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Fe/Zr OKSID KATALIiZATORUNUN iSTiRAKI iLO MAYE FAZADA BENZOLUN

sidlogsmasi reaksiyast fundamental vo praktiki
baximdan maraq kosb edir. Mdévcud problemin
hallinin
Kimyavi
oksidlogmasi

FENOLA HIDROKSILLOSMOSI REAKSIYASINA ULTRASOSIN TOSIRI
L.X. Qasimova, E.H. Ismayilov, S.A. Silleymanova, A.Z. Bliyeva, Y.H. Yusifov
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Maye fazada Fe,Zr oksid torkibli katalizatorun istiraki ilo benzolun fenola hidrogen peroksidla
birbasa hidroksillosdirilmasi reaksiyasit apariimis va xarici tasir kimi ultrasasin bu reaksiyada
katalizatorun halina va aktivliyine tasiri tadgiq edilmisdir. Ultrasas (US) manbayi kimi Hielscher
sirkatinin (Almaniya), tezliyi 26 kHs va gucu 200 Vt olan kavitatorundan istifada edilmisdir.
GoOstorilmigdir ki, 4-6 saatdan sonra aktivliyini 80% itiron katalizatoru reaksiya rejiminda har
saatdan bir kavitatorla 10 dagige middatinda tasir etmakla, katalizatorun aktivliyini barpa etmak
mumkin olur. MUayyan edilmisdir ki, ultrasasin tasiri ilo katalizatorun dispers halda saxlaniimasi ila
borabor katalizatorun sathi reaksiya naticasinds sathds toplanan oksidlosma mohsullarindan
tomizlanir. Maye fazada katalizatorun zarraciklorinin élgllorinin, olcularine gora paylanma
manzarasinin  ultrasasin tosir muddatindan asililigi dinamikas: tadqiq edilmisdir. Gostorilmisdir ki,
US-in tasir middatinin artmast ila zarracCiklorin orta diametri azalr vo US-la 45-50 daq. islonmis
katalitik sistem Gc¢lin zarraciklarin Olgllarina gora an dar paylanma manzorasi miisahida olunur.
Hesab edilir ki, ultrasasin tosiri altinda maye fazada kavitasiya naticasinda katalizatorun sathinda
mikroskopik qabarciglarin amoalo galmasi Vo partlamast  bas verir. Katalizator sathinda
gabarciglarin partlamasi naticasinda ayrilan enerji katalizator sathinin oksidlagsma mohsullarindan
tomizlanmasina gatirib ¢ixarir. Gostarilan yolla katalizatorun aktivliyini barpa etmak va uzun middat
saxlamag olur.

Acar sozlar: benzol, fenol, hidroksidlagma, Fe/Zr katalizatoru, ultrasas.

GIRIS

Benzolun fenola  hidrok- oksidlosmoya meyilliyi benzola nisbaton daha
yuksok olmasindadir [1-7].

Togqdim olunan isdo maye fazada
benzolun hidrogen peroksid ilo hidroksillogmasi
reaksiyasinda tezliyi 26 kHs olan ultrasasin
Fe/Zr oksid katalizatorunun halina va onun

aktivliyina tasirinin tadqiginin naticalari verilir.

birbasa

murokkabliyi
cohatdan
zamani

benzol  halgasinin
stabil vo  benzolun
omala golon fenolun

TOCRUBI HiSSO

Ilkin materiallar kimi sirkonium xlorid
ZrOCly«8H,0, domir xlorid  FeCl3«6H,0,
hidrogen peroksid H,O,, ammonium hidroksid
NH;OH, Dbenzol, sirka tursusu istifads
olunmusdur. Fe/Zr oksid katalizatoru molum
gayda Uzrs sintez edilmis [8] Vo Sintez olunmusg
katalizator numunalori mufel sobasinda 400,

