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Material Characterization of Polyolefins by
Synchrotron X-ray and Neutron Scattering

Sumitomo Chemical Co., Ltd.
Petrochemicals Research Laboratory
Takashi Sakural
Yoshinobu Nozue
Tatsuya Kasanara

Noboru YamagucHi

Synchrotron X-ray and neutron scattering are very useful methods to investigate the hierarchical structure and
structure-property relationship of polymeric materials at a microscopic level. Our company makes extensive use
of quantum beams such as those from synchrotron and neutron sources in cooperation with advanced research
facilities for deeply understanding the nature of polymeric materials. In this paper, we introduce state-of-art
experimental techniques and industrial applications of advanced quantum beam sources to polyolefin materials

as part of our research activities.
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Tk, IBAXHEEEE (WAXS: Wide-Angle X-ray
Scattering) =& D #E&D /3y F ¥ FREEE, N
X#tiElEL (SAXS: Small-Angle X-ray Scattering) (=X
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Spherulite Lamellar Crystal
(Long period)

1~50um 10 ~ 50nm ~ 204

Hierarchical structure of polyolefin
material
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DFRXMEFETS, 2EBXFETFhE, HELIZ,
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Electron
beam

Insertion device

ﬁmchmtﬂm Radiation

L. Ultra-brightness

2. Spectral continuity

3. High directivity

4. Linearly or circularly polarized beam

{7 Generation of Synchrotron Radiation
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RFE-—LEFRALAERYF LT ¢ - OHESETR

REMI 7o+ 2B LT, Fig. 3Iomd &5 A&
V7L Y OEMARO—D2TH BT ¥ 4 —FX
CIIEM TR AFNC L o THMT 5, T, HEEM
(—HhEEf) TRTEEEFOu—LEZH#EHAL, 20
UL EEREEEARALTT « LANEMEh,
TRME R v 2 v I2k B, 20D LA, 5
R L AEBEAEFILILICED, K
MR BT8R+ L THET B I LA TE 3,

Zieglar-Nattafil i Z DK ) Fu 'L v (2PP) H &
YA 4 OvVERA) 7O L Y (mPP) OEGE

12 -
© |+
10 +

Drawing direction
-

® SAXS

mPP

Stress / MPa

Draw Ratio

.m Stress-strain curves and corresponding
time-resolved 2D SAXS patterns

110
1.08 |

106 |-

L/Lo

1.02

100

Draw Ratio

ﬁm Changes of long period as a function of
DR ; L/Lo is normalized value by dividing
long period at each DR by that obtained at
the point just beyond necking

LELIEHE  Characteristics of iPP samples

{hEER) (HEMRE 120°C, HEMHEE 109% strain/sec)
% Ikt U 7= 35l # Fig. 435 & U'Fig. 51277, M
HGEfPEETY O F OBREITE T 1L X — NS DT
RiO/NARELA T — 3 3 ¥ (BL-154) TH W THEN

Uiz, &7z, EERTHO RO EARE % Table 1
[l 5%

Fig. 4iZR§ & 512, BRIEH DR=12) RH v+
v 7 BOEMIBHDOZE (DR = 1.5 ~ 6.0) A3FHZ &
WELZD, MHERDOEOREY e L YOmEK
HiEZE b & UTSAXSIBICRMZh T3,
mPP T, F v VI HOEMEHIZEVTAR Y
RO SAXSIE D A EMA RN X 5 A, zPP
Tk, AXRy FIRSAXSBLAIZZA P -2 KD
SAXS® ASHEMf T 1] & XELAE§ A AFIC BT &
haZebnsd, ARy bIRSAXSIEIFHEM A Iz
B L7z A4 7 HEEDORGERM (BAK) ckHET
SHELTH D, Fig. 51z RRAMZELOE SR
iR LT L7z, mPPIZzPPICH<RERBOZE1L
MRENT &b B,

