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Tong hop va diic trung tinh chat dién cia tiép giap
di theé graphene-MoS -graphene
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Tom tit:

Vi cac dic tinh dién va quang noi trdi, vat liu MoS, tr¢ thanh m{t trong nhirng vt li¢u tiém néng cho cic ng dung logic va
photodetector Tuy nhién, sy hinh thanh cic tlep xuc Schottky giira kim loai va MoS, s€ gi6i han hi¢u sudt chia thiét bi. Gin day,
nhiéu nd lye da dwgre thuc hién daé gidi quyet thach thirc nay bang viéc sir dung cac dlen cue kim loai ¢6 cong thoat thap, 1 ¢ nhiét
d cao hay k¥ thuit chuyen pha. Graphene duge biét den nhw mét dién cwc Iy twéng cho cac linh kién dién tir thé h¢ méi do tinh
dan dién vu vi¢t clia né ciing nhu ¢6 thé dé dang thay ddi mirc Fermi. Trong nghién ciru nay, ching toi da ché tao thanh cong tlep
glap di thé graphene-MoS bang phu’(fng phap ling dong héa hoc pha hoi (CVD) & 4p suit khi quyen, trong do, canh cia khuén
mau graphene dugc sir dung nhu cic vi tri mam cho qua trinh mge MoS,. Sy hinh thanh cia tlep giap di the dugc khang dinh
thong qua phép do anh quang hgc va lwe nguyén ti. Pho tan xa Raman va Raman mapping dugrc sir dung dé danh gia chit t lwgng
va sy dong déu ciia tiép giap di thé. Linh kién dwgc ché tao trén tiép giap di thé graphene-MoS thé hi¢n dic tinh truyén dén nhuw
ban din loai n, vét li¢gu MoS dong vai tro 12 kénh din trong khi graphene déng vai tré nhw dlen cwe. Thém vao dé, dic tinh dau
ra chira rang ¢6 su hinh thanh tiép xiic omic giira graphene va MoS,.

Tir khod: graphene, ling dong pha hoi hoa hoc, MoS,, tiép giap di thé.
Chi s6 phin logi: 1.3,1.4,2.5

Synthesis and electrical characteristics of graphene-MoS -graphene lateral heterostructure
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Abstract:

With outstanding electronic and optical properties, molybdenum disulfide (MoS,) has become one of the potential materials
for logic applications and photodetector. However, Schottky barrier formation based on metal-MoS, contacts has limited
device performance. Recently, many attempts have been devoted to addressing this challenge by using low-work function metal
electrodes, high-temperature annealing, or phase engineering. Graphene is known as an ideal electrode for the interconnections
and wiring of next-generation devices due to its superior electrical conductivity and ease of tuning its Fermi level. In this study,
we successfully fabricated graphene-MoS, lateral heterostructure by the chemical vapour deposition (CVD) technique under
atmospheric pressure, in which, the edges of the graphene template served as nucleation sites for the growth of MoS,. The
morphology of the heterojunction was confirmed by optical microscopy and atomic force microscopy. Raman and Raman
mapping were used to estimate the quality and uniformity of the heterojunction. The device fabricated on the graphene-MoS,
heterojunction exhibits n-type semiconductor transport characteristics, with MoS, serving as the conducting channel while
graphene acts as the electrode. Additionally, the output characterisation showed that there is a formation of an ohmic contact
between graphene and MoS,.

Keywords: chemical vapour deposition, graphene, heterostructure, MoS,.
Classification numbers: 1.3,1.4, 2.5
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1. it van de

Vat liéu molypden sun phua (MoS,), mét thanh vién cua
ho vat liéu dugc hinh thanh tir kim 10a1 chuyen t1ep (Mo,
..)vachalcogen (S, Se, Te...) da va dang thu hit sy quan
tém nghién ciru ctia cac nha khoa hoc vi cac tinh chat quang
hoc va dién ttr ¢6 thé diéu chinh duoc. Nhiing déc tinh nay
lam cho n6 tro thanh vat liéu tiém nang cho bong ban dan
hiéu tng truong (FET), linh kién quang dién tr. Tuy nhién,
viéc hinh thanh rao can Schottky dwa trén cac tiép diém kim
loai-MoS, da han ché hiéu suét ctia thiét bi [1- 3]. Gan day,
nhiéu nghlen ctru da khiac phyc nhitng han ché trén bang
cach sir dung cac dién cuc kim loai co cong thoét thap, 0
nhiét d6 cao hodc ky thuat thay doi pha [4-6]. Tuy nhién,
cac cach tiép can nay van ton tai mot sé mat han ché. Nhimng
nam gan day, graphene (Gr), tinh thé hai chiéu dugc nghién
clru rong rai dau tién, 12 mot ban kim loai voi do linh dong
cao va muc Fermi ¢6 thé diéu chinh dé dang. Cac dic tinh
nay khién n6 tré thanh mot vat lidu 1y tuong va tiém ning
cho cac két ndi va day dan cua céc thiét bi thé hé tiép theo
[7-10]. M6t vai nhom nghién ciru da sir dung graphene nhu
mot tiép xuc dién véi linh kién MoS, vi n6 c6 kha nang lam
tang sy bom dién tir vao ving dan cua MoS, thong qua do
cao ctia hang rao Schottky thap hon [11-15]. Tuy nhién, cac
nghién ctru nay thuong str dung phuong phap chuyén mang
dé hinh thanh cac cau trac di thé. Trong nghién ciru nay,
chung t6i tng hop céu tric di thé graphene-MoS,-graphene
trén mot dién tich 16n (vai mm? den cm?) bang ky thuat CVD
nhiét. Hinh thai hoc bé mit cta cau triic di thé da dugc xac
nhan bang kinh hién vi quang hoc (OM) va kinh hién vi luc
nguyén tir (AFM). Pho tan xa Raman va Raman mapping
dugc sir dung dé wéc tinh chét luong va tinh dong nhét cia
chuyén tiép di thé. Linh kién duoc ché tao dua trén tiép giap
graphene-MoS -graphene thé hién dic tinh cua ban dan loai
n. Péc tinh dau ra cta linh kién thé hién sy hinh thanh tiép
xtc Omic gilra graphene va 16p MoS,.

2. 4t liéu va phuang phap nghién ciiu
2.1. Chuin bi khuéon hinh graphene

Pau tién, mang graphene duoc tong hop trén 1a dong (25
um, 99,8%, Alfa Aesar) bang phuong phap CVD ap suét
thip ¢ nhiét d6 1000°C trong 20 phit st dung hdn hop khi
hydro va metan. Sau khi tong hop, mau graphene duoc bao
pht boi mang poly(methyl methacrylate) (PMMA, A8) va
theo sau la qua trinh n mon dé ddng trong dung dich mudi
(NH,),S,0,. Sau khi qua trinh an mon xay ra hoan toan,
mang PMMA/graphene dugc rira bang nude khur ion (DI)
vai lan dé loai bo hét dung dich dn mon con du thira. Tiép
theo, mang PMMA/graphene dugc chuyen lén dé Si0,/Si.
Mau duoc dé kho tu nhién trong 10 gio. Tiép dén, mau duoc
u ¢ nhiét do 180°C trong 2 phut va PMMA dugc loai bo
bang cach nhing miu vao axeton trong 24 gid ¢ nhiét do
phong. Cudi cung, cac khudn hinh graphene duoc ché tao
bang ky thuat quang khic va qua trinh an mon kho (RIE).
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Téng hop cu trac di the graphene-MoS, -graphene bang
phuong phap CVD: Cac tam va mang MoS duoc tong hop
trén dé chta cac khuon h1nh graphene st dung phuong phép
CVD & ap suat khi quyén véi molypden trioxide (MoO,)
(99,95%, Slgma—Aldrlch) va bot luu huynh (S) (99,98%,
Sigma-Aldrich) lam tién chat, va mudi cua kali va axit
3,4,9,10-tetracacboxylic (PTAS) nhu 1a chét tao mam. So do
ctia qua trinh thiét 1ap thi nghiém dugc chi ra nhu trong hinh
1A. Bé mam va dé moc chira khudn hinh graphene dugc dat
canh nhau va dat ap huong vao vi tri cua bot MoO, véi sy
trg giup ciia thuyén gém. Thuyén chira bot S duoc dat 0 phia
trude va nhiét do cia nd duoc didu khién boi b gia nhiét.
Trude khi moc, hé CVD duge thdi khi Ar véi luu lugong
500 scem (cm?/phiit) trong 30 phut dé lam sach 6ng 16. Tiép
theo, 10 nhi¢t va bd gia nhiét dugc nang Ién 650 va 200°C
voi toe do 1én nhiét twong Gmg 32°C/phut va 10°C/phut.
Sau 10 phut moc, 16 dwoc tit va ha nhiét do vé nhiét do
phong. So dd qua trinh gia nhiét dugc chi ra trong hinh 1B.

A) Démam PTAS  Démoc

=

nhigt

Thuyén st Bot MoOs

(B)
TC R O
— Dwong cong gia nhiét cua 1o
— Dwong cong gia nhiét cia S
Thoi gian
CcVvD
650°C

200°C

150 £ (phit)

50 60 70

RT 30

Hinh 1. (A) So’ dd cua cai dat bing phwong phap lang dong héa
hoc pha hoi, (B) quy trinh téng hop MosS,.

2.2. Ché tao linh kién

Pé ché tao linh kién FET trén dé SiO ,/Si ¢o cac céu
trac di thé graphene-MoS -graphene, ky thuat quang khéc
duoc st dung. Dau tién, mang kim loai titan/vang (d6 day:
3 nm/47 nm) duoc ling dong bang cach sir dung k¥ thuét
bay hoi chum tia dién ti va theo sau boi qua trinh lift-off
trong dung dich N-methyl- 2-pyrr011done (NMP) trong 24
gid. Cudi ciing, mot quy trinh khic lan 2 két horp qua trinh
an mon kho dugc st dung dé dinh hinh kénh dan céu trac
graphene-MoS -graphene véi chidu dai va chiéu rong xac
dinh.
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2.3. Cac phwong phap khdo sadt ddac tinh vit li¢u

Kinh hién vi quang hoc dugc sir dung dé khao sat
nhanh cac két qua téng hop vat liéu t6 hop ciu tric di thé
graphene-MoS -graphene. Kinh hién vi luc nguyén tut AFM
(XE-100 cua Park Systems) dugc st dung dé quan sat hinh
thai hoc bé mit va udc tinh sb 16p cua MoS,. B két tinh
va chit luong cua graphene-MoS -graphene dugc khdo sat
bang quang phd Raman véi budce song kich thich 532 nm.
My phan tich thong s6 (4200-SCS cua Keithley) duoc sir
dung dé mo ta ddc tinh dién cua cac linh kién vi kénh dan
1a cac cau tric di thé graphene-MoS -graphene.

e 2 ~ ~ ~
3. Két qua va ban luan

3.1. Hinh thdi hoc bé mdt ciia vit liéu graphene-MosS -
graphene

Hinh 2A 14 anh kinh hién vi quang hoc cia cac khuon
hinh graphene dugc tao ra trén dé SiO,/Si. Sau qua trinh
tong hop MoS,, chiing t6i quan sat thdy céac cau trac di thé
graphene-MoS -graphene trén mot di¢n tich 16n, trong do
cac khuon hinh graphene dugc biéu thi 1a ving mau xam
trong khi MoS, duoc biéu thi thanh mau xanh lam nhat,
xung quanh cac khuon hinh graphene (hinh 2B).

(A) Khuén
hinh Gr

Dé Si0,/Si

Hinh 2. Anh chup kinh hién vi quang hoc cta (A) khuén hinh
graphene dwgc che tao trén de SiO,/Si, (B) cau trac di ’thé
graphene-MoS,-graphene dwgc hinh thanh sau qua trinh lang
dong hoa hoc pha hoi.

Kinh hién vi lyc nguyén t (AFM) ciing duoc st dung dé
quan sat chi tiét hon céc cau tric di thé dugc chi ra trong
hinh 2B. Chung t6i nhan thay rang, c6 sy khac biét trong
viéc hinh thanh céc di ciu tric, phu thudc vao khoang cach
giita cac khuon hinh graphene va ngudn MoO, (hinh 3A).
Két qua nay ciing twong tu voi két qua dugc tim thay trong
qué trinh tong hop MoS, trén dé SiO,/Si [16, 17]. O vi tri
xa nhat, chiing t6i quan sat thiy nhiéu tim MoS, hinh tam
gi4c trong cac khuon hinh graphene (hinh 3D). O vi tri gin
v6i ngudn MoO; hon, céc tam MoS, hinh tam gidc ¢6 kich

&EOH%HN%?-IE 67(3) 3.2025

thudc va mat d¢ 16n hon va ching c6 khuynh hudng hop
nhit véi nhau d¢ tao thanh mang MoS, (hinh 3C). Cubi cing,
mang MoS, dugc hinh thanh khi khoang cach du gan (hinh
3B). Diéu tht vi la chung t6i di quan sat thiy cac hinh dang
ban tam gidc MoS, duoc hinh thanh doc theo cac canh cua
khu6n hinh graphene dé tao thanh cac diém ndi (hinh 3D).
Diéu nay cho thiy ring, ria cua cac khudn hinh graphene co
vai 'Er(‘) nhu mot mo neo thuan loi cho sy hinh thanh mam va
su tong hop ciia MoS,.

Chiéu dong khi
——)

‘Khubnhinh Gr~~+

Canh - » :
Khudn
Ming  hinh Gr
© ' Mos;-

Khuon binh Gr =

Hinh 3. (A) Hinh v& mé ta cau trl:Jc di thé graphene-MoS,-graphene
& cac vi tri khac nhau theo chiéu dong khi Ar thdi vao éng phan
trng. Anh AFM cua (B), (C) va (D) dwoec do & cac vi tri dwoc danh
dau A, B, C trong hinh (A).

3.2. Ddac trung céu triic vit li¢u graphene-MoS -graphene

pé khfmg dinh v& sy tdn tai ctia cu tric di thé graphene-
MoS,, ching t6i da tién hanh 1ap ban d6 pho Raman. Cac
ving dugce sir dung dé 1ap ban d6 duoc danh ddu bang hinh
vudng mau do trong hinh 4A. Hinh 4B va 4C cho thay, ban
dd hoa phd Raman cho MoS, st dung cuong do dinh A,
va cho graphene str dung cudong do dinh G. Cac ban do cho
thdy, mat phan cach sic nét giita graphene va MoS, cua chu
trac di thé, khing dinh sy hinh thanh cdu trac di thé cua
graphene va MoS,. Hon nira, ph6 Raman cho cac dién tich
dugc biéu thi bang cac vong tron c6 ciing mau trong hinh 4B
va 4C ciing cho théy, dién tich phia trén 13 mang graphene
trong khi phia dudi 1a mang MoS, hai 16p v6i khoang cach
dinh 1a 21,3 cm™ [18-20]. Chung tdi ciing quan sat phd
Raman cua MoS, ¢ phia trén c6 cudong do dinh yéu hon va
khoang cach gitra cac dinh 16n. Piéu nay chi ra ring, c6 cac
tam day MoS, kich thudc nho trén mang graphene nhu thé
hién trong anh AFM cua hinh 4A.
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Hinh 4. Anh kinh hién vi quang hoc cua tiép giap dj thé graphene-MoS, (A). Hinh chir nhat
mau dé la dién tich dwoc chon dé mapping trong (B) va (C). (B) va (C) 1a Raman mapping
clia cuong do dinh A, cho MoS, va cuong d6 dinh G cho graphene. Dui méi hinh 1a phé Raman
twong &ng cho dién tich dwoc chi ra bdi vong tron véi cung mau trong hinh.
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Hinh 5. (A) Anh kinh hién vi quang hoc va (B) anh kinh hién vi lwc nguyén tir cta linh kién
dwoe ché tao véi kénh dan 13 ciu tric dj thé graphene-MoS,-graphene, (C) dic tinh truyén
dan (V,.=0,5V), (D) dac tinh dau ra cua linh kién vé&i cac dién ap cwe cdng trong dai tir 0-50 V.
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3.3. Dac tinh di¢n ciua vat liéu

graphene-MosS -graphene

Dé nghién ctru dic tinh truyén tai
va tiép xtic dién giita graphene va
MoS,, chung t6i tap trung vao vigc
cheé tao linh kién str dung cau truc di
thé graphene-MoS -graphene nhu la
kénh dan. Qua trinh ché tao chi tiét

dugc mé ta trong phan thyuc nghiém.

Hinh 5A 1a anh quang hoc va hinh
5B la anh kinh hién vi luc nguyén tir
cta linh kién véi kénh dan 1a céu tric
di thé graphene-MoS -graphene. Déc
tinh truyén dan va dic tinh dau ra cia
linh kién dwoc thé hién trong hinh
5C va 5D. Hinh 5C cho thay dic tinh
truyén (I & VS Vgs) o thang do logarit.
Linh kién hién thi duong cong dac
trung ciia ban dan loai n. Diéu nay
cho thdy, MoS, la kénh dén trong linh
kién duoc ché tao st dung cAu trac
di thé graphene-MoS -graphene va
graphene chi dong vai tro nhu dién
cuc. Thém vao do, d¢ linh dong hat
tai cta linh kién dugc tinh toan theo

cong thirc:
p=(dl, | dv, )x[L/(WC,V,)]

trong d6: L=16 pm va W=12 pm lan
luot 1a chiéu rong va chiéu dai cua
kénh dan. C_ =11,5 nFem? 1a dién
dung gitra kénh dan va cuc cong
mat sau trén mot don vi dién tich.
dl ds/dng 1a do doc cua duong cong
truyén dan. B¢ linh dong dién tr
duoc tinh toan ~3,5 cm? V! s, Pac
biét, ddc tinh dau ra cia linh kién thé
hién su tuyén tinh v&i V_tir -2 dén
2 V (hinh 5D), diéu nay ngu y rang,
¢6 sy hinh thanh tiép xtuc Omic gitra

graphene va MoS, [21].
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Hinh 6. (A) Anh kinh hién vi quang hoc va (B) dic tinh dau ra cua linh kién MoS, v&i cac dién ap cwe céng trong dai tir 0-50 V.

Béng 1. So sanh dic trwng tinh chét dién caa vét liéu graphene-MoS,-graphene ché tao dwec so véi mét sb cong bé trwde dé.

Vit liéu Phuong phap ché tao Pic tinh linh Kkién Tai li¢éu tham khao
MosS, Léng dong pha hoi hoa hoc p=1,5 cm*V''s! Ty 1¢ dong/mo ~10* [22]
Graphene-MoS, Léng dong pha hoi hoa hoc u=~0,46 cm? V''s”' Ty 1é dong/m¢d =10° [23]
MoS, Léng dong pha hoi hoa hoc pu=~0,8 cm?V-'s™! Ty 1& dong/m¢ = 10° [24]
MoS, Phuong phap boc tach p=0,12 cm*V''s"! Ty 1¢ déng/mao~107 [25]
Graphene-MoS, Phuong phap boc tach co hoc p=2,63 cm*V''s"! Ty 1¢& dong/md ~10? [26]
MosS, Léng dong pha hoi hoa hoc u=0,02 cm*V-'s”!, Ty 1€ dong/m¢ ~10* [27]
MosS, Léng dong pha hoi hoa hoc p=1,2 cm*V''s! Ty 1¢ dong/mé = 10* [28]

Graphene-MoS -graphene Léng dong pha hoi hoa hoc

p=3,5 cm*V'ls’! Ty I¢ dong/m¢o ~10° Nghién ctru nay

Két qua nay 1y giai tai sao linh kién c6 toc do dong/mo
cao ~10°. Bé so sanh, chung toi ciing da tién hanh ché tao
linh kién véi kénh dan 1a vat liéu MoS, va hai dién cuc Ti/
Au (hinh 6A). Két qua do dic tinh dau ra (hinh 6B) chi
ra mot sy bat doi xtmg khi V  thay doi tr -1 dén 1 V &
cac dién ap cuc céng khéc nhau. Diéu nay chi ra réng, dién
tré hinh thanh & tiép giap MoS /(Ti/Au) la 16n hon dién tr
dugc hinh thanh giira tiép giap MoS, -graphene. Cac dic
trung tinh chét dién cua vat liéu graphene-MoS -graphene
ché tao dugc nhu do linh dong tién tr (p), tde do dong/mo
cling da duoc so sanh vi mot sd cong trinh cong bd trude
d6 (bang 1). Két qua nay cho thiy, graphene co thé cung cap
mot tiép xtc dién tét cho cac linh kién ché tao trén co so vat
li¢u MoS..

4. Két luan

Trong nghién ciru ndy, cau trac di thé graphene-MoS -
graphene da duoc tong hop thanh cong thong qua k¥ thuat
CVD hai budc. Hinh théi ciia cac cdu triic di thé phy thudc
vao khoang cach tir cac khudn hinh graphene véi ngudn
MosS.,. Két qua nay dugc xac nhan thong qua kinh hién vi

%H%-IE 67(3) 3.2025

luc nguyén tir. Ban dd Raman di thé hién dugc sy hinh
thanh va do dong déu cua di lién két. Linh kién dugc ché tao
sir dung cdu trac di thé graphene-MoS -graphene chi ra dac
tinh dién cua ban dan loai n, duoc xac dinh béi 16p MoS,.
Dic tinh dau ra cua linh kién thé hién rfing graphene la mot
dién cuc tot ddi véi vat lidu MoS,.
LO1 CAM ON

Nghién ciru nay duoc hd trg tai chinh tir Quy Phat triér}
Khoa hoc va Cong nghé Quoc gia (NAFOSTED), ma so
103.99-2020.36. Cac tac gia xin chan thanh cam on.
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Thu nhén higu qua beta-mannanase dung hop voi moc neo LysM3014
trong Escherichia coli bang phwong phap pha v té bao voi hat thily tinh

Nguyén Hoang Minh", Phan Thi Thity Hing, Nguyén Thi Y Nhw, L& Chanh Chi Tai, Nguyén Ngoc Tram
Khoa Héa, Truong Pai hoc Béach khoa, Pai hoc Pa Nang, 54 Nguyén Luwong Bang, phirong Hoa Khéanh Bdc, qudn Lién Chiéu, TP Pa Néng, Viét Nam
Ngay nhan bai 22/9/2023; ngay chuyén phan bién 25/9/2023; ngay nhan phan bién 4/1/2024; ngay chip nhan dang 21/3/2024

Tom tit:

Huéng dén sy phat trién hé thong xiic tic toan té bao theo phwong thirc khong bién ddi gen, trong nghién ctru nay,
ba phwong phép pha v té bao E. coli gdm: siéu 4m, két dong - ra dong va lic véi hat thity tinh dwoc thue hién dé
thu nhén hiéu qua enzyme lai LysM3014-ManB chira beta-mannanase (ManB) tir Bacillus licheniformis dung hop
v6i mot ving LysM tir transglycosylase ngoai bao gia dinh Lp_3014 ciia Lactobacillus plantarum WCFS1. Két qua
cho thiy, hoat tinh xiic tic ciia beta-mannanase cao nhit (~46.651 U/l dich 1én men) dat dwgc khi té bao dwoc pha
v béi hat thity tinh. Ngoai ra, hoat tinh xiic tic clia doan enzyme lai da ting 1én 1,4 1in (~66.000 U/l dich 1én men)
trong diéu ki¢n pha v té bao bang hat thity tinh sir dung ng falcon c6 thé tich 50 ml véi ty 1¢ hat thity tinh 1,0 g/ml
va thoi gian pha v 1a 8 phiit. Nghién ciru nay cho thiy, pha v té bao bang hat thity tinh 13 phwong phap don gian
va hiéu qua nhit so v6i cac phwong phap con lai. Enzyme lai ¢6 thé dwoc sir dung dé tiép tuc nghién ctru qua trinh
¢6 dinh ManB trén bé mit té bao L. plantarum thong qua méc neo chira mot ving LysM.

Tir khoa: Escherichia coli, hat thiy tinh, LysM3014, mannanase, pha v té bao.
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Efficient recovery of beta-mannanase fused with LysM3014 domain

in Escherichia coli by glass bead based-cell disruption method
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Abstract:

Toward the development of whole cell biocatalysts via non-GMO strategy, in this study, three E. coli cell disruptions,
including sonication, freezing - thawing, and bead-shaking have been evaluated to recover efficiently fusion protein
LysM3014-ManB containing a beta-mannanase (ManB) from Bacillus licheniformis fused with a single LysM3014
domain derived from a putative extracellular transglycosylase Lp 3014 of Lactobacillus plantarum WCFS1. The
results showed that the highest volumetric activity of beta-mannanase (~46,651 U/l fermentation) was obtained
when shaking the cells with glass beads. Moreover, the hybrid enzymatic activity of LysM3014-ManB increased
approximately 1.4 folds (~66,000 U/l fermentation) under the optimum conditions of glass bead-based cell disruption
with falcon 50 ml, glass bead ratio of 1.0 g/ml and disruption time of 8 min. The study indicates that shaking the cells
with glass beads is likely to be the simplest and the most efficient cell disruption method in comparison with other
disruption methods. Hybrid enzymes can be used to further study the immobilisation of ManB on the surface of L.
plantarum through an anchor containing a LysM domain.

Keywords: cell disruption, Escherichia coli, glass bead, LysM3014, mannanase.
Classification numbers: 1.4, 2.4
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1. Ddt van de

Escherichia coli 1a vi khuan gram 4m dugc nghién ciru
rong rai nhu 1a mét vat chu dé san xuit cac loai enzyme tai
t6 hop co nhiéu ung dung khac nhau, ching han nhu beta-
mannanase, mot enzyme c¢6 kha ning chuyén dbi ba com
dira thanh céac prebiotic tiém ning [1]. Dé ¢ thé thu nhan
luong lon cac enzyme véi hoat tinh xtic tac cao, giai doan ly
giai té bao E. coli dong vai trd dic biét quan trong [2]. Néu
qué trinh pha v& khong t6t, luong enzyme giai phong sé rat
thép, df)ng thoi ciu trac trung tdm hoat dong cua enzyme s&
bi bién dbi. Vi vay, viéc lua chon phuong phap pha v& quyét
dinh d6 phirc tap cia cong nghé thu hdi san phim va tinh
kinh té cua qué trinh san xuét [3].

V& co ban, t& bao co thé duoge pha v& dua trén céc
phuong phap khac nhau va viéc lya chon phuong phap pha
v& phu thude vao co ché pha v& ciing nhu cach thire thuc
hién phuong phap [4]. O quy mo phong thi nghiém, phuong
phap siéu am dya trén qua trinh chuyén d6i ning luong ciia
am thanh (20 kHz) thanh cac dao dong co hoc la phuong
phap duoc sir dung nhiéu nhit [4]. Cac dao dong nay duoc
truyén vao chit 1ong va tao thanh hién tugng bong bong co
kich thudc vi mo, khi cac vi bong v& ra, tao thanh song co
nang luong 16n lan téa khip chét 1ong va gdy pha vo té bao.
Nhin chung, phuong phap siéu 4m tuong ddi don gian, dé
thyc hién, hiéu qua pha v& cao; tuy nhién, phuong phap nay
can dau tu Ve mat thiét bi, c6 thé sinh nhiét va tao cac gbc
tu do, 1am ton thuong dén phan t& muc tiéu [5]. Do do6, viéc
luén luén dit mau trong diéu kién lanh va thuc hién ché
d6 phé gian doan ludén duogc dé xuét trong nhidu quy trinh
nghién ctru. Ngoai phuong phap siéu 4m, phuong phap két
dong - ra dong dya trén sy hinh thanh va sy tan chay cac
tinh thé da cling duoc sur dung, dé pha vo té bao vi su don
gian, d& thyc hién va thuong duoc sir dung két hop vai cac
phuong phap khac dé nang cao hiéu qua pha v [6]. Chinh
céc tinh thé nud6c da duoc tao ra trong qua trinh cap dong c6
vai tro phd v& té bao. Phuong phap nay phy thudc vao nong
d6 té bao trong mau, s6 vong két dong - rd dong va nhiét do
lam dong [7]. Phuong phap pha v té bao bang hat thiy tinh
1a phuong phap thuong dugce sir dung va co thé dugc thuc
hién chu dong bang nhiéu cach khac nhau (nhu khudy voi
que khudy tlr, vortex v&i may tron toc do cao...) [5]. Qua
trinh pha v té bao bang hat thily tinh cht yéu duya trén lyc
tao ra khi hat thuy tinh va cham véi té bao, con goi 1a luc
mai mon hay luc nghién [4]. Hiéu qua pha v& phu thudc vao
néng d6 té bao, kich thudc cua hat thay tinh, ty 1¢ hat thuy
tinh so v4i thé tich canh truong va lyc tac dong [8].

C6 thé thy rang, ¢6 nhidu phuong phap pha v& té bao,
moi phuong phap déu ¢6 wu va nhuoc diém. Phuong phap
pha v& tt nhat 1a phuong phap c6 quy trinh don gian, thuan
tién trong thao tac, khong can thiét bi dit tién va quan trong
hon ca 1a c6 thé giai phong lwong 16n hop chét dich c6 hoat
tinh sinh hoc cao nhét [7]. Véi muc tiéu lya chon phuong
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phap pha v& té bao phu hop, trong nghién ciru nay, cac
phuong phap nhu: siéu am, két dong - ra dong va lac véi hat
thily tinh dugc sir dung dé pha v té bao E. coli BL21 tai to
hop nham thu nhan doan protein lai LysM3014-ManB chira
beta-mannanase (ManB) tu Bacillus licheniformis DSM13
dung hop voi mdt ving LysM tir transglycosylase ngoai bao
gia dinh Lp 3014 cua L. plantarum WCFS1. Phuong phap
t6t nhét trong ba phuong phap sé dugc lya chon dé khao sat
céc yéu td anh huong dén qua trinh pha v& té bao.

bay la nghién ciu mdi trinh bay qua trinh thu nhan
protein lai LysM3014-ManB trong E. coli bang cic phuong
phép pha v khac nhau. Két qua clia nghién ctru s& 1a budc
khéi dau quan trong dé c6 dinh ManB trén bé mit té bao L.
plantarum st dung moc neo LysM, huéng dén sy phat trién
hé thong xuc tac toan té bao theo phuong thirc khong bién
dbi gen.

2. Déi tuong va phuong phap nghién ciiu
2.1. Chiing vi sinh vt va méi truong nudi ciy

Escherichia coli BL21 mang pBAD3014 ManB dugc
nuobi cay trong moéi treong Luria-Bertani (LB) bo sung 100
pg/ml ampicillin ¢ 37°C (LBA), trong dicu kién lac [9].

2.2. Héa chit va plasmid

Céc hoa chat nhu co chit Locust bean gum (LBG),
L-arabinose, ampicillin, NaCl, KCI, KH,PO,, Na,HPO, va
hat thay tinh 0,5 mm (Z250465- lPAK) dat do tmh khlet
cao va dugc mua tu Cong ty Sigma-Aldrich (St. Louis,
MO). Vector pBAD3014 ManB 1a vector c¢6 ngudn gdc tir
vector thuong mai pBAD, c6 chura trinh tw moc neo LysM
tu Lp 3014 lai vdi gen manB tu B. licheniformis DSM13
(ATCC 14580).

2.3. Biéu hién gen mi héa protein lai LysM3014-ManB
trong té bao E. coli BL21

Qua trinh biéu hién gen mi hoa LysM3014-ManB trong
té bao E. coli BL21 duoc thuc hién theo quy trinh dugc mo
ta trude ddy voi mot didu chinh nho vé ndng do chat cam
tng [9]. V& co ban, E. coli tai t6 hop dugc nudi cdy lic qua
dém & 37°C trong mdi trudng LBA. Sau d6, dich té bao qua
dém duoc chuyén sang 50 ml méi truong LBA méi sao cho
OD,~0,1, va tiép tuc duge nudi lc ¢ 37°C. Qué trinh biéu
hién gen dugc cam tmg tai OD,~0,6 bang L-arabinose dén
ndng do cudi 1a 0,9 mg/ml, t& bao duoc thu nhan sau 24 gio
cam tng bang ly tim (4000xg, 10 phut, 4°C) trudc khi dugc
rira 2 1an véi dém PBS chtra 137 mM NaCl, 2,7 mM KCl,
2 mM KH PO va 10 mM Na,HPO (pH 7,4). Bé dam bao
mot luong té bao duogc thu nhan trong moi thi nghiém 1a nhu
nhau, thé tich cta canh truong té bao (V canh truome) dugc tinh
toan dya trén cong thue: V| uomg < OD g0 =20 Sinh khéi té

bao duoc tai huyén phu trong 1 ml dung dich dém PBS lanh
trude khi duge pha v bang cac phuong phéap khac nhau.
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2.4. Cic phwong phdp phd vé té bao E. coli tdi t6 hop

Siéu dm: Qua trinh pha v& t& bao bang phuong phap
siéu am dugc thuc hién nhu phuong phap trude day va co
mot vai diéu chinh [7]. Té bao duoc pha v trong diéu kién
udp lanh trong khoang 15 gidy bang may siéu am (Bandelin
Sonopuls HD60, Puc, cong suit 80%, tan s 20 kHz), sau
d6 dat trong diéu kién u6p lanh nghi trong 45 gidy. Tong
thoi gian pha té bao bang siéu am 1a 4 pht.

Két dong - ra dong: Qua trinh pha v té bao bang phuong
phap két dong - ra dong dwoc thuc hién nhu phuong phap
truge day va co mot vai diéu chinh [6]. M6t cach ngin gon,
ong dung sinh khéi té bao dugc u6p lanh trong 10 phit,
sau d6 ong nay duoc u trong éng dung ethanol lanh (98%)
0 -80°C trong vong 15 phut. Hai budc nay dugc lap lai
khoang 15 lan, sau d6 tai huyén phu té bao trong 0,1 ml
dém PBS. Dich néi chira enzyme dugc thu nhan bé'mg ly tam
(10.000xg, 4°C, 10 phut).

Phd vé té bao véi hat thiy tinh: Té bao duoc pha vo
bang cach truot dng eppendorf (thé tich 1,5 ml) chira 1 ml
dich té bao va 0,5 g hat thity tinh 0,5 mm trén gia dung dng
nghiém trong 60 gidy, sau d6 U trong diéu kién wép lanh
15 gidy. Tong thoi gian pha v& té bao bang phuong phap
nay 1a 4 phit. Dich chiét enzyme thé duoc thu nhin nho ly
tam & 10000xg, 4°C, 1 phut va dung dé xac dinh hoat tinh
enzyme.

2.5. Khdo sdt cdc yéu t6 anh hwéng dén higu qud phd
vé' té bao bang hat thiiy tinh

Thoi gian phd vé té bao: 1 ml dich t& bao huyén phu
dugc hoa tron voi 0,5 g hat thuy tinh. Sau do, t€ bao dugc
pha trong cac khoang thoi gian khac nhau (4, 6, 8 va 10
phut).

Ty 1é hat thiy tink: 1 ml dich té bao huyén phu duoc hoa
tron véi hat thuy tinh voi ty 1€ khac nhau (0; 0,5; 1,0; 1,5;
2,0 g/ml). Té bao dwoc pha trong tong thoi gian dugc khio
sat & trén.

Hinh dang ong dung té bao: Ong dung c6 hinh dang
khac nhau (eppendorf 1,5 ml, falcon 15 ml va falcon 50 ml)
duogc st dung dé chira mot ml dich té bao huyén phu va hat
thily tinh. Quy trinh pha v& t& bao dugc thyc hién voi cac
thong s thoi gian pha va ty 1¢ hat thity tinh dugc xac dinh
0 nghién clru trudce.

“Hiéu qua pha v& té bao dugc xac dinh dya vao hoat tinh
thé tich ctia mannanase tai to hop.

2.6. Xdc dinh hoat tinh xuc tdc ciia mannanase

Hoat tinh mannanase dugc xac dinh theo quy trinh duoc
mo ta trude day [1]. Mot cach ngin gon, hdn hop phan tmg
g6m 100 ul dich enzyme véi 900 ul ciia 0,5% (w/v) dung dich
co chat locust bean gum chtra thanh phan galactomannan.
Dung dich co chat dugc chuan bi bang cich pha lodng
locust bean gum trong 50 mM dém sodium citrate (pH 6,0)
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tai 80°C trong 30 phiit. Hon hop phan img duoc u tai 37°C,
600 vong/phut trong 5 phat. Luong duong tao ra sau phan
mg dugc xac dinh bang phuong phép dinitrosalicylic acid
(phuong phap DNS). Trong phuong phap nay, 100 pl dich
sau phan tng dugc tron voi 100 pl dung dich DNS, tiép d6
u 6 99°C trong 10 phut, lam lanh trén da trong 5 phtt, pha
lodng v6i 800 pl nudc chung cat hai 1an trude khi do d6 hap
thu tai budc song 540 nm, st dung 1-5 pmol/ml chét chuin
D-mannose. Mot don vi hoat tinh cia mannanase duogc xac
dinh 1a lugng enzyme giai phong 1 umol mannose tuong
duong trong mot phut dudi diéu kién phan Gng. Phan tng
dugc lap lai 3 1an véi ty 18 sai s6 nho hon 5%.

2.7. Xdc dinh no“‘ng do protein

Nong d6 protein duge xac dinh bang phuong phap
Bradford st dung albumin huyét thanh bo lam chét chudn
[10].

2.8. Phwong phdp thong ké

Tt ca céac thi nghiém dugc thuc hién it nhat 3 1an, tat ca
dit liéu duoc trinh bay trong bang va db thi 1a gia tri trung
binh vé6i d6 l1éch chuan. Phép kiém dinh Fisher’s LSD dugc
sir dung dé dénh gia sy khac biét gia tri trung binh giira cac
nhoém néu kiém dinh ANOVA cho y nghia khac biét.

3. Két qua

3.1. Hoat tinh xuc tdc cia beta-mannanase dung hgp
vdi moc neo LysM3014

Qué trinh biéu hién protein lai LysM3014-ManB trong
té bao E. coli tai t6 hop dwoc cam tng boi L-arabinose. Sau
24 gid cam ung, té bao E. coli mang plasmid pBAD3014
ManB di duoc pha v& biang phuong phap siéu am. Hoat tinh
mannanase ciia LysM3014-ManB dugc phan tich dya vao
phuong phap DNS.
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Hinh 1. Hoat tinh mannanase cta dich chiét tho chira protein lai
LysM3014-ManB thu nhan trong diéu kién nuéi cdy khéng cam
(rng va cam (rng sau 24 gi®. Cac chir cai a, b thé hién su khac biét co
y nghia théng ké bang Fisher’s LSD clia hoat d6 thé tich mannanase
V@i p<0,05.



Két qua hinh 1 cho thiy, hoat tinh xiic tic ciia LysM3014-
ManB trong diéu kién cam ung la ~1.800 U/l dich 1én men,
cao hon 9 1an so véi truong hop biéu hién gen khong cam
(g, tuy nhién thip hon 27 1an so v&i hoat tinh cia ManB
tu do thu nhan tir nghién curu trude day (50.000 U/l dich 1én
men) [1]. Piéu nay cho thiy ring, phuong phap pha v& té
bao bang siéu 4m da sinh nhiét, tir d6 lam t6n thuong dén
clu trac trung tam hoat dong cua ManB. Do vay, viéc khao
sat cac phuong phap pha v t& bao khac nhau 1a vo cing
can thiét, gop phan thu nhan lugng 16n t6 hop enzyme lai co
hoat tinh xuc tac.

3.2. Hi¢u qua cua cdac phwong phdp pha vo té bao E.
coli BL21 tdi té hop

Két qua bang 1 cho thiy, phuong phap siéu am giai
phong protein v6i ndng do cao nhat (khoang 9,7 mg/ml),
cao hon khoang 3 1an so v6i hai phuong phép con lai. Tuy
nhién, khi so sanh gia tri hoat do thé tich ciia mannanase
trong 1 1 dung dich 1én men thi thdy rang, phuong phap pha
v0 v&i hat thuy tinh giai phong lugng enzyme cé hoat tinh
cao nhét (~46.651 U/1), gip 26 1an so véi truong hop siéu
am va gép khoang gan 4 1an so v&i trudng hop pha vo bang
két doéng - ra dong. Gia tri hoat d) riéng cua mannanase
trong phuong phap pha v& bang hat thay tinh (~82 U/mg)
ciing dat gia tri cao nhat, gip khoang 27 1an so v&i phuong
phap két dong - ra dong va siéu am (~3 U/mg). Diéu nay cho
thdy, phuong phap phé v& té bao bang cach trugt dng chira
té bao va hat thuy tinh trén gia d& 1a phuong phap don gian
nhat va tao ra dich chiét tach c6 hoat do enzyme cao nhét.
Do vy, phuong phap pha v& bang hat thiy tinh dugc Iya
chon cho céac thi nghiém sau.

Bang 1. Hoat dd cta LysM3014-ManB thu dwoc tir cac ly giai té
bao E. coli tai td hop str dung cac phwong phap khac nhau.

Hoat tinh ciia LysM3014-ManB  Siéu 4m Két dong - ri dong Hat thiy tinh
Hoat d0 thé tich (U/l dich 1én men)  1788+7,93¢ 1201745260 46651+3,94¢
Protein téng (mg/ml) 9,76+0,35 3,10£0,07° 2,85+0,22°
Hoat d¢ riéng (U/mg protein) 2,90+0,41° 3,06+0,16° 82,98 £0,95°

Ghi chl: Céc chi cai a, b, ¢ thé hién s khac biét cé y nghia théng ké
béng Fisher's LSD cua céc théng s khac nhau & cac phuwong phéap
pha vé& té bao véi p<0,05.

3.3. Anh hwéng ciia cdc yéu t6 lién quan dén qud trinh
phad vo té bao bang hat thiiy tinh

3.3.1. Thoi gian

Két qua hinh 2 cho théy, khi pha v& t bao E. coli mang
plasmid pPBAD3014 ManB trong thoi gian 8 phtt, hoat tinh
xuc tac cua LysM3014-ManB duoc xac dinh 1a cao nhat
(~55.000 U/1 dich 1én men), cao hon so véi truong hop str
dung thoi gian phd mau 1a 4 phut (~46.000 U/1 dich 1én men)
va 6 phut (~49.000 U/l dich Ién men). Tuy nhién, khi tang
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thoi gian phd mau bang hat thuy tinh 1én 10 phut (~53.310
U/l dich 1én men), hoat d¢ thé tich cua LysM3014-ManB
khong co su khac biét dang ké so véi truong hop sir dung
thoi gian 8 phut. Didu nay co thé cho thay, khi pha v té bao
trong khoang thoi gian 8 phut, mot luong dang ké enzyme
1a1 LysM3014-ManB da dugc giai phong ra. Neu tiép tuc
tién hanh pha v, luong enzyme nay s€ truc tiép va cham
v6i céac hat thiy tinh, lam cho cau trac trung tdm hoat dong
clia enzyme bi bién d6i. Do d6, trong nghién ctru nay, tong
thoi gian 8 phut 1a pht hgp dé pha té bao bang hat thuy tinh.
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Hinh 2. Két qua khao sat anh hwéng cia thei gian 1én hoat dé cua
LysM-ManB thu dwegc tir phwong phap pha vé té bao E. coli tai té
hop str dung hat thay tinh. Cac chi céi a, b thé hién su khac biét cé
y nghia théng ké bang Fisher’s LSD vé&i p<0,05.

3.3.2. Ty 1¢ hat thiiy tinh

Khi pha v& té bao trong diéu kién khong dung hat thuy
tinh, hoat tinh xtuc tac cua LysM3014-ManB van dugc xac
dinh (~3.000 U/l dich 1én men). Diéu nay cho thay, khi truot
dng eppendorf chira té bao trén gia do 6ng nghiém, cac té
bao E. coli d3 va cham vio nhau, gdy nén su v& cua té bao
va giai phong enzyme lai. Tuy nhién, lyc va cham gilia cac
té bao chwa du manh nén chi mot luong nho té bao bi pha
v&. Diéu nay cho thay, rit can thiét phai st dung hat thay
tinh dé hd trg cho qua trinh phé v té bao.

Trong trudng hop phé v té bao véi ty 1¢ hat thuy tinh 1a
0,5 g/ml, hoat tinh ctia LysM3014-ManB (~55.000 U/I dich
1én men) di tang khoang 18 1an so v&i truong hop khong st
dung hat thay tinh (hinh 3). Khi tang ty 1€ hat thay tinh 1én
1,0 g/ml, hoat tinh xtc tac ciia enzyme dat khoang ~60.000
U/1 dich 1én men. Tuy nhién, hoat tinh enzyme da tang 1én
khong dang ké (~61.000 U/1 dich 1én men. khi st dung ty
1¢ hat thity tinh cao hon (1,5 va 2,0 g/ml). Két qua nay cho
thiy rang, ty 1¢ hat thuy tinh (1,0 g/ml) 1a vira da dé pha vo
té bao trong 1 ml dich huyén phi. Néu dung ty 1¢ hat thuy
tinh 16n hon 1,0 g/ml, khong gian cua dng dung da gidi han
sy va cham hi¢u qua cua hat thuy tinh véi té bao, vi vay
hoat tinh xuc tac cuia enzyme khong ting nita. Do do, trong
nghién curu nay, ty 1€ hat thuy tinh 1,0 g/ml dugc lya chon
dé pha vo té bao.

10
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Hinh 3. Két qua khao sat anh hwéng cla ty 1 hat thiy tinh Ién hoat
dd caa LysM-ManB thu dwoc tir phwong phap pha vé té bao E.
coli tai t& hop str dung hat thiy tinh. Cac chi cai a, b, ¢ thé hién sw
khéac biét c6 y nghia théng ké béng Fisher’s LSD v&i p<0,05.

3.4. Hinh dang ciia ong dung

Pé khao sat anh hudng cua cac loai 6ng dung 1én qua
trinh pha v té bao, hdn hop gdm dich té bao huyén phui va
hat thuy tinh (ty 1¢ hat thay tinh 1a 1,0 g/ml) da dugc dung
trong cac loai vét chira khac nhau (dng eppendorf thé tich
1,5 ml; ng falcon thé tich 15 ml va dng falcon thé tich
50 ml) Qua trinh pha vo te bao dugc thyc hién bang cach
trugt ong du’ng trén gia d& dng ngh1em trong tong thoi gian
8 phtt. Két qua & hinh 4 cho théy, hoat tinh xuc tac cua
LysM3014-ManB ting dan khi tang thé tich ctia dng dung,
va dat cao nhat (~66.000 U/1 dich 1én men) trong trudng hop
sir dung ng falcon 50 ml, cao hon khoang 1,5 1an so véi
hoat tinh cua ManB tu do ¢ nghién cuu trude (~50.000 U/
dich 1én men). Diéu nay cho thay, thé tich ng dung 16n s&
tang khong gian dé hat thuy tinh di chuyén va va dép vao té
bao hi¢u qua hon.
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Hinh 4. Két qua khao sat anh hwéng cta hinh dang 6ng dwng lén
hoat d6 cta LysM-ManB thu dwoc tir phwong phap pha vé té bao
E. coli tai td hop str dung hat thiy tinh. Cac chi céi a, b thé hién sw
khac biét c6 y nghia théng ké béng Fisher's LSD véi p<0,05.
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LysM (Lysin Motif) 1a cac doan lap lai c6 chiéu dai thay
doi tir 40 dén 65 amino acid, c6 thé gan vao peptidoglycan
va chitin theo phuong thiic khong cong hoa tri [11]. Pac
diém gin nay da duoc tng dung dé xdy dung hé thong cd
dinh protein trén bé mit té bao theo phuong thirc khong bién
dbi gen, trong d6 cac doan lai ¢ chira doan LysM dugc tong
hop trong mét té bao vat chu (vi du E. coli hay L. lactis),
sau do su ¢b dinh cac doan lai nay dugc thyc hién trén mot
chung tu nhién khac nhu 1a Lactobacillus. Vi muyc tiéu
phat trién hé thng xtc tac toan té bao khong bién ddi gen,
trong nghién ctru nay, ManB lai voi moc neo LysM3014 tao
thanh doan protein lai LysM3014-ManB dé duoc biéu hién
thanh cong trong té bao E. coli va duoc thu nhan bang cac
phuong phéap pha v té bao khac nhau.

Trong nghién ctru ndy, ba phuong phap pha v té bao
(siéu am, két dong - rd dong va lic voi hat thuy tinh) da
dugc sir dung va so sanh. Vé co ban, ca ba phuong phap
déu don gian, d& thyc hién, tuy nhién, phuong phap siéu 4m
va két dong - ra dong can co thiét bi dat tién (nhu thiét bi
siéu am, thiét bi lanh sau), trong khi d6 phuong phép pha v&
té bao bang hat thﬁy tinh trong nghién ctru nay khong can
sir dung méy pha té bao Mini- Beadbeater [2] hay may tron
[7] nhu cac nghién ctu trudce, ma chi can truot dng chira te
bao voi hat thuy tinh trén gia dd ng nghiém. Do do, xét vé
mat kinh té, phuong phap pha v& bang hat thily tinh trong
nghién ctru nay don gian, it ton kém nhat va c6 thé sir dung
thuan tién trong moi diéu kién nghién ctru & quy mo phong
thi nghiém.

Khi xét vé hiéu qua giai phong protein, phwong phap pha
vd té bao E. coli v6i hat thity tinh giai phong lugng protein
téng tuong duong voi phuong phap két dong - rd dong, va
thip hon 3 lan so v&i phuong phap siéu 4m (9,7 mg/ml).
Tuy nhién, khi so sanh véi nghién ctru khac su dung siéu
am dé pha v té bao E. coli thi ndng d6 protein tao ra bang
phuong phéap pha v& v6i hat thuy tinh trong nghién ctru nay
cao hon khoang 1,5-2 1an [5]. Mot nghién ciru khac da chi
ra rang, phu‘ong phap pha v té bao E. coli bang hat thiry
tinh trong diéu kién t6i uu c6 thé giai phong luong protein
(12 mg/ml) cao hon tru:orng hop st dung phuong phap siéu
am (10 mg/ml) [8]. Didu nay chi ra rang, phuong phap pha
v té bao bang hat thuy tinh c6 thé giai phong luong protein
tuong ddi cao. Pic biét hon nita, hoat do thé tich va hoat do
riéng ciia LysM3014-ManB trong dich chiét tho thu nhan tir
phuong phap phé v& bang hat thiy tinh déu dat gi4 tri cao
nhit (~66.000 U/l dich 1én men) va cao hon 1,4 1an so v&i
hoat tinh xtc tac cua ManB tuy do ¢ nghién ctu trude [1].
Hoat tinh cta LysM3014-ManB c6 thé con ting cao hon
nira néu qua trinh pha v& bang hat thiy tinh dwoc khao sat

n



trong diéu kién toi vu héa. Diéu nay cho théy, Iuc tao ra do
qua trinh truot dng dung chira hat thuy tinh va té bao trén
gia d& du 16n dé pha v té bao va di nho dé khong lam
anh huong dén trung tim hoat dong ciia enzyme. Két qua
clia nghién ciru nay ciing twrong dong voi nghién ciru ciia
L. Benov va cs (2002) [7] khi chi ra rang, phuong phap pha
v& bang hat thuy tinh dua ra lugng enzyme fumarase va
aconitase co hoat tinh cao nhét so véi phuong phap siéu am
va két dong - ra dong. Chinh vi nhiing 1y do trén, phuong
phap phéa v& té bao E. coli bang hat thiry tinh dugc danh gia
1a phuong phap hiéu qua nht trong ba phwong phap.

5. Két luan

Nghién ctru da mo td qua trinh thu nhan protein lai
LysM3014-ManB tu té bao E. coli mdt cach don gian, thuan
tién va hiéu qua bang phwong phap pha v& té bao voi hat
thily tinh. Enzyme lai ¢6 thé duoc sir dung dé tiép tuc nghién
cuu qua trinh ¢6 dinh ManB trén bé mit té bao L. plantarum
thong qua moc neo chira mét vung LysM.

LO1 CAM ON

Nghién ciru nay duoc tai tro boi Quy Phat trién Khoa
hoc va Cong nghé qudc gia (NAFOSTED) trong dé tai ma
50 106.02-2019.339. Céc tac gia xin chan thanh cam on.
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Anh hudng ciia 9 m va nhiét do mdi trwomg dén a9 bén co'ly ‘
cila polyme blend poly(butylene adipate-co-terephthalate)/tinh bot dong riéng
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Tom tit:

Polyme blend poly(butylene adipate-co-terephthalate)/tinh bot dong riéng (PBAT/TB) dwoc ché tao trén thiét bi
tron kin 2 truc vit Brabender. Nghién ciru d4anh gia dnh hwéng ciia d9 4m (35-95%) va nhiét d9 (10-40°C) dén d9
bén co Iy ciia vét liéu PBAT/TB. Cac phwong phép: ham hrgng am, tinh chit co hoc va hinh thai hoc bé mit (quan
sat bang kinh hién vi dién tir quét - SEM) dwge sir dung dé danh gia sw thay doi ctia vét li¢u trong qua trinh bio
quén & cac didu kién khac nhau. Két qua nghién ciru cho thiy, ham lwgng 4m ciia polyme blend PBAT/TB tiing khi
dd Am mai trudong ting. Khi bio quén & nhiét dd thip (10-25°C) va dd 4m thip (35-55%), tinh chit co hoc ciia vat
liéu giam nhe sau 6 thang bio quén, bé mit ciia miu bién ddi khong nhiéu. Khi bao quan & nhiét d9 cao (40°C) va
do am cao (95%), tinh chit co hoc ciia vit liéu giam manh (~45%), bé mit miu vat li¢u xuit hi¢n cac diém phin pha
giira tinh bdt va nén nhya PBAT.

