
2015Ì 3û 
öų�ŖÅŕ XŅím�ĿÕÞ"¥öę½!,/Ň.ť�Đ(j�" 
Ba9�²@\"ĉŪŖă 

ĠşŀÂê� »Ľĩ¢ : 47-146031� ýŮĳ· 
åÄì¼ : ź¿âÍ(ìè) 

;gegN : hŢÑu,öų�ŖÅŕ XŅím�OQľ¹�²@\�U4`g�ŸĉŪ 

 

 

1, įĹŊ÷�Ĭī  
� @\!9gYfV`J=

+Ba9 �"OQľ¹2

ė��/�ĠÞµ��/

��Į-0��/��0

2őÔ�Ą�¨$�1900Ì

ž�-�"�Ą2ħ��9

gYfV`J=ė��0

�@\G5^!|10�

�/�ĥ«'�!őÔ�Ą"čĉŖõ"�)!Ċ� įĹŎ10��/�Ā�õı! ��� 

���Ą"�Ú!,��G5^"ù /Þŋiôþ'0/��"�)!#čĉŖõ#Üſ��/�

ũŬŻ¹ƁÛŲ(TEM)!,��@\�Ů"OQľ¹#ŵÆī �ŸĉŪ2ä���/��Į-0

��/(ª 1)�����řð2ō��Ç�/ÜŒ�/Ě+�ī ę½!¦� �Ě�/�TEM"q

![=d čĉŖõ"3WdgI��� XŅ2Ĩ���ŸĉŪ"ę½�/�Ż¹ƁÛŲ�Ī .Đ

(2�����ī ę½¡ŋ��.�ūšö"ĠÞ+µ�2ę½�/����/�ím��-#

ė���OQľ¹!,/hĎľ¹+�Ÿz��Ÿ±"Ë¬��0�ß¯2Ù/����/�Ĵŭ#

x�@\ÇĈ�"�¥įĹ�[=d �¹ĉŪ�Z=d ĠÞ"ĭŴ2ŉ
/�)!Åŕ XŅímĔ

(SAXS)!,/OQľ¹�-"ím�¥ö!řð"

ĿÕÞ"ę½2Ŏ���/�Ŭ�"¾ƃ�OQľ¹

�²@\!¸� Đ(2���/��� SAXS�

µ��/��1����/(ª 2)[1]�ĞŞ�>

aJWÞŋ#ÛÅĐ(��ö"ĿÕÞ"§ĕî~

ºÞ�ĭŴ�/�ā¾ƃ�#ĞŞ�>aJWÞŋ

"œĚ�-ÛÅĐ(2ďÓī!����°¤"í

m�2ę½��"µ�"üě��",	!µ���

"�2Ŗă���'��ĿÕÞ*¥öę½2Ŏ��

ò"ńĄ2Ēţ��� 

 

 

atom�

q�
1nm-1�10nm-1� 10-1nm-1�10-2nm-1�10-�nm-1�10-4nm-1�100nm-1�

Primary''
par)cle�

r�
100Å� 1nm� 10nm� 1μm� 10μm�100nm� 100μm�

aggregate� agglomerate�

ª 1 9gYfV`J="ŵÆī�ŸzĉŪ"]Lb 

ª 2 Ba9�²DIcfVGC7f@\" 

Ý�-Đ(øŅ�Åŕ XŅím�"¥öę½[1] 



Ƈ�¾ƃòĔ  
� ¾ƃ# SPring-8" BL08B2�Ŏ���XŅ"7Pb<g# 8 keV�7Pb<g�Ŗŋ#�E/E# 10-4 

��/�¾ƃRJI%�Ã����ëÃ�#ÑuŐň!FJM��řð!ĜÃ�/�řð#ÑuŐň 

!,��ďÓĕĢ"Ň.ť�Đ(k
-

0��/�řð"ĿÕÞDX=Mb2ÑuŐ

ň (Rheogel E-4000, UBM) ��řð�-"í

m XŅ2ć�© (PILATUS 100K, DECTRIS) 

