Korean Chem. Eng. Res., Vol. 48, No. 2, April, 2010, pp. 164-171

ZC|7IEHO|E aliSE=

olEst

Synthesis of Bishydroxyethyl Ether of Bisphenol A(BHE-BPA) Through the Depolymerization
of Polycarbonate

Miseon Heo***, Beomsik Kim*f, Youin Park* and Myungwan Han**f

*Korea Research Institute of Chemical Technology, 100 Jang-dong, Yuseong-gu, Daejeon 305-600, Korea
**Department of Chemical Engineering, Chungnam National University, 220 Gung-dong, Yuseong-gu, Daejeon 305-764, Korea
(Received 6 November 2009; accepted 3 December 2009)

o
i

of
el

F ZEFRRUR|ES] o7t St whe EE7ERUIO|ES] #7|=o] wol st gtk ¥ Ee7hRUle|ES

Aggsto] AEL oAl dRE F58 W Sl

2 33iet. of

42 ZeglRelEA Zaleue T4 &

=0O
o

diol FEN] bisphenol A7 bishydroxyethyl ether(BHE-BPA)E 1L

AR ARG < k. B el clgdEeE

TABPEENaOH)S 212} S} Zull2 ARgsSlar, F8lliks S = sl o2 el711 1|0 E (Ethylenecarbonate,
EC)E F7Feto] &S] AE-S ZARIITH &Z2eS) Aol uet b SEEejA| 2 whgolx] A=A sk
A ether 3ES0] FAE O L5 220°C, 10% Z1/PC EH], EC 20 mmol Z70A] Zgj7lR 0| EZHE 4
& 92% o1’de] BHE-BPAE %131 AAAE F3te] 99% olde] =55 I Ao] 7Fsisitt.

Abstract — Recently, the waste of Polycarbonate(PC) is increase with the increase in demand of a polycarbonate. It is
concerned with producing a new material and diol monomer, bishydroxyethyl ether of bisphenol A(BHE-BPA) through
depolymerization of the polycarbonate waste at recycling. BHE-BPA can be used as a good raw material for the syn-
thesis of polycarbonate type polyurethane. PC particles were depolymerized with base-catalyst NaOH, solvent EG, and
ethylene carbonate(EC) was formed during the PC depolymerziation. EC was added to promote the conversion from
bispenol-A to BHE-BPA. The characteristics of depolymeraion of polycarbonate as well as conversion of bispenol-A to
BHE-BPA were investigated. BHE-BPA yield of 92% was obtained at temperature 220 °C, 10% catalyst/PC mole ratio,
20 mmol of EC. BHE-BPA purity of better than 99% was achieved by crystallization of BHE-BPA.
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Z-g]7}R.]°] E (polycarbonate, PC)=
25, F5o izt 7 2 =2 1AA e F s 24 5
o Qlste] AkgAke] FEA, 1% 1A, CD, A% A7 871 Y
AAAE & 1 88 B9 9 Fert H2 S0 A Sk givk.
ol gk AlFe] thF 2 QlIste] AE-go] HA FA Frt. ol=gh
ofEe-s S5 7 e 7P AR e s HEs ek A

37t = Zlolnt. o] & flaliA A3t ZejFhRvo)E sl 2
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Qap 7P ANEQl Bl o Ry B8 o] &% Tl
(hydrolysis), &3228 0] &3t &7-&3 713l (alcoholysis), 21
= o83 STF37REM (glycolysisy’t AT}

ZEPFiRdlelES] e AR 1989 Fox 5> HEAZ 2}
ol& f7|-&mAlIelA RUoHE o] &8l 3lE T = BPAS} Phenol
A5 4 AUATH1]. 2009 Arai 5-& G5 24 oleiA F4)%
FH o} =8 1k © 2 PC(Polycarbonate)Z-E] BPA
(Bisphenol-A)Z ¢o]Wl11, NaOH 22e] 4-8-43} vl wafo] ¢
o} gl T} AR PET(polyethyleneterephthalate), PEN
(polyethylene naphthalate) 315l A8 LoRAATH2]. Buysch
53} Shafer -2 22|50l A slell WgAE Zeto] =9} 72
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Z3gm7AlE o]-83t PC sl BPAZ} DPC(Diphenylcarbonate)
XS B EATH3,4]. 1998 Hu 5 &)=l 24 ol o)
EFE-3 E24lS- 0]8-510] BPAS} DMC(dimethyl carbonate)s 3|5
SISATHS]. 2005'd Raul Pifiero 5= 77 1-87E A8 9l 2
Al L] FAelA] LA FuE ARste] dae wEliNkeE
). o]5 E3) PCo] 2 Y52l monomer BPAS} DMCE
T AATH6,7]. 20098 Kim 5= Fvll AR Glo] dduZe] =
o] g3t alEFo® BPATHS: A& = AU [8], Hlehe-S o] 85t 4]
F3o =2 BPAZE DMCHHE 95 5= UATH9). 2000 Oku 5[10]
¥} 20079 Lin 511} Z2]71E |0 EE hydroxylalkyl ethers® -
af|ato] Z2]-2E(polyurethane, PU)2] ¥ 52! diol monomer® 7
A7 A AdubE Eagsioitt. dE S 9k EG AR siNkS
2 9107] hydroxyalkyl ethers”} THE01A] 1] 0] A28 S-elet &
A2 o] gsh= A5 8ISt P % P sled e
B FAlERs 38 Zheth o3 diol IS T
7RO E A7AE A F3he Alsshd Ze7hRvlo|EE
S = Otk B3 0] 5 Selek Az o] 45k EelFhR o) EA
gltolgh= A28 2A)2) o] 7Fssi).

