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Wattana Zumsiri. (2004). The Study for Suitable Mixed Ratio of Virgin and Regrind Polyethylene
Terephthalate Resin to Produce Plastic Container for Drinking Water. Master thesis, M.Ed.
( Industrial Education). Bangkok : Graduate School, Srinakharinwirot University. Advisor

Committee: Dr. Pairust Vongyuttakai, Mr. Soodchai Ngaosipral.

The purposed of this thesis was to studied for the suitable mixed ratio of virgin and
regrind polyethylene terephthalate (PET) resin to produce plastic container for drinking water. This
experiment used the pure polyethylene terephthalate mixed with regrind polyethylene terephthalate
which rejected from production process. This experiment were used 9 ratio and each ratio were
100 kilograms of mixed of pure polyethylene terephthalate and regrind polyethylene terephthalate.
The ration of mixed of pure polyethylene terephthalate and regrind polyethylene terephthalate were
90:10, 80:20, 70:30, 60: 40, 50:50, 40:60, 30:70, 20:80 and 10:90. The Thai Industrail standard
(TIS 998 - 2533) was used as a specification for the quality of polyethylene terephthalate bottle. In
each ration of finished bottle product were tested in different specification. First 13 finished bottles
were test for general property such as the bottle must be cleared without any defect or other
contamination, the other 13 bottles were checked for standard volume of 350 — 360 ml., the other 6
bottles were test for bottle strength which resistant of for load not less than 10 kgf. , the other 6
bottles were test for resistant of torsion by torque at 2.94 newton metre which cap remain in good
condition , the other 6 bottles were analysis smell and the other 6 bottles were water tasted, the
other 6 bottles were analysis for safety property of plastic and the other 6 bottles were checking
and analysis property of the solution from plastic.

The result of this experiment found that only the 5 sample ratio were 90:10, 80:20,
70:30, 60:40 and 50:50 meet the Thai Industrail standard (TIS 998 - 2533) and this experiment
follow the hypothesis that, the more than of pure polyethylene terephthalate 50 percentage mix with
regrind polyethylene terephthalate which rejected from production are able to produce the bottles

and meet Thai Industrail standard (TIS 998 — 2533) specification.



THE STUDY FOR SUITABLE MIXED RATIO OF VIRGIN AND REGRIND POLYETHYLENE
TEREPHTHALATE RESIN TO PRODUCE PLASTIC CONTAINER FOR DRINKING WATER

AN ABSTRACT
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Tassadronacquanddnilduesmanafndszimindeiianinaiswsan (Structure
and General properties of PET )
a A ot ° v A . - a o
wanaandizianndiefduinaisnsnandmiviflumiauazuhuiadune Slunaradinn
TaunanfiTomataiiszninfifie ( Therepthalic Acid ) usziefisu n3laa ( Ethylene Glycol ) ma

I v a~
ATNFINNLAUNIN

0 o)
CHgO—l':-@ L OCH, + HO - CH, - CH,- OH

z I v , . o
msniinaessiaigmiusiuauiumsanuien ( Polycondensation ) 9@unInmiams

P A v ana R

wnmealugiusenilas (Glycol) Fullumslsznovdlannmijismuesnsafifiie (Therepthalic

Acid )
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1. fianulauaziliuin ( Clarity and Gloss )
. WRBIURINUNIU NUFEMIANNTIUND ( Toughness and impact resistance )

. nusam sl ( Chemical resistance )
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« & o f v .
. ANANWNTANY ‘)‘lﬂﬂ ( Low gas permeation )
v « o .
5. ilassairanauazudouss ( Good dimensional stability )
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1. INTANWMSIALLAR co, MUINAIN 4 17 useilastumsBarhwrasiadandian,
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2. numsannszunnlaa (Drop Impact) P T a2 (Top Load) 166 Fededia
msdaLAu

3. flavals AliEudgunls

4. i semeuasfudiussgdouly

5. Usaadudaamsiigud® ( Food Contact )IdSumsiusasmnasgunIsusigeIme
WaE19IN Food Sanitation Law way US FDA.
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qmauﬁﬁﬂnawmaanﬂs:m‘nfwﬁsaﬁﬁumaﬁwmtam ( Properties of PET Resin )

