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Abstract : Inthisstudy theresultsof cal culation of
ratecongtantsfor graphitegasificationreaction (reverse
Boudouard reaction) takinginto account heat and mass
transfer processesat temperatures of 900-1200°C are
presented. The calculation of rate constantsof C+ CO,
reaction ongraphitein presenceof calcium, magnesium,
strontium, iron (11) andiron (111) oxides, strontium car-
bonateand metdliciron was performed. Thegraphsof
linear dependenciesof pre-exponentia factor on acti-

INTRODUCTION

Theinteraction of carbon dioxidewith carbon plays
amajor rolein many pyrometallurgical hightempera-
ture processes, where coke, coal and other carbon ma-
terialsareused as solid reductants. Many studiesare
devoted toinvestigation of C + CO, reactionin order
toin creaseyield of carbon monoxide, whichisoneof
themost important raw materidsfor chemica produc-
tion?. It wasnoted in papers?4, that basi ¢ sol utions of
the problem of carbon gasification reaction speeding
can be obtai ned from fundamental s of reaction kinet-
ics, stream dynamics, diffusion, heat and masstransfer.
Therefore, thevariousaspectsof thisreaction were sud-

vationenergy for calcium, strontium andiron compounds
were plotted. Theisokinetic temperaturesfor various
groupsof catalystswere cdculated.
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ied very widdly. Particularly, the studiesconcerning the
influence of temperature on kinetics of the reverse
Boudouard reaction reveal the presence of compensa
tion effect.

Compensation effect isthe dependency between
pre-exponential factor (A) and activation energy (E,)

inArrheniusequation (4 = A4 - e‘%), whichreveds
often, when studying heterogeneous catalytic pro-
cesses® .. Inthiscasevaluesof Aand E, increase or
decrease s multaneoudy, compensating eech other, and
theinfluence of temperature on rate constant becomes
lesssubstantial. If the relationship between E, and A
for multiplereactionsgtrictly obeyslinear nature (log A
=a+p-E,), raeconstantsfor al reactions become
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equal at one certain temperature, which is called
“isokinetic temperature” T [,

The presence of compensation effect was noticed
at catal ytic gasification of carbons, activated by various
additives such as sodium lignosul phate*®, ferric ni-
trate'™, sodium and potassium carbonates**3, orga
nometallic compoundswithV, Cr, Mn, Feand Co*3,
sodium vanadaté® and others®. Theinfluenceof tem-
perature on rate constants of C + CO, reaction and
compensation effect in presence of calcium and mag-
nesium oxides, strontium oxideand carbonate, ironand
iron oxidesisthe subject of the present work.

The reverse Boudouard reaction C + CO, was
studied very widely41619 including studieswith dif-
ferent cod typesand at various carbon dioxide partia
pressures. Themechanism of thisreactionispostulated
to bethefollowing341617.19;

k4
ﬁ
CO,+ Cpg__ CO+ Cp .
k_4
k> >
C[o] — CO+ C[f] 2,

where C isafreeactive center on carbon surface,
abletoreaction, and Co isan active center, occupied
by oxygen atom, k , k | and k; are rate constants of
corresponding € ementary stages.

Reaction (1) proceedsreatively fast andischarac-
terized by following equilibrium congtant:

Kk [CO] ‘[C[o]]
Kp =%, = Tcoaicnm ®)
Here equilibrium concentrations of gases, [ CO] and
[CO,], areexpressedin mol cm™ and [C[o]] and [Cm]
arethe numbersof molesof occupied and free active
centers per onegram of carbon.

Reaction (2), corresponding to carbon transfer from
solid phase to gaseous one, which proceeds on occu-
pied active centers, ismuch slower.

Inthiscase, rate of gasification of carbon sample, sur-
rounded by gas of unified composition, can be ex-
pressedinfollowing way4:

dn
N. = ky - [C[o]] - P 4),

de
whereN, = % istherateof carbontransfer fromsolid

phaseto the gaseousone, mol s!, P—mass of carbon,
o.
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Itisstated, that full amount of active centers per

gram of carbon [Cm] isthesum of amountsof freeand
occupied active centers:
[Cl=[Cyl+[C,] (5).

