Vol. 55 Nob
May 2004

%55 4% 55 M 1t T £ Eiid
2004 4£ 5 H Journal of Chemical Industry and Engineering (China)

ﬁé%%%%%%%é%{
EErEY BIER AR REEZ S

IR BHLE EAXR
CHTTLR AR TR AR TR AR T BU 310027

WO RIS A B R R AR R T A A Ak T AR A A0 A e R A A R 2R R B A B ST AT HE
F SR FRIG A DT BUR B R IR IR IR AT A 5T . DU R M Y R IR R . SRR TR
TEAENBESYRS. EREW, WESWEREN 4. 225 B 25317 5 I FLA 90 25 1 8 S84 4% 52
RRERE R Z AR HI N 1.0~2.0 fl 1. 3~2.0 gy, FEH R, B RRESE ., BRIAIE RGeS
K, DEAERMHES 0 TEBR. [, NERYERIE K, 456801 E RS mREETE, 87 BilksR
ARSI WA 4y FHE M TN, R A S IR BR AR S R A 25 R 2R . R oRF 25 MPa i,
e L S R A AT B S AR ST 2 25 4 5. 320605 MR KT 413. 15 K B, I 45 6 43 G AR U A S 35 4 % i 22
7 18.03%.

KR MIGARGE Wk BIELE S B
FESES 0658 XEKARIRED A XEHS 0438—1157 (2004) 05—0689—06

POLYSTYRENE FRACTIONATION WITH SUPERCRITICAL PROPANE

WANG Jingdai, CHEN Jizhong and YANG Yongrong
(Department of Chemical and Biochemical Engineering . Zhejiang University, Hangzhou 310027, Zhejiang, China)

Abstract Polystyrene can be fractionated with supercritical propane. The main advantage of supercritical
fluid fractionation is that large polymer fractions with a narrow molecular mass distribution can be obtained
without using hazardous organic solvent. Isothermal fractionation was performed using increasing pressure
profiling that provided milligram-size fractions with M,, distribution of 1.0—2.0 as compared to parent
polymer with polydispersity 4.225. At the same time, isobaric fractionation was performed using
increasing temperature profiling that provided fractions with M, distribution of 1. 3—2. 0 from the same
parent polymer. The molecular mass of fraction increases with increasing operating pressure and
temperature as the solvent power of SCF increases. The major benefit of SCF solvent relative to a liquid
solvent is that the solvent power of SCF can be finely tuned by controlling operating conditions. It is
recommended that pressure should be controlled to tune the solvent power of SCF effectively. With a SCF
solvent, the solubility of a polymer drops to essentially zero if the pressure is reduced to near ambient
condition, thus facilitating the recovery of a solvent-free polymer fraction. A model relating the molecular
mass of fraction to operating variables was deduced on the basis of the theory of polymer solution. The model

parameters were estimated by using experimental data. The average relative deviation was below 18%.
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Fig. 1 Experimental set-up used during fractionations
1—gas cylinder; 2—filter; 3—cooler; 4—compressor;
5—surge tank; 6—extractor; 7—valve; 8,9—collectors;

10—rotameter; 11—dry test meter
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Table 1 PS fractionation with isothermal

supercritical propane (403. 15 K)

Experiment Calculation

No.
p/MPa M,, PDI(M,,/M,,) M,,
1 10.0 18862 2.036 49.9
2 15.0 61752 1. 755 411. 8
3 20.0 86200 1. 396 3865. 5
4 25.0 159900 1. 065 170373.0
5 30.0 212300 1. 244 226288. 4
6 35.0 246870 1. 298 239891. 3
residue 256100 2.736
Table 2 PS fractionation with isobaric
supercritical propane (20. 0 MPa)
Experiment Calculation
No.
T/K M. PDI(M,,/M,) M,
1 383.15 24164 1.973 5188.8
2 393.15 40497 1. 566 11554. 4
3 403. 15 85100 1. 852 30304. 8
4 413.15 124224 1. 368 89949. 7
5 423.15 182052 1. 398 212064. 8
6 433.15 208624 1. 344 187719. 4
residue 241500 3.195
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Fig. 2 GPC chromatograms of fractions

obtained by isothermal SCF fractionation
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Fig. 3 GPC chromatograms of fractions

obtained by isobaric SCF fractionation
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Fig. 4 M, of fractions vs pressure
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Fig. 5 M, of fractions vs temperature
IR I AR S AR

1 —0.5y2 £ UL 5 PR -
5 (1+x )*O.47b1+RT<4,0914p° ‘O—l—az>

C
R

I 5 4 R AR Y

1 s . :
- (%) =0, 5213+I§—‘T(4. 791505 0 fag)

