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Studies on BF; Complex Catalyst (IX)

The Alkylation of Benzene with Ethylene in the
Presence of BF; and BIF;-H,O Catalyst

Norihiko Yonepa  Akira CuiBa  Hiroshi OHTSUKA

“ Abstract

The catalytic behavior of BF; and BFy;-H,O complex in the alkylation of benzene
with ethylene was observed.

The reaction was conducted in a 365 cc autoclave under pressures up to 50 kg/em®

In the case of using BF,~H,O, ethylene conversion rate and yield of ethylbenzene
increased with the increase of BFy/H,O ratio of catalyst, initial reaction pressure and
amount of catalyst. However, when the BF3/H,;O ratio and the reaction time were kept
constant (BFy/H,O molar ratio=0.95, reaction time=2 hrs), ethylene conversion rate and
ethylbenzene yield gave almost constant values in the reaction temperature range of 40~
150°C. Above 150°C, ethylbenzene yield commenced to decrease and ethane formation
was observed.

The maximum yield of ethylbenzene (80%, b'xsed on. reacted benzene) .was obtained
under the following reaction conditions; Catalyst,. BFg/HZO molar rat1o 0.95, Catalyst/
Etylene molar ratio=1, Benzene/Ethylene molar ratio = 6, Reaction temp.=60C, Initial
reaction pressure=30kg/cm? and higher. Reaction time=3 hrs.

In the case of using BF; as catalyst, the maximum yield of ethylbenzene (70% based
on the reacted benzene) was obtained under the following reaction conditions; Catalyst
BF;=0.23 moles, Benzene=10 mole, Ethylene=0.43 moles, Initial reaction pressure=45 kg/
cm?, Reaction temp.=100°C, Reaction time=2 hrs. '

The effect of water addition to the reaction system was also observed in the case of
using BF; catalyst. Water addition was found to be quite effective for increasing the
product yield.

The yield of ethylbenzene was as high as 90% based on the reacted benzene under
the following reaction conditions; Catalyst BF;=0.21 moles, The amount of water added
BF,/H,0=2, Benzene=1.5 moles, Ethylene=0.25 moles, Reaction temperature=100°C, Initial

reaction pressure 35 kg/cm? Reaction time=2 hrs.
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FEHELRZRECRvEVD T v L VILED 7 AFALRIGIC T 5 BF-HO RfgEo
TERBRC DL CREMICHIRL S DMAER B TERYY, LIATHLV 7 4 vELT=FV
vERWIEA, —Ric T e L VI BHA X0 b EETRIGRGAET 5, TELESRTY
DS LT, kT =y A, B VEE ) T FREDHINRS D,

BT A 3 = v AL 3% Dow MIIIGIREE 90~100°C, KISH 5 1b/in® o & T TR
METhy, b7 =29 MC X B RICEDOEIOMEN S 5 &b s, [EE Y v ERRE
D UOPHEIUEE > Y #-T 4 3 % ki & 3 % Koppers 803 S IEIE E 230~ 350°C,
BUGIT 600 ~ 900 Ib/in? D KIE4M FTTRME T 2ichn 299, —J, BF, RfELH5
Alkar 4%, KD -7 3 FEfd 0-7 4 3 71 BF 2 ERE X oW E v gls LT,
BOGIRE 90 ~ 130°C, FEJIT 36 %/FC BF; ¥ A% & T OWICEBAL AL RIEERE I &
Wb T3,

LD X S RIS W B o fcd, WBEMEEL 35 & k=T v vORBRIECNv v
DAL F ARG EDBE L I WBIRIEZR BT 5L {iv, L, T, =5
TESZIG D Bl [ e i3 2 WM 3 & A B E T, BE-H0 SR, iR
DL RRIEE R T AR hixm <, WHIEEL L THO IR ZDEA - 25D D EFE
z2hbhb,

