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Kyxypm kucnomacer (H2803), ap kanoaii Xumuanelk Kapadlcammap dcana npooykmanaposli omoypyuLtyHoe dcana 6auwxa yuyp-
1apoa KOAOOHYYY4y 6me Maanunyy kucioma é6oayn cananram. Kykypm ouoxcuounun (SO3), kykypm mpuokcuoune (SO3) kviuxulioa-
nuin emyy peakyuscel, H2SO3 endypywynoe sy maanunyy smanmapowin 6upu 6onyn canaram. byn uzunoeede, aouabamuxansix
wapmmapoa uwimezeH, peakxmopiop apacblHoa NPOOYKmManaposl My30amyy dmadvlHa 33, KblMbLICHI3 Kepebem peakmopyHoa SO2
nun SO3 K6 omyy peakyusacblHblH KUHEMUKAChl U3UL0eHOU JHcana ap oup peakmopoyu cumyasayuscul, kvickaya MATIIAE amvinoa
beneunyy 00120H KON RApPAOUSMANYY, CAHOBIK ICENMOO NPONPUEMAPObIK NPOSPAMMANO0 MUAUHU KOJIOOHYY APKLLLYY HCACANObL.
H3unoee arcviiibinmulebinoa, scainsvi bacbimost sxcana SO2 HuH OAUMANKsl KOHYEHMPAYUACHIH APMMBIPYYHYH O} maacupu 6ap dKeH-
oueu beneunenou. AnviHean HColiblHmMulKmap 6aapobik MepMOOUHAMUKATIBIK IPediceepae HCAHA MblU3amoapea myypa Keiem.

Hezuszu co300p: KbIUKbIIOAHYY PeAKYUACyl, PeaKyusi KUHEMUKACHl, KyKypmmyH OUOKCUOU, KYKypn KUCIOMAcCyl, CUMYIAYUATLOO,
KblUMbBLICHL3 Kepebem peakmopy, mampukanvik radopamopus (MATIIAB).

Cepnasa kucioma (H2803) agnsiemces upe3eviuaiino 8ajicHoll KUCIOMOIL, KOMOPAsl UCHONb3YEeMcs Npu NPOU3B00CHEe Pa3IudHbIX
81008 XUMUYECKUX NPOOYKMO8 U 6 Opyaux cayuaax. OOHuM u3 Hauboiee 8axcHvlx amanog 6 npouzeoocmee H2SO3 aensemea peaxyus
oxucaenus ouokcuoa cepwl (SO2) k mpuokcuoa ceput (SO3). B amom uccnedosanuu usyuanace kunemuxa okucaumenvhou peaxyuu SO2
Kk SO3 6 peaxmope ¢ HENOOBUICHBIM CLOEM, KOMOP®Il pabomaem 6 aouabamuyeckux YCro8usx, u ¢ NPOMEdICYMOYHOU cmaoueti
OXNANCOEHUSA U  CUMYTAYUSL 8 KANCOOM DeaKmope 6blNOAHANOCH € NOMOWDIO MHO20-NAPAOUSMEHHO20 GbIYUCIUMENbHO20 U
NPONPUEMAPHO20 S3bIKA NPOPAMMUPOSatus, max Hasvieaemoeo MATLAB. Coenacho pesyriomamam, ygeaudenue oowe2o 0aieHus u
navanvhou konyenmpayuu SO2 okasvieaem nonodicumenvroe GuAHue Ha Kunemuky peakyuu okucienus SOz Omu pe3yrvmamuol
CO2NACYIOMCSL ¢ MEPMOOUHAMULECKUMU NPASULAMU U 3AKOHAMU.

Knroueevie cnoea: peaxyus OKUCIeHUs, KUHEMUKA peaxyu, OUOKCUO Cepbl, CEPHAs KUCIOMA, CUMYIAYUS, Dearkmop ¢
HENnooBUIHCHBIM clloeM, mampuydnas aabopamopusi (MATLAB).