1.9manAnssumumw ( Physical Properties )

i e
1.1 AMURWILK ( Density ) YBIWAEAN ( NTN / UadanT ) 1.35 1.4
1.2 aNUTALA% ( Clarity ) &
1.3 MIBariuunen ( Permeability to water vapor ) dunans
1.4 MIBUHUVRIBENTIIu ( Permeability to water oxygen ) én
1.5 msﬂﬁmhwuaoﬂ"ls'uau'lﬂaanvlvno{( Permeability to water carbondioxide ) i
1.6 MINUAaNIa ( Resistance to acids ) waltned
1.7 MINUADUBANEBAA ( Resistance to alcohol ) @
1.8 MInuanodantayl ( Resistance to alkalines ) ffedann
1.9 mInudosiiuus ( Resistance to mineral oit ) @
1.10 mswudamm:mﬂﬁﬂumuwau (Resistance to solvents ) &
1.11 mMInusianuTan ( Resistance to heat ) ladnawald
1.12 mInusianNuLin ( Resistance to cold ) f
2. Qmauﬁﬁlums?«amw{au (Thermal properties )
2.1 39%RBUINRI ( Crystalline melting point ’ F1 oC ) 500/260
2.2 miltanuioulaunse fanunilnazanas
3. auandAlumanuansiail ( Chemical resistance )
3.1 WBANDIBA ( Alcohols )
3.1.1 inwmea ( Methanol ) numule
3.1.2 Bmuaa ( Ethanol ) numuwle
3.1.3 lelalwsnuaa ( Isopropanol ) nuldlussanneg
3.1.4 n3laa ( Glycol ) NUMW 16
3.1.5 n3LwoaY ( Glycerin ) nunwle
3.1.6 WS 1 uoanadaa ( Banzy 1 Alcohol ) nwlaluuneane
3.2 usaf bad ( Aldehydes )
3.2.1 BIwNAan 1o ( Acetaldehyde ) numule
3.2.2 Waadlad ( Formaldehyde ) numule
3.3 lalasafuou ( Hydrocabons )
3.3.1 LUuEw ( Benzene ) nunwle
3.3.2 Indu ( Toluene ) NUMB e
3.3.3 lo@u ( Xylene ) nunnle
3.3.4 afwnan lalasafusu ( Aliphatic hydrocabon ) numnla
3.3.5 Moladu ( Gasoline ) nunwle

3.4 BRwnBT ( Ester )

3.4.1 \pfiapdian ( Ethyl acetate ) nunule
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3.5 a13Usznaudu ¢ ( Other organic solvents )

3.5.1 Bisa ( Ether ) numule
3.5.2 azBlau ( Acetone ) Tinunu
3.5.3 lulpslastuudu ( Nitrosobenzene ) Tinunn
3.5.4 Wuaa ( Phenol ) lainunmu
3.6 N9 ( Acids )
3.6.1 nsaWailia ( Formic acid ) numule
3.6.2 nINBLBAIN ( Acetic acid ) nunule
3.6.3 nialalasnsadn 10 % ( Hydrochloric acid 10 % ) Tinunn
3.6.4 nialalasnsain 30 %( Hydrochioric acid 30 % ) numula
3.6.5 nIAluAIN 10 % ( Nitric acid 10 % ) nunnlauanaz
3.6.6 NIALUAIN 65 & 100 %( Nitric acid 65 & 100 % ) Tinunmu
4. NTEUIBNTHAMNANAIEAN (PET Resin)
NIMNBLIANIA u?q'nf
(Pure Terephthalic Acid) = -
PTA PUIRNTRAONINRT PUIUNITIRUANINN LS

A aa
Luanadeaiefiduniaes
( Mono Ethylene Glyco)

MEG

Melt State Polymerization

MSP | Sawargdnlutuuin

andapnTen

(Catalyst)

~ Ao =
VWUR TN

(Additives)

Base Polymer

—>

( FANURHN0.60 - 0.62 )

— W

(vovldy )

15

Solid state polymerization

SSP | (deawaadn PET
FRSUNERIN

( fNANURAA 0.76 -0.84)

MNLUTTNBY 8 NITLIWMIHAMLNAWAFAN (Pet Resin)
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dunounsnanuyoiu 2 Tunaunanaamwiszney 8 unszuumseaniiowaiain (Pet
Resin ) deilnuaziduanii .

