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Structural Study of Polymers under Stretch Using a New X-ray TV Detector
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Time-resolved synchrotron radiation small angle X-ray scattering experiment to investigate the
structural change of polyethylene during stretching have been made by utilizing a new X-ray TV
detector installed at the Photon Factory. This X-ray TV detector specially developed for real-time
measurements of diffraction patterns employs an X-ray image intensifier with a Be-window of a 150
mm diameter. The TV detector has a sensitivity and a time resolution of 30 frames per second. This

capability allows us to observe weak SAXS patterns in a time-resolved mode.

1. FL®IC

TR EMIC & 2P B VT,
FA FOREFEOY T I 70 DR r—Ih b,
HERPZOIRNISHEEDLRE, 74 7Y LOE
WEDF ) A =7 DR —IVET, S8k
BELSSESEITIEZ 5, D& D LEEERE
BT ARSI, R EIERIC & B XV
HEL (SAXS) ®EMEr (WAXD) MlEsERH
HSELRESZ, o, BAUEE-LEET
HH1cH, OO _Kkig DA ARIR
Thb, 4B, RYxFL > (PE) k0iEH L
LA LT, A l3H LRI XE
FLE" OFIZERET L, #IHTDSAXS /v —
DY TG A LHEEEBRLICDT, TOHE

AHET 5,
HEOFBERTI, SERET 2 EHERD
& IBHBTET LTLUE 5 RO ERIE®T
S 7258, Bz SAXSIBLTIE, ¥4 IVBREE
DRI AT B0, MELEEL By —
CORERRBETH >, Licdi=T, BEIIT
b iz PE DEE & ZI@ROWME" Tld, T DHE
b Tc— B S THREL, 20% BRI
X#R7 4 VALZTENT 5 HETiTbhic, LML
B35, ZOAETIE, MR ZoEtodhic
ARSI - 7 ER A 5D T, D5
DT A AREEROLEHASIE X TV,
CNET, L ETRILF —YEEERIZET I
OSBRI (KEK-PF) IcB T, SRR

(C) 1994 The Japanese Society for Synchrotron Radiation Research



mEtk HTEHE2S (19948

ThHIBEEE, BEPSIAF Iy I VI
BNIEBEAETAA AUV ST V- (AP) %
HWT, @88 FMEOEMEZTERIZE T 3
SAXS & WAXD OEEDEIAIE 217> T& ¥, =E
BT i3 T4 BT Ulcmnd IPASHE Y 2 v, 1
LT DIRsfE iR 6E € BIF S iEL 3y — v %215 5
EMWTEN, ZOFRERIZKD, BRI
B9 2 BREE T~ O LV AIBEME A R4 2 &
DT&E, LM LIS, EBRPSHOIP %254
W2 NED D 521 ORI AEPT F, HE
REPIIE D BHRIRE DY 75 & DB OE R % #i5K
Lit#d 2 & & 3 ENIEEicH -7, £ T
Frld, INOOREERA, X518 L0ER
SHE OB A S e & LTifFa it s X
W7 L e 2T LOFHERE L, SEIChEH
WTEEREIT - 7o,

2. X#REIITA XHRTV ¥ R 5 L

B, KEK-PFTR&DM TN T B[EHTHE
BHXETVEY AT AL, 1) XEAA -
TUYI A Y=, 2)WFR OtFELV X
T 7 A3=), 3) WEHET, 4 T—F7HDA
BN L5 ABROMATHRI N T 3
(Fig.1)%, Fx OEEBRTIE, FircichiFanricg
R 160mm 2 H T HN Y 7 LT & XERA
A=AV T oy T 74T — (FEMAR =2 ) %
B L7c b DR Uic, i XA & O
e E LTBRIN D DTHD, BEDOX
T VB AR TRERICEVEREEEET 50D
PRERFETH B, T, TOL A=V VT
VU T s AY—DEARLLY, A A=DVTT
V— b &[EEL L ORENEH I N TV 5,
wiz, wEERTIE, 1) EHBSEICCD, 2)
CCD (zVEV—=1h), 3) EvarvyA TOWimE
EEOEEr HNEIGERL T TE %, Th
LA A=A VT YT A Y —DRlAEDE
T, DY AT LTEEONE -7 S/NEDR
WEBZES 5 E0EERICE - 1o, SlEIFR A 13,

