
Pyrolytic Dehydrogenation of 
Ethylbenzene to Styrene 

A>-;ALYSlS OF PYROLYZATE 

The ztyrene contcnt of the liquid pyrol>-zatc \v:ih d ( ~ i i h 1 c ~ I  
irorii its bromine number. This method was c * h c ~ c . l i c d  :iy:tinst 
cthylhenzene-st!-rene mixtures of knonx cornposition aiitl \vas 
found t o  he reliable. The amount of high Iioiling r i4duc  i n  t l i i s  

pyrolyzate was determined by topping a 23-gram >:~niplc untlcr 
an absolute pressure of 2 nini. x i th  thc distilling tub, at 30" C .  
nnrl the condensing tube at -78" C'. For tlie fcw casts i n  which 
the crude pyrolyzate tvas too darkly coloroti to  permit 1)romo- 
metric titration, the broniine numbers nere tlrtermincd on the 
diitillatcs froin the vacuum topping. Benzene and tulurne in 

the pyrolyzate x c r c  dt~tcrniinetl 117 
distillation at ordinary prwsure 
through a rnicrocoluniri, an [ l  1 lic fi,ac.- - I - - 3 - L  n 
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bottoms obtained in the vacuum distilla- 
tion arid the amount, of residue obtained 
in vacuuni topping. 

This method of analysis was employed 
rather than tha t  of Mavity, Zctterholm, 
and Hervert ( I O ) ,  who assumed the ben- 
zene and toluene productions to be stoi- 
chiometrically equivalent to the t:rhylene 
and methane contents, respectively, of 
the gas. This assumption is satisfactory 
for evaluating catalytic dehydrogenation 
of ethylbenzene where the ultiniate yield 
of styrene is 00% and better, but it was 
found to  be quite inadequate for evaluat- 
ing the pyrolytic dehydrogenation of 
ethylbenzene where the ultimate yield is 
relatively 10x7. In other words, if the re- 
action is not cleancut, as  is the case with 
pyrolytic dehydrogenation, the stoichio- 
metric relation fails. 

The  contact time in seconds a t  the 
temperature of pyrolysis was calculated 
as free space (41 cc.) divided by gas rate 
per second. The gas volume was arbi- 
trarily taken as the gas volume of the 
total feed. 

+ 
Figure 2. Details of Furnace ancl I'reheatcr 

respclctively. The  recovery of styrene from this fi,actiouation 
agreed with tha t  calculated from t h e  bromine number of the orig- 
inal pyrolyzate, and the purity of the styrene fraction 7%-as OS.17, 
by freezing point. Gas samples !\-ere collcctcd continuously dur- 
ing the pyrolyse.; and were analyzed by coiirention:il ahwqition 
and combustion metiiod. 

ChLCULATION OF YIELD A S D  COITACT TI3IE 

Thc styrene pcrcontage yield per pass was clc4ned a,- the  gram- 
of styrene produced per 100 grams of ethylbenzene pyrolyzed; 
the ultimate percentage yield of styrene. as the grams of styrene 
produced per 100 grams of ethylbenzene consumed. The  amount 
of nonconsunicd ethylbenzene was obtained by subtracting f i  0111 

the liquid hydrocarbon pyrolyzate the s u m  of the benzene, tolu- 
ene, styrene, and residue produced; this method assumed tlie 
absence of xylenes and of materials boiling betxecn styrcne and 
the residue. The assumption of a neg!igible amount of material 
boiling between styrene and the residue from vacuum topping 
wa5 confirmed by the close agreement between the amount of 

DISCUSSION OF RESULTS 

GAS COMPOSITION AXD PRODUCTIOZ. 

The  gas consisted of hydrogen, paraffins, 
and ethylene (Table I). The paraffin 
index \wts 1.3-1.4 for operation in the ab- 
serice of steam and 1.2 for operation in 
the presence of steam. The  presence of 
steam favored the production of ethylene 
at the expense of paraffin. The total 
weight of gas produced a t  700" C. was 
essentially independent of the presence or 
rtbscncc of stcam (Figure 5 ) .  At 750°C. 
'the prcwric.e of steam increased the 
gas production slightly (Figure 6) ;  a t  
800" C. the experimental data show a 
minimum in gas production a t  a steam- 
ethylbenzene ratio of 5 (Figure 7) .  .%t 
0.2-second contact time the gas protluc- 
tion ranged appruximatcly from 270 at 
700" C. to 0% a t  SOO°C. 

OF STL;.I\I. Esploratory experiments 
the temperature of pyrolysis must he 

atlove GOO" C .  in order to produ 
tir-a1 rate. 

