ISSN 1859-479149

TAP CHI

KHOA HOC N
CONG NGHE \e dil

=
<
z
'_
LLJ.
>
LLI-
T
O]
z
O]
z
O
O
<
>
(@)
O.
T
<
®)
I
54
I
O
<
'_

Tap 57 - S6 6 - Thang 6 nam 2015

B Tap 57 - SO 6 - Thang 6 nam 2015




HOI PONG BIEN TAP

Nguyén Van Hiéu - Vién Han lam Khoa hoc va Cong nghé Viét Nam
Nguyén Viét Anh - Triong Dai hoc Xay duing

Bui Chi Bu - Vién Khoa hoc Ky thuat Nong nghiép Mién Nam

Vi Diing - Hoi Tam ly hoc Viét Nam

Tran Tho Pat - Truong Pai hoc Kinh t& Qudc dan

Nguyén Binh Bic - Truong Pai hoc Cong nghé - Pai hoc Qudc gia Ha Noi
Vi Minh Giang - Bai hoc Qudc gia Ha Nji

Truong Nam Hai - Vién Han lam Khoa hoc va Cong nghé Viét Nam

Tt Quang Hién - Truong Dai hoc Néng 1am Thai Nguyén

Pham Huy Khang - Truong Pai hoc Giao thong Van tdi

Pham Gia Khanh - Chd tich Hoi Ghép tang Viét Nam

Hd Pac Loc - Truong Pai hoc Ky thudt Cong nghé TP H6 Chi Minh

Nguyén Thi My Loc - Truong Pai hoc Gido duc - Pai hoc Quoc gia Ha Noi
Banh Tién Long - Truong Pai hoc Bach khoa Ha Noi

L& Quan Nghiém - Pai hoc Y Dugc TP H6 Chi Minh

Mai Trong Nhuan - Pai hoc Qudc gia Ha Noi

Nguyén Thanh Phuong - Trudng Dai hoc Can Tho

Nguyén Thanh Thiy - Truong Pai hoc Cong nghé - Pai hoc Qudc gia Ha Noi
Pham Hang Viét - Truong Dai hoc Khoa hoc Tu nhién - Pai hoc Qudc gia Ha Noi

TONG BIEN TAP

Pang Ngoc Bao

PHO TONG BIEN TAP
Nguyén Thi Hai Hang
Nguyén Thi Huong Giang
TRUGNG BAN BIEN TAP
Pham Thi Minh Nguyét
TRUONG BAN TRI SU
Luong Ngoc Quang Hung

TRINH BAY
Binh Thi Luan

TOA SOAN

113 Tran Duy Hung - Cau Gidy - Ha Noi

Tel: (84.24) 39436793; Fax: (84.24) 39436794
Email: khcnvn@most.gov.vn

Tap chi dién td: b.vjst.vn

EDITORIAL OFFICE

113 Tran Duy Hung Str. - Cau Giay Dist. - Hanoi

Tel: (84.24) 39436793; Fax: (84.24) 39436794
Email: khcnvn@most.gov.vn

E-journal: b.vjst.vn

EDITORIAL COUNCIL

Nguyen Van Hieu - Vietnam Academy of Science and Technology

Nguyen Viet Anh - National University of Civil Engineering

Bui Chi Buu - Institute of Agricultural Science for Southern Vietnam

Vu Dung - Vietnam Association of Social Psychology

Tran Tho Dat - National Economics University

Nguyen Dinh Duc - University of Engineering and Technology - Vietnam National
University, Hanoi

Vu Minh Giang - Vietnam National University, Hanoi

Truong Nam Hai - Vietnam Academy of Science and Technology

Tu Quang Hien - Thai Nguyen University of Agriculture and Forestry

Pham Huy Khang - University of Transport and Communications

Pham Gia Khanh - President of Vietnam Society of Organ Transplantation

Ho Dac Loc - Ho Chi Minh City University of Technology

Nguyen Thi My Loc - University of Education, Vietnam National University, Hanoi
Banh Tien Long - Hanoi University of Science and Technology

Le Quan Nghiem - University of Medicine and Pharmacy of Ho Chi Minh City

Mai Trong Nhuan - Vietnam National University, Hanoi

Nguyen Thanh Phuong - Can Tho University

Nguyen Thanh Thuy - University of Engineering and Technology - Vietnam National
University, Hanoi

Pham Hung Viet - VNU University of Science

EDITOR-IN-CHIEF
Dang Ngoc Bao

DEPUTY EDITORS

Nguyen Thi Hai Hang

Nguyen Thi Huong Giang

HEAD OF EDITORIAL BOARD
Pham Thi Minh Nguyet

HEAD OF ADMINISTRATION
Luong Ngoc Quang Hung

ART DIRECTOR
Dinh Thi Luan

GIAY PHEP XUAT BAN
S6 1153/GP-BTTTT ngay 26/7/2011
S6 2528/GP-BTTTT ngay 26/12/2012

Gia: 180001

PUBLICATION LICENCE

No.1153/GP-BTTTT 26th July 2011
No0.2528/GP-BTTTT 26th December 2012




Hiéu Ung tu nhiét va cac tham so t6i han
cua bang hgp kim ngudi nhanh Fe,, Gd Zr,

Nguyén Hai Yén!, Pham Thi Thanh!, Tran Dang Thanh!, D6 Tran Hiru'?, D6 Thi Quynh Trang?,
Vii Manh Quang'*, Nguyén Thi Mai®, D6 Thi Kim Anh® Nguyén Huy Dan"
"Vién Khoa hoc vat liéu, Vién Han Iam KH&CN Viét Nam
2Khoa Vat ly va Thién van hoc, Pai hoc Mississippi, My
3Truong Pai hoc Su pham Ha Noi
“Truong Pai hoc Su pham Ha Noi 2
STruong Pai hoc Khoa hoc Tu nhién, Pai hoc Quéc gia Ha Noi

Ngay nhan bai 14.1.2015, ngay glii phan bién 26.1.2015, ngay nhan phan bién 4.3.2015, ngay chap nhan ding: 31.3.2015

Cac bang hgp kim Fe,, Gd Zr. (x = 1, 2 va 3) c6 chiéu day khoang 30 um dugc ché tao bang phuacng
phap ngudi nhanh. Phan t|ch nhleu xa tia X cho thdy cac mau bang hgp kim cé cau trac vd dinh
hinh. Nhiét d6 Curie, T, clia hgp kim dudc ting dang ké, tu 252 K (ddi v6i mau x = 1) t6i 326 K (dai
véi mau x = 3), bang cach tang nong d6 Gd. Bo bién thién entropy tu cuc dai, IAS_|__, cla hgp kim
I6n hon 0,8 J-kg'K"' v6i su thay ddi tui truong AH = 11 kOe. Kha néng lam lanh kha cao (RC 90 J-kg)
tai ving nhiét dé phong dat dugc & mau véi x = 2. Cac phép phan tich dac tinh t6i han xung quanh
chuyén pha sit tii - thuan tu, biang cach st dung phuong phap Arrott-Noakes, da lam sang té cac
trat ty tu trong hgp kim.

Tu khéa: cac hgp kim ngudi nhanh, cac tham sé téi han, hiéu dng ti nhiét kh5ng 16, su' lam lanh tu,

trat tu tu.
Chi sé phén loai 1.3

MAGNETOCALORIC EFFECT AND CRITICAL
PARAMETERS OF Fe,, Gd,Zr,, RAPIDLY
QUENCHED ALLOY RIBBONS

Summary

Fe, Gd Zr . (x = 1, 2 and 3) alloy ribbons with the thickness
of about 30 um have been prepared by using a melt-spinning
technique. X-ray diffraction analysis has shown an amorphous
structure of the alloy ribbons. Curie temperature, T of the alloy
ribbons have been considerably increased, from 252 K (for x
= 1) to 326 K (for x = 3), by increasing the Gd concentration.
The maximum magnetic entropy change, IAS | . of the alloys
is larger than 0.8 J-kg'K' with magnetic field change AH = 11
kOe. A quite high refrigerant capacity (RC ~ 90 J-kg™) at room
temperature region has been obtained for the alloy ribbon with
x = 2. Critical analyses around the ferromagnetic-paramagnetic
phase transitions by using the Arrott-Noakes method have
elucidated the magnetic orders in the alloys.

Keywords: critical parameters, giant magnetocaloric effect,
magnetic orders, magnetic refrigeration, rapidly quenched
alloys.

Classification number 1.3

"Tac gid chinh: dannh@ims.vast.ac.vn
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Gioi thiéu

Hiéu Ung tir nhiét khong 10
(GMCE) trong cac vat li¢u dugc
quan tam nghién ctru bdi kha nang
ung dung cua ching trong linh vuc
lam lanh bang tir truong. Cong
nghé 1am lanh bang tir truong dua
trén nguyén ly tr truong lam thay
doi entropy tu cua vat liu. Viéc
ung dung vat li€u tor nhiét trong
cac may lam lanh c¢6 wu diém la
khong giy ra 6 nhiém moi truong
nhu cac may lanh dung khi, c6 kha
ning nang cao dugc hiéu suit lam
lanh (tiét kiém dugc nang luong),
c6 thiét ké nho gon, khong giy
tiéng 6n va c6 thé dung trong mot
s6 tmg dung dic biét. Cac van dé
chinh can duogc giai quyét dé nang
cao kha ning tng dung thuc té cia
vat liéu tur nhiét 1a: 1) tao dugc hiéu



g tir nhiét 16n (GMCE) trong khoang tir trudng thap,
boi cac thiét bi dan dung rat kho tao ra duoc tir truong
16n; ii) dua nhiét d6 chuyén pha tir (nhiét do 1am viéc)
clia cac vat liéu c6 hiéu Gmg tir nhiét 16n vé ving nhiét
do phong; ii1) m¢ rong vung lam viéc (vung co hiéu
ung tur nhiét 1om) cho vat li¢u dé c6 thé 1am lanh trong
mot dai nhiét d6 16n. Ngoai ra, mot sb tinh chit khac
ctia vat liéu nhu nhiét dung, ¢ dan dién, d6 dan nhiét,
do bén, gia thanh... cting dugc chu trong cho viéc ung
dung cua loai vat liéu nay. V6i muc tiéu tiét kiém nang
lugng va bao v¢ mai truong, viéc tim kiém céc vat liéu
tir nhiét v6i kha nang Gmg dung tét trong linh vuc lam
lanh bang tir trudng tai nhiét d6 phong ngay cang duoc
quan tdm nghién curu.

Gan day, rt nhiéu cic nhom nghién ciru tap trung
vao céc vat liéu tir nhiét c6 ciu trac vo dinh hinh hodc
nano tinh thé [1-4]. Uu diém cua céc vat liéu vo dinh
hinh va nano tinh thé 13 kha ning cho GMCE, lyc
khang tir thap, dién tro sudt cao, chuyén pha tir & nhiét
d6 phong va gia thanh thap - diéu rat can thiét cho cac
tmg dung thuc té. Trong sb cac loai hop kim nay, cic
hop kim nén Fe-Zr thu hut dugc sy cha ¥ ciia cac nha
khoa hoc [5-9]. Trong cOng trinh nay, chung t61 nghién
ctru hiéu ung tir nhiét va cac tham s6 t6i han trong cac
hop kim Fe-Gd-Zr dugc ché tao bang phuong phap
ngudi nhanh.

Thuc nghiém

Céc tién hop kim Fe,, Gd Zr,, (x = 1, 2 va 3) dugc
ché tao tir cac kim loai sach (99.9%) Fe, Gd va Zr béng
phuong phap nau chay hd quang dé tao sy dong déu
cho hop kim. Sau do, phuong phap phun bang nguoi
nhanh dugc st dung dé ché tao cac mau bang. Céu tric
clia cac mau dugc phan tich bang phuong phap nhidu
xa tia X (XRD). Tinh chat tir ctia cac mau duoc khao
sat bang cach sir dung cac phép do tir do.

Két qua va thao luan

Hinh 1 biéu dién phd XRD ciia cac bang hop kim
Fe,, Gd Zr  voi chiéu day khoang 30 pm. Céac dinh
nhidu xa twong tng voi cac pha tinh thé Fe,Zr va a-Fe
da dugc quan sat thay trén cac pho nay. Tuy nhién, cic
dinh nhiéu xa twong ddi yéu. Piéu d6 ¢ nghia rang cac
bang hop kim nay gan nhu 1a v6 dinh hinh.
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Hinh 1: phé XRD ciia cac bang hop kim Fe,, GdZr,
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Hinh 2: cdc dwong cong tir tré tai nhiét dg phong (a)
va cdc duwong cong tir nhiét (b) dwoc do trong tur truong
H = 100 Oe cua cac bang hop kim Fe,, Gd Zr,,

Hinh 2a biéu dién su phu thudc cua tir dd vao tir
trudng ngoai ciia cac mau bing tai nhiét do phong. Ta
c6 thé nhan thay rang, cic mau biang cé tinh chat tir
mém va tir d6 cua ching ting theo nong d6 Gd (bang
1). Hinh 2b cho thiy cic duong cong tir nhiét rt gon
trong tir truomg H = 100 Oe cua cac bang hop kim. Céc
mau bing nay c6 mot chuyén pha tir trong ving nhiét
do 250-350 K tuong g véi pha vo dinh hinh. Cac
két qua cho thay, nhiét d6 Curie ciia hop kim tang theo
néng do Gd (bang 1).
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Hinh 3: cac duong cong tir nhiét trong cdc tir truong khac nhau
va sy phu thudc ciia tir do vao tir truong tai cac nhiét do khac nhau
cia cdc bang hop kim Fe,, Gd Zr, véix =1 (a, d), 2 (b, e)va 3 (c, )



Trong nghién ctru nay, ching toi di tinh do bién
thién entropy tur, AS , dua trén cac sb liéu tir nhiét
(hinh 3a-c). Tir cdc dudng cong tir nhiét cuia cac mau
trong cac tir truong khac nhau, ¢ thé suy ra sy phu
thudc cua tr do vao tur truong, M(H), tai cac nhiét do
khac nhau (hinh 3d-f). Sau do, AS_ dugc xac dinh tu
céc s lieu M(H) bang cach sir dung phuong trinh sau:

H,
AS, = I(aﬂ) dH )
oT
H, H

Bang cach sir dung phuong phap da dé xuat dé tinh
do bién thién ciia cac vat ligu tir, c6 thé tiét kiém thoi
gian va chi phi thuc nghiém. Phuong phap nay cling
c6 thé st dung dé tranh anh hudng cua su thing giang
nhiét cua cac hé do.
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Hinh 4: su phu thuéc vao nhiét do cua bién thién entropy tir,
AS , trong bién thién cua tir truong AH =11 kOe cia cdc bang
hop kim Fe,, GdZr,,

Hinh 4 cho thay cic dudong cong AS_(T) (v6i AH =
11 kOe) ctia cac mau biang Fe,, Gd Zr . Do bién thién
entropy tur cuc dai (JAS | ) cta hgp kim téng tur 0,8
dén 1,02 J'kg'K' (voi DH = 11 kOe) khi x ting tir 1
t6i 3. Kha niang lam lanh (RC) cua cac mau, ma duoc
dinh nghia la tich cua do bién thién entropy tu cuc dai
va dg ban rong ctuia duong cong entropy tur phu thudc
vao nhiét d0 (FWHM), ciing da dugc tinh toan (bang
1). Gia tri FWHM ciing duoc dé cap dén nhu 1a dai
nhi¢t do hoat dong cua chét lam lanh tir. Dai nhiét do
hoat dong cua cac hop kim nay la khoang 80-90 K.
RC cuc dai 1a khoang 90 J-kg' ¢ nhiét d0 xung quanh
nhiét d¢ phong dat dugc khi nong do Gd 1a 2%. Gia
tri RC nay cua hop kim Fe,  Gd Zr  16n hon so voi
mot sb hop kim v6 dinh h1nh va nano tinh thé khac
nhu Finemet (Fey Mo Si, B,CuNb,), Nanoperm
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(Fey, CoZrB,Cu, Fe, MolCuB), HiTperm
(Fe,, Mn Co Nb B ) va vét liéu vo dinh hinh khoi
(FeXCoyBZCuSi3A15Ga2 ) [10].

Dé hiéu rd hon vé trat tu tir tai cac chuyén pha loai
hai, d6 thi Arrott (M2-H/M) duogc dung tir cac sb liéu
M(H) (hinh 5). B&i vi chuyén pha sit tir - thuan tir tai
nhiét do Curie la mot chuyén pha lién tuc, su phu thudc
cua tur do tu phat M (T) va nghich dao cua do cam tu
ban dau 1'(T) vao nhiét do rit gon & = (T-T.)/T,, voi
bd cac so mil tdi han B, v, 6.., c6 thé duge xac dinh bang
cach st dung cac hé thuc Arrott-Noakes sau [11, 12]:

M (T)=M,(-¢)"
()_IZ(HO/MO )&’

£<0 )
e>0 3)

Tai nhiét ¢ Curie T, sb mii & duoc xac dinh boi
cac h¢ thuc cua tr do va tu truong:

H=DM " £=0 (4)

Trong do, M, H/M, va D la cac bién d¢ t6i han.

Gia tri tham s6 d 6 thé ciing thu dugc bang cach sir
dung phuong trinh Wildom [13]:

§=1+7y/p (5)

T
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Hinh 5: cchd‘wo‘ng M?-H/M tai cdc nhiét do khdac nhau
cua cac mau bang Fe,, Gd Zr, véix =1 (a) va 2 (b)

Bang 1: anh huong ciia nong dé Gd (x) lén tir dg bdo hoa (M ), nhiét do
Curie (T,), bién thzen entropy tir cyc dai (JAS | J kha nang lam lanh
(RC) va cdc tham sé tdi han (B, v, 8) ciia cde mau bang Fe,, GdZr,

X (%) [ M, (emuig) | 1S,|_ (JkgK) [RCWko) [T, (] B [ v [ &
1 239 08 64 | 252 | 0475 | 1162|3446
2 165 10 9 | 303 | 0,498 | 09512910
3 704 1,02 80 | 326 | 0,440 | 0,804 | 2,827

Tu d6 tu phat M (T) va nghich dao cua d6 cam
tir ban dau 1! (T) cua vat ligu co thé thu duoc béng
cach lam khép tuyén tinh cac duong Arrott tai ving



tir trudng cao. Tir giao diém cua cac duong thang lam
khép véi cac truc M2 va H/M ta c6 thé xac dinh dugc
tur d§ tu phat va nghich dao d¢ cam tr ban déu tai cac
nhi¢t do khac phau. Cac gia tri cua M (T) va ' (T)
nhu cac ham s6 phu thudc nhiét do T dugc vE cho cac
mau bing Fe,, Gd Zr . Bing cach lam khop céc sd
ligu M (T) va ' (T) theo cac h¢ thirc (2) va (3)’cho
M(T) va ' (T), ching ta suy ra dugc cac tham so téi
han 3, y va T (hinh 6)7. Céc gia tri t’hu dugccuafvay
sau d6 dugc str dung dé tinh tham so6 & dya trén phuong
trinh (5). Tét ca cac tham s6 t6i han thu duoc duge
trinh bay trong bang 1.

So sanh v&i mot sé méd hinh 1y thuyét nhu mé hinh
truong trung binh (B = 0,5, y =1 va 6 = 3,0), m6 hinh
Heisenberg ba chiéu (B = 0,365, vy = 1,336 va § = 4,8)
va mo hinh Ising ba chiéu (B = 0,325,y =1,241 va d =
4,82) [14], cac thong s téi han thu dugc theo phuong
phap nady cho cac mau bing hop kim ngudi nhanh
Fe,, Gd Zr gan v6i cac thong Sé, cua mo hinh truong
trung binh, dac trung cho trat ty sat tir tuong tac xa.

M, (emulg)
(g9/Oelemu)

A

M, (emulg)
0

(g/Oeflemu)

X

T,=303.29+0.13

A
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. . . . o
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(b)
(@

x=3
T,=326.5000.21

7=0.804710.057
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8
s &
(g/Oelemu)

8
»

1
0

T.=326.4200.09
p=0.44000.006

300 310

T(K)
(c)
Hinh 6: su phu thugc vao nhi¢t do cua tir @ tw phat M (T)
va nghich ddo ciia d¢ cam tir ban ddu ¢! 1) cing voi cdc dwong
lam khop theo cac hé thirc Arrott-Noakes cho cac mau bang
Fe,, GdZr,véix =1 (a), 2 (b)va3(c)

320

Két luan

Nhi¢t do Curie cua cac hop kim Fe-Gd-Zr co thé
dugc diéu chinh vé ving nhiét d6 phong bang cach
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chon tdc do phun bang va ndng d6 Gd hop 1y. Bién
thién entropy tir cuc dai khé cao, |AS |~ 1 Jkg'K"'
voi DH = 11 kOe, va dai nhi¢t do hoat dong kha rong
xung quanh nhiét do phong, DT ~ 90 K, biéu 16 nhiing
g dung tiém ning cuia hgp kim ngudi nhanh nén Fe-
Gd-Zr trong cong nghé 1am lanh bang tir truong. Cac
thong s‘(”') to1 han cua céc’me:lu bang Fe:QO_XGdXZr10 thu
dugc gan voi cac tham so cua 1y thuyét truong trung
binh, dac trung cho trat tu sat tir tuong tac xa.

Loi cam on

Cong trinh nay dwoc thuc hién voi su hé tro kinh
phi cia dé tai cap Vién Han lam Khoa hoc va Cong
nghé Viét Nam ma s6 VAST03.04/14-15. Cong viéc
thue nghiém dwoc thwc hién tai Phong thi nghiém
trong diém vé vat lidu va linh kién dién tir va Phong
Vit Iy, vt liéu tir va siéu dan (Viéen Khoa hoc vt liéu).
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Nghién ctiu thiét ké, ché tao va thii nghiém hé LIDAR VF

Bui Thi Thanh Lan’

Truong Pai hoc M3 - Dja chat

Ngay nhan bai 27.11.2014, ngay chuyén phan bién 3.12.2014, ngay nhan phan bién 6.1.2015, ngay chdp nhan dang 12.1.2015

Bai bao trinh bay cac két qua nghién ctiu chinh clia dé tai theo nghi dinh thu hgp tac khoa hoc giiia
Viét Nam va Phap “Nghién ctu phat trién va (ing dung phuong phap laser LIDAR trong méi trudng
sol khi mé than” (ma s 14/2011/HD-NDT). San pham chinh cta dé tai 1a hé LIDAR VF tan xa dan hoi
do luu déng, st dung phuong phap do Kllet-Fernald két hgp véi hai chum tia va quy trinh do LIDAR
Iuu dong. Thiét bi nay da dugc thi nghiém tai khu vuc mé than Nudi Béo (Quang Ninh). Ung dung
phuadng phap xU ly sé liéu, dé tai da xac dinh dugc hé sé tan xa ngudc.

Tu khod: hé sé tan xa nguoc, laser LIDAR, LIDAR, phuong phap hai cham tia, phuong phap Kllet-

Fernald.
Chi s6 phan loai 1.3

STUDY ON DESIGNING,
SETTING AND TESTING
THE LIDAR VF

Summary

This paper presents the main
results of the protocol project
between Vietham and France
“Development and application of
LIDAR method in the coal mining
aerosol medium” (code 14/2011/
HD-NDT). The main product of the
project is the LIDAR VF system
for outside measurement, using
Kllet-Fernald method combined
with two-stream method and
outside measurement process.
This LIDAR system has been
tested at Nui Beo coal mine in Ha
Long city, Quang Ninh province.
The backscattering coefficient
has been found by applying the
data analysis method.

Keywords: backscattering
coefficient, Kllet-Fernald method,
laser LIDAR, LIDAR, two-stream
method.
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Dat van de

Sol khi bao gdm bui va cac khi co tac dong truc tiép va gian tiép
1én trlr lwgng birc xa cua trai d4t va khi hau. Tac dong tryc tiép la cac
sol khi phan tan va hép thu céc tia xa buc xa mat troi trong khong
gian. Tac dong gian tiép 13 khi sol khi & tang thip cua khi quyén co
thé lam thay d6i kich ¢& cua cac phan tir may, lam thay ddi phan
xa va hap thu birc xa mat trdi cia may, va nhu vy tac dong 18n trir
luong nang lugng cua trai d4t. Nhiém ban khi quyén con la tac nhan
gay nén nhiém ban ngudn nudc thong qua qua trinh giang thuy.

Cong nghé LIDAR duoc ding dé khao sat va dong gop sb liéu
nhim danh gia tac dong cia sol khi dbi véi qua trinh bién doi khi
hau. LIDAR (Light Detection And Ranging) 13 mot thuét ngit dé chi
mot cong nghé do vién tham cha dong, img dung cong nghé laser va
cac tién bo khoa hoc va cong nghé (KH&CN). Sau khi xung laser
LIDAR kich thich cac sol khi va bui, c6 mot ph?m burc xa laser tan
xa nguoc trd lai hé LIDAR. Cac photon tan xa ngugc nay dugc thu,
xtr 1y va phan tich boi cac thiét bi va phan mém chuyén dung dé xac
dinh cac thong sé dic trung twong tac laser moi truong va cac dic
trung moi truong [1, 2].

Vi hé LIDAR can tranh cac dao dong nén cac tram LIDAR
thuong dugc lép dat va hiéu chinh rat can than tai mot vi tri. Tuy
nhién, khi chua c6 mang ludi LIDAR cd dinh thi cong tac do LIDAR
luu dong c6 mot nhiém vu cép thiét dé khao sat bui tai khu vuc mo
than Quang Ninh. D6 ciing 1 ndi dung chinh cua dé tai theo Nghi
dinh thu gitra Viét Nam va Phap “Nghién ctru phét trién va tng dung
phuong phap laser LIDAR trong mdi truong sol khi mo than”. Viéce
trién khai dé tai do Truong Dai hoc M6 - Pia chét két hop voi Vién
Vat ly (Vién Han 1am KH&CN Viét Nam) thuc hién da thu duoc két
qua tot.



Noi dung nghien ciu

Dé tai ¢6 2 ndi dung nghién ctru chinh 1a nghién ciru
ché tao hé LIDAR VF do luu dong va phuwong phap do
hé LIDAR VE. Bé phu hop v6i nhiém vu do luu dong,
h¢ LIDAR VF dugc thiét ké thanh cdc modul c6 thé
lip dit nhanh ma van dam bao d¢ chinh xac. Modul
quang duoc thiét ké theo nguyén 1y nhan tin hiéu truc
tiép dé giam céc suy hao do duong dan truyén. Két ndi
cac modul quang va dién can dap ng nguyén 1y tin
hi¢u quang dugc dua truc tiép vao cac detector.

Nguyén Iy va yéu cau thiét ké hé LIDAR VF

Céc h¢ LIDAR s€ thu nhan tin hi€u tdn xa ngugc
(g6c tan xa bang 180°). Giita tin hiéu thu va tin hiéu
phat duoc lién h¢ thong qua phuong trinh LIDAR.
Phuong trinh LIDAR biéu dién su phu thudc cta cong

sut P theo khoang cach R va budc song A nhu sau [3,
4]:

R

P(R,2) = PO.%.AU% B(R Ayexp[ -2 ur. )] (1)
0

Trong do :

- w(r,}) va B(r,}) 1an luot 13 hé sb suy giam va
hé sb tan xa nguoc.

- Hé s6 LIDAR duogc tinh theo cong thuc:

V6i P 1a cong suét trung binh ciia may; ¢ 1a téc do
laser; T 1a thoi gian xung; A 1a ti€t dién thau kinh (b0
thu); 1 14 hiéu suat hé thong.

- Théng sb hinh hoc: G(R) = O(R)/R*= 1/ R?

Vi R 1a khoang cach tir ngudn phat laser toi d6i
tuong nghién ciru; O(R) 1a ham overlap: 0<O(R)<1;
néu O(R) = 0 thi khong c6 tin hiéu hay khong thu dugc
tin hi¢u, O(R) = 1 thu duogc tin hiéu o nét nhat, khi giai
phuong trinh thuong gia thiét cho O(R) = 1 dé phuong
trinh don gian hon.

Hai hé s6 dau hoan toan dugc xac dinh boi viée
thiét 1ap LIDAR va c6 thé diéu khién dugc boi nha ché
tao thiét bi; hai hé sb sau phan anh cac tinh chét cua
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moi trudng sol khi, thong tin vé khi quyén. Qua nghién
clru khéao sat thiét ké cac LIDAR tan xa dan hdi cua
Phap, Ba Lan va cac h¢ LIDAR da duogc ché tao trong
nudce, dé tai da 1én phuong an thiét ké hé LIDAR VF
theo cac modul, ¢6 thé thao lip don gian va nhanh gon
dé thyc hanh do & Quang Ninh.

Hé LIDAR VF tan xa dan hoi cua Truong Dai hoc
Mo - Dia chét dugc thiét ké vai cac ndi dung yéu cau
sau: do tin hiéu LIDAR tan xa Mie do sol khi v&i mat
do6 thap tai 2 budc song 532 nm va 1064 nm; khoang
cach do 1a 8 km trong diéu kién thoi tiét thuan loi nham
xéc dinh cac thong sd dic trung cia moi truong nhu ty
s6 LIDAR, hé s6 tan xa nguoc, hé $6 suy giam, mat do
tap trung sol khi; laser c6 dang xung, tan s6 13p lai cao,
cong suit 16n, 46 rong xung ngan; thu dugce tin hidu tan
xa nguoc dan hdi voi do nhay cao, loai trir nhiéu tot;
thiét ké virng chic, déng thoi ¢6 do linh hoat cao, dé
dang thao lap, di chuyén va sir dung.

Xdc dinh hiang sé LIDAR bang phwong phdp hai
chum tia

Trong phuong trinh LIDAR, hang s LIDAR duoc
dinh nghia bang cong thuc (1), trong d6 1 13 hiéu suat
ctia toan b hé thong. N6 bao gdm hiéu sudt quang hoc
clia tat ca phan tir truyén qua va thu nhan anh sang.

Nhu trén di thiy, trong qué trinh ché tao hé LIDAR
can co phuong phap tdi uu hing sé LIDAR. Dé xéc
dinh hang sé LIDAR, dé tai st dung phuong phap hai
chum tia. Tir thap ky 80 cua thé ky XX, Kunz (1987),
Hughes va Paulson (1988) d4 nghién ciru phat trién k¥
thuat hai chum tia dung cho LIDAR [3]. K¥ thuat nay
da giai quyét dugc ton tai cua phuong phap Raman
thuong 1a khong tim duoc dong thoi hé sé suy giam va
tan xa nguoc trong mot phuong trinh LIDAR. LIDAR
sol khi UltraViolet Aeroporte (LAUVA) dugc phat
trién tai CEA/CNRS cua Phap 1a loai LIDAR an toan
cho mat nguoi su dung, voi budce song 355 nm, 1a mot
trong cac thiét bi dé trién khai phuong phap hai chim
tia. N6 c6 thé dit trén may bay hodc khinh khi cau dé
do dac (Chazette va cs, 2007, 2008) [5]. Phuong phéap
hai chum tia LIDAR da duogc nghién ciru phat trién tai
Phap, mot trong cac két qua nghién ciru 13 thuat toan
dao nguoc cua Juan Cuesta, Pierre H Flamant [6, 2].

Hai may LIDAR dugc dat cach nhau mot khoang d



trén mat phang ngang dé cung khao sat ving khi quyén
giita hai may. D& tai gia st rang, hai chum laser phat
ra tlr hai may cung phuong, nguoc chiéu. Pat S(r) =
P(r)R?, phuong trinh LIDAR cho hai may tr¢ thanh hé
phuong trinh sau [5, 6]:

S1(1) = K1 f(r)exp[—2 [, u(r')dr'] 3)

S,(r) = K;B(exp[—2 [ u(r'ydr'] @)

Giai hé hai phuong trinh trén, dé tai thu dugc hé sé
tan xa nguoc va hé $6 suy giam:

u) =4l Z_gi] ®
B(r) = B(Trer) \/ S(Sr(:fl) s(Sr(r:);) ©

Thay cac gia tri tinh dugc trén vao hai phuong trinh
LIDAR, dé tai xac dinh duoc cac hé sd LIDAR cua hai
hé LIDAR:

K., = S(r)l
1 B(r)exp[—z foru(r’)dr’ ] (7)
KZ — S(r)2 (8)

B(r)exp[—zfrdu(r’)dr’]

Thiét ké, ché tao va thi nghiém hé LIDAR VF
Thiét ké h¢ LIDAR VF

Hé LIDAR VF gdm 3 khéi chinh: khdi phat tin
hiéu, khéi thu tin hiéu, khéi ghi nhan va xt 1y tin hiéu.
Cac khéi nay duoc lap dit trén mot ban quang hoc
chéng rung xoc va o thé di chuyén dugc. Co ciu két
nbi cac khdi can dat yéu cau thao lap, hiéu chinh don
gian va thuan loi, phu hop véi diéu kién do luu dong.
Trén hinh 1 cho thdy, hinh anh hé LIDAR VF do dong
thoi 2 kénh 532 nm va 1064 nm. Dé giir hé 6n dinh can
c6 bo phan co khi d& h¢ quang thu. Huéng chum tia

dugc 6n dinh trong qua trinh do.
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Hinh 1: anh hé LIDAR VF do dong thoi hai kénh 532 nm
va kénh 1064 nm
(1. Khoi phat; 2. Khoi thu, 3. Khéi xit 1y s6 liéu)

Khéi phat tin hiéu c6 nhiém vu phéat xung anh sang
kich thich vao ving khong gian can nghién ctru. Hé
phat bao gdm cac thiét bi nhu may phat laser cong suét
cao, cac linh kién quang hoc nham dinh huéng chim
tia va photodiode nhanh dé xac dinh thoi gian phat
xung laser.

