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ABSTRACT

Polyurethaneresinsarelargely used in high performance Surface Coatings,
Paints and Inks. Fast reduction of petroleum stockpile and increasein their
cost, puts limit to their use in future for invention of petroleum based
resins. As a result, the need for consumption of biomass resources as a
replacement to petrochemicals products is vital. In the present work, the
utilization of biomass resourcesisdone in the preparation of polyurethane
coatings. Lignocellulosic waste comprising of Mast Seed and Water Hynth
waste wereliquefied using PEG (200,400 and 600) in presenceof acid Catay<t.
Thevariouslow molecular weight liquefied waste biopolyol s obtained were
evaluated for their characterization like hydroxyl value, viscosity and FTIR.
The series of Polyester biopolyolswere prepared from these different low
molecular weight liquefied waste biopolyols by reacting them with Adipic
acid and propyleneglycol, and were characterized for their Physi co-chemical
properties. Polyurethane coating systems were formulated by reacting
Polyester biopolyols and aromatic diisocynate adduct. Coated films of PU
are found to have best Physico-chemical and performance properties.
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abundant and cheap source of raw materialsfor the
chemical industry to devel op biofuel, chemicalsand
biomaterias. Thelignocdluloscwholemateridshave

INTRODUCTION

Fossil fuel reserves could sustain our current en-

ergy needswell into thefuture: but at what cost? The
search for renewable forms of energy that emit less
greenhouse gasesrd ativetofoss| fuelsislikely tobea
magor challengefor the next generation of scientist and
engineers. Thealternate energy production from low
carbon sources such as photovoltaic solar, wind, geo-
thermal, biomassand hydrod ectric will requireparallel
development of variousrenewabl e energy sources.
Lignocellul osic biomassrepresentsarenewable,

generally severa benefits such asthe decreased wear
of machinery used, low cost, biodegradability and ab-
senceof toxic byproducts. A mgor limitationtotheuse
of lignocellulosic material asachemical feedstock is
structural and chemica variety of itscomponents. Lig-
uefaction of lignocellulosic biomassto obtainliquefied
productsunder mild conditionsusing polyhydric aco-
hol as solvent has been studied intensively by severa
authorg®2, Liquefying materials such as such as
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polyhydric al cohol s, phenol ethylene carbonate®
dioxand® ethanol!”, acetone®, supercritical phenol®
and supercritica alcohols™ arereportedinthelitera-
ture. Liguefaction producesmultifunctiond liquid polyols
richin hydroxyl groupswhich can beused asstarting
materidsin polymer productsfor severd coating, foam
and adhesive segments. Recently, scientificinterestin
applying liquefaction using polyhydric d cohol sto other
bioresources hasgrown. Following thistrend, several
Lignocdlulogcresidues(based on Mast Seed and Water
Hynth) have been successfully modified using polyeth-
ylene glycol (200,400 and 600) and Polyester
biopolyols were prepared by using above biomass
polyolswith adipic acid and propyleneglycol. High
performance Polyurethane coating systemswere de-
vel oped by reacting Polyester biopolyolswith aromatic
diisocynates. Theencouraging resultsobtained by these
authorsjustify theinterest in exploring the preparation
of low-cost polyolsfromlignocelulosic agro-industrid
resdues.

EXPERIMENTAL

Materials& methods

Lignocdllulod cwastes, Mast Seed and Water Hynth
were procured locally and treated in our laboratory.
Polyethylene Glycol (PEG-200,400 & 600), Propy-
leneglycol, Adipic acid, DBTDL were procured from
Chitichem Corporation, Baroda. Aromatic | socynates
adduct werereceived from Marigold Paints Pvt Ltd,
Vithal Udyognagar, Gujarat, India

TABLE 1: Physical Propertiesof Glycols

Sr. Mol. Wt. Density

No. Glycols (M) g/cm®
1 PEG-200 190-210 1'12210@ 20
2 PEG-400 380-420 1'12§C@ 20
3 PEG-600 570-630  1.12 @ 20°C
4  Propylene 76 1.036

Glycol
Synthesis

Prepar ation of low molecular weight liquefied waste
biopalyals.

TheLignocellulosic wastes (M ast seed and Water

Hynth) weredried to < 1% Moi sture content using an
ovendrier at 100°C (+ 5°C) for 24 hrs. Thenitismilled
to uniform szeand was mixed with PEG intheratio of
(2:3). Sulfuric acid was added as acatalyst of 2% by
weight of charge. The chargeisheated at 150-180°C
for 2-3hrs. there after the dissolute (Liquid Waste) and
residueswere separated by anylonfilter cloth. Finaly
liquefied wastewas coll ected, characterized and used
for synthesisof Polyester biopolyal.

Synthesisof polyester biopolyols.

