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1-naftolun etanolla alkillosmo reaksiyasinin todqiqindo sirkonium torkibli H-mordenitin
yiiksok katalitik xassolor niimayis etdirdiyi ovvallor miioyyon edilmisdir. Belo ki, azot miihitindo
apartlmis todqiqatlar noticosindo miioyyon edilmis soraitdo 2-metil-1-naftolun 83.6-91.0%
selektivliklo sintezi miimkiin olmus vo bu zaman baslangic 1-naftolun konversiyasi 24.5-54.9%
toskil etmisdir (1-2). Prosesdos alinan digor mohsullara 1-etoksinaftalin, 1.2-dietilnaftalin, etanali
misal gOstormok olar. Bozi mohsullarin, mosolon, 4-etil-1-naftol, 1-okso-2.2-dietil-1.2-
dihidronaftalinin, digor alkil naftalinlorin qatiliglar1 ciizi olub, optimal qsbul edilmis temperatur
hiidudunda izlorino rast golinir. Temperaturun artmasi (>360°C) oksobirlosmonin qatiliginin kaskin
azalmasina va alkilnaftalinlorin vo 4-etil-1-naftolun vo etanalin migdarmin artmasma sabab olur. Bu
da katalizator sothindo miirokkob proseslorin, o climlodon yan ¢evrilmolorin bas verdiyini gostorir.
Ardicil vo paralel reaksiyalarin oldugunu siibut edir.

Kinetik todqgiqatlar diferensial reaktorlu qurguda asagidaki soraitdo aparilmigdir. T=310-
350°C, kontakt vaxt1 8 saniyaya qadar, baslangic komponentlor olan 1-naftol (P1°) vaetanolun (P2°)
parsial tozyiqlori uygun olaraq P1°=4.0+13.50 kPa; P2°=22.80+54.0 kPa. Tacriibalor ii¢ dofs tokrar
olunmus vo aliman naticolorin orta giymotlori hesablanmisdir. Qeyri-katalitik ¢evrilmolorin payini
miioyyanlosdirmak tigiin katalizatorsuz soraitds xiisusi tacriibalor qoyulmus vo bu zaman 1-naftolun
konversiyast 0%, etanolun konversiyasi isa 2.5% olmusdur. Ona gors do alinan fordi birlosmalorin
omologolma siiratlorine va baslangic komponentlorin timumi ¢evrilma siiratlorine diizalislor etmok
lazim bilinmomisdir.

Daxili vo xarici diffuziyanin varligm toyin etmok iiciin aparilmis ilkin tocriibslor do ugursuz
naticolorin almmasina gotirib ¢ixarmis va 1-naftolun etanolla alkillosmo reaksiyasmnin kinetik sahado
gergoklosdiyi tosdiq edilmisdir. Kinetik todqiqatlar azot miihitindo aparilmis onun diger
durulagdiricilarla (su buxari, hava va s.) avaz olunmasi prosesinin gostaricilorine monfi tasir etmisdir.

Kinetik todqiqatlar naticosindo alman alkilatlarin torkibi yuxarida geyd etdiyimiz kimi olur.
Bu aragdirmalar prosesin asas marsrutlarinin (3) miioyyan olunmasina istigamst vermisdir.
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Acar maddalor kimi 1-naftol (1), etanol (2), etanal (4), 1-etoksinaftalin (5), 2-etil-1-naftol (3),
1.2-dietilnaftalin (6), hidrogen (7), goturulmiiss texiometrik oamsallar codvali tortib edilmis
(cadval 1), acar maddalorin miisahida olunan suratlori (W) ilo marsrutlarin siratlori (ri) arasindaki
riyazi olago (1) tonliklor sistemiilo miioyyan olunur.

Cadval 1.
Acar maddalarin stexiometrik amsallar cadvali
Marsrutun Acar maddonin Ne-si
Ne-si 1 2 3 4 5 6 7
I -1 -1 0 0 1 0 0
1 -1 -1 1 0 0 0 0
11 0 -1 -1 0 0 1 -1
v 0 -1 0 1 0 0 1

WZL: 'rl'r11W3: M=l

WZ: 'rl'rn'rm'rle4: v (1)

Acar maddonin némrasi onun i-sayli siiratine vo j-sayli parsial tozyigina uygun golir.

