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Because of the importance of diisopropyl as a high atiti- 
knock component of aviation gasoline, an investigation ' 
was undertaken of its production by direct alkylation of 
isobutane with ethylene in the presence of BF,-H,O-HF 
catalyst complex. The catalyst system resembles the 
A1C13-hydrocarbon complex in its ability to promote the 
juncture of isobutane and ethylene at  temperatures of 100- 
135" F. and at  pressures usually not higher than 200-250 
pounds per square inch to yield alkylate containing from 
50 to TO volume q' of diisopropyl (2,3-dimethylbutane). 
Since boron fluoride is more expensive than aluminum 
chloride, experimental work was mainly directed towards 
high alkylate yields with a minumum consumption of 
boron fluoride. Catalyst prepared by saturating 40 to 50% . 
aqueous hydrogen fluoride with boron fluoride is capable 

N R E C E X T  years diisopropyl (2,3-dimethylbutane) has as- I sumed considerable industrial importance as a blending agent 
in aviation gasoline because of its high antiknock rating, especially 
under supercharged rich-mixture conditions. Alden, Frey, Hepp. 
and MeReynolds (1) recently described the commercial alkylation 
of isobutane with ethylene in the presence of an  aluminum chlo- 
ride catalysL o produce alkylate containing a major proportion of 
diisopropyl. The  same aut,hors also presented detailed informa- 
tion on the antiknock blending characteristics of pure diisopropyl 
arid of the total alkylate. 

The  present paper is concerned with development work in t h c  
field of isobutane-ethylene alkyl'ation utilizing the catalyst coni- 
plex BF,-H20-HF. A survey of the literature reveals that  thc 
only materials known to effect catalytically the interaction of iso- 
butane and ethylene at moderate temperatures and pressures arc. 
aluminum halides and certain complex compounds of boron fluo- 
ride, Ipatieff and Grosse (4) alkylated isobutane with ethylene 
in the presence of BF3-H20-?;i systems and obtained hexanes. 
octanes, and higher paraffins. However, the only boron fluoride 
complex thus far described tha t  appears to be comparable with 
the aluminum halide catalysts for this reaction is the BFI-H20-EIF 
system wherein the BF3 and H20 are combined in a 1 :I mole ratio 
with the proportion of HF variable within certain limits. A cata- 
lyst of this nature was described for use in general alkylation re- 
actions in the patent literature during the course of the present 
work ( 6 ) .  Incidental references to the possibility of use of cata- 
lysts of this nature are also found in a more recent patent ( 3 ) .  
HoLTever, the technical and patent literature contains but little 
information of a detailed nature on ethylene-isobutane alkylation 
with the BF3-H*O-HF catalyst system. 

THE CATALYST SYSTEM 

Aleinert (5)  recommended the use of boron fluoride hydrate 
(saturated aqueous solutions of BF3) as a catalyst for the alkyla- 
tion of isoparaffins with mixtures of olefins containing ethylene. 
In the present work i t  was found tha t  boron fluoride hydrate was 
capable of promoting isobutane-ethylene alkylation, but tha t  
ethylene conversion and active life were of a low order. '4 cata- 

of producing only about 8 to 10 volumes of alkylate per 
iolume of catalyst a t  full activity. Howe*er, if the catalysl 
is continuously activated with boron fluoride, as much as 
88 volumes may be produced before signs of failure become 
eiident. In addition to activation, further extension of 
catalyst life may be effected by fortificatian of partially 
spent catalyst with anhydrous hydrogen fluoride, where- 
upon the system becomes once again responsibe to boron 
fluoride activation. Results are reported showing the pro- 
duction of 195 volumes of alkylate per volume of catalyst. 
4dditional experimental data are presentc,d to show the 
effect of hydrogen fluoride concentration on cataly st activ- 
ity, external isobutane-ethylene mole ratio and tempera- 
ture on ?ield and quality of alkylate, and hydrocarbon im- 
purities in the ethylene on alkylate quality. 

Iyst, however, prepared by saturating aqueous hydrufluuric acid 
rvith boron fluoride, exhibited a much higher order of activity but 
n-as found to fail rapidly after the production of 8 to  10 volumet. 
of total alkylate per volume of initial catalyst charged. T h k  
catalyst was found to respond to intermittent or continuous activa- 
tion with boron fluoride. In  one laboratory scale test run using 
continuous BF, activation an alkylate production of 70 volumes 
of alkylate per volume of initial catalyst was realized. On incipi- 
ent failure of the act,ivated catalyst, fortification with a sniall 
amount of anhydrous hydrogen fluoride (approsirnatcly 5% of the 
original charge) was sufficient to restore full cata 
to render the composition once again responsive 1.0 boron fluoride 
activation. I n  the small scale laboratory experiments the forti- 
fied catalyst appeared to  have a life equivalent to new catalyst,. 
Although a limited amount of work on a somcnhat larger scale 
indicated the life of the fortified catalyst t o  be sc~mcwhat shorter 
than that of the new, the HF fortification coulcl be repeated at 
lcast five times; thus the life of this expensive ieatalyst was ex- 
tended considerably. 

PREPARATION OF C.ATALYST. The catalyst is prepared b j  
passing boron fluoride gas into aqueous hydrofluoric acid until no 
further gain in weight can be detected. The amount of boron 
fluoride absorbed corresponds to one mole of BFa per mole of water 
present in the solution. The final quantity of,boron fluoridt, 
absorbed appears to be independent of the hydrogen fluoride con- 
centration and the total pressure (Table I). 

TABLE I. BOROX FLUORIDE COSTEST OF BFa-H20-IIF 
CATALYSTS 

R W H z O  
System Mole Ratio Pressure 
Hz0 + BFI 

30% H F  + BFI 
40% HF + BFI 
50% H F  + BFa" 
60% HF + BFI 
50% H F  + BFib 

0.980 
1.018 
0.965 
1.002 
0,940 
1,010 

b tm.  
Atrn. 
Atm. 
Atm. 
Arm. 

