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The pyrolysis of n-pentane has been investigated at temperatures between 510 and 560 °C
and at initial pressures of 50—300 torr. The reaction was followed by pressure-measurements and
by gas chromatographic analysis. First-order rate constants were calculated for n-pentane consump-
tion from analytical data. Initial rates were determined for-the formation of products and that of
n-pentane consumption. A stoichiometric equation for the decomposition of x#-pentane is given.

Introduction

In the investigations on the thermal decomposition of simple saturated hydro-
carbons much less attention has been paid to the decomposition ‘of pentanes than
to that of the lower members of the homologue series. From the results obtained:
so far, the conclusion may be drawn that the mechanism of these reactions depends
very much on the nature of the radicals and on that of the products formed. There
is a great difference in the mechanism when, for instance, H-atoms instead of alkyl
radicals are the dominant chain carriers. In order to get a more detailed picture of -
these elementary steps, the re-investigation of the decomposition of pentanes seemed
desirable.

The results of the first experiments [1, 2, 3] on.the decomposition of n- pentane
were based on pressure-change measurements and on mass spectrometric analysis.:

Experimental

The experiments weré carried out in a conventional static system described.
earlier [4]. The cylindrical reaction vessel of 250 ml capacity was enclosed in an
electrically heated furnace, the temperature of which was constant within £0.3°C.
The reaction was followed by pressure-measurements and by gas chromatographic
analysis on a Carlo Erba Fr. Mod. C gas chromatograph equipped with a thermal
conductivity detector. Samples were taken from the reaction vessel by means of
-a gas sampling valve and analysed on three columns. One of them was 0.5 cm in
diameter and 170 cm in length and packed with 40—80 mesh (A.S.T.M.) moleculat
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sieve 5A ; this column was used for the analysis of hydrogen and methane. The other
column was 260 ¢cm long, filled with 100—200 mesh alumina, and was used for the
analysis of hydrocarbons up to C; fractions. Prior to entering the alumina column,
the C, and C; hydrocarbons were retained on a 170 cm long supplementary column
filled with 30 per cent-(W/W) didecyl phtalate on 70—100 mesh firebrick and kept
at 0 °C. The third column was 500 cm long, packed with 20 per cent didecyl phtalate,
on 70—100 mesh firebrick. Helium and argon were used as carrier gas.

To make the reproducibility satisfactory, the reaction vessel was seasoned
by pyrolysing 200 torr of n-pentane at 520 °C for 72 hours.

The n-pentane was distilled three times at low temperatures under vacuum;
after this freatment no impurities were detectable gas chromatographically. For the
identification of the products, hydrogen, methane, ethane, propane, ethylene, and
propylene were taken from cylinders and purified as mentloned above. Butene-1
was prepared from butanol by catalytic dehydratation.

Results and Discussion

In order to investigate the effect of initial pressure and that of temperature,
experiments were carried out at 510, 520, 530, 540, 550, and 560 °C and at initial
pressures of 50; 100, 150, 200, 250, and 300 torr. The AP —t curves are plotted in
Fig. 1 and Fig. 2.

- Initial rates determined from the AP —t curves are shown in Fxg. 3.

. Overall orders and activation energies were determined on the basis of initial rates.
The results are listed in Table I. and are plotted in Fig. 4 and Fig. 5.

At 540 °C the pressure increase
was found to be 136 per cent of the
initial pressure. On varying the ini-
tial pressure and temperature, no
systematic change could be obser-
ved in this value.

