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cia 16p mang phia hon hep oxit SnO:-Sb20s/HKC va kha nang xir ly
chat mau Rhodamine B
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Tom tat

Bai bao trinh bay dnh huwéng cda ndéng dé SbCls trong dung dich tao mang dén céu tric va tinh chét cda
mang pht hén hop oxit kim loai trén nén thép hop kim cao Cr18Ni12Ti va tng dung trong xtr Iy chéat mau
Rhodamin B bang phuong phap oxi hoa dién hba néng cao. Cac két qua nghién ctru hinh thai bé mat
(SEM), céu tric (XRD), quét thé vong (CV), dé dan (dién tr& 4 mii do) va phd hap thu (UV-Vis) cho théy
mau nhang pha trong dung dich chira 10 g/L SbCls, nung & 450°C trong 5 gio la tét nhéat. Mang khéng cé
hién twong nit, dién tré suédt nhd nhat va cé tinh thé SnOz Ién nhét. Hiéu suét tich mau Rhodamine B khi
str dung dién cuc Sn02-Sb20/HKC dat t6i 95% sau 20 phat dién phédn & méat do dong 12 mA/cm?.

Tur khéa: Sn02-Sb203, thép hop kim cao, mang phu, thiéc pha tap antimon
Abstract

This paper deals with the effects of SbCls concentration on the structure and properties of mixed metal oxide
thin film on high alloy steel Cr18Ni12Ti and application for the treatment of Rhodamine B by advanced
electrochemical oxidation method. The obtained results of surface morphology (SEM), crystal structure
(XRD), cyclic voltammetry (CV), conductivity (four point probers), and absorption spectroscopy (UV-Vis)
show that the mixed oxide thin film SnO2-Sb203/HKC formed by dipped in a solution containing 10 g/L of
SbCls, calcined at 450 °C for 5 hours provides the film with the best properties. The formed film has no
crack-mud phenomenon, the smallest resistivity and the largest SnO: crystal size. The color removal
efficiency of Rhodamine B on SnO2-Sb20s/HKC anode reaches about 95% for 20 minutes of electrolysis

time at the current density 12 mA/cm?.
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1. Giéi thiéu

SnO» 1a mét trong céc oxit kim loai c6 tinh ban
dan, trong sudt va tir 1au da dugc nghién ciu va tng
dung rong rai trong thyc té€ do co dé cimg cao, tro voi
moi truong, cho anh sang nhin thdy di qua... Trong
linh vyc dién hoa, SnO, thuong dugc bd sung
antimon dé lam tang do dan, lam dién cuc ung dung
trong xu ly chit mau hitu co, nudc thai dét nhuom
bang phuong phap oxi hoa dién hoa nang cao. Khi
pha tap antimon, tao ra sy mAt cin bfing vé dién tir va
lam tang tinh dan dién cua vat liéu [1]. Cac két qua
nghién ctru cho théy d6 dan dién cua mang phy thude
vao néng d6 antimon pha tap, kich thudc cua cac hat
tinh thé hay nong do hat tai va d¢ linh dong cua hat
dan...[2-5].

* Dia chi lién hé: Tel.: (+84) 985.121.277
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Thubc nhuém Rhodamin B (RhB) l1a chat mau
xanthene - mot chit nhudém mau co ban, dugc su
dung rdng rdi trong cac nganh cong nghi¢p dét
nhudm to, len, da va cotton... Tuy nhién RhB Ia chét
¢6 tinh doc hai cao, c6 thé gay doc hai cho dudong hod
héap, gan, than, dic biét 1a chit c6 thé chuyén héa
thanh amin thom gdy ung thu cho con ngudi. Ngoai
ra, RhB khi thai ra m6i truong lam anh huong dén
moi truong sinh thai, nguén nudc mét, nude ngam...
[6]. M6t trong nhitng phuong phéap hiéu qua dé xir ly
chat mau RhB 14 st dung phuong phép oxi hoa dién
héa nang cao véi dién cuc mang phit hon hop oxit
kim loai. Co ché 1a tao ra cac gbc hydoxyl, c6 thé oxi
héa cao, xtr Iy duoc triét dé cac chat mau hitu co...
nén hién nay phuong phap nay dang dugc str dung
rong rai trén thé gidi.

