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ABSTRACT

The prevalence of organic dyes contamination in water has driven
widespread research on developing effective treatment systems
including adsorption using various sorbents. The aim of this study is to
investigate the methylene Blue (MB) adsorption of Diatomite Phu Yen
and the influence of Fe loading into adsorption capacity. The prepared
samples were characterized by XRD, TEM, EDX and BET methods to
examine their structural, morphological properties, elemental
composition and surface characteristics. Bath adsorption isotherms are
conducted at several temperatures (283, 293, 303 and 313K).The data
sets are analyzed with Langmuir and Freundlich models which produce
Langmuir and Freundlich equilibrium constants (K., Kr), of adsorption for
each process. Adsorption kinetics are followed closely the pseudo-
second order model. The obtained results show that Diatomite could be
an efficient adsorpbent for the removel of organic dyes from polluted
environment. The presence of Fe results in negative MB adsorption
behavior.

Gidi thiéu chung

Trong nhitng nédm gan day, nganh dét nhuém da co

nhu phuang phap hép phu, phuong phap loc mang,
phuang phép oxi héa khir, phuong phap trao déi ion,
phuong phap keo tu,..Trong doé, phuang phép hap

nhifing budc phét trién manh mé, tao ra nhiéu sadn phdm
da dang c6 chét lugng cao dap Ung nhu cau ngay cang
tdng cla thi truong. Tuy nh ién, bén canh nhiing gia tri
kinh t€ nganh dét nhuém dong gop vao su phat trién
kinh t& x& héi thi nhiting tac hai gay & nhiém mai trudng
cla nganh mang lai khdng phai la nho. Chinh vi thé, viéc
loai bd chédt mau khdi nudc thai dét nhudém dé va dang la
van dé r&t dang quan tam [1-3].

Hién nay d& cé nhiéu cong trinh nghién clu cac
phuang phap dé x ly thudc nhuém trong nudc thai

phu té ra c6 nhiéu uu viét hon bdi tinh kinh t€, tinh
hiéu qua, thao tac don gian, dé thuc hién. Mac du than
hoat tinh la chat hdp phu phd bién va hiéu qua nhat
nhung gia thanh cao cla than hoat tinh lam cho than
c6 nhiing han ché nhét dinh. Chinh vi vay, viéc nghién
clu, st dung cac chat hdp phu gia thanh thap thay thé
than hoat tinh dang tang 1én déng ké trong nhing
nam gan day.
Diatomite (SiO..nH>0) dudc biét dén 13 vat liéu co san,
trr lugng doéi dao va gié thanh thép (thédp han gan 500
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lan so vdi than hoat tinh thuong mai). Vai kha nang
hap phu Ién Diatomite dugc st dung hiéu qua dé thay
thé than hoat tinh trong x( ly nudc thai dét nhudm.

Methylene Blue (MB) la mét hda chat dugc st dung
réng réi trong cac nganh nhudém vai, nilon, da, g&; san
xudt muc in va trong mét sé finh vuc nhu: héa hoc,
sinh hoc, y hoc, nudi trong thly san. Tuy nhién,
Methylene Blue c& mau rdt manh, néu khéng dugc x
ly triét @€ khi thai ra mai trudng sé lam méat my quan
moi trudng, anh hudng dén sinh hoat va san xuét cla
con ngudi. MB 6 thé gay tn thuong tam thdi cho da
va mat cho ngudi va déng vat. Bén canh do, nd cling
gay ra cac hién tugng kho thd, budn nén chong mat
déi véi hé tiéu hoa.

Bai b&o nay trinh bay nhiing két quad nghién ctu kha
nang hép phu MB clia Diatomite Phi Yén tinh ché va
sau db nghién cltu anh hudng cla su bién tinh bai sat
dén dung lugng hap phu MB cla Diatomite.

Thuc nghiém va phucng phap nghién cdu
Chudn bi méu

Diatomite Ph( Yén dugc tinh ché theo qui trinh nhu
dugc trinh bay trong [4], dugc ky hiéu la Dia-TC. Cac
mau vat liéu 3%Fe/Diatomite, 5%Fe/ Diatomite, 7%Fe va
10%Fe/Diatomite dudc téng hop bang phuong phép
tam tU tién chat Fe(NO3)3.9H.0 (Trung Quéc). Cac mau
dugc ky hiéu lan lugt la 3Fe-Dia, 5Fe-Dia va 7Fe-Dia.

