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Phit trién bo khuéch dai laser tir ngoai, bing hep diéu chinh bute song
sir dung tinh the Ce:LiCAF dinh hwdng nghién ciru moi truong

Nguyén Vin Piép!, Nguyén Xuin Tu', Pham Vin Dwong', Nguyén Thi Khanh Van',
Nguyén Vin Minh', Vii Vin Thi2, Pham Hong Minh"

Wién Vat ly, Vién Han lam Khoa hoc va Cong nghé Viét Nam, 10 Pao Tan, phuong Céng Vi, quan Ba Dinh, Ha Néi, Viét Nam
’Truong Pai hoc Cong doan, 169 Tay Son, phuong Quang Trung, qudn Pong Pa, Ha Ngi, Viét Nam

Ngay nhan bai 28/2/2023; ngay chuyén phan bién 3/3/2023; ngay nhan phan bién 23/3/2023; ngay chip nhéan ding 27/3/2023

Tém tit:

Trong bai bao nay, cac két qua nghién ciru cho ca hé phat va hé khuéch dai laser tir ngoai (UV) don sic, c6 khi ning diéu
chinh lién tuc buéc séng sir dung tinh thé Lithium calcium aluminum fluoride pha tap ion Cerium (Ce:LiCAF) dwoc trinh
bay. Céu hinh budng céng hwong (BCH) Littrow sir dung cich tir lam gwong cudi phat birc xa laser ¢6 thé dwogc diéu chinh
trong khoing 285-296 nm véi cong suit 16n nhit 1a 8 mW & buée song 288,5 nm. Hé khuéch dai 4 1an truyén qua cho UV
Ce:LiCAF ciing d3 dwogc nghién ciru va phat trién. Laser tin hiéu véi cong suit 7 mW, dd rong xung 3,6 ns & buéc song
288,5 nm, sau 4 1an khuéch dai cong suit laser dat dwoc 12 49,0 mW, twong vng véi hé s6 khuéch dai la 7. Pong hoc khuéch
dai sir dung phwong trinh Franz-Nodvik mé rong khio sat sy phu thudc ciia ning lwong laser 16i ra vao s6 lin khuéch
dai ciing da dwoc thwe hién. Hon nira, UV Ce:LiCAF cong suit cao, diéu chinh buéc séng buéc diu di dwoc ing dung
cho viéc danh gia cwong dd tan xa theo goc ciia mot sé hat sol khi phd bién nhu carbon den, carbon nau va nwée 6 nhiém.

Tir khéa: k¥ thuit LiDAR, laser bing hep, laser cong sut cao, sol khi, tinh thé Ce:LiCAF.

Chi s6 phén logi: 1.3

1. Ddt van de

Laser noi chung va UV noi riéng dong vai trd quan trong
trong khoa hoc, cong nghé va doi séng, nho dugce Gmg dung
trong nhiéu linh vuc nhu: gia cong vat ligu, vi co khi, k¥ thuat
vién tham, y hoc, sinh hoc, quang phd va nghién ciru moéi
truong. Theo cac nghién ciu gan dy tai mot s thanh phd
16n & chau A, cac hat c6 klch thude nho hon 2,5 um (PM, )
chiém ty 18 hon 98% tdng sb hat sol khi [1-3]. Trong d6, cac hat
carbon den, carbon nau, nudc 6 nhiém déng gop 16n vao thanh
phan sol khi PM, .. Ngudn gde ctia nude 6 nhiém 14 tir qua trinh
bay hoi cua song, ho..., trong khi d6 nguon gbc ctua carbon
den 1a tir qua trinh d6t chay nhiét do cao (dong co diesel, khu
cong nghiép...), carbon nau c6 ngudn gdc tir qua trinh ddt chay
chat hitu co. Hon nita, do mét sb chat khi c6 phd hap thy nam
trong vung budc séng tr ngoai nhu O, (300330 nm), SO,
(320+-340 nm), CS, (320+340 nm), Cl, (260300 nm) [4] nén
viéc phat trién cac nguon UV don sac ¢6 kha nang diéu chinh
bude séng cho cac img dung méi trudng 13 can thiét. Bén nay,
viée tich hop laser vao céc trang thiét bi va k¥ thuat nghién ciru
khi quyén da tré' nén phd bién v6i may dém va do kich thudc
hat, may phén tich sol khi, may quang phd Raman va cac k¥
thuat vién tham tién tién nhu Laser doppler velocimetry (LDV)
va Light detection and ranging (LIDA) [5, 6]. Cac ngudn UV
thong thuong thu duge bang viée nhan tan s tir cc laser phat
bude song dai hon hodc phat truc tiép tir cac laser khi excimer
nhu KrF (248 nm), XeCl (308 nm)... Tuy nhién, nhuoc diém
chinh ciia cac laser nhan tan s 1a hiéu sudt chuyén doi laser

*Tac gia lién hé: Email: phminh@jop.vast.vn
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thép va phu thudc vao tinh thé nhan tan, trong khi d6 cac nguén
laser excimer khong c6 kha nang diéu chinh budce song [7, 8].

Maéi truong tinh thé Ce:LiCAF da duoc ching minh 1a moi
trueong vat liéu uvu viét cho viéc phat trién céc nguén laser rén
tr ngoai. Phat xa cua moi truong dua trén dich chuyén 5d - 4f
ctia ion Cerium trong nén tinh thé c6 d6 rong ving cam 1on
[9, 10] Mat khac, do sy tuong tdc manh gifra l6p dién tu 5d
va cau triic mang dan dén sy mo rong phd huynh quang, cho
phép méi trudng laser nay c6 kha ning phat truc tiép birc xa
UV va diéu chinh trén mot dai phd rong 280-320 nm [11]. Mbi
truong nay c6 dinh phd hip thu tai bude song 266 nm phi hop
v6i bom quang bang hoa ba bac bon cua laser Neodymium, tiét
dién phat xa laser 16n (7,5x10'® cm?), mat d6 nang luong bom
bédo hoa cao (115 mJ/cmz) ngudng pha huy 16n (5 J/cmz) [12,
13]. Tat ca cac wu diém nay thuan loi cho viéc phat trién cac
UV toan ran, biang hep, diéu chinh budc song va cong suit cao.

Céc nghién ctru gan day da chi ra rang, tinh thé Ce:LiCAF
¢6 hiéu suat chuyén dbi 1én dén 46% khi dugc bom bang hoa ba
bac bdn cua laser Nd:YAG (266 nm) hoic laser Nd:YLF (262
nm) [14]. Bang viéc sir dung céc tim etalon, hé UV Ce:LiCAF
phat céc burc xa bang hep xudng t6i 14 pm va c6 thé diéu chinh
trén dai phd rong 14 nm, tir 284 dén 298 nm [15].

Tai Viét Nam, viéc phat trién UV ting dung cho nghién ctru
moi truong da dugc thuc hién. Béng viéc bién dbi tan sb tir
laser mau két hop vé6i bo khuéch dai nhiéu lan truyén qua, buc
xa UV & bude song 287,5 nm vdi nang luong laser ¢d vai chuc
micro Jun da dugc phat trién. Tuy nhién, ning luong laser nay
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Development of a tunable, narrow, and
ultraviolet Ce:LiCAF crystal multipass laser

amplifier for environmental application

Van Diep Nguyen', Xuan Tu Nguyen', Van Duong Pham',
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Van Thu Vu?, Hong Minh Pham"*
!nstitute of Physics, Vietnam Academy of Science and Technology,
10 Dao Tan Street, Cong Vi Ward, Ba Dinh District, Hanoi, Vietnam

Trade Union University,
169 Tay Son Street, Quang Trung Ward, Dong Da District, Hanoi, Vietnam
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Abstract:

In this paper, the authors present results on the development
of both an oscillator and a 4-pass amplifier of ultraviolet
and narrow linewidth pulses using a Ce:LiCAF crystal. By
using a grating at one end of the laser cavity, the output
laser wavelength of the laser can be tuned from 285 nm
to 296 nm with a maximum output power of 8 mW at
288.5 nm. Moreover, amplification in a 4-pass amplifier
of the Ce:LiCAF laser was investigated theoretically and
experimentally. From the results, 49.0 mW amplified
pulses can be obtained using a 4-pass amplifier with 7.0
mW power and 3.6 ns pulse duration at 288.5 nm injection,
corresponding to an amplifier gain of 7. Furthermore,
the angular scattering intensity of some common single-
particle aerosols such as black carbon, brown carbon,
and polluted water has been studied using the Ce:LiCAF
laser. This result can serve as the basis for the multipass
laser amplifier’s environmental application, particularly in
identifying atmospheric particles.

Keywords: aerosol, Ce:LiCAF crystals, high power laser,
LiDAR technique, narrowband laser.

Classification number: 1.3

con dudi ngudng cua nhiéu ung dung [16]. Viéc nghién ciru
va phat trién cac ngudn laser phat truc tiép buc xa tir ngoai
sir dung tinh thé Ce:LiCAF ciing di duoc bao céo. Véi ciu
hinh BCH gbém 2 guong phang phét birc xa laser bang rong,
hiéu suét laser dat duoc 1én dén 33% va nang luong laser 16i
ra 16n nhét ghi nhan duogc 1a 3,4 mJ. Hon nira bé‘mg cAu hinh
BCH Littrow, birc xa laser c6 do rong phé 0,2 nm, diéu chinh
dugc trén mot dai phd tir 281 dén 299 nm véi ning lwong 16n
nhét 12 0,8 mJ d3 dugc ghi nhan [17]. Méac du h¢ UV phat bang
hep, diéu chinh budc song Ce:LiCAF da dugc phat trién thanh
cong, tuy nhién ning luong laser 16i ra con thap. Dé mo rong
g dung cuia ngudn laser nay thi viéc khuéch dai ning luong
14 cén thiét.
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Trong bai bao nay, chiing t6i trinh bay viéc phat trién mot
hé khuéch dai 4 lan truyén qua cho céc xung UV, bang hep
sir dung tinh thé Ce:LiCAF. Bing viéc st dung phuong trinh
Franz-Nodvik mé rdng, dong hoc khuéch dai cac xung laser
nay ciing da dwoc nghién ciru trdng minh. Két qua nghién ciru
cho thdy su phu hop t6t giira Iy thuyét va thuc nghiém. Hon
ntra, viéc danh gid cuong do tan xa géc cuia mot s6 don hat phé
bién trong khi quyén bang UV Ce:LiCAF ciing da duoc thuc
hién, 1am co s& cho viéc nhan biét cic chat khi nay trong khi
quyén.

2. Cau hinh hé thuc nghiém

Céu hinh hé phat va hé khuéch dai UV sir dung tinh thé
Ce:LiCAF dugc chi ra ¢ hinh 1. Trong cdu hinh nay, hoa ba bac
bdn cua laser Nd:YAG (Lotis II) tai buéce song 266 nm, do on
dinh 2%, do rong xung 7 ns véi nang luong cuc dai 120 mJ
duoc str dung 1am ngudn laser bom. Sir dung tim chia chim F,
laser bom duoc chia thanh hai phan, mot phan niang lwong cho
h¢ phat va phan con lai cho hé khuéch dai. Céc guong tr M,
dén M;la dién moi, co hé sf) phan xa cao ¢ budc song 266 nm
duogc sur dung lam guong dan chum laser bom.

266 nm
NA:YAG 40 & N
M. ¥
3
22
oﬁ / Mz
f' Ri E
1 W ; Rz
Y266mm | — N
| CeLiCAF = 2885 nmi
' Me b
\ Hg¢ laser phit xung tin higu ' [
""" sit dung BCH Littrow =~
. ==l
Rs L4

M
Ce:LiCAF

\ Hé khuéch dai Ce:LiCAF
_________ 4 lan huy& qua

__________

Hinh 1. H¢ khuéch dai cic xung UV bing hep 4 lin truyén qua sir dung tinh thé
Ce:LiCAF.

Vi h¢ laser phat, tinh thé Ce:LiCAF duoc cit gbc Brewster
voi kich thude 20x10x10 mm, néng do pha tap 1% mol dugc
su dung lam moi trlr(:)*ng hoat chit. Thau kinh hoi tu L , (=30
cm) duoc su dung dé hoi tu chum laser bom, sao cho duong
kinh chim laser bom trén mit tinh thé 12 2 mm. Goc gitra chim
laser bom va truc BCH duoc hiéu chinh nho nhat nhim ting
hiéu suét chuyén déi laser. BCH laser c6 chiéu dai 7 cm, gdm
mot cach tr G (2.400 vach/mm) cua Hang Thorlab duoc dat
trén gia vi chinh goc va guong ra R, c6 hé s6 phan xa 30% tai
budc song laser. Voi viée quay goc cach tir so véi truc BCH
ta c6 thé thay ddi duoc bude song cua laser 16i ra. Chum laser
sau khi ra khoi BCH, dugc chuén tryc bang ’2 théu kinh L,(-10
cm) va L, (10 cm) truge khi dua vao bo khuéch dai (chum laser
tin hiéu).



Hé khuéch dai cac xung UV bang hep 4 lan truyén qua
dugc cdu tao tir 8 guong phing (R, dén R,) c6 h¢ s6 phan xa
trén 90%, trong vung budc soéng 280 dén 300 nm ¢ goc 45° cua
Hang Thorlab (Hoa Ky). Tinh thé Ce:LiCAF cét goc Brewster,
voi kich thude 5x5x8 mm, néng do pha tap 1% mol dugc su
dung lam méi trudng khuéch dai. Mot ph?ln chum laser bom
(266 nm) sau khi phan xa trén cac gwong dan M, va M, dugc
hdi tu vao tinh theé khuéch dai Ce:LiCAF nh¢ thau kinh L,
(f=40 cm). Hi¢u suat khuéch dai phu thudc vao sy chong chap
gitta chum laser bom va chum laser tin hiéu. Do d6, géc léch
gitta chum laser bom va chum laser tin hi¢u dugc hi¢u chinh
nho nhit & mdi 1an khuéch dai.

Dé khao sat cong sudt laser, chung toi stir dung dau do ning
luong Coherent v6i dai cong sudt do 1 dén 30 W, do phan giai
1 mW, ngudng pha huy 6 KW/cm? (1,75 J/ecm?). Photodiode
Hamamatsu S9055 c6 thoi gian dap tmg 250 ps két hop véi dao
dong ky s6 5 GHz (Lecrosy) duoc st dung dé danh gia d6 rong
xung laser. Cac dic trung vé phd laser dwoc khao sat bang may
quang phd Avaspec véi dai phd hoat dong tir 200 dén 1160 nm,
do phan giai 0,6 nm.

£ 2 S S a~
3. Két qua va ban luan

Dé khao sat kha nang didu chinh budc song cua hé laser
Ce:LiCAF céu hinh BCH Littrow, goc gitta cach tir va truc
BCH dugc thay ddi tir 19 dén 23°, cong sut laser bom dugc
diéu chinh dudi ngudng pha huy tinh thé. Két qua khao sat
dugc ¢ hinh 2 cho thdy, ving diéu chinh budc song laser thu
dugc trong khoang 285-296 nm véi do rong phd 0,6 nm (bang
gi6i han cua thiét bi do). Hiéu suét laser thu duoc 1a 8,5% tai

(A) (B)
285 nm 288,5 nm
&
= ]
- 2
< <
] £
£ g
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Bwéc song (nm) Bwdc song (nm)

Hinh 2. Birc xa thu dwoc trong viing diéu chinh bwéc séng cia cau
hinh BCH Littrow. (A) Buwéc séng ngén nhét trong dai diéu chinh 285
nm; (B) Bwdc sdéng tai dinh phat xa 288,5 nm; (C) Bwdc song 292 nm;
(D) Buéc séng dai nhat trong dai diéu chinh 296 nm.
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bude song 288,5 nm, véi cong suat 16n nhit 1a 8 mW & cong
suét laser bom 120 mW.

bé danh gia hiéu suét ctia bo khuéch dai 4 1an qua str dung
tinh thé Ce:LiCAF, chum laser tin hiéu & budc song 288,5 nm
véi cong sudt 7 mW, do rong xung 3,6 ns va do rong phé 0,6
nm duoc dua vao bd khuéch dai (hinh 3). Sau khi chuén truc,
duong kinh chum laser tin hiéu 1a 1 mm, twong Grng véi mat do
nang luong 1a 20 mJ/cm?, nho hon nhiéu so véi mat d6 nang
luong bao hoa.

10 1,0 ?
@ ® M
£ 08 £08 N
& r "
3 ae £ 08 'y ~0,6 nm
Y g T -
2 04 =04 Lo
£ B3] ' '
= = [
02 a2 i
PO
0 b o .A.
-20 20 280 285 290 285 300

Thaoi gian (ns)

Buéc song (nm)
Hinh 3. D3 rong xung (A) va dé rong phé laser tin hiéu (B).

Cong suit laser bom (266 nm) cho hé khuéch dai 1a 190
mW, tuong img mat do ning lugng 14 0,6 J/cm?, nhé hon nhiéu
so voi ngudng pha hily tinh thé. Trong truong hop nay, hé
khuéch dai hoat dong & ché do tuyén tinh. Vi cdu hinh khuéch
dai nay, cong sut laser 16i ra sau mdi 1an khuéch dai 1an luot
1a 17, 29, 44 va 49 mW, tuong ng véi hé sb khuéch dai 1an
lwotla 2,3, 1,7, 1,3 va 1,2. Nhu vay, vdi cong suét laser tin hiéu
trude khi vao bo khuéch dai 1a 7 mW, cong suit laser thu dugc
sau 4 1an khuéch dai 1 49 mW, tuong tng véi hé s6 khuéch dai
1a 7 (hinh 4). Thong sd chi tiét ciia xung laser tin hiéu va xung
laser sau khuéch dai duoc thé hién & bang 1.
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Hinh 4. Céng suét laser 16i ra sau méi lan khuéch dai.

Bang 1. Thong s6 xung laser tin hiéu va xung laser sau khuéch dai (hé
khuéch dai cac xung UV bing hep).

Thong tin Laser tin hi¢u Laser sau khuéch dai
Cong suat (mW) 7 49

Budce song (nm) 288,5 288,5

Do rong phd (nm) 0,6 0,6

Do rong xung (ns) 3,6 3,6
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Bing viéc st dung phwong trinh Franz-Nodvik mé rong
[18], su phu thudc ctia cong suat laser sau khuéch dai vao cong
suat laser tin hiéu cling da dugc thuc hién:

) = Jae T 14 Gy (expC=2 = D] ()

trong do: J, la thong luong xung laser ra; A 1a budc song laser
k@ch thich; Jsat,lé thf?ng lwong béo hoa; J, | 1a thong luong bar}
dau; T Ia h¢ so truyén qua ctia chum laser tin hi¢u; G_ 1a h¢ so
khuéch dai ban dau.

Bing viéc sir dung phan mém Matlab dé giai phwong trinh
1, sy phy thudc cta cong suit laser 16i ra vao cong suét laser tin
hiéu sau mdi 1an khuéch dai cling dugc chira ¢ hinh 4. Két qua
nghién ctru thye nghiém va mé phong cho thiy sy phu hop tdt
trong 3 1an khuéch dai dau tién. Tuy nhién, cong suat laser theo
md phong tai 1an khuéch dai tht tu 1a 57 mW, cao hon 15% so
v6i cac két qua thuc nghiém. Nguyén nhan trong thuc nghiém
su chdng chép giita chum laser bom va laser tin hiéu trong tinh
thé laser Ce:LiCAF chua cao.

Dé danh gia dac trung tan xa cua cac hat sol khi, ching
t6i str dung chwong trinh mé phong dua trén 1y thuyét tan xa
Mie [19, 20]. 2 buc xa laser kich thich tai budc song 532 va
288,5 nm, budc song 532 nm la phat hoa ba bac hai cua laser
Neodymium, trong khi d6 bude song 288,5 nm thu dugce tir hé
laser Ce:LiCAF di duoc phat trién. Trong bang 2 1a chiét sudt
phtrc ciia nudce 6 nhiém, carbon ndu va carbon den dbi véi hai
birc xa laser kich thich [21, 22].

Bang 2. Chiét suat phirc clia nwéc 6 nhiém, carbon nau va carbon den dbi
v&i 2 bire xa laser kich thich 532 va 288,5 nm [21, 22].

Chiét suit tai cac budc song laser

Doi twong nghién ciru

532 nm 288,5 nm
Nudc 14n tap chit 1,54+0,015i 1,54+0,015i
Carbon den 1,77+0,63 11 1,70+0,641i
Carbon nau 1,52+0,182i 1,57+0,0311

Vi dudng kinh trung binh khi phat tan trong khi quyén tir
0,1 #n1,2 um, hé s6 kich thudce (x) cua cac hat sol khi carbon
nau, nudc 6 nhiém va carbon den duge tinh theo cong thirc (2)
va dugc chi ra trong bang 2.

x=5 @

trong do: r 1a ban kinh hat sol khi; A 1a budc song laser kich
thich.

Ly thuyét tan xa Mie dugc st dung cho cac hat c6 hé $6
kich thuéc nam trong khoang 0,2+2000. Nhu vay, voi hé )
kich thudc hat ndm trong khoang tir 1,2 dén 14,2 pm khi kich
thich bang budc song 532 nm; nam trong khoang tir 2,2 dén
26,1 um khi kich thich bang budc song 288,5 nm (bang 3) la
phi hop véi 1y thuyét tan xa Mie [21, 22].
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Bang 3. Hé s kich thwéc hat dwoe xac dinh theo bwéc séng.

% (nm) 532 nm 288,5 nm
r (um)
0,1 1,2 22
0,4 47 8,7
12 142 26,1

Dé danh gi4 anh hudng ciia bude song kich thich dén tan
xa goc cua cac hat, 2 birc xa laser tai budc séng 532 va 288,5
nm lan luot kich thich vao hdn hop duogc tron cac hat sol khi
carbon den, carbon nau va nuéc 6 nhiém cé ban kinh lan luot
12 0,1,0,4va 1,2 um. Két qua mo6 phong dugc chi ra ¢ hinh 5
cho théy:

Hat c6 ban kinh 0,1 pm: Cuong d6 tan xa theo phuong
thudn (goéc 0°) 16n hon so v6i cuong do tdn xa ngugc (goc
180°). Tuy nhién, cuong do tan xa goc cia 3 loai hat nay khong
¢6 nhiéu su khac biét, dan t6i khong thé nhan biét dugc cac
hat nay bang tan xa goc voi budc song kich thich 1a 288,5 va
532 nm. Nguyén nhan do ban kinh hat nho hon budc séng kich
thich dan t6i tan xa goc thé hién khong 10 rét.

Hat c6 ban kinh 0,4 pm: Cuong do tan xa ciia mdi hat da
thé hién rd sy thay ddi theo goc khi kich thich bang budc song
532 nm. Tuy nhién, vi¢c phan biét 3 loai hat sol khi nay kho dat
duoc do cudng do tan xa theo goc cua 3 loai hat nay kha tuong
ddng. Trong khi d6, cudng do tan xa theo goc cua cac hat nay
thé hién su khac biét 16n khi duge kich thich bing budc song
288,5 nm. Do vay, viéc nhan biét 3 loai hat carbon nau, nudc
6 nhiém va carbon den trong mdt hon hgp cac hat cung kich
thude 1a c6 thé thuc hién dugc.

Hat c6 ban kinh 1,2 pm: Cuong do tan tan xa thay doi
nhanh theo goc khi dwoc kich thich bang budc song 532 hodc

0 , 0 4 0 g
120 0 120 60 120 60
15 3 4
& 150 2 30 150 30
180 180 @ 0 180 0
210 ik 330 210 3%
240 300 20 = o 240 0
m 2
0,1 pm 0,4 pm 1,2 pm
A=532nm
0 0 g 0 4
120 60 120 60 120 60
2 4 4
150 30 150 30 150 30
210 330 210 330 210 330
240 300 240 300 240 300
210
0,1 um| n 0.4 um tal 1,2 pm
1=288,5 nm
——Nudc 6 nhiém ——Carbon den ——Carbon nau

Hinh 5. Cwong do tan xa theo géc cua cac hat carbon den, carbon nau
va nwéc 6 nhiém.



288,5 nm. Do do, viéc phan biét cac loai hat nay cé thé thuc
hién dugc. Tuy nhién, dé xéc dinh duge dic trung tan xa theo
goc cua cac hat doi hdi phai st dung nhiéu cam bién dit trén
mat phéng tan xa.

4. Két luan

Hé khuéch dai cac xung UV bang hep 4 lan truyén qua st
dung tinh thé Ce:LiCAF da duoc phat trién. Xung laser tin hi¢u
bang hep tai budc song 288,5 nm cd cong suit 7 mW, d¢ rong
phé 0,6 nm sau 4 14n khuéch dai c6 cong sult 1a 49 mW, tuong
(g voi hé sb khuéch dai 7. Cac két qua nghién ciru 1y thuyét
cho the”iy su phu hop cao véi cac két qua thuc nghiém.

Bing viéc sir dung 1y thuyét tan xa Mie, déc trung tan xa
theo goc ciia mot sb hat sol khi phd bién trong khi quyén la
carbon den, carbon nau va nudc 6 nhiém di duge nghién ctru.
Két qua cho théy, hi¢u qua cta viéc st dung budc song 288,5
nm so voi budc song dai hon 532 nm trong nghién ctru tan xa
ctia cac hat. Cac két qua dat dugc co thé mé rong cho g dung
xac dinh cac hat sol khi, cling nhu xac dinh kich thudc hat
trong thuc nghiém.

LO1 CAM ON

Nghién ctru duoc hd tro boi dé tai Quy Phat trién Khoa hoc
va Cong ngh¢ Quoc gia, ma so 103.03-2019.365. Cac tac gia
xin chan thanh cam on.
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Nghin ciru anh hlro’ng cla mot 50 yeu t dén tie (0 chay cao cia vat lleu mang nang hrgng
trén nén ¢ao su butadiene acrylonitrile ¢6 nhom cacboxyl cudi mach

Nguyén Pirc Long, Nguyén Vin Hung, Trin Hiru Thanh*, Poan Vin Piép, Hoang Vin Hing
Vién Thudc phéng Thuée né, Tong cuc Cong nghiép Quoc phong, 192 Pire Giang, phiong Thirong Thanh, quén Long Bién, Ha Néi, Viét Nam
Ngay nhan bai 15/6/2023; ngay chuyén phan bién 19/6/2023; ngay nhan phan bién 12/7/2023; ngay chip nhan dang 14/7/2023

Tom tit:

Vit liéu mang ning lwong di thé (VLMNLDT) sé hiru nhitng wu thé vuot tri so véi cac vat liéu mang ning lwong
khac. Chinh vi vy, viéc nghién ctru, phat trién loai vat li¢u nay dé tao lwc day cho vt thé bay 1a xu huéng tat yéu
trong linh vue khoa hoc quéin sy va vii tru. Bai bdo trinh bay két qua nghién ciru dnh hwéng ciia mét s6 yéu to
dén tinh chit cong ngh¢ va téc dd chiy ciia VLMNLDT trén nén cao su butadiene acrylonitrile CKH-10KTP va
ammonium perchlorate (AP). Két qua cho thay, quy luit chay phu thudc vio ap suit cia VLMNLDT trén nén CKH-
10KTP va AP siéu min (dién tich bé mit riéng 2,61+3,85 m%g), sir dung xiic tic chay din xuit ferrocene. Nghién
ciru ciing xdc dinh dwge ham lwgng chét xic tac chay - chit héa déo toi wu 1a 3,5+3,8%. Két qua nghién ciru 1 co sé
khoa hoc virng chic dé téi wu cic thong sé xa thuit, ning lwong mac vét liéu mang ning lwgng, bo sung vao ngudn
dir liéu quoc gia vé thiét ké dong co vat thé bay.

Tir khéa: ammonium perchlorate siéu min, cao su butadiene acrylonitrile CKH-10KTP, din xuit ferrocene, vat liéu

mang nang lwong di thé.
Chi s6 phén logi: 1.3
1. Mé dau

VLMNLDT s¢ hitu nhiing uu thé vuot tri so v6i cac vat
liéu mang nang lugng khac, chinh vi vay, viéc nghién ctru, phat
trién loai vat liéu nay dé tao luc déy cho vat thé bay la xu hudng
tat yéu trong linh vurc khoa hoc quén sy va vii tru. VLMNLDT
1a h¢ polyme compos1te di thé c6 thanh phan gom: chit chay
- két dinh; chit 6xy hoa; cac chat chay kim loai, cac chét nd
manh (nhu hexogen, octogen); cac chit hoa déo, phu gia toe do
chay, phu gia cong ngh¢ va cac loai phu gia khéac [1-4]. Thanh
phan co ban cia VLMNLDT bao gdm:

Chét 6xy hoa (60+80%, theo khdi luong): La chét trong qua
trinh phan huy giai phong ra lugng 6xy tu do can thiét dé oxy
hoé cac thanh phan khac trong VLMNLDT. Mot s6 loai chat
0xy hoa thuong duoc str dung la: NH,CIO,, NH,NO, KNO,,
LiNO,, KCIO,, NOCIO,, NO,CIO,, N.H HCIO,, NH OClO

Chét chay - chat két dinh (10+15%, theo khdi lugng): Chét chay
két dinh dung trong VLMNLDT chu yéu 14 céc cao su dang long
(céc cao su co phan tir khdi thip - oligome) hodc nhya nhiét déo.
Hién nay, trén thé giéi thudng sir dung chu yéu cao su butadiene
acrylonitrile c6 nhom cacboxyl cudi mach nhu: CKH-10K TP, CKH-
18KTP va hydroxyl terminated polybutadien (HTPB).

Chét chay kim loai (5+18%, theo khéi lugng): Chit chay
ning lugng cao dang dugc ding phd bién trong VLMNLDT 1a
cac bot kim loai, khi chay téa ra mot luong 16n nhiét. Cac kim
loai thong dung nhat 1a Al, B, Be, Zr. Cac chat chay ning lugng
thudng sir dung vai tong ham lugng khong vuot qua 25%.

“Tac gia lién h¢: Email: huuthanh. IPE@gmail.com
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Chit hoa déo va cac phu gia khic (2+7%, theo khdi
lugng):

i) Chét hoa déo: Sy co mit ciia chat hoa déo trong thanh
phan VLMNLDT lam cho mét s6 tinh chat hoa 1y ctia vat liéu
thay doi, giap giam do nhot, ting do déo va linh dong, giam
nhiét o thuy tinh hod. Mot s6 chat hoa déo con dong vai tro
chit phu gia tbc do chay. Cac chit hoa déo thuong duge ding
la: dioctyl sebacate, dibutyl phthalate.

ii) Chat phy gia toc do chay: La thanh phan dugc dua vao
VLMNLDT nhim muc dich diéu chinh téc do chay (tang
hodc giam toc d6 chay).

iii) Cac phu gia khac: Pay 1a cac chat 1ong hodc ran duoc
thém vao voi khbi lugng chi khoang mot vai phfin tram, thuc
hién chirc nang diéu chinh dic tinh cia VLMNLDT dé cai
tién chung (46 bam dinh, kha ning déng ran...), cic thanh
phan phy gia nay co ban khong ting gia tri xung lugng riéng
cia VLMNLDT. Ngoai ra, trong thanh phan ciia mot sd
VLMNLDT hién dai c6 thé bd sung thém cac loai thudc
n6 manh nhu hexogen, octogen dé ting cic dic trung ning
luong cho vat lidu.

Di c6 nhing cong b lién quan dén anh huong ciia mot
s6 yéu té dén tdc d6 chay cia VLMNL [5-8]. Cac phuong an
diéu chinh tc @6 chay VLMNLDT chu yéu bao gém: dua
vao thanh phan nhién lidu xuc tic chay, thay mot phan hodc
toan bo AP bang chat oxy hoa khac, thay di kich thudc ciia
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Abstract:

Heterogeneous energy-carrying materials possess outstanding
advantages compared to other energy-carrying materials,
therefore, research and development of this type of material
to create propulsion for flying objects is an inevitable trend in
the field of military science and space. This paper presents the
results of research on the influence of a number of factors on the
technological properties and combustion rate of heterogeneous
energy-carrying materials based on acrylonitrile butadiene
rubber CKH-10KTP and ammonium perchlorate (AP). The
research results show that the combustion law depends on
the pressure of heterogeneous energy-carrying materials
based on CKH-10KTP and ultra-fine AP (specific surface
area 2.61-3.85 m?%g), using a combustion catalyst ferrocene
derivative. The study also determined the optimal content of
combustion catalyst - plasticiser to be 3.5+3.8%. The research
results are a solid scientific basis for optimally determining
the parameters of radioactivity, energy of energy-carrying
materials, supplementing the national data source in the design
of aircraft engines, meeting requirements in the new context.

Keywords: acrylonitrile butadiene rubber CKH-10KTP,
ferrocene derivative, heterogeneous energy carriers, ultrafine
ammonium perchlorate.
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chit chay va oxy hoa, ting ty 1& chat 6xy hoa trong thanh
phan, sir dung chét chay - chat két dinh va chat 6xy héa hoat
dong mang nang lugng cao.

V.A. Arkhipov va cs (2011) [9] nghién clru énh hudng cta bot
nhom d xuc tac chay dén toe do chay thude phong hdn hop, sir
dung méac nhom Alex (dién tich bé mit riéng 13,9 m¥g) 1am ting
toc do chay cua thudc phong di thé 1,2+2,4 1an so voi chi sir dung
nhom mac ACD-4 (di¢n tich bé mit riéng 0,51 m%/g). Tuy nhién,
phuong 4n st dung mac nhdm c6 tinh cht twong duong Alex véi
s0 lugng 16n dé dap tmg quy mo cong nghiép lién quan dén yéu t6
cong nghé, gia thanh san phidm, kha ning ddm bao vat tw con kho
khan, do d6 nhom nghién ctru khong lya chon.
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Viéc nghién ctru dnh huong ciia mot s yéu t6 dén tdc do chay
cua vt liéu mang nang luong dat ra bai toan hét stic phic tap, do
1a xay dung co so dé on dinh tinh chét xa thuat va thiét ké dong
co vit thé bay. Tinh chat chay caa VLMNLDT dugc céc nude co
cong nghé tén lira phat trién nghién ctu tir 1au. Tuy vay, d6i v6i
cac nghién ciru lién quan dén linh vuc quan sy, dén nay chua co
nhiéu cong bd vé anh hudng cua kich thude hat AP, thanh phan xic
thc chy dén cac dic trung xa thudt va yéu t6 cong nghé dé ché tao
VLMNLDT cho ddng co trén nén cao su CKH-10K TP,

Mac VLMNLDT trén nén CKH-10KTP phuc vu ché tao dong
co xuit phat doi hoi c6 tde d chay cao (35-40 mm/s & ap suét 80
at), chay 6n dinh, nhiét luong 16n. Chinh vi vy, ¢6 thé lam chu
thanh phan mac VLMNLDT la myc tiéu 16n nht ciia nghién ctru
nay.

Tai Viét Nam, Vién Thudc phong Thubc nd 1a don vi tién
phong trong nghién ctu VLMNLDT. Mot 56 nghien ciru vé loai
vat liéu ndy cua Vién da duorc ap dung vao thuc tién, gop phan
quan trong trong ndng cao tiém lyc quan sy nude nha. Vién Thude
phong Thubc nd da nghién ctu dugc cac mac vat li¢u hoat dong
tin cdy o cac diéu kién khac nhau tir -50 dén +50°C, ¢6 chat lugng
tuong duong voi cac san phém cung loai trén thé gisi. Cac vat
liéu truoc day tuy theo yéu cau co toc do chay tir 1,0-13,5 mmys.
Tuy nhién, truoc yéu cau maoi vé phat trién cac mac VLMNLDT
moi, viée ndm 13 quy ludt chay ctia loai vét liéu méi nay dit ra
nhiéu thach thure cho cac nha khoa hoc. Bai bdo nay trinh bay anh
huong cia mot s6 yéu t6 (ham lwong xuc tac chay, chit 6xy hoa)
dén tdc do chay cia VLMNLDT trén nén cao su phan tir khdi thap
(oligomer) butadiene acrylonitrile chtra nhom cacboxyl cubi mach
CKH-10KTP va AP.

2. D6i twong va phwong phap nghién ciiu
2.1. Thanh phan vit liéu mang ning leong

Thanh phén chinh cuia VLMNLDT trong ndi dung nghién ctru
bao gom:

Cao su phan tir khoi thip butadiene acrylonitrile chira nhom
cacboxyl cudi mach CKH-10KTP. D nhét dong hoc ¢ 50°C
7,5+11,0 Pa.s, ham lugng nhom cacboxyl 2,8+3,0%, ham lugng
tap chét khong tan trong chloroform <0,15%, ham am <0,2%, xuat
xtt chdu Au. Pay 1a chit chay - chat két dinh c6 chtra nito trong
thanh phan, trong phan tir ¢ CKH-10KTP phan bd khong gian
cua cdc nhom cacboxyl dong déu. Chat két dinh dang butadiene
acrylonitrile dugc dac trung boi do on dinh co ly, 40 nhay thép va
¢6 thoi gian st dung lau dai.

Chat 6xy hoa AP: ham luong chat chinh >99,5%, xuit x& Vién
Thudc phong Thude nd. Dé danh gia anh hudng cua kich thude hat
AP dén tdc do chay VLMNLDT, hat AP dugc gia cong bang cong
nghé nghién khi dong theo cac ché do khac nhau dé dat cac gia tri
dién tich bé mit riéng.

Epoxy ED-20: ham lugng nhom epoxy 20-22,5%, ham lugng
ion CI'<0,5, xuét xt chau Au.
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Dioctyl sebacate (DOS): chat 1ong khong mau, khong co tap
chét co hoc, hé s6 axit <0,12 mg KOH/g chat chinh, nhiét do
bung chay khong 16n hon 215°C, ham luong chét dé bay hoi,
khong 16n hon 0,1%, mat d6 ¢ 20°C 1a 0,913-0,919 g/cm?, Xuét
xir chau Au.

Chi II oxit (PbO): dang ngoai, bot mau vang, ham lugng
chét chinh >99,0%, xuat xir My.

Aerosil: ham lugng 4m <1,5%, kich thugc hat trung binh
5-15 nm, xuét xit My.

Diethylferrocene: chat 16ng mau nau do, ham luong sat 22-
24%, ham lugng am khong 16n hon 0,05%, nhiét do bdc chay
125-140°C, déng vai trd chat xuc tic chay trong thanh phan
VLMNLDT, xuét x(r Viét Nam.

Bt nhom: bot dang cdu, ham lugng chit chinh >99,7%
nhom, dién tich bé mit riéng 0,51 m¥g, xuét x& chau Au.

2.2. Phwong phap nghién ciru

Do dién tich bé mat riéng Brunauer-Emmett-Teller (BET):
Kich thu6c ctia AP dugc phéan tich thong qua dién tich bé mat
riéng trén thiét bi Micro Active for TriStar II plus 2.03 (M),
cac mau AP duoc siy kho ¢ 100°C trong 6 gio trude khi tién
hanh phan tich.

Céac mau VLMNLDT dugc ché tao trong thiét bi tron chan
khong: nhiét do tron 25+75°C, toe do canh khudy 10+20 vong/
phut, toe do truc khudy 5+10 vong/phit, thoi gian tron 5 gio. HO
nhién liéu dugc ép (cé hut chan khong) vao khuon tao mau do
toc do chay. Hoa rin mau theo chu trinh 70°C: 12 gio, 80°C: 12
gio va 90°C: 120 gio. Tong thoi gian héa ran 150+160 gio (tinh
ca thoi gian ting, ha nhiét). Cac mau nhién liéu (®8x80) sau khi
hoa ran duoc thao khoi khudn phuc vu do toe do chay ¢ ap sudt
khong d6i (hinh 1).

JHLA

Hinh 1. Mau thoi nhién lidu sau héa ran phuc vu kiém tra toc do chay.
Do xuyén kim dugc danh gia trén thiét bi K19500 (M§) theo
quy trinh kiém tra duoc Vién Thube phong Thude nd phé duyét.
Mau hé nhién lidu dugc ldy tir trong thiét bi tron ngay sau khi
tron c6 gia nhiét xong. Thoi gian kiém tra 30 s. Gia trj do xuyén
kim duoc 1y trén gia tri thang do. Do dan trai Kp 1a thong s6
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cong nghé chi sy thay doi twong ddi cua duong kinh ban dau
(30 mm) cta mau cao 30 mm trong thoi gian 30 phut, dudi tac
dung cua lyc trong truong. Téc do chay duoc xac dinh ¢ ap
suat khong doi 80 at bang thiét bi kiém tra toc do chay - bom
ap sudt khong ddi tai Vién Thude phong Thube nd (TCVN/QS
888:2019).

bé danh gid kha nang lam viéc 6n dinh cua nhién liéu sau
khi Vién Thudc phong Thude nd da nghién ciru, thiét ké (dong
co nhién liéu rin hon hop c6 bé day chay 125 mm), tién hanh
d6t thue nghi¢ém & cac nhiét do bao 6n 0, 20 va 50°C.

PP
3. Ket nua va ban luan

3.1. Anh hwéng ciia kich thwéc hat AP dén toc dp chdy
ciia nhién li¢u

Pé danh gia anh hudng cua kich thude hat AP dén toc do
chdy VLMNLDT, nhém nghién ctru d tién hanh tao mau trong
phong thi nghiém, st dung 4 loai AP kich thudc nhé: AP M1,
AP M2, AP M3 va AP M4 (hinh 2). Thanh phan aerosil (0,06%
theo khdi luong AP) dugc dua vao trong thanh phin AP nhim
han ché sy dinh cac hat AP véi nhau. Aerosil trong mot s6
truong hop mang hiéu Gmg chit xuc tac chay va 1am gidm san
pham pha rin trong qua trinh chay trong dong co cua vat liéu
nay [9, 10].
(A) (B)

Hinh 2. Chuan bj mau thi nghiém. (A) Mau AP mac siéu min dé kiém tra dién
tich bé mét riéng; (B) Thiét bj tron mau chan khéng mini.

Thanh phéan va tinh chat cta cic mu AP nay duge mo ta
O bang 1.

Bang 1. Thanh phan va tinh chat ciia mau AP mac siéu min.

Thir ty  Thong sb MauAPMI  MAuAPM2 MAuAPM3 Mau AP M4
1 Dién tich bé mt riéng (m*g) 0,72 2,61 385 5,70
2 Kich thudc hat trung binh (um) ~ 9-10 53 42 35

Kich thudc hat AP anh huéng nhiéu dén toc do chay cia
nhién li¢u, tuy nhién dé tao hinh duge mau nhién liéu theo cong
nghé diic rot tw do doi hoi dam bao yéu td cong nghé rét cao [1,
2, 9-11, 12]. Do dan trai khong nhé hon 0,3 va do xuyén kim
khong nho hon 280 don vi. Két qua kiém tra tbe do chay (ham
lugng xtc tac chay 1a 3,6%) dugc trinh bay ¢ bang 2.



Bang 2. Anh hwéng clia kich thwéc AP dén tinh chat cong nghé va téc do
chay VLMNLDT ().

Thit Méu thi nghi¢m
Tén chi tiéu ; ;
tw MiuAPMI ~ Miu AP M2

MiuAPM3  Miu AP M4

Ty I¢ tron AP méc siéu min/AP

L ients (s K umg. 25 6 3068 66 3664 300
) DY dintii (Kp) 038 07 06 05 02 03
5 B el 40 035 30 % 25
g Tocdochiyodpsuadlui ), 65 B0 B0 40 400

Uy, (mms)

(*): thanh phan mac VLMNLDT: AP 66%, nhom 18%, xuc tac chay 3,6%, cao su
va cac phu gia khac 12,4%.

Trong nghién ctru ndy, nhém nghién ctru Iya chon ty 18 khi
luong AP hat siéu min/hat to 1an luot 13 30/70, 32/68 va 36/64. bay
12 nhitng ty 18 nam trong dai AP hat nho/Ion 30/70+40/60 nhim dat
duoc tinh chét luu bién va mat do tot nhat [13].

Két qua thir nghiém cdc mac AP cho thy, theo chidu giam
cua kich thude hat AP, toe do chay cia VLMNLDT tang lén. Str
dung AP M1 (kich thudc twong duong mac PA7), dam bao tbt yéu
t6 cong nghé dé ché tao nhién lidu (d6 dan trai Kp=0,8, d0 xuyén
kim 340 don vi), tuy nhién gia tri tdc do chay thap hon theo yéu
cau U, =23,2 mm/s. Viée giam kich thuoe AP cho két qua 15 rét
(mau AP M2), dap ung dugce yéu cau dat ra trong viéc nghién ciru
miu VLMNLDT c6 te d6 chay cao 36,5-38,0 mm/s. Diéu ndy co
thé dugc giai thich ring, khi giam kich thudc, toc do phan huy ciia
cac hat AP siéu min ting lén, ngoai ra 6 thé han ché hinh thanh
lién két AL-N giita phan tmg ctia AI+AP va AI+CKH-10K TP trong
VLMNLDT [11].

Viéc tiép tuc giam kich thudc hat AP khong thay d6i nhidu
dén tc do chay cia VLMNLDT (38+41 mm/s). Diéu ndy c¢6 thé
do khi trén mau & quy md phong thi nghiém céc hat AP siéu min
¢d xu hudng két dinh lai. Mt khic, déi véi mau AP ¢ dién tich
bé mit riéng 16n (miu AP M4), yéu t6 cong ngh¢ (Kp=0,2+0,3, d¢
xuyén kim 268+275 don vi) khong dap tmg dé ché tao miu nhlen
liéu theo cong nghé duc rét tu do. Theo P.D. Nhan (2010) [4], A
c0 kich thudc cang nho cang c6 do nhay va dap cao, 1a nguy co mét
an toan trong qua trinh gia cong hat. Do do, gi4 tri dién tich bé mat
riéng t0i wru clia mac AP siéu min dugc nhém nghién ciru lwa chon
la 2,61+3,85 m?¥/g (kich thudc hat trung binh 4,2+5,3 pm). Gia tri
nay dugc st dung cho nghién ctru tiép theo vé anh hudng ciia xtc
tac chay dén tdc do chay cuia VLMNLDT.

3.2. Nghién cieu anh hwong ciia dén xudt ferrocene dén toc
dé chay VLMNLDT

Sir dung xuc tac chay 1a phuong an hiéu qua dé thay doi
toc d cia VLMNLDT. Trong mdt nghién ctru vé anh huong
cua diethylferrocene déi véi nhién liéu réin hdn hop co ty 18 AP
thip (30+ 35%), diethyl ferrocene (trong vai tro la mot hop chat
hiru co' chira sit) 13 mot trong nhiing phuong an hiéu qua nhit
dé tang tc do chay cia VLMNLDT trén nén AP [11]. Ngoai ra,
diethylferrocene la chat long dé dang hoa tan trong nhidu cao su
tong hgp nén ngoai xtc tac chay hidu qua, no con dong vai tro chat
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héa déo, phu gia cong nghé trong ché tao VLMNLDT theo phurong
phap duc rot tu do. Str dyng hon hop dan xuét ferrocene 10% c6
the tng toc do chdy 1én dén 55 mm/s ¢ &p suat 100 at [11].

Trong pham vi bai bdo ndy, chung t6i nghién ciu mac
VLMNLDT c6 ty 1& AP cao (66%), toc d chay 35+40 mm/s va
ché tao bang cong nghé diic rot ty do. Ty 1¢ thanh phan din xuat
ferrocene duoc lua chon dé nghién ctru 1a 1,0+4,0%.

Két qua thir nghiém kiém tra miu thi nghiém va thong s6 chay
& ap sudt 80 at dugc trinh bay & bang 3 va hinh 3. Két qua cho thay,
khi cho thanh phan diethylferrocene vio, dd xuyén kim va dan trai
tang 1én, diéu nay giai thich vai tro hoa déo ciia nd dbi véi vét liéu
trén nén cao su CKH-10KTP. Hai thong s6 cong nghé nay ting
khi tang ham luong diethylferrocene tang, cac gia tri ndy dam bao
yéu ciu theo phuong phap dic rot tw do khi ham luong dat gid tri
>2% (bang 3).

Bang 3. Anh hwéng cia diethylferrocene dén tinh chat cong nghé
VLMNLDT.

Thanh phan diethylferrocene (%)
10 20 30 35 38 40

ThiE  en ohi itn
fw

1 Do dantrai (Kp) 02 03 05 0,6 0,6 0,7

2 Do xuyén kim (don vi) 250 205 290 300 315 330

A
382 38,5

\
£\

Téc dd chay tai 4p su it 80 at (mm/s)
B R o8

0 1 2 3 4
Ham lwgng diethylferrocene (%)

Hinh 3. Anh hwéng cua diethylferrocene dén téc do chay VLMNLDT.