AT B TEA — 27 v —7 % H T, BF-H,O REaHmMictrvevo=5u
VICE BT AFA LRSI RY, BaRIERETCRT 2 Z0EEMEC D TEETL L LD
12, Hi>¥CBF OAEMEE Uick EOMBEE A BFL, 2o, ZO8EDKEMDEERC
BIIETHE LT ONTLEET S,

il

2. R R A K

BF; 35 L ov BFe-H,O il Aifsp? w¥ET TMELL 7o,

=F v v ZZEh KK 8 (998%) o % F w7,

Z DO FET I D AT A R, R,

= FAALSOGER ;. RICE N AR, 365.5 cc DRMAFBEERT A ~ b 7 v — 7 2 T
A o
a) BF-H,0 $k &Ml ares

=tz =7y v L0 BF-HO $h R FTERENE, -7 v - T Nx
10kg/em®G D F » FET3EBERL /o, KICFTHEE (Bh) o=F v v&xEAHe — 2% HTH
30 FICHTERIGIRE £ v 10°C R WRE £ CTHIEL 7o, LA D%, Hit#E (200 rpm) A BIAL
TRUSENT &b P ROSHE I U T (8 5 4 HC) ko CEIERECR 1000 rpm i L e, 7ok RIGHK
DREIER (=5 v v (Nv B v (B ORE—RTH D, RICHBREEL, B (200
rpm) BEARS & U7z, '
b) BF; HXEMELTHEE

d— v = FHRCHERED NV ¥ v AT 10 kg/cm?G F o EC 3 EBHRL, O T BF,
By I DEREA — 2L~ S BR 7 AREEE (l) BAL, Zhic=Fr v R iEE
WAL, LIBEORIER BE-HO kMR e L HETH 5,
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¢) BF, HXOFEHEH*

BF; O F#HEEL, 20°C, 0°C 3 X 08 —20°C IC 0
THEN A0 kg/em? £ TOMME 1LKD X 5 IcfEIRT
WA,

1RO EMRE Z AR EROB A LHEHTES
LT, BRI REBF E2RO X 5L TRD,

G, BOmlDNVEVEREHT L E, -7 —

7 PIERE S 3655 ml TH B > b e B RIL 3155 mé & ber
fe B, 20°C T 025 €10 BF #% i34 5 &4 BF, S —)
H A PV=nZRT ORI L1 5 &L T, I

po nZRT _ (025)(0082)(293.2) , _ g0 7 - Bl BE, # 7o EfHM

1% 0.3155

IR T, ERE20CD Z e 0L ExRDD E Z=094, P=180kg/cm? % 1§ 5,

FEPE, A — b2~ 50 mé DRy VAT, 18.0 kg/cm?®G F T BF, 2L, 0
WTHERE RO KICHIEWIN EEie b 2 A 171l g OEEMWAHD B A, ZOffiit BF; ® 025
EAEHI D, FHEM 025 T & Ru—FxRT, A BF; 2 70 kg/em?G ¥ CHIIL 7o & ¥
(X, FHEE 0.0985 & Lk L FEIIMEEL 0.0944 € 1, 400 kg/em®G FHIL 7235 &1L 5H 5l 0.564 =
AR L AR 0.565 € A TL TR OEE S Lo —BRIRT,
d IFLUORMEE ‘

kit & U C BFs-HL,O Bk a 2 & &k, <_v v IOMELY A4~ 1+ 2 v —7ducm
%, BEAREROTHEUTNE=F L VvOENRRD X 512 L TRt

ok 2, ERGHE_veEv/=Fr e, /=T v e 3T/ Bh oL T
BIl5BE, =Frve 022 Hn3ds, L 06 = (BF/HO =4[ 091; 524¢ ¢
et 209 mé), vt l2E0 937g Tt 1065 mé) FNFRMLETH B, Licais
T, =+ 2 v —7HEE3655ml THHNB, ML < v & v BRI OZEBARIL 3655~
(29.9-+1066)=2291mé L 7c 5, BUSIE 22°C=2952°K £ LT PV=ZnRT LY

_ZnRT ., ZaRT (P
P = i S Pr= Pev (17“‘PC>
J: > VC:

Pre (0.2)(0.082) (295.2) = 04227

(50) (0.2291)

7etil, Pe=50atm, Te=2832K Th %, =F v v ZHRML Y, Pe=04227Z OERE
Tr=2952/2832=104 OFF Sk )T Z=0875, Pr=039 #B%, Ui, T, WHE Ptk
DTELRE S,