Tir khéa: dd Am, poly(butylene adipate-co-terephthalate), polyme blend, tinh bt dong riéng.
Chi 56 phin logi: 1.4,2.5,2.7

Effect of humidity and temperature on the mechanical strength
of poly(butylene adipate-co-terephthalate)/canna starch polymer blend
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Abstract:

Poly(butylene adipate-co-terephthalate)/canna starch (PBAT/TB) polymer blend was prepared using a twin-screw
internal mixer (Brabender). The effects of humidity and temperature on the mechanical strength of PBAT/TB
materials were carefully evaluated at humidity levels of 35-95% and temperatures of 10-40°C. Moisture content,
mechanical properties, and surface morphology (observed using scanning electron microscopy - SEM) were analysed
to evaluate the changes in the polymer blend during storage under different conditions. The study results showed
that the moisture content of the polymer blend PBAT/TB increased when the environmental humidity increased.
When the sample was stored at low temperature (10-25°C) and low humidity (35-55%), the mechanical properties
of PBAT/TB decreased slightly after six months of storage, the fracture surface morphology of the sample did
not change significantly. When the sample was stored at a high temperature (40°C) and high humidity (95%), the
mechanical properties of the sample decreased sharply (~45%), and the surface of the sample material exhibited
phase separation between the starch and the PBAT resin matrix.

Keywords: canna starch, humidity, poly(butylene adipate-co-terephthalate), polymer blend.
Classification numbers: 1.4, 2.5, 2.7
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1. Ddt van de

Viéc st dung cac vat li€u co ngu6n géc tir dau mo nhu
polyethylen (PE), polypropylen (PP) va polystyren (PS) gay
nén van dé 6 nhiém moi trudong nghiém trong boi chung rat kho
phén huy [1]. Dé giai quyét van nan trén, trong nhiing thap ky
qua cac nha khoa hoc da tap trung nghién ciru, phat trién cac vat
liéu nhya c6 kha nang phan huy sinh hoc. Hién nay, c¢6 khoang
180 cong ty trén thé gi6i tham gia san xuat trong linh vuc
nhya sinh hoc. Trong do, c6 45 cong ty san xudt véi san lugng
khodng 400.000 tAn mdi ndm, tap trung cao nhit & My, Puc va
Nhat Ban. Viét Nam phan dau dén niam 2025 sir dung 100%
bao bi than thi¢n moi truong tai cac trung tim thuong mai, siéu
thi. Co kha nhiéu vat liéu duoc sir dung dé ché tao nhua phan
huy sinh hoc nhu polylactic acid (PLA), poly(butylene adipate-
co-terephthalate) (PBAT), polycaprolactone (PCL), polyvinyl
alcohol (PVA)... Trong do, PBAT la mét trong nhung polyme
phén huy day tiém nang va dugc Gmg dung rong rai nhat dé san
xuét tdi dung thuc phdm, tdi mua hang, tai dung rac, mang phu
trong nong nghiép...[2], boi ching co tinh cht co hoc tuyét
voi, co thé thay thé cho polyethylen [3]. Tuy nhién, PBAT c6
gia thanh cao, dé ha gia thanh san phdm ching thuong dwoc
tao blend véi tinh bot. Cac loai tinh bot dwoc st dung dé ché
tao polyme blend phén huy sinh hoc 1a ngd, lua mi, dau Ha
Lan, khoai tay, gao, san, dong riéng... Ca PBAT va tinh bot deu
1a vét liéu phan huy sinh hoc, ching d& hit 4m, vi vay d6 am
1a yéu t6 quan trong quyét dinh do bén cua vat liéu. Sy phan
huy chu yéu 1a do su thuy phan cua cac chudi dai phan tir lam
khdi luong phén tir giam nghiém trong [4, 5] dan dén tinh chat
co hoc gidm manh [6, 7]. Trong khi do, Viét Nam Ia nudc khi
héu nhiét d6i 4m voi dic trung vé d6 4m cao, nén nhiét cao, co
mua nhidu. Vi vy, bai bdo ndy nhim danh gia anh huong cua
moi truong nhu do 4m, nhiét do dén do bén cua polyme blend
poly(butylene adipate-co-terephthalate)/tinh bot dong riéng.

2. Déi tuong va phuong phap nghién ciu
2.1. Déi twong

Nhua poly(butylene adipate-co-terephthalate) (PBAT) dugc
cung cap boi Cong ty SMBEST Pvt. Ltd. (Han Qudc) véi ty
trong 1,22 g/em?, chi s6 dong chdy (MFI) 3-5 g/10 phut & 2 16
kg/190°C. Tinh bot dong riéng dwoc phén lap tir cu dong riéng
tuoi [8, 9], ¢6 ham luong amylose 33%, amylopectin 60%, tro
0,22% va xo0 0,31%. Dau dau nanh epoxy hoa dugc cung cip
boi Cong ty C6 phan Hoa chat Thing Long (Viét Nam) vai ty
trong 0,98 g/cm?, chi s6 oxirane 6,5%. Axit lauric, kém stearat,
glycerol dugc mua tir Trung Qudc.

2.2. Phwong phdp nghién ciru

Diéu ché polyme blend PBAT/TB: Hat nhya PBAT, tinh
bot dong riéng duge siy ¢ 70°C trong 12 gio. Hat nhwa PBAT,
tinh bot dong riéng (ty 16 PBAT/tinh bot 50/50), ddu dau nanh
epoxy hoda 5%, nudc (10% so vai tinh bot), glycerol (20% so
véi tinh bot), axit lauric (1,5% so véi tinh bot), kém stearat
(0,2% so véi tinh bot) duoc tron trén thiét bi tron kin 2 truc vit
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Brabender ¢ 160°C, toc do truc vit 50 vong/phut trong 10 phut.
San pham dugc ¢p thanh céc tam day 1 mm trén mdy ép nong
GoTech ¢ 160°C, ap suat 100 kg/cm® trong 3 phut.

Hérp lugng am: Dé xac dinh he‘lm lugng am cﬁ’a mz?lu vat
liég, mau dugc cho vao chén st sach r6i cho vao ti say, say dén
khoi lugng khong d6i ¢ 105°C trong khoang 4 gio. Ham lugng
am (MC) duogc tinh theo cong thire (1):

MC (%) = W10 5 149

W1

)

trong do: w: Kh01 lugng miu ban dau (g), W, Khéi lugng ciia
mau sau kh1 sdy (g).

Tinh chit co hoc: P9 bén kéo dut va do dan dai khi dat cua
mau duoc x4c din theo tidu chudn ASTM D638 trén thiét bi do
co Iy BP-1068 (BAOPIN, Trung Qudc) véi toe do kéo 50 mm/
phut. Miu dwoc didu hoa & 25°C trong 24 gid trude khi thi
nghiém. Mdi mau dugc x4c dinh 5 lan dé 1dy gia tri trung binh.

Hinh thai hoc bé mit: Mﬁu duoc cét v6i kich thude thich
hop, gan trén gia do, bé mit ct ciia miu duoc phu mot 16p bac
mong bang phuong phap bdc hoi trong chén khong dé tang do
twong phan. Mau dugc cho vao budng do cua kinh hién vi dién
tir quét SM-6510LV.

Pho héng ngoai bién d6i Fourier (FT-IR): Phd héng ngoai
clia mau duoc ghi trong khoang sO song 400-4000 cm! trén
quang pho ké hong ngoai blen doi Fourier (FTIR) (NEXUS
670) theo phuong phap truyen qua, d0 phan gidi 8 cm™, 50 lan
quet 32 lan 0 diéu kién chuan. S lidu dugc thu thap va xir Iy
bang phan mém OMNIC 5a.

3. Két qua va ban luan

3.1. Anh hwéng ciia dp Gm moi truong

Pé danh gi4 anh huong cta do 4m moi truong dén cac tinh
chat cta polyme blend, tién hanh bao quan mau trong tu thi

nghiém n}liét do - do 4m Visign Tec (Han Quéc) & nhiét do
25°C, d6 am moi truong thay doi 35, 55 va 95%.

Anh huwong ciia dé am méi triweong dén ham lwong am: Ham
lwong 4m ciia mau polyme blend PBAT/TB khi d6 4m cta moi
truong khac nhau dugc tong hop trong bang 1.

Bang 1. Ham lwong dm clGa mau polyme blend poly(butylene
adipate-co-terephthalate)/tinh bat dong riéng khi do6 am méi
trwwong khac nhau.

Thoi gian (thang) D¢ am (%)
35 55 95
0 0,51 0,51 0,51
1 1,52 1,62 1,68
2 1,72 2,18 1,95
3 1,85 2,20 2,28
4 1,96 2,21 2,49
5 1,97 2,21 2,50
6 1,98 2,22 2,50
14
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20 150 déo boi nudc duogc hép thu, do do
< 125 lam suy yéu ciu trac cua vat lidu.

Z15 j’; Su thay d6i khong thé dao nguoc
= < 100 trong ciu trac polyme dan dén
= 10 = 75 muc do trung hop th,ap hon ciing
§ :‘.2 “ élI}h hlAr(mg tru‘c. tiép dén qé béjn 01:13
= s —o—PBAT/TB - 35% b= ——PBAT/TB - 352/0 vat 11@1{. Ng(zal ra, sy Co mat cua
S ——PBAT/TB - 55% g 25 :gg‘[ggg - 320//:: nudc ciing dan dén qua trinh thiy
[ o —=—PBAT/TB - 95% 0 phén cua tinh bot va PBAT. Trong

0 1 2 3 4 5 6
Thoi gian (thang)

1 2 3 4 5 6

Thoi gian (thang)

3 thang dau, do bén kéo dut giam
nhanh chong. Giai doan nay phan

anh sy hap thu d6 am nhanh chong
0 giai doan dau. Sau giai doan nay,
d6 bén kéo cua cac miu ¢ do am
35 va 55% hau nhu khong thay

Hinh 2. Pé dan dai khi d¥t cia mau
polyme blend poly(butylene adipate-co-
terephthalate)/tinh bét dong riéng & cac do
aAm moi trwong khac nhau theo thoi gian.

Hinh 1. D6 bén kéo dit cia mau polyme blend
poly(butylene adipate-co-terephthalate)/tinh
bot dong riéng & cac dé6 &m moi trwong khac
nhau theo th&i gian.

e s
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D6 4m twong ddi (RH) 55% Db am twong dbi (RH) 95%

Hinh 3. Anh kinh hién vi dién tir quét bé mit gay ctia polyme blend
poly(butylene adipate-co-terephthalate)/tinh bét dong riéng sau 6
thang tai cac do 4m khac nhau.

Két qua cho thdy, ham lwong 4m cua cac vét lidu ting
1én khi d6 am twong d6i cia moi truong ting. Trong 3 thang
dau ham luong 4m cta cac mau ting nhanh chong, sau chim
dan va gan nhu khong ddi, cho thay trang thii can bang
giira vat liéu va d6 4m mai truong xung quanh. T. Ke va cs
(2001) [8] va V.K. Holm va ¢s (2006) [9] cung quan sat thdy
hién tuong twong tu. Két qua cling cho théy, do am ctia moi
truong cang cao thi ham lwong am cua cic mau cang 16m.

Anh hwéng ciia dé am méi truong dén tinh chdt co hoc:
Tinh chét co hoc 1a mdt trong cac yéu to phan anh d¢ bén
cta polyme blend. Két qua nghién ctru anh huéng cua do
am tuong d6i dén d6 bén kéo dut va do gidn dai khi dut cua
cac mau polyme blend dugc thé hién trén hinh 1 va 2.

Nudc anh huong dén tinh chét co 1y thong qua it nhit ba
co ché. Cac ving vo dinh hinh ctia PBAT c6 thé dugc hoa
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dbi, trir mau & d6 4m cao (95%) do
bén kéo dit van tiép tuc giam.

Do dan dai khi dut 1a thude do d gion cua vét ligu. B9
dan dai khi dut cia polyme blend PBAT/TB mit 18-45% so
v6i ban dau. Do dan dai khi dut cua cac miu giam chimg to
d6 gion cua vat liéu tang 1én. Diéu nay 1a do qua trinh thuy
phan ciia cac phan tir PBAT lam thay d6i sy phan bd kich
thudc, tao ra cac doan mach ngén hon. Ngoai ra, con xay ra
hién twong két tinh lai cta cac phén tir tinh bot lam suy yéu
dan tuong tac bé mit gitra polyeste va tinh bot.

Anh hwéng ciia dé am méi trieong dén hinh thdi hoc bé
mdt: Anh kinh hién vi dién tir quét (SEM) bé mit gdy cta
mau polyme blend PBAT/TB ¢ cac d6 4m khac nhau sau 6
thang duoc thé hién trén hinh 3. Quan sat anh SEM cua cac
mau thiy ring, & d6 4m 35-55%, bé mit giy ciia cac miu
sau 6 thang thay d6i khong nhiéu. Tuy nhién & d6 am 95%,
bé mat gy xuét hién cac vét 1dm véi kich thude to hon, xuét
hién sy phan pha giita tinh bot va nén nhya PBAT chimg
to két dinh bé mat giita tinh bot va PBAT giam. Diéu nay
12 do & do 4m cao, cac hat tinh bot da hat 4m va truong nd
lam suy yéu dan tuong tac bé mat gitra tinh bot va nén nhua
PBAT [10].

Anh huong cia do am méi trwong dén cdu tric ciia vit
li¢u: Pho IR cua mau polyme blend PBAT/TB sau 6 thang
bao quan ¢ cac do am khac nhau dugc thé hién trén hinh 4.

Trén pho IR ctia cac mau déu xuat hién pic ¢ 3334 cm™,
dac trung cho dao dong hoa tri cia nhom —OH (nhém —OH
tu do, nhoém —OH lién két ndi phan tir va lién phan tir) ciia
tinh bot. Pic 2918 va 2850 cm! ddc trung cho dao dong hoa
tri d6i xtng va bat déi xtmg ciia nhém —CH,,. Pic 1711 va
1267 cm™ dac trung cho dao ddng hoda tri cia nhom C=0 va
C-O trong este thom cuia PBAT [11, 12]. Céc pic 727, 873
va 1014 cm™' dic trung cho dao dong bién dang ctia vong
phenyl trong PBAT. Sau 6 thang bao quan & cac do am khac
nhau, vi tri cac pic dic trung khong d6i nhung cuong do pic
dac trung cho nhém —OH tang con cudng d¢ pic dac trung
cho nhém —C=0 giam. P 4m mdi trudong ting thi cudng do
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pic 3334 cm! tang va cuong d6 pic 1711 cm™! giam, ddc biét
12 6 miu bao quan ¢ d6 am 95%. Cudng dd nhém —OH ting
1a do su hat am cua vat liéu. Mau bao quan & 95% cudng
do pic dac trung cho nhom —C=0 giam manh 1a do sy phan
huy ciia PBAT, céc lién két este trong PBAT bi phan cit tao
thanh cac doan mach ngén hon.

200

RH 95%

180

RH 55%
160

140 RH 35%
120
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—— Ve -‘ [~
80 A 285
3334 1 a0 I\
60 2918
|
40 ” b ;
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Hinh 4. Phé héng ngoai ctiia mau polyme blend poly(butylene
adipate-co-terephthalate)/tinh bot dong riéng ban dau va sau 6
thang bao quan & cac dé am khac nhau.

3.2. Anh huwéng ciia nhiét dé

bé danh gia anh huong cua nhiét d6 moi tméngﬁén cac
tinh chét cua polyme blend, tién hanh bao quan mau trong
ta thﬁ nghiém nhiét d6 - d6 am Visionﬂ Tec (Han Quoc) o
d6 am 55%, nhiét d6 moi truong thay doi ¢ 10, 25 va 40°C.

) Anh hu:o"’ng ctia nhiét dé dén ham lwong am: Hém luong
am cua mau polyme blend PBAT/TB khi thay do6i nhiét do
moi truong dugce tong hop trong bang 2.

Bang 2. Ham lwong 4m ciia mau polyme blend poly(butylene

adipate-co-terephthalate)/tinh bot dong riéng khi thay déi nhiét do
moi trwdng.

Nhiét d9 (°C)

Thoi gian (thang) 70 2 %0

0 0,51 0,51 0,51
1 1,56 1,62 1,64
2 1,79 2,18 1,83
3 1,88 2,20 1,97
4 1,96 2,21 2,02
5 2,01 2,21 2,08
6 2,02 2,22 2,09

Két qua cho thdy, & cing d6 4m tuong ddi va thoi gian,
lwong nude vt liéu polyme blend hép thu ¢ 25°C nhiéu hon
& 10°C. Pidu nay 1a do & khodng nhiét d nay, sy hap thu hoi
4m c6 thé dugc thuc ddy boi qua trinh thity phan, nén sy phu
thudc vao nhiét d6 dugc déc trung boi nang lugng kich hoat
duong, dan dén do 4m cua cac mau tang khi nhiét do cao
hon. Tuy nhién, khi nhiét d6 bao quan 1én dén 40°C thi d6 4m
clia cic mau & nhiét do nay lai thép hon so véi 25°C. Piéu
nay la do héu hét cac loai thuc phém va vat liéu sinh hoc ¢cd
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thé duoc dic trung boi nhiét hap thu am [13] dan dén duong
déng nhiét hép thu do 4m can bé’mg cua nhiét do thép nam trén
duong de'ing nhiét ctia nhiét do cao. Piéu nay c6 nghia vat liu
thuong hip thu nhiéu nude hon ¢ nhiét d6 thap hon.

Anh huong cua nhiét dp dén tinh chdt co hoc: Anh
hudng cua nhiét do moi truong dén do bén kéo dut va do
gidn dai khi dut ctia cac mau polyme blend dugc thé hién
trén hinh 5 va 6.

S

~———PBAT/TB - 10
—&—PBAT/TB - 25
~—#—PBAT/TB - 40

NOh o ®

Do bén kéo dut (MPa)
s

[SENSIEE NG

0 1 2 3 4 5 6
Thoi gian (thang)
Hinh 5. D6 bén kéo dit cia polyme blend poly(butylene adipate-
co-terephthalate)/tinh bat dong riéng & cac dé6 4&m méi trwdong
khac nhau theo thei gian.
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Hinh 6. D6 dan dai khi dwt cua polyme blend poly(butylene
adipate-co-terephthalate)/tinh bdt dong riéng & cac dé6 dm méi
trwong khac nhau theo theéi gian.

Két qua cho thay, tinh chat co hoc clia cac mau polyme
blend giam theo thoi gian dac biét gidm manh ¢ 3 thang
dau. Didu nay 1a do tac dong cua nudc khi cac mau polyme
blend hiit am. Nhu da biét, sy hdp thy nudc cia polyme
blend polyeste/TB chui yéu 1a do tinh bot. Sy hydrat hoa va
dehydrat hoa (truong 1én va co lai) cta tinh bot gy ra boi
sy thay doi do 4m s& dan lam suy yéu tuong tac lién pha
giita PBAT - tinh bot, din dén su suy giam tinh chét co hoc
khi qua trinh 130 héa dién ra. Két qua con cho thay, nhiét do
cang cao thi tinh chat co Iy giam cang nhanh. Diéu nay la do
dudi tac dong cua nhiét d9, cac mach polyme bi phan huy
nhiét thanh cac doan mach ngén hon. Nhiét d¢ cang cao thi
qua trinh phan haty nhiét dién ra cang nhanh dan dén giam
tinh chit co hoc.

Anh hwong cua nhiét do d@én hinh thai hoc bé mat: Anh
SEM bé mit giy cua cac mau polyme blend khi bao quan &
cac nhiét d6 khac nhau sau 6 thang duoc thé hién trén hinh
7. Quan sat anh SEM ciia cdc mau thdy rang, & sau 6 thang
bao quan & 10 va 25°C, bé mit gdy cua cic mau thay doi
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Hinh 7. Anh kinh hién vi dién tr quét bé mét gay cta polyme blend
poly(butylene adipate-co-terephthalate)/tinh bét dong riéng sau 6
thang tai cac nhiét dé khac nhau.

khong nhiéu. Tuy nhién, khi bao quan & 40°C, bé mat giy
clia cdc mau polyme blend da bi bién ddi, bé mat xuit hién
cac vét nut dai, sy phan pha gilta nén nhya PBAT va tinh bot
quan sat thiy ro hon.

Anh {zwéng cua lzhiét do moi truong dén cau tric cua vt
liu: Pho IR cua mau polyme blend PBAT/TB sau 6 thang
bao quan o cac nhiét d¢ khac nhau dugc thé hién trén hinh 8.

0
4000 3500 3000 2500 2000 1500 1000 500
Sé song (em!)
Hinh 8. Phé héng ngoai ciia mau polyme blend poly(butylene
adipate-co-terephthalate)/tinh bot dong riéng ban dau va sau 6
thang bao quan & cac nhiét dé khac nhau.

Tuong tu bao quan & cac diéu kién d6 am khac nhau, khi
bdo quan mau & cac diéu kién nhiét d6 khac nhau, vi tri cac
pic dic trung cta cac mau khong thay ddi. Cuong do pic
3334cm! ddc trung cho nhém —OH tang nhe 1a do sy ¢c6 mat
ctia nude do mau hut Am. Cuong do pic dic trung cho nhom
—C=0 cua mau dugc bao quan & 10 va 25°C hau nhu khong
thay d6i, nhung mau dugc bao quan ¢ 40°C giam. Piéu nay
ciing phit hop véi su thay doi tinh chit co Iy ¢ trén, khi bao
quan & nhi¢t do cao trong thoi gia dai cac mach polyme bi
phan huy nhiét, cac lién két este bi phan cit.
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4. Két luan

Nhiét d6 va do 4m moi truong c¢6 anh huong tryc tiép
dén @6 bén cua polyme blend PBAT/TB. Nhiét d6 cao va
d6 am cao c6 thé lam giam nhanh d6 bén cua polyme blend
PBAT/TB, bé mat vat liéu xuat hién cac vét 1dm, cac khe
thé hién su két dinh bé mat kém gilta tinh bot va nén nhua
PBAT. Tuy nhién, trong diéu kién bao quan dugc duy tri ¢
nhiét d6 10-25°C, dd 4m 35-55%, polyme blend PBAT/TB
van 6n dinh sau 6 thang bao quan, tinh chit co hoc giam
khong dang ké so véi mau ban dau.

Nghién ctru nay dugc tai trg kinh phi bdi Bo Khoa hoc
va Cong nghé¢ (dé tai ma so DPTPL.CN.07/21). Cac tac gia
xin chan thanh cam on.
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Nghién ciru xdc dinh vi nhya trong vem xanh (Perna viridis)
tai mot s0 khu vue ven bién tinh Quang Ninh

Dwong Tuidn Manh, Lé Xuin Thanh Thao, Huynh Pirc Long, P§ Vin Manh*
Vién Khoa hoc Cong nghé Nang lwong va Moi truong, Vién Han lam Khoa hoc va Cong nghé Viét Nam,
18 Hoang Quéc Viét, phirong Nghia Pé, quan Cau Gidy, Ha Néi, Viét Nam
Ngay nhén bai 4/3/2023; ngay chuyén phan bién 6/3/2023; ngay nhan phan bién 12/5/2023; ngay chip nhéan ding 17/5/2023

Tém tit:

Nghién ciru nay tip trung vao xac dinh sy hién dién ciia vi nhya trong loai vem xanh (Perna viridis) thu thap tir bon
khu vwre: Ha Long, Van Pon, Méng Cai va dao C6 Té thudc tinh Quang Ninh. Vi nhya trong vem xanh sau khi tach
chiét dwge phén tich bang kinh hién vi hong ngoai Nicolet iN10 MX. Két qua nghién ciru cho thiy, 91,7% c4 thé vem
xanh nghién ciru ¢é chira vi nhya. Gia tri mat dd dao dong trong khoang tir 0,45+0,41 dén 0,91+0,78 vi nhua/g thit
wét va tir 2,73+2,02 dén 5,33+4,61 vi nhya/ca thé. Phan 16n cac vi nhya ¢6 kich thwée nhd hon 150 pm, vi nhya nhé
nhét dugc phat hién c6 chiéu dai 22,5 pm va lén nhét 13 1269,6 pm. Vi nhua duwge phat hién chu yéu ¢ dang manh.
Mot s6 chiing loai polyme phf) bién sir dung dé san xuit nhya dwogce tim thé"ly nhu: polyethylene terephthalate (PET),
polyamide (PA), polyethylene (PE), polypropylene (PP) va mét s6 loai khac, trong d6 PET chiém ty 1¢ nhiéu nhit, téi
67,9% trén tong s6 vi nhua phat hi¢n. Két qua thu dwgc tir nghién ciru nay 1a tién dé danh gia nguy co tiém 4n cia
vi nhya ddi véi sirc khée con ngudi va bd sung dir liéu 6 nhiém vi nhya trong méi trudng tai Viét Nam.

Tir khéa: 6 nhiém, polymer, vem xanh, vi nhwa.

Chi s6 phén loai: 1.5, 2.7

Determination of microplastic in green mussels (Perna viridis) in
some coastal areas of Quang Ninh province, Vietnam
Tuan Manh Duong, Xuan Thanh Thao Le, Duc Long Huynh, Van Manh Do*

Institute of Science and Technology for Energy and Environment, Vietnam Academy of Science and Technology,
18 Hoang Quoc Viet Street, Nghia Do Ward, Cau Giay District, Hanoi, Vietnam
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Abstract:

This study focuses on determining the presence of microplastics in the green mussel (Perna viridis) collected from four areas: Ha
Long, Van Don, Mong Cai, and Co To island in Quang Ninh province. After extraction, the microplastics from the green mussel
samples were analysed using a Nicolet iN10 MX infrared microscope. The results indicated that 91.7% of the green mussels
analysed contained microplastics. The microplastic density values ranged from 0.45+0.41 to 0.91+0.78 microplastics per gram of
wet tissue and from 2.73£2.02 to 5.33+4.61 microplastics per individual. Most detected microplastics were smaller than 150 pm,
the smallest particle measuring 22.5 pm in length and the largest 1269.6 pm. Microplastics were mainly detected as fragments.
Some common polymer types used in plastic production were identified, such as: polyethylene terephthalate (PET), polyamide
(PA), polyethylene (PE), polypropylene (PP), and others, with PET accounting for the highest proportion at 67.9% of the total
microplastics detected. The results of this study provide a basis for assessing the potential risks of microplastics to human health
and contribute to the dataset on microplastic pollution in Vietnam.

Keywords: green mussels, microplastics, pollution, polymers.

Classification numbers: 1.5, 2.7
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1. Dt van de

Nhya da va dang tr¢ thanh mot trong nhing vat li¢u quan
trong nhit dugc s dung phd bién trong doi song con ngudi
va cac nganh cong nghiép khac nhau do tinh chét linh hoat va
chi phi thip [1]. Viéc san xut nhya trén quy md 16n dugc bt
dAu tir du nhitng nam 1950 [2]. Tinh dén ndm 2015, tong san
lugng nhya toan cau la khoang 5 ty tn, trong do, cac khu vuc
san xuét chinh 1a Trung Qudc, chau Au, Bic My va dy bao dén
nam 2050 téng san lugng nhya s€ dat khodng 40 ty thn [3]. Su
gia ting nhanh chéng trong san xuét nhya cling véi ty 18 tai ché
thip va quan Iy chét thai kém da dan dén khoi lugng réc thai
nhya l6n dugc thai ra méi truong [4]. Udc tinh rang khoang 8
tri¢u tan nhya da d6 vao dai duong hang nam va Viét Nam nam
trong s6 5 qudc gia gdy 6 nhiém hang dau trén toan cau [1, 5].
Trong nhitng ndm qua, chau A da tr¢ thanh noi tao ra chat thai
nhya hang dau véi 82 triéu tan vao nam 2015, tiép theo 14 chau
Au (31 triéu tin) va Bic My (29 triéu tin) [1]. Hon 50% tong
lugng rac thai nhya dwa ra dai dwong 14 tir cic nudce nim trong
khu vyc bién Péng nhu: Trung Qudc, Indonesia, Philippines
va Viét Nam [6, 7]. Trong pham vi khu vuc Dong Nam A, Viét
Nam 14 nudc co lugng rac nhua thai ra bién ding thir ba sau
Indonesia va Philippines, v6i luong rac nhua thai ra bién hing
nam 14 tir 0,28 dén 0,73 triéu tan [5]. Réc thai nhya dang 1a mot
trong nhiing van dé mdi truong dang lo ngai nhat vi n6 da gop
phan gay ra nhidu méi de doa moi truong nhu 6 nhiém nudce
ngam, bién ddi khi hau, rac thai bién va thai ra cac chat doc
hai [1, 4].

Vi nhya hay thuong dugc hiéu 1a nhitg manh nhya c6 kich
thudc nhé hon 5 mm, dugc coi 1a mot chat giy 6 nhidém méi
ndi de doa dén méi truong, con ngudi va cac hé sinh thai [8-
10]. Rét nhiéu loai dong vat trong dai duong nhu rua, hai cau,
ca voi, ca, tom, cua, sinh vt hai manh vo..., tham chi la chim
bién thuong nham Ian vi nhya nhu 1a thirc dn, boi vy vi nhya
rat d& xdm nhép vao co thé chung va tich liy sinh hoc [11-15].
Viéc vi nhya chira rat nhiéu cac loai phu gia hogc hap phu cac
chit 6 nhlem httu co, kim loai ndng vdi nong do cao da gay nén
su lo ngai vé doc tinh ciia chiing 1én con ngudi. Khi nhitng hat
vi nhya ndy vao co thé, n6 s& gy ra ca tac dong vat Iy va sinh
hoc nhu tén thuong té bao, viém nhiém, doc tinh va hé théng
mién dich thap [4, 12].

Hién nay, sinh vat hai manh vo nhu vem xanh dang 1a dbi
twong duoc quan tim dé danh gia 6 nhidm vi nhya trong moi
truong [12-15]. Do ban chat an loc, vem xanh c6 thé thu gilr
cac hat lo ling tir ¢6t nude trong d6 c6 vi nhya [6, 7, 16, 17].
Cac sinh vat hai manh v6 con 1a mit xich quan trong trong ludi
thtre 4n vi chung 14 con mdi thiét yéu ciia nhiéu sinh vét bién
khac nhu ca, chim... Bén canh do, cac dac tinh cta vi hat nhya
(kich thuéc, hinh dang, loai polyme) ¢6 xu hudng giéng voi hat
vi nhya dugc phat hién trong moi trudng co thé phan anh cac
ngudn gay 6 nhiém vi nhya [12, 16, 17]. Vi nhimg Iy do nay,
viée diéu tra vé su tich tu sinh hoc cta vi hat nhua trong cac
loai hai manh vo nhu vem xanh 1a can thiét dé danh gia mdi de
doa dbi véi h¢ sinh thai bién va sirc khoe con ngudi.
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Tai Viét Nam, hai manh vo 1a nhitng loai dong vat sdng phd
bién ¢ viing bién ven bd, vira co gia tri kinh t& vira ¢6 gid tri
dinh dudng cao, dugc nguoi dan dia phuong ciing nhu khach
du lich ua chuéng [12, 13, 18, 19]. Chung ta thudng c6 thoi
quen an toan bd phan thit mém ciia cac loai nay. Diéu nay tiém
an nguy co cao ddi voi sirc khoe boi kha nang phoi nhiém vi
nhwa va céc chat 6 nhiém hép phu trén bé mit vi nhya. Tuy
nhién, thong tin vé muc do 6 nhiém vi nhua trong cac loai hai
manh vo ching han nhu vem xanh (Perna viridi) con tuong
d6i han ché. Tinh dén thoi diém hién tai, chi ¢6 mot vai nghién
ctru cong bd vé 6 nhiém vi nhya trong dbi twong ndy & Ba Ria
- Viing Tau [6], Thanh Hod [18], Quang Ninh [13], Phu Yén
[19], Nam Dinh, Binh Dinh va Hué [20].

Trong nghién ctru nay, nhém tac gia tap trung vao viéc danh
gia mic do 6 nhiém vi nhya trong vem xanh (Perna viridi) c6
trong ty nhién tai 4 dia diém ven bién khac nhau tai tinh Quang
Ninh. Pay 1a mét tinh co duong b bién dai 250 km, thuén lgi
cho viéc phat trién cac hoat dong du lich, dich vu, nudi trﬁ“)ng
va khai thac thuy, hai san. Bén canh do, vem xanh cling c6 mat
d6 phan bé rong khap 6 cac ving ven bién cua tinh Quang Ninh
[21]. Két qua thu dugc tir nghién ctru s& cung cap thém céac dir
liéu vé 6 nhiém vi nhwa trong moi truong tai Viét Nam.

2. Dol tuong va phuong phap nghién ciiu
2.1. Poi twong va pham vi nghién curu

DPbi tuong nghién ctru dugc lya chon 1a vi nhya trong loai
vem xanh ¢o tén khoa hoc 1a Perna viridis séng trong ty nhién
tai 4 dia diém gf”)m: Ha Long, Van Pén, dao C6 T6 va Mong
Cai thugc tinh Quang Ninh. Céc dia diém nay dugc ky hiéu lan
lwot 14 V1, V2, V3 va V4 nhu thé hién & hinh 1.

22°N|--

21°N

20°N
06°E

Hinh 1. Cac vi tri thu mau nghién ciru.

Tai mdi vi tri thu miu, khoang 60 c4 thé duoc thu thap va 15
cé thé duoc chon ngau nhién aé phuc vu cho phan tich nghién
ctlru. Téng cong, 60 mau vem tai 4 vi tri thu mau da dugc chuén
bi. Mau nghién ctru dugc dan nhan ky hidu va chuyén vé phong
thi nghiém cua Vién Khoa hoc Cong nghé Nang lugng va Moi
truong, Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam, sau
do dugc bao quan ¢ nhiét do -20°C cho dén khi duoc dem ra
phan tich [7, 12, 13, 16, 17].
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2.2. Phwong phap nghién ciru

Trude khi phan tich, miu dwoc ra dong tu nhién dén nhiét
d6 phong. Vo mau duoc rira sach bang nudc cat dé loai bd cac
tap chit bén ngoai va do kich thude vo. Tlep dén, tlen hanh tach
vo va can khdi lugng toan bo phan mdé mém cua m01 mau vem.
Kich thudc va khdi lugng trung binh ctia cic miu vem xanh
duoc trinh bay trong bang 1.

Bang 1. Kich thwéc va khéi lweng trung binh ctia mau vem xanh
tai cac vi tri lay mau.

Khu vire Chiéu dai (cm)  Chiéu rong (cm)  Khéi lwgng thit wot (g)
Ha Long 7,76:0,84 3,4240,23 6,78+1,37
Van Don 7,27+0,58 3,08+0,24 5,42+124
Co T 7,88+0,66 3,61+0,44 5,57+1,22
Moéng Cai  6,7620,31 3,08+0,13 6,13+1,83

Quy trinh xir Iy mau 4p dung dugc thuc hién dya trén két
qua tong hop tir cac nghién ciru ciia K. Munno va cs (2018)
[22], J. Teng va cs (2019) [14], N.D. va cs (2022) [13] va D.V.
Manh va cs (2022) [12]. Péu tién, mé mém cia mdi miu vem
dugc cho vao coc thuy tinh 500 ml, thém 90 ml dung dich KOH

10% va dung dich H,0, 30% (ty 1¢ 10 ml HO,/1 g khéi luong
md mém). Céc cbe thuy tinh sau do dugc boc miéng bing gidy
bac va dat 1én may khudy tir gia nhiét (MULTI-HS 6/15, VELP
Scientifica, Y) ¢ nhiét d6 60°C. Sau khi dung dich phd mau
khong con van hiru co, céc ce duge dem ra dé nguoi. Tiép dén,
dung dich ZnCl, (d=1,6 g/ml) dugc thém vao dé tach ty trong,
thoi gian tach ty trong dién ra tir 12 dén 24 tiéng. Sau d6, phan
dung dich chay tran tir budc tach ty trong duoc loc bang bd loc
chan khong 6 nhanh (168M6-SS500, Sartorius - Pirc), su dung
gidy loc thuy tinh GF/A (Whatman, Anh) c6 dudng kinh 47 mm,
kich thuéc 16 1a 1,6 pm. Cubi cung, tién hanh xéac dinh vi nhwa
bang phuong phap quang phd hdng ngoai chuyén hoa Fourier
str dung kinh hién vi hong ngoai Micro-FTIR Nicolet iN10 MX
(Thermo Fisher Scientific, Hoa Ky). Mau duoc gat tir gidy loc
1én bé mit guong vang bang dung cu que gat chuyén dung cua
thiét bi dé phuc vu cho viéc do mau. Mau do & ché do phan
xa toan phan ATR (Attenuated total reflection) st dung detector
MCT (Mercury - Cadmium - Telluride detector), dugc lam lanh
bang nito 1ong. Phd Micro - FTIR cua tit ci cac hat duoc ghi
nhan trong dai pho tir 4000 dén 650 cm! v6i thoi gian thu thap 1a
3 gidy va 16 lan dong quét cho mdi phép do. D9 phén giai quang
phd 1a 8 cm’!, kich thudc khau do nam trong khodng 50x50 mm
dén 150150 pm tiy thudc vao kich thude ciia cac hat. Cac hat
dugc xem la vi nhya voi d6 trang khép vai thu vién phé chuén
tir mire 70% méi c6 thé dugc chip nhan 1a vi nhya [12, 14, 16].

Hinh dang cuta vi nhya dugc xac dinh theo ty 1¢ chiéu dai/
chiéu rong nhw mot vai nghién ctru da dé cap [12, 13, 23]. Bén
canh d6, hinh anh ctia mot vai vi nhya ciing dugc chup lai bf“ing
kinh hién vi soi n6i Leica LED3000 SLI, Pt tai Truong Dai
hoc Khoa hoc va Cong ngh¢ Ha Noi.

Dé tranh 6 nhiém vi nhya trong qua trinh xtr 1y va phén tich
mau, dung dich ethanol 70% dugc st dung dé lam sach khu vuc
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lam vi¢c. Trong qua trinh thi nghiém, chi sit dung cac dung cu
thiét bi thi nghiém lam tr thuy tinh hodc kim loai. Nudc ct
va cac dung dich hoa chit dugc loc qua gidy loc ¢& 0,45 pm
(MCE, Membrane Solutions, Hoa Ky) trudc khi sir dung; kiém
tra sy xuat hién vi nhya trong khong khi bing cach dit 1 gidy
loc thuy tinh (loai str dung cho bo loc chan khong, GF/A 1,6 pm,
Membrane Solutions, Hoa K¥) vao dia petri, mo nap. Thao tic
nay duoc thyc hién dong thoi khi phan tich vi nhua trong cac
mau [12]. Két qua thi nghiém cho thdy, khong ¢ vi nhua nao
duogc phat hién trong cdc mang loc thity tinh kiém soat.

Pé danh gi4 hidu qua thu hdi ciia quy trinh phan tich 4p
dung trong nghién ctru nay, 20 hat vi nhya nguyén sinh PP
(Polypropylene), PE (Polyethylene) va PVC (Polyvinyl chloride)
(kich thudce 1 mm, Sigma - Aldrich, Hoa Ky) dugc thém vao 8
mau vem xanh tir 4 khu vuc léy mau. Cac mau sau d6 duoc phan
tich theo quy trinh néu trén. Cong thirc tinh toan hiéu suét thu
héi duge tinh theo cong thire (1) [12, 22]:

Na
R(%) = — x 100 )
Nj
trong do: Na la téng s6 luong hat V‘i nhya thu dugc sau khi phan
tich; Nj la s0 lugng hat nhya ban dau thém vao.

Két qua cho thiy, hiéu sudt thu hdi véi PP 1a 96,25+2,5%,
voi PE 1a 95+4,1% va PVC 1a 96,25+2,5%. Két qua do thu hoi
ciing trong duong véi cac nghién ctru di duge cong bd cia D.V.
Manh va cs (2022) [12] va K. Munno va cs (2018) [22].

Ngoai ra, cdc mau trang khong c6 m6 (N=8) ciing dugc thyc
hién dé kiém sodt 6 nhidm trong qué trinh phan tich, tuwong tu
nhu nghién ctru cua D.V. Manh va cs (2022) [12], M.M.L. Leung
va cs (2021) [16]. Ket qua cho thay, cac mau tring hoan toan
khéng ¢6 vi nhya xudt hién. Cac két qua nay da tang cuong do
chinh xac cho viéc xac dinh mat d§ vi nhya trong vem xanh.

2.3. Phuwong phdp tinh todn va xi Iy s6 liéu

Toan bd két qua ciia qua trinh thye nghiém déu lay gid tri
trung binh, ¢6 do 1ap lai 3 lan va dugc xur ly bang cac ham trong
phan mém Microsoft Excel 2016.

Mat d6 vi nhua dugc biéu thi bé'mg s6 lwong vi nhua trén mdi
cé thé (C,) va sb lugng vi nhya trén 1 g khdi luong thit w6t (C,)
tuong tu nhu nghién ciru cia N.D. Thanh va c¢s (2022) [13], ]
Ding va cs (2021) [15].

Bén canh do, phan tich phuong sai (ANOVA) va tuong quan
Pearson cling dugc sur dung dé tinh toan va so sanh cac két qua
thu duoc vé ddc diém cua vi nhua gilra cac vi tri nghién ctru.

PR
3. Ket qua va bhan luan
3.1. Mgt dj vi nhwa trong cdc mdau vem xanh nghién ciru

Két qua nghién ctru cho thay, 91,7% c4 thé vem xanh ¢6
chira vi nhya. Tong s6 243 hat vi nhya di dugc tim thiy trong
55 ¢4 thé, voi mat do dao dong trong khoang tur 0,45+0,41 dén
0,91:£0,78 vi nhya/g thit uot (sau day goi tat 13 MPs/g) va tir
2,73+2,02 dén 5,33+4,61 MPs/c4 thé nhu trinh bay trong bang 2.
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Sir dung phan tich phuong sai mot chiéu cho thay, khong ¢6
su khac biét c6 y nghia mat do ctia vi nhya trong cac mau vem
nghién ctru tai 4 vi tri (p, . =0,103). Piéu nay cho thay, su
phén bd cua vi nhya trong cac ca the vem xanh nghién curu 1a
twong duong nhau. Céc vi tri 1dy mau déu 1a cac khu vuc co
mat do dan sinh cao, cac khu vuc cang bién va phuc vu du lich.
Ngoai ra, cac hoat dong danh bat, nudi trong thuy hai san, giao
thong bién... ciing phat trién manh. Pay dugc xem 14 nhiing
ngudn thai vi nhya dang ké vao méi truong [12-15]. Bén canh
d6, mat do vi nhua theo c4 thé va khdi lugng thit w6t cua cac
ca thé vem xanh nghién ctru c6 mdi twong quan thuan véi nhau
v6i hé sb R?=0,97. Tir sb liéu vé kich ¢& vem xanh cho théy,
day déu 1a cac ca thé chua truong thanh, tuy nhién sw phoi
nhiém vi nhua da xuét hién va du béao vé mbi nguy hai toi suc
khoé clia con ngudi thong qua chudi thirc an.

Bang 2. Mat (?c_‘) vi nhwa trong vem xanh tai cac khu vwc nghién
ctru va mot so nghién ctru khac.

Mat do trung binh M4t d¢ trung binh

Khu vire nghién ciru Tai li¢u tham khao

(MPs/cd thé) (MPs/g thit wt)
Ha Long, Quang Ninh ~ 3,07+2,99 0,45+0,41 Nghién ctru nay
Vén Don, Quang Ninh ~ 2,7342,02 0,5£0,43 Nghién ciru nay
C6 To, Quang Ninh 5,07+3,95 0,91+0,79 Nghién clru nay
Mong Cai, Quang Ninh ~ 5,33+4,61 0,86+0,66 Nghién ciru nay
Tinh Gia, Thanh Hoa ~ 2,6+1,14 0,29+0,14 PN. Nam va cs (2019) [18]
Lang C6, Hué 1,040,1 D.T. Oanh va cs (2021) [20]
Quy Nhon, Binh Dinh 1,240,2 D.T. Oanh va cs (2021) [20]
Giao Thiy, Nam Dinh 1,740,6 D.T. Oanh va cs (2021) [20]
Ba Ria - Viing Tau 2,440.7 T.H. Dang (2022) [6]
Quang Ninh 28,83 6,19 N.D. Thanh va cs (2022) [13]
Phu Yén ~20 0,5¢0,3 T.T.A. My va cs (2023) [19]
(T:E:n}:?asasﬁrzliztr}i?m 7304833 15322,04 E‘]U'E' fmasha vi s (2021)
Thai Lan
g:; ﬁﬁfiﬂoﬁlﬁg 16147 021-1,83 m“ Leung v cs (2021)
Kéng (Trung Quoc)
New Zealand 0-1,5 0-0,48 S. Webb va cs 2019 [24]

So sanh voi cac nghién ctru khac cho théy, mat do vi nhya
trong mau vem xanh tai mot s6 khu vuc ven bién tinh Quéng
Ninh tir nghién ciru nay nam trong khoang gia tri v6i cac cong
b6 khac tai Viét Nam va trén thé gioi. Trong vem & ving Tinh
Gia, Thanh Hoa 1a 2,6+1,14 MPs/c4 thé va 0,29+0,14 MPs/g
thit w6t [18], tai Lang CO, Hué 1a 1,0£0,1 MPs/g, & Quy
Nhon, Binh Dinh la 1,240,2 MPs/g va Giao Thiy, Nam Dinh
1a 1,7+£0,6 MPs/g [20]. Trong mot nghién ctru khac gan day
dugc thuc hién tai khu vuc Ha Long, mat d¢ vi nhya trung
binh trong vem xanh la 28,83 MPs/ca thé va 6,19 MPs/g [13].
Tai Phu Yén, gia tri nay dat khoang 2,0 MPs/ca thé va 0,5+0,3
MPs/g [19]. Trong khi do, ¢ tinh Ba Ria - Viing Tau, mat do
vi nhya ¢6 trong mdi ca thé vem xanh la 2,4+0,7 MPs/c4 thé
[6]. Xét trong pham vi chau A, mat d6 vi nhua trung binh dugc
phat hién trong vem xanh tir 3 cho hai san 16n cta Thai Lan 1a
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7,3248,33 MPs/cé thé va 1,53+2,04 MPs/g [7]. O Hong Kong
(Trung Qudc), mat do vi nhya nay dat tir 1,6 dén 14,7 MPs/ca
thé va 0,21 dén 1,83 MPs/g [16]. Trong khi d6, & New Zealand,
gia tri mat do vi nhya theo ca thé va khéi lugng thit uét déu
thép hon hin so v6i cac nghién ciru & Viét Nam ciing nhu cac
quéc gia khac ¢ chau A (bang 2). Chéu A 13 khu vyc dang trén
da phat trién manh vé cac mat kinh té, xa hoi gay nén tinh hinh
6 nhiém moi truong kha nghiém trong. Réc thai nhya chiém
mdt phan twong dbi 16n trong khdi lugng rac thai dugc xa vao
mdi truong [1, 2, 5]. Piéu ndy gdy ra cac hién tugng 6 nhiém
nhya trong mdi truong va dan t6i viée mat do vi nhya trong cac
dong vat hai manh vo tdng cao tai khu vuc chau A.

Tuy nhién, nhitng sy so sanh trén chi mang tinh chat tham
khao do su khong tuong dong vé phuong phap luan nghién
ctru. Hon nira, dé co nhiing danh gia, nhan dinh chinh xac hon,
can mé rong pham vi nghién ciru d6i v6i moi truong song cua
chiing, noi chiu anh hudng boi cic yéu to moéi truong va tac
dong cua con nguoi.

3.2. Kich thudc vi nhwa trong cdc méu vem xanh nghién
cuiu

Kich thudc vi nhya duge phat hién trong nghién ctru nay co
d6 dai dao dong tir 22,5 dén 1269,6 pm véi ty 18 phan bd duoc
thé hién ¢ hinh 2. Phan 16n céc vi nhua trong mau vem c6 kich
thude nho hon 150 pm, chiém 77,63% & dao C6 To; 78,26% &
Ha Long; 85,37% ¢ Van DPon va 88,75% & Mong Cai. Xét trén
téng thé, nhém vi nhua ¢ kich thude tir 1 dén 150 pm chiém
82,72% trén téng s6 hat vi nhwa duge tim théy, tuong tu nhu
nghién ctru cling thyc hién tai Quang Ninh ctiia N.D. Thanh va
cs (2022) [13] véi ty 1¢ nay 1a 81,88-86,83%. Cac nhom kich
thude khac nhu 150-300 pm, 300-500 pm, >500 pm lan luot
chiém 10,70; 2,88 va 3,70% téng ) luong hat vi nhya.

80 T 1¢ phin trim kich thwéc vi nhwra
70{ ®#1150pm  ®150-300 pm trén toan tinh Quing Ninh
60 1 w300-500 pm =500 pm
50 - i +1.150 pm
40 1 150-300 pm
30 + 300500 pm
20 -

+ =500 pm

CéTa

Vin Din

Ha Long Mong Cai

Hinh 2. Sw phan bd kich thwéc vi nhwa trong vem xanh
tai cac khu vwc nghién ciru.

Nhin chung, s6 lugng vi nhya trong cac miu vem nghién
clru ¢6 xu hudng giam theo cip sd nhan khi kich thudc ting 1én
(R*=0,8584), twong ty nhu nghién ctru cua J. Ding va cs (2021)
[15], J. Teng va cs (2019) [14] v6i R=0,9723 hay D.V. Manh
vacs (2022) [12] voi R?=0,9233. Kich thudc vi nhya trong vem
xanh ¢ Giao Thity - Nam Dinh, Quy Nhon - Binh Dinh va Hué
chi yéu <1.000 pm [20]. Theo mét nghién ctru khac & khu vuc
Ha Long, kich thuéc vi nhya nam trong khoang 22,5-1385 pm
[13]. Kich thudc vi nhya trong vem xanh & Hong Kong (Trung
Qubc) dao dong trong khoang 41,7-4679 um, trong do, phan
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16n 1a nhom kich thude tir 40 dén 1000 um dat dén khoang
90,97% [16]. Céc két qua cho thay co6 sy twong dong veé kich
thude vi nhya thu duge trong vem xanh.

3.3. Hinh dang vi nhuwa trong cdc méu vem xanh nghién ciru

Hinh dang vi nhua dugc phat hién chi yéu trong nghién ciru
nay 1a dang manh va dang soi véi ty 18 trén tong thé 1a 69,14
va 24,69%. Bén canh d6, dang hat cling dugc phat hién voi ty
1€ 6,17%. Vi nhya dang manh dugc tim théy & cac khu vuc Ha
Long, Van DPdn, C6 T6 va Mong Cai voi ty 1€ 1a 65,22; 80,49;
63,16 va 71,25%. Tiép dén 1a dang soi chiém 32,61; 17,07;
28,95 va 20,00% tai lan luot 4 vi tri. Dang hat chiém ty 1€ it
nhat dat tir 2,17 dén 8,75%. Ty 1¢ vi nhya dang manh chiém wu
thé trong cac mau hai manh vo ciing d4 dwgc dé cap dén trong
cac cong b6 cua D.V. Manh va cs (2022) [12], S. Webb va cs
(2019) [24]. Ngudn gdc cia cac loai vi nhwa dang manh dwoc
hinh thanh thong qua sy phan méanh cua céc loai rac thai nhya
16n trong dai duong. Theo thoi gian, dudi tdc dong cla cac qua
trinh vét 1y, hoa hoc va sinh hoc, cic manh nhya 16n trdi ndi b
phan manh tao nén vi nhya [1, 2, 12]. Trong khi d6, cac vi nhya
dang soi c6 thé bt ngudn tir nude thai, soi vai tong hop hay cac
ngu ludi cu [19, 20].

Su phan b hinh dang vi nhya trong cic mau vem xanh tai
4 khu vyc nghién ctru duoc thé hién ¢ hinh 3A. Mot s6 hinh
anh minh hoa vé vi nhua dang manh, hat va sgi dugc chi ra &
hinh 3B.

