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Studies on the Boron Trifluoride Catalyst (IV)

— On the Active Form (HBF,0H) of BF,-H,0
Complex Catalyst in the Alkylation Reaction —

Eishi HASEGAWA, Norihiko YoNEDA, Takao YOTSUYANAGI,
Kazuo AOMURA and Hiroshi OHTSUKA
(Received December 2, 1968)

Abstract

The active form of BF,-H,0O complex catalyst in the alkylation of benzene with
propylene was considered to be a proton donor substance (H'BF,0H") formed by the
combination of BF, with H,O.

In this paper, the durability of BF,~H,0 complex catalyst was studied with special
reference to the behaviors of the active form H'BF,0OH" in the catalyst.

The experimental results were summarized as follows :

1) The catalyst was inactive at the reaction temperature of 10~50°C, when the
BFy/H,O mole ratio of the catalyst was 0.5 or lower. However, at the reaction tempera-
ture of 70°C, the BF;~H,0 complex having low BF,/H,0 mole ratio such as 0.4 showed
some catalytic activity.

2) When the content of HBF,0OH in the catalyst was kept constant, the total amount
of absorbed propylene was greatly affected by the BF; concentration in the catalyst and
the reaction temperature.

3) At the reaction temperature of 10°C, the higher the BF, concentration in the
catalyst, the longer the life of the catalyst. Generally speaking, high BF, concentration
in the catalyst favored the durability of the catalyst. For example, 0.9 and higher BF,/
H;O mole ratio at the reaction temperature of 30°C and 0.80 and higher BF,/H,0 mole
ratio at the reaction temperature of 50°C gave a long life to the catalyst, respectively.

4) These values of the BFy/H,O mole ratio in the catalyst corresponded to the
compositions of the stable BFs~H,O complexes at 30°C and 50°C.
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5) In the case of reaction temperature of 70°C, the total amount of reacted pro-
pylene increased with the decrease of the BF; concentration in the catalyst contrary to
the results obtained at lower reaction temperatures. However, in this case, hydration of
propylene accompanied the alkylation reaction to a remarkable extent.

6) The total amount of absorbed propylene also increased with the decrease of the
feed rate of propylene. This tendency was remarkble especially when using the catalyst
having high BF3/H,0 mole ratios.

7) The main cause of the deterioration of BF;-H,O catalyst in the alkylation of
benzene with propylene was considered to be the chemisorption of propylene to the
catalyst to form the ester-like substance (C;HZ*---BF,0H’").

1. #

i

BF;/H,O = At 05 Bl o BF;, o BF-H,O @Mz, 3 & LT HBF,OH &
H;OBF,OH o= foWE»bH - Tuwb EEL2 b TwbY, HBF,OH X AREETEKRAD X
517 BF, %34 L€ H;,OBF,OH in7c A 5 & T A B2 5 5.

2HBF,0H <=2 H;0OBF,0H+ BF;

7 A F LRI 3T BF-HLO $ifrh o Al 4 H 4 2 3 ki > HBF;0H & 3%
s BRTWAY, Fbt, HBROH i 7= + vt H BF,OH Th-TH V74 Vi H
AR =Y s A F AT BN E LS, L LCEMT %

A&l BR-H0 sl 35X vevn e €Lt LB T A F ALERIC B
VT, BF-HLO §ifkeho HBFOH W A L, i« D BF/HO = 1 [Ed BE-HO ko
HBF,OH &H &4 —EC LESEC TS, MBEEEOKRTI2 2 CicBlahs 7 e &
v DETRILE S T A LRI R DILER s X O ORI 7 &, 4 0 RS 44 Fic
BOTHE L, XOEEEHE L,

2. REREEHSIUERAE

21 £ B % &

7 ALEIREE LS LTk, 500cc @420 7 5 Aa v, BHMRKLENvEv1

L EFREROMEL A N2 WHAE—R), —ERINRE 10~70°C) THRE T Licai s 7

v v vy — R (02~044/5) TEATSHZ LTI TR TTa- 128, ZAmr
vimeANvEy (7x2V)ThHh, FIDF A/ n= T 74 -2 LDERE L,
2.2 MEBOEDA