P = PrPc=1(0.39)(50) = 19.5 atm =20.1 kg/cm®G

BRI LC, =F1 v 0124, 0264, 0328 4 (B aobFEgs i Fh 100
kg/em? G, 330 kg/cm?G 5 L 0 410kg/em?G &ic %,

il BFy 7 A% i fo b &%, BRy b=F L v RGN ADOREBEFERC LN Lok
LT, fix0EE&ORAEF A 20 CORRRE Te LEHRIE PchRble, Thidf 2K
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Ny v O0ST3 T AFHEBE DO A — P2 L — 280 , 500

16 kg/cm2 G¥T24CItTHEHEL 7z, FHIK 7 :
50 T=2072K L LT Z=095 (3555, \ atm
BE,o® L nid 270 \ P, itk 495
n=PV/ZRT Tc 8348
= (16.0) (0.3155)/(0.95) (0.082) (297.2)
=0.218 =
XD, =F L vAR029 L BT B & 205 7 7 3 0
Tiuy, BF & =51 ven ik 0218/029 = BE/IFLY Tk
0752 ThH B b E 2L b Te=2732°K, Pc B2 BFy=svvBaErAD P, To i
=49.64 atm >3 %

Tr=2972/273.2=1.09, Pr=P/49.64

 nZRT  (029)(0.082)(297.2) ., . .
Pr="p v =" 1964 03155 2 04512

e) KICEOMETE

FEDOHET Al Sl taDh, A~ F 27 —7 5305 THIRETHAEL, REIEY
A, e E D E DML R T T, .
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KB IR LT, Lnh Db, F0—ifid ~ v~ 0 A5 FTikic TR bR i UL & &,
WIS ik =F 1L vk hic Lz,

WRAEEE 200 me B0 v —a~EBER Y B L7z, T/, BBMEROBIEMR % Hv T4 —
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JE & e iR, B A PR S A F A v v O THRER B D F TR AR, Bk
v AR TEELIC, Ao siiiEE, GLC kI IRICL 57,

3. RERERBSULEZR

3.1 BF-H,0 R&EFEEMELT IR
3.1.1 KEgHEDCE

Ny D=F UL BT A F RIS KIGTE 20~30°C ¢, BISHE (-1 7
L= AD=F v R & 10~41 kg/em? G I 2« (L& 2, FISHIAED 8L B2 /2,
ReEh 8 3 IR,

REBO LM T TGRSO ARE—R TR I Tnb, Lo, T, SME—K
EBEy, ENORIGFHEICR IETEEIREAL KW EELZ RS, 20X 5BELD
AT IE RS E RUGRAR D L2 a2 L/ b5, ERFRE LY &
BERISMEOBE NS DB L VTILE, =F A v v IERR LG, TR Y, KIBHH
JERRIENC & o TR B DB L e TODEEERD D, COERELEL T, =F v v O
DEBNREL OB, . s

HAMIIREIND L O, Ny A"D=F U v DOEREL 20°0C Tli=% 1 vEO WMo
L Tt %,
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WIERES RO HETE=F v vy DRIEHR~NOBEIUIIEE AL, ElTarxafbdizs
AERE Tl T,

3.1.2 RItREOER

5z ‘ﬁi%})}ﬂ]*‘ 31~40kg/ecm? G, NvEv/=Fr v w60, /=L v Eall 30gERE
HF T R 2 B[R CROBIRIE 2 10~2000C 1o b3, v e vo=F: A LGy
b T T,

2 F Ly OFINEE ISR HEL Dbk &7 - 7o ps,  FIGHEE 100°C L LB A<
VEVDORTIE R T ETIE = v o EEEAWETE L uicd, BERT=F v v AR
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ELIRIK T U 7o, RIGERE 200°0C OB 3 A= & v 23 FE L 1o,
3.1.3 RIEBHMORE

Ny [E=F ey EALG B/ e vl 3, KIGIEE 60°C, —F v v IEHFE 30 kg/
em?G CRIGHEE 30 45, 1EeE, 2HEMS L O3 ElicksiT A =L vORIGE, =FLNvE
VIR, B LOfREER O BE, BEOL LI S HEL Ao, FEEEME A 6 IR,