Assuming that rates of formation and vanishing of
occupied active centers are equa and using steady-
State approximation, thefoll owing kinetic equation can
be derived:

d[Cpo1]
—LL =k, - [COZ] - [Cg] — 4

- [COT - [Clo]] — k2 - [Coy] = O (6).
Expressing[C,] from equation (5) and substituting

itintoequation (6) yidds:

k,-[CO,] - [Cl=k,-[CO,]-[C ] +k,

[COJ-[C I +k,-[Cpl (@)
Solvingfor [C[o]] fromequation (7) gives:.

k1-[CO5]-[Cpe

[Clal] = kl-[COZ[]+k_]1[~[(g(])]]+k2 (8).
Dividing both numerator and denominator by k; -

[CO,] gives:

[Clo1] =

[Cryl
| k_l-[CO] | ko (9).
" k1-[CO2] " k1-[CO3]

1

Definingthevaueof |, = % and subgtitutingit and

2

thevdueof K, fromequation (3) intoequation (9) yidds
[Cyl
[Clo)] =~ -

[cO] , 1
"[CO2]'Kp  [CO2]I2
Substituting equation (10) into equation (4) gives
theexpressionfor overall carbon gasificationrate:
dmz k2-[Crql-»

de - g4—_lcol 1
[CO2]-&p ~ [CO2]-72

Thevauesof K ) and |, do notinvolve any param-
eter that isafunction of physical propertiesof carbon,
they also are expected to beindependent of pressure.
The dependenci es of these parameters on temperature
aretaken from papert?,

Theam of thisstudy is:1) toinvestigate C + CO,
reaction on graphite in aflow reactor in presence of
caldum, magnes um, strontiumandiron compoundsusing
Kinetic equation (11) and considering heat and mass
transfer processes; 2) to calculate rate constants and
eva uate poss ble compensation effect between activa
tion energy and Arrheniusprefactor in presence of study-
ingadditives.

(10).

(1),
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EXPERIMENTAL

Performing of experiments

Thecommercidly availablegraphite powder which
comesinthegraphitepotswasusedin al experiments.
The graphitewas of spectral anaysisquality and had
theparticleszed 0.1 mmandimpuritiescontent of no
morethan 2 - 10° weight percent. Activating additives
wereof anadytica quality withparticleszed 0.1 mm
and purity of 99%. Carbon dioxidefrom ball oons, con-
tainingno morethan 0.1% CO and 0.01% H, was used.

Theinitia sampleswiththevariousconcentrations
of the catalystswere prepared by the mechanical mix-
ing of corresponding amountsof thegraphite and the
additivein plastic cupsduring 10 minutes. A weight taken
fromthesamplemixtureusing anaytica baanceADV-
200 with measurement error of £0.0001 g was placed
into a undum bath that was preliminarily calcined at
1200°C during 1 hour. The bath had been injected into
porcelain tube and placed into thermoba ance ATV-14
with carborundum heaters. Carbon dioxideflow was
passed through thetubewith determined rate. The stud-
ies were performed at temperature range of 900-
1200°C. Carbon dioxideconsumptionwas50cm*min
and gasflowingratein reactiontubewas1.06 and 1.32
cm s at temperatures of 900 and 1200°C respec-
tively. Theaundum baths used in experimentswere
welghted beforeand after the experiment and no mass
losswas detected.

Thermogravimetric analysiswas applied to study
reaction kinetics. According to paper?y, TGA canbe
freely used without needing to pay attention to chemi-
sorption dynamicsif carbon active surface areadoes
not exceed 312 m? g!. However, active surface area
of graphitewithout specid processingismuchlowert,
which allows using of TGA method freely.
Thermogravimetric curves obtained from different
weightstaken from one sample mixtureshow good re-
produci bility and compatibility with each other.