B Aol = )7 H|o] EE hydroxylalkyl ethers® &l 5}1o]
diol FE] FXHE DAt sigiet. olddl=e) &y A ER
(NaOH)= 77t g9l Fvll= ARg-3to] diol HE|S) SIS
g3t S 1t o] o o’ #7}H 0] E (Ethylenecarbonate,
EC)E H7Islo] &5, AlRE, Fullga o d@llzhi o] EQ) ofel upe
diol FE|2] A /3-8 3Gl

tlo Sk 02
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2-1. Al H M=

e A flsto] Akekrke] Eej7hR o] E (A58 : TRIREX
3022, Mn=15,000% AM-51911, HHgoll B Q3 Alokg olddlZe]
F(Ethylene glycol, Junsei Co, 99.5%)2} AFSPHEH (NaOH, Samchun
Co, 98%), & @7} 1 1] o] E (Ethylenecarbonate, EC, Aldrich Co.,
99+%, )= F7F4Q1 Al o] ARSI, A4S £1% 35 BPA
(bisphenol A, Aldrich Co., 99+%)= -3 #|E-S AME5191 2 BHE-
BPA(bishydroxyethyl ether of bisphenol A)2} MHE-BPA(mono-
hydroxyethy! ether of bisphenol Ay= /dst & A&7 ARS A}
o7 QA3 oF BFELR o833t

2-2. BHE-BPA, MHE-BPA EZA|E H[Z=

250 mL A Z2k~Ael4 PC(10 g, 39 mmol), EG(50 g, 780
mmol), EC(6.8 g, 77 mmol), NaOH(0.16 g, 4 mmol)E 21 &3z
S A #907] sl 180 °CR 7HAEY Hhe- & ukeE-S By}
oopAlEIo| E(EtOAc) Z-81lE ol 83t =2l Z(EG)
TABRIERNaOH)S AlAsHY. ddge] v} FAShEF©]
A & S5 Wttt & sl dlEMgS0)S olgste] Holsl
= 5 AAS cldolAE|o] E/AHEtOAc/Hexane)y2 1:3 H]
F2 E3is fullE o] gslo] Ayl Ao R EshE-S walditt
o] w] gk ut I 2 w}E 729 (thin layer chromatography, TLC)%
|l 2430 g EFEL B8 TS FRlsh Fa F oo}
Alelo]Es} SkS AASHIL 232 50 °CollA] F3] = &
NMR 48 538 27588 glsolnt.
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Fig. 1. HPLC chromatogram of product mixture and internal stan-
dard.

2-3. 2A HiH

Fig. 1> AA3E87) )5 2FE2°] HPLC AFe|th A% HPLCE
Agilent 1100 seriesE AM-5F11L, AH-2 ZORBAX Eclipse XDB-
C18(4.6x150 mm, 5-Micron)& AHg-35te] UV A7)E o], 254
nm 3o BB A 0BG AlgEl] {5 25°CE 7H
stelor oHEYEHACN)Y 57T £3 §7(45:55, viv)g ©|
FFOE 1.0 mL/min® 2 HASIGITE RS Al Ut EE=
A= wWiAlS ARSIt 4oizl BPA, MHE-BPA, 712|317 BHE-BPA
of wllAlle] ekl AxA] 0 7 747} y=0.151%, y=0.156x, y=0.110x
0131, B HFH 9] regression coefficient= 0.998, 0.997, 0.961°]T}.

