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ABSTRACT

In this study, nanocomposite GO/Fe304/CS (GFC) was prepared for
adsorption of heavy metals like Cd?*, Ni¢*, CrOs" in the aquatic
environment. Some conditions that are effective to the removal of Cd?®*,
Ni?*, CrO4% by adsorption process using the GFC material including pH,
contact time and initial concentration of the metal ions were
systematically studied. The optimized pH for removal Cd?*, Ni?*, CrO.>
for GFC was 6.0, 5.0, 3.5, respectively. The contact time was 50 min. The
adsorption mechanism of GFC composite material was well described
by Langmuir isotherm with a maximum adsorption capacity (qmax) for
Cd?*, Ni#*, CrO4% of 8.123, 30.96, 40 mg/g, respectively, and pseudo-
second-order kinetic model was well fited for the adsorption
mechanism, which implied that the uptake of Cd?*, Ni#*, CrO4* onto
GFC following a chemical adsorption.

1. Gigi thiéu chung

Céc hoat déng khai thac mo, cong nghiép thudc da,
cong nghiép dién t&, ma dién, loc héa dau hay cong
nghé dét nhuém da tao ra cac ngudn 6 nhiém nudc cd
chita cac ion kim loai nang (KLN) nhu Cd?*, Hg®*, Pb?",
Ni*, Cr(V)O4?/Cr.07... v&i ham lugng vuat qué gidi
han cho phép, xa thai truc ti€p ra méi trudng, ching la
nguyén nhan lién quan tryc ti€p dén cac bénh ngoai da
cho dén ung thu, de doa nghiém trong dén suic khde
con ngudi va hé sinh thai. Vi vay, viéc loai bd hoan toan
ho&c giam thi€u ham lugng ion kim KLN trong nudc thai
cobng nghiép la rat can thiét. Co nhiéu phuong phap
khéac nhau da dugc nghién cltu ap dung dé gidm ndng
dé cac ion KLN ty do trong nudc nhu két tda [1], trao

déiion [2], thdm thau ngugc [3], xC ly dién héa [4], tach
mang [5], bay hai [6], dong tu [7], tuyén ndi [8], oxy hoa
[9] va hap thu sinh hoc [10]; tuy nhién, chiing con mot
s6 han ché nhét dinh nhu chi phi van hanh cao, tén néng
lugng va hoa chat dat tién, loai bd khéng hoan toan va
c6 kha ndng gay 6 nhiém thit cdp. Trong dé, hdp phu
dugc biét dén la mét phudng phap hiéu qué cao, chi
phi thdp, dé van hanh cling nhu khéng gay 6 nhiém tha
cép. Gan day, graphene oxide (GO) dang dugc coi la
chét hdp phu vugt trdi so véi cac chét hdp phu khéc vdi
dién tich bé mat riéng I6n (~2630 m?/g) [11], c6 nhiéu
nhom chic chifa oxi hoat dong nén dé dang tao cac
bay hut dién t, tao diéu kién cho qué trinh hap phu
KLN. Tuy nhién, tuong tac mt-m gitta cac I6p GO lién ké
dan dén sy tich tu graphene, dan dén giam dién tich bé
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mat hiéu dung, do dé lam gidm kha néng hdp phu. Hon
nifa, kich t&m GO rat nhd nén rat khé thu héi sau khi
hép phu. S dung két hgp GO vdi cac hat nano tU tinh
FesO4 la mot cach hiéu qua dé dat dugc kha nang phan
tach t6t hon va cai thién dé xép cla vat liéu va tao kha
nang thu hoi. Chitosan (CS), la mét san pham khir acetyl
cla chitin, chdng cé cac nhdm chiic nhu —NH; va -OH
c6 thé tuong tac véi ion kim loai bang cac phan Ung
trao déi ion va tao phic. Ngoai ra, cac nhom amin dudc
proton hoa hinh thanh & digu kién axit ¢ thé thu gilt
cac chat 6 nhiém anion théng qua luc hit tinh dién [12-
14]. Bén canh do, CS cling dugc s& dung nhu mét chat
két dinh dé c& dinh cac hat oxit FesO4 lén bé mat GO,
tao ra moét vat liéu hdp phu hiéu qua cé cédu tric 3D.
Trong bai bao nay, cac hat nanocompozit GO/Fe304/CS
(GFC) da dugc diéu ché va st dung dé loai bo cac ion
kim loai Cd?*, Ni¢*, CrO4>". Céc yéu t6 cong nghé chinh
anh hudng dén qua trinh sé dugc khdo sét, phuong
trinh dong hoc hdp phu, dang nhiét hap phu clng s&
dugc khao sat dé danh gia kha nang hdp phu ion KLN
cua vat lieu GFC.

