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Abstract: Polyester was prepared through the esterification
reaction between watsepaper liquefied by ethylene glycol and
carboxylic acid. Liquefaction was carried out at the previously
determined condition of 100 minutes, 160°C, and 3% sulfuric
acid, and the hydroxyl value of the liquefied product was
411 mg KOH/g. In order to remove bubbles produced during
the curing step, the method to introduce a slight nitrogen
stream into reaction vessel and/or the method to preheat a
polyester film at 85°C before curing step were used alone or
in combination. But if curing temperature was 130°C, simple
method to cure a film for 5 hours at 130°C without using
both methods was found to be most effective. The polyesters
prepared with various carboxylic acids showed significant
different physical properties, and maleic acid was best among
them. Also, the effect of reaction time and temperature, C/H
(carboxyl group/hydroxyl group) ratio, and type of additive
on the crosslinkage of polyester was investigated. Lithium
hydroxide or citric acid as additive was used to enhance the
crosslinkage of polyester and citric acid was proved to be
much more effective than lithium hydroxide. The effect of
reaction temperature on the crosslinkage was marginal, but
the crosslinkage decreased above 130°C. The crosslinkage
was 86% when the polyester was prepared at an optimum
condition such as 130°C and 15 minutes of reaction condition,
1.5 of C/H ratio, 130°C and 5 hours of curing condition, and
10% addition of citric acid.
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EA vls:et FRE 7B §lo] UNbAERl adlshryiol A
7P WA A ot

A 7 ERE] 1R AEEE skl A
< MEE-S polymeric methylene diphenylene diisocyanate,
diglycidyl ether of bisphenol, ®12] 715715 7} carboxylic
acid®} WHS-AIA 242} polyurethane [9-11], epoxy resin [12],
polyester [13]5 Alx=ake ¥holck o€ oi3ste} 1EA}
A T AR AYEE AR AlFgTgo) nlwA b
kol ISP H e glom A2 polyester] -3
57} ot @48 oleh= o] §lrt 1y 9jglEo)
ofe] JROo= =] glof wddt Al BAE Axst
7] offivhe EA130] Sivk a#M o) #Ustn At
7] A S 271U AR FATAIERD: X9
FE W=E 48R AMSH Zlo] vidgsi

HAY] F2 RS AR FudgEes T
2l3 2jadelal olg AEES A7) (OHy7t F5e o
2 24304 HXE EGE ARgslo] Ay 4417}
THE M-S A& ¢ QUvh EGS A FilE A8
160Collx H=1& RSN 7IH Hske 2L EG 84.9%,
AEE 2 10.0%, ST O~ 2.9%, Bl71d 2.3%°]1L
HBVEL) 427171 400~500 mg KOH/g 0= VFepsit) [7).
o] @gtollx de}Eo| 23k 41719} succinic anhydride
of £3d 712 E47] (-COOH)7} ol AE| 238} uk-g3hA
polyester7} Al 4= Q15-8 ¥HEt}. o] o ~u| =3} ke
o 7P Z TR WR 7 W oo Eo] whgsle] A4
EE 73k o Al2% polyestero]l ThEEY] 737} E3kgch
£ Aotk o] BAES i daty] 21l polyesters] 23}
Hrgella] FAHEQL Eol polyesterd] ZhiEe] w)x|i= 93k
& ZAFSEAL, carboxylic acid 5o Wk 7lwwe) 7w
£ 59 F e s v, HESISIC

2. 42 49y

21. 4%

7R AR AX (LA, AU E S mm 2219 A
7} W dE IKA cutting mill (IKA MF10, Germany)S AR
alo] Fafaict Aalgaliol 814)4nlli= ethylene glycol¥}
1,4-dioxane (©Vd Junsei, Japan), Z1i= 21 (96%) (Merck
KGaA, Germany)& AH-3F3IT) polyester A2l AR
carboxylic acids= phthalic, fumaric, adipic, succinic, citric
acid, succinic anhydride$} maleic anhydride (°]% Sigma-
Aldrich, U.S.A), maleic acid (Junsei, Japan)S AFE-3}ST)
735l wepAl= 2HZ ¥R £ lithium hydroxide
(Sigma-Aldrich., U.S.A)& A}&31%t},