Sincethe heating areain thermobaanceissmall,
therewasno possibility to placeagasanayzer closeto
reaction zonein order to avoid decreasing temperature
of thegasstream. Therefore, the concentrationsof CO
and CO, in downstream were not directly measured.
They were calculated according to gasflowingratein
reaction tubeand graphite masslossrate.

Analysisof experimental data

Theexperimenta resultswere presented inform of
dependencies of masslossof graphite (F) ontime (t):

) =2"5.100% ==+ 100% (12)

where P _iscurrent graphitemass, P, isinitia graphite
massand AP =P_— P, isgraphite mass|oss,

Kinetic curveswereconditiondly dividedintothree
sections: section | — from start of experiment to time of
3 minutes, section |l — from third minute to the moment
of 65— 70 % graphite mass loss and section I11— from
65— 70 to 100 % graphite mass loss. The example of
thekinetic curvesisshown at Figure 1. Therate con-
stantswere cal culated according to section 1. In most
casestheexperimental pointsin thissectionwerede-
scribed by straight lines. The slopes of these lines

(AF/,.) weredetermined using less squarestechnique.
After thistheaverageratesof graphitemasslossat the
second section were determined:

AP/ — AF/azPo
AT 100%

After dividing thevauesof AI/AT by carbon molar

mass (12.0107 g mol') the rates of loss of graphite
amount of moles (graphite consumption rates) were
calculated.

Accordingtol®, the averagereaction rateinflow

(13).

system (%) can be cal cul ated independently by equa

tion:
dn __

(/Ya,n_/\/a, i) i
A= Ve =T s,
whereN_isthe averagerate of interaction of carbon
dioxide with graphite, X .and X _—the amounts of
CO, at reactor inlet and outlet respectively, cm?, F —
therate of incoming substance, mol s!, V—reaction
spacevolume, cm?,

Thevauesof N, ca culated in accordancewith equar
tion (14) werefound to be compatiblewith the values
of graphiteconsumption ratewithin their rangesof un-

certainty. Therefore, the graphite consumption rates
(A%T) were used for further rate constants calcula
tions.

Substituting theseva uesinto equation (11), taking
into account that carbon mass (P) inequation (11) is
identical toinitial graphitemass (P,) and solving the
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Figurel: Thermogravimetriccurvesfor thegasification of graphitedoped with 0.1 mol % SrCO, at: 1-950°C; 2—1000°C;
3-1050°C; 4-1100°C. Thekinetic parameter swer ecalculated from section || of thecurves.

resultingequationfork, - [Cm] givestheexpressionfor
the apparent rate constants of reaction C + CO,;

vy [col 1y
ko [Crl =52 (L + oo e + oo ) " 7 (19)

Variables[CO] and [CO,] inequation (15) areav-
erage actua gasesconcentrationson graphite surface.
Inflow reactors, even at high flowing speed, in case
when reaction on surface proceedswith significantly
highrate, adifference exist between reacting gascon-
centrationsin gasphaseand on thesurface. Taking into
account CO, masstransfer from streamto graphite sur-
face?! was performed according to equation:

1 1

X2 vy - Ur

D3
where CR(O) =C, - (1-9), CR(O) IS gas concentration
(either CO or CO,) on solid reagent surface, C,—av-
erage gas concentration in stream, @ _— the average
flow, referred to the outer contour of the solid reagent,
D-diffusion coefficient; X, —powder filling length, , —
gaskinematical viscosity, U_ —the average gas flowing
rateintube.

Itiswell known, that reverse Boudouard reaction

(16),

isendothermic. At high reaction ratesand big amount
of initid weightsitisnecessary to consder temperature
difference between solid material and gas stream. At
the temperatures of 900 — 1200°C heat transfer pro-
ceedsmainly by emisson mechanism. Theagpproximate
expressionfor temperaturedifferencecdculaionisthe
following®*:

1 dQ 1 1
AT = 2. (52 R
OSB dr max (I)él 4T3 (17)’

d
where o, is Stefan-Boltzmann constant, (d—Q)
T max

ismaximal amount of heat, produced during reaction

per time unit, ¢, is square of outer contour of solid
body, 7—temperature, K. The dimensions and defini-
tion rangesof variables, needed for ca cul ationsaccord-
ingtoformulae (16, 17), arelistedin TABLE 1.