Nghién ctru anh huong cua diethylferrocene dén tinh chat chay
cia VLMNLDT (hinh 3) cho théy, diethylferrocene voi vai tro la
chét xuc tac chay lam ting te do chay cua nhién liéu 18,1+40,1
mm/s khi ting ham lugng xtc tac chay 1,0+4,0%. Dac biét khi
tang ham lugng 1,0+3,0%, toc do chay tang dén 89%. Viée tang
xuc tac 3,0+4,0%, toc d chay ting cham 12,6%. Diéu ny co thé
dugc giai thich do khi tang ty 1¢ diethylferrocene nhiét luong sinh
ra giam, tir d6 lam gidm hiéu mg xtc tac. Diéu nay phu hop voi
két qua ciia mot sd nghién ciu trude day [3, 4, 11, 12, 14].

3.3. Thii nghigm dot trén djng co

Mac VLMNLDT nghién ctru thanh cong trong phong thi
nghiém duoc trién khai bang cong nghé duc rét ty do vao dong
co trén hé thiét bi tron dic quy mo pilot ctia Vién Thude phong
Thude nd. Két qua thir nghiém dbt cho thy, dong co hoat dong
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6n dinh theo tinh ton, dat yéu cau cac chi tiéu vé ap suit, luc déy,
thoi gian lam vige cua dong co theo thiét ke (hinh 4). Day la co s
quan trong dé nhoém nghién ctru thuc hién cac nghién ctru sau hon.

< .8 .= o N
(A) Hinh anh téng 13p déng co.  (B) Hinh anh dét thir nghiém déng co
mau.
Ap suéit (bar)
100 {1
80 : : : f
60 v N
. | \\ N
R B E— A \
90 95 10,0 10,6 1,0 1,5 12,0 12,5
Thoi gian (gidy)

(C) Két qua dét thir nghiém dong co mau.

Hinh 4. Téng lap va dét thir nghiém dong co’ mau.

4. Két luan

Trén co sé khoa hoc va thyc nghiém, nhom tac gia da
nghién ciru dnh huong cua mot s yéu t dén toe do chay cao cua
VLMNLDT, tir 46 x4y dyng co s& xéc 1ap thanh cong thanh phan
{mg dung trong vét thé bay. Dy 1a lan dau tién nghién ctru vé quy
luat anh hudng cua dién tich bé mit riéng AP (0,72-5,70 m%/g) va
thanh phan diethylferrocene (1,0-4,0% theo khdi luong) véi vai tro
1 chét xtc téc chay dén quy ludt tdc do chay cia VLMNLDT trén
nén cao su CKH-10KTP dugc tién hanh. Dac biét, s dung cong
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nghé trong nudc dé ché tao thanh cong mac VLMNLDT dat toc do
chay trén 35 mm/s. Két qua nghién ctru 1a can cir dé xac lap ty 18
xuc tic chay tdi wu trong viée lya chon thanh phdn VLMNLDT c6
toc do chay on dinh va yéu to cong nghé dap tmg.
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Nghién e i slio va i vitto v tic dng 1én qua trinh chet theo churong trinh
cia Markhacanasin A trén dong t¢ hao ung thw vii MCE-7 thong qua co'ché kich hoat caspase-3
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Tom tit:

Markhacanasin A (MA) 1a mét cycloartane triterpenoid dwoc phan lap tir 14 cAy Thiét dinh Ca Na (Markhamia stipulata
var. canaense V.S. Dang) thu thap tai tinh Ninh Thuin, Vi¢t Nam. Nghién ciru cho thdy, MA thé hi¢n hoat tinh giy doc
manh trén dong té bao ung thu vii MCF-7 véi 1C_=16,51+0,22 pM. Tuy nhién, co ché MA kich hoat qua trinh chét ciia té
bao theo chwong trinh (apoptosis) trong té bao ung thu vit MCF-7 van chwa dwge kham pha. Trong nghién ctru nay, cac
tac gia danh gia tic dong cia MA 1én qua trinh apoptosis trén dong té bao ung thw vii MCF-7 bang phuwong phip phan
tich té bao theo dong chay, két hop phan tich mé hinh docking phén tir trén caspase-3, caspase-8, caspase-9, Apaf-1 va
survivin. Két qua cho thiy, MA c6 tic dung hoat hoa qua trinh chét ciia té bao ung thw vi MCF-7 theo chwong trinh,
thong qua cam \ng caspase-3 in vitro va in silico, qua d6 chirng minh tinh khang té bao ung thw vi MCF-7 ciia phan tir
nay. Nghién ctru ciing cung cip nhirng hiéu biét méi vé co ché hoat dong ciia MA, dong thoi cho thiy tiém ning ciia MA
nhu mét lya chon diéu tri diy hira hen cho bénh ung thw vii.

Tir khéa: caspase-3, Markhacanasin A, qua trinh chét ciia té bao theo chwong trinh, Thiét dinh Ca Na.

Chi s6 phén logi: 1.4,1.6

1. Dt van deé

Thiét dinh Ca Né thudc chi Makhamia, ho Quao (Bignoniaceae)
1a loai thyc vat méi duoc phat hién tai xa Ca N4, huyén Thuan Nam,
tinh Ninh Thuan boi V.S. Dang (2015) [1].

Theo thong ké hién c6 khoang 7 loai thudc chi Markhamia da
duoc nghién ctru vé thanh phan héa hoc, chu yéu la cac din xuat
phenol, flavonoid, triterpenoid, anthraquinone, naphthoquinone...
Trong mot nghién ciru trude day, chung toi da phan lap va danh gia
hoat tinh trén cac dong té bao ung thw (HeLa, HepG2, MCF-7, Jurkat,
NCI-H460) ciia 2 hop chét 1a la,3B,7f-trihydroxycycloart-24-en-
28-oic acid (MA) va la,3p,22-trihydroxycycloart-24-en-28-oic acid
(Markhacanasin B) tir cao chiét ethyl acetate 14 cay Thiét dinh Ca Na.
Thong qua phuong phap nhuém Sulforhodamine B cho théy, hop chat
MA gdy doc dbi vai tat ca cac dong té bao thir nghiém. Trong s6 do,
MA thé hién ddc tinh manh trén dong té bao MCEF-7 vai gia tri IC,,
la 16,51+0,22 UM [2]. Mot 56 nghlen ctru khac vé duoc 1y cua chi
Makhamia cho thy, cac hop chat cycloartane 13 musambin A, B, C va
dan xuit musambioside A, B, C tir 14 cay M. lutea dugc c6 lap boi D.
Lacroix va cs (2009) [3] c6 kha nang trc ché dong té bao ung thu biéu
mo. Nghién ctru cua D.M. El- Kersh va cs (2016) [4 ] cho thdy, dich
chlet con tir 14 cia M. zanzibarica c6 kha ning (e ché té bao ung thu
¢ tir cung voi gia tri IC,,1a 9,68 pg/ml. Ngoal ra, két qua nghién ctru
cua M.B. Ibrahim va cs (201 8)[5] 5] cho thdy, molhc acid co lap tur 1a M.
tomentosa c6 kha ning tic ché dong ung thu ¢ tir cung [5].

Apoptosis 1a mdt kleu chét t bao theo chwong trinh thong qua sy
kich hoat Cac protease té bao Ia cac caspase ¢ vai trd phéan cat protein
lam mét cdu tric va chirc ning cua té bao [6, 7]. Caspase-3 1a protease

“Tac gia lién hé: Email: quoctrunghmd@gmail.com, ninghia@yvnkgu.edu.vn
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lién quan dén giai doan dau cia qué trinh chét theo chwong trinh. Cu
thé, caspase ndy xtc tac cho sy phan cit nhidu protein quan trong cia
té bao, d6ng vai trd quan trong trong qué trinh ngung tu chit nhidém
séc apoptotic va phan manh DNA [8-10]. Do do, caspase-3 dugc xem
1a enzyme chu chit gay ra qua trinh chét theo chuong trinh.

Céc caspase lién quan dén qué trinh apoptosis dugc chia thanh 2
nhom chinh la caspase khoi mao (caspase-8, caspase-9) va caspase
tac dong (caspase-3 hodc caspase-7) [11]. Do do, qua trinh kich hoat
caspase-8, caspase-9 hay kich hoat tryc tiép caspase-3 s& anh huong
tryc tiép dén qua trinh apoptosis cua té bao. Trong cac nghién ctru gi?m
day, qua trinh kich hoat caspase-3 thong qua caspase-9 c6 thé dugc
thyc hién thong qua qua trinh tc ché survivin, mgt protein thugc ho
IAPs, c6 tac dung chdng lai qua trinh chét té bao thong qua lién két
voi procaspase-9, cyctochrome C, Apaf-1 va ngan chan sy hinh thanh
caspase-3 [12-14]. Survivin chi duoc biéu hién qua mure ddi voi té bao
ung thu ma khong duoc phét hién ¢ t bao thuong [15, 16], cu thé véi
dong té bao ung thu vu, survivin biéu hién protein 6 mure 70,7-90,2%.
Trong nghién ciru cta S.I. Wanandi va cs (2020) [17], viéc tc ché
survivin da duoc chimg minh 1a ¢6 lién quan dén qua trinh kich hoat
caspase-3. Chinh vi vy, trong nghién ctru ndy, chung t6i tién hanh
xdy dung m hinh docking phan tir ciia hop chit MA véi caspase-3,
caspase-8, caspase-9, Apaf-1 va survivin dé chimg minh hoat tinh
khang ung thu manh trén dong té bao MCF-7 ctia MA thong qua co
ché kich hoat caspase-3.

Hién chua co nghién ctru ndo danh gia co ché cam tmg qué trinh
apoptosis 1én té bao ung thu vit MCF-7 ctia MA. Chinh vi thé, nghién
ctru ndy duoc tién hanh nhdm xac dinh phﬁn trim té bao ung thu va
MCF-7 duong tinh caspase-3 sau khi xir Iy v6i hoat chét trén. Ngoai
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caspase-3 activation of Markhacanasin A
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Abstract:

Markhacanasin A (MA), a cycloartane-type triterpenoid was
isolated from the leaves of Markhamia stipulata var. canaense V.S.
Dang, collected in Ninh Thuan province, Vietnam. In our previous
study, it was found that MA possessed potential cytotoxicity against
MCF-7 human breast cancer cell lines, with an IC,=16.51+0.22
pM. However, the mechanism by which MA triggers apoptosis in
the MCF-7 cells has not been explored yet. Therefore, this study
has been conducted to investigate the mechanism of apoptosis
induction in the MCF-7 cell lines by MA. The study utilised
the flow cytometry method and molecular docking patterns
analysis of caspase-3, caspase-8, caspase-9, Apaf-1, and survivin.
Interestingly, the results have demonstrated that MA induces
apoptosis in the MCF-7 cell line by activating the caspase-3
enzyme, both in vitro and in silico, which suggests that MA may
have therapeutic potential as a breast cancer treatment agent.
This study provides new insights into the mechanism of action of
MA and highlights its potential as a promising therapeutic option
for breast cancer.

Keywords: apoptosis, caspase-3, Markhacanasin A, Markhamia
stipulata var. canaense V.S. Dang.

Classification numbers: 1.4, 1.6
'

ra, md hinh docking phan tir ctia céc protein lién quan dén con duong
cascade nhu caspase-3, caspase-8, caspase-9, Apaf-1 va survivin ciing
duoc xdy dung nham danh gi4 kha nang lién két cia MA véi cac
protein dé xac nhan kha ning cam tmg kich hoat caspase-3.

2.Vt liéu va phuong phap nghién ciiu
2.1. Vit ligu

Dong té bao ung thw vii (MCF-7) sir dung trong nghién ctru nay
duoc cung cp boi Vién Té bao gbe, Truong Dai hoe Khoa hoc Tu
nhién, Dai hoc Qudc gia TP Hb Chi Minh.

MA dugc phan lap tir cao ethyl acetate cia la cay Thiét dinh Ca Na
v6i d6 tinh khiét >99%. Cau tric hoa hoc cta hop chét (hinh 1) dwgc
xéc dinh dya trén dit liéu phd IR, UV, HR-ESI-MS, 1D, 2D-NMR [2].
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Hinh 1. Céu trGc cua MA.

2.2. Phwong phdp nghién ciru

2.2.1. Nghién ctru kha nang cam wng qua trinh apoptosis cua
MA in vitro

Nudi cdy té bao va xir I té bao voi MA: Phan tich apoptosis
cta té bao ung thu va MCF-7 dugc thyc hién theo phwong phap cta
H.S. Bagheri va cs (2020) [18] c6 hiéu chinh. Theo dé, té bao dugc
cdy vao dia 6 giéng voi mat do 100.000 té bao trén 1 giéng. Té bao
sau d6 duoc nudi cdy trong moi truong DMEM-F12 b sung huyét
thanh bo (FBS) ¢ ndng do 10%, nhiét do 37°C, CO, 5% (v/v) trong
24 gi0. Sau 24 gio nudi cay, t¢ bao dugc xu ly vdi MA & cac nong
d6 5, 10, 20 va 40 uM trong 24 gid tiép theo. Pi chimg am dugc
xtr 1y voi DMSO ¢ ndng do 0,1%. Sau khi hoan thanh xir ly MA
trong 24 gio.

Nhuom khang thé: Sau 24 gio xir Iy MA & cac ndng do néu
trén, té bao dugc tach 1én khoi bé mit nudi cdy bang dung dich
tach t& bao Detachment (Vién Té bao géc, Truong Dai hoc Khoa
hoc Ty nhién, Pai hoc Qubc gia TP Ho Chi Minh). Nong do té bao
trong mdi mau khoang 2x10° va 1x107 té bao/ml. Méu t bao sau
d6 duoc dem di nhuom khang thé dé phat hién sy hoat dong cua
caspase-3 bang bg kit PE Active Caspase-3 Apoptosis (Cat 550914,
BD Bioscience, Uc) theo huéng dan cta nha san xuét.

Rira té bao 2 lan bang dung dich PBS 1X, sau d6 tai huyén phu
té bao trong dung dich BD Cytofix/Cytoperm ¢ nong do 1x10° té
ba0/0,5 ml. U dung dich chira té bao trong 20 phut ¢ nhiét do 4°C.
Sau do, ly tim dé tach bo dung dich BD Cytofix/Cytoperm, thu cin
té bao, rira té bao 2 1an trong dung dich BD Perm/Wash 1X ¢ nhiét
d6 phong. T4i huyén phu té bao trong dung dich BD Perm/Wash 1X
ctng v6i 10 pl khang thé va u ¢ nhiét do phong trong 30 phit. Sau
d6 rira mau trong 1 ml dung dich BD Perm/Wash 1X va tai huyén
phu trong 0,5 ml dung dich BD Perm/Wash 1X roi dem di phén tich
bang may FCM FACSJazz (BD Bioscience, Uc).

Xir Iy s6 liéu: Phan tich két qua dugc thyc hién bang phan mém
FlowlJo (ver.10.5.3). Céc thi nghiém duoc thuc hién 3 1dn va két qua
duoc biéu thi béng trung binh +SD.

2.2.2. Nghién cvuu docking phdn tw

Chuén bj ligand: Hop chat MA duoc phac thao bang phin mém
Chemdraw Professional 16.0, sau d6 duoc tdi wu hoa ciu trac 3
chiéu trén phan mém MOE.2022 va ning luong duoc giam thiéu tdi
da 0,0001 gradient.
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Chuén bi protein: Céu trac tinh thé cia céc protein caspase-3
(PDB ID: 2XYG), caspase-8 (PDB ID: 2C27), caspase-9 (PDB ID:
INW9), survivin (PDB ID: 2RAW) va Apaf-1 (PDB ID: 1Z6T) thu
dugce tir ngan hang co so dir li¢u protein RCSB (http://www.rcsb.org).
Tét ca cac phan tir nho, nude va cac phi tir dong két tinh duoc loai bo,
chi giir lai phan tir chét te ché. Chu trac protein sau do duogc ) dinh
dién tich, hydrogen va dugc solvate trong pha khi str dung truong luc
AMBER10:EHT. CAu truc protein sau do dugc t6i wu hoa va xéc dinh
ving tim hoat tinh bang cong cu Site Finder trén phan mém MOE.

Quy trinh docking phan ti: Qua trinh docking phan tir duge thyc
hién trén phin mém MOE.2022. Céc thong s6 docking da dugc didu
chinh dé cac ving dummy dugc chon lam ving docking. Phwong
phap sép xép 1a triangle matcher, phuong phap tinh diém 1 London
dG. Ngoai ra, phuong phap sang loc dugc chon 1a induced receptors
vi GBVI/WSA, déy la phuong phép chim diém dé lwa chon 5 trong
s6 30 cdu truc docking tot nhat ciia ligand. Cac cau tric thu duogc phai
c6 diém docking tt nhat (docking score, DS) va gi4 tri rmsd_refined
khong cao hon 3A.

3. Két qua va ban luan
3.1. Kha nang cim 1rng qud trinh apoptosis in vitro

Téc dong ctia MA tir cdy Thiét dinh Ca Na Ién qua trinh apoptosis
ctia té bao ung thu vi MCF-7 dugc phan tich bang k¥ thuat dém té bao
dong chay & cic nong do MA trong méi truong nudi cy 1a 5, 10, 20
va 40 pM. Két qua xéc dinh ty 18 té bao dwong tinh caspase-3 sau khi
xir Iy mau thir duge trinh bay & hinh 2.
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[7] Markhacanasin A [C] Control

Hinh 2. Anh hwéng cla hoat chat MA Ién apoptosis cua té bao ung thw
va MCF-7.

Két qua hinh 2 cho thay, ty 18 té bao apoptosis tang khi dugc xir
Iy voi MA. Sau 24 gio, ty 1¢ té bao duong tinh caspase-3 ting 1én
4,5+0,6% & nong do 5 uM MA, 6,6+0,4% & nong do 10 uM MA,
6,9+0,6% 6 ndng do 20 uM MA va tang dang ké Ién 19,4+0,9% khi
& nong d6 40 pM MA so véi ddi chimg khoang 4,0£0,2%. O ndng do

AAAAA

xtr 1y 5 uM, khong co sw khac biét vé ty 16 té bao duong tinh caspase-3
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50 vOi dbi chimg. C6 thé két luan rang, MA la mot hop chat ¢6 kha
ning cam (mg su chét t& bao theo chuong trinh. Nghién ciru trude
day cua B. Ibrahim va cs (2013) [19] da cho thdy dich chiét ethanol
ctia M. tomentosa c6 kha ning gy apoptosis trén t& bao ung thur ¢ tir
cung. Cu thé, 6 nong do 189 pg/ml, dich chiét da lam tang ty 16 té bao
apoptosis som 1én 25,9% so véi ddi chimg 14 0,4% sau 24 gio xt Iy.

3.2. Kh ndng lién két véi caspase ciia MA in silico

Mo hinh docking phan tir cia MA vdi céc protein lién quan dén
qué trinh apoptosis trén dong t& bao ung thu vi MCF-7 cho thay, phan
tir MA tuong tic voi nhiéu amino acid tai trung tm hoat dong cia
protein thong qua céc lién két hydrogen manh. Dya trén con duong
cascade kich hoat caspase-3 dé qua trinh apoptosis dién ra manh m&
hon, viéc kich hoat tot hay kha ning tao phitc hop caspase - hop chat
dich cang tot va survivin bi trc ché cang manh thi hoat tinh gay chét
t& bao ung thu cang cao [20]. Dua trén két qua thu duoc ¢ bang 1 va
mo hinh tuong tac 2D, 3D ctia MA vdi cac protein, chiing toi c6 thé
chimg minh dugc kha nang kich hoat caspase-3 cia MA thong qua
co ché kich hoat truc tiép caspase-3 hodc gian tiép dua trén kich hoat
caspase-8, caspase-9 hay Apaf-1. MA c6 thé tao lién két hydrogen
manh v6i Ser209 va Phe250 véi gia tri ning lugng lién két cao 1a
6,9606 Kcal/mol, gié tri nay chi thap hon chét trc ché TQ8 (N-[(2S)-
4-chloro-3-oxo-1-phenyl-butan-2-yl]-4-methyl-benzenesulfonamide)
cua caspase-3 va gan nhu tuong dong vé6i 2 loai thude dang duogc
st dung dé diéu tri ung thu vii & nguoi 1a Doxorubicin (IC,=4,39
uM) [21] va Rafloxifene (IC,=10 uM) [22]. Trong nghién clru ctia
X. Ma va cs (2017) [23], mot triterpenoid c6 khung twong tu véi
MA 1a ursolic acid (UA), nhom carboxylic ciia UA hinh thanh lién
két hydrogen vdi Ser va Agr trén protein caspase-3 (PDB ID: 514C).
Quad trinh tuong tac ndy cling dugc quan sat trén mo hinh 2D nhém
carboxylic cia MA, ¢ hinh thanh lién két hydrogen vdi Phe va twong
tac vOi Arg, ngodi ra con cd lién két hydrogen v6i Ser (hinh 3). Véi
nhimg bang chimg thu dwoc tir mé hinh docking phén tir, MA hinh
thanh phtrc hop tot v6i caspase-3 va kich hoat qué trinh apoptosis,
chimg minh tinh khang té bao ung thu vi MCF-7 ctia phan tir nay.
Bang 1. Két qua docking phan tir cia MA, Native ligand (NL), chéat déi
chirng (Doxorubicin, Rafloxifene) véi protein kich hoat caspase.

Docking score (Kcal/mol) . .
Protein Loailién ket~ AAs lién ket
MA NL Doxorubicin  Rafloxifene
2 H-donor Asp32
Apaf1 84969 90508 - !
(PDB ID: 1Z6T) H-acceptor ~ Arglll
Caspase-3 H-acceptor ~ Ser209
-6,9606  -7,1375 -7,0313 -7,1838
(PDBID: 2XYG) H-acceptor ~ Phe250
H-donor Lys253
Caspase-8
(PDB ID: 2022) 6,825 -8,4308 -7,5334 -7,6949 H-acceptor ~ Ser256
H-pi His317
H-donor Thr254
Caspase-9
(PDB ID: INW9) -6,4453 - -13119 -7,9543 H-donor Gln240
H-acceptor ~ GIn240
Survivin A5 H-donor Leu87
(PDBID: 2RAW) 68293 76180  Heacceptor  LysT8
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Hinh 3. M6 hinh docking phan tir 2D va 3D cua MA vé&i caspase-3 (A), caspase-8 (B), caspase-9 (C), Apaf-1 (D) va survivin (E).
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Bén canh do, MA ciing cho thiy két qua twong tac tt v6i Apaf-
1, mét protein khi két hgp v6i cyctochrome C s& tao thanh phirc hop
apotosome, tién chét trong tong hop caspase-3; tuong tac kha tot voi
caspase-8 va caspase-9, cac protein khoi mao cho qua trinh apoptosis
[24]. Bang chu y, trong qua trinh nghién ciru qua trinh docking phan
tir, MA ciing cho thdy kha nang Gic ché khi tao thanh phitc hogp voi
survivin, mot protein trc ché qué trinh apoptosis [20]. Nhin chung,
voi két qua thu duge tir th nghiém in silico, MA cho théy kha nang
tuong tac tot v6i protein caspase, kich hoat qua trinh apoptosis thong
qua cdm ung caspase-3.

Trong nghién ctru nay, ching t6i nhan thay hoat chat MA c6 hoat
tinh gdy doc té bao ung thu vii MCF-7 bang céch gay ra qué trinh chét
té bao theo chuong trinh. Phén tich docking phén tir da cho thay, MA
¢6 kha ning twong téc tt vi céc protein caspase, kich hoat qué trinh
apoptosis thong qua cam (mg caspase-3. Két qua ctia nghién ctru ndy
di cho thiy MA duoc phén lap tir cay Thiét dinh Ca Na tai tinh Ninh
Thuén c6 tiém nang phat trién nhu mot loai thude chdng ung thw. Tuy
nhién, dé c6 két luan chinh xac hon vé con dudng trc ché, ciing nhu
vi tri cam Gng ctiia MA, céc thir nghiém vé biéu hién protein can duoc
thuc hién nhiéu hon, ciing nhu cac nghién ciru docking vé twong tac
cuia protein-protein, protein-protein-ligand can duogc thuc hién thém.
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Anh hurong ctia hoc hoi nwde ngam dén nguon bo cap tw nhién
cho cac thau kinh mrdc nhat thuc dai con cat ven bien khu vie Nam Trung Bo

Nguyén Thanh Céng', Nguyén Huy Vuwong", Vii Pinh Hang', Phan Viét Diing!, Pham Tuin', Vii B4 Thao', Trin Thi Lyu?

WVign Thity Céng, s6 3, ngé 95, phé Chiva Béc, phwong Trung Liét, qudn Pong Pa, Ha Néi, Viét Nam
’Truong Dai hoc Khoa hoc Ty nhién, Dai hoc Quobc gia Ha N¢gi, 334 NguyéNn Trai, phuwong Thanh Xudan Trung, quan Thanh Xudn, Ha Noi, Viét Nam

Ngay nhan bai 29/8/2023; ngay chuyén phan bién 31/8/2023; ngay nhan phan bién 12/9/2023; ngay chip nhan dang 15/9/2023

Tom tit:

Dai con cat ven bién Nam Trung B 13 khu vire ¢6 mwe nwée ngim nim néng, thanh phén thach hoc ciia d6i thong khi chi yéu 1a cat
hat min dén hat vira, c6 kich thwéc 16 rong 16n. Tai cac dai con cat nay, tham phi thyc vt thwa thét, sb gio ning trong nim 16m, nhiét
d0 khong khi va lwong béc hoi bé mat cao, cac diéu kién trén thuan lgi cho qua trinh béc hoi tir bé mat nwée ngz‘lm Nghién ciru nay si
dung phwong phap do béc hoi trye tiép bing Lysimeter (LS) theo nguyén Iy cin bing nwéc. Cac tram do LS dworc dat tai Da Ning, Phi
Yén va Binh Thuén dé quan tric lrgng mr(rc ngim mét di do béc hoi trong diéu kién thye té véi mwe nwée ngdm dwoce md phong ¢ do
sau 0,9 m. Két qua quan tric cho thiy, tong lwgng bdc hoi nwée ngam nim 2022 tai tram Pa Ning Ia 259,9 mm, Phi Yén 335,6 mm va
Binh Thuin 13 377,0 mm. Véi mye nuée ngdm duge thie nghiém ¢ d sau 0,9 m thi hang nim lwgng béc hoi nwée ngdm di lam giam

dd sdu myc nwréc cia ting chira nwéc tai Pa Ning, Phii Yén, Binh Thuin lan lwot 13 0,64, 0,78 va 0,92 m.

Tir khéa: bbc hoi nwée ngim, con cat ven bién, Lysimeter, Nam Trung Bd.

Chi 56 phin logi: 1.5
1. Dit van de

Bdc hoi nuoc ngam 13 qué trinh chuyén tir thé long sang thé khi
ctia nude ngam thong qua doi thong khi d1 vao kh1 quyén. Qua trinh
ndy dién ra tai c4c khu vire ¢6 muc nudc ngam nam nong, do rong cua
doi thong khi 16n, nhiét do bé mat dét cao, do 4m khéng khi thap va
van toc gio 1on. Boc hoi nudc ngadm 1a mot trong nhimg yéu t6 quan
trong anh huong dén lugng b cap tu nhién nude ngam, dic biét la doi
v6i cac dai con cét ven bién.

Khu vie Nam Trung B bao gdm céc tinh/thanh phd: Da Nang,
Quang Nam, Quang Ngai, Binh Dinh, Phii Yén, Khanh Hoa, Ninh
Thuén va Binh Thuan. Ving ven bién khu vurc ndy c6 nhimg dai con
cat v6i tong dién tich vao khoang 5,415 km2. Tai céc dai con cat ven
bién, nudc nhat chu yéu tbn tai trong tang chira nudc gh thuge thanh
tao holocen, co nguon gdc song (aQ)?), song bién (amQ,’) va blen
gi6 (mvQ,’). Thanh phan thach hoc ciia tang chita nude nay chu yéu
14 cat hat vira mau xam tring, xam vang, myc nuéc ngam nam nong
va thay déi theo mua (0,1-3,8 m vao mua mua va 1,6-6,2 m vao mua
kho) [1-8].

Khi hau trén dia ban nghién ctru duoc chia thanh 3 tiéu vung:
(1) Tiéu ving Pa Ning - Binh Dinh ¢6 lwgng mua trung binh nim
2000-2500 mm, mila mua bat dau tir thang 8 dén thang 12. Phan 16n
tong lwong mua dién ra vio mia mua, chiém 77-88% so véi luong
mua trung binh nam, chu yéu tap trung vio 4 thang cudi nam (thang
9-12, chiém 72- 80%) S6 g10 nang hang nam khoang 2042-2200 gio,
cdc thang co 56 glor nang nhiéu nhét 1 thang 5-6 dat 231,3- 256,8 gio,
thang c6 sb gio nang it nhat a thang 12 dat 33-65,8 gio. PO am khong
khi trung binh nam thay déi tir 79 dén 85%. Nhiét d¢ trung binh thang
vao khoang 26,2°C va thudng thay doi tir 21,4 dén 30,4°C. Luong bdc
hoi bé mit trung binh nidm thay doi tir 898 dén 1086 mm; (2) Tiéu
vung Phu Yén - Khanh Hoa c6 lugng mua trung binh hang ndm tr

*Tac gia lién hé: Email: huyvuongdkt@gmail.com
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1500 dén 2000 mm, lwong mua tap trung vao thang 9-12, tir thang 1-8
lwong mua phan b6 rai rac, ddc biét tir thang 2-3 hang nam lwgng mua
dat mirc cuc tiéu, chiém 1-3% so v6i lugng mua trung binh hang nam.
S6 gio nang hang nam khoang 2538,4-2506,2 gio, sb gio néng nhiéu
nhit 1 tir thang 3-5, dat 246,1-273,8 gio. D6 am khong khi trung binh
nim thay doi tir 76 dén 81%. Nhiét do trung binh thang vao khoang
26,9°C va thuong thay doi tir 23,2 dén 29,5°C. Luong bdc hoi bé mit
trung binh nidm thay doi tir 1372 dén 1444 mm; (3) Tiéu ving Binh
Thuén - Ninh Thuén, luvgng mua trung binh hang nam khoang 1100-
1700 mm, lugng mua tap trung vao thang 5-10, chiém 80% so véi
luong mua trung binh nam. Tir thang 11 dén thang 4 nm sau, lwong
mua phan b rai rac, dic biét tir thang 2-3 he‘lng nam luong mua dat
mirc cyc tiéu (khoang 0,1-1,4 mm) S6 g10 nang hang ndm khoang
2814,2 dén 2925,3 gio, thang c6 s6 gio nang nhidu nhét la thang 2-3,
dat 270,2-304,8 gio/thang. Do 4m khong khi trung binh nim thay doi
tir 77 dén 80%. Lugng bdc hoi bé mit trung binh nim thay doi tir 1435
dén 1844 mm. Tdc do gio binh quan hang ndm tai khu vurc ven bién
Nam Trung B¢ dat 1,3-3,7 m/s [9-16].

Két qua diéu tra, thu thap sb liéu két hop tai liéu khao sat thyc té
ctia nhom téc gia cho thdy, day 1a khu vyc ¢6 muc nude ngdm nim
nong, thanh phén thach hoc ctia d6i thong khi c6 do rdng 16n, tham
phi thue vat thua thét, nhiét do khong khi cao, sb gio nang trong nam
16n, lugng boc hoi bé mit cao, céc didu kién néu trén rat thuan loi cho
qué trinh bdc hoi tir bé mat nudc ngam.

Trén co s& quan tric lugng bdc hoi nude tir mat nude ngdm cua
tang chira nudc qh trong ndm 2022 tai 3 tram Pa Nang, Pht Yén, Binh
Thuan (hmh 1), nghién cu’u nay cong bd cac quan hé giita lugng bdc
hoi nude ngam voi cac yeu t6 khi hau, tir 46 danh gia anh hlrorng cua
qué trinh bdc hoi nue ngdm dén lugng bd cap tu nhién cho théu kinh
nude nhat trong cac dai con cat ven bién Nam Trung Bo.
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Abstract:

Groundwater lenses in the coastal dunes along the South
Central coast of Vietnam are often of shallow table. The
lithologic composition of the vadose zone in these areas
is mainly fine to medium-grained sand, characterised by
high porosity. The vegetation is sparse, the annual time of
sunrise is long, the air temperature and surface evaporation
are high. The above-mentioned conditions are favourable
for the evaporation of the groundwater. This study
utilised direct evaporation measurement by Lysimeter
(LS) according to the principle of water balance. The LS
measurement is designed to simulate the groundwater
level at a depth of 0.9 m to monitor groundwater loss due
to evaporation corresponding to the conditions of natural
climate and the vadose zones. Monitoring results showed
that the total amount of groundwater evaporation in 2022
at three stations Da Nang, Phu Yen and Binh Thuan is
259.9, 335.6, and 377.0 mm, respectively. With the assumed
groundwater level at a depth of 0.9 m, the annual amount
of groundwater evaporation has caused the reduction in the
groundwater level in the aquifer in Da Nang, Phu Yen and
Binh Thuan by 0.64, 0.78, and 0.92 m, respectively.

Keywords: coastal dunes, groundwater evaporation,

Lysimeter, Southern Central Vietnam.
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Hinh 1. So db vi tri 3 tram quan trac béc hoi nwéc ngam.

2. Phuong phap va ndi dung nghién ciu
2.1. Mjt 56 phwong phdp wéc lwong béc hoi

Céc nguyén tic vt 1y co ban cta sy bay hoi tir dat lién dugc hinh
thanh tir thé ky XIX va dau thé ky XX. Theo A.P. Vershinin (2009)
[17] vong tun hoan ctia nude trong tw nhién c6 moi lién hé chat ché
v6i sw bay hoi, Iy thuyét bay hoi dd duoc chudn hoa bang toan hoc
(dinh ludt Dalton). Tuy nhién, dinh ludt Dalton chi dung v&i mat nude
tur do, trong khi d6 bdc hoi tir d4t 1 mot qué trinh phirc tap hon nhiéu.

Hién nay co6 7 nhém phuong phap cho phép giai bai toan udc
luong lugng nude boc hoi tir dat lien. Cuy thé:

Nhom 1 - Béc hoi nude tir dat lién quan dén do 4m ctia dat, su bdc
hoi nude phy thude tuyén tinh vao d6 4m, khi dat tr6 nén kho hon, toc
d6 bay hoi co xu huéng giam manh va sau do tro nén it bi thay doi. Su
phu thudc giita cac yéu td nay hinh thanh nén phuong phap can bing
nang lugng - nudc, Dai di¢n cho nhom nay 1a A.1. Budagovsky (1980)
[18] va H.L. Penman (1948) [19].

Nhém 2 - Bde hoi dugc coi 1a sb hang du ciia phuong trinh cin
béng nude cho mot ving dét, chéng han mét luu vuc song, duoc goi 1a
phuong phap can bang nudc, Pai dién cho nhom nay 1a A.A. Sokolov
va cs (1974) [20].

Nhom 3 - Sy bay hoi phu thude vao lugng mua va kha néng thoat
hoi nu6e tiém nang. V.J. Mezentsev (1955) [21] d& phan tich dit lidu
v& can bang nude ¢ cac luu vire song khac nhau, dua trén cac nghién
ciru vé quan hé giita lugng bdc hoi vi lurgng mua va cac thanh phan
can bang nudc khéc.

Nhom 4 - Nhém nay quan niém bdc hoi tir dat duge xem 1a qua
trinh truyén hoi nudc tir bé mit boc hoi vao khi quyén. A.S. Monin
v cs (1954) [22] da cai tién phuong trinh khuéch tan rdi dé mé ta s
bay hoi nay.

Nhom 5 - Nhom nay nghién ciru vé su thodt hoi nude cua thuc
vat va chimg minh rang sy thodt hoi nudc cua thuc vat trong dieu
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kién binh thuong vuot qua nhu cau nude thuc sy cta thuc vat. Cac
nghién ctru thudc nhom nay da ching minh kha thuyét phuc ring,
su thoat hoi nudc phy thudc vao diéu kién khi hau, tudi, loai cay
tr(“)ng, d6 4m cua dat va do thoang khi cta dét, tir d6 dua ra thuat
ngit “duong cong ti€u thy nudce sinh hoc” (hay hé $6 sinh hoc) dac
trung cho méi quan hé giita lugng thoat hoi nu6e va cac diéu kién
khi twong. Céch tiép can nay duoc ap dung rong rai dé phét trién
cac phuong phap sinh khi hau.

Nhoém 6 - Phuong phép xay dung trén co so tur liéu vién tham.
Trong phuong phép nay, boc hoi dwoc xac dinh 13 mot s6 hang
con lai ciia phuong trinh can bang nudc cua khi quyén thong qua
hiéu s gitra lvong mua, luong thoat hoi nude trong khi quyén va
su thay doi ham lugng 4m trong khéi khong khi phia trén lanh tho
nghién ctru. O.A. Drozdov va cs (1965) [23] da su dung phuong
phap nay dé nghién ciru can bang nudc tai ho Great lake.

Nhom 7 - Cac nghién ctru thude nhém nay dua trén co so thiét
lap quan hé thyc nghiém giita boc hoi va céc thanh phan khi tugng
thuy van. Cac cong bd cta nhém chi yéu dua trén thi nghi¢m dac
biét do tryuc tiép lugng bdc hoi tai khu vire nghién ctru, nhu trong
nghién ctru cua C.W. Thornthwaite va cs (1957) [24].

Mbi phuong phap déu ¢6 wu va nhuoc diém riéng: Phuong
phap cén bang nudc dwoc ap dung khi wde tinh lwong bdc hoi
trung binh ndm trong thoi gian dai; khi udc tinh lugng bdc hoi
hang thang hay theo mua ap dung phuong phap cin bing ning
lugng, phuong phap khi dong hoc, hay phuong phap thyc nghiém.

2.2. Phwong phdp xdic dinh lwong boc hoi bang LS

Hién nay, co nhiéu phuong phéap thuc nghi¢ém dé xac dinh
lugng bdc hoi nude nhu: dia bde hoi, 6ng Pitche, LS..., mdi
phuong phap déu ¢6 wu nhuge diém nhét dinh. LS xac dinh lugng
béc hoi ¢6 dd chinh xac cao, dé sir dung. Trén thé gi6i, LS thuong
duoc st dung dé do lugng bbe hoi truc tiép béng cach ghi lai
lugng mura tai mot khu vyc nhan duge va ) lugng mat di qua dt,
lwong nude bi mét di do bde hoi ¢6 thé tinh toan duge. LS co thé
khac nhau vé kich thude va do sau, cha yéu phu thudc vao muyc
dich nghién ciru: LS ¢& 16n (dién tich bé mit khoang 2-10 m? va
d6 sau 2-4 m) dén ¢& trung binh (dién tich bé mat <1 m? va do sau
t6i da 1a 1,5 m) duoc sir dung dé do tong lugng bdc hoi, tirc 1a cay
trong cong voi dat [25-30].

Két hop thi nghiém bdc hoi bing LS va md phong bang mo
hinh Hydrus-1D, T. Yang va cs (2021) [31] da nghién clru su bién
d6i lugng bdc hoi cua dat dudi cac diéu kién do sdu nude ngim
khac nhau ¢ Horqin sandy land, Trung Qudc. Két qua cho théy,
véi sy gia tang do sau cla nudc ngém, su bdc hoi cta dat va bd
cap ciia nudc ngdm giam. Trong nghién ctru nay, viéc bd sung
nuéce ngém nho hon 21% luong bdc hoi cua dét ddi véi do sdu cua
nuéce ngém duoc thi nghiém. Ham luong nudc trong dét & do sau
60 cm it bi anh hudng boi hiéu qua bay hoi khi d6 sdu nude ngdm
trung binh 14 61 cm trong thoi gian thir nghiém, sy bdc hoi clia dat
khong bi anh huong boi nude ngam khi do sdu nude ngam sau hon
239 ¢cm. Cung nghién ciru vé tuong quan giira lrong bdc hoi va
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myc nuoc ngam Z. Wang va cs (2020) [32] d thiét 1ap 2 m6 hinh
tinh toan lugng bdc hoi ciia nudc ngdm ngay khong mua, sau do
tinh toan md hinh giam lugng bdc hoi ciia nuée ngam vao nhing
ngay mua trén 2 loai dat. Két qua cho thiy ring, hé s6 bdc hoi bi
anh huong boi ca d sdu va kha ning bdc hoi ciia nude bé mat, &
do sau muc nudc ngﬁm dudi 3 m thi d6 bdc hoi rat nho gﬁn nhu
khong thay doi va c6 thé coi 1a khong boc hoi.

Trén co s& phan tich cac két qua nghién ctru 1y thuyét ciing
nhu céc yéu t6 anh huong dén qué trinh boe hoi, nhém nghién ctru
da Iya chon phuong phap do bdc hoi bang LS theo nguyén 1y can
bang nudc.

2.3. Thuc nghiém quan tridc béc hoi bt%ng LS tai khu vuc
nghién ciru

Trong nghién ctru nay, 3 tram do LS duoc bé tri tai Da
Ning (toa do x=1766701,035, y=552400,212), Phii Yén (toa
do x=11463365,402, y=586640,119) va Binh Thuén (toa d¢
x=1181591,021, y=422582,372). Vi tri tram quan tric va so do thi
nghiém dugc thé hién ¢ hinh 1 va 2.

Mai ham béng Pibro-xi mang

Mat dét tu nhien

/‘\/

Thuge do (mm) ‘

. Catdap”
P

6ng tuy 6 ‘
do myc nudc

Van
L

Hinh 2. So’ d thi nghiém do béc hoi.

Tram do LS bao gdm: (1) Méy do bbc hoi bao gdm 2 éng duoc
lam tir PVC ky hiéu LS1 va LS2 c6 duong kinh 20,0 cm va chiéu
dai LS1=110 cm, LS2=100 cm. LS1 va LS2 duoc két ndi & dudi
bang mot duong ong c6 dudng kinh 2,1 cm cho phép luu thong
nude véi nhau; (2) Panel co thude do chia vach 1 mm gan vai éng
quan tric ndi véi LS2 dugc lam tir dng nhya trong sudt duong kinh
1 cm; (3) Thiét bi do khi twong tu dong gém: luong musa, nhiét d9,
d6 am khong khi, gio. ..

Nguyén ly hoat dong: Ong chira mau dat (LSl) co nap day 0
phia day va mot dia duc 1 dung dé 1ip dat duong dng ndi voi ong
chira nu6e (LS2) dam bao nude vao cot dat mot cach dong déu.
Ong chua nude (LS2) duoc bit kin ¢ 2 du (trén va dudi) va phia
trén cu tao bang ndp van dé tiép thém nudc (trong truong hop
lugng bdc hoi 16n). Lugng bbe hoi hang ngay tir cat trong LS1
ludn duge bo cap bang lugng nude cap tir LS2 dé dam bao muc
nudce trong LS1 luén cb dinh. Luong nudce hao hut trong LS2 dugc
xéc dinh trén panel thong qua 6ng ndi voi LS2 chinh 1a lwong nudc
b6 sung cho LS1 khi bdc hoi. Luong nude bd cip (nude mua)
dugc ngdm xudng dén myc nudc tinh trong LS1 sé chay ra ngoai
va duoc thu vao dng dong xac dinh luong nude b cap (hinh 3).
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Hinh 3. Thi cong lap dit LS va quan tric do dac cac thong sé béc hoi
nwéec. (A) Lap dit LS; (B) Tram do khi twong tw dong; (C) Thuéc do.

Quy trinh thi nghiém gdm 2 budc:

Budc 1: Sau khi 1e'ip datxong cac thiét bi, md van khoa, d6 nude
vio thing do LS2 dén myc nude khoang 10 cm (twong duong do
sdu 0,9 m nudce tinh tir bé mat LS), tiép tuc bd sung nudc vao 6ng
do cho dén khi dat trong 6ng LS1 bdo hoa myc nudc trong 2 dng
bang nhau, sau 30 phat myc nu6e khong déi & khoang do 14 10 cm
thi tién hanh khéa van va quan tric lugng nuéc hao hut trong dng
LS1 thé hién trén thude do. Luong nudc hao hut nay dugc ghi lai
chinh x4c dén 1 mm, déy chinh 13 lugng bdc hoi trong dng LS1:

En:Hns'Hsls M

trong d6: En: lugng bdc hoi hing ngay (mm); H,,: myc nude trén
thudce do trude khi mo van luc 18 gio ngay do (mm); H_.: myc
nudc trén thude do sau khi mo van luc 18 gio 20 phut ngay hom

trudc (mm).

Budc 2: Thoi diém quan tric lugng boc hoi nude thuong giam
vao ban dém khi nhiét 6 khong khi giam tir cao xudng thap, do
6 thoi gian quan tric lugng bdc hoi 1a 7 gio sang va 18 gid chiéu.
Dong thoi v6i qué trinh quan tric trén, cac yéu td anh huong dén
qua trinh bdc hoi 1a nhiét do va do am khong khi (trong him va
ngoai trdi) ciing duoc xac dinh. Céc yéu td nhiét do va do am
khong khi thay d6i manh trong ngay, thuong vao cac thoi diém:
bubi sang (nhiét do bat dau tang), budi trua (nhiét do cao nhat),
chiéu tdi (nhiét do bit dau giam thip) va nira dém (nhiét do thap
nhat) dugc xac dinh bang nhiét m ké ty dong.

Trong nghién ctru nay, nhom tac gia trinh bay két qua do truc
tiép lugng bde hoi nude tir muc nude ngam bang LS va xdy dung
mbi quan hé giita lugng boc hoi d6 véi cac yéu té anh huong nhur:
do sau muc nudc ngém, nhiét do, luong bbc hoi bé mit, nhiét do
khong khi va luong mua. Myc nudc ngam trong nghién ctru nay
duoc duy tri ¢b dinh & do sau 0,9 m so véi bé mit ty nhién, luong
nude ngdm mét di do bdc hoi ciing duoc dung dé xay dung quan
hé véi bién thién cia myc nude ngdm trong qua trinh do.

3. Két qua va ban luan

3.1. Théng sé dia chit thiiy vin ciia déi thong khi

Kha nang thoat hoi nude tr myc nudc ngé‘lm phu thudc vao do
am, hé sb rong cua déi thong khi va kha ning cung cap nudc cua

tang chira nudce. Két qua thi nghiém cho thdy, thanh phan thach
hoc cua doi thong khi tai khu vyc thi nghiém chu yéu la cat, kich

KHOA
&CONGHN%CI:-IE

65(11) 11.2023

Khoa hoc Tu nhién | Khoa hoc trai dat va méi trudng ns

thude 16 rdng 16n, mirc d6 lru thong nude cao, cu thé cac thong
s0 duoc trinh bay ¢ bang 1. V& chét luong nudc, két qua do truc
tiép clia nhom tac gia tai cc giéng dao, khoan ctia ngudi dan cho
thy, tai tram Pa Ning pH thay doi tir 5,02-9,4, d6 man <0,02%;
tai tram Phu Yén pH thay doi tur 7,42-12,2, 36 man 0,01-0,04%; tai
Binh Thuén pH thay dbi tir 5,3-7,5, d6 man 0,01-0,03%.

Bang 1. Cac thong sé dia chat thily van clia d&i thong khi.

Khoi lngng thé
Thanh phn hat (%) pi Ly . P
Vi tr thi Doim  fiohy (gonr)  Khoilwgng o DO Hes
nghiém W ringd S rign thinK
e o W g (g B0 ol
(20,05 mm) — (0,05-0,01 mm) nhién

DiNing 97,00 300 500 15T 166 265 069 408  496x10°

PhiYen 99,10 0,90 3300 IS 156 264 075 48 51x10°

Binh

X 93,80 6,20 870 155 18 263 070 41,1
Thun

4.96x10°

3.2. Két qud quan tric lwong béc hoi tir nwdc ngam

Thoi gian quan tric lugng bdc hoi tir myc nude ngam tai cic
diém tién hanh theo 4 dot: dot 1 tir ngay 17/1/2022 dén ngay
31/1/2022; dot 2 tir ngay 16/6/2022 dén ngay 30/6/2022; dot 3 tir
ngay 7/9/2022 dén ngay 21/9/2022; dot 4 tir ngay 5/12/2022 dén
ngay 19/12/2022.

Két qua quan tric trong nam 2022 cho thiy, tong luong bdc
hoi nuéc ngam tai tram Pa Ning 1a 259,9 mm, trung binh ngay
thay ddi tir 0,13 dén 0,4 mm trong miia mua va tir 0,67 dén 1,4 mm
trong muia kho. Tai tram Phi Yén tong lugng bdc hoi nuée ngam
1a 335,6 mm, trung binh ngay thay ddi tir 0,13 dén 0,2 mm trong
mua mua va tir 1,13 dén 1,47 mm trong mua kho. Tai tram Binh
Thuén tong lugng bdc hoi nude ngdm 1a 377,0 mm, trung binh
ngay thay dbi tir 0,58 dén 1,2 mm trong muia mua va tir 0,87 dén
1,48 mm trong mua kho (bang 2).

Bang 2. Lwong boc hoi tai cac tram quan trac nam 2022.

En ngay trong thing (mm/ngay)  En theo mua (mm/mia)

Tram quan En trung

- a Thing binh nim

L Mia khé* Miamua* 202 (mm)
1 6 9 1

Pa Ning 067 140 040 013 2191 408 2599

Phi Yén 147 113020 013 3155 2,1 3356

BinhThuin 087 148 058 120 187, 189.9 377,0

* 56 thang mua mwa va mua kho tai cac tram nghién ctru dwoc trinh bay &
muc 1.