1. YUIUNTT Continuous Liquid Polymerization (CP) L?quxumaumsm‘%uﬁmqﬁwﬁdﬁwn
nautwlusnduionnzay Taomsldmniodien (Catalyst Solution) wwaAntHlusunani
Wuniie(Paste) uﬁ":ﬁeﬂauvﬁﬁgjmmums (Esterification) n13#1&9 PTAlEszuUPneumatic Conveying
msiae EG nndaiulnormiuuazrimianses i]auatham'atﬁaalﬂ"\;js:uun'mm?uu Plaste ms
ids IPA Mingafivih Wldludafiy uddsdewdhgszuumsiaioy Paste

1.1 2UIUM7T Esterification ﬁamsﬁ‘ﬂﬁms‘[umqm?ﬁm (Monomer) ammziiluasla-
Laqae?uv) (Oligomer) wisnAumsAniInUfAsnlavauiunts Esterification B3l 2 Junan Ao
Esterification 1 WAz Esterffication 2 1ot Paste 9:Oni1a&away Esterification 1 usarhusndsns
Esterification 2 msaunudanmsiiadjisen mildlasminuquanuas qmwgi‘ma:s:ummﬁ
e i fldnnUitmeznelundousy EG unsdusenmesuuussidldaniasuen e
#1 EG nauanlglni

1.2 YUIUMS Pre -Polycondensation ﬁamsﬁﬂﬁkﬁﬂﬂﬁn‘im@iﬂLﬁmmn (Esterification)
Lﬁa'lﬁl.ﬁﬂiumqam‘ﬁfu Tauriw Precondensation 2 faatseiios dammufadfismldles
M3UTuMIUgN AW gunnll uazszuzIManzaY EG AWTTRLRNITINAIUNZINYI IR
1% Jet Condensation ieausasi EG anldlwai

1.3 PUIUNIT Polymerization ( winlsun Polycondensation) Product ﬁaanmmnns:—
YIUN1T Pre — Polycondensation %:Qm']auaz.hoviaﬁaan.ﬁwg’ﬁoﬂﬁﬁ?m Polycondensation #39:iinns
nmudmuldnnzgyame weliifau Poymer mudasms dasmsifia Polycondensation 3@
Tdandranamita (viscosity) lnun1sauguaniaa gun)l WAZTTIIRTMANZAN

1.4 YUIMMS Chip Cutting Aia Polymer @3 nuuIwms Polymerization aTgnanaan
\Dutdwidn g (Strand) H1% Cooling Plate vﬁagnﬁ'\lﬁﬁuﬁamfw welwiAamsudena Polymer Strand
ﬁ):gnﬁ‘ﬂ‘[ﬂmﬂ%adﬁﬂlﬁt{’l (Under Water Chip Cutter) Wiflwmifman 9 Fond1 “ UBL Chip " #aaz
gudvsrhuinTosaaminie ity uazaslSmummsang doly

2. BLIUMT Continuous Solid State Polymerization (CSP, SSP) fmqﬂizmﬁf Lﬁmﬁ‘umw
wita (Intrinsic Viscosity %38 LV.) 289 UBL Chip &afi LV. = 0.6 di / g Wiiilw 0.8 - 0.84 di / g 9
wanzanlunmsuamduwe PET

2.1 TUIMMT PrecrystalizationiielWinues UBL Chip 3uifianan (Crystalization) lan
F5lFanuiaume Nitrogen Gas (Ny) «‘ﬁw:gnéolﬁ"lmmumoﬁu Base Polymer amiiatnnunazna
Wawunas Base Polymer aanaiaae %oQuwaa:gnﬁwﬁwaanﬁous:nu Twincyclone

2.2 DUIMM3 Crystallization tAalWifinnAnAR w8 UBL Chip lauasysoflassimidn
389 Crystallization 2 Junoussnaitas goanniiues Chip a:gnﬁ'ﬂﬁgo‘i{u Tauszuy HTM use
HOT N, ldninAniifizuni * Base Polymer "

