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The study of the curing of the polyurethane coating
by method of IR spectroscopy

The results of the study of the curing process of polyurethane compositions
with participation of two different catalysts by the method of IR spectroscopy
are given. The time dependences of curing of polyurethane coatings from con-
centrations of catalysts were determined, on the basis of which the most effec-

tive catalyst was selected.
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One of the most common plas-
tic materials today is polyurethane. The
widespread use of this polymer is due to
the wide scope and high rates of physical-
mechanical properties as strength, wear
resistance, resistance to swelling in vari-
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ous oils and solvents and ozone- and ra-
diation resistance and others [1, 2].

The combination of high elasticity
with wide range of hardness defines the
excellent operational properties of the
products based on them. The polymer is



able to withstand heavy loads, less subject
to aging than other substances. It is resist-
ant to temperature extremes, sunlight,
salts, solvents on organic base.

Therefore, the establishment of the
protective anti-corrosion polyurethane
coatings, used in large industrial objects
(bridges, overpasses, etc.) is an actual task
today.

The obtaining of the polyurethane oc-
curs by the reaction of di- and polyfunc-
tional isocyanates with di- and polyfunc-
tional alcohols:

O=——N-R-N=——0 tHO—R*OH * 0=—=N-R-N=——0+ HO—R*OH T ...

rethane, which is difficult to implement in
a coating outdoor environments [3-5]. In
this case it seems more profitable variant
of use of a catalyst which initially is added
to the reaction mixture, accelerating the
process of chemical curing of the coating.
One of the most common catalytic sys-
tems is the combination of organometal-
lic compounds and tertiary amines. Often
this combination is due to the synergistic
effect of these compounds.

The purpose of work is the determina-
tion of the influence of the concentration
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Since the curing time of the compo-
sition is sufficiently large, there is a need
for its acceleration, while maintaining the
properties of the very protective coating.
In many experiments thermal processing
is used for acceleration of curing of polyu-

Materials and methods of study

Spectra of prepared samples were re-
corded on a IR-Fourier spectrometer
Bruker Alpha prefix diffusive reflection.

As starting components for the prepa-
ration of the samples were taken:*

Aliphatic polyisocyanate on the basis
of isocyanurate hexamethylenediisocy-
anate (Desmodur N3390 of firm Bayer)
90 % Solution in n-butyl acetate with
a mass content of isocyanate groups of
19.6 % was represented in the sale:
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of tertiary amine as a catalyst on the rate
of binding process of the components in
the reaction for producing the polyure-
thane at room temperature by the method
of IR spectroscopy.

the hydroxyl-bearing polyacrylate (Se-
talux DA 160X) with a mass content of
hydroxyl groups of 1.6 % in the sale form.
Represented as 60 % solution in xylene:

HO

As organometallic catalyst was used
1 % solution of dilaurate dibutylamine in
butyl acetate, the tertiary amines are vari-
able amounts of triethanolamine and di-
azobicycloundezen.
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The experimental part

In advance 12 metal dies of a given size
of 25.5x4,5%6,0 mm had been prepared.
The sizes of dies were determined by
measuring of the geometric parameters of
the set of elements of the sample prepara-
tion for the recording of spectra of diffuse
reflection. Metal dies on one side were
mirror polished. Half the polished side
was covered with the prepared sample us-
ing a special device enabling the thickness
of the polyurethane coatings of 0.01-0.03
mm, the other half surface was used as a
standard of comparison.

The ratio was calculated by the fol-
lowing formula (calculated to anhydrous
polyol):

P

B 1

g_M3-c

<
o

where P, is the number of polyol, g; P,
is the number of isocyanate derivatives,
g; M, is the molecular weight of isocya-
nate groups 42.e.m.; M, is the molecular
weight of the hydroxyl groups 17.e.m.;
b is the content of hydroxyl groups in the

Results and discussion

The assessment of chemical bonding
of the components was based on changes
in the concentration of isocyanate, which
is determined by the intensity of the ab-
sorption band of the isocyanate group at
2291 cm™ [6]. The process of formation
of polyurethane was considered complete
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polyol, 1,6 %; c is the content of isocyano
groups in the isocyanate, 19,6 %.

