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SUMMARY

Spectrophotometric analysis for Vanadium (V) ion (V°*) determination with -(5-Bromo-2-pyridylazo)-
5-(diethylamino)phenol (PADAP) ligand was conducted in this study. PADAP exhibits a good
selectivity for chelating formation with V°*, resulting in complex compound with the maximun wave
absorbance at ~580 nm. pH of solution significantly affects to position as well as intensity of
absorbance peak of V5*-PADAP complex. At obtained optimal pH value, relation between peak
intensity and V°* concentration in range from 150 to 1300 g/l is in good linearity, revealing out the
limit of detection (LOD) to be 199 xg/l. Vanadium compounds in titana slag were recovered and
oxidized to V°* using aqua regia for both the spectrophotometric and ICP-AES analyses. The V5*
concentration in the recovered solution from the spectrophotometric method applying PADAP was
lower 6.4% than that from the ICP-AES method. Equilibrium V;0s content in titania slag sample was
calculated to be 0.37 %w.

Keywords: Vanadium determination, titania slag, UV-Vis.

1. GIOI THIEU quy trinh luyén titan.

Vanadi thudng ton tai trong cac ngudn nguyén Hillebrand dé xuét phwong phap chuin do dé
ligu titan v6i ham lugng bién doi trong khoang xac dinh ham luong Vanadi trong cac loai da
rong 1én dén vai phan tram [1]. Su ton tai cua Silicate va Cacbonate vao 1919 [2] va duoc
Vanadi anh huong khong tot dén chét lugng Thornton [3] 4p dung thanh cong trén quing
cua san pham ché bién quang do cac hop chit rutile. Tuy nhién, phwong phap chuan do ton
Vanadi c6 mau tir vang dén do cam. Viéc dinh tai nhiéu han ché trong phan tich dinh lugng,
lwong Vanadi, do dé, 1a diéu can thiét dé danh dic biét véi ndong do thap [4]. Két qua thuc
gi4 chat lugng cua san pham ché bién titan tir nghiém cua A. Weissler cho thiy riang phuong
céc ngudn khac nhau, dac biét 1a bot mau TiO.. phép quang phé cho kha niang phan tich dinh
Quy trinh phan tich ham lwgng Vanadi cang luong dong thoi Titan, Vanadi va Molipden &
tré nén khé khin hon déi véi ngudn nguyén ngudng 20 mg/L [5]. So véi cac phuong phap
ligu titan c6 thanh phan phic tap. La mot san phan tich phd hién dai nhu phd hap thu nguyén
pham phu sinh ra trong qua trinh luyén sét tir tr (AAS), quang phd phat xa plasma (ICP), sic
ilmenite, xi titan chara trong né V,0s dudi dang ky khi (GC) hay sic ky long (LC), phuong
dung dich rin véi ham luong bién ddi trong phép quang phé hip thu tir ngoai kha kién UV-
khoang rong. Vi thé, viéc dinh lwong V205 can Vis ¢ chi phi thiét bi, van hanh thip hon
phai dugc thuc hién thuwong xuyén, nhanh nhung van dap tmg duge do nhay (1 — 10
chdng khi sur dung xi titan 1am nguyén liéu cho ppm), d6 tin ciy cho phép do Vanadi [6]. Bét
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cap lén cua phuong phap UV-vis nay la sy anh
huong cua tap chit trong mau dén cuong do
hip thu cua hop chat/phic chat Vanadi. Céc
chit tao phiic chon loc véi nguyén t6 Vanadi &
cac mirc oxi héa khac nhau dd va dang dugc
céc nha khoa hoc quan tdm, nhiam nang cao d6
nhay, do chon loc, d6 dang va do lap cua phép
do [6].

Hop  chit  2-(5-Bromo-2-pyridylazo)-5-
(diethylamino)phenol (PADAP) dugc biét dén
la mot chét tao phuc chon loc véi nhiéu ion
kim loai & nhitng diéu kién khac nhau [7]. Do
do6 trong nghién ctu nay, 5-Br-PADAP dugc
dung dé tao phirc véi V5 nham xac dinh ham
luong ion nay trong dung dich bang phuong
phap hap thu &nh sang. Két qua nghién ctu
duoc tng dung trong viéc xac dinh ham luong
Vanadi trong mau xi titan.

