IJRET: International Journal of Research in Engineering and Technology el SSN: 2319-1163 | pl SSN: 2321-7308

EFFECT OF SOFT SEGMENT CHAIN LENGTH ON TAILORING THE PROPERTIES
OF ISOCYANATE TERMINATED POLYURETHANE PREPOLYMER, A BASE

MATERIAL FOR POLYURETHANE BANDAGE

Runumi Gogoi®, M. Sarwar Alam? Utpal Kumar Niyogi®

L 3\aterial Science Division, Shriram Institute fodurstrial Research, 19 University Road, Delhi 11Qd6dia
2Dept of Chemistry, Jamia Hamdard University, Hamblsliagar, Delhi - 110062, India
Runumi@rediffmail.com

Abstract

Isocyanate terminated polyurethane prepolymer, aebaaterial for water curable polyurethane bandagas prepared from

diphenylmethane diisocyanate and poly (propylenieledxglycol. In polyurethanes, the diisocyanaté as hard segment and
provides dimensional stability, whereas the polybich forms the soft segment gives elastomericacitar. Due to its segmented
structure, polyurethane’s with a wide range of pbgsmechanical properties can be obtained by vagyils monomers types and
content. In this paper, the effect of differenft segment length on influencing the structure proprelationship of polyurethane
prepolymer was studied. The soft segment lengthvewdsd by using poly (propylene oxide) glycol mavdifferent molecular weight
and also by blending two polyols having similar el composition but of different molecular weigfihe formation of the

prepolymer was investigated by Fourier transforiinared spectroscopy (FTIR). The results reveal thigh increasing soft segment
length, the weight average molecular weight andagte time of the prepolymer increases, whereaBtiekfield viscosity decreases
due to higher content of soft segment. The cuiimg was found higher in prepolymer having longeft segments due to lower
isocyanate content. With increasing molecular weighthe soft segment, the phase separation betWeehard and soft segment
increases due to which the prepolymer produce IgwThe tensile strength of the polyurethane filmreases whereas percent
elongation increases with increase in soft segnemgth. The findings of the study will be benefiéta understanding the role

played by soft segment length on tailoring the citme and ultimately the properties of isocyanageminated polyurethane
prepolymer.
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1. INTRODUCTION tailored to meet specific property requirement byying the

. hard and soft segment length and concentrghn
Polyurethanes are block copolymers composed ofnaltieg

soft and hard blocks or segment. The soft segmentiges
elastomeric character to the polymer while the rergment
forms dimensional stability. The soft segment wathow T,

are formed from polyether or polyester, generaflymml.wt
400-5000. The rigid polar hard segments with a highare
based on diisocyanate and low molecular weight rnchai
extender. At room temperature, the polyol segmeatahove
their Ty so they are denoted as soft segment and the ammati
diisocyanate which are below theig Rct as hard segmeif.
Because there exist a degree of thermodynamic iailoilisy
between the hard urethane segments and the sofblpol
segments, polyurethane elastomers exhibit micraphas
separation, which could result in a structure thah be
considered as hard segment domains dispersedtisegphent
matrix. Due to the presence of two phase micro alom
structure, the molecular structure of polyurethaza be

The urethane linkage (-NH-COO-) in the polyurethasmea
result of the reaction between the diisocyanat€€Ngroups
and polyol hydroxyl groups (-OH). If a stoichiotrie excess

of diisocyanate is used, NCO terminated uretharsnshare
produced and the product is called isocyanate reted
prepolymer. The formation of isocyanate terminated
polyurethane prepolymer and its subsequent curagtion
are represented schematically in scheme I. Thengwof the
prepolymer takes place by coming in contact withtewdo
form a network of poly (urethane urea).
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Scheme 1: Formation of isocyanate terminated polyurethane
prepolymer and its curing reaction

Many studies have been done in the past to obstme
structure property relationship of polyurethanevéis reported
in the literature that by varying the type and antaaf polyol,
diisocyanate, catalyst, reaction time and tempezatu
polyurethanes with a wide range of physico-mectanic
properties can be obtained [3]. It was also mestiom the
literature that the prepolymer formation dependrum
number of chemical factors. Among these, the degree
branching (Mc) of polyol system and the equivaleetght of
the polyether or polyester greatly influence thenfation of
the prepolymer [4].