Xdc dinh diém tich dién khoéng (pHpzc) cta Dia-TC

Chuén bi 6 binh nén c6 nut nhadm dung tich 250 mL
chida cung 20 mL dung dich KNO3 0,1M. Dung dung
dich NaOH 0,001M, 0,01M, 0,1M va dung dich HCI
0,001M, 0,01M, 0,1M @€ diéu chinh pH cla 6 dung dich
KNOs dugc chuén bi & trén véi pHi = 2; 4; 6; 7; 8; 10.
Cho 1&n lugt vao 6 dung dich d& chinh pH 0,2 g mau
vat liéu can xac dinh diém pHpezc. D&t cac mau vao may
lac 6n nhiét & 303K trong 48h. Loc dung dich va xac
dinh lai pH sau (pHf) va pHezc dudc tinh bang phuong
ohap do léch pH.

Anh huéng cia pH
Anh hudng clia pH dén kha niang hap phu MB cla
Dia-TC dudc nghién clu tai cac pH lan luct la 2, 4, 6,

7,8, 10.

Cdn bdng hdp phu

Can bdng hdp phu MB cuia Dia-TC va cac mau chia Fe
dugc nghién cliu & cac nhiét do 10, 20, 30, 40 °C trong
khoang néng dé dau 107 — 316 mg/L, khéi lugng mau
vat lieu = 0,05g.

Bdng hoc hdp phu

Péng hoc cta qua trinh hdp phu MB trén Dia-TC dugc
nghién ctu & 4 nhiét dé khac nhau 10 °C, 20 °C, 30 °C
va 40 °C.

Nong doé clia dung dich MB dudc xéc dinh bang phuong
phap do phd t& ngoai kha kién ldng (UV - Vis) tai budc
song A = 664,8nm.

Cac phuong trinh déng hoc biéu kién bac 1 va béc 2
dugc st dung dé nghién cliu dong hoc quéa trinh hap
phu. Dang tich phéan cta phuong trinh déng hoc biéu
kién bac 1:

Ky

t
2,303

l9(9. -a.) =g g, -

va clia phuang trinh déng hoc biéu kién béc 2:
KBNS
qt kzqe qe
Trong do: ge la dung lugng chét bi hdp phu & trang
thai can bang (mg/q); g: la dung lugng chét bi hdp phu
& thai gian t (mg/q); k1 1a hang s6 t6c d6 hép phu gia
bac nhat (phat™ va ko (g.mgphit™) la hang s6 téc dod
hap phu gia béac hai.

Dua vao hai phuong trinh trén cung vdi cac gia tri thuc
nghiém cuia g: theo t cé thé xac dinh dugc cac hang s6
k1 va kz.

Két qua va thao luan

M6t s6 ddc trung cba Dia-TC va Diatomite dugc bién
tinh bdi Fe

Két qua EDX

Bang 1: Thanh phan (% khéi lugng) mét sé nguyén t&
chinh clia Diatomite tinh ché va dudgc bién tinh bdi Fe

Mau @) Al Si Fe

3Fe-Dia 41,81 0,97 11,09 2,22

S5Fe-Dia 52,60 2,23 26,07 4,06
7Fe - Dia 51,56 2,17 27,12 6,36
Dia-TC 57,91 3,47 28,75 1,01

https://doi.org/10.51316/jca.2021.053
72



http://doi.org/10.51316/jca.2020.053

Vietnam Journal of Catalysis and Adsorption, 10 — issue 3 (2021) 71-77

Diatomite tinh ché va ba mau Diatomite dugc tdm vdi
ham luong Fe khéac nhau dugc xac dinh bang phuong
phap EDX va két qua chi ra trong bang 1.

C6 thé thdy Diatomite tinh ché khéa sach, chi gébm cac
nguyén t& thanh phan nhu Al, Si va O, khéng c6 1an
ca4c nguyén té kim loai nang. Ham lugng Fe thuc
khéng hoan toan gidng nhu du dinh, nhung dé théng
nhét, bai bao van gilt ky hiéu 3Fe-Dia, 5Fe-Dia va 7Fe-
Dia.