A seriesof hydroxyl-terminated polyester biopolyols
were synthesized from above prepared low molecular
weight liquefied waste biopolyols (MPG-2, MPG-4,
MPG-6 and WPG-2) along with Adipic acid and pro-
pyleneglycol (asper TABLE 2) inthethree-neck flask
equi pped with thermometer, inert gas spurge, dean and
stark and condenser. All the materials were charged
aongwith xyleneand were heated at 220°C and main-
tain at that temp. Acid valuewas measured at half an
hour interva throughout thereaction. Whenacid value
reach below 15, heating was stopped and xylenewas
digtilled off usngvacuumdigtillation.

Characterization of polyester biopolyols.

The Polyester biopolyols (M PG-2PE, M PG-4PE,
MPG-6PE and WPG-2PE) prepared asabovearefree
flowing liquids, assimilar to the conventiona polyols
(NPE). Various characteristics of these Polyester
biopolyolswere determined as per the standard meth-
ods. Thusthe propertieslikeNon Vol atile Contents (%),
Color and Clarity, Viscogity [ Brookfid d viscometer, Rv-
Il (cPs)], Density (wt/Itr.) and Hydroxyl valuewere
determined. These Polyester biopolyolsweredso char-
acterized by instrumental methodslike IR-Spectros-
copy and Gel Permesation Chromatography (GPC).

ThelR spectraswere scanned by FTIR Spectrom-
eter, Spectrum GX, Perkin Elmer, series-200.

The GPC chromatogramswere scanned by HPLC
machine (GPC mode), Perkin Elmer, Series-200. Tet-
rahydrofuran was used as amobile phase, flow rate
was Iml/minand runtimewas 15 minutes.

COATING COMPOSITIONS

Two component polyurethane coating compaositions
formulated from different Polyester biopolyols are
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TABLE 2: Preparation of Polyester biopolyols

Ingredients Muster seeds Water Hynth Pure Polyester Resin
MPG-2PE M PG-4PE M PG-6PE WPG-2PE NPE
Adipic acid 38.77 35.82 27.71 37.90 45.20
Propylene glycol 57.93 49.04 41.41 56.63 67.53
MPG-2 22.86 0 0 0 0
MPG-4 0 36.24 0 0 0
MPG-6 0 0 47.41 0 0
WPG-2 0 0 0 24.82 0
Neopentyl Glycol 0 0 0 0 1341
Total 119.56 121.1 116.53 119.35 126.14
Water of Reaction 9.5 8 7 9.5 11
Net Weight 110.06 113.1 109.53 109.85 115.14
Xylene for Reflux 11 11 11 11 11
DBTDL 0.08 0.08 0.08 0.08 0.09

M PG-2PE = Mast Seed reacted with PEG-200 polyester; M PG-4PE = Mast Seed reacted with PEG-400 polyester; M PG-6PE =
Mast Seed reacted with PEG-600 polyester; WPG-2PE = Water Hynth reacted with PEG-200 polyester;NPE-PE = Neopentyl
glycol based polyester.

shownin TABLE 3. All the coating compositionswere TABLE 3: Composition of Polyurethane Coatings
formul ated by mixing weighed quantitiesof polyolsand S oH - % Wt.
aromatic i socyanate adduct. |socyanate content of the NL‘ Codeof PU 1 °J Composition
adduct is 13%. ' Polyol Isocyanate
MPG- _
1 SoEAr10 1:1.0 5202 47.97
APPLICATIONAND TESTING MPG- _
OFFILM PROPERTIES 2 2PEAMIS L1l 4964 5035
MPG- _
3 PEAr120 112 4747 52.52

The Polyester biopolyols (MPG-2PE, M PG-4PE, MPG-
M PG-6PE and WPG-2PE) and Aromatic diisocynate 4 4PEAr110 110 5570 44.29

