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Fig. 2. Gibbs-Thomson plot®.

Fig. 3. TEM observation image of nanofiber.
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&% DSC ¥—72 &b @iz s\ \wTlx, USAXS ©
BRELEREE 122 LD e o 72, Fig. 6 DF /) 7 7 A N—
IZBWTIE, 260°C fHED S X5 DY —2 & b
M THEBILAPFEEL TWE Z LRSI Nz
(Fig. 6-1I) . Z O#EH 1L SAXS OfER L —%T 5.
T DOEEUADFHHE D 7=, 280°C OEKELHHAR & 285°C
OEELHER (Fig. 6 D A-B) D% & - 7= BELHHR
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Fig. 5 DSC/SAXS measurements of original fiber.
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Fig. 7 DSC/USAXS-WAXS measurements of

original fiber.
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Mo TWwd [4. Fig. 912 1In(l,?) vs ¢> 7By b
(thickness-plot) DO#EHR%RY. Fig. 9 DIEHE K 3k
7z disk DE XM 150 nm 2R HE I N7, JiERE
Hi [1] © TEM Bi£212 & b iR S 7= MGk (Fig. 3)
DREI LI —HLT V.

T, FRFCHIE L7 WAXS OFER LD, ¥—25k
IV, fEEto v — 2 2R sh (Fig 6-1),
Bk O 150 nm JED disk IREKELIKIZEE 2 AL T
WBZ B ahorz, AEXY, 77 774312k
REIND EHRM O DSC ¥ — 7 IZiid oW (1) 2%
Rid 2O E D EHD & 5 K EREEUATH 5 Al el
NhHdbeEZOND.

In(I(q)¢*) =In(1(0)¢*) — R*¢*, t=+v12R (1)



Status Report of Hyogo-Beamlines with Research Results, Vol. 5, 6 (2016, 2017)

10" {—__ 280°C-285°C
3| T -2

10

10°
10' -

ry
o
=}
|

Intensity /a.u.

o o
wh

a/nm’

Fig. 8 Scattering curve difference of 280°C and
285°C on USAXS measurements of nanofiber.
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Fig. 9 Thickness-plot.
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In-situ residual stress analysis at the interface between
semiconductor package encapsulation resins and copper during
heating process by using cos @ method
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FEER—2 74 Mkt
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E— NOEREL B, YEK NNy r— I8 2 HHR
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12 351 258 I5 ) DRI DML, B X OFREIS
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ERiE LR 5.
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sin? U IERAESITH B [1-3]. 7= & 2IEMHE/Cu Sm
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5 7=, WERHE 2B A — X —ICRiEd 5 2 &
#ﬁi?@é.%;ﬁ,oﬁm@&%%ﬁwkﬁﬁw
HEIZb 5 ERETOIRIFHEFEE LT, 2otk
HiEr & Wz cosa HRICIEHE U7z [1,7,8]. cosa ki
2 e ER TR S N 3 T BRSO EEHR L 0 It
EREMTHFIRTHD, HIZ 1 HEEO X MARMAT
DEHTT — X DA THNTAEETH 5728, KiELHlIE
FeflEfE s IR I 5. S, cosa ExE AW E
o o — OB ik A BMEALPERE / Cu R 2 B 1 5 5%
HIE AU OMEE, B & CERE DRI Z D
BEIZ DWW TG L 7z,
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(2“my< 1k A
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(c)

Fig. 1. (a) Schematic image of semiconductor pack-
age model for residual stress analysis comprising of
(b) Photo im-

age of the specimen for the residual stress analysis.

Cu/Resin/Cu three-layered sample.

(¢) X-ray CT image of a semiconductor encapsu-
lation resin containing SiOs-fillers (pale-colored re-
gion) by using CCD detector measured at BLO8B2

beamline

S

MKy r =V DETIVMEIE LT, Culfi (12
pm) /ARy o — g - B GRS (1.3 mm)/
Cu$fi (12 pm) O =JEHEED 572 5 FACIRGEN 2 200°C
TOMBYEMEEI I & O EH L, 20 mm x 20 mm (2
B U7z (Fig. la, b). 2 bMERE L U CRillFa B &
ORifiE b 2 FHWTER- L 72 £ T AR %2 & % sample-
A, sample-B ¥ 9%, ZZT, FEEKSTr—ID%
BE AR B 1) 5 Cu & OREEE SN IXHHE a
X0 EEED AEND. 72, WTNOMIEL YV A
7147 — %870 wt% & A (Fig. 1c), ME{LEIIED CTE
12 200°C A FIZBWT Cu LIFIFR%SOEEZ =T &S
WG SN TV D, 200°0C L EIZBWTIFRECAE
LU, ®ifEb IZBE a & O KEREZRT (Fig. 2).

HEDLVA 7Y h% Fig. 3127, EHINRYAIZ 1%
V=L EEDNEIY S Iy 2 =R =%\,
A X SR AR RO 2T/ () A1 30° 7B
EOICRHRBE L. Kl CufEhr ool X fjik, iR
Bl&k v BHRANCEREBEL-Z X BE@RNKEHET LA A—
Vv 7L — b (IP)(BAS- SR2025) & W TR
BliE CHIE L7z, il THU IP ICEERFERS L O
E—Aﬂ/&—%*békb®ﬁﬁﬁﬂtb17w:
=Y LR OREITERE S EBEN U7z, JIEGR & e
MR O R HEREILHE) X AT —VERMHET 2 Z &
TAHAYFHREDITo 7.

S0 I I I I
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c 30 — —
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10 |- —
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Fig. 2. CTE of resin-a and resin-b cured at 250°C as
a function of temperature obtained by TMA analy-
ses. The value of copper (16.8 ppm/K) is from liter-
ature data.
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Fig. 3. Instrumental setup for residual stress mea-
surements with an imaging plate detector by using

cos o method.

BV X RO T 2V F —1% 8.0 keV, E—
LAY A4 XX 04 mm x 04 mm & U, X FRESERH
WK 2 min, ¥Rl 3 min & U7z, IS
O A%, 40°C 725 250°C ~D i, 250°C {#5F,
250°C 725 40°C ~NDRER O 1 )V % 2 [Hl#§ D K
U7z. 250°C TOMRFRIFEIZ, 131 7V HIZPER
N — Vi O BEEALALEE 2 RE U 72 1 h IR,
2 Yo ZOVEIFELE OB T 1 X A & HE L 7= 30
min fRFF & U7z (Fig. 7). skl ek zg— s 572
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FHELE 12> — MIREVEX %2 W T Cuffi EOIRE S L
TEHAIL 7=.