2 sayh codvaldo prosesin marhalali sxemi verilmisdir ki, bu da 1-naftolun etanolla garsiliql
tosiri reaksiyasinin stexiometrik bazisi ilo tam uzlasir. Asagi siiratlo bas veran maddoalor kimi 2, 5, 7
vo 10 gobul edilmis, digarloriss siiratli, yaxud tarazliq morhololoridir. Katalizator sathindo mévcud
olan 2 miixtalif Nn6v morkozlor arasindaki tarazligi oks etdiron 12-Cci morholo do sxemo olavo
edilmisdir.

Qariuti qaydasma (4) géro marhaloli sxemdon dogan marsrutlarn say1 p=s-£=12-8=4. Burada
s-morhololorin say1, £-soth iizorindo omolo golon aralig maddslorin sayidir.

Cadval2.
Prosesin marhalali sxemi

Morho- Marsru‘_[lar ijzr_a moarhalalorin
. Morhals stexiometrik omsallar1
lolorin
Ne 1 2 3 4

1. 1-C1oH;OH+Z=1-C1(H;OHZ 1 0 0 0
2. 1-C1oH;OHZ+C>:H5s0H—1-C1gHZOC,H5Z+H,0 1 0 0 0
3. 1-C1oH;0C,H5Z—1-C1gH;0C,Hs5+Z 1 0 0 0
4, 1-C1oH;OH+ZH=1-C1,H;OHZH 0 1 0 0
5 1-C1oH;OHZH+ C:HsOH— 0 1 0 0
' —2-CoH5-1-C10HeOHZH+H,0
6. 2-C,Hs-1-C10HsOHZH=2-C;H5-1-C10HsOH+ZH 0 1 -1 0
7 2-C;H5-1-C10HsOHZH+C;HsOH+[2H]= 0 0 1 0
' =1.2-(CyHs)C1oHeZH+2H,0
8. 1.2-(C;Hs)CigHsZH—1.2-(C2H5)2C10Hs 0 0 1 0
9, C,HsOH+Z= C,HsOHZ 0 0 0 1
10. Co,HsOHZ—CoH/OZ+H, 0 0 0 1
11. C.H,0Z— C,H,0+Z 0 0 0 1
12. 2Z+H,—27H 0 0 0 0

Bos marsrutlarin olmadigint miioyyon etdikdon sonra marsrutlar iizro siirot sabitlorinin
qiymatlorinin asagidaki mohdudlasdirict morhalolorin siirat sabitlori ilo hesablandigi malum olur.
Ki=Kz;  Ki=Ks; K=Kz, Kiv=Kio
Kinetik tacriibalorin naticalorini daha alverisli ifads edon tonliklor sistemi (2) segilorak Kinetic
sabitlor hesablanmisdir:
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1-naftolun etanolla alkillasma reaksiyasinin kinetik tadgigatlar

K, P11 P> Ky, P3 P2
r= M= 2
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2
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b1, bo-uygun olaraq 1-naftol vo 2-metil-1-naftolun Kkatalizator ssthindo adsorbsiya
omsallaridir. Prosesds hidrogenin qatiliginin miioyyan edilmasi miirokkob masalo oldugundan onun
parsial tazyiqi asagidaki ifads ilo hesablanmigdir.

P7=(P2°-P1°)-(P2-P1)-P3-Ps

Marsrutlar tizro stiratlorin qiymatlori MATLAB-6 programi osasinda tocriibi qiymatlorlo
model gostoricilori arasindaki  orta kvadratik forglorin - minimumlasdirilmas:  yolu ilo
doaqiqlosdirilmisdir. Osas kinetik gostaricilor 3-cli cadvalda verilmisdir. Ki, Ky, K va Ky Uglin
olcii vahidi g/sm® (kat)saatxkPa?; K, ticlin iso g/sm3(kat)saatxkPa. Daha olverisli bazis almaq tigiin
kinetik tonliklorin kosr tortibli verilmosi vo stexiometrik omsallar codvalinin basqa formada
qurulmasi daha ¢ox xatalara gotirib ¢ixarmigdir.

