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ABSTRACT

Red mud modifying by rice husk char (HMis) was sucessfully
fabricated through activation of red mud slurry (RM) by rice husk char
(RH). HM1os was then characterized by scanning electron microscopy,
energy-dispersive  X-ray spectroscopy, and X-ray diffraction and
employed as an adsorbent for the removal of methylene blue (MB)
from aqueous solutions. Some impact parameters on the adsorption
of MB as contact time and initial concentration were studied. The
results showed that the removal of MB on HM1os was the highest at 90
min and initial concentration of 200 ppm and adsorption data well
fitted with Langmuir adorption isotherm model with the maximum
adsorption capacity of HM1s was 220.26 mg/g. It demonstrated that
HM1os was potential adsobent for treatment of MB as well as other

dyes in wastewater.

Gidi thiéu chung

Xanh methylene (MB) la mot loai chdt mau thuéc ho
thidzin dugc st dung phé bién lam chat nhuém trong
nganh céng nghiép dét nhudm, lam chét chi thi va lam
thudc sat trung trong y hoc. Sy phat thai MB ra moi
trudng véi néng dé cao gay can trg cho qué trinh hoa
tan oxi vao nudc tU khdng khi do dé sé gay anh hudng
co hai dén su sinh trudng va phat trién cla hé déng
thuc vat trong nudc, gay xao trén cho cac vi sinh vat ¢

lgi va tac dong xau dén qua trinh tu lam sach clia nudéc
tlr dé gdy anh hudng gian ti€p dén con ngudi. Do do,
o rat nhiéu phuong phéap dugc st dung dé loai bd MB
trong nudc nhu hdp phu, phan hly sinh hoc, hda hoc,
quang xuc tac [1-4]. Trong do, hap phu la phuong phap
phd bién nhét vi chi phi xtt ly thdp, than thién véi moi
truong va tan dung dugc nhiing nguén nguyén liéu loai
thai nhu bun dé, vo trdu, 16i ngd, khoang sét, oxit kim
loai,... lam vét liéu hdp phu. Uu diém cla cac vét liéu
trén 13 s&n co, dé st dung vdi gia thanh kha thép,
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nhung va&i dic tinh dung lugng hap phu thép, dé bi
phan tan trong nudc khién né bi han ché trong viéc ma
réng trién khai thuc t€. Bun dé la chét thai tir cac nha
may san xuadt nhom tU quang bauxit theo céng nghé
Bayer. Sau khi dugc xr ly né thudng dugc st dung lam
vat liéu hap phu dé xtr ly nudc thai & nhiém, dac biét Ia
cac chét hiiu ca trong nudc. Bén canh do, sif dung than
trédu dé hap phu xr ly chat 6 nhiém trong nudc d& dugc
st dung trong rét nhiéu nghién cdu. Tuy nhién, két hap
truc ti€p bun do udt véi than trdu dé tan dung uu diém
cla cé hai vat liéu Ung dung hép phu MB hién tai chua
c6 nhiéu nghién clu. Trong bai bao nay, ching téi tién
hanh hoat hoa than tréu vdi bun do lam vét liéu hap
phu va danh giad kha ndng loai bd MB trong mai trudng
nuaéc.

Thuc nghiém va phuang phap nghién cldu
Thuc nghiém

Bun dé chua qua xU ly dugc thu thap tai nha maéy
Aluminum Tan Rai (Ldm Dong). Vo trdu dugc thu thap
tai cd s& xay xat trén dia ban thanh ph& Thai Nguyén.
Céc hdéa chét dugc st dung trong thi nghiém nay la céc
hoa chét tinh khiét: xanh methylen (CisHisCIN3S) dugc
mua tu cong ty Merck, Buc. Nudc cét hai lan dugc cat
bang may cat nudc Aquatron-A4000D tai phong thi
nghiém.

