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bonate), PP(polypropylene), PET (poly (ethylene terephthalate)), PBT (poly (butylene terephthalate)) |
st F2PH 9 IAYAAE, THF, B340, THF/ES00 thet 40 Soldx) 1 B8 1asislth 72t a#A)
olX12] deca—BDE (decabromo diphenyl ether) 8] 328 &&dl F2u 71458, vlo|a2y}, 2UA FA F2H
& AMESIY] olE W] AE&S AN ST 28 5L W A $3lE wEe] e FEEEE B
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B A¥olx PPel PCO F2olM= 100%l 7k w22 2888 Hth

Abstract : For the evaluation of brominated flame retardants included in polymeric electronic devices, we
investigated the extraction methods and solvent systems for four different types of polymers of PC
(polycarbonate), PP (polyropylene), PET (poly (ethylene terephthalate)) and PBT (poly (butylene terephthalate) )
using different solvent systems of hexane/acetone, THF, toluene, and THF/toluene. In order to compare the
extraction efficiency of different methods and solvent systems, the deca—BDE (decabromo diphenyl
ether) flame retardant was included in PC, PP, PET and PBT systems and subsequently extracted by
soxhlet, ultrasonic, accelerated solvent, microwave and supercritical fluid extraction methods. The amount
of the extracted flame retardant was monitored to evaluate the extraction efficiency. The ultrasonic
extraction method was found not to be acceptable as an extraction method for the polymer systems mainly
due to a low salvation efficiendy of the organic solvents. Soxhlet, accelerated solvent and microwave extraction
methods exhibited over 80% of extraction efficiency for toluene. The supercritical fluid extraction method,
which has been used as an extraction method for flame retardants in polymers, showed the extraction
efficiencies of ca. 100% for PC and PP in the optimal extraction conditions of 60 C and 120 bar.

Keywords : flame retarded polymers, soxhlet extraction, microwave extraction, supercritical fluid

extraction, extraction efficiency.
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Z 37HE7) vl slst oz AR Yo} AREC 2XRE] §7
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S} 22 BESH WRiAR: 4L 47), @9 9 a8 Ak 3hdA)
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oMY 38t Ee) Ak S vkl AdsAY (axA |
25 UAE 5407 AMET Qs tokst £70) WiA| & BnE
3 JiAlE 34 sidol toleal S A 99l BAz Ho
B2 WS Holu Yok H2 W) ARAES 5857 (ife—cycle)
FAE A7)AAAEL] H71E XA H (Waste Electrical and
Electronic Equipment, WEEE) ol\} 27| AR Zo) gt E4 &
FHER AMEAIRERAE (Restriction of Hazardous Substances, RoHS)
T i Ao wx=HY A} ZslE 1 gltk E38] RoHSS A%
2006 749 1958 3 354 347 sl 7471 A==
aL 7)ol AR AR f3l B B 2 £F9 BEA U9iA PBBsS}
PBDEs7} 29=|o] Ik’ o]l BE3} 11<1x](PBBs/PBDES) <]
ARgol &, F46f digt BAo] RobRon) HE3} X8|
whe} B2 fARIEC] EAIS| Wil olE 2-e A 1A
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% PCBs, PBDEs #4e]l 28311 Yl S350 #w £4
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% 7P 2] ARE I Qlont wf o)) FZo| ol#)e- deca—
BDES™*" 2hgelol 228+ 9 We) X3} S54L ATt
37 S5tk AWkARl & guflol] F Hi= A Az falle o
g Soldo] Ax] 9] wie] guie] Hdo)] mE 2589
2ol7b AA) ARE FELHel 2 =x] 9= PC(polycarbonate),
PP (polypropylene), PET (poly (ethylene terephthalate)), PBT
(poly (butylene terephthalate))©] WA =Z ALGEl= AHSol= L4
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HEME. A3l A== YAl deca~BDE(98%, Aldrich)
£ ARE3IY, ARFE BE $uiE= AldrichAke] HPLC—gradeE
AFESISITE B3 e g Fele) FeiaE YAE(PC, PP, PET,
PBT) & A|YR2 A 35 wolr] AML3IQich