�Řű�������Đ(�ím�"ÁÝ2

ę½�/�)!ę½Őň�ć�©2¥ÿ�

��Đ(Ű# 0.2%�Đ(§ĕî# 0.1 Hz�1 

Hz�10 Hz�ę½ĘÏ# 0 ��25 ��50 �

�����"Đ(!Á��SbDC6Pcg

Gg�-"SbD2¶ŮMa:g���ġ

½"vĭ2ę½�/,	!ć�©!Ũ����0!,.ďÓī Đ("£vĭ�"ím�2Ù/��

����řð#DIcfVGC7f@\(SBR)2İƅ�ąČ��Ba9OQľ¹2�²��*"2|

Ĩ���ąČ��OQľ¹�B`f9JWaf>�2�
Ė¤�,$�ĝ����Ł 0.5 mm"BgM

Ģ!ãÖ���Ba9!#·�íŽĦĢBa9ľ¹(Ultrasil VN3, Evonik Industries)2|Ĩ���9JW

af>�!,/µ�2ę½�/�)! Si266�NXT�9JWaf>�Ā|Ĩ"ƈķƂ2Ĩá���'�

Ba9zĸ�Ĥ�"µ�2ę½�/�)!iŘ"ů¤�Ba9zĸ�Ĥ2 5%�10%�20%�30%!µ


�ŗ 12ķƂ"řð2Ĩá��� 

 

ƈ�ńĄ�ŉÀ  

� ¾ƃ�Ù�ƇĎ�ím�"Ñuò¦2�.�.¥hŠŹ"T=FbLgG2ĸĻ�/���Ñuò

¦hĎ�ímÔÏ2{ã��(ª 4)�Èj!Ĳ�,	 B_bHg2ä�ÔÏ! ���ÔÏ#OQľ

¹�Ÿz"D?gbß¯2ä���Į-0��/[2]�B_bHg,.wŕ�#�Ÿ±"A5E�B

_bHg,.Îŕ��#�Ÿz"A5E�B_bHg#�ŸzųŠŹ2�0�0Ĳ���/[2]�ím

ÔÏ!Á�� KratkyPlot2Ĩ�/���ľ¹ųŠŹ2Tg=���ę½�/����/�ē)�T

ª 3 ¾ƃFJM3JW"ċÒª 

������ ������

0"m" 16.7"m"

���"
(PILATUS"100K)�
����

����"��'�


����

��&��'!�

 $����%'�'�

��&��'!�

	��#�'�

�#�' $��

ª 4 ím�" 1Ď��� Krakty Plot                      ª 5ímÔÏ"OQľ¹ŵÆĉŪ"D?gb[2] 

1

2

4

10

2

4

100
2

4

6 7 8
0.01

2 3 4 5 6 7 8
0.1

Scattering vector q/nm−��Sc
at

te
rin

g 
In

te
ns

ity
 I(

q)
�

 �����"

I(q) ~ q−1.5

I(q) ~ q−4

I(q)×q2

0.10

0.05

0.00
0.150.100.05

Scattering vector q / nm−��

I(q) ~ q0.5
I(q) ~ q−2

����
�

Kr
at

ky
 P

lo
t I
×q

2�

��	��

) 10°�

1D��

�� CHAPTER �. PRINCIPLES OF SMALL-ANGLE X-RAY SCATTERING

10-2

10-1

100

101

102

103

104

105

Sc
at

te
rin

g 
In

te
ns

ity

2 4 6 8
0.001

2 4 6 8
0.01

2 4 6 8
0.1

q /Å-1

Size of aggregate

larger
structure

Size of agglomerate

Mass fractal
dimension of agglomerate dm

Surface fractal dimension 
of aggregate/particle ds

I(q) ~ q-(6-ds)

I(q) ~ q-dm

Figure �.��: Schematic view of scattering from hierarchical structure.
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�e �rst term is the Guinier approximation of the total aggregate. �e second term corresponds to the fractal
structure of the aggregate. �e error function allows for a smooth cross-over. �is fractal law is weighted by the
Guinier function of the second level, which is the scattering of the primary particles. �is suppresses the fractal
law of the �rst level at high q. �e third term is a Guinier law of primary particles followed by the power-law,
which is the Porod law of the primary particles.

It should be noted that there is no interaction term and that (�.���) accounts only for intra-aggregate
structure. Beaucage and his co-workers proposed a description incorporating the correlation peak in [��]; this
approach is, in fact, the same as conventional treatment and the correlation terms are empirical ones, not de-
duced from scattering theory. �us, before applying the analysis using the uni�ed equation, one has to conclude
whether there are correlation peaks originating from the interaction of agglomerates/aggregates/particles. �is
issue will be discussed in Chapter �.
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