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Abstract

In this study, the red mud from Alumina Tan Rai Plant (MO0) is activated by 2 M H,SO, solution with the ratio of
liquid/solid was 1 ml/g (M1) and 2 ml/g (M2). SEM analysis demonstrated the similar morphologies of the three
samples, but BET results showed an increase of specific surface area after acid activation. EDX analysis indicated the
significantly decrease of the Al, Na and Si contains after activation. Adsorption characteristics of Cr(VI) on red mud
surface were investigated in bath, changing various factors such as pH, contact time and Cr(VI) concentration. The
results showed that adsorption capacity of activated red mud was much higher than raw red mud, the best removal
efficiency obtained at pH 5.6, the adsorption approache the equilibrium after 60 minutes, and the Freundlich isotherm

model fits well this process.

Keywords. Tan Rai red mud, Cr(VI) adsorption, acid activation, sulphuric acid.

1. MO PAU

Cac nha may tinh ché quang bauxit theo cong
nghé Bayer ludn kém theo lwong phu phim I16n, d6
1a bun do, mot loai chit thai tiém 4n nguy co 6
nhim méi truong, can duoc quan ly chat ché va tai
st dung. Trong nhiéu hudéng (ng dung bun do, kha
nang tai s dung 1am vat liéu hap phu xt 1y nudc
gan day dugc dong dao cac nha khoa hoc quan tam
[1]. Nhiéu nghién citu cho thay bun do hap phu kim
loai nang khé tét. Bé tang dung luong hip phu, bun
d6 c6 thé hoat héa bang nhiéu phuong phap khac
nhau nhu: bang axit, nhiét, hay hoat héa két hop.

Crom hoa tri 6 dugc coi 1a mot trong nhitng chét
o nhidm c6 doc tinh thudc loai cao nhét, Cr(VI)
thuong co trong nudc thai ciia nhidu nganh coéng
nghiép phé bién nhu luyén kim, thudc da, ma dién,
dét nhudm,... Cac nghién ctru kha nang xu ly Cr(VI)
ctia bun d6 cho thay dung lugng hap phy khong cao,
can phai hoat héa. Erdem va cong su [2] da chi ra
rang xi ly nhiét c6 thé ting kha niang hip phu
Cr(VI), tuy nhién hiéu suat van con thap: chi tach
loai duogc thi da 12 64,9 % dung dich Cr(VI) néng do
10 mg/l, tai pH = 2, véi lwong chat hip phu la 20g/1,
trong thoi gian 180 phat. Mot s6 cong trinh khac xur
ly bun do6 bang axit sunfuric, cho thiy sau khi hoat
hoa dién tich bé mat riéng ting 1én va kha ning hap
phu asen [3], photphat [4], chit mau [5] duoc cai

thién dang ké. Huynh Ky Phuong Ha va cong su da
st dung bun d6 Tan Binh, hoat héa bang axit
sulfuric, dién tich bé mat riéng ting tir 67,81 m?/g
Ién 241,879 m?/g, dung luong hap phu asen ting lén
va dat 3,135 mg/g [3].

Trong nghién ctu nay, ching tdi st dung bun d6
cia nha may Alumin Tan Rai, hoat hda bang axit
sunfuric, va khao sat anh hudong cia qua trinh hoat
hoa dén kha niang hap phu ion Cr(V1).

2. THUC NGHIEM

Chudn b; vat liéu hdp phyu: Trong nghién ctu
nay, bun d6 lay tir nha may Alumin Tan Rai (pH
khoang 11,5), ky kiéu 1a MO, dwoc hoat héa bing
dung dich H,SO, 2 M, ty I¢ long/rin (dung dich
H,SO, 2 M/bun d6) 1a 1 ml/g va 2 ml/g, khuay va
gia nhiét dén 80 °C, d phan tng hoa tach dién ra
trong 1 gio. Sau khi loc thu dugc cac mau bun do
hoat hoa tuong tng 1a M1 va M2, rira sach nhiéu Ian
bing nudce cét, say kho ¢ 105 °C trong 24 gio truéce
khi str dung. Phan dich loc c¢6 chira cac mudi vo co
Na,SO4, Aly(SO,); €O thé dung dé san xut chét keo
tu trong mot nghién ciru khac.

Nghién cizu tinh chdt cua vdt liéu: Cac mau bun
do trudce va sau khi hoat hda M0, M1, M2 dugc phén
tich kinh hién vi dién tir quét (SEM) va phé tan sic
nang luong tia X (EDX) trén thiét bi Nova Nano
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SEM-FEI 450 tai truong Pai hoc Khoa hoc Tu
nhien—-DHQGHN, xac dinh dién tich bé mat riéng
BET trén thiét bi Micromeritics TriStar 3.000 tai
Truong Pai hoc Su pham Ha Noi.

