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ABSTRACT KEYWORDS
This paper presents a study of the influence of the proportion of polyeth- Polyethylene;
ylene plastic, on the yields of gas emissions during the combustion of the Millet stalks;
mixture of “millet stalks and polyethylene plastic bags”, in a prototype of Numerical simulation;
pottery kiln. During these investigations, we looked at the rate of residual Gaseous emissions.

oxygen (O,) and emissionsof carbon dioxide (CO,) and nitrogen monoxide
(NO), asafunction of primary air flow (Q,) and secondary airflow (Q,). The
pottery kilns are considered as those powered by natural air flow. The
primary air flowsranging from 45 to 85 NmPh* and secondary air flowsfrom
20 to 60 Nm*h'™. To conduct this numerical study, the model used is “reac-
tor” based on the code CHEMKIN II. The modeled area is composed into
amultitude of perfectly stirred reactors (PSR) and the kinetic model has 893
speciesand 113 reversible chemical reactions. Theresults show that in our
test conditions, the increasing of therate of plastic in the mixture produces
a decrease of the residual oxygen content, due to a higher oxygen con-
sumption regardless of the airflow. The CO, emissions are an increasing
function of therate of plastic (polyethylene) inthefuel mixture. Finaly, NO
emissions are increasing functions of the mass of plastic for a proportions
less than or equal to 20%, and are essentially controlled by the tempera-
ture of the reactional medium. © 2012 Trade Sciencelnc. - INDIA

INTRODUCTION pation during the dry season. However, this kind of

activity causesproblemswith fud supplies. Indeed, millet

Thepotteryis, for somedeveloping countries,an  stalksareone of themainfuelsusedinthefield of pot-
aternativeto struggle against poverty. Infactit gives  tery!*d, because of their cheap accessibility.. However,
people, mostly composed of farmers, againful occu-  they area so used in breeding for nutritional of some
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animals (cattle, donkeys,...) and asan ingredient for
making compost (organic fertilizer usedin agriculture,
gardening,...). Giventheenvironmenta problemscaused
by waste pl asticsincluding plastic bags (made of poly-
ethylene) in most African countriesand given the prob-
lems of recycling (very few plastic bagsrecycled to
date), we have proposed to couplethemillet stalksand
the plastic polyethylene bagsto make afuel. Plastic
bagsare used hereasan additiona fuel. The combina
tion of thesetwo fuds, inthepottery kilns, fuelsalows
to eliminate, in part, the plastic waste and reducethe
useof millet talksasfud. To optimizethiscoupling, we
havetriedinthis paper to seewhat would bethe effect
of the proportion of plastic in the mixtureon the gas-
eous emissions during the homogeneous combustion
phasein aprototype of pottery kilns. For the prototype
of kiln studied, we chose amodel with natural draft
ascending, smpleto implement, with thegeometry of
the combustion zonewhich matchesthat model sthe
program “reactor” that we used. Our attention was fo-
cused onthefollowing gases: theresidua oxygen(O,),
carbon dioxide (CO,) and nitrogen monoxide (NO).
For thelast two, one hasastrong impact on the green-
house effect and the health of humans. Furthermoreit
isone of the gaseous speciesthat the program “reac-
tor” can follow. The study was conducted following
for thethree combustion regimes: lack of air, stoichi-
ometry and excessair. To gain abroad range of data
for arigorousinvestigation for theimpact of the pro-
portion of plastic on the formation of gaseous species
for different primary air flow (Q,) and secondary air-
flow (Q,), differentinitial conditions hasbeen studied.
Themixtures“% of millet stalks -% of plastic” are:
“100% - 0%, “95% - 5%, “90% - 10%”, “85% -
15%”, “80% - 20 % “,” 75% - 25% “and” 70% -
30%. The airflows vary from 45 to 85 Nm*h* for Q,
and from 20to 60 Nm*h*for Q,.