Cin cr theo yéu cau ciia may phat tin hiéu cho hé
LIDAR tan xa dan hoi do xa dén 8 km, Laser Litron
Nano S 120 - 20(UK) dugc chon cho hé LIDAR VF
tan xa dan hoi. Laser c6 hoat chét 1a tinh thé Yttrium
Aluminium Garnet (Y,Al,O ,) ¢6 pha tap cac ion Nd**
lam tam hoat chat. Laser Nd: YAG c6 ngudng kich thich
kha thip, do din nhiét cao cho phép phat & ché do xung
tan s cao va ca ché do lién tuc. Hiéu suit cua laser nay
khé cao, vao ¢& vai phan trim. Laser dugc bom quang
hoc bdi dén xung. Laser hoat dong & ché d6 Q-Switch
nhd mot té bao quang dién KDP (KD,PO,) Pockels
(hinh 2) va mét kinh phan cuec.

Hinh 2: Laser Litron Nano S 120-20
1. Buéng bom; 2. Té bao pockels; 3. Buéng cong hirong;
4. Guong thoat laser, 5. Ban budc song va kinh phdn cuc;
6. Van an toan dién; 7. Cdp nguon nudi



Nguon laser phat ra xung laser hong ngoai dic trung
¢ bude song 1064 nm, tan sé 10 Hz, ning luong xung
¢ 120 mJ. Bé chuyén d6i budc séng sang ving kha
kién hodc tir ngoai, nguoi ta ding tinh thé phi tuyén
KTP (KTiOPO,) dat trong budng cong huong. Guong
ctia budng cong hudng phan xa 100% birc xa tan sd co
ban va truyén qua burc xa tan sd hoa 3 bac 2, nhd vay
hiéu suét nhan d6i tan s 16n; tia laser 16i ra c6 budc
song 1a 532 nm, ning luong xung t6i da 1a 60 mJ; hop
chira khoi laser duoc 1am bang nhom; bé mit bén trong
duoc son hép thu anh sang; cac bd phan quang hoc
duge dit cb dinh trén mot gia béng céc vit diéu chinh.

Bdng 1: cdc thong sé ky thudt ciia chimm tia laser

TT Cac dic trung Buée song 532 nm | Buée song 1064 nm
1 | Buong kinh chum tia 4 mm 4 mm
2 | Do rong phd 1,4-1cm 0,7 -1 cm
3 | Do tr6i nang lugng +2% +2%
4 | Do 6n dinh diém <70 prad <70 prad
5 | Nang luong xung cuc dai 120 mJ 60 mJ
6 |DPJ rong xung ~10ns ~8ns
7 |Tansh Xxung 20 Hz 20 Hz
8 | Phan cuc ngang ngang
9 | Ty 1¢ phén cuc >90%

May laser Nano S120-20 thudc loai laser LIDAR
cong suat cao c6 kich thude nho nhat, dap ing yéu cau
cua h¢ LIDAR phai van chuyén di do thuc té.

Khéi thu tin hiéu 1a bo phan quan trong thir 2 ctia
hé do LIDAR, cho phép thu nhan cac tin hi¢u tan xa dé
phan tich va xu ly, tr d6 xac dinh dugc cac dac trung
vat 1y cua sol khi va phan bd ciia chung trong khong
gian va theo thoi gian. So d6 nguyén 1y cua khdi thu
duoc mo ta trong hinh 3.
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Hinh 3: so' do nguyén Iy thu tin hiéu LIDAR VF
1: Telescope LX 200 8 inch; 2: Phin loc khong gian (pinhole);
3: Thau kinh chudn truc = 60 mm, 4: Guong tach chum tia;
5: Phin loc 532 nm; 6, 9: Théu kinh hoi tu =25 mm;
7: Photomultiplier tube; 8: Phin loc 1064 nm,; 10: Avalanche Photodiode
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Khéi thu bao gdm céc thiét bi nhu kinh thién vin,
chan chim khong gian, thau kinh chuan truc, guong
tach chum tia, phin loc giao thoa, tinh thé tach chum
phan cuc, cac thiu kinh hdi tu va cac dau thu. Kinh
thién van c6 tic duyng thu nhan cac photon tan xa
nguoc gy ra bdi cac dam may va sol khi tuong tac voi
chum tia laser. Kinh thién van dugc dung ¢ day la mot
hé théng quang hoc, duogc ciu tao dua trén loai kinh
thién van Cassegrain cua Hang Quasi-Cassegrain co
duong kinh 20 cm, 1/10. Tin hi¢u thu dugc tir telescope
s& duoc di qua phin loc khong gian (2) rdi hoi tu boi
thu kinh (3) dén guong tach chum (4). Tai guong tach
chum tia, chum tia 532 nm dugc truyén qua, con chim
tia 1064 nm bi phan xa. Chum tia 1064 nm di qua phin
loc giao thoa 1064 nm (5) 101 duge hoi tu vao modul
APD (10) boi thau kinh (9). Chum tia 532 nm di qua
phin lgc giao thoa 532 nm (8) dugc hoi tu vao modul
PMT (7) boi thau kinh (6).

Thir nghigm h¢ LIDAR VF

Thuc nghiém do tin hi¢u LIDAR véi cac thong s6
may phat laser khi tién hanh do dac: may phat budc
song 532 nm, tan s6 ldp 10 Hz, ning luong laser 14 86
mJ. Trén hinh 4 cho thiy, cic hoat dong thir nghiém
ban ngay va ban dém h¢ LIDAR VF tai hién truong
Tram phat song cdt 5 va Ban quan 1y Dy an phuong
Hong Hai - Ha Long, khu vuc m6 than Nui Béo.

Két qua cho thdy, sol khi tip trung trong ving tir
2 km tré xudng. Dé tranh nhiéu do trdi swong mu va
nhiéu may, dé tai dung s6 liéu thu duoc vao trua chiéu
ngay 21.3.2013. Trong thoi gian nay, troi quang may,
niang nhe, c6 gi6. Vi nhing s lidu thu duogc, dé tai da
tién hanh xir Iy va tinh toan hé sb tan xa nguoc bang
phuong phap Klett - Fernald. Hinh 4 cho thy, hinh
anh tin hiéu thu vé dugc hién thi sau khi di s hoa bang
phan mém Picoscope.
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Hinh 4: hinh anh tin hiéu thu vé qua phdn mém Picoscope



Mot dac trung quang hoc quan trong cua sol khi 1a
hé sb tan xa nguoc. Dya vao dai lugng nay co thé xac
dinh dugc mat do sol khi trong khi quyén. Dé tai da thu
duogc duong dac trung hé s6 tan xa nguoc nhu hinh 5.
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Hinh 5: hé sé tan xa nguoc ciia sol khi do ngay 21.3.2013

Trén hinh 5, duong mau xanh duong 12 hé s6 tan xa
nguoc tong cong (sol khi va phan tir khi), dudng mau
xanh 14 cdy 13 hé s tan xa ngugc cia sol khi, duong
mau do 1a hé s6 tan xa nguoc cua phan tir khi quyén.
Chung ta thdy, & 6 cao khoang 500 m c6 mét 16p sol
khi ¢6 hé sb tan xa nguoc ¢d 3.10%sr!, & do cao khoang
2200 m c6 mot 16p sol khi co hé sb tan xa nguoc cd
1,5.10%sr". Nhin vao hinh, ta co thé thiy sol khi phan
bd thanh hai 16p: 16p dudi thap trong khoang 1 km
tr lai; 16p cao hon ndm trong d6 cao tir 2-3 km. C6
thé theo ddi duogc su van dong cua khdi sol khi trong
khong gian va theo thoi gian khi thuyc hién phép do
lién tuc.

Céc két qua nghién ciru trén cho thay, hé LIDAR
VF c6 cac thong s6 laser tuong duong véi thiét bi nudce
ngoai va hoat dong 6n dinh. Hé LIDAR VF da cho
phép xac dinh dac trung quan trong ctia moi truong sol
khi 14 hé sb tan xa nguoc cua sol khi. S liéu do phu
hop voi két qua nghién ctru co ban vé tinh chit quang
hoc khi quyén, d6 1a dudong do dic trung hé sb tan xa
nguoc ciia cac phan tir khi quyén. Nhu vay, cac két qua
do la dang tin cay.
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Két luan

Bai b4o da trinh bay cac ndi dung nghién ctru thiét
ké, ché tao, thur nghiém h¢ LIDAR VF va khao sat moi
truong sol khi ¢ tinh Quang Ninh. Thuc nghiém st
dung quy trinh 1ap rap, van chuyén cho thay, quy trinh
do va thiét ké hé LIDAR VF dap tng duoc yeu cau do
lwu dong. Cung véi cac két qua phan tich miu buyi va
than tai cac phong thi nghiém cua Phéap cho thiy c6
su tham gia cua bui than kich thuéc nho hon hon 2,5
pum vao moi truong khong khi ¢ tinh Quang Ninh. Tuy
nhién, dé danh gia dtng mac d6 6 nhiém do byi than
gdy ra can c cac nghién ctru ddy du vé cac ngudn 6
nhiém khac cta thanh phd Ha Long, tinh Quang Ninh
va sy anh hudng cta cac vung khi hau lién quan.
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Vat liéu hap thu dau tu copolyme ghép
cua sgi tre va cac ankyl acrylat

Nguyén Trung Duc, Nguyén Thanh Tung, Nguyén Thi Mién, Pham Thi Thu Ha, Nguyén Van Khéi"
Vién Héa hoc, Vién Han lam KH&CN Viét Nam

Ngay nhan bai 16.12.2014, ngay chuyén phan bién 24.12.2014, ngay nhan phan bién 26.1.2015, ngay chdp nhan dang 31.1.2015

Polyme hép thu dau dudc téng hdp bing phan ting truing hop ghép butyl acrylat (BA) va lauryl
metacrylat (LMA) Ién sgi tre (BF) st dung chat khoi mao 2,2’- azobisisobutyronitril (AIBN), c6 mat
chat khau mach divinyl benzen (DVB). Copolyme ghép dugc dic trung béi phd héng ngoai bién ddi
Fourier (FTIR) va anh chup kinh hién vi dién ti quét (SEM). Dic tinh truong clia cac vat liéu hap thu
dau dudc nghién ctiu 1a moét ham cha dé phan cuc dung moi va nhiét dé. TU nhiing quan sat nay thay
rang, khi nhiét dd giam, dé hap thu ciing gidm va ca dé tucng hop ctia mach polyme véi dung méi
hiiu co ciing nhu méat dé lién két ngang cua cau triuc mang khéng gian déu déng vai tré quan trong.

Tu khéa: alkyl acrylat, copolyme ghép, hdp thu dau, soi tre.
Chi sé phéan loai 1.4

OIL-ABSORBENT MATERIALS
FROM GRAFT COPOLYMER OF
BAMBOO FIBER AND ALKYL
ACRYLATES

Summary

Oil-absorbent  polymers have been
synthesized by graft polymerization of
butyl acrylate (BA) and lauryl methacrylate
(LMA) onto bamboo fiber (BF) using 2,2’-
azobisisobutyronitrile (AIBN) as initiator in
the presence of divinyl benzene (DVB) as
crosslinking agent. The graft copolymers
have been characterized by Fourier
transform infrared spectroscopy (FTIR)
and scanning electron microscopy (SEM).
The swelling cheracteristic of oil-absorbent
materials have been studied in a function
of the solvent polarity and temperature. It is
found that when the temperature decreases,
the oil absorption also decreases, and both
the compatibility of the polymer chain with
the organic solvents and the crosslinking
density of the networked structure play a
key role.

Keywords: alkyl acrylate, bamboo fiber,
graft copolymer, oil-absorbent.

Classification number 1.4

*Tac gid chinh: Email: khoinguyen56@gmail.com
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Gioi thiéu

Cac loai soi lignoxenlulozo nhu sgi day, soi dua dai,
soi dam but Pong An (kenaf) va soi tre 1a nhitng nguyén
liéu ré tién, c6 kha ning tai tao va dé dang khai thac tir
thién nhién. Chtng c6 mot s6 wu diém nhu ty trong thap
va mém déo. Soi tre 1a mot loai soi lignoxenlulozo tu
nhién véi trir lugng ddi dao, co nhidu & chiu A, Trung
va Nam My [1]. O Viét Nam, tre 14 1am san ngoai g va
duogc coi 1a mot trong nhing vt liéu thay thé trong cong
nghiép gd dé bao vé tai nguyén rimg dang bi thu hep,
boi kha ning sinh trudng nhanh, thoi gian tai sinh ngin
va d& dang nhan rong. Tre dugc ky vong sé& 1a ngudn tai
nguyén bén vimg khong bi khai thac 6 at. Tuy nhién, soi
tre can duogc bién tinh khi st dung trong thuc té [2].

Trung hop ghép 1a phuong phap thuong dugc su dung
dé bién tinh bé mat polyme va 1a mot cong cu quan trong
dé bién doi cac tinh chat vat 1y va hoa hoc cua polyme.
Trong qua trinh ghép, mach nhanh duoc lién két cong
hoéa tri voi mach chinh cua polyme hoac chit nén dé tao
thanh copolyme ¢ ciu trac nhanh. Copolyme ghép ¢
nhiéu tinh chat hitu ich va khac voi timg polyme riéng 1é.
Ghép céc vinyl monome 1én s¢1 lignoxenlulozo da dugc
thuc hién bang qua trinh trung hop gbc tu do sir dung
chét khoi mao hoa hoc [3].

Trong dién bién ctia mot vu tran dau 1on gan day
(khoang 5 nghin thung/ngay) & Vinh Mexico sau vu nd
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dan khoan dau ngoai khoi thang 4.2010, nhimng nd luc
g pho véi dau tran bao gdm kiém soat cac dam chay,
phan tan va bit cic giéng khoan dd dwoc thuc hién
nhung chi thanh cong mot phén. Mot vin dé& moi nbi
¢6 ¥ nghia toan cau va tinh khan thiét hién nay 1a phai
kiém sodt sy ¢d tran dau (du 1a v6 tinh hay ¢6 ) trong
qua trinh khai thac, van chuyén va luu tri.

So v6i cac vt lidu truyén thong, mot s6 copolyme
ghép cua alkyl acrylat 1én s¢1 xenlulozo da dugc nghién
ctru. Céc tinh chat nhu dién tich bé mat 16n, d6 x5p cao
va ty trong thp dan toi cac dic tinh nhu tinh ky nudce
va ua dau, kha ning va tc do hap thu 16n khién cac
copolyme ghép trd thanh vat liéu hap thy tot [4-6].

Trong nghién ciru nay, vat liéu hap thy dau duoc
téng hop tir qua trinh tring hop ghép butyl acrylat
(BA) va lauryl metacrylat (LMA) 1én soi tre (BF) voi
chat khau mach divinyl benzen (DVB), sir dung chat
khoi mao 2,2’-azobisisobutyronitril (AIBN) (lan luot
duogc ky hi¢u la LMA-BF va BA-BF). Copolyme ghép
dugc dic trung boi anh chup kinh hién vi dién tir quét
(SEM) va phé héng ngoai bién d6i Fourier (FTIR).
bac tinh truong cta vat liéu hép thu dau trong dau tho,
dau dau nanh va céc dung moi c6 d6 phan cuc khac
nhau da dugc nghién cuu.

Thuc nghiém
Héa chit

Soi tre (BF) co kich thudc trung binh 0,04 m duoc
cung cip boi Trung tim Polyme - Trudong Dai hoc
Bach khoa Ha Noi. BF duogc xir Iy bang dung dich
NaOH 0,1M & 30°C trong 72 gio dé loai bo lignin,
hemixenlulozo va pectin. Sau d6 chung dugc rira sach
bang nudc cat dén trung hoa va duoc 1am kho. Tat ca
cac hoa chat, dung méi dugce sir dung ngay khong qua
tinh ché. Lauryl methacrylate (LMA), butyl acrylate
(BA), 2,2-azobisisobutyronitrile  (AIBN), N,N-
dimethyl formamide (DMF), divinyl benzene (DVB),
etanol tuyét ddi, metanol, isopropanol (IPA), axeton,
tetrahydrofuran (THF), dietylether, chloroform,
carbon tetrachloride, benzene, toluene, n-hexane la
loai hoa chat phén tich dung trong phong thi nghiém
(Trung Qudc). Dau thd (mo6 Pai Hung) dugc cung cp
boi Trung tdm Nghién ciru tham do va khai thac dau
khi - Vién Dau khi Viét Nam. Dau d4u nanh 1a loai dau
an tir Cong ty CO phan dau thyc vat Tudng An.
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Téng hop

Phan tmg dugc thyc hién trong khi quyén nito, trong
binh ciu 3 ¢ dung tich 150 ml duoc lip may khudy
va sinh han hdi luu. BF (1,0 g) duoc ngam trong 15
ml DMF trong 4 gio va mdt lwong chinh xac monome
(LMA hoidc BA) va chit khau mach DVB duoc cho
vao trong binh. Binh phan mg duogc dit vao bé diéu
nhiét duge diéu chinh & nhiét d6 xac dinh. Mot lugong
tinh toan trudc AIBN duoc thém tir tir vao hon hop
phan ng va khudy déu. Sau 4 gio, gel tao thanh dugc
1ot vao trong 100 ml etanol tuyét ddi dé két tua san
pham, rdi sau d6 rira nhiéu 1an bang etanol tuyét ddi
va chiét Soxhlet v6i axeton dé loai bo homopolyme
va monome du. Polyme hép thu diu duogc cat thanh
miéng nho va sdy kho trong chan khong & 60°C dén
khéi luong khong doi.

Diéu kién tong hop LMA-BF: LMA 25 ml (0,085
mol), AIBN 0,33 g (0,002 mol) va DVB 0,23 ml
(1,6.10° mol), nhiét 6 75°C.

Diéu kién tong hop BA-BF: BA 20 ml (0,14 mol),
AIBN 0,178 g (1,08.10*mol) va DVB 0,3 ml (2,1.10°
mol), nhiét do 75°C.

Ddc trung

- Phd FTIR: dugc ghi trén quang phd ké hong ngoai
bién d6i Fourier Nicolet (IMPACT 410, USA) trong
khoang 4000-400 cm'. Mau duoc nghién va tron véi
bot KBr khan.

- Hinh thai hoc bé mit ctia cic mau BF, LMA-BF
va BA-BF duoc quan sat trén kinh hién vi dién tir quét
(SEM) model JEOL 6390 (Nhat Ban).

D¢ trwong trong dung méi hitu co

Do truong cua polyme hap thy dau dugc xac dinh
trong cac dung moéi c6 do phan cyc khac nhau &
25+1°C sir dung cac dng dung mau (vial) 5 ml: nudc,
metanol, etanol, isopropanol, axeton, THF, dietylether,
chloroform, carbon tetrachloride, benzene, toluene,
n-hexane. Khéi luong cua mdi ong rdng duge ghi
lai va sau d6 mot luong nhét dinh polyme kho dugc
thém vao mdi dng. Cac 6ng duoc can va ghi lai khdi
lugng polyme lth (W) Sau‘ d6 cac ng dugc db day
dung moi va dé hap thu can bang trong 48 gi0. Luong
dung méi du dugc loai bo khoi 6ng va gel dugc can lai
(W,,)- Luong dung moi bi hép thu duoc tinh toan dua
trén chénh 1éch khoi lugng. PO truong (Q) dugc xac
dinh boi cong thure sau:



Dé hip thu dau trong hén hep dau/nwéc

09¢g diu dau nanh hodc dau thoé duoc tron véi 60
ml nudc cit trong binh nén 100 ml trén may khudy tir
v6i van toe 150 vong/phit trong 10 phit. Sy khudy
tron c6 thé lam dau ndi 1én trén bé mat nude va hinh
thanh 16p vang dau. LMA-BF hoic BA-BF dugc tha
vao trong hdn hop dau/nude va lic trong 60 phut &
25°C. Sau d6, mau dugc lay ra khoi binh bang sang
ludi, dé rdo trong 1 phut rdi can. Luong dau hip thu
duogc xac dinh bang cach can khéi lugng mau trude va
sau khi hép thy, va dugc tinh theo cong thuc sau:

Ql - (Mt h Mi - Mw)/Mi

Trong d6 Q, 14 lugng dau hép thu dugc tinh theo
SQ gam dau trén lgam mau, M la khc}i luong cua ch‘ét
hap thu sau khi d¢€ rdo (g), M, la khoi luong ban dau
cua chat hip thu (g) va M la luo‘ng nuée hap thy trong
mau (g) dugc xac dinh bang phuong phap chiét trong
dung mdi n-hexan.

Kha ning tai str dung ctia chat hap thy diu: mau sau
khi hap thu duoc ldy ra bang sang ludi, sau d6 duoc
dit trén phéu thuy tinh x6p va hit chan khong trong
10 phut trude khi can. Dau s& duoc hoan nguyén ma
khong gy pha hily cdu trac ctia vat lidu hip thy dau.
Chu trinh hap thu/hoan nguyén duoc lip lai 6 lan dé
danh gia kha ning tai st dung ctia chat hap thy.

Két qua va thao luan
Phéo FTIR

Két qua FTIR ciia BF, LMA-BF va BA-BF dugc
thong ké trong bang 1.

Bang 1: két qua FTIR

OH (cm-l) vC]-l (Cm‘l) vCH aliphatic (Cm'l) COO (cm 1)
BF (cellulose) 3423 2903
LMA-BF 3344 2931 2860 1728
BA-BF 3330 2924 2865 1739

Tu phé FTIR cua BF, LMA-BF va BA-BF, r0 rang
1 ngoai nhimng peak c6 mit trong BF, xuét hién thém
hai peak ¢ 2860 cm” va 1728 cm™' trong LMA-BF,
2865 cm! va 1739 cm! trong BA-BF twong tng. Diéu
nay dugc gan cho sy c6 mat cua mach béo va dao dong
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bién dang kéo ctia nhom C=0. Tir dit liéu phd FTIR,
c6 thé két luan rﬁng cac vat liéu thu dugc la copolyme
dugc chire hoa trén mach chinh xenlulozo.

Hinh thdi hoc bé mdt

Anh chup kinh hién vi dién tir quét (SEM) cua BF,
LMA-BF va BA-BF duoc thé hién & hinh 1.

{

gy D M y 200 x10008 dopm 2014 COMFANS
(2) (b)
Hinh 1: anh SEM cua BF (a), LMA-BF (b) va BA-BF (c)

C6 thé quan sat thiy bé mit BF chwa qua xir Iy nhin
do su che phu vén c6 cua sap thuc vat. Sau phan ung
tring hop ghép, copolyme ghép dugc phan bd dong
thé hon trén bé mat cua BF va vt liéu chuyén thanh
polyme mang khong gian dong thé c¢é céu triic x6p. Co
thé, didu nay mo ra cho vat liéu kha nang gitr mot sb
dung moi trong cu trac mang ludi.

D¢ trwong trong dung moi hitu co

bac tinh truong cia LMA-BF trong cac dung moi
c6 do phan cuc khac nhau tir n-hexan téi nudc & 25°C
trong khoang thoi gian 48 gio da dugce nghién curu (hinh
2). Po hap thu ting khi ting do phan cyc tir n-hexan
va gia tri cuc dai dat dugc vdi cacbon tetracloride.
Mat khac, gel bi co ngot trong nhitng dung moi phan
cuc hon. Pac biét, gel hép thu luong 16n dung moi
clo héa nhu chloroform va cacbon tetracloride. Hon
nira, LMA-BF truong vira phai trong cac dung moi ete
(dietyl ether, THF), hop chat thom (benzen, toluen) va
dung méi béo (hexane). Trong cadc dung moi phan cuc
hon nhu nudce, ancol (metanol, etanol, isopropanol),
xeton (axeton), LMA-BF gén nhu khong truong
(Q<1). bac tinh truong ctia BA-BF ciing c6 xu hudng
tuong ty nhung do truong nhé hon LMA-BF (hinh 3).
Dic tinh truong nay cia polyme hap thu dau chi yéu
phu thudc tinh twong hop ctia mach polyme véi moi
truong. S¢i ghép ankyl acrylat khong cho phép cac
phan tir c6 do phan cuc cao tham nhép vao mang ludi
polyme, trong khi cac dung méi phan cuc duoc hap
thu. Sau d6, su phu thudc cua do truong vao nhiét do
ctia polyme hap thu dau duoc khao sat.
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Hinh 2: d¢ truvong (Q) cia LMA-BF trong dung moi hitu co
o cac nhiét do khac nhau
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Methanol
Ethanol
Acetone

Diethylether

Chloroform
Benzene [
Toluene
Hexane

Hinh 3: do truong (Q) ciia BA-BF trong dung mai hivu co

o cdc nhiét do khac nhau

Két qua duoc phan loai cho thdy, trong cac dung
mdi sau ddy do truong khong thay ddi ¢ ca nhiét do cao
va thép: nudc, metanol, etanol, isopropanol, axeton,
carbon tetrachloride va n-hexan. Gid tri Q giam tdi
da 25% khdi lugng & cac dung moi sau tai nhiét do
thap (15°C): THF, diethylether, chloroform, benzene,
toluene va hexane. Dic diém thir hai dic biét dang chu
¥ 1a sy thay ddi do truong va mau sic tir trong subt t6i
md duc ¢ 15°C. Hién tugng chuyén pha nay 1a do su
két tinh ctia mach ankyl dai giita LMA va BA.

Dé hip thu diu

Nhu duoc biéu dién trén hinh 4, d6 hap thu diu cua
BA-BF d6i v6i dau thd va diu dau nanh tuong ung la
18,5 va 20,3 g/g trong khi gia tri nay & LMA-BF tuong
g 1 20,6 va 23,5 g/g. Piéu d6 co nghia 1a qué trinh
trung hop ghép rat hitu ich dé tao nén loai vt lidu co
hi¢u nang hép thu dau cao. Do hép thu dau ciia LMA-
BF cao hon BA-BF. Diéu nay chimng t6 ring LMA-BF
v6i mach ankyl dai hon ¢6 thé cai thién dang ké tinh ky
nude va ua dau. Bén canh do, co thé théy réng vat liéu
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hap thu dau thé hién kha ning hap thu cao véi dau dau
nanh, didu nay chu yéu lién quan t6i do nhét thap cua
chung. Dau c6 d6 nhot thap dé dang khuéch tan vao
trong mang ludi va bj giir lai trong cau trac mao quén.

24 —&— BA-BF gel (crude oil)
—=#— BA-BF gel (soybean oil)
29 —4— LMA-BF gel (crude oil)

—a— LMA-BF gel (soybean oil)

20

18

Q1 (9/9)

16 -

14 T T T T T T )

Cycle
Hinh 4: kha nang tai st dung cua vat liéu hép thu dau
Kha nang tdi sir dung
Kha ning tai sir dung thay d6i voi do hip thu cua
LMA-BF va BA-BF d6i véi dau tho va dau dau nanh
sau 6 chu ky hap thu/hoan nguyén dugc thé hién trén
hinh 4.

i Hinh 5: qufi trinh lam sach dau djdu nanh k%lo’i nuoc:
(a) Dau ddu nanh noi trén mdt nuoc; (b2 dau dwoc hap thy boi LMA-BF;
(¢c) LMA-BF chita dau dwoc vot ra

C6 thé thay rang kha ning hap thu diu giam nhe
trong toan bd chu ky va do hap thu dau giam khong
qué 20% sau 6 chu ky hap thu/hoan nguyén. Sy giam
d6 hap thu cht yéu do dau con du trong mang ludi cua
soi ghép. Quan trong 1a khoang hon 90% thé tich dau
hap thu c6 thé duoc thu hdi bang loc chan khong. Khi
chan khong duoc thiét 1ap trong hé thong thu hoi dau,
dau hép thy ngay lap tirc dwoc nha ra va chuyén vao
bén trong binh chira tir phéu loc. Viéc thu hdi dau tir
soi ghép théng qua luc ép co hoc manh c6 thé dan téi
suy giam kha ning hdp thy vén c6 cia chit hép thu
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mao quan do bién dang co bat thuan nghich. Két qua 1a
vat liéu hép thu chi co thé st dung voi s6 1an han ché.

Két luan

Polyme hép thu dau duoc téng hop bang phan g
trung hop ghép ankyl acrylat (LMA, BA) 1én BF co
mit chat khau mach DVB va chét khoi mao AIBN.
bac tinh truong cua vat licu dugc nghién ctru 1a mot
ham cua d6 phan cuc dung méi va nhiét do. Kha nang
hép thu dau va tai st dung cua vat liéu trong dau théo va
dau dau nanh ciing duoc danh gia. Dau héap thu co thé
dé dang thu hoi voi sy hd trg cia may vt co hoc don
gian ma khong 1am suy giam do hap thy sau mot sb
lan tai sir dung. Két qua ciing cho thiy rang trung hop
ghép 1én sgi xenlulozo 1a mot phuong phap hiéu qua
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dé ché tao mot loai vat liéu hip thy dau str dung dé loai
b6 dau tran quy mo 16n trén bé mat nude.

Tai lieu tham khao

[1] K. Rassiah and M.M.H. Megat Ahmat (2013), Australian
Journal of Basic and Applied Sciences, 1(8), 247.

[2] H.P.S. Abdul Khalil, I.U.H. Bhat, M. Jawaid, A. Zaidon, D.
Hermawan, Y.S. Hadi (2012), Materials and Design, 42, 353.

[3]S. Kalia and M.W. Sabaa (eds.) (2013), Polysaccharides based
graft copolymers, Springer-Verlag Berlin Heidelberg.

[4] H. Zhu, Chen S, C. Deng, Y. Huang, H. He, Y.X. Mu, Q. Wu,
S. Wang (2011), Advances in Biomedical Engineering, 3-5, 241.

[5] N.A. Ibrahim, W.M.Z. Wan Yunus, F.A.F. Abu-Ilaiwin,

M.Z.A. Rahman, M.B. Ahmad and K.Z.M. Dahlan (2003), Polymer
International, 52, 1119.

[6] Y. Gao, Y. Zhou, X. Zhang, P. Qu (2012), BioResources, 7(1),
135.

14



Nghién cutu c6 dinh Zr(IV) ndong do thap
trén than hoat tinh theo phuong phap thuy nhiét
trong moéi truong NH, dé hap phu asen trong nuéc

D6 Quang Trung!, Nguyén Van Noil, Pham Thi Van?, Dao Thi Phuong Thao**
'Khoa Héa hoc, Truong Pai hoc Khoa hoc Tu nhién, Pai hoc Quéc gia Ha Noi
2Khoa Héa Ly ky thuat, Hoc vién Ky thuat Quan su

Ngay nhan bai 27.10.2014, ngay chuyén phén bién 30.10.2014, ngay nhan phan bién 25.11.2014, ngay chdp nhan ding 1.12.2014

Vat liéu hap phu Zr(lV) cd dinh trén than hoat tlnh dé loai bé asen trong nudc cé dién tich bé mit
riéng 16n (766,922 m2/g), do bén cao da dudc téng hop bing phuong phap thdy nhiét trong méi
trudng NH.,. Anh hudng ctia cac diéu kién thiy nhiét nhu thai gian, nhiét dd, nong do NH,, ham lugng
Zr(lV) da duac nghién ctu. Tai trong hap phu I6n nhat cla vat liéu l1a 10,98 mg/g. Cac dac t|nh cla vat

liéu dugdc danh gia biang cac phép do phd nhiéu xa tia X, phan tich nhiét TGA, phan tich dang nhiét
hap phu - giai hap phu nito BET, phuong phap phan tich phd tan xa ning luong EDS.

Tu khéa: amoniac, asen, than hoat tinh, thdy nhiét, zirconi.

Chi sé phéan loai 1.4

INVESTIGATION OF THE
IMMOBILIZATION OF Zr(IV) AT LOW
CONCENTRATION ON ACTIVATED
CARBON BY THE HYDROTHERMAL
METHOD WITH NH, MEDIUM FOR THE
ADSORPTION OF ARSENIC IN WATER

Summary

The adsorbent Zr(IV) immobilized on activated carbon
for the removal of As(lll) in water with large surface area
and high thermal stability has been synthesized by the
hydrothermal method in NH, medium. The obtained
material has the specific surface area of 766.922 m?%g.
The effects of different factors in the hydrothermal
process such as temperature, time, the concentration
of NH,, the concentration of Zr(IV) have been studied.
The maximum adsorption capacity of the material has
been 10.98 mg/g. The characteristics of the material
have been tested by X-ray diffraction (XRD), adsorption
- desorption N, -isotherms (BET), thermogravimetric
analysis (TGA) and energy dispersive spectroscopy
(EDS).

