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Fig. 1 Scattering intensities S{g) from SANS experiment for
a PSD/PVME sample (with molecular weights 402 x 1¢7/210 x
10° and #psp = 30 W1% ) for various temperatures

Curves are best fit according to Equation(1) .
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Fig. 2 Reciprocal temperature dependence of y/vp for
various compositions of PSD/PYME sample with molecular
weights 503 x 10°/1100 % 10° obtained from SANS

experiments
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Fig. 3a Plot of /(g,t) versus ¢ at different time ¢ for the same

temperature jump experiment as in Fig. 2
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Fig. 3b  One-third power plot for data from Fig. 3a

according to Eq.{(12)
Each data set, except for 13.4°C, arve shifted vertically.
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Fig. 4 R {g){g*M) vesus q° for different
temperature jump experiments { $pp =0.19)

The circles show the experimental results; the solid lines
show the thearetical values calculated from Equations(8)

and (9)
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BAER R S, (g, )R GEER T EERN
Pl Rouse 30 7 2207 248 Mo+ 5 SE(QJ)[””B]-
FRU9)H D(q,5)5 Do(q.s)MERBENE
Laplace K3, H TR L(qg,t) , IFTLIE AN
HEWH Sy (g,t)B) Laplace B F] D,(q,5), R
BRFBRODHE D(g,s) M Lqg,t) . BEX
L{q, )47 Laplace M #H REX —FH B ¥ .
EWiF EXEBIRTSER B, BRIFE S
(g, t) TR B R IK 18 BIME AT 45 5 . & Mackov R FR
F.H t>w,q—01E ¢t HHEMEM, S, (g, 1)
R B R R, Hl D, AMEBT ¢ Ms. T&E,
Lig, )BREBEY, M L(qg,t)=expl - R(g)t],
HpmBEE R(¢)H

2 x.;(Q) - X
R(Q’) = q _xc(‘I) b,

XE D, BEXBYPHEBENTFBYBAK. B
AILAB R D, = ks T/EN , L £ 2 Rouse 3 75
BHRMEETREYNEREEZFR . ULELER
L LS Binde BB MG RMA B EFH
Sy (g, )EREEL, MAEN—HEHEX
E&.UE ¢ Dy(g,s)=0(q) Hilk

R(p) = 2225 Ka(y)
He¥ Rouse B T —M EBREHR Q(q) =
quO/fD(qui).Akcasu[gﬂEﬂﬂ—ﬁ\ﬁﬁm%ﬁ
R HEPHEGHEEHNE TFHRNEHEREHN
BMER FAEBBEE R, A1 R, LURIBEHX
INREE B Rouse B 1% S, (g, ¢) M BT 1K B
BRI AR S T8 F M

{20a)

(20b)

Lig, ) MANM RS R, 2 ARAEEA

EEFSHERY BN FBEARMNIBES. B
BB L(g, ) FH,BRE 1(g,:) B3 MEA,
TN BAES MR 2 R,,2 R, MR, + R, %
MAER BB E TR NEERESS
— B EREESY . RPAERITERE TS

A FHRBEYHRKERR TV ER R EEAERE

(slow-mode theory)” """ MBI R, TR 5
RORT, —~ETRIERE" HPEIFREAN
#(fast-mode theory )™ . 2 & Fl #% S 18 B (lattice
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gas model) X B A B VLB IR 05, 5D B
ABE IE A A 3 R BB | Akcasu 2™ RPA
MABFEMBESYME A=A R RE
%, BIHBTHBERENRSER, HEOREYE
FIF AR RAF AN, BN RE RS R .
WHERH S THAAHSIB/BRIBOENE
Hit.
2.2 JeteHER
HTHEEHEENZTREGT . BRES/ME
TR B 2% 1 3 4 B ST B I T PR (S R
), BAEERELERE B L, URE—
AEAEMMEREER, BERBEREEELE
BE FLARAFTEZFELREORERET .
B H B4 Ik Langer 7™ R BRI RS
BAEL wHEAEEGENERTBIKREREN
ARSI FTH —SAWRAEMBSEWE
Bk 3 . Akcasu Z™ B S Langer 203
AR EHER, H MBS E L RETE Fourer 25
B, A REHEZETI N . R, EEEHE
WHhERENSIAEX MG THA THREYNEE
. BE(FESYHEDSFEHEMNERAR . M,
EARRIBECT , 5T 55 B B A) 49 28 4L A {3 7E SD
W, T BRI REPEE R JER R R
LR FE B B Bk R B A KR S R A 1(q.1).
RATRFHE R FELKEH SR .
B, EEFEMYEY AR BHNEE. S 0
Bt ] ¢ B AR ) R Bd A 4, (r, ) M 6, (r,
) BREBMBRATEEN,IBA d,.(r,0) + b
(r,t)=1. YHEYLEDHTLEEN, 6, = 4,
$,=1-¢ AHFTEBRIBHEBRELRHN o(r,
) =,(r, 1) - 6 (FBR) FEREE v, M,
ALAR,A BEHEERIC.WEDARMBH G

