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Abstract

The investigations on the somnerization and hydrocracking in the

field of diesel and jet fuels were continued. Thus, with a soft paraffin

wax as feed attempts have been made to obtain products with properties

similar to diesel and jet fuels. The catalyst used was 0. 1 wt. % Pd on

alumlna-boria (4:1). as it gave the beat isomerisation results with n-hexane

as starting material.

In the case of experimental runs with the paraffin wax difficulties

were encountered in the analysis of the reaction products. Their characteri-

zation was limited on the determination of some physical constants (e. g.

cloud point. boiling range etc.) rather than on an Investigation by ga"

chromatography. Thus a 10 0 C lowering of the cloud point between the feed

and the product with the same initial Lollng point was obtained.

The diffleulties encountered -.n the analysis of the reaction products

when high molecular weight hydrocarbons (C 1 2 and higher) were used as

the feed material indicated that it is better to carry out further studies

with a lower hydrocarbon and as such n-nonane was selected as the feed

material. The fewer number of possible isomers gives the possibility of

Identifying Individual components and the experience obtained could be

profitably used for the higher range o:" compounds.

As analytical tool gas chromatograph3, in combination with mass

spectrometry has been used.

Retention volumes of a large number f test substances (mostly C-9

isomers) were determined. By the us 3 of two columns (silicone oil -

7. 8-bensoquinoline) a better resolutica of peaks consisting of more than

one component has been attempted, sc that characterization of the reaolved

peaks by mass spectrometry is facilitated.

Experimental runs with n-n' isane were conducted both in baich

and continuous operations. The maxir um yield of C-9 isomers was

obtained in the case of batch operatic: s at a reaction temperature of

3750C and at a reaction time of 20 hours (apprxm. 45 wt. S of the liquid

reaction product) and in the case of c€ntinuous operations at 4251C and

10 sec. reaction time (apprxm. 47 wt % of the liquid reaotion product).



The greater portion of C-) iaomers consisted of uornornet'1yl

Isomers (over 65 wt. %). From the ilonometlylisomers it haE been

pesaible to identify the 2- 3- and 4.-: nethyloctanes. From the dialkyl-

isomers in the reaction product the :3resence of 2. 3 dimethyl.-, 2. 5-.

dimethylheptane and 2-raet1hyl 3-eth.'lhexane could be confirmed.
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1. Isomerization of n-Hexane

The influence of Palladium .pot_ At on the activlty an sel2Stivity of
an aluminium-oxide carrier

In the Final Technical Report of the last year (Nov. 30, 1161, p. 151 it

was ststed that Investigations of the influence of Palladium content on

tie activity and selectivity of an aluminium- oxide carrier have showed

that high activity of the catalysti lies in the range of palladium contents

between 0, i - 0, 5 wt. %.

The detailed results of theie in~vestigations are given here.

1. 1_paratus used

The experimental ruqs described were conducted with a flow type

nmicro scale reactor allowing to work with small amounts of catalyst. The

inner diameter of the reactor tuhe was 7. 4 mm, the volume of the cata-

lyst used for all the series of inestigation 2 ml.

A Perkin Elmer Fra-,tometer had been hooked up with the

apparatus in such a way that saneples of the reaction products could be

drawn in for analysis at any de.! red time.

1.2 Preparation of catalysts

To the acid solution 3f aluminium nitrate (&. Merck Nr. 1086)

ammonia (E. Merck Nr. 5422) was added under vigorous at. rring until

a complete precipitation of the hydroxide was achies-ed. Ater filtration

the precipitate was dried at 120C for 12 hours and activated at 500"C

for 3 hours.

For the impregnation with the Palladium-chloride solution

particles of size 0, 3 - 0, 5 mm %,ere selected. After the reduction at

5000C the catalysts showed the ftUowing surfaces:
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22

Al 0 -carrier without Pd : 236 m 2/grA203

" " with 0, 02 wt Pd. 229

it of 0,06 I t t : 226

"", 0,1 " : 219

i 0, 5 % :"209
" "I 0 10 % '' " :203 "

1. 3 Reaction condition.

The experiments were cond:Icted at different temperatures the

other operating conditions being consttnt.

Temperatures: 3509C, 3759C, 4000C. 41:50C, 450OC, 475eC

(Pressure 25 atm; liquid hourly space velocity 2 vol. /vol. /hour; mol.ratio
H2 /HC - 2.5)

As feed normal hexane was used.

1. 4 Results and discussion

The yield of the branched huxanes has been plotted In Fig. 1

against the reaction temperatures.

IA

c20

rA N

-reaction temperature °C

Fig. I Dependence of isohexanes-yield on reaction
temperature fo:" catalysts with various Pd-contents
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OAl 203-carrier with 0, 02 %•Pd

hI it 09 O F

it i oI 0,'.5

From this figure it can be seen that the rise In the Pd-content
of the Al2 0 -support from 0.02 to 10 wt. % caused the initiating of the

isomerization reaction at lower temperatures. The differences in the

yield of the branched hexanes at the lower concentrations of Palladium

- 0, 02. 0, 06, 0.1, 0, 5 wt. % - were relatively large. By a 20 fold

Increase in the concentration of the Palladium (10 wt. %) a considerable

Increase of the branched hexanes yield could not be achieved.

The yield-maximum is shifted to higher temperatures by

decreasing the content of Palladium from 0, 5 wt. % to lower values.

The greatest isomer- yield was obtained with the catalyst containing

0,1 ;rt. % Pd. At lower concentrations of Palladium the activity of the

catalyst was decreased very strongly, e. g. with a catalyst having a

Pd-content of 0, 02 wt. % only 2f5 wt. % of normal hezane was isomerized.

The extent to which the varmous catalysts affected the isome

rization in connection with the cracking of normal hexane can be

discussed on the basis of Fig. 2. In this figure the sum of cracked

products has been plotted against the conversion.
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700

Z 5C0

at* 50 -!