Bitle /Cu S DFRHEIR ST (o) &R (1) 2 AW TR
U7z [5]. IS AREREDEEIEEIERISN, ADELE
FEREIR I TH 5.
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1 dAL
B ) - 2 ’ (1)
sin“(p —n) —sin“(¢ +n) dcosa

ZZT, 200 B & 200 sea 1FHIEREL (Cu) B & OHE
MK (Al) ORERIREOEIFT, Loq IFEEHER K ]
FERER, BB XU v i Cu iR (65.0 GPa) &
FORT YV VI (0.343), 2n 1RO R A 26,
DA THS. aldFig. 3B LU Fig. 412 —nfllz L
TR UBEHIZE T 5 9 REA D S RgtEl O D 4L
fi, ALIZRX (2) TEHINE 5 A—KTHH, K

(2) HD AL ZRF TR GALMIZE T 2 UK &
HIEREI O E—2 by TOBREE#ETH Y, K
Pif o BT BRI —2 by 7%, AAA a+0.5°
OHFPHTE 7 X —FHPL TR 1R TE T 4+ =)L D
O—LYVEERT v T4 I EOREB L.

(Aly — Alryo) + (Al_g — Alp_g)

AL = : 2)

FRMTIZ 1% AL(422) TH & Cu(331) H D [EHiEE % W, 8.0
keV IZH 1T 2 EERETOMPT A %2 4139.0° BL T
138.0° & U7z, iRt da Mm%, JEaR 74
mm B L R K 66 mm & L, X (1) 125154
MR DEHT A 200 goa 1E, TR K- H AR EEHE %
74 mm ZARE U 7= REMNT ORHFMA 142.5° 2 W=z,
IP 7 — X DFEHL D 1Z1% BAS-1800I1 % >, HeHW i
DTV TA XL, IP Z2H 1 XBEHID ATV A
U RBET X MRA B L CTHRZEET — X5 H
U 72 MR IEAE (49.88 pm/pixel x 49.49 pm/pixel) %
L 7-.

BRBLUER

Fig. 412 sample-A OB 40°C I2H1T 5 2
YOt 7 74—V &R Y. BT, Fig. 512 Al(422)
HHB LT Cu(331) HASDEFTH T 4 —LiZD0n
T1IRTEAEL7ZE D% o OBEE UTRT. kK

Fig. 4. Two-dimensional diffraction profiles of Cu
(cured sample-A at 40°C before second heating pro-
cess) and Al-powder measured on a single imaging
plate at different sample-to-detector distances of 74

and 66 mm, respectively.
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Fig. 5. Diffraction peak profiles of Cu(311) and
Al(422) as a function of azimutial angle « for cured

sample-A at 40°C before second heating process.

=10.1 T I I I

slope = 0.221 £ 0.005
o=26.1+0.6 MPa

=102 —

AL [mm]

-10.3

-10.4

cosa

Fig. 6. AL — cos« plot for cured sample-A at 40°C

before second heating process.
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X% Fig. 6 \Z/”R3. AL — cosa fXIZ2TD HAiA
a, THbH cosa =0~ 1 OHIFT I WERMEZ R
U, M7 1y T« 7 &0RDME 0.22140.005
mm B L0 (1) & D EFAIRIIIE 26.1+0.6 MPa & &
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Fig. 7. Change in residual stress at the resin/Cu

interface during heating process.
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K27,
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250°C FEERE D & [REFHEFREIZ B W THIERIN I MY 10
MPa J#4 U, B2 sample-A, sample-B D&/
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Fig. 1. Imaging results of cathode cross section at 0.5 C : (A) sample setting, (B) voltage curve and (C)

normalized images.
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Fig. 2. Voltage curve of cycle tested cathode at 0.5
C.
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Fig. 3. Line profiling from imaging results.
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MERE 7T 7 74 VBREZ IRV 7
HEZLLTWA D, ARERIZPPEMEHINEH D >
T FIVEREZALA NI W, REGHLA TH W 72 BRI 7
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T OIS % gt U, SIERF OIS X 7 =X
LA T 2 FETH 5.

ZE X
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(2015).
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In-situ XAFS/SAXS FRBAIEICK 5 Au T/ NFERBIERMNT

Formulation Process Analysis of Au Nano-particle by Coupled
In-situ XAFS and SAXS

BRI JEHE, oK Efkd
Mitsuharu Higashiguchi, Naoki Sakamoto

U fE sk At

Asashi Kasei Corporation
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Fig. 1. Schematic view of coupled in-situ XAFS and
SAXS experimental set-up.
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Fig. 2.

tion spectra during formulation process of Au nano-

Normalized Au-Lijj-edge X-ray absorp-

particle.
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Fig. 3. Time-dependent absorption-edge energy

of Au-Lyy, in which energy of Au-foil(+0) and

AuCl(+1) are also represented as references.
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Fig. 5. Time-dependent diameter of particles (left
axis) and Invariant @ (right axis), assume that shape

of nano-particle is wire.
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Fig. 6. Time-dependent color of residue in a vial container (Numbers show time from mixing).
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Observation of Hairs in Various Countries Using X-ray CT
method
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Fig. 1. Density of root and tip hairs of each region.
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Root, the proximal root part of hair; Tip, at about

30 cm from the proximal root part of hair.

BRELUER

(1) AEEBZOEELA
Fig. 1IZEEIZH T HMcHn ChEis) &%

root ..................o................................................------.

E.. European . ..

Japanense o

{ south-
i eastern
i Asian

I DEBEZNEE ZR L. BEOMEIZ—HTH
0.4 mm WS HwEDS [11], Huk D 30 cm EDE
Jdedkor &ix, 2 FM (0.4 mm x # 730 H =#Y
292 mm) (278 T N RAMMCAEFEEEIZ L > TE
UHEA-—TURERLUZEDEEZ SN, TOERLE
3%, EDEIZEWTHIRIGHD &K 0 BEMMEL Lo
TWABZEWHL NI o7, THSBENEADT S

W&o T, BENERED LS IZZLLZD0 T
Fifbz il A7z,

(i) BENTHE DM ~ X & CT % M\ 7= Bat
(SPring-8 BL24XU) ~
EBENEEZAMTIZER L TV E2ERT 572
DIz, EEBE IS (TEM) 2HWTEZOR
WGl OB 24T o 72 [12]. T OFER, BEE2%-
= BENEHOERBOEML TWD Z E2HFL 72
(data not shown) . UL2L, HEWmE A Z2/ERKT S
B%@iv VT AV IRGBIRY, WIERAERIZ BT 25
AREMEZ R WED Z N TERD o270, JERRE
Ef%éXﬁCT&%ﬁm Z O NG 2 85 L
. BEONIIGE 2155 721X @\ 22 4 R AE