3.3. Phén tich quan h¢ giiva lwong béc hoi nwéc ngim va
mot s6 yéu té khi hiu

Quan hé giita lugng bdc hoi nuéc ngdm trung binh ngay En
(mm) v6i cac yéu t6 khi hau: lugng mua ngay Rn (mm) [33], nhiét
d6 trung binh ngay Tn (°C) va lugng bdc hoi bé mat Ebm (mm)
[34] tai 3 tram quan tric duoc thé hién & céc hinh 4-6.
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Hinh 4. Biéu d6 quan hé giira lwong bdc hoi nwéc ngdm véi cac yéu té
khi hau tai tram Da Nang.
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Hinh 5. Biéu d6 quan hé giiva lwong béc hoi nwéc ngdm véi cac yéu té
khi hau tai tram Pha Yén.

60

50

40

30
e el Lk Lt

En & Ebm (mm)
Rn (mm) & Tn (°C)

o v oD D i g
P q" R S o g g G G
KUK P SAROR RO

,\\Q u\°\ %\Q\ 6«“\ Q\Q\ 6&«“ q\mk’ \dﬂ o ‘.\tl“ ,\\@ Q\@ 1\0‘“ ab“ \@ \\" q’\\'\' \\“'

'1. g g
i gy

S

== Bdc hmmmnymh:mg ngay En (mm)
—— Lugng mua ngay Rn (mm)

[ Béc hoi bé mit Ebm (°C)

— = — Nhiét d khong khi TB ngay Tn (°C)

Hinh 6. Biéu d6 quan hé giiva lwgng béc hoi nwéc ngdm véi cac yéu té
khi hau tai tram Binh Thuan.

Qua trinh bdc hoi nudc ngdm dién ra trong tat ca cac ngiy
khong mua va c6 mua nhd. Mua cé thé 1am giam nhiét do bé mat
cua dat, bd sung do 4m cho dat, lam giam lwong bdc hoi tir nude
ngam. Tuy nhién, sau thoi gian mua thi lugng bdc hoi mat dat s&
tang cao. Luong bdc hoi nude ngdm dong didu véi luong bdc hoi
bé mit, khac nhau & chd luong bdc hoi bé mit dién ra trong tat ca
cac ngay, ké ca ngay mua.

D6 chiat va thanh phan cap phdi cua dét ciing lam thay doi tc
d6 bdc hoi. Cu thé: dét cat hat min, cat pha tai Da Ning, Binh
Thuén c6 luong bdc hoi cao hon so véi cat hat trung, hat tho tai
Phu Yén. Nguyén nhan do cat tai Pht Yén kha sach va déu hat,
kich thuéc 16 rong 16n nén chiéu cao mao din cua nude ngdm thap
hon so véi khu vire khac, khong khi trong céc 16 rong ciing lam
giam tac dong cta nhiét 4o bé mat xuéng sau.
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3.4. Phn tich dnh hwéng ciia lwong boc hoi nwéc ngim dén
lwong bo cdp tw nhién cho ting chira nwéc holocen

3.4.1. Bong thai nudc duoi ddt cia tﬁng chita nweoc tai cac tram
quan trdc

Dong thai nude dudi 4t 1a mot trong cac yéu t quan trong dé xac
dinh nguon gbc hinh thanh trir lwgng nude dudi dat cho cac ting chira
nudce. Trong nghién ctru nay, dong thi nude dudi dit dugc xdc dinh
dya trén trén moi quan h¢ gitra dao dong muc nude ngim va lugng
mua trong nam 2022. Dya trén sb liéu quan tréc lvong mua va do sdu
muyc nudc ngim tai cac tram quan tric trong nam 2022, nhom téc gia
d thanh 1ap quan hé gitta myc nudc ngm va lugng mua théng thé
hién ¢ cac hinh 7-9.
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-700.00
-800.00
-900.00
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-1100.00
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Luwong mua, hrgng béc hoi (mm)
Pé sin mirc nwée ngdm (cm)

s Luong béc hoi (mm) — & - D5 shumirc nudengim mrée ngim (cm)

Hinh 7. Biéu dé quan hé giira lwgng mwa thang, mwec nwéc ngam va
Iwgng bbc hoi nwéc ngdm tai tram Da Nang.

Quan h¢ gifra myc nude ngﬁm va lugng mua tai tram Pa Néing
tuong ddi dong diéu, khong thay sy tré pha, muc nuée ngﬁm chi tang
khi lwong mua thang >100 mm. Luong bbc hoi nude ngam chu yéu
dién ra trong mua kho. Vao mua mua, tuy myc nude ngam déng cao,
song céc yéu to ty nhién anh huong dén qua trinh bbe hoi nhur nhiét
do (giam), do 4m cua doi thong khi (ting) dan t6i luong bdc hoi nude
ngim giam di 10 rét.

& & & & & g & & & & & &

& o & & & & o & & o & &
3 ) 5 ¥ o $ ~ & ) S > &
S & & & & S N S N < < <
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-100.0 -100.00
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-300.0 -300.00

400.0 -400.00

-500.0 -500.00

Pé sin mye nwée ngam (cm)

Luwong mwa, heong héc hoi (mm)

-600.0 -600.00

e Lrong mra (mm) s Lirgng béc hoi (mm) — & - D shumye awée ngim nwde ngam (cm)

Hinh 8. Biéu dd quan hé giira lwong mwa thang, mwc nwéc ngam va
lwgng béc hoi nwéc ngam tai tram Phi Yén.

Quan h¢ gilra myc nudc ngﬁm va lugng mua thang tai tram Phu
Yeén (hinh 8) cho thdy ¢6 s tré pha. Cac thang mua kho tuy co mua,
nhung tong luong mua <100 mm nén khong c6 y nghia trong viée bo
cap nudc ngam. Lugng boc hoi nu6ce ngam tang 1én 1o rét, cing voi
do 1a lugng khai thac nude ngam phuc vu san Xuét va sinh hoat ciing
tang cao dan téi muc nu6e ngdm ha xudng rat thap. Cac thang miia
mua tuy muc nudc ngam dang cao nhung diéu kién khi hau khong
thuan lgi cho qua trinh béc hoi, dan dén lugng bbc hoi twong ddi thap
va dong déu.

20



Khoa hoc Tu nhién | Khoa hoc trai dat va méi trudng ns

song nho (do dong chay tir con cat). Khdi nudc nhat trong céc dai
con cét nay thudc tang chira nude gh, ton tai dudi dang thau kinh va

T oo 7 nam cin bang dong véi nude bién, nudc sdong va dam pha trong khu

5 T2 vue, guong nude ngam ¢ xu hudng thap dan ve phia bién va phia

5 - E o . \

2 %2 lyc dia (hinh 10).

E - -300.00 E

: : 4 i A or Ao Ao N oy
g a0 Keét hop gitra phan tich cau truc dia chat thuy van, dong thai nudc
£ o0 swe § dudi dat cho thay, nguon bo cép tu nhién cho thau kinh nude nhat
& A :2 A 1o A a1y A

E 6000 sw = trong cAc dai con cat ven bien Nam Trung B9 chu yéu 1a tir nguon mua

gy s () Lugng béchoi(mm)  — @ DY siumyc mide ngm midengm (cm) ngam xuong, cac nguon khac khong dang ké. Lugng bo cdp do mua

Hinh 9. Biéu d6 quan hé gitra lwong mwa thang, mwc nwéc ngdm va duge xac dinh theo cong thire sau:

Iwgng bdc hoi nwéc ngdm tai tram Binh Thuan. H =oaxX 2)
be

trong do: H, : lugng b6 cap

g 4 v E 3 . Trm tich bidn, gio: ot hat 1
m : : e g oy a5 (mvQ) do mua; X: tong lugng mua
s B : 2 E Ae o A A . A o A A A
5 OE w2 Mia f;‘p:m?uf;;ﬂg “  pam (m); o hé sO thim
. g : 8 b 8 | A ) .
[ WT 2 i b Bitch sbrg, bibn,Hitch tudi Xuyen cua nuoc mua (phu
e / , . P;eimen(imﬂ)i odh ub, . thugc vao thanh phan thach
50 . ting chita e . Boi tich nguon gc séng, bien, dam , A , L 3k
Y T
- B hoc cta tang phi), véi dat
T Dhgbe: granit, bazn, thm loai cat lay a=0,3.
0 S tch, phong hod it 26, ' ye
o S Két qua tinh lugng bo
B i a ié
i B R oo cap ty nhién do mua dugc
20 - % T . N2 1a A
NESVR RN A S VR VRSV U SR AUV SR SV SRV SV trinh bay ¢ bang 3, quan hé
-25.00 . A A
gitta lugng bd cdp do mua
Hinh 10. Mat c4t ngang dia chét thiy van dac trwng cta cac dai con cat ven bién Nam Trung Ba. va luong bdc hoi nude ngém

dugc thé hién & hinh 11.

Dién bién muyc nu6e ngam trong dai con cét tai tram Binh Thudn i . R
Bang 3. So sanh lwong boc hoi nwéc ngam va lwong bo céap tw nhién.

(hinh 9) cho thiy, muc nudc ngam giit 6n dinh trong sudt mua mua,

n‘{thén.g 5 dén théqg 11, du luong mua thang trong mua mua c6 sy Tin Téng  Tong votnme D 1 o o e

bién thién twong ddi 16n tir 160 dén 430 mm. Nguyén nhéan 13 kha lmgg wg e g h-m,g ringein b ﬂ,‘:a g

ndng tich chira cla tang chita nudc tai ddy nho, do doc clla muc  guide  mm iy PGP bchoi TS tingehi o
. A X 1o 1A 1 X \ ) A ' N domwa  nim ;  nudc .,

nudc ngam ve phia bién 16n, dan téi lvu lugng dong chay ngam theo o oyine 0" lingho boe hoi nue
. \ . Y s 1 A . A ngam X

hudéng nay ca(z. Mu.c mm? ngam ch1‘A dang ﬂlenx khll lu(,mg mue% >100 (mm) o %) ngam (m)

mm. Luong boc hoi tir mat nudc ngdm chi yéu dién ra tir thang 12 N e 0 s 9 03 6

deén thang 7 ndm sau, 16n nhat 1a tir thang 4 dén thang 7, do trong . ! ! ! : : :

thoi gian d6 myc nudc ngam nam ndéng va cac yéu to khi hau thugn ~ PhiYéen 21286 03 0386 356 B 938 078

loi cho viéc boc hoi. BinhThuin 19065 03 519 370 66 41 092

3.4.2. So sanh lwong boc hoi

nwoc ngam voi liwong bo cdp tw nhién
750.0 7
Téng luong mwa ~ Luong b6 cap do mua ndm

Nguon bo cédp tu nhién cho nude 2022 (mm) 2022 (mm)

duéi dat c6 thé dugc hinh thanh tir
qua trinh ngdm xudng clia nudc mua, -250.0 Lugng béc hoi nim

250.0

. . X . , . , X g 2022 (mm)
tir dong ngam noi khac hodc cac ho, & 5, |
b 5 £ R » g )
dam ao chdy den va tr dong chay 3
% A s, 4 1y ,aae AL g £ .1250.0 4
mat. Bé mat dia hinh cac dai con cat g
ven bién Nam Trung B§ co dang go g 1700
a

ddi v6i cao do vao khoang 5-20 m, 22500
thanh phan thach hoc chu yéu 1a cat
hat min dén cét hat vira ¢6 nguf‘)n géc
trAm tich bién, bién gi0, thugc thanh -3250.0 -
tao holocen. Tiép gidp giita hai dang

dia hinh nay la cac dim, phd hodc  Hinh 11. Biéu dd quan hé gitra Iwgng béc hoi nwéc ngam va lweng bé cap do muwa.

>
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Két qua tinh toan cho théy, hang nam lugng nudc ngam tht thoét
do bdc hoi tir mye nudce ngam gia dinh 1a 0 9 m, chiém 28-66% lugng
b6 cap ty nhién do mua. Véi myc nuoe ngim gia dinh nhu trén thi
hang ndm luong bdc hoi nude ngam s& lam giam do sdu myc nudc
ctia tang chira nudc tai Da Ning, Phu Yén va Binh Thuén lan luot la
khoang 0,64, 0,78, 0,92 m.

4. Két luan

Khéi nudce nhat trong céc dai con cat ven bién Nam Trung Bo
thudng ton tai dudi thiu kinh nam can bing dong voi nude bién, nudc
song, dim pha trong khu vue, grong nuée ngdm c6 xu huéng thap dan
vé phia bién v phia luc dia.

Ngudn bd cap tw nhién chu yéu 1a do nude mua va luong bo cap do
mua nam 2022 tai khu vuc Ba Nﬁng 1a 940,9 mm, Phu Yén 638,6 mm
va Binh Thuan la 571,9 mm.

Trong nhing thang mua kho va ddu miia mua, voi cc tran mua c6
tong lugng mua dudi 100 mm chi ¢6 y nghia lam giam boc hoi nudce
bé mat, khong ¢ tac dung bo sung cho nudce dudi dat.

V6i tang chira nude ¢6 mye nude ngdm phan bd & do sau 0,9 m,
lrong bdc hoi tir bé mét nudc ngdm s& lam suy giam do sdu muc nude
ctia tang chira nude khoang 0,64 m tai Pa Ning, 0,78 m tai Phi Yén
va 0,92 m tai Binh Thuén, twong Gng tir 28 dén 66% luong b cap tw
nhién do mua.

LO1 CAM ON

Bai béo dua trén cac s6 liéu cia dé tai “Nghién ctru dé xuat céc giai
phap giam that thoat nudc dudi dat nham tang cuong nguon nudce cho
céac vung khan hiém nudc ven bién Nam Trung B$”, ma s6 DPTDL.CN-
68/21 do B§ Khoa hoc va Cong nghé quan ly, Vién Khoa hoc Thuy loi
Viét Nam chu tri thye hién. Cac tac gia xin tran trong cam on.
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Dic diém ciia cc nodule s?it-mangap chira niken, coban
trong sa khoang cromit khu virc Co Dinh, Thanh Hoa

Lé Tién Diing', Tran Vin Pirc?’, Nguyén Hiru Trong?, Nguyén Khic Giang', Té Xuin Ban?, Nguyén Thi Ly Ly*
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STrurong Pai hoc M6 - Pia chat, 18 phd Vién, phirong Pire Theng, qudn Béc Tir Liém, Ha Néi, Viét Nam
“Vién Khoa hoc Pia chdt va Khodng sin, Bg Tdi nguyén va Méi treong, 67 Chién Thing, phweong Van Qudn, qudn Ha Péng, Ha Nji, Viét Nam

Ngay nhan bai 21/9/2023; ngdy chuyén phan bién 24/9/2023; ngay nhan phéan bién 16/10/2023; ngay chip nhan dang 19/10/2023

Tom tit:

Pi ciing v6i cic thin quing cromit, tir rit sém, cac nha dia chit di ghi nhan sy c6 mit ciia coban (Co) va niken (Ni), véi dw bao dén
trén 3 triéu tAn Ni va trén 260 nghin tin Co kim loai. Tuy nhién cho dén nay, van chua xac dinh dwgc sw phan bd, dang ton tai ciia Ni
va Co trong cac thin quing cromit. Bing cic phwong phép nghién ciru ¢ tinh hé thong voi ddi twong 12 bun thai trong cic khu mé
cromit, d6i sanh véi cic nodule mangan (Mn) day dai dwong, cic tic gia di phat hién sy c6 mit ciia cic hat nodule sit-mangan (nodule
Fe-Mn) trong bun thai dang hat va than quing cromit nguyén khai. Cac khoang vat hydroxit Mn va Fe, trong do c6 todorokit, 1a méi
trudng hip phu Ni, Co trong qua trinh thanh tao va Ia mdi trudng chira Ni, Co ciia ving mé cromit sa khoang C6 Dinh. Viéc xac dinh
dwogc dang ton tai va phan bd ciia Ni, Co trong cic mo sa khoang cromit cé ¥ nghia khoa hoc va thwe tién gitip dinh hwéng cong tac liy
méu thim do dia chét, gia cong miu, tinh todn tai nguyén trir lrgng, cong nghé tuyén va thu hoi kim loai Co, Ni.

Tir khéa: coban, Co Dinh, goethit, niken, nodule Fe-Mn, todorokit.

Chi 56 phin logi: 1.5

1. Dat van de

Cac mo sa khoang thudc ving mé cromit C6 Dinh (Thanh
Hoa) phan b6 xung quanh khdi siéu mafic Nui Nua di duge
biét dén tir nhitng nam 1920-1930. Tir nam 1930-1945, ngudi
Phap va Nhat Ban di khai thac hang chuc nghin tan tinh quing
cromit. Trong cac cong trinh tham do sa khoang cromit tur
nhiing ndm 1960, cac nha dia chét da ghi nhén sy c6 mat cua
kim loai Co va Ni trong cac than quing cromit. Nhiéu két qua
phan tich mau quing cromit sa khoang nguyén khai di ghi
nhan ham luong Ni dén 0,7%, Co dén 0,05%. Theo céc sb liéu
da duogc cong bo, tai nguyén Ni kim loai vao khoang 3,1 tri¢u
tan va 260 nghin tan Co kim loai [1]. Hién nay, Chinh phi
khuyén khich viéc khai thac tan thu Ni dong thoi véi viée khai
thac cromit trong khu vue C6 Dinh.

Di c6 nhidu cong trinh nghién ctru khéi siéu mafic Nui
Nua, dang ton tai cia Ni trong d4 siéu mafic va v phong hoa
khdi Nui Nua, ciing nhu cac cong trinh nghién ciru tuyén lam
giau, thu hdi Ni trong mé cromit C6 Binh [2-11]. Tuy nhién
cho dén nay, chua xac dinh dugc dang tdn tai ctia Ni va Co
trong cac mo sa khoang cromit. Viéc xac dinh dang ton tai va
phan b Ni, Co trong cic mo sa khoang cromit ¢6 ¥y nghia khoa
hoc va thuc tién trong viéc dinh hudng cong tac lay mau, gia
cong mau, tinh toan tai nguyén trir lugng, cong nghé tuyén va
thu hdi kim loai Co, Ni.

Trong qua trinh thuc hién dé tai “Nghién ciru cong nghé
thu hdi coban va niken kim loai tir b thai ciia qué trinh tuyen
quang cromit C Dinh, Thanh Héa (2021-2023)”, cic tac gia
da ghi nhan va mo ta chi tiét cac nodule Fe-Mn trong cac bai
bun thai. Pay 1a dbi twong chita Ni va Co chu yéu trong cac
bai bun thai ciing nhu trong cac mo sa khoang cromit C6 Binh.

*Tac gia lién hé: Email: tvduc@most.gov.vn
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2. Phuong phap nghién ciu

2.1. Phwong phdp khdo sat thuc dia

Khao sat, nghién ctru cac da gdc va vo phong hoa khdi siéu
mafic Nti Nua, cac tram tich D¢ tir; nghién ctru va lay mau c¢6 hé
thong céc bai thai ciia cac mé cromit khu vuc Co Pinh. Mot s6 vi
tri lay va phan tich mau tiéu biéu dugc thé hién & hinh 1.

Chi dén:

Q,: Holocen
(a, am):
cudi, tang,
sét, bot, cat,
cudi soi.
PZ1: da
phién luc,
trAm tich
silic, da
phién sét.

GPZ nn:
serpentinit.

®: cac vi tri
lay mau va
phan tich.

Hinh 1. So db vi tri cac mé cromit sa khoang & khu v Nui Nwa trén ban
dd dia chét (trich dan tir ban d6 dia chat Thanh Héa ty Ié 1:200.000, c6
bd sung).
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Abstract:

Along with the chromite ore bodies, very early on, geologists
recorded the presence of cobalt (Co) and nickel (Ni) metal. The
resource of cobalt and nickel is forecasted with over 3 million tons
of Ni and over 260 thousand tons of Co metals. Until now, however,
knowledge about the existence form and distribution of Ni and Co
in chromite ore bodies is very limited. Researching the sludge in
the chromite mines and in comparison with manganese nodules
found in the ocean floor helps to detect the presence of particles of
iron and manganese (Fe-Mn nodules) in granular sewage sludges
and in primary chromite ore bodies. Fe-Mn hydroxides, including
todorokite mineral, are believed to be the adsorption medium
and forming of Ni and Co in the Co Dinh placer chromite.
Determining the existence form and distribution of Ni and Co in
chromite placer deposits has scientific and practical significance in
sampling orientation, sample processing, geological exploration,
and reserve and resource estimations, sorting and recovering
technology of Co and Ni metals.

Keywords: cobalt, Co Dinh, Fe-Mn nodules, goethite, nickel,
todorokite.

Classification number: 1.5

2.2. Thu thép tong hop tdi li¢u

Gom céc tai liéu ctia cac cong trinh tham do cromit, dbi sanh
lién hé dia tang, lam sang to nhiing dic diém dia chét cua cac
trdm tich chira sa khoang cromit, dac diém phéan bd cua cac hat
Fe-Mn trong méi lién quan véi cac than quiang cromit sa khoang.

2.3. Cac phwong phdp phdn tich khodng vdt, thach hoc

Phan tich 1at mong thach hoc, khoang tudng, nhiét, ronghen,
kinh hién vi dién tir quét kém EDX lam sang to cac dic diém kién
trac, cAu tao, thanh phﬁn khoang vat ctia nodule Fe-Mn.
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2.4. Cic phwong phdp phan tich thanh phin héa hoc

Xéac dinh ham lugng Co, Ni va céac kim loai di cung trong
céc mau bun thai, trong cac loai hat vun va trong cac nodule Fe-
Mn bang cac phuong phap AAS, quang phd plasma; nghién ciru
hinh thi va su phan b ctia Ni, Co bang kinh hién vi dién tir quét
(SEM).

3. Két qua va bhan luan

3.1. Mpt s6 dic diém nodule Mn dwéi diy dai dwong va
cdc nodule trén ving dit lién

3.1.1. Nodule Mn dudi day dai dirong

Céc nodule Mn (manganese nodules) hodc nodule da kim
(polymetallic nodules) phan bd dudi day cac dai duong, d6i khi
¢6 trong cac ving bién ndng, chung c6 chira nhiéu kim loai nhur
da kim, Ni, Co, Cu, dat hiém. Lin dau tién nodule Mn dugc phat
hién vao nim 1868 & bién Kara thudc Bic Bing Duong. Céc
nodule da kim duoc tim thdy & cac ving nudc nong nhu ving
bién Baltic, ving nu6c sau nhu trung tm Thai Binh Duong va
ngay ca trong cac hd [12, 13]. Nodule Mn thuong bi chén vii mot
phan hoic hoan toan; mirc do phong phti rat khac nhau [14]. Pa
s6 cac hat c6 hinh cau, bau duc, bé mat xu xi ndi cac u nho, kich
thudc tir rét bé (chi duoc nhin thiy bang kinh hién vi) dén cac hat
to (dudng kinh 9-10 cm). Cac hat thuong c6 kién triic vong ting
truong dong tam [15].

Céc nghién ctru di cho thay téc do phat trién ciia cac nodule
xdy ra rat cham, khoang 1 cm trong vai triéu ndm [16]. Qua trinh
phat trién ctia cac nodule Mn bao gom nhiéu giai doan: két tiia kim
loai tir nu6c bién, tai phan bd Mn (diagenes), di chuyén kim loai
tir cac ngudn nude noéng do cac hoat dong nui lira (thiyy nhiét), su
phéan huay ciia cac méanh vun basalt boi nudce bién (halmyrolitic),
sur két tiia ctia hydroxit kim loai théng qua hoat dong cua vi sinh
vat [17].

Thanh phan khoang vat chinh trong cac nodule 1 buserit
va todorokit. Buserit 1a mot khoang vat Mn oxit ciu trac
tinh thé phan 16p ngadm nudc, cong thirc hoa hoc chung la
Na,Mn,,0,,21H,0 [18]. Cac nghién ciu tinh thé hoc gan day
hon da chi ra rang, buserit khong phai 1a mét loai khoang vat
riéng biét. Buserit gdm 2 16p birnessit phyllomanganat véi
khodng cach theo phuong vudng goc voi cac 16p MnO, 1a 7 A
[19]. Khi lay ra khoi nude, buserit ¢6 thé mat mot 16p nudce va
bién thanh birnessit. Buserit trong tw nhién thuong c6 kién trac
hat min va két tinh kém, phan tng manh véi céc cation kim loai
hoa tan do su c6 mit cta cac 16 tréng Mn** bat dién trong céc
16p MnO, [20]. M6 hinh céu trac 16 hong cua phyllomanganat
trong nhom buserit-birnessit giai thich ban chat dac tinh hap
phu céc ion kim loai, trong d6 c¢6 Co va Ni [21]. Hinh 2 la mo6
hinh don gian m6 phong qué trinh thanh tao cac nodule Mn
trong dai duong c6 chira cac kim loai [22].
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Hinh 2. M6 hinh don gian mé phéng qua trinh hap thu cac cation kim loai
hoa tan trong méi trwng nwéc bién trén bé mit cac hat keo oxit Mn va
Fe [22].

Todorokit tinh khiét thuong xut hién trong cac khu vuc co
hoat dong n}}iét dich (hydrothermal) dudi bién [23] hodc trong qua
trinh bién doi cua cac nodule Mn nguyén sinh [24]. Todorokit da
duogc tong hop tur birnessit trong phong thi nghiém [25].

3.1.2. Nodule Fe-Mn ving dit

LK15-31 LK 15b - 31

lién

Trong ving dét lién, hiém gap
céc nodule Mn. Cat két thach anh tubi
Permi thanh phé Park gan Dillon,
gip cac nodule co ciu tao vong =
dong tam, twong ty véi cic nodule @
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Chiéu day tang tram tich Dé tir chira cromit sa khoang dao
dong 15-20 m dén 60-70 m, cuc bd dén 80 m. Sat chan Nui Nua,
nén d4 cing 1a cac d4 sidu mafic bi serpentinit hoa, ra xa theo
phuong dong bic, gip cac da sét két mau tim va da voi phan 16p
[33]. Thanh phan gdm cac 16p cudi tang, cudi 1an sét chira cromit
va cac nodule Fe-Mn, sét cat, sct chira cdy muyc, cdu tao nam
ngang, chiéu day khong 6 on dinh, dang thau kinh, bién dong manh
theo chiéu sau va chiéu ngang trén cic mit cat. Theo céc két qua
nghién ciru dia tang khu vuc dong bang Thanh Hoa [34, 35], cac
nghién ctru vé tuéng da cd dia 1y [36] cho thy, cac thanh tao trAm
tich Dé tir khu viye C6 Dinh gdm 3 tap tir dudi 1én (hinh 3). Trong
viing ¢6 2 tang quing cromit sa khoang. Tang quing dudi phan
b6 khé 6n dinh trong toan khu mo, & do sau 20-40 m, chiéu day
7-8 dén 30-40 m. Thanh phan gdm cudi soi, sét, di cung vai cac
hat cromit va nodule Fe-Mn; ham lugng Cr,O, trung binh 3,36%;
nodule Fe-Mn 10-15 dén 20-30%. Tang quang trén co thau kinh,
0, phat trién cha yéu ¢ khu My Cai, nim & d¢ sau 2-3 m, cuc bo
dén 15-20 m, chiéu day 1-10 m, trung binh 4-7 m. Thanh phan
gdm cudi soi, sét, di cung v6i cac hat cromit va nodule Fe-Mn.
Ham lugng Cr,0, bién doi khong c6 quy ludt, trung binh 3,2%;
nodule Fe-Mn c6 ham lugng thap hon so véi ting quang dudi.

LK 16 -31 L) LK17 31

trén dai duong va day bién hién dai,

¢6 chtra 2,5% Zn, 1,3% Ni va 0,22%

Co. Thanh phan khoang vat c6 mat
chalcophanit va todorokit. Ching
dugc thanh tao trong trong bon trim
tich Permi, moi truong bién nong co
tinh oxy hoa [26].

3.2. Cdc nodule Fe-Mn trong
mé cromit sa khodng khu viwe Cé Dinh

céc 16 khoan tham do cromit.

Trong céc khu mo cromit sa khoang Co Dinh, cac cong trinh
16 khoan, giéng dao, cac ban dd, cac mat cit dia chat da cho thiy
su c6 mat cua cac hat Fe [27] Chiing dugc lay 1én trong qua trinh
khai thac sa khoang cromit nim trong cac béi bun thai. Pac diém
hinh thai cta chung c6 nhiéu nét twong dong voi cac nodule Mn co
chira cac kim loai Ni, Co da dwoc mo ta trong cac cong bd trude
day [26, 28-32]. Trong bai bao nay, chiing dugc mo ta dudi tén goi
nodule Fe-Mn.

3.2.1. Nodule Fe-Mn khu vuc My Céi - C6 Dinh, dong bac
Nui Nua

Triing trm tich D& tr chira sa khoang cromit va Ni, Co co
chiéu rong tir chdn Nai Nwa dén khu vuc song Nha Lé (hinh
1), dao dong tir 1,3 dén gan 3 km, chiéu dai khoang 13 km theo
phuong tiy béc - dong nam tir khu My Cai (Triéu Son) dén khu
An Thuong (Nong Cong). Day 1a phan ria phia tiy ciia ddng bang
Thanh Hoa.
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Hinh 3. Mat cét dia chat tuyén 31, khu mé sa khoang cromit Tinh Mé - An Thweng [37]. Chi dan: 1: tAng da gbc
(serpentinit, sét két, da voi); 2-4: tap dudi (amQ,®) day 10-20 m (2: sét chira cudi san, it hat Fe-Mn; 3: tng quing
duwoi: cudi, soi &n sét, cac hat cromit, nodule Fe-Mn; 4: sét chira cay muc); 5: tap gitra (amQ,,) day 5-10 m (5: cat
thach anh, sét cat); 6-9: tap trén (amQ,) day 9-10 m (6: tang quang trén: sét chira san sdi, cac hat cromit, nodule
Fe-Mn; 7: sét chira san s0i, sét, sét cat; 8: sét chira cdy muc, sét cat; 9: sét cat, sét bun, san séi chira sét); LK15-31:

3.2.2. Khu vire Mdu Lam, Bai Ang tay nam khoi Niii Nua

Tram tich D¢ t chtra cromit va nodule Fe-Mn phan b6 doc
theo dai thung lﬁng gira nlii phuong tay bac - dong nam, chic¢u
dai 5-6 km, chi€u rong 1-2 km. Theo tai li¢u tham do khu Mau
Lam, Bai Ang, tong dién tich cac khu mo cromit vao khoang 5
km?, chiéu day tir 2-3 dén 9-10 m [1], thanh phan gom cac manh
vun serpentinit, sét, san, soi, cac hat cromit, nodule Fe-Mn. Than
quang cromit c6 chiéu day bién d6i tir 1,1 dén 5,6 m, trung binh
2,6 m, c6 xu huong tang dan tir chan nai den trung tam thung [ing.

3.3. Dac diém cdc bai bun thdi chira nodule Fe-Mn khu
viee Co Dinh

3.3.1. Sw hinh thanh va phdn bé cac bai bun thai

Qua trinh khai théc sa khoang cromit tir 1930 dén nay da
tao nén cdc bai thai quy mo 16n. Cong nghe khai thac cromit
gdm céc cong doan: quang nguyén khai ¢6 ham lugng cromit
>20 kg/m’, dugc may xuc thiy luc 1am toi ngay tai guong tang
khai thac va chat thanh dong. Sung phun nudc lam phé v lién
két cua ting dat chira quing, tao nén cac khdi vita quing. Vira
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quang dugc din vé sang dé loai cuc tang +16 mm, c& hat <16
mm chay xudng hd bom. Tir cac hé bom, may bom hut cat dua
1én khu vuc tuyén. Tai khu vuc tuyén, vira quang dugc tiép tuc
lam toi bang sung nudc trén sang nghiéng. Vita quing c& hat
<2 mm qua sang nghiéng chay xuéng mang can. Cat ning va
quang ling xudng dudi ddy mang, tiép tuc duoc dua nguoc 1én
méng dai dé thu hdi tinh quang cromit. Sau khi tuyén thu cong,
tinh quang dat ham lugng 30-35%.

Quy trinh cong nghé néu trén da tao nén 2 nhém bun thai
khac nhau vé cip hat. D6 13 bun thai sét min va bun thai hat
vun. Nhém bun thai hat vun, kich thudc hat -16 dén +0,074
mm duoc tich tu thanh cac khéi kich thudc va quy md khac
nhau. Cac khdi bun thai hat vun kich thudc 16n, co thé dén
hang chuc nghin tn phan bd xung quanh cac hd dao quing.
Nhom bun thai sét min gdm cac khoang vat sét, troi theo dong
nudc tir mang dii, ling dong va lap day cac hd triing dia hinh
thdp tao nén cac tich tu sét bentonit mau nau hodc xam xanh,
déo, khi mat nudc tro nén kho cimg, chiéu day 1-2 dén 3-4 m.

3.3.2. Bdc diém nhém bun thdi hat vun chira nodule Fe-Mn

Thanh phén cép hat: Bun thai nhom hat vun thudc loai
vat liéu hon hop bao gom soi 1an it hat min, cép phdi tot dén
X4u, mau xam nau, nau den, trang thai roi rac néu kho nudc
(bang 1). Ham luong sét (<0,005-0,05 mm) trung binh 10%,
cat (0,05-2 mm) trung binh 45%, san soi (2-20 mm) trung binh
46%, dam cudi (>20 mm) dudi 1%.

Bang 1. Thanh phan cap hat cta loai buin thai hat vun khu viee C Dinh.

Sanséi  Cat Sét Khbi hrgng

tslfth"” [Sfazié“ ]2)(:“;‘0;‘::;) 220 0052 <0005005  riéng 32)5"’

' (mm) (mm) (mm) (g/em’)

I M35 96 98 71 35 109

RS V/ 408 503 89 31 123

I - 522 357 120 300 146

VR VR 602 39 59 314 105
B 0 57 49 848 310 12,10

Cac hat vun g(‘Sm cac manh d4, manh khoang vat, nodule Fe-
Mn mau den. Manh d4 gdm serpentinit, apodunit, d4 siéu mafic
bi talc hod, it manh da diabas; manh khoang vat gém cromit,
magnetit, pyroxen, plagioclas, thach anh, chalcedon. Cac
nodule c6 thanh phan khoang vat chu yéu 1a goethit, todorokit,
khoang vat sét va cac khoang vat keo Mn nhu psilomelan/
asbolan; ham luong nodule bién ddi rit manh mé tuy theo timg
khu vyc. Nodule Fe-Mn ¢6 ham lugng cao lam cho khéi bun
thai hat vun tr& nén sim mau dén mau xam den; ngugc lai, sb
lwong hat sang mau ting cao, khdi bun thai c6 mau xam tring.
Céac khdi bun thai sim mau khu Mau Lam chtra nhiéu nodule
Fe-Mn c¢6 ham luong Fe, Mn, Ni va Co ting cao hon nhiéu
s0 voi cac khdi bun thai sing mau nghéo nodule Fe-Mn khu
C6 Dinh, My Cai. Bang 2 1a cac két qua phan tich thanh phan
khoang vat cac bai bun thai hat vun khu vue C6 Dinh.
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Bang 2. Thanh phan khoang vat trong mét s6 mau bun thai hat vun tiéu
biéu theo két qua phan tich ronghen va phan tich nhiét.

Thinh phn khodng vit v khoing ham lrgng (%)

Ky higu

= Todorokit ~ Geothit Hematit ~ Magnetit  Thach anh  Chlorit - Antigorit ~ Amphibol ~ Nontronit ﬂ;fngvﬁt
Gl 24 B30 - 24 24 g0 33 24 44 11, Tal
Glsa 79 3840 24 24 9 4 810 46 46 1li; VBH
Glsa 35 4648 35 - 46 68 1618 46 24 lli

6B 24 3813 13 I3 810 2830 46 - lli

Gdla 68 3941 24 - 79 4 14l 35 44 i, Alb
GM% 810 20 - - 9 68 1820 810 46 Alb
M1 79 13 - 68 68 Ml6 57 68 11, Alb

M 15 13 nu 13 35 13 14 3436 35 44 Tl

GM17a 57 3139 46 - 6-§ 46 1416 46 51 11, Alb

(M2 79 #3635 - 810 08 1416 46 35 Alb, VBH

GM4la 68 333 24 24 13 810 2028 46 24 Tal

M4 1618 242 - - 4 46 68 46 35 Alb, VBH

M4 1517 3234 13 - 9-11 4 46 35 44 Alb, VBH

Alb: anbit; lli: illit; Tal: talc; VDH: vé dinh hinh.

Minh d4 serpentinit: C6 s6 lugng 16n nhét trong cac bai
bun thai hat vun, gf”)m céc hat sdc canh dén tron canh, kich
thudc 0,1-20 mm (hinh 4). Nhiéu manh vun da serpentinit kich
thude 16n c6 16p vo boc limonit mong, mau den; mot s manh
serpentinit bi nut né, cac keo hydroxit st le”ip dﬁy cac khe nut,
thanh phan khoang vat gdm antigorit, talc, chlorit, sét nontronit.
Cac khoang vat thach anh, magnetit, cromit: kich thuéc nho
dudi 1 mm. D61 khi gap cromit va magnetit trong manh da siéu
mafic rat ty hinh bao trong ddm khoang vét pyroxen (hinh 5).

Hinh 4. Mét phan cuia nodule hinh ciu gdm cac manh serpentinit va keo
hydroxit Fe-Mn.
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Bang 3. Téng hop cac két qua phan tich Ni, Co, Cr, Fe, Mn trong bun thai loai
hat vun khu virc C6 Binh (dong béc NGi Nwa) va Mau Lam (tdy nam Nai Nwa).

Hinh 5. Khoang vat cromit nam trong cac khoang tréng giira cac tam
pyroxen con kha twoi.

sé' i € Binh (40 mAu) Mu Lam (41 miu) Toan viing (81 mAu)

Lliu‘ legng — Max  Min ;l::g Max  Min Z;r:}:lg Max  Min ;l::g
1 Co(%) 038 003 0106 0751 0I5 036 075 0033 0233
2 Ni(%) 149 045 078 243 102 1723 243 045 1239
3 (%) 0481 0076 0208 LI4 0209 0494 L4 0076 0334
4 TRe() 35827 10401 20,107 32,029 16015 25194 35827 10401 22,585
5 Mn(%) 39 0328 1281 11 199 494 1l 0328 3,09

D6i véi cac than quang cromit nguyén khai trong cac khu
mo, cac tai liéu phan tich ddng bd Cr, Ni va Co 1a khong nhiéu.
Bang 4 tap hop céc két qua phan tich ham luong Cr,0,,Ni, Co
trong cac than quang cromit khu vuc Mau Lam va Bii Ang [1].
Bang 4. Ham lwong Cr,0,, Ni va Co (%) trong mét s6 mau tiéu biéu khu mé
cromit Mau Lam, Bai Ang [1].

N S . L. .z , Shthirty  Cr0, Co Ni Shthirty  Cr.0 Co Ni
Su phan bo cta Ni, Co trong bun thai hat vun: Céac két qua L2 ko

A s N A , 1A A , , C s 1 1,64 0,01 0,50 12 1,04 0,02 0,54
phan tich thanh phan hoa hoc c6 hé thong cua cac loai bun
thai cho thiy, xu hudng va giéi han bién d6i ham lugng cac : o o b B L18 o0 087

. ;o \ ar N1y 5. Y 3 1,58 0,09 0,52 14 2,90 0,20 0,69
oxit tao da cta bun thai sét va bun thai hat vun la giong nhau,
phtl hop véi xu thé cia cac da siéu mafic va serpentinit Nui 4 26 e 08 - 40 L L
Nua. So véi cac d4 gdc siéu mafic, ham lugng SiO, trong bun B L e O . o s ey
thai bién dong it nhat; bien dong manh nhat 1a ALO,, MgO va  © am o 17 5 W M
Fe,0,. Ham lugng MgO trong bun thai sét (hat min) 1a thip 7 ez 009 032 18 632 006 0%
nhét, bang 26% ham lugng MgO trong siéu mafic. Him lugng 8 240002 057 19 49 0,06 0,76
Fe,O, trong bun thai hat vun 27,82%, trong sét 21,8%, taing 9 154 002 0,62 20 4,60 0,04 0,74
gap 6 dén 8 lan so v6i da apoharburgit. Theo két qua phan tich 10 24 00 088 2 620 004 0
quang phd Plasma, cac kim loai Cu, Pb, Zn va As c6 ham lugng 11 233 003 057 2 409 0,11 1,09

rat thap; mot vai két qua phén tich kiém tra, ham lugng Au dén
0,3 g/t. Bang 3 tong hop cac két qua phéan tich ham lugng hip
thu nguyén tir (AAS) cac kim loai Ni, Co, Cr, Fe va Mn trong
phan hat vun 1ay & cac khu vuc C6 Dinh (dong bac Nui Nua),
Mau Lam (tay nam Nui Nua).

Két qua hinh 6 cho thdy, giita Cr,0, va Ni, Co cling nhu
gitta Ni va Co trong cac than quang cromit c6 quan h¢ thuén,
hé s6 tuong quan ciing trong doi cao. Didu d6 cho thiy, Ni va
Co la cac khoang san kim loai di cung trong cac than quang
v6i cromit.

7 14 7
o 00 _ (]
6 12 ’ §
. .
: ; = 165261+ 0 6264 5
o = 08 ot :
f =z o
o o
3 06 3
y=6.0742x- 10598
2 04 2
%o 0
1 02 1 L]
0
0 0
0o 005 010 015 020 025 000 005 010 0.15 020 025 04 06 0& 10 12 14
Co Co Ni

Hinh 6. Biéu dé quan hé twong quan ham lwgng Cr,0,-Ni, Co va Ni-Co theo céc két qua phan tich quing cromit khu vwe Mau Lam, Bai Ang (s liéu tur

bang 5).
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3.4. Pic diém thach hoc va sw phin bé Ni, Co trong cdc
nodule Fe-Mn va nguon géc ciia sa khodng cromit Co Dinh
chira Co, Ni

3.4.1. Bdc diém thach hoc va khodng vt

C6 thé nhan biét cac nodule Fe-Mn bang mat thuong ngay
tai cac khoi bun thai. Do 1a cac hat hinh cau hodc hinh bau
duc, bé mit nhin bong, kich thude tir 1-2 d&én 7-8 mm, d6i khi
dén 10-11 mm (hinh 7). Chung di cing véi cac manh vun da
va khoang vét trong cac kh6i bun thai véi ty 16 rat khac nhau,
tir 5-6 dén 25-30%. Dudi kinh hién vi phan cuc, cac nodule
Fe-Mn ¢6 kién trac nhu 1a mot loai d4 trdm tich hoa hoc gém
cac keo Fe, Mn va cadc manh vun co hoc (gé)m cac manh thach
anh, chacedon, serpentinit kich thudc dudi 1 mm, hinh thu
da dang). Xi mang la cac khoang vat tu sinh mau den nhém
hydroxit Fe, Mn gén két ciac manh vun tha sinh. Su két hop
gitra 2 b phan hat vyn va xi mang tao nén cac hinh thai kién
truc da dang, nhiéu nodule Fe-Mn hinh cau ¢6 tinh phan déi
dong tam (hinh 8-10). Két qua soi kinh hién vi phan quang
va phan tich ronghen cho thdy nhom khoang vét ty sinh gom
geothit va todorokit. Khoang vat todorokit lan dau tién duoc
mo ta & khu vuc C6 Dinh c6 ham luong déng ké trong nhidu
mau hat vun (bang 2). Ngoai ra con cac khoang vat hydroxid

Co. serpentinit va keo Fe-Mn.

Hinh 9. Lat cit manh da serpentinit c6 vé boc Hinh 10. Lat cat nodule Fe-Mn hinh ciu gém keo Fe
va manh vun serpentinit.

limonit, hydroxit Fe-Mn.
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Hinh 8. Lat cat nodule Fe-Mn hinh ciu, phan déi, cic manh

Fe-Mn 4n tinh hodc vo dinh hinh nhu psilomelan va dac biét
1a asbolan (khoang vat c6 cac peak nhiéu xa ronghen chinh rat
gan giii voi todorokit). Chiing 1a nhitng khoang vat ty sinh tidu
biéu chira Ni, Co phéan bé trong cac nodule Fe-Mn.

3.4.2. Phén bo Ni va Co trong cdc nodule Fe-Mn

Dé lam sang to su phan b6 cua Ni, Co tir mau bun thai hat
vun ML.51/3 léiy 0 khu Mau Lam, nhém nghién ciru da lya
chon phan loai hat khac nhau theo mau séc. Két qua phén tich
mau tong va cac loai hat vun thé hién & bang 5.

Bang 5. Téng hop két qua phan tich cac loai hat vun tir mau ML.51/3 1ay
& khu viee Mau Lam.

Co Ni TFe Mn Cr

So thir tyr  SHM Mo ti mau %) ) %) ) (%)

Méu tong (gom cac loai vun hat

1 ML.51/3 Kk nhau va hat Fe-Mn) 0440 1,600 2007 7,52 043
Manh dim serpentinit xam tréng,

2 ML.51/3-4 ¢d16p vo boc mau den ¢ ria Mt 0150 0760 1624 319 014
mong va khong déu

3 MLsi3  Manh dam srpentni pvOboe 6y 17y 14y gy
limonit mong nhung kha déu

4 ML51/3-3  Nodule Fe-Mn hinh cdu, mauden 0,850 2950 22,88 1437 032

Co6 thé thay rang, cac nodule
Fe-Mn mau den giau khoang vat
todorokit ¢6 ham lugng Fe, Mn,
Ni va Co cao hon nhiéu so véi cac
loai manh da serpentinit mau tring
xam cling nhu cac manh déa co vo
boc limonit mong. Pac biét, mau
ML.51/3-3 ¢6 tong ham luong Mn
+ Fe tang cao dén 37%, ham lugng
Ni dén 2,95%, Co dén 0,85%. Cac
nodule Fe-Mn ¢6 todorokit 1a moi
trudng chira Ni va Co.

3.4.3. Dac diém kién tric va
phan bo Ni, Co trong hat Fe-Mn
dudi SEM

Hinh 11 va 12 la anh chyp mot
s0 14t cit nodule Fe-Mn dién hinh
dudi kinh hién vi dién tor quét do
Nguyén Khic Giang, Nguyén Hiru
Trong va Tran Vin Duc gia cong va
phan tich tai Trung tdm Phan tich thi
nghiém Cong ngh¢ cao (Truong Dai
hoc Mo - Dia chét). Cac nodule Fe-
Mn hinh ciu, ¢6 cic u budu, duong
kinh 7-8 mm, thanh phin khéng
dong nhét, c6 tinh phan déi véi cac
vanh ting truong dong tam gidng
v6i nodule da duge mo ta trong cac
van liéu dia chat.
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Hinh 11. Hat 5-TN1. Nodule Fe-Mn m&u CN1 khu Mau Lam.

Trén hinh 11 va bang 6, hat 5-TN1 gdm cac manh vun thach
anh, chancedon (diém 1 va 8), xung quanh chung 1a khoang vat
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2 mm

Hinh 12. Hat 1- TN2. Nodule Fe-Mn m&u CN2 khu M&u Lam.

Bang 7. Két qua phan tich SEM hat 1-TN2, mau CN2 (% trong lwgng).

o . . A A e a Piém

todorokit va hydroxit Fe-Mn (céc diém 4, 3, 2 ¢ bén trdi va 5, phin ich SEM 4 3 2 1 6 1 8

6, 7 & bén phai) vai ham lugng Ni va Co bién d6i manh, tong :

. F I 4 o P X , N Si 10,09 10,65 6,88 351 465 518 8,07 12,45

Ni + Co thay doi tir 3,46 dén 9,75%, c6 1 mau chira Ca va K,

con tat ca déu khong chira Na. Cong thire hoa hoc chung cia T 069 076 067 07

todorokit trong mau: (Mg, Ca, K, Mn)(Fe, Mn, Ni, Co, Mg, Al, 4 43051 13 1 0% 2 19 20

Tl)6012'3H20' Mg 052 023 1,93 145 003 342 29 1,67

> X > a , . = 0,

Bang 6. Ket qua phan tich SEM hat 5-TN1 mau CN1 (% trong lwgng). Fe T 18 81 948 Y U
Piém Mn 061 346 63 M6 BB B 68
phén tich SEM 3 2 ! : 8 6 !

