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BUGDALARLA AMFIiPLOIDLOR ARASINDAKI RESIPROK
HIBRIDLORDO DONLIORIN CUCORMO
QABILIYYOTININ TODQIQi
‘R.Q.ROHIMOV, S.P. MEHDIYEVA
AMEA Genetik Ehtiyatlar Institutu,

Azadlig prospekti 155,Baki, AZ1106
ebdulrehim.2016@gmail.com

XULASO

Todqiqat zamani baslangi¢ material kimi istifade etdiyimiz miixtslif yadcinsli amfiploidlerle yerli bugda
sortlar1 - bark bugda sortu Saray (T. durum Desf.) vo yumsaq bugda sortu Abseron (T. aestivum L.) arasindaki
carpazlasmalardan almmmis hibrid populyasiyalarda denlerin ciicorms qabiliyyeti todqiq edilmisdir. Aparilan
todqiqat islari naticesinde Abseron saraitinde bugdanin miixtslif yadcinsli amfiploidlerinin yerli bark ve yumsaq
bugda sortlar1 ile resiprok hibridlosmalari zamani alinan denlarin ciicorme qabiliyyatinin dyrenilmasi naticasinda
resiprok effekt nazere ¢arpmis ve bark bugda ile miiqayiseds, yumsaq bugdanin todqiq olunan amfiploidlarle
carpazlasmasindan alinan denlarin ciicorma qabiliyyatinin daha yiiksek oldugu miiayyen edilmisdir.

Acgar sézlar: bugda sortlari, yabam taxillar, amfiploidlar, uzaq hibridlasma, ciicarma qabiliyyati

NCCAEAOBAHME BCXOXXECTHN 3EPEH B PELIMITPOKHBIX CKPEIIVIBAHMSAX ITITEHNIIBI C
AMPUIIAONAAMMU

Pesiome

JaHHasl CTaThsl IIpeACTaBAseT pe3yAbTaThl MCCAEAOBAHN BCXOXKECTH 3€pPeH B PEeLMIIPOKHBIX IMOPVAHBIX
KOMOVHAIMAX, ITOAYIEeHHBIX B pe3yAbTaTe CKpeIlMBaHNUSA Pa3sANIHBIX Iy>XKepOAHBIX aM(UILIOUAOB C MECTHBIMM
copTaMM IIIEeHMUIIBI — cOpT MATKOoM nimenniipl Anmepon (T. aestivum L.) u copt tBepgoir nmennisr Capait (7.
durum Desf.), mcroap3yeMpIX HaMM B KadecTBe MCXOAHOTO MaTtepmada. Ilo pesyapraTam uccaeA0BaHMIA
BCXOKECTU 3epeH, IOAYYEHHBIX IIPY PEeIUITPOKHBIX CKPEIVMBAHUAX Pa3ANIHBIX UY>KEPOAHBIX aMUILI0UAO0B
IIIeHUITBl C MECTHBIMIU COPTaMM TBepAOil M MSATKOM IIeHMIIHI B YCAOBMAX AINepoHa, OBLAO OOHapy>KeHO
HaAW4ue peruIIpokHoro »dpdexra U cAelaHO IPEATIOAOXKEHUEe O TOM, YTO MsrKas IIIIIeHNIIa B IIOJ00HBIX
CKpeIIUBaHNAX ABAseTCs 60.1ee IIPeATIOITUTEABHON POAUTEABCKON (POPMOIL, YeM TBepasi.

Karouesvte caosa: copma nuernuyol, duxue SAaKU, AMPUnAoudsl, omoareHHas udpuousayusl, 6cxoxecv seper
STUDY OF SEED GERMINATION IN RECIPROCAL CROSSES OF WHEAT WITH AMPHIPLOIDS
Abstract

Current study presented the results of reciprocal crosses on seed germination ability in hybrid combinations
obtained from crosses between different wheat-alien amphiploids and local wheat varieties — bread wheat variety
Absheron (T. aestivum L.) and hard wheat variety Saray (T. durum Desf.) used as a parental material. Based on the
results of the current research on the germination ability of hybrid seeds obtained during the reciprocal
hybridization of different wheat-alien amphiploids with local hard and bread wheat varieties in Absheron
conditions, it can be assumed that the bread wheat is a more desirable parental form in wheat amphiploid x wheat
variety crosses than a hard wheat.

Key words: wheat varieties, wild cereals, amphiploids, wide hybridization, germination ability

GIRis
Genetik va atraf miihit amillari bitkids clicorma seviyyasini, clicorms siirstini, denin ve

clicortinin hayatilik qabiliyyatini miiayyen edir [8, 14]. Yaxst malumdur ki, alamatlari idare
edan genlar niive (xromosomlar) va ya sitoplazma (mitoxondrial DNT ve ya xloroplast DNT)
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vasitasilo valideynlarden nesillors &tiiriile bilir [4, 9, 10]. Oz DNT-si olan mitoxondrilar va
xloroplastlar kimi sitoplazmatik orqanoidlsr, demak olar ki, tamamils ana xatti iizre Gtiirtiliir
va buna gora ds bir ¢ox nasillor boyu miisyyan farqlere sabsb olur. Buna asasan, ana
valideynin effektlari nazers alinmadig hallarda, hibrid populyasiyalarda miisyyen keamiyyat
alamatinin genetikasmi anlamaq cohdlari seleksiyagilar1 yanlis yonlandirs biler [15]. Bu
baximdan eyni hibrid genomunu forqgli sitoplazma ilo birlosmays sovq edan resiprok
carpazlagsmalar ana effektini miiayyon etmoaklo yanasi, hibrid populyasiyasmin
yaxsilasdirilmast vo moadoeni bitkilorin yeni hibridlerinin yaradilmasi {i¢iin arzuolunan
seleksiya proqrammin segilmasinde miihiim rol oynayir. Bels ki, resiprok hibrid
kombinasiyalar arasinda farqgler varsa, onlar1 sitoplazmatik ve ya niive-sitoplazmatik
qarsihigh tesirlerin naticesi kimi gebul etmak olar [13]. Resiprok carpazlagsmalarda ana
effekinin miioyyan edilmesi hom da sitoplazmatik genlar tarafinden idars olunan ve yeni
yliksekmoahsuldar sortlarin yaradilmasi tiglin faydali olan bazi slamsatlorin miisyyan
edilmasine komak edo bilar [10, 12].

Elmi adebiyyatda hibridlosmalerda resiprok effekt haqda ilk malumatlardan biri K.
Korrens (1901) terafinden verilmisdir. O, yasil-ag rongli gece gozeli (Mirabilis jalopa)
bitkilerini tedqiq ederken, onlarda slamatlorin otiirtilmasinin iki ndv irsiyysts, Mendel va
ekstraxromsomal, vo ya geyri-Mendel irsiyyatine tabe oldugunu irali stirmiisdiir. Hazirki
zamanda ekstraxromsomal irsiyyat bir sira ali orqanizmlarde melumdur ve hamginin, bugda
da daxil olmagqla, bir ¢ox ali bitkilorde miisahides edilir. Miixtalif bitki sortlarinin ana effekti,
diger sortlarla miiqayiseds, seleksiya prosesinde onlara iistiinliikk qazandirmigdir. Bu da
miixtalif bugda genotiplarinin hibridlogsmalarine asaslanan seleksiya proqramlarinda
baslangic valideyin formalarin ham ds homoloji vo ya geyri-homoloji sitoplazmalara malik
olub-olmamalar1 nazars alinmag]la, sitoplazmaik variasiyanin daha genis sokilds istifadasini
vacib edir.

Bugdanin uzaq hibridlosmalari sayesinde genomlar1 miixtelif yadcinsli taxil
xromosomlarinin tam va ya natamam dastini ehtiva eden amfiploidlerin Azarbaycanin yerli
bugda sortlari ile resiprok carpazlasmalarindan alinan hibrid denlarin clicerma qabiliyyati
haqda moalumatlarin azligin1 nazars alararaq, hazirki tadqgiqat isimizde Abseron soraitinde
yadcinsli amfiploidlerin yerli bugda sortlari ilo hibridlagsmalarinden alinmis denlarin mahz
clicormo qabiliyyatinin tadqiqini qarsiya magsad kimi qoymusug.

MATERIAL VO METODLAR

Tedgiqatlar AMEA GElI-nin Abseron Tacriiba Sahasinda (2019-2021) suvarma soraitinde
aparilmigdir. Tadgiqat materiali gisminda bugdanin miixtalif yadcinsli 14 amfiploidindan ve
2 yerli bugda sortundan istifads edilmisdir (Cadval 1.).

Bugdanin yadcinsli amfiploidleri, NA-75 xatti istisna olmagqla, 4 elmi markezdon — ABS-
in Kanzas Dovlat Universitetinin nazdindeki Bugdanin Genetik ve Genom Ehtiyatlar:
Morkazinden (WGGRC), Ispaniyanin Kardoba sgohorinds yerlosan Kond Tasarriifat
Institutundan ~ (IAS), Meksikamin  Bugda  ve Qargidalimn  Yaxsilagdirilmasi iizra
Beynalxalq Markazinden (CIMMYT) ve Almaniyanin Qatersleben sosharindeki Leybnits
adina Bitki Genetikas1i ve Kond Toesarriifati Bitkilorinin Tadgiqi Institutunun (IPK)
genbankindan alds edilmis, bugda sortlar1 va tritikale amfiploidi iss GEI-nin Molekulyar
Sitogenetika laboratoriyasinda yaradilmisdir.
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Cadval 1. Bugdanin hibridlogmalara calb olunmus miixtalif yadcinsli amfiploidlari va yerli sortlar

Ne Niimunalarin kodu va ya ad1 Sacarasi va ya tayinat S:i;?(g;gl X(ri(;rsr:sszo:
1 TA#3413_AMP_TAST_ELAR Triticum sp./E. arenarius WGGRC 56
TA#3439 AMP_TDUR_HAVI T.turgidum [ H. villosa WGGRC 42
TA#3412_AMP_TTI_CRBO T.timofeevii subsp. timofeevii/C. WGGRC 42

bogdani

4 TA#3409_AMP_TAST_AGDI T. aestivum/Ag. distichum WGGRC 56

5 TA#3392_AMP TAST_THIN T. aestivum | Ag. intermedium WGGRC 56

6 TA#3426_AMP_AGSC T. aestivum cv. Chinese Spring/Ag. WGGRC 56
scirpeum

” TA#3425_ AMP_AGEL T. aestivum cv. Chinese Spring/ Ag. WGGRC 56
elongatum

8 HT-471 H. chilense/T. turgidum IAS 42

9 HT-621 H. chilense/T. turgidum IAS 42

10 B373 T. aestivum/Ag. intermedium CIMMYT 56

11 OK7211542 T. aestivum/Ag. ponticum CIMMYT 56

12 B1321 T. aestivum/Ag. intermedium CIMMYT 56

13 GRA795 x Elytriticum IPK 56

14 TA#3427 AMP_TAST Elymb'ts ciliaris / T. aestivum subs'p. WGGRC 56

aestivum cv. Inayama-Komugi

15 NA-75 T.durum/Ae. squarrosal/S. cereale AMEA GEI 42
ssp. segetale

16 T. durum cv. Saray Nozarot AMEA GEI 28

17 T. aestivum cv. Abseron Nozarat AMEA GEI 42

Todgigat materialinin tacriiba sahasinda sepini noyabr ayinin birinci ongiinliiytinds sllo
aparilmus, kiitlavi ¢ixig noyabr aymin ikinci onglinliiyiinds miisahide edilmisdir. Vegetasiya
miiddatinds niimunoalar boruyagixma, siinbiilloma ve denin formalasmasi marhslslorinda
suvarilmis, eyni zamanda tacriibe sahasi ii¢lin nazards tutulmus aqrotexniki qulluq isleri
hoayata kegirilmisdir. Torpagin har 1m? —ins 0,5 kq {izvi vo mineral giibro verilmisdir.
Siinbiilloma mearhalesinde nazerds tutulmus hibridlosmsler, denbaglama vo cilicorma
faizlorinin statistik analizi denli-taxil bitkilorinin seleksiya islorine dair tarla tacriibslorinin
metodikasina uygun olaraq, timumi qebulolunmus qaydada aparilmigdir [1]. Valideyn
formalar arasindaki ¢arpazlasmalardan alinan hibrid denlar, ilk avval, laboratoiya soraitinde
valideyn formalara aid danlerls eyni tarixde Petri qablarda clicordilmisdir. Hibrid danlarin
clicormo qabiliyyati ve inkisafi ham valideyn formalarin, hom de nazarat formalarin resiprok
carpazlasmalarindan alinan hibridlerin miivafiq gostericilori ilo miiqayisali olaraq tehlil
edilmis vo onlar tadqiqatin novbeati morhoalasinde vegetasiya boyu aparilacaq fenoloji
miisahidalar ve diger analizler maqsadile Abseron Tacriibs Sahasins kogliriilmiislar.

NOTICOLOR VO ONLARIN MUZAKIROSI

Bugdanin miixtslif yadcinsli amfiploidloeri ile yerli bugda sortlar1 arasindak: ¢arpazlas-
malardan alinan hibrid denlarin ciicerma qabiliyyatinin naticelari Cadval 2-da verilmisdir.
Cadval 2-den goriindiiyli kimi, ayriqotu (Agropyron Gaertn.) cinsine maxsus novlerin (Ag.
distichum, Ag. ponticum, Ag. intermedium, Ag. scirpeum, Ag. elongatum) istiraki ile sintez
edilmis amfiploidler ve ya trititrigiyalar ilo yerli bugda sortlar1 arasindaki 6 resiprok
kombinasiyadan 5-inin denlari amfiploidlarin ana kimi gétiirtildiiyii diiziina, 3-tiniin denlari
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iso bugda sortlarinin ana kimi gotiirtildiiyti kombinasiyalarda ciicormisdir. Qeyd etmak
lazzmdir ki, tedqiq edilan resiprok kombinasiyalarin birinde — bark bugda sortu ils
trtititrigiya (Ne6) arasindaki istor diiziing, istorse do torsine kombinasiyalarda alinan danlor
clicormoamis, yumsaq bugda ilo biitiin hibridlosmalards ise bu istiqgamatlorden he¢ olmasa
biri tizre cilicertilor almaq miimkiin olmusdur. Ciicorma qabiliyyetini tadqiq etdiyimiz 40
hibrid kombinasiya tizro an ¢ox — 33 ciicarti Ag. elongatum noviniin istirak: ilo almmis
amfiploidin yumsaq bugda ile iter ana qgisminds carpazlasdirildigr kombinasiyada qeyds
alinmigdir. Tarsine kombinasiyada iss hibrid denlarin ciicorma qabiliyyati nisbaten asag1
olsa da, digorlerine nisbaton yens do yiiksok olmusdur. Umumilikds, apardigimiz
tadqgiqatda 40 kombinasiya tizrs alinan hibrid denlar arasinda ¢oxsayli bitki ciicertilarine
mohz iki amfiploidin (Ne6 ve No7) yumsaq bugda sortu ils resiprok ¢arpazlasmalarmin har
ikisindo miisahide edilmisdir ki, bu da hemin niimunslerin, diger amfiploidlorle
miiqayisads, yumsaq bugda ilo yiiksak genetik uyarliliga malik olduglarini toxmin etmoyo
imkan verir. Maraqhdir ki, clicertilorin saymna gore bu iki ve tadqiqatdaki bezi diger
kombinasiyalar nazarst kombinasiyalarinda oldugundan iistiin gostericilor niimayis
etdirmiglar. Belo ki, nazarat do daxil olmaqla, qeyd edilon kombinasiyalarin hamisinda
valideyn formalar arasinda genomun ploidlik seviyyesine gore forqlor olmus, onlardan
alman 4 subgenoma (mosalen, trititrigiyalarda diploid AA, BB, DD ve haploid E
subgenomlaria) malik denlerin clicorma qabiliyysti 3 subgenomu (diploid AA, BB ve
haploid D subgenomlarini) dasiyan nezarat garpazlagsmalarina moexsus denlsrin ciicerma
qabiliyystindan daha tistiin

Cadval 2. Bugdanin miixtalif yadcinsli amfiploidleri ila yerli bugda sortlar1 arasinda
aparilmis ¢arpazlasmalardan alinan hibrid denlerin ciicorme qabiliyyati

Kombinasivalar Kombinasiyanin | Danbaglama | Ciicorma
© sty abbreviaturasi Yo-i Yo-i
1 2 3 4
Trititrigia x T. durum
T. aestivum/Ag. distichum x Saray* Ta/AgD x Sa - -
T. aestivum /Ag. ponticum x Saray Tsp/AgP x Sa - -
T. aestivum cv. CS/Ag. scirpeum x Saray CS/AgS x Sa 3.68 -
Saray x T. aestivum cv. CS/Ag. scirpeum Sa x CS/AgS 3.45 -
T. aestivum/Ag. intermedium (No 5) x Saray Ta/Agl#5 x Sa 58.33 28,57
T. aestivum/Ag. intermedium (Ne 10) x Saray Ta/Agl#10 x Sa 2.94 -
Saray x Triticum sp./Ag. intermedium (Ne 10) Sa x Ta/Agl#10 2.63 -
T. aestivum [ Ag. intermedium (Ne 12) x Saray Ta/Agl#12 x Sa 48.08 20
Saray x T. aestivum [ Ag. intermedium (Ne 12) Sa x Ta/Agl#12 14.06 -
T. aestivum cv. CS/Ag. elongatum x Saray CS/AgE x Sa 28.57 56,25
Saray x T. aestivum cv. CS/ Ag. elongatum Sa x CS/AgE 19.32 -
Trititrigia x T. aestivum
T. aestivum/Ag. distichum x Abseron Ta/AgD x Ab 15 100
Abseron x T. aestivum/Ag. Distichum Ab x Ta/AgD 5.66 -
Triticum sp./Ag. ponticum x Abgeron Tsp/AgP x Ab 23.33 28,57
T. aestivum cv. CS/Ag. scirpeum x Abseron CS/AgS x Ab 44.59 90,91
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Abseron x T. aestivum cv. CS/Ag. Scirpeum Ab x CS/AgS 37.10 65,22
T. aestivum cv. CS/ Ag. elongatum x Abgeron CS/AgE x Ab 56.25 91,67
Abseron x T. aestivum cv. CS/ Ag. elongatum Ab x CS/AgE 40.63 84,62
T. aestivum/ Ag. intermedium (Ne 10) x Abseron Ta/Agl#10 x Ab 12.50 50
T. aestivum [Ag. intermedium (Ne 12) x Abgeron Ta/Agl#12 x Ab 2.33 -
Abseron x T. aestivum/ Ag. intermedium(Ne 12) Ab x Ta/Agl#12 35.48 4,55
T. aestivum/Ag. intermedium (Ne 5) x Abseron Ta/Agl#5 x Ab 47.06 -
Haynatriticum x T. durum
T. turgidum/H. villosa x Saray Tt/Hv x Sa - -
Saray x T. turgidum/ H. Villosa Sa x TYHv 81.48 -
1 2 3 4
Haynatriticum x T. aestivum
T. turgidum/ H. villosa x Abgeron Tt/Hv x Ab 39.29 72,73
Abseron x T. turgidum/ H. Villosa Ab x Tt/Hv 6.15 62,50
Elytriticum x T. aestivum
Triticum sp./E. arenarius x Abgeron Tsp/Ea x Ab 15 50
Abseron x Triticum sp./E. arenarius Ab x Tsp/Ea 0.89 -
xElytriticurn GRA 795 x Abgeron Et#795 x Ab 2.94 -
Abseron x xElytriticumn GRA 795 Ab x Et£795 2.94 -
Tritordeum x T. durum
H. chilense/T. turgidum (No 8) x Saray Hc/Tt#8 x Sa - -
H. chilense/T. turgidum (No 9) x Saray Hc/Tt#9 x Sa 6.98 -
Saray x H. chilense/T. turgidum (Ne 9) Sa x Ho/Tt9 8.82 100
Tritordeum x T. aestivum
H. chilense/T. turgidum(Ne 8) x Abseron Hc/Tt#8 x Ab 26.92 -
H. chilense/T. turgidum (Ne 9) x Abgeron Hc/Tt#9 x Ab 1.14 -
Abseron x H. chilense/T. turgidum (N2 9) Ab x H/Tt£9 14.55 37,50
T. timofeevii subsp. timofeevii/C. bogdani x Abgeron Ttt/Cb x Ab 1.79 -
Abseron x T. timofeevii subsp. timofeevii/C. bogdani Ab x Tt/Cb 1.52 -
Triticosecale x T. durum
T.durum/Ae. squarrosal/S. cereale ssp. segetale x Saray NA-75 x Sa 3.03 -
Saray x T.durum/Ae. squarrosal/S. cereale ssp. segetale Sa x NA-75 39.29 -
Triticosecale x T. aestivum
T.durum/Ae.squarrosa//S. cereale ssp. segetale x Abgeron NA-75 x Ab 30.56 36,36
\Abseron xT.durum/Ae. squarrosa//S. cereale ssp. segetale Ab x NA-75 38.37 -
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Yumsaq bugda x T. durum

Abseron x Saray Ab x Sa 7.14 100
Saray x Abseron Sax Ab 58.00 10,35

* — Valideyn formalarin siinbiilloms tarixi miixtalif oldugundan, bazi kombinasiyalar
tizra ¢arpazlagmalarin resiprok aparilmasi miimkiin olmamisgdar.

Sakil 1. a. Tadgiqatda istifads edilmis amfiploid bitki niimunalarine aid 12 giinliik
ciicartilar. Soldan saga: 1- Sa; 2 — Ab; 3 -NA-75; 4 - Ta/AgD; 5 - Ta/Agl#5; 6 - CS/AgS; 7 -
CS/AgE; 8 - Ta/Agl#10; 9 - Tsp/AgP; 10 - Ta/AgI#12; 11 - Ttt/Cb; 12 - Hc/Tt#8; 13 - Hc/Tt#9;
14 - Tsp/Ea; 15 - Ec/Ico; 16 - Et#795; 17 - Tt/Hv; b. Trititrigiya x Abseron resiprok
kombinasiyalarindan alman 12 giinliik ciicartiler. Soldan saga: 1- Ta/AgD x Ab; 2 - CS/AgS x
Ab; 3 - Ab x CS/AgS; 4 - Ab x CS/AgE; 5 - CS/AgE x Ab; 6 - Ta/Agl#10 x Ab; 7 - Tsp/AgP x
Ab; 8 - Ab x Ta/Agl#12

olmusdur. Todqiqatda istifade edilmis amfiploid bitki niimunslerine aid ciicortiler 6z
oksini $akil 1.a-da tapmisdir. $akil 1.a-dan goriindiiyii kimi, an iri ciicartilar iki amfiploide -
Ta/Agl#12 va Ttt/Cb -yo maxsus olmusdur. Trititrigiya ilo Abseron sortu arasindaki resiprok
kombinasiyalardan alinan F1 hibrid bitki ciicartilorinin goriiniisii ise Sokil 1.b-da verilmisdir.
Sakil 1.b-dan goriindiiyii kimi, an iri ciicorti Ab x CS/AgS, an kicik ciicarti iss Ta/Agl#10 x Ab
kombinasiyasina aid olmusdur.

Trititrigiya ils Saray sortu arasindaki resiprok kombinasiyalardan alinan ciicertilar va
onlarin valideyn formalarina aid cticortilor $Sakil 2.a-da verilmisdir. $Sakil 2.a-dan goriindiiyii
kimi, bu ciicartiler, yumsaq bugda ilo hibridlosmalarden alinan ciicartilorle miiqayiseds, bir
gayda olaraq, kigikolgiilii olmuslar. Bu istiqamatds aparilmis hibridlosmalarden alinan an
kicikolgiilii ciicartilor CS/AgE x Sa kombinasiyasina maxsus olmusdur.

Saray sortu ile miiqayisads, Abseronla ¢arpazlagsmadan alinan hibrid denlsrin ytiiksak
ciicorma qabiliyyeti ils secilon diger amfiploid Haynaldia Schur (ve ya Dasypyrum (Coss. &
Durieu) T. Durand) cinsine aid H. villosa noviiniin istirak: ilo sintez edilmis haynatritikum
(qisaca haynatrikum) olmusdur. Belo ki, bark bugda ilo resiprok hibridlosmalara calb
olunmus haynatrikumun ana kimi gotiirtildiiyli kombinasiyadan, timumiyyatls, hibrid den
alinmamus, ata kimi gotiirtildiiyii kombinasiyanin iss an ¢ox den sayina (132) malik olmasina
baxmayaraq, bu denlarden heg biri clicormamisdir. Carpazlagsmalara valideyn gisminda calb
olunmus haynatrikumun yaradilmasinda tetraploid bugdanin T. turgidum noviinden istifade
olundugunu nazars alsaq, onun, yumsaq bugda ilo miiqayisads, bark bugda ils hibridlarinin
milayyon genetik uyarliliga osasan daha c¢ox hayatilik gabiliyystine malik olmas:
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gozlonilirdi. Bunun oksi olaraqg, haynatrikumun yalniz yumsaq bugda sortu Abseronla
resiprok carpazlagsmalarma maxsus hibrid denlarden clicerti almaq miimkiin olmusdur
(Sekil 2.b). Sakil 2b-den goriindiiyti kimi, bu resiprok kombinasiyanin tarsina
kombinasiyasindan (Ab x Tt/Hv) alman ciicertilar, diiziina istiqamatde alman ciicertilarls
miiqayisods, daha iri olmusdur. Qeyd etmoliyik ki, cari totqiqatda istifade etdiyimiz
haynatrikum, trititrigiyalardan ferqli olaraq, heksaploiddir (2n=42) ve onun tetraploid
(2n=28) bugda ile ploidlik seviyyasindoki forqi hamin tetraploidin oktoploid (2n=56)
trititrigiyalarla forginden daha azdir. Lakin buna baxmayaraq, trititrigiyalarla bark bugda
arasinda aparilan resiprok hibridloasmalerin en azi bir istiqamatinds alinan danlar clicarme
qabiliyyetine malik olmusdur.
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Sokil 2. a. Trititrigiya x Saray resiprok kombinasiyalarindan alinan 12 giinliik valideyn va hibrid
cicartilar. Soldan saga: 1 — Sa; 2 - Ta/Agl#5 x Sa; 3 - Ta/Agl#5; 4 - CS/AgE x Sa; 5 - CS/AgE; 6 -
Ta/Agl#12 x Sa; 7 - Ta/Agl#12; b. Haynatrikum x Abseron resiprok kombinasiyalarindan alinan 12
giinliik clicortilar. Soldan saga: 1 - Tt/Hv; 2 — Ab x Tt/Hv; 3 - Tt/Hv x Ab; 4 — Ab

Bu naticalor hibridlogsmalards denbaglama v clicorma gostaricilarine ploidlik saviyyesi
ilo yanasi, reproduktiv maneslari tonzimloyean ve carpazlasma qabiliyyetini kodlasdiran
genlarin (crossability genes) da tesir gostordiyini bir daha siibut edir.

Triticeae Dumort. tribasmin nov sayma gors on iri Elymus L. cinsine maxsus novlerinin
istiraki ilo sintez edilmis elitritikumlarla (qisaca elitrikumlarla) Saray sortu arasinda,
sonuncunun elitrikumlarla ¢igoklomo miiddastlorindaki forq sebebinden, hibridlosma
aparmaq miimkiin olmamisdir. Elitrikumlarin Abseron sortu ile resiprok ¢arpazlagsmalarinda
iso E.arenarius noviniin istiraki ilo yaradilmis amfiploidin ana qisminda istifade edildiyi
diiziine kombinasiyadan alinan hibrid denlsrin yalmiz yaris1 cilicormis, tarsine
kombinasiyanin hibrid denlsrinin iss, {imumiyyetls, ciicorms qabiliyyeti olmamigdir. Bu
kombinasiyadan alman ciicartiler, valideyn formalarin ciicartilori ilo miiqayiseds, daha
kigikol¢iilii olmuslar (Sakil 3.a).

Hordeum L. cinsino maxsus H. chilense noviiniin istirak: ilo sintez edilmis tritordeum
nimunasi (N29) ilo Saray sortu arasindaki resiprok carpazlasmalarda denbaglama
gostaricilorine gors resiprok effekt miisahide edilmesas da, ciicorma qabiliyystine gore
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resiprok effekt geyde alinmisdir. Bels ki, hibrid denlsr yalniz bark bugdanin ana gisminde
istirak etdiyi kombinasiyada ciicermislar. Qeyd etmak lazimdir ki, digar tritordem niimiinasi
ila (Ne8) Saray sortu arasindaki kombinasiyadan, iimumiyyatls, hibrid den almaq miimkiin
olmamusdir. Tadqiqatda istifads etdiyimiz tritordeum niimunalarinin Abseron sortu ils de
resiprok ¢arpazlasmalarindan alman hibrid denlarin ciicorme qabiliyyeti miixtalif olmus,
lakin bu kombinasiyalardan alinan denlerin clicorma qabiliyyatine gors de resiprok effekt
miisahide edilmisdir. Bels ki, biitiin kombinasiyalardan alinan hibrid denlar yalniz yumsaq
bugda ana gisminds gotiiriildiikds cilicormisler, diiziine kombinasiyalardan ise ciicarti
almaq miimkiin olmamimisdir. Trititrigiya ile Saray arasindaki resiprok kombinasiyalardan
alinan ciicartilorle miiqayisads, Tritordeum ile Saray arasindaki resiprok kombinasiyalardan
alinan cticortilor, ctizi
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Sokil 3. a. Elitritikum x Abgeron diiziine kombinasiyasindan alinan 12 giinliik F1 hibrid ve onun
valideyn formalarimin ciicortilori. Soldan saga: 1 - Tsp/Ea; 2 - Tsp/Ea x Ab; 3 — Ab; b. Tritordeum x
Saray va Tritordeum x Abseron resiprok kombinasiyalarindan alinan 12 giinliik ciicertilor ve onun
valideyn formalarinin ciicartilori. Soldan saga: 1 — Sa; 2 - Sa x He/Tt#9; 3 - Hc/Tt#9; 4 - Hc/Tt#9 x Ab; 5
- Ab

do olsa, valideyn formalardan, hamginin, Tritordeum x Abseron kombinasiyasindan alman
clicartilorden daha iri6l¢iilti olmuslar ($akil 3.b).

H. chilense noviiniin istiraki ils sintez edilmis tritordeumdan farqli olaraq, C. bogdani (=
H. bogdani) néviiniin istiraki ile sintez edilmis tritordeumun alinmasinda bugda genomunun
donoru gisminda T. timofeevii (GGAA) novii istifads edildiyinden, o, yumsaq bugda ilo
yalniz tok bir A subgenomu ilo timumilik tagkil etmisdir ki, ¢arpazlagsmalardan alinan hibrid
danlarin clicorma gabiliyyatinin yoxlugunu bununla izah etmak olar.

Secale L. cinsine maxsus S. cereale ssp. segetale —nin istiraki ils sintez edilmis heksaploid
tritikale (NA-75 xotti) ilo yerli bugda sortlar1 arasindaki resiprok carpazlagsmalarda berk
bugda ile olan kombinasiyalardan alman hibrid danlsr ciicermamis, yumsaq bugda ils ise
tritikalenin yalniz ana valideyn formas: kimi istifads edilon kombinasiyasindan ciicartilor
almaq miimkiin olmusdur ki, onlar da oOlgiilarine gors, valideyin formalarin ciicartilori ilo
miiqayisads, daha kicikolgiilii olmuslar (Sokil 4.a). Qeyd edak ki, tritikale bugdanin siini
sintez edilmis ilk yadcinsli amfiploidi oldugundan, diger amfiploidlerle miiqayisads, elmi
adabiyyatda onun bark ve yumsaq bugdalarla hibridlasmalarine dair kifayat qodar tadqgiqat
materiallarina rast gelmak miimkiindiir [7, 11, 15, 16]. Bels ki, laboratoriyamizda yaradilmis

86



Bugdalarla amfiploidlar arasindaki resiprok hibridlorda donlarin ciicarma qabiliyyatinin tadqiqi

[2] va hazirki tadqiqatda istifads edilen tritikale niimunasi avvaller de bazi bugda novleri ile
carpazlagsmalara celb olunmusdur. Bu tritikalenin tetraploid bugda névleri T. dicoccoides
Koern., T.araraticum Jakubz., T. timopheevii Zhuk., T. dicoccum (Schrank) Shuebl, T. cartlicum
Nevski va sintetik tetraploid amfidiploid (AADD) ils aparilmis resiprok hibridlagmalarinde
ham diiziine, hom da torsine istigamatds, NA-75 x T. dicoccoides kombinasiyasindan ise
yalniz bir istigamatda (yoni biitiin
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Sokil 4. a. Tritikale x yumgaq bugda sortu Abseron kombinasiyasindan alman 12 giinliik F1hibrid ve
onun valideyn formalarinin ciicertileri. Soldan saga: 1 — NA-75; 2 - NA-75 x Ab; Ab; 3 - b. yumsag
bugda sortu Abseron x bark bugda sortu Saray resiprok kombinasiyalarindan alinan 12 giinliik F1 hibrid ve
onun valideyn formalarinin ciicartilori. Soldan saga: 1 — Sa; 2 - Sa x Ab; 3 — Ab x Sa; 4 — Ab

digor novlerin ana gisminde istifade olundugu kombinasiyalarda) miisyyen qodar
donbaglama (6,98 — 34%) miisahide olunsa da, onlardan ciicorti almaq miimkiin olmamisdir
[3]. Bizim tadqiqatda da bu trtikale niimunasi ilo Saray sortu arasinda hibrid denlerin
alinmasma baxmayaraq, onlarin da ciicorme qabiliyyeti olmamisdir. Lakin basqa bir
todqgiqatda bu trtitikale niimunasinin T. dicoccum var. rufum vo T. palecolchicum ilo aparilan
resiprok hibridlasmlarinden alinan denlorin hom denbaglamanin miiveffaqiyyst deracesins,
hom da ciicorma qabiliyyetine gore resiprok effekt geyde alinmisdir [5]. Naticelarden
gorindiiyi kimi, NA-75 ilo tetraploid bugdalar arasindaki resiprok hibridlagsmalards
denbaglama va cilicorms faizlari arasinda ters miitenasib asililiq miisahide edilmisdir. Bu
trtitikale niimunasinin yumsaq bugda sortlar1 Opal ve Chinese Spring ils
carpazlasmalarindan almman hibrid danlerin ciicormasinde da resiprok effekt geyda
alinmisdir. Bu tendensiya 0ziinii, hamginin, diger heksaploid bugda niimunalari (1. macha, T.
aestivum var. velutinum Dekapr. & Menabde, T. aestivum cv. Bezostaya 1, T. aestivum cv.
Grekum 75/50, sintetik bugda ADS) ilo resiprok hibridlasmalardes do niimayis etdirmisdir [6].
Bels ki, cari tadqgiqatdak: kimi hibrid denler yalniz tritikalenin ana qismindao istifads edildiyi
carpazlagmalarda ciicorme qabiliyystine malik olmus, tarsine kombinasiyalarda ise ciicartilar
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almaq miimkiin olmamisdir. Bu resiprok effekti hibridlarin endosperm vo plazmonlarindak:
genom forqlori ils, xiisusilo ana valideyn qisminds istifads edildiyinde yumsaq bugdada
baglanan danlarin endospermindes ¢ovdar genomunun haploid vaziyysti ile izah edirlar.
Clinki mahz bu veziyyst endospermogenez prosesinds miixtslif tip anormalliglara ssbab
olaraq, son naticods biizlismiis, praktiki olaraq ciicorms qabiliyysti olmayan denlarin
yaranmasina ravac verir [4]. Tritikaleds resiprok effekts sobob olan bu ciir amillar, gox
gliman ki, diger amfiploidlarle bugdalar arasindak: hibridlosmalards da rast gelina bilar.

Nazarat kimi gotiiriilmiis kombinasiyalardan alinan hibrid denlerin denbaglama ve
clicormoa faizlori arasinda da ters miitenasib asililiq miisahide edilmisdir. Belo ki, yumsaq
bugdanin ana gisminda goétiiriildiiyli kombinasiyada az sayda alinan hibrid denlarin hamusi,
torsine kombinasiyada iss ¢oxsayli hibrid denlarin yalniz 1/10 ciicormisdir. Resiprok
clicortilor valideyin formalara aid ciicortilorden Olgli etibarilo, xiisuson de Sa x Ab
kombinasiyasinda, xeyli geride qalmisdir (Sakil 4.b).

Belalikls, bugdanin miixtalif yadcinsli amfiploidlarininin yerli bugda sortlari ile
hibridlsgsmalarinden alman danlarin ciicorma qabiliyystinin tedqiqi naticesinds yumsaq
bugdanin bark bugdaya nisbsten hamin amfiploidlarle daha ¢ox genetik uyarliliga malik
oldugunu texmin etmoak ve bu gebilden olan uzaq hibridlogsmalerds istor denbaglamaya,
istarsa do clicorma qabiliyyatine gora resiprok effektin mévcudlugunu nazars alib, seleksiya
islorinda bu effektdon diizgiin istifadeni 6ncadan planlasdirmagq olar.
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ABSTRACT

Poly-(o-toluidine) (POT) was synthesized using the oxidation-polycondensation method. The process was
carried out in an acidic medium (1M HCI) using an ultrasonic stirrer and potassium persulfate (K25:0s) as the
oxidizer. POT has been found to be well soluble in many polar organic solvents (DMF, DMSO and others). The
structure, morphology and properties of the synthesized polymer were investigated by FT-IR, UV-VIS
spectroscopy, X-ray diffraction, thermogravimetric analysis (TGA) and scanning electron microscope (SEM, field
emission scanning electron microscope). The results of the TGA analysis showed that the obtained polymer
material had a thermal stability up to 540 °C.The crystalline structure of the synthesized polymer was determined
by X-ray method, and the nanoparticles were determined by SEM analysis.The electrical properties of the
polymer were investigated by four point methods and it was confirmed that it has semiconductor properties.

Keywords:conductive polymer, 2-methylaniline, poly-2-methylaniline, oxidation-polycondensation.
NANOOLCULU POLI-O-TOLUIDININ SINTEZi VO XASSOLORININ TODQIQi
XULAS®

Oksidlesma-polikondenslosma metodundan istifade etmakla poli-(o-toluidin) (POT) sintez edilmisdir.
Proses ultrasonic qarsidiricidan istifade edilmakls, turs miihitde (IM HCI) ve oksidlesdirici kimi kalium-
persulfatdan (K25:0s) istifade edilmokls hayata kegirilmisdir. Miiayyen edilmisdir ki, POT bir ¢ox polyar tizvi
halledicilarde (DMF, DMSO ets.) yaxst hall olur.Sintez olunmus polimerin qurulusu, morfologiyas: va xassalari
FT-IR,UV-VIiS spektroskopiyasi, X-ray difraksiyasi, termoqravimetrik analiz(TGA), ve skanedicielektron
mikroskopiya vasitasile (SEM, field emission scanning electron microscopy) tadqiq olunmusdur. TGA analiz
naticalori gostardi ki, alinmis polimer madde 540°C termiki stabilliys malikdir. Sintez olunmus polimerin
kristallik qurulusa malik oldugu ise X-ray metodu,nano dl¢iilars malik oldugu SEM analizlarins asasenmiiayyen
edilmisdir. Dérd noqte metodu ils polimerin elektrik xassalari tedqiq edilmis ve yarimkecirici xassalors malik
oldugu tesdiq edilmisdir.