Cac nghién ctru khac ciing cho thy, vi nhya dang soi va
dang manh 1a hai dang dugc phat hién nhidu nhét. Trong mau
vem xanh ¢ Bai Chay, Ha Long vi nhya dang manh chiém
69,2%, dang soi chiém 23,55%, con & Giéng bay, Ha Long,
dang manh chiém 72,43% va dang soi chiém 22,63% [13].
O Giao Thiy, Nam Dinh, vi nhya dang manh trong vem xanh

mMinh =801 - Hat

Mong Cai

= Minh =Sgi  Hat mManh = Sei - Hat

Hinh 3. Sw phan bé hinh dang vi nhwa trong vem xanh tai cac khu
vwc nghién ctru. (A) Ty 1€ hinh dang vi nhya dwgc phat hién trong
vem xanh & khu virc nghién ctru; (B) Cac hinh dang vi nhwa dwoc chup
béng kinh hién vi soi ndi.
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chiém hon 60%, nhung tai cac vi tri khic & Quy Nhon, Binh
Pinh va Hué thi vi nhwa dang soi chiém nhiéu hon 80% s
lugng vi nhya dugc phat hién [20]. Trong nghién ctru khac tai
Thai Lan, vi nhya dang manh dugc phat hién chiém 75,4% sb
lugng vi nhya. Theo nghién ciru cia X. Qu va cs (2018) [17]
thyc hién tai Trung Qudc trén hai loai vem xanh khac nhau thi
lugng vi nhya dang sgi dugc phat hién la nhiéu nhét voi 86%.
Tai Phii Yén, vi nhya trong mau vem xanh c6 dang soi 1 chii
yéu (69-92%), con lai 1a dang manh (8-31%) [19].

3.4. Thanh phén polymer ciia vi nhwa trong cdc miu vem
xanh nghién ciru

Két qua vé su phan b thanh phan polymer trong cc mau
vem xanh nghién ctru dugc thé hién ¢ hinh 4. Tong cong 10
loai polymer dd dugc phat hién, trong sé d6, polyethylene
terephthalate (PET) chiém ty 1¢ 1on nhét, 1én toi 67,9% tong
s6 hat vi nhua. Két qua nay tuong ty voi nghién ctru thyuc hién
tai Bii Chay va Giéng P4y, Quang Ninh cta N.D. Thanh va cs
(2022) [13] hay nghién ctru tai Phu Yén cua T.T.T. My va cs
(2023) [19].

Thuc té cho théy, PET 1a mot loai nhya dugc st dung kha
phd bién trong sinh hoat hiang ngay nhu cac loai chai nhya hay
my pham. Tiép dén 1a nylon hay polyamide (PA) mét loai nhya
cuc ky pho bién duge sir dung dudi dang tai nylon hay cac
ngu ludi cu (chiém 21,4% téng s6 loai vi nhua phat hién dugc
& ving bién Quang Ninh). Mot sé loai nhwa khac ciing kha
phd bién nhu: PP chiém 3,29%, PE va ethylen vinyl alcohol
(EVOH) bang nhau vé6i 2,47%, con lai 1a mot s6 loai nhya
it xuat hién nhu cellophane (CP), low density polyethylene
(LDPE), bakelite, phenol resin va urea-formaldehyde (UF).
Mirc d6 phong pht ciia thanh phan polymer ctia vi nhya tir
nghién ctru nay kha cao so voi mot s nghién ctru khac. Két qua
phan tich vem xanh ¢ Tinh Gia, Thanh Hoa phat hién dugc 7
loai polymer trong d6 PP chiém nhiéu nhat 31% [18], tai 3 ving
Nam Dinh, Binh Pinh va Hué phat hién dugc 5 loai polymer
bao gdm polystyrene (PS), PVC, polyethylene terephthalate
(PET), PP, high density polyethylene (HDPE) [20].

PE

2.47% Phenol resin
5 (]

0,82%

PET
67,90% 3,29% CP
0,41%
Other
2,47%
UF
0,41% Bakelite
EVOH EVAL 0,41%
2,47% LDPE
NYLON e 0,41%
21,40%
mEVOH EVAL " NYLON mPET uPE u PP
H Bakelite ELDPE mUF ®Phenol resin W CP

Hinh 4. Sy phan b6 thanh phan polymer trong cac mau vem xanh
nghién ctru.
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Mot vai nghién ctru khac ¢ chau A nhu Thai Lan phat hién
dugc 4 loai polymer nhu copolymer PE-PP, LDPE, PP, PET
[7] hay 4 loai polymer phat hién dugc trong vem & Héng Kong
(Trung Quéc) bao gom PP, PE, PS va PET [16]. Két qua vé
thanh phan polymer cua vi nhua trong nghién ctru nay goi y vé
su da dang ciia cac ngudn O nhlem vi nhua toi cac ca thé vem
xanh ciing nhu méi trudng séng ciia chiing.

4. Két luan

Nghién ciru nay da cho thay su xuat hién cta vi nhya trong
vem xanh tai khu vuc tinh Quang Ninh. Mat d0 vi nhya trung
binh trong vem xanh la 2,73-5,33 MPs/ca thé va 0,45-0,91
MPs/g thit u6t. Vi nhya dang manh dwoc tim thiy nhiéu nhat
va kich thude chu yéu ctia vi nhya dugc phat hién nho hon
150 pm. Trong s6 10 loai polymer dugc tim thay, polyethylene
terephthalate (PET) 1a loai nhya xut hién nhiéu nhat (67,9%).
Su da dang va phong phu trong cac thanh phan polymer trong
vem xanh mang den cac i ro tiém tang do hoa chét di kém voi
ching. Boi véy, can c6 thém nhiéu nghién ctru chuyén siu vé
6 nhiém vi nhya va doc tinh cta cac hat vi nhua t6i stc khoe,
qua d6 d4nh gia kha ning tac dong ciia chung ddi v6i con ngudi
va hé sinh thai.

LO1 CAM ON

Tép thé tic gia xin bay to long biét on sdu sic dén Vién Han
lam Khoa hoc va Cong ngh¢ Viét Nam véi sy h tro tai chinh tir dé
tai ma s6 TDDGVN.01/24-26 cho nghién ciru nay.
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Die i i v tong g i il oy o tue Amphinctopus eglects (Nateewathan & Norman, %)
Vi b vinh Ha Long, tnh Quang Ninh
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246 dwong Da Nang, phirong Cau Tre, quin Ngé Quyén, TP Hai Phong, Viét Nam
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Tom tit:

Nghién ciru nay trinh bay két qué phén tich dic diém hinh thai ciia loai bach tudc Amphioctopus neglectus dwa trén
88 mau (42 dwc va 46 cai) thu thap tir viing bién vinh Ha Long, tinh Quéng Ninh vao thang 5 nim 2022. Két qua cho
thiy, cac dic diém hinh thai phan loai chinh (mau sic co thé, hinh dang phéu, cong thirc chiéu dai canh tay, cong
thire d) sdu mang boi) ciia loai A. neglectus tai day twong dong véi bao cdo ciia cac nghién clru trude diy. Lan diu
tién ghi nhin cé sw khac bié¢t ré rét vé 3 chi so hinh thai gitra hai giéi tinh ciia loai A. neglectus. P6 1a chi s6 chiéu
rong dau va chi sé dwong kinh giac hit ¢ bach tuc dwe 16n hon & bach tudc cai va chi so chiéu dai phéu cia bach
tudc cdi 16m hon & bach tudc dwe. Chiéu dai va khoi lwong ciia loai A. neglectus c6 twong quan thuin chit ché theo
phuong trinh W=0,0006,ML>""", Do b<3 nén loai A. neglectus ting truwéng chiéu dai nhanh hon khdi hrgng va hé
s0 ting trudng ciia bach tudc due (b=2,8114) 16n hon & bach tude cai (b=2,6805). Nhirng dir liéu nay gép phan hoan
thién kién thic vé diic diém hinh thai phan loai va sinh truwéng ciia loai bach tudc A. neglectus.

Tir khéa: Amphioctopus neglectus, bach tudce, dic diém hinh thai, twong quan chiéu dai - khdi lwgng, vinh Ha Long.

Chi s6 phén loai: 1.6, 4.5, 4.6

Morphological characteristics and length-weight relationship of common octopus
Amphioctopus neglectus (Nateewathana & Norman, 1999) in the Halong bay, Quang Ninh province
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Abstract:

This study presents the analysis results of the morphological characteristics of the octopus species Amphioctopus
neglectus based on 88 specimens (42 males and 46 females) collected from Halong bay, Quang Ninh province, in
May 2022. The results show that the main taxonomic morphological features (body colour, funnel shape, arm
length formula, web depth formula) of 4. neglectus here are consistent with the reports of previous studies. For the
first time, significant differences were recorded in 3 morphological indices between the two sexes of A. neglectus.
The head width and sucker diameter indices in males were higher than in females, and the funnel length index
of females was more extensive than that in males. The length-weight relationship of species A. neglectus had a
close positive correlation according to the equation W=0.0006, ML>"*", Since b<3, A. neglectus exhibits faster length
growth than weight growth, and the growth coefficient of male octopuses (b=2.8114) is higher than that of female
octopuses (b=2.6805). These findings have contributed to fulfilling knowledge of the morphological and taxonomic
characteristics and growth of the octopus species A. neglectus.

Keywords: Amphioctopus neglectus, Halong bay, length-weight relationship, morphological characteristic, octopus.
Classification numbers: 1.6, 4.5, 4.6
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1. Dat van de

Bach tudc 1a nhém dong vat phong phu nhét thude lop
chan dau, voi khoang 300 loai bach tudc da dugc ghi nhan
va mo ta, chiém hon mot phin ba tong s6 loai chan dau con
ton tai da biét, phan bd ¢ cac ving bién va dai duong trén
toan thé gidi [1]. Nguén loi bach tudc o vai tro rat 16n ddi
v6i sinh ké ctia ngur dan ven bién, dong thoi ciing 1a mot mat
xich quan trong trong cc chudi thirc in & cac hé sinh thai
bién [2]. Mit khéc, bach tudc con la nhém dong vat co tiém
nang chua cac chét ¢6 hoat tinh sinh hoc déc biét trong cac
g dung dugc phim va thyc pham chiic ning [3, 4].

Tai Viét Nam, bach tudc la mot trong nhiing nhom nguén
loi chinh ctia nganh khai thac bién, gia tri xuat khau hang
nam dén hang trdm triéu USD [5]. Cac cong trinh cong bd
chinh thirc dén nay da ghi nhan khoang 30 loai bach tudc
trén danh nghia thuoc bd Octopoda tir cic ving bién cua
Viét Nam [6-12]. Tuy nhién, cac cong trinh cong bd nay
déu thiéu cac mo ta va cac dit liéu hinh thi cta cac mau vat
nghién ctru. Do hé théng phan loai 16p chan dau da dugc
cap nhat va nhiing tién bd gan day trong phan loai bach
tudc, nhiéu loai dinh danh duoc ghi nhén cho dén nay o
vung bién Viét Nam di khong dugc chap nhén trén hé théng
MolluscaBase [1]. Van dé nay cho thay, thong tin vé cac loai
bach tudc & Viét Nam con rat han ché va hé théng phan loai
ctia khu hé bach tudc Viét Nam can co nhitng nghién clru
bd sung, cap nhat va chuin hoa theo hé théng phan loai da
duoc thé gidi ch'2'1p nhén. Vi dy, trong s6 cac loai bach tude
cua Viét Nam, c6 mdt nhom bach tudc ¢& nho c6 cac canh
tay ngan va khoe, trudc ddy dugc dat tén chung 1a nhém
‘OCtopus aegina group’ [13] nhung gin day nhom nay da
dugc xép lai thudc gidng Amphioctopus Fisher, 1882 [14].

Dén nay, da c6 6 loai bach tudc thude gidng Amphioctopus
dugc ghi nhan tai cac ving bién phia Nam ciia Viét Nam [8-
12]. Trong mot nghién ctru phan loai dong vat chan dau &
ving bién phia Tay vinh Bic B9, Viét Nam (nam 2021),
chung to6i da ghi nhan loai bach tudc 4. neglectus, 1a loai
pho bién dugc ngu dan khai thac ¢ viing bién vinh Ha Long,
tinh Quang Ninh. Loai bach tudc nay dugc xac dinh tén va
mo ta dau tién boi A. Nateewathana va cs (1999) [15], dwa
trén cdc mau vat thu thap tai ving bién vinh Thai Lan. V.
Sreeja va cs (2012) [16] da ghi nhan 1an dau va mo ta loai
nay phan bé tai ving bién ven bo tinh Kerala cia An .
Tai Viét Nam, loai bach tudc 4. neglectus da dugc ghi nhan
1an déu tién va ciing 1 duy nhat tinh dén nay trong cong b
ctia N. Kaneko va cs (2008) [10] dya trén mau vat thu thap
tai Nha Trang, tinh Khanh Hoa. Cac nghién ctru mé ta hinh
thai loai A. neglectus trén thé gi6i va tai Viét Nam chi dugc
kiém tra tir 3 dén 5 mau vat. Do do, co rét it dit liéu chi tiét
vé phan tich thong ké va so sanh ddc diém hinh thai giita
gidi duc va cai cua loai nay.
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Loai bach tudc A. neglectus 1a mot trong nhiing dbi
tuong thuy san c6 gia tri thuong mai cao, thuong dugc khai
thac v6i s6 luong 16n bang ludi kéo day ¢ ving bién ven bo
Tay Nam An Do va dic biét tai cac nude Pong Nam A, bao
gbm ca Viét Nam [17]. Méi quan hé chidu dai va khdi luong
clia cac loai thity san 1a mot trong nhitng thong s sinh hoc
rat quan trong dugc sir dung trong nghién ctru thuy san [18].
Thong s6 nay thuong duoc sir dung dé udc tinh téc do ting
truong cua loai va 14 dir liéu dau vao quan trong cho cac mo
hinh x4c dinh cdu tric quan thé, du bao trir lvong ngudn loi
thity san, gop phan quan Iy nghé ca bén viing [19- 21] Dén
nay, di c6 bao cao vé twong quan chiéu dai va khéi luong
ctia hon 30 loai chan dau thudc 4 b, trong do6 c6 8 loai bach
tudc nhung chi c6 mot loai thudc gidng Amphioctopus [22-
26].

Nghién ctru nay nhim xéc dinh va so sanh sy khac biét
cac chi s6 hinh thai giita gidi tinh duc va cai, dong thoi
xéac dinh mdi tuong quan chiéu dai va khdi lugng cua loai
bach tudc A. neglectus dua trén cac mau vat thu thap dugc
tir ving bién vinh Ha Long, tinh Quang Ninh. Két qua cua
nghién ciru nay khong chi gop phan b sung co s khoa hoc
vé dic diém phan loai, mo hinh tang trudng cta loai, ma con
cung cap nhitng dit liéu thiét yéu phuc vu quan 1y ngudn loi
cua loai nay noi riéng va nhiing loai bach tudc khac c6 dac
diém hinh thai gin gidng trong cting khu vic phan bd.

2. Vat liéu va phuong phap nghién ciu
2.1. Thu thip va xit ly mdu vit

Mau bach tudc (88 mau: 42 ca thé duc va 46 ca thé cai)
duoc thu thap tr cac tau ca dang hoat dong khai thac ¢ vung
bién vinh Ha Long, tinh Quang Ninh, vao thang 5 nim
2022. Mau vat dugc bao quan ¢ -20°C va van chuyén vé
phong thi nghiém. Tai day, mau bach tudc dugc ra dong va
phan tich hinh thai. Cac mau vat da phan tich dugc ¢ dinh
trong dung dich formaldehyde 10% vé&i nuéc bién trong 72
gi0, sau d6 chuyén sang bao quan trong dung dich EtOH
70% dé luu gt [16].

2.2. Xdc dinh cdc s6 do hinh thdi

Céac chi sb do hinh thai cua bach tude duge thuc hién
theo hudéng dan cua F.E. Roper va cs (1983) [27], bao gdm:
khéi lwong tong (W); chiéu dai tong (TL); chiéu dai choang
40 (ML); chiéu dai choang 40 miat bung (VML); chiéu rong
choang 40 (MW); chiéu rong dau (HW); chiéu dai canh tay
lung (AL.1); chidu dai canh tay ngang lung (AL.2); chiéu
dai canh tay ngang bung (AL.3); chidu dai canh tay bung
(AL.4); chiéu rong canh tay (WA); d siu mang boi (WD.A
- gitta hai canh tay lung, WD.B - gita hai canh tay lung va
ngang lung, WD.C - giita hai canh tay ngang lung va ngang
bung, WD.D - gilta hai canh tay ngang bung va bung, WD.E
- giita hai canh tay bung); chiéu dai phdu (FuL); chiéu dai
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mat lung pheu (FFuL) duong kinh g1ac hat thuong (SDn).
Tét ca cac s do chiéu dai duoc do bang thudc kep dién tu
Mitutoyo (20 cm, chinh xac dén 0,1 mm) va khéi luong
duogc can bang can dién tir (600g, chinh xac dén 0,01 g).

2.3. Xdc dinh cdac chi s6 hinh thdi

Céc chi sb hinh thai duoc biéu thi theo ting chi s6 do
dudi dang ty 1& phan trim cua chiéu dai choang 40 (ML)
hoac chiéu dai cua canh tay dai nhat (AL_,) [27]. Cac chi
s6 hinh thai dugc tinh nhu sau: VMLI - chi sb chleu dai
choang 4o mit bung (VML/ML x 100); MWI - chi sb chiéu
rong choang 40 (MW/ML x 100); HWI - chi sé chiéu rong
dau (HW/ML x 100); ALL1 - chi sb chiéu dai canh tay lung
(AL.1/ML x 100); ALL2 - chi s6 chiéu dai canh tay ngang
lung (AL.2/ML x 100); ALL3 - chi s6 chiéu dai canh tay
ngang bung (AL.3/ML x 100); ALI4 - chi s6 chiéu dai canh
tay bung (AL.4/ML x 100); AWI - chi s6 chiéu rong canh
tay (AW/ML x 100); WDAI - chi s6 mang boi lung (WDA/
AL x 100); WDBI - chi so mang boi ngang lung (WDB/
AL  x 100); WDCI chi s6 mang boi bén (WDC/AL  x
100) "WDDI - chi so mang boi ngang bung (WDD/AL _ x
100); WDEI - chi sb mang boi bung (WDE/AL__ x 100);
FuLI - chi s6 chiéu dai phéu (FuL/ML x 100); FFuLI - ch1
s6 chiéu dai phéu mit lung (FFuL/ML x 100); SDnl - chi s6
dudng kinh giac hat thuong (SDn/ML x 100); MAI - chi s6
choang 4o - canh tay (ML/AL__ ) x 100); Cong thirc chiéu
dai canh tay (AF - arm formula: so sanh chiéu dai cua cac
canh tay (1, 2, 3, 4) va biéu thi cong thirc theo thur ty gidm
dan); Cong thirc do siu mang boi (WF - web formula: so
sanh d¢ sau cta cac vung mang boi (A, B, C, D, E) va biéu
thi cong thirc theo thir ty giam dan).

2.4. Phén tich twong quan chiéu dai - khoi lwong

Mbi twong quan giita chiéu dai va khdi luong cta bach
tudc dugc xac dinh theo cong thiuc W= a,ML®, trong do:
W 14 khéi lugng co thé (garn) ML la chiéu dai choang 40
(mm), a va b la cac tham so cua phuong trinh tuong quan (a
1a hé sb diéu klen bla hé s6 tang truong). HE s6 tuong quan
(R?) va sai s6 chuan cua hé sé ting truong (SEb) ciing duoc
tinh toan. Pic diém tang truong cua bach tudc xac dinh
thong qua hé sb ting trudong b (ting truong dong dang khi
b=3, tang truong wu thé khdi lwong hon chiéu dai khi b>3,
tang truong wu thé chidu dai hon khéi lwong khi b<3) [26].

2.5. Xir Iy 56 ligu

Str dung phan mém Minitab 19 dé phan tich phuong sai
(One-Way ANOVA) kiém dinh su khac biét giira hai giéi
tinh vé 3 s6 do va 19 chi s6 hinh thai. Str dung ANOVA ciing
v6i Tukey HSD test dé kiém dinh sy khac biét chi sb chidu
dai cua cac canh tay (1, 2, 3, 4) va chi ) d0 sau cua cac
vung mang boi (A, B, C, D, E) theo hai giGi tinh va chung
cua loai. Str dung tinh ndng regression (hdi quy) cta phan
mém dé xac dinh mbi tuong quan giira chidu dai va khi
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luorng cua bach tudc. Thlrc hién kiém dinh Student’s t-test
dé xac dinh gia trj cua hé sb ting truong (b) cua hai gidi tinh
va chung cua loai so v6i gia tri hé sd tang trudng dong dang
(gi tri 3). TAt ca cac phép thir déu duoc xac dinh & mirc ¥
nghia 0=0,05.

3. Két qua va ban luan
3.1. Bic diém phan logi, hinh thdi ciu tao ngoai

Mau vat khi con tuoi ¢6 mau xanh luc, hoi nau & lung
va mau tring nhat hon & bung. C6 nhidu dém tring tron nho
phan b trén khip mit lung choang 4o. Cap dém tring nim
ngang xuét hién trén choang 4o ¢ mit lung. C6 mot thanh
ngang hep, nho, hoi hinh chit U nam giira hai mat. Cap dém
mit gia (ocelli) & gbc cua canh tay thtr hai va thir ba - dém
mat gia 1a 6 sam mau chira mdt vong thanh manh mau xanh/
tim c¢6 anh kim (hinh 1).

Hinh 1. Hinh toan than cua loai Amphioctopus neglectus. (A) Mat
lwng; (B) Mat bung.

Loai ¢6 kich thugc trung binh (ML: 35-81 mm & bach
tudc duc, 33-57 mm & bach tudc cai); choang 4o c¢6 hinh
tring (MWI 57,449,4 ¢ bach tuge duc, 56,0£7,7 ¢ bach
tudc cai). Pau rong vira phai, & bach tudc duc twong dbi
rong hon cai (HWI 30,9+4,1 ¢ bach tudc duc, 28,5+4,3 &
bach tudc céi). Co quan phéu ¢6 dang hinh cht W, c6 chiéu
dai mat bung chiém khoang 30% chiéu dai choang ao; phdu
cua bach tudgc duc tuong dbi ngén hon cai (FulLI 30,9+2,7
o bach tudc duc, 32,4+2,7 ¢ bach tudc cai) (bang 1). C6 8
phién mong trén mdi nira mang.

Mang boi c6 do sau vua phai (WDI 19,3+1,9 ¢ bach
tudc duc; 19,6+2,3 ¢ bach tudc cai), vung mang boi gitia hai
canh tay lung nong nhét (WDALI 6 bach tude duc 9,4+1,6; &
bach tudc cai 9,6+1,5) va siu nhét giira hai canh tay ngang
bung va bung (WDDI ¢ bach tudc duc 18,8+2,3; & bach
tude cai 19,3+2,6) (bang 1). So sanh chi s6 do sau cac vung
mang boi xac dinh cong thirc d6 sdu mang boi cuia loai 1a
D>E>C>B>A (ANOVA, F=276,1, df=4, p<0,001) (hinh 2).
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Bang 1. Gia trj trung binh, sai sé chuan, gia tri nhé nhét, Ion Céc canh tay dugc sdp xép doi ximg nhau, khong c6 canh
nhét cla cac chi sé hinh thai theo gi&i tinh & loai bach tudc A. tay nao nim trén 1 mit phéng riéng biét. Canh tay dai vira

neglectus. 2e 1y X F A \ . 2
9 phai, dai gap 2 dén 3 lan choang 40 (ALmax/ML 2,6+0,3 &
) e (1=42) Ciii (n=46) bach tudc duc; 2,7+0,3 ¢ bach tudc cai). Canh tay bung dai
Thitty  Chisb A : . A . :
P S s nhat (A.LI 4244 .8447,0 & bacl} tudc fil_rc, 252,5+32,8 § bach
: tudc cai) va canh tay lung ngan nhat (ALI-1 193,5+£28,5 ¢
1 W (g) BT 69-877 185490 7,1-41,0 . \ n e
bach tugc duc; 194,74£25,1 & bach tudc cai). Canh tay thanh
M L F. . N N ~ N A
3 ML (mm) — 50,0%:9,9 353810 443466 332570 cai) (bang 1). So sanh chi s6 chiéu dai cac canh tay xac dinh
4 VMLL(%) 86,1128 53,1-1054 89,5898  658-1074 cong thue chicu dai canh tay cua loai la 4>3>2>1 (ANOVA,
5 MWI (%) 57.449.4 39,0-79,0 56,0477 458-754 F=87,86, df=3, p<0,001) (hinh 3). Co quan giao cau xuat
6 HWI (%) 30944,1 21,6-39.5 W3 197371 hién ¢ canh ta§~1 thtr 3 bén phai cua con duc. C6 hai hang
giac hut trén moi canh tay, trén moi canh tay binh thuong cé
7 ALLL(%) 1935285 10872468 19474251  119,3-246,0 , T T Y P
khoang 80-150 giac hut. Cac giac hiit mo rong xuat hién ¢
8 ALI2 (%) 2164299 14942794 21194315 13342840 N X ) r i A
nhiing con duc trudng thanh, gidc hat 16n ¢ bach tudc duc
23 (9 + < -+ - I3 \ ’ r 5 A s 5
9 AL (%) 23124325 16062933  227,9¢280  1474-300,0 c6 dudng kinh 16n hon & bach tudc cai (SDnl 5,5+0,8 & bach
10 ALL4 (%) 2482+405 14043452 25254328 182,0-3362 tudc duc; 5,0+0,7 & bach tudc cai) (bang 1).
Y + - + - . 2 A1 e / X A I ,
1 MAI (%) 384532 2,0-538 376837 B7-480 Céc chi s0 hinh thai ctia cdc mau bach tudc nghién ctru
12 ALmax/ML — 2,6+0,3 1,935 2,703 2,134 trinh by & trén hoan toan tuong dong véi dic diém phan
13 AWI (%) 11,424 6,8-16,9 12,1£20 73170 loai cua cac loai thudc giong Amphioctopus Fischer, 1882;
14 WDAI (%) 94+1,6 5,7-13,0 9,6+1,5 6,9-15,0 do6 1a cac canh tay bén dai hon canh tay lung, mang boi lung
15 WDBI (%) 163421 123209 16,5420 12,6207 néng hon mang boi bén, (Eénh tay ngan g~ép 2-3 lan chiéu
16 WDCI(%)  17,2:2,4 11,5227 16920 124234 dal.cl‘loar}.g a0, [10, 17]. Dong thqu cac, ma}l Va:[ du’gc p Elan
loai 1a loai A. neglectus trong nghién ctru nay con c6 nhiing
17 WDDI (%) 18,8£23 13,0248 193£2,6 13,9262 e A A% A sl <11 Y
ddc diém dé phan biét véi nhitng loai khac thudc giong
. Wy el Lo My Bkl Amphioctopus boi (i) C6 kiéu mau dic biét v6i nhidu dém
19 FuLl (%) 309%£2,7 26,2-37,6 4T 272-388 trang sita tron nho phan bo trén khap mat lung choang ao;
20 FFul (%) 15,82,4 11,0-21,7 16,242,5 11,2:22,3 (i1) C6 mot thanh ngang hep, nhd, hoi hinh chit U nam gitia
21 SDnl (%) 5,5+0,8 40-74 5,0°+0,7 3,7-6,5 hai mét, (111) Cép dom mat gla (OCCHi, la 6 sam mau chua

o L mot vong thanh manh mau xanh/tim ¢6 anh kim) & gdc ciia
M: Gia tri trung binh; SD: D6 léch chuan; Min: Gia tri nhd nhat; Max: inh tav thit hai va thit ba [10. 15-171. Neodi , x
Gié tr 16n nhAt, Gié tr trung binh chi s6 hinh thai o céc chir cai khae ~ Cani tay thir hai va thi ba [10, 15-17]. Ngoai ra, cac mau
nhau (M, F) & gi®i tinh duc va cai chi su sai khac co y nghia théng k¢ Phan tich con ¢6 céc chi s6 hinh thai phan loai quan trong

khi phan tich ANOVA (p<0,05). khac nhu: co quan phéu c6 dang hinh chit W (hinh 1B);
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va chung cua loai bach tuéc A. neglectus. chung cua loai bach tuéc A. neglectus.

Cac gia tri trung binh chi sé chiéu dai cac canh tay va do sau mang boi trong cling giéi tinh/chung mang chir cai khac nhau hoan toan chi sai khac
¢6 y nghia thdng ké kiém dinh bang Tukey HSD test (p<0,05).

%HI\?GCHE 67(3) 3.2025 21



cong thirc chiéu dai canh tay 1a 4>3>2>1 (hinh 3) tuong tu
moé ta dAu tién cia tac gid A. Nateewathana va cs (1999)
[15] vé loai A. neglectus tai Thai Lan, ctia N. Kaneko va cs
(2008) [10] vé mAu vat tai Nha Trang (Viét Nam), ctia V.
Sreeja va cs (2012) [16] m6 ta mau vat tai Kerala (An D9).

Cong thirc d6 sdu mang boi chung cuia loai trong nghién
ctru nay duoc xac dinh 1a D>E>C>B>A (hinh 2). Két qua
nay tuong tu vdi nghién cuu cua N. Kaneko va cs (2008)
[10] va V. Sreeja va cs (2012) [16], trong khi tac gia A.
Nateewathana va cs (1999) [15] xac dinh cong thirc d§ sau
mang boi 1a D=E>C>B>A. Két qua nghién ctru ndy va cac
nghién ctru truée déu cho thiy, ving mang boi giita cac
chan lung (WDA) duogc xac dinh 1a néng nhat, diy ciing
chinh 1a dic diém cong thie dd sau mang boi dugc st dung
dé phan loai xac dinh loai A. neglectus [17]. Su khac nhau
vé trinh tu trong cong thirc d sdu mang boi & cac nghién
ctru ¢6 thé duogc giai thich do sé lugng mau vat nghién ciru
trong cac bao cao khac nhau, cac nghién curu trudc day chi
mo ta tir 3 dén 5 c4 thé trudng thanh, trong khi nghién ciru
nay c6 sd lugng va kich thude mau vat da dang hon.

3.2. So sanh cdc chi sé hinh thdi giia hai giéi tinh

Phén tich phuong sai (One-Way ANOVA) kiém dinh sy
khac biét gitta bach tudc duc (n=42) va bach tudc cai (n=46)
cho théy, bach tudc duc c6 khdi lugng va chiéu dai trung
binh 16n hon dang ké so voi bach tudc cai: khéi luong co
thé trung binh (W 25,9+17,2 g ¢ bach tudc duc; 18,5+9,0
g & bach tudc cai; p=0,013), chiéu dai téng trung binh (TL
184,84+35,5 mm & bach tudc duc; 165,5+£26,2 mm & bach
tudc cai; p=0,005), chidu dai choang 4o trung binh (ML
50,0+£9,9 mm & bach tudc duc; 44,3+6,6 mm & bach tude
cai; p=0,002). Mat khac, ¢ bach tudc duc con cé gia tri trung
binh hai chi s6 hinh thai 16n hon & bach tudc cai 1a chi s6
chidu rong dau (HWI, p=0,012) va chi s6 dudng kinh giac
hat (SDnl, p=0,001). Ngugc lai, gia tri trung binh chi $6
chiéu dai phéu & bach tudc duc lai nhé hon dang ké so véi
bach tugc cai (FuLI, p=0,009) (bang 1).

Gia tri trung binh chi s6 chiéu rong dau & bach tude duc
16n hon dang ké so vé6i bach tudc cai ciing di duoc V. Sreeja
va cs (2012) [16] mb ta vé loai bach tudc 4. neglectus & An
Do. Két qua phan tich thong ké sy khac nhau giira hai giGi
tinh vé chi s6 duong kinh giac hut va chi sb chiéu dai phéu
bach tugc trong nghién ctru ndy 1a ghi nhan dau tién. Chiéu
dai va khéi lugng bach tude duoc xac dinh 1a c6 mdi twong
quan thuan [26]. Mac du, bach tudc duc co khdi luong va
chiéu dai trung binh déu 16n hon dang ké so véi bach tude
cai nhung chi sé chiéu dai phéu cua bach tudc ci lai 16n hon
dang ké so v6i bach tudc duc. Két qua nay 1a mot ghi nhan
méi dong gop cho bd dir liéu vé hinh thai phén loai loai A.
neglectus & khu vue nghién ctru.
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3.3. Méi twong quan giita chiéu dai va khéi lwong

Giira chiéu dai choang 4o (ML) va khéi luong (W) & loai
bach tudc A4. neglectus c6 quan hé tuong quan thuan chat
ché theo phuong trinh W=0,0006, ML>*7"*7_ v&i hé s6 tuong
quan R>=0,8990 (hinh 4). Xét theo gi6i tinh, chiéu dai va
khéi lwong cua ca hai gidi tinh déu c6 quan hé twong quan
thuan chédt ché theo cac phuong trinh: W=0,0004 ML>8!14
(gidi tinh duc, R*=0,9173, hinh 5), W=0,0007 ML>%% (gidi
tinh cai, R>=0,8112, hinh 6). Loai bach tudc A. neglectus c6
hé s6 ting truong b=2,7197 (SEb=0,0064, n=88) khi tinh
chung va hé sb tang truong cua bach tudc duc l1a b=2,8114
(SEb=0,0091, n=42), h¢ sb tang trudng cua bach tudc cai
1a b=2,6805 (SEb =0,0089, n=46). Két qua phan tich thong
ké cho théy, hé sb tang truong cua bach tudc duc 16n hon
dang ké so voi bach tude cai (ANOVA, F=113,41, df=1,
p<0,001). Hé s6 ting truong chung ciia loai va xét riéng
theo gidi tinh déu c6 gid tri nho hon dang ké so véi gia
tri ting truong dong dong dang 1a b=3 (Student’s t - test,
p<0,05), nén loai c6 mod hinh ting truong wu thé chidu dai
hon khéi luong.
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Hinh 4. Twong quan giira chiéu dai va khéi lwgng cua loai bach
tudc A. neglectus.
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Hinh 5. Twong quan giira chiéu dai va khéi lweng cua loai bach
tudc A. neglectus (gi®i tinh dwc).
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Hinh 6. Twong quan giiva chiéu dai va khéi lwgng cia loai bach
tudc A. neglectus (gi¢i tinh cai).

Pic diém ting trudng cia loai nay ciing twong tu nhu
cong bd cuia A.S. Ahmed va cs (2021) [24] vé loai bach tuoc
A. membranaceus tai Bién D6 va tuong tu loai bach tude
Octopus vulgaris & ving bién phia Péng Mediterranean
(Thd Nhi Ky) theo bao céo ciia O. Bahadir va cs (2022)
[26] c6 hé s tang truong tir 1,68 dén 2,99 (trung binh
2,36+0,37). Day la nghién dau tién béo cao vé dic diém
tang trudng cua mot loai bach tudc tai Viét Nam, déng thoi
ciing 1a bao cao dau tién vé loai A. neglectus. Hé sb ting
truong (b) ctiia bach tudc A. neglectus trong nghién cuu nay
va clia mot s6 loai bach tude khac da dugce bao céo déu c6
gid tri nho hon 3. Piéu nay co thé dugc giai thich do nhiéu
loai chan dau c6 tap tinh ngimg an vao mua sinh san [27].
Ngoai ra, cac nghién ctru trude day di cho thiy dong vat
chan dau c6 hai giai doan ting truong khac nhau; giai doan
tang truong nhanh ban dau va giai doan tang truong logarit
sau d6 [2]. Do dé, tinh thdi vu can duge xem xét khi thu
mau va danh gia két qua trong cac nghién ciru twong quan
chiéu dai va khdi luong ctua dong vat chan dau dé co duoc
cac két qua chinh xac hon [26]. Két qua nghién ciru nay va
mot s6 nghién ciru trude day cho thay, hé sb ting truong (b)
cua bach tudc duc trudng thanh thuong cao hon so voi bach
tudc cai. Tuy nhién, can ¢o céc nghién curu sau hon nita dya
trén s6 lugng mau, kich ¢& mau va thoi gian thu miu da
dang hon dé c6 thé giai thich hién tugng nay trong tuong lai.

4. Két luan

Céc dic diém hinh thai phan loai quan trong (mau séc,
hinh dang phéu, cac chi s6 hinh thai vé cong thic chiéu
dai canh tay, cong thuc dd sdu mang boi) cua loai bach
tudc A. neglectus tai vung bién vinh Ha Long, tinh Quang
Ninh twong dong véi bao céo clia cac nghién ciru trude day.
Khac biét hinh thai theo gidi tinh cua loai 4. neglectus ghi
nhan thay & 3 chi s6; d6 1a chi sé chiéu rong dau va chi s6
duong kinh giac hut ¢ bach tugc duc 16n hon ¢ bach tude
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céi, bach tudc cai ¢6 chi sd chiéu dai phéu 16n hon & bach
tudc duc. Moi quan hé chiéu dai va khdi luong cua loai A.
neglectus c6 twong quan thuan kha chat ch€ theo phuong
trinh W=0,0006, ML>""", Loai A. neglectus ¢6 mo hinh tang
truong vu thé chiéu dai hon khéi lwong (b<3) va hé sb ting
trudng ciia bach tude duc (b=2,8114) 16n hon dang ké so voi
bach tudc cai (b=2,6805).

LO1 CAM ON

Nghién ctru nay dugc hd tro kinh phi tir dé tai “Nghién
ctru da dang sinh hoc va dac diém sinh san, dinh dudng
mot sd loai muc, bach tude co gia tri kinh té, sinh thai ¢
ving bién phia Tay vinh Bic Bo, md sb: VAST06.06/21-
22”. Nhom tac gia xin tran trong cam on.
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ic diém sinh hoc itth san cia ¢ bang Thé Oxyurichthys ophthalmonema (Blecker, 1850)
 vung dam phd Tam Giang - Cau Hai, tinh Thira Thién Hug
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Tom tit:

C4 bong Thé, Oxyurichthys ophthalmonema (Bleeker, 1856), mot loai hai san sinh sdng trong thity vire nwéc lo' ven
bién c¢6 da dang sinh hoc cao & ving dim pha Tam Giang - CAu Hai. Chiing c6 gia tri thwong phim cao, giau dinh
dudng va c6 nhiéu tiém ning trong sin xuit giong nhan tao. Nghién ciru nay cung cip dir li¢u khoa hoc cho sin xuit
giong nhan tao va nudi thwong pham ca bong Thé, cu thé l1a két qua nghién ciru vé dic diém sinh hoc sinh sin cia
¢4 bong Thé qua viéc nghién ciru ciu tao gidi phdu co quan sinh duc, mé ti cac giai doan phit trién ciia tuyén sinh
duc, strc sinh sin va chiéu dai thanh thuc du tién. MAu ca béng dwgc thu tai dim pha Tam Giang - CAu Hai lién
tuc trong 12 thang, tir thang 4/2021 dén thang 3/2022. Két qua nghién ciru da xac dinh mua vu sinh sdn cia ca O.
ophthalmonema 1a tir thang 4 dén thang 10 hang nim, dinh diém 12 tir thang 5 dén thang 7. Stkc sinh san trung binh
tuyét doi ciia ca bong Thé 1a 73.381 trirng va strc sinh sin twong ddi 1a 5.223 trimg/g. Chiéu dai thanh thuc trung
binh lan diu 13 65 mm, khdi lrgng twong ng 6 g.

Tir khéa: c4 bong Thé, chidu dai thanh thuc, Oxyurichthys ophthalmonema, pha Tam Giang, sirc sinh sin,

tuyén sinh duc.

Chi s6 phén logi: 1.6, 4.6

Reproductive biology characteristics of Gobiid fish Oxyurichthys ophthalmonema
(Bleeker, 1856) in the Tam Giang - Cau Hai lagoon, Thua Thien Hue province

Thi Ha Dinh’, Van Chien Pham, Xuan Thanh Nguyen, Van Quan Nguyen, Duc The Nguyen, Do Hung Viet Dang"

Institute of Marine Resources and Environment, Vietnam Academy of Science and Technology,
246 Da Nang Street, Cau Tre Ward, Ngo Quyen District, Hai Phong City, Vietnam
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Abstract:

Gobiid fish, Oxyurichthys ophthalmonema (Bleeker, 1856), is a brackish-water species living in the brackish coastal
water with high biodiversity, Tam Giang - Cau Hai lagoon. They have been identified as commercially valuable
species, nutrient-rich, and with great potential for artificial seed production. This study provides scientific data for
artificial seed production and commercial farming of O. ophthalmonema, specifically focusing on research results
on the reproductive biology of O. ophthalmonema through the study of the anatomical structure of the sex organs,
describing the stages of gonad development, reproductive power, and the length of first maturation. Gobiid samples
were continuously collected in the Tam Giang - Cau Hai lagoon for 12 months, from April 2021 to March 2022.
Research results indicate that the spawning season of O. ophthalmonema lasts from April to October, peaking
between May and July. The mean absolute fecundity of O. ophthalmonema was 73,381 eggs and the relative fertility
was 5,223 eggs/g. The average first mature length is 65 mm, and the corresponding weight is 6 g.

Keywords: fertility, Gobiid fish, gonad, mature length, Oxyurichthys ophthalmonema, Tam Giang lagoon.
Classification numbers: 1.6, 4.6
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1. it van de

C4 bong Thé hay con goi 14 c4 bong van mét Oxyurichthys
ophthalmonema  (Blecker, 1856), thudc giong Oxyurichthys
Bleeker, 1857; ho c4 Béng trang (Gobiidae); by ca Bong
(Gobiiformes). Ca bong Thé phan bd & vung nhiét doi gitra An
D¢ Duong - Tay Thai Binh Duong, chung song gan day trong mdi
truong nudc lo va nude min ¢ khu vire gan b cira song, dam pha
ven bién, trong d6 co dAm phé Tam Giang - Cau Hai, tinh Thira
Thién Hué cua Viét Nam. Ca bong Thé co gia tri dinh dudng cao,
cung cap cac gia tri kinh t& cho ngu dan sinh song quanh khu vuc
dim pha. Dong thoi, loai ca nay con ¢6 trién vong trong nghién
ciru san xuat giong, nudi thuong pham dé cung cap cho thi truong
nhim giam cuong d¢ khai thac mot cach tan diét nguon loi nay
ngoai ty nhién [1].

Céc tai li¢u trude day ¢ Viét Nam déu st dung tén khoa hoc cua
c4 bong Thé 1a Oxyurichthys tentacularis (Valenciennes, 1837) [1-
7]. Tuy nhién, nghién ctru két hop giita phuong phap hinh thai va
phuong phap phan tu, chung toi da xac dinh tén khoa hoc chinh
xac cua loai nay 1a O. ophthalmonema (Bleeker, 1856) [8]. Tén
khoa hoc ndy cting dugc nhom tac gia N. Ty va cs (2021) [9] &
Pai hoc Hué sir dung va xéc dinh trong nghién ctru cia minh vé ca
bong Thé (Oxyurichthys ophthalmonema).

Hién nay, cac nghién ctru mang tinh khoa hoc vé ¢4 bong Thé
khong nhidu. Céc nghién ciru chu yéu lién quan t6i phén loai, phan
b6 va hinh thai [1, 6, 9-12]. Trong khi do, kién thirc vé kha ning
sinh san ciia mot loai ca chinh 13 diéu kién tién quyét thiét yéu aé
quan 1y nghé cd hop ly va bén vimng [13]. Xem xét viée thiéu dix
liéu sinh hoc vé loai cd ndy, nghién clru vé ddc diém sinh hoc sinh
san cua ca bong Thé song tai dm phé Tam Giang - Chu Hai dugc
thuc hién dé phan dinh thong tin vé cac giai doan phat trién cua
tuyen sinh duc, chiéu dai thanh thuc dau tién, mua vu sinh san, ty
1¢ gidi tinh va sitc sinh san.

2. Vat liéu va phuong phap nghién ciiu
2.1. Thu thip va xir Iy mdu vit

Mau c4 bong Thé, Oxyurichthys ophthalmonema (Bleeker,
1856) duoc thu dinh ky hang thang, kéo dai trong sudt 12 thang tai
dim phéa Tam Giang - Cau Hai, tir thang 4/2021 dén thang 3/2022.
Thu thap mau tir cdc phuong tién khai thac thong thuong nhur tau
ludi kéo, tau ludi vay, tau ludi ré.

Mau ca dugc thu ngau nhién véi $0 luong 100 ca thé/dot. Mau
twoi duogc ghi rd céc thong tin vé tén, thoi gian, dia diém thu mu,
sau do tién hanh bao quan lanh va chuyen ve phong thi nghi¢m cta
Vién Tai nguyén va Moi trudng Bién. Dé xc dinh ste sinh san cia
ca, budng trimg cia ca dugc bao quan trong dung dich Gilson’s
fluid theo phwong phap cua Simpson (1954) [14].

2.2. Phwong phdp nghién civu dic diém sinh hoc sinh sin
cia ca bong Th¢

Mua vu sinh san, co cdu gidi tinh, kich thudc thanh thuc sinh
dyc lan dau va stre sinh san dugc xac dinh thong qua quan sat hinh
thai va su phat trién cua tuyén sinh duc.
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- Xac dinh mirc do thanh thuc cua tuyén sinh duc: Duya trén
thang thanh thuc sinh duyc cta G.V. Nikolsky (1963) [15], két
hop gitra quan sat hinh thdi bén ngoai va cac tiéu ban mé hoc cua
tuyén sinh duc dé mo ta diac diém va xéc dinh mirc do thanh thuc
cua tuyen sinh duc. Sau khi xac dinh dugc giai doan thanh thyc,
tuyén sinh duc dugc mang di cat mo theo phuong phap cia H.M.
Carleton va cs (1980) [16] va J.A. Kierman (2015) [17].

- Xdc dinh hé s6 thanh thuc (GSI): Bugc xac dinh theo cong
thire cua H.J. Holden va cs (1974) [18]. Hé s6 thanh thuc 14 chi s6
quan trong dé danh gi4 mirc do chin mudi ciia tuyén sinh duc, khdi
luong tuyén sinh duc 13 thong s6 cho biét mirc do chin mudi cua
san pham sinh duc. Qua do c6 thé dy bao va theo ddi qué trinh phat
trién va chin mudi cta cac té bao sinh duc.

GSI (%) =Wg x 100/Wn

trong d6: GSI 1a hé s0 thanh thuc (%); Wg 14 khoi lugng ciia tuyén
sinh dyc (g); Wn 1a khoi lugng co thé khi khong c¢6 ndi quan (g).

- Xac dinh mua vy sinh san: Theo bién thién clia h¢ s6 thanh
thuc qua céac thang thu mau.

- M6 ta va xac dinh co cau gioi tinh: Giai phau quan sat va mo
ta tuyén sinh dyc.

- Kich thuéc thanh thuc sinh duc lan dau (Lm50): La nhom
kich thudc nho nhit ma tai d6 vao mua sinh san tuyén sinh duc
cua cdc ca thé phat trién & giai doan I1I trd 18n, chiém ty 18 >50%
trén tong sO mau.

- Stte sinh san: M ¢4 dé liy budng trimg ¢ nhimg giai doan
dém duoc trimg (G IV, V) 1di can khéi lugng. Mau budng trimg
duoc léy mot cach ngau nhién roi cn mau dai dién. Mau dai dién
duoc ngam trong dung dich Gilson’s fluid dé céc trimg tach roi
nhau, sau d6 dém toan bo trimg cta cdc mau dai dién, tinh toan theo
céac cong thuc [14].

F=nxG/g;vaF, =F/W

trong do: F 1a strc sinh san tuyét doi (trimg); G 1a khdi lugng buong
trimg (g); g 1a khdi luong mau trimg dugc ldy ra dém (g); n 1a sb
trimg giai doan IV ¢6 trong mau dugc ldy ra dé dém; F ' la strc sinh
san twong doi (trimg/g); W 1a khoi lugng than ca (g).

3. Két qua va ban luan
3.1. Két qua gidi phﬁu ciu tao co quan sinh sdn

Ca bong Thé (30 mau) dugce chon de tlen hanh gidi phau. Miu
sau giai phau c6 sy khac nhau rd rét vé ciu tao trong co quan sinh
san cta ca duc va ca cai (hinh 1). O ca duc, co quan sinh duc c6
hinh vay tam gidc mau tring nhé 1én hin so véi bung (hinh 1A),
trong khi ¢ cd cai thi co quan sinh duc c¢6 hinh 6 van nhu [én so véi
bung mot chut (hinh 1B).

Hinh thai budng trimg;: Giai doan chua thanh thuc, budng trimg
dang soi, dai va manh. bén giai doan thanh thyc, buong trung co
kich thudc 16n, hinh try va ¢6 mau vang nhat, cac hat tring dugc
quan st 10 (hinh 1D).
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Hinh thai budng tinh: Budng tinh c¢6 dang hinh tui, phia
trude rong va hep dan vé sau. Giai doan chua thanh thuc,
budng tinh ciing c6 dang soi, dai va manh. Giai doan thanh
thuc kich thudc cta budng tinh ting dan, c6 mau sic thay
d6i dan tir mau tring trong sang trang duc (hinh 1C).

Cé4 bong Thé 1a loai dé¢ trirng dinh, bam day, cé cai s€ de
trirg vao cac gia thé tuy nhién nhu da, than cay, goc hoac 14
c6 bién...

Hinh 1. Co’ quan sinh duc cua ca dwc (A), ca cai (B) va hé sinh duc
ca duwc (C), ca cai (D).

3.2. Céc giai doan phit trién ciia tuyén sinh duc

Ca béng Thé ¢6 cac dic diém sinh duc thude cac giai
doan phat trién khac nhau. Nhom cé duéi 1 ndm tudi, tuyén
sinh duc bét d¢au hinh thanh nhung chua phan biét duoc gidi
tinh. O cac nhom ca trén 2 va 3 tudi, c6 su phat duc dong
déu, da s6 tap trung ¢ giai doan 1V, V, mot $6 & giai doan II
va III ctia sy phat trién tuyén sinh duc (hinh 2).

100% .
90%
80%
70%
mvi
30% mil
20% !
10%
0% -
Juv. Juv, Buc csi Buc cai Buc Csi
0+ 1+ 2+ 3+

Hinh 2. Sw phat trién cua tuyén sinh duc ca béng Thé theo dd tubi
va gi6i tinh.

Su phat duc cua cac ca thudc gidi tinh khac nhau co
nhimng sai khac nhét dinh. Trong nhitng nim dau, cé cai
thuong c6 sb lwong ca thé tham gia vao dan sinh san cao
hon cac ca thé duc. Ca cai phat duc s6m hon ca duc trong
cing mot nhom tudi, o thé noi, da s cac ca thé ciia quan
thé c4 bong Thé sdng trong ddm pha déu c6 kha ning phat
duc va tham gia dé trimg nham tai san xuat quan dan. Mirc
d6 phat trién cia tuyén sinh duc cta ca bong Thé qua cac
thang duogc trinh bay ¢ hinh 3.
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Hinh 3. Sy phat trién cta tuyén sinh duc qua cac thang cia ca
bong Thé.

Nhimng san phdm sinh duc ciia ca trong dam pha phat
trién manh vao thang 5-7 hang nam. Cac giai doan phét trién
cao hon (giai doan IV, V va VI) dugc phat hién tur thang 4
kéo dai dén thang 10. Diéu d6 cho thdy, mua vu ca bong Thé
dé tring kéo dai trong bay thang cua mua Xuén - Heé va dau
Thu. T thang 11 dén thang 3 ndm sau Gng véi cac thang
mua mua lanh, ca c6 giai doan phét duc thap, chi yéu & giai
doan I, II, III. Cac giai doan phat trién thap cta ca thuong
gip trong nhing c4 thé con non va nhiing ca thé da dé.

Két qua phan tich sy bién dong hé sb thanh thuc (GSI)
cho thiy, tir thang 1 dén thang 12 hé s6 thanh thuc & ca
cai dat cao nhét vao thang 5 (2,3£0,4), va thap tir thang
11 dén thang 3 (hinh 4). Tir thang 4 dén thang 10 1a thoi
diém tuyén sinh duc cta ca phat trién dén giai doan III,
IV, lac nay khéi lugng va kich thuée cua tuyén sinh duc
déu 16n. Vi vay, hé sb thanh thuc dat gid tri cao. Tu thang
11 dén thang 3 1a thoi diém ca da sinh san xong, tuyén sinh
duc cuia ching giam ca vé kich thude va khéi lugng, quay vé
giai doan II. Vi vay, hé sé thanh thuc ¢ thoi diém nay cua ca
thap. Ca quay lai thoi diém tich liiy vat chat dinh dudng dé
tiép tuc qua trinh thanh thuc sinh dyc va sinh san vao mua
sinh san tiép theo.