Nghién citu kha nang hdp phu Cr(VI): Dung
dich chtra ion Cr(VI) duoc pha trong phong thi
nghiém tir mudi K,Cr,0; tinh khiét. Thuc nghiém
hap phu tinh dwoc thuc hién ¢ nhiét do phong va
khudy véi téec do 70 vong/phut. Nong do Cr(VI)
trong dung dich dugc phan tich bang phwong phap
trac quang sir dung thudc thir diphenylcacbazit. Hinh
1 trinh bay duong chuan thiét 1ap giita do hap thu
quang tai buéc song 540 nm va nong do Cr(VI)
trong dung dich.
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Hinh 1: Buong chuan xac dinh nong d6 Cr(V1)

Kha ning hap phu duoc danh gia thong qua gia
tri hiéu sut H (%) va dung luong hap phu g (mg/g)
tinh theo cdng thac sau:
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Nguyén Tudn Dung va céng su

Trong d6: q la dung luong hip phu tai thoi diém can
bang (mg/g); H 1a hiéu suat hap phu (%); C, la ndng
do Cr(VI) ban dau (mg/l); C. 1a nong d6 Cr(VI) tai
thoi diém hap phu dat can bang (mg/1); V 12 thé tich
dung dich Cr(VI1) (ml); m 1a khéi lugng chat hip phu
(9).

Mo hinh dang nhiét hap phu dugc phén tich dua
trén trén hai mé hinh pho bién 1a Langmuir (phuong
trinh 3) va Freundlich (phuong trinh 4), tor d6 xac
dinh duoc co ché hap phu va dung luong hap phu
Cuc dai.

KL Cr
4= Gmac ] Ky Cy
cF 1 1
hay —-= P ®3)
:
q=Ke Cf’?
hay Ig 4 =1g Ks + - Ig C; @

Trong d6: q: dung lugng hap phu can bing cua chat
bi hap phu trén mot don vi khdi luong
chat hap phu (mg/g).

Cr. ndng d6 can bang cua ion chét bi hip
phu (mg/l).

Omax: dung Iwong hap phu cuc dai (mg/g).
K_: hang sé hap phu Langmuir (I/mg).
K, n: hang sb Frendlich.

3. KET QUA THAO LUAN

3.1. Nghién ciu tinh chat vat ligu

Hinh thai cAu trac clia cac miu bun d6 thd (MO),
bun d6 hoat hoa axit M1 va M2 dugc phén tich bang
kinh hién vi di¢én tir quét (SEM) va trinh bay trén
hinh 2.

X 200.000

Hinh 2: Anh SEM ciia bin do truéc va sau khi hoat hoa, d6 phong dai 50.000 va 200.000 Idn
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Quan sét hinh 2 cho thay, khong c6 su khac biét
rd rét v hinh thai cu tric cta bun do trude va sau
khi hoat hoa bang axit H,S0,. Ca 2 mau M1 va M2
¢6 vé x6p hon mau MO nhung khéng nhiéu.

Phuong phap xac dinh dién tich bé mat riéng
theo BET sé& cung cip thong tin chinh x4c hon vé bé
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Nghién ciu hoat héa bun do...

mit vat liéu. Hinh 3 trinh bay két qua thyc nghiém
hap phy-giai hap nito cta cdc mau bun do trude va
sau khi hoat hoa. Ta thdy cac duong hip phu va gidi
hip thu duoc déu thudc kiéu VI, V theo phan loai
ciia IUPAC, da sd 16 x6p cua vt liéu co kich thudc
trung binh.

Lugng chit hip phu (cm’/g STP)
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Hinh 3: Buong hap phu giai hip nito va phan bé kich thudc 16 xp cia bun do

Tir két qua dang nhiét hip phu N, c6 thé xéac
dinh duoc dién tich bé mat riéng (Sger) cla vt licu
thong qua phuong trinh BET. Két qua tinh toan dugc
trinh bay trong bang 1 cho thay, sau khi hoat hoa
SgeT tang lén gan gap doi, mau M2 c6 Sger glam nhe
so v6i mau M1. Trong bun d6 co6 chua nhiéu thanh
phan oxit kim loai khac nhau, cha yéu 12 sit, nhom,
silic. Khi hoat héa bang axit H,SO, c4c oxit kim loai
s& hoa tach mot phan, dan dén hinh thanh cac mao
quan nhé va dién tich bé mit tang. Tuy nhién, néu
tang luong H,SO, c6 thé s& hoa tan thém céac kim
loai kho tan hon nhém, kich thudc 16 x5p rong hon,
nén dién tich bé mat riéng lai hoi giam.