I I

t0 20 30 40 50 60 70 S0 SO W00

- c o n vers ion wt.%/

lJg. 2 Depsuadnc•e of cracked products - yield on
ooaveruio• for catalysts with various Pd-contents

4* Al 03 carrier without Paladu

& with 0, 2%•Pd

i" " OSI 0 ,06 "

" " " 0,.1 % "

o ,," 0,5 % "

.t" " 10 % "'

The Al 0$-carrier. without Palladium, gives exclusively

cracked products. e. g. at a conversion of 44 vt. %• (reaction temperature

5000C) only 1, 1 wt. 5• of norm~d beuane was to be found as branched hydro-

carbons. Addition of small amxounts of Pd to the A1 2 03-cawrier - 0,02 5. -

had no marked influence in detcresbsg the yield of cracked products.
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The catalyst contain ng 0, 06 wt % Pd gives, at fini'lar con.

versions, considerably smalle - amounts of cracked products 1haen ibe

es.rlJ1 er catalysts,

An inerea.se of the FPi-concentrrilon -to 0 1 wt.T caused, at

arnfiar conversions, an lncre• iied yielj of C 6 LWonierse By a fur-h1r

ncrtase of the Pd- vonccýnt-ai.Jia to 0, 5 wt. % the propori cn bi!ýweejl

crackad and isomner products N, as shifted ýn favour of lbhet rucked

prod uzt,.

the increase of he yield of cr icked products becomes clcare;" with hbo

,.%taWsjt containing 10 w,". % Pa. ladium,

From the course of he curves In Fig. 1 and Fig. 2 it can be

said that Palladium contents vz rying between 0, 1 and 0, 5 wt. % can be

consildered to be favourable fox the isomerization. At lower and higher

Palladium-contents the portion of the cracked products, at similar

conversions, were increased.
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2. Isomerisatlon and Nydrocraing of a. .ft parafi wa with a 0. 1% Pd
on alumina-boria catalyst

2. 1 Reactor used

The experimental rans, described in this report, were conducted

with a half-continuous apparalus which differed slightly from the one used

for the isomerization of a n-C 1 2 fraction (a. Final Technical Report,

Nov. 30, 1961, 4.1. p. 2 0 ).

The reactor tube (23, 5 mm i.d. ) of the new apparatus was

1100 mm long. It was surrounded by an aluminium block with electric

heating coils. The temperature of the Jacket was maintained constant at

the desired values by a governing thermo couple. The temperature-profile

of the catalyst bed could be measured with a movable thermo couple in

a central thermo couple sheath tube (7 mm o. d. )

80 =1 of catalyst were placed In the lower third of the reactor

tube which had a constant temperature over the entire length. Quarts chips

served an the lower catalyst support and Quarts chips were placed on top

of the catalyst bed, too.

The liquid paraffin wax as well as hydrogen from a cylinder

through a reducing valve were introduced at the top of the reactor tube.

The reaction products under pressure passed through a water-

cooler and a gas-liquid separator from which the liquid products were

drawn out through a needle valve. The gas from the gas-liquid separator,

made up a/hydrogen and reaction products, were passed over a condenser

cooled by dry-ice and the uneondensed gas was measured by a gas meter.

2. R Reaction condItions

The experiments were conducted at a constant pressure of 50 atmn

and at a constant iquid hourly space velocity of 0, 75 V/V/h. with

different mole ratios of hydrogen to feed and at different temperatures.
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a) nole ratio H2 : -,ed = 4, 5 4)

ti.mperatures: 1301C a.i$ 375'C

bI rrole ratio H22 i-ed = 2 7 ')

t rnperatures . IiO-'C, 3175C" ar.:! 4COC

2 3 ],.ecd _,cirnpo_;ition

.As fecd a soft paraJf n wax was vsed, with a ,.Id ,,'h

o0" 3, C.

By th( gatu chrnmati graphic analysui it was cnfi:-med that :e

greater portion of the paraffin wax was compoiied of Cl- C normtal

hydrocarbons.

Normad hydrocarboy P; with a C-number 1,3ss than 19 formed

approximately 10 % by weight )f the wax. The lowest normal hydroca.A..:mn

was n-C 15H32

2. 4 Cata

The catalyst used w to, 0, 1 1% Palladium on an acid alumaa h 3ria

carrier (grain sze 1, 5 - 3 inr). This catalyst was chosen as it wal

established to bo suitable for the isomerization n-C 1 2 to 11-C14 fraction

(s. Report Nov. 30. 1961, p. 2'.

2. 5 Results and discussion

For each run 250 cri3 of liquid paraffin wax was used. Practi-

cally the same volume of reac ion products was obtained in all cases.

!n order to judge th; extent of the isomerization, the liquid

reaction products were fracti mated into several fractions with a spinning

band distillation column. The 'esults are given in Table 1.

+) These values are valid for .n average feed molecular weight of '-

+,)supplied by the firm Scheri.ig AG, Werk Bergkamen



-8B-

Table 1 Isomer-isation of a soft paraffin wax at 50 atm
over a Palladium catalyst
(Yield tn wt, S of liquid reaction product)

Fole ratio H : feed . 4, 5 mole ratio H2: feed - 27Fraction
Reaction temperature Reaction temperature
3504C 375"C 350C 3750 C 4000C

I. up to 1001C 0,69 3,85 066 5.04 7.71

II. 100 - 150"C 1,40 2.51 1,55 4.40 4.64

III. 150 - 2550C 3, 34 8. 98 2.60 9. 98 9. 77
(Vacuumdistfll.)

5.43 15.°S4 4.81 1 19,42 22.12

IV. over 2550C I

The collected fractions were separately analysed by gas chromatography

with different selected columns in a Perkin- Elmer fractometer.

Fraction I . GA Perkin-Elmer column (length 10. 40 m; i. d. 5 mm
column temp. 501C
carrier gas : H 2 1 atfl)

Fraction II. GA Perlin-Elmer column (length 10, 40 m; i. d. 5 mm
column temp. 80C
carrier gas : H2 2 attl)

Fraction III: Apeizonfat on Sterchamol column
(length 3, 70 m; i. d. 4 mm
column temp. 180"C
carrier gas : H2 3 1/h)

The gas chromatography analyiis of the fraction IV with a very short

column (length 55 cm, apiesonfat on Sterchamol, column temp. 180C)

gave no satisfactory chromatograms (superpositions of the isomers and

normal hydrocarbons). For this fraction which should have approximately

the same initial boiling point as. the feed, the cloud point was determined.