Eastern
Asian

Fig. 2. 3D images of root and tip hairs of each region using X-ray CT method at SPring-8 (BL24XU). The
Root, for the most similar image in each region, showed one typical example. At 0 and 15 degree angle to

fiber axis including cuticles layer. At 90 degrees angle to fiber axis. The Stick Shaped shadows in the hair

are voids.
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ERABILNTE (Fig. 4). ZokHiL, Y
THEDRTF NEHHPEXA—-TIZL > TEEN
WWHEURZREZHDE I ETELRNTHD L 2k
WU~

FEHESRDRE

AFTIE, 207 EOLMEBEZDILED XA — VB4
ERAD I L EHNICERZITo72. ZTOMER, BE
WEEME TR LB (BhHB7) OEEZ%E X#CT
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Fig. 3. Hair density enhancing component screening.
Results of the density measurement after treating
each of the components. A-C are various kinds of

peptides. D is a peptide derived from silk.

After treatment

Before treatment

Fig. 4. 3D images of 0.01% Silk-derived peptide
treated hair before and after using X-ray CT method
at SPring-8 (BL24XU).
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Distribution Analysis of Nano Size Hollow Particles Dispersed in
Polymer Matrix by Small-Angle X-ray Scattering
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FetEm) D7 DI BERGHHERITH b, HIZHRME
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EWHMELTWD, L ULAaA s, HALCERIN o
M{bDOAZEIT-> TRE L5E, BIERMhCREL
THREEL 20 5 <, ¥—5 U <3 - 720 BeREED
BFONTEMENEL UTEMH - 2RMERE S o,
ZD7, F VA XOEHMM D5 BUIRRE & - U,
B E AR ORE L BV 7 4 1 Y — % fE O 726
78, MEEDBETH S, KT, F/ Y1 X0k T
Z B i X B ik 2 N X REGELRIE T
U, KFIRZEBRE L 72T 7L % BELHSRO AT [1,2]
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GREN RS 710 T —%BE (& ML VB
(2, 10vol%iin U THEdk - A L7k, & IZ8k
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DFRBE XM 0.5 mm TH Y, 10 mmx10 mm
ZHID U CHlERRRLE U7z, iR 728, BUlE
TEAME AU TR Z2REZBEHAK, KU1 IR
T AINVLTHRAZAENRESF ) 710 7 — %Rk
L7-.

FERIX SPring-8 fLEIR Y — 4 F 1 > BL08B2 IZ$
W Roe AR 8 PILATUS 2 W, X T+
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F70.5 m OEMTHIEET- 7.

A3 72 2 06T — X 3 @MY 7 b Fit2D [3] % 4
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, AR N ARITGEVIEIRTH 2 Z & 2R L 7=,

Fig. 1. TEM image of nanoparticles.
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D HEGECTIXZR WA, R EEE X1 10nm THE 112
%o THIRNE—Th - 7-.

Fig.2 1223/ 7 ¢ 7 —BARD/NAE X #EEELIIE
Ik O RRSNHELHIREZ RS, 0B, Fig.2 DEKEL
HIFRIZ, H2EF ) 7 4 T =R ERAAL 72D
U7zRV A IR 74V LDOHET —REHNTNY 2
T30y R EIToTW5.

Z OWELHIFRTIE, log(q) = —1.2 fHEICELAD
5D, BELRZ ML g bREEDRE X (H UL IIHE
DRV IR UIIRE &) OBIFRA (1) &0 d =100 nm A°
Bohs.

q=2n/d (1)

ZDffi & TEM B OFERD S, SRR O HZ2 S
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Fig. 2. SAXS profile of nanoparticles.
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DOHIET —RXIZERTHRL, MRKERY 1 X LY
A A4 DFEHENR 2 % Table. 112RY. 2B, 14X
AT T EBEEHAL, 7AR7 MK 0.1 28#%E
LTWa., ETNT AT 1 YT IRoE0N7-MRER
P4 X290 nm TH Y, TEM B CHER X Nizrhzge
F 7147 —H A XENRT DRV EFONT. b,
e 7 47— OBELHIFRIZN U T log(q) = —1.3
0K gIZFARET VT T 4y T4 I TES, #
LHRD LS B o TR Z e o)) 74 55—
FRELTWEEEZ NS,

Table 1.
nanoparticles.
FIME Y A X (nm) 90
Yo ZAREEEfR A (nm) X 11
KOEIET B % EH

Particle size and size distribution of

R, S T4 T —REEEME L, RO
dIzhZeF ) 7 1 7 —DADIELIIERZ Fig.3 1ZRT.
7B, EAEMEOBELIKRIZBIIE A 7 1 VDT —
REAWNY T I9 RUELTW5.

a2 74 5 —BRORIEARINTH
S 74T — (HWEK) ODFEEDVRRDT-D, B
FLEREE OMOHE IR EE T B 5 72D Th 7R\, [HEK
FLEARD log(q) = —1.2 ~ 0.3 OHIFHTJE D HBI &
(BRELRZ MIVEE) 2R 5 &, HAEMEIDBILE ¢
flizd b, BEARDOKRE X R EIZEMBELT VWD L
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Fig. 3. SAXS profile of composite material.
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Fig. 4. TEM image of nanoparticles after stirring

processing.

TEM B8ORS, WHEUhEEF ) 715 —
DI BEEMEINIZFEL TWB e REL, HhEE)
J 747 —HRDENTIZAWZ ) 1 (FKETILV)
R AR U 2 (MIKET V) 28U T,
log(q) = —1.3 ~ 0.4 OEIPH CHELIARD 7 1 v 5 «
VI ERToT. BB, B 1IZonTlE, g
7 4 T — R & FRRO N R 2 ICEE LT\ 5.

T 4w T4 VI OkERE Fig5 12, Fo6N7z87 A —
X % Table 2 1S, EEMEIFROHRZES ) 71 5 —
BEH 2 RBIETVWEHED 1 OFEEY 1 XL, 74
T—HARDEL D BN HoTED, ¥4 XDKE
BREDPEELUTWSAREMENEZ S5ND. £/, i
BIZE OV EU /N %2 TEM BIZETIXBEICIEZ 50
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Fig. 5. SAXS profile fitting of composite material.