FEEZ(Reference Material, RM) HIZE. A8t} sl B22
2 Fel9 7.0 wt% deca—BDE (decabromo diphenyl ether)
9} 7% EekrE YA E Haake—mixer MCIK, Rheomix,
Germany) & ©]831%] 200 C &5l Egsigch £8 3 23
AE 71 28 AAR & 3 2oko g Ayt 7} Ay
2 ¥ batchd 30 g o AzsIRH A3 8224L FT-IR
(Thermo, Avatar370 DTGS) & ARE3l] A2 A4 935 &
1513t} Deca—BDE7} 37k ¥FE49 dATE 24357 9
3o Nl RAPHR1 ED-XRF (Seiko, SEA 2210A, USA) £ o]
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W ST

HES| Cioin| & 2 QA 5 SA4E gotrr] st
o 571x]9] S ol g3le] I BAE nEsh &4
2= Aol = (H/A=1/1), THF (tetrahydrofuran), 54l
(T/THF=1/1), E5A(T) & A3t

28 =&(Soxhlet Extraction) : AFE A5 0.2 g2 458 AE
Folo] Y &2 X (Chosun instrument, Korea) &) Alo]Ze]|
HARAAZ &, ZFzEe) FE2400E 90 mLA 98 Zekiado Yo
BEE 718109 162417H4~5 cycle/h) B9 F2350c) 55 £
P& FE2HL HF 797} 20 mL =7t HE=F 557 (rotary
vacuum evaporator, Eyela, USA) & AMgsle] &5l 54
£ o83 F2Y A, SRR e A FEFAL v|wst
7] 1310} FEAIRME 24417HB~9 cycle/h) 02 QBT

80} 80§ F==H(Ultrasonic Solvent Extraction) : A& 0.2 g
& 20 mLY] FE8uls} T Al Y3, 259t AlE ] (power
sonic 410, Washin, Korea, 400 W) Z 50 ColA] 3A1ZF Z}F &
F33th BE A F240000 sl gl AL TR 5
siglovt Balle] Ae, FE2AL v|wsly] Y3slo] FEA7RE
4AZE 3080 F, EE 70 TZE s APt

7520 F&%(Accelerated Solvent Extraction, ASE) : A|
B 0.2 g& ASE(Soxthem, Gergardi, Germany) =2 %3
AFFel ¥ ¥ 7 2809 BPE Fasl] FEEE
Aeta YAF) FEE0} SRS 1A B3 1dsigit) &
E 5 22 F2Ye FF H9t 20 mL AT HESR 5E1E
ALg8ly EEsIgich

njo[a=2n} F&H(Microwave Extraction) : A& 0.2 g2 nlo]a.
23t 2 AR Multiwave 3000, Anton paar, USA) 2] HEZE&
719 Y3 229 &gl s 110 T xoM 108,
2087 nlo|FEE AR APSIGITE 5 § I FEAL
HF 7971 20 mL A57t HES 55718 ARSI w58k

ZQIA| 3| Z=&(Supercritical Fluid Extraction) : YAl 44 &=
= AEE 98l YAl 2EZo]BA1] Supercritical Fluid Systems
£ NEE AT FEETIRE o BB (CO) & ARSI
v} Q&SRR ol 7t A AR 0.2 g7 HAIR E50 20
mLE Y1 &% 60 C, &3 120 bar7kK] A145] 2tk o] Akl
oA 1A17F 52k 200 ripm O 8 w9tk 2 3 &% 25 C, o
HE 1SR 4 ARE B AR8] UlgFin) Co; HiEEe &
<l 300 mLdl B 713k COzell EAF 5 = F24EE
=7l A7 9hgT]el dot Qe FENT A FE A9
HF 79 20 mLE %5 FHvh FE2EHE dohy) 98],
ZHoR 2% 80 C, %4 150 bar® 224 Wz A A
Fslsick

