Tap chi Khoa hoc va Cbéng nghé 50 (6) (2012) 669-676

KHA NANG CHE TAO DUNG DICH NANO KIM LOAI BANG
QUA TRINH HOA TAN ANOT VOI PIEN AP CAO

Nguyén Pirc Hing
Vien Hoa hoc — Vat liéu

“Email: nguyenduchung1946@gmail.com

Dén Toa soan: 21/11/2011; Chap nhan dang: 24/12/2012

TOM TAT

Qua trinh hoa tan andt cac kim loai Ag, Cu, Al, Fe voi mot dién ap DC cuc cao c6 kha ning
hinh thanh dung dich nano. Cac hat kim loai khdo sat bang anh TEM cho kich thudc nhé hon
100 nm v&i dang hinh cau hodc hinh try, nhung dé dang c6 xu hudng tap hop cum véi kich
thudc > 100 nm khi xé&c dinh bang dudng cong phan b ¢& hat.

Nong d6 cua cac dung dich nano kim loai thu dugc bang cach hoa tan andt cao ap c6 thé
xac dinh duoc bang cac phuong phap: AAS tir hao hut trong luong cua andt va tinh tir dinh luat
Faraday va dat gi tri tr 0,27 mg /1 dén 3,25 mg /I

Hiéu suat dién hoa ctia qué trinh hoa tan ant cao ap 1a thap do phai lam néng nude va qua
trinh phan ly nuéc dé tao thanh khi trén cac dién cuc. Khi nay cé thé tham gia trong qué trinh
hinh thanh cac hat nano kim loai trong dung dich nudc.

Tur khoa: dung dich nano kim loai; dung dich nano Ag, Cu, Fe, Al, hoa tan andt cao ap; cong
nghé nano dién hoa.

1. MO PAU

Do nano kim loai ¢6 nhidu tmg dung trong cac nganh dién tir, xtc tac, xtr I méi truong, y,
dugc... nén thuc day viéc nghién ciru tao ra nhiéu phuong phap diéu ché khac nhau [1 - 4].
Phuong phép hoa tan dién hoa andt voi dién ap cao [5 - 6] co nhiéu loi thé nhu k¥ thuat dién hoa
d& thyc hién va diéu khién, dung méi 1a nudc cét, khong st dung hoa chat nén san pham thu
dugc khong 14n céc san pham phu, c6 do tinh khiét cao, dang tao nén su cha y nghién ctru trong
thoi gian gan day [7 - 9]. Két qua nghién ciru cho thay phuong phap hoa tan andt dién ap cao
khong chi ap dung diéu ché dung dich nano cic kim loai bén trong nudc nhu bac, dong ma con
c6 thé st dung dé diéu ché cac dung dich nano cac kim loai hoat dong hon nhu sat, nhom.

2. PHUONG PHAP NGHIEN CUU

Céac kim loai st dung lam dién cuc la: Ag, Cu, Fe, Al dugc gia cong dang tru vai kich
thude @;x h; = 6x150 mm rdi diic boc kin xung quanh bang nhya epoxy véi kich thude @, x h,
=18 x 120 mm tao dién tich tiét dién dién cuc: 29,1834 mm?
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Binh phan tmg dién héa dugc trinh bay tai hinh 1 gdm 2 16p dugc ché tao tir ng nhya
PVC. Ong trong dé chta nude cat 2 1an ¢6 kich thude: @3 x hy = 120 x 1000 mm tuong duong
v6i thé tich: 11,3 lit. Phia dudi day duoc han voi van thao san pham va vi tri 1ap catdt con phia
trén han vé6i van thoat khi va vi tri Iip andt. Ong PVC ngoai c6 kich thude: @, x h, = 200 x 1200
mm. Khong gian giita 2 dng c6 thé tich: 26,38 chira nudc lam méat duoc dan vao phia dudi va
thoat ra & phia trén ng.

