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ABSTRACT

Tan Rai (Tay Nguyen) red mud is the waste from alumina production of
bauxit ore. The composition of red mud contains mainly the iron oxide
and other metals oxide as SiOz, Al20s...The aluminum and silica in red
mud was used to synthesize the zeolite material. The zeolite material
was synthesized by the hydrothermal method from red mud by adding
Si which was RM-ZeO-Si and RM-ZeO-Si/Al for both Si and Al added.
The structure of zeolite material studied by X-Ray, EDX, BET and FT-IR.
The results showed that the synthesized zeolite was likely the new kind
one with one sunfua S atom in the formular Nas(AlsSic024)S.4H.O. The
absorption arsenate was studied on both materials, the maximum
adsorption capacity of arsenate by Langmuir model was 7.63 mg/g and
5.81 mg/g for RM ZeO-Si and RM ZeO-Si/Al, the maximum adsorption
capacity was higher than the adsorption ablility of original Tay Nguyen
red mud (2.30 mg/qg).

Gidi thiéu chung

c6 tinh chéat, dac diém khac nhau va cling quyét dinh
tinh chét cla ching. Ham lugng SiO2, Al203 ¢ trong

Bun do Tan Rai (Tay Nguyén) la ba thai cla qué trinh
tinh ché nhém tUr quang boxit theo cdng nghé Bayer.
Trong thanh phan bun dé Tay Nguyén chita khoang
40-55% Fe203 va mot s6 cac oxit khac nhu SiO2, Ala-
O3, TiO2, MnOz... [1]. Bun do da dugc cac nha nghién
cliu trong va ngoai nudc nghién clu bién tinh lam vat
litu hap phu, x&r ly mét s6 cac ion kim loai trong moi
trudng nudc nhu Pb (1), Cu (1), As(V)...[2,3,4] va xU ly
mot s& cac anion khac trong nudc nhu PO, NO,
NO3 [5,6,7]. Cac thanh phén oxit trong bun dé déu rét
co y nghia trong viéc xUf ly chung thanh vat liéu hap
phu. Trong cau tric cla zeolit thi SiO2, Al2O3 la thanh
phan quan trong, ty 1& Si/Al sé tao nén vat liéu zeolit

bun dé chiém 514% va 13,20%, chung dugc dinh
hudng trong nghién cliu ché tao zeolit 1a vat liéu hap
phu.

Céc vat lieu zeolit ndi chung va vat liéu zeolit bién tinh
tU bun do clia mét s6 nha nghién clu da cho théy kha
nang hap phu x ly cac ion trong méi trudng nudc rat
hiéu qua [8,9,10]. Vat liéu zeolite dugc téng hop tir bun
dd bang phuong phap thly nhiét bé sung thém silic
dé c6 vat liéu RM ZeO-Si hay thém dong thai silic,
nhém dé cé vét liéu RM ZeO-Si/Al. Vét liéu ché tao
dugc dem thit nghiém kha nang hép phu vai As(V)
trong moi trudng nudc. As(V) trong nudc, dac biét la
trong nudc ngam thudng kha cao va géay anh hudng
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dén stc khde clia ngudi st dung. Do dé, da cd nhiéu
cong trinh nghién cdu loai bd asen trong nudc, trong
do vat lieu hép phu dugc sit dung kha phd bién. Véat
liéu zeolit dugc bién tinh tir bun dé Tay Nguyén dung
dé xit ly asen trong nudc la mét trong dinh hudng
nghién cdu mdi trong inh vuc ché tao vat liéu hap phu
tUr cac chat thai cong nghiép.

Thyc nghiém va phuong phap nghién cdu

Bun dé Tay Nguyén dudc lay tif hd chira bun thai cta
nha méay Alumin Tan Rai, Tay Nguyén, bun do tho
(RM).