Keywords: activated carbon,
hydrothermal, zirconium.

ammonia, arsenic,

Classification number 1.4

*Tac gid chinh: email: thaodpa@gmail.com

TAP CHI

oNG :gﬁ: it t Na 570 82015 "

M¢ dau

Trong thoi gian gan day, viéc nghién ciru
xu ly asen trong nudc 1a mot trong nhiing
van dé rat duoc quan tam. Sy cO6 mat cua
asen trong nudc la do qua trinh ty nhién,
cac phan ung hoa hoc, hoat dong sinh hoa,
su chay nhién li¢u, nui Itra, dao vang, phan
bon... va cac hoat dong cua con nguoi [1,
2]. Asen ton tai & dang As(IIl), As(V) phu
thudc vao pH va cac diéu kién oxy hoa khir.
As(I1T) doc hon As(V) vi As(III) tao lién két
don va cé ai luc cao hon véi cac nhém sunful
hydro, ¢6 phan ting véi nhiéu loai protein va
ngan can hoat tinh cta chung. As(IIl) bén
hon As(V) vi cdu hinh electron ctia nd. Asen
gay ung thu da, ph01 . Do ddc tinh ctia asen
ma To chuc Y té thé gigi (WHO), T chirc
Béo v€ moi truong cua My (US-EPA) va
Trung tim Kiém so4t 6 nhiém da dua ra mirc
dd gidi han cta asen trong nudc 1a 0,01-0,05
mg/l [3]. DBé xur Iy asen c6 rt nhiéu phuong
phap (nhu hap phu, dong két tia, cong két,
trao d6i ion va oxy héa khir) di duoc cong
bd. Trong sb cac phuong phap d6, hap phu
la phuong phép ly tuong. Cac h0’p chat
Zr(IV) c6 kha niang hip phu asen t6t nhung



dé giam gia thanh vat liéu va ting dién tich bé mat hap
phu ma khéng pha v& cu tric cua vat lidu, ching toi
d nghién ctru ¢d dinh Zr(IV) trén chat mang 13 than
hoat tinh theo phuong phép thuy nhiét trong dung dich
NH, dé xtr 1y asen trong nuéc. Nghién ctru di Iya chon
than hoat tinh 1am chit mang dé c6 dinh Zr(IV), boi
than hoat tinh c6 dién tich bé mat hdp phy 16n, lam
tang tai trong hap phu cta vat liéu, gia thanh ré, d& sir
dung va than thién v&i moi truong. Mat khac, nghién
ctru cling chon phuong phap thay nhiét dé diéu ché vat
lidu, vi phuong phap nay c6 toc do ting thé tich nhiét
16n, téc do phan ung tang nhanh, tao dugc h¢ dung
dich phan mg dong nhat, giit duoc cau tric tinh thé
cua vat liéu khong bi pha v, kha nang tai sinh vat liéu
cao [4, 5].

Thuc nghiém

Héa chit va phwong phdp nghién ciru

Cic hoa chat st dung trong thuc nghiém:
ZrOCl1,.8H,0, As,O,, dung dich H,SO, 98%, dung
dich HNO, 63%, dung dich NH, 28%, dung dich HCI]
37%, con 96°, SnCl,... tinh khiét phan tich (Merck),

than hoat tinh Tra Béc.

Ham luong Zr va cAu trac bé mat vat liéu duoc xéac
dinh bang phan tich tin xa ning luong tia X (EDS).
Dang t6n tai ctia Zr duoc xac dinh bang phan tich phd
nhidu xa tia X (XRD). Dién tich bé mat hap phu dugc
xé4c dinh bang phuong phap dang nhiét hap phy - giai
hap phu nito (BET). Tai trong hap phu cuc dai dugc
xac dinh theo mé hinh dudng déng nhiét hip phu
Langmuir.

Téng hop vit ligu than hoat tinh ¢é gin zirconi

Than hoat tinh c6 kich thudc 1-1,5 mm, trudc khi
dung dugc hoat héa bang cach: ngdm rira bang nudc
cat dun soi trong 3 h. Sau d6 dun tiép trong dung dich
HNO, 63% trong 3 h r0i ngdm trong 24 h dé lam ting
thé tich va duong kinh 18 xp cua than, ting kha ning
gin két Zr(IV). Than sau khi hoat hoa duoc rira sach vé
mdi truong pH=7 va dem say kho (ky hiéu AC).

Chuan bi cac mau nhu bang 1, rdi dem lic cac mau
trong 5 h. Sau 5 h thém vao mdi mau dung dich NH,
3M. Piéu chinh dung dich dat pH=4 dé két tiia 16n nhat
[6] va tién hanh thuy nhiét ¢ 150°C trong 10 h.
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Bang 1: chuén bi cdc mau vt liéu

M ACN, | ACN, | ACN, | ACN, | ACN, | ACN,
au
10gAC | 10gAC | 10gAC | 10gAC | 10gAC | 10gAC
Dung dich
(V) | 40ml | 80ml | 120ml | 160ml | 200ml | 240 ml
0,008M
%Zr | 0291% | 058% | 0,868% | 1,154% | 1,439% | 127%

Két qua va thao luan
Ddc tinh cua vit lieu AC-Zr(1V)
Chung t61 khao sat dac tinh cua vat liéu thuy nhiét
& 150°C, trong 10 h v6i ndng do NH, 3M va phan trim
Zr(IV) co trong vat ligu 1,439% (ky hi¢u AC-N,) dé
kiém tra céc dac trung cua vat li¢u.
Két qua chup phé tan xa nang lwong tia X (EDS):
€ ‘"‘a; ~ %‘_ y 1 h | ' hn.

............

Hinh 2: bé mdt ciia vdt liéu AC

Hinh 1: bé mdt ciia vt liéu AC-N,

Hinh 3: bé mdt cia vit liéu AC-N; sau khi hdp phu asen

Két qua chup bé mat vat liéu cho théy: trén vat liéu
AC thi bé mat vat liéu chic, nhin va dic khit, chi co
cac 10 tréng trén bé mat cua vat liéu. Con & vat liéu
AC g?in Zr(IV) thi bé mit vat liéu tao cac hat xép d(‘A)ng
déu, c6 nhiéu khe ranh va 13 trong lam ting dién tich
bé mat hap phu cta vat liéu, co cac hop chét ctua Zr(IV)
bam trén bé mat cua vat liéu. Trén anh SEM chup bé
mat vat liéu sau khi hép phu asen cho théy bé mat vat
lidu xut hién timg dam phirc chat Zr(IV) véi cac dang
ctia asen bam dinh trén bé mit cta than. Tir két qua
ndy c6 thé khang dinh, vét liéu AC-N, da hép phu asen.
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Hinh 4: két qud chup EDX phan tich thanh phan nguyén t6 cia vit liéu AC-N;

Tir hinh 4 cho théy, vét liéu c6 chtra thanh phan phan
tram vé khéi lugng cua cac nguyén tb: Zr 0,29%, C
84,04%, O 13,82%, Si 0,39% va 0,02% la cac nguyén
t6 khac. Qua két qua thu dugc, ching t6i khang dinh da
ga"ln duogc Zr(1V) trén bé mit cua vat liéu.

0.0 13 26 39 5.2 6.5 7.8 9.1 104 117 13.0

Status: Collecting CPS DT Lsec: 100.0 0 Cnts 0.000 keV Det: ApolloXLSDD Det Reso

Hinh 5: két qua chup EDX phan tich thanh phan nguyén t6
ctia vt lieu AC-N

Tir hinh 5 cho thay, khi phén tich phd thanh phan
phan trim cta nguyén t6 sau khi da hap phu asen c6
théy su xuat hién caa pic As, chirmg t6 vat ligu AC-N;
da hap phu asen.

Két qua nhiéu xa tia X (XRD):
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Hinh 6: két qua nhiéu xa tia X ciia vat liéu
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Két qua chup nhiéu xa tia X (hinh 6) khong thay
xuét hién pic dic trung cua cac dang tinh thé 710,
diéu nay chung to Zr(IV) ton tai trén vat li¢u & dang vo
dinh hinh Zr(OH) O,

Két qud phan tich nhiét TGA:
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Hinh 7: két quad phan tich nhiét cua vt liéu

Tir hinh 7 cho thdy, téc do ting nhiét 10°C/
phut, trong moi truong khong khi ¢é su giam khoi
luong cua vat liéu. O 50-150°C su giam khéi lwong
la 11,855% la do sy tach nudc trong than. O 150-
300°C, 3,236% khbi luong vat li¢u giam 1a do sy mat
nudée tao lién két v6i Zr(IV). O nhiét d6 300-500°C,
7,58% khdi lugng bi giam 1a do sy chay cua than, tir
500-650°C sy giam khdi lugng dang ké c6 thé do sy
bién d6i dang cau tric ciia Zirconi va sy chay hoan
toan cua than. Do vay, chung t6i dy doan Zr(IV) t6n
tai trén vat liéu ¢ dang v6 dinh hinh Zr(OH)XOy.

Két qua phan tich dang nhiét hap phu - gidi hdp
phu nito (BET):

1
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Hinh 8: két qua chup BET ciia vit liéu AC gin Zr(IV)

Céu truc 16 xp trung binh cua vat li¢u dugc khéng
dinh duya trén duong dang nhiét hap phu giai hip phu
N,. Cac két qua tinh toan tr duong hap phu - giai hap
phu N, cho thiy dién tich bé mat hap phu cua vat liéu
AC-N la 766,922 mz/g, thé tich 15 x6p 14 0,364 cm/g.
Dién tlch bé mat hap phu cua vat lieu AC 1a 809,069

m?/g, thé tich 15 xp 14 0,305 cm?/g, dién tich bé mat
cua ZrO, la 172 m2/g [1]. Nhu vay, vat li¢u tong hop
dugc c6 su thay doi dién tich bé mat va thé tich 18 x6p.
Trén bé mat vat liéu AC- Zr(1V), cac nhém caboxyl ctua
bé mit AC di tao lién két voi Zr(IV) tao ra vat li€u co
kha niang hap phu asen theo co ché tao phirc nhu sau:

AC
ASHOG®

&®

Ay

AsHO;;

AC

¢—o
w5
/£ r%@/} r*o/} =

Anh hwéng ciia cdc yéu to téi qud trinh diéu ché

vat liéu
Anh huéng cia lwong Zr(IV) 0,008M:

Vit ligu AC, AC-N, AC-N,, AC-N,, AC-N,, AC-
N,, AC-N, dem hap phu asen 10 ppm trong 6 h Tai
trong hap phu ctia vat liéu dugc thé hién & hinh 10.

Tai trong hap phu cua vat liéu Q(mg/g)

0,400
0,300
0,200
0,100
0,000

AC AC- | AC- | AC- | AC- | AC- | AC-

N1 | N2 | N3 | N4 | N5 | N6

'm Q(mg/g) 0,2560,3340,3410,3240,3200,3750,341

Hinh 10: tai trong hdp phu ciia vit liéu & cdc thé tich Zr(IV) khdc nhau
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Hinh 9: két qua chup BET cua vit liéu AC

Tir két qua thu dugc ¢ hinh 10 cho thdy, cac vat
lidu AC c6 gin Zr(IV) c6 kha nang hap phu asen cao
hon AC. Ham luong Zr(IV) gén trén AC ¢ cac mau la
khéac nhau nén kha nang hép phu asen cua cac vat liéu
1a khac nhau. Két qua thu dugc cho thdy vat lidu gan
1,439% Zr(IV) (theo 1y thuyét) c6 kha niang hap phu
asen tot nhat. C6 thé do v6i ham luong 1,439% Zr(IV)
vura du phan b6 déu trén bé miat ciia AC di lam ting tai
trong hap phu cua vat li¢u nén vat lieu AC-N, c6 kha
nang xtr 1y tot hon cac vat lidu khac. Néu ham luong
Zr(IV) tang thi dién tich bé mat cua vat liéu giam. Con
lwong Zr(IV) chua du thi tai trong hdp phu chua cao.

Anh hwong ciia nong do NH
Trong qué trinh tong hop vat lidu AC-N; nhu trén
Vol hém luong cua Zr(I1V) 1a 1,439%, chiing t61 thay
d6i nong do dung dich NH, 1an lugt 1a 2M, 3M, 4M,
6M, 8M; ky hiéu cdc mau lan luot1la N, N, N, N,

N.. Vit li¢u thu dugc dem hép phu asen 10 ppm. Ta1
trong hap phu asen ciia cac vat lidu duoc biéu dién

& hinh 11.
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Hinh 11: tdi trong hdp phu cua vat liéu o cac néng do NH, khdac nhau

Chung toi tién hanh thay nhiét trong moi trudng
NH, do NH, vira la mdi truong d€ hoat hda bé mat cua
vat li¢u, vira dong vai dong ket tia Zr(IV) va dung dich
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NH, phén cuc nén kha nang hoa tan cac chat nhanh
hon, lam cho dung dich phan rng nhanh tr¢ thanh mot
hé ddng nhat. Tir hinh 11 cho thdy, khi thay d6i nong
do NH thi kha nang hép phuy asen cua vat liéu thay dbi.
Vé6i ndng do NH, khéac nhau s& két tia luong Zr(IV)
khac nhau, dan den hiéu qua hap phu khac nhau. Vi
lu(_mg NH, chua du thi bé mit vat ’heu chua duoc hoat
hoéa toi da va lugng Zr(IV) chua két tia hoan toan. Voi
lugng NH, du thi c6 kha ning Zr(IV) s& két hop véi
cac phdi tu NH, tao phtrc lam glam kha nang hap phu
cua vat li¢u. Cac két qua cho thay vat liéu hap phu voi
nong do NH, 3M c¢6 kha néng hap phu asen tot nhat.

Anh huéng ciia nhiét g thiyy nhiét:

Trong qua trinh tong horp vat ligu AC-N,, chung
t6i thay d6i nhiét d6 lan luot la: 100°C, 120°C,
150°C, 180°C, 200°C; ky hiéu lan luot 1a T,T,T,
T,, T,. Vatliéu thu dugc dem hap phu asen 10 ppm.

Tal trong hap thu asen cua cac vat lidu duoc biéu
dién & hinh 12.

0,4

0,3
0,2
0,1

Tai trong hap phu

a
ctia vat liéu Q(mg/g)

0,0
T | 12 | T3 | T4 | T5

'mQ(mg/g) 0,243/0,313/0,358/0,340/0,290

Hinh 12: tai trong hzfp phu cua vt liéu o cdac nhiét dé khac nhau.

Cac hop chit Zr(IV) c¢b dinh trén than hoat tinh & cac
diéu kién nhiét do khac nhau cé thé chuyén thanh cac
dang thu hinh khac nhau. Mat khac, su tach nudc cua
dang vo dinh hinh Zr(OH) 0, dan dén hiéu qua hap phu
khéc nhau. O nhiét do thap th1 vat li€u thu duogc c6 gan
Zr(IV) ton tai chi yéu ¢ dang Zr(OH) O, o nhiét do cao
mdt phan Zr(OH),0, bi tach nudc tao dang sol gel. Tu
két qua thu dugc cho thay vat liéu thuy nhiét ¢ 150°C
cho kha nang xir 1y asen tot hon so véi cac vat lidu & cac
nhiét @6 khac.

Anh hudéng cia thoi gian thity nhiét:

Qua trinh tong hop vat liéu AC-N5, ching toi
thay doi thoi gian thuy nhiét vat lidu lan luot 1a 8 h,
10 h, 12 h, 14 h, 16 h; kyhleuvatheulaG G,, G,
G,, G,. Vatli¢u thu dugc dem hap phu asen 10 ppm.
Tal trong hép phu asen duoc biéu dién ¢ hinh 13.
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Hinh 13: tdi trong hdp phu ciia vdt liéu & cdc thoi gian thiy nhiét
khac nhau

Tur két qua thu dugc cho théy, vat li€u thuy nhiét &
150°C trong 10 h cho kha ning xir 1y asen tot nhat va
hiéu suat xir Iy cao hon so vdi cic mau khac. Trong
mot thoi gian thuy nhiét vira du xay ra sy phan bd va
phéi tron cua than va Zr(IV) theo mot ty 18 hop 1y lam
tang tai trong hap phu cua vat liéu. Hon nita, Zr(IV) ¢6
lién két vat Iy yéu nén thoi gian thuy nhiét dai s& 1am
dut gdy céac lién két cua Zr(IV) vé6i than va lam bién
d6i dang ton tai cua Zr(IV), do d6 lam hiéu qua xir ly
cua vat liéu giam.

Anh hwéng ciia nong dé asen t6i tii trong hip
phu ciia vat liéu

Nghién ctru thoi gian can bang hdp phu cua vat
lidu, chiing t6i xac dinh duoc thoi gian can bang hip
phu cua vat liéu 1a 6 h. Do d6 tién hanh khao st anh
hudng cta ndng do asen toi tai trong hip phu cua vat
liéu bﬁng vigc dem vat ligu AC-N lac trong dung dich
asen c6 ndong do ban dau tir 10-600 ppm, trong 6 h. Tai
trong hép phu cua vat li¢u duoc thé hién trén hinh 14.
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Hinh 15: dwong thing xdc dinh
hé so cua phuong trinh Langmuir

Hinh 14: dwong ding nhiét
hap phu cua vat liéu
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Ttr hinh 14 va hinh 15, tinh duoc tai trong hip phu
cuc dai cua vat li¢u theo mo hinh Langmuir.

C = Cm.ﬁ
1+5.C,

Trong do: C_: dung lugng hap phu cuc dai (mg/g);
C,C: qdung lugng hap ph,u va noéng d6 dung dich tai
thoi diém can bang; b: hé s6 cuia phuong trinh Langmuir
(dugc xéc dinh tir thuc nghiém).

Céc két qua thyc nghiém phu hop véi md hinh héap
phu dang nhiét Langmuir v6i tai trong hap phu cuc dai
cua vat ligu Q= 10,98 mg/g.

Két luan

Trong nghién ctru nay, vat liéu méi Zr(IV) ¢b dinh
trén thap hoat tinh (AC-N,) da duoc téng h(_)p2 duqc;
dung dé loai bo asen ra khoi nudc. Vat liéu diéu ché
dugc co6 dién tich bé mat 16n nhét 1a 766,922 m?/g. Tai
trong hép phu cuc dai cua vat liu Q = 10,98 mg/g.
Céc diéu kién thily nhiét anh huong t6i kha nang xu 1y
asen cua vat li¢u nhu: nhiét dg, thoi gian, néng do NH,
da dugc nghién ctru. Vat liu thu dugc c6 ham lugng
Zr(IV) 1a 1,439%, v&i nhiét d thay nhiét & 150°C,
trong }0 h, ndng do NH, 3M cho kha nang hap phu
asen tot hon so vd&i cac mau vat li€u con lai va so voi
than hoat tinh. Zr(IV) & dang v6 dinh hinh da dugc
gin 1én than hoat tinh. Trong thoi gian t6i, chung toi s&
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nghién ctru cac diéu kién thich hop dé gin dugc tinh
thé Zr0O, 1én AC.
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S’ dung kénh coastal aerosol va cirrus dé kh{ haze
cho anh Landsat 8 OLI

Pham Bach Viét!, Nguyén Duy Khang? Hoang Phi Phung*

"Truong Pai hoc Khoa hoc Xa hoi va Nhan van, Dai hoc Qudc gia TP H6 Chi Minh
2Trung tdm Vién tham va Hé thong tin Dja ly, Vién Dija ly Tai nguyén TP H6 Chi Minh
3Trung tam Ung dung Cong nghé Vé tinh mién Nam, Trung tam Vé tinh Qudc gia

Ngay nhan bai 28.1.2015, ngay glii phan bién 2.2.2015, ngay nhan phén bién 15.3.2015, ngay chap nhan ding 31.3.2015

Dii liéu anh quang hoc thudng bi anh huéng bdi hién tugng may méng va suong mu lam giam dang
ké chat lugng anh. Do dé, viéc hiéu chinh khi quyén dé lam giam anh hudng hién tugng suong mu,
may méng va béng may tré thanh mét nhu cau can thiét. Dac biét, Viéet Nam nadm & khu vuc nhiét déi
gié mua, thudng xuyén bi anh hudng cia may vao mua mua, dan dén lam giam chat lugng anh thu
nhan dugc. Bai bao nay dé nghi phuong phap ban thuc nghiém dé loai bé anh hudng cGia sucng mu
(haze) cho dii liéu da phé Landsat 8 OLI. Thuat toan nay sé st dung kénh Cirrus va kénh Coastal
Aerosol dé hiéu chinh loai bé anh hudng clia haze trong anh da dugc dinh chuin. Nghién ctu nay su
dung phuong phap héi quy da bién dé tinh toan gia tri phan xa hiéu chinh do anh huéng cla haze;
déng thoi st dung dii liéu anh khong haze so sanh véi di liéu anh sau hiéu chinh haze dé danh gia

két qua.

Td khéa: kénh Cirrus, kénh Coastal Aerosol, khii haze, Landsat 8 OLI, thuét todn.

Chi sé phéan loai 1.5

USING COASTAL AEROSOL AND CIRRUS TO DEHAZE FOR
LANDSAT 8 OLI IMAGERY

Summary

Optical image data are often affected by the phenomena
of haze and cloud which significantly reduce the quality
of images, particularly in remote sensing imagery to
identify objects on the ground. Therefore, atmospheric
correction to reduce the effects of haze, cloud and
shadow is a necessary requirement. Vietnam is located
in the tropical monsoon region where is frequently
affected by clouds during the rainy season and even
in the dry season, thereby the quality of acquired
images is reduced. This paper proposes a algorithm to
remove the effects of haze for multispectral images of
Landsat 8 OLI. This algorithm uses Coastal Aerosol and
Cirrus bands to remove the effects of haze on images.
Multivariable linear regression analysis is used to
compute reflectance values due to the effects of haze.
This study also makes comparisons of non-haze and
dehazed images to assess the proposed algorithm.

Keywords: algorithm, Cirrus band, Coastal Aerosol,
dehaze, Landsat 8 OLI.

Classification number 1.5

“Tac gid chinh: hoangphiphung@gmail.com
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Mé dau

Trong nhitng nim gan day anh vién
tham, dac biét 1a anh vién thAm quang hoc
dugc sir dung rong rai trong nhiéu tmg dung.
Céac anh vién tham quang hoc c6 chu ky
lap lai khoang vai ngay dén vai chuc ngay
thu nhan mdt anh ¢ cung mot khu vuc, tuy
nhién chat lugng cua dir li¢u anh thu nhan
lai thuong phu thudc vao cac diéu kién khi
quyén. Ning luong birc xa cia song dién
tir ma vé tinh thu nhan dwugc phai truyén
qua bau khi quyén, trong qua trinh nay
song dién tur ¢6 cac tuwong tac voi cac thanh
phan c6 trong bau khi quyén tao ra cac hiéu
u’ng khi quyen Mot trong nhiing hi¢u ung
can chii y nhat 1a viéc xuét hién suong mu
(haze) trén anh vé tinh. Haze hinh thanh
tir cac loai bui, khoi va cac phﬁn tr chat
ran khac lo hrng trong bau khi quyén VO’i
kich thugc xap xi 0,1 um hogc khi do am
trong bau khi quyen tang, c6 ngung tu hoi
nudce thi bao gom ludn ca céc giot hoi nudce
va kich thudc hat khong vuot qua 10 pm
(Michael and Klaus-Peter, 2010). Cac hat
v6i kich thudc rat nho nay gy ra hiéu ung



tan xa anh sang, trong do6 c6 tan xa Rayleigh, lam giam
do trong ciia bau khi quyén, giam do 1 trong khoang
budc song nhin thiy, ma cac budce song xanh, tim bi
anh huong cua hiéu Gmg nay rit manh, lam suy giam
chét lugng cua anh v¢ tinh (Lew, 2001; Makarau et al,
2013) va can phai dugc hiéu chinh vé& mit khi quyén
nham khoi phuc chat lwong anh (Du and Gower, 2000;
Teillet, 1997).

C6 nhiéu phuong phap va cach tiép can dé loai bo
haze ra khoi anh vé tinh. Cach don gian nhat 1a gia sir
rang haze 1a ddng nhat vé mit ciu triic trén toan khu
vuc quan sat, d§ day 1a mong, nhu vay co thé sur dung
nhitng mé hinh va k¥ thuat hi¢u chinh khi quyén da
tung tdn tai, nhu sir dung céc dir li¢u khi tuong dai dién
cho ca anh va cac hiéu chinh khi quyén dua trén anh va
gia sir diéu kién khi quyén 1a nhu nhau (Teillet, 1997;
Chavez, 1988; Kaufman and Sendra, 1988; Kaufman
etal, 1997). Cac ky thuat xtr ly cho thay day la phuong
phap tdt cho trudng hop haze mong phan bb dong nhat.
Tuy 1 nhién, trong thyc té sy phan bd vé mat khong gian
va cAu tric cta haze 1a khong dong nhét. Do do, cac ky
thuat nay khong thé ap dung dé khir haze cho anh vé
tinh bi anh huong do diéu kién khi quyén khong dong
nhat, ma phai sir dung cac cach tiép can khac va phai
phat trién nhitng k¥ thuat c6 kha ning xac dinh va hiéu
chinh duoc su phan bd khong dong déu cta haze xuit
hién trong anh (Aliaksei et al, 2014; Liang et al, 2001;
Liang et al, 2002).

Nhing k¥ thuat dé xac dinh phan bd ctia haze theo
khong gian bang cach sir dung cac kénh anh & budc song
nhin thay da dugc phat trién. Chang han cac ky thuat
dugc dwa ra cho anh Landsat nhu chuyén doi Tasselled
Cap (TC) (Richter, 1996; Crist and Cicone, 1984), mo
hinh Haze Optimized Transformation (HOT) (Zhang
et al, 2002; Moro and Halounova, 2007), trich xuat doi
tugng tdi - Dark Object Subtraction (DOS) (Aliaksei
et al, 2014) va sau nay duoc cai tién boi Chavez (1986
and 1988), st dung phuong phap Dark Channel Prior
(He et al, 2009) va sau nay duoc cai tién bang cach két
hop voi phép loc Gaussian (Sandeep, 2014). Trong do,
k¥ thuat DOS c6 thé ap dung cho céc anh c6 do phan
giai khong gian trung binh dén cao (Aliaksei et al,
2014), ngoai ra d6i v4i anh vién tham d6 phan giai cao
con sir dung Semi-physical Haze Model dé khtr haze
(Changmiao and Ping, 2014). Pdi v6i anh Landsat
8 OLI hién nay c6 thém hai kénh phd 1a cac kénh 1
(0,433-0,453 pum) hay con dugc goi la kénh xanh tim
(deep blue) hodc Coastal/Aerosol chuyén quan tric
ving nudc can ven bién va cac chat khi, bui trong bau
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khi quyén va kénh 9 (1,360-1,390 wm) chuyén thu anh
may Cirrus (Charlie, Landsat Science; USGS, 2013),
ma cac dir liéu Landsat 7 tré vé trudc khong co 2 kénh
nay. Pac bi¢t 1a dir li¢u anh vé tinh Landsat 8 dugc st
dung pho bién va 1a dir liéu mién phi hoan toan, phu
hop véi cac diéu kién nghién ciru. Diéu nay lam co s&
cho nhom nghién ctru mong muén sir dung thém thong
tin cta cac kénh pho kénh 1 va kénh 9 trong thuat toan
hiéu chinh haze. Haze trong bai bdo nay duogc xac
dinh 14 nhimng dbi tuong suwong mu che phi trén anh
nhung van c6 thé nhin xuyén thau va thdy duoc ddi
tuong dudi bé mit dit néu ting cudng chat lugng anh;
d6i véi cac loai may khdi khac (cloud) ngan anh sang
xuyén qua hoan toan thi khong ap dung cho truong
hop nghién ctru nay.

Phuong phap nghién ciu

Trong nghién clru nay quy trinh khtr haze dugc thuc
hién nhu hinh 1.

Anh Landeat § 04 b glei kaze Avh Landeat 8 QL fham kide

I I

Thac hién dinh chesin w3 chrybn v2 g tr i xa & dint kil auyln (T0A)

L
Wy
Fir dinkcic tham =i a, b, ¢ cho
il e tink i tr) plin =3
Jzh 13 dove hifn chish haws

Hinh 1: quy trinh thyc hién khir haze trong anh Landsat 8 OLI

Dir liéu sir dung

Dt li¢u anh vé tinh st dung (bang 1) cho nghién
ciru nay la anh Landsat 8 da duogc xtr Iy & muc L1T
tiéu chuén, hiéu chinh hé théng vé birc xa va hinh hoc
(Landsat 8 http://landsat.usgs.gov/landsat8.php), s6
hiéu path-row 1a 125-052, phtt mot phan khu vuc Dong
Nam B9§. Pham vi anh khao sat trong nghién ctru nay
dugc ct rala 59 km x 29 km, c6 pham vi tir 106°14°52”
- 106°47°44” Dong va 11°4°33” - 11°20°52” Bac. Anh
duoc thu thap dé xu Iy c6 haze ¢ cac muc do khac
nhau, anh duoc sir dung dé d6i chiéu khong co haze.
Co s& chon hai anh nay dua trén chu ky 1ap lai cua vé
tinh Landsat 8 1a 16 ngay, hai anh khong 1éch nhau qua
mot chu ky 1ap lai nhim han ché cac thay ddi vé didu
kién khi quyén, cac thay ddi cua cac dbi tuong tham
phit trén bé mét dan dén thay d6i cuong d6 bire xa phan
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xa to1 bo cam. Khu vuc chon dé tién hanh xir 1y 1a mot
phan cua tinh Binh Duong, ha luu hd Dau Tiéng, co
m6t doan song Sai Gon. Thyc phu khu vuc néy chu
yéu 1a cay cong nghiép 1au nim (cao su) mot phan ven
song Sai Gon 1a céc loai cay trong ngin ngay va cac
loai dat xay dung khac. Mot cach tong quat, ca khu vuc
chon nghién cuu la 6n dinh vé loai thuc phu.

Bang 1: danh sach cac ngay anh Landsat 8 OLI da sir dung

STT | Ngiy va thoi gian thu | S6hiéu | Gocazimuth | Gée d cao Ghi chd
nhin (GMT) mit troi (d9) |  mét troi
()
1 [18/112013-03:15:30 125052 | 146,954 49,762 Anh 06 haze
2 |04122013-03:15:28 [ 125052 | 145,716 52,900 Auh tham khdo

Moé hinh hiéu chinh

Nghién ciru nay str dung va diéu chinh mé hinh da
dugc Chavez phat trién (1988). Theo nghién ctru nay,
ap dung cho anh c6 d6 phan giai khong gian trung binh
t6i cao, da gia dinh rang khoang cach i tat ca cac diém
trén bé miat dat dén by cam 1a hing s, cudong do phan
xa ma bo cam thu nhan duoc cho cung mot loai tham
phii, & ciing diéu kién khi quyén 1a c¢6 gia tri nhu nhau.
Khi d6 birc xa ciia bo cam nhan dugc miéu ta nhu cong
thire sau:

Lsensor p— L + HR (1)

Trong do6 L™ la buc xa by cam nhén duoc; L, 1a
téng birc xa phan xa tir bé mat dat; HR 13 birc xa bi anh
hudng boi haze.

Cac nghién ctru cua Chavez (1988), Aliaksei va
cong su (2014) da tinh toan gia tri HR cho haze phu
thudc vao do day cua haze (Haze Thickness Map) duoc
goi 1a HTM. HTM nay dugc tinh toan bang thuét toan
tim kiém cac phan tir anh t6i (searching dark pixels).
Thuong thi thuat todn nay s€ dugc thuc hién & kénh
ma phan xa bé mit dat nho va 16n nhat cho haze, kénh
pho phtt hop 1a kénh c6 budc song xanh (blue). Do
anh Landsat 8, by cam OLI c6 thém hai kénh thu nhan
thong tin bui, hoi nudce trong bau khi quyén (kénh 1) va
mady Cirrus (kénh 9) nén c6 thé duoc st dung dé hiéu
chinh khi quyén, dac biét trong phan anh hudng cua
haze d6i voi khi quyén. Do vy, trong nghién ctru cua
chung t6i s€ xac dinh lai HR cho phu hop véi truong
hop nay. HR 1a buc xa bi anh huong cua haze, gia tri
ctia HR s& duoc xac dinh thong qua phan tich hdi quy
da bién gitta gia tri birc xa bi anh hudng cta khi quyén
v6i kénh 1 va kénh 9. Nhu vay cong thuce (1) s€ dugc
diéu chinh lai theo gia tri phan xa sau khi da dugc dinh
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chuén cua dir liéu anh Landsat 8 OLI nhu sau:
R(x,y) = Ri(x,y) + HR|(x,y) ()

Trong do Rse““"(x,y) la gia tri phan xa cua by cam
nhan dugce, R(x,y) 1a tong gia tri phan xa tir bé mat dat;
HR. (x,y) la gla tri phan xa do anh huorng haze; x, y 1a
bién sb vi tri s6 hang va cot cta timg phan tir anh trong
anh khi tinh toan.

HR

Trong phan nay sé t1nh toan gia tri phan xa (HR) do
anh huong ciia khi quyén thong qua viée st dung kénh
1 va kénh 9. Bé xac dinh gia tri buc xa do anh hudng
ctia khi quyén HR, mot cap anh Landsat 8 c¢6 ngay thu
nhan 1éch nhau mot chu ky da dugc str dung. Trong
d6, mot anh cd haze, anh con lai 1a anh sach khong
¢6 haze. Gia sir rang co thé tinh gia tri phan xa do anh
hudng khi quyén HR” qua cong thirc (3) dé tham khdo.
Thuc hién viéc Iya chon cac mau (khu vuc khao sat &
hinh 2) sao cho thoa man cac yéu ciu sau dé dam bao
tinh gia tri phan xa do khi quyén gan dung nhat, gom:
(1) Chon khu vyc ma anh sach khong bi may che dung
dé tham khao, c¢6 gié tri phan xa ¢ kénh 1 nhé hon 0,12
va nho hon 0,02 ¢ kénh 9, dudi hai ngudng nay dugc
coi nhu 1a anh sach khong bi may che; (i1) Chon nhiing
16p phii it bi thay doi theo thoi gian nhu cdy lau nam,
d6 thi. Khong lay miu ¢ nhitng khu vuc trong cdy ngin
ngay (dét trong lua, ddng rudng ngap nudc) hoic b su
thay d6i st dung dét.

