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YUKSOK SAXOLI 1,4-SiS+1,2-POLIiBUTADIENLORIN DURULASDIRILMIS
MOHLULLARDA 9SAS XASSOLORININ OYRONILMOSI

F.9.Nasirov, S.H.9xyari, N.F.Canibayov, S.R.Roafiyeva, A.M.Aslanboyli, A.M.Tagiyeva

AMEA Y.Mammoadaliyev adina Nefi-Kimya Proseslori Institutu
Az 1025 Baki, Xocali prospekti, 30; e-mail: anipcp@dcacs.ab.az

Kobalt dialkilditiokarbamat+alkilaliiminium seskvixlorid katalitik ditiosistemlori istiraki ilo
optimal soraitda sintez olunmug vo molekul kiitlo paylanmasi (MKP) 1.04-1.23, saxalonmo indeksi
0.35-0.42 olan yiiksak saxali 1,4-sis+1,2-polibutadienlor statik vo dinamik isiq paylanmast va

viskozimetriya tisullari ilo tsikloheksanmin (yaxst holledici, 298K) va dioksamn ( © -halledici, 298—
323K) durulasdiriimis mahlullarinda xarakteriza edilmis va onlarin orta ¢oki molekiil kiitlasi (M,,),
donma radiusu (Rg), diffuziya amsali (Dy), diffuziva amsalimin qatiligdan asililiq sabiti (Kp),
Haggins sabiti (Ky), xarakteristik o6zliiliik ([n]), eloca do nisbi (n,), xiisusi (1) va azaldilmis (n./c)
ozliiliiklor kimi asas parametrlori tayin olunmusdur. Gostorilmisdir ki, eyni molekul kiitlali
yiiksak saxali polibutadien niimunaisinin xarakteristik ozliliiyii xatti polibutadiena nisbaton

daha asagi olur.

Acar sozlar: polibutadienlor, kobalt

dialkilditiokarbamat,

alkilaliiminium seskvixlorid,

tsikloheksan, dioksan, orta ¢oki molekiil kiitlasi, diffuziya amsali, xarakteristik 6zliiliik

1.GiRiS

Polimerlorin, xiisusilo do polidienlorin
(polibutadien, poliizopren \G) s.)
stereomiintozomliyi, molekul kiitlosi (MK) va
molekul-kiitls paylanmasi (MKP) kimi vacib
xarakteristikalar1 ilo yanasi istifado sahosindon
asili olaraq onlarin molekullarinin saxolonmo
doracosido (SD) xiisusi ohomiyyoto malikdir.

Polidienlorin ~ qurulusunda  saxolonmonin
olmas1 onlarin mahlullarmin  §zliiliiyiiniin
koskin surotdo asag1 diismosino, emal

proseslorinin yaxsilasmasima, vulkanizatlarinin
istismar xassolorinin yiiksolmosing, eloco do
onun giinas 15181 vo bioloji tasirlordon asanligla
parcalanmasina sobab olur ki, bu da istifads
olundugdan sonra polimer tullantilarinin
aradan qaldirilmas1 kimi shomiyyatli ekoloji
problemin holl edilmosino imkan yaradir [1,
2].

Neft-Kimya  Proseslori  Institutunda
iglonib  hazirlanmis  bifunksional katalitik
ditiosistemlor, xususiloda kobaltditiokarbamat
torkibli katalitik sistemlor (dietilditiokarbamat
kobalt+alkilaliminium monoxlorid),
butadienin polimerlogsmasi prosesindo hom
yiiksok aktivlik, hom do yiiksok secicilik
niimayis etdirirlor vo onlarin istiraki ilo

torkibindo 1,4-sis- vo 1,2-mangqalar1 olan xotti
qurulusa malik yiiksok molekul kiitloli
polibutadienlor alinmasi miimkiindiir. Xatti
qurulusa, yliksok molekul kiitlosino vo mohlulu
oldugca yiiksok ozliiliiyo malik olan 1,4-sis-