Ché tao vét lieu RM ZeO-Si: Can mét lugng bun do
tho, thém dung dich NaOH vao dé co ty 1é rén: 1dng la
1710, dun trén may khudy tU gia nhiét & nhiét dé 150°C
trong 6 gig, sau do thém nhanh NazSiO3.9H20 sao cho
ty 1& mol Si/Al = 3+4, khudy déu. Tién hanh két tinh &
95°C trong 24 gid. Vat liéu dugc loc, rifa bang nudc
cat dén pH = 9, dugc sdy & nhiét dé 105°C trong 24
gio. Vat liéu ché tao dugc ky hiéu la RM ZeO-Si. Ché
tao vat litu RM ZeO-Si/Al: Cac budc quy trinh ché tao
vat liéu nay dugc tién hanh gidng nhu déi vai vat liéu
RM ZeO-Si, nhung thém dong thai NazSi03.9H20 va
Al2(504)3.18H20 sao cho ty 1é mol Si/Al = 3+4. Vat liéu
thu dugc ky hiéu la RM ZeO-Si/Al.

Phuong phéap nghién clu cdu trdc vat liéu: Mau véat
liéu zeolit bién tinh ti bun dé dugc nghién clu dac
diém hinh thai, cdu tric bang cac phuong phap nhu
nhiéu xa tia X (gian d& XRD dugc ghi trén thiét bj D8-
Advance, Brucker va SIEMEN D5005 vdi tia buc xa CuKa c6
budc séng A = 1,5406 A°), phucong phéap tan xa nang
lugng EDX (Ph6 EDX dugc thuc hién trén hé do SEM
Jeol 4510), phuong phéap phd hong ngoai FT-IR (mau
dugc do trén thiét bj FTIR Affinity 1S & nhiét dé phong
trong ving hong ngoai tr 400 — 4000 cm™), phuong
phap dang nhiét - hdp phu (BET) (dién tich bé mat
dudgc xac dinh tir do thi BET trong ving ap suét tudng
déi 0-0,3 atm, trén thiét bi Tristar- Micromeritics —
3000 clia M§).

Nghién ciu khd nang hép phu As(V): Cac thi nghiém
dugc thuc hién & nhiét dé phong. Can 0,5 gam mau
vat litu ché tao cho vao 50 ml dung dich As(V) co
nong doé xac dinh cho tung thi nghiém, diéu chinh vé
pH thich hop theo yéu ciu. Hon hop dugc dua lén
may lac véi t6c dé 150 vong/phut trong thdi gian xac
dinh. Phéan dung dich dugc loc qua gidy loc bang xanh,
ham lugng As(V) trudc va sau khi hap phu dugc xac
dinh bang phuong phap quang phé hép thu nguyén
tlr (AAS) vai k§ thuat hidrua hda (HVG-AAS) trén méay
quang phé AA-7000 Shimazu.

Hiéu sudt va dung lugng hdp phu As(V) trén cac véat
liéu dugc tinh theo cong thuc:

He %.100(%) (h:q=

(¢]

B 3
CmCIVI 0/0) @
m

Trong do:

H: hiéu suét hap phu (%)

Co: ndng dé As (V) ban dau (mg/L)

Ce: nGNg dd As (V) con lai sau khi hdp phu (mg/L)

q: dung lugng hdp phu tai thai diém can bang

(mg/g chat hap phu)

V: thé tich dung dich As(V) (ml)

m: khéi lugng vat liéu (g)
M6 hinh dang nhiét hdp phu: D€ nghién cltu anh
hudng clia ndng do dung dich As(V) ban dau tdi qua
trinh hép phu trén vat liéu, két qua nghién clu dugc
phan tich dya trén hai mé hinh dang nhiét hdp phu
phé bién la Langmuir va Freundlich.