600, 800°C temperaturda 4 saat middotinds
kozordilmisdir. 400°C temperaturda kdzordilmis
Fe/Zr oksid nimunolori daha ylksok katalitik
aktivlik gostordiyino goro US-in katalizatorun
halina, aktivliyino vo stabilliyino tasiri bu
nimunolor  Uglin Oyronilmisdir. Reaksiyadan
owal vo sonra maye fazada Kkatalizatorun
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dispers hali isigin  dinamik  Sapalonmasi
usulundan istifads etmoklo muayyan edilmisdir.
Horiba sirkatinin LB 550 tipli analizatoru 278-
343 K temperatur intervalinda hissaciklorin,
agreqatlarin, komplekslorin - amoalo  galmasi,
cevrilmosi, parcalanmasi proseslorini todqiq
etmoys imkan verir. Hissaciklorin  miayyan
edilon olgllorinin intervali 0.001-6 mkm-dir.
Stialanma monboyinin gici 5 mVt, dalga
uzunlugu 650 nm-dir.

Benzol 65°C-do sintez edilmis Fe/Zr
oksid katalizatorunun istiraki1 ilo hidrogen
peroksidlo  hidroksidlosdirilmis, ultrasas
monbayi kimi is¢i tezliyi 26 kHz va guct 200 Vt
olan «Hielscher” UP200 St markali kavitatordan
istifado edilmis, reaksiyadan ovval vo sonra
maye faza 6850 UV/Vis, Jenway, Bruker
sirkatinin Alfa markali 1Q- spektrometrlorindan
vo Thermo Scientific sirkotinin GC Phocus
markali xromatoqrafinin istifadasi ilo tadqiq
olunmusdur.

NOTICOLOR VO ONLARIN MUZAKIROSI

Sokil 1 a,b-do reaksiyadan avval (a) vo
reaksiyadan sonra maye fazali katalitik sistemin
IDS histoqramlar1 gdstorilmisdir. Codval 1-do
torkibindo  disperslosdirilmis  Fe/Zr  oksid
katalizatoru olan benzolun hidrogen peroksidls

a)

fenola hidroksillagdiron maye katalitik sistemin
reaksiyadan ovval vo 1,2 vo 4 saat islodikdon
sonra isigin dinamik sopilmasi parametrlorinin
giymatlori verilmisdir.

b)
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Sokil 1. Disperslosdirilmis Fe/Zr oksid katalizatoru olan maye fazali katalitik sistemin
reaksiyadan avval (a) vo sonra (b) IDS histogramlari

Cadval 1. Benzolu
hidroksidlosdiron maye fazali katalitik sistemin
parametrlarinin giymatlori

Fe/Zr oksid katalizatorunun istiraki ilo hidrogen peroksidlo fenola

reaksiyadan ovval vo 2 vo 4 saat sonra IDS

Is1gin dinamik sopilma (IDS) parametrlori
Maye fazada hissaciklorin diametri, nm
*NU- hissaciklarin 10, 50 vo Zarraciklarin Ampli- Diffuziya13
muns | 90%-i tglin orta diametri, | Medi | Olcilorinin Moda tuda arrzlsah, E
nm-lo an orta odadi m</san
10 | 50 | 90 giymoti
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1 1.0 1.1 1.4 1.1 1.2 1.1 0.322 5796.1
2 455.6 | 669.2 | 5752.2 | 669.2 2459.3 5537.5 | 7.915 9.98
3 461.5 | 746.2 | 5790.2 | 746.2 2821.2 55345 | 7.141 8.95
4 759.6  4695.9 | 5804.1 4695.9 3267.0 5510.2 1.074 1.42

*1 - katalizatorsuz, 2 — reaksiyaya godar katalizatorlu, 3,4 — reaksiyadan 2 v 4 saat sonra
olan maye sistemlordir.