2.2, ABE A=

A} MPAT (710014 AAT HA AN AEEY
o} 100 mL 27 Zek~Te 714 6 g& Wiz, B3k EG
24 g} AT} 9] 3% FFeh= 0.75 g2 RS BTt
7857171 B2 w87)E 160C oil bath W) X511

100 tpm WRHEEE FA3PEA 10037 F<F Hshike-&
FEBIITE wheo) B vhe 37k wkg) Ui WigE2
200 mL dioxane/water (4/1, vv)ElS ARE3}0] Aol
AR WS ARESle] 2A17F o)) wRkgE 3 of eIt
o Aol Fo- 25528 200 mL dioxane/water S71E
AME3Ee] ofzpoio] Fgald W7k FebA it
)3l )3 SRS AN TR E Sk AAelA
dioxane¥} B8 AAskL HFH W HAE HglEolz} 3t
3L polyester Aol ARE3ISITE

2.3. 47 4 44717

ARE A3HE 2 g8 40 mL 9| dioxane/water (4/1, viv)©ll
£3A7) ¥ 1 mol/L NaOH <802 Fubdol pH 83714
AAslal oy Ao ARSI

AF7} (mg KOH/g) = (A-B) x N x 56.1/W

714 A= AlE Aol Al NaOH EF842) 7
3] (mL), BX blank 27dl| 48]¥ NaOH ZF§99] ¥
9] (mL), N& NaOH X589 55 (mol/lL), W& A&
& (oIt

FAP)7E= 1S B (1S K1557)0) wet 2AsIsich
1 g2 H3HE3} 10 mLe) F<rZeakgol (150 g2 phthalic
anhydride € 900 mL 2] dioxane¥} 100 mL pyridine®l] <1

)8 150 mL WA ¥ dFulE BAE H9-1 208
kB gzl Wol 7l o] £lE 27 v 20 mL]
dioxane/water 243} 5 mLO] {5 viH A718 vk
1 mol/L&] NaOH £ % pH 837k 243181t} blanks
2 o s ARSIt

421717} (mg KOH/g) = (C-D) x N x 56.1/W + Ak7}

o]7]14 C+ blank 2o AB]¥ NaOH ¥F§99] ¥
3] (mL), D= A8 ZAo] 4H]¥ NaOH %599 3
9 (mL), N2 NaOH EF8&H F5 (molL), Wi A&
% (g)elrt.

2.4. polyester A| &

polyester Al M carboxylic acid?} 5 g&] AsIES
27 Z85H0) Wil oil batholld W% (100~160T)o
e} Alzsisick o]wle) carboxylic acid % A1} 712
E27)9] ok ) (1.1~1.8)0l] whk AMR3I 0 m 7-9of wet
e 7S Hol7] $18) oAHE vhg Fm<l lithium
hydroxideZ ARESEAL} citric acidE F7181t) ol~E|2
Hg-ol 2o HAREQ] B AASK| 8wkl Aot
A5 AT QIR A% o) iR w2 A
7k 9] Qlo] oo Rint AR polyesterE 7331717
e AAFES 4F0)E ol 4% 1 mm FAY HEZE
Fof| Fo] FEHEZ TEICh A3 120~160C oA
SAIRE Fotk APt Aol WS polyester E-Eoll
23 25 AAsl] dsl 733t "ol 9] vl olsll 85°C
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£318] 713% polyestert= dioxane/water (4/1, v/v)-S-8ollx

AL LA 431 7haEA] oke- EAEL dioxane/water

°ﬂ Bl mepa] fajjo %SHQX] 031 e B0 B
e A s SR A polyester«l PBEE o449l

tﬂr 7HIEE 5 mm 2719 polyester 2 g2 100 g@| dioxane/

water- 200 Wil 24417 @HkAZ ORS 8048 o F)slar

F& IAAFE= 105C 2] AZT)ol 5 AxAA vk

207 Axkeisict.
7HLE (%) = (T

AEFAIRZ AE F

Al x 100
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3.1. A%=z4
P19 AstEoli= EG ¥l ol2} EGoll ale dERe
2, HuAEZ e~ glrdo] g gl ol %él"ﬂf
B 7t 2ekEe] Qlv AT (7100 24 HA
B2 HRS25 160°C, B 3%, WhEAIZE 1005
o|gtet] o] 27N MglEel AL EG 84.9%, AER
22 10.0%, S RAZEE QA 2.9%, 271 2.3%0]1% 1 A
32 1 g9 FAVI7RE 411 mg KOH/ge it 7 zub5-e]
O|2ZR1 F47)7K= 1110 mg KOH/g of dry wood 2 K.i1%)
o U} [14]. 22} —rwm AR AR A FAA)

of| EABY| wiitel RE A7) 273 4= gl AA A4
2 e AV PRs Age & ¢ %}t}ﬂ HaEej gt
T2 A3} S A 71- e fofe] 57 2la vk

