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Abstract

This resecarch was-aimed to -synthesis 'of / packaging for impact materials during
transportation. It was made of rigid polyurethane foam which-was low cost and high capability to
degradation. The cassava starch and_caleium carbonate were used as low cost additives. There
were added to the amount-of 5,710,715, 20, 25.and 30 percents by weight into the rigid
polyurethane foam. The comparison of density, mechanical properties, morphology and
biclogical degradation on investigated.

It was-found that the rigid polyurethane with cassava starch as a filler had lower density
and mechanical’ properties than the rigid  polyurethane ‘with calcium carbonate as a filler.
However, the cell size of rigid polyurethane foam with cassava starch was bigger. It was easier to
degradation with enzyme of Aspergillus sp. Which has ability to change starch to glucose. The
absorbance of light, for caleutation. of < glucose, standardization curve was-also/ improved. In

addition, the amount ©fincrementfillers was.trend to higher density but mechanical properties.
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Taidi 1.0 1.1 2.2
N-methylmorpholine 40 25 10
Triethylamine 86 47 4
Tetramethyl-1,3-butanediamine 260 100 12
Triethylenediamine 1200 380 20
Tributyltin acetate 8000 14000 8000
Dibutyltin diacetate 600000 166000 120000
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Yield, Polymer

Selvent VA Then schubility
Kylene 33 0.06 Precipitates at once
Perchicroethylenc 62 0.12  Precipitales at once
Chiorobenzene 100 0.17 Precipitaies at onge
Methyl isobutyl ketone 88 0.23 Precipitates at once
sym-Tetrachlorocthane 160 . 0.36 Precipitzies slowly
Nirrehonzens 81 0.35 Precipiiates after 30 min
Trimethyl sulfoxide 98 (.69 Soluble
Teiramcthylene sulfone 100 076 Solubic

Dimethy! sulfoxide/methy! isobutyl
ketone, SO/50 100 1.05 Spluble
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2.8.1.5 d1svnlfinades (Blowing agent)
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QRED RN TIRERGR ﬁmﬁn‘lnmqa anunuu(glen’) | aiAen (C)
Cyclohexane : 84,00 0.774 §0.8
Trichloroethlene 131.40 1.466 87.2
1,2 Dichloroethane 98.97 1.245 83.5
1,1,2-Trichlarotrifluoroethane 187.39 1.565 47.6
Acetone 58.08 0.785 56.2
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fIREIINTEAIMIAA lsasendavaswefasa (“hydroxyl value”, OHV)

Avleasandavnanoionn (“hydroxyl valve”, OHV) iHumnldiannududuvesle
3 ¥
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OHV = - Wifsnindfl % 56:1-x 1000
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fapehan1samaud e lalasaiun (Isocyanate Index)

o Toos o o y et = g
ﬂ"l‘jﬂT!,J’Jmmﬂ“Im"l’e)T“Hll“Bmmﬂ (Isocyanate Index) RUAINNONEIAUABINTUDY
. s 1
o Tas lvoasmie ldhindgasantudadauimonluaduwetoon, th imed uveuTes dnus

dadaluaail 100

guilolalwouun = $Swoulvaimouwi lols loouas x100
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o = - 3 [ w a g o = oo
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TDI Requirement @ 100 Index (Y)=H,0 pbw x 9.667
+ polyol pbw x OHV x 0.00155
+ X-Linker pbw x OHV x 0.00155




TDI Requirement = (isocyanat index x Y)/ 100
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Page 1 of 4
Material Safety Data Sheet

According to 2001/58/EC

Reviewed on 21/08/2005
1.Product and company identification :

- Product name : RAYPOL® 4221
- Application of the product : Polyether polyol base for rigid system application
- Manufacturer/Supplier :

. TPEPOLYOL CO. LTD.
16lh Floor, TP! Tower, 26/56 Chan Tat Mai Rd., Tung Mahamek, Sathorn, Bangkok, THAILAND
Tel. (662) 678-5333 Fax. (662) 678-5348
www. tpigroup.co.th
- Information department : TPl POLYOL CO.,LTD.
- Emergency information (662) 678-5333 (Technical Service Center, THAILAND)