DEFINITION OF FUELS

Millet stalkscomefrom cropsthat farmerscarry
out each season. They arefound in significant quantity,
sncemillet (sorghum) isoneof thefood most grownin
Burkina (the stapl e food consumed by most people).
They aremainly composed of cdllulose, hemicelluloses
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andlignin, which account for mgority of organic matter
(60-80%) of theplant FELLER C. et al.!®. The Poly-
ethylene (PE) belongsto thefamily of polyolefin. There
are two types of PE: the high density polyethylene
(HDPE) andthelow density polyethylene (LDPE: itis
that we considered inthispaper). Their density varies
between 915 and 950 kgm. PE is often used in the
manufacture of filmsand plastic bags. It iscomposed
of 85% of carbon and 15% of hydrogen, LEVENDIS
A.Y.eta.M [tiscomposed of 99% of volatile matter
and 1% of fixed carbon, MARK F. E. et a.[*2. The
Polyethylene hasthe distinction of havingavery low
moi sture content of about 2to0 3% LEBOURG J. F. et
al .9 Elementary analysis of millet stalksand plastic
bags from polyethylene, was performed to accurately
characterizethefuelsand conduct aba ances of matter.
For this, samples of each component were analyzed
for determination of mgjor e ementsthat istosay: C, H,
O, N, S, Cl, H,O and ashes. These tests were con-
ducted by the Department of Analysisof the National
Center for Scientific Research (CNRS) onfivediffer-
ent samples of each fuel. The values presented in
TABLE 1 correspond to the average levelsfrom the
fivesamplesanalyzed.

TABLE 1 : Elemental composition of each constituent of
combustible mixture

Elements Millet stalks (%)  Plastic bags (%)
Carbon (C) 44.4 73.8
Hydrogen (H) 6 11.5
Nitrogen (N) 0.3 0.2
Sulfur (S) 0.15 0.2
Oxygen (O) 43.8 4.8
Chlorine (Cl) Traces Traces
Water (H,O) 44 25
Ash 0.8 6.7

PRESENTATION OFTHE MODEL

Thenumerica solution of thechemical combustion
can be achieved by using a specific computer code.
Themost commonly used isthe CHEMKIN Il code,
developed at SandiaL aboratory by KEER. J. et al.[.

Thechoiceof modd “Reactor” + CHEMKIN Il is
justified by thefact that wemodel the phase homoge-
neous combustionthat iscontrolled by chemica kinet-
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ics. Thisjustifiesthedominance of the phenomenon of
chemical kineticstothat of flows. Inaddition, thismode
has been used by ROGAUMET. et al.'"%¥ and RI-
CHARD F. et d.* to model the chemical process of
combustioninakilnwith thesamegeometry astheone
we model. Asin our case ROGAUMET. et al.[1718l
and RICHARD F. et a.™ have considered in their
work, amixtureof cdlulosicand plasticmaterids. Itis
therefore necessary to use softwarewhich consistsof a
detailed chemica model coupled to asimple physical
model, whichisthe casewith CHEMKIN II.

Principleof theprogram « Reactor »

Thisprogram (“Reactor”), specific to this applica-
tion, was devel oped by ROGAUME T.*¢ and opti-
mized by ROGAUMET. et a.*®. He had to be re-
peated and modified to apply to our study. It usesthe
CHEMKIN Il package developed by KEE R. J. et
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a.® andthemodd of perfectly stirred reactors (PSR)
developed by GLARBORGP. et d.[. Thechemical
model usedisonedevel oped by DAUGHTP. et a.™?
on thereburning of nitrogen oxides. The program al-
lowsto moddlingdl the chemica reactionsthat occur
In gaseous combustion zone, iethe area between the
top of the solid bed and the out of thekiln. The mod-
eled areaisdividedinto aninfinitenumber of PSR self-
incrementing over theentireheight of thekiln. It should
thereforedlow the determination of the composition of
exhaust smokefrom thekiln by themere knowl edge of
themolefractions of productsformed during thermal
degradation of mixing fud and oxidizer flows. Modd -
ingisachieved when thecombustioninthekilnisas-
sumed established. It isthen placed in the casewhere
thesolid bedishdf itsorigina height. Theprograma-
lowsto monitor theevolution of ahorizontd dice(mod-
eled by aPSR) of gasthroughout hiscareer inthekiln.
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| de combustion

