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TOM TAT

Bai bdo nay nghién ciru qua trinh hdp phu metylen xanh (ki hiéu: MX) bang bin dé ban
dau (ki hiéu BPL), bun dé da dwoc xir Iy bang axit (ki hiéu: BPA) va bin doé dwoc xik 1y két
hop bang axit/nhiét (ki hiéu la BPA500 va BPA700). Mot sé ddc trung ciia bin dé nhw pH,
thanh phan khodng va kich thuée hat ciing dwoc trinh bay. Anh hwong cia pH dung dich
dén qud trinh hdp phu da dwoc khdo sat. Két qud cho thdy rang cac mdu bin dé cé kha
nang hap phu MX tai gia tri pH = 11, trong dé mdu BPA ¢6 kha ning hap phu cao nhit.
Ngoai ra, mau BPA700 cung 6 kha nang hap phu MX tai cac gid tri pH thdp hon. Cdc mé
hinh dang nhiét dang tuyén tinh ciia Langmuir va Freundlich da dwoc dp dung dé phan tich
dir liéu thwe nghiém. Két qud cho thdy rang mé hinh Freundlich mé ta phi hop qud trinh
hdp phu MX trén bim do. Gid tri dung lwong hdp phu cuc dai ciia mau BPA la 2,25 (mg/g)
va ciia mdau BDA700 la 0,44 (mg/g).

Tir khod: bun do, bauxite, metylen xanh, hd'p phu
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1. Mé dau nuée. DSi v6i con nguodi, pham nhudm cd

Su 6 nhiém do cac loai phdm nhuom  thé gy ra cac beénh Vé, da, duong ho hap,
trong cong nghiép trd thanh vin dé moi phoi. Ngoai ra, ’rn(f)t sO loai Phﬁm nhuém
truong va vé sinh nghiém trong trong h0§1c dang thtr cap cua chiung ré:[ doc hai co
nhitng nam gan day. Viéc sir dung rong rai thé gy ung thu (nhu pham nhudom
cac loai phdm nhudm va cac san phdm cia ~ Benzidin, Sudan [2]).
chung s& gay ra 6 nhiém ngudn nudc anh Cac phuong phap hoa 1y truyén thong
huong t6i moi truong va con ngudi [1]. C6 dé xtr 1y pham nhudém co trong nudc thai
nhiéu loai pham nhudém duoc thai ra ngoai  nhu doéng tu/két bong [3], oxi hod hoic
mdi trudong tir nudce thai ciia cac nha may  ozon hoa [4] va hdp phu [5]...
dét may, giay, cao su, nhya, da, my pham, Bun d¢ 1a mot thut ngit duge sir dung
duge pham va cac nganh cong nghiép thuc  ph4 bién dé chi mot loai san pham thai rén
phér}q. Cac loai pham nhu‘(f)m nay khi di yéo duoc hinh thanh trong sudt qué trinh tinh
ngudn nudc nhu song, ho,... voi mot ndNg  Jyyén nhom tir quing bauxite. Trong nhimg
do rat thap cing lam cho nguon nuéc ¢6  pim gin déy, bun d6 dugc xem la mot vat
mau gdy can tré su hap thu oxi va anh sing iy méi dé xir 1y nude thai 6 nhiém [6].
mat tro1 do1 voi cac loai thuy sinh vat trong  Trap thé giéi, c6 nhiéu cong trinh nghién
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ctru str dung bun d6 1am chat hap phu dé xir
1y nuée bi 6 nhiém [6, 7, 8]. Tuy nhién, &
Viét Nam hau nhu chwa c6 cong trinh nao
danh gia vé kha ning hap phu cia no.

Trong bai bao nay, bun do ban dau va
bun do da xur 1y voi axit/nhiét dugc str dung
lam chat hip phu dé loai bo metylen xanh
trong dung dich nudc. Mot sé dic trung
hoa 1y cua bun d6 va cac yéu td anh huong
dén qud trinh hdp phu nhu pH ban dau,
nong do cua dung dich metylen xanh da
duoc khao sat.