The founding ratio of isocyanate deriv-
atives was to poliol by mass is 30,63:100.
Given the content of solvents the mass ra-
tio used 20,47:100.

The experiment was conducted in
4 parallel: without catalyst of tertiary
amine, with content of catalyst of tertiary
amine, 0.50 %, 0.75 %, 1.00 % of the mass
of the mixture. Isocyanate and polyol
were mixed in a specific ratio, were added
1 % by mass of the mixture dilaurate dibu-
tylamine 1 % solution in butyl acetate and
the variable number of catalyst of tertiary
amine was poured. So 4 parallels were
got, where as the catalyst there was used
triethanolamine, and 4 parallels, where
the catalyst was diazobicycloundecen. The
reaction mixture was prepared by stirring
for 10 minutes at room temperature.

IR spectra were recorded with the fre-
quency of once per day for 25 days. Addi-
tional treatment except correction of base
line was not carried out.

when the absorption band is not visible in
the spectrum (Fig. 1). In Fig. 2 and 3 show
graphs of the content of the absorption
band of NCO-groups in time are shown.
As can be seen in the graphs, the speed
of curing increases with increasing con-
centration of catalyst. Isocyanate groups
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Fig. 1. Comparison of the IR spectra of the sample containing no triethanolamine
at the beginning and end of the experience
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Fig. 2. Dependence of the intensity of the absorption bands from the time in the sample
containing various concentrations of triethanolamine:
Nel—-0%;Ne2-0,5%;Ne3-0,75%;Ne4-1%

are extremely reactive and rapidly inter-
act with substances that contain hydroxyl
and amino groups. This interaction of
isocyanate groups and hydroxyl or amino
groups of agents of chain growth leads to
the formation of a larger number of ure-
thane linkages. Therefore, the time for
chemical curing of the reaction mixture

of the polymer requires less at higher con-
tent of the catalyst. It should be noted that
the physical curing is observed within
hours after applying of the sample, where-
as chemical curing was leaking much
longer. Physical curing was evaluated by
leaving of the nail strip on the sample of
polyurethane
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Fig. 3. Dependence of intensity of absorption bands from time in the sample containing
different concentrations of diazobicycloundecen:
Nel-0%;Ne2-0,5%;Ne3-0,75%;Ne4-1%

In the resulting study the chemical
curing of the polymer composition was
observed faster when used as a catalyst
triethanolamine. It should be noted also
that the triethanolamine is cheaper than
diazobicycloundecen, which explains its
wide spread in industrial production.

The obtained experimental data can
be used to optimize the technology of
applying of  polyurethane protective

OpgHuM M3 CaMbIX PacHpOCTPAHEH-
HBIX TIOJIVIMEPHBIX MAaTEPUAIOB COBpE-
MEHHOCTU sB/seTcsi momuyperad. Illn-
pOKOe MpUMeHeHMe TaHHOTO IMOMMepa
00YC/IOB/IEHO IIVPOKOI 00/MacThio NpH-
MeHeHUs U BBICOKMMM IT0Ka3aTe/IAMU Ta-
KX PU3UKO-MEXaHNIECKUX CBOVICTB KaK
IPOYHOCTD, U3HOCOCTOMKOCTbD, YCTOMUN-
BOCTb K HaOYXaHNUIO B Pa3/IMIHBIX MacIax
U PaCTBOPUTETISIX, & TAKXKe 030HO- 1 pa-
IMAIVIOHHOCTOMKOCTD 1 apyrue [1, 2].

CoueTaHe BbICOKOM 3TaCTUYHOCTI C
MIMPOKUM AMANa30HOM TBEPHOCTHU OIpe-

272

coatings and will predict the time to
complete bonding of the components of
the reaction mixture to achieve optimal
physical-mechanical indicators.

