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TOM TAT

Nghién ctru nay dwoc thyc hién nham muc dich loai bo mangan trong nudéc sir dung vat liéu hap
phu graphene/bun d6 (GR). Kha ning hap Phu Mn(ll) cua vat liéu GR dugc khao sat bang phuong
phap hap Phu tinh. Anh huéng cua cac diéu kién nhu pH (2-12), thoi gian (30-180 phut) va nong
d6 ban dau cua Mn(ll) (5, 10, 15, 25, 50, 75, 100 va 150 mg/L) da duoc khao sat. Két qua tim
dugc diéu kién téi wu cho qua trinh hz‘ip phu Mn(l1) thoi gian dat can bang hip phu 120 phit va pH
10. Qué trinh hap phu Mn(I1) phi hop véi md hinh hip phu ding nhiét Langmuir va dung lugng
hip phu cuc dai di duoc xac dinh 1a 33,67 mg/g va theo thuc nghiém la 33,12 mg/g. Két qua hap
phu Mn(II) trong nuwéc ngam, nong do ciia Mn(ll) giam tir 8,47 mg/L xudng 0,91 mg/L dat hiéu
Suit 89,25%. Két qua thu duoc hira hen cho viéc sir dung céc vat liéu GR dé loai bo Mn(ll) va cac
kim loai nang ra khéi méi truong nude cling nhu viéc mé rong ing dung cho xtr Iy nudc thai.

Tir khéa: Hdp phu, graphene, Mn(Il), bin do

MO DAU

Mangan 14 nguyén t6 twong d6i phd bién,
dung hang thi 3 trong cac kim loai chuyén
tiép. Néu & ham lugng nho dudi 0,1 mg/L thi
mangan c6 loi cho stic khoe. Tuy nhién néu
ham lugng Mn cao tir 1-5 mg/L s€ giy ra
khong it anh huong dén mot s6 co quan nodi
tang cta co thé nhu giam kha ning ngén ngir,
giam tri nhd, giam kha ndng van dong lién
quan dén tay va chuyén dong cua mét, néu
nhiém doc Mn 1au ngay c6 thé dan dén tricu
ching than kinh khong binh thuong nhu dang
di va ngdn ngir bat thuong [1]. Hién nay, cic
phuong phap xir 1y nudc bi 6 nhiém Mn
thuong su dung la phuong phdp hoda hoc,
phuong phap hoa 1y (phuong phap keo tu,
phuong phap hap phy, phuong phap trung
hoa...), phuong phép sinh hoc (phuong phap
hiéu khi va ki khi. Trong cic phuong phap
trén, phuong phap hép phu thuong hay duoc
lya chon do céc vat li€u st dung lam chét hép
phu twong ddi phong phu, d& diéu ché, khong
dét tién, than thién voi méi truong. Viée tin
dung lai chit thai cong nghiép st dung lam
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vt lidu hdp phy 13 xu hudng thu hut duoc nhiéu
quan tdm do wu thé chi phi thip [1, 2]. Tuy
nhién, nghién cuu st dung vat li€u t6 hop
graphene/bun d6 1am chét hip phu Mn(II) trong
moi truong nude hién chua co cac cong bo.

Buin d6 1a chét thai sinh ra trong qua trinh san
xuit oxit nhom tir quing bauxite theo cong
nghé Bayer 1a nguy co gdy 6 nhiém ngudn
nudc va moéi truong nén khi chdy ra ngoai
mdi trudng s& pha huy hodc 1am nguy hai dén
cac sinh vat khi tiép xuc voi ching, 1am suy
giam chéat luong nudc mit va nudc ngam
[2,3]. Tuy nhién, bun do6 sau khi xir ly lai c6
thé st dung lam vat liéu hap phu dé xu Iy
nudce thai 6 nhiém [3,4]. Bén canh d6, huéng
sit dung graphene 1am vt lidu hap phu 1a dé
tai thu hat dugce rat nhidu cic nha khoa hoc
tham gia nghién curu.

