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Studies on the Boron Trifluoride Catalyst (V)

— On the Reactivity of Aromatic Hydrocarbon in
the Alkylation with BF;-H,O Complex Catalyst —
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and Hiroshi OHTSUKA
(Received November 28, 1969)

Abstract

It is widely accepted that the reactivity of aromatic hydrocarbons in alkylation reaction
is affected by the alkyl groups on the benzene ring. These effects of the alkyl groups may
be considered as the inductive effect, probability effect and steric effect.

In order to clarify the behaviors of BF;-HjO catalyst and to observe the presubstituted
alkyl group effects, competitive alkylation of aromatic hydrocarbons with olefins was carried
out in the presence of this catalyst. | The life of BF3;~H,O catalyst was also observed. And
the following results were obtained:

(1) The reactivity of aromatic hydrocarbons varied according to the type of attacking
olefins. ~ The reactivity of aromatic hydrocarbon in competitive alkylation with
ethylene and propylene was in the descending order of B>T>E>C. While, in
alkylation with isobutylene, the order was T>B>E>C. (B : Benzene, T : Toluene,
E : Ethylbenzene, C : Cumene.)

(2) The life of the catalyst in the alkylation with propylene decreased in the descending
order : B>T>E>C. While, in the alkylation with isobutylene, no chang in the
activity of the catalyst was observed within the present experimental conditions.

The difference in the reactivity of an individual aromatic hydrocarbon is explained by
the steric or probability effect in the case of alkylation with ethylene and propylene, and by
the inductive effect in the case of alkylation with isobutylene. Ethylene and propylene tend
to make a polarcomplex (R3*-.-Cat’~) or an ion-pair (R+-—Cat™) with the catalyst. Hence, the
attacking group to the aromatic ring may be considered to be a large ester-like substance as
mentioned above. While, isobutylene seems to produce a carbonium ion (a tertiary butyl ion)
by the addition of protons when reacting with the catalyst. In this case, the attacking group
is a carbonium ion, which is very sensitive to the inductive effect of the alkyl group on the
aromatic nucleus.

LI
ST TS e



106 EAINET - AR - ™y bR - TRk - KIE & 2

il

1. #

NUYEVRT AF ALY VI EOBEERRIEKEOFEE R L sEREIGHEL, v
VB OWTOWAR T AF AR L VBB IR D, CoBBCRBEINDER, ERNDRER LT
SEAEH R ERE 2 LR B, BRNOR»OFELL L, NvE VR EOTLFAFIIEE
THRFCH L CHIEE2ED 2R (19R) 2835, &<, rr=voffgil CH;
HoBIEBEGELS Y, BRI EDOTAFASVE VI DS RIS, —77, MR
ME R IO ENSRIDELDE, FOTAFARVE VI DSV VvORIBERESWEF
Mahb,

FBEEFACKBO T 12 ML BT 2 R o R, (TR MtofMmE, 74 % e
HETHRE) OFBERIORIEEEREC L - THRRELDbDLEELZDNS,

AR BT BF,-H,O Rk rHvTc7rdFrveEviozsry, Yedr vk
VA YV 7F v VI BESFT A F MURIGIC BT 2 HFEERICKBORIEE S, EoBRo%
HMKTHBPEEEL ORI S THEET S, ¥, BF-HLO REEL A& T 5/«
FHEBRICKFED S v € v i 257 4 F LIS B0 THBHSEE DR T 5 E TR S h
L7 m v vEND, SBRERCKEZEORE X o THEELEORFEN S0 X 5 7ty 51
BT oW THRET 5,