2. Composition / Information on ingredients

~ Chemical characterization

- Description :

- Hazardous ingredients : ]
CAS No. :  009049-71-2 Poly {propyleneoxy) sucrose =>9859%

7722-84-1 Hydrogen Peroxide >01%
EINECS : ' Polymer

3. Hazards identification

- Hazard desgription - Not Applicable

- Information concerning particular hazards for human and environment Not Applicablc

4., First aid measures

- General information. :

- Inhalation : Move to good ventilative place and rest,

- Skin contact : Rerove contaminated clothing as needed. Clean with soap/lukewarm water for 15 minutes.

- Eye contact : Rinse with clean-water 20-30 minutes. Obtain emergency medical attention If redness persist.
- Ingestion : Rinse mouth, drink plenty of water and then obtain a medical attention.

5. Fire fighting measures
- Suitable extinguishing agents : CO,, Powder or Water spray.

- Protective equipment : Wear seli-contained respiratory protective device.

6. Accidental release measures

- Protection of personnel : Wear protective equipment. Keep unprotected persons away.
- Environmental precautions : Do niot aliow the contamination in sewers/surface or ground water.
- Mathod of disposal : Adsorb with liquid-binding material (sand, clay, diatom etc.)

{Contd on page 2}




Page 2 of 4
Material Safety Data Sheet

According to 2001/58/EC

Reviewed on 21/08/2005

Product name : RAYPOL® 4221

7. Handling and storage

' - Handling {see also section 8 and 15) {Contd. of page 1)

- Information for safe handling : Do not store with isocyanate chemical closely.
- Information protection explosions and fires : Beware heat, spark and open flame
- Storage

- Requirements for storage rooms and containers _:.-Store'in cool location
- Storage in one common storage facility : Keep in coal and ventilatate place,

- Further information about storage conditions-: Keep container tightly sealed. This produet is hygroscopic.

8. Exposure controls and personal pretection
- Additional information about design of technical systems: Not rediire any specified control.
- Ingredients with limit values that require monitoring-at the workplace
The product does not contain any relevant quantities of materials with critical values that have to be
monitored at the workplace.
- Additional informatin :  Ensure that eyewash staticns and safety showers are proximal to the wark-station location.
- Personal protective equipment
- General protection and hygienic measure;: Use geood personal hygine practices, wash hand beforé eating,
drinking, shower after work using planty of soap and water
- Breathing Equipment : — Suitable respiratory protective device recommended
- Protection of hand : Recommended chloroprene rubber {CR) or nitrile rubber {(NBR) gloves

- Eye protection : Safty glass is required

9. Physical and chemical properties

- General Information

Form: Viscous Liquid
Colour: Clear, Qrange yellow to brown liquid
Gdour: | Mild odour

- Viscosity @ 25 _C 4800 - 6200 cps

- Change in condition
0 o
Melting point/Meiting range: Lessthan-4 C/20 F

o 0
Boiling point/Boiling range: More than'>167 "C// 380 °F

{Conid erpage 3}




Page 3 of 4
Material Safety Data Sheet

According to 2001/58/EC

Reviewed on 21/08/2005

Product name : RAYPOL® 4221

9. Physical and chemical properties

" - Flash point: ' ‘Approx. 176 °C 1 350 °F (PMCC) {Gontd. of poge 2)
- Spontaneous combustion: No.
- Danger of explosion: Occure when react with isocyanale in sealed container.
- Density: 1.03 g.’cm3 at 39 OC

- Solubility in/Miscibility with water: Slightly

10. Stability and reactivity

- Thermal decomposition / conditions to be avoid: ~ Heat, Spark and-open flame. Strong acid and alkaline
: - Dangerous reaction : Exothermic reaciion with isocyanate

- Dangerous decomposition products In complete combustion may release poison gas, CO and

other foxic gas.

