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Abstract

Implementation of the electrochemical reaction of silver electrode in double distilled water by DC high-voltage will
occur the metal dissolution process on the anode and hydrogen on the cathode comply with Faraday's law. Also on the
electrodes appear luminescent effects due to the formation of plasma on cathode and on anode. The Non-Faraday
process of water electrolysis by plasma will generate the large amounts of hydrogen on electrodes contribute to the
reduction of silver ions to formation of nanoparticle in the solution.
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1. MO DAU

Qua trinh tao nano bac tir phan tng hoa tan andt
bang dong mdt chiéu cao ap duge xac dinh do phan
tmg khir gitra ion bac tao ra tir andt voi khi hidro
thoat ra tir catdt [1-3]. Song véi dién 4p cao ngoai
qué trinh hoa tan andt kim loai va tao hidré tir phan
ung dién hoa dién ly nudc tinh theo Faraday con cé
hiéu tng “khong Faraday” do qua trinh dién ly
plasma trén cac dién cyc [4-6]. Hién tugng plasma
duoc hinh thanh trén bé mit cac dién cuc kim loai
do dong dién tir dugc chuyén dong trong vung dién
ap cao tao ra dién truong va tur truong rat manh [7-8]
lam hinh thanh 16p méng khi va hoi trén ranh giéi
kim loai va dung dich dién ly (hinh 1).

biéu kién tao plasma trén cac dién cuc kim loai
nhu Pt, W, Ti, Ni, Ag, Au,... [7, 9] thuong duoc cac
nghién ctru [10, 11] xac dinh la: dién thé > 140 V,
nhiét d0 moi truong 70 °C, mat d6 dong va dung
dich dién ly dugc st dung 1a K,CO; 0,1 M.

Qua trinh tao plasma trén di€n cuc co tic dong
lam phén huy dung dich dién ly nudc tao thanh H,, O,
va H,O, [9] voi toe dd 16n va hiéu suét rat cao tham
chi hon dén 80 lan so v6i dién phan thong thuong
[10]. Piéu d6 dugc dinh hudng cho qua trinh san xudt
khi H, cho pin nhién li¢u [5, 12]. Nhim nhan 10 sy
tham gia ctia hidro dugc tao ra tir phan ly nudc cat
tinh khiét do hiéu tmg dién ly plasma trong qué trinh
ché tao dung dich nano bac dugc diéu ché béng dong
mot chidu cao ap la myc dich cua bai bao nay.

2. THUC NGHIEM

Thiét bi dé diéu ché dung dich nano bac bang
phuong phap hoa tan anbt 1a ngudn 1 chiéu diéu
khién v6 cap tir 0 dén 25 kV vé6i dong tir 0 dén 250
mA va binh thiy tinh chiu nhiét dugc ché tao hai
16p, bén ngoai chira nudc lam mat duoc bom tuan
hoa tir may 6n nhiét con bén trong 13 nudc cat 2 lan
[1, 13]. Cac phan tng dién cuc cao ap tao ra qua
trinh thoat khi va phat sang da duoc quan sat va ghi
hinh bang k¥ thuat quay video. Lugng khi sinh ra
duoc tinh tir qua trinh phan ly nudc theo dinh luat
Faraday va do thé tich khi. Hiéu suit phan tmg duoc
tinh theo lugng dién ti€u thu do dugc so véi lugng
dién duogc str dung dé dién phan nudc. Cac san pham
nano bac duoc chimg minh bang anh TEM [14],
phan bd ¢ hat [1] va phd UV-Vis [15].

3. KET QUA VA THAO LUAN
3.1. Plasma trén cic dién cuc va tao khi hidrd

Hinh 2 cho thdy hién twong phat sang xanh trén
anbt (hinh 2a) va phat sang vang cam trén catdt
(hinh 2b) khi 4p dong mét chiéu (DC) trén 6 kV 1én
hé cac dién cuc bac trong nudc cAt 2 lan.