Bai bao nay nghién ctru anh huong cia ndng do
SbCl; bd sung dén chu trac, hinh thai bé mit cua
mang pha hon hop oxit Sn0,-Sb,0; trén bé mat thép
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hop kim cao Cr18Nil2Ti (SnO,-SboO3/HKC) va kha
nang oxi héa chit mau RhB. Muyc tiéu tim ra ndng do
SbCl; thich hop nhét pha tap vao dung dich tao mang
dé tao ra vt liéu c6 d6 dan tét dung lam dién cuc cho
ky thuat xir 1y nudc thai dét nhudém bang phuong
phap dién hoa va co kha nang xir 1y tot chat mau.

2. Thuc nghiém
2.1. Héa chit va vit liéu

Héa chét thi nghiém gom SnCls.5H20 (AR),
SbCl; (AR), HCI1 (37%, AR), isopropanol (AR) va
cac phu gia khac.

Mau thi nghiém 14 thép hop kim cao Cr18Nil2Ti
c6 kich thuéc ¢8mm x10mm va ¢8mm x50mm.

2.2. Tao mang hén hop Sn0:-Sh20; trén bé mit
thép hop kim cao

Bé mit mau truéc mdi thi nghiém duoc lam
sach theo cac budc sau: tdy ddu md, danh bong bang
gidy rap tir tho dén tinh (P150 — P240 — P600 —
P1000), rira sach bang xa phong, nudc sach, nudce cit,
lam sach siéu 4m va sy kho.

Xtr Iy nén bang dung dich axit oxalic 15% &
nhiét df) 90°C trong ‘1 giq, ria lai bang nudc sach,
nudce cat va lau kho bang con.

Quaé trinh tao mang duogc tién hanh nhu sau: miu
thép HKC sau khi lam sach dugc nhung trong dung
dich tao mang (chua 162 g/ SnCls (16,2%), ham
lugng SbCl; bd sung thay ddi tir 0 + 15 g/ L (0-1,5%)
trong 5 phut & 90 °C. Mau sau khi nhung phu, duoc siy
kho trong 15 phat ¢ nhiét d6 70 °C va nung ¢ nhiét do
450 °C trong 1 gi0. Sau khi nung, mau dugc rira sach
bang nudc va nude cit, sdy kho va tiép tuc duge nhing
phu trong dung dich tao mang. Qua trinh nhing phu
duoc lap di lap lai 6 1an, 1an cudi ciing miu dugc nung
trong 5 gio.

2.3. Phwong phap nghién ciru

- Hinh thai bé mit cta mang dugc xac dinh béng
phuong phap hién vi dién tir quét trén thiét bi SEM-
JEOL-JSM-7600F (My¥).

- Chu triic bé mat cua mang dugc xac dinh béng
gian d6 nhiéu xa tia X trén thiét bi XPERT PRO (Ha
Lan). Kich thudc tinh thé dugc tinh toan theo cong
thirc Scherrer:

~0,94x4

B L xcosf

trong do:
D: Kich thudc tinh thé trung binh
A: budc séng cia tia X (L = 1,54056 A)
p: line broadeningtai mot ntra ctia cudng do cuc
dai [radians]
6 goc Bragg [d0]

Pién tro suéi’t cua mang dugc xac dinh béng
phuong phap do bon miii do.

Kha ning oxi hdéa cia cic miu SnO»-
Sb,03/HKC dugc déanh gia bang phuong phap quét
thé vong (CV) véi khoang quét thé -0,5 V dén 1,5 V
va tbe do quét 50 mV/s trén thiét bi do dién hoa
Autolab PGSTAT 302N (Ha Lan) v6i hé ba dién cuc.
Pién cuc nghién curu 1a dién cuc SnO,-Sb,03/HKC co
dién tich 3 cm?; Dién cuc so sanh la dién cuc calomel
bao hoa (voi dlen thé +0,242 V so véi dién cuc hydro
tiéu chuan) Dién cuc dbi 1a dién cuc ludi platin cung
mot sb thiét bi phu tro khéc.

Hiéu qua xir Iy chat mau RhB bang dién cuc
Sn0,-Sb,03/HKC dugc danh gid bang phuong phap
UV-Vis trén thiét bi Cary 100 Conc UV-Vis
Spectrophotometer (Anh).