Zone secotdate
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LE COMEBUSTION
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EUREIpoEEsgt
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d&coupage e une
raalttade d= PSH

FONE primaite
de combushon

Wi i e . - -
Degradabion du solde
composthon gareuse determunee
experrnental=ment
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Figurel : Principle of kiln modelling
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Combustion being established, al combustion param-
eterssuch astemperature, pressure, flow, oxygen con-
centration and exhaust emissionsare stableover time.
Thisportion of gasmay beregarded asrepresentative
of established combustionin thereactor.

The oxidation zone of degradation gasesisthusdi-
vided into different superimposed perfectly stirred re-
actors, incrementing itself over theentire height of the
kiln. Thesystem’s main advantages:

- Thedivisoninto aninfinitenumber of smadl perfect
reactors can be closer to the maximum of combus-
tion conditionsencounteredin thistypeof kiln;

- Thesmadl sizeof each PSR dlowsto suggest that the
mixtureishomogeneousinitsmidst;

- Takinginto account theimportant experimental pa-
rameterssuch asair flow and combustion tempera:
tures,

- Takinginto account the secondary air inletsand their
locationsfor therespect of theres dencetimeof gas
inanoxidizing environment and hightemperature;

- Monitoring theformation of pollutantsthroughout the
height of thekiln: identification of significant areas of
pollutant formation;

- Thesystemisscalableand easily adaptableto other
geometriesof kiln.

Thismodel was designed based on assumptions
madein the case of combustion with excessof primary
air upper or equal to 1, that isto say with very fast
diffusion ratesso that the combustioniscontrolled by
chemicd kinetics. However, comparison of experimentd
and theoretical resultsachieved by ROGAUMET. et
a ' dlowed to observe agood agreement during com-
bustion with excessair lessthan 1. Similarly, RICH-
ARD F. et a.™ perform tests on the model behavior
asafunction of excessair and show that theuse of the
modd can begenerdizedto dl experimenta conditions
regardiessof thevalues of excessair.

Figure 1 showstheprincipleof dicing, inour appli-
cation to themodeling of pottery kilns.

Thecutting of the combustion zonein primary, sec-
ondary andtertiary zone hasanimportant role.

- Primary zone: Inthisarea, thereisthe oxidation
reactionsof hydrocarbonsand nitrogenousinterme-
diatessuchasHCN, NH,, HNCO to form mainly
CO, CO,, NO and N, Itishere that the phases of
ignition and homogeneous combustion occur.
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- Secondary zone: Itischaracterized by atiered of
threeinletsof secondary air and isthe zone of aho-
mogeneouscombustion. Theinletscan:

e combustion of unburned (soat, tar,...) coming from
theprimary zone;

e oxidationof reactiona intermediatesthat could not
beoxidizedintheprimary areg;

¢ reduction of oxides (oxides of carbon, of nitro-
gen...) trained in primary combustion zone.

- Tertiary zone: Inthispart of thekiln, combustion
endswith theextinction of theflames, characterized
by lower of combustion temperature.

Theprogramrequiresastheinitial dataof combus-
tionair flows, temperaturesin thedifferent combustion
zones (primary, secondary andtertiary), therate of mass
loss, theburning timeand compodtion of devol atilization
gasesfromthermd degradation of thefud mixturesolid.
Figure 2 showsin detail how the program “reactor”
that operate.