The relation between the partial
pressure of n-pentane determined

300

8200 gas chromatographically and the
o percentage conversion of the reaction
< calculated on the basis of ‘pressure
) ap
- change |conversion % = 100 ]
100 4p,

has been plotted in Fig. 6.
The consumption of n#-pentane .
determined gas chromatographically
. and calculated on the basis of pres-

50 100 150 * sure change is shown in Fig. 7.
t, min Only 85 per cent of n-pentane

: ) e osed 1 rolytic reac-
Fig. 1. AP—t curves at 560 °C. Initial pressures: 50 decompos d in the pyroly cac

torr (1); 100 torr (2); 150 torr (3); 200 torr (4); and  tion. This fact cannot be explained
250 torr (5) ’ ‘ alone by dead volume.
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Fig,;. 2. AP —t curves at 200 torr initial pressures at
510°C (1); 520°C(2); 530°C (3); 540 °C (4);
550 °C (5); and 560 °C (6);
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Fig. 3. Initial rates versus initial pressure at
510°C (1); 520°C (2); 530°C (3); 540 °C (4);
530 °C (5); and 560 °C (6)
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Flg 6. Relation between partial pressure of #-pentane and percentage conversnon
Initial #-pentane pressure was 200 torr. | .
The reactions were carried out at 520, 540 and 560 °C
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Fig. 7. Consumption of n-pentane determined gas chromatographically (o),
and calculated from pressure change (o)
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Table I
Overall activation energies at different initial pressures and overall reaction orders at
different temperatures )
P, torr 50 100 150 200 250 300
a 62.2 '

E kcal-mole~1 62.8 62.8 61.7 62.0% 61.7 61.7
T°C 510 520 530 | 540 550 | 560
reaction order 1.4 1.3 1.3 1.2 1.2 1.2

* calculated from analytical results
The products of the decomposition of #-pentane determined by gas chromato-
> 3 .

graphic analysis were hydrogen, methane, ethane, propane, ethylene, and butene-1
Hydrogen and propane formed. only in small amounts. Propane formation revealed

.

200¢

160{"

80 120 160
t, min -

Fig. 8. Partial pressure of products versus timé at 520 °C; n-pentane (1)
methane (2); ethane (3); ethylene (4); propylene (5); hydrogen (6);
propane (7); and butene-1 (8)

an induction period. Changes in the concentratlon of the products and in that of

n-pentane with time have been determined and are shown in Fig. 8.
It can be seen from the figure that the concentrations of butene-1 and propylene

pass through a maximum. The partial pressures of different products have been
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_ Table 11 . Table 1T
Initial rates in torr. min=. Po=200 torr First order rate constants for the thermal
decomposition reaction of n-pentane at
Temperature, : 520 °C and 200 torr initial pressure
°C| 52 540 560
Comt)ounds _ ¢t min partilz-::’g;f:;zre of %105 min-1
CH, 07 | 17 4.4 o
1 199 6.9
C,H, 0.6 1.5 3.5 2 198 5.7
C;H, 0.05* | 0.07* | 0.1* 3 197 5.4
) 4 . 196 5.2
© CgH,. 1.0 24 6.4 - 5 194 6.4
CH, 0.4 1.2 3.4 6 193 6.5
10 190 5.0
C;H, | 0.6 1.6 4.3 20 181 50
C,H; .| 04 1.6 | 5.1 30 173 4.9
H, 0.1* 0.2* 03. - 40 165 4.9
50 157 49
. . 80 - 135 4.9
* uncertain values.

determined at different stages of the reaction and were plotted against conversion
calculated on the basis of pressure changes (Fig. 9). '

The initial rates of product formation and pentane consumptlon have been
determined graphically from the curves obtained by plotting the partial pressure
against time at 200 torr initial pressure and at different temperatures (Table II).

The reaction order for the consumption of n-pentane has been determined from -
the curve obtained by plotting the concentration against time at 520 °C and 200 torr
initial pressure (Fig. 10). The reaction : :
order for n-pentane consumption was
found to be 1.1. First order rate cons-
tants were calculated from the analyti-
" cal data. The rate constants given in
Table III show a slight decreasing ten-
dency with time.

The reaction order for the forma-
tion of ethane and ethylene was found
to .be 1.0, while in the case of other
products it varied during the course of
the reaction.