;L:?ms@ﬁi B A
A (& r-—{f[¢(r)]+.36 oy
e AL Y

Hp,8(r)=8,(r), ke TREHEBREUMNERE,
f($) R Flory-Huggins IR & H HBERRER, E
AEAHEERSH y ERHRKTR,

$ (1 - ¢)
f(#) :ZANAlnsﬁ 2 N — In (1 $) +

xé(1 - ¢)
Fi Binder wic e

(22)
F e — s mhEsh. TR

(21) P Y55 IR R AR AR — o B A3 B4 B e RE AR
e AEABCQOAMOD)FP, 0, TR « HHGEITHE
BEE, 2 = vlve, v =V v, AEEER . RE
W, FHAERE . HEXIMRER T HE,
ANEES 2,0, = 1.HM, FEQA(22) 54
MTHEBREEHRZ LMW E KN ER. d
Gemnes'" it T M HE#E H B (21) F
IV ¢ (r) 1P R0, BNE AF 3 ¢ (r) T RIKIZ
B BB FB(DPTE =0 KB ESHWE
F S(g)HI1HE,

1 2{x'*x+§é[zjio zB(l—¢0)]}

S(q-—"O) =
. {23a)
- My, %R Spinodal HIE S 4, B
1 1 1
X = E[zANﬁo * V.1 - ¢»0)] (23b)

CRBSICHESGE M EREAR f,(x) =
1- /3 18 BB, IE W Akcasu 1 Sanchez B il
Fl A A BB RB X, T LIRS
BEBHERIB(DP S()WREEREAX.H
T ik, RS e AR & ot iRy
EX#Re, WS FRMEEM, AT N, = N,
By = 3gs Gy = OpsVy = Vg H'E’ﬁﬁ‘]ﬁiﬁﬁﬁm*ﬁ
Hw B 6, =172,

¢{(r,t) A Fourier F+ EH L T H AL L EBE
IR 5o

3¢, (1) 2 A,
S = - (D) ()

Hep A, BIKBIT g i) Onsager B, oo, (1) BFHH
L2321 Fourier 88, T 5, (1) B3R K%
EIBEHL S, T T E (g, (D) 7., (1)) = 8(¢ -
¢)C(q), Clq) MFRBRAEIT T . ¥ P
FREDXM $(r, )BT BB NFE(24)
T, BB AR WA IR
R TS RIBEE 1(q,) = (1o, ()17 HIEL
pEiR .

dI(g,t)
d: -

—-2R(g)tI(q,t) + S(q)
[Epz(q’QI!‘I2)a(q,‘I1 + 42)

ERA

x (@ (D)o, () (1)) +

(24)

2 Pg(q,qnq:,q:)a(qﬂh + 4 + QS)

909301
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x (g, (tho, (g, (D (1)) + C(g)
(25)
FTREWTRE. BT EABIKE L —
REMEFSFHFRG)FHRIFAR ESH. KN
TH -l THIEL RS, FERI(g,)iE
P REFBECSHFR =MEETHEX A ME
BRI g B H) @, (0) BFHHE R 0 & & HT Rl
g BLFE(p, (e, (g, (1)) =0,
{p, (Do, (e, (1) _ (1))
=31(q,t)1(q,,2)8(q, - q}8(q, + q,)(26)
Rl 5 7E Fourier = B MBS EMIEM . B&
¥ Langer %" 1 Frederickson™ i fit . & 7 X &
WAL, BT LTS B Akcasu &™) T EM BT EE
X, H