Acar sozlar: kegirici polimer, 2-metilanilin, poli-2-metilanilin, oksidlagsma-polikondensasiya.
CHMHTE3 U ICCAEAOBAHME CBOMICTB IIOAN-(O-TOAYUANHA) HA HAHOMACIITABE.
PE3IOME

IMoan-(o-toaynaun) (ITOT) cuHTE3MpPOBaAM METOAOM OKMCAEHUA-TIoANKOHAeHcariu. [Tporiecc mposoanan
B Kucaoi cpede (IM HCl) ¢ mcroapsoBaHMeM yAbTpa3ByKOBOII Memmaaku u repcyabdara Kaams (K25:08) B
KaJecTBe OKucaAnTeAs. YcraHosaeHo, 9To ITOT xopomro pacTBopseTcs BO MHOTUX IOASPHBIX OpTaHMYEeCKMX
pactsopureasx (AM®, AMCO u ap.). Crpykrypy, MOpQOAOIMIO U CBOVICTBA CUHTE3MPOBAHHOIO IIOAMMeEpa
uccaejoBaanl MeToAaMy MHQPaKpacHOU, yAbTpadroAeTOBON CIIEKTPOCKOINM, peHTreHo(a3oBOIO aHaaAu3a,
TepmorpasuMeTpudeckoro aHaansa (TTA) u ckanupylomniero »1eKTpoHHOro Mukpockorna (COM, aBTODAeKTpPOH-
HBIMl CKaHUPYIOIIUIT ®AEKTPOHHBINN Mukpockomn). Pesyaprathi TTA-aHaamsa mokasaam, YTO ITOAyJEeHHBIN
ITOAVMEepHBINT MaTepuaa ob6a1ajaa TepMmmdeckoir cTadbuasHOCThIO 40 540 0C. Kpmcraaamdeckyio CTPyKTypy
CHHTEe3UPOBaHHOIO MOAMMEpPa OIpejeAsll PeHTTeHOCTPYKTYPHBIM MeTOAOM, a HaHOYacCTUIIBI OIpeleasan C
nomompio COM-anaausa. YeTslpexTodeqHbBIMIY MeTOAaMU MCCA@A0BaHbl DAeKTpUdecKue CBOICTBa IoAuMepa 1
ITOATBEP>KA€HO HaAU4dle Y HeTO IOAYITPOBOAHMKOBBIX CBOJICTB.

KaioueBble caA0Ba:»1eKTPOIPOBOAAIINI OAUMEDP, 2-MeTUAAHUAUH, MOAMU-2-MeTUAAHUANH, OKUCAEeHNe-
ITOAVKOHAEHCAITS.
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1.Introduction

Over the past 40 years, polymers and their compounds have been widely used in various
industries.This is due to the many positive features of polymers, such as cheap and easy to
obtain, light weight, easy to process.For a long time, polymeric materials were used only as
dielectrics.After the synthesis of electrically conductive polymers (CPs), these polymers began to
be widely used in various industries.Electrically conductive polymers are organic materials with
unique electrical and optical properties.Some of their properties are similar to those of inorganic
semiconductors.The ease of synthesis of these polymers, their environmental stability, their high
permeability due to a special proton doping mechanism, and their relatively low cost have
attracted the attention of researchers in the last decade[1, 2].

Conductive polymers have a wide range of applications, including light organic batteries,
microelectronic devices, electrochrome displays, electromagnetic protection devices, and
sensors[3-5]Despite its wide range of applications, conductive polymers have low physical and
mechanical properties, lack of solubility in widely used organic solvents, and, consequently, the
difficulty of processing technology. Functionalization of traditional monomers used to overcome
such shortcomings and the obtaining of polymers in conjunction with other monomers, etc. such
methods have been applied[6-10].

The most notable of the conductive polymers is polyaniline[11-13]and its derivatives
polythiophene[14], polypyrrole[15], poly (3,4-ethylenedioxythiophene)[16], poly-phenylenedi-
amines[17, 18], poly-halogenated anilines[19], poly-aminophenols[20-22], poly-aminobenzene-
sulfonic acid[23], poly-aminopyrene[24], poly-1-amino-2-pyrridine[25], poly-N,N-dimethylanili-
ne[26]. They are obtained by oxidation polycondensation reactions in the presence of various
oxidizers of the corresponding monomers.

Among the derivatives of aniline, o-toluidine (2-methyl aniline) is similar to aniline in many
features[27-29].

Many researchers have suggested that POT may be an effective means of protecting metals
from corrosion[30]. Polymers of o-toluide with other monomers have also been synthesized to
improve the physical and mechanical properties of POT[7-10, 31-33].Given the conductivity of
the POT, it can be used in the manufacture of energy-saving devices, displays, smart materials
and other equipment([10, 19, 39, 30-32, 34-38].

Despite the diversity of oxidation-polymerization and electrochemical synthesis methods,
all synthesized polymer samples have a connected bonding system.

In previous studies, homo and co-polymers of o-toluidine under different conditions and
with different monomers were synthesized and many properties were investigated.

In the presented work, oxidation-polycondensation of o-toludidine in the presence of
potassium persulfate was carried out using an ultrasonic mixer, and based on the results of the
research, it was determined that the synthesized POT is nano-sized, mainly amorphous
semiconductor.
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2.Experimantal part
2.1. Material and Metods

2-methylaniline (2-MeAn), potassium persulfate (K25:0s), methanol (CH:OH), hydrogen
chloride and other solvents are manufactured by the German company Merck (Darmstadt,
Germany).

2.2. CHARACTERIZATION

The FT-IR spectroscopy were recorded on a Bruker Alpha-P (Wismar, Germany) in ATR in
range of 4000 cm-400 cm*

The UV-Vis spectrum of polymers was taken using Perkin Elmer Lamba UV-vis
Spectrometer by dissolving the polymers in DMSO as a solvent.

Thermal stabilities of the polymer substance were examined by thermogravimetric analysis
(TGA) on a STA 6000 model (Perkin Elmer Instruments). The samples (~ 5 mg) were heated from
room temperature to 750 °C under nitrogen atmosphere at a scanning rate of 10°C/min.

The XRD was measured with Bruker AXS D8 Advance.

The samples were fixed on a conductive carbon tape and coated with (direct current) DC
sputter at a thickness of 20 nm. Scanning Electron Microscopy (SEM) images were taken by Field
Emission JEOL SEM 7001F with secondary electron imaging (SEI) mode.

2.3. Synthesis of POT

Nan-sized polymer was synthesized in HCl (1M) medium using K25:0s as the oxidizer of 2-
methylaniline (2-MeAn) using an ultrasonic stirrer. For this purpose, 0.05 mol (5.35 g) of 2-MeAn
was weighed on an analytical balance, 100 ml of HCI (1M) was added and the 2-MeAn salt was
prepared. K25:0s was dissolved in 0.022 mol (5.94) distilled water (50ml).

Both solutions are 30 minutes. placed in an ice bath (273-277 K).The 2-MeAn salt solution,
nitrogen gas inlet and outlet were carried out in a three-neck flask equipped with an automatic
thermometer as well as an ultrasonic wave stirrer. An ultrasonic mixer (FS3N140303) was used
to carry out the reaction.Stirring was carried out for 4 hours. Nitrogen gas was inhaled for 30
minutes to remove the oxygen gas from the flask. The oxidizer (K25208) solution was added
dropwise to the reaction medium within one hour.The oxidation-polycondensation reaction was
carried out at 333-335 K for 4 hours.After the oxidizer is introduced into the reaction medium,
the color of the mixture starts to darken gradually.After the dark precipitate has formed, the
solvent is removed in vacuo and the product is washed several times with distilled water and
methanol after treatment with 150 ml of HCl (1M) solution.The product was then dried in a
vacuum oven at 50 °C for 48 hours and the mass was determined on an analytical balance.FTIR,
XRD, SEM, UV, TGA analyzes were made by taking samples from the polymer obtained in
powder form and its electrical conductivity was determined.

The process for synthesizing POT in nanoscales and finding the optimal conditions is to
obtain 2-MeAn under different conditions, for example, under the influence of nitrogen gas, in
the atmosphere, under the influence of ultrasonic waves, at different pH values, changing the
ratio of monomer oxidizing mass, changing mass of oxidizing agent, was carried out and
measuring the electrical conductivity of the polymer samples taken each time by the four-point
method.
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3. Results and Discussion
3.1. FT-IR ANALYSIS

The structure of nanoscale polymers synthesized using spectroscopic analysis methods was
analyzed. A typical spectrum obtained from FT-IR spectroscopy of the polymer is shown in
Figure 1.

As can be seen from Figure 1, the wide absorption bands of 3327 cm™ correspond to the
vibrations of the N-H binary amine groups associated in the polymer chain.

The absorption band 3612 cm™ can be attributed to the asymmetric vibrations of the N-H
bond.

The absorption bands 1576 and 1476 cm™ correspond to the C =N and C = C connections of
the quinoid and benzenoid rings, respectively.

The 1206 cm! absorption band corresponds to the C-N bond.

Also, the absorption bands around 1095 cm! are due to the presence of a conjucated system
of t-electrons.

The spectra of 929, 871, 793 and 698 cm’ wavelengths characterize the deformation
vibrations of C-H bonds in benzene rings.
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Figure-1. FT-IR spektrum of POT with sodym persulfate

3.2. UV-Vis ANALYSIS

The UV-Vis spectrum of POT synthesized in the presence of potassium persulfate is shown
in Figure-2.These spectra were captured in dimethyl sulfoxide (DMSO) and dimethyl formamide
(DMF) solvents.

Maximum wavelengths in POT are recorded at 270 nm and 330-570 nm, the first of which
(270 nm) can be attributed to the excitation n—n* in the aromatic ring between the undivided
electron pair of the N atom and the benzene ring, and the second (330-570 nm) is associated with
n—71* excitation in a polyconjucated communication system.
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Figure-2. UV-Vis spektrum of POT
3.3.THERMOGRAVIMETRIC ANALYSIS

TGA is a powerful technique for the measurement of thermal stability of materials including
polymers. Generally, TGA thermograms represent a three step degradation process. These steps
correspond to the removal of dopants, moisture, physisorbed water and polymer chain
degradation.

The thermal degradation of synthesizedPOT was studied using thermogravimetric
techniques. The thermogram was recorded in the temperature the range from 30°C to 750°C
under N2 atmosphere with the heating rate of 10 degrees per minute. The data from the TGA
clearly indicates that the decomposed ion of the polymer proceeds in three steps and the
corresponding spectrum is shown in figure 3.

The first step weight loss starting from room temperature and going up to 110 °C is due to
the loss of water molecules.

The second stage weight lossfrom 250-480°C is due to the loss of oligomers. In fact, the main
weight loss region of the synthesized POT was identified only at above 120°C and can be
attributed to the thermal degradation of the POT backbone and third weight loss occurred from
490-540 °C is due to the degradation of polymer. This was appreciably higher than that
determined for PANI, which commenced from 450 °C onwards.

Many studies[34] reported TGA results of polymer samples with different additives added
to o-toluidine. It has been determined that the POT mixture with DBSA polymer has thermal
stability up to 500°C.

Therefore, it can be concluded that in the present study synthesized POT shows the highest
thermal stability(540 °C) in addition to full solubility in many common organic solvents (DMF,
DMSO ets.) and can therefore be used for various applications at a temperature of about 500-540
C.
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Figure-3. Temperature dependence of the weight loss of POT form in the
course of heating to 750 °C at a rate of 10°C/min.

3.4. XRD ANALYSIS:

The XRD spectrum of POT shows a series of sharp lines in the regions of 5'<2 0 >35°, which
depicts that the synthesized polymer samples have high crystallinity and long range ordering
from the spectrum it is evident that there is no broadening of peaks due to amorphous
components as shown in figure-4 and found to be crystalline in nature.

Recording the two maxima in the diagrams can explain the structural diversity of the

macromolecules of the synthesized polymer and the degree of size and regularity of the resulting
micro-spherolite structures.
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Figure-4.XRD analysis of POT

3.5. Scanning Electron Microscopy

The Scanning Electron Microscopy (SEM) analysis was carried out to study the morfology of
the POT. In Figure 5, it can be seen that the POT formed by the oxidation-poycondensation
method has a spherical, scaly-like morphology that differs from the usual nanosized fibrous
network property for polyaniline. The formation of non-fibrous morphological particles may be
the result of both steric and electronic effects of substitution, such as the presence of a methyl
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group in the benzene ring. Moreover, the morphologically heterogeneous particles shown in the
figure can be formed by adhesion of the polymer particle due to the absence of surfactants
during polymerization.

o) ¢) Micrograph of Poly(o-toluidine) at 10 pm d) Microeraoh of Polv(o-toluidine) at 1 um
Figure-5. SEM image of POT
3.6. Electrical conductivity

POT obtained by the oxidation-polycondensation method in the presence of potassium
persulfate was synthesized using an ultrasonic mixer without the addition of surfactants. The
electrical conductivity was checked by the four-point method. Although low electrical
conductivity compared to PANI, POT can be used as a semiconductor.

4. Conclutions

POT was synthesized by oxidation-polycondensation method using potassium persulfate as
an oxidizer. With this method, POT was obtained in the form of high pure powder and quite
high productivity. The synthesized POT was found to be soluble in various common organic
solvents such as THF, DMSO, DMF. UV-Vis and FTIR studies confirm that the polymer has a
bonding system. Thermal analysis shows that POT has a high thermal stability (540 °C). The
morphology of the polymer was studied by the XRD method and it was found that more intense
peaks were found around 26 degrees. High crystallization rates and different structures of
macromolecules were observed. The polymer obtained in the presence of an ultrasonic mixer
was confirmed to have nano dimensions without the use of surfactants.The obtained
nanoparticles exhibit a irregular granular morphology with size of 1um tol00 nm.The
conductivity of POT was studied by the four-point method and it was found that the
conductivity was relatively low compared to PANL
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BAVISIHUE COCTAB ¥ CTPYKTYPBI CMECU M3OIIPEHA (CKMU-3)
C IIOAVBUHUAXAOPUAOM (IIBX) HA CBOVICTBA
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PE3IOME

C neasio popmuposanus cetdatsix crpykryp (C-C), moauduimposaHHOro msornpeHosoro kayayka (CKI-3-
IBX npu coorHomenun 70:30 mpoBeleHO IepOKCHAHON ByAKaHu3aluu. MeToaoM 304b-Teab aHaAu3a U3ydeHUe
coep>kaHue PppaKIu B IIEPOKCUAHBIX ByAKaHM3aTOB B IIPUCYTCTBUI apOMAaTUIECKIIX XA0PCoAep KallyX cOeAVHEHNMI
(AXCC) rekcaxaopmapakcnaosa (I'XTIK), oxcmg nmHka u TexHmyeckoro yraepoda I11324. Brickasano poab
TEXHIUECKOIO YIAepoJa B XMMMIeCKUX IporieccaX. OmpedeleHbl cTelleHb HaOYXaHI ByAKaHM3aTOB ¥ CTPYKTypPHBIE
rapametpsl cetki (S, 1/Mc, Mns, 1/Mn) y TIepOKCUAHBIX BYAKaHI3aTOB.

Karouesbie ca0Ba: M30IIpeH, MOAVBMHMAXAOPWA, ByAKaHM3AIMsI, TeKCaxa0pHapaKkcuaoa, OKCHA IIVMHK,
304b-Teab, HaOyXaHVIs1, CITBaHWIs, ITIEPOKCIZ,

IZOPREN (SKI-3) VO POLIVINILXLORID (PVX) QARISIGININ TORKIB VO QURULUSUNUN
KOMPOZITIN XASSOLORIN®S TOSIRI
XULASO

Modifikasiya edilmis izopren kauguku (SKI-3) ve polivinilxlorid (PVX) 70:30 nisbstinda tikilmis qurulus (C-C)
formalagdirmaq ftiglin peroksid vulkanlasma aparilmigdir. Aromatik xlor terkibli birlosmalorin (AXTB)
heksaxloroparaksilol (HXPK), sink oksidi ve texniki karbonun P324 istiraki ilo peroksid vulkanizasiyasinda fraksiyanin
miqdarimni teyin etmsak {iclin zol-gel analizi metodundan istifads edilmisdir. Kimyavi proseslarda texniki karbonun rolu
Oyranilmisdir. Vulkanizatlarin sisma deracesi ve peroksid vulkanizatlarin sebakasinin qurulus parametrlari (S, 1/M,
Mns, 1/Mn) miisyyen edilmisdir.

Acar sozlar: izopren, polivinilxlorid, vulkanizasiya, heksaxloroparaksilol, sink oksid, zol-gel, sisma, tikilma,
peroksid

THE INFLUENCE OF THE CONTENT AND STRUCTURE OF THE MIXTURE OF ISOPRENE (SKI-3) WITH

POLYVINYL CHLORIDE (PVC) ON THE PROPERTIES OF THE COMPOSITE

ABSTRACT

Peroxide vulcanization was performed to form a structure (C-C) with modified isoprene rubber (SKI-3) and
polyvinyl chloride (PVC) at a ratio of 70:30. Using the method of sol-gel analysis to study the content of the fraction in
peroxide vulcanizates in the presence of aromatic chlorine-containing compounds (ACCC) hexachloroparaxylene
(HCPA), zinc oxide and carbon black P324. The role of carbon black in chemical processes is stated. The degree of
swelling of vulcanizates and structural parameters of the network (S, 1 / Mc, Mns, 1 / Mn) of peroxide vulcanizates have
been determined.

Keywords: isoprene, polyvinyl chloride, vulcanization, hexachloroparaxylene, zinc oxide, sol-gel, swelling,
crosslinking, peroxide

BBeaenmne

NssectHO, uto corictsa CKVI-3 11 MaTepuaabl 13 HUX B 3HaUUTEABHOM Mepe OIIpeAeAsIOTCs
UIX XMMIYECKO CTPYKTYpoOI1, HaAmdmeM (PYHKIMOHAABHBIX TPYIIILI IIPUPOAON CIIMBAIOIIUX
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areHToB, TeMIIePAaTypPHBIM U II€POKCUMAHBIM PEXVMHOM U APYIVIMM yCAOBUSMM IIPOBeAEHNS
polecca CIUyBaHus daacToMepoB. [1py roayyennn 1acToMepoB U KOMIIO3UTOB C 3a4aHHBIMI
CBOVICTBAMM U BBIOOpe pe>KiMa IIePOKCUAHOTO CIIMBAHIA HEOOXOAMIMBI SICHBIE ITpeACTaBACHIL,
MPOXOASIIVIX IPY By AKaHu3aryn [1-8].

B saBumcumoctu OT ycaoBmii  Iporecca, CTPYKTyphl —®AacTOMepa U COCTaBa
CTPYKTypUpYIOLIell — IpynIl HOpu  AeICTBUM  TeMIlepaTyphl Hapsady C  peakuysaMu
CTPYKTYpMUpOBaHNSI ~ BO3MOXKHBI ~ A€CTPYKTMBHBIE —IIPOIIeCChl, a TakKe IepOKCHAHasd
MoaupUKaIsl MoAnMepHBIX nerteit [9-11]. B pesyabrate mpoTteKamomyx peakumy Hapsgy C
TIOTIepeYHBIMI CBsI3aMM B By/AKaHM3aTe OOpa3ylOTCs IPYIIIIMPOBKM, He BXOASAIIUE B COCTaB
y340B, TaK Ha3blBaeMble IIOABEeCKM, OOKOBbIe Tpynibl. I Tpu 4100011 creneny CIMBaHs OCTAIOTCS
KOHIIeBbIe yJaCTKM MOA€KyA DAacToMepa, KOTOpble He HeCyT HaIlpsKeHUI 1, cAeA0BaTeAbHO, He
BXOAAT B aKTMBHYIO YacTh ITpocTpaHcTBeHHOM ceTKM. CojepskaHue KOHIIeBBIX YJaCTKOB
yBeANIMBaeTCs B pe3yabTaTe IIpolleccoB AecTpykiuu. [Tpy ray0okoi gecTpyKImy BO3HUKAIOT B
OOpBIBKM MOAEKYASPHBIX Iiellelf, CrocoOHble AnQQPyHAUPOBaTh B pacTBOPUTEADb; BMeCTe C
HelpopearnpoBaBIIMMI  MOAEKYAaMM OHM COCTaBASIOT — PacTBOPUMYIO  30Ab-(PpaKLMIo
ByAKaHM3aTa. 304b PPaKIUy ¥ HU3KOMOAEKYAsSPHbIe KOMIIOHEHTBI 9AaCTOMEPHBIX CVCTeM He
BXOAST B COCTaB aKTMBHOJ YacTV CeTKM ByAKaHM3aTa. [1-2].

B nacroseit craTbe 13A05KeHbI pe3yAbTaThl ICCA€A0BaHN CTPYKTYPBI CeTKM IIePOKCHAHBIX
ByJKaHM3aTOB Ha ocHose cMmecu msonpeHa ¢ IIBX (70:30) ¢ nmpuMeHeHneM MeToJa 30Ab-TeAb
aHa/AM3a, OCHOBAaHHOTO Ha 3aKOHOMEPHOCTSIX CTaTM4ecKOil TeOpMM CTPOEHMs CeTOK,
00pa3oBaHHBIX TeTpapyHKIMOHAABHBIMI y3laMU U3 IIOAVMepa, VMEIOILIero CAydaiHoe
MO/€eKyASAPHO-MaccoBoe pacipejeleHue.

AZI}I KOAMYeCTBEHHOM XapaKTepluCTKI HpOCTpaHCTBeHHOI?I CeTKI ByAKaHI3aTa
II0AB3YIOTCI CACAYIOINVIMU IIapaMeTpaMIt: M. u Mn—CpeZI,He‘H/IC/lOBa}I MOJA€eKyAsIpHasl Macca
OTpe3Ka LeIly, 3aKAIOYEeHHOIO MeXXKJ4y Yy3daMM CeTKM I TaK Ha3blBa€éMasl MIHOBEHHAs
MOJAEKyAsgpHasT Macca (B MOMEHT OIpeAeA€eHVsI  TI'yCTOTbL HpOCTpaHCTBeHHOIZ CEeTKI
COOTBETCTBEHHO.

BKCHepI/IMeHTaAbHa}I 9acCTb

B kauectBe oOBeKkTa MccA€AOBaHNS MCIOAB30BAAU MOAVQUIIVIPOBAHHBIN M30IIPEHOBBIX
Kayayk (CKI-3-TIBX) ITaactukarnmo CKM-3-TIBX (70:30) ocyrectBasam Ha AaOOpaTOPHBIX
Baabiax 160x320 mm nipu 298K. 3arpyska Baablie cocraBasiaa 100 rp ¢ ¢ppaxiueit =1:2. [Tocae
CMellleHNe Kay4dyKa, TOTOBIUAN DAaCTOMEPHBIe CMeCH MIMeAN CAeAyIomuii coctas (Mac.y Ha 100
Mac.u kayuyka) CKIVI-3-TIBX (70:30), cepa-2,0, I14-3,0, I'XITK-30 1 Texyraepoa 11324-60.

ITocae maactukanum MoAuQUIMpoBaHHOTO M3orpeHosoro Kayuyka (CKVI-3) Ha Baabliax,
¢opMupoBaanu 0Opas3Ipl B DAEKTpoOIIpecce B Bije IAAcTMHOK ToammHon 0,3 MM npu 428K
IPOAOAXKUTEABHOCTh ITpOrpeBa 00pa3lioB B DAeKTponpecce cocraBasaa 40 MUHYT.

CTpyKTypHBIX IIapaMeTpOB CeTKU ByAKaHM3aTOB, OIIpeJeAsiAy II0 JAaHHBIM 304b-Teab
aHaau3sa [12]. Peoaormdeckne cBOJICTBa ®AaCTOMEPHBIX CMecell OIpeAeAsAn Ha BUCKO3UMeTpe
BP-2 [13].

XapakTepuCTIIeCKyIO BA3KOCTh CMeCH omnpeaeasan B Toayoae mpu 293K no nsBecTHOI 110
ypaBHeHnio Mapka-Xaysunka, npu 3HadeHun KoHcranTe K=4,9x10* m a=0,64 [14-16]. Aaa
orpeAeAeHIs MOAEKYASPHOI MacChl HAXOAMAT Nom. — OTHOCUTEABHYIO BA3KOCTD, Tjocr — OCTATOYHAS
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BA3KOCTD, Mya. — YAGABHYIO BA3KOCTb, Tupw. — IPUBEAEHHYIO BSI3KOCTb PacTBOPOB HECKOABKIX
pasbaBaeHMIL.

lVsmeneHne pacTBOPMMOCTV HEHACHIIIEHHOCTY BYAKaHM3aTOB OIlpeAeAsiAr C MeTOAOM,
onmcadHbM [17-19].

Pe3yabTaThbl 1 X 00CyXaeHue

O6pa3y101m/1ecs1 opm CcIMBaHNM BAacTOMeEpa IIONIEpeYHbI€ CBA3UM COCTOST M3 aTOMHBIX
TpynimpoBOK CT pYKTypI/IPYIOH_Ieﬁ CUCTEMBI MAN SBASIOTCS IIPOCTO BAaA€HTHBIMMU CBA3aMU
Me>Xay aToOMaMl MOAEKYASIPHBIX Lierenn Y1acToOMepa. CprKTypa ITOII€PEIHbIX CBsI3€l1 3aBUCUT
OT COCTaBa CTPYKTypVIPYIOIl[eﬁ CIICTEMBI U XapaKTepa BA€MEHTAPHBIX peaKuul, IIPOTEKAIOIIIX
Me>KAy CIIMBAIOIVIM areHTOM I 51aCTOMEPOM.

IIpy cmmmBaHMM TAABHBIN ITpoIjecC OOpa3OBaHIsI IIOIIEPEYHBIX CBsA3e, COIPOBOXKAAETCs
AGCTPYKIIMeN Iiellell, peakUMsMM BHYTPEHHErO IPMCOeAVHEeHMs CIIMBAIOIIMX U APYTHUX
XVIMMYECK/X aKTVBHBIX KOMIIOHEHTOB, PeaKIVsAIMY OTLIeIIACHNs, IINKAM3ALU U30Mepy3aLii.
B saBmcuMocTi OT TOro, KakuM peakIMsM JaHHBI DJacTOMep HPOsBASeT OOABIIYIO
CKAOHHOCTB, (POPMUPYIOTCS By AKaHM3AIIVIOHHBIe CeTKIL.

MeTO,Zl, 304b-TeAb aHaAl3a, IIO3BOASIET OIIPpeAEANTh IIapaMeTpPhl HpOCTpaHCTBeHHOIZ CeTKI
II0 COZ€ep>KaHUIO 304b Cl)paKI_H/II/I BY/AKaHI3aTOB I IX PaBHOBECHOMY Ha6yxaHI/IIO.

B saBucuMocTH OT THIIA YlacToMepa 1 pe>XrMa CHIMBaHNM MOIYT ITPOMICXOAUTD ITPOLIECChI
ACCTPYKIUN VAN ITPOIECChI CTPYKTYPUPOBaHVA.

YTt0o0OBI OIIpeAeAUTh CTPYKTYpHblE IlapaMeTphl CeTKM IIePOKCUAHBIX BY/AKaHU3aTOB
HaIIOAHEHHBIX TeXYIAepOAOM, HeoD0X0AUMO NpeABapUTEeAbHO M3YYUT M3MEHEHNEe MOAEKYAsp-
HOM MaccChl.

3 mpuseseHHbIX Ha TabA.1 BUAHO, UTO HpU coAep>KaHVM Tepokcns Aukymuasl (I14) ot
0,5-3,0 macc.u. B cocTaBe HaDAIOAAETCSI MOHOTOHHO ITOBBIIIIEHNIE XapaKTePUCTIIECKOI BI3KOCTI
(Nxap) B IIpOLI€CCE ITPUTOTOBAEHIISI CMECH.

Tabavma 1. VIzmeHenne xapakTeprcTideckoit BaskocTy cvecu Ha ocHose CKI-3 ot cogepkanms I,

Cogepxxanns I14, maccu Xapakrepucruyeckas BI3KOCTS, (1)) 298 K B Toayoae
0,5 0,28
1,0 0,43
2,0 0,62
2,5 0,98
3,0 1,00

V3 aannbIx, npuBeaeHHbIX Ha puc.l. BuaHo, uro I1/ B 3aBUCMOCTM OT YCAOBMA TIOAYIEHIA
By/KaHI3aTOB Ha ocHOBe MoamduuuposanHoro kayuyka CKIVI-3-TIBX B KOTOpBIX sBA€HI:
AeCTpyKIIuM He HabaAr0daeTcsl. BcaeacTsue ¢ moBbiIieHeM KOHIeHTpariuy nepokcuda (I14) B
clCTeMe, YBeA4MBaeT COAeP>KaHMIO 301b (PPaKIu B CEPHBIX U Y II€POKCUAHBIX ByAKaHI3aTOB
CKI-3.
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Puc.1. 3aBucumocts cogep>KaHis 304b (])paKLU/m B ByakaHmsatax CKVI-3-TTBX oT KoHIIeHTpaluu IepoKcu/,

aucynast (I1)

1. Cepmprit, 2. IlepokcnaHBII

B xawecrtse mpumepa B TabOA.2. mpuBeJeH pesyabTaTe OIIpeedeHns BeAnduHbl Mnb n
paccyMTaHHBIX Ha €e OCHOBe 3HaueHMI IIapaMeTpOB BYAKaHM3ALVIOHHOM CeTKM HaIlOAHEHHBIX
ByAKaHM3aTOB, IOoAy4eHHbIX ¢ npuMeHeHueM 3.0. macu 114 n 2,0 maccu. I'XTIK. V3zaoxxeHsr
BbIIIle DKCIeplMeHTaAbHble JaHHble U CAeAaHHble paHee HaOarogeHms [20-21] mossoasioT
caeAyionM odpasoM IipeActasuTh I1/ Kak cIMBaroIlero areHTa ByAKaHM3aLMM U AVICTBIAS
Texyraepoga Ha CTPYKTypHBIE IlapaMeTphl CeTKU CePHBIX M IEePOKCUAHBIX ByAKaHM3aTOB U3
MoaudunuposanHoro kayayka CKV-3-TIBX. VM3 9Tux agaHHBIX caeAyeT, U4TO C yBeAUYeHVeM
BpeMs ByJKaHM3aTa KOAMYECTBO IOIePedyHLIX CBsA3ell B equHuIle o0beMa CIIMTOIO ®AacToMepa
TIOBBIIIIAETCA.

OueBnaHo, 410 »(PPEeKTUBHOCTL CIIMBAHMS MOAEKYASPHBIX Ilellell Kaydyka AOAKHa
CHIDKaeTCs HPONOpIMOHaAbHO JAosuposke II. Jas KoAMYeCcTBeHHOV OLIeHKM BAVSTHUS
Texyraepoda (60 mac.4) ObLAM IIOCTPOEHBI 3aBMCUMOCTH uncia uernert 1/M. m 4mcaa CIIMBKI
Moaekya (1/Mns, 4451 TepMIYeCKIX By AKQHI3aTOB.

EcrectBenHO, uTO OOpa3oBaHMe yMcAa aKTUBHBIX Iereil ceTku Iipy KoHneHTparuy IXTIK
3.0. Mac.y. B ®aaCTOMepPHBIX CMecsaX B mpucyrcrsum 60 macu. texyraepoga I1-324, mpornecc
CTPYKTypHUpOBaHMe IIPOUCXOAUT C MaAbIMU CKOPOCTAMU. Jajee 5TO, CKOPOCTh yBeANdMBaeTCs
npu cogep>xanym IXTIK B ®aacTromepHbIX cMmecsx B oobeMe 1-3 mac.u., B cucteme CKI-3-TIBX+
IXTIK+ZnO. YUncaa akTUBHBIX Lierienn ceTku cocrasasieT 6 x105 moab/cM3, a 4mMCAO CIIUTBIX
MOJeKyAa B Kaydyke coctapaseT 3,2 x 105, moas/cm® (puc.2.).

VsBecTHO, 4TO HeKOTOpBIe (PAaKTOPHI, BAUAIONIME Ha DPQPEeKTUBHOCTD ITPOLIeCCOB CIIMBAHIS
BHK, sBAsI0TCA TIpU BBeA@HUM B COIIOAMIMED XAOPCOAEP KAIMX M AP. aKTMBHBIX CLIMBAIOIIVX
areHToB [22, 23].

Vsmepenn: mokasaam, 4To C yBeAndeHneM BpeMeHn nporpesa u koHuenTpanyy I'XTIK, u
Texyraepoga (I1-324), rear ¢pakium 3ameTHO BodpacTaeT B obemx ycaosusix. ObpaszopaHue
HepacTBOPMMBIX (pakiiuy IIpM BBHICOKMX TeMmIleparypa (423-433K) B He HaIllOAHEHHBIX
By/KaHI3aTOB cogep KaHue Ieast coctaBaseT 59 %.
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1/Mc sow/ond  1/Mnr soa/ew’
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3} 3l 1

2 ¢ 2 }

1 ¢ 1t

0 0,5 1 1,5 2 25 3
Cogepxanne ['XITK

Puc.2. 3aBMCHMOCTB CTPYKTYPHBIX ITapaMeTp CEeTKU OT cogep>KaHusl yckopureAs crysanyst IXTIK:

1-aricao crimTeIx MoaekyA (1/Mnx) 2-amcao nerteri cetku (1/Mc)

Kpusast m3meHeHue creneHn HaOyxaeMOCTM CEepPHBIX UM IEPOKCUAHBIX BYJAKAHM3aTOB
yKa3bIBaeT Ha TO, YTO y>Ke Hadale IIPOrpeBe BY/AKaHI3aTOB B 0OOMX OOpasliax IIPOMCXOAUT
oOpa3oBaHIe CIIUTBIX HEPaCTBOPMMBIX CTPYKTYp. [IpMdmHON sBAS€TCS, YTO C yBeAUUEHVEM
IPOAOAKUTEABHOCTYI BpeMeHM BYJAKAHM3ALMM VM TOXKE BpeMs Yy CePHBIX ByJAKaHNI3aTOB
cocrasaser reas 71% (puc.3.).

1/Q, %

100 |
1

80 |

60 }
2
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2 }
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Bpewms mporpesa. t, Mun

Puc.3. 3aBrucumMocTs crelieHs HaOyXaeMOCT! BYyAKaHI3aTOB OT IIPOAOAKUTEABHOCTH IIporpesa, MuH.: 1-CepHblii
ByAKaHU3aT, 2-IlepoKcuAHbIN By AKaHU3aT

IIpn nmepoxcuaHoi ByakaHmusauyy moauduumposaHHoro Kayuyka CKII-3 nHaGaiogaercs
HETOMOTeHHOe paclIpe Je/AeHle IIOIepeuHBbIX CBsI3ell C BOSHUKHOBEHIEeM ITepeByAKaHIM30BaHHBIX
cA0eB KaydyKa BOKPYT YIAepOAHBIX 4YacTuIl 1 0oJee cAabO CIINTON KaydyKOBOI MaTpPHIIBI.
[24,25]

Takum 00pa3oM, METOAOM 304b-TeAb aHaAM3a yYCTaHOBAEHO, 4To Ipu coep>kanuu IXTIK
CBIAETEABCTBYET O HErOMOTeHHOM paclpeJeAeHNM IIOIePEeYHBIX CBsI3ell B CEpPHBIX U
IIepOKCUAHBIX ByAKaHM3aTax HallOAHEeHHBIX Texyraepoaom [1-324.
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Tabamra 2. OcHOBHEIE CTPYKTYpHBIe ITapaMeTPhI CeTKI CePHBIX 1 TIEPOKCUAHBIX BYAKaHM3aTOB HAITOAHEHHBIX

Texyraepogom I1-324
Bua Byaxa- Bpems Aoas 304b Cpeaneunc- CpeaneuncaeHHast Cpeaneuncaennas
HU3anum HporpeBa, (ppaKLU/II/I, eHHasT MO/leKy/l}IpHa}I Macca MO/leKy/UIpHaH MaccCa
S,% yJacTka el MexKAy yJacTka eIl MexXAy
T, MITH MOAeKy/alHaH
T10IIepeIHbIMU T10IIepeIHbIMU
Macca 304b
dpaxuiz, M ces3simu (1/Me-10°, ces3amu (1/Me10,
pari MOAb/cM3) MOAB/cM3)

10 0,62 6000 1,5 1,40
Cepubix 25 0,65 6420 2,1 1,37

35 0,69 7100 2,6 1,29

50 0,82 7640 3,0 1,24

10 0,38 3300 1,2 091
Ilepoxcna- 25 0,44 3630 1,8 0,88
HbIX

35 047 3920 2,2 0,84

50 0,61 4230 2,8 0,79

3akaroueHne
IlpuBesensl B gaHHOI pabOoTe coBMelleHus wu3onpeHoporo Kaydyka (CKM-3) c

noaByHMAXA0puAoM (ITBX) garoT Bo3aMOXKHOCTH pazpabaTbiBaTh D1aCTOMEPHBIX MaTep1aloB C
YAYYIIIeHHBIM KOMILAEKCOM KaK TeXHOAOTMYECKIX, TaK U DKCILAyaTallVIOHHBIX CBOJICTB.

Ycranosaeno, uyro mnpu cmmsaHuy CKVI-3 ¢ NOAMBMHMAXAOPMAOM € y4acTUM
BBHICOKOMOAEKYASPHBIX IPOAYKTOB OOpa3yloliye IIONePedYHbIX CBA3M COCTOAT 3 aTOMHBIX
IPYIIIMPOBOK CTPYKTYPUPYIOLIEN CUCTEMbl UAM SBASIOTCSA IIPOCTO BAA€HTHBIMU CBA3SIMU

Me>K4y aTOMaMU MOAEKYASIPHbIX eren roammepa.

CprKTypa IIOIIEPEYHBIX CBsI3€el1 3aBUCUT OT COCTaBa " XapaKTepa 9A€MeHTapHbIX peaKln,
IIpOTEeKaIIMMX Me>XAY CINMBAIOIIVIM areHTOM I BAacToMepa.

IloxazaHo, YTO HpM CIIMBAaHMM IJAaBHBIM IHpollecC OOpa3oBaHNs IIOIEPeYHBIX CBs3ell,
COITPOBOXKAAETCS ACCTPYKLIMEN LeTIen.

VIsmepeHns 1okaszaau, 4To € yBeAndeHreM BpeMeHH nporpesa u kKoHreHTparuy IXTIK u
Texyraepoda reab ppakiiny 3aMeTHO BO3pacTaeT.

MeTQZl,OM 304b-T€Ab aHaAV3a YCTaHOBAEHO, 49TO COAep>KaHM:d I'XTIK CBIAETEAbCTBYET O
HETOMOI€HHOM paclipeAeA€HNN ITOIIEePEIHBIX CBSI3€1l B CEHHBIX U IIEPpOKCMAHBIX By AKaHI3aTax
HaITOAHEHHBIM TEXYI1€pOAOM.
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XULASO

Laurin tursusunun (ve ya miristin tursusu) propilen oksidi ve epixlorhidrinle qarsiligl tesirinden geyri-
ionogen tipli SAM-lar sintez edilmisdir. Reaksiya iki istiqametds aparilmisdir. Birinci istiqamatde avvelca laurin
ve ya miristin tursusunun propilen oksidi ilo miivafiq efiri sintez edilmis, sonra epixlorhidrin slave ederak
reaksiya davam etdirilmisdir. Ikinci istiqamatds iss avvalce laurin ve ya miristin tursusunun epixlorhidrin ils
miivafiq efiri sintez edilmis sonra ise propilen oksidi slave edilarok reaksiya aparilmigdir. Har iki halda
reaksiyalar 150-160 °C temperaturda trietilamin katalizatoru istirakinda aparilmisdir. Alinmis SAM-larin kolloid-
kimyovi gostericilorinin doyisme xarakteri, eloco da su sathinds nazik neft tobaqoelarine qarsi neftyigici xassalori
Oyronilmisdir.