50 lb./'sq. in. gage 
0 Average of a large number of preparations. 
b Average of 4 preparations. 
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HF Iniection Sample Line 

Fipirre 1 .  Flov Diagram of' I'iloL I'latit for I~ .obutane-Eth~- l~nr  4 lkylat ion w.ith 
RFS-€120-IIF C h  t alysts 

lsobutane storage tank, approximately 15 gallona of iaohutane-BF3 blend; pump, Iiills-\IcCanna U\IPF 
chemical proportioning pump; surge tank, about 18 inches of 2-inch pipe, liquid charge capped with nitro- 
gen; ethylene cylinder equipped with heated manifold and pressure regulator; reactor, turbo-mixer type 
(2600-cc. capacity) with brass lining, straight blades on stator, curved blades on 2.5-inch impeller: catalyst 
Meparator, brass tank (1200 cc.) mountrd at about 45'; pressure controller, Fibher pressure relief valve; 

accumulator. 9-gallon tank u i t h  gage glaw 

r 1  1 he csta1yst ivar [ll'L'par~'d U l l d e l .  IiI'L'bbUl'I2 by I'ItXI'giIig t 1 1 ( .  : i l ~ l l l ' -  

0u6 hydrofluoric acid to  a coppcr- or  brass-lined alk)-l:itioti rear t  o r  

and passing boron fluoride with agitation into tiit' v(+s(11 i'i~iiin :I 

tared cylinder until the reactor pressure rraclitvl 50 p i~ i in t l s  p w  
jquarv inch gage, n-liirh iiidicated no further ab~olptioll  iii' t i i i r i  'I 
fluoride. Tile heat of waction was di5sipilteil I J ~  i i n i1 i ( , i , . i o t )  ( 1 1  

the rc'actor in a (8onst;ilit temperature water bath. 
There is dititiili, ri'ason t i )  

iiclic~vc~ that the hydrogc~n fluoride content or tliv rnt:il)-<t c i i t  01.  

Iiito sonlit mr t  of r~hen1ic:il union with the boron fluoritie liydriitia 
'rhus, it  i s  virtually iinp ihlc to add anhydrous liyilrogcti flui 1- 

vide t.o freshly p r o p : u d  i on fluoride h>-drai e. even 1 liough bo1 l i  

liquids are iiijintaiiicd bclow 32 F., because o f  tli(3 violchiit I~XII-  

I hermicrcaction. Hon.t , r i o s u c h d i ~ c u l t i e ~ ~ 1 ~ ~ ~ i n ~ i i l v c ~ 1 1 1 - 1 ~ 1  th i ,  
,iddition of anhydrou!: hydrogcn fluoridc t o  qpcnf C:II ai) .t :w (*at'- 
ried out in the fortification procedure,. ('atalyit i~~inpci4 t  ioii- 
prepared from aqueous hydrogen fluoride mlut ioiiq 
much as 50% by \wight of h!-drogen fluoride havcd VI 

,:ncy t o  etch gl:~3s and do not exert any unusunl tox ic .  a r t i on  oi i  

human skin. Xo tjclriefit is di,rived in preparing r;it:ilyst Froii~ 
.tqueous solutioris containing more than 50% ti>- n.iiiqlit I J ~  liy(lr(i- 
yen fluoride. I t  Jvoulil appear that masimum activity of thi-  
'catalyst system is reached when the  composition appiwai'1if.s o n  
mole of hydrogen fluoi,ide per mole of boron fluoride l1,vdrate. 

Cat,alyst prepared from 40 to  50% aqueous h!-ilrogc'ri Auriritli. 
is a clear, usually water-white, strongly fuming liquid having :< 
specific gravity of about, 1.75. Thr  catalyst i? i-scerdingly coi- 
rosive toward common alloy steels ordinarily used in refiner\ 
.:quipment, but copper and brass viere sufficiently resizt ant to I N  
used in the contacting arid settling zones. The: fact i,hat t l i t .  
catalyst, system does not e t rh  glass appreciably prhrniitttd the u-1' 
,)E gage glasses on the product accumulators. 

As in the caue of other acidic alkylation cataly:ts, the preseiti 
catalyst forms acid-soluble oils which lower th r  specific gravity 01' 
the catalyst phase from 1.75 to  about 1.3 during the course of it. 
active life. Spent, catalyst may have an oil contrnt of as niilcIi 

as 35% by volume. Fresh ratalyst dissolves considerable yuan- 
tities of ethylene in the early stages of a run, and rt:wlts in the ap- 
parently anomalous situation of good oth>-lene conversion but 
low yields based on ethylene. 

( . ~ H . I i ~ I C i ' t ; R i ~ T I C ~  OF' C>AT.%LYST. 

ALKYLATION EQUIPMENT ANI) PROCEDURE 

LABORATORY. The reactor employed in the laboratory alkyla- 
tion runs consisted of a copper-plated steel vessel of 7.2-cm. in- 
side diameter and 14-cm. depth. Bgitat>ion was provided by 

irall?; riiuuiitcd '/r-horscpon.er motor- ilrivc,il stir- 

rer operating through a stuffing box at  1750 revolutions pel. niili- 
Thcx bt i r r in~  shaft  W:IS provided with two four-blado iliipc31- 

Iijra \\-orking ayairist [isid tmfflej on thc w i l l  of the reactor. TIL(. 
tcwl entraiict, t o  thc i,i:uctor \vas 1or:itcd about niirinay betvl(.i,rl 
t tie t up  and bottoiii,  wliile t l i ~  effluetit .trmin I T - L I ~ ~  discharg(yi l i t ,  

t h i ,  iipposite side n v a i '  the) t o p  of the rc:ictor into a settling ch:irrl- 
1 coriei-t i d  of a vertically (licposcd I)l.ai. 

tu!~i, Catalyst rcac*il,c.u- 
th r i~ugh :i 1/8-inch brass pipe l('tirliiig 

. ute. 

c in .  i n  diameter aiitl 22 cni. in  height. 

):irator t i l  t I i ( 3  I~o t tom of' tlii, rcac'toi,. 
uscxti in this laboratory was such :I> to 

ot~vi : i t ( ,  the: i ih t '  IJ~'  propiirt ioiiing piiniiw. The isol)ut:t~ic-et!~yl~.nc. 
i t s l , i l  \ va~ .  ~ ~ r ~ ~ b l ~ ~ r i t l ~ d  in  (:yiiridiw having a nominal capacity l ~ f  4 

ing gUieOUS i~thyl(~iie into a knon-n weiglit Of i ~ l ~ u -  
tiinc 1~rci~iiili.~I i i i  :I tli,y-ic.c* I)ath, until the desired mol(, Iat io I I ~  

isotJiitanba t o  c~t!iylrne had 1m.n attained. A constailt presjul'c. of 
ual t r i  or slightly grcirrt~r than the vapor preasnrl. ~ i ' t l i c .  
pplicd to thcl vapor space above the liquid to provitl(7 a 

rcssuri' head and to minimize changes in ethylene C O W  

~~t~i r t i~a t ion  cis the f i ~ d  stock wa.; deplcted. The flon. ratr  01 i'cvd 
t i )  t,hc rea(-tor r w x  controlled t)y mcans of a needle valve :I t  1 1 ~  
Outlet oi  the catalyst separator, and the rate of flow ~ v a h  tl(b!(xr- 

inincd by inearis of a calibrated gage glass on the low piewire  
product receiver. In internal thermocouple was used to II 

urc' the reaction temperature, vihich was controlled by means ot  a 
water bath. In  most of the laboratory runs intermittent catalyqt 
activation ivith boron fluoride 17-as employed. This was accoIn- 
plished by interrupting the flon of hydrocarbon and introducing 
gaseous BF, from a tared cylinder until an  increase in pressure of 
rhr alkylation system indicated the catalyst to  be fully saturat i d ,  