2. THUC NGHIEM

2.1. Héa chat, thiét bi

Cac hda chit dugc sir dung trong nghién cau
nay thugc nhém héa chat phan tich (Trung
Quéc) nhu TiCls (> 99%), FeCls (96%), dung
dich EDTA-Na; 2.0 M, 5-Br-PADAP (>
99,7%), NHsVO3 (99%), H>SO4 (98%), HNO;
(68%), HCI (36%) va CoHsOH (99,7%). Nudc
ct hai lan dwoc str dung dé pha ché cho tat ca
cac dung dich. Khi N2 (>99,5%) duoc mua tir
nha may Hoa chat Bong Nai. Xi titan do cdng
ty TNHH Tan Phat (Quy Nhon, Binh Dinh)
cung cap.

May UV-Vis, model Yoke UV1800 (Trung
Qudc), duoc sir dung dé do do hip thu anh
sang cta mau véi cuvet thach anh (1 cm). Qua
trinh tao phirc dugc thuc hién trong ta kin
(closed box) duoc tro hoa bang Na. ICP-AES
(model ARCOS, Dric) dugc s dung dé phan
tich ham lugng V®* trong dung dich.

2.2. Quy trinh thuc nghiém

Chudn bj dung dich nén: Hoa tan 0,50 g 5-Br-
PADAP trong 500 ml dung dich rugu etylic
(20% thé tich rugu - 80% thé tich nudc) dé tao
thanh dung dich nén géc. Liy 10 ml dung dich
nén géc pha lodng véi dung dich ruou trén dé
thu dwoc 1,0 lit cac dung dich nén 5-Br-
PADAP c6 ndng d6 10 mg/I. pH cua dung dich
nén dugc diéu chinh bang dung dich HCI 1,0
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M nham xac dinh gi4 tri pH t6i vu. Dung dich
nén gc dugc lam méi sau 3 ngay, dung dich
nén duoc 1am méi mdi ngay.

Chudn bj dung dich chudn V5*: Céan 0,459 g
NH,VO; va hoa tan vao 1,0 lit nuée cat hai lan
dé tao thanh dung dich V>* géc ¢ ndng d6 200
mg/L. pH cua dung dich nay dugc chinh vé gia
tri toi wu. Céc dung dich chuin V°* véi cac
n6ng do: 150, 200, 300, 500, 700, 900, 1100 va
1300 pg/l, ky hiéu tir C1 dén C8, duoc tao
thanh bang cach pha lodng 150, 200, 300, 500,
700, 900, 1100 va 1300 ul dung dich V* géc
vé6i 200 ml dung dich nén. Dung dich C6 duoc
chon 1am mau chuan dé xac dinh budc séng
hap thu 16n nhat (Amax) cua phuc.

Dung dich chuan V5* ¢6 chiza Ti** va Fe*:
Lay 1,0 ml dung dich EDTA-Na; 2M cho vao
200 ml dung dich do V** (C6) c6 nong do 900
ugVe/l trén nén PADAP. Cho tiép 500 pl
TiCl, va 0,02 g FeCls vao hdn hop, lic déu.
Phdn tich ham Iwong Vanadi trong x/ titan:
Cho 10,0 g bot mau xi titan vao 30 ml dung
dich nudc cuong toan (hdn hop HNOs/HCI véi
ti 1¢ thé tich 1:3) trong mét cdc thay tinh (250
mL). Hon hop dugce dun nong dén khi gan kho.
Qué trinh nay duoc thyc hién 2 lan. Hoa tan
phan rin thu dwoc bang 100 ml nudc cét, tién
hanh loc & &p suat khi quyén, rira 4 1an bing
nuéc cat. Dung dich sau khi loc dugc pha
lodng thanh 1,0 lit va chinh vé& pH 1,5 va duoc
goi 1a dung dich miu. Lay 5,0 ml dung dich
mau pha vao 200 ml dung dich nén va cho
thém 1,0 ml dung dich EDTA-Na; 2M & do
d6 hap thu anh sang & budc sONg Amax. Ham
lwong V3* trong dich mau ciing duoc xac dinh
bing phuong phap ICP-AES theo tiéu chuin
EPA Method 200.7.

Cac mau chaa phuc V*-PADAP dugc do
trong khoang thoi gian tir phat thir 5 dén phut
thir 10 ké tir khi phirc dwoc hinh thanh.

