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HEKOTOPBIE KHHETHYECKHWE MTAPAMETPBI ITPOIIECCA PAJUKAJIBHOI
MOJUMEPH3ALIMY BY THJIOBOT'O D®UPA METAKPUJIOBOI KMCJIOTHI B MOHHOM
KUJIKOCTHU

B oannoii cmamve u3noicenvl pe3yibmamol UCCAE008AHUTI HEKOMOPBIX KUHEMUYEeCKUX
napamempos npouecca NOJIUMEpuU3AUUU GYMUN06020 IPUPA MEMAKPUI080il KUCTIOMBL 8 Cpede
UOHHOIL HCUOKOCHU — YKCYCHOU KUC10mbl U N-Memuanuppoaudona cpasHumenbHo ¢ apomamu-
yeckum pacmeopumenem oenzonom. Ilokazano, umo 6 UOHHO-IHCUOKOCHMHOU cpede 3HAUEHUE
IHepeUU aKmueayuu 3HAYUMENAbHO HUJICE, Yem 6 Cpede DeH30d, a CKOPOCMD PeaKyuu OmHOCU-
MeIbHO 6blUie, YHO CONPOBOIHCOAEMCS 6LICOKUM 6LIXO0OM, MOJIEKYIAPHOU MACCOIl U MepMo-
CMOIIKOCHbI0 ROTUOYMUTEHMEMaKpuIama.

KuaroueBble c10Ba: HOHHAS KUAKOCTh, OPraHUYECKUN pacTBOPUTEINh, PEAKIIMOHHAS Cpefia, Oy TUITOBBIH
3(Mp METaKPHIIOBOW KHCIOTHI, paJiKaIbHAs TIOTMMEPU3aIUs
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SOME KINETIC PARAMETERS OF PROCESS OF RADICAL POLYMERIZATION OF BUTYL
ESTER OF METHACRYLIC ACID IN ION LIQUID

In the recent years one of the priority directions of researches in chemistry became pro-
cesses which have received the general name ""green chemistry' which means the implementation
of processes in the medium of organic liquid salts so-called the ionic liquids (IL). Absolutely oth-
er ionic nature of IL causes their catalytic activity that leads to increase in a rate and selectivity of
many organic reactions. These regularities were observed by us in the processes of radical
polymerization of butyl ether of methacrylic acid in the medium of ionic liquids which are synthe-
sized by interaction of the formic and acetic acids with various amines. In the present article re-
sults of researches of polymerization of butyl ether of methacrylic acid in the medium of ionic
liquid on the basis of acetic acid and N-methylpirrolidone comparatively with aromatic solvent —
benzene. And some Kinetic parameters of process are presented. By the carried-out cycle of re-
searches it was established that use of the specified ionic liquid as the reactionary medium pro-
vides a high yield of polybutylmethacrylate ~ 95% and the received polymeric products were
characterized by molecular weight — 520000 with a viscometric method. At the similar conditions
in the medium of organic solvent — benzene the yield of polybutylmethacrylate was 75.0%, and
molecular weight —379000. On the basis of experimental data the regression model has been con-
structed with use of the program BoxBenkinD module, the Matlab-7 program. The comparative
analysis of values of rate constants of process polymerization of butyl ether of methacrylic acid at
various temperatures of reaction confirms rather high rate of reaction in the medium of ionic lig-
uid. Modern computer equipments represent a great opportunity for a treatment information and
choice of a type of the equation of regression by an experimental method, for example, by com-
parison of size of residual dispersion ( S res2) calculated for various models. The received model
has been used for the solution of a problem of optimization and kinetic regularities of process.
Activation energies calculated on Arrhenius formula depending on solvent nature also confirm
mentioned above. For the polymerization process in medium of IL under study the activation en-
ergy was E = 6105.3 cal (26.2 kd/mol) at K, = 0.022. Given value is less then activation energy of
E = 8109.3cal (34.87 xJ/mol) at Ky=0.0052 for polymerization reaction of butyl ether of meth-
acrylic acid in benzene medium. The received results confirm the high rate of polymerization re-
action of butyl ether of methacrylic acid in the medium of IL which are explained by influence of
the ionic medium on growth reactions (decrease in energy of activation) and break of a chain (in-
crease in viscosity of reactionary system — gel effect).