Lo ksic, Yrovu by
MEeoHEERHTESATEIEFETHD, &
TEIN T2 35 1 2 4T (m J7 O FEBRBE N & -/ Wi 2e
LB THERTHZ L )TEEE K B, mPPD
L5 A FRAMPMEOGE) Fe e VidERNGE
MILRAIE—TH B LHFEZ6H, EHIZH VLTS X
FHE AR EBICHE S Lk E Rt 4+
TAH—HT, 2PPOLIIZHMBENRY) ey
ICh3E, BENDERBICES LENS A 5HE»S
EELPTWT A FHHEE TEOERNOEIC 4T
BN, EHICH L T80 5 X 3EEENMEIGHT?
OFEEE LS BE I THUEEELREZ LTV S
b TEN,

(2) Im#EL_HhEE(hZET) 0D T OIFFEE

RN FOELYyDF I —FRZER Tt 2
Tit, Fig. 3iomt &S, HE (—iil) Efhz 60l
B (Tl EEMIZXOBRTHS 7 1)L ANRKE X
Nd, €I T, MEEMIZHE < EHTR TS 5 Mk
(B 2 MBI EE = e § 5 72z, oM
BN EE DV AREL, K T L vOBER
AR O BER # AA A 7

Sample Muw Muw/Mn CXS® (wt%) [mmmm]b [l Tm (°C) Density (g/cm?)
zPP 435,000 5.1 4.0 0.91 2.1 160.9 0.901
mPP 364,000 1.9 0.1 >0.99 2.2 160.1 0.905

*Fraction soluble in p -xylene at 20°C
bIsotactic pentad fraction determined by 3C NMR
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Fig. 6IZEE O 4 & CNIBR ZfEEMMEE (3E
iR R 160°C., HEfP#EF 10% strain/sec) THigExh
7=SAXSH L UWAXS{ED—Fl%# R4, FEFE T,
EFBXUEGEFhFhdEd LB -5 L
WEREEZ R AR BT 2 AR L TR D,
[l e il A i 0 B R N { A & D BEAAR1E 24T 5
ILNTES, £/, EMERZ2 ZOBEETE -
BHIZ, MRz TEICHFILIREZ 5 5 BH T
DEBIC X ES 2 b & AT L 7=,

Flrst umaxlal drawing Second biaxial drawing

Drawmg direction Dr awing direction

Newly designed biaxial drawing machine
and changes of WAXS and SAXS patterns
observed during sequentially biaxial draw-
ing process
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¥
Sample
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Experimental setup for in-situ microbeam
SAXS-WAXS simultaneous measurement

RFEFETIE, EMPIZHE 0TS RICIEEORES
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(POM: Polarized Optical Microscope) 2k b <4 &
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Fig. 81, INBMEMZFETO 2 OBBTIcIEGHA
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Before deformation

Microbeam
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. POM

Under deformation

Microbeam
X-ray

Drawing direction

PGEERE Representative POM-SAXS-WAXS data
sets of zPP observed during hot drawing
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— 222
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P Electron’
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g rj scattering
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HEENN Schematic illustration of neutron scatter-
ing
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L TRY ., PEETERAVIES S RELORR
FEERCTHD, 7792 2 (FE) Po@EEED
RIS ESAXS A EER IZBN TV B, LA L
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LEEEPS Comparison of SAXS and SANS features

BFE-LAZFRALAERYLLT ¢ 2O LTS

Flux Scattered body Scattering Resolution Wavelength Beam size Energy
SAXS - 10"/cm? Electron Electron density -0.1% ~15A ~ lmm - 10keV
SANS ~108/cm? Nuclear Scattering length -10% ~ 104 ~ 5mm ~ 1lmeV