2-4. Polycarbonate oiEE & A|Z X2

Ao]A= §S1/2 inch, Zo] 15 em?] 3%-2] HES-7) 5 218513
THOJ. o= A} sllFEug-ollA Q1 A4S 37| A8l 2k
g apfolrh yEE-2e] Eaehs ARE 5 dolvks EAlIRlE Ha
shAlF o WS F YZER= AIRRS WEAIA ©)F ARSI HE
$7] ekl PC(127 g, 5 mmol), EG(6.4 g, 100 mmol), EC(0.44~1.76 g,
0~20 mmol), NaOH(20~60 mg, 0.5~1.5 mmol)?} WHt&¥}= F7}
A1717] Y18l Zirconia ballg AFE3IITE 2. wHby] 9] &7} Hkg-
2o Egshd FHlE vl N7 2 mRE7 e Yol Rk
< AT WRESEE 100 rpmOE 28I oM, HESAIRPERE
2 wReA 93715 7o} Wkl SRIAIA Hhe-S FEA
71tk W7k HES-E-2 o EUYE™ (Acetonitrile, ACN) 10 g&
g3t 7] Hie) B2 WhSES 3|53i). 3] E vE-E
FEFEARQ WAlE Yol 7datAl W= § HPLCE J& 4

set.

¢

)

Mo & O

2-5. BHE-BPA & it

ZFIRY0|E 3|55 C £ 5E BHE-BPA, MHE-BPA, BPAS
AL = 9lon o] YXME F diol HENZE ZetAE Age Fgu=
BHE-BPAS 14} 319t} Alg]7la Ay © 2= $=5=3F BHE-BPA
£ 95 T o B2 gl AlRte] AREnh o 3 &34Ql
o R fulE ARES 53 A RS ARESEITE BHE-
BPAE 7] 913l At 55 WREAVIET A=t o] o dk
=S 5 2E7F gojva dEREEE Y FABRVERS E Tl
SalEct. EFES =50 42 5 +8 5 1ol BPAS} MHE-
BPA7} 41Q1 BHE-BPA7} &4t} o] Al 7H4] 24 opAEHE
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Hof| 2 ga7} P}, §4 <=4+= BPA>MHE-BPA>BHE-BPA 0]
t}h g3 A5 o] g3le] EFES 40°C oHEYE-.| L3} &
AT T FEAIA DAY o] AP g Tl d2 vAE E
2 ol8] W MZ3lo] BHE-BPAZ H-2]3it} #2]¥ BHE-BPAE
HPLC 4 A3} 99% oo =555 28 it

3. 21 ¥ 0F

3-1. MHE-BPA2} BHE-BPAS| 24 2 1xE0|

B A¥ojA Aojx]= MHE-BPAS} BPE-BPAS] E4jo] 423
AR Akt whebA] o] E ERlsh| 3l =3, NMRE £/
I} 752 dolR Tt MHE-BPAYE 272.34 g/mol #-A13RS 714w
=728 110 °C) 3L BHE-BPA 316 g/mol] EA}#S 7w =
4L 120 °C Aotk MHE-BPA, BPAX= 314 1140 488
11, BHE-BPAE €2 W@l e- wjx 9lom, o] A HeE 7}
Zt}. Fig. 2= 9314} 3H= BHE-BPAS] *C-NMR 548 vjehdl
Zo]tl, NMR 4 A] MHE-BPAt= &7l DMSO-d(dimethyl-d6
sulfoxide)Z A3 BHE-BPA2] 7-9- CDCly(deuterated chloroform)
£ ARESith 71 A o9} 22 NMR I & 7RIt} o= Oku &
[10]e] Az} A2l g & = Q).

MHE-BPA. 'H-NMR(300 MHz, d6-DMSO): & 1.51(s,6H), 3.67~
3.69(dt,2H), 3.90(t,2H), 4.81(t,1H), 6.60~7.70(m,8H), 9.1(s,1H). 1*C-
NMR(125.8 MHz, d6-DMSO): & 30.8, 41, 59.6, 69.3, 113.7, 114.6,
127.2, 127.3, 140.8, 142.7, 154.9, 156.3.

BHE-BPA. 'H-NMR(300 MHz, CDCl,): & 1.63(s,6H), 2.03(t,2H),
3.91~3,96(dt,4H), 4.07(t,4H), 6.80~7.15(m, 8H). *C-NMR(125.8 MHz,
CDCly): 8 31.0, 41.7, 61.5, 69.0, 113.9, 127.7, 143.6, 156.4.