Z7el w2} o} thE A Vet 200~800 mg KOH/g
of liquefied product® X% §lt} [4,7,11,13,14].
ABAT [7]014 AZH polyesterE LF01E E9] 13
d T 1 mm HEZE ol o] 160°C ol 5412 AR
< ) 73t § U 7|37} polyester oA BEE Q)
AZANE Sl X3 7|2 7HE S0 g 4
AR BEFH] MRS TENS W A5 ol
BE G 57 Wil 71EE Zoli= wPHE At
] 71EE oIAHERRE & 371 -Bo] Agegell ZAis
EHHA A7k AXHZREES ofFe} o] T En)9) 7}
2EY7)9)} )7 wkgska Bo] Aok

-COOH + -OH — -COO0O- + H,0

HglE2] A7 411 mg KOH/gO]ZIl T dkgsict
A AHE | g““O 13 g9 '501 A7|m g A 3] W2 ool
"§7 I}, AlZE polyesters 774 1 mm%) ‘%— ek

3l=t) 1607TC o)A ﬁﬁ}o}f A9 = 2y
59 3T UiF-e] 71d& T Ao /\155'1 4
Sa5] WA vhe 7] Aef o] H
A7l Aoz Ayst 4= i)

1A 160°C, SAIZHY] Atz At U5
Erhan AzbE o] A7k IR Fal A ES 120~
150°C ol Ayt 7heel vjR= Jgks Ags)
Ak (Fig. 1), ARk R A5 r} As8rE 7kt
o9 1300014 150°C 2 27Vt uj 39, 27}t 7401} H]
&l 120014 130C 2 g5 o 55 27%4 578kt
123 130CE 238 W= A3t $ AR Ze) A=
7V2 428} 2717) 2A] 7RIS 1EA e EE 130T
2 ARk 7L RS 2 e TR e T
okl A WA WL 130°C oM Asksl) A 29 ulA
B} ke 2501 85°Cof|A] 3417k %ﬁ AGsto] AlE IR
off X3 48 Foli= o), 7 A LS polyester
Az §h-go] %«i HWEE} T %r—;cﬂw eEl g uke
7] s7hdel Aol 5717 EAIE Ao AZE ] o]
TV SENE % % wﬂr A 9Eg71e)A WA LhE S
QA w7 el A AAE Al S8 ol o]
TS O B Bwti ARgslo] Aex 130T
ol Az W ta s SIS (Fig. 2).
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Fig. 1. Effect of curing temperature on the crosslinkage of biopolyester.
Reaction conditions: 166°C, 15 min, C/H ratio = 1.5/1.
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Q1 A9 AR el w2k 7}3’5—4 2ol 7} wig- 28] ol A
£ AAZ B90ebAY 85 C oA Q3P polyester HE]
EFHE o) o Ak AAS] Tkt dsEcka A
Z}git, %?H}ﬂﬁi HMI 7tAnkgd o st S
doad vkg 7 A S AlS AAsTolof wirka e
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Fig. 2. Effect of curing time on the crosslinkage of biopolyester at
130°C. Dotted and solid lines represent one-step curing at 130°C and
two-step curing, i.e. preheating at 85°C for 3 hours and then curing at
130°C, respectively. Open and closed symbol denote polymerization
reaction under Ny stream and no N stream, respectively.