LRI Neutron scattering length of fundamental
elements
H D C N 0
Scaltering length/fm -3.74 667 665 940 580
fm = 10-%®m
Miscible Immiscible
AN <2 2<yN
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) < MEEFORE & HERARL 2 LA TEEE &
5. TOMORFRE LT, SANSIHZSAXSIZH~<T 3
AFEF—LARULRENT ERETFSH, FETFOES
Ik 3BHAE A S L ws I, VI be T
UT AU S E BRI RE L A B,
MEFORETIZE, FBFFEH» 5 OBUBKE O
FEMPFIBIZ & A ERPEET LR TRET S
PNARBEFOZIZIZFED A D B4, HFFESEH»5
DEHET (MR KEL EOBHBITHAIEh-E
HEOPMT) #SANSOEHEE L TiERE AT
W&, SANSEETIE, HEAMICIIETIF, 6/ =1k
BhfmeHTambEriialtdsEs /oo —
g, BEl S hzfh T oMET A+ & O RET
fR T3y h— Moy x—x #EEs L UHE
ZEDFEOIAE 1B B % ML Z0A A 7S B L BB D I BB
TNEREREFLD, BB —LIZB L
TV A— 2o BOMNEREERTHNIS,

2, FBRERERIC 17 B ST

(1) VL L 74Ty FOMHEEYES
19324F4Z Chadwick i & - THRR & i fiEFIE,
i < IR E OB SHSE BT e A E 0 K EF
TOMNBRELEIZHEh TV, BESTRED
THTEET20E, 1970FRICA-THETHD .
N DB S FEHIE Gauss$ TH 5" LS Flory
DEEERAY T B2 SANSIZ & » SRR IZHFEE X /=T &
IZ¥iZFE L, de GennesiZ kB 24— V) v S EIEROH
FCHPEF AR E S EHRT 5. 19805ERICAZ L
DT TV FRIZET 3 &5 THOTRERT Flory-
Huggins DB/ 7 A — & (x) OFFl, 729 &
HELAFEOMIEBED & EOPETE S DE4rE
Mo fz18),

ERIRIEIZ 3547 5 B4 T8I0 EIES 4 F B E /&
Mz EFDB%OKET o+ 24 b CICREEINT S o
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HIEAN Conformation of polymer chains in binary
blend

Mo k& BT 5720, TEMICEREHEHhS
ko2& 3, HEMER I IZ XA -2 @@Lz, BEICHE
IROBHT I ¥ -l s IFIcE®R T,
BEEMN)EOREN) & LTHEEHOR S R348
BETH 0. Fig. 11IzyN L BATFH#HOIZIE L OBH %+
B AR T,

SANSIE, AL 74 YEEFTEEDSFHHERE
THEE, BirRo CEpE ENUL s T LY F
RICBWTEFIATE, EFIH4OTF L Yot L
T4 YHEELAEETAVEIIF v B O LY
(iPP) L ofEMHBREF L IZAVWSHh, HEAFHD
FTFHE EIEORCLRY) LEUHTAEE
tEROERNER AL Xh T 519,

KREEA T E RO LS FREEEER A R
LT 4 YRT VY FTE, FEAIHES I
i< ZEEMLEAHEEERTH B LE2 5T 54,

L]0 Characterization of fractionated polymer

samples

Sample name Muw Mio/Mn Mz

d-iPP 15,000 1.44 20,000
hiPP 16,000 1.38 21,200
aPP 35,000 1.34 44,600
a(P/B) (P/B=80:20)2 32,600 1.30 42,900
a(P/B) (P/B=60:40) 32,000 1.50 47,000
a(P/B) (P/B=37:63) 37,000 1.34 47,000
a(P/B) (P/B=13:87) 34,000 142 44,300

aPB 26,000 1.44

*The ratios between propylene and butene in a(P/B)s are molar
ratios

35,100
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BFE-LEFIBLARUALT ¢ OIS 0iET

