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Abstract

The focus of the performed studies is Cu containing catalysts for nitrous oxide decomposition in the temperature
range of 200+600 °C. Catalytic samples have been synthesized by wet impregnation method. Prepared materials are
characterized by means of XRD and N, adsorption/desorption. The obtained results reveal that Cu or Fe supported
catalysts, especially Cu (or Fe)/ZSM-5, exhibit very promising activity and they are good catalysts for decomposition of
N,O. An optimal copper loading of 5 wt% is found. Further increase of Cu-loading to 7 % results in the formation of
segregate and less active phase. Of the three supports, ZnO, Al,O; and ZSM-5 used, H-ZSM-5 produces the most
effective catalyst for N,O decomposition due to acid nature, high surface area and high order pore structure. The
decomposition of N,O follows two stages. At low temperatures, N,O decomposes to N, and surface oxygen atoms. The
second high temperature stage involves the formation of O, and the rate of oxygen formation correlates with catalytic
activity. Fast desorption of O, increases the number of effective sites and therefore the catalyst is regenerated.

Keywords. Decomposition, N,O, copper, ZSM-5, Al,Os.

1. MO PAU

Trong vai thap ky gém day viéc nong do cac khi
nha kinh ting 1én dang ké do cac hoat dong cta con
nguoi da tao nén nhing quan tam rét 16n vé su nong
1én cta toan cau. Nitrous oxide (N,0) 1a mot khi nha
kinh, chi s6 GWP (global warming potential) 16n hon
khi CO, t4i 310 1an [1]. Hon nita, N,O ton tai 1au trong
khi quyén (khoang 120 nam) va gbp phéan vao viéc suy
giam ozon & tAng binh luu. Cac nganh céng nghiép
phat thai N,O chu yéu 1a cong nghiép san xuat axit
nitric, axit adipic va caprolactam [2]. Hang nam cac
nganh cong nghiép nay thai vao mdi truong khoang 2
triéu tin N,O [3]. B&i vy viéc phat trién c4c bién phap
ky thuat dé loai bo mot cach hiéu qua N,O tir cac
ngudn khi thai cong nghiép 1a mot nhiém vu day théch
thirc ctia nganh cong ngh€ mai truong.

Rét nhiéu xtic tac khac nhau di dugc nghién ciru
dé thuc day sy phéan huy cua N>O. Trong s6 do, vt liéu
trén co s Cu ¢6 rat nhiéu uu diém vé gia thanh cling
nhu hoat tinh xuc tac vuot troi. Li et al. [4] chi ra rang
Cu/ZSM-5 va Cu/MOR c6 hoat tinh cao hon cac kim
loai khac ciing trén ZSM-5 va MOR. Mét s6 cong trinh
khac nghién ctru sy phan hay N,O trén xuc tac Cu
phén tan trén cac chat mang khac nhau nhu SiO, [5],
Al,O; [6], cacbon [7], va CeO,[8-10].

D3 ¢6 nhiéu cbng trinh nghién ctru vé su hap phu
va phan hay cta N,O dugc cong bd. Phén tir N,O ¢6
cau tao thing nhung khong d6i xtng, trong phan tir,
bac cua lién két N-N khoang 1,26 con cia N—O chi

1,186. Béi vay khi tham gia phan ung, thuong thi

lién két N—O sé& bi phan cét trudc voi nhiét phan cit

khoang 60+65 kcal/mol [11]. Do d6, nhiét do can

thiét dé N,O phan huy dong thé (khéng xuc tac)

thanh N, va O, thudng khong dudi 600 °C (873 K):
2N,0 — 2N, + 0, AH’=-163kJ

Khi ¢c6 mat xic tac, phan tng xay ra ¢ nhiét do
thap hon nhiéu va thuong theo mot co ché chung nhu
sau: trude tién N,O hap phu trén cac tim hoat tinh (*)
1a cac cation kim loai chura bio hoa s6 phi tri:

Nzo +* Nzo*

Su dich chuyén electron lam lién két N—O yéu di
va cdu trac hinh hoc ctia N,O bj thay doi tir dang
thing sang dang goc. Sau do 1a sy giai phong phan
tir N, khoi bé mit va dé lai oxi nguyén tir hip phu:

Nzo* > Ng + O*
Phan tir O, duoc giai hap khoi bé mit xuc tac
theo hai co ché, hoac Langmui-Hinshelwood:
20%¥ > O, + 2%
hoac Eley-Rideal:
N20+O*<—>N2+02+*

Co ché thtr hai chi c6 thé xay ra khi ndng do oxi
bé mat 16n. Vai co ché d& xuat nay, thi budc giai hap
cua oxi khoi cac tam hoat tinh dugc xem 1a budc
quyét dinh tc d6 phan tmg. Nhu vay mot xuc tac tot
cho phan tng phan hiy N,O phai c6 kha nang thuc
day su két hop cua cac nguyén tir oxi bé mat thanh O,
giai hap khoi bé mit xic tac, giai phong cac tim hoat
tinh bé mit, két thuc mot chu ky xuc tac va do d6 s&
gitt duogce toc do phan hity N,O 6n dinh.
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Bai bao nay trinh bay nhitng két qua thu dugc khi
nghién ctru hoat tinh xtc tac cia Cu trong phan ung
phan hay N,O. Cu dugc dua 1én ba chat mang khac
nhau ZnO, Al,O; va H-ZSM-5 bang _phuong phap tam.
X(ic tac Fe/ZSM-5 duoc tong hop dé so sanh kha ning
twong tac cua tim hoat dong véi chat mang.

2. THUC NGHIEM
2.1. Tong hop xiic tac

Céc hoéa chat ZnO, y-Al,0;, (CH;C00),Cu.H,0,
FeCl; .6H,0 tir Trung Qudc, NH4-ZSM-5 tir Zeolyst
International (Kansas City, USA) c¢6 ti sb
SlOz/Ale;g = 30. Cac mﬁu xuc tac Cu/'Y-Alzog (Vé’l
ham lugng kim loai 2,5, 5 va 7 %), 5 % Cu/ZnO,
5%CUu/ZSM-5 va 5 %Fe/ZSM-5 duoc tong hop bang
phuong phap tam sau d6 duoc sdy ¢ 100 °C qua dém
rdi nung & 500 °C trong 5 gio vé6i tbe do nang nhiét

5 °/phdt.

2.2. Xac dinh cac dic trung

CAu trac tinh thé cua xuc tac duoc dic trung boi
ky thuat XRD nhd may do nhiéu xa tia X D8
Advance - Bruker vGi A = 0,154 nm tai Khoa Ho6a
hoc — Truong Pai hoc KHTH — PHQG Ha Noi.
Hinh thai hoc va kich thudc hat ctia cac mau xuc tac
dugce xac dinh bang phuong phap hién vi dién tir
truyén qua TEM trén may JEM1010-JEOL tai vién
Vé sinh dich t& Trung wong. B& mit riéng va tinh chat
xép cua vit liéu xtic tdc dugc xac dinh nho ky thuat
BET trén thiét bi TRI START 3000 Micromeritics
(Truong Dai hoc Su pham Ha Noi).

2.3. Phwong phap thuc nghiém

Hoat tinh xac tac dugc khao sat nho hé théng
phan tmg vi dong ndi truc tiép voi sic ky khi dé
phan tich san pham trong khoang nhiét do 200+600
°C, & 4p suat thuong (1 atm), duoc xay dung tai
phong thi nghiém B mén Hoéa 1y thuyét va Hoa ly-
Trudng DHSP Ha Noi. Cac mau xuc tac (0,2 gam
xuc tac cho mét 1an phan tng dugc tron véi thach
anh (0,2 g) duoc hoat héa 3 gid ¢ 600 °C trong dong
H, (tc do gia nhiét 5 °C/phut), sau d6 nhiét do duoc
ha xuéng 200 °C. Tai nhiét d6 nay, dong hon hop
khi phan tmg gdbm N,O: He véi ti 1& 1:9 duoc dan
qua XUc tac trong dng phan tng trong 1 gi voi luu
lugng dong D = 1,2 L/h. Sau d6 nhiét do dugc nang
dan (tbc dd gia nhiét 5 °C/phat) va tién hanh phan
tich san phém tai cac nhiét do can nghién ctru.