polibutadienlorin  hom  emal  proseslori
cotinlogir, hom do bu polimerlorin zarbayo
davamli polistirollar  istehsalinda istifado
olunma imkanlar1 mohdudlagir. Eyni zamanda
malum oldugu kimi yiiksak
stereomiintozomliyo malik 1,4-sis-

polibutadienlor kristallasma temperaturunun
yiiksok olmas1 sobabindon sart iglim soraitinds
istismar olunan sin  vo  rezin-texniki
momulatlar  istehsalinda  istifade  oluna
bilmirlor [3, 4]. Bu mogsad {iclin yiiksok
saxoliyo malik 1,4-sis+1,2-polibutadienlor
daha olverisli olduqlarindan onlarm alinmasi
iiclin torofimizdon yeni katalitik ditiosistemlor
iglonib hazrrlanmisdir [5,6]. Bu moqalodo
kobalt  dialkilditiokarbamat+alkilaliiminium
seskvixlorid katalitik ditiosistemlori istiraki ilo
optimal soraitdo sintez olunmus yiiksok saxali
1,4-sis+1,2-polibutadienlorin statik vo dinamik
is1q paylanmasi vo viskozimetriya tisullar1 ilo
tsikloheksanda (yaxs1 holledici, 298K) va
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dioksanda (6  -helledici, 298-323K) xotti  polibutadienlorlo miiqayisoli  sokildo
durulagdirilmis mohlullarinda osas xassolori Oyranilmasinin naticalori verilmisdir.

2.ALINMIS NOTICOLOR VO ONLARIN MUZAKIROSI

2.1.Yiiksok saxali va xotti 1,4-sis+1,2-polibutadienlorin sintezi

Optimal katalizator (kobalt oldo olunmasi1 f{ig¢iin aparilan tocriiboslorin
dietilditiokarbamat+etilaliiminium naticalori cadval 1-do verilmisdir. Miiqayiso
seskvixlorid) - (Co-DEDTK + EASX) vo iiclin burada eyni soraitds, lakin kobalt
soraitdo ([Co]=(1.0-2.5)*10* mol/l, [M]=2.0 dietilditiokarbamat+dietilaliiminium xlorid
mol/l, Al:Co=(10-100):1, T=(298-315)K) katalitik ditiosistemi istirak1 ilo xotti 1,4-
miixtolif molekul kiitlosino, molekul-kiitlo  sis+1,2-polibutadien alinmasinin naticalori do
paylanmasina vo saxolonmo dorocasine malik  verilmisdir.
yikksok saxoli 1,4-sist+1,2-polibutadienlorin

Cadval 1. Co-DEDTK + EASX Kkatalitik ditiosistemi istiraki ilo yiiksok saxoli vo xotti 1,4-
sis+1,2-polibutadienlorin alimmasinin naticalori. Halledici — toluol.
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1 1.0 | 100 {2.0| 25| 60 92.0 | 440 | 1.5]| 0.35 1.04 68 2 30
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2 2 2.5 50 (2.0 35| 60 97.0 | 439 (2.0| 0.42 1.23 68 7| 25