This small unit ordinarily operated a t  a liquid effluent rat(' of 
1000 to 1400 cc. per hour to  produce 2OO.to 400 CI'. of debutariizcd 
alkylate per hour, depending on the mole ratio of isobutanc~ to 
ethylene. Continuous runs of 50-hour duration producing ahout  
4 gallons of debutanizcd alkylate have been realized from iiii irri- 
tial charge of 200 cc. of catalyst,. The  principal factor limiting thr 
length of laboratory runs \vas usually the life of the stuffing box. 

The pilot plant equipment for the study of 
isobutane-ethylene alkylation using the BFa-H,O-HF catalyst 
system was similar in many respects to tha t  used in the laboratory. 
Certain modifications, hon-ever, were necessary to  study the effect 
of continuous boron fluoride activation of the catalyst and in situ 
fortification of low activity catalyst with hydrogen fluoride. 
Boron fluoride is most convpniently introduced into the alkylation 

PILOT PLANT. 
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zone as  a solution in the liquid isobutane feed. I n  order to  avoid 
undesirable chemical reactions i t  \vas necessary to provide sepa- 
rate feed streams for the isobutane and ethylene, and means for 
proportioning these materials in order to  maintain a reasonablj- 
constant external isobutane-ethylene mole ratio. These features, 
together with provision for periodic injection of knolvn quantities 
of hydrogen fluoride into the system and the necessary number of 
pumps, flowmeters, and flow-control regulators, wprescnt thci 
main points of difference. 
.1 flow diagram of equipment assenibl>- is given in Figure 1 .  

The contactor and catalyst separator systcm was operated at  1.4 
to 1.7 gallons per hour total throughput n-ith reasonably good 
eth>-lene conversion and a niinuriium of catalyst carry-over. The 
average alkylate production from this plant amounted to about 
0.5 gallon per hour n-ith continuous on-strcam times in thc ncigli- 
borhood of 70 hours. 

Approximately 2 5 5  of the reactor volume v-a> 
filled rvith catalyst, and the remainder of thc vessel was filled with 
isobutane. Ethylene \vas then admitted, and the flotv adjusted by 
means of a rotameter operating a t  250 pounds per square inch to 
give the desired external isobutanc-ethl-lcne mole ratio. Pres- 
sure within the reactor \vas maintained at, about 225 pounds p ' i '  

square inch by use of a pressure-release valve or a motor valvc. 
The reaction temperat,ure was controlled a t  130-135" F. Lvith an  
electrically heated water bath.  

The constant delivery rate of the pump and calibration of th r  
rotameter were relicd on for control of the rate of production: 
hoIverer, all yield data  are based on actual wright of materials 
taken from the charge tanks. 

Since the coin- 
mercial success of this process is predicated on the recovery and 

le of the boron fluoride used for catalyst activation, carctful 

PROCEDCRE. 

COSTROL TESTS ASD PRODUCT EVALTATION. 

1 
Figure 2. Distillation Characteristics of Isobutane- 
Ethylene Alkj-late Derived from Ethylene Feed Contain- 

ing 50 RIole q' Propane 

Figure 3. Distillation Characteristics of Typical 
Isobutane-Ethjlene Alkylate 

attention was paid t o  the boron fluoridc halanet.. .4 twighcd 
amount of boron fluoride was introduced into thc isobutane 
charge tank t o  prepare a blend containing approximately 1 .,5'3* 
boron fluoride in isobutane. Since a certain amount of boron 
fluoride apparently reacted with scale on the inside of the tank, i t  
[vas necessary to  analyze this stream at frcqucnt intervals to  deter- 
mine its actual boron fluoride content. This vias accomplished 
by vaporizing weighed samples through absorption tubes filled 
n-ith Ascarite and observing the weight of boron fluoride absorbed. 
A similar analysis was necessary on the reactor effluent stream, 
except that  the analysis of this stream is complicated by the prcs- 
c'nce of nongaseous hydrocarbons. .in all-glass T'igrcux-t ype 
still was used for t,his purpose; it was fitted with a dry-ice cold 
finger to prevent the entrance ofalkylate into the absorption tube. 
The  light gases rvere distilled from the sample and thence through 
a n  dscarite absorber until the effluent vapors rcachcd a tempera- 
ture of about 65' F.; a t  that  point all free boron fluoride had been 
tioikd out of the sample. hl l  samples Tvere weighed; conse- 
quently a n  accurate material balance on t,he amount of 
recoverable boron fluoride was available. 

Pilot plant runs were divided into operating periods correspond- 
ing to a total hydrocarbon throughput of about 15 gallons. Ana- 
lytical data  were obtained on each period, so tha t  complete evalua- 
tion of the process was available at' various stages of catalyst life. 
Low temperat,ure fractional analyses were carricd out on the com- 
posite effluent from each period to  give quantitative values for 
light' components through isopentane. Composited samples of 
total alkylate were fractionated in 5-liter batches to determine 
diisopropyl content and to  furnisk material for antiknock rating. 
Ot,her analytical tests included determination of the fluorine con- 
tent  of alkylate and the oil content of the cata!yst. 

EFFECT OF H F  CONCENTRATION ON CATALYST ACTIVITY 
AND LIFE 

The precise optimum quantity of hydrogen fluoride required ir,, 
the present catalyst system has not been determined. IIowever, 
(lata derived from a large number of experiments indicate tha t  
the following molecular proportions should obtain: BF3:H20:HF 
= 1:l : l .  Since the BF,-H,O complex is a catalyst in itself, any  
addition of hydrogen fluoride to  the system will be beneficial. On 
the other hand, evidence now available indicates tha t  employ- 
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T-\BI,E 11. IYOBI'T\SE:-ETFIYI,EZI: h L K Y L A T I O S  WIT11 
CATALI-STP OF T-ARIABLE HF COSTEST 

25% €IF >OL' ,  k1.l 
9atd.  with Sa td .  with 

BFs-II20 BFI B F s  
!dole ratio, isobut:~n~. 'ethyleii t  2 60 2 . 7 5  2 84 
Total isobutane, Ib. 16.847 15.640 30.760 
Total  ethylene, Ib 3 .148 2.718 5.226 
Catalyst charge. c c  900 250 230 
Contact time, niin. 35 18 19 
i v  temperature, ' F.  135 137 138 
Pressure, Ib./sq. in. gage 230 225 2 2 3  
Total alkylate, Ib. 5 461 5.930 13.45u 
Yield, Ib. alkylate/lb. ethylene 1 73 2 .19  2 .58  

inent of quantities of hydrogen fluoride in e w e s  of the givcn pro- 
portion results in inferior catalysts. 