11. Toxicological information

- Primary imitant effect:

- skin contact: Mild skin irritant.

- gye contact: May cause-eye irritation.

- inhalation: Not found a significant inhalation hazard under anticipated conditions of normal use.
l - ingestion: This material may be a slight health hazard if ingested indarge quantities.
i

12. Ecological information

Mobitity : No relevant studies identified
Persistence/Degradability: The product is readily biodegradable.

Bio-accumulation : Product is nol expected to bioaccumulale.

Ecotoxicity : No relevant studies identified

13. Disposal considerations

Dispose of in accordance with all applicable local and national regulations.

‘ {Gontd on page 4}




Page 4 of 4
Material Safety Data Sheet

According to 2001/58/EC
Reviewed on 21/08/2005
Product name : RAYPOL® 4221
14. Transport information
' - UN Number: Not applicable. ~ UN Packing Group: Not applicable. (Conid. of page 3)
- UN Class: Not applicable.

Land transport ADR'RID’ (cross-horder)

ADR/RID class: Not applicable.

Packing group: "Not applicable.

Marine transport IMDG3

IMDG class: Not applicable.

Packing group: Not applicable.

Air transport [CAQ™-T! and IATA-DGR

ICAQNATA class: Not applicable.

Packing group: Not applicable.

- Transport/Additional information: No dangerous chemicals aceording to above specifications.

15. Regulatory information

- Classification according to EC guidelines:

The Praduct is not subject to identification regulation under EU Directives and the ¢ordinnance on Hazardous Materials.

16. Other information

The information in this document is based on our besl present, Nevertheless, it does not constitute a guarantee for
any specific product features and does not establish any a legally binding contract.

- Department issuing MSDS : TS&D department, TP POLYCL CO., LTD.

1: ADR= European agreement concerning the international carriage of dangerous goods by road.
2:RID= Regulations concerning the international carriage of dangerous goods by rail.
3:IMDG= International maritime dangerous goods code

4.: 1CAQ = International Civil Aviation Organization

57 TATA = International air trainsport association




MATERIAL SAFETY DATA SHEET

AR 1032

s - =) o o
uSim ##'le Tleon §1da

_ $1 16 owsidtonnned
26/56 auusumiRaln
UM AT NS

agamma 10120 szmeng
. Tns, 678-5333 -

|
I v c:r
1. foyanahi

¥oY19MIM RAYNATE 9001

Fanuall Crude MDI, Component B of Raycore systems

ilszianvoeaisiab

A o
Fovinla

MDI based Isocyanate

Twdwmmosan Twadiale To'lseuun

o or

T9HIAY 2545

or o o
‘ unienyle
!2. anaifutiv

& a
iy
HONTENUAD UM HATALD LN

¥
(szuzdu)

¥
Naﬂﬁznuﬂammmmuﬁa%’q

(Feuze17)

1 = o é or of
Hradona, AT uilo duia Taonse
a ) & < a4
W ldssanaidosanilon
o L1 F P} .3 Y- o
Midszmenodmiuanios

hilsinguanginiszyindasuasiwinmsgany

1
= 1A w 3

lilsnguangruis g uiadudswdonsgadumaiamia

Ll

rooa

il wguinguhseidnfiasunswainnsfinfsenu

Tilsinguangunsiuiasuas o vesranszny

Aogunnluszezon

3. deyainoanumgn udl dazaisfiall

ganu M@ nnsveae)

g

10N 205 BaRraed /400 sarv sy laad(GEdutin)

B

Tevaon Dae 008

Page 1 of 6




TPl POLYOL Co. Ltd.