3

2,5 4

15

GSI (%)

05 -

TL T2 T3 T4 T5 T6 T7 T8 T9 T10 Ti1
Thoi gian (thang)

T12

Hinh 4. Sw bién déng hé s6 thanh thuc trung binh ctia ca béng Thé
theo thoi gian.



Céc giai doan phat trién ctia nodn sio sau day dugc ghi
nhan & con céi (hinh 5).

=5 mm

Hinh 5. Hinh thai cac giai doan phat trién va té chirc mé ctia noan
sa0 cla tuyén sinh duc ca béng Thé cai.

Giai doan I: Buéng tring rat nho, thudn nhon, soi chi
mau nhat va mo véi cdc mang mong, chiém it hon 1/4 cua
khoang co thé. Giéi tinh c6 thé kho x4c dinh tai thoi diém
nay. Ova khong thé nhin thiy bang mit thuong. Ciu truc
md hoc ctia nodn sao ¢ su xuat hién cua cac nodn nguyén
bao thoi ky I. Nhan chiém ty 18 nho so véi té bao.

Giai doan II: Budng trimg phinh ra c6 kich thudc 16n
hon so voi giai doan I, mau tréng vang mo, c6 dang hat,
chiém khoang 1/3 thé tich khoang co thé. Hai thuy c6
kich thudc khong bang nhau, thuy trai dai hon thuy phai.
Buong tring mau tring duc hodc hoi vang, c6 thé nhin
thiy bang mat thuong. Cau triic md hoc ctia nodn sao co
su xuét hién cua cac nodn bao thoi ky II cung véi cac
noan nguyén bao va co kich thuéce 16n hon.

Giai doan III, chin: Budng trimg ting vé kich thudc
va trd nén to hon giai doan 11, giau mach mau, chiém hon
mot nira thé tich khoang co thé va chira nodn c6 thé nhin
thay r5. Hau hét cac budng trimg c6 mau trang duc, hinh
cau. Phan tich mé hoc cho thiy day 1a thoi ky 16n nguyén
sinh - dinh dudng ctia noan bao. Cac noan bao thoi ky nay
tang vé thé tich chat nguyén sinh va tich liiy cac chit dinh
dudng, xuit hién mang follicular ciing véi cac khong bao,
té bao 16n 1én.

Giai doan IV, chin mudi: Buéng trimg tr¢ nén to hon,
c6 mau vang sang, hai thuy budng trimg gd ghé, ap sat
vao nhau, c6 mau sic voi cac mach mau bé ngoai dé thay,

lap day 2/3 dén hét chiéu dai cua khoang co thé. Thanh
budng trimg tré nén mong va trong nhat. Budng trimg
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chin c6 thé nhin thdy qua vach budng trimg. Hau hét cac
budng trimg c¢6 mau vang cam trong sudt (ngdm nudc)
mot s6 van con mod duc. Chung duoc ép diun ra khoi co thé
dudi mirc d6 ap luc nhe hodc 1ong léo trong budng trimg
va dé dang tach ra khoi nhau. Céu tric mé hoc cta nodn
sao cho théy su xuét hién ctia nodn bao thoi ky IV voi
kich thudc 16n chiém wu thé, ngoai ra con c6 cac thanh
phan dy trit cia nodn sao la nodn nguyén bao thoi ky I va
noan bao thoi ky II, 111

Giai doan V, giai doan ca dé: Triing chin va kich thudc
buéng trimg 16n cuc dai, gb ghé kich thudc hai thuy 16n
hon vé phia dudi dudi, do két dinh cua tring thap, khi a an
nhe 1én bung ca trimg s€ chay ra thanh tung tia. Néu cam
¢4 1én va ldc nhe thi trimg chay ra tu do. Khéi luong ciia
tuyén sinh duc tir dau giai doan dé dén cudi giai doan dé
giam di rat nhanh. Ciu tric mé hoc cho thiy té bao dat
kich thudc cuc dai.

Giai doan VI, giai doan ca dé xong: Tring da hét va
16 sinh duc phdng 1én, tuyén sinh duc mém, nhio. O ca
cai, trong budng trimg thudng c6 sot lai nhitng trimg nho.

Cac tuyén sinh duc duc nhé hon tuyén sinh duc cai.
Céc giai doan phat trién tinh sao cia ca bong Thé duc bao
gbm 6 giai doan (hinh 6).

=5 mm

Hinh 6. Hinh thai cac giai doan phat trién va té chirc mé cua tinh
sao cha tuyén sinh duc ca béng Thé duc.

Giai doan I: Tai tinh mong, manh (gidng nhu soi chi)
trong mo va ¢6 mau nhat, chira trong mot mang trong
sudt, chiém hon 1/5 khoang co thé. Bé mit tai tinh nhin
va két cdu ddng nhit. Tinh hoan 1én dén 1/2 kich thudc
cua tinh hoan ddy du mau x4m sang mau tréng.‘ Tinh hoan
bén trai dai hon bén phai mot chat. Chi c6 thé phan biét
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v6i budng trimg chua truong thanh bang kinh hién vi.
Céu tric mé hoc cho théy su hién dién cua cac bao nang
chtra tinh nguyén bao véi sb lugng 16n, vi vy tuyén sinh
duc dyc c6 do trong sudt cao.

Giai doan II: Tui tinh tr& nén to ra, phang, tang trong
luong va khéi lwong, c6 mau tring kem, xuat hién nhiéu
duong van mach mau va chiém nhiéu hon 1/4 khoang co
thé. Thuy trai dai hon thuy phai. Cdu tric mé hoc cho
thay céac tinh nguyén bao bat dau phan cit tao ra cac tinh
bao.

Giai doan III, chin: Tui tinh dai hon va rong hon giai
doan II, mau tréng nhat, kich thudc day hon, va trong co
mach hon, kéo dai hon 1/3 khoang co thé va phat trién
céc 16 thong trén khip bé mit co thé. Cau trac mé hoc cho
thdy sy xuit hién nhiéu ctia tinh tring trong cac nang tinh.

Giai doan IV, chin mudi: Tinh sao phat trién manh, tai
tinh nhio, méng, mém va c6 mau tring xin, ting vé kich
thude va khdi lwong. Mao mach mau ndi bat. Mang ngoai
rit cing phong, v6i nhitng dudng van 1 rang trén khap bé
mat. Cau tric méd hoc cho théy su xuat hién day dac cua
céc tinh trung chtra day trong cac tuyén va dng dan tinh,
s6 lugng cac tinh nguyén bao con rat it nim xen k& giira
cac nang tinh.

Giai doan V: Tinh sao dat kich thudc toi da, mau tring,
hai thuy tré 1én ) ghe tai tinh tr6 nén mong va nhéo, co
mau tring x4u xi, phan hmg thuong phang li va chiém
hon 1/2 khoang ndi tang. An nhe vao bung ca thi s¢ ca
(tinh tring va tinh dich) chay tu do ra ngoai qua 16 sinh
duc. Céu triic mé hoc cho thiy, giai doan nay tinh tring
chtra day trong cac budng tinh.

Giai doan VI: Ca phong tinh xong, cac san pham sinh
duc da hét, 16 sinh duc phong 1én, tuyén sinh duc dang tui
mém, nhao. Tinh sao xep xudng va giam kich thudc ro rét.
O ca duc, trong buong tinh ¢6 sot lai nhitng tinh tir.

3.3. Surc sinh sdn

Tuong quan sinh duc cta ca déng déu thé hién ty 1€ duc
cai 1:1. Bang 1 chi ra stc sinh san tuyét doi va tuong doi
theo nhom tudi cua cd bong Thé. Ca 1on co stc sinh san
tuyét doi cao hon ca co kich thudc nho.

Bang 1. Strc sinh san theo nhém tudi ctia ca béng Thé.

Chiéu dai
(mm)

Khoi lrgng trung binh
W

I 59-83 68
2 78-112 15,1
3 98-140 259

Sire sinh san tuyét
d6i F (trimg)

Sire sinh san twong

Tubi a6i F, (trimgg)

46.935
75.360
97.848

6.902 31
4490 R
311 30

Trung
binh 59-140 159

73.381 5223 93
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Cé trén mot tudi voi chidu dai 59-83 mm, khdi lwong
trung binh 13 6,8 g c6 stic sinh san tuyét dbi 46.935 tring
va ste sinh san twong ddi 1a 6.902 trimg/g. Trong khi do, ca
trén ba tudi co chiéu dai 98-140 mm, khdi lwong trung binh
25,9 g, stc sinh san tuyét d6i 1a 97.848 tring va sirc sinh
san tuong dbi 3.777 trimg/g. Stc sinh san cla ca cao, nhd
d6 quan thé ca c6 sb luong ca thé dong. Co 18 day ciing 1a
tinh vu viét trong strc sinh san cua ca béng Thé, mot loai ca
nho séng ¢ ving dam pha cira séng nhiét déi, noi c¢6 nhing
bién dong 16n vé diéu kién méi trudng. Chinh nhd strc tai
sinh san xuat chiing quan cao ma ca bong Thé & dim pha c6
vai tro trong khai thac tu nhién.

3.4. Chiéu dai thanh thuc dau tién ciia cd bong Thé

Chiéu dai thanh thuc dau tién 1a chiéu dai tai d6 50% c4
thé phat trién dén giai doan thanh thuc (giai doan III). Trong
sudt 12 thang thu mau, tir thang 4/2021 dén thang 10/2021
la thoi gian tuyén sinh duc cda ca béng Thé phat trién dat
dén giai doan III, IV (hinh 7).
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Chiéu dai téng (mm)
Hinh 7. Biéu db twong quan gitka ty 1& thanh thuc va chiéu dai ca
béng Thé.

Két qua phan tich ty 1& thanh thuc theo nhoém chiéu dai
clia quan thé ca bong Thé trong mua sinh san tir thang 4/2021
dén thang 10/2021 cho phép xac dinh chiéu dai thanh thuc
trung binh 1an du cua loai ca nay 1a 65 mm va khi luong
tuong Ung 6 g ca di bt dau dé trimg (n=360 ca thé, 1>=0,94).
Hinh 7 thé hién sy twong quan giita ty 1& thanh thuc va chiéu
dai cia c4 bong Thé. Chiéu dai thanh thuc dau tién trong bao
c4o nay chi dugc tinh cho quan thé ca béng Thé & ving dam
pha Tam Giang - Cau Hai, tinh Thira Thién Hué.

4. Két luan

Cé bdng Thé O. ophthalmonema dé trimg dinh trén cac
gia thé tu nhién dudi nén ddy. Chiing co cac dac diém sinh
duc thugc cac giai doan phat trién khac nhau. Nhom cé dudi
mot nam tudi, tuyén sinh duc bit dau hinh thanh nhung chua
phan biét duogc gidi tinh. O cac nhom ca trén 2 va 3 tudi, co
su phat duc déng déu, da sb tap trung ¢ giai doan IV, V. Mua
vu sinh san cta ca kéo dai tir thang 4 dén thang 10 hang
nam, dinh diém 14 tir thang 5 dén thang 7. Hé s6 thanh thuc
(GSI) & ca béng Thé cai dat cao nhit vao thang 5 va thap
tir thang 11 dén thang 3.



Co quan sinh san cta ca duc va ca cai cé su khac biét 16
rét. Ca ca duc va ca cai déu trai qua sau giai doan phat trién
va ¢ thé phan biét 1 rang cac giai doan. Tiéu ban mé hoc
budng trimg giai doan III, IV cho thiy day la giai doan ca
thanh thuc sinh duc.

Stc sinh san trung binh tuyét ddi cta c4 bong Thé la
73.381 trimg va stc sinh san twong ddi 1a 5.223 tring/g.
Chiéu dai thanh thuc dau tién cia ca 1a 65 mm twong tng
v6i khéi luong 6 g.

Ca bdng Thé 1a loai hai san giau dinh dudng va mang lai
gi4 tri kinh té cao, vi vy, ching dang bi khai thac qua muc
dan dén ngudn loi dang ngay cang can kiét ngoai ty nhién.
Nhitng nghién ctru vé& dic diém sinh hoc sinh san cua cé
béng Thé 1a co sd viing chic cho viéc bao ton, bao vé va
phat trién san xuét gidng nhén tao, khoanh ving bai giéng,
bai dé va han che danh bit trong mua sinh san s& glup bao
vé va tai tao ngudn loi. Viéc nghién ciru san xuat glong, nuoi
thwong phdm, san xuat hang hoa dé chu dong cung cap cho
nhu cau thi truong, giam cuong lyc khai thac ngoai tu nhién
trong tuong lai, tao nghé san xudt méi ting thu nhap, phat
trién kinh té xa hoi cho cur dan ving dam pha 14 rat can thiét.

LO1 CAM ON

Kinh phi thyc hién nghién ciru nay duogc hd tro tir dé tai
“Nghién ctru danh gia bién dong ngudn loi, dac diém sinh hoc
sinh san ca béng Thé (Oxyurzchthys opthalmonema) phuc
vu bao vé va phat trién nguon loi tai ¢dm pha Tam Giang -
CAu Hai, tinh Thira Thién Hué”, ma s6: UDNGDP02./21-22,
nhom tac gia xin chan thanh cam on.
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Tom tit:

Vit liéu carbon fiber-reinforced polymer (CFRP) 1a mgt vat liéu méi trong linh vue xay dung. Vit liéu nay cé nhleu
wu diém vurgt trdi so voi cac vat li€u xay dung thong thwong khac nhu: trong lwgng rleng rat nhe, cwong do rit cao
nén hiéu qua gia cwong 1én; thi cong dé dang va nhanh chong; khong phai duc déo két ciu; dac biét kich thwéc rat
nhé gon nén khong lam thay ddi kién triic ban diu ciia cong trinh. CFRP bat dau dwogce ap dung trong linh vue xay
dung ¢ cAc nwrde tién tién tir nhirng nim 1980, nhung con kha méi mé 6 Viét Nam. Bai bao nay trinh bay cac dic tinh
k¥ thuit, quy trinh cong nghe thi cong, co sé thiét ké gia cwong bang CFRP. Tir d6, ing dung dé thiét ké gia cuong
kha nang chiu udn va chiu cit cho m{t cong trinh nha cao tang bang bé tong cbt thép cu the Qua nhirng phan tich
va danh gia cu thé cho thay, vét ligu CFRP hoan toan c6 thé irng dung tot trong xay dung, rit phit hop cho viée gia
cuong két cau bé tong 6t thép. Bai bao Ia tai liu tham khio hiru ich cho cic nha nghién ctru ciing nhw cac k¥ sw
quan tim dén vi¢c Gimg dung vat li¢u CFRP trong gia cwomg két ciu bé tong cot thép.

Tir khéa: bé tong cot thép, carbon fiber-reinforced polymer, khé ning chiu cit, kha ning chiu uén.
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Abstract:

Carbon fiber-reinforced polymer (CFRP) is a new material in the field of construction. This material has many
outstanding advantages compared to conventional construction materials, such as: very lightweight, extremely high
strength, resulting in high reinforcement efficiency; easy and fast installation; no need for drilling the structure;
especially its compact size, which ensures it does not alter the original architectural dimensions of the structure.
CFRP has been applied in the construction industry in advanced countries since the 1980s, but it is still relatively
new in Vietnam. This article presents the technical characteristics, construction process, reinforcement design
principles, and then applies them to design reinforcement for bending and shear capacity in a specific reinforced
concrete high-rise building project. Through detailed analysis and evaluation, it can be concluded that CFRP can be
effectively applied in construction and is highly suitable for reinforcing concrete structures. This article is expected
to be a valuable reference for researchers and engineers interested in applying CFRP materials to reinforce concrete
structures.

Keywords: carbon fiber-reinforced polymer, flexural resistance, reinforced concrete, shear resistance.
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1. it van de

Vit li¢u polymer ¢bt soi carbon (CFRP) la mot vat liéu
mdi trong xay dyng. N6 bit diu duge ap dung trong xiy
dung vao khoang nhiing nam 1980 ¢ Hoa Ky, Nhat Ban
va chau Au. Tam CFRP c6 rat nhidu wu diém so v6i nhiing
vat lidu xay dung thong thuong khéac [1]. Cac uu diém ndi
bat c6 thé ké ra nhu trong lugng riéng rat nhe (khoang 1/4
s0 v6i thép); cuong do rit cao nén hiéu qua gia cuong 16n
(gap 5 dén 10 1an so v&i cot thép thuong); thi cong dé dang,
nhanh chéng va khong mat thoi gian chd bé tong dong ciig
(sau khi thi cong khoang 24 gid co thé bét déu cho khai thac
cong trinh trd lai); khong phai duc déo két céu hién tai nén
rit an toan va ton it nhan cong; va dic biét kich thudc rat
nho gon (chi day tir 0,5 dén 2 mm) nén khong lam thay doi
kich thudc kién triic ban dau cta cong trinh.

Trén thé gi61, ngay tur khi vat liéu CFRP xuét hién, da rat
dugc quan tim nghién ctru dé tng dung trong thuc té xay
dung, dac biét 1a img dung trong viéc tang cuong kha nang
chiu luc cua két céu bé tong bt thép [2-8]. Nhirng nghién
clru ndy xem xét nhiéu van de lién quan, nhu hoan thién quy
trinh cong nghé thi cong tim CFRP; danh gia hiéu qua gia
cuong bang tim CFRP trong viéc ning cao kha ning chiu
udn, chiu cét, chiu nén doc truc va chiu nén udn déng thoi
ctia nhitng c4u kién bé tong cdt thép. Trong nghién ciru ciia
E. Ahmed va cs (2011) [2], mdt nghién ctru thuc nghiém
duoc thuc hién dé khao sat anh huong cua ) l6p CFRP,
dugc dan & mat day dam bé tong cdt thép thuong. Khao sat
cia M. Panjehpour va cs (2016) [3] khao sat cuong dd nén
ctia cc mau bé tong hinh try tron khi né duoc ting cuong
boi cac tim CFRP quan ngang thin miu. Nghién ciru cia
H.S.A. Nimry va cs (2019) [5] xem xét danh gia biéu dd
tuong tic M-P cta nhing cot bé tong cbt thép sau khi duge
tang cuong bang nhimg tim CFRP quéan xung quanh. L. Jin
va cs (2022) [7] da 1am nghién ctru thuc nghiém dé khao sat
anh huong cua viée gia cuong chéng cit kiéu chit U bang
cong nghé CFRP dén viéc ting cuong kha nang chéng cat
ctia dim bé tong cdt thép.

O Viét Nam, vat liéu CFRP bt dau duoc nghién ciru
va str dung trong thyc té xay dung vao khoang nhitng nim
2000, mudn hon so véi cac nudc phat trién khoang 20 nam.
Vit liéu nay da bit dau duoc Gmg dung trong xay dung &
Viét Nam, dac biét trong viéc thiét ké gia cuong kha nang
chiu Iyc cta két cdu bé tong cdt thép. Cung véi su phat
trién nhanh cta két ciu bé tong cdt thép trong xay dung
O Viét Nam, cac nghién ciru vé vat liéu CFRP cling da va
dang duoc quan tAm nhiéu [9-15]. Hién nay, vat liéu polyme
c¢dt soi carbon van chua duoc san xuét & Viét Nam va cac
nghién ctru trong nudc chu yéu mang tinh chat gidi thiéu
dic tinh san pham, quy trinh céng nghé thi cong va phan
tich kha nang ap dung né & Viét Nam. Cac phan tich vé viéc
thiét ké tang cudng két cau bé tong cdt thép bang cong nghé
CFRP va cic nghién ctru thyc nghiém ciing bat dau duogc
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quan tdm nghién ctru. Trong nghién ctru ctia H.V. Quan
(2014) [8], vat ligu CFRP da dugc phan tich, danh gia va
ap dung ting cudng cic tru cau cii bang bé tong cbt thép
& Viét Nam. Céac phuong phap ting cudng cot bé tong cot
thép, bao gdm phuong phap tang tiét dién (d6 thém bé tong
bt thép), phuong phép 6p thém thép hinh va phuong phap
dan tim CFRP, da dugc so sanh va danh gia trong nghién
ctru cua T.V. Phan va cs (2017) [10]. N.T. Hieu va cs (2019)
[11] d3 thuc hién nghién ctru thuc nghiém dé khao sat hiéu
qua cuia vat liéu CFRP dén kha niang chiu udn ctia dam bé
tong cot thép. D.S. Dan va cs (2021) [12] da thuc hién mot
nghién ctru thyc nghiém dé khao sat cuong do chiu nén cia
bé tong khi dugc kiém ché sy nd ngang bang tim CFRP.
Trong nghién ctru cua N.C. Cong va cs (2022) [14], mot sb
phuong phap ting cuong két cau bé tong cot thép da duoc
gidi thi€u, trong d6 phuong phéap dung vat licu CFRP dugc
déanh gia cao.

Vi nhidu 1y do ma cac cong trinh bé tong cbt thép can
phai duoc ting cudng kha ning chiu luc dé dam bao kha
nang khai thac an toan. Cac 1y do d6 c6 thé dugc chia thanh
ba giai doan: 1) thiét ké: tinh toan thiéu cdt thép, tinh toan
thiéu tai trong; 2) thi cong: vat liu dau vao kém chat lugng,
dat thiéu va dat sai vi tri cdt thép; va 3) khai thac: xay ra
hoa hoan trong qua trinh khai thac lam giam chit luong cua
bé tong, yéu ciu ting tai trong khai thac cua cong trinh. Vi
vdy, viéc nghién ciru cac phuong phap tang cudng két cau
bé tong ¢t thép 1a hét strc can thiét. Muc tiéu ciia nghién
ciru nay 1a trinh bay céc dac tinh k¥ thuat, quy trinh cong
nghe thi cong, co so thiét ké va ung dung vao thiét ké chong
udn va chong cit bang vat liéu CFRP cho mt cong trinh
nha cao ting bang bé tong cdt thép cu thé. Bai bao nay dugc
hy vong s& 14 tai liéu tham khao tét cho céc ky su ciing nhu
céc chuyén gia quan tim dén viéc ing dung vat lieu CFRP
trong viéc ting cudng két cau bé tong cdt thép ¢ Viét Nam.

2. Vat liéu polymer cot s¢i carbon va quy trinh thi cong
2.1. Vit ligu

Vit liéu polymer ¢bt soi carbon 1a mot loai vat liéu téng
hop duge ciu thanh tir chat két dinh 1a keo epoxy va vai soi
carbon cudng do cao. Hién nay, & Viét Nam van chua ty san
xuét duoc ca hai vat liéu thanh phﬁn nay, ma phai dat mua
tlr cac nude tién tién nhu Hoa Ky, Nhat Ban va chau Au.
Hién nay, c6 nhiéu nha cung cip san pham CFRP ¢ nudc
ta nhu Tyfo, Mitsubishi, Horse, Maedakosen, QuakeWrap
va Toray. Theo cataloge cta cac nha cung cdp nay, vai soi
carbon cuong do cao thuong ¢ 4 loai chiéu day khac nhau,
tir day dén mong nhu sau: 0,333 mm (600 g/m?); 0,222 mm
(400 g/m?); 0,167 mm (300 g/m?); 0,111 mm (200 g/m?).
Trong bai bao nay, nhém nghién ctru dung vat li¢u ciia Hang
Toray (Nhat Ban), mot hang 14u nim va uy tin dé gi6i thiéu
chi tiét. Dic tinh ky thuat cua vai sgi carbon cuong do cao
va keo epoxy di kém, theo Hang Toray (Nhat Ban) duoc
trinh bay chi tiét trong cac bang 1 va 2.
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Bang 1. Dac tinh ky thuat cua vai seoi carbon cwong do cao.

o Cumgdy ~ Médum o pjdandai
Tén sin chiu kéo dan bo day h
z fa Aot s Iwgng (g/ trong  kéo cuc han

pham toi thieu hoi kéo (mm) ) @m) (%)

(MPa) (GPa) R
UT70-20G  >3400 230 0,111 200 1,8 2,0
UT70-30G  >3400 230 0,167 300 1.8 2,0
UT70-40G  >3400 230 0222 400 1.8 2,0
UT70-60G ~ >3400 230 0333 600 1.8 2,0

Bang 2. Dac tinh ky thuat cua keo epoxy di kem.

Théng s6 ky thuat Phuongphip _Ténsin phim

thi nghiém Keo AUP40S Keo AURS0S
Cong dung Lam keo lot Lam keo tim
Cuong d9 bam dinh (MPa) JIS K5600 >2,0 >2,0
Cuomg d9 chiu kéo (MPa) JISK7161 - >3,0
Cuomg d§ chiu cit (MPa) JIS K6850 : >10
Ty trong JNSK7112 1,20£0,1 1,70+0,1
D nhét hon hop (MPa.s) NSK7117 1200600 <10000
Mau hdn hop Mau vang Mau xanh

TAm vai soi carbon cuong do cao thuong duoc san Xuét
thanh tirng cudn co chiéu rong 1a 0,5 va chiéu dai tir 50 m
dén 100 m nhu hinh 1A. Keo epoxy thudng 1a keo hai thanh
ph?m AvaB, véi ty 1€ tron 1a A:B=2:1 va thuong dugc dung
trong thung kin nhu hinh 1B duéi day.

Hinh 1. San pham vai s¢i carbon cwong do cao (A) va keo epoxy

cta Hang Toray (B).
2.2. Quy trinh cong nghé thi cong vt liéu

Dé cho tim CFRP bam chic vao bé mit bé tong két céu,
dam bao su lam viéc déng bo gitta cac vat li¢u, can tudn
thi quy trinh cong nghé thi cong nghiém ngét. Theo kinh
nghiém di thi cong thyuc té & Viét Nam va hudng dan cia
hang phan phdi san phdm CFRP [1], quy trinh thi cong vat
lidu CFRP thudng bao gdm 6 giai doan nhu hinh 2. Chi tiét
cac giai doan thi cong va cac cht y trong qua trinh thi cong
cu thé nhu sau:

JHOAHOC -

Giai doan 1: Chuan bi Giai doan 2: Quét I6p Giai doan 3: Quét I&p
keo tdm I&n trén 16p

keo 16t theo quy dinh

bé mat bé tong két cAu keo It [én bé mat vira
chuén bj theo quy dinh

trwée khi dan soi

Giai doan 4: Dan |6p  Giai doan 5: Quét I6p Giai doan 6: Kidm tra
vai sgi carbon cwong  keo tAm Ién bé mét vai va hoan thién bé mat

dd cao lén trén s@i theo quy dinh
> 6 —lj

Hinh 2. Quy trinh céng nghé thi cong vat liéu CFRP.

Giai doan 1: Viéc chudn bi bé mat bé tong két cau trude
khi dan soi 1a dac biét quan trong; n6é dam bdo sy dinh bam
chéc chin gilia bé mat bé tong két cAu hién tai va tim CFRP
gia cuong thém. Trong budc nay, bé mat bé tong két cau
hién tai cdn dugc mai phang dé loai bé bui ban va 16p bé
tong kém chét luong ¢ bé mat két cau hién tai. Néu bé mat
bé tong két cAu hién tai co cac khuyét tat, nhu co vét nit, rd
hodc kém chét luong thi ching ta phai bom keo khong co
ngét 1ap day vét nit, duc bo chd bé tong kém chit lugng va
tram va lai bang vira bé tong dong ctng nhanh va khong co
ngot trude khi mai phang. Trong budc ndy, viée cit vai soi
carbon cuong dd cao theo hd so thiét ké, viéc can do keo va
viéc pha tron keo theo thiét ké cling dugc thyc hién.

Giai doan 2: L6p keo 16t c¢6 kha ning tham thau rat cao
nén s& thAm thiu sdu vao bé mat bé tong, tao thanh vo )
cac dau neo nho, neo chic vao két ciu bé tong hién tai. Lop
nay s& dam bao sy dinh bam tdt gitra tim CFRP va bé tong
két cau hién tai.

Giai doan 3: Sau khi thi cong 16p keo 16t khoang 30 dén
60 phut ching ta méi thi cong 16p keo tam (doi cho 16p keo
16t dong cimg mot phan).

Giai doan 4: Sau khi thi cong 16p keo tim & giai doan
3 (16p keo tam dudi) thi chiing ta can tién hanh dan vai soi
carbon cudng do cao ngay dé cho keo tdm co thé dé dang
tham thau déu vao 16p vai soi vira dugc dan.

Giai doan 5: Quét tiép 16p keo tam tiép theo (16p keo
tam trén) 1én bé mit vai soi vira duoc dan. Luong 16p keo
tam dudi va trén tuy thudc vao chiéu day 16p soi carbon
duogc dan. Chiéu day 16p vai soi carbon dugc dan cang 16n
thi lvong keo tim cang nhiéu.



Giai doan 6: Sau khi 16p keo tam da ngdm déu vao 16p
vai sgi carbon va dong cing lai s€ tao thanh tam CFRP dinh
bam chic chin véi bé mit bé tong két cau hién tai thong qua
16p keo lot. Bé& mat két cau sau khi duoc tang cuong béng
tam CFRP c6 thé dugc hoan thién bang nhidu cach nhu quét
son, trat vira hoac 6p gach.

3. Co sd tinh toan thiét ké

Ph?m nay s€ trinh bay co' s¢ thiét ké tang cudng kha nang
chiu ubn va chiu cit cho ciu kién dam bé tong cbt thep
bing cong nghé CFRP. Viéc thiét ké ting cuong két céu
bé tong cbt thép bang cong nghé CFRP ¢ thé tham khao
ACI 440.2R-2017 [4] va ACI 318M-2019 [15]. Theo 4o,
céu kién bé tong cdt thép dugc tang cudong phai thoa min
nhimng quy dinh cu thé nhu dugc trinh bay dudi day.

Pau tién, két ciu bé tong cdt thép hién tai mudn duogc
tang cuong bang vat liéu CFRP phai dugc kiém tra kha ning
chiu lyc ban dau (khi chwa duogc ting cudng bang vat liéu
CFRP). Stic khang cua két cau hién tai phai du 1on dé co thé
chiu dugc mot phan tai trong méi nhu cong thirc (1) dudi
day. Trong do, dai luong (¢R")Lmn& 1a strc khang cua két cAu
hién tai khi chua duoc tang cuong bang vat liéu CFRP; S,,
va S, 1ahi¢u img cua Kkét cau do tinh tai moi va hoat tai morl
tuorng mg gay ra trén két ciu sau khi da duoc gia cuong
bang vat liéu CFRP. Quy dinh nay nham dam bao cho két
cau van an toan ngay ca khi 16p vat liéu CFRP bi bong bét,
mat dinh bam v6i bé mat bé tong két ciu hién tai hodc bi
pha hoai do cdc ly do khac ngoai tai trong. Nhu vy, néu tai
trong mai 1 quéa 16n so véi strc khang cia két cau hién tai
thi phuong 4n gia cudong bang cong nghé CFRP s& khong
kha thi. Khi d6, chiing ta phai giam d6 16n cua tai trong méi
hodc chon giai phap tang cuong khac.

((I)Rn )existing 2 (1’ 1SDL + O’ 75SLL )new (1)

Cau kién bé tong cdt thép sau khi dugc tang cuong kha
nang chiu uén bang céng nghé CFRP thi sirc khang udn ciia
no phai thoa man cong thuce (2) dudi day.

oM, =M, )

trong do, M, 1a moé men u6n da nhan hé s tai trong tac dung
Ién cau klen do tai trong moi gdy ra; ¢ la hé s6 sirc khang
udn (tra tiéu chuan); M, 1a stre khang udn danh dinh cia cau
kién sau khi da duoc gia cuong bing vat liéu CFRP. Pé xac
dinh stc khang uén danh dinh cua céu kién da dugc tang
cuong CFRP, ching ta can xac dinh so do ng sudt - bién
dang ctia mit cit ngang cau kién khi chiu uon o trang thai
gioi han cuong do. Vi dy, véi dam bé tong cot thep, | tiét dién
hinh chir nhat, dat cbt thép don, thi so dd ung suat - bién
dang khi tiét dién chiu udn & trang thai gi6i han cuong do
nhu hinh 3. Trong dé, A, 1a hé s6 quy do6i tur khdi tmg sudt
nén thyc té (dang parabol) thanh khdi ung suét nén hinh chi
nhat twong duong (tra tiéu chuén).
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Hinh 3. So dd (rng suét - bién dang khi tiét dién chiu uén & trang
thai gi&i han cwong do.

Tir so dd Gmg sudt - bién dang, chung ta c6 thé xac dinh
duogc chiéu cao vung bé tong chiu nen, bién dang cua ct
thép chiu keo va blen dang c6 cua 16p vét liéu CFRP. Tu
so d6 ung suét, viét phuong trinh cén béng md men udn, ta
s€ tinh dugc suc khang uon danh dinh ctua tiét dién sau khi
da duoc tang cuong bang vat liéu CFRP nhu cong thirc (3)
duoi day.

M,=A4f(d-a2)+vy A f,d, —a/2) (3)

trong do: A 1a dién tich ¢dt thép doc chiu kéo; f la ung
suat trong cbt thép doc chiu kéo ¢ trang thai glOl han; d
la khoang cach tir trong tdm cdt thép chiu kéo ti thé
bé tong chiu nén ngoai cung; a la chiéu cao khdi ung
suat nén hinh chit nhat twvong duong; A, dién tich cua
l6p vat licu CFRP gia cuong; vy, la hé sO triét giam suc
khang ubn bd sung cho 16p vt liéu CFRP, duoc dé xuat
bang 0,85; f, la img sudt c6 hiéu cua 16p vat licu CFRP
O trang thal glorl han; d_la khoang cich tir trong tdm cua
16p vat lieu CFRP dén tho bé tong chiu nén ngoai cung.

Céu kién bé tong cbt thép sau khi dugc gia cuong kha
nang chiu cat bang vat liéu CFRP thi suc khang cat ctia n6
phai thoa man cong thtc (4) dudi day.

OV, =0V, +V. +V,)2V, 4)

trong do: V 1a lyc cat da co hé sb tai trong tac dung lén chu
kién do tai trong moi gdy ra; ¢ 1 hé s6 stc khang cit (tra
tiéu chuan); va V. la kha nang chiu cit danh dinh cua ciu
kién sau khi da du’orc gia cuong bang vat lieu CFRP; no
bao gom stc khang cit ctia phan bé tong ¥, stre khang cit
ctia phan cot thép dai V. va stc khang cit cla 16p vat liéu
CFRP V. Kha nang chiu chit cua phan bé tong va cot thép dai
duoc t1nh toan nhu d01 v6i ciu kién bé tong cdt thép thong
thuong. Stre khang cit do vat liéu CFRP dong gop dugc xac
dinh theo cong thuc (5) duoi day.

Ay fr(sino+cosa)d,, (5)

Vf = .
A

trong d6: 4, la dién tich cua 16p CFRP trong pham vi s,
(budc bo tri cac 16p CFRP chong cat); o la goc nghiéng
cua 16p CFRP so v6i phuong nam ngang (thuong dan thang
ding dé de thi cong, nén 0=90°); d, 1a khoang cach tir trong
tam cua cot thép chiu kéo dén diém cao nhét cta 16p CFRP;

/. 1atng suat c6 hiéu trong 16p CFRP gia cuong 6 trang thai
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gidi han cuong do; no tuy thude vao kiéu ting cudng chéng
cit. C6 3 kiéu gia cuong chdng cat bang vat liéu CFRP 1a
kiéu dan kin, kiéu dan ba mat (chir U) va kiéu dan hai mat,
nhu hinh 4. Trong do6, kiéu dan chir U duoc lua chon phé
bién hon ca do phu hop véi thyc té thi cong.

3. Tang cwong hai mat
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1. Tang cvong kin 2. Tang cwdng ba mat

Hinh 4. Ba kiéu gia cwong chéng cét bing vat liéu polymer cét
soi carbon.

4. Két gua ing dung thiét ké gia cuong chong uén va cat
béng vat liéu polymer cot soi carhon

Phan nay sé& thé hién mot vi du cu thé vé viée thiét ké
gia cuong chdng udn va cit bang vat liéu CFRP. Cong trinh
phai thiét ké gia cudng 13 mot toa nha bang bé tong cdt thép,
cao 7 tang cua Tap doan Viettel (hinh 5). Theo thiét ban dau,
tir ting 1 dén tang 4 duoc thiét ké 1a san chira cac thiét bi
vién thong, ¢6 hoat tai tiéu chudn 1a 600 kg/m?; tir ting 5 dén
tﬁng 7 duogc thiét ké 1a san van phong lam viéc, c6 hoat tai
tiéu chudn 1a 200 kg/m> Sau thoi gian khai thac khoang 10
nam, tap doan Viettel mudn chuyén chuyén ddi cong ning
lam viéc cua tﬁng 5 va 6 thanh san chura cac thiét bi vién
thong nhu tang 1 dén tang 4. Nghia 14, hoan tai san tir ting 5
dén tang 6 dugc thay doi tir 200 kg/m? 1én thanh 600 kg/m2,
nén hé két cdu dim san tang 5 va 6 phai duoc thiét ké gia
cuong. Vi vat liéu CFRP c6 nhiéu tinh ning tot nhu da mo
ta ¢ trén, ddc biét 1a vu diém khong lam thay doi kich thuée
kién trac ban du cia cong trinh, nén phuong 4n ting cudng
b?mg vat liéu CFRP da duoc lua chon.

Hinh 5. Hinh anh coéng trinh Viettel dworc gia cwéng bing cong
nghé vat liéu polymer cét s carbon.

‘ LHOAHOC  JIRppe

Dé phan tich noi luc trong két cau cong trinh, phin mém
phan tich phan tir hitu han ETABS, Version 17, duoc dung
cho viéc phan tich. Dé don gian cho viéc tinh toan, chi nhiing
céu kién két cau (bao gdm cot, dim, san va phan tuong bang
bé tong cdt thép) duge mé hinh hoa; nhimg phan tir phi két
ciu (nhu tuong gach, vach kinh, gach lat nén) duoc coi nhu
tinh tai 1én két cdu cong trinh. Khi mé hinh ho két cau cong
trinh, nhitng cau kién bé tong cdt thép duoc gia thiét nhu
nhiing cau kién bé tong khong cdt thép va bé tong 1a vat liu
dan hoi tuyén tinh.

Két qua tinh toan thiét ké cho thay, cac dam chinh (cac
dam dit truc tiép 1én cac cot) phai duoc gia cuong kha néng
chiu mé men &m (céng thé trén) 6 khu vue gan goi, mé men
dwong (cang th6 dudi) ¢ doan gan gitta nhip va luc cit ¢
doan gén goi; cac dam phu (cac dam dat 1én cac dam chinh)
chi can phai gia cuong kha nang chiu mé men duong; cac
ban san chi can phai gia cuong kha nang chiu m6 men 4m tai
khu vuc gan gbi (g01 1a cac dam chinh) theo «ca hai phuong
x va y. Hinh 6 12 két qua phan tich mé men udn tac dung 1én
moét 6 san dién hinh _quanh truc y. Nhu c6 thé thay tir hinh
6, gia tri mé men udn duong tai gitra nhip san 1a kha nho,
khong can phai gia cudng, nhung gid tri m6 men udn am
tai gbi 1a kha 16n, can phai gia cudng thém bang tim CFRP.
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Hinh 6. Két qua phan tich mé men uén tac dung lén mét 6 san
dién hinh.

Hinh 7 14 ban v& thiét ké gia cuong bang cong nghé CFRP
dién hinh cho hé ddm san ting 6 ctia cong trinh Viettel. Cac
ban v& thiét ké dién hinh nay duya trén kinh nghiém thi cong
thuc té, dam bao cho qud trinh thi cong dugc thuan tién va
chiéu dai dinh bam giira tim CFRP va bé mit bé tong hién
tai la da 16n.
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2) Gia cudmg ddm chin md men 4m va luc cit tai khu vuc gin gdi

Hinh 7. Ban vé thiét ké gia cwdng dién hinh cho hé dam san tang 6.

5. Két luan

Tu nhitng thao ludn trén, mot vai két luan duoc rit ra tu
nghién cru nay nhu sau:

- Vat liéu CFRP 1a mot vat lidu xdy dung méi c6 nhiéu
tinh nang tot va rat phu hop cho viéc tang cuong két cau bé
tong cot thép.

- C6 nhiéu Iy do ma cac cong trinh bé tong ¢t thép can
phai duoc ting cudng kha niang chiu lyc dé dam bao khai
thac dugc an toan. Céc ly do d6 c¢6 thé chia thanh ba giai
doan: 1) giai doan thiét ké; 2) giai doan thi cong; va 3) giai
doan khai thac.

- Pé cho tAm CFRP c6 thé bam dinh chéc chin véi bé
mat bé tong két cdu can gia cuong, dam bao sy lam viéc
ddng thoi giita bé tong két cAu hién tai va tim CFRP ting
cudng thém, thi mot quy trinh thi cong chi tiét can phai
dugc tuan thu nghiém ngat.

- Strc khang ctia két cdu bé tong cbt thép hién tai phai da
16n dé c6 thé chiu duge mot ph?m tai trong méi tang thém
theo quy dinh. Néu tai trong méi qua 16n so véi stc khang
ctia két cAu hién tai thi phuong an gia cuong bing cong nghé
CFRP s& khong kha thi. Khi d6 chung ta phai nghién ctu
giam d¢ 16n cua tai trong mdi hoac chon giai phap khac.

- Pé dé dang cho viéc phan tich noi luc trong két cdu can
tang cuong, chung ta ¢ thé gia thiét cac cau kién bé tong
bt thép 1a cac cdu kién bé tong khong cbt thép va bé tong 1a
vat liéu dan hoi tuyén tinh.

- Dé dam bao du chiéu dai dinh bam giira bé mat bé tong
va thim CFRP va thuan tién cho qua trinh thi cong, cac ban
v& thiét ké gia cudong dién hinh theo kinh nghiém thyc té ¢
trén can duoc tham khao. Cht y, pham vi gia cudng md men
dwong can 16n hon 0,6 lan chiéu dai nhip tinh ton, pham
vi gia cudng md men 4m can 16n hon 0,3 1an chiéu dai nhip
tinh toan vé mdi phia tinh tir tim gdi (tim cot).
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3. Gia curdng ban san chin md men 4m tai khu virc gén gbi
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Hé do siéu nhay tir dwa trén ki thuat khuéch dai Lock-in
va cam bién tr tro' khong 10
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Tom tit:

Mach xir Iy tin hiéu sir dung k§y thuit Lock-in dwoc phat trién cho thiét bi do tir trwong, giiip xir Iy tin hiéu tir cac
cam bién c¢6 bién dd nhé hon nhiéu nhiéu lan. Mach nay dwgc tich hop véi cam bién tir tré khong 16 (GMR) dé do
cAc nguon tir treong yéu. Thiét bi dé xuét dwoce kiém chirng bang thi nghiém do tir trwdng xoay chiéu trong khoing
0-0,04 G. Ngudn tir trwdomg nay dwogc tao ra béi mét cip cudn diay Helmholtz ché tao bing cong nghé in 3D, cé thé
duy tri tir trwdng déu va diéu chinh dwgce cuong dd, tin sb ciing nhuw huong. Két qua thwe nghiém cho thay, thiét bi
¢6 giéi han phat hién (LOD) 3,81 nT, twong ng véi sy thay ddi 6,5 pV tir ngd ra cam bién. Mach xir 1y tin hi¢u dat
hé s6 khuéch dai thwe nghiém 1386 1in, viing 1am viéc tuyén tinh 0-7 mV diu vao, cho diu ra 0-10 V, véi LOD tin
hiéu diu vao khoing 631 nV. Trong dai tin hiéu nhé, thiét bi dé xuit c6 kha niing phat hién tin hiéu tt hon cac thiét
bi do thwong mai. Hé théng do tir trwdng nay cé thé phat hién tir tinh ciia hat nano siéu thuin tir (SPMNP) lién két
v6i dbi twgng sinh hoc phan tir, hd tro phat trién thiét bi phan tich y sinh.

Tir khéa: cam bién tir tré khf;ng 10, do nhay pha, hat nano siéu thuin tir, hé do, xir ly tin hi¢u.
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Ultra high sensitive magnetic measurement system based on

Lock-in amplifier technique and giant magnetoresistance sensor
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Abstract:

The signal processing circuit utilising the Lock-in technique has been developed for a magnetic field measurement
device, enabling the processing of signals from sensors with amplitudes significantly smaller than noise levels. This
circuit is integrated with a giant magnetoresistance (GMR) sensor to measure weak magnetic field sources. The
proposed device was validated through experiments measuring alternating magnetic fields in the range of 0-0.04 G.
The magnetic field source was generated by a Helmholtz coil pair fabricated using 3D printing technology, capable
of producing a uniform magnetic field with adjustable intensity, frequency, and direction. Experimental results
showed that the device has a limit of detection (LOD) of 3.81 nT, corresponding to a change of 6.5 pV at the sensor
output. The signal processing circuit achieves an experimental gain factor of 1386, with a linear operating range
from 0-7 mV input, corresponding to an output range of 0-10 V, with the circuit’s input LOD being approximately
631 nV. In the low-signal range, the proposed device demonstrates a better ability to detect magnetic field and
voltage signals than commercial measurement devices. This magnetic field measurement system can detect the
magnetism of superparamagnetic nanoparticles (SPMNPs) associated with molecular biological targets, supporting
the development of biomedical analysis devices.

Keywords: giant magnetoresistance sensor, measurement system, phase-sensitive detection, signal processing,
superparamagnetic nanoparticles.

Classification number: 2.2
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1. it van de

Nhiéu cam bién sinh hoc thuong cd tin hi¢u rat nho va
hoat dong trong moi trudng c6 bién do nhidu 1én hon bién
db tin hiéu rat nhiéu lan. Nguyén nhan gy nhiéu co6 thé dén
tir nhidu ngudn khac nhau nhu: nhidu 50 Hz tir cac thiét bi
tiéu thy dién, nhidu tan sb 1/f tir cac bo tién khuéch dai hay
ngudn nhidu ndi tai bén trong cam bién... Vi vay, rit kho
dé do duogc tin hiéu truc tiép tr cam bién béng cac thiét
bi do tin hi¢u thuong mai thong dung. Dé do duoc cac tin
hiéu nay, cac thiét bi do chuyén dung can phai c6 mot s6 ky
thuat xu 1y tin hiéu tuong tu rt phic tap dé loc ra dugc tin
hiéu muc tiéu. Ky thuat do do nhay pha (ky thuat Lock-in)
dugc st dung trong nhiéu hé théng do luong dé do cac tin
hiéu rat nho trong moi truong c6 do nhiu cao. No ¢é thé
phat hién cac tin hi€u c6 bién dd nho cd vai tram nano von
trong mdi trudng nhiéu cé bién do 16m c& don vi von [1].
Mot s6 hé théng do luong su dung cam bién sinh hoc v&i
k¥ thuat Lock-in da dugc cong bd trong cac bai bio gan day
[2-6]. Cu thé, C.C. Huang va cs (2020) [5] da két hop mot
cam bién tir truong dang van quay (spin-valve) két hop voi
mot thiét bi xur 1y tin hiéu thuong mai (PCle-6361, National
Instruments) dua trén ky thuat Lock-in dé phat hién cac d6i
tugng sinh hoc moé phong. Két qua do dat do chinh xac 1én
dén 95% so voi phuong phép quan sat quang hoc. Trong
nghién ctru cia minh, K. Fodil va cs (2016) [7] d4 phat trién
mot hé théng do néng d0 cac hat nano ¢6 kich thudc 20 nm
sir dung k¥ thuat Lock-in véi mot cam bién tir tré khong 16
(GMI). Két qua bai bao cong bd, ndng d6 230 mmol/l da
duogc phat hién, twong Gng véi tir truong do duge xap xi 6
nT. Mic du k¥ thudt Lock-in khong con xa la véi cac thiét b
do luong nhung viée ap dung ly thuyét vao mdt hé do twong
mg v6i mot cam bién cu thé thi co nhiéu vin dé can giai
quyét moi dap tmg dugc yéu cau chét luong cua thiét bi do.
Trong nghién ctru nay, dic tinh cua cam bién GMR da dugc
khéo sat chi tiét, 1am co s& cho viéc lya chon tan sd diéu
ché tin hiéu tir truong, tan sd cét cua cac bo loc va tinh toan
ddng bo giita tin hiéu ddu vao véi tin hiéu tham chiéu. Két
hop gitra tinh toan 1y thuyét va khao sat thyc nghiém, mot
hé thiét bi do c6 do nhay tir cao dd duoc thiét ké va ché tao
thanh cong. Gidi han phat hién (LOD) tir truong cua thiét bi
dé xuat 1a rat nho (xdp xi 3,81 nT). Ung dung két qua nay
trong cac nghién ciru tiép theo, thiét bi co thé phat hién gian
tiép cac dbi tugng sinh hoc thong qua cip lién két hat nano
siéu thuan tir - ddi twong sinh hoc trong cic mau phan tich.
Viéc dinh lugng dbi tugng sinh hoc trong mau phan tich cé
v nghia g dung quan trong trong cac xét nghiém phan tich
y-sinh [8-12].

2. Nguyén Iy thiét ké
2.1. Co sé' Iy thuyét

KV thuat Lock-in amplifier (hodc Lock-in detector) la
mot ky thudt ing dung trong do luong chinh xac dé phat
hién va do mét tin hi¢u yéu trong méi truong nén nhidu
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manh. V& mit toan hoc, no hoat dong dua trén nguyén 1y
cua phép nhan va tich phan.

Gia sir, tin hiéu dau vao V() c6 dang:

V() = 4 cos(er) )
trong do: A 1a bién do cua tin hi¢u dau vao, o 1a tan sd goc,
t 1a thoi gian.

Tin hiéu dau vao V. (1) duoc nhan véi mot tin hi¢u tham
chiéu sin V. (1) ¢ cong thirc nhu sau:

V. () = B cos(ot + ¢) 2)

trong do: ¢ 1a pha so v&i tin hiéu dau vao, B 1a bién do
cua tin hiéu tham chiéu. Phép nhan duoc thuc hién trong bd
khuéch dai nhan do6i theo cong thirc sau:

V0=V, 0V, 0 3)
Khi nhan V, (t) v6i V_, (1), ta c6:

V_. () = A.B cos(wt) cos(ot + ¢) 4)
Str dung cong thirc nhan hop cia cosine dudi day:
cos(a) - cos(b) = ; [cos(a— B) + cos(a+ b)] (5)
Thu duoc:

Vimix(t) = % A.B [cosQwt + ¢) + cos(d)] (6)

Ham cos(2wt + ¢) 1a ham tuin hoan s¢& bi loai bo sau khi
tin hi€u di qua mot bd loc thong thap nén ta thu duoc tin
hiéu la thanh phan DC c6 gia tri nhu sau:

Vi(t) = 5. A.B cos(9) (7)

Mach loc théng thap co tan s cat nho hon tan sb cua
V. (t) thi tin hi¢u sau cung s& chi con lai 1a tin hi¢u DC. B
16n cia tin hiéu DC sau cuing s& lién quan dén bién do A cua
tin hiéu dau vao va do léch pha ¢ gitra tin hiéu dau vao so
v&i tin hiéu tham chiéu.

Nhu vay, bién do cta tin hiéu ban dau 1a:

2. Vmin(1)
"B cos(¢)

Trong nghién ciru ndy, tin hiéu dau vao Vin(z) dong pha
v6i tin hiéu tham chiéu sin Vref (t) nén ¢=0, suy ra cos (¢p)=1.
Ta c6 cong thure bién d6 cua tin hiéu dau vao can do la:
2. Vinix(t)

B

Hinh 1 trinh bay céc thanh phin co ban cia ky thuat
Lock-in.

Hih

Tin hiéu dau vao V(1)

®)

A= )

—

—>
Tin hiéu ngd ra V()

Mach loc théng thap

Tin hiéu tham chiéu V.., ()
Hinh 1. So’ d6 nguyén ly cta k§ thuat Lock-in.
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Nguyén 1y ctia b Lock-in bao gom tin hiéu dau vao la
tin hiéu can do, duoc biéu dién nhu cong thic (1). Tin hiéu
tham chiéu cung tan sb voi tin hiéu can do duoc biéu dién
nhu cong thirc (2). Tin hiéu diu vao va tin hiéu tham chiéu
dugc nhan voi nhau bang mot bo tron sau do dugc dua qua
mot mach loc thong thip. Mach loc thong thap nay co tan sb
cét sao cho loai bé dugc toan bd thanh phan AC cua tin hiéu
ngo ra. Tén sb cat duoc lua chon 1a tn s6 nhé hon hai lan
tan so tin hiéu can do.

Hinh 2 thé hién tin hi¢u dau vao, tin hi¢u tham chiéu va
tich cua hai tin hi¢u khi ching dong pha véi nhau khi qua
bo Lock-in.