2. Thyc nghiém va phucng phap nghién ctu
Nguyén liéu va héa chdt

Céc vat liéu va hoa chét dugc st dung cho nghién cuu
nay: graphit ky thuat (ham lugng > 90%, Viét Nam),
chitosan (Viét Nam), axit sunfuric (H.SO4 98%), natri
nitrat (NaNQOs, Trung Quéc (TQ)), kali permanganat
KMnOs4 (TQ), hydro peroxit (.02, 33%, Merck), mudi sat
() (FeCls.6H20, 99%, TQ), mudi sét (II) (FeSO4.7H20,
99%, TQ), NaOH (96%, TQ), axit axetic (CH;COOH 99%,
TQ), thuéc thir PAR  (4-(2-pyridylazo)-rezoxin,
CiHgN3NaO2.HO 99%), niken () nitrat hexahydrate
(Ni(NO3),.6H:0, 99%), cadimi (I nitrat
(CA((NO2)2.4H,0, 99%), kali chromate (K2CrQ4), sodium
acetat trihydrat (CH3COONa.3H,O, 99%), ammoniac
(NHs, 25-28 %), borax, H3BOs, kali hydrophotphate
trihydrate (Ko2HPO4.3H,0, 99%). Nudc cat dugc sif dung
trong suét qua trinh t8ng hop vét liéu va danh gia kha
nang hap phu KLN.

T6ng hop vt lidu nanocomposite GO/Fe30./CS (GFC)

GO dugc t6ng hop theo phuong phap Hummers [15]
vdi diéu chinh nha dé phu hap véi nguyén liéu da dugc
cong bd [17]. Hat nano FesO4 dugc t6ng hop bang
phuong phap dong két tla tU hén hop mudi
FeS04.7H,0O va FeCls.6H,0 theo ty 1&é mol 1:2, stf dung
dung dich NaOH 2M lam tac nhan tao két tla theo quy
trinh da cong bé trong [16]. Dung dich chitosan (CS)

néng dé 10 mg/mL dugc chuén bi bang hoa tan 2,5 g
CS trong 250 mL axit axetic 1%. Vat liéu nanocomposite
GO/Fes04/CS (GFC) dugc téng hap bang phuong phap
dong két tia dan gidn theo quy trinh da cong bé [17,
18]. Theo do, 0,225 g GO dudgc siéu am trong 22,5 mL
nudc cat cho dén khi phan tan hoan toan, thu dugc GO
10 mg/mL.

Tiép theo, 1,05 g FesO4 téng hop & trén dugc khudy
trong nudc cat, sau doé thém 22,5 mL dung dich CS 10
mg/mL, siéu d&m hdén hap trong 20 phdt & nhiét do
phong. Sau dé, huyén pht dudc tron véi GO va siéu am
doéng nhat trong 30 phut. Tiép theo, thém dung dich
NaOH 1 M vao dung dich trén déng thai khudy tur lién
tuc va diéu chinh vé pH = 8. Phan cé&n cudi cung dugc
thu thap bang nam cham, sau dé ria lai bang nudc cét
nhiéu an va sdy kho & 45 °C trong 1 ngay thu dugc san
ph&m nanocomposite GFC (15:70:15) ¢ mau den. Cac
dac trung nhu phd XRD va anh SEM/TEM cla céc vat
liéu GO, Fe304, GFC d& dugc cong bé [17].

