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2-metilfenolun metanolla alkillosmo reaksiyasinin kinetik todqiqatlar1 diferensial reaktorlu
qurguda rejim parametrlorinin genis doyismo hiidudlarinda aparilmisdir. T-330-370°C, 2-
metilfenolun (P10) vo metanolun (Pyg) baslangic parsial tozyiglori uygun olaraq P10=0.018-0.037
MPa vo P»=0.007-0.036 MPa gétiiriilmiis, kontakt vaxt1 10 saniyoya qodor olmusdur. Tocriibalor
az1 ¢ dofo aparilmis vo alinan naticolorin orta qiymoti hesablanmisdir. Qeyri-katalitik hocmda
kimyoavi ¢evrilmonin movcud olub-olmadigint miioyyon etmok iiglin xammal qarigigi reaksiya
soraitindo katalizatoru olmayan reaktordan buraxilmis vo bu zaman 97.5% metanol vo 100% o-
krezol ¢evrilmomis galmisdir. Digor torofdon xiisusi tocriibalor vasitasilo prosesds daxili vo xarici
diffuzion mohdudiyystlorin olmadigi va 2.6- dimetilfenolun alinma reaksiyasinin kinetik sahods bas
verdiyi do tosdiq edilmisdir. Proses zamani alinan 2.6-dimetilfenol vo 2.4.6-trimetilfenol o-krezol
vo metanolun imumi va fordi ¢evrilmalarinin suratine praktiki olaraq tasir géstormir. Temperaturun
vo kontakt vaxtinin artirilmasi miisyyen soraitdo (T-400°C, 1-4 san) yan reaksiyalar suratlondirir ki,
bu da katalitik sothds bas veran ardicil reaksiyalarin oldugunu gostorir (1).
Katalizatin maye mohsullarina 2.6-dimetilfenol, onun metilefiri, 2.4.6-trimetilfenol,
cevrilmayon 2-metilfenol, metanol vo metilformiat aiddir.
Tacriibi naticolors asaslanaraq prosesin asas marsrutlari (2) miioyyon edilmisdir.
2-CH3C¢H4sOH + CH30H —»2CH3C¢H4OCH3+H,0 |
2-CH3C¢H4OH + CH30H = 2. 6(CH3)2C6H3OH+H20 1
2.6(CH3),CsH30OH + CH30H = 2.4.6(CH3)3CsH,OH+H,0  1l1I
CH30H = 0.5 HCOOCHj3+H; v
Acar maddalor (3) kimi reaksiyanin 5 istirak¢isi 2- metilfenol (1), metanol (2), 2.6-
dimetilfenol (3), 2.4.6-trimetilfenol (4) va 2-metilanizol (5) gotiiriilmiis vo onlarin stexometrik
omsallar cadvali (cad. 1) tortib edilmisdir.
Cadval 1
Acar maddalarin stexiometrik amsallar cadvali
Maddenin némrasi

Marsrutun Ne-Si

1 2 3 4 5

I -1 -1 0 0 1
Il -1 -1 0 0
11 0 -1 -1 1 0
v 0 -1 0 0

Acar maddolorin miisahido olunan suratlori (w;) ilo marsrutlarin suratlori (rj) arasindak: slaqo
asagidaki tonliklor sistemino osaslanir.

Wi=-r—-rn
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Wo=-rn—rui—rn—rny
Ws= ri—
Wy= 1y 1)
Ws =1
Modelin ilkin toadqiqi ve yoxlanilmasi magsadilo 2-metilfenolun alkillosmoe reaksiyasinda
ferrit katalizatorunun aktivlik vo xiisuson do selektivliyinin tohlil edilmasi maraq dogurur (4).
Todqiq olunan temperatur hiidudlarinda 2-metilanizola goro reaksiyanin selektivliyi kontakt
vaxtindan da asili olmur vo sabit qiymot alir. 1 sayli sokildo 2-metilfenol vo metanolun parsial
tozyiqlor hasilinin o-krezolun iimumi ¢evrilmo suratindon asililigi verilmis vo goriindiiyii kimi,
tocriibi giymatlor diiz xatlorin {izorino diisiir.
Birinci va ikinci marsrutlarin suratlorinin eyni tipli tonliklorle ifade olumasi alinan naticalarin
uygun golmo doracosini artirir.