* The authors thank the Head of R@D
Division Prof. Kozhevnikov D. N of JSC
SIH VMP for scientific and innovative
work. for the objects of study and their in-
terest in scientific research activity of stu-
dents, hit UrFU.

In Russian

JensdeT NPeBOCXOMHbIE SKCITyaTal[MOH-
Hble CBOJICTBA M3JeNMiI HAa UX OCHOBE.
ITonumep criocobeH BbIAEPKMBATh 6OMb-
IIMe HArpys3Kyu, MeHbllle MOfBepraeTcs
CTapeHMIo, 4eM pApyrue BemecTBa. OH
YCTOIYMB K TeMIIepaTypHBIM Ilepernaziam,
COMIHEYHBIM JIy4aM, COMM, PACTBOPUTE-
JISIM Ha OPTaHMYECKOll OCHOBE.

[TosToMy co3fjaHMe 3alIUTHBIX aH-
TUKOPPO3MOHHBIX MONNYPETaHOBBIX
MOKPBITUI, UCTIONb3yeMbIX B KPYIIHOTa-
OapUTHBIX INPOMBILUIEHHBIX 00DbeKTax



(MOCTBI, 3CTAKa/IbI U T. JI.) IB/IACTCA aKTy-
a7IbHO 3afjaueli Ha CETOMHAIIHUIN JeHb.

ITony4yeHne mnonmypeTaHa IpPOKUCXO-
IUT 10 peakuuu Ju- U HOMUPYHKINO-
HaJIbHBIX M30L[MaHATOB C M- U HOMNYH-
KIJMIOHa/IbHBIMM CIIUPTAMMU:

IlockonbKy  BpeMs  OTBEPXKIEHMA
KOMIIO3UI[MM JOCTATOYHO 6O/IbILIOE, BO3-
HIK/IA HEOOXOFMMOCTb €0 YCKOpPEeHNs
IIpU COXpaHEHNUN CBOJICTB CAMOT0 3alllNT-

O=—=N-R-N=—=0 tHO—R*OH * 0=—=N-R-N=——0+ HO—R*OH T ...

VICTIO/Ib30BAHMS KAaTa/M3aTOPa, KOTOPBII
M3HAYA/BHO J00AB/IAETCS B PEaKIMOH-
HYI0 CMeCb, YCKOpSIsi NPOLiecC XMMUde-
CKOTO OTBEP)KAeHWs MOKpbITys. OmHOM
U3 PaCIpOCTPAHEHHBIX KaTalIUTIUIECKUX
CHCTEM SIBJISIETCSI COYETaHNe OpraHOMe-
TAUINYECKUX COENVHEHNUIT ¢ TPeTUYHBI-
MK aMyHamu. [IprdeM 3adacTyio Takas
KOMOVHAIMsI 00YC/IOB/IEHA CUHEpreTIye-
ckuM 3¢ PeKTOM ITUX COEIVHEHMI.

—_—
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HOTO TTOKPBITHS. BO MHOIMX OIBITAX st
YCKOpeHNUsI OTBEP)KeHNs MOMNypeTaHa
UCIIONB3YeTCsl TepMudeckas obpaboTka,
KOTOPYIO TPYAHO OCYIIeCTBUTH B YCI/IO-
BUsIX HaHeCEHUS MOKPBITUII BHE IOMe-
mennit [3-5]. B maHHOM crydae mpep-
cTaBysieTcsi 0ojiee BBITOIHBIM BapMaHT

MaTepuan U MeToAbl uccnegoBaHua

CrieKTp5I TOATOTOBIEHHBIX 06Pa3I[0B
6bu1y 3amcanbl Ha VIK-@ypbe criekTpo-
Mmetpe Bruker Alpha, npucraska guddy-
3MIOHHOTO OTPaYKEHU.