Cung vo6i hién tugng phat sang trén cac dién cuc,
khi cling duoc thoat ra véi tdc do 16n, ban dau dang
bot nhd phén tan vao dung dich rdi sau d6 thanh
bong khi 16n hon ndi 1én trén tir catdt chuyén vé andt
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(hinh 2b), con trén andt bot khi 16n tao thanh va
thoat ra khoi bé miat dung dich ngay tir dién cuc andt
(hinh 2a). Mau phat sang khac nhau gilta plasma
andt va cat6t ching t6 ban chit khac nhau ciia cac

Nguyén Pirc Hing va cong suw

qué trinh trén dién cuc andt va catbt. Su khac nhau
d6 do cac qua trinh dién hoéa trén dién cuc:
Trénandt: 2Ag - 2¢ — Ag™ (1)
Trén catbt: 2H,0 + 2¢ — H, + 20H (2)
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Hinh I: (a) Anh plasma trén catSt Ni 1,5 mm, (b) Quan hé thé-dong trong qua trinh dién ly plasma,
(c) M0 hinh dién ly plasma: tao thanh 16p hoi/khi mong trén ranh gidi kim loai/dung dich

Ngoai ra theo [5, 12, 16] sy khac nhau cua qua
trinh phan ly nudc bang plasma trén andt va catot 1a:

Plasma andt: 4H,0 — 3H, + O, + H,0, (3)
Plasma catét: 2H,0 — 2H, + O, 4)
Nhu vy vé chét trén andt khac véi catdt co ion
Ag" va H,0, con trén catdt c6 OH'. Vé luong trén

catdt tong lugng khi thoat ra nhiéu hon trén andt, dic
bi¢t khi hidro. Dicu d6 co thé 1a nguyén nhan quyét

dinh dén su khac nhau vé mau cua plasma trén 2 dién
cuc: trén dién cuc andt ¢6 mau xanh lam (hinh 2a) va
trén dién cyc catdt c6 mau vang cam (hinh 2b). Nhu
da nhan thdy tir cac hinh 2 va cac phan mg, su xuat
hién qua trinh dién ly nudc plasma trén andt va catdt
s€ tao ra lugng khi tir cac phan ung plasma (3 va 4)
16n hon lugng khi do phan tmg dién ly nuéc bang qua
trinh dién hoa (2). Bang 1 biéu dién su phu thudc cua
téng luong khi thu dugc tir qué trinh phan tmg tao
nano bac dién hoéa dién ap so véi lugng khi sinh ra
tinh theo dinh luat Faraday.

Bdng I: Téng lugng khi thoat ra tir cac dién cuc andt va catdt do dugc va tinh tir dinh luét Faraday
voi cac dién cuc c6 duong kinh, thoi gian va mat d6 dong khac nhau.

Diéu kién 0, mm t, phut i, mA/cm’x107
3 4 5 7 15 20 25 50 8,205 | 8,488 | 11,318
Vxp, ml | 63,0 | 80,0 | 93,0 | 125,0 | 93,0 75,0 | 110,0 | 80,0 | 75,00 | 105,0 | 125,0
Vrar.,ml | 15,74 | 23,43 | 25,0 | 33,73 | 25,0 22,9 | 26,15 | 23,58 | 18,17 | 18,79 | 39,15
AV, ml | 4726 |56,57| 68,0 | 91,27 | 68,0 53,0 | 83,85 | 56,42 | 56,23 | 86,21 | 85,85
Vxo/Vea. | 4,0 | 3,41 | 3,72 3,0 3,72 3,27 4,2 3,39 4,13 5,89 3,20
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Két qua tir bang 1 cho thay, thé tich khi tir thuc
té phan tmg do duoc déu 16n hon thé tich tinh theo
dinh luat Faraday tur 3,0 dén 5,89 lan tuy thudc vao
cac diéu kién khac nhau cua: duong kinh dién cuec,
thoi gian va mat 6 dong. Piéu d6 ching to rang tai
dién ap cao qua trinh thoat khi trén cac dién cuc tinh
theo dinh luat Faraday chi chiém mot phén nhé con
phﬁn 16n hon dugce thue hién theo co ché khac ngoai
co ché dién hoa d6 1a qué trinh dién phan plasma.
Theo Mizuno [5] phan ung dién ly nudc plasma co
thé tao duoc luong khi gap dén 80 1an so vé&i qua
trinh dién ly nudc bang phan ung dién hoéa. O day
lugng khi do plasma khong l6n nhu tai li€u 1a do xay
ra qua trinh dién hoa dong thoi theo (1) va (2) ciing
nhu méi truong dién ly 1a nudc cat 2 1an c6 do dan
dién rat nho. Hon nita lugng khi hidré méi sinh dé bi
mat di do tham gia vao cac phan tng oxi hoa - khir
v6i cac chit vira tao ra trong long dung dich nhu
Ag+ hOElC H202.