R’i (Xay) = Rl(XsY)[Phﬁ haze] - R,(XaY)[khﬁng
bi phu haze] 3)

a b c 4 d '
Hinh 2: wée lweong gid tri HR trong dnh Landsat 8 OLI: a) T6 hop RGB

anh cé may ngay 18.11.2013 cua cdc kénh SWIRI, NIR, Red; b) Kénh 1
(Coastal Aerosol); c) Kénh 9 (Cirrus); d) Anh HR ¢ kénh Blue

Sau d6 tinh toan théng ké va vé& duoc biéu d tan xa
giita gia tri phan xa do khi quyén HR’, véi gia tri phan
xa trén kénh 1 va kénh 9 ctia anh co6 haze. Hinh 3 va 4
cho thay cac biéu do tan xa cua kénh 1 va kénh 9 véi
céc kénh phan xa do khi quyén HR’. Két qua phan tich
tuong quan cho thiy su tan xa & tat ca cac kénh déu
tuan theo quy lut gan nhu tuyén tinh, do vy phuong
trinh 4 dugc st dung dé tinh toan gia tri phan xa HR
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do anh huong cuia khi quyén (hinh 2). Cudi cing sir
dung phén tich hdi quy da bién dé xac dinh cac tham
s6 & phuong trinh 4 cho timg kénh véi dit liéu dau vao
la cac kénh anh HR’, kénh 1 (R,) va kénh 9 (R,). Bang
2 trinh bay két qua hoi quy da bién véi cac thong so
tuong tmg v&i timg kénh anh. Két qua phan tich cho
thdy hé s xac dinh gitra gia tri phan xa ctia khi quyén
HR’ v6i kénh 1 va kénh 9 kha 1a cao (trén 0,7). Trong
d6, gia tri thong ké p-value nho hon 0,05 & tat ca cac
tham sb cho théy d6 6n dinh cao cua cac tham sb véi
khoang tin cy trén 95%. Két qua phan tich ciing cho
thdy h¢ s6 xac dinh thap hon & cac kénh hong ngoai
gan va hong ngoai séng ngin.

HR =a +b*R,+c*R, (4)

Rt oot o B

Rt Contl sl Rt G ot ot ok

c. Blue

ot o o SR 2

a. Red b. Green

ot ot o R Mo ot R ot oo RSB

d.NIR e. SWIRT f. SWIR2

Hinh 3: biéu dé tan xa giita gid tri phan xq do khi quyén
0 cdc kénh so voi gia tri phan xa cua kénh 1

th o o s o o0

a. Red

s R ol e MR

c. Blue

O, R Bt SV 2

b. Green

RCOS R PSR

f. SWIR2

e. SWIR1
Hinh 4: biéu d6 tan xa giita gid tri phdan xa do khi quyén
0 cdc kénh so voi gia tri phan xa cua kénh 9

e.NIR
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Bdng 2: cdc thong sé xdc dinh phirong trinh héi quy & timg kénh
voi kénh 1 va kénh 9

Céctham s0 Sai s chudn clia cAc tham s6 prvalue Sai s6 %
. | chudn |
R , | phan
a | b | ¢ | a | b ¢ fal b |c ';I"; tir4nh

Blue | -0,05523 | 045094 0,85158 | 0,00022 | 0,00283
Green | -0,04027 | 0,23765 | 0,95127 | 0,00023 | 0,00290
Red | -0,02659 | 0,00054| 1,16873| 0,00028 | 0,00356
NIR | -022750 | 198999 | -0,92848 | 0,00110 | 0,01391
SWIRT | -0,10486 | 0,75139 | -0,00121 | 0,00071 | 0,00902
SWIR2 | -0,02630 | 0,05616 | 0,80897 | 0,00042 | 0,00528

0003850 0 0 109780,00388 | 141981
0003% |01 0 010977000398 | 141981
000484 | 0| 31E-142| 0| 0,967 | 0,00488 | 141981
00189010 0 010786001903 | 141981
000011 0 0 | 0044 0735001235 | 141981
000718{ 0|227E-26| 0 | 0,861 0,00723 | 141981

Hiéu chinh haze

Sau khi tinh toan dugc gia tri hi€u chinh haze HR (x,
y) tir kénh 1 va kénh 9 ciia anh gdc thi gia tri anh sau
khi hiéu chinh haze dugc tinh theo cong thirc sau:

Ri(X,Y) = Risensor(XDY) - HRi(X>Y) (5)

Trong d6 HR(x, y) la gid tri phan xa do anh huéng
cua haze, R **™(x, y) 1a gia tri phan xa ma by cam nhan
dugc va R(x, y) 1a gid tri phan xa cua bé mat dét. Gia
tri R(x, y) sau khi dugc hi¢u chinh véi haze thi nén
cong thém mat gia tri phan xa cta cac hat aerosol trong
anh sach. Boi vi anh sach ciing ton tai mot lugng cac
hat aerosol. Do d6, cac phan tir anh ndm ngoai ving c6
haze mong che phii ciia anh HR ciing ton tai mot gia tri
dai dién cho gia tri phan xa cua cac hat aerosol trong
anh sach khong c6 haze. Viéc cong thém gia tri phan
xa cua aerosol cua vung khong bi haze dugc thuc hién
theo cong thirc (6) do Aliaksei va cong su (2014) phat
trién nhu sau:

R, = R+ abs (mean(R*™[ving khong
haze]) mean(R [ving khong haze])) (6)

Trong do: R’ 1a gia tri phan xa sau khi dugc hi¢u
chinh haze cudi cing & kénh i; R, duoc tinh tir cong
thirc (4); mean(R*™[vung khong haze]) la gia tri
trung binh phan xa cua anh goc Remor ¢ kénh anh thir
i; mean(R [vung khong haze]) 1a gia tri trung binh phan
xa cua anh R, dugc tinh tir cong thac (4) ¢ kénh anh
thir i; abs 1a gia tri tuyét dbi.

Két qua va thao luan

Két qua anh Landsat 8 OLI sau khi higu chinh

haze

Anh Landsat 8 OLI thu nhan ngay 18.11.2013 ¢6 s&
hi€u anh 1a 125/052, dugc phan chia lam hai khu vuc
thudc tinh Binh Duong. Khu vuc 1 (hinh 2 va 5) duoc
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sir dung dé tinh toan cac gia tri tham sd ctia phuong
trinh hdi quy xac dinh gia tri hiéu chinh do khi quyén
anh huong nhu duoc trinh bay ¢ phan trén. Khu vuc 2
(hinh 6) la khu vuc ap dung cac cong thuc (4), (5) va
(6) dé danh gia két qua xur 1y khir haze.

Két qua hiéu chinh anh may ngay 18.11.2013 cho
khu vic 1 dugc trinh bay ¢ hinh 5. D& nhan thiy cac
anh két qua & timg kénh phd va ca anh t6 hop sau khi
hiéu chinh haze da loai bo dang ké anh huong cua
haze. So sanh tryc quan két qua sau khi hiéu chinh tdt
hon anh gdc chua hiéu chinh. Chét luong cua anh sau
khi hiéu chinh cho thdy gan vé&i anh tham khao ngay
4.12.2013.

&

o's 5 P
a. T8 hop (Red, NIR,  b. T8 hap (Red, NIR,
SWIR2) SWIR2)

c. Té hop (Red, NIR,
SWIR2)

a3. Kénh SWIR2 b3. Kénh SWIR2 c3. Kénh SWIR2

Hinh 5: anh di liéu Landsat 8 OLI ngay 18.11.2013 path/row
125/052 chua higu chinh haze (a, a1, a2, a3), anh da hiéu chinh
(b, b1, b2, b3), va anh tham khdo ngay 4.12.2013 (c, c1, c2, ¢3)

Trong khu vuc 2 (hinh 6) ¢c6 mot phan bi che phu
boi haze mong va ¢ ca bong may. Hinh 6b cho thay
phan b ciia may Cirrus trong khung anh, s& duoc sir
dung dé hiéu chinh may. Hinh 6c cho thiy két qua sau
khi hiéu chinh haze tot hon 1a truéc khi hiéu chinh,
cac khu vuc c6 haze dugc loai bo va nhitng khu vuc
bi bong may che ciing dwoc cai thién dang ké, giup dé
nhén biét cac dbi tugng hon.
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Hinh 6: anh dir liéu Landsat 8 OLI ngay 18.11.2013 path/row
125/052 da hiéu chinh haze (c), anh chua hiéu chinh haze (a),

anh may ciia kénh 9 (b), anh tham khéo (d); mdt cit ngang AB
(dwong gach gach) va mdt cdt ngang BC (dwong cham chidm)

Ddnh gid két qud khir haze véi anh tham khdéo

Viéc danh gia chét lugng cua anh sau khi dugc hi¢u
chinh haze c6 kho khan. D6 1a do dit li¢u phan xa cua
haze va dir liéu do phan xa thuc té mat dat khong thé
do dong thoi véi thoi gian thu nhan anh. Do vay, viéc
danh gia s€ chi thuc hién so sanh vdi anh tham khao
nhu céc nghién cuu trude day da thuc hién (Aliaksei
et al, 2014). Ca hai anh nay s€ dugc thu nhan vao cung
mdt khu vuce ¢b dinh va cd cung cac thong s6 vé kénh
phd thu nhan do cung bo cam. D@)ng thoi hai anh nay
s€ duoc léy vao cung mot mua kho dé dam bao cac ddi
tuong trén mat dat it bi anh huong nhidu khi quyén do
thoi tiét vao muia mua.

Két qua trich xudt gia tri phan xa theo mat cit
ngang AB va BC cua cac kénh Red, Green va Blue
dugc trinh bay ¢ hinh 7. Hinh 7 cho thay gia tri phan xa
cua kénh Red, Green va Blue cho anh c6 haze che phu
(duong chdm gach), anh dd hiéu chinh haze (duong
cham chdm) va anh tham khao ngay 4.12.2013 (duong
nét lién). Hai mat cit nay duoc thiét ké di qua ving co
haze va khong c6 haze. Trong vung it bi &nh hudng cta
may (phan bén phai cta mit cit BC), phan bd cac gia
tri phan xa theo mat cat giita anh gdc chwa hiéu chinh
haze va anh da hi€u chinh c6 cung mot hinh dang; anh
d3 hiéu chinh ciing c6 cing hinh dang v6i mat cit &
anh tham khao va gia tri 13 gin nhau. Trong ving bi
haze, mit cit AB va bén trai cua doan BC, tuong tu
nhu bén phai cia doan BC nhu da phan tich & trén, cho
thdy haze da duoc khir, nhidu khi quyén sau khi xur 1y
da giam dang ké so véi trude khi xir 1y.

25



Mt cd ngang A -B

Mt cltngang B - C

Gib wiphanxa 0- 1)

100

200
Vil A- B (phdn o inb) ViuiB-C (phdn w dnh)

a. Mat cat ngang AB, kénh Red b. Mat cat ngang BC, kénh Red
Mit et ngang A - B Mitclingang B-C

016 /\"‘./"“.\ E

4 ha

it phdn x9 (0- 1)
®
Gisuiphaaz 0- 1)

50 100 150 200 250 300 100
Vil A-B (phdn w dn)

c. Mat cat ngang AB, kénh Green

Mitedingang A - B

\va.:::mm.m
d. Mt cat ngang BC, kénh Green

Mgt cft ngang B - € ‘

Gl i phan 3 0- 1)

a0 A

G i phan 3 (0- 1)

50 250 300 10

100 150 %0 20 00
Vil A-B (phda o o) ViuiB-Cphdat don)

e. Mat cat ngang AB, kénh Blue f. Mat c&t ngang BC, kénh Blue

Hinh 7: mdt cdt ngang ciia AB va BC (hinh 6¢) cho gid tri
phan xa ciia kénh Red, Green va Blue, trong do: anh bi haze che
18.11.2013 (nét chém - gach); anh da dwoc hiéu chinh haze

(nét cham); anh tham khao 04.12.2013 (nét lién)

Két qua so sanh histogram cta anh gdc co haze,
anh da hiéu chinh haze va anh tham khao duoc trinh
bay ¢ hinh 8. Hinh 8a va 8b la khu vuc dugc cit ra
dé tinh toan histogram cua anh ngay 18.11.2013, hai
anh nay duoc to hop mau tu nhién (t6 hop RGB: kénh
Red, Green va Blue theo thi ty). Hinh 8c (két qua tinh
histogram) cho thay anh di hiéu chinh haze twong tu
nhu anh tham khao. Anh géc chua hiéu chinh, do bi
anh hudng cta haze 1am cho gia tri phan xa cac phan tir
anh 16n hon so v&i anh tham khao khong haze.

(b)

Histograms

i
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Gia tri phan xa

(c)

Hinh 8: anh Landsat 8 OLI ngdy 18.11.2013 durgc cdt dé hiéu chinh
haze: a) anh goc phii haze (16 hop mdu tw nhién), b) anh da hiéu chinh
haze (16 hop mau tw nhién), c) histogram cia anh géc bi haze
(nét cham-gach), anh dd hiéu chinh haze (nét lién) va anh tham khdo
(nét chdm) ¢ kénh Red
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Pé danh gia sy thay doi pho cho ving bi haze che
phu va vung khong bi haze che cta anh sau khi dugc
hiéu chinh, cac gia tri phan xa & hai diém tuong tng
duoc trich xuit véi cac kénh phé O trén anh cé haze,
trude va sau khi hiéu chinh, va anh tham khao. Két qua
dugc thé hién & hinh 9. Tai diém 1 ¢ vi tri nhu hinh 6¢
tuong Ung v6i ving bi haze che phu va diém 2 tuong
mg véi ving khong bi haze che. Tai diém 1 cho thay
gi4 tri phan xa cta cac kénh phd cua anh sau khi hiéu
chinh haze c6 gia tri gin bang véi anh tham khao. Tai
diém 2 ta nhan thiy gia tri phan xa ctia cac kénh phd
trén ca anh phu haze, anh hi¢u chinh haze va anh tham
khao diéu c6 gid tri gin nhu nhau. Tir két qua phan tich
cho thay phuong phap hiéu chinh haze nay c6 thé ap
dung dugc voi cac ving may mong, ma do khac biét
vé mit gia tri & cac kénh phd 1a gan voi dit liéu anh
tham khao.

. A
: AN

P

P
Y

Gié tri phan xa (0- 1)
'
'
'
'
i
Gid tri phan xa (0- 1)

o

04825 05625 0655 0865 161 22
Budc song (um)
Jinh khirhaze = = = = Anh gic phi haze +++see+++ Anh tham khdo

04825 05625 0655 0865 161 22
Budc song (um)
Anh khirhaze = = = = Anh g6c phii haze «sseeese Jinh tham khdo

Hinh 9: biéu do phé phan xa twong tmg véi diém 1
(diém o viing co haze - hinh trai) va diém 2 (diém o viing
khong co haze - hinh phai), don vi budc song la pm

Két luan

Nghién ctru cua chung to6i da thuc hién viéc hi¢u
chinh haze thong qua kénh Coastal Aerosol va Cirrus
cua dit liéu anh Landsat 8 OLI, va day cling dugc xem
nhu 1a mot phuong phap dé hiéu chinh khi quyén véi
su thay d6i mirc d6 day cta haze thong qua hai kénh
nay. Két qua cho thiy, c6 thé ap dung thuat toan trén dé
giam anh hudng cua haze va mot phin may mong, va
c6 thé d6i voi ca bong ciia may mong. Két qua nay giup
tang thém hi¢u qua su dung cua anh v¢ tinh Landsat 8
OLI trong céc nghién ctru va ung dung. Tuy nhién, han
ché cua thuat toan 1a chua thé ap dung cho cac khu vuc
may day, chi c6 thé ap dung tot cho khu vure may mong
che phu ma c6 kha nang xuyén qua.
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Béo tam, I6i giai tiém nang

N

cho bai toan bung ndé dan sé toan cau

Hoang Thi Nhu Phuong, Cao Xuan Hiéu'
Vién Di truyén thuc vat va Nghién cdu cay trong, Gatersleben, CHLB Pic

Ngay nhan bai 26.2.2015, ngay gli phan bién 2.3.2015, ngay nhan phén bién 24.3.2015, ngay chip nhan ding 1.4.2015

Viéc dan sé thé gidi ting nhanh dén trén 7 ty (uéc tinh dén 2050 la 9 ty) dat loai ngudi truGc nhiing
thach thiic méi vé luong thuc, thuc pham, nhién liéu.. VAn dé nay tham chi con khé khan hon rat
nhiéu néu tinh dén nhiing tac hai cta bién ddi khi hau toan cau dang va sé dién ra ngay mot tram
trong hon. Pat canh tac ngay cang thu hep. Viéc nang cao nhiing hiéu biét vé cay tréng, dac biét la
cay tréng thay sinh nhu béo tdm, da tré thanh nhu cau thiét yéu dé phat trién nganh néng nghiép
hién dai nhadm dai mat véi cac thach thiic nay. Bai tdng quan duéi day gidi thiéu nhiing uu diém nai
bat vé (ing dung va nghién ctu cd ban trén déi tugng béo tdm, mét “ling vién” tiém ning dé giai bai
toan bung né dan sé toan cau.

T khéa: béo tdm, nhién liéu sinh hoc, thidc dn chdn nuéi, xd ly nudc thai.

Chi sé phan loai 1.6

DUCKWEED AS AN AQUATIC
MONOCOT CROP - A POTENTIAL
FOR THE PROBLEM OF GLOBAL

POPULATION BOOM

Summary

Since the rapid global population growth
(estimated 9 billion people in 2050), mankind
faces enormous challenges of food and
fuel supplies, environment pollution, etc.
Moreover, the global climate changes make
the situation worse. In this situation, gaining
knowledge on terrestrial as well as aquatic
plants will decidedly influence the context
of agricultural technology and production,
which eventually leads to new modern
and sustainable argiculture. In this paper,
the authors have reviewed the current
advances in application and basic research
of duckweed as an aquatic crop in order to
facilitate the involvement of Viethamese
biologists in international emerging efforts.

Keywords: animal feed, biofuel, duckweed,
water treatment.

Classification number 1.6

*Tac gid chinh: cao@ipk-gatersleben.de
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Mo dau

Béo tam la cay mot 14 mam c6 kich thude nhé nhung
tdc do sinh truong nhanh nhét trong céc loai thuc vat co
hoa. Cung véi téc do ting sinh khdi cao, sinh khoi tir
béo tdm ¢ chira ham luong protein cao 1a ngudn thirc
an quan trong cho vat nuoi. Pac biét, beo tam duoc nudi
trong trén ao ho trod thanh mot thanh phan trong mé hinh
vuon - ao - chudng ma khong 1am anh huéng dén dién
tich dat trong cdy luong thyuc truyén thong. Ngoai ra,
béo tAm 1a thuc vat thuy sinh wa thich dugc str dung dé
1am sach cac ngudn nude thai. Chinh vi nhitng dic diém
khac biét so véi cac ddi twong thue vat khac ma béo tim
ngay cang nhan dugc sy quan tdm nghién ctru cua cac
nha khoa hoc ¢ nhiéu qudc gia trén thé gisi. Cac nghién
clru khong ch1 tap trung vao vi¢c giai ma by gen ma con
giai quyét rat nhiéu van dé khac nhu nghién ctru ban chét
clia qua trinh hinh thanh chdi ngu (turion), kha ning dap
g véi diéu kién bt loi va quan trong hon 14 vai tro ciia
chung trong san xuét nhién liéu sinh hoc, lam thuc phém
cho con nguoi, thirc an cho chan nudi, xtr ly nudc thai...
Tuy tiém ning Gng dung ctia béo tam 13 rat cao nhung
& Viét Nam, cac nghién ctru trén ddi twong nay con han
ché. Do do, bai viét s& cap nhat mot sb hudng nghién ctru
vé béo tAm trén thé gidi ciing nhu tiém ning nghién ctru
va ing dung ¢ Viét Nam.

Pac diém sinh hoc cda béo tam

Béo tdm 1a nhom thyc vat mot 14 mam thay sinh
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¢6 phd phan bd rat rong cung véi toe do sinh truong
nhanh, ¢6 tiém ning kinh té cao va dugc quan tdm
trong cac nghién ctru co ban. Hién nay, phan ho Beo
tam (Lemnoideae) c¢6 37 loai thudc 5 chi: Spirodela,
Landoltia, Lemna, Wolffiella va Wolffia [1].

Kich thudc bd gen cua cac loai rat khac biét, tir
khoang 150 Mbp & Spirodela polyrhiza dén 1881 Mbp
& Wolffia arrhiza (hinh 1). Béo tdm c6 cau tric co thé
v6 cung don gian gém 14, than c6 d6 phan héa thap
va ré (Spirodela, Landoltia, Lemna) hoic khong c6 ré
(Wolffiella va Wolffia) [1]. Bén canh su khac nhau vé
kich thudc hé gen, s luong bo nhidm sic thé (NST)
ctia cac loai béo tAm ciing rat thay ddi, da s6 cac loai co
bd NST 2n =40 (sé lugng NST cua cac loai dao dong
trong khoang 20-126) [2, 3].

| T

Spirodela  andoltia Llemna Wolffielln ~ Wolffia
polyrhiza punctata minor lingulata  arrhiza
(158 Mbp) (387 Mbp) (377 Mbp) (635 Mbp) (1881 Mbp)

Hinh 1: céc lodi dai dién ciia 5 chi béo tam véi kich thude hé gen
twong ung

(sita déi tir ngu&n.‘ Cao va cs, 2015)

Su phan bd dia 1y cua beo tam duge thé hién qua
két qua nghién ciru cua Landolt vao nim 1986 (hinh
2). D& dang thay rang, tir cach ddy 30 nam, cic nha
khoa hoc da phat hién ra sy c6 mit ctua béo tam & tat
ca cac chau luc, trir cac dia cuc. Pic diém do6 thé hién
kha nang thich nghi ciia béo tAm véi cac ving khi hau
khac nhau, tir ving lanh nguyén cua Siberia cho dén
rung mua nhiét d6i Amazon ma khong cé su sai khac
dang ké vé kiéu hinh [4, 5].

Béo tim phan bd trén khip thé gigi nhung phd
bién va da dang nhét 14 & cac khu vue nhiét d6i va can
nhi¢t ddi. Con & cac vung 6n doi va han déi thi chung
cha yéu phat trién manh trong cac thang hé. Béo tim
thuong xuét hién & cac khu vuc nude dong hodc cé
dong chay cham. Sy tang trudng nhanh thuong dugc
ghi nhéan ¢ cac ao hd nho, dam lﬁy vi day la nhiing
khu vuc co nguon dinh duO’ng doi dao. Pac biét 1a ¢
khu vuc c6 ca sau sinh song thi téc do tang truong
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ctia béo tim 1a cuc dai. Mot vai loai cling ton tai trong
moi truong nude nhiém man (t6i da 2,5% NaCl dbi véi
Lemna minor), tuy nhién ching khong tich Ity ion Na*
trong qua trinh sinh trudng [6].

Hinh 2: ban d6 phdn bé dia Iy ciia béo tam nim 1986
Chu thich: : khu vuc co’abéo tcfm,‘ 1, 2, 3, 5: khu vuc khong co
beo tam (1: qua kho; 2: qua am; 3: qua lanh; 5: chwa duoc khao sat)
(nguon: Landolt, 1986)

O diéu kién sinh truong toi vu (vé nhiét 6 nudc,
pH, 4anh sang, ngudn dinh dudng), béo tim c6 thé ting
gap d6i sinh khi trong vong 16-24 gid. Theo tinh toan
ly thuyét, voi tée do sinh truong nhu vy thi chi sau 50
ngay, béo tim c6 thé moc kin 1 ha nudi trong véi luong
ban dau chi 10 cm? va sau 60 ngay thi s& phu kin toan
bd dién tich 32 ha [6].

Vai tré cda béo tam trong cac nghién ciu sinh
hoc thuc vat

“Quai vat cia Darwin” (Darwinian Demon) la thuéat
ngit duoc ding dé néi dén nhig sinh vat c6 kha ning
sinh san gan nhu 1a ngay 1ap tirc sau khi dugc sinh ra,
c6 trang thai sinh ly khoe manh nhét va duoc xem nhu
la truong sinh. St dung céc phuong phap phan tich
dinh luong dé nghién ctu trén S. polyrhiza, cic nha
khoa hoc d3 chirg minh rang béo tim 1 loai thuc vat
hat kin ¢6 tdc do sinh trudng nhanh nhét so voi ty 1€ co
thé. Vi vay, beo tam duoc dung dé minh hoa cho khai
niém “Quai vat cua Darwin” [7].

Cach day 40 nam, William Hillman da c6 mét bai
binh luan rat thuyét phuc vé viéc sir dung béo tam - ddi
tuong thuc vat thudc ho Lemnaceae lam cay mo hinh



cho cac nghién ctru vé sinh hoc thuc vat. Chu ky sinh
truong nhanh, kich thudc co thé nho, cau trac don gian
va viéc dé dang danh dau phong xa trén toan bo co thé
la nhitng uu diém vuot troi cua béo tAm so véi cac dbi
tuong thuc vat khac. Vi vay, dua trén cac luan diém
cia Hillman, béo tim di duoc sur dung rat rong rai
trong nghién ctru sinh hoc thyc vat va da giap cac nha
khoa hoc khdm pha ra qua trinh sinh tong hop auxin
cling nhu con duong ddng héa sulfur tir thap nién 60
dén 80 cua thé ky XX [4].

Tuy trén thuc té, beéo tAm 1a ddi tuong dugc thuc
hién nhan dong gen dau tién nhung nhimg kho khin
trong viéc thiét 1ap cac nghién ciru vé toan bo thong tin
di truyén ciing nhu sy tuong quan khong rd rang giita
béo tim véi cac dbi twong nong nghiép truyén thong
khac la nguyén nhan chinh lam giam sy quan tam cua
céc nha nghién ctru ciing nhu cac quy tai tro khac doi
v6i loai nay. Vi thé, trong vong 30 nam tro lai day, cac
dbi tuong cdy mé hinh méi nhu Arabidopsis, ngd va
lua dugc duoc su dung rong rai trong cac nghién cuu
vé thue vat, trong khi beéo tam chi duoc dung trong mat
vai nghién ctiru v& mdi trudng [4].

Tuy nhién, trong thap ky vira qua, van dé phat trién
ndng nghiép bén viing 1a mot yéu cau cap thiét dé han
ché nhimg tac dong ciia sy bién ddi khi hau cling nhu
cung cap cic ngudn thirc dn chian nudi méi. Va mot
lan nira, béo tam lai dugc quan tam dén nhu mot dbi
tugng thue vat mé hinh vi cic diém khac biét cia né
so véi cac dbi tuong thuc vat khac. No co thé duoc su
dung dé xur Iy nudce thai, cung cap ngudn nguyén licu
m&i cho san xuét nhién li¢u va khi ddt sinh hoc véi rét
it yéu cau vé dat trong [4]. Hién nay, cac nha khoa hoc
tap trung nghién ctru vé nhimg dic tinh sinh 1y hoc
quan trong ctia béo tim dé dwa no tro lai vi tri cdy mo
hinh, vi tri ma n6 di mét di trong thoi ky phat trién
manh cua Arabidopsis [8].

C6 thé d& dang nhan thiy rang, giai doan tir 2006
dén nay dugc xem nhu thoi ky hoang kim ctia béo tim
khi s6 luong cac cong trinh khoa hoc lién quan gia ting
mot cach nhanh chong (hinh 3). Céac linh vyc nghién
ctru khac nhau vé béo tim dang dugc thuc hién gém
c¢6: nghién ciru co ban, doc t6 sinh thai hoc (xtr 1y nude
thai va kim loai nang), sinh 1y hoc, sinh héa hoc. My,
Durc va Nhit 1a 3 qudc gia ding dau vé sé lugng cac
xuét ban trong giai doan 1950-2014 [9].
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S6 lugng xuét ban vé Béo tm giai doan 1950 - 2014
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Hinh 3: biéu do thé hién sé luwong cac cong trinh khoa hoc
lién quan dén béo tam dwoc thong ké boi ISI Web of Science

(nguon: ISCDRA vol 3, part 1, 2015)
Cac huong nghién ciu Wng dung cia béo tam
Nguén nhién ligu sinh hoc

Do tdc do gia ting dan sb ciling nhu su phat trién
cta cac khu coéng nghiép 16n nén nhu cau vé ning
luong trén toan thé gidi tang rat nhanh. Dau tho va
khi ty nhién (nhién li¢u hoa thach), nguén nhién liéu
chinh hién nay voi trlt lwgng c6 han, s€ can kit trong
twong lai khong xa. Pé dap tmg cho nhu ciu nhién
lidu ngay cang ting cao thi viéc tim ra ngudn nhién
lidu moi dé thay thé 1a vo cung cap bach. Ethanol,
butanol va biogas 13 nhitng ngudn nhién liéu méi, c6
kha ning tai sinh s& dan thay thé dau tho va khi ty
nhién. Trong vong 10 ndm qua, san lugng bioethanol
d3 ting rat nhanh va dat 85,2 triéu lit trong nam 2012.
Ngudn nguyén liéu dé san xuét bioethanol rat da dang
nhu hat ngd (6 M¥), cu cai duong (6 Brazil, An D),
khoai lang, khoai mi... Tuy nhién, day khong phai la
nhimg ngudn nguyén liéu t6i wu vi ton dién tich dat
canh tac, gdy ra cac anh huong doi v6i méi truong
(hién tugng x6i mon dét) cling nhu day dang 1a nhimng
loai cay luong thuc chinh cho ngudi va gia stc [10].

Vi nhiing vu diém cua minh (thyc vat thuy sinh,
tbc do sinh truong nhanh, ¢6 thé phat trién duoc trong
moi trudng nude 6 nhidm, kha nang hip thu N, P cao,
ham lugng tinh bot nhiéu...), béo tAm 1a mot lra chon
tiém ndng lam ngudn nguyén lidu thay thé dé san xuat
nhién liéu sinh hoc. Dudi ddy 1a mot sé nghién ciru vé
kha nang tng dung ctia béo tim trong san xut nhién
liéu sinh hoc:

Su dung beo tam dé san xudt bioethanol va
biobutanol: béo tam rat dé nuoi trong, chi chira mot



luong rat nho lignin, trong khi d6 lai tich lily cac thanh
phan cao ning luong khac trong phan tinh bot d& 1én
men (chiém 40-70% tong sinh khéi) [11].

C6 nhiéu nghién ctru tap trung vao viéc gia ting
ham luong tinh bot trong béo tdm dung cho san xuat
nhién liéu sinh hoc. C6 hai qué trinh tac dong toi su
tich lily tinh bot trong sinh khdi béo tm, dé 1a qua
trinh quang hop dé hinh thanh tinh bot va sy tiéu hao
tinh bot trong cac qua trinh trao ddi chat. Vi cac ky
thuat nudi trong béo tim hién nay, ham luong tinh bot
duogc tong hop nho qua trmh quang hop 14 rat 16n, vi
thé cac nghién ctru chu yéu tap trung vao viéc han ché
cac qud trinh phan giai tinh bgt [10]. Cac nghién ctru
chinh bao gom: (1) Su thiéu hyt P, K va N 1a nguyén
nhan lam gidm qua trinh di hoa, tor d6 gia tang ham
lugng tinh bt tich Iy trong cdy. Nam 2009, Cheng va
Stomp di nghién ctru va thay rang khi cay chuyén béo
tAm tr moi truong giau dinh dudng sang moi truong
chi ¢6 nudc may thi ham lugng tinh bot tich lily trong
S. polyrhiza tang lén tir 20-45,8% sau 5 ngay [12]; (2)
Nam 2011, Cui va cdng sy da cong b6 diéu kién nhiét
d6 thap va thoi gian chiéu sang kéo dai s& gia ting sur
tich lily tinh bot & S. polyrhiza [13]. Cu thé, khi nhiét
d6 ban ngay khong thay dbi thi nhiét do thip vao ban
dém s€ kich thich sy tich Iy tinh bdt. Nguoc lai, ham
luong tinh bot khong khac biét trong diéu kién thay doi
nhi¢t d ban ngay va gitr nguyén nhiét do ban dém; (3)
Nim 1976, McLaren va Smith da nghién ctru va thay
rang: sau 6 ngay nudi cdy L. minor trong moi trudng c6
mat 10°M ABA thi trong lugng tuoi giam 60% nhung
sinh khoi kho tang 220% va tinh bot trong sinh khoi
kho ting gan 500% [14].

bac bi¢t thu vi, Su va cong sy da chira rﬁng béo tAm
12 mot co chit c6 tiém nang trong qua trinh 1én men vi
dudi tac dong cia ndm men chiing khong nhimg dugc
chuyén héa thanh ethanol ma con tao ra cac alcohol
cao nang lugng khac dé san xuét nhién liéu sinh hoc
[15].

Bén canh do, viéc thir nghiém san xuét sinh khdi
trén quy md 16n cling da dugc thyc hi¢n. Nam 2011,
Xu va cs dd xay dung hé thong nuéi va thu sinh khdi
béo tAm dau tién dé san xuit ethanol tai North Carolina,
My. Nam 2012, Farrell da nu6i béo tim trong mot dam
(pha) rong 23 ha va thdy rang trong diéu kién thiéu
dinh dudng thi ham lugng tinh bot gia tang tir >10%
1én dén trung binh 19%. Cac yéu t6 chinh can quan tim
khi nuoi tréng la: mat do beo, thoi gian thu hoach va bd
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sung dinh dudng [13].

Sit dung béo tam dé san xudt khi sinh hoc (biogas):
sir dung qué trinh 1én men ky khi cac chét thai nong
nghiép va chin nudi dé san xuat khi sinh hoc da duoc
nghién ctru tir nhiéu nam nay. Clack di thiy rang bd
sung thém beo tim trong gia thé 1én men di lam gia
tang dang ké luong khi sinh hoc tao ra (hon 44% so véi
dbi chtng) [16]. Triscari va cong su cho thiy chi can
b6 sung 0,5-2,0% béo tam thi tong lwong khi sinh hoc
va methanol gia tang rat 16n, nhung néu bd sung hon
2% thi syr gia ting khong con tiép tuc. Nghién ciru tiép
theo cia Huang va cong su ciing tiép tuc khang dinh
vai trd cua béo tim trong qué trinh 1én men tao biogas
[17]. Trong nghién ctru ctia minh, Cu di tién hanh dé
tai khao sat sy hinh thanh biogas tir cac nguén nguyén
liéu pho bién tai Viét Nam: phan gia stic, chat thai 10
mo, phé phy pham nong nghiép... Két qua nghién ctru
cho thay, S. polyrhiza cho ham lugng CH, (340 I/kg)
cao hon so voi co6 (220 I/kg) va rau muong (110,6 1/
kg) [18].

