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Ximiuna moaudikaliis ermokcugaoro ojiromepy E/I-20
1,4-6yTanaiosiom

(ITpedcmasaero waenom-xopecnondenmom HAH YVipainu IO. FO. Kepuerw)

Busueno ximiuny modudixauito enoxcudnozo onizomepy EI-20 1,4-6ymandiorom 3 memoro
CUHME3Y PEAKUITHO30AMHO20 OAT2OMEDY, AKUT MICTMUMb Y CE0I CMPYKMYpPl eNoKCudHy 2py-
nyYy ma nepeuHHy U 6MOPUHHL 2idpoKcusbhi 2pynu. Bemanosaeno enaus npupodu G Kiavkocmsi
KAMaAi3amopa, a Mmakxodic MeMNEPAMYPU Ha WeUIKICMyb nporodxcenns peakuii mioic EJ[-20
1 1,4-6ymandiosom. Posparosano epexmusti KOHCMAHMU WEUIKOCTE Ma eHepeia GKMueayii
exa3anol peaxyii. CurmMe308aH0 MaA CTAPAKMEPUSOBAHO PEAKUITHO30AGMHUL 0AT20MED HA OCHO-
81 NPOMUCA06020 eNOKCUIH020 onizomepy EJI-20 i 1,4-6ymandiony ma nokadaHa MOHCAUSICMDL
i020 suxOpUCTANHA AKX JoMIWKY 00 enoKcuoAizoMepHUT cymiwel 3a ywacmio 4,4 -oudenin-
MeMandii30UiaHamy.

st crBopentst BUPOOIB Ha OCHOBI 110J1iMepiB (0JIiroMepiB) i3 MOKpaIeHUME BJIACTUBOCTSIME HE00-
XiJtHi HOBI CIOJIYKH, $IKi 6 XIMIYHO 3B’ 3y BaJICs 31 BCiMa KOMIIOHEHTaMu 1oJiMepHol cywiri [1, 2].
Taxi cro/ryku MOBUHHI MiCTHTH y CBOI# CTPYKTYpi pi3Hi 3a mpupomoo QyHKINRHI rpyIIn, M0 3/1aT-
Hi B mporiecax (popMyBaHHsI TOJIMEPHOTO BHPOOY B3AEMOIISITH MiXK CODOIO, YTBOPIOIOUM E€IUHY
nosiivepry citky [3]. st mporo Ha OCHOBI JiaHOBOI €IIOKCHJIHOI CMOJIM CHHTE30BAHO OJIIrOMe-
pH, siKi MICTSTh y CBOIl CTPYKTYPI HEepOKCHIHI, KapOboKcuibHl Ta iHmi dbyHkiiiini rpymun [4-7].
Bubip emnokcuauol cmosn (oiromepy) siKk BUXIJHOI CHIOJIYKH JJIsl CUHTE3Y CIIOJIYK, 10 MICTITH
pizHi 3a MpupomoI0 (DYHKIHHHI rpyIn, 3yMOB/JIEHUN BUCOKOIO PEAKIITHOIO 3IaTHICTIO €ITOKCUTHOL
rpynu y Buximnomy osiromepi. Hamu BuBUeHa MOXKINBICTD OTPUMAaHHS HA OCHOBI €ITOKCHITHOTO
omiromepy EJI-20 crosyku, sika 6 oHOYACHO MicTm/ia y CBOI CTPYKTYPi HE TiIIbKM BTOPUHHI
IiJIPOKCUIIBbHI IpyH, a i nepBUHHY IigpokcuibHy Ta enokeuany rpymnu (FTIEO) 3a piBusiHHSIM:
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Buxinnuit osiromep EJI-20 xapakrepusyBaBcsi mouiekysisipHoro Macoro (MM) 350 r/moub
ta enokcuaauM auciaom (e.a.) 20,0%. 1,4-Byrangion (BJI) — npoaykr mapku “a” 3 MM 90,
12 r/Mob.