Ché tao vat lieu hdp phu bun dé va vé trdu (HM): Vo
trdu sau khi thu vé dugc rlra sach, phai kho, dét trong
khong khi & nhiét d6 khodng 900 °C, lam lanh nhanh
trudc khi nghién nho, rlia sach va sdy trong 24 gi & 70
°C thu dugc than trau kho.
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Than trdu

Bun do

Hinh 1. SG d6 ché tao véat liéu hap phu tir bun do va
than trdu (HMos)

Vat liéu hdp phu dudc ché tao nhu sau: 10 gam bun do
dugc thém vao 100 mL nudc cat va 5 gram than tréu,
hon hap sau dé dem rung siéu am, loc va ria sach, sau
doé sdy kho tai 100 °C trong 2 4h, vét liéu thu dudc sau

dé dugc nghién nhe st dung ci mé néo, ki hiéu HM1os,
dé trong tu hat 8m dén khi dung. So dé minh hoa qué
trinh ché tao dugc trinh bay trong hinh 1.

Bdnh gid kha ndng hdp phu cia HMis: Khd nang hép
phu MB clia HMs dugc danh gia thong qua hép phu
tinh theo mé, tién hanh nhu sau: can 0,059 vat liéu cho
vao binh tam gidc ¢6 danh s6 tu 1 dén 5 sau dé thém
vao vao cac binh trén 50mL dung dich MB cé néng dé
lan luot la 50, 100, 150, 200 va 300 ppm va pH thich
hop. Céc binh nay dugc cho vao lac & téc do 200
v/phit (méy 1dc HY=5A, Trung Quéc). DE khao sat anh
hudng cla thgi gian, cU sau 30, 60, 90, 120, 150 va 180
phut lai dung pipet hdt 8 mL dung dich va cho vao may
li tam trong 10 phut, t6c d6 6000 v/phut dé loai bo vat
liéu hdp phu va thu 18y dung dich. Nong db MB con lai
trong dung dich dugc xac dinh st dung phuong phéap
dudng chuén théng qua do dé hap thu quang (Abs) tai
A = 664 nm trén may UV-Vis Hitachi UH5300.

Cdc phuong phdp xdc dinh

Gian do nhiéu xa tia X (XRD) clia HM1os va RM dugc ghi
trén nhiéu xa ké tia X (D2 PHASER) vdi tia CuKor cé A =
0,154056 nm, ghi & 25°C, gbc quét 26 tur 10 dén 80°,
toc do quét 0,02°/s. Bac diém hinh thai hoc clia HMios
va RH dugc khao sat sit dung kinh hién vi dién t&r quét
dong thai thanh phéan cac nguyén té cla vat liéu HMios
dudc xac dinh bang phdé tan sdc nang lugng tia X (EDX)
trén may JEOL zJSM-6700F SEM.

Két qua va thao luan

Xdc dinh mdt s6 ddc trung cua vt liéu

Cac két qua do nhiéu xa tia X (XRD) clia HMuos (hinh 2)
cho thay su c6 mat clia NasAlzCSisOss (1), muscovite (2),

gibbsite (3), quarzt (4), goethite (5), hematite (6), nhiling
thanh phan tao nén tinh chat hdp phu ctia ban do.

1: Na,Al.CSi .0, 4.8i0,
2: Muscovite 5: FeO(OH)
3: Al(OH), 6: Fe,0,
3 2 615
1 3o 16 4 HM

Hinh 2: Phé XRD clia bun dé (RM) va vét liéu hédp phu
(HM1gs)
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Trong do, hematite (Fe20s), gibbsite (AI(OH)3) va
muscovite ((KF)2(Al203)3(Si02)e) la nhiing thanh phén
chinh trong bun do. Sau khi két hgp vdi than tréu,
thanh phan pha va cuong doé dinh cta vat liéu ché tao
dugc (HMues) tuang tu nhu trong bun dé. Tuy nhién, ¢
su bién mat clia NasAlCSi3Os & vi tri 26=14° do da
chuyén sang pha vo dinh hinh hoac bi phan hly thanh
nepheline (NaAISiO4) [5].