3-2. Z2|7|EU[0|E Sollof L= oM Al2e| EM

o AZe]F Fal Whe-2 AN Exrd REollA] oix]-oix)
TY ¥ 02 x| = o9 H3bsh vhgolthg]. Alzte] mjet &+
FtRUo|E k= oddl=w]E 3 HHE-310 random scission®] &
ottt %7 Yl Fu7) §10W random scission®] A U= &
T stk wkgo] XEEW A Fej7iR el EV Kt EE|a
g Agkebas HEA 0w SFA7F ATt Fig. 37 Table 12
WS ATl W -2 1A IHRES A AR A 1A= 2
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Fig. 2. ®*C-NMR Analysis of BHE-BPA.
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Fig. 3. SEM photographs of PC particle at 160 °C: (A)Virgin PC,
(B)15 min, (C)20 min, (D-1)40 min, (D-2)40 min(D-1x1/5).

Table 1. GPC results of degradation polycarbonate using NaOH(reaction
conditions: NaOH 20 mg(0.5 mmol), Weight ratio of EG/PC=S5,

Tem 160 °C)

Dist Name Mn Mw MP Mz+1 Myv
15 min 8796 24481 28009 45369 65238
20 min 7463 21854 26183 43854 60940
40 min 6415 17719 19375 37567 58231

2go] EoE PCHS RIS Fig. 32 160 °ColA 2] &7}
] H7VekA a1, Ze7FR o) ES] 10 mole%ol s}
£ FABPERS 37l AlRtel uhe W2 1A I 4
AEHIE A8 Arfoltt. A ERS A7k 28l REE-2 -
ke FEEeA AR U] 7R yo| B B3 ito] Aot
2| $ka1 2717} A5 Eo A BIEUTE 2 vllgollx] kst
A7} A= Z713HES] peolH, B, C, D-1-> 712 HEAIREO] 15, 20,
40% A3} Al ZE)7HRM0)|E 1 Adejolct A Algle] A d=
PCo| EWHO| A= B5S E91st 4= Qi D2 D-1 4 AF
Z1€] 100 HIE-= PC 3E3e] o] 9 218 ERIg 4= lolt). =
o] ¥kg-ollA] PCE= EGE] el oJaf YAt svo] depAw 13 &
o &tk A7t A= EGE 52 Bl Hyo] A7)a g8E PC
£ Wl DEA7E TEolZIT}. Table 12 160 °COllA] A
Zol| W PCe] g wi AR} AR S eIt

3-3. HIS2Z0|| [E ether ZEI=2| MM

Fig. 4= 7|3 9-8-Z71(PC 5 mmol, NaOH 0.5 mmol, EC 10 mmol)
of| X A ether 3FEL] b5 FFS dotir] $lste] vh
o2& 180~220 °CollA sliFdssict. o] w &wlQl EGe= PCell o
sk FAM] 52 Tttt PCe] 2F 2 ARkl mE e
AL AP AR AEN-E-2] FElE BTl Qlr}. WA ether
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Fig. 4. The PC and product conversion distribution with temperature and time (reaction conditions: PC 5 mmol, catalyst NaOH 0.5 mmol, EC 10

mmol, EG/PC= S wt ratio, reaction time 60 min).

shHE =3 52l BPAL F1A1Q1 MHE-BPAS] X3H&o] HiA]
5 B3l § A48kaL vk HEERTE 160 °CollA= 100:20] ke

Tl ZEj7hE o) E e
2Rl 180 °C o)’d¢] ‘ﬂi
3= ST 200 °C o] Rt

Wa7F dofubA] ekgkom 47 iEJ}
oﬂﬂ% PC7} 308 o]l
i oM e 60 OILHOH
H-go] HYPHe| =dsto] BHE-B PA7} U o] S7FEA] kTt
HES-2.12 220 °Cof| M= Z7]A17F 10%-0ll4] BHE-BPAZ} T3 A)
=R 0 103 ©] 55 El+= BHE-BPAS 712A|7]aL MHE-BPA7]'
S7Fhs @5 Bivk webA] 200 °C o3 HES-EE0lA] 102 ©]
el PCi= i #alj=] 3l ow Ho BHE-BPA T8 7] BH
Al 603 ool Wh3-& Fd k= o] nighAlaltt, mogh n-g-2 7}
EO}AS5 4-tert-butylphenol, isopropylphenol?} 2 E<-E°] A
/=it whEbA] 200~220 °C RES-25=elA] 60 ool # o] BHE-

Table 2. Ether compounds and BPA Absolute content with reaction
temperature at 160 °C(reaction conditions: PC 5 mmole, NaOH
0.5 mmole, EC 10 mmole, EG/PC=5 wt ratio, reaction time

60 min)
Temperature Conversion (mmole)
‘0 BHE-BPA MHE-BPA BPA Others
160 0.37 1.60 2.07 0.96
180 243 2.12 0.37 0.08
200 3.49 1.32 0.12 0.07
220 3.39 1.26 0.10 0.25