Sok. 2-do katalizator sothindo ixtiyari 2-do bu niimuno igilin rentgen-fluoressent
secilmis dord noqte tizro niimunanin skanlama  mikroskopik tadgiqatlarin naticalori verilir.
naticasindo ortalagdirilmis RF-spektri vo cadval

Spectrum 10

Sok. 2. Niimunoanin sothinds ixtiyari seg¢ilmis dord noqte tizro ortalagdirilmis RF-spektri va
niimuns sathinin skanlama noqtalori olan yerin mikrofotosu

Cadval 2. Fe/Zr oksid nimunasinin sothinin ixtiyari se¢ilmis 4 noqtesinds skanlanma
naticasinda Fe va Zr-un rentgen-fluoressent mikroskopik analizlo misyyon edilmis migdari

*Ele- Kutlo 3- Intensivlik Kutlo Molekulyar
ment | M e | sigma | AT | repsmay | FOMUNE o [%] Y
oFe | K | 1009 | 0.1 712 280.96 | Fe,05 | 1442 | 1151
w2 | K | 6335 | 033 | 27.40 223778 | 210, | 8558 | 88.49

0 2656 | 018 | 6548
wFe | K | 1340 | 0.21 9.34 206488 | Fe,05 | 1945 | 1545

wlr | K 59.85 0.22 25.55 11558.82 Zr0O; 81.85 84.55
O 26.75 0.12 65.11

sFe | K 0.27 0.04 0.09 24.58 Feo03 0.36 0.47

wlr | K 69.69 0.04 39.89 6849.42 Zr0; 99.64 99.53
O 30.04 0.02 60.02

sFe | K 11.96 0.06 8.32 225.61 Feo03 17.11 13.82
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wlr | K 61.36 0.03 25.97 1534.43 Zr0; 82.89 86.18
O 26.78 0.33 65.71

*Codvoaldo gostorilmis naticalor diametri 10 mikron olan “loka” Uzro katalizator sathinin

skanlanmasi hal1 ti¢lin alinmisdir.

Yuxarida verilon sokillor vo codvallordoki
naticalorin vasitasi ilo ultrasssin katalitik sistema
tosir effektini izah etmak olur. Belo ki,
katalitik  aktivliyin artmas1 ilk novbado
ultrasasin katalizatora tosiri ilo slagadardir vo
hesab etmok olar ki, ultrasasin tosiri altinda
katalizator ndmunolori xirdalanir [9,10]. Bu
xirdalanma noticasinda zarraciklordo defektlor
yaranir, soth bdyuyir, xirdalanmig zarraciklorin
sathinda damir, sirkonium va oksigenin uygun
olaraq valentlik baximindan doymamis Kation
Vo anionlart yaranir, zarraciklor xirdalandiqca,
onlarin  reaksiyayagirmo qabiliyyati vo sayi
artir. Bunun naticasinda zarraciklorin mihitlo
qarsilighh  tasiri guclonir va istigamatlonir.
Todgigatlar gostorir ki, ultrasasin bu cir tasiri
benzolun fenola hidroksillagdirilmasi
reaksiyasina miisbat tasir gostorir, onun katalitik
aktivliyini hom artirmaga, hom do uzun muddat
saxlamaga inkan verir. Todgigatlar gostorir ki,
US-in tasir middstinin artmasi ilo zarraciklarin
disperslik daracasi artir va tadgig olunan sistem
ticlin artiq 45-50 doqigodon sonra disperliyi
yuksok olan va zorrociklorinin Olculori dar
intervalda doyison bir hal almaq olur. Onu da