Trong bai bdo nay, ching tbi tién hanh hoat
héa graphite sir dung hon hop bun d6 uét va
mubi  (NH,),SO, thanh vat liéu t6 hop
graphene/bun d6 (GR) tmg dung 1am chat hap
phu dé loai bé Mn(II) trong nudc va bude dau
tham do xur li nu6e ngdm bi 6 nhiém Mn (II)
c6 ngudn gbe tir cac hoat dong xa thai cia
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khu vuc san xudt va sinh hoat tai xa Ha
Thuong, huyén Pai T, tinh Thai Nguyén.
THUC NGHIEM

Vit liu hap phu t6 hop graphene/bun do
dugc ché tao theo phuwong phap béc tach dién
hoa theo cong bd trude day cua chung toi [9].
Hinh 1 la anh SEM va TEM cua vat liéu GR.
C6 thé thay rd, GR 1a td hop cua cac hat bun
d6 va tim graphene hinh thanh cac cum, co
chtra ca cac manh graphene va hat nano cac
hat bun do.

(b) .

Hinh 1. Anh SEM (a),TEM (b) ciia vit liéu GR
Céc thi nghiém hap phu tién hanh khao sat
anh huong ciia pH dung dich, thoi gian, nong
d6 Mn(II) ban diu dén hip phu Mn(II). Cac
thi nghiém hép phu duoc tién hanh tai nhiét
dd phong (25+2 °C), nhi¢t do ctia dung dich
Mn(II) (25+1 °C) sir dung cac binh tam giac
250 mL duoc lic (may lic ngang HY-5A —
Trung Qudc) voi toe do 200 vong/phit. Anh
huéng ciia pH ban dau duoc tién hanh bang
cach cho 0,05 g GR vao 50,0 ml dung dich
Mn(II) c6 ndng d6 25 mg/L véi cac gia tri pH
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khac nhau, tir 2,0 dén 12,0 trong 120 phut.
Dung dich pH dugc diu chinh bang cac dung
dich HNO; 0,1M va NaOH 0,1M. Anh huéng
cta thoi gian hip phu duoc thuc hién biang
cach cho 0,05 g GR vao 50,0 ml dung dich
Mn(II) c6 ndng do ban dau 25,0 mg/L lic
trong thoi gian khac nhau (30-180 phut), thyc
hién & diéu kién pH ti vu di x4c dinh dugc &
thi nghiém anh huéng cua pH. Anh hudng
ciia ndng do ban dau cua Mn(Il) duoc thuc
hién bang cach cho 0,05 g GR vao 50,0 ml
dung dich Mn(II) v6i ndng d6 khac nhau (5,
10, 15, 25, 50, 75, 100 va 150 mg/L), thoi
gian hip phu 120 phut, diéu chinh pH=10.
Tién hanh khao sat theo md hinh hép phu
dang nhiét Langmuir duoc dwa vao két qua
clia viéc khao sat nong do dau. Sau cic qui
trinh trén, cac mau dugc ly tim & tbc do 4000
rpm trong 5 phat. Nong d6 Mn(Il) trudc va
sau hap phu dugc xac dinh bang phuong phap
UV-Vis trén may Hitachi Shimadzu UH-5300
tai budc song 526 nm. Dung luong hip phu
tinh theo cong thuc:

Co=Co v @

g=
Trong d6: V la thé tich dung dich (L), m la
khéi lugng cla chét hép phu (g), C, la néng
d6 Mn(II) ban dau (mg/L), Cq, 14 12 nong do
Mn(II) khi dat can bang hip phu (mg/L), q la
dung lugng hép phu tai thoi diém céan béng
(mg/g).
Dung lugng hép phu cuc dai dugc xac dinh
theo phuong trinh hap phy Langmuir dang
tuyén tinh:

Ceb _ 1Cob 1

= +
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Trong d6: qumax 14 dung lwong hip phu cuc dai
(mg/g), b 12 hing s6 Langmuir.