Bang 1: Dién tich bé mat riéng BET cua vat liéu

Két qua thu duoc trinh bay trén hinh 4.

Bdng 2: Thanh phan cac nguyén t6 trong bun do

Mau MO M1 M2

Sger (M2Q) 54,67 | 100,91 | 91,56

Thanh phan nguyén t6 cua bun do tho (mglu
MO0), bun do hoat hdéa M1, M2 dugc phan tich bang
phé tan sic nang lugng tia X (EDX) va trinh bay
trén bang 2. Két qua cho thay, sau khi hoat héa bang
axit H,SO, 2 M, ham lugng cac nguyén to Al, Na, Si
giam kha nhiéu, trong khi d6 ham lugng Fe, S, Ca,
Ti tdng 1én.

3.2. Nghién citu kha ning hap phu ion Cr(V1)
3.2.1. Khao sat anh huong cua pH

Kha ning hip phu Cr(VI) ciia cac mau bun do
duogc khao sat trong dung dich Cr(VI) nong d¢ 10

mg/l ¢6 pH thay ddi tir 2 dén 10, lugng chat hap phu
str dung la 10 g/l va thoi gian hap phu 4 120 phut.

theo két qua EDX
Nguyén to MO M1 M2
Al 6,22 5,47 3,96
Fe 17,35 17,77 18,61
0 62,54 63,69 65,98
Na 71 5,45 2,44
Mg 0,59 0,29 -
Si 2,34 1,88 0,37
P 0,14 0,10 0,08
S 0,16 1,18 3,17
Ca 1,5 1,88 2,63
Ti 1,66 1,92 2,4
Cr 0,41 0,40 0,36
80+
60 M2
gm M1
T
20 1
MO
0

Hinh 4: Anh huéng cta pH téi hiéu suat hip phu
Cr(VI) trén cAc mau bun d6 M0, M1 va M2

Tir hinh 4 cho thy, kha ning xir Iy Cr(V1) cua
bun do ting 1én dang ké sau khi hoat héa bang axit
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H,SO,, mau M2 hoat tinh hon mau M1, higu suat
hap phu dat cao nhat ¢ pH 5,6. Tai pH nay Cr(VI)
ton tai dudi dang anion CrO,%, c6 thé hip phu manh
Ién bé mat bun d6 thong qua tuong tic véi cac trung
tam sat hydroxit nhu sau [6]:
FeOH," + CrO,* < FeCrO, + H,0

Sau khi hoat hoa, dién tich bé mit riéng ting,
lam ting kha ning hap phu cua bun dé. Tuy nhién
mau M2 c6 Sger thdp hon so v6i mau M1, nhung
hiéu suat hap phu lai cao hon nhiéu, ching to vai trd
quan trong cua sat lam trung tam hap phu Cr(VI).
Viéc hoa tan nhdm manh hon, dan dén lugng cac
tam st tiép xdc voi dung dich ting nhiéu hon, tai
trong hap phu tang lén.

3.2.2. Khdo sét anh hwéng cua thoi gian tiép xdc

Tién hanh hap phu trong dung dich Cr(V1) nong
d6 10 mg/l tai pH 5,6, lugng M2 1a 10 g/l. Hiéu suat
hip phu dugc xac dinh theo thoi gian va trinh bay
trén hinh 5. Két qua trén hinh 5 cho thay, qua trinh
hap phu dién ra kha nhanh, dat can bang dat chi sau
60 phat.
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Hinh 5: Anh huéng cua thoi gian téi
hiéu suat hap phu Cr(VI) trén mau M2

3.2.3. Anh huong cia néng dg Cr(VI) ban dau

Kha nang hap phu Cr(VI) cia miu bun d6 hoat
hoa M2 véi nong do crom ban dau thay doi tir 2 dén
40 mg/l, lwong M2 1a 10 g/l, pH 5,6, véi céac thong
s Cy, H va q xéac dinh tai thoi diém can bang duoc
trinh bay trén hinh 6. Khi ndng d6 Cr(VI) ban dau
tang, hiéu suit hap phu H giam dan va dung luong
hip phu q tang dan.

