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Abstract

Since 1990s, efforts to recycle the waste plastics by chemical methods have increased. And in accordance with this trend,
attempts have become active to use the waste PET as raw materials of chemical industries. In this article, the patents and papers
for development of commercial technology for feedstock recycling and high end products from PET wastes were collected and
analyzed. The open patents of USA (US), European Union (EP), Japan (JP), and Korea (KR) and SCI journals from 1974 to
2013 were investigated. The patents and papers were collected using key-words and filtered by the definition of the technology.
The patents and papers were analyzed by the years, countries, companies, and technologies and the technical trends were dis-
cussed in this paper.
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Table 1. Analyses of the patents and papers

Patent Paper
The name of search database WIPS Scopus
The number of analysis 601 191
The date of search from 1974 to 2013
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Table 2. Search keyword of the patents and papers

Search keyword

Patent

((PET Sl E* JE* Ze] gale g e o] Ex Z2]o| Y e Zel o] Ex (Z2]o| 23l adj H|H ZEFH 0] E*)
(E]oE adj Hl Bl =€ ©] E*) (polyethylene adj terephthalate) (poly-ethylene adj terephthalate) 2] ol HE
gz g ol Ex Fa|dd A 2y o] Ex dejo dde H 2z o] Ex (FT| AW adj HE| ZA G o|Ex) (&
o9 adj B Z™ Y o] Ex) (| H adj Bld ZA Y o] E*) polyester Z2] | 22E]* Z]o| 2| Z* (poly-
ester) Z&]ol| 2~€* o 2B 2% Za] o 2~E}*) and (DMT (dimethyl adj terephthalate) T] ¥ & 8| & &g o] E*
oH g E el o] EX thow| HE|g| e o] E* Tho|w| D H| | e} o] EX* tho]w| dE g ZA# o] E* tho|H]|
AEg zA g o] Ex tholu| de|g A g o|Ex* (Tho]w|E adj Bl Z e o] E*) (Tho]vl € adj Bl gl ZE}e] o] E*)
T e adj BlgZ2olEx) (W e adj Bld ZElE 0] E*) (Tho]ml A adj ElE| ZA g o] E¥) (Tho]W| A adj B
gz g o] Ex) (Tho|WA adj Bl ZAH o] E*) EG A EZ]|F* o|daAZe|F* o ddAZTo|E* dBAZF
gho]F* oA Feto| 2+ o A A Fe] F* oA A I o+ A AZ T F+ o Al et Z* o A S o] T o
A Fe|Z* ddaFelo| = o dalFete]Z* (ethylene adj glycol) (NEH adj F21F*) (LA adj 21 F*)
23 adj FeHo)2*) (IR adj ZeFo|Z*) G2 adj Feto|Z*) (1A adj 2| 2*) (1R adj ZE}o]
Zhe) (@18 adj ZE)Z¥) (@22l adj Zekol 2+ (Dl adj ZekoZ*) (22 adj 2] 2*) (1D adj 2
gho]Z+*) (ol 23l adj ZEFo]EZ*) BHET (bis adj hydroxyethy adj terephthalate) (bis adj hydroxy adj ethy adj
terephthalate) (H] 2= adj 3Fo] =2 o € adj B2 ZEF| o] E*) (B] 2 adj S| =ZA| Y adj BlF =& o] E*) TPA
H| 3| Zg2b* (terephthalic adj acid) Bl & 228 2 * B 2| Z8 2] *) and (FE3}* utiliz* feedstock A &g A2} L* 3]
S gupo] F* gl Afo| Fx Al o] 8- A ALE-* 2| A * H| 7] B+ H| A} * waste* recycl* reus* recover* reclaim* reutiliz*
regenerat*)).ti,ab,cla.

((PET Bl E* JE* Z2] e g 2 o] Ex Z2]o| Yalle| g Zelg| o] Ex (Z2]o| €l adj B2 ZE} 0] E*)
(ZT]o €9 adj BlglZE#] o] E*) (polyethylene adj terephthalate) (poly-ethylene adj terephthalate) Z-2] ol A €]
Yz g ol Ex T dHE g =g o] Ex dejodAe Yz A o) Ex (T A adj HHUZ Y| E*) (Z
o A3 adj ElUZ R Y o] E*) (2] adj HIHZ A O] E*) polyester Z2] o 2E]* Z2]ol| Z~H Z* (poly-
ester) ZT|ol| el * o ~H E* ZE|o| 2E]*) and (glycolysis T * FE|F| A 2* FEfo|LejA| 2 F
2lo]ZHE] A1 22* methanolysis Pl §H-&-2] Al 2% W EFE 2] Al 22* hydrolysis 7Fi-8l * Sto| =& A 2% Flo]| = 22| A
2=* depolymerization 27330153 (&4 adj 3153*) tlZ2] M)A ©]4A*) and (B E3}* utiliz* feedstock A E-8-* Al
AL * 8] * gl po| Z++ | Abo] -+ Al o] &-* A ARG A A * T 7] B+ | 21 * waste* recycl* reus* recover* reclaim*
reutiliz* regenerat*)).ti,ab,cla.