adductswerethoroughly mixed just beforethe appli- 5  MPG- 111 5334 46.65
cationtoformfilmsontothewd | prepared surfacested 4PEAr115
pandsand compared the cured films performance prop- 6 4MPF|;GA'r120 112 5117 48.82
ertieswith Pure Polyester Resin Polyol (NPE) andAro- 2 MPG- 110 6037 30.62
matic diisocynate adducts. Filmswere applied with 6PEAT110 o ' '
varyingwet filmthickness, suchthat thedriedfilmsof & M 111 5807 4192
all thecompositionshad athicknessof 20-35 microns. g MPG 112 5503 2406
Thefilmswerealowed to cure at ambient conditions 6PEAr120 - ' '
for at least 7 days before tests for mechanical and 10 WPG- 110 5216  47.83
chemica propertieswerecarried out. \z,\lfgé_rllo
11 Soears 1:1.1 4977 50.22
WPG-
FILM CHARACTERIZATION 12 e 112 4760 52 39
The coated panel swere examined for variousme- 13 'F\,IEPE;HO 11.0  49.80 50.19
chanicd propertieslikeAdhesion, Hexibility, Impact re- NPE- _
sistanceand Scratch hardnessasper ASTM D-3359- Y PEAr1s vl Araz o251
97 a, ASTM D-0522-93 and ASTM 2197 respec- 15 Noo o 112 4526 5473
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tively. Theimpact res stance of dried filmswaschecked
by Tubular impact tester. Thefilmwasaso evaluated
for thechemica corrosion and solvent resistance as per
methods of the characterization described in litera-
turd™. The performance of Coatingsformulated from
biopolyol swas compared with conventional polyester
polyols. Film thicknesswas measured by using micro
test Magneti c coating thickness gauze. Each panel had
an average of three measurements to determine the
thickness of panels.

RESULT AND DISCUSSION

Physical properties

Theviscosity of dl Polyester biopolyolscompos -
tions (M PG-2PE, M PG-4PE, M PG-6PE and WPG-
2PE) and pure polyester resin (NPE) isfound to be
higher. This can be assigned to higher molecular
wel ght* of the biopolymer present in the above sets.
Thisisaso supported by GPC-chromatograminwhich
aswego from lower molecul ar weight polyol (PEG-
200) to higher (PEG-600), the Mw increases from
236910 3922( asshown in GPC chromatograms GPC-
1, GPC-2 and GPC-3). Thisisdueto increased inter-
action between low molecular weight liquefied waste
biopolyolsand Propylene Glycol andAdipicacid. The
resultsareshownin TABLE 4 below:

GPC CHROMATOGRAMS

M echanical properties

Amongall compositionsof Polyurethane Coatings,
Resin Based on Pure Polyester NPE-PEAr110, NPE-
PEAr115 and NPE-PEAr120 showsthe highest scratch
hardness (2.5 kg). While Resins based on biopolyols
systems confirm 1.49to 2.3 kg scratch hardnesswhich

MSAIJ, 11(1) 2014

GPC 1: (MPG2PE)

GPC2: (MPG4PE)

TABLE 4: Characterization of Polyester biopolyols

Viscosity

Hydroxyl Value

Molecular Weight

Code (cPs @ °C) Color— Wt/itr. % NVM Theoretical ~ Practical Practical (GPC)
MPG-2PE 40.90 11 1.248 99.54 158 160.11 2369
MPG-4PE 44.30 11 1.259 99.68 134 138.08 3513
MPG-6PE 60.10 11 1.285 99.92 113 113.98 3922
WPG-2PE 40.20 11 1.247 99.24 155 159.26 3525
NPE 55.25 8 1.225 99.91 175 170.05
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lose Glycoglycoside based biopolyolsand thiscan be
attributed to increase in cross-linked density dueto
higher functiondity.

Thetoughness and adhesion propertiesaremainly
governed by more polar urethane and ester groups,
which provide sufficient adhesion and toughnessto the
coatingd®® the sameis also being improved by addi-
tion of Biopolyolsmoiety.

Theremarkableflexibility (conica mandrel test) is
conferred due to the chains of Cellulose based
biopolyolsand adipic acid moiety and a so assisted by
the presence of more polar urethaneand aliphatic ester
groupsthat yield awell adhered coating system. Re-
sultsaredisplayedin TABLE S

iscomparablewithNPE-PEAr110, NPE-PEAr115and  Solvent resistance

NPE-PEAr120 whichisdueto theaddition of Cellu-

Solvent resistanceistheinbuilt property of ther-

TABLE 5: Mechanical Propertiesof Polyurethane CoatingsBased On Polyester biopolyols

Impact I Scratch .
Vo PUCKe oy Reance ooy Hardhes G0N0 Hardnes
1 QAPPEi_rno 26 F (at 247) p 1490 65 4H
2 QAPPE%MS 28 F (at 247) p 1500 65 4H
3 M 30 P (at 247) F 1400 70 4H
4 M 27 P (at 247) p 1850 50 5H
5 o o 29 P (at 247) F 1890 50 5H
6 ZAPPE(i:rlzo 31 P (at 247) F 1900 65 6H
7 :\SAPPEC;:rllo 28 P (at 24”) p 1900 65 6H
8 gAPPE(i:rMS 29 P (at 247) F 1900 65 6H
9 GI;APPEC,Z\_MZO 28 P (at 24”) F 2100 60 6H
0 2 25 P (at 247) p 2000 100 6H
T 25 P (at 247) p 2300 100 6H
12 o 26 P (at 247) F 2200 100 6H
13 'F\,'EAE;HO 26 P (at 247) p 2500 100 6H
14 'F\,'EE;MS 27 P (at 247) p 2500 100 6H
15 ,F\:I;E;HO 30 P (at 247) F 2500 100 6H
P: Pass, F: Fail.
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mosetting coatings, the degree of cureand the number
of cross-linked density (XL D) affectd™ the solvent
resistance. Results of MEK double rub test (> 200)
indicatethat in general polyurethanefilmsbased onal
biopolyols havegood resistance to polar solventsand
that may be dueto higher concentration of softer seg-
ments(AdipicAcid) inthefilmmatrix & thesetshaving
higher concentration of hard segments (Cellulose) &
higher XLD showsgood MEK resistance.