Ngoai ra, dnh SEM cla HMies (hinh 3b) cho thay cac
manh ctia than trdu (hinh 3a) da dudc bao pht va xen ké

Bdnh gid kha ndng hdp phu xanh methylen trong dung
dich nu6c caa HMos

Anh hudng ctia thoi gian dén khd néing ndng hdp phu
cua HMios

Anh hudng cla thdi gian hdp phu dén hiéu suét va
dung lugng hédp phu cla vat liéu ché tao clng nhu
nguyén liéu dau dugc trinh bay trong hinh 4. Dung
lugng hap phu cla vat liéu dugc tinh theo cong thic:

Co-200ppm
——HM,.-30 phat
——HM,.-60 phut
~——HM,.-90 phat
———HM,-120 phut)
——HM,.-150 phat
———HM,.-180 phut

(a)

Do hip thu

105
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Bwéc song (nm)
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thém bdi cac hat nhé clia RM. Thanh phan hda hoc cla
HMos dudc xac dinh thém bang phd tan sac nang luong
tia X (EDX) tién hanh déng thai véi quan sat anh SEM.
Két qué thé hién trong hinh 3c. Nhan théy rd, Fe la thanh
phan chiém uu thé trong HMos vai 11,82 % khéi luong,
va cac thanh phan chi yéu khéc la cac oxit cta Al, Tiva
K. TU két qua SEM, EDX va XRD ching téi cho rang vat
liéu ché tao 1a t6 hop cla cac manh than tréu va cac
hat bun dd chia cac cdu tric oxit kim loai khac nhau, &
do c6 thé tao thuan lgi cho su hdp phu clia MB.

Energy (keV)
Hinh 3: Anh SEM (a) ctia RH, (b) HM1os, () phd EDX clia HMps

_(C,-CYV
m

Q.

Trong do: Qe la dung lugng hap phu cua vat lieu, Cola
nong dd ban dau cda chét bi hdp phu (ppm), C la
ndng dé clia chat hap phu tai thai diém t (ppm), V 1a
thé tich dung dich chét bi hdp phu (L), m 1a khdi lugng
chét hap phu (g).
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Hinh 4: Anh hudng clia thei gian dén dé hdp thu ctia HMos (a) dung lucng (b) va hiéu suét hap phu (c) clia RM,
RH, HMhos (Co=197,37ppm, V=50mL, T=298K, t&c do lac 200v/phut, khéi lugng chat hép phu 0,059)
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Hiéu sudt hdp phu (H%) cta vat liéu dugc tinh theo
cong thuc:

He CoC
C

.100%

0
Trong dé: Co la ndng dé ban dau cla chat bi hdp phu
(ppm); Ce la ndnNg do cla chét bi hdp phu tai thai diém
can bang (ppm).
TU hinh 4, ta thdy d6 hép thu cla dung dich MB sau khi
dugc hép phu badi vat liéu HMios gidam nhanh ching to
ndng dé MB gidm dan theo thai gian hay qué trinh hap
phu dat hiéu qua tét. Hon nifa, hiéu sudt hap phu va
dung lugng hép phu MB cla vét liéu ddu (RM va RH)
cling nhu vat liéu hdp phu (HMios) tdng dan theo thdi
gian hap phu. Béi véi nguyén liéu ban dau, qué trinh
hép phu xay ra chdm trong khodng 30 phut dau, sau
do tang dan va dat can bang & khoang 120 phut. Tuy
nhién, d€ dam bao can bang dugc thiét 1ap hoan toan,
thai gian hdp phu dugc duy tri thém 60 phdt nifa. So
v3i RM va RH, qué trinh hdp phu HMioes xay ra rat nhanh
trong 30 phut dau, sau do tang chdm va dat dén can
bang tai thdi diém 90 phut.

Anh hudng ctia ndng dé xanh methylene

Két qua anh hudng ctia ndng dé MB dén kha nang héap
phu clia RM, RH va HM1os dugc dua ra trong hinh 5.

T hinh 5a cho thay, khi ndng dé MB tang dan thi dung
lugng hdp phu Qe cla vat liéu ban dau cling nhu vat
liéu hdp phu tang dan. Tuy nhién, déi véi HMies, dung
lugng hép phu tdng nhanh (dat 186,33 mg/g & ndng do
MB 1a 197,37 ppm) trong khi do clia RM va RH tang
chdm. Biéu nay chiing t6 c6 su tang hiéu Ung gradien
nong doé khi tdng ndng dé MB ban dau [4]. Nguac lai,
hiéu suédt hdp phu MB (hinh 5b) trén RM, RH va HMios
lai giam khi ndng d6 MB tang. Cu thé, hiéu sudt hap
phu clia cac nguyén liéu dau dac biét giam manh khi
ndng dé MB ban dau > 100 ppm trong khi hiéu suat
hap phu ctia HMies chi gidm nhanh khi néng dé MB >
300 ppm.