B xadecTBe MCXOJHBIX KOMIIOHEHTOB
JUIs TIOATOTOBKM 0OPa31{oB ObLIN B3STHIY:

- amdaTNIecKuil  NONINU3OLMOHAT
Ha OCHOBe M30LMaHypaTa reKcaMeTH/IeH-
punsonuonara (Desmodur N3390 kom-
nannu Bayer). B mpopake mpepcraBieH
Kak 90 % pacTBOp B H-OyTuanerare C
MacCOBBIM COfiep>KaHleM M30IIOHATHBIX
rpynn 19,6 %:

o
OCN A~~~
N )‘kN/\/\/\/NCO

B

N” "o

OCN\/\/\)

H H

Ilenb pabOTHI: ONpefeneHne BINAHNA
KOHLIEHTPALMM TPETUYHOIO aMMHa KaK
KaTa/lM3aTopa Ha CKOPOCTb IIpolecca
CBA3bIBaHMA KOMIIOHEHTOB B peaKUuu
IOTyYeHMUs IOAMypeTaHa NPy KOMHAT-
Hoit TemmepaTtype MmertomoMm MK-crek-
TPOCKOINIL.

— TUAPOKCUICOfiepKaIInit
kpunar (Setalux DA 160X) ¢ maccoBsIM
cofepXXaHyeM B IPOJXHON (opme Iu-
OpoKcuabHBIX rpynn 1,6 %. B mpopake
IpeficTaB/IeH Kak 60 % pacTBOp B KCUIoIe:

O "OBu Cl/o Ph

Imonna-

HO

- B Ka4yecTBe OPraHOMETaJI/INYeCKO-
ro Karaausaropa ObUI MCIIONb30BaH 1 %
pacTBOp Ammaypar auOyTuaonosa B Oy-
TU/IalleTaTe, TPeTUYHbIE AMIHbI — Bapb-
pyemble KOMMYECTBA TPUITAHONAMMHA 1
IMa300MLMKIOYHelleHa:
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JKcnepuMeHTaNbHas YacTb

[TpenBapuTenbHO OBUIN MOATOTOBIIE-
HbI 12 MeTannnyeCcKuX ralieK 3ajaHHO-
ro pasmepa 25,5x4,5x6,0 mm. Pasmepnr
IIalieK OBUIM OIIpefie/ieHbl IMyTeM W3-
MepeHIsl FeOMeTPUYEeCKNX IapaMeTpOB
Habopa 9/IeMEHTOB NIPOOOMOATOTOBKNI
IJIA 3alUCK CHeKTpoB uddysHOro or-
paxeHuA. MeTamnndeckue IUIAIIKU C
OJTHOVI CTOPOHBI OBUIM 3€PKaNbHO OTIIO-
nupoBaHbl. [lonoBUMHA NONMPOBAHHON
CTOPOHBI OBITa MOKPHITA IIOTOTOBIEH-
HBIM 00Pa3OM C IIOMOIIbBIO CITENalIb-
HOTO YCTPOIICTBa, 0OOecIednBaolero
TOJIIIVHY TOJIMYPETAaHOBOIO IOKPBITHA
0,01-0,03 MM, mpyras momoBMHA IIOBEP-
XHOCTU UCITO/Tb30BaIach B KaUeCTBE 9Ta-
JIOHA CpPAaBHEHMA.

CooTHOIIeH)e KOMIIOHEHTOB paccyy-
TBIB/IM TIO criefylomelt popmyre (B 1e-
pecuere 151 6€3BOIHOTO MIOMNOTIA):

P, M,-6
P, M,-c

rme PA — KOINYeCTBO IIOMNOIA, T; PB - KO-
JINYECTBO U3OLMOHATA, T; M, — MOmeKy-
JApHAas Macca M3OLMOHATHBIX TIPyIIII,
42 a.e.M.; M3 — MOJIEKY/IApHasA Macca THU-
IPOKCUIBHBIX Py, 17 a.e.M.; 6 — comep-
>KaHlMe TU/IPOKCWIbHBIX TPy B IOJINO-
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ne, 1,6 %; ¢ — copeprKaHye U301 MIOHaTHBIX
TPyIII B U301 MOHAaTe, 19,6 %.