2. Vit liéu, phwong phap nghién ciru

2.1. Vit lieu

Bun d6 dugc cung cdp bdi nha may
alumina Tan Rai (Bao Lam, Lam Pong).
Céc hoa chit metylen xanh (ki hiéu: MX),
HCI va NaOH (QuangZou, Trung Qudc)
duogc st dung trong nghién ctru nay.

N
X
/: :: +/:: :\ CHs

| or |
CHs CHs

Hinh 1. Céng thitc cdu tao ciia metylen xanh

Ban dau, bun do dugc siy kho ¢ 105°C
va ray thanh hat nh¢ ta thu dugc bot bun do
Lam Dong (ki hiéu: BDL). Sau dé, bot bun
do duoc xir Iy bang cach rira 2 1an voi axit
HCI (0,1 mol/L) trong 4 gio voi ti 1€1:25
(9/mL) (khéi lwong bun do/thé tich dung
dich), cudi cing bun d6 duoc rira voi nude
cat va sy ¢ 105°C ta thu dugc bun do da
duoc axit hoa (ki hiéu: BPA). Mau BDA
duoc hoat hoa b?mg cach nung ¢ nhiét do
500°C va 700°C trong 4 gid, cac mau thu
dugc ki hi¢u tuong ung la BDAS5S00 va
BDA700.

Thanh phan khoang va pha tinh thé ciia
caic mau bun d6 dwoc phan tich bang
phuong phéap nhiéu xa tia X (XRD) duoc
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ghi bang may 8D Advance Bruker (Duc)
dung tia bic xa CuK, & vung quét goc 20
tir 10 — 70°. Hinh thai va kich thudc hat cua
bun dé dugc quan sat bang phwong phap
hién vi dién tir truyén qua (TEM, EMLab-
NIHE).

2.2. Xac dinh pH cua bun do

Gié tri pH cta bun dé dugc do luong
theo phuong phap dugc mo ta trong tai liu
[7]. Pau tién bot bun d6 dwoc khudy manh
v6i nude cat trong 5 phut, sau d6 dé ling
trong 15 phut roi tién hanh do pH. Gia tri pH
cua bun do duoc do & cac ti 1€ rén/dung dich
khéc nhau tir 1:1 dén 1:200 (5 — 1000 g/L).

2.3. Nghién ciru hap phu MX bang bim
do

Qua trinh hap phu MX bang bun do6
dugc tién hanh trong binh cau hai ¢6 (dung
tich 250 mL) c6 gan sinh han hoi luu va dat
trén may khudy tir diéu nhiét (Heidolph
MR Hei-Tec, btrc). Cac dung dich MX vdi
noéng d6 va pH ban dau xac dinh (gia tri pH
cua dung dich dugc diéu chinh béng HCl1
0,1 M hay NaOH 0,1 M) duogc thém vao
mot lugng bun dé voi ti 1€ 6 g/L, sau do
tién hanh khudy tr véi toc d6 500
vong/phut trong 3 gid & nhiét do 30°C.
Cudi cung dung dich dugc li tam (3000
vong/phiit, 10 phut) dé loai bo chat hap
phu, néng dd cua dung dich MX dugc xac
dinh bang phuong phap do quang trén may
UVmini-1240 (Shimadzu, Nhat) tai budc
song A =670 nm.

Dung luong hap phu cin bang, ge (Mg
phim nhudm/g chat hip phy), duoc tinh
theo cong thuec:

Y%
9.=(C,-C)— ()
m
Hiéu suat hap phu (H%) duoc tinh theo
cong thirc:

Ho6 = Co =Ce) 10004 (2)
C

0o
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Trong dé: C, va Ce (Mg/L) 1a ndng do
dung dich MX ¢ thoi diém ban dau va thoi
diém can bang; V (L) 1a thé tich cta dung
dich va m (g) 1a khdi lwong chét hap phu.