Table 2. Particle size and size distribution of
nanoparticles dispersed in matrix.
A1 A 2
FRERY 1 X (nm) 78 10
Yo ZHER % (nm) 9 2
XEHESERDRE

HzEF ) 74 7 —HEEMEZETVMEIE LT
INA XARBEL TR K 0 St 2 T - 7. REEM
BT, 7/ 747 —0—I3BEL, £/-71 57—
DENDFEEL T VDS EHRINDFERN B LN,
HEEMEBIRD 7 1 7 — BRI EOFIZ K E ekiE %
Matd 2728, BN X ARBELFEOEME, 1 X
PR DRI D 7 4 T —DNRAET 2 R DN HAHENT
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EXANDER

AWFED S/ 5 NBAC & 0, BIRICHRINE iz
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< 7z OITHRINEIE 2 FEMNZ fRAT U, AR R 1 D A
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In-situ residual stress analysis at the interface between
semiconductor package encapsulation resins and copper during
heating and cooling process by using cosa method
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Sumitomo Bakelite Co., Ltd.

BE © X AR E - 722 R8RSy o — D SRS / Cu S DB IS RHIEAR 12 DWW TG L7z, Cu
/5 R /Cu S D ZFEMGED & 70 2 3B 2 PER Sy F =V DET UM E UTHY, 1A=V V77—

MZ X DRIE L 72 Cu(331) HD 2 IRTEHFTERDEA%E cos a IEIT & D EHTL 72

o, MPWREIRAT— % H

W BT OLBIERIZ L b, WET O B (—40 ~ 250°C) 281 2 G/ Cu FE DR IG L L)
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BT, BiflE e Cu OEEFEMESMEIRE S &
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HOMEITH 5. FEROEMERILIZEY, ZTO}E
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BUoRE, MmiEWE, ERUEENE, BV, s
EDREDRD S, TS IFPEERARYy r—YDE
WEHEEICEHET 2 HEERNTTHS.

MRS — IR EID, V) AR E DR T 5 —
A URBGI MR, TRk hEIEXhBE
PV —=FRI7L =L W\olz&Eh 5k DEEHM T
BB, NEMLS Yy =D, TOEGETIRIZE W TR
HERRTE - BWEAL - 2EH ) 70— 722 8 OO B H)
Tuv A %5720, BilgE L\ o 72 HMER O]
JZIRGREL (CTE) 72 & OYIMEED K & < F72 5 P RHH
DFHENZIFBIS DRI & UTERT 5. BEHIG
TFHERNY T =V DEARK D L 7> THN, R
[ AR e ¥ AR A A Yy X ket DR A NI
E—FOERE D, PEE Y r—II2E 1T B
Y —FT7L—LEEIZ CuThb0, B/ Cu i

2 3BT BFRE IS OFHMHEA DRESZ, B K OFREIS
HFERA N = A LOMEIHIE, BERAY F—V DR
FAEMHIL, SEHEERSOMAEICE T THE
LN O P
BrZInETITEERERE e 0oty v F L —
vavhv v R—%HW, sin? U IKIC & B pE Ky
=BT B HE/Cu FE ORISR & Mt
UTCE. sin? U ki, R Cu sk
RRD 723 U & X KRIEHT A OBIR % fif#h 3 2 Sl F
HETHD [1-3]. LLEHS, EHD UITxd 5[0
FoTa 74—V EAXY T EBREDNRDH L7720, 11
BT ORMEZEL, BB+ A —X—D
BT 0w 20&TRITE T DI 2% FAI gt
57-0121%, WERHZ BN A — X — 1T sZ &
DIETH B, TIT, 0K E W7z sin® U
FIZR D B RFH T ORIFHETFE L LT, 2RIk
ez W7z cosa EIZHEH U2 [4,5]. cosa Hid 2
TR R TR S N5 I ER R D EAE R K 0 IET)
ERMTAFHETHD, HIC 1RO X RAHAT
DT — X DA THHETH 2728, KiFmHlE
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£ ¥ 2015B3330 DFEERIZBWT, Cu fh/ Bk Ny
o — Y FHBEALER (HE / Cu D ZJEigiE» 572 5
PRy T — D E T IOVMENE D T RHMEiEARTREE 2
70, BB D X KRFESERER 2 2 &\ S FERER T o
RIS R I U 7z, EICBGRR A T — Y %
W7z 40 ~ 250°C DE T T ZBFRIZ BT B REIG
ZALZE DLBEIZ LD, BillE O S E 2L & RIS
JIDOFBIEHIZ K U7z [6]. Lo L7Rdis, ik
X — Y O EEBEEABR T —40°C 13 & DKIRER
BETTOMOEEMBI NG /-, KETTIE cosa Ik
ZFH\WTz —40 ~ 250°C TOWET B X 2D IR
Z DB OV THRET U7z,

S

PRy F =V DETIMEIE LT, Cuth (12
pm) /RSy I — O F B bV R (1.3 mm)/
Cu$fi (12 pm) O =JEHEED 5732 5 EACRGE 2 200°C
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Yo L7z (Fig. 1). BEEMES EABHEEX> Y H
T4 7—%EALTEY, KBRFHTIEI VA7 4T —
BHEEORL S 3KEORIEEHH Lz, ThThz
VAT 4T —ERRI LITHE-a (BH% 88 wt%),
BfiE-b (84 wt%), HMifig-c (80 wt%) &L, =z H
WTHEBL U 72 € TOVIR 2 % % sample-A, sample-B,
sample-C &9 5. ZZ T, FEMENRY T —IDHEE
EERRBRIZB I 5 Cu & DEEEFFNEE, BE-a< i
fig-b< #tlE-c DIETHE-c BB RIFTH 5. £/-%
g D 250°C LY D CTE 1%, —50°C 725 150°C
fHEETREBB LT —EMEERL, 200°C 5 KE
K ERU, 7IREBIRE (Te) 1% 250°C {1 & R
o7z FREICB TSP CTE DK E S 1345
flg-a< #ifg-b< Bili§-c DIETH % (Fig. 2 ).