3.2. Tao nano bac trong dung dich

Hinh 3 trinh bay qué trinh bién d6i mau cia
nudc cat 2 lan sau thoi gian dién phan bang dong
DC cao ép cling nhu thoi diém xuét hién hién tuong
tao tia ltra & dién cuc andt va catdt tai dién ap cao.
Tir hinh 3 ta thay, khi phan @mg véi dién ap 7,22 kV,
mat do dong 4,26 mA/mm” tai khoang cach 2 dién

(@

Hinh 2: (a) Plasma andt va (b) plasma catdt ctia qua trinh tao nano bac bang dong DC cao ap

Hiéu urng dién ly plasma trong...

(b)

cuc 350 mm bot khi bt dau thoat ra manh trén catdt
lam cho toan bo binh phan tmg bién thanh mau tring
ctia bot khi hidrd nho phan tan vao dung dich. Pong
thoi trén bé mat dién cuc andt ciing quan sat thiy su
xudt hién tia sang mau xanh (hinh 3a) va sang rd dan
(hinh 3b). Sau thoi gian phan ung khoang 10 phut
nuéc cat bat dau chuyén thanh mau vang tir ving
gan andt va ddm dan & khoang giita thiét bi phan
tmg. Pén khoang 20 phit mau vang di chiém toan
bo thé tich thiét bi phan tmg va ving trén da trd nén
dam den. Pong thoi hién tugng phat sang trén bé
mat vung catdt va bot khi thoat rit manh thanh dang
bong bong 16n ciing xuit hién rd sau thoi gian hon
20 phat (hinh 3c¢). Tt thoi gian 30 phut toan bd binh
phan tmg chuyén thanh mau den cho dén khi két
thtic thi nghiém tai 50 phat (hinh 3d).

Tuy nhién phy thudc vao diéu kién phan tmg nhur:
khoang cach gitra dién cuc andt va catdt, duong kinh
dién cuc, dién thé va dong phan ung hodc mat do
dong va nhiét 6 dat duoc ciia cac dung dich ma dién
bién cac qua trinh tao plasma andt va cat6t s& xay ra
v&i mue do va thoi gian khac nhau (hinh 4 va 5).

Do su khac nhau vé dién bién cua qua trinh xudt
hién plasma dién cuc nhiing diéu kién dé tao ra nano
trong 1ong dung dich ciing khic nhau nén tinh chat
clia cac san phim thu dwoc nhu mau cua cac dung
dich nano bac ciing rat khac nhau. Qua trinh bién ddi
mau ching té da cé cac phan ung trong long dung

328



TCHH, T. 52(3), 2014 Nguyén Pirc Hing va cong su

dich dugc thuc hién do cac phan ung hoéa hoc khi  long dung dich [22, 23] gdp nhau va phan ung Oxi
cac chat sinh ra trén andt va catot khuéch tan vao  hoa - khir hoac trao d6i nhu:

a b
Hinh 3: Qua trinh tao nano bac tai phan (mg hoa tan andt dong DC dién ap cao voi: dién cuc
@ =3 mm, khoang cach H =350 mm, [ = 55,55 mA, 1=4,26 mA/mm?, U =722kV, (a) thoat khi,
(b) sau 10 phut dung dich chuyén vang va phat sang do plasma & andt, (¢) sau 22 phut dung dich soi
manh, phat sang do plasma & catdt, (d) tir 30 phut dung dich chuyén mau den

2A¢” + H, — 2Ag” + 2H" (5) hat nano bac trong dung dich tao nén nhimg hiéu

OH + H —  HO (6) ung anh sang nhat dinh [8]. Tir cac hinh 3, 4 va 5 ta

2Ag" + 20H — AgO + H,0 (7) ciing dd nhan thiy dién bién tao mau, muc d6 mau

Ag0 + H, — 2A¢" + H,0O (8) va cudng d6 mau ciing rit khac nhau rat phy thudc

Su tao thanh cac nguyén va phan tir bac kim loai  véo cac diéu kién phan tng nhu khoang cach, duong
hodc bac oxit 1a diéu kién dé phat trién tao thanh cac  kinh va thoi gian dé tao ra cac plasma dién cuyc.