JJ1st BCTaHOBJIGHHST YMOB CHHTE3y T'iIPOKCHIIIOXIIHOTO enokcuanoro osiromepy (I'TIEO) Bu-
BYEHO BILIUB IIPUPO/IN KaTali3aTopa Ta HOTro KIIBKOCTI i TEMITEpaTypy Ha MMBUIKICTH ITPOXO/I2KEH-
Hel peakiril Mizk osiromepoMm EJI-20 ta B. fk katasmizaTop peaxiiil BUBYAIU: TiAPOKCUT KAJIIO
(KOH), uerBeprunni amoHieBi coui, 30kpema Gensmirrpuerninamoniiixiopuy (BTEAX), rerpa-
mermtamoniitiiomur (TMAIT), Terpabyrunamoniitoponmin (TBAB) i mermarpuerniaMoHiiGpomis
(ITEAB) Ta xartamitudny cyminm, mo CKIaagacs i3 YeTBePTHHHOI COJi Ta IiJPOKCHILY KaJiio.

Bzaemomiio omiromepy E/I-20 3 B/l BuBYaau B TPUTOPJOMY PEaKTOPi 3 MEXaHiYHUM IepeMi-
[Ty BaHHSAM. PeakIiitHuM CepeIoBUINEM CJIyTyBaB i3omporriyioBuit cuupt. KouTposb 3a mepebirom
peakKIril TpOBOIWIN BHACJIIOK BU3HAYEHHSA KOHIIEHTpAIll €NOKCUJIHUX TPy Y peakIliitHoMy ce-
penosuiii 3a MeTogukow poboru [8|. [esiki 3 oTpuMaHUX pe3ysbrariB JEeMOHCTPYIOTH puc. 1
it 2 Ta Tabsa. 1. I3 HaBemenux ma puc. 1 #l 2 JaHUX MOXKHA, KOHCTATYBATH, IO PEAKINS MiXkK OJIi-
romepom EJI-20 # B/l mpakTU4HO MiAIOPSIIKOBYETHCA PIBHAHHIO peakilii 2-ro mopanky. Kpim
poro, 3 puc. 1 i tabs. 1 6admmo, 1o peakiiiss mixk osiromepom EJI-20 it BJI npu Temmepatypi

ne n = 0-2;

1/C, n/momb

Py
o
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Puc. 1. Kinernuni anamopdosu B koopaunarax 1/C(7) nna peaxnii omiromepy EJI-20 3 BJI npu 343 K y cepeno-
Buij izonpomninosoro cruupry. Karanizarop BTEAX (30% mousn.) (1) ta KOH y mosbHiit kinbkocri, %: 5 (2),
10 (3), 20 (4), 1 30 (5) y pospaxyHKy Ha 1 r-ekB emokcuauol rpynu osiromepy EJI-20.

Moumbue cuisBignomennsa EJI-20 : B/l =1:1
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1/C, a/momb

900 1800 2700 3600 4500 T, ¢

Puc. 2. Kinernuni anamopdosu B koopaunarax 1/C(1) gnsa peakuil osniromepy E/I-20 i3 BJI npu 343 K y cepeno-
BUMI i30TIPOMiIoBOro CrMpTy Ta KaramiTnarol cymint: TMAN4KOH (1), ITMAB+KOH (2), TBAB+KOH (8)
i BTEAX + KOH (4) y mosnbHOMy cuiBsinHomenHi 1 : 1 Ta Kigskocti yerBepruHHOI amMoHieBol cosi 5% Ha 1 r-exs
ertokcuHol rpymnu EJI-20.

Moumwue cuisBignomenns EJI-20 : B/l =1:1

353 K y npucyrnocti nasirs 30% (mosbn.) BTEAX He BinoyBaerbesi. Bukopucranns sik Kara-
JII3aTOP T'APOKCHUY KaJIilo MPUBOJAUTD JIO0 IPOXOJIZKEHHS TaKOI peakilil, 1 11 MBUAKICTD 3a/I€KUTh
Bz kiabkocri KOH (muB. puc. 1; tabu. 1). 3 inmoro 60Ky, aHAII3y091 Pe3yJIbTaTH, IPeICTaBIIeH]
Ha puc. 2 1 B Tabs. 1, 3HAXOMUMO, IO JJIs YCIIIIHOTO mepebiry peakilil MOXKHA BUKOPUCTOBYBa-
TU KATaJITUIHY CHUCTEMY, IO CKJIQJIAETHCI 3 YETBEPTUHHOI COJIi AMOHIIO Ta TiAPOKCHUIY KAJIIIO.
[Tpuaomy Bmict KOH y rtakiit cymini € 3HAYHO MEHINNUM, Y TOPIBHSAHHI 3 YHCTUM TiIPOKCUIOM
KaJIi1o, a MBUIKICTH peakiiil — npakTudHo y 4—8 pasiB Oinbiroro. [lopiBHIoOUH Ipuposy deTBep-
TUHHOI couti (auB. puc. 2; Tabi. 1), 3HAXOAUMO, IO K KATAJITHYHA cHcTeMa HajiedpekTuBHIIIA
Ta, gka Mmictutb BTEAX gk xaramizarop; HaiiMeHII e(eKTUBHA — y BUIIAJIKY BUKOPUCTAHHS
gerBepTuHHOI amonieBol cosi [ITMAB.

