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This paper presents a solution of ammonium removal from aqueous
by adsorption of commercial zeolite. Main factors affecting the
adsorption process were studied, including pH value, contact time and
initial concentration of ammonium. Research results show that
adsorption process depend strongly on pH value, contact time and
initial concentration of ammonium. The optimal conditions for the
adsorption process was obtained at pH = 6, 120 min of contact time
and 60 mg/L concentration of ammonium. Adsorption Kinetics and
isotherms models were studied. Results show that adsorption kinetics
was well described by both Pseudo-second-order and Elovich models
with the correlation coefficient greater than 0.97. Adsorption
isotherms was well described by Langmuir isotherm model with the
correlation coefficient of 0.9711. The maximum adsorption capacity
determined experimentally was 17.01 mg/g. The maximum adsorption
capacity calculated according to Langmuir model is 17.47 mg/g which
is very close to the experimental value.
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Ding nhiét

Bai bao nay trinh bay két qua nghién cau hap phu NH4* trong nude
bang zeolite thuong mai. C&c yéu té chinh anh huong dén qua trinh
hap phu da dugc nghién ciru, d6 la pH, thoi gian tiép xdc va nong do
dau vao cua NH4*. Két qua nghién ciu cho thay pH, thoi gian tiép
xuc va ndng dd NH,* dau vao anh huong 16n dén qué trinh hip phu.
Diéu kién tdi uu cho qua trinh hap phu la pH = 6, thoi gian 120 phat
va ndng do dau vao caa NH,* 1a 60 mg/L. Bong hoc va ding nhiét
cua qua trinh hap phu ciing da duoc nghién ctu. Két qua cho thiy
dong hoc hip phu tudn theo m6 hinh dong hoc bac 2 va mo hinh
Elovich véi hé sb tuong quan 16n hon 0,97. Ding nhiét hap phu phu
hop v&i mé hinh hap phu dang nhiét Langmuir véi hé sé tuong quan
0,9711. Dung lwong hap phu cuc dai xac dinh bang thuc nghiém la
17,01 mg/g. Trong khi d6, dung luwong hap phu cuc dai tinh theo md
hinh Langmuir la 17,47 mg/g rat gan véi gia tri thuc nghiém.
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1. Giéi thiéu

Nhu ching ta d3 biét, amoni khong gy doc truc tiép cho con ‘nguoi, tuy nhién amoni gay ra
hién twong pha dudng, hién twong nay 1am anh huong tiéu cuc dén mdi trudng nhu thiéu dudng
khi, 1am can kiét oxi hoa tan trong nudc, 1am giam cac cé thé va quan thé céc loai sinh vat thay
sinh [1]-[3]. Mat khac, trong qué trinh khai thac va sir dung, nuéc chira amoni khi tiép xtc véi
oxi khong khi va cac loai vi khuan s& 1am san sinh ra nhitng hop chit chira nito gay hai cho con
ngudi nhu nitrit (NO2) va nitrat (NO3) [4]. Hién nay, nhiéu nguon nudc thi tir cAc hoat dong san
XUt ndng nghiép, cong nghicp va sinh hoat dang lam cho su 6 nhlern amoni trong nw6C NGgam tre
nén trim trong. Trong nudc ta, ham lugng amoni trong nu6c ngam cua mot s6 dia phuong da
vuot tir hang chuc dén hang tram 1an tiéu chuan cho phép [5]. Do 6, xir Iy amoni trong nudc
dang tro thanh mot van dé thoi sy hét stc cap thiét.

C6 nhiéu phuong phap dé loai bo amoni trong nudc nhu hip phu [6], vi séng [7], sinh hoc va
trao ddi ion [8]. Trong d6, hap phu la mot trong nhitng phuong phap don gian va hiéu qua hién
nay dang duogc sir dung dé loai bo amoni trong nuéc. Zeolite 12 vat liéu ¢ cau tric khung khong
gian ba chiéu gém cac don vi cAu trlic 1 cac cdu tric tir dién AlO4 va SiOq lién két véi nhau
thong qua nguyén tir oxi [9]. Khong gian bén trong tinh thé zeolite c6 hé thdng nhiing hbc nho
dugc ndi véi nhau bai nhitng duong rénh véi kich ¢& khoang kich thudc phan tir [10]. Vi zeolite
dugc tao thanh khi nhom thay thé mot nguyén tir silic trong mang lui tinh thé cua SiO4 két tinh,
nén mang ludi tinh thé zeolite mang dién &m. Vi cau tric doc dao nay nén zeolite c6 kha ning
hap phu hiéu qua amoni trong nudc [11].