N,O, N, va O, dugc phan tich online nho sic ky
RGA 7 c6t (Ultra Thermo, DPHSP Ha Noi). Viéc xac
dinh hoat tinh xtic tdc ctia mdi mot miu déu dugc
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thuc hién hai 1an lap lai. B chuyén hoa (C%) va do
chon lgc (S%) san phadm duoc tinh theo cong thire:
(NP
C(%) = MxlOO
INZO
IO
U—ZX].OO S (%)

N,0 ~ 'N,0 2o N,0

o, (%) = M 00

3. KET QUA VA THAO LUAN

3.1. Anh hwdng ciia ham hrong kim loai dén hoat
tinh xuc tac

Gian dd nhiéu xa tia X cua ba mau xuc tac co
ham luong Cu thay ddit tir 2,5; 5; va 7 % (vé khi
lugng) trén Y- A|203 duogc trinh bay trén hinh 1. De
thdy rang, pic nhidu xa dic trung cho CuO chi xudt
hién trén gian d6 XRD ciia cic mau 5 % Cu/ y-Al,O,
va 7% Cu/ y-Al,O03. D6 sic nét va cuong do cua pic
ting theo ham lugng dong co trong mau. Két qua
ndy cho phép rut ra nhan x¢ét rang d phan tan cua
dong trén chat mang vy- A|203 phu thudgc vao ham
luong cua ddng trong miu: khi ham luong dong
ting, d0 phan tan s& giam, va diéu do s& c6 anh
hudng téi hoat tinh xuc tac cia vét liu.

¢+ Cu0
o 7-AlLO,
O o-AlLO;

%
Cu/Al,05

Lin (Cps)

5%
Cu/Al,O4

2,5%

20 30 40 50 60 70 80
2-Theta (d0)

Hinh 1: Gian dd XRD cua vat liéu

Nhian xét trén ciing phu hop vé6i két qua do TEM
ciia 3 mau xic tic. Anh TEM, dugc minh hoa trén
hinh 2, cho thiy, khi ham lugng Cu ting tir 2,5 %
dén 7 % thi kich thudc cua cac cum tdm hoat dong
tang dan, diéu d6 dong nghia v6i do phan tan cia
dong trén chat mang y-Al,0; giam dan.

Hinh 3 biéu dién dudng dang nhiét hép phu va
khir hip phu N, ctia 3 miu xtc tac va cta chit mang
V- A|203

Tt bang 1 va hinh 3 dé thay ba vat lidu trén déu
¢6 chu trac mao quan trung binh tht cap Puong
kinh mao quan x4p xi 15 nm. Dién tich bé mit riéng
Sger cuia y-Al,O; 12 64 m?/g, viéc thém Cu véi cac
ham lwong khac nhau hdu nhu it anh huéng toi tinh
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chat xop cua bé mat vt li€u, dié€n tich bé mat ri€ng
va thé tich mao quan cé giam di nhung khéng nhiéu.

(©)
Hinh 2: Anh TEM cua 2,5 % Cu/Al,0; (a) 5 %
CU/A|203 (b) 7% CU/A|203 (C)
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Hinh 3: Puong ding nhiét hip phu-khtr hip phu N,
cua vat liéu

Bang I Tinh chét xép cua vat liéu

v |y | e | o
7%Culy-Al,O4 53%0,5 0,199 14,936
5%Culy-Al,04 54+0,5 0,204 15,010

2y,_5/z/|02%l:/ 55:0,5 | 0208 | 15141
y-Al,05 64+0,5 0,232 14,546
5%Cu/Zn0O 3,0£0,4 0,008 12,281
5%Cu/ZSM-5 | 362%0,2 0,123 10,042

Hoat tinh xtc tic ctia ba mau trong phin ung
phan hity N,O dugc chi ra trén bang 2 va hinh 4a. Co
thé théy hoat tinh xuc tac phu thudgc vao nhiét do va
va chi ¢ nhiét do cao (tir 500 °C trd 1én) toc d6 phan
{mg moéi ting manh. Xét v& do chuyén héa N,O theo
ham Iugng Cu (hinh 4a) thiy rang, d6 chuyén hoa
tang khi ham lugng Cu ting tir 2,5 % dén 5 % (tir

Hoat tinh xiic tdac cua Cu trong...