Ca 032 038 0,57 048 0,37 0,34 0,54
Si 1350 6,62 11,10 46,54 247 46,28 531 5,67

K 032 05 0,22 0,6 027 0,25 0,5
Ti 0,35 0,71

Na 030 0,01 0,18 0,14 0,45 0,61 0,64
Al 100 152 201 171052 264 021

Cr 052 065 0,36 0,15 0,17 0,17 0,57
Mg 181 482 5,16 027 427 6,17 3,07

Co 375 333 2,25 1,33 1,31 2,07 2,62
Fe 410 17,20 13,67 712 12,50 26,30

Ni 055 076 6,41 5,86 981 533 1,03
Mn 0,81 32,07 27,20 44,59 33,65 2542

Mo 0,20
Ca 1,04

Ba 6,75
K 0,59

0 3501 348 29,81 25,74 532 87 31,46 36,11
Cr 041 049 0,33 0,62 0,52 1,27 -

Tong 100,02 99,81 100,00 100,00 100,00 100,01 99,99 100,01
Co 2,92 1,98 1,63 281 2,78 3,01

FetMn 4721 413 49,06 521 0 48,26 45,53 41,09
Ni 054 456 343 6,94 6,10 492

Ni+Co 430 409 8,00 7,19 0 11,12 740 3,65
0 36,92 30,79 34,19 5320 27,14 5320 3030 30,12
Tong 10001 10005 9997 10001 10001 10000 997 999 _ Vainétsobd vé ngudn goc va dicu kién thanh tao mo cromit
Nite s <06 w95 o 10 C0 DPinh chtta Ni va Co khu vuc C6 Pinh: So sanh vadi ki€éu mo

1+Co ) ) : ) ) : s 5 s A Lo . . , . A

laterit niken trén the gidi [37], vo phong hoa chira Ni, Co trén

Mn +Fe 4991 4927 40,87 0,00  SL,71 0,00 46,15 51,12

Hat 1-TN2 (hinh 12 va bang 7) phan trung tim & manh vun
thach anh (diém 1), xung quanh 1a cac khoang vt todorokit,
hydroxit Fe-Mn thanh phan khong 6n dinh, tong Ni + Co tir 3,65
dén 11,12%. Céc hat todorokit déu chira Na va K véi tong ham
luong dén 1%. Su c6 mit cia K, Na trong todorokit 1a mot trong
c4c dau hiéu cho thiy, cac than quing cromit chtra Ni, Co trong
khu vuc C6 Dinh thanh tao trong moi truong bién.
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khéi Nui Nua [3, 6] va cac kiéu mo coban [38], mo cromit
chtra Ni, Co C6 Dinh ¢6 nhiéu khac biét. Kiéu mo laterit Ni,
quang niken dugc thanh tao do qua trinh phong hoa nhiét ddi
4m cac da gbc nhom siéu mafic giau olivin nhu dunit, peridotit.
Than quang niken nam ngay trén nén d4 gdc, co tinh phan déi.
Duéi cung - doi saprolit, gdm silicat magie ngdm nudc nhu
monmorilonit, nontrolit, serpentinit trong d6 Ni dugc hap thu
hoidc thay thé Mg trong cdu tric silicat, trong cac van liéu goi
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1a kiéu quing silicat niken. Trén cing - d6i limonit, khoang vét
sét nontrolit va limonit chiém wu thé, Ni hép thu hoac thay thé
Fe trong mang tinh thé geothit. Bén canh hai d6i, con c6 cac
déi trung gian .

DPéi v6i mod cromit C6 Dinh, cac tai lidu thu duoc cho
thy, cac than quing cromit chtra Ni va Co hoan toan khéc
biét. Chiing ¢6 ngudn gdc tram tich, gdm cac tang (16p) quing
nam xen voi cac 16p trim tich sét, sét cat, cac 16p sét co chira
xéc sinh vat, bi bién ddi hau sinh dang trong giai doan thanh
d4 sém, murc tudi trong khoang Pleistocen mudn dén Holocen
som.

Ve nguén vat liéu: Nguén vat liéu dé tao nén cromit sa
khoang c6 chira Ni, Co lién quan vé&i qua trinh phong hoa khbi
siéu mafic Ni Nua. Céac khoang vat sét trong vé phong hoa
gdm hydroserpentin, nontronit, saponit, monmorilonit, geothit,
hydroxit sit, hydroxit mangan; cac khoang vét nguyén sinh bén
virng trong diéu kién ngoai sinh gdm cromit, magnetit, thach
anh, chancedon. Niken va coban dugc giai phong ra khoi cac
khoang vat olivin, pyroxen, ton tai dudi dang hip phu trong
sét nontronit, hydroserpentin, cac khoang vat hyroxit Fe, Mn.
Ham luong Ni va Co trong vo phong héa tang cao so voi trong
khdi d4 siéu mafic nguyén sinh.

Vé qua trinh di chuyén va tich tu vét liéu: Ngudn vét liéu
tir vo phong hoa khédi Nti Nua, theo cac dong chay tam thoi,
di chuyén va tich ty trong hd triing va cac thung liing gitra nui
phuong tay bic dong nam ndm xung quanh khdi Nui Nwa. Cac
sO lidu chiéu day tang tram tich D¢ tir cho thay, cic thung ling
¢6 tinh phan béc, ngudn gdc lién quan véi cac dit gay kién tao,
phan sdu nhat nim & trung tdm, nong dan vé hai phia. Nhiing
dau higu thanh phan vét chit nhu khoang vat sét bentonit di
cung voi cac tich tu cromit, cac hat Fe-Mn, todorokit c6 chtra
kali, natri cho thay cac than quing cromit chira Ni, Co thanh
tao trong moi truong kiém bién néng ven bo. Trong diéu kién
mdi truong nude bao hoa cac cation Fe, Mn cung véi cac ion
Ni, Co, cac khoang vat buserit va birnessit phyllomanganat,
goethit dugc hinh thanh dudi dang cac hat keo Fe-Mn, hép thu
cac cation Ni, Co va ling dong dan xubng day hé triing dudi
dang céac nodule cung cac hat vun co hoc cromit va cac manh
da. Céc than quang cromit chira cac hat nodule Fe-Mn bi chon
vili boi cac tang tram tich mudn hon nhung c6 chiéu day khong
16n. Qué trinh bién ddi diagenes sém, cac hat keo Fe, Mn s&
mét mot phan nudc hap phy, buserit va birnessit chuyén hoa
dan thanh todorokit.

Lich str va diéu kién thanh tao ciia khu mé gin lién véi didu
kién cd dia 1y, vai tro cua sinh vat, diéu kién hoa 1y méi truong
tram tich, ngudn cung cip vat liéu, qua trinh ling xubng day
cua cac hat vun co hoc cromit, cac phan trng hdéa hoc va cac qua
trinh ngung keo dan dén sy hinh thanh cac nodule Fe-Mn chtra
Ni, Co... Ciing v6i viéc nghién ctru lam sang to cac dic diém
hinh théi, thinh phan khoang vat, quy luat phan bd cta cic
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nodule Fe-Mn trong ting trdm tich va cac bon triing Kainozoi
xung quanh khoi siéu mafic Nui Nua la nhitng van d€ mang
tinh 1y ludn, rat phire tap can duogc tiép tuc nghién ctru.

4. Két luan

Trong cac than quang cromit cac mo sa khoang cromit khu
vuc Co Pinh, ton tai cic nodule Fe-Mn. Chiing phan b6 khong
ddng déu, c6 ham luong cao trong khu vire Mau Lam - Bai Ang
va tang quang dudi khu vuc My Cai - C6 Dinh.

Céac nodule Fe-Mn c6 cdu tao va kién tric nhu mot san
pham trim tich héa hoc, bao gdm cac keo Fe va Mn gén két cac
loai manh vun d4. V& hinh thai, chung c6 nhiing dic diém c6
thé so sanh véi cac nodule Mn trén day cac dai dwong di duoc
md ta trong cac van liéu dia chét.

Céc khoang vat hydroxit Fe, hydroxit Mn ndm trong céc
nodule Fe-Mn, gdm todorokit va goethit, ngodi ra con co cac
khoang vat hydroxit Mn giau Co va Ni khac nhu asbolan. Do
dic diém cu trac tinh thé, trong qué trinh thanh tao, ngoai
mot phan nho thay thé cho Mn va Fe trong 6 mang, phan 16n
kim loai Ni, Co duoc hép phu trén bé mit, trong cac khoang
tréng va cac 16 hong giita cac 16p ctia cac khoang vat todorokit,
abolan. Céc khoang vét nay tr¢ thanh cac chu thé chira Ni, Co
va di cung v6i cac than quing sa khoang cromit C6 Dinh.

Trong qué trinh khai thic va tuyén sa khoang cromit C
Dinh, cac hat nodule Fe-Mn chtra Ni, Co dugc tich tu lam giﬁu
trong loai bun thai hat vun. Ham lugng Co, Ni trong bun thai
hat vun cao hon nhiéu so véi cac than quing Co, Ni nguyén
sinh ndm trong ting trAm tich Kainozoi, tao nén cac than quing
Ni, Co ngudn gbc nhén sinh.

Céc than quing Ni va Co nhan sinh do khai thac va tuyén
cromit ¢6 chit lwong khong ddng déu, phu thudc vao ciu tao
dia chét va hoat dong khai thac. Cac moong khai thac cromit
khu Mau Lam c6 chira cac bai thai véi ham lugng nodule cao
hon va giau Ni Co hon réat nhiéu so v&i bai thai & cdc khu khac.

Bai bao 1a san pham ciia dé tai “Nghién ctru cong nghé
thu hoi coban va niken kim loai tir bun thai ciia qua trinh
tuyén quing cromit C6 Dinh, Thanh Hoéa (2021-2023)” ma
s6 PT.QG.CNKK.015/21. Céc tac gia xin cam on sy cong tac
nghién ciru ciia PGS.TS Nguyén Duy Két, PGS.TS Vii Ptic
Loi, PGS.TS Pham Xuéan Nui, TS Tran Trung Téi va cac nhom
cong nghé tuyén, cong nghé héa hoc va luyén kim.
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Danh gid kha ning khang chat tay rira ciia vi khuan Salmonellu enterica
phan lap tir thit ga tai Ha Noi

Nguyén Tuén Thanh!, Ninh Thi Hanh!, Pham Vin Quén?, Nguyén Hung Thanh?, Vii Khanh Vén', Nguyén Thanh Trung"”
Khoa Vi sinh va Bién déi gen, Vién Kiém nghiém An todn Vé sinh Thue pham Quéc gia, 65 Pham Than Dudt, phieong Mai Dich, quan Cau Gidy, Ha Néi, Viét Nam

’Khoa Dong thuc vdt Thuc nghiém, Vién Kiém nghiém An toan V¢ sinh Thuc phzfn1 Quéc gia, 65 Pham Than Dudt, phwong Mai Dich, qudn Cau Giﬁy, Ha Néi, Viét Nam
3Van phong Bé Khoa hoc va Cong nghé, 113 Tran Duy Hing, phwong Trung Hoa, quan Cau Gidy, Ha Noi, Viét Nam

Ngay nhén bai 28/8/2023; ngay chuyén phan bién 31/8/2023; ngay nhan phan bién 22/9/2023; ngay chip nhan dang 26/9/2023
Tom tiit:

Salmonella enterica 12 mam bénh thye phidm phd bién dwoc tim thiy trong méi trudomg ché bién, giét mé gia cim. Do do,
hiéu biét vé kha ning dé khang chit khang khuén ciia nhém vi khuén nay déng vai tro thiét yéu dé dwa ra phwong 4n kiém
soat mim bénh hiéu qua. Tai Vié¢t Nam, nghién ctru nay mé ra mot huéng tim hiéu méi vé kha ning dé khang chit ty rira
va si phin bd ciia cic gen mi héa cho kiéu hinh nay trén déi twong cac chiing vi khuin Salmonella. 119 chiing vi khuin
Salmonella dwge sir dung cho thir nghiém ndng dd e ché tdi thiéu (MIC) véi 2 hoat chit BKC (Benzalkonium chloride)
va CPC (Cetylpyridinium chloride) theo huwéng din ciia Vién Tiéu chuin phong thi nghiém va Lam sang Hoa Ky (CLSI).
DPong thoi, nghién ciru sir dung chi thi sinh hoc phan tir nhim phat hién sy c6 mit ciia 2 gen gacE va gacEA trong hé gen
ciia cic chiing vi khuin Salmonella. Két qui cho thiy, MIC ciia BKC va CPC lan luot 1a 12,5-25 va 6,25-12,5 ng/ml. Ngoai
ra, su phan bo rong rii ciia 2 gen gacE va qacEA véi ty 1€ 1an hwgt 13 61% (73/119) va 60% (72/119) cho thiy diém méi la
vé kha ning dé khang ciia vi khuén nay véi 2 hoat chit tiy rira.

Tir khéa: benzalkonium chloride, cetylpyridinium chloride, gen gacE, gen qacEA, khang chit tiy rira, MIC, Salmonella.

Chi sé phin logi: 1.6
1. Gidi thiéu

S. enterica, nguyén nhan chinh ctia bénh salmonellosis, 1a mot
trong nhitng mdm bénh thuc phdm phd bién trén toan thé gi6i. Theo
T chirc Y t& Thé gi¢i (WHO), lay nhiém Salmonella 13 nguyén nhan
cua 600 triéu ca bénh va 300 tri¢u ca tu vong m6i nam [1]. Phoi nhiém
Salmonella hinh thanh nguy co tiém 4n vé s6t cap tinh, dau bung, tiéu
chay va sy xdm nhap ctia mam bénh khang khang sinh 13 mdi nguy
16n de doa strc khoe cong ddng. Hang nam, Trung tim Kiém soat va
Phong ngtra dich bénh Hoa Ky (CDC) udc tinh c6 2 triéu ca b¢nh gay
ra boi nhom vi khudn khang khang sinh, trong d6 Salmonella khong
gy thuong han c6 lién quan t6i hon 100.000 ca nhiém khuan khang
thudc [2]. Hién twong khang thudc dugc phat hién gan lién v6i viec
st dung qua murc khang sinh trong y hoc 1am sang, thu y va chan nuoi
dong vat [3]. Tir do, cac chung vi khuin Salmonella khang thubc khac
nhau da dugc phan lap tir cac san phim c¢6 ngudn gbe déng vat, ddc
biét Ia thit gia cdm va moi truong xung quanh [4, 5]. Nham ngan ngua
va kiém soat sy gia tang cta vi sinh vat trong moi truong san Xuét,
cac ké hoach lam sach dugc ap dung thuong xuyén bang cach st dung
cac loai dung dich tiy rira va khir tring [6]. Tuy nhién, viéc sir dung
rong rai cac hoa chét nay co thé vo tinh chon loc ra nhém vi khuan
56 hitu dong thoi kha ning khang khang sinh va cac hop chat khang
khuan khac [7].

Céc hop chat chira gbc amoni bac bon (QAC) 1a chat khir tring
cation dugc s dung @& 1am sach khu vuc ché bién va san xuit nhim
dam bao an toan vé sinh thuc phém [8, 9]. Mic dii co ché khang khuén
cua cac hop chét nay van chua dugc lam 13, mot $0 nghién ctru da chi
ra rﬁng, chiing c6 thé sira dbi cac dac tinh bé mat phi sinh hoc, giam
bam dinh va tir d6 ngin ngira sy gin két ciia vi khudn [6]. Cac QAC

*Tac gia lién hé: Email: trungnt@nifc.gov.vn
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hoat dong bé mat nhu BKC va CPC la thanh phan phd blen cua dung
dich tay rua, dung dich khur trung ap dung trong cac 1o md va xudng
san xuat [10, 11]. Tuy nhién, mot s vi khuan nhu E. coli, Klebsiella
pneumoniae, Salmonella va Staphylococcus aureus phan 1ap tir thit ga
hodc thit lon d& cho thdy kha ning dé khang ddi véi cac hop chét nay
[12]. Cho dén nay, cac truong hop Salmonella khing BKC va CPC
dd duoc béo cdo va mot trong nhimg co ché chinh cua tinh trang nay
14 sy ton tai ciia Salmonella mang gen khang chit tay rira [13]. Trong
do, qacE va qacEA 1a 2 gen ph6 bién dugc tim théy trong nhom nay;
chiing thudc ho gen SMR va ndm trong viing béo ton dau 3’ trén mot sd
integron cuia vi khuan gram am nhu Salmonella [14- 16]. Su biéu hién
cac gen nay 6 Salmonella dugc ching minh trong chi so6 MIC cao tuong
ddng voi kha nang dé khang chat tdy rira. Hién nay tai Viét Nam, cac
nghién cru vé kha ning khing QAC v su phan bo cia gen lién quan
trén d6i twong vi khuan Salmonella con rat han ché. Vi viy, ching toi
tién hanh nghién ctru ndy nham kiém tra sy phan bd cua 2 gen gack,
gacEA va moi tuong quan cua ching voi kha ning khing QAC ¢ cac
ching vi khuin Salmonella phan 14p tir c4c san phdm gia cam bén Ié.

2. Nguyén liéu va phuong phap nghién ciiu
2.1. Chudn bi chiing, méi trwong va diéu ki¢n nuéi cdy

Tong cong 119 chung vi khuan Salmonella trong nghién ciru
nay duoc tiép ndi sir dung tir nghién ctru trude d6 ctia T. Wassenaar
va ¢s (2015) [17]. Vi khuan dugc phéan 13p va bao quan trong dich
tang sinh Brain heart infusion BKC BHI (Merck, Buc) c¢6 chia
15% (v/v) glycerol va cét trit & diéu kién nhiét do -80°C. Chung
vi khuan tir cac dng bao quan dugc cdy ria 1én dia thach Xylose
lysine deoxycholate - BKC XLD (Merck, Puc) va G qua dém &
37°C. Dich khuan str dung trong thtr nghiém khang cht tay ria
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Abstract:

Salmonella enterica is the most common foodborne pathogen
found in poultry processing and slaughterhouses; therefore,
understanding the resistance of this bacteria group is critical for
effective pathogen control. This research in Vietnam provides a
new field for studying resistance to biocides and disinfectants,
along with the distribution of genes coding for this characteristic
in Salmonella species members. According to the Clinical and
Laboratory Standards Institute (CLSI) guidelines, 119 strains of
Salmonella bacteria underwent testing for minimum inhibitory
concentration (MIC) with two compounds, BKC (benzalkonium
chloride) and CPC (cetylpyridinium chloride). Moreover, these
Salmonella strains were further characterised based on the genes
responsible for disinfectant resistance. The results showed that
the MICs of BKC and CPC were between 12.5-25 and 6.25-12.5
pg/ml, respectively. Furthermore, the presence of two genes, gacE
and gacEA, discovered in 61% (73/119) and 60% (72/119) of the
strains, indicates the wide spread of disinfectant resistance genes
is a novelty in the resistance of this bacteria group.

Keywords: benzalkonium chloride, cetylpyridinium chloride,
disinfectant resistance, minimum inhibitory concentration, gacE
gene, gacEA gene, Salmonella.

Classification number: 1.6

duogc chudn bi béng cach ¢ mot khuén lac thu duoc trén dia XLD
vao dich tang sinh TSB va u ¢ nhiét d6 37°C trong 18-24 gio.

2.2. MIC ciia dung dich tdy rira

MIC cua 2 hop chat QAC, BKC va CPC dugc xac dinh trén
dia polystyrene 96 giéng sir dung phuong phap pha lodng vi cap
theo hudng dan ctia CLSI. Dau tién, khuén lac thudn chung duoc
tang sinh trong dich TSB & diéu kién nhiét d6 37°C trong 18-24
gior dé thu duogc s6 lugng té bao khoang 10° CFU/ml. Dich ting
sinh Salmonella sau d6 duoc dua vé néng d6 10° CFU/ml truéc
khi thyc hién cac budc thi nghiém tiép theo.
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Khi hoan thanh qué trinh chuén bi dich khuén, 200 pl chét tay
rita QAC dugc thém vao cac giéng thir nhit ciia mdi hang; cing
lic, cac giéng tiép theo cua cing mot hang duoc bd sung 100 pl
TSB. Dung dich khang khuan sau d6 duoc pha loang 2 lan thong
qua viée chuyén 100 pl thé tich QAC ¢ giéng dau tién sang cac
giéng tiép theo; qud trinh dugc tiép tuc sao cho nong do cudi cung
cua QAC giam dan tir 200 pg/ml ¢ giéng thir nhit va 1 ,56 pg/ml
¢ giéng cudi cung. Ddi chimg duong cia thi nghiém bao gdm 100
ul dich nuoi cay khuan va 100 ul TSB; ddi chig 4m biéu hién tac
dong giita TSB va chit tay rira, ¢6 chira 100 pl thé tich QAC b
sung 100 ul TSB. bia thi nghiém sau d6 dugc u ¢ 37°C trong 24
gidr dé xac dinh sy phat trién ctia vi khuén thong qua quan sat do
duc. Trong nghién ctru nay, MIC duoc xdc dinh la nf‘)ng do thép
nhét cua chit khang khuan c6 kha nang tc ché sy phat trién cua
Salmonella (hinh 1).

Nong d¢ giam din cia chAt ty rira

~1(|7200C 2000000
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1], 00000000000
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Déi chimg Am

Déi chimg dwong
Hinh 1. Thir nghiém MIC ctia chét tay rira.
2.3. Phan iing khuéch dai gen PCR

DNA hé gen dugc chiét xuét tir dich ting sinh ciia khudn lac
phan 1ap st dung PureLink™ Genomic DNA Mini Kit (Inv1trogen
Thermoﬁsher Scientific) theo huéng dan cua nha cung cap.
Cap mdi st dung cho phan tmg khuéch dai gen dich gacE va
qacEA dugc tham khdo tir nghién ciru cua T. Obe va cs (2021)
[18], bao gom: gacE-For (5’-AGCCCCATACCTACAAAG-3°)
va qacE-Rev  (5’-AGCTTGCCCCTTCCGC-3);  gacEA-
For (5’-AAGTAATCGCAACATCCG-3’) va gqacEA-Rev
(5’-ATAAGCAACACCGACAGG-3"). Thé tich cudi cho phan
tng PCR 14 25 pl, bao gdm 3 pl (80-120 ng) khung DNA, 6,5
ul nude nuclease-free, 12,5 pl 2x Promega GoTaq master mix
(M7122, Promega, Madison, WI) va 1,5 ul mdi mdi F/R (10 mM).
Chu trinh nhiét d6i voi gen gacE va gacEA bao gdm giai doan bién
tinh ban dau ¢ 95°C trong 5 phut va 30 chu ky lap lai 3 giai doan:
bién tinh trong 30 gidy ¢ 95°C, gdn mdi trong 30 gidy & 56°C, kéo
dai trong 30 gidy & 72°C va kéo dai cudi cung trong 10 phit &
72°C. San pham khuéch dai PCR dugc tién hanh dién di trong 47
phut & 110 V trén gel agarose 2,0% (w/v) ¢6 chira thudc nhuém
Redsafe (INtRON, Biotechnology, code:21141). Thang chuén sit
dung trong qué trinh phén tich két qua dién di 1a GeneRuler 50 bp
DNA Ladder (Thermofisher Scientific).
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3. Két qua

Tham khdo nghién ctru ciia T. Obe va cs (2021) [18], chung t6i phan
chia cac chung vi khuan Salmonella thanh 3 nhém dua trén kha ning
chéng chiu véi hop chat QAC: gid tri MIC 3,13-6,25 pg/ml la ching
nhay cam voi chét tdy rira; gid tri MIC 6,25-12,5 pg/ml 14 chung c6 kha
ning chong chiu trung binh; gi4 tri MIC 12,55-25 pg/ml 1 cac chung
¢ kha nang dé khang. Theo két qua dugc ghi nhan ¢ bang 1, ddi véi
dung dich ty rira BKC, tit ca cac chung vi khuan Salmonella thuoc
nghién ctru cho gia tri MIC dao dong 12,5-25 pug/ml, twong (g véi kha
ning chdng chiu trung binh t6i dé khang. Cac chung chdng chiu trung
binh chiém ty 18 46% (55/119) trong quan thé vi khuan ban dau, trong
6 két qua thir nghiém cta toan bg 55 ching déu dugc ghi nhan & nong
0 12,5 pg/ml. Ngoai ra, két qua nghién ctru cho thdy 54% (64/119) cac
ching vi khuan Salmonella thé hién kha ning dé khang voi hop chat
nay. Trong s6 64 ching vi khuan nay, wéc tinh gia tri MIC ctia 58 ching
duoc ghi nhan tai ndng d6 25 pg/ml va gia tri MIC ciia 6 ching con
lai thu dugc tai nong do 18,75 pg/ml. BSi vai CPC, khong o ching vi
khuén nio trong nghién ctru ndy cho thay kha ning d& khang thong qua
thir nghiém MIC cua dung dich tay rira. Céc chiing ¢6 kha nang chdng
chiu trung binh va nhay cam chiém lan luot 49% (58/119) va 51%
(61/119) v6i mdi mirc do khang. V6i 58 ching vi khuan Salmonella co
kha ning chong chiu trung binh véi CPC, 55 trong s6 d6 c6 gia trj MIC
tai nong do 12,5 pg/ml va 3 ching c6 gia tri MIC 13 9,38 pg/ml. Ngoai
ra, toan bg céc ching vi khuan Salmonella nhay cam véi CPC cho gia
tri MIC tai nong d¢ 6,25 pg/ml (hinh 2).

Bang 1. Ty lé chéng chiu dung dich tiy rira bé mit caa Salmonella spp.

T 18 (%) (n=119)

Chittiyrita  pl khing Trung binh Nhay cim

(MIC: 12,5-25 ug/ml) ~ (MIC: 6,25-12,5 ug/ml)  (MIC: 3,13-6,25 pug/ml)
BKC 54% (64) 46% (55) 0% (00)
CPC 0% (00) 49% (58) 51% (61)

0000

Ceeeeeeel

Ly

0

¥
ol

S 1 BKC BKC BKC | BKC BKC | BKC CPC cPC cPC cpC cpPC +
s0 25 125 | 625 | 313 | 1,56 | 25 12,5 | 625 | 313 | 1.56 | )

Ss BKC BRC BKC | BRKC BKC BRC CcPC CcPC cPC cpPC cpPC at
50 25 12,5 6,25 3,13 1.56 25 12,5 6,25 3,13 1.56 ( )

S24 | BrC | BKC | BRC | BKC | BKC | BRC | CcPC | CPC | cPC| cpef cpe |
50 25 12,5 6,25 3,13 1,56 25 125 6,25 3,13 1,56 ( )

33 2 BKC BKC BKC | BKC | BKC BKC | CPC CPC cPC CcPC | CPC +
s0 25 | 12,5 | 625 | 33 | 156 | 25 | 125 | 625 | 313 | 156 | P

Ss5 BKC BKC BKC | BKC | BKC BKC | CPC CPC CPC CPC | CPC %
s0 25 125 | 625 | 313 | 156 | 25 125 | 625 | 343 | 1,5 | D)

S74 BKC BKC BKC | BKC | BKC BKC | CPC CPC CPC CPC | CPC +
s0 25 125 | 625 | 313 | 1.6 | 2s 125 | 625 | 313 | 156 | (D)

S104 BKC BKC BKC | BKC | BKC BKC | CPC cPC cPC CPC CcpPC +
so | 25 [ 125|625 | 303 | 156 | 25 | 12,5 625 | 303 [ 1,5 | ()
(=) [(=) | TSB | TSB | TSB | TSB |(—), |(—)2 | TSB | TSB | TSB | TSB

Hinh 2. Thir nghiém dia 96 giéng vé kha nang khang chét ty rira ctia mot
s6 ching vi khuan Salmonella.
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Hinh 3. Anh dién di san phidm PCR trén gel 2,0% agarose ctia mét sé
chiing vi khuan Salmonella. (A) Gen qacE (194 bp); (B) Gen gacEA (140 bp).
22-42: san phadm DNA duoc khuéch dai; M: thang chuan.

San pham tach chiét DNA tir 119 chung vi khuin Salmonella dugc
tién hanh phan mg khuéch dai gen (PCR). Khuéch dai doan gen dich
str dung 2 cip mdi (qacE-For/Rev va qacEA-For/Rev) dé phat hién lan
luot gen quy dinh kha ning dé khang QAC bao gdm gackE va gacEA.
Két qua cho thay, mdi giéng ctia ban dién di hién thi mot bang sic nét
twong g voi do 16n cua gen gackE (194 bp) va gacEA (140 bp) (hinh
3). Su xuat hién cua céc bang ndy chimg to qué trinh tich chiét DNA
va phan tmg PCR dién ra thanh cong, khuéch dai dugc doan gen dich
0 119 chung vi khuén Salmonella. Ngoai ra, dya vao két qua dién di,
nghién ctru cho thay sy xuét hién ciia nhitng ching mang dong thoi ca
2 gen chiém ty 1¢ cao trong tong sb cac chiing thudc nghién ctru nay.
Bang 2. Ty lé cac ching vi khudn Salmonella mang gen khang chat tiy
rwa.

T§ 1¢ (%) (n=119)

Gen BKC CPC

Dékhing  Trmgbinh  Nhaycim — Dékhing  Trung bink  Nhay cim
qacElqacEA (0=73)  41%(49)  20%(24)  0%(00) 0% (00)  42%(50)  19%(23)
0 (n=46) 13%(15)  26%(31)  0%(00)  0%(00)  7%(8) 32% (38)

Két qua thi nghiém cho thdy, hé gen cua phan 16n cac ching vi
khuan Salmonella c6 chita 2 gen gacE va gacEA, trong d6 céc chung
mang gen gacE chiém 61% (73/119), gen gacEA dugc tim thy trong
60% (72/119) cac ching vi khuén ban dau va 39% (46/119) cac chung
khong chira dong thoi ca 2 gen trén (bang 2). Vi céc ching vi khuan
Salmonella mang gen qacE/qacEA, 41% (49/119) cac ching dé khang
v6i dung dich BKC va 20% (24/119) cac ching c6 tinh chong chiu
trung binh véi dung dich nay. Két qua nghién ctru cho thay sw khac
biét trong kha ning chdng chiu cta Salmonella d6i véi dung dich
ty rira bé mit CPC. Trong céc ching mang gen gacE/gacEA, 42%
(50/119) c4c chung thé hién kha ning chdng chiu trung binh va 19%
(23/119) sb chiing nhay cam ddi véi CPC. Tuy nhién, két qua khong
ghi nhan bt ky ching nao c6 kha ning dé khang voi hoat chat nay.
46 chung vi khuin Salmonella khong mang gen gacE/gacEA thé
hién tinh chong chiu trung binh t6i dé khang BKC véi ty 16 lan luot
14 26% (31/119) va 13% (15/119). Tuy nhién, phan lén cac ching
khong mang gen chi thé hién mirc do nhay cam doi véi dung dich
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CPC. Tir déy, nghién ctru cta chung t6i cho thdy céc chung vi khuan
Salmonella phén 13p tir thit gia cam tai Ha Noi ¢6 kha nang dé khang
cao doi voi dung dich tay rira BKCva dung dich CPC dat higu qua tot
hon trong viéc trc ché sy phat trién cta vi khuan.

4. Ban luan

Hoa chit tay rira dong vai tro quan trong dé kiém sodt sy ' phén tan
cua vi khuan trong méi truong giét mo, ché bién va san xuat thit gia
cam Hiéu qua str dung loai hda chat nay phu thude vao céc yéu td nhu
ndng dg, trang thdi cua vi khudn va sy co mat clia cdc chat hiru co anh
huong dén kha ning khang khuan [19]. Trong cac yéu t6 ké trén, ndng
d¢ dung dich thy rira ¢6 anh huorng nhiéu nhat dén kha nang tiéu diét
vi khuan. Do do, viéc lam dung qué mirc hoa chat & nong do dudi mirc
tic ché duoc coi la nguyén nhan tiém an chon loc ra nhom vi khuan
khang thude gay nguy hiém cho stre khoe cong ddng. Xac dinh MIC
cua hoa chét ty rira gitip dua ra ké hoach vé sinh hiéu qua, dong vai
tro cbt 161 trong viée kiém soat su phat trién cua vi khuan.

Két qua thir nghiém MIC cua 2 dung dich QAC doi voi cac
chung vi khuan Salmonella trong nghién ctru ndy cho thay su tuong
déng voi cac nghién ctru trude do cua T. Obe va cs (2021) [18] va R.
Chuanchuen va cs (2007) [20]. Theo d6, nghién ctru ctia ching t6i
cho thiy ty 1& cao hon céc ching c6 kha nang dé khang BKC véi 54%
(64/119). Nghién ctru cua T. Obe va cs (2021) [18] trén 25 chung vi
khuan Salmonella cong bé ty 1 36% (9/25) céc ching c6 kha ning
& khang BKC véi chi s6 MIC 12,55-25,10 pg/ml, kha ning ching
chiu trung binh/nhay cam dugc tim thiy & 32% (8/25) céc ching con
lai. Thong qua phuong phap pha lodng dia thach, nghién cuu cta R.
Chuanchuen va cs (2007) [20] trén 125 chung vi khuan Salmonella
thir nghiém cho thdy sy phan bd day dic cac ching dé khang BKC.
Trong d6, 89% (108/122) c4c chiing c6 chi s MIC nam trong khoang
32-256 pg/ml va phan 16n cac chung ¢6 gia tri MIC véi dung dich
BKC 14 64 pg/ml. DBdi v6i dung dich CPC, tat ca cac ching vi khuan
thudc nghién ctru nay cho thay kha ning chong chiu trung binh dén
yéu dbi voi hop chat ‘nay. Theo do, 51% (61/119) cac chung vi khuan
Salmonella bi tic ché phat trién khi sir dung CPC véi nong do 3,13-
6,25 pg/ml va ty 18 tuong tu 49% (58/119) céc ching bi tc ché &
néng d6 6,26-12,5 png/ml cua dung dich. Két qua cho thay, sw khac
biét so voi nghién cuu cua S.B. Humayoun va cs (2018) [21] khi cho
thay chung vi khuan Salmonella serovar Heidelberg phan 1ap tir thit
ga tay co kha nang dé khang dung dich CPC ¢ nong d6 80 pg/ml. Su
khéc biét nay bat nguon tlr img dung ciia hop chét CPC tai cac qudc
gia thuong khong giong nhau. Tai Hoa Ky, CPC da dugc su dung
trong nhidu san pham vé sinh rang miéng tir rat lau trude khi dugc
phép sir dung trén thuc phdm (che bién gia cAm sdng). Viéc ap dung
CPC vao qué trinh 1am sach bé mit 1am suy giam kha nang lay nhiém
Salmonella trong thit gia cam [11, 22]. Tuy nhién qué trinh 4p dung
lau dai co thé 1a nguyén nhan dan t6i kha nang dé khang cao cua vi
khuan ddi v6i hop chat nay [20]. Tai Viét Nam, thanh phan pho bién
ctia hoa chat tay rira cong nghiép thuong 1a BKC do loai hgp chat nay
¢o tinh hiu qua khang khuan tt hon CPC [23]. CPC xuét hién cha
yeu trong cac san pham kem danh ring, nu6c stic hong, hodc céc san
pham nhu xit hong, xit hoi thé hay xit miii. Tt sy chénh Iéch trong
pham vi 4p dung, céc ching vi khuin Salmonella thudc nghién ciru
ndy cho thdy kha ning dé khang CPC thap hon nhiéu so véi cac chﬁng
dugc phan lap tir mau bé mat xtr ly voi hoa chat téy rua. Tir do, gioi
han trong viéc dp dung thuc té CPC vao trong mdi truong ché blen
giét mo gla cam tai Viét Nam dugc cho la nguyén nhan Iy giai vé kha
ning tic ché manh ciia CPC déi v6i Salmonella.
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Céc nghién ctru trude do ciing chi ra rang, gacE va gacEA 13 2
gen chiu trach nhi¢m chinh cho kha nang khang cac hgp chit ¢6 chira
QAC. Cho dén nay, chi dya vao kha nang lién két va trao doi vat
chat di truyén cua vi sinh vét, cac gen nay da duogc lan truyén rong
réi gitta cac nhom vi khuan trong thir nghiém lam sang va trong moi
truong [24]. Tuy nhién, nhing nghién ciru vé sy phd bién va tac dung
cua 2 gen trén dbi tuong vi khuan Salmonella con gap nhiéu han ché
tai cac quoc gia nhu Viét Nam, noi ma gia cam 1a mat hang thit tiéu
thu phé bién. Nghién ctru duge thyc hién nay cua chung toi da cho
thiy kha ning phan bd cua 2 gen gacE va gacEA trong quan thé vi
khuan Salmonella ban du. Trong do, 61% (73/119) cac ching dugc
tim thdy duong tinh v6i gen gacE/qacEA, 39% (46/119) cc chung
am tinh v6i ca 2 gen, nhung cho két qua da dang trong thir nghiém
MIC véi chét tay rira QAC da m ra nhitng diém méi la vé kha ning
dé khang ctia nhom vi khuan nay. Do voi cac ching mang gen, ty
18 phan bd gen gacE (61%, 73/119) cho thiy sw twong dong v6i gen
qacEA (60%, 72/119); ty 18 tuong dong nay giira 2 gen di dugc cong
b6 trong nghién ctru trude do cua T. Obe va cs (2021) [18] voi ty 1€
qacE, qacEA 1an lugt 1a 68% (17/25) va 76% (19/25). Bén canh do,
cong bd ciia nhom nghién ciru ndy cho thay ty 1¢ trung binh mang gen
gacElgacEA 13 72% (18/25), cao hon rét nhiéu so véi ty 18 dé khang
BKC 1a 36% (9/25). Su chénh I¢ch gilta ty 1¢ mang gen va khd nang
& khang chat ty rira 13 diém twong dong duoc tim thiy trong nhiéu
cdng bd; vi du nhém nghién ctru cia R. Chuanchuen va cs (2007) [20]
cho théy ty 1& cao trong dé khang BKC 89% (108/122) chénh Iéch lon
50 Vi ty 1& cac chung vi khuan Salmonella mang gen 13 27% (33/122).
Nghién ciru clia ching toi dong thoi thé hién sw chénh léch nay khi
cac chung mang gen gacE/qacEA chiém ty 1¢ 61% (73/119) bén canh
kha nang dé khang BKC duoc tim thy trong 41% (49/119) cac chung
Salmonella. Dac dlem chung cia nhitng nghién ciru trén la khong thé
quan sat duoc mdi twong quan giita gia trj MIC cao ddi v6i dung dich
BKC va sy hién dién cua gacE/qacEA trén abi tuong 1a Salmonella
cﬁng nhu nhém vi khudn gram am khac [14 10]

nhiéu yeu to gop phan vao kha nang e ché vi khuan kém hiéu qua
cua chat khang khuan, cho phép mam bénh tir thyc pham ton tai sau
qua trinh vé sinh [25]. Mot s6 yéu t6 bao gdm sy ¢6 mat ciia cac bom
hut ddy trén cdu tric mang té bao va sy hinh thanh mang sinh hoc ¢
cac ching vi khuan Salmonella. Dé c6 thé ton tai, S. enterica biéu
hién qua mtrc cac gen ma hoa bom hat ddy, bao gdm AcrA va TolC ¢6
kha ndng tic dong 1én mot loat céc hop chéat khong gidng nhau vé mit
hoa hoc, bao gom chat diét khuan va chat khang sinh [26-28]. Ngoai
ra, nhing thay ddi trong thanh té bao dan dén sw suy giam kha ning
tham thau ciing co thé 1a nguyén nhan gay ra tinh trang khang nay
trong cac nhom vi khuan. Hon nita, cac nghién ciru truée do da chi
ra kha ning hinh thanh méang sinh hoc ciia S. enterica trén cac bé mit
tiép xtc khac nhau khién viéc loai bo ching kho khin hon so véi cac
té bao tu do khong lién két [29, 30]. Trong mang sinh hoc, cac té bao
vi khuan dugc bao boc trong mgt ma trdn chét nén tu san xuét co thé
dong vai tro bao vé co hoc va hda hoc, chdng lai diéu kién moi truong
khéc nghiét xung quanh. B& mat nhya va thép khong gi thuong phd
bién trong cac day chuyén san xudt, 10 mé va khu vuc ché bién gia
cam 1a vi tri vi khudn Salmonella ¢6 thé bam vao va phat tin hiéu hinh
thanh mang sinh hoc [18]. Vi vy, hiéu biét kha nang hinh thanh mang
sinh hoc cta cac chung vi khuén Salmonella 1a dic biét can thiét dé
kiém sodt sy phoi nhiém Salmonella tir thit gia cdm va céc san pham
lién quan.
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Nghién ctru di xéc dinh dugc kha nang dé khang chat tay rira QAC
cua cac chung Salmonella phan 1ap tu thit ga tai Ha Noi. Dya vao thir
nghiém nong do tic ché t6i thiéu, chi s MIC ciia 2 hoat chit BKC va
CPC lan luot 12 12,5-25 va 6,25-12,5 pg/ml. Ngoai ra, sy phan b rong
rai ca gen gackE va gacEA chiu trach nhi¢ém chinh cho kha ning khang
hop chit QAC da dugc tim thdy trong lan lugt 61% (73/119) va 60%
(72/119) cac ching thugc nghién ctru. Tuy nhién, trong nghién ctru
ndy, nhom tac gia khong thé quan sat dugc mdi twong quan giita gia
tri MIC cao cua hop chat QAC va sy hién dién cua gen gacE/qacEA
trén d6i twong céc ching Salmonella. Hién twong nay duogc giai thich
thong qua nhirng nghién ctru vé su xudt hién ctia bom hat day trén cu
tric mang té bao va sy hinh thanh mang sinh hoc & céc chung vi khuan
Salmonella & chong lai diéu kién khic nghiét moi truong xung quanh.
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Graphene tach nhiét bién tinh véi polyvinyl alcohol
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Tom tit:

Bai bao trinh bay quy trinh nghién ciru ché tao graphene khir tach nhiét va bién tinh véi polyvinyl alcohol (PVA) ing dung lam
son nuéc din dién trén co sé polyurethane (PU). Graphite oxide (GO) dwgc oxit héa tir graphite theo phwong phap Hummer,
sau d6 graphene dwgc tao thanh bing phuong phap khir tich nhiét GO. Graphene dwgc bién tinh bing cach phan tan vao dung
dich PVA v6i nhiéu ndng do va ty 18 khoi lwgng khac nhau dé t6i wu héa qua trinh bién tinh. Graphene sau khi dwoc bién tinh véi
PVA ¢6 thé phan tan dé dang trong nwéc. Polyme tao mang son PU gbc nwéc (water-borne) dugc ché tao bing phan wng polyme
héa giira 1soph0r0ne diisocyanate (IPDI) véi poly(tetramethylene glycol) (PTMG) va dimethylol propionic acid. Cac nhém chire
carboxylate trén bé mit cac hat polyme giup cho cac hat nay phan tan tt va bén trong nwéc, do dé quy trinh polyme héa nay
khong sir dung cac chit hoat dong bé mit. Cac thiét bi, phuong phap phan tich va danh gia dwoc sir dung la kinh hién vi dién tir
quét phat xa trueong (FESEM) tich hop phén tich tin xa ning lugng tia X (EDX), do dién tich bé mit riéng (BET), phé Micro-
Raman, thiét bi do dién tré... Son nwéc din dién trén co s graphene c6 dd bam dinh tét, 4o din dién ciia mang son khd tir 0,1-4

mS/cm v6i ham luwgng graphene trong mang son kho khoang 5-10 wt%.

Tir khéa: graphene bién tinh, graphene tich nhiét, polyurethane, PVA, son nuwéc din di¢n.

Chi sé phdn logi: 1.7, 2.4, 2.9

1. Dat van de

Graphene 1a mot cau trac 2D c6 do day don nguyén tir gdm céc
nguyén tir carbon lién két voi nhau bang lién két sp. Véi cau tric 2D
dac biét, graphene s¢ hiru hang loat tinh chét vuot troi nhu do dan
dién va dan nhiét cao, tinh chét co hoc tét, dién tich bé mat 16n va tinh
chan t6t. Hon nita, graphene v6i thanh phan héa hoc 1a carbon cung
cap nhidu kha nang bién tinh cho céc img dung khac nhau nhu dién
tu, dy trir nang luong, xuc tac, cam bién, dugc phém toi cong nghé
composite [1-3]. Graphene c6 thé duoc tao ra boi nhidu phwong phap
nhu tach co hoc graphite [4], khu-tach nhiét hodc khir hoa hoc GO
[5-7], tong hop trén dé silicon carbide [8], phuong phép ling dong hoi
héa hoc trén dé kim loai [9]... Trong d6, khir tach nhlet GO la phuong
phép day hita hen vi graphene c6 thé dugc san xudt véi s6 lugng lon
va gi4 thanh thap tir graphite. Graphite c6 thé bi oxit hoa dua trén cic
quy trinh oxit hoa phd bién nhw phuong phap Hummer, Bodie... [10].
V6i nhimg wu diém trén, graphene 1a vat liéu c tiém nang img dung
vo cung 16n.

Hién nay, c6 rat nhiéu tmg dung cin mot 1op phu dan dién nhu
chéng tinh dién hodc chan song dién tir hay vo tuyén (EMI/RFI) [11,
12]. Céc 16p phu kim loai truyén thong thuong yéu cau cac ki thuat
ché tao phtre tap va ton kém. Trong khi d6, viée s dung mot loai son
giong nhur son thong thuong nhung c6 tinh chat dan dién c6 nhidu uu
diém nhu dé sir dung, ¢6 thé phii 1én nhidu loai bé mat nhu tuong,
gidy, g0, vai va cc bé mat nhya... [11, 12].

Dé tao dugc son nude dan dién, c6 2 phuong phap chinh: (1)
Dung polyme dan dién lam chat tao mang; (2) Str dung céc hat vat liéu
dan dién phan tan trong nén son thong thuong. Trong phuong phap
thir nhit, mac du cac polyme dan dién c6 d dan twong déi tot nhung
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nhiing vat liéu nay thuong kém bén hoa hoc, dé bj giam hodc mat tinh
dan dién khi tiép xtc lau ngay v6i anh ning va moi truong, gia thanh
cao va do tan trong dung moi kém. Phuong phap thir hai c6 nhidu uu
diém hon, 16p son bén hon [13]. Céc hat vat liéu dan dién duoc sir
dung phd bién trong son dan dién gdm co graphite, carbon den va céc
loai bot kim loai nhu dong, niken hodc bac. Lép phu dan dién duoc
ché tao bang cach két hop nhua epoxy va carbon den dat d6 din dién
cao nhat 12 4,23x10* Sem! cho 1dp phu chira 20% trong luong carbon
den [14]. Graphene voi do dan dién tot ¢o tiém nang tmg dung dé
lam son nuéc dan dién. Cho dén nay, s6 lrong nhimg nghién ciru tmg
dung graphene trong ché tao son dan dién trén co so graphene kha han
ché. C6 thé ké ra mot vai nghién ctru nhu s dung graphene phan tin
trong son polyacrylate dé ché tao mot loai son dan dién c6 thé son Ién
gidy in thong thuong tao ra gidy dan dién v6i do dan dién cao (dién tro
bé mat 61 wu ctia son dat 10 Q/sq), d6 bén co hoc va do mém déo tht
¢ tiém nang ung dung cho chén dién tir va ché tao cac thiét bi dién tu
mém mong [1]. Mot vi du khac 1a nghién ctru st dung graphene pha
tap nitogen lam vat liéu dn dién dé ché tao keo dan dién so hitu do
dan tot véi ham lugng graphene cuc nho, ¢6 thé ding nhu mot vat liéu
phu gia cho keo dan dién bac gitip giam dang ké ham luong bac trong
keo ma van dat duoc d6 dan dién t6t [15].

Tuy nhién, mt trong nhing han ché ciia graphene 1 kho phan
tan dugc trong nude do co bé mit carbon ki nude, phan tan kém trong
nhiéu dung moi hitu co va dé bi két tu do lyc hut gitra cac hé lien két
pi clia cac tdm graphene (m-m stacking) [16]. Vi thé, dé co thé (g
dung trong ché tao son dan dién, graphene can phai dugc bién tinh
phit hop dé c6 thé phan tan déu va bén trong nhimg hé son. Graphene
c6 thé duoc bién tinh bang 2 phuong phap khac nhau la: cong hoa
tri hodc khong cong hoa tri. Trong bién tinh cong hoa tri, cdc nhom
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Abstract:

This paper presents the fabrication of thermally reduced
graphene modified with polyvinyl alcohol (PVA), which can be
used as a conductive water-based paint based on polyurethane
(PU). Graphite oxide (GO) was oxidised from graphite by the
Hummer method, and then graphene was formed by the thermal-
reducing GO method. The graphene was modified by dispersing
it into a PVA solution with various concentrations and mass ratios
to optimise the modification process. The graphene modified
with PVA could be easily dispersed in water. Water-borne PU
film-forming polymer was prepared by polymerisation reaction
between isophorone diisocyanate with poly(tetramethylene glycol)
and dimethylolpropionic acid. The carboxylate functional groups
on the surface of the polymer particles make the polymer particles
dispersed well and stable in water, so this polymerisation process
does not use any surfactants. The characterisation methods
included field emission scanning electron microscope with
energy-dispersive X-ray spectroscopy (FESEM-EDX), specific
surface area measurement, Raman microspectroscopy, resistance
measurement... The graphene-based conductive paint has good
adhesion, conductivity of the dry paint film was from 0.1-4 mS/cm
with graphene content in the dry paint film was about 5-10 wt%.