The equivalent weight of polyol employed has amitdieffect
on the viscosity buildup during the prepolymer fatman. The
concentration of lower molecular weight polyol hasre
influence on the viscosity than the concentratidnhigher
molecular weight polyol [3]. Also the number andesof diol
molecules which condense with diisocyanate, detemihe
no of urethane linkages within the isocyanate teated
prepolymer [3]. And the urethane group content raheitges
the degree of hardness and flexibility of the potyane [5].

In the field of coating technology, it was obsenthdt the
chemical composition and molecular weight distridnut
(MWD) of the incorporated soft block influence the
macroscopic properties of the resulting coatings [6

The isocyanate terminated polyurethane prepolymers
synthesized in the present study will be applicafibe
preparing water curable polyurethane bandage andht
application, the proper choice of polyol moleculegight is
necessary to have proper mechanical strength,gtirre and
storage stability. Thus, in the present study,uaystvas done

to see the effect of different soft segment chaimgth on the
physico-chemical, mechanical and thermal propertods
polyurethane prepolymer. The soft segment chaigtlewas
varied by using poly (propylene oxide) glycol pdlymaving
different molecular weight and also by blending tpayols

of different molecular weight with the same cherhica
composition. The isocyanate terminated polyurethane
prepolymer was synthesized by thermal polymerizatio
technique using diphenyl methane diisocyanate (M@2id
poly (propylene oxide) glycol (PPG) at fixed isoogte /
hydroxyl molar ratio. Their properties viz. physichemical,
mechanical, thermal and structures were investigaty
different ASTM and IS methods, thermal analysissiie test
and FTIR technique.

2. EXPERIMENTAL MATERIALS

Diphenyl methane diisocyanate (MDI) was obtainedmfr
Sigma-Aldrich, USA. A white solid flakes (melt.pt0oC), it
was used as such without further purification. Rplppylene
oxide) glycol (PPG) was obtained from Sigma-AldritISA.
The polyol was vacuum dried for 2 hours at 800C kepit
overnight in molecular sieves prior to use to eedinat the
material is free from moisture (less than 0.05%heT
properties of MDI and PPG used for the synthesis of
polyurethane prepolymer are given in Table |I. ata 2,2
dimorpholino diethyl ether (DMDEE) from Degussa,
Germany was procured and used as such without any
purification.

Table 1: Some properties of MDI and PPG used for the psepet synthesis

Property MDI PPG400 PPG1000 PPG2000 PPG 2700
Average functionalitya 2.0 2.0 2.0 2.0 1.8

OH number (mg KOH/g)a 0.0 281 111 56 37

NCO content (wt%)b 33.8 0.0 0.0 0.0 0.0
Molecular weight (g/mol)a 250 400 1000 2000 2700
Viscosity 250C, (cSt)a 50 99 150 300 627

a Information given by supplier

b Estimated by ASTM D2572 - 97(2010)
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2.1 Synthesis of Polyur ethane (PU) Prepolymer

The synthesis was carried out in a 5-necked glaastaor
equipped with teflon stirrer, thermometer pockeinaenser
and nitrogen gas inlet system. The MDI was meltedai
beaker and poured into the reactor under nitrogewsphere.
Inert atmosphere was maintained throughout theiceeso as
to avoid the ingress of atmospheric moisture. Téguired
amount of catalyst (0.25% of the whole reactiontomi&) was
then added followed by addition of PPG. The PPG added
part wise to the reactor. After that, the systens weintained
at 600C for 2 hours. The final prepolymer obtaime in the
form of a yellow colored viscous liquid.

The isocyanate terminated polyurethane prepolynvezse

synthesized using different molecular weight ofypbl(PPG

400, PPG 1000, PPG 2000, PPG 2700) and MDI at NOB /
molar ratio of 3:1. Mixed polyols i.e. PPG 1000 &® 400 in
50 / 50 ratio and PPG 2000 & PPG 400 in 50 / 5 naBs

also used for synthesizing the prepolymer.

2.2 Prepar ation of Polyurethane Film

Polyurethane films were prepared by casting evdjpora
technique. Approximately 10% solution of polyuretba
prepolymer in tetrahydrofuran was prepared and guurto a
Teflon mould. It was then kept at room temperattiliegll the
solvent got evaporated and a transparent film wamdd. The
films obtained were of about 0.4mm thickness.

2.3 Characterization

The following properties were characterized in$kthesized
prepolymers:

The Fourier Transform Infrared Spectroscopy (FTI§ectra

of the prepolymers was taken on an FTIR, Perkin €lm
Model 521 in the range of wavenumber from 400cto
4000cm' by coating 1mm thick layer of the prepolymer on a
KBr pellet.