Tabruys 1. EdekTuBHI KOHCTAHTH MIBUAKOCTI peakiiil B3aemomil B/l i3 omiromepom EJI-20

KaramizaTop Ta #oro MonbHa KiTbKiCTD, Temmeparypa Keg. - 1()47
% ma 1 r-eKkB €MOKCHIHOI TPyTIH peaxiii, K a1/ (MouB - ¢)
BTEAX, 30 353 Peakuis ve BinOyBaeTbcst
KOH, 30 343 13,44+ 0,13
KOH, 20 343 5,3 + 0,09
KOH, 10 343 3,2 + 0,06
KOH, 5 343 1,4 £0,08
BTEAX, 5 + KOH (1:2) 343 12,0 £ 0,13
BTEAX, 5+ KOH (1:1) 343 11,0 £ 0,10
BTEAX, 5 + KOH (1,0 : 0,5) 343 8,0 + 0,22
TBAB, 5 + KOH (1:1) 343 5,0 0,03
TMAM, 5 + KOH (1:1) 343 2,5 40,08
IITMAB, 5 + KOH (1:1) 343 2,9 + 0,05
BTEAX, 5 + KOH (1:1) 333 4,0 + 0,08
BTEAX, 5 + KOH (1:1) 353 30,0 £1,29

IIpumirka. Crissignomenns omiromep EJI-20 : B/ = 1 : 1 mons. BTEAX, TBAB, TMAI1 it IITMAB Buxo-
pucrosyBamm y Burysgi 60%-ro Bogaoro posunny, KOH — y sursazni 40%-ro pozuumny.
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[TopiBHIOIOUM pe3ysibTaTu, IO HOpeicTaBieHi B Tabj. 1, 30KpeMa BIUIMB CIIiBBiTHOIICHHS
BTEAX + KOH, moxua mpumyctuTi, mo (GakKTHIHO KATAJi3aTOPOM PeakIil MiXK OJiroMepoM
E/1-20 it B/1 € 6ensunrpuermnamoniii rigpokeuny (BTEATY), skuii yrBoproerbest 3a Takum piB-
HSHHSM:

[(C2H;5)sNCH,CgHs] O™ + KOH = [(CoHs)sNCH,CoHs] FOH™ + KCL.

Orpumana oprauiuna ocioa BTEAT, y nopisusiani 3 neopraniunoro (KOH), € 3nauno cuiib-
HIIIIM KaTaji3aTopoM, i ToMy 3Ha4HO mpucKoproe yrBopenHs ['IIEQO.

Pesynbraru i3 BUBYEHHsI BILUIUBY TeMIIEpATyPH Ha ITPOXOJKEHHSI PeakIlii MiXK OJiroMepom
EZI-20 it B/I (nus. taba. 1) 6yin BUKOpHCTaHi Jisi po3paxyHKy edeKTHBHOI eHepril akTuBariil,
sIKa Y [bOMY BHIAQJKY CcTaHOBUTH (86,6 + 2,3) k/I:k/Mosb. Kpim Toro, 6ys10 BCcTaHOBIIEHO, 10
3MEeHIIIeHHsI KOHIIEHTPAIlil eMOKCUIHIX TPYII Y PeaKIiiiHOMYy cepeJoBHINl HamojaoBuHy upu 353 K
JocaraeTbes 3a 15 xB, npu 343 K — 3a 23 xB it 333 K — 3a 45 xB.