Masalon,
Nn= K|P|P2 (2)
= KyP\P2 (3)
onda
I'l
S5 = (4)
Vo ya

K
Sg = —— = const
K1+K1[

(2) va (3) tonliklori reaksiya mohsullarinin katalizatorun eynicinsli vo ya eksponensial geyri-
eynicinsli sathinds kigik dolma doracasinde mohdudlagma olmadiqda istifads olunur.
Analoji qaydada

rm = KinPsP2 (5)
qobul etsok, onda tacriibi naticalor (5) kinetik tonliyi ilo yaxsi ifadoe olunur va 2.6-dimetilfenolun
selektivliyinin onun parsial tozyiqinin 2-metilfenolun parsial tozyiqino olan nisbotindon asililigr ilo
uygunlagir (sok. 2).

Belolikla, selektivliyin tohlili migdar1 baximdan kinetik tonliklarin néviinii dolay1 yolla olsa
da, tosdiq edir. Bu tohlil prosesin stexiometrik bazisi (I-IV) vo prosesin morhalali sxemi (cod. 2) ilo
yaxs1 uzlasir.

Cadval 2
Prosesin morhalali sxemi

Morho- Marsmtlar ii;ra mayha-

lonin Morhslalor Ialorin stex10metr1k

No -si adadlari

| 1 1l v

1 CH;0H + ZH = CH;0OHZH 1 0 0 0

2 CH;OHZH + 2CH3C¢H,OH =2-CH; CgH,OCH3ZH +H,0 1 0 0 0

3 2-CH; CsH,OCH3ZH = 2-CH;C¢H,OCH3+ZH 1 0 0 0

4 2-CH;CsH,OH +ZH = 2-CH;CsH,OHZH 0 1 0 0

5 2-CH;CgH,OHZH+CH;0H = 2.6-(CHj3), CsH;OHZH+H,0 0 1 0 0

6 2.6- (CH3),CeH3OHZH = 2.6-(CH3), C¢H3;OH+ZH 0 1 -1 0

7 2.6 -(CHg3), CgH3;0HZH+CH30H = 2.4.6-(CH3); C¢H,OHZH +H,0 0 0 1 0

8 2.4.6- (CH3)3 CsH,OHZH = 2.4.6- (CH3)3 CsH,OH+ZH 0 0 1 0
9 CH;0H + Z= CH;0HZ 0 0 0 1/2
10 CH;OHZ + CH3;0H = HCOOCH;Z +2H, 0 0 0 1/2
11 HCOOCH;Z = HCOOCH;+Z 0 0 0 1/2

12 2Z +H, = 2ZH 0 0 0 0
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Mohdudlasdirict morhalalor kimi 2,5,7 vo 10-cu secilmis, digor aktlar iso tez bas veran vo ya
tarazliq marhalslori gobul edilmisdir. Katalizatorun iki miixtolif aktiv morkozlori arasindaki tarazlig
nazars alan 12-ci marhalo do marhalali sxemda 6z oksini tapmigdir.

Dordiincii bazis marsrutunun surati marhalali sxemdon (10-cu morhalo) alinir

r V= l K|VP2 = 2K|VP2 (6)

v
Noticados, secilmis mohdudlasdirict marholalorin surat sabitlori uygun marsrutun surat sabitino
uygun golir.

Ki=Kz; Ki=Ks; Kimn=Kz; Kinv=Kio
> S 0.90
24 . 0.82 |
Sakil 1. 2-metilfenolun iimumi ¢evrilma Sokil 2. 2.6-dimetilfenola gora selektivliyin
suratinin (Wy) onun parsial tazyiqgi (P1) ilo (S3) onun parsial tazyiginin (P3) 0-krezolun
metanolun parsial tozyiqinin hasilindon (P1P;)  parsial tazyigina (P1) nisbatindan asililig.
astiligr. 1.7-603K; 2.T-623K; 3.T-643K 1.T-603K; 2.T-623K; 3.T-643K

3 sayli coadvaldo verilmis tocriibi noticolor vo toklif olunan model asasinda surat sabitlori
hesablanmis vo onlarin qiymoti ortakvadratik xotalarin minimizasiyasi tisulu ilo mévcud proqramlar
vasitasilo doqiqglogdirilmisdir. Uygun marsrutlar lizro aktivlosma enerjisinin qiymoti asagidaki kimi
olur. E;-31.2 kC/mol; E;-105.2 kC/mol Ey;-64.5 kC/mol. Epn35.5 kC/mol. Suratlorin orta kvadratik
xatalar1 4-cii cadvaldo verilmisdir.