RAYNATE

1, Yeyafaaiunsga i azmisdalv(de)

funswaINMIgndn Iirznssuda
asnlin 19y 1Y

>
Tuasuimy UM sHIgHAS

Iadrfagegainiiiaa Tl @ dSinastuemn

"hitlsng
TirkngsunswluaanzmslFmnlnd
efuoutaoentae, waadl, Ty nierh
asqiinsaliidiosfiidnyanaiiaunsetiosi

atuluTasnulaenled uaz love<le To'lwonun

t. Yoyanruniluduanadeguan

o o]

FOAN AT UL

n1sn1vla

A
AISQATLN AN
Havily

msinlszmu

Cosmwlalvazduiau TLV aasdh ldifeanssemeidioado

[ P @ 3 A
N aRDLaS 'H'lfﬂi!ﬂ PNUAADINTIARIY TsAND LA

o e e A °
daSudnnk leTalaguua v3ofionsnasaauinny
LIR) o A & = c:' @ G

Tideminansolsnrionia asuan@EINI TR
Tolalarenun

a +f =} =4 £l 95 [} o« o 3
s idanmszamndeuanmissias thauiaidniey
WS ndudai Iimis iyl

o 3 p=
oM liAAnTsEA e

i | o r ar
a1szilwuasedogumwd i mlsznu

Julsuameaunis

!
1
1

5: 01

slfinSeatleadys uas aaugr

nuauniola

AWAT

TideeldinTolewrufiruait ldaazdn@ninsssune

BInNIANDITEL

o o a a o Ao A '
AUNUTSAY TLV“uzu-lqﬁﬂju“u‘lﬂ'lﬂﬂulﬂiO‘J‘f:‘ﬂ“_lﬂ(iﬂ

T y x!'i i ar ] 1 Ao K= SJ
1‘lﬂﬂ‘iﬂ~1ﬂﬂ~lﬂuﬂ1\1ﬂ'l U TUATUINTYID ‘H‘!J'lﬂ"]ﬂ

A P o A e
i floeiudunswannisnszdunie duazess lesumy
Tindsaauld Contact lens

T 1 3 A o kY

arvaugadie, Mduitlou,seai ndedtlsadiulumin

3 ) ,
Has fsve,

LA S o w ¥
qﬂﬂ‘smmmumiﬂzmmmﬁzamnmirmms'l%nu

Page 2 Of 6 |




TPI POLYOL Co.,Ltd.

RAYNATE

MIAURN IRIAINT

ANUTSDIRUQL

¥
Jupsulumsdgiaau

o s A or 5

Tnszuumsszueonainusssuma nie nfeeinsg e
1 Y a o

Lildfusedu TLV

garntag sanagnitunseziam 1 lndSnud

dgliaanu

TungmsilfiifiFesanurzemdmuyana

[
S

¥ A o . A

Anilonousuiliznio s, Ay nazguyus
¥ b d [ »

wintenit seadadnnlas s uf uaz

savinamazamasuiinduun 141wl

: o & oy o L] uv
ﬂ'l‘l]u'l“f\ﬁ]'lﬂﬂﬁﬂﬂﬂ?ulﬁﬁ %5’16%’1’141131314111111_‘1

i. Und waluaaiuiiia(TLy)

0.02 ppm {OSHA CEIL)

| 4w
I ﬁ]‘iﬂﬁu“ﬂ‘lﬂlal‘uaﬂﬂu

maduvela

A1STUAAYNANM

msFudagnami

MInauny

5 L : { = QIA
nagudglifaiSnunioininuSns

1 s o o e A
ﬂ'ﬁ‘ﬁ']ﬂﬂ"lﬂﬁl%ﬂ'ﬁﬂlﬂu HAZATITHU I NgNUN

9/ 1 : QA 2 : [
Fueramdsizeeiun lasdiinadu
o =8 = (1

(hita1 15 1 aszwsuamiops

2 o+
WA Usnpimnd

o o 4

¥ + ¥ []
poRATBA Ao TS MR maseass nuidudadiui

_unzay 10-15 Win

v -

dandamirturilfeowloy Sdihoaaviwldveunan

7 o o s
Hag WHIWNnenUn

Revision Date : 08-02

. Pageldof -6 .- Ll




TPl POLYOL Co.,Ltd.