Cadval 3.
Osas Kinetik gostoricilor
Marsrut Ink, E, kkal/mol Inb, Q, kkal/mol
1-C1oH;OH+C,HsOH—1-
C1oH-0C,Hs+H,0 0.8950 10.675 -4.45 3.1
1-Cuoh,OH+CoH;OH 9.675 18.051 451 2.17

2-CoHs5-1-C10HsOH+H0

2-C;Hs-1-C10HsOH+C;HsOH+2[H]— - -
1.2-(C2Hs)CioHe+2H20 8.851 19.312

Co,HsOH—CoH4O+H> 2.215 9.035 - -

Miixtalif temperaturlar Ugiin siiratlorin tacriibi giymatlori ilo model gostaricilorinin miiqayisasi
aparilmis va siiratlorin orta nisbi xatalar1 4-cli cadvoalds verilmisdir.

Cadval 4.
Stiratlorin orta nisbi xatalar:
. Temperatur, °C
Stratlor 310 330 350 Lora
Wi 7.5 8.0 6.8 1.4
W, 4.4 8.5 8.0 7.0
W3 12.5 14.0 11.0 12.5
W, 10.5 9.4 15.5 11.8

Alinmis Kinetik model 1-naftolun etanolla garsiligh tosiri prosesinin noticalorini vosfi vo
miqdari cahotlordon gonastboxs ifads edir, adekvathgr ilo segilir va galocokds prosesin modellagsmo
Vo optimallagsmasinda asas kimi gétardls bilar.
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PE3IOME
KUHETUYECKUE UCCJIEJOBAHUSA PEAKIIUU AJIKWJIMPOBAHUSA
1-HA®TOJIA 9TAHOJIOM
Cyneiimanosa ILB.

Knrouesvte cnoea:. l-nagpmon, smawnon,  amkunuposanue,  2-smun-l-nagpmon,  mapwpym,
JUMUMUPYIOWAsL CMAOUst, SHePIUsT AKMUBAYULU, KUHEMUYECKAsL MOOeb.

Ha ocHOBe mNpOBENCHHBIX KHHETHYECKUX WCCICIOBAHUN peakIuy aJKHIHpoBaHus |-HadrToma
STAHOJIOM OITPEeICHBI OCHOBHBIE MAPIIPYTHl KATalN3a, PACCUMTAHBI KWHETHIECKHE KOHCTAHTHI U TIOJTyYeHa
KHHETUYIECKUS MOJENb MOMydeHust 2-3Truia-1-HadTomna, KOTopas yI0BIETBOPHUTEIBHO OMMCHIBAET OCHOBHEIE U
BTOPWYHBIE TPEBPAICHUS, MPOTEKAIONIME Ha TOBEPXHOCTH ITUPKOHHMHCOAEPIKAIIEr0 MOPICHUTHOTO
KaTaaM3aTopa.

TMosyuenHass KHHETHYECKAass MOJIENb BBIPAXKAET PE3yJIbTAThl MPoIlecca B3amMojeicTBus 1-HadToma ¢
STAHOJIOM, KOJMYECTBEHHO OTIMYAETCS aJeKBATHOCTBHIO M B JAIBHENIIIEM MOXKET OBITH B3ATa 3a OCHOBY B
MOJIETMPOBAHNHI M OITTUMHU3AIIUAY TIPOIIECcCa.

SUMMARY
KINETIC STUDIES OF THE ALKYLATION REACTION
OF 1-NAPHTHOL WITH ETHANOL
Suleymanova P.V.

Key words: 1-naphtol, ethanol, 2-ethyl-1-naphtol alkylation, route, limiting stage, activation energy,
kinetic model.

On the basis of kinetic studies of the reaction of alkylation of 1-naphthol with ethanol determined the

main routes of catalysis, calculated kinetic constants and the kinetic model of obtaining 2-ethyl-1-naphthol,

which satisfactorily describes the main and secondary transformations occurring on the surface

concomitantemente catalyst.
The resulting kinetic model expresses the results of the interaction of 1-naphthol with ethanol, is

guantitatively adequate, and can be used as a basis for modeling and optimizing the process in the future.
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