FUF VLT 4y TLy FOMEEEOBEZL bh
2T, 2ZTRLAE., 72 F 92 H Tl
VYot b7 4 vHREEEEH -G ETRZELT
iPP & OB M #SANSIC L FRIi+ 25 2 L &3R4
7z. Table 4/ZSANS TRV =Bl O EARHEE+ T+
M, 1) BARERLZRER. 2) S TFRSMmIHEL
EAMRS S —TH MBI EAVEZ Licky, M
AEM/ 37 A — 2 (D ERNFBHTATEEE £ 5,
Fig. 1212 B KR ZE AT o0 /s 1 o T L
B (SANS-U) # FvT5hE L 7= SANS D il B % 7R
T 7LV FRIZHEITHSANSTIE, (Eq. 1) Tt
& B T ERGELIE IR (d2/dQ) HELELN 2 b L (g)
ORFE LTllEEh, (Eq 2) TEEhIWERT
SERAWTERT -2 %#BHT 5 (%) 2 &Iz
&0, EMEFEER AL IZy N ERMICERE b h
A 18)u

dx _ (bp _ bu)?, 1
= (UD UH) S(@) (Bq. 1)
S(q) ™! = [upNw,0dDPp (@°Re,p™) ] 1 +

[vsNy, upuPu(g*Re,u2) ] ™ - 2xpn/vo (Eq. 2)

ZIZT, bidEGELE. o2 ILERL NFERTESS
FIt, ARG, P(gPRE MBS E T, ¢l BEL
N R, RAIMEMEEETHD, WAEDBLUH
FEAREL S CIZAREDERLTH 3,

100

—_
=
T

dZ/dQ (cm™)

1 L . : 2 f 3o B 4 )
0.01 0.1

q (&

PEEEEN  SANS intensities obtained from d-iPP/
a(P/B) (P: B =60:40) blend at 190°C

Fig. 131ZHEEM/35 4 — & () Dl 25T,
aPBLiPPEDHEIER N7 A — 2 (A RAETH S Z
&, HBEAMHMAICHRT L TREER/ IS A —4
WPELTZZEMnbhs. TOHBRZIPPET#
TF9 o RTuCLr-TF v REEKEDTL Y
ERIRIET “HER” THEILETLTVAS,
iz, WEARR $F 2 — & (x) DBEERTFE: 4 & T
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Ratio of propylene comonomer in a(P/B)

IEEEEN Flory-Huggins interaction parameter plot-
ted against propylene content in a(P/B)

e, AL T4 vRITL Y FICHLHEEEROER
#RAY 57200t S THEEEEROBR9-20%
BIZHEET A0 END B Z & NEMREILCEHE
IZ->T&E7=,

(2) M T IC BT 2 B8 THOERERZED
T, FEEMRE P FZBREMOMES GV, FRa
Wik 2BAFHOBERRERD Iy /EEE
TR0 7 DL 2 C E)RTHEE AT - SANS A5 X
M3 LIizx->TETWS, Fig. 141z, BEFEFH
FIFRRERE D s/ N A EGELEEE  (SANS]) 12 T520E
L7=E Rt 2 1 2 SANSIBORIER 254, 3k
ICREARFLEGSEELRY) =+ (D-HDPE) &
REFERY T+ Y (HLLDPE) OF VY Fix b
CIZEERERY) = F L~ (HLDPE) D7 LV K%
FAvy, SANSTERRO/NME-E AWrER A HH L TE
EN7-SANSEZILEEL TR L -, #F1L#E T2 D-
HDPED 5y -F#EMNEHELBETSH 5 Z & TRk
HSANSIENELLDFRICH T EEME 22, 5%

Before steady flow Under steady flow
120 " 120 T —
1001 ek I ; ‘s /
84 i £ T
w| B |:> ol @/
10 o -] 7
EEXIXLT A a Bk Flow =
D-HDPE / H-LLDPE (20/80)
120 2 120+ 157 |
100 100 :
B0 LR o Flow
- @] 5:.‘5*’?*'- ;
404 40+ ¥ ‘\
20 nd L £
] 01 \
0 20 40 €0 E0 100120 0 20 40 B0 EO 100120

D-HDPE / H-LDPE (20/80)