3. Két qua va thao luan

3.1. Ddc trung hoa ly cia bun do

Hinh 2 trinh bay gia tri pH cta bun do
Lam Doéng ban dau va sau khi da axit hoa &
céc ti 1é rin/dung dich khac nhau. Ta thiy gia
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Hinh 2. Gid tri pH ciia BDL va BPA ¢ cac ti ¢
rdan/dung dich khdc nhau

Viéc axit hod 1am cho pH cua mau BDA
giam dang ké va gan nhu khong thay doi o
cac ti 1é ran/dung dich nam trong khoang tir 5
g/L dén 1000 g/L v6i gia tri pH trung binh 1a
8,49 (sai s0 chuan SE = 0,03).

Gian d6 nhiu xa tia X (XRD) cua bun
ddé duoc chi ra ¢ hinh 3. Cac pha khoadng
xac dinh dugc trong bun doé Lam Déng
(mdu BPL) 1a hematite (Fe,O3), sét titan
oxit (Fe,TiOs), goethite (FeO(OH)) va silic
oxit (SiO,); trong mau BPA 1a hematite
(Fe;O3) va cristobalite (SiO;). So sanh
thanh phan khoang cta bun d6 Lam Ddng
v6i mot s6 bun do khac trén thé gidi cho
thdy c6 su khac nhau (xem bang 1), su khac
nhau nay c6 18 1a do ngudn quing bauxite
khac nhau. Bang 1 ciing cho thiy bun d6
Lam Pong chira cac khoang chit cta sit 1a
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tri pH cia mau BDL nam trong khoang 10,02
— 11,78 & cac ti 16 ran/dung dich khac nhau tir
5 g/L dén 1000 g/L. pH ting khi ti 1é
rin/dung dich ting va thay d6i khong dang ké
& ti 16 >1:2 (500 g/L). Két qua nay cho thay
gia tri pH cta bun d6 Lam Pong ciing tuong
dong véi cac mau bun do khac trén thé gidi.
Gi4 tri pH ciia cic mau bun d6 khac nhau
thuong nam trong khoang 10 — 12,5 [7].

BBL

Cudng dd (cps)

20 (d6)
Hinh 3. Gidn d6 XRD ciia mau BPL va BDA

chu yéu, cac khoang chit ciia nhém hau
nhu khong phat hién duoc. Diéu nay chimg
td qui trinh tinh luyén nhom & nha may
alumina Tan Rai rat hiéu qua, cic khoang
chat ciia nhom da duge phan tach gan nhu
hoan toan.

Hinh 3 cho thay hinh dang pic ctia cac
pha tinh thé rat sic nét nhung cuong do
nhiu xa thap. Diéu nay c6 1& 1a do kich
thude hat cia bun do qua nho. Hinh dang
va kich thudc hat cua bun dé dugc quan sat
bang TEM (hinh 4) cho thay bun dé ban
dau va bun do da dugc axit hoa ¢ cac hat
vo1 hinh dang khac nhau, kich thudc céac
hat c& vai chuc nm va cac hat tao vdi nhau
thanh tirng cum chimg 100 nm.

Viéc nung ¢ nhi¢t do cao (& 500 va
700°C) l1am cho cac hat bun do két tinh lai,



Journal of Thu Dau Mot University, N°1 (14) — 2014

do d6 mau BDAS500 va BDA700 c6 cac pic  ¢6 pha tinh thé hematite trong mau, diéu d6
nhidu xa dic trung cho cdu trac tinh thé rfit  ciing chung t6 thanh phan khoang chu yéu
& rang (hinh 5). Két qua phan tich XRD  cua bun d6 Lam Pong 14 sit.
ctia mau BDA500 va BDA700 cho thay chi

Bing 1. So sanh thanh phan khodng ciia bun do Lam Pong (Viét Nam) va mét s6 bin dé khdc