Acar sozlar: sothi-aktiv madds, laurin tursusu, miristin tursusu, epixlorhidrin, propilen oksidi, kritik
misellaamsalogalme qatiligl, neftyigma

SYNTHESIS AND STUDY OF NONIONIC SURFACTANTS BASED ON
MONOCARBON ACIDS AND EPOXIDES

ABSTRACT

Nonionic surfactants have been synthesized from the interaction of lauric acid (or myristic acid) with
propylene oxide and epichlorohydrin. The reaction was carried out in two directions. In the first direction, the
ether of lauric or myristic acid with propylene oxide was first synthesized, and then the reaction was continued
by adding epichlorohydrin. In the second direction, the corresponding ether of lauric or myristic acid was first
synthesized with epichlorohydrin, and then the reaction was carried out by adding propylene oxide. In both
cases, the reactions were carried out at a temperature of 150-160°C in the presence of a triethylamine catalyst. The
changing nature of the colloidal chemical parameters of the obtained surfactants, as well as the petroleum-
collecting properties for thin oil layers on the water surface were studied.

Keywords: surfactants, lauric acid, myristic acid, epichlorohydrin, propylene oxide, critical micelle
concentration, petroleum-collecting

CHHTE3 1 UICCAEAOBAHVE HEMOHOT'EHHBIX IIOBEPXHOCTHO-AKTVBHBIX BEIIIECTB HA
OCHOBE MOHOKAPBOHOBBIX KNCAOT 1 2IIOKCNA0B

PE3IOME

BsanmMogerictsueM AaypuHOBOI (MAM MUPUCTUHOBOM) KMCAOTHI C IIPOIIMAEHOKCUAOM U SIIUXAOPTUAPUHOM
CUHTe3UpoBaHbl HemoHorenHsle ITAB. Peakiiuio mposoguanu B AByx HamnpasaeHusx. Ilo mepsomy HarpasaeHUIO
CHayada Ha OCHOBe AaypMHOBOM WAUM MMPUCTUHOBOM KMCAOTBI I IIPOIMAEHOKCUAA CUHTE3UPOBAAU
COOTBETCTBYIOIIMII 5)UpP, a 3aTeM peakUMIO IIPOAOAXKaau C JobapiaeHueM snmxaoprugpusa. Ilo sropomy
HaITpaBAeHUIO CHavaJa CMHTe3MpPOBaAM COOTBETCTBYIOIINMII D(UP AaypMHOBOM MAVM MUPUCTUHOBOM KMCAOTHI C
SIUXAOPTUAPHUHOM, a 3aTeM IIPOBOANAN peaKUMIO ¢ J00aBAeHMeM MPOInAeHOKcAa. B obonx cayyasx peaxkmnuu
nposoguan npu Temmeparype 150-160 °C B mpucyrcrsum TpusTMAaMUHA. VIsyuyeH XapakTep M3MeHEHMs
KOAAOVMAHO-XMMMYECKIX TIOKasaTeaeil moaydeHHex I[IAB, a Taxke HedTecoOMpalone CBOMCTBA DTUX
COOAMTOMEPOB IT0 OTHOIIEHNIO K TOHKMM IL1€HKaM HeTV Ha IIOBEPXHOCTH BOABL.

Karouesble caoBa: 1OBepXHOCTHO-aKTVBHBIE BeIleCTBA, AaypUHOBAs KMCAOTa, MUPUCTUHOBAs KUCAOTA,
SIMXAOPTUAPUH, TPOMMAEHOKCIA, KpUTHYecKas KOHIIeHTpaIys MIIleA11000pa3oBanns, HegpTrecobupanme
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Monokarbon tursulari va epoksidlar asasinda qeyri-ionogen sathi-aktiv maddalarin sintezi va tadqiqi

GIRiS

Mbolumdur ki, sathi-aktiv maddalor (SAM) bir sira unikal xassolore malikdir vo bu
xassolor qurulusdan asili olaraq dayisir [1,2]. Belo ki, SAM-larin kolloid-kimyavi
parametrlari onlarin polyar (hidrofil) ve qgeyri polyar (hidrofob) qruplarmin tsbistinden
asihidir. Hidrofob hissade alkil zencirinin uzunlugundan, hidrofil hissenin qurulusundan,
polyar qruplarin sayindan asili olaraq onlarin kolloid-kimyavi gostaricileri forqlenir [3-7].

Odabiyyatdan malumdur ki, ali alifatik biratomlu spirtlarin, goxatomlu alifatik spirtlerin
va ali karbon tursularinin bir sira niimayendslarinin propilen oksidi (PO) ila katalitik
qarsihigh tesirinden alinan oliqomer tabiatli propoksi toramsalsr, epixlorhidrinls (EXH)
katalizator istiraki ilo reaksiyasindan alman xlorpropoksi manqalarindan ibarat olan
heterozancirli oliqgomer birlogsmalar yiiksok sothi aktivliye malik olmaqla qiymatli, praktiki
cohoatdan faydali xasselor niimayis etdirirler [8,9].

Heterozoancirds eyni vaxtda hom PO, hom de EXH mangqalar1 saxlayan sathi-aktiv birge
oligomerlarin sintezi ve onlarin atrafli tadqiqi ilo yanasi sathi-aktiv birgs oliqomerlarin
xloroksipropilen ve oksipropilen manqalarmin ardicligmmin tesirinden SAM-larin
xassolarinin deyisme xarakterini, birge oliqomerlarin hidrofil-lipofil balansini, naticads
onlarin fiziki-kimyavi vo sothi-aktivlik gostericilorini, eloco do totbiq yoniimiinden maraq
doguran xassalarini tonzimlomak imkanlar: yaranir.

Toqdim olunmus is laurin (LT) ve ya miristin tursusu (MT) asasinda torkibinde hom
EXH, hoam da PO mangqalar saxlayan geyri-ionogen SAM-larin sintezina xloroksipropilen ve
oksipropilen manqalarinin ardicliginin tasirinden SAM-larin xassslerinin kolloid-kimyavi
va totbiqi xassalarinin deyisma xarakterinin miisyyanlasdirilmasine hesr edilmisdir.

TOCRUBI HiSSO

PO - (tomizlik deracesi 99.97-99.98%-dir) Sumgayit “Uzvi sintez” zavodunun
moahsuludur, keyfiyyot gostoricilori QOST - 23001-88-in tolablarine uygundur. Bu iri tonnajh
mohsulun terkibinds PO-dan slave bazi qatisiqlar da vardir, masealen: su-0.01 %; sirke va
propion aldehidlari (comds—0.005%; EO-0.01%; aseton—0.005%; etil spirti-0.01%. PO azot
atmosferinds denavar kalium hidroksid iizerinde qovulduqdan sonra 34.5 °C-da qaynayan
fraksiya istifade edilmisdir. EXH — (tomizlik daracasi 99%-dir) “Alfa Aesar GmbH & Co KG”
sirkatinin istehsalidir. LT vo MT “Alfa Aesar GmbH & Co KG” (Almaniya) sirkatinin reaktiv
moahsuludur. Tomizlik daracasi 98,0 %-dir. NaOH “Chemapol” (Cex Respublikasi) sirkatinin
reaktiv mahsuludur.

Sintez edilmis maddalarin iQ—spektrlari ALPHA FT-IR (Bruker) spektrometrinde KBr
diskinden istifads edilarak ¢okilmisdir. "H NMR va 3C NMR-spektrlori Bruker TOP SPIN
cihazinda uygun olaraq 300.13 MHz va 75.46 MHz tezliklorde aseton-de, etanol-de va CCls
hoalledicilarinda ¢okilmisdir.

Ali  karbon tursular1 (Ci,Ci4) osasinda birge oliqomerlarin  (oksipropilen-
xloroksipropilen ve xloroksipropilen-oksipropilen manqalar1 saxlayan) alinmas: iki
istigamatda hayata kecirilmisdir. Her iki halda reaksiyalar poladdan hazirlanmis, qizdirici ve
qarigdiricl ile tehciz edilmis avtoklavda 20-24 saat (har marhsls) miiddatinds 150-160 °C
temperaturda aparilmisdir. Birinci istiqamatds oksipropilen-xloroksipropilen mangqalar1
saxlayan SAM-larin alinmas: {i¢iin avvelca (birinci moarhald) tursunun {izerine osasi
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katalizator (NaOH ve ya trietilamin — 3-5 % mol tursuya gors) ve PO slave edilerak
oksipropil efiri alimir. Sonra (ikinci merhals) alnmis efir EXH-lo qarsihigh tasirden
heterozancirs malik olan xloroksipropil toramasins gevrilir.

fkinci istiqamot iizra ise xloroksipropilen-oksipropilen manqalar1 saxlayan SAM-larin
alinmas1 maqsadi ilo avvalca (birinci marhsls) tursunun iizerine yuxarida geyd edilmis
katalizator vo EXH olave edilarak efir alimir. Sonra (ikinci morhoals) alinmis ali karbon
tursusunun xloroksipropil efirinin {izerine PO alava edilorok reaksiya davam etdirilir vo
naticada xloroksipropilen-oksipropilen manqalar: saxlayan birgs oliqomer alinir.

Reaksiya moahsulundan reaksiyaya daxil olmamis PO-nu vo EXH-ni kenarlasdirmaq
ticiin rotasion buxarlandiricidan istifade olunmugdur. Reaksiya mahsulundan reaksiyaya
daxil olmamis PO-nu kenar etmak {iglin son qarisiq 45-50 °C-da sabit kiitlo alinana kimi
buxarlandirilmisdir. Reaksiya EXH istiraki ilo aparilan hal tigiin ise bu temperatur 80-90 °C-a
godar galdirilmisdir. Bu zaman reaksiyaya girmamis PO va ya EXH reaksiya moahsulundan
kenarlagir. PO-nun ve ya EXH-nin konversiyasi, okipropillasma (n) ve xloroksipropillosma
(m) daracasi hesablanmisdir.

Sintez edilmis SAM-larin sathi gerilma qiymatlori KSV Sigma 702 (Finlandiya
istehsal1) tenziometrinde Dyu Nui halqasindan istifade edilmakls hayata kegirilmisdir.

Sintez edilmis SAM-larin sulu mahlullarinin xiisusi elektrik kegiriciliklari ANION-
402 konduktometri vasitasi ila tadqiq edilmisdir.

SAM-larin neftyigma effektivliyi durulasdirilmamis halda ve 5%-li sulu msahlul
(dispersiya) soklinds {i¢ nov miixtelif minerallasma daracesine malik olan suyun sathinde
nazik (qalinlig1 0.17 mm) Pirallah1 neft (sixlig1 0% =924.4 kq/m?, kinematik ozliiliiyli v¥* =105
mm?/san) tebagesinin timsalinda todqiq olunmusdur. Todqgiqatlar Petri qablarinda 40 ml
suyun {izorino 1 ml tokiilmiis neftin yaratdigi tobage tizerinde aparilmisdir. Yaranmais
tobagenin {izarine 0.02 q reagent verilir. Reagentin tasirindon loke soklinds yigilan neftin
sothinin sahasi (S) Olgtiliir. Neft tobagasinin ilkin sahasi (So) nazere alinmagqla, reagentin
neftyigma amsali hesablanir: K= So/S. Neftin y1gilma amsalinin zaman arzinds tayin edilon
giymsatlarine gore reagentin tasirinin deyisma dinamikas: izlenilir. Reagentlarin
neftdisperslomo qabiliyyeti tedqiq edilorken reagent su sothindoki neft tobagesine
verildikdan sonra su sethinin neftden tomizlonme daracasi Ka (%-19) hesablanir. Yigilmis vo
ya disperslonmis neftin bu vaziyyatda qalma miiddati (t) do toyin edilir.

NOTICOLOR VO ONLARIN MUZAKIROSI

LT-nin (ve ya MT) PO ve EXH-ls qarsiligh tesirinden geyri-ionogen tip SAM-lar sintez
edilmisdir. Reaksiya iki istiqamatde aparilmisdir. Birinci istiqamatda avvalca LT/MT-nin PO
ilo miivafiq efiri sintez edilmis, sonra EXH olave edilorak reaksiya davam etdirilmisdir.
Reaksiya sxemlarini asagidak: kimi tosvir etmak olar:

0 o)
C11H23—C// + 2CHy,—CH—-CH; —» C11H23—(,//
“oH Ny

O{CH,-CH—O+H
C12P2 ( 2 CI)H }2
3
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0]
C11H23—(,// + CHZ_CH—CH2C| e C11H23_C//
O<CH2—C|)H—O>LH \o/ o<CH2—c|:H—o>LCH2—(|:H—0H
2 2
CHs Cy,P,E CH3 CH,CI

7 C//
C13H2 —C;/ + CHZ_CH—CH3 e C13H27—
"N N/

c,p  O-CH-CH—O-H
CHj3
C13H27_( + CH\Q_/CH_CHch —_— C13H27_C//
O CH CH O-H 0-CH,-CH—0O—-CH,—CH-OH
2 ) C44PE 275 2 ]

CH3 CHj; CH,CI
Alinmig mohsullarm qurulusu IQ-, 'H ve C NMR-spektroskopiya {isullari ils
identifikasiya olunmusdur.

CuP:E-nin qurulusu da IQ-, 'H- ve C NMR-spektroskopiya iisullar1 ilo tesdiq
olunmusdur. Sakil 1-de Ci2P2E-nin IQ-spektri verilmisdir. Spektrda 3395 sm--de OH valent,
2923 vo 2854 sm-do CHs vo CH: qruplarinda C-H valent, 1734 sm'-doa -C=O valent, 1458 vo
1377 sm'-de CHs ve CH2 qruplarinda C-H deformasiya, 1050-1108 sm'-do C-OH qrupundaki
C-O valent, 752 sm-de CH2Cl valent, 721 sm-ds (-CHz-)x raqqas raqslari zolaqlar: vardir.
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Sokil 1. C12P2E-nin IQ —spektri
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Sekil 2. Ci2P2E-nin 'H NMR- spektri
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C12P2E-nin 'H NMR-spektrinden (sokil 2) goriindiiyti kimi, 0.85 m.h.-de (CHs), 1.1 m.h.-
de (CH-CHs3), 1.23 m.h.-de (CH: alkil zonciri), 1.58 m.h.-do (CH-CH2-COOQ), 2.26 m.h.-do
(CH2>-COO), 3.4-3.6 m.h.-da (CH>—-CH-0), 3.8-4.2 m.h.-da [C(O)-O-CH>-CH], 5.1 m.h.-ds (OH)
gruplarindaki hidrogen atomlarimi xarakterize edan piklar miisahides olunur. Niimunanin *C
NMR spektrinda (sokil 3) 14.1 m.h.-da (CHz), 18.8 m.h.-ds (CH3-CH), 22.6 m.h.-ds (CH2-CHs),
249 m.h.-do (CH2-CH2-COO), 29.1-29.6 m.h.-do (CH2)x, 31.9 m.h.-de (CH>-CH2-CHs), 34.1-
34.5 m.h.-da (CH2-COO), 45.7 m.h.-da (CH2Cl), 63.2-70.8 m.h.-do (O—-CH>—-CH-O), 173.9 m.h.-
da (COO) grupunda karbon atomu {i¢iin xarakterik olan piklor miisahids olunur.

wwwwwwwwwwwwwwwwww

NV I\

—173.86

T T T T T T

T T T T
180 160 140 120 100 80 60 40 20 ppm

Sokil 3. Ci2P2E-nin 3C NMR-spektri

Ikinci istiqamat {izro reaksiya zamani birinci marhalods LT/MT-nin EXH ilo qarsiligh
tosirinden xloroksipropil efirlari alinmis ve alinmig birlasmoalar PO ila oksipropillasdiril-
misdir:

O 0]
C11H23_(< + CHZ_/CH_CH2C| —> C11H23_C;//
OH N\ C.,E 0~CH,~CH—OH

CH,CI
o) o)
7
C11H23—C/ +2CHy;—CH-CH; —» C11H23—(,// CHs
N0-CH,~CH—OH 0-CH,~CH—04 CH,~CH-O}H
2 C1,EP, 275 2 2
CH,CI CH,CI

O O
C13H27_C< + CHZ_/CH_CHzcl —_— C13H27_//
OH N CLE  O-CHz=CH—OH
CH,ClI

0 o
74
C13Hz7—C/ + CH,—CH-CHs —>C13H27—C// CH,
N0-CH,~CH—OH N 0-CHy—CH—0—CH,—CH-0—H
2 o C14EP 2 2
CH,CI CH,CI

C12EP>-nin qurulusu IQ-, 'H va 13C NMR-spektroskopiya iisullari ils tesdiq olunmusdur.
Sokil 4-da CiEP2-nin IQ-spektri verilmisdir Spektrds 3389 sm-de OH valent, 2923 vo 2854
sm--de CHs ve CH: qruplarindaki C-H valent, 1735 sm-de -C=0O valent, 1457 va 1376 sm-
ds CHs ve CH: qruplarindaki C-H deformasiya, 1050-1109 sm-de C-OH qrupunda C-O
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valent, 840 sm?-do CHxCl valent, 721 sm-ds (-CH>-)x raqqas ragslarini aks etdiran udma
zolaglar1 miisahids olunur.
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Sekil 5. Ci2EP2-nin 'H NMR —spektri
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Sakil 6. C12EP2-nin 3C NMR-spektri
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Sekil 5-do Ci2EP2-nin 'H NMR-spektri tosvir olunmusdur. Spektrden goriindiiyii kimi,
0.84 m.h.-ds (CHs), 1.08 m.h.-de (CH-CHs), 1.17-1.22 m.h.-ds (CH: alkil zanciri), 1.58-1.59
m.h.-do (CH-CH2-COOQ), 2.31 m.h.-de (CH>-COO), 3.4-3.6 m.h.-do (CH>—CH-0), 3.9-4.1 m.h.-
da [C(O)-O-CH:-CH], 5.0 m.h.-do (OH) qruplarinda hidrogen atomlarin1 xarakterizo edon
piklor miisahido olunur. C2zEP2-nin *C NMR spektrinda (sokil 6) 14.1 m.h.-do (CHs), 16.2-
19.2 m.h.-de (CH3-CH), 22.6 m.h.-do (CH:-CHs), 24.9 m.h.-de (CH2-CH>-COOQ), 29.1-29.6
m.h.-de (CHz2)x, 31.9 m.h.-de (CH2-CH2-CHs), 34.2-34.5 m.h.-de (CH2-COO), 45.7 m.h.-da
(CH:Cl), 65.5-71.6 m.h.-do (O-CH>—CH-O), 174.0 m.h.-ds (COO) grupunda karbon atomu
tiglin xarakterik olan piklor miisahide olunur.

Sintez edilmis geyri-ionogen SAM-larin miihiim kolloid-kimyavi parametrlari malum
formullarm komayi ilo [10] hesablanmis ve codval 1-ds yerlasdirilmisdir.

Cadval 1. Sintez edilmis geyri-ionogen SAM-larin kolloid-kimyavi parametrlori (25 °C)

SAM Tmaksx1010, Anminx10%, | KMQx1073, pCx | yxmQ TIKMQ, AGnmis, AGad,

mol-cm ™2 nm? mol-dm™ mN-m? | mN-m! kC-mol™? | kC-mol™

Ci2P2E 1.71 97.1 2.3 447 | 303 41.7 -20.6 -23.19
CEP2 2.01 82.6 24.0 3.66 | 32.0 40.0 -14.95 -16.94
CuPE 1.53 108.3 10.5 556 | 29.0 43.0 -22.70 -25.50
Cu4EP 1.87 88.7 21.1 4.88 | 26.6 45.4 -20.97 -23.39

Qeyd: KMQ - kritik misellasmoalogalme qatiligy;, yxme — KMQ-da sethi garilmenin
giymati; I'maks - maksimal adsorbsiya; Amin - polyar qrupunun en kosiyi {izra minimal sathin
sahasi; mkmo - soth tozyiqi; pCaw - SAM-in  adsorbsiya effektivliyi; AGms -
misellaamoalagalmanin Gibbs sarbast enerjisi; AGad - adsorbsiya prosesinin Gibbs enerjisi.

Cadvaldan goriindiiyti kimi LT-ys avvelca PO birlosdirdikdo KMQ-nin giymati daha
kicik olub, miivafiq olaraq 2.3-10° mol-dm™ vo 24.0-10° mol-dm™-o berabardir. ykme-nin
giymatlarinin miiqayisesinden goriiniir ki, CnEP2>nin qiymati Ci2P2E-nin - KMQ-nin
giymoatindan daha boyiikdiir (miivafiq olaraq, 32.0 mN-m™ ve 30.3 mN-m™). Cadvealden
gortindiiyli kimi, CrEP2nin seth tezyiqinin qgiymsati Ci2P:E-nin miivafiq gostaricisine
nisbaton azdir (miivafiq olaraq 40.0-41.7 mN/m). Ci2P:E tiglin pCao-nin qiymoti Ci2EP2-nin
giymoatinden daha yiiksokdir, Ci2PzE {iglin I'max-in giymati C2EP: ilo miiqayisede asagidir,
Anmin-nin giymati ise aksine yiiksakdir.

MT-ys avvealco EXH birlesdirdikds, onun KMQ qiymsati da daha yiiksak olur, yxmo
qiymeatlari Ci4PE ilo miiqayisada daha kigik olur. Cadvelden goriindiiyii kimi, Ci4«EP-nin seth
tozyiqinin (mxm) giymatlari CiaPE-nin giymatlerine nisbaten yiiksakdir (45.4 vo 43.0 mN/m).

Qeyri-ionogen SAM-larin hesablanmis adsorbsiya semoraliliyi (pCz) cadval 1-do
verilmisdir. Gorlindiiyli kimi CuPE {iglin pCz0-nin giymatlari Ci4EP-dan ytiiksakdir.

Alinmis SAM-larin su-hava serhadinde maksimal adsorbsiyanin (I'mas) vo har
molekulun tutdugu sathin sahasi (Amin) hesablanmisdir. Gortindiiyti kimi, C4EP ti¢lin I'maks-
m qgiymeti C4uPE-nin miivafiq qiymatindan yiiksak, Amin-nin qiymsti ise aksine agagidir.

Almmis geyri-ionogen SAM-larin misellasmslagalmas (AGmis) ve adsorbsiya prosesinin
Gibbs sorbast enerjilorinin (AGad) hesablanmis qiymatlori cadvel 1-do verilmisdir.
Gortindiiyti kimi, hom adsorbsiya prosesi, hom de misellaamalogalme prosesinin Gibbs
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Monokarbon tursulari va epoksidlar asasinda qeyri-ionogen sathi-aktiv maddalarin sintezi va tadqiqi

sarbast enerjilorinin giymatlari menfidir. Demsli, har iki proses spontan olaraq 6z-6ziines
gedir.

Alinan geyri-ionogen SAM-larin neftyigma va neftdispersloma qgabiliyyetinin sinaqlar:
naticalarina (cadval 2) asasan demsak olar ki, sintez edilmis geyri-ionogen SAM-lar qiivvatli
neftyigma qabiliyyetine malikdirlar.

Cadval 2. Sintez olunmus geyri-ionogen SAM-larin neftyigma qabiliyati

SAM Distillo suyu Icmoli su Daniz suyu
T, saat K T, saat K T, saat K
100 %-li reagent
Ci2P2E 0 50.6 0-1 60.8 0-1 455
1-96 60.8 21-96 30.3 21-96 30.3
168 50.6 168 11.5 168 55.2
Ci2EP2 0-6 30.3 0 60.8 0 17.2
24 86.8 4-6 76.0 4-6 40.5
48 76.0 24 86.8 24 60.8
120 22.7 48 101.3 48 76.0
144 11.2 120 15.2 120 60.8
144 115 144 55.2
CuPE 0-6 185 0 185 0-53 115
24-75 24.3 1-75 17.2 75 8.6
CuEP 0-24 40.5 0 40.5 0 30.3
26-144 30.3 2 30.3 2-24 23.2
24-144 22.7 26-144 16.9
5 %-li sulu dispersiya
Ci2P2E 0 9.4 0-1 33.3 0-1 66.7
1 20.3 21 60.8 21 45.5
21 60.8 168 76.0 168 76.0
168 40.5
Ci2EP2 0-4 2.0 0-168 15.6 0 20.2
4-24 2.0
CuuPE 0 18.5 0-1 30.4 0-1 304
1-6 20.3 3-27 24.3 3-6 15.6
24-53 30.4 29-30 20.3 24-30 12.2
75 12.2 53-75 10.1 53-75 8.7
CuEP 0-5 16.9 0-0.5 30.3 0 22.7
24-72 30.3 5-75 40.5 2 33.3
144 40.5 144 30.3 5-48 22.7

CuP2E ve Ci2EP2 SAM-lar1 durulasdirilmamis halda tadqiq olundugda an yiiksak
neftyigiciliq effektivliyini her ii¢ suda (deniz, igmali ve distills) Ci2EP2 birgs oliqomeri
gostorir (miivafiq olaraq Kmas=76.0, 101.3, vo 86.8; 1=144 saat). Bu reagentlor 5 %-li sulu
dispersiya kimi istifade edildikde maksimal neftyigma amsal1 biitiin todqiq olunmus sularda
(deniz, igmali ve distilla) Ci2P2E-ya maxsusdur (miivafiq olaraq Kmas=76.0, 76.0 vo 60.8; 1=168
saat).

CuPE ve CuEP SAM-lar durulagdirilmamis halda tedqiq olunduqda her tii¢ suda
(distills, igmali va deniz) Ci4EP (miivafiq olaraq Kmas=40.5, 40.5 vo 30.3, 1=144 saat) an yiiksak
neftyigiciliq effekti gostorir. Homin gqeyri-ionogen SAM-lar 5 %-li sulu dispersiya kimi
istifade olunduqda distillo vo i¢mali su miihitlorinde maksimal neftyigma effektini Ci4EP
(hor iki suda Kmaks=40.5, 1=144 saat), deniz suyunda iso CuPE efiri (Kmaks=30.4, 1=75 saat)
niimayis etdirir.
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Aparilan tadqiqatlar noticesinds belo qgorara golmok olar ki, LT/MT-ya avvel EXH
birlesenda (yeni Ci2EP2 ve CuEP) birgs oliqomerlar daha effektiv neftyigma qabiliyyatini
durulasdirilmamis vaziyyetde niimayis etdirirlor. LT/MT-ya oavval PO birlogsonda (yoni
CuP2E ve CuPE) iss SAM-lar 5 %-li sulu dispersiya halinda daha quvvetli neftyigma
xassalarine malik olurlar.

NOTICO

LT, PO (n=2) vo EXH (m=1), elaca do MT, PO (n=1) ve EXH (m=1) asasinda iki (har tursu
ilo ayri-ayriliqda) miixtalif geyri-ionogen SAM-lar sintez edilmisdir. Alinmis mahsullarin
strukturu 1Q-, 'H- vo ®C NMR-spektroskopiya iisullar1 ilo tesdiq olunmusdur. Sintez
olunmus SAM-larin miithiim kolloid-kimyavi parametrlari hesablanmisdir. Laboratoriya
soraitinde miiayyon olunmusdur ki, LT/MT-ys avval EXH birlagonda birge oliqgomerlar daha
effektiv neftyigma qabiliyyatini durulasdirilmamis veziyyatde niimayis etdirirlor. LT/MT-ya
avval PO birlagands ise SAM-lar 5 %-li sulu dispersiya halinda daha qiivvatli neftyigma
xassoalarine malik olurlar.
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ABSTRACT

Herein, has been presented the results of electron paramagnetic resonance investigations of free radicals in
various petroleum oils from Azerbaijan (Gunashli oilfield) and some foreign countries, including Columbian,
Brazilian and Arabian crude oils. The measured g-value components was used as a sensitive basis for electronic
structure calculations.The existence of paramagnetic centers caused by the presence of d metals (mainly V, Ni, Fe)
has not been observed in Gunashli petroleum.It was researched electron paramagnetic resonance spectroscopic
parameters - line width, g factor, and the form of EPR spectra of the free radical. Comparative characteristic of
different crude oils showthat among up-noted petroleums only the Guneshli crude oildosn’tcontainmetal-
porphyrin. This study demonstrates that the EPR technique is suitably applied to the detection of free radicals in
crude oils.

Key Words: free radical, crude oil, EPR spectra, g-factor, Gunashli oilfield, comparative characteristic

CPABHUTEABHAS XAPAKTEPVICTUKA I'TOHAIIAMHCKOM HE®TU ASEPBATIAKAHA U
HEKOTOPBIX 3APYBEJKHBIX CTPAH

PE3IOME

B cratne mpeacTaBaeHBI pe3yAbTaThl MCCAAOBAaHMA CBOOOAHBIX PaAMKaloB C IOMOIILIO DAEKTPOHHOTO
ITapaMarHUTHOTO pe30HaHCa B pPa3AMYHBIX HePTAX 13 Asepbaiiaka (['TOHaILAMHCKOE MEeCTOPOKAeHNe) U HEKOTO-
PBIX 3apyOeXXHBIX CTpaH, BKAIo4dast KoaymOuiickyro, bpasmanckyio m Apabekyio ceipyio HedTh. Viamepennsie
3HaueHNUs1 —g QaKTOpPH KOMIIOHEHTa NCIIOAB30BAAMCh B KayecTBe UYBCTBUTEABHOV OCHOBBI AAs PacyeToB
DAEKTPOHHOM CTPKTyphl. Haandme mapaMarHUTHBIX IIeHTPOB, 00yCAOBA€HHBIX HPUCYTcTBMeM d- MeTaaa0B ( B
ocHosaoMV, Ni, Fe) He obnapyskeno B I'oHamamuckor Hedprn. lVccaeaoBaHbI crieKTpoIdecKue IapaMeTphl
HAEKTPOHHOTO IlapaMarHUTHOTO pe30HaHCa —INMpMHa AVHUY, g -PpakTop u ¢popma crexrpos DIIP csoboaHOTO
paamnkaaa. CpaBHUTeAbHas XapaKTepUCTHKa pa3ANJIHLIX HedTell ITOKa3hIBaeT,9TO Cpeay OTMeYaHHBIXHe(Tel
ToAbKO I'OHaIMAMHCKas HeTh He COAEPKUT MeTaaA-TopduprHa. DTU UCCAAOBAaHUN ITOKa3hIBAaeT, YTO METOZ,
BOI1P 11eaecoo0bpa3HO HPUMEHAITH 4151 OOHAPY>KEHISI CBOOOAHBIX pajIKaA0B B CBIPOI HEPTIL.

KaroueBble caoBa: cBOOOAHBIN paamKaad, cbipas HedTh, g-pakTop, I'IOHAIAMHCKOE MecTOpoXJeHue,
CpaBHHUTeABHAas XapaKTepICTIKa

AZORBAYCNIN GUNOSLI NEFTININ XARICI OLK® NEFTLORI ILO® MUQAYISOLI
XARAKTERISTIKASI

XULASO

Magqaleda eletron paramagqnit rezonansin komayila Azarbaycan(Giinasli net yatagi) ve bir sira xarici
Olkalorin, o cumladan, Kolumbiya, Braziliya ve Orab neftinde sarbast radikallarin tedqiginin naticalari
gostorimisdir. Komponentlorin Olciilmiis g — faktorlar: elektron strukturlarin hesablanmasi {i¢iin asas hesab
edilmisdir. Giinasli neftinds d-metallarin( baslica olaraq V, Ni, Fe) istiraki ilo yaranan sarbast radikallar askar
edilmemisdir. Elektron paramagqnit rezonans parametrlari — xottin eni, g-fakfor ve sarbast radikallarin EPR
spektrlarinin formsi miisyyen edilmisdir.Miixtalif lkalarin neftlorinin miiqayisali xarakteristikas1 gostarir ki,
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yalniz Giinagli neftinin tarkibinds metal-porfirin méveud deyil. Tadqiqatlar gosterir ki, EPR metodu xam neftds
sarbast radikallarmn agkar edilmasi tigiin magsedauygundur.

Acar sozlar: sarbast radikal, xam neft, g-faktor, Giinasli yatag1, miiqayissli xarakteristika

INTRODUCTION

Petroleum is formed by the thermal degradation of kerogen and may also contain large
amounts of asphaltenes. Asphaltenes are macromolecular compounds, comprising
polyaromatic nuclei linked by aliphatic chains or rings of various lengths and sometimes by
functional groups. Paramagnetic vanadyl complexes are the sensitive intrinsic probes to
study qualitatively and quantitatively structural transformations of aspahltenes of heavy
crude oils in-situ.In the first use of high-field electron paramagnetic resonance (EPR)
spectroscopy to characterize paramagnetic metal-organic and free radical species from crude
oil samples from the Gulf of Mexico. It was able to identify for the first time the various
paramagnetic species of these samples and understand their molecular structures and
bonding. The investigations revealed that oil samples contain three distinct paramagnetic
species: (i) an organic free radical, (ii) a [VO](2+) containing porphyrin, and (iii) a Mn(2+)
containing complex. The characteristic spectral features of the vanadyl species closely
resemble those of pure vanadyl porphyrin.

Although the lower-field EPR signals from the organic free radicals in fossil fuel
samples have been investigated over the last 5 decades, the observed signal was featureless.
In contrast, high-field EPR (up to 240 GHz) reveals that the species is a disc-shaped
hydrocarbon molecule in which the unpaired electron is extensively delocalized.High-field
electron nuclear double resonance experiments should provide an accurate picture of the
spin density distribution for both the vanadyl-porphyrin and Mn(2+) complexes, as well as
the organic free radical [1-3].

A study of vanadyl-porphyrin by electron spin resonance (ESR) was carried out looking
for answers about the role that the central V=0 ion plays when these kinds of molecules are
present in heavy crude oils. The eigenvalues of the linear combination of atomic orbitals
(LCAO) were obtained from the experimental values of g and parameters (ESR). The
contributions to the molecular orbitals that describe the various energy levels of vanadyl ion
were also obtained for the porphyrin species. The trends of the degree of covalent character
of the metal-ligand bonds and the length of the vanadium-oxygen chemical bond are
discussed in work [1]. It is interesting to note that the Fermi contact term, K(eff), is essentially
constant for all samples investigated, and only little variation among the three different
samples of oil.

The crude oil from the Gulf of Mexico shores of Louisiana and Florida have shown the
presence of electron paramagnetic resonance (EPR) spectra characteristic of organic free
radicals as well as transition metal ions, predominantly iron(Ill) and manganese(Il). Two
types of organic radicals were distinguished: an asphaltene radical species typically found in
crude oil (g = 2.0035) and a new type of radical resulting from the environmental
transformations of crude (g = 2.0041-47). Pure asphaltene radicals are resonance stabilized
over a polyaromatic structure and are stable in air and unreactive. The new radicals were
identified as products of partial oxidation of crude components and result from the
interaction of the oxidized aromatics with metal ion centers[2].
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A large number of study focus on vanadyl - porphyrins of crude oils and their
investigation methods [4-22]. EPR is most suitable among these methods, because electron
paramagnetic resonance (EPR) techniques do not require the diluted samples and can sense
the intrinsic paramagnetic centres (PC) also in the unfractioned species, i.e., in the native
environment [18,19]. Following the changes of the EPR spectroscopic parameters of PC (for
example with temperature) one can gain additional information about asphaltenes.

Experimental part

Electron Paramagnetic Resonance (EPR) method is used to study paramagnet centers
(ions metals and radicals) involved in chemical processes. Experimental measurements were
obtained from EPR techniques (“Bruker” EMX microX) at room temperature. Parameters for
signal measurement: microwave frequency 9.87 GHz, modulation frequency 100 kHz,
modulation amplitude 5 G, sweep width 100G, microwave power 2.2Mw.

Irradiation was carried out for 1-300 hours at a dose rate of 10.5 Rad/ sec. (at a dose of
0.72- 259.2 kGy) at room temperature. The crude oil samples were irradiated with gamma
radiation from the ®Co isotope under static conditions, within vacuum sealed quartz tubes .

The crude oil was obtained from a well of platform 8 of Gunashli field in Balakhani X
Horizon in Azerbaijan.For comparison was used Brazilian oil (Campos Basin in the state of
Rio de Janeiro), Arabian oil (Arabian light crude oil) and Colombian oil (Cusiana crude oil).

Results and discussion

Fig. 1 shows the EPR spectra for samples of Gunashli crude oil. The existence of
paramagnetic centers in petroleum is generally caused by the presence of d metals (mainly
V, Ni, Fe) and stable carbon centered “free” radicals (FR). It is established that the majority of
the organic free radicals are concentrated in the structure of a condensed polyaromatic core
of asphaltene molecule while the metals locate in the polar fractions (both resin and
asphaltene), with a further majority concentrated in the asphaltenes. From the spectrum in
fig.1 it can be obtained that, g factor for free radical is 2.0044+ 0.0002; and line width
AB=5.27G=0.05.

3.0 4 AB=5.27 G

a

2.0

1.0
g= 2.0044

0.0

-1.0
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-2.0
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Fig.1. EPR spectra of Gunashli crude oil in an extended magnetic field
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To try to understand the free radical line, Arabian crude oil (Arabian Light Crude Oil)
and Colombian crude oil (Cusiana Crude oil) were studied by EPR in X- (9 GHz), Q- (34
GHz), and W- bands (34 GHz)[22-24].The spectra obtained at different frequencies are shown
in Fig. 2 and Fig. 3.

Fig. 2. a)EPR spectrum for Brazilian crude oil; b) Signal of the free radical; c¢) Simulated spectrum for VO2+

The EPR spectra of crude oils show signals of two different paramagnetic centers,
namely, the vanadyl group VO:: and free radical [22-26]. These are overlapped in the same
magnetic field range (Fig. 2a), being the very intense central line associated with organic free
radical (Fig. 2b)
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Fig. 3. Free radical EPR spectra of Arabian crude oil at room temperature obtained in: a X- band; b Q- band; ¢ W-
band; A Hiz is the half height separation of the EPR derivative peak and AHpp is the separation of the EPR
derivative peak.

Asymmetrical lines of the free radical were observed in all EPR spectra (Figs. 3 and 4).
However, asymmetry was more pronounced in the spectra obtained in the W- band (Figs. 3c
and 4c). The asymmetry in the line is due to the superposition of all the possible orientations
of the paramagnetic species in the system and to the contributions of different chemical
species that interact with the unpaired electron[22-26] .
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Fig.4. Free radical EPR spectra of Colombian crude oil at room temperature obtained in: a)X- band; b) Q- band; c) W- band

A comparison of EPR spectra ( Fig.1-4) demonstrated that, Gunashli crude oil ‘s EPR
spectra has one peak, assigned to organic free radical.

Authors in work [26] discussed the degradation of several oilfields” petroleum by EPR
method.The photochemical weathering of Brazilian oil (Campos Basin in the state of Rio de
Janeiro), Arabian oil (Arabian light crude oil), and Colombian oil (Cusiana crude oil), as a
film over seawater, was monitored by EPR. Crude oil absorbs sunlight in the ultraviolet,
visible and near infrared, as reported by Nicodemet al.[27-29].Samples were irradiated by
exposure to sunlight.No variations in g-factor were observed in non-irradiated samples for
any of the paramagnetic species (Table). The g-factor determined for the free radical signal in
Brazilian oil (Campos Basin in the state of Rio de Janeiro) was 2.004500.0001,suggesting the
presence of phenoxy radicals, i.e. radicals partially localized in aromatic systems due to the
oxygen. There was no variation in the g-factor values for the free radical.

