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Wastepaper Liquefaction Using Ethylene Glycol
and Polyester Preparation from the
Liquefied Wastepaper

Dong Hun Lee, Chang-Joon Kim, and Sung Bae Kim*

Department of Chemical & Biological Engineering and ERI, Gyeongsang National University, Jinju 660—701 Korea

Abstract A novel method to prepare polyester from wastepaper through liquefaction and crosslinking stages was studied.
At the first stage, the liquefaction of wastepaper was carried out in the presence of ethylene glycol under acidic
conditions. The factors that affect on liquefaction yield were found to be reaction time, temperature, and acid
concentration, and their ranges were 60~120 minutes, 150~170°C, and 2~4%, respectively. The optimum condition
was found to be 100 minutes, 160°C, and 3% sulfuric acid concentration, and the liquefaction yield at this
condition was 67%. At the second stage, polyester was prepared from the liquefied wastepaper obtained at
the optimum liquefaction condition by crosslinking with succinic anhydride. The effect of reaction time and
carboxylic group/hydroxyl group ratio on crosslinkage were investigated at conditions covering 30~50 minutes
of reaction time and 1.5~2.5 of carboxylic group/hydroxyl group ratio. The crosslinkages of polyester prepared
were 80~90%, which were almost same regardless of reaction conditions.
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A}t 4= Qltk o] AL EE S 717] 3l ethylene
carbonate == propylene carbonateE H7A7]= W=
Ut [6-7]. EGE AR #HAS] dslATFex] HAEZL
2, FPAER Q. x, ade] 7} Aito] ARl wef ofg
Al ASFE=A] 2ALE Fo] Ut} [5]. 2l ¥ SudEE e
2=0] BSlETrL AER Q0] dslEe T} 137 7H) =
=51 Aol Holdls AER s FHAER e
Azt wet ZASHRAIRE 2jde] 79 20%0] A
FaslA] el 27 Ve Ads BAth

o]l B3}E-2 polymeric methylene diphenylene diisocyanate
9} Wkg-31q polyurethane [8-10], diglycidyl ether of bisphenol
3} wk-3-3}ed epoxy resin [11], 18 71%5-& 7} carboxylic
acid} §H3-31 polyester [12]E Axd 5= Aot A5k
< AT gl #e Alzte] ek o] A
o] JEOF o]Fo|x Aol dYsA] Xty wil
TYS TeA=AS AxsH] offeh 12y AlxE =2
2 AfollA fefe S2ET A=) vl =2 A
| o] 873 HspzQl Sdolgt & + U [10,12].
AEA 9} 2 HAE sfintoh 8BS ol AEI QAL
Hw 2 2 3l5E)s o2 deA] uth 18ja dslER
FH TA3 AREAEAS Axsh] 7] wjEell Bl
/o] dYstal A T SARAES AN
AHT HZ e} T2 H7ES H53H ] Y8R AR
Zo| ©f vigAsittar Azhgic 2 ATte] 542 EGE
ARE-3te] FA] 9] Aol GRS v QAo AsE-S
ZAskaL =S carboxylic acid$} HH3-A1A polyesterS:
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71AZ ARG AEAE WYEA|, AHUE 5o HeE
5 mm sieve insertE A8+ IKA cutting mill (IKA MF10,
Germany) = #3fstd ARE-SIATE EA 5] 7] A=
BEA3 A3} 4229~ 60.3%, dUASE 2 16.4%,
284 2] (Klason lignin) 12.4%, 18]31 3% 6.0%
olgick 714< As}shr] SAsh AL skt 314 8o}
= EG$} 1,4-dioxane (Junsei, Japan), ZulZ 32X (Merck
KGaA, Germany)= A&-3FSIch
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Hs} ¥H8-2 100 mL 27 Eek==0] 714 6 g5 ¥,
7143 A3} guje] A7F vl go] 1:47} HEE A3} Buf
g< HolFinh vl &4k A3t gufo 3 wtosol
sk 0.6 g2 WolFlth SRSV FA3 W]
= 160C oil bath WY AX]3}aL wHkEE 100 rpmS- F-A]5}