R,

(15

I SR S50 3 SR R I S 58 P 4 AR R 45 2 Sy
3 A T SR R ST 6 (L 1 - 2R X R 22 49 Sl
51. 76 Y00 44. 75%. TEMBIG F /A M IRE T
FIHR I A5 A G ORI T BT -3 1 D 52 36
(EAHZEARAK, MR I A 55 53 20 25 MPa D 1
FIREIG FLAE A 0 413,15 K DL E Y 3 5256 4
S 25 AF S 2240y 5. 32% Al 18.03%. 5% HiJe



55 55 % & 5 1]

FUEISAF . B A NI BRI LI © 693 -

PRI, BEAR S I 20 PR3 IOV P A 7 i S 4 T
SR IG DRITEB I 3155 e 43 2 AV IX 5 B S A
TEEAMY R 2E . 73902 W 18R H) 10 MPa 3§,
LR 383. 15 K R, BA — @R mae
P AR I S 790 s AU e A I S FRH st v B VS
RS R R G Y TR T ok, RNV MR e IG5
PRI P RGN 2 TR BARK . TSl
BB E B HOE S 3 S A, T
| 25 MPa D bl il BT & 2 413,15 K BF, 2
REY TS SN K R A YT S5 R
25, AR AR SRR S T A I AR 500 1
o sl E I RV AR TR R G R A 1) —
. BZ0EEREBUN, SERLR S B R
¥ PFLARE g TN e . AN SEIfH t ] L
B AR AR N TR 94 1 22 53 10 3R B e R
N R, R S IR I A5 9 10 MPa Fi4§
FERBIG A0 383. 15 K TR0 2/ iR BUE
Bk 2,036 F1 1. 973, IFESE TR E G IE T
VE TSI 053 1 W S B AR 1 B 3 e A A K
A TEREIG AR A2 35 MPa T Fi Il 54
FEA3 9% 433. 15 KR 9 2 0 i R 500 AU
1. 298 #l 1. 344, ZEHHIANTRAERY, HormE
YRR, B TN . PR, RSO
A IG B4 IR PO R HGE T R I KT 25
MPa B AR 53 435 T o 17 I A 46 3 R A 7Y
HUSE TR R T 413. 15 K B AY945 2 5 Ti.

AR SR AT A I S SR Ak B R i R T S 2 1
SEMER. MIERLMET . Whisr 178 PS A FIE
R R, JFER R B R PS 40 F. KATE
JLTARE AT, XEEGESF55 T PSH#EME]
et 2. I sGREER K, I AP be e oA [
P EREBZ, PS ERICH R R, 15
FEHE RN PS P ERIG AN, B2, Hf
B IEJJRREE R AL, BIE R ExT PS [
FLRE bz 3 m, (454 7 F 5 1W PS 9576k
IR 3 .

SRk 2D 53 G B Hp S I R 2o 1 1 [ B
U R 5 a0 T A Y 0 & MR I DS B ) i
e 039, RAR A EAE R

3 % ®

XFE B FAXT 4 F B 256800, £ WA Sl
D 4. 225 B FRA LM IIHEA T 1 I 2 i O3

PRI A R, 153 T EIAR S R TR
18000~240000 [i]. £ B A4 BLRE4E 1. 0~2. 0 [d]
—ZRINVREWH Iy, FHAFRILU N E5E.

(D METFERN 9T, IR 96e
{5 b 368 o 9 L RN R ) WA R A T . RIS
FRIMBAENREYHR . RN, BEET)
AL R . VR PR RE R, BT T
R, R BN 7 i SRR R QR
M) Z AR SO AR. [ i it (4 g
PEEMET, Ao A A F K.

(2) NERYERAEe &, 456 InAaR
MR EEST TR I SIS s R oy
Vanm iRy BN VRS € R SIS G A
RAEH], I A S R OB R HE T s O R
25 MPa B4 GBRAE . TR I 5 45 e 23 G Ass A
FATFERERT 413,15 K W5 B eft . HF M
PREAIH 5. 32%F1 18. 03%.