2.3 UIUN1T Solid State Polymerization %38 Post Polycondensation Base Polymer az

o v J - - as < s . !
anvinlWeudu law Hot Nitrogen Indadfnsen %’otﬂumgoﬂﬁ:mm 19 was lau Chip 9zAsn Y na
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mnﬁﬂuuuamjﬁ'\umaadwaﬁﬂmuamumaﬁ‘u Nitrogen Gas 1.V. 283 Chip 3zfan 9 ga%mu"l,ﬁmn
fdosmailu PET Chip

2.4 PUMT Chip Cooling W8y Dedusting u’i‘iaaﬂqmgﬁmaapm chip lawls Cooled
Nitrogen Gas K1 Chip Lmzl,v"iaﬁﬁmguaaﬂmn Chip ¢ ﬂﬁ‘amnﬁuﬁan%gﬁ’mﬁu (Buffer Tank)
iansraugawLiISekarwliey Storage Silo tatBRIgIUTSIRIBTILLTIL A LI TYSR LR
uszifiululngs &2u PET Chip ?i'l,;ivlﬁf;mmwazgﬂmeﬁwmmn uwazusTenslanlswinauaugu
m%‘mm‘sgqa (Manual Bagging)

5. fnAnzanaldgAanlndianianinarsnsan (PET)
ﬁ'\tﬁ@wma?mma‘uLﬁa’iﬁmw%uﬁqmwgﬁszwm 160 — 170 C” dszanm 4 Taluowmin
a:ﬂéaﬂimzﬁawmaﬁnﬁauuﬁﬂmLiﬁangmmm%iaaﬁmﬁaﬁflmsﬁmﬂumaﬂw?wa{u Tldenash
AN Lm:muwﬂmm@ﬁﬁmﬂ'\ﬂﬂﬂl’ﬁqmﬂgﬁluﬂwﬁ@ﬂszmm 280 C° waldimsaduuAuiaad
gmﬁg‘s‘uzc‘) w%'was{wﬁaamuﬁwzﬁ‘iaLﬁwg&ns:mumﬂﬂﬁﬁmﬁah"lﬁgﬂuuumwmé’ﬂwmmamsj
Auvasdans LTud lunwsLﬂﬂﬂi‘Tugilmﬂlﬁmﬁuamﬂ’\ﬂszmm 35-40 Bar wasnmituinwieuds
103 093N TeTFITIRRINTITaINII0aN s‘%aa:i‘]msmwaauqmmwﬁqﬂmymtmzﬁ']msmsgaﬂu
mw:w‘?}amﬁgﬁuﬁma’”jamwﬁzumaumsmmaauathm:l,ﬁﬂmﬁ’q arfhenmsidufiont asouet
S usriuAinsedulSoenstaen LLé”ﬁae}ﬂmmﬁmﬁﬂuﬂé‘aﬁuéﬁLﬁasamsaf\mau‘lﬁgﬂﬁma'lﬂ
FLRATIBNTWLTENAY 9 ATELIUMIHAATIANMRAN IWRlaARWNalTNE LA

> )
@3 898y A3 0980 P99 A5I9ROY

mwlsznay 9 nezuaumsHiemenmsanlniiafifunaisweuan (g0 2ediuen fimwol.
2545)
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13 asiauazananatadn ASB - 50 Il (H)
103 asdauazitiwa1ad@n (Single - Stage Machine) \{wvasussn fisut ﬂi:mmﬁa_;lu‘gfu ASB
- 50 1l (H) asmwilsznay 10 Ssfisulsznaudai
1. 7999 (Injetion Unit)