The results of these analysis are geven in table 2.
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Iwe~z.-ation of a soft paredfin wax at 50 atm
ovor a Palladium catalyst

('idd it, w. % of liquid reaction pro luct)

1u ratio H2 .1eed a 4. f mole ratio H2 feed .% 27

It - ir•-ccrb•i•c teaction temperature Reartion temperature

3500C 3750C -50t C 3755'C 40111C

i B" tano 00W (1.02 0. W] ) 12 0 00O
n B itare 0 04 10 05 0 06 I. t8ý ,0 13
i- P.ntane 0 US o. 30! 0.06 0.5 0. 0.46
n-F ',ntane 0.06 10.35 0.07 0o, 49 0 64
1l1-Cane• 0.12 0.'12, I.0 t 11 1.7-7
13- ,an 0.07 0.6 0.0's ) 72; 1 :1

1- •tatw's 0 73 .. 01 ).OC 0I 2.14
n-P ,)tne 0.21 0. 54 0. If 0.70 1.7
"-C., tans 0 '22 1.80 0.3s o 6-3 2.00

.--( -:are 0.32 0.45 0. 27 0,.74 0 .6
I-N ryarweu 0 43 0.77. 0.54 121 1.22

0.4; 0.49 0. 18 0,72 0 (G
0. A 01 n.,4• . 5? 1.4;

: a-I iat 0.33 1.05 0.84 1.8) 0 '4

*- Tlean' 0 41 1.12, 0.4,1 .32 1.13
,-I 1Ie,,3 3.45 1,20 0. 12 0 .) 0 0 V(

D d-(; 8, 06oe 1. 8 }. ' 31 1. 0. 9 c)

n-I *de,•n, 0,40 0.14 0.24 .0.8) 1 (
,- ,'1 df',.--ines 0 12 .83 0. U 1 I" 097

a-1 :idecame 0.32 0. EO 0.20 0.o77 0
i-'Traleran3.S 41 17 1. 40 O.(M I 0.84' 0,74
n-. 2 tr•,•rne 0.25 0.V6 0, 15 .0.55 0 -1

;8M 7 1 1 1 ) 1.4

~~5 40 42 'A 191 ~8 ~ 1

T....4'f I ...,5p. , -1021 4 .0 51.1 5 6 0 st,

1 3 27j,3. 5 2. 26 23
on. . .. A. r- ..- - 4.-------
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From table I it can be seen that at a reaction temperature of

3500C approximately 5 % by weight of the paraffin wax were cracked to

hydrocarbons boiling below 255CC. The yield of this fraction increased

considerably at higher ceEction temperatures. Thus at reaction tempe-

ratures of 375"C and 4000C this fraction amounted to 15 - 20 % and 22 To

by weight respectively.

Table 2 shows that the yield of C4- and C 5 -hydrocarbons in the

fraction <. 255'C b. p. was small (max 6 wt If). The greater portion

of this fraction was compcsed of C6 - C1 3 hydrocarbons. The percentage

of the branched hydrocarbons depends onthe reaction temperature and

the mole ratio of hydroger to feed.

Under equilibrium conditions, the branched chain C 5 hydrocarbons

in the pentane fraction is 7'4 % wt. 'at 375 C) and the branched chain C6

hydrocarbons in the hexane fraction is 80 % wt. (at 350 C). In our

experiments the branched chain hydrocarbons were 54 % wt. in the

pentane fraction and 63 % wt. in the hexane fraction.

The difference in cloud points between the feed and the fraction

boiling over 255"C was talen as a measure of the extent of isomerization

and hydrocracking. This lowering of cloud point at a mole ratio of H2

to feed of 27, 0 was greater than that at a mole ratio of H2 to feed of

4,5

70C against 5. V•C at a reaction temperature of 350'C

and 5VC " 3. C i ý i of " 375-C

The maximum lowering of the cloud point i l0 C) was obtained at a

temperature of 400"C and at a mole ratio H2 to feed of 27.



3. Contribution to basic research on the al¢ytic of isomers
In the range C-S up to C-9

Introduction

By the isomerization of normal aliphatic hydrocarbons C and higher,

the isomers obtained were comprehensively classified in the most cases

as "branched isomers" without taking into consideration the individual

isomers. This was done, as in this range it was very difficult to

identify individual hydrocarbons, because of the large number of

possible isomers. The modern analytical methods can give satisfactory

solutions in cases of mixtures of hydrocarbons up to carbon atom seven.

Above C-7 is the number of the possible isomers large enough to make
1, 2)

such an enalytical problem solvable only under favourable conditions

The method, which has been applied with success for the ana-

lysis of hydrocarbons ie gas chromatography and particularly for the

determination of individual components a combination o- gas chromato-
3)

graphy with mass- spectro-netry

For the separation of saturated branched isomers by gas chro-

matography, use is made principally of the difference in their boiling

points rather than of the d-Iference in the special arrangement of the

molecules. The difficulty due to the small difference in volatility can

be partially overcome by using a column witb a large number of

theoretical plates, wherein compounds are separated according to

the order of their boiling points. For close boiling isomers which are

not separated in the above column, a second column with special

selectivity for the different Isomers can be used.

By a combination of such columns, wherein the fraction from the

first colutan is run into the. second column, the possibility of resolving

a mixture is increased. Pure compounds, obtained as fractions from

the second column, can thn-i be easily identified by means of mass

spect rometry.
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3. 1 Gas chrzom! rah f normal and branched isomers

Before attempting ar analysis of branched hydrocarbons in a

mixture, the preliminary ,:.etermination of retention volume data of a

number of pure hydroarb( no is beneficial, so far as such data ar•

not available.

3. 1 1 Relative retention vi lumes of pure compounds

Materials emopoyed• The hydrocarbons employed in this investigation

belong to a remarkable collection of pure compounds of our Institute.

A great number of these w -ire supplied by the National Bureau of

Standards, Washington. A complete list of the physical properties is

not. given here, as only the boiling points are significant in the deter-

mination and correlation o:' retention volume data.

As stationary phase liquidf silicone oil AR 500 furnished from Wacker-

Chemie (Munich) and 7.8 benzoquinoline were used.

Sterchamol (particle size (ý, 3 - 0,4 mm) was used as the inner support

for both the stationary phaie liquids.

Experimental: The colunmis consisted of 6 mm Ermeto tubing contained

In a thermostatically controled, electrically heated oven with circu-

lating air bath. Detection was by thermal conductivity. The recording

potentiometers were operated at 1 mV to 10 mV for full scale deflection.

The operating conditions ft r both columns are listed in Table 3.

Table 3 Operating conditions

7. 8 benzoquinoline silicone oil
column column

amount of liquid phase/ an ount
of stat. phase, w/w. 30/100 40/100

length, meter 20 25
carrier gas hydrogen hydrogen
cperating temperature, *C 80 100
flow rate of HF2 I/h 2.4 2,7
sample size, microliters 10 10

I
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The relative retention volumes of 37 hydrocarbons have been

determined on both columns using n-nonane an the reference substance

throughout. The results are given in Table 4.