HA] DAL Bt A8} 95 FegetqiTt. 1ejal vhe-
715 WA o 9hE7) We] U852 dioxane/water
(4/1, viv)&rl 200 mLE A3l Rofjar A wHtr]
& ARE3tA 4AITE o wnksE & sl o 7]
Ao Z-FEZL 200 mL dioxane/water &S 2185}
o ofFelo] Brfafid wf 7hA] FESHAl Aol FATH
ol g AFEAS 7Rt MAFG5EL offje] 2o
2 ALkt

AslrE (%) = (1 - 57 718 FA
z7] 94 712 FA) x 100

AN EA Al AFFWINIA thol Sk £
AASD AE2S EGol §3T H¥2 LI AL

3)43t] polyester Az ARE-&FATH

H H
AR NE 2

A5l T A7 B AEE QX u|AEE ¢ 49} Klason
lignin-&- NREL standard procedures #002-003¢ wh} #-4]
ST [13]. WA Aol ZA 7+ 1A% 714 0.3 g3 72%
SRl 3 mLE Hbslar ¢h3] 2ls o) 744 frEHi=
A=Ak A1FHE 30T F2=x0 K731 9 Azt
Aoy FRA 1AIRE E9F RESAIZITE WhE- - 84 mLo] =&
A7kete] FFe=s 4% st 0] 9IE 100 mL
autoclave-8- Wl &7 F3kth 18] autoclavediA] 121°C
2 60 Bt BFSAIZ)AL ¥R & i BAS flal A
oA 23 F FAE SAHATE FeBEY IA S
1.5 mL 23 & A& HPLCE ALSste] AE=
22 g EuAER 2 AR S8, FEH W 7]
AL AR R 13t F 105CollA] 4417 o AZx3aL
76l o] 575 £ 25°C H7|ZeA 24217 F= 9]
A Klason ligning =433t

AE T Q20} FndlER e 0] H7F 5745 sl Alliance
P6000 EHX= (Apple Valley, MN, U.S.A)), Shodex RI-71
detector (Showa Denko K.K, Tokyo, Japan), 12]3 Bio-
Rad HPX-87H Z (particle size 9 um; 7.8 mm x 30 cm)
o] 4Z%H HPLC Al&=ES ARESIsith 2 2%+ 65T
°]al o5/ -Bulil= 0.005 M &4to] AREE Ik o] AHS
xylose, mannose, galactoseE 23 4= §lomz Al &S
et FuAdERe A AREoE XYY

rx

7t H 4907}

A7VE B3 2 g3 dicane/water (4/1, viv) 40 mLe] &
FHE-S- 1 mol/L NaOH 8802 £249] pH 8.37k4] 24
3la Ty Ao2 Akt

A7} (mg KOH/g) = (NV - BV) x N x 56.1/W
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714 NVE A8 ZAol| AvlE NaOH (FgHe] ¥
3] (mL), BVE blank 7o A2H]¥ NaOH Z¥Fgqe
F3] (mL), N> NaOH #7889 5% (mollL), W= A&
& (g)°ltk

Z27)78= 31S B (IS K1557)9l we 2439
1 g9 N3}E3} 10 mLe] Frzeikgol (150 g2 phthalic
anhydride= 900 mL2] dioxane=} 100 mL pyridineol] =<1
)5 150 mL Hlo]A o] ¥ &FrlF ¥AE H-¢aL
20527 Fe ol ol TR o] 84S 2131 th3- 20 mL
] dioxane/water 43} 5 mLe] SF5E vlo]A ol H7}
3l o2 1 mol/L2] NaOH €2 pH 8.37F4] ZA 3}
o} blank® 2 o R AAsI).