X ly nwdc thdi

Nudc 13 mot ngudn tai nguyén thién nhién c6 han,
trong khi d6 nhu ciu vé nudc phuc vu cho con nguoi
va san xuat nong nghiép ngay cang tang. Bén canh do,
viéc su dung qua muc phan bon va thube bao vé thyuc
vat trong san xudt néng nghiép di din dén tinh trang
6 nhiém ngudn nudc ngam [6]. Thuc trang thiéu hut
ngudn nudc sach sinh hoat d va dang truc tiép anh
huong dén hon 1 ty ngudi trén toan thé gidi. Viéce sir
dung mot s6 loai thuc vat thuy sinh c¢6 kha nang hép
thu va chuyén hoa cac chit trong nudc thai dugc xem
nhu 13 lidu phap sinh hoc c6 nhiéu hira hen dé giai
quyét van dé 6 nhiém nudc thai va tai st dung ngudn
nuoc nay [19].

Do ¢6 kha nang sinh truong trong moi truong nude
thiéu oxy va hip thu cac chit dinh dudng can thiét nhu
PO, va NO, nén béo tdm dugc st dung c6 hiéu qua
cho viéc xu ly nudc thai. Vi the, day 1a loai thyc vat
duogc str dung trong cac phuong phap phan tich sinh
hoc dé danh gia chat lugng nudc, dé xir 1y cac loai
nudce thai bi nhiém kim loai niing [8].

Viéc tich tu cac kim loai nang la mot van dé dang
quan tAm trong xr Iy nudc thai. T4t ca cac loai béo tim
déu c6 kha niang hap thu va tich lity trong co thé mot
ham luong rat cao cac kim loai nang nhu Cd, Cr, Pb...
Vi thé, chung c6 tiém ning to 16n trong viée sir dung
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dé xur ly céc nguén nudc thai hodc cac khu vuc bi 6
nhiém béi kim loai nang nhu cong nghé thudc da, ham
mo... dé han ché toi da sy ¢6 mat cua cac kim loai nay
trong chudi thirc an. Theo nhiéu cong bd thi béo tim co
kha nang hép thu duoc Cd, N, Cr, Zn, Sr, Co, Fe, Mn,
Cu, Pb, Al va tham chi 1a Au [6]. Kha nang hap thu Fe
cta L. minor di mé ra trién vong cho viéc str dung beo
tam dé giai quyét hién tuong nude nhiém Fe ¢ nhiing
khu vuc mo than bo hoang [20]. Bén canh do, loai nay
con ¢6 kha nang hap thu Bo [21], As [22], Cd [23], Cu
va Si [24]. L. gibba ciing 14 loai phu hop dé sir dung
trong xr Iy nude thai sinh hoat, ddng thoi ching con
c6 ham lugng protein va carbonhydrate cao, phu hop
cho san xut nhién liéu sinh hoc [25].

Zhao va cong su (2015) di so sanh tiém ning
mg dung cua 4 dong béo tAm thudc 4 chi khac nhau
dé xtr Iy nudc thai trong cac pilot thir nghiém trong
vong hon 1 nim. Két qua nghién ctru cho thay, cac
dong béo tim co6 nhitng wu diém riéng rat khac biét:
(a) Lemna japonica 0223 va Landoltia punctata 0224
sinh trudng quanh nam, trong khi S. polyrhiza 0225
va Wolffia globosa 0222 lai khong sdng sot trong diéu
kién lanh; (b) L. japonica 0223 c6 sinh khéi kho, ham
luong protein thd, amino acid tong sb va phdt pho 1a
cao nhit, kha ning tich liiy N va P tong s6 ciing rat cao;
(¢) Trong diéu kién nghéo dinh dudng thi L. punctata
0224 c¢6 ham luong tinh bot, sinh khdi kho va kha ning
tich lity tinh bot 1a cao nhat; (d) S. polyrhiza 0225 va
W. globosa 0222 ¢6 ty 1& va ham lugng flavonoid tong
s6 cao. Vi thé, dua trén két qua cua nghién ctru nay, co
thé lya chon cac dong béo tim phu hop cho muc dich
san xudt. Vi du: L. japonica 0223 1a dong c6 kha ning
xtt 1y nudc thai va san suat sinh khéi tt nhat, trong khi
L. punctata 0224 lai 1 d6i tugng thich hop dé san xuét
tinh bot [26].

Nguén thwe phim cho con nguwoi va thirc an chan
nuodi

Dan sb thé gioi ting gan gap do6i trong giai doan
1950-2000 (tir 2,7 1én 6 ty nguoi) nhung nhu cau vé
thit lai ting gap 5 lan (tir 45 triéu tan 1én 233 triéu
tan/ndm). T6 chtrc lwong thuc va nong nghiép thé gisi
(FAO) du doan ring khi dan s6 ting 1én 9 ty ngudi thi
san luong thit phai dat 410 tri¢u tAn/nam. Trong khi do6,
ngudn protein tir thit chi méi dap tng dugc 40% nhu
cau vé protein hang ngdy ctia con ngudi. Do vy, vn
dé dam bao ngudn thyc pham dép tng cho nhu cau cua
con ngudi 1a mot van dé vo cung cap bach [27].
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Nguén cung cép protein dong vat tmyén théng chinh
cho con nguoi 1a thit, c4, tring, sira va protein thuc vat
chu yéu 1a dau nanh, lta mi, khoai tay, rau xanh... Tuy
nhién, ngay nay nhiéu ngudn cung cip protein khac
cling dugc chi ¥ dén nhu con tring (dé hay mot s loai
au trung), tdo va vi tao (Spirulina, Arthrospira...), rong
bién (Ulva. Monostroma, Laminaria...), cai diu va béo
tam... [8, 27]. Trén khép thé gi6i, dic biét 1a & chau A,
nguoi dan thuong thu hoach cac thyc vat thuy sinh tu
nhién nhu rau diép bién (Pistia), béo tdy (Eichhcornia),
béo dau (Azolla) va béo tim (Lemna) dé lam thuc dn
chan nudi, phan chudng va ca thuc phiam cho con
ngudi [6, 28, 29]. Béo tam tich liy mot luong rat 16n
protein (tur 6,8-45% trong luong kho, tuy theo loai) va
gan nhu tuong dwong véi dau twong [30]. Cac nhom
hoat chét sinh hoc va tiém nang lam dugc li€u cua L.
minor cliing da dugc khao sat [31].

Vi c6 ham lugng N, P, K ciing nhu mdt s6 chat
khoang va protein cao, béo tdm dugc nudi trong dé
cung cép ngudn dinh dudng quan trong trong khiu
phan an cua lon, ca va gia cAm [6]. Cac thir nghiém
cho théy, béo tAm c6 thé duoc st dung thay thé cho
dau nanh va ca trong khau phan an cua ca ga trong,
g4 mai va ga con [32]. Ga mai str dung 40% beo tim
trong khau phan hang ngay cho trimg nhiéu hon, véi
chat lwong t6t hon. Viéc dam bao chit lwong ngudn
nude trong nudi trong béo tim cho myc dich lam thirc
an chin nuéi 12 mot yéu td vo cing quan trong. Céc
yéu t6 gy doc (Cd, Se, Ni, Pb...) can phai kiém soat
dé tranh di vao chudi thirc an va lam anh huong dén sy
phat trién cua vat nudi [27].

Tinh hinh nghién ciu khoa hoc co ban trén béo
tam

Tién héa va thong tin di truyén

Ho Ray (Araceae) gom c6 117 chi va 3790 loai
dugc xem l1a mdt trong nhitng ho thyuc vat ¢6 xua nhat
cua cay hat kin. V& mit sinh thai hoc, cac thanh vién
cua ho thuc vat nay rit da dang (tur loai thuy sinh séng
troi ndi nhu Pistia va Lemna cho dén cac loai thuc
vat biéu sinh nhiét déi). Phan ho Lemnoideae (phan
ho béo tdm) da xuat hién tir Ky Phén tring (cach day
106,3 triéu ndm). Trong s cac phan ho cua ho Ray thi
phan ho Gymnostachydoideae (chi c6 1 loai) va phan
ho Orontioideae (v&i 7 loai) ¢6 hé gen cb dai nhat va
tiép theo 1a phan ho Lemnoideae v6i 5 chi va 37 loai
[33]. Viéc sir dung thuat ngit ho béo tim (Lemnaceae)
thay cho phan ho béo tim (Lemnoideae) dang duoc
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thao luan vi mot sd nha khoa hoc cho réng nén tach
béo tAm thanh mot ho méi thay vi la mot phan ho cua
ho Ray. Tuy nhién, cudc tranh luén van chua dén hoi
két va hién nay van ton tai 2 truong phai khac nhau la
Lemnaceae va Lemnoideae [8].

Céc cong trinh nghién cuou cua Elias Landolt
(Zurich, Thuy Si) trén béo tam trong vong 50 nim qua
da giup dat mot nén tang co ban cho cac vén dé lién
quan dén béo tAm. Hai cubn sach chuyén khao vé ho
béo tim (Lemnaceae) cua Landolt 1 mot bo suu tap
nhimng hiéu biét bao gém da dang sinh hoc, di truyén
hoc, dic diém thich nghi, va ca cac nghién ctru vé sinh
1y va phét trién. C6 dén hon 3500 cong trinh nghién
ctru da trich dan hai cudn sach chuyén khao nay [8].

Béo tAm dugc biét dén nhu 1a loai c¢6 tde do sinh
truong nhanh nhit trong nhom thuc vat co hoa. Tuy
nhién diéu tha vi 1a mdi dong dia ly trong mot loai
c6 thé co téc do sinh truong khac nhau [8]. Diu nay
nhéin manh sy can thiét cua viéc tim kiém va sang loc
cac dong dia 1y thich hop cho mdi mot tmg dung cong
nghiép cua béo tim. D3 c6 nhiéu nghién ctru khoa hoc
co ban trén béo tdm duoc tién hanh nhu giai trinh tu
gen, dinh danh loai, st dung sinh hoc phan tir [34,
35]... Mot s6 diém mdc dang cha y cta nghién ctru co
ban trén béo tim dugc tom tit trong bang 1.

Bang 1: nhitng méc quan trong trong nghién ciru co ban trén béo tam

STT | Nim Tic gid Noi dung Két qui
Tong hop cic nghién ciru
A Y +, | lién quan dén da dang sinh
1 1986, 1987 | Landolt va cs g?#yen khao vé Ho Béo hoc, di truyén hoc va ddc
diém thich nghi cua beo
tam [2, 5]
) ~ |Cung cép nhing hiéu biét
2 12001 Yamamoto|Thiet 1ap h¢ thong|co ban ve thuc hién cic
va cs chuyén gen trén beo tam | thao tic di truyen doi véi
béo tam [36]
Méi quan hé phan loai Khang dinh vj tri phan loai
312008 Cabreravics |gitta béo thm va cac| CUd Do tam trf"Lg ho Ray
thanh vién ho Réy dya trén cac trinh ty ADN
¢ luc lap [37]
s . 1. | Xac dinh kich thudc h¢ gen
4 12011 Wang va cs Ke}:latc)ﬁialt)ékc:ctgntlhuac hé ctia nhieu dong dia ly & céc
& chi thugc béo tam [3]
Cung cip céc thong tin vé
g s Giai ma by gen cua S.|h¢ gen S. polyrhiza nhu la
5 |2014 Wang va cs polyrhiza loai chuan cho cdc nghién
clru beo tam [38]
Béo tdm ¢6 hinh thite o
M6 ti cic chi thi chtric cac vung hoat dong
6 2015 Cao va cs epigenetics trén nhiém Vi.:k hon% hoit; dor}g trin
sic thé cua béo thm nhiem sdc the dic bit
khong phu thugc kich
thude h¢ gen [1]
Hoan thién phuong Phuong  phép  chuyén
Canto-Pastor| ., % ;- |gen nhanh va hiéu qua
7 12015 s phap chuyén gen vao |5 ;
va cs béo thm thong qua Agrobacterium
tumefaciens [39]
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Ddp iing véi diéu kién sinh Iy bt lpi va sw hinh
thanh choi ngu (Turion)

Mot trong nhitng chién thuat ma béo tdm st dung
dé ton tai trong diéu kién khic nghiét, vi du thoi tiét
lanh ctia mua dong, la nho vao sy hinh thanh cac choi
ngi. Pay 1a cac ciu trac sinh dudng 1au ndm va c6 thé
tdn tai trong céc diéu kién sinh truong bat loi vi thé
n6 dong vai tro rat quan trong trong cach thirc sinh
ton cua béo tAm. Té bao cua chdi ngu co chira nhiéu
hat tinh bot va khong c6 khi khong, nén cac chdi ngu
chim xudng day, nim yén trong bun va chi tiép tuc
sinh truong khi gap diéu kién thuan loi. Appenroth va
nhom nghién ctru thuoc Pai hoc Jena, Buc da tim ra
cac locus di truyén sb lwong (Quantitative trait loci -
QTLs) chiu trach nhiém trong vi¢c hinh thanh turion
trén S. polyrhiza [40]. Cac nghién ctru vé anh hudng
cua cac yéu td vat 1y, hoa hoc khac nhau dén sy hinh
thanh turion da va dang duogc thuc hién [41, 42].

Béo tim con duoc st dung dé khao sat kha nang
dap tmg cua thue vat ddi véi cac diéu kién sinh 1y bat
loi. Vi du nhu (a) Anh huéng cia U va Ca 1én phan
{ing stress oxy héa trén L. minor; (b) Anh huong ciia
buc xa UV 1én L. punctata (thudong goi la Spirodela
oligorrhiza); (¢) Su dung L. minor va Gammarus pulex
(L.) dé khao sat sy van chuyén kém trong chudi thirc
an. Pic biét, do tinh chju han rit cao ma L.minuta c6
thé ton tai duoc du 1au trong 16ng cua vit troi, nho do
béo tdm co6 thé phat tan qua cac vang dia 1y [8].

Nhu cau dinh dwing

Béo tm cling can nang lugng mat troi va mot $6
chat khoang dé thuc hién qua trinh sinh tong hop nhu
cac dbi tuong thuc vat khac. Tuy nhién, néu trong
moi trudng co chira dudng hodc tinh bot thi béo tim
¢6 thé sinh truong duogc ma khong cin anh sang mit
troi (trong truong hop sir dung béo tam dé xir 1y nudce
thai cua cac co so san xuit dudng hodc tinh bot...).
Theo cong bd cua Zhang va cong su (2014) thi toc do
sinh trudng ctua L. minor 1a 0,22-0,26 ngay va khong
phu thudc vao ndng d6 N tong sb trong méi trudng
nudi cy [43]. Mot s6 yéu té chinh anh huéng dén sy
sinh truong va phat trién ciia béo tim: (a) Nhiét do
nuée: trong khoang tir 6-33°C, nhiét do tdi thich 1a
30°C; (b) pH nudc: gia tri pH nudc phu hop nhit 1a
6,5-7 nhung c6 thé ton tai dugc & pH 5-9; (¢) N6ng do
khoang: béo tdm ciing can dinh dudng va chat khoang
dé sinh truong phét trién, tuy nhién & méi truong cé
ndng do khoang va chét dinh dudng cao thi béo tim



lai sinh truong cham hon so v6i nhitng vung nude cod
ham lugng khoang thap; (d) Po sau ciia nude: & diéu
kién thoi tiét 4m thi d6 sdu ciia nudc khong anh huong
nhiéu dén sy sinh truong va phat trién cua béo tam.
Tuy nhién day lai 1a van dé 16n ¢ nhiing ving c6 khi
hau néng hodc lanh, vi nhiét do nudc sé bién dong rat
16n va khong gitr duoc ¢ khoang nhiét do tdi thich. Bén
canh do, d6 sau ctua nudc con anh huong dén ca viéc
thu hoach. Trén thuc té, do siu cua vung nudc nuodi
trong béo tam can phai dugc tinh toan ki ludng hon so
v6i yéu td ham lugng dinh dudng, pH nudc, dong thoi
viéc thu hoach c6 thé duge diéu chinh tuy thudc vao
tdc do sinh truong, su thay ddi khi hau va dong dinh
dudng trong hé thdng [6].

Tinh hinh nghién ctu béo tam ¢ Viét Nam

La mot nude nhiét doi, Viét Nam thich hop cho céac
hoat dong nghién ctru va nudi trong béo tim. C6 3 loai
béo tAm thudc 3 chi khac nhau d3 duge tim théy & Viét
Nam d6 la: Lemna aequinoctialli, S. polyrhiza, Wolffia
globosa va chiing phan b nhiéu ¢ hai déng bang Bic
Bd va Nam B¢ [44]. Trong bd Iuu trit béo tam quéc
té RDSC (tai Pai hoc Rutger, Hoa Ky; http://www.
ruduckweed.org/database.html), hién c6 18 dong beo
tam dén tir Viét Nam thudc cac loai S. polyrhiza, L.
punctata, L. aequinoctialis va Lemna tenera. Mot sb
dong béo tam cua Viét Nam di duoc khao sat trong
céc cong trinh ciia cac nhoém nghién ciru dén tir Trung
Quéc, Nhat Ban, An Do, CHLB Dic.

Viéc nuoi trf"mg béo tAm ¢ Viét Nam thuong duoc
thuc hién & quy mo gia dinh. Phan cua vt nudi dugc
thu nhan trong mot cai bé nho, sau d6 luong nude chay
ra tir bé nay dugc dua vao trong 1 bé 16n hon, tai bé
nay nguoi dan nuoi 1 16p mong béo tdm & trén mat.
Béo duoc thu hoach hang ngay va tron véi phé phu
pham ndng nghiép dé 1am thirc an cho vit [6].

Viéc sir dung béo tim lam dbi tugng nghién ctru tai
Viét Nam con chua thu duge nhiéu sy quan tam. Pa
phan cic nghién ciru tap trung vao nhimg tng dung
béo tim trong san xudt nong nghiép. Vi du, khi sir
dung beo tam trong khau phé”m an cua vit thit va vit
sinh san thi muc tang trong cua vit thit, ty 1¢ dé va ty 1€
trimg c6 phoi cia vit sinh san déu tuong dwong véi vit
duoc bo sung bot dau nanh va bot ca [45].

Nghién ctru sinh hoc phan tir trén béo tam & Viét
Nam phai ké dén cac nghién ctru thudc deé tai “Nghién
clru tao giong béo tam mang gen khang nguyén HSN1
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phong chéng bénh ctiim & gia cam” cia PGS.TS Lé Huy
Ham (Vién Di truyén ndng nghiép). Cac yéu to dicu
khién biéu hién gen ubiquitin tir hai loai béo tim L.
aequinoctialis DB1 va S. polyrhiza DB2 da dugc phan
lap [44]. Vii Van Tién va cong su di xdy dung thanh
cong quy trinh nudi cay callus cia L.aequinoctialis,
ddng thoi khao sat kha ning sir dung Agrobacterium
dé thyc hién chuyén gen vao dbi tuong nay [46]. Mot
s6 két qua c6 tiém ning tng dung dé san xuét vaccine
phong ciim tir béo tim ciing da dugc cong b [47].

Két luan

Vi nhitng dac diém sinh hoc thu vi va tiém nang
mg dung rong rii, béo tim ngay cang dugc cac nha
khoa hoc & nhiéu quéc gia trén thé gidi quan tdm
nghién ctru. Uu diém 16n nhét cta béo tAm 1a tdc d6 san
xuét sinh khdi nhanh va khong anh huéng dén nguon
dat nong nghiép cua cac cdy luong thyc truyén thong.
Nhing nghién ctru co ban vé mit sinh 1y, di truyén va
té bao cho théy vai tro quan trong cua viéc thu thap,
khao sat va sang loc cac dong béo tim & cac ving dia
ly, khi hau khac nhau. Viét Nam c6 nhiéu loi thé vé
mat khi hau, dia hinh ao hd cling nhu kinh nghi¢m nuoi
trong, tmg dung béo tim dé thiic day béo tim trd thanh
cdy luong thuc thity sinh quan trong trong nén kinh té
nong nghiép hién dai. Cac khao sat vé tiém niang da
dang sinh hoc béo tdm & Viét Nam can dugc uu tién
tién hanh dong thoi voi viée t6 chirc phén loai, luu trix
va dang ky quéc té cac dong beo dia Iy nay. Day sé 1a
nén tang co ban cho nghién ciru va tmg dung ciia béo
tam & Viét Nam ciing nhu thé giéi.

Loi cam on

Cac tac gia chan thanh cam on PGS.TS Nong Van
Hdi, TS Lé Thi Thu Hién (Vién Nghién ciru hé gen) va
TS Tran Thi Phwong Lién (Vién Céng nghé sinh hoc)
da tham gia gop y ban thao.
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Lap rap va chu giai hé gen vi tao bién di duéng
Schizochytrium mangrovei PQ6 cua Viét Nam

Nguyén Van Lam, Pham Quang Huy, Nguyén Quéc Dai, Hoang Minh Hién, Dang Diém Hong, Lé Van Son,
Chu Hoang Ha, Truong Nam Hai, Nguyén Cuong”
Vién Cong nghé sinh hoc, Vién Han 1am KH&CN Viét Nam

Ngay nhan bai 13.3.2015, ngay chuyén phan bién 18.3.2015, ngay nhan phan bién 20.4.2015, ngay chdp nhan dang 24.4.2015

Vi tao bién di dudng Schizochytrium mangrovei PQ6 la loai/chiing dic hiiu cia Viét Nam dudc phan
lap tai huyén dao Phu Qudc, tinh Kién Giang. Loai vi to nay c6 tiém ning ing dung rat 16n dé
téng hop axit béo khong bao hoa da ndi doi (Polyunsaturated Fatty Acids-PUFAs), dic biét 1a axit
docosahexaenoic (DHA; C226 n-3). Nham muc dich xay dung va chu giai hé gen, ti dé tim ra nhiing
con dudng trao déi chat c6 lién quan dén qua trinh tdng hgp axit béo va DHA, dé tai da tién hanh
giai trinh tu, 13p rap de novo va chu giai hé gen loai vi tAo Schizochytrium mangrovei PQ6. SU dung
thiét bi doc trinh tu thé hé méi lllumina Miseq dé giai trinh ty ADN hé gen cUa loai vi tdo bién nay thu
dudc 54200442 doan trinh tu ngan (reads). Trinh ty thé dugc tién x( ly réi dem lap rap de novo va thu
dugc hé gen c6 kich thuéc khodng 59,26 Mb vGi 2601 doan trinh ty dai contigs vGi N50 l1a 59034 bp.
Sau khi dy doan gen, da thu dugc 4128 md hinh gen, trong dé6 c6 3970 gen c6 su tuong dong trén
co sé dii lieu NR (non-reduntdant) va 2383 gen dudgc chu gidi chiic nang trén cd sé dii liéu GO (Gene
Othology). Trong s& 16 gen lién quan dén qua trinh téng hop axit béo tim dudc, da phat hién cé 4 gen
lién quan dén qua trinh sinh tdng hgp PUFAs. Cac két qua thu dudc néu trén méi chi 1a nhiing théng
tin ban dau vé hé gen S. mangrovei PQ6 nhung c6 y nghia quan trong cho cac nghién ctu tiép theo,
dac biét lién quan dén qua trinh tdng hop PUFAs va DHA.

T khéa: DHA, gidi trinh tu thé hé mdi, lap rap de novo, PUFAs, Schizochytrium mangrovei PQ6, vi
tdo bién dj duéng.

Chi s6 phéan loai 1.6

Pat van de sinh khdi Schizochytrium con duge Gmg dung trong

Schizochytrium mangrovei PQ6 duge phan lap & san xuat thuc pham va thyc pham chtrc ndng cho con

huyén ddo Phi Quéc, tinh Kién Giang nam 2006-2008 1801 va dong vat nuoi. Nhiu nghién ctru da chi ra
[1]. Pay 1a ching vi tao di dudng dac hitu cta Viét rang, bo sung ham lugng DHA duogc chiét xuat tur tado
Nam thudc chi Schizochytrium, 1la mot trong nhiing vao trong thyc pham nhu trung, thit ga, slra s¢ gilp
ngudn san xuét DHA tiém ning [2], v6i ham lugng lam giam nguy co mac mot sé bénh lién quan dén tim
lipit tdng s6 c6 thé dat dén 70% so véi sinh khéi kho ‘lnl"?‘Ch 13 ngudi khi S\‘/‘_fm;g Ca‘éfh‘-f,c p}{amgneu}tlr,‘fn [10,
t& bao [3]. Sinh khéi Schizochytrium dugc si dung véi 111~ Hien nay, o Vigt Nam da c6 mot s6 nghién ciu
nhidu muc dich khac nhau nhu: bé sung vao thirc an vé dac diém sinh hoc, sinh }}oa; ,tach chiét cac axit béo
giup tang ham lugng DHA ¢ tom va luan | trung [4, 5]; PUFAs; biodiessel va mot so chat co hoat tinh sinh hoc
thay thé dau ca glup tang kha nang mién dich, chat tir sinh khoi chung PQ6 duoc cong b6 [12-15].

luong thuong pham va trong luong cua ca hdi [6-8]. Ngay nay, voi cong nghé giai trinh ty méi (Next
Ngoai ra, sinh khdi cia loai tao nay ciing con dugec generation sequencing - NGS) dugc phat trién manh
st dung nhu 12 mot chét kich thich sinh san nhan tao mé, cho phép doc trinh tu toan bo hé gen véi do bao
cho hai sam nhiét d6i Holothuria scabra [9]. Hon nira, phu rat cao, giup tiét kiém dang ké chi phi va thoi gian

* Tac gid chinh: Tel: 0916110333, Email: cuongnguyen@ibt.ac.vn
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GENOME ASSEMBLY
AND ANNOTATION OF THE
HETEROTROPHIC MICROALGA
SCHIZOCHYTRIUM MANGROVEI
PQ6 IN VIET NAM

Summary

Heterotrophic marine microalga
Schizochytrium mangrovei PQ6 is an endemic
strain of Vietham which is isolated in Phu Quoc
island, Kien Giang Province, Viet Nam. This
species has a great potential of applications
to synthesise polyunsaturated fatty acids
(PUFASs), especially docosahexaenoic
acid (DHA; C226 n-3). This study aims at
constructing and annotating the genome,
and then finding unsaturated fatty acid
biosynthesis pathways. The whole DNA of
S. mangrovei PQ6 has been sequenced by
lllumina Miseq® to obtain 54200442 reads.
After preprocessing and de novo assembly,
the authors have obtained a draft genome of S.
mangrovei PQ6 containing 2601 contigs with
the length arranging from 501 bp to 320542
bp (~59.26 Mb), and with N50 as 59034 bp
and the GC content of 45.19%. Applying gene
prediction methods, the authors have been
able to identify 4128 gene models. The results
have shown that 3970 genes and 2383 genes
have been functionally annotated on NCBI-
NR database and Gene Ontology database
respectively. Moreover, the authors have also
found 16 PUFA-related genes. These results is
only the initial information about S. mangrovei
PQ6 genome, but they are really improtant
for future studies, especially for the studies
relating to PUFA and DHA systhesis.

Keywords: de novo assembly, DHA,
heterotrophic marine microalga,
next generation sequencing, PUFAs,

Schizochytrium mangrovei PQ6.
Classification number 1.6
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s0 voi cong ngh¢ giai trinh ty Sanger trude day. Chinh
dic diém quan trong nay di giup cho NGS tro thanh
mot cong cu khong thé thiéu trong cac nghién ctru vé
toan bg hé gen, hay phan tich h¢ gen phién ma cua mot
sinh vat nao do. Vi vay, chung t6i da tién hanh nghién
ctru ing dung cong nghé giai trinh ty thé hé moi dé
giai trinh tuy, 1ap rap va chii giai hé gen cua chiing vi tao
bién S. mangrovei PQ6 nham 1am sang té con dudng
sinh téng hop axit béo, dac biét la nhiing con duong
sinh tong hgp PUFAs ctia ching vi tao déc hitu nay.
D# liéu va phuwong phap nghién ciu

Dit liéu nghién ciru

Chung vi tiao bién di dudng Schizochytrium
mangrovei PQ6 dugc phéan lap tai dao Phu Qudc, tinh
Kién Giang (2006-2008), dugc luu gitr trong bd suu
tap gidng cua Phong Cong nghé tao, Vién Cong nghé
sinh hoc. Chung t6i sir dung dich vu doc trinh tu béng
may Ilumina Miseq® ctia Cong ty c¢b phan Vit tu khoa
hoc Biomedic (M¥).

Phuwong phap nghién ciru

Quy trinh nghién ctru dugc thuc hién theo cac budce
sau: danh gia va tién xu 1y dit liéu; 1ap rap de novo; du
doan va ch giai chuc nang gen.

Pdnh gid va tién xir Iy dir liéu: dit liu trinh ty thu
dugc tir thiét bi doc trinh ty thé hé méi dugc danh gia
va tién xtr Iy bang cach sang loc cac trinh tu ¢6 do dai
ngan (nho hon 101 bp), chat lwong thap (QC < 30) véi
phan mém FastQC' va Trimmomatic [16].

Ldp rdp de novo va danh gia chat lwong ldp rdp:
cac trinh ty di duoc xur 1y duoc dua vao lap rap de
novo dé thu dugc cac doan trinh tu dai lién tuc goi la
contigs bang cac phan mém Velvet [17] va Edena [18],
v6i cac tham sé di duogc tdi wu. Chat luong lap rap
dugc danh gia dua trén cac thong sb nhu: kich thude
hé gen, N50 va hiéu suat lip rap bang phan mém Quast
[19] va Bowtie2 [20]. Cac két qua lap rap duoc hop
nhat lai v6i nhau theo nguyén tic giit lai cac contigs c6
d6 twong dong cao bang phin mém MIX [21].

Du doan va chu giai chirc nang gen: tap cac contigs
thu duoc tir qua trinh 13p rap s& duoc dua vao dy doan
gen dua trén hai phuong phéap: c6 can ctr (evidence
based) va ab-initio. Pbi v6i phuong phap evidence
based, dir li¢u trinh ty protein cua cac loai tuong tu
(bang 1) dugc sir dung trong qué trinh du doan mo

'http://www.bioinformatics.babraham.ac.uk/projects/fastqc/



hinh gen. Cac phan mém duoc sir dung 14 Exonerate
[22] va Blast [23]. Trong khi d6, phuong phéap ab-
initio st dung cidc mo hinh gen dd biét cua cac loai
dé dy doan mo hinh gen cua vi tao bién di dudng
Schizochytrium mangrovei PQ6. Cac phan mém duoc
su dung 1a Augustus [24] va SNAP [25]. Cac tap mo
hinh gen dugc dy doan s& dugc hop nhit bang phan
mém Maker [26].

Bang 1: théng tin vé cdc loai da dugc sir dung trong qud trinh
duw doan gen

Loai S6 lwong t.rinh tw Neubn
proteins

Chlamydomonas reinhardtii 16709 IGI*
Aureococcus anophagefferens 11501 IGI*
Ectocarpus siliculosus 16753 NCBI®
Hyaloperonospora arabidopsidis 14321 VBI®
Phaeodactylum tricornutum 10025 IGI
Phytophthora infestans 18140 BROAD!
Phytophthora ramorum 15743 IGI*
Phytophthora sojae 26584 IGI*
Pythium ultimum 15322 MSU®
Thalassiosira pseudonana 11390 IGI*

a) http://'www.jgi.doe.gov; b)http://www.ncbi.nlm.nih.gov/;
¢) http://vmd.vbi.vt.edu/; d) http://www.broadinstitute.org/;
e) http://pythium.plantbiology.msu.edu/

Tap gen sau khi hop nhét duoc chi giai bang cach
so sanh 1én co s¢ dir licu NR (non-redundant) trén
NCBI (National center for biotechnology information)
bang phan mém Blast [23] véi evalue 1a 10°. Nhiing
gen co sy twong dong trén NR tiép tuc dugc chu giai
churc nang trén co s¢ dir liéu Gene Ontology [27] va
tim ra cac con duong sinh tong hop axit béo trén co
so dir licu KEGG [28] (Kyoto encyclopedia of genes
and genomes) bang viéc str dung phan mém Blast2GO
[29].

Két qua va thao luan

Ddnh gid va tién xir Iy div liéu

Str dung thiét bi doc trinh ty thé hé mai, ching toi
da thu duoc tong sb trinh tu tho 1a 54200442. Sau qua
trinh tién xur 1y, thu duge 51767972 (chiém 95,5%)
trinh tu c6 chét luong tot (QC > 30) ¢6 do dai 1a 101
bp (bang 2).
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Bdng 2: bang tong hop chat lwong dir liéu triede va sau khi tinh sach

S6 doan trinh tw | Dé dai (bp) %GC
Dit lidu tho 54200442 30-101 43
. 51767972
Sau tinh sach 101 43
(95,5%)

Ldp rdp de novo va ddnh gid chét lwong lip rdp

Khi st dung hai phan mém Velvet va Edena, hai tap
contigs dugc 1ap rap de novo c6 cac chi s6 kha tuong
ddng nhau nhu sau: kich thuéc hé gen lan lugt 1a 60,1
Mb va 60,9 Mb; N50 14 47528 bp va 35414 bp va hau
hét cac doan trinh ty déu duoc sir dung trong qua trinh
lap rap v6i hiéu suét tuong ting 14 97,48% va 99,25%
(bang 3).