Key words: ion liquid, organic solvent, reaction environment, methacrylic acid butyl ester, radical
polymerization
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B nocneanne rogpl OMHUM U3 IPUOPUTETHBIX
HalpaBJICHUH HCCIIeIOBaHUN B XUMHUU CTalld TIpoliec-
CBbl, KOTOpBIE MOJYYMJIH OOllee Ha3BaHHE «3EJIeHas
XUMUSD», YTO TMOJpPa3yMeBaeT OCYLIECTBICHUE MPO-
LIECCOB B Cpelle XHUIKUX OPraHUYEeCKHX COJEH, TaK
Ha3bpIBaeMBIX HWOHHBIX Jkumkoctedt (MDK). MK —
HanOoJiee MEPCIEeKTUBHBIE PACTBOPUTENN HMEHHO C
TOYKH 3PEHUs] MUHHMAJIbHOTO BO3AEHCTBUS Ha OKPY-
JKAIOMIYIO cpery, oOecreunBarmme pa3padoTKy KO-
JIOTUYECKH OJIaronpusITHBIX TeXxHoJoruii [1-3].

CoBepiieHHO WHas, HOHHas npupoaa MK,
00ycIaBIMBaeT UX KaTAIUTHYECKYIO0 aKTUBHOCTb, YTO
NPUBOJUT K MOBBIIIECHUIO CKOPOCTH U CENEKTUBHOCTU
MHOTHX OpPraHHYECKUX PEaKIMi, MO3BOJACT MPOBO-
IUTH TpoLecchl Npu Ooyiee HU3KHX TEMIepaTypax,
o0ecreyrBaeT BHICOKUN BBIXOA MIPOAYKTOB PEAKIIUH U
oOneryaet ux BoiAeneHue. [lonyueHHbIe TaHHBIE T103-
BOJIMJIM TIPEIIOJI0KHUTh BO3MOXHOCTH YCIEIIHOTO
NPOBENEHHS MMOJIMKOHICHCALIMOHHBIX U MOJMMEpH3a-
IUOHHBIX MPOLECCOB B CPEAC KUAKUX OPraHUYCCKUX
coJeii [4-6].

C y4eToM BbILIECKa3aHHOTO, HAMU IPOBEJCHA
CCpUA OIIBITOB IO HCCJIICAOBAHUIO paZII/IKaJIBHOP'I I10-
TUMepH3alud  OyTWIOBOrO 3dupa METaKpHIOBOU
kucnotel (BOMAK) B cpenie HOHHBIX )KHIKOCTEH pa3-
JUYHOTO COCTaBa, CHUHTE3UPOBAHHBIX B3aMMOJCH-
CTBUEM MYpPaBbHHON M YKCYCHOH KHCIIOT C pa3Jidy-
HBIMH aMHHaMH — N-MeTHIIUPPONINAOH, MOPGOIIHH,
-, TPUSTHIAMUHBL U T.1. Pe3ynbrarsl nmosmmepusa-
nun B cpeae MK cpaBHHBanMCH ¢ moiauMepu3aueit
BOMAK B cpene TpaaWIIMOHHOTO OpPTaHHYECKOTO
pacTBOpHUTENS — OEH301a.

SKCIIEPUMEHTAJIBHAA YACTb

IIpouecc nomuMepusaluv OCYUIECTBIIIIA B
CTEKJISIHHBIX aMIlyJax B HMHEPTHOH cpene. MoHHYIO
KHUJIKOCTb WJIM OPraHUYECKHH pacTBOPHUTENb — OeH-
30J1 3arpy’Kajli B CTEKSIHHYIO aMITyJly U Jiera3upoBa-
T TPU KOMHATHOM TeMIepaTrype B BaKyyMe B Tede-
Hue 20 mMuH, 3ateM pobasisain BOMAK c pactBopen-
HBIM B HEM PAaCUYETHBIM KOJIMYECTBOM PATUKAIBEHOIO
WHUIMATOpa. AMIYJTy Mociie 3arpy3Kd KOMIIOHEHTOB
MHOTOKPAaTHO 3aMOpaXMBaJM B JKUIKOM a30Te€ C TIO-
CIICAYIOIIMM Pa3MOPaKMBAaHUEM, 3aTeM 3alauBalld U
MOMEIIAJIA B TEPMOCTAT.