2. R B /&

2-1 B B>

Ny, b=y, =FANVEVEIORF L 2 TSRS KK SBoi -0
AL vy ATHK L, BB L TH VR,
22 R K B B
TAFAEFELCT e vy, 4V 75 v v EROCEAERFILKFZEDO T L F A ALIGEA
B 600ce mAY A7 T A2 RFEM LI, T, =F v vEHWET7 A F AALEIEEETIX
BEASHET Lisded, d— 72 v— 7 EHACIE Tt ofco A LA — 27 v— 71X
AfEEE KK BoBHFEBRROLDTHD, oFCRTLEV0bDTH D,
PR - 365.5 ce (S
[E#53% 1,000 rom
SR FETT 1 300 kg/em®
AR R - 300°C
2-3 BETLFIMERBC BT IREGEEEREDORD T
K7 A FAMMCEIEE T B RFOKFC DG T—RKTHBEREL, br=vR=FLvE Y
REDTAFAMMERIEHEE L S vE v DT AR MRS EE E DL, ke/ks, ke/ks 7o SR
X hkdpiz,
kac - 10g (CAx-/CoAr)
kB 1og (CB/COB>
Cos : RO v ViRE
Conr : BRFIDT L F LN v Vil
Cp @ RIRHO~ v ViR
Car I RINHBOT LF A vE iR




3 =7 v bk 7 SRR B B s 107

AP BT > E DB X H B,
B:. _"v¥Ev, T: b=y, E:x=zsFAxXvE Y, CiFarv
kp, ky, ke, ke X ENFERB, T, E, C o7 AFMLRIGEEERCTH 5,

3. R B B OB

31 BE7 L F MRS

3-1-1 PHRBR—EMEEOBREORF—

Ry vETAFALRVE VEORAWCK L, BF:-HO Rého X 5 ikl x w2
LT A MEEIEOMEC T A ¥ ABOSTHE IS THIRELRE B2 L3 E 2 bR
Do TokziE, OF0Lait T vATAFALERERBERIEA S TRCHRT 25K
1%, kac/ks REOHERE o,

R, R, R,
@—{—@—Rz:@-i-@

FoTTAFAR VY VEORAYE BF-H,O Reikring, 200C T60~70 FH#EH L%
DR ORI A B Uie, KB % Table 1 wiRd, B4, AFLFR2 1 BRHEE Tk
BAWoBESRERBILEEEIRT, “vEY, tr=v, =2FAvEY, F, 4 VEIT
SA YT REAR VL VY OFFERIKFREGWCH LT, 4TS5 30 TR R
(LRGSR E g FBEECIR E Tuiol,

Table 1 Composition of Aromatic Compounds in Initial and Final Mixture (I)

Initial  Composition(%) Final  Composition (%)

@ @ é é O”l’?flp‘ @ @ é] é] O“Iéjlp—
43.4 56.6 3.7 56.3

25.0 | 25.0 [ 25.0 [ 25.0 [ 305 [ 2r.7 [ 328 [ 251 ] 251 [ 2.9 [ 249 | 385] 287 [ 328

React. Temp.:20°C
React.Time : 60~70min.

Aromatic Mixture:Catalyst=2:1(mole ratio)

—Tf, =T FAREFETETAFASVE L ESNVEY, b= vk EoRAYE BF-H,0
PSR TS5 &, Table 2 iR X 5oy, W7 v LRI RED Bitle, Ll
AEBCHR 5 B4 7 A F AL @R (10~204) TH Y, Fohs, BT A LEIE
DERITHTNTH D, kar/ks OEITZIUE EREREBITY 2780,

SEWR, PA=vERVEVEDRIEEEEROI k/ks 2%, chbofEA, S
BICHEAF LY 4 VR EOTENn L ED X 5 e Eie 50 0o THRT 57, BF:
“HO BEEEMIC L2 T r e L viR EBHES T A F ARG E FIGRE 30°C T1Tt - o,
B4 Table 3, Table 4 ¥ X oO¢ Table 5 KR, ZhbofERNS, FHEGE, fMilEks X
UBAA VT 4 vERERELTY, BIE—FED ki/ks 25252 0 WHLNTH 5,
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Table 2 Composition of Aromatic Compounds in
Initial and Final Mixture (II)

React, Temp. Initial Composition(%s) Final Composition(%)
ERRIRINHEKEKEBREREREE
20~25 [79.3 20.7] 75.0 13.0 12.0
70~80 | 63.0 37.0| 60.5 8. 4 31.1
20~ 25 100.0 7.2 76.9 15.7
30~35x|  |60.0]40.0 1.4/58.0/33.1 7.3
30~35%| 60. 0 40. 0 59.3| 1.8 3.3]35.2