Ry EVIEED ® 7 =T Sy EFERI RGN 30 5 TR IE - 2 BUGKTE 1 R
PETEE 7 250 v e BRI 81~85% CTimig—E L e D, Mo BE I#E L, Kb
R L R R RIE — B TR L A EEE L 7o\, fhieh BE; I O TR BRI A B o> BF; BN
LI =F L v RHEAWONEECLALDEEL RS,
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O 7 é 3 O / 2 3 4 5 6
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3.1.4 MESORE
NvEV[EFr v, JOGRE 60°C, RGN 2 R CtE LB« 23T
FAALRIE T I It ERMEEAE 7 RCRT,
=F U VREIGE, =FavErvIlBR LS/ =FLrvEsklnd AR BICL T
RKERLNBL LD, T, 2F L vEED 2T L vV BIREERD &, i/ —F 0L v
A 075~120 OFICEITESMNC ERAL T, Zhb kTl —E s, TOHEK
ELTC = vORMEFEAC X D AT B RICPREIRE v v EDRIER, TAFal
IR T, EERMIC e, Th b E TSN TtE 5,
fihifirp > BE, BE O T RMEEO VI gl EL VA, YRTFEINRDIERTH D,
3.1.5 RUEFV/ZFLYVEILLLORIGERDCEKET HE
SUGIRE 60°C, FILHM 2 TNy Y¥v =L vy OE AP E xS 2, RiEkn
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VY EAK b D —ETH - T,
3.1.6 HIEEDH

BRIV Ay 7[FENTHI L0 T~
b7 V=T NEBCERCHE Y, RULEE 60°C,
_RvEyleFrvvEALRLSG, /=L vEALELS
T 10kg/em? G, 20 kg/cm? G £ L 0850 kg/em? G D
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ey RS K OFm 2 R
BN E L@ T aEHANRRD bR,
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JERE T 2 it rp o> BFy/H,O = A e i« A LS ¥ TRy v o =5 fbd ks Ik~ 7,
FERRAL B A 5 10 Mok,

fgtrh o> BEYH,O = A oK M & & bic=F L v EIEEK, =7~y v IEREE Lo
YIBHIERROBEND, TORE LY BF/TLO REhEME L T 2561075 BF E
DEEE SRR N L I Enbn b,
3.2 BF; #MiE & 3XIG

3.2.1 MEEoxE

G 100°C, v v/ =51 vl 2, WIHFE 36~47 kg/cm? G, [ 3 iR < fid
e L To BF, &% 002~024 £ il 2 TRvevD=F A blindEs 2T, FEAE
A 1L KR,

BB 2D & 51, KRB L 7o BE 3 HyO 7o X D 7 = € — 2 & iz fe
L FIERMITE D 2 ENFRETH B, FILRIT W45 K & ORI Cit, TE5
WEDITBIOICHERELIATEETH L ERT N, Licats T, AEBROHE, DL BE;
D ED RIS O T 2 2 SR TERuvS, BF-H,O BEHRMIIL A Hu ok 2o b
TRUSHEERIEE s £ <, RIS 3 BTk ?

J00-
=F U RSB L 5 e, LasL, Al TFLVRIGE
EOWME b= L VRIERE LR sl
vEVIEEWNT WS D, Ei, =F

- - St
Ny v BB R A A BT R A R . 60 TSR
A E s T A, LRV E A = y
FANYEY 0)ﬁ7]>’&§{é;{i;)&j‘ % ftﬂ ,ﬁj /J‘nu DB IFWAIRE
Mic, T OMAENE, BE-HO R A il &4 5% 20
NVEYDT m v 'J:Z)7/l/f\”‘/l/{t&)ﬂa)l}/}}j | | i L | !
Hicb DRI L DTH D, T T A VR VA Y R V]
- BF; &
3.22 EBEEORZE - e B K (A "
S g . e . . > il Bt (it o 40
Ry vyl=FrveErlb?2, BF;# A 023~ ( o 5 )