HarinmeHHOe coOOTHOIIIEHME U300~
HaTa K IIOJIMOJY IO Macce COCTaBJAeT
30,63:100. YumrtbiBasA copepykaHue pac-
TBOpPUTeJIENl, WCIIONb30BaIM MAcCOBOE
cootHomenune 20,47:100.

OKCIIepUMEHT IIPOBOAVIICA B UeThIpeX
napannensax: 6e3 KaTaausaropa TpeTHd-
HOTO aMMHa, C COJepKaHMeM KaTajausa-
Topa TperuyHoro amuHa 0,50 %, 0,75 %,
1,00 % ot maccel cmecu. CMmelnBaan B
OIpefie/IecHHOM COOTHOIIEHUM M30LU-
OHAT U IONMNOI, Jobasnanu 1 % ot mac-
Cbl cMecH fumaypara gubyTunonosa 1 %
pacTBOp B OyTwialeraTe ¥ IpWIMBAJIN
BapbUpyeMOe KOJIMYECTBO KaTa/ln3aro-
pa TpeTnyHOro amuHa. Takum 06pazom
MIOJTyYV/IM 9EThIpe MapajileNi, Ifie B Ka-
yecTBe KaTajaus3aTopa MCIOIb30BalIn
TPUITAHONIAMMH, U 4YeTbIpe Iapasieny,
[fle  KaTanmsaTtop AMasoOMLMKIOYHJe-
LeH. Peak[oHHyI0 CMeCh TOTOBWIN II€-
peMenBaHMeM B TedeHue 10 MUHYT Ipu
KOMHATHOJ TeMIIepaType.

VK-cekTpbl 3amMChIBaINCh C IIe-
PUOJMYHOCTBIO pa3 B CyTKM B Te4eHNE
25 pHett. JlonomHuUTeNbHON 06paboTKMH,
KpoMe Koppekiuyu 6a3oBOil NTMHUM, He
NIPOBOAMIIOCD.



Pe3ynbratbl U 06CyXxaeHue

OneHka XMMMYECKOTO CBA3BIBAHUA
KOMIIOHEHTOB IIPOBOAIM/IACh Ha OCHO-
BaHMM M3MEHEHMA KOHLEHTPaluM M30-
LMaHaTa, KOTOpas OIpeJensanach Io
MHTEHCUBHOCTM IIOJIOCBHI IIOITIOIIEHNSA
M3OLMAHATHON Tpynnbl mpu 2291 cm™
[6]. ITporiecc 06pa3oBaHys HOMNYpeTaHa
CUMTAJICSA 3aKOHYEHHBIM, KOIJa aHHad

[I07I0Ca TOITIONeH)sI He MPOCMaTpuBa-
nach Ha crnektpe (puc. 1). Ha puc. 2, 3
HpefcTaB/IeHbl TpaduKy U3MEHeHMs CO-
Iep>xaHysa nonocsl nornomenns NCO-
TPYIIIBI BO BpEeMEHIL.

Kak BupmHO Ha rpadmxax, CKOpOCTb
XMMUYECKOTO OTBEPXKAEHMA yBeINdNu-
BaeTCs MPY MOBBIIEHNY KOHIIEHTPALNA

<
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Puc. 1. CpaBuenue VIK-crekTpoB 06pasiia, He COfepKalinii TPUITAaHOTAMIH,
B HaYase U B KOHIIe OIIBITa