Anh hién vi dién tr quét SEM

Hinh 1: Anh SEM ctia mau Diatomite tinh ch& (a) va
5%Fe-Dia (b)

TU hinh 1(a) nhan thdy Diatomite c¢é cdu tric vo dinh
hinh va bé mat c6 cdu tric dang 6ng tru kéo dai
ducng kinh éng trung binh khoang 10-12 nm, bé mat
x8p. Tinh chat x6p clia bé mat clia Diatomite la yéu t&
thuan Igi cho hdp phu cac chét doc hai trong xr ly 6
nhiém mai trudng dac biét 1a cac phan t& htu ca 16n
nhu cac chdt mau trong nudc thai cong nghé dét
nhudm.

Két qud do IR

Hinh 2 13 ph& IR clia mau Diatomite tinh ché. T hinh 2
nhan thdy rang cac dai band chinh cla Dia-TC tap
trung tai 3444,87 cm’, 1639,49 c¢m™, 109557 cm’,
802,29 cm™ va 470,63 cm™. Dai band tai 3444,87 cm’
tuong Ung véi dao déng cla lién két Si-OH vdi mét
doublet tai 802,29 cm™ do su bién dang cla lién két
O-H. Dai band tai 1095,57 cm™ dac trung cho dao
déng hoéa tri cla lién két Si-O-Si. Sy ton tai cla nudc

thé hién qua nhiing dai band tai 3444,87 cm™ va
1639,49 cm™. K&t qua nay phu hgp hoan toan vdéi cac
cong bé trudc day [5-10].
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Hinh 2: PhS FT-IR clia mau Diatomite tinh ché
Tinh chdt xép cta Diatomite
Tinh chat x6p clia bé mat vat liéu dugc xac dinh nha

phuong phép hdp phu va khir hdp phu N> & 77K, Két
qua chi ra trén hinh 3.

80 . . . . . . 180

70} 1160

o —e— 5%FelDia 2

“ 6o} —o— Dia [ {10 §

= i120 B

T H0F

@ >

2 1100 &

S a0 e}

s 180 g
30}

2 o0 =

€ ot

g 20 140 gm

G ol 1,0 €

o

0.0 0.2 04 06 038 10 1.2
Relative Pressure (P/P,)

Hinh 3: Buding dang nhiét hap phu - khit hap phu N, &
77K cta Dia-TC

Pudng dang nhiét hdp phu va khi hdp phu N cla
Dia-TC cho thédy Diatomite chifa it vi mao quan. Khi
P/Po khodng 0,4 trén gian do BET xuat hién vong tré
dac trung cho mao quan trung binh (khéng trat tu)
dudc tao ra do N ngung tu trong cac mao quéan cla
Diatomite, hodc mao quan tao ra giffa cac hat sg cap
cla vat liéu. Nhung dé thay dudng ddng nhiét hap
phu-khr hédp phu N, clia 5%Fe/Dia c6 sy khac biét,
dudng tré xuét hién & P/P, khoang 0,5 vong tré nhd
han chiing té ¢ su gia tdng clia cac vi mao quan.

Két qua xac dinh dién tich bé mat riéng (Seer), dién tich
mao quan trung binh (Seq), thé tich mao quan trung
binh (Vem), thé tich vi mao quan (Vimico) va do réng
mao quan trung binh (Dey) dudc tém tat trong bang 2
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Bang 2: Bé mat riéng va dac trung mao quan

Mau Seer Sext Smicro | Vimicropore | Ve Den

(m?g-1 | (m?g-1) [ (m2.g™) | (cmg ™| (cmPg-T)|  (hm)

Dia-TC |58+2 |49+2 |8+1 |0,0037 |0,1445 [13,6895

S5%Fe- |52+2 |28+2 [24+1 [0,0118 [0,0937 |10,8801
Dia

K&t qua phan tich dudng dang nhiét hap phu va khir
hép phu N> & 77K cla Dia-TC cho thay, Diatomite la
vat liéu x6p chlra cht yéu mao quan trung binh va 16n.
Khi dua 5% Fe 1én, mac du dién tich bé mat riéng cling
nhu dudng kinh mao quén trung binh c6 gidm nhung
sU gidm chi tdp trung vao bé mat ngoai. Do Diatomite
co cau truc ki€u 6ng vai dudng kinh Ién, khi dua Fe
lén, Fe s& phan tan rai rac trén bé mat va lam hep
ducng kinh 8ng mao quéan. Tuy nhién, su xuét hién cda
cac hat FeOy trén bé mat cé thé tao ra nhitng mao
quan thr cdp va dan dén lam ting thé tich vi mao
quan lén gép ba lan so vdi Diatomitee. Sy thay ddi tinh
chat x6p cla bé mat vat liéu khi bién tinh bdi Fe sé& c6
nhitng anh hudng nhét dinh t&i dac tinh hdp phu cla
Diatomite nhu sé trinh bay & phan dudi day.