The operating time for the emergence of the higher boiling

compon ". (n-nonane) was in the case of 7. 8 benzoquinoline column

apprx. 4, 5 hours and in thit case of silicone oil column apprx. 6 hours.-

The efficiencies of bcth columns have been calculated. The number

of theoretical plates was fcr the 7, 8 benzoquinoline column about

7000 and for the silicone o-1 column about 9000.
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Table 4 Relative retention vcl-mes of saturated hydrocarbons

a) aJiphatic hkdrocarbons

nmeasured measured Boiling
r.31. ret. volume rel. ret. volume Point

on on uC
silicone oil coluni 8 bernzoqulnoline column

n.notiane 1,0000 1.0000 150,8
0,778 0.687 143 3

3- 0.826 0.738 144.2
3, 3 , 4-tr4m 0.755 0.687 140 5
2, 3, 3-trim O. 691 0.582 137 7
2, 2, 3-tr u 0.611 0 468 133 6
2, 3, 5,-trim 0.567 0 421 131.3
2, 4, 4-trim 0.546 0,421 130 6
2, 2, 4-trim 0.482 0 330 126 5
2, 2, 5-trim 0.439 0 269 124.1
2, 3, 3, 4-totrarn 0.805 0 714 14I 6
2,2 3.3-tetrarn- 0.778 0 650 140 3
2, 2, ', 4-tetrarm 0,611 0 L468 133 0
2, 2, 4, 4-tetrarn 0.419 0 282 12, 3

S-o,,.tane 0.500 0 445 125 6
3 m 0,419 0.330 119
2, 5-diin 0 210 109
Ž,:3,3-trun 0,394 0 296 114 2
2, ,3-trirn 0 236 liO 3

2, <, -- Ir.r lr 0,222 0 144 39.3
rh-heptcr. r , 0249 0 191 98.4
2 0.196 0 133 89, i

"- , 0.148 1. L
", dim C11 36 0

-duil 0 089 30. V
2. i dim O 08 79.

2. r rr 0167 0 034 30. 8

), alicydlic and ar .'llic hydrcovarbcnr
C Y I' rc h t.1-P .noG. 512~ 0,5,-2 A 5
C y oh :.l•n 3'. 0-A2 0. 173 80"

r"e yic-y,;cbt?:.i; e 0. 3 •4 0. 2-5.2 J 30. 3•
.tajL.,:'.. yc o e~tai C. ,'18 1.131 8I

ce k~y. 11. 2c5i •, yc1:_- 0. " 13 '130. :1
" I h2:-ane

cin e vi 12tr, n ,, ` G, 16. :17 3 4din.?e•hl.PIMT4tr-;_nC- ý 0, '182 .A 19. b•
c5ine1•ia.y1 , c - C; -82 119. 5,
e yI c p 4'D ta. 1i 0.8.? 49.0),
t, en z en e 3. . 0,421 80,1

+)Plea.;e nite that "or the designation of the uliphatic hydrocarbons in each veries the
bbase hydrocerbon name is lower by one for tingly methylated, two for 2 methyl
b-ranches etc., e. g. ri-nonane 2-methyloctane etc.

A,
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aliphatic hydrocarbons 'S24d -

a normal compoeunds 21 136

+2-mel Aplisomers 3 Z4 1328

49 3.meoftmr -120 warer

4d Trireett'VisoflWs Of flOnaOM as /~ / 124
o] TetramottyliSOFmrS of hnanon t 120

A Trkmetlevlsomers of ocan 6 116t@n
112646

/ ~104.
~~-100

CyclohexaheO Bezn0

-- - T I F - - -T
015o q200 q300 q400 450 4600 QU 4000 qs900

relative rete ntion volume

Fig. 3 Selectivity of Sili )no@ oil at 100 '-C

* hbflWI rpis

C46

A2 0II~w too-~12

4w 4Mquo o 4M q 490

0 ?hlt.fmg af t 0 r0t ian UMI

Fig.4 Seectvityof . 8 ensquinlin &i.8W-
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3. 1.2 Discussion

The relative retention volumes given in table 4 have been plotted in

figures 3 und 4 against the b oiling points.

With the silicone oil colw an, wbich is relatively unselective, the

separation is substantially dependent on volstilf.ty. However, among the

hydrocarbons ol different mol3cular types a small separation takes place,

o g. between naphthenes and paraffins the separation takes place to an

extent of about 12 IC and betw-3 n aromatics and paraffins to an extent

of about 20°C.

Normal paraffins, 2-methyl md 3-methylisomers lie practically on the

same line.

A slight irregularity has been observed with the trimethyl- and tetramethyl-

isomers of nonane and also with trimethyl Isomers of octane. They lie on

lines intersecting the earlier ,ne.

With the 7. 8 benmoquinoline column, which is a highly polar phase,

the separation between the different molecular types is more pronounced,

the naphthenes being separated from paraffins by an amount equivalent to

about 159C and the aromatics from the paraffins to an extent of nearly

400C.

Each homologous series of the paraffins produces a straight live. The

n-paraffin, 2-methyl- and 3 raethylisomer lines are approximately parallel

to each other. Trimethyl- anc! tetramethyl isomers of nonane as well as

trimethylisomers of octane lis on lines intersecting the earlier onas.

The deviation of the last lines from the parallelism is here much more

pronounced than in the cass of the silicone oil column.

Branched hydrocarbons which cause to a great extent this Irregularity

are the 2.2.4.4 tetramethylpentane
2.S. 5- and .2. 4 trimethylhexanes

and 2.2.4 tanmethylpe*ta.

that is hydrocarbons whose CHS-gwoupe are distributed particularly to

both ends of the moleoule.
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The chromatograms of a 22-component synthetic mixture of mostly

branched isomers of nonane on 7.8 bonsoquinollne column and silicone

oil column are given in Fig. 5 and Fil. 6.

The separation posibilities with the above columns either alone or in

combination have been considered an the basis of the above mixture.

Each of the above columns separates very well the following seven

hydrocarbons: n-nonane, 3 methyloctans (b. p. 144, 2C), 3. 3. 3. 4 tetra-

methylpentane (b.p. 141,6"C), n-octane (b.p. 125.6C), 2.2.5 trimethyl-

hexane (b. p. 124, I'C). 2.3.3 trimethylpentane and n-heptane.

With the 7. 8 bentoquinoline column it has been possible to separate

in addition to these seven hydrocarboiw the following also:

2.2.3.3 tetramethylpentane (b. p. 140, 31C) from 20 methyloctane (b. p.

143, 3"C) and cyclohexane (b. p. 80, 79C) from 2.2.4 trlmethylpentane

(b. p. 99, 3C). In spite of the fact, that the differences in boiling points

of the components in each pair were large enough (30C and 18, 60C), they

could not be separated with the siliconae oil column as the separation due

to the difference In type and molecular structure compensated exactly

the separation due to the difference hi volatility.