RESULTSAND DISCUSSION

Determination of initial graphiteweight
Theinfluenceof graphiteinitid weight on gasifica:
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tionreaction rate and apparent rate constant (k; - [Cm])
was studied, according to equation (15) takinginto ac-
count heat and masstransfer according to equations
(16,17). Theexperimentswere performed at tempera:
tureof 1000°C with different weightsof graphite, doped
by 0.5 mol % CaO with CO, flowing rate of 150 cm®
min~'. Theresultsare presented inTABLE 2.

The differences between values of (k, - [Cm]) at
variousgraphiteweightsaresmall, thereforeused ca-
culation formulae arereliable. The average apparent
rate constant valueis(9.61+1.58)-10°mol s'g™!. Tem-
perature difference between gas stream and graphite
layer wasing gnificant for weightsof 0.01and 0.05 g.
At thesametimedifference between partial pressures
of CO, and CO in gas stream and graphitelayer was
substantial. For exampl e, at the rate of interaction of
carbon dioxidewith graphiteequal to 3.16:10°mol s'!
it was obtained according to formula(16) that é=0.39.
Thismeansthat averagevaueof CO, partia pressure
ingasphaseis 1.64 timeshigher thanthat in graphite
layer.

TABLE 1: Thedimensionsand definition rangesof physical

and chemical variables, used in calculationsaccordingtofor -
mulae (16, 17)

Variable Dimension Definition range
e Dimension less 0+1
Cr, Crpo) mol m 1+1000

Dy mol s*m™ 10410

D m?s* (1.2+2.0)-10*
Xy m 0.033

% m’s? (0.95+1.25) -10*
Ur ms* (0.5+ 1.0) -10°
AT K 0+5

o IJm?stk™® 5.67-10°®
&3, IS 0.8:16

o, m’ (5 + 20)-10°*

TABLE 2: Thedependenceof graphiteconsumption rate(N ), apparent rateconstant (k, - [C

All further experimentswereperformed usnginitia
weights equal to 0.02 g and CO, flowing rate of 50
cm® min'. Temperature diff erence between gas phase
and graphitelayer was not been taken into account due
toitsinggnificanceat smdl weights(asmentioned aore).
Thedifference between gas concentrationsin sseamand
on graphitesurfacewastaken into account. Thevalues
of ewere calculated according to equation (16) and
then actua gas concentrationswere cal culated.

Sudyingkineticsof C + CO, reaction with graph-
itedoped by variousadditives

Kinetic datafor gasification of puregraphiteand
graphitewith additives of 0.5, 1.0 and 2.0 mol % of
cacium oxide, 2.0 mol %of magnesium oxide, 0.2 mol
% CaO + 0.8 mol % MgO, 0.1, 0.25 and 0.5 mol %
of strontium carbonate 0.5 mol % of strontium oxide
0.5and 1.0 mol % of metalliciron, 1.0 mol % of iron
(1) andiron (I111) oxides are presented in TABLE 3 at
temperaturerange of 900-1200°C with temperatureal-
teration step of 50°C. Expressin gap parent rate con-
gant inform of Arrheniusequation, vauesof activation
energy E, and prefactor Aare calculated.

The dependencies between E, and log Aareplot-
ted for threedifferent catayst groups— one for calcium
and magnesium oxides, onefor strontium carbonateand
oxideand onefor ironandiron oxides. Theserelation-
shipsare approximated using |l ess squarestechnique.
The graphi c representations of theserelationshipsare
presented at Figures 2, 4 and 6. Thevaluesof E, and
log Afor puregraphitearemarked inthesefiguresonly
for comparison; they were not used for less squares
techniqueoptimization.