Chinh luu cao ap 25 kV/250 mA tao nguén dién mot chiéu hién thi sb gia tri thé va dong
dugc diéu chinh thé va dong ra vo cip voi ché do bao hiém tu dong qua dong va qua thé. Ché do
phan tmg dwoc nghién ctru 1a 6n 4p va 6n dong. Kich thude va hinh déng hat nano dugc xac dinh
bang phan tich phian bd c¢& hat bang thiét bi LA-950V2 Laser Scattering Particle Distribution
Analyzer ciia hing HORIBA tai Vién Héa hoc - Vit liéu va kinh hién vi dién tir truyén qua TEM
trén thiét bi JEOL JEM-1010 tai Phong hién vi dién tir, Vién Vé sinh dich té Paster.
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Hinh 1. Binh phan tng (a), anét bi hoa tan (b) dung dich nand kim loai (c): 1, 2- Andt, Catdt,
3- Khoan nuéc cat, 4- Khoan nudc lam mat, 5, 6- Van dan nuéc lam mét vao va ra,
7- Van thoat khi, 8- Van thao san pham nano.

Thanh phﬁn dung dich dugc xac dinh bang cac phuong phap phd hip thu nguyén tir c6 do
chinh xac dén 2 % trong khoang nong d6 0,1 + 0,0005 mg/ml tai Vién Hoa hoc, Vién KH&CN
Viét Nam trén thiét bi Perkin-Elmer AAS-3300.

Qua trinh hoa tan andt bi tac dong bdi mat do dong nén ciing cod thé xac dinh duoc n(‘Sng do
cta kim loai hoa tan theo dinh luat Faraday:
m Alt
C=—=—— @
V nF
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trong d6: m (mg) la lugng kim loai bi hoa tan ¢ dién cuc andt tinh tir dinh luat Faraday, V (lit)
la the tich nude cat cua binh phan tng, A (g) 1a khoi lugng mol cua kim loai, I (mA) 1a cuong do
dong anot, t (giay) la thoi gian dién phén, F 1a hang so6 Faraday bang 96.500 va n la so6 dién tir cho
va nhan.

Do qua trinh hoa tan anbt cua dién cuc kim loai lam giam kh61 luong nén ndng do dung
dich thu dugc ciing c6 thé tinh tir sy hao hut khoi luwgng ciia anot bang can dién tr EG 220-3
NM.

3. KET QUA VA THAO LUAN

Két qua phan tich sy phan bd c& hat cta cac san pham thu duoc tir qua trinh hoa tan andt
cac dién cuc Ag, Cu, Fe va Al c6 c&c dang nhu trinh bay tai hinh 2. Tt Kkét qua hinh 2 ta théy hat
clia cac kim loai déu dugc phan bd kha tap trung véi kich thude cha yéu trong pham vi nand
mét, phu thudc vao thoi diém do c& hat va ché do hoa tan andt 6n ap tai 14 kV hay on dong tai
130 mA. Pic biét néu do ngay sau khi phan tng gia tri ¢& hat thu dwgc dat dén 100 % dudi
10nm. Sau 60 phut kich thudc hat 16n 1én va tap trung cha yéu ving tir 100 nm hodc 16n hon.
Piéu d6 ching to ¢o thé xay ra hién tuong keo tu lai cia cac hat bac theo thoi gian luu git. bPéi
voi Ag cuc dai tai 87 nm chiém dén 13,84 % va céc c¢& hat dén < 150 nm d3 chiém hon 81 % sb
hat con v6i Cu dinh ctia duong phéan bd cuc dai ¢d 100 nm cho ca 2 truong hop hoa tan andt 6n
&p va 6n dong. Pinh cua dudng phan bd c¢& hat dbi voi qua trinh hoa tan anbt Fe va Al déu 16n
hon, khoang 200 nm cho ca 2 truong hop hoa tan andt 6n ap (hinh 2a) va 6n dong (hinh 2b)
song v6i ché do on ap c6 xuét hién cac dinh ¢ kich thudc 16n, con ché d6 6n dong phan bd tap
trung chii yéu tai ¢& hat ~300 nm véi Fe va ~200 nm v6i Al. Khi thay ddi dién ap, dong va thoi
gian phan tng cac dang dudng cong phan b c& hat vé co ban van tap trung, nhung d6 16n ¢& hat
c6 thay doi.
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Hinh 2. Cac duong cong phén bd ¢ hat doi véi cac san pham hoa tan andt:
1-Ag, 2- Cu.
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Hinh 2 (tiép). Cac duong cong phan bo ¢d hat d6i vai cac san pham hoa tan anot:
bY 1o A 3A 3:A A A r A \
3- Fe va 4-Al voéi cac ché do dién phan: a- 6n ap, b- 6n dong.
Ag-M1_006
AQ-M1.005 —_— g —
Ag-M1 T00 nm Ag-M1 100 nm
Print Mag: 58200x @ 51 mm HV=80.0kV Print Mag: 58200x @ 51 mm HV=80.0kv
4:27:51 p 051209 Direct Mag: 30000x ;]‘319‘;43 P 15/12/09 E;E";t:'l'?lgﬂ' 300003
TEM Mode: Tmaging EMLab-NTHE ode: Imaging ab= §