In asphaltenes the hyperfine interaction is generally between the electron spin
delocalized in an aromatic k orbital and the nuclear magnetic moments of H attached to the
aromatic C. The line width broadening of the free radical cannot be attributed unequivocally
to the unresolved hyperfine structure of the EPR spectrum. In petroleum asphaltenes, the
effects of the aromaticity and the different degrees of substitution on the line width and the
line shape probably overlap, and different number of spins can also contribute to the line
width by dipolar interaction (Scotti andMontanari, 1998) [30].

The fact that Arabian oil (g = 2.0033) presents a heteroatom weight percentage of 2.79%,
smaller than Colombian oil (19.77% wt), and the fact that nitrogen and sulfur are located
mainly in the aromatic systems in crude oil indicate that this oil is less aromatic than the
Colombian oil (g = 2.0030). Another important fact obtained by EPR is that Colombian oil
presents 19.6% wt of nitrogen and since this heteroatom is related mainly with porphyrinic
and non-porphyrinic systems inpetroleum asphaltenes, it is possible to affirm that the oil of
Colombian origin has a larger asphaltene fraction than Arabian oil. The line width AHpp of
the free radical signal was 5.2 + 0.1 Gauss for Arabian crude oil and 5.3+0.1 Gauss for
Colombian crude oil. Observations revealed that irradiation reduces the aromaticity of crude
oil (Colombian and Arabian), degrading porphyrin complexes and at least partially
destroying asphaltene fraction of 0il[25,26].The different values obtained experimentally for
the g -parameter represent structural differences in the distribution of the ligands around the
VO2+ in complexes. But the irradiated Gunashli crude oil’s EPR spectra demonstrated that
radiation doesn’t influence on g-value and line width AB(Fig.4).
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Table . EPR g values for the paramagnetic species of Brazilian crude oil at room temperature.

Specimen g-factor Sample 0h 2h 5h 20h 40h 60h 100 h

VO%+ aw NIa 1.9675 1.9682 1.9685 1.9685 1.9685 1.9685 1.9685
aw I 1.9675 1.9690 1.9690 1.9690 1.9700 1.9700 1.9705
a+. NI 1.9873 1.9870 19870 1.9872 1.9875 1.9875 1.9875
a+ I 1.9873 1.9873 1.9877 1.9880 1.9885 1.9889 1.9889
do NI 1.9807 1.9807 1.9808 1.9810 1.9812 1.9812 1.9812

do I 1.9807 1.9812 1.9815 1.9817 1.9823 1.9826 1.9828
Free
a NI 2.0045 2.0045 2.0045 2.0045 2.0045 2.0045 2.0045
radical
a I 2.0045 2.0045 2.0045 2.0045 2.0045 2.0045 2.0045
aNon-irradiated.
bJrradiated.
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Fig.2. EPR spectra of irradiated at difference dose values oil : 1) crude oil; 2) 5.12kGy; 3) 129.6 kGy 4) 259.2 kGy

Therefore, the irradiation does not influence the chemical substance of the paramagnet
centers assigned to free radicals of Gunashli crude oil.

Conclusion

As a result of research , it was fund that Gunashli crude oil unlike other petroleum
(Russian, Brazilian , Colombian and Arabian ),does not contain vanadyl — porphyrins and d-
elements.

The EPR technique proved to be useful in the characterization of the molecular structure
of asphaltenes in crude and by-product oil. The EPR parameters are able to reveal changes of
the photochemical nature in the oil under the effect of sunlight, gamma-rays or in some
specific wavelength. This spectroscopy technique can be further explored and, consequently,
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applied in the monitoring of petroleum . The permanence of toxic aromatic components of
petroleum can be evaluated not only through quantitative chromatographic methods, but

also using nondestructive and more economical qualitative methods.
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ABSTRACT

A very simple, highly selective and non-extractivespectrophotometric method forthe determination of trace
amounts copper(Il) has been developed.Cu(Il) with 1- [2- (allylamino) -1-methylethyl] thiocarbamide the rapid reacts to
form orange complex and also it to form to form brownish complexes in presence of the phenanthroline and a,o" -
dipyridine. The absorption spectra of the Cu(Il)- AMTIC , Cu(Il)-AMTIC- Phen and Cu(Il) -AMTIC - a,a’-dip systems is
a curve with the maximum absorbances at415 nm, 437 nm and 443 nm and molar absorption coefficients of 1.9510% 1
mol™! cm™, 294104l mol™ cm™ and 2.8110% I mol™ ecm, respectively. The proposed methods was successfully used in
the determination of Cu(Il) in several synthetic mixtures and oil water samples. The relative standard deviation (n = 5)
was 0%-2.0%, for Cu(Il), indicating that this methods are highly precise and reproducible. The results obtained agree
well with results of analyzed samples by inductively coupled plasma optical emission spectrometry(ICP-OES).

Keywords: spectrophotometry, copper, 1- [2- (allylamino) -1-methylethyl] thiocarbamide, phenanthroline (Phen
)and oo’ - dipyridine

HOBBIE ITPOCTBIE CITEKTPO®OTOMETPUYECKME METOAbI 4151 OIIPEAEAEHUE CAEAOBBIX
KO/ZAMYECTB CEPEBPA (I) C UCIIOAb30OBAHMNEM 1- [2- (AAAVAAMMHO) -1-METU/AETNA]
TUOKAPBAMIJAB IIPUCYTCTBUN TTAPOPOBAMIHOB

PE3IOME

bb11 pazpaboTaH OYeHb ITPOCTOM, BRICOKOCEAEKTUBHBIN U HEDKCTPAKTVBHEIN CIIEKTPOPOTOMETPUIECKIIT METO/,
onpegeaenst caeaoBbix Koardects Mean (II).Cu(ll) ¢ 1- [2- (aaamaaMmHO) -1-MeTHASTIA] THOKAapOaMUAOM OBICTPO
pearupyet c oOpasoBaHueM KOPMYHeBaTO->KeATOIO KOMILAEKCa, a TakKe C 00pa3oBaHIeM KOPUYHEeBaThIX KOMILIEKCOB
B npucyrctum geHanTpoansa (Phen) n o, o ' - anmmpnaus (o, oo ' -aum). Criekrpel noraomenns cucreMm Cu(Il) —
AMTIC,Cu(ll) -AMTIC-Phen n Cu(l) -AMTIC - a, a'-an mnpeacraBasior coboli KpUBYIO C MaKCUMaAbHBIMM
3HaYeHVSIMM TTorAoreHns rpu 415 um,437 aM u 443 HM 1 MoAstpHBIMU KoadurireHTaMu rtoraormenyst 1,95 - 104 .
Moap! e 2,94 - 10* 2. moar™ e m 2.81-.10* 2 Mmoap? cM?! cooTBeTcTBeHHO. [TpeaaoskeHHBIE METOABI OBLAV YCITEIITHO
ncroab3opanbl npu onpegedennu Cu(ll) B HeckoabKMX cUHTeTMYeCKMX cMecsix. OTHOCUTeABHOe CTaHAApPTHOe
otkaoHeHue (n =5) cocrapasaao 0% —2,0% aas Cu(ll), uTo ykasbiBaeT Ha BHICOKYIO TOYHOCTD 1 BOCITPOM3BOAMMOCTD DTIX
MeToA0B. IloayueHHBle pe3yabTaThl XOPOILO COTAacylOTCsA C pesyabTaTaMl aHaaAu3a OOpa3lioB OITIIeCcKOl
SMICCHOHHOI! CIIEKTPOMETPUI C MHAYKTUBHO CBsi3aHHOII 11aa3moii (ICP-OES).

Karouesnie caosa: criektpodoromerpuueckmir, Cu(ll), ompesesenue, 1- [2- (aaamaamuzo) -1-mMeTmastua]
THoKap6amMng, GpeHaHTPOAUH U &, & ' - AUTTNPUAVH.

YENI SADO SPEKTROFOTOMETRIK USULLACu (I) IONUNUN NEFT SULARINDA TOYINi
XULASO

Mis (II) ionun mikro migdarmimnteyin edilmasi {i¢lingox sads, hassas, yiiksak segicilikli vo qeyri-ekstraksiyali
spektrofotometrik metodika islonib hazirlanmigdi. Cu(Il) ionul- [2- (alilamino) -1-metiletil] tiokarbomid (AMTIC) ilo
stirotlo reaksiyaya girorak qehvayi-sar1 rongli kompleks amolagatirir ve hamginin fenantrolin vo o« a ' -
dipiridinistirakinda ise gehvayi rengli komplekslar amala gotirir. Cu(Il)}>AMTIC- Phen ve Cu(Il)-AMTIC- a,a’-dip
sistemlarinin isiq udma spektrlorinds maksimumlar 437 nm ve 443 nm dalga uzunluqlarinda miisahids olunur ve
molyar udma amsallar1 iss uygun olaraq 2.9410* 1 mol™ ecm™ and 2.811041 mol™ sm™ giymatlor alir. Toklif olunan

metodikalar misin(II) bir ne¢s sintetik qarisiqlarda ve neft sularinda teyininds ugurla tetbiq olunmusdu. Nisbi standart
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kenara ¢ixma Cu(Il) tayini iigiin 0% -2.0% olmagy, bu {isullarin yiiksok daqiqliyinin ve tekrarligmn oldugunu gosterir.
Alman neticeler induktiv slagsli plazma optik emissiya spektrometriyasi (ICP-OES) iisulu ilo niimunalarin analizinin
naticelari ilo miiqayise edilmisdi.

Acar sozlar: spektrofotometrik, Cu(ll), toyin, 1- [2- (alilamino) -1-metiletil] tiokarbamid, fenantrolin va a, ot ' -
dipiridin.

Introduction

A copper is used as a conductor of heat and electricity, as a building material, and as a
constituent of various metal alloys, such as sterling silver used in jewelry, cupronickel used to
make marine hardware and coins, and constantan used in strain gauges and thermocouples for
temperature measurement.Although copper(Il) ions are extremely important for several
biological processes, their levels in some.Whiletrace copper ions(Il) promote rancidity and o-
flavors in nutrients, copper accumulation in the liver is a characteristics ofWilson's disease,
producing neurological and psychiatric defectssituations are indications of a problem or disease
in many living systems or environmentsTherefore, it is clear that in the arsenal of analyststhere
must be simple and rapid methods to determine copper in a wideconcentration range with the
highest possible sensitivityaccuracy[1].

A simple sensitive and selective methods for determination of trace copper has been
required. Sophisticatedtechniques, such as inductively coupled plasma mass spectrometry (ICP-
MS) [2-4],inductively coupled plasma atomic emission spectrometry (ICP-AES) [5-6], inductively
coupled plasma optical emission spectrometry (ICP-OES) [7-8], atomic absorption
spectrophotometry (AAS) [9-10]electrochemical [11-13]Jand spectrophotometry[14-15]have
widely been appliedto the determination of copper in various samples.Some factors such as
initial cost of instrument, technicalknow-how, consumable and costly maintenance of technique
restrict the wider applicability of spectrophotometric methods, particularly in laboratories with
limited budget in developing countries and for field work.In the literaturs wide variety of
spectrophotometric methods for determination of Cu(Il) have been reported, each chromogenic
system has its advantages and disadvantages with respect to sensitivity, selectivity and
convenience [16-24]. Many reagents used in photometric methods for the determination of Cu(II)
contain sulfur in the molecule.Therefore, the synthesis of new sulfur content of organic reagents,
the study of their complexation with Cu(Il) is an urgent task. In this work, a reagent 1- [2-
(allylamino) -1-methylethyl] thiocarbamide (AMTIC) was synthesized according to the method
of [25] and a color reaction of AMTIC with Cu(Il) and in the presence of hydrofob amines -
phenanthroline (Phen )and a,a’ - dipyridine was carefully studied. The aim of present study is to
develop a simpler spectrophotometric method for the trace determination of Cu(Il) with AMTIC
and in the presence of hydrofob amines- phenanthroline and a,a’ - dipyridine solutions.

Experimental Section
Instrumentation

The absorbance of solutions was measured with a Perkin Elmer (United States) (Model:
Lambda-40)double-beam UV/VIS spectrophotometer andwitha KFK-2 photoelectrocolorimeter
(Russia), with 1 cmmatched quartz cells. The pH values of solutions was controlled on the
ionomer I-121 with glass electrode customized by standart bufer solutions.

A Perkin Elmer (United States) (Model: Optima-2100DV) Inductively Coupled Plasma
Optical Emission Spectrometer (ICP-OES) was used for comparing the results.
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Chemicals and reagents

All chemicals solvents used were of analyticalreagent grade or the highest purity
available.Doubly distilled de-ionized water was usedthroughout. Glass vessels were cleaned by
soakingin acidifi ed solutions of KMnOs or KoCr20;, followedby washing with concentrated
HNO:s andrinsed several times with deionized water.

Copper(II) standard solutions (102 M)

A102 M 100 ml stock solution ofcopper(Il) was prepared by dissolving 0.06355 g of
copper(purity 99.98%) in nitric acid by warmingevaporating the solution to dryness,
dissolvingthe residue in hydrochloric acid, evaporating thesolution to half its volume, cooling
and dilutingwith water to 100 ml in calibrated flask . Working solutions were prepared by
appropriate dilution of standard solutionwith water.

1- [2- (allylamino) -1-methylethyl] thiocarbamide

The 1- [2- (allylamino) -1-methylethyl] thiocarbamidereagent was synthesized according to
the known method [25]. The NMR spectroscopic data of 1- [2- (allylamino) -1-methylethyl]
thiocarbamide: '"H NMR spektrum:(CCL4,6.m.h) 9.483(2H,NH>), 7.21d(1H, NH), 3.22m(2H,CH>),
2.01m (1H,NH), 2.64-2.89 d(2H,CH>), 1.50-3.03 m (1H,CH), 1.10 s (3H,CHz), 1.10 s (3H1,CH3), 5.15
m (1H-C-N- sis ), 5.17m (1H:i-C-N-trans), 5.83 m (1H-C-N). ®C NMR Spektrum: 186, 52.0, 53.7,
55.5,116.2,134.2,184.7.

The solution of 1- [2- (allylamino) -1-methylethyl] thiocarbamidereagent was prepared by
dissolving the requisite amount of AMTICin a known volume of ethanol. More dilute solution of
the reagent was prepared as required.

Phenanthroline (Phen )and a,«’ - dipyridine (o, - dip)

1-102 M solutions of phenanthroline and «o,a’ - dipyridine was preparing by dissolving the
requisite amounts of these substancies in distilled water and ethanol(1:1).

Aqueous ammonia solution

A 100 ml solution of aqueous ammonia was prepared by diluting 10 ml of concentrated NHs
(28%—-30%) ACS grade with distilled water. The solution was stored in a glass bottle.

EDTA solution

A 100 ml stock solution of EDTA (0.1% w/v) was prepared by dissolving 128 mg of
ethylenediaminetetraacetic acid, disodium salt dehydrate in 100 ml distilled water.

Other solutions

Solutions of a large number of inorganic ions and complexing agents were prepared from
their grade, or equivalent grade, water soluble salts.

RESULTS AND DISCUSSION

Copper (II) ion with 1- [2- (allylamino) -1-methylethyl] thiocarbamide the rapid reacts to
form orange complex and also it to form brownish complexes in presence of phenanthroline and
a,a' - dipyridine solutions.

Absorption spectra

The absorption spectra of the Cu(Il)- AMTIC is a curve with the maximum absorbance at
4415 nm and an average molar absorption coefficient of 1.9510* 1 mol™ cm™ in aqueous media.
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The absorption spectra of the Cu(ll) - AMTIC- Phen and Cu(Il) - AMTIC- a,«’-dipsystems is a
curve with the maximum absorbances at 437 nm and 443 nm and average molar absorption coef-
ficients of 2.9410* I mol™ cm™and 2.8110* I mol™ cm™ in micellar media, respectively (Figure 1.).

A

12

0 0 00 550 @0 Am
Figure 1. Absorption spectra of Cu(Il)- AMTIC(1), Cu(Il)-AMTIC-a,a’-dip (2) andCu(II)-AMTIC- Phen(3).
Effect of acidity. Of the various pH 0-12 studied, pH 4.9,0-6,2found to be the best acid for
the Cu(Il) AMTIC system and pH 4,2-5,6found to be the best acid for the Cu(I)AMTIC- Phen
and Cu(Il) AMTIC-a,o-dip systemsat room temperature (25+5)°C. The absorbance of the reagent
solution and the all systems depends on the medium pH; therefore, the absorption spectra are

studied relative to a blank experiment against the background of control experiment (AMTICand
AMTIC+X), which was prepared in the same conditions( Figure 2.).

A

1.2 -

0.8
0.6 1

0.4 A

0.2

Figure 2. Effect of acidity.Cu(II)- AMTIC(1), Cu(Il)-AMTIC-a,a’-dip (2) andCu(II)-AMTIC- Phen(3).

Effect of time. The reaction is fast. Constant maximum absorbance was obtained after 10
min for Cu(ll) - AMTICsystem in aqueous media and 5 min for Cu(Il) - AMTIC- Phen and
Cu(Il) - AMTIC- a,a’-dipsystems in micellar media, respectively. The reaction is fast. There were

dilution to volume of systems at room temperature (25+5)°C and remained strictly unaltered for
24h.
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Effect of temperature. The absorbance at different temperatures, 0-80°C, of a 25 ml solution
of all systems was measured according to the standard procedure. The absorbance was found to
be strictly unaltered through-out the temperature range of 1040°C. Therefore, all measurements
were performed at room temperature (25 +5)°C.

Stoichiometry. The component ratio in the complexes was found using the isomolar series
method, the relative yield method by Starik and Barbanel and the equilibrium shift method . All
the methods showed that the component ratio were 1:2 in the Cu(II)- AMTIC system and 1:2:1 in
the Cu(Il)- AMTIC-Phen and Cu(Il) - AMTIC- a,a’-dipsystems.The number of protons displaced
upon complexation was determined by the Astakhovs method and the indicated component
ratio in the complexes was confirmed.

Effect of the reagent andphenanthroline and a,a’ - dipyridine concentration. Different
molar excesses of AMTIC and phenanthroline and a,a’ - dipyridine were added to a fixed Cu(lI)
concentration and the absorbance was measured according to the standard procedure. It was
observed that a 1 mkg/ml of copper metal (optical path 1 cm in length), the reagent and
phenanthroline and a,a’ - dipyridine molar ratios produced a constant absorbance of Cu(ll)-
AMTIC-Phen and Cu(Il)-AMTIC- a,a’-dipsystems. For all subsequent measurements, 2 ml of
2-104 M AMTIC reagent and 4ml of 2-10+ M phenanthroline and o, &’ - dipyridine was added.

Analytical performance of the methods
Calibration curve

The effect of metal concentration was studied over 0.01-100 mkg m 17, distributed in four
different sets (0.01-0.1, 0.1-1, 1-10 mkg ml") for convenience of the measurement. The
absorbance was linear for 0.25 —2.07 mkg ml™ of Cu(Il) in the Cu(Il)- AMTIC system and 0.12—
2.56 mkg ml* and 0.18-2.45 mkg ml* of Cu(Il) in the Cu(II)-AMTIC- Phen and Cu(Il)-AMTIC-
a,a’-dipsystems, respectively. From the slope of the calibration graph, the average molar
absorption coefficient was found to be 1.9510*1 mol™ cm™ for Cu(II)- AMTIC system and 2.9410*
I mol? cm™ and 2.8110* I mol? cm™ in the Cu(Il)-AMTIC- Phen and Cu(ll) - AMTIC- a,«'-
dipsystems, respectively. The selected analytical parameters obtained with the optimization
experiments are summarized in Table 1.

Table 1.Selected analytical parameters obtained by optimization experiments.

Parameters Studied range Selected value

Cu(II)- AMTIC Cu(II)- Cu(Il)-AMTIC- a,&’ - dip

AMTIC- Phen

Wavelength, Amax(nm) 200-800 415 437 443
Wavelength , Aopt(nm) - 400 440 440
pH 0-12 5-6 4-5 4-5
Time, h 1-24h 5-10 min 5-6 min. 5-6 min.
Temperature , °C 0-80°C 25+5°C 25+5°C 25+5°C
Cu(Il): AMTIC:X 1:10- 10:1 1:2 1:2:1 1:2:1
Molar absorption coefficient, 1 | - 1.95104 2.9410¢ 2.8110¢
mol’cm!
Linear range, mkg ml?! 0.01-10 0.25-2.07 0.12-2.56 0.18-2.45
Igf - 10.23 12.56 11.78
Sandell's sensitivity ,mkg cm? | 0.1-10 7 5 5
Relative Standard 0-5 0-2 0-2 0-2
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Precision and accuracy

The precision of the present method was evaluated by determining different concentrations
of Cu(Il) (each analyzed at least five times). The relative standard deviation (n = 5) was 0%—2.0%,
for 0.1-8 mkg of Cu(ll), indicating that this method is highly precise and reproducible. The
Sandell’s sensitivity for Cu(Il) were found to be 7 mkg cm?in Cu(Il)- AMTIC system and 5 mkg
cm?, 5 mkg cm? in the Cu(II)-AMTIC- Phen and Cu(II)-AMTIC- a,«'-dip systems, respectively.

Effect of foreign Ions

The effect of foreign ions oncomplexation of Cu(Il) with AMTIC in the absence and in the
presence of third components.It was found that in the presence of third partiesthe selectivity of
the reactions of complexeducation increases significantly(Table 2 ). These reagents are more
selective forspectrophotometric determination of nickelfor Cu(Il) in comparison with the
reagents knownfrom literature [26].The effect of cations, anions and complexing agents on the
determination of only 1 mkg ml! of Cu(Il) was studied. The criterion for interference was an
absorbance value varying by more than 5% from the expected value for Cu(II) alone. The results
are given in Table 2.

Table 2. Tolerance limits of foreign ions, tolerance ratio [Species(x)]/Cu (w/w) .

Species x Cu(I)-AMTIC | Cu(I)-AMTIC- Phen Cu(IH)AMTIC- o’ - dip [26]
Na(I) 210 285 260 100
K(I) 220 300 270 100
Mg(II) 270 350 330 100
Ca(Il) 270 350 330 100
Cr(III) 255 340 340 70
Fe(III) 60 80 80 10
Sr(IT) 80 100 95 100
Cd(II) 200 290 280 100
Hg(II) 210 315 300 100
Mo(II) 210 285 280 10
As(III) 260 340 330 100
Zn(1I) 235 280 280 100
Ba(Il) 200 260 260 10
Al(IIT) 75 130 125 100
Cs(IIT) 225 295 290 100
Pb(1I) 60 100 100 10
Ni(IT) 100 140 120 10
Pb(1I) 195 230 215 10
Cl 750 70 70 1000
Czo42- 240 270 270 1000
CHsCOO 40 70 70 500
PO:’- 140 170 160 500
CN- 110 130 130 500
Applications

The Cu(Il) - AMTIC-a,a’-dipsystem was successfully applied to the determination of Cu(II)
in a series of synthetic mixtures of various compositions (Table 3).

Determination of Cu(II) in synthetic mixtures

Several synthetic mixtures of varying compositions containing Cu(Il) and diverse ions of
known concentrations were determined by the present method using EDTA as a masking agent;

128



New Simple Spectrophotometric Method for the Determination of Trace Levelcopper (II) in oil Water Samples

and the results were found to be highly reproducible. The results of synthetic mixtures analyses
by the spectrophotometric method were found to be in excellent agreement with those obtained
by ICP-OES. The results are given in Table 3. Accurate recoveries were achieved in all solutions.

General Procedure

To synthetic mixtures samples of varying compositions containing 1-2 mkg ml'Cu(II) in 25
ml volumetric flask was mixed with 2 ml of 2104 M AMTIC reagent solution and 4ml of 210
‘a,a-dipsolution followed by the addition of 5 ml stock solution of EDTA (0.1% w/v). The
mixture was diluted up to the mark with pH 5 buffer solutions. After 5 min the absorbance was
measured at 440 nm against a corresponding reagent blank. The coper (II) content in the
synthetic mixtures sample was determined using a concurrently prepared calibration graph.

Table 3. Determination of Cu(Il) in synthetic mixtures.

Proposed method ICP-OES
Sample C(.)mposmon of Cu(II) mkq/ml Recovery =+ | Cu(Il) mkqg/ml | Recovery +s(%)
mixture (mkg/ml) $"(%) Found
Added | Found?
A Cu? 1.5 1.51 10120.2 1.50 100 0.2
20 2.02 102+0.2 2,01 101 0.2
B Asin C+Cr¥*(251+Ca? (25) | 1.5 1.48 97+0.3 1.49 97+0.3
2.0 2.02 102 0.2 2,01 101 0.2
C As in D +K*(25)+Hg2* (25) 15 1.49 98+0.2 1.495 99+0.1
2.0 2.02 102+0.1 2.025 101 0.1
D Asin A +Ca?(25)+ Fe*(25) | 1.5 1.52 102+0.3 1.51 1010.3
2.0 2.04 104+0.2 2.02 1020.2
E As in B+Mg? (25)+Co* (25) | 1.5 0.51 10104 0.52 102+0.4
2.0 2.03 1030.2 2.02 102 +0.2

2Average of five analysis of each sample
PThe measure of precision is the standard deviation (s).

Determination of copper (I) in oil water samples

Each oil water samples (100 ml) was mixedwith 10 ml of concentrated HNOs and 2ml of
concentrated H2SO4 in a 1000 ml distillationflask. The sample was digested in the presence of an
excess potassium permanganatesolution following a method recommended by Greenberg et al.
[3]. The solution was thencooled and neutralized with dilute NH4OH solution. The resulting
solution was then filtered and quantitatively transferred into 50ml calibrated flask and made up
to the mark withdeionized water. An aliquot (1-2 ml) of this solution preconcentrated drink
water was pipetted intoa 25 ml calibrated flask and the copper content was determined as
described under thegeneral procedure using EDTA or tartrate as a masking agent. Analyzed
oilwater samples were taken from the State Oil Company of the Azerbaijan Republic,
respectively. The results of analyses ofoil water samples from various sources for copper are
given in Table 4.
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Table 3. Determination of Cu(Il) in some oil water samples..

Proposed method ICP-OES
No Samples Cu(II) mkq/ml Recovery =+ | Cu(Il) Recove
Added | Found® | s®(%) mkg/ml ry +
Found 5(%)
1. 28 May Oil and Gas 15 0.51 101 £0.4 0.52 102+0.4
Production Department, 2.0 2.03 103+0.2 2.02 102 +0.2
Gunashli oilfield
2. Oil and Gas Production Department | 1.5 1.48 97+0.3 1.49 97+0.3
named after A. Amirov, Garadagh II | 2.0 2.02 102 +0.2 2.01 101 0.2
mining
3. From the Oil Tanks of Oily Rocks 15 1.49 98+0.2 1.495 99+0.1
2.0 2.02 102+0.1 2.025 101 0.1
4. Balakhany light 15 1.52 102+0.3 1.51 101 +0.3
2.0 2.04 104+0.2 2.02 102 +0.2
5. N.Narimanov Oil and Gas Extraction | 1.5 1.51 101+0.2 1.50 100 +0.2
Department, 2.0 2.02 102+0.2 2.01 101 +0.2
Dashgil Mining No. 4
6. Oily Rocks 15 1.48 97+0.3 1.49 97+0.3
2.0 2.02 102 £0.2 2.01 101 +0.2
7. Balakhany oil, Il Mining 1.5 1.49 98+0.2 1.495 99 +0.1
2.0 2.02 102+0.1 2.025 101 £0.1
8. Absheronneft Oil and Gas Production | 1.5 1.52 102+0.3 1.51 101 +0.3
Department, 2.0 2.04 104+0.2 2.02 102 £0.2
1st oilfield water

2Average of five analysis of each sample
PThe measure of precision is the standard deviation (s).

Conclusion

In the present work was developed a simple, selective non-extractive and inexpensive
method for the determination of copper(Il) in water samples. This method was successfully
applied to the monitoring of trace amounts of copper(ll) in synthetic mixturesand in oil water
samples. Therefore, this method may be use for monitoring to establish trace level of copper(II)
in difficult matrices oil water samples.

REFERENCES
1.  V.N.Podchainova, L.N. Simonova, Analytical Chemistry of Elements.Copper. M: Nauka, 1990. 279 p.

2. ChrastnyV., KomarekM.Copper determination using ICP-MS with hexapole collision cell. Chemical Papers 63.
2009. 512-519.

3. Juliana A. Nunes a, Bruno L. Batista a , Jairo L. Rodrigues a , Naise M. Caldas b, José A. G.Neto b & Fernando
Barbosa Jr . A Simple Method Based on ICP-MS for Estimation ofBackground Levels of Arsenic, Cadmium,
Copper,Manganese, Nickel, Lead and Selenium in Blood of theBrazilian Population.Journal of Toxicology and
Environmental Health, Part A, 73.2010.878-887.

4. Alkas F.B., Shaban J.A. Sukuroglu, A.A,, Kurt M.A. BattalD., SaygiS. Monitoring and assessment of heavy
metal/metalloid concentration by inductively coupled plasma mass spectroscopy (ICP-MS) method in Gonyeli
Lake, Cyprus. Environ. Monit. Assess. 2017, 189, 1-8

5.  KernJ,Mathiason.The determination of copper, zincand lead in human teethusing inductively coupled plasma
atomic emissionspectrometry (ICP-AES). Concordia College Journal of Analytical Chemistry 3. 2012. 33-39.

6. Mohammad R.G., Mohammad R. P., Leila H. B,Masoud S..Ultra-trace monitoring of copper in environmental and
biological samples by inductivelycoupled plasma atomic emission spectrometry after separation and preconcent-
rationby using octadecyl silica membrane disks modified by a new schiff’s base.Quim. Nova, vol. 27, no. 2,
2004.213-21.

130


https://en.wikipedia.org/wiki/Gunashli_oilfield

New Simple Spectrophotometric Method for the Determination of Trace Levelcopper (II) in oil Water Samples

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Marcia S. R., Marcia F. M., Fagner F. S,, Rodrigo C. S., Maria C. B. Quaresma,Thiago O. Ara ujo and Lindomar A.
Reis Determination of Cu and Fe in fuel ethanol by ICP OES using direct sample introduction by an ultrasonic
nebulizer and membrane desolvator. J. Anal. At. Spectrom., 2011, 26, 456—461.

Ryley Burgess,Agilent Technologies.Determination of Copper in Green Olives using ICP-OES. Agilent
Technologies, Inc. 2018.Printed in the USA, April 1, 2018.

Sahan S., Sahin U. Determination of Copper(Il) Using Atomic Absorption Spectrometry and Eriochrome Blue
Black R Loaded Amberlite XAD-1180 Resin. CLEAN - Soil, Air, Water 2010, 38 (5-6), 485—491.

Corbini.G. DreassiE., Chiasserini L., Girolamo M.M., MellaceP. Determination of copper by AAS in tear fluid of
patients with keratoconus.ELSEVIER . Analytical Biochemistry. 2021.623.

Wu K-H, Lo H-M., Wang J.-C.,, YuS.-Y., YanB.-D. Electrochemical detection of heavy metal pollutant using
crosslinked chitosan/carbon nanotubes thin film electrodes. Mater. Express 2017, 7, 15-24.

PudzaM.Y., Abidin Z.Z., Abdul-Rashid, S., Yasin, F.M., Noor A.S.M., Abdullah, J. Selective and simultaneous
detection of cadmium, lead and copper by tapioca-derived carbon dot-modified electrode. Environ. Sci. Pollut.
Res. 2020, 27, 1-10.

Chong Jin Mei , Nor Azah Yusof and Shahrul Ainliah Alang Ahmad. Electrochemical Determination of Lead &
Copper Ions Using Thiolated Calixarene-Modified Screen-Printed Carbon Electrode Chemosensors 2021,9,157,1-14

Chaisuksant R, Palkawong Na Ayuthaya W, Grudpan K. Spectrophotometric determination of copper in alloys
using naphthazarin. Talanta. 2000;53(34).579-585.

K.T. Vadiraj, S.L. Belagali .Spectrophotometric determination of copper(Il) in industrial effluent samples using
sulfanilic acid as a ligand. Bulgarian Chemical Communications, Volume 46, Number 3.2014.447 — 451.

Tekale P, Tekale S, Lingayat S, et al. Extractive Spectrophotometric Determination of Copper (II) using 1-phenyl-
1- hydrazonyl-2—-oximino propane-1, 2—-dione. Science Research Reporter. 2011.83-87.

Ch. Kavitha, M. Sarath Babu, K. Saraswathi., "Spectrophotometric Determination of Copper as Copper
Piperazine", International Letters of Chemistry, Physics and Astronomy, Vol. 13, pp. 205-209, 2013

Karthikeyan ], Naik PP, Shetty AN. A rapid extractive spectrophotometric determination of copper (II) in
environmental samples, alloys, complexes and pharmaceutical samples using 4-N, N(dimethyl) amino]
benzaldehydethiosemicarbazone. Environmental Monitoring and Assessment. 2011;176(1).419-426.

E. Y. Hashem, M. M. Seleim.A. M. El-Zohry.Spectrophotometric determination of copper(Il) in
pharmaceutical, biological and water samples by 4-(2-benzothiazolylazo)-salicylic acid.Journal of Applied
Spectroscopy, Vol. 78, No. 4, September, 2011.586- 593.

Madan PU, Barhate VD. Extractive spectrophotometric determination of copper (II) using 2—(5- bromo—2-
oxoindolin-3-ylidene) hydrazine carbothioamide as an analytical reagent. European Journal of Biomedical and
Pharmaceutical sciences. 2016;3.392-396.

Turkoglu O, Soylak M. Spectrophotometric Determination of Copper in Natural Waters and Pharmaceutical
Samples with Chloro (phenyl) glyoxime. Journal of the Chinese Chemical Society. 2005.575-579.

Shaikh B, Barache UB, Anuse MA, et al. 4-(4-Nitrobenzylideneimino)-3-methyl-5-mercapto-1, 2, 4-triazole, A
New Chromogenic Reagent for Extractive Spectrophotometric Determination of Copper (Il) in Pharmaceutical
and Alloy Samples S. Afr ] Chem. 2016.157-165.

Salman.S.Alharthi,Hamed.M.Al-Saidi.Spectrophotometric detrmination of trace concentrations of copper in
waters using the chromogenic reagent 4-amino-3-mercapto-6[2-(2-thienyl)vinyl]-1,2,4-triazin-5(4HO0-
one:syntesis,characterization and analyitical applications.MDPI, Appl. Sci. 2020.1-17.

M. Jamaluddin Ahmed, M. Saifuddin, Tasnima Jannat and S. C. Bhattacharjee. A Rapid Spectrophotometric
Method for the Determination of Copper in Real, Environmental, Biological and Soil Samples Using 1-(2-
pyridylazo)-2-naphthol. Green Chemistry 2010. 1-12.

Sucayev ©.R. Aminspirtlor asasinda bazi tiokarbomid tdremslrinin sintezi ve tedbigi. // Journal of Qafqaz
University,2016.92-101.

Greenberg AE, Clesceri LS, Trussell RR. (Eds). Standard Methods for the Examination of Water and Wastewater.
18th ed. American Public Health Association, Washington. DC. 1992;3-53.

131


http://europepmc.org/abstract/med/18968145
http://europepmc.org/abstract/med/18968145
http://jsrr.net/Volume%201%20No%202/Tekale%2040-44.pdf
http://jsrr.net/Volume%201%20No%202/Tekale%2040-44.pdf
http://www.ugcfrp.ac.in/images/userfiles/33855-dmabt.pdf
http://www.ugcfrp.ac.in/images/userfiles/33855-dmabt.pdf
http://www.ugcfrp.ac.in/images/userfiles/33855-dmabt.pdf
https://link.springer.com/article/10.1007%2Fs10812-011-9502-1#auth-E__Y_-Hashem
https://link.springer.com/article/10.1007%2Fs10812-011-9502-1#auth-M__M_-Seleim
https://link.springer.com/article/10.1007%2Fs10812-011-9502-1#auth-A__M_-El_Zohry
http://www.ejbps.com/ejbps/abstract_id/1093
http://www.ejbps.com/ejbps/abstract_id/1093
http://www.ejbps.com/ejbps/abstract_id/1093
http://onlinelibrary.wiley.com/doi/10.1002/jccs.200500085/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jccs.200500085/abstract
http://www.scielo.org.za/scielo.php?script=sci_abstract&pid=S0379-43502016000100022
http://www.scielo.org.za/scielo.php?script=sci_abstract&pid=S0379-43502016000100022
http://www.scielo.org.za/scielo.php?script=sci_abstract&pid=S0379-43502016000100022

JOURNAL OF BAKU ENGINEERING UNIVERSITY - CHEMISTRY AND BIOLOGY

2021. Volume 5, Number 2 Pages 132-136

UOT: 528.854

ESTIMATION OF SOIL SURFACE TEMPERATURE OF JALILABAD
CADASTRAL REGION USING LANDSAT 8 SATELLITE

Narmin NAJAFOVA
Baku State University
Baku, Azerbaijan

narmin.najaf@hotmail.com

ABSTRACT

Remote sensing methods are widely used in the study of changes in the environment, in the organization of
multi-purpose monitoring. We are preparing a soil temperature indicator for the Jalilabad cadastral region in the
ArcGis program, a product of ESRI. Based on the image of band 10 taken from the Landsat 8 satellite of the Jalilabad
cadastral region, which is the object of research, it is known that the maximum and minimum temperatures vary in the
range of 51°-26 °C. It would be more expedient to develop a temperature map of the soil surface for the last months,
taking into account that the sowing works are carried out mainly in autumn and spring.

Keywords: ArcGIS, GIS, Landsat, Remote sensing, Surface Temperature (LST).
OLLEHKA TEMIIEPATYPBI ITOBEPXHOCTU ITOYBHI A KAANAABAACKOI'O KAAACTPOBOI'O
PAVIOHA C TTOMOIIIBIO CITYTHUKA LANDSAT 8
PE3IOME

MeToABI AVICTAHIIVIOHHOTO 30HAMPOBAHM IIMPOKO MCIOAB3YIOTCA IIPY M3YJeHUM M3MEHEHMII OKpy>KaloIei
Cpeapl, TIpM OpTaHM3allMM MHOTOIIEAeBOTO MOHUTOpMHTa. MBI TOTOBMM WMHAMKATOp TeMIlepaTyphl IIOUBBI A
KaJacTpoBoro parioHa Jxxaanaabaz B rporpamme ArcGis, mpogykre ESRI. ITo camMKy moaocsr 10, moaydeHHOMY co
crytHnka Landsat 8 J>xaanaabaackoro kagacTpoBoro paiioHa, ABASIOIErocs 00beKTOM UcCAeJ0BaHII, U3BeCTHO, YTO
MaKCMMaabHas U MMHUMAaJAbHas TeMIlepaTyphl KoaeDaioTca B Amamaszone 51926 °C. Berao Onr 1jeaecoobpasHee
COCTaBUTh TeMIIEPATYPHYIO KapTy IIOBEPXHOCTM IIOYBBI 3a IIOCAEJAHME MECSIIbl, YIUTHIBAs, 4TO IIOCEBHBIE PabOTHI
IIPOBOAATCS B OCHOBHOM OCEHBIO ¥ BECHOIA.