3. Két qua va thio luin

3.1. Anh hwéng ciia néng dé SbCl; bo sung dén ciu
triic va hinh thdi bé mdt ciia mang hén hop oxit trén
nén thép hop kim cao Cr18Nil2Ti

Gian dd nhidu xa tia X ciia cdc mau nghién ctru
trong dung dich tao mang c6 ndng do SbCl; thay doi
tir 0 + 15 g/L dugc trinh bay ¢ hinh 1.
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Hinh 1. Gian db nhiéu xa tia X cua mang nhang phu
trong dung dich c6 cac ndong do SbCl; khac nhau
a.0g/L b.5g/L c.10g/L d. 15 g/L

So sanh két qua chup XRD cia cac mau dugc
bd sung 5, 10 va 15 g/L SbCl; véi mau khong bod
sung SbCl; [7] cho thay cic miu déu xuét hién cac
peak dic trung ciia SnO; tai cac vi tri 20 ~ 279, 349,
50° twong g voi cac ho mit (110), (101) va (211).
Diéu d6 chimg to SnCly da bi phan hiy nhiét thanh
SnO, theo phuong trinh phan ung (1), (2):

SnCly + H,O  — Sn(OH), + HCI (1)
Sn(OH)4 - HO —> SnO; ©)
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Mau khéng bd sung SbCls c6 cuong do peak &
ho mat (110) 16n nhat. Khi bé sung SbCl; vao dung
dich tao mang, gian dd XRD cua cac mau (hinh 1b, c,
d) da xuit hién thém peak cua oxit Sb,O; tai vi tri
20~50,69° tuong Gng v4i mat ho (212), ching to da co
sy hinh thanh mang hdn hop oxit Sn0,-Sb,05 trén bé
mat thép hop kim cao. Cuong do peak dac trung tai ho
mit (110), (101) va (211) cia cdc mau nay ciing giam
di kha rd. Mat wu tién (110) chi xuat hién khi dung
dich duge bd sung 10 g/L SbCls, ¢ hai nbng dd con
lai, peak ciia cac mat 1a twong d6i dong déu, khong
xuat hién mit wu tién. Kich thudce tinh thé SnO; sau
khi dugc bo sung SbCl; va mau khong bd sung duoc
tinh toan theo phuong trinh Scherer (bang 1).

Bang 1. Anh hudng ciia ndng d6 SbCls trong dung dich
to1 hinh dang va kich thudc tinh thé SnO,

Nong d6 SbCl; trong dung dich | Kich thudc tinh thé
(gL) SnO; (nm)
0 3,9
5 42
10 6,5
15 4,5

Bang 2. Anh hudng ciia ndng d6 SbCls dén dién tro suat
clia mang

Nong d6 SbCls trong dung Dién tro suét
dich (g/L) (Q.cm)
0 2200
5 390
10 0,043
15 1400

Bang 1 cho thiy nong d¢ SbCl; bo sung vao dung
dich tang thi kich thugc tinh thé SnO; ting lén va dat
gia tri 16n nhét & 10 g/L va sau d6 c6 xu huéng giam
dan. Pidu nay c6 thé do antimon pha tap vao s& & dang
Sb**, ¢6 ban kinh nguyén tir 0,076 nm thay thé vi tri
cua Sn*" ¢6 ban kinh 0,071 nm [2] lam cho kich thuéc
cua tinh thé ting lén. Khi ting ham luong SbCl; lén
dén 15 g/L, kich thudc tinh thé di giam manh, c6 thé
do giéi han bdo hoa cua antimon pha tap trong mau
Sn0, va do khéng c6 mit uu tién cho qua trinh két tinh
tinh thé [2].

Dé 1am 16 hon anh huong ciia ham lugng SbCls
t6i céu tric va tinh chit cia mang phu, dién tré suat
cta mang dugc do theo phuong phap bbn mii do. Két
qua thu duoc tir bang 2 cho thy dién tré' suat cia mang
khi nhung phu trong dung dich khéng pha tap antimon
la kha 16n (2,2.10° Q.cm), nhung khi dugc bd sung
SbCl; vao dung dich tao mang, dién trd suét cia mang
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c6 xu huéng gidm manh (do dan dién tang). Dién tro
suat dat gia tri nho nhat bang 4,3.102 Q.cm khi nhiing
phu trong dung dich dwoc bo sung 10 g/L SbCls. Tuy
nhién, dién tro suit lai taing manh khi dung dich tao
mang duoc bd sung 15 g/L SbCls.

