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SUMMARY 

The catalytic hydrogenation of olefinic aromatic hydrocarbons, such as styrene, 
a- and &methylstyrene, O-, m- and p-methylstyrenes and indene in the light-oil frac- 
tion was carried out by a selective method, the aromatic rings being kept intacF. Gas 
chromatography was employed to identify the starting materia!s and the products. 

The chromatograms of the hydrogenated and non-Hydrogen&xi samples which 
were obtained under identical conditions were compared. The qualitative and quan- 
titative determination of these compounds was based on the shifts of the peaks after 
the hydrogenation process, and calculation of Fhe new peak areas (e-g., the shift from 
a-methylstyrene to cumene), and it was therefore possible to identify methyhtyrenes in 
the light-oil fraction from their well separated peaks in the chromatograms. 

The oxygen bridges of heterogeneous rings in coal are broken down by pyroly- 
sis’, yielding various light compounds that can be measured by gas chromatography 
(Gc)z-9- The light-oil fraction of coal dktibte obtained from the pyrolysis of coal in 
coking plants is generally a mixture of mono- and dicyclic hydrocarbons1-9. The 
optimum pyrolysis temperature of coal to produce the maximum yield of aromatic 
hydrocarbons is 7f#)-9oo” (ref. I), which is the same temperature range obtained for 
cleavage of phenolic (OH) bondslo in the pyro!ysis of phenoplast to increase the per- 
centage of aromatic hydrocarbons. 

Platinumls*u , palktdium11=u~14, nicErePs, copper*sJ6 and zincl’ have been used 
as catalysts for the hydrogenation process, and of these the copper catalysF prepared 
according to the Sabatier and Sanders methodx5 was used in this work, because it gave 
the best results in the sekxtive hydrogenation of ethylenic and dienic double bonds, 
whereas the aromatic and heterogeneous rings remained unaffected. In this work, with 
some modifications applied to the methods of Beroza” and Thompson and co- 
workers-*19, the catalytic hydrogenation process was carried out in the injector block. 

* Publication cFelayed at the request of the authors. 
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Sample. The light-oil (crude benzole) fraction of coal distillate was obtained 
from the pyrolysis of coal at the Coking Plant in the E&&an Steel Mi& Iran. 

Stmrcimd solution of hydrocarbons. EIydnxari~~~ (Jaboratory-reagent grade), 
were purchased from Merck-Schuchardt (Dasmstadt, G.F.R.). A mixture ofthiophene 
(50 ccl), toluene (500 pl), ethylbenzene (10 pl), p-xylene (la0 pl), m-xylene (100 ~1)~ 
o-xylene (50 pl), n-propylhenizne (5 PI), mesitylene (5 pl), l&Wrimethylhenzene 
(5 pl), I ,2,3-trimethylbenzene (5 ,~l), cumene (1 PI), pethyltoluene (5 pl), m-ethyltolu- 
ene (5 PI), o-ethyltoluene ( 5 pl), styrene (5 /rl), a-methylstyrene (10 pi), m- and p- 
methylstyrene (10 ~1; 60 % m-), allylbenxene (5 pl), coumarone (5 pl), indene (50 rl), 
tetrahydronaphthale (50 pl), naphthalene (50 mg), and dicyclopentadiene (15 ~1) 
was injected into a 5-ml vial containing 4 ml of benzene and kept in a cool location. 

Other materials. Chromosorb P AW (6U-80 mesh) was obtained from Varian 
Aerograph (Walnut Creek, Calif., U.S.A.). 

To prepare copper hydroxide mixed w&b Chromosorb P, copper hydroxide was 
precipitated from a hot solution of copper sulphate by adding an excess of sodium 
hydroxide. the black precipitate was decanted three times and then transferred to a 
vacuum oven at 50”. The product contained 50 o/0 of copper after reduction. 

A Varian Aero_mph Model 2800 gas chromatograph equipped with a flame- 
ionization detector was used_ 

Operating con&ions 
A capillary column was used with hydrogen as carrier gas (flow-rate 1.35 ml/ 

min). with an air flow-rate of 300 mljmin and a hydrogen fiow-rate of 25 ml/min and 
an electrometer setting of lo-‘O x 1, lo-” x 1 A/mV. The staiules.s-steel capillary 
column (200 ft. x 0.01 in. I.D.) was packed with poly(m-phenyl ether) @-ring) and 
stabilized at 150” with nitrogen at a flow-rate of 1 ml/mm for 48 h_ The column 
temperature was maintained at 50” for 1.5 mm, theu programmed at two rates, Grst at 
l”/min up to 110” and then at 4“/min up to 150”. The injector temperature was 240” 
and the detector temperature 240”. A OS-ml volume of the sample (or standard) 
was mjected, :he splitting ratio being I :SO. 

An FFAP column was used with hydrogen as carrier gas (flow-rate 30 ml/min), 
with an air flow-rate of 3430 ml+in and an electrometer setting of le9 x 16, lo-lo X 
16 A/mV). A coiled copper column (24 ft. x l/8 in. I.D.) was packed with 15% FFAP 
on CXromosorb P and stabilized at 250” with nitrogen at a flow-rate of 15 ml/min for 
24 h- The column temperature was programmed from 60” to 150” at a rate of 2”/mm 
and then from 150” to 240” at a rate of 20”/min_ The injector temperature was 240” 
and the detector temperature 24W. The injection volume was 0.5 ~1. 