With the silicone oil column, it bas been possible to separate in

addition to the above mentioned sever hydrocarbons the following also:

2.4.4 trimethylhexane (b. p. 130, 61C)irom 2. S.5 trimethyihexane (b. p. 131, 30C)

2.2. 4.4 tetramethylpentane(b. p. 122, 3"C)from methylcyelohexane(b. p. 100, S°C)

2.2.4 trimethylhexane (b. p. 126, 5eC) from 3-methylheptane (b. p. 119 0C)

2.2. 3 trimethylhexane (b. p. 137, 7*Cj from cycloheptane (b. p. 1190 C)

2-methyloctane lb. p. 143, 3SC) from 3. 3.4 trimethylhexane fb.p. 140, 51C)

All these pairs could not be separated with the 7. 8 betnoquinoline column.

Summarising, it has been possible to determine from the 22-compo-

nent synthetic mixture

by means of the 7. 8 bensoquinollne clumn 10 components
by means of the silicone oil column 14 components
and by the combination of both the columns 20 components.
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3.2 Invest on o e c so of a isomerisate by a combination

In the analysis of an unknown mixture of hydrocarbons by the gas-

chromatography the use of a single column gives usually unsatisfactory

results, as some of the peaks consist of more than one component. The

resolution of these fractions ran be often achieved by collecting them

individually and rerunning them on another column with a different

selectivity Pure compounds zan then be identified easily by means of

mass- spectrometry.

A similar technique has been made use of by us in this work, with a

mixture of branched isomers as sample.

3. 2. 1 oeofhure , e s5 ]e

The investigated sample was a product obtained by the isomerization

of normal nonane with Palladium on boris- alumina as catalyst. The

experimental run has been coiducted with a continuous apparatus under

the following operating condit ons: reaction temperature 4000C;

pressure 50 atm; liquid hourl• space velocity 0, 5 Vol. /Vol. /h, mrel 2 /

HC 4. This product is named thereupon "Isomerizate'.

S. 2. 2 Experimental -procedura

The collection of a fraction at the and of one column for the purpose of

rerunning it on another column has been conducted by moans of a special

U-tube trap. The U-tube, filled with sorption material (chromosorb,

particle size 0 .1 - 0, 4 mm) was provided with a four-way stopcock

allowing the pas flow to be diverted at will through it or by-passed across

it (Fig. 7). The whole system was comnected to the outlet of the column

by means of a heat-resiteant silloono-tubs. Gas lines from detector to

the trap were heated by eleotrical resistance wire to a temperature slightly

above the operating temperatvre of the column to avoid condensation of
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3.2 $•e mJonhe mpo2n of a isoerizate bya combination,

In the andlysis at an unknown mixtur, of hydrocarbons by the gas-

chromatography the use of a ningle column gives usually unsatisfactory

results, as some of the peakg consist of more than one component. The

resolution of these fractions ,,an be often achieved by collecting them

individually and rerunning them on another column with a different

selectivity Pure compounds zan then be identified easily by means of

mass- spectrometry.

A similar technique has been made use of by us in this work, with a

mixture of branched isomers as sample.

3.2. 10eurence of the sample

The investigated sample was a product obtained by the isomerizatlon

of normal nonane with Palladium on boria- alumina as catalyst. The

experimental run has been co-iducted with a continuous apparatus under

the following operating condit~ons: reaction temperature 400OC;

pressure 50 atm; liquid hourly space velocity 0, 5 Vol. /Vol. /h; mol H2 /

HC 4. This product Is named thereupon "isomerizate".

S. 2.2 Experimental procedur a

The collection of a fraction at the end of one column for the purpose of

rerunning it on another column has been conducted by means of a special

U-tube trap. The U-tube, filled with sorption material (chromosorb.

particle size 0, 1 - 0, 4 mm) was provided with a four-way stopcock

allowing the gas flow to be diverted at will through it or by-passed across

it (FIg. 7). The whole system was connected to the outlet of the column
by means of a heat-rveistent 40tione-tube. Gas lMna from detector to
the trap were heated by electrical resistance wire to a temperature slightly

above the operating tempersture of the column to avoid condensation of
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-Carr s
D Dote ctor

SColumn

- Thermostat L-2

Fig. 9 Arrangement for intr'oducing Fig. 10 Fraction eol'-ýeetoi-
enriched samples in the
chromatograph

For investigt~tions by meagrs of mass spectrometry the collection (A'

a fraction wau cerried out witi a trap immersed in a liquid air bath, The

trap was sufficiently long (29 ,m) to ensure complete condensation

(Fig. 10).

Mass spectras have been obta. ned with a spectrometer Atlas-CH3 --

apparatus.
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3. 2. 3 Correlation f oonwouqwdf In the chrm!aoeram

Identsifiato bi g gfm gW m.hZRMAtoA2 nln

With a single column an k entifloation of the components of the

isomerlsate has been attemptel. A chromatogrm of this isomerizate on

a 7.8 bensoquinoline column iF given in Fig. 11.

0Z

Fig. 11 Chromasogrem of the isomerisate
(column: 7, 8 be.•soquinolin, le/gth 15 m. operation temp. 800C,
carrier ps hyd,-,oge flow rate 3 1/h)

The ladt peek appearing represents the unreeted normal nonane.

The peeks appeArng before n-hemse could also be eossi3 identifled. These

are in the order of their emermese: propane, isobuteaw, n-butane, isopen-

tam, n-peteane, 3.2 dimet~butnaes 2.3 d2 ma. 2-metyipentane,

3-methyipentmw.

From the peaks appearing between a-nonae and a-hexane a prediction

about the nature at ompooemn oould be made oly for peeks "a" and "b",

These peeks, aeeootiua to thea retention volumes represent isomer*
of nonane with high bolling potats. euh isomers of nansne are relatively

small in number, as can be seen from Fig. 12.
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Aioaicy. Dialcyl- rieacyl- %In

Fig. 12 Boilin points of the C-9 isomers

Thus by the comparison of i he relative retention volumes of peaks "a"

and "b" with those of known co: tpounds and from a consideration of the

kinetic aspects of the isomeriz ition it could be confirmed that the peak "

contained 3-methyl-octane and :he peak "b" 2-methyloctane.

For the other peske (c. d, • ...... ) it has not been possible to identify

compounds in spite of the fact t Cat some of these peaks showed similar

retention data to that of known stomers of nonane because other isomern

whose retention data were not t vailable could as peaks c.d, ..... cotne

out on account of their boiling I cinte in the same position in the chroma.ogram.

From the chromatogram of the toomerizate on a silicone oil column.

the assumed identification for i ome of the hydrocarbons could be cordir-med

further. As shown in Fig. 3 an, 1 4 some isomers of C-9 are retarded
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relatively stronger in the silicone oil column than in the 7.8 ben8oquinoline

column. This property is later made use for the characterization of

hydrocarbons for which only the C-number could be predicted from the

mass spectra.