Microscopist: Tran Quang Huy Microscopist: Tran Quang Huy

-

Tuan (M1).003 Tuan (M1)_008

JR— . . = Too nm
Print Mag: 80400x @ 51 mm 100 nm e e e Hv—s0.0kv

2:09:59 p 04-13.-10 HV=-80.0kV A aEn oot Diroct Mag: 50000
TEM Mode: Tmaging Direct Mag: 400003 ede: Imaging VR R *

EMLab-NIHE

Hinh 3. Anh TEM cua céc hat nano thu dugc sau khi hoa tan andt cao ap
cua cac dién cu 1-Ag, 2-Cu.
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Tuan (Al }).005 =
Print Mag: 39500x @ 51 mm :nr‘?nb(ﬁf }-700365800 o =1
9:15:36 a 04,/19 /10 HV=80.0kV rint Mag: 2 mem
TEM Mode: Tmaging Direct Mag: 20000x e s HV=80.0kv
EML A b — 9 L HE TEM Mode: Imaging Direct Mag: 20000x
EMLab-NIHE

P
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Tuan (M7).001

Print Mag: 80400x @ 51 mm 100 nm Tuan (M7).003 S —
2:26:54 p 04-13/10 HV=80.0kV Print Mag: 39800x @ 51 mm 100 nm
TEM Mode: Imaging Direct Mag: 400003 2:32:10 p 04-13-10 HV=80.0kV
EMLab-NIHE TEM Mode: Imaging Direct Mag: 200003
EMLab-NIHE
a b

Hinh 3 (tiép). Anh TEM ciia cic hat nano thu dugc sau khi hoa tan anét cao ap cua céac dién cu:
3-Al, 4-Fe; tai cac ché do: a-6n ap, b- 6n dong.

Anh TEM thu duoc tai hinh 3 cho thdy dang hat tao thanh tir qua trinh hoa tan andt dién ap
cao chu yéu 1a hinh cau (Ag, Cu, Al) hodc hinh tru tron (Fe) voi kich thudc cac hat déu nhé c&
100 nm, ddng thoi c6 thé nhan thy rd voi ché d6 6n ap (hinh 3a) thu duoc cac hat co kich thude
khong dong déu, con ché d6 6n dong (hinh 3b) thu duge cac hat co kich thude déu hon. Tuy
nhién anh TEM ciing cho thay cac hat nano déu c6 xu huéng két dinh vao nhau nén duong phan
b6 ¢& hat tai hinh 2 s& nhan dwoc nhiéu hat 16n hon 100 nm thyc chét chi 14 hinh anh cia cac
dam hat c6 kich thudc khac nhau.

Két qua phan tich tinh chat hat nano bac cho thiy dung dich khong tao két tiia tring v&i ion
clo, chimmg t6 khong ton tai ion Ag'. Lugng nand bac kim loai tinh dugc theo cac phuong phap
khac nhau dugc trinh bay tai bang 1.