-retie a t  a commercially prac- 
of styrene was obtained at  

th a contact timv uf 2 ontls. The yie!ds,of styrene, 
n c l  ultimarc, XIY plot Figure 4. The plots of tilt. 
ielcl- qhon rnxximn at  700' C'. (1-second contact tiinoj 

;i 12% yield per 

TABLE I. EFFECT OF OPERATISG CONDITIOSS O N  GAS 
CO\fPOSITIoX .iT 0.8-SECOSD CONTACT TIXE 

Paraffin Gas Compn , l l u i e  To 'Temp., Nole  Ratio, 
O c. H20:EBc E: C x  C n H g r I , ~  Index 

6; 8 14 0 18 2 1 . 4  
20 8 1 . 3  

1 . 3  ss.0 2 1 . 1  2 0 . 9  

3 GO 5 2 6 . 1  13 4 I 2  
1 2  

10.0 0 
0 6 0 . 6  1 8 . 6  I so 

800 
700 
750 
so0 5 56 3 2s I 15 .6  

! 6 6 . 8  ' 0 . 1  1 3 . 1  1 2  

" E B  = ethylbenzene 
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than the one esperinicntally emploj-c>d. The ultiniate yield in- 2 40- 

$30 

creased with decrease in contact time and Ivith inrreaqe in teni- 
peraturc. The follon-ing table lists the required contact time,< a t  
700 ', 750 ', and 800 O C. for rimrimurn styrenc yicltls pel' psiw in 
the ahscwrc. of stcnin: 

Styrene Yield. 20. Temp.,  Tiirie. -. 
Cl>lltdCt 

0 c. Pec. Per pass Ulrimate 

750 o . ,  28 48 
800 0 1  30 48 

700 1.; 21 35 

lo 

0 

According to Ostroinislensky and Shepard (I ,?,  2 3 j  the ultimate 
percentage yield of styrc,Iie obtainable by the pyrolysis of ethyl- 
benzene in the absence of steam is dependent on K i n  the equation 

where T' = volume, cc. of hot tube 
R = ethylbenzene rate, g./niin. 
T = interior temperature of tube at longitudinal center 
K = parameter varying b e k e e n  0.8 and 1.2, optimum 

efficiency being attained at K = 1 

i i PER PASS YIELD O F  r + N e  

t- ~ 

1 

"42 

> ,eoboc. + . . L  
% 700'C. 

T-> 
/ / I  ~ ~ 

: 
I 

i 

.4 .a 1.2 1.6 1.0 2.4 2.8 

1 .  0 -  i /  

The maximum yield of styrene should therefore be obtained at a 
temperature below 633 O C., rrhich is completely in disagreement 
with our data. 

Pyrolysis a t  700" C. in the, 
presence of steam was st,udied a t  contact times ranging from 0.1 to  
0.6 second and pyrolysis a t  750" and 800" C. was studied at, con- 
tact times ranging from 0.1 to  0.4 second. Figures 5, 6, and 7 
compare da ta  for pyrolysis in the absence and presence of 
steam a t  thcsc three temperatures. These plots include per pass 
weight yields of gas, benzene, toluene, styrene, and residue, 

PYROLYSIS IX PRESEXCE OF Smav. 

I N L E T  A D A P T E R  

. 
R U B B E R  STOPPER 

TABLE 11. EFFECT OF STEAM-ETHYLBENLEXE RATIO ox 
STYRESE YIELD AT 750" C. 

Styrene Yield. % Contac t  
Time, Mole Ratio,  
Sec. HzO/EB Per pass Ultiniate 

QUARTZ Tuet 
15 mm. 0.0. p I 

I 

RUBBER STOPPER 

OUTLET ADAPTER 

Figure 3. Aletal-to- 
Quartz Adapter 

0 . 2  
0 . 2  
0 . 2  
0 . 2  
0 . 2  
0 . 1  
0 . 1  
0 .1  
0 . 1  
0 . 1  
0.1 

10 
T . 5  
0 
2 . 5  
0 

50 
10 
7.5 
5 
2 . 5  
0 

49 
59 
60 
63 
58 

TABLE 111. OPERATIKG COKDITIONS AXD ULTIMATE YIELDS OF 
STE-REXE AT 20y0 PIELD PER PASS 

Mole Ratio,  Temp.,  
HzO/EB c. 

0 
0 

700 
z50 
IO0 
750 

Contac t  Ultimate 

See. 70 
Time, Styrene Yield, 

0 .8  
0 . 2  
0 . 8  
0 . 1  

38 
55 
52 
60 
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NO STEAM 5 T E A M  STEAM 
ETHTLBCkZlML ' 4 ETHYLBENZENE =? 

G A S  G A S  1 G A S  s)i 0 2  0 3  0 4  0'5 0'6 0 7  o! ! I  0 2  0 3  0'4 0 5  O L  1 1  0'2 0 3  0 4  0 5  016 

C O N T A C T  T I M €  I N  5 E C O N D 5  

Figure 3 .  I'>rol>*i-  of Et1ijIt)enzene a t  700" (;. 
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t 
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1 igure 7 .  Pjrolysis of hthylbenzene at 800" c .  

GE.VEKAL COhCLLlSIOh S 
\\-iiliin t h e  expcrinicntal rangc studitd,  stram 

\vas twneficial at 700" and 730", hut  not iLt 800" 
( '. I n  general, the  p r i w ~ i c x ~  of ,team 1'1% 
iirocluction of toluenca. The  formati 
hoiling residue was favowtl by inrrciasc in tern- 
perature and contact time. ('artion formation 
10.01 to 0.05% of the hytlrocnrlion i e d )  TVW too 
*niall under all conditions to t i ( ,  cn r r r~ la t cd  \\-ith 
t I l l ,  t , f f I * c . l  of steam. 

X C K S O B L E D G ~ l E > T  

igat ion \vas carried out urithr :i 
ar Yyntlictics maintaiii 

- Inc. ,  a t  3lellon Itisti 
ti to  (', I-, Iiogc~rs and Elnicr 
ice' i n  the csperimental n-ork. 
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