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TOM TAT
Tach loai Ni2* trong nwéc béng oxit sat tir dwoc nghién clru trong bai bao nay. Oxit sat tr dwoc didu ché
trong phong thi nghiém tr cac héa chéat don gian, ré tién. Phwong phap cé thé mang lai hiéu qua cao trong xt ly
nwéc thai 6 nhiém cha nhiu kim loai ndng. Hiéu suét tach loai Ni2* dwoc xac dinh bing phwong phap tréc
quang phan t&r UV-VIS. C4c théng s quan trong dwoc tdi wu cho qua trinh tach loai. O’ pH=7, thdi gian xt ly 40
phut 13 didu kién tét nhat cho qua trinh. Két quéa thwe nghiém cho thay, qua trinh hdp phu ion Ni2* trong nuéc
béng oxit sat tr [& phi hop v&i mé hinh hdp phu dang nhiét Langmuir. Cac dai lwgng xac suét théng ké dwoc
tinh toan va cho thay cac két qua thwc nghiém cé thé chap nhan dwoc.
Tir khoa: xt ly nwée thai; ion Ni2*; oxit sat tir; hiéu suét xt ly; phd UV-VIS
ABSTRACT

This paper presents an investigation into the removal of Ni(ll) ions from aqueous solutions via adsorption
onto magnetic iron oxide. FesO4 was synthesized in the laboratory from cheap and available chemicals. This
methods proved to be highly efficient in processing polluted waste water containing a lot of heavy metals. The
treatment efficiency of Ni2+ removal was obtained by means of comparing the light absorption of solution before
and after the treatment. The UV-VIS spectroscopy instrument was used to determine the efficiency of the
removal. The important parameters were maximized. At pH= 7, the duration of 40 minutes was the ideal condition
for the process. The experimental results showed that nickel could be adsorbed on magnetic oxide under the
proposed isothermal adsorption model of Langmuir. The probability and mathematical statistics quantities were

calculated to make sure the reliability and validity of the experiments.
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1. Pit vin dé

Kim loai ning c6 xu hudong dugc tich tu
sinh hoc véi muc do rat cao, nén da gian tiép
lam tang ham lugng kim loai ning trong moi
truong. X 1y chat 6 nhiém trong méi trudng noi
chung, thu hdi va tach loai kim loai ning néi
riéng dwoc nhidu nha khoa hoc, quan 1y quan
tam trong nhidu nam qua. Do vdy, ngay cang c6
nhiéu qui dinh vé tiéu chuan moi trudng chit
ché nham han ché nhiing anh huéng nghiém
trong dén stic khoe con nguoi.

Mot trong nhitng kim loai nang doc hai,
dugc quan tdm xu 1y 1a Ni. Niken c6 thé phat
hién trong cac dong vat thuy sinh do 6 nhiém
ngudn nudc thai tir cong nghiép. Niken ton tai
trong dong thai tir cac hoat dong cong nghiép
nhu tinh luyén kim loai, ma dién, nguén
dién hoa hoc... Thong thuong, cac kim loai
nang co xu hudng tich tu sinh hoc va sau cung la
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pha v hé sinh thai méi truong von co thé ty
can bang. Khi & ndng do rat thip, cac kim loai
ning nhu Zn, Cu, Ni, As ciing c6 thé gy ra do
doc cao.

Ni 1a kim loai ning tim thiy trong moi
truong do cac hoat dong trong tuy nhién, cong
nghiép. Nguoi ta cho rang Ni c¢6 thé gy ra cac
anh huong nhu: gy doc phéi té bao, ngudn gbc
gdy ra quai thai. Vi nong do Ni cao trong co
thé con nguoi, co thé giy ra cic hién tugng
gidng nhu ngd doc nhu nhirc ddu, nhay mii, non
mua, tuc nguc, thd nhanh [1,2].