.1

trén thé gioi (sw co mat duoc danh béng ddu “x

Zvornik
(Eastern
Bosnia) [7]

X X X

AICOA Aughinish
(Australia) [9] (Ireland) [10]

Bun dé Lam Déng

Thanh phan khoang (Viét Nam)

Hematite (Fe,03)

Sét titan oxit (Fe,TiOs)
Goethite (FeO(OH))

Silic oxit (SiO,)

Gibbsite va bayerite (AI(OH)3)
Quartz (SiOy)

Sodalite (NagSisAlgO24Cl)
Calcite (CaCOs)

Anatasa va rutile (TiO,)
Cancrinite (NasCazAlSisO24(CO3),) X
Perovskite (CaTiO3)

Boehmite (AIO(OH))

Calcium alumina silicate (Ca,Alx(SiO4)(OH)g)

o

4
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Hinh 4. Anh TEM ciia mau BPL (a) va BPA (b)
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3.2. Qud trinh hip phu metylen xanh
bing bin dé

3.2.1. Anh hudng ciia pH ban dau

pH cua dung dich 1a mot trong nhiing
thong s6 quan trong nhat anh hudéng dén
quéa trinh hap phy. Hinh 6 trinh bay anh
huéng cua pH (pH ban dau cua dung dich
MX trong khoang 3 — 11) dén hiéu suét hap
phu MX trén bun dé. Hinh 6 cho thay cac
miu BDL, BDA va BDAS00 hdu nhu
khong hap phu MX trong khoang pH = 3 —
9; trong khoang pH = 5 — 9 mau BDA700
co hép phu MX nhung hi¢u suét thép; tai
pH = 11 hiéu suit hap phu MX cua ca 4
mau déu cao. Két qua nay c6 thé dugc giai
thich nhu sau:

— Trong mdi truong axit, tich dién
dwong duoc ting cudng trén bé mit cla cac
oxit ctia chat hap phu va do d6 xay ra tuong
tac ddy v&i cac cation cia MX, quéd trinh
héap phu khong xay ra:

=MOH + H'

R —

== =MOH;" (M 1a Si, Fe)

— Trong moi truong bazo, tai pH cao
hon gia tri pH dang dién cua chat hap phu
(PHpzc), bé mit ciia chat hap phu tich dién
am va do do xay ra tuong tac hut véi cac
cation MX, qu4 trinh hap phuy xay ra:

=MOH + OH === =m0 + H0

=MO + MX'= =MmO0"..MX'

Gia tr1 pHpz cia bun dé thuong vao
khoang 8,5 [11]. O day, tai pH = 9 qua
trinh hip phu hau nhu ciing khong xay ra,
van d& nay can duoc nghién ctru sdu hon.
Tai pH = 11, hiéu suat hdp phu cua miu
BPA cao hon miu BPL, diéu nay co thé
duogc giai thich 1a do dién tich bé mit cua
chat hip phu duoc ting 1én khi tién hanh
hoat ho4 bun d6 bang axit [12]; hiéu suét
hap phu ciia mau BDAS500 va BPA700
thdp hon c6 thé dugc giai thich 1a do viéc
nung ¢ nhi¢t d§ cao lam giam cac nhom
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hydroxyl bé mit nén qué trinh tich dién 4m
bé mat xdy ra kho khan hon, hon nira dién
tich bé miat giam khi nung [12] ciing lam
hiéu suat hip phu thap hon. Viéc nung &
nhiét d§ cao cling lam xuit hién cac tim
hoat hoa nén mau BPA700 c6 kha ning
hép phu MX ¢ pH thip (pH = 5 — 9). Trong
cac phan tiép theo qua trinh hip phy MX
dugc thuc hién tai pH = 11 dbi voi mau
BDA va pH = 5 d6i véi mau BDA700.