Karouesnie caosa: ArcGIS, GIS, Landsat, avcraHiimonsoe 30HAMpoBaHue, Temriepartypa rmosepxaoctu (LST).

LANDSAT 8 PEYKi OSASINDA COLILABAD KADASTR RAYONUNUN TORPAQ SOTHININ
TEMPERATURUNUN QiYMOTLONDIRILMOSi

XULASO

Otraf miihitde bas veron doyisikliklorin Syrenilmasinds, ¢oxmagqsadli monitoringin tegkilinde masafadan
zondlama tisullarindan genis istifade olunur. ESRI-nin mahsulu olan ArcGis proqraminda Calilabad kadastr rayonu
liglin torpaq temperaturu Xoritesi hazirlanmisdir. Tadqiqat obyekti olan Calilabad kadastr rayonunun Landsat 8
peykinden gotiiriilmiis 10-cu zolagin tesviri asasinda maksimum ve minimum temperaturun 51°-26 °C diapazonunda
dayisdiyi melumdur. Skin islarinin asasen payiz ve yaz aylarinda aparildigim nazere alaraq son aylar iigiin torpaq
sathinin temperatur xaritssinin islonib hazirlanmas: daha magsadauygun olardi.

Acar sozlar: ArcGIS, GIS, Landsat, Masafadan zondlama, Torpagin temperaturu (LST).

INTRODUCTION

Geographic Information System is a combination of hardware and software, geographic
information and specialist activities for the effective collection, storage, updating, processing,
analysis and reflection of any geographically relevant information. At this stage of our research,
Jalilabad cadastral region was selected as the main object of the Geographic Information System
(GIS).
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As geoinformation technologies become more widespread around the world, the value of
spatial data and the realization of their real significance is constantly increasing, and their use in
various fields of human activity is intensifying day by day.

Today, GIS is used not only in environmental research and cartography, but also in most
areas of the economy (road construction, emergency, military and police, health,
communications, statistics and trade, urban planning, cadastre, etc.). Areas of use of GIS are
practically unrestricted and, over time, are widely applied to other areas. From this point of
view, GIS includes relief map, soil map, farm map, soil surface temperature map, etc. The
compilation is of great practical importance.

Geographic information systems reflect location-related factors, including geocoding.
Geocoding is the process of positioning objects according to their coordinate system and
attributes. The information collected on the basis of GIS strata allows you to effectively manage
the data and record changes in land use in a timely manner. Remote sensing is also widely used
in the study of large areas, including the study of changes in the environment, in the
organization of various monitoring. Remote sensing is a process that serves to obtain
information about the object to which it is applied. The main distinguishing feature of this
process is that there are objects, processes, etc. information is obtained without contact with the
objects under study. The basis of the remote sensing method is the results of measurements with
electromagnetic radiation. An example of a natural form of remote sensing is human ability to
see, hear, and hear. Data collection during remote sensing is a three-level process: space imagery,
aerial photography, and ground surveys. Multi-level shooting is obtained using these levels
together to learn more about an area or object. The vast majority of information obtained as a
result of remote sensing is geographically related [1].

It reminds me of rocketry, satellites, modern optical-electronic devices, computers and
information networks. Also, when we say high technology, we mean the interpretation of
information obtained by remote sensing methods in modern ways and new approaches to their
processing (including the use of GIS). The remote sensing method allows you to generalize over
large areas in a shorter period of time than other methods and get certain results.

Satellite images contain information obtained in different spectral ranges and stored in
digital format. Information about impassable areas can be easily obtained through space
imagery. The digital format of remote sensing materials facilitates the widespread use of
computers in their processing and analysis.

EXPERIMENTAL

The first specialized satellite ERTS-1 (Earth Resources Technology Satellite) was launched in
1972 to study the Earth's surface (for agricultural purposes). These satellites are currently the
predecessors of the Landsat series of satellites.

Satellite observation data and analysis of the earth's surface together with data from other
sources allowed to obtain optimal results. Based on the data obtained from the Landsat 8
satellite, we prepared a soil surface temperature map compiled in the GIS of Jalilabad cadastral
region (Figure 1). Soil surface temperature map has a practical application in the spatial planning
of agricultural crops. If the Ministry of Agriculture imports any plant species from abroad, soil
type, hydrometeorological conditions, soil surface temperature, etc. will be in the forefront. The
passport of the plant from a foreign country contains information on the cultivation of the plant
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in optimal conditions. Based on the information provided in the plant passport, the appropriate
area is selected and the plant is placed in that area. One of the first tasks during this work is to
collect data on soil surface temperature. In accordance with the purpose of the study,
multispectral images from open sources - Landsat 8 TM satellite were used. The Landsat-8 is part
of the National Aeronautics and Space Administration (NASA) Landsat series. Landsat-8 data is
available in the United States Geological Survey (USGS). Website Earth Explorer is free. All
world images are taken every 16 days by the Landsat-8 satellite [2]. In the present study, TIR
bands (10) were used to estimate the brightness temperature. In July 2021, the satellite data of
Jalilabad cadastral region were used in the existing survey. Landsat-8, the reduction factor value,
thermal stability, etc. that can be analyzed for LST calculation. Provides bandwidth metadata
such as. Landsat-8's bands, resolution, and wavelength are as shown in Table 1[3].

Table — 1. LANDSAT-8 OLI and TIRS

Band Wavelength Resolution
(micrometers) (meters)
Band 1 - Ultra Blue (coastal/aerosol) 0.435 - 0.451 30
Band 2 — Blue 0.452-0.512 30
Band 3 — Green 0.533 - 0.590 30
Band 4 — Red 0.636-0.673 30
Band 5 - Near Infrared (NIR) 0.851 - 0.879 30
Band 6 - Shortwave Infrared (SWIR) 1 1.566 - 1.651 30
Band 7 - Shortwave Infrared (SWIR) 2 2.107 -2.294 30
Band 8 — Panchromatic 0.503 - 0.676 15
Band 9 - Cirrus 1.363 - 1.384 30
Band 10 - Thermal Infrared (TIRS) 1 10.60 - 11.19 30
Band 11 - Thermal Infrared (TIRS) 2 11.50-12.51 30

For calculation the following values Meta data were used:
4+ Radiance Add Band-10=0.10000

4+ Radiance Mult Band-10 =3.3420E-04

4+ K1 Constant band-10 =774.8853

4+ K2 Constant Band-10 =1321.0789

RESULTS AND DISCUSSION

The temperature map of the soil surface of Jalilabad cadastral region was carried out in the
following stages: Initially, the boundary of 1: 10000 scale was developed online (Add basemap)
in Jalilabad cadastral region ArcGIS program [5]. Then, according to the boundary of the area,
the 11 band description of the area for July and the MTL.txt file were downloaded from the
Landsat 8 satellite (Figure 1). It should be noted that medium-resolution images of the area are
taken by this satellite. The loaded 10th band image and the Landsat 8 handbook were used to
prepare the soil surface temperature map. First, LA was calculated. The data needed to calculate
LA were taken from MTL.txt, which was downloaded from the Landsat satellite. LA is calculated
by the following formula [4]:

LA=ML*Qar+AL (1)
Where:
LA = Spectral radiance (W/(m2 * sr * um));
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ML=Radiance multiplicative scaling factor for the band (RADIANCE_MULT BAND_n
from the metadata) ;

AL = Radiance additive scaling factor for the band (RADIANCE_ADD_BAND_n from the
metadata) ;

Qcal = Level 1 pixel value in DN.

For 1 LPGS (space photo) products, "1" was accepted for NLAPS (1 band space image)
products developed after the date of 4.04.2004. A “0” was accepted for the NLAPS (1 band space
image) product developed before 4.05.2004. QCALMAX = Maximum accumulated calibrated

pixel value

After calculating LA, the soil surface temperature is calculated using the following formula:

2)

K2
Ln(i>-+1)

Where: T= Top of Atmosphere Brightness Temperature (°C), LA= TOA Spectral Radiance
(Watts/ (m2 * sr* um)), K1 =K1 Constant Band (No.), and K2 = K2 Constant Band (No.).

The temperature we get is given in Kelvin. To convert the Kelvin unit to the Celsius unit, it
was converted using the following formula using raster calculation using Map Algebra.

T (Selsi) = T (kelvin) -273,5 (3)
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Figure 1. Temperature map of Jalilabad Cadastral Region- July 2021
CONCLUSIONS

Bright temperature TIR belts (10) specified in the current work were used. In the summer
months of 2021, the data of the Jalilabad cadastral district were used in the current research. In
particular, it is possible to obtain the temperature of the soil surface for the whole day of the
construction area by using the survey information with the method we offer.
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Based on the band 10 image taken from the Landsat satellite of the Jalilabad cadastral
region, looking at the temperature map of the soil surface in July, it was found that the
maximum and minimum temperatures vary in the range of 51°- 26 °C.

It should be noted that the vegetation of Jalilabad consists mainly of forest, steppe and semi-
steppe vegetation formations. The temperature of the soil surface and air affects the species
composition, density of vegetation, the regularities of its distribution on the earth's surface.
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XULASO

Epixlorhidrin, laurin ve heptadekan tursulari asasmda miivafiq tursularm xloroksipropil efirlori sintez
edilmisdir. Alnmus efirlor dietanolamin ve trietanolaminin komaoyi ilo modifikasiya olunmusdur. Sintez olunmus
geyri-ionogen vo ionogen sothi-aktiv maddsler bir sira fiziki-kimyevi gostericilorle xarakterizo edilmis, o climloden
tenziometrik ve konduktometrik {isullarla onlarm yiiksak sothi aktivliyi ve strukturun ion tipli oldugu tesdiq
edilmisdir. Homin mehsullarin neftyi8ic1 vo neftdisperslayici qabiliyyeti miixtolif minerallasma daracali sularin tizorine
dagilmus nazik neft tobagalari timsalinda miiqayissli tadqiq edilmisdir.

Acar sozlar: sothi-aktiv madds, laurin tursusu, heptadekan tursusu, epixlorhidrin,dietanolamin, trietanolamin,
neftyigma, neftdispersloma

IMPACT OF HYDROCARBON RADICAL LENGTH OF ON PETROCOLLECTING AND
PETRODISPERSING CAPACITY OF SURFACTANTS BASED ON EPICHLOROHYDRIN,
MONOCARBOCYLIC ACIDS AND ETHANOLAMINES

ABSTRACT

Chloroxypropyl esters were synthesized on the basis of epichlorohydrin, lauric and heptadecanoic acids. The
obtained esters were modified with the interaction of diethanolamine and triethanolamine. The synthesized non-ionic
and ionic surfactants were characterized of physicochemical parameters, including tensiometric and conductometric
methods, which confirmed their high surface activity and ionic structure. The petrocollecting and petrodispersing
ability of these products have been compared with thin petroleum layers spilled on water of different mineralization
degrees.

Keywords:surfactants, lauric acid, hexadecanoic acid, epichlorohydrin, diethanolamine, triethanolamine,
petroleum-collecting, petroleum-dispersing.

BAMSIHUE AAVHBI YTAEBOAOPOAHOI'O PAANKAAA HA HEGTECOBVPAIOIIYIO 1
HEDOTEANCIIEPTUPYIOIIYIO CITOCOBHOCTBIIOBEPXHOCTHO-AKTVBHBIX BEIIIECTB,
ITIOAYYEHHBIX HA OCHOBE DIINMXAOPTUAPUHA, MOHOKAPBOHOBBIX KUCAOT 1
STAHOJAAMMHOB

PE3IOME

CuHTe3MpOBaHbl XAOPOKCHUITPOIIAOBEIE B)UPLI Ha OCHOBE SIMXAOPTUAPYHA, AaypUHOBON U TelTajeKaHOBO
kucaoT. IToaydennsie pupsl MOAUPUITMPOBAHEI B3aMMOAEVICTBIEM C AMSTAHOAAMMHOM ¥ TPUSTAaHOAaMUHOM.
CuHTesnpoBaHHbIe HEMOHOTeHHBIe 1 MoHoTeHHbIe [TAB oxapakTepnsoBaHsbl ps40M (UIMKO-XUMIIECKNX ITapaMeTpOB,
B TOM 4YNCAe TEH3MOMETPMYEeCKMM I KOHAYKTOMETPMJeCKMM MeTOJaMM BBIIBA€HA IX BBICOKas ITOBEPXHOCTHAs
aKTMBHOCTH 1 UOHHOe cTpoeHme. IlpoBejeHO cpaBHMTeABHOe mcCCAeiOBaHMe — HedTecoOMparomern
HeTeAVICIIePIUPYIOILel CIOCOOHOCTH STHX ITPOAYKTOB II0 OTHOIIEHMIO K TOHKUM He(pTAHBIMILAeHKaM, Pa3ANThIM Ha
ITOBEPXHOCTH BOABI C Pa3AMIHON CTEIIEHBIO MITHepaAV3aLvIL.

KatoueBble caOBa: ITOBEpXHOCTHO-aKTMBHEBIE BeIlleCTBa, AaypMHOBasl KICJAOTa, TeKcajeKaHOBas KICAOTa,
SIMXAOPTUAPYH, AMSTaHOAAMIH, TPMSTaHOAaMVH, HedrecoOupaHie, HepTeAVCIIepripoBaHIe.
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GIRIS

Miiasir dovrda neft vo neft mehsullarinim su sathindsn kenar etma problemi aktual olaraq
qalir. Neftin hasilati, neft vo neft mahsullarmin naqli zamani, eloco do neftayirma senayesi
miiassisalorinde bas veran neftin ve neft mahsullarmin gazali dagilmalar1 ekoloji sistemlors
boyiik zarer vurur ve menfi iqtisadi, sosial naticalera getirib ¢ixarir. Neft mangali dagilmalarin
aradan qaldirilmasinin miixtalif yollar1 movcuddur - mexaniki, termiki, fiziki-kimyovi vo
bioloji.Dagilmis neftin kicik qalmhiginda (<1 mm) fiziki-kimyavi tisullardan istifade olunur
(neftyigic1 vo neftdispersloyici reagentlorden) [1-6]. Dagilmis nazik neft vo neft mohsullarim su
sothindon kenar etmok qabiliyystine malik yeni sothi-aktiv maddslorin (SAM) almmast ve
tadqiqi boyiik diqqgat calb edir.

Odoabiyyat malumatlarmin tehlilinden bels naticoye galmak olar ki, epixlorhidrin ssasinda
geyri-ionogen SAM-lar nisbaton azdir [7]. Qeyri-ionogen SAM-lar sanayeds asason etilen oksidi
va daha az daraceda propilen oksidi ssasinda sintez olunur [8]. Teqdim olunmus isds qeyri-
ionogenSAM-lar alda etmok {iciin epixlorhidrin ve alifatik monokarbon tursular: - laurin (LT) vo
heptadekan (HDT) tursular gotiiriilmiisdiir. Tursularin xloroksipropil efirlorinin torkibinds olan
xlormetil qrupundan istifade edesrak etanolaminlarin [dietanolamin (DEA) va trietanolamin
(TEA)] komeayi ilo almmmus geyri-ionogen SAM-lardan kation-aktiv. SAM-lara kegmok
muimkiindtir.

Isin mogsadi miixtelif minerallasma daracalarine malik olan sularin sathinden nazik neft
tobagalarini lokallagdiran neftyigici vo neftdispersloyici xassealors malik olan yeni SAM-larin
sintezi va tadqiqi, eloceo do SAM-larin strukturu ile onun neftyigma va neftdisperslomaqabiliyyati
arasinda slagenin aydinlagdirilmasidir.

TOCRUBI HiSSO

Epixlorhidridin “Alfa Aesar A Johnson Matthey Company” (ABS) sirketinin reaktiv
mohsuludur. Tomizlik daracesi 99,0 %-dir.LT vo HDT”Alfa Aesar GmbH & Co KG” (Almaniya)
sirkatinin reaktiv mehsuludur. Temizlik daracasi 98,0 %-dir. DEA ve TEA "Merck" (Almaniya)
sirkatinin reaktiv mehsullaridur. Tomizlik daracasi miivafiq olaraq >98,5% va >99,0%-dir.NaOH
“Chemapol” (Cex Respublikasi) sirkstinin reaktiv mshsuludur.

IQ-spektrlor FT-IR, Spectrum BX ve ALPHA (Bruker) spektrometrlorinds KBr diskinden
istifado edilarak ¢okilmisdir.

Ali monokarbon tursular1 gelovi katalizatoru istirakinda epixlorhidrinle oliqomerlosmasi
reaksiyalari (1:1,5, 1:2, 1:3 mol nisbeatinds) qarigdiric1 ve temperaturu tonzimlayen qizdiric sistem
ilo tochiz olunmus xtisusi avtoklavda 32-35 saat arzinds, 120-140°C-ds heyata kegirilmisdir.
Tacriiba qurtardigdan sonra reaksiya qarisigl sabit kiitle yaranana gadar 90-100°C temperaturda
buxarlandirilir. Qravimetrik metodla epixlorhidrinin konversiyas1 vo orta xloroksipropillosma
daracasi (1 mol tursuya birlosen epixlorhidrin mollarimnin orta say1) hesablanmisdir.

Tursularin xloroksipropil efirlorininDEA vo TEA ils reaksiyalar1 germetik siiso kolbada 65-
70°C-da 7-8 saat arzinde halledicisiz aparilir. Reaksiya basa catdiqdan sonra bircins sistemlar
analitik terazids ¢akilir ve etanolaminin konversiyasi hesablanur.

Sintez olunmus etanolaminli duzlarm sulu moahlullarmin xiisusi elektrik kegiriciliyi
ANION-420 (Rusiya) markal konduktometrls &l¢iilmiisdiir[9].
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Sintez edilmis SAM-larin sothi gorilmes qiymatlariKSV Sigma 702 (Finlandiya istehsali)
tenziometrinde Dyu Nui halqasindan istifads edilmakls su-hava serhadinds hayata kegiril-
misdir[10].

Sintez edilmis SAM-larin neftyigma veo neftdispersloma qabiliyysti laboratoriya soraitinde
durulasdirilmamis mahsul ve 5%-li sulu dispersiya soklinds {i¢ nov suda - deniz, igmali vo
distillo, qalinligi~ 0,17 mm olan Pirallah1 nefti tabaqesi iizerinde todqiq edilmisdir. Reagentin
effektivliyi ilkin neft tobagesinin sath sahasinin nego dofeazaldigini gostaron neftyigma amsali
(K) vo saxlama miiddati (t) ilo giymatlondirilmisdir.

NOTICOLOR VO ONLARIN MUZAKIROSI

Epixlorhidrinin LT ve HDT ils miixtslif mol nisbstlarinds qarsihigh tssiri ila xloroksipropil
efirlari almmugdir. Reaksiya sxemi asagidaki kimi tasvir oluna bilar:

o) e
R—c?  *+ NHC—CH—CH,Cl— » R—C

“oH \o/ \O—QCHZ—(l:H—o—)n—H
CH,CI

burada R-CiiHzs ve CisHas; n- orta xloroksipropillosme deracasidir.

Misyyon edilmisdir ki, epixlorhidrinin paymin artmasi ilo tursunun orta
xloroksipropillosma daracesi artir. LT-nin epixlorhidrins 1:1,5 olan nisbatinds aparilmus reaksiya
zamaru EXH konversiyasi 85,2%, xloroksipropillasma daracssi 1,3, 1:2 mol nisbatinds aparilmis
reaksiyada epixlorhidrinin konversiyas: 83,2%, xloroksipropillosma deracesi 1,7, 1:3 mol
nisbatinde aparilmis reaksiyada iss epixlorhidrinin konversiyasi 89,2%, xloroksipropillogsme
deracoesi ise 2,7 olmusdur.

LT-nin n=1,3 olan xloroksipropil téremasinin 1Q-spektri ¢okilmisdir. Spektrds 3430,54 sm!
sahasinde OH qrupunun valent ragslerinin zolaqglari, 2923,38, 2853,86 sm™ do CH: vo CHs
gruplarmin C-H rabitesinin valent ragslarinin zolaqglari, 1735,57 sm-de C=O qrupunun valent
rogslori, 1458,78 vo 1378,05 sm-do C-H rabitesinin deformasion ragslari zolaglari, 1052,06 sm-
ds sads efir qrupundaki C-O rabitasinin deformasiya reqgslarinin zolaglari, 756,38sm* da C-Cl
rabitasine moxsus olan ragslerin zolaglar1 vardir.

HDT-min epixlorhidrine 1:1,5 nisbatinde aparilmis reaksiya zamani EXH konversiyasi
75,4%, xloroksipropillosma daracasi 0,9, 1:2 nisbatinds aparilmis reaksiyada EXH konversiyasi
79,4%, xloroksipropillosma darecesi 1,6, 1:3 nisbetinde aparilmis reaksiyada ise EXH
konversiyasi 62,8%, xloroksipropillasme daracasi ise 1,9 olmusdur.

LT vo HDT asasinda alinmug xloroksipropil efirlori DEA va TEA ils modifikasiya edilmisdir.
Reaksiyanin timumi sxemi asagidaki kimidir:

0 o]
4 4
R—C\ 4+ HN(CH,CHyOH)s , —R—C
O(CHz—clz—O)nH O(CHZ—CliH—O)nH
+
CH,CI CHy——N(CH,;CH,0H)3.4
cr !
HX

burada x=0, 1.

Reaksiyalar getdikce sistemin ronginin tiindlagmasi ve ozliiliiyiin artmast miisahids olunur.
Etanolaminlarin konversiyasi 70-80% toagkil edir.
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Sintez edilmis ammonium duzlarmin terkibi ve qurulusu IQ-spektroskopiya {isulu ilo
miiayyen edilmisdir. Spektrds 3140-3680 sm? sahasinde OH ve NH qruplarmin valent
ragslerinin zolaglari, 1750 sm?-ds C(O)O fragmentinin valent ragsleri, 1190 sm*-ds C-N
rabitesinin valent raqgslari zolaglar1 vardir.

Alinan SAM-larmn istirak: ilo su-hava serhadinde sathi gerilmeni toyin etmoklo miiayyon
edilmisdir ki, onlar yiiksak sothi aktivliye malikdirler ve 25°C-de gosterilon sarhadds sethi
gorilmoni 72,8 mN/m-dan (SAM-siz) 28,8 mN/m-o qodar azaldirlar.

Hamin duzlarin 0,5%-li (kiitlace) sulu mehlullarinin otaq temperaturunda xiisusi elektrik
kegiriciliyi (i) 0,021-0,049 Om™'-m™intervalinda dayisir. Qeyd etmak lazimdir ki, distills suyu
tigtin 1=0.001-0.0001 Om™m™. Gorlindiiyti kimi, alinmis duzlarin xiisusi elektrik keciriciliyi
suyun miivafiq gostaricisindon xeyli yiiksokdir. Bu ise onlarin ionlardan tegkil olunduguna
dslalat edir.

Almnan geyri-ionogen vo kation-aktiv SAM-larin neftyigma ve neftdispersloms
qabiliyyetinin tadqiqi laboratoriya seraitindes aparilmisdir. Bu sinaglarin naticelsrins (cedvel 1-4)
asasandemak olar ki, sintez edilmis tursularin xloroksipropil efirlori vo onlarin ammonium
duzlar1 miixtelif deracada neftyigma ve ya neftdispersloma qabiliyystine malikdirler.

Cadval 1. LT-nin xloroksipropil efirlarinin neftyigma ve neftdisperslamsa gabiliyyati

SAM-in neft | Distills suyu fgmoli su Daniz suyu
tobaqosi ilork
" ° a.qasu?a vertarsn T, saat K T, saat K T, saat K
voziyyati
0 20,3 0-28,5 Disp. 0-93,5 Disp.
4,5-93,5 Disp. 45,5 20,3
Durulagdirilmamisg 93,5 122
13
0-4,5 20,3 0-4,5 24,3 0-28,5 Disp.
5%-li sulu dispersiya 21,5-45,5 15,2 21,5-45,5 20,3 45,5 Dagilib
93,5 Dagilib 93,5 Dagilib
0 Disp. 0-93,5 Disp. 0-93,5 Disp.
45 13,5
Durulasdirilmamus 215 111
17 28,5-93,5 Disp.
! 0-45,5 31 0-28,5 15,2 0-4,5 Disp.
o 1 . . 93,5 Dagilib 45,5-93,5 20,3 21,5-285 | 13,5
5%-li sulu dispersiya 455 152
93,5 Dagilib
0-93,5 Disp. 0-28,5 Disp. 0-93,5 Disp.
45,5 304
Durulagdirilmamig 93,5 152
2,7
0 7,6 0 15,2 0-93,5 Disp.
5%-li sulu dispersiya 4,5-285 20,3 45-285 20,3
45,593,5 Disp. 45,593,5 12,2

Cadval 1-den goriiniir ki, LT-nin xloroksipropil efirlari durulasdirilmamis veziyyetda
distills ve igmsli suda ssasen qarisiq (neftyigma-neftdispersloms), deniz suyunda iss dispergent
kimi tesir gosterirlor. ©n yiiksak effektivliyi distille suyundan=1,3 olan xloroksipropil efiri
(Kmas=20,3), i¢mali suda n=2,7 (Kmas=30,4) niimayis etdirir, deniz suyunda ise her ii¢ efir
neftdispersloms qabiliyyetigostarir.
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Cadval 2-den goriindiiyii kimi, HDT ssasinda alinmus xloroksipropil efirlarinin neftyigma
qabiliyysti yiiksak deyil ve xloroksipropillosma deracesi 0,9-dan 1,9 kimi artdiqda
xloroksipropilatlarin neftyigma qabiliyyati ciizi zsiflayir.

Cadval 2. HDT-nin xloroksipropil efirlorinin neftyigma ve neftdispersloma gabiliyyati

.| SAM=n neft tobagosina | Distillo suyu fgmali su Doniz suyu
verilarken voziyyeti T, saat K T, saat K T, saat K
04,5 3,1 0 3,5 04,5 2,0
Durulasdimimanms 21,5-28,5 2,6 45 104 21,5285 | 4,1
45,5 Dagilib 21,5-28,5 11,5 45,5 Dagilib
09 45,5 Dagilib
’ 0 t/etmir 0 1,8 0 2,2
59%-Ii sulu dispersiya 4,5-21,5 2,0 45215 2,6 45 2,5
28,5 Dagilib 28,5 2,2 21,5285 | 44
45,5 Dagilib 45,5 Dagilib
0 2,9 0 34 04,5 2,3
45 3,8 45 3,7 21,5 54
Durulagdirilmamig 21,5-28,5 3,7 21,5-28,5 2,5 28,5-45,5 5,9
45,5 2,2 455 2,0 69,5 Dagilib
1,6 69,5 Dagilib 69,5 Dagilib
0 2,0 0 2,7 04,5 2,0
. ) ) 45 2,2 4,5-215 29 21,5 2,2
5%li sulu dispersiya 21,5285 2,0 285 22 285 2,0
45,5 Dagilib 45,5 Dagilib 45,5 Dagilib
0 2,8 0 2,2 04,5 2,6
45 44 45 3,4 215 2,2
Durulagdirimamis 215 438 21,5285 | 54 285 2,0
19 28,55-93,5 29 45,5 Dagihb | 455 Dagilib
’ 0-4,5 2,0 0 1,5 0 1,5
59%-Ii sulu dispersiya 21,5-28,5 23 45 2,0 45 1,9
45,5 2,2 21,5285 | 29 21,5285 | 29
69,5 Dagilib 45,5 Dagilib 45,5 Dagilib

Cadval 1 ve 2-nin miiqayisesinden goriiniir ki, sintez edilmis geyri-ion SAM-lardan
durulasdirilmamis veziyystde ve sulu dispersiya soklinds istifads edildikde ham neftyigma
qabiliyystins, ham da yigilan neftin saxlanma miiddatine gora LT asasinda alinmis reagentlar
daha effektivdir.

Cadval 3. LT-nin n=1,7 olan xloroksipropil efirlarinin etanolaminli duzlarmin neftyigma ve neftdispersloms gabiliyyati

Etanolaminli | SAM-1n neft tobaqasine | Distills suyu Icmoli su Daniz suyu
ion mayeduz | verilorken voziyyoti 7, saat K 7, saat K T, saat K
0-69,25 Disp. 0 135 0-69,25 | Disp.

Durulagdirilmamig ~ ;

DEA 1.25-69,25 Disp.
5%-li sulu dispersiya 0-69,25 Disp. 0-69,25 Disp. 0-69,25 | Disp.
Durulasdirilmamig 0-69,25 Disp. 0-69,25 Disp. 0-69,25 | Disp.

TEA - - -
5%-1i sulu dispersiya 0-69,25 Disp. 0-69,25 Disp. 0-69,25 | Disp.

Cadval 3-den goriiniir ki, LT-nin n=1,7 olan xloroksipropil efirlorinin etanolaminli duzlar
hom durulagdirilmamis, ham ds 5%-li sulu dispersiya veaziyystinds neftdispersloma tosiri
gOstarirlar.
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Cadval 4. HDT-nin n=1,9 olan xloroksipropil efirlorinin etanolaminli duzlarinin
neftyigma ve neftdisperslomo gabiliyyaeti

Etanolaminli ion ng;;;e:t Distills suyu Icmali su Daniz suyu
mayeduz . . . T, saat K T, saat K T, saat K
verilarken vaziyyoti
0-94 Disp. 0 1,2 0 1,2
5 1,4 5 13
Durulagdirlmamig ” 16 ” 16
DEA 46-94 23 46-94 2,8
0 2,3 0-94 Disp 0-94 Disp.
5%-li sulu dispersiya 5 31
22-94 10,0
0-94 Disp. 0 23 0 1,6
5 3,1 5-70 Disp.
Durulagdirilmamig ” 30 94 Daglrljlb
46-94 Disp
TEA 0 8,7 0 34 0 8,7
59%-Ii sulu dispersiya 5-22 10,0 522 10,0 5-46 15,2
46-94 16,0 46-70 23,9 70 20,3
94 19,4 94 8,7

Cadval 4-dan goriindiiyii kimi n=1,9 olan xloroksipropil efirinin etanolaminli (DEA ve TEA)
duzlarinin neftyigma qabiliyystinin tadqiqi gosterir ki, TEA duzunun 5%-li sulu dispersiyasi
DEA duzundan yiiksek neftyigma qabilyysti niimayis etdirir. TEA duzunun 5%-li sulu
dispersiyasmnin neftyigma qabiliyyati ilkin xloroksipropil efirinin tasirinden dos xeyli yiiksokdir.

NOTICO

Epixlorhidrinin LT ve ya HDT ilo qarsihgh tesiri neticesinds terkibinde 0,9+2,7
diapazonunda epoksid manseli mangqalar1 olan xloroksipropil efirlari sintez edilmisdir. DEA vo
TEA-nin komayi ilo gqeyri-ion SAM-lar ionogen (kation-aktiv) SAM-lara gevrilmisdir.
AlmmisSAM-larm  strukturu IQ-spektroskopiyasi iisulu ilsidentifikasiya edilmisdir. Bu
reagentlarin neftyigma ve neftdispersloma qabiliyystinin laboratoriya seraitinds tadqiqatlar
naticesinde miisyyen edilmisdir ki, karbohidrogen radikalinin uzunlugu Cu-den Cis-yagedar
artdigdahem xloroksipropil efirlori, hom do onlarin sulu dispersiyalarmintssiriazalir. LT-nin
xloroksipropil efirlari ve etanolaminlar ssasinda alinmis duzlar HDT asasinda alinmis duzlardan
forqli olaraq osasen neftdispersloayici xassolor niimayis etdirirlor. Xloroksipropil efirlorinin
etanolaminlorlo modifikasiyas: onlarin suda hallolma qabiliyyetini yaxsilagdirir vo kovalent
xlorun ion formasma gevrilmasini tomin edir ki, bu da ekoloji baximdan ¢ox miithtimdyiir.
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PE3IOME

B cratpe mokaszaHa poab OeHTOHMTa B MeTamopdusMe cbipoir HedpTy. CTelleHb MeTaMOp(dU3Ma 3aBUCUT He
TOABKO OT BO3pacTa, HO U OT IAyOMHBI ee 3aJeTaHus U TeKTOHMYECKOTO IIOJOXKEHNV:s 3aaeKM, KaTaAUTIIeCKOTO
BAVISIHVLSL IIOPOA, U BAVISIHVSL IOHU3VPYIOLIVIX M3 AyJeHNUI, MCITyCKaeMbIX PaayiOaKTUBHBIMU HYKAVAAMIU. Y CTAHOBAEHO,
9TO 0Ae(pUHBI — TPOAYKT PasVOAUTIIECKOTO Jervapuposanus (-Hz) HachIIEHHBIX YT1€BOAOPOAOB HeTU II0Z
BO3/EIICTBIIEM €CTeCTBEHHOTOPaAaKTUBHOTIO U3AYIeHIs B Hegpax.

Karouesvie carosa: meTamopduam, GEHTOHNT, ChIpast He(PTh, MHTEHCUMBHOCTh MOHU3MPYIOIIETO M3AYJeHIs
CORRELATION BETWEEN DEGREE OF METAMORPHISM AND PETROLEUM AGE
ABSTRACT

In this paper was shown the role of bentonite clay in the metamorphism of crudes. The degree of metamorphism
does not only depend on the age of the petroleum, but also on the depth of its occurrence and the tectonic position of
the deposit, the catalytic influence of the rocks and the effect if ionizing radiation emitted by radioactive nuclides. It has
been established that olefins are the product of radiolytic dehydrogenation( -Hz) of saturated hydrocarbons in crude oil
under the influence of natural radioactive radiation in the subsurface.

Key words: metamorphism, bentonite, crude oil, ionizing radiation intensity
METAMORFIZM DOROCOSI ILO XAM NEFTIN YASI ARASINDA OLAN ASILILIQ
XULASO

MBagalads xam neftin metamorfizminds bentonitin rolu gosterilir. Metamorfizm daracasi tokcs neftin yasmdan
deyil, ham da onun yerlagdiyi yatagm derinlik ve tektonik movqeyinden, siixurlarin katalitik tesiri ve radioaktiv
niiklidlar terafinden yayilmis ionlasdirici radiasiyanin tesirinden ds asihidir. Olefinlarin tobii radioaktiv maddalarin
tosiri altinda neftin terkibindski doymus karbohidrogenlarin radiolitik dehidrogenlasmasinin (-Hz) mshsulu oldugu
milayyen edilmisdir.

Acar sozlar: metamorfizm, bentonit, xam neft, ionlasdirici radiasiyanin intensivliyi

BBEAEHUE

Bce xmmimueckme cporicTBa He(pTU ITOKa3bIBalOT, YTO He(PTh HMKOILAa He II04Bepralach
AEVICTBMIO BBICOKMX TeMIIepaTyp U IIODTOMY AAsl Hee He XapaKTepPHbI OOBIYHBIE KOMIIOHEHTBI,
CBOVICTBEHHBIE Pa3ANJIHBIM ITPOAYKTaM IIepeTOHKN yraei, Topda M APYIMX eCTeCTBEeHHBIX
ropiounx Martepmaaos. OOBIYHO I0JaraloT, YTO OOpas3oOBaHMe YIAsd, HepTM U rasza sBASIETCA
pe3yabTaToM AAUTEeALHOIO BO3AENCTBMS Ha HPUpPOAHOe opraHmdeckoe serectso(OB) moToka
TerAa U3 rAyOuH 3eMAn. BansiHMe MOHM3UPYIOMIX U3AYIeHNI, CITyCKaeMbIX pasrioaKT/BHBI-
MM HYKAUAAMU, B HeDOABIINX KOAMIEeCTBaX paccesiHHBIX B cCaMOM BeIlecTBe, XOTs 1 00Cy>KJa-
A0Ch B AUTepaType, HO HUKOI4a He pacCMaTpUBaAOCh B KadeCcTBe O4HOIO 113 OCHOBHBIX (PaKTOPOB,
oOycaaBaAmBalonux Ipeodpasosanue mpupogHoro OB [1-3]. Vccaeaosanme B.M.bskosa n
C.B.Crerranopa 11po4eMOHCTpMPOBAA0, YTO AeA0 OOCTOUT COBCeM He Tak, YTO OOpa3oBaHMe YIas
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u HepTU Ha 3eMae, BOIIPeKM pacipocTpaHeHHOMY MHEHMIO, He eCTh YJCTO TepMIYeCcKmil IIpo-
11ecC, a ITPOLIeCC, KOTOPBIN YIIPABASEeTCsl BaXKHBIM ITapaMeTPOM-UHTEeHCUMBHOCTBIO MIOHU3UPY-
IOIIETO U3AYYEHMs OT AVCIIEPIVMPOBAHHbBIX B BEILIECTBE PaAVIOaKTUBHBIX 91€MeHTOB[4,5].

AAs OLEHKM CTelleH! KaTareHHOTO WM3MeHeHVs1 HeTell pasHBIMU JCCAeAOBaTeAsIMU
npeAAo>keHbl KooduineHTsl. Tak, A.P.oOpsHCKMIT IpeA10KI1A OLleHUBaTh CTeTleHb KaTareHe-
3a Heptu 110 popmye Ki =(MeB)/100, rae Ki-xosppuiinent meramoppusma; Me-cogep-kaHue
MeTaHOBLIX yraeBoloposos (YB) B OensmHoBoll ¢pakumy, B-cogepkaHme OeH3MHOBOI
dpaxiyy, d-naotHocts HeTn. VIM ke npeaaoxkeH u gpyroi Kospduiment — Kr =A1/A4, rae
At 1 Aa-cogepxkanue apomaruydeckux ¥YB o ¢ppaxiym seimre 200°C 1 B 6eH3MHOBOI PpaKIuL.
I.C.CrapobuHer; 1CII0Ab30Baad AAs OLIEHKU CTelleHn MeTamop@dusMa (KaTareHesa )HeTeil
koapumment ( H+A)/M, rae H,A,M-koandecTBo HapTEHOBBIX, apOMaTIUYECKIX ¥ MEeTaHOBBIX
YB. A.A Kapiies orleH1BaA cTerieHb KatareHeszaHedrei1 1o reoxponorepme, a I.I1.KypOcknit —11o
CTeTleHM IUKAM3anuy ~ BBICOKOMOJAEKYASPHBIX IapadpuHO-LMKAonapaduHoseix YB”7- Ks
=Ku/Ks, tae Ko 1 Ku —KOAMIECTBO aTOMOB yraepoja COOTBETCTBEHHO B IIEILIX M KOJAbIJaX Ha
Moaekyay, % [6,7]. A.A.Kapiies 1mokaszaa Takke, 4To € yBeAndeHreM IAyOuHbI He(pTAHOTO I11acTa
B ATKOKUILIIUX PppakLVsaX HepTeil BO3pacTaeT coJep>kKaHle apoMaTIecKiX yrAeBoA0pPOAOB,
IpudeM 9TO sIBAeHIUe HabAIoJaeTcs: Aasl HepTeil Bcex reoaormuecknmx soszpacrtos[8,9].Ho VK
CIIeKTPOCKOIIIYeCcKrie Ha0AI0AeHNsT 00pa3LioB ChIpoii HepTu [TOHEIAMHCKOTO MeCTOPOKAEHIL
AsepbaiiakaHa B OTAM4YIE OT HTOTO AeMOHCTPUPOBAAU APYIU€ pe3yAbTaThl.