1.1 awnenaiia {Screw Diameter) 32 Uafues
1.2 ANURANIOLUNTAQ (Injection Capacity) 1134 gnunaniaudians
Gansan 1 ass
1.3 aas1tumsia (Injection Rate) 114.4 Qnmﬁﬁmuﬁmm@iaﬁmﬁ
1.4 us3aulumsia (Injection Pressure) 1305 AlanTusagnuiarisudiuay
1.5 $wuaIWaaAn (Plasticizing Capacity) 1305 Alansudomalus
1.6 szz#afla (Screw Stroke) 100  AaRLues
1.7 ananialumsiia (Screw Speed) 0-208 PM
2. FunkInTaa (Injection Station)
2.4 useslumstladuun(Clamping Force, Upper) 5400 Alansu
2.2 usalumstladusns (Clamping Force , Lower) 5400 filansu
2.3 szpemyiaduiliu (Clamping Stroke , Upper) 250 daRiues
2.4 szpznitead1uans (Clamping Stroke ., Lower) 205 daflues
3. dunismslaanuian (Heating Station)
3.1 szazmslianasan (Heating Core Stroke) 200 Hsfies
3.2 awenszuangalWaaiau (Heating Core Cylinder) 40 fHafiues
3.3 2aenyia (Heating Pot Stroke) 120 Usfiuas
3.4 w19 as (Heating Pot Cylinder Diameter) 40 §LUAT
3.5 ’5’1%’2%’gvﬂﬁﬂ’nu§au (Number Of Heating Zone) 3 7@
3.6 szuemslianuion (Heating Core Stroke) 200 TaRiues

mwisznay 10 103 asfauazithurawasdn ASB — 50 It (H)
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L] J 3 =3

N1IN1YDItATadRaLazithuIanarafn ASB - 5011 (H)

& P o = a A  ad . B o A ' & d

TuNaun 1 dndewsadnlwdioffuinaisnsuanlalu Sio mmsamwa‘lamwwwaglu
- -~ A4 v oA Fs ° v A a o o B y ad
Wawaradin  samhiianuiugeesvilinefindasaninlanwmsamigu lila gampiinldlumsey

0 -« @

dszanm 130 ¢ sz 4-5 Talue

£ < ° i < . «a o S 0

Yunaun 2 mmia‘iﬂw?wpas'uua:uhLﬂumﬂmugﬂﬂauuwuvﬂﬂqumﬂgu Barrel 270 C

- 4]

URZIMANA Hot Runner 280 C

& ] & - « v e -~ a

Tunaun 3 Wonansanunduuiaud vanseressuanwmemaouanmly anulauesnia
AMURWILIVBITIN NARDUANNUDINTIVEIVIA 1 TuaAn

t4 < . [ v e ' A o ’ Y v
Tunoun 4 naynarnasuduuisousa vimrussaldgunedaiiy u.a:aal‘mgnmma"lﬂ

a o o '3 P a
6. NINTTIMHAAATNNDAHMNTINGVTI098-2533 (312N 998 - 2533) MBULWAHGAN
o v sy o\
dmSvuTiniilng
ﬂaqﬁ’uﬁms'l*fm'nu:wmaﬁnémf”uussa;ﬁm‘s“[nﬂazhauws'mmu sk e
A ~ v o < . a a 0 & a
an eanatseadsresguilan uaniunisduaSugaamnisundsiamwaain Suninasgunan
o o a e o &
AusigamnnIsy ﬁommuﬂmmgﬂuuamnmﬂqmmv\nsmmu
6.1 BOUTY
o~ bl J. ~ Q@ a S‘ v
6. 1. I MHAAA U R AmWNIIRiARA Tia PWIR Tag AMANNIENADINS
A LY G . L - § - o ar
NTUTTY LATOIANIL URZARIN MTTNIBLN URZINMNARTH URTNIINARDUMTUENTIFANTIMIL
ursaiilon
6.1.2mm§1uwamﬁmfﬁqmmvxnssuﬁ"hiﬂsaUﬂqwﬁons:ﬁnﬁwwmaﬁn
Iy -] ° A = el '3 ; s 0 A’
6.2 unfiznu Ianuminpussidlsluinaigundnimngaamnssuis Hnsdalui
£ © b :‘ L) A » ; 0 »
6.2.1 mruzwmadnsmivuTsniwilng SeiellusnaspuiaziFonit "maus
A " - A, v P a a ad a - al a ¢ P
WREAN " wanudammusinsunaaansialndienan Inalnsdu Indhiilansalsd Indieniau
A a P Aa ) a v a v S -
aLIWEIan wialwamfusiue nidtaldadin lmussquﬂusinﬂ
P vo a o
6.2.2077%9321 (nominal capacity) TPRTIL R ﬂ?mmgoqﬂﬂmmuﬂlummdmm
- . -~ _~ A v o ~; -
- 6.3 mruzwaadnuiianusitazesnanadnilivnesnidu 5 wila fa
6.3.1 Indlafau (PE)
6.3.2 InAlwiRidu (PP
6.3.3 il flanaalsd (PvC)
6.3.4 InAtafifumaswmian (PET)
6.3.5 IwAasuaiua (PC)
6.4 VU9
v . v 1 A ‘/A A ° L3 1
6.4.1 mmqs:qmm'lwaumnm:qvl'mamniﬂummqs:qmm:m’lmm 051, 2
¢ A v S q va A [ o a v
waz 20 anuieiedunsmmessulivnlasmsusspihtddeSuins usriadiinnsngnnniivos
6.5 'a"aq