3. KET QUA VA BAN LUAN

3.1. M6 ta dic tinh hap thu &nh sang

Sy khéc biét vé kha niang hap thy buc xa cua
cac dung dich dugc thuc nghiém trén: dung
dung dich V5* (900 pg/l), dung dich nén M10
va dung dich chira 900 pg V**/1 va két qua



duogc thé hién nhu trén Hinh 1(a). Phoé UV-Vis
cua PADAP xuit hign peak ¢ buéc song 413
nm do c6 sy déng gop cua qué trinh chuyén
trang thai lién két 7 sang ©* [8] trong cau tric
PADAP. Két qua twong tu ciing da duoc Xac
dinh boi S. Oszwatdowski va cong su [9]. Doi
véi dung dich V®, sy hap thu manh nhat dién
ra & 397 nm. Tuy nhién, V* trong PADAP da
hinh thanh phac V5*-PADAP va dan dén sy
bién d6i busc séng hip thu cuc dai trong phd
UV-Vis. Céc peak xuat hién ¢ 234, 352 va 540
nm trong phd UV-Vis cua phic V=*-PADAP
(Hinh 1(a)) thay cho cac peak dic trung cua

dung dich V5* va PADAP riéng lé. PADAP c6
kha nang tao lién két véi ion héa tri 1l [10] va
hinh thanh lién két phdi tri gitra oxi trong
PADAP vai ion kim loai (Hinh 1(b)). Lién két
phdi tri V---O c¢6 thé hap thu anh séng co
budc song dai hon [11] va xuét hién peak &
540 nm. Nghién cuiru cua R. P. Brooker va cong
su [11] cho thiy phic cua Vanadi co budc
s6ng hap thu thap khi Vanadi c6 hda tri thap.
Do d6, sy ton tai cua cac peak ¢ 234 va 352
nm chirng to V** di tao thanh nhiéu dang phuc
hop v&i PADAP.
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Hinh 1. a) Phé hdp thu UV-Vis cia dung dich V&* (900 zg/l), dung dich nén M10 va dung dich V>* (900
1g/1), pH = 3, b) cdu tric phic Vo*-PADAP

3.2. Anh hwéng cia pH

lon Vanadi trong dung dich c6 céc trang thai
héa tri va cuong do ion héa khac nhau ¢ cac
pH khac nhau [12] nén s& anh huong dén su
hinh thanh cac hop chat phic véi PADAP.
Hinh 2 thé hién phé hip thu UV-Vis cia phic
V5*-PADAP trong dung dich & cac pH khéc
nhau. Peak hip thu dic trung c6 cuong do lon
dan va dich chuyén vé phia buéc séng dai khi
pH thip va gan nhu khong dbi véi pH = 1,5 va
pH = 2,0. O pH < 2,0, V> ton tai dang V°3*-
(OH)2 nhung véi pH 16n hon, V** ¢6 xu huéng
chuyén vé muac oxi hda thap hon [11,12] din
dén su khéc biét vé kha niang hip thu mau cua
phtc chit. Bé c6 sy 6n dinh cua phuc hop V&
trong PADAP, cic thi nghiém tiép theo s&
duoc tién hanh & pH = 1,5.
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Hinh 2. Phé hdp thu UV-Vis cia phirc V5*-
PADAP ¢ cac pH khac nhau. Nong d@é V&*:
900 19/l

3.3. Lap dwong chuan V5*
Phé hap thu UV-Vis cua V5*-PADAP véi cac
ndng d6 V5 khac nhau tir 150 dén 1300 pg/l



(pH = 1,5) duoc thé hién trén Hinh 3(a). Két
qua cho thiy cuong do peak hip thu & budc
song khoang 580 nm ting theo ndéng do cua
V5, nhung nguoc lai ddi véi peak tai ~242 va
~347 nm. Cudng d6 peak hap thy tai ~580 nm
tang tuyén tinh v&i ndng d6 V** nhu dugc thé
hién trén Hinh 3(a) (hinh duoc chén). Buong
tuyén  tinh phuong  trinh
| e =0, 0023CV5+ (ug/l)—O, 0699 (R? =

4 4
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0,9953). Do do, peak hap thu bic xa tai 580
kha dung d¢ dinh luong V°*. Theo tiéu chi 3o
[13], giGi han phat hién (LOD) cua phép do

3,35,

dugc xac dinh theo cong thac , trong

d6 Sp 1a d6 léch chuan cia tung d6 goc va b 1a
hé sé g6c cua dwdng chuan. Véi 8 nong do
khac nhau cua V5 dugc thuc nghiém, gia tri
LOD thu duoc bang 199 ug/l.
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Hinh 3. (a) Phé UV-Vis cua cac dung dich chuan V>* va (b) dnh hwong Ti**, Fe3* dén phé UV-Vis cua
V5*-PADAP (900 zgV5*/l, pH = 1,5)

Sai léch va kha nang tai 1ap cua cua phép do
dugc danh gia dya trén cuong d6 peak thu
duoc & ~580 nm tir 10 lan thir nghiém lap véi
dung dich chuan chaa 900 ugVe*/I. B6 sai léch
I6n nhét 13 2.6% va do do lap twong ddi bang
3,4%. Két qua nay thé hién kha nang (ng dung
cao cia phwong phap do khi so sanh voi
phuong phap ICP-AES cho phép phan tich V5*
(sai lech 2.8%) [14].

