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Size evaluation and fractal characteristic of nano sized nickel powder
by small angle X-ray scattering

SHAO Yuarrzhi. REN Shan. ZHANG Oing-tang. WU Hui. CAI Zhtsu
(Department of Physics, Zhongshan University, Guangzhou 510275, China)

Abstract: Small angle X-ray scattering method was adopted to investigate the cluster microstructure of nano-sized Ni

powder. The size of Ni powder and its distribution as well as the specific surface area of clusters within nm-Ni granules

were evaluated in a quantitative way as well. The SAXS measurement discloses definitely the existence of characteristic

mass fractal patterns within nm-Ni granules, suggesting the feasible behavior of growth fractal during the congregation of

numerous clusters. The observation of electronic microscope also implies the appearance of possible mass fractal growth oc-

curring within nm-Ni granules in the size range of 1~ 100 nm.
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Fig. 1 Curves of relative scattering intensity( 1/ 1)
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Table 1 Size and specific area of

clusters in different samples

Sample Minimum  Maximum Average Specific area/
No. size/ nm size/ nm size/ nm ( m?e g 1)
Sample 1 2.2 46.9 17.7 62.5
Sample 4 2.7 33.2 10.7 101
Sample 6 3.5 31.7 9.9 102.2
Sample 7 2.5 44.5 16.6 64. 4
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Fig. 3 Curves of relative scattering intensity( /1) vs Fourier frequency( Q) of

different samples in double logarithm scale axis
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Fig. 4 Typical micrographs of nickel pow der
(a) —x 450 0005 (b) —x 100 000

SRS o SERUSURL 1) R TH BT R 2 B R EK 5
& LM BOR IR 2% . ER R R
2 TR P25 Hh 0K 3L 512 S 1 22 B8 /) 1R S5 Al JURE 41
B, XM 4(a) FTLIEREE R . LB EIXAR M K
SFHIER S — R0 B R ER RIS . 2
B ¥R S AN =4 A AR B A i, W)
BRI REUEAE 1~ 100 nm R JE H R &S 5 8
SAXS HEIEFREHRK.

3 4R

MR /M X 2RO (SAXS) 7RI &
B (SEM) MEE, XF LUK G W8 i 2 1 &
(RN K 42 8 BRIMORY HEAT T IO &5 MR ATE . WP W52
AT T SRR HORZ 4. 1) 100 nm BL E&
1 Bm JEFE )R ROEE B BHRBURL B TE SRR AE; 2) 1~
100 nm Y& P (178 ROBE g K A 3959 B 2R (1 8 AH A
ARKTE S TERIE MBI H AR . FELS W
T: 100 nm PA EFOR REE B H B0RE 32 22 DLAE 3R 1
B A A ) ) 0 ) SRR A7 AR, SR T
R RS ERK S & T 240N SBFMR NG
5%; 100 nm A /N UKL AAH Bk =6 2 1K A
RAB S XL AAFLE, FFAE 1~ 100 nm REZ TG H
NIRRT 3 BB 2 BB 1 BB
AT oA A, Ho /N BRI RS X
I R AREUR FE B HCIR, TR R B R 20A M AR
AW WIS ETRYERF B HCR . FIRIER AR Ky
TE S5 MIITE RS 90K 4B ARR 1) 5 R A KB X 3 )

iEPS

LR

ARTAERR RARHEERIUE A N T 92K
LI SZ R, BRI ERE T REYEZELE
SAXS | & 45T R .

REFERENCES

[1] 5KOZAE, B3, JOKMRMGERE M M] . dbat: #
2 Rk, 2001, 1.
ZHANG Lrde, MU Jrmei. Nanostructured M aterials
and Nanostructure[ M. Beijing: Science Press, 2001.
1.

[2] Suryanarayana C. Nanorystalline materials [ J]. Inter
Mater Rev, 1995, 40: 41~ 64.

[3] Karmhag P, Tesfamichael T, Niklasson G A, et al. Oxi
dation kinetics of nickel solar absorber nanoparticles[ J]. J
Phys D, 2001, 34: 400 ~ 406.

[4] R A7, BRIK, W 77, & I B ROR R
WEFE[T]. ZhAEM Bl 2001, 32: 240 ~242.
WU Xing, RAO Da ging, XIE Ning, et al. Study on the
nickel based coating materials for shielding electromagnet-
ic emission[ J]. Functional Materials, 2001, 32: 240 ~
242,

[5]1 £ &, =lH, Bk, 5. 080 7E B b
DiReM Bl M ], BrsoRHT L2, 2002(2): 41 -
43,
WANG Qun, GE Karyong, MAO Qiarrjin, et al. Ap-

plication of ultrafine Ni pow der in materials shielding EM



F14EH 4

ISTER

S5 GRER A I BRI i XS S ) 20 T ARAE * 579 ¢

[ 6]

[ 10]

radiation[ J]. New Technology, 2002(2): 41~ 43.
N, PR, BB, BRGNS Y KN
X FERATHIM]. Hrm: LR KR, 1989. 386.
PEI Guang-wen, ZHONG Werlie, YUE Shubin. X-ray
Diffraction of Crystal and Polycrystal Materials| M]. Ji
nan: Shandong University Press, 1989. 386.

&2, K&, w55 B0 AR 2 A
WiE, X 52D ABaELT]. BARBEEAR, 1995,
13: 139 ~ 145.

LIU Churrlan, ZHANG Jirryuan, TANG Fu qgiang, et
al. Measurement of size distribution of ultrafine particles
by small angle X-ray scattering[ J]. Powder Metallurgy
Technology, 1995, 13: 139~ 145.

Gerold V, Kostorz G. Smallangle scattering applications
to materials science[ J|. J Appl Cryst, 1978, 11: 376 =
404.

B X, E@an, B W, S5 R Xt/ s AR
FEMK T R[] R T ReREE AR, 2002,
36: 539 ~ 543.

LIU Yi, WANG Hong'li, ZHAO Xin, et al. Study on
the structure of Fe,03 Xerogels by small angle X-ray scat-
tering[ J]. Atomic Energy Sci Tech, 2002, 36: 539 -
543.

ZFEoR, EER. SRHEIRRHAS TR RN
[M]. dtxi: BlZEH A, 1991. 28.

LI How giang, WANG Fur quan. Fractal Theory and Its

[ 11]

[13]

[ 14]

[15]

Application in Molecule Science[ M]. Beijing: Science
Press, 1991. 28.

. SEMSEMEFIRPHETHERS
[J]. #EIRI2EBERE, 1990(4): 121~ 131.

LI Hengde. Fractal and some fractal phenomena in ma-
terials research[ J]. Mater Sci Progs, 1990(4): 121 =
131.

ETFH, BEME BRESYESNSEL. W%
HERE, 1990, 10: 1~ 56.

WANG Zrdan, GONG Chang de.

Progs Phys, 1990, 10: 1~

Fractals in con-
densed matter physics[ J].
56.

KBFE. 2 TBIM]. dE5: 3 H R AR AL, 1995.
116.

ZHANG Jzhong. Fractals[ M].
niversity Press, 1995. 116.

Beijing: Tsinghua U-

Meakin P. Fractal, Scaling and Growth Far From Equi-
librium[ M ].
1998. 4.
Mrsp i, %A%, Mandelbrot B. H R A1 T8 JLAT
2IM]. b B ARHRAE, 1998, 22.

CHEN Showrji LING Fuhua, Mandelbrot B. The
Shanghai: Shanghai

Cambridge: Cambridge University Press,

Fractal Geometry of Nature[ M].
Fareast Press, 1998. 22.

(G (T2REE)