Két qua tir bang 1 cho thay ham luong nand bac tinh dugc tir cdc phuong phéap khac nhau la
khac nhau va nho dan theo thir ty: phuong phap trong lugng > tinh theo dinh luat Faraday >
phan tich hoa hoc > AAS. Gia tri tinh tir dinh luat Faraday tuy nho hon ham luong tinh dugc tir
trong luong bac cua andt bi hao hut nhung cling ching t6 qua trinh hoa tan andt bac voi dién ap
cao ciing duoc phan anh qua quy luat dién hoa Faraday. Tuy nhién san phim hoa tan andt lai
khong ton tai dang ion ma dang hat bac kim loai nén rat c6 thé 1a ion bac bi khir ngay trong dung
dich b&i khi hidré méi sinh ra trén catdt. Dy doan nay s€ con dugc lam ro6 hon khi tiép tuc
nghién ciru trong binh phan tmg bang thity tinh c6 thé quan sat duge cac hién tuong trén céc dién
cuc. Két qua bang 1 ciing cho thdy miu 2 véi dién ap cao hon, thoi gian phan tng lau hon 2 1an
s€ cho dung dich ¢6 ham lugng nand bac nhiéu hon 2 1an tinh tir thuc té hao hut trong lugng andt
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bac va gan 3 lan tinh tir Ii thuyét dién héa theo dinh luat Faraday. Diéu do ciing ching to véi
dién thé cao hon hiéu ng hoa tan andt do cao ap sé& tang nhiéu hon qua trinh dién hoa. Sy khac
biét gilta cac phuong phap phén tich khac nhau ngoai Ii do sai s6 do ban chét ciia phwong phap
cling con chtra dyng nhiéu van d& phai can lam rd.

Bang 1. Ham lugng nand bac xac dinh theo cac phuong phap khac nhau.

Phuong | Tinh tir hao trong Tinh tir dinh luét Phan tich Xac dinh tr AAS
ohép luong Faraday
Nongdo | ¢/1.10* | ppm | g/1.10" | ppm | g/!.10* | ppm | g/.10" | ppm
Mau 1 5,446 58,81 3,692 39,87 3,410 34,1 1,090 10,09
Mau 2 12,710 | 137,25 | 10,170 | 109,85 | 9,390 93,9 4,079 | 40,79

héa hoc

So sanh cac két qua xac dinh ndng do nand ddng, nhom, sit trong dung dich theo 3
phuong phéap: phan tich AAS, phén tich theo hao hut trong luong anét va tinh theo dinh luat
Faraday tir dong an mon duoc trinh bay tai bang 2. Két qua tir bang 2 cho thiy gia tri ndng do
ctia dong dugc xac dinh theo phuong phap AAS tuong dwong voi gia tri xac dinh theo phuong
phap hao hut trong lugng an6t ddi voi qua trinh hoa tan andt dong va 7 dén 11 1an ddi v6i andt
nhom. Pdi véi andt sit do luong hoa tan nhé nén phuong phap hao hut trong lugng khong xéac
dinh duoc.

Bang 2. So sanh néng d6 cua cac dung dich nand Cu, Al, Fe dugc xac dinh theo cac phuong phap phan
tich khac nhau.