) __20(q,00(¢.0) + €lg) (21)

0(q,t) =R(g)[1 + Z(q,t)] (28)

Z(g,t) = 2,7(q,q")1(qg" ,2) (29)
7

R(¢) = ¢ é((q)) (30)

EFR)HE,7(q,¢')=3(¢,- 9.9 ,-¢)5(q)
ATFRBAR™

z
Zo+ 30+ ¢")

N3
7(q,q)-2

% ]
0 * 7-3(1 - ‘lﬁo)
(31)

2 2
s q_[ 4
Xe = X * 36|37, 4

i,

1

Z =?[ZANA¢3 * zan(l - 9"0)3] ’
1[ &4 o

Le=gl. g na. ¢0)3]

EHFRBGO)F,S(RFER(FTHALME

SEMAT,ARIEF—AR.EN/D ¢ RRE

HAB(2BaSH HEERATHOGOBRER

BEM R(g)FTEX
R{q) —Zqu(q){xa - X+
% zmo z,,(f_a ¢0)]} (32)
HH Onsager RE A () HMHEIERIZE x BRE
BEARETIHES BRTHERE C(%, 7R
ENPREEMSRBC N NEXEEREM
BB,y < 1., RO MFHHREKKEHBE E

B, EERETERET (g, )R BBES
MET S(q) . HHEHR T, Akcasu £ K S
(QRFABODABEWR, ILBE C(g):
Clg) =28°A(@)[1 + Z,(g)] (33)
H
Z.,(q) = 27(9»‘1')5(‘1') (34)

FRO)RKE- R SHIAKEWIELR
MR E5EREBRK C(9)=2¢"A(g)
MARETEFL+ 2 ()] . B, EHR(S)
FLER2¢°A(g) , B A(q) = Mk, T. BHILE
FLEKEBBAER R BAHEERETHE
ESHEYGEEHENREENEFA—H.

FEUB AT RN PHET Z(q, ) KA,
EHBEFRCQ)FBRAIIMBIEE 0(q, )UK
FRG)FHMKEEE C(q) NEEFE(9)
PRESORE, Z(q, ) EEMEBRIELHTIEY
BEZHRA 00 . B U, 2R 1 FH 0 A 7 1 S 4 BT LA e
FTREREHBER™,

Z(g,t) << 1 (35)

A FAENEKTE ¢ HBLAFE.
YR HAME, 0, O RLRE RN R
BE R(q), M C()EMR2¢4°A(q) ERENWE
$,Z2(q, )BERHFTEGHREN 2,,(g), T
I g, OBBBITVHERE S(g). 2, (¢)WBES(y,
~ ¢ YRR T e R R L RIS T R
B fER A M B A S EIE T A 2 (spinodal ) , 42
RELKEBERTHEEANBEN, EERER.
IS5 0 R T 7 o AR LA B A oM KR Y TR R B
I B I 75 P L 5E

HEAKBRELTEERRN, FR#E IR
NP (O HEFABEER . KN, BETHE
hETERH, XL, ERAERETHRESHET
BEMM.FE, FEBQNAS4ESD WEHBE
MEEXL YBREVNBERE, E (g (¢)
7., (') =8(t -t )C(q)FH C(q)RIRRAAIK
B E Y EREES AT HRNERL
T AMNMABARB TEHBHTERBE C
(g). —ThPTREE R AR R T R(33), % v, < g
TR E )P ERSEHE TR
BG4)TH S(g) KM Z,(q). A—HATREE
B BRI C(q) BARHAE,H
W AT DL B A E R B2, K5
A A P R E, XN R AT
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iy . UL IR FE B R A B B AR 2, 7E SD R Al DL
B C(g)RBHIMBKFER LT, BT EROTFEKX
TR KE ¢ HE WNERHRERE, EWNT
F2(24)Fp R, L 3F R Langevin 77 51 A K #
WG HFAESATEHE™ LR SD HIFR
T EXALMATEEA S ERHR.