Bang 3: két qua ldp rdp de novo hé gen chiing PO6

Cic chi sb Velvet Edena MIX
Kich thudc hé gen (mb) 60,1 60,9 59,29
S6 lwong contigs 7710 7181 2601
Contigs 16n nhét (bp) 193575 | 189386 | 320452
Contigs ngén nhét (bp) 121 151 501
S6 lwong contigs > 100 kb 67 28 101
S6 luong contigs > 20 kb 980 1050 912
S6 lwong contigs > 1 kb 2524 3399 2110
N50 47528 | 35,14 59034
Ty 16 G+ C (%) 45,19 45,10 45,19
Ty 1€ trinh ty anh xa ngugc lai (%) 97,48 99,25 99,00

Sau khi hop nhat cac két qua nghién ctru thu duoc
v6i hai phan mém néu trén, ching t6i thu duoc tap
contigs gdm 2601 contigs c6 do dai tir 501 bp dén
320452 bp; kich thude h¢ gen la 59,26 Mb; N50 la
59034 bp va hiéu suat lip rap 1a 99% (bang 3). Biéu
dién d6 dai contigs va mirc dd bao phu tuong ting véi
ting cotigs duoc thé hién o hinh 1. Két qua trén hinh
1 cho thay, hau hét cac contigs déu c6 do bao phu
(coverage) tir 80x trd 1én. Piéu nay ching to hé gen co
chat luong lip rap tét, d6 tin cay cao va du diéu kién
dé thue hién budc tiép theo - bude du doan va cha giai
churc nang gen.
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Hinh 1: biéu do biéu dién dg dai contigs va mirc dé bao phii

tuwong tng voi tung contigs
Két quad dw dodn va chu gidai chirc nang gen

Két qua du doan gen di thu duoc 4128 gen, trong
d6 c6 3970 gen twong dong véi it nhat mot trinh ty trén
co so dir liéu NR, muc do twong déng tir 40-100%.
Chung t6i tiép tuc so sanh 3970 gen néu trén voi co s&
dir liéu Gene Ontology [27] bang phan mém Blast2GO
[29]. Két qua thu dugc cho thdy, co 2383 gen dugc
chu giai trén Gene Ontology [27] (hinh 2). Ngoai ra,
khi so sanh voi co s¢ dir licu KEGG [28], ching toi
da phat hién c6 16 gen ma hoéa cho 12 enzyme tham
gia vao 20 giai doan khac nhau cta qua trinh sinh tong
hop axit béo, trong d6 c6 4 gen ma hoa cho 4 enzym
(ec:4.2.1.17; ec:1.1.1.100; ec:1.3.1.38; ec:2.3.1.16)
lién quan tryc tiép dén qua trinh sinh tong hop PUFAs.

Két luan

Tir cac két qua nghién ciru duoc trinh bay & trén,
chung t6i 1t ra mot s6 két luan nhu sau:

Dé tai dd 1ap rap thanh cong hé gen cua loai vi tio
bién di dudng Schizochytrium mangrovei PQ6 véi kich
thude hé gen khoang 59,26 Mb. Dy doan dugc 4128
gen, trong do c6 3970 da dugc chu giai trén co s dir
liéu NR cua NCBI va c6 2383 gen trong 3970 gen co
lién quan dén it nhat mot thuat ngir GO trén trén co s&
dir liéu Gene Ontology [27]. Pac biét hon, khi so sanh
véi co s¢ dir licu KEGG [28], ching t6i da phat hién
ra 16 gen c6 lién quan dén qua trinh sinh tong hop axit
béo, trong d6 c6 4 gen lién quan truc tiép dén qua trinh
sinh tong hop axit béo khong bio hoa (PUFAs). Pay
moi chi 1a nhitng két qua ban dau giup chung ta co cai
nhin tong quan vé hé gen cua loai vi tao Schizochytrium
mangrovei PQ6, cung cap nhiing co s& khoa hoc cho
cac nghién ctru sau hon vé hé gen ctia loai tao nay ciing
nhu nhitng théng tin di truyén c6 lién quan dén cac con
dudng sinh téng hop axit béo.
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Xay dung déi chiing chuan cho ky thuat
MS-PCR xac dinh methyl héa promoter BRCA1
& mau bénh pham ung thu vu

Vii Duy Diéu, Doan Thi Hong Van, Ta Bich Thuan, V6 Thi Thuong Lan’
Truong Pai hoc Khoa hoc Tu nhién, Pai hoc Quéc gia Ha Noi

Ngay nhan bai 3.2.2015, ngay chuyén phan bién 9.2.3015, ngay nhan phan bién 4.3.2015; ngay chip nhan ding 10.3.2015

Trong nghién ctiu nay, cac tac gia st dung plasmid tai t6 hgp va ADN cuia dong té bao ung thu PC3
(c6 1 ban sao clia gen BRCA1 bi methyl héa) dé xay dung ddi chling chudn cho ky thuat MS-PCR
(methylation-specific polymerase chain reaction), ky thuat phat hién su methyl héa cytosine. Két
qua cho thay, dd nhay phat hién cao nhat véi plasmid dang thang dat 6 ban copy BRCA1 bi methyl
h6a/10000 ban copy BRCA1 khéng bi methyl héa, trong khi dd nhay phat hién véi plasmid dang vong
va siéu xoan dat 126 copy BRCA1 bi methyl h6a/10000 ban copy BRCA1 khdng bi methyl héa. Khi st
dung ADN tach chiét ti dong té bao PC3, ky thuat MS-PCR cho phép phat hién 2 ban sao BRCA1 bi
methyl héa. Két qua thu dugc hoan toan phu hgp véi cac nghién ctiu truéc dé khi st dung plasmid
& dang thang dam bao do nhay cao hon so véi plasmid 6 dang siéu xoan. Plasmid tai t6 hdp dang
thang dudc chon lam ddi chiing chudn trong bd sinh pham phat hién BRCA1 bi methyl héa & cac
mau bénh pham ung thu va.

T khéa: gen BRCA1 (breast cancer 1, early onset), khuéch dai diac hiéu methyl MS-PCR (methylation-

specific polymerase chain reaction), methyl héa ADN, su bién déi di truyén ngoai gen, ung thu vd.

Chi s6 phan loai 1.6

Pat van de

Methyl hoa ADN 1a mét dang thong tin di truyén
ngoai gen (epigenetics). O dong vat c6 va, methyl hoa
xay ra chi yéu & cytosine ding trong phirc CpG; perc
nay tap trung ¢ vung promoter cua cac gen [1]. Nhiéu
két qua nghién ctru cho thay hién twong methyl hoa bat
thuong 1a nhing bién d6i dau tién & mic d6 phan tir
dan d&n hinh thanh va phat trién ung thu [2]. Do do,
muc do methyl héa & nhfrng gen lién quan dén ung
thu, dic biét & cac gen we ché khoiu (tumor suppressor
genes) dugc xem 1a chi thi phan tir hd trg chan doan
som va tién lugng tai phat cuia cac bénh ung thu, trong
d6 c6 ung thu va [3]. Pap tmg yéu cu nay, nhiéu k¥
thuat phan tich methyl hoa ADN da dugc phat trién,
trong d6 ky thuat khuéch dai dic hiéu methyl MS-PCR
duogc ap dung rat phd bién [4].

Ung thu va 13 loai ung thu phd bién thuo‘ng gap
¢ phu nit, c6 ty 1¢ phat trién nhanh tai cac qubc gia
dang phat trlen trong dé c6 Vigt Nam. Hang nam,
& chau A, s6 ca mac ung thu va ting 3%, trong khi
¢ cac chau luc khac 1a 0,5% [5]. Trong ung thu vu,

*Tac gid chinh: email: vothithuonglan@hus.edu.vn
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methyl hoa promoter gen BRCA! dugc quan tam dac
biét [6]. Tac gia Xu & cs. (2009) xac dinh dugc 59%
khéi u co promoter BRCAI bi methyl hoa ¢ 851 bénh
nhan chan doan bi ung thu va [7]. Cac tic gia nhan
thdy, mtc d6 methyl héa promotor BRCAI ting cao
O giai doan ung thu xam l4n va c6 mbi lién hé chat
ché voi cac truong hop tir vong (p < 0,04). Nghién
ctru ciia Mirza & cs. (2007) cho thay, 23/50 bénh nhan
ung thu vii xdm 14n c6 promoter BRCA bi methyl hoa
qua muc [8]. Sharma & cs. (2014) trong nghién ctru
ciia minh di cho thdy, methyl hoa promoter BRCAI
c6 y nghia trong tién luong bénh ung thu vu (101 voi
nhitng bénh nhan ma ca 3 déu chuan héa mo mién dich
ER, PR va HER2 déu am tinh [9]. C4c bénh nhan c6
BRCAI bi methyl hoa déu dap tng t6t voi héa tri liéu
sau phiu thuat [10] hodc véi mot sb hoa chét dic hiéu
[11]. Nhu vy, dau chuan methyl héa BRCAI gitip bac
sy chi dinh thudc diéu tri dich cho bénh nhan ung thu
vu. Thuc vay, voi ung thu va, methyl héa promoter
BRCAI 1a chi thi st dung thude diéu tri dich tc ché
Poly (Adenosine Diphosphate) - Ribose Polymerase
[12].
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ESTABLTSHING THE
STANDARD CONTROL OF MS-
PCR (METHYLATION - SPECIFIC
PCR) REACTION TO DETERMINE
METHYLATION OF BRCA1 GENE
PROMOTER IN BREAST CANCER
SAMPLES

Summary

In this study, genomic DNA from the PC3 cancer
cellline and the recombinant plasmid containing
the methylated BRCA1 sequence have been
isolated from transformants. The linear plasmid
DNA and bisulfite treated PC3 DNA which
carry the methylated BRCA1 sequences have
been used as templates for PCR with the MS-
PCR primers. The results have shown that
the MS-PCR has been capable of detecting 6
copies of the methylated BRCA1 sequence per
10000 copies of the non-methylated BRCA1
sequence from linear plasmid and 2 copies
from PC3 genomic DNA. These results have
been absolutely consistent with that of the
previous reports, which has indicated that
linear recombinant plasmid and genomic DNA
extracted from breast cancer cell lines are
suitable for establishing the standard control
of the MS-PCR method. The authors have
suggested that the linear plasmid DNA should
be used as a positive control in the MS-PCR to
determine the methylated BRCA1 sequence in
breast cancer samples.

Keywords: BRCA1 (breast cancer 1, early
onset), breast cancer. gene DNA methylation,
igenetics, methylation-specific PCR (MS-PCR).

Classification number 1.6

O Viét Nam, nghién ciru methyl hoa ADN lién quan
dén cac loai ung thu & bénh nhan mai dugce trién khai
trong vai nam gan day [13]. Nhimg két qua nay dic
biét ¢6 ¥ nghia khi dbi chiéu so sanh véi két qua nhan
duoc tur cac tdc nguoi khac nhau; tir 6 ¢6 nhitng dinh
hudng cu thé vé ap dung céc chi thi phan tir methyl
héa ADN va céac thude diéu tri dich cho bénh nhan. Do
vu diém dic thu (don gian, chinh xé4c, dic hiéu) nén
ky thuat MS-PCR duoc lya chon trong nhiéu nghién
ctru phan tich mirc d6 methyl héa ADN [4]. Dé xac
dinh dugc gidi han phat hién trong ky thuat nay (tirc

TAP CHI

HOA HOC ||,
ONG NGHE | I€{ N s7@ 82015

la d6 nhay k¥ thuat cho phép phat hién sy c6 mat cua
ADN dich), cac loai khuon khac nhau (nhu plasmid tai
t6 hop hodc ADN tach tir dong té bao ung thu) dugc
sir dung. P6i ching duong 1a plasmid tai to hop ¢
nhiéu vu diém nhu: tach chiét don gian, ADN plasmid
bén virng... Tuy nhién, cu hinh cua plasmid 1a yéu t6
quan trong, anh hudng tryc tiép dén d6 nhay cta phan
tmg PCR [14]. Dbi chimg duong 1a ADN tach tir té
bao nudi cdy dam bao tinh twong déng nhu ADN tach
tir cic mau bénh pham; tuy nhién so véi nudi cay vi
khuan, nudi cay té bao doi hoi trang thiét bi dat tién va
chi phi cao hon nhidu. Vi vay, dé c6 dugc dbi ching
chuan 6n dinh va c¢6 d6 nhay cao nhét, trong nghién
ctru nay, ching t6i so sanh hai loai khuon 1a ADN cua
plasmid t6 hop va ADN tdng sb tach tir dong té bao
PC3 dé xac dinh do nhay cho k¥ thuat MS-PCR khi
phan tich methyl héa promoter BRCA1 trén cac mau
bénh pham ung thu va.

Vat liéeu va phuong phap nghién ciau

Héa chit va dung cu: plasmid tai to hop pBR-Me
mang trinh tu promoter BRCA 1 bi methyl hoa c¢6 kich
thude 195 bp (cung cip boi Phong thi nghiém sinh vy,
Khoa Sinh hoc, Truong Pai hoc Khoa hoc Ty nhién,
Dai hoc Qudc gia Ha N6i); mau mau ngudi khoe manh
(duoc cung cap boi Vién Huyét hoc va Truyén méau
Trung uong - thang 11.2013); 30 mau bénh pham ung
thu va (duoc cung cip bai Bénh vién K - nim 2013);
dong té bao ung thu PC3 (duoc cung cip béi nhom
nghién ctu Ung thu thuc nghi¢m, Khoa Sinh hoc,
Truong Pai hoc Khoa hoc Ty nhién - Pai hoc Quéc gia
Ha Noi); cac cap mdi dic hiéu cho ky thuat MS-PCR
(duoc cung cip boi Hang IDT - Hoa Ky). Trinh tu cac
mdi duge trinh bay tai bang 1.

Bang 1: trinh ty cdc méi ding trong phan tmg MS-PCR

Tén mdi Trinh ty (5-3) Ngudn gbe | Kich thude (bp)
Esteller & cs.
BRCA-F | AAATCTCAACGAACTCA
C CTCAACGAACTCACGCCG 03] Vong 11 200
BM-R  |GGGTAGATTGGGTGGTTAATT Nghién ctru ndy
BM-F | TACACGAACTCACGCCGCGCAA Nahién ai ni Vona 2. 195
BM-R | GGGTAGATTGGGTGGTTAATT ghiencuunay ) vong =

Phwong phap nghién ciru: ADN plasmid dugc tach
bang kit High pure Plasmid Isolation (Roche). ADN
tong sd duoc tach tir mau mau bang kit ReliaPrep Blood
gDNA (Promega); tir dong té bao PC3 hodc tir cac
mau bénh pham ung thu bang kit E.Z.N.A DNA Tissue
(Hang Omega). ADN t6ng s6 duoc xtr 1y bisulfite bang
kit MethylEdge Bisulfite Conversion System (Hang
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Promega). Sau xur 1y, cac cytosine khong bi methyl hoa
s& chuyén thanh uracine, con cytosine bi methyl hoa s&
dugc gilt nguyén.

Plasmid dugc cit mg vong bang enzyme gidi han
EcoRI: 10 ug ADN plasmid duogc cat voi 3 ul EcoRl,
phan tng cat dugc i ¢ 37°C trong 2 gio. Sau dé, san
pham cit dugc tinh sach bang kit High Pure PCR
product purification Kit (Hang Roche). K§ thuat MS-
PCR dugc thuc hi¢n voi cac cap mdi dic hiéu khuéch
dai promoter BRCA 1 bi methyl hoa tir khuéon ADN da
dugc xir 1y bisulfite. Diéu kién va thanh phan phan ting
dugc trinh bay tai bang 2.

Bing 2: thanh phdn va diéu kién phan tmg MS-PCR véi DNA dd xit 1y
bisulfite va 2 cap moi khuéch dai viing promoter BRCA1 bi methyl héa

Vong 1 Vong 2
Thanh phin Thé tich (ul) Thanh phin Thé tich (ul)

H,0 103 H,0 113
Pém 10X 1,5 bém 10X 1,5
dNTP 2 mM 0,5 dNTP 2 mM 0,5
BRCA-F 10 uM 0,3 BMF 10 uM 0,3
BMR 10 uM 0,3 BMR 10 uM 0,3
JumpTaq polymerase 0,1 ;i?;i?;?;:aq 0,1
ADN 2,0 ADN (san phdm vong 1) 1,0
Téng 15,0 Témg 15,0
Diéu kién: 94°C 5 phit; 45 chu ky (94°C | Diéu kién: 94°C 5 phit; 45 chu ky (94
30 gidy, 65°C 10 giay, 72°C 10 giay). °C 30 giay, 68°C 10 giay, 72°C 10 giy).
72°C 5 phut. 72°C 5 phit.

Nong do ADN dugc xac dinh bang phuong phap do
d6 hap thu & budce séng 260 nm trén may NanoDrop
(Thermo Fisher). Dua vao nong d6 va chiéu dai doan
ADN, s6 ban copy dugc tinh theo cong thirc sau:

Sb ban copy = M ; trong do,

1 ng/ul cua 1000 bp DNA = 9 1 x 10" ban copy/ul;
X: ndng dd ADN plasmid (ng/ul); Y: kich thudc cua
plasmid gdom ca doan chén (bp).

Két qua nghién ciu

Plasmid téi t6 hop pBR-Me mang doan BRCA1
bi methyl hoa (c6 cytosine trong phuc CpG dugc git
nguyén) dugc cat mo vong voi enzyme EcoRI. ADN
tong s6 duoc tach chiét tir dong t& bao PC3 va tir mau
cua nguoi cho tinh nguyén. Tinh nguyén ven khong
dut giy cua cac loai ADN duoc kiém tra bang dién di
trén gel agarose 1% (hinh 1). B sach va nf)ng do cua
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ADN dugc xac dinh bang phuong phap do do hap thu
0D, vaOD,

. DNA —»
4.6 kb —»
3.1 kb

1.5 kb

Hinh 1: két qua dién di ADN t6ng s6 tich tir té bio PC3, ti mau (M)
va plasmid pBR-Me khong cat (Pu) va cat yo’i enzym gioi han (Pc) trén
gel agarose 1 %. L. thang chudn ADN SY-4.6 kb

ADN plasmid pBR-Me tach chiét chu yéu & dang
siéu xodn (hinh 1). C4u trac plasmid c6 anh hudng dén
d6 nhay cta phan tmg PCR, trong dé cau trac dang
thang c6 d6 nhay cao nhat [14]. Vi vdy, ADN plasmid
duge cit mo vong voi enzyme EcoRIL. Sau do6, san
pham cit duoc tinh sach bang kit va dugc xac dinh
nong do théng qua gia tri OD260 ADN plasmid pBR-
Me chua mé vong (dang siéu xodn) va plasmld ADN
dang thiang duoc pha lodng bac 10 tir 100 ng dén 1 ag
va dugc st dung lam khudn cho phan ung PCR. Thi
nghiém dugc tién hanh 13p lai t6i thiéu 5 lan, thé tich
mot phan ung 1a 15 pl. Két qua phan tng PCR duoc
trinh bay tai hinh 2.

300 bp
200 bp
4— 100 bp
B
200 bp

100 bp

Hinh 2: (A) Két qua xdc dinh do nhay phat hién BRCAI tir pBR-Me
chua mo vong cé 5o ban copy tir 126.10° (S1) dén 126 (S5)

(bdc pha loang 10 lan). (B) Két quda xdac dinh dg nhay phat hién BRCA1
tir pBR-Me dang thang c6 so ban copy tir 600 (T1) dén 0,6 (T4)
(bdc pha loang 10 lan). Mau (-): doi Cfni‘ng am khong co ADN khuon.
L: thang chuan ADN

Duya vao cong thirc tinh sé ban copy theo nong do
ADN, d¢ nhay phat hi¢n pPBR-Me dang si€u xoan la 126
ban copy, trong khi d nhay phat hién ADN plasmid
dang thang 13 6 ban copy. Két qua nay khiang dinh
ADN plasmid dang thang c6 d6 nhay cao hon dang
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siéu xoan. ADN tong s tach tir mau 1a ADN khong bi
methyl hoa; do d6 loai ADN nay sau khi xur 1y bisulfite
duogc dung lam di chimg duong cho cac cap moi phat
hién ADN khong methyl hodc dugc tron voi ADN bi
methyl hoa dé xac dinh do nhay [16]. Vi vay, ADN
plasmid pBR-Me dugc tron véi ADN tach tir mau da
xur ly bisulfite s€ dam bao khudn cho phan ung MS-
PCR tuong tu nhu ADN tach tir t& bao nhan chuan.
50 ng ADN tong s6 chua xur Iy va 10 ng ADN da xu
1y (~1.500 té bao) dugc tron voi 60 va 6 copy plasmld
pBR-Me dang thing. Két qua PCR véi cip mdi dic
hi¢u phat hién BRCA1 bi methyl héa dugc trinh bay
tai hinh 3. Két qua cho théy, su ¢6 mat caa ADN téng
sd tach tir mau chua hodc da bi xur 1y bisulfite khong
lam anh huong dén d6 nhay phat hién 6 ban copy
BRCA1 bi methyl hoa. Khi st dung pBR-Me dang
thang lam d6i chimg chuan thi d6 nhay phat hién trinh
tw BRCA1 bi methyl hoa véi cap mdi MS-PCR va diéu
kién, thanh phan phan tng t6i wu dat 6 ban copy/1500
té bao (3.000 allen), twong dwong 0,2%.

A 500 bp
200 bp

100 bp

B = p- 500 bp
<«— 200 bp

< 100 bp

Hinh 3: (4) Két qud PCR khuéch dai BRCAI bj methyl héa tir 6 copy
PpBR-Me (p6) hodc tir hon hop 50 ng ADN mdu trén véi 6 copy ADNplasmzd
(H6), tron voi 60 copy ADN plasmzd (H60). Mdu M50: 50 ng ADN tong s6
tach tir méu. (B) Két qua PCR khuéch dai BRCAI bi methyl héa tir 6 copy
PBR-Me (p6) hodc tir hon hop 10 ng ADN mdu da xit 1y bisulfite tron véi 6
copy plasmid (HX6), tron véi 60 copy plasmid (HX60). Mau MX10: 10 ng
ADN méu da xit Iy bisulfite. Mau (-): déi chimg dm khong cé ADN khudn.
L: thang chudn ADN 100 bp. Tt ca pBR-Me plasmid déu ¢ dang thing

Bén canh viéc sit dung plasmid tai t6 hop, ADN
tong s tach tir dong té bao PC3 duoc thir nghiém dé
xdy dung d6i ching chuan. Sau khi xtr 1y véi bisulfite,
ADN tbng s6 duoc pha lodng theo dai nong do tir 0,01-
10 ng, va dugc str dung lam khuon cho phan ing PCR
dé xac dinh d6 nhay. Plasmid pBR-Me dang thing
duoc st dung cung voi ADN cua PC3 dé so sanh do
nhay va d6 6n dinh. Két qua dién di san pham PCR thé
hién ¢ hinh 4.

TAP CHI

HOA HOC
ONG NGHE I} Nam 57(6) 6.2015

-

[§]
£
n
]

el «— 300 bp

<—200 bp
«— 100 bp

PX3 HX6 p6 PC5S0 MSD L

] <+ 500 bp
«—200 bp
<—100 bp

Hinh 4: (A) Két qua PCR khuéch dai BRCAI bi methyl héa tir ADN

ciia PC3 da xir Iy bisulfite & cdc nong dé 10 ng (giéng 1); 1 ng (2);

0,1 ng (3); 0,01 ng (4) va 0,001 ng (3). (B) Két qua PCR khuéch dai

BRCAI bi methyl héa tir 0,01 ng ADN-PC3 da xu ly bisulfite (PX3),

tir hon hop 10 ng ADN mdu xit 1y bisulfite va 6 copy pBR-Me (HXG6)
va tir 6 copy pBR-Me (p6). Méu PC50, M50: 50 ng ADN téng s6

khéng xit Iy tach tir PC3 hodc tir méu. Mau (-): doi chimg ém
khéng ¢é ADN khuén. L: thang chudn ADN 100 bp

MGdi té bao c¢6 chira khoang 6,6 pg ADN tong s6,
trong d6 co 2 ban sao ciia BRCAI. Trong té bao PC3,
BRCAI chi bi methyl héa trén 1 ban sao. Do do, 0,01
ng ADN (ndng d6 cho phép phat hién rd nét) tuong
duong v6i 2 ban sao BRCA1 bi methyl hoéa. Nhu vy,
d6 nhay phan tmg MS-PCR véi cip mdi dic hiéu va
cac thanh phan, diéu kién tdi wu cho phép phat hién
2 ban sao BRCAI bi methyl hoéa trong phan tng 15
pl. Trong nghién ctru nay, ching t6i da xac dinh dugc
dd nhay phat hién BRCA1 bi methyl hoa khi su dung
khuon plasmid dang siéu xodn hoic plasmid dang
thang 13 126 ban copy hodc 6 ban copy. Két qua nay
cho thiy anh huéng cia cu hinh plasmid dén do
nhay ctia phan tmg PCR. Két qua thu dugc hoan toan
phu hgp véi cac nghién ctru trude do6 1a khi su dung
plasmid & dang thang dam bao do nhay cao hon so
v6i plasmid ¢ dang siéu xodn [15]. Bén canh do, két
qua xac dinh do nhay phat hién BRCAI bi methyl hoa
trong dong té bao ung thu PC3 cho thay kha ning phat
hién 2 ban copy BRCA1 bi methyl hoa. bé dat duoc
dd nhay nay, doi hoi phai st dung k¥ thuat MS-PCR
hai vong (trong khi chi can mot vong di véi ADN
plasmid dang thang). Khi sir dung pBR-Me dang thing
lam ddi chimg dwong cho phan g MS-PCR véi 30
mau ADN tach chiét tir cac mau bénh pham ung thu v
thu duoc két qua minh hoa trén hinh 5.
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Hinh 5: két qua xdc dinh BRCAI bi methyl bang b Kit thwong mai (ky hiéu K) hodc bang b méi ciia nghién ciru (ky hiéu T)
trén cdc mau ADN doi chitng (Ck, Ct) hodc ciia mdu ung thie vii (V). Mau ¢6 BRCAI bj methyl hoa (Me) phat hién bing bé Kit 6 kich thude
87 bp, phat hién bang b¢ sinh pham cé kich thide 195 bp. Mau cé6 BRCAI khéng methyl héa (Un) phat hién bang bé Kit c6 kich thiede 87 bp,
phat hién bang bé méi trong nghién ciku 6 kich thude 77 bp. Mau (-): doi chimg am khong cé ADN khudn. L: thang chudn ADN.

Két luan

Véi cac két qua néu trén, co thé két luan nhu sau:
1- Xac dinh dugc do nhay MS-PCR phat hi¢n 126 va 6
ban copy BRCAI bi methyl hoa khi st dung khudn 1a
plasmid dang xodn/vong hodc dang thing; 2- Pi xéac
dinh dugc do nhay MS-PCR phat hién 2 copy BRCA1
bi methyl hoa trong dong té bao ung thu PC3; 3- Sir
dung plasmid dang thang 1am dbi chtng chuan c6 wu
diém don gian, giam gia thanh, phu hop cho k¥ thuat
MS-PCR phat hién BRCAI bi methyl héa & cac mau
bénh pham ung thu va.

Lot cam on

Cac tac gia tran trong cam on Bo Khoa hoc va
Cong nghé da tai tro ciing nhu sw hop tac, giup do cua
Khoa Gidi phiu bénh, Bénh vién K Ha Néi dé nghién
cieu ndy dwoc trién khai thice hién véi cdc két qua néu
trén.
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Ung dung chat 16ng chita thanh phan 6ng nané cacbon
da tuong trong tan nhiét cho dén LED c6ng suat I6n

Pham Van Trinh!, Phan Ngoc Hong', Nguyén Manh Héng’, Lé Dinh Quang!, Cao Thi Thanh!, Nguyén Van Chuc!,
Bui Hung Thang"
Phan Hong Khéi?, Phan Ngoc Minh?
"Vién Khoa hoc vat liéu
Trung tdm Phat trién Cong nghé cao

Ngay nhan bai 6.11.2014, ngay chuyén phan bién 10.11.2014, ngay nhan phan bién 12.12.2014, ngay chap nhan dang 16.12.2014

Ong nané cacbon (CNTs) 1a mot trong sé cac loai vat liéu quy véi hé sé dan nhiét cao dugc biét t6i
hién nay. Hé s6 dan nhiét cla 8ng nané cacbon don sgi dat dén 2000 Wm'K" so sanh véi dd dan
nhiét cla Ag la 419 Wm-'K". Chat 16ng chiia thanh phan CNTs da thé hién nhiéu tinh chat thi vi va
tinh nang dac biét mang dén tiém nang ling dung trong tan nhiét cho thiét bi dién td, nhu bé xi ly
trung tdm may tinh, hay dén LED céng suat I4n... Trong nghién cliu nay, chat I1dng chiia thanh phan
ong nand cacbon da tuéng (MWCNTs) dudc ché tao bing cach phan tan déng déu MWCNTs bién
tinh trong hén hgp ethylene glycol/nudc cat (EG/DW) bang cach si dung chat hoat dong bé mat
Tween-80 va phuong phap rung siéu dm. Su bién tinh thanh céng clia MWCNTs dugc chiing minh
bd&i phép do Raman va phd FTIR. Su phan tan ciia MWCNTs trong chat 16ng dudc khao sat bing thiét
bi Malvern Zetasizer Nano ZS. Chat I16ng chia thanh phan MWCNTs dugc s dung lam chat 1dng tan
nhiét trong hé théng tan nhiét cho dén LED siéu sang bao gém dén dudng LED céng suat 100 W va
den pha LED cong suét 450 W. Cac két qua nghién cliu da khing dinh su uu viét cia MWCNTSs trong
hé théng tan nhiét cho dén LED cdng suat I6n néi riéng va nhiing thiét bi dién ti céng suat I16n néi

chung.

Tu khéa: chéat Iong nané, CNTs, LED céng suét cao, tan nhiét, truyén nhiét.

Chi sé phéan loai 1.8

Gio1i thieu

Tan nhiét 1a nhan t6 quan trong va co sy anh huéng
16n dén viéc thiét ké cho cac thiét bi dién tir cong suét,
trong d6 hiéu suit cua thiét bi dién tir chiu sy anh
hudng dang ké ctia nhiét do. Ngoaira, tudi tho cua thiét
bi dién tir ¢6 thé giam manh khi nhiét lugng toa ra tur
linh kién 16n. Vi vay thach thuc dat ra cho cong nghé
tan nhiét hién nay 1a phét trién nhiing c4u trac dan nhiét
c6 thé gitp giam nhiét do hoat dong cua linh kién, dong
thoi nang cao mat do cong suét cua thiét b dién tir, dic
biét 14 trong cac thé hé vi xtr Iy méy tinh méi [1].

Trong nhitng nim gan day, di c6 nhiéu phuong
phap dugc nghién ctru va phat trién dé cai thién hiéu
qua cho hé théng tan nhiét, mot trong nhitng phuong
phap kha thi nhét 13 ting cudng hiéu qua dan nhiét (tan
nhiét) thong qua chit 16ng tan nhiét ma khong can phai
thay ddi thiét ké co hoc hodc cac thanh phan chinh cua
hé thdng tan nhiét. Cac nha nghién ctru da chimg minh
dugc tdm quan trong ciia chat 1ong nand véi hé thong

*Tac gid chinh: thangbh@ims.vast.ac.vn
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tan nhiét vi nhiéu tinh cht vu viét cua chung [2 3].
Chat 1ong nand duoc coi nhu la mot thé hé chat long
moéi véi tiém nang 16n giup nang cao hi¢u qua truyén
nhiét cta chat long C6 nhiéu yéu t6 anh huong toi tinh
chét nhiét cua chat long nano6 nhu kich thudc hat nano,
chat hoat dong bé mit, kha niang phan tan dong déu,
su On dinh cua chét long va tinh chét nhiét cua cac hat
nand [4].

Khai niém chit long nand dugc sir dung dé chi loai
chat 1ong trong d6 c6 cac hat kich thudc nand phén tan
dong déu va 6n dinh trong chat long nén dé cai thién
tinh chat nhiét ciia chit long. Cac hat nand duoc sir
dung bao gém nhiéu loai vét liéu khac nhau, nhu kim
loai (Cu, Ag, Au, Al, va Fe), gbém st oxit (ALO, va
TiO,), gbém sir nitride (AIN va SiN), gbm sir carblde
(S1C va TiC), chat ban dan, CNTs va cac vit lidu
composit nhu hat nan6 hop kim hay hat 161 nan6 - vo
polymer. Céc chét 1ong tan nhiét thong thuong nhu
dau, nude va ethylene glycol noi chung c6 hé sé dan
nhiét kém khi so sanh v6i hé s6 dan nhiét cta phan 1én
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APPLICATION OF MULTI-
WALLED CARBON NANOTUBE
BASED LIQUIDS IN HEAT
DISSIPATION FOR HIGH-
POWER LIGHT EMITTING
DIODES

Summary

Carbon nanotubes (CNTSs) is one of the
valuable materials with high thermal
conductivity. The thermal conductivity
of single-walled carbon nanotubes
is 2000 Wm'K' as compared to the
thermal conductivity of Ag as 419
Wm'K'. Carbon nanotube based
liquids have shown many interesting
properties and distinctive features
offering the potential of heat dissipation
applications for electronic devices
such as central processing unit (CPU)
of computer, high brightness light
emitting diode (HB-LED), etc. In this
work, a multiwalled carbon-nanotube-
based liquid has been made by even
dispersal of functionalized multiwalled
carbon nanotubes in the ethylene
glycol/distilled water (EG/DW) solution
mixture by using Tween-80 surfactant
and ultrasonication method. The
successful functionalization of carbon
nanotubes has been proven by Raman
and FTIR spectral measurements.
The dispersion of the CNTs in liquids
has been evaluated by using Malvern
Zetasizer Nano ZS instrument. The
CNT-based liquids have been used as
coolants in the heat dissipation system
for several types of HB-LED light
including 100 W streetlight and 450 W
floodlight. The results have confirmed
the advantages of CNTs in the heat
dissipation system for HB-LED and
other high-power electronic devices.

