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Abstract

The technology of wire explosion (WEE) has been used to produce nanopowder. A new concept was proposed to
produce nanopowder, which is wire explosion in liquid media. Effects of the particles size of iron nanopowder by the
WEE such as iron wire diameter, voltage and reaction times were investigated and discussed. The results showed that
the distribution of average particle of iron nanopowder decreased when the voltage increased. The same experimental
conditions while Fe wire diameter increased from 0.1 mm to 0.3 mm, then the distribution of the average particle size of

iron increased from 0.1989 um to 0.2241 um.
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1. MO DAU

Sat 1a kim loai mau xam, mém, _trong luong
riéng 7,86 g/em’, trong khong khi dé bi oxi hoa
thanh sit oxit [1]. Sit duwoc st dung nhiéu nhat
chiém 95% tong khdi lugng kim loai trén toan thé
gioi. Mot s6 dic tinh wu viét cua Fe vé kha nang
chiu lyc, dd cung nén ching dugc ung dung trong
nhiéu linh vuc nhu: Céng nghé san xuit 6 to, than
tau thuy, cong trinh xay dung, xuc tac,... [2, 3].
Trong vai thdp nién trd lai dady, Cong nghé nano da
dugc nghién ciu phat trién mot cach manh mé bai
céc nha khoa hoc. Fe dugc diéu ché béng nhiéu cach
khac nhau nhu: khir cac oxit sit béng khi H, hodac
CO, dién phan tir dung dich mudi sunfat, ... [1, 3]
Trong bai bao nay, chiing t6i trinh bay két qua khao
sat mot s6 yéu té anh huong dén qua trinh tong hop
nano Fe bing phuong phap WEE. WEE 1a mot
phuong phap méi dé tong hop cac vat liéu co kich
thudc nanomet [4-10], thoi gian tong hop rat nhanh
va it gy 6 nhiém méi trudng san phim thu dugc
dong nhit, cic qua trinh hoa 1y xay ra déu co thé
khéng ché, quan sat thdy nhd camera tu ghi, thiét bi
di kém nhung thiét bi dat tién.

2. THUC NGHIEM
2.1. Héa chit, dung cu va thiét bi

- Day Fe 99,9 % c6 duong kinh tir 0,1 mm dén

0,3 mm (Han Qudc).

- May hut chan khong, may rung siéu am (Nhat
Ban).

- Thiét bi PNC (Plasma Nano Colloid) dé diéu
ché nano Fe (Han Qudc).

- Binh phan tng dung tich 5 lit, nudc khir ion va
mot sé dung cu thi nghiém khac.

2.2. Quy trinh ché tao

Céac miu duoc téng hop theo qui trinh sau: Day
Fe dugc diéu chinh tyr dong tir trén xudng theo mot
ong hinh tru nhu hinh 1, chat long 1a nudc khur ion,
ngudn nang lugng cao va thoi gian s6 lan xay ra
phan ing no6 hoan toan cai dat ty dong va san pham
cudi cung thu dugc la bt nano Fe tinh khiét duoc
hut chan khong (theo hinh 1).
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Hinh 1: So d6 hé thong tong hop nano Fe
bang phuong phap WEE
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2.3. Phwong phap nghién ciru

- Xac dinh sy phan bd kich thudc hat trung binh
trén may Fpar - 1000 particles analyzer cia Hang
Orsuka electronic C,. LTD (Nhat Ban).

- Gian d6 nhidu xa Ronghen dugc thyc hién trén
may Siemens D-5000 (CHLB Drrc) véi birc xa Cuk,,
bude song A = 1,5406 A.

- Chup anh vi ciu tric, kich thuéc hat va hinh
thai hoc cia mau bang kinh hién vi dién tir truyén
qua (TEM) (Nhat Ban).

3.KET QUA VA THAO LUAN

3.1. Nghién ciru 4nh hwéng ctia duwong kinh day
sat va hiéu dién thé deén sw phan bo kich thwéc
hat trung binh

Céc thi nghiém dugc tong hop theo so d6 hinh 1
v6i duong kinh day Fe thay dbi tir 0,1 mm dén 0,3
mm va hiéu dién thé thay dbi tir 500 V dén 3000 V
trong dung dich nudc khir ion. Cac mau thi nghiém
(sau 20 1an nd) dugc dem phan tich sy phan b kich

Dao Ngoc Nhiém va cong su

thudc hat trung binh trén may Fpar - 1000 particles
analyzer. Két qua phén tich duoc ghi lai & bang 1.