Thutc nghiém hdp phu cdc ion KLN Ni2*, Cé#* va CrO£
bdng vat liéu GFC

Cho 0,05 g GFC chét hdp phu vao 100 mL dung dich
Ni(NOs), hodc Cd(NOs), hoac KoCrO4 cé ndng dé ban
dau la 30 mg/L, dem siéu dm cho vét liéu phan tan déu
vao dung dich. Hon hgp nay dugc 13c déu hoac khudy
tron lién tuc dén khi qua trinh hdp phu dat trang théi
can bang (50 phut), sau do, 18y 4-5 mL hdn hop nay ra
loc qua filter. Néng do Ni¢* va Cd?* con lai dudc xac
dinh nhu sau: 1ml dung dich mau Ni** + PAR + K;2HPO4
& pH = 8.5 - 9; Iml dung dich mau Cd®* + PAR + Borax
+ H3BOs3 & pH = 9 — 9.5. Sau khi tao thanh phiic Ni*-
PAR va phic Cd?*-PAR, ndng do cla ion Ni¢* va Cd**
dudc phan tich trén thiét bi do quang phd UV-Vis va xac
dinh & budc séng 495nm. Néng dé CrO42” dudc do truc
ti€p & budc séng 360nm. Dung lugng hap phu KLN can
bang (ge) dugc tinh theo cong thitc (1) va phan tram KLN
da bi hap phu (%Re) sé dugc tinh theo cong thic (2):

Je (Mg/g) = (Co— Ce). V/m M
%Re = (Co — C1)/Co.100% )

Trong dé, ge la dung lugng can bang hap phu, Co, Civa
Ce tuong Ung la ndng dé KLN (mg/L) lic ban d&u (t =
0), sau thai gian t va thai diém can bang hép phu (phut).
Va m la khéi lugng chét xdc tac (g), V la thé tich dung
dich ().

3. Két qua va thao luan

Cdc yéu to danh hudng dén kha ndng hdp phu KLN cta
vat lieu GFC
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Khoang pH hédp phu ti 3,5 - 7 dugc diéu chinh bang
dung dich HCl 0,1 M hodc NaOH 0,1 M dé khao sat anh
hudng clia pH dén kha ndng hap phu ion KLN cla vat
liéu GFC, trong khi cac diéu kién khac dugc cé dinh (liéu
lugng chat hdp phu 0,5 g/L, [Ni#*] = 10 mg/L, [Cd**] va
[CrO4*7] = 30 mg/L, thai gian hap phula 70 phit va nhiét
dé phong (27°C)). pH = 3,5 = 7 dugc lva chon trong
nghién clu nay bdi thuc té 1a chitosan va FesOs o thé
bi hoa tan vai pH < 3, Fes04 ¢ thé bi hoa tan trong moi
trudng axit tao mudi tuang Ung:

FesO4 (1) + 8H' (agq) = 2Fe* + Fe’* + 4H0

trong khi pH > 7 c6 thé dan dén su hinh thanh cac két
tta hydroxit kim loai. K&t qua cla nghién cliu nay dugc
thé hién trong hinh 1a.

60
1 —a-Nitt

~ S04 ? -o-ca?t
S 1 b CrO}
= 40-
= ]
=
o 30+
e
< ]
& 20-
= ;
Z 101
i 4

04

3 4 5 6 7
pH

124 b

10' +than diu )
a0 | == PH i cling
=
S 8-
3 ]
5 o
: L
= 44

24

0 L) L) L) L) v L)

[—}
[3*]
s
=%
o0 -
—
<>
[a—y
(S0

pH ban diu

Hinh 1: (@) Anh hudng ctia pH dung dich KLN ban d3u
dén hiéu qua hép phu clia GFC; (b) o thi xac dinh
pPHpzc

Dau tién, chidng toi da quan sat thdy khi tang pH cla
dung dich thi hiéu qua hdp phu Ni°* va Cd** da tang
theo tuong Ung, trong khi hdp phu CrO.2 da giam. O
pH = 3,5, hiéu sudt hdp phu Cd?* va Ni** ctia GFC rat