BPA &2 LFERNQITE. Table 2+= Fig. 42] RESAIZF 60%-2] A3=
EE et ot}

-4. SO0 2 Z27[2H0|E FllSA

Znfjke]] W ZE|FHR 0| E F3)|$} ether 313HE2] A oS
ol 7] flaElA Fujeke]] W BdES A8HITE S}l NaOH
= ZFIHY0]EL] 0~30 mole%s H7ISIATE HFSAIZEE 604
o2 yAA7|AL, o daFIH YO E= 10 mmolE 7] RE-&-271}
FLSHA FAISIITE Sl e ZEFtEMo|E %H & Ave
Fig. 5°1] L}EPLHO*E} Zuj7} Q= 735 180 °C 0]31] W2 ollA]
PC7} H¥= vIHES: PCR Holli= WA 200 °C o]de] Whe-21=e]
A= Pc7}tH Sl Ak SR ik ol B9, P sllE
HEgo] Kot Wol dojhs: o 4 lom, L7t SRS o
2] PO} HalEE HolFal vk o= Szt 88 E el
QS TA = A0 T IS 4= glowm], pee #3)| WEE-2- S
ARE- Al 180 °C o)/dollx] sealak= Zlo] nlaghs & 4= girt.

Fig. 62 Svllegol] Wk 7} A2 Aehe-S YeRlSict. Fa7t
AREEA] 92 75 180 °C ol3tellA] Am3r} 712 o] Foix]A] ¢k
= ¥ 200 °C o) deli = Rt o] ol 1, 5= WA= BPA
9} MHE-BPASILE. T g @lge]E Lalik-golla Holx] 9okl
20 mol% ©]%+2] MHE-BPA7} A H 22 HofFar Qit). Fui7}
T A, Rl wheba] Fufjo] ofgfo] de yrebsith vk
25 180 °C o]3}e] -9, ZrljFFel] webA] ether SF3HEE2] HEHo]
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Fig. 5. The PC conversion with reaction temperatures and catalyst
contents. (reaction conditions: PC 5 mmol, EC 10 mmol, EG/
PC=5 wt ratio, reaction time 60 min).

S7VeIR o 1 TS 7SIl o] Fvlj7) PC EElNESE
Tk ofe} ether SHE Al FHl IS TS o 7 Sk T3
HRS-252 200 °C o]0l A ether 3}3Ha AL 7)o T o) F
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old@l7lH o] E(EC)= PC a5 g #doll AR AT
e E4ol9 PC T& 950 DMC(dimethylcarbonate) =
DPC(diphenylcarbonate) 314 F1HAo]t}, o] 3t o gll7}R o]
E(ECY’} BHE-BPA &< nX]i= J&FS Lolrr] 3liA] 7]
W27 ECY H7FFS 0~20 mmole® W3IA7|H E2]7h
Hujlo]E2] F3)|¢} ether 3= /3] PES LolR ST PCBPA)
1 moleell gt EC2| o] & 24 &5+ 2 mole®] B Q3}t}. Fig.
7 REER2 5 EC 7o) |70 ES] dlFdtel njx=
A& YERH Zloltt. PC 23lRESol] o A7t Yo| EL s =
GeS A A3t TRk, 200 °C OS] 29f W sEe
oA Ylo] EQl ¢ o &AlFIHY|0] EL] &) Sl Ao

el
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Fig. 8& 2SR E ECY 371l uhe} E)7tR o] EZ5E A
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SHE-Eo] g E 9l o, 180 °CY Wl 50% ©1’d2] MHE-BPAS} 20%
3 2] BHE-BPA7} /4= 3lt). EC 7o) S7kehel wahA
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Fig. 6. The product conversion distribution with reaction temperatures and catalyst contents(reaction conditions: PC 5 mmol, EC 10 mmol, EG/

PC=S wt ratio, reaction time 60 min).
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Fig. 7. The PC conversion with reaction temperatures and EC con-
tents(reaction conditions: PC S5 mmol, catalyst NaOH 0.5 mmol,
EG/PC=5 wt ratio, reaction time 60 min).
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Table 3. Ether compounds and BPA conversion from PC with reaction
temperatures(reaction conditions: NaOH 0.5 mmol, PC §
mmol, reaction time 60 min)

Temperature Conversion (%)
0 BHE-BPA MHE-BPA BPA
160 2.8 23 53
180 17 54.2 26
200 15.5 41.28 29.4
220 17.7 39.7 14.4
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Fig. 10. The proposed reaction mechanism for BHE-BPA synthesis.
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