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SUMMARY

DEVELOPMENT OF GRAPHENE OXIDE/MNO; NANOCOMPOSITES FOR
THE REMOVAL OF SOME HEAVY METALS FROM AQUEOUS MEDIA

Graphene oxide/manganese dioxide composite (GO/MnQO,) was synthesized from
graphene oxide by precipitation method, and was used as a novel adsorbent for the
removal of some heavy metals from aqueous media. The synthesized sorbent was
characterized by SEM, IR, Laser Diffraction Particle Size Analyzer and EDX. Through a
chemical deposition method, MnQO; nanoparticles with a typical size of 50 nm were
homogeneously dispersed onto graphene oxide surface. The sorption behavior of some
heavy metals on GO/MnQO, was investigated under ambient conditions. The maximum
adsorption capacity of GO/MnQO;, MnQO, and GO obtained from Langmuir isotherms for
PbH*" were 333.3 mg/e, 61.3 mg/g and 82.0 mg/g; for Ni'™ were 208.3 mg/g, 58.1 mg/e
and 80,6 mg/g; for Cu’" were 99.0 mg/g, 37.6 mg/g and 61.0 mg/g, respectively. The
maximum adsorption capacity (qme) of materials for Pb**, Ni’™ and Cu’" was classified
as follows: qua(GO/MnO;) > Gua(GO) > Gua(MnQO;). When comparing the
competitiveness in sorption capacity of GO/MnQO; for 3 metals namely lead, copper and
nickel, the order of magnitude of sorption capacity expressed in (mmol/g) was found to be
in the following oder Ni*™> Cu’™> Pb*".

1. MO PAU phuong phap dé loai bo kim loai ning
Moi truong nude ¢ Viét Nam, ké ca khoi nude 6 nhidm trong d6, hip phu la
nuéc mit va nudc ngdm & nhidu noi phuong phap c6 nhiéu vu diém vi vat
dang bi 6 nhiém kim loai ning (Cu, Ni, liéu st dung lam chét h?ip phu tuong

Pb, Cd, Zn,...) trAm trong [1]. C6 nhiéu dbi phong pha va than thién v6i moi



truong [2].

Graphen véi nhitng dic tinh hip dan
nhu tinh dan dién cao, dién tinh bé mat
16n, d6 6n dinh ho4 hoc cao va tinh dan
hdi tot da duoc nhiéu nha khoa hoc trén
thé gi6i ghi nhan [5]. Ngay nay,
graphen va cac dan xuat ctia nd dang
dugc nghién ctru trong nhiéu linh vuc
va ung dung quan trong cong ngh¢ di¢n
tir, may tinh nhu tich trit ndng lugng,
pin mat troi, transistors, xuc tdc cam
bién, dic biét trong xir Iy mdi truong
[6,7]. Gén day, mot s6 oxit kim loai nhu
MHOz, F6203, TiOz, A1203, ZHO,... da
duoc nhiéu nha khoa hoc nghién ctu
boi kha ning hap phu cac ion kim loai
nang trong nudc. Tuy nhién, viéc su
dung doc lap cac oxit kim loai gap
nhiéu kho khin bai cac hat oxit d& dang
két dinh lai v6i nhau va phan tan kém
trong dung dich. Graphen oxit 13 cht
nén li tudng cho viée gin cac oxit kim
loai dé ning cao hiéu suat hip phu. Cho
dén nay cac oxit kim loai da dwgc tong
hop trén nén graphen bao gdm TiO,,
SiOz, ZHO, Mn02, Fe304, CO304, CU20,
Ru0O,, ALO3, ZnFeOs;, BiWOs va
LiFePO,. Mot kho khan trong viéc tong
hop vat liéu 1a vi¢c dat dugc sy phan
tan dong déu cac oxit kim loai trén
graphen, 1am ting cac tinh chat quan
trong cua vat liéu. Chinh vi vay, trong
nghién ctru nay, chung t61 da nghién
ciru ché tao vat lidu nanocomposit
graphen oxit/MnO, va tng dung dé hip
phu cac kim loai nang Pb, Ni va Cu
trong moi trudong nuoc.

2. THUC NGHIEM

2.1. Héa chat

Graphit Vi¢t Nam co6 kich thudc hat
trung binh 14 17 pm. Cac hoa chét khéc
nhu HzSO4, H3PO4, HNO3, KMHO4,
MnSO4.H,0, NaOH, iso propyl alcol,..
déu 1a cac hoa chit tinh khiét.