/\ /yTI’n hiéu dau vao V,,(t)
Tin hiéu tham chiéu V. (t)

//

//"Ia tri DC trung binh V,.(0)

Tin hiéu ngd ra V,, (t)

Hinh 2. Tin hiéu siéu vao, tin hiéu tham chiéu va tich cua hai tin
hiéu khi ching dong pha vé&i nhau.

Khi tin hiéu dau vao va tin hiéu tham chiéu dong pha thi
tich ctia hai tin hiéu ciing 14 tin hiéu dang song sin nhung tan
s6 dugc nhan d6i va truc toa do bi dang 1én br:ing gia tri bién
d6. Hinh 3 thé hién tin hiéu ddu vao, tin hiéu tham chiéu va
tich cua hai tin hi¢u khi chung 1éch pha nhau 90°.

\ /\ /yTl’n hiéu dau vao V(1)

909 Tin hiéu tham chiéu Ve (1)

ANVAd
V4

Tin hléu ngﬁ ra Vmix(t)

_~Gia tri DC trung binh V,,(f)

Hinh 3. Tin hiéu dau vao, tin hiéu tham chiéu va tin hiéu ngé ra la
tich caa hai tin hiéu khi ching Iéch pha nhau 90°.

Khi tin hiéu dau vao va tin hiéu tham chiéu léch pha véi
nhau 90° thi tich cua hai tin hi¢u ciing 1a tin hi¢u dang song
sin, tan sb duoc nhan doi va truc toa do gili nguyén nén gia
tri DC trung binh bang 0.

2.2. Nguyén Iy thiét ké
So db nguyén 1y thiét ké mach xt 1y tin hiéu bao gdbm 9

khdi duge trinh bay trong hinh 4. Chirc ning va nguyén 1y
hoat dong cua cac khoi dugc trinh bay nhu sau:

Tin hiéu dau ra ciia cam bién GMR (AAH002-02E da
sua doi, NVE) dugc diéu ché bang tur truong xoay chicu
dang song sin, tan s6 25 Hz. Tan s0 25 Hz dugc lya chon vi
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Hinh 4. Mach xt Iy tin hiéu. (A) So do khéi; (B) So dd nguyen ly; (C)
Mach in xt ly tin hiéu tuo’ng tw; (D) Mach in giai diéu ché va chuyén
ddi tin hiéu twong tw sang sb; (E) Mach in hién thi va truyén thong. Cac
khéi xt ly tin hiéu dwoc ky hiéu bang s La ma trén so db khéi twong
(rng v&i so dd nguyén ly va mach in.

2 1y do. Thir nhét, tan s6 25 Hz bang 1/2 tan s6 50 Hz ciia
nguon dién ludi. Ngudn dién 50 Hz niy cung cap cho rat
nhleu thiét bi tiéu thu dién, cac thiét bi nay gy ra rat nhiéu
ngudn nhidu dién tir truong xung quanh thiét bi do. Theo
nhu nguyén 1y b Lock-in da trinh bay ¢ phan ly thuyet tan
s6 ngd ra ctia bo Lock-in ting gap d6i so vai tan s6 tin hiéu
dau vao. Vi vay, bo loc thong thap trong khéi Lock-in loai
b6 ca thanh phan nhidu AC tan s 50 Hz dén tir thiét bi dién
va thanh phan AC tan s6 50 Hz ciia khdi Lock-in.

Mit khac, theo tai liéu k¥ thuat cta nha san xuit cong
b, cam bién GMR (AAH002-02) c6 do tré tir lon [13](15%
Vv6i tir truong khong dao chiéu, tur truong dao chiéu do tré
con cao hon), nén tan sb 25 Hz ciing 1a tan sb tinh toan phu
hop v6i cam bién. Pau ra ctia cam bién chira nhidu tan s6
cao tir ndi tai cam bién va moi truong xung quanh. Vi vay,
tin hiéu ngod ra ctia cam bién duge dua qua bd loc thong
thap thy dong (LPF) (hinh 4II) dé loai b nhidu tan s cao.
Bo loc LPF dugc thiét ké dé c6 tan sb cit 1a 500 Hz. Tan
sO cat nay di dé loai bo nhiéu tan s cao ma khong lam suy
giam tin hiéu ciia cam bién vi né cao gap 20 lan tan s tin
hiéu. Tin hiéu tir sau bo loc thong thap dugc tién khuéch dai
bang bo khuéch dai do luong (AD620, Analog Device) véi
hé s6 khuéch dai 100 1an (hinh 4I11). Tin hiéu sau khi tién
khuéch dai duge cho qua bo loc thong dai (BPF) (hinh 41V)
dé loai bo nhilu tan s cao tir bo tién khuéch dai. Bo BPF
ciing loai bo nhidu tir truong tan sb thap va thanh phan DC



cta tin hiéu thién ap dé tranh bdo hoa cia bd khuéch dai
téng sau. Bo loc BPF c¢6 céu tric Multiple feedback Band-
pass Filter, sir dung khuéch dai thuét toan (OPA1310, Texas
Instruments). Tan sb loc trung tam cua by BPF dugc thiét
ké 14 25 Hz. D6 tré pha tong cong do bo loc thong thap LPF,
b6 loc thong dai BPF va do tré ctia cam bién c6 gid tri xap
xi 360°. Nho viéc tinh toan nay ma tin hiéu ngd ra sau khoi
loc trung pha véi tin hiéu didu ché tir truong. Bo khuéch dai
dém khong dao (hinh 4V) sit dung khuéch dai thuét toan
(OPA1310, Texas Instruments) dé dém tin hiéu ngo vao cho
tang sau va khuéch dai tin hiéu 1én 11 lan trude khi chuyén
dén bd khuéch dai Lock-in (hinh 4VI). Bo khuéch dai
Lock-in (AD620, Analog Device) lay tin hiéu dau vao tir bo
khuéch dai dém ddo va tin hiéu tham chiéu tan s6 25 Hz. Bo
loc thong thap tich cyc (hinh 4VII) ¢6 cau truc Sallen-Key
béac bdn véi tan s cit xap xi 50 Hz dé loai bo thanh phan
AC va giit lai thanh phan DC chtra tin hidu tir cam bién. Tin
hiéu twong tu sau khi dugc xir Iy dugc chuyén doi thanh tin
hiéu sb boi bd ADC (ADS1211U, Texas Instruments) (hinh
4VIII) va sau d6 duoc giai md boi vi didu khién (Atxmega
128A, Microchip). Tin hiéu sé dugc hién thi 1én man hinh
LCD (hinh 4IX) va truyén thong khong day vé may tinh
theo duong truyén Wifi.

3. Thuc nghiém, két qua va ban luan

Thuc nghiém dau tién (hinh 5) duoc thiét 1ap dé danh gia
vung lam viéc tuyén tinh, hé s6 khuéch dai ciia mach xir ly
tin hiéu twong tu. Thyc nghiém cling xac dinh tin hi¢u nho
nhat ma mach xu ly tin hiéu phan biét duogc. Két qua sau
d6 dugce so sanh vai két qua do trén thiét bi do thuong mai.
Trong thuc nghiém nay, thiét bi phat tin hiéu AC (33250A,
Agilent) tan s6 25 Hz 1am tin hiéu dau vao va tin hiéu tham
chiéu cho mach xir Iy tin hiéu. B6 ngudn (HM8142, Hameg)
cung cip ngudn £16 V cho mach xu 1y tin hiéu twrong tw. Tin
hiéu trudce va sau khi xtr Iy bodi mach xur ly tin hiéu tuong tu
duoc két ndi véi may phan tich tin hiéu da kénh (Infiniium
DSO08064A, Agilent) phuc vu cho viéc phan tich va danh
gia. Két qua danh gia vaung lam viéc tuyén tinh va duong
chuan thé hién quan hé giita tin hiéu ngd vao va ngd ra ciia
mach xt 1y tin hi¢u tuong tu thé hién trén hinh 5B, 5C. Hiéu
suét cta cac khoi xtr 1y tin hidu da dwoc chung t6i cong bd &
cac bai bao trudc day [2, 4].

Puong bac thang trén hinh 5B 1a két qua thé hién tin
hiéu ngd ra twong tmg véi 10 mirc tin hi¢u dau vao c6 bién
do trong dai tir 0 dén 9 mV, v6i mdi mirc tin hidu vao dugc
lay mau trong thoi gian 5 gidy. Hinh 5C la ket qua gia tri
trung binh ctia mdi diém 1dy mau, sai s6 trén m01 dlem dola
gié trj trung binh so véi dao dong dir liéu ctia méi mau. Két
qua cho thay ving hoat dong tuyén tinh trong dai dau vao tir
0 dén 7 mV. Ving hoat dong nay rong hon so v6i cong bd
truge ddy cia chung t6i (0 dén 5 mV) [2]. Hé s khuéch dai
thuc t& dwoc danh gia x4p xi 1386 1an, thap hon so véi tinh
toan 1y thuyét xap xi 1400 lan. Su suy giam nay do sai sd
cua linh kién thy dong va mtc d9 suy hao cua cac mach loc.
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(B)
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Thei gian lay mau (s) +

©
Ving tuyen tinh

8 { Ha sé khuéch dai= 1386,
R*=0,9973 ._,"

Gia tri trung binh cta
mot mire, 1ay mau .
trong th&i gian 5 giay

o

Tin hiéu DC ngd ra sau xtr Iy (V) Tin hiéu DC ngd ra sau xi ly (V)

01 2 3 45 6 7 8 9 10

Bién do tin hiéu ngd vao AC (mV)

Hinh 5. Danh gia mach x@ Iy tin hiéu. (A) Thiét Iap thwc nghiém; (B)
Tin hiéu ngd ra twong trng v&i tin hiéu ngd vao theo thoi gian; (C) Gia
tri trung binh cGa mdi diém 14y mau tai ngd ra twong (ng véi ngd vao
trong thoi gian 5 giay.

Ciing trong thuc nghiém nay, gidi han phat hién cua
mach do dugc danh gid bang cach lay 5 mau muc tin hiéu
nho nhat, moi mau lay trong 5 gidy (hinh 6) sau do, két hop
v6i duong chuan (hinh 5C) dé tinh LOD.

3 ) 190

n
&)

140

[+

Tin hiéu DC ngé ra (V)
-

o
o
Bién do tin hiéu ngd vao (mV)

0 10 20 30 40 50
Théi gian ldy mau (s)

Hinh 6. So sanh két qua do tin hiéu ngé vao bién do 1 mV tir may
phat va tin hiéu da qua mach xt ly tin hiéu dé xuat (dwdng mau do).

Tin hiéu dugc do ddng thoi boi 2 kénh ciia may phan
tich tin hiéu. Trong d6, mdt kénh tin hi¢u dugc noi tryc tiep
v6i ngd vao cua mach xt 1y tin hi¢u (dau ra cua may phat
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sine) (1 mV) (duong mau den bén dudi hinh 6), kénh con lai
n6i v6i tin hiéu ngd ra cia mach xi 1y tin hiéu (duong mau
d6 bén trén hinh 6). Vi tin hiéu tryuc tiép, thiét bi phan tich
thwong mai khong c6 kha ning phat hién ra tin hiéu dau vao
¢ mirc 1 mV. O kénh con lai, khi tin hiéu da qua mach xu
ly, tin hiéu thay doi rat 5 dang véi bién do dau vao 1 mV
va co do lap lai kha cao véi do léch chuin theo trung binh
ctia mau xap xi 0,29. Phuong phap xéac dinh gidi han phat
hién tin hi€u ctia mach ciing nhu gidi han phat hién trong tat
ca cac thyc nghiém tiép theo ciia nghién ciru nay duoc xac
dinh nhu sau:

Gia sir rang duong chuan quan hé giira tin hiéu ngd vao
va ngd ra tuong tmng trén hinh 5C la duong tuyén tinh trong
mot dai do da khao sat. Puong tuyén tinh duoc xap xi dang
y=a+bx. Khi d6, LOD dugc tinh theo cong thirc (10) [14]:

3.5

LOD === (10)
trong d6: S1a do léch ch~u§n duqc tinh’trén Kkét qua do cﬁaVS
lan do cung trén mét mau do thap nhat hinh 6; b 1a do doc
cua duong tuyén tinh thyc nghiém.

Dir liéu 5 1an 14y mau tin hiéu thdp nhét c6 cac gia tri
trung binh lan luot 1a: 1328,84; 1328,54; 1329,15; 1328,62.
Nhu véy, do 1éch chuin dwoc tinh toan 1a xap xi 0,292 va
gi6i han phat hién 1a xap xi 631 nV.

Dit liéu s6 thu dugc tir kénh do tryc tiép tir may phat sin
(déu vao cua mach do) duge dua vao may phan tich tin hiéu
s0 (Infiniium DSO8064A, Agilent). Két qua phén tich tin
hiéu thé hién trén hinh 7. St dung chtrc ning loc s6 ciia may
phén tich thuong mai, bién do nhiéu cua tin hiéu do da suy
giam xudng khoang 10 1an tin hi€u da co su khac biét gitra
mirc cao va thap nhung gan nhu van bi chim trong nhiéu.

[e°]

(]

Tin hiéu phan tich ngé ra (mV)
I IS

Ml

0 5 10 15 20 25 30 35 40 45 50
Thei gian 1dy méu (s)

. mh MMI bl

Hinh 7. Két qua dir liéu dau vao khi dwoc xt ly tin higéu trén may
phan tich thwong mai.

Trong thuc nghiém tiép theo, dudong chuan thé hién méi
quan hé giita dong dién va tir trudng phat xa ciia ngudn
phét tir co cau triic Helmholtz duoc xay dung dé 1am cong
cu cho thue nghiém cu01 cung - thye nghiém danh gia hiéu
nang cta thiét bj dé xut. Trong nghién ctru nay, moi cuén
cua cap Helmbholtz dugc ché tao v&i 868 vong day, vung tur
truong déu duoc tinh toan 14 23,5 mm tai tim cua hai cudn.
Thiét 1ap thuc nghiém thé hién trén hinh 8A. Trong thuc
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nghiém nay, thiét bi phat sin (33250A, Agilent) duoc trién
khai dé cung cap dong dién tan sd 25Hz cho cip Helmholtz.
Thiét bi phat sin cip cho cip Helmholtz nbi tiép qua dong
hd do dong dién (Fluke88, Fluke) dé xac dinh dong dién
AC chay qua cudn. Thiét bi phat dong DC (CC-421, Lutron
Electronics) dugc trién khai dé cap dong dién DC cho cap
Helmholtz phuc vu cho viéc danh gia quan hé gilta dong
dién AC/DC véi tir truong phat xa boi Helmholtz. May do
tir trudong (F71 Teslarmeter, Lake shore) duoc thiét lap voi
mot dau do nhay tir duoc dat tai ving tir trudng déu cua cip
Helmbholtz. May do nay c6 kha nang do ca tu truong xoay
chiéu va mot chiéu.

Thyc nghiém dugc tién hanh & 2 dai do (dai cao va dai
thip) dé tim ra giéi han phat tir truong cta bo Helmholtz
cling nhu kha nang phat hién cia may do thuong mai. Dai
do dau tién dugc thuc hién khi 1an luot cap dong dién AC
va DC trong dai tir 0 dén 3,25 mA dén cuén Helmholtz. Két
qué do thé hién trén hinh 8.

Két qua do trén hinh 8B cho thay, khi cap dong dién DC,
tir truong do duogc 14 tuyén tinh trong dai tir 0 dén 0,43 G,
tuong tng v6i dong dién tir 0 dén 3,25 mA chay qua cip
Helmholtz.

Ciing trong thuc nghiém nay, kich ban do tir truong dugce
thuc hién ¢ dai do nho hon 10 lan so véi kich ban do trude.
Két qua do thé hién trén hinh 8C c6 su khac biét rd rang
vé gi6i han phat hién ctia méay do tir thuong mai, giira tir
truong xoay chiéu va mot chidu. Khi cdp dong dién AC cho

04 | BT trrdng AC .
: y = 0,1325x -~
& R® = 0,9997 ""'-C
Pt 0,3 e T trvongDC B (©)
= 0.0212€2 575
£ y=0,1335x Y riZ0iss07, g
5924 R2=09999 & 0.04 e
B .t
£ et
0.1 - R
0 0;4

0 1 2 3 4
Dong cép cho Helmholtz (mA-DC/mA-AC-Rms)
Hinh 8. (A) Thiét lap thwc nghiém danh gia méi quan hé giira tiv trwdrng

phat xa b&i Helmholtz va dong dién (AC/DC) chay qua cuén Helmholtz
(B) trong dai tir 0 dén 3,25 mA va (C) trong dai tir 0 dén 0,33 mA.
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Helmholtz trong khoang tir 0,03 dén 0,13 mA, tir truong
xoay chiéu gan nhu di ngang trong khi cép dong dién DC
trong khoang nay tir trudng mét chidu do dugc van tuyén
tinh. Piéu nay ching t6 may do thuong mai khong ¢ kha
ning phat hién tir truong xoay chiéu voi cudng do nho. Tir
truong gan nhu phi tuyén trong toan dai khi cap dong dién
tir 0 dén 0,33 mA.

O thyc nghiém cudi cung hé do tir truong dé xuat bao
gd6m mach xir 1y tin hiéu dé xuét két hop vdi mot cam bién tir
tr& khong 16 GMR thuong mai di duoc sira di thé hién trén
hinh 9. Thyc nghiém dugc tién hanh do tir truong trong dai
c6 cuong do rat nho duoc phéat ra bdi cdp Helmholtz da duoc
chuan héa & thuc nghiém trudc. Cam bién GMR thuong mai
sira d6i di duoc chung t6i cong bd trong cac bai bao trude
day [2, 4]. Trong thuc nghiém nay, cam bién GMR duoc dat
tai ving tir truong déu ctia mot cap Helmholtz. O day, ¢6 hai
cap Helmholtz c6 kha nang phat tir truong theo hai phuong
vudng goc voi nhau. Tuy nhién, trong thuc nghi¢ém nay chi
dung 1 cip phat theo phuong nhay tir cia cam bién nhu so
d6 nguyén 1y hinh 9A. Tin hiéu ngd ra clia cam bién dugc
két nbi truc tiép véi ngd vao cia mach xir 1y tin hiéu. Thiét
bi phat dong DC (CC-421, Lutron Electronics) cap dong 4,2
mA cho cam bién. Thiét bi phat sin (33250A, Agilent) dugc
trién khai dé cip dong dién 25 Hz cho cip Helmholtz dong
thoi lam tin hiéu tham chiéu cho mach Lock-in. Bo nguén
thé (HM8142, Hameg) cung cip ngudn +16 V cho mach xtr

ﬂ 7. May phan tich tich hiéu

1. B phat tir trudng

4. Ngudn dong DC H

6. Phat sine

Hinh 9. Thiét lap thwc nghiém do tir triwdng phat ra tir Helmholtz
béng thiét bi do str dung mach xtr ly tin hiéu dé xuéat tich hop cam
bién tir GMR. (A) So dd nguyén ly; (B) Thiét lap thwc nghiém, cac thiét
bi dwoc danh sb tring vai ky hiéu trén so dd nguyén ly.
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1y tin hi¢u tuwong tu. Tin hiéu tor mach xr Iy tin hiéu tuong tu
duogc két ndi véi may phan tich tin hiéu da kénh (Infiniium
DSO8064A, Agilent) phuc vu cho viéc thu thap tin hiéu,
phan tich va danh gia. Tin hi¢u ngd ra cua mach xu 1y tin
hiéu tuong tu ciing dugc két ndi v6i bd ADC va mach hién
thi dé hién thi dt li¢u do.

Két qua phép do dau tién trong thyc nghiém nay dugc st
dung dé xay dung duong chuan thé hién mbi quan hé giita
dong dién cp cho bo phat tir truong Helmholtz va dién ap
ngd ra clia mach xir 1y tin hiéu. Két qua do tai 10 mirc thé
hién trén hinh 10A. Két qua cho thiy, dai do twong tmg véi
dong dién AC tir 0 dén 0,29 mA, tin hiéu ngd ra tuyén tinh
trong toan dai trong khi van trong dai do ndy may do tir
truong thuong mai phi tuyén toan dai, tham chi khong thé
phan biét rd rang tir trudng & 4 mirc thap nhat ctia dai do.

O phép do tiép theo hinh 10B, miu do thip nhét dwoc
thuc hién 5 14n, mdi 1an kéo dai 5 gidy trong cung didu kién
do. Két qua thuc nghiém va két qua tinh toan cho thay, gioi
han phat hién dugc tinh 1a xép xi 6,5 uV, cao hon nhiéu so
v6i giéi han phat hién cua mach do. Két qua nay chung to
rang, cac thanh phan khac ciia hé do con c¢6 nhitng thanh
phan chua dap tng duoc kha ning phat hién ctia mach xir
1y tin hi¢u. Gidi han phat hién cua hé do con phu thudc vao
kha ning phat hién ctia mdi loai cam bién.

—_ LOD ~ 6 523 uv
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= y = 31,758x ‘...-1‘
0 61 Re=09991 4
£ 4 et
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Thei gian lay mau (s)
Hinh 10. Tin hiéu ngd ra cia mach xt ly tin hiéu tich hop cam bién
tir GMR trong tir trwrng cua Helmholt. (A) Mbi quan hé gitra dong
dién (AC/DC) chay qua cudn Helmholtz va tin hiéu ngd ra ciia mach
x@ ly tin hiéu; (B) K&t qua 5 Ian do tin hiéu ngd ra ctia mach xd ly tin
hiéu khi cap dong dién co bién dé nhé nhat (0,03 mA-Rms) cho cuén
Helmholtz v&i thoi gian phat la 5 giay/Ian.

Tu truong do duoc bé'mg thiét bi dé xuat phu thudc vao
dong dién chay qua cudn Helmholtz (hinh 11) dugc tinh dya
vao két qua do trén hinh 10A két hop voi hé sé khuéch dai
thuc té cua mach xu 1y tin hiéu hinh 5 va duong dac trung
cua cam bién voi tur truong xoay chiéu (da dugc cong bo
trong bai bao trude day [2]).
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Hinh 11. Sw phu thudc cla tir trwdng do dwoc bang thiét ké dé
xuét vao dong dién (AC/DC) chay qua cuén Helmholtz trong dai
ttr 0 dén 0,29 mA.

Két qua trén hinh 10A va hinh 11 cho phép xé4c dinh tir
truong can do khi biét dién ap ngd ra cua mach thé hién trén
cong thuc:

out
H =
237.28

(11)

trong do: H 14 tir trudng can do, don vi G; Out 1a dién 4p ngd
ra cua mach, don vi la V.

Két qua tinh toan thuc nghiém cho thy, giéi han tir
truong ma hé do dé xuat co thé phat hién 1a rat nho, xap xi
3,81 nT. Két qua trong nghién ciru nay c6 giéi han phat hién
t6t hon so véi cong bd trude cia chung toi 1a 4,85 nT [2].
Ciing véi ky thuat Lock-in, K. Fodil va cs (2016) [7] ciling
st dung mot cam bién tir tro khéng 16 dang s¢i day do duoc
tir truong & xap xi 6 nT.

4. Két luan

Mot mach xir 1y tin hiéu két hop gitra cac k¥ thuat loc,
diéu ché, giai diéu ché, Lock-in tuong thich vai dac tinh cua
cam bién tir tro khong 16 da dugc sira doi dé nang cao kha
ning do tlr trudng siéu nho trong mdi trudng nhidu 16n co
y nghia quan trong trong cac nghién ctru phat hién va dinh
luwong cac hat nano siéu thuan tor dugc lién két vai cac dbi
tugng sinh hoc phan tir. Vi kha nang phat hién tr truong
nho ¢d 3,81 nT, h¢ do c¢6 kha nang dinh lugng duoc té bao
vi mot sd loai hat nano thuong mai dung dé tach loc té bao
cling c6 tu tinh trong vung phat hién ctia hé do. Mach xtr ly
tin hiéu da dugc thay doi véi nhiéu phién ban khac nhau dé
nang cao hi¢u suit ciia hé théng, bao gém giam nhiéu, mo
rong dai do, cai thién gidi han phat hi¢n, tang d6 lap lai...
Trong nghién ctru nay, mach xir 1y tin hi¢u cling nhu h¢ do
siéu nhay tu cling dugc do dac, phan tich danh gia mét cach
chi tiét vé cac thong sd dé lam co s& cho nhiing phét trién
ung dung sau nay. H¢ do tur truong véi d§ nhay cao va phu
hop dé phat hién cac ddi twong sinh hoc phan tir dugce danh
du bang cac hat nano siéu thuén tir vi ndng do rt thap.
Cong viéc nay xac minh tinh hi¢u qud cua ky thuat xur Iy tin
hiéu Lock-in cho cac cam bién c6 bién do tin hiéu nho, trong
mdi truong nhidu 16n va tao nén tang tét cho cac ung dung
do luong tin hiéu nho.
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Nghién ctru nay dugc tai trg bdi d8 tai khoa hoc va cong
nghé cip bo do Vién Ung dung Cong nghé chii tri, ma s6 dé
tai: 03/2022/HD-DTCB-IMET ngay 22/01/2022, nhém tac
gia xin tran trong cam on.
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Che tao vat i ZnO ca truc nano tetrapod bang phuong phap bie bay nhiét
khong sir dung mam ket tinh trong diéu kién ap suat khi quyén

Hoang Vin Han, Trz:m Anh Son, Poan Pinh Qu,ﬁn, Pham Anh Vi, Vi Hﬁng Son,
Nguyén Vin Thoai, Chu Vin Tuan, Pham Thé Tan"
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Ngay nhan bai 15/8/2023; ngay chuyén phan bién 18/8/2023; ngay nhan phan bién 15/9/2023; ngay chip nhan dang 20/9/2023
Tom tit:

Trong nghién ciru nay, chiing toi dé xuit phwong phap ché tao vit liéu nano ZnO ciu tric nano tetrapod thong qua
s boc bay nhiét ciia hén hgp bt Zn va C véi ty 1é 1:1 trong diéu kién khong mam két tinh va ap suit khong khi.
Bot Zn bi 6xy héa ¢ 1.050°C, din dén sw phat trién ciia cac tinh thé nano ZnO véi ciu tric dong nhat. M§i tim phat
trién bon diy nano, tao thanh dang bén chan. Pwong kinh ciia mdi diy nano khoang 30-40 nm, chiéu dai tir 200 dén
1.000 nm. Khio sat cu thé hon céu triic vat li¢u bang giin do nhifu xa tia X cho thiy, mau c6 ciu tric tinh thé luc
giac (hexagonal) dién hinh. Sir dung phé huynh quang kich thich bing laser He-Cd véi buéc song 325 nm cho thiy,
pho phat quang gom 2 viung 381 va 514 nm dic trung ciia ban din ZnO. Nhirng két qua nay chirng minh ring, cé
mot ty 18 kém va 6xy cin thiét trong pha hoi dé tao ra tinh thé nano ZnO hinh bon chén. Vit liéu dwoc tao ra cé tinh
x0p cao hon nén ¢é nhiéu wu thé trong ché tao cam bién khi.

Tir khéa: ap suit khong khi, boc bay nhiét, khong mam két tinh, nano ZnO, phd huynh quang.

Chi s6 phén loai: 2.4, 2.5, 2.9

Fabrication of tetrapod nanomaterials by thermal evaporation

at atmospheric pressure without crystallisation

Van Han Hoang, Anh Son Tran, Dinh Quan Doan, Anh Vu Pham, Hong Son Vu,
Van Thoai Nguyen, Van Tuan Chu, The Tan Pham”

Hung Yen University of Technology and Education, Dan Tien Commune, Khoai Chau District, Hung Yen Province, Vietnam
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Abstract:

In this study, we propose a method for fabricating nano ZnO tetrapod materials synthesised through the thermal
evaporation of Zn powder mixed with C at a 1:1 ratio under non-crystalline seed conditions and air pressure. The
Zn powder is oxidised at 1,050°C, developing nano ZnO crystals with a uniform structure. Each centre develops four
nanowires, forming a tetrapod shape. The diameter of each nanowire is about 30-40 nm; the length is from 200 to
1,000 nm. A more specific study of the material structure by X-ray diffraction diagram shows that the sample has
a typical hexagonal crystal structure. Laser-excited fluorescence spectroscopy using a He-Cd laser (325 nm) shows
that the emission spectrum consists of two regions of 381 nm and 514 nm, characteristic of a ZnO semiconductor.
These results prove that there is a certain necessary ratio of zinc and oxygen in the vapour phase to create tetrapod-
shaped nano ZnO crystals. The synthesised material exhibits higher porosity, providing significant advantages in
gas sensor fabrication.

Keywords: air pressure, fluorescence spectrum, nano ZnQO, non-crystalline seed, thermal evaporation.

Classification numbers: 2.4,2.5, 2.9
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1. Dt van de

Do chi phi san xuat thap, kha nang xtr 1y d& dang, tinh linh
hoat vé héa hoc va tinh chat dién t6t, mot sb vat liéu oxit ban
dan, bao gém CdO, In,0,, Fe,0,, WO,, SnO,, CuO va ZnO
[1-5] da thu hat duoc su quan tim dang ke duoc cac nha khoa
hoc dau nganh phat trién dé ché tao thanh cong céc cam bién
dién tré hoa hoc. ZnO, mot chit ban dan loai n co vung cam truc
tiép 0 nhiét do phong, thé hién tAm quan trong ndi bat vi c6 do
linh dong dién tir cao, on dinh nhiét va tinh chat dién tot cho cac
{ng dung cam bién khi [6-8]. Bén canh d6, ZnO c6 céc phan tir
oxy dugc h?ip phu trén bé mit vat lidu, c6 thé tao thanh céac loai
ion hoa, c6 kha nang thu giit cc electron tir ddi dan cua oxit, tao
ra mot 16p vat liéu co néng do hat tdi ¢ bé mat oxit bi suy giam.
Nhirng tinh nang hap dan nay thiic ddy ZnO dugc khai thac rong
rdi trong thiét ké cam bién hoa hoc. Oxit k&m (ZnO) 1a mot chét
ban dan c6 d6 rong ving cAm 3,7 eV, day co 1€ 1a vat liéu co
nhiéu dang cu tric nano khac nhau va phong phu nhat. Mot loat
chu tric nano ctia ZnO nhu cAu tric hat, day, thanh, tam, dai,
luge, vong, 10 xo... [9-11]. Nhiing cu tric nano nay da cho thay
tiém ndng to 16n trong cac (g dung khac nhau. Cac yeu t6 chinh
dang sau cac (mg dung tiém ning 14 do hidu tmg giam cam luong
tir, mat do trang thai thay doi, ty 16 bé mat trén thé tich cao va
kich thudc thap. Dé t6i uu hoa cac tinh chat ciia vat lidu cho cam
bién hoa hoc, vige kiém so04t va tao ra cac hinh thai, hinh dang
va pha tinh thé méi ciia ZnO da dugc nghién ctru. Méc du mot
s6 cong trinh gan day di khao sat cam bién ZnO, nhung hau hét
chiing déu quan tdm dén quan diém chung khi xem xét cam bién
ZnO & cac khia canh cu thé nhu nhi¢t do hoat dong. Khi cam
bién dién tre ZnO tiép xuc voi thanh phén khi quyén riéng biét,
s€ quan sat thay nhitng thay ddi vé do din dién va chirc ning lam
viée. Co ché nay dugc goi la co ché hap phu/giai hip va co thé
dugc mo hinh hoa dua trén tuong tac vat Iy hodc hoa hoc bé mit.
Mic dii phan 16n cac cong trinh kham pha co ché hip phu/giai
hip 6xy (hoa hoc), cac cong trinh gin ddy da chimg minh twong
tac hoa hoc cua chat phan tich khi voi cac oxit kim loai dién trd
hoa hoc khac ngoai ZnO [8, 12, 13].

C6 rat nhiéu k¥ thuat duoc bao cdo boi cac nhom nghién
ctru khac nhau dé tong hop diy nano ZnO. Tuy nhién, ching
duogc phén loai thanh hai linh vyc cu thé 1a pha hoi va dung
dich. Téng hop pha hoi duoc sir dung rat nhidu dé tong hop day
nano [5, 7, 8, 14]. N6i chung, qua trinh tdng hop pha hoi dugc
thuc hién trong buf”)ng kin ¢ nhiét d§ cao hon thuong tir 500 dén
2.000°C. Trong k¥ thuat tong hop pha hoi, hoi ctia vat liéu mong
mubn dugce tao ra b@“mg cach bay hoi hoac khir hoa hoc va sau
d6 hoi nay duoc phép ling dong trén chat nén bé mat rén. Tao
vit liéu nano bang qua trinh hoi 1ong ran (VLS), ling dong laze
xung (PLD), epitaxy pha hoi hiru co kim loai (MOVPE), ling
dong hoi vat Iy (PVD) va ling dong hoi hoa hoc (CVD) thudc
danh muyc tong hop pha hoi. Tong hop pha dung dich 1a mot
phuong phap hip dan va kinh té dé tong hop day nano & nhiét
do thép (<200°C), tao ra su linh hoat hon dé lwa chon chét nén
hitu co va vo co. Qua trinh trong ky thuat pha dung dich dugc
thuc hién trong dung dich nudc hodc dung dich hiru co hodc hdn
hop cua cé hai. Phuong phap thuy nhiét, vi nhil tuong 1a cac loai
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tong hop pha dung dich khac nhau [15, 16]. Ngoai cach tiép can
linh hoat va chi phi thap, viéc tong hop pha dung dich van con
gi6i han trong phong thi nghiém so véi cac ky thuét pha hoi vi
kho 6 thé ché tao vat liéu truc tiép lén dién cuc cam.

Trong nghién ctru nay, ching t6i d& xuat phuong phap ché
tao vat liéu nano ZnO don gian bang phuong phap boc bay
nhiét, khong st dung mam két tinh, v6i ap suat khi quyen su
dung khong khi lam nguyén li¢u trong qua trinh phan Gng, day
1a phuong phép rit don gian tao ra vét liéu nano c6 do dong
nhat cao.

2. Phucng phap ché tao vat liéu

Bot kém (Merck) c¢6 dg tinh khiét 99,9% dugc st dung 1am
nguyén liéu dugc trn voi carbon (C) cod d9 tinh khiét 99% theo
ty 1¢ 1:1. Khong c6 mam két tinh nao dugc sir dung trong nghién
ctru ndy. Dé khao sat anh huong ciia ham lwong kém dén sy hinh
thanh cau tric nano ZnO, khéng khi duoc dua vao trong 16 phan
(g duoc thay d6i. Lo sau d6 dugc nung néng dén 1.050°C véi
toc do gia nhiét 1a 10°C/phat va giit & nhiét do nay trong thoi
gian phan Gmg voi sudt khi quyén. Sau qua trinh 6xy hoa nay,
10 duogce tit va lam ngudi ty nhién xuéng nhiét do phong. Két
qua cua phan tng din dén sy hinh thanh san phém bot mau
tring, bot nay duoc dua ra khoi budng phan ng bang mot luu
luong khong khi thdi qua. Nhimg san pham mau tring nay duoc
thu hoi va khao sat cac dac tinh cua vat liéu. Dgc tinh cau tric
cua san pham bt mau trang duoc thuc hién bang nhiéu xa tia
X (XRD) sir dung birc xa Cu K. Dé nghién ciru hinh thai hoc
clia cac san pham khac nhau st dung kinh hién vi dién tir quét
(SEM) va kinh hién vi dién tir truyén qua (TEM). Cudi ciing,
cac dac tinh phat quang duoc nghién ciru phd huynh quang kich
thich bang laser He-Cd véi bude song 325 nm.

Sau khi kiém tra cdu trac cta vat liéu nano ZnO ché tao
duoc, bot ZnO dugce phan tan vao dung dich cdn 50 d6 véi néng
d6 10 g/100 ml. Nho phu dung dich thu dugc chira vat liéu nano
ZnO 1én dién cuc Pt. Cam bién duoc lam khé ty nhién trong
khoang 4-6 gio tuy thudc vao didu kién nhiét d6 méi truong.
Mau cam bién duoc dua vao 10 1, v6i nhiét do 1a 600°C trong
thoi gian 6 gio, toc do gia nhiét 1a 10 do/phit. Sau qué trinh u
nhiét, nhiét d§ dugc lam giam tu nhién vé nhiét do phong.

3. Két qua va ban luan

Hinh 1 1a gian d nhiéu xa tia X ciia ddy nano ZnO, trong do
ta c6 thé thay mau co cau tric tinh thé luc gidc (hexagonal) dién
hlnh cta oxit ZnO. Trong do, cac dinh nhiéu xa trong ing v6i chi
s6 Miller (hkl) 1a (100), (002), (101), (102), (110), (103), (200),
(112) va (201) (hinh 1) déu thude cdu trac luc gide cia oxit ZnO
tuong tmg so the chuan JCPDS 36-1451 [1]. Cac dinh nhiéu xa
kha sdc nét chiing to rang mau ddy nano ZnO ché tao ra c6 ciu
tric don pha tinh thé tot. Do vét liéu co dang tetrapod (dang bon
chan) c6 mot gbe chung, 4 chan dugc phat trién tir mot tam (didu
nay duoc chi ra 10 hon trong hinh SEM). Do vay, mdi chan duge
phat trién s& co mot dang kich thudc tinh thé trung binh cta day
nano ZnO (tinh toén bing cong thirc Scheerer vao khoang 52 nm).
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Hinh 1. Gian dd nhiéu xa tia X cGia day nano ZnO ché tao bing
phwong phap béc bay nhiét.

Phd phat xa huynh quang (PL) cua day nano ZnO dugc nghlen
ciru tai nhiét do phong sir dung ngudn kich thich laser He-Cd voi
budc song 325 nm chidu dai xung 1a 6-8 ns va vai tan s6 lap lai
10 Hz. PL thu duoc véi mau day nano ZnO dugc trinh bay trén
hinh 2. Trong PL cua dy nano ZnO cho thdy rd hai dai phat xa tai
vung tir ngoai gan budc song c& 381 nm va dai phat xa manh tai
ving kha kién budc song 514 nm. Dai phat xa ving tir ngoai voi
dinh 381 nm duogc cho 1a do su tai hgp blic xa cua dién tu tr vung
héa tri dén ving din cta ZnO.
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Hinh 2. Phé phat xa huynh quang ctia day nano ZnO ché tao bing
phwong phap béc bay nhiét.

Dai phat xa ving kha kién v6i dinh 514 nm c6 thé lién quan dén
cac mirc khuyét thiéu, sai hong O va Zn, hoic lién quan dén cac sai
hong bé mit cua vat liéu oxit ZnO. Ty 1¢ tuong dbi vé cudng do
gitra hai dinh phat xa (381/514 nm) la kha cao, c& khoang 64 lan
(gla tri nay dugc tinh trén ty 1€ cuong do cua mot lan do). Diéu nay
co thé 1a do lién quan chinh nit khuyét O trong méau dy nano Zn0O
va sé quyet dinh dén nong do hat tai cung nhur ving nghéo tai gan
bé mit ciia ddy nano ZnO. Tinh chét nay c6 anh huong 1on dén dic
trung nhay khi cta vét liéu [17, 18]. Ban chit cua tuong tic nay
bi gy ra boi céc trang thai donor lién quan dén khuyét it 10 trong
cua cac qua trinh ion hoa.

2 }

| K
100nm

Hinh 3. Anh kinh hién vi dién tir quét phat xa trwong cta vat liéu
nano ZnO ché tao dwoc cé dang tetrapod.
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Dé danh gia cau tric hinh thai cac day nano ZnO ché tao tir
qué trinh tir bdc bay nhiét dé phan tich hinh thanh vat liéu day
nano ZnO, chung t6i thyc hién khao st hinh thai bé mit cua cdc
mau ZnO bang anh FE-SEM nhu trinh bay trén hinh 3. Két qua
nghién clru anh FE-SEM cho thay, hinh thai be mit cua vat ligu
nano ZnO ¢6 céu trac hinh thai rit dong déu. Céu trac hinh thi vét
liéu tong hop duoc ¢6 dang v6i ba nhanh day nano gan vao nhau
(tetrapod). Puong kinh cua cac day nano nay kha dong déu voi
kich thude duong kinh ¢& khoang 30 nm. Tuy vay, ¢6 thé quan sat
thay chiéu dai ciia cac day nano hinh thanh dang tetrapod co sy dai
ngan khac nhau. Tt sy glong nhau vé duong kinh cua mau dang
day va tetrapod, ching ta ¢6 thé nhan dinh rang cdc nano ZnO nay
hinh thanh 14 do véi cing mot co ché. O d6, cac phan tir ZnO trong
qué trinh bbc bay nhiét tao thanh cdc mam ZnO cho phat trién wu
tién theo mot hudng thi s€ hinh thanh nén cic diy nano ZnO, con
cac mim c dinh huéng wu tién theo nhidu chiéu thi phat trién
thanh dang tetrapod [18]. Khéac déi voi qua trinh hoi ran khéc, vat
liéu dugc moc dinh hudng sir dung cac mam két tinh va ¢6 sy kich
thich cla cac hat Au, nén s€ tao thanh céac day [8, 19].

Pé phan tich sau hon vé ciu tric cﬁa day nano ZnO duoc
tong hop, cac khao sat hién vi dién tir truyén qua dugc thuc hién
(hinh 4). Anh TEM ctia day nano ZnO (hinh 4B) cho thay, day
¢6 kich thuge duong kinh dong nhét c& khoang 50 nm. Diéu nay
chimg to qua trinh phat trién day nano c6 dinh hudéng moc doc theo
truc cua day 1a kha hoan hao. Két qua nay di cho thay rang, hinh
anh phan bo va xap xep cla cac nguyén tu rd rang, sic nét. Két qua
cling cho thay mau the hién tinh dong nhat cao, vi tri cac nguyén tur
trong mang tinh the ¢o trat tw va tinh tuan hoan tot. Anh HR-TEM
nay con cho ta thdy ring, tinh thé ciia ddy nano ZnO dugc phat
trién wu tién theo phuong <0001> (doc theo truc cua day). Céu
triic tinh thé cua day nano ZnO la luc giac kiéu Wurtzite, khoang
cach cac mit tinh th¢ theo phuong <0001>1a 0,263 nm (hinh 4C).

Hinh 4. Anh kinh hién vi dién ti quét - SEM (A); anh hién vi dién ti
truyén qua - TEM (B), anh hién vi dién tir truyén qua v&i dé phan
giai cao - HR TEM (C); bién déi Fourier hai chiéu - FFT (D) cta vat
liéu nano ZnO c6 cau tric tetrapod.

Ngoal ra, két qua trén cho thay day nano ZnO la vt li¢u dang
co cau tric don tinh the Anh SEM thé hién 16 vat liéu tetrapod la
cac day nano ZnO gin chung mot diém goc Céc két qua vé phan
tich kinh hién vi dién tir truyén qua phén giai cao (HR-TEM) cho
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thay tuorng tw nhu két qua da phan tich tir day nano ZnO. Két qua
nay mdt lan nita minh ching cho sy phat trién cta cdu tric day
nano ZnO va nano tetrapod ZnO ¢6 cung mot co ché tich tu cac
phén tr ZnOx (x la tham 50 thay doi thé hién sy khuyét thiéu oxy)
trong pha hoi de hinh thanh céc nano ZnO. Tuy nhién, sy khac biét
vé hinh thai cu tric 13 dang ddy nano va nano tetrapod 1a do ché
d6 dong hoc cua dong khi trong qua trinh phan tng quyét dinh.

Sau khi khao sat dugc tinh chat vat liéu nhw hinh dang va cau
tric tinh thé, ching toi tién hanh khao sat mot s tinh chat nhay
khi cta vat liéu st dung cho cam bién theo quy trinh nhu duge
trinh bay ¢ trén.

8,0M
—s— 1ppmNO,
200°C

6,0M <
a
= 250°C
‘B 4.0Md
=
=
=} 300°C

2,0M 4

350°C
1000 1500 2000 2500

Thii gian (s)

Hinh 5. Sw thay dbi cta dién tré cam bién st dung vat liéu nano
ZnO dang tetrapod cho cam bién khi v&i néng dé 1 ppm tai nhiét
do lam viéc 200-350°C.

Chung t6i tién hanh danh gid sy thay d6i cua dién tro cam bién
theo nhi¢t d 1am viéc ciia mau v6i nong d6 1 ppm khi NO, duge
biéu dién nhu trong hinh 5. Khi cam blen & diéu kién thu(mg (tiép
xuc véi khong khi) dién tro ciia cam bién khoang 300-600 kQ (tiy
thugc vao nhiét do lam viéc). Gid tri dién tré ndy lam cho dong
dién dleu khién ciia cam bién trong g101 han nhay cta hau hét ciia
céc thlet bi. V&i dong khi NO, thoi vao cam bién, 1am dién trg ctia
cam bién tang 1én 10 rét. Tai nhi¢t do 350°C, gia tri dién tro tang
khoang 3 lan (tr 300 dén 900 kQ), tai nhi¢t d6 200°C dién tr¢ cua
cam bién thay doi khoang 11 lan (600 -6,6 MQ). Ta nhén thy ring,
d6 dép ung cua cam bién 14 rét tot, do thay doi dién tr 1om, tir do
c6 thé dé dang tinh toan va xur ly dugc tin hi¢u dién dya trén luu
hrong khi vao cam bién. Tai gié tri nhiét o cao (trén 250°C), thoi
gian d4p mg va hoi phuc ctia cam bién bién ciing kha nhanh. bay
1a mot ddc tinh cling rat quan trong va phu hop cua vét ligu ché tao
duoc lam vat liéu cho cam bién khi.

4. Két luan

Bing phuong phép bdc bay & nhiét do cao, ap sudt khi quyén
str dung khong khi trong qué trinh phan ¢ng, khong su dyng mam
két tinh, ching t6i da tao ra dugc vt liéu nano ZnO ¢6 dang 4 chan
(nano tetrapod). Vat lidu tao ra ¢6 cau tric dong nhat kich thudc clia
céc chan nano (day nano) khoang 30-40 nm, chiéu dai cta cac chan
khoang 200-1.000 nm. Str dung cac phuong phép khao sat cau tric,
chiing ta thay rang, vat liéu nano tao ra ¢6 cau tric don tinh thé. Vat
liéu co cu triic nano mot chiéu véi duong kinh nho nén 6 dién
tich bé mit 1on, dang tetrapod nén c6 nhiéu chan tir d6 tinh xop cua
vat li¢u cao hon, day 1a nhimg ddc dlem quan trong giup vat liéu co
nhiéu wu the trong ché tao cam blen khi. Vit liéu cling c6 do dap
tmg khi tot voi NO,, déy 1a mot wu diém 16n dé ché tao cam bién khi.
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Tom tit:

Vit lleu polymer nanocompos1te (PNC) trén co s¢ nhya polyester khong no (UPR) va nano TiO, (vét liéu PNC UPR/TiO,)
duoc tong ho’p bang phwong phap in-situ, gitip tich hop cac hat nano v co vao mach polymer ngay tiur giai doan dau ciia
qua trinh tong hop, gitp tang kha nang phan tan cac hat nano va cé thé tao lién két ngay trong qua trinh hinh thanh mach
polymer. Cac dac trung vé hinh thai be mat, céu triic va tinh chit cia vat li¢u PNC UPR/TiO, da dugc khao sat. Két qua
cho thiy, vét liéu PNC UPR/TiO, duwoc tong hop thanh cong ginp ting do ben udn 1én 16,4% va dd bén kéo 1én 7,2%. Vat
li¢u PNC UPR/TiO, thu dugc ¢6 do bén nhiét dwge ting cuong, dic biét la miu UPR/TiO, 0,50% thé hién & gia tri T, T,
va Tg tang 11,4%; module tich trir (E) tang 57,3% so véi mau nhya UPR. Vit liéu moi thu dugc thé hién kha ning Chlll
bire xa UV cao hon 62,3% so v6i h¢ nhwa nén UPR sau 1.000 gidr chiéu UV. Vigc sir dung vt liéu PNC UPR/TiO, 0,50%
1am nhya nén trong ché tao da nhan tao gbc thach anh cao cip gitip ting kha ning chiu UV 1én 20% va giir dwoc mau sac
bé mat cho sén pham it bi bién ddi so véi khi sir dung nhwa UPR.

Tir khéa: bire xa UV, da nhan tao g(“')c thach anh, nanocomposite, nhua polyester khong no, TiO,.
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Enhancing the ultraviolet radiation resistance of unsaturated polyester resin based on nano Ti0,:
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Abstract:

Polymer nanocomposite material (PNC) based on the unsaturated polyester resin (UPR) and nano TiO, (PNC UPR/
TiO, material) is synthesised by the in-situ method, which allows the incorporation of inorganic nanoparticles
into the polymer chain right from the beginning of the synthesis process, enhancing nanoparticle dispersion and
enabling bond formation during polymer chain synthesis. The surface morphology, structure and properties of
the PNC UPR/TiO, material were investigated. The results show that the successfully synthesised PNC UPR/TiO,
material enhances bending strength by 16.4% and tensile strength by 7.2%. The obtained PNC UPR/TiO, material
has enhanced thermal stability, especially with the UPR/TiO, 0.50% sample, which shows an increase in Tw, T,, and
Tg values of 11.4%; the storage modulus (E’) increased by 57.3% compared to the UPR resin sample. The newly
obtained material demonstrates 62.3% higher UV radiation resistance than the UPR resin system after 1,000 hours
of UV irradiation. Applying PNC UPR/TiO, 0.50% material as a base resin in manufacturing high-quality quartz-
based artificial stone products helps improve UV resistance by 20% and retains surface colour for products that are
less susceptible to deformation compared to when using UPR adhesive.

Keywords: nanocomposite, quartz-based artificial stone, TiO,, ultraviolet radiation, unsaturated polyester resin.

Classification numbers: 2.5, 2.9
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1. Dt van de

Trong nhirng thap ky gn déy, vat liéu polymer nanocomposite
dugc su quan tdm nghién cuu cua nhidu nha khoa hoc va ca cac
doanh nghiép hang dau vé xdy dung, son va 16p phi... boi cic
dac tinh vuot trdi cua ching so voi vt liéu polymer composite
thong thuong. Vat liéu nanocomposite gdm hai thanh phéan co
ban la pha nén (matrix) va pha gia cuong (reinforced) trong do
c6 cac phan tr v6i kich thude nano; pha nén duoc sir dung phd
bién la nhua polyester khong no (UPR) véi cac uu diém: mau
trong subt, do cimg cao, chiu hoa chat t6t va gia thanh thap [1].
Nhya UPR véi nhiéu wu diém duoc ung dung rong ra1 trong cong
nghiép, tuy nhién, hién nay nhya UPR ton tai mot s6 nhugc diém
nhu: kha nang chiu birc xa UV va chiu nhiét kém, gion [1], vi vay
d han ché rit nhiéu trong cc img dung ngoai troi, vat liéu chong
chdy... Kha nang chiu UV kém ctia nhya UPR dugc gidi thich 1a
do trong mach phan tir cia nhya UPR vén con ton tai cac lién két
d6i kém bén, cac lién két nay dé dang hép thy tia UV, tao ra céc
gbc ty do gy pha hity mach phan tir cia nhia UPR [2-4].

Dé giai quyet bai toan ndy, cac nha khoa hoc da tap trung
nghién ctru cdi tlen bang nhiéu phuong phap khac nhau. Viéc
nghién ctru cai tién pha gia cudng bang cdc vt liéu nano vo6 co
co kha nang phan tan trong nén polymer tot va dién tich bé mat
riéng cao, gitp cai thién dang ké cac tinh chét déc trung cua vat
liéu nanocomposite nhu tinh chat co hoc, d 6n dinh nhiét, kha
nang chiu UV.. - [5-8]. Titanium d10x1de (TiO,) ¢ cac dac tinh
vuot troi nhu tro vé mét hoa hoc, do 6n dinh quang hoc - dién tur
cao, dac biét kha nang chiu UV theo co che hép thy UV (TiO,
1a mot dang chat ban din c6 d rong ving cdm rong E,~3,0+3,2
eV tuong Ung voi budc séng 388+413 nm, ving hoa tri dugc
ldp diy boi cac electron) [9-11], khong doc hai, co tinh khéng
khuén [12], c6 kha nang dan dién [12], chi phi thip. C4c nghién
ctru cua V. Goodarzi va cs (2008) [13] s dung phuong phap
bién tinh bé mit TiO, bang phuong phap dong tring hop in-
situ giita hon hop TIO vai silane [3-(Methacryloyloxy)propyl]
trimethoxysilane va etyl acrylate, metyl metaacrylat da tao mot
16p polyacrylated trén bé mat cac hat nano gitp cai thién kha
nang phan tan TiO, trong nhua nén lam ting kha ning chiu uv
cta vat ligu mot cach dang ké ngay ca & ham lugng nano rét
thap, dic biét trong truong hop cac hat TiO, dugc bién tinh va
ung dung trong cdc nganh cong nghiép s¢i, 16p phu. Ngoai ra,
cac cong trinh nghién ciru ché tao vat liéu nanocomposite trén co
s6 nhya nén UPR gia cuong bing vat liéu nano TiO,, Fe 0, va
dong két tia NiFe O, theo phuong phép sol- gel cua nhom tac gia
M.T. Rahman va cs (2019) [14] thu dugc da cai thién vé cac tinh
chét cua vét liéu nhu tinh chit co hoc do bén kéo tang 21,62%,
module dan hoi ting 6,56%, cai thién tdi da vé do hap thu anh
sang (30,38%) trong ving tir ngoai kha kién (UV-Vis). V.M.E.
Evora v cs (2003) [15] d4 dua ra két qua cta cong trinh nghién
ctru ché tao, dic tinh cua vét liéu nanocomposite trén co sé nhua
UPR gia cuong bang vt li¢u nano TiO, theo phuong phap khuay
tron co hoc gitp cai thién céc tinh chat co Iy ciia vét lidu nhu do
bén nén, do bén dut giy cia vat liéu voi mot lugng nho chit gia
cuong TiO, 1a 1,2 va 3,0% khdi lugng lam tang do déo dai cua
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vat liéu tao ra tuong tng 57,42 va 41,0% so véi nhua nén ban
dAu. Céc tinh chat co hoc, kha ning chiu nhiét, kha ning chiu
UV, kha ning chdng chay cta vat liéu nanocomposite ché tao
trén co s& nhya nén UPR duoc cai thién bang cach bo sung cac
chét gia cudng TiO, va céac oxit kim loai theo cac phuong phap
tong hop tron co hoc phuong phap sol-gel [16-21].

