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Abstract

The technology of wire explosion has been used to produce nanopowders [1, 4, 5, 8, 9]. A new concept was
proposed to produce nanosized powder, which is wire explosion in liquid media. We have exploded the Ag wires with
0.1 to 0.3 mm diameter, in the de-ionized water. Electrical energy of 1.1 kJ was stored in a 10-uF capacitor and released
to the wires through a triggered spark gap switch. As a consequence, there were no micrometer size particles in the
powder, which is attributed to the complete vaporization of the wire. It is considered that the wire explosion in liquid
medium meets three conditions to form smaller particles, namely, higher energy deposition in the wire, sufficient

expansion volume, and quick cooling of the particles.

1. MO DAU

WEE 1a mot phwong phap méi dé téng hop cac
vat liéu c6 kich thudc nanomet [1-4], thoi gian tong
hop rat nhanh va it gy 0 nhiém méi trudng san
pham thu dugc ddng nhit, cac qua trinh hoa Iy xay
ra déu c6 thé khdng ché, quan sat thiy nhd camera
tu ghi, thiét bi di kém nhung thiét bi dét tién. Trong
qua trinh tong hop can phai biét khi nao thi phan
g nd xay ra, xay ra trong bao lau, dudng kinh day
nhu thé nao, méi trudng phan mg ra sao.... Trong
bai bao ndy chung t6i mudn khao sat cac yéu té anh
huéng dén qua trinh tong hop nano Ag bang phuong
phéap WEE.

2. THUC NGHIEM

Day Ag c6 duong kinh tir 0,1mm dén 0,3 mm
(Han Qudc).

May hat chan khong, may siéu am (Nhat Ban).

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

Binh phan tng 5 lit, nudc cAt va mot s6 dung cu
thi nghiém khac.

Xéac dinh kich thudc, sy phan bd hat béng may
Fpar-1000 particles analyzer cua Hang Orsuka
Electronic Co. Ltd. (Nhat Ban).

Gian d6 nhiéu xa Ronghen dugc thuc hién trén
may Siemens D-5005 (CHLB DPuc) véi buc xa CuK,
bude song A = 1,5406 A.

Chyp anh vi cAu tric, kich thudc hat va hinh thai
hoc ciia mau bang kinh hién vi dién tir quét (SEM),
(Nhat Ban).

3. KET QUA THUC NGHIEM

Mau duoc didu ché theo qui trinh sau: Dy bac
duoc diéu chinh ty dong tir trén xudng theo mot ong
hinh tru nhu hinh 1, chét long la nudc cit, ngudn
nang lugng cao va th(n gian s6 1an xdy ra phan ng
nd hoan toan cai dat ty dong va san phélm dugc séy
hat chan khong cudi cing thu duoc 1a bot nano Ag
tinh khiét (theo hinh 1).

3.1. Anh huwéng ciia hiéu di¢n thé dén dwong kinh
day bac

Céac thi nghiém dugc tong hop ¢ dicu kién
duong kinh day Ag tr 0,1 mm dén 0,3 mm, hiéu
dién thé thay d6i tir 500 V dén 3000 V, trong dung
dich nuéc cat. Ching t6i mudn khao sat xem & hiéu
dién thé bang bao nhiéu thi xay ra phan tmg n6 dbi
v6i cac duong kinh day Ag. Két qua thuc nghiém
dugc duara ¢ bang 1.

Qua bang 1, phan tg nd bit dau xay ra déi véi
duong kinh day Ag 0,1 mm; 0,2 mm va 0,3 mm
tuong tmg v6i ngudn hiéu dién thé 1an luot 1a

1000 V; 1500 V; 2000 V. Tirc 1a hiéu dién thé ty
1& thuan véi duong kinh day Ag (khi duong kinh day
tang thi hiéu dién thé ciing ting).

3.2. Anh hwéng ciaa s6 lan phin ng né dén sw
phan bo kich thuwéc hat

Céc thi nghiém dugc tién hanh véi duong kinh
dﬁy Ag thay doi tir 0,1 mm dén 0,3 ’mm,,hi‘éu dién
the 2000 V, trong dung dich nudc cat. SO lan phan
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mg nd xay ra dugc dat tw dong thay doi tir 5 dén 30

lan. Két qua duoc dwa ra o bang 2.