The isocyanate content in the prepolymer was détexdnas
per ASTM D 2572-91. The isocyanate present in the
prepolymer was reacted with an excess of di-n-batyine
and then titrated with standard 0.1N HCI solutio8ince a
known amount of amine was added, the amine consuiped
the prepolymer is due to the presence of free muate which
was determined. The data given are the averagehrek t
measurements.

Dynamic viscosity of the prepolymer was determirteg
Brookfield viscometer DV Pro Il (Brookfield Engineeg
Laboratories Inc, USA). The measurements were pedd at
35 + 1°C at 12rpm using spindle No.4.

The weight average molecular weight (Mof the prepolymer
was determined by gel permeation chromatographygusi

2414 RI Detector (Make —Waters) and polystyrene aas

standard. The samples were prepared in duplicate b
dissolving 0.5% and 0.1% by wt of prepolymer in
tetrahydrofuran (THF). THF was also used as a @asblvent

at the rate of 0.5ml/min.

Storage time was determined as per the method omextiin
US Patent 5,66,5056. For determining the storaghbility
about 50 ml of the PU prepolymer is poured in a
polypropylene bottle and hermetically sealed urnmitnogen
atmosphere. The bottle was kept in an oven coetitolt
130°C and the time till the resin was flow able wasorded.

An average of three measurements was taken asghk.r

The set to touch time was determined according 8TM
D1640 — 03 (2009). A thin film (approx thickness32m) of
PU prepolymer was coated on a glass plate. Fromtiintime,
the tip of a clean finger was lightly touched ome tiest film
and immediately placed the fingertip on a pieceleén, clear
glass plate. Observed, if any of the prepolymer treassferred
to the glass plate If no prepolymer was transferthd time
was noted as the set to touch time of the polyareth
prepolymer. The test was carried out at 38c32and relative
humidity of 40-45%. An average of three measuremerds
taken as the result.

Tack-free time was determined according to IS 1Part(
3/Secl) -1986. A thin film of PU prepolymer was tamhon a
glass plate. The plate was then placed in one pauitable
balance and counterpoised with weights. Placed rthefu
weight of 2.25kg and press on the dried film swfac the
plate with thumb till the two pans are balancedHfar one
minute and then slowly release. If no sign of stieks
appears on the thumb, the time was noted and ezpas
tack-free time of the prepolymer. Temperature wamtained
at 30-32C and relative humidity of 40-45%. The data given
was the average of three measurements.

The tensile strength and percent elongation of the
polyurethane films were measured in a universatings
machine (Tinius Olsen, H5KL). The dimension of tlest
specimen was 10cm x 2cm x 0.04cm and the measutemen
was performed under load cell of 250N with a cresshspeed

of Bmm/min at room temperature. The data taken thee
average of three measurements.

Differential Scanning Calorimetry (DSC) was carriedt to
characterize the thermal properties of the prepelynihe
measurements were carried out under nitrogen atmeosmpn
a DSC - 2910 ( TA instrument). The heating rate wfalC
/ min in the temperature range of -2GGo 106C.
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3. RESULTSAND DISCUSSION
3.1 Influence of Soft Segment Length on Structure of
the Prepolymer

Fig- 1 shows the IR spectra’s of the synthesizepg@iymers
using different polyol molecular weight. All the rdpesized
prepolymer shows the characteristics absorptiond®aof

polyurethanes except in the peak associated to NCO

stretching which shows higher absorption area asecof
lower molecular weight polyol. This is due to thresence of
higher percent isocyanate content in case of lawelecular
weight polyol. It was observed that all the prepotys
possess the following characteristic absorptiordbaarethane
NH stretching at 3300ch bending at 1516cth methylene or
alkyl group at 2974cth carbonyl group at 1700¢hand C-O-

C stretching at 1100ct The strong characteristic peak at
2272 - 2275cil is associated with NCO stretching. Presence

of NCO stretching band and all the above-mentiobadds
indicates formation of isocyanate terminated pdtlane
prepolymer.
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Fig-1: IR spectra of the prepolymers synthesized using
different molecular weight of polyol
3.2 Influence of Soft Segment L ength on the Physico-
Chemical Properties

The influence of different soft segment length lb@ physico-
chemical properties of isocyanate terminated pefhane
prepolymer was shown from Fig 2 to 6. It was obsdrthat as

the molecular weight of the polyol increases, thbacyanate
content of the prepolymer decreases. Mixing thggah 50 /
50 ratios gives isocyanate content in between tlesipective
counterparts.