a a_ dy oo a v = A wad
6.5.1 'zsum)mwmamnwl'nmm’nu:wmamnmaatﬂuvlﬂmum:qvlmamnms
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nasauliljifinuanasgiuniaiuigaamnysy e nsinaniuiwaaini v sIngs
JIULaTT HaN. 656-2529
6.6 qmé’nmm:ﬁﬁmms
6.6.1 anwmenaly)
6.6.1.1 SAMIRERANARNUSTENTBIEzaNR IHanEANGIATINAMAT
WaanFouvanysoy 1w ﬁgﬂaﬁ'ﬂ mm.jw Wo397nNe
6.6.1.2 FuswinRuknmMTuzwaadn (F3) deeraan minaseulivinley
MINTIINRHY
6.6.2 NAULAZIH
(Henagaumand ﬁaoiaiﬁn?ius‘uusamnn‘\u'lum'm:wmaﬁn URZTRTD
weavias iAoy
6.6.3 anumulunddn (awmzmsssnsnaanidinio) Wanaseumuda 10.2
ud thamousuazehdaslduan
6.6.4 MIFIBY (BINZMIUTWRIRANAINY 5 gnmﬁﬁm%mmi‘fu’lﬂ) \Weneaay
sudis 6.10.3 usaaslisiBy
6.6.5 AMUNUMUGDNMIANNTLUNN (IAWIMBRSWAIFAN ANINY 5 anAniad-
was 2uly) Weanasaumuds 10.4 u dacliuan 317 wiesady
6.6.6 AmulAAUAIINIaANY
6.6.6.1 Sfazauaanun Wanazaumuda 10.5 ud msasauilenasluiia
6.6.6.2 qmﬁnwmxﬁmmwﬂaaﬂﬁumam{fawmaﬁn Fosliimnmusin-

wualuass 2 minaseulilfifianu van. 656-2529

= v o A A o @ - ar
A9 1 qmanwmzmum‘mﬂaas\nﬂmaomawmamn (mummmmgmnamnm'ﬁqmmunsw.

2533 : 4)
U ATANUE oAt mne Sadnsuse Alansu
Indionau usz  Wwalia  Indehau wa
walnshau  asolsd  imalswsllan  anuaiue
1 a2 100 100 100 100
2 uaaLlen 100 100 100 100
3 Taasalsdlulunay ¢ 1 - -
4 s1sUsznovladfiafin - 50 - .
5 lasinaiusInTanitas- - 1000 - -

wWagnWain
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« a (Y .- A, P
6.6.6.3 TN/ ILBDNUINKRITAN mmvlumummrﬁwmmuﬂlummm 1

msnaaevlijufe s ven. 656-2529

~ - o o o (8
M1 N 2 FITNATRIVAANVIINWRIFNN (munmumm;&;wuamnmfngmmvmsw. 2533 : 3)

NN
ol ATIANNIZ aazay fafnfudegnunaniiafiunsuasmsazay
ms Twdiefan  walidia  Indedaw IWa
fl WA anelid  malIWm MIVBLUN
Tnalwshan a9
1 IwunsBuawe¥ A 10 10 10 10
wuanuaiildvin
JUnasm
2 Fewdeninms 30 30 30 30
UL
3 lanzwitn (WHuu MIRTAUNTANDD 1 1 1 1
\fluazia) @nvauaz 4 lay
4 WA Usuies - - 0.05 -
5  afiiiny - - 0.10 -

A [ < a & s v "
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