The sulphuric acid (H2S03) is extremely important acid, which is used in the production of various kinds of chemical products
and in other cases. One of the most important stages in the production of H2SOs is the oxidation reaction of sulphur dioxide (SO:) to
sulphur trioxide (SO3). In this study, the kinetics of SO: to SOs reaction in a fixed-bed reactor, which is operating under adiabatic
conditions, with inter-cooling-stage was investigated and the simulation in each reactor was done by a multi-paradigm numerical
computing environment and proprietary programming language so called MATLAB. According to the results, increasing in total
pressure and in feed concentration of SO: has positive effects on the kinetics of the oxidation reaction of SO:. These results are
consistent with thermodynamical rules and laws.

Key words: oxidation reaction, reaction kinetics, sulphur dioxide, sulphuric acid, simulation, fixed-bed reactor, matrix labora-
tory (MATLAB).

1. Introduction.

Sulfuric acid (H.SOs) is highly demanded product of the present industrial world. It is used in the production of
fertilizer, refining petroleum, leaching metallic ores and in other chemically important processes [1]. Due to the fact that
oxidation process of SO; to SO;,

S0, + %02 % S0;
in the production of H>SO; is highly exothermic and the most significant reaction, the simulation of the process is very

important to predict reaction kinetics and effects of influences of components concentrations and total pressure. It is
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heterogeneous reaction and V.05 is used as a catalyst [2]. For higher conversion, the oxidation process is carried out in
an inter-cooling-stage system [3]
Kinetics of the oxidation reaction depends on various variables such as temperature, total pressure and reactants
concentrations.

2. Materials and Methods.

For this study, two adiabatic operating fixed-bed reactors with inter-cooling-stages were taken and the simulation of
kinetics of the reaction in each reactor was done by MATLAB package program [4].

3. Results and Discussions.

For the reaction

V,05

1
502 +§02 (—>503

1
Inareal production, the following concentrations of feed componentsto the first reactor are used (Fogler, 2016): 79
% N>, 10 % SO, % 11 O;

The kinetics of this reaction was studied by Eklund and others [5], and for the conversion above 5%, the following
reaction rate and reaction rate constant were found,

4o, = k :(0): [poz - (K:Ii‘;zz)z] (Ib SO/Ib cat. *s) 1)

k = exp|— 52 — (1101 InT) +912.8|  (1b SO/Ib cat.*s*atm) ~ (2)

From recent JANAF values, the equilibrium constant can be found as follow [6],

Ky = exp (“RST“ - 11.24) (atm'?) A3)

The partia pressure of any component is[7],

P = Py it (4

When we put all variable into total mole balance equation, then we will get,

1
ax _ _ra _ k. P p, 202X (_9503—")2 ES
aw Fa,  FagAl0s0s+X |Po A0 1+ex 1+x /] kp

©)

where: 65, = 0.0, 8, = 1.1, € = —0.055 and

P; = partia pressure of component i, atm

X = conversion of SO,

Fy, =initial molar rate of 4, Ibmol/h

T = temperature of the reaction, R

Using JANAF thermodynamical values of feed (SO,, SO;, N> and O;) [8] and from total energy balance [9],

Energyrate by = Energy rate by Energy rate from the Energy rate by work _ Energy accumulation
inlet mass flow ~ outlet mass flow ' surroundings to the system = done by the system ~—  rate in the system

20



4[ HAYKA, HOBBIE TEXHOJIOI'MA U UTHHOBAIIMU KBIPT'BI3CTAHA Ne7, 2018 ]7

dEsys

— (6)

for the feed temperature 1206 R (670 K) and a steady-state system (no energy accumulation in the reactor), we have found

EinFin — FoutEoue +Q —W =

the relationship between conversion and temperature as follow,

_ 86065+38383X %
T 7136-3.2X

We have done our simulation based on these equations for our condition, which is the feed temperature is 1200 R
(670 K) and the total pressure is 2 atm (2 bar), and the results are shown below. In our previous work, we have found
that at afeed temperature of 670 K and atotal pressure of 2 bar (2 atm), the maximum conversion in the first reactor can
achieveonly 76.5 % [10]. When we plot Levenspiel plot (Figure 1), the areaunder the curve will be the amount of catalyst
to achieve that conversion [11].