9 [IsbL
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jan
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pH ban dau

Hinh 6. Anh huong ciia pH ban dau dén hiéu
sudt hdp phu metylen xanh trén bin do (liéu
lwong chdt hap phu 6 g/L, nong dé ciia MX 4
mg/L, nhiét do 30°C)
3.2.2. Pang nhiét hap phu
M6 hinh dfmg nhi¢t dugc &p dung rong
rdi nhat cho cac qua trinh hip phu 1a mé
hinh Langmuir va Freundlich. O day, dang
tuyén tinh ciia hai mé hinh dang nhiét nay
dugc st dung dé phan tich dir liéu dang
nhiét hap phu MX trén bun do.

Dang tuyén tinh dugc str dung phd bién
cua md hinh Langmuir [a [11]:
N ©
J. O, K.,
Trong d6: Qe - dung luong hép phu cin
bang (mg/g); Ce - ndng do ctia chat bj hip phu
trong dung dich lic can bang (mg/L); O -
dung lwong hip phu cuc dai don 16p (mg/g);
K| - hang sb hap phu Langmuir (L/mg).
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Hbi qui cac gia trj thuc nghiém Ce/qe +
Ce, tr gia tri doan cit véi truc tung va do
dbc cua duong thang hdi qui ta tinh duoc
cac tham s6 ctia md hinh Langmuir.

Mo hinh déng nhiét Freundlich ¢6 dang
tuyén tinh 1a [11]:

Ing, =InK; +£InCe 4)
n

O day, n 1a hé sb di thé va Kr 13 hing
s6 Freundlich (mg"™™.L*gh). n va Ke
phu thudc nhiét d6. n co thé xem 1a thong
s6 dic trung cho hé di thé.

T nhitng dir liéu thu duoc vé dung
luong hap phu can bang cia qua trinh hép
phu MX trén bun d6 & cac ndng do ban dau

cua dung dich MX khac nhau, ta xay dung
d6 thi Inge + InCe; tir phuong trinh dudng
thang héi qui tuyén tinh ta xac dinh duoc
cac tham s6 ciia mé hinh Freundlich.

Cac tham sd om K. (ding nhiét
Langmuir), n, Ke (ddng nhiét Freundlich)
xéc dinh theo phuong phéap tuyén tinh dugc
chira ¢ hinh 7, hinh 8 va bang 2. Tur bang 2
ta thdy hé sb twong quan (R?) cua mé hinh
Freundlich c6 gid tri cao hon mdé hinh
Langmuir, hon nita cac tham sé xac dinh
theo mé hinh Langmuir c6 gia tri am,
ching t6 md hinh dang nhiét Freundlich
mo ta thich hop qua trinh hap phu MX trén
bun d6 hon mé hinh Langmuir.

Bing 2. Cdc tham s6 ding nhiét dang tuyén tinh phit hop véi dit liéu hap phu

Chét hap phu Mb hinh am Ko n Ke R?

BDA Langmullr “) “) - - 0.208
Freundlich - - 0,540 0,414 0,729
Langmuir “) “) - - 0,581

BDA700 Freundlich - 0,514 0,025 0,960

(-): Gid tri am, -: Khdng xdc dinh.

Theo Halsey [13], dung lwong hip phu
cuc dai tinh theo mo hinh Freundlich duoc
xac dinh dya vao phuong trinh:

Omax = Kr Colln (5)

O day, C, 1a ndng d6 ban dau cua dung
dich phdm nhudém (mg/L) va Qmax 1a dung
lwong hip phu cuc dai Freundlich (mg/g).

Két qua thuc hién ¢ néng do ban
ddu C, = 4 mg/L = const v6i lugng chét

hap phu thay d6i 4 — 10 g/L duoc trinh bay
& hinh 9. Tir phuong trinh duong thang hoi
qui ta xac dinh dugc n va Ke.

Vay, dung lugng hap phu cuc dai MX
trén bun do la:

— Pbi v6i miu BDA: Qnax = Ke Co!/" =
0,379.4%°77) 2 25 (mg/g).
— Dbi v6i miu BDA700: nax = K o2 =

0,005.4103%) ~ 0,44 (mg/g).