44,62 1én 55,69 % & 500 °C) nhung sau d6 lai gidm
xudng con 37,71 % khi ham luong Cu 1én t6i 7 %. Co
thé giai thich rang, khi ham lugng Cu ting thi s6 tim
xuc tac ting 1én 1am ting toc d6 chuyén hoa, nhung
khi tiép tuc tang nira thi c6 sy co cum cta céc tdm x1ic
tac dan dén sd tdm hoat tinh thuc sy giam va do
chuyén hoa ciia N,O vi thé giam xudng. Khuynh
hudéng nay da dugc minh ching qua cac phép do dac
trung vat liéu XRD va TEM.
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Hinh 4a: D6 chuyén hoa N,O trén 3 xic tac co
ham lugng Cu khac nhau
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Hinh 4b: Chi s6 TOF cua 3 xtc tac Culy-Al,O3 voi
ham lugng Cu khac nhau

Bdng 2: Do chuyén hoa ciia N,O trén 3 x(ic tac
Cu/y-Al;03 véi cac ham luong kim loai Cu

khac nhau
t(°C) 2,5%Cu 5%Cu 7%Cu
1y-Al, O3 1y-Al,O3 y-Al, O3

200 0,00 0,00 0,00
450 3,04 4,95 4,89
500 13,82 22,43 12,47
550 44,62 55,69 37,71
600 72,94 83,29 69,95

Pé 1am rd hon nita hoat tinh thuc su ciia mdi tAm
xuc tac, chi s6 TOF (sé mol N,O chuyén hoa trén
1mol tdm xuc tac trong 1 gid) cho mdi chét xic tac
duoc xac dinh va két qua dugc trinh bay trén hinh
4b. Chi s6 TOF ting dan tr mau 7 % Cu, dén 5 %
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Cu va cao nhét 1a & mau 2,5 % Cu cho thay cic tAm
xUc tac trong mau 2,5 % Cu thuc sy hoat dong hon.
Nhu véy, bang phuong phap tam, khi ham luong
tam xUc tac thap, thi kha ning phan tan cia cac tim
s& t6t hon va co anh huoéng tich cuc dén hoat tinh
xuc tac.

3.2. Anh hwéng ciia chiat mang dén hoat tinh xtc
tac

Néu nhu trong nghién ctru trudce [16], anh hudng
ctia chat mang dugc xét ¢ goc do tinh chat axit-bazo
ctia vat lidu thi nghién ciru ndy quan tim tGi ban chat
x6p cliia bé mit chdt mang. Ba chit mang ZnO,
y-Al,03va H-SZM-5 ¢6 dién tich bé mit khac nhau
dugc dung dé tong hop 3 miu xuc tac chira 5%Cu.

Két qua thir hoat tinh xtc tac cho phan mg phéan
hiy N,O duogc trinh bay trén bang 3 va hinh 5.

4 N\
—— 100.00 100.00
1]
0
=
Nhiét d (°C)
S5%%CU/ZN0 ey S0C0 7SV-5  efye—50C 0 AI1203
4 J

H‘mh 5: D6 chuyén hoa N,O cua xdc tac Cu trén ba
chat mang khac nhau: ZnO, y-Al,O3, H-ZSNM5

Quan sat bang 3 va hinh 5 thiy ring xtc tac 5
%Cu trén chat mang y-Al,O; 6 hoat tinh xuc tac tot
hon trén chit mang ZnO. Cu thé, & 600 °C do
chuyén héa trén xuc tac 5 %Cu/ZnO chi dat 66,07 %
thi do chuyén hoa trén xuc tac 5 %Cu/ y-Al,05 dat
78,51 %. Véi xuc tac 5 %Cu/ZSM-5, két qua thuc
nghiém cho thiy day 1a xuc tac tét nhat, do chuyén
hoa dat 100 % & nhiét do 550 °C va nhiét do ma tai
d6 N,O bat dau chuyén hoa (400 °C) ciing thip hon
S0 Vi trén hai xdc tac con lai.