The viscosity of the prepolymer decreases witheasing the
molecular weight of the polyol This is becauseh# fact that
viscosity of polyurethane prepolymer depends onutie¢hane
group content of the prepolymer. As the number rethane

groups increases, the NH group and carbonyl grotip o

urethane linkage form strong physical crosslinkitiggreby
increasing the stiffness of the network causingdase in
viscosity. The higher molecular weight polyol geaies less
urethane groups thus having less viscosity in coispa to
lower molecular weight polyol which produces morethane

groupg[6].

The molecular weight of the prepolymer was foundbt®
higher in case of high molecular weight polyol dige its
longer chain length.

On observing the storage stability of the prepolynitewas
found that the storage stability of the prepolymes less in
case of prepolymer synthesized by using lower nubdec
weight polyol. This is due to the generation of enarethane
groups in case of lower molecular weight polyol ehi
increases the physical crosslinking thereby deargathe

flowability of the prepolymer and ultimately theostge time.
By mixing two polyols having different molecular ight in

50 / 50 ratio, the storage time was observed tn limtween
their respective counterparts.

The set to touch time and tack free time of thepplyamer was
found to increase with increasing molecular weightthe
polyol. This is due to the fact that lower moleaulveight
polyol generates more NCO terminated short chagmeats,
thus creating more reactive sites for reaction wigtter which
in turn cause a decrease in set to touch time aaidftee time
of the prepolymer. In case of higher molecular \eigpolyol,
less isocyanates end groups are produced for oeattith
water, thus having longer curing time.

[
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Fig-2: Effect of polyol molecular weight on isocyanate
content of the prepolymer
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Fig-4: Effect of polyol molecular weight on weight average
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Fig-5: Effect of polyol molecular weight on storage tinfe o
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Fig-6: Effect of polyol molecular weight on curing time tbie
prepolymer

3.3 Influence of Soft Segment Length on the
M echanical Properties

Results in Fig- 7, indicates that as the molecwigight of the
polyol increases, linear decrease in tensile strerend
increase in percent elongation was observed apdhegner
becomes increasingly soft with increase in chamgtle of the
soft segment. But in case of PPG 400, both theléestsength
and percent elongation was observed to be low duthd
brittle nature of the polymdi7]. In case of mixed polyol i.e.
PPG1000 and PPG 400 in 50 / 50 ratio, the tensiéngth
was found to be highest among all the polyuretHims.
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Fig-7: Effect of polyol molecular weight on tensile strémg
and percent elongation of the polyurethane film

3.4 Influence of Soft Segment Length on the Thermal

Properties

The thermal properties of the synthesized prepolymere
investigated by DSC technique. For all the prep@ssnonly
one Tywas observed in the range from -34@40 -58.48C
and it was found to be decreasing with increasimyeoular
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weight of the polyol (Fig- 8). This is becauselud fact that as
the soft segment length increases at a fixed hagment
length, there rise an increased tendency of the $egment to
be isolated in the domain of soft segment matrikisT
phenomenon resulted in a higher degree of phassratem
between hard and soft blocks, which produced a doWwe
values. In the literature, it was reported tha¢ tbhase
separation was enhance by increasing soft segraegth[6,

8,9].
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Fig-8 : DSC thermograms of the synthesized prepolymer

CONCLUSIONS

The isocyanate terminated polyurethane prepolymeas w
synthesized by thermal polymerization techniquegisviDI
and PPG. Their formation was confirmed by FTIR vkhic
shows characteristics absorption bands of polyareth The
Brookfield viscosity of the prepolymer decreasethwicrease
in chain length of the soft segment, whereas théeoutar
weight and storage time was found to increases cihimg
time of the prepolymer was found to increase wittréasing
chain length of the soft segment i.e. with decrease
isocyanate content. The results on mechanical prophows
that the tensile strength decreases with increasiolgcular
weight of the soft segment whereas opposite treras w
observed in case of percent elongation of the pethane
film. PPG 400 was found to produce polyurethanendil
having lower tensile strength and elongation duéstdrittle
nature. Mixing of PPG 1000 with PPG 400 in 50 /rafo
gives highest tensile strength among all the pelfhane

films. Lower T; was observed in prepolymer having longer

soft segment due to its flexible nature.
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