3 Hr; 1.0 | 100 | 1.0| 25| 30 98.0 | 43.0 | 1.2| 0.65 1.14 65 5 30
O

4 v 2.5 50 (2.0]25] 10 99.0 | 40.0 | 0.8 0.75 1.05 55 5 40
E

5 a 1.0 10 | 3.0| 45| 60 87.0 | 39.0 3.3| 0.75 1.24 72 4 | 24

6 A 2.5 30 {2.0] 25| 60 95.0 | 43.5| 1.8 0.55 1.25 72 3 25

7 1.0 | 100 {2.0| 25| 60 90.0 | 40.0 | 1.3| 0.98 1.15 65 5 30
>

8 § 2.5 | 100 {2.0| 25| 60 95.0 | 45.0|1.8] 0.93 1.24 70 3 27

9 @o 5.0 | 100 [ 2.0] 30| 60 90.0 | 47.0|2.0| 0.95 1.31 71 2| 27

10 LM') 10.0 | 100 | 1.0| 25| 60 86.0 | 44.0 09| 0.97 1.22 62 3 35
E

11 a 1.0 10 3.0 45| 90 93.0 | 30.22.0| 0.95 1.25 68 7| 25

2|~ 1.0 50 [2.0]35] 120 | 95.0 | 20.0|2.5| 0.92 1.32 63 13| 24

2.2. Saxali vo xotti polibutadienlorin durulasdirilmis mohlullarda xassalorinin
miiqayisali 6yronilmasi

Dar molekul-kiitlo paylanmasma malik Alman dar molekul kiitloli saxali () vo xatti
saxoli vo xatti polibutadienlorin ovvalco MKP  (X) polibutadien niimunslorinin osas xassolori
1.14-1.25 olan niimunslori sintez olunmus vo  cadval 2-do verilmisdir (§ vo X horflorinin
sonra fraksiyalasdirilaraq daha dar MKP-na yanindaki rogomlor polimerlorin  1/1000
(1.01-1.05) malik fraksiyalar toplanmigdir. molekul kiitlasini gostorir).
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Sintez olunmus yiiksok saxoali (S30, S60,
S80 va $300) va xatti (X50, X100 vo X300)
1,4-sis+1,2-polibutadien niimunolori statik vo
dinamik is1q paylanmasit vo viskozimetriya
iisullar ilo durulasdirilmis yaxsi (tsikloheksan)

vo pis (-O halledici - dioksan) mohlullarinda
xarakterizo edildilor. Tsikloheksan mohlullar1
295K, dioksan mohlullar1 isa 298-323K
temperatur  arasinda  Oyronilmisdir.  Bu
iisullarla polimerlorin orta ¢oki molekiil kiitlosi

(My), donmo radiusu (Rg), diffuziya omsali
(Do), ikinci virial omsal (Az), diffuziya
omsalinin qatiligdan asililiq sabiti  (Kbp),
xarakteristik ozliiliikk ([#]) vo Haggins sabiti
(Kn) kimi osas parametrlori toyin olunmusdur
(cadval 3). Tacriibolor zamami polimer
maohlulunun qatiligindan asili olaraq nisbi (1),
xisusi (nx) vo azaldilmig (my/c) oOzliliiklori
toyin olunmusdur.

Cadval 2. Saxali vo xatti polibutadienlorin asas xassolori

Ne | Isarosi | M,*10* M,*10* M,/ M, f Mikrostruktur, %

1.4-sis 1.4-trans 1.2-
1 S30 2.66 2.58 1.03 8 75 5 20
2 | S60 6.01 5.84 1.03 6.6 73 4 23
3 | S80 8.02 7.91 1.01 6.6 68 2 30
4 | S300 32.7 31.1 1.05 6.3 62 1 37
5 | X50 5.08 5.02 1.01 2 70 6 24
6 | X100 10.1 10.0 1.01 2 65 5 30
7 | X300 31.4 30.3 1.04 2 60 2 38

Qeyd: M.~ orta ¢oki molekul kiitlasi; M, — orta adadi molekul kiitlosi; D=M,/M, —polidisperslik

(MKP); f- funksionalliq.

Xatti polibutadienlor X50, X100 vo
X300 fgiin 1,4-dioksanda is18in  statik vo
dinamik paylanmasi tadqiqatlar1 naticasindo
molum olmusdur ki, M,, 6lgmonin temperatur
intervalinda toxminon sabit qalsa da,
tsikloheksanda vo GKX vasitasilo dlgiilonlorlo
miiqayisads azalir.