Diéu nay co thé do khi bd sung Sb** voi ham
luong nho hon 15g/L vao dung dich tao mang, Sb*"
thay thé Sn** lam tang kich thudc tinh thé, ting nong
do hat tai dién va lam giam sy tan xa chét mang dién
trén ranh giéi hat lam cho dién tré sudt ciia mang
giam. Khi ting ndng do Sb** 1én 15 g/L, ¢6 thé do
ham luong Sb** bd sung vuot qua gioi han cé thé thay
thé vao Sn*', lugng Sb** du tao thanh oxit Sb,Os trén
16p mang phu, 1am giam d6 din ctia mang. Ngoai ra,
khi ndng d6 pha tap vuot qua gidi han co thé lam cho
cac hat tai dién khong con linh dong va co sy tao
thanh céac hat trung hoa vé dién, lam giam sb lugng
Sb** hoat tinh dién trong mang giam, 1am tdng dién
tré suit ciia mang (giam d6 dan dién) [2,5]. Cac két
qué thu duoc hoan toan phtt hop véi két qua tinh toan
kich thudc tinh thé SnO; (bang 1).

Nhu vy, trong khoang ndéng do SbCls nghién
ctru bd sung tir 0 dén 15 g/L vao dung dich tao mang
hdn hop oxit, déu co su xudt hién oxit SnO, véi cdu
tric t& dién rutil. Tinh thé SnO, duoc tao ra co kich
thudc 16n nht khi tao mang trong dung dich chtra 10
g/L SbCl; va & nong do nay mang co dién tré nho
nhit (d6 dan dién 16n nhat).

Hinh 2 1 két qua chup hién vi dién tor quét cua
cac miu nhung phii voi ndng do SbCl; bd sung khac
nhau. So sanh hinh thai bé mat mau khi duoc b sung
tir 0-10 g/L SbCl; véi mau dugc bd sung 15 g/L
SbCl; [12] cho thiy ndng do SbCl; trong dung dich
tao mang phu hon hop oxit c6 anh hudng t6i hinh thai
bé mat cua mang trén nén thép hop kim cao. Tét ca
cac mau déu khong ¢ sy xuit hién cac vét nut trén
bé mat (hién tugng crack-mud) nhu khi tao mang hdn
hop Sn0,-Sb,0; trén nén titan [8]. Hién twong crack-
mud 13 nguyén nhan lam giam d6 bén dién hoa do
dung dich dién ly dé dang thdm qua cac vét nit cua
mang, 1am hién tuwong an mon vat li¢u nén tro nén dé
dang hon ma tai liéu [9] da cong bo.

3.2. Dinh gi khd nang img dung dién cyc SnO>-
8b203/ HKC trong xir ly chat mau RhB bang phuong
Phap oxi hoa dién hoa nang cao

Tién hanh quét thé vong (CV) véi dién cuc thép
hop kim cao phii mang hdn hop oxit HKC/SnO,-
Sb,0; trong dung dich 20 mg/L Rhodamin B (c6 bd
sung 2 g/L NaCl) vé6i tc d6 quét 50 mV/s dé danh
gia kha nang oxi hoa cua vat li¢u dién cuc. Két qua
dugc trinh bay ¢ hinh 3.
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Hinh 3. Quét thé vong cua dién cue SnO,-Sb,0s/ HKC,
trong dung dich 20 mg/L RhB (c6 bo sung 2 g/L. NaCl)

Két qua do CV cho thiy di xuat hién mot peak
oxi hoa tai dién thé 1,18 V véi cuong do6 peak oxi hoa
dat 0,00401 A/cm2 (4,01 mA/cm2). biéu nay cho
thiy dién cuc SnO2-Sb203/HKC di oxi héa duoc
chat mau Rhodamin B. Tuy nhién peak oxi hoa khong
sdc nhon ma dodng rong, ¢6 dang tu, c6 thé do qua
trinh oxi héa Rhodamin B khong dén ngay san pham
cudi 1a CO2 va H20 ma tao thanh cac san pham trung
gian trudc va cing cac san phim trung gian bi oxi
hoa dén san pham cubi.