Pé tach loai Ni trong dong nudc thai cong
nghiép, cac phuong phap hay sir dung: két tia
hoéa hoc, oxi hoa khir hda hoc, phuong phap dién
hoa, thu hoi bang bay hoi, loc, trao dbi ion, ki
thuat mang trao doi. Tuy nhién cac phuong phép
nay van chua dat dugc hiéu qua cao hodc con qua
dat, dac biét khi ndng d6 kim loai ning trong
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dung dich cao (tir 1 dén 100mg/l). Str dung cac
chat hap phu thich hop dé hap phu Ni?* duoc cho
la phuong phap d& ap dung, ré& tién, c6 thé ap
dung cho quy md cong nghiép vira va nho [3,4].

Trong nghién ciru nay, oxit sit tir dugc
lya chon 1a chat hap phu dé xir 1y tach loai Ni
trong dung dich. Cac yéu t6 anh huong dén hiéu
suat xir Iy nhu pH dung dich, thoi gian xir ly
dugc khiao sat. M6 hinh hip phu dang nhiét
Langmuir dugc danh gia, xay dung tir cac sb
liéu thyc nghiém. Cac s6 liéu thuc nghiém duogc
danh gia thong qua cac dai lugng thong ke.

2. Thuc nghiém

Céac hoa chat (Trung Qudc) cap do tinh
khiét, dwgc mua trén thi truong nhu:
NiS04.6H,0O dang tinh thé, axit HNOs dam dic,
FeCls.4H20, con  tinh  khiét, NH4OH,
dimetylglioxim (CsHsO2N), axit H,SO, va
NaOH dung dé diéu chinh pH cuia dung dich.

May do quang Jasco V-530 UV/VIS cua
Nhit Ban str dung dé xéac dinh néng dd cua dung
dich bang cach do mat d6 quang truyén qua.

Dung dich Ni?* dugc pha tr mudi
NiSO4.6H,O (tinh thé) trong méi trudng axit
HNOs theo cac nong do khao sat. Oxit sat tir
duge diéu ché bang phuong phap hoa hoc theo
quy trinh: Hoa tan 10g FeCls.4H,O vai 200ml
nudc cit trong coc thiy tinh. Cho thém 10 ml
cdn tuyét d6i vao cdc, khudy déu trong 30 phut.
Nho tir tir dung dich NH4OH 0,5M dé nang pH
ciia dung dich cho dén khi két tua. Dung dich
khuay lién tuc trong qua trinh nay. Sau khi phan
mg két thuc, san pham thu dugc bang ly tam,
loc, rira nhiéu 1an cho dén khi dat moi truong
trung tinh, sdy nhe ¢ 35°C cho dén khé [5].

Dimetyglioxim 1a chat tao phtrc v&i NiZ,
st dung trong phéan tich Ni?* trong dung dich
bang phwong phap so mau trén may do quang
(pha 1,2 g trong con tuyét ddi, dinh muc thanh
100ml).

Hiéu sut tach loai Ni?* dwgc xac dinh: do
mat d6 quang truyén qua dung dich trudc va sau
khi xir 1y. Sy thay d6i mat do quang (tinh theo
%) chinh 14 hi¢u suat tach loai Ni%* trong dung
dich. Thi nghiém dugc thuc hién theo tirng mé,
gian doan. Dung dich duoc khur?iy tron voi toe

d6 200 vong/phut bang may khuay ti.
3. Két qua va thao ludn

3.1. Anh hwéng ciia pH dén hi¢u sudt xiv Iy
Ni2+

Lay 100ml miu dung dich Ni?* c6 ndng
d6 2,0 mg/l. pH ciia dung dich dugc diéu chinh
tr 4 dén 9. Ung v6i mot gia tri pH, dung dich
dugce dem xir 1y tach loai Ni?* bang 0,5g FesOa.
Sau 50 phut hap phu, dung dich dugc loc bo
chat hip phu va tién hanh do mat do quang cta
dung dich, tor d6 xac dinh hiéu suét tach loai
Ni2*. Két qua thu duoc thé hién & hinh 1.
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Hinh 1. Anh hwéng ciia pH dung dich dén hiéu sudt
tach logi Ni#*

Trén hinh 1, nhan thdy hiéu sudt xur ly
tang lén khi ting pH cta dung dich va dat hi¢u
suét 16n nhat 1a 55% & pH=7. Néu tiép tuc ting
pH thi hiéu sudt xir Iy niken giam xudng.