52717} (mg KOH/g) = (AV-CV)XNX56.1/W + 27}
o374 AVE blank 7] 4H]E NaOH #E-899]
3] (mL), CV= A8 ZA) AH]E NaOH F=goo] 3
3] (mL), N-> NaOH #F89 5% (mol/L), W+ A&
& (9)°lth

polyester M=

polyester= 5 g<] 93}, succinic anhydride, ~1&]31
A7HAIZ 452 polyethylene glycol=} glycerolS- nlHH7|
7} A2 27 Eek~30] €2 o2 oil bathellA4] 160C
ol Ash= A7 BEEAIZT) succinic anhydride &
A3}E-9] =2k7171¢} succinic anhydride] F2u]o]| wle}
ALkt ARESHATE AdES GFrlE S 1E HZ
2 3 (57 1 mm)oll 211 160T &) 80 Yol 547 &<t
73S/ FH ok

polyester?| 7lux=

2+43] 7}aE polyester= dioxane/water (4/1, viv)-&<8
oA Aol gaiEA] gowvg 7FHHOF dioxane/water
goloA] LaEA] e %S R FoEic Jnls
= AR 2 g 5 mm HAEe=Z ) 100 g9 dioxane/
water-§fo]] H1 24417+ WHIAIZ] ThE §4S oJ7stal
e AR EE 105 T o] Hx7)0lA st HEAIA ther
2o g Akt

7% (%) = (B84 =2 FAIZ7] AF FA) x 100
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E 2-4%, WM 150~170C, WHEAIZRS: 60~120
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2= EGY A1&-3}aL ethylene carbonate= #|<]3FT).
ethylene carbonateS- EGoll H7lske] AFS-3hH A3l =
S7ZIY o] dte] AL AEEEE ol Ao oy
7] wjiZoll EGYF ARSI dshihgoa AER 0}
FuAEZ Q= AEA BEFZ F3=E o] EG-glucoside=
vt} [6]. EG-glycosides= hydroxymethyl furfural2- 71+
levulinic acid-EG ester 2 BlFATE <= lewulinic acid”} 343
5, ZTfE, YAE Ao AMEE]7] il oA dElE
o] FARES BY EG Y3l s aEAEA Az A
2 J2-S AR ok ad E=3F Aol oJs) Eaf
ol 717 SRS ARAEEER AA AskE U AR
AL A7 AR Adele] Bl2e)h 22 aAEEE
ZZHET [9]. oA Bt27} AdEE vhEAdo] flojA]7]
7ol ARd LRgls Bdo] F=tl EGYT AHT719F WA
Afsle glad EslEe] BlE R uie A Ads] wot
Ttk o]9} 22 wkgo] FAlol Yojupr] wljiTol HEpE-2
oy i EFEoIth

A Fig. 10 YeRd v} o] kg2 wo} Sitess
160C 9} 3% = 1AS|aL WALl w} Asl4-8-} =4F
71718 ST A8 Altol| wet SUFskANE 1
S7HES A w8kE o] WESAIRES 100802 A3k
t}. 47171 450~460 mg KOH/g O & 7] AgsHA b
gtk WESAIZE} B E RS 10053 3% a1gskar Wk
250 wgt A&7 L I7EE SASART (Fig. 2).
150014 160°C &2 57} Z7}shd dslgo] oF 15% =7}
slgo1) 160914 170C 2 Z713 uf= A8 Wsh}t
71] QIAeE 2717k 15037 170°C o] - A9 Bl
St 2ks YeEMISla 160C AETh ¢FE IA] YERT
Fig. 3-& ¥RS-A)7H} HRS-2 w2 10083 160TC 2 1143}
a1 ks WE Asg3 L7 ks 546t
Atk Fiksxe] F7tel| weEt dAsrge] IS A
Shlal 71 S7heS aefshd 3%t APEE & 4 ATk
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Fig. 1. Effect of liquefaction time on yield and hydroxyl value at
the condition of 160°C and 3% sulfuric acid concentration.
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FA171e) Mgk g A Balvet BEo) e
AoE HZyH I oA ARl At Sl slolA AER
Q2 FuAEZ Q29 B|lT1de AEAESIY A7
THeE 22 AR AN FAlA] FallE] o] leveulinic acid
¢} formic acid 53 22 fF7kIo 2 T B2} e 11
TAREA R $557] W7o A7 AAaEnh oA
2290 wet b 2348 T2 A 19 A
A 78 ujio] Ar)e FoE Ay & ok
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Fig. 2. Effect of liquefaction temperature on yield and hydroxyl