Tién hanh dién phan xtr 1y chit mau RhB ndng
d6 20 mg/L, c¢6 bo sung 2 g/L NaCl véi dién cyc anot

Hinh 2. Hinh thai bé mit cia mang nhung phu trong
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el jv." ¥ oF = &
dung dich co cac ndong do SbCl; khac nhau
c. 10 g/L d. 15 g/L

la Sn0O,-Sb,03/HKC va catot 1a thép khong gi ¢ cac
mat do dong 6, 8, 10 va 12 mA/cm? Dung dich sau
dién phan dugc lay theo thoi gian dién phén thay doi
tir 5 dén 40 phut, loc bo ba, quét phd UV-Vis, két qua
duoc trinh bay ¢ hinh 4.

Két qua quét phd UV-Vis (hinh 4) cho thdy sau
dién phan, cudong do hip thu cac peak dic trung cua
Rb giam manh theo thoi gian. Sau khoang 20 phut dién
phan & mat do dong thay déi tir 6-12 mA/em?, cac peak
dic trung cua Rb khong con xuit hién trén phd
UV-Vis. Diéu nay cho thiy dién cuc Sn0»-SbyO3/HKC
d3 oxi hoa, pha v duoc cau tric mang mau cta Rb.

Dua trén két qua quét phd UV-Vis da tinh toan
duoc hi€u suat mat mau theo thoi gian, két qua duogc
trinh bay ¢ hinh 5.

Két qua cho thay trong 20 phut dau dién phén,
mat d6 dong dién tang thi hi€u sudt méat mau tang.
Sau 20 phut, mat d¢ dong ting thi hiéu suét tang
khong dang ké. Do khi mat do dong dién tang, lam
tang kha nang hinh thanh céic tac nhan oxy hdéa nhu
*OH hay ClyHCIO. Qué trinh phan hily chit mau
Rhodamin B bang c4c tac nhan oxy hoa trén dién ra nhu
sau [10, 11]:

Sn0, + H,0 —> SnO,("OH) + H' + ¢ 3)
SnO,[*OH] + dye —> SnOx+ CO, + HO + H + ¢ (4)
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a. 6 mA/cm?; b. 8 mA/cm? ;c. 10 mA/cm? ; d. 12 mA/cm?
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Hinh 5. Anh huong cia mat do dong téi hidu suat
mat mau Rhodamin B

Khi mat d6 dong ting va ndng d¢ chit mau ban
dau 16n, toc do phan tmg oxi héa mau trong dung
dich 16n, dan dén hiéu suat xir Iy mau ting lén. Sau
20 phut dién phan, nong do chat mau da giam di 1o
rét vi toc do phan hiy thip nén hiéu suit mat mau
tang khong dang ké.
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Nhu vay, dién cyc SnO,-Sb,03/HKC c6 thé oxi
héa, lam mit mau cua dung dich Rhodamin B. Hiéu
qua xu Iy mau cao nhat dat 95% khi tién hanh oxy
hoéa dién hoa & mat 46 dong i = 12 mA/cm? véi thoi
gian 20 phut.

4. Két luan

Nong d6 SbCls co anh huéng kha 16n t6i kich
thuéc tinh thé SnO, va d6 dan cia mang. Tinh thé
SnO; tao ra 16n nhét khi dung dich dugc bd sung 10
g/L SbCl;. Vat liéu Sn0,-Sb,O3/HKC c6 dd dan
tuong dbi cao, dap ung dwoc yéu cau lam vat lidu
dién cyc trong linh vyc dién hoa.

Pi tao duoc mang phii SnO»-Sb,O5 nhén, min
trén nén thép hgp kim cao, khéc phuc dugc hién
tuong crack-mud trén bé mat nhu khi phii mang nay
trén nén titan, do d6 vat liéu c6 do bén dién héa cao
hon.

Budc dau nghién ctru cho thiy, vat liéu SnO,-
Sb,03/HKC c6 kha ning oxi héa chat mau RhB. Hiéu
qua xu ly mau tang khi ting mat d6 dong va thoi gian
dién phan. Hiéu qua xtr Iy mau c6 thé dat t6i 95% khi
dién phan 20 phit véi mat do dong i = 12 mA/cm?.
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