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Abstract: This research was to investigate the polyester
preparation using waste ethylene glycol (EG) generated from
the wastepaper pretreatment process. Waste EG was obtained
from using EG five times repeatedly in the pretreatment of
wastepaper. The hydroxyl value of the waste EG was 441 mg
KOH/g and its composition was 0.68% cellulose, 6.5%
hemicellulose, 6.1% lignin, and 86.7% EG. Maleic acid was
used as carboxylic acid. The effect of reaction temperature
and time except carboxyl group/hydroxyl group ratio on the
crosslinkage of the prepared polyester was marginal. Citric acid,
lithium hydroxide and dicumyl peroxide were used as additive
or catalyst to enhance the crosslinkage of polyester. Among
them, 10% of citric acid was found to be most effective. The
crosslinkage was 86% when the polyester was prepared at an
optimum condition such as 130°C and 15 minutes, 1.5 of C/H
ratio, and 10% of citric acid, and its insoluble percentage in
boiling water for 6 hours was 47%. The weight loss of the
prepared polyester was approximately 40% when it was buried in
damp soil for 5 months, indicating that it is readily biodegradable.
This results can provide some information for future development
of wastepaper pretreatment by organic solvent.
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¥ AR FQ) AREOF 1% o alslRkA Y
o] W=A F7kskaL k. 1A SAsE tiAlE|
AT T ks A 7Fed vlo] el ARAE AREERo
bio-refinery 35 &3l A=} sfeHEdS AArksh= Fo]
o} olF Ak Sl A 71 A el 7 S
StA EAsk= f71Ed ol 71 ] o] A8 ekl
A g7gol Hatsto] sk s Tdehetl 7wl
ofelzo] Wt [1]. Ad 7 EE S5 ke 22
FAHAHE, switch grass 9} 2 A 71, F2A] 714,
T8 w9} 22 A Y H7]= SOl Qi o] euj
2 Apgo] FHskA] Jrdt gyt FA e 22 )7
2 o] &sh= Wil @Rl tijle] & = Qv HAI=
TAloA Bl A 2 S5 A4 0% we oFl] A
Two] 7hsetths Aol St [2].

A 7140 Fo 3y RS AERA, Fd
T2, fadoR Ve wel Aol AN ol A
o] oF 90% Y= ARSIt < ARHE 71A-E A S
Stol|A] ethylene glycol (EG), polyethylene glycol, glycerine
o ZE f718E ARkl st v st EES
polyurethane, epoxy resin, polyester 2} 72 A= 2S
Axshe A7 Ds] AL 3l [3-9]. o)=H A Ald
ARl g A 7 d duE ARgekaL 3t
AAgolA Az Aol vl A7} ot 27 X3}
Holgh= Folth. Ata e AR e, FuAEE R,
2] 1S gk @ol oNsirl7|= o]7] wiige] =2
S5 ARgSlof gttt [10-12]. 2k wEEEAS AT
3] ¢hstebd AER @A 7o EAFL FndER e
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A8 ZIdRE AAT = Qlo] AEE Al aadsHEe
=Y T TH[10]. o] A¥R= AR 71As 2aATEeY
gk A e]e] FAof F-etech