O pH <7, Ni#* va Ni(OH)* 12 hai dang ton
tai cha yéu trong dung dich. TAm hip phuy trén
cac hat FesOs co thé bi 16p H* hap phu [2].
Tuong tac ddy do cing diu cua cac tim hip
phu, su canh tranh ctia Ni(OH)* s& gy thém kho
khin cho Ni?* hap phu trén hat oxit sat tir. Cac
1y do nay khién hiéu suat xir Iy Ni?* thap khi pH
thip. Khi ting pH 1én hon 7 cac hidroxit
Ni(OH),, Ni(OH)73 va Ni(OH)?4 hinh thanh, cac
hat keo ndy bao boc xung quanh, lam giam bé
mit tiép xuc pha ciia chat hap phu. Ngoai ra, do
nhét dung dich ting 1én dd han ché kha ning
khuéch tan cta ion Ni%*, can tré qua trinh hép
phu 1én bé mit cac hat FesOq, nén lam giam hiéu
suét hap phu [2, 3].

Do vay, pH= 7 s& duoc chon lam diéu
kién t6i uu cho qua trinh khao sat tiép theo.
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3.2. Quan hé thoi gian-hiéu sudt xir Iy Ni**

Lay 100ml dung dich Ni% ¢6 nong do 2,0
mg/l, thém 0,50g Fes0,. Dung dich dugc khudy
bang may khudy tir trong khi diéu chinh pH
dung dich bang 7. Sau cac khoang thoi gian nhat
dinh, dung dich dugc xac dinh mat do quang
truyén qua sau khi loc bo oxit sat tir dé danh gia
hiéu suat xir 1y. Hiéu sut tach loai Ni** theo
thoi gian duoc thé hién ¢ Hinh 2.
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Hinh 2. Hiéu sudt xir Iy NiZ* theo thoi gian

Két qua cho thiy, khi ting thoi gian
khuay dung dich, hiéu suit xir Iy ting. Sau 40
phut, thi qua trinh hip phu c6 thé dat can bing
va hiéu suat xur 1y khong ting thém duoc nita.
Hiéu suét hép phu dat gia tri 16n nhét sau 40
phat hap phuy.

3.3. M4 hinh hip phy dang nhigt

Qua trinh hdp phu dang nhiét duoc md
hinh hoa d& mé ta sy phan bd chat hap phu va
chat bi hip phu v&i gia thiét sy dong nhat vé
hoat tinh ciing nhu tinh chét cta chat hip phu.
Céc sb lidu cua hap phu thuong duoc biéu dién
bang phwong trinh hip phu déng nhiét Langmuir
va Freundich. Quan hé nay chi ra luong chat bj
giit lai trén 1 don vi khéi lwong chat hap phu
(9e) v6i ndng do chét bi hap phu & trang thai can
bang trong dung dich Ce.

M0 hinh hap phu dang nhiét Langmuir gia
thiét ring hap phu cuc dai xay ra khi hinh thanh
mét don 16p chét bi hép phu trén bé mit chat
hap phuy, ning lugng hip phu la khong doi,
khong c6 sy di chuyén cac phan tir chat bi hap
phy trén bé mit. Phuong trinh hip phu dang
nhiét Langmuir dugc biéu dién [3,4]:
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C._ 1 1.

0. bQ, Q

Ce 12 ndng d6 Ni?* tai thoi diém can bang;
Oe 12 dung lwong hap phu Ni%* & can bang; Qo
dung lwong hip phu cuc dai, b 1a nang luong hap
phu. Dung cac s6 liéu thuc nghiém, v€ mbi quan
hé Ce/qe theo Ce. Néu qua trinh hip phu tuén theo
quy luat Langmuir, quan h¢ nay s€ la duong
thang voi do doc 1a 1/Qo; diém cit tryc tung la
1/b.Qo. ge dugc xac dinh theo cong thire [3,4]:

_ (CO _Ce)'v

Qe
m

Vi Co 1a ndng d6 (mg/l) Ni?* ban dau, V
thé tich dung dich mau nghién ctu (1), m la
luong chat hap phu FesO4 (g). Cac sd lidu thuc
nghiém thu dugc ¢ bang 1.