Két qua do XRD

Hinh 4: Gidn dd nhiéu xa tia X clia Diatomite tinh ché
(a) va 5%Fe-Dia (b)

Gidn do nhiéu xa tia X (hinh 4a) cho thdy khong xuat
hién cac pic nhiéu xa dac trung cho su ¢ mat cla cac

pha tinh thé. DBiéu nay chiing td Diatomite tinh ché &
dang vo dinh hinh, khong 1&n cac tap chat nhu quartz,
hematite,... Viéc phan tich thanh phan hda hoc cula
diatomite (qua phd EDX) cho thdy trong diatomite SiO»
chiém chu yéu (72,5%) va mot lugng rét it clia mét s6
oxit kim loai nhu Fe>Os, Na;O va ALOs..

Ham lugng thuc cta Fe trong mau 5Fe-Dia chi la 4,0%
( theo két qua EDX). Vi thé khong dé phat hién ra Fe
néu Fe dugc phan tan tét trén mot chat xdp va dién
tich bé mat riéng cao ( hinh 4b)

Xdc dinh diém dién tich khéng (pHezc)

Két qua xac dinh diém dién tich khéng pHezc dugc
trinh bay & hinh 5.

20
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Hinh 5: Cac gia tri clia ApH theo su thay déi clia pH

TU két qua thu dugc, co thé xac dinh diém dién tich
khéng clia Dia-TC 1a pHpzc = 6,5.

Xdc dinh pH thich hgp cho hdp phu MB

Hiéu suat hap phu dugc xac dinh nhu sau:

a% = %100%

0
trong do: Co la ndng dé ban déau clia dung dich (mg L
"), Ce la ndNg dé sau khi hdp phu dat can bang (mg L)

Hinh 6 la biéu d& mo ta sy bién d6i a% & cac pH khac
nhau.

TU hinh 6 nhan théy rang, khi pH tang thi hiéu suét
hdp phu MB cua Dia-TC ciing nhu dung lugng hap
phu tédng. Trong khodng pH tUr 2+5 % va ge tang rat
nhanh. Nhung sau dé tang cham dan trong khodng
pH = 6+9.

Co thé gidi thich hién tugng nay nhu sau: diém
pHpzc cla Dia-TC dudc tim ra la 6,5, nhu vay & nhitng
gia tri pH < 6,5 bé mat Dia-TC tich dién duong, con &
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nhiing gia tri pH > 6,5 bé mat Dia-TC tich dién &m. MB
la thudc nhudm cation vi thé qua trinh hip phu cla
MB trén Dia-TC sé thuan Igi & nhiing pH 1én han hoac
bang 6,5. V&i phan tich nhu vy, thi pH cla dung dich
MB dugc chon dé nghién clru la 7.

100
98
96
94
92
20
28
86

(%)

a

pH

(b)

Hinh 6: Anh huéng ctia pH dén hiéu sudt hdp phu (a)
va dung lugng hdp phu (b)

Anh huéng cda ndng d6 dau cia Diatomite dén qud
trinh hdp phu. Cdn bdng hdp phu

Thi nghiém nghién ctu anh hudng cta néng dé dau
clia MB dén qua trinh hdp phu dugc thuc hién trong
diéu kién thé tich dung dich MB = 20 mL vd&i dai ndng
doé tr 107 mg L' dén 316 mg L, nhiét do la 30°C,
lugng Dia-TC la 0,05 g, thdi gian hdp phu la 24 gid. Két
qué dugc trinh bay & bang 3.

Dé thdy rang theo sy ting dan ctia ndng dé can bang
Ce dung lugng hdp phu MB clia Dia-TC tang dan (ban
dau tang nhanh, sau do tdng cham dan) va tién gan tdi
gié tri bao hoa.