The injector block of the gas cbromatogmph was used as a hydrogenation unit. 
The injector tube (136.5 x 3.2 mm I.D.) was packed with Chromosorb P (0.25 g). 
copper hydrcxide mixed with Chromosorb P (0.15 g) and Chromosorb P (O-10 g)- 
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The catiyst was activated at 400” by passing hydrogen through the tube at a rate of 
50 m@nin for I h. In the non-hydrogenation process, the injector tube was packed 
with Cbromosorb P alone (0.5 g). 

REXJILTS AND DlXUSS~ON 

Throughout this section the numbers in parentheses refer to the corresponding 
peaks in the cbromatograms. 

The results are summarized in TabIe I. 

TABLE I 
CHEMICAL COMPOSITION OF THE LIGHT-OiL FRACTXON 

Thiophene 
TOlU+ne 
Etbyknzeiue 

P-XYb 
R-xyklle 
*xylem 

fE-Ropylbenzeee 
pEthyItoIuene 
m-Ethyltoluene 
Mesitykzne 
0-EthyltolLwe 
1.2&‘Iiimethylb 
1,2,3-Trimethylbenzene 
cbtmarone 
Indane 
NaphM~ 

70.0 
0.045 

13.20 
0.09 
0.90 
2.50 
0.45 

- 

O-003 
0.02 
O&IS 
025 
0.006 
038 
0.05 
0.045 
0.03 
3.1 

1 
2 

: 
5 
6 
7 
8 

10 
I1 
12 
14 
15 
16 
20 
21 
22 
25 

Sty-rene 
Allylbenzeee 
cc-Methyktyrene 
~Methylstyrene 
m-Methylstyrene 
O-M&hylstyre~~ 
fl-Meithyktyrene 
Dicydopentadfene 
lndene 

122 9 
- 13 
0.03 17 

0.11 
0220 1 18 

- 0.025 19 
0.018 - 
0.35 26 

O-95 23 

By comparing the chromatograms of hydrogenated (Figs. 1,2 and 5) and non- 
hydrogenated (Figs. 3, 4 and 6) standard sob&ions and light oil obtained under 
identical conditions, it was found that after hydrogenation the peaks of styrene (91, 
aUylbenzene ( 13), o-metbylstyrene (I 7), m- and p-metbylstyrene (1 S), o-metbyktyrene 
(19) and indene (23) bad disappeared and &Bed to the corresponding hydrogenated 
forms as foliows: ethylbenzene (4), zz-propylbennxie (IO), cumene (8), m-ethyltoluene 
(121, FtbyltoIuene (1 I), u-etbyItoIuene (i5) and indane (22), respectiueiy. Dkyclo- 

pentadiene (26) was only decomposed by the hydrogenation and the main peak (27) 
identified, 

When an FFAP column was used the peaks of styrene, dicyclopentadiene 
and an unknown compound (U) overlapped (Fig. 6)_ The styrene peak was shifted to 
ethylbenzene (4) by the hydrogmation process (Fig. 5), and also the peak of a-meffiyt- 
styrene had been eliminated, the hydrogenated form of dicyclopentadiene (27) 
appeared in pIac%z of(L’-/), and the unknown compound remained una&cted (Fig- 5)- 
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Fig. 3. ChrOimatogram Of standard hy&OCai-hOn~ (non-hydrogenated) using a capiilary column. 
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tion, e.g., the exact amount of styrene (9) was dculati from an increase in the peak 
area of ethylbenzene (4) or a reduction in the peak area of styrene (Figs_ 5 and 6). 

(c) Because certain peaks of the hydrogcnatable and non-hydrogenatable com- 
pounds overlapped in the chromatov, the catalytic hydrogen&en process made 
it possible to eliminate the peaks belonging to the hydrogenatahle wmpmnds (e-g., 
indme, Figs. 5 and 6) and therefore to de&. - e quaatit&iveZy the non-hydrogen&able 
compounds from tie re maining peaks (e.g., commro~, Figs. 5 and 6). 

In addition to the identikation and determination of styrene, indene, a- 
methyistyreue and o-rue&yLve, the actual amounts of m- and pmethylstyrems 
(tie unresolved peaks m with the capilky cofumu, Fig. 4) were &o obtained from 
the iucreased peak area of m- and pethyitoluene (Fig. 2). However, the increase in the 
peak area of n-propylbenzene is _mter than expected from the hydrogeuation of 
allyIbenzene (Fig. 2) and is probably due to the presence of /?-methylstyrene in the 
Light oil. whose peak was not known and not well separated in the chromatogr~~~s. 
After hydrogenation the peaks of coumafone and thiophene remained unaff&ed 
owing to their heterogeneous rings. 

The percentages of the isomers of metbylstyrene, xylene and ethykoluene in 
the light oil are shown in Fig. 7, and it is evident that the amounts of the isomers 
decreaseinorderm- >p- >o-. 

‘Ihe presence of thiophene or carbon disulphide destroys the catalytic effect of 
the metai walls of the injector and column when studying samples and standards in the 
non-hydrogenation prm. 
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