TWO-STAGE OXIDATION REACTION IN A POROUS MEDIUM
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This report contains four sections. The first section disesghe theory behind the two-phase
oxidation problem. Each of the other three sections dig=uasspecific variation in the parame-
ters of the system. Namely, the second section of this raepscusses the effect of varying the
heat transfer coefficienk. The third section involves varying the activation enerdyhe alco-
hol, EF. In the fourth section, the heat transfer coefficient wasragedified, albeit with more
specific conditions in mind. The system of ODEs was solvedengally using MATLAB®), and
specifically the numerical ODE solver ode45.

1. THEORY

We consider a vessel filled with sand and olefin at an initialcemtratiorBy [mole/m3-porous
medium] of, say, 893 moles/m3. Oxygen is present at a consguaration. We consider a low
temperature oxidation (LTO) and a high temperature oxaaHTO) reaction. The LTO reaction
(1.1) converts the olefin to alcohol, i.e.,

n
CnH2n+§OZ —>Can(OH)n, (11)
and a high temperature oxidation reaction (1.2)

The initial alcohol concentratioy = 0. The initial temperature i%, which is equal to the outside
temperature.

Using the rule of thumb that the reaction heat per mole of erydHo, = 450 kJ/mole is roughly
the same, we observe the second reaction generates twicechsh@at as the first reaction. For
reasons of concise notation we uBas the molar concentration [mole/m3-porous medium] of
CnH2n andF as the molar concentration 6fH,(OH),. The olefin oxidation rate is considered
to be proportional td, whereas the alcohol oxidation rate is proportionaFto As oxygen is
abundant we included the oxygen concentration dependartbe rate coefficientg andkg as a
constant. The rates of the olefin oxidation reaction (1.1) is

dB Es
& —ra——Aeep (2 )8, 1.3
whereAg is the frequency factor anBg is the activation energy. The rate of the HTO reaction
(1.2) is calledrg.The overall rate of the alcohol concentration combinestreas (1.1) and (1.2),
i.e.,

dF

_ _ _EBs\g_ _Er
a_rB—n:_ABexp< RT)B A,:exp< RT)F’ (1.4)

whereAr is again a frequency factor afit is an activation energy. The temperature equation ex-

presses that the heat of reaction heats up the porous medihimeat capacitpmcm=2103kJm’/K
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and reads

dT 1 Eg Er
pmcma = (EABexp <_ﬁ) B+ Arexp <_ﬁ) F) NAHo, +k(To—T),

wherenAHp, describes the heat of reaction mfoxygen molecules. The last term in the heat
equation describes the heat transfer between the mediuntharslirroundings. The following
table is also based on Lin et al. [2].

(1.5)

| Kumar [1]| Lisbon | Athabasca| Crude A | CrudeB |
Ar(days™t) [1.73x10'2]2.332¢<10'7 | 3.369x10'8 | 4.153x10'3 | 1.346<10°
Er(cal /mole) | 40506. 52686 53582 40506 12069
Ag(days™) | 2.1x10° - 6.429<10%4 | 5.053<10'0 | 2.323x 10’
Eg(cal/mole) | 35811 - 47422 35810 25025
Kumar [1]| Lisbon | Athabasca Crude A | Crude B
Ar(secl) | 2.00x107 | 2.70x10'2 | 3.90x10'3 | 4.81x10° | 1.56
Er(J/mole) | 1.70x10° | 2.204x1C° | 2.24x10° | 1.7x10° | 50500
Ag(secl) | 24310 - 7.44x10° | 5.85<10° | 269
Eg(J/mole) | 1.5x1C° - 1.20x10° | 1.50x10° | 1.05x10°

2. VARYING ONLY THE HEAT TRANSFER COEFFICIENT

Initially the heat transfer coefficienk, was varied, keeping all other parameters constant. Be-
cause the conversion from olefin to alcohol is a LTO reactume, predicts that changirgin the
system will not affect the speed of olefin oxidation. Plajtim solution to the system of ODEs
(corresponding to initial conditionk = 600K, By = 893 Fy = 0) that models this two-phase ox-
idation, Fig. 1, confirms that very little change in the speédlefin oxidation is observed with
changing values ok. Alcohol is oxidized in a high temperature oxidation reawti Thus, one
predicts that increasinigwill result in a significantly slower alcohol oxidation. Ehis observed
from the plots, and for a large enoufglone can say that, in all practical terms, alcohol reacts so
slowly that no alcohol oxidation can be observed in a redslerexperimental time; see Fig. 1.