2.2. Ché tao vat liéu hip phu

Vit liéu graphen oxit (GO): Chuyén tir
tr bot graphit vao hon hop axit H,SOy

va H3PO,, sau d6 1am lanh hdén hop
b?mg nudce da sao cho nhiét do cua hon
hop khong qua 10°C. Tiép theo, thém
tir tr dung dich KMnO, vao hon hop
va ting toc do khudy dé dam bao hdn
hop graphit va KMnO, phan tan déu
trong dung dich. Tiép d6 dun ndéng hdn
hop & 70°C trong thoi gian 3 gio. Hon
hop sau phan tng dugc lam ngudi toi
nhi¢t do phong, pha loang hdn hop
bang nudc cat. Qua trinh rtra san pham
duoc thuc hién nhiéu 1an bang thiét bi
quay ly tdm. San pham thu duoc co
dang gel mau nau den, ham lugng GO
trong gel thu dwoc trong san pham 1a
5%.

Vat liéu nano MnO,: Nano MnQO, duogc
diéu ché bing cach hoa tan 12,05g
KMnO4 trong 100 ml nudc cit va
19,25g MnCl,.H,O trong 50 ml nudc
cat. Sau d6 nho tir tr dung dich
KMnO4 vao dung dich MnCl,, két hop
v6i khudy tir & nhiét d6 phong. Két tua
MnO, duoc loc rira nhiéu lan b?mg
nudce cit &én pH = 7 va sy ¢ nhiét do
70°C trong vong 24 gid.

Vat liéu t6 hop GO/MnO,: Hdn hop
gdm 27,5g GO ¢ dang gel (2,2g GO)
va 3g MnCl,.4H,O dugc phan tan
trong 100 ml dung dich iso propyl
ancol va siéu 4m trong 30 phit. Tién
hanh khudy va dun hoi luu hdn hop &
85°C trong vong 15 phat. Sau d6 hoa
tan 0,4g KMnO, trong 10 ml nudc cit,
va cho tir tir vao hdn hop trén. Két tua
duoc loc rira nhiéu lan b?mg nude ct
t6i pH = 7 va sdy chan khong & 60°C
trong 24 gio.

2.3. Cac phwong phap phan tich

Cac vat liéu téng hop dugc dac trung
boi cac phuong phap kinh hién vi dién
tr quét phan giai cao trén thiét bi
Hitachi S-4800 Serial Number HI-
9022-0003, phan tich thanh phan trén
thiét bi EDX JSM 6610 LA- Jeol- Nhat
Ban, tan xa laser trén thiét bi HORIBA
partica LA- 650V2, phan tich ph6 hong



ngoai Infra Red trén thiét bi Nicolet iS
10- My. Dién tich bé mat riéng duoc
dac trung bdi phuong phap BET trén
thiét bi Micromeritics TriStar 3000.
Nong do cac ion kim loai ning trong
dung dich trudc va sau qua trinh xu ly
duoc xac dinh bang phuong phap cuc
pho trén may 797 VA COMPUTRACE.
24. Khao sat kha ning hap phu mot
s0 ion kim loai ning va sw hip phu
canh tranh cac ion kim loai ning
trong moi trwong nwéc lén cac vat
liéu tong hop dwoc.

Khao sat kha ning hap phu Pb*", Cu®",
Ni** trong méi truong nude cua vat liéu
nano composite d6i v6i cac ion kim
loai trong nudc bang md hinh hap phu
dang nhiét Langmuir.

Chuyén lan luot 0,05g vat liéu hip phu
(GO, MnO,, GO/MnO;) vao 50ml
dung dich Cu®’, Pb*" va Ni*" & cac
ndng d6 khac nhau (Co, mg/l), pH=7 va
tién hanh lic ¢ cac khoang thoi gian
khéc nhau (t) tur t = 0 phut téi t = 180
phut . Sau khi két thac thoi gian phan
mg, tién hanh loc bang gidy loc bang
xanh, x4ac dinh ndéng do cac ion Pb*,
Cu”" va Ni*" con lai trong dung dich
(C,, mg/l) bang phuong phap cuc phd
nhu da trinh bay & trén. Tu do xac dinh
dugc hiéu suat hiap phu (H, %), tai
trong hap phu (q., mg/g).

