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Poly(acrylic acid) (PAA) 78 YxR= Hlo| @ o] Aol A el Az} A5l o]27)7HA] teksh olel] AMg-5]
£ 22AF B0t} o)F Aakslr] YaliA s, A (surfactanty S 083 S5 W o2 S 3 & AR EAkA|
E AAS] Y8t ME9 Purification S AXA ®rt. YRt f7] SollE ARgshd Sist gl 2y, MR e
4 F7Y, A 899 7 5o EAIFe] sttt ol o|ugt AlE sdstala}, A oliksleiAE SR
3to], high-pressure Soxhlet extraction *'H-& 7Nt 2 A4 compressed liquid dimethyl ether (DME)
ol PAA #it Z3oll ARE-H pyrrolidene carboxylic acid-g-poly (siloxane) 7 2] #-4H4l|, Monasil PCA #|AsR= <
T5 23EIAE 29 PAA AR} Bk field emission scanning electron microscopy (FE-SEM)S.2 2128 3191
11, Monasil PCA®] &%+ Inductively Coupled Plasma-Optical Emission Spectrometer (ICP-OES)Z #213}5t). &
uje] g3-E vlasly] s, AA o]atsletA-9} n-hexane?} liquid DMEE o2 & AHE stk 7 2% n-
hexane®] 7% A AAIE PAA 78 IAE 25 T UANE, L= n-hexane 5719 352 Gell e HEH 9
Bl¢] dxkE L3UTh. Liquid DME®] 794, F=0] 2 =A] ki), AA| COo,E ol8dh= 7490 789 FHle=
HBPAA AT AAE GRS e 5 ASUTE T3 HEA 2 20E €] HlEA 8ARE s A8 8571
o] g gefaluA Ade AAEIglch 1 A FE7]9] 2571 19.6+0.2°C, Yol 51.5£0.5 bard o, 7P 2
AA &85 Bt

Abstract — Poly(acrylic acid) (PAA) microspheres is one of the widely-used polymeric materials for the bio-field
application and the electric materials. For the synthesis of PAA microspheres, the polymerization technique using sur-
factants is applied. After the synthesis, the purification and separation processes are required for the removal of surfac-
tant. When general organic solvents were used, many problems, such as huge amount of waste solvent, additional
separation processes, and the possibility of residual media, were occurred. Thus, High-pressure Soxhlet extraction using
liquid CO, was developed to solve these problems. In this study, High-pressure Soxhlet extraction of the synthesized
PAA microspheres using liquid CO, was conducted for the removal of Monasil PCA which is used for the dispersion
polymerization of acrylic acid in compressed liquid Dimethyl ether (DME). The morphology of the extracted PAA par-
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ticles was checked by field emission scanning electron microscopy (FE-SEM) and the residual concentration of Monasil
PCA was analyzed by inductively coupled plasma - Optical Emission Spectrometer (ICP-OES). For studying the effect
of the solvent effect, Soxhlet extraction was conducted using n-hexane, liquid DME, and liquid CO,. In case of n-hex-
ane, some extracted PAA microspheres were produced. However, deformation was also occurred due to the high ther-
mal energy of n-hexane vapor. Liquid DME could not remove Monasil PCA. When using liquid CO,, the extracted PAA
microspheres which were free for the residual solvent were produced without deformation. For finding the optimum
operating condition, high-pressure Soxhlet extraction was conducted for 8 hours with changing the temperature of re-
boiler and condenser. When the extractor temperature is 19.6+0.2 °C and the pressure is 51.5+0.5 bar, the best removal

efficiency was obtained.
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2] o3 K(poly(acrylic acid), PAA) petroleum recovery]
thickening agent, suspension agent, pigment dispersement, lon exchange
resins, “12] 1! flocculating agent -5 TFFSH atofel] AME-H=
ARl 132t F¢] shfolr[1]. thksh Fofel] ARE-E= PAAE 78
UALE T, vlo] @ B A AR 2oke] ALt Core-Shell 7
2] composite 5o “JAFSE7] $13t Seed -0 E-go] FIT. PAA T
Y Y= w7 sl = 24t T3 (dispersion polymerization),
-3} < 3H(emulsion polymerization), B= A]A~%4 & (suspension
polymerization)© = AJAFE ™ | Al Ed A (surfactant)” | A-8-0] FT},
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olgh= AHE AU glo], &, ¢FF 58 X8k 7] 8
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dielectric constant)[5]2} R #=&(low dielectric constant per
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CO, (min. 99.999%)= U IAAJALZHE F-l5k] ARSI
o}=H Al Bixw= Aldrich2 58, A A Z A}H8-5]i= Monasil
PCA (min. 99%):= pyrrolidene carboxylic acid-g-poly (siloxane) 7|
2] 1A} AHL/IAZ Crodacll A FHafiste] AHE-31GITE. T ™