3.4. Anh hwéng ciaa Ti* va Fe¥*

Céc ion kim loai khac cuing ton tai voi V5* c6
thé gay nhidu Ién kha ning hip thuy mau cua
V5*-PADAP do ching ciing c6 kha ning tao
phtrc vai PADAP [15]. Trong nghién ciu ndy,
Ti** va Fe3* dugc chon lam tac nhan gay nhiéu
dién hinh cho phép dinh luong V** bing
phuong phap UV-Vis do Vanadi thuong ton tai
trong cac ngudn nguyén liéu titan va sit. Mac
du Ti** va Fe®* duoc che bsi EDTA-Na; nhung
ciing thé hién sy anh huong cua ching I1én phod
UV-Vis (Hinh 3(b)) cua V5*-PADAP. Peak
hdp thu anh sang cua phuc hop V**-PADAP
chuyén dich mét chit sang budc song dai hon
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va chan peak dugc md rong. Tuy nhién, peak
dic trung nay van chdng lap Ién céc peak con
lai va cuong d6 cua peak gan nhu khong dbi.
3.5. Ung dung phan tich ham lwgng Vanadi
trong xi titan

Mau xi titan dugc thu thap tir 200 kg nguyén
lidu xi titan theo tiéu chuan ASTM D75 dé
dinh lugng V.0s. Vanadi trong xi titan dugc
thu hoi va chuyén thanh V** bang nudc cuong
toan. Ham lwong V°* sau khi thu hdi c6 ndng
do bang 815 va 763 pg/l twong ung theo
phuong phap ICP-AES (EPA Method 200.7)
va phuong phap UV-Vis & 580 nm. Néu xem
ICP-AES la phuong phép chinh xac thi phuong
phap UV-Vis ¢ sai léch —6,4%. Ham luong
V.05 trong mau xi titan theo d6 bang 0,37%.
Thanh phan phuc tap trong mau xi titan dwoc
cho la nguyén nhan dan dén sai s6. Tuy nhién
v6i mirc sai léch nho so voi két qua ICP-AES,
phuong phap UV-Vis thé hién kha ning ap
dung cao trong viéc dinh luong Vanadi trong
cac mAu vat vai chi phi thap va thoi gian phan
tich ngan.



4. KET LUAN

Phuong phap do hip thu song di duoc thir
nghiém nham xac dinh ham lwong V°* trén nén
PADAP. Sy hinh thanh phitc hop V**-PADAP
da tao nén peak hap thy anh sang dic trung véi
budc song dai hon so véi budc séng cua cac
peak tir cac dung dich V* va PADAP riéng l¢.
Peak didc trung nay chuyén dich vé& phia budc
song dai hon va cuong do hap thu manh hon
khi giam pH tir 3,5 xu6ng 2,0 va tién dén on
dinh ¢ pH = 1,5. Ti* va Fe3* ¢6 anh huong dén
phd hip thu UV-Vis cua V°*-PADAP, tuy
nhién, peak dic trung c¢6 cuong do gan nhu
khong dbi va c6 do phan lap cao. Cuong do
cua peak dac trung & ~580 nm (pH = 1,5) ting
tuyén tinh véi nong d6 V** (R? = 0,9953) trong
khoang 150-1300 pg/l. Gigi han phéat hién cua
phép do bang 199 ug/l theo tiéu chi 3. Ham
lwong V,0s trong mau Xi titan ciing dugc Xac
dinh bang 0,37% va sai léch 6,4% theo phuong
phap phan tich ICP-AES. Mic du ham luong
V5 ¢6 thé dugc xac dinh bang phuong phap
UV-Vis trén nén PADAP nhung thao tic can
phai duoc tdi wu va can dugce danh gia trén mot
sb loai mau ran khac, dac biét véi mau cd ham
lwong Vanadi thap.
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