Trén thé gioi, gan day hap phu amoni bing zeolite dang nhan duoc sy quan tdm 16n ciia cac
nha nghién ctru. Aggelos Kotoulas va cong su (2019) da nghién cuu sir dung zeolite tu nhién loai
bo amoni trong nudc. Két qua nghién ciru cho thiy, kich thudéc hat zeolite ¢6 anh huong 1on dén
tbc do hap phu. Két qua nghién ctru ciing chiing to hap phu 1a hap phu héa hoc va tuan theo mo
hinh dang nhiét hap phu Fruendlich [12]. Seyeden va cong su (2021) di tong hop zeolite tir cao
lanh va nghién ctru hdp phu amoni. Két qua nghién ctru cho thay hip phu tuan theo md hinh hip
phu dang nhiét Langmuir. Két qua nghién ciru dong hoc hap phu chung té dong hoc hap phu la
bac 2 va tuan theo co ché cua hap phu héa hoc [13].

Trong nudc, Nguyén L& Hoang Yén va cong su (2006) da nghién ctu kha ning hap phu
amoni cua zeolite ty nhién trong cac mdi truong co6 dd man khac nhau. Két qua nghién ctiu cho
thiy v&i d6 man cang cao, kha ning hap phu amoni cang giam. Két qua nghién ctru chua dé cap
dén co ché va dong hoc cua qua trinh hip phu [14]. Pham Thi Mai Huong va cong su (2019) da
nghién ctu téng hop zeolite tir bun d6 Tay Nguyén va nghién ctru kha ning hap phu cua vat liéu.
Két qua khao séat hap phu ban dau cho thiy vat lidu c6 kha nang hap phu véi ca ion amoni va
nitrit voi co ché hap phu khéac nhau [15].

C6 thé thay ring, zeolite véi cac tinh chat doc dao 1a vat liéu tiém ning hip phu amoni. Tuy
nhién, trong nuéc cac nghién cuu st dung vt licu zeolite hip phu amoni chua nhiéu va chua c6
hé thdng, dac biét l1a vé dong hoc va co ché hap phu. Chinh vi vay, nghién cau xu ly amoni bing
zeolite thuong mai duoc thuc hién véi muc dich hoan thién nhiing van dé néu trén. Dong tho,
1am co s& cho viéc ting cuong sir dung zeolite xir Iy amoni trong méi truong nudc tai mot s6 dia
phuong ¢ nudc ta.

2. Thuc nghiém va phuwong phap nghién ciu
2.1. Quy trinh thuc nghigm hdp phu amoni

Dung dich amoni diing cho nghién ctu c6 ndng do NH,4* tir 5+80 mg/L duoc pha tir dung dich
amoni gbc (1000 mg/L NH4*) va nudc siéu sach.

Zeolite ty nhién st dung cho nghién ctru ¢6 kich thudc hat nho hon 1 mm dugc mua tir Cong
ty Nito Funka Kogyo K. K., Nhat Ban.
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Dé nghién ciu anh huong caa pH dén qué trinh hap phu, mot s6 yéu té dugc gitr ¢b dinh:
nong do ban dau ciia NH,* (Co = 50 mg/L); ham lugng zeolite 2 g/L; thoi gian hip phu 60 phuit.
Con pH dugc diéu chinh thay doi tir 3+11.

Dé nghién ctu anh huong cia thoi gian dén qué trinh hap phu, cac yéu té duoc giir ¢6 dinh
bao gom: néng d6 ban dau caa NH4* (Co = 50 mg/L); ); ham luong zeolite 2 g/L; pH = 6. Con
thoi gian hap phu duoc thay doi tur 5+210 phut.

De nghién ciu anh huong nong do dau cia NH,* dén qua trinh hap phy, mot sb yéu tb duoc
giir ¢d dinh: ham luong zeolite 2 g/L; pH = 6; thoi gian 120 phit. Con néng d6 NH,* dau vao
dugc thay déi tir 10+-80 mg/L.