3 RFH

SOk [84 1 A b R T 3 47 A 7 R 4 AR B S
i PS/PYME L B WM BB R Rk (F
TR EXFERN B EENTEELBEDN
FHERBEENTMLEG REEXBIREREM
AEXBREFNIRE L ATMASHEET KB
WEBEXT R T SD ARIMBEH—EEMH. &8
AEHRE LEART SRR RCEBEERSE
WHRE  EELSRIERE AR P AT FE, A
FlEXissEaE Bs ExTHAMTERE
.
90

Time (s)

o 120
o 270
a 420
v 570
w720
® 870
& 1140
¥ 1440

119—110°C

75r

60+

Intensity (a.u}

Fig. 5 Comparison of the theoretical { solid lines ) and
experimental intensities for various dissolution times following a
temperature drop from 119°C to 110°C for a PS/PYME sample
M,: 186 % 107 /171 % 107 ; ép5 = 0.2

B s PR EERRERS FROQDITE
BE™  Akcasu U ELFAMIR TR T R EIEE
B B g, (¢), B — B0 RS ¢ 8
F R, A A RO

s 1
‘Im(t) _’-2[1 + Z,q(o)]Dim"'

ThRERSITEHER W™ .
Akcasu ™ B WK T 522X KK PS/

(36)

PVME £ B4 98 B BEER E B P SD B 3R E M
i FREOF[1+ Z(q, ) IHFREEASE
HX B AEFAEN, SREEBHIL, BT
WKHER HESTERERE AR k(o) #
MHGE SR, b, () ~ " ko= glq., T =
1q® D A V1 L) 8 B 0.8V ™ B Q2T M
ERSREE =512 250 8 WL # T
N BT MR R R IR EE AR
WLk, o)y =k, (o) Lk, (o)) f(2)BIBCKR
MEME « =1 K, BFLRL() = 0. Akcasu M
Klein™ . 2 BN « WH, f(2)RIA «* TTH,
TR, A0)FID «* 7R EXZEHIE
*MER (=) =f(1)3x2/(2+ x%), X & B Fuukawa
Bilp™™ bR mmmitET AOME, R
FOERERX. EHBHE, FEQDHETE r &1
FETHREECRAEERKHES TIHLEHER
MO SBERMEG R E SR AR R
EMTHEMES, Binder™ F Hashimoto' ™ £5A
THS B E R R R .

Akcasu %™ B 1 (27) #7155 T 7 R & BEER
IWHEEG BSOS RE ERKRE
MR T BEARTAZFEESBE TR ®F
EAEMER, XREESRKERBEEER, (4,
) TR E7E ¢ = 0 A BRKAE. ARWIRE
AEIREIRE T spinodal 1B B, Stk IR 28
WEFHTILFHRANG R . SRERBMELL, B
BAm T A S 3R 714 X8 iR BB
AT, BEERN ¢ WEBRLN -1, 5%
SD M XFHEREES AR, HAEAR
1/ 15 FF 50 45 75 Bk B B & 1R O FE B9 A B
BRABE AL . B B K B S KBS KR ER
AR THREFEMHXKENBE. & 55
FE3E X dek B0 o AR 3 K AT G, SR TH AR BE AT LAAR
BERHER” BEERBRE t—off I[q,(1),
AT 1, [q. (0], W8 g, (o) BRAIE B &
f'”’;%ﬁ%’ﬁﬁ)‘iﬁ(zﬂ ol I NE A i1
sl EiEe  ERERKTR D, YRAMEHF
RS¥GRTE y, U TR, EEMIERERIBRE R
FEEALY. B4 B TENBSHE TR EE,
RN BB AFT.

it PL—AN 0147 B9 35 2R 1 2 e, 048 T ey BT i
HEAEG ZELVERBSTRENEDESH
SEMARPOHRNRFRE-MHLEEN
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CHC ElE BAE o RO A2 B . 7T LA DAAS W RO 38 B 04
REFWXE IR NDEYDER, MHEELY &
EY