ol[ell 2 (Dimethyl ether, DME, min. 99.99%)= <] 3}8}0 2 HE]
Q1slo] AFESFATE JNAIA R AM8-E|i= Azobisisobutyronitrile
(AIBN, min 98%)= Junsei ChemicalZ4-E] T o, ka5
o]g3te] Al A7dH (Re-crystallization) © = JAIATE. Fig. 1= &
Aol ARSE =49 518 7 22E YERHSIT
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ATk wHEZ7F B2 1L RS0 120.0 g0 o} BAT B,
36.0 g2 Monasil PCA, 1.2 g2 AIBNS 231 BFS7]15 £33 5o
Syringe pumpE ©]-g-5t0] oV A= WZbAZ] 550 mlS] DMES
908 5 60 °C7HA] 14747 1pm =2 WHIsFAA 271t} 60 °C
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Fig. 1. Chemical structure of (a) acrylic acid, (b) AIBN and (c) Mona-
sil PCA™.
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Fig. 2. Schematic diagram of 1 L high-pressure batch reactor for
dispersion polymerization of acrylic acid in compressed lig-
uid DME; (a) DME bomb, (b) syringe pump, (c) circulator,
(d) 1L high-pressure batch reactor, (e) pressure gauge, (f)
Thermocouple, and (g) Controller box for the reactor tem-
perature and the stirring speed.
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Fig. 3. Schematic diagram of high-pressure Soxhlet extraction appara-
tus; (1) CO, bomb, (2) CO, Chamber and re-boiler, (3) con-
denser, (4) circulator, (5) extractor, (6) siphon arm, and (7)
gas booster pump.

2-3. 0QF SAE =& AR 3 A g

B AFelA AREE FE X 1Y $A2Y =7 (High-
pressure Sohxlet Extractor)@A4], Fig. 39| A% A= 425 YER)
At A7) (Re-boiler)7 | EEHE CO, 2 (1000 ml), 5% 7] (Extractor,
250 ml), -5-%7](Condensor, 500 ml), *JZ} <=8} 43 (Circulator), 1
21 COE FYe 5 T Gas booster pump=. T-J=H, A&
SUS 3165 AR&-3I3itt.

CO,E chamberell 3138171 $13l, Gas booster pump (maxpro
Technologues Inc., Model DLE 75-1)2 ARSI a1, o]Akslekas &
Ao o+ WH3lE 2 43)s] 9aiA 300 ml A7) (Reservoir) S
2B 9} CO, chamber Alo]ol] AX|3I5ITE FYE = o)alslehAie]
AFE WAt Hof 54 g o] 11,000 psi®l Autoclave
Engineers A}-2] Ball Check Valve (SEB4400)2 AM3-315iT.

CO, chamber®] -£&-2 1000 mio]aL, H 3-8 ¢ 150 °Coll
2] 100 bar®|th. CO, chamber ¥ #H]719] 2%+ K (CAE A
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% (Thermocouple)s ©]-&38F PID 2% 4 %] (20.5 °C)& A2}
§l.oH, 9122 Bourdon tube pressure gauge (WIKA, type 213.53.063,
accuracy class 1.0y ARE-3to] S0t 5718 55719 855
2 717} 250 ml, 500 mlEA], ] &4 422 150 °ColA] 100 bar
ot} 571 A™Y EWA| JE2A, Bolts AFE-3to] ZHHSH:
E 3 8571 Uiells 174 1419 3m dole] YA 7Y
X (Herically coiled tube)’} “3%], & 1w $H(heat exchange)o] LoJL},
SEEA T3=EUA

Alg] "W o3} 2o} Adol| ok WA Circulators: 711l <
55 A 258 AYE gtk gl AR HE(thimble)o] PAA
IRAL AR 8.0 g FETE FEVIO AlRE B HES Y& F,
ZHE 3} CO,E Soxhlet extraction X2 CO, Chamberll /¢
241 80 bar7} & W|7}4], Gas Booster pumps 018511 5}t
Circulator®] =71 A8 2of TEsld, AH|7]e] 25 A7
t}. CO, Chamber?] =57} A3 21of =dshH, CO, Chamber]
HIH (Valve)s B 3133] At} o]F 3 Extraction®] Loyt Al
S 710 E AR FRF A} gAIRE &, B g P A) 7] 2}
CirculatorE- Power off 31T}, $+57]2] B E Jojr] 55 184}
7} vro g2 UrEA] oAl 24343] VentingA1Z1T}. 1831 CO, W]l
U COx= B Ventings A|AA BHOE wEAIZITE F271¢]
COyt B AAEAA Adetel Tdshd, 2718 dojx] A58
FEII) 183 ARl Hot QEA] BE olilsleAE AAE]
A =l 12413 Jg 71x2F AIFIT}

