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Mussel shells as catalysts for pyrolysis of polyurethane
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Abstract

Mussels is one of the most consumed shellfish in Thailand. Its scientific name is Perna viridis, and
common name is (green) mussel. The shell of a mussel constitutes around 50% of its total weight. The

shells highly consist of calcium carbonate (CaCOs), which can convert to be calcium oxide (Ca0) and is used

in catalytic applications. In this research, the mussel shells were calcined at 900°C to synthesize CaO and
applied for a pyrolysis of polyurethane (PU) for obtaining useful products. It was found from the results
that when calcinated the mussel shells, they converted from CaCOj; to be CaO determined from the crystal
structure with an X-ray diffractometer (XRD) and the functional groups with a Fourier transform infrared
spectrometer (FTIR). The CaO was then used for the pyrolysis of PU, and it was observed that CaO provided
the better physical property to the pyrolysis oil with reducing the content of water phase in the oil.
However, CaO decreased the bio-yield due to occurring of secondary reactions which turn the liquid into

gas.
Keywords: Mussel shells, Catalyst, Pyrolysis
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2. Jneavs
2.1 Jaquazaunsal
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2.2 MIATINANTIUGATEN
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3.5 L ehunialulnsiauaiedns 30 mU/min wWalddislaeiniaduia 30 uafl limnuseuduieissufinsaily

nstnlslagasuuliifisizen autiunistaedn PU Tdadlumiasunsallnlsladanuulaveiwinuig
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011) veuwas (Ui) wazuiia aunsorwindans
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USUOUNANENVDINARA U9 3 aa Uz Tann vaawd (

Yminvesansusavaniuy
x 100

aunisn 1
USUUNANGEN = ——
UIMUNIINVDIATT
nanduvesmalasunsesasulagldinaiia Fourier Transform Infrared Spectroscopy (FTIR), UV-Vis

Spectroscopy, Thermogravimetric analysis (TGA) ez Gas Chromatography-Mass Spectrometry (GC-MS)

3. NAN1INAADIKATNITBAUTIUNE

3.1 NMSATITENUR PU
TrlunedgSmu (polyurethane, PU) lumsgnannssuuuseanidu 2 Ussuavman liun
Uszunnudansgy (rigid) Sranuuds Anumuuiueas waeillassasnawuuln (closed-cell
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structure) T duauIuwazulAsIasa
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- Uszamdangu (flexible) fianuiu Bavigu waziilassasiawuuda (open-cell structure) 14

F1SUTRITULTINTZHIN UANUALLazINESTIRS

a8 PU 719 2 USZLAN WaARRININg 1

PU uiansg

A 1 PU wiReialulssnugnamnssy

PU duasnzilaglddiulsynaunan 2 wiia laun Indeoa (polyol) uaglelylesiun (isocyanate) vin
UFAseuAndulny anuuandisres PU sdesUssinminanaiunaniiuandisiy nansiinsizsiuiiungy
@13 (proximate analysis) k8% KANITIATILRUUULENTIR (ultimate analysis) v PU FvhnsAne wanean1sng
7 11an PU-igid Ae PU Uszianudansgd uag PU-flex Ao PU UsziamBangu aziiiuldin PU-flex finsgadu
AT U (moisture content) 1nANT SUSuasBunidszimeds (volatile matter) 4n1 PU-rigid wazlainy
ASUBLLUUAA (fixed carbon) waueilién (ash) Taimulu PU FaaesUssnm ueiiilasain PU-rigid fenummuiugs

nindsanusaussyluasasunsailavsunamnnndt Tun1sfinwidaden PU-rigid wvinistnlsladea

A197199 1 Proximate analysis Way Ultimate analysis 9036790819 PU

Proximate analysis (wt%) Ultimate analysis (Wt%)
Sample  Moisture  Volatile Fixed Ash Carbon  Hydrogen  Nitrogen ~ Oxygen
content  matter  carbon © (H) (N) ©)
PU-rigid 0.13 83.02 16.85 0 65.76 6.49 7.14 20.61
PU-flex 0.26 99.74 0 0 60.67 8.60 5.20 25.53

3.2 N3UATIEAAUTIUYA3eN

Wienvesuuagiiesrusznevdiulvgidunaadeunisueiun (CaCo,) Wovnmswineldussenieafd
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nduihluiigadiendnuallagldmaila FTIR WewSeuiisunilanduresudonvosuuagnéslaimn (MS) wag
Wilenwesuuasgd i 900°C (MS_900) lneaiuansn FTIR vesiing1aisaesilanandlunini 2 awuin MS 9z
AIENBUETRY CaCO; InenuiAsILALe 1417 cm™ way 875 cm-1 @auansdanusy C—O Tuvaizyl MS_900 agnu

Twuiatdesndt lngusingiiadalui 427 cm’ (QuIafingandanavednIn) dauansieiusy Ca—0 uazan
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U381 Ca0 9nvosuasy (PU+Ca0) Uandnanise

a =~ ! ' Y% o aw Ao o
N 2 INuU31 Cao mEﬂ‘wumuuaﬂ‘b}mzmqmfjmwwmuumumamawmmm‘uu‘u

'
P

nanasdlaisuiuuniuainnis
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g19uiiaes (secondary reaction) wWasulivesmarnaaidusiaindu lag CaO Afignsiduiuaazii
v
VRRT

LTINTEUIUNITHANFAIVOINDALNDT wavyrvann1aiaU]NeIn19inansusenauna ueondiau
(deoxygenation) [5]

M15°99 2 YSunamandnannnisinlslada PU figaungil 500°C

. USUQUKANER (Wt%)
N13NAABY Gl - —
YBINA? YD i
1 PU 45.9 20.3 33.9
2 PU + Ca0 36.9 19.4 43.7
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PU PU+CaO

A9 3 dnwazvasndunlaainnisinlslada PU
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AN weAlAL Tsuis 1650-1750 cm ™! 910 C=0 wasansnauAlay ueanleduazioamas Asums 1580-1650
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@INgULDAAL TIHUs 950-1300 cm ™ 910 C—O stretching YesanInguusanesediaziluea uay Ainuvis 7
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AN 5 a@lanst UV-visible vasinsfuiilaannnistnlslada PU

mMyleseantRdinnzeesisiulagldivaia GC-MS wulhbuandis 2 ssuvagliansngueslsuniniu
p9AUsENOUNAN Ineuntiu PU SUSunamuasunsil toluene (29.12 %) > o-xylene (15.18 %) > aniline (9.88
%) d1m3U PU+Ca0 HU5ua aniline (22.57 %) > toluene (22.47 %) > oxylene (12.92 %) ssfiLil o910 Cao

Helin1sunnsivenedesmutiausenaufienguans isocyanates WAAMIRTY 4aAINNITUTLLIUATNERTUNTZA

a

(activation energy, E,) v@en15aaefiaves Tuns 2 szuuilgamgiivssana 395°C (Tayavnmailn TGA 6991

Y

Asliauseumsit 10°C/min) wuinluseuu PU fe1 59.6 kl/mol Tuwued PU+Ca0 1A 59.5 kJ/mol 9¢nin
@ v K Y [y} [ 6’5 ) Y I aaa M ¥ ' a aaa a 1
nteeuddindlndifesiy dedunaniimadudnsafisoealilidmalaeaswonisiinujisenad un CaO

a1alutiglusunisinnufounasnisnsvaieanusewiiiiianisunndiveswedgsmunauy
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4. unagy
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