HEDLVA 77 b % Fig. 3133, RHINEWA 21X
C—LI4 VREDNEE T Iy 7 =R =2,
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FOITEE U7z, AURMINBYA I II IR ER & v U 24
B, MARERIZLEHHE b —R—I1Z X BB &
D, N RREZATREL b KOG L. iR
BIZR M Cu $h S ol X fjid, &k & v EFfhc
HELU X EBNRERTEA AV T L—}h
(IP)(BAS-SR2025) % M\ C 570 S i i e U 7.
el CTHU IP IC\ERFER LSO -y X —%

Kb B 7D DREHEGR & LT TV I =7 RO [E
BRELEGE L. WEER & BHEGUR O A HifE 1
HEI X AT —V2RHT LI THAYFHALDITS
7o, PIEIZHAWZ X RO T 2L F —138.0keV, ¥ —
LAY 4 X303 mm x 0.4 mm & U, XFRESHERI
HEFEL 2 min, R 3 min & U7z,

WE R | Jvp BV SRR 2 AUE L, 40°C 725 250°C

@ 20 mm
A mm 2 1.3 mm
\ .
Cu foil (12 pm) Encapsulation
resins
(b)

Fig. 1. (a) Schematic image of Semiconductor pack-
age model for residual stress analysis comprising of
Cu/Resin/Cu three-layered sample. (b) Photo im-

age of the specimen for the residual stress analysis.
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Fig. 2. CTE of resin-a, resin-b and resin-c cured

at 250°C as a function of temperature obtained by
TMA analyses. The value of copper (16.8 ppm/K)
is from literature data.
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Fig. 3. Instrumental setup for residual stress mea-
surements with an imaging plate detector by using

cos o method.
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ZHWZ. IP 7— X DI D (1% BAS-180011 % /H
W, IEAO Y 7 Lt Xk, 1P % 3 XBERI
D AT A2 UTRIET X # 2 # U T 7 mifsk
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ErOD X MEFOFG X IVA T4 7 —%2EFT
LR TO X SENIZ K> THRHETELZ L EZ S
N5. Fig. 5 BLUOK (2) L 0kd7 AL — cos a ##
X% Fig. 6 123, AL — cosa fREIE 4T HAf
a, T780H cosa =0~ 1 OHEPHT L WESRMEZ R
U, 8874y T4 7 E0RDIMEE 0.95 + 0.01
mm 3 LR (1) & DR IEIIIE 95.9 + 0.8 MPa &

Fig. 4. Two-dimensional diffraction profiles of Cu
(sample-A at —40°C) and Al-powder measured on a
single imaging plate at different sample-to-detector

distances of 83 and 77 mm, respectively.
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Fig. 5. Diffraction peak profiles of Cu(311) and

Al(422) as a function of azimutial angle a for
sample-A at —40°C.
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Fig. 6. AL—cos«a plot for cured sample-A at —40°C.

BlHEInz, ZOELD, —40°C OEEEREL T
BWTH, fg/CuEREIIEEERISHPFET S Z
EDHAS DL o7, IP B X W cosa R AV, HIZ
EINEGRHI A 7 — D X AR ERIE £ b, (KR
BT CORE/Cu tERmIc B U 2MIE %, Wkl
AD X KRIES R 2 min &\ S KGR C AT AT RE &
otz

RITWENT 0 ZEFEIZ 51T 5 4% sample DRl /Cu
TEFHE DR IS AL DTSR % Fig. TITRT. &
sample & HREREIZ XL D IEHEMNEL 2FER %
7=, WIEBGARFD 40°C Tl 40~60 MPa D 5[5R)%
H%ERL, ZTOHD 250°C OHIEWE;IZ 1% 25~30 MPa
IZETIGHIEMNT 2 Z PRSI Nz, F72 —40°C
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Fig. 7.

interface during heating and cooling processes.

Change in residual stress at the resin/Cu
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Fig. 8. Strain quantity at the resin/Cu interface.

DIEIRRFIZ1E sample-A 7% 95.9 + 0.8 MPa, sample-B
7 78.8 £ 0.6 MPa, sample-C %% 64.6 & 0.5 MPa &
20, WERE N2 W THS sample B DG 2D
KELSBERE o7z, £77, HE40°CIZHET
% &, WEFRRROIEIEL X 2~8 MPa 12 & 26U
TWaA, BELZFUISEIZES Z & 2R LT,
Z DIE KT B TIZBENZDOWT, (B O K6
D CTE &0 EAREZFEHL LR % Fig. 8 1TRT.
HIE DOFULIE 7 1 X 212/, FiREIZB T 56E
Cu ?ﬁ@m&g%‘: TNTNHEHBL, TDEERDZZ

kD, BiE/CuffRHEICEL 5EARE Lz, 72
B, HAEPEDLEIE CufficsiEEAD, ADEE
WWEMEREAPE LU TVWS Z L 2EIKT 5. 250°C D
A, WINO sample HEARIT/NI W EAA R 5.
—HT, —40°C DHEIZIE, sample-A 7% 2660 ppm,
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Fig. 9. Residual stress analysis results for sample-A

(sample size: 15 mm X 15 mm).

sample-B % 2050 ppm, sample-C %% 1500 ppm &,
CufEIZIFBIRAMDEANEL T NS Z EHVRIB
M, MU IS EDO RNEfRE B —E L7z, ZDZ
EM OB cosa EIT & D BH S N R IO ETE X
ZUTBAERTHDLEZOND.

¥ 7z sample-A (2 DWTIE, & 0 FEH ARG 0 31 %
FEfiL 7z (Fig. 9). 40°C M ED@EESAM: T Tk 50°C
ZXiz, 0°C A FOMRIRSEM T T 20°C Z & ICHllE
o7z, WIRICHWZE FOUMIE B AE & FRkIZ
BIEL, Y0 H LY X 15 mm x 15 mm & LT
PEBLL 7=, IS0 DFER,  —40 ~ 200°C DL #i
FHCI, IeJTIRIREIT S UERRIRIIZZ{L L, 250°C T
TR IERTEZEBRHEHS e o7z, s
FED Tg 5T CTE A RELZ{ LT WD 7ZDITE
UeBERLTWS., A TOEATIZENT,
& E GRS BIRE DY 200°C, BRI % =3
JED —40°C TH B Z L b pLm o7z, BLEDKE
REo, WET O ATIZEWTHEIE/Cu &5 H I
BHIBHDPED B DIk sample-A TH D, ZTDIREIZ
—40°C TH B Z DL N o7z, F 724 sample
D —40°C 2B T 26 fEIZ, BED Cu & DEERF
ML H XK —ELTED, BRI DIFIENEEE
JEIEICE LTV D Z e RIBI Nz,

SHRORE

AMFHZ LD, —40 ~ 250°C DHBAT O ATIZH
ARG AT A Z EWHREL Y, KIBET
DS HEE % AT B Z 212k L=, £72, CTE

MORDEEARPS S, FAKORNEEHZRT I L&
MRS Nz, UL LARAS 250°C RFDFER & 512,
IS TIFRAAE SR TSR AAD, EARGED S ITTEHE
FDIGER RS S, I6S DMHEAR IR L T
WARWE W FRENK S T\WE. S sin® U R
EOMFIEIAMIZ & B, cosa DGR EDMHER
X, IHEOEENE 2T 2 Z LAHETH S.