Keywords: conductive water-based paint, modified graphene,
polyurethane, PVA, thermally reduced graphene.

Classification numbers: 1.7,2.4,2.9

chire duge gin truc tiép 1én bé mit graphene bang céc lién két cong
hoa tri vai cac tac nhan bién tinh nhu: cc loai mudi diazonium, vong
pyrrolidine... hodc cic tac nhan gin 1én GO nhu octadecylamine,
vong porphyrin, cdc hop chat isocyanate va diisocyanate... [17]. Uu
diém cua phuong phép nay 1 céc tac nhan bién tinh dwgc gan chat
trén bé mit graphene nhung s& lam giam d6 dan dién ciia graphene do
cac van dao lién hop sp® bi thay bang céc van dao sp’. Trong khi do,
qua trinh bién tinh khong cong héa tri khong lam anh huong dén hé
lién két © nay, do cac nhom chirc lién két véi bé mit graphene bang
cac lién két vat Iy nhu Iyc Van der Waals hay lyc tuong tac giita cac
hé lién két 7. Céc tac nhan bién tinh cia phuong phap nay bao gdm:
poly(sodium 4-styrenesulfonate), sodium lignosulfonate, sodium
carboxymethyl cellulose, pyrene-containing hydroxypropyl cellulose,
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1,5- diaminonaphthalene, 1-nitropyrene, PEG-OPE... [2]. Trong do,
PVA 1& mét polyme s& hitu nhiéu nhom chirc hydroxyl tan ot trong
nude, ¢6 thé duge gan 1én bén mit graphene tach nhiét boi cac lién két
hydro gitra cac nhom hydroxyl ctia nhitng mach polyme va cac nhdm
epoxide con sot lai cua graphene sau khi tach nhit giup graphene co
thé phan tan tot va bén trong nude [18].

PU la mot polyme dic biét so hiru dong thoi tinh dan hoi cia mot
hop chét cao su, tinh déo dai va bén ctia kim loai. Vi vay, PU co thé
dugc két hgp vao nhiéu loai vt liéu khac nhau nhu son, 16p phu long,
chat dan hoi, chét cach dién, soi dan hoi, da tich hop... [19]. PU ¢6
tiém ning (g dung lam polyme tao mang son cho son nude dan dién
v6i graphene tach nhiét bién tinh PVA. Bai bao trinh bay quy trinh
nghién ctru ché tao graphene khir tach nhiét va bién tinh véi PVA (g
dung lam son nu6c dan dién trén co so PU.

2. Vat liéu va phuong phap nghién ciu
2.1 Vitli¢u

Bot graphite tw nhién (99%, Aldrich), acid sulfuric H,SO, (98%,
Merck), potassium permanganate KMnO, (99%, Merck), hydrogen
peroxide H,0, (30%, Acros), acid hydrochloric (37%, Merck),
polyvinyl alcohol (M, ~145.000, Merck), poly(tetramethylene glycol)
(PTMG) (M, ~1.000, Aldrich), dibutyltin dilaurate (DBT) (95%,
Aldrich), isophorone diisocyanate (IPDI) (98%, Acros), dimethylol
propionic acid (DMPA) (98%, Acros), 1,4-butanediol (BD) (99%,
Acros), triethylamine (TEA) (99%, Merck), diethylenetriamine
(DETA) (99%, Aldrich), nude khir ion (DI).

2.2. Phwong phdp tong hop

6 g bot graphite dugc thém vao 140 ml H,SO, dic, lam lanh va
thém tir tr 20 g KMnO,, khuay lién tyc. Sau do gia nhiét va giit hon
hop phan ung ¢ 40°C va khuay trong 2 h dé xy hoa graphlte tao thanh
GO. Sau 2 h thi ngimg gia nhiét va pha loang hdn hop bang 240 ml
nude DI (thém tir tir trinh & hon hop s6i trao). Doi hdn hop ngudi
r6i thém 400 ml nude va 60 ml HO, (30%) khudy trong 30 phut (luc
ndy hon hop chuyén tir mau nau tham sang mau vang chanh). Tiép
theo thém 1,2 1 nude DI, khuay 10 phut rdi dé ling qua dém. Sau khi
hdn hop ling tach thanh 2 phan gdm phan dung dich long trong sudt
phia trén va phan ran huyen phu phia dudi, gan bo phan dung dich
phia trén. Hon hop rén huyén phi dugc rira gan 3 1an bang 1,6 1 dung
dich HCI 5%. Hon hop dugc loc hut chan khong va sdy & 60°C trong
48 h dé thu dugc GO, sau do nghién min GO nay va sy lai trong 24
h tru6e khi dem di tach nhiét dé dam bao khong bi 4m lam anh huong
té1 qua trinh tach nhiét.

2.3. Phwong phip tich nhi¢t GO dé thu graphene tich nhiét
(TG)

Bot GO (0,5 g) dugc nap vao trong dng thach anh day kin va thoi
khi nito (N,) 11en tuc tao moi truong tro trong dng. Pua dng thach anh
Vao 16 nung dng ngang da duoc gia nhiét tir trede ¢ 1.100°C va giir
6ng thach anh trong 16 trong 1 phut voi dong khi nito lién tuc chay
qua 6ng dé khir tach nhiét GO tao ra graphene. Sau d6, ong thach anh
duoc lay ra khoi 10 nung va duogce dé nguoi ngoai khong khi cho dén
khi nhiét d6 ciia ong thach anh ha xuong dén nhiét do phong. Khi ong
thach anh da ngudi, tat khi N, va lay graphene ra khoi ong.
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2.4. Phwong phdp bién tinh graphene (PVA-G)

‘Graphene (1 g) dugc thém vao 500 ml dung dich PVA 1% va
khuay déu trong 30 phut. Hon hop dugc rung siéu am trong 30 phut
bng thanh rung siéu 4m cao tan 20 kHz (Ultrasonic Liquid Processors
VCX 750, Sonics & Materials). Hon hop duoc loc hiit chan khong va
rira bang nude DI dé loai bo PVA du khong gin 1én bé mit graphene.
Graphene bién tinh dugc phan tan lai trong nudc dé ding cho ché tao
son dan dién.

2.5. Phwong phdp tong hop polyme tgo mang son (PU)

PTMG (34,1 g) va chat xtc tac DBT (0,019 ml) dugc cho vao
binh phan tmg. Tiép theo, IPDI (21,39 ml) dugc thém tir tir vao binh
phan {mg va nhiét d6 duoc gia nhiét 1én 80°C v6i khudy co hoc trong
2 h. Sau d6, DMPA (6,0032 g) duoc thém nhanh vao binh phan ung
va khudy déu ¢ 80°C trong 3 h. Sau khi khuay xong 3 h thi thém tur tur
BD (0,4188 g) vao binh phan tmg va tiép tuc khudy deu ¢ 80°C trong
1 h. Budc ké tiép giam nhiét do ctia binh phan tmg xudng con 30°C va
TEA (0,4188 g) dugc thém tir tir vao binh phan tmg dé trung hoa cac
nhém COOH ctia DMPA trén mach polyme va tiép tuc khudy trong
15 phut. Tiép theo cho 207,1 ml nude DI that cham vao binh phan (ing
va tiép tuc khudy déu. Cudi cing, dung dich DETA (1,2875 g DETA
trong 41,27 ml nuoc) duoc thém vao va cho phan tng trong 1 h dé thu
dugc san pham cudi clng.

2.6. Phwong phdp tong hop son nwéc din di¢n

Phén tan graphene bién tinh vao polyme PU bang khuéy co hoc va
rung siéu 4m. Cu thé, lugng graphene tinh dugc (3, 5, 7 va 10% khéi
lugng) dugc thém vao hé polyme va dugc khudy tir trong 1 gio. Hon
hop duoc rung siéu 4m sir dung bé rung siéu 4m trong 30 phut dé thu
dugc son nudc dan dién trén co s¢ graphene.

2.7. Thiét bi phan tich

Céu triic va hinh thai clia cc vat ligu ché tao duge quan sat st
dung kinh hién vi dién tir quét phat xa truong FESEM SU8010,
Hitachi. Phén tich nhiét trong lugng (TGA) ctia céc vat liéu bing thiét
bi Thermoplus EVO2, Rigaku. Phd Raman ciia vét liéu dugc phan
tich bang thiét bi pho ké Micro-Raman Labram. Phan tich kich thudc
hat cia cac polyme tao mang son bang phuong phap Dynamic Light
Scattering (DLS) sir dung thiét bi LB-550, Horiba. Dién tich BET ctia
vét liéu duoc phén tich bang thiét bi Belsorp-mini, Bell Inc.

2.8. Phuwong phdp dinh gid d¢ din dién ciia mdu son

Miu do dugc chudn bi bang cach phi son 1én dé nhya PET bing
phuong phap casting va say kho. Sau d6 miu duoc cét thanh tim c6
kich thudce 0,5x0,5 cm va tiép dén tdm son kho duoc boc ra khoi dé
nhua PET va duoc do dién tro béng Fluke 179. D6 dan dién cia cac
mau son dugc tinh bang cong thirc sau:

1 1
Do dand S =—X—
0 dan dién (S/cm) = R*7
trong do: R 1a dién trg cua mau; | 1a khoang cach giita 2 dién cuc; A la
dién tich mat cat cua mau.

3. Két qua va ban luan
Hinh 1 14 anh FESEM ciia cdc miu graphite goc, GO, graphene

tach nhiét va graphene'bié'n tinh voi PVA 5%. Miu graphite cho thiy
cau tric 16p voi cac tam graphene xép day dédc va chat khit. Trong
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khi do, cdu tric 16p cua GO khong qué chit khit va dong déu nhu cua
graphite va c6 nhiéu phan cia cac tim GO bi boc tach, giy gip va
udn cong. Su thay doi cu tric nay cua GO 1a két qua ciia qué trinh
oxy hoa graphite. DOi voi miu graphene tach nhiét, co thé thy cac
16p graphene d dugc tach roi ra khoi nhau. Nhing tam graphene rat
mong, nhin nheo 1a do qué trinh tach nhiét. Chiing xép chong 1én nhau
tao thanh cac b6 va dé dang tach ra thanh cac 16p bang phuong phap
rung siéu am. Hinh 1D 1a anh FESEM ctia graphene bién tinh trong
dung dich PVA 5%, két qua cho thdy nhimg tim graphene bién tinh
rdt mong ¢6 cau tric nhan nheo. Nhitng tim graphene di duoc tach
roi nhau hoan toan chir khong con ton tai dudi dang nhing bé nhu
graphene méi duoc tach nhiét. Khi phan tan graphene bién tinh vao
nudc thi chiing phan tan rit déu va khong bi lang tu nhu graphene tach
nhiét (hinh 2 nho). Két qua phan tich FTIR ciing cho thay, sy xuét hién
ciia PVA trong cdu triic cua graphene bién tinh khi xuét hién cac dinh
dic trung cta PVA, bao gom cac dinh tai 3360 cm™ (lién két O-H),
2930 cm* (lién két C-H), 1730 cm’! (lién két C=0) va 1090 cm’! (lién
két C-OH) [20-23]. Céc dinh dic trung ctia graphene bao gom cac dinh
tai 1540 cm! (lién két C=C) va 1230 cm! (lién két C-O).

Hinh 1. Anh FESEM cua graphite (A), GO (B), graphene tach nhiét (C) va
graphene bién tinh v&i PVA (D).

230 !
PVA

Do truyén qua (%)

4000 3500 3000 2500 2000 1500 1000 500
So song (em™)

Hinh 2. Phé FTIR cla graphene bién tinh véi PVA. Hinh nhé Ia anh chup
graphene va graphene bién tinh phan tan trong nwéc.

Phuong phap do BET cho thy dién tich BET cua graphene tach
nhiét a 337 m’g™". Gla tri ndy tuy thap hon nhiéu so véi gioi han Iy
thuyét la 2630 m’g’', nhung van cao hon di¢n tich bé mit trung binh
ctia cac tiéu cdu nano graphene [5, 24] Do d6, dién tich BET da chimg
minh ring quy trinh nay tao ra graphene voi mirc d boc tach tot.



Gian do TGA cua céc mau graphite, GO va graphene dugc trinh
bay ¢ hinh 3. Vi mau graphite st dung ¢6 do tinh khiét cao, it tap chét,
nén dudng cong TGA cua graphite hiu nhu khong co sw suy giam
khoi lwgng. Tuy nhién, d6i voi GO thi co sy sut giam khoi lugng 16m &
khoang 100 dén 200°C. Piéu nay ¢6 thé 1a do su phan huy nhi¢t cua
cac nhom chue chira 6xy, Con v6i graphene thi sy giam trong lugng
1a khong déng ké, cho thiy ring cic nhom chire chira 6xy hau hét da
bi loai bo trong qué trinh tich nhiét. Didu nay chimg to graphene thu
duoc c6 mirc d¢ khtr cao.

Ph6 Raman ciia graphite, GO va graphene cung duoc thé hién
trong hinh 3. Ph cuia graphite the hién 2 dinh G va 2D cao va nhon lan
lugt ¢ khoang 1580 va 2700 cm™ va dinh D nho ¢ khoang 1350 cm'!
dai dién cho mot phan nho cac khuyét tat dugc tim thy trong than chi
[23, 24]. Phé ciia GO cho thay cuong do dinh D tang 1én dang ké trong
khi cuong d6 dinh G va 2D giam. Diéu nay cho thay mirc d6 6 0xy hoa
cao vi qud trinh 6xy hoa than chi tao ra mot luong 16m cac khuyet tat
[25-27]. Phd cua graphene tuong ty nhu phé ciia GO [28]. Su ving
mat cua dinh 2D cho thy graphene thu dugc c6 nhiéu khuyét tat. Cac
khuyeét tat nay co thé la cac nhom chire chira 6xy con lai hodc cac manh
graphite nho sot lai trong qua trinh tach nhi¢t, Cac nhom chire chira 6xy
ndy ¢ thé gitp cac phan tor PVA dugc gin tot hon trén bé mit cac tim
graphene khi bién tinh nho lién két hydro hinh thanh gitra c4c nhém
hydroxyl cua PVA va cdc nhém chie chira 6xy. Céc manh graphite
ciing 6 thé dé dang bi tach ra trong qua trinh bién tinh nho danh siéu
am graphene trong dung dich PVA.

T
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Hinh 3. Phd TGA (trai) va Raman (phai) ciia graphite, GO va graphene.

Mic du quy trinh ché tao polyme tao mang son PU khong st dung
céc chat hoat dong bé mat tr do dé phén tan céc hat polyme trong nudc,
nhung cac nhom chire carboxylate trén bé mat céc hat polyme ciing di
gitip cho céc hat polyme phan tén tot va bén trong nudc. Hinh 4 1a d6
thi phan b6 kich thudc hat cua polyme tao mang son PU ché tao duoc.
Két qua cho théy, kich thudc hat ctia cac hat polyme phéan b tir 20 ti
khoang 100 nm, tap trung ¢ khoang 40 nm nho hon trong nghién ctru
cua C. Fang va cs (2014) [29]. Do kich thuéc hat cua céc hat polyme
rat nho nén no cling gop phan gitip polyme tao mang son PU phan tan
t0t va bén trong nudc [30]. Diéu nay cho thay polyme tao mang son PU
ché tao duoc phi hop dé sir dung cho ché tao son.

So luwgng (%)
|-
&
5

0 20 40 60 80 100
Kich thuéc hat (nm)

Hinh 4. Phan b6 kich thwéc hat ciia polyme tao mang son PU.

Hinh 5 1a anh FESEM chyp mit cit ciia nhimg mau son kho PU
chtra lan luot 3, 5, 7 va 10% graphene. Cac mau mat cdt duge chuan
bi bang cach nhiing mau son kho vao nito 1ong va sau d6 bé mau dé
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thu duoc mat cat C6 thé thay graphene phan tin kha ddng déu trong
cdu tric cia mau son kho. Khi ham lugng graphene tng thi mire dg co
cum cta céc tim graphene trong cdu tric son ciing tang 1én. Diéu nay
¢6 thé anh hudong xéu dén cac tinh chét cua son. Mang son dat y€u cau
khi kiém tra d6 bén voi nu6e trong 240 h va v6i kiém trong 144 h. Do
bén va dap cua son dat 190 kg.cm.

x1.00k LAO(U)

INT 1.0kV 4.3mm x1.00k LAO(U)

Hinh 5. Anh FESEM chup mit cét ctia cac mau son khé PU chira 3, 5,7 va
10% graphene.

Hinh 6 13 két qua do dién tro va do dan dién ciia cic mau son kho
PU chtra 3, 5, 7 va 10% graphene. Moi mau duoc do 10 lan va tinh gid
tri trung binh. De c6 dugce do dan dién, cac tam graphene trong cau tric
cua son phai tiép xtic va lién két v6i nhau dé tao thanh cac kénh dan
dién chay doc theo cu truc ctia son. SH lugng cua céc kénh dan dién
nay cang nhicu thi do dan dién cia mau son cang tot. Két qua do dan
dién cho thay, khi ham lugng graphene trong son tang tir 3 dén 5%, do
dan dién ctia son tang 1én khong dang ké. Piéu nay la do ¢ ham lugng
graphene nho, s0 lugng céc tam graphene it nén chua du dé tao ra
nhiéu kénh dn dién trong cAu tric son. Khi ham luong graphene trong
son ting tir 5 dén 7%, do dan dién cta son tang 1én déng ké hon. Khi
ham lugng graphene trong son tang tir 7 dén 10%, do dan dién ctia son
tang 1én gan 6 lan Piéu nay cho thay, khi ham lugng graphene trong
son tang lén, s0 luong cac kénh din dién trong son duoc tao ra cing
nhiéu dan dén mirc d6 tang do dan dién cia son cang cao. P9 dan dién
ctia mau son chita 5% graphene 13 0,19 mS/em, twong g voi dién
tro 1a 73,2x10° Q, gia tri dién trd nay thap hon nhiéu so véi dién tro
155x10° cuia vat liéu nanocomposite WBPU/G chira 5% graphene phan
tan trong PU gbc nudc ciia . Larraza va cs (2020) [31] cho thiy miu
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Hinh 6. Do dan dién clia cac mau son kho theo phan tram graphene.
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son nude ¢6 do dan dién tét hon. Tuy nhién, ¢ ham lugng graphene
trong son qué 16n, mau son ¢ thé bi gion va c6 tinh chat co hoc khong
tot. Nhu da trinh bay ¢ trén, do cdc tAm graphene trong cu tric son
phén tdn khong t0t va ¢6 xu hudng co cum lai thanh timg bo dan dén
d6 dan dién ciia cdc miu son PU con b han ché.

4. Két luan

Bai béo d trinh bay quy trinh ché tao va danh gid son nudc dan
dién trén co s¢ graphene tich nhi¢t va bien tinh voi PVA. Graphene
che tao co cau tric rat mong va nhin nheo vai kich thude chiéu ngang
ciia cac tim graphene khoang vai micromet. Graphene thu dugc c6 d9
khir t6t khi phan 16n cdc nhém chirc chira oxy da dugc loai bo trong
qud trinh khu-tach nhiét GO. Graphene tich nhi¢t sau d6 dugc bien
tinh véi PVA gil’lp graphene phén tan tot va 6n dinh hon trong nude.
Polyme tao mang son PU che tao ¢6 kich thude hat nho, tap trung
¢ khoang 40 nm, phan tan tot va bén trong nudc ma khong can sir
dung thém céc chat hoat dong bé mit. "Polyme c6 kha ndng tao mang
polyme tdt, phdi tron voi graphene bién tinh tao thanh son nudc dan
dién. Mau son PU trén co s¢ graphene co do bén phan tan, o bam
dinh va tao mang t6t. Khi phoi tron voi cac ham lugng graphene khac
nhau, graphene phén bd déu trong chu triic mang son kho nhung cdc
thm graphene phén tan khong tt va bi két tu thanh timg bo trong cau
triic son. Két qua do d9 dan dién cho thay, do dan dién tang lén khi
tang ham luong graphene trong son voi do dan dién ndm trong khoang
0,1-4 mS/cm. Po dan dién cua mang son kho dat 3,05 mS/cm ¢ ham
lugng graphene khoang 10% khi lugng. Két qua nghién ctru cho thay
son dan dién trén co s¢ graphene tach nhiét c tiém ning tmg dung tot.

LO1 CAM ON

Nghién ctru duoc tai trg boi Dai hoc Qudc gia TP HS Chi Minh
trong khudn kho dé tai ma so C2021-32-02. Cdc tac gid xin tran trong
cam on.

TAI LIEU THAM KHAO

[1] P. Avouris, C. Dimitrakopoulos (2012), “Graphene: Synthesis and applications”,
Mater: Today, 15(3), pp.86-97, DOL: 10.1016/S1369-7021(12)70044-5.

[2] Y. Zhu, S. Murali, W. Cai, et al. (2010), “Graphene and graphene oxide:
Synthesis, properties, and applications”, Adv. Mater., 22(35), pp.3906-3924, DOI: 10.1002/
adma.201001068.

[3] V. Georgakilas, M. Otyepka, A.B. Bourlinos, et al. (2012), “Functionalization of
graphene: Covalent and non-covalent approaches, derivatives and applications”, Chem. Rev.,
112(11), pp.6156-6214, DOIL: 10.1021/cr3000412.

[4] K.S. Novoselov, A.K. Geim, S.V. Morozov, et al. (2004), “Electric field effect in
atomically thin carbon films”, Science, 306(5696), pp.666-669, DOI: 10.1126/science.110289.

[5] M.J. McAllister, J.L. Li, D.H. Adamson, et al. (2007), “Single sheet functionalized
graphene by oxidation and thermal expansion of graphite”, Chem. Mater., 19(18), pp.4396-
4404, DOI: 10.1021/cm0630800.

[6] Z.S. Wu, W. Ren, L. Gao, et al. (2009), “Synthesis of high-quality graphene
with a pre-determined number of layers”, Carbon, 47(2), pp.493-499, DOI: 10.1016/j.
carbon.2008.10.031.

[7] S. Stankovich, D.A. Dikin, R.D. Piner, et al. (2007), “Synthesis of graphene-based
nanosheets via chemical reduction of exfoliated graphite oxide”, Carbon, 45(7), pp.1558-
1565, DOL: 10.1016/j.carbon.2007.02.034.

[8] P.W. Sutter, J.I. Flege, E.A. Sutter (2008), “Epitaxial graphene on ruthenium”, Nat.
Mater., 1(5), pp.406-411, DOI: 10.1038/nmat2166.

[9] A. Reina, X. Jia, J. Ho, et al. (2009), “Large area, few-layer graphene films on
arbitrary substrates by chemical vapor deposition”, Nano Lett., 9(1), pp.30-35, DOI: 10.1021/
nl801827v.

[10] C. Botas, P. Alvarez, P. Blanco, et al. (2013), “Graphene materials with different
structures prepared from the same graphite by the Hummers and Brodie methods”, Carbon,
65, pp.156-164, DOI: 10.1016/j.carbon.2013.08.009

KHOA
&CONGHN%CI:-IE

65(11) 11.2023

[11] EMF Shielding Paint (2021), https:/lessemf.com/paint.html, accessed 30 April
2022.

[12] J.E. Mates, 1.S. Bayer, M. Salerno, et al. (2015), “Durable and flexible graphene
composites based on artists’ paint for conductive paper applications”, Carbon, 87, pp.163-
174, DOL: 10.1016/j.carbon.2015.01.056.

[13] S.S. Azim, A. Satheesh, K.K. Ramu, et al. (2006), “Studies on graphite
based conductive paint coatings”, Prog. Org. Coatings, 55(1), pp.1-4, DOIL: 10.1016/j.
porgcoat.2005.09.001.

[14] M.N. Masri, Z.M. Yunus, A.R.M. Warikh, et al. (2010), “Electrical conductivity
and corrosion protection properties of conductive paint coatings”, Anti-Corrosion Methods
Mater:, 57(4), pp.204-208, DOI: 10.1108/00035591011058219.

[15] N.W. Pu, Y.Y. Peng, P.C. Wang, et al. (2014), “Application of nitrogen-doped
graphene nanosheets in electrically conductive adhesives”, Carbon, 67, pp.449-456, DOI:
10.1016/j.carbon.2013.10.017.

[16] L. Gu, S. Liu, H. Zhao, et al. (2015), “Facile preparation of water-dispersible
graphene sheets stabilized by carboxylated oligoanilines and their anticorrosion coatings”,
ACS Appl. Mater: Interfaces, 7(32), pp.17641-17648, DOL: 10.1021/acsami.5b05531.

[17] T. Kuila, S. Bose, A.K. Mishra, et al. (2012), “Chemical functionalization of
graphene and its applications”, Prog. Mater. Sci., 57(7), pp.1061-1105, DOIL: 10.1016/j.
pmatsci.2012.03.002.

[18] P. Tian, S. Yang, W. Liu, et al. (2022), “Acrylamide-modified polyvinyl alcohol and
combined with graphene oxide for low dielectric constant composite films”, Colloids Surf A
Physicochem Eng. Asp., 648, DOI: 10.1016/j.colsurfa.2022.129136.

[19] J.0. Akindoyo, M.D.H. Beg, S. Ghazali, et al. (2016), “Polyurethane types,
synthesis and applications - A review”, Rsc. Adv., 6(115), pp.114453-114482, DOI: 10.1039/
C6RA14525F.

[20] O.N. Tretinnikov, S.A. Zagorskaya (2012), “Determination of the degree of
crystallinity of poly(vinyl alcohol) by FTIR spectroscopy”, J. Appl. Spectrosc., 79(4),
pp.521-526, DOL: 10.1007/s10812-012-9634-y.

[21] H.S. Mansur, R.L. Oréfice, A.A.P. Mansur (2004), “Characterization of poly(vinyl
alcohol)/poly(ethylene glycol) hydrogels and PVA-derived hybrids by small-angle X-ray
scattering and FTIR spectroscopy”, Polymer (Guildf), 45(21), pp.7193-7202, DOI: 10.1016/;.
polymer.2004.08.036.

[22] H.S. Mansur, C.M. Sadahira, A.N. Souza, et al. (2008), “FTIR spectroscopy
characterization of poly(vinyl alcohol) hydrogel with different hydrolysis degree and
chemically crosslinked with glutaraldehyde”, Mater. Sci. Eng. C, 28(4), pp.539-548, DOI:
10.1016/j.msec.2007.10.088.

[23] M.T. Taghizadeh, N. Sabouri (2013), “Thermal degradation behavior of polyvinyl
alcohol/starch/carboxymethyl cellulose/clay nanocomposites”, Univers. J. Chem., 1(2),
pp.21-29, DOI: 10.13189/ujc.2013.010202.

[24]H. Kim, A.A. Abdala, C.W. Macosko (2010), “Graphene/polymer nanocomposites”,
Macromolecules, 43(16), pp.6515-6530, DOL: 10.1021/mal00572e.

[25] W. Peng, H. Li, Y. Hu, et al. (2016), “Characterisation of reduced graphene oxides
prepared from natural flaky, lump and amorphous graphites”, Mater. Res. Bull., 78, pp.119-
127, DOL: 10.1016/j. materresbull.2016.02.034.

[26] A.C. Ferrari (2007), “Raman spectroscopy of graphene and graphite: disorder,
electron-phonon coupling, doping and nonadiabatic effects”, Solid State Commun., 143(102),
pp-47-57, DOL: 10.1016/j.55¢.2007.03.052.

[27] B. Gurzgda, P. Florczak, M. Kempinski, et al. (2016), “Synthesis of graphite oxide
by electrochemical oxidation in aqueous perchloric acid”, Carbon, 100, pp.540-545, DOI:
10.1016/j.carbon.2016.01.044.

[28] J.R Soares, M.E. Oliveros, C. Garin, et al. (2015), “Structural analysis of
polycrystalline graphene systems by Raman spectroscopy”, Carbon, 95, pp.646-652, DOI:
10.1016/j.carbon.2015.08.020.

[29] C. Fang, X. Zhou, Q. Yu, et al. (2014), “Synthesis and characterization of low
crystalline waterborne polyurethane for potential application in water-based ink binder”,
Prog. Org. Coatings, T7(1), pp.61-71, DOL: 10.1016/j.porgcoat.2013.08.004.

[30]Q.B. Meng, S.I. Lee, C. Nah, et al. (2009), “Preparation of waterborne polyurethanes
using an amphiphilic diol for breathable waterproof textile coatings”, Prog. Org. Coatings,
66(4), pp.382-386, DOI: 10.1016/j.porgcoat.2009.08.016.

[31] L. Larraza, B.A. Lerma, K. Gonzalez, et al. (2020), “Waterborne polyurethane and
graphene/graphene oxide-based nanocomposites: Reinforcement and electrical conductivity”,
Express Polym. Lett., 14(11), pp.1018-1033, DOI: 10.3144/expresspolymlett.2020.83.

M



s Khoa hoc Ky thudt va Céng nghé | Ky thudt dan dung: ky thuét kién tric; ky thudt xdy dung... DOT: 10.31276/VIST.65(11).42-46

Mo hinh s0 mot chieu mo phong sat 16’ dat trén mai doc 16m:
Ly thuyét va kiém chuan véi mo hinh gidi tich
Pham Vin Khoi", Vii Vin Nghi?

2Vién Xdy dung, Truong Dai hoc Giao thong Vin tai TP H6 Chi Minh, 2 Vé Oanh, phuwong 25, qudn Binh Thanh, TP Ho Chi Minh, Viét Nam
Ngay nhén bai 9/5/2022; ngay chuyén phan bién 11/5/2022; ngay nhan phan bién 30/5/2022; ngay chip nhéan ding 2/6/2022

Tém tit:

O nhirng khu vue dia hinh ddc, sat 16 dat c6 thé xay ra khi mwa 16m kéo dai va gy thiét hai nghiém trong dén tinh mang
con ngudi va tai sain. M6 hinh s6 mé phong sat 16 dit du bao sat 16’ dit hiéu qua va tiét kiém thoi gian hon mé hinh vat
ly ma van dim bao d chinh xac. Trong bai bao nay, h¢ phwong tr‘mh phi tuyén nuwéc nﬁng mot chiéu sir dung hé toa dd
tong thé dwoc thiét 1ap 1a hé phu’(mg trinh chii dao ciia mé hinh s6 dé xuat. Phwong phap hdn hop sai phan hiru han - thé
tich hiru han, phmmg phap 4n va ky thuit ty dong diéu chinh buwéc thoi gian mé phong gitip cho mo hinh 6n dinh khi moé
phéng sat 16’ dit trén mai doc 16m. PE kiém chuin véi mé hinh giai tich, cac tic gia tiép tuc thiét 1ap he phwong trinh chi
dao ¢ dang khong thir nguyén. Két qua kiém chuin cho thiy sy phit hop nhit dinh ciia mé hinh s6 so véi mé hinh gisi
tich. Mé hinh s6 cho thiy sw phii hop khi giai bai toan sat 16 dat, sat 16 dit tao séng thin, dic biét trong diéu kién mai doc
sat 1on.

Tir khéa: mai doc 16n, md hinh giai tich, mé hinh s, phwong trinh phi tuyén nwéc ndng mot chidu, sat 16 dat.

Chi s6 phin logi: 2.1
1. Mé dau Trong nghién ctru nay, cac tac gia mo phong sat 16 dat dung
hé phuong trinh phi tuyén nudc nong véi an sé 1a chidu sau
sat 1 va van tdc sat 16 theo hé toa do téng thé. Phuong phap
thé tich hiru han giai vi phan theo khong gian, phuong phap an

Khi mua 16n kéo dai, nudc mua sé tham vao 16 rdng trong
dat 1am giam lyc ma sat cua dat, gdy ra hién twong sat 16. M6
hinh s6 mé phong sat 16 dat da dwoc nghién ctru tir sém do wu

2 At en L, . o, o . R iai vi phan theo thoi gian. Thém vao do, ky thuat tu don diéu
diem tiet kiém chi phi so véi thue hién thi nghiém mo hinh vat & P & Y fhugtrdons

chinh budc thoi gian md phong giup cho mé hinh 6n dinh khi

ly. M6 hinh sat 16 d4t 3 chiéu (dung hé phuong trinh Navi . ; . .
y- MO hinh sat 1°dat 3 chiéu (dung h¢ phuong trinh Navier — © 3o 16 @4t tren mai dée 1on. Lo gii s duoc kiém

Stokes) ¢6 vu diém 1a mé phong khé chinh xac, nhung nhuge Lo e e , oy o
) phong 5 . chuan véi 101 giai giai tich cho bai toan sat 1o dat trén mai doc

diém 16n nhét 1a thoi gian mo phong l4u, hao ton tai nguyén
may tinh. Do d6, mé hinh 2 chiéu da dugc phat trién bang cach
tich phan hé phuong trinh Navier Stokes theo phuong chiéu
sau. S.B. Savage va cs (1989) [1] d thiét 1ap mo hinh sat 16 dat
2 chiéu dau tién khi sir dung hé phuong trinh phi tuyén nudc
néng trén hé toa do dia phuong, trong dé bién chiéu sau sat 1&
¢6 phuong vudng goc voi day khong xo6i va bién vén tdc 6
phuong song song voi day khong xo6i. Nhitng nghién ctu cai
tién sau d6 dé tang do chinh xac va mién ap dung, tuy nhién
van dya trén hé toa d6 dia phuong [2, 3]. Nhom nghién ctru
cua R.M. Iverson va cs (2001) [2] da phat trién ca mo hinh
sat 1o dat dung h¢ toa do dia phuong [2] va hé toa do téng thé
[4] - hé toa d6 ma chiéu siu sat 16 theo phuwong thing dung.
E.D.F. Nieto va cs (2008) [5] da chi ra réng, khi dung h¢ toa d6
dia phuwong, can mot budc chuyén doi sang hé toa do tong thé
101 méi ap dung cac phuong phép sb thich hgp dé mo phong
bai toan sat 16. Vi thé, viéc st dung truc tiép hé toa @0 téng thé
ngay tir khi thiét 1ap phuong trinh chu dao giup tiét kiém thoi
gian va tuong minh dbi véi cac nghién ctru sat 1o dat sau nay.

*Tac gia lién hé: Email: khoipv.ctt@vimaru.edu.vn.
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1on.
2. Mo hinh s6 mé phong sat Ié dat
2.1. Thiét lap hé phwong trinh chii dgo

Hinh 1 thé hién mién tinh toan va cac dai lwong duoc st
dung dé thiét lap h¢ phuong trinh chu dao cia mo hinh. Trong

Chu thich:

h: chiéu siu sat 16
u: van toc sat 16
s: cao d6 bé mit
b: cao do day

S, dd déc day

Hinh 1. So d6 va cac bién tinh toan mé hinh sat & dat trong hé toa
dé téng thé.
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Abstract:

At the steep slope areas, landslide events may suddenly occur due
to prolonged heavy rain and seriously affect humans’ lives and
their properties. Numerical models simulating landslides help us
to predict the real landslide phenomenon effectively because they
are not only time-saving compared to physical models but also
acceptable accuracy. In this paper, the one-dimensional nonlinear
shallow water equations using the global coordinate system are
established as the proposed model governing equations. The
hybrid finite difference-finite volume method, the implicit method
and the automatical time step controlling technique are employed
to stably simulate the landslide events over the high-steep slopes.
To validate the proposed numerical model to the analytical
solution, authors continuously derive the non-dimensional
governing equations in one dimension as well as using the global
coordinate system. The numerical results are in good agreement
with the analytical solution. The proposed numerical model can be
used to simulate the landslides and the landslide-induced tsunami
events, especially for simulating the high-steep slope conditions.

Keywords: analytical model, high-steep slope, landslide, numerical
model, one-dimensional nonlinear shallow water equations.

Classification number: 2.1

hinh 1, h =s - b 12 bién chiéu sau sat 10, trong d6 s va b la cao
d6 bé mit sat va cao do day khong x6i tinh tir mat tham chiéu.
Trong nghién ctru nay, gia thuyét gan ding rang hdn hop dét,
da, soi, nudc. .. khi chuyén dong thudc dang dong chay manh
v3 va coi hdn hop nhu chét long khong nén duge. Ap dung
phuong trinh lién tuc cho chét long khong nén duoc, ta co:

ou 6 v 6w
—+—+—=0
6x 6y 0z M

Vo6i: u, v, w 1a cac bién luu toc theo cac phuong x, y, z tuong ung.
Dicu kién bién bé mat va dicu kién bién day khong x6i ctia
khoi sat 16 duoc xac dinh theo cac cong thirc sau:
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0s 0s 0Os

L2 0,z=

6t+ 6x+ Py -w=0,z=s 2)
%+u%+v@—w:o,z:b 3)
o ox Oy

Tich phan phwong trinh (1) tir day téi bé mat khoi sat duorc:

a—udzzijudz—@u +@u2: (4)
3 OX oxs ox ox

Ap dung quy tic Leibnitz dugc:

M= udz - & 5

ax : ax " 8xu:+6xu = ©)

h 8s ob

—d = vdz —— — 6
'z _[ v s 6xv (6)

Két hop diéu kién bién cong thuc (2) va (3) thu duoc
phuong trinh lién tuc cho bai toan 2 chiéu nhur sau:

oh () , a(hv)

=0 7
o Ox oy @

Bién ddi vé phuong trinh lién tyc cho bai toan mot chiéu sir
dung trong nghién ctru nay dugc:

Oh O(h
-+ M = (8)

ot Ox

Phuong trinh dong luwong theo phuong x dugc dinh nghia
nhu sau:

Ou ou Ou ou

—tUu—+Vv—+w—=—
ot ox Oy 0z

1o,

0
1 [6Txx " Tyx + a'[zxj (9)
pox p

Ox oy Oz

trong d0: Tux> Tyxo T2 14 cac thanh phan tng sudt cit. Ta chi
xét cac dai lugng trong mit phang (x, z) nén 7,,,7,, bang 0.
Trong phuong trinh (9), dai luong ap suat p dwoc xap xi nhu ap
suat thuy tinh cua chét long, do do:

p=pg(s—z) (10)
trong do: p 1a khéi lwong riéng cia chit 1ong; g 14 gia toc trong
truong (9,81 m/s?).

Thém dai luong u (ou/ox + ov/dy + ow/dz)=0 vao phuong
trinh (9) dé thu dugc phuong trinh sau:

ou N ou’ ouw oh ob

ouv _ob 1

L L 4 4o =
o ox oy oz Cox Cow

16Z
zx 11
62 ( )

trong d6: —b/ox(= S, = tan @) 1a h¢ sé mai déc day khong x6i
(6 1a goc dbc). Tich phan phuong trinh (11) tir dy t6i bé mit,
ap dung quy tic Leibnitz va dung cac phuong trinh diéu kién



bién (2) va (3), sau khi bo qua thanh phan tng suét cit trén bé
mit tu do cua khdi sat, dua dén phuong trinh dong lwong nhu
sau:

o(hu) o(hu®y ohuv 1 oW
+ + +—g—=
ot ox oy 27 Ox

ghS, -~ (12)
P

Twong ty, phuong trinh dong lugng cho bai todn mot chidu
duoc rat ngan gon la:

o) | o) +lg6h2 _ ghs, ~ Ly
- 0

ot ox 2% ax o (13)
hoac
o(hu) o(hu*) 1 Oh
——t L+ —g—=gh(S,- S 14
o P 2g ox gh(S, f) (14)

trong do: z7* = pghS,. Theo nguyén tic luc can Voellmy thi hé
s0 strc can S, dugce phan chia thanh 2 thanh phan 1a ma sat bé
mat day khong x6i va ndi ma sat [6] dugc thé hién boi cong
thirc:
ulul
S, =—5"+pucosd
Ch

z

(15)

trong do:C_vatlla he¢ s6 Sedi (ddc trung boi tinh nham
C.=h""/n, n la h¢ sb nham Manning) va h¢ sé higu qua
ndi ma sat cua dit (dic trung boi gbc ma sat trong cua dat
1= tan@, @ 1a goc ndi ma sit cua dat).

Phuong trinh (8) va (14) két hop lai thanh hé phuong trinh
phi tuyén nude nong mot chiéu cho bai toan sat 1& dit dugc
gi6i thi€u trong nghién ctru nay.

2.2. Phwong phdp sé gidi h¢ phwong trinh chii dgo

Hé phuong trinh chu dao ding d¢é tinh toan sat 16 dat dugc
viét dudi dang bao toan nhu sau:

ou N OF(U)

=HU 16
o o W) (16)
voi:
h
U—Lm] (17)
hu
F(U)= 18
@ ht.‘z+lgh2 (18)
2
0
HU)= 7u‘u‘7 (19)
gh[S0 Ch ycosH]

trong do: U, F(U), H (U) tuong tng la bién béao toan, thanh phan
thong lugng, thanh phan ngudn ctia hé phuong trinh phi tuyén
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nuée nong bao toan (16). Dé giai vi phan theo thoi gian, hé
phuong trinh (16) duoc giai bang phwong phap phan tach ting
budce. O bude thi nhat, dua hé phuong trinh vé dang thuén nhAt
dé giai ra nghiém thuan nhat nhu sau:
WO (20)
ot Ox

adv n At
de :Ui _E F;+1/2 _F;’—I/Z] (21)
trong dé: “n” tng v&i bude thoi gian hién tai, chi sb trén; “adv™:
mg v6i két qua cua 101 giai s6 & bude thir nhit va chi sé dudi;
“”: img v6i vi tri tAm phan tir thé tich hiru han trong mién tinh
toan. O budge thir hai, nghiém cudi cung cua bién bao toan U
thu dwoc bang cach thém thanh phan ngudn trong phuong trinh
dong lugng nhu sau:
dUu

2~ _H Uadv
o HU)

(22)

Dé tranh mét on dinh s hoc do anh hudng cua lyc can ma
sat trong thanh phan ngudn, phuong phap an dugc st dung
trong nghién cuu nay [7]. St dung dai luong thong luong
P = hu , phuong trinh ddng luong & budce thir hai ndy trd thanh:

PP
d—P:gh”"’v S, —pcosf— | |3 (23)
d[ (hadv)
Do d6, 10 giai cho bién bao toan ¢ budc thoi gian (n+1)
nhu sau:

n+1 adv
P B P — Eadv _ Favan+1 (24)
At
Voi:
E“Y = gh*" (S: — J1cos 0) (25)
adv
g~ 8P (26)
CZZ (hadv )2

Cuoi cung, 101 giai s6 cho bién bao toan bién bao toan thu
duogc tir phuwong trinh sau:

ady adv
prot _ P A NE o

1+ AtF™

Tich phén theo khong gian hé phuong trinh phi tuyén nude
nong dang bao toan (16) sir dung phuong phap hdn hop thé tich
httu han - sai phan hitu han. Trong do, phuong phép sai phan
hiru han duoc st dung dé tinh thanh phan hé s6 mai dic:

a4
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b _ b, b

i+l Vi
Ox Ox
Phuong phép thé tich hitu han duoc sir dung dé giai thanh
phan thong luong F(U):

(28)

F

i+1/2 —

1F+F
2

i+l ZSlgn(ck) i+1/2 ,+1/2 (29)

trong do: F,, , la gié tri thong luong tai giao dién cua hai phan
tir thé tich hitu han thir “” va thir “i+77. Gid trj thong lugng
nay duoc tinh dua trén sy két hop ctia hai phuong phap trung
binh trong sé thong lugng (WAF: Weighted average flux) va
tong bién thién giam dan (TVD: Total variation diminishing).
Do khuén khé noi dung trinh bay bai bao gi6i han, phuong
phap nay lai kha phirc tap, nén céc tic gia sé trinh bay chi tiét
trong nghién ctru tiép theo.

2.3. Ky thudt tw dpng diéu chinh budc thoi gian mé phong

Céc mo hinh s6 thong thuong chon ¢ dinh bude thoi gian
mod phong va kiém tra sy 6n dinh ciia mé hinh qua hé s6 6n
dinh Courant (0<CFL<I). M6 hinh kém 6n dinh khi hé sb
Courant 16n (gan gia tri 1) va 6n dinh khi hé s6 Courant di nho
(gan gia tri 0). Tuy nhién, khi hé s6 Courant qua nho s& ting s6
vong lip va hao tbn tai nguyén may tinh.

Trong nghién ctru nay, dua trén nguyén ly tinh toan sao cho
trong mdi budc thoi gian mé phong quing duong ma phan tir
sat 10 dat chuyén dong (Al = uA¢ ) khong vuot qué kich thude
ludi tinh toan Ax . Khi d6, hé sb 6n dinh Courant duoc chon ¢d
dinh trude va gia tri budce thoi gian At duge diéu chinh tu dong
sau mdi lan 1ap theo cong thirc:

At =CFL Ax

(30)
max(|u U

)+c

trong d6: € 1a van tbc lan truyén song; U Y 1a van tdc c6 xét
dén do cac thanh phan luc can ma sat. Theo nguyén tic luc
can Voellmy, gia tri van tdc can duoc xéc dinh theo cong thuc:

| | 1/2
{gh(czh +,ucos9ﬂ

Viéc tinh toan diéu chinh lai budc thoi gian s€ dua ra thoi
gian mo phong toi uu va tiet kiém dugc tai nguyén may tinh.

€2

3. Kiém chuan mé hinh vei 10i giai giai tich ciia Dressler
Céc mo hinh s6 sau khi thiét 1ap thuong duge kiém chuén
v6i 101 giai giai tich va sb liéu thi nghiém tir mé hinh vét Iy. Do
n6i dung bai bao giéi han nén & nghién ctru nay, mé hinh s6
dugc kiém chuan véi 10 giai giai tich ciia R.F. Dressler (1958)
[8]. Kiém chuan véi s6 lidu thi nghiém vat 1y s& dugc tién hanh
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trong cac nghién ctru tiép theo. R.F. Dressler (1958) [8] da dwa
ra 10 giai giai tich cho bai toan mo phong dong chay phi tuyén
khong 6n dinh trén mai doc day rat 16n (0=45°). Pay 1a goc déc
16n nhat duoc sir dung dé dua ra 10i giai giai tich, cac goc doc
con lai dugc phan tich c6 gia tri nho hon nhu 30° hay 0° [9].
Diéu kién ban dau cho bién chiéu sdu sat 16 h cua bai toan 1a
khdi vat lidu nuée hinh tam giac vudng can co chiéu dai canh la
1 m (nét chdm - gach & hinh 2) dot ngdt d6 xudng mai doc 16n.
\{éi mo hinh sb, thanh phﬁq luc can do ma sat S, duge thiét lép
bang 0 cho phu hgp vai dicu kién ban dau cia bai toan. Khoi
vt lidu sat xudng do anh hudng ctia trong lyc trong thanh phan
thong luong va thanh phan ngudn con lai trong phwong trinh
dong lugng. Pé so sanh duge voi két qua cia 101 giai giai tich,
hé phuong trinh chu dao (8), (14) phai dugc chuyén sang dang
v6 hudng nhu sau:

o, ahi) _ (32)
at ox

o) , (h*2 h) i (33)
ot ox

trong do: cac dai lugng c6 ky hiéu “mii” l1a nhirng dai luong co
huéng trong hé phuong trinh cha dao duoc chuyén sang dang
v0 hudng twong Gng [10] nhu sau:

) i . gcosHA
) H,’ JgH cosf

trong d6: H; la chiéu cao ban dau 16n nhét cia khdi sat trén
mai doc.

(34

Hinh 2 thé hién két qua kiém chuén ctia mo hinh s (nét
lién) so voi két qua cua 101 giai giai tich (nét chdm tron) tai cac
thoi diém t=0,1 va 0,3 s. Trong hinh 2, truc hoanh la dai lugng
v6 huéng ctia truc x (x) va truc tung 1a dai lugng v6 huéng ctia
truc z (Z). Sau thoi diém ban dau t=0 s (nét cham - gach), khbi
dat hinh tam giac vudng sat xudng va dugc mo phong tai thoi
diém t=0,1 s (hinh 2A) va t=0,3 s (hinh 2B). Nhin chung, két
quéa ctia mo hinh s kha phut hop véi két qua cua 1o giai giai
tich tai hai thoi diém néu trén. Tai thoi diém t=0,3 s c6 sai léch
nho so voi két qua 10i giai giai tich do sai s6 khi rdi rac hoa
phép toan vi phan sang phép toan sai phan ciia cic mé hinh s6
la kho tranh khoi.

Trong thuc té, goc doc khi xay ra sat 16 ndm trong khoang
30-45°. Goc dbe 16n thi nguy co xdy ra sat 16 dat cang cao va
van tdc sat cling 16n hon. Tuy nhién, van tde sat 16 tang nhanh
dan t6i bude thoi gian mé phong qua nhé va lam cho két qua
md hinh s6 bi mit lién tuc. M6 hinh s§ mé phong sat 16 dat
trong nghién ctru nay sir dung cac phuong phap sé co thé giai
quyét vin dé mét lién tuc nay. Thtr nhit, phwong phap thé tich
hiru han dugc cho 1a phu hop dé giai quyét bai toan khong lién
tuc trong md phong chuyén dong cua chat long khong nén
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Hinh 2. Két qua mé phéng sat I& dat trén mai doc 45° theo I1&i giai s6 va I&i giai giai tich ctia R.F. Dressler (1958) [8]. (A) t=0,1 s; (B) t=0,3 s.

dugc. Thir hai, phuong phéap an khi sai phan hé phuong trinh
chu dao theo thoi gian s& lam ting do 6n dinh cho mé hinh nhu
phan tich & phan trén. Thit ba, mé hinh trong nghién ctru nay
str dung k¥ thuét tinh toan tu dong didu chinh buéc thoi gian
At nén ting d6 6n dinh cho mé hinh.