RAYNATE

3. ATTHNAY Ay MIIa

i u’: &S ardy g ar
i funpuilfiiddmiunsdl asun

g v
walanuoy

wmlTuamn

liaaudesmualunisiiasve oS uansenohiu-

nfoudn uaziniio s ameazaon
ﬂmu"lah"immmﬂmmnaﬂﬂﬂsmmgﬂwuadw &adn
dutunsuzilavudae i lusnufomadems (s
imsthiiad e s aeiiueo 1‘1’1, 3-8 %ueuTuidly,
2-7%A 1T HNAW)

Anaoguin, vubmsasludullavihfeeindifeserinas

o vy oA A o o Y oo w
ety o 1o lweniadaslifoonIe Tagaaduiay ldndadin- - -

lﬂ‘lﬂ‘uﬂ1ﬂiuw!ﬂﬂﬂuﬂ1ﬂ‘lﬂ1uﬂil‘lil!?llla‘lmﬁmt!mﬂ ag

"mmsmmmﬂmiﬁumu(%% u‘n 138 %uauTumﬂ

2-T%NATEOAIY) \[Gounaly 48 $2 TN (s Wane

4y

|
|
I
. 5 o o =
‘ THADUNTINIAYDUTY
[
|

H A 1 T
9. dIvmEy $ <swouoedundnots iy el i
TnAmesvo MDI <60 %
44'MDI - < ~45 %
taunayved To Twiues ves MOT <3.0%
|
10, S0P IMN
\
|
| anuaEAmeuen YOUNA?
LAU7DA 200 pIrvmIFud 0760 MadmmILson
& = =
anuHiia 200 cps 1 259 UFITYE
auau e 0.00016 Naamwasson # 20 seruzaFo
TITINY ) Disziny
AWAWIUNIE 122
mrazaei

o can w : 3
aunsainlfisefuild

Revision Date 08 021 S -

Page 4 .0of 6




TP POLYOL Co.,lLtd.

RAYNATE

-
nau
o
amilunsa-te
ar - = o
BUATWINNISIAR IWALIDT
@asam

RV

gungiiaaly

=i a4 o

vainalunissziiia

ooy

fuueuiiRduqnnmuaziai

ANHUZAGUDA LAZAAH
= o
TNINHAITHANTRLY
AISAUNAITHANR S
o & 1
AT EAEAARDI AT 01

159 AN INT AW

a A
unau

Tiaunsaiald

a1udadulg

s

>205 saeusaion (Gaella)
1iilénanng |
Tirnnsadaduld

anwia 1875260 perusaiFen

= 1

o |asa e gy = o a o
ansaiulgisodiniald uas aswiinguledasondad
=
(g o3
N4 a A o
vagmardhmalinnunmed

awseu, dseae uas nlas'v

¥
U1, itean0808 azaalin
1 oy J ' §
hirunsafeiulddrlidagany

faraas e uuovon o, laTasion Joerlud

o
aon laaves 1y Tnsiey
o A ) o ) 1
wanaealgisnfmitamdugazlaey
=4 o B o =y ooy c&’ 5
Armsusunouen lad uaz Dauduinaun 1d

Tumruziilaaiin

3 v oa a
1L U833 1 UNHUAY

FEmsaauguiams msduinu

naznistlesduanaahuilon

- V-- o = . ; oo SR L - ‘7- : 1 s 7" . -
gunsaigaseriminla asldmalulanunieaime

miseninty daussy -

T diniy twetleein Ferluitlou

wudoe'h o amHQi 65-90 gervusu Tad

{ Revision Date : 08-02




TPl POLYOL Co.,Ltd. RAYNATE

1 o o ¥
12. avilszpevfiiluduanadesguam

=) o [ a ar =
Tw@mes uaz 4,4 MDI -semoifosrendem, Amie tasssuumaiuviole

mlsenia

) o v = A i 1 o o 4 a1 =y o
doyaluenmsniiuiinnnuuadoynfidods 14 ot lsfaud Idsuulssiuidoyamaiigndes Sainy

g ar

an1IENioITHIans nmsAuinm nslFaunazmsiaeguenmilomssunuveus uazewaguanmMitonI L ivous