2.2. Phwong phap nghién curu
2.2.1. Phuong phap phdn tich trong phong thi nghiém

lon NH." duoc xac dinh bépg phuong phép 1én mau truc tiép vai thude thir Nesler. Sau do
dem so mau trén may quang pho tir ngoai kha kién (UV-VIS) ¢ budc song 450 nm.

2.2.2. Phuong phdp xit 1y sé liéu

Hiéu suét xir Iy dugc tinh toan theo phuong trinh (1) va dung luong hap phu duoc tinh toan
thong qua phuong trinh (2):
C -C
H=——2100% (1)
CO
q:(CO—Ce).V @
m

Trong d6: H (%) 1a hiéu suit xt 1y; q (mg/g) 1a dung lwong hap phy; Co (mg/L) la ndng do
NH;* ban dau; C. (mg/L) 12 ndng &6 NH4* sau khi hap phu; m (g) 1a khéi lugng zeolite.

S6 liéu dugc phan tich, xtr Iy. Sau d6, sir dung phan mém SPSS dé tinh trung binh va do léch
chuan. V& db thi va chay cac mé hinh dong hoc, md hinh hip phy bing phan mém origin 19.

3. Két qua va thao luan
3.1. Hinh thai bé mdt ciia zeolite thiwrong mai

Két qua anh SEM (hinh 1a) cho thiy bé mit cua zeolite thwong mai ¢6 ciu trac khong dong
nhét, trén d6 c6 nhiéu 16 xdp vai kich thude khac nhau. Két qua nay pha hop véi két qua do dién
tich bé mat riéng, trong d6 cho thay dién tich bé mat cua zeolite 1a 26,1541 m2/g, thé tich 15 rong
1a 0,252342 cm?/g va kich thudc hat 13 38,3594 nm. Vi hinh thai bé mat dic trung nhu vay nén
zeolite c6 kha nang hip phu duoc ca nhiing chit vé co va hitu co.

Két qua trén phé EDX (hinh 1b) cho thdy thanh phan % sé nguyén tir cac nguyén té C
(2547%), O (59,81%), Na (0,92%), Al (2,44%), Si (10,49%), K (0,27%), Ca (0,36%), Fe
(0,25%). bay la nhitng nguyén t6 chu yéu c6 mit trong thanh phan cua zeolite thuong mai. Diéu
d6 cho thay sy tinh khiét cua vat liéu zelolite.

Diém dang dién (pHpzc) la mot thong sb quan trong dé danh gia qua trinh hip phu cac ion tur
dung dich lén bé mit vat ligu ran. Két qua xac dinh gia tri pHpzc ciia vat lidu zeolite cho thay cé
bé mat vat liéu cd tinh axit yéu (pHpzc = 5,05). Két qua dé ciing cho thay khi pHpzc > pH cua dung
dich thi bé mat cua vat liéu zeolite s& tich dién duong va do d6 s& hap phu anion tét hon. Khi
pHpzc < pH cua dung dich thi bé mit vat liéu tich dién am va vat liéu zeolite s& hdp phu cation t6t
hon. Diéu d6 du doan dugc vat liéu zeolite thwong mai s& hip phu tét ion NH,* khi gia tri pH caa
dung dich 16n hon 5,05.
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% khéi lwgng % s6 nguyén tir

18.18 25.47
56.85 59.81
1.25 0.92
S O01 2.44
17.51 10.49
0.62 0.27
0.86 0.36

0.83 0.25

ull Scale 1042 cts Cursor: 14.338 keV (0 cts)

Hinh 1. 4nh SEM (a) va phé EDX (b) cua zeolite thirong mai
3.2. Anh hwong ciia pH dung dich dén qua trinh hap phe NH4* bang zeolite

Trong nghién ctu hap phu NH4*, pH dung dich 1a mot yéu té quan trong vi nd khéng nhiing
anh huéng dén dang ton tai cua chat bi hip phu ma con anh huéng dén dién tich bé mat cua chat
hap phu, do d6 lam anh huéng dén kha ning hap phu cua chat hap phuy [16].

Trong nghién ctu nay, pH cua dung dich duge thay d6i tir 3+12. Két qua nghién ciru duoc
biéu dién trén hinh 2.

