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Thcrnol)4i! ol m.thanol in thc p@n6 of oxtg.n * ilBtig.tcd by Mput.tion.l
modcling.nd *citivity .n.lFis in rhc lcnpcntuE intcMl 9@ KSI<U@ K rnd.t
@.1ion 1in6 10-5 s</< 1 s. B&d o qrlicr cxpcrimcnrrl inqtitrtion. and nd iincdc
d.t!, ! .ornpl.x D.chmism s el !p to cbnry thc fom.rion of fod.ldchtdc, 9rol, efton
nondidc, wt.., !@r.l&ntdc, and fomic eid, .nd rhc rclc of rh. Ediols cllzoH, cH3,
CHO, qH3O, H, .nd O itr th. Enctic ptu$, Thc rcidting nehanirn of 48 u.tids lnd
20 sp.ci.s 6 rcdu@d to 32 lwtiod and 17 s?c.i4 .r 9OO K ed to 3t @do6 od 1?
sp.cics at 10OO K and 11m K T& 6ults of siduhios er @mparcd to th.
.rp.rimcntauy n@3uad Mcnthtioa oa th. plrlyri. produci..

Introdudion ard.xperlmertrl bockgmund

The thermoljsis of the gas s,stem CHpH/O2/A| has been idvestigated
experirne aly [1,2] in a flow quartz-tubo reactor in the temp€ratue range 900 K to
t1m Iq and at CH3OH/O2 ratios ftom 4:1 to 16:1. Tho main stable products were
fotmaldehyde H2CO, glycol (CH2OH)2, cnrbon noroxide atrd water. A serics of
ete€riments were carried out to maximize the leld of (CH2OH)2 and these
exp€riments showed lhat the optimal formation of glycol occurred at the temperature
of 1000 K fo. a mixtwe of CHaOH : Oz = 8:1 atter reaction time l=0.2-03 s.



Simulations of th€ methanol-oxygen thermolysis using a few-step kid€tic model
[1,2] reproduced oDly some of lhe essential results, for enample the distribution of
th€ main stabl€ producls H2CO, H2O ad CO. It l'as shown that, at these e4,eri-
mcntal conditions, the bydrogetr abstraction channel, CH3OH+Oz+CH2OH+HO2,
and the further reactions of CH2OH, HO2, OH, a.nd H2O2 were of €sseotial
importaDce for the forDation of the final Foducts.

However, some qu€stioDs remaircd unaiswered. Simulation results showed
deviatioE from the experimental mcasurements for (CH2OH) by about z)%. Snal
amounts (<1 mol7,) of acerald€hyde, CH3CHO, a.nd formic aci4 HCOOH, were
found. This lead to the assumption that radicals CH3, CHO, H, aad O have kinetic
significanc€ at these low temp€ratures as well. Nots, that it has b€en well ktro\m that
at temp€ratures above 1200 K the decompo6ition of m€thadol, CH3OH.CH3 + OH,
and the methyl radical reactions play an importatrt role in nethanol thermobsis [3,4].

Atr extended mechanism, taliry hto consideration the stable FoductE
CH3CHO, HCOOH, CHa , and rhe radicals CH3, CHO, C2H3O, O, and H, was
formulated for the explanation of the thermolysis at t€mperatures up to 11m K. The
signficnnc€ of lhese species and reaclions was investigated by program packag€
KINAL. The aims of the present study were:
- Explanation of the qualitative and quantitative experimental data for glycol and
minor products ilr the CH3OH/O2 thermolysis reacrion ar 10OO K by modol
calculations using an extended reaction m€chatrism. Investigation of the Foduct
distribution in the temperature range 900 K - 1100 K.
- Explanation of the role and kinetic significance of radicals CH3, CHO, qH3O, O,
and H in the temperarure range 900- 1100 K.
- Reduction of the numb€r of species and reactions of the mechadsm without a
significant change of the important produc( concentrations.

Computatloul m€thods

According to a recent article [5], all species of a reaction mechanism can be
dassified into thrce categori€s: importa , necessary and redundant species. The
accurate reproduction of the €xp€rimental data for importatrt sp€cies is the aim of
the model calculations. The remaining Don-important sp€cies are €ither necessary or
redundant, tha! is lhe c.alculation of the concenFations of them are or are not
.equired, respectively, for the calculatiotr of the concentration of importa speci€s.
A species is redundant if the elimination of all of its consumins reactioDs does not

^.tcd,'c.,n,,orl..-r.o!Et,
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cause sigrificad deviation from the soludon of the firll dodel regtlding important

species. In case of species havi4 a low concentratioq formed by fast reversible

reactions, the eliminatiotr of all of its corsuming reacdo$ may cause a sig!ficrnt

deviation of the concentratio$ of importaat speaies, even if this sp€cies is rcdundant