thédp, chi dat 18,7% vd&i Ni** va gan nhu bang khéng véi
Cd?*. Biéu nay chi yéu la do vat liéu hdp phu chia
nhiéu vi tri ty do nhu —COO va -O- va cac nhdm chiic
nay bi proton hda & pH thap. Bén canh do, trong moi
trudng axit, ndng doé proton tucng déi cao canh tranh
manh vdi ion kim loai cation, do do, su hdp phu clia cac
ion kim loai gidm dang ké. Mat khac, su proton héa clia
cac nhom amin dan dén lyc déy tinh dién manh déi vai
cac ion kim loai bi hdp phu. Khi pH tang, su canh tranh
cla proton vdi cac ion kim loai v&i cac nhdm amin gidm,
diéu nay lam giam luc day tinh dién gitta bé mat vat liéu
va cac ion kim loai, tdng cudng kha nang hép phu. Bén
canh sy tuang tac luc hat tinh dién, cac cap dién t& chua
phan chia trén O va N dugc xem nhu tac nhan
nucleophin cé thé tham gia tao phic véi cac kim loai
nang Ni2* va Cd?* thong qua lién két cong hoa tri. O
diéu kién pH > 7, cac ion kim loai két tua dudi dang
M(OH); (s) va ton tai mét sé dang khac trong dung dich
nhu M?*, M(OH)*, M(OH)M(OH).%, M(OH)3", M(OH)+>
thay déi theo pH dung dich [19]. Hon nita, & méi trudng
kiém, cac nhém anion cling co thé chiém uu thé nén
hiéu Ung day xay ra gilta anion va bé mat GO, cac dang
hydroxyl cia cac ion kim loai cling khéng dugc hép phu
hiéu qua, do dé lam gidm kha nang hap phu Cd?* va
Ni** cla vat liéu. Hinh 1 cling chi ra rang su hdp phu
Cd?* gidm khi pH>6, Ni** hdp phu gidm khi pH>5 va
su hép phu bj Uc ché khi tang pH>7.

Hiéu suat hap phu CrO4% cla vét liéu GFC t6t nhét & pH
= 3,5, dat 49,2% la do & pH thap, Cr(VI) ton tai chl yéu
& dang CrO4> (pH =1+ 4) [20], khi d6 c6 rét nhiéu ion
H* bao quanh bé mat GFC sé& thuc ddy luc hat anion
CrO4% trén bé mat vét liéu bang luc hat tinh dién. Khi
tang pH, Cr(VI) dén chuyén sang dang Cr.O;>, mat do
jon H* trén bé mat vat liéu GFC gidm nén su tuang téc
tinh dién gitta GFC vdi ion Cr,O;%gidm, do do lam gidm
hiéu sudt hdp phu. Ngoai ra, su tao phuic gitta cac dang
ton tai clia Cr(VI) vai cac tdm hdp phu trén bé mat vat
liéu cling anh hudng dén su hdp phu. Nhu vay, co thé
du doén su hdp phu clia cac ion KLN [én bé mat vat liéu
GFC bao gém ca hép phu vat ly (tuong tac tinh dién) va
hda hoc (ca ché tao phic).

Két qué cling c6 thé dudc gidi thich bang diém dang
dién pHpzc (gia tri pH ma tai do dién tich bé méat vat liéu
bang 0). Khi pH nam dudi gié tri pHezc, dung dich cho
ion H* nhiéu han ion OH", vi vay bé mat chét hap phu
trd nén tich dién duang, két qua sé hap phu anion t&t
hon. Tuang tu, khi pH cao han gia tri pHezc, bé mat chét
hadp phu mang dién tich &m, s& hép phu cation tét han
[21, 22]. Gi4 tri pHpzc cia GFC da dugc nghién clu dat
4.4 nhu trong Hinh 1(b). Do do6, & pH t&i uu 5 - 6, bé
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mat vat liéu tich dién am s& hdp phu hiéu qua cation kim
loai Ni** va Cd?*, tai pH = 3,5 bé mat vat liéu tich dién
duaong sé hdp phu hiéu qua anion kim loai CrO4%, dan
dén su hdp phu dudc tang cudng.

Khdo sdt thdi gian cdn bdng hdp phu cta vt lidu GFC

Anh huéng cuia thai gian tiép xtc dén sy hdp phu cua
Cd®*, Ni**, CrO4* da dudgc khado sét bang cach thém
0,05 g GFC vao 100 mL dung dich KLN [NiZ] = 10 mg/L,
[Cd?*] va [CrO4*] = 30 mg/L tai cac pH t&i uu da khao
sat 3 trénva 27 °C. Nong dé ion kim loai dugc phét hién
& cac khoang thai gian khac nhau trong khoang 0-70
phut. Két quéa dugc (hinh 2) cho théy rang hiéu qua loai
bd KLN déu nhanh chéng trong 5 phit déu la do & thai
gian dau dién tich bé mat tu do cla vat liéu con I6n, sau
mot thai gian dién tich tréng gidm déan do da hap phu
cac ion KLN nén qua trinh hap phu chédm lai va dat tdi
trang thai can bang..
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Hinh 2: Khao sét thai gian can bang hap phu ion kim
loai clia vat liéu GFC

Ké&t qua nay cling gai y GFC la vt liéu tiém nang dé loai
bo ion KLN trong thai gian ngén nha t6c do quéa trinh
hép phu nhanh. Téc dé hép phu tang nhanh trong
nhitng phut dau la Béi véi Nie* can bang dat dugc trong
40 phtt, trong khi déi vai Cd?* va CrO4°™ can bang dat
dugc trong 50 phut. Do vay, t = 50 phut dugc chon lam
mdc thai gian can bang hap phu, dugc ap dung cho céc
nghién clu tiép theo.