120

100

coaepkanme NCO rpynn
[=2)
o

100 200

Bpemsa, u

250 300 350 400

Prc. 2. 3aBUCHMOCTD MHTEHCHBHOCTH ITOJIOCHI IIOI/IOIIEHNUs OT BpeMeHN B 0Opaslie,

cofiep>KallleM pas3/uHble KOHLEHTPALMU TPUITAaHOIAMIIHA:
Nel—-0%;Ne2-0,5%;N3-0,75%;Ne4-1%
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Puc. 3. 3aBUCHMOCTD MHTEHCUBHOCTH IIOJIOCHI TIOITIOLIEHNSI OT BpeMeHN B 00pasiie,
cofiepyKallleM pasNINYHble KOHLIEHTPAIVM A1a300MIMKIOYHeIleHa:
Nel-0%;Ne2-0,5%;N3-0,75%;Ne4-1%

KaTanmsaropa. JI3omuaHaTHble TPYIIIBI
KpallHe peaKLMOHHOCIOCOOHbI 1 Obl-
CTPO B3aMMOJENCTBYIOT C BelleCcTBaMIl,
KOTOpble COep>KaT TUPOKCUIbHBIE U
aMMHOTPYIINbL. IJTO B3aUMOJENCTBLE
M30IIMaHATHBIX TPYIII U IUAPOKCUIbHBIX
WIM aMMHOTPYII areHTOB pOCTa IIemu
IPUBOAUT K 00Pa30BAHNMIO OO/IBIIETO M-
C1a ypeTaHOBBIX cBs3ell. CrieoBaTeNnbHoO,
BpeMs Ha XMMUYeCKoe OTBepKeHe pe-
aKIMOHHOI CMecy monuMmepa TpebyeTcst
MeHblIe Ipu GONMbIIEM CORep>KaHUNU CO-
OTBETCTBYIOLIEro KaTtanmsaropa. CTouT
OTMETUTb, YTO (PU3NUYECKOe OTBEPXKHe-
HIle HAOTIOfaeTCsl depe3 CYTKM IOCTe
HaHeceHVs o0pasiia, TOIfa KaK XMMIde-
CKO€ TIpOTeKano HaMHoro pmomnbire. du-
3M4YecKoe OTBEp)KJeHMe OIeHMBAIN II0
OCTaB/IsIeEMOJI HOITEM II0/I0Ce Ha 0bpasiie
MONMypeTaHa.

B nonyueHHOM MCCTeOBAaHUN XUMMU-
yecKoe OTBEpKIeHNe MONMMEpPHOI KOM-
HO3uIMM HAb/IIOAI0Ch OBICTpee Iy -
MONb30BAHMM B KayecTBe KaTanus3aTropa
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TpusTa"onaMuHa. CTOUT OTMETUTb TaK-
JKe, YTO TPUITAHONIAMUH CTOUT JIellIeBTIe,
4eM AMasOoO0MLMKIOYHELeH, 4TO 00Db-
SICHAET €ro IIMPOKYI pPacHpOCTpaHeH-
HOCTbD B IIPOMBIIIIJIEHHOM IIPOM3BOJCTBE.

[TonyyeHHble  3KCIIEpUMEHTAIbHbIE
[aHHbIE MOTYT OBITb VICIIOZIb3OBAHbI ISl
ONTUMM3ALMIM TEXHOJOTUY HaHeCEeHUs
MONIMYPETAHOBBIX 3AIIUTHBIX IOKPBI-
TUIL ¥ TO3BONAT IIPOTHO3MPOBATH Bpe-
Ms IIOJIHOTO CBSI3BIBAHMS KOMIIOHEHTOB
PEeaKLMOHHOM CMeCU A HOCTVDKEHUS
ONTUMA/IBHBIX  (PU3MKO-MEXaHNIECKUX
ToKasaTeJieil.

* Aemopot 611a200apsm pyKo60dcmeo
3AO HIIX BMII 6 nuye suue-npe3uden-
ma no HAy4HO-UHHOBAUUOHHOL pabome
0. x. #. JI. H. Koxcesruxosa 3a npedocmas-
TleHHble 00veKmbl UCCIe008AHUS U NpPO-
A67IEHHBLI UHMepec K HAY4HO-UCCed06a-
menvckoti axmueHocmu cmyodenmos XTIV
Y@y,
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