(3) TEiln Ao PIHamy, eyl 3 B 4
L VA N R D = X1 b e o I =3 D S 9
FHr#E CCD (chemical composition distribution)
i A Pt TR R R AR

TEAR SRR I AR BE S » M REAR/N . Bl
RoyrB/b. RIEE m BRI B R0 S0 A B
FILAR R oy w24 e s iy m 2 —

7 = W B
Co—HH
M, — 8RN 53 i
M, ——FE I FHXS 43T it
n—SL B L
p—HJI, Pa
R—5&%%, Pasm’ « (kmol » K) ™!
T—RE, K
T,— ¥R, K
u =

v—JE/RRFL, L« mol™
—RBEE
i

o— %, kgem™’

b— VIR
xs—FEPER A
1 Huggins 4§

T AR

I 5 fE
ik



. 694 - 1t T ¥ iz 2004 45 A
1 A Applied Polymer Science, 1995, 55. 773—778
2 VR 6 Partt J Alan, Sang-ho Lee, Mark A Mchugh. Supercritical
Fluid Fractionation of Copolymers Based on Chemical
References Composition and Molecular Weight. Jowrnal of Applied
Polymer Science, 1993, 49. 953-—966
1 Lin Shang’an (&%), Lu Yun (Jfi#s), Liang Zhaoxi (42JK 7 Partt ] Alan, Mark A Mchugh. Supercritical Fluid
B8). Macromolecule Chemistry (& 48 F 1k %% ). Beijing: Fractionation of Poly (ethylene-co-acrrylic acid). Jowrnal of
Science Press, 2000 Supercritical Fluids, 1996, 9: 61-—66
2 Britto L J D, Soares ] B P, Penlidis A, Krukonis V. High- 8 Zheng Changren (¥ E{7). Polymer Molecular Weight and
density Polyethylene Fractionation with Supercritical Propane. Molecular Weight Distribution (& 244y F & M H 4 #i).
Journal of Polymer Science, Part B. Polymer Physics, Beijing: Chemical Industry Press, 1986
1999, 37. 553560 9 B 1. mpuBaNKo, Kue, Haykosa nymka (A E VR B % 5.
3 Iskender Yilgor, James E Mcgrath. Novel Supercritical Fluid Handbook of Polymer Physics and Chemistry (GRS 9431k 2%
Techniques for Polymer Fractionation and Purification « 2 « F). Beijing: China Petrochemical Press, 1995
Fractionation and Characterization of Functional Siloxane 10 Giddings ] C, Myers M N, Mclaren L, Keller R A. High
Oligomers. Polymer Bulletin, 1984, 12. 499—506 Pressure Gas Chromatography of Nonvolatile Species. Science,
4 Debjeet Pradhan, Chang-keng Chen, Maciej Radosz. 1968, 162, 67—73
Fractionation of Polystyrene with Supercritical Propane and 11 Lalanne P, Ray S, Cansell F, Tassaing T, Marcel Besnard.
Ethane: Characterization, Semibatch Solubility Experiments, Attempt to Explain the Change in Solvation of Polystyrene in
and SAFT Simulations. Ind. Eng. Chem. Res., 1994, Supercritical CO; /Ethanol Mixtures Using Infrared and Raman
33. 1984 Spectroscopy.  Journal of Supercritical Fluids. 2001, 19:
5 Zhao X, Watkins R, Barton S W. Strategies for Supercritical 199—207

CO: Fractionation of Polydimethylsiloxane.  Journal of

ERSTH] 840 BHRUEASHEERERST

M EAE2E S 24 A ARAE SRR, P E2ES T RMERS I 40 Ji TUPAC 2R RS (5L

HRED.

gt hE A SRR I RISE S, 2 EIPRaie S 0 A F G 2 (TFR TUPAC) MIZFE, 5 40 JE
IW%L%ﬁﬁA%?%%ﬁ%H1&49HE%R*H»ﬁﬁu%*ﬁ%ﬁﬁﬂwﬂLQWQiéx
S P EAE S GRS hEREERE. HEE. BRAAREESRR S PEE. HEA
AT A R 2 ) S5 By e /] 32 .

55 40 Ji TUPAC 2R K& E-CY “f2Emars”. JmePgar 8 MLl Ifbe S5 aibs.
Rk e S Y . MR R 59K R B RORTE L2 B S AR %%QMM
BES I RTE . Sk Jas& mAET . A E SEE AR Ak Tl 5 A Ak TR A Kokt
sy TSRS RM

o E R BRI B K I EALIAN . TUPAC g [E, 70 R0 7o EI Ao 952 07, REE T 45 R
SN T E A B A AOGHE. MR B E N R X RIS, BRZS S, amnKER
2ERL AR SHE MBUR , BRI E 228 % A AR 28 e 50 Tk

IUPAC J&E BB T @ AU E PR L2180, o T 1919 45, HA A fe e EAL R 2 kg M. o
T 1979 4L “hEfbae ey 4 SCRER EE 2 Rk T A TUPAC.  TUPAC B 27—
WHEARRK SRR 5 34 R ARKESY T 1993 AR E 4.

(FHh “PERALIZER)