Overall stoichiometric coefficients
were calculated from the ratios of the

Fig. 9. Yields of the products and the reactant
versus percentage conversion; methane (1); 7
ethane (2); ethylene (3); pentane (4); - - -
propylene (5); butene-I (6); propane (7); 20 40 60 80 . 100
and hydrogen (8) Conversion%
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Fig. 10. Double logarithmic plot of
n-pentane consumption rate against
n-pentane concentration. P,=200 torr,.
T=520°C :
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products at 520 °C and 560 °C and at

200 torr initial pressure (Fig. 11). As A
can be seen from the figure, the values

of the ratios C,Hgs/C;Hg, CH,/C.Hs, 500
and CH,/(C4Hg+31C,H,) are near
unity and that of C,Hg/(3C,H,) is
equal to two. From the facts that the
ratios  CH,/(C,Hs+1C,H,) and 4001 .
C,H¢/C;H, are equal to unity, the fol-
lowing reaction paths can be suggested

for the thermal decomposition of n- aqg
pentane

a) C,H,,=CH,+C,H
) 51112 4 A 4118 200

b) CHy =CHg+ CH, )
¢) CiHy=CH,+2GCH,.. 100

The relative importance of reactions
a),b) and c) is 2:3:1, respectively.
These- values .are based on the experi-
‘mental observations that -

20 4L 60 8 100

C,Hy/(4 C,Hy) ~ 2 Conversion %%
and » . Frg 12. Deﬁc1te of mass—balance versus percentage: -
CH,/C;Hy ~ 1. conversion for hydrogen (o) and carbon (s)

The stoichiometric equation for the decomposition of n-pentane can be given.
as follows:

CHy = % CH, +4 CH, + 5 CHg + 3 CoH + % CH,.

The heat of reaction has been calculated on the basis of this stoichiometric equation,.
and was found to be 22.5 kcal/mole The stoichiometric -coefhicients are only rough
estimates and are valid only in the early stages of the decomposition.

There is a considerable deficit in the mass balance above 50% decomposmon,
This is shown in Fig. 12, where the mass balances for H and C are plotted against
_conversion. The 4 values, plotted on the ordinate, were obtained as follows:

Ac = Pey,+2Pcy,+2 Py, + 3 Peyug+4 P — S Pegy, decomposed
Ay = 4 Pey,+ 6 Peyg +4 Peyny -+ 6 Pogng + 8 Poyity — 12 Peghyy decomposed -

It can be concluded from the results shown in Fig. 12, that the stoichiometry valid
at low conversions does no longer describe the decomposition of n-pentane above
about 50%. Some products of high C-atom number, not detected, must have been
formed at high conversions. The H/C ratio in these products is roughly 2 (Fig. 12).
The formation of higher hydrocarbons is not unexpected in the later stage of the:
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-decomposition where the concentration of unsaturated products is high, since the
‘free radicals are expected to add to the olefins yielding higher hydrocarbons.

Since the consumption of two products, propylene and butene-1, has been
observed in the reaction, it seems desirable to carry out further investigations on the
reaction in the presence of added unsaturated products of the reaction.
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TEPMUYECKOE PA3JIOXEHHUE w-TIEHTAHA 1.
J. Cuposuya, @. Koco, ®.- Mapma

W3yuancs mponu3 H-TIeHTaHa npu Temnepatypax ot 510 1o 560 °C m npa HaYaIIBHBIX JaB-
_nesdfx oT 50 mo 300 mMM. PT. CT. 3a NPOAOIDKEHHEM DEAKIHM CIICIAMM H3IMEPEHHEM NABJICHHSX U
ra3oBoXpoMaTorpadudeckuM aHanu3oM. Ha oOCHOBe aHAJIMTHYECKAX NaHHBIC BBIYHCIIEHBI KOHC-
TaHTHI CKOPOCTH IIEPBOTO NMOPAAKA I PacXomOBaHHA H-TleHTaHa. OnpeneneHbl Ha4YaJIbHBIE CKO-
pocTd 06pa30BaHMs MPOAYKTOB U PAacXOAOBaHUs H-TEHTaHAa. JlaHO CTOXHOMETPHYECKOe ypaBHeHne
_PeaKkudyd pazJIOKEHUS H-IICHTAHA.