H—AEEN M A DPB/HPB (perdeuterated
and protonated polybutadiene, & W AV/IEMICE T
TRIZMBYER, O FERVFHETRENRE
(IR S R WA UCST i 41 . Sakurai
2"/ SANS B X #9 DPB/HPB £ R Rl #Y 248 &
B A AEH, ITRE TR RS,
K47 [ o 2% 30 O 0 o 225 g SRR R AR R B &2
Bates "' AR TR MAMELEY, HARR
TZEREHSERORESA AN XEH TS
TG K-SR RETEAIEN, XHEHR
B84 Rl F R4 . DPB/HPB & A-B # C-D RIM X
HLRYILBEY A BEDPB P 1,281,
4HJL.CHDEHPBFH 1,28 1,4 BT R
B/R,AB M D MO THBHMBELNER
{intramolecular pairs) R AN X BER, M A R
A/C 1 B/D [ [8] ¥ R} AL & % WY (isotope pairs) . iX
$e5y¥ 8] 46 E.4E I 7T LA ## B DPB/HPB 3% i 4 %
WA EERSH ¢ MAA RN REEE AL E
yJRUERL R P ERFIRFAMS AN HE
PEMER .

J& 3 ,Jinnai %" %t DPB/HPB # 17 | A B
gL M1 & B, 2 DPB fRIFAAE, MIZR HPB F 1
LFE BN, & HBAHR TN, A UCST ¥# 3|
LCST. &M% R AIE A R B AL B EMGER . X
e 00 DA 2 % [E DPB/HPB 2L IR 1) B Sl 4 9 3 S

Dudowicz I Freed' "™ B30 454 LCT 2 it i
FEER MIEHEERN® PB AL EHR
HA x My WEly -« WEMKX  FEHEIEA
B yons THRBERBHEAEHS ¢, BRA
‘E;ﬁﬁ XSANS*EEW%\EE@M%% X yEIIE{E,:
EMEZHFHER, SHTHRENRE.

4 itHREE

ERFEEREARLRY S, A5 RARMMY,
R RIOEEBAREE, U E—HNE M
A B 22 7 5K Ho e PR X BT R A 1A 4 B AR X
WMES L, BEELEYRE —EREMS
B, RS nisEt .

EXE"YAME BREAT BOCE N Tk
£ R L B 3 T PEB/PEH ( Polyethjlene/Butene
copolymers Fil Polyethylene/Hexane , B 2. %5-T 45 3t

BYBRLHE-CHRERIAER BRI TEAR-K
HAE UCST HA EATREBREEYHT B
WA, AR Hx & RS HE . M &8
5T 1 VR A B A4S A R A B MR A A A
HBRHMEFRR EAE—CHNBEUTEHS S
W E RO, T 7E 2R FE LA L WO AR 7 )
BRTHERRE WIEN TERMBERESTEDN
HEERXRNOIR, ETES ARHF5E A R 8 X8 .
FEFRBRAES M B P B TSHER R A
MEREESRERREN —HEFH, X E
S H Ry N Ik, X 45 & AL B B — TR B W IR,
A BT 9 65 RO VR VR A 43 T B 36 R M R R T B
it

BILEFAEENS I RS REERNY
WP MK T B T HEDH B RS
B MEBRAE "™ EXEHERTTLUR
ZIFAWYRE(RPHURE) BEREGYER
Rl M R A YR BEER T LY
WBH T A LR B vk L K75 8 K, B kBT i)
GIRMNEEREE SHATUREELMER
FEMEKHET , A EIBRENRE.
— SR FEXBST AR AESE T HE
WiRE SR Mk, Wik fT T &P F
BEt et R W R SR ME
.