Usngdifferent dataintheinput fileREACTEURINp
and depending ontheresidencetime of thegasineach
perfectly stirred reactor, the program cal cul ates the
volumeof each PSR: thisvolumeisdifferent withinthe
different zonesof thekiln according to theflow rates of
gas(fuel and oxidizer flow rates, temperatures). After
ca culating thevolumes of each perfectly stirred reac-
tors, the program cal cul ates the number “n” of PSR
necessary to ssimulatethe desired area. Then, the pro-
gram performsntimestheloop of calculationfor each
PSR. Attheend of theca culation, an output fileiscre-
ated: REACTEURout. Thisfiledlowstherecording of
the concentration of different chemical speciesat each
calculation step, that isto say after each PSR and the
location (height) of the corresponding edge. Itisthen
possibleto monitor theformation of each pollutant at
each point of thekiln. In addition, following the com-
mand sel ected, the program can calcul atethevelocities
of each reactioninvolved and the net rates of formation
and reduction of each gas specieswithintherange de-
sred.

DETERMINATION OFINITIAL CONDITIONS

Durationsand temper atur esof combustion
Themodel of prototype of our study isan updraft
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Figure2 : Detailed architecture of the program “Reactor”

kilnlistedinWest AfricaDAHO T.13. Thusthemodel

of kiln type 11l was chosen because it has the same
geometry that thekiln modeled by themodd “Reactor”
+ CHEMKIN I1. It’s also a kiln with which the average
of temperatures of cookingis950°C and its use, the
technol ogy and the construction costsremain afford-
ablefor most potters. Preliminary testsof combustion
have been achieved in this prototype to obtain: the

temperature and duration of combustion in homoge-
neousphase. Thesetestshaveinvolved mixtures % of
millet stalks- % of plasticbags”: 100% - 0%, 95-5%,
90% - 10%, 85% - 15%; 80% - 20%, 75% - 25%,
70% - 30%. In TABLE 2 we present a summary of
these measures.

Thetheoreticstoichiometricair flow of combustion
Themassdistribution of millet stalksand plastic,
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TABLE 2 : Temperatures and average times of combustion
in established phase, for 400 g of fuel

Proportions of Average Burning time of
plastic bags temperature  the homogeneous
(%) O phase (s)
0 850 103
5 875 107
10 900 112
15 915 116
20 950 120
25 930 125
30 965 129

and theduration and temperature of thecombustionin
established phasein the prototype of kiln, for afuel
massof 400g, aregiveninTABLE 3, below:

TABLE 3 : Durations and temperatures of combustion ; Mass

distribution for plastic and millet stalksin each mixture
studied

% of millet

stalks-% of  100-0 955 90-10 85-15 80-20 75-25 70-30
plastic

Mass of millet

sake (0 400 380 360 340 320 300 280

('\;';“"f plastic 0O 20 40 60 8 100 120

Combustion 103 107 112 116 120 125 129

time (s

Temperature of

combustion 850 875 900 915 950 930 965

O
Fromthedementd analysis performed for each of
thetwofuels, it ispossibleto determinethe chemical
elemental composition of each, then massand themo-
lar composition of each fued mixturestudied. Thecom-
position of themixture prepared inthekilnis:

Case 1: Mixture 100% - 0%

Carbon: (400 x 44.4%) = 177.6 g or 14.80 moles
Hydrogen: (400 x 6%) = 24.00 g or 24.00 moles
Nitrogen: (400 x 0.3%) = 1.2 gor 0.0857 mole
Sulfur: (400 x 0.15%) = 0.60 g or 0.0187 mole
Oxygen: (400 x 43.8%) = 175.20 g or 10.95 moles

Case 2: Mixture95% - 5%

Carbon: (380 x 44.4%) + (20 x 73.8%) = 183.48g or
15.29 moles
Hydrogen: (380 x 6%) + (20 x 11.5%) = 25.10 g or
25.10moles
Nitrogen: (380 x 0.3%) + (20 x 0.2%) = 1.18 g or
0.0842 mole
Sulfur: (380 x 0.15%) + (20 x 0.2%) = 0.61 g or
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0.0191 mole
Oxygen: (380 x 43.8%) + (20 x 4.8%) = 167.40g or
10.4625 moles