Laboratory experimental data  are summarized in Table I1 t o  
ahow the difference between catalysts made by saturating n-ater, 
25'3$ aqueous hydrofluoric acid, and 50% aqueous hydrofluoric 
acid with boron fluoride. 

The data  presented in Table I1 are based on catalyst perform- 
ance at full activity and bear no relation to  catalyst life. Ad- 
ditional information on this point is available from pilot plant 
operations where the primary objective was to  determine ultimate 
catalyst life. These latter alkylations were continued t o  the 
stage of definite catalyst failure. The following table gives data 
on the pilot plant alkylation with catalysts of variahlc IIF 
content: 

30% HF 40% EI,F 60:'; IIF 
Satd.  with Satd.  with da td .  wit) 

BFi  BFs n rs 
Total alkylate produced, gal 
Vol. alkylate/vol. catalyst 

26.4 
134 

3 1 . 0  
195 

14.0 
94 

EFFECT OF EXTERNAL hIOLE RATIO AND TEMPERATURE 

The value of niziiitaining a high isoparaffin-to-olefin ratio in acid 
dkylation is n-ell recognized as a general and important reaction 
variable. Optiiiiuni temperature conditions, on thc otlier halid, 
are often dcpendent on the nature of the catalyst system. Thi: 
is exemplified in the  lo^ temperatures required in sulfuric acid 
alkylation as contrasted with the higher and more coii~cnie!li 
temperatures employed in hydrofluoric acid alkylation Sinw 
alkylation systems involving ethylene as the alkylating agwt  
differ in many respects from other isoparafh-olefin systems, a 
series of laboratory experiments was carried out (Table 111) n.i!h 
'catalyst activation at 2-hour intervals to  ascertain the e f f e c t  uf 
varying t,he external isobutane-ethylene mole ratio arid tcmperit- 
mn-e ou the yield and quality of alkylate. Each of the four h n s  
was made using new catalyst prepared by saturating 50% aqueou,i 
liydrogen fluoride solution with boron fluoride. 

From the information obtained in this limited nuniber of e:i. 
periments it may be concluded that  high external isoparaffin-olefii, 
mole ratios are not necessarily indicated for the isobutane-ct1iJ-1- 
ene system using BFa-HzO-HF catalysts. With respect to  alkl.1- 
ate quality as reflected by the antiknock ratings, the temperatun 
effect appears to be more important than the isobutane-ctliylenr 
mole ratio. The oiily factor favoring the 4.15 mole ratio is t,hc 
slightly greater percentage of isohexanes found in the total alkyl- 
ate. However, this finding nlust be balanced against the evi- 
dence in  favor of the 2.84 mole ratio, namely (aj higher ethylenc: 
conversion, ( b )  higher yields of alkylate based onethylene charged. 
(c) higher octane ratings of the total alkylate, arid ( d )  higher oc- 
t,ane ratings of the diisopropyl concentrate. 

The  preseiit data  indicate that ,  itlthough R nime dilute feed 
wit,h respect to  ethylene favors somewhat higher yields of iso- 
hexanes, an  increased formation of 2-methylpentane also result E 

which is unavoidably included in the diisopropyl concentrate 
under ordinary conditions of fractionation. Ethylene conversion 
in a once-through operation is definitely influenced by the isobu- 
tane-ethylene mole ratio and is not merely a matter of a constant 
.]inreacted proportion of ethylene in the total effluent. I n  these 

T \RLE III. COMPARATIVE ISOBUTASE-ETHYLENE ALKYL.4TION 
fir \ Q  1T DIFFEREST TEMPERiTURES . 4 5 D  EXTERNAL IBOBUTANE- 

ETHYLESE ~ \ I O L E  RATIOS 
Run 

1 
Isobutane/ethylrne mole ratio 2 84 
Av temperature, F. 133 
Alkylate composition, vol 'q 

Pentanes 5 2  
Hexanes 66 6 
Heptanea 7 8  
Octanes 13 0 
Konanes and heavier 7 4  

intiknock ratings 
Total alkylate 

A.S.T.M. (clearj 88 .4  
AN-VV-F-746 8 9 . 0  
AX-VV-F-746 (4 cc 

T.E.L.) 107.6 
Diisopropyl concentrate 

1135-140' F,), A.S.T.AI. 
(clear) 91 .8  

C7+ alkylate (140-360' F.), 
A.S.T.M. (clear) 80 .9  

i ie ld  da ta  
Total  isobutane chareed. Ib. 30.760 
Total  ethylene charged, Ib. 5 .226 
Total  alkylate produred, Ib. 13 450 
Ethylene conversion, wt. 70 95 7 
Alkylate yield, Ib./lb. ethyl- 

ene charaed 2.58 
Diisopropyl concentrate 

(136-140° F.), vol. % of 
alkylate 6 2 . 5  

4nalytical da ta  
Alkylate gravity, A.P.1 

a t  60° F. 77 .0  
Reid vapor pressure of total 

Fluorine in total alkylate, 

Ibluorine in diisopropyl con. 

alkylate, Ib./sq. in. 6 . 6 5  

wt.,% 0.0026 

centrate, wt. 70 0.0030 

Run 
2 

2 .84  
110 

3 . 5  
6 7 . 0  

8 . 0  
1 4 . 5  
7 . 0  

9 1 . 0  
90 .4  

109.4 

9 2 . 5  

8 3 . 3  

29.675 
5.017 

12.500 
93 .3  

2.49 

6 3 . 5  

77 .0  

6 .30  

I . . .  