A=7H] A8 {71 8mE ARgshs A el &
sk A7 =88] Aol AT [13-17]. ©] ¥WHe] 7 &
AL =2 Gz ol Al 2= ARE-SE SullE 3]st
7] Sl W el =] v]go] FQaith= Holth, 1A o]
AXE 3 A5 GAsb] flslixe AR 7718
o] n]-g-dztell 9 =915 Foloksitt. AT [14]¢]
A Bk 2%, W2 150C, HESAIRE 15%-2] Rkg-xAo]
A EGE AREslo] HXE At A3 deEzess 713
o FAFIL drAER 00} 8IS 2 60%9) 71%
= AAT = A AEZ 040 G4 94%0]
Ldsto] EG7F A9 A gulE A9shE o 5 U
T} EGE AMESE AA e EGE] =& 13 wlite] st
A7 A 5 EAaEEHEo] 7hsetthe Fo] 9l
o A GE AREsl o= w2 B8 dAe]
< HAE AHsllof sh= EAld o] Utk EGE =& vl
AR AAY B2 EGEIE AP el E TS
FA| ¢ar ofe] W g ARESo A SdE = Q)Iitt [14].
vl A2 e o EGE-de] B3lE = sv|dEresst
gl1do] EGEoll FAHrh, 124 s RS ARE 3
< EGH Helli= EGAHAIE] A 1ERE o2} g8l &l|m]
AZ 0 70 ol e A |E Eststal glo
ol5 FA1E carboxylic acid®l & 725479} oA
H =3} HESAIA polyesters AlZE 4= 91 o™ A2l AR
stal W2 EGHY A1 a4 = ATt Kunaver 5 [18]
< toluenesulfonic acidE FU|= AFg-3ste] UHF7HFE
diethylene glycol@} glycerol &3-8-H o= MTIA|Z] T
N$}=7} adipic acid B phthalic acid 2} RFS-A17 polyester
£ Axsta 1 54E skt s S A
7o) NslE-& ARSI polyesters AF = US| whi
of| EGH|& ARE3HE polyester A|Z7} 71se A o= A2t
St} [3,5]. o€l EGE ARFgatal v dlds &8s
T Ao EGE ARESH HA| 9] AAE] FelA A7]= A
Al 9 BEAR] EAES B A 4 ot

2 AT 542 Hx1 9] AA B EFNA A7 gull
EGE 5 HHE ARg81a1 3]st |o& ARSI polyester
£ Azt el ol & 21l EGH ] A 7 54
skal 7k2EA7)/42171€] B (C/HP)), jE&E7, 123 H7t
Aol whe} A Z% polyester®] 7t =5 ZAFSIATE T3k
A|ZH polyester”} 273 218}2Q1 EARIAIE Lotrr] &l

WRAEE S,

2. 4% R 9y

21. Q=

A= LG A, AFUR. 5= 5 mmssieve insert”} 7=
IKA cutting mill (IKA MF10, Germany)®l] 21 -2}
ARgaEloIT), A 9] 7] AR-S BAE A AR7|Fo R

AEL QO 60.3%, SPAEZ O 16.4%, =84 2l1d
(Klason lignin) 12.4%, ~12]aL 3% 6.0%°]3th 7142 21
Aglebr] 218l ARE Axe]grise} s]148vik= 2 EGe}
1,4-dioxane (Junsei, Japan)= AF33I311, Full= SHit (Merck
KGaA, Germany)< ARE-8}3IT}.

2.2. EGH|A

EGH Y (waste EG)<> Fig. 1] 3AIE W02 A|z=3813]c.
100 mL 27 Zek~=0l 714 6 g& EG24 g¥ 37 €L
NS5 150°C, WESAIZE 1534, Flls s 2%2] 270A
HAAe)star Al&-gul dioxane-water (4/1, v/v) 200 mLE A}
gato] 247 Al §- AT E ALRGsle] 1AVt Ao
2 st Felgt A= e AW E ARt
A9} EG residue® THA] #2811, EG residue™= 37|
A e 23 23S 2304 e Sm= ARSIl
AZe EGE $9819 Fig. 19 vehd dAje]age 5w
HHESka 3]st Hldls EGHE| o)k 3318t o] A
TS o] W WHESIe] A polyester Aol ARE-E 4=
e Fwet o EGH NS AZEIdTt.
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Fig. 1. An overall scheme of EG pretreatment of wastepaper.

23 AEIH 2

EGH|? Alzabgolr eldh 1AlE2e] A4S NREL
standard procedures #002-003°] wg} A=z @~ &u]Al
E2 2%} Klason lignins w2313t [19]. AEZ A9}
S AER e 0 Ao S4& S18l Alliance P6000 X
(Apple Valley, MN, U.S.A.), Shodex RI-71 detector (Showa
Denko K.K, Tokyo, Japan), “12]3. Bio-Rad HPX-87C
ZHd (7.8 mm x 30 cm)©] AAE HPLC A|AEE ARSI
th 2] 2501 85Colar o) s Bl ol AAE =0l
A= ST}, o] Z¥]S- xylose, mannose, galactose S ]
g gloE® A s Peoto] dvdER e s ARC R
E7183A

2.4. A7} 4 £A4717}

APH= EG B2 EG 234 2 g} dioxane/water (4/1, v/v)
40 mL9] &35S pH 8.3¢] & wl7}A] 1 mol/LNaOH &4
o7 AAstal oy Aow ALkl
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A7} (mg KOH/g) = (A-B)xNx56.1/W

o714 A= AR A4 0% NaOH EF-8-902] -3
(mL), B+= blank 27l 201 NaOH 3842 3] (mL),
N-2 NaOH ¥4 5% (mol/L), W A& o (g)olth.