4. Két luan

Trong bai bao nay, mo hinh sé mot chidu mo phong sat
16 dét trén mai doc 16n duoc thiét 1ap dwa trén chu dao 1a hé
phuong trinh phi tuyén nuéc nong. Phuong phap thé tich hiru
han, phuong phép 4n va k¥ thuat diéu chinh ty dong budc thoi
gian duoc dp dung dé giai hé phuong trinh chii dao theo khong
gian va thoi gian, dam bao cho 16 giai s6 lién tuc. Két qua tir
mo hinh sb dwoc kiém chuédn véi 101 giai giai tich cho bai toan
sat 16 dét trén mai déc 16n dé théy dugc su phu hop cia md
hinh sb. Trong nhitng nghién cru tiép theo, mé hinh s s& dugc
kiém chuédn véi s6 liéu thi nghiém va ap dung mo phong hién
tugng sat 16 dét trong thuc té.
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Ude lwong dong dién phu tai tram dién kéo dwomg sat do thi

Trén Vin Khéi’
Truong Pai hoc Giao théng Vin tai, 3 Cau Gidy, phiong Lang Thweong, qudn Dong Pa, Ha Noi, Viét Nam
Ngay nhan bai 15/8/2022; ngay chuyén phan bién 18/8/2022; ngay nhan phan bién 8/9/2022; ngay chip nhan dang 12/9/2022

Tém tit:

Du bio dong tai dién kéo cé y nghia quan trong trong van hanh va quan 1y ning lweng cia cac tuyén duong sit dé thi. Po
12 ciin cir dé xdy dung cac chién lrge phan phdi va diéu khién dong niing lwong cung cip cho phu tai doan tau mt cich
hiéu qua, gitip tiét kiém ning hrong, giam s dao déng va bién do dao dong dién ap. Bai bio dé xuit mot phwong phap dy
b4o dong dién DC tai thanh cai tram dién kéo sir dung thuit toan hoc may c6 giam sat. S6 li¢u dau vao két hop gia tri lich
sir ciia dong dién thanh cai va dong dién ciia cac feeder. Bén canh dé, cAu hinh mang no-ron va sé chu ky huén luyén dwoc
xac dinh dé dat dwoc d9 chinh xdc mong mudn. Phwong phap dé xuit dwoc tién hanh kiém nghiém dwa trén so6 liéu van
hanh thye tai tram dién kéo ga Lang ngay 24/6/2022. Két qua du bo so sanh véi s liéu do lwong tir h¢ thong giam sat da
minh chitng ring, sai s6 tuyét doi 16n nhat khéng qua 5 A, sai s6 twong ddi 16n nhit khong qua 0,005; sai sé binh phwong

trung binh khéng qua 0,01 trong toan thoi gian vin hanh m§t ngay, tir 4h45’ t6i 22h45°.

Tir khéa: dy bao phu tai tram dién kéo, mang no-ron thin kinh, quén Iy ning lwong, tau dién dé thi.

Chi s6 phin logi: 2.2

1. Dat van de

Tau dién d6 thi 1a phuong tién van tai cé stc chd hanh
khach 16n, van hanh lién tuc trén tuyén duong riéng, do vay
chung mang lai hi€u qua cao. Tuy nhién, muc tiéu thu nang
luong cua hé thong tau dién & muc 16n ciing gdy anh hudng
dang ké toi cac khia canh kinh té va méi truong. Do vdy, van dé
tiét kiém nang lugng trén cac tuyén duong sit chay dién 1a chi
dé thu hut nhiéu sy quan tim cua cic nha nghién ctru ciing nhur
cac don vi quan 1y van hanh cac tuyén duong sit chay dién.
Do d6, cac nghién clru gan day vé viéc giam cong suat dinh
bang cach lip dit cac thiét bi tich trit niang lugng trén cac doan
tau hodc trong tram dién kéo dang duoc trién khai & cac tuyén
duong sit do thi [1-3]. Dé c6 dugc chién luoc diéu khién giam
cong suit dinh phu hop va hiéu qua, viéc du bao dong dién phu
tai can duoc thue hién chinh xéc.

Tri tué nhan tao (Al: Artificial intelligence) phan tich hé
théng va dua ra du doan dua trén dit liéu lich st c6 sin trude
d6 dang tré thanh mot cong cu hitu ich va khong thé thiéu trong
linh vic tmg dung hé thong dién [4]. Nhidu nha khoa hoc da
va dang nghién ctru vé du bao phu tai dién hoat dong véi cac
phuong phap va mé hinh du bao khac nhau. Cac phuong phap
du bao phuy tai co thé dugc phan thanh hai loai: doan thong
thuong nhu phan tich hdi quy, phuong phap chudi thoi gian
va phuong phap du doan mau xam; du doan dua trén Al nhu
mang no-ron nhan tao (ANN) va hé thong chuyén gia. Mot sb
tac gia da su dung mo hinh mang no-ron va hé théng mo. Tuy
nhién do duya trén mé hinh tuyén tinh, nén ching gay ra sai soO
dang ké & phan tai thay ddi phi tuyén tinh, vi vay rit kho dé ap
dung trong thoi gian thuc [5, 6]. Mot phuong phap du bao phu
tai hé théng dién str dyng mac do twong ty phu tai, do tuong
tu dugc xac dinh chi béng cach sir dung mau qua khir cho toan

*Email: tvkhoi.ktd@utc.edu.vn
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bo phu tai [7, 8] K. Shaloudegl va cs (2012) [9] da phat trién
cdu trac lién két ANN dé udc tinh tai dién tai mot gio cu thé
trong ngay bang cach st dung dit liéu phy tai cia 4 gio trudc.
Phu’orng phap dua trén k¥ thuat hoi quy tuyén tinh du bao cong
sudt yéu cau ctia phu tai phuong tién giao thong dién da duogc
thuc hién [10]. Phuong phap nay dua ra khuyén céo lya chon
bac mé hinh bang 3, trong Gmg voi 3 dir liéu cong sudt lich sir
can thiét dé thyc hién quy trinh dy béo gia tri cong sudt yéu ciu
tai ting thoi diém. V. Veeramsetty va cs (2020) [4] da xay dung
mo hinh dy bio cong suit phu tai clia tram trung ap 33/11 kV,
str dung dir liéu lich st cua 3 gid trude, dong thoi sir dung dir
liéu lich sir cung gio ciia 4 ngay trude do dé woc lwong cong
sudt tai trong gid hién tai. K&t qua cua nghién ctru cho thiy,
trung binh binh phwong sai sb ciia tit ca cac mau co thé dat 0,2.

Trén hé théng duong sit do thi chay dién, phu tai tau dién
¢6 d6 dao dong cong suat tire thoi 1on do ddc diém cua no 1a
phu tai chuyén dong. Quaé trinh cip dién duoc thyuc hién song
song tir cac tram dién kéo lién ké cho dong thoi ca tuyén 1én
va xuong Tir d6 tao ra két ndi vat ly, giy nén nhung tuong tac
qua lai vé mat nang luong giita tuyén 1én va tuyén xudng trong
cung mét phan doan, ciing nhu gitra chiing trong hai phan doan
lién ké. Do nhimng ddc diém nay, viéc dy doan dong dién phu
tai dién kéo chi bang cach sir dung mau quéa khir cho toan bo
phu tai, ma khéng xem xét mdi twong quan anh hudng cta phy
tai glua cac tuyén trong cting phan doan va trong cac phan doan
lién ké sé& kho dat dugc do chinh xac mong mudn.

Bai bao nay d& xuit mot phuong phap méi dé du doan dong
dién thanh cai phia mot chiéu tai cac tram dién kéo. Phuong
phép st dung mo6 hinh mang no-ron, trong d6 co s¢ dir licu
duogc phéan tich cho du bao bao g@)m gia tri dong dién hién tai
cua cac feeder c6 lién quan va dir li€u lich sir cua dong dién
thanh céi. Trong phuong phap d& xuét, cau hinh mang no-ron

a



Load-current demand forecasting in

substations of urban railway lines
Van Khoi Tran"

University of Transport and Communications, 3 Cau Giay Street, Lang Thuong Ward,
Dong Da District, Hanoi, Vietnam

Received 15 August 2022; revised 8 September 2022; accepted 12 September 2022
Abstract:

Load-current forecasting is important in the operation and
energy management of urban railway lines. It helps control
strategies to manage and distribute energy optimally,
thereby saving energy and reducing voltage fluctuations.
This paper presents a method to predict the traction
current at the busbar of a substation using the supervised
machine learning algorithm. Because the traction power
load is supplied from both adjacent traction power stations,
and the energy exchange process between trains also takes
place during work, the input data are selected to combine
the value history of busbar currents and feeder currents.
Besides, the neural network configuration and the number
of training cycles in the estimated model can be adjusted
to achieve the desired accuracy. The proposed method
was tested and adjusted based on the actual operation
data at the Lang traction station on 24 June, 2022. The
estimated results compared with measurement data from
the supervisory control and data acquisition (SCADA)
have proven that the largest absolute error is no more than
5 (A). The maximum relative error is not more than 0.005,
and the mean squared error does not exceed 0.01 over the
whole operating time of a day from 4h45 to 22h45.

Keywords: energy management, neural network, substation
load forecasting, urban railway.

Classification number: 2.2

gdm 2 lc'rp an, sb luong phén t lc'rp an dugc chon dua theo
nguyén tic ngén tay va bang 3/2 sé lugng dit liéu 16p dau vao.
O 16p dau vao, 4 dau Vao dir lidu tai thoi diém t-1 cua cac
feeder dugc git ¢6 dinh, sb dit liéu lich st cua dong dién thanh
cai dugc diéu chinh ting dan theo thtr ty thoi diem t-1, -2, t-3,
dit liéu tai cing thoi diém cua ngay hom trude cho dén khi dat
duoc d6 chinh xac yeu cau. Pé xac dinh tinh hitu dung cua
phuwong phép dé xuit, mét md hinh mé phong trén nén tang
ung dung Matlab 2020b dugc thuc hién dya trén dir liéu do
duogc tai tram ga Lang cia tuyén tau dién s6 2 Cat Linh - Ha
Dong trong ngay 24/6/2022. Sai sb cuia két qua dong dién du
doan duoc so sanh véi két qua do ludng dé minh hoa hiéu qua
ctia phuong phép dé xuit.
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2. Néi dung nghién ciiu
2.1. Diic diém phu tii dwong sit do thi

Trong hé thong dudng sit d6 thi, phu tai 16n nhét 1a tau
dién c6 d6 dao dong cong suat tirc thoi 16n do dic diém cua
n6 1a phu tai chuyén dong, dong thoi nhan dién song song tir
2 tram dién kéo. Cur khoang 2-3 km sé& dugc lép dat cac tram
bién ap dién kéo c6 cong suét 1,5-3 MVA dé dam bao do sut
ap trong pham vi cho phép va mdi tram cung cip dién cho 5-6
ga. Hinh 1 cho thﬁy so d0 mot soi cua tram dién kéo ga Lang,
tuyén duong sat do thi Cat Linh - Ha Pong. Hai dudng vao la
mach vong trung ap 22 kV duogc cung cip tir tram bién ap 220
kV Thanh Cong va tram bién 4p 110 kV Vian Quén. Trong tram
trang bi 4 may bién ap. 2 may bién ap 3 cudn day T3 va T4
cung cap dién cho phu tai dién kéo v6i phu tai la cac doan tau.
2 may bién ap con lai 1a T1 va T2 tuong tmg cung cap dién cho
cac tai phi dién kéo, bao g6m phu tai dién cua cac dich vy tién
ich va cong trinh cua nha ga.

Mang trung ap 22 kV

Lol Lo2
474 T 472

431 432 433 434
1500 1500 Bién 4
LI1 LS LI2 KVA KV. i ’P
400 V p— dién kéo
! ! ‘ ! ! Chinh luu

Cung cip cho tai phi dién kéo

Thanh cai 750 VDC

Feeder2 Feeder4  Feederl Feeder3

212 214 211 213

Ray tiép xuc tuyén 1én

Cung cip cho tai dién kéo

ry-—— X X 1!
Ray tiép xtic tuyén xuong

Hinh 1. So’ d6 mét s¢i ciia tram dién kéo ga Lang.

Hinh 2 cho thay, dong phu tai dién kéo ngay 24/6/2022 ciia
tram ga Lang, tuyén dudng sit Cat Linh - Ha Pong dugc trich
xudt trong hé thng SCADA. Do phu tai doan tau 1a chuyén
dong, phu thude rat 16n vao lam viéc (khé1i dong - tang tdc, tbe
d6 khong ddi, chay da, ham, ding) cua doan tau ciing nhu vi
tri cia doan tau so vai vi tri cua tram dién kéo. Ttur d6 1am cho
phuy tai dién kéo bién dong nhanh va trong dai pham vi 1on.
Trong trang thai van hanh hién tai, tuyén dudng st s6 2 mai
véan hanh 6 doan tau trén toan tuyén twong tmg 2/3 mirc cong
suét ctia ca tuyén. Quan sat d6 thi dong dién tai cac feeder ciing
nhu tai thanh cai tram dién kéo ga Lang, dong dién bién thién
trong khoang 700-2200 A. Thoi gian dong dién bién d6i kha

48
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nhanh, khoang 15-60 gidy. Su bién d6i nhanh ciia dong dién
trong pham vi rat rong, ngoai viéc phu thudc vao tai trong doan
tau, su di chuyén cua doan tau, con do sy trao ddi nang luong
gitra cac phan vung cép dién tur cac feeder cua tram dién kéo.
T d6 tao nén tinh chat rat phtrc tap cta phuy tai tram dién kéo.

= = Ifeederl

00— V0 e 1 feeder2
=== feeder3
——1 feeder4
1500 - — I bus
1000 l | 8
&
g I
s i
g 500 (4

| I (W |
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Thoi gian

Hinh 2. Dong dién kéo tai cac feeder va bus cta tram ga Lang ngay
24/6/2022.

2.2. M6 hinh wéc lwong dong dién phu tdi tram dién kéo
2.2.1. Thiét ké mang no-ron

V6i muc tidu du bao dong dién thanh cai cung cip cho phu
tai dién kéo & thoi diém hién tai, dit liéu can thiét dé thuc hién
bao gém dir liéu lich st cua dong dién thanh cai va dir li€u
dong dién tai cac feeder, tir d6 hinh thanh cau trac lién két
ANN ctia md hinh (hinh 3). M6 hinh ANN dugc d& xuit co
t6i thiéu 5 no-ron trong 16p dau vao, 16p diu ra chi bao gdm 1
no-ron. Bé dat duoc d6 chinh xac mong mudn, sb lugng no-ron
16p dau vao c6 thé duoc bd sung trong qua trinh huin luyén, tir
d6 s6 luong no-ron trong 16p 4n ciing s& tang theo. O cdu tric
lién két, mo hinh dé xuat sir dung hai 16p 4n dé dam bao mod
ta chinh xac tinh chat phi tuyén ciia dong dién, dong thoi giam
thiéu d¢ phirc tap trong ciu tric va rat ngén thoi gian thyc thi.
S6 lugng no-ron trong 16p 4n chon bang 3/2 s6 luong no-ron
trong 16p du vao. Thuat toan Quasi-Newton duoc ap dung dé
t6i wu héa ham mat mat binh quan quéan phuong véi cac trong
sb duoc thiét 1ap ty dong theo tdi wu hoa d6 dbc gradient.

I(bus,t-1)
I(bus,t-2)
I(feederl,t-1)

I(feeder2,t-1)

I(bus,t)
I(feeder3,t-1)
I(feeder4,t-1)
Lép diu vao Lép dAura

Hinh 3. Sor d6 cAu tric lién két ciia mé hinh.
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2.2.2. Pénh gid hiéu sudt ciia mé hinh

bé do luong hiéu suét va dua ra lua chon ciu tric mé hinh
t6t nhét cta cac mo hinh du béo, thong thuong cac ky thuat
thdng ké duogc sir dung dé danh gia két qua du bao nhu sai
sO binh phwong trung binh (MSE) [11]. Trong nghién ctru
nay, hiéu suit ciia mang no-ron trong qué trinh dao tao va thir
nghiém cling dugc danh gia dya trén sai s6 MSE. Bén canh
d6, gi4 tri binh quén sai s6 (MAPE) 1a gia tri binh quén sai s6
tuong ddi cuia mdi mau udc luong ciing dwoc sir dung dé dam
bao d6 chinh xéac twong dbi trén toan dai gia tri. Ngoai ra, gia
tri sai s6 tuyét dbi ciing duoc quan tim dam bao gia tri sai léch
16n nhat cho phép chip nhan duoc cua timg méau udc lugng
duoc kiém soat. Cac dai luong sai s6 nhu minh hoa trén cac
biéu thie (1), (2) va (3).

MSE — i z (I:“easured _ Iipredicled )2 ( 1)
m i
1 [measured _ ppredicted |
MAPE= Yl 0 ©)
m 12:1: I;’neasured
__ |ymeasured __ ypredicted
Brr, = [ -1 (3)

trong d6: m 1a tong s6 mau udc luong; [ 13 gia tri dong
dién do luong; 1P 13 ¢i4 tri dong dién du béo.
s i ! en dy

2.3. Hudn luyén, thir nghi¢m va trién khai mé hinh

MJ&i mé hinh may hoc st dung ANN déu can dugc phat
trién véi mot chudi cac bude nhu thu thap dir licu, xu ly di
liu, phat trién kién tric ANN, dao tao va thur nghiém mo6 hinh
dé trién khai. Cac budc quy trinh dé phét trién mo hinh ANN

Khoi tao
MSE=100; max_err=100; i=1;
dir liéu lich str cua dong dién
thanh cai va céc feeder

MSE<0.05 va ding

|max_err|<5

CAu hinh mang no-ron 2 16p
an; s0 no-ron 16p an; s6 chu
ky huén luyén

l Hién thi
- Dong dién udc luong
Sai s6 wdc lugng so véi gia tri do ludng tai
mdi miu

Huén luyén md hinh trén co
56 h¢ thdng mau dit ligu dong

dién do luong MSE
l - S6 tin hiéu dau vao yéu cau

Test mo hinh trén co s hé
théng miu dir liéu dong dién
do luong

l

| Tinh MSE, max_err |

Trién khai mo hinh |

N
- B0 sung thém dbpg dién I(t-
iT) cho 16p dﬁu vao
- Ting chi s6 i=i+1

]

Hinh 4. So’ db thuat toan quy trinh huan luyén va trién khai mé hinh.



t6i wu trong nghién ctru nay dugc thuc hién nhu mé ta & hinh
4. Co s6 sir dung 1a phuong phap thir nghiém va tim kiém, qua
trinh thir nghiém cAu hinh cho dén khi dat d6 chinh xéc theo
yéu cau thi dimng lai. Khoi tao qua trinh thir nghiém tir s6 lugng
no-ron 16p dau vao tdi thiéu (5 no-ron), sau do ting dan theo
thoi diém qua khi t-2, t-3, dir liéu cung thoi diém ngay hom
truge, tuln trude. Néu sb no-ron 16p ddu vao du 16n ma van
khong dat dugc do chinh xac yéu cau trong huan luyén thi s&
thuc hién tang cAu hinh s 16p. Qua trinh thuc hién nhu vay cho
dén khi dat duoc do chinh xéc yéu cAu.

3. Két qua va ban luan

Trén co s phuong phap dé xuat, mot mé hinh thir nghiém
duoc xay dung trong Matlab 2020b. Dir lidu str dung trong mo
hinh dé thu nghiém va so sanh dua trén co s¢ dit li¢u cua tram
ga Lang trich xuat tir hé théng SCADA ngay 24/6/2022 nhu
minh hoa & hinh 2. D& ddm bdo tinh 6n dinh cua hiéu suit md
hinh, s6 mu lya chon trong qua trlnh huan luyén can du 1on.
Trong nghlen cliru nay, lua chon so méu trong qua trinh huan
luyén t6i thiéu bang 1/4 tong s6 mau wdc lugng, twong wng s&
chon cic méu trong thoi gian tir 4h45 dén 8h45. Cac mau con
lai tir 8h45° dén 22h45" duoc sir dung trong qué trinh kiém tra
(test). Két qua dong dién uéc lugng theo phuong phap dé xuét
so sanh voi dong dién do luong trich xuét tir hé thdng SCADA
trén céc feeder va thanh cai minh hoa twong mg ¢ cac hinh 5-9.
Quan sat két qua c6 thé nhan thiy, dong dién phu tai dién kéo
xudt hién véi cac xu hudng dién bién rat khac nhau va khong
¢6 tinh quy ludt. Tuy nhién, két qua udc lugng theo phuong
phap d& xuét luén bam theo cac két qua do luong thuc té trong
toan pham vi mau thir nghiém ca trong giai doan huan luyén va
trong giai doan test. Mdi twong quan giita gia tri wdc luong va
gia tri do luong 1én dén 99,997%.
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Hinh 9. Két qua wérc lwgng dong dién tai thanh cai.

Hinh 10 mé ta sai s giita két qua wdc lwong va két qué do
luong cua dong dién trén thanh cai twong ung VO’l ting mau du
b4o. Quan sat trén hinh c6 thé nhan thiy sé miu co sal s6 ude
lwong 16n 1a khong nhiéu, wde ching 150/64800 mau. Gia tri
sai s6 16n nhat max_err=4,9754 A. Binh quan ctia binh phuong
sai s6 (MSE) bang 0,0075917, con binh quén sai sb twong dbi
MAPE bing 0,00026445.

MSE=0,0075917; MAPE=0,00026445; max_err=4,9754
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Hiéu suét ctia mo hinh dat dugc nhu mong mubn cling can
dugc huan luyén véi s6 chu ky di 16n. Hinh 11 mo ta hidu
sudt hudn luyén ciia mo hinh dé xuat trong truong hop céu
hinh gdm 7 no-ron 16p du vao tuong tng la I(feederl, t-1),
I(feeder2, t-1), I(feeder3, t-1), I(feeder4, t-1), I(bus, t-1), I(bus,
t-2), I(bus, t-3), 2 16p 4n twong g v&i s6 no-ron bang 11. Hiéu
suét dat ngudng tot voi MSE<10- ca trén mau huan luyén va
mau thir v6i t6i thiéu 11 chu ky. Pén khoang 40 chu ky, hiéu
sudt hdu nhu duoc cai thién rét it, gin nhu duy tri & ngudng
MSE=0,5x10¢. Dya trén can ctr nay dé lya chon chu ky huén
luyén t6i wu trong giai doan trién khai mé hinh.

——Huén luyén
——Kiém tra (test)
——Ket qua tot nhat

Két qua tot nhat dat duge tai 200 chu ky
tuong tmg Vi sai s6 14.4,8494.107

hwong (mse)
=

Sai s6 binh quan

quan pl
S,

0 20 40 00 80 100 120 140 160 180 200
$6 chu ky hudn luyén, kiém tra

Hinh 11. Hiéu suat mé hinh theo s6 chu ky huan luyén.

Két qua thir nghiém trén mo hinh mo phong da minh chiing
rang, phuong phap dé xuat co kha nang dy bao dong dién phu
tai dién kéo trén cac tram dién kéo vdi do chinh xac cao, hoan
toan c6 kha ning trién khai trén thuc tién phuc vu cong tac
quén 1y, diéu phdi va dy bao ning lugng trén cac tuyén duong
st d6 thi.

4. Két luan

Bai bao da trinh bay mdt phuong phap du bao dong dién
phu tai dién kéo sir dung ANN. Két qua cho thiy, ANN phu
hop dé ndi suy giita dir liéu mau dong dién thanh cai va dong
dién cac feeder clia cac tap huan luyén dé cung cip mau dong
dién thanh céi trong twong lai. Bé cung cép két qua chinh xac
cao, dit liéu huin luyén da duoc trai rong trong khong gian dic
trung. Thoi gian dao tao can thiét dwgc xac dinh cho dén khi
dat duoc sai sb va hiéu suat yéu cau. Vi két qua mdi tuong
quan giira gi4 tri do dugc va gia tri dy doan 1én dén 99,997%
thi phuong phap dé xuat trong nghién ciru nay du tét dé ap
dung cho hé thong quan 1y ning lugng trén cac tuyén duong
st d6 thi.
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Ché tao va tinh chat vat liéu composit Fe,O0,/C

Bui Thi Hing", Doin Ha Thing?
Vién Pao tao Quéc 16 vé Khoa hoc Vat liéu, DPai hoc Bach khoa Ha Néi, 1 Pai Co Viét, phuong Bach Khoa, quan Hai Ba Trung, Ha Noi, Viét Nam
2Van phong Uy ban Vii tru Viét Nam, B6 Khoa hoc va Cong nghé, 113 Tran Duy Hung, phirong Trung Hoa, qudn Cau Gidy, Ha Néi, Viét Nam

Ngay nhén bai 1/3/2023; ngay chuyén phan bién 3/3/2023; ngay nhén phan bién 27/3/2023; ngay chip nhan dang 30/3/2023
Tom tiit:

Bién d6i khi hau hlen dang 1 mt trong nhirng vin dé nghiém trong nhit ma thé giéi dang phai d6i mit. Trong nghlen
ciru nay, bt oxit sat Fe, O, dugc str dung lam vat li¢u hoat dong di¢n cuc, nano carbon duwge dung lam chit phu gia dé ché
tao vat li€éu composit Fe30 /C nhim trng dung trong h¢ tich trir ning lwgng. Kich thuwéc, hinh thai hoc ciia oxit sit va nano
carbon dwgc khio sat bang kinh hién vi dién tir quét (SEM). Anh hwéng ciia chit phu gia, ham lwgng cic thanh phan dién
cwe dén dic trung dién hoéa cia di¢n cye composit Fe,O /C da dwgc nghién ciu bang phép do quét thé vong tuin hoan
(CV). Két qua chi ra rang, ham lwgng cia cac thanh phan dién cwc anh hwéng manh dén dic trung dién héa cia dién cue.
Vai tré quan trong cia chét phu gia carbon trong di¢n cyc composit Fe30 /C dwge khang dinh: nano carbon lam tang d¢
din dién ciia dién cuc, do vy ting toe dd phan ung oxy héa - khir ciia sit. Anh hudéng tich cyc clia chét phu gia K S trong
dung dich dién ly dugc chirng minh bang viéc tang toc do phan trng 6xy hoa - khir cia sat, cai thién kha ning chu trinh

héa cia Fe,O,, gidm lwgng khi H, sinh ra, do viy ting dung lwgng phéng ciia Fe,O,/C.

Tir khéa: dién cuc composit Fe,O,/C, hé tich trir ning luwgng, nano carbon, phu gia K.S.

Chi s6 phén logi: 2.5
1. Md dau

Cac phuong tién sit dung nhién liéu hoa thach ngay cang
ting va thdi ra mot luong 16n khi CO, 1a mét trong nhiing
nguyén nhan giy nén tinh trang bién d6i khi hau [1]. Viéc tim
kiém mot giai phap thay thé bén ving cho cac phuong tién
nay la rt cép bach va xe dién (EV) 1a mot img ctr vién hang
dau do chiing sir dung pin/ac quy lam ngudn dién. Yéu cau ciia
pin/dc quy dung trong xe dién phai ¢6 kich thudc nho gon, an
toan, cung cap dién ap 6n dinh, mat do niang lwong cao. Nhiéu
loai pin trén thi truong c6 thé ing dung cho xe dién nhu pin
Li-ion, Ni-MH, chi axit, tuy nhién xét vé hiéu qua chi phi, 6
bén va than thién moi trudng thi cac loai pin nay déu chwa dap
g duoc tat ca cac tiéu chi. D1 v6i vat liéu 1am pin, vat liéu
trén co so sit co wu thé vé mat chi phi, nguyén liéu doi dao,
khong doc hai va co dung lugng 1y thuyét cao. Vi vay, trong
nhitng nim gan day, pin dién cyc sit da dugc tap trung nghién
ctru [2-4]. Trong sé d6, pin Fe/khi di nhan dugc sy quan tim
dang ké do dung lugng 1y thuyét cao, tudi tho dai, d6 6n dinh
dién hoda cao, gia thanh ré va than thién v&i moi truong [5-9].
Tuy nhién, dién cuc sét trong loai pin nay c6 mot sb han ché
nhu hi¢u qua st dung thép, tinh thu dong dién cuc, lugng
khi H, sinh ra canh tranh véi phan (ng khur sat, tu phong
dién cao, mat d6 niang lwong va dung luong thip [6, 10-13].
Mot trong nhiing han ché chinh cua dién cuc sit 1a su thu
dong dién cuc gay ra boi hydroxit sit hinh thanh trong qua
trinh phong dién ngan can phan Gng cua 16p sit & bén trong
dan dén hiéu suat phong nap thap o téc do phong dién cao
[6]. Dé cai thién nhitng han ché cua pin Fe/khi, cdu trac cua

*Tac gia lién hé: Email: hang.buithi@hust.edu.vn/hang@itims.edu.vn
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dién cuc sat da dugc thay doi bang cach sir dung dién cuc
dang composit vai bt oxit sét 1am chat hoat dong dién hoa,
carbon lam chat phu gia dién cyc va S* lam chat phy gia
trong dung dich dién ly [14-16].

Vat ligu Fe, O, c6 dung lugng ly thuyét cao (926 mA.h.g"),
gia thanh ré, nguon nguyén liéu phong phu, than thién moi
truong nén rat co tiém ning tng dung trong pin sac lai cho xe
dién. Dé gop phan khic phuc nhitng han ché cua dién cyc sit,
trong nghién ctru nay, bot Fe O, dugc st dung lam vat li¢u hoat
dong dién cuc, nano carbon duqc su dung lam chét phu gia dé
ché tao dién cuc composit Fe,0,/C véi cac ty 1€ thanh phan
khéac nhau nham céi thi¢én do dan dién va kha nang chu trinh
héa cua Fe,O,. Ngoai ra, K,S ciling duge str dung lam chét phu
gia trong dung dich dién ly dé cai thién hon nita dung lugng,
hiéu suét phong nap cua dién cuc composit Fe,0,/C.

2. Thuc nghiém

bé nghién ctru tinh chit dién hoa cta dién cuc composit
(Wako Pure
Chemical Co.) dugc sir dung lam vat liéu hoat dong dién cuc,
carbon acetylene black (AB, Denki Kagaku Co. Ltd) dugc st
dung 1am chat phu gia dién cuc va polytetrafluoroethylene
(PTFE, Daikin Co.) duoc sir dung lam chat két dinh dé ché tao
la dién cuc. Ty 1¢ khéi luong cua cac thanh phﬁn 14 dién cuc
Fe,0, voi Fe,O,:PTFE la 90:10%. Cac thanh phan nay dugc
nghién tron, sau d6 can mong tao thanh la di¢én cyc Fe,O,.

Fe,0, va Fe,O,/C, trong nghién ctru nay, bot Fe, O,

La dién cuc Fe,0,/AB ciing dugc tao béng cach tuong tu véi
2 ty 1é thanh phan khdc nhau la: Fe,0,:AB:PTFE theo ty 1&
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Abstract:

Climate change is currently one of the most serious
problems facing the world. In this study, Fe,O, powder was
used as electrode active material, nanocarbon was used
as an additive to fabricate Fe,O,/C composites applying
for energy storage systems. The size and morphology of
iron oxide and nanocarbon were investigated by scanning
electron microscopy. The effects of the additive, the
content of the electrode components on the electrochemical
properties of the Fe,O /C composite electrode have been
studied by cyclic voltammetry. The results showed that
the content of the electrode components strongly affects
the electrochemical characteristics of the electrode. The
important role of the carbon additive in the Fe O,/C
composite electrode was confirmed: Nanocarbon increases
the electrical conductivity of the electrode thereby
enhancing the redox reaction rate of iron. The positive
effect of the K,S additive in electrolyte was demonstrated by
increased redox reaction rate of iron, improved cyclability
of Fe, O, reduced hydrogen evolution, and thus increased

the discharge capacity of Fe,O /C.

Keywords: energy storage systems, Fe O/C composite
electrode, K,S additive, nanocarbon.

Classification number: 2.5

45:45:10% va Fe,O,:AB:PTFE theo ty 1€ 70:20:10%. Céc dién
cuc Fe, 0, va Fe,0,/AB duoc cit ra tir 14 dién cuc thanh dang
dia tron mong, duong kinh 1 cm, sau d6 dugc ép 1én ludi titan
dé tao thanh dién cuc nghién ctru.

Tinh chét dién hoa ciia dién cuc Fe,0, va Fe,0,/C duogc
nghién ctru thong qua CV thuc hién trén 3 khoang dién cuc,
trong d6 Fe,O, hodc Fe,0,/C1a dién cyc lam vige, Pt la dién cuc
d6i va Hg/HgO 1a dién cyc so sanh. Dung dich dién ly 1a KOH
8 M hodc KOH + 0,01 M K_S. Cac phép do CV duoc thuc hi¢n
trong khoang thé tir -1,3 dén -0,1 V véi téc d6 quét 5 mV.s.
Phép do phé tong tro dién hoa (EIS) ciing dwoc tién hanh trén
cell 3 dién cuc & thé mach hé, st dung hé do AutoLAB voi
dién ap xoay chiéu 1a 10 mV va dai tan s6 tir 102 dén 2x10° Hz.
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3. Két gua va ban luan
3.1. Hinh thdi hoc ciia AB, Fe, O va Fe,0,/AB

Anh SEM (Scanning electron microscope) cta vt liéu
Fe,0, va AB duoc thé hién & hinh 1 cho théy, cdc hat AB (hinh
1A) ¢6 dang hinh cdu, kich thudc khoang 100 nm, twong dbi
ddng déu. Dién tich bé mat thuc té cua AB khoang 68 m¥/g
va mat do thuc té khoang 2 g/cm’. AB duogc st dung lam chét
phu gia mdt mat dé nang cao d6 dan dién cua dién cuc Fe, O,/
AB, mat khac lam tang kha nang chu trinh héa cta Fe,O,. Anh
SEM ctia mau Fe,0, (hinh 1B) cho thdy, Fe,0, c6 dang khéi
da dién, kich thuéc khong ddng déu. Tir anh SEM ta thiy kich
thudce hat Fe,O, nam trong khoang tir vai trim nano mét dén

vai micro mét.

Hinh 1. Anh SEM mau AB (A), Fe,0, (B) va Fe,0,/AB (Fe,0,:AB:PTFE Ia
45:45:10%) (C).

Sau khi AB duogc nghién tron vo6i bot Fe, O, theo ty 1€
Fe,0,:AB:PTFE la 45:45:10% dé tao vat liéu dién cuc Fe,O0/
AB, méu duoc tién hanh chup SEM, két qua duogc thé hién &
hinh 1C. Anh SEM cho thay khong con hinh dang dic trung
cua hat AB va Fe,O, (hinh 1A, 1B), ching t6 hat Fe,O, duoc
bao quanh boi AB twong ddi dong déu. Cau trac nhu viy sé
lam tang dién tich bé mat vat liéu hoat dong dién hoa cua oxit
sat, ting kha nang tiép xuc cua 6xit sit voi dung dich dién ly,
do d6 l1am tang téc do phan tmg 6xy hoa - khir ciia nd. Nhu vy,
sy phan b nay s& lam cham sy hinh thanh cia 16p thy dong
hydroxit sét, gitp cai thién kha ning chu trinh hoa cua sat, do
d6 nang cao hiéu suat phong - nap cua dién cuc Fe,0,/AB. Khi
Fe,0, duoc tron véi AB, do din dién cua dién cuc Fe,0,/AB s€
tang 1én. Dé kiém tra gia thiét nay, phép do EIS dugc thyc hién
trén dién cyc Fe,O, va Fe,O,/AB (hinh 2). Dé dé dang quan sat,
so sanh tong tré' ctia 2 mau, ching t6i di vé& EIS & thang dién
tré nho hon ctia 2 miu & bén trong hinh 2.
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Hinh 2. EIS cua dién cwc Fe,0,/AB (Fe,0,:AB:PTFE la 45:45:10%) trong
dung dich dién ly KOH. Hinh nho bén trong thé hién EIS & thang dién tré
nhd hon.

Phé tong tro cua dién cyc Fe,0,/AB bao gom mot hinh ban nguy¢t
G vung tan so cao la tin hi¢u phan h01 cua I6p tiep xuc dién cyc - dung
dich dién ly, tlep sau d6 1a mot duong thang & vung tan sb thap hon
twong Umng vai tro khang Warburg. Pho tong tr¢ cua dién cuc Fe,0,
chi 6 mgt hinh ban nguyet & viing tan s6 cao 1a tin hiéu thé hién tr(r
khéang cua 16p tlep xtic dién cyc - dung dich dién ly ma khong c6
duong thing thé hién tro khang Warburg ¢ tan s thap hon. Hon nita,
duong kinh hinh bén nguyét cua dién cyc Fe,O,/AB nho hon nhiéu
duong kinh hinh ban nguyét cua dién cyc F eSO R chlrng to tré khang
mau Fe3O /AB nho hon mau Fe,O,. Két qua nay chitng minh sy c6
mdt cta AB trong dién cyc Fe,0, dé lam giam dién tr¢ cta dién cyc
Fe,O/AB. Bleu nay co tac dung tlch cuce doi voi dién cyc Fe,0,/AB
nhu lam tang toc do phan (g oxy hoa - khir ciia sit, ning cao hleu
sudt phong - nap cua dién cuc Fe,0/AB.

3.2. Dic trung CV ciia dién cye Fe 0,

Két qua do CV ciia mau Fe,0, trong dung dich dién ly co ban
KOH 8 M dugc thé hién ¢ hinh 3 Kh1 thuc hién quét thé tuan hoan
theo chiéu thuan tir-1,3 den -0,1 V rdi quay nguoc lai, ta thdy ¢6 2 cap
dinh 6 oxy hoa-khua /c, xuit hién ¢ dién thé khoang -0,8 V (a),-1,1V
(c)vaajc, ¢ dién the khoang 0,65V (a,), -1,0 V (c,) cung véi dlnh
s1nh khi H & dién thé khoang -1,2'V theo chleu quét nguoc lai. Ngoai
ra, c6 mot dlnh 0xy hoa rat nho a, xuét hién ¢ dién thé khoang -1,0 V
12 do sy hap phy nhom OH cua sit tao thanh [ [Fe(OH)],, trudc khi b
oxy hoa thanh Fe(OH),. Cap phan tng 6xy hoa - khir cua Fe/Fe(II)
twong tng voi cdp dinh 6xy hoa - khira /c, trong khi cdp phan g oxy
hoa - khir ciia Fe(II)/Fe(III) twong (mg v01 cdp dinh (a,/c,). Tuy nhién,
dinh khur Fe(I)/Fe(c, ) gan nhu bi che lap boi dinh smh khi H,, didu
nay din dén hi¢u suit nap thip cua dién cyc Fe,0,. Céc dinh 6 oxy hoa
- khir ciia miu Fe,O, xuét hién r rang. Khi lap 1a1 _vong quét, dong

34
oxy hoa - khir & cac dinh ting dan nhung dong dién van twong doi nho.
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Hinh 3. Bac trwng CV cuda dién cwc Fe,O, (Fe,0,:PTFE la 90:10%) trong
dung dich dién ly KOH. 1, 2, 3, 4, 5: s vong quét.
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3.3. Anh huéng chit phu gia AB va ham lugng Fe 0, dén
dic trung CV ciia dién cuc Fe,0,/AB

Dé khao sat vai tro ctia chit phu gia carbon AB trong dién
cuc Fe O, cling nhur anh hudng cua ty I¢ Fe,0,:AB dén kha ning
chu trinh héa cua di¢n cuc Fe,O,/AB, cac di¢n cuc véi ty 1¢
Fe,0,:AB:PTFE la 45:45:10% va Fe O,:AB:PTFE la 70:20:10%
du’oc do CV (hinh 4 va 5). Do voi2 10a1 di¢n cuc nay, ham luong
chét két dinh PTFE lu6n giit ¢b dinh & 10%.

Cwong 3¢ dong dién (mA)
o

-12 T T T T T T
-14 -12 -10 -08 -06 -04 -02 00

Dién thé (V) theo Hg/HgO

Hinh 4. Dac trwng CV cia dién cwc Fe,0,/AB (Fe,0,:AB:PTFE |a 45:45:10%)
trong dung dich dién ly KOH. 1, 2, 3, 4, 5: s6 vong quét.

Véi dién cyc Fe,O 4:AB:PTFE la 45:45:10% (hinh 4), khi co6
carbon AB trong dién cuc cac dinh 6xy hoa - khu cua dién cyc
Fe,0,/AB xuat hién rd rang, cuong do dong 6xy hoa - khir tai cac
dlnh 10'n hon nhiéu so véi dién cuc Fe O, (hinh 3). Khi phép do CV
duoc thyc hién theo chidu 6xy hoa - khu trén dién cyc Fe,0,/AB
(hinh 4), cac dinh 6xy hoa cua Fe/Fe(Il) (a) va Fe(H)/Fe(IH)(a )
xuat hién ¢ dién thé khoang -0,95 va -0,7 V, trong khi cac dinh khir
tuong (mg Fe(IlI)/Fe(Il)(c,) va Fe(Il)/Fe(c ) quan sat duge ¢ dién
thé khoang -1,1 va -1,2 V. Tuong tuy nhu dlen cuc Fe,O,, dinh 6xy
hoa nho a; cua cap Fe/Fe(l) tao thanh [Fe(OH)] xuat hlen o dién
thé khoang 1,1 V va dinh sinh khi H, xuat hién ¢ dién thé khoang
-1,3 V nhung n6 che phii mot phin dlnh khu ¢,. Khi c6 mit AB
trong dién cuc, cdp dinh a/c, cao hon nhiéu so V0’1 cap dinh a /cl,
ching té phan tmg 6xy hoa - khir dién ra tai a,/c, bao gom ca 2 cdp
Fe/Fe(Il) va Fe(IT)/Fe(IIT). Két qua nay chung to viée st dung AB
nhu mot chét phu gia dién cyc ngoai viéc lam ting do dan dién cia
dién cyc con gitp ting toe do phan ng oxy hoa - khu, cai thién
kha néng chu trinh hoa cta Fe O,

Khi tang sé chu ky quét 1én thi dong dxy hda - khu tang 1én.
So sanh véi mau Fe,0,khong co AB (hinh 3) ta thdy céc dinh cua
mau Fe,0,/AB (h1nh 4) sac nhon hon, cuong d§ dong 16n hon.
bac blet cudng do dong dién cua cdp dinh Fe(Il)/Fe(Ill) (a,/c,)
16n hon nhiéu cip dinh Fe/Fe(II)(a,/c,), chimg t6 cap dinh (a,/c))
bao gdm ca 2 phan tmg Fe/Fe(Il) va Fe(II)/F e(Ill). bo 1a do khi
16p thy dong Fe(OH), dugc hinh thanh tai dinh a, s¢ lam tang qua
thé clia cap phan tmg Fe/Fe(Il) dan dén phan ung Fe/Fe(II) tiép
theo s& dién ra tai dinh a,. Hon nita, su c6 mdt cua AB ciing lam
tang qua thé phan (g s1nh khi H, thé hién bang viéc dinh sinh khi
H, xuat hién & dién thé 4m hon (- 1 ,3V), do vay ta co thé quan sat
thay mot phan dinh khur Fe(II)/Fe(c,). Két qua nay da khang dinh
anh hudng tich cyc cua AB trong dlen cuc composit Fe,O,/AB
va viée sir dung AB lam chat phu gia dién cuc Fe O, la hoan toan

o4
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phu hop. Pang chu y khi Idp lai cac vong quét, cac dinh 6xy hoa
bi dich vé phia dién thé duong hon trong khi cac dinh kht bi dich
vé phia dién thé 4m hon, chimg t6 qué thé cua cic cip phan tng
Fe/Fe(Il) va Fe(I)/Fe(IlI) bi tang 1én khi AB c¢6 trong dién cuc.
Nhu véy, ngoai nhitng anh huéng tich cuc cua chit phu gia AB
nhu 1am ting d¢ dan dién, ting kha nang chu trinh hoa, tang hi¢u
suat phong nap ciia dién cuc composit Fe,0/AB, viéc st dung
chét phu gia AB ciing gdy ra nhiing anh huo’ng khong mong muon
cho dién cuc Fe,O,.

Cwong do dong dién (mA)

A4 <12 -1.0 0.8 -0.6 -04 -02 00
Dién thé (V) theo Hg/HgO

Hinh 5. B&c trwng CV cua dién cwe Fe, 0, /AB (Fe,0,:AB:PTFE 12 70:20:10%)
trong dung dich dién ly KOH. 1, 2, 3, 4, 5: s6 vong quét.

Khi ting ham Iugng Fe,O, va giam ham lugng phy gia AB
véi ty 1¢ Fe,O,:AB:PTFE la 70 20:10% trong dién cyc (hinh 5) ta
thay dang dleu duong CV cua mau Fe,0,/AB khong thay ddi. Cac
cdp dinh Oxy hoa - khir cua mau Fe O /AB v6i Fe O,:AB:PTFE la
70:20:10% (hinh 5) van xuét hién ¢ 0 cac khoang the tuorng ng voi
mau Fe,O,:AB:PTFE la 45:45:10% (hinh 4). Dong di¢n van téng
Ién khi 1ap lai cac vong quét. Dung lugng phong cua 2 dién cuc
nay dugc tinh toan tir két qua do CV & hinh 4 va 5 dugc thé hién
& hinh 6. Két qué cho thy, dung lugng phéng ctia dién cuc Fe,O,
70% (AB 20%) thap hon dung lugng phéng cua dién cuc Fe O

45% (AB 45%). Nhu vdy, viéc giam ham lugng chit phu g1a Va
tang ham luong chat hoat dong dién cyc da lam suy giam kha nang
chu trinh héa cua sit nén ham lugng Fe,O, phu hop trong dién cue
Fe,0,/AB 1a 45%.
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Chu ky phong nap

Hinh 6. Dung lwong phéng cia dién cwe composit Fe,0,/AB véi ty Ié
Fe,O, va AB khéc nhau trong dung dich di¢n ly KOH.

Cac két qua do CV da cho thiy vai trd quan trong cua chét phu
gia carbon AB trong dién cuc Fe,O /AB. AB thuong dugc dung
lam chat phy gia dién cuc trong pin sac lai do dac trung ndi troi
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ctia n6 nhu kich thude hat nho, dién tich bé mat 16n, do dan dién
cao. Ngoai ra, d6i voi dién cuc sit AB con 12 moi truong hd trg
cho viéc phén tin cdc manh sit dugc hinh thanh trong qua trinh
phong - nap do co ché két tiia - hoa tan cua phan tmg Fe/Fe(Il)
gitip ting dién tich bé mat hoat dong cua sit dan dén ting toc do
phan tng 6xy hoa - khu cua dién cuc Fe,O,/AB. Mt khac, déc
trung dién hoa cua dién cuc Fe,O /AB ciing phu thugc vao ham
lugng cua cac thanh phan cau thanh dién cuc. Qua cac ket qua do
CV cho thiy, trong diéu kién thi nghiém nay thanh phan t6i wu ciia
Fe 0, trong di¢n cuc Fe,0,/AB 1a 45%. Do vay, chung t6i str dung
dlen cuc voi thanh phan Fe O,:AB:PTFE la 45:45:10% cho cac
nghién ciru tiép theo.

3.4. Anh hwéng ciia chit phu gia K S dén dic trung di¢n héa
ciia dién cyc Fe,0,/AB

Anh hudng cta chat phy gia K,S trong dung dich dién ly dén
dac trung dién hoa cua dién cuc sat duogc thuc hién qua phép
do CV trén miu Fe,O,/AB véi thanh phan Fe,O0,:AB:PTFE la
45:45:10%, két qua duoc thé hién ¢ hinh 7.
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Hinh 7. B3c trwng CV cua dién cwc Fe,0,/AB (Fe,0,:AB:PTFE 13 45:45:10%)
trong dung dich dién ly KOH +K,S. 1,2, 3, 4, 5 s6 vong quét.