:](a) u

¥=-1997x+ 5.269

.1 R =0208
3] u
. .
2] . -
] [ ] L]
5]
- T T T T T T T T
o5 se 0% PP

C

Cha,

Ny

v=-7203x+ 4217
R =0.581

Clg

Hinh 7. Do thi dang nhiét hdap phu Langmuir dang tuyén tinh phit hop véi dix liéu hap phu MX
trén bun do khi thay doi nong dé dung dich: a. BDA; b. BDA700
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" o] Hinh 8. Pé thj dang
1-1_(3) 7(b)

nhiét hdap phu
Freundlich dang
tuyén tinh phit hop

Ing
[ ]
lnq{l

v=1.852x- 0.852
R = 0729 20

Véi dit liéu hdp phu

"y =1945x - 3,685

R'=0960 MX trén bimn d6 khi
7 ) “ thay d6i nong dé
B iEomeeE oo L * & dung dich: a. BDA;

€, e, b. BDA700

Hinh 9. Bé thj dang

124 (b) A A
nhiét hap phu

Freundlich dang

tuyén tinh phit hop

E" v =1.286x- 0971

] R =0975 2o = 3.284x- 5350 véi dit liéu hdp phu
R = 0887 MX trén biin do khi
14 24 thay dl/):l hrong Chd’t
" a2 3 5 100 12 t0e 186 1B 110 tiz 114 116 hA’ h - BDA, b

> o ap phu: a
. ‘ BDA700
4. Két luén mau BPA c6 kha ning hip phu cao nhit,

Bin d6 Lam Déng co kich thude hat  tai cac gid tri pH thap hon (pH = 5 - 9)
rét nh6 (c¢& vai chuc nm) voi thanh phin ~ mau BDA700 ciing c6 kha nang hap phu
chinh 1a sit va pH nidm trong khoang MX. Qua trinh hap phu MX trén bun do
10,02 — 11,78. Cac miu bun dé déu cé tuan th69 mo hinh Freundlich véi dung
kha nang hap phu MX tai pH =11. Viéc lugng hap phu cuc dai }2‘1 2,25 va 0,44
hoat hod bang axit va nhiét lam ting kha  (mg/g) tuwong ng voi mau BDA (tai pH
nang hip phu MX cua bin do, taipH =11  =11) va BDA700 (tai pH = 5).

*
STUDY ON THE METHYLENE BLUE ADSORPTION BY A WASTE PRODUCT
FROM THE ALUMINIUM INDUSTRY - RED MUD
Nguyen Quoc Hoa®™, Le Hong Tham®, Tran Phi Hung", Tran Thi Thuy Trang®,
Nguyen Thi Que®™, Hoang Bac®®, Pham Dinh Du™"

(1) Thu Dau Mot University, (2) The Secondary School laLy (ChuwPah, Gia Lai)
ABSTRACT

In the present paper, the adsorption of methylene blue dye (denoted as MX) from
aqueous solution by raw red mud powder (denoted as BPL), acidified red mud (denoted as
BbA) and acidified/heated red mud (denoted as BDA500 and BPA700) were investigated.
The characterizations of red mud including pH, mineral phases and particle size were
presented. The effect of solution pH of the adsorption indicated that red mud samples
adsorbable MX at pH = 11. Among them, BPA sample had the highest adsorbability.
Addition, BDA700 sample had also adsorbability at lower pH values. The models of

50



Journal of Thu Dau Mot University, N°1 (14) — 2014

isotherms including Langmuir and Freundlich in linear forms were applied to experimental
data. The results indicated that the adsorption of MX on red mud were well fitted by
linear Freundlich model. The maximum adsorption capacity of red mud was 2.25 (mg/g)
and 0.44 (mg/g), respectively for BPDA sample and BPA700 sample.
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