0.0027 

Run 
3 

4 .15  
133 

4 . 0  
70 .0  

6 . 0  
13.0 
7 . 0  

88 .6  
88.8 

106.8 

9 0 . 5  

79 .2  

31.520 
3 .787  
7.960 

2.10 

87 .0  

6 6 . 0  

7 7 . 7  

6 . 7 5  

0,0029 

0.0032 

Run 
4 

4.15 
110 

4 . 0  
71 .O 

7 . 5  
11 .5  
6 .0  

90.7 
9 0 . 3  

108.0 

91.9 

82 .9  

30,600 
3 ,547  
7 ,980  

8 6 . 5  

2.25 

67 .5  

78.0 

6.80 

0.0038 

0.0037 
Operating da ta  

Time on-stream, hr. 24.7 22 .0  2 6 . 1  25 .5  
Pressure. Ib./sq. in. gage 225 220 185 185 
1:ffluent rate,  cc /hr. 1150 1200 1000 1080 
( ontact time, min 19 18 22 20 5 
('atalyst charged, cc .  200 200 200 200 
Rate  of alkylate production, 

rr  /hr. 364 380 204 209 

- \pcrinl('tits the \\eight of total eMuerit lijdrocaibon material wa8 
~pl i~o\ imatc l>  the same in all four instances, but the aeight  per- 
tentage 01 cthr lene found by analyscs for runs 1 and 3 amounted 
t o  0.63 and 1.36 for the h e r  and higher mole ratios, respectively 
I n  runs 2 and 4 at tlie louer reaction temperature the correspond- 
ing pel centages n ole 0 88 and 1.41 

l 'he  effvct of reaction temperature 011 a lkl la te  quality is ob- 
\ ious iiorn thc tabulated octane numbets. Both the total alkyl- 
a te  and the diisopropj 1 concentrate are definitely better a t  the 
11CI" F. level than a t  the 133' F level, regardless of the isobutane- 
A t l i \  lcnc mnle ratio 

EFFELT OF POSSIBLE ETHYLENE IMPURITIES ON 
ALKYLATION SYSTEM 

~ \ E R T  P ~ R N  F I \ ~ .  Table I\. presents data  obta~nedina labo-  
iatoi\ run tlrsigried to siniulate conditions R here about 50 mole 
': of the olefiri feed is made up of inert paraffinic hydrocarbons 
T t i  catah k t  nd' piepaird by saturating a 50uo aqueous solutiou 

'Total on-stream tinie, fir. 
Iota1 isobutane charged, lk, 
Total propane charged, lb.  
Total  ethylene charged, Ib. 
A v .  niole ratio, isobutane/etbylent 
('atalyst charged, cc. 
4v. contact time. min. 

27 .5  
26.575 

5 .520  
3.461 
3 .72  

200 
22 

A v .  temn.. F. i i 2  
Pressur;, lb. /sq.  in. gage 
Total alkylate produced, lb. 
Yield. Ib. alkylate.llb. ethylene charged 
Characteristics of alkylate 

Gravity, O B.P.1. ?t 60° F. 
.4 B.T.hI. octane ha.  of total alkylate 
A . S . T . N .  octane h-0. of diisopropyl concentrate 

~~ 

200 
7 .  I80 
2 . 0 8  

77 .6  
90 .4  
92 .5  
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rota1 isobutane charred, Ib 
Total ethylene charged, lh. 
Total  propylene charged, lb.  
Total  isobutylene charged, Ih 
Uole ratio, ethylene/propyleiie 
Mole ratio. ethylene/isobutylene 
hIole ratio, isobutane/total oletiri 
Av. temperature, F. 
Pressure, Ib./sq. in.  gage 
Contar t  time, min 
Total  alkylate produced, lb 
Yield, R of theory 
Yield, lb. alkylate/lb. total oletir 
Sharacteristics of alkylate 

Gravity,  A.P.I. a t  60' F.  
Bromine KO., g./lOO g. 
1 P.T.31. octane h o .  
4.S.T.M octane S o .  (1 cc. T.E 

Ethylene- 
Propylene 

20 7-10 
1 418 
2 081 

1 '0  
. . .  
3 . 6  

I30 
I53 
19 

80a 
7.301 

2.08 

7 3 . 9  
0 . 0  
84 8 

.L. c ,  95.3 

h I r s ~ n  O L E F I ~  

Ethylene- 
Isobutylenr 

15 280 
0 956 

1 930 

i O R  
3 9  

120 
to5 

16 

82 b 
5 627 

1 95 

7 3 . 1  
0 0  
88 9 
99.8 

cif hydrogel1 fluoride with boron fluoride. The distillation charac- 
teristics and composition of this alkylate are shon-n in Figure 2. 

I n  general, the presence of an inert hydrocarbon in the alkyla- 
tion system in quantities that  might bc: present in refinery ethyl- 
ene had no unusual adverse effect on t h r  reaction; however, this 
experiment was not of sufficient duration to  furnish any data  on 
catalyst life. With an  ethylene conversion of O l r c  by weight! 
the alkylate yield based on ethylene charged is lower than that 
usually found in undiluted systems. On the other hand, alkylate 
quality was found to  be excellent. Comparison of Figure 2 n-ith 
the typical allil-late of Figure 3 shows tha t  a reduction in i s o p ~ n -  
lane and isoheptanes and an  increase in isohexanes have occurred. 
Thp production of heavy alkylate has been greatly reduced, since 
99yG of tlic total alkylate is distilled a t  340° F. I t  may be con- 
iluded that  inert light hydrocarbons in the ethylene feed d l  have 
no deleterious effect on alkylate quality. 

In coniniercial alkylation systenii it is to be es- 
pected that  the ethylene feed \vi11 be contaminated with appreci- 
able quantities of other alkylating agents, particularly propylene 
TNO relatively short experiments were carried out according to 
t>he laboratory procedure to determine the effect of propylene and 
isobutylcne, respectively. I n  these experiments 50 mole % of 
the olefin feed was ethylene; hence the added olefin could com- 
pete on an  equal basis for the isobutane. The catalyst for each 
experiment was prepared by saturating a 50% aqueous solution 
of hydrogen fluoride with boron fluoride. A summary of the per- 
!bent data  from these runs is given in Table \-. 

Alkylate compositiou for the mixed-olefin alkylation runs may 
be derived from the distillation curves given in Figures 4 and 5 
Inasniuch as propylene is assumed t,o be the most likely olefiD 
contaminant, the relation of octane numbers t o  different portions 
of the distillation curve is shown in Figure 4. 

The effect of propylene in the olefin feet1 is that  of lo~wring  the 
octane rating of the alkylate. As can be seen in Figure 4, the 
inferior quality is mainly due to hydrocarbons boiling in the range 
212-340' F., which constitute 25.5 volume 5 of the total alkyl- 
ate. On the other hand, the yield of isohesanes (mainly diiso- 
x o p y l )  amounts to 131% of the ethylene charged; this compares 
not too unfavorably with average values of about 140% for straight 
'sobutane-ethylene alkylation. I t  may be inferred from this es- 
Deriment that  small percentages of propylene in the ethylene feed 
d l  not scriously affect the production of diisopropyl nor unduly 
degrade the quality of total alkylate. 