Bing 1. Nong dg Ni** ban dau va cdin bang

Co(mg/l) | 1,00 1,50 2,00 2,50

Ce(mg/l) | 0,70 1,10 1,51 1,95

e (Mg/g) | 0,06 008 | 0098 | 011

CelQe 11,67 13,75 15,41 17,72

y=47704x +8.3649
18 B2 =019975

Hinh 3. D6 thi quan hé Celge theo Ce

T hinh 3, quan hé¢ Ce/ge - Ce 1a mot
duong thang véi hé sé R? bang 0,9975. Tir cac
sO liéu nay, gia tri Qo va b 1an luot 1 0,20 mg/g
va 0,57 /mg. Mot thira s6 quan trong ctia hap
phu dang nhiét Langmuir 13 thira sé tach R
duogc xac dinh qua biéu thuc [3,4]:

R = 1
1+bC,
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Y nghia ciia R dugc thé hién ¢ Bang 2

Bing 2. Cdc gid tri c6 thé cé ciia RL

nhd. Cac so liéu thu dugc cé du do tin cay.

Bing 3. Gia tri cac dai heong théng ké danh gia

— - - R sai so cua phwong phap
Re Muc do¢ thuan loi cho hap phu -
Cic dai lugng dic trung Ni2* 2,0 (mg/l)
> O an 1oi, kho -
R.>1 Khong thuan loi, kho Gié tri hiéu sut trung binh(%) 55,80
R.=1 Hap phu tuyén tinh Phuong sai S2 0,0246
0<R.<1 Héap phu thuan loi D6 léch chudn S 0,1571
R.=0 Khong thuan nghich Hé s6 bién dong V 2,130.10°
T \ 46 b Do sai chun o 0,0703
uong Ung voi cac gid tri nong d¢ ban
P [ & ;g & T % ’ Bién gidi tin cay € +0,1953
dau gia tri R lan lugt thu dugc déu nam trong — —
5 N A A Lo A r a1 A 0 0i +
khoang tir 0 dén 1 nén qua trinh hap phu co6 thé Sai s6 tuong doi A% 0.2242

duoc tuan theo dinh ludt Langmuir va kha thuén
loi vé mét nhiét dong hoc.

3.4. Pdnh gid sai so ciia phwong phdp

Thuc té, trong qua trinh thuc nghiém ta
ludn mic phai céc sai s6 trong qua trinh can, do
thé tich... ciing nhu trong cac giai doan phan
tich. Pidu d6 s& quyét dinh do chinh xac cua
phép phan tich. Do vy, viéc xac dinh sai s6 dé
danh gia do chinh xac cua két qua thu duoc 1a
can thiét. Pé danh gia sai sd thong ké cua qui
trinh phén tich, qua trinh danh gia thuc hién 3
lan v6i nong d6 Ni** ban dau da biét 1a 2mg/l.
Két qua phan tich, danh gia cac dai luong thong
ké dugc thé hién & Bang 3.

Két qua ¢ Bang 3 cho thiy cac dai luong
thong ké sai s cua phuong phap phén tich kha

4. Két luan

D3 khao sat dugc cac diéu kién dé xu ly
kim loai ning niken trong nudc bing phuong
phép hp phu trén oxit sat tir. Hat oxit sit tir dugc
diéu ché trong phong thi nghiém. pH=7, thoi gian
hap phu 40 phut 1a diéu kién thuan loi cho qua
trinh hap phu Ni?* dat hi¢u suit cao. Trong thoi
gian hap phu, dung dich dwoc khudy tron véi toe
dd 200 vong/phut bang méay khudy tir.

M6 hinh hap phu dang nhiét Langmuir
duoc khao sat, cac sd liéu thuc nghiém kha phu
hop v6i mé hinh nay. Thira sé tich Ry nam
trong khoang 0 dén 1 chimg to qua trinh tach
kha thuan loi vé nhiét dong hoc. Cac s6 liéu cua
théng ké toan hoc da kh'fmg dinh sai s cua thuc
nghiém la cé thé chép nhan duoc.
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