Case 3: Mixture90% - 10%

Carbon: (360 x 44.4%) + (40 x 73.8%) = 189.36 g or
15.78 moles
Hydrogen: (360 x 6%) + (40 x 11.5%) = 26.20 g or
26.20 moles
Nitrogen: (360 x 0.3%) + (40 x 0.2%) = 1.16 g or
0.0829 mole
Sulfur: (360 x 0.15%) + (40 x 0.2%) = 0.62 g or
0.0194 mole
Oxygen: (360 x 43.8%) + (40 x 4.8%) = 159.6 g or
9.975moles

Case4: Mixture85% - 15%

Carbon: (340 x 44.4%) + (60 x 73.8%) = 195.24 g or
16.27 moles

Hydrogen: (340 x 6%) + (60 x 11.5%) = 27.3 g or
27.3moles

Nitrogen: (340 x 0.3%) + (60 x 0.2%) = 1.14 g or
0.0814 mole

Sulfur: (340 x 0.15%) + (60 x 0.2%) = 0.63 g or
0.0197 mole

Oxygen: (340 x 43.8%) + (60 x 4.8%) = 151.8 g or
9.4875moles

Case5: Mixture 80% - 20%

Carbon: (320 x 44.4%) + (80 x 73.8%) = 201.12gor
16.76 moles

Hydrogen: (320 x 6%) + (80 x 11.5%) = 28.40 g or
28.40 moles

Nitrogen: (320 x 0.3%) + (80 x 0.2%) = 1.12 g or
0.08 mole

Sulfur: (320 x 0.15%) + (80 x 0.2%) =0.64 gor 0.02
mole

Oxygen: (320 x 43.8%) + (80 x 4.8%) = 144.0g or
9.00 moles

Case 6: Mixture 75% - 25%

Carbon: (300 x 44.4%) + (100 x 73.8%) = 207.00 g
or 17.25moles

Hydrogen: (300 x 6%) + (100 x 11.5%) =29.50g or
29.50 moles

Nitrogen: (300 x 0.3%) + (100 x 0.2%) = 1.10gor
0.0785mole

Sulfur: (300 x 0.15%) + (100 x 0.2%) = 0.65 g or
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0.0203 mole
Oxygen: (300 x 43.8%) + (100 x 4.8%) = 136.2g or
8.5125moles
Case7: Mixture 70% - 30%
Carbon: (280 x 44.4%) + (120 x 73.8%) = 212.88 g
or 17.74moles
Hydrogen: (280 x 6%) + (120 x 11.5%) = 30.6 g or
30.6 moles
Nitrogen: (280 x 0.3%) + (120 x 0.2%) = 1.08 g or
0.0771mole
Sulfur: (280 x 0.15%) + (120 x 0.2%) = 0.66 g or
0.0206 mole
Oxygen: (280 x 43.8%) + (120 x 4.8%) = 128.40gor
8.02moles