HEERER 2D SANS patterns before and under stea-
dy flow
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HHEIZH L T, D-HDPE/H-LLDPEZ L ~ F it
D-HDPED 4y F#MAFENARIZHELTWA I L %
9 SANS{E Ml & W5 —J7, D-HDPE/H-LDPE 7
L ¥ F T3 D-HDPE & H-LDPE & # il aEAE 4 ik %
BRI LTW3 I & Fmkd 2SANS{EA Bl Eh 3,
SANSIRSMBTIZH 1) 2 A FH#HOBELHEMLD
Al @O THDAETETDH D, R R4S R
HLEORRET ~2PEIEOPEENTIZNE G
DD, ZOHBROFNTo—-7L LT5% &R
WIZEHEh T 30LEbh3,

3. RRFANT S 00 E S

BT, B4 THEOSTIBWTERAICHGSHh
TWHFEEO—DIcHREFEESRLAS 0, Kb
RS AEFTHOMELHIFHEHE S ELED
RENETOHOBRCBEBIIRET 3 08k S
DEED, FHRPHERELEORE T 0 2 T,
“PUOBBEOBRKEE" ZTOEAMYUTHEI NG
[ o7 fiE] e ehiz, Fig. 161073 &
I EROME (ro3THEE) LeRoMsE (v
M) A0 5k B85S0, BIEEERSLIZLD
WBHlEhaZ bbb, OV THEEE. &
GFROLV 7 —2BFETIILIZED ZOHRH
BAE XN B I L REL LEMEN TV B A, FO
HEMP 2004 TROE Y v — HEIETGHEEE S
Iz R HEIc DN TR X R X TV,

BEEEEN TEM image of injection molded iPP and
schematic illustration of “Shish-Kebab”
structure

BIEDSANS T, FlEHERES (L% 7 ol
B LR ETFREOERTATETH S48, 1) @k
RTNNER, 2) MIORBINLERIZ L3408 T
OMIFEMEMRETsZ 2ok, FREEsRLIC &
-5 TRIBIMI & b7l & i+ 32 &9 FRRS O
5. BHIAREOHTRORY v —DFEEHE
BEMIiT 5 Z L ANTEETH 5,

Fig. 16125 F &Sk & L 7z I2 SANSTH
WENZEARET ALEORSEHMINICRT. K
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WFE—LEFIBL R YA LT ¢ > OBEMEHE

LAY v— (HE) LT, FEOSTROHE
R v —2EHAENR) v — (DE) IZEETS, 5
5VEASREBRET B EICLDDEEY v —DJFlE
MSANSIzk bl eh s, DiERY v — L HiEAY
T—OREFOEBIZE - TE I, RAIE, &
FHROBELZHEB L UDFER) Fo Ly g shs
hEAL, BHaT R, vaFE, BaTRkas2 .
4 1DMTRAL THTRAMDIENETLEY =
—#fERL, MR LTWA RS FRESDS 5, —
DO DB & ERKET UL L 1= B HE 70 4
{ER L 7=, Table 5iZSANS CH W 23R 0 34Rig
BT €U T A/ NG RS E 2 2 [ L
TEHEBETLNEEHHRE L 2BEBRICENT
SANSHITE %17 - 7=,

Hydrated Hydrated Hydrated Deuterated
Low Mw HighMw  Low Mw High Mw
component component component component

Mw distribution

Mw distribution

BEEETEN Schematic illustration for deuterated label-
ing technique

IE:GIEN Weight-average molecular mass (Mw) and
polydispersity (Mw/Mn) of the deuterium-
labeled fraction and of the blend as a

whole
Sample D-labeled polymer Blended whole material®
Muw Muw/Mn Muw Mu/Mn
" Low-D 41,000 24 467,000 83
Mid-D 197,000 3.2 486,000 7.9
High-D 1,781,000 31 557,000 8.6

"D-labeled polymer contents=13wi%

Fig. 1712 &RJE&E D 518 6 1 /- SANS{® & SAXS{E
BB L TRT A, oM EEEEIchkL TE
HMEN3SAXSBIFERLRRD/$F — v AR LT
%5, —H. DHza v 52 b4 3 5L &
NBSANSIBIZEWTIE, BERKESALLERY)w—
DHTFROBENERBLT, REBETAEL{RE3
BEL/ S 2 = v i, ARl aEoRE, 1) &
& HEEICEISk§ 5 SANSIE A3 5 1A & 28 3 1
EFEELTWA I &R, 2) KA TFRSHIFFRAS
T UREDOERICEE LT3 2 & AR E i,
COFEERHIEL, v UBHBRHNE, ZThETELISL
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Comparison of SAXS and SANS patterns
obtained from injection molded iPPs with
different deuterated Mw component
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BiEEHER A8 XIMMiE