As would be expected, alkylation with an equimolar mixture of 
ethylene and isobutylene did not materially reduce the octane 
rating of the alkylate, although the nature of the alkylate is con- 
siderably modified (Figure 5). I n  this experiment the isohexane 
fraction (mainly diisopropyl) made up 31 volume 70 of the total 
alkylate. Rith a yield of 175Y0 based nn et,hylene charged. The 

OLEFIXS. 

isohevane yield on ethylene charged is considerably better than 
the 131'7, reported for the ethylene-propylene mixture and the 
140% ordinarily expected from undiluted eth,dene. This in- 
crease in isohexanes is undoubtedly the contribution of the iso- 
butane-isobutylene system, since i t  normallv gives a definite 
plateau in the diisopropyl boiling range of 8 to  LO% of the total 
alkylate when liquid boron fluoride complev catalysts are em- 
ployed. From this experiment it can be concluded that  small 
proportions of olefins such as isobutylene will have no harmful 
&ct n n  the quality of alkylatr 

LABORATORY SCALE CATALYST LIFE 

Early in the history of this work it was realized that  catalyst 
compositions prepared from aqueous hydrogen fluoride solutions 
and boron fluoride exhibited short active life. Since the main 
catalyst ingredient, boron fluoride, is quite expensive, it was $1: 
vious that  means for extension of this life should be sought. Ex- 
periments carried out under optimum conditions without the use 
of any activation technique showed that  a given charge of new 
catalyst was capable of producing only 8 to  10 volumes of alkylate 
per volume of catalyst before serious evidence of failure became 
apparent. Intermittent treatment of the catalyst phase with 
boron fluoride will increase the alkylate production to 25-30 vol- 
umes per volume of initial catalyst charge. However, if activa- 
tion is accomplished continuously-for example, by incorporating 
a small percentage of boron fluoride in the isobutane feed-the 
yield may be increased to 70 volumes of alkylate per volame of 
initial catalyst charge. At this latter point of incipient failure the 
addition of anhydrous hydrogen fluoride to the catalyat phase in 
amount quiva len t  to about 5% of the original catalyst charge 

360 
I I 

Figure 4. Distillation Characteristics of Product 
Derived from Alkylation of Isobutane with 3Iiacd 

Ethylene-Propylene Feed of 1 :1 Rlole Ratio 
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Figure 5 .  Distillation Characteristics of Product 
Deri\ed from Alkylation of Isobutaiie with 3Iiaed 

Ethjlene-Isobutylene Feed of 1:l ALole Ratio 

will render t h i s  vatalyst responsive to thcl boron fluoride activatiori 
treat merit. 

The efficacy of boron fluoride activation is illustrated by tlic, 
data of Table 1-1. In this run the boron fluoridr content of the 
isobutane varied b e t w e n  1.07 to 1.69 migh t  c'C. Frequent 
analyses were carried out on the influent and effluent streams t o  
check on the consumption of boron fluoride. The  data of this 
run are additionally interesting because of the inadvertently low 
isobutane-ethylene mole ratio. As a result of this lattci. conditiorr 
the quantity of heavy alkylate (nonanes and heavier) lvas in- 
creased, and the quality of alkylate thereby degraded. However. 
in spite of this departure, t'he validitj- of mtalyst lifc data is not 
impaired. 

The da ta  of Table V I  are indicative of t,he value of niairitaining 
the BF3-H20-HF catalyst system at full activity. On the assump- 
tion tha t  free boron fluoride in the effluent stream can be recov- 
ered and recycled a t  a reasonable cost, the activation procedure 
xould  appear feasible. However, the alkylate production still 
amounts to  only about 7 gallons per pound of total boron fluoride. 
assuming no recovery of boron fluoride from the catalyst phase. 
I t  is apparent, therefore, that. additional means of esteuding the 
useful life of the inital catalyst charge are necessary. Revivifica- 
tion of a catalyst shon-ing signs of declinr. in activity was found to 
be possible bj- fortificatiqn with a small quantity of anhydrous 
hydrogen fluoride. The  data in Table \'I1 were taken from a 
laboratory run  m-hcrcin general catalyst activity was maintained 
by resaturating the catalyst phase with boron fluoride at intervals 
of 2 hours. Khile this method of activation is admittedly only 
about half as efficient as continuous activation, the response to 
hydrogen fluoride fortification is amply demonstrated. 

? ' l t r ,  (~\1J(,riiiiwit w a , ~  teiniiristed ivith what appcaretl to tit) a 
idly a[*livib caatalyst a t  the couclusion of period 13 (T:thlc~ V I I ) .  
Thci c.oniposite alkylate ~v:i> of normal quality with the follo\viiig 
composition: C 5 ,  6 . 5 5 :  CS, 63.7%; C7, 5.SL;;; CS, 16.1';: Cy+, 
8.ZCc.  The diisoprop5-1 concentrate boiling between 136-140" F. 
wit11 an A.S.T.M. octanr rating of 92 constituted 60.3 volume c;. 
of the total alkylate. 

If the efficiency of continuou.5 boron fluoride activation can t J l a  

(wnbiried ivitli the demonstrated efficacy of hydrogen fluoride 
fortification, it may be deduced tha t  9.65 gallons of alkyl- 
ate could have been produced instead of the #5.5 gallon> 
actually obtained. Then, since 0.5 pound of BF? \viis used 
in prc,pariug the catalyst, a. yicld of about 19 gallons of dlcylate 
per pound of BFa consumed may be predicted. The cost of hgdro- 
yen fluoride in such s p c d a t i o n  is neglected, since the quautities 
involved are not great arid because its cost is only about one third 
that of thc Imron fluorid(,. Since it, now appeared th:it the coni- 
riiercial use of thi- taat alyst system was economie:rlly pxsibli, ,  
t'iirtht,r irivc.tigatiori on a I:irger scale n-as projected. 