Déng hoc hdp phu
D& hiéu hon vé qué trinh hdp phuy, moé hinh déng hoc

bac mét va mo hinh déng hoc bac hai dugc sit dung dé
xac dinh téc d6 va dong hoc clia su hdp phu Cd?*, Ni¢*,

CrO4 trén vat liéu GFC. Dang phuadng trinh déng hoc
bac 11a: In(ge -qy) = Inge — ki.t (3)

Va dang phuang trinh dong hoc bac 2:
t/qe =1/(k2 9 )+t/qe 4

Trong do gt va ge lan lugt la lugng ion lim loai bi hap
phu (mg/g) tai thai diém t va trang thai can bang, ki(min-
") 1a hang s6 téc db clia md hinh déng hoc bac mét va
ko (@.mg™.min™") la hang s6 t6c dé clia mé hinh déng
hoc bac hai. Két qua khéo sét theo phuaong trinh déng
hoc bac nhét va bac hai clia qué trinh hap phu ion KLN
lén véat liéu GFC thé hién & hinh 3 va trong bang 1.

Cé thé thdy hé s6 hoi quy (R?) clia phuong trinh bac hai
cao han so vdi phuong trinh bac mét vai ca 3 ion KLN
Cd?*, Ni**, CrO4>. Ngoai ra, gia tri geca dugc tinh toan
tU phuang trinh déng hoc bac hai gén vdi gia tri geexp
thu dugc tir bang thuc nghiém. Nhiing két qua nay cho
phép két luan rang qua trinh hap phu ca 3 ion KLN Ién
vat liéu GFC tuan theo moé hinh ddng hoc bac hai vdi
cd ché hap phu hda hoc.
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Hinh 3: (a) D6 thi dong hoc bac nhét va (b) doé thi
ddng hoc bac hai
https://doi.org/10.62239/jca.2024.013
84


https://doi.org/10.62239/jca.2024.013

1/qe

Vietnam Journal of Catalysis and Adsorption, 13 —issue 1(2024) 81-86

Bang 1: Cac thdng sé& ddng hoc clia qua trinh hap phu
KLN trén vat lieu GFC

Céc thong s6 lon

NiZ* | Cd** | CrO4*+
M& hinh Qe.cal (MQ/Q) 2.935| 9437 9.038
déng hoc ki (min™" 0.084| 0.062 | 0.072
bac 1 R? 0.862| 0.722 | 0.657
M6 hinh Jecal (Mg/g) | 5.048| 21.455] 28.281
dong hoc | ko (g/mg.min) | 0.077] 0.020 | 0.028
bac 2 R? 0.993] 0.997 | 0.999

Thuc Co (Mmg/L) 10 30 30
nghiém Je,exo (ma/q) 4.932| 20.988| 27.926

Ddng nhiét hdp phu

Qua trinh hdp phu cla cac ion KLN Ién vat liéu GFC dugc
khao sat thong qua hai mé hinh dang nhiét hdp phu la
Langmuir (PT 5) va Freundlich (PT 6) vdi diéu kién cu
thé: nbng doé ion KLN ban dau nam trong khoang 2,5
dén 60 mg/L, lieu lugng chat hdp phu 0,5 g/L, pHNi =
5,0, pHcd = 6,0, pHcr = 3,5, nhiét d6 phong 27 °C va thai
gian hdp phu 50 phut. Mé hinh Langmuir gid dinh réng
su hdp phu xay ra trén bé mat dong nhat mo ta su héap
phu dan I&p va khdng co tuang tac gitia cac chét bi hdp
phu, con mé hinh Freundlich mé ta can bang trén céc
bé méat khdng dong nhét, hép phu da I6p va cé su tuong
tac gilia cac chét bi hdp phu.