Wire ———+

Feeding roller

Nozzle — — “ v probe

Spak gap
Ground switch
electrode ﬁtz
High voltage '_Ca1p0acli:t:or
electrode u

Currer;.t:probe
Hinh I: So d hé théng diéu ché nano Ag bang phuong phap WEE

Bdng I: Anh huong ciia hi¢u dién thé dén duong kinh day bac

Dao Ngoc Nhiém va cong su

buong kinh day Ag, mm 0,1
Hiéu dién thé, V 500 1000 1500 2000 2500 3000
Mai truong nude Khong co co co co co
buong kinh day Ag, mm 0,2
Hiéu dién thé, V 500 1000 1500 2000 2500 3000
Mbi truong nudc Khoéng Khoéng co co co co
Duong kinh day Ag, mm 0,3
Hiéu dién thé, V 500 1000 1500 2000 2500 3000
Mbi truong nude Khong Khong Khong co co co
Bdng 2: Anh huéng ciia s 1an phan tmg nd dén kich thude hat
Puong kinh dady Ag, mm 0,1
Hiéu dién thé, V 2000
S6 1an phan g nd 5 10 15 20 25 30
Su phan bd kich thude Khéng xac Khéng xac Khéng Xac 0.1939 0.1877 0,1940
hat trung binh, um dinh duoc dinh duoc dinh duoc ’ ’
Puong kinh day Ag, mm 0,2
Hi¢u dién thé, V 2000
S6 1an phan tng nd 5 10 15 20 25 30
Duong kinh ddy Ag, mm 0,3
Hi¢u dién thé, V 2000
S6 1an phan tng n6 5 10 15 20 25 30
E;?fjﬁgﬁgﬁimc dKi?lflndgu’;ic 0,2236 0,2239 0,2236 02252 | 02176
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Qua bang 2, kich thudc hat bit ddu xac dinh
duogc (do khéi luong nano Ag tao ra chua du dé do)
dbi v6i duong kinh day Ag 0,1 mm la > 20 lan; ddi
v6i dudng kinh day Ag 0,2 mm la > 15 lan; dbi véi
dudng kinh diy Ag 0,3 mm 14 > 10 lan. Trong cing
diéu kién thi nghiém két qua phan tich sy phan bd
kich thudc hat trung binh thu dugc khong phu thude
vao sb lan xay ra phan ung nd (tirc 13 nano Ag thu
dugc 1a dong nhat). Khi dudng kinh day Ag ting thi
su phan b hat ciing ting theo.

3.3. Anh hwéng ciia hiéu dién thé dén sy phan b
kich thuéc hat

Miu dugc diéu’ché trong diéu kién duodng kinh
day Ag 0,3 mm, sO lan x4y ra phan tmg né la 10,

Téng hop nano bac bang...

trong moi truong nudc, hidu dién thé thay dbi tir 2000
V @n 4000 V. Cac mau dugc phan tich su phan bd
hat trung binh. Két qua duoc dua ra & bang 3.

Tir bang 3, khi ting hiéu dién thé trong cting mot
diéu kién thi nghiém thi sy phan b kich thudc hat
trung binh giam dan. Vi khi hiéu dién thé cao thi qua
trinh xay ra phan tng nd nhanh hon va manh liét
hon lam cho qué trinh phéan tach cac hat bé hon.

3.4. Xac dinh tinh chit ciia nano Ag

Theo khéao sat & trén chon mau diéu ché voi
duong kinh day Ag 13 0,1 mm, hi¢u dién thé 2000 V,
s6 1an phan tmg nd xay ra la 20 1an roi dé xac dinh
cAu trtc, hinh thai hoc va su phan bd kich thudce hat
trung binh ciia mau . Két qua dua ra ¢ hinh 2, 3 va 4.

Bdng 3: Anh huéng cta hiéu dién thé dén sy phan bé kich thude hat.

Hiéu dién thé, V 2000 2500 3000 3500 4000
Su phan bd kich thude hat trung binh, pm 0,2236 | 0,2040 | 0,1880 | 0,1547 | 0,1353
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Hinh 2: Pho X-Ray ctia Ag nano dugc diéu ché bang phuong phap WEE

Qua phd X-Ray cta mau ché tao bang phuong phap WEE, nano Ag thu dugc 1a don pha.
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Hinh 3: Anh SEM cua Ag nano dugc diéu ché bang phwong phap WEE
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Dao Ngoc Nhiém va cong su

Qua anh SEM ciia mau bt nano Ag duge diéu ché bang phuong phap WEE thu dugc 1a ddng nhat va

6 nhiéu hat kich thude < 50 nm.

Ls (et Distribution (ls)

. |

Ls IAY. Distribution

i
0' B4

”. .‘.t.nab;s.i;....__.. = -:;l’- Femrr )r;.

Diameter {cl)

Polydispersisto.d. )

Dif fusion SonsE. 1)
Fles idus=sl

A

a2
iameter (nmd

e K
92 5 {rurma}
2.1 1ea—0 1
&.5E3s-00a {erma/=ec)
o BT2e— 003 { Sood B

Hinh 4: Sy phan bd kich thudc hat trung binh ciia nano Ag duogc didu ché bang phwong phap WEE

Qua hinh 4, su phan b kich thudc hat trung binh
nano Ag diéu ché bang phwong phap WEE la dong
nhat véi kich thudc hat trung binh 1a 92,5 nm, diéu
nay hoan toan phu hop véi két qua phén tich SEM.

4. KET LUAN

Da khao sat mot sé diéu kién dé diéu ché nano
Ag < 50 nm bang phuong phap WEE.

Phan tmg nd bit dau xay ra voi ngudn hiéu dién
thé > 1000 V dbi véi duong kinh day Ag 0,1 mm; >
1500 V d6i voi duong kinh day Ag 0,2 mm; > 2000
V d6i v6i duong kinh day Ag 0,3 mm.

Kich thuéc hat bit dau xac dinh duoc dbi véi
duong kinh day Ag 0,1 mm la > 20 1in; dbi véi
duong kinh ddy Ag 0.2 mm la > 15 1an; dbi véi
duong kinh day Ag 0,3 mm 1a > 10 lan.

Trong cung diéu kién thi nghiém két qua phan
tich kich thudc hat trung binh thu dugc khong phu
thudc vao sé 1an xay ra phan tng nd va khi ting hiéu
dién thé trong cung mot diéu kién thi nghiém thi sy
phan b kich thude hat trung binh giam dan.

Lién h¢: Pao Ngoc Nhiém
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