Khao sat su hz?ip phu canh tranh cua cac
ion Pb’, Cu®’, Ni*" Ién vat li¢u
GO/MnO,: Tién hanh lay 0,05g
GO/MnO, khudy déu trong 50ml dung
dich chira dong thoi Pb>, Cu®" va Ni**
& cac nong do khac nhau trong 60 phut
va duy tri & pH = 7. Sau d6 loc lay mau
dé xac dinh nong do Pb>", Cu®" va Ni*"
con lai trong dung dich (C,) va tinh tai
trong hap phu (qt, mg/g).

3. KET QUA VA THAO LUAN

3.1. Khao sat, danh gia dic tinh cAu
truc cia vat liéu

3.1.1 Két qua ddic trung bé mit vit ligu
bang kinh hién vi dién tur quét (SEM)

Kinh hién vi dién tir quét SEM duoc sir
dung dé khao sat hinh thai hoc cua cac
vat liéu trude va sau khi t6 hop. Anh
SEM ctua GO, MnO,, GO/MnO, dugc
trinh bay trong hinh 1.

SElI  20kV WD11mm  SS37 x7,500 2um

Sample 0000 17 Oct201d

b. Graphen Oxit (GO)

IMS-NKL 5.0kV 4.0mm x100k

c. GO/MnO, 3:2



d. GO/MnO; 1:1
Hinh 1: Anh SEM ciia MnO; (a),
GO (b) va GO/MnO; (c,d)

Céc két qua thu dugc tir anh SEM cho
thay su khac biét rd rét vé hinh thai hoc
cia cac vat lieu MnO, GO va
GO/MnO,. Cy thé, MnO; 1a cdc nano
két tu theo hinh hoa (hinh la). Vit liéu
GO c6 bé mat xbp, xuat hién cac 16p rd
rang (hinh1b). D6i véi vat liéu to hop
GO/MnO, ta thz?iy cac hat MnO, phan
bb ddng déu trén bé mat GO va co kha
nang cheén vao gitta cac 1op graphen, tur
d6 sé& hinh thanh nhiéu tdm hap phu hon
so v6i vat liéu ban dau (hinh 1c va 1d).
Vi vat lieu GO/MnO; ty 1¢ 1:1 (hinh
1d) ta thy cac hat nano MnO, phan bd
v6i s6 luong nhiéu day dic hon so véi
GO/MnO; ti 18 3:2 (hinh Ic). Vi thé vat
litu GO/MnO; ty I¢ 1:1 c6 kha nang
hap phu cao hon do c6 chira nhiéu tim
hap phu hon. Trong céc thi nghiém sau,
vat liéu tb hop GO/MnO; ty 1& 1:1 duoc
su dung.
3.1.2. Khio sat kich thwéc vat li¢u
Kich thudc hat vat liéu dugc khao sat
bang phuong phép tan xa laser. Gian
dd phan bd kich thude hat cia graphit,
GO, MnO;, GO/MnO, dugc trinh bay
trong hinh 2.
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Hinh 2: Gidn do phdn bé kich
thuwoc hat cua MnOs(a), Graphit (b),
GO(c), GO/MnO-(d).

Ta c6 thé nhan thdy mdi loai vat liéu
ché tao duogc déu co duy nhat mot dai
phan bé kich thudc hat (mono-modal),
v6i d6 phan bd kich thudce theo thé tich
hat la tuong ddi ddi xung. Cu thé, cac
hat MnO, va graphit c6 su phian bd
theo thé tich hat 1a d6i xtrng nhat, trong
d6 co t6i gan 90% cac hat graphit co
kich ¢& 16n hon 10 pm (kich thudc
trung binh 1a 17,8 pm) trong khi c6 dén
gan 100% cac hat MnO, nim trong
khoang 100 nm dén 1 pm (kich thudc
trung binh 13 500 nm). Piéu d6 cho
thiy su boc tach thanh cong cac 16p