BALEMMERATIE NeV DIEFRS A F v 2 AN/ EDEFIR (RIKEN
Acceleator—driven compact Neutron Source) MDEFRZEZEDH TET=, 2012 F 2
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YUhFE—LDRABZEIRD . SRFEFA AU TR, ©EMAIZELD
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SANS opportunities for the rest of us
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A LT R 2R B CL P EFA L & L THIE 2 T2 > TWDHFZEE ME S D,
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5 ENIEEDRBITEN DN, PHEFIFEROBRTT,
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T, TORDLY, EFROGEITITy WP LEICHTEET, I OIT/MBELEZITO 720
TIEH HE IR A S 721E 9 B 0 AF)T,
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WES>TLENES, FHEFHELREIZQOMEIE DRV LR TIRE D £T70056, &/INDQ
Z20.05 nm 2T 50, 0.1 nm 2T Bk o T, 22028, ©FE D I6fF7/R W La32fg b ik
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Interaction between Raft-Model Membrane and Amyloid-§ Protein
----- SAXS and NSE Study on Structure & Dynamics -----

FEHAE BERXRFXRERIFHER
Mitsuhiro Hirai, Graduate School of Engineering, Gunma University
* mhirai@gunma-u.ac.jp

Plasma membranes are dynamic assemblies of a variety of lipids and proteins. In this decade,
it has been revealed that glycosphingolipid (GSL) and cholesterol assemble into microdomains in
plasma membranes which have functions as platforms for membrane-associated events such as
signal transduction, cell adhesion, lipid/protein sorting, and so on. While the steady-state existence
in the size and shape of liquid-ordered microdomains, so-called ‘lipid rafts’, still remain the subject
of debate, agreement has been reached on the fact that raft domains coalesce upon cross-linking to
form signaling and sorting platforms [1]. In addition, abnormalities in microdomains and associated
molecules have been found in various diseases, including atherosclerosis, muscular dystrophy and
neurodegenerative disorders such as Alzheimer's disease (AD). Recent spectroscopic studies show
that the interaction between monosialo-ganglioside (Gy) and amyloid B-protein (Af) promotes the
transition of AP from the native structure to the cross-beta fold in amyloid aggregates. AP is the key
mediator of AD pathology. Gangliosides are acidic GSLs rich in central nervous systems. On the
other hand, the interaction between lipid and protein (hydrophobic coupling between a protein and a
surrounding lipid bilayer) is suggested to induce the conformational change and function of the
protein associated with deformation of the bilayer [2]. However, there is few evidence on the
dynamics of ‘lipid rafts’ membranes.

As the neutron spin-echo (NSE) technique is well known to detect directly slow dynamics of
membrane systems in situ, by the combination of NSE and small-angle X-ray scattering we have
studied the effect of the interaction between raft-model membrane and AP on the structure and
dynamics of a large uni-lamellar vesicle (LUV) consisting of G- cholesterol-phospholipid ternary
mixtures as a model of lipid-raft membrane. We have found that the interaction between the A
proteins and the model membrane at the liquid crystal phase significantly suppresses a
bending-diffusion motion with a minor effect on the LUV structure. The present results would
suggest a possibility of non-receptor-mediated disorder in signaling through a modulation of a
membrane dynamics induced by the association of amyloidogenic peptides on a plasma membrane.

In this lecture, our previous SANS and SAXS results relating to the above topics are also reviewed.

[1] K. Simons, D. Toomre, Nat. Rev. Mol. Cell Biol. 2, 216 (2001).
[2] J. A. Lundbaek et al., J. Gen. Physiol. 123, 599 (2004).
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