EEADEM

SaET U 7z cos o IR1Z & B 58 e J1 3-AM B AT 1,
PR N Y T — O G ALVE B I ERIE /Cu 5L D
EAREZ WL TN T 2 Z L B RE D TH
MEFHETH L. HIZBHA—X - WS ERETO
HIENFRETH 2728, EVEEAERD & 5 7RiREER
B THLERNY 7 — Y OREEL % A IZHRZ B
ZENHEETHD. 5, BAOPEENY F—IH
B ERHEARIBEFE (ARGl 2 B L T < PRET
»H5.

HEE

AHEZFTDI12dD 7 SRS RS/ 72
V& —DFRARAEEL, BEREHEL, FEEL,
Z DMBIRE DERR & O 2ROl & TS 2

REEE U BEWLLTET.
532 30k
(1] B TS & 350 & OF AD

fii] B, HEL (2009).

[2] K. Nakamae et al.: J. Appl. Polym. Sci. 40, 2231
(1990).

[3] T. Nishino et al.: J. Appl. Polym. Sci. 45, 1239
(1992).

[4] ffi% REBUZ Ml #1RE 44, 1138 (1995).

[5] E Mt : HNZEFER 95, 454 (2013).

(6] hn% RMIGE fth: R Y — LT o1 VAR - ORE
5,7 (2017).
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Distribution of Crystallinity for Injection Molded Resin in the
Thickness Direction

FEA =R, Mok $RER 2, B 7 B 2

Mie Funamoto!, Takuro Matsunaga?, Maria Yokota?

Ly o kERE 2 S R SR A
LAISIN SEIKI Co., Ltd.
2Toyota Central R&D Labs., Inc.

BE : KV 7 X =V BRI OIZ BT 5 ORERLE DA 2, XER~ A 7 —L% W THTL7Z.
WH 2 BT % 7212, MBI 2 RHRIZ IR U, SRS RNICER 2 BB U2 S IR A X FEELIIE
ol BMEMBTESNIZHELARY bVE Y= 5T 5 Z 212 & O HNFEREEZBREL, WEH

HDSAEfRTz. T OREER,
—EDFEFILETH D Z B bh otz

MR 100 — 400 pm (SFAD (ERE S EEEI BRI 1, TORANKIEIE
72, SEOHEIERNRTH S 40 — 90 °C SHTLIE EEHIFH T S Nz ik

BRIz DWT, BRI S RNRE T U I § 2 AR S iz,
F—O— R MK, v ouv—L4, JEA X KREGEL, EabE

BEREMREN

AR, HIBRIEEEALXSRIZ & 5 CO, HEHEHIKD 72
DD FHFRIEADRIE L U T, HBEHER TN A
Z I L COo DHITEIC H k9™ % o) 8 & DR 162
WOMATNS [1,2]. THETHEALTWREME
25 IWEPBEWMEIANOBE#RIED 5T WL HT,
BT RHE S 2 — i FH P DL R A RIA £, Sk
FEART AN - EEEN R EOBRE F SIS
5. FHZEESEICKE EBRT IR - SIEEED
ML, RRTAREFED —~DTH S, BERHE k)
DELEFHE U T—IIZHW ST W S5 R
BWTH, IR - JHEEEOR EARDSNTWS.

BHEM R OB B WT, FHHEIE, EHRRO
IR HRETH B Z L &, EEENE NI 0 65%
HILKEAPRAENS. FHEBIEO Tu2 XizE W
THIEMEHE, BRIREBTHHIZ L2 AW 2521
mHs, SRIERE L AHICREEhE 720,
IR O FEL A AR T 5 [3]. FEEATIRAE
TORGEEZLE D 720, BRI DY &/ E D IEH#E
RYPRENFEEL W, EBIZ, 79y - KRIFN- KD .k
75 LN T B MBS S SR 12 K & RAF

5. #oT, WHEERIEDOREPTAIRTH S
N, TD% LK OLGEITRERN - BEMIciibhd & v
SDNEIRTH 5.

S HRTE 5 O SHERSE OB ED A =X L%
s 2 7-0121F, BIlEREE (Ax V@) 2 d
LZENEETHD. AFVREE, AWK
DILJERARIC R HEEZ 1T 5720, R4
ENBRIRMEINTWS, L, AFVERERE
100 um FRETH 5728, T OWEERBIL - FHilid 5
T <, I E CRYGEME L & & W EN
KRB TERETH o7z, & 2 AWV = ARG
DR XN, v 70— L4 X2 WG
WFREDBMEL SN TH 51, ERMTHEEER (Flx
I, AEELERERERY) 2iHMiTE 5 L5124k
T &7z [4-6].

AREBRTIE, HH IR & IR DAL E DB
AL T 22 2HKE LT, ¥ 270 —4
X K% FW 7 WSERRIT 2 1T o 72, RHCBELRER 2 ¥
VEMEIZ G AR E AR A S0, WEH RO
{LE D34 & BELRFEIZS 2 Rt e LR 2 7o 72,
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ES

kbt - LR Y T X — Va3 KY v — (POM :
polyoxymethylene) Z 5§36 Z 12 & DikER A
ZAERLL 72, SHHSIEIZIE, 200 x 50 x 2(¢) mm D
WIARHESI 2 FH\W, [EE - ATE<e RO E %2 28 2 T
ARBR T R EB L 72, TR XORREGEL (WAXS) BRI,
Fig.1 {2789 Through /f & Edge /ilAld 5475 7.
Through HRBERAICIE, &RIEE 45,55, 65,75, 85°C
([E5E - /BB & £12) THHBIE U 72 M O b
HE MWz, Edge ASABIEHIZIE, €IMEEIZXS
BRI 572017, BEE-rTESMTRESEEZ D
Iz, EESERE & B ERE N N E N 40°C
1 90°C, 45°C : 85°C, 50°C : 80°C, 55°C : 75°C,
60°C : 70°C, 65°C : 65°C DM TikBR T % fER- L
7o, @RUREEDS DS - (REFE )7 & D& R 4
Hix—E L Uiz,

Through Jj[F#i%% : Through /51D WAXS EER
I%, SPring-8 BL33XU (B HE—ALT4 V) IZTH
fEL 7z, Muidid, PILATUS-300K, XL r)L¥—
1315 keV, ¥—24H o X%, #5300 um A% W=,
AVRH BRI PERE X, 157.5 mm & U 7z,

Edge /il (BxEWrH) #Bi%< @ SPring-8 BL24XU
2T~ A 7B E— AR X AREEL (uB-WAXS) HIE
17577, Figl iR T LI XY — L EBEARN
0.5 mm & 722 & 5 pi it i ol &2 FbRICuEl U, i
JE 5 171 D W] 2 [ 58 S TR 2 & ATE SR & T 10 pm
AT w TTEAEL, uB-WAXS €247 >7-. Rt
X779 MRV T AT X—, X FILF—1X10
keV, E—2AH A1 XX, 5.0(W) x4.6(H) pm % W7z,
FATTYIAF Y IZEBEELEE LT 1 X
& U7z, ABl-MeHH ARREEE 1L, 45.6 mm & U7z, 8
O NI HCELIR % B IR TR E) /3 M) & AKSE AT £+ 5° TR
EEELRE 2B L, BNz ART MLEE—
75 HES D Z 2T K 0 MRS S GRS & BRI U 7.