cua graphit bdi qua trinh tong hop GO
theo phuong phap Tour. V& phan vat
litu GO, cac hat phan bd it dbi xtng
hon so voi cac vat liéu graphit va
MnO, va duogc dac trung boi cac hat
ndm trong dai tr 50 nm dén 4 pm,
trong d6 c6 dén khoang 80% cac hat
nhé hon 1 um va kich thudc trung binh
ciia GO 1a 503 nm (hinh 2c¢). M6t diéu
tha vi & day 1a vat liéu t6 hop tir GO va
MnO; lai ¢6 kich thudc 16n hon so vai
chinh hai vt liéu ban dau (hinh 2d). Cu
thé, vat lidu t6 hop GO/MnO; c¢6 kich
thudce nam trong dai 400 nm dén 8 pm,
voi gid tri trung binh 14 2,3 pm va co
su phan bd theo kich thude hat bat dbi
xtrng. Néu tinh theo thé tich thi c6 dén
khoang 80% cac hat GO/MnO; c6 kich
thudce hat 16n hon 1 pm. Vi¢c tang kich
thude nay c6 thé duoc giai thich boi su
hinh thanh cac tap hop (agglomerates)
cac hat MnO, phan bb dong déu va co

kha nang chén vao gilta cac 16p
graphen.
3.1.3. Phé hong ngogi IR
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Sau kh1 tong hop vat heu phu:ong phap
pho hong ngoai dd dugc ap dung dé
kiém tra két qua ché tao vat liéu to hop
GO/MnO,. Pho IR ctia GO, GO/MnO,
duoc trinh bay ¢ hinh 3.

(a) GO

(b) GO/MnO,

Hinh 3: Phé IR ciia GO (a), GO/MnO;

(b)
Tur pho IR ta thiy ring véi GO c6 xuit
hién cac pic & 3568 cm’ dic trung cho
dao dong lién két O-H (-COOH), pic &
1629 cm dic trung cho lién két C=0. Pic
o 1384, 1070, 1045 cm’! dac trung cho
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lién két C-O, -C-C. Piéu nay ching to
cac nhom chirc C=0, C-O, -OH da duoc
hinh thanh trén bé mt ctia vat liéu graphit
va GO.
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DPbi voi GO/MnO,, ngoai nhitng pic
tuong tu cua vat liéu GO, ta théy Xuét
hién thém pic 511 cm™” véi cudng do
cao dic trung cho dao dong cua lién két
Mn-O. Bén canh d6 cling co thé nhan
thay su dich chuyén cac pic dic trung
cho dao dong lién két O-H va C=0, cb
thé duoc giai thich do ¢o su tao lién két
gitta cac hat oxit vdi cac nhom
(—COOH). Piéu nay cho thay cac hat
nano MnQO, da duoc gan bé mait cua
GO va tao thanh vat liéu GO/MnO, [3].
3.1.4. Xdc dinh thanh phan logi c6
trong vit liéu (phé EDX)

Conntz
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Hinh 4: Pho EDX cua vat liéu t6 hop
GO/MnO;

Tur biéu @6 EDX ciia GO/MnO; ta c6
thé nhan thay vat liéu chira 3 nguyén td
C, O va Mn, trong do6 pic cua O c6 do
16n cao nhit. Piéu nay cho thiy vat
liéu nano composite GO/MnO, tong



hop duoc co do tinh khiét cao. Nguyén
t6 O c6 mit chil yéu trong MnO,, ngoai
ra nd con ton tai trong cac nhom chirc
(C=0, COOH,...) trén bé mat GO. Mot
cach uoc luong, noéng do nguyén t6 C
trong mau chyp la nho nhit, dleu nay
goi ¥ rang mau do chira chu yeu hat
nano MnO,. Két qua nay co thé duoc
gidi thich la do mot luong 16n céc hat
nano MnO, xen vao giira cac hdc tréng
va/hodc bao phu 1én bé mit cua vt liéu
GO.

3.1.5. Xdc dinh dién tich bé mdt riéng
cua vt lieu (BET)

Dién tich bé mat riéng cua vat licu
duoc xac dinh bﬁng sur hép phu khi N».
Puong hap phu ding nhiét cia N, duoc
xac dinh & ving ap suat twong doi tir
0,04 to6i 0,35 atm, nhiét do 77,35 K.
Dién tich bé mat duoc xac dinh tir dd
thi BET trong ving ap sut twong ddi
tr 0 t61 0,27 atm.

o

Quantiy Adsorbed (am'lg STP)

==================

Hmh 5 Bo thi dwong hap phu
dcfng nhiét BET cua N, trén vt liéu
GO/MnO;

Theo phuong phdp BET dién tich bé
mit riéng cua vat liéu t6 hop GO/MnO,
1a kha 16m: 80,6 m*/g; trong khi gia tri
nay xac dinh theo duong hip phu dang
nhiét Langmuir 1a 117,4 m*/g.