SKCITEPUMEHTA/ABbHASI YACTD

O6pasusr cerpoit Hegpu 110 0.01-0.0251, IOMeIIeHHbIe B aMITyABl I 3arasHHbIe B BaKyyMe,
00Ay4yaau IIpy KOMHATHOM TeMIepaType Ha ramMmma-ucrounmke ®Co tuma MPX g-30 mpn
morHocti A403pl dDy/dt=0,12I'p /c B Bakyyme . VIK - crieKTpbI IOTAOIIEHNST MCCAeAOBaHHBIX
oOpasiios peructpuposaan Ha OPypoe-ciekrpomerpe VARIAN 640-FTIR B amamasone
BOAHOBBIX umcea (4000-400cm™). OTHeceHMe IOAOC ITOAYYEHHBIX CIIEKTPOB IIPOBOAIAOCH. KaK
onmcaHo B padote [10]. [Iposesen cpaBHUTEABHBIN aHAAM3 IOAYYEHHBIX CIIEKTPOB. B xauectse
OOBEeKTOB  MCCAeAOBaHMs Opaau HaHOTAMHA—OEHTOHUT W3 MeCTOpOXKAeHus Aarong,
AsepOariaxan. JoObiBaeMble OEHTOHUTOBBIE TAMHBI cogepsKaT 0oaee 85% MOHTMOPUAAOHNUTA,
O04UH 13 HamboJee MHTEpecHBIX INpeACTaBUTeAell CAOMCTBIX cuamkatos[11]. OcobeHHOCTBIO
crpykrypsl MMT-(Na,0.5Ca)0.7(Al, Mg, Fe)4(5i, Al)8O20(OH)4-XH:0s1BasieTcst TO, YTO MOAEKYABI
BOABI U OpraHMYEeCKMX BeIeCTB MOIYT BXOAMTb B MeEKCJAOeBble IIPOCTPAHCTBA, BBLI3BIBAS
pacmpenne pemtetku [12]. B pabore [13] ycraHOBA€HO pasMep KpUCTaAAUTOB OEHTOHUTA U3
Aanonackoro mectopoxkaeHns. OHa MeHsieTcs B Ipegee 55< d<175nm.

B xauecTse cbIpoi HeTH MCIIOAL30BAAUCH OOPA3IIbI CHIPOI HePTU U3 MEeCTOPOKACHIs
INonaman (maardpopma N8 wuld), AsepOaiigxaH. [1oHemam Oba0 OTKpeITO B 1981
rogy.I'ayouna mops B paiioHe MecTtopoxkAeHus: koaedaercs or 110 ao 450 meTpos. Aszepu-
Unpar-ltoneman - r1pynma  1m1eaboOBBIX  HepTerasoKOHAEHCAaTHBIX — MeCTOPOXKAeHMI
AsepOaiiaxana B 10xHOI aksaTopuy Kacrmiickoro mopst, B 90 kM K BocToKy oT baky.OtHOCcuTC:
K IOxxno-Kacnmiickomy HedprerasoHocHOMY OacceliHy.

OBCYKAEHUNE PE3Y/1bTATOB

IIpoBeaeHHble McCAeAOBaHM: TIOKa3aAl, YTO TII04 BO3AENCTBMEM MOHM3UPYIOLIUX
u3AydeHni1 B oOpasiie HepTu U3 111aTPopMbl 8 00paszyroTCs 0AepUHbI, HO B 0Opasiie, B35ITOM C
naaropmsl 14, Takoro mpespallieHMs He Ha0AI04aAoch. /labopaTopHble JicCAeAOBaHUs
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MoKa3aAu, YTo C yBeAdeHueM A03bl 00AyueHMs coAep>kKaHMs OAe(UHOB yBeAUdMBaeTcs B
HeT 13 1AaTPOpPMBI 8 COOTBETCTBEHHO( Taba.2). YCTaHOBAEHO, YTO ITPOMEKYTOUHBIMU
IIPOAYKTaMM TPV 00pa3oBaHM apOMaTIIeCKIX YTA€BOA0POAOB ABASIOTCS 0A(PUHBL.

Tabamma 1.3aBMCMOCTb MEKAY COAep>KaHMeM apoMaTIdecKX YTAeB0A0POAOB 1 TAyOMHOM

Mecropoxaenns “I'onerian” Taybusa,m Cogaep>kaHne apoMaTIIECKIIX
Ne yIA€B0A0POAOB.% Ha HeTh
1 Cksa>xmHa 263 2710 20-22

Cxsaxknna 310 2732 35

Tabamiza 2. 3aB1CUMOCTD cogep>KaHIsI 0Ae(pIHOB B CHIPOI HePTU OT A03bI O0AYIeHIs

No /lo3bI 001ydeHns, Coaep:xanne 01epIHOB,
KGy %, Ha HeTh

1 0.7 47

2 25 9.5

3 43 17.0

4 6.0 28.0

5 7.1 34.7

Caeayer oTMeTHTS, YTO 0Ae(pUHBI OOHAPY>KeHBI BO MHOTUX OOpasIjaX IIPUPOAHBIX HeTeri.
Vcxoas 13 DTOTO MOXKHO c4eadaThb BBIBOA, 4TO OAe(pUHBI —TIPOAYKTBI PaguOAUTIYIECKOTO
Aeruapuposanus (-Hz) HacpIieHHBIX YTI1€B0A0POAOB He(PTU 110/ BO3AEIICTBIEM eCTeCTBeHHOTO
paAuakTUBHOIO m3AydeHus B Heapax.CaeaoBaTeAbHO CBA3bh COJep>KaHMsA oOJAedpuHa C
0o0AyJyeHMeM IIOKa3blBaeT KAIOYeBYI0 POAb MOHUBUPYIONIUMX WU3AY4eHUil B IIpoliecce
He(pTeoOpa3OBaHMsL.

“Bospact ” Hepti MOXXeT OBITh ONpeAeAeH ABOSKO: XMMIIECKMX IO3UIINIA —BTO IPUypO-
YEeHHOCTh VICXOAHBIX OMOOpPraHMYeCKUX COeAVHEHMII, a TakKXKe, BEpOSATHO, U II0CAeAYIOIIEero
o0pasoBaHMsI HePTeMaTePUHCKIX TIOPO/, (keporeHa) K orpeAeAeHHON reoaormdeckoit sroxe. C
Te00TMYecKX MO3UIMIT OOABIIION MHTepec IpeAcTaBAseT BpeMs caMoro HepreoOpa3oBaHIL,
T.e. KaTareHeskeporeHa, oOpa3oBaHMe He(pTU M IOCAeAylOllee 3alloAHeHNe KOAAeKTOPOB.
I[lepsas 1 BTOpas craauy MOTYT I10 BPEMEHN 3HAaYMTeAbHO Pa3AdaThCsL.

Bonpoc o nmponcxoxxaennn u Bodpacte HepTH IIOCAAHIUI pa3 aKTUBHO AMICKYTMPOBAACS B
CBsA3U C OOHapykeHMeM B He(pTsX HyKamga 14 C kak ecTecTBeHHOTO, TaK M VICKYCTBEHHOIO
oOpasoBanus. JVzoron “C mmeer mepmog moaypacmada 5730 aeT M OOBIMHO IIOCTyIIaeT B
IoJA3eMHBle BOABI C BO34yXOM aTMocdepsnl, Ije oOpasyeTcsi I104 AeNCTBMeM KOCMIJIeCKIX
HENTpOHOB MO peakiun “N(n,p) “C[14]Vszoron “C oOHapykeH B HeTSIX MOPCKOTO
Mectopoxaenus Iyainimec B Kaaudopnmitickom szaampe. Haamume “C m eme ogHoro
PaAMOaKTUMBHOIO HyKanga —tputna 3H ¢ mepuogom moaypacnaga 12.43 aeT ycTaHOBA€HO Ha
He(PTAHBIX MECTOPOKACHIUAX, TAe paHee ITPOBOAMANCH IIOA3€MHBIE sAepHble B3PBIBBI, HTO
CBUAETeAbCTBYeT O TniepeHoce u3otono “C m 3H nHa Ooaplnme paccTOSHMS ITOA3€MHBIMU
Bogamu[14,15].

DHeprus, MOCTyIaBlIas Ha 3eMAI0 B (paHepo3oe 3a cyeT MajeHnil KOMeT 1 acTepOonAoB,
oreHeHa B cpeaHeM ~1020+1021 Asx/roa. Dra BeAndrHa HAMHOTO IIPEBBIIIaeT SHEPIrOBblAeAeHIe
B celicMuaeckux AsvokeHnsax 1.05x1018 Axx/roa, ByakaHmdeckornn gesrreasHoctn 2.4x1018 Asx/roa
MoporeHHol akTusHocTH 7.2x1018 /K/roA M comocTaBuMa C COBpeMeHHBIM TeTL10M3AyIeHrieM
3eman 9.8x1020 Axx/roa. Tem caMbIM KOCMUYECKVE BO3AEVICTBIUS SIBASIIOTCS BECbMa MOIITHBIM
VICTOYHMKOM BHepIuM, MUTAIOLINM Ie0A0TMdecKyie IIpollecchl Hallleil raaHeTsI[14]. Y a0BaeTso-
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pUTEABHO OOBACHUTD IPUUMHY IIOIOAHEeHsI ¥YB ®KcrayaTnpyeMBIX MeCTOPOXKAEHUI, a TakKe
Ha/Audye B He(pTM KOPOTKOXKMBYIIIMX M30TOIIOB yraepoJa 1 BOAOpoJa HedTerazopast re0AOIV
He MOKeT. Tak uTo mpob.1emy Bo3pacTa He(PTHU 1 ee MeCTOPOKAEHNI CIUTATDh PeIIeHHOI HIKaK
HeAab3s[16].

Hedrpr Ha 3eMHOM ImTape HaXOAMTCA IAaBHBIM OOpa3oM B HEKOTOPhIX MecTax CeBepHOIt
Awmepuxn u Ha cesepe lOxnonn Amepuxu, B Ilepcuackom saamse Ha Bamxnem Bocroke, B
Kacrimiickom Mope m B MeHbIux Koamdectsax B LlenTtpaapHoir Esporte, Ha Maaarickom
Apxureaare u Ha JaapHOM Bocroke. Mua-KoHTHMHeHTCKIe HepTu Ooaee TspKeable U cogepsKaT
0oapIlle  CepHUCTBIX COeAMHEeHMiT U acaabTOBBIX BeIeCTB, YeM IeHCHAbBAHCKIe
nHepru.Vccae 0BaHO, UTO HMKAKOM CBA3M MEXKAY COAep>KaHNMeM cephl 1 BO3pacToM HepTu He
nmeetcs. Hedptn 3aBoaKbsl OTHOCATCA K I1aA€030I0 U coAep>KaT MHOIO Cephl, B TO BpeMsl Kak
naaeosovickue Hepru CIHIA noutn Geccepnmcrsl. B TTaseosorickyio spy oOpasoBaanuch MHOTVE
KpYIIHelIe 1 KPyIIHble MeCTOPOXKAeHMsI KaMeHHOTo yras u Hedpru. Bce 9To roBoput o TOM,
4TO He cAydaliHble IIPMUMHBI BbI3BAaAM OCepHeHMe He(Tu, B KaKue-TO OOCTOSTeAbCTBa,
XapakTepHble  AAs  OOIIMPHBIX — PerMOHOBHAIpuMep,  Crelududeckas —IreoAornmdecKast
0OCTaHOBKa MAM TOXKAECTBEHHOCTh MCXOAHOIO MaTepuada He(pTH, yXKe 3aKAIO4aBIIero B cede
NpUYMHBL OcepHeHMs OyaAymux Hedreir. Hedru Bcero mectopoxaeHus B 11eA0M MOIYT
XapaKTepusoBaThCsl Kak HeTM cMeltaHHOro ocHopaHus. Hedru paitonaCkaancTeix rop
IpMHajAeXaT K HepTsAM MPOMEXKYTOYHOIO THUIIa MAM K YePHBIM He(TsAM C BecbMa BBICOKUM
coJep>KaHueM Cephl.

3aMeTHO pa3AMyaloTCs MeXXAy cOOOi HeYT1€BOA0POAHbIe KOMIIOHEHTHI I I10 COOTHOIIIEHMIO
B HIX cMoAa U acaabTeHOB B bakuHckoit negn (1a64.3) [17,18]. VI3 npuseaeHHbIX B TabAnIe
AQHHBIX ~ BUAHO,UTO  OOIjee  cOJAep>KaHUe  BBICOKOMOAEKYASPHBIX — HEeYIAeBOAOPOAHBIX
KOMIIOHEHTOB B He(TsIX Pa3HOro BO3pacTa M PasHOI XMMUYECKON IPUPOABI M3MEHSeTCs B
BecbMa IIMPOKUX Ipeeaax.CiUAbHO pa3AndaroTcs MeXay coDol HepTH U 110 COOTHOIIEHMIO B
HIX cMOA U acdaabTeHOB( OT 4-9 40 26-33). D10 paszamdme 00yCA0BAEHO, O4eBUAHO, CTEIIeHbIO
TeOXVIMMYECK/X IIPeBPallleHNII MCXOAHOTO MaTePUMHCKOIO BeIecTBa, AN, 4YTO K€ caMoe,
Bo3pacTtoM Hereir.[10400HO MPOYNM TeTOPOreHHBIM COeAVHEHMSM, a30THUCThIe COeAVHEHIs B
HepTU CBSI3aHBI TAaBHBIM OOpPa30M CO CMOAMCTHIMM KOMIIOHEHTaMM, U IO9TOMY CyILeCTBYeT
ABHBII TTapaAAeAu3M MeXXAy cogep>KaHueM a3oTa B He(pTU U ee yAeAbHBIM BeCOM, 3aBUCSIIVM B
DOABIION CTeleH! OT KOAMYeCTBO cM0oA.B Tabaune 3-4 mpuseseH HEKOTOPBI MaTepuaad II0
®TOMY BoIpocy. B octpos Aprema ( o.Ilupaaasaxm) cogepkanue acdpaabTeHOB cocTaBasgeT 33%,
cogepxxanue azora B Heptu 0.24%, a B Cypaxanckoit Heptu acaabTeHBI U a30T COCTaBAseT 4;
0.03% cootsercTBenHO0.V13 Tabanupl 3. Bugno napasaeausm MexXAy STUMM IOKa3aTeAsSMU B
CBIpOIT He(PTIL.

Tabanma 3. CoaepkaHust B HEPTAX CMOAVICTBIX U a30TUCTBIX COEAVHEHMIL.

Hedrts Ya.Bec AKII3HBIE CMOABI, A3zor.Bec.%
npu 20°C 00beMH.%
CypaxaHbl 0.8536 4 0.03
Pamansr 0.8517 9 0.06
basaxansr,MacasHas 0.8671 13.5 0.11
Kaaa 0.8732 15 0.17
baaaxansl, TspKeaast 0.9190 26 0.23
Octpos Aprema 0.9160 33 0.24

(o.IInpaaaaxm)
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Mnorne cBoiicTBO acaabTeHOB TsDKeAbIX HepTell M HePTSHBIX OCTaTKOB OOBSCHSIOTCA
CKAOHHOCTBIO acdaabTeHOB 00pa3OBLIBATh KOAJAOMAHBIE PAaCTBOPBI B CMOJAaX U HEKOTOPBIX
yraesogopogax. Habaroaarotcs 3asucuMoctu- yeM, 604bI1ie B HepTu napadHa, TeM MeHbIIe B
ero cocrape cMoa u acdaaprTeHOB(CAB), yem Ooabllle reoaormyeckmii Bozpact HepTH, TeM
Ooablile B ero coctase napaduHa(tada.4)

Tabavma 4. CogeprkaHue cMOAMCTO-acPaAbTeHOBLIX BEILIeCTB B Pa3AMIHbBIX HePTIX
I COOTHOIIIEHNE B HIX CMOA 1 acpaibTeHOB

Cerpast HePTD Coaep:xaHnue, Coaep>xanne

g % emoau ace. % Cwmoanl/ acaap-  Bospacr

E % Moa acp. cmoapr  ac. TeHst e,

E = Dpa
CypaxaHckas 0.860 4.0 0.0 100.0 0.00 © ITaaeosoit
basaxanckas 0.867 5.0 0.0 100.0 0.00 © ITaaeosoit
bubnsitbaT-ckas 0.865 9.0 03 96.8 32 30.3 ITaaeosoit

Kararenetnueckne nsmMeHeHs IPUBOAAT K TOMY, 4TO Ha rayonHax,mpespiiaomyx 1000m,
CpeaHee cojep>KaHMe B HIX acpalbTeHOB yMeHbIIaeTcsl ObICTpee, ueM codep>KaHNe CMOA, U B
oTANYMe OT Me30KalTHO3OMCKUXHeTel, BeAdrHa OTHOIIEHNsSI cMOAbl/acpalbTeHbl pacTeT C
norpy>kenneM [18].B cpeaneM HamMeHbIIMe KOHIIEHTpaIIUY CMOAMCTO-acpaAbTEeHOBBIX BEIIeCTB
U HaUBBICIIIVIEe 3HAUYeHNs pacCMaTpBaeMOIO OTHOIIIEHNsI OKa3aAMCh XapaKTePHBIMMU 4451 CAMBIX
APeBHBIX ( KeMOPUIICKIX)HeTelL.

Crenienr MeTamMOpdu3Ma 3aBUCUTh He TOABKO OT BO3pacTa HeTN, HO U OT IAyOUHEI ee
3a/eraHysl ¥ TEeKTOHMYECKOTO ITOAOXKEeHMS 3a4eKM, KaTaAUTIIeCcKOro BAVAHMA Iopod. Tak, ¢
POCTOM TAyOMHBI, OCODEHHO Ipy IMpUOAVDKeHNM K PyHAaMeHTY U Ha ydacTKax C aHOMaabHO
BBICOKMMM  TeMIlepaTypaMIL,KOHIIEHTpallud ~ MOHOIIMKAMYECKUX apeHoOB B HePTiAX U
KoHJeHcaTax Bospacraet[8]. Tak, B ®epranckoit Bragune, B byxapo-XusuHckoit obaacty, Ha
Cepepnom Kaspkasze Ha rayoune oxoao 5000m (150°C) Bcrpedarorcss HedTH C coaep>KaHyeM
MOHOIUKANYecKuX apeHoB Bo ¢gpakiuu T.K. 200°C g0 45-60% [19].I1pu nepexoge x OoabIIUM
rAyOMHaM BO3pacTaeT OTHOCUTeAbHOe CcodeprKaHie HauboAee TepMOAMHAMIYECKM YCTOMYMBBIX
U30MepoB-Kcnaoaa, Mesutnaena(l,3.5-rpumeTnabeH304) M0 CpaBHEHMIO C APYTMMM apeHaMI.
MoxHo paccmaTpuBaTh BCe BBICIINME apoMaTU4ecKue YIAeBOAOPOAbl, KaK COXpaHMBIIINE
yHacae4oBaHHYIO cTpykTypy. Kpome Ttoro, cocras nHedrelnpereprieppaeT U3MeHeHUs U B
nponecce murpanuy. CypaxaHsl SBASIOTCS CBOEIO poja KAaCCUYeCKUM IIPUMepPOM 0OpaTHOIO
OOBIYHOMY pacIpeseAeHNIO AeTKOM U TsbKeaolt HedTu ¢ rayomHoinn. Takoe nsmeHneHue
YAeABHOTO Beca He(pTH € ero MOBBIIIeHNeM 10 Mepe yrAyOAeHMs CKBasKUH OObACHAETCS TeM,4TO
He(pTh 13 KOPEHHOTIO I11acTa MUTPMpPOBaJa B BhIIlIeAesKalllyie I11acThl U IPU CBOeM ABVKeHU!
BBepX ITyTeM eCTeCTBeHHON (PUAbTpaIuy O0cBODOXKAalach OT YIAMCTBIX, acdaabTOOOPa3HBIX 1
CMOANCTBIX Bemlects. ITpu olleHke ®TOro sBAeHUs He cAeAyeT yIyckaTb U3 BMAa, YTO B
crpaturpagudeckom  paspese  CypaxaHOB BMAHYIO poAb UIpaiOT  aAcopOupyloIiye
(DeHTOHMTOBBIE)TAMHEI, KOTOPbIE MOTAM COAEIICTBOBATh OCBOOOKAEHIIO ITIOAHVMABIIIEICs BBepX
HepTM OT YKa3aHHBIX BbIIIE YTDKeASIONUMX IpuMeceii. ToHKoaMcriepcHble ITOPOABI
BOCKOBMAHOIO XapakTepa, I04y0OBaTO-3eA€HOIO, CepOro,’KeATOr0 MAM KOPUYHEBOTO IIBeTa,
COCTOSAIIIME U3 TAVHNCTBIX MIUHEpPal0B MOHTMOPUAJAOHUTOBON TPYIIIBI C 0OJee MAU MeHee
3HAUMTeABHOI IIPUMEChIO KBaplia, KaOAMHMTA, TUAPOCAIOA,0MOTUTa, TUIICA, 11€0AUTa, IIUPU-
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Ta,0KICAOB >XKeAe3a U Ap. MuHepaaos [19,21]. BeHTOHUTOBBIE TAMHBI OOPa3yIOTCsA B pe3yaAbTaTe
XUMITIECKMX Pa3A0KeHMsI ByAKaHIMIEeCKNX I1eT110B, TyQoB U AaB B MOPCKON BOAe MAM HIPU
Ha3eMHOM BBIBeTPUBaHUIA.

UpesBpuaiiHO MHTEPeCHO 3MeHeHNe YAeAbHOTO Beca He(pTell OAHOI M TOM JKe CKBasKIHEI B
cBsA3M C ee rayomHoir. Tak, B bakmHckoM paiioHe B IIpedeaaXx OAHONM M TOM >Ke ILAOLIAAM
(bunaraaer)umeetcst Aerkas HepTb yA.8eca 0.790 u Tspkeaas Heprh yA.Beca 0.930. B I'aaummm o
coceacTBy ¢ Heprsmuya.seca 0.750 nmmerors Heptu ya.Beca 0.950. B Snonun psasom ¢ HepThIO
ya.seca 0.805 nmerorcs Heptu yaeapHoro seca 0.988, T.e.6amskoro k 1.00 u T.4. [20].

I'aybokme m3MeHeHMSI XMMMYECKOTO THUIIaHe(Tell II0J BO3AENCTBUeM Omoaerpajanum
3HAYUTEAbHO MEHSIOT YCTAHOBMBIIVECS B3rAsSAbl Ha TaKue ITOHATHUSA,KaK MOAOAbIE U CTaphle
HeTu. VlcTMHHBIN BO3pacT HedTell yCTaHOBUTH UPe3BLIYAIHO TPYAHO, TaK KaK OH 4acToO He
COBIIaJaeT C Te0AO0TMYeCKMM BO3PacTOM BMEIIAIOIMIMX OTAOXKEeHUI, a HaAe’KHBIX AAHHBIX 00
OTHeceHN! He(pTell TOTO MAM MHOIO YIA€BOJOPOAHOTO COCTaBa K KOHKPETHBIM Ie010TMYeCKIM
BIIOXaM ITOKa He CyIIIeCTBYeT.

B mnacrosiiiee Bpemsi HeT BO3MOXKHOCTM JaTh JOCTaTOYHO OOOCHOBaHHOe OObsCHEeHNe
ocobOeHHOCTell cocTtaBa He(TH. VIMeromyecs IMIOTe3bl HOCAT B OCHOBHOM YMO3PUTEALHBIN
XapakTep.
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ABSTRACT

The glucose transformation process into 5-hydroxymethylfurfural(5-HMF) is progressed by using the Lewis
acidic CrCls catalyst in the presence (1-butyl-3-mehylimidazoliumchloride) [BMIM]CI solvent with ASPEN PLUS
software package. This study is developed to simulate the transformation process based on the experimental data and
build a process flow diagram to identify design parameters and to screen process conditions for the 5-HMF production.
Variation of the reactor temperature and residence time are studied. The implication of extractive solvents(diethyl ether
(Et0) and ethyl acetate (EtOAc)) are analyzed under varying flash separator temperatures in the 5-HMF recovery
process. As a result of simulation modeling, optimum reactor temperature (120°C), optimum reactor residence time (7
minutes), optimum extractive solvent (Et,O), flash separator temperature (100°C) from the extractive solvent are
determined.

Keywords: 5-HMF; [BMIM]CI; CrCls; Diethyl Ether; Ethyl Acetate; ASPEN PLUS; Sensitivity analysis

ION MAYE-LEWIS TURSULU KATALITIK SISTEMI IL® QLUKOZANIN 5-HMF-9
CEVRILMOSI UCUN PROSES SIMULYASIYASI
XULASO

Qlitkozanin  5-hidroksimetilfurfurala gevrilmasi prosesi ASPEN PLUS proqram paketi ilo (1-butil-3-
metilimidazolium xlorid) [BMIM] Cl halledicisinin vo Lewis tursulu CrCls katalizatorunun istirakinda hayata
kegirilmisdir. Bu tedgiqat, 5-HMF istehsali tiglintacriibi melumatlara asaslanan transformasiya prosesini simulyasiya
etmak,dizayn parametrlarini miisyyan etmak vo proses sertlorini aragdirmaq ticlin proses axin diaqrami qurmaq
moagqsadile hazirlanmisdir. Reaktorun temperaturu ve qalma miiddastinin dayismesi Oyrenilmisdir. Ekstraktiv
halledicilorin (dietil eter (EtO) vo etil asetat (EtOAc)) tosiri 5-HMF barpa prosesinde miixtelif flas separator
temperaturlar1 altinda tohlil edilmisdir. Simulyasiya modellasdirilmasi naticesinde reaktorun optimal temperaturu
(120°C), reaktorda optimal qalma miiddati (7 daqiqe), optimal ekstraktiv halledici (Et;O), ekstraktiv hallediciden flag
ayiricl temperatur (100°C) toyin olunmusdur.

Acar sozlar: 5-HMF; [BMIM]CL; CrCls; Dietil Eter; Etil asetat; ASPEN PLUS; Hassashq analizi

MOAEAVUPOBAHVE ITPOLIECCA IMTPEBPAIITEHMS I' 1FOKO3BI B 5-HMF C ITIOMOIITbIO IOHHOM
KUAKOCTU-KNCAOTHOM KATAAUTUYECKON CUCTEMBI AbIOVICA

PE3IOME

ITporiecc mpeBparjeHust TAIOKO3BI B S5-TmApokcuMeTnaApypdypoa (5-IMDP) ocymiectBaseTcss ¢ TOMOIIBIO
KucaoTHOro Kataamsaropa /sionca CrCls B mpucyrersun  (1-0ytma-3-mernanmugasoaninxaopus) [BMIM] Cl
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pactsopureast ¢ nporpammubeiM naketom ASPEN PLUS. Dto mccaejosaHme paszpaOOTaHO AAsS MOAEAMPOBAHIS
Tporiecca TpaHcpopMaIMy Ha OCHOBE DKCIIEPUMEHTaAbHBIX AAHHBIX VM ITOCTPOEHIS TeXHOAOTHMYECKOW CXeMBI A
oIpeJeAeHus] IIPOEKTHLIX IIapaMeTpoB I IIPOBEPKM YCAOBMII IIpolecca A4s mpomsBoactsa 5-IM®. Vsmenenne
TeMITepaTyphl peaKTopa ¥ BpeMeHM ITpeOBIBaHMA U3yJeHO. BansHme SKCTpaKTMBHBIX pacTBOPUTEAeN (AMDTUAOBBIN
s¢up (Et:O) u stmaanerar (EtOAc)) aHaamsupyercs Hpu pasANdHBIX TeMIlepaTypaX MTHOBEHHOIO ceIlaparopa B
npouecce uspaedenus 5-IM®. B pesyabraTe MMHUTalMOHHOIO MOJEAVMPOBaHMSA OIIpeAeAsIOTC OIITMMaAbHasl
TemrnepaTtypa peakropa (120 ° C), omnrmmaabHOe BpeMs IpeOblBaHUsA B peakrope (7 MMHYT), OITHMMAa/AbHbINI
SKCTPaKIMOHHEI  pactBoputeas (Et,O), Temmeparypa wmrHoseHHoro cemaparopa (100 °© C) sKcTpaKTHMBHOTO
pacTBopuTeAst.

Karouesnie caosa: 5-TM®; [BMIM] Cl; CrCls; Austiaosent agup; Dtuaanerat; ASPEN PLUS; AHaansayscTBu-
TeABHOCTU

1. Introduction

In our current challenging world, global warming issues, and the seek for alternative energy
sources have become a demanded priority. The transition from environmentally disastrous fossil
fuels to alternative energy sources(renewables)is getting more awareness now. Many researchers
believe biomass energy in this critical shift will have a tremendous contribution[1].Sugarcane
bagasse and Lignocellulosic biomass are two major prospects in this objective.
Lignocellulosic biomass pyrolysis and bio-oil hydrotreating research performed by Richard J.
French and his colleagues is one of the attempts to emphasize the possibility of successful
conversion of Lignocellulosic biomass feedstock to fuel[2] and the biomass deoxygenation
process was performed with the ZSM-5 catalyst at high temperature(400-600°C)[3].5-HMF is one
of the significant products that couldbe obtained from sugarcane biomass[4]. 5-HMF wasused as
feed material in the production of pharmaceuticals®,caprolactam for the bulk manufacture of
nylon[7], polyesters[8],textiles[9], and diesel-like fuels[10]. Zhaojia and coworkers described the
biobased production of p-xylene from 5-HMF with the estimation of the minimum cost of
biobased p-xylene[11]. As mentioned above, many investigations have been performed related
to the utilization of 5-HMF as a feed substrate and the glucose conversion reaction optimization
via testing various catalysts and the reaction parameters[12], [13], [14],[15]. Techno-economic
analysis of 5-HMF production from fructoseusing biphasic CSTR and heterogonous catalyst has
been assessed with 80% conversion to 5-HMF[12]. The process modeling of the 5-HMF output is
contemplated to be the initial step for large-scale manufacturing. A few works have been
performed to address the issue. King et al. conducted the simplified process analysis to assess the
energy production feasibility of 5-HMF in an acidic environment at higher reaction temperature
(above 180°C)[13]. Even though 5-HMF production technology was developed considerably[14],
a large scale biorefinery process for 5-HMF manufacture is still in its infancy mainly owing to its
high production cost and low selectivity, conversion and yield values[15]. Qi and coworkers
have developed selective5-HMF productionbyutilizing ionic liquid as a solvent[16].
Nevertheless, process simulation has become a necessity to comprehend any experimental
analysis from a pragmatic aspect, as stated above.

The furfural production process for revamping ethanol technology of lignocellulosic
residuals using bagasse as a feedstock (a byproduct of sugar cane production) has been
simulated in the ASPEN PLUS software, and promising results have been obtained as a result of
techno-economic analysis[17].
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The economic analysis was performed to compare the rate of return of the project in ethanol
distillery and in furfural production[18]. According to the multiple scenarios performed in that
study, the revenues from furfural commercialization increase the internal rate of return of the
project for maximum furfural production (22.0%) in comparison to a conventional ethanol
distillery (13.5%)[18]. Moen et al. studied the biochemical conversion of lignocellulosic biomass
to ethanol, and the combined conversion to the biomass into ethanol and furfural were found to
be 81.1%[19].

The hydrolysis of cellulose towards glucose in the presence ofH:50: as a catalyst in the first
step, and glucose dehydration to 5-HMF with Sn2O/ALOs catalyst in the second step have been
studied by Kougioumtzis[20]. Hydrolysis is performed in an aqueous medium, while
dehydration of glucose is taking place in a DMSO/H:0O mixture[20]. Utilization of hemicellulose-
free biomass as feedstock, cellulose-based product yield of 5-HMF was found to be 8% as per
simulation results[20].

Past several years, the amount of studies related to the use of ionic liquid as a solvent has
increased in many industrial processes. Amini et al. performed the separation of calcium metal
ions from the aqueous phase (liquid-liquid extraction process) with the extraction efficiency of
52% using the metal-free ionic liquid[21]. Ionic liquid is also utilized as a solventfor 5-HMF
production. In fact, as per experimental results from different resources, 5--HMF production
results in higher yields when ionic liquid is involved in the process [16]. This necessitates the
importance of simulation modeling studies to be investigated and economic analysis to be
performed to check the feasibility of valuable 5-HMF production via ionic liquid involvement.
Currently, there is a noticeable shortage of simulation model studies in furfural production via
ionic liquid usage.

This study defines optimized process conditions, the provisionary process flow diagram,
and evaluate the perspective of the calculation done with the ASPEN PLUS simulation tool. The
5-HMF production is simulated with glucose as a raw material;[BMIM]Clionic liquid as a solvent
and CrCls as a homogeneous catalyst.

2. Simulation methodology

Process simulation properties: ASPEN PLUS V10software package[22]was used to simulate
the process flow. NRTL property package using ASPEN PLUS methods assistant was selected as
the conversion reaction is under the category of chemical systems at low pressures. The
simulation components ID, type, name, and aliasare given in supporting information (SI) (See
Table S1).

CH,OH
H O OH Catalyst: CrCl, = °

H > O
> OH
OH H Solvent: [BMIM]CI \ / +3H,0
H

HO
H OH

Schemel. The reaction used in CSTR modeling

The reaction kinetics for the production of 5-HMF from glucosewas determined from
experimental data regression analysis performed eslewhere!. Since the first-order reaction kinetic
data was identified to be more relevant, the rate constants were calculated based on the first-
order reaction kinetics. The activation energy and pre-exponential factor wereevaluated to be
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114.6 kJ/mol a3.5*10™ min", respectively. Reaction kinetics data focuses on reaction rates and the
variables that affect those rates. In this simulation model, reaction kinetics will be used to
identify optimum reactor temperature and residence time using RCSTR.

Methodology for Sensitivity Cases

Below data defines the methodology used for sensitivity studies to observe the effects of independent
variables on dependent variables (and/or properties):

Sensitivity analysis has been performed on the developed model to define optimum process
conditions and maximize 5-HMF yield. Variables mentioned in Table S2. Varied Variables with
deviations (start and end points; Increments)have been deviated with applied increments to
perform sensitivity cases that would optimize the 5-HMF production. The effect of varied
variables on Defined Variables in Table S3 has then been graphed.

Fortran Codes have been run to simulate the effect of varied variables on Fortran Variables
(see Table S4 for Fortran Codesand Table S5 for Fortran code definition for effected parameters)

Estimated profit approximation with consideration of operational cost has been calculated
with below methodology:

e EtOAcprice — 50$/g (EtOAcstream has been assumed to be in constant purity worth
509/g)

e 5-HMF price —120$/ 100% pure 5-HMF gram
Profit gained in roughly 1.5 months of a stable production period will be

g
min

$ $
Profit = 60000min * (1205 * HMFMASS * HMFpurity + 505 * AcetateMass _rr;gin)

Treatment costs for ionic liquid solvent and Chromium 3 chloride have been excluded
owing to high yield of recovery factors!. Profit parameter does not incorporate FEED impact
(Glucose cost) as the glucose price is fairly low in comparison to EtOAc and 5-HMF. EtOAccost
in profit calculation is the indicative price for each gram EtOAcloss in HMF stream (AcetateMass
in HMF stream). Profit calculation is converted as below when Et:Ois used instead of EtOAc.
Loss of Et20in HMF stream has not been considered in Profit calculation due to the fairly low
cost of Et2Ocompared to HMF.

$
Profit = 60000min 120 « HMFMASS 9 HMFpurity

min
3. Results and Discussion

Simulation and Process Description
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Figure 2. Simulated process flowsheet

Model flow sheet elements: The plant process flow diagram (PFD) (Figure 3)and its
simulated version (process flowsheet, Figure 2) were designed.

Reactor feedstock has been labeled as TOTALGLC stream, which contains glucose-obtained
from the hydrolysis process of disaccharides;water;[BMIM]ClI as a solvent and CrCls as a catalyst.
Because ionic liquid and catalyst are not involved in glucose conversion reaction, and their
presence only affects the activation energy of the system, the inlet stream has been simplified as
glucose and water mixture.

Splitter block (B5) has been used to extract the amount of glucosethat will be consumed due
to side reactions (humin formation). For the purpose of modeling and comparison with
experimental results from the previous study[23], the same glucose amount (fraction of
TOTALGLC stream) has been appliedinthe waste glucose stream (WASTEGLC, Figure 2).

The stream named GLUCOSE is the representative amount of glucosein which some
proportion will be converted to 5-HMF, and the other will remain as unreacted glucose
throughout the process.

RCSTR model has been chosen to model the glucose conversion reactor. Compared to other
reactor type options in ASPEN PLUS(e.g., RSTOIC, RYIELD, REQUIL) RCSTR provides more
accurate results as it allows us to input reaction kinetics data. RCSTR content will be only in the
liquid phase; only a small amount of process gas may evolve from the liquid surface due to high
reactor temperature.

HMFMIX stream illustrates the reactor outlet mixture, which contains 5-HMF formed,
unreacted glucose, and water. The reactor outlet also contains [BMIM]Cl and CrCls. The
following blocks towards the right side from the middle line in Figure 2 describes
equipmenteither enhance the separation process of 5-HMF from reactor outlet mixture by
changing the process conditions or directly participates in the separation process.

The 5-HMF separation from [BMIM]CIl and CrCls favors low-temperature conditions[23].
Furthermore, the addition of water into the reactor discharge stream intensifies the 5-HMF
transfer from [BMIM]CI phase in the following stages,as stated in the previouswork[16].Accor-
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dingly, direct contact heat exchanger(DCHE) has been placed in the discharge of RCSTR to cool
down reactor discharge flow while introducing additional water into the system. DCHE has
been modeled as a mixer in ASPEN PLUS for the mass and energy balance calculation
convenience.

Cooled down and water diluted reactor discharge stream (HMF+H20) needs to be contacted
with the extraction solvent (EtOAc or Et,O) to extract 5-HMF from ionic liquid phase. MIXER
block has been used to illustrate the extraction solvent addition to DCHE discharge.

MIXER outlet (stream named HMF+solvent) then needs to be transmitted to Liquid-Liquid
extractor in the real case to separate two immiscible liquid phases (Ionic liquid and solventwhich
contains produced 5-HMF). Nevertheless, the extractor has not been depicted in Figure 2 as the
feed stream does not contain ionic liquid in the simulated model. The extraction solvent (EtOAc
or Et;0) and 5-HMF solution has been forwarded into the heat exchanger block (HX) to raise the
temperature of the stream named HMF+solvent. High temperature is a necessity for the
consequent flash process. Heated-up solution (HX outlet) is routed to the flash separator where
recovered solventis evaporated from the top side of the SEP block. Due to a higher boiling point
than EtOAc/EtO, concentrated 5-HMF leaves the flash separator from the bottom.The
simulation model is used to identify optimum reactor temperature, residence time,and the effect
of extractive solvent selection (Et;OandEtOAc) optimum recoverytemperature in the last stage
(Separation of HMF from extractive solvent). Note: Sheet S1 and S2 depict Streams Data and Inlet
stream calculation

Figure 3 below depicts the process plant PFD for the 5-HMF production process based on
experimental conditions.

Fresh IL+catalyst Saf
solution Glycose a ¢
solution Location
[ LT o],
;ll l @ 7r o ( ;} 2 17
@ @ O =" |
(E1 i) 18— " E10)
»
LSJ o o 11 15
f; - 3 3 Recovered
LJ 8 ' ( Ethyl Acetate
"3 =
—
(\y 10 13'}"'_"'LM o ( 9)
E8
‘ Recovered IL + catalyst ‘ l
o
2 Recovered
HMF

Figure 3. Process flow diagram (PFD) has been built for the 5-HMF production. Stream material, block descriptions,
and major reactor outlet controls are given in Table 3,4,5.

