ISSN 1859-479149

TAP CHI

KHOA HOC N
CONG NGHE \e dil

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

Tép 62 - SO 1 - Thang 1 nam 2020

B Tap 62 - S6 1 - Thang 1 nam 2020




HOI PONG BIEN TAP

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

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

Vi Diing - Hoi Tam Iy hoc Viét Nam

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

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

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

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

Pham Huy Khang - Truong Pai hoc Giao thong Van tdi

Pham Gia Khanh - Chd tich Hoi Ghép tang Viét Nam

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

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

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

Mai Trong Nhuan - Pai hoc Qudc gia Ha Noi

Nguyén Thanh Phuong - Trudng Dai hoc Can Tho

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

TONG BIEN TAP

Bang Ngoc Bao

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

TRINH BAY
Binh Thi Luan

TOA SOAN

113 Tran Duy Hung - Cau Gidy - Ha Noi

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

Tap chi dién td: b.vjst.vn

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

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

E-journal: b.vjst.vn

EDITORIAL COUNCIL

Nguyen Van Hieu - Vietnam Academy of Science and Technology

Nguyen Viet Anh - National University of Civil Engineering

Bui Chi Buu - Institute of Agricultural Science for Southern Vietnam

Vu Dung - Vietnam Association of Social Psychology

Tran Tho Dat - National Economics University

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

Vu Minh Giang - Vietnam National University, Hanoi

Truong Nam Hai - Vietnam Academy of Science and Technology

Tu Quang Hien - Thai Nguyen University of Agriculture and Forestry

Pham Huy Khang - University of Transport and Communications

Pham Gia Khanh - President of Vietnam Society of Organ Transplantation

Ho Dac Loc - Ho Chi Minh City University of Technology

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

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

Mai Trong Nhuan - Vietnam National University, Hanoi

Nguyen Thanh Phuong - Can Tho University

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

Pham Hung Viet - VNU University of Science

EDITOR-IN-CHIEF
Dang Ngoc Bao

DEPUTY EDITORS

Nguyen Thi Hai Hang

Nguyen Thi Huong Giang

HEAD OF EDITORIAL BOARD
Pham Thi Minh Nguyet

HEAD OF ADMINISTRATION
Luong Ngoc Quang Hung

ART DIRECTOR
Dinh Thi Luan

GIAY PHEP XUAT BAN

S5 1153/GP-BTTTT ngay 26/7/2011
S6 2528/GP-BTTTT ngay 26/12/2012
S6 592/GP-BTTTT ngay 28/12/2016

Gia: 180001

PUBLICATION LICENCE
No.1153/GP-BTTTT 26th July 2011
No0.2528/GP-BTTTT 26th December 2012
No0.592/GP-BTTTT 28th December 2016




Khoa hoc Tu nhién n—

M3t s6 b dit litu kiém thit pho bién cho phét hién xim nhip mang
va ddc tinh phan cum

Bui Cong Thanh", Nguyén Quang Uy? , Hoang Minh?
!Binh chiing Théong tin lién lac
’Hoc vién Ky thudt Qudn sy

SHoc vién Khoa hoc, Cong nghé va Péi méi sang tao

Ngay nhédn bai 24/5/2019; ngay chuyén phan bién 28/5/2019; ngay nhan phan bién 25/6/2019; ngay chip nhan dang 28/6/2019

Tom tit:

Nhitng nim qua, di c6 rit nhiéu nghién ciru vé hoc may (Machine learning), hoc siu (Deep learning) cho linh vye
phat hién xAm nhip mang may tinh (IDS - Intrusion Detection System), sir dung cc b dir liéu dé danh gia, phan
tich. Do s da dang, phitc tap ciia cac b dir li¢u nén vin dé phin cum, chia nhé b dir li¢u ra thanh cac tip con
nhung van giir dwoc dic trung cia ching 1a rit cin thiét. Trong nghién ciru nay, cac tac gia tap trung phan tich dic
diém ciia cac tip dir li¢u kiém thir pho bién. Pong thoi, tién hanh thwe nghi¢m dé danh gia tinh phan cum, xac dinh
s6 cum t6i wu ma mot b dir liéu nén dwoge chia ra. Thuc nghiém dwoc tién hanh trén 6 tip dir liéu huin luyén cia
NSL-KDD, UNSW-NB15, CTU-13 phién bin 08, 09, 10 va 13. Két qua theo phwong phap Elbow, Silhouetee kha
ddng nhit va cho thiy mot s6 b dir liéu nén dwec tach thanh 2, 3 cum, tuy nhién ciing cé nhirng bd nén dé nguyén.

Tir khéa: bd dix liéu, hé thong phat hién xaAm nhéip, K-Means.

Chi s6 phén loai: 1.2

Pat van de

Sy phat trién nhanh chéng ctia mang may tinh (sau day
goi tatla mang) va cac dich vu mang dang lam cho hoat dong
cua con nguoi tro nén bi 1€ thude. Hé théng IDS 1a cong
nghé an ninh mang chu dong, cho phép giai quyét dugc van
dé tin cong mang ca tir bén trong, bén ngoai va phat hién,
ngan chin cac hinh thirc tAn cong maéi la; cac cong viée nay
duoc thuc hién theo thoi gian thuc. Theo danh gia, nghién
ctru vé IDS phai luoén dugc cap nhét, cai tién [1]. Trong
nhitng ndm gan day, nhiéu cong trinh nghién ciru vé hoc
may (Machine learning), hoc sau (Deep learning) cho linh
vuc IDS da duoc thuc hién. Khi danh gia hiéu qua cac cong
trinh, cac bd dit liéu luu lugng mang da duoc sir dung, mdi
b6 dit liéu chtra nhiéu ban ghi véi cac truong di li¢u dac
trung g v6i nhin dugce gan. Nhiéu bo dir liéu kiém thir da
dugc cac t chirc, nha khoa hoc nghién ctru xay dung (sau
day goi la cac bo dir liéu IDS dataset).

Thudc tinh cua IDS dataset co ban dwgc chia lam 2
nhom: s (numerical) va tap hop (catagorical). Viéc xac
dinh céc thudc tinh cta luu lwong mang ¢ y nghia hét stc
quan trong trong linh vuc nghién ctu vé IDS [2, 3], vi du
nhu giam s6 chiéu dir liéu s& ting hiéu ning thudt toan; ting
chat lugong thudc tinh, tir d6 tang hiéu qua thudt toan; tang
ty 1& canh bao dung, gitp cho viéc biéu dién dir liéu duoc
tuong minh hon. Khi thiét 1ap cac bo IDS dataset, cc thudc
tinh Iuu lugng mang dugc tinh toan trén co s& gia tri tuong

"Tac gia lién hé: Email: congthanhttmt@gmail.com
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{g trong gbi tin, tiéu d& goi tin va phién két ndi mang [2].
Ngoai thudc tinh, cac tham sé dic trung khac cho bo di
liéu nhