY, TOMDKRLL AL 57, FMADRIRER LS 2 L%
Vo TR T BRI B ARG T, SR LR X LT A DMK TH 5,
ARG T, BUGR RPN LI AR O T, RUGIRE O A MICE b 513 & DR
Wi b hichoic, LALLM TWS e biE, lllts, HA Y7 vEFOWMEENE—0E
7, @RI X %039 B EUSEIS &R 50 5 RIS S OEE VI, F RS4RI
FPOEAMEE S i HEANES bR, SHEERTT A F ALEISEE AT 58 A
L C, EARIEOEEMMA DI EERTLOTHY, RIHALV 7 4 Va4 54
WTB7A% v — bOEFINCEEDEIZ D LV, Fig. 212 Aax R LTV 5,
5.2 RICHMORE
TAFMMECBTHA V57 4 v OREHEHEIC RE WL I RTVL 529, 2 ok
WX/ VR ART T 4 YERATOADT—IERDA VT 1 Vi, B LAHS —EREIIE
AL, BEALIC—ERE CEELHET, & CRRIBHMOPE+Z 2L L L, 68T T
D 3 DOER OV T 5 & REREO BUGSRTHT B A AR L, B0 RIE
BBRWIML T B ENEDLNLIET, FEAEENN I ERE2ER IO Fig. 305
B Th B, TrhoREHMA T E 21T 0542 Ll o> T B DIk4 L7 4 v 30 4 fi) o
AL 2 BB G S e 2 D & T B,

g2k LK B oo oW

O | °C 18 18 18
B W hr 0.5+0 0542 0.5+6
R~ 2 v @5 g 50 50 50
fih i g 40 40 40
7T AR C/hr 9.7 94 9.3
KIS 7 7 v i g 12.1 118 11.6
BURG B i 7 4 ik g 59.0 60.2 59.5
KB oy I3 36.4 36.7 34.4
W AR RS % 61.6 61.0 58.0
RO KRR % 272 26.6 312
B & 4= B Bih g 22.6 23.5 25.1
g 20.8 22.1 235

I [ % 92.0 94.0 935
R A g 1.3 1.4 16
) % 8.0 6.0 6.5

TAEv— L EKT TV % 172 187 202
WEAEWMBEG 75 v % 14.8 11.8 13.8
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Sample Cg Fract. 50 g
Cat. Lo g
i-Butene reacted 12 g
Feed Rate 10 1/hr (%)
1210
C
/ {190
(%) -0 '
30G Alkylate/i-BW 170
-
Sample Cg Fract. Conversion
20
c Polymer/i-Butene reacted )
e-\e
10 r
0\_
“— ° <
Polymer in Alkylate
0 .
o] 2 6

(hr)
Effect of Reaction Time.

Reaction Time

Fig. 3.
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BO7FVvEBARREE L CGEAL, BAREKELOPE
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ELrda)

U7z, BB X S RIGHHEOEEII IR A SROb VWb, v 7 s vEARE OB

BEREERNOA V7 4 VIBEEOBE L FE 2 T I,

5 3 %45 & O Fig. 4 1078 LA

B3k TIrvEBAREORH
KOG R E °C 18 18 18 18
REE< v & Ve g 70 70 70 70
fil e g 37 36 37 37
7 v A ¢/hr 2.6 3.2 95 19.3
IS s R AR T hr 1.84 15 0.5 0.25
K7 7 v b g 11.9 119 118 121
I B i 43 4 g 810 78.0 795 80.0
R IE R 5 g 52.5 56.9 60.6 59.6
W5 &R R RS H & % 64.8 73.0 76.2 74.5
B0 KGR % 25.0 187 13.4 149
K0 Rl g 285 21.1 189 20.4
g 25.1 17.9 16.4 17.3
TouF V- b

.| % 88.2 84.8 86.7 848

A il
1 i g 34 3.2 25 3.1

oA

% 118 15.2 13.3 152
FAxy— LRSS TV % 211 150 139 143
T/ R 7 7 % 285 26.9 212 256
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(%)
I Sample Cg Fract, 70 ¢ 1220
@ Cat. 37 g
i-Butene reacted 12 g 1200
4 180
K -+ 160
° FE—
\ o = 1110
Alkylate/i-Butene reacted
(%)
ho +
30 b
)
o]
Polymer/i—Butene reacted
“
20 | o e
Sample Cs Fract. Conversion
i—\ P 5
]
y < Polymer in Alkylate
10
o b :
3.2 9.5 19.3
2.6

Feed Rate of i-Butene (1/hr)
Fig. 4. Effect of Feed Rate of i-Butene.

b, MEORIERR LORIE 7T VICHT 57 0% b — FEIE & LI AGEE 3.2 £/hr £137 L)
TCRMMC LA 2BAINE TH 5, & TBAERE 26 fhr OBGTE T AFL — 1/
ST T v % 210 k&, Lo LEASS4g o L5, JUG7 T vEN119g T
HBOHME, AFT 4 VERE LT T VR LDED8Sg THBH, TEWWBRIAL A v
T4V, AT 4Rl EAPTORET MG TE85g D7 T v bik199g o7
FU— P LAERURWERBEIS, UL LERER T 251g o7 4% L — FAVERLTW
by ZHUEATT AFAALD XS TR e > fef R EHEE S hn, £, ZOROFEHR
THEMMCTES MRS Z D, THREBC LIRS X 5 BURNC - 2 it &8 LB A 7
W TH S S,

EHZ, A v 7o VEBAEEONS GRS FEREE R A8 4 Kk L O Fig. 5 iR
T, ThidA v 74 vE LT e XV a0 TH LY, JOLICEGCEARED L
A TSR E O MER 5 dibiud, IO T 0.75 4/hr LT o AR E T
REORIEBNAE—FC b, BAT e v hbbRE 7 n_Xvici4 57 4% 10— b4
WE AL I AR LTW D,
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Bax e vEAREOBE
B O OR | ec 18| 18 18 18
BBy 2 vE A g 50 50 50 50
fih 1t g 60 60 60 60
7w S AR E C/hr 0.1875 0.375 0.75 1.5
IS I 8 ot g ] hr 16 8 4 2
RIG7 =X v g 5.4 5.6 5.2 5.3
RIG i o e h 3 535 | 54.0 54.5 55.0
K L& 5 g 34.6 34.9 37.3 45.0
it 7 4 B b R RS 8 4y % 64.7 64.7 68.5 81.8
Aobto KGR % 30.8 30.2 25.4 10.0
S o | g 18.9 19.1 17.2 10.0
¢ | . 175 17.9 16.7 9.4
rrEvst % 927 93.5 97.2 94.3
4 R 1 7 ‘"1'4 ’ 0'; 0'{
R 1.2 . 6
R i
% 7.3 6.5 2.8 5.7
_ ; Lo
TR RS Ry % 324 | 320 | 321 177
BEAEWEE S v v % 25.9 i 214 ! 9.6 11.3
BAZr v ORERLABTOHRIEELEA L L0% TH -1,
Sample Cg Fract. S0 g
Cat, 60 g
Propene reacted 5 g
(%)
-1 3ho
Alkylate/Propene reacted
o] e} 4 320
4 300
1280
4 260
(%);..N@ Sample Cg Fract,
307 Conversion 240
-
® {220
20 1 4 200
Polymer/Propene reacted % 180
10 +
oo Polymer in Alkylate
<-— ® ——
0 : .
0.37 0. 1,
0.1875 e & >
Fead Rate of Propene  (1/hr)

Fig. 5.

Effect of Feed Rate of Propene.
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—IER OB ek v 7 g vRELA L, A LB E TOWER, Lichio TR
ISR AR 2 5 2 S X o TEAR LS R ERTH 5, W Ll ~<7c X 5 SUEH
M 2B V0O THEAROEENBE TE ALY TH S, XK LVFig.6 T
WIB 2 Te & 500, T ORI AR DB S D P4 v 7 4 VEBEAROBBIIRE ., H
AT TFVEDEL I BIEHEST, 7AFv— OIS 7T T AERE NSy,
BRI T 520, AB OISR ZE-BlH4 7T X 5 b, BB ORGEEN
50~60% L C—IE EIc B E VDL L, OV EVEIGHICIEA VA5 T4 v /L=
AT TAVENRETESD TOFIRTBIEETELAELT &, CO&BTTF VEAR
MU TLRIE L 7 A=A 37 4 vORBIIXFREBERE LKV DE VL 5,

BARBCOLTOERZ Y e vz owTL i WEEOEB OS5 2 L BRDHE T,
IMEEORCIRT, A V7T YR IBLOLIELT, Te_vEBARNRE > TLESA
MO L e b o SR L Tv B, THIZEAENBEMC Do 2 & & iltEng
W EERMEBELTELZLRS, ¥, 2OV 4 VEBARRE Lt X, TAIER
ﬁ@&f&<ﬁﬂ®ﬁﬁ$%%@ﬂﬂ%m%f,LL?w#v—xik&@&ﬁ@<&ofm
e TOZENBLEB AT T 4 VORIEEND BWELL B> ThBEAZIRTL 3407
4 L, BEECAR LT AF UV~ MLEBEIRTAFALLLIEYD, T LF v — P2V L
TR T AF b Lich, WTFhZ L TESTREOREVTAF V- bEAEIBL0E

BE®R YT HBAROB®

| A °C 18 18 18 18 18
o S S+ F ) g 48 48 48 48 50
i L g 40 40 40 40 40
75 v A ¢/hr 4.6 5.0 47 4.8 4.8
B ik At W ) hr 1 2 4 6 12
75 AR g 11.6 24.8 46.9 714 145.3
RS #eih o & f g 58.0 69.7 91.0 1135 190.5
REE® g 37.8 26.4 24.2 19.4 227
o A e ok SIS W 4 % 65.1 379 26.6 17.1 11.9
ko KGR % 21.3 45.0 49.5 59.6 54.6
B Az B Db g 20.2 43.3 66.8 94.1 167.8
g 19.1 40.4 58.8 77.8 1317
TNF -~ b

. % 95.0 93.2 88.0 827 785

A Al .
) g 1.1 29 8.0 16.3 36.1

& )

% 5.0 6.8 12.0 17.3 21.5
FAF V- FEET T % 165 163 126 109 91
EAMRIE 7 7 v % 9.5 11.7 17.0 229 24.8
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Ve e - R - KB 1

Sample Cg Fract. L8 g
Cat. w0 g
Feed Rate 5 1/hr
(%)
60 r @
< Sample Cg Fract, Conversion
50 t

!
4o o. Alkylate/i-Butene reacted

~—

30
Polymer/i-Butene reacted

0/

(%)
4170

4150
1130
1110

O\_.

90

-]
% / /
< ) o
/ /oly—mer in Alkylate
(o} o
1057
[
1 v
0 . . .
2L.8 b6.9 1.4 1h5.3
11.6
Feed Amount of i-Butene (g)
Fig. 6. Effect of Feed Amount of i-Butene.
oK TeVvEARORE
BOE RO °C 18 18 18 18 18
skt 2 v S g 50 50 50 50 50
fih i g 60 60 60 60 60
a2 A TR ¢/hr 0.75 0.75 0.75 0.75 0.75
J G #0k 5  T) hr 2 4 8 12 20
RS < i g 25 52 | 108 16.3 26.9
B 4 1 4 4 B g 525 545 61.0 62.6 74.0
KK IG5 g 438 37.3 28.1 20.6 19.2
W G R SR IR % 83.4 68.5 46.1 329 25.9
Akt SR % 125 25.4 43.8 58.8 61.8
KO 2 Bl g 8.7 17.2 329 42.0 54.8
g 8.4 16.7 31.9 40.6 52.9
TNF -] . N
] % 9.7 97.2 970 96.7 9.6
R g
1 B y g 03 0.5 10 14 1.9
oA % 33 238 30 33 34
ToAFL—~-RET r S Y% 336 321 295 249 197
EAMEIE T vt % 12.0 9.6 9.2 8.6 7.1
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R E LR e, UGB O FRIFE RS L Eihio L or 4 AL T S m o e
N R Y F A
55 MEBOEESIUCMETEROETLEE

5:5:-1 Mt BEoOMBEAE TR IO Fig 72md, T7hbh, B35 74 vigEiEA
FVZ 4 VREEN—ETHLEE, BB 7 74 vECHL TR 2«2 s w8,
BT 7 4 vORIERFICYIRIOGEEBrRbN S, BRI T I THMNT 52 L1t k-
T, ABOMERE LT AF Vv — DT T VI % O KRE L, EAMOEREIK TS
BHe ZOZEMND, MRS AREREL EHEL L AUE, BAKGHL TEERYREL T
TR MALRIE R TS CRET A & TER VL DEELZBLNRS

5:5-2 flEEREIE A7 7 4 e L ERETRKL: L SCHEWHHT Ao R E T
BHAHZELS S LI Nedd, ZoOROMEA G CX S RIS MU E L e o

KT ELR BT TH B, 83k L Fig. 8 (L E KUGHEA o & 45 8 U 7o 58 il BIL

T b 1z [f) -9k % 6 BIff/e » oA R CchH B, (oL, fHmo FERiCo Tk 5-5-3 ¢
WD )RS E RS % <l o T2EE DENBHEORFAAMIZELN T 5, il
BRSO R TS, s> BE, 2B 7o b, il E BUS/ER & ot X bt oL
FxHR LN, Z OB T B < BB o TR & 2ol & o4 NI < 7x
oz, ZOAERINMELT U b ARSI A L T B b oinh T <, D LUFHIE 2T
THET 2 & AR L TR AR HRAC B - o, UG AREE & LI < a9 2t E o uh

BT MK EooEH

R °C 18 18 18 18 18
EV e 1) g 48 48 48 48 48
fik 8 g 5 10 20 40 60
77 v A (/hr 47 47 47 5.0 4.8
SIS e o s T hr 2 2 2 2 2
FEIS7 7 v i g 237 235 23.6 24.8 24.1
BERS e il o7 A g 69.5 68.0 67.0 69.7 68.5
R W g 39.0 37.6 34.6 26.4 24.9
93 4 vl oK B 9 4 % 56.2 56.3 51.7 389 36.3
BB o BUGR % 18.7 217 279 45.0 48.1
RS e R il g 305 304 324 433 43.6
g 22.9 237 215 40.4 42.3
VR

. % 75.0 78.0 84.9 93.2 . 971

Rl . .
1 ‘ g 7.6 6.7 49 2.9 13

A& b .

% 25.0 22.0 15.1 6.8 2.9
TE V= L RET T % 97 101 117 163 175
W/ RIS 77~ % 32.0 285 20.7 117 54
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Sample Cg Fract. L8 g
i-Butene reacted 2l g
Feed Rate 5 1/hr
(%)
Alkylate/i-Butene reacted 1180
(%) )
50 ¢ © 1 160
@/—_~ 1Lo
Lot 120
&——0 1100
o
30 “\e Sample Cg Fract. Conversion i 80
®
™~ ><
20} 7" @
e Polymer/i-Butene reacted
°
0]
10+
Polymer in Alkylate 0\
©
0 . . .
5 10 20 Lo 60
Amount of Catalyst (g)
Fig. 7. Effect of Amount of Catalyst.
BE8E U £ M
oE RO °C 18 18 18 18 18 18 18
Aol S84 1 0 Il 1 2 3 4 5 6 BF, WA
T g 420 | 425 | 406 | 400 | 405 | 420 45.0
ety 2 v 8 g 50 50 50 50 50 50 50
75 v i AR R 6/hr 4.7 4.7 4.8 4.3 4.7 4.7 4.8
IS NG i e g 1) hr 4 4 4 4 4 4 4
F[{f\ 75 v g 47.3 47.3 47.9 475 47.3 47.8 48.1
KIG#Huh 5k g 93.5 95.5 93.2 90.7 93.1 95.5 95.5
*BOIE W 4 g 22.1 316 33.1 33.9 37.4 435 28.6
173 A o SR RS B A % 23.6 33.1 335 374 40.2 45.6 29.9
AR RER Yo 55.8 36.8 33.8 32.2 25.2 13.0 42.8
KOs 4 peoal g 714 63.9 60.1 56.8 55.7 52.0 66.9
oL b g 65.6 53.1 47.5 43.2 41.9 38.0 57.5
. % 91.8 83.0 79.1 76.1 75.1 73.1 86.9
He R il o~ - .
1 g 58 108 126 = 136 | 138 @ 140 9.4
&l % 82 | 170 | 209 239 | 249 | 269 14.1
TAEL—- VRIETT v % 139 112 99 91 89 79 120
wmEMEL ST v % 12.3 22.8 26.3 28.6 29.2 29.4 19.6
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Sample Cg Fract, 50 g
Cat, ko g
i-Butene reacted L8 g
! Feed Rate 5 1/hr (%)
3 110
(%)
50 1120 ¢
\\ikylate/i-Butene reacted //'
100/
S —— O > ,,/
ol O\ o /
@@e Cs Fract, Conversion II
. !
30 ¢  Polymer/i-Butene reacted 5 o o ,/
o'/ @\ !
8 V.
/ NN
/ ;’\ AN
20 N %
/ / \
Polymer in Alkylate ,I pY
10
[
0
1 2 3 L 5 6
(Fresh) Catalyst Cycle (Regenerated Cat.

after 6 Cycles)
Fig. 8. Catalyst Life Test.
D BN THAERTEE, —oMEisoa v 7 vy 7 A3BHMMEE 70D SEGED 7ol
XGRS e s b0 ELBNS,

5:5-3 15 8 Fk L U Fig. 8 i it U /e EB AV Ik o X s L Tie h
t%@f%60%6@B®7w*wm&m%T% FUSHERA &bl & R AW 2 5= — b
PC2 W RIHE U OB 2 oL, CoE XML 415g, 275¢cc THofz, “huw &b
3 AMAE LC, ERHE L 09g, Lee @i a i Lic, I OFEMBLIC BF, %#WAA
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