A 7= 1S EEP (IS K1557)0] we =48k
o EG Ei= EG €35 1 g #5222k 10 mL
(150 g2] phthalic anhydride 900 mL2] dioxane¥} 100 mL
pyridined]] %<1 M= 150 mL H|o|7o] Wil oFulH
WA S 2931 2 Bl 2087 TR o] gNe A
Lof|4] A15]1L dioxane/water £ 20 mLe} 5555 5 mLE
nlo]AHef| 71t ths pH 8.3°] & W7k4] 1 mol/Le] NaOH
oz ARt

SAF717} (mg KOH/g) = (B-C)xNx56.1/W + AF7}

©]7]4 B blank Ao 488 NaOH Egolo] 1]
(mL), Ci= AlE 27gol| 22115 NaOH ME-g-e] 37 (mL),
N2 NaOH %89 5% (mol/L), W A& <F (g)°lt). o
71 AR AP A5 7171 BAREE o= EG
EEo] Abdoloi £ F Tk F3jsl] whizo|th,

2.5. polyester A &

polyester AZ=E 213l 5 g2] EGH N} maleic acidE WRE]
7F 2 27 kel Wil oil bathell AdX]gk oS 100~
160 CollA] 15~25+ &<t RESAIZATE AlZ2¥ polyester 2]
7hEE =017] 13 citric acid, lithium hydroxide, dicumyl
peroxide % glycerolS H7F5I3ItE Maleic acid®] -2 EG
H N o] FAb7] e} FE2EA7] 9] oFE H] (1~1.75)°) w2k
Artste] ARESRATE A= dFvlE B0l 1P HZ
23 (A 1 mm)el 31 130C 2] 280 do] 547} Fot
Z3stAIZT.

2.6. polyester?] 7} =

2HA3] 7% polyesteri= dioxane/water (4/1, v/v)-22¢]
A fEA] ko R 7T dioxane/water 2-4of &
afj=A) okar we FRo R AR osigltt. 7t
S5 5 mm FH0 % RS Al 2 g& dioxane/water-£-2Y
100 goll a1 2413 F9F WHAR TR g8 of3s
3 AAREE 105TCollA skt xA1A o 24
o= Akt

7HLE (%) = (=84 7149 FAIE7] 714 2] FA)) x 100

2.7. polyester?] B84 %

AZE polyester AHE 5x5Smm=z A2 0] AR 3 g
= 300 g¥ g7 1000 mL AH2HEetaAe] Wil 385
715 At 6417 B9t #EiE 2% (100C)olA 7Fdst
itk 12]al o A E ARESte] W aA RS Eelstal
105C ol 24A17F 2423 5 FAIE SAs5t0] vt 2o=
8T E Akt

8% () =(=84 712 FAVZE7] 71 2] F7) x 100

2.8. polyester?] AJ 23] =

2571 20C fA]E=E AP sl A x18s)
ATt A2 polyester A|52] FAIE S & AlSolA]
sk mFES} QI =olA AFH T S5

Spol] B3 15:300] 20 & ) B& SHeol B3ch
ASE 3T A0 AFehL SRTE ARl el £
U= o1EHE AlESE & g A AlsaE 105C 2] 1)
oA st AZRAZE ARl o] AR FAE 54
slo] IR0 & 5 Q17 wiiel] T 2o = AllsiSich