Ngoai ra, phuong phap tong hop vat liéu polymer
nanocomposite da duoc mot sé tac gia d& cap nhim muyc dich
tang cuong kha nang phan tan cua vat li¢u nano vao hé nhya
nén polymer, tuy nhién, cdc phuong phap ché tao vat liéu
nanocomposite dugc ap dung thuong la phuong phép tron co
hoc, truong ng trong dung moi sau d6 phan tan tryc tiép vao
nhua nén théng qua rung siéu am... Céc phuong phap ndy c6
wu diém 1a dé gia cong va thiét bj don gian, tuy nhién, hi¢u qua
phén tan vat liéu nano vao nén khong cao vi cac hat nano c6 xu
hudéng hinh thanh cac két tu hodc cc cum chira nhiéu hat nano
ma khong phan tan dong déu trong nhya nén dan dén cac dic tinh
vat lidu khong duogc cai thién nhiéu [22]. Pé giai quyét van dé
trén, nhom tac gid lya da lya chon phuong phép trung hop in-situ
di tir cic monomer ban dau dé tong hop vét liéu nanocomposite
trén co so UPR/TIO Uu diém ciia phuong phap nay 1a dudi cac
diéu kién tong hop thcn gian khudy, nhiét do cao dwgc duy tri
kéo dai trong diéu kién moi treong khi tro da cai thién kha nang
phan tin cua nano TiO, trong nén UPR, dong thoi cai thién cac
tinh chat cua vt liéu polymer nanocomposite. Két qua img dung
vét liéu polymer nanocomposite tren co s¢ UPR/TiO, thu dugc
& 1am nhya nén trong ché tao miu d4 nhan tao gia cuong bang
cbt liéu hat thach anh véi céc tinh chét co 1y dugc cai thién va kha
ning chiu birc xa UV ciing dugc dé cap dén trong cong trinh nay.

2. Hoa chat va phuong phap nghién ciiu
2.1. Héa chit

Cac hoat chét dugc sir dung trong nghién ciru nay dugc trinh
bay ¢ bang 1.

Bang 1. Danh muc cac hoéa chat stv dung.

ST Héa chit i tinh khiét  Nbia cung cip Vai trb
I Nano TiO, Titanium dioxide) 99.9% Graf, Tho N K§ Chit gia cubmg o6 kichthuc nano
2 MA(Maleic anhydride) 99.8% N Plaim’ Ditom Monomer
(Trung Quoc)
3 PA(Phthalic anhydride) 99,85% ContmentalPetrochemlcals, Monomer
Thai Lan

4 PG(1,2 propylene glycol) 99.9%
5 HQ(Hidroquinone) 99.0%

Shell Chemicals, Malaysia Monomer
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2.2. Phwong phap nghién ciru

Nhua polyester khong no (UPR) duogc tong hop bang phuong
phép tring ngung trong thé néng chay (hinh 1). Ty 18 mol t6i wu cia
MA:PA:PG 14 0,6:0,4:1,05 va binh ba ¢6 1.000 ml duge sir dung dé
thuc hi¢n phan ung ngung tu MA, PA va PG. Phan ung dugc thuc hién
thong qua qué trinh gia nhiét hdn hop & nhiét do tir 150-190°C trong
9 gio. Dé cai thién toc do ester hoa, 0,2% khdi lvong DBTO di dugc
thém vao va ngan chin sy d6i mau do qué trinh oxi hoa céc ndi doi
C=C ¢ nhiét d¢ cao, phan tmg tong hop dugc dién ra trong méi truong
khi tro (N). Tién trinh cua phan tmg polyester hoa duge kiém soat
bang cach phan tich chi s axit theo thoi gian phan ung va qua trinh
tong hop dugc coi 1a hoan thanh khi chi s6 axit du6i 30 mg KOH/g
nhya gbc UPR. Nhya UPR gdc sau khi tong hop dugc lam mat vé
100°C va pha loang bang dung méi styrene monomer, véi ham luong
33% khoi lugng va bo sung chét tic ché HQ ngan chin gel hoa trong
qué trinh tong hop va lwu kho [23].

HO—R—OH + HO*% R'- ("‘J OH — HO + HO—R-0O— C R*‘(%*OH

0O O o o
Hinh 1. Tdng hop nhwa UPR bang phwong phap tring ngwng trong thé
néng chay.

Vit ligu polymer nanocomposite UPR/TiO, dugc ché tao bang
phuong phép trung hop In-situ trong d6 cac hat nano TiO, dugc phan
tan vao nén UPR trong qua trinh tring hop (hinh 2). Dé dam bdo do
dong nhét cua vat ligu, TiO, duoc phan tan trong PG 30 phit bing
may khudy co hoc, sau d6 sir dung hdn hop PG/TiO, dé tong hop
vat ligu UPR/TIO,. Theo cac nghién clru trude diy da duoc cong bd
[15-21], thudng su dung cac ham luong TiO, trén 1,00% nhim cai
thién do bén co 1y, do bén nhiét hay kha ning chong chiu &n mon..
Tuy nhién viéc s dung ham lugng TiO, lon ¢6 thé mang lai nhiéu 101
ich khong mong muon cho vat li¢u tong hop. Béi vi hat nano TiO, c6
kha nang hap thy t6t tia UV va c6 hoat tinh quang xic tac trong d01
cao. Do do, chung t6i Iyra chon cac ty 18 thdp hon nhur 0,25; 0,50; 0,75
va 1,00% khdi lugng (theo tong nguyén vat liéu str dung), chua co cac
bai cong b trong tu dé khao sat va mong mubn mang dén duogc su
cai thién toan dién vé tinh chat, dic biét a tang cuong kha nang chiu
tia UV cho nhya UPR. Ngoai ra, khi st dung ham luong nano thap
hon, con mong mudn giam chi phi phét sinh, do 6, hoan toan c6 thé
tnen khai trén quy m cong nghiép ma khong can qua quan tim dén
vén dé chi phi.

Téng hop polymer nanocomposite UPR/TIO,

A+ v&@%"&#m

PG Tio,
i UPRITIO,
Khuay co hoc 30 phat

[N J

Phwong phap trung hop In-situ

Hinh 2. Tdng hop polymer nanocomposite UPRITIO, béng phwong phap
trung hop in-situ.

Hinh thai bé mt cua vét lisu PNC PNC UPR/TiO, dugc nghién
ctru bang kinh hién vi dién tir quét (SEM) trén may Hltachl S-4000
& dién 4p gia toc 5 kV. Céu tric tinh thé, cdu triic hoa hoc cua vat
liu PNC UPR/TIO dugce xac dinh bang cac phép do nhifu xa tia X
(XRD) thyc hi¢n bang may do nhiu xa XRD (Equinox 5000) véi
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birc xa Cu-Ka (A=1,5406 A), phuong phap quang phd Raman bing
thiét bj Raman Macroraman, Horiba (Nhat ban), phé héng ngoai bién
dbi Fourier (FTIR) dugc thyc hién bang Spectrum Two, Perkin Elmer
trong pham vi 350-8300 cm. Phan tich nhiét trong luong (TGA)
duoc tién hanh trén thiét bj 4000 Perkin Elmer (M§) trong khoang
25-700°C véi the do gia nhiét 10°C/phut trong moi truong khi nito.

Céc dic tinh d6 bén ubn va kéo cia vat liéu tong hop nano UPR/TIO,

duoc thyc hién bang may thir nghlem van nang (Instron 100 kN). Cac
déc tinh co hoc dong cua cac mau duge thuc hién bang DMA 8000
(PerkinElmer), ché do thir nghiém duoc st dung & ddy 13 uén mot
diém v&i kich thude mau thir 14 30x10x2 mm. Nhiét do duge dat trong
khoang tir 30 dén 150°C vdi toe do gia nhiét khong ddi 1a 4°C/phit
& tan s6 dao dong 1 Hz. Kha nang chiju UV cua vat liu PNC UPR/
TiO, dugc xac dinh bing viéc ph(n nhiém miu vat liéu trén thiét bi
uv Test cua Atlas (My) v6i 4 ché do thm tiét: phoi nhidm UV (& bude
song 340 nm), d9 am, tia phun va bong t6i theo thoi gian. Mu vét liéu
duoc thu thap sau mdi 100 gio chiéu UV, kéo dai dén 1000 gio. Kha
niing chiu birc xa UV ctia mau vat lidu dugc danh gia dwa trén su thay
d6i mau sic AE va su thay d6i cu tric hoa hoc cua dinh dic trung
thong qua pho FTIR. Gi tri AE dugc xéc dinh trén méay do mau Xrite
C17800, v6i phin mém do mau theo tiéu chuin ASTM D2244 va sit
dung khong gian mau CIE Lab vdi cac gia tri L*, a*, b* va AE. Cong
thic Euclide dugc str dung dé tinh toan sy thay d6i mau sic, nhu thé
hién trong phuong trinh dudi day:

AE = /(AL")? + (Aa*)? + (Ab*)?

trong d6: trong d6 AL biéu thi mdi quan hé do sang gitra sang va toi,
Aa biéu thi mdi quan hé gitta mau lyc va do va Ab biéu thi mdi quan
h¢ gitra mau xanh duong va mau vang. Ky hi¢u A thé hién su khac biét
giita miu trude va sau khi gia hoa. Thong tin chi tit cac phép khao sat
dugc trinh bay trong nghién ctru trude d6 clia chung toi [24].

< s A
3. Ket qua va ban luan

3.1. Hinh thdi bé mt, céu triic tinh thé ciia vit ligu PNC UPR/
Tio,

Hinh thai b mit vat liéu PNC UPR/TiO, dugc phén tich thong
qua hinh anh SEM & hinh 3. Anh SEM ciia vat li¢u nano TiO, ¢ hinh
3A cho thay, céc hat nano TiO, dang hinh cau, co kich thuoc tuong
dbi ddng déu tir 10 dén 50 nm. Day 1a hinh anh ctia nano TiO, ¢ dang
bot, do d6 cac hat nano co xu hudng két dam tao nén cac hat nano
¢6 kich thudc 16n hon. Quan sat ki hon co thé thay, hinh 3A 1a tap
hop cac hat nano c6 kich thudc khac nhau, trong d6 c6 ca nhitng hat
nano kich thu(rc nho ndm dan xen Ian nhau. Trong khi d6, hinh anh
SEM ctia mau nhya UPR/TiO, céc hat TiO, ¢ kich thudce nano c6 xu
hudng phan tach nhau ra va phan tan dong déu trong mach phén tir
polyrner diéu nay cling chlrng t0 rang cac hat nano TiO, twong thich
t0t v6i mang nén UPR. Anh SEM ciia mau PNC UPR/T10 0,50% &
hinh 3C va 3D cho thiy, c4c hat nano TiO, phan b6 dong deu trong
nén UPR véi kich thudc nano khoang 15-50 nm (hinh 3D), trong khi
d6, anh SEM cua miu nhya UPR da dong ran (hinh 3B) khong xuét
hién cac hat/dam hat nano TiO, nay. Khi ting 1én ham luong 1,00%
da xuét hién cac diém két tu lon cua cac dam hat nano TiO, (hinh 3E,
3F). Diéu nay co thé anh huong dén cac tinh chét cua Vat liéu PNC
UPR/TIO,,
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500 nm

Hinh 3. Anh béng kinh hién vi dién tt quét (SEM) cuia vat liéu TiO, (A); UPR
da dong ran (B); UPR/TiO, 0,50% da dong ran do phan giai khac nhau (C, D);
UPR/TiO,1,00% dé déng ran do phan giai khac nhau (E, F).

Céu tric tinh thé cua vat liéu nano TiO, va PNC UPR/TIO, dugc
xéc dinh thong qua mau nhiéu xa XRD (hlllh 4A) va pho tan xa Raman
(hinh 4B). Tir két qua hinh 4A nhan thdy, mAu nhiéu xa XRD ctia TiO,,
xuét hién dinh dic trung clia pha Anatase tai goc nhidu xa 20=25, 5°
38,6°% 48°; 53°; 55° va 62,8 [25]. Dinh déc trung pha Rutile tai goc
26=27,5°va 69,1°[25, 26] khing dinh nano TiO, str dung trong nghién
clru ndy ton tai & ca hai pha Anatase va Rutile V0’1 ty 1¢ Anatase/Rutile
=77/23 theo phan trim khdi lugng. Viée lIya chon TiO, c6 ca 2 pha
Anatase va Rutile, do d rong ving cdm cta hai pha la khac nhau co6
thé mang lai hoat tinh quang hoc cao hon so v6i mot pha don thuan
[27-32]. Mau nhiéu xa XRD cta nhya nén UPR va PNC UPR/TIO,
trén hinh 4A cho thiy mot dinh rong ¢ goc nhiéu xa 20=23,43° cho
thdy, ca 2 mu vat liéu nay déu 6 trang thai vo dinh hinh twong tur nhu
két qua cong bé trude day [33, 34]. Két qua nay chi ra réng, sur co mat
ctia mot ham lwong nho nano TiO, 0,50% KL trong nén UPR ¢6 thé
khong quan sat dugc bang nhidu xa XRD.

(A) —Tio, ( B) ——Ti0,
—UPR —urr
- M ——UPRITIO, 050% | % ——UPRITIO, 0,50%
5‘ g d - —— UPRITiO, 1,00%
S S A o Y W
T o I i, SI"'M"——G
«©- 3 «© 8 g g
k-] 8 L=} M v W N—
g’ g’ Anata
Rutle
3 ) " =
3 3
© o
]

10 20 30 40 50 60 70 300 600 900 1200 1500 1800
20(d9) Chuyén dich Raman (cm-')

Hinh 4. Mau nhiéu xa tia X (XRD) cta TiO,, UPR va UPRITiO, (A); phé
Raman cua TiO,, UPR va UPR/TiO, cac ham lwgng khac nhau (B).

Mit khéc, phé tan xa Raman cia TiO, trén hinh 4B xut hién
cac dmh dac trung pha anatase cua TiO, o cac dinh 147, 398, 517 va
639 cm! va dinh 450 cm clia pha Rutlle [35] ciing cho thdy cdu tric
tinh thé cua nano TiO, ton tai ¢ ca hai pha Anatase va Rutile. Phd
Raman cua mau nhua nén UPR xuat hién céc dinh tan xa dac trung
& tan s6 622, 1000 va 1600 cm™ twong mg véi cac dao dong bién
dang vong, m¢ vong va kéo dan mach phan tir [36, 37] cac dinh nay
ciing xuét hién trong pho Raman cia UPR/TIO, 0,50% va UPR/TIO,
1,00%. Ngoai ra, khi phan tich ki hon, co thé thay ring, & cuong do
dinh khoang 130 cm ctia UPR/TiO, tang lén khi ting ham lwgng clia
TiO,, Diéu nay co thé 1a do su cong huong cua nano TiO, v6i ham
luong tang dan va hinh thanh céc lién két giira TiO, voi mach phan
tir polymer, nén cuong do dinh Anatase ctia TiO, ¢ 147 cm™ ¢ su
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chuyén dich dmh va tang dan cudng do theo ham luong nano ¢ dinh
khoang 130 cm™ trong UPR/TiO,. Hon nita, khi phan tich bang hinh
anh phong dai ¢ cac dinh 398, 450 517, 639 cmr! cho thiy cac dinh
dac trung cta TiO, xuét hién trong phd raman ctia UPR va c6 cudng
do tang lén khi ting ham lwong TiO,, twong tu véi cac dinh ¢ 1000 va
1600 cm''. Diéu nay chiimg minh su' c6 mat va kha nang tuong thich
t6t cua TiO, trong mach nhya nén UPR.

3.2. Thanh phan va cdu triic héa hoc ciia vit ligu PNC UPR/TiO,

Sw c6 mat cua vat li¢u nano TiO, trong vat licu PNC UPR/TIO,
dugc xéc dinh bang két qua phan tich pho pho tan xa nang luong tia X
(EDX) trén hinh 5. Két qua trén hinh 5A cho thay, phd EDX ciia mau
nhya nén UPR ¢6 mit cta cac nguyén to C va O vai ty 16 khdi lugng
tuong tmg 1a 66,18 va 33,82%, ddy 1a thanh phan nguyén t6 chinh clia
phan tr nhya UPR, trong d6 hydro (H) khong thé c6 mit trong phd
EDX nén két qua EDX nay phu hop véi cdu triic héa hoc cua UPR
chira C, O va H [38]. Trong khi do, phé EDX cua mau UPR/TiO, cho
thdy sy hién dién cua Ti bén canh 2 nguyén t6 C va O. Viée bo sung
0,50%KL nano TiO, vao nén UPR va ham luong Ti x4c dinh duoc tir
két qua phan tich pho EDX (hinh 5B) 1a 0,44% trong khi ham lugng C
va O lan luot 14 70,32 va 29,25%KL. Két qua nay khang dinh sy ton
tai ctia vat li¢u nano TiO, trong mau PNC UPR/TiO, tong hop bang
phuong phép in-situ.

UPRITIO,

Nguyén té6  Khéi lwong %

Nguyén té6  Khéi lwong %
C 66,18 c 70,32
(o] 33,82 o 29,25
Tong 100,00 Ti 0,44
100,00

T v T T T T 1 T T T T T
1 2 3 4 5 6 7 1 2 3 a4 5
Nang lwong (keV)
(C) =—UPRITiO, 1,00%
= UPRITiO, 0,50%
——UPR

Cwong do (d.v.t.y)

2000 1500 100 500
Sé séng (cm- 1)

Hinh 5. Phé tan xa niing lwreng tia X (EDX) cta (A) UPR va (B) UPRITIO,;
Phé héng ngoai bién déi Fourier (FTIR) cia UPR va UPR/TIO, cac ham
Iweng khac nhau (C).

Céu tric hoa hoc cia mau nhya nén UPR va cic mau vét ligu PNC
UPR/TIO, dugc xdc dinh bang két qua phan tich pho FTIR (hinh 5C).
Phd FTIR clia mau nhya nén UPR trén hinh 5C cho thay, su xuat hién
ctia dinh dic trung & s6 song 742 cm! 1a dao dong ciia lién két C-H
trong nhan benzen gdy ra, dinh dac trung tai 777 cm™ gay ra boi dao
dong cua nhom ester phthalate, dinh dc trung tai s6 song 1118 cm! 1a
do dao dong cua lién két ~C-0-C-, dinh 1067 cm! ciia lién két C=C
tir qué trinh isome hoa anhydrit maleic (AM) dé tao thanh fumarate.
Ngoai ra, dinh tai xuét hién tai s6 song 1256 va 1720 cm™! dac trung
boi dao dong ciia lién két C=C va nhom cacbonyl C=0 trong nhom
ester tuong tmg cua phan tr nhwa UPR [24, 39, 40]; Phd FTIR cua
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mau vat liéu UPR/TIO, 0,50% Xudt hién cac dinh dic trung tuong tu
ctia mau nhya nén UPR va khong xuat hién thém cac dinh méi. Chimg
to vét liéu TiO, v6i ham lugng 0,50% khong lam énh hudng dén ciu
trac hoa hoc ctia nhya UPR.

3.3. Tinh chit quang ciia vit ligu PNC UPR/TiO,

Tinh chét quang cua vt liéu nano TiO,, UPR va PNC UPR/TIO,
dugce xac dinh bang phd hap thy UV-Vis tren hinh 6. Phd hép thu UV—
Vis cuia TiO, thé hién dai hip thy rong vdi bo hap thu ¢ khoang 325
em’', bao phit cac ving UVC (200-280 nm), UVB (280-315 nm), UVA
(315-400 nm). Trong khi do, phd UV-Vis ciia miu nhya nén UPR chi
thé hién su hép thy tai vuing UVC. Hon nira, d¢ dbc 16n cho théy su
hép thy kém ctia UPR trong hai khu vuc UVB (280-315 nm), UVA
(315-400 nm) con lai [41]. Pho hép thy UV-Vis cia mau PNC UPR/
TiO, 0,50% va UPR/TiO, 1,00% chi ra rang, voi sy co mat cua Ti0,,
céc suon 16i duoc phat hlen trong pho hép thy UV- Vis cua cdc mau
UPR/TiO,. Do do, c6 thé quan sat thiy sy cai thién vé muc do hip thu
¢ vung UVA va mot phan ving UVB. Khi st dung ham lugng TiO,
tang, suon 16i ciing tang 1én. Nhimg thay doi dang ké vé tinh chat
quang hoc cua vét liéu tong hop do sw ¢6 mat cia TiO, cho thdy, viéc
bd sung TiO, c6 thé cai thién kha niang chong tia cuc t1m cua chung.
Tuy nhién, kh1 cang ting ham lugng TiO, tinh thé, cang lam tang hiéu
{ing x{c tac quang cta vat lidu, co thé gy ra su pha huy céc hop chat
hiru co. Do do, ty 1¢ TiO, 16n ¢6 thé giam céc tinh chat cta vat ligu
PNC khi bi chiéu xa, ¢6 the gdy ra cac pha hiy trén bé mat vat liéu
[42].

TIiO,
UPR

UVC (100-280)

UPR/TIO; 0,50%
UPR/TiO, 1,00%

UVA (315-400)

Do hép thy (d.v.ty)

T T T T
00 300 400 500 600 700 800

Bwéc séng (nm)
Hinh 6. Phé hap thu ti ngoai kha kién (UV-Vis) cta TiO,, UPR, UPR/TIO,
0,50%, UPRITiO, 1,00%.
3.4. Tinh chit nhigt ciia vit ligu UPR/TiO,

Tinh chat nhiét cua vat lieu UPR va UPR/TiO, dugc khao
sat thong qua két qua phan tich duong TGA trén h1nh 7. Két qua
cho thay, mdi biéu do nhiét co thé duoc chia thanh 3 giai doan:
(i) giai doan 1: bay hoi dung méi tir nhiét do phong dén 200°C;

——UPR
~———UPR/TiO, 0,25%
——UPR/TiO, 0,50%
~———UPR/TIO, 0,75%
——UPR/TiO, 1,00%

-
o
=3

]
o

Khéi lwgng (%)
& 8

N
(=]
H
B
&

o

100 200 300 400 500 600 700
Nhiét dé (°C)
Hinh 7. Bwéng nhiét trong lwong (TGA) cua vt liéu UPR va UPR/TIO, cac
ham lwong khac nhau.
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(ii) giai doan 2: phan huy nhiét tir 200 dén 450°C; (iii) giai doan 3:
dbt chay tir 450 dén 580°C. Trong giai doan 1, khbi lwong déu tién
giam khoang 5% xay ra do su bay hoi ciia nudc hip thu va céc hop
chéit hitu co ton du. Trong cac giai doan tiép theo, céc biéu dd nhiét do
cho thiy trong lugng giam manh do sy xudng cép nhiét ciia cic mau
UPR. Sy phan huy cta cac polyester dugc chi ra la bat dau ¢ 200°C,
tuy nhién, phai dén khi nhiét do dat toi 350°C thi qua trinh nay méi
tang thc manh [43-45].

Su c6 mit ctia nano TiO, & cdc ham luong 0,25; 0,50; 0,75 va
1,00%KL trong vt ligu PNC UPR/TlO cho thay d6 bén nhiét dugc cai
thién thé hién 6 céc gia tri T, T, va ham leong phan tro ciia céc mau
PNC cao hon so v6i mau nhya UPR (bang 2). Trong do, mau UPR/
TiO, 0,50% co gié tri nhi¢t do tai T, , T, cao nhat dugc giai thich 1a co
thé do ¢ ty 16 nay kha nang phén tan TiO, vao nén UPR t6t nhat (xem
anh SEM) va cac hat nano TiO, véi vai tro 6n dinh nhiét bang cach lam

giam do dan nhiét va ting mat do lién két ngang [46, 47].

Bang 2. Gia tri phan tich nhiét trong lwong cua vat liéu UPR va PNC UPR/
TiO, cac ham lwgng TiO, khac nhau.

. Nhiét do Tro & 700°C
Mau 0
Tll) T50 Tl dinh/TZ dinh ( /0 KL)

UPR 322,09 399,40 419,04/570,62 0,00
UPR/TIO, 0,25% 346,10 41324 437,06/579,27 0,28
UPR/TiO,0,50% 352,15 415,60 437,70/585,77 0,03
UPR/TiO,0,75% 335,32 413,39 433,75/580,11 0,19
UPR/TIO, 1,00% 336,34 41333 436,82/580,62 049

Pé lam séng to vé anh huong cua nano TiO, dén cac tinh chat cia
nhya UPR, ching t6i da tién hanh phén tich co dong luc (DMA) cia
mau nhya UPR va vt ligu PNC UPR/TIO, 0,50%, két qua phan tich
dugc thé hién ¢ hinh 8.

2000 - UPR 50,8
UPR/TIO, 0,50% |
1500 | 196
=
B
= 10,4
£ 1000 £
= =
=]
= 10,2
500
0.0
° ‘ : . , T ;
40 60 80 100 120 140 160

Nhigt 49, °C
Hinh 8. Mudule tich trir va hé sé phan tan (tand) ctia nhwa nén UPR va
vat liéu PNC UPR/0,50%TiO, theo nhiét do.

Module tich trit (E') cia mau nhwa UPR va vét liéu PNC UPR/
TiO, 0,50% theo nhi¢t d§ ¢ hinh 8 cho théy, su hién dién cuia nano
TiO, trong vat ligu PNC UPR/TiO, 0,50% da gitp module tich trir
cua vat liéu PNC cao hon so véi UPR. Nhya UPR c¢6 module tich trir
¢ 40°C khoang 995 MPa. Khi c6 mat TiO,, module tich trit ting Ién
1566 MPa, tang khoang 57,3% so voi module tich trir cia UPR. Do
do, su c6 mit cua TiO, da lam ting nang lugng tich trit bén trong clia
vat liéu, gitp cho vt heu PNC UPR/TIO, 0,50% bén hon véi céc tac
nhan bén ngoai, khi néng luong tich trit 1a ning luong can dé gy ra
pha hiy vat li¢u cao hon.
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Bén canh d6, nhiét do chuyén hoa thay tinh (Tg) cta mau vat lidu
UPR/TIO, la 87,7°C (dinh cua dudng parabol mau xanh) ting Ién
~10°C so voi mau UPR (Tg—78 7°C, dinh duong parabol mau do)
(twong dwong ting 11,4%). Két qua ndy cho thiy, mat do lién két
ngang cua vat licu PNC UPR/TIO, tang Ién [48]. Hon nira, gid tri cuc
dai tand cua vat liéu PNC UPR/TlO , giam xuong (hinh 8) so véi gié tri
tand cia UPR, thé hién ring d¢ hnh dong phan tir cua mach phan tir
polyester giam sau khi tuong téc v6i céc hat nano TiO, [49]. Vit liéu
nano UPR/TIO, s¢ hiru gid tri E” cao hon va gia tri tan6 thap hon so
voi UPR, xac nhan lién két manh mé gitta cac hat nano 'TiO, va mach
polymer. Sy trong tac nay 6 thé duge quy cho lién két hydro manh
v lién két giita cc hat nano va chudi polymer. Day ciing 1a minh
chung cho su tang cua cac tinh chét ctia vat liéu UPR/TiO, so v6i nhya
UPR thong thuong [50, 51].

3.5. Tinh chit co hoc ciia vit ligu UPR/TiO,

Céc tinh chat co hoc ciia UPR/TiO,, bao gdm céc do bén ubn va
do ben kéo di dugc nghién clru dé xéc dlnh anh huong cua TiO, dén
do 6n dinh tinh chat co hoc cua vét liéu PNC UPR/TIO, thu duoc
Hinh 9A cho thay, d6 bén udn cta cic mau to hop UPR va UPR/TlO
vé ' cuong d6 va module (hinh 9B) ¢ cac ham lugng TiO, khac nhau
Két qua chi ra rang, viéc bd sung TiO, dan dén cai thlen 11,9-20,1%
o bén udn va 3,0-10,0% module udn ciia vat liéu PNC UPR/TIO, so
v6i UPR. Ham luong TiO, cang cao thi tinh chat udn cta vat liéu cang
duoc cai thién tot hon. Ngoa1 ra, mot két qua twong ty da dugc quan
sat thdy ¢ do bén kéo (hinh 9C) va module kéo (hinh 9D) cua vat liéu
PNC UPR/TiO,. Sy cai tién duoc tinh toan 1a 7,2-12,2% vé d bén kéo
va 3,0-15,1% ve module kéo. Ham luong TiO, cao hon cling dan dén
nhiing cai tién tot hon vé d6 bén udn va do ben kéo cua vat li¢u PNC
UPR/TiO, thu duge. Do do, vigc bd sung nano TiO, khong lam gian
doan qua trmh hinh thanh lién két ngang styrene trong nén UPR. Hon
ntra, TiO, dé thé hlen vai tro chat gla cuong hidu qua cho nhiéu vat
liéu nanocomposne tong hop trén nén polymer khac nhau [22, 52, 53].
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Hinh 9. Tinh chét co hoc ciia vat ligu UPR va UPRITIO,. (A) D9 bén uén; (B)
Module uén; (C) Do bén kéo; (D) Module kéo.

3.6. Khd ning chiu birc xa ultraviolet ciia vit ligu UPR/TiO,

Kha ning chiu biic xa UV cta mau nhya UPR va vét liéu PNC
UPR/TIO, ¢ céc ty 1€ TiO, khac nhau dugc danh gia khi phoi nhiém
cac mau vat liéu trén thlet bi UV Test theo tiéu chuan ASTM G154-
06:2006 trong thoi gian tir 0 dén 1.000 gio. Sy bién d6i mau AE cia
cac mau theo thoi gian chiéu UV dugc trinh bay ¢ hinh 10.
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Két qua tir hinh 10 cho thdy, gi4 tri AE cia mau UPR da ting
manh ngay trong 400 gio dau tién dat dén gia tri 30. Sau d6, mic du
qué trinh da cham lai nhung gi4 tri AE van c6 xu huéng tang 1én dén
gié tr 40 sau 1.000 gios chiéu UV. Trong khi d6, cac miu vét lisu PNC
UPR/TiO, cho théy kha nang chiu birc xa UV dugc cai thién mot cach
dang ké: ngay ca o hém }uqng TiO, thap nhét~ 12 0,25%KL. Sau 1.000
gio chieu UV, sy bién do6i mau AE cua cdc mau UPR/TiO, giém manh
so voi gia tri AE cua mau UPR trong toan bo thoi gian chiéu UV. Khi
tang hém} lugng TiO, trong mau UPR/TiOZ,,AE gidm dan ¢ ciing thoi
gian chiéu UV, trong do, sau 1000 gio chicu UV, gid tri AE cta céc
mau vat liéu PNC UPR/x%TiO, véi x=0,25; 0,50; 0,75 va 1,0%KL
twong ung la 17.5; }5,1; 17,,5 Ve‘} 15,5. Ham lugng TiO, cao hon (0,75
va 1,0%KL) cho thay sy bién d6i mau AE tuong duong véi mau UPR/
TiO, 0,50%. Nhu vay, & ham luong TiO, 1a 0,50%KL cho théy kha
nz“}ng chiu buc xa uv ,cfla vat ligu UPR/TIO, 1a toi wu, mirc do bién
doi mau AE 1a thap nhat, AE giam 62,3% so v&i gid tri AE cua UPR.

——UPR

| =@= UPRITI0, 0,25% AE =,14°'0
4 | UPRITIO, 0,50% 3

. UPRITIO; 0,75%

—@— UPRITIO, 1,00%
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Thei gian chiéu UV (gi®)

Hinh 10. Sy bién déi mau AE cua vit ligu UPR va vit liéu PNC UPRITIO, &
cac ty |é TiO, khac nhau.

Vit ligu TiO, c6 kha nang hép thy tia UV tot nhung kha nang
quang xuc tac la tac dung phu cta qua trinh hap thu tia UV. Trong qua
trinh quang xic tac, khi tiép xic v6i tia UV, co thé sinh ra cic goc
tu do, gdy ra pha huy cac mach polymer. Do d6, ¢ ham luong TiO,
1,00%, TiO, dong vai tro ch@t gia cuong cho mach polymery, lam téng
do bén co ly... nhung khi tiép xtic vai tia UV, kha nang hap thu UV
tot hon dugc phan tich bang phd UV-Vis (hinh 6), c6 thé gay ra hiéu
ung quang xuc tdc manh gy pha huy mach polymer [42, 54 55]. Khi
d6, & ham lugng 0,50% c6 thé hiéu (ng quang xtc tac yéu hon nén
cho théy sy ting cuong ¢ kha nang chiu UV t6i uu.

Dudi tac d(f)ng cua buc Xa UV, bé mat vét lidu UPR va UPR/TIO,
0,50% sy thay doi twong doi 16 rét. Quan sat hinh anh SEM (hinh
11) cho thdy, bé mat vét liéu UPR sau khi chiéu UV ¢ 1000 gios (hinh
11B) xuét hién cac vét nut giy 16n, ddy duoc coi la sy pha v chu tric
mach phan tr polymer dudi tac dong cua buc xa UV gy ra, trong khi
bé mat UPR trudc khi chiéu UV thi khong xuat hién cac vét nit nay
(hinh I}A). Tuy nhién, I,nau vat liu UPR/TIO, 0,50% cho thdy, sau
khi chiéu UV khong xuat hién tuong nit, gay trén bé mit, ching to
kha nang chiu birc xa UV cua vat ligu UPR/TiO, da tdng cuong mot
cach 13 rét. V6i ham lugng 0,50% TiO, thé hién tot nhit kha ning chiu
UV, tinh chat nhiét do do, dugc chon lya dé sir dung cho cac khao sat
tiép theo.



Hinh 11. B& mat vat liéu UPR trwéc (A) va sau khi chiéu ultraviolet (B)
UPR/0,50%TiO, trwéc (C) va sau khi chiéu ultraviolet (D).

bé danh gia kha nang chdng birc xa UV ciia vét liéu UPR va
UPR/TiO, da tién hanh phén tich pho FTIR ciia vat liu truée va
sau khi chleu UV (hinh 12). Két qua phan tich phd FTIR ciia mau
vat licu UPR/TiO, cho thay, khong c6 dinh dic trung méi xuat
hién so v6i phd FTIR cua UPR, chimg t6 sy ¢6 mt cua nano TiO,
khong gay anh huong dén céu trac hoa hoc cua nhwa UPR. So sanh
pho FTIR ctia mAu nhya UPR sau 1000 gio chiéu UV voi miu
nhya UPR trudc khi chiéu nhan thy, dinh dic trung ¢ 777 cm’!
cua nhom ester phthalate giam manh do sy phan hiy cac mach
ester, dinh 1118 cm! cua lién két —C-O-C— giam do su pha v cau
triic ciia cac mach chinh, dinh 1256 cm™ ddc trung cho lién két
C=C trong mach UPR giam do cac lién két C=C bj tin cong boi tia
UV va tao cac goc tw do, dinh 1720 cm’! ctia nhém cacbonyl C=0
trong nhom ester clia nhya UPR gidm manh do sy phan huy cia
cac mach ester dudi tac dong cuia buc xa UV.
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Hinh 12. Phd hdng ngoai bién dbéi Fourier (FTIR) chia vat liéu UPR
va UPRITiO, 0,50% trwéc va sau khi chiéu ultraviolet.

Déi voi mau UPR/TiO,, sy giam cuong d§ dinh ddc trung cua
cac nhom chirc trong pho F TIR cua UPR/TIO, sau 1.000 gio chiéu
UV ciing dién ra twong ty nhu miu nhya UPR tuy nhién murc do
gidm cudng do cac dinh lién két dic trung & mirc thap hon, chung
t6 kha nang chiu birc xa UV cua vt ligu UPR/TiO, tot hon vét liéu
UPR nén kha nang chdng lai su tic dong cua buc xa UV cta vat
ligu UPR/TiO, cao hon.
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Hinh 13. Co’ ché phan hay UPR béi birc xa ultraviolet va co ché chéng
birc xa ultraviolet cua UPRI/TIO,.

Su tac dong cua buc xa UV vao vat li¢u UPR duge mo ta 1a qua
trinh hinh thanh céc gdc tw do trong nén polymer, sw lio hoa, pha
v chu trac mach phan tir cua UPR dugc minh hoa trong hinh 13.
Trai lai, nho kha nang hép thu nang lugng buc xa vuot troi trong
vung UV (hinh 6), TiO, s& hép thy néngqluqng birc xa UV va tao ra
electron ¢ trang thai kich thich va chuyén electron dugc kich thich
tir dinh ving hoa tri (VB) 1én d4y ving dan (CB) va lam gidm tac
dong truc tiép cta birc xa UV 1én nhua nén UPR [56, 57], két qua
la 1am tang kha nang hép thy birc xa UV cua vt ligu UPR/TIO,.

Nhu vy, su vuot tri vé cac dic tinh, tinh chét co 1y va kha
nang chiu UV cua mau vat liéu UPR/TiO, 0,50% da dugc minh
chung, do do, chung toi da lya chon hé vat liéu nanocomposite
UPRJ/TIO, 0,50% nay cho cdc thir nghiém tiép theo.

3.7. Ung dung UPR/TiO, trong ché tao sdn phcfm da nhan
tao géc thach anh cao cip

Vi dac tinh chéng tia cuc tim dugc cai thign, UPR/TiO, hira
hen s€ phat trién cac vat li¢u chong chiu thoi tiét va birc xa UV cho
cac tmg dung ngoai troi. Trong cong trinh nay, chiing toi da ché tao
san ph?im da I}hén tao géc thach anh sﬁ’dl_mg hé nhl_l’?. UPR/TIO,
0,50% dugc tong hop ¢ ndi dung trén ket hop vdi chat gia cuong
¢t lidu thach anh. Tién hanh danh gia kha ning chiu bic xa UV
ctia mau da nhan tao géc thach anh st dung nhua nén UPR/TiO,
0,50% so v6i mau da nhan tao st dung nhya UPR thong qua su
bién d6i mau sic bé mit mau d4 nhan tao sau 1000 gids chiéu birc
xa UV. Két qué trén hinh 14A cho thy, su bién doi mau sic AE cia
mau d4 nhan tao sir dung hé nhya UPR/TiO, sau 1000 git chiéu la
6,5 trong khi st dung nhya UPR, gia tri AE thu dugc 1a 8,3. Nhu
vay, muic do bién d6i mau AE cua miu da nhan tao st dyung nhya
nén UPR/TiO, giam 20% so vdi khi st dung nhya nén UPR, dong
nghia vdi kha nang chong birc xa UV cua san pham da nhan tao
tang 20%.



(D)

Khoa hoc Ky thuat va Céng nghé | Ky thuat vat ligu va luyén kim, Céng nghé nano mm—

(A) T=-uwr B)

—8—UPRITIOZ 0,5% AE=83

UPR

0 100 200 300 400 500 €00 700 B0D 900 1000 1100

Thoi gian chiéu UV (gid)
(C) UPR/TiO,

UPR

UPR/TiO,

UPRITIO, o, 30h  700h  1000h

UPR
Thi gian chiéu xa (gier)

Hinh 14. Kha nang chiu tia ultraviolet cia vat liéu da nhan tao géc
thach anh cao cép st dung hé nhwa PNC UPR/TIO,. (A) Sv bién doi
mau séc théng qua chi sb AE; (B, C) Hinh anh mau da nhan tao chup
thwc t& sau 1000 gi® chiéu.

Quan sat hinh anh mau chup thyc té (hinh 14B, 14C), c6 thé d&
dang nhan théy, mau d4 nhan tao st dung nhya UPR sau thoi gian
dai chiéu UV sé bi bién d6i mau theo xu huéng vang dam din gay
mat tinh thim my cta san pham. Trong khi do, mau da nhén tao co
st dung h¢ UPR/TIO, 0,50% cho thay su bén mau tt hon va van
giit dugc mau tring cung nhu tinh thim my cta bé mat san pham.

4. Két luan

Vit ligu PNC UPR/TiO, dugc tong hop thanh cong bang
phuong phap trung hop in- 51tu Sy c6 mat cua hat nano TiO, trong
qué trinh tong hop khong anh hudng dén ciu ciu tric hoa hoc cua
nhya UPR. Tuy nhién, sy ¢6 mit cua thanh phan TiO ,trong vét li¢u
PNC UPR/TiO, 0,05% da gop phan cai thién mot s tinh chét co
ly, do bén nh1et va tinh chat co dong luc ciia vat lidu PNC thu dugc
thé hién & gia tri T, cua vat liéu PNC tang 11,4%; module tich trix
(E’) tang 57,3% s0 voi miu nhya UPR. Bén canh do, sy c6 mat
cua nano TiO, gitp tang kha nang hép thu nang luong birc xa UV
va bao vé nén UPR tot hon dudi tac dong ciia birc xa UV thé hién
& kha nang chong buc xa UV cua vét ligu PNC UPR/TiO, 0,50%
tang 62,3% so véi UPR. D4 thach anh nhén tao dugc che tao boi
PNC UPR/TiO, 0,50% thé hién kha nang chiu birc xa UV cao hon
20% so voi viée st dung nhya UPR.

Nghién ctru nay & xudt mot phuong phap hiéu qua cao, don
gian dé tong hop vat lidéu NPC UPR/TIO, voi do bén nhiét va kha
nang chiu bire xa UV dugc tang cudng. Tu gbc 49 thuc te két qua
nghién ctru da cho thay tiém ning dang ké cuia vat liéu to hop PNC
UPR/TIO, trong viéc m¢ rong cac (mg dung dé ché tao vat liéu
composite mg dung ngoai troi trén quy mo cong nghiép.

L01 CAM ON

Nghién ciru nay dugce hd tro bai Cong ty CO phan Vicostone va
Cong ty C6 phan Tap doan Phuong Hoang Xanh A&A. Nhom tic
gia xin cam on sy hd trg do Raman & UV-Vis tir Phong thi nghiém
NEB tai Truong Dai hoc Phenikaa, SEM tir IMS-VAST, do kiém
tra FTIR, TGA, UV ciia Cong ty C6 phan Vicostone.
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Burdre dau nhan xét dic diém mo khi quan dong loai dwoc bao quan lanh sau
tai Ngan hang Mo, Bénh vién Hiru nghi Viét Dirc
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IBénh vién Hitu nghi Viét Pirc, 40 Trang Thi, phuong Hang Béng, qudn Hoan Kiém, Ha Ngi, Viét Nam
2Truong Pai hoc Y Ha Ngi, 1 Ton That Ting, phieong Trung Tur, qudn Dong Pa, Ha Ngi, Viét Nam
3Truong Dai hoc Y Duoc, Pai hoc Quéc gia Ha Noi, 144 Xudn Thiy, phuwong Dich Vong Hau, qudn Cau Gid)}, Ha Noi, Viét Nam
Ngay nhén bai 20/1/2025; ngay chuyén phén bién 23/1/2025; ngay nhan phan bién 30/1/2025; ngay chép nhan ding 6/2/2025
Tom tat:

Cic dir liéu vé bao quan khi quan va két qua danh gia sau bao quéan vin con han ché trong y vin hién nay tai Viét
Nam. Nghién ctru nay nhim mé ti dic diém khi quan dwoc bao quan lanh siu tai Ngan hang Mé. Poi twong va
phwong phap nghién ciru: Nghién ciru mé ta, tién ciru trén 13 miu mé khi quan tir ngwdi hién chét ndo dwoc bao
quan tai Ngin hang M6, Bénh vién Hiru nghi Viét Pirc. Két qua nghién ciru cho thy, 13 miu khi quin dwoc thu
nhan tir 13 nguwdi hién chét nio, dj tudi trung binh 35,2+15,2, gom 9 nam (69,2%) va 4 nir (30,8%). Xét nghiém huyét
thanh hoc am tinh véi HIV 13/13 (100%), HCV 13/13 (100%), HBV 12/13 (92,4%). Trong giai doan thu nhin, mé khi
quan c6 ty 1¢ nhiém khuén 1a 100% (13/13 miu). Sau khir nhiém, ty 1¢ ciy khuin am tinh 12 69,2% (9/13 miu). Vi
khuén phd bién nhit 1a Acinetobacter baumannii (8/18 chiing) va Klebsiella pneumoniae (6/18 chiing). 13/13 (100%)
miu khi quan giir dwogc cAu tric dai thé va ciu tric vi thé sau ria dong trong thoi gian bao quan tir 1 dén 12 thang.
M6 khi quan sau biao quén lanh siu da dwoc ghép thanh cong cho mdt bénh nhin bi seo hep thanh khi quan do chin
thwong, cho két qua kha quan sau 1-3 thang.

Tir khda: ghép khi quan, khi quan dong loai, ngan hang mé.

Chi s6 phén logi: 3.1, 3.5

An initial observation on the characteristics of cryopreserved tracheal allografts tissues
at the Tissue Bank of Viet Duc University Hospital
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Abstract:

Data on tracheal preservation and post-preservation evaluation remain limited in the current medical literature in
Vietnam. This study aims to describe the characteristics of tracheal tissues stored under in deep cryopreservation
conditions at the Tissue Bank. Subjects and methods: Descriptive, prospective study on 13 tracheal tissue samples
from brain-dead donors preserved at the Tissue Bank of Viet Duc Hospital. Results showed that 13 tracheal samples
were collected from 13 brain-dead donors, with an average age of 35.2+15.2, including 9 males (69.2%) and 4 females
(30.8%). Serological tests were negative for HI'V 13/13 (100%), HCV 13/13 (100%), and HBV 12/13 (92.4%). During
the recovery phase, the infection rate of tracheal tissue was 13/13 (100%). After decontamination, the negative
culture rate was 9/13 (69.2%). The most common bacteria were Acinetobacter baumannii (8/18 strains) and Klebsiella
pneumoniae (6/18 strains). 13/13 (100%) tracheal specimens retained their gross and microscopic structures after
thawing for a storage period of 1-12 months. The cryopreserved tracheal tissue was successfully transplanted
into a patient with post-traumatic laryngotracheal stenosis, showing positive outcomes within 1-3 months post-
transplantation.

Keywords: tissue bank, tracheal allograft, tracheal transplant.
Classification numbers: 3.1, 3.5
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1. it van de

Thuong ton hep tac khi quan 1a mdt dang bénh ly ngoai
khoa rit nang va kha thuong gap, da s6 1a thir phat, do nhidu
nguyén nhan nhu cac u ac tinh (u té bao biéu mé vay, u nang
tuyén), ro khi quan thuc quéan, chdn thuong, phau thuat cac
bénh Iy lanh tinh that bai, hep khi quan bam sinh (hiém).
Phuong phap diéu tri ngoai khoa hiéu qua nhét vin 1a cét ndi
tryc tiép tan tan. Trong truong hop khong thé cat nbi duoc
hodc sau phiu thuat ndi tan - tan bi that bai, thi ghép khi
quan 1a mot giai phap da dugc cac thay thude trén thé gioi
nghi t&i va quan tam nghién ctu tor hon 50 nam nay. Kho
khan 16n nhit cua giai phap 1a vat liéu ghép, do cau trac khi
quan khong c6 hé mach nuéi riéng biét nhu cac md co quan
khic (mach rat nho, dén tir nhiéu nguén), nguy co nhidém
khuén cao va chirc nang sinh 1y giai phau phtec tap [1, 2].

Vit liéu thay thé khi quan trong cac nghién ciru dugc bao
c4o chia 1am 5 nhém: Vat liéu nhan tao tong hop (synthetic
prosthesis); Ghép t6 chirc tu than (autologous); Ghép khi
quan homograft (tracheal transplantation); Ghép bang t6
chirc dong loai (allograft); Tai tao mo (tissue engineering)
[1, 3]. Tuy nhién, cac nghién ctru tng dung va danh gia hi¢u
qua cua cac nhom vat liéu rat it va roi rac, cha yéu do két
quéa khong tot hodc khong chic chin. Do vy cho téi nay
van chua thé tim ra mot phuong phap thay thé khi quan
uu viét nhéat. Han ché chinh ciia cac phuong phap c6 18 1a
kha ning rat khé tai tao to chirc khi quan sau ghép, sinh Iy
bénh con chua dugc nghién ctru va hiéu rd. Ghép khi quan
tir té bao gbc, tuy co thé 1a k¥ thuat mang tinh cach mang,
song van dang trong giai doan nghién ctru [4]. M6 ghép
khi quan ddng loai (homograft) duoc lay tir ngudi hién chét
ndo, dwa vao ngan hang mé bao quan. Cé nhiéu phuong
phap bao quan nhu st dung hoa chat, bao quan lanh siu co
chiéu xa, bao quan lanh sau su dung chét bao quan va ha
nhiét do kiém soat, mdi k¥ thuat ghép khi quan tuong tng
v6i phuong phap bao quan lai ¢6 vu diém va ton tai [2].

Béao quan lanh sau c6 stt dung moi truong bao quan va
ha nhiét d6 kiém soat, d3 c6 nhiéu nghién ctru thuc nghiém
cho két qua kha tot, dy 1a k¥ thuat ma Ngan hang M6, Bénh
vién Hiru nghi Viét Ptc ap dung hién nay. Thé giéi chua ghi
nhan ca ghép nao trén 1am sang. Theo cac két qua nghién
ctru thuc nghiém, khi quan bao quan lanh sau bao ton té
bao séng giai quyét duoc mot s6 vin dé sau: Thu nhat, kha
ning sinh mién dich ciia manh ghép khi quan dong loai da
bi giam di do bao quan lanh va viéc ghép ddng loai khi quan
duoc bao quan lanh da thanh cong trén dong vat linh trudng,
khong str dung trc ché mién dich [5]. Thir hai, kha ning song
sot ctia sun khi quan sau bao quan lanh con 67 dén 76%.
Thr ba, khi quan sau bdo quan con tdn tai biéu mo, tuy
nhién biéu mé nay khong con chirc ning mat di 20 ngay sau
ghép tao diéu kién dé hinh thanh biéu mé vat chu 50 ngay
sau khi cdy ghép (hinh thanh khoang 75%) [6].
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T nam 2023, Ngan hang Mo, Bénh vién Hiru nghi Viét
Duc bit dau thyc hién bao quan khi quan dé sir dung cho
viée ghép mg dung 1am sang. Chiing t6i nhan thay rang,
can co tong két, mo ta két qua sau mot thoi gian thyc hién,
phuc vu cho muc dich cai tién quy trinh. Bao quan khi quan
va két qua danh gia sau bao quan 13 nhitng di liéu con thiéu
trong y van hién nay tai Viét Nam. Vi vdy, ching t6i tién
hanh nghién ctru nay véi muc tidu: “Mo ta dic diém khi
quan dugc bao quan lanh sau tai Ngan hang Mo, Bénh vién
Hiru nghi Viét buc”.

2. Déi tuong va phuong phap nghién ciiu
2.1. Déi twong

13 miu mo khi quan dong loai dugc bao quan tai Ngan
hang Mg, Bénh vién Hiru nghi Viét Buc.

Tiéu chudn lwa chon: Tat ca mau mo khi quan dong loai
duogc thu nhan, xtr ly va bao quan tai Ngan hang Mo.

Tiéu chuén logi trir: Cac miu md thiéu hd so, khong du
thong tin nghién ciru.

Cdch chon mau: Thuan tién.
2.2. Théi gian va dia diém nghién ciru
Thoi gian nghién ciku: Tt thang 10/2024 dén 12/2024.