1 l:y r 1 o = q ol = o t A A y J
Meauamanil 51 hirunsofvziufnsouuas Wisd v s ununFonie meviin s wior 195 0T fn Ty

L4
=1

Tumsquasnymemsfiadudnil

Revision Date : 08-02 - . o o Page 6 of 6




	Title Page
	img-723165908-0001.tif
	img-723165908-0002.tif
	img-723165908-0003.tif

	Abstract
	img-723165908-0004.tif
	img-723165908-0005.tif
	img-723165908-0006.tif

	Contents
	img-723165908-0007.tif
	img-723165908-0008.tif

	Lists of Illustrative
	img-723165908-0009.tif
	img-723165908-0010.tif
	img-723165908-0011.tif
	img-723165908-0012.tif

	Chapter 1
	img-723165908-0013.tif
	img-723165908-0014.tif

	Chapter 2
	img-723165908-0015.tif
	img-723165908-0016.tif
	img-723165908-0017.tif
	img-723165908-0018.tif
	img-723165908-0019.tif
	img-723165908-0020.tif
	img-723165908-0021.tif
	img-723165908-0022.tif
	img-723165908-0023.tif
	img-723165908-0024.tif
	img-723165908-0025.tif
	img-723165908-0026.tif
	img-723165908-0027.tif
	img-723165908-0028.tif
	img-723165908-0029.tif
	img-723165908-0030.tif
	img-723165908-0031.tif
	img-723165908-0032.tif
	img-723165908-0033.tif
	img-723165908-0034.tif
	img-723165908-0035.tif
	img-723165908-0036.tif
	img-723165908-0037.tif
	img-723165908-0038.tif
	img-723165908-0039.tif
	img-723165908-0040.tif
	img-723165908-0041.tif
	img-723165908-0042.tif
	img-723165908-0043.tif
	img-723165908-0044.tif
	img-723165908-0045.tif
	img-723165908-0046.tif
	img-723165908-0047.tif
	img-723165908-0048.tif
	img-723165908-0049.tif
	img-723165908-0050.tif
	img-723165908-0051.tif
	img-723165908-0052.tif
	img-723165908-0053.tif
	img-723165908-0054.tif
	img-723165908-0055.tif
	img-723165908-0056.tif

	Chapter 3
	img-723165908-0057.tif
	img-723165908-0058.tif
	img-723165908-0059.tif
	img-723165908-0060.tif
	img-723165908-0061.tif
	img-723165908-0062.tif

	Chapter 4
	img-723165908-0063.tif
	img-723165908-0064.tif
	img-723165908-0065.tif
	img-723165908-0066.tif
	img-723165908-0067.tif
	img-723165908-0068.tif
	img-723165908-0069.tif
	img-723165908-0070.tif
	img-723165908-0071.tif
	img-723165908-0072.tif
	img-723165908-0073.tif
	img-723165908-0074.tif
	img-723165908-0075.tif
	img-723165908-0076.tif
	img-723165908-0077.tif
	img-723165908-0078.tif

	Chapter 5
	img-723165908-0079.tif
	img-723165908-0080.tif

	Bibliography
	img-723165908-0081.tif
	img-723165908-0082.tif
	img-723165908-0083.tif

	Appendix
	img-723165908-0084.tif
	img-723165908-0085.tif
	img-723165908-0086.tif
	img-723165908-0087.tif
	img-723165908-0088.tif
	img-723165908-0089.tif
	img-723165908-0090.tif
	img-723165908-0091.tif
	img-723165908-0092.tif
	img-723165908-0093.tif
	img-723165908-0094.tif
	img-723165908-0095.tif
	img-723165908-0096.tif
	img-723165908-0097.tif