3.2. Khio sat ning hip phu Cu®',
Pb?* va Ni** ciia vat liéu trong méi
treong nuwéc

3.2.1. Khdo sdt thoi gian dat cdn bang
hip phu

Bang 1. Khao sdt thoi gian dat cdn bang hdp phu ciia vt liéu

A 7. 2+
doi voi Pb*",

2+ N 2+
Ni“" va Cu

T GO/MnO, MnO, GO
(phut) q:(mg/g) q:(mg/g) q:(mg/g)

Pb2+ Cu2+ Ni2+ Pb2+ Cu2+ Ni2+ Pb2+ Cu2+ Ni2+
0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
10 54,4 492 | 44,7 | 389 17,0 | 29,3 | 433 27,7 29.4
20 57,8 53,6 | 49,2 | 46,6 224 | 34,6 | 489 34,7 31,6
60 59,9 57,9 | 57,7 | 51,6 30,8 | 39,7 | 53,0 40,9 35,5
90 59,9 57,9 | 57,9 | 52,1 30,7 | 40,7 | 53,7 41,0 37.4
180 60,0 58,0 | 58,3 | 53,0 31,0 | 42,6 | 53.8 41,0 39.4

Tir cac sb liéu ¢ bang 1, ta thiy rang tir
0 dén 20 phut dau tién, dung luong hap
phu Pb*", Cu*", Ni*" dbi v6i ca 3 vat
liu hap phu déu ting rit nhanh, sau do
hiéu suét hép phu tang cham va dat can
bang sau 60 phat.

Ngoai ra c¢6 thé nhan thiy kha ning hap
phu cac ion kim loai nang ddi voi vat
liéu GO/MnO; 1 cao nhit. Nhu vay két
qua ban dau cho thay hiéu qua cua viéc
gidn MnO, 1én GO d6i véi kha ning
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hip phu céc ion kim loai ning trong
dung dich nudc.

3.2.2. Khdo sdat dung lwong hip phu
cwe dai Pb**, Cu’" va Ni**

Két qua khao sat dung lwong hip phu
cuc dai cac ion kim loai thé hién trong
cac hinh sau:




y=0,0266x +0,1089

©GO/Mn02

C/afe/V)
~

{=0,0164x+0,1616 Mn02

R*=0,975 GO
1 °

° =00101x+ 00328

i R?=0,9976

20 40 60 80 100 120 140
C(me/l)

a) Pb*"

y =0,0172x+ 0,0624
R?=0,9971 ©

y.=0,0124x + 0,0493
R?=0,0076

C/ade/)

© MnO2
Go

1 GO/MnO2

y =0,0048x + 0,0394
R*=0,9959

CG(mg/1)

((b) Cu**

v =0,0163x+0,0171
R*=0,9994

N

y =0,0122x +0,0248

R? =.0,9994 ¢ Mno2

C/afe/l

Go
GO/MnO2

"

y = 0,003x + 0,0029
R2=0,9973

o so G(mg/l) 100 150 200

(c) Ni*¥

Hinh 6: Do thi xdac dinh tdi trong hcfp
phu cuc dai theo mo hinh Langmuir
cua GO, MnO; va GO/MnQO; doi voi:
Pb*"(a), Cu’"(b) va Ni**(c).