Xir Iy miu nwée ngdm chira Mn(II): Mau
nuéc ngam chia Mn(Il) dugc lay tai giéng
khoan nha 6ng D& Vin Dinh, thon 6 - xa Ha
Thuong - huyén DPai Tu - Tinh Thai Nguyén,
thoi gian lay miu nudc 1a 8h ngay 16 thang
12 nam 2017. Nudc dugc lay va bao quan
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theo ding QCVN09-MT:2015/BTNMT. Mau
duge xir Iy Mn(ll) theo phwong phap hap phu
tinh. Cu thé nhu sau: Liy 1 binh tam giac
dung tich 250 mL, co6 chira 0,05 g GR, cho vao
binh 50 mL nudc chira Mn(II). Thuc hién su
hap phu ¢ nhiét d6 phong (~ 25 °C); thoi gian
l4c 12 120 phut; pH= 6,5. Sau d6 xac dinh néng
d6 cta ion Mn(1I) trudc va sau hip phu.

KET QUA VA THAO LUAN

Anh huéng ciia pH

Qua trinh hdp phu bi anh hudng rat nhidu boi
pH clia méi truong. Su thay ddi pH ciia moi
truong dan dén sy thay doi vé ban chét cua
chét bi hép phu, cac nhém chirc bé mat, thé
oxy hoa khr, dang ton tai ctia hop chat d6. Vi
viy, pH ludn 13 yéu t6 dau tién va quan trong
anh huong téi tat ca cac qua trinh xir 1y moi
truong nudc hién nay. Két qua khao sat anh
hudng ctia pH dén hiéu suat hap phu duoc thé
hién trén Hinh 2. Nhan thiy, trong khoang pH
tir 2 = 10 thi hiéu suat hap phu ctia ion Mn(II)
tang nhanh tor 11,89% 1én 93,7%, trong
khoang pH tir 10 dén 12 thi hiéu suat hap phu
tang rat it tir 93,7 1én 95,2 %. Sy anh hudng
ctia pH dén qua trinh hap phu Mn(II) ciia GR
dugc giai thich nhu sau: Trong moéi truong
pH thép, ndng d6 ion H' cao nén c6 su canh
tranh ctia ion H' va sy tich dién duong trén bé
miat GR nén 1am giam sy hap phu Mn(II) cia
GR. Khi tang pH thi nong d6 ion H* giam sy
canh tranh hdp phu, din dén ting hiéu suat
hap phu Mn(Il), boi vdy qua trinh hap phu
Mn(Il) & day c6 thé xdy ra phan tmg trao doi
ion H*- M?* (M: kim loai) [1,6]. Vi vy chung
t6i chon pH t6i wu 1a 10 cho cac nghién ciru
tiép theo.

Két qua khao sat anh hwéng ciia thoi gian

Két qua khao sat anh hudng cua thoi gian t6i
dung luong hap phu dugc thé hién trén Hinh
3.Trong khoang thoi gian khao sat tor 30 +
120 phut, higu suat hap phu ciia GR déu ting
theo thoi gian, tir 38,5% 1én 65%, do 1a do
can bang hap phu chua dugc thiét 1ap. Tir 120
+ 180 phat hiéu sudt hip phu ting cham tur
65% dén 67% va dan 6n dinh (qua trinh hép

phu d3 dat can bang). Két qua nay co thé giai
thich 1a do viéc str dung cac vi tri hip phu
tréng trén bé mat vat lidu hép phu. Trong giai
doan dau cta qua trinh hap phu, mot s6 luong
16n cac bé mat trong c6 san dé hap phy. Sau
mot thoi gian hap phy, cic bé mat tréng con
lai bi lép dﬁy, do c6 anh hudng cta cac phan
tlr chat tan trén bé mat chat hip phu nén quéa
trinh hap phu cham va dat can bang [7,8]. Do
d6 chung toi chon thoi gian 120 phut dé tién
hanh cac nghién ctru tiép theo d6i voi su hap
phu ion Mn(II).