7 50 70

[ bung lugng hap phy
61 : —k— Hiéu suét xir Iy

Jas

14
5] 0

_ 135 ® &
g 44 & ko
£ 130 2 S
=3 * - 5
7 * g &

25 2 £

LS
N

0 30 60 90 120 150 180 210
Theri gian (phit)

Hinh 2. Anh huong cia pH d@én hiéu qua xir Iy Hinh 3. Anh huong cua thoi gian hap phu d@én hiéu
amoni bang zeolite (Nong dé dau NH4* 50 mg/L; suat xur ly amoni bang zeolite (Nong do dau NH4*
ham lrong zeolite 2 g/L; thoi gian 60 phat) 50 mg/L; ham lwong zeolite 2 g/L; pH = 6)

C6 thé thdy rang, khi pH = 3, dung luong hap phu 2,82 mg/g va hiéu suét xir Iy 18,82%. Khi
pH = 6, dung lugng hip phu dat cao nhat (6,05 mg/g) va hiéu Suat xir 1y cing dat cao nht
(40 32%). Sau do, khi pH tang dung luong hap phu va hiéu suat xir Iy déu giam Xuong Diéu nay
c6 thé duoc giai thich khi pH < pHpzc = 5,05 bé mat chat hap phu tich dién duong, dong thoi ¢6
su canh tranh hap phu giita NH,* va H* nén hiéu suat hap phu chua cao. Khi pH = 6 > pHpzc, bé
mit chét hap phu tich dién &m thuan loi cho hap phu NH,* nén hiéu suat xir Iy dat gia tri cao nhét.
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Néu tiép tuc ting pH hiéu suat xir Iy NH4* giam xudng 13 do khi d6 NH,* bi chuyén hoa thanh khi
NH; & dang hoa tan trong dung dich. Két qua nay phu hop vai nghién ciu anh huong pH dén kha
nang hap phu amoni cia mot s6 chat hap phu khac nhau cua tac gia Wang va cong su [17]. Chinh
vi vy pH = 6 duoc lya chon I1a pH tdi uu cho nhiing thi nghiém tiép theo.

3.3. Anh hwéng cia théi gian tiép xiic dén qua trinh hdp phu

Thoi gian tiép xuc giira chat hip phu va chét bi hap phu ciing 1a mot théng sé quan trong trong
nghién cau hap phy. Trong nghién cau nay, thoi gian hap phu NH4* trong nudc bai zeolite 1a 210
phat. Sau mdi thoi gian nhét dinh, dung luong hap phu va hiéu suit xir Iy duge xac dinh va biéu
dién trén hinh 3.

C6 thé thay rang, khi thoi gian tiép xuc tang, dung luong hap phu va hiéu suat xir 1y déu ting
nhanh. Khi thoi gian tiép xuc 1a 120 phut, dung lugng hap phu dat gia tri cao nhat (9,67 mg/g) va
hiéu suat xur ly dat gié tri cao nhat (64,46%). Sau do, khi thoi gian tiép xuc ting 1én thi dung
lugng hap phu va hiéu suat xur ly gan nhu khong thay doi. Khuynh huéng nay la do sy thay doi
mat d6 tm hoat dong cua chat hap phu. Tai thoi diém ban dau, sb tdm hap phu con 16n nén hiéu
suat xir Iy NH,* tang 1én rat nhanh. Sau do, thoi gian tiép xuc tang 1én, hiéu suat xir ly gan nhu
khong thay dbi, diéu nay la do s6 tdm hoat dong cua chat hip phu di bi bdo hoa. Két qua nay
cling phu hop véi nghién ciru cua nhiéu tac gia khac [18], [19].

Nghién ciru d@éng hoc hdp phu:

Trong nghién ctu vé dong hoc hap phu thi cac mé hinh dong hoc bac 1 [20], dong hoc bac 2
[21] va phuong trinh dong hoc hap phu Elovich [22] thudng duoc sir dung. Cac két qua nghién
ctru dong hoc hap phu duoc biéu dién trén hinh 4 va bang 1.

In(g,—q,)=Ing,—k,t (3)
1.t 4
% ko G “

In(aB) Int
= +— ()
T Th

Trong d6: ge (Mg/g) 1a dung lugng hap phu khi dat can bang hap phy; d: (mg/g) la dung
lwong hip phu tai thoi diém t; ki, k2 1a hang s6 téc do; o 1a hing sb hap phu tai thoi diém ban dau

(mg.gt.ph™) va B hang sé hap phu (mg.gt.ph™).