Két qua dé hép thu cla dung dich MB theo néng dé
dau (hinh 5 ¢, d, e, f, g) cling chi ra rang, kha nang hap
phu MB cla vat liéu HMips dugc cai thién rat nhiéu so
vdi nguyén liéu dau.
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Hinh 5: Anh hudng ctia ndng dé MB ban dau dén dung lugng (a) va hiéu suat (b) hap phu ctia RM, RH, HMos (thdi

gian hdp phu 120 phdt, V = 50 mL, T = 298 K, téc dé lac 200 v/phut, khéi luong chét hdp phu 0,05g) va phé UV-Vis

clia dung dich MB vdi cac néng dé 50 ppm (c), 100 ppm (d), 150 ppm (e), 200 ppm (f) va 300 ppm (g) sau khi dugc
hép phu trén RM, RH va HMos

Bdng nhiét hdp phu

Langmuir (1), Freundlich (2) va Temkin (3) la ba mé hinh
dang nhiét hdp phu phd bién nhat dé mo ta trang théi
can bang hdp phu. Cac phuong trinh nay dugc cho
tucong Ung dudi day:

&:;+&(1)

Qe kLQmax QmaX
InQe:%InCeanF(Z)
Q.=BInk,+BInC,(3)

https://doi.org/10.51316/jca.2021.148
290


https://doi.org/10.51316/jca.2021.148

Vietnam Journal of Catalysis and Adsorption, 10 — special issue 1(2021) 287-292

Trong dé: Qmax la dung lugng hédp phu cuc dai
(mg/g)ke la hang s6 can bdng hép phu Langmuir
(L/mg), n la hang s6 chi cuong dé hap phu.kr 1a hang
s can bang hap phu Freundlich,

Phuong trinh Langmuir, Freundlich va Temkin clia RM,
RH va HMigs dugc dua ra trong hinh 6 va cac thong s6
tinh toan thu dugc theo ba mé hinh trén dugc trinh bay
trong bang 1.

7
HM,,: y = 0.01843 + 0.00454x; R® = 0.998 (@ = HM,, (c)
81 rm: y= 0.41432 + 0.01217x; R* = 0.71478 618 RM
RH: y= 1.58506 + 0.01553x: R’ = 0.02029 5|4 RH
6 il .// u
.
g 3]
4 |
) @
o 24
°
24 1] -
= HM,, 3.0HM,,; y= 0.037584x + 3.98479; R’ = 0.635 0 HM.,,: y=0.02141x-0.86067; R™=0.818)
0] B——" = RH 2.5 JRH: Y= 0.08236x + 3.67922; R'= 0.028 L 11 i RM: y=0.02903x+2.95213; R%=0.1306
. ; . ; _ = RM | \RM: y—0.05842x + 330615, R 20221~ | 2 RH: y=0.06611x.0.27; R?=0.1080
O 80 100 150,200 280 2oAs 0ot 808 0 50 100 150 200 250
C, (mg.L") LnC,g LnCq

Hinh 6: Budng dang nhiét Langmuir (a), Freundlich (b) va Temkin (c) ctia HMos, RMva RH

Bang 1: Cac thong s6 theo ba md hinh dang nhiét hdp phu MB trén HMios

Lang muir Freundlich Temkin
Ki Qumax R® n R® B kr R
02463 220,26 0,998 2,6601 53,77 0,757 39,834 3,751 0,853

TU hinh 6 va bang 1 cho thdy, cac md hinh nay déu co
hé s§ tuong quan R? cua vat liéu hdp phu cao hon so
véi nguyén liéu ban déau thé hién tinh phu hop ban chét
vat liéu hép phu theo cac mé hinh nay. Trong dé, mé
hinh Langmuir pht hgp hon ¢3, vai gia tri R? dat 0,998.
TU phuong trinh Langmuir, ta tinh dugc gia tri Qmax cla
HMos 1a 220,26 mg/g trong khi dé dung lugng hap phu
cyc dai cia RM va RH chi dat 64, 39 va 82,16 mg/g,
thap han rét nhiéu so vai vat liéu ché tao. Biéu nay cho
thay, vat liéu tao thanh do su két hgp cla RM va RH da
lam tang dung lugng hdp phu MB mét cach ré rét. Gia
tri cla hang s6 k. la 0,2463 cling dugc tinh dua vao
phuong trinh Langmuir. Trong khi dé Ri thé hién su ua
thich hap phu va dugc tinh theo cong thuc:

R =—
1+, .C,

=0,0134

K&t qud nay ching t& md hinh hdp phu dang nhiét
Langmuir 1a mé hinh thudn Igi d€ mo td qua trinh hép
phu clia MB trén vat liéu HMios bdi gié tri nam trong
khodng O < Ri< 1[4].

Gia tri n trong phuang trinh Freundlich dugc st dung
dé xac dinh loai hap phu la hdp phu tuyén tinh (n = 1),
hdp phu hda hoc (n < 1) hay hap phu vat ly (n > 1). Tu
phuang trinh ta tinh dugc n = 2,6607 >1 chiing to qué
trinh hdp phu clia MB trén HM1os 1a hép phu vat ly. Diéu
nay phu hgp véi ca ché hdp phu dugc dé xuét (hinh 7)
cho qua trinh hép phu clia MB trén bé mat vat liéu [6].

So sanh vdi két qua cong bé clia cac nghién clu vé hép
phu MB trén cac vét liéu khac nguon géc tu nhién
(bdng 2) cho thdy dung lugng hdp phu cuc dai cla vat

liéu HMios cao hon hdu hét cac vat liéu khac. Tu dé cho
théy vat liéu HMios ché tao dugc cé trién vong trong
hap phu va xr ly MB trong méi trudng nudc.

&= g € T
I P H? /OH T ;n
O~ SHg/«:‘.\ s N atH oz
ae‘\
B N 7N
28! .
AR 33 .
@ z
Vi oi /Oi) 38 g o \”: \
Fe™ R T N\ Tl
o 2/4——"’ G/SI\ @/\@Ke K \/
x \o‘ Tuong ? o o 8 ) p=rg mg Z\-e»
tinh di Fat L. % o
& \_ &£/ Bématchit hip phy g;;;‘% F
<7 T Ners
N “‘g‘g’ N &%
HaC ©_CH
HiC CH 3 St LH3
3 ~N s = \N/ 3 ’N S h‘l
Hjc/ Methylen blue éHs HiC CH;

Hinh 7: Cg ché dé xuét cho qua trinh hap phu MB trén
bé mat HMgs

Bang 2: So sénh dung lugng hdp phu MB cuc dai (Qmax)
cla vat liéu HMios va mét s6 vat liéu hdp phu khac

Thdi gian Tai liéu
Vat lidu hap phu Qmax,w tham
(phut) MIg)  hao
HMios 90 220,26 Nghién
cdu nay
Chitosan- - m (5]
montmorillonite/po
lyaniline
Vé dau 180 246,91 71
Vo cay sheathiana 180 204,08 (8]
FesO4/activated 25 106,38 [9]

montmorillonite
nanocomposite
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K&t luén

D3 thanh cong trong viéc tan dung phé thai bun dé va
vo tréu thanh vat liéu hdp phu (HM105) Ung dung loai
bd hiéu qua MB trong nudc. Két qua SEM, EDX va XRD
cho thdy HM105 gdm cac hat oxit kim loai khac nhau
phan bé trén bé mat than trdu tao thuén Igi cho sy hap
phu clla MB. Qua trinh hdp phu MB pht hgp véi mé
hinh hdp phu Langmuir, c6 dung lugng hép phu cuc
dai la 220,26 mg/g va hiéu sudt hdp phu cao (> 91,21
%, nong dé ban dau clia MB la 197,37 ppm) cho thay
tiém nang st dung HM105 lam chét hdp phu dé loai bo
MB trong dung dich nudc cling nhu trong xU ly nudc
thai thuc.

L&i cdm on

Nhom tac gid xin cam on Cong ty ¢6 phan tap doan
HM da tai trg kinh phf cho nghién cdu nay.
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