d
Hinh 4: Qua trinh tao nano bac tai phan (mg hoa tan andt dong DC dién ap cao voi: dién cuc
@ =4 mm, khoang cach H =350 mm, I = 52,83 mA, i =4,2041 mA/mm’, U = 6,20 kV, (a) 13 phut
bot tring, (b)16 phit bot khi l6n ¢ catdt, xut hién plasma catbt, (c) 18 phut dung dich chuyén vang
dam, plasma catdt, dung dich s6i, (d) 22 phat vang sdm, plasma catét két thiic sau 25 phut
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(2) (b)

Hiéu urng dién ly plasma trong...

(c) (d) (e)

Hinh 5: Qua trinh tao nano bac tai phan (mg hoa tan andt dong DC dién ap cao voi: dién cuc
@ =5 mm, khoang cach H =350 mm, [ = 52,13 mA, i =4,1497 mA/mm?, U =6,15kV, (a) thoat khi,
(b) 16 phit dung dich bat dau chuyén vang, (c) 23 phit plasma andt ¢6 bot khi, (d) 26 phut bot khi va
plasma & catdt, (e) s61 manh, mau vang dam duc, két thuc sau 35 phut

Hinh 6 trinh bay anh TEM ctia nano bac voi do
phong dai 100 nm (hinh 6a) va 20 nm (hinh 6b) cling
nhu phan bd c& hat theo laser (hinh 6c) va theo
Aligen (hinh 6d) déu cho thiy dang hinh ciu cua cac
cd hat va c6 kich thudc hat theo cac cép khac nhau.
Kich thuéc hat xac dinh theo TEM phan 16n déu nho
hon 15 nm nhung x4c dinh theo phan bd thuong tip
trung cac ving hat twong tng véi cac cap tir 2 dén 5
nm, tr 7 &én 15 nm va tir 40 dén 100 nm. Nhu vay
tir phan t bac kim loai hodc bac 6xit dugc tao thanh
theo cac phan tmg (5), (7) va (8) s& phat trién thanh
hat nano c6 kich thudc 16n hon theo cac cap. Qua
trinh tao hat bac nano bang phan tmg dién héa DC
cao ap ciing s& gidng nhu cic qua trinh tir phan tng
khir hoa hoc giita bac nitrat bang glucozo, citrate,
natriborhydrua [17-19] nhung véi diém khéc biét 1a
ion bac dugc tao thanh tir phan ng hoa tan andt
trong nudc cat bang dong DC cao 4p con chat khir 1a
hidré nguyén tir méi tao thanh tr phan Gng dién ly
nudc trén catdt hodc cac phan tmg dién ly nude bang
plasma dién cuc. Theo [20] cac phan tir bac kim loai
dé két lai v6i nhau béng Iuvc Van der Waals hoac hép
phu trén bé mit cac ion H hay Ag,O [21] 13 nhiing
chat rat d& bj khtr khi gap H,. Nho vay hat bac kim
loai 16n 1én dén cac kich thudc nano theo cac cp hat
khéc nhau nhu da trinh bay tai hinh 6.

3.3. Phd UV-Vis

Hinh 7 biéu dién mau cia cac dung dich nano
bac diéu che tai cac ché do khac nhau tuong tng nhu

dugc néu & bang 2. Hinh 7 cho thdy mau ctia cic san
pham bién ddi rat phong phu tir vang nhat dén vang
dam, nau, xam nhat, xam dam va den.

T két qua thu dugc vé nong dd cla cac san
phim tai cac diéu kién phan tng nhu duong kinh
dién cuc, dién thé cao ap, dong va nhiét do (bang 2)
ta chua nhan théy duoc tinh quy luat cta céc diéu
kién phan tng, nong d¢ ciia sin phim va mau san
pham thu dugc. Do mau biéu hién tinh chat quang
hoc cua cac hat nano bac phu thudc khong chi vao
néng dd ma con phuy thudc vao kich thudc va tinh
chit cua cac hat duge tao nén trong h¢ cac phan ung
dién hoa hoa tan andt va thoat khi, plasma dién cuc
va khtr héa hoc trong long dung dich nén khong dé
khéng ché quy luit tao mau.