12 20 90
] Dung luvgng hép phy
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[0 2 Bl leo Z
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g tiisd I

: Dung lwgng hap phuy e
; —— M6 hinh dgng hec béc 1 4 b—40
21 ¢ - M6 hinh déng hoc bac 2 i
—— Mé hinh Elovich L L
oL, : : i ; . . ; 0 e : . . ; . =130
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Thoi gian (phat) Néng g6 amoni (mg/L)

Hinh 4. M6 hinh déng hoc hap phu amoni bang Hinh 5. Anh hwéng cia nong dé amoni dén hiéu
zeolite qud xur ly bang zeolite (Ham luong zeolite 2 g/L;

pH = 6; thoi gian 120 phut)
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Két qua nghién cttu cho thiy hé sb tuong quan R? bang 0,9574; 0,9794; 0,982 twong &ng Voi
cac md hinh dong hoc bac 1; dong hoc bac 2 va mé hinh Elovich. Piéu d6 cho thiy, dong hoc
hap phu NH4* bang zeolite c6 thé dugc mé ta phi hop véi ca ba mé hinh trén. Két qua tinh dung
lugng hap phu cuc dai theo mé hinh dong hoc béac 1 1a 9,59 mg/g; theo mé hinh dong hoc bac 2
14 10,17 mg/g. Céc két qua nay phd hop tot vei gia tri thuc nghiém cua dung luong hap phu cuc
dai 9,67 mg/g. Tuy nhién, cin cir vao hé s6 tuong quan €O thé thiy qué trinh hap phu duoc mo ta
bai mé hinh dong hoc bac 2 (R? = 0,9794) tét hon mot chit so véi mé hinh dong hoc bac 1 (R? =
0,9574).

Bang 1. Cac thdng sé cia cdc mé hinh déng hoc hdp phy amoni

M6 hinh dong hoc bac 1 M hinh dong hoc bac 2 Mb hinh Elovich Qe.exp
(mg/g)
Om,cal ki R? Om,cal ko R? o B R?
(mg/g) (mg/g)

9,59 0,0321  0,9574 10,17 0,0035 0,9794 0,875 0,416 0,982 9,67

3.4. Anh hwong ciia néng dé ddu vao NH,* dén qua trinh hdp phu

Két qua nghién cu anh huong nong do dau vao NH,* dén dung lwong hip phu va hiéu suat
xir Iy dwoc biéu dién trén hinh 5.

C6 thé thay ring, ndng do dau vao ciia NH," tang thi dung luong hap phu tang 1én. Cy thé, khi
nong do dau vao la 10 mg/L, dung lugng hap phu 1a 4,08 mg/g; dung lugng hap phu dat 17,01
mg/g khi nong d6 dau vao 1a 60 mg/L va gia tri gan nhu khong thay doi khi tiép tuc tang nong do
dau vao cua NH.4*. Tai do, hiéu suat hap phu dat duoc 1a 56,71%. Trai lai, khi ndng do dau vao
ciia NH4* tang thi hiéu SUAL xir ly lai giam. Cuy thé, khi nong d6 dau vao 1a 10 mg/L, hiéu sut xir
ly 12 81,51% va gié tri ndy giam xudng con 42,92% khi nong d6 dau vao cua NH4* 12 80 mg/L.
Diéu nay 1a do dung luong hip phu phu thugc vao gradient nong d6. Khi nong do ting tic la
gradient nong d6 ting, dung luong hap phu ting lén va dat dén gia tri cuc dai va s& khong thay
doi khi gradient nong do tiép tuc tang. Trong truong hop ndy, hiéu suat xu ly ti 1& nghich véi
nong d6 dau vao cua NH4* nén khi nong do dau vao tang thi hiéu suat xa ly s& giam. Xu huéng
nay khong chi dung cho truong hop hap phu amoni ma con ding cho sy hip phu ciia nhiéu chat
khéc [23], [24].

Nghién ciru dang nhiét hap phu:

bing nhiét hap phu dwoc nghién ctu dya trén md hinh hap phu dang nhiét Langmuir va
Freundlich.