Paper

TITLE-ABS-KEY((PET or (polyethylene w/1 terephthalate) or (poly-ethylene w/1 terephthalate) or polyester or (poly-
ester)) and (DMT or (dimethyl w/1 terephthalate) or EG or (ethylene w/1 glycol) or BHET or (bis w/1 hydroxyethy

w/1 terephthalate) or (bis w/1 hydroxy w/l ethy w/1 terephthalate) or TPA or (terephthalic w/1 acid)) and (utiliz*

or feedstock or waste* or recycl* or reus* or recover* or reclaim* or reutiliz* or regenerat*))

TITLE-ABS-KEY((PET or (polyethylene w/1 terephthalate) or (poly-ethylene w/1 terephthalate) or polyester or (poly-
ester)) and (glycolysis or methanolysis or hydrolysis or depolymerization) and (utiliz* or feedstock or waste* or
recycl* or reus* or recover* or reclaim* or reutiliz* or regenerat*))

Table 3. Valid date of the patents and papers =57 2] &9 3 oF 1919 Fof WhvF He
=3

KR US p EP Total SAIE B9 F2 dolgrt 4 FEE] 7]

Patent

75 141 324 61 601 ol

Paper

191

B

UEeRATE ©o]F 200197k 7S Ho|th Z)zo|t}. PET HALY ek

Q]
7t HITHA ZAaAE e ok 2001delE 7t %< A B3] 6017 5, EES7} 324702 53.9%

B2 45719] E37F 2= o] 7P & HR&s AR, o v=53]
20117kK12] HolEE Fay7te g A% o=, 7} 1417(23.5%) =E3E 757(12.5%), FHE3E
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Table 4. Technical classification of Development of commercial
technology for feedstock recycling and high end
products from PET wastes

Technical classification Detail technical classification

Glycolysis

Methanolysis
Monomer

Hydrolysis

Hybrid depolymerization

Polyurethane

Polyol Unsaturated polyester

Surface coating
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Fig. 1. Trend in the number of the patents from 1974 to
2012.
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Fig. 2. Number of the patents from different countries.
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Table 5. Main applicants of patents

Main applicant Number of patents
Teijin(JP) 80
Toray Ind(JP) 30
Teijin Fibers(JP) 28
Toyobo(JP) 19
Eastman Kodak(US) 18
Eastman Chemical(US) 17
21712 (KR) 15
Mitsui Chem(JP) 15
IS(JP) 12
Nippon Ester(JP) 11
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Fig. 3. Number of the patents from countries of applicants.
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Table 6. Number of the patents applied from different
countries for specific recycling technologies

nationality Monomer Polyol Total
JP 215 109 324
us 83 58 141
KR 32 43 75
EP 45 16 61
Total 375 226
Hlol 24 29191 47

A 571(0.8%), 29 L=E]
(0.7%), TF¢ W7)o=2 293 242} 37(0.5%), 9
=, SANEA, Ed=HA 299 247 271(0.3%),
Fopol, Hepd, 2¥91=E S99] 247 171(0.2%)°]
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Table 7. Main organizations of papers

. Lo Number of
Main organization
paper

Istanbul University (TR) 11
Egyptian Petroleum Research Institute (EPRI)

7
(EG)
University of Mumbai (IN) 7
North Maharashtra University (IN) 6
Aristotle University of Thessaloniki (GR) 5
Universidad del Pais Vasco (ES) 5
S.S.B.T.’s college of Engineering and 4
Technology (IN)
Tohoku University (JP) 4

8 147, ¥ATY )& DY S350 vj)g
58298 ne

£

44, FQI|E &k

Table 72 5% w=&AA DBEYE =
Al F871%(Top 9) E3S YepA Holt} =&
A7# 93 2 d/ee AvEd, = A5
391 891 Wie] A7 ok =EAFTt 497d£
2 25.7%2 FAES AL H, E7]9 Istanbul
University®] 11722 71&& FE31 e ez B
olt}, o]FE<Q] Egyptian Petroleum Research Institute
9} Q1%=2] University of Mumbai’} 2z} 77, North
Maharashtra University 671, Z2]2:9] Aristotle Uni-
versity of Thessaloniki, Z~%<12] Universidad del Pais
Vasco ZHZ} 571, 91%9] SSB.T’s college of Engineering
and Technology$} ¥¥2] Tohoku University7} Z}7}
4 T £9=2 YEHT

PET #HAe] setdgst 9 357t 287« #d
AR 39 89 W] 7S AVEE, =Tt 3
7, 871, oIRE, g2, 2]l dio] Z2 1l 7]
#Ho g et
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Table 9. List of the core papersZ &5t UERY
Attt PET #Are] sieklwst 8 yi7)F &87)s
A AN5ES] 367 F 29710 HieH3dl 7 A
S2 UEtem, UmA] 7710] EE3) 7 #H
Q1 Aer veigth =R Ae, & 161
137¢] Bixems} 7|e #Ad =2 YEgton, v
=] 3710] EFE|&s} Ve #H =il A= YEstt.