Béng cach xac dinh sy phu thudc cia phé UV-
Vis vao thoi gian phan ung vdi cac dién cuc cod
duong kinh khac nhau dugc trinh bay tai hinh 8 cho
théy: cuc dai hép thu cta cac dung dich nano bac
dao dong trong khoang 410 nm dén 450 nm ciing
nhu chidu cao cua phd ciing rat khac nhau khi thoi
gian va duong kinh cua cac dién cuc khac nhau. Su
khéc nhau vé& vi tri cua cuc dai hép thu phé UV-Vis
cling chimg t6 su khac nhau v& mau ciia san pham
nano bac dugc diéu ché tir dong DC cao ap ciing
twong ty nhu dung dich nano bac duogc diéu ché
bang cac phuong phap khac [8].
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Hinh 6: Anh TEM (a, b) va phan bé ¢ hat (c, d) nano bac dugc diéu ché bang dong DC cao 4p
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Hinh 7: Mau cua cac san pham nano bac dugc diéu ché bang qua trinh hoa tan andt véi cac diéu kién phan
ung nhu khoang cach dién cuc 500 mm, thoi gian bién d6i tir 25 phat (M6, M18, M30), 35 phat (M10, M22,
M34) va 50 phut (M2, M 14, M26, M38) va duong kinh dién cuc khac nhau: @ =3 mm (M2), ¥ =4 mm
M6, M10, M14), @ =5 mm (M18, M22, M26), @ =7 mm (M30, M34, M38)

Bdng 2: Cac thong s phan ung dién hoa véi hiéu tmg plasma twong g ctia cdc mau tai hinh 3

Mau M2 M6 | MI10 | M14 | MI8 | M22 | M26 | M30 | M34 | M38
Upc, kV 10,66 | 10,33 | 6,15 | 722 | 950 | 7,67 | 8,64 | 9,25 | 9,12 | 8,30
Ipc, mA 56,73 | 55,62 | 52,13 | 53,55 | 63,60 | 64,34 | 67,80 | 68,0 | 69,32 | 53,70
0, mm 3 4 4 4 5 5 5 7 7 7
i, mA/mm? 8,03 | 442 | 4,15 | 442 | 324 | 3,28 | 345 1,84 | 1,88 1,45
Ha.c, mm 500 500 500 500 500 500 500 500 500 500
Tgp, °C 65 57 69 53 72 68 75 72 76 84
tpu, phut 50 25 35 50 25 35 50 25 35 50
Cag, Mg/l (AAS) | 61,38 | 43,64 | 34,18 | 40,54 | 108,5 | 213,9 | 66,07 | 68,53 | 106,9 | 98,48
Mau Den | Vang | Vang | Xdm | Xé4m | Den | Vang | Nau Den | Vang
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Hinh 8: Phd UV-Vis ciia cac dung dich nano bac duoc diéu ché bang qua trinh hoa tan andt voi
thoi gian va kich thudce dién cuc khac nhau (a) 3 mm, (b) 5 mm va (¢) 7 mm

4. KET LUAN

Dung dich nano bac duoc diéu ché bang dong
mot chiéu dién ap cao ludn co sy Kkét hop véi hiéu
ung cua qua trinh tao plasma trén cac dién cyc andt
va catdt. Su phan hiy nudce dé tao khi bang plasma
dién cuc s€ cung cép cac chét dic biét 1a lugng 16n
khi H, méi sinh dé khtr ion bac ciing nhu hop chét
cua bac duogc thanh do phan tng hoa tan andt dién
cuc bac, thuc déy qua trinh tao nano bac trong nudc
cit. Kich thudc hat nano bac dao dong dén 40 nm
v6i cac cip hat khac nhau. Ban chét cia cic qua
trinh tao thanh plasma di€n cyc nhu khoang cach
gitra andt va catét, duong kinh dién cuc, thoi gian
phan tmg c¢6 anh huong dén cac dic tinh cua dung
dich nano bac dugc phan anh qua phé UV-Vis, mau
ctia san phdm dung dich nano bac.

Loi cam on: Tdac gia xin cam on quy NAFOSTED
da tao diéu kién deé thuc hién dé tai, ma so 104.03-
2010.33.
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