BRELUER

Fig.2(A), (B) (T Through /A5 X ##% AH U
HIFE U7z WAXS O “0ik%ER9. (A) & (B) 3%
NENEE - ATE<eRURE A — D 45°C, 85°C T
TEBLU 72RO R T H 20, i & 5% 728
HETHY, C—ImEICEEVIIR NN o7,
Fig.2(C) 12, SBEIEE 45 - 85°C OMEREIZ L D H

Flow direction Through

|
gate L
— End

Val
Edge

o _ —=—fixed mold side
2 mmI | ..... / ........ -

© ““movable mold side

Incident X-ray

5 yum X-ray beam
Fig. 1. Schematic image of a cut-out position of
injection molded samples and a measurement po-
sition for uB-WAXS.

H U7 WAXS ARZ bV ERT. £TDART ML
MEL->TH Y, Through /[ TOHL TIIBRIRE
IZEBEWITR S N o 72,

Fig.3 IZ[EE4M:40°C, A#4R:90°C TERL /-
SRS SN O (a) DELEHAE (2% VFE -
AHEAH) B L (b) b (2TE) BT 5
uB-WAXS #ELG 2R3, 27 EIXELANZEEMST
HBDITXL, SBRMEEHEDAF VG TIERGEE
B AEELENE SN, Fig2 iR U7z& D, F
MR B 25 U Through AR X ARf % FE B X &
7-5EiE, BEAMOHGIIESNLED o2 FD
B E UT, ©BLEHEOS FEIAE EFEICHENZ &
MEZOHN, Y47 =54 X %2 AWM G
DEEEER 21T 2 L THID TEDEFE 2 MERT
BZEMNTES.

RIZ, Edge AR DFERED DA% KD, BLEL
BITEFVEDPGFAET 2728, BHRGRE) S A UAKSE
Jilal +5° O TR EAEELRE A X2 bV %K
DW=, Figd 22 7ED uB-WAXS A2 kLD
Y — 2 NMERE RS, Y =DM T v T4 v
BPHIE, 1-2A 7T 2 L7 BELRZ MV 16 AT fBE
DY —2 % Voigt B (FifmHko ¥ —2) & Gauss
B GEFHko N Nm—) 2ZAVWT 71y T1 V0%
1, 2FELEE L RERO Y — 2 HEDO A 51
MAEEEZE L L7,

Fig.4 & [FRRDfFNT % B &4 40°C, WHI<pR 90°C
DEATIER U 725 O W 51709 R T OJE M THE
MEL, 5o n7=MuHimbEDEA SO N % Fig.5
RS, LR T, KRG DR A F 2 JE i
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Fig. 2. WAXS 2D images and 1D spectra of injec-
tion molded POM plate from through direction.

(a) surface layer (b) core layer

horizontal

Fig. 3. uB-WAXS patterns of injection molded
POM in the (a) surface layer and (b) core layer

§ﬁMéMTBD SRBEIZE>T, AFXVEEA
EVWDRDHDBZ Db otz Figh L AFVER
x %ﬁgm—m 270, kAR I TEe IC 2k
570, AXVEEATEERBEIZXKNT 2 LT
Wiz, SRREMED? S 1 mm GREHUIME
&) DO#iPH% Sigmoid BT 71y T4 7L, BD
PAHPERE x2 2 A ¥ VEEA L U THUEL L 72, [EE
&M 40°C, FWEIER 90°C DEAETEE L 72 30kHE
40°C [EE SR 410 pm, 90°C A BhLRIHNZHY
170 pym DAF VEPFIEST D b hrotz. a7
JERES (MO 1.4 mm) Tk, SEIRED 40°C,
90°C DEWVZ K 5T, FERLEIXIZF-ETHDZ
etz 2mm EORKIDEE, W 70% H3EF S
MRaTETHY, 0 THADD S AF VEIEHE
e PEAME N 7212, Through KM OBERTIXI T E
DGR DO E— 7 P X Tl T, SRNRE
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Fig. 4. Scattering intensity vs. scattering vector

for core layer of POM, and the peak fitting result.

WZEBEVWHERIS N o2 EZ NS, F£7,
SRR 40°C & 90°C D ERIK A H S ER G [~
DiERLED S % T 5 &, 40°C O SiddE& Ak
DA RIZESNTH -7z, POM L, HT7RAEH
L) —50°C, #EMElRAY 180°C TH D, D
I DIRE T 5 65°C iTfs THE M LERE D E L 72 5
EFEZH6NDB. 40°C & 90°C TlE, AEmmbsHEIZIFE

EAEFETIRND, R TIIESGEE D LRSS
728 40°C TlE, £ < OFEEEPFEL, BRAEHLTE
mALEE A3 < 73\ 59, WHAOFERLED LR

RELOPIIRoT-eEZ OGNS,
10 = LIS S S S S N S S S
—O— Experimtnetal
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Fig. 5. Distribution of crystallinity in the plate-

thickness cross section.

ERURITIC X DB O N BRRE Y A X VEEAD
BfR% Fig.6 (2R3, HIEE1T57240°C 55 90°C D
#iPH T, DEIRED AT 2 & XX VEEAIHRE
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FEAYT —50°C TH D, BEITBWT B EEELAES
TrrEZONG. UL, 2SI LR
D2 F B IEA LRI O SR A7 U 7 25k
BHRSNE. Tk, SENIETZ 3 RHORE
AR & OB E NG GERA ) 2, 20
B OSEERLE DETIC b B E IEL TV T & &%
LTW3. SffE S N EHGRBR Bk CORR%E
YIZT BT, & 0BEHATR (IR 1280
TH, AFVEEAE uB-WAXS Tk 53k, %
IHSEBORE (B REE R 5L NTE
BEERSNG.
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Fig. 6. Mold temperature dependence of skin layer
thickness for POM.
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Analysis of hierarchical structure of rubber using ultra small angle
X-ray scattering
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Kensuke Shirode, Hiroaki Oe, Satoshi Sagitani, Yasuhiro Hishikawa,
Souichiro Miura, Yuma Nishikawa

T L TR AR
TOYO TIRE & RUBBER CO., LTD.