Ximiuny momudikairito osiromepy EJI-20 B/l npoBoguan y TpuropioMy peaxTopi, 0018 1HAHO-
MY MEXaHIIHUM MTePEMIITyBAHHIM, 3BOPOTHUM XOJIOIMILHUKOM Ta KPAIEJIbHOIO KO0, ¥ peak-
top 3aBanTaxKyBasu 100 r osiromepy EI-20, pozumnenoro y 250 MJ i30IpoIijIoBOro CIOUPTY,
5,45 r BTEAX, posunnenoro y 4 mit HyO, ta 1,3 r KOH, posunneroro y 2 mi HyO. Cyminn npu
nepemimyBanui Harpisasau j10 333 K i mo el Bopomosk 30 XB i3 KpaleabHOI JIKU JOJIMBAIN
posunH, 1o ckiagascd i3 22,0 v B y 150 mur isonpomisosoro cuupry. Ilicis 3akingenns: moma-
BaHHSI PO3YMHY pEaKIiiiHy Macy IpH BKa3aHill BHUIE TEeMIIEpPaTypi BUTPUMYBAJHU I BIPOJIOBK
10 XB, OXOJIOMKYBaIM 10 KIMHATHOI TemrepaTypu i meitrpamisysamu 10%-M po3YmHOM OITOBOI
kucjoru. Jdomasaau 400 My xjopodopmMy, TEPEHOCUIN Y JIHIBHY JHHKY 1 TPOMUBAJIA BOJIOIO 10
HeliTpaabHOI peakil Ta BakyymysaJu npu 343 K mo mocriitnol macu. Orpumasu 120 r amopdHOro
upoaykry (I'TIEO), posunHHOrO B OpraHivHUX PO3YMHHHUKAX.

g TTIEO snaiigeno: MM 460 r/moub Ta enokcumaae uucio 8,6%. Crpykrypa I'TIEO mxo-
BeseHa [Y criekTpockomiaauME JTocyimkeHHsiMU. B TH-ciekTpi nNpucyTHICTH €MOKCUIHUX TPYII
y I'TIEO noBemena BajieHTHUMEU KOJUBaHHSMEU TIpu 916 CM_l, TiJIPOKCUIBHUX I'pyll — 1ipu 3392
i 892 cM™ !, erepHuil 3B’5I30K, SIKHil yTBOPIOETHCSI BHACILIOK IpuexHants Moiaekyan BJI 1o ooi-
romepy EJI-20 — npu 1040 cm~ L.

Hasricts y mosekyiai I'TIEO BiIbHEX HEpBUHHUX Ta BTOPUHHHUX TiAPOKCHJIBHUX T'PYIl J1a€
3MOTY BUKOPHUCTOBYBATH HOro Jjist (POPMYBAHHS TOJIMEPHUX ILIIBKOK HA OCHOBI ITPOMUCJIOBOTO
enokcugaoro oyiromepy EJI-20 Ta miizomiamaris. EmokcwostiromepHy cywimn roTyBajn i3 po3pa-
xynky 100 mac. 4. enokcmanoro omiromepy EJI-20, 20 mac. 4. 4,4'-mudeninveraniizomianary
i 20 mac. 1. I'TTEO. Cywmim posbapistu xaopodopmoM 1 momasaau 15 mac. 4. ITEITA. IliiBku
dopMyBasu Ipu KiIMHATHIN TeMueparypi y BiacyTHOCTI Bosioru moBiTps Bipogosx 10 mi6. OTpu-
MaHi pe3yJIbTaTh 38 BMICTOM Iejlb-(Dpakiiil Ta TBEPAOCTI ILUIBOK LIocTpye Tabil. 2. 3 HaBeIEHUX

Tabaruys 2. Buict renb-dpaxiiil Ta TBepAOCTI IIIBOK HA OCHOBI €MOKCHOJIITOMEPHOI CyMirri

3HadeHHs TOKAa3HUKA 38 Jac (POPMYBAHHS ILUIIBKH, 1004
ITokaznuk
I
Tenb-dpaxiris 74,9 76,7 82,0 83,6 90,0 90,2
TeepaicTb JInmka JInmka 0,10 0,15 0,22 0,43