Keywords: carbon nanotubes,
heat dissipation, high power LED,
nanofluids, thermal conductivity.
Classification number 1.8
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céc chit ran. Vi vay chét 16ng chtra thanh phan nand duoc ting
cuong cac tinh chét nhiét nhu hé sb dan nhiét, hé sé khuyéch
tan nhiét, do nhét va hé sé truyén nhiét dbi luu khi so sanh véi
cac chat long nén khong chura thanh phén nano [5].

CNTs l1a mdt trong sb nhiing loai vat liéu quy voi do dan
nhiét cao. Hé s6 dan nhiét cia CNTs don soi 1a 2000 Wm™'K"!
so sanh véi do dan nhiét cia Ag 1a 419 Wm'K-! [6-8]. Diéu nay
da goi mo mot cach tiép can trong viéc ing dung CNTs trong
chét long tan nhi¢t cho déen LED va céac thiét bi dién tu cong
suét 16n [9-17]. Trong bai bao nay, chiing t6i tong hop nhiing
két qua nghién ciru da dat dugc trong tng dung chat 16ng tan
nhiét chira thanh phan MWCNTs cho dén LED cong suat 16n
bao gém: dén pha LED cong sudt 450 W va dén duong LED
cong suit 100 W.

Thuc nghiém

Vatligu MWCNTs dugc chung toi ché tao tai Vién Khoa hoc
vat liéu (Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam) béng
phuong phap ling dong héa hoc (Chemical Vapor Deposition -
CVD) [18]. Pudng kinh va chiéu dai cita MWCNTSs lan luot 1a
15-80 nm va vai chuc pum. MWCNTs dugc bién tinh v6i nhom
chtrc -OH thong qua cac budc sau day [19]:

- Bu6c 1: MWCNTs duge xtr 1y trong hon hop axit néng
(HNO,/H,SO, véi ty 1& 1/3) & 60°C trong 6 h.

- Budce 2: Hon hop thu duge tir bude 1 dugce 1am kho trong
moi truong khi Ag & 80°C trong 24 h.

- Bu6c 3: Hon hop thu duoc tir bude 2 duge xir 1y trong
SOCI, d¢ thu duge MWCNTs-COCL.

- Buéc 4: MWCNTs-COCI dugce loc trong H,O, va lam
kho trong moéi truong khi Ag ¢ 80°C trong 24 h de thu duogc
MWCNTs-OH.

Hon hop ethylene glycol/nudce cat (EG/DW) dugc pha tron
bang may khudy tir & nhiét do 50°C va tdc d6 khudy 6,5 vong/s
trong thoi gian 60 phit. Ty 16 vé thé tich cua ethylene glycol
trong hén hop EG/DW 1a 45%. Dé phan tian MWCNTs-OH
trong hon hop EG/DW, chiing t6i sir dung chat hoat dong bé
mit Tween-80 va thiét bi rung siéu am Hielscher Ultrasonics
Vibration. Vat liéu MWCNTs-OH dugc phan tan déng déu
trong hén hop EG/DW véi nong do tir 0,1 d&én 1,3 g/l dé thu
dugc chét 1ong nand MWCNTs. Chat 1ong nand MWCNTSs ché
tao dugc co6 su phan tan tdt do MWCNTs duoc bién tinh véi
nhom chirc -OH va qué trinh phan tan sir dung chat hoat dong
bé Tween-80. Didu nay dugc giai thich Ia do ¢ sy chuyén ddi
ky nudc - wa nudce tai bé mit MWCNTs khi dugce bién tinh gén
nhom chuc -OH, déng thoi chat hoat dong bé mit Tween-80
gitip giam sitrc cang bé mit cta chat long va hd trg su phén tan
cia MWCNTs trong chat long [15]. Hon hop EG/DW chua

48



thanh phan MWCNTSs duoc sir dung 1am chat 1ong tan
nhi¢t trong h¢ thong tan nhiét cho dén pha LED cong
suat 450 W va den duong LED cong suat 100 W.

Két qua va thao luan
Sw bién tinh ciia MWCNTs

Su ton tai cua céac lién két ung voi cac nhém chuce
carboxyl (COOH) va hydroxyl (OH) gan vao thanh va
hai ddu cia MWCNTs duoc khao sat bang phd Raman
va ph6 hong ngoai truyén qua (FTIR). Tan xa Raman
la mot ky thuat quan trong dé khao sat sy thay ddi ctia
bé mit va cdu triic cia MWCNTSs. Hinh 1 cho thay su
xuét hién cua hai dai quanh dinh 1583,10 va 1333,69
cm’! trong phd Raman tuong tmg v6i mode dao dong
tiép tuyén (dai G) va mode dao dong hdn don (dai D)
ciia MWCNTs. Cuong d6 cua dai D di voi MWCNTs
bién tinh tang 1én dang ké khi so sanh véi MWCNTs
chua bién tinh. Ty 1& cudng d6 dinh (I/1,) cuadai D véi
dai G1a 0,99 va 1,87 tuong trng véi MWCNTs-COOH
va MWCNTs-OH, t}”/ 1€ nay 16n hon so véi MWCNTs
khong bién tinh (I/1.=0,79). Ty 1€ cuong do cua dai
D voi dai G 1a khac nhau cho thiy sy thay doi trong
cau tric be mit cia MWCNTSs. Sy bién doi nay chi ra
rang mot s nguyén tir cacbon lai hoa sp? (C=C) duoc
chuyén thanh nguyén tir cacbon lai hoa sp® (C-C) tai bé
mat cia MWCNTS sau qué trinh xir 1y trong hon hop
axit HNO,/H,SO,. Ty I¢ v€ cuong do cua MWCNTs-
OH cao h0’n s0 v6i MWCNTs-COOH cho thay ring
sau hai qué trinh xu ly héa hoc da hinh thanh thém
nhimg bién d6i méi trén bé mit cia MWCNTSs [19].

— Pristine MWCNT
= MWCNT-COOH
= MWCNT-OH
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Hinh 2: phé truyén qua FTIR
ciia MWCNT chua bién
tinh, MWCNTs-COOH, va
MWCNTs-OH [19]

Hinh 1: phé Raman ciia
MWCNTs: MWCNTS chua
bién tinh (mau den), MWCNT-
COOH (mau do) va MWCNT5-
OH (mau xanh) [19]
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Hinh 2 m6 ta pho FTIR ciia MWCNTs chua bién
tinh, MWCNTs-COOH va MWCNTs-OH. Mot
s6 dinh quan trong dd dugc quan sat thiy sau khi
MWCNTs duoc xt Iy voi hdn hop axit HNO,/H,SO,.
Dao dong cua lién két O-H trong nhém carboxyl dugc
thé hién ¢ dinh 3431,81 cm, n6 duoc mé rong hon
5o v6i dinh cua lién két O-H trong H,0. Dinh 1707,31
cm™ cho théy su ton tai cua dao dong cua lién két
C=0 trong nhom carboxyl. Piéu nay cho thiy sy ton
tai cia cac nhoém chirc carboxyl bit ngudn tir sy oxy
héa MWCNTs béi hén hgp HNO,/H,SO,, qua dy cho
thdy sy hinh thanh ctia cic nhém chirc trén bé mat cua
MWCNTs. Phé truyén qua FTIR cia MWCNT-OH
cho thay dinh ctia dao dong tmg véi lién két O-H xuét
hién ¢ 3431,81 cm™ va vi tri trung tam cua dinh O-H
dich chuyén Xuéng mot tan s6 nho hon. Su mé rong
cua dinh dao dong 3431,81 cm™! cling nhu su bién mét
cua dinh dao dong ung véi lién két C=0 tai 1707,31
cm! da chirng minh sy tao thanh ctia nhém hydroxyl
trén bé mat cia MWCNTs-OH [19].

Sw phin tin ciia MWCNTs trong hén hop EG/
DwW

Pé khao sat sy phan tan cia MWCNTs-OH trong
hdn hop EG/DW, chung t6i st dung thiét bi Malvern
Zetasizer Nano ZS. Hinh 3 mo ta pho phan bd kich
thudc cia MWCNTs-OH theo s6 luong trong hon hop
EG/DW véi thoi gian 10 phut rung si€u am. Hinh 3(a)
cho thiy ring ngay sau khi rung siéu 4m, MWCNTs-
OH van con ty dam thanh nhiing b 16n, v6i dinh phd
phan tan tai 437 nm va 93,5 nm. Pinh 437 nm tuong
ung voi nhitng tu dam 16n cua MWCNTs-OH, trong
khi dinh 93,5 nm tuong ung véi don sgi MWCNTs-
OH trong hén hop EG/DW. Bé loai bo nhing bo 16n
ra khoi hdn hop EG/DW, ching t6i dé ling dong chat
long trong thoi gian 72 h. Hinh 3(b) cho thay rang,
sau 72 h liang dong ké tir luc rung siéu am, dinh 437
nm khong con xuét hién, didu nay cho thay nhitng b6
16n cia MWCNTs-OH d bi ling xudng day cta hdn
hop EG/DW. Tuy nhién, MWCNTs van tu ddm thanh
nhitng bo nhoé véi kich thudc phan b tir 70 nm dén
270 nm [19].
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Hinh 3: phé phan tan kich thiéc ciia MWCNTs-OH theo s6 heong trong hon hop EG/DW véi thoi gian rung siéu dm 10 phiit:
(a) ngay sau khi rung siéu am va (b) 72 h sau khi rung siéu am [19]

Hinh 4 mo ta pho phan tan kich thudc cua
MWCNTs-OH theo s6 lugng trong hén hop EG/ DW
voi thoi gian rung si€u am duogc khao sat tir 20 phut
dén 40 phat. Trong truong hop 20 phit rung siéu 4m
(nhu trén hinh 4(a)), phd phan bd theo kich thudc cua
MWCNTs-OH theo s6 lugng 14 tir 18 dén 95 nm. Diéu
nay cho thiy rang MWCNTs-OH da phan tén tot hon
trong hon hgp EG/DW véi 20 phiit rung siéu am. Tuy
nhién, khoang kich thudc phan tan van chura hoan toan
khép v6i duong kinh cia MWCNTs-OH tir 15 dén 80
nm. Trong truong hop 30 phut hay 40 phut rung siéu
4am, MWCNTs-OH phan tan t6t trong hdn hop EG/
DW nhu dugc chi ra trén cac hinh 4(b) va 4(c). Phd
phan tan kich thuéc cia MWCNTs-OH theo sé luong
trong hinh 4b va hinh 4c tuong Gng vdi duong kinh
ciia MWCNTs-OH 1a tir 15 dén 80 nm. Céc két qua
trén da cho thay rang thoi gian rung siéu am can thiét
dé c6 duge sy phan tan t6t cia MWCNTs-OH trong
hdn hop EG/DW 1a 30 phut, vi vy chung t6i chon thoi
gian rung siéu 4m 1a 30 phut cho tat ca cac thi nghiém
tiép theo [19].

b e
fak

Tan nhigt cho dén pha LED céng sudt 450 W

Chung t6i phat trién mot hé théng tan nhiét s dung
chat long MWCNTSs cho dén pha LED cong suat 450
W. Trong hé thong nay, dé tan nhiét bang nhom duoc
tiép xtic truc tiép voi voi 9 chip LED, cac rinh bén
trong dé tan nhiét duoc ché tao dé cho phép chit long
chay qua né va lay nhiét tir cac chip LED. Chét long
MWCNTs duoc bom vao dé tan nhiét voi luu luong
3 cm’/s. Téng cong sudt ciia bom trong hé théng tan
nhiét 1a 1,8 W. Kich thudc va tong cong suit cia quat
tan nhiét 1an luot 1a 120 x 120 x 38 mm va 3,6 W. Thé
tich ctia binh chira chét 1ong 1a 500 ml. Gian toa nhiét
cua dén pha LED dugc lam tu vat liéu nhém vai kich
thude 1a 150 x 120 x 25 mm. Kich thudc cua dé tan
nhiét va chip LED lan luot 12 210 x 210 x 17 mm va
40 x 40 x 3 mm. Cong suit cua chip LED va tong cong
sudt ciia dén pha LED lan luot 13 50 W va 450 W. Nhiét
dd cua moi truong dugce gitr ¢ 20°C cho moi phép do
béng cach sir dung may diéu hoa nhiét 6. Nhiét do cua
chip LED dugc do truc tiép bang cach st dung cam
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Hinh 4: phé phan tan kich thiée ciia MWCNTs-OH theo s6 heong trong hon hop EG/DW sau 72 h ling dong tir lic rung siéu am:
(a) 20 phut rung siéu am, (b) 30 phut rung siéu am va (c) 40 phut rung siéu am [19]
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bién nhiét do gan trén chip LED va thiét bi diéu khién
nhiét WH7016E [15].

Hinh 5: dén pha LED céng sudt 450 W sir dung chat long
tan nhiét chiva thanh phan MWCNTs [15]
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450W LED Flood Light

—=— Without using CNTs in fluid
—e— nanofluid with 0.3 g/l of CNTs
—— nanofluid with 0.5 g/l of CNTs
—v— nanofluid with 0.7 g/l of CNTs
nanofluid with 1.0 g/l of CNTs
—<— nanofluid with 1.2 g/l of CNTs

Temperature of LED (°C)

Operation time (minute)

Hinh 6: nhiét do cua dén pha LED 450 W do theo thoi gian
véi cde nong dg khdc nhau ciia MWCNTS trong chit long nand [15]

Hinh 5 13 anh cua dén pha LED cong suit 450 W sir
dung chét 1ong tan nhiét chira thanh phan MWCNTs.
Két qua thuc nghiém qua trinh tan nhiét cho dén pha
LED 450 W v&i cac ndng do khac nhau cia MWCNTs
trong chét long nand dugc thé hién nhu trén hinh 6. Tai
thoi diém ban dau nhiét do cua chip LED 1a 20°C, sau
d6 nhiét do cua chip LED dat téi gia tri bao hoa voi
thoi gian hoat dong 40 phut. Khi sir dung hdn hop EG/
DW cho qua trinh tan nhi¢t thi nhiét d bao hoa cua
chip LED dat khoang 55°C. Nhiét do bao hoa cua chip
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LED lan lugt dat 53,7°C, 52,5°C, 51,9°C va 50,6°C
tuong tmg v6i khi str dung chét 10ng nand v6i ndong do
cia MWCNTs lan luot 14 0,3 g/1,0,5¢/1,0,7 g/, 1,0 g/l
va 1,2 g/l. Nhitng két qua trén cho thay bang cach dua
MWCNTs-OH véi nong d6 1,2 g/l vao chét 16ng nand,
nhiét do bao hoa ctia chip LED giam xubng 4,5°C khi
so sanh véi truong hop sir dung chat 1ong khong chia
thanh phan MWCNTSs [15].

Dua vao bang thong s ky thuat cua chip LED, khi
nhiét d6 hoat dong giam xudng 10°C thi tudi tho cua
chip LED tang lén xap xi 2 lan. Do vay, tudi tho ciia
chip LED duoc xac dinh mot cach twong dbi boi cong
thure sau day:

At

L=1,2" (1)

7Trong do L, L va At lan luot 12 tudi tho co ban,

tuoi tho kéo dai thém va do giam nhi¢t do cua chip

LED. Do vay, phﬁn tram tudi tho kéo dai cua dén
LED duogc x4c dinh béi cong thuc:

At

L-1, .100%:[210 —1).100% ()
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CNT concentration (gram/litter)
Hinh 7: su phy thugc phd‘n tram kéo dai tuéi tho ciia dén pha
LED 450 W vdo néng do ciia MWCNTS trong chat long nané [15]

12

Tir cong thire (2), phan trim kéo dai tudi tho cua
dén LED duoc xéc dinh va thé hién nhu trén hinh 7.
Két qua do cho thay rang tudi tho ciia dén LED duoc
nang 1én khi ndng do cia MWCNTs trong chat long
tang 1én. Phan tram kéo dai tudi tho ctia dén LED dat

o1



dén gia tri bio hoa & 33% khi nong d6 cia MWCNTs
12 1,2 g/l. Phan traim kéo dai tudi tho cua dén LED
gan nhu khong ting véi nong do cia MWCNTSs la
1,3 g/l. Vi vy chung t6i xac dinh 1,2 g/l 1a ndng d6
t6i wru cia MWCNTSs cho dén pha LED cong suét 450
W [15].

Tdn nhiét cho dén dwong LED cong sudt 100 W

s

Hinh 8 13 anh cta dén dudng LED cong suit 100 W
sir dung chat 16ng tan nhiét chira thanh phan MWCNTs.
Trong dén LED nay, dé tan nhiét bang nhom dugc tiép
xuc tryc tiép véi chip LED 100 W, cac ranh bén trong
dé nhom duoc ché tao dé cho phép chit 1ong chay qua
va lay nhiét lugng tir chip LED. Tong cong suit cua
bom tan nhiét 1a 1,8 W. Gian téa nhiét dugc ché tao tir
vat liéu nhom véi kich thude cua gian téa nhiét 1a 100
x 2000 x 45 mm. Nhi¢t d§ cua chip LED va gian téa
nhiét duoc do truc tiép bang cach st dung cam bién
nhiét d6 gan trén chip LED va thiét bi diéu khién nhiét
OMRON. Nhi¢t d0 moi truong dugce gitt ¢ 28°C cho
moi phép do thir nghiém.

w4 100W LED Street Light

—=—on LED (0 g CNTsllitter)
—e—on LED (1.2 g CNTsl/litter)
—+— on Radiator (0 g CNTs/litter)
—v— on Radiator (1.2 g CNTs/litter)

Temperature (°C)
&
R R
2 )

8
|
~

T ¥ T T T v T d T v T
10 20 30 40 50 60

o

Operation time (minute)
Hinh 9: nhiét dg cua dén dwong LED céng sudt 100 W khdo sdt
theo thoi gian hoat dong
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Hinh 8: dén dwong LED cong sudt 100 W sir dung chat Iéng chira thanh phan MWCNTs

Hinh 9 13 két qua do nhiét d6 cua dén dudng LED
100 W theo thoi gian hoat dong trong 2 truong hop: st
dung hdn hop EG/DW khong chita MWCNTs va sir
dung hon hgp EG/DW chira MWCNTSs véi ham lugng
1,2 g/l. Trong truong hop khong st dung MWCNTs
trong hon hop EG/DW, nhiét d6 bdo hoa ctia gian
toa nhiét va cua chip LED 1an luot 1a 59°C va 67°C.
Trong trudng hop str dung hdn hgp EG/DW véi nong
do MWCNTs 1a 1,2 g/l,
nhiét d0 bdo hoa cua
gian toa nhi¢t va chip
LED lan lugt 1a 58°C
va 64°C. Bang cach sir
dung MWCNTs trong
hon hop EG/DW, nhiét
dd bao hoa cua gian toa
nhiét va chip LED lan
luot giam xubng 1°C va
3°C.

Két luan

Su bién tinh thanh
cong clia 6ng nand cacbon di dugc minh ching bang
phép do phd Raman va phd FTIR, né di mo ra nhiing
mg dung méi cho tan nhiét trén co s chat long trong
thiét bi dién tr. MWCNTs-OH dugc phén tan thanh
cong vao hdn hop EG/DW bang cach sir dung chat
hoat dong bé mit Tween-80 va phuong phéap rung siéu
am. Hiéu qua tan nhiét ciia dén pha LED cong suit 450
W va dén duong LED cong suat 100 W sir dung chit
long MWCNTs da dugc khao sat va danh gia. Nhi¢t do
ctua den pha LED 450 W, dén duong LED 100 W dat
tGi gid tri bdo hoa sau thoi gian hoat dong lan luot 1a
40 phut va 60 phut. Bang cach dwa MWCNTs-OH vao
hdn hgp EG/DW vé6i ndng do 1,2 g/1, nhiét d6 béo hoa
cua dén pha LED 450 W va deén duong LED 100 W
1an luot giam xudng 4,5°C va 3°C khi so sanh v6i chat
1ong khong chira thanh phan MWCNTSs. Phan trim kéo
dai tudi tho cua dén LED cling dat toi gia tri bao hoa
1a 33%, tuong mg véi nong do toi wu cia MWCNTs
1a 1,2 g/l. Két qua nghién ctru di khang dinh hiéu qua
ctia viéc img dung MWCNTSs trong chit 16ng tan nhiét
cho dén LED ciing nhu céac thiét bi dién tr cong sut
16n khéc.

Loi cam on

Tap thé tac gia giri loi cam on sw ho tro tai chinh
tee Vien Han lam Khoa hoc va Cong nghé Viét Nam (d‘é
tai md s6 VAST.DLT.05/13-14) va Quy Phdt trién Khoa
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hoc va Céng nghé Quoc gia (dé tai ma s6 NAFOSTED
103.99-2012.35). Tdp thé tac gia ciing cam on su ho
tro tai chinh twr dé tai co s6 cuia Vién Khoa hoc vat liéu
v6i md s6 CSTX17.14.
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Téng quan vé In-situ TEM (ng dung
trong cac nghién cuu vat ly, héa hoc va nang lugng

Ngo6 Duc Thé"
Pai hoc Ky thuat Dan Mach, Ban Mach

Ngay nhan bai 4.3.2015, ngay chuyén phan bién 6.3.2015, ngay nhan phan bién 1.4.2015, ngay chdp nhan ding 3.4.2015

Kinh hién vi dién tl truyén qua (Transmission electron microscopy - TEM) 1a mét thiét bi chup anh
toi tdn dugc Gng dung rdng rai trong nhiéu linh vyc nhu vat ly, vat liéu, héa hoc, y - sinh hoc va
ning lugng nhd kha nang chup anh chat lugng cao véi dd phan gidi cap dé nguyén td di kém vdi
cac phép phan tich tinh t€ nhd tuong tac gitia chum dién tlii ning lugng cao va mau vat. In-situ TEM
Ia thuat ngi mé ta viéc tién hanh cac thi nghiém déng truc tiép trén thiét bi TEM, qua d6 cho phép
ghi nhan céc tinh chat cia mau vat trong tusng quan véi chup anh céu tric trong thdi gian thuc, cho
phép hiéu ré su tac dong cha cau tric vat ly, héa hoc t6i cac tinh chat tuong Ging cla vat mau. Véi
su trg giup cula cac ky thuat ché tao micro va nano, TEM ngay nay tham chi cho phép chup anh cac
qué trinh ngay trong pha 16ng, diéu chua tling biét ti trudc day. Bai viét nay gi6i thiéu tdng quan
vé ky thuat thiét ké thi nghiém va phan tich In-situ TEM (ing dung trong mét sé linh vuc: vat liéu,
spintronics, hoa hoc, chuyén ddi ning lugng... Cac két qua dudc trinh bay mét phan tif nghién cuu
riéng cla tac gia va tdng hgp ti mot sé nghién clu khéc trén thé giéi.

TU khoa: céc qud trinh tir hoa, hién vi dién td, In-situ TEM, kinh hién vi dién td truyén qua, luu tri va
chuyén déi ndng luong, phan tich nano, vat liéu nano.

Chi sé phén loai 1.10

Tong quan vé TEM va In-situ TEM h
) A= (D
TEM Ia mét ky thuat hién vi st dung chum di¢n tir \2m, eV

c6 nang lugng cao (thuong tur vai chuc kV toi vai tram
hodc tham chi trén 1000 kV) chiéu xuyén qua mau vat
mong (thudng dudi 200 nm) dé tao anh vi ciu trac bén

Hoic néu c6 tinh dén hiéu ting tuong ddi tinh néu
the tang toc du 16n (trén 120 kV):

trong vat ran nho st dung hé thau kinh tir cho kha ning 1= h 1 )
phéng dai tir vai tram t&i hang trigu 1an [1]. Do sir dung \/ 2m, eV 1+ eV
chum dién tr nang luong cao, cac két cdu ciia TEM 2mec2

(sung phéng dién tir, cot dién tu, thau kinh tir, hé ghi ) )
anh... dugc dat trong budng chan khéng cao (thdm chi | V6i m, 1a khoi lugng tinh cta di¢n tur, V'1a the tang
toc, e la dién tich cua dién tr va ¢ 1a toc d0 anh sang
trong chan khong. Theo cong thirc nay, néu song dién
tr dugc gia toe vai thé 100 kV, s& c6 bude song khoang
, 3,86 pm (0,00386 nm); con khi ting téc v6i thé cao ap
séng dlén tir va thau kinh tur (hinh 1) Kha néng tao r’a 200 kV s& co budce sc')ng nhd hO’l’l, toi 2,51 pm (0’00251
hinh anh c6 d¢ phan giai si€u cao 1a nho budce song rat  nm), ¢6 nghia la séng dién tir du ngén dé cho kha ning
ngin cua chim dién tir, phu thudc vao thé ting tdc &  tan xa trén ting nguyén tir, cho phép chup lai hinh anh
nguén phat dién tu: nguyén tu.

siéu cao) dugc duy tri nhd hé théng bom chan khong
tinh vi. Su tao anh & TEM tuong ty nhu nguyén ly
trong cac kinh hién vi quang hoc, chi khac 1a sir dung
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A TECHNOLOGICAL REVIEW
OF IN-SITU TEM APPLIED FOR
PHYSICS, CHEMISTRY AND
ENERGY RESEARCHES

Summary

Transmission electron microscopy
(TEM) is an imaging and analyzing
instrument which utilizes the short
wavelengths of fast electrons (typically
80-300 keV) to achieve from sub-nm to
the state-of-the-art sub-A resolutions.
TEM has been being used in many
fields, from physics, materials science,
chemistry, biomedicine to sustainable
energy researches. The growing use
of this instrument over recent decades
has led to the development of In-
situ TEM techniques which enable
the live observation of microscopic
processes which occurs at the nano
and atomic scales. In-situ TEM refers to
observing and analyzing the processes
of experiments conducted inside the
TEM. This means both the structures
and properties of specimens during the
experiment processes can be observed
andrecorded atthe sametime. Nowadays,
thanks to the advances in micro-and-
nanofabrication, TEM is even capable to
image nanoscale processes in liquids.
This article reviews the In-situ TEM
studies applied for materials science,
spintronics, chemistry and energy
conversion, focusing on experimental
designs and imaging approaches. The
results presented here are partially
reproduced from the authors’ researches
and from other researches in the world.

Keywords: atomic resolution, electron
microscopy, energy conversion and
storage, In-situ TEM, magnetization,
nanomaterials, transmission electron
microscopy.

Classification number 1.10
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Hinh 1: so do nguyén Iy ciia TEM so véi hinh chup thiét bi FEI
TECNAI G20 trong thuc té (a), dnh chup vt kinh TEM (b), twong tic
chiim dién tir véi mau vt va cae tin hiéu san sinh (anh dwoc chinh sira
tir [2]) (c), mét anh chup TEM (trieong sang) mdu vt liéu nano tinh thé
va anh nhiéu xq dién tir twong ung (d, e) [3]

Du buée song dién tir rat nho, nhung khong co nghia 1a
TEM c6 thé dat toi muc d6 phan giai véi cac kich ¢& nho
nhu thé boi vi sy thiéu hoan hao cua cac hé thau kinh tir.
Theo nguyén ly quang hoc, bit ky thau kinh nao ciing c6
quang sai, va thdu kinh tir cling Vay Vi thé, d6 phan giai ¢
TEM bi gi6i han boi budce song va ciu sai ctia vat kinh ()
theo cong thirc [1]:

Ay =1, =091 (Cs/i3 )”4 3)

Vi dy, mdt hé TEM thuong mai phd bién FEI Tecnai
T20 st dung nguon dién tir phat xa nhiét LaB, voi thé ting
tdc 200 kV (A = 2,51 pm) cau sai cua vat klnh la 1,2 mm
s€ cho d6 phan giai diém 12 0,24 nm. Cac TEM thé hé moi
c6 thé duoc trang bi hé thong loai trir quang sai (aberration
corrected TEM) cho phép giam quang sai ti rit nho va lam
tang do phan giai 1én mot cap, téi mirc do ha nguyén tir.

TEM dugc phat minh vao nam 1931 boi Ernst Ruska va
Max Knoll khi d6 dang la nhitng nha nghién ctru cua Cong
ty Siemens (Berlin, Ptic), sau d6 nhanh chong dugc phat
trién va thuong mai héa & Chau Au, Bic My va Nhat Ban.
Cung vé6i sy phat trién cua cac k¥ thuat tao chum dién tu
don sdc (nho sir dung siing phat xa truong) va cac cai tién
ky thuat, TEM di tro thanh mot thiét bi chyup anh véi do
phan giai cao nhat (t6i muc dudi 1 A) va dugc sir dung rong
rdi trong nhidu nganh nghién ctru can sy quan sat cau tric
v6i d phan giai cao va phan tich hoa hoc chinh xac nhu:
vat 1y, khoa hoc vat li€u, héa hoc, y - sinh hoc, nghién ctru
nang luong... Ché do chup anh phén giai cao & TEM, goi la
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HRTEM (High Resolution TEM), cho phép phan giai
cac 16p nguyén tir nho st dung nguyén ly giao thoa
cua song dién tr tan xa trén tung 16p nguyén tir véoi do
phan giai toi cip do nguyén tir (hinh 2).

Ngudn dién o
Kinh hii tu 1 (a)
S SR " 1 DM hdi tu 1
Kinhhﬁim?[ 777777777777 ] —_—
- i Miu ey
o Sl 1 ks a8 vat kinn
X 2. ] tai tigu dién
Thau kinh —_— Khau dd Iua
nhidu xa [,,,:ﬂ),,,l chon wing

Thau kinh
trung gian I <o 'l

Thau kinh Pt L
15t hinh [ 1

Ak MY I

ek (mang tirh thi)

phan bb hoa hoc voi do phan giai siéu cao (hinh 3),
va kha ning khéi phuc hinh anh 3 chiéu cua miu vt
bang cach chup lai hinh chiéu & nhiéu goc do (electron

tomography).

Hinh 2: (a) so do su tao danh quang hoc trong TEM va ché d HRTEM (dwoc sira doi lai tir [4]), (b) anh chup HRTEM don tinh thé Silicon

v6i bé mdt S8iO, v6 dinh hinh, phé bién doi Fourier cdc vimg lya chon tir cdc vimg twong vmg trén anh (b): don tinh thé Si (c) véi cdc cham

ddac trung, (d) SiO, v6 dinh hinh véi pho nhoe va (e) anh chup HRTEM ving don tinh thé SiO, véi do phong dai 1,2 triéu lan cho hinh anh
sdc nét cac lop nguyén i Si voi do phdn giai 0,17 nm

Bén canh kha nang chup anh
voi do phan gidi cao, TEM con
c6 kha nang phan tich hoéa hoc ¢
cép do Yi mo r,1h(‘) ghi nhan cac ()
pho (phd tan sac nang luong tia
X - EDX, pho ton hao nang luong
dién to - EELS) va xay dung cac
btic tranh phan bd héa hoc véi do

Chim dién tr

—————— Mau

Thau kinh hdi ty

Khau dé héi ty

Chim dign tr hdi ty

phan giai cao. Trong thiét bi TEM
cao cap, viée két hop cac cudn day
quét dién tor voi hé thau kinh tur
cho phép hoi tu dién tir thanh mot
dau do siéu nho, quét trén mau vat

Detector ghi anh STEM
trudng t8i (HAADF)

Detector ghi anh STEM
trubng toi goc léch nho

Detector ghi anh STEM

E_I trudng sang

Detector ghi nhan phd EELS

va si dung hé théng camera dac
biét dé ghi lai anh tir chum dién tur
xuyén qua mau bi tan xa & nhiéu
goc khac nhau, tao ra ché do ghi
anh hién vi dién tir quét truyén qua
(Scanning Transmission Electron
Microscopy - STEM) v6i d¢ phan
giai phu thudc vao kich thuédce cua
mili do dién tir hoi tu va ban chat miu, dong thoi do
tuong phan cua hinh anh ty 18 voi nguyén tir khéi cua
cac nguyén t6 c6 mit trong mau (Z-contrast HAADF).
Cac STEM hién dai thé hé mdi c6 thé duoc trang bi h¢
thng khir quang sai 1am giam hé s6 C, t6i muc rat nho
cho phép co thé hoi tu chum dién tir kich thude dudi
1 A va cho anh STEM dong thoi véi cac bic tranh
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Hinh 3: (a) nguyén Iy cua STEM (anh dwoc sua déi tir anh géc trén [5]), (b, ¢) so sanh anh
HRTEM va HAADF-STEM chup cdt I6p hé mang mong da I6p Ta/CoFe/IrMn/Ta/TaO [6],
va (d) anh HAADF-STEM phén gidi cao I6p siéu mang ban dan Gads/InGads [7]

Bén canh kha nang chup anh cAu trac vat 1y, hoa
hoc, TEM con ¢6 thé cho phép chup lai anh phan b
dién tir trudng bang cach st dung thau kinh Lorentz
¢hi nhén dién tr bi tan xa trong di¢n tur truong do luc
Lorentz (ché dd hién vi Lorentz), hodac phuc hoi lai
pha cua song dién tu bi dich di do dién tir truong nho
phuong phap toan anh dién ti (electron holography).



Do phan giai cta cac ki thuat nay co thé dat toi dudi 1
nm. V6i nhiing kha nang chup anh phan giai siéu cao,
nhiéu tinh nang, TEM tr¢ thanh mét thiét bi manh hon
bat ky thiét bi chup anh phan giai cao nao, voi nhitng
thong tin truc tlep vé mau vat ma khong thiét bi nao
¢ duge. Vi thé, du da ra doi hon 80 nam, nhung TEM
van tiép tuc dugc phat trién va van 1a mot thiét bi hién
dai dau bang ctia phén tich nano, phuc vu hiru ich cho
nhiéu linh vuc can nhimng thong tin v& vi ciu trac t6i
cap do nguyén tir hodc ha nguyén tir.