Déng hoc clia qué trinh hdp phu: Bdng hoc cla qua
trinh hdp phu dugc phén tich theo phuong trinh déng
hoc biéu kién béc 1 va bac 2:

Phuang trinh déng hoc bac 1: % =k.(a.-q,)
t

Phuaong trinh dong hoc bac 2: % =k,.(q.-q,)°

Trong do:

ge la dung lugng hdp phu tai thai diém can bang
(mg/qg);

gt la dung lugng hap phu tai thai diém t (mg/q);

ki 1a hang s6 t6c dé hdp phu bac nhét biéu kién (phut
;

k2 1a hang s6 t6c dd hdp phu bac hai biéu kién (g.mg’
! phuat™).

K&t qua va thao luan
Ddc trung cdu trdc cua vt liéu

Gian do X-Ray cla hai loai vat liéu RM ZeO-Si, RM
ZeO-Si/Al dugc thé hién trén hinh 1. TU hinh 1 cho thay
ca hai vat liéu déu cé mat cla tinh thé sodalit va dang
zeolit mdi ¢ chiia nguyén t6 luu huynh véi cong thic
téng quat 1a Nasg(AleSis024)S.4H.O ton tai trén nén
hematit (Fe203). Goc 20 va d cla vat liéu RM ZeO-Si
tuong dong vdéi cac gid tri clia mang Iudi tinh thé
sodalite c& cong thiic Nas(H20)s SisAlsO24 O cac gia
tri cap (20: d) la (14,16: 6,256) va (20,07: 4,424), Trén
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gian do X-Ray cla vat liéu RM ZeO-Si/Al gan trung vdi
cac gié tri trong bang phé chudn cla zeolit P ¢6 2 cap
gia tri (26: d) la (33,38: 2,684) va (35,75: 2,511) [11,12].
Can c cac thong tin tor gian do X-Ray cd thé nhén
dinh zeolit thu dugc tuong tu dang zeolit P [12].

250 +
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Hinh 1: Gian d6 X-Ray cla vét liéu RM ZeO-Si, RM
Ze0-Si/Al

Phé héng ngoai (hinh 2) cho thdy tai ving s6 séng tu
1100 dén 400 cm™, c& su xuat hién cac pic dac trung
cho dao dong cla céc lién két T-O va Si-O-Al trong
khung céu truc cla sodalit (T: Si hoac Al) nhu céc pic
tai s6 song 998,21 cm™; 667,40 va 1106,22; 623,03 cm’”
[an lugt dac trung cho dao dong déi xing va bat xiing

ops

e (@)

o Bl ca Fe

3 s
0= T T T
5 10 15

Energy (keV)

clia lién két Si-O-Al cta vét liéu RM ZeO-Si, RM ZeO-
Si/Al [11]. Phé hdng ngoai déi vai vat liéu RM ZeO-
Si/Al con 6 su xuét hién céc pic tai s6 song 1005,92;
1034,85 cm™ d&c trung cho dao déng cla lién két Si-O
va Al-O trong t& dién TOa4. Trong vung budc song tu
600 dén 400 cm™ thi vat liéu RM ZeO-Si/Al cd xuét
hién hai pic tai 434 cm™; 459cm™ va mét pic tai budc
s6ng 571,92 cm™ d3c trung cho dao déng cla lién két
T-O, Fe-O cla hematit va dao déng clia khung vong 6
canh [11]; trong khi d6 vat liéu RM ZeO- Si chi co su
xudt hién cta hai pic tai 464 cm™; 568 cm™ déc trung
cho dao déng cua lién két Fe-O va dao déng khung
clia vong 6 canh.
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Hinh 2: Phé hdng ngoai clia RM ZeO-Si, RM ZeO-Si/Al
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Hinh 3: PhS EDX cla vat liéu RM ZeO-Si (a) and RM ZeO-Si/Al (b)