FAEA (%) =[1 - (87 71349 FA/Z=7] 714 2] FA)]
x 100

3.8% 4 1%

3.1. o8 EGEREY 47171 E =4

Alg)of| A3k EGHYY (waste EG) 22 EG (fresh EG)
= 51 HHE ARgslo] 9o EGS} HA] 23]E2 0] E3HEo)
t} fresh EGS} EG #|99] AP 17Fe S7¢t A3 Table 1
o] veht nle} o] ZHzb 4073} 441 mg KOH/go] itk
EGH|ell= oF 13%2] #1%] falled, & AE=2e, 3v)
AZ7 oA F1d3 87%2] EG7F 323k o] gtk T8
HAE 1607C, 1004, 3% FAke] HkS-Z70 A5t &
3|43 EGY3}E (liquified EG)2] A7) 7}9) H] w8k
= EGEI 2] A7kt A L] Zodtt. EGH N9 EGY
sHEe] 248 vwshd T A9 EGEE-2 HISEkiA| vt
Aol Z2jo] Hx| o] FAGE-S st L3lA7]IE Zlo]
B2 BGYsHES] ¢ EGH AR 2 REg2S AR
slo] Gallel e o slego] 15ulu) =9k 1y &ljv]
AET @0} 2ld SRS oF 40% Hioll E1X] ok,
O AL EGHFES] ¢ EGE 1 ALg-3h} EGH N
A4 s @9} 2ldnt 2 AAEE vkl
22 EGE 59 RHEalA] ARESto] o]F Adito] SAE]
wlmoloh 2L} S HHE ARESlol . AEE QA Sl
0.68% Yol B|A] 9k= A2 A 2] ] EAof| ol Fsleh=
HHSZ27eA #X7F A H Utk 2E onjsitt

Table 1. The hydroxyl value and composition of various EG mixtures

OH value composition (%)
solvent - .
(mg KOH/g) cellulose hemicellulose lignin EG
fresh EG 407 - - - 100
liquefied EG 440 10.0 2.9 23 8438
waste EG 441 0.68 6.5 6.1 86.7

AxF9] o]l24Ql 4 17H= 1,100 mg KOH/g of dry
woodo|L AP |17 A AEE A FZAL] EAlleh]
wheel] gt A7 ks & = fidkar skl [18]. =3
HE FAPI7EE 7149 o] F57, 18]al REg-3de
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uj2} o} thEd| 200~800 mg KOH/g liquid sample®]
t} [5,8,11,20,21]. Yao 5 [22] EGS} A15-2 7]4A}o] vt
So] ol w A7) Frol EGE Branke ) Aol %t
Ak, 18] 3 EGol AEZ e, duj gz e 0} 271
Aol 35S wiiel] ke Zhassttkar 7gsiSich
AEE QA o} SWAER 9, Bl d) e g
o] FAVP|7F Qo s - EGENel| EFHE o]F Al Ao
Fro] Hlszsl] A2 22 A7 dojRtkar A7k
fresh EGS] 2717k} Hlwshd o]& EGE3HEe] &alie
Asz2 o FuAET e gde] Ads] B 441

7} EgEo] e Ak 5 or.

3.2. Polyester A| &

EGH|Y H3= EGYgkae] 3£3HE 471= dicarboxylic acid
5= cyclic acid anhydridel] 223H 7F2 521719} o A E|=
HES31] polyester = AEHATE Kunaver 5 [18]2 W 23}
=& polyester A7) ARSI #|Z% polyesterE FTIR,
GPC 5= ARl SA= 118s A3 A ow dfs=
polyester®} H|Z28E 5738 7Hthal g3t} o] &4 0% 31
A SEEoll M whg=Al o] 28717 A eks] e A ]l
W7 271E 7R BRI E FSlElor A8}
HRESAFE R EA] ekt (23] 23 u UREERI skEhkE-
A= Rk T shbe B o Yolof vkE- &0 57}
B R o714 maleic acidE )= WSITt Fig 2+ C/H
Hlof| W} fresh EGSF EGH| S ARg-1o] AZ=3t polyester
o] 7he S veRd 1olrh =575k £491 fresh EGE
735 olZAQ! CHHIZE 180 oRE 558 11 v 7FE 52
M EE YERAS ¢H7F L1RE 2AY 29 7t et
ke Ao et o] gA 7Tt Hashs A
sk 2R8717F vHkE- AER Hoba] A7 EAlekar Azbet
ot} 12 EGHI 9] 79 fresh EG 2= E2] maleic acidE
AR IS o] Folof Har 7t ee] Egsh=t] o] u
C/HY)ZF 150t} 15K 8 7hiles 48] FHash=d)
o7 EGH|Y Fof| EASH= AEZ e, FudEZ A,
T8 Fad 5o] 7HA AL Qle AP 1ES] Whedo] T
1 o] T K} s W3S 7R G vl k=R
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Fig. 2. Effect of C/H ratio on the crosslinkage of biopolyester.
Reaction condition: 130°C, 15 min.