024 &0, RICHR STy vy =511t
UG % SGTR EE 20 ~ 200°C 1o 88L X 4 T ks & 7x 100~ IFLYRIE

ot FEERESE A 12 KR, o

B2 B B & 9IS, BUSEIZ 100°C g EEE e
Tr=F L v RIERS L= F o~y v s A —-

Thbw<{bonETdFaEm Hobhbd, ¥ 601
7o, BUGIREC L6, ISR TED DO FTL 4
BF; ® 85~100% # [a]LC & 1z, b
3.2.3 H, 0 0&MHHE
BF, # 022~0.24 %/Mﬁ}—ibf Ry vy = 20b
F U v E A2, RIGEEE 100°C, FGHE 2 Wk
“C‘f\“‘/—{f‘/d);z.?‘/bfbﬁ /E‘Zk\\_ f&b‘, /J(O)( Ul 0{7 4lﬂ 810 /2!0 /6Kﬂ 2;0
MR OWTHZEL e, ok, HOWHd -1+ 7 R RE T
Vo TRie ey 2 E QISR g BE, et T e RIS EREES B
LasDb=sr e Bt h Zhnz . (EBR R UARC B

o IFANARE
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Z b Bice, HEFETERE L OGHEE & 2 EH T )|

TODF BT EETERWY, HLODEmE L -

CRICHEEDEL SHobd & LW BT gy g as ar B/ e B
b, o I ; 75 OF/H0 TML
. 0 ’ ] L Hp0/BF; Tt
=5 v v RIGERESICH 2 e Ry 0 2 % 2

131 100% & T B ps, =T ‘/%:‘“/lbli%ibi BE,/ 13 1314‘;;2[1{}"}&;;1&){’4‘2’9(’%‘(13 (HoO #mo §54)
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i Lic X 51dh b U BF/H,O Ak 05~1 o BFR-HLO #flifka o< 5Tk &, Th
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DI M= F ANy € NENENMIE R CTnb, COM MR Tk I ics 7okl TC
W, b 2 v =PRI B LIAATH DK E, FOHTREE NS BE; 235 18 HICEEIR
e BE/HL,O = v o 8 (RICSE s e B In s fodd T, — i BF, 23D INRECIFAEL, %+
DWEEHE BF; A fliiGi 2k d7cm e E2 b RS,
3.2.4 BF-H0 &KkU BF:-2H,0 (C BF; ZRML 1215 SO MIREX

Ny v DT RV VIS L AT AF ARG T, FSRE 50°C ¥ Tk BF-2H,0 2 fiY
T 5 A ARG M A b e e VYD, RUSIRE T0°C e B £ e D O HRT I E RS B R
729, Lal, =F v ek b7 s A LISz v Tk, BF-2H,0 S5 GIRIE 60°C Cix
BTG A PR S 70 o T2

FC, FUSEEE 100°C, FHRME 36~ 40 kg/cm? G =€ BFy-2H,O $5 kAt & L C= 51
VIZE DRy DT ARl T, FONEELBEL, Fi, BFE-2H,0 kI Uy
vEBLM LG~ P s —FHRC iz TR &, h

oo IFLY Rk ’
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N 1 \ [ HUE R D & 512 L T2 DRSS FTT % A ALRIE

05 06 07 08 07 M ViEM: 7 HBF,OH 23 U T & feted & # 2 Bl b,
BF:/H0 TMIL
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BF; B85 L OBR it & LT, A—Fr 2L —~7 %2 BT, vEvD=F1r Vit b
T LIS s S g, T ORI SR EBEL /2,

BF-H,O Ritha il b 32 L %, =5 L vIIFF CHRRIBRE L AL EFTES, Fev
v, n-TF Y, AV TFLYRREDA LT A VICHL TELRIGE I MEGZ ENTEDHH R
7ohs, BOGHEZ & TIUEE S = F A B RISIGETT U 12

ZOEE, RICEIAE (=5 v v BEHE) OEWIRE, =F v vULE, =F L Xv 2 vIEE
e E NI T 0 LR 1~2 RETH » ey T, —ERIGEHTCRBRED A XHE 24X
(EXBBE, KIGEEAS G E =5 v v OB R < 40°C Bl T 100% FORL 7o, #7,
=F Ny v IR TR E 50~ 150°C UDTI\L\%@M‘%%F‘%véféﬂﬁ%éﬁtto Lo T,
APEEE 30 kg/em? G 3 LUV 50°C DSUGE R L ONMRE CHREITT D 2 Lavll foe 70 BUG
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