HBF,OH &% —7 Il Lick &0, Hx BF BEOMEE Wig ORbHIzRkD L) T
5,

WE, filfitrb o BF; R M (BF/H,0 Al THLLT)DbDx Wig)bofeb &, &



3 =7y bk v BRI T 3 W (55 4 W) 235
® 5% x{g) i1 HBF;0H, y(g) it H;OBF;OH Djy CEET 5 L E X 5,
Thibb,
zty=W (1)
BF,/H,O =Ll =M L(2)
ThbhEhB, L, BEJHLO Ak 05 L EO BF-H0 $kic o\ T D8 ET
H5b,
HBF,0H, H,OBF,0H 04 T Fh %, 858, 1038 THH M5

z(g) e & ¥ h 5 BFs Eix -gg{g—x (3)
180

z(g) e & ¥ h 5 HO it "8“58 (4)

Lir b, AR
678
y{g) g Eh b BF; &k Tﬁﬁy (5)
vlg) i 2 s HO fx =00 4 6)
= 27 S 703.8
&b,
2)~6) X X h KA SLT 5,
1 /678 67.8 y
BR g 078 <85.8 T+ 1038 y) 55 TS
H,0 1<w18 - > oz 2y
18 \858 71038 8.8 71038
_ 103.8z+85.8y
M =05 82 +171.69 (7)

LMo y=W—a % ) RKIRAT B L,

2 103824858 (W—2)

© 103.8xz4+171.6 (W—x)
Zhh Wizt &,
_ 678M+18  0.79M+021
W=1mem—ss8 £~ abi-1 * (8)

T, B BF/H,O = Atk M(M>05) ofifkic ot HBFE,OH &4 o b h
Tofilf 2 Wish X w7y vord AL, ERE@Eit-.T Wig) Bo s iuiBuvwbig e
%50

3. ERBEREBLULCEZR

3.1 #EHO BF, BEOXE
i~ BF; i (M>05) o BF-H;O §#i ki o\ €, HBF,OH &4 —& (S E 10°C



236 FAFNET - REEE - oy Mk - R - g 1 4

D& Xk 8.0g, FULHRE 30~70°C Ci1 4.0g)

30 . -
° o s ne feed rot
B X eEENL LT, e v A procylens foed rote ®
. N reaction tEMézerai ‘ure] b\@
HEE 0.3 4/55 THALTT v A ALBUE & {1 7¢ p s
251 P b
Vs EEETAET S E TR A T e v - |
5 amount of HBR,OFH
VEAHE L, #R%Y Fig LiURd, e 80
~ gl L300 400
BT AF LIS ER O A A s w2 s

77 7 X B Pk R Table 11ZR9,

Table Lizir& s X 512, WEKT4E
FHETEHRRENI-Tr vV BEA Y TR
EANYyEVERE, BIOEREA T ey
VY REE TAFARBCHEB IR LT R v

RIS
AN
mras

Total Propylene Absorption

vELE, LLCEEERBRCSH D Lol s
dHhhb, ¥7o, Fig Lid kv CRIGHERE 10°C
- yih, U PA .‘
DL FCILfR o BF: RED MM & b1z, e
Fou e v IR EEE R B LT BF; Concentration in the Cotalyst (BF/HOmole ralio)

%, ik HBROH BEX—5ETH - T b fik Fig. 1. Relationship between BF; concentra-

tion in the catalyst and total propylene ab-
i o> BF; B oy BF,-HO g6k a /o sorption {effect of reaction temperature).

Table 1. Relationship between BF; concentration in the catalyst and
distribution of products (effect of reaction temperature).

reaction temperature (°C)