geyd edok ki, US-in tosiri ilo sistemds yaranan
kavitasiya vo kapillyar effektlorin hesabina
katalizator zarraciklorinin dispersliyinin artmasi,
katalizator zarraciklorinda defektlorin
yaranmasi, katalizator zorraciklorinin sathinin
boyimasi,  sothdo  valentlik  baximindan
doymamis ionlarin yaranmasi vo onlarin ilkin vo
reaksiya mosullar ilo reaksiyasinin giiclonmasi
Vo istigamatlonmasi ilo yanasi US-in tosiri ilo
katalizator sathi reaksiya noticasinds katalizator
sothindo toplanan reaksiya mohsullarindan
tomizlonir.  Belaliklo,  US-in  tosiri  ilo
katalizatorun ham aktivliyini artirmaq, ham do
reaksiya naticosindo katalizatorun sothinds
toplanan vo onu passivlosdirin  reaksiya
mohsullarindan ~ tomizlomok  vo  naticado
katalizatorun aktivliyini borpa vo uzun
muddatli etmok olur. Onu da geyd edok ki,
optimal soraitdo ¢iximi 13.2% vo fenola gors
selektivliyi 92% olan bu reaksiyanin ¢iximini vo
selektivliyini US-in tosiri ilo uygun olaraq
26.3% Vo 97% -0 gatdirmagqla barobar 338K-do
20 saat muddatinds bu ¢ixim vo selektivlikla
stabil isloyan katalitik sistem almaq olur.

NOTIiCO

Disperslosdirilmis Fe/Zr oksid

katalizatorunun istiraki ilo maye fazada
benzolun  hidrogen peroksid ilo fenola
hidroksidlosdirilmasi ~ reaksiyasinda ~ US-in

katalizatorun dispers halina vo onun aktivliyino
tosiri todqiq edilmis Vvo gOstorilmisdir ki,
katalitik sistemdoa US-in tosir middoatindon asili
olaraqg katalizator hissaciklorinin  Olgulori,
Olcilarina goro paylanmasi vo benzolun fenola

hidroksidlosdirilmasi  reaksiyasinda aktivliyi
artir. Gostarilir ki, US-in tasiri ilo maye mihitds
mioyyan Olclli  hissaciklori  almagla va
katalizator  hissaciklarinin  sothini  reaksiya
mohsullarindan tamizlomokls, benzolun fenola
hidroksillosdirilmosi reaksiyast ticin ~ Fe/Zr
oksid osasli ham aktiv, hom do uzun muddat
aktivliyini saxlayan katalizator almaq olur.
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EFFECT OF ULTRASOUND ON LIQUID-PHASE HYDROXILATION OF BENZENE IN
PHENOL IN THE PRESENCE OF Fe/Zr OXIDE CATALYST

L.X. Qasimova, E.H. Ismailov, S.A. Suleymanova, A.Z. Aliyeva, Y.H. Yusifov

Y.G. Mamedaliyev Institute of Petrochemical Processes, ANAS
Khodjadly ave.30, Az 1025, Baku, Azerbaijan; e-mail: Qasimova7@hotmail.com

The liquid-phase hydroxylation of benzene into phenol by hydrogen peroxide with the participation
of finely dispersed Fe / Zr oxide catalyst and the effect of ultrasound (US) on catalytic activity of

synthesized systems have been analyzed. For this purpose,

Hielscher ultrasonic device with

frequency of 26 kHz and power of 200 W has been used.It found that the US effect within 10 minutes
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after each 1-hour work on the catalytic system that loses 80% of its activity within 4-6 hours results
in restoration of its activity.

It revealed that the US treatment of the system, along with its preservation in a dispersed state,
cleans the surface of catalyst particles from oxidation products and leads to improvement of its
performance properties in terms of high catalytic activity.The dependence of average diameter of
particles in the catalytic system by the time of exposure to ultrasound has been analyzed. In the
course of ultrasonic treatment of the catalytic system, there became apparent a smooth decrease in
the mean diameter of the particles. As for the catalytic system which has been subjected to a 45-50
min treatment, the narrowest distribution of the catalyst particles in size is typical. It is believed that
under the influence of ultrasound, the cavitation occurs in the liquid (emergence and explosion of
numerous microscopic bubbles). When bubbles on the surface of the catalyst are exploded, energy is
released to result incleaning the surface of the catalyst from reaction products. Using this way, the
activity of the catalyst can be markedly intensified together with maintaining its long-term stable
operation in theprocess.