129

NAeEary (HIIEF) 2mERTELUTH
AT KR T LV E VAT LER W, DR
&, YT FILOBIEREEEE T 5700, EENIE
HItBWI &, £, FUEV—FTIMRENC30
ITDIENTRETH 2 DT, SVERIDMEEL
FEHTE B ETH B, Fig2lZ5EIDER T
Lic vy 2T LORX%RT,
SEOERICBOTIE, Bedmglicr—74
%S-VHSEFAF— 77 F o /R Ttk LT
20%, B, EEADCIZE > TTF 4 V&AL
T, TNEHEBICID AL I L HTEETH %,
TFaZARNTE, LWIAFIy I Lo DR
e 5 EHNRETH - 720, BHONEPER
I DEKEE A E T 2 EERIZE U ClRIER ICHT
HoT,

3. FE(HEES L SR-SAXS

(1) BL-15A @ X#/NAHENTES

Fig.3 \Z3ED KEK - PF,BL15A (X #v/IVEEL
FERX T — 2 2 V) ONFFRERT, PF2.5GeV
Ky boVER) V0B AR X, 2K
BEBMIS—EE/ Jut =Stk > TEB Y
FHO XML OAE Otk h 22m) THEHX
TA5EOIHEHEN TV S (Fig.3(a), £t 3
5 =&, BEAEOENEITS LI, BKBEOD
71y MOHBTH S, 61T, £/ 7aA—=51Z
13 2550 3MIEDOTARAR U CBIIX ¥/ JED Ge
ERARWTED, BE0.150nm O AS X ##ic
L L7 ) A TKREABOENAIT> TS, Bl
T, HESAMETIEEEO0.80 xKF0.74mm D £ —
LY A ZADEHEIN T B,
X#Emasici, 1 — ool B HES
(PSPC) , 2) IP RO IP EndiacHatl, 3) S
X7 VEERBRUCHERT %, F7/2, XY v b
%,ﬁﬂ%,gng&Uf4u7¢e~Axb
v X—EBiE,  Fig.3(b) DRRIZIEE L — )L _IZEls)
Sh, EBRICHEIDCEECE AT BB HER
INTVD, AERBICRBEREVIHB LTS



130 WEX BTEE2E  (19944)

Image ImensifierJ [Optical Coupling I ' Image Sensor f [Data Processor

| Cooled CCD
(Thomson)
| | Cooled CCD L
e Static () IBM/PC
Visible Light W _________________________________________
CsI(Na) 11 Dynamic
Optical — 8-bit ADC+Memory
Lenses - SIT - =
6-inch Be Windowed [T qE,
X-ray 11 E
. . =
Fiber -optics — Hi-selvicon = | | Digital (D-1)
Video Recorder
9-inch Be Windowed | | SUN
X-rayI1 ionl
Y L Fiber CCD Work Station
12-bit ADC+Memory
(VME)
“—High S/N CCD[—
|l |  u-matic
Video Recorder
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Fig.2 Schematic illustration of the X-ray TV detector | which utilizes the Be-
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image sensor.
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Fig.3 Schematic view of the aligned SAXS instruments (BL-15A at Photon
Factory). (a) X-ray optics, (b) the experimental assembly are shown.
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1. SAXS

Tensile Direction

Fig.7 Time-resolve (1) SAXS and (2) WAXD patterns from drawn polyethy-
lene sheet around a yield point using the X-ray TV detector system.
The time-resolution of this system was 1/30 sec, but patterns shown
were printed at an interval of 0.53 sec.
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Fig.8 SAXS patterns from drawn polyethylene sheet at points I- I on the
S-S curve (Fig.6) and structure models of the lamella deformation.
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Fig.9 Time-resolved SAXS patterns from polyeth-
ylene blown films during stretching around a
yield point using the X-ray TV detector system.
The tensile direction of each experiment was
horizontal, and MD of each specimen was (1)
parallel, (2) oblique, (3) perpendicular. The
time-resolution of this system was 1/30 sec, but
patterns were printed at an interval of 1.43 sec.
The thickness of the films are 30 m.
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