ZEE BES| AN 24

GC/MS(Gas chromatography/Mass Spectrometer) &4 : GC/MS
ol 23 deca—BDE #4442, GCE F&§0 2 HE] EAlek= A&
& #2319 1 5 deca—BDEQ] #-2] A7 A, Zekagy)
2 HE 3 9 AyFgske BoE o|foutt A¥o) Mgt
GC/MS+= Perkim~ElmerAl2] Clarus 50022 1132 ¥4 (high



ZQAFEHE o] 43 BEA dAA IFE AN Wt FE2EE Y 4T 15
decabde
100, (a) 1514
10,64
% i
50
pand e
V) — ; , , - ; : . Time
5.12 7.12 9.12 11.12 13.12 15.12 17.12 19.12 21.12
decabde
100. (b) Py
m &
L 79
1 g 638 507 2
bl adishs ; ‘ b1 . 521‘723 et k. iz
9 109 209 309 409 509 609 709 809 909 1009

Figure 1. GC/MS Chromatogram (a) and mass spectrum(b) of the deca—BDE standard.

mass calibration) dlo] AT GC #ej# PE-5HT
(15 mx 250 pm X 0.1 pm) & ©)g-31ch

A3 GC2) deca—BDES] thdt RT (retention time) & 78}
7] $#l deca—BDE EFEHE 0]831] GC spectrumS ATk
Deca—BDE E#g9o] tist GC 2= E4e] Figure 1(a)oll Vet
e} 19,148 RT A0 A ~HEHE E4) o] 9=17] deca—
BDE®| thgt A& 1% 4 3iv} Deca—BDE & €949 RT

)=o) oist A3 A#7] Figure 1(b) ol vehdt)

1) AR FA

Deca—BDE®] tigt A& A5te] 5719 A2 ok =6, 10,
25, 50, 100 pg/ml) 2] EFENL ALgslo] 744 TS 23
o}, o AlEEn] e} B gl Aok B3RS BAS) 9
3 AAE WHEFERS ARSIt dndog yRaEEde
WAEAC] 22 (fragment) 7 S8 0 R FARSE S 7HA|HA,
BEFAES} A 3L fRox ERIE JF3] Al o] HAE
THRE 5EAE ARE

2 A7 E AAE WREFEAE 947 A mirex®
ARSI ke Qo) WREFREAS A|59 BFge) &
7} FA7ree] T A WREEERS 37 A7)l oig 24 5
o] 93 A7]9] Bl 0|43 ZTAISH (response factor, RF)
< o] g3l3ich

o AXC,
AxC
o] M AE EF B4 F4oleg 93 W4, A= FAE UF-E
TEA F40l2 B3 ¥4, Gv A BFE F2 AAE W
FRFEAY oF a8l GE AR Z58 T BEERY ¢
& 717} Uepdn

2) AHEEH
AT NEEREH e 540l F730] HHOE deca-
BDE?] #&%S Tal3lth AEHE v o2 AR

. A xC,
Azek — s
A& % (mg/L) A X RF
o] m A= BAIIEA EAol2e] 97 WA, A= AL W

=

T

HREEEA Yol 9a GE AEl 371 A W
FFEAS o 183 RFE ZEAReltt A9 Held 79t 2E%

7 AAREogHE Az HEEH Fo IFH deca—BDEQ]
HEETE vhe 2o g AKXl
. AZFE%20 mL
Deca—BDE® HAZ¥E (mg/L) = =0
eea A ATEEme/l) = e S

7t 2240 gl FEPH oig 282 BFE4Y o 2akl o
3 Sk} Hoigke 2 waslgint. ol8A 5738% deca—BDE®)]
HAFere FEESS ARG AE BEA dAY 228
&% Table 1] YR

A

4 Y EE

ZEHHHE REFS H|W. Figure 2& 59 358 A8l

2% g, AE 2E2EEE YR 59 258
S 2558 A9 2w, FEE0] 95% oMdoE E5<l 87t
7V $8198 01, TTHE (toluene:tetrahydrofuran(l @ 1))+ 65
~T4%2) 255 B90, THRS /AL 242t 14~19, 2~9%%=
o 2258 uorh T3 74 AgE FE2a8S 0T Ase B