ETEM
Gas cell

Molecular
Reactions

Graphene
: Encapsule
a SiN,
7 Liquid Cell

[l In situ TEM
Electric Nano-
= Biasing mechanics,
~ &
[ ] Light Spin
Interaction Coupling
\:\

Hinh 4: nghién ciru In-situ TEM itng dung trong nhiéu linh viec
khdc nhau: Light Interaction (quang hoa, pin mat troi...), Electric
Biasing (nghién ciru tinh chat dién), SiNx Liquid Cell (nghién ciru
qud trinh trong chat long), ETEM Gas Cell (nghién citu qud trinh

trong chdt khi), Graphene Encapsule (qud trinh phdt trién vt liéu),
Molecular Reactions (cdc phdn ing cdp dé phan tir), Nano

Mechanics (co hoc nano), Spin Coupling (tinh chdt tir, cau triic

va lién két spin)...[8]

Song song v&i nhitng phat trién vé kha ning phan
giai va phan tich cia TEM, mdt xu huéng nghién clru
méi duge hinh thanh trong gan 20 nam tro lai day
1a bién TEM tro thanh mot thiét bi nghién ciru “van
ning” véi viée tao ra cac thi nghiém truc tiép trong
buéng TEM, qua d6 tim ra chinh xac moi lién hé qua
lai gitta cac tinh chét cua vat liéu, linh kién va cac ciu
triic ghi nhén dugc nho TEM. Day 1a ky thuat “In-situ
TEM” (tiéng Latin In-situ c6 nghia 1a “tai ché”). Nho
cai tién budng miu va gia gan miu (thanh giitr mAau,
TEM holder) cing voi sy hd trg cua cac ky thuat ché
tao linh kién do, nguoi ta co thé tién hanh ngay trong
buéng TEM cac thi nghiém [In-situ, ké ca viée thuc
hién phan tmg hoa hoc trong cac pha khi, 16ng, bién
TEM tr¢ thanh mot “phong thi nghiém” do dac tinh
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chat va ghi nhan cau trac Iy hoa, tir 46 hiéu rd hon céc
co ché tao thanh tinh chét vat liéu, linh kién & cip do
nanomet va trd nén cuc ky hiru ich cho nhiéu linh vuec,
tir nghién ctru co ban téi ung dung (hinh 4). Bai viét
nay gidi thiéu ky thuat /n-situ TEM Gng dung trong
mét sb linh vuc, nhu mot tong quan gidi thidu cong
nghé méi v6i hy vong dua dén cac dong nghiép khoa
hoc tai Viét Nam mot cai nhin méi hon vé TEM va
phat trién nhirng nghién ctru dinh cao tai Vi¢t Nam dya
trén thiét bi TEM.

In-situ TEM ing dung trong phan tich cau tric
dién tw

Khi mot chum dién tir truyén qua dién tir truong,
no6 s€ bi 1éch di do tac dung cua lyc Lorentz, phu thudc
vao d6 16n cua dién truong (E), cam tng tir (B) va toe
do cua dién tu (v) [2]:

F, =—¢[E+(vxB)) (4)

Thiét bi TEM véi ché d6 hién vi Lorentz st dung
mot thdu kinh dic biét (Lorentz lens) dat xa bén dudi
mau dé ghi nhan tao anh cua chum dién tr tan xa do
luc Lorentz, tir 6 tao ra hinh anh tuong phan vé cu
trac tir va vé ra ban do phan bd cam g tlr trong mau.
Trén thyuc té, goc 1éch nay rat nhé va ¢ thé dugc tinh
theo cong thuc [2]:

B = B, )

Dé c6 thé thuc hién dugc k¥ thuat hién vi Lorentz,
ngudi ta phai tat vat kinh chuan cia TEM dé loai trir
anh huong cia tir truong nay 1én mau vat (tir trudng
nay c6 do 16n du dé bao hoa toan bo mau va khong
con bat ky thong tin nao vé tir tinh ctia vat con ton tai)
va mau dugc dat tai trung tdm vat kinh v&i moéi truong
hoan toan khong c¢6 tur truong. Khi d6, Lorentz lens s€
dong vai tro vat kinh tao anh va tao ra anh cAu trac tir
ciia mau vat (hinh 5). Lorentz TEM c6 thé hoat dong
& ché 36 TEM (tao anh Fresnel, Foucault) véi chum
dién tir song song. Vi anh Fresnel, ngudi ta c6 thé tao
ra trong phan cua cac vach domen tir bang cach diéu
chinh thau kinh Lorentz sao cho anh tao & vi tri ngoai
diém 6 nét (defocus) v6i do phan giai tt tir 10-20 nm.
Ché d6 anh Foucault cho turong phan vé cac domen tir,
1a ché d6 & vi tri diéu tiéu (in focus) va phai dung khau
d6 dé chin chum tia tan xa theo hudng khong mong
mudn nén kha phuc tap du dat do phan giai tét hon



(5 nm). Mot ché do khac ctua Lorentz TEM thuc hién
trong STEM 1la st dung chum dién tur quét va camera
ghi anh dic biét, goi 1a ché do Twong phdn pha vi phin
(Differential Phase Contrast - DPC), v6i tuong phan
tryc tiép t6i cac thanh phan cua tir d trong mau. DPC
la phuong phap chup anh tr hién dai véi kha nang
phan giai dat t6i 2 nm [2]. Hién nay, cac thiét bi méi co
thé cho do phan giai t6i dudi 1 nm (thiét bi MagTEM
Jeol AMR 200 tai Khoa Vat ly va Thién van, Pai hoc
Glasgow, Vuong qudc Anh).

Over focused Under focused

Ped

In focus
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Hinh 5: nguyén Iy Lorentz TEM chup cdu triic tir: (a) nguyén Iy
ché dg anh Fresnel cho twong phan vich démen va cdc anh Fresnel
(anh tir Wikipedia.org), (b) vi tri infocus khong co thong tin tir,
(c) vi tri defocus, cho twong phan vach domen (dwong den)
va cac gon song vuong goc voi tir do; (d, e) ky thudt DPC
trong STEM va danh twong phdn vé cdc démen tiv

Thi nghiém In-situ khi nghién ciru cau trac tir bao
gdm viée quan sat dong hoc cdu truc tir tac dong boi
truong ngoai, ma 16n nhat 1a tir trudong. Lorentz TEM
1a phurong phap chup anh kha nhay véi sy thay doi cau
trac tir nén rét thich hop cho cac thi nghiém In-situ vé
dong hoc céu tric tir. Trong nhiéu cong trinh trudc day,
chung t6i dd cong bd cac két qua vé nghién ctru In-situ
Lorentz TEM tng dung trén cac cau tric nano tir tinh
véi viée chup lai dong hoc vi cAu trac tir thay doi trong
qua trinh tir hoa va quan sat sy thay doi cua cau trac
vach domen khi bi giam giir boi cau triic hinh hoc duéi
tac dong cua tur truong va dong spin, qua do tao nén sy
thay ddi 16n vé dién tro trong linh ki¢n, dugc do dac
tryc tiép ngay trong TEM [9, 10].

Trong Lorentz TEM, tir truong cho cac thi nghiém
In-situ tir hoa c6 thé dugc tao ra bang hai cach: cach
thtr nhat, vat kinh chuan cua TEM s€ dugc bat 1én mot
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phan (cdp dong rat nho so voi théng thuong), tao ra
mot tr truong song song voi truc quang hoc, hoac
nhidu nhom nghién ctru tién hanh cai tién thanh giir
mau bé“mg cach ché tao mot cudn day siéu nho san sinh
ra tir truong truc tiép tai thanh gitr mau; cach thi hai
doi hoi thanh giit can dugc trang bi thém hé thdng day
truyén dién dé cip ngudn cho cic cudn diy, va trd
thanh mot thanh git mau chuyén dung cho riéng muc
dich nay [11].

—
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Hinh 6: quda trinh tir hoa dong cia linh kién mang mong nano
NiFe quan st bang anh Fresnel trong Lorentz TEM (a) [9],
anh chup Lorentz TEM phdn giai cao o trang thai khi vach domen
bi giam cdm trong cau nano véi phdn bé duong sirc tiwong img (b) [9],
va bé tri thi nghiém do truc tié}) tir dién tro cua linh kién
trong qud trinh quan sdt Lorentz TEM (c, d) chitng minh viéc giam cim
vich démen trong cdu tao ra tir dién tré lom do duoc ¢ hinh (d) [10]

Trong nhiéu nghién ctru da dugc cong bd [9, 10],
tinh chat dién cta cau trac nano NiFe da duoc do dac
truc tiép trong qua trinh tir hoa, qua d6 sy anh hudong
cua qua trinh dong hoc vach ddmen trong linh ki¢n lén
tinh chat tr dién tré ctia linh kién da dugc hiéu mot
cach chinh xac (hinh 6). Linh kién NiFe ban dau duoc
tao ra trén dé dic biét, 1a dang mang (membrane) SiN
mong cho phép dién tir truyén qua cho cac phép do
TEM nho phuong phép ché tao mang mong bang k¥
thuat phiin xa magnetron, sau d6 dugc tao thanh linh
kién nho st dung ky thuat quang khac chum dién ti.
Mot bude quang khic thi hai (sit dung 4anh sang tir
ngoai) két hop véi ky thuat lift off cho phép tao ra hé

AR/R (%)



(a)

Séngchudnqua
chén khdng

: : Lorentz

théng cac dién cuc Ti/Au g'fm lién trén linh kién cho
cac phép do dién [10]. Mau nay dugc gan trén thanh
gilt mau c6 hé thong tiép xtic dién dé cap dong va do
thé cho phép do chinh xac dién tro cua linh kién nho
khuéch dai lock-in, qua do6 dién tr¢ cua linh ki¢n thay
d6i trong qua trinh dat tir trudng khi chup anh céu trac
doémen dugc ghi nhan (hinh 6b). Két qua di chi ra rang,
tor dién trd khéng 16 d3 duoc tao ra khi vach démen
(duoc tao ra khi phan linh kién hinh ellipse bi tir hoa)
bi dich chuyén va by vao cau ndi nano giita hai phan
cua linh kién (phém chinh tao nén tinh chat dién cua
linh kién). Vach domen bi dua vao cau ndi nho tir hoa
hodc do dong spin diéu khién, va bi giam gitr nho cdu
trac hinh hoc dan tdi viéc cdu trac bi pha v khang
dinh nho viéc chup phan bd tir d6 khi giam giir vach
bang Lorentz TEM phan giai cao (ché 46 DPC) va su
giam giit vach ddmen nay 1a ngudn gdc cua tir dién trd
16n trong linh kién [9, 10].
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Hinh 7: (a) nguyén Iy phép toan anh dién tir 0 TEM (duoc sia lgi
tir [12]), (b,c) so do thi nghiém phan tich su bdy dién tich trong linh kién
Vi hinh anh tir todn dnh dién tie: dién tich phdn bé bi thay doi
manh khi dgt cdc thé hiéu dich khdc nhau [13]

Cung véi Lorentz TEM, toan anh dién ti (electron
holography - hinh 7) thuc hi¢n trén TEM ciing 1a mot
phuong phap chup anh phan b dién tir truong véi do
phan giai cao (co thé dat toi 2 nm) nho viée phuc hdi
lai pha cta soéng di¢n tu bi dich di do dién tur truong.
Khi dién tir truyén qua mot mau bit ky, pha cta song
dién tr s€ bi dich di mot lugng do dién va tr trudong
[14]:
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+00 +00

JV(X, y,z)dz—% jAz(x, y,2)dz (6)

—00 -0

(x.7)=4,(x.y)+4,(x.)=C;

Thanh phan thir nhét 13 dong gop cua trudng tinh
dién noi voi thé V(z,,z), con thanh phan tht hai la
dong gop cia cam tng tir v6i trudng thé vécto A(x,),z).
Cung voi Lorentz TEM, toan anh dién tr da tré thanh
nhom phuong phiap TEM tuong phan pha (phase
contrast TEM) dé hiéu rd céu trac dién tir bén trong
vat liéu, ma thyuc chat 1a sy phan anh tinh chat vat liéu
thong qua dién tur truong san sinh bén trong vat lidu.
Yao va cic cong su trong nghién ciru gan day da thiét
ké thi nghiém cho phép ghi nhan sy biy céac dién tich
trong bo nhé ban din nho str dung phép toan anh dién
tir (hinh 7b). Nho khéi phuc phan b truong tinh dién,
su phan b cac dién tich ciing qua d6 dugce quan sét.
Trong d6, hinh chiéu ciia mat do dién tich co6 thé duoc
khoi phuc tir pha cua dién tir theo quan hé [13]:

&V’ [p(x, )]
C,t

O-proj (x9 y) == (7)

Thi nghi€ém /n-situ trong toan anh dién tur cho phép
dat céc thé hiéu dich 1én mau, qua do sy bﬁy dién tich
anh huong t6i tinh chat dan truyén trong qua trinh hoat
dong cua linh kién duoc hiéu 16 véi do phan giai cao.
Mot kho khan cua toan anh dién tur 1a viéc khoi phuc
lai pha cua song dién tir khong truc tiép va nhidu yéu
tb clia truong ngoai co thé tac dong t6i pha cua song.

TEM moi trevong (E-TEM) va ing dung In-situ
TEM trong hoa hoc

Ngay tir khi TEM ra doi, cac nha hoa hoc da hy
vong TEM c¢6 thé gitip ho hiéu cac phan tng hoa hoc
& cap d6 nguyén tir. Piéu nay chi tré thanh hién thyc
khi E-TEM ra @i cho phép tién hanh cac phan tng
hoa hoc ngay trong budng TEM. E-TEM la thuat ngir
viét tit cua Environmental Transmission Electron
Microscope, c6 nghia 13 kinh hién vi di¢n tiv truyén
qua moi truwong, khong hoan toan mang y nghia la
TEM tng dung cho méi trudng [15]. O TEM thong
thuong, mau va toan bo cac co ciu quang hoc dugc dat
trong moi trudng chan khong cao do sy hoat dong cua
chum dién tir nang lugng cao (dac bi¢t khu vuc sung
phat dién tir cin dugc bao vé chat ché boi chan khong
cao toi1 si€u cao) va viéc thuc hién cac phan ung hoa



hoc 13 diéu khong thé boi viéc dua cac thanh té cho
phan tng vao 1a khong thé. Chi t6i thap ky 60, tuc 1a
30 nam sau khi TEM ra doi, thuc hién phan ung hoa
hoc (pha khi - rén) trong TEM mdoi dugc hién thuc
hoéa nho nhitng nghién ctru tién phong cua cac nha
khoa hoc Nhat Ban. Hatsujiro Hashimoto va Toshio
Naiki (Pai hoc Cong ngh¢ Kyoto, Nhat Ban) trong mot
nghién ctru hop tac voi Cong ty Jeol di cai tién budng
mau quanh khu vuc vat kinh, cho phép duy tri mot
lwong khi voi ap suat thip ma khong gay tran khi sang
buéng tao dién tu, do d6 vua cho phép chum dién tu
hoat dong an toan, vira cho phép mau co6 thé phan ung
hoa hoc véi khi dua vao véi sy hd tro ciia TEM holder
v6i kha nang ddt nong nhiét do cao [16]. Cai tién nay
danh diu su ra doi cia ETEM va lam cho TEM lai tré
nén hitu ich hon bao gio hét trong nghién ctru hoa hoc.

Céu triic ciia E-TEM duoc hoan thién vao thap ky
70 v&i nhiing dong gop 16n cua R.T.K Baker va P.S
Harris & Co quan nghién cuu nang lugng nguyén tur
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trén va bén dudi budng mau nham ngin can khi tran
ra cac phan khac [17]. Bén canh dé, ap suét riéng phan
cua tung khi dua vao dugc ghi nhén chinh xac nho hé
thdng phan tich khi du (Residual Gas Analyser - RGA)
(hinh 8). Do d6, E-TEM c6 thé thyc hién phan tng
giita cac khi dua vao voi mau do, va quan sat truc tiép
céu trac do phan tng héa hoc. Mot E-TEM hi¢n dai s€
dugce trang bi ngudn dién tir phat xa truong voi chim
dién tir don sdc va do sang cao cing voi hé thong loai
trir quang sai nhim tang do phan gidi, mot h¢ théng
diéu khién chan khong tinh vi cho phép dua vao nhiéu
loai khi cho nhiéu loai phan tmg can nghién ctru, cing
v6i hé thdng holder cho phép c6 thé thuc hién céac thao
tac d6t nong, 1am lanh hodc c6 thé dat thé hiéu thong
qua cac dién cuc. Mot s6 thiét bi E-TEM con ¢ trang
bi thém hé thong thau kinh Lorentz va ling kinh giao
thoa cho phép tién hanh phép toan anh dién tir, hodc
trang bi cac camera toc do cao cho phép quan sat phan
mg hoa hoc véi toe do cao trong thoi gian thuc [18].

20 nm

Hinh 8: cdu triic ¢t chan khéong ciia E-TEM (a) (hinh dwoc sira lai tiv [15]) va iimg dung E-TEM trong nghién cieu vét liéu nano Si,
(b) cdu hinh chip Si sic dung cho viée moc SiNWs trong E-TEM dé hinh thanh linh kién tiép xiic don ddy, (c) cdc ddy SiNWs bdt dau moc ra
trén Si cantilever khi dipe dot nong trong méi trieong khi disilance véi xiic tac vang [19], va (d, e) hinh anh day SiNW trong thi nghiém
an mon I6p oxide (SiO,) trén bé mdt truc tiép trong méi trwong khi HF trong E-TEM

(Dicot, Vuong qudc Anh), nhitng ngudi da hoan thién
hé théng bom chan khong ciia E-TEM, cho phép diéu
khién 4p suét khi dwa vao budng mau véi do chinh
Xac va an toan cao nho hé théng bom turbo ngay bén
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Vi viée tao phan tng hoa hoc trong E-TEM, cac
nha nghién ciru gan day tién hanh thyc hién cac phan
tmg ling dong pha hoi héa hoc (chemical vapour
deposition - CVD) trong buéng TEM cho phép nghién



curu truc tiép sy hinh thanh cac véat li¢u nano (day
nano...) truc tiép trong budng TEM: quan sat dong hoc
két tinh, hinh thanh day nano thong qua phan tmg CVD
theo cac co ché khac nhau (VLS, VSS...), diéu khién
qué trinh hinh thanh cac day, qua d6 bién chiing thanh
cac linh kién di¢n tir nano.... Nhém nghién ctru tai
Khoa Cong ngh¢ micro va nano (Pai hoc K¥ thuat Ban
Mach) trong mot nghién ctru hop tac véi1 Trung tdm
Nghién ctru IBM Watson (Hoa ky) d4 tién hanh nghién
ctru nhu thé trén ddi tuong 1a cac day nano Silicon
(SiNWs) moc theo co ché CVD trong buéng E-TEM
[19, 20]. Trudc tién, cac chip Si duoc ché tao bang cac
ky thuat cua cong nghé phong sach ban dan (quang
khic, an mon...) cho phép tao ra cac khung Si don tinh
thé treo lo limg trong khong gian (Si cantilevers) véi
bé mit duoc pha mot 16p mang mong vang (Au) hoat
dong nhu mot 16 ddt nho trén chip (hinh 8b). Chip nay
khi duoc dt nong trong méi trudng khi Silance (SiH 2
hodc Disilance (Si,H,) trong buong TEM véi xtic tac
la 16p mang vang trén bé mat s€ dan té1 moc ghép cua
cac SiNWs trén cac giot vang theo phan ung phan huy
khi [19, 20]:

Si,H, > 28i + 3H, hodc SiH, > Si + 2H, (8)

Céc SiNWs moc ra s& dugc quan sét tryc tiép bang
anh TEM dong thoi s& tao ra tiép xtic gitra SINW va
Si cantilever cho phép hinh hanh mdt linh kién véi 4
tiép xuc trén mot day nano Si cho cac tmg dung nhur
transistor don day, cam bién sinh hoa, pin mat troi Si...

Mot diém dang chii ¥ trong E-TEM 1a chum dién
tr s& phai di qua mot quing dudng twong ddi dai trong
mai truong khi, va diéu nay s& lam cho d6 phan giai
cua anh bi suy giam cling nhu cuong do cua chum dién
tir bi mat mat dang ké. O E-TEM, do phan giai luc nay
thay d6i khac so véi TEM thong thuong khong c6 moi
truong khi [21]:

(SNR)’

. ©)
C°D

_ 2
dE—TEM _\/dTEM +

Véi d,,,, 1a do phan giai ¢ ché d6 TEM thuong
(khong c6 moi truong khi) dugc cho boi cong thice (3),
SNR 14 ty s6 tin hidu/nhidu (signal-to-noise ratio), D
1a liéu luong (dose) cia chum dién tir, C 1a mot hang
s6 thiét bi. C6 nghia 1a voi chum dién tir ¢6 liéu luong
cao, c6 cudng do manh s& dé dang ting do phan giai
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ctia E-TEM. D6 1a Iy do E-TEM chi hoat dong t6t khi
duoc trang bi nguén dién tu phat xa truong c¢6 do don
sdc cao cling v6i cuong dd manh. Cing v6i hé thong
diéu khién khi kha phuc tap, nhimng yéu t6 nay bién
E-TEM tro thanh thiét bi nghién ctru kha dit tién va
tdn kém khi hoat dong,

Ngay nay, voi su phat trién cia cong nghé ché tao
phong sach ban din, ngudi ta c6 thé bién mot thiét bi
TEM thong thuong thanh mot E-TEM quy mo nho véi
viéc tao ra cac chip chira khi kin, vira cho phép dan khi
vao miu chtra trong chip, vira cho phép dién tir truyén
qua dé thyc hién phan tng E-TEM trong khu vuc hep
cua chip. DBo6 chinh la cac microchip chira cac kénh
dan kin (twong tw nhu cic 6ng din) co thanh mong
cho dién tir xuyén qua (thanh thudong bang SiN, BN,
graphene...), cho phép dua cac vat li¢u va khi phan tng
nham tao phan tng. Cai tién nay con cho phép dua
chat 10ng vao trong cac kénh (hinh 9) va tién hanh truc
tiép phép do TEM cac phan tng va qué trinh & pha
long [22] va dang 1a mot hudng nghién ctru hap dan
hién nay cho cac ung dung sinh hoa, dién hoa s€ dugc
trinh bay trong phén tiép theo.

Electron Beam — \\E

' Nanoparticles|

Initial ==

Si E-chip
Niride Window

=~ | ] [

laeam Pa-

Hinh 9: mét thiét ké chip cho phép do In-situ TEM cdc qud trinh
ciia vt liéu nano trong méi trieong chat long voi cdc kénh dan mong
(microfluidics) bang SiN [22]

In-situ TEM trong nghién ciu chuyén doi nang
luvong

Déi voi cac nghién ciru chuyén ddi nang lugng, In-
situ TEM g:‘in day dac biét dugc yéu thich vi kha nang
tim hiéu tryc tiép céc qua trinh chuyén ddi nang luong
& cip do nguyén ti, vi du nhu qua trinh lithium hoa
trong cac pin lithium nap lai, cac qua trinh dién hoa,
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cac qua trinh chuyén doi nhiét dién trong cac vat li¢u
nhié¢t di¢n, thuc hién thi nghi€ém véi cac h¢ pin mat troi
ngay trong budng TEM... nho sy hd trg ciia cong nghé
thiét ké va ché tao chip cho cac phép do TEM.
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dung thiét bi phan tich phd nang luong dién tir tan xa
khong dan hoi dat bén dudi camera ghi anh, pho EELS
dugc ghi nhan va chira cac théng tin vé thanh phan
héa hoc, lién két hoa hoc, cac ham dién mdi, hoa tri. ..
Mot diém manh cua EELS
la n6 dac biét nhay vdi cac
nguyén td nhe nén dic biét
httu ich cho nghién ctlru cac
vat liéu chira Li, C... Mot
vi du dién hinh 13 tng dung
phép chup anh EFTEM
(Energy Filtered TEM) dua
trén phé EELS, trang thai
tich di¢n/phong dién ciing

gFe>PO,

. LiFe*PO

4

A nhu ban d0 phan bd Li

trong qué trinh phong nap

700 720

680 700 720

Energy (eV)
Hinh 10: phin b6 ion Fe** va LiFe** trong hé hat nano LiFePO, bang phwong phip EFTEM
dat chat luong cao hon so voi phwong phap hién vi tia X (MMLS) [23]
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Hinh 11: cdc thiét ké thi nghiém In-situ TEM nghién ciru qud trinh dién héa trong pin lithium [24, 25]: (a, b) “chip mé” véi cdc giot chat long
ionic dung lam chat dién ly va hé cdc dién cuc micro, (c) chip dong voi cac chat dién ly long va hé dién cuc, (d) qua trinh lithium hoa
ddy nano Si dwoc quan sat va mé ta tir thi nghiém In-situ TEM va (e) qua trinh phdn hiy lithium quan sat tie thi nghiém In-situ TEM

DPiém doc ddo cia TEM la kha ning phat hién
nguyén t6 Li, mot nguyén té nhe va sy dich chuyén
cta Li trong qua trinh dién hoa, bang viéc tng dung
phd ton hao niang luong dién tir (electron energy loss
spectroscopy - EELS): khi dién tir truyén qua mau, né

bi tan xa khong dan hdi va dong nang bi mat mat. Str
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Mot xu huéng dién hinh gan day la tim hiéu cac
qua trinh dién hoa va bién ddi cdu tric cua pin lithium
véi viée xay dung mat thi nghiém “nanobattery” ngay
trong TEM: mot hé pin siéu nho duoc b tri trong TEM
chip, véi cac dién cuc, méi trudng chét dién ly (thuong
dung chat long) va céc tiép xtic dién trén chip cho phép
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thue hién cac qua trinh phong nap pin va qua do tim
hiéu su bién doi cau trac vat lidu tac dong téi pham
chit cta pin (hinh 11). Then chdt cua ky thuat In-situ
TEM tmng dung cho cac nghién ciru vé pin lithium la
cong nghé thiét ké va ché tao chip bai cac thanh to
kha phtre tap doi hoi cho thi nghiém vé qué trinh dién
hoéa trong pin: cac dién cuc pin dua vao chip la cac vat
liéu can nghién ctru (LiFePO,, SiNWs, Li,O,...) phdi
thoa man yéu té mong cho cic phép do TEM phan giai
cao; chat dién ly thuong dung 1 chat long dua vao
TEM la mot van dé khong don gian. Vi cc chip dong
kin, cac kénh dan c6 thanh mong cho dién tir truyén
qua cho phép dan cac chét 1ong bat ky dua vao TEM
nho sir dung TEM holder chuyén biét cho thé dan chat
long, nhung chip nay la mot h¢ vi co dién tu (Micro
Electromechanical System - MEMS) doi hoi khau ché
tao nhiéu budc va kha phic tap [24]. Cac chip md st
dung hé treo chét 16ng khong doi héi chip qué phire tap
nhung chi ¢6 thé 1am viéc v6i mot sb chat long véi ap
suit hoi bdo hoa thap dé khong bi bay hoi trong chan
khong, ddng thoi sirc cang bé mit 16n dé dang dinh uét
va treo trong hé chip cho cac phép do TEM. Céc chat
long ion (vi du nhu (C,H,)(CH,)C,H,N"*"N(CN)™...)
thuong duoc dung trong cac truong hop nay, va s€
thuong dugc pha thém cac mudi lithium dé tao thanh
dung dich dién ly [24, 25]. Ngoai ra, két hop véi cac
thiét ké thanh git mau dic biét, nguoi ta co thé thuc
hién dong thoi nhiéu thi nghiém nhu kich thich quang
hoc, do dac dic tinh dan... (hinh 11, 12), dic biét duoc
yéu thich trong cac nghién ctru vé pin mat trdi va xuc
tac quang [26, 27].

St
p/n
SINWSs

Source
Measure Unit

Holder
assembly

Két luan

Kinh hién vi dién tir truyén qua (TEM) 1a mot cong
cu nghién cuu hién dai dugc ting dung rong rai trong
cac nghién ctru vat ly, vat li¢u, hoa, sinh, nang luong...
v6i kha nang chup anh do phan giai siéu cao di kém
v6i cac phép phan tich phd manh cho cac phén tich hoa
hoc. In-situ TEM la mot xu hudng nghién ciu dang
duoc ua chudng trén thé giéi nho kha ning kham pha
méi trong quan cu trac va tinh chat vat liéu, linh kién
mot cach truc tiép, chinh xac nhét thong qua vi¢c thuc
hién truc tiép cac qua trinh dong trong budng TEM.
Vi su hd tro ciia cong nghé ché tao chip ban dan, k¥
thuat MEMS va co khi chinh xac, In-situ TEM da tro
thanh mdt phuong phap nghién ctru manh va hién dai
cho viéc tim hiéu c4u triic va tinh chét & cap d6 nguyén
tir trong thoi gian thuc, c6 thé tmg dung cho hiu hét
cac linh vire can nhitng thong tin & cap d6 do.

Thiét bi TEM van la mot thiét bi kha méi mé & Viét
Nam véi s lugng TEM trén ca nudc chi tinh trén dau
ngon tay va cac don vi su dung TEM méi dung ¢ mirc
khai thac cac tinh ning don gian thay vi bién n6 thanh
mot thiét bi nghién ciru hiru dung cho cac nghién ctru
dinh cao. Phuong phép In-situ TEM lai cang xa la voi
hau hét cac nha nghién ciru trong nudc. Va bai viét
nay nhu mot 101 gidi thiéu vé TEM, ciing nhu nhiing
huéng tiép can hién dai trén thé giéi dé khai thac hét
strc manh cua thiét bi hién dai nay voi hy vong cac nha
nghién ctru trong nudc c6 thé sdm duoc tiép can nhitng
phuong phap hién dai nhu vay dé hoa nhap véi cic

nghién ctru trén the gioi.

(b)

Electron-beam

UL

i Si0,

—
T

(ﬂ

100 nm

Hinh 12: b6 tri thi nghiém In-situ TEM nghién ciru pin mdt troi Si: (a) TEM holder véi hé thong nanoprobe cé thé do tirng ddy nano Sl
dé do dac tinh dan dién ciia tiép xic p-n cho pin mdt troi [26] (b) TEM holder duwoc thiét ké dic biét cho phép doi dnh sdng vao mau
dé nghién ciru triec tiép su thay doi cdu triic trong qud trinh hoat dong ciia pin mat troi [27]
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in nghiéng).
Tap (s6): danh cho nguén trich 1a tap chi, sach hodc cac xuat ban phdm khéc (phan nay in dam).
Trang dau-trang cudi la s6 thii ty cac trang phan anh ndi cu tri cla tai liéu dugc trich dan trong tai liéu
nguoén.
Chu y: néu co 2 2 tai liéu tham khado do cling 1 tac gia/nhom tac gia, cung nam cong b, thi céc tai liéu
tham khao nay can dudc danh d&u a, b.. sau nam xuét ban (vi du: 1986a).
_ Né&u c6 mét s tai liéu tham khéo trong cuing 1 bai bao dugc trich dan c6 s6 trang khac nhau thi cén trich
dan thém sd trang, vi du: Kitchen (1982, p 39).

Cac yéu cau khac

- Bai viét knong dat yéu cau, Toa soan khong tré lai ban thao.

- Bai viét chi dudc dang khi phan bién nhan xét vé chét Iugng bai bdo dong y cho dang.

- Ban quyén: tac gid dong y trao ban quyén bai viét (bao gdm ca phan tom tat) cho Ban Bién tap
Tap chi.

PHAN LOAI LINH VUC KHOR HOC

AAAAAAAAA
CP®NDO W=

2.1.

1.Khoa hoc tu nhién
Toan hoc va théng ké
Khoa hoc may tinh va théng tin
vatly
Héa hoc
Khoa hoc trai dat va méi trudng
Khoa hoc sy song
Khoa hoc nano
Khoa hoc tinh todn
Cac linh vuc khéac cta khoa hoc tu
nhién

2. Khoa hoc ki thuat va cong nghé
Ky thuat dan dung: ky thuat kién
tric; ky thuat xay dung; ky thuat
két cdu va do thi; ky thuat giao
théng van tai; ky thuat thuy Igi; ky
thuat dia chat céng trinh
Ky thuat dién, ky thuat dién tl, ky
thuat thong tin
K§ thuat ca khi, ché tao may
Ky thuat hoa hoc
Ky thuat vat liéu va luyén kim
Ky thuét y hoc
Ky thuat méi trudng

. Cdng nghé sinh hoc cdng nghiép

. Cong nghé nano
. Ky thuat thuc phdm va dé udng

. Céc Iinh vuc khac cta khoa hoc
ky thuat va cong nghé

3.Khoa hoc y - duge

. Y hoc cd s6
.Y hoc lam sang
.Y hoc du phong

Dugc hoc

. Céc linh vuc khac ctia Y - dugc hoc

4. Khoa hoc nong nghiép

. Tréng trot
. Chan nuoi
. Thay

Lam nghiép

. Thly san
. €bng nghé sinh hoc trong néng

nghiép, thly sén
Céc linh vuc khac ctia khoa hoc
ndng nghiép

. Tam ly hoc

Kinh té€ va kinh doanh
Khoa hoc gido duc

. Xahdi hoc

Phap luat
Khoa hoc chinh tri

. Dia ly kinh t€ va xa hdi
. Théng tin dai ching va truyén thong

Lich st va khao ¢ hoc
Ngén ng( hoc va van hoc

. Triét hoc, dao dtic va tén giao

. Nghién ctiu vé khu vuc va quéc té

. C4c linh vuc khéac cla khoa hoc xa
hoéi va nhan van
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