Céc dir liéu thuc nghiém dugc phéan tich theo 2
mé hinh dang nhiét hip phu Langmuir va
Freundlich. Dang tuyén tinh cia phuong trinh
Langmuir duoc biéu dién trén d thi véi mot truc 13
Cr, mot truc la C¢/q, cua phuwong trinh Freundlich
moét truc 1a IgC, mot truc 1a lgg, két qua trinh bay

Nguyén Tudn Dung va céng su

trén hinh 7.
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Hinh 6: Anh hwong cua nong do Cr(VI)
ban dau toi kha nang hap phu
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Hinh 7: Budng diang nhiét hdp phu Langmuir va
Freundlich

Tur céc d6 thi trén hinh 7 c6 thé xac dinh duogc
hé sé tuong quan cua phuong trinh hdi quy (R?) va
céc thdng sé khéc dugc trinh bay trong bang 3. Céc
két qua thu duoc da chimng to rang qua trinh hap phu
Cr(VI) cia bun d6 hoat héa tuong tng tét véi md
hinh Freundlich (R* = 0,9928). Day la qué trinh hap
phu da 16p.

Bang 3: CAc thong s6 ciia hai mo hinh
dang nhiét hap phu

Pang nhiét Langmuir | Dang nhiét Freundlich

Omax KL R n Kr R?
(mg/g)

2,34 |0,1368 | 0,9159 | 1,78 | 0,3378 | 0,9928
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4. KET LUAN

Hoat hoa bun d6 Tan Rai (M0) bang axit H,SO,
2M véi 2 ti 1& long/ran khéac nhau 1a 1 ml/g (M1) va
2 ml/g (M2) cho két qua phan tich SEM khéng khac
biét rd rét vé hinh thai cau trac ctia bun dé trude va
sau khi hoat hoa, nhung dién tich bé mit riéng Sger
sau khi hoat hoa ting 1én, do mot s6 kim loai da tan
vao trong dung dich. Két qua phan tich thanh phan
nguyén té bang phuong phap EDX ciing khang dinh
diéu nay, ham luong nhdm, natri, silic giam khé
nhiéu, sit, canxi va titan tang 1én.

Kha nang xt ly ion Cr(VI) cta bun d6 hoat hoa
cao hon han so vé&i bun do chua hoat hda. Qué trinh
hip phu dién ra thuan logi & pH 5,6, can bang hip
phu dat kh& nhanh (sau 60 phdt) va tuan theo mé
hinh ding nhiét Freundlich.

Loi cam on. CAc tac gig xin chan thanh cam on
Churong trinh hé tro can bg tré nghién cizu khoa hoc
cua Vién Han lam Khoa hoc va Cbng nghé Viét
Nam, cam on dé tai 05/HP-PT.13/CNMT di ho tro
kinh phi @é thyc hién cong trinh nay.

Lién hé: Nguy@n Tuan Dung

Nghién ciu hoat héa bun do...

TAI LIEU THAM KHAO

1. Yanju Liu, Ravi Naidu, Hui Ming. Red mud as an
amendment for pollutants in solid and liquid phases,
Geoderma, 163, 1-12 (2011).

2. M. Erdem, HS. Altundogan, F. Tiimen. Removal of
hexavalent chromium by using heat-activated bauxit,
Minerals Engineering, 17, 1045-1052 (2004).

3. Huynh Ky Phuong Ha, Tran Thi Ngoc Mai, Nguyen
Le Truc. A study activation process of red mud to use
as an arsenic adsorbent, ASEAN Engineering
Journal, 1(4), 66-72 (2011).

4, B. Koumanova, M. Drame, M. Popangelova.
Phosphate removal from aqueous solutions using red
mud wasted in bauxite Bayer's process, Resources,
Conservation and Recycling, 19, 11-20 (1997).

5. Ratnamala G. M., VidyaShetty K., G. Srinikethan.
Optimization studies for removal of Remazol Brilliant
Blue dye from aqueous solution using acid treated
red mud, International Journal of Current
Engineering and Technology, 161-167 (2013).

6. Wang Yuhua, Lan Ye, Hu Yuehua. Adsorption
mechanisms of Cr(VI) on the modified bauxite
tailings, Minerals Engineering, 21, 913-917 (2008).

Vién Ky thuat nhiét dai, Vién Han 1am Khoa hoc va Cong nghé Viét Nam

S6 18, Hoang Quéc Viét, Cau Gidy, Ha Noi

E-mail: ndung@itt.vast.vn; Bién thoai: 0936162586.

479


http://db.vista.gov.vn:2054/science/journal/08926875
http://db.vista.gov.vn:2054/science?_ob=PublicationURL&_hubEid=1-s2.0-S0892687500X01616&_cid=271840&_pubType=JL&view=c&_auth=y&_acct=C000053028&_version=1&_urlVersion=0&_userid=1478924&md5=b74547c8e216359860b1a482a1d2d233
mailto:ndung@itt.vast.vn