In order to verify isokinetic relationship hypoth-
esisArrheniusrelationsfor each group of catalystsare
plotted. Isokinetic temperaturesare cal cul ated accord-
ing to method, proposed in?28, The statistical crite-
riawhich allow accept or reject isokinetic hypothesis,
proposed by the authors of?") are used.

o), calculated graphitelayer

temperature(7T/°C) and aver agecar bon dioxide partial pressureon graphiteinitial weight

CO, partial pressure, bar

Graphiteweight, g N, /10°mol st . _ : (ke [C[t_ll)’}frs T/°C
in gas stream in graphite layer mol s™ g
0.01 0.676 0.99 0.964 10.56 1000
0.05 3.18 0.96 0.92 10.21 999
0.2 5.97 0.89 0.63 8.33 997
0.5 9.375 0.83 0.43 9.375 995
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TABLE 3: Thedataon gasificationrate(N ), apparent rate
congtant (K, - [Cm])' activation energy (E,) and pre-exponen-
tial factor (A) for gasification of graphitewith variousaddi-
tives

Graphite without C+0.5mal

r/°C agjditives (®) - _ % CaO -
Ne /107 (Kp- [Cigl)/10° Nc/107 (K- [Cy])/10”
mos* mosig® mds' mdsig?

900 - - 1.8 1.34
950 - - 2.94 2.56

1000 0.5 0.38 6.97 6.09

1050 1.18 0.91 145 15.0

1100 1.14 1.19 211 23.6

1150 1.89 1.58 - -

1200 3.11 2.75 - -

Ex/kJmol ™ 1412+ 16.9 201.1+10.7

logA 0.438+ 0.246 4.045+ 0.441

C+1mol % CaO C+2mol % CaO

TI°C "N.107 (k,- [Cm])/10'5 N /107 (K, - [cm])/lcr5
mos® mos'g* mds' mdsig?

900 0.87 0.61 0.66 0.47

950 1.95 1.47 1.20 0.88

1000 461 353 5.30 4.49

1050 8.85 7.39 11.9 10.6

1100 17.2 17.7 21.9 24.9

En/kdmol 2235+5.1 279.2+22.0
log A 4.724.+0.209 7.031+0.907
0,

e C+:§ mal % MgO 5 EB%%n@lO%AMCg? 5
Ne/107" (ke - [Cg])/10°° Ne/10" (kz- [Cyy])/10°
mos’ mds gt mos’ mds gt

950 0.83 0.61 1.67 0.86

1000 1.09 0.82 2.16 1.64

1050 3.19 1.57 10.8 10.2

1100 4.28 343 17.2 17.8

En/kdmol 161.6+25.8 304.7 + 48.7
log A 1.623+1.040 7.887+1.967
C+0.1mo % SCO;  C+0.25mol % SrCO;

TI°C "NJJ107 (ky- [Cm])/10'5 N. /1cr7 (Ko - [cm])/lcr5
mos? mos’g® mds' mdsig?

950 0.66 0.48 0.98 0.72

1000 1.57 1.24 24 1.89

1050 6.46 6.27 10.7 10.0

1100 27.7 37.1 30.0 438

Ex/kJmol ™ 407.3+47.7 389.1+36.7

log A 11.96+ 1.92 11.38+ 1.48
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C+0.5moal % SCO;