7|2} s o A ZRESo] x| ool 7] AAFo
Z=5r1}[6,16]. LA The AFREE= C/HBIE 152
13l EGsHES AM-E wli= HHglo] 1.757F]
7t EF 23 Ao EGE A= tE A9E Ko
TR [3]. oIS F EGE3Eol 23 Aol det
A7 Axkela #5550

polyesteri= -2 =2°] 7t2 5279} 41717} Hhg-81
e B AHZe} ES Ak v o2 AlxEt
Fig. 3> WF-257) 7hee] wX= e A T19H9]
th W25 A0 BAE S v SRR

U Fig.3& B9 130 C7HA= 7ta st 23 A 8ot
o) FHAdhs AES YERIGITh o] 22 Av= EGH st
o AREE o A2 A} FAksht 3] WA R
= ANEHIERESOl &3t polyester A|lZHHgl H gk 1]
A = A 2k
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Fig. 3. Effect of reaction temperature on the crosslinkage of
biopolyester.

"S- A)7bo] m] )= J S ZAFSIO] Fig. 40 YERAL
=) HhEA7Io] 15804 20807 Z7)eld oF 3% Y%
Z7tE7} S EANE 1 o)l F 2 AL dAseltk vk
AZE Astef wE 7t e] WshF 34 %ol WA
15702 AAssint. 18y yhg-Alzte] 30Kt A9
A EC] HES7] Ulelx] ZojR&= @ide] Agste] o ol
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Fig. 4. Effect of reaction time on the crosslinkage of biopolyester.
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AF7HA] A= Aelshd C/HY) 1.5, T2 130C,
WA 155, A3k 130°C, sAID W Ho) s
79%010tk. Akt el 2 S vl Hske
TR 180C AR A% 7R} 100% 77ko] TEst 4=
AT} [5]. 1Y A3REE ol o AH| =S 5 Alsh
E2 Qlal] Aslrgeld A7 B 7127 Al 3=
EAZE QST 3] S Ak EE SEW oluA|n]go]
FoAE= o] EAIE sidsh] Sl 7ha A v sk
S5 ARSI 1307C, 5AIRF] 71 Adsiokar Bhgich
wehA] 7 EE =ol7] S8l Aslxs ol Axc) 3
FES A7RAY SHlE ARshs WS B, H7HA
= 715717} Bo] 8 citric acid, S| AH 2R Sujj=
lithium hydroxide 2} dicumyl peroxide & AF&-3o] 7} %
‘deadE At it (Table 2). 12 ol dah= &
lithium hydroxide 2] 73-F- 7} = 5837} QU3 dicumyl
peroxide 7d-¢- 2312 7w =7} 73431510 citric acidRiO]
7%73%0] 7HE s adrt QIGlth EGH sk A9
ko] lithium hydroxide 2} citric acidS AFE-3-S w ZH2} 6%
9} 15% S7ket A¥eli= tjz=4olt} [3]. o|EA thE A
7} U o= EGE99] FAAEe] T witelgtal
AzyeR=d sk 712 & 4 Qick

Table 2. The effect of additive on the crosslinkage of biopolyester

crosslinkage (%)

control 79.4
citric acid 10 % 86.2
lithium hydroxide 0.2 % 79.2
dicumyl peroxide 0.5 % 77.4

Each additive was added on the basis of maleic acid.