Table 1. Stream Flows based on Plant PFD figure

Stream number Stream description
2 IL+ catalyst solution recovered from Liquid-liquid extractor
3 Fresh IL + catalyst (Top-up)
4 Glucose + HO
5 Cold reactor feed
6 Hot reactor feed
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Reactor Gas release line to Safe location
Reactor product stream

Cold water as coolant to DCHE
10 cooled and diluted reactor outlet solution
11 EtOAcinjection prior to extractor
12 Extractor inlet
13 EtOAc+ HMF
14 heated EtOAc+ HMF
15 Recovered vaporized EtOAc
16 Recovered HMF for sale
17 Liqufied EtOAcstream
18 Low pressure EtOAc
19 Fresh EtOAc(Top-up)

The main process equipment has been simulated in ASPEN PLUS, and descriptive process
flows have been analyzed in the process description section.

Table 2. Equipment based on Plant PFD figure

Block number Block description
E1 Mixer
5-HMF
Production E2 Heater
modules E3 Reactor CSTR
E4 DCHE (Direct Cooling Heat Exchanger)
E5 Mixer
5-HMF E6 EtOAcinjector (pump)
purification E7 Liquid-Liquid extractor
and
. E8 Heater
separation
modules E9 Separator (Knockout-drum)
E10 Cooler
E11 Mixer

Table 3. Major reactor outlet controls based on Plant PFD figure

Major Reactor outlet controls

Element | Controlled Variable Manipulated variable

PT Reactor Pressure Valve opening % to safe location

TE Reactor outlet temperature Cold water flow (cold water valve opening %)

Sensitivity Cases

Sensitivity cases have been performed to find out the effect of various parameters ono
defined variables in Table 4.
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Table 4. Defined variables- descriptive data for variables used in sensitivity cases

Sensitivity Case - Glossary Table for variables

Defined Variables Type Stream Component Unit
MASSRES Mass-Flow WASTEGLC  GLUCOSE gm/min
ACEINHMF Mass-Fraction HMF ETHYL-01
HMFINHMF Mass-Fraction HMF 5HMF
H20OMASS Mass-Fraction HMF H20
GLYOUT Mole-Flow HMEMIX GLUCOSE mol/min
ETHINHMF Mass-Fraction HMF ETHYL-01
Fortran variables definitions
GLYCONV Glucose Conversion in RCSTR
HMFY 5-HMF yield prior to separation stages
HMFYR 5-HMF yield in total
HMFS 5-HMF Selectivity in total

Below explanations have been provided for important graph movements which have then been
used to find optimum condition for the process.

Effect of reactor residence time

S1 Residence Time
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Figure 4. Glucose conversion and 5-HMF yield dependence on the reactor residence time while the reactor temperature
is 120°C and glucose fraction consumed for 5-HMF production is 0.7.

Figure 4shows case study depicts how varying reactor residence time affects glucose
conversion and the 5-HMF yield. Although the first three slopes (1,3,5,7 minutes residence time)
illustrate sharp rates, the last two slope deviation retrieves an insignificant increase in glucose
conversion rate. The statement can also be approved with glucose rate in RCSTR outlet
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(GLYOUT) and furfural yield. In general, GLYOUT curve is decreasing, which means more
glucose is being converted into 5-HMF as residence time gets increased; however, the slope
sharpness is much more considerable till 7 minutes of residence time.Thus optimum residence
time from Figure 4 is chosen to be in the range of 5 to 7 min (0.985 glucose conversion).

Effect of reactor temperature

RCSTR temp with 7 min res time

0.95
0.85
0.75
0.65
0.55
0.45
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RCSTR temperature, C
—#—GLYCONV ——HMFY HMFS e==4=Gluconv5min ==#=HMFY 5min

Figure5. Glucose conversion andthe 5-HMF yield dependence on the reactor temperature while the reactor residence
time is 5and 7 minutes and the glucose fraction consumed for 5-HMF production is 0.7

The sensitivity case for the reactor temperature has been performed for reactor residence
time being 5and 7 minutes, and glucose fraction consumed for 5-HMF production being 0.7. The
results depicted in Figure5 shows that any increase in reactor temperature effects positively on
the glucose conversion and the 5-HMF yield. However, this effect is much vigorous up to 120 °C.
Slight rise in conversion is also detected from 120 °C to 135°C, while beyond 135°C, steady
constancy is followed. Optimum reactor temperature for this conversion reaction is reasoned to
be 120 °C (+ 5°C). Additionally, the discrepancy in glucose conversion can be observed when 5
minutesof residence time is used instead of 7 minutes. However, this slight difference is
noticeable only till 115 °C. Therefore, at high temperatures (higher than 120 °C), the discrepancy
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of glucose conversion between 5min and 7min residence time can be neglected. Note: Sheet S3
and 54 depict RCSTR temperature data for 5 and 7 min residence time.

Effect of Glucose consumption for side reactions
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Figure6. Glucose conversion and the 5-HMF yield dependence on glucose fraction consumed for 5-HMF production
while reactor residence time is 5 minutes and the reactor temperature is 120°C.

The sensitivity check has been performed for glucose fraction consumed for 5-HMF to
illustrate the effect of waste glucose fraction (glucose consumed for humin formation) on the 5-
HMF yield. The similar analysis has been conducted experimentally by evaluating the effects of
ionic liquid reusability in the ref [16]. Increasingthe ionic liquid amount results in more humin
formation. As depicted in Figure6, any 0.1 glucose fraction lost due to humin formation ensues
0.1 drop in the 5-HMF yield and selectivity (Note: Glucose conversion is unaffected in the fixed
reactor temperature and residence time).

Effect of Flash separator temperature when EtOAc used as an extractive solvent
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S4 Flash Separator temperature
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Figure7. 5-HMF yield, product purity, and profit dependence on the flash separator performance (temperature) while
glucose fraction (0.7) consumed for the 5-HMF production. The reactor residence timeand temperature are 5 minutes
and120°C, respectively, in the presence of the EtOAc solvent.

The EtOAcseparation from produced 5-HMEF is one of the crucial steps that influences the
purity of the product flow stream and the gained profit. Optimum temperature ranges need to
be identified for enhanced evaporation of undesired components from 5-HMF stream. Figure
7describeshow 5-HMF yield HMFY), HMF purity (HMFINHMEF), and EtOActrapped in 5-HMF
stream(ACEINHMEF) gets affected bytemperature in the flash separator. As reflected in Figure 7,
separation commences after the temperature reaches 65 °C. EtOAcconcentration in 5-HMF
stream vigorously reaches 0.075 from 0.975. Because of ethyl EtOAcescape from HMF stream,
water concentration starts to rise abruptly while 5-HMF fraction in HMF stream slightly moves
upward till 85 °C. 85°C can be considered as a turn-around point where dissolved water in the 5-
HMEF stream begins to evaporate; therefore, intense surge can be observed in the 5-HMF
fraction/stream till 100°C. 85°C is also the critical point for separator inlet mixture because 5-HMF
vaporization is initiated (trend named HMFYR starts to fall-off due to the loss of HMF in
EtOAcstream). The profit curve gets a positive value only after 88 °C and reaches its climax at
90°C. Hence, the optimum temperature condition in the flash separator is 90°C to achieve high-
profit values. Product purity (HMFINHMF) comes to peak point at 100°C; in consequence,
optimum flash temperature to obtain the highest rated (pure) 5-HMF product is 100°C.
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Effect of Flash separator temperature when Et2O used as an extractive solvent
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Figure9. 5-HMF yield,product purity, and profit dependence on the flash separator performance (temperature) while
glucose fraction (0.7) consumed for 5-HMF production.Reactor residence time and temperature are 5 min, and120°C,
accordingly using Et:0 as a solvent.

When Et:Qused as a solvent,loss of Et2Oin 5-HMF stream has not been considered in the
profit calculation due to the fairly low cost of Et-=Oversus 5-HMF. However, purity of the 5-HMF
stream has been noted in profit calculation (The more Et:O or water remaining in the HMF
stream, the lower the product price).

As illustrated in Figure9, Diethyl evaporation starts at low temperatures owing to a lower
boiling point than water and HMF. 85 °C can be considered as a turn-around point in this case as
well where dissolved water in HMF stream begins to evaporate; therefore, the same vigorous
surge can be observed in HMF fraction in HMF stream till 95 °C. 85 °C is also the point when
HMF content from the 5-HMF stream starts to boil and results in a decrease in the 5-HMF yield
(HMFYR).Optimum temperature condition in the flash separator is 90 °C to achieve high-profit
values. Product purity (HMFINHMF) comes to a peak point at 95 °C; in consequence, optimum
flash temperature to obtain the highest rated (pure) 5-HMF product is 95 °C. Note: Figure S1
depicts simulated process flowsheet for Et:Oas a solvent. Sheet S5 and S6 describe Separator
temperature graph data for Et2O and EtOAc

Comparison between Et2Oand EtOAc as a solvent

Profit comparison results in 6% more gain when Et:O is applied as an extractive solvent over
EtOAc on the basis of EtOAcloss in the final 5-HMF stream. The high purity 5-HMF is also
reached in the Et:-Ousage because of the easy separation of EtzOfrom 5-HMF owing to the lower
boiling point of Et2Othan EtOAc. Hence, Et:=Owould be a preferable extractive solvent than
EtOAcfor the glucose dehydration process.
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Conclusion

Bioenergy importance has already lead us to optimize energy production and sources.
Developed PFD and sensitivity cases are deemed to be an introductory phase for the 5-HMF
production with ionic liquid (BMIMCL) as a solvent and CrCls as a homogenous catalyst and
EtOAcor Et:Ousage as an extractive solvent. As a result of simulation modeling, Optimum
reactor temperature, reactor residence time, extractive solvent, flash separator temperature from
the extractive solvent are calculated to be 120 °C, 7 minutesEt,O, 100 °C, respectively. The results
and preliminary operational cost analysis (Sensitivity case 4; Profit) demonstrate that this project
is worthy of further research and advancement to comprehend implementation difficulties and
address on the way to project stages.

The further stage for this project would be an additional study on energy efficiency and
respective in-depth techno-economic analysis as per the results obtained from the energy
integration study.
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COROK MAYASININ (SACCHAROMYCES CEREVISIAE) ERKOK
TOGLULARDA BOZi QAN GOSTORICILORINO TOSIRi
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XULASO

Todgiqatin magsadi ¢orok mayasmin (saccharomyces cerevisiae) erkok toglularda isgenbe miibadilasinin bazi
aspektlorina tosirini dyronmekdan ibarat olmusdur. Analoq prinsipine uygun olaraq secilmis, 9 bas orta diri kiitlalori
31,7 kq olan (isgenbalarindo fistula olan) erkak toglular1 har birinds 3 bas olmagdla, ii¢ qrupa aywrdiq. I qrupda olan
heyvanlar toerkibinde ot, arpa ve pambiq srotu olan asas yem pay1 (9YP) ilo yemlondirilmislor. II qrupdaki tocriiba
toglularina ©YP-dan alava olaraq, har birins sutkada 1q ¢érak mayast verilmisdir. IIl grupdaki tacriibs heyvanlarma isa
OYP-don alave har bir basa sutkada 3q ¢orak mayasi toyin edilmisdir. Malum olmusdur ki, ¢drok mayasi tocriibe
toglularimin qan gostericilorine manfi tesir gostormir. Bels ki, tacriiba qruplart arasinda qan zerdabinda qlitkozann,
ammonyakm, kalsiumun, fosforun ve xolesterolun miqdarinda statistik forq miisahide edilmir. Yalmz trigliseridlorin
gan zardabimnda konsentrasiyast tocriibe qrupunda statistik olaraq yiikselmisdir.

Acar sozlar: erkok toglular, ¢orak mayasi, qliikoza, ammonyak, kalsium, fosfor, trigliseridlar, xolesterol

EFFECT OF A YEAST CULTURE (SACCHAROMYCES CEREVISIAE) ON SOME
SPECIFICATION OF BLOOD COMPONENTS IN MALE LAMBS

ABSTRACT

The research aimed to study the effect of yeast culture (saccharomyces cerevisiae) on ruminal digestion in male
lambs in some aspects. According to a similar principle, 9 lambs were selected with ruminal fistula (31 kg BW) and
divided into three equal parts. The main food ration (MFR) of group I of animals contained grass, barley, and
cottonseed meals. Animals of II and III groups were fed with extra 1 and 3 grams of bakery yeast respectively per day
in addition to MFR. According to the research, bakery yeast does not have a negative effect on the specification of blood
components in male lambs. Thus, there was no statistically significant difference in the amount of glucose, ammonia,
calcium, phosphorus, and cholesterol in the blood serum between the experimental groups. Only serum triglycerides
were statistically increased.

Keywords:Male lambs, yeast culture, glucose, ammonia, calcium, phosphorus, triglycerides, cholesterol.

BAVISTHUE APOJK>XKEBOM KYAbTYPhI (SACCHAROMYCESCEREVISIAE) HA HEKOTOPBIE
XAPAKTEPUCTUKHN KPOBI Y CAMITIOB ATHSAT

PE3IOME

VccaeaoBanme ObLAO HaITpaBAeHO Ha M3ydeHMe BAVITHIA APOSKKeBOM KyABTYpH (saccharomyces cerevisiae) B
pyOrie y sAraAT-camM1ios. ITo aHaA0rMgHOMY DpMHIMITY GBLA0 OTOOPAHO 9 ATHAT CO CBUINaMM Ha pyOrle (Macca Teaa 31
KI.) U1 pa3jeaeHo Ha Tpu pasHble yacTi. OcHosHOI nuiesoit parmod (OIP) >kxuBoTHBIX I rpyIine! BKAIOUaA TpaBsHOIMA,
S IMEHHBIN U XA0IKOBbIA poT. XKusothev I u III rpyrinn 40moannTeAbHO B CyTKM cKapMAanBaau 1 1 3 Ip. KOPMOBBIX
ApOoxcKelt cootBeTcTBeHHO B AonoaHenre K OINP. Ilo gaHHBIM mMccAeA0BaHMIO, KOPMOBbIE APOXOKM He OKa3blBaloT
OTpMITaTeABLHOTO BAVLTHI Ha CITeIMUKAIINIO KOMIIOHEHTOB KPOBH Y ATHSAT-CaMIIOB. TakuM 0bpasoM, CTaTVCTIIeCK
3HAYMMOJ PasHUIIBI B KOAMYECTBE I1I0KO3bl, aMMIaKa, Kaabist, pocpopa 1 XoAecTepuHa B CHIBOPOTKE KPOBU MeXAY
UCIIBITYeMBIMM TIPyNHaMu He Ha04104aa0ch. TOABKO TpUTAMIIEPUABI CBIBOPOTKM KPOBM CTaTUCTUYECKU ObLAU
TTOBBIIIIEHEL.

KaroudeBble cAOBa:eHAMA-CAMIbL, OPOXKKU, 2AI0KO03, AMMUAK, KAADYUTL, Pocdop, mpuzAutepudbl, XorecHepuH.
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Giris

Probiotiklor canli mikroorqanizmlar olub, hezm sisteminds mikroflorani tenzimlayen,
patogen mikroorganizmlarin zererli tesirlorini azaldan ve onlarin inkisafimi engsllsyen bir
mikrob kulturasidir. Probiotiklari heyvanlarin yemdan daha ¢ox yararlanmasi magsadils, hazm
sistemindoki illordir ki,
probiotiklarden heyvanlarin yemlandirilmasinds, onlarin mehsuldarligimi artirmaq moegqgsadile
istifade edilir[4,5,6,7,10,13]. Xiisusen do yem payimnn kifayst gqader tenzimlonmadiyi hallarda,
cavan heyvanlarin baslenmasinde probiotiklarin tatbiqins iistiinliik verirlar [8,9]. Probiotik kimi

faydali mikroorqanizm kulturalarindan hazirlayirlar. Uzun

asason Lactobacillus sp., Sacchoromyces cerevisiae va Aspergillus oryzea mikrob kulturalar totbiq
edilir [11,12,14]. Govsayan heyvanlarin isgenbasinde fermentasiya prosesini tenzimlemak ve
onlarin mehsuldarligini yiikseltmak tiglin an ¢ox Sacchoromyces cerevisiae - ¢orok mayasindan
istifade edirlor [5,7,10]. Probiotiklorin qoyunlarin ve kegilorin boy inkisafina ve diri kiitlo
artimina tesiri bir ¢ox todqiqatgilar [8,9] torafinden Syrenilmisdir. Biitiin bunlar1 nazars alaraq,
biz bu tedqiqatlarimizda ¢érek mayasmnin (saccharomyces cerevisiae) erkak toglularda bazi gan
gostaricilarine tesirini Oyranmayi qarsimiza magsad qoydugq.

Material vo metodika.

Todgiqatlar AETHI-nin vo ADAU-nun bazalarinda aparilmisdir. Tocriibalori Bozax cinsina
moansub olan 6-7 ayhq erkek toglular iizerinds icra etmisik. Analoq prinsipine uygun olaraq
se¢ilmis, 9 bas orta diri kiitlalori 31,7 kq olan erkak toglular1 har birinds 3 bas olmag]la, ii¢ qrupa
ayirdiq. Eksperimentlara baglamazdan 1 ay avval tacriibe heyvanlarimin hamisimn isgenbasina
©.A.Qliyev tisulu [1] ilo kanyullar implantasiya edildi. Tacriibslorin aparilma sxemi 1-ci
cadvalda verilir.

Tacriibslorin sxemi

Cadval 1.
Qruplar Heyvanlarm say1, | Yemslomo soraiti
basla
Inozaret 3 Osas yem pay1 (OYP) — 1,7 kq ot, 200 q arpa, 100 q pambiq
srotu
II tocriiba 3 OYP + 1q ¢orok mayasi
I tacriiba 3 OYP + 3q ¢orok mayasi

Cadvaldan goriindiiytli kimi, I qrupda olan heyvanlar terkibinds ot, arpa ve pambiq srotu
olan asas yem pay1 (9YP) il yemlondirilmigler. II grupdaki tacriibs toglularma 9YP-den slave
olaraq, har birine sutkada 1q ¢orak mayas1 verilmisdir. IIl qrupdak: tecriibe heyvanlarina isa
9YP-dan slave hoar bir basa sutkada 3q¢drok mayasi tayin edilmisdir. Corok mayasini 50 ml suda
hall edib, birbasa isgenba kanyullarindan daxils, isgenbays yeritmisik. Tocriiba heyvanlarmin
yem paylari 2-ci codvalde verilir.

Diri kiitlasi 28-36 kq, sutkaliq ¢oki artimi 120-140 q olan erkak toglularin yem pay1

Cadval 2.
Norma tzro toleb Tacriiba heyvanlarmna verilmisdir
olunur 1,7 kq otla 200 q arpaila 100 q srotla Comi
EYV-1,33 1,22 0,24 0,12 1,58
ME -13,34 MJ 12,24 MJ 2,36 MJ 1,18 MJ 15,78 MJ
QM -1,15kq 1,41 kq 0,17 kq 0,09 kq 1,67 kq
XP-215¢q 143 q 30,8¢q 411q 2149q
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HGP-140q 89,73 q 222q 329q 144,83 q
Ca-65¢q 8,33 q 0,08 q 041q 8,82q
P-5¢q 2,89q 06q 101q 4,50 q
Mg-0,7q 3,57 q 0,46 q 047 q 4,50 q
S-3¢q 3,069 - 034q 340q
Karotin -9 mq 42,5mq - 0,1 mq 42,6 mq
D vitamini — 430 b.v. 680 b.v. - 0,35b.v. 680,35 b.v.

Qeyd: EYV — enerji yem vahidi, ME — miibadila enerjisi, QM — quru madda, XP — xam protein, HGP — hazma gedan protein, Ca —
kalsium, P — fosfor, Mg — maqnezium, S — kiikiird.

Cadvalden goriindiiyii kimi tacriibs toglularinin yem pay1 enerji yem vahidi, miibadile
enerjisi vo hazma geden proteina gore balanslagdirilmisdir. Yem paymu tertib edarken A.P.
Kalagnikov va b. [3] melumatlarindan istifads edilmisdir.

Tacriibanin sonunda biitiin tocriibe toglularmin vidaci venasindan gan niimunslari
gotiiriildii. Qan niimunalarini sentrifuqada 15daq. 2500d/daq. firladaraq qan zerdabini ayirdiq.
Oldos edilmis gan zerdabinda gliikozanin, ammonyakin, kalsiumun, fosforun, trigliseridlarin vo
xolesterolun miqdari Mindray Vet analizatorunda toyin edildi. Alinmis tocriibe materiallarin
statistik olaraq Styudent tisuluna ssasan hesabladiq.

Alinmis naticalar va onlarin tohlili.

Corak mayasimin erkoak toglularin bazi qan gostaricilarine tesirini dyrenmak magsadils,
onlarin gan zerdabinda glitkozanm, ammonyakin, kalsiumun, fosforun, trigliseridlorin vo
xolesterolun miqdarmi tayin etdik. Alinmus tocriibe materiallar1 3-cii codvalde 6z aksini tapr.

Erkak toglularin bazi qan gostericileri.

Cadveal 3.

Gostoricilor Qruplar

I il 11
Qlitkoza mq/100ml 59,7+2,96 62,8+3,12 64,613,41
Ammonyak, mq/100ml

25,6+1,32 27,5+1,61 27,7+1,69
Kalsium, mq/100ml

8,72+0,13 8,83+0,15 8,87+0,12
Fosfor,mq/100ml 7,39+0,51 7,68+0,62 7,81+0,59
Trigliseridlar, mq/100ml 14,1+0,69 16,22+0,72 19,3+0,79*
Xolesterol, mq/100ml 31,3+1,72 33,25+1,84 34,5+1,68

Qeyd: * - P<0,05; (I qrupa nazaran).

Cadvelden goriindiiyii kimi tacriibe heyvanlarmin gqan zerdabindaglitkozanin, ammon-
yakin, kalsiumun, fosforun va xolesterolun konsentrasiyast tizra qruplar arasinda statistik forqlor
miisahide edilmir. Dogrudur, biitiin geyd edilen gostericilerin qiymeati tacriibs qruplarinda bir
gedar yiiksek olsa da, bu yalmz tendensiya xarakteri dasiyir. Qruplar {izre statistik forq yalmz
trigliseridlerin konsentrasiyasinda qeydas alindi. Bels ki, trigliseridlarin gan zsrdabinda miqdar1
IIT tacriibe qrupunda, yoni asas yem payimndan alave sutkada 3 qram ¢orok mayasi gebul edon
heyvanlarda statistik olaraq ( P<0,05), I qrupun gostaricisinden (yoni ¢orak mayast gebul
etmayon heyvanlardan) yiiksak olmusdur.

Alnmis tacriibe materiallar1 bir ¢ox tedqiqatcilarin fikirlari il yaxsi uzlasir. Masalan,
Nikkhah ve b. [13] sagmal inaklar {izerinds apardiqlar tedqgiqatlar zamani, ¢érek mayasimn yem
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rasionuna olave edilmasi fonunda, tecriibe heyvanlarmin qaninda trigliseridlerin miqdarmimn
statistik olaraq ytiksaldiyini miisahids etmigler. Bu tacriibalerds ds qan zerdabinda qlitkozanin,
ammonyakin, kalsiumun, fosforun, xolesterolun va bir necs digar metabolitlorin miqdar tizre
gostericilora ¢érok mayasmin yem payma slave edilmesi statistik forglarle miisahids
edilmomigsdir.

Walker [19] yem payma Sacchoromyces cerevisineolavo edilmis heyvanlarda maddolar
miibadilasinin, yemin heazmagediciliyinin yiikselmasini ve metabolitlorin hozm sisteminden
daha intensiv sorulmasimi geyd edir. Ancaq bu tedgiqatlarda da qanda metobolitlorin
konsentrasiyast iizre statistik forqler gosterilmamisdir.

Piva ve b.[16] torafindan aparilan tacriibalords ds qeyd edilir ki, heyvanlarin yem rasionuna
¢Orak mayasmin slave edilmasi onlarin qganinda metobolitlarin miqdarina heg bir tosir gostermir.
Kafilzadeh vo Paryad [10] da kokeldilon quzularin yem paylarma ¢orok mayasmin olave
edilmasinin onlarin gqan zardabinda ammonyakin va glitkozan1 miqdarina statistik olaraq, tesir
etmadiyini bayan etmislor.

Alinmis tocriibs materiallarmin tohlili gosterir ki, yem payma ¢orek mayasmin slave
edilmasi heyvanlarin qan zardabinda asas metobolitlerin miqdarina tesir gostermir. Yalniz qan
zordabinda trigliseridlorin konsentrasiyas: statistik olaraq yiikselir ki, bu da bir ¢ox
todgiqatgilarin  fikirlori ilo dist-liste diistir. Qan zardabinda trigliseridlerin miqdarmmn
yliksalmosini, yem payina ¢orok mayasi olave edilmis heyvanlarda maddalor miibadilasinin
saviyyesinin yiiksalmesi ve qida maddslerinin qana daha intensiv sorulmasi ils izah etmak olaq.

Belalikls, apardigimiz tedqiqatlar gosterir ki, erkak toglularin yem payina ¢érek mayasmin
slave edilmasi onlarm qan zerdabinda qlitkkozanin, ammonyakin, kalsiumun, fosforun ve
xolesterolun miqdarma statistik olaraq tesir etmir.Yalmz qan zerdabinda trigliseridlorin
konsentrasiyasi statistik olaraq ytiksalir.
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ABSTRACT

Straight and reciprocal crosses were produced between T. aestivum and Ae. variabils without embryo rescue and
hormone treatment. Most hybrid morphological traits were intremediate between parents, the plants grew vigorously
but were highly sterile. However, F2 seeds were able to germinate normally, were also steril. The amount of seed setting
of F1 plants variated between 1.25 and 18.06 %.The average frequency of chromosome associations at metaphase I was
26.78univalents and 4.04 bivalents.

Key words: Ae. variabilis, seed setting, sterility, meiosis.
T. AESTIVUM L. ILO AE.VARIABILISEIGARASINDAKIHIBRIDLORINXARAKTERISTIKASI
XULASO

Yumsaq bugda ve Ae. variabilis arasinda ham diiziine vo ham do resiprok ¢arpazlagsmalar aparilmisdir. Embrion
almagq ti¢tin heg bir metod ve hormon tedbiqi olunmamisdir. Hibridlorin eksariyyeti hor iki valeynin slamatlorine malik
olub, yaxsi inkisaf etsalor do steril olmuslar. F2 hibrid denler ciicorms qabiliyyetine malik olsa da, onlar da steril
olmusglar. Birinci nasil hibrid bitkilorde denbaglama 1.25 ilo 26.78 % arasinda doyismisdir. Metafaza I marholosinde
univalentlarin orta gostaricisi 26.78, bivalentlorinki iso 4.04 olmusdur.

Acar sozlar: Ae. variabilis, danbaglama, sterillik, meyoz.
XAPAKTEPUCTUKA TUBPNAOB MEKXAY T. AESTIVUM L. U AE. VARIABILIS EIG.
PE3IOME

Mexay T. aestivum w Ae. variabilis ObLAM TIOAyYeHBI TpsMble ¥ oOpaTHble cKperfuBaHNs. CKperyBaHVL
poBOANAN Oe3 TOPMOHAABHON MAYM KOAXUIIMHOBOM 00pabOTOK. Y GOABIIMHCTBA TMOPUAOB OBLAM CUMIITOMBI OOOMX
poauTeeli, 1 OHU ObLAU CTEPUABHBIMM, HO XOPOLIO PasBUThIMU. XOTs rubpuaHble 3epHa F2 criocoOHBI Ipopacrats,
OHII TaKKe CTePUABHBL. BoCITponsBoAcTBO y rmOpMAHBIX pacTeHNIT IIepBOro IMTOKOAEHIIS COCTaBAsAA0 OT 1,25 10 26,78%.
Ha craaym metadassl I, cpeH:LI ITOKa3aHMs A5 YHUBAAEHTOB COCTaBASAM 26,78, a A5 OuBaaeHTOB 4,04.

Karouessle caoBa: Ae.variabilis, 3aBsa3aa0ch 3epeH, CTEpUABHOCTD, MEJI03.

Introduction

Aegilops wvariabilis Eig (syn. Ae. peregrina (Hack. In ].Fraser) Maire et Weiller) is an
allotetraploid species (2n = 4x = 28, genomically S'S'UU) includes sectio Aegilops, growing
around the Mediterranean and into Jordan and Syria. It grows on a large variety of soils and in
stable and disturbed habitats including pastures, abandoned fields, edges of cultivation,
disturbed areas, and roadsides [20]. Ae. variabilis is an important gene source for wheat breeding.
It has been reported that genomes U and S of Ae. variabilis derived from those of Ae. umbellulata
and Ae. sharonensis[24]. The genome S of Ae.variabilis could be very closely related to the B
genome of wheat and is probably responsible for the preferential pairing found.

It is known that the U genome of Ae. variabilis is characterized by the presence of acrocentric
chromosomes|[25], whereas A, B, D, and S chromosomes are metacentric. The short arms of the U
genome might show low association frequencies and consequently may lead to an excess of AD-
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US and U-S open bivalents. This same behavior would be expected for US-B bivalents if pairing
was at random, but most of the US-B associations might actually involve S-B chromosomes and
therefore they might form ring bivalents.

Ae.variabilis has been recognized as a source of genes for resistance to fungi, nematodes and
high protein content in the grain[28]. Therefore, Ae.variabilis is an excellent gene source for wheat
improvement. The genes and alleles of interests can be introduced into wheat by interspecific
hybridization[7].

The tertiary gene tetraploid Aegilops variabilis is an alien germplasm resource that provides
much needed genetic diversity for resistance to Cochliobolus sativus (spot blotch) and Tilletia indica
(Karnal bunt). This resource has been hybridized with several bread wheat cultivars yielding
cytologically normal F1 hybrids (2n =5x =35, ABDUS) [4].

It appears that the crossability genes overcome incompatibility probably by facilitating
fertilization through letting a foreign pollen tube enter the embryo sac [17], which is mainly
related to the female parent. Therefore, the use of T. aestivum as female is necessary in any
investigation which aims to locate the genes of T. aestivum that is associated with crossability.

Information is available showing that the ‘Chinese Spring’-Ae. variabilis addition lines G and
O carry genes conferring resistance to stem rust and cereal cyst nematode, respectively [9].
Recently, [26] succeeded in transferring root knot nematode resistance from Ae. variabilis into
bread wheat.

In order to effectively exploit these useful traits in wheat, it is necessary to overcome extra
difficulties with the introgression process, including a hybridization barriers,
incompatibilities/hybrid abnormalities, sterility of Fis and, reduced meiotic chromosome
pairings. Despite these obstacles, many Aegilops genes have been transferred to wheat and have
been heavily utilized over the last 60 years[5; 8].

Dengcai Liu (2011) reported that, in their study, a dominant gene for resistance to stripe rust
was apparently transferred from Ae. variabilis 13E to bread wheat breeding line TKL2(R). An
attempt to tag the resistance gene was in progress while it was being transferred into the bread
wheat cultivars Sichuan and Qinghai.

In previous studies (Liu et al., 2003; Xiang et al., 2005), the haploid F1 hybrid between bread
wheat cultivar KL and Ae.variabilis (genom ABDUS) showed a high level of homologous
chromosome pairing [20]. However, it is not clear whether translocations were produced by
homologous pairing in these F1 hybrids and then transmitted to their progenies. To answer this
question, it will be necessary to testcross the primary hybrid and analyze the progeny for
translocations.

The present investigation was initiated to examine the crossability of bread wheat with Ae.
variabilis by intergeneric hybridization
Material and methods

For the material of the study were used 4 common wheat lines 171 and 172ACS
({Aegilotriticale [(T. durum Desf. x Ae. tauschii Coss.) x Secale cereale L. ssp. segetale Zhuk.] x T.
aestivum L. “Chinese Spring’, N500 [(T. aestivum var. graecum Suriya x Ch. Spring)x cv. Bezostaya-
1], cv. Asakaze komugi var. erythrospermum (Japon) and Ae. peregrina k-539384 (Israel accession).
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The emasculation and pollination in the field were carried out during the months of April-
May in 2017 at the Absheron Research Base of Genetic Resources Institute of ANAS. No embryo
rescue or hormone treatment was applied for the production of Fo seeds. The spikes were
harvested and number of seed-set per spike was counted about 20 days after pollination.
Crossability was expressed as the percentage of the number of seed set to the total number of
florets pollinated. The crossability of each test line was represented by the average percentage of
seed set of all the spikes pollinated for that line.

For meiotic studies, young spikes at the appropriate stages were fixed in Carnoy’s fixative
for 24 h and then stored in 70% ethanol. Pollenmother-cells were stained and squashed in 1%
acetocarmine. Meiotic observations were made and documented with Motic (China) microscope.

Results

Seed setting of hybrid combination between bread wheat line 171ACS and Ae. variabilis was
1.25 % and obtained single hybrid seed. This seed was germinated in Petri dish and the obtained
seedling was transplanted into the experimental field for further investigations. However, these
intergeneric hybrid plants were completely sterile due to the difference of ploidy level of parent
forms, so that we could not get any seed from 584 and 1046 spikelet florets. F1 hybrid plants
obtained was exhibited good tillering ability and manifested traits from both parents. The shape
of plants was resembled the wild parent. The F1 hybrid spikelets had a morphology similar to
wheat. The leaf length, and peduncle length were intermediate between two parents. Metaphase
I analysis of the pentaploid hybrids revealed the number of ring and rod bivalents for each
PMCs was 0.56 and 3.36, respectively, the number of univalent was 26.90, the amount of
trivalents was 0.06 and chiazma frequency was approximatedly 4.65.Driscoll (1968) and Sears
(1977) informed that chromosome pairing in the hybrid between the common wheat cultivar
Chinese Spiring and line TKEO2 of Ae. peregrina is very low (0.5 chiasmata/cell), similar to the our

results.
Table 1. Crossability and height of T.aestivum-kotschyii hybrids
Ne Hybrid combination Seed setting, % Fertility, % Height,cm

10/17 171ACS xAe. peregrina 1.25 steril 60
33/18 172ACS xAe.variabilis 18.06 destroyed
34/18 N500xAe. variabilis 10.94 0.19 102
29/19 F2 N500 xAe. variabilisfrl steril 100

fr2 steril 75
35/18 Ae. variabilisx Asakaze komugi 11.11 destroyed

Table 2. Study of the meiosis process in F1 hybrids between common wheat lines and Ae.variabilis

Hybrid combinations | ATH Bivalents Ring Rod Univalents Trivalents Chiazma
bivalents | bivalents frequency

171ACS x Ae.variabilis 134 3.92+0.40 | 0.56+0.26 | 3.36x2.22 26.90+0.93 0.06+0.08 | 4.65+0.06
172ACS x variabilis 116 4.16+0.50 | 0.19+0.09 | 3.97+2.36 26.65+0.84 0.01+0.09 4.37+0.48

Regarding to the next hybrid combination, between bread wheat line 172ACS and Ae.
variabilis was 18.06 % and obtained 9 hybrid seeds. Athough, these seeds gave Fi plants, they
could not comlete their vegetation period and destroyed. During the study of meiosis process
of Fiplants , the number of ring and rod bivalents for each PMCs was 0.19 and 3.97,
respectively, the number of univalent was 26.65, and chiazma frequency was approximatedly
4.37.
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The genome of Fis between wheat and Aegilops in haploids causes sterility until doubling
the chromosome numbers. One option is to conduct direct backcrossing of Fis with wheat as a
pollen donor. Even though the rate of seed set is extremely low, it is possible to obtain BCi
plants[17; 30].From this considerations, we used back-ross hybridizationand Fi hybrids crossed
with common wheat parents (171 and 172ACS), however crossing was failure.

L
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Figure 1. a. Spike ofof F1 hybrid 171ACS x Ae.variabilis (center), bread wheat parent (left)
and wild parent (right); b. Meiotic behaviour of its plant

Seed setting of N500 x Ae. variabiliscombination was 10.94% and 7 hybrid seeds obtained.
These seeds gave Fi plants. The height of hybrid plants was 102 cm and fertility was 0.19%.
Despited of, these plants were partially fertile, F2 hybrid was completely sterile. Thus, it was not
possible to get any seed from 2 fractions of hybrids.

For resiproc hybridization cv. Asakaze komugi used as male parent.Seed setting of this
combination was 11.11%.3 of the 4 obtained seeds germinated and gave Fi plants.But these
hybrids also could not complete their vegetation period and destroyed.If it is too difficult to
produce Fi hybrids in wheat x certain Aegilops species (wheat as females), pollination in the
opposite cross direction (Aegilops as females) may be more successful.Dale et al. (2017) reported
0% seed setting in bread wheat x Ae. tauschii crosses (probably due to a crossability problem of
the bread wheat parents), while it was 30% in Ae. tauschii x bread wheat. The seed-setting rate
with Aegilops as female parents is variable across these species. It must be cautioned that the
seed setting does not always mean success in obtaining F1 plants

Discussion

Experimental hybrids between Ae.variabilis and T. aestivum have been described[6; 12; 22].
They reported a low level of pairing in F1 hybrids between hexaploid wheat and Ae. variabilis,
with 0-5.0 bivalents per cell, depending on the accession of Ae. variabilis. The low value of
bivalents and sterility in the pentaploid hybrid indicates that the genomes of this hybrid are not
related to each other as was expected, since Ae. variabilis brings the Sv and U genomes and T.
aestivum the A, B and D genomes.A recent observation involving regenerated Fi hybrids of T.
aestivum x Ae. variabilis demonstrated seed set on an otherwise anticipated self-sterile
population[27].

A. Mujeeb-Kazi(2007) informed bread wheat/Ae. variabilis cross combinations are examples
of fairly simple intergeneric crosses as embryo formation frequencies were between 23.8 to 48.4%
over all cultivars. All F1 hybrids were cytologically normal. Univalency at meiotic metaphase I
was dominant. F1 spike morphology was of intermediate expression and differed from both
parents of the combination.This resultsare similar with our experiment. We consider F1 hybrid
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phenotype modification a function of alien genetic expression that forms an initial selection sieve
for advancing such Fi combinations for agricultural practicality. Similar phenotypic observations
are of common occurrence in intergeneric crosses [3]and specifically reported earlier for
wheat/Ae. variabilis[1; 29]. Earlier [15] had reported resistance in the same accession and here
when it has been combined with various cultivars that resistance has shown desirable
expressivity thus adding strength to its future usage for wheat improvement. Since all the bread
wheat / Ae.variabilisamphiploids express satisfactory resistance to bunt, each source can be
utilized for further breeding targets.

Aegilopsvariabilisline TKE02 has a good crossability with hexaploid wheat [4; 16]. Thus, F:
hybrids between this line and the common wheat cultivar Chinese Spiring are easily obtained. F1
hybrids of Ae.variabilisx polyploid wheat exhibit very low homoeologous pairing in the presence
of Phl and any elevation in the pairing level is easily detectable. The Fi hybrids of T. aestivum x
Ae.variabilis reported by Ozkan(2001) had the expected chromosome number (2n = 35). In all
hybrids involving the substitution lines chromosome pairing was classified as lowintermediate,
which was significantly higher than the low level characteristic of the hybrid with CS.

Hybrids between polyploid wheat and Ae.variabilis[11; 22], are often the preferred material
for studying genetic effects on homoeologous pairing. In such intergeneric hybrids pairing
between homoeologous chromosomes is easily analyzed since it is not complicated by
homologous pairing and a large number of pairing configurations. Sharma and Gill (1986)
hybridized one accession of Ae. variabilis and seven accessions of other polyploidAegilops
species with the wheat cultivar Chinese Spring and did not find any increase in chromosome
pairing in the respective hybrids.