3.2. 7%

OJA|7}A] = carboxylic acid® maleic acidE AHE-F=H)
4] 579 carboxylic acid7} EAIBILL 015 F5ol Wt
AREAL Q7T 28R Table 19 28 EAE5S
AHgEt] Zhaws} Ask 3 A BAdEHE BEels) adipic
acid, succinic acid, succinic anhydride, phthalic anhydride
= 7ht 2R At citric acidE 7Me) 7P E0
L 7137} go] A7) kst oA & wasiin
fumaric acid, maleic anhydride, maleic acid®] 7} %1} A&
dee E3IT 019 22 A= Yu T [13]0] Ragh Ao}
Z= U=t o2 714Z com stover, BEH-2lE BEGTiAL
90% EG+ 10% ethylene carbonate® ARE-FT}. o] Ao
A ZhaleE BIEEA] 9 AlEAkEeE 3=t succinic
7} maleic anhydride?} 717 o[’34Q1 7haEdolgln 53
S 01} maleic acidi= AME3IA] st £ Arofa= 7l
=3 succinic anhydrides= 2%38}%] 231 maleic anhydride
+ v 248 Yo] maleic anhydride 559 AX}8}1%)
Y. 11 ol E8A10 succinic anhydride Tt B3I
maleic anhydride®] oJAHZ3} HH3& 571 o] 7] wfjFo)
t}. maleic acidE ARS8 HRAIZE 308 5 2RSTY AA
2o F= @o] A=) succinic acid2] 7S 60%-
ofF 22 Fijo] TAHRTE 182 Z succinic anhydride
o} 734 of Aol ARRSE WhEAIZY 1582 TR F3
Hhgo] dofuprlelis UIF e Alziol vk AR B
78 maleic anhydride®} 22 7t sol| £98 5 9lS Z10.
2 358 5 ok 9EAIZF S8lA succinic anhydride
KT} maleic anhydride”} ¥ f2€]8l12, 7231 maleic acid2)]

7} 57} maleic anhydride®] 7}ix B} Eof HFA 07
maleic acidE AR} AAHE ¥EEEE 715717
B Bk 27 o FaskARt [15], 7ha e ¥}
L oojRel= 9™ Qi ZloR deiA itk [16). BXE
FEAE uE taHe AXE AT 23R 7k
= AR Akt o) 2 QI3 A8t ¥ Algr) gusizict
i Bk o] e AME sl 9 AEdnEs s
THE7t & BAES U EXshilolgl, Esilolr]
gk citric acidi® 470 (FE2527] 3709 A7) 1)8 7S
71 7HAAL Qlo] TR Alel] vlsl @& Thnkee] Yol
AR Al A7t Busas dEe R $E vlaEd
olgta & = §lg 3 2t

Table 1. Various carboxylic acids for liquefied wastepaper

carboxylic acid crosslinkage (%) result and observation
fumaric acid 68.3 Fair sheet, flexible
adipic acid 25.1 Not well crosslinked, sticky
succinic anhydride 129 Not well crosslinked, sticky
phthalic anhydride 5.18 Not well crosslinked, sticky
succinic acid 6.2 Not well crosslinked, sticky
citric acid 858 Brittle, bubble
maleic anhydride 67.9 Fair sheet, flexible
maleic acid 710 Good sheet, flexible

reaction conditions: 160°C, 15 min, C/H ratio = 1.5/1.
curing temp.: 130T,

ThiEe] FES viAE & U FRUARE AT
&5 C/HH] (carboxyl group/hydroxyl group2) ¥))7} Sl
o} ARAT [7]914 ¥Rl HolAA ¥RE7] Wielld A
e BAo] oA dide] BEAEE o)7L B 9
S A vhgARte = Qg A=) Agt WEoE A7d
t}h T#iA o'l @] A717] A RESAIREE A%E] 27
slo] sl dAAzte] Ak AR e 7l
o] Wsh= A9 glgith o dTlxlE 30%0] A Hhe-
7] delx] Ade Edol 5kg7] ek Zojx)7] wiize]] kg
AZR oz 1588 gt

TRA}F FEHRE oM WhS-EAL] 715717} AEs] vsiA
god 7 715718 VR RESES 111 E FYsler e
717} 1k E A ST [15] 2y URERRI g8t
HESOIME W& SRS O Yojof wkE- 780] 7}
SIER 712 carboxylic acidE YO E YWt} Fig. 3
v C/HBo)| wE 7k EE VR T1Elld] 7 EFS o8
2l oFEn|7 ¥9lg WHr) carboxylic acid®E Ao E @
P& Wl Tt 258 S7RE e € 4 lvk CHY
7t #&7E Vs oY Tl EE Jelele] C/HELE
152 A=sigioh