Polymer (Korea), Vol. 32, No. 1, 2008



16 R - at -

SEES

o

A - Az - AR

Table 1. Extraction Efficiencies of Bromine Obtained by Using Various ExtrAction Methods

Extraction efficiency of bromine (%)

Sample Solvent Soxhlet Ultrasonic Accelerated Microwave Supercritical
extraction extraction solvent extraction extraction fluid extraction®
Toluene 95 80 100 100
PC Tolune+THF(1 : 1) 65 60 70 71 100
THF 14 50 10 50
Hexane + Acetone (1 : 1) 7 14 7 17
Toluene 96 80 97 86
Tolune+THF( : 1) 72 36 78 64
PP 100
THF 14 63 11 50 0
Hexane + Acetone(1 : 1) 11 17 6 17
Toluene 97 40 86 86
Tolune +THF(1 : 1) 71 50 57 85
P 1
ET THF 19 57 11 54 7
Hexane + Acetone (1 : 1) 9 19 5 27
Toluene 97 50 100 84
Tolune+THF(1 : 1) 74 55 67 94
P
BT THF 17 57 11 50 n
Hexane + Acetone (1 : 1) 2 21 4 20
60 T, 120 bar.

Sample

0 10 20 30 40 50 60 70 80 90 100
Extraction efficiency (%)

[ HA 7773 THF S

Figure 2. Extraction efficiencies obtained for various solvents
measured by the soxhlet extraction method.
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ULt X5 PET S} PBTY] F&oMs BRI 5582
50% ©letZ W3tort THFOXe] 2R &L 57% 2 EF<lelA
B} =& 22388 39 HFigure 3). Ultrasonic extraction?]
Aol AL B AR, 7l Soll uhE HaEA 2] wslel o
AR deca—BDES] THFe] thgt vlwa #& §3l|= B4o] 3
#o® =-gslo] THFR tigh 52 54Jo] 3de Alog darg)

71 FEERE U OE )| FE AMEslE £459)
A9} 71 el TUsh, 45319 9 FEAME BEAT)
7] Y3l FEFIIE S7MIR Zol) uleh FEEAS AvRY,
FE2EW 59 FEER ) A Y AE RoiFE) o, =
ZEES 559 FEel viste =54 =3 (Figure 4).

e, A32d A1%, 20084
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Figure 3. Extraction efficiencies obtained for various solvents
measured by ultrasonic extraction method.

njola Ry FEAAE AME WA 5L WAE & 15%,
THF= <F 50%, T/THFS} E5402- 80% oPd4] 2888 B3
Figure 5). o] WHoldE EFAE AM3IE o e el vl
slo] o] Ao V] guljEoAe] FEaE0] IA F
7V e BEE 5tk ol AT E80] v Bullell Yot mi~
crowave FX|2] 715+ slofA] gue] FHEEo| Ad5de] dAA]
F2888 F7M Aoz daE

Figure 6o 294 fAIE AMSH 329 2% o8 2048 &
BEE RIS} 294 FAIE ARSSE 52 60, 80 C, 120,
150 bar®] & Z3slo] el 2FelM & ¢ Sl vt
9} 2o}, 60 C, 120 bar®] “deelAe] F2ado] 7 =4t
o] AR ¥ 9F, 2% o f B FFo] ojFo] X%
UL A FEE e YAl FA1S] HE] 2ro] EARITh= 2& Al
ARgtet PP2] A9 371412 ohE 2%, $hE ZelM B5F 100%2]



3
ke
i,
P
e
rE
o
o
olo
%
[z
of
o
uo
2
X,

Sample

e

0 10 20 30 40 50 60 70 80 90 100
Extraction efficiency (%)
[MITMHA ZZATHF [EEETTHF EE

AT

Figure 4. Extraction efficiencies obtained for various solvents
measured by accelerated solvent extraction method.
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Figure 5. Extraction efficiencies obtained for various solvents
measured by microwave extraction method.

Sample

0 10 20 30 40 50 60 70 80 90 100
Extraction efficiency (%)
FIEE) 60/150 255 80/120 |

Figure 6. Extraction efficiencies obtained for various solvents
measured by supercritical fluid extraction method.
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