Han et al. (1996) suggested that any hexaploid wheat line should have a crossability of at
least 10% with Ae. variabilis and that wide crosses between hexaploid wheat and Ae. variabilis
should be insensitive to the inhibitory effect by Kr genes of wheat. Our data agreed with these
conclusions. Ae.variabilis is also phylogenetically distant enough from bread wheat to have their
chromosome unpaired in their hybrids

Driscoll et al. (1979), analyzing meiotic behavior of Chinese Spring x Ae. variabilis, found an
excess of ring bivalents at the expense of the number of multivalents expected under their
mathematical model. The discrepancy between observed and expected closed bivalents was
numerically greater when chromosome 5B was lacking. This is probably due to the existence of
preferential pairing, i.e.,, those genomes that were more closely related would produce ring
bivalents more frequently than those less related. Thus, A and D, or U, S, and B chromosomes
form more ring bivalents when meiotic pairing increases.
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PE3IOME

Ha ocnoBe cmecu HedTsAHOrO Macaa U AMaakuAdeHoAa CUHTepU3OBaHBI S(PQPeKTUBHBIE CyAb(OHATHBIE
HpUCaKM K CMAa304HBIM MaclaM. PaspaboTaHHbIe HelITpaAbHas U CpeAHeleA09Hasl II0AyCUHTeTIecKe CyAbOHATEI
KaabIys 0041a4a10T XOPOIIMMU (PU3VKO — XUMIIECKMMM 1 PYHKIIMIOHAABHBIMI CBOVICTBAMM 1 IIO PsIAy IIOKazaTeAeit
IIPeBOCXOAAT TOBapHBIN HedpTsiHON cyandonaT C — 150, a Takke 3apyOeskHble aHaaoru — npucadku OZ0A 246 B n
Xarirexk 6060 M. B oramane oT M3BeCTHBIX IIPUCAAOK IOAydeHHbIe CyAb(OHATHI B KadeCTBe MHOTO(YHKIIMOHAABHBIX
IIpHMCajOK 3HAYUTEABHO YAY4IIalOT MOIOIIVE, AVCIIEPIUPYIONIHe, ITPOTIBO- KOPPO3MOHHBIE CBOVICTBA M CTaOMABHOCTD
IPOTUB OKMCAEHMSI CMa309IHBIX Macel.

Karouesbie caoBa: HeTAHOe Macao, AMAAKMAPEHOA, TIOAYCHHTETMYeCcKue CyAb(OHATB, MHOTIO-

(}yHKIIMOHAABHBIE CBOJICTBa, MOIOILIE — AVICIIEPTUPYIOIIYE IIPUCAAKIL.
SURTKU YAGLARINA YARIMSINTETIK SULFONAT ASQARLARI.
XULASO

Mineral yagmn dialkilfenolla qarisig1 asasinda stirtkii yaglarma yiiksok tosirli sulfonat asqarlar1 sintez edilorak
todqiq olunmusdur. Yaradilmis neytral vo orta galovili yarmmsintetik kalsium sulfonatlar1 yaxs: fiziki — kimyovi vo
funksional xassalora malik olub, bazi goctericilore gora neft mangsli amtes C —150 asqarmndan ve xarici analoglar olan
OLOA 246 B va Hightech 6060 M asqgarlardan istiindiirler. Malum asqarlardan fergli olaraq alnmus sulfonatlar
¢oxfunksiyali agqar olaraq, siirtkii yaglarmm yuyucu — dispersedici, korroziyaya ve oksidlosmays qarsi stabillik
xassalorini shomiyyatli deracads yiiksaldir.

Acar sozlar: neft yaglar, dialkilfenol, yarimsintetik sulfonatlar, coxfunksiyah sulfonatlar, yuyucu — dispersedici
agqarlar.

SEMISYNTHETIC SULFONATE ADDITIVES TO LUBRICANTS
ABSTRACT

Effective sulfonate additives for lubricating oils have been synthesized on the basis of a mixture of petroleum oil
and dialkylphenol. The developed neutral and medium alkaline semisynthetic calcium sulfonates have good
physicochemical and functional properties and in a number of indicators are superior to commercial oil sulfonate C-
150, as well as foreign analogues - additives OLOA 246 B and Hitech 6060 M. In contrast to the known additives, the
obtained sulfonates as multifunctional additives significantly improve the detergent-dispersant, anticorrosive
properties and stability against oxidation of lubricating oils.

Key words: petroleum oils, dialkylphenol, semisynthetic sulfonates, multifunctional properties, detergent-
dispersant properties.

BBeaenue

YBeanyeHre o0beMOB IPOM3BOACTBA BHICOKOKaUYeCTBeHHBIX MOTOPHBIX Mace, OTBeYaIOIIMX
TpeOOBaHMAM COBPEMEHHOI M IepCHeKTUBHONM TeXHMKM, oOycAaBAuBaeT HeoOXOAMMOCTD
paspaOOTKM 1M IpPUMEHEeHMs HOBBIX  BBICOKOD(P(PEKTMBHBIX  IIPUCAAOK  Pa3ANYHOIO
¢pynkumonaapHoro gernicrsusa. Cpeau IIMPOKOTO acCOPTMMEHTa ®TUX IHPUCAJOK BaskHOe
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IIpaKTIJdecKoe 3HaueHNe UMeIOT CyAb(pOHaTHBIe IIPUCaAKN C Pa3ANYHBIM YPOBHEM II1eA0YHOCTH
[1,2]. baarogaps BBICOKMM 9KCILAyaTallMOHHBIM CBOVICTBAM He(TSIHbIE M CUHTETIIeCKue
aAKMAapUACYAb(POHATHl IIPM CPaBHUTEABHO HeOOABIIMX KOHLEHTpaIMsIX ODecriednBaioT
MOTOPHBIM MacJaM BBICOKIE MOIOLIE — AVICIIEPIMPYIOLIVE U HeMTpaanu3ylomye csorcrsa [3]. B
TeyeHNe psja AeT 3apyOeskHble PUPMBI B 004acTV pa3paOOTKM MOTOPHBIX Macea YCIIeITHO
IIPUMEHSIOT CyaAb(pOHATHBIE MPUCAAKM B COCTaBe KOMIIO3MIIMII IIPUCAJAOK pa3ANMYHOIO
Ha3HaueHwsI [4].

AKTyaapHOJ ITpOOAEMOI SBAseTCs pa3pabOTKa HOBOIO IIOKOAEHMS HKOAOTMYECKM
OesoracHpIX DPQPEKTUBHBIX TPUCaAOK CyAbPOHATHOTO THUIIA C MHOTOQYHKIIVIOHAABHBIMI
CBOMCTBaMM.

B cBs3u ¢ oTMM HamMu OCyIIeCTBA€H CHHTE3 MHOI"O(IDYHKI_U/IOHB_ALHLIX CYAbCl)OHaTHLIX
IIpucagoK € YAYyYHIEHHBIMIU YKOAOIMYECKMMMU IIOKa3aTeAsIMI Ha OCHOBE CMeCu HeCI)T}IHOFO u
CMHTETIYIECKOI'O ChIPb:I 1 MCCAE€A0BAaHO VX BAVISIHNE Ha CBOJICTBA CMa304YHBIX Macea.

BKCHepI/IMeHTaAbHa}I 9acCTb.

B xagecTse 1CXOAHOTO HE(PTAHOTO CHIPBS MCIIOAB30BAaHO Macao M-8 m3 cMecy OaKMHCKIMX
He(relr, cogepkarmiee 17% aerkux u CpejHNMX aAKMAAapPOMAaTHMYECKUX YIAeBOAOPOAOB.
CuHTeTIIeCKMM aAKMAapOMaTIIeCKM KOMIIOHEHTOM CAY>KIA AMaAKUA- (PeHOA, TTOAYUeHHBI
ITOBTOPHBIM aAKIAMPOBaHMEM TeXHIYeCKOTO HOHMA(peHOAa oAuroMepamu sTuaeHa Qppaximm
C2-C1s B IpHUCYTCTBUM KUCAOTHOTO KaTaAusaropa [5] m mmMerommit caeayiomiye (QU3NKO —
XVMIYecKue Iokasatean: maotHocts mpu 20 °C, kr/M3-915,6; nokasareap IpeaoMAeHst na%—
1,5070, moaexyaspras macca 395; temneparypa scrbiky —150.

Macao M-8 n anaaknadenoa cmemmsaan B MaccoboM cootHommernu 70:30, 60:40, 50:50 B
pacTBOpe OKTaHa U TOABepraau CyAbpupoBaHMIO 98%-HOV CepHOI KUCAOTON Ipu
temriepatype 3540 °C B ape cragum. Ilpy STOM 3HAaUMTEABHO CHIKAETCS BBIXO/J KICAOTO
ryapoHa (Ha 35-40%). HeliTpaansamio cMecn oOpasyIommXcsl CyAb(POKICAOT OCYIeCTBASAN
20% — HBIM BOJAHBIM pPacTBOPOM IMAPOKcKAa Kaabums npu 70-75°C B Tedenme 5 4 40
caabollea0uHON peakuym. 3areM TemIlepaTypy mopbimaan Ao 125-130°C aaa yaaaeHus
PEaKIIMOHHONM BOABI M BBIAEPXKMBAAM IIpU 9TOM Temreparype 34. IloaydeHHBINI IIPOAYKT
pacTBOpsAM B OKTaHe, IIeHTpU]yTMpOoBaHueM OTAeAsIAN MeXaHIJecKue IpYMeCcH U OTTOHAAU
pactBoputeanb. PUBMKO-XMMIIecKIe CBOJICTBAa HEMTpaAbHBIX CyAb(OHATOB, IOAYYEHHBIX P
Pa3AMYHBIX COOTHOIIEHMAX WHIPeAVMEHTOB, IIpeacTableHbl B Tab0a. 1. Kak Bmano wus
IIpUBEeAEHHBIX AaHHBIX, OTMaabHasl 400aBKa AnaAKnAdeHoaa K HePTIHOMY MacAay HaXOAUTCS
B nipedeaax 3040% u aaabHelilllee yBeANdeHMe €r0 KOAMYECTBa IIPUBOAUT K IIOBBIIIEHNIO
BSI3KOCTY M YBEANYEHNIO COAC P KaHI MeXaHIMIeCKIIX IIPUMeCeli B IPUcajKax.

Tabamma 1. Pusnuko—XMMITdecKue CBOVICTBa HEMTpaAbHBIX CyAbL(OHATHEIX ITPHUCaJ0K.

VexoaHoe coipbe, cocTosiImee 13 Brixog [Teaounoe Maccosast 20451, %
cMecy, % Mac. HeNTpPaAbHOIO 41CAO0, cyandoHaTa Mexannuec-
Macao M-8 AnaaKknapeHoa cyandoHata, % mr KOH/r KaAbLIVAS KIX
Mac. K MICXOAHOI puMeceit
cMecn

70 30 87 18,7 41,5 0,04

60 40 90 23,2 46,4 0,05

50 50 95 25,0 48 0,1
Macao M-8 69 13,5 12 08

178



Hoaycunmemuueckue cyrvPonammvie npucadku K cCMasouHbIM MACAAM

KapOonararimeit HeifTpaabHOTO CyAbpOHaTa AMOKCIAOM YIAepoaa B IIPUCYTCTBUM M30BITKA
TUAPOKCUAA KaAbLMsl, IIPOMOTOPa — MeTaHOAa, MacAa — pa30aBuUTeAs], pacTBOPUTeAs — TOAyOAa
npu temneparype 40-45°C B Ttedenue 1 4 noayuyena cpeaneine- 2ounas (tuna C-150) npucaska.

Cocras 1 cTpyKTypa CyAb(pOHATOB ITOATBEP>KAeHBI MeTOAaMI DAeMeHTHOTo aHaan3a u VIK
— crnekrpockonun. Cogep>kaHue Kaabliuisa OIlpeAeAsan Ha MeTaaa — aHaamsatope MP —4200
AES. VIK—cnexrpol canmaan Ha criekrpomerpe NICOLET IS — 10. Cogep>kaHne akTHBHOIO
BelllecTBa B IIpMcadKax OIlpeAeAsall MeTOAOM >KMAKOCTHONM aACOPOLIMOHHON MMKpPOXpOMa-
TorpapuiL.

B VIK cniektpax cyAb(OHATOB IIPUCYTCTBYIOT IT0A0CHI, TIorAommenns 5 ooaactu 1050-1070 n
1160-1250 cM ™, oTBewaIOLIE BaAEHTHBIM CHMMETPUYHBIM U aCUMMETPIHYECKUM KOAe0aHVSIM
cesizert S =0 rpynmel SO3;. HaumbGoaee xapakTepHbIM A4s CIIEKTpa  Cpe/AHelleA0YHOIO
cyAb(pOHaTa sIBASETC IIPUCYTCTBHIe Toa0c B 00aactu 850-880 1 1400-1500 cM ™!, OTHOCSIITUIXCS K
Ko1eDaHuAM 1oHa KapboHarta CO3 2.

Vccaesosanne PpUsMKO-XMMITIECKNX ¥ (PYHKIIMOHAABHBIX CBOVICTB ITPMCAJOK ITPOBOAVIAN
CTaHAAPTHBIMM Aa00paTOPHBIMU MeToAaMu [6].

Moromue cporictBa onpegeasan Ha ycraHoske 113B mo I'OCT 5726-2013, aucneprupyio-
mue cporictsa mpu 250 °C 1o MeToAy [7], IpOTMBOKOPPO3MOHHEIE CBONICTBA —Ha ITpubope AK-
HAMM npu 140°C B teyenne 25 u o 'OCT 20502-75, crabnabHOCTh IPOTUB OKMCAEHNS - Ha
npudope AK-HAMMN B teuenne 30 g ripu 200 °C o I'OCT 11063 —77. CTabnapHOCTh KOAAOUA-
HOV AVICTIEPCUM CpeAHeIIe04HOI0 CyAb(poHaTa OLIeHMBAaAl IO MeTOAY, 3aKAIOYalolleMycs B
pasaoxxeHyy npucaaku B ipucyTcrsym 15% soawr ipu 110°C B Teyenne 4 4. [8]. CtaGmabHOCTD
KOAAOVIAHOV  AVICIIEpCUMM ~ YCTaHaBAMBAAM IIO YMEHBIIEHMIO II€AOYHOCTU  IIPVCAAKIA,
BBIPa>KeHHOII B % OT MICXOAHOIA.

PesyabTaThl 1 X 00CyXaeHVe

IToayuennsle nipucaaxu [ICKae (HetttpaabHas) n 11C-15040 (cpeaHelieao4Hast) IpeacTas-
ASIIOT OO0 BA3KIUE KMAKOCTY TeMHO—KOPUYHEBOTO 11BeTa, XapaKTepUCTUKI KOTOPBIX ITOKa3a-
HBI B Ta0A. 2 1 3. TaM Xe 4451 cpaBHEeHIs IIpeACTaBAeHbl COOTBETCTBYIOIINE ITOKa3aTeAn IIpycaj-
ku HCK, noaygennoit u3 macaa M-8 B 21a00paTOpHBIX YCAOBISX, TOBAPHOIO CpeAHeIleA04HOIO
HedTsHOTO cyapdoHaTa C-150, a Taxke 3apyOexHBIX aHaaoros — npucagok O/10A 246 B u
Xartrek 6060 M, 1crIbITaHHBIX B aHAAOTVYHBIX YCAOBISIX.

CunrtesnpoBaHHbBIe TIPMCAAKU UMEIOT XapaKTepHYIO AAs CyAb(OHATOB MMIIEAASPHYIO
CTPYKTYpy, 00424a10T XOPOIIUMM (PUBUKO — XMMUYECKUMMN U (PYHKIIMOHAABHBIMY CBOVICTBAMI.
Onn ABASIOTCS MHOTO(YHKIMOHAABHBIMMU ITpucagkamu. PazpaboranHble cyAb(pOHATHI KaAbIys
B cocrae Macaa M-11 B 5%-HOI KOHIIEHTpaIM HPOSBASIOT BBICOKME MOIOIINe,
AVICTIEpTUPYIOIIe, HeMTPaAu3ylolye, IIPOTUBOKOPPO3MOHHBIE CBOMCTBA U CTaOMABHOCTD
IIPOTUB OKVCAEHILSL.

CormocraBaeHne CBOVCTB HpMCaJOK II0Ka3alo, YTO HeMTPaAbHBIN MOAyCHUHTETIdec- Kt
cyAb(oHAT MMeeT Oo/ee BBICOKOe coAeprKaHMe aKTMBHOTO BelllecTBa, MeHbIllee coAeprKaHue
MexaHI4YeCKIX IIpMMecei] U Aydllne AUCIIepIMpYIOIIe CBOJICTBA 10 CPaBHEHMIO C IpricaiKaMu
HCK n OA0A 246 B. Kpome TOrO, 110Ay4eHHas 110 CAOXKHON ¥ MHOTOCTaAMITHOM TeXHOAOTUM
nprcaZka B OTAN4YE OT aHAAOTOB IIPOSIBASET aHTVOKICAVTeAbHbIE CBOJICTBA.
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Tabamia 2. XapakTeplcTiKa HeMTpaabHBIX CyAb(POHATHBIX TPUCAAOK.

Hoxasarean HertrpaasHsle cyabpOHATH KaABIS
I[CK-15020 HCK O/A0A 246 B

Brixo4, % K MCXOAHOMY CBIPBIO 90 69 -
ITeaourioe uncao, mr KOH/r 23,2 13,5 23
Maccosast 240451, %
cyab¢oHaTa KaAbIIs 46,4 40,1 41,1
KaAbILIVAS 2,5 2,0 -
MexaHM4YeCcKIX IpuMeces 0,05 0,09 0,1
3oapHOCTS cyabdaTHasd, % Mac. 8,9 8,3 8,6
Moromue coricTsa Ha ycraHoske [13B, Gaaasr’ 0,5 0,5 0,5
Awcnieprupyiomas criocodsocts pu 250 °C, %’ 45 40 40
Crab1abHOCTD o VHAYKITIOHHOMY TIeproAy 09 35 )
0caaKko00pa3oBaHsl, 0CaA0K, %" ! !

"Macao M-11 ¢ 5% npucaaxu

CunrtesnpopaHHasl cpegHele/04Has IIpUcajka II0 MOIOIIVM CBOVCTBAM HaXOAUTCS Ha
OJ4HOM ypOBHe ¢ u3BecTHbIMU IIpucagkamy C-150 n Xaitrex 6060M, a o Aucneprupyromnmm,
IPOTUBOKOPPO3MOHHBIM CBOVICTBAM M CTaOMABHOCTY IPOTUB OKUCACHUS PEeBOCXOAUT MX. Tak,
Aucneprupymomue csoiictsa mpucagku I1C-15020 cocraBasior 70%, B TO BpeMs Kak AAs
npucagox C-150 n Xaiirex 6060M o111 mokasartean pasHbl 60%. ITpu BBeaennu B macao M-11
paspaboTaHHOTO ITOAYCHHTETHYEeCKOTO CyAb(OHaTa B KOHIIEHTpaImm 5% KOpPpPO3MOH- HOCTh
Macaa cHrokaercs ot 180 240 54 r/m?2, a4a4 aHaa0ros 40 85-79 r/m2

CrabnapHOCTD KOAAOMAHONM AMCIepcuM K AelcTBuio Bogabl y mpucagku [1C-15040

cocrasaseT 80%, 4To BbIIIIe TI0 cpaBHeHNIO ¢ Ipucaakamy C-150 u Xaiirex 6060M (75 1 76%).
Tabamm1a 3. XapakTepucTrKa CpeaHeleA09HbIX Cy Ab(pOHATHBIX IPMCaOK.

Cpenerrie109HbIe CyAbGOHATH KaABLIVI
Tlokazarean I1C- Xaritex
15010 150 6060M
[Teaounoe yncao, mr KOH/r 154 151 142
Maccosast Ao cyabdoHaTa Kaaplius, % 334 31,5 30,1
304pHOCTS cyabdaTHas, % Mac. 237 22,8 23,1
MaccoBast 40451 MexaHUIeCKUX IpuMeceit, % 0,03 0,08 0,05
Moronime coricTsa Ha ycraHoske [13B, Gaaasr’ 0 0 0,5
Aucneprupyiommas criocobHocts mpu 250 °C, % 70 60 60
Kopposns Ha cBuHITE, 1/M2 54 79 85
CrabnasHOCTh o VHAYKIIVIOHHOMY repuoay
0caaxo00pasoBaHILL: 0cajoK, % " 0,3 0,7 09
Koaaonanast crabuabHOCTD, % 80 75 76

"Macao M-11 ¢ 5% nipucaaxm

BrrsBaeHHas MHOTOQYHKIIMOHAaABHOCTL ¥ BbICOKas S(PPeKTUBHOCTh pa3dpabOTaHHbIX
MpUCajOK OOBSCHSIETCS HaAMdueM B UX CTPYKType aaKuAQeHOABHOTO M CyAb(POHATHBIX
(pparmMeHTOB, AAMHHBIX aAKIABHBIX paAMKaA0B U VX BHYTPMMOAEKYASIPHBIM CTHEPIVI3MOM.

BreiBoabr

PaszpabGoranbl s(pexTrBHbBIe CyAb(POHATHbIE IPUCAAKM C MHOTO(YHKIIMOHAABHBIMU
CBOJICTBAMI Ha OCHOBe cMecu HeQTAHOrO Macaa U Anaakuadenosa. VicnoabzosaHue
IOAYCUHTETUYECKOTO CBIPbsl IT03BOAsAET YIPOCTUTh TeXHOAOTMIO ITPOM3BOACTBA CyAb(POHATOB,
TIOBBICUTD BBIXOA, PacIMpuUTh (PYHKUIUM, YBeAMIUTh DPPeKTUBHOCTh MPUCAJOK, a TakKxkKe
3HAYMTeABHO CHM3UTD BBIXOZ KICAOIO TyAPOHa Ha CTaAui CyAbPUPOBaHI.
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INSTRUCTIONS FOR AUTHORS

"The Baku Engineering University Journal-Chemistry and Biology" accepts original unpublished articles
and reviews in the research field of the author.

Articles are accepted in English.

File format should be compatible with Microsoft Word and must be sent to the electronic mail
(journal@beu.edu.az) of the Journal. The submitted article should follow the following format:

Article title, author's name and surname

The name of workplace

Mail address

Abstract and key words

The title of the article should be in each of the three languages of the abstract and should be centred on the
page and in bold capitals before each summary.

The abstract should be written in 9 point type size, between 100 and 150 words. The abstract should be written
in the language of the text and in two more languages given above. The abstracts of the article written in each
of the three languages should correspond to one another. The keywords should be written in two more
languages besides the language of the article and should be at least three words.

. UDC and PACS index should be used in the article.

The article must consist of the followings:

Introduction

Research method and research

Discussion of research method and its results

In case the reference is in Russian it must be given in the Latin alphabet with the original language shown in
brackets.

Figures, pictures, graphics and tables must be of publishing quality and inside the text. Figures, pictures
and graphics should be captioned underneath, tables should be captioned above.

References should be given in square brackets in the text and listed according to the order inside the text at
the end of the article. In order to cite the same reference twice or more, the appropriate pages should be
given while keeping the numerical order. For example: [7, p.15].

Information about each of the given references should be full, clear and accurate. The bibliographic description
of the reference should be cited according to its type (monograph, textbook, scientific research paper and etc.)
While citing to scientific research articles, materials of symposiums, conferences and other popular scientific
events, the name of the article, lecture or paper should be given.

a)

b)

10.

11.
12.

Samples:

Article: Demukhamedova S.D., Aliyeva 1.N., Godjayev N.M.. Spatial and electronic structure af monomerrik
and dimeric conapeetes of carnosine uith zinc, Journal of structural Chemistry, Vol.51, No.5, p.824-832,
2010

Book: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, p.386-398, 2002

Conference paper: Sadychov F.S., Aydin C., Ahmedov A.1.. Appligation of Information — Commu-nication
Technologies in Science and education. II International Conference.”Higher Twist Effects In Photon- Proton
Collisions”, Baki, 01-03 Noyabr, 2007, ss 384-391

References should be in 9-point type size.

The margins sizes of the page: - Top 2.8 cm. bottom 2.8 cm. left 2.5 cm, right 2.5 cm. The article main text
should be written in Palatino Linotype 11 point type size single-spaced. Paragraph spacing should be 6 point.

The maximum number of pages for an article should not exceed 15 pages

The decision to publish a given article is made through the following procedures:

The article is sent to at least to experts.

The article is sent back to the author to make amendments upon the recommendations of referees.

After author makes amendments upon the recommendations of referees the article can be sent for the
publication by the Editorial Board of the journal.



YAZI VO NO9SR QAYDALARI

“Journal of Baku Engineering University-Kimya va Biologiya”- oavvallor nagr olunmamis orijinal asarlori vo
miisllifin tadqiqat sahasi iizre yazilmis icmal maqalalari gobul edir.

Maqalalor Ingilis dilinds gobul edilir.

Yazilar Microsoft Word yazi programinda, (journal@beu.edu.az) invanina géndarilmslidir. Gondarilon
mogqalolords asagidakilara nozors alinmalidir:

Mogqalonin bagligi, miisllifin adi, soyadi,

s yeri,

Elektron tinvani,

Xiilaso vo agar sozlor.

Mogqalads bashq hor xiilasadan avval ortada, qara vo boyiik harflo xiilasolorin yazildig: hor ti¢ dilde
olmalidir.

Xiilasa 100-150 s6z araliginda olmagqla, 9 punto yazi tipi boyiikliiyiindo, moqalonin yazildig1 dildo vo bundan
olavo yuxarida gostarilon iki dildo olmalidir. Magalonin har {i¢ dildo yazilmug xiilasasi bir-birinin eyni olmalidir.
Agar sozlor uygun xiilasalorin sonunda onun yazildig: dilde verilmaklo on az1 ii¢ s6zdon ibarat olmalidir.

Magqalads UOT va PACS kodlar1 gostorilmalidir.

Mogqalos asagidakilardan ibarat olmalidir:

Giris,

Tadqiqat metodu

Tadqiqgat isinin miizakirasi vo onun naticalori,

Istinad adebiyyat: rus dilinds oldugu halda orjinal dili m&tarzo icorisinde gdstormoklo yalmz Latin alifbasi
ilo verilmolidir.

Sakil, rasm, grafik vo cadvallar ¢apda diizgiin, aydin ¢ixacaq vaziyyatds va moatn igarisindo olmalidir. Sakil,
rosm va grafiklorin yazilari onlarin altinda yazilmalidir. Cadvallards basliq cadvalin iistiinds yazilmalidir.

Manbalar motn igarisinde kvadrat moéterize daxilindo géstorilmoklo mogqalonin sonunda motn daxilindoki
sira ilo diiziilmolidir. Eyni monbays iki vo daha cox istinad edildikds avvalki sira say1 saxlanmaqla miivafiq
sohifolor gostarilmolidir. Masalon: [7,s0h.15].

BOdobiyyat siyahisinda verilon her bir istinad haqqinda malumat tam vo deqiq olmalidir. Istinad olunan monbanin
bibliografik tesviri onun ndviindon (monoqrafiya, dorslik, elmi moaqalo va s.) asili olaraq verilmolidir. Elmi ma-
qalslora, simpozium, konfrans, vo diger niifuzlu elmi tadbirlorin materiallarina v ya tezislorine istinad edarkon
magqalonin, maruzanin va ya tezisin ad1 gostarilmalidir.

a)
b)

c)

Niimunolar:

Mbqals: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and electronic structure af monomeric
and dimeric complexes of carnosine with zinc, Journal of structural Chemistry, Vol.51, No.5, p.824-832, 2010

Kitab: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Konfrans: Sadychov F.S., Aydin C., Ahmedov A.1.. Appligation of Information-Communication Technologies in
Science and education. II International Conference. ”Higher Twist Effects In Photon- Proton Collisions”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Maoanbolar 9 punto yazi tipi boyiiklitylinds olmalidir.

10.

11.
12.

Sohifo ol¢iilori: tistdon 2.8 sm, altdan 2.8 sm, soldan 2.5 sm va sagdan 2.5 sm olmalidir. Matn 11 punto yaz: tipi
boyikluytinds, Palatino Linotype yaz: tipi ils vo tok simvol araliginda yazilmalidir. Paraqraflar arasinda 6
punto yazi tipi araliginda mosafo olmalidir.

Orijinal tadqiqat asarlorinin tam motni bir qayda olaraq 15 sshifodon artiq olmamalidir.

Mogqalonin nosra toqdimi asagidaki qaydada aparilir:
Hor mogqallo on az1 iki eksperto gondorilir.
Ekspertlorin tovsiyslorini nazors almaq ti¢iin moaqale miiollifo gdndorilir.

Mogqals, ekspertlorin tonqidi qeydlori miisllif torafindon nozere alindiqdan sonra Jurnalin Redaksiya Heyati
torofindon ¢apa toqdim oluna bilor.
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8.

YAZIM KURALLARI

“Journal of Baku Engineering University- Kimya ve Bioloji" 6nceler yayimlanmamis orijinal ¢aligmalari ve
yazarin kendi arastirma alanin-da yazilmig derleme makaleleri kabul etmektedir.

Makaleler ingilizce kabul edilir.

Makaleler Microsoft Word yazi programinda, (journal@beu.edu.az) adresine gonderilmelidir. Génderilen
makalelerde sunlar dikkate alinmalidir:

Makalenin bagligi, yazarin adi, soyadi,

Is yeri,

E-posta adresi,

Ozet ve anahtar kelimeler.

Ozet 100-150 kelime arasinda olup 9 font biiyiikliigiinde, makalenin yazildig: dilde ve yukarida belirtilen iki
dilde olmalidir. Makalenin her ii¢ dilde yazilmis 6zeti birbirinin ayni olmalidir. Anahtar kelimeler uygun 6zetin
sonunda onun yazildigi dilde verilmekle en az ii¢ s6zciikten olusmalidir.

Makalede UOT ve PACS tipli kodlar gosterilmelidir.

Makale sunlardan olugmalidir:

Giris,

Arastirma yontemi

Aragtirma

Tartigma ve sonuglar,

Istinat Edebiyati Rusca oldugu halde orjinal dili parantez icerisinde gostermekle yalniz Latin alfabesi ile ve-
rilmelidir.

Sekil, Resim, Grafik ve Tablolar baskida diizgiin ¢ikacak nitelikte ve metin igerisinde olmalidir. Sekil, Re-
sim ve grafiklerin yazilar1 onlarin alt kisimda yer almalidir. Tablolarda ise baslik, tablonun {ist kisminda
bulunmalidir.

Kullanilan kaynaklar, metin dahilinde késeli parantez igerisinde numaralandirilmali, ayn1 sirayla metin so-
nunda gosterilmelidir. Aym kaynaklara tekrar bagvuruldugunda sira muhafaza edilmelidir. Ornegin: [7,seh.15].

Referans verilen her bir kaynagin kiinyesi tam ve kesin olmalidir. Referans gosterilen kaynagin tiirii de eserin tii-
riine (monografi, derslik, ilmi makale vs.) uygun olarak verilmelidir. [Imi makalelere, sempozyum, ve konferanslara
muracaat ederken makalenin, bildirinin veya bildiri 6zetlerinin adi da gosterilmelidir.

a)
b)

c)

Ornekler:

Makale: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and Electronic Structure of Monomerik
and Dimeric Conapeetes of Carnosine Uith Zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832, 2010
Kitap: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition, Prentice
Hall, p.386-398, 2002

Kongre: Sadychov F.S., Aydin C., Ahmedov A.I. Appligation of Information-Communication Technologies
in Science and education. 11 International Conference. “Higher Twist Effects In Photon- Proton Collisions”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Kaynaklarin biiytikliigii 9 punto olmalidir.

9.

10.
11.

12.

13.

Sayfa olculeri; Ust: 2.8 cm, alt: 2.8 cm, sol: 2.5 cm, sag: 2.5 cm seklinde olmalidir. Metin 11 punto bilyiik-
lukte Palatino Linotype fontu ile ve tek aralikta yazilmalidir. Paragraflar arasinda 6 puntoluk yazi mesa-
fesinde olmalidir.

Orijinal arastirma eserlerinin tam metni 15 sayfadan fazla olmamalidir.

Makaleler dergi editoér kurulunun karari ile yayimlanir. Editorler makaleyi diizeltme i¢in yazara geri gonde-
rilebilir.

Makalenin yayina sunusu asagidaki sekilde yapilir:

Her makale en az iki uzmana gonderilir.

Uzmanlarin tavsiyelerini dikkate almak i¢in makale yazara gonderilir.

Makale, uzmanlarin elestirel notlar1 yazar tarafindan dikkate alindiktan sonra Derginin Yaym Kurulu tarafindan
yayina sunulabilir.

Azerbaycan disindan gonderilen ve yayimlanacak olan makaleler igin,(derginin kendilerine gonderilmesi za-
mani posta karsiligi) 30 ABD Dolar1 veya kargiligi TL, T.C. Ziraat Bankasi/Uskiidar-istanbul 0403 0050 5917
No’lu hesaba yatirilmali ve makbuzu iiniversitemize fakslanmalidir.
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ITPABUJIA JIA ABTOPOB

«Journal of Baku Engineering University» - Xumunu u 6uonornn myOIuKyeT OpUrHHATBHBIC, HAYYHbIC CTATHU
U3 00IaCTH KCCICI0BAaHMUSI ABTOPA U PaHEe HE OIyOIMKOBaHHBIC.

Cratbu TIPUHUMAIOTCS Ha AHTJINCKOM SI3BIKE.

PykomuicH TOIKHBI OBITh HaOpaHs! coryiacHo porpammbel Microsoft Word u oTripaBiieHs! Ha 37IEKTPOHHBIH
anpec (Journal@beu.edu.az). OtmpasisemMble CTaThH AOJIKHBI YIUTHIBATH CIICAYIOIIHE TPABHIIA:

HazBanue ctatbu, uMs U paMUIIHs aBTOPOB
Mecto paboThI

DICKTPOHHBIN a/ipec

AHHOTAIMS 1 KJIFOYEBBIC CIIOBA

3ariaBue CTaThH IIHUIIETCS JIJIA KaXKJI0M aHHOTAaIMU 3arjaBHBIMU 6yKBaMI/I, JKUPHBIMU 6yKBaMI/I U pacrioJjiara-
€TCA TI0 LEHTPY. 3arnaBue u AHHOTAIlMH JOJI?KHBI OBITH TMPEACTABJICHBI HA TPEX SA3BIKAX.

AHHOTAIM, HAIICAaHHAS HA S3bIKE TPEACTaBICHHON CTaThH, NOJKHA coaepkaTh 100-150 cmoB, HaOpaHHBIX
uipudToM 9 punto. Kpome Toro, mpeacTaBisifOTCS aHHOTAIIMK HA JBYX APYTHX BBINIC YKA3aHHBIX SI3BIKAX,
MepPeBOJT KOTOPBIX COOTBETCTBYET COJIEP:KaHUIO0 opUruHaia. KitoueBble ciioBa JOJKHBI ObITh MPEACTABIEHBI
mocyie KaXKI0i aHHOTAIMK Ha ero S3bIKE U COAEPIKaTh He MEHEe 3-X CIIOB.

B crarbe momxub! ObTh yka3ansl kogel UOT u PACS.

IIpencraBneHHble CTaThbU AOJKHBI COAEPKATh:

Beenenue

MeTton ucciaemoBaHus

OO6cyxneHne pe3yIbTaToOB HCCICOBAHUS H BEIBOJOB.

Ecmu ccrmmarorcs Ha paboTy Ha pycCcKOM sI3BIKE, TOTJAa OPWUTWHANBHBIA S3BIK YKa3hIBacTCsA B CKOOKax, a
CCBUIKA JJACTCS TOJIBKO Ha JTATHHCKOM anaBUTe.

PuCyHKH, KapTHHKH, TpaGUKH ¥ TAOIHMIBI JOJDKHBI ObITH YETKO BBIMOJIHEHBI M Pa3MEIeHbI BHYTPH CTATHH.
INoamucu K pUCyHKaM pa3MEIIIaloTCsl MO PUCYHKOM, KapTHHKON i rpadukom. Ha3BaHnue TaOIMIbI MHIIETCS
HaJ TaOJIULEH.

CChUIKH Ha HCTOYHHKH JAl0TCA B TEKCTE IIU(PPOI B KBAIPATHBIX CKOOKAX M PACIIONaratoTcs B KOHIIE CTAThH
B TIOPSIIKE IUTHPOBAHUS B TeKCTe. ECITM Ha OJMH M TOT K€ HCTOYHMK CCBUIAIOTCS JIBa U GoJiee pas, Heo0X0-
JIMMO YKa3aTh COOTBETCTBYIOIIYIO CTPAHHILY, COXPaHAS MOPSAKOBHIM HOMep nuTupoBanus. Hanpumep: [7,
crp.15]. bubnrorpaduueckoe ONMMUCaHWE CCHITAEMOM JTUTEPATYPHI JOJKHO OBITH MPOBEIEHO C YUETOM THIIA
UCTOYHKKA (MOHOTpadust, yIeOHHK, HAydHas CTaThs U 1p.). [IpH CCBUTKE Ha HAYYHYIO CTaThiO, MaTepHAIbl CHM-
No3uyMa, KOH(GEPEHIINH WK IPYTHX 3HAYAMBIX HAYYHBIX MEPOIPHATHHN JTOKHBI OBITH YKa3aHbl Ha3BaHHE
CTaThH, JOKJIAJA WK TE3HUCA.

Hanpumep:

Cmampwsa: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M. Spatial and electronic structure of monomeric
and dimeric complexes of carnosine with zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832,
2010

Knueza: Christie on Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Kongpepenuua: Sadychov F.S, Fydin C,Ahmedov A.l. Appligation of Information-Communication Nechnologies

in Science and education. Il International Conference. “Higher Twist Effects In Photon-Proton Collision”,
Bak1,01-03 Noyabr, 2007, s5.384-391

CHycoK IMTHPOBAHHOM JIUTEpaTyphl HabupaeTcs mpudToM 9 punto.

10.

11.
12.

Pa3mepbl crpaHuubl: cBepxy 2.8 oM, cHu3y 2.8 cM, creBa 2.5 u cripaBa 2.5. Tekcr nedaraercs mwpudrom Pala-
tino Linotype, pasmep mwpudra 11 punto, uHTepBan-oanHapHbii. [laparpadsl T0KHBI OBITH pa3leicHbI
paccTosiHuEM, COOTBETCTBYIOIUM MHTEpBaIy 6 punto.

[TonHb1i 00beM OPUTHHAILHOM CTaThH, KaK IPaBHIIO, HE JOJDKEH MPEeBHIIIaTh 15 cTpaHuil.

IIpencraBienue cTaThbu K NEYaTH NPOU3BOJUTCS B HUXKE YKA3aHHOM IMOPAJKE:

Kaxnast cTathst mochlIaeTcss HE MEHEe IBYM dKCIIepTaMm.

CraThs MOCHUTACTCS aBTOPY IS yUeTa 3aMeUaHuil SKCTIEPTOB.

Cratbs, Tocjae TOTo, KaK aBTOp ydes 3aMeuaHusi SKCIEePTOB, PENAKIIMOHHOW KOJUIETHEH JKypHama MOXKET
OBITh PEKOMEH/IOBaHA K MICYATH.
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