-
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Hinh 2. Anh hwéng cua pH dén hiéu sudt va dung
lwong hap vhu Mn(Il)
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Hinh 3. Anh hweng cua thoi gian dén hiéu sudt va
dung heong hdp phu Mn(11)

Két qua khao sat anh hudng ciia nong dd

Két qua tir Bang 1 cho thay trong khoang
ndng do khao sat, khi ting nong do dau cia
dung dich thi dung lugng hap phy ting, con
higu sudt hap phu cia GR d6i véi Mn(Il)
giam. Trong khoang ndng do ban dau khao
sat tir 3,31 dén 144,98 mg/L hi¢u suat hap
phu cia VLHP giam tir 98,85 dén 22,84 %
dung lugng hip phu ting tir 3,273 dén 33,116
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mg/g. Diéu ndy c6 thé do thyc té 1 ¢ ndng do ]
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mat d6 ion M(II) thap hon; do do, ty 1¢ phan
tram hap phu cao hon ¢ nong do thip hon.
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Tai néng d6 cao hon, noi1 d6 bao hoa cua cac g ]
vi trf lién két va sy canh tranh gitta cac ion z 5
d6i voi cac vi tri ghn két trén bé mat vat liéu © 10
hap phu do d6 hiéu suat hap phu giam. os]
Bang 1. Anh hueong ciia néng dérdd‘u cua Mn(1l) 001
dén dung luong va hiéu suat hap phu cia GR 5 e e o0 PR 0 SO RO
Co(mg/ll)  Cyp(mg/l) Q(mglg) H% Cop (maiL)
331 0,04 3,27 98,86 Hinh 4. Sy phy thugc ciia C/q vao C, doi véi Mn(1l)
8,68 0,89 779 89.75 Tu cac két qua thuc nghiém thu dugc khi
13,24 3,03 10,21 77,13 khao sat thoi gian dat can bang hdp phu, anh
24,54 8,28 16,27 66,28 huéng ciia nong d6 dau dén dung lwong hap
48,73 24,45 24,28 49,82 phu. Ching t6i tién hanh khao sat can bang
77,63 50,60 27,02 34,81 hip phu theo mo hinh dang nhiét hap phu
97,60 67,34 30,27 31,01 Langmuir. Két qua duogc trinh bay & Hinh 4.
144,98 111,86 33,12 22,84

Tir d6 thi Hinh 4 biéu dién sy phu thudc cia
Cw/q (g/L) vao Cg (mg/L) ching téi tinh
dugc dung lwong hip phu cuc dai qmax VA
hang s6 Langmuir b nhu trong Bang 2.

Bang 2. Dung heong hdp phu ciee dai qpax va hang sé Langmuir b

Qmax (MQ/g) theo thuc nghiém 33,12
Omax (Mg/g) theo mo hinh 33,67
Hang s6 Langmuir b 0,15
Bang 3. Két qua xit I mau nwée ngam chiva Mn(Il) theo phirong phdp hdp phu tinh
lon C? (mg/L) Ce, (Mg/L) H% Q (mg/g)
Mn(I1) 8,47 0,91 89,25 7,56