Saxoli polimerlordo aqreqasiya prosesi
sabobindon temperaturun azalmasi ilo M,—nin

artim1 miisahido edilir. Yiiksok temperaturlarda
saxoli polimer S30 daha c¢ox aqreqasiyaya
ugradigr TUgciin tsikloheksan voa GKX-da
miloyyon edilonlordon daha boyiik M, -ya
malik olur (cadval 4). Yiiksok temperaturlarda
saxoli polimerlor $60, S80 vo S300 iigiin M,,
tsikloheksan mohlulunda vo GKX wvasitosilo
almanlarla oxsardir (codval 4).

Cadval 3. Xotti vo saxoli polibutadienlorin 295K-do tsikloheksanda statik vo dinamik isiq

paylanmasi analizinin naticolori.

] ,/10° Rg Ax/10° Dy/107 ko [n] kn
Niimunoa 1 2 2l 3.5l -
(g- mol™) (nm) (mol'ml-g~) (cm*’'s™) (em” -gh) (ml-g?)
X50 5.8+0.2 11.9£1.2 15.240.6 3.69+0.44 | 33.9430.3 68.7+0.2 0.40+0.01
X100 11.840.2 17.1+0.5 12.5+0.4 2.7240.35 | 23.0£20.5 | 113.4+0.3 0.41+0.01
X300 36.94+0.3 32.5+0.5 10.5£0.1 1.27+0.08 | 124.4426.5 | 245.5+0.3 0.41+0.01
S30 37.5+0.7 18.8+0.4 4.3£0.3 1.2940.10 | 91.6+£33.2 | 112.2+0.1 0.6340.01
S60 23.9+0.3 16.4+0.5 7.3+0.2 1.58+0.12 | 84.8+29.4 | 105.8+0.1 0.54+0.01
S80 35.8+0.4 24.4+0.7 6.8+0.1 1.27+0.05 | 106.4+17.0 | 122.4+0.1 0.5840.01
S300 58.1+0.1 43.7+0.5 7.6+0.3 - - 299.6+0.6 0.36+0.01
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Cadval 4. Saxoli polibutadienlor $30, $60, S80 vo S300 iiglin 298-323K temperaturda 1,4-

F.O.NOSIROV va b.

dioksanda is181n paylanma todqigatlarmin noticalori.

Polimerloir Temperatur §./10° Re Ay/10* Do/107 kp
(K) (grmol™) (nm) (mol-ml-g?) (cm?s™) (cm®gh)
308.0 5.79+0.08 23.0+0.8 0.09+0.18 1.52+0.14 -34.3+30.8
S30 313.0 5.35+0.05 22.6x1.0 0.22+0.09 1.41+0.07 -19.8£15.1
323.0 4.79+0.14 24.3+0.6 1.24+0.48 1.31£0.06 26.0£18.8
298.0 - - - 1.50+0.01 -32.7¢1.5
299.5 3.26+0.11 12.5+1.1 -0.02+0.19 1.56+0.04 -34.5+7.2
303.0 2.99+0.07 13.1£1.0 0.33+0.14 1.64+0.03 -22.6+4.7
560 308.0 2.76+0.10 | 14.3+0.8 0.92+0.22 1.80+0.06 -20.5+9.0
313.0 2.61%0.09 15.8+£0.8 1.54+0.25 1.88+0.03 -3.7£3.2
323.0 2.25+0.08 16.2+1.2 2.70+0.30 2.24+0.14 -3.6£13.6
298.0 5.08+0.07 19.4+0.8 -0.02+0.18 - -
299.5 4.96+0.08 19.3+0.8 -0.08+0.21 1.78+0.43 -49.4+46.8
303.0 4.74+0.09 19.2+0.6 0.17+£0.27 1.51£0.19 -15.9£27.9
580 308.0 4.03+0.10 | 20.0+0.6 0.360.40 1.63+0.14 -19.7£16.5
313.0 3.70+0.12 20.2+0.8 0.52+0.58 1.50+0.07 5.349.6
323.0 - - - 1.69+0.01 14.2+0.6
298.0 7.87£0.20 29.1£1.0 0.34+0.21 0.84+0.05 -51.1+16.2
299.5 7.51£0.15 29.1£0.6 0.46+0.18 0.86+0.04 -45.2+15.2
S300 303.0 7.10+0.17 29.4+1.3 0.82+0.23 0.89+0.05 -26.9+7.5
308.0 6.52+0.12 31.7+0.7 1.44+0.19 0.99+0.02 -14.244.3
313.0 6.09+0.16 31.4+£0.9 1.89+0.29 1.08+0.01 -3.7£1.9
323.0 5.59+0.05 34.7+£0.6 2.79+0.11 1.33+0.01 5.240.8
Oldo olunmus noticolor odobiyyat oOzliliiyii [#] xarakterizo edilmis vo molum
materiallarinda tosvir olunan ulduz  olmusdur ki, saxolonmo indekslori g, & vo g°
poliutadienlorin (poliizoprenlorin V9 hom yaxs1 vo hom do © -hslledicido molekul
polistirollarm) osas  xarakteristikalart ilo  kiitlosinin artmasiyla bir qoder artir (miivafiq
miqayiso  edilmisdir  [7-9].  Saxolonmo  glaraq, 0.38-1.27, 0.93-1.0 vo 0.44-0.867) vo