BEE : BUDEE IR e U7z X BVNAEELIEE X KT I/ 0T 7« — &G, X1 YHI Lk Al
DFEfERGE 2 TN L 72, RADWERAT -V 2O FEROMEDRIZL 5T, SBULIGIEIC & 2 wEAlbEE
HEOEDEWE RS I EMNTE, TLYMEL OHBZEE LTS Z gL nork.

F—m—f

BEREMREB

TLMRHE, &R T ABEITRD 5N 2 MR Z i
SEL-DITLBORLLZFNFNZRET 2PDZ,
Tl % DFEP SRS N B IS % Ko 7 MR TH 5.
Z DA IREEIRBRIL, SEEDDNT - AT EAR D3
BHIZHE DD 6T, MEBAE—hD 3 IRGC O fERE
WEALTWEZD, WELETIv IRy 7 AWNRHE
FENLV. — [ TITLEFORE - Z2ITNT 5 =—
RIFFEE D, MEIOEMEREAL - SESReb iz ) 7B
DRBTHD IS, K OKEERSN - M
MERARTHS.

I ETIZ, BB XREELE (SAXS) 2H
WTC, TLYMEICRELSFEE JETRTO—DOTH
LAl (h—Rr T Iv o, YUNE) ITBELT
TR N IZ BT 5, - REEMEET 2175 T
E72 (1. LAL, Ml@#lixr /) ~ <1 27ai—hL
A =X —TCREMEZEKIL TWEH, ZThETOD
SAXS FHilli T IZBINSA: T OREMTIZ ERE B W
TWiz7z8, A 78 A— bVt —X—OEEHlA
FTHICTET WP oT2. T T, AWIFETIE SAXS
AT, XTI/ 0574 —12&k2 V) hiBEREE
HET\V, E/HEBOME? S X IVF AT —I)LTD
FHRAIRGG AP 2 17\, BEMREEME & ORI D & EERE
ZAVHFIZEDREHAREEL I L2 HNE Uz,

NAEGEL, T3/ 7571 —, CT, T4, 74 7—, %, S, BEkG

S

SAXS I 1%, BLO8B2 Tfi-7z. HIESMIEX, X
MOWER 1.5 A, HATEX 6182 mm, FIEHH%
1s, T4 527 X—IZiZ Pilatus—100K Z#fH L 7-. HL
U 72 2 ROTERELEG A S 7KSE A TN S 40° DB TH
BEOSEYI U 1RO T — 22, BRELEAR 2 1572, R&
D g L P13 0.015~0.3 nm™ THo7z

X #7777 —H%EIL, BL24XU-B2 v
FTio7z. BEH XBETRILF—10keV, A TE
42 mm & U, T4% > FVIEEEER T — VI EE,
¥V F L — Rk GAGG; Ce(Ce ¥l Gd3(Al,Ga)sO012
Bkl 2 AUz, BHRO Y 27 2L 1920x 1440
pixels, Fxi 7 I H 1 XX 0.65 um ThH-o7z. 55
NI T —RXIIEAY 7 bR HWTHEER 2T 7-.

TILY Y TIVIE, AFLYTRYT Y ILIZ, ik
F (7147—) LTI A2 vol%iinz AL L
Too TLETYAPKEHOBFRIZHD, TDOEZIE
HTHEE—IZHEE 5 Z L IR /-, SEULEL
EHEST Z RN THS. 1 DHIEKRY =&Y
HDEEI O FFO08H (VI vy TV U TH) %
N9 % ik (Silane coupling agent) , 2 D HILK
V< =SR2 1 D RWERER: 2 2T S
4% (End modified polymer) T®H 5. Zi15 3 HEL
HOEEE2MAGLEZ 4EEOY VY TV EHEL
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7=. Table. 11Z/RT. mmiZ¥ I vhy ) v 7&Kl &
KUGZVER Y = — R H, snldx> I vy 7Y v 7Hl
DAH, ne IZRIHEMRY) v —DAFH, se ld>
FvHhy TV TR KA R) Y —HHATH 5.
YU TR, ERANEAIC Lo TTA LEA
HlzEML, @RE—LVFTTLVAMLTSILT,
SAXS HIEMIZ 1.0 mm &, CT HIEMIZ 0.5 mm JE
DY — MRIZHEERLL 7=,

Table 1. Measurement samples.
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End modified polymer x X o o
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Fig. 1. Image of Payne effect.
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Table 2.

samples.

Viscoelastic properties of measurement

nn sn  ne se
Hysteresys loss 100 93 84 67
Payne effect 100 33 51 11
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Fig. 2. SAXS profiles of silica compounded rubbers.
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Table 3. Filler dispersion parameters obtained from SAXS profiles.

nn sn ne se

R / nm 98.7 76.5 73.7 64.3
N, / The number of aggregates 5.11x10°  6.16x101° 6.15x10°  8.09x10'°
V, / nm™3 1.46x105  6.62x10°  7.21x10°  4.39x10°
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Fig. 3. Cross-sectional images of silica compounded

rubbers using X-ray Laminography.
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Fig. 4. Particle size distribution of silica in rubbers.
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Fig. 5. The total number of particles with a diameter

larger than 7.5 pm.
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Fig. 1. Overview of full-field X-ray micro-CT sta-

tion.
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Fig. 2. X-ray image of Siemens chart.
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minum rod.

Volume renderings of reconstructed alu-
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Fig. 4.

nanodiamond-dispersed polymer resign before and

Cross sectional images of reconstructed

after the tensile test.
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Fig. 5. Overview of u-SAXS station.
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Fig. 6. (a) Microscopic view and (b) SAXS pattern
of polyester fiber.

Fig. 7. SAXS patterns of bleached human hair.
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Fig. 8. Experimental setup.
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Fig. 9. Brilliant diffraction spots on a fluorescence
sheet by multiple x-ray diffractions under (a) the
six-wave and (b) the two-wave approximation con-
ditions, where the 0000- and 3300-reflection images
are similar to a bright-field TEM image. Spots A,
B, C, D, and E in Fig. 9 (a) correspond to
the 4220-, 3300-, 3030-, 1210-, and 1120-reflections,
respectively. Spot O correspond to the direct x-
ray beam (0000-reflection) transmitting through the
crystal at point P.

Fig. 10. Bright field topographs imaged under (a)
the six-wave and (b) the two-wave approximation
conditions (similar to a bright-field TEM image),
which correspond to the activated diffractions shown
in Figs. 9(a) and 9(b),respectively.
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Fig. 12. (a) SAXS patterns and (b) profiles observed
during the heating of PE film.
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