Chemical & corrosion resistance

The—NH groups of urethane linkages form hydro-
gen bond with carbonyl groupsof the biopolymer itself.
Thelonepair of electrons of nitrogen atoms of -NH
groupsinteract with vacant d-orbital of mild steel sub-
strate, which further facilitates adhesi on between the
resinand themild stedl substrateresultinginawell ad-
hered coating sysemwhich, oninteractionwith various
solvents and chemicals does not allow the corrosive
ionsto penetrate easly through the coating network and
givesChemica and corrosionresstant film. Theresults
of chemica & corrosion resistancereved sthat experi-
mental setshaving high urethane linkages show good
performancewhichisshownin TABLEG6.

Characterization by I R spectr oscopy
ThelRandysisof thelow molecular weight lique-

fied waste biopolyols, Polyester biopolyolsand Poly-
urethane cured film were done on Fourier transform
infrared

(FTIR) spectrometer usingthe KBr technique. Fig-
urelR-A,B and C showstheoverlay of IR spectrasof
low molecular weight liquefied wasteand itscorrespond-
ing polyester biopolyol which giveyou anideaabout
ether linkagesat 1104 cn and confirmstheliquefac-
tion of cellulosic waste. While OH bending vibrations
at 3391 cm! further confirm the presence of hydroxyl
functiondity intheliquefied waste biopolyols. Absorp-
tion peaksat 3403 cmrt and 1733 cm* are dueto OH
bending and CO stretching of ester group, which con-
firmspresenceof ester linkage and free hydroxyl func-
tiondity for crosslinking with Polyisocynate curing agent
inaPolyester biopolyols.

FiguresIR-D,E and F showstheoverlaysof poly-
ester biopolys and corresponding polyurethanes. Itis
evident from these spectrasthat urethaneformation has
taken place from the reaction between polyester
biopolyol and aromaticisocyanate hardener. Bands at
3358 cm?, 1603 cm* and 1537 cmr (which corre-
spond to N-H,CO-NH, NH,) shows urethane link-
agesand methyl groups at 2960 c which provesthe
chemicd curingreactioninthelR spectrum of Polyure-
thanecuredfilm.

TABLE 6: Chemical Propertiesof Polyurethane CoatingsBased On Polyester biopolyols

Sr. No. PU Code H,S04(30%) 7-Days KOH (20%) 7-Days NaCl (5%) 7-Days MEK Double Rub.
1 MPG-2PEAr110 5 5 4 >200
2 MPG-2PEAr115 5 5 5 >200
3 MPG-2PEAr120 5 5 5 >200
4 MPG-4PEAr110 4 4 3 >200
5 MPG-4PEAr115 4 4 4 >200
6 MPG-4PEAr120 5 5 5 >200
7 MPG-6PEAr110 5 5 4 >200
8 MPG-6PEAr115 5 5 5 >200
9 MPG-6PEAr120 5 5 5 >200
10 WPG-2PEAr110 5 5 5 >200
11 WPG-2PEAT115 5 5 5 >200
12 WPG-2PEAr120 5 5 5 >200
13 NPE-PEAr110 5 5 4 >200
14 NPE-PEAr115 5 5 5 >200
15 NPE-PEAr120 5 5 5 >200

1- Completelifting of film; 2 - Film softens - Rust spot observed; 3 - Severeblistering; 4 - Very dight blistering; 5 - Not affected.
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CONCLUSION

Inthe present work, Polyester biopolyolswith dif-
ferent Lignocellulosic waste comprising of Mast Seed
and Water Hynth waste were prepared, having differ-
ent hydroxyl va ueand compared with conventiond Pure
Polyester resin system. Their structure and molecular
weight wereconfirmed by FTIR and GPC. Theinves-
tigation of the Polyurethane coating system reveal the
variousphysicd aswell asfilm performance properties
inthe above product which provesto bevery interest-
ing. Theimprovementintermsof mechanica and chemi-
cal propertiesare aways expected from such Polyes-
ter biopolyolsresinswhich arerequired for High per-
formanceindustrid coating applications.
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