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Preparation of bismuth nanoparticles by DC arc plasma method

YANG Jiang-hai, ZHANG Zhen-zhong, ZHAO Fang-xia, WANG Chao, AN Shao-hua

(College of Materials Science and Engineering, Nanjing University of Technology, Nanjing 210009, China)

Abstract: Bismuth nanoparticles were prepared by controlling the working pressure of self-designed fabricated
high-vacuum three-electrode DC arc plasma production apparatus in argon atmosphere. The chemical composition,
crystalline structure, morphology, and particle size distribution of the samples were characterized by X-ray diffractometry
(XRD), transmission electron microscopy (TEM), selected area electron diffractometry (SAED) and simple PCI software.
The results indicate that the prepared bismuth nanoparticles have uniform size, high purity, narrow size distribution and
spherical shape, and the crystal structure of the samples is the same as that of the bulk materials, being R-3m and
rhombohedral structure, a slight expansion in the lattice parameter. The average diameters of bismuth nanoparticles
increase from 35 nm to 143 nm when the working pressure is from 5 kPa to 60 kPa at constant electric current of 250 A.
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Fig.1 Schematic diagram of high-vacuum, three-electrode DC

arc plasma device for continuous preparing nano-scale metal
powders: 1—Tungsten electrode; 2—Water-cooling crucible; 3—
Water-cooling copper model; 4—Water-cooling separate cavity; 5—
Place with draught; 6—Preparing chamber; 7—Cage and sieve; 8—
Collecting chamber; 9—Water-cooling circular air channel with great

air volume; 10—Circular fan with great air volume
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Fig.2 Influence of working pressure on average diameters of

nanoparticles(/=250 A)
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Fig.3 TEM image (a) and selected area electron diffraction (b)

of nanometer-scale bismuth powders
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Fig.4 Size distribution of bismuth nanoparticles
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Fig.5 EDX pattern of bismuth nanoparticles
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Fig.6 XRD pattern of bismuth nanoparticles

W, XU B AT VR A IR R Al gk sk . AT
SHAAE 27.149°, 37.934°, 39.596°. 48.671°. 55.994°
I 64.473° Kb AT IS Sl V- & T/ 07 b R (012)
(104). (110). (202). (024)F1(122)1f, X155 HLFHT4H
(IR 2 A — 350 BT S U IR A7 ] e G it M 2 55k
a=0.454 8 nm, c=1.186 8 nm, hiyfEF )} 85—1329
B R a=0.454 6 nm, ¢=1.186 2 nm AL, ks 3L
WO A K o

BE S0 SR ST XRD AT 56 06 11 21 1 58 A 40
Scherrer A d=KA/(BcosO) %, b K W%, H
HREIS T 0.89: d Ay kLN s 2=0.154 056 nm A
Cu 8 K 50501 X Wik 0 Wfitid s B A ik
e e B BRI I BE AR, o Al DR AR E R 5 [k
sz, BB Sz el By, S vtk By 7%,
B A ot W b v A 1) Y VAR R P AR T B A . AR
BIF 5 H SRR TR 21 v i FH 45 it s 2T B ) PR REL A ek >k
BIE . #45 Scherrer 2230 LL X SHERATI UG (111) 4 THI
N FEEETH R ARRE i 1) SRR 70 nm

3 g

1) BRI RIS ARk 2l 5, Rift
YA, S HUELE . BOR S EERRRIS ) A

2) il LKA S AR 251 5 AR ELARTR,
INIT AL, AR SRR ESONE A K

3) #EHIFRAETT, 0T LA A [RDRLAR R 20 0K B
Ko BEASEIITEE, GUKERN 1) 7= S PR R AR 1
K MHREE N 250 A, 78K TINS5 kPa BN E] 60
kPa N, K BRRY IR F- BPREAR M 35 nm KGN %] 143 nm.

REFERENCES

[1] LIU P, WANG Y. Study on twin stacking faults in ultrafine
nickel[J]. Materials and Design, 2000, 21(3): 155-157.

[2] WANG J, CAO G, LI Y. Giant positive magnetoresistance in
non-magnetic bismuth nanoparticles[J]. Materials Research
Bulletin, 2003, 38(11/12): 1645-1651.

[3] DRESSELHAUS MILDRED S, LIN Y M, RABIN O,
DRESSELHAUS G. Bismuth nanowires for thermoelectric
applications[J]. Microscale Thermophysical Engineering, 2003,
7(3): 207-219.