value at the condition of 100 minutes and 3% sulfuric
acid concentration.
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Fig. 3. Effect of sulfuric acid concentration on yield and hydroxyl
value at the condition of 100 minutes and 160°C.
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7R 7183 8o 5, aElar whgEddl vt
th2 A ettt As-gul2 EG 90% + ethylene carbonate
10% E3-gulj9} glycerol S ZHzh ARS8l 844 Z7]9}
U L d3lsl 27 vz A we zhzt
200~300} 270~360 mg KOH/g.0. & 4g}-gujol] wa} 422}
717} Aelvks RS & 4= 2tk [4,12]. PEG 400 75% +
glycerol 25%E AFg-3te] o8] FF2 713-S d3lsh= A
T, 7180 we}t S tEA Y] BisEolu

AEA ] A7 AR RY =51 REg-E ) wEf
H2~Fo]= 390~400, AIFA= 320~400, A= 300~
380 mg KOH/go2 Hal=Q]r} [10]. Fol7} UF-Ro} 54t
77 &2 o= Folve yFelA Blads AlASHA
AzEo] FfHoz o o] w7 WiEos AztEnt

ol 23 H2279] 1008, 160C, 3%<lA HA|<]
N3}8-& 679%2 8] -2 F7104] EGlethylene carbonate (9/1)
= A3l e AR S E719 o Aisks 90% T
= 333 W2 o)t} o] AL As8ul9] acid potential
7 715 Ao wlF o= Ak Blg-8-<lol| X 4k S
Hhg-o] Yol wf gufjo] f-HEo] H2H acid potential =
=olA= AoE dEA 3t} [6]. ethylene carbonate2] 771
8 EGHEU} 28] o4 =7] wj&-qj [5], ethylene carbonate
&AM 59 dskgo] EGE AR HS-H T 3u)
ol & Aoz HIE o] ) [7]. 1fA EGY ethylene
carbonateS A7}shd d3l8-S =9 2= gt} 7)He] =&
o wet E4o] gEfAl=t thdAdl EdAIE 189489 &
Tt B2 ZEARY gust 1 =2 2AAA, 18
& B R FAE] ok 1A 71ES AF 8- ellA
7ieslishd 71del wet 7ieitslEle JErt vhEn [14].
TEPIAE Ak X E 7] dd] wet dsgo]
o] HR|9] Aslgo] 7PF e Ao R HuEA[10]. ©]A
2 2FA ] AMH BxE= T2 AGFE AR AxE
I HRFY Pad FEe AT VE0 = 25~35%=
AR 71d T 7P =obA vy 9 F2E oFaL
W7 WiEo 2 AAEY. ARHow S 279 de
ZEA 71AolEE HAHG X d5leY] L T2
olFox] the A& FFY F Utk A} 2L olfF =
ST 2719 o] Asks-2 HX|9] HIEHTE D3]
2 AeE AWy 4 Qo