Hoat tinh xtc tac tdt hon ctia Cu/ZSM-5 trudc
hét 1a do ZSM-5 ¢6 céu trac mao quan trat tg, co
dién tich bé mat riéng rat cao, cao hon han cac chat
mang la oxit (bang 1). V&i cac phan tng bé mat thi
kha ning tuong tac giita xic tac véi cac phan tir chat
phan mg déng vai tro rit quan trong va quyét dinh
dén kha nang hip phu cta chit phan ng trén bé mat
xUc tac. Vi thé, v6i ciing mot ham luong ddng duoc
dua 1én ba chit mang c6 dién tich bé mit riéng khac

Nguyé~n Thi Minh Hué va cong su

nhau va tinh chit axit-bazo bé mit khac nhau thi s&
c6 do phan tan khac nhau. Cy thé dién tich bé mit
riéng ting dan theo thu ty: H-ZSM-5 > y-Al,O; >
Zn0, ngoai ra ZnO ¢6 tinh bazo manh hon y-Al,O;
trong khi H-ZSM-5 1a mét xtc tac axit ran manh.
Trén co so so sanh nhu vay thi ¢ thé chdp nhan gia
thiét rang d6 phan tan cta Cu trén H-ZSM-5 1a 16n
nhat va thap nhét 1a trén ZnO. Hoat tinh xtc tac boi
thé tang theo do phan tan cta pha hoat dong.

Bdng 3: Anh huong cta chat mang dén
hoat tinh xtc tac cua Cu

Nhiét | 5%Cu | 5%Cu | 5%Cu | 5%Fe
46 (°C) | /ZnO | 1y-AlLO; | 1ZSM-5 | /ZSM-5
300 | 0,63 | 0,16 073 3,72
400 | 058 | 075 2,10 2,90
450 | 1,90 | 0,94 14,06 | 5,33
500 | 10,35 | 4,87 68,64 | 17,23
550 | 33,54 | 31,27 | 100,00 | 68,09
600 | 66,07 | 7851 | 100,00 | 99,33

3.3. So sanh hoat tinh xuac tac cia Fe/ZSM-5 véi
Cu/ZSM-5

Mau xtc tac 5 %Fe/ZSM-5 duoc tong hop bang
phuong phap tim va nghién ctru hoat tinh xic tac
cho phan tng phan huy N,O. Két qua duoc chi ra
trén hinh 6. Viéc so sanh két qua thuc nghiém trén
hai mdu xuc tic 5%Cu/ZSM-5 va 5%Fe/ZSM-5 cho
thdy Cu 1a kim loai c6 hoat tinh oxi hoa khtr tot hon
Fe. Trén xuc tac Cu, chuyén hoa ciia N,O dugc bat
dau ¢ nhiét do thap hon va chuyén hoa sau hon. Tai
500 °C khi chuyén hoa cia N,O trén xidc tac 5
%Cu/ZSM-5 dat 68,64 % thi trén mau xuc tic 5
%Fe/ZSM-5 chi dat 17,23. Nhiét d6 tai do N,O
chuyén hoa 100 % trén xuc tic Cu chi 1a 550 °C thap
hon so voi trén xtc tac Fe (600 °C).

120

—
]
]

99.33

% chuyén héa
= o [s=]
(=] (=] (=]

]
]

300 400 500 600 700
Nhiét d8 (°C)
—@—5% CU/ZSM-5  =mtmm5% Fe/ZSM-5
Hinh 6: D6 chuyén hoa ctia N,O trén xuc tac
5%Cu/ZSM-5 va 5%Fe/ZSM-5
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3.4. D& xuat vé dwong phan @ng thong qua cac
két qua thuc nghiém

Céc két qua thuc nghiém vé chuyén héa cua N,O
theo nhiét do trén cac mau xdc tac nghién ctru déu
¢6 cuing khuynh huéng. Bai thé trong phan thao luan
nay chi dua ra hai vi du tiéu biéu. Hinh 6a va 6b la
két qua vé& do chuyén héa N,O va chon loc Ny, O,
trén mau xdc tac 5 %Culy-Al,0;. Hinh 7a va 7b la
két qua cua phan ung trén miu x0c tac
5%Fe/ZSM-5.

5% Cu/Al203

100 @

80 T--1

B [22]
o (=]
4 4

n
o
4

2

% chuyeén héa va chon loc

o
N
o W

0 250 300 350 400 450 500 550 600 650
Nhiét d6(°C)

Hinh 6a: D6 chuyén hoa va chon loc san pham cua
qua trinh phan huy N,O trén 5 %Cu/ y-Al,03

C6 thé thiy rang xuc tic Cu va Fe déu co kha
nang hoat hoéa N,O rat t6t va tht tu xuat hién san
pham N, ciing nhu O, phu hop khé t6t voi nhitng
cong trinh dd cong bd [12-15]. Trong khoang nhiét
do tir 200+450 °C, N, duoc giai phong do lién két
N—O bi phan cit trén tdm hoat tinh dé lai nguyén tir
oxi bi hap phu trén bé mit. Giai doan nay toc do
phén hiy N;O chua cao va khong thay xuit hién O,
trong san pham phan tng & tit ca cac mau xuc tac.