IIpumiTtka. Bwmict remp-dpaxiiil Bu3HaYaIM BHACTIIOK €KCTPAryBaHHS CTPYKTYPOBAaHUX 3Pa3KiB XJIOPOdOp-
MoM B amapari Cokciiera BIIPOJOBK 8 TOJ; TBEPIICTb ILIIBOK — Ha MasgTHUKOBOMY mpuiaami M-3 npu KiMHATHIN
TeMIepaTypi.
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y TabJmI pe3yJIbTATIB 3HAXOAUMO, 110, HE3BAXKAIOUM Ha Te, M0 3a 1-2 100u IJIIBKY € JIMIIKUMH,
BOHHU XapaKTEPU3YIOThCS JIOCTATHHO BUCOKUM BMICTOM HEpPO3uMHHUX HPoayKTiB. Hajasi crocre-
piraeTbes K IABUNIEHHS BMICTY HEPO3YMHHUX MPOMYKTIB, TaK 1 30LJIbITIEHHS TBEPIOCTI ILTIBOK.
Ilepexim “numkoil” WIIBKHU A0 MOJIIMEPHOT IUTIBKH, IO XaPAKTEPU3YETHCsT IIEBHOIO TBEPIICTIO, MOXK-
Ha TOSICHUTH B3a€EMOJIIEIO BIIBHUX T'JIPOKCUJIBHUX I'PYN Y YacTKOBO 3IMIUTIH MOJIIMEPHiiT MaTpuIii
Ha ocHoBi cmosmm EJI-20 i I'TIEO 3 MosekynaMu mii3orianary.

Taxkum IuHOM, Ha OCHOBI IIPOBEIEHMX IOC/IIIKEHb BCTAHOBJIEHO T'OJIOBHI KiHETHYHI 3aKOHO-
MipHOCTI XimiuHOl Momudikaril enokcugaoro ojiromepy EJ/I-20 1,4-0yTanaioioM, CHHTE30BAHO
HOBUI oJriroMep, KW MICTUTH BIJIBHY TEPBUHHY TiIPOKCUJIBHY Ta €NOKCHIHY TPYIH Ta II0-
Ka3aHa MOXKJIUBICTh 3aCTOCYBAHHS TAKOI'O MPOJAYKTY sIK 3B’S3yI0UOr0 B EIIOKCU/IIi30IiaHATHIX
cyMimax.
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Xumuvueckass moaguduKkanusi SMOKCUIHOTO osmromepa I/1-20
1,4-6yTaHauoJiomM

Hszyuena rumuveckas modupurayusa snokcudnozo oauzomepa I/A-20 1,4-6ymanduosom daa cun-
me3a PeaKyUOHHOCTILOCOOH020 OAULOMEDA, COOEPIHCAUEL20 6 CE0ET CMPYKMYPE INOKCUIHYIO 2pYn-
nY U NEPBUYHYIO U GMOPULHBIE 2UIPOKCUABHDBLE 2PYNNBL. YCmMaHo6aeHo sausnue npupodsl U Ko-
AUMECTNBG KAMAAUIAMOPA, G MAKIHCE MEMNEPAMYPVL HA CKOPOCTD NPOMEKAHUA PEAKUUL MEAHCOY
/[-20 u 1,4-6ymarduosom. Paccuwumanv, spexmusrvie KOHCTMAHMBL CKOPOCTNU U IHEP2US GKIMU-
sayuy yrasdannotl peakyuu. Cunmesuposan u oxapakmepu3osan PeakyuoHHOCTOCOOHBIT 0AULZOMED
HA OCHOBE NPOMBLUACHHO020 INOKCUOH020 osuzomepa D/-20 u 1,4-6ymanduonra, nokasana 603MoiHc-
HOCMD €20 UCTLOAD30BAHUA 8 Kavecmee 000a6KU K INOKCUONUZOMEPHDIM CMECAM C NMPUMEHEHUCM
4,4 -oudpenurmemanduusoyuarnama.
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M. M. Bratychak, O. P. Ivashkiv, O.T. Astakhova

Chemical modification of ED-20 epoxy oligomer by 1,4-butanediol

The chemical modification of ED-20 epoxy oligomer by 1,4-butanediol has been studied with the aim
of synthesizing a reactive oligomer with epoxy, primary hydroxyl, and secondary hydroxy groups
in its structure. The effect of the catalyst nature and amount, as well as the temperature, on
the reaction rate has been determined. The effective reaction rate constants and the activation
energy were calculated. The reactive oligomer based on ED-20 commercial epoxy oligomer and
1,4-butanediol has been synthesized and characterized. The possibility of its use as an additive
to epoxy-oligomeric miztures with the participation of 4,4 -diphenylmethanediisocyanate has been
shown.
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