2.5, &M

FEoAA Lol 1A} AlEE FEE 2481] 2IEA FE-SEM
(Carl Zeiss, SUPRA 55VP)S o]gsle] WS w8t 1281
F=9 AR U] ARGAA FE ¢7] 21814 ICP-OES (Perkin-
Elmer, OPTIMA 5300 DV) AR8-3131 0™, 4] W& vk} et
WA AL 2 g& FBt], FEstA FAE SAeitt 2Ea v &
7ol €31 5 A& w37 ] (Microwave Sample Digestion System)
S ARgEle] 2] Bal= A7t} o) gA MAle]E MES A3k oF
o] B2KHF)el 312171 Zoll, ICP-OESE AMg-to] Al EAi A 2] o)
¥ 95 ARl Sio HEE =43} Monasil PCAE pyrrolidene
carboxylic acid-g-poly(siloxane) AF 2] A=, Eg=o|t}. wef
A A FEE e olE e EE, Sif] Fe AR
AA oI55 Fsfara} s},

A AFe] U9 /4 492 21514, FIB (focused ion beam,
Carl Zeiss A+2] AURIGA)E AH8-3F01 30kVellX] Course milling (2
nA)$} Fine milling (240 pA) 2A], 78 Yx}e] TS RhE Fof,
9] £]x]¢ W= EDS (energy dispersive spectroscopy, Bruker A+
XFlash 5030) ¥4 w49& 2AIEHAT)
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3.4y 3 oE
3-1. 80H2| P&k
n-Hexane, ol €| Z(ether) A14 &vll 52| aliphatic hydrocarbon
solvent= PAA®Y 784 (non-solvent)@ 2-&-3H}, 71 Z-of|4] Monasil
PCA7} 7P 2 5= &l 59] 3R] n-hexane™ T &= Al
4% DME, 18|13 9A CO,& th’d o= 447k F<F Soxhlet

extractions 2 A]5}ITE,
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Fig. 4. FE-SEM images of PAA microspheres; (a) untreated, puri-
fied with (b) n-hexane, (¢) DME, and (d) liquid CO,.

Table 1. Operating condition of Soxhlet extraction for 4 hours with
changing the solvent and the result of the ICP-OES analysis

Solvent Heating Cooling Pressure Wy
ke ) (ba)  (mgKg)
Untreated - - - 11345
n-Hexane 70 10 1 5643
Dimethyl ether 50 -5 5 9535
Liquid CO, 30 5 50 7668

A A= 9} BullE delsto] 353 A58 FE-SEM ©]H|AE Fig.
40, A 24 9 74 A= Table 190 YERASITE 19HollA B
59|, n-HexaneS 21 % Soxhlet extractions AA|3E 739, AZ0|
BT oba] qixfe] Beofo] BE U= A ER1E 4 QI
T}, Soxhlet extraction FX] 24 B Au]7] oA v 577k
SH7IE 7he A&l 5719 AEHES ol gl o] wf n-
hexane 5717t 715 712 1A €t 2719 255 =9 &
] al|HE FEA7]1A}; sk Aolnt. 2 AE el el
A A7l A L2 n-hexane®] T71E 70 °C o138 2 258
A7 B h(n-hexane] normal boiling pointi= 70 °C). WA, =2
Qo YA E AYUA == n-hexane®] T717F 2715 oW A7 7}
A, W A7 =& 25 =FF PAA microsphere= 5obA W E
(deformationy= 4o 7107 Azto] At} DMES £ Z 3}
Soxhlet extractions AA|$H 7ol = XG5t FHUYAE B 77
St DME®] PAA microspheres”} Swelling®] SWHA] $1z}e] &
o] FUx Aoz FEHth vhdex W ojikslekag o] g3t
o] Soxhlet extractionsr AAISE 749, w9~ W& =788 AY L Q)
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Table 2. Operating condition of Soxhlet extraction using liquid CO,
with changing the heating and cooling temperature and the
result of the ICP-OES analysis

Theating  Teooling  Textracror  Pressure Am¢ Wi

(0 (0 (°C) (bar) (mg/kg)