STT o x Theo AAS Theo AMynet Tinh theo Faraday
Ki hiéu mau

Civtes MO/ Cvte, MO/ Cme, Mg/l HS, %
1 Cu-21 3,05 2,97 17,18 18,69
2 Cu-22 3,21 3,18 23,51 12,97
3 Cu-23 3,25 3,22 24,83 13,09
4 Cu-24 3,13 3,09 31,83 9,83
5 Cu-25 2,71 2,72 36,48 7,43
6 Cu-26 2,57 2,63 32,72 7,85
7 Al-21 1,18 1,20 4,43 26,64
8 Al-22 1,25 1,21 4,45 27,65
9 Al-23 1,27 1,24 3,78 33,62
10 Al-24 1,25 1,19 3,26 38,29
11 Al-25 1,11 1,15 4,20 26,45
12 Fe-2.1 0,27 - 4,87 5,54
13 Fe-22 0,27 - 3,19 8,46
14 Fe-23 0,54 - 4,50 12,00
15 Fe-2.4 0,54 - 3,83 14,10
16 Fe-25 0,27 - 3,96 6,82
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Nhung gid tri nano kim loai tinh dugc tir dong &n mon theo dinh luat Faraday so voi
phuong phéap khac 16n hon tir khoang 6 dén hon 13 lan d6i voi andt Cu, tir 2 dén 4 1an véi andt
Al va tir 7 dén 18 lan dbi voi andt Fe. Hiéu suit ctia qua trinh hoa tan andt tinh dugc ciing rat
thip, chi dat tir 7,85 % dén 18,69 % d6i véi qué trinh hoa tan andt dong, tir 5,54 % dén 14,1 %
dbi v6i qua trinh hoa tan andt sat con ddi v6i qua trinh hoa tan anoots nhém cao hon tir 26,45 %
dén 38,29 %. Nhu vay tir C4C gia tri hidu sudt ctia phan ung dién hoa thap so véi cac qua trinh
dién hoa tai dién thé thip thong thuong [10] cho thiy luong dién ¢ dién ap cao dugc chuyén
thanh nhiét 1am néng dung dich phan tmg ciing nhu thiic day cac phan tmg dién cuc khac trong
dung dich nudc nhu qua trinh dién phan nude tao cac khi hidro ¢ catét va 6xi & andt. Vi vay co
ché cuia phan mg dién héa hoa tan andt dé tao thanh dung dich kim loai kich thudc nand tai dién
&p cao rat c6 thé co sy tham gia cia cac khi vira dugc tao ra tir dung dich va la van dé tha vi
dang can phai tiép tuc nghién ctru.

4. KET LUAN

Qua trinh hoa tan andt cac kim loai: Ag, Cu, Al, Fe voi dong mot chiéu dién ap siéu
cao déu co kha nang tao thanh dung dich nand. Kich thudc ctia cac hat kim loai xac dinh béng
anh TEM déu nhé hon 100 nm, ¢ dang hinh cau hodc tru cau nhung d& co xu hudng két tu dam
nén dudng cong phan bd c& hat > 100 nm va c6 thé con tu lai thanh dam c6 kich thudce 16n hon.

Ham lugng nané cua cac dung dich thu dugc tir qua trinh hoa tan andt c6 thé xac dinh béng
céc phuong phap: phan tich AAS, tir hao hut trong luong andt hoa tan hodc tinh tir dong hoa tan
theo dinh luat Faraday. Dung dich nan6 ctia cac kim loai thu dugc c¢6 ham luong tir 3,19 mg/l
dén 36,48 mg/I tiry thudc vao ban chat kim loai.

Hiéu sudt qué trinh hoa tan andt bang dong mot chiéu dién 4p cao c6 gia trj thip do lugng
dién s€ lam néng dung dich nudc va thuc hié€n qua trinh phan ly nudc tao khi trén cac dién cuc.
Céc khi moi sinh nay c6 thé tham gia vao qua trinh tao hat nano kim loai trong dung dich nudc.

Loi cdm on. Tac gia xin cam on quy NAFOSTED di tao diéu kién dé thuc hién dé tai.
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ABSTRACT

ABILITY OF MANUFACTORING FOR METAL NANO SOLUTION BY ANODIC
DISSOLVING PROCESS WITH ULTRA-HIGH DC VOLTAGE

Nguyen Duc Hung
Institute for Chemistry and Materials
“Email: nguyenduchung46@gmail.com

The process of dissolving metal anodes of Ag, Cu, Al, Fe with a ultra-high DC voltage is
capable of forming nano-solution. The TEM images showed that size of metal particles is
smaller than 100 nm with spherical or cylindrical shape, and they are easy to tend to aggregate
into clusters of size > 100 nm, as estimated by particle distribution curve.

Content of the nano-solution obtained by dissolving the anode can be determined by such
methods as: AAS analysis, calculation from weight loss of soluble anode and calculation from
dissolving current via Faraday's law. The solution of the metal nanoparticles obtained from the
concentration of 0.27 mg/1t0 3.25mg/ I.

Performance of soluble anode process with high voltage direct current power is low, due to
the processes to heat water and to make it dissociated to form gas on the electrodes. This gas
may participate in the process of forming metallic nanoparticles in aqueous solution.

Keywords: metal nano solution ; nano solution of Ag, Cu, Al, Fe; anodic dissolution with high
voltage; electrochemical nanotechnology.
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