[Tocne okoHYaHUs Tporecca MOTUMEPH3AIH
NOJYYEeHHBIH TOJMMEP BBLACISUIM OCAXKICHHEM U3
OEH30JIbHOT'O pacTBopa B 3TwioBOM crnupte. Ilocne
(buIbTpauy OCaXICHHBIN MMOJIMMEp BBHICYIHUBAIU B
tepmomkady npu temneparype 80-90 °C nmo mocro-
STHHOTO B€cCa U 10 Pa3HUIIE BECOB OMPEAETISIIA BBIXO]
MOJY4YEHHOT'O TONMUOY THIIMETaKpHIaTa.

PE3VJIbTATBI U X OBCYXJIEHUE

[IpoBeneHHBIM HMKJIOM HCCICIOBAaHUN TI0
W3YYCHUIO BIUSHUS PA3TUYHBIX (PAaKTOPOB — COOTHO-
LIEHUSI KOMIIOHEHTOB, MPOJIOJKUTEIBHOCTH PEAKLUH,
KOHLICHTpallMu WHULIMATOPA U TEMIIEPATYpPhL, a TAKKE
BIIMSHUS TPUPOABI HOHHOM KUIKOCTH, IPUMEHSIEMOM
B KAQ4ECTBE PEAKLUMOHHON Cpeipbl, HA CKOPOCTh IMOJIU-
MEpHU3aLHY, BBIXOJ, MOJIEKYJSIPHYEO MacCy IOJIy4EH-
HOTO TOJMMEPHOTO MPOIYKTa YCTAHOBJIEHO, YTO MpHU-
menenue MK B kadecTBe peaklMOHHOM Cpeabl CHO-
COOCTBYET TOBBIIIEHHIO CKOPOCTH IOJUMEPH3ANNN H
YBEJIIMYCHHIO BBIXOJa monuMepa. B wacTHocTH, B City-
yae npumMeHeHust DK Ha ocHOBe yKCYCHOM KHUCIOTHI U
N-MeTrImuppoauIoHa BEIXO MONUOYTHIMETaKpHiIa-
Ta cocraBinsier ~95%, W MONTyYeHHBIH MOJMMEPHBINA
MPOJIYKT XapaKTEpU3yeTCd MOJIEKYJISIPHOM Maccou —
520000 o BUCKO3MMETpHUeckoMy Metony [7]. B cmy-
yae OCYLIECTBICHUE MPOLIECCa MOIMMEPHU3ALINU B CpeJie
OPraHMYecKOro pacTBOpUTENs — OSH3071a B aHAIOTHY-
HBIX YCJIOBUAX BBIXOJ HOJII/I6YTI/IJIMCTaKpI/IJ'IaTa COCTaB-
1511 75,0%, a ero monexyssipHast Mmacca — 379000.

Tabnuya 1
3aBucHMOCThH BbIX0/1a HOJII/IﬁyTI/IJ'IMeTaKpI/IJ'IaTa oT
YCJIOBHH peaknuu
Table 1. Dependence of a yield of polybutylmethacrylate
on reaction conditions

Konnentparus Brixon, | KornenTpanus Brixog,
UHUIIATOPA, % LA % MHHULIKATOPA, % LA %
OprannvecKuii
WoHHas )KUIKOCT
pacTBopuUTeNh — OEH3011