Considering that, all the carbon becomes CO,, dll
thenitrogen becomesNO,, al the sulfur becomes SO,
al thehydrogen becomesH,O, according to thereac-
tions
C+0,——» CO,
N+O,—— NO,
S+0, —— SO,
4H+0, ——2H0
Theneed oxygento burn 400 gramsof fud is:.
Case 1: Mixture 100% - 0%
[14.80 + (24.00/ 4) + 0.0857 + 0.0187] — (10.95 / 2)
= 15.4294 moles of oxygen, either under normal con-
ditionsof temperature and pressure, avolumeof:
15.4294 x 22.4=345.6185 NL of O,
Case 2: Mixture 95% - 5%
[15.29 + (25.10/ 4) + 0.0842 + 0.0191] — (10.46 / 2)
= 16.4383 moles of oxygen, either under normal con-
ditionsof temperature and pressure, avolumeof:
16.4383 x 22.4=368.2179 NL of O,
Case 3: Mixture 90% - 10%
[15.78 + (26.20/ 4) + 0.0829 + 0.0194] — (9.975 / 2)
=17.4448 moles of oxygen, either under normal con-
ditionsof temperature and pressure, avolumeof:
17.4448 x 22.4=390.7635 NL of O,
Case4: Mixture 85% - 15%
[16.27 + (27.3/ 4) + 0.0814 + 0.0197] — (9.4875 / 2)
=18.4523 moles of oxygen, either under normal con-
ditionsof temperature and pressure, avolumeof:
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18.4523x 22.4=413.3315NL of O,
Case5: Mixture 80% - 20%

[16.76 + (28.40/ 4) + 0.08 + 0.02] — (9.00 / 2) =
19.4600 molesof oxygen, either under normal condi-
tions of temperatureand pressure, avolumeof:

19.4600 x 22.4 = 435.904 NL of O,
Case 6: Mixture75% - 25%

[17.25+ (29.50/ 4) + 0.0785 + 0.0203] — (8.5125 /
2) = 20.4675 moles of oxygen, either under normal
conditions of temperature and pressure, avolumeof:

20.4675x 22.4 = 458.472NL of O,.
Case7: Mixture 70% - 30%

[17.74+ (30.6/4) + 0.0771 + 0.0206] — (8.02/2) =
21.4777 molesof oxygen, either under normal condi-
tionsof temperature and pressure, avolumeof:

21.4777x 22.4=481.1005NL of O,.

The combustion times of differentsmixturesare
known and thecombustion air contains20.9% oxygen.
If oneconsidersthat in each case, themasslossrateis
constant throughout the experiment, then the airflows
averagefor stoichiometric combustionfor each mixture
ae

Case 1. Mixture 100% - 0%

(345.6185.10° / 0.209) x (3600 / 103) = 57.8 Nmh'*
Case 2: Mixture 95% - 5%

(368.2179.10° / 0.209) x (3600 / 107) = 59.3 Nm*h’*
Case 3: Mixture 90% - 10%

(390.7635.10% / 0.209) x (3600 / 112) = 60.1 Nmh'*
Case4: Mixture85% - 15%

(413.3315.10% / 0.209) x (3600 / 116) = 61.4 Nmh'!
Case 5: Mixture 80% - 20%

(435.904.10°/ 0.209) x (3600 / 120) = 62.6 Nm3n!
Case 6: Mixture 75% - 25%

(458.472.10°/ 0.209) x (3600 / 125) = 63.2 Nm°h!
Case7: Mixture 70% - 30%

(481.1005.10° / 0.209) x (3600 / 129) = 64.2 Nmh'*
Operating conditions

To achieveour objectivesof smulations, wechose
to work in three combustion regimes (defined by the
value of excess air), that is to say for the excess of
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TABLE 4 : Operating conditions for the numerical simulation during combustion in the prototype of kiln