Cadval 4.
Suratlorin orta kvadratik xatalar
Surotlor, mol/sm’ (Kat) st Temperatur K
603 623 643
W, 6.5 7.0 7.4
W, 22.0 16.5 13.0
W3 16.0 115 10.0
W, 14.0 5.6 45

Daha slverisli bazis almagq tigiin (2), (3), (5), (6) tonliklordoki kinetik tortiblorin doyisdirilmasi
vo stexiometrik omsallar cadvalinin yenidon qurulmasi (5) daha xatali naticolorin oalds edilmasing
sobab olur.

Alman kinetik model nozori cohotdon osaslandirilmis vo katalizator sothindo bas veran
marsrurtlar comini vosfi vo miqdar1 saviyyslords kafi doeracods ifads edir. O rejim parametrlorinin
genis hiidudlarinda 6ziinii dogruldur vo sonaye ii¢iin shomiyyat kasb edir.
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PE3IOME
KUHETUYECKAS MOJEJIb TIPOLECCA MOJYYEHUA 2.6- ITUMETHJI®EHOJIA
AJIKUWJINPOBAHUEM 2-METUJI®EHOJA METAHOJIOM
Mypuwiyony H.A

Kntouesvle cnosa: 2-memungpenon, memauon, aikunuposanue, 2.60-OuMemuageHon, mapuipym,
JuMUmMUpyloujue cmaouul, SIHepeusi Akmueayull, KUHemu4eckas MoOeb.

[TpuBOAATCST Pe3yabTaThl KMHETUYECKHX HCCICIOBAHUN PEAKIUKM AlKWIHPOBaHHS 2-MeTHI(EHOa
METAHOJIOM B MPUCYTCTBHH CIOKHOTO (hePPHUTOBOTO KaTaan3aTopa.

W3yueHre KHUHETHUECKUX 3aKOHOMEPHOCTEH B OE3rpaJueHTHOW CHCTEME C  TOCIEAYIOIINM
CTEXHOMETPHYECKUM aHAIM30M IIPUBEIIO K COCTABICHHUIO Oa3rca UTOTOBBIX MapIIpyToB. Bua KnHeTHUSCKHX
ypaBHEHHH KOCBEHHO IMOJTBEPXKICHO aHAIN30M CEJIEKTHBHOCTH. PacCUnTaHbl KHHETHYECKUE KOHCTAHTBI U
MOJTyuyeHa KHHETHUYEeCKasi MOJIeNb Tpoliecca MmoiydeHus 2,6-auMeTnindeHona, KoTopas yI0BICTBOPHTEIBHO
OTMCHIBACT OCHOBHBIE U BTOPUYHBIC TIPEBPAIIICHHUS, IPOTEKAIOIINE B YCIOBHUIX KaTaln3a.

SUMMARY
KINETIC MODEL OF THE PROCESS OF OBTAINING 2,6-DIMETHYLPHENOL BY
ALKYLATION OF 2-METHYLPHENOL WITH METHANOL
Murshudlu N.A.

Key words: 2-methylphenol, methanol, alkylation, 2,6-dimethylphenol, route, limiting stages,

activation energy, kinetic model.

The results of kinetic studies of the alkylation reaction of 2-methylphenol with methanol in the
presence of a complex ferrite catalyst are presented.

The study of kinetic laws in a gradientless system with subsequent stoichiometric analysis led to the
formation of a basis for the final routes. The form of kinetic equations is indirectly confirmed by selectivity
analysis. Kinetic constants were calculated and a kinetic model of the process for producing 2.6-
dimethylphenol was obtained, which satisfactorily describes the main and secondary transformations
occurring under catalysis conditions.
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