0,2 2 18,0 0,2 2 15,0
0,2 4 35,0 0,2 4 | 30,0
0,2 6 52,0 0,2 6 | 450
0,2 8 67,0 0,2 8 50,0
0,2 10| 77,0 0,2 10 | 67,0
0,2 12 | 82,0 0,2 12| 72,0
0,2 15 | 78,79 0,2 15| 72,0
0,2 20 | 82,16 0,3 2 16,0
0,3 2 21,0 0,3 4 | 31,0
0,3 4 39,0 0,3 6 | 46,0
0,3 6 57,0 0,3 8 60,0
0,3 8 74,0 0,3 10 | 70,0
0,3 10 | 90,57 0,3 15| 74,0
0,3 15| 916 0,5 2 17,0
0,5 2 22,0 0,5 4 | 330
0,5 4 42,0 0,5 6 | 48,0
0,5 6 62,0 0,5 8 62,8
0,5 8 79,0 0,5 10 | 72,0
0,5 10 | 92,0 0,5 12 | 75,0
0,5 15 ] 950 05 12 | 75,0

PesynpTathl ucciaenoBaHUI MO OIMPEACICHUIO
BJIMSIHUSI KOHLICHTPALMA HHUIIMATOPA — MEpOKCuia OeH-
30miia npu BecoBoM cootHoienuu MK : monomep 1:1,
temnieparype T = 80 °C Ha mpouecc noauMepusayun
BOMAK B cpene K u OGenzona mpuBeeHsI B Ta0I. 1.
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Ha ocHOBe 3KCIIepUMEHTANBHBIX JaHHBIX ObI-

Jla TIOCTPOCHA PErpecCHOHHAsT MOJETb C MCIOJIb30Ba-

HUEM TporpaMMHBIN Moayis BoxBenkinD, mporpam-

MBI Matlab-7. VkazanHas mporpamma oOecTieunBacT

MOCTPOCHUE PACUETHOM MAaTpHIIBI, pacdyeT KodQQuiu-

€HTOB TPeX(PaKTOPHOH MOJICIN H TPOBEICHHE perpec-

CHOHHOTO aHAJTU3a C TIPOBEPKON aJIeKBATHOCTH MOJICITH

(o xputepuro Duiniepa), a TAKIKE BBIYUCICHUE HECBS3-

KA MEXKIY JIaHHBIMH JKCIIEPUMEHTAa W TOJTYYCHHBIMHU
IPH UCTIONB30BAHUK MOJICIIH pe3yibTaramu [8, 9].

Tabnuua 2

HOFpeIIIHOCTI) BBIYHCJIEHUI MEKAY PAaCY€THBIMU U
IKCICEPUMEHTAJIbHBIMHA 3HAYCHUSIMU
Table 2. Error of calculations between calculated and
experimental values

Y, Yin Vi1-Yieks
18 17,142 0,58
35 35,4452 0,445
52 52,3884 0,3884
67 66,9716 0,0384
77 77,1948 0,1948
82 82,058 0,058
78,79 78,0528 0,7372
82,16 82,9108 0,7508
21 21,3521 0,3521
39 39,8769 0,8769
57 57,0417 0,0417
74 73,8465 0,1535
90,57 90,2913 0,2787
91,6 91,7033 0,1033
22 22,2705 0,2705
42 42,2385 0,2385
62 62,8465 0,8465
79 79,0945 0,0945
92 92,9825 0,9825
95 95,5025 0,5025

OTnuuuTenbHON 0COOEHHOCTBIO MPOTPaMMBbI
BoxBenkin3F sBnsercss THOKuiA alropuT™M yaaleHUs
He3Havyalux Kod(PQGUIMEHTOB W3 MOJETH, pealln3o-
BaHHBI B BWJIE Pa3BEpHYTOrO JTUAiora ¢ HEOOXOau-
MBIMH KOMMEHTapHAMH, TIOMOTAIOIIMMH I0JIb30BaTe-
JIFO TIPHHSATBH pelIeHre 0 3HaYMMOCTH Kodddurmenra.
IIporpamma Takke obecredynBaeT HArIIJHOE Hpes-
CTaBJICHHE PE3YJIbTATOB PACUETOB HA KAXIOM U3 3Ta-
MIOB BBIYHMCIICHUH.