MESTRED. AERTREMABEN, &%
ALAMERH IS EWES FANEREH
I AR BF B9 % 28 ] L B Onuki-Kawasaki!'® ™ '®!
B, FRE—WET). KM, 2 REWE
BRI UMERT , i R R, TRy 3E
BHEMESSWEART. B — & H, Nakatani
AP SANS SRR T & B FHIEBY
v BT 1) 1 i 3 B K 7% . Kawasaki P 208 & 70 10
TR ARSI BB R R HEE T YR &
W R BBk R RS R SF . Han B9 /DS P
TR T #7005 B B0 RO 4 W Y 57 U1 Sk B
XER S, 7T LATE— & 28 b 2 i 17 1E =5 1) A )
FE MWE; H XS FTHETISERTT KR
ROBFFT - Sk (133, 149 ] 6 1R 43 3 56 5
AR ARSI NEILERRIBES3I
Z,HR T SD Mg A 3R N & m R TR
RBEEH 2. X150 ~ 15413 85 TR L 75
REYPHI A REESRTT KEWHFIR. AT
EREAEBEX LIS FEETFAMESENE
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BRSO BAENMKRSSTENBRRITE.
BB R-TEFHEY L2 TER
16 B T B AR, AT 11385 B = 4 Ising FFAE Y
575 ( cross-over) . R de Gennes!™, Binder'™ 0
Joanny'™ B2 {18 T Landau-Gingberg i) 1 3% BI
HFE»FILB YR #E, Fredrickson, Bates
g St E R TARH, B THIEY
MR EEL T AR R T RERU L.
BRA-EARANHKESTFTLRYPD LR S
RPWGRTEBLHER X 8. X&EME
KPR, BB B P ook R A3 R
BlEM EREEFERANEBTEIIEN,X— /&
WEFERE ALK B R d 3400 ok B Bk
3 A2 By e OB B A T R X TRER B T
BEREWEH T PHHXESIE. X — UCST &

AR BEWFBE, T, WAMENFHHIER
BE T, BE—R s BI5 el FEBENE
E# — SR T BRI ER G FRE T, ;.
T ERERNTHURRMNRBERO K. URE
5 T, MXREREE.

AXGRTHAR LRERSYHIEH
— SR, iR — SRR BB T ERFE
M. BN ELGE X T HBC2FAR
AR Z 8 HRF R BT RS B
HIEEFEABTRR, TS HMHAE T
AW RRHERBEME KMNRL.

B NABEEABHIEAMCEREFREAXNSE
XHBHRAMEE.
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LINEAR AND NONLINEAR PHASE DECOMPOSITION IN POLYMERS

HU Haiqing'*, LI Junyu', MIAO Bing', HAN Zhichao'

(" State Key Laboratory of Polymer Physics and Chemisiry , Joint Laboratory of Polymer Science and Materials, ICCAS, Beiing 100080}
(* Key Laboratory of Adsanced Material , Qingdao University of Science and Technology , Qingdao  266042)

Abstract The area of “polymer blends” has interested many scientists since the 1960s . This is because the polymer
blends provide many special and desirable pfoperti&.'lhe thermodynamics of the phase behavior and the kinetics of
phase separation/dissolution processes play an important part in these applications. In recent years, lots of
advancement have been made in both theories and experiments. The statics part of the phase behavior studies are
mostly staried from the Flory-Huggins mean-field theory,and the kinetics of phase separation are mbstly based on the
Cahn-Hilliard-Cook ( CHC) linear theory. Many new developments and improvements on theories and new
verifications and extensions by experiments have been achieved, including some theoretical and experimental
developments in nonlinear phase separation behavior. In this paper, the authors review the scientific development in
both the static and kinetic aspects of the spinodal decomposition (SD). Then, we describe the static scattering
experiment, which measures the concentration fluctuations of a binary mixture. After that we present some recent
theoretical calculations on the SD of binary polymer system. First, the derivation of CHC theory from generalized
Langevin equation is reviewed to provide a microscopic picture for the phenomenological mean-field theory of CHC.
Then a mold-coupling calculation was used to extend the SD theory into the nonlinear region . The quantitative nature
of the calculation is demonstrated by a comparison with the dissoluiion study of a polymer blend subjected to 5D for
a short period . Finally, some recent studies on shear dependence of the phase behavior and possible future potentials
and directions in this field have also been discussed. ‘

Key words Spinodal decomposition, Nonlinear behavior in phase separation kinetics, Polymer blends, Time
resolved small angle neutron and light scattering, Staties and kinetics of SD