&z L +[1}Ce
Q Q.K. \Q

Inge = Inke + (1/n).InCe

®)

©)

Trong dé Ce (mg/L) 1a ndng dé can bang cua ion kim
loai, ge (Mg/g) la dung lugng hdp phu can bang, max
(mg/q) la dung lugng hdp phu cuc dai, k. va kr tuong
Ung la hang sé hap phu Langmuir va Freundlich, va n la
hé s& ma Freundlich.

Két qua trén hinh 4 va bang 2 cho thdy m6 hinh dang
nhiét Langmuir c6 hé sé tuong quan R? cao hon mo
hinh Freundlich cho ca 3 ion kim loai va gia tri gmax gan
hon vdi tinh toan & thuc nghiém. Két hgp véi déng hoc
hdp phu la bac 2 cho phép két luan rang méd hinh
Langmuir mo ta& t&t qua trinh hdp phu ion KLN 1én vat
lieu GFC. Biéu nay chi ra rang su hdp phu ion KLN xay
ra trén bé mat don I6p cla GFC vdi cac vi tri hoat dong
c6 nang lugng déng nhat [23]. Tham s& thuc nghiém
1/n déu trong khoang 0,1-1 cho thay su hip phu la dé
dang [24]. Ngoai ra, bang 2 cling cho thdy dung lugng
hap phu cuc dai gmax clia vat liéu véi cac ion Ni¢*, Cd*,
CrO4% I&n luot 1a 8.123, 30.960, 40 mg/g va hang sé can
bang k. tuong tng 0.305, 0.227, 0.349 L/g. Két qua hép
phu ion Cd?*, va CrO4> kha t6t trong khi dung lugng
hap phu cuc dai clia Ni** kha thap c6 thé do thanh phan
vat liéu GFC chua thuc su thuan lgi cho hap phu ion Nie*.

0.5 0.08
: 0.104
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y= 0.4036x + 0.1231 RZ 0.959 0.08 y= 0.0717x + 0.0250
=0. 2_
R2 = 0.9403 0.061 R2 =0.963
2 2 0.064
0.3 =2 =
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1.5 3.5
3.0
124 ) £ 3.04 =
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Hinh 4: Budng hap phu dang nhiét Langmuir (a), (c), () va Freundlich (b), (d), (f) ctia Ni**, Cd?*, CrO4*
trén vat liéu GFC
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Bang 2: Cac théng s6 vé dang nhiét hap phu cac ion
Ni**, Cd?*, CrO4" 1én vét liéu GFC

Céc thong lon

6 N2+ | Cd?* | CrOZ

Mb hinh d&ng | Grex (Ma/g) | 8.123 | 30.960 | 40.000

nhiét ke (L/mg) |0305| 0.227 | 0349

Langmuir R2 0.940| 0959 | 0.963

M6 hinh déng | ke (mg/q) |2.270| 8.876 | 8.350

nhiet n 2232| 2692 | 2.097

Freundlich R |0734] 0896 | 0952
4. Két luén

Vat liéu nanocomposite GFC d& dugc téng hgp thanh
cong bang phuong phép déng két tia don gian va co
kha& nang hap phu ion KLN trong méi trudng nudc. Két
qua nghién clfu cho théy kha ndng hép phu ion KLN phu
thudc vao pH dung dich va pH téi uu cho Ni?*, Cd?®,
CrO4 I&n lugt 14 5.0, 6.0, 3.5 vdi thdi gian can bang hap
phu la 50 phut. Cac nghién ctu déng hoc chira rang su
hap phu ion KLN lén GFC tuan theo mé hinh déng hoc
bac hai, cho thdy su hép phu cla cac ion KLN lén vat
liéu composite GFC la théng qua qua trinh hdp phu hda
hoc. Ngoai ra, khi so sanh v&i m6 hinh dang nhiét
Freundlich, m& hinh Langmuir phu hgp hon cho qua
trinh hép phu véi dung luong hép phu cuc dai cho Ni%*,
Cd?*, CrO4 tuong Ung 1a gmax = 8.123, 30.96, 40 mg/g.
Két qua nay md ra trién vong Uing dung vét liéu GFC
trong inh vuc xr ly méi trudng nuéc.

LSi cdm on

Nghién cru nay dugc BS Gido duc va Bao tao Viét Nam
tai trg theo dé tai khoa hoc cong nghé véi ma s6
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