CoBpeMeHHbIE KOMITBIOTEPHBIE CPENICTBA TIPE/I-
CTaBISIIOT OOJBINTYI0 BO3MOXKHOCTh 00OpaOOTKH WH-
¢opmanuu u BbiOOpa BHIA YpaBHEHHs pErpeccuu
IKCTIEPUMEHTAILHBIM METOJIOM, HAIPUMED, ITyTEM CpaB-

o 2
HCHUS BCJIWYHHBI OCTATOYHOU IOUCTICPCUUN (S ),

ocm
PACCUNTAHHOM /IS PA3IMIHBIX MOJETIEH.
3aBUCHMOCTb BBIXOJA LEIEBOr0 MPOAYKTa OT
(axTOpOB MPHHATA B BUJE JIMHEHHOH perpeccuu:
2 2
Y =b,+ X, + X, + X, X, + X +X,

78

Ucxonsa u3 3HaueHUd Y U HE3aBUCHMBIX IIe-
pPEMEHHBIX X onpeaesuii Ko GUITMEHTH perpeccuu
b(i) u cpennee orknonenue O (b;)

[TomyueHHast perpeccCuoHHas MOJEIh TPOIIEeC-
ca UMeeT CIIEAYIOIINI BUA:

Y =-30+12.45X, +147.4X, +1.108X,X, —0.42X > —175.03X ?

Jnst momy4enus oneHok by xo3ddummeHTos
PErPECCHOHHONW MOJACTU MUHUMH3UPYETCS CyMMa
KBa/IpaTOB OITUOOK PErPecCuu:

Z(yi ~b, ~b,x, ~b,X, ...~ bX;)* — min
i

Pemrenue 3amaun CBOAWTCS K PEMICHUIO CH-
CTEeMBI JIMHEHHBIX YpaBHEHUH OTHOCHTENBHO by. O Ka-
YEeCTBE IOJYYCHHOTO YPABHECHUS PETPECCHH MOMXHO
CyIUTh, MCCIIENOBAB ¢ =y - Y; - OLUEHKY CIy4alHBIX
omuOok ombiTa. OIEHKA AUCIEPCHH TPOBOIUTCS IO
thopmyre:

$7=(D(Y,-Y)? J(N-P-1)

BenuunHa S Ha3pIBaeTCs CTaHAAPTHOMN OMINO-
KO perpeccrn. UeM MeHbIIIE BENUYHHA S, TEM JTydIle
ypaBHEHUE PETPecCHH OIMCHIBAET HE3aBUCHMYIO IIe-
pemenHyto Y.

[NomyuenHast Mojiesb ObLIA UCTIOIB30BAHA JIS
pelIeHns 3a1a9d ONTHMU3ANNNA W KHHETHYECKHUX 3a-
KOHOMEPHOCTEH Ipolecca.

Jnst sToro OBIIa WCIONB30BaHA KWHETHYE-
CKas MOJIeJTb [IEPBOTO MOPSAKA BUJA!

A—B

B HavanbHbli MOMeHT BpemeHu 7t = 0 ang
BeniecTB A u B xonuenTparuu pasubel Cp = @, Cg = 0.
Uepes HEKOTOpOE BpeMsl 7 KOHIIEHTpAIs BelecTBa B
Oyzner paBHa Cg = X, a KoHIIeHTpanus BemecTBa A Cy
= a-X. Torga ckopocth 0O6pazoBanus BemecTa B Oy-
JIET ONPEENATHCS POPMYIION:

W(B) = dx/dr = k(a-x), (@)
OTCIOJIa UHTCTPHUPYS YPAaBHCHHUE:
dx/(a-x) = kdz. 2
ITony4yaem ypaBHEHUE CIEYIOLIETO BUJA!
-In(a-x) = kt + C, 3)

rae C — mocTossHHAs HHTErPUPOBAHUS.
B HauanbHBIM MOMEHT BpEMEHU
t=0,C=-Ina. 4)
IToacraBuB B ypaBHeHHe (3), TOIydaeM ciie-
IyIoIee YpaBHEHUE:
In(a/(a-x)) = kt 5)
[Tocnennee MOXHO 3amucaTh B BUJE:
x = a(1-e)™ wm a-x = ae™, (a-x)/a =™
O6o03uaunm conv = (a-X)/x-100%wu ompese-
JUM KOHCTaHTY CKOPOCTH TIPOIlecca B CpPeIe MOHHOM
KHUIKOCTH (Tab. 3).
Te >xe BeUKMCHEHNS OBLUTH IIPOBEACHBI IJId pe-
akiuu nonmmepusaiin BOMAK B cpene Oenzona
(tabm. 4).
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Tabnuua 3

3HayeHHs KOHCTAHT CKOpOCTeﬁ pe€aKknuu B 3aBUCUMO-
CTH OT TeEMIIEPaTyphbl B Cpeae HOHHOM JKHIKOCTH

Table 3. Values of rate constants of reaction depending
on the temperature in the medium of ionic liquid

333K 353K 373K
1,4978 1,0211 0,8859
0,4742 0,3273 0,2697
0,2007 0,1569 0,1155
0,0998 0,0817 0,0482
0,0693 0,0446 0,0423
0,03317 0,03214 0,03147
0,02195 0,02406 0,01917
Taonuua 4

3HaYeHNs KOHCTAHT CKOPOCTei peakuu B 3aBUCHMO-
CTH OT TeMIlepaTyphbl B cpeje 6eH30/1a
Table 4. Values of rate constants of reaction depending
on the temperature in the environment of benzene

333K 353K 373K
1,06 0,85 0,71
0,356 0,263 0,241
0,1723 0,1084 0,0931
0,089 0,051 0,0376
0,0512 0,0261 0,0223
0,0309 0,0165 0,0152
0,018 0,015 0,011
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8.  S-plus 2000. Professional Release. Math Soft Inc. USA. 2000.

9. Matlab — 6,5. The Math Works. Inc. All Rights Reserved.
USA, 2000.

Kak BuaHO, comocTaBUTENbHBIM aHATU3 3Ha-
YEHUM KOHCTaHT CKOPOCTEN MpolLecca NoIUMEpU3aluu
BOMAK mpu pa3nuyHBIX TeMIiepaTypax peakiuu
(tabm. 3, 4) cBUAETENBCTBYET 00 OTHOCHTENILHO BHICO-
KOH CKOPOCTH PEaKIMU B CPEAe HOHHON >KUIKOCTH.

Brerancnennsie mo popmyne Appenmnyca (K =
Koexp(-E/RT)) 3HaueHus HEPrUU aKTHBAIMU B 3aBH-
CUMOCTH OT NPHUPOIBI NPUMEHSEMOIO PacTBOPUTEIS
TaKke MOATBEP)KIAIOT BhIIIecKa3zaHHoe. s mporec-
ca monuMmepu3anuu B cpene uccienyemoit K snep-
rus aktuBanuu coctaBimstia E = 6105,3 kan (26,2
kJ/lx/mons) mpu Ky = 0,022, gto B 1,33 pasa Hmxe
3HaueHus dHeprun aktuBaryu E = 8109,3 kan (34,87
kJIx/mMois), ipu Ko = 0,0052 mist peakiuu moume-
puzanuu BOMAK B cpene Oenzouna.

Takum 00pa3oM, MOJTY4YEHHBIE PE3yIbTATHI
MOATBEPXKIAIOT MPEANIOIOKEHHE O BBICOKOH CKOpPO-
ctu peakuuu noaumepusaunu bOMAK B cpene MK,
YTO OOBSCHICTCS BIMSHUEM HOHHOM Cpelbl Ha peak-
WU pocTa (YMEHBIIEHHE SHEPTUU aKTUBAIMH) U 00-
pbIBa 1enu (yBETHYCHUE BA3KOCTH PEAKIIMOHHOW CH-
CTEMBI — Ielib-3QPEKT).
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