TLnE 7)e BE AAES W aA=Re Awn
M, 198739 Mitsubishi Chem Inde Zg]o|XHZE
At A 595 Aol 8L, 19799l Davy
International- E2]ol|2E] ArkS 9I3h Z2AX A
B v & °4‘3]-°iﬂr 198439l Toray Ind—— =
ol 2=Ee] dFY FH 535 I s,
19903¢] Eastman Kodak o€ Z2|& ¥ tvg

q)

P
=
2
=

gl

oiN Jm Jm HH

QL

H Zeg o] Bl 3|4 Aol A3t EFE vl &
A3 em, 199139 E I du Pont de Nemours &

Company:= &7 V\"é Ze|o|2H AagioaiE WY
o| 2B 2] 34 A ESE YR STt
19939l Eastman Kodake Z@jlddl=e]E 2 U
HaH gz e|ES B Aol A5t 555 {3l
DAL, 199539 Houjiyou Yuniteiies F+ H|2
zeRke] 34 Wl Ak 5515 Y] sk
1996l ARS ING= Eﬂﬂlﬂ‘ﬁﬂ |E B2 S|=EFA
ode] FHl ol A3 EJE [P s,
1997 Teijin 2] % lﬁl Elg] 2z o] Ecl A9
gl et tuge] 3] e Ak ESE g
Z3132H, Yamamoto, S.= ¥4 3tolA 71 £3
Sl oJk Z= 011‘%3 Hig Zego]E9] s}eh5
gl et =72 AASATED 1998l Eastman
Kodaka A9t ﬂ]ﬂ%ﬂ"]i% o] &3k Zelogdl vz
o] EcAe] TA|e] 3¢ ZrAlel 5 555
Yo FHAL, 1= Eg] g =z olE
o] A&g #F 537 274 L &d3A
Tejjin Blg| 224 tude] 34 why A 55 ‘3
dBo| =d3s e, Agency of Ind Science &

1 HHN'

Technol> ZZjo@dHH ZEY o] EZHE L] Ticr 3
T 3 A 535 die| EYsidth
19999l Beijing University= PET ¥7]E< v‘i’—'SH

o] ZAARA 71&
Eastman Chemical&

o] 28 AW E=ES AAEATL

ZH=EE AEgslr] Sl J%
A, Eeloll=E e 43t g #AE 55 4
19997 200010 w=ol] Z5tA 2, Wakayama
Prefecture= 20001 30Y ZZ]ol|AH % Z]e-dg Az
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Table 8. List of the core patents

Tec.hnicall Detail.techr.lical [Nati‘onaflity] Patent .Pat.ent Applicant
classification classification (Publication) number | (Publication) date
[KR] 2011-0046464 2011.05.17 S AA m
[EP] 1996-830027 1996.01.24 ARS ING
[US] 1979-023831 1979.03.26 Davy International
[US] 2000-478018 2000.01.05 Eastman Chemical
[JP] 1998-016792 1998.01.29 Eastman Kodak
[EP] 1993-119009 1993.11.25 Eastman Kodak
[US] 2004-955297 2004.09.30 Invista North America
Glycolysis
[JP] 2001-362669 2001.11.28
[JP] 1998-241115 1998.08.11 5
[JP] 1978-026171 1978.03.08 Mitsubishi Chem Ind
Monomer [JP] 2002-103708 2002.04.05 Mitsubishi Heavy
[JP] 2008-286736 2008.11.07
Toray Ind
[JP] 1984-104482 1984.05.25
[JP] 2000-136984 2000.05.10 Wakayama Prefecture
[US] 2006-089435 2006.12.30 BP Corp North America
[JP] 1991-318617 1991.11.07 E I du Pont de Nemours & Company
[US] 1990-521070 1990.04.24 Eastman Kodak
Methanolysis [JP] 1998-124210 1998.04.17 IS
[JP] 2001-317559 2001.10.16
[JP] 1998-130300 1998.05.13 Teijin
[JP] 1997-098829 1997.04.16
[JP] 1995-133048 1995.05.31 Houjiyou Yuniteii
Hydrolysis
[JP] 2001-227320 2001.07.27 Univ Shimane
[KR] 2009-0096032 2009.10.09 =iy
[KR] 2007-0037480 2007.04.17 Z=gdigy
Monomer
Hybrid [JP] 1998-009401 1998.01.21 Agency of Ind Science & Technol
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