Bang 3: Su phu thudc cla ndng dd thudc nhuém MB
dén qua trinh hap phu

Co (mg L) Ce (mg L e (Mg g7
107 0.19 42,69
131 0.25 52,48

179 8.88 68,24
191 20.73 68,1
210 26.64 73,31
233 43.48 75,73
265 64.33 80,15
309 1041 82,19
316 18.25 79,01

Cac s6 liéu thuc nghiém can bang hép phu dugc moé ta
bdi hai mé hinh ddng nhiét Langmuir va Freundlich.
Céc két qua hoi qui theo hai mé hinh dugc trinh bay
trén cac hinh 7 va 8. V&i md hinh Langmuir R? =
0,9938 phu hgp t&t han so véi mé hinh Freundlich cé
R? = 0,9851. Céc théng s6 clia hai mé hinh dugc xac
dinh va trinh bay trén cac bang 4 va 5. Dung lugng
hdp phu cuc dai tinh theo Langmuir 1a 84 mg g™ va
Dia-TC c6 &i luc tét vai MB.

»
10F
y=0.0119.x + 0.016
—~ 08F R2=0.9938
-
9 06,
L
o
L
O o4l
02f
0.0 ‘ : . "
0 20 40 60 80 100
l
C,(mg.L")

Hinh 7: Budng biéu dién su phu thudc clia Ce/ge theo
Ce theo m6 hinh Langmuir clia su hdp phu MB trén

Dia-TC
46 f >
44}
~ 42f y =0.1351.x + 4.0151
o R2= 0.9851
[ = b
= a0f
38F
36f
1 0 1 2 3 4 5
In(C,)

Hinh 8: Budng biéu dién su phu thudc cta In(ge) theo
In(Ce) theo mé hinh Freundlich cutia sy hap phu MB
trén Dia-TC
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Bang 4: Cac théng s6 ddng nhiét Langmuir d6i vai sy
hap phu thuéc nhuém MB trén Diatomite tinh ché

T Yam | VamK) | gm(mg | KL R
g) mg’)
303K | 0,019 | 0016 | 84,038 | 0,744 | 0,9938

Bang 5: Cac thdng s& dang nhiét Freundlich déi véi sy
hap phu MB trén Diatomite tinh ché

T In Kr 1/n Kr R?

303K

4.015 0,135 55,429 0,9851

Bdng hoc cua qud trinh hdp phu

Déng hoc hap phu clia MB dugc khdo sat & 4 nhiét do
10°C, 20°C, 30°C va 40°C.

Anh hudng ctia thoi gian tiép xic

Anh hudng cuia thdi gian tiép xtc dén sy hdp phu MB
clia Diatomite dugc thé hién qua dung lugng hép phu
g: (mg g™) theo thai gian:

_ (G, -CYv
' m

Trong do Co, C; lan luct la nébng dé MB tai thoi diém
dau va thai diém t (mg L), V la thé tich dung dich
nghién ctu (mL), m la lugng chét hdp phu st dung (g).

Hinh 9 gidi thiéu sy bién thién g theo thai gian tiép
xUc & 303K. D& nhan thay rang qg: ting khi thai gian
tiép xUc tang, gt tdng nhanh trong khoang 20 phut dau
sau do tang chdm dan va dat can bang sau 80 phut.

Phuong trinh déng hoc cho qud trinh hép phu

DBéng hoc clia su hép phu MB trén Diatomite tinh ché &
4 nhiét do khac nhau tuan theo t6t déng hoc biéu kién
bac 2 vdi gia tri clia R? gan 1. D6 thi biéu dién sy phu
thudc clia t/q: theo thdi gian la dudng thang dugc trinh
bay trén hinh 10.

sl ® Dia 10°C y=0.0235x + 0.1068

¢ Dia 20°C y=0.0212x +0.0631

— o Dia 30°C y=00211x+0.1284

g’ & Dia 40°C y=0.0209x + 0.0526

o2

£
E
2
=

0 20 40 60 80 100 120 140
t (min)

Hinh 10: M6 hinh déng hoc biéu kién bac 2 clia su hap
phu MB trén Dia - TC & cac nhiét do khac nhau

Viéc phan tich cac dai lugng déng hoc (hang sé téc dé,
t6c db dau vo) (Bang 6) cho thdy khi nhiét dé tang,
hang s6 t6c d6 hdp phu va t6c dé dau cling tang
chiing té khuéch tan clia cac phan ti thuéc nhuém MB
dén cac tdm hép phu trén Dia-TC la mét yéu t6 anh
hudng dén déng hoc hép phu clia MB trén Dia.