M® hinh hip phu dang nhiét Langmuir dugc mé ta boi phwong trinh sau:

C._ 1 ,CC__1 ¢C
e +—= (6)
d.  a,K, q d. q K. a,

Vi Ce la nong do cia NH4* khi dat can bang hap phu, ge 1a dung luong hip phu can bang.
Cac hang s6 trong phwong trinh hip phu dang nhiét Langmuir 12 gm va K. c6 lién quan dén dung
lwong hap phu va ning luong ciia qué trinh hap phu.

M6 hinh hap phu Freundlich duoc biéu dién boi phuong trinh:

q. = KFC]eJn ()

Céc hang s6 trong mé hinh hap phu Freundlich 12 Ke va n ¢6 lién quan dén dung luong hap
phu va cuong do hap phu.

Két qua nghién ctru dang nhiét hap phu duoc biéu din trén hinh 6 va bang 2.

Két qua nghién ctiu cho thiy, dang nhiét hip phu Langmuir va Freundlich déu phu hop dé
biéu dién cho dang nhiét hap phu NH4* bang zeolite thé hién & hé s6 twong quan tuong tng 1a R?
=0,9711 va R? = 0,9955 twong trng. Tuy nhién, dung lwong hap phu tinh theo md hinh ding nhiét
Freundlich 12 8,78 mg/g, gia tri ndy khéac nhiéu so véi dung lwong hap phu thuc nghiém (17,01
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mg/g) va so Vi mo hinh dang nhiét Langmuir (17,47 mg/g). Do d6, m6 hinh dang nhiét hap phu
Langmuir pht hop hon dé mé ta cho qué trinh hdp phu trong nghién ciru nay [25]. Vé dung lugng
hap phu NH.*, vat lidu zeolite thuong mai ciia nghién ciru nay Ién hon nhiéu so véi vat liéu vo
trai (2,33 mg/g) [26] va 16n hon mot chit so véi vat lidu than sinh hoc tir 18i ngd bién tinh bang
H3PO4 va NaOH (16,6 mg/g) [27].

21
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Hinh 6. M6 hinh dang nhiét hap phu amoni bang zeolite
Bang 2. Cac thdng sé ciia mé hink dang nhiét hap phy amoni

M6 hinh Langmuir M6 hinh Freundlich Qe,exp (MQ/Q)
Im (M/g) Ku R? Ke 1/n R® 17,01
17,47 0,0118 0,9711 0,9902 0,671 0,9955 '
4. Két luan

Trong nghién ctru ndy, cac yéu té anh huong dén su hap phu NH4* bing zeolite thwong mai d
duoc nghién ciru. Két qua nghién ciru cho thay, su hap phu chiu anh huéng nhiéu boi pH dung
dich, thoi gian tiép xdc. Véi ham luong zeolite 2 g/L, két qua nghién ciru cho thay hiéu suat xa ly
dat gia tri cao nhat khi pH ti wu 1a 6, thoi gian tiép xdc téi wu 1a 120 phat. Nong do dau caa
NHs* 12 60 mg/L ciing dwoc xem la ndng d6 t6i wu cua qué trinh hdp phuy, vi khi d6 ta c6 dung
luong hap phy cao nhat. Vi nhimg diéu kién toi wu trén, dung luong hap phu cuc dai dat duoc la
17,01 mg/g va hiéu suat xu ly twong tmg dat duoc 1a 56,71%. Két qua nghién ciu dang nhiét hap
phu cho thay, qué trinh hap phu tuan theo t5t hon mé hinh hap phu dang nhiét Langmuir, thé hién
& hé sb tuong quan R2=0,9711 va dung lugng hap phu cyc dai tinh theo mé hinh nay la 17,47
mg/g rat gan so véi gia tri thuc nghiém la 17,01 mg/g. Két qua nghién ciru dong hoc hap phu cho
thay, dong hoc hap phu phi hop tdt voi ca ba mé hinh dong hoc béac 1, bac 2 va md hinh Elovich.
Trong d6, ddng hoc hap phu phii hop tét hon véi md hinh dong hoc bac 2 vai hé sé twong quan
R2 = 0,9794 va mé hinh Elovich véi hé sé twong quan R2 = 0,982 so véi mé hinh dong hoc bac 1
Vi hé s6 tuong quan R? = 0,9574.

Loi cam on
_ Cong trinh nghién ctru nay duoc tai trg boi ngudn kinh phi cua Bo Gido duc va Dao tao qua
dé tai méd so: B.2020-SP2-01.
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