0.40 |-------- kemmmemns — - '

Tisb

P R E— R R 7 A— R L i

0.10 +--=----- e S R LREEEE R e 1

0.00 : <+ : ; ; !
350 400 450 500 550 600 650
Nhiét dé (°C)

Hinh 6b: Ti 1é O,/N, trong qua trinh phan huy N,O
trén xdc tac 5 %Cu/ y-Al,03

Khi nhiét do cao hon (> 450 °C) céc nguyén tu
oxi két hop voi nhau thanh O, phan tir giai hap khoi

Hoat tinh xiic tdac cua Cu trong...

bé mat va giai phong cac tim hoat tinh, lam téc do
phan tng tang manh. Ti 18 O,/N, giai phong xap xi
0,5 dung voi hé sb ti lugng trong phuong trinh phan
tg, chimg to N, vd O, 1 san pham cia chinh qua
trinh phan hiy N,O va cac tam xtc tac khong bi oxi
hoa, tirc 12 khong bi mit hoat tinh trong khoang
nhiét do khao sat.

4 8.81 )
7.84
_E 4.52
=S
%6
0.01
el 3. 85
Nhiégt dg (°C
\_—0—%N20 =—@=2%02 %N2 { )

Hinh 7a: D6 chuyén héa va chon loc trong qua trinh
phan hay N,O trén xdc tac 5% Fe/ZSM-5
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400

Hinh 7b: Ti 1€ O./N, trong qué trinh phan hay N,O
trén xuc tac 5%Fe/ZSM-5

Két qua thu duoc nay cho phép dé xuit mot co
ché phan hity N,O trén x(c tac Cu hodc Fe nhu sau:
- N,O bi hip phu trén cac tim hoat tinh

N,O +* & N,O* (hap phu)
- Sau d6 lién két N—O bi phan cat, giai phong N,
N2O* < N, + O* (hip phy)

O nhiét d6 cao O, phan tir giai hap khoi bé mat
theo co ché Langmuir-Hinshelwood giai phong cac
tam hoat dong, hoan thanh mét chu ki xdc téc.

20" 0, +2

4. KET LUAN

Trong cong trinh nghién ciru nay, xuc tac Cu
trén cac chat mang khac nhau dugc khao sat hoat
tinh cho qua trinh phan huy cia N,O. Ham Iugng Cu
trong mau xuc tac khong lam thay ddi dang ké tinh
chat x0p clia bé miat nhung lai ¢6 anh huong 16n dén
tinh chat oxi hoa khir va hoat tinh xuc tac cia no.
Xuc tac véi ham lugng Cu 5 % thé hién hoat tinh
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cao nhat trong khi tiép tuc ting ham luong dén 7 %
din dén su co cum va kém hoat tinh. Ban chét cua
chat mang dong vai tro quan trong, chat mang co
tinh axit thuan 191 cho qua trinh phan ting hon so véi
chit mang thé hién tinh bazo bé mit. Zeolit
H-ZSM-5 1a xtc tdc axit rdn v6i dién tich bé mit
riéng cao, cdu tric mao quan trat ty la mot chét
mang “hoan hao” cho Cu hodc Fe. Hoat tinh xtic tac
cua Cu/ZSM-5 va Fe/ZSM-5 trong phan tng phan
huy N,O rat 16n va hiéu suat dat gan nhu tuyét doi.
Ket qua khdo sat qua trinh phan huy N,O trén
cac mAu xdc tac nghién ctru cho thay co ché chuyén
hoa hoan toan phu hop voi cac cong trinh nghién
ciru khac da cong b6. Toéc do cia phan img phu
thudc vao téc do két hop cua cac oxi nguyén tir hip
phu thanh O, giai hap khoi bé mat xuc tac. Ket qua
thuc nghiém chi ra Cu va Fe 1a mot xuc tac tét cho
qua trinh phan huy tru tiép ctiia N,O thanh N, va O,.

Loi cam on. Trdn trong cam on B Gido duc va
Dao tgo tai tro cho cong trinh nay thong qua dé tai
co md so B2012-17-28.
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