C+05mol % SO

TI°C N /107 (k,- [cm])/lcr5 Ne /107 (Kp- [cm])/lcr5
mos’ mds gt mos’  mds* g’
900 0.54 0.37 2.08 157
950 1.65 1.24 5.47 461
1000 5.12 4.88 5.30 10.4
1050 18.1 20.9 11.9 32,9
1100 322 48.8 21.9 57.6
Ex/kdmol 337.3+12.8 2459+ 10.7
log A 9.557 + 0.526 6.156 + 0.441
C + 0.5 mol % Fe C + 1.0 mol % Fe
TI°C "N./107 (Ky- [Cy])/10° Nc/107 (K, - [cm])/lcr5
mol s mol st g™ mo s’  mol s g’
1000 0.72 0.48 1.88 1.27
1050 17 1.33 2.85 2.36
1100 3.19 2.63 5.04 4.28
1150 5.59 4.92 9.69 9.05
1200 12.1 13.6 235 285
Ex/kdmol 2492 + 14.0 234,3+253
log A 4.915+0.533 4.642 + 0.968
C+ 1.0mol % FeO C+ 1.0moal % Fe,0;
TI°C  "N./107 (k,- [cm])/lor5 Ne /107 (ko - [Cm])llU
mo s’ mos’g® mds' mdsig?
1000 1.79 1.46 1.83 1.55
1050 3.17 2.62 4.17 3.63
1100 5.34 476 7.44 10.4
1150 17.8 19.0 24.8 32,9
1200 29.8 41.4 33.2 50.1
Ex/kdmol 268.7 +30.8 286.0+ 18.3
log A 6.081+ 1.178 6.906 + 0.699

(a) Calcium and magnesium oxides

It should benoted that catalytic activity of CaOis
much better than that of MgO. For example, rate of
graphitegasification reaction at 1100°C increases in
following sequence: pure graphite (C) >C + 2%
MgO>C + 0.2% CaO + 0.8% MgO>C + 0.5%
Ca0>C + 2% Ca0. Reaction rate of sample of C +
1.0% CaO dlightly drops out of thissequence. There-
fore, additionevenof 0.2mol % of ca cium oxide goeeds
up the reaction 5 moretimesthan addition of 2.0 mol
% magnesium oxide. However, addition of MgO raises
activation energy and prefactor valuesdramaticaly.

Ascan beseenfrom TABLE 3, both valuesof E,
and A grow withincrement of of added calcium oxide
amount. Thisisclearly shown at Figure 2. Therefore,
compensation effect occurs.
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Figures 3 shows the Arrhenius plots andMgO.Isokinetictemperature T, isequal to 1084
(In (k,-[C,]) = (%)) for reactionswith additivesof CaO + 18°C.

8 T

)

-1

log (4 / mol s

E,/kImol "

Figure2: Thedependency of prefactor logarithm (log A) on activation energy (E,) for graphite gasfication reaction with
presenceof: 1—pure graphite (C); 2— C + 0.2 mol % CaO + 0.8 mol % MgQ; 3— C + 0.5 mol % Ca0; 4—C + 1 mol % CaO;
5-C+2 mol % CaOj; 6— approximated line, log A=(38+1) - 10°- E, - (3.7+0.3), R*=0.9977.

10 T

=)

|

T
Lo R —

g])

1

—In (ky"Cpy / mol s

. I ; ; :
6.0 6.5 7.0 7.5 8.0

70tk
Figure3: Arrheniusplotsfor graphitegasification reaction with additivesof: 1—0.2 mol % CaO + 0.8 mol % MgQ; 2—-0.5
mol % CaO; 3-1.0 mol % Ca0j; 4—2.0 mol % CaOj; 5—isokinetic temperature 7, = (1357 + 18) K.
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(b) Strontium carbonateand oxide

Thedataon rate constants of C + CO, reactionin
presenceof strontium compoundsarelistedin TABLE
3. Ascan be seen from table, at temperature range of
900-1000°C the highest gasificationrateis achieved
with addition of strontium oxide. Thegpparent rate con-
stant growswith strontium carbonate content increase
from 0.1 10 0.5 mol % at all studied temperatures. At
low temperaturescataytic activity of strontium carbonate
islesseffective, than that of strontium oxide, because
reaction rateswith addition of strontium carbonateare
lower, than with oxide. However, when temperature
increases up to 1100°C, reaction rates become rela-
tively equal. Thisisbecause strontium carbonate be-
ginsto decompose atemperatures above 1020°C form-
ing strontium oxide,

The dependency betweenlog A and E, for reac-
tion with presence of strontium compoundsisdepicted
at Figure4. With activation energy decrease, prefactor
drops a so; therefore compensation effect is present

12 +

g)

log (4 / mol s

g
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inthiscase.