Proportion Q:(Nm®h™) 45 55 65 75 85 45 55 65 75 85 45 55 65 75 85 45 55 65 75 85 45 55 65 75 85
Stoichiometric airflow Q. (Nm°h'd) 20 30 40 50 60
100% - 0% e 081011131508 10 11131508 1.0 1.1 1.3 1.5 08 1.0 1.1 1.3 1.5 0.8 1.0 1.1 1.3 15
o7.8 & 03 05 07 09 1.0
95% - 5% e 080911131408 09 1113140809 1113 140809 1.1 1.3 1.4 08 09 1.1 1.3 14
59.3 & 0.3 05 07 08 1.0
90% - 10% e 070911121407 09 1112140709 1112140709 11 12 14 0709 11 1.2 1.4
60.1 & 0.3 05 0.7 08 1.0
85% - 15% e 070911121407 09 1112140709 1112140709 1112 140709 11 1.2 14
614 & 0.3 05 0.7 08 1.0
80% - 20% e 0709 1012 1407 09 10121407 09 1.0 12 14 07 09 1.0 1.2 1.4 07 09 1.0 1.2 1.4
62.6 & 0.3 05 06 08 1.0
75% - 25% e 070910121307 09 10121307 09 1.0 12 1.3 07 09 1.0 1.2 1.3 0.7 09 1.0 1.2 1.3
63.2 & 0.3 05 06 08 0.9
70% - 30% e 070910121307 09 10121307 09 1.0 12 1.3 07 09 1.0 1.2 1.3 07 09 1.0 1.2 13
64.2 & 0.3 05 06 08 0.9
primary air, below, equa and above 1. We definethe a7=aD
excessair astheratio of actually injected airflow and 1
theoretical stoichiometricarflow. Theseconditionsare
summarizedinthe TABLE 4 below. =
Q, =Primary airflow Nm*h*, Q,= Secondary airflow Nm*h%; *Q1=5
e, = Excessof primary air: e, =Q,/Soichiometricairflow; S +Q1=65
e, = Excesssecondary air: e,= Q,/ Stoichiometric airflow. *Q1=75
4 +Q1=85
RESULTS 9
. D T T T T T T
Residual oxygen (O,) 0 5 1 15 20 2% 30 35
. . . % of plastic
The_eVO| ution (_)f residud oxyge” accordingtothe Figure4 : O,accordingtotheproportion of plasticwith Q,=
proportion of plastic, for Qach primary and secondary 30 Nm3.h+
arflows, ispresentedin Figures3to 7. Thecurvesare
i . . Ce=40
plotted for different vauesof primary air flow: ®
Q=20 M
14 8 S e S
i S H T e +0l=45
., e —
~Q1=45 - ———— =+Qi=5
b - 4
e ois ~ 8 -1 =85
- Q1=55 &
- «Q1=65 £ Q=75
o
Q=75 4 —+0l=8
+Q1=85 2
2 -
0 ; . ; ; ; ; 0 § W 1\ m™m X @ =
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When therate of plasticinthemixtureincreases, the
rates of residual oxygen decreases, which meansthat
theincreasing of the plastic rateleadsto anincreasing

of

oxygen consumption. Severd reasonsmay explain

thisphenomenon:

Experimental work of OUIMINGA S. K. et al.[*4
on the combustion of polyethylene (PE) in tubular
furnace, showed that when the plastic massincreases,
oxygen consumptionisimportant. That alsojustifies
thechanging of levelsof NO and CO, that we present
later.

Thehigher theplasticisstronger andthereispres-
enceof carbonand hydrogeninthefud mixture (see
elemental analysis). Thisprovides, during combus-
tion, alarger amount of hydrocarbonsthat are oxi-
dized by consuming more oxygen.

More content of plasticin themixtureincreasesand
moretheoxygen supplied directly by themixturede-
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creases(seeanayss).
Carbon dioxide(CO,)

TheEvolutionof emissonsof carbondioxide (CO,)
according to theproportion of plasticinthemixtureis
presentedin Figures8to 12 for different values of the
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primary air flow. Each Figure correspondsto adiffer-
ent secondary air flow.