PlLOT PLANT STUDY 

tiotiz laboratory data were prcscut,cd to 
.lion- that continuous activation of the present catalyst 
uith boron fluoride is beneficial to cat,alyst life. It was also 
demonstrated that spent catalyst can be restored to a high degtec 
of artivity by periodic fortification with hydrogen Auoridc. .I 
t liorouyh quantitative evaluation of these two methods of 1's- 
tvriding catalyst life, applied so as to complement each ot,hor, ~ v a h  

uiidertaken. However, because of viar emergency conditions it tvith 

riot possihlc t o  carry this program to completion. It was possiblv. 
tlwrefnre, to carry out  only thrcc bnna fide pilot plaut runs, orit' 

TABLE VII. IIF FORTIFICATIOS OF 13F,-H20-HF C . ~ T . Z L Y ~ T  
SYRTEJI 

I-iel d , 
Mole Ratiu 'l'otal \Vt ,  % o n  Cumula t ive  

Operating Isnbutane/ Alkylate. E;thylene Vol./vol. 
Period Ethylene Lb.  Charge Lh. catalyst 

6 .480  2 1 . i  
i b  3.1  2 092 
8 2 . 5  2 , 0 0 8  
9 2 . 8  2 380 242,  

14 ' 3 . 0  2 480 3.556 I I , 9  15 3 . 0  1.076 

2 Initial catalyst charge, 200 cc. (330 grams). 
b 0.044 pound hydrogen fluoride added t o  catalyst. 

0.031 pound hydrogen 5uoride added to  catalyst. 
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TABLE 1-111. PILOT PLAST T~~lRrTiSe -E ' r l l~ - l . b : \ -F :  .~l.K(Yl..ITIOS D.ITA 

<)perating period 1 2 3 4 
Oneratine da ta  -. 

On-stream time, hr. 
Mole ratio, isobutane ethllenc 
Effluent rate, gal.,'Iir. 
Alkvlate production, gal./hr. 
Redctor preejnre ,  lb./sq. in. gap* 
Av. reactor  tei i i iwature,  ' F. 

\laterial balance 
Ethylene charged, lb. 
Iso-Ci -C BI', charged. it,. 
Total feed charged, lb. 
Iv. Bl'a in iso-Ca feed, n t .  (; 

I.ohutane charged, Ib. 
Blq chareed. Ib. 
Toial emLent recovered, I t  
BFa in effluent. wt. 5: 
BI?a in effluent. Ib. 
B L  lost o r  consiimed. Ih. 
Owr-all iiiaterinl recoi-ery. n.1. ' L 

i.'onipn. of total  effluent ~ B F v f r e e j ,  n t .  
C t liylene 
P ropane  
Ethyl fluoride 
Isobutane 
Isopentane 
Hesanes and heal-ier 

I-irld data 
Total alkylate, lb. 
Ethylene converted, wt ,  L5 
I=ohutane converted, wr.  5% 
I-ield on etli,-lene charged,  a t .  ' 0  
Yirld on ethvlene converted wt. l 
l-icld on isobutane coni-erted. 1, t .  c7  

I 1 1.' c oiisuiiii, t ion 
H I '  added, Ib. 
f IF  t o  ethyl fluoride. Ib 

7 . 2 5  7 . 0 0  i UII 8.011 
2 . 6 7  2 . 8 4  2 . 6 0  2 . 8 6  
1 . 6 4  1 . 6 9  1 . 6 6  1 . 4 3  

" 2 5  0.498 &509 ,.y 514 ,,8.41'" 
135 135 I33 13.5 

9.1: 
51 .33  
i i 0 . 4 i  
1.  70 

70.48 
0 . 8 i  

.59. 04 
1 43 
0 .84  
0 .03  

98 n 
I ,  i 

0 . 4 8  
0.35 
0 . 2 9  

i i 4 .49  
3 . 4 9  

3 0  90 

% > t i  

n9 ,  P c 

1 . 5 7  
3 0 . 4 8  

0 81 
58.81  
1 .3 
0. 9ii 

- I )  111 
95 4 

5 1 . 2 8  

11.43 
( I  29 
0 12 

6 4 . 8 6  
3 . 3 9  

3cI. 8!1 

2 0 . 2 1  
9 6 . 8  
2 4 . 0  

239 
241 
10; 

8 . %  8 49 
48 .69  Z1.33 
.i7 64 .59 52 

1 . 4 6  1 , 7 9  
1 7 . 9 8  .50.43 
0 i 1  0.911 

.17 6 i  57 112 
1 . 1 8  1 . 6 4  
0.G8 11.93 
0 .03  -0.(!H 

,oo .n  4 d 4  

I 8 I i i 
81.5 
24.11 

2 2 0  
27!1 
1 i i 

5 

i j  .50  
2 . 4 8  
1 , 5 6  
0.538 

2 2 5  
134 

8 . 6 3  
4 4 . 9 7  
.53. DO 

1 .53  
4 4 . 2 s  
0 . 6 9  

i o ,  4i1 
1 05 
0 . 3 5  
11.14 

:14..' 

0.811 
li..lii 
0 . 1 2  

t i l .  46 
3 04 

3 4 . 4 8  

19,x:, 
9 5 . 2  
2 6 ,  ii 

2311 
241 
I!:: 

lj 7 8 (1 IO 

8 2.5 6 , 5 0  7 . 0 0  7 .50  4.5i.J 
2 . l < i  2 . 6 0  2 . 7 5  2.47 2 . 2 6  
1 . 4 3  1 . 3 5  1 . 6 0  1 . 5 2  1.40 
0 390 0.390 0 . 3 6 3  0 . 4 3 1  0 , 4 3 0  

230 2 2 5  m j  "20 pj 
134 140 130 132 135 

10.81  
49 .97  
ri0. 7 8  

1 . 7 5  
49.10 
0 87 

, i8.91 
1 .3 ;  
0 .81  
& O h  

9 7 . 0  

t i .  59  
37.04  
43 63 

1 . 6 i  
36 42 
0 6.' 

-1:3.63 
1 . 3 3  
0 , 5 9  
0 . 0 3  

I l ! O . O  

8. Hi 
48. 75 
r , i .  1.3 
1, 91! 

47 8ii 
(I 9 2  
,i 3 , 0 5 
1 .XI 
0 84  
0 . 0 8  

98 2 

9 . 3 "  
48.49 
.57.81 

1 .86  
4 7 .  39 

0 . 0 0  
3 6 . 3 9  

1 . 4 3  
0 . 8 1  
0 on 

07 6 

5 . 3 1  
" 5  4 1  
:io. 72 

2 .11  
:!4.88 
0 53 

:i1.40 
1 . 5 8  
0 50 
0 03 

102, 5 

X.46  2 5 2  2 . 9 0  2 , 2 8  1.59  
11.32 11.35 0 3 6  ( I 4 8  0 . 3 0  
0 . 1 2  0 5Y 0 34 0 . 8 3  1 . O i  

13.5.65 6 6 . 5 2  i 1 . 3 5  6 4 . 2 1  lj0.62 
2 . 9 2  2 . 3 1  2 . 3 6  3 . 2 8  3 . 6 7  

2 7 . 5 6  27 21 22.69 29.00 3 2 . 7 5  

18.25  1 4 . 3 5  14.12 18.3.7 11.02 
8 0 . 8  8 3 . 8  80.5 7 7 . 2  8 9 . 1  
20 n 16.2 2 3 . 4  :?c . . j  

160 218 169 197 2 1 3  
208 260 20'3 228  2 3 0  
18.; 184 I 8 2  16.5 l l i i  

l i  0 . 2 4 4  U.23Y 0 .244  U . 1 5 X  
lI,lJ2!J 0 . 1 0 i  0 . 0 7 9  0.191 0.140 

Total  
or  

Average 

0 9 . 5  
2 . 5 8  
1.53 
0.448 

.995 
13$ 
_- 

8 4 . 1 4  
437.31 
341.45 

1 . 7 1  
-149 30 

7 .81  
.52!>,28  

1 . 3 9  
7 . 4 5  
0 36 

! l i ,  x 

1 .  90 
0 30 
0 3 2  

6 4 . 7 1  
3 . 0 3  

L D , i ( i  

175.72 
6 8 . 2  
23.4 

209 
23i 
1li7 

1.416 
0 .719  

Oi trhich  vas designed t o  t randate 1ahoratoi.y findings to a firnitbi 
qu:iiititative basis, ~vhcreas  tho o t h c i ~  t W J  m r e  c o n c c ~ n e d  \vir l i  

rataly6t composition. The results of t he  former nul, thtl firqt 
etsliaustive catalyst lifc :eat using the equipment of Figure 1, :irv 

Table VI11 to  s h o ~  the potentialities of the pi 
tem. Thc proccdurt. c~tnploy~d was thr  one p i ' i s -  

viously described. 
PILOT PLAST DATA. During tlit.  couI'-i: (if the run, 449.5 

~iounds of isohutane and 84.1 pound; of ethylene xere  charged to  
rlie reactor to produce 175.7 pounds (31 gallons) of total alkylate,. 
This production amounts to 195 volumes of alkylate per volume 
' i f  initial catalyst charge. The initial catalyst activity was in line 
irith the laboratory results, as i>  evidc~ncetl hl- the production of 
about 88 volumes of alkylate per volumr of catalyst befo1.e the 
first fortification with anhydrous hydrogen fluoride. H o ~ e v e r ,  
the activity of the fortified cat,alyst phas. n-as more transitory 
than expected. It is suspected that a great improvement in 
yield and catalyst life could be effected lyith the attainment of 
more uniform operating conditions. Thus there is no reason f o  
Iwlieve that, the  lo^ over-all ethylene conversion of 88.2 n-eight 5 
is an  inherent characteristic of this alkylation system, in view of a 
large number of laboratory runs showing conversions of 955uc or 
better. Subsequent to the termination of this work i t  was dis- 
covered tha t  the impeller was not providing adequate mixing in 
the reactor. This factor alone could account for both lov  ethyl- 
ene conversion and foreshortened catalyPt life. 

,. 1 l i l i l t ~  1S suliinxuizc~s t ]IC relatioil tJetU'tV2ii alkylate production 
: ~ n d  catalybt vonwmption. It vi11 be notcd that 15.8 g:allons of 
;ill<ylatr> i r e r e  pr(icIurc.~l pet. pouiicl of boron fluoride consumed, 
:i>+uming 110 recovery of BF3 froin i t i t ,  catalyst phase. Since these 
i l u t a  \vert' olitained under conditions not coilforming to good oper- 
ating cwnditions, ii. is concluded t hit a pi,otluctioii of over 20 gal- 
lons of alkylate per pound of boron Nuoriilc c.iiit.~iiIneti could he 
:wlricwcl n-if hout much difficulty. 

RECOVERY OF BORON FLUORIDE 

c)llc Of thl? plriIllWy ~ l ~ ( J b i l ~ I l 1 ~  (!(JllllCSctC!d nit11 the Ubt? of the 
u F:3-II20-IIF catjlyst ten1 iii (:omrnercial alkylation reactions 
is thil rcduction of catalyst cost. In Table XS 1.96 pounds of 
boron fluoride have been charged against the alkylate product ion, 
whereas in Table VI11 7.81 pounds of boron fluoride w r e  in- 
i~lutlcd in the isohutane feed to  the reactor f o ~  acl,ivat,ion of the cata- 
lj-st. S i i i i~  virtually all of this activation boron fluoride appears 
in the t~fflut~nt stream, it is proposed t o  recover this physically dis- 
solved boron fluoride by the process describcd by Axe ( 2 ) ,  in xhich 
the effluent hydrocarbons boiling lovier t,han isobutane are sub- 
jected to gas-liquid extraction n i th  solvents such as fi,t?'-dichloro- 
ethyl ether. phenetole, and anisole. These scllvents are capable 
of absorbing up  to  one mole of boron fluoride per mole of solvent 
in the form of thermally decomposable liquid complex compounds, 
and are resistant to the polymerizing action of the boron fluoride 
during repeated ahsorption and decomposition cycles 

TABLE 1); ALKYLATE PRODVCTIOh A S D  CATALYST 
CONSU\IPTIOU 

Gal 
Lb <lkylate/Lb 

(latalyst  components in initial catalyPt charge 
Boron fluoride 1 .60  1 9 . 4  

Water 0 .440  . . .  Hydrogen fluoride 0.294 100.0 

iomDonents consumed in activation 

0 .36 76.0 
1 ,122  27 .7  

Boron Buoride 1 . 9 6  1 5 . 8  
Hydrogen fluoride 1.416 21 .9  

LITERATURE CITED 

Alden, K. C., Frey, F. E., Hepp, H. 6., and McKeynolds, L. A., 

Axe, IT. K., U. S. Patent 2,377.396 (June 5, 1945) .  
Bruner, F. H.,  Clarke, L. A., and Sawyer, R .  L., I b i d . ,  2,845,095 

14) Ipatieff, Y. N., and Grosse, A. V., J .  Am. (:hem. Soc., 57, 1616 

(5) Meinert, R. N., U. S. Patent 2,348,637 (May 9,  1944) .  
(6) Slotterbeck, 0. C., I b i d . ,  2,296,370 (Sept. 22. 1942). 

Oil Gas J . ,  44, No. 40, 70 (1946). 

(March 28, 1944) .  

(1935). 

REPORT S o .  559-4fiR of the Phillips Petroleum Company Research 
Department. 