React. Time : 180min.. (* :90min.)
Catalyst : 0.96 BF:-H:0

Table 3 Relation between the Initial Composition of the
Aromatic Mixtures and their Relative Reactivity

Aromatic Initial Concentration(mole) Relative Reactivity
@ © kv ke
0.75 0.25 0. 45
0. 50 0. 50 0.48
0.25 0.75 0.42

Cat, : 0,96 BF,~-H,O, 0.1 mole
React, Temp. : 30°C
React. Time : 20 min,

Propylene : 0.14 mole

Table 4 Influence of the Amounts of the Catalyst on the
Relative Reactivity of Benzene and Toluene

Cat., mole k) ks
0.06 0.46
0.10 0.47
0.20 0.39
0.60 0.35

Benzene : 0.5 mole

Toluene : 0.5 mole

Cat. : 0.96 BF;}"Hzo

Propylene feeded : 0.07~0.08 mole
React. Temp. : 30°C

React. Time : 10 min.
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Table 5 Influence of the Propylene reacted on the
Relative Reactivity of Benzene and Toluene

Propylene reacted, moles k Jkn
0.04 0.40
0.08 0.43
0.12 0.46
0.14 0.38
0.21 0.41

Benzene : 0.5 mole

Toluene : 0.5 mole

Cat. : 0.96 BF3-H,0, 0.1 mole

React. Temp. : 30°C

Propylene Feed Rate : 0.08 mole/10 min
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FIRBORERLS, v vT7 L er <y ¥ VEOHTNE X 05T o BRI E
HL> BHEOLOTHY, i, RIEEEEROL ka/ks X7 A F A<V ¥ VEOTDIES
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DFFT A FMEIEE T - foo f58% Table 6 iR,

Table 6 Competitive Alkylation of the equimolar Aromatic Mixture

Alkylation Ethylation® Propylation t-Buthylation
ke B 0.70 0.43 1.46
ku/ks — 0.11 0.42
kc B 0.15 0.04 0.21

React. Phase Lig. Hetr. Lig. Hetr. Liq. Hetr.

Reactivity B>T>C B>T>E>C B>T>E>C

Cat. : 0.96 BF3-H,0
React. Time : 20 min (* : 30 min)
React. Temp. : 30°C

BF:;-H,O R#ifda TR vEy, tr=vBIW=FLvE vOSHEo% e LESYIC
DN, BE T e CAERIE T B A D ke/ky OEIZFHEGOME T X —FKL
TWd, 2O ENL, —DDTAFARVE VOFEIIBO 7T LEA v v R LT
TALOEEEE 2 R b,

=FMMER IO 7 v CAMBFEIE TR, FBEERICKBEOFIEHEIV-Tht v ry>r=y
SE2FARVEYSF LA VTHDL, LhL, AV 7FL VLIS - 7FA{LEIETI P L=
VRV YS2FARVEYSE LA VTHY, =F AR T e EAALRILOBA LN
T, AvEY, b= vOREHECIEFEAMEL TV,

32 FEEBRALKEZEOTOEL VLB PR IMERISCHET 2HEEHOHSEN
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EHEBERIEAFEE LT vE Y, tazy, =FA_YEVYRIUF.L 2 vEHV, RIGRE
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10C, 7 r v v AKE 0.44/min. ORIEGEETHMEREIMETT2ETT v L v EEA
L, 72 v vBIRROEREMEEE L, MRty Fig 1 wrd,

React. Temp.:10°C
Propyvlene Feed Rate:0.4//min
Cat.:0.97 BF, —H.0.10g

Amount of Aromatic:l.2 moles

Propylene Absorption (vol%)

React. Time (mint

Fig. 1 Life of BF3-H,0O Complex Catalyst in the Propylation
Reaction of Arcmatic Hydrocarbons
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Continuous Reactor.

React. Temp. :10 °C @

Cat. : 0.97 BF, —H,0

I
>
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Propylene Feed Rate
2 0.4 4/ min.

o

P=3
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¥

Propylene Absorption in total (g)

50§

0 5 10 15 20 25
Amount of catalyst (g)

Fig. 2 Relationship between the Amount of Catalyst and total
Propylene Absorption in the Propylation of Aromatics
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