Hinh 3 la két qua EDX cula vat liéu RM ZeO-Si, RM-
Ze0O-Si/Al cho biét thanh phan cac nguyén té cé trong
mau vat liéu, dya vao s& liéu thu dugc ty lé Si/Al cla
vat liéu mai t6ng hgp. TU két qua phén tich thanh
phan & bang 1, ¢ thé tinh ty s& Si/Al cla 2 loai vét
liéu. K&t qua tinh toan ca hai loai vat liéu déu co ty lé
Si/Al gédn nhu nhau. Vdi ty 1& Si/Al tU 3,7+4, vat liéu
dudc xép vao loai zeolit c& ham lugng silic trung binh,
zeolit c6 dé bén nhiét cao, kich thudc mao quén tucong
déi dong déu, cau truc uu tién tao thanh vong 4 hay 6
tu dién [13].

Loai vat liéu nay cé khad nang hdp phu tét déi véi ca
cac cation va anion do ¢4 mat cla FexOs.

Bang 1: Thanh phan mét s6 nguyén t6 cla RM ZeO-Si
va RM ZeO-Si/Al

% nguyéntd | RM Zeo-Si RM Zeo-Si/Al
Al 6,76 6,49

Si 25,96 28,24

Na 30,64 40,85

Fe 27,33 16,93

Ty I& Si/Al clia vt liéu RM ZeO-Si:
Gi/as _2596/28
n, 676/27

Ty & Si/Al ctia vat liéu RM ZeO-Si/Al
n, _2824/28 .

Si/Al= s =2t e
n, 649/27

!

1

https://doi.org/10.51316/jca.2022.076
94


http://doi.org/10.51316/jca.2020.076

Vietnam Journal of Catalysis and Adsorption, 11— issue 4 (2022) 92-97

Dién tich bé méat riéng dugc xac dinh theo BET (Seer)
bang phuang phap hap phu dang nhiét vai vat liéu RM
ZeO- Si la 46,1994 + 0,189 m?/g, vt liéu RM ZeO-
Si/Al 13 59,2126+0,3853 m?/g, dudng dang nhiét hap
thu ctia vét liéu RM ZeO-Si va RM ZeO-Si/Al dudc thé
hién & hinh 4, hinh 5. Dién tich bé mat cla 2 vat liéu
mdi téng hgp déu cao hon so vaéi bun do thé chua
bién tinh (Sger = 40,7122 + 0,0670). Gian do phan b6 16
x6p BJH cho thay kich thudc 16 x8p trung binh clia ca
hai vat liéu trong khodng tUr 2 dén 80 nm, trong dé
kich thudc mao quan trung binh cla RM ZeO-Si la
18,09 nm, thé tich 16 x&p 0,209 cm?/g, con vét liéu RM
Z7eO-Si/Al véi cac thong s6 lan lugt 1a 14,54 nm va
0,215 cm?/qg.
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Hinh 4: Bucng déng nhiét hdp phu cla vat liéu RM
Ze0-Si
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Hinh 5: Bucng déng nhiét hép phu cda vat liéu RM
Ze0O-Si/Al

Khd ndng hdp phu As(V) caa vt liéu RM ZeO-Si, RM
ZeO-Si/Al

Két qud khdo sdt dnh hudng caa pH

Anh hudng clia pH déi véi qué trinh hdp phu As (V)
dudc khdo sat trong gia tri pH tir 2 dén 10, ludng vat
liéu hép phu la 0,5 g, thai gian hdp phu la 180 pht,
thé tich dung dich As (V) 1 mg/L dugc &y la 50 ml. Két
qua thé hién & hinh 6 cho thdy & gié tri pH 6-7 dung
lugng hédp phu dat gié tri I6n nhét (gmax= 0,095 mg/g
vdi vat lieu RM ZeO-Si, gmax = 0,080 mg/g vdi vat liéu
RM ZeO-Si/Al). Qué trinh hdp phu As(V) xay ra chi yéu
trén nén hematit va 1 phén trén zeolit tao thanh, sy ¢
mat cla luu huynh (S) dang anion va c6 su trao ddi
dang anion ton tai clia As(V) & cac HoAsO4, HASO4Z,
AsO4> trong gidi han pH 6-7 [14]. Gia tri pH Iua chon
cho qué trinh hdp phu As(V) trong khoang maéi trusng
axit yéu hay trung tinh cling phu hgp vdi tinh chat, do
bén cla zeolite tao thanh.