Pia diém nghién ciru: Ngan hang Mo, Khoa Vi sinh,
Khoa Giai phau bénh, Bénh vién Hiru nghi Viét Buc.

2.3. Phwong phap nghién curu

Thiét ké nghién ciru: Nghién cliru mo ta, tién ciru.

Chi tiéu nghién ciru: Pic diém chung cua ddi twong
nghién clru: tuoi, gidi tinh nguoi hién.

BPac diém mé khi quan sau thu nhdn, xit Iy va bdo qudn:
Keét qua sang loc bénh truyén nhiém; Két qua danh gia
nhiém khuan (trude va sau xir 1y); Két qua danh gid md

bénh hoc miu mé twoi va mo sau bao quan; Dic diém miu
khi quan sau bao quan va ghép trén 1am sang.

2.4. Xét nghi¢m va tiéu chudn siv dung trong nghién
ciru

Ldy mau xét nghiém cdy vi sinh: Cach thuc 1iy mau:
Phuong phap ldy miu mé dong hanh, 1iy xi lanh vé tring
hat 5 ml dich ngdm rira mé va mot vai manh mé (mé dong
hanh). C?iy khuén dugc thuc hién & hai thoi diém trude va
sau khtr nhiém mo ghép.

Ldy madu xét nghiém ddnh gid mé bénh hoc: Mau khi
quan sau khi Iy tir nguoi hién chét ndo duoc cit mot doan
dé danh gia mé tuoi. Sau d6 duoc xtr 1y va bao quan theo
quy trinh; m&i mo khi quan tir mot ngudi hién s& duoc cat
thanh mot mau chinh dé bao quan cho muc dich ghép va 4
doan mé ching dé lay mau danh gia mo bénh hoc mé khi
quan sau bdo quan.

64



Khoa hoc Y - Duoc | Y hoc co sé; Cac linh vuc khédc cla khoa hoc y - dugc

Phirong tién nghién ciru: Thiét bi bao quan mo: t lanh
sau -86°C, tu ATSH cap 2-A2. Thi€t bi nudi cay vi sinh:
May dinh danh vi khuan Phoenix M50/BD - Hoa Ky.

Quy trinh bdo qudn: Quy trinh chuan da ban hanh ndi bo
cua Ngan hang M6, Bénh vién Hitu nghi Viét Dtc trén co
so quy trinh ctia Hiép hoi Ngan hang M6 chau A - Thai Binh
Duong va Hi¢p hoi Ngan hang M6 Hoa Ky [2, 7].

Xir Iy khi qudn truée bao qudn: Rira khi quan nhiéu
lan bang dung dich nudéc mudi dang truong, ngdm trong
RPMI 1640 c6 bd sung khang sinh amikacin (100 pg/ml),
vancomycin (50 pg/ml), colistin (500 [U/ml) va caspofungin
(100 pg/ml) ¢ 4°C trong 48-56 gio.

Bado quan lanh sdu khi quan: Khi quan sau khi xu ly
dugc dua vao dung dich bao quan lanh gdm: RPMI 1640,
DMSO 15%; 4% albumin nguoi. Pong goi vo trung va dua
vao ha nhiét d9 theo chuong trinh. Tbc do ha nhiét 1°C/phut
to1 -86°C, sau d6 dua vao bdo quan. Pinh ky 1 va 3 thang,
6 va 12 thang r dong dé danh gia chat lugng (mau chimg).

Ra dong khi quan: St dung k¥ thuét ra dong nhanh: M6
bao quan ldy ra dugc dim trong bé nudc duoc duy tri 37°C
cho téi khi tan dong hoan toan. Mo sau khi ra dong sé dugc
loai bo chét bao vé lanh béng cach rua trong dung dich nuéce
mubi sinh 1y.

Quy trinh nudi cdy vi sinh, dinh danh vi khudn i khi,
nam va ky khi: Pugc thuc hién tai phong xét nghiém tiéu
chudn ISO 15189 Khoa Vi sinh, Bénh vién Hitu nghi Viét
bire. Cac bude co ban nhu sau: nudi cdy tang sinh, nhuom
gram, cay song song Vi khuan hiéu khi va ky khi, phan 1ap
vi khuén, kiém tra khuan lac, 0 va phan lap vi khuan, dinh
danh vi khuan.

Dadnh gia moé bénh hoc: Phuong phap nhuom HE thuc
hién tai Khoa Giai Phau bénh, Bénh vién Hitu nghi Viét
Prrc. Poc tiéu ban béi bac sy chuyén khoa giai phau bénh.

Danh gia két qua:

Danh gid vi sinh: Mau mé duge xac dinh nhiém khuén
khi c6 két qua cay vi sinh duong tinh véi vi khuan ai khi, ky
khi, hoac vi nam.

Pdnh gid mé bénh hoc: Biéu md phu hd hip; cau tric
mo hoc 16p sun; cac tuyén phu thude va tdo chirc dudi niém
mac, mo lién két.

2.5. Phuwong phdp xir Iy sé ligu

X 1y s6 lidu bang cac thuat toan thong ké y hoc.

2.6. Dao dvrc nghién ciru

Pugc dam bao theo quy dinh, cac quy trinh sir dung
trong nghién curu déu da dugc thong qua hdi dong khoa hoc
cua bénh vién; cac s6 licu thu thap dugc tir két qua nghién
ctru chi nham muc dich phuc vu nghién ctru khoa hoc.
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3. Kétqua
Bang 1. Pac diém chung ctia nhém ngwi hién ma.
Dic diém nguoi hién S6 lwgng TY 18 (%)
Nam 9 69,2
Giodi tinh Nir 4 30,8
Téng 13 100
. Mean+SD Min - max
Tuoi
35,2+15,2 16-65

Két qua bang 1 cho thay, 100% nguoi hién 1a ngudi bénh
chét ndo, nam gioi chiém chu yéu véi 69,2%. Tu01 trung
binh cta ngudi hién 1a 35 ,2415,2, nguoi hlen nho tudi nhat
14 16 tudi, ngudi hién cao tudi nhit 1a 65 tudi.

Bang 2. Dic diém vé sang loc bénh truyén nhiém (n=13).

Xét nghiém huyét thanh hoc  Am tinh (n, %)  Duwong tinh (n,%)
HIV 13 (100) 0(0)

HBV 12 (92,4) 1 (7,6)*

HCV 13 (100) 0(0)

*HBV-DNA: Khdéng phat hién virus, virus khéng hoat dong; HIV: Virus
gay suy gidm mién dich & ngudi, HBV: Virus viém gan B; HCV: Virus
viém gan C.

Két qua bang 2 cho thdy, 100% ngudi hién khi quan
¢6 xét nghiém huyét thanh hoc 4m tinh v&i HIV, HCV. 1
truong hop (7,6%) ngudi hién c6 két qua xét nghiém huyét
thanh hoc duong tinh véi HBV, truong hop nay khi lam xét
nghiém chuyén sau tai lugng virus HBV-DNA cho két qua
khong phat hién thdy virus, virus khong hoat dong.

Bang 3. Pac diém dai thé mé khi quan dwoc thu nhan (n=13).

Tiéu chi Phan loai Sé lwgng (n) Ty 18 (%)
: Tréng hong 13 100
Mau sac A
Bién sac/mau tu 0 0
’ Sach 13 100
Tinh chat
Mau tu 0 0
Nguyén ven 13 100
Do nguyénven  Khong nguyén ven .
(rach, thung, rap...)
Téng 13 100

Két qua bang 3 cho thy, 13/13 (100%) khi quan thu
nhén cd mau sac trang hong, sach va nguyén ven khong bi
rach, thung rap, dut doan.

Bang 4. Dic diém kich thwéc khi quan thu nhan (n=13).

Tiéu chi TB+SD (mm)  Lén nhat (nm) Nhé nhit (mm)
Chiéu dai 7449,3 82 60
Puong kinh (ngoai) 22,3423 25,5 17,5
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Két qua bang 4 cho thiy, chiéu dai trung binh doan khi
quan thu nhan duoc 1a 74+9,3 mm; duong kinh trung binh

Bang 6. Két qua danh gia mé hoc mau mé twoi va mau mé sau
bao quan (n=13).

(ngoai) l1a 22,3+2,3 mm. Két qui
< x 2 R .. Chi tié
Bé{ig 5: Ket quf’l q;'m,h gia Einh trang nhiem khuan cua khi quan thu H Mé tweoi M@ sau bio quin*
nhén va sau xt ly bao quan.
Biéumo phi  Nguyén ven: 100% (13/13) Bong mat cAu tric biéu m 100% (13/13)
L Thoi diém thu nhan Thoi diém sau xir Iy khang sinh Tuyén nhay ) Neuyén céu tric, t bao nhn ¢d dic, bio
Loai vi sinh vat . Nguyén ven: 100% (13/13) A an )
Amtinh  Duong tinh Am tinh Duong tinh ity iy e i il 10D
- Ren o Nguyén chu triic; nhan cd dic, hdc hoa
Vikhuindikhi  0(0%)  13(100%) 9(692%)  4(30,8%) Teblosyn  Neuyen cau tric: 100% (I/13) 1 b mite 06 nhe 100% (1313)
Vikhudnkykhi — 13(0%)  0(0%)  13(100%) 0 (0%) T¢ bio soi én chu tric: 100% Nguyén ciu tric; nhdn ¢d de nhe, bio
tinkin  ewencautric100% (I13) e bhée hoa nhe 100% (1313)
Vinam 13 (0%) 0(0%) 13 (100%) 0(0%) Céc mach Nauyén chu tric: 100% (13/13) Nguyén cdu tric; té bo co tron nhan co
{1\ u 6
méu . ° dic nhe 100% (13/13)
Enterobacter cloaccie 0= 1 *: Tdng s 13 mau dwoc danh gia mé hoc, thoi gian danh gia sau bao
quén: 1thang: 3 mau; 3 thang: 4 méau; 6 thang: 3 mau; 12 thang: 3 mau.
Citrobacter diversus 0=‘ 1
Staphylococeus aureus 0;1 1 Ca lam sang ghép khi quan: Bénh nhan nam 25 tudi,
— duoc chan doan seo hep thuc quan, seo hep thanh khi quan
Pseudomonas aeruginosa =] e ~ A . ’ ) 5
1 sau chan thuong, bénh nhan dugc ghép khi quan ngay
Acinetobacter species [ i 8 7/5/2024 (hinh 1) stt dung mau khi quan sau bao quan 8§
. I S thang (ttr 11/9/2023).
Klelsiella pneumoniae B g ( )
o 1 2 3 a 5 & 71 8 38 Sau ghép 3 thang: Bénh nhan da tang 10 kg vdi the trang
8 Thoi diém thu nhdn @ Sau khir nhiém khang sinh kho¢ manh, ty tho qua mii, tu an.

Biéu db 1. Phan loai cac chung vi khuan phan lap dwoc trén mé
khi quan & thoi diém thu nhan mé va th&i diém sau xr ly khi
nhiem bang khang sinh.

Két qua bang 5 va biéu dd 1 cho thay, 13/13 (100%)
mau khi quan cdy khuén tai thoi diém trudce khir nhiém cho
két qua duong tinh. Sau khir nhiém c6 4/13 (30,8%) mau
cdy khuén duong tinh. 5/13 (38,5%) dwong tinh tir 2 loai vi
khuan tré 1én. Trong s6 4/13 mau ciy khuan duong tinh sau
khir nhidm, ¢6 3/5 (60%) mau duong tinh v6i phac db khang
sinh ban dau; 1/8 (12,5%) véi phac do bd sung colistin.

Trong cac vi khuén phan 1ap dugc, hau hét 1a vi khuan
da khang: Klebsiella pneumoniae (7/7); Pseudomonas
aeruginosa (4/5); Staphylococcus aureus MRSA (8/13),
Enterobacter cloacae (13/14). 3 chung vi khuan Klebsiella
pneumoniae va Pseudomonas aeruginosa, Acinetobacter
species xuat hién ¢ ca hai thoi diém trudc va sau khir nhiém
trén mau mo.

Két qua bang 6 cho thay, 13/13 (100%) mau déu giit
dugc nguyén cAu trac mo hoc dbi vai té bao sun, té bao soi
than kinh, cdc mach mau va cac tuyén nhay phu thudc, sau
thoi gian bao quan tr 1, 3, 6 va 12 thang so v6i mau tuoi.
100% (13/13) cac mau c6 bong mat ciu triic biéu mo sau
bao quan.
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Poan khi quan sau ghép: Hong, khong xung huyét,
khong hoai tir, khong hep.

Hinh 1. Ca ghép khi quan tir khi quan sau bao quan 9 thang tai
Ngan hang M6, Bénh vién Hiru nghij Viét Burc.

4. Ban luan
4.1. Pic diém chung ciia doi twong nghién ciru

Tir thang 9/2023 dén thang 9/2024, nhom nghién ciru
da thyc hién dugc bao quan 13 ca khi quan. 13/13 (100%)
truong hop duoc thu nhan tir ngudi hién sau khi chét nio.
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Day 1a nhiing truong hop hién da mo tang sau chét nio, va
viéc thu nhan khi quan dugc thuc hién sau khi léy da tang
khac nhu gan, tim, than. Ciing gidng nhu tang tim, khi quan
ciing 12 co quan duy nhét ctia co thé va chi c6 thé thuc hién
ldy ghép theo hinh thirc hién ting sau khi nguoi bénh da
chét, chét ndo. Bi v6i mot sd tang khac nhu gan, thén, phéi
thi ¢6 thé thuc hién ddi vai nguoi hién séng, hay mot sb loai
mo nhu than kinh, da, gan... co thé 1€iy tur nguén hién tu
than. Trong nghién ctru, 100% truong hop dugce thu nhan tr
nguoi hién chét nido. Trén thé gidi, khi quan ciing c6 thé dén
tir ngudn hién tir thi. S. Kunachak va cs (2000) [8] da thuc
hién l4y, bao quan khi quan tir nguoi hién tir thi sau khi chét
trong vong 24 gio va st dung ghép cho nguoi bénh. Trong
s6 13 ngudi hién mo, nam gidi chiém chu yéu voi 69,2%,
tudi trung binh 1a 35,2+15,2, trong d6 nguoi hién nho tudi
nhét 16 tudi, nguoi hién 16n tudi nhat 1a 65 (bang 1). Hién
nay trén thuc té, phap ludt c6 giéi han tudi cia ngudi co
quyén ding ky hién mé tang 1a tir 18 tudi tré 1én, diéu nay
gdy lang phi ngudn tang hién ting ciing nhu khong déap tung
duogc tim nguyén cua nhiéu gia dinh nguoi chét ndo. Nhidu
hoi thao vé chu dé diéu phdi mé tang ciing da kién nghi
can diéu chinh ndi dung lién quan dén do tudi hién tang
theo huéng mé rong do tudi ddi véi nguoi hién ting mo,
tang sau chét ndo, qua d6 gbp phan han ché tinh trang khan
hiém. Trong y vin thé giéi da phan déu khong c6 gii han
vé tudi cua nguoi hién d6i v&i hau hét cac loai mo, tang
[7]. Cac nghién ciru vé& bao quan khi quan cho muc dich
ghép ctia mot sd tac gia co do tudi ngudi hién khac nhau: S.
Kunachak va cs (2000) [8] ngudi hién tir 19 dén 39 tudi, E.J.
Propst va cs (2011) [9] nguoi hién tir 16 dén 60 tudi, twong
tu nhu nghién ctu cua chiing t6i. Nhin chung, khong c6
gidi han nao vé do tudi ciia nguoi hién, tuy nhién theo kinh
nghiém cua chung t6i, d&& dam bao chit luong ctia mo ghép
khi quan thi d6 tudi tir 16 dén 65 1a phu hop.

Tat ca ngudi hién moé déu dugc sang loc bénh truyén
nhiém, véi két qua cho thdy 100% ngudi hién mo khi quan
¢6 xét nghiém huyét thanh hoc 4m tinh v6i HIV va viém gan
C. P6i véi viém gan B trong 13 ngudi hién, ¢6 12 (92,4%)
truong hop co két qua sang loc am tinh, trong khi co 1
(7,6%) truong hop cho két qua HBV dwong tinh. Tuy nhién
truong hop nay khi ching t6i thuc hién bang phuong phap
tai lugng virus thi xac dinh day la truong hop virus khong
hoat dong, khong phat hién thiy HBV-DNA trong mau.
Trong tinh trang khan hiém nguén moé tang, ching t6i van
tién hanh bao quan ddi véi truong hop nay vi hai 1y do: thir
nhét, xét nghiém HBV-DNA xac dinh ddy 1a virus khong
hoat dong, thir hai trong tinh huéng ngudi bénh khong con
lwa chon khac, ¢6 thé sir dung mé nay dé ghép cho nguoi
bénh d4 nhiém viém gan B va can ghép khi quan dé ctru tinh
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mang. Mic du vay, ching t6i cling nhan manh réng nhiing
rtii ro ctia ghép mo dong loai 1a nhiém chéo bénh 1ay truyén.
Viéc dam bdo an toan tranh lay nhiém 1a vo cting quan trong
va bét budc. Xét nghiém sang loc dam bao nguén mo sach
va an toan cho ngudi duge ghép. Diéu nay déu da dugc nhin
manh trong cic tiéu chudn vé& ngin hang mé cua cac hiép
hoi vé bao quan mo nhu: Hiép hoi Ngan hang mé Hoa Ky
(AATB) [7], Cuc Quan ly Chit lugng Duoc va Cham soc
sttc khoé chau Au (EDQM) [10].

4.2. Xur ly va bao qudn khi qudn

Khi quan sau thu hoi tir nguoi hién, van chuyén vé ngan
hang mé dugc rua, cit loc mo lién két thira. Panh gia dai
thé ban dau, 13/13 (100%) khi quan thu nhan c6 mau sic
trang hong, sach va nguyén ven khong bi rach, thung rap,
dut doan (bang 3). Chiéu dai trung binh doan khi quan thu
nhén duoc la: 74+9,3 mm; duong kinh trung binh 22,3423
mm (bang 4). Trén thuc té khi quan 1a dng ban linh hoat ¢
kich thudc khoang 5 cm & tré em dudi 3 thang tudi va dat
10-13 cm & ngudi 16n [3], tuy nhién rit kho dé co thé lay hét
duogc toan b chidu dai ctia khi quan trong qua trinh thu hoi
mo tir ngudi hién, mic du vay chung t6i cb ging 1ay téi da
c6 thé, va chiéu dai tdi thiéu ciing phai dat 60 mm vi hau hét
cac truong hop ghép khi quan déu 1a nhitng ngudi bénh c6
t6n thuong doan dai >60 mm. Nhu vay véi chiéu dai trung
binh 74+9,3 mm 13 phi hop vi hau hét cac tén thuong, hep
tac khi quan cua nguoi bénh c¢6 nhu cau ghép.

Vé quy trinh khir nhiém, hién nay Ngan hang M6, Bénh
vién Hiru nghi Viét Buc thuc hién bao quan khi quan bfmg
phuong phap lanh sau, ha nhi¢t do theo chuong trinh, trong
d6 phuong phap khir nhiém bang cach ngdm mé voi dung
dich khang sinh. Quy trinh khir nhim bang khang sinh dugc
tham khao tir Ngan hang M6 Singapore. Cu thé quy trinh khtr
nhiém nhu sau: Xir 1y khir nhiém trong dung dich RPMI ¢6
pha khang sinh (100 ug/ml amikacin, 50 ug/ml vancomycin
and 0,02 mg/ml amphotericin B) & diéu kién 4-8°C/48-56
gi0 [2]. Ngoai ra, trong mot nghién ciu thuc nghiém trén
dong vat linh trudong, tac gia T. Murakawa va cs (2002) [5]
st dung 4 loai khang sinh dé thuc hién khir nhiém cho céc
mau khi quan: cefmetazole natri, 240 pg/ml; lincomycin
hydrochloride, 120 pg/ml; vancomycin hydroclorua,
50 pg/ml; va polymixin B sulfat, 1000 U/ml) trong 24 gio &
4°C. Tuy nhién, co I& vi day 1a nghién ctru thyc nghiém nén
tac gia da khong bao cao két qua vé cac chung vi sinh vat
phan lap duoc trén mau khi quan bao quan. Kinh nghiém
ctia Ngan hang M6 Singapore thuc hién bao quan 4 mau khi
quén, sir dung hai phac d6 khang sinh khac nhau. Phac do
¢6 penicillin va streptomycin khong hiéu qua, vi vi khuan
va ndm van ton tai. Phac dd c6 amikacin, vancomycin va
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amphotericin B hi¢u qua hon. Klebsiella da dugc phan lap
va nhay cam voi amikacin, vi khuén van khong bi loai bo
hoan toan. Méc du, tac gia da thanh cong trong viéc thu
duogc két qua nudi cay vi sinh 4m tinh sau khtr nhidm & mot
manh ghép khac dugc xu 1y béng quy trinh trén, nhung do
s6 lugng mo bao quan it gay kho khin cho viée xac dinh liéu
phac db khang sinh c¢6 thuc sy hiéu qua khong [2].

Trong nghién ctru cua chiing t6i, ty 16 nhidm khuan trudce
khir nhiém 1a 13/13 (100%) (bang 5); vi khuan phd bién
la Acinetobacter baumannii (8/18 chung) va Klebsiella
pneumoniae (6/18 ching) (biéu d6 1). Trong cac vi khuan
phan 1ap dugc hau hét 1a vi khuan da khang: Klebsiella
pneumoniae (khadng 7/7 loai khang sinh thu nghiém);
Pseudomonas aeruginosa (4/5); Enterobacter cloacae va
Staphylococcus aureus MRSA (8/13), cc vi khuan da khang
nay con nhay véi colistin. O giai doan sau khtr nhidm trong
5 mau dau tién ching t6i phat hién vi khuan tai thoi diém
sau khir nhiém bang khang sinh d6i v6i 3/5 (60%) mau cho
thdy quy trinh khtr nhiém khéng sinh (100 ug/ml amikacin,
50 ug/ml vancomycin and 0,02 mg/ml amphotericin B) chua
thuc sy hi¢u qua khi chi thanh cong trén 2 trong 5 mau khi
quan va thit bai & 3 mau con lai. Nhu vay, véi dit liéu ban
dau, chung t61 da xem xét lya chon lai loai khang sinh va lidu
luong dé phu hop véi phd vi khuan da phan 1ap trén 5 mau
dau tién tai Ngan hang M6. Tir mau tht 6, chung toi bd sung
colistin ndng d6 500 IU/ml. Vi hdn hop khang sinh méi da
hiéu qua hon, két qua nhom nghién ctru da khir nhidm thanh
cong 7/8 trudng hop tiép theo, chi that bai ¢ 1/8 trudng hop.
Trong sb cac vi khuan phan l4p duoc, c6 hai ching vi khuan
1a truc khudn mu xanh - Pseudomonas aeruginosa, va tu
cau vang khang methicillin - Staphylococcus aureus MRSA
duge xép vao nhém vi khuan c6 kha ning gy bénh va co
doc luc cao theo danh sach khuyén nghi cia Hiép hoi Ngan
hang M6 Hoa Ky (AATB) [7] va Cuc quan 1y chat lugng
dugc va cham soc stc khoé chau Au (EDQM) [10] can
duogc hity bo néu xuét hién & bét ctr giai doan nao trong qua
trinh xtr Iy va bado quan mod.

vé quy trinh bdo quan, chiing t6i st dung quy trinh bao
quan khi quan bang phwong phap lanh sdu ha nhiét do theo
chuong trinh ¢6 sir dung chit bao quan, trong d6 dung dich
bao quan lanh 12 hdn hop bao gdm: Dung dich RPMI 1640,
15% DMSO, va 4% albumin nguoi. Quy trinh nay da dugc
ap dung thanh cong bai mot sb tac gia trong viéc bao quan
khi quan. Nghién ctru cta J.Y. Mabrut va cs (2001) [11] cho
thay, cac dic diém moé hoc va co hoc cua khi quan dugc duy
tri sau khi déng lanh bang cach st dung albumin, DMSO
lam chat bao vé lanh, quy trinh sau d6 ciing dugc ap dung
thanh cong bdi tac gia W.L. Heng va cs (2013) [2] trong
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viéc bao quan khi quan tai Ngan hang Mo Singapore. Trudc
d6 nhiéu nghién ctru thuc nghiém khac déu di chimg minh
cac khia canh khac nhau ciia viéc bao quan khi quan bang
phuong phap lanh sau. T. Murakawa va cs (2002) [5] bao
c4o vé kha ning sinh mién dich ctia manh ghép khi quan
ddng loai da bi giam di do bao quan lanh va viéc ghép dong
loai khi quan bao quan lanh da thanh cong ma khong st
dung trc ché mién dich. K. Kushibe va cs (2001) [12] danh
gid vé viéc duy tri kha ning sdng cua sun khi quan bang
bao quan lanh lau dai, két luan ring kha nang song cua sun
khi quan sau bao quan lanh con 67 dén 76%. Tac gia T.
Mukaida va cs (1998) [13] khi danh gia vé& ngudn gdc cta
biéu mé tai sinh trong ghép khi quan dong lanh, cho thiy
biéu md & manh ghép mat di 20 ngay sau ghép, biéu mé vat
chu s& bao phu 50 ngay sau khi cay ghép. Nhu vay, bang cac
nghién ctru thuc nghiém, cac tac gia khac nhau da xac nhan
tinh kha thi cta quy trinh bao quan khi quan bang phuong
phap bao quan lanh, mang lai nhiing hi¢u qua nhu: giam
tinh sinh mién dich, duy tri dic diém mé hoc va co hoc, duy
tri kha nang séng cua sun cling nhu tao diéu kién cho viéc
biéu mé hoa sau khi ghép [5, 11-13]. Trong nghién ctru ctia
chiing t6i, danh gia mo6 hoc duoc thuc hién cho 13 méu khi
quan tuoi trude khi bao quan va 13 mau dugc danh gia mo
hoc sau bao quan lanh, trong d6 3 mau sau 1 thang; 4 miu
sau 3 thang; 3 miu sau 6 thang va 3 miu sau 12 thang dé so
sanh cu trac mo hoc voi mau tuoi. Két qua cho théy, 13/13
(100%) mau déu giit duoc nguyén cau triic mé hoc ddi voi
té bao sun, té bao soi than kinh, cic mach mau va cac tuyén
nhay phu thudc, sau thoi gian bao quan tir 1 dén 12 thang
(bang 6). Riéng ddi vai cdu tric 16p biéu mo, ca 13/13 miu
déu bi bong tir mirc d6 nhe dén toan by, didu nay co lgi cho
viéc ghép khi quan sau nay vi lam giam tinh sinh mién dich
ctia mo ghép nhu di duoc bao cdo & mot sb tac gia [2, 5].

4.3. Ghép khi quin

Ghép, tai tao khi quan, vat liéu thay thé khi quan trong
cac nghién ctru dugc bao cao chia lam 5 nhém: Vit li€u
nhan tao tong hop (synthetic prosthesis); Ghép to chirc
tu than (autologous); Ghép khi quan homograft (tracheal
transplantation); Ghép bang t6 chirc dong loai (allograft);
Tai tao mo (tissue engineering) [1, 3]. Tuy nhién, cac nghién
ctru ing dung va danh gia hiéu qua cta cac nhom vat liéu rat
it va roi rac, chu yéu do két qua khong tt hodc khong chic
chan. Do véy cho téi nay van chua thé tim ra mot phuong
phap thay thé khi quan wu viét nhat. Trong nghién ctru té)ng
hop c6 h¢ théng cua A.M. Greaney va cs (2021) [14], tat ca
cac bao cao di cong bd vé ghép khi quan dé stra chira cac
khiém khuyét chu vi doan dai & nguoi, tir bao cao dau tién
vao nim 1898 dén bio cdo gin day nhit vao nim 2018, tong
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cong ¢6 290 trudng hop 1am sang. Nhom vt liéu tong hop
dugc sir dung dau tién vao trudc nam 1960, gdm khi quan
nhan tao dang cung (Solid prosthesis) va khi quan nhan tao
dang x6p (Porous prosthesis) tuy nhién cac nghién ctru ap
dung déu cho két qua han ché, ty 1€ bién chung, ty 1€ ti
vong cao sau ghép, hién nay khong con la lya chon kha thi
[1, 3]. Khi quan mé ghép dong loai duoc lay tir nguoi hién
chét ndo, dua vao ngan hang méd bao quan. C6 nhidu phuong
phap bao quan nhu st dung héa chit, bio quan lanh sau
¢6 chiéu xa, bao quan lanh sau su dung chét bao quan va
ha nhiét d¢ kiém soat. Ghép bang khi quan bao quan bang
phuong phép xir Iy hoa chat: ty 1¢ sdng sau ghép 89-90%, ty
1¢ bién chimg va ty 1& phai can thiép lai cao 61,5%. Thé giéi
ghi nhan khoang 40 truong hop [2, 9]. Khi quan bao quan
lanh su c6 chiéu xa 25 kGy dugc bao cao boi S. Kunachak
va cs (2000) [8], c6 4 bénh nhan, thoi gian theo doi: 18-20
thang, ty 1é thanh cong 3/4 (75%), 1 bénh nhan nhiém tring,
tai hep. Ghép khi quan tai tao mach, khi quan ngudi hién
dugc vui dudi mot by phan khac cua co thé dé tang tan
tao mach, sau do dugc ghép lai cho nguoi bénh. Két qua
kha tot véi khoang 72 truong hop duoc bao cdo, thoi gian
theo doi >10 nam [14]. Khi quan bao quan lanh sau st dung
mdi truong bao quan va ha nhiét do kiém soat, di c6 nhicu
nghién ctru thyc nghiém cho két qua kha tdt, day 1a ky thuat
ma Ngan hang M6, Bénh vién Hitu nghi Viét Buc ap dung
hién nay. Thé gi¢i chua ghi nhan ca ghép nao trén 1am sang.
Trong s6 13 mau khi quan bao quan, sau khi danh gia mé
ghép du tiéu chuén bao gdm vé tring va cdu tric mé hoc,
Bénh vién Hiru nghi Viét Dirc da thyuc hién ghép 1an dau tién
cho bénh nhan nam 25 tudi, duoc chan doan sco hep thuc
quan, seo hep thanh khi quan sau chén thuong (hinh 1). Sau
ghép mot thang, bénh nhan da ty thé duoc binh thuong,
n6i dugc (dm lwong nho), an udng binh thudng, vét mo tai
khi quéan khd, lién seo tot. Sau ghép 3 thang, bénh nhan da
tang 10 kg véi thé trang khoé manh, tu thd qua mii, ty an.
Poan khi quan ghép: hong, khong xung huyét, khong hoai
tu, khong hep.

5. Két luan

Nghién ctru da thyc hién bao quan 13 doan khi quan tir
ngudi hién chét ndo. M6 khi quan dugc thu hdi, xu 1y va
bdo quan lanh sau c6 9/13 (69,2%) mau mo dam bao vo
khuan, xét nghiém huyét thanh hoc 4m tinh; 13/13 (100%)
giit duoc ciu truc dai thé va cau tric vi thé sau rd dong trong
thoi gian bao quan tir 1 dén 12 thang. M6 khi quan sau bao
quan dugc ghép thanh cong cho mot nguoi bénh seo hep
thanh khi quan sau chan thuong, két qua sau ghép 1-3 thang
tbt. S6 luong ca bénh con han ché, thoi gian theo doi ngén
can ¢ nhiing nghién ctru tiép theo dé phan tich két qua ghép
trong dai han.
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Tom tit:

Tén thwong sun khép do thodi héa hoic chin thwong, néu khong dwoc phat hién sé'm va diéu tri kip thoi sé din dén
diy nhanh qua trinh thoai héa khép, anh hwéng dén chirc ning ciia khép. Do tinh chét vé mach, thin kinh ciia mé
sun, vi¢c sira chira hoan toan sun hyaline vin dang 13 mgt thach thirc 16n véi cic nha nghién ciru. Bén canh dé, viée
danh gia mirc d9 tén thwong ciing nhu hiéu qua ciia cac phwong phap diéu tri dbi véi ton thwong sun ciing rit quan
trong. Mac du cé nhjéu phuong phép theo ddi doc khong xAm 14n nhuw siéu 4m va cong hwdng tir nhung méd bénh
hoc vén 1a “tiéu chuén vang” dé phan tich danh gia chit lweng sun khép. Tuy nhién cho dén nay, tai Viét Nam viéc
nghién ciru md bénh sun vin chwa dwoc tién hanh thwong quy. Nghién ciru nay nhim xay dung quy trinh danh gia
mé bénh tén thwong sun khép ca trén nguoi va trén dong vat thwe nghiém hiéu qua, dé trién khai va dang tin ciy.

Tir khéa: Safranin O, tii tao sun, ton thwong sun.
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Abstract:

Cartilage damage caused by degeneration or injury can accelerate joint deterioration, leading to impaired joint
function if it is not detected and treated in time. Due to the avascular and nerveless nature of cartilage tissue,
fully repairing hyaline cartilage remains a challenge for researchers. Besides, assessing the severity of damage and
the effectiveness of treatment for cartilage damage is very important. Although various non-invasive longitudinal
monitoring methods, such as ultrasound and magnetic resonance imaging, histopathology remains the “gold
standard” for assessing joint cartilage quality. However, research on cartilage histopathology in Vietnam is still
not yet widely conducted. This research aims to establish an efficient, feasible, and reliable evaluation process for
cartilage histopathology in humans and experimental animals.

Keywords: cartilage damage, repaired cartilage, Safranin O.
Classification number: 3.2
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1. Dat van de

Tén thuong sun khép sau chdn thwong va thoai hoa
khop anh huong dén chat luong cude sdng ctia hon 300
triéu ngudi trén toan thé gidi, gay ra nhitng ganh ning dang
ké dbi v6i ca nhan nguoi bénh va nén kinh té xa hoi [1].
Tén thuong sun thudng gap ¢ ngudi 16n tudi do qua trinh
thoai hoa khop gy ra. Tuy nhién nhitng bao cdo gan day
cho théy tinh trang ton thuong sun dang ngay cang tré hoa
xudt phat tir cac tén thuong cép tinh do chén thuong, néu
khong dugc diéu tri kip thoi s& ddy nhanh qua trinh thoai
hoa khop, gdy mat sun lan téa trén dién rong [2]. Cac bién
phéap can thiép sfra chita sun sau ton thuong & giai doan
som la vo cung can thiét tuy nhién do tinh v6 mach, thin
kinh ctia md sun, céu triic nén ngoai bao phtrc tap va sy sao
chép té bao chondrocyte han ché nén chua c6 lidu phap sira
chita sun nao thyc sy c¢6 hi¢u qua [3-5]. Té bao géc trung
mé (Mesenchymal stem cell - MSC) véi kha nang tu dbi
moi, biét hoa thanh té bao sun, déng thoi co kha ning tiét
ra cac yéu td diéu hoa mién dich, chéng viém, tai tao mach
mau, ngan chan sy chét té bao. Do do, liéu phap MSC dang
dugc danh gia 1a mot trong nhitng liéu phap tiém ning dic
biét trong diéu tri ton thuong sun. Hang loat nghién ctru da
dugc tién hanh trén nhiéu mo hinh khac nhau, tuy nhién két
qua danh gia kha nang tai tao sun sau diéu tri bang liéu phap
MSC giita céc nghién ctru con chwa c6 tinh théng nhat. Sy
khac nhau trong lya chon phuong phép danh gia kha nang
tai tao sun 1a mot trong nhiing yéu t6 dan dén su thiéu théng
nhét giita cac nghién ciru. C6 hai phuong phéap dénh gia tinh
trang ton thuong sun ciing nhu kha ning tai tao mo sun dang
dugc str dung hién nay 1a xam I4n va khong xam lan.

Céc phuong phap khong xam l1an nhu chup X-quang
thuong quy, siéu am, CT cé gia tri trong chin doan giai
doan thoai hoa khop, tuy vay trong giai doan dau cua bénh
thi rat it hodc khong c6 su thay déi rd rang t6n thuong duoc
ghi nhan trén X-quang. Chup cong tir rat ¢ gia tri trong
phan tich nhitng t6n thuong cac thanh phan cua khop nhu
day chang, sun chém, bé mat sun khop; tuy nhién, quy trinh
phan tich danh gia chat lugng sun van chua thong nhét giita
c4c co s& chan doan hinh anh [6].

Phuong phap xam ldn: Mo khép quan sat dai thé hay
qua ndi soi khop 1€iy mau sun lam mo bénh hoc van duogc
danh gia 14 “tiéu chuan vang” trong chan doan t6n thuong
sun khop ngay tir giai doan som cua bénh. La phuong phap
hitu ich, d& trién khai thuc hién & cac tuyén bénh vién co
khoa giai phau bénh. Mic du vy, viéc chuin héa quy trinh
mb hoc dé phan tich ton thuong sun khép trén 1dm sang con
chua dugc ap dung thuong quy tai Viét Nam. Do do, chung
t6i tién hanh nghién ctru nay nham muc dich thiét lap quy
trinh danh gid mo bénh hoc trong t6n thuong sun khop trén
nguoi va dong vat thuc nghiém.
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2. Déi tuong va phuong phap nghién ciiu
2.1. Poi twong

- Trén ngudi, chung t6i thu thap mau sun 16i cau dui cat
bo cua bénh nhan dugc thay khop goi, bao gom 2 khu vuce
trén quan sat dai thé: vung sun lanh va vung sun thoai hoa.

- Trén dong vat nghién ctru la cho thue nghiém, bao gom
méu sun 16i cau dui ving chiu tai trong cua khop gbi trén
ché khée manh binh thuong va mau sun thoai hoa 2-3 thing
sau khi tao ton thuong khuyét sun.

2.2. Phwong phap nghién ciru
Quan sat dai thé mau sun

Pénh dau bang myc danh diu mé (Tissue marking dye)
trén bé mat sun nham danh gia do sau mat sun trong danh
gia dai thé. Muc danh dau bam dinh vao sun bi nit, v& (cac
mang den) va do d6 chung ta c6 thé so sanh véi sun binh
thuong xung quanh. Panh déu bang muc danh dau cung
gip cho viéc xac dinh mat cit dam bao lat cét tir bé mat
sun xudng xuong dudi sun. Bé& mit sun dugc danh dau bang
muec trong t6i thiéu 15 gidy. C6 thé dung cac mau muyc khac
nhau dé danh diu cac ving khac nhau ciia mé syn.

Phirong phép cé dinh va khir canxi mau sun

Puoc str dung thuong xuyén nhéat dé danh gia mé hoc la
¢d dinh miu moé trong dung dich formalin dém trung tinh
10%, khir canxi bang cac dung dich khac nhau nhu axit
ethylenediaminetetraacetic (EDTA) 10%, axit formic 5%,
acid nitric 10-20%... sau d6 chuyen vao quy trinh vui md
tam parafin thong thuong. Dé day nhanh qua trinh khir canxi
& cac mau cua cac loai 1én hon (cho, clru, ngua), c6 thé cat/
cua mau thanh céc 14t cat day 5 mm trude khi tién hanh khu
canxi.

Mic du qua trinh khir canxi bang EDTA 1a t6i wu dé bao
quan proteoglycan va duoc khuyén céo dung cho cic mau
can thuc hién k¥ thuat lai tai chd, khir canxi bé‘mg axit formic
hodc axit nitric ¢6 vu diém 1a rat nhanh. C6 thé kiém tra viéc
khir canxi da hoan thanh hay chua bang cach nhiéu cach
nhu: thém amoni oxalat vao mot phﬁn dung dich khtr canxi,
néu khong con tao ra két tia canxi khi thém thi dat yéu cau
(phuong phap Rosen); dung dao cét qua dugc; dung kim
cham qua dugc; ding tay kiém tra thiy mau da mém... Sau
khi xac nhan qua trinh khir canxi da hoan tat, mo duoc ria
sach axit dudi voi nudce chay trong 5-10 phit, sau do dua lai
vao dung dich ¢b dinh NBF 10% cho chuyén dtc mo6 bénh
hoc tm paraffin va tao khéi paraffin nhu thuong quy.

Trong quy trinh ching t6i thuc hién, cac mau md sun
sau khi dugc 1ay ra tir 6 khop tir cac ving ton thuong khac
nhau dugc cho ngay vao dung dich NBF 10% dé qua dém.
Ngay hom sau, cac mau dugc 1ay ra va danh dau ving lanh,
ving ton thuong bang myc danh ddu mé. Ving lanh s& dugc
danh dau mau vang, ving ton thuong duoc danh dau mau

n
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d6. Tiép d6, mau dugc chuyén vao cassete twong ng da co
thong tin ma mau va tién hanh khir canxi bang dung dich
axit nitric 10%. Sau 8 tiéng kiém tra 1 luot. Sau khi cac
viing c6 xuong di duge khir canxi hoan toan, mau dugc rira
sach axit dudi voi nude chay 5 phit va chuyén lai vao dung
dich NBF 10% cho xtr 1y tiép nhu mau mo thuong quy.

Phwong phap xur [y mé

Miu duoc xur Iy bing may xtr Iy mé kin tu dong VIP6
Al Sakura voi chuong trinh chay thuong quy nhu ¢ bang 1.

Bang 1. Chwong trinh xt¢ ly mo trén may xt ly mé kin tw dong
VIP6 Al Sakura.

Ching sb Tén héa chat Thaoi gian

1 NBF 10% 1 gio 30 phut
2 NBF 10% 1 gio 30 phut
3 Cdn 70° 1 giov

4 Cbdn 80° 1 gioy

5 Cdn 90° 1 gioy

6 Cbon tuyét dbi 1 gio

7 Cbn tuyét dbi 1 gio

8 Toluene 1 1 gio 15 phut
9 Toluene 2 1 gio 15 phut
10 Toluene 3 1 gio 15 phut
11 Paraffin 1 1 gio 15 phut
12 Paraffin 2 1 gio

13 Paraffin 3 1 gio

Téng thoi gian 15 gio

buic khuon va cat manh mo

Sau khi qua trinh xu ly mo trong may xu ly mo kin tu
dong hoan tat, léy mau ra khoi may, tién hanh duc tao khéi
(block) paraffin. Trudc khi dac block, dé phuc vu danh gia
ton thuong sun cling nhu su phuc hdi sun sau diéu tri, tién
hanh cit dé co6 mit cit ding doc (sagittal) tir bé mat sun t6i
xuong dudi sun trong do bé mit da duoc danh dau béng muc
danh dau mé. Céc 1at cit duoc dat vao khudn dang chiéu sao
cho khi cit léy dugc toan bo mit cit dtng doc nhu trén.

Block paraffin dugc dem ra cit manh bé“mg ’méy cit doc
quay tay HMS325 - Microm vé6i d day lat cat 3 pm nhu
nhau gilra cac lat cat.

Nhuom Hematoxylin - Eosin (HE)

Hoa chét: Dung dich Erythrosin B 1%: Erythrosin B
(Sigma): 10 g, nudc cat: 1000 ml. Dung dich Hematoxylin
Harris (Cancer Dianogtics).

Céc budce tién hanh: MAu sau khi cit va dan lam duoc dat
trong ti 4m 60°C trong vong 1 gid sau d6 dugc tiy parafin
trong 3 bé toluene, 5 phut/bé, sau do loai toluene qua 3 bé
con 100°; 90°; 70°, 3 phﬁt/bé. Lam kinh sau d6 dugc rira
dudi voi nudc chay 10 phut trude khi nhudém nhén bang
dung dich Hematoxylin 1-3 phut. Loai bo thudc nhugm con
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du va lam xanh nhan bang cach rira dudi voi nude am 35-
40°C trong 5 phut. Kiém tra mau cua nhan qua kinh hién vi,
néu dam co thé tiy nhe bang cdn - acid. Bao tuong dugc
nhudém bang dung dich Erythrosin B 1% trong 2 pht, sau
d6 loai boé thubée nhudm thira, trang ti€u ban va loai nudc
trong md bang cach cho qua 3 bé con tuyét dbi. Kiém tra lai
mau bao tuong qua kinh hién vi, néu dam c6 thé trang thém
2-3 1an, dé lam kho tu nhién va gén lamen.

Nhan dinh két qua: Toan bd chat nén sun c6 mau hf”)ng
tim, phan xwong dudi sun c6 mau hong dén do, nhan mau
xanh tim. Cin ¢t vao ranh gidi giita cac ving dé xac dinh
do day cua sun.

Nhuom hoa mé danh gia ham lwong proteoglycan

Safranin O: Safranin 1a thudc nhudm tich dién duong
(cationic) duoc s dung kha phd bién trong vi sinh gitp
phan biét cac vi khuan Gram. Tinh cationic ctia Safranin da
tao ra lién két véi proteoglycan - mot thanh phan quan trong
ctia mo sun ¢6 tinh axit, nho d6 ¢ thé danh gia duoc tinh
chit ctia mo sun.

Chudn bi héa chat: Hematoxylin Harris (Cancer
Dianogtics); dung dich Fast green (FCF) 0,001%; thudc
nhuom phfim Fast green, FCF: 0,01 g; nudc cat: 1.000 ml;
acid acetic 1%, glacial: 1 ml; nudc cat: 99 ml; Safranin O
0,1%; Safranin O: 0,1 g; nudc cat: 100 ml.

Céc budc tién hanh: Twong tu nhu nhuém HE, cac mau
sau khi cat va dan lam dugc dit siy kho, tiy parafin bang
toluene, loai toluene bé’lng con nhu trén. Lam kinh sau d6
cling dugc rua dudi voi nudce chay 10 phut trude khi nhudm
nhan bang dung dich Hematoxylin 1-2 phat. Loai bé thude
nhudém con du va lam xanh nhan bang cach rira nudc chay
(nude 4m 35-40°C) 10 phut.

Tiép tuc nhudm Light Green 5 phut sau d6 13y ra, thaim
bot dich thura va cho qua dung dich axit acetic 1% trong
10 gidy, lay ra tham bot dich thira. Nhuém bao twong bang
dung dich Safranin O 0,1% trong 5 phut, tham bot dich thira
va trang qua bé con tuyét d6i. Kiém tra lai mau bao twong
qua kinh hién vi, néu dam co thé trang thém 2-3 lan, dé lam
khé ty nhién va gin lamen.

Nhan dinh két qua: Toan bo chit nén sun ¢6 mau cam
d6 chuyén dan sang mau xanh khi ham huong proteoglycan
giam dén, nhan té bao mau xanh tim nhat, bao tuong c6 mau
xanh xam, phan xwong dudi sun c6 mau hong dén do, nhan
mau xanh lam. Can c(r vao ranh gidi giira cac ving dé xac
dinh ving ton thuong, vung sun lanh ving sun tai tao [7, 8].

3. Két qua
3.1. Quan sdt dgi thé, ld'y méu

Céc mau nghién ctiru dugc mo khdp quan sat dai thé va
lay mau sun & ca khu vuc ton thuong, khu vuc tan tao va
khu vuc mo6 lanh (hinh 1).
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(A) (B)

Hinh 1. M& khé&p quan sat dai thé (A), danh gia vi tri tdn thwong va
ldy mau sun lam mé bénh hoc (B).

3.2. Két qud danh gid chit lwgng sun dpng vit thuc
nghiém bang nhupom HE va Safranin O

Céc cé thé thyc nghiém trudc khi mé khép 1ay mau duge
chup cong hudng tir 1.5T 1am co s¢ hinh anh tham chiéu
voi két qua mo bénh hoc. Dya trén Kkét qua hinh anh mé
bénh hoc, céc ca thé nghién ctu dugc chia lam 2 nhom: sun
thudng va c6 ton thuong khuyét sun: mé tén tao (hinh 2).

Safranin O

Hinh 2. Hinh anh céng hwéng tir va két qua nhuém mé sun lanh
va 2 mau mé tan tao.

3.3. Két qud phdn tich mau sun nguoi bﬁng Safranin O

Manh sinh thiét sun nguoi dugce tién hanh nhudém HE va
Safranin O theo quy trinh da dugc ti uru trén mau dong vt.
Céac vung lanh, thoai héa dugc ghi nhan dai thé trén phim
chup cong huong tir. Hinh anh dugc ghi nhan trén ca ving
lanh (1), ving thodi hoa (2) va thé loose body (3) (hinh 3
va4).

Hinh 3. Chup céng hwéng tir khép goi thoai héa va cac vi tri lay
mau sinh thiét.
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Sun
thudng

Sun
thoai |
hoa

Safranin O 10x

Safranin O 4x

Hinh 4. Hinh anh mé bénh hoc trén miu sun ngw®i I&n nhudém
HE/4x - nhuém Safranin O/4x va 10x.

4. Ban luan

Sun 12 mot loai mé lién két, khong c6 mach mau va than
kinh, cac t& bao sun nam rai rac va duoc ¢ dinh chic chin
trong chét nén dugc tao boi cac soi collagen dan hoi. Cau
tric nay khién cho céc té bao sun khé tiép nhan ngudn dinh
dudng dan dén kha ning ty sira chita ton thuong bi han ché.
Proteoglycan 1a thanh phan chinh cua chét nén sun cung voi
collagen va lipid. Tinh chét cta sun duogc quyét dinh boi su
¢6 mat cling nhu mat do cua té bao sun cling nhu cac thanh
phén tham gia vao ciu triic chit nén ké trén. Dya vao d6 mo
sun dugc phan lam ba loai: sun hyaline, sun sgi va sun chun
(elastic cartilage) (hinh 5).

(A) (B) (©)
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Chat nén nhin
o rang hon

Lop sgi collagen  Lop té bao phing Cc sgi chun nhin
day dic hen va ¢6 10 chize  thdy trong ma trin

Hinh 5. C4u tric cac loai sun. (A) Sun hyaline, (B) Sun soi, (C) Sun
chun [9].

+ Sun hyalin: 14 16p sun quan trong va phd bién nhét nim
trén bé mit cia mo sun. Cu triic sun hyaline tao nén 16p bé
mit tron nhin gilp giam ma sat, hd tro sy tron trugt trong
céc chuyén dong cuia khop.

+ Sun soi la loai syn crng nhat, c6 nhiéu sg¢i collagen,
¢6 tinh bén va déo dai cao, dugc tim thay trong cac dia dém,
sun chém khoép goi, khép mu...
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+ Sun dan hdi - sun chun: ¢6 tinh dan hoi, mau vang,
dugc tim thiy & phan nang d& bén trong cia tai ngoai va
trong nép thanh quan.

Trong thuc hanh 1am sang d6i v6i ton thuong sun khop.
Viéc tai tao hoan toan syn hyaline dén nay van la mot thach
thtrc. Do vay, viéc phan tich cAu trac mo tai tao 1a hét strc
quan trong d6i v6i cac nha nghién ctru. Tiéu chudn vang cho
viéc danh gid nay 1a m6 bénh hoc. Phuong phap phan tich
mo bénh hoc béng nhudm HE dugc su dung rong rai hién
nay chi c6 thé cho phép phan tich cdu triic phan bd cua cac
16p té bao trong md sun ma khong danh gia dugc tinh chat
ctia cac thanh phan ciu tao nén chat nén cua mo sun nhu
collagen, proteoglycan.

Thubc nhudm safranin c¢6 lién két 4i luc véi proteoglycan
c6 tinh axit va glycosaminoglycan trong chat nén mé sun
tao thanh mau héng tim. Mat d§ mau tuong phan sy c6 mét
clia proteogycan trong chat nén mé sun giup danh gia tinh
nguyén ven, ban chét ciia md tai tao tai cac vi tri sau ton
thwong 1a sun hay t6 chtrc xo sgi [10]. Nhu trong hinh 2 trén
mo hinh dong vat, hinh anh mé tan tao sb 1 (hinh 2B) cho
théy, mic du tai vi tri ton thuong da co6 sy tan tao mo moi
nhung hinh dnh nhu¢m Safranin cho théy, murc do biéu hién
clia proteogycan trong 16p chat nén ctia mo tan tao chua
dugc ddng déu nhu khu vire mé lanh (hinh 2A). Sy mit biéu
hién cua proteoglycan trong 16p nén ctia mé sun tai tao dugc
thé hién rd hon trong hinh 2C. Toan bd 16p mé tai tao khong
bét mau véi Safranin cho thay, mic du c6 su lap day to chic
nhu hinh dnh nhu¢m HE va quan sat trén MRI nhung ban
chat khong c6 thanh phan cua proteoglycan nén dé chi 14 to
chirc xo soi.