Su c6 mit cua chat phy gia K.S trong dung dich dién ly KOH
gitip cho céac dinh 6xy hoa - khit ctia dién cuc composit Fe,O,/AB
(hinh 7) quan sat dugc rd nét hon, cao hon, rong hon so vai dién
cuc Fe,0,/AB do trong dung dich dién ly KOH (hinh 5). Diéu nay
chimg to toc do phan ng 6xy hda - khu cua cic cdp phdn ung
0xy hoa - khtt a /c, va a,/c, dugc cdi thign rd rét. Dac bigt, dinh
oxy hoa a, cao hon so voi dmh a,, nhung dinh khtr Fe(II)/Fe(c,)
gan nhu b1 che phu hoan toan bai dmh sinh khi H,. Nguyén nhan
cta hién tuong nay co thé do qua thé cua cip phan g Fe(H)/Fe
bi tdng lén khi c6 mat K.S trong dung dich di¢n ly dan dén viéc
khong quan sat dugc dmh khtr ¢ . Sy khac nhau dé dang nhan
thay giira hai két qua CV nay 1a cuong do dong oxy hoa - khir
cua dién cyc composit Fe,0,/AB do trong dung dich KOH + K,S
16n hon nhiéu khi do trong KOH va tang lén theo s6 vong quet
Diéu d6 chimg to téc do phan tmg 6xy hoa - khir ctia cac cap Fe/
Fe(II), Fe(Il)/Fe(Ill) dugc tang 1én khi str dung K.S lam cht phu
gia trong dung dich dién ly. Két qua nay ciing duoc nhom nghién
ctru phat hién khi thyc hién trén dién cyc Fe,0,/C [16]. Giai thich
cho hién twong ndy, cac nha nghién clru cho rang, cic ion S* dugc
két hop vao mang oxit sit, tuong tac voi Fe(I), Fe(Il) hodc Fe(I1I)
trong 16p mang oxit dé kich thich sy phan hity ciia sit va lam tang
d6 dan dién ctia dién cuc, do d6 cai thién kha ning chu trinh hoa
cua sit. Dé thay rd duoc vai trd quan trong cua K.S, dung lugng



phong cua dién cuc composit Fe,O,/AB trong dung dich dién ly
co ban KOH va dung dich dién 1y chua chét phu gia K,S duoc
tinh toan tir két qua phép do CV (hinh 4 va 7), két qua du’oc thé
hién ¢ hinh 8. Khi sir dung chat phy gia K.S trong dung dich di¢n
ly, dung luong phong cua dién cuc Fe O, /AB 16n hon nhiéu dung
luong phong cua dién cyc thu duge trong chat di¢n ly co ban KOH
8 M. O nhiing chuky dau, dung luong phong cua dién cuc Fe,0,/
AB tang theo s chu ky phong - nap. Diéu nay khang dinh, K, S co
anh huong tich cuc dén kha nang chu trinh hoa ciia Fe O, cling nhu
cai thién téc do phan tmg oxy - khir ciia Fe/Fe(II), Fe(IT)/Fe(III).
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Chu ky phéng nap

Hinh 8. Dung lwgng phéng cua dig¢n cwc composit Fe,0,/AB trong dung
dich dién ly KOH va KOH+K.S.

Tuy nhién, khi s6 chu ky quét tang 1én, cuong do dong dién
thuong ¢6 xu huéng giam di. Ban dau khi K.,S dugc dua vao trong
dung dich dién ly, 16p thy dong Fe(OH), méi hinh thanh con rét
mong, toc do phan tng cua cdp Fe/Fe(IT), Fe(IT)/Fe(Il) dugc ting
1én do cac ion S* tuong tac v6i Fe(l), Fe(ll) hodc Fe(Ill) kich
thich sy phan hity cta sét. Khi sé vong quét tang 1én, lop thu dong
Fe(OH), day hon nén sy thu dong lai chiém wu thé, 14n at sy phan
hity ctia sit do tac dong cua K,S dan dén cuong do dong 6xy hoa
- khr lai bi glam di. Dé ¢ thé v ung dung lam vat liéu dién cuc cho
pin dién cuc sat dung cho xe dién, cac nghién ctru sdu hon can thuc
hién dé cai thién hon nita dung luong phong ciing nhu kha ning
duy tri dung lugng cua dién cyc Fe,O, /AB.

4. Két luan

Dién cuc Fe,0, va Fe,0,/AB da dugc ché tao bang phuong
phép nghién tron su dung vat ligu Fe,O, lam chét hoat dong dién
hoa va carbon AB lam chét phy gia dlen cuc. Phép do CV cua dién
cuc Fe,0,va Fe,0,/C trong dung dich dién ly co ban va dung dich
dién ly chu’a chat phu gia d4 khang dinh vai trd quan trong clia cc
chit phu gla Sy ¢6 mat cta carbon trong dién cyc mot mat lam
tang d6 dan dién cua dién cuc Fe,0,/AB, mat khac lam tang dién
tich bé mt hoat dong cua sat, do do lam tang toc do phan ting oxy
hoa - khir ctia céc cap phan Gng Fe/Fe(II) va Fe(IT)/Fe(III). Chat
phu gia K,S trong dung dich dién ly cling anh huong tich cuc dén
kha nang chu trinh hoa cta Fe,O, nhu lam tang téc do phan tng
cua cac cap Fe/Fe(Il), Fe(II)/Fe(IH) giam lugng H, sinh ra, ting
dung lugng phong cua dién cuc Fe,0,/AB. Tuy nhlen K.,S cling
lam ting qua thé cua cac cip phan tng 0xy hoa - khir F e/F e(1D),
Fe(IT)/Fe(I1I) lam cho dinh khtr Fe(IT)/Fe bi che phu boi phan ung
sinh khi H,. Dac trung dién hoa cua dién cyc Fe,O /AB con phu
thudc vao ham lwong cua cac thanh phan céu thanh dlen cuc. Ham
luong tdi da ciia Fe,0, trong di¢n cuc Fe,0,/AB co thé ting 1én
dén 70%. Vi vise nghlen ctru mot cach he thong dé cai thién hon
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nira dung lugng phong cling nhu sy duy tri dung luong, vat li¢u
Fe,0,/AB rét co tiém nang (mg dung lam dién cyc am trong céc
pin dlen cuc sat.

Nghién ctru nay dugc tai trg boi Pai hoc Bach khoa Ha Noi
thong qua dé tai ma so T2022-PC-089. Céc tac gia xin tran trong
cam on.
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Panh gia vong doi hé thong quan Iy chat thai ran sinh hoat
tai TP Ho Chi Minh

L& Phwgng Giang", Trinh Hiru Hai
Trurong Cao ding Giao thong Van tdi Trung wong VI, 189 Kinh Duong Vieong, phuong 12, qudn 6, TP Ho Chi Minh, Viét Nam
Ngay nhan bai 23/6/2022; ngay chuyén phan bién 27/6/2022; ngay nhan phan bi¢n 19/7/2022; ngay chép nhén dang 22/7/2022
Tom tit:

Danh gid vong doi (Life cycle assessment - LCA) 1a mgt phwong phap luén dwgc sir dung dé danh gia tac dong moi truong cia hé
thong quén ly chét thai ran sinh hoat (CTRSH). Trong bai bao nay, cic tic gia 4p dung phwong phap LCA dé nghién ctru tim ra giai
phép tot nhit cho hé théng quan Iy CTRSH tai TP H6 Chi Minh dwoc hd tro béi phan mém GaBi. Két qua LCA tir 3 kich ban: dbt rac
phat dién, 1am phan compost va chon lap cho thay anh hwéng cia chiing dbi voi tiém nang nong lén toan céu, axit héa, phu dudng va
tao 6z0n quang hoa. Két qua tdng thé chi ra ring, kich ban dbt rac phat dién va 1am phan compost cé tinh canh tranh. Dét rac phat
dién than thién mdi tredmg cé tong tic dong mdi trwdmg 12 62% va chi bang 1/4 so véi chdn lap. Kich ban 1am phén compost trong nha
may xir Iy co' hoc sinh hoc cho két qué hira hen véi tong tac ddng mdi trwomg 13 81%, con chon lap 12 kich ban giy 6 nhiém nhat véi tong
tiém ning tic dgng mdi trudng l1a 257%. Trong nghién ctru nay, cic kich ban chi dwgc diéu tra theo quan diém méi trwomg; doi véi cac
tac dong kinh té va xa hdi ciia viéc quan 1y chét thai rin, cAn phai xem xét cic cong cu ra quyét dinh khac.
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Abstract:

Life cycle assessment (LCA) is a methodology used to evaluate the environmental impacts of municipal solid waste
management (MSWM) systems. In this article, the authors apply the LCA method to investigate the best solution for
the MSWM system in Ho Chi Minh city, supported by GaBi software. The LCA results from three scenarios of waste-to-
energy, composting, and landfilling reveal their effects on global warming potential, acidification potential, eutrophication
potential, and photochemical ozone creation potential. Overall, the results indicate that waste-to-energy and composting
scenarios are competitive options. Waste-to-energy is environmentally friendly with a total environmental impact of 62%,
which is only a quarter of the impact of landfilling. The composting scenario in the mechanical-biological treatment plant
shows promising results of 81% reduction in environmental impact, while landfilling is the most polluting scenario with
a total environmental impact potential of 257%. In this study, the scenarios are only investigated from an environmental
perspective, for the economic and social impacts of waste management, other decision-making tools should be considered.

Keywords: environmental impact, life cycle assessment, municipal solid waste.

Classification number: 2.7

1. Dat van dé chat thai rin phat sinh phai dugc quan 1y theo hudng coi 14 tai

: Sl o nguyén, dugc phan loai, thu gom phu hop vdi cong nghé xir 1y
Trong nhiing thép ky qua, quan 1y chat thai ran da tré thanh gy P R & ) p . Op . gng N Y
s i, . R L. .z duogc lya chon; khuyén khich xtr 1y chat thai thanh nguyén liéu,
mdt linh vue nghién ciru quan trong trén toan thé gidi, chu yéu o . T Lo T
. S h e A . L n & x nhién li¢u, cac san pham than thién moéi truong, xtr 1y chat thai
la do n6 c6 nhiéu lién két voi cac chu dé rat quan trong hién nay , ) N P .
N X NN Ae o . , két hop vai thu hoi nang lugng, tiet kiém dat dai.
nhu 6 nhiém moéi truong, thu hoi nang lwong va strc khoe con

ngudi. Chién luoc qudc gia vé quan 1y tong hop chét thai rin Bét ky hé théng quan 1y chat thai nao ciing dugc xy dung
dén nam 2025, tam nhin dén nam 2050 [1] d4 néu rd quan diém  tir nhiéu quy trinh c¢6 lién quan v&i nhau (chon lap, 1am phan, tai

*Tac gia lién hé: Email: lephgiang@gmail.com
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ché, dbt rac...) duogc tich hop v6i nhau [2-4]. Theo S. Manfredi
va cs (2011) [5], cac van dé quan trong trong quan 1y chat thai
la xac dinh cac cong nghé t5t nhat hién c6 va cac lua chon xir
1y t&t nhat cho cac phan rac thai riéng 1¢ nhu: gidy, thiy tinh,
nhua, kim loai va rac thai sinh hoc. Cac chinh sach ctia chau
Au khuyén nghi ring, muc tiéu dau tién cia bat ky chinh sach
quan 1y chat thai nao phai 1a giam thiéu cac tac dong tiéu cuc
clia viée phat sinh va quan 1y chét thai di véi sirc khoe con
ngudi va mdi truong [6]. Bé du doan va so sanh cac tac dong
moi trudng cua cac hé théng quan 1y chat thai, phuong phap
LCA thuong duogc ap dung [7]. Cac md hinh LCA da dugc mot
s6 nha nghién ciru p dung dé danh gia higu suat moi truong
ctia hé thong quan 1y chét thai nhu mot phwong phap nghién
ctru cac khia canh moi truong va cac tac dong tiém an cua mot
san pham [8-11].

TP H6 Chi Minh 1a mot d6 thi dic biét, 1a trung tim vé
kinh té, van hoa, giao duc dao tao, khoa hoc va cong ngh¢ cta
ca nude. Tde do phat trién kinh té, qua trinh cong nghiép héa
va d6 thi hoa dién ra rat nhanh, dan sé cao nhét nudce [12]. Tai
dia ban nghién ctru, 69% lwong CTRSH dugc xtr 1y bang cong
nghé chon 1§p hop vé sinh, 20% dugc st dung dé ché bién
compost, 11% ap dung cong ngh¢ ddt [13]; hién tai trién khai
phan loai rac tai ngudn, tuy nhién chua c6 chuyén bién o rét,
da s6 nguoi dan van d6 1an 16n cac loai rac [14]. Thanh phé da
dé xuat quy hoach céc co so xir Iy CTRSH véi cong nghé tién
tién, hién dai, han ché chon lap dé tiét kiém tai nguyén dat, thu
ho6i duoc ning lugng, sinh khdi, giam phat thai khi nha kinh
trong qua trinh xir Iy nhim hudéng téi muc tiéu dén nim 2050,
ty 1& chon 14p sau xir Iy khong qua 10% [15]. Trén co s¢ phan
tich hién trang quan Iy CTRSH tai TP Ho Chi Minh, nghién
ctru lwa chon, dé xuit 3 kich ban va sir dung mé hinh LCA dé
danh gia tac dong moi truong nham xac dinh dau 1a hé thong
quan 1y chat thai rén bén viing.

2. Phuong phap nghién ciiu
2.1. LCA ciia quan Iy CTRSH

Nghién ciru nay st dung LCA dé udc tinh tiém ning tac
dong moi truong tiém 4n lién quan dén tt ca cac giai doan
quan Iy CTRSH. LCA 1a mot phuong phap luan phu hop dé
danh gia kha nang giam thiéu tic dong moéi trudng trong quan
ly chét thai. Pay 1a mot cong cu phan tich hé thong hién dang
dugc sir dung & nhiéu qudc gia dé danh gia tac dong cua cac
giai phap thay thé quan Iy CTRSH tong hop khac nhau [14].

Phuong phap LCA duoc st dung trong nghién clru nay
theo tiéu chuin qudc gia TCVN ISO 14040:2009 va ISO
14044:2011 vé quan 1y moi truong va LCA san pham [16].
Theo ISO 14044:2011, LCA tuén theo 4 budc: (1) Xac dinh
pham vi va muc tiéu; (2) Kiém ké vong doi (LCI); (3) Banh
gia tac dong vong doi (LCIA); (4) Dién giai két qua (hinh 1).
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Hinh 1. Cac bwérc trong LCA theo 1ISO 14040:2009 va 14044:2011.
2.2. Ranh giéi hé thong

LCA duya trén cac dong vat chat va nang lugng di qua ranh
gidi hé théng, do d6 viée xac dinh mot hé thong thuc té 1 hoan
toan can thiét [15]. Nghién ctru nay phan tich hé thong quan 1y
CTRSH tir gbc d vong doi, do d6 tit ca cac qua trinh lién quan
dén quan 1y chét thai rin déu dugc dwa vao va danh gia. So do
mb ta & hinh 2 trinh bay ranh giéi hé théng ddi véi 3 kich ban,
trong d6 duong chdm dam tao thanh ranh gidi hé théng; cac o
mau hdng biéu thi san pham thu dugc tir viéc quan 1y chét thai;
6 mau xanh 14 biéu thi phuong tién van chuyén; 6 mau vang
biéu thi co s& ha tﬁng, cac 6 mau xanh duong biéu thi chét can
ba dén cac bai chon 1ip. Puong mili tén mau cam biéu thi cho
kich ban 1, duong miii tén mau tim biéu thi cho kich ban 2,
dudng mili tén mau do biéu thi cho kich ban 3.

Kichban3

"

-
Tram X Iy sinh hoc 3
tung | C—
chuyén Kichban 2 Xir Iy co hoc -

*  sinh hoc

Kichban 1
L e e e e e e e e e e e e e e e e e = [
Hinh 2. So’ dé ranh gi®i hé théng xtr Iy CTRSH cho TP H6 Chi Minh.

2.3. Don vi chirc nang

Tinh toan cho mot tin CTRSH phét sinh khong phan loai
tai ngudn, co tinh dén thu gom, van chuyén dén nha may xu ly
(tﬁn sut thu gom, khoang cach, loai xe, nhién liéu, kich thudc
va khoi lugng thiét bi chira) ciing nhu dén giai doan cudi cliing
12 bai chon lap.



2.4. Xac dinh pham vi va muc tiéu

Theo tiéu chuin ISO 14040:2006, giai doan diu tién cua
LCA la xac dinh muyc ti€u va pham vi. Pham vi cia m6 hinh
nghién ctru bao gém CTRSH dugc thu gom, van chuyén, tién
xtr 1y cht thai (phén loai va tach, tic 13 4p dung cong nghé xir
ly sinh hoc co hoc - MBT)), xir Iy (thu hi réc tai ché, RDF, dbt
rac, 0 phan) va chon lap.

2.5. Thiét ké kich bdn

Céac kich ban s€ gitp danh gia va so sanh tiém nang cua cac
phuong an quan 1y chét thai khac nhau. N ghién ciru nay dé xudt
3 kich ban xem x¢ét viéc quan 1y CTRSH hién tai c6 thé duoc str
dung & TP H6 Chi Minh.

Kich ban 1: Kich ban nay dua trén tinh hinh quan ly
CTRSH hién nay 6 TP Hd Chi Minh, 69% lugng CTRSH dugc
xtr 1y bang chon 1dp chua dugc phéan loai tai ngudn, tai ché
va thu hoi vat liéu van dang tu phat. Thanh phd di trién khai
phén loai rac tai nguén, tuy nhién chua c6 chuyén bién 13 rét,
da sb ngudi dan vin d6 13n 16n céc loai rac. Bai chon léip cO XU
ly nude ri rac nhung khong thu khi do cac bai chon lp trong
khu vuc nghién ctru 1a bai 1§ thién khong c6 bo phén thu gom
khi. Trong kich ban nay, don vi thu gom réc tai cac thung chtra
khong phan loai, tram trung chuyén da duoc str dung dé luu trir
va chuyén chét thai dén bai chon lap.

Kich ban 2: Thanh phd dé xuat quy hoach cac co s xir ly
CTRSH véi cong nghé tién tién, hién dai, han ché chén lép dé
tiét kiém tai nguyén dét, thu hdi duoc ning luong, tan dung rac
hitu co lam phan compost, giam phat thai khi nha kinh trong
qué trinh xir 1y nhdm hudng t6i muc tiéu dén nam 2050, ty
1¢ chon ldp sau xtr 1y khong qua 10%. Trong kich ban nay,
CTRSH dugc dua dén nha may xtr Iy MBT dé phan loai tai ché
(kim loai va thuy tinh), rac hitu co lam phan compost, dién.

Kich ban 3: Chién lugc qudc gia vé quan 1y tong hop chat
thai ran dén nam 2025, tim nhin dén nam 2050 (ciing la dé xut
quy hoach chét thai ran ctia TP H6 Chi Minh) di néu 1 quan
diém chét thai rin phat sinh phai dugc quan 1y theo huéng coi
la tai nguyén, dugc phan loai, thu gom phu hop vdi cong nghé
xur ly duoc lua chon, cac san phém than thién mdi truong, xur
1y chat thai két hop voi thu hdi nang luong, tiét kiém dat dai.
Trong kich ban nay, CTRSH dugc van chuyén truc tiép dén 1o
d6t dé dbt thu hoi nang lugng co sy kiém soat khi thai. Nguyén
lidu tho co thé 1a chat thai hdn hop hodc dang vién RDF.

2.6. Kiém ké vong doi

Kiém ké vong doi dya trén muc tiéu va pham vi cta céc chi
tiét & hinh 2 dugc chuén bi va 1ap mo hinh véi sy tro gitip cia
phan mém GaBi. Dit liéu dau vao va dau ra cho mé hinh chén
lap, xtr 1y sinh hoc co hoc (MBT), d6t rac phat dién duoc st
dung tir phén mém Gabi, tai li¢u trong va ngoai nudc dugec mod
ta o bang 1.
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Bang 1. Téng hop dau vao va dau ra dé xdv ly moét tan CTRSH cho
3 kich ban.

Kich ban
Chén lip MBT Dit ric phit dién

Piu vio
CTRSH: 1 tén
bién (kWh) 665° 44,88 70"
Dién dé san xuat phan bon (kWh) . 50¢
Diu diesel xir Iy 1 tan rac (1) 1,36 0,6
Diu diesel xe tai (1) 1,62
Nhiét nang (MJ) 2 - 293
Déu boi tron, dau nhon (1) . 0,12¢
Khong khi 4m (kg) 7012¢
Nude (kg) : 2 39,29¢
X ly nude (kg) - - 464"
Pi voi (kg) : - i
NH, (kg) . - e
NaOH (kg) - - 9h
Than hoat tinh (kg) - - 0,85"
Plura
Khi thai vao khong khi
€0, (kg) 2 - 5710
HCl (g) 6 5 6"
HF (g) 10 208 03"
HS () 18
CH, (g) 49.726,7¢ 6
NH, . 1,3¢
Nox (g) 419 200¢
N0 (g) 2 - 100°
80, (g) 328 - 6"
CO () 23,6
VOC (céc hop chat hiru co dé bay hoi) - 800
Phat théi vao nudc (mg/kg)

Hg 1,4¢

Cd 0,06

Fe 35,1¢

Mg 1,6

7n 1,33¢
Phuc hdi ning leong
Tong dién (kWhyt) 2 2 5200
Téng nang lugng nhiét (MJ/t) 2029
Dién rong (kWh) 50-44.8=52  520-70=450

Nang luong nhiét rong (MJ) 2029-293=1736

Ngudn: 2 M.R. Mendes va cs (2004) [17]; ®: H.T. Trung va cs (2004) [18]; ©: uwéc
lwgng khi métan cho TP H Chi Minh (tac gia tinh dwa vao cong thirc IPCC); ¢
N.T. Phuong (2016) [19], &: phan mém Gabi; %: A.L.L. Pires (2010) [20]; " danh
gia tac dong méi trudng Nha may dét rac phat dién Tam Sinh Nghia [21].
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2.7. Danh gia tac dong vong doi it e o -0 e °
. . OO XDO8 @ HPODBNORO? = a
Giai doan thtr ba 1a danh gia tac dong. Pau vao va dau ra  'u o=~ l=== mm;sg;h,mx Smpenine | e
g . . C s ana N s s anA :A Xt . M
trude tién dugc gan cho cac loai tac dong va cac tac dong tieém o e
an cua chiing dugc dinh lugng theo cac yéu to dac trung. Trong ' ‘ [T e =
nghién ctru ndy, cac tac gia lua chon 4 loai hinh tic dong dé BEdm w2 sy
danh gia d6 la: Tiém nang nong Ién toan cau (Global warming e e e
3 s
otential - GWP), gia tri duong lugng: kg CO, eq; Tiém nan e e i -
potential - GWP), gid tri dwong luong: kg CO, eq; g [iges s =
axit hoa (Acidification potential - AP), gia tri duong luong: kg
SO, eq; Tiém nang phu dudng (Eutrophication potential - EP), el % nsinan ———
.y . A - A A 1 thing Sk ticmitpkin
gia tri duwong luong: kg PO, eq; Tiém nang tao 6zOn quang e

hoa (Photochemical ozone formation potential - POCP), gia tri [« R
duong luong: kg C H..

i mEE G PO ®nc e

Hinh 5. Kich ban dét rac phat dién theo GaBi (dong chay).

3. Két qua va ban luan Két qua md phong da cung cap su hiéu biét tt hon vé cac khia

3.1. Két qud kiém ké vong doi cho 3 kich bdn canh mdi trudng clia cac kich ban duge xem xét. Tir dit liéu nguon
bang 1 dugc thyc hién bang phan mém GaBi s& cho ra céc dit liéu

Cacke hoac.h va dong .Chay khi kl?m.ke vong doi cia Gabi inp to4n tidm ning tac dong moi truong duge tom tit & bang 2.
da dugc thuc hién cho 3 kich duoc theé hién ¢ hinh 3-5. . o o L o
Bang 2. Tac dong méi trwong doi véi cac kich ban chon lap, nha may

MBT, dét rac phat dién.

1 (CALUAN AN <Recyts [Plans) - OB Plans. - 0 X
Object Edt View Help
olulFqe) [u: B[0P AD|Plian o | k! Kich bén Choa lp Nhamdy Dot rdc phat
Hane. hovor | ENUEEER “‘E“’““‘f"ﬁ“’m‘;‘f’“‘““ serce [Recrang . n
Landiieg o - Tibm ning téc dfog MBT dign
The names of the basic processes are shown. IT: Household <uso>  33EE" o
ki il AP (kg SO, eq) 0,087 0,054 1,89E-10
EU-15: Diesel E-2 JTEO_DEM
Tl S et AT GWP,,, (kg CO, eq) 890 19,94 85,77
e svemsia I“‘mv EP (kg PO, eq) 0,729 0,348 0,565
g Quykh m divin s8.158ka
b ki e N - M POCP (kg C H, eq) 0,657 0213 0,192
““’”"?:"mm: = Két qua bang 2 cho thiy, qua trinh chon 14p c6 890 kg CO
M kil Erey eq/t chat thai dong gop cao nhat vao tiém nang néng 1én toan cau
. trong tat ca cac kich ban (hinh 6). Diéu nay 1a do cac khi nha
sohold waste: AT. DE.IT. LU, 0*8  Enorgy s> 3

= CH) ELCD/PE GaBi <p-ag0>

kinh duoc tao ra chu yéu la CO,, CH,, N,O va duoc giai phong
T hoan toan ma khong qua bét ky hinh thirc xir Iy nao nhu ddt chay

£ e hertosarch EEELTTE0 : hay thu giit, n6 dang xay ra & hau hét cac bi chon lap & TP Ho
Chi Minh. Céc chét axit hitu co, nito, cac hop chét amon & bai
chén lap ciing cao hon so v6i phuong phép 1am phéan bon va dot

Hinh 3. Kich ban bai chén Iap theo GaBi (dong chay).

ol CALIANAN o i - 09 -0 ox mac du da xur ly nudc ri rac, diéu nay co the tir sy ro ri khong
Object Edt View Help A ) I r 5 ’ , - r r s 10 \ A
B ADBE - HPODBK QO ? § thé tranh khoi do nuocNCha}{ qué muc hodc 16p 16t bi hong va do
o B casieasiine | [ atsmprenionay | s chua cua nudc ri rac dan dén viéc gidi phong cac chat lam giau
v o ron gy e dn S — . ~ <A = . ~ N XA 5 . .o
B dinh dudng. Tiém nang néng 1én toan cau tir nha may MBT giam
R — vt M nhicu (19,94 kg CO, eq/t chat thai).
o - EU1S Dinsel ¢
ELCDAPE Gae
. 82w
EU-15: Diosel & R o TG0 Truck PE cosss .:'.—J I‘final planforlandfilling » I
ELCOPEGa e
[ ™ GWP el

. T ok .

' Er Ao ooy e s

chuin ow ‘

Bednui T Bl g :
e B
tho v iy MBT ELCOPE Gabe cpapp l
2nx
i T )
szn:n-m i chomithogtdivg Computusa
Rt sk Y

Hinh 4. Kich ban nha may MBT theo GaBi (dong nang lwong). Hinh 6. Déng gop téng GWP, béng qua trinh chén lap.
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3.2. Tiém ning axit héa cho 3 kich bin Két qua hinh 9 cho thdy, sy dong gop cuia cac kich ban dbi
v6i tiém ning phi dudng. Sy phu dudng lién quan dén tat ca
oona e nhiing tac dong dén moi truong, sinh thai va sie khoe cong
s N dong do su hién di¢én cua cac chat dinh dudng, bao gom chu
g 333‘0’ [ TR yéu 1a thanh phan nito va phét pho. Trong hinh, bii chén 1ap co
3‘“ IR IR R nhiéu tac dong dén sy phu dudng (0,729 kg PO , €q) hon so vai
Zom B dbt rac phat dién (0,565) va nha may MBT (0,348) 14 do nude

3333 I o L ri ¢6 nhiéu nito.

0,000 T 1

Chén I4p Nha may MBT 3.5. Tiem nang tao 6zon quang hoa cho 3 kich bdan
Hinh 7. Tiém nang axit héa cho 3 kich ban.
0,001 -
Két qua hinh 7 cho thay, kich ban chén 1ap c6 tac dong axit 0,001
hoa cao nhit 0,087 kg SO, twong duong. Hoat dong thu gom
va chon lap 1a nhitng cong doan ma lugng phat thai doi voi
tiém nang nay la nhiéu nhat (khoang 70%). Piéu nay 1a do co
su két hop xtr Iy nude ri rac trong moé hinh nghién ciru, trong
khi déng gép cua qua trinh dét rac 1a khong dang ké do viéc 0.000 9
) A A 3 ’ A 1Y A X 1tA 0,000
ap dung h¢ thong lam sach khi trong mé hinh (khong thé hién Chonlip  Nha miy MBT it
trong mo hinh).

0,001 -
0,000 -
0,000 -
0,000 -

POCP (kg C,H,) eq

3 . i . i . ; Hinh 10. Tiém nang tao 6z6n quang héa cho 3 kich ban.
3.3. Tiém ndng nong lén toan cau cho 3 kich ban . .
Két qua hinh 10 cho thay, tiém nang tao 6z6n quang hda

oo cho 3 kich ban nhan thy dbt co gia tri thap nhat (0,192 kg
800 - C,H, eq) va chon 1ap c6 gié tri cao nhat (0,657). Viéc ddt rac it
Zgg 1 ppét thai nhat d6i véi t?ic d(;)ng nay (’10 nhié‘E do cao va lam sach
500 | bang khi nén loai bo hau hét cac chat 6 nhiem. POCP cuia xu ly
:Eg ] co hoc sinh hoc 1a 0,213 kg C,H,, sO lrgng nho nay duoc ghi

nhan 1a két qua cua qua trinh dot chay dau diesel tir cac xe thu

gom vi thu gom 12 mdt phan cua quy trinh dwoc xem xét trong
nha mady MBT.

GWP, (kg CO, eq)

200 -
100 -

Chénldp Nha may MBT Dbt

Hinh 8. Tiém ning néng Ién toan cau cho 3 kich ban. 3.6. Tong tic dgng moi truong cho 3 kich ban

Két qua tir bang 2 tinh dugc ty 1& % tong tac dong moi

Két qua hinh 8 cho thay, xtr 1y chét thai rdn bang cong nghé
truong cho 3 kich ban (bang 3).

dbt rac phat dién va cong nghé xir Iy MBT da lam giam nhiéu
tac dong clia sy nong 1én toan cau so voi phuong phap chon  Bang 3. Téng tac déng méi trweng cho 3 kich ban.
lap. Bicu nay 1a do cong nghé xir Iy MBT c6 the dot chay hang

Nha may Dot ric

loat, phan loai va tich hiu hét cac thanh phin vé co va két hop KIEhbAN - chonip N Dbt ditn
cong nghé 1am sach khi thai trong hé thong. Lugng kg CO,eq  Tiém ning tac dong (%) (%) %)
dét giam 12 1an so vé6i chon lap. Do do, phat thai khi nha kinh "5 1050, eq) &2 38 0
LA ~ ~: A 1A 1A 1A N 3AL s SRR 2
cl‘lu }wleu’ tur nhitng bai chon lap 10 thién hon la dot rac phat dién GWP,, (kg CO, eq) %9 5 o
va xu ly MBT.
EP (kg PO, eq) 44 21 35
3.4. Tiem ndngphli dm?'ng cho 3 k!Ch bdn POCP (kg Csz eq) 62 20 18
Tong téc dong 257 81 62
0,001 + 0,729 ., ’
o 0001 Kich ban choén lap co6 tong tac dong moi truong cao nhat
g " (257%), do d6 khong duoc lya chon 1a gidi phap xir Iy CTRSH
E» gzg(‘) cho khu vyc nghién ctru. Tong tac dong dén moi trudong trong
5 0:000 | quz'} triqh u phan compost tir cong qghé MBT (81‘%3) duogc giam
0,000 thiéu bang 32% so vai viée chon lap. Dot rac co tong tac dong
0,000 moi truong (62%) chi bang 1/4 so voi chon lap. Dicu nay cang
0,000 - khang dinh mot lan nita giai phap xu ly CTRSH bang phuong

Chonlip  Nha may MBT Dot Y A v o1~ v s
o oy ’ phéap dot va lam phan compost 1a nhitng phuong an xtr 1y it tac

Hinh 9. Tiém niing pht dw®ng cho 3 kich ban. ddng dén moi truong nhat trong khu vuc nghién ciru.
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Két luan

Két qua LCA dé danh gia tac dong méi truong tir 3 kich
ban cho thay anh huong cua ching ddi véi tiém niang nong 1én
toan, tiém nang axit hoa, tiém ning phu dudng, tiém ning tao
6z6n quang hoa.

Két qua tong thé chi ra rang, kich ban dt va lam phan
compost 14 c6 tinh canh tranh, trong d6 kich ban ddt rac phat
dién co thé dugc coi 1a phuong phap xtr Iy canh tranh dé giam
khi nha kinh khi xem xét viéc thay thé nang lugng tir nhién lidu
hoa thach st dung nhiéu carbon. Viéc chéon 1ap khong dugc ua
thich va dugc cho 1a gdy 6 nhidm méi trudng nht.
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Anh hwéng ciia nong 3 Ce* 1én cau tric va tinh chat quang
cta vat liéu nano ZnO che tao bang phwong phap sol-gel
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Ngay nhan bai 16/6/2023; ngay chuyén phan bién 20/6/2023; ngay nhan phan bién 9/7/2023; ngay chap nhan dang 14/7/2023

Tém tiit:

Trong nghién ciru nay, vét li¢u nano ZnO pha tap Ce** (Zn, O: xCe’*) dugc ché tao thanh cong bang phuong phap sol-gel. Két qua phan
tich glan db nhiu xa tia X (XRD) va phd Raman cho thay, P ndng d9 pha tap 1%, ion Ce** da thay thé cho ion Zn?". Tuy nhién khi pha
tap & nong d9 16m hon (3 va 5%), bén canh sy thay thé c6 sw hinh thanh pha méi CeO, ngin can qua trinh Khuéch tan ion Ce** vio mang
nen. Quan sat anh hién vi dién tlr quét phat xa trlro’ng (FESEM) cho thay vt li¢u thu dugc c6 dang hat véi kich thudc c& vai chuc nano
mét. Phd tan sic ning lrgng tia X (EDS) va phd EDS mapping chi ra ring, vt liéu nano Zn_0:xCe* (x=1- -5) thu dwgrc co do sach cao
va nguyen to Ce phan b dong déu trong mau. Phé UV-Vis x4c nhin twong tac manh gllra lon Ce’* v6i mang nén ZnO din dén tang kha
ning hap thy 4nh sang trong viing nhin thy. Phd huynh quang (PL) ciia ZnO cho thiy ton tai 2 ving phat xa: phat xa trong vung tir
ngoai gan (NUV) xung quanh budc séng 389 nm c6 nguon goc tir qua trinh t4i hop giira cic dién tir ¢ ving dn v6i 1 trong ¢ ving héa
tri (tai hgp vung - vung: NBE); phat xa trong vung nhm thiy tai cwe dai 650 nm lién quan dén cac  trang thai sai héng nhu nut khuyet
oxy (V) hodc/va nit vj tri dién ké oxy (0). So véi miu ZnO, phd PL ciia miu Zn, O:xCe’* cho thdy phat xa ving nhin thiy xuét hi¢n
dinh méi tai budée song 580 nm lién quan dén chuyen mirc 3d — 4f ciia ion Ce*". Trong khi cwong do dinh 580 nm ting 1én thi cwong do
dinh 389 giam d4ng ké khi ndng d pha tap ting dan tir 1 dén 5%. Diéu nay cé nghia la Ce** di giy tre ché qua trinh t4i hgp NBE ciia

ZnO va do d6 né cé tiém niing lén trong linh vire quang xvic tac dwdi kich thich ciia anh sang nhin théy.

Tir khéa: hat nano ZnO/CeO,, hat nano Zn,_0:xCe*, huynh quang, pha tap Ce*".

Chi 6 phin logi: 2.9

1. M6 dau

Kém oxit (ZnO) dugce biét dén 1a chat ban din ving cim thing,
do rong vung cam 16n (~3,37 eV tai nhiét d§ phong), nang luong li¢u
két exciton cao (~60 meV), da dugc nghién ciu trong nhiéu tmg dung
khéc nhau nhu quang dién tir, cam bién, lwu trir ning luong, quang
xuc tac [1-5]. Trong linh vyc quang xuc tac, ZnO dang dugc cac nha
khoa hoc quan tam sau séc béi ddy 1a loai vt liéu c6 d6 bén nhiét cao,
d& ché tao, gia thanh ré va dac bi¢t 1a than thién v6i moi truong [1,
4, 5]. Véi ning lwong ving cam 16n, ZnO thuong cé hoat tinh quang
xtic tac dudi kich thich cta 4nh sang ving can tir ngoai (UV). Hon thé
nita, qu trinh tai hop giita dién tir kich thich va 13 trong ¢ ZnO 16n s&
dan dén hiéu qua phan hity cht mau chua cao [6]. Do d6, dé img dung
loai vat li¢u nay trong linh vuc quang xtic tdc dudi kich thich cta anh
sang nhin thiy, viéc nghién ctru dé dich chuyén bo hp thy ctia ZnO
tir UV vé ving 4nh sang nhin thiy, va dong thoi ngan chan qua trinh
tai hop cap dién tir - lo trong kich thich Ia hai vén dé thach thirc hién
nay. Dé giai quyét van dé nay, cac nghién ctru chi ra rang ¢6 thé lai
hoa ZnO véi cac chit ban dan do rong ving cAm hep hon (dlen hinh
nhu Fe,0 ) [7, 8] hodc pha tap véi cac ion kim loai chuyén tiép hay
klm 10a1 dat hiém [9, 10]. Khi ZnO dugc pha tap ion k1m loai chuyen
tiép hodc dat hiém sé tao ra cac muc ning luong méi nam gitra chat
ban dan ZnO, hoat dong nhu céc tam biy dién tir hodc bay 16 trdng.
Chinh c4c tim biy nay s& lam cho bd ving hap thu cta ZnO bi dich

*Tac gia lién hé: Email: hopdtb@utt.edu.vn
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chuyén vé vung anh sang nhin thdy, ngan chin qué trinh ti hop bo
ving va dan dén tang kha nang phén huy chat mau trong moi trudng
nuoc [10]. Trong s6 cac ion kim loai chuyén tiép va dat hiém, cac
nghién ciru chi ra ring, ion Cr** khi dugc pha tap vao cac mang nén
khéc nhau, hdp thu manh & hai ving 4nh sang tim - xanh duong xung
quanh budc song 380-450 nm va vung xanh 14 - d6 ¢ budc soéng 500-
600 nm [11], trong khi ion Ce** cho hap thy trong vung xanh duong
& bude song 400-450 nm [12]. Sw dich chuyén ving hép thu gdy boi
céc ion Cr*', Ce* ¢6 thé gy ra e ché tai hop cua cdc cap dién tur - 16
trong bd ving cia ZnO. Diéu nay s& dan dén ting cuong hoat tinh
quang xtc tac [13]. Dién hinh nhu vat liéu nano ZnO:1%Cr’* duoc
ché tao bing phuong phap sol-gel c6 thé ting cuong dang ké hiéu suat
phan hiy xanh methylen (MB) tir 59,8% (cho ZnO) 1én dén 93 5%
dudi kich thich ciia 4nh sang nhin thay [10]. Sy tang cudng hi¢u suat
phan hity d3 duoc 1y gidi la do Cr** 1am giam sur tai hop cap dién tir - 16
trong kich thich va dan dén kéo dai thoi gian tuong tac giita 16 trong
va chat mau. Mot nghién ctru khac cua S. Kalpana va cs (2018) [14]
da nghién ciru anh huong ctia ion Cr pha tap dén cau tric, tinh chat
quang va quang xuc tic cua ZnO. Céc tac gia st dung phuong phap
ddng két tia dé ché tao ZnO:Cr** va nghién ctru hoat tinh quang xuc
tac ctia nd dudi kich thich ciia tia UV. Két qua cho thay, hi¢u suat phan
hiiy MB cua vat liéu ZnO:Cr** dudi kich thich UV sau 5 gio 1a 92,5%
trong moi truong axit thip. Trong so sanh kha nang phan hiy RhB ctia
ZnO pha tap La, Ce, Pr va Nd, J.C.G. Crisostomo va cs (2021) [15]
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Abstract:

In this study, Ce*-doped ZnO nanomaterials (Zn,_O:xCe* NPs)
were synthesised using the sol-gel method. X-ray diffraction
(XRD) pattern and Raman spectra analysis showed that at 1%
doping concentration, Zn>* ions were replaced with Ce* ions in
the ZnO lattice. However, at higher concentrations (3 and 5%),
the CeO, phase was formed, preventing the diffusion process
of Ce* ions into the lattice. Field emission scanning electron
microscopy (FESEM) images showed that the obtained material
had a particle size of several tens of nanometers. X-ray energy
dispersive (EDS) spectroscopy and EDS mapping spectra revealed
that the synthesised Zn, O:xCe* NPs had high purity and the
Ce element was uniformly distributed in the sample. UV-Vis
spectroscopy confirmed the strong interaction between Ce** ions
and ZnO lattice, leading to increased light absorption in the visible
region. The photoluminescence (PL) spectrum of ZnO showed
two emission regions peaking at 389 and 650 nm, attributed to
band to band recombination and defect types of ZnO such as
oxygen vacancy (V) and/or oxygen interstitial (O), respectively.
In comparison with ZnO, the PL spectrum of Zn,_Ox:Ce* (x=1-5)
samples showed that the visible region emission appeared at new
peak at 580 nm originating to the 3d — 4f transition of Ce** ions.
As the doping concentration increased gradually from 1 to 5%,
the 580 nm peak intensity increased, and the 389 peak intensity
decreased significantly, indicating that Ce* ions inhibited the
NBE recombination process of ZnO. This study suggested that
Ce** doped ZnO NPs have a great potential for application in
visible-light photocatalysis.

Keywords:  Ce’*  doping, photoluminescence, ZnO/CeO,
nanoparticles, Zn, O:xCe* nanoparticles.
Classification number: 2.9
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da chimg minh rang, ZnO pha tap Ce ¢6 hiéu suét tt nhat (97,72%)
sau 90 phut chiéu sang UV. O mot nghién ctru khac, vat liéu nano t6
hop ZnO/Ce 0, co thé thu dugc hoat tinh quang xtc tac tot dudi anh
sang nhin thay [16].

Trong nghién ctru ndy, ching toi trinh bay phuong phap ché
tao cac hat nano ZnO pha tap Ce** bang phuong phap sol-gel. Anh
huong ciia ndng do pha tap Ce® 1én cdu tric tinh thé, hinh thai bé
mat, cac lién két, tinh chét quang vat li¢u nano ZnO dugc nghién cuu
théo ludn chi tiét. Mo hinh gidi thich co ché phat xa trong vat li¢u
Zn,_ O:x%Ce* da duge dé xuit.

2. Thuc nghiém
2.1. Héa chit

Cachoa chat st dung dé ché tao vat lidu nano ZnO va ZnO pha tap
Ce’ bao gom mudi kém nitrat (Zn(NO,),.6H,0, Xuat x{r Merck voi
do tinh khiét 99,0%); mudi cerium nitrat (Ce(NO ) xuét xtr Merck
v6i d6 tinh khiét 99,0%); Acid citric (CHO,, xuét xir Merck véi do
tinh khiét 99,5% va nude khir ion.

2.2. Quy trinh thuc nghi¢m

Quy trinh thuc nghiém ché tao an_KO:xCe” bing phuong phap
sol-gel dugc chi ra ¢ hinh 1. Quy trinh gdm ¢6 4 bugc chinh sau: Dau
tién la hoa tan 2,0748 g mu01 Zn(NO,),.6H,0 va khéi lrong Ce(NO,),
tinh toan ty 1& pha tap theo sé mol 1, 3 5% Ce trong 200 ml nudc cat
hai 14n. Thém luong 2,8 g CHO,va khudy tir & nhiét do phong. Sau
d6, khudy tir ¢6 gia nhiét tai 80°C v01 thoi gian 5 gio trong moi truong
khong khi dé thu duoc gel uét. Trong bude tiép theo, siy gel udt tai
150°C véi thoi gian 10 gioy trong moi truong khong khi dé thu duge
gel kho. Cubi cling 1a thiéu két gel kho tai 400°C v6i thoi gian 12 gio
trong moi truong khong khi thu duge vét liéu nano ZnO pha tap Ce**.
Chu y ring, vét liéu nano ZnO ciing duoc ché tao theo quy trinh ¢ hinh
| nhung khong c6 thanh phan mudi Ce(NO,),.

CH,0, =
\/ Gel wot Gol kiib
¢ Ce(NO,), c
:‘;“' Khudy ti Séy - e
80 °C, 5 gior 150 °C, 10 gio® : 2
Zn(NO,),.6H,0
Thiéu két 12°gi§
v
—————— - - =
| FESEM | ‘ I
XRD __Zno:ce” =3
l EDS/EDS mappmgl | a Ngh|én bang -
Raman | <co| ma nao
UV-Vis | | [ —
lPr_ J [ |

Hinh 1. Quy trinh ché tao vét liéu nano Zn,_O:xCe* bang phwong phap
sol-gel.

2.3. Cac phép phan tich

Céu triic ctia cac mau nghién ciru dugc xéc dinh thong qua XRD
st dung thiét bi D8 Advance, Bruker. Hinh thai bé mat va thanh phén
nguyén t6 hoa hoc cua cic miu duge quan sat bing FESEM dua trén
thiét bi tich hop FESEM-JEOL/JSM-7600F. Cac lién két ciia vat lidu
dugc xéc dinh bang pho tin xa Raman trén co s thiét bi Spectrum
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Two™ spectrometer (Perkin Elmer, My). Nghién ctru tinh chat quang
ctia vét liéu bang phé phan xa khuéch tan tir ngoai kha kién va PL st
dung thiét bi quang phd JASCO V-750 va Nanolog - Horiba Jobin
Yvon kich thich boi dén Xenon cong sudt 450 W. Tat ca cac phép do
déu dugc thyc hién ¢ nhiét do phong.

3. Ket qua va ban luan
3.1. Xac dinh cdu tric ciia vit liéu

XRD ctia miu ZnO va ZnO pha tap Ce* v6i cac ndng do khac
nhau tir 1 dén 5% mol duoc trinh bay ¢ hinh 2. Trén hinh 2A, nhém
nghién ciru thdy rang, gian dd XRD ciia mau ZnO (dwong mau den)
ton tai cac dinh nhidu xa tai goc 20=31,86, 34,51, 36,32, 47,60, 56,69,
62,94, 66,46, 68,05, va 69,02°, tuong tmg voi cac mit tinh thé (100),
(002), (101), (102), (110), (103), (200), (112) va (201) déc trung cho
vat liéu ZnO véi cdu tric hexagonal (theo thé chuan JCP DS No.
36-1451) [17, 18]. O ndng do pha tap thap, gian d6 XRD cua mau
Zn0:1%Ce** khong xuat hién bt cr pha la nio khéc so voi mau ZnO.
Tuy nhién, c6 3 sy khac biét trong gian d6 XRD ctia mau ZnO:1%Ce**
50 voi mau ZnO d6 1a: cuong do cac dinh nhidu xa giam manh; ban
d6 rong vach phé c6 xu hudng ting 1én va cé sw dich dinh nhiéu xa
vé phia géc 20 nho. Sy giam manh vé cuong do nhiéu xa va ban do
rong vach pho tang 1én c6 thé 1a lién quan dén giam kich thude tinh
thé ZnO [19]. Trong khi d6, su dich dinh nhidu xa co thé lién quan
dén sy pha tap ciia ion Ce** vao mang nén ZnO. Céc nghién cru trude
déy chi ra rang, khi ion pha tap c6 ban kinh 16n thay thé vao vi tri ion
bén kinh nho hon trong mang nén s& lam dinh nhiéu xa dich vé goc 20
nho. Nguogc lai, ion ban klnh nho thay thé vao vi tri ion ban kinh 1on
s& gay ra su dich dinh vé goc 26 16n hon. Trong truong hop ion pha
tap vao vi tri dién k& ciia céc 6 c0's0 ¢6 thé khong gay ra sy dich dinh
nhiéu xa [20]. Co thé thay rang, jon Ce* ¢6 ban kinh 1,03 A 16n hon
50 voi ion Zn?* 13 0,74 A [16]. Do do, sy dich dinh nhidu xa vé goc 20
nho trong truong hop nay 1a do ion Ce** thay thé vao vi tri cua ion Zn?*
trong mang nén ZnO [21].

A) (B)

(100)
(002)
(101)

1
c !

Cwong do (d.v.ty.)
Cwong do (d.v.t.y.)

I JCPDS No.36-1451 }
I | — |
20 30 40 50 60 70
Géc 20 (dd)

30 32 34 36 38
Géc 20 (d8)

Hinh 2. Gian d6 XRD cta miu ZnO va Zn, 0:x%Ce* (x=1-5) ché tao bang
phwong phap sol-gel.