indekslori g, & vo g donmo radiusunu (Rg),
hidrodinamik radiusu (Ry) vo xarakteristik

ulduz funksionallig: (f) artdiqca azalir.

NOTICO
Kobalt dialkilditiokarbamat vo paylanmast 1.04-1.23 vo saxolonmo indeksi
alkilaliiminium seskvixloriddon istifado  0.35-0.42 olan yiiksok saxoli 1,4-sis+1,2-
etmaklo  birmorhaloli olaraq terkibinds 20- polibutadien niimunalori alds olunmusdur.
40% 1,2-manqgalar1 olan yiiksok saxoli Sintez olunmus yiiksok saxali ($30, $60, S80
qurulusa malik 1,4-sis+1,2-polibutadienlor vo $300) vo xotti (X50, X100 vo X300) 1,4-
almmisdir. Optimal katalitik sistem kimi sis+1,2-polibutadien niimunolori statik vo

DEDTK-Co+EASX istifado etmoklo toluol
mohlulunda vo optimal soraitdo ([Co]=(1.0-
2.5)+10*  molL, [M]= 2.0 molL,
Al:Co=100:1, T=298) 96-97% ciximla, 44.0-
50.0 kq PBD/q Coesaat mohsuldarhqla,
xarakteristik Ozliliyi 1.5-2.0 dl/q, 1,4-sis
mangalarmimn miqdar1 62-75%, 1,2-
mangalarinin miqdar1 21-35%, molekiil kiitlo

dinamik is1q paylanmasit vo viskozimetriya

texnikalar1 ilo durulasdirilmis yaxsi
(tsikloheksan) vo  ©-hslledici  (dioksan)
mohlullarinda  xarakterizo  edilmis  vo

polimerlorin orta ¢aki molekiil kiitlasi (M),
donmo radiusu (Rp), diffuziya omsali (Do),
diffuziya omsalinin qatiliqdan asililiq sabiti
(Kp), xarakteristik Ozliilik ([#]) vo Haggins
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sabiti (Ku) kimi osas parametrlori toyin niimunoisinin  xarakteristik  OzLiliiyli  xotti
olunmusdur. Gostorilmisdir ki, eyni molekul polibutadiens nisbaton daha asagi olur.
kiitloli yiiksok saxoli polibutadien
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RESEARCH INTO MAIN PROPERTIES OF HYPERBRANCHED 1,4-CIS+1,2-
POLIBUTADIENES IN THE DILUTED SOLUTIONS

F.A.Nasirov, Sh.H.Akhyari, N.F.Janibayov, S.R.Rafiyeva,
A.M.Aslanbeyli, A.M. Tagiyeva

Yu.Mamedaliyev Institute of Petrochemical Processes
Khojali pr., 30, Baku AZ1025, Azerbaijani Republic, e-mail: anipcp@dcacs.ab.az