Tir két qua bang 1 cho thdy phan tmg nd bét dau
xay ra dbi véi duong kinh day Fe 0,1 mm; 0,2 mm
va 0,3 mm tuong Gng voi ngudn hiéu dién thé lan
lwot 14 1000 V; 1500 V; 2000 V. Trong cung diéu
kién thi nghiém khi duong kinh day Fe tang tur 0,1
mm dén 0,3 mm thi su phan bd kich thude hat trung
binh ciing ting tir 0,1989 pm dén 0,2241 pm diéu
nay tuong ty nhu khi nghién ctru tong hop nano bac
bang phuong phéap nd [4].

Khi hiéu dién thé tang thi sy phan b kich thudc
hat trung binh giam: Di voi day Fe co duong kinh
0,1mm khi hi¢u dién thé tang tir 1000 V dén 3000 V
thi su phan bd kich thudc hat trung binh giam dan
tr 0,2115 um dén 0,1651 pm; d6i v6i diy Fe co
duong kinh 0,2 mm khi higu dién thé tang tir 1500 V
dén 3000 V thi sy phan bd kich thudc hat trung binh
giam dan tir 0,2192 um dén 0,875 pm va ddi v6i day
Fe c6 dudng kinh 0,3 mm khi hiéu dién thé ting tir
2000 V dén 3000 V thi sy phan bd kich thudc hat
trung binh giam dan tir 0,2241 pm dén 0,1962 pm.

Bdng I : Anh huong cia dudng kinh day sit va hiéu dién thé dén sy phan bd kich thude hat

Hiéu dién thé (V) 500 1000 1500 2000 2500 3000
Puong kinh day Fe (®g.), (mm) 0,1
Phan tmg nd - + + + + +
Su phan bo kich thude hat trung - 02115 | 02067 | 0,1989 | 0,1753 | 0,1651
binh (D) (1m)
®r, (mm) 0,2
Phén mg nd - - + + + +
Dy, (um) - - 0,2192 0,2047 0,1988 0,1875
®p. (mm) 0,3
Phan tmg nd - - - + + +
Dy, (um) - - - 0,2241 0,2045 | 10,1962

+ : co phan ing xay ra ; - : khong c6 phan ting xay ra.

3.2. Nghlen ciru anh hwéng ciia sé 1an phéan ing
né dén sy phan bé kich thwéc hat trung binh

Céc thi nghiém dugc tién hanh tuong ty nhu
phén trén v&i duong kinh day Fe thay dbi tir 0,1 mm
dén 0,3 mm, hiéu dién thé 2000 V, trong dung dich
nude khir ion. S6 1an phan tng nd xdy ra dugc dat tu
dong thay d6i tir 5 dén 30 lan. Két qua phan tich
kich thudc hat trung binh clia cdc mau thi nghiém
duogc ghi lai ¢ bang 2 va hinh 2.

Qua bang 2 cho thay kich thu6c hat bét ddu xac
dinh dugc (c6 thé do khdi lwong Fe nano tao ra chua
du dé phan tich) ddi voi duong kinh day Fe 0,1 mm
> 20 lan; d6i voi duong kinh day Fe 0,2 mm > 15
lan; ddi v6i duong kinh day Fe 0,3 mm > 10 lan.
Trong cung diéu kién thi nghiém két qua phén tich
su phan bd kich thuéc hat trung binh thu it phu
thudc vao sb 1an xay ra phan tng nd (tirc 1a Fe nano
thu duge gan nhu dong nhat). Khi duong kinh day
Fe tang tr 0,1 mm dén 0,3 mm thi sy phan bd hat
cling tang dan tir 0,1989 um dén 0,2241 pm.
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Bdng 2: Anh hudng cua s 1an phan tmg nd dén kich thudc hat trung binh

Sélanphantng | 5 | 10 | 15 | 20 | 25 | 30
D, (mm) 0,1
Dy, (um) - - ] - ] o198 | 02015 | 0203
D, (mm) 0,2
Dy, (um) - - | 02029 | 02047 | 02059 | 02073
O (mm) 0,3
Dy, (um) - | 02061 | 02235 | 02241 | 02255 | 02287
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Hinh 2: Anh huéng cia duong kinh day dén sy phan bd kich thude hat trung binh