3. VARYING ONLY THE ACTIVATION ENERGY OF THEALCOHOL

An extremely slow alcohol oxidation may be a problem. Thespsdly, a largé value k = 1)
was chosen to remain constant, and parametric curves oh @etl alcohol concentrations and
temperature, as functions of time, were plotted, varyirggabtivation energy of the alcohdtg)
and keeping all other values constant. As was expected, @& Bwresulted in quicker alcohol
oxidation. Three distinct cases, modifying tBe, were observed. In the first case, that with the
lowestEr, Fig. 2(a), two distinct regimes, one with insignificant frature increase and one
with reasonable temperature increase in the oxidationedfro{and production of alcohol) can be
observed. In the second case, Fig. 2(b), the first regimeethime with no temperature increase,
disappears. In both the first and second cases all the aleobaldized before the temperature
begins to drop. In other words, the point in time where thedasount of alcohol is oxidized is the
point where the maximum temperature is observed. The thisd,d~ig. 2(c), is initially similar to
the second, but differs from both previous cases in thatdhmérature falls substantially prior to
all the alcohol being completely oxidized.
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FIGURE 1. Olefin (blue) and alcohol (green) concentrations (mo)/naBd tem-
perature in Kelvins (red) versus time. Using modified crudel®ubling alcohol
frequency factor and activation energy, and initial terapse of 600K (these pa-
rameters remain the same throughout all other plots in #gep unless otherwise
indicated). 1(a)k=0.2; 1(b):k=0.6; 1(c):k=1; 1(a):k = 1 plotted over a larger
time scale, showing that eventually the alcohol will reamnpletely.

4. VARYING ONLY THE HEAT TRANSFER COEFFICIENT FOREACH CASE IN SECTION 3

Upon observing the three cases in Section 3, deeper undeirsgaof them was obtained by
varyingk values for each case, and analysing the plots obtained byngdirizing olefin and alcohol
concentrations and temperature with respect to time.

4.1. Increasing the Heat Transfer Coefficient. Decreasing the value & produced very little
change in the orbits witler = 50000 andEg = 80000, Figs. 7(a) and 7(b), respectively. De-
creasingk with E = 110000 produced a visible change in the orbits, Fig. 7(c).elkis 0.1,
the temperature drops relatively quickly compared to thieation of alcohol. The temperature
decreases to the initial temperature before all the alashmlidized. Wherk is decreased further,
the temperature does not decrease prior to the alcohol loemgletely oxidized, and the orbits
resemble those in Figs. 7(a) and 7(b).

4.2. Decreasing the Heat Transfer Coefficient.An increase irk provokes a slower reaction of
both olefin and alcohol and a smaller overall increase in egatpre. The slower reaction of both
olefin and alcohol provokes smaller concentrations of bp#tes at any time during the process.
Furthermore, increasingwhenEr = 50000 provokes no change in the first regime, Fig. 3, the
regime with insignificant temperature increase. Epr= 80000 andeg = 110000, Fig. 4 and
Fig. 5 respectively, increasingresults in a change qualitatively similar to whEa = 50000.
Furthermore, increasing whenEr = 110000 negligibly affects the relationship between olefin
concentration and alcohol concentration. This does natrosbenEg = 80000 andEg = 50000.
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In other words, plotting on the same olefin-concentratiaswg alcohol-concentration axes curves
with increasingk values produces a nearly perfect overlap, Fig. 6(c).
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FIGURE 2. Altering activation energy of the alcohol. 2(algz = 50000; 2(b):
Er = 80000; 2(c):Er = 110000.
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FIGURE 3. 3(a): Er =50000. k =1 (blue), 3 (green), 5 (red), 7 (light green), 9
(orange), 11 (cyan). 3(b): Olefin concentration (blue)phtd conentration 100
(green), temperature (red,= 1 (full lines), k =5 (dashed lines)k = 9 (dotted
lines).



FURTADO, MARCHESIN, AND BRUINING

Ef = 80000

Temperature

Alcohol Olefin

cB(mol olefin/mA3), cF (mol alcohol/mA?), T (K)

time(s)

(b)
FIGURE 4. 4(a): k = 1 (blue), 3 (green), 5 (red), 7 (light green), 9 (orange), 11
(cyan). U 3(b): Olefin concentration (blue), alcohol comatn (green), tempera-
ture (red) k = 1 (full lines),k = 5 (dashed linesk = 9 (dotted lines).
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FIGURE 5. 5(a): k = 1 (blue), 3 (green), 5 (red), 7 (light green), 9 (orange), 11
(cyan). 3(b): Olefin concentration (blue), alcohol conatiém (green), temperature
(red),k =1 (full lines),k = 5 (dashed linesk = 9 (dotted lines).
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FIGURE 6. k=1 (blue), 3 (green), 5 (red), 7 (light green), 9 (orange)(cdyhn).
6(a): EF = 50000; 6(b):EF = 80000; 6(c):Er = 110000.



TWO-STAGE OXIDATION REACTION IN A POROUS MEDIUM

Ef =50000

as0—]
a0—]

50—
o] \
a0
© s
B K X
B o

Olefin

Temperature

Alcohol

(@)

Ef = 80000

1 C

Temperature

Olefin
Alcohol

(b)

Ef = 110000

Temperature

Alcohol

Olefin

(€)
FIGURE 7. k= 0.1 (blue), 0.001 (green), 1le-5 (red). Decreadirgyoduces very
little effect on the orbits wheiitg = 50000, 7(a), andr = 80000, 7(b). When
Er = 110000, 7(c), decreasirkgoroduces significant change in the orbits.
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