0.12 -
= HAp phy As(V)
% 0.1 | =t RM Ze0-Si
£
< == RM Ze0-Si/Al
5 0.08 ._././r"-\-\-

0.06

0.04

0.02 -

0 .
0 2 4 6 8 10 12
pH

Hinh 6: Anh hudng ctia pH dén kha nang hap phu
As(V)

Thai gian tiép xtc dugc khdo sat tir 30 dén 240 phut,
két qua dugc thé hién & hinh 7. Két qua & thdi gian
tiép xdic 120 phut thi qua trinh h&p phu dat can bang
va 6n dinh.

©
-
)

® Hiip phy As(V)
E“ 0.1 —&—RM ZeO-Si
E 0.08 - I(‘ =@=RM ZeO-Si/Al
0.06 - /
0.04
0.02
0

0 50 100 150 200 250 300
Theoi gian (phut)

Hinh 7: Anh hudng cla thdi gian tiép xtc cla vat liéu
vai dung dich As(V)

Bang 2: Anh hudng clia cac anion dén kha ning hap phu ctia As(V)

Vat libu Dung lugng hdp phu (mg/qg)
o Khéng coion | C6SOs | COHPO4 | COHCOs | CoCl
RM ZeO-Si 0,095 0,095 0,081 0,094 0,094
RM ZeO-Si/Al 0,080 0,080 0,073 0,079 0,079

https://doi.org/10.51316/jca.2022.076
95


http://doi.org/10.51316/jca.2020.076

Vietnam Journal of Catalysis and Adsorption, 11— issue 4 (2022) 92-97

Anh huéng canh tranh cta cdc anion khdc

Trong qué trinh hdp phu As(V) c6 thé bi anh hudng
clia mét s6 anion trong nudc nhu CI, SO+, HPO4,
HCOs". Qué trinh khao sat dugc thuc hién véi cac dung
dich ctia cac anion ClI, SO+, HPO4, HCOs™ vdi ndng
do6 ban dau la 10 mg/L, két qua dugc thé hién & bang
2. Déi vdi qué trinh hdp phu As(V), trén ca hai vat liéu

RM ZeO-Si va RM ZeO-Si/Al thi ion HPO4* cé &nh
hudng nhiéu nhét, dung lugng hép phu gidm ti 0,080
mg/g xudéng con 0,073 mg/g cb thé 1a do su hdp phu
canh tranh cla ion HPO4*" khi c& mat déng thdi Asen,
nodng dé HPO4* tang lén thi kha nang hap phu Asen
gidm xuéng, cac ion SO4% khéng cé anh hudng dén
qué trinh hdp phu, con cac ion HCOs™ va CI” anh
hudng rét it dén dung lugng hédp phu cla As(V).

0

@ RM ZeO-Si

1 y=-0.013x-1.106

2 U\\‘\.io.sm
-3 ’
4 \ (a)

y=-0.018x-1.184

B RM Zeo-Si/Al

109(Qe-qr)

5 R2=-0.908
6
0 50 100 150 200 250 300
Thaoi gian (phut)

3500

R?=0.999 # RM ZeO-Si
2500 /{/ B RM Zeo-Si/Al
2000

1000 /";é:/\: 11.54x + 174.5 (b)
R2=0.997
500

0

re

3000

1500

0 50 100 150 200 250 300

Thoi gian (phut)