[4] BER, KIOF, REW, W WMk IR R 1
MABZNK TR, TENLALA 2], 2003, 19(9): 997-999.
ZHAO Yan-Bao, ZHANG Zhi-Jun, WU Zhi-Shen, DANG

Hong-xin. Preparation of stearic acid modified bismuth



338 T EA G R AR 2009 4F2 A
nanoparticles by solution dispersion[J]. Chinese Journal of KERFI]. Wifi 4JE, 2004, 28(6): 1082-1084.
Inorganic Chemistry, 2003, 19(9): 997-999. LIU Wei, ZHANG Xian-ping, CUI Zuo-lin, ZHANG Zhi-kun.
[5] T, B FHIER SZIEI AL g K as Ry 4% T 2250 Nano-Au particles prepared by H,t+Ar arc plasma[J]. Chinese
[3]. WM H 2, 2006 (9): 128-131. Journal of Rare Metals, 2004, 28(6): 1082—1084.
QIAO Wen-feng, ZHOU Yong-min. Optimizing technological [11] BEW, ¥ W, BREE, W, &8 FIEil& 90K Zn
parameters of preparation of bi nanoparticles by orthogonal B L SR, MR RS, 2004, 19(1): 29-31.
experimental method[J]. Lubrication Engineering, 2006(9) YANG Yan-ming, JIANG Yu, CHEN Jia-zhen, TU Ming-jing.
128—131. Preparation of nanometer Zn powder by plasma method[J].
[6] ZHAO Y, ZHANG Z, DANG H. A simple way to prepare Development and Application of Materials, 2004, 19(1): 29-31.
bismuth nanoparticles[J]. Materials Letters, 2004, 58(5): [12] BU&fh, sk, ORZE, £ 8. HR b & T A sl &
790~793. A Ag BHITFL[T]. $IEHOR, 2007, 28(1): 23-26.
(71 WHDURE, BHEAK, ek, NGk AR KA (7] AR DUAN  Zhi-wei, ZHANG Zhen-zhong, JIANG Cheng-jun,
i, 2006(S1) 164—165. WANG Chao. Preparation of ultrafine silver powders by DC arc
HU Han-xiang, XIE Hua-lin, HE Xiao-mei. Preparation of plasma[J]. Foundry Technology, 2007, 28(1): 23-26.
superfine bismuth powders[J]. Materials Review, 2006(S1) [13] RIS, B PG SRR b i A M]. Jbat:
164-165. T E LR, 2005.
[8] z/bfE, BRI, B, FSIRK. HR A IS B TR CHEN Jie-rong. Plasma clean technologies in the textile dyeing
FERIFNE K Ca W[)]. F5Fhisis AT (& 4, 2007, 27(6): and printing[M]. Beijing: China’s Textile Press, 2005.
488-490. [14] Hoc, R3cke. RITIIRGER R[M]. Jbat: Bhet i,
AN Shao-hua, ZHANG Zhen-zhong, LU Chen-jie, ZHOU 1986: 236.
Jian-qiu. Preparation of nanometer-scale copper powders by GUO Zeng-yuan, ZHAO Wen-hua. ARC and thermal plasma
hydrogen DC (Direct current) arc plasma evaporation[J]. Special [M]. Beijing: Science Press, 1986: 236.
Casting & Nonferrous Alloys, 2007, 27(6): 488—490. [15] B&sm, HRAR, B %, kMo, SHEZE, M. PR
[91 BEaE, WWEHe, £ OH, REE, R, RO, Em. GBI ARGKR H LR T[], W7 @A kLS T A%,

[10]

FIBCIAE 25 1 il 4 SRR 0], BT w24, 2003,
13(5): 1136—1140.

WEI Zhi-qiang, WEN Xian-lun, WANG Jun, WU Zhi-guo, XU
Jian-wei, WU Xian-cheng, YAN Peng-xun. Preparation of Ni
nanopowders by anodic arc plasma[J]. The Chinese Journal of
Nonferrous Metals, 2003, 13(5): 1136—1140.

A A, RIP, ARAEA, SRR, SRR B A A gl

2007, 36(1): 121-125.

WEI Zhi-qiang, XIA Tian-dong, MA Jun, ZHANG Cai-rong,
FENG Wang-jun, YAN Peng-xun. Study on the growth
mechanism of Ni nanopowders prepared by anodic arc plasmal[J].
Rare Metal Materials and Engineering, 2007, 36(1): 121-125.

(4RiE  (FE)