Tir céc két qua thuc nghiém cho thiy mé hinh dang nhiét hap phy Langmuir mé ta kha tot sy hap
phu Mn(II) ciia GR, diéu nay duoc thé hién qua hé s6 hdi qui ciia phuong trinh 16n hon 0,989 cho
théy md hinh ding nhiét hdp phu Langmuir 13 tring hop véi cac sb lidu thuc nghiém va qua trinh
hép phu 1a don 16p. Két qua nay cling kha phu hop so véi két qua ctua mot s6 nhom nghién ciru
khac [7,8]. Két qua xir 1y mau nude ngam chira Mn(II) tir Bang 3 cho thdy GR c6 kha nang tach
loai ion Mn(IT) khoi miu nudc ngim tuong dbi tot. Mau nudc ngam chira ion Mn(II) v6i nong do
1a 8,47 mg/L, sau khi hap phu, hiéu suit hip phu cao 1én t61 89,25%, ndng do ion Mn(Il) d gan
dat mic tiéu chuan cho phép d01 voi nudc cung cap cho sinh hoat theo QCVNO9-
MT:2015/BTNMT. Két qua xu ly mau nudc ngdm cho thay, sau khi hap phu lan mdt nong do
Mn(1l) giam tir 8,47 mg/L xubng 0,91 mg/L, hi€u suét dat t6i 89,25 % sau hip phu, gan dat mirc
tiéu chuan cho phép dbi voi nude cung cap cho sinh hoat theo QCVNO9-MT: 2015/BTNMT
Két qua nay co thé giai thich nhu sau: Tht nhét, ndng do Mn(II) trong mau nué6e ngam twong ddi
cao (gap 85 1an so voi tiéu chudn Viét Nam). Thir hai, nudc ngdm c6 chita thém céac ion khac nhu
As, Cd [9,11] nén s& dan den su hip phu canh tranh gilra cdc ion lam cho sy hap phu Mn(1I)
khong dat dugc hidu suit tdt nhat. Do dé, chung t6i tién hanh chay cot de khic phuc [11]. Két
qua cho thdy, khi duoc chay cot, GR c6 kha ning loai bé Mn(II) tét hon rat nhidu. Cac miu nuéc
chtra Mn(1I) giam xudng con 0,249 mg/L dat tiéu chuan QCVN09-MT:2015/BTNMT.
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KET LUAN

Trong nghién ctru nay, chiing t6i da Ging dung
thanh cong vt liéu GR hap phu Mn(II) trong
nude va khao sat mot sd yéu té anh hudng
dén qua trinh hap phu bing phwong phap hip
phuy tinh. Két qua thu dugc nhu sau: Thoi gian
dat can bang hap phu 1 120 phuat, pH hap phu
t6t nhat 12 10. Qua trinh hap phu Mn(II) tuin
theo mo hinh hap phu ding nhi¢t Langmuir,
dung lugng hip phu cuc dai theo md hinh
Omax = 33,67 mg/g va theo thuc nghiém la
33,12 mg/g.

LOI CAM ON

Nghién ciru nay dugc tai trg boi dé tai 03-
B2017-TNA-47 va DH2017-TN01-04.
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ABSTRACT
STUDY ON ADSORPTION OF Mn(Il) IN WATER
USING GRAPHENE/RED MUD MATERIAL

Nguyen Thi Khanh Van', Ha Xuan Linh?*", Tran Thi Huong®,

Nguyen Anh Tuyet*, Ha Xuan Son**, Dang Van Thanh*, Nguyen Nhat Huy”
University of Science — TNU, 2Thai Nguyen University,

3Department of Natural Resources and Environment of Thai Nguyen province,
*University of Medicine and Pharmacy, *Ho Chi Minh City University of Technology

This study aimed to remove Mn(ll) from water using graphene/red mud material (GR) as an
adsorbent. The adsorption of Mn(ll) in water using GR material was investigated by batch
adsorption experiments at room temperature. The effect of factors such as pH (2 — 12), contact
time (30 — 180 min), and initial concentration of Mn(1l) (5, 10, 15, 25, 50, 75, 100, and 150 mg/L)
on the Mn(Il) removal efficiency by GR material were investigated. Results showed that the time
to reach adsorption equilibrium and the optimal pH value for adsorption of Mn(I1) are 120 min and
pH 10, respectively. The maximum monolayer adsorption capacity of GR calculated from
Langmuir isotherms was found to be 33.67 mg/g and experimental adsorption capacity was found
to be 33.12 mg/g at optimum conditons. The removal of Mn(ll) in groundwater, sample was also
tested and result showed nearly 90% removal efficiency. Therefore, GR acts as a promising
adsorbent for the removal of heavy metals ion from wastewater.

Keyword: Adsorption, graphene,Mn(1l), red mud.
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