Fig. 3014 #3i7] vls} Zo] C/HEZH 1.5Y W) 7hass
2% AFEE WS W% 160C, WEEARY 158,
ARk 130Colglr) oA A2 e wg &ed
7SS 7 F QA Yu B (1319 29E v 3g
=5 180°C oM 7haert A9 100%0] Z3sks 2e ¢
T Ut 28 AR E Sud ouiX] nlge] Hol Ex



Ethylene glycolol| 2Jaf 2H3HEl m|X]2 . E| polyester H|ZE

197

Ag W 71 R STste] of7|Ae 130C & AMES)
Stk 7HEE ole T ohE e ol AHERkS Fujlel
lithium hydroxideZ AFE-8FA} [14], 715717F - citric
acidE ARESH= Wo] Sl [13], AR o) 5 d72
Fharsted AA3I3AT) Table 2+ lithium hydroxide £} citric
acidE F7kslo] 71w Wigs vhepd ot} oA
ANEEIA] @& 7153l B)8) lithium hydroxideE AM-8F
6%, citric acid® H7F 15% 45 TheE S
2 vk e AR E 130014 160°C & Sk
F A5 B TR Age) Sk 2e o 4 gl o
A A SHEA R citric acid® 3709) 12 EA 7} 1749 5=
ANE 7 AL Qlo] thE Atef] wlE] W Tlaunke-S do
71 diel 7l e S7kshe Ao dA gk [13].
1244 lithium hydroxidell B]&} 7l %7 B8 2 citric
acidE 4% H7lsh= WS B citric acidE B3 &
UE o= citric acid7t ARSI EZol7] wFolt,

Y

Table 2. Effect of additive type and curing temperature on the
crosslinkage of iopolyester

curing temp.(C) crosslinkage (%)

control 130 7.3
- i 130 77.6
8/ %
lithium hydroxide, 0.2 % 160 85.4
- 130 86.2
B/ %
citric acid, 10 % 160 90.4

*based on carboxylic acid added.
reaction conditions: 160°C, 15min, C/H ratio=1.5/1.
curing temp.: 130C.
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Fig. 3. Effect of carboxyl group/hydroxyl group ratio on the
crosslinkage of biopolyester.

WS IS A Qo] A3k A 3 A
ofgh=t] Whg2e] wh Fxiado] Wskd 4 :
Aol ARTE 23 polyester?] 7HIE 934 A &
Zojetil Azkeo} vhgol W 7huk WEkE Fig. 49|

EFQe 4 F shiel N WE Jake ZAeIT)

LEERSTE WES 25of whE spnie] Aol FA4] sk
O3} 130 Colgolid= ofgt sl 743 veEhdle] Wk
253 100~130°C 7} polyester Aol 233k 2501 A 7+
). o]gA] ¥hg-2-ef wEbx rhmee] #igt A9 gle A
oF Hol W rt S Ak W S nxA
U= Aow B 4 9tk
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Fig. 4. Effect of reaction temperature on the crosslinkage of
biopolyester.
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ethylene glycol®l 2]t H%]2] MHE-5 carboxylic acid 2}
o AE|E WES-O R polyesterE A|Z313C) H3FE-2 A
TolA AR HAZ2AQA 1008, 160°C, FAF 3904 A%
Holom Az AgEe] 717k 411 mg KOH/gol3
o}, Aglapgeld A7 71EE AASH] 8o vk )
A4S FRIEPAY e AAAR 85C el Az polyester
S o dihs HE 95 T 5 oR ARSI,
ZAER2T7E 130 Col™ olF Nt 1hds] 130T ellA] 5A]
7+ 7kl o] 7 @3120)30e) carboxylic acid %
ol mheh #z¥ polyester] E4Jo| s8] vhEA] VERE
31 maleic acid”} 7F& Eht 12l 7 EE wol7] S8
HESAIZE, W21, C/HY], 37 1A1e] 93 Z2ARISIcE 3
7FAIZ. lithium hydroxide®} citric acidE A AHESH 4
I} 7HEE ol He citric acid7t ©f 95781300} BES
<5 Hgle] mE 7w ee] Ml AL glsied 130C
oPelME 7t st ashs RS VERTh HA 24
ol W27 130C &} 154, C/HH] 1.5, 783k 130C 9}
SAIZE, citric acid 10% F7FE ® A|2% polyester] 7h
T 86%0I3iTh
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