citric acid®] 7-¢- 370¢] 7254719} 171] 441717} Q)
I ZeAlE BRE 370S) A 7E Sle] ThEE ST
© =4 dEA ok [5]. BESE olE E4o] AR =4
ojm R g HoletarL & = Itk citric acidE VIS4 o
O ¥7] FolM s S5 polyester A5t A HEY
A= Zlo] ARSI o] e @S- AAHERR ]
PAEA] Qo T2 mRkE-EH o] S S5k Alolgt
2 BT citrie acid Ut 2RAES 716715 Wl 25
g o] S AAANAE AoE B7tE o] o] HIHA
of w2 7heg} Foll Bl e B8RS S7sI8]
t} (Fig. 5). citric acid= 33713t maleic acid, 28]4lE&-2 EG
7102 H7VFS ATt citric acid’} 5% W= 7F
wiol] AL] S A AR o HrkePd Thate
= AFA R SR 28y 15%C14E °F 10%S] 7}
W57} SV AlEE polyesteri= - HEBIKIT citric
acid?} SEAIES Al 7RIS Wi citric acid™F 37}
SIS wie} HlSsE AdlE Ho] FEAIE 7Tl w7k
Lo Aadhe gl AoR A7 Ik seek A A3
< W e FSthe 2 Boll & &8l 4 Qrke
olm 2 Lol tist polyester A= HEGEE ARSI
Sl E W= sh7] f1El 100C =ellA 641%F 53t 7F

Akt B84 citric acid7F 5% ™ ©F 40%°]13
citric acidE 15%%2 S7M7W &84 60%714] A%
How 7RIt 5 AR Tkt Sk SieE
O W= S 287957 S7F8IAAL, TRt Sk
ol gt A@do] STRstaL AZkE <= )Tk Yu 5 (5]
o] Aol 931 100C =l Gaflirh Aol S57d3
Sl re} 3u) o) Akl ks ARLE aresh A2l
=l 28R 3Ys] SKE Zlos g 2w
AIES U 7k B-8ARE 2% 4% Yol 718 ot
7h sy 28495 ol citric acid 10%5F ARSI =
Tuet 2 g

100 100

80  a ’ 80
Q:::: ~~
~~ §
< g
o 601 F60 =
=y 2
Y fi=
R [
"7 401 40 5
S 2
20 1 o citirc acid F20 =

o citric acid + glycerol (5%)

0 T T T 0
0 5 10 15 20

Citric acid (%)

Fig. 5. Effect of citric acid and glycerol on the crosslinkage and
insoluble fraction of biopolyester.

AR 713k AR 0 2 AFH polyester?] 7Y & A
AshghE e AlZE polyester it el =7} xof 31
3 Aolel= Motk Fig. 6 HXZHE AZ=¥ polyester
o] ARt Arht oA dobr ) Q)Ef Altel] whE
Alse] EAES vERl ol Skl =24 357 A
w2 A AEE A EsielE Alss 27] JHE 1R
AR o oE TR SieltE SR AR s
Aol Zoll= o4 Al A AA =AU 2174}
A A S oE FEo] St QIRLAL ARl Eo Q=
o= AAZ} A 23Tk o] 7IRF FRE EAEL 40% W=

50

8] W N
(=} (=} (=}
f f f

Weight loss (%)

—_
(=}
L
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Time (week)

Fig. 6. Effect of degradation time on the weight loss of biopolyester.
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oAk Alg2] el A WA Yol polyester= -3l
wHol k= Zle & = Ak oF 571 whell 40% 71

4. 8¢

3 Aol ) A RN B5E EGHIE AL
83101 polyester ABIT, A1) HA) B AN 53
HHEARESEYL 3]53F EGH| NS polyester Al 520l AHE-515]
th EGH 9] $:4H7]71= 441 mg KOH/go)lal A&
AETE L2 0.68%, FMAAZE R 6.5%, B4 6.1%, L
A= BGOI3Itt. carboxylic acidi= maleic acidE AHE3FS]
t}. C/HH] ] HEE-2 5 HE-g-AIZFo] Al Z¥ polyester 2]
Zhateol v GRS wmlsiit A7 s SHulw
citric acid, lithium hydroxide, dicumyl peroxideS A3t
A} 7RIS 301 vhe 10% citric acid7F 71 2185191
o} #HHe] 27191 130°C, 15+, C/HH] 1.5, citric acid 10%
oA AZ% polyesterd] 7ML+ 86%% 0 e =oll
Ut GaHEA) ke MEES 47%0]30TE AL & Lo
S/NE E9F = F FREE S A oF 40%7) At
&o] AIZ3E polyester] el er} vl 52 2 0% L}
Sk} ol de] Ayk= okow f7]-8mel ot #|x] 2] A
378 el o3t YRE Ay Aoz gz
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