Vi nong do Ce* pha tap 3 va 5%, chung t6i nhan thy, gian do
XRD thé hién 3 sy khéc biét sau ddy: thir nhat 1a xuét hién pha tinh
thé moi CeO, v6i dinh nhiéu xa tai goc 26=28,86°, tuong ung vai mat
tinh thé (11 1) [21]; thir hai la cuong do cac dinh nhiéu xa dic trung
cho vat liéu ZnO giam dan, trong khi ban d¢ rong vach pho tang din
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(hinh 2A); thr ba 14 vi tri dinh nhiéu xa (vi du dinh 101) bi léch manh
vé phla g6c 20 nho hon (hinh 2B). De g1a1 thlch su thay doi nay, ching
t6i tién hanh tinh toan céc thong s hang sé mang dua trén céc cong
thirc sau [1]:

sin(0) = 2 [£(h? + hk + k2) + £ | (1)

trong do: 0 1a goc nhiéu xa (radian); A 1a budc séng tia X (trong phép
do nay chiing toi st dung A=1,54 A); a, ¢ 1a hing s mang (A) va (h k
1) 14 cac chi s Miller. Tir cong thirc (1), chung toi ldy chi s6 Miller (h,
k, 1) trén 2 mit tinh thé (100) va (002), khi d6 cac hing s6 mang (a, c)
va thé tich 6 co s (V) duge xéc dinh bang cac cong thie (2), (3) va
(4). Kich thudc tinh thé trung binh (D) s€ dugc tinh todn dya vao cong
thitc Debye-Scherrer’s (5) [22, 23].

= ﬁ @)
_ A

sino 3)

V = 0866xa®xXc (4)

= Foss () 5)

V6i B 1a ban do rong vach phd nhiéu xa (radian) va K 1a hang
s Scherrer (¢ day K=0,9). Két qua tinh toan céc thong s6 mang (a,
¢), thé tich V va kich thudc tinh thé trung binh D ciia cac mau lan
lugt 1a ZnO (a=3,246 A, ¢=5,201 A, V=47,646 A3, D=27,13 nm),
Zn0:1%Ce* (a=3,251 A, ¢=5201 A, V=47,705 A*, D=19,44 nm),
Zn0:3%Ce* (2=3,251 A, ¢=5,213 A, V=47,734 A’, D=18,65 nm),
va Zn0:5%Ce** (a=3,251 A c=5 210A V=47,699 A*, D=19,44 nm).
Chung t6i théy rang, ty 18 hang s6 mang c/a~1,60 cho tit ca cic mau,
didu nay chung to cdu trac ZnO hinh thanh 1a dang haxagonal [17].
So v6i mau ZnO (D~27,13 nm), kich thu6c tinh thé trung binh D cia
ZnO pha tap Ce** giam manh (1%, D~19,44 nm). Cac nha khoa hoc
Iy giai khi Ce** thay thé cho Zn?* trong mang nén ZnO s& hinh thanh
cac trang thai 6xy trén bé mit va 1am giam qua trinh phét trién tinh thé
ZnO [19]. Piéu nay din dén kich thudc tinh thé giam xudng va mo
rong ban do rong vach phé. Nhom nghién ciru ctia T.K. Pathak va cs
(2020) [24] cho rang, khi pha tap Ce* & ndng dd cao s& hinh thanh céc
hat CeO, trén bé mit ctia ZnO va ngdn can sy phat trién tinh thé ZnO.
Trong khi do, L. Wang va cs (2017) [25] chi ra sy giam kich thudc tinh
thé ciia ZnO khi pha tap Ce & nong do cao la do c6 sy hinh thanh pha
m6i Ce(OH), trong mau.

So v6i miu ZnO, hing s6 mang a, ¢ cua tat ca cac mau ZnO:Ce**
déu ting, dan dén thé tich V ciing 16n hon. C6 thé thy ring, thé tich V
ting manh & nong do 1%, sau do tiép tuc ting nhe & 3% va giam nhe
tai 5%. Su tang manh thé tich V & nong d6 1% duoc 1y giai 1a do cac
ion Ce** thay thé cho ion Zn?*. Pén ndng do 3% thé tich V tiép tuc ting
nhe co thé vira xay ra sy thay thé cta ion Zn?* boi Ce** vira hinh thanh
céc hat CeO, trén bé mit ZnO. Nhu da bién luan phia trén, cac hat
CeO, s¢ ngan can qué trinh khuéch tan ion Ce** vao mang nén ZnO,
do do thé tich V ¢6 xu huéng giam khi tiép tuc ting nong do 1én 5%.
Tir cac két qua phén tich trén, ching toi ¢6 thé két luan ring, miu ZnO
pha tap ndng do thép 1%, Ce** da duoc thay thé Zn*, & ndng do cao
hon 3 va 5%, Ce** vira thay thé cho Zn?* va vira twong tac véi oxy dé
hinh thanh cac hat CeO, trén bé mat ZnO. Két qua nay ciing kha phu
hop voi nghién ciru ciia M.L.A. Letswalo va cs (2021) [26].
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3.2. Xdc dinh hinh thdi bé mdt va thanh phan nguyén té héa
hoc

Chung ta biét ring, viéc xac dinh hinh thai bé mat va cac tinh
chét cua vt liéu co ¥ nghia hét sttc quan trong trong dinh hudng
nghién ctru img dung cta ching. Do d6, chung t6i tién hanh do
anh FESEM cua mau ZnO, ZnO:x%Ce* (x=1, 3 va 5) va két qua
dugc trinh bay ¢ hinh 3. Tir hinh 3A ¢6 thé thy rang, cac hat
ZnO ché tao bang phuong phap sol-gel ¢c6 dang gan cau, phan
b6 kha dong déu. Kich thudc cac hat ZnO thu duge véi dudng
kinh hat tir vai dén vai chuc nano mét va c6 xu hudng co cum/két
tu tao thanh cac dam hat véi kich thudc 16n hon. Ching t6i nhan
thdy rang, khong c6 sy thay d6i nhiéu vé hinh thai bé mat cia mau
Zn0:x%Ce* (x=1, 3 va 5) so vi mau ZnO.

Hinh 3. Anh FESEM cta miu ZnO (A) va Zn, 0:x%Ce* (x=1-5) ché tao
béng phwong phap sol-gel: 1% (B), 3% (C) va 5% (D).

Dé xac dinh do sach cua cac miu nghién ctru, ching toi tién
hanh do phd tan sic ning lugng tia X. Anh FESEM tuong tmg véi
ph6 EDS, EDS mapping ciia mau Zn0:5%Ce* dugc trinh bay ¢
hinh 4. Anh FESEM trén hinh 4A chi ra ving do ph6 EDS (khung
vién mau xanh) va tuong tmg v6i két qua phd EDS chi ra trén
hinh 4B. C6 thé thdy rang, pho EDS cho thay chi ton tai 3 nguyén
t6 Zn, O va Ce v6i ty 1é phan trim nguyén tir 1an luot 1a 68,18,
26,76 va 5,06% ma khong phat hién bat ky nguyén t6 nao khéc.
Diéu nay ching t6 miu nghién ctru ciia ching toi ché tao c6 do
sach cao. O phép do tinh té hon, phé EDS mapping cho phép xéc
dinh sy phan bd cac nguyén t trong mau. Hinh 4C trinh bay két
qua phan tich phé EDS mapping ciia mau Zn0:5%Ce*". Quan sat
pho tong trén hinh 4C cho thay, ¢6 3 mau xanh lyc (Zn), xanh 1a
(O) va mau do (Ce) duoc phan bd trong toan bo mau. Hinh anh
cac nguyén to riéng 1¢ ciing dwoc minh chimg bang cic méau xanh
luc, xanh 14 va mau do théng qua hinh 4D. Két qua EDS mapping
mdt 1an nita khang dinh, miu Zn0:5%Ce* do nhém nghién ctru
ché tao c6 do sach cao va cac nguyén t6 pha tap Ce dugc phan bd
dong déu trong mau.
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Hinh 4. Anh SEM (A), phé EDS (B), phé EDS mapping (C-F) nhan dwoc
cla mau Zn0:5%Ce*.

3.3. Phé Raman va UV-Vis

Hinh 5A trinh bay két qua do phd Raman ciia mau ZnO va
7Zn0:5%Ce** ché tao bang phuong phap sol-gel. O déy ching toi
mudn nhan manh ring, trong két qua XRD di khing dinh vat li¢u
ZnO va ZnO:Ce** déu c6 cu tric hexagonal va thude nhom khong
gian P [27]. Do do, theo }5/ thuyét cac n}ét (}ao dong phonon
quang cua vat li¢u trong phd Raman cé thé biéu dien boi cong
thuc sau [28]:

A +2B +E +2E, (6)

trong do: A, E, lan lugt 1a mbt phonon quang ngang (TO) va
quang doc (LO) B, la mdt Raman tinh (not Raman act1ve) E, ton
tal hai mét véi tan so khéc nhau, mot mét véi tan sb cao co nguon
gdc tir nguyén tir 0, (E,;,) vamot mdt dao dong v6i tin sb thap lién
quan dén nguyén tr Zn (E,)-

Tur hinh 5A c6 thé thay ring, phd Raman ctia ZnO ton tai céc
mdt dao dong tai cac s6 song 99, 245, 330, 441 va 548 cm. Cac
mdt dao dong tai s6 song 99 va 441 cm! ¢6 ngudn gde twong tmg
v6i B, va B, [28]. Trong khi do, mdt dao dong tai 245, 330 va
548 cm! lién quan dén B1, A (TO) va E, (LO) [27, 29]. So sanh
véi mau ZnO, phd Raman ctia cac mau Zn0:5%Ce* cho thiy xuat
hién thém mdt dao dong mai tai s6 song 463 cm’. Mt dao dong
nay duoc cho 1a lién quan dén ciu trac fluorite cua CeO, c6 khong
gian doi xtng F2g trong 6 bat dign [CeO,] [30]. Két qua Raman
thu duge ching t6 ton tai cac hat CeO, bam trén beé mgt ZnO va
kha phu hgp vai phan tich XRD ¢ hinh 2.
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Hinh 5. Phé Raman (A), phd phan xa khuéch tan tir ngoai kha kién (B),
dwong cong Kubelka-Munk (C) ctia mau ZnO va ZnO pha tap 5% Ce** ché
tao bing phwong phap sol-gel.

Dé nhan biét dugc thong tin hip thy anh sang ctia vat lidu, ching
t61 tién hanh do phd phan xa khuéch tan tr ngoai kha kién. Déi véi
Zn0, d6 rong ving cdm quang c6 thé dugc xéc dinh duya theo cong
thirc sau (7) [24].

F(R) x hv = A(hv - E )’ 7

trong do: F(R ); hv (eV) lan lugt 1a ham Kubelka-Munk va ning luong
photon; A 13 hing s6 Tauc va E, (eV) la nang lugng vung cam quang.

Hinh 5B va 5C trinh bay két qua nhan dwgc phd phan xa khuéch
tan tir ngoai kha kién va dudng cong Kubelka-Munk ctia mau ZnO
va ZnO pha tap 5%Ce*. Quan sit duong phd mau xanh trén hinh
5B chung toi thay rang, pho phan xa khuéch tan tir ngoai kha kién
cua ZnO co sy tang manh cuong d6 phan xa tai budc song 1on hon
380-800 nm, nghia 1a mAu s& hap thu manh budc song nho hon 380
mn (UV) va hip thu yéu hon nhiéu trong ving 380-800 nm. Phan hép
thu manh trong ving UV dugc giai thich 14 hép thu ving - ving cua
ZnO do chuyén mirc dién tir tir NBE 1én ving dan cta ZnO [31]. So
sanh voi miu ZnO, phd phan xa khuéch tan tir ngoai kha kién ciia mau
7Zn0:5%Ce*" trén hinh 5B cho théiy hai sy khac biét o rét, do 1a su
dich chuyén ba ving hip thu vé phia budc song dai va cuong do phan
xa yéu hon trong Vl‘mg nhin thay. Két qua néy cho the"iy bo hép thy bi
thu hep va mo rong vé phia ving nhm thiy, cla mau ZnO: 5%Ce*".
Thye vdy, dé xéc dinh d6 rong viing cAm cua hai mau nay chung toi str
dung phuong phap Kubelka - Munk biéu didn mdi lién hé giira [F(R).
hv]>va hv, két qua duogc chi ra trén hinh 5C [24]. Khi d6, chiing toi
tinh gia tri 4o rong ving cim (Eg) ciia miu ZnO va Zn0:5%Ce** c&
3,19 va 3,06 eV. Su giam Eg ctia mau Zn0:5%Ce** so véi ZnO chimg
t6 ¢ sy twong tic manh giita ion pha tap Ce®* va mang nén ZnO. Su
twong tic manh nay c6 thé do ion Ce** di dugc thay thé cho ion Zn?*
trong mang nén ZnO nhw mot sb két qua trudc dy di cong bo.
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3.4. Phé hupnh quang (PL)
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Hinh 6. Phé PL va céac dwong fit clia mau ZnO (A va B), phd PL ctia mau
Zn0:1%Ce* va Zn0O:x%Ce** (x=0-5) (C va D).

PL cta mau ZnO dudi kich thich ctia budc song 325 nm dugce
trinh bay ¢ hinh 6A. C6 thé thdy rang, pho PL ciia ZnO ton tai 2 ving
phat xa chinh tai budc song 389 va 650 nm. Ngoai ra, chung toi con
quan sat thdy mot b vai tai budc song 550 nm, Dé xac nhan diéu nay
ching t6i fit phd PL theo him Gauss v6i 3 dinh va két qua thu dugc
¢ hinh 6B. Dinh phat xa trong NUV tai budc song 389 nm dugce ly
giai 14 do qué trinh tai hop giira dién tir trén ving dan voi 19 tréng &
NBE [32]. Hai dinh phat xa tai 550 va 650 nm con lai duoc cho la
6 nguyén nhan tir nt V, va oxy dién k& (0, do qué trinh tong tong
hop vat liéu gay ra. So sinh véi ZnO, phd PL nhan dugc cia mau
Zn0:1%Ce* c6 2 sw khac biét 1 rét [32]. Thir nhét 1 thém mot bo vai
phét xa mi xung quanh bude song 580 nm, thir hai 1a cuong do phat
xa NUV giam manh. Dinh phat xa méi tai 580 nm ¢4 nguon gde tir s
chuyén mirc dién tir tir obitan 5d xudng 4f clia ion Ce** trong mang
nén ZnO [33]. Su giam manh cudng do phat xa NUV 1 minh chimg
cho thdy dién tir khi duoc kich thich 1én ving dan thay vi tai hop v6i
16 trong & NBE chiing dich chuyén vé obitan 5d ciia ion Ce** dé gy
phét xa 580 nm, nhu dugc giai thich trong m hinh giai thich co ché
phét xa ¢ hinh 7 [33]. Anh huong ctia ndng do Ce** 1én tinh chét cia
vat liéu ZnO dugc chi ra ¢ hinh 6D. Dinh phat xa 580 nm c6 xu hudng
tang dan khi ndng do Ce** tang 1én tir 1 dén 5%. Diéu nay s& dan dén
qué trinh tai hop NBE bi trc ché va c6 thé lam tang hoat tinh quang
x(ic tac cua loai vat liéu nay.
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Hinh 7. Co’ ché phat xa chi ra ngudn géc cac dinh phat xa trong vét liéu
ZnO:Ce*.
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4. Két luan

Nhom nghién cuu da xay dung thanh cong quy trinh cong nghé
ché tao ZnI_XO:)‘(Ce“ bé‘mgﬂphu(mg phép sol-gel. Béng phan tich anh
FESEM, gian ¢0 XRD, pho Raman va EDS cho thay, mau vat li¢u thu
duge c6 dang hat véi kich thude vai chyc nano mét, d sach cao, c6
cau tric haxagonal va ion Ce** di dugc thay thé cho ion Zn®* trong
mang nén ZnO. Két qua phan tich ciing chi ra rang, ¢ nong do pha
tap cao (3 va 5%), bén canh su thay thé con ¢ su hinh thanh pha méi
CeO, va gdy can tro dén qua Frinh khuéch tan ion Cef* vao mang nén.
Nghién ctru pho phan xa khuéch tan t ngoai kha kién cho thay co su
tuong tac manh giita ion Ce** din dén ting kha nang hap thy anh sang
trong ving nhin thiy. So sanh v&i ZnO, PL ctia mau ZnO:Ce** xéc
nhén su ton tai dinh phat 580 nm déac trung cho chuyén murc 5d — 4f
ctia ion Ce®* va cuong d¢ dinh phét xa ndy ting dan theo nong d¢ pha
tap tang tir 1 dén 5%. Dong thoi, ion Ce** ciing gy e ché qué trinh
tai hop ving - ving (NBE) va ¢6 thé lam ting hoat tinh quang xic tic
cua loai vat li¢u nay.

Nghién clru nay d}roc tai trg boi Truong Dai hoc Cong nghé Giao
thong Van tai trong dé tai ma so DPTTD2022-02. Céc tac gia xin chan
thanh cam on.
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M@ hinh tinh toan chi phi vong doi san pham cho xe vAn ti Kamaz

Vii Ngoc Tudn", Nguyén Trung Kién', Lé Dinh Son?, Trin Vin An?, Phiing Tuén Anh?, Nguyén Thanh Dwong?

Vién Co khi Pong lwe, Hoc vién Ky thudt Quan su, 236 Hodng Quéc Viét, phuong Co Nhué 1, qudn Béc Tir Liém, Ha Ngi, Viét Nam
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Ngay nhan bai 29/5/2023; ngay chuyén phan bién 31/5/2023; ngay nhan phan bién 22/6/2023; ngay chip nhan dang 26/6/2023

Tém tit:

Hién nay, vi¢c nghién ciru vé vong doi ciing nhwr quén Iy vong doi sin pham dang dwgc nhiéu nwée quan tam, dic biét 1a doi véi nhimg
sin pham c6 d9 phite tap cao, tudi thg dai. Mot trong nhimng ndi dung ciia quan ly vong doi 1a tinh toan, xdc dinh chi phi vong dm san
pham Viéc tinh toan chi phi vong doi san pham sé cho phép nha quén 1y, nguoi sir dung biét chi phi cin phai bé ra dé mua sim san
pham, cic chi phi cin phai dy tru trong qua trinh khai thac nhw chi phi sira chira, bao tri, chi phi thanh 1y tiéu hity, ciing nhw cho biét
hiéu qué kinh té ciia viéc mua sim va khai thac sir dung san phdm dé. Bai bao trinh bay m hinh tinh toén chi phi vong ddi cho xe 6 to
va thure hién tinh toan cu thé cho xe Kamaz 43119/43118. Két qua tinh toan cho phép dénh gia mirc d§ dong gop ciia cac thanh phin chi
phi trong vong doi san pham, tir d6 cho phép nha quan Iy xay dung dw tri ti chinh cho cac giai doan vong doi va so sanh dugec chi phi
vong doi ciia san pham tinh toan véi cAc loai san pham dang lwu hanh dé ¢6 lwa chon phu hep.

Tir khéa: chi phi theo vong doi san phim, du doan chi phi, md hinh tinh to4n chi phi, vong doi sin pham.

Chi 56 phdn logi: 2.11

1. Ddt van de

Khéi niém vong doi san phiam hién nay dugc tng dung
rong ri cho cac san pham cong nghiép c¢6 thoi gian sir dung
dai, vi du nhu méy bay, tau chién, phuong tién co giéi duong
b, cac trang bi cong nghé [1]. Thong thuong vong doi dugc
hiéu gdm cac giai doan: nghién ctru va 1ap ludn ching thiét ké
- thiét ké - ché tao, san xudt - khai thac, van hanh - thanh 1y,
tiéu huy [2, 3].

Gan v6i khai niém vong doi san pham 1a khai niém “chi phi
vong doi san pham” (Lifecycle cost - LCC). Pay 1a mét trong
nhitng dic tinh quan trong cua bt ky san pham cong nghiép
phtc tap nao. Chinh vi vay, viéc tinh toan chi phi vong doi cta
cac san pham nay cling la mot bai toan dugc cac nha quan ly
va san xudt quan tam. Theo nghia ddy du, chi phi vong doi san
phim thong thudng bao gdm: chi phi nghién ctru; chi phi thiét
ké va ché tao san pham; chi phi dua san phim vao van hanh;
chi phi khai thac; chi phi duy tri trang thai k¥ thuat cta san
pham (bao dudng, sira chita) va chi phi thanh ly/tiéu hiy khi
hét thoi gian vong doi [4]. D4i voi cac san pham duge mua,
nhap vé st dung thi khai niém chi phi vong doi s& bao gdm céc
chi phi chinh sau: chi phi mua sim ban dau; chi phi khai thac,
chi phi bao tri, bao dudng; chi phi stra chita; chi phi thanh 1y/
tiéu huy [4].

Khi tinh toan chi phi vong doi san pham, can sir dung cac
dir liéu nhéan dugc khi phan tich d6 tin cay: cuong d6 hong hoc,
thoi gian stra chita - khoi phuc hoat dong... ciing nhu chi phi
vat tu, phu tung, chi phi cho thiét bi va dung cu bd trg, chi phi
nhan coéng. Céc dit liéu nay cang chinh xac thi két qua tinh toan
chi phi vong doi cang gan véi thuce té va hidu qua ra cac quyét
dinh quan ly cang cao... Két qua tinh toan chi phi vong doi san

*"Tac gida lién hé: Email: tuan.vungoc@lqdtu.edu.vn
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phim s& cho phép nha quan ly, nguoi s dung blet chi phi can
phai bo ra dé mua sdm san pham, cac chi ph1 can phai dy tru
trong qué trinh khai thac, ciing nhu cho biét hiéu qua kinh té
clia viéc mua sam va khai thac sir dung san pham d6. Chi phi
vong doi cling ¢ thé duoc tinh cho céc loai san pham, trang bi
tir cac nha san xuét khac nhau hodc véi mirc do hién dai khac
nhau dé gitip so sanh, lya chon trang bi phtt hop véi kha ning
cong ngh¢ va tai chinh.

Bai bdo trinh bay mod hinh tinh todn chi phi vong doi
cho xe 6 t6 Kamaz va vi du tinh toan cu thé cho xe Kamaz
43119/43118.

2. M hinh tinh toan chi phi vong doi cho xe Kamaz

Theo E.B. Sudov va cs (2014) [1], thong thuong tong chi
phi trong cac chu ky trén dugc chia thanh chi phi mua sam, chi
phi s¢ hitu va chi phi tiéu hity. D6i véi mo hinh so b c6 thé
chia LCC thanh 5 nhom:

LCC = C, + Cyye + Copp + C

oMC OoMP OMO CI) ( 1 )
trong do: C,: chi phi dau tr mua sim ban dau (Purchase cost)'
C...: chi ph1 stra chira; C_ : chi phi bdo tri du phong; C_,

oMC* OMP*

chi phi khai thac st dung; C_: chi phi thanh ly/tiéu huy.
2.1. Chi phi ddu tw mua sim ban dau
Chi phi mua sam c6 thé tinh qua cong thirc sau:
Cp= Coqp+ Cpp+ Cy + Co+ Cg 2)

trong d6: C_,: chi phi ctia chu ky xac dinh yéu cau dbi véi xe
0 t0; C,: chi phi thict ké va phat trién xe 6 t6; C,;: chi phi chu
ky san xuat xe 6 t0; C: chi phi ctia chu ky ban xe 6 t6; C;: chi
phi dam bao stra chira trong thoi gian bao hanh.
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Abstract:

Currently, research on life cycle and product life cycle management
is of interest in many countries, especially for products of high
complexity and long service life. One of the issues of product life
cycle management is the calculation and determination of product
life cycle costs. Calculating the product life cycle costs will allow
managers and users to know the cost that needs to be spent on
acquiring the product (purchase cost), as well as corrective
maintenance cost, preventive maintenance cost, operation
cost, disposal cost, and also indicates the economic efficiency
of purchasing, operating and using this product. This paper
presents the mathematical model allowing a truck’s life cycle
cost calculation and performs calculations for a specific Kamaz
43119/43118 truck. The calculation results allow evaluation of the
contribution level of the cost components in the product life cycle,
thus allowing managers to build financial estimates for the life
cycle stages and compare the calculated product life cycle costs
with the types of products in suitable circulation.

Keywords: costing modelling, cost prediction, product lifecycle,
product lifecycle cost.

Classification number: 2.11

2.2. Tinh toadn siwra chita va chi phi bdo tri

Téng chi phi bao tri phuong tién bao gdm cé chi phi bao tri
stra chita vao bao tri du phong dugc tinh theo cong thuc sau:

Com = Cove + Conr (3)
trong do: C,,: chi phi bao tri; C_,.: chi phi swa chita
gita cac lan hong; C

oMC

chi phi bao tri du phong.

OMP:
beé tinh todn du tru chi phi cho bao tri sua chita, cac ham
toan hoc dugc md ta nhu sau:

C 11 1
Cone = [;?t +C_,.tt, [a - o ] +C,tt, =

Sd](HLP) 4

trong do: COMC chi phi dy tru cho sua chira trong qua trinh stir
dung; t: thoi gian sir dung tinh theo nam; t : quang dudng trung
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binh xe chay trong 1 nam; ®: quang duong trung binh gitra cac
lan hu hong; C,: chi phi trung binh cho mdi 14n stra chira, bao
g6m ca vat tu va nhan cong; C_, C_, la ch1 phi trung binh cho
mdi lan sira chita vira, stra chira 16n bao gom ca vat tu va nhan
cong; t ., t  la quing duong ticu chuin dén stra chita vira, sira

chira [6n; L, 1a ty 1€ lam phét trung binh nam.

Du toan chi phi bao dudng dy phong duoc xac dinh nhu
sau:

11 1
2 _j+ Coptity tJ(l +L,) (5)
bd2

Corp = (CM.t +Cyy b, ( t
bd1 bd2
trong do: C,.: chi phi du tru dé dam bao bao tri dy phong
trong giai doan khai thac su dl_mg‘t, C,,: chiphi trung binh dam
bao cho bao tri du phong, bao gom cac chi phi vé nguyén vat
li¢u va nhan cong trong 1 dcn vi thoi gian lao dong; C, av C.io
1a chi phi trung binh cho mdi 1an bao dudng 1 va 2, bao gom ca
vat tu vanhan cong; t, , , t, . 1a quang duong tiéu chuin dén stra

chira vira, stra chira 16n.
2.3. Du dodn chi phi sir dung phwong tién

Chi phi cho qué trinh st dung phuong tién, hay chi phi cho
khai thac van hanh dugc xac dinh qua cac thanh phan sau:

Covo =Ci +C, +C, +C,, +Cy, +C,, +C,. +C,, (6)
Voi:
F 160 Pty (7)
oL Caor PUL 0 (8)
100
C; = Ii'n'l 'Pl (9)
CAB = dz:g NP (10)
Cirr =C, +Cpr (11)
trong do6: C,,,: chi phi du doan cho khai thac sir dyng; C :

mirc tiéu thu nhién li¢u trung binh (lit/100 km); P_: don gia 1
lit nhién ligu (gid/lit); t: quang duong hog}t dong trong 1 nam
(km); C, : mtrc tiéu‘ thy trung binh cta dau m& nhon (lit/100
km); P : don gia déu’ md nhon (gia:l/li:[); d : quing duong st
dung trung binh cta 16p (km); n_: s6 10p trén phuong tién P
don g1a 16p; d s : quang duong su dung trung binh cua ic quy;

- 6 luong dc quy trén xe; 5. don gia ic quy; C;: chi ph1
mua béo hiém; Cyr : thué duorng, tat ca cac chi phi tren déu
duoc tinh kém theo ty 1¢ lam phat theo trung binh nam.

2.4. Dy dodn chi phi thanh ly tiéu hiy phuwong tién

Chi phi cho thanh 1y, tiéu huy phuong tién c6 thé dugc xac
dinh thong qua cac thanh phan sau déy:

CD :CDD JrCDR (12)
trong d6: C,: chi phi cho vigc thao d& va di chuyén céc chi
tiét may; C ch1 phi cho viéc tai sir dung va tiéu hiy an toan.

10
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3. Két qua va ban luan

S6 liéu du vao (dugc théng ké tir don vi sir dung va tai li¢u
nha san xudt cung cap) va két qua tinh toan cho 1 xe Kamaz

Kot

Chi phi mua sdm ban dau(Triéu VND)

Théng sé tinh toan

R 1A a1 800
43119/43118 duqc the hl@n 0 bang L Chi phi trung binh méi [an stra chira (Triéu VND) 2
Bang 1. S0 ligu dau vao tinh toan. Quang dudng trung binh gitta méi lan hu hdng (km) 10000
STT Théng sb Kyhieu Gidtri Donvitinh S8 Iuang acquy trén xe(cé) )
1 Chi phi mua sim ban dau (€ 830 Tridu dong Hanh trinh stra chifa (nam) s
2 Chi phi trung binh cho mdi lan sira chira C, 20 Triéu ddng Théng s8 mic dinh
3 Thoi gian sir dung t 25 Nim Quéng dudng trung binh tudi tho 16p xe (km) 40000
4 Hanh trinh trung binh giita cac lan hu hong [0] 10.000  km Mrc tiéu thu nhién liéu T8 (lit/100km) 0
5 Chi phi trung binh cho bdo dudng du phong C, 2 Triu dong Bon gia 1 lit nguyén liéu (Triéu VND) 0075
6 Quingduong tiéu chudn dén bao dudngcdp I t,, 2000 km Tiéu hao trung binh dau nhan (lit/100km) -
7 Quang duong tiéu chuan dén bao dudng cip 2 to 10.000  km S6 Iuong I16p xe (cai)
: 6
8 Quing dudng tiéu chun dén sira chira vira L 35000  km Gié thanh 1 18p xe (Triéu VND) .
9 ing dudng tiéu chuan dén sira chita 16 70000k - N
Quing duong ieu chudn dén sia chiialon 1 " Hinh 1. Giao dién nhap théng sé diu vio trén phin mém Quan Iy véng
10 Chi phi trung binh cho bao dung cép 1 Cy 10 Triéu dng doi san pham.
11 Chiphi trung binh cho béo dudng chp 2 C, 2 Trigu dong Gia trj tong chi phi theo vong doi tinh theo s6 nam sir dung
12 Chi phitrung binh cho sia chira vir C 2 Trigu déng tu;O’ng ung dugc tinh cung véi gid mua sam ban dau (830 triéu
: dong).
13 Chi phi trung binh cho stra chira 16n C, 45 Triéu dong ) » . .
it G o i e bl (e 6 V61 mo hinh toan hoc dugc thiét 1ap, chi phi theo vong doi
tre tiéu thy nhién li€u trung binh (theo tai liéu , , , 21 cn. 210 R , .
ER éng din st dyng) . 60 Lit/100 km duoc tinh toan cho 1 xe duoc t‘he hién o'bang 2 V2.l ’hmh 2.Vaéi
) o o b thong s6 dau vao, két qua dau ra 1a chi phi du kién theo nam
15 Don gia | lit nhién liéu P 0,025 Triéu dong , . fe R C o £ | .
su dung dugc so sanh vai tong chi phi thyuc té cho tirng xe. Cac
g~ Quing dubng hoat dong trung binh trong I 5000 km két qua nay gitp cho cong tac lap ké hoach du tru kinh phi
nam
17 Mifc tiéu thy trung binh caa diu nhon ¢ 005 Lit Bang 2. Ket qua tinh toan chi phi theo vong doi (triéu dong).
18 Pon gid diu md Doy 0,03 Trigu dong Nim st dung (nim)
o , Chi phi
19 S0 10p trén phuong tién (khong tinh lop dw 1 6 Cii 2 3 3 10 15 25
phong) Béotri, srachira 68,90 111,30 180,20 318,00 604,20 922,20 1950,40
20 Don gié 16p Py 50 Triu dong Sir dung 9536 19073 286,09 47681 95363 143044 238407
21 Quing dudng sit dung trung binh cia I6p L 40000 km Téng 102036 115573 131609 163681 238363 316044 508407
22 S6lugng dc quy trén xe n, 2 Bo
KET QUA TiNH TOAN KHAO SAT KINH PHi THEO THOI GIAN SU DUNG
23 Don gid ac quy Ps 5 Triéu dong
24 Chi phi mua bao hiém C 0 Trigu dong 1200000000 -
25 Thue duong by Cor 8,04 Trigu dong 400000000
26 Ty ¢ lam phat trung binh nim L 6 % Nam 5 »:
) ; ) . . 600000000 @ Chiphi tinh toan(VND): 700000000 r
27 Chi phi cho thao d& va di chuyén Cop 10 Triéu dong
@ Chiphi thuc t¢(VND): 800000000
28 Chi phi cho tai sir dung va tiéu huy (O 20 Trigu dong

Céc thong s6 dau vao, mo hinh toan hoc tinh toan duoc
hoan thién trén hé thong phan mém hoat dong trén giao dién
web gitip hd trg, quan 1y va tinh toan dy trti chi phi theo vong
doi san pham (hinh 1).
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Hinh 2. Két qua tinh toan khao sat kinh phi theo th&i gian str dung.
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ciing nhu c6 thé cho phép ddi sanh véi kinh phi tiéu hao thuc
té duoc cap nhat lién tuc theo 1y lich hoat dong cta xe (vi du
6 hinh 2). Moi thao tac va két qua trén dugc thuc hién dé dang
thong qua giao dién hé théng phan mém 14 san phim cua dé tai.

Tuy nhién, mot s6 théng sb ddu vao can dugc xtr Iy qua bd
s6 lidu théng ké nhiéu nam. Viéc nay hoan toan cé thé thuc
hién duoc néu viéc trién khai 4p dung phan mém duoc lién tuc
theo nhiéu nam tai nhiéu don vi va dugc cap nhat thong s6 theo
thoi gian thuc sir dung trang thiét bi. Pong thoi, huéng phat
trién tiép theo 1a tmg dung cong nghé tri tué nhan tao nham
phan tich danh gia so bo dit liéu lam dau vao cho qué trinh tinh
toan udc luong.

4. Két luan

Thong qua viéce thiét lap dugc md hinh toan hoc phuc vu
tinh toan chi phi theo vong doi san pham (vi du tinh toan duoc
thyc hién cho 1 xe Kamaz) da gitp tinh toan uéc luwong dugc
cu thé tdng chi phi, ciing nhu cac loai chi phi khac (chi phi bao
tri - stra chita, chi phi str dung). M6 hinh toan dugc kiém ching
v6i cac két qua tinh toan dwoc trinh bay trén cac nghién ciru
c6 lién quan thé hién su chinh xac va do tin cdy cua két qua
tinh toan. M hinh toan hoc dugc cu thé héa thong qua phan
mém van hanh trén nén tang web, voi giao dién than thién, dé
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stir dung hd tro rat 16n cho cac don vi trong cong tac quan 1y,
lap ké hoach, du tra kinh phi. Viéc hi¢u chinh md hinh toén va
tich hop 1én phan mém cho phép tinh toan chi phi cho céc loai
trang thiét bi khac sé& 1a hudng phat trién tiép theo cua nghién
cuu nay.

LOI CAM ON

Nhém téc gia xin cam on Chuong trinh “Hd trg nghién ciru,
phat trién va img dung cong nghé cua cong nghiép 4.0”, ma s6
KC-4.0/19-25 da tai trg thyc hién nghién ctru nay.
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khac nhau thi tén tac gia dugc danh s (*-2-) & phia trén. D&u hoa thj (‘) chi tac gia lién hé, dugc viét & cudi trang dau tién cla
bai bao.

Khi liét ké co quan cong tac cla tac gid, can néu rd tén ¢ quan va dia chi cd quan (ti€ng Viét va tiéng Anh).

Tom tat

Tém tat bang tiéng Viét va tiéng Anh (khoang 160-250 tii). Néu dugc muyc dich, phuong phép nghién clu chinh, két qua
nghién cliu va két luan chli y8u. TU khoa b&ng ca ti€ng Viét va tiéng Anh theo thi ty alphabet (it nhat 3 tir khéa). Chi s phan loai
(theo hudng dan).

Datvén dé/dan nhap

Dinh ngha v&n dé; tom lugc van dé nghién cliu da dugc cong bé trong va ngoai nudc, néu muc tiéu nghién clu va giai thich
su lya chon dé tai va muc tiéu nghién ctu dé thay dugc tinh thdi su, tinh khoa hoc va sy can thiét clia van dé nghién cuiu.

Pai tugng nghién cliu can trinh bay tiéu chudn lya chon, dac diém dai tugng nghién ctu.

Phuang phap nghién ctu can néu rd céach ti€p can nghién ctu, loai hinh nghién ctiu, phuong phap do ludng, cong thc tinh
¢8 mau, phuong phap xi ly s liéu, md t& ki cac ky thuat tién hanh trong nghién ctiu; cac quan diém, lap luan, y kién tranh luan,
cac dan chiing...

Ketoua

Trinh bay day dd, khach quan céc két quéa thu dugc sau nghién ciu, cac két qua nay phai phuc vu cho muc tiéu nghién ctu.
Cac s0 liéu phai chinh xac va khép véi nhau.

Phén két qua nghién ctiu chi trinh bay cac két qua nghién cliu clia dé tai, khdng giai thich, so sanh va ban luan.
Ban ludn (phan nay c6 thé gop véi phan két qua)

Chl y&u ban luan cac van dé lién quan dén muyc tiéu dé tai.

Nhan xét, danh gid mot cach khach quan cac két qua nghién cliu, cé so sanh véi cac tac gia khac dé khang dinh hoéc phi
dinh nhiing hiéu biét da c6, qua dé néu dugc nhiing diém mdi va dong gép cla dé tai.

Dy bao hudng nghién cuiu tiép va kha ning ting dung céc két qua nghién ctu vao thyc tién.

Né&u két qua nghién ctu chli y&u clia dé tai co tinh khai quat lién quan dén muc tiéu nghién ctiu, dé xuat cac van dé tiép tuc
nghién cuu.
Chi thich va tai ligu tham khéo

Chd thich dugc danh s6 theo thi ty xuat hién (23 ) va dugc trinh bay ngay & cudi trang viét (footnote).

Cac tai liéu tham khao dudc danh s6 theo thi tu xuat hién dé chi dan ching dugc trich dan & dau trong bai béo. S8 thi tu
dugc danh trong ngoéc vudng, vi du: [3] véi mdt hoac [2, 5, 7-9] véi nhiéu s6 chi dan.

Luu y:

- DG vdi trich dén trong bai bao: tai liéu tham khao c6 nhiéu hon mét tac gid chi dé tén tac gia du tién va cong sy, viét tét 1a
cs, vi du: T.V. Nguyen va cs (ndm xuét ban) [th( ty trong danh muc tai liéu tham khdo].

- D8i v6i danh muc tai liéu tham khao cudi bai: tai liéu tham kh&o béng tiéng Anh, cac tai liéu khéng phai tiéng Anh can dugc
dich sang tiéng Anh va chu thich & cudi cau, vi du: (in Vietnamese), (in French)...

- Tai liéu tham khao la cac dudng link can bd sung ngay truy cép.

Tac gia (N&m xuat ban), “Tén tai liéu dugc trich dan”, Tén ngudn, tap (s6), pp<trang dau-trang cudi>, s6 DOI (néu cd)

Tac gia: 1a tac gid/cac tac gia cla tai liéu dugc tham khéo, trich dan: liét ké day dd tén téc gia v6i nhiing tai liéu tham khao cé
< 3 tac gi; liét ké 3 tac gid dau tién va theo sau la “et al.” khi c6 tui 4 tac gia trg Ién.

N&m xu&t ban: nam xuét ban cla tai liéu dugc tham khdo, trich dan; Tén tai liéu dugc trich d&n: 1a tén bai bao, chudng/phan
sach..

Tén ngudn c6 thé 1a tén tap chi, tén sach, hay tén tai liéu géc cla tai liéu dugc trich dan (phan nay dudgc in nghiéng).

Tap (s6): danh cho ngudn trich Ia tap chi, séch hodc cac xudt ban phdm khac (phan nay in dam).

Trang dau-trang cudi la s& thii tu cac trang phan &nh nai cu trd cla tai liéu dugc trich dan trong tai liéu ngudn.

NEu c6 22 tai liéu tham khao do cling 1 tac gid/nhom tac gia, cling nam cong bé, thi cac tai liéu tham kh&o nay can dugc danh
ddu a, b.. sau ndm xudt ban (vi dy: 1986a).

N&u cé mot s6 tai liéu tham khéo trong cling 1 bai bao dugc trich dan cé s trang khac nhau thi can trich dan thém sé trang,
vi du: Kitchen (1982, p.39).

Cac yéu cau khac

- Bai viét khong dat yéu cau, Toa soan khong tra lai ban thao.
- Bai viét chi dugc dang khi phan bién nhan xét vé chat lugng bai bdo déng y cho dang.
- B&n quyén: tac gia dong y trao ban quyén bai viét (bao gém c& phan tém tat) cho Ban Bién tap Tap chi.

PHAN LOAI LINH VUC KHOR HOC
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PN AN

Toan hoc va théng ké

Khoa hoc may tinh va théng tin
vatly

Héa hoc

Khoa hoc trai dat va moi trudng
Khoa hoc sy séng

Khoa hoc nano

Khoa hoc tinh todn

Cac Iinh vic khac cta khoa hoc tu
nhién

Khoa hoc ky thuatva cong nghé

Ky thuat dan dung: ki thuat kién
tric; ky thuat xay dung; ky thuat
két cdu va do thj; 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 théng tin

K§ thuat co khi, ché tao may

Ky thuat héa hoc

Ky thuat vat liéu va luyén kim

Ky thuaty hoc

Ky thuat méi truéng

Cong nghé sinh hoc cong nghiép
Céng nghé nano

. Ky thuat thuc phdm va dé uéng
. C4c linh vuc khac cua khoa hoc

ky thuat va cong nghé

Khoa hocy - duge

Y hoc ¢G s6

Y hoc lam sang

Y hoc du phong

Dugc hoc

Cac linh vuc khac cla khoa hoc
y - dugc

Khoa hoc nény nghiép

Trong trot

Chan nubi

Thuy

Lam nghiép

Thiy sén

Cong nghé sinh hoc trong nong
nghiép, thdy san

Céc Iinh vuc khac clia khoa hoc
néng nghiép

Khoa hoc xa hoi va nhan van

. Tam ly hoc

Kinh té& va kinh doanh
Khoa hoc giao duc

Xa hoi hoc

Phap luat

Khoa hoc chinh tri

Pia Iy kinh t& va xa hoi

. Théng tin dai chdng va truyén thong

Lich st va khao c6 hoc

Ngén ngli hoc va van hoc

Triét hoc, dao dic va ton gido
Nghién ctiu vé khu vuc va quéc té
Cac linh vuc khac cla khoa hoc
xa hoéi va nhan van




TAP CHi KHOA HOC VA CONG NGHE VIET NAM

Vietnam Journal of Science and Technology - MOST
Volume 65 - Number 11 - November 2023

Phit trién by khuéch dai laser tir ngoai, bing hep diéu chinh buwéc
song sir dung tinh thé Ce:LiCAF dinh hwéng nghién ciru méi truong.
Nguyén Vin Piép, Nguyén Xudn Tii, Pham Vian Dicong, Nguyén Thi Khanh
Véan, Nguyén Van Minh, Vii Van Thii, Pham Hong Minh

Nghién ciru anh hwéng ciia mot s6 yéu t6 dén tée do chay cao cia vat
liéu mang ning lrgng trén nén cao su butadiene acrylonitrile c6 nhém
cacboxyl cudi mach.

Nguyén Pirc Long, Nguyén Van Himg, Tran Hiu Thanh, Poan Van Biép,
Hoang Van Hung

Nghién ciru in silico va in vitro vé tac dong 1én qua trinh chét theo
chwong trinh ciia Markhacanasin A trén dong té bao ung thw vii MCF-7
thong qua co ché kich hoat caspase-3.

Nguyén Quéc Trung, Nguyén Khanh Hung, Ngé Trong Nehia, Nguyén Tin Phdt

Anh huéng ciia bée hoi nuée ngim dén ngudn bd cap tu nhién cho cic
thiu kinh nwéc nhat thude dai cdn cat ven bién khu vee Nam Trung Bd.
Nguyén Thanh Céng, Nguyén Huy Vieong, Vii Dinh Hing, Phan Viét Diing,
Pham Tudn, Vii Bé Thao, Tran Thi Luu

Pic diém ciia cic nodule sit-mangan chira niken, coban trong sa
khoang cromit khu vwe C6 Dinh, Thanh Héa.

Lé Tién Diing, Tran Vin Pirc, Nguyén Hitu Trong, Nguyén Khdic Gidng, To
Xudn Ban, Nguyén Thi Ly Ly

Panh gia khi ning khang chit tiy rira cia vi khuin Salmonella
enterica phan lap tir thit ga tai Ha Noi.

Nguyén Tudn Thanh, Ninh Thi Hanh, Pham Vin Qudn, Nguyén Hing
Thanh, Vii Khanh Van, Nguyén Thanh Trung

Graphene tach nhiét bién tinh véi polyvinyl alcohol ing dung 1am son
nwéce din dién trén co sé polyurethane.

Lé Ngoc Diép, Nguyén Thi Kim Oanh, Lé Ho6 Phwong Thdo, Nguyén Duy
Linh, Ping Mdu Chién, Poan Dirc Chdanh Tin

M@ hinh s6 mét chiéu mé phong sat 1o dat trén mai déc 16n: Ly thuyét
va kiém chufin véi mé hinh giai tich.

Pham Van Khoi, Vii Van Nghi

U'éc lrgng dong dién phu tii tram di¢n kéo dudng sit do thi.

Trdn Vin Khéi

Ché tao va tinh chit vat liéu composit Fe,0,/C.
Biii Thi Hang, Dodn Ha Thing

Panh gia vong doi hé thdng quan ly chét thai rin sinh hoat tai TP H
Chi Minh.
Lé Phuwong Giang, Trinh Hitu Hai

Anh huwéng ciia ndng do Ce** 1én céu tric va tinh chit quang cia vat
liéu nano ZnO ché tao bing phwong phap sol-gel.

Bang Thi Bich Hop, Nguyén Vin Cwong, Hodang Quéc Thudn, Lé Tién Ha,
Nguyén Van Quang, Nguyén Vian Ciong, Pham Thi Lan Hirong

M3 hinh tinh toan chi phi vong doi sin phim cho xe vén tai Kamaz.
Vii Ngoc Tudn, Nguyén Trung Kién, Lé Dinh Son, Tran Vin An, Phing
Tudn Anh, Nguyén Thanh Dwong

0 Development of a tunable, narrow, and ultraviolet Ce:LiCAF crystal
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multipass laser amplifier for environmental application.
Van Diep Nguyen, Xuan Tu Nguyen, Van Duong Pham, Thi Khanh Van Nguyen,
Van Minh Nguyen, Van Thu Vu, Hong Minh Pham

Study on the influence of some factors on the high burning rate of energy-
carrying materials based on acrylonitrile butadiene rubber with end-chain
carboxyl group

Duc Long Nguyen, Van Hung Nguyen, Huu Thanh Tran, Van Diep Doan, Van
Hung Hoang

In silico and in vitro study on apoptosis in MCF-7 human breast cancer cells
lines via caspase-3 activation of Markhacanasin A.
Quoc Trung Nguyen, Khanh Hung Nguyen, Trong Nghia Ngo, Tan Phat Nguyen

Effects of groundwater evaporation on the natural recharge to groundwater
lenses residing in coastal dunes in Southern Central Vietnam.

Thanh Cong Nguyen, Huy Vuong Nguyen, Dinh Hung Vu, Viet Dung Phan, Tuan
Pham, Ba Thao Vu, Thi Luu Tran

Characteristics of iron-manganese nodules containing nickel and cobalt in
chromite deposits in Co Dinh, Thanh Hoa province.

Tien Dung Le, Van Duc Tran, Huu Trong Nguyen, Khac Giang Nguyen, Xuan Ban
To, Thi Ly Ly Nguyen

Disinfectant resistance of Salmonella enterica isolated from retail chicken in
Hanoi, Vietnam.

Tuan Thanh Nguyen, Thi Hanh Ninh, Van Quan Pham, Hung Thanh Nguyen,
Khanh Van Vu, Thanh Trung Nguyen

Graphene thermally modified with polyvinyl alcohol applied as conductive
water-based paints based on polyurethane

Ngoc Diep Le, Thi Kim Oanh Nguyen, Ho Phuong Thao Le, Duy Linh Nguyen,
Mau Chien Dang, Duc Chanh Tin Doan

One-dimensional numerical model of landslide over high-steep slopes:
Theory and verification to the analytical solution.
Van Khoi Pham, Van Nghi Vu

Load-current demand forecasting in substations of urban railway lines.
Van Khoi Tran

Fabrication and properties of Fe O, /C composite materials.
Thi Hang Bui, Ha Thang Doan

Life cycle assessment of municipal solid waste management systems in Ho
Chi Minh City.
Phuong Giang Le, Huu Hai Trinh

Effect of the Ce’ concentration on the crystallite structure and optical
properties of ZnO nanomaterials synthesised by sol-gel method.

Thi Bich Hop Dang, Van Cuong Nguyen, Quoc Thuan Hoang, Tien Ha Le, Van
Quang Nguyen, Van Cuong Nguyen, Thi Lan Huong Pham

Mathematical model for the calculation of the life cycle cost of the Kamaz truck.
Ngoc Tuan Vu, Trung Kien Nguyen, Dinh Son Le, Van An Tran, Tuan Anh Phung,
Thanh Duong Nguyen
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