Hinh 8: Do thi ddng hoc bac 1biéu kién (a), béac 2 biéu kién (b) hap phu As(V) trén vét iéu RM ZeO-Siva RM ZeO-Si/Al
Bang 3: Cac tham s6 clia phuong trinh déng hoc bac 2 biéu kién hdp phu As(V) trén vét liéu RM ZeO-Si va RM

ZeO-Si/Al
i Phuong trinh 4 Bong hoc bac 2
vatlieu déng hoc G (1) 9.9 ka(g.mg’phat) | ge(l) mg.g’ | R?
RM ZeO-Si y=10,14x+74,43 0,095 1,399 0,098 0,999
RM ZeO-Si/Al | y= 11,54x+ 174,5 0,080 0,774 0,086 0,997

K&t qua nghién ctu déng hoc dugc tién hanh vdi dung
dich As(V) nédng dé 1 mg/L 18y mau theo thdi gian va
phan tich néng dé As(V) con lai trong dung dich sau
khi hép phu trén 2 vat liéu RM ZeO-Si va RM ZeO-
Si/Al. Két qua dugc thé hién trén hinh 8 theo 2 mo
hinh phucng trinh déng hoc bac 1va bac 2. Cac thdng
s6 clia mé hinh déng hoc dugc trinh bay & bang 3.
Qua trinh hap phu As(V) trén ca hai vét liéu RM ZeO-Si
va RM ZeO-Si/Al déu tuan theo phuong trinh déng
hoc bac 2 vai hé s6 tuang quan tuang Ung lan luct 1a
R? =0,999 va R? = 0,997.

T6c do hdp phu cltia As (V) trén cac vat liéu tinh theo
cong thic: vo = ka.ge  (Mg.g"phit™)

Vét liéu RM ZeO-Si: vo = 0,013 (mg.g"phut™).

Vat liéu RM ZeO-Si/Al: vo = 5,6.10° (mg.g "phut™).
Nhu vay t6c d6 hép phu ban dau cla As(V) trén vat
litu RM ZeO-Si nhanh hon téc dé hép phu trén RM
ZeO-Si/Al.

Mé hinh ddng nhiét hdp phu

Lugng vat liéu hdp phu RM ZeO-Si, RM ZeO-Si/Al
dugc 6 dinh la 0,5 g. Nong do khdo sat cla As(V)
tdng dan tur 1 mg/L dén 200 mg/L (day la dai nbng do
As thudng gap trén thuc té), thé tich dung dich hép
phu 1& 50 ml. Pudng ding nhiét Langmuir va
Freundlich dugc thé hién & hinh 9.

35 4 H
Langmuir
o 30
g
25 4 y=0.172x +3.023
R2=0.991

@ RM ZeO-Si
15 -
B RM ZeO-Si/Al
10 4 y=0.131x+4.081
R?=0.955
5 (@)
0
0 30 60 90 120 150 180

Ce (Mg/g)

Frendlich

® RM ZeO-Si

0.5 y=0.625x-0.471
R2=0.952

B RM ZeO-Si/Al

y =0.596x - 0.434
R2=0.977 (b)

1 2 3

0
log Ce

Hinh 9: Buding dang nhiét hdp phu Langmuir va Freundlich d&i véi As(V) clia vt liéu RM ZeO-Si, RM ZeO-Si/Al
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Bang 4: Théng s6 clia mé hinh dang nhiét hdp phu Langmuir, Freundlich clia qua trinh hdp phu As(V)

Vat liéu Pang nhiét Langmuir Pang nhiét Frendlich
gmax (Mg/q) KL R? n K R?
RM ZeO-Si 7,63 0,032 0,955 1,67 0,368 0,977
RM ZeO-Si/Al 5,81 0,056 0,991 1,60 0,338 0,998
Cac théng s6 clia md hinh dang nhiét & bang 4 cho https:// doi 10.1007/512665-015-4929-y
thdy qua trinh hdp phu As(V) phu hgp véi md hinh 4. Manoj Kumar Sahu, Sandip Maldal, Saswati S.Dash,
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