Untreated - - - - - 11345
EPAAO1 30 -5 10.1 40 0.202 6482
EPAA02 40 —4.6 19.8 52 0.194 6193
EPAAO03 50 -1 25.9 60 0.175 7621
EPAAO4 30 5 19.4 51 0.167 6295
EPAAO05 40 5 22.6 56 0.175 7006
EPAA06 50 5 25.9 60 0.172 7348
EPAAO7 30 15 23.7 52 0.156 8084
EPAAOS 40 15 25.5 56 0.161 6597
EPAA09 50 15 28.9 61 0.146 7026

“Am=1 '((mA {fter extraction™ T} himble)/ (mBeﬁmz extraction-mThimble))

e A A, AE7E] MR ek S50 W 2R Y
gleigle o, A9 Aylel vjxl= T Lot 1Y) L&), F WaE

Table 22| -7 z71o) w2} F=Z% PAA microspheres UA-2] FE-
SEM YERN I Qtt. Fig. 504 Holol, 73 9] iz} wo] &
%01, o= Monasil PCA7} AIA7}F Hth= 218 Sto® gl
& &= 9k, 2+ Monasil PCA & Zolir] $l8lA], ICP-OESE
o] g3t 717] #4918 AAISF3ITE. Monasil PCAT pyrrolidene
carboxylic acid-g-poly (siloxane) Alg A2 A, 7 ©H9] AREw}
o} Sigh AbAE $HataL otk wEbA] ICP-OESE ©]4-3lo] sicl 3

Fe Ao RA, At ARGZATY Hot JEAE TR

5o Zgto R F27)9] F 25, 3T FE AR = 39
74 AR 2730
7F =9t Soxhlet &3 7
), N E HF Algte]
48P, 3= 7B ok webA A7) 9] 7k 250t 557
W7k LR RE 2] 88 X FF A Folof d) Table 2
=2 W, 35719 £57}19.6+0.2 °C, 428 51~52 bar?], EPAA02
A B9} EPAA 04 AE7} 718 28 A9E Bt
o] galmE Ure] g, Unr) SU1EEE Sens
Z7R) €O, 0143 Soxhlet 7+%2] 4%, 55719 257} 7
2FE o] T7IEE Al st o|ikslekre] fal=
= ST SN 357)9] L5 2deR= woA, AR
718 258t 5570 W 257} F 35 9 3d FF ARl
) =

22 51~52 bar}l, EPAA02 A58} EPAA 04 A=V} 71 2
ANE HRIT}, o] AN FEo JFS vX= VK] LAGE
718 2%, 3G F= AR = S5y R sk 23do] | Ao
2 FEH

FIBE ©]&4-3to] EPAA04 A Ul9] 574 778 At shks ol
o2 whiS ThE & s Weko 2 o]FsliA], EDS 4, Si
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Fig. 5. FE-SEM images of the extracted PAA microspheres using liquid CO, with changing the heating and cooling temperatures; (a) EPAA01,
(b) EPAAO02, (c) EPAAO03, (d) EPAA04, (e)EPAAOS, (EPAAO06, (2) EPAAO7, (h) EPAAOS, and (i) EPAA09.
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Fig. 6. The analysis result of the cross section of EPAA04 sample
using FIB and EDS; (a) FE-SEM images after milling using
FIB and (b) EDS analysis result along the axial position, C
(red line), O (Blue line), and Si (pink line).
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2 A8 AASRITE 1 4 A= Fig. 60l At Fig. 59 6
o] AelA Bzol, 78 1Ak QIRke] S Y 3lY Monasil
PCA: High-pressure Soxhlet extractiong E3}0] A A7} EASS
RIS, 3HAIRE, A} Ui ©e] EDS 4] Aol w2,
T3] YA Ul THellA Si7t 715, Monasil PCA 447} Helsl
S ERIsIIT)

4.4 E

B o|AFBlEAE |Vl E ARESIo], PAA T8 IR} A3l AR
Monasil PCAS #|713R= high-pressure Soxhlet extraction= AXA] &}
AT}, A2, 2dStellA 71A= EABEARE GA Asks] = ol ibshekai
= SuE ALgBIGT)ol|, Y LroA FE AT X £ Q)
Ak FE0| B o] Foll= I &l AAE gt HEe] e F
Aol e qiglom, At f7] grlgk= g Has e &
Ut FE AF A 7Y AP U BER PAA IAE 95
T 9llom, 5719 257} 19.6+0.2°C, o] 51~52 bard W,
71 F& A a8S 1l

# A
®ATE 3 1% ARe] BR2I T2, A7 AT A

7 A3 AK (No. 2009-00789570), 2] 1 1] AFEE] 7]
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