In order tc find whether the substance appearing under one peak con-

sisted of one or more comnpnents, the substance appearing under a peak

from the 7 ý 8 benzoquinoline column has been collected and r -run into

the silicone oil column. Under favourable conditions the mixture could

be separated into its constituents. Thus the peaks "a" and "e" (-ould be

resolved into the peaks "a1 and "a2e and ei " and Ie2 respectively,

whereas peaks b, c, d .... re.mained unresolved. This result, however,

was useful for the identification by mass spectrometric investigations.

Identification b means of mass spectrometr,

A particularly suitable method for the identification of peaks on

the chromatogram is the direct investigation of collected compounds by

means of the mass spectrometry. The determination of the molecular

weight of a compound, which generally can be known from the mass

spectra, gives a very precious first indication for the nature of the

compound, e. g. to predict to which molecular type (paraffin or naphten or

aromatic) the substance belongs.

From the distribution of the masses on a spectre one can often

further characterise the compound under consideration. This caracteri-

sation Is facilitated in many cases from the broad collection of mass

spectra by the "American Petroleum Institute" (API).

The extent to which a precise identification of the compound under

consideration can be achieved depends on many factors. For example,

it is of Importance to know If the fraction under investigation contains

one or more components. In tie case where more components are



present, the idertifieation becomes difficult depending on the ratio In

which the componets are present. Finally it Is important to consider

whether one relies for ldent ficatlon on the mass spectra using the same

mass spectrometer obtained from known compounds or in the API catalogue

since the mass spectra obta, ned from different mass spectrometers differ

from one another.

As it is possible to make a qualitative analysis using a mass

spectrometer, the same has been made use of to analyse the isomerizate.

Fractions represented by tho pesks a, b, c, d ..... on the chromatogram

(Fig. II) were collected by l.quid air cooling as described in p. 21 and

after heating to room tempeoature were introduced into the mass

spectrometer. From the obtiined spectra au attempt has been made to

identify the components. Thti results of the correlation for a number of

peaks are given in Table 5.

Table 5 Results of the characterization by moons of mass
spectrometry for the peaks of chromatogram Fig. I I

Peak characterized compounds

Sal 3-mothyloctanea 2 3. 4 dimothylheptane+1

b 3-mothyloctane + 4 methyloctane
c 2, 3 dimethyiheptane h C h
d 2 methyl 3 ethylbexane
S[ C-9 pareffin(s)

LOS C-9 paraffin(s)
f 2, dimothylheptane + C9 H 1 8

g C-9 paraffin(s)
h C-8 paraffin
k C-9 paradffi(s) (eventually 2.2 dimethylbeptane)
1 C-8 parsffn+ C7 H1 4

m C-8 and C-9 paraffins
n C 7H 14

o C-9 paraffin(s) + event. C7 H 1 4

r C-'7 paraffin + CN

+) Identification n 3t certain



From table 5 it is seen that the earlier peaks a. b, c, d could

be identified with certainity. For the majority of the remaining peaks,

only the molecular weight could be determined, as the peaks were

composed of more than one ia8mer, whose mass spectra are not very

much different from one anotl er.

The procedure uf the ide itification of a fraction in in more detail

discussed taking peak "d" as m example. The mass spectre of this

fraction obtained with our Atl:is-CH 3 -apparatus showed a distribution

as in Table S.

Table 6 Relative intensities of mass spectra

Mass Charg* Relative Intensities
Ratio Peak "d" 2-methyl 3 ethylhexane

41 29.0 30
42 9.5 10.4
43 100 100
55 14.6 13
56 17.7 12
57 58.6 35
69 10.6 7.0
70 6.4 1.6
71 12.7 4.1
84 36.2 32
85 31.9 37
98 2.7 1.1
99 4.6 2.4

113 0.8 0.1
128 1.6 0.7

From the mass spectra it was eenm that the substance under con-

sideration was C-9 paraffin. A comparison with the mass spectra. from

the API-catalogue of all the 31, C-9 paraffins led to the conclusion that

the peak "d" consisted of 2 m.,thyl 3 ethyihexane.

By some amssa charge ratto* the difference in the relative intensities

for the component from peak 'd" and for 2-methyl $ ethylbexane from

iiI
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the API catalogue ii comparatively.lar.e. However. it is to be noted

that when mass spectras from different mass spectrometers are compared

a difference of the above order is usually to be noticed. The Intensity

by higher masses, for paraffins from the Adam-Cl-apparatu is mostly

larger than by the CDC-apparsas. However, the ratio of the intensities

between the neighbouring masses is nearly the same. Therefore, in

spite of the differences, with a eertain amount of precaution identifications

can be made as given in Table S by the method shown in Table 6.

In Table 7 are summarized the rsults of the characterization of

the peakes on the chromatogram Fig. 1L by means of both methods: mass

spectrometry and gas chromatographj.

An shown, with the help of the retention data of a peak the possible

number of substances predicted on th a basis of the mass spectre could

sometimes be limited. In some cases the determination of the molcular

weight in addition to the retention vol-e data could give more definite

Indications for an isomer.

Table 7 Summary of the ressults of the characterization of the peaks
on the chromatogram Fig. 11 by a combination of mass
spectrometry and gas chromatography

Peak characterized compounds

al 3-met(lotane +)
&2 3, 4 dimer'hylhoptane

b 2-methylxtane + 4-methyloctane
0 2, 3 dime bylbeptane + C-9 olefin
d 2-methyl 3-nthylhezane

g e1 
C-9 paraf in(s)• 2 C-9 paaM(s)

f 2l. 6dia ~ + C-90olofn
i c-9 param(o)

h normal octane
k C-9 paraffn•us) (eventuaft S.2 dimstlet1 e)
1 C-8 peraflt +C72

r Cluj$ + C7 paraffin (evd. 2. 3 dimethypmA a
+) ldie ecataem not eetawn



.28-

3. S. 4 QUMUaNtive nal0 i

For a quantitative analysis of the isomerizeat the areas of the peaks

from the chromatogram Fig. I I were measured assuming that the area

is proportional to the weight of the compounds represented by them.

Areas for partially separated ,.esks or shoulders were defined by dropping

a perpendicular from the mini-mum or Inflection point to the base line.

For multi-component peaks for which a resolution by means of a

second column has been achieved, relative peak areas of individual

constituents were determined. For those not resolved in the above manner,

it has been often possible on the basis of the mass spectre to predict the

kind of the compounds consisting them. For a number of peaks only the

determinatlon of the molecular weight was possible.

Taking into consideration the above aspects a quantitative estimation

of the following components of the isomerizate could be giyen (Table 8).