Tt hinh 6 ta tinh duogc tai trong hap
phu cuc dai cua vat lleu d01 vOl  cac

luong hip phu Pb’" cua vat liéu
GO/MnO; la thap nhat, trong khi gia tri
nay d6i v6i Ni** 14 cao nhét. Diéu nay
c6 thé dugc gia thich 1a do ban kinh
Vanderwalls cua Pb la 16n nhat (202
pm), so v&i 163 pm ddi v6i Ni va 140
pm d6i véi Cu. Bén canh d6, do am
dién cua Pb ciing 16n nhat (2 33), so
v6i 1,91 (Ni) va 1,90 (Cu) co thé 1a
nguyén nhan dan dén sy giam ai lyc
ctia nd v6i bé mit GO von co ban chat
tich dién 4m, tir d6 giam kha ning hap
phu cua Pb 1én vat li¢u.
3.2.3. So sanh kha nang canh tranh
hép phu cua chi, dong va niken
Cac két qua thuc nghiém_chi ra rang
trong dung dich c6 chira dong thoi mot
s0 ion kim loai thi kha nang hap phu
cua vat liéu GO/MnOz ddi voi tung ion
so v6i khi ion d6 ton tai mét minh
trong dung dich 1a thip hon rat nhiéu.
Chang han v6i dung dich chi chira ion
Pb*" ¢6 ndng do ban dau C,= 330 mg/l
va cung khoang thoi gian hip phu nhu
nhau thi q; = 1,35 mmol/g trong khi
trong dung dich c6 chira hdn hop nhiéu
ion kim loai thi gia tri tuong tmg cua q;
= 0,92 mmol/g. Piéu nay co thé duoc
giai thich do su canh tranh hap phu cua
cac ion trong dung dich. Cac ion kim
loai bi hap phu mot phan va ngin can
su hap phu cta cac ion kim loai khéc.
Bang 3. Suw hdp phu canh tranh cua
Pb", Cu’* va Ni** Ién vat liéu

GO/MnQO,
PbF NE o
(nqlgo/l) G qt G qt G qt
(mg/)) |(mmolig)| (mg/l) |(mmolig)| (mg/l) | (mmolig)
250 | 86,2 | 0,79 [103,6| 248 | 182 1,06
333 142 | 092 (1944 235 | 253 1,25

ion Pb2*, Cu** va Ni**

trinh bay & bang 2.
Bang 2. Tai trong ha

vat liéu doi véi Pb

. Két qua duoc

59 phu cuc dai cua
CL/+ va Nit*

Qmax GO MnO, | GO/MnO,
(mg/g)

Pb** 82,0 61,3 333,3

Ni*t 80,6 58,1 208,3

Cu™* 61,0 37,6 99,0

Khi tinh theo s6 mol ion kim loai dugc
hap phy, c6 thé nhan thay rang dung

Khi tinh theo s6 mol ion kim loai dugc
hép phu, ta co thé nhan thdy rang dung
luong hip phu Pb’" cua vat li¢u
GO/MnO; la thap nhat, trong khi gia tri
nay d6i voi Ni*™ 1a cao nhat (bang 3).
Diéu nay co thé duoc gia thich 1a do
ban kinh Vanderwalls ciia Pb la 16n
nhat (202 pm), S0 V61 163 pm dbi voi
Ni va 140 pm déi véi Cu. Bén canh do,
d6 am dién cta Pb ciing 10n nhat (2,33)



so voi 1,91 (Ni) va 1,90 (Cu) c6 thé 1a
nguyén nhan dan den sy giam ai lyc
ctia nd v6i bé mit GO von co ban chat
tich dién am, tir 46 giam kha ning hap
phu cua Pb 1€n vat li¢u.

4.KET LUAN

Vat liéu to hop trén co s6¢ GO va MnQO,
da duoc ché tao bang phu:ong phap
Tour véi dién tich bé mit riéng 1én toi
242 m’/g. Céc phwong phap dic trung
cau tric vat liéu hién dai (SEM, EDX,
tan xa laser, IR,...) d& chimg minh sy
thanh cOng cua qua trinh tong hop. Kha
ning hip phu ion Pb*", Ni*" va Cu?*’
trong dung dich cua GO MnOz va vat
liéu to hop GO/MnOz da duoc khao
sat. Két qua cho thiy ddi v6i ca 3 loai
vat lidu hap phu qua trinh hap phu
Pb>", Ni** va Cu’" déu dat can bang sau
khoang thoi gian 60 phut. Bén canh do,
tai trong hdp phu cuc dai Pb*", Ni*" va
Cu”" ctia cac vat lidu té hop cao hon
hén so véi cac vat liéu ban dau va duoc
sip xép nhu sau: Qma(GO/MnO,) >
Qrax(GO) > Grax(MnO). Két qua nhan
dugce cho thay vat li¢u to hop co trién
vong tng dung dé xu Iy hiu qua cac
kim loai ning trong cac ngudn nudc bi
6 nhidm.
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Cong trinh nay dugc hoan thanh voi sw
hé tro kinh phi cua Pé tai nghién ciru
khoa hoc cap Pai hoc Quoc Gia Ha
Ngi, méi s6 0G.16.21.
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