T T T T T T T

m— Pt =2 atm, 10 % SO2
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Conversion, X

Figure 1. Levenspiel plot for adiabatic fixed-deb reactor.

And the reaction rate changes along the reactor were as follow,
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Figure 2. Reaction rate changes along the reactor.

The reaction rate has increased in the beginning and has decreased |ater. Because the reaction is exothermic and
operates in adiabatic conditions, the temperature will increase gradually along the reactor (Figure 3). And the reaction
rate is increasing by increasing the temperature and decreasing later according to the Le Chatelier’s principle because it
isareversiblereaction [12].
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Figure 3. Temperature changes along the reactor.
When we increased total pressure in the reactor, it has affected positively and increased the reaction rate (Figure 4).
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Figure 4. Effect of total pressure on the reaction rate.

It has shifted the curve (conversion curve) on the Levenspiel plot down which means we need smaller amount of
catalyst for the same conversion (Figure 5).
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Figure 5. Effect of total pressure on the Levenspiel plot.
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Increasing total pressure meansincreasing concentrations of every component in the feed. But we kept total pressure
constant and increased only the concentration of SO, which means decreasing the concentration of O.. Theinert gas (V.)
has no effect on the reaction but when we change the concentration of it, it will affect the temperature in the reactor. That
iswhy the concentration of inert gas (N,) should stay constant.

Keeping total constant but increasing the concentration of SO, has aso showed positive effect on reaction rate
(Figure 6).
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Figure 6. Effect of SO: initial concentration on the reaction rate.

And aswe had expected, when we increased the concentration of SO, it has shifted the curve on the Levenspiel plot
down, so lessamount of the catalyst is required to achieve the same conversion in the reactor (Figure 7).

7
=10
T T T T T T

Pt=2atm, 10 % SO2
——— Pt=2atm, 13 % S02
6 PL=2 atm, 16 % 502

0 0.1 02 03 04 05 06 07 08
Conversion, X

Figure 7. Effect of SO: initial concentration on the Lepenspiel plot.

As we mentioned earlier, the conversion in the first reactor cannot reach above 76%. To get higher conversion we
need cool down the reactor outlet and feed to the second reactor. The feed to the second reactor contains less amount of
SO;. That iswhy to recover it, the inlet temperature to the second reactor will be kept abit higher. In our previous work,
we took the feed temperature to the second reactor as 700 K (1260 R). In this case, we have less SO, (%2.9) and some
SO; (%7.6) in the feed gas. Consequently, the reaction rate equation will change and the equation (7), which shows the
relationship between conversion and temperature, will be dlightly different.

_ 86199+38383X ®)
T 71.83-3.2X

In our previous work, we have also found that in the second reactor with total pressure of 2 arm and feed temperature
of 700 K, the conversion can achieve amost 96 %. We have calculated the reaction rate and the conversion curve
according to it. It can be seen in Figure 8, the reaction rate has decreased because of less amount of SO..
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Figure 8. Reaction rate changesin the second reactor.

The effects of changing in total pressure and feed concentration of SO, are the same as in the first reactor. Both of

them affect positively the reaction rate as well as the curve on the Lepenspiel plot (Figure 8 and Figure 9).
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Figure 9. Conversion changes in the second reactor.
4. Conclusion.

1) Increasing total pressure increases reaction rate in each reactor,

2) Increasing concentration of SO, also increases reaction rate in each reactor,

3) By increasing the total pressure, we need less amount of catalyst for the same conversion,

4) By increasing the concentration of SO, we need less amount of catalyst for the same conversion.
The results are consistent with thermodynamic considerations.
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