3.3. Anh huwéng ciia hiéu dién thé dén sw phan b6  Fe 0,3 mm véi sb 1an xay ra phan tng nd 1a 10, hiéu
kich thuéc hat trung binh dién thé thay doi tir 2000 V dén 4000 V.
Cac mau dugc dem phan tich sy phan bd hat
Mau duogc tong hop & diéu kién dudng kinh ddy  trung binh. Két qua duoc biéu dién & hinh 3.
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Hinh 3: Anh huéng cia hiéu dién thé dén su phan b kich thudc hat

Tu hinh 3 cho théy, trong cung mot diéu kién thi  tach cac hat tét hon.
nghiém khi ting hiéu dién thé tr 2000 V dén 4000 V
thi sy phan b kich thudc hat trung binh giam dan tr  3.4. Xdc dinh cu tric pha va kich thuéc hat cia
0,2061 pm dén 0,1355 pm. Piéu niy c6 thé khi hiéu  Fe nano tdng hop bing phuong phap WEE
dién thé cao thi qua trinh xay ra phan tng nd xay ra
nhanh hon va méanh li¢t hon lam cho qué trinh phan Theo khao sat ¢ trén mau diéu ché véi duong
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kinh day Fe 14 0,3 mm, hiéu dién thé 2000 V vdi sb
lan phan tng 1a 10. Mau dugc dem xac dinh ciu
tric, hinh thai hoc va sy phan bd kich thudc hat
trung binh. Két qua phan tich thanh phan ciu trac
pha, kich thudc hat dugc biéu dién & hinh 4, 5 va 6.

Qua gian db nhidu xa tia X (hinh 4) cho thiy,
méu tong hop bang phuong phap WEE thu duoc 1a
don pha Fe véi kich thudc hat ddng nhit co kich
thude hat < 50 nm (hinh 5).

Miu Fe nano tong hop bang phuong phap WEE
dugc dem phan tich, xac dinh sy phan bd kich thude

Dao Ngoc Nhiém va cong su

hat trung binh trén may Fpar - 1000 particles
analyzer c6 Dy = 0,2061 pm (hinh 6). Két qua nay
rat khac biét v6i két qua phan tich kich thude hat
bang TEM (< 50 nm). Diéu nay co thé 1a do cac hat
Fe nano c6 tinh chét tir cho nén céac hat Fe nano khi
duoc hinh thanh rit d& co cum tao thanh dam hat
(hinh 5). Tac 1a méi trudong phén tan cac hat Fe nano
dugc téng hop bang phuong phap WEE chua t6t do
do6 trong cac nghién ciru tiép theo chung toi s& khao
sat chi tiét dung moi dé phan tan tot cac hat Fe nano.
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Hinh 4: Gian d6 nhiu xa tia X ciia Fe nano dugc tong hgp bang phuong phap WEE

Hinh 5: Anh TEM cua Fe nano dugc téng hop
bang phuong phap WEE

4. KET LUAN

- P khao sat mot sé diéu kién dé tong hop nano
Fe < 50 nm bang phwong phap WEE.

- Phan mg nd bat dau xay ra voi ngudn hiéu
dién thé > 1000 V ddi voi duong kinh day Fe 0,1
mm; > 1500 V déi v6i duong kinh day Fe 0,2 mm; >
2000 V d6i véi dudng kinh day Fe 0,3 mm.

- Kich thuéc hat bét dau xac dinh duoc dbi véi
duong kinh day Fe 0,1 mm > 20 lan; d6i voi duong

vz Fesidual
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Pz AError

: %
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Hinh 6: Sy phan bd kich thude hat trung binh cua Fe

nano dugc téng hop bang phuong phap WEE

kinh day Fe 0,2 mm > 15 lan; ddi v6i duong kinh
day Fe 0,3 mm > 10 lan.

- Trong cung diéu kién thi nghiém, két qua phan
tich kich thudc hat trung binh thu duoc it phu thude
vao sO lan xay ra phan tmg nd. Khi ting hiéu dién
thé trong cing mot diéu kién thi nghiém thi sy phan
bd kich thudc hat trung binh giam dan va khi ting
duong kinh day Fe thi sy phan bd kich thu6c hat
trung binh cling tang theo.
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