TheArrheniusplotsfor corresponding reectionsare
shown at Figure 5. Isokinetic temperature can be cal -
culated very precisely and isequal to 1171 + 3°C.

(¢) Ironand iron oxides

In casesof adding metal iron to graphite gasifica-
tion reaction speeding isobserved only upto 900°C, in
addition, reaction rategrowssignificantly withincreas-
ing of additive amount. Iron oxides increase rate of
C+CO, reaction even more. Inrelationtoiron com-
poundslinear dependency betweenlog Aand E, isalso
present and has high approximation rate (see Figure 6).
However, isokinetictemperatureisdeterminedwithlarge
uncertainty (seeFigure7). Moreover, statisticd verifi-
cation of isokinetic hypothesis® failsinthiscase, andit
isnot possibleto argue about reliable compensation.
According to? it isquite possiblethat observed cor-
relation between log Aand E, isaconsequence of ran-
dom datascarce.

According to® theformation of CO comeseasier

\4»..0
AN N AW —

0':|+FH—H—H—H+H—H—|—+—H—H—FH—H—HH—H—H+H—H—|—H—H—H—H—H—H+FH
140 160 180 200 220 240 260 280 300 320 340 360 380 400 420

E,/kImol
Figure4: Thedependency of prefactor logarithm (log A) on activation energy (E,) for graphite gasfication reaction with
presenceof: 1— pure graphite (C); 2— C + 0.1 mol % SrCO,; 3— C +0.25 mol % SrCO,; 4— C + 0.5 mol % SrCO,; 5-C
+0.5mol % SrO; 6 - approximated line, log A = (361+5) - 10*- E, — (2.7 +£0.2), R = 0.9995.
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6.5 7.0 75 8.0
r'/10t k!

Figure5: Arrheniusplotsfor graphite gasification reaction with additivesof: 1 0.5 mol % SrO; 2—0.5 mol % SrCO,; 3
—0.25 mol % SrCO,; 4—-0.1 mol % SrCO,; 5—isokinetic temperature 7,= (1444 + 3) K.

g)

-1 -1

log (4 / mol s

7__

140 160 180 200 220 240 260 280 300

E,/kK mol '

Figure6: Thedependency of prefactor logarithm (log A) on activation energy (E,) for graphite gasfication reaction with
presenceof: 1—pure graphite (C); 2—C + 0.5 mol % Fe; 3— C +1 mol % Fe; 4— C + 1 mol % FeO; 5—C + 1 mol % Fe,O;
6— approximated line, log A= (46+5) - 103 E, — (6.3 + 1.4), R>=0.9724.
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Figure7: Arrheniusplotsfor graphitegasfication reaction with additivesof: 1—0.5 mol % Fe; 2—1.0 mol % Fe; 3—1.0 mol
% FeO; 4-1.0 mol % Fe,O_; 5—isokinetic temperature 7,= (1254 £ 118) K.

if C—C bonds, that should be broken, are weakened. 3. Therelationship between el ectron work functions

Thiscantakeplace, if graphitecrystal latticetransfers
anelectrontointermediary metalicionor if covaent
bond forms between carbon matrix and metal atom.

According to datain present study thefollowing
consequence of gasification reaction rateincrease can
be provided: C (without additives) > Fe
>MgO>FeO>Ca0>SrO. Itisalmost coincident with
consequence of oxidesranged with respect to e ectron
work function decreasing. Therefore, cata ytic proper-
tiesof noted compoundscan belinked with their ability
to donate el ectrons, which take part in active centers
formation, weakening C — C bonds and increasing
graphitegadficationrate.

CONCLUSIONS

1. Kineticsof reverse Boudouard reaction on graphite
was studied with presence of additivesof calcium,
magnesium, strontium, iron (1) and iron (111) ox-
ides, strontium carbonateand metalliciron. Appar-
ent rate constantsare cal cul ated.

2. The dependencies between activation energy and
pre-exponential factor for various catalystswere
studied. Compensation effect was revealed.
Isokinetic temperatureswere cal cul ated.

of theoxidesand their cata ytic activity wasnoticed.
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