Table 8 Compouition of the isomerisate

Hydrocarbons wt. % of liquid reaction product

propane 0.28

isobu-ane 1.29

n-butane 1.92

iso-pentane 3.48

n-pentane 2.84

2. 2 dimethylbutane 0.14

2. 3 dtmethylbutene 0.11

2-metb,1pentan 0.97

3-methylpentane 0.65

n-hexane 1.55

C6 (olefins+naphthenes) + C,, (olefins + 0.4
naphthenes + paraffins) -- Cg paraffins

3-methyloctan, 12.6



3-4 dlznethylheptane ++) 0.3

2-methyloctane + 4 methiyloctsae 20.4

2. 3 dimethylheptane +) 1.0

2 methyl 3 ethylhexane 0.17

2.5 dimethylheptane 2.8

C-9 isoparaffins (not monraleylixomers) 5.7

C-9 isoparaffins (not mono- or dialcyllUomers) 0. 1

normal nonane 43.1

fraction boiling over 1520C 0.2

contaminated with C-9 olefins at a concentration

of apprX. 20: 1

++) Identification rot certain
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4. Catalyji lsmerisatioa of n-nonane with a Palladium
on Alumina-Sort& as cao. .ta.

The experimental runs were conducted using both continuous
and batch operations. As feed normal nonane +) was used
In both cases.

4.1 Continuous operations

Reactor used

The apparatus for the experimental runs was the same as the one used

for the Isomerization and hydroorasckng of a soft paraffin wax (i. p. 0).

The volume of the catalyst was 70 ml. It was placed in the lower

*hlrd of the reactor tube having a constant temperature. The filtered nor-

mal nonane and hydrogen fronm a cylinder through a reducing valve were

introduced at the top of the reactor tube.

The reaction products uncer presoure passed through c water

cooler and came to a separator. The gas from the separator, made up

of hydrogen and reaction products, was passed through a trap iLmersed

in dry-ice methanol mixture. Gases condensed in this trap were mixed

with the Uquid separated In th, separator and served as sample for

analyses. ,0

4.1.2 Re4ction conditions

The experients were conducted at a constant pressure of 50 atm

and at a constant mole ratio of hydrogen to feed of 4 with different space

velocities and temperatursa.

The reaction conditions were the following:

a) space velocity 0, S V/V/h

temperatures: 375-C, 400-C, 435C

b) epace velocity - 2 V/V/h

temperatures: 37$C'. 4WC, 4S0C

+)supplied by the flrA Fluka AG - Chemehe IPark Bachs MG -
Iwit erlead
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4.1. 3 Catalyst used

The catalyst used was: 0, 27 wt. S Palludium ona acaid alumina-boria
carrier (grain mise 1-2 mm)

4.1.4 Resulta and discussion

For each run a volume of app!:. 40 cm3 normal nonane was used.

The reaction products were .hromatographed by means of a

7.8 benzoquinoline column. For a quantitative analysis, the areas

of emerged peaks were measured; the nature of them was determined

by comparison of their retenr ion volumes with retention data obtained

from a previous investigatioit of an isomerizate (see p. 27)

Results gives the Table 9



C; 0 1 1 4 M; a"C; c0 44 *i vi a; 0a0

""a v @@Ci4 L- CC 9 0'. eq t- M0 w
-ft Nic 4 . V 6 4

40

S 0))M i lO 0Lo4.400m 40 CC
ow q4 1 t 94 0"* a "o "CD

C; d 0;C; c .4 ci ; a ac; 4 ' ci @4 4

"4w so 1
s4)

kt 0 "4 a a 4' 0 W)i0 q 1 00 too 0 40 0

v P4



[ ]®noww "--nrna'1
~ cachd p.*~Aw~d h~jOW&bsxd~e

LJ~c~~c3 .,) amms OfC-9

_° j

37e C 400c 425t 45dC

e/

30 -4 
I

00 10 10 ,,1 PO

Reaction lime Ow sec. 3

Fig. 13 Composition of the reaction products

I4 -

M -io Figure 14

1410 a__x__a ____so

( C-.9 i somer$ + crawled Products (r C3..)
in the tiquiOl reaction prodluct w'Aloo



34

Yield of C-9 isomers and !racked products !C - are plotted

in Fig. 13 against the reacticn time. Reaction times were calculated

and found to be 10 see. in the came of tho experiments with space

velocixy 2 V/V/h and 30 sec. in the case of the experiments with space

velocity 0, 5 V/V/h.

At a temperature of 3750C was the isomerization of norral

none'n considerably high. In general an increase in the reaction ten-

perature from 375 0C to 425'C increased the yield of C-9 branched

hydrocarbons and above 4250C; decreased In favours of cracked products.

The greatest yield o:" C-9 branched hydrocarbons was obtained

at a reaction temperature of 1250C and at a reaction time of 10 sec

(appri. 47 wt. % of the liquid reaction product). Longer reaction times

at a constant reaction temperature gave larger amounts of cracked

products. In a similar way, longer reaction times affected the yield of

C-q branched isomers at rea:ction temperatures of 375C and 4000C.

In the branched isomers of the C-Q fraction, the monompthyl

ones represented the largest portion (over 70 wt. %).

The ratio dialkyl- and ihr plotted against

monomethlilsomers of C- 9

the sum of C-9 isomers and cracked products (CS-Ca) formed is

given In Fig. 14.

It is seen that thi ratio is shifted in favour of the dialkyl- and

higher branched isomers by an Increase of the sum (C- 9 isomers + cracked

products.)

In the cracked products (C$-C8) the amount of iso-C4 in the

C-4 fraction at reaction temperatures above 400'C corresponded to that

of a thermodynamic equilibrinm.

Under equilibrium conditions, and I the tempersture range

375 - 425IC the branched chain C5 hydrocarbons in the pentane fraction

are 74 - 70 wi. 5, and the brseahed chain C* hydrocarbons in the hexane
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traction e 80 - 77 wt. %. Howver. in thi work vlues of 50 - mwt.%

for the pentane fraction and 55 - 65 wt. % for the hexane fraction were

obtained.

4. 2 Batch operations

Autoclave used

The autoclave was ai small stainless steel bomb of 90 ml capacity,

equipped with a manometer tind a thermocouple in a central well conrnec-

ted to a temperature controller. Heating of the bomb was effected by an

electrical oven of 500 watt in which the bomb fitted tightly. After the

bomb had been filled, it was placed in the oven and the oven was mounted

on a mechanical shaker. Ref.ction temperature was reached in about

20 minutes. Cooling of the aatoclave to room temperature war accele-

rated by removing the bomb from the oven 15 minutes after the current

had been switched off. Rapic cooling was important in order to suppress

further reaction After expa-iding and venting the gas which consistod

of hydrogen and reaction prcduct gases, the liquid product was

collected for the analyses.