Dé thir nghiém kha ning tmg dung k¥ thuat danh gia chat
lwong sun trén ngudi bang nhuom Safranin, nhém nghién
ctru tién hanh hanh trén miu sun phan khép cét bo cua bénh
nhéan thay khop gbi. Két qua dugc thé hién trén hinh 3 cho
thiy, chup cong huong tir cho phép quan sat cac vi tri ton
thuong; vdi ky thuat nhuém HE méc du phan tich duoc ciu
tric cac 16p, ) lugng té bao tai vi tri ton thuong (hinh 4A),
nhung chi véi nhu¢m Safranin O (hinh 4B, 4C), chung ta
méi ¢ thé xac dinh duge chinh xac mirc d6 thoai hoa cua
sun khop dua vao su biéu hién ciia thanh phan proteoglycan
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bit mau dic hiéu véi thubc nhudém safranin, 16p bit mau
xanh thé hién sy c¢bt hoa cia mé sun. Két qua nay cho théy,
k§ thudt nhuém Safranin O lam sang t6 hon ban chat ciia cac
mb tai vi tri ton thuong, tir 6 danh gia chinh xac hon higu
qua cua cac phuong phap can thiép.

5. Két luan

Két qua cua nghién ciru ndy cho thiy, ky thuat danh gia
mo bang nhudém Safranin O 1a phuong phap c6 tinh kha thi
cao gitp viéc danh gia chét luong sun dugc toan dién va
chinh xac hon.
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Phan tich tong quan hé thong vé chi phi - hiéu qué ciia apixaban
trong ngan ngira dot quy ¢ ngwoi mac bénh rung nhi

Ha Vin Thiy, Ting Quéc Hung, Nguyén Ngoc Nghia, Bui Thi Xuin®
Truong Dai hoc Y - Duge, Dai hoc Quéc gia Ha Noi, 144 Xuan Thiy, phwong Dich Vong Hdu, quan Cau Gitfy, Ha Noi, Viét Nam
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Tom tit:

Muc tiéu ctiia nghién ciru nhim t6ng hop cac nghién ctru phan tlch chi phi - hiéu qua cia thude apixaban so voi cac
phac db diéu tri hién tai trong phong ngira dot quy, ¢ nguoi mic rung nhi. Nghién ciru sir dung phwong phap tong
quan tai li¢u mdt cach c6 h¢ thong dé danh gia chi phi - hiéu qua ciia apixaban trong ngin ngira dot quy, 6' nguwdi mac
bénh rung nhi trén cac co sé dir liéu PubMed, Thu vién Cochrane, ScienceDirect, Google Scholar. Két qua cho thay,
¢6 16/19 nghién ctru (chiém 84,21%) chirng minh apixaban dat chi phi - hiéu qua (bao gdm 4 nghién ctru apixaban
véi aspirin, 6 nghién ciru apixaban véi warfarin, 1 nghién ciru apixaban véi edoxaban, 1 nghién ctru apixaban véi
dabigatran va 4 nghién ctru thue hién trén nhiéu phac do). Trong dé, 11/16 nghién ciru nhian dugc cac tai tro lién
quan dén Coéng ty Pfizer. Chi cé 3 nghién ciru (chlem 15,79%) khong dat chi phl - hiéu qua, bao gom apixaban so
sanh v6i warfarin tai Na Uy, apixaban so sanh véi din Xuéit coumarin tai chau Au (Anh) va apixaban so sanh véi
warfarin tai Canada. Trong 19 nghlen ctru, ¢6 4 nghién ciru dwge thwe hién tai cac quoc gia va vung lanh thd thudc
chau A nhu: Nhit Ban, A Rap Xé Ut, Pai Loan va Trung Qubc. Cac nghién ctru déu sir dung mo hinh Markov hoac
Markov cai tién, 17/19 nghién ciru sir dung khung thoi gian doi nguoi.

Tir khéa: apixaban, chi phi - hi¢u qua, rung nhi, tong quan hé thong.
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Systematic review analysis of the cost-effectiveness of apixaban in

stroke prevention in people with atrial fibrillation
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Abstract:

This study aims to synthesise studies on the cost-effectiveness of apixaban compared to current treatment regimens
for stroke prevention in people with atrial fibrillation. This study uses a systematic literature review to evaluate the
cost-effectiveness of apixaban in stroke prevention in people with atrial fibrillation across PubMed, The Cochrane
Library, ScienceDirect, and Google Scholar databases. Results indicated that and 16 out of 19 studies (84.21%)
demonstrated cost-effectiveness (including 6 regimens of apixaban with aspirin, 7 regimens of apixaban with
warfarin, 3 regimens of apixaban with edoxaban, and 1 regimen of apixaban with dabigatran, rivaroxaban). Among
them, 11 out of 16 studies received funding from Pfizer. Only 3 studies (15.79%) found apixaban not to be cost-
effective, including comparisons with warfarin in Norway, coumarin derivatives in Europe (UK), and warfarin in
Canada. Among the 19 studies, 4 were conducted in Asian countries, including Japan, Saudi Arabia, Chinese Taipei,
and China. All studies applied Markov or improved Markov models, and 17 out of 19 used a lifetime time frame.

Keywords: apixaban, atrial fibrillation, cost-effectiveness, systematic review.
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1. it van de

Theo théng ké cta T chirc Y té thé gigi (WHO), dot quy
duoc xép hang 1a nguyén nhan gy tir vong thir hai sau bénh
tim thiéu méau cuc b, dung tht ba néu nhu coi cac bénh ung
thu 14 mot nhom. Khodng 85% tong sb ca tir vong do dot quy
duoc ghi nhan & cac qudc gia co thu nhap thip va trung binh,
trong d6 co Viét Nam. Rung nhi man tinh khong do bénh van
tim 1am ting nguy co dot quy 1én nhiéu 1an [1]. Cac dir li¢u tir
Hiép hoi L’ Aquila Stroke Registry (1994-1998) cho thay, ty 18
rung nhi & bénh nhan dot quy thiéu mau cuc bo khoang 24,6%
va ting dén 31,5% trong nam 2011-2012, chiém khoang 1/3
tt ca cac bién ¢b thiéu mau cuc b ndo va ty 1é ndy dang ngay
cang tang [2]. Hon nita, d6t quy thiéu mau cuc bd do rung nhi
dic biét nghiém trong, c6 ty 1¢ tir vong va thuong tat vinh vién
cao nhat. Cu thé, cac bénh nhén bj dot quy lién quan dén rung
nhi c6 ty 1é tir vong 1a 50% trong vong 1 nim (so véi 27% dbi
voi dot quy khong lién quan dén rung nhi) [3].

Thudc apixaban c6 tac dung trc ché yéu to dong mau phong
ngira dot quy, va co hoat tinh ding dudng udng. Apixaban vuot
troi hon warfarin trong viéc ngan ngira dot quy va dap tmg tot
voi bénh nhan ni tri khong dung nap thude khang vitamin K
[4]. Apixaban lam giam nguy co dot quy ma khong lam gia
tang nguy co xudt huyét nang so voi aspirin [5]. Tuy nhién, chi
phi thubc cta apixaban lai cao hon nhiéu lan so v6i warfarin.
Nghién ciru “Phén tich tong quan hé thong vé chi phi - hiéu
qua ctia apixaban trong ngin ngira dot quy ¢ ngudi mac bénh
rung nhi” s& phan tich tong hgp mot sé nghién ctru trén thé
gi6i, nham cung cip bang ching khoa hoc chinh xéc dé hd trg
cac bac sy ké don apixaban trong diéu tri dot quy ¢ nguoi méic
bénh rung nhi, ciing nhu hd trg cac nha hoach dinh chinh sach
trong quyét dinh hudng t6i viéc dua apixaban vao danh muyc
thudc bao hiém y té.

2. Dol tuong va phuong phap nghién ciiu
2.1. Péi twong

Ddi tuong nghién ciru 1a toan b nhitng nghién ciru phan
tich danh gia chi phi - hi¢u qua cia apixaban trong ngan ngura
dot quy & ngudi méac bénh rung nhi tai cic qubc gia cu thé trén
thé gi6i.

Tiéu chuén lya chon: Nghién ctru danh gia ddy du chi phi
- hiéu qua cua apixaban ¢ mot dat nudce cu thé; két qua dau ra
1 c4c chi s6: s6 ICER, QALY; ngon ngir tiéng Anh; dbi tuong:
phong ngira dot quy ¢ ngudi mac bénh rung nhi.

Tiéu chuan loai trir: Khong phai phén tich chi phi - hidu
qua, khong phai thube apixaban, khong dé cap dén yéu tb giam
nguy co dot quy & bénh rung nhi, khong viét bang tiéng Anh,
viéc Iya chon céc nghién ctru khong c6 gi6i han vé thoi gian
cong bd nghién ctru.
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2.2. Phuwong phap nghién ciru

Thiét 14p cAu hoi nghién ctru: Trén thé gidi, chi phi - hiéu
qua cua apixaban trong ngan ngura dot quy ¢ ngudi mac bénh
rung nhi so v&i cac phuong phap diéu tri duge ing dung hién
nay, dugc danh gia nhu thé nao?

Viée tim kiém duge thuc hién trén cac co s¢ dir lidu va
cac trang tra cuu bai bdo: PubMed, The Cochrane Library,
ScienceDirect, Google Scholar tir thang 2 dén thang 4/2023,
nham thu thip cac thong tin danh gia chi phi - hiéu qua cua
apixaban trong ngin ngira dot quy ¢ nguoi mac bénh rung
nhi va cac thong tin lién quan vé bénh hoc va thude. Cau 1énh
tim kiém: ap dung khung PICO d& xac dinh cac tir khoa theo
md ta nhu: Population: dot quy & ngudi mac bénh rung nhi;
Intervention: apixaban; comparison: khong gidi han liéu phéap so
sanh; Outcome: chi phi - hi¢u qua, chi phi - thda dung.

Tim kiém tir dong nghia véi tir khoa bing cong cu Mesh, sir
dung ct phap “Add to search builder” dé luu hét cac tir dong nghia
cua tu khoa (“Stroke in atrial fibrillation” AND (“Apixaban”
OR “Eliquis” OR “BMS 562247” OR “BMS562247” OR
“BMS-562247-01” OR “BMS-562247”) AND (“Analysis,
Cost-Effectiveness” OR “Cost Effectiveness Analysis” OR
“Cost Effectiveness” OR “Effectiveness, Cost” OR “Cost
Effectiveness Ratio” OR “Cost Effectiveness Ratios” OR
“Effectiveness Ratio, Cost” OR “Ratio, Cost Effectiveness” OR
“Cost Utility Analysis” OR “Cost-Utility Analyses” OR “ICER”
OR “QALY” OR “Life Year, Quality-Adjusted” OR “Life Years,
Quality-Adjusted” OR “QALYs” OR “QALY” OR “Quality
Adjusted Life Years” OR “Quality Adjusted Life Year” OR
“Quality-Adjusted Life Year” OR “QALYs” OR “Healthy Years
Equivalents” OR “Healthy Years Equivalent” OR “Equivalents,
Healthy Years” OR “Adjusted Life Years” OR “Adjusted Life
Year” OR “Life Year, Adjusted” OR “Life Years, Adjusted” OR
“Years, Adjusted Life”) vao khung tim kiém cua Pubmed va The
Cochrane Library, tiép tuc tim tir khoa tiép theo va luu lai vao
khung tim kiém bang cach bdm ct phéap trén. Trén ScienceDirect
(“Stroke in atrial fibrillation” AND (“Apixaban” OR “Eliquis”
OR “BMS 562247” OR “BMS562247” OR “BMS-562247-
01” OR “BMS-562247") AND (ICER OR QALY OR Cost
Effectiveness Analysis OR Cost Utility Analysis)) + Ché do tim
kiém “Research article”, ngén ngit nghién ctru “English”. Trén
Google Scholar: Apixaban preventing stroke in atrial Apixaban
cost effectiveness QALY ICER. Panh gia chat lugng cac nghién
ctru: Str dung bang kiém CHEERS [6].

Tong hop va xir Iy thong tin: Hai nghién ctru vién doc
lap tién hanh tim kiém, tong hop cac thong tin: Tac gia, quoc
gia, cost-effectiveness, QALY, ICER... Cac két qua thu dugc
s& duge ddi chiéu néu co bat thuong s¢ thao ludn nhom dé
dwa ra két luan. Cac loai chi phi s& dugc doi sang USD trong
nam quy doi dé thuén tién cho viéc so sanh (quy d6i vé nam
2022 dwa vao chi sé ty gia hdi doai va chi sé gia tidu dung CPI
ctia nudce co nghién ciru cong bd va nudce My. Céc s0 li¢u cap
nhat trén website data.worldbank.org). So do 1 thé hién so do
PRISMA (preferred reporting items for systematic reviews and
meta-analyses) cho qué trinh lya chon nghién ctru.
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Nguon Cochrane

(n=1)

Nguén Science Direct
(=7

Neuon Google Schoolar
(n=20)

Ngudn Pudmed
(n=30)

Saukhi kiém tra tiéu dé va tom tit o 28 bai duoc loai

Tong s bai nghién clru sau khi i vi:

logitircéc bii tring lgp (1=53) - Khng dé cip vé thudc Apixaban (n=9)

- Khéng dé cp vé dy phong dot quy & ngudi mac
bénh rung nhi (n=8)

- Khong phai la phan tich chi phi - hiéu qua (n=9)
- Bai tong quan hé thong khéc (n=1)

: , - Bai khéng phai tiéng anh (n=1
Cdc nghién ciu dgc Iya chon dé e ganh (1)

13 50dt todn van (n=25)

Céc nghién ciru bi loai trir do:
- Khong léy dugc todn van (n=2)

- Thiéu cdc dir Kién quan trong nhur chiét Khdu,

ngudng chitra .. (n=4)

Cic nghién ciru duge dua vao tong

quan hé thong (n=19)

So dé 1. So db dong chay PRISMA cho qua trinh Iwa chon nghién
clru.

3. Két qua

banh gla mirc d6 day du cac tiéu chi noi dung cua nghién
ctru: Tat ca cac bai ‘nghién ctu dugc dua vao tong quan
hé thong s& dugc tién hanh danh gia dua theo bang kiém
CHEERS. Trong 19 bai bao dugc dua vao phéan tich, c6 18
bai bao déu dat trén 20/28 tiéu chi, trong d6 c6 4 nghién ctru
dat 26/28 tiéu chi. C6 1 nghién ctru dat 19 ti€u chi 1a bai
nghién ctru tai My vao ndm 2018. Trong vong 10 nam tr¢
lai day (tur 2013 dén 2023), c¢6 18 bai dap ung t6t theo bang
diém CHEERS cho thay chu dé trén nhan dugc sy quan tim
tir nhiéu quoc giavanény té trén thé gidi.

Céc nghién ctru danh gid chi phi - hi¢u qua cua apixaban
trong ngan ngra dot quy 0 nguoi mac bénh rung nhi dugc phén
tich 1an luot theo 11 ndi dung, bao gom thc gia va qudc gia thuc
hién, ndm cong bo va quy doi gia tri, quan dlem nghién ctiu,
khung thoi gian chay m hinh, mitc chiét khau, ngudn tai trg, can
thiép so sanh, gi4 tri ICER, ngudng chi tra, két qua nghién ctru va
phén tich d6 nhay (bang 1). 19 nghién ctru dugc thuc hién 4 chéu
luc, trong d6 13 nghién ctru & chau Au, 4 nghién ctru ¢ chau A, 1
nghlen cuu ¢ chau Phi va 1 nghién ctiru ¢ chau Pai Duong. Cac
nghién ctru dugc thyc hién ¢ nhidu chau luc va déu dugc cong bd
trong 10 nam tr lai ddy cho thay gia tri tham khao cao.

Bang 1. Pac diém va két qua phan tich chi phi - higu qua cac nghién ctvru dwoc Iwa chon.

IR Iy x oA . A WA oA ~ £ 2
Tai liéu th‘am‘ NAam \ Quan diém nghién K.hung thoi Ch:et s At try Qan thiép so Gié tr{ ICER Ngmg Phin tich 49 nhay Ket.cAlua '
khdo - quoc gia  congbo  ciru gian khau (%) sinh chi tra nghién ciru
m Apixaban v6i 2,061,863 DZD 343021 Trong phin tich PSA, véi ngudng sin sang chi tra 13
Algera 2017 Ngudichiri hgdl el B aspirin ($2.440,007) DZD 5430721 DZD, ICER dat 96% Pt

(86.420,763)
£2685) Trong phin tich PSA, v6i ngudng sin sang chi tr
Cﬁ ADS2=1 <844400, ICER dat dugc la 70% & nhimg bénh nhan c6
BMS, Pfizer, ¢ =) CHADS2=1
18] Dichvuytéquicgia .. . Bayer va Apixaban voi
Vuong quéc Anh 215 Vuong quéc Anh Dainguc 33,35 Bochringer aspirin i it 88% o nhiing bénh nhan diém CHA2DS2-VASc=1 Dt
. (CHA2DS2-VASc=1)
Ingelheim
S 54% va & nhitng bénh nhén diém CHA2DS2-VASc =2-4
(CHA2DS-VASe=2-4) OVEUILITAELS ¢ ¢
9] G ; N Apixaban voi Trong phin tich PSA, véi ngudng sin sang chi tra 13
My 2013 Quandiémxahgi 30 ndm 3,3 Khéng wafarin $15.026 $50.000 $50.000, ICER dat duge 1 45,1% Dat
1 thbng chim 0 - Trong phan tich PSA, ICER dat duoc 1a 40% ¢ b¢nh nhan
[10] PO vongrlrung - - banvei €185 79000 nguy codtquy trung binh
NaU 2014 sickhoecongclia  Doinguoi 4,4 tim Dich vy Y ur $3.511.4 598,360 S - o Chua dat
a Uy NaUy NaUy. Watarin (§23.511.4) (898.360) ICER=40% 6 bénh nhan nguy co ddt quy cao (phan loai
theo CHA2DS2-VASc)
A Ao I . e _ A ~ X 0,
[11] . 2016 lee che Fong 0 R 3535 B, Plzer Apl.x.aban véi $1.061 §33.534 ICFR tl‘{i}p hon ngudng 33.534 USD moi QALY trong 96% Pat
Trung Quoc Hong Kong aspirin §14.867 thir nghiém
Apixaban voi $39.351 Trong phin tich PSA, véi ngudng sin sang chi trd, ICER
wafarin ’ dat duge 1a 90%
(1) S
PiiLoan (Trng 2016 Newdi chitra Poinguoi 35,35  Plizer LTRSS e $50000  95:99% Dat
A dabigatran $41.298
Quoc) :
Apbiaban 6i g5 ) 9%
rivaroxaban
Apixaban voi
13 nv;apro?(aban, Chiem vu the Trong phan tich PSA, ICER dat duge lan lugt twong img
wararin o ~ A R ST S
K msTAr AR R BT SR8 $20.000, voi ngudng dicu tri 94%, 96% (Vi quan thé phi hop
ARap Xe Ut 2019 BoYte ARap Xe Ut Doi ngudi 35,35 BMS, Pfizer Tt $5.166.511.143 $30.000 61 VKA) Dat
I *YKA: doi khdng vitamin K
Aspiinaspiin& s 701 51405
clopidogrel
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PYRTIY M A vy . 79 A ~ A 2
Tanﬂ liéu thﬂrnm‘ Njam . Q'uan diém nghién K‘hung thoi Ch:et Ngubn i trg C'an thiép so Gié tr{ ICER Ng.uo'flg Phin ich d) nhay Ketﬂua ’
khdo - quoc gia  congho  ci gian khau (%) sanh chi tra nghién ciru

. . AU$2.914-AUS13.679  SAUD - N
B:] 2015 Chinhphi Uc Poingdi 5,5 Pfizer ngﬂm Y 5301236 45,000 Z;g‘;iﬂphgl‘g: G e G G
$14.126,51) (846.217,55) ¢
[15] . . N Apixaban véi £20,000 Trong phan tich PSA, voi ngudng sin sang chi tra, ICER
i 015 DihvytAmh  Doingwi 3535 BMSPhaer 0 £6,703 ($6.875,58) NSI619 o 3 8T% Pat
Apixaban voi .; < Trong phén tich PSA, v6i ngudng sén sang chi tra, [CER
edoxaban Gt dat duoc 12 85,6%
Aphabanyti e g 79.0%
2020 dabigatran
[16] Nguoi chi tra Dot nguoi 55 BMS, Pfizer 2L Dat
A ’ ' i 6i g i 33.516,53 -
0 Aprabanvéi e g (33331639 26 e
warfarin
Aplxaban voi 12.743,04 € 61.2%
rivaroxaban (815.266,95)
Vi khung thoi gianl
ndm, apixiban bi
aspirin chiém wu thé
| nim vd Co quan Nghién
17 L daihan (10 o2 Apixaban voi Kéo dai khung thoi Trong phén tich PSA véi md hinh 10 nam, ICER dat duge
Wy W Bohmy€ g > sy bt epicin ganlCBR<ss) 000 g ing v nguing Gl 96 78T O
tirvong) L 000 (mfre 3,5
nim=345.240) &
chiém wu thé vao
nam thir 6
Boehringer . . Trong phan tich PSA, voi ngudng sin sang chi tra £25.000,
L8] 2014 Newdichitra Doingusi 35,35  Ingelheim Apiabanvii o1 gy 0 Tua chon didu tri hiéu qua nhit vé chi phi l dabigatran  Chua dat
Anh dabigatran (825.649,40) L I A
Pharma trong 92% va apixaban trong 8% so lan chay mo hinh
$13 662 (bénh nhan
>65 tudi)
$34 191 (bénh nhin o
[19] o o ) Apixaban véi <65 tudi) Phan tlclh d? nhay xdc fua! ccho t}lay apllxa'ban/c.o IACER:Aﬁl-
5 2016 Ngudi chi tra Doi nguoi 33 Khong . $100.000 98% chi phi trong ngudng sin sang chi trd. Voi bénh nhan ~ Dat
My valuin 31580 CHADS? 3, dabigatran chiém u thé hon
(CHADS2-1) >3, dabigatran chiém wu thé hot
$24 691
(CHADS2=2)
3,1,5(chi  Pfizer, Bristol . " L R T
[20] o N A . Apixaban véi €30,000 Trong phén tich PSA v6i ngudng san sang chi tra, ICER
Bi 2014 Nguoi chi trd Dot nguoi ph{ vahigu  Myers Squibb B €7,334 (87.670,63) (S3356,20) dat duge 97% Dat
qua) (BMS)
o) Vinnghien Lo Trong phan tich PSA véi ngudng sin sing chi
Gt 2013 BYYtéciptinh Poingui 5,5 citu stic khoe ngmn $20,797 $50.000 tré, Dabigatran 13 phuong phap diu trj t6i wu v6i Chua dat
Canada ICER=50,8%, apixaban la 44,1%
[22] o N Apixaban voi Trong phén tich PSA, v6i ngudng sin sang chi tra, [CER
Wy 2017 Ngudi chi tra Doi nguoi 33 BMS, Pfizer wafarin $53925 $100.000 dat e 11 98% Dat
415 Chuong t'rmh L3004 ICER cia apixaban cao nhét trong céc thude chdng dong
ML) el bamviidn (172 dudmg ubng Khic 1 37% Dat
3] S - vé khoa hoc leét e 20,000 g uong °
chiu Au st khoe & vicingnghe : ($20.940,00)
3535 iaLinmipn  (Viduwafarin) €11 470 ICER cia Apixaban I3 35% trong khi ICER cia dabigatean .
(X (512.600,10) 1241% :
[24] o T Apixaban voi 2,135,743 $250000  khi nguong sin sing chi tré duge it 6 mic xdp xi ¥
Nhit Ban 2015 Newichitri Doingusi 22 Ry ($16.182,67) (817.11443)  2.250.000/QALY, ICER cia apixaban 3 >50% Dat
£11,307-
Apixaban voi £32,717 Trong phan tich PSA, véi ngudng sin sang chi tra, ICER
23] Dichvuy té L . dabigatran (814.768,68- £0,000 lan Iwot 12 98-83%
Anh W4 yimgqubcan DO 35,35 Khong 272939 ($27.140,00) Dat
Apbabenv6i e e 85%
rivaroxaban

PSA: Phép phan tich d6 nhay xac suat - probabilistic sensitivity analysis; ICER: Ty 1& chi phi - hiéu qua gia ting; QALY: Ndm
séng diéu chinh theo chat lvong.
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Céc bai nghién ciru ciing dtng trén nhiéu quan diém khac nhau
nhu quan diém cua ngudi chi tra (9), quan diém cua chinh phu (7,
quan diém cua bao hiém y té va xa hoi (2), quan diém cta hé thong
cham soc ste khoe (2). Trong do, 1 nghién ciru trén quan diém
nguoi chi tra, 2 nghién ctru theo quan diém hé thong cham soc 1
khong dat chi phi - hiéu qua.

Chi phi tryc tiép trung binh hang ndm trong c4c nghién ciru
bao gdm nhidu loai chi phi, trong d6 chu yéu 1a chi phi dich vu y
té, chi phi thudc men, chi phi kham bénh lién quan. Khi c6 bién ¢6
xay ra thi c6 thém chi phi dé diéu tri cac bién cd. Trong céc chi phi
nay thi gia thanh ctia thude ¢6 anh huong dang ké, do céc thude
nay diéu trj 1au dai va su chénh léch gia giira cac loai thudc 1a rat
16m. Hi¢u qua tang thém duogc tinh toan trong mo hinh 1a khac nhau
giita cac thudc trong cac nghién ctru. Ty so chi phi ting thém va
hiéu qua tang thém dugc cic nghién ctu sir dung dé so sanh véi
ngudng chi tra dé dua ra dugc két luan thude c dat chi phi - higu
qua hay khong.

Tt ca cac nghién ciru déu sir dung mo hinh Markov trong phan
tich chi phi - hi¢u qua, c6 mot s6 nghién ctru chi dé cap tén mo
hinh, mot sb nghién ctru khac thi chi rd su dung mo6 hinh Markov
cai tién dé phu hop voi diéu kién nghién ctru, chi co nghién ctru
cua P.A. Cowper va cs (2017) [22] da sir dung thir nghiém Aristotle
va phuong phap doan hé trong md hinh Markov. Cac nguén sb liéu
vé chi phi cha yéu duoc hdi clru tir cac nguon s6 liéu luu trix quoc
gia. Co mot vai nghién ciru sir dung m hinh chi phi - loi ich dé
mo phong chi phi tron doi. Co 17/19 nghién ctru chay m6 hinh trén
khung thoi gian 1a doi nguoi cho thy gia tri dai han cta nghién
cuu. 16/19 nghién ctru duge nhan tai trg, trong d6 co dén 12 nghién
ciru duogc tai tro 1 phan hodc toan bo tir Cong ty Pfizer 14 cong ty
nghién ciru ra san pham. Cac trang thai sirc khoe dugc md ta trong
mo hinh ¢6 sy khac nhau nhung khong nhiéu. Bénh nhan dua vio
nghién ciru c6 trang thai dau vio la rung nhi khong do bénh van
tim (NVAF), céc thude dugc sir dung khic nhau s& chuyén sang
céc trang thai sttc khoe khac, nhung céc trang thai nay duoc quy
dinh nhu nhau trong ciing 1 nghién ctru. Da sd cic nghién ctru quy
vé trang thai thudc diéu tri 6n dinh (khong xuat hién bién déi trang
thai strc khoe), trang thai bién doi nhe (xay ra cac bién c6 nhung
sau dicu trj sirc khoe phuc hoi khong dé lai di ching), trang thai
bién d6i ning (sau diéu tri dé lai di chimg) va trang thai tir vong.
Mot s6 nghién ctru néu ludn trang thai bién doi nhe 1a nhimg bién
¢b nao, nang la céac bién ¢b nao, hodc ¢6 nghién ctru thi chia nho
thém trang thai strc khoe.

Tét ca 19 nghién ctu st dung phép phan tich do nhay PSA
(phép phén tich d6 nhay xac suit) dugc s dung dé danh gid tac
dong cua sy khong chic chin trong cac thong s6 dau vao cia md
hinh, ching han nhu gia ca, hiéu qué va ty 1¢ mic bénh, dén két qua
ctia phan tich chi phi - hiéu qua. Mot sb bai nghién ciru c6 st dung
phép phan tich 6 nhay mot chiéu (one-way sensitivity analysis).

Trong 19 nghién ctru dugc dua vao phan tich, c6 16 bao cdo
(chiém 84,21%) cho két qua dat chi phi - hiéu qua, bao gom: bao
gém 4 nghién clru apixaban véi aspirin, 6 nghién ctru apixaban
voi warfarin, 1 nghién clru apixaban véi edoxaban, 1 nghién ctu
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apixaban voi dabigatran va 4 nghién ctru thuc hién trén nhiéu phéc
6. C6 3 bao cao cho két qua khong dat chi phi - hiu qua (chiém
15,79%) la nghlen cu'u so sanh: apixaban véi warfarin (Na Uy),
apixaban voi Dan xudt coumarin tai chdu Au (Anh), apixaban
voi warfarin (Canada). Trong cac nghién ctu trén, ¢ nghién ctru
[11] cung cép thém cac sb liéu so sanh apixaban véi dabigatran,
rivaroxaban; nghién ctru [12] so sanh apixaban v6i rivaroxaban,
warfarin, dabigatran, aspirin/aspirin va clopidogrel; nghién ctru
Walter so sanh apixaban voi edoxaban, dabigatran, warfarin,
rivaroxaban déu cho két qua dat vé chi phi - hiéu qua.

bdc biét trong mot nghién ctru thyc hién tai chau Au, cu thé 1a
tai Ha Lan va Anh cho ra hai két qua khac biét. Can thiép so sanh
apixaban voi dan xudt coumarin (vi du: warfarin) tai Ha Lan cho
théy, két qua dat vé chi phi - hi€u qua, con tai Anh thi khong dat
duoc két qua. Két qua nay c6 thé do sy khac biét trong méi truong
cham soc stre khoe va chat lugng diéu tri gitra 2 qudc gia [18].

4. Ban luan

Tai chdu A, c6 4 nghién ctru ciia cic qudc gia va ving lanh tho:
Nhat Ban, A Rap Xé Ut, Pai Loan, Trung Qudc tat ca déu co két
qué dat chi phi - hiéu qua. Cac nudc tai chau A, kha twong dong
vé mit chinh sach va quy dinh, thu nhap va chi phi st dung thudc,
dac diém nhan khau hoc so véi cac nude phat trién khéc, nén co
thé xem xét k§ hon nghién ctru nay dé lam goi ¥ cho cac khuyén
nghi tai Viét Nam.

C6 10/19 bao cao phén tich duya trén quan diém co so thanh
toan chi phi y té hodc t6 chirc nha nudc (gom béo hiém y té, Bo
Y té, thé ché cong, dich vu 'y té va Chinh phu). Quan diém cua tb
chure, co quan dich vu y té mang tinh quyét dinh xem liéu mot
phuong phap diéu tri méi c6 nén duge bao phi hay khong. Trong
s béo c4o trén, ¢ 2 nghién ctru chua dat chi phi - hiéu qua duogc
phén tich dya trén quan diém cua hé thong chiam soc sirc khoe
cong ctia Na Uy va BO Y té cép tinh & Canada. Trong 9 bai nghién
ctru dya trén quan diém ctia ngudi chi tra, thi chi co duy nhét 1 bao
cdo chua dat chi phi - hiéu qua 1a nghién ctu cua Y. Zheng va cs
(2014) [18] tai Anh.

Téng cong, c6 17/19 bao céo co khung thoi gian chay mé hinh
thuong kéo dai sudt ca doi nguoi, tir khi bat dau diéu tri cho dén
khi tr vong. Mot trong nhiing nghién ctru dugc thyc hién tai My
boi S. Lee va cs (2012) [17] da so sanh hi¢u qua gilra apixaban
va aspirin trong ca hai khung thoi gian, bao gom khung thoi gian
ngén han (1 nam) va khung thoi gian dai han (tir 10 ndm dén khi tir
vong). Két qua cho thay, trong khung thoi gian ngén han, aspirin
chiém wu thé hon apixaban, trong khi do, trong khung thoi gian
dai han, apixaban cho chi phi thip hon va mang lai hiéu qua tot
hon so voi aspirin. Tu két qua trén, daé phuc vu diéu tri cac bénh
nhan rung nhi phong ngtra d6t quy dung tir sém va dai han thi
apixaban 1a mot lya chon t61 wu vé mat chi phi - hi¢u qua. Héu hét
nghién ciru st dung khung thoi gian 1a doi nguoi nén viée thuc
hién nghién ctru chi phi - hiéu qua cla apixaban ¢ Viét Nam ciing
nén liy khung thoi gian doi nguoi.
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Trong cac phuong phap du phong va diéu tri dot quy bing
apixaban, chi phi cua thude co thé 1a yéu t6 anh huong 16n t6i chi
s0 ICER do gia thanh apixaban cao gdp nhiéu lan gia cac thudc so
sanh. Néu gi tri ICER vuot ngudng san sang chi tra, phuorng phép
ndy c6 thé khong dat hiéu qua kinh té. Tuy nhién, viéc dam phan
gi4 cta thude apixaban dé dua vao danh muc thube bao hiém y té,
dac biét 1a khi xuét hién cac loai thude generic [a mot trong nhiing
bién phap gitip giam chi phi thudc.

O Viét Nam, muc tiéu diéu tri rung nhi 1a dg phong céc bién
chimg do rung nhi gy ra: vi rung nhi dé hinh thanh cuc mau déng
¢6 thé di chuyén vao tuan hoan va di khip co thé din dén tic
mach, trong d6 thudng gip nht 1a mach nio giy dot quy ndo. Cac
hudng dan diéu tri dy phong déu ¢6 thay doi ché do sinh hoat va
st dung thudc chdng dong. Cac thude chong dong cb co ché 1am
lodng mau, dugc chimg minh 1am giam kha ning tao huyét khéi
& bénh nhan rung nhi va wu tién ding NOAC (thudc chdng dong
mau duong udng méi - novel oral anticoagulant) hon VKA (dbi
khang vitamin K) trir trudng hop c6 van tim nhan tao hoac hep/khit
van hai 14 [26]. Tuy nhién, gid cia NOAC (trong do co apixaban)
thuong cao hon nhiéu VKA va chua dugc bao h1em y té chi tra,
diéu nay ciing 1am cho nhidu bénh nhan chua tiép can dugc véi
céc thude ¢6 higu qua dicu tri cao hon va it tic dung khong mong
mudn hon,

Két qua 16/19 nghién ctru cho thay, apixaban ¢6 chi phi - hiéu
qué hon cac thudc dang luu hanh trén thi trudng, cho thay hiéu qua
chiém wu thé cua apixaban, nhung c6 dén 11 nghién ciru dat chi
phi - hiéu qua c6 dugc sy tai trg mot phﬁn hodc toan bg tir cong ty
Pfizer. Két qua nay goi ¥ nén thyc hién danh gia chi phi - higu qua
ctia apixaban thay vi ding két qua tong quan hé thdng trong bao
céo kinh té duogc trong ho so xét dua thude vao danh muc thude
béo hiém y té cua Viét Nam.
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Bai béo dai khong qua 10 trang (bao gbm ca bang biéu, ghi chu, tai liéu tham khao va phu lyc); font chii: Times New Roman; ¢ chif 13;
kh gidy A4, 1& trén 2 cm, I& dudi 2 cm, 16 trai 3 cm, 1& phai 2 cm.

Bai bao gli qua Hé théng gli bai tryc tuyén tai dia chi https:/b.vjst.vn/index.php/ban_b/about/submissions hodc c6 thé gl truc
tiép dén Tap chi (Phong 507, s6 113 Tran Duy Hung, phudng Trung Hoa, quan CAu Gidy, Ha Noi, Viét Nam) hodc qua hom thu dién td:
khoahocvacongnghevietnam @most.gov.vn.

CA4u tric cla cac loai bai bao khac nhau cé thé thay di tly theo loai hinh nghién ctiu va néi dung clia bai bao. Sau day la chi tiét cac
thanh phan chinh clia bai bao.

Ténbai bao

- Tén bai bao dugc V|et bang tleng Viét va ti€ng Anh, trén trang du cla bai béo, in dam, khdng gach chan hay viét nghiéng.

- Tén bai béo phai ngan gon, rd rang va phu hop véi ndi dung bai bao.

- Phia dudi tén bai b4o 1 tén tac gia khong viét chiic danh va hoc ham, hoc vi. N&u ¢é nhiéu tac gia 1am viéc & cac co quan khac nhau thi
tén tac gid dugc danh s6 ("2-) & phia trén. D&u hoa thi (') chi tac gia lién hé, dugc viét § cudi trang dau tién clia bai bao.

Khi liét ké co quan cong tac cla tac gia, can néu rd tén co quan va dia chi co quan (sd nha, tén dudng, phudng, quan, thanh phé, quéc
gia) béng tiéng Viét va ti€ng Anh.

Tom tit
Tom tt bang tiéng Viét va tiéng Anh (khoang 160-250 tif). Néu dugc myc dich, phuong phap nghién ctiu chinh, két qua nghién ciiu va két
lu&n chi y&u. Tu khoa béng ca tiéng Viét va ti€ng Anh theo thi ty alphabet (it nhat 3 tii khoa). Chi sd phan loai (theo hudng dan).

1.Datvén dé/Dan nhap/Md dau

_ Dinh nghia van dé; tom qug van dé nghién cuiu da dugc cong bé trong va ngoai nudc, néu muc tiéu nghién ctu va giai thich sy lya chon
dé tai va myc tiéu nghién ctu dé thdy dugc tinh thdi sy, tinh khoa hoc va su can thiét clia van dé nghién cuu.

2. Dol tuong/VAt ligu va phuong phap nghién ciiu

Dai tugng nghién cuiu can trinh bay tiéu chuén lya chon, déc diém déi tugng nghién ciu.
Phuang phap nghlen cliu can néu rd cach tiép can nghién ctu, loai hinh nghlen ctu, phudng phap do Iudng, cong thic tinh ¢§ mau, phuong
phap x{ Iy 6 liéu, m ta ki cac ky thuat tién hanh trong nghién ctiu; cac quan diém, lap luan, y kién tranh luan, cac dn chiing...

3.Kétqud

Trinh bay day dd, khach quan céc két qua thu dugc sau nghién ctu, cac két qua nay phai phuc vu cho myc tiéu nghién ctu. Cac s6 liéu
phai chinh xac va khép véi nhau.

Phén két qua nghién cdu chi trinh bay céc két qua nghién cliu clia dé tai, khdng giai thich, so sanh va ban luan.
4.Banludn (phan nay cé thé gop vai phan két qua)

Chd yéu ban luan cac van dé lién quan dén muyc tiéu dé tai.

Nhan xét, danh gid mot cach khach quan céc két qua nghlen clu, c6 so sanh véi cac téc gia khac dé khéng dinh hoac phii dinh nhiing hiéu

biét da c6, qua dé néu dugc nhitng diém méi va déng gép clia dé tai. }

Du bao hudng nghién ciu ti€p va kha nang Ging dung céc két qua nghién clu vao thuc tién.
5. Kétluén

Néu két qua nghién ctu chli y&u clia dé tai ¢ tinh khai quat lién quan dén muyc tiéu nghién ctu, dé xuét cac vén dé tiép tuc nghién cuiu.
LG1 CAM ON (néu co)

Téc gia c&m on cac t6 chuic/ca nhan da tai trg kinh phi hodc hé trg cho nghién ciu.
Phu lue (néu co)

Ding tai bang s6 liéu, thong tin dé hé trg thém cho néi dung bai béo.
Chii thich va tai ligu tham khdo

Chi thich dugc dénh s theo thd tif xuat hién (22~ ) va dudc trinh bay ngay & cudi trang viét (footnote).

Cc tai liu tham khao dugc danh s6 theo thii ty xuat hién dé_chi dan chuing dugc trich dan & dau trong bai béo. S6 th( ty dugc danh trong
ngogc vuong, vi dy: [3] véi mot hogc [2, 5, 7-9] véi nhiéu s chi dan.

Luu y:

- Dai véi trich dn trong bai bao: tai lieu tham khao c6 nhiéu hon mét tac gid chi dé tén téc gia dau tién va cong sy, viét tat 1a cs, vi du: T.V.
Nguyen va cs (nam xuat ban) [th(f ty trong danh myc tai liéu tham khéo].

- D4i véi danh myc tai liéu tham khao cudi bai: tai liéu tham khéo bang tiéng Anh, céc tai liéu khong phai ti€ng Anh can dugc dich sang tiéng
Anh va chd thich & cudi cau, vi du: (in Vietnamese), (in French)...

- Tai lidu tham khao 1a cac dudng link can b8 sung ngay truy cap.

Tac gia (Nam xudt ban), “Tén tai liéu dugc trich dan”, Tén nguén, tap(so) trang/so trang/trang dau-trang cudi (néu c6), s8 DOI (néu co),
URL (néu c6), ngay truy cap (ghi rd ngdn ngi nao néu khong phéi tai liéu bang tiéng Anh).

Téc gid: 1a tac gid/céc tac gia cla tai liéu dugc tham khao, trich dén: ligt ké day dl tén tac gid (chi viét tit dua Ién trudc) véi nhiing tai liéu
tham khéo c6 <3 tac gia; liét ké 3 tac gia dau tién va theo sau la “et al.” khi c6 tli 4 tac gia trg I&n.

N&m xuét ban: ndm xuét ban cla tai liéu dugc tham kho, trich dan.

Tén tai liéu dugc trich dén: 1a tén bai bao, chudng/phan sach.. (chi viét hoa chii cai dau, trii tén riéng va sau d&u hai cham), viét trong
ngoac kép. .

Tén ngué‘n c6 thé Ia tén tap chi, tén sach, hay tén tai liéu gdc cla tai liéu dugc trich dn (phan nay dugc in nghiéng), viét hoa chii cai dau
tién clia mai tu chinh.

Tap(s6): danh cho nguon trich la tap chi, sach hogc cac xuat ban pham khac (phan nay in dam).

Trang/so trang/trang dau-trang cudi phan anh nai cu trd cla tai liéu dugc trich dén trong tai liéu nguon.

NEu c6 22 tai liéu tham khao do clng tac gia dau tién va cling nam cong ba, thi cac tai liéu tham khao nay can dugc danh dau a, b.. sau
nam xudt ban (vi dy: 1986a, 1986b...). ) )

Néu c6 mot s6 tai liéu tham khéo c6 cung 1 bai bao dugc trich dan cé s6 trang khac nhau thi can trich dan thém sé trang, vi du: A. Amber
(1982, p.39).

Chi tiét vui long xem thém tai: https:/b.vjst.vn/index.php/ban_b/quy-dinh-bai-viet.
Céc yéu cdu khac

- Bai viét khong dat yéu céu, Toa soan khong tra lai ban tho.

- Bai viét chi dugc dang khi phan bién nhan xét vé chat lugng bai bao dong y cho dang.

- Ban quyén: tac gia dong ¥ trao ban quyén bai viét (bao gom ca phéan tém tat) cho Ban Bién tap Tap chi.
Quy dinh nay ap dung tif ndm 2022 trd di.
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PHAN LOAI LINH VUC KHOA HOC

Toan hoc va théng ké

Khoa hoc may tinh va thong tin
vatly

Hoéa hoc

Khoa hoc trai dat va méi trudng
Khoa hoc su séng

Khoa hoc nano

Khoa hoc tinh toan

Cac Iinh vic khac cua khoa hoc tu

Khoa hoc ky thuat va cong nghé

Ky thuat dan dung: ky thuat kién
ky thuadt x@y dung; ky thuét

két cdu va do thi; ky thuat giao

théng van tai; ky thuat thuy Igi; ky

thuat dia chat cong trinh

Ky thuat dién, ky thuat dién tl, ky

thuat thong tin

Ky thuat cg khi, ché tao may

Ky thuat héa hoc

Ky thuat vat liéu va luyén kim

Ky thuat y hoc

Ky thuat méi truéng

Céng nghé sinh hoc cong nghiép

Céng nghé nano

. Ky thuat thuc phdm va dé uéng
. Céac Iinh vyc khac clia khoa hoc

ky thuat va cong nghé

Khoa hocy - duge

Y hoc co s6

Y hoc lam sang

Y hoc du phong

Dugc hoc

C4c linh vuc khac cta khoa hoc
y - dugc

Khoa hoc nény nghiép

Tréng trot

Chan nudi

Thay

Lam nghiép

Thay s&n

Cong nghé sinh hoc trong nong
nghiép, thly san

Céc linh vuc khac cta khoa hoc
noéng 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 t6 va x4 hoi

Théng tin dai chling va truyén théng
Lich st va khao ¢ hoc

. Ngbén ngl hoc va van hoc

. Triét hoc, dao dtc va tén giao

. Nghién ctiu vé khu vuc va quéc té
. Cac linh vuc khac cta khoa hoc

xa hoi va nhan van




TAP CHi KHOA HOC VA CONG NGHE VIET NAM
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Téng hop va dic trung tinh chit dién caa tiép giap di thé
grapllene-MoSZ-gg‘apher‘le.

Nguyen Thi Huyén, Tran Vin Hdu, Mai Thi Phwong, Pham Van Trinh,
Bii Hing Thing, Nguyén Van Chiic, Pham Van Nhdt, Phing Viét Tiép,
Vii Binh Lam, Phan Ngoc Minh, Ji-Yong Park, Nguyén Vén Tii

Thu nhén hiéu qud beta-mannanase dung hop véi méc neo LysM3014
trong Escherichia coli bing phwong phéap pha v té bao véi hat thiy tinh.
Nguyén Hodng Minh, Phan Thi Thiy Hdng, Nguyén Thi Y N,
Lé Chdnh Chi Tai, Nguyén Ngoc Trdm

Anh huong ciia dd 4m va nhiét dd méi trwong dén dd bén co Iy ciia polyme
blend poly(butylene adipate-co-terephthalate)/tinh bt dong riéng.

Pham Thu Trang, Nguyén Thanh Ting, Neuyén Vian Khéi, Pham Thi Thu Ha,
Nguyén Trung Pirc, Nguyén Thu Hirong

Nghién ciru xdc dinh vi nhya trong vem xanh (Perna viridis) tai mt s6 khu
vire ven bién tinh Quéng Ninh.
Duong Tuan Manh, Lé Xudn Thanh Thao, Huynh Dirc Long, Do Van Manh

DPac diém hinh thai va twong quan chiéu dai - khi lugng ciia loai bach tuge
Amphioctopus neglectus (Nateewathana & Norman, 1999) & ving bién vinh
Ha Long, tinh Quéng Ninh.

Nguyén Dirc Thé, Nguyén Thi Mién, Pham Véan Chién, Pinh Thi Ha,
Nguyén Vin Qudn

DPic diém sinh hoc sinh sin cia ca bdng Thé Oxyurichthys
ophthalmonema (Bleeker, 1856) ¢ ving dAm pha Tam Giang - Ciu Hai,
tinh Thira Thién Hué.

Binh Thi Ha, Pham Vian Chién, Nguyén Xudn Thanh, Nguyén Vian Qudn,
Nguyén Pirc Thé, Ping D6 Hiing Viét

Nghién ciru ting dung vét li¢u carbon fiber-reinforced polymer dé gia cwong
Kkét céu bé tdng cot thép.
Dao Sy Pan, Bui Van Pure, Trinh Pirc Cuong

H¢ do siéu nhay tir dwa trén k§ thuit khuéch dai Lock-in va cam bién tir
tré khong 16.

Vii Xudn Manh, Vi Quéc Tudn, Nguyén Bang Phi, PS Quang Lic,
Chir Durc Trinh, Bui Thanh Tung

Ché tao vit liéu ZnO ciu tric nano tetrapod bang phwong phap béc bay
nhiét khong sir dung mam két tinh trong diéu kién ap suit khi quyén.
Hoang Vén Hén, Tran Anh Son, Poan Pinh Qudn, Pham Anh Vii, Vii Hong Son,
Nguyén Van Thogi, Chu Véin Tudn, Pham Thé Tan

Tang cwong kha nang chiu birc xa UV ciia nhua polyester khong no dua
trép nano TiO,: Ung dung trong sin Xuét da thach anh nhén tao. )
Dong Quang Thirc, Nguyen Anh Son, Mai Qudn Doan, Lé Anh Tuan,
Pham Anh Tudn

Buwéc diu nhan xét dic diém mé khi quan dong loai dwge bio quén lanh siu
tai Ngan hang M6, Bénh vién Hiru nghi Viét Dirc.
Tran Thi Hang, Nguyen Van Chinh, Duong Puc Hung, Nguyén Sy Lanh

Téi wu hoa quy trinh danh gia ton thwong sun bing mé bénh hoc.

Bang Vin Huy, Nguyén Thé Hoang, Ngé Thi Minh Hanh, Nguyén Thi Ngoc Anh,
Pham Céng Nguyén, Neuyén Hai Anh, Lé Hitu Phwong Anh,
Nguyén Pirc Liwong, Nguyén Kim Anh, Nguyén Ngoc Mai, Pao Huy Hodng,
Nguyén Hitu Gidp, Ng6 Thu Huong, Truwong Vin Ha, Tran Thi Huyén Trang
Phan tich tdng quan h¢ thong vé chi phi - hiéu qui ciia apixaban trong ngin
ngira dot quy & ngudi mic bénh rung nhi.

Ha Van Thity, Tang Quéc Hing, Nguyén Ngoc Nehia, Bii Thi Xudn
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Synthesis and electrical characteristics of graphene-MoS,-graphene lateral
heterostructure.

Thi Huyen Nguyen, Van Hau Tran, Thi Phuong Mai, Van Trinh Pham,
Hung Thang Bui, Van Chuc Nguyen, Van Nhat Pham, Viet Tiep Phung, Dinh Lam
Vu, Ngoc Minh Phan, Ji-Yong Park, Van Tu Nguyen

Efficient recovery of beta-mannanase fused with LysM3014 domain in
Escherichia coli by glass bead based-cell disruption method.

Hoang Minh Nguyen, Thi Thuy Hang Phan, Thi Y Nhu Nguyen, Chanh Chi Tai Le,
Ngoc Tram Nguyen

Effect of humidity and temperature on the mechanical strength of
poly(butylene adipate-co-terephthalate)/canna starch polymer blend.

Thu Trang Pham, Thanh Tung Nguyen, Van Khoi Nguyen, Thi Thu Ha Pham,
Trung Duc Nguyen, Thu Huong Nguyen

Determination of microplastic in green mussels (Perna viridis) in some
coastal areas of Quang Ninh province, Vietnam.
Tuan Manh Duong, Xuan Thanh Thao Le, Duc Long Huynh, Van Manh Do

Morphological characteristics and length-weight relationship of common
octopus Amphioctopus neglectus (Nateewathana & Norman, 1999) in the
Halong bay, Quang Ninh province.

Duc The Nguyen, Thi Mien Nguyen, Van Chien Pham, Thi Ha Dinh,
Van Quan Nguyen

Reproductive biology characteristics of Gobiid fish Oxyurichthys
ophthalmonema (Bleeker, 1856) in the Tam Giang - Cau Hai lagoon, Thua
Thien Hue province.

Thi Ha Dinh, Van Chien Pham, Xuan Thanh Nguyen, Van Quan Nguyen,
Duc The Nguyen, Do Hung Viet Dang

Application study of carbon fiber-reinforced polymer material for
strengthening reinforced concrete structures.
Sy Dan Dao, Van Duc Bui, Duc Cuong Trinh

Ultra high sensitive magnetic measurement system based on Lock-in
amplifier technique and giant magnetoresistance sensor.

Xuan Manh Vu, Quoc Tuan Vu, Dang Phu Nguyen, Quang Loc Do,
Duc Trinh Chu, Thanh Tung Bui

Fabrication of tetrapod nanomaterials by thermal evaporation at
atmospheric pressure without crystallisation.

Van Han Hoang, Anh Son Tran, Dinh Quan Doan, Anh Vu Pham, Hong Son Vu,
Van Thoai Nguyen, Van Tuan Chu, The Tan Pham

Enhancing the ultraviolet radiation resistance of unsaturated polyester resin
based on nano TiO,: Application in the production of artificial quartz stone.
Quang Thuc Dong, Anh Son Nguyen, Quan Doan Mai, Anh Tuan Le,
Anh Tuan Pham

An initial observation on the characteristics of cryopreserved tracheal
allografts tissues at the Tissue Bank of Viet Duc University Hospital.
Thi Hang Tran, Van Chinh Nguyen, Duc Hung Duong, Sy Lanh Nguyen

An optimised procedure for histological assessment of cartilage damage.
Van Huy Dang, The Hoang Nguyen, Thi Minh Hanh Ngo, Thi Ngoc Anh Nguyen,
Cong Nguyen Pham, Hai Anh Nguyen, Huu Phuong Anh Le, Duc Luong Nguyen,
Kim Anh Nguyen, Ngoc Mai Nguyen, Huy Hoang Dao, Huu Giap Nguyen,
Thu Huong Ngo, Van Ha Truong, Thi Huyen Trang Tran

Systematic review analysis of the cost-effectiveness of apixaban in stroke
prevention in people with atrial fibrillation.
Van Thuy Ha, Quoc Hung Tang, Ngoc Nghia Nguyen, Thi Xuan Bui
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