Therefore the simultarcous elimimtion of coDsuming and fast Producing reactions

has to be tried as well.
Two kinds of reaction imponanc! can b€ distitrguished [6]. A reaction has a

high tuding importaNa if a small cha.g€ of its rate patameter alters significadly the

results of the l''odel. A wider set of reactions have high reduction importance, i e,

they caD not be eliminated from the mechadsm *ithout siglilicrnt changes in the

modelling results.
Reaction importance in the second se.s€ can be identified by the inl€sligation

of the rate sensi(ivity matrix F Pl, who.e F= { A ln, / a ln4}, i ref€rs to the indices

of important atrd necessary sp€{ies,, is the rate of production of speoes i, atrd rtj is

the i-lh rate coefticient. lmportant rcactions can be detected by the pridcipal

component anal),sis [8] of matrix f, i.e., the eigenvalue-eigeovoctor d€composition of

matrix frF, as lhey appear as srgnificant elements of eigenvectors having high

eigenvalu€s. Note, (hat the applications of sensitivity methods for the anallsis of

reaction mechanisms was reviewed rec€ntly [61.
Calculations woro crrried out by p.ogram package KINAL [9]. KINAL

generates the differential equations from the chemical mechanism, solves them

numerically, identifies the redundant species, determines the rate sensitivity

co€fficienls a.d carries out the principal component analysis. Finally, KINAL gives a

recommendation for a reduced mechanism and cnlculates the differences tretween

th€ full and the reduced models.

Rc$ults of thr anallsis

Table I summarizes tbe reaction steps and the corfespondilrg tate data of the

extended mechanism of 20 specios and ,|8 reactiorls for the methaDol/oxygen

thermolysis. The core of the mechanism (r€actions R1-R19, R% and R27) is

identical to our previous kinetic considemtioDs [2] atrd it has b€en extended by

reactions of species CH3CHO, CH4, CHl, qH3O and O. Th€ Prdvious mechanism

was based or the evaluated data of Warnatz [10]. Recently, a new set of evaluated

data of Baulch et al. [13] bccame available and whene\tr possible these data were

used. Kinetic data for some reactiods of our mechanism were oot present itr REf ll3l
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and the up-ro-date data {1r,U,14-t6l for rhese reacrions were fouDd in the MST
Chemical Kin€tics Data Base [17].
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The reaction mechanism was analtzed at three temp€ratures: f=9m Iq 1000 K
and 1100 K. Tbe initial concentrations wer€ [Ar] = 1.02 x l0-5 mol cm-3,

[CHjOH]o = 1.76x10-6molcln-3 and [Oz] = 2-20x 10-? mol cm 3 i.e.,
CH3OH: 02 = 8: 1. The shble products of lh€ th€rmo\sis, H2CO, H2O, CO,
(CH2OH)2, CH3CHO and HCOOH, were considored as imporlaot sp€cies. The
maximum concentration of th€ products, coresponding to about 257o methanol
conversion, was reached at 1s,0.2-0.3 s, and 0.05-0.1 s, at 900 K, 1000 Iq and
1100 K respectiv€ly.

As a fLst step, redundant species were searched for. As H2 is not an important
species and the mechanism contains H2 producing steps only, H2 can be considered a
redundant species without furth€r analtsis. Raw material CH3OH was comidered as
necessary without investigation as well. Determination of redundatrt sp€cies was
caried out by the method of reduced models [5], briefly described above. The results
wer€ summarized in Tabl€ II. L?rge d€viations (indicated by the letter L) meaDt that
at reaction times up to 1 s the deviation b€tween the reduced and the full model is

Sreater than lqo Iot HICO, H2O, CO, (CH2OH)2 and gteater t\en 10Vo for
CH3CHO and HCOOH. Experimental ucertainties were much higher for the low-
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concentration CH3CHO and HCOOH, hence a less strict accuracy level was required
for them. Small deviations were indicated by the letter S. The results showed that
species CH2OH, H2O2, HO2, OH, CHO, H and CH3 were nec€ssary and species
CH4, qH3O, and O were redundant at all the three temperatures. Note, tha( at
900 K CH3 was necessary fo. the forrution of CH3CHO only.
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Redundant reactions were identifcd by the principal component amlysis of the
rate sensitivity matrices at reaction times 10-5 s, 10-a s, 10_3 s, 10_2 s, 0.1 s, 0.5 s
and 1 s, considering importa and trectssary sp€cies o y. A reaction was coosidered

A.nclrh,a 8,''t6 roo€la n c|lcrarR rrq ,e,
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to be important if it belonged to an eigenvector €lement greater then 0.1 of a

priDcipal component having an eigenvalue greater then 10_4. Results of principal

component analysis are gtveD in Table III.