Hyperbranched 1,4-cis+1,2-polybutadienes synthesized in the presence of catalytic dithiosystems cobalt
dialkyldithiocarbamate-+alkylaluminum sesquichloride with molecular-mass distribution (MMD) 1.04-
1.23and branching index 0.35-0.42, have been characterized in diluted solutions in cyclohexane (good

solvent, 298K) and in dioxane (6 -solvent, 298-323K). Important parameters, including average number
molecular weight (Mw), radius of gyration (Rg), diffusion coefficient (Do), a constant of dependence of
coefficient of diffusion on concentration (Kp), Haggins's constant (KH), characteristic viscosity ([n]), as
well as values of relative (), special () and reduced viscosity (n./c) have been determined. It found that
values of characteristic viscosity of hyperbranched polibutadienes are lower as compared to linear
viscosity at equal value of their molecular weight.

Keywords: characteristic viscosity, polybutadienes, dialkyldithiocarbamate of cobalt, alkylaluminum
sesquichloride, dioxane, average number molecular weight, diffusion coefficient
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HCCIEJOBAHHE OCHOBHbIX CBOHCTB BRICOKOPA3BETB/IEHHBIX
L4-1THC+1,2-110IUBYTA/TUEHOB B PA3BABJIEHHBIX PACTBOPAX

@.A.Hacupos, lIL.I'. Axvapu, H.@./[rcanubexos, C.P.Pagueasa,
A.M.Acnhanoeiinu, A.M.Tazueea

Unemumym negpmexumuueckux npoyeccos um axao.fO Mameoanuesa
Hayuonanvnoit AH Azepbaiioxcana
AZ 1025 baxky, np.Xooxcanwi, 30; e-mail: anipcp@dcacs.ab.az

Buvicoxopazsemenennvie  1,4-yuc+1,2-norubymaduenvi, CUHME3UPOBAHHbIE 6  NPUCYMCMEUU
KAmanumudeckux Oumuocucmem OUAIKUIOUmuoxapoamam Kooanbma + ankuiamioMunull CecKk8uxaopuo
U umerouue MoNeKyIapHo-maccosoe pacnpeoeiernue (MMP) 1.04-1.23, unoexc pazeeménenus 0.35-0.42,
ObLIU XAPAKMEPUZ0BAHDL 8 PABEMBACHHBIX PACMBEOPAX 6 YuKklo2ekcane (xopowutl pacmeopumennv, 298K)

u  ouoxcane (O-pacmeopumenv, 298-323K) u onpedenenvi maxue 6adCHble RNAPAMEMpbL, KaAK
cpeodHequcennas moaekyasapuas macca (Mw), paouyc spawenus (RG), koagpguyuenm ougpgysuu (Do),
KOHCMAaHma 3asucumocmu xosgguyuenma ougghysuu om xonyenmpayuu (KD), koncmanma Xazeunca
(KH), xapaxmepucmuueckas eésazxocmo ([n]), a makoce 3navenuss omuocumenvrol (Wn), cneyuaivHou
(mx) u cruxcennou (nx/c) eszxocmu. Iloxkazano, umo 3HaAueHUsT XAPAKMEPUCMUHECKOU 6S3KOCMU
BbICOKOPA3BETNEIICHHBIX NOAUOYMAOUEHO8 HUJICe, YeM JUHEUHbIX Npu O0OUHAKOBOM 3HAYEHUU UX
MOAEKYAAPHOU MACCHL.

Knrouesvle cnoea: noaubymaduenvl,  Ouankuroumuokapoamam — KoOambma, — AIKULATIOMUHULL
CECKBUXTIOPUD,  YUKIIO2EKCAH, OUOKCAH, CPEeOHEYUCTeHHAs MONEKYIAPHAs Maccd, Kodgpguyuenm

oughgysuu.

Redaksiyaya daxil olub 19.06.2016.
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