Bang 6. Cac théng s& déng hoc cuta sy hép phu MB
trén Dia -TC & cac nhiét dé khac nhau

ka Qe (1) Vo =koge
(';Qiét @mg' | (mgg) | gmg | R
- phut™) ‘phat™)
283K | 0,005 42553 | 9054 |0,9983
293K | 0,003 47393 | 6738 [0,9948
303K | 0,007 47170 | 15575 [0,9987
313K 0,083 47847 | 190.015 [0,9995

50 fr T
P
o »

40 4
‘o
£
~— 30}
o

20 |

0 20 40 60 80 100 120 140
t (min)

Hinh 9: Su bién thién clia g: (mg g™) theo t (phut)
Co =122 mg L mgia = 0,1g, V = 1770 mL, T = 303K

Budc ddu nghién ciru can bdng hdp phu trén Diatomite
bién tinh béi Fe

Can bang hdp phu dugc khao sat vai 4 mau Dia bién
tinh bdi 3, 5, 7, va 10% Fe. Nhiét d6 30°C, dai ndng do
107 mg L dén 316 mg L. Cac s6 liéu thuc nghiém
dugc phan tich bdi mé hinh déng nhiét Langmuir.
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Hinh 11: M& hinh d3ng nhiét Langmuir d6i véi su hap
phu thuéc nhudém MB trén Diatomite bién tinh

Bang 7: Cac thong s6 dang nhiét Langmuir d&i véi su
hép phu thudc nhudém MB trén Diatomite bién tinh

Mau | Vam | V@nK) | gm K. R
(mgg" | (Lmg?
3Fe- | 0,0123 | 0,0209 81,301 0,5885 | 0,9984
Dia
SFe- 1 0,0188 | 0,0036 53,191 5,2222 | 0,9995
Dia
7Fe- | 0,0150 0,0419 66,667 | 0,3579 | 0,9976
Dia
10Fe- | 0,0156 | 0,0233 64,103 | 0,6695 | 0,9971
Dia

C6 thé thdy mo hinh Langmuir mé ta rat tét cac s6 liéu
thuc nghiém vdéi R? déu I6n hon 0,99. Két qua thuc
nghiém cho thdy dung lugng hép phu cua Dia bién
tinh bdi Fe nhin chung gidm dan vdi sy tang cla ham
lugng Fe va gidm so vdi Dia tinh ché: Dia tinh ché co
dung lugng hép phu cuc dai la 84 mg g™, khi thém
2,2% Fe, dung lugng gidm xuéng 81 mg g™ va chi con
64 mg g™ khi ham lugng Fe tang dén 6,36%.

K&t luén

Trong nghién cdu nay, Diatomite dugc tinh ché va
dugc bién tinh bdi Fe ( 2,2%Fe-Dia, 4.06%Fe-Dia va
6,36%Fe-Dia) bang phucng phap ngam tdm. Cac mau
vat lieu dugc xac dinh cac dac trung vat Ii va hoéa i
bing céc ky thuat thich hop nhu FT-IR, SEM, XRD, BET
va EDX. Diatomite Phd Yén sau tinh ché c6 cau tric vo
dinh hinh, bé mat x6p vdi nhiéu héc tréng. Thanh

phan hoa hoc sau tinh ché kha tinh khiét, chu yéu la
SiO, va mét phén nhd FexOs va Al Os.

D3 nghién cltu can bang hdp phu clia MB Ién Dia-TC
va Dia bién tinh bdi Fe. K&t qua cho thay Diatomite ¢o
ai lyc t6t vai MB, dung lugng hép phu cao, dat 84mg
g”. Can bang hdp phu phu hgp tét vé&i mé hinh hap
phu ddng nhiét Langmuir. Pong hoc hdp phu tuén
theo phuaong trinh déng hoc biéu kién bac 2. Viéc bién
tinh bdi Fe lam gidm kha nang hap phu MB cda Dia.

L& cam an

Nghién clu nay dugc tai trg bdi Quy Phat trién khoa
hoc va cong nghé Qudéc gia (NAFOSTED) trong dé tai
ma s&: 05/2018/TN
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