Theevolution of the curves showsthat, when plas-
ticrateincreases, CO, emissionsareincreasing, and
theefficiency of carbon conversioninto CO,. Thisre-
aultislogica, snceanincreaseinthecontent of plastic
generatesanincreasein the concentration of carbonin
the fuel mixture. For the rates of plastic between O-
20%, thisresult can a so be explained by theincrease
of combustiontemperaturewith the percentageof plastic
inthefud mixture. Indeed, YETTERR.A. etd.[*¥ and
GLASSMAN 1.8, show that CO, emissions are an
incread ng function of temperature. Inaddition, thework
of DRYERF. L. et d.® indicatesthat therate of for-
mation of CO, increases considerably withtempera-
turefrom 830°C. Finally, the increasing of rate of plas-
tic generatesan increase of the concentration of hydro-
genthat isfavorsanincreasein therate of oxidation of

Influence of the proportion of plastic on the emissions of NO, CO,, O,
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COinto CO, BROKAW R. S!!U. For the contents of
plasticsin the mixture between 20% to 30%, the com-
bustiontemperatureis constant. Theincreasing of CO,
levelsispartly dueto theincrease of hydrogen concen-
tration when themassof plasticinthemixtureincreases
and partly to theresidua oxygen content: Indeed, oxy-
gen consumption increaseslinearly with theproportion
of plagticinthe mixture,

Nitrogen monoxide (NO)

TheFigures 13to 17 present thetrends of emis-
sionsof nitrogen monoxide based onthe proportion of
plasticinthefuel mixture. The curvesare plotted for
different values of primary air flow.

We notethat for proportions of plastic from 0to
20%, therate of nitrogen monoxideincreasesregard-
lessof primary air flow. However, for 15%of plasticin
thefuel mixture, thereisachangeindopewhatever the
primary and secondary flows. Indeed, anincreasein
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the proportion of plastic generatesanincrease of com-
bustion temperature. DE SOETE G, during hiswork
on the performance of NO formation showsthat the
efficiency of formation of NOisanincreasing function
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of theloca temperature of combustion. Theseresults

aso confirmthose of ROGAUMET. et d.* and RI-

CHARD F et a.™: the combustion temperature has

aninfluenceon NO production that oneisin default of

air, stoichiometry or excessof air. From 20% of plastic
inthefue mixtureand for each secondary air flow, the
trendsdiffer between combustion regimes:

- For primary rate Q, = 45 Nm*h*, NO increases
with the percentage of plastic. We arein default of
air, oxygenisnot sufficient to promotethereduction
of NOintoN.,.

- When Q, = 55 Nm*h?, the NO concentration de-
creaseswithincreasing the percentageof plagtic. The
combustion temperatureinthesmulationisfixefor
20% of plastic, theformulaof efficiency of NO for-
mation, DE SOETE G does not justify this de-
creasing of curvesfor aflow of 55-Nm3h. It ap-
pearsthat for thiscombustion regime, closeto sto-
ichiometry, ahigher content of plasticfavorsthees-
tablishment of thereactionsof NO reduction.

- For primary air flow 65, 75 and 85 Nm®h?, NO
production tendsto remain stableregardless of the
proportion of plasticinthemixture. NO emissions
arethen controlled by temperature. The combustion
temperatureisfixe, and NO emissonsremainstable.
Thisstability can aso be explained by the balance
that devel ops between temperature, oxygenand The
fraction of nitrogenous speciesinthemixture.

CONCLUSION

Themodd “REACTOR?”, amended to reflect the
characteristicsof our Sudy was used asnumerica modedl
of combustion in homogeneous phase, of amixture of
“millet stalks and plastic bags,” in a prototype of pot-
tery kiln. For thiswehave, during the study, determined
theeffect of theproportion of plasticinthefud mixture
on the emissions of gaseous speciesthat areresidual
oxygen (O,), carbon dioxide (CO,) and nitrogen mon-
oxide (NO). We can concludethat:

- Theincreasingtherateof plasticinthemixture pro-
ducesadecrease of theresidua oxygen content, due
to ahigher oxygen consumption, whatever theflow
of ar;

- CO, emissionsareanincreasing function of rate of
plastic (polyethylene) inthefud mixture;
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- NO emissionsareincreasing functions of the mass
of plasticfor proportionslessthan or equal to 20%,
and areessentially controlled by thetemperature of
thereactiona medium.
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