HAzAANA H3t & AFES A% A9 x4
oH] AEZ Q= 77.8%, dP|EEZ 2 100%, 18]aL
224 86.7% AAE AR vEpth Ad) Aol A
Azl WE gld AAES ZARLEES W o] E B
U2 303 100% A|A=] AA] AAEHET 333 =4
WERRT [5]. o3 Al glzdo] Z1dellA B 8afE o]
kot 2kt gl 1d7z)e] 858t AR BErt AA)
ARESIAL Qe Elad EAPHoEE glado® B4R
ol Btk o]d g2 gladoes A7tstal EG
=210 gla E dioxane/water”} A AE ATk 715
FHZ0NA A2 2L EG 84.9%, AEE 22 10.0%,
uASZ o~ 2.9%, B2 2.3%E AAEATH

polyester M=

22 G717} ke BslE carboxylic acid7t &
SIRHES WHEAI7|H ol 2~H 238} wkg-oll 23] polyesterE
Az 4= ek oJe] F79] carboxylic acidS AMEE 4= 2L
]9t succinic anhydrideS A8} a1, olf+= T diacidoll
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HI3)| FARE<1 Zo] Auigt A7]7] wjiZolok Eo] 47]H §F
& =% 3718kl 7127} A71a Z3slas ARvRE 1Y
3k polyesterS A|Z317] FEI =% "HojZtk succinic
acidvF 218311 polyesterE THs 4= AN & O A7) =
& BAS wE7] 918 4% citric acid, polyethylene glycol,
glycerol-S- 71313tk citiric acid= 3702] carboxyl7]<} 3F
7he} 2715 7EA]aL Q1o succinic acide] 7FaRkS-S =9}
= 4= Q7] wlF-ol| succinic anhydride 95%%} citric acid 5%
= AME31TE polyethylene glycol=} glycerol2- polyester2]
S FARIEE Tolae H7AIRIE dslEdl] 7} 5%

T= VeI At 257 ZhlEe] dE HlA|
ARt 7INE Aikxros 160T, 5A7ke2 183k

¢
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Fig. 4. Effect of reaction time on crosslinkage of polyester at 2
of carboxyl group/hydroxyl group ratio.
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Fig. 5. Effect of carboxyl group/hydroxyl group ratio on crosslinkage
of polyester at 35 minutes of reaction time.

Fig. 4= carboxyl71/42F7] = 2014 ollz=H| 2 HkS-A|7Ho]]
e 7hEE vebd ol e - Alg7) a1A|3k 7]
AiMe Hojx 3089 wEEAIRIe] aged 1 oF

= WA mE 7har) 84~87% % Ao AFEA
o} ole} B2 Thiks 5 E719 thE ARSEF Yu 59

AFZAT} [12]9F AL 2L o5 AL E 180T =E
289 7lErF 100%9] E=geithal stk Fig. 5= Whe
AZF 35804 carboxyl 7)/54H714] Hlo] WE JluES
A e ZHlEE B} 1504 22 Z7)8AE 8194
BANZ Fw S7FhY 1 ool A= sy} glick 7l
Te AR TS Ao S5 wiiEel S AV gle
U QA= AR ol E3HE 71329} Bedo] B wjEol
AT} =L polyesterS THE7] YEiAE & o B
A7 Qs A Zrk

OF
=

]

HRE ARE-Ste] Aste} 7t A E AA polyesters
Az ek A HA Ao A= EGE A8t 4F Fuf
slol A HAE Asteiqint HA Y AsfeEol] FEE HH|
= A= RESAIRE W%, 1E|al FuisEo]al Zbzt
60~120%, 150~170°C, 22]3L 2~4% HS] WA A&}
Ak HAZAL 1008, 1607T, 3%°]RaL o] 27004
ASrE-2 67%°1ATH T A DA = HE ]zl A
AojR H A A3HE-S succinic anhydride2} ¥FS-A1 A
polyesterE A|Z3tAt). ¥H3-A17+} carboxyl 7 1/5=4+71<]
"7} 247} 35~504%, 1.5~2.59] WH] Wel|A] 7halzdl| wxj&
Fke ALY AlZE polyester2] 7w == 80~90%
2 9kgxdd wet & o]zt gisith

A4 20109 3€ 18Y, AlAES 1 20109 6 20
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