BFy tc}?llce?tfatioxl in propylene absorbed and | } ;
BFg/Heg(gan?o}lles atio distribution of products 10 i 30 | 50 i 70
P o1z 03 121 07
B 37.0 755 | 318 | 840
I 58.2 185 53.5 12.9
0.96 D 3.2 2.9 5.7 1.2
T I — 0.9 18 01
1/100 P 0.52 0.53 0.44 0.35
(I+D+T)100P 0.55 0.64 0.51 0.39
p L8 | 034 | 12 | 036
B 63.7 71.5 15.0 85.7
I 314 189 67.5 117
0.92 D 0.7 2.7 9.2 1
T — 0.4 1.5 01
1/100 P 0.39 0.55 0.55 0.34
(I4+D+T)/100 P 041 | 065 | 064 036
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BF; concentration in
the catalyst, BF3/H,0

propylene absorbed and

reaction temperature

mole ratio distribution of products 10 30 50 70
P 0.54 0.26 1.30 041
B 82,0 79.0 13.3 73.5
I 14.2 14.1 71.0 21.3
0.88 D 13 20 117 14
T e 0.2 24 0.1
1/100 P 027 0.54 0.55 0.52
(I+D+T)/100 P 0.29 0.63 0.65 0.56
P 0.42 0.22 1.30 0.50
B 86.0 84.2 13.0 77.0
I 9.0 9.2 72.0 19.8
0.82 D 0.8 0.2 12.2 14
T — —_ 2.6 0.1
1/100 P 0.22 0.42 0.55 0.40
(I+D+7T)y100 P 0.23 0.43 0.67 0.43
P 0.37 0.18 1.00 0.58
B 924 91.0 37.8 68.1
I 4.0 44 54.2 275
0.75 D — — 5.9 2.3
T — — 1.7 0.2
17100 P 0.11 0.25 0.54 0.48
(I+D+T)y100P 0.11 0.25 0.62 0.49
P 0.32 0.18 0.33 0.75
B 91.7 91.3 71.5 50.5
1 1.3 3.2 23.0 42.8
0.63 D e —— 1.6 5.0
T — — 0.2 0.3
1/100 P 0.04 0.18 0.69 0.57
(I4+D4Ty100P 0.04 0.18 0.74 0.64
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Propylene absorbed (mole)
Benzene (mole %)

Isopropyl benzene (mole %)
Diisopropyl benzene (mole %)
Triisopropyl benzene (mole %)
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Fig. 2. Relationship between reaction tem- Fig. 3. Relationship between reaction
perature and total propylene absorption temperature and yield of products

(effect of BF; concentration in the catalyst).
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Table 2 17573 E‘gg C}g”ﬁf?%i: prod- distribution of products (wt %)
° talyst, BRs/H,O| ucts | o 7/ . :
Fig d7b ED 7 a v v vl A mole raltio 0.2 ¢/min. 0.3 {/min. 0.4 {/min.
N - B 28.0 66.0 73.2
o 7 ho=! - FI M 1T TR < :n[ B . .
oL, BEETT2 TR oo I £2.0 948 159
et 7 e € vV, T o BF, %0 D 16.8 5.3 39
PEE D RIS D, 1R B 1 ! 30 21 11
MLTW B Z & ibh b, IR, B 208 630 70
5 I 49.0 25.8 14.9
HBF,OH fif % — 8 & 5 Th, ke 092 D 1622 48 3.0
D BF; B2 E & 22X, o T 27 0.9 0.6
R T AME Ul 2 & a7m LT B, B 36.2 71.6 76.5
g . . I 475 197 143
Eie, TR VYBARESNS S 088 D 128 37 24
Fied, WEEETS RIS T 15 05 04
LH7mrE L VEIRKRTHD, LT B 745 80.4 815
0,82 I 18.0 135 10.8
# ha D 10 04 17
(4(0 T —_ — 0.2
~ 70 et fenp. T O B 85.2 88.6 92.3
- e 1 113 65 51
§ 15 -{ iy one o sule 075 D 0.9 0.2 0.1
S B i 03 1/min T — — —
] @ : 04 !/min,
s B 86.3 89.6 92,0
X
s I 6.8 4.8 2.9
< O B g 0.63
3 %.Z@QP@/@ ’ D — — —
S " T _ _ _
ot i B: Benzene
o s ) 0/ s i "0 1: Isopropyl Benzene
85 Concentration in the Culajyst (BF/H:Omole ratio) D: Diisoproplyl Benzene
Fig. 4. Relationship between BF; T: Trilsopropyl Benzene.
concentration in the catalyst reaction temperature: 30°C
and total propylene absorption benzene used: 1.0 mol.

(effect of propylene feed rate). amount of HBF;OH: 40g
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