Keywords: benzene, phenol, hydroxilation, Fe/Zr oxide catalyst, ultrasound

BJIHAHHE Y/IbTPA3BYKA HA I'H/TPOKCH/IHPOBAHHE BEH30JIA B ®EHOJI
ITEPOKCH/IOM BO/IOPO/IA B ’KH/IKOH DA3E C YYACTHEM FelZr OKCH/HOI' O
KATA/TH3ATOPA

JI.X. I'aceimosa, 3.I'. Hcmaunos, C.A. Cyneitmanosa, A.3. Anuesa, 10.I. FOcughos

Hncmumym negpmexumuueckux npoyeccoe Hayuonanvnou AH Azepbatioscana
AZ 1025 Baky, np.Xooxcanwl, 30; e-mail: Qasimova7@hotmail.com

IIposeodeno oicuoxogasznoe eudpoxcunuposarue 0OeH301a 8 (HeHol NepoKCudoM 8000poda ¢
yuacmuem  menkooucnepcrhozo FelZr — oxcuonoco kamanuzamopa. Hccneoosano — enusHue
8030eticmeus  yrompassyka (Y3) na kamanumuueckyro akmuHoCmb CUHME3UPOBAHHLIX CUCTIEM.
s ykazannou yenu 6viia ucnonvzosana Y3 ycmanoexka xomnanuu Hielscher ¢ uacmomoi 26 kl'y
u mowrnocmoio 200 Bm. [Iloxazano, umo Y3 eo30eiicmeue 6 meuenue 10 mun. nocie xaxcoou
00HOUACOBOLU pabomvl HA KAMAIUMUYECKYIo cucmemy, komopas mepsem 80% ceoeli akmusHocmu
nocie pabomvl 8 meuenue 4-6 uacos, NpUBOOUM K BOCCMAHOBIEHUIO ee AKMUBHOCHIU.
Yemanoeneno, umo Y3- oopabomka cucmemul Hapady coxpaneHuem ee 8 OUCHEePCHOM COCMOAHUU,
oyuwaem mnOGEPXHOCMb HaACMUY Kamaiuzamopa om HNpoOyKMO8 OKUCIEHUS U NpUBooum K
VAYYUWIEHUIO €20 OKCNILYAMAYUOHHBIX CBOUCME NpU COXPAHEHUU GbICOKOU KAMAIUMUYECKOU
akmusnocmu. Hccredosana 3a8ucumMocms cpeoHe20 ouamempa 4Yacmuy 8 Kamaiumuieckou
cucmeme om @pemeHu 6osoelicmeus V3. Ilpu V3 obpabomke ramanumuueckou cucmemol
Habn00aemcs niaeHoe CHUdNCEHUEe CpeOHe20 ouamempa 4acmuy u O KamaiumuyecKou cucmembl,
noogepeweticai 45-50 mun obpabomke, xapakmepHo Hauboniee Y3Koe pacnpedeienue dacmuy
kamanuzamopa no pasmepy. Cuumaemcs, 4umo noo 6030elucmsuem YibmpaszeyKa Ha HCUOKOCHIb
B03HUKAEM KABUMAYUs (BO3HUKHOBEHUE U 83DblE8 MHONCECEA MUKPOCKONUYECKUX Ny3vipbkos). Ilpu
83pblee NY3bIPbKO8 HA NOBEPXHOCMU KAMAIU3AMOPA, HAXO0OAWE20Cs 8 HCUOKOCMU, BblOeNsemcsl
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OHep2Usl, npueodﬂu;aﬂ K oducmkKe noeepxHocmu kKamaiusamopa om I’lpOdme08 peakyuu.

Vkazannvim nymem MOMCHO 3amMemHO NOGbICUMb  AKMUBHOCMb KAMAIU3AMOPA, COXPAHAS €20
ONUMENbHYI0, CMAOUNLHYIO pabomy 8 OAHHOM npoyecce.

Knruesovie cnosa: 6enszon, penon, cuopoxcunuposanue, FelZr oxcuonwiii kamanuzamop,
VIbMPA36YK.

Redaksiyaya daxil olub 16.10.2017.
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