4. 2.2 Catalysts

The catalysts used rere an alumint-boria carrier with PiJ.1adium

contents rang"ng between 0,11 - 0. 5 wt. %. Palladium in these concentra-

tions gives As shown in page 5, large yields of branched hydrocarbone

in the case of normal heone as feed.

For the preparation of the alumina boria carrier almost the

same procedure was used as in p. 1. The only difference was that here

the precipitation of aluminium nitrate and boric acid with ammonia

was carried out at 0eC. Precipitation at this temperature Save carriers

with larger surface area. Te extent to which the precipitation-

temperature affeAted the surface - area of the carriers is shown in

Table 10.
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Table 10 Effect if the precipitation-temperature on the
surfacs-area of an alumina boria carrier

precipitating temperatu:e surface of carrier (by Houl method)
"9C m2 /fg

0 459
10 382
20 218

For the impregnatickn of alumina-boria carrier with Palladium

chlorid solution, particle* of else 0, 1 - 0, 3 mm were selected. Pre-

liminary runs with the autoc:ave have showed that optimal concentrations

of Palladium for the isomerization of normal nonane is about 0, 3 wt %.

For the following investigations a catalyst of the composition

AlO3 * B20 (4-1) + 0,27 wi, S Pd wan used.

4.2. 3 Reaction conditions

The experiments hate beeu conducted at different temperatures

and reaction tizes

a) reaction temperature: 375C
reaction time:. I h, 4 h, 30 h

b) reaction temperature: 40010C
reaction time: I h

c) reaction temperature: 425"C
reaction time: 2h, 4h, Sh

Each filling of the bomb consisted of 10 ml n-nonane, 3, 2 g of catalyst

and 50 atm of hydrogen. The mole ratio HB2 to hydrocarbon was apprxm. 0, 7

4.2.4 Results and discussior

The reaction products were analysed by gas chromatography, with

a 7, 8 bensoquinoline column. Quantitative analyses of the emorged peaks

have been carried out " In No. 4. 1. 4 of this report.

The results are given in the rable 11 (page 7).
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Yields of C-9 Isomers and cracked products (C3 -C8? are

plotted in Fig. 15 (page 38) ogainst the reaction time.

A temperature of 3ZOC was too low for the isomerization of

normal nonane. The largest Aield of C-9 isomers was obtained at a

reaction temperature of 375* and at a reaction time of 20 hours

(apprx. 45 wt. % of the liquid reaction product).

Ralsirn the reaction temperature from 3751C to 4251C decrea3ed thC

yield of C-9 isomers rapidly

E.g. after a reaction time of four hours at 400C apprx. 17 wt.. and

at 425"C ,ppwn. 3 wt. %. An increass in the reaction time at 375WC

from 1 h to 20 hours increasad the amount of both cracked products

(C -C 8 ) and C-9 branched ismaers.

In the branched inotiers of the C-9 fraction monomethyl ones

represented the largest portion (over 65 wt. %). At a reaction tompe-

rature of 375"C the distribution of isomers in the C-4, C-5 and C-6

fractions of the cracked products was different than that at a reaction

temperature of 425"C. At 37V'!C relatively more branched isomers

in the corresponding fractiovs were obtained than at 4259C. At 425"C

the n-compounds predominat id.
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5. Su:nmary

A reaction temperature of 3501C was too low to Initiate the

isomerization of normal nona ie. In the case of batch operations the

largest yield of C.*9 branched isomers was obtained by using iong

reaction times ý20 h) at relatively low temperatuires j375'C,. In the

case of continuous operations the highest yield was obtained oniy at

higher temperatures k4251C) c n account of the sho'.' contact time 1 10 set'.
Longer contact times at this temperature or higher reaction tempera1-11res
affected particularly the formation of cracked products.

From the branched isomiers in the C-9 fraction mono•uethyl ones.

represented the largest porticn (over 65 wt. %), In the case of eontinuous

operations the ratio of dialkyl and higher branched isomers to inon-orrthylo

isomers of C-9 increased witlA the conversion of the normal nonane. A

similar effect was found by uiing normal hexane as feed, e. g. at high

reaction temperatures fover 400'C) where high conversions were ob',atnod

was the ratio of dim-ethylisomers to monomethylisomers greater thar at
4)

lower conversions under similar isomer-yield

This is an indication of the hITh activation energy being required for the

formation of the dialkyl and h igher branched isomers. Monornethyliormers

are formed, on the other hand, very easily.

In a reaction product the presence of the following individual

branched isomers of C-9 was confirmed.

2-methyl- 2. 3 dimethyl
3-methyl- 2-methyl 3 ethyl-
4-methyl- 2, 5 dimethyl-

For the portion of C-9 isomers which have not been identified with

certainity further analytical vork Is necessary. Attempts to obtain bhtter

resolution of peaks by gaschrimatography and comparison of spectres of

collected fractions with spectces of known compounds obtained with our

Atlas-CH3 -mass spectrometer gives the possibility for the identification

of the yet unidentified hydrocarbons.
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Summary of personnel utilize I during_ the reporting period together

with a surmery of adrministrative actions, such as changes in
research policies by the Contactor, etc.

The following staff members f the Engler-Bunte-Institute have been

employed for the performance of the contract work.

1. Influence of Palladium con;ent on the activity and selectivity of ca-tlysts
by the isomerization of n-hexane. Dr. M. Hartwig and one laboratory

assistant. Full time over about 2 months.

2. Catalytic

Isomerization and Hydrocracking of a soft paraffin wax.
The experimental runs of 'his work had been condocted by Dr. N. Dengler
and one lab. assistant The analyses of reaction products by Dr. D.
Kioussis. Full time over about 2 months.

3. Catalytic isomerization of n-nonane at batch operations and preparation
of catalysts. Dr. A. Dawallu and one lab. assistant. Full time over
a period of 3 months.

4. Catalytic isomerization of n-nonane at continuous operations - Dr.
D. Kiouesis and one lab. assistant. Full time over a period of 1 month.

5. Gas chromatography of branched isomers of C-9. IDetermination of
retention volumes of pure compounds; chromatographic analysis of a

reaction product). Dr. D. Kioussis and one lab. assistant.

Full time over a period of 3 months.
6. Mass spectroscopy analysis of a reaction product -. Dipl. Phys. A. Tierlan

with two lab. assistants. Full time over a period of I month.

7. Work shop assistance was given by a number of mechanics under the

supervision of Meister Bossert.

Supervision of the work:

Prof. Dr. H. Pichler

Typing; Miss v. Huene