Reactions R5, R7, R8, and R24 were of geat imporlance for the formation of

H2CO. Formation of CO and (CH2OH)2 was deternined by r€actions R12 ard R13.

Reactions R18, R26, and R2? w€re important for the fornation of HCOOH and

reaction R21 ruled the formation of CH3CHO. Reactions R10, R17, R20, R33, and

R35 were of importaftc at times greater than 5 x 10-2 s only The obtained reduc€d

mechanisms consisted of 32 reactions at 900 K (reactions R1, R3-R33) atrd 31

reactions at 10m K and at 1100 K (reactioos R1-R5, R7-R17, R19, R22 R35)

As the small amount of CH3CHO ad HCOOH found exp€rimenlally may not

be the product of the thermolysis at n€ar 1000 K (see discussioo later), the whole

procedure was repeated considering H2CO, H2o, Co and (CH2oH)2 as important

specres only. ln this case the n€c€ssary species were the samc and at 1000 K the

mechanism could be reduced by prhcipal component analysis lo 24 .eactrons of 15

sp€ci€s (reactions R1-R5, R7- R17, R19, R22-R25, R2a, ruO, and R31)

Table IV shows that the deuation of the concentrations of the important

species, calculated from the full and reduced models were negliSible
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Figure 1 shows the concefiration-time curves calculated from the reduced

mechanisms. The agreement seemed to be satisfactory with the exp€rimental results

for species H2Co, (CH2OH)2, H2o, and CO, takhg into account the experim€dal

uncertainties as well. At 10m K the measured conceatration of CH3CHO was much

higher than the calculated one, but the forme. was aldost equal to the sum of the

calculated CH3CHO and CHO concentrations. Our conclusion was that most of the

,d.adtu ttr'E kr moo€Jt r cH€ir[rav /,,e2
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measured CH3CHO had bc.en forned duriog the cooling of the gas micure by
reactions of tbe ndical CHO. Probably the small amounts of HCOOH found
experimentaily were also forhed dudng th€ cooliDg of the mi*ure,
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species CH4, C2HIO, and O were redutrdant for th€ description of tbe gene.ation of
H2CO, H2O, CO, (CH2OH)2, CH3CHO, and HCOOH.

Principal componedt analysis of the rate sensitivity matrices, coAidering th€
important and nec€ssary species only, showed tbat it was possible to reduce the full
mechanism to 32 reactions atrd 17 specios at 900 Iq and to 31 reactio$ and l?
species at 1000 K and 1100 K. By neglecring of the mhor products CH3CHO ard
HCOOH it was possible to reduce the complete mechanism to 24 reactioDs and 15
components. The deviations betw€€n the results of tho full and reduced models were
neeligible.

The comparison of the simulation results to the o4'erimental data showed lhat
the obtained reduced models describ€d wetl rhe gen€ration of H2CO, (CH2OH)2,
H2O, and CO. Our conclusion was that most of lhe CH3CHO, and HCOOH found
experimentally had been ged€rated duriog the cooling of the hot product gas mixture.
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In Figurc 1b the glycol concentratioa aalculate-d fton the 21-step m€charrsm
published in [2] is also narked by dashed lire. Althowh ahe 6ize of our 2+$tep
reduc€d Dechanism is al6o6t the sa.De, the latter reproduces much better the
experiEental glycol conc€ntration, as a result of the updating of the rate coeffrcieDts,
the o(tetrEiotr atrd subs€4ucnt rcductro! of the nodel. Ttrere sle 17 common
reactions of the tvro Dodels.

Figure 2 shoc,s the cdculat€d distributions of the radical speries at 900 K and
10m K At 9m K the reaotir€ i[termediates H2O2, HO2, CH2OH and CHO w€re
formcd mairly at reaction timcs 0.5-1 s. At 1000 K thc radicals H2O2, HO2, CH2OH
reached a maximum near 0.1s. Fm reachon times greater tha! 05 s only radrcds
CHO, CH2OH, and CH3 remaincd in the system.
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Concluslons

A 48-step mechanism for the CH3OH/O2 thermobsis, which contaircd th€
reactioos of 20 specre6, was investigated and rductrl. ln the temperature ratrge
900 K- l1m K the crlculation of th€ corcentlations of sp€cies CH2OH, H2O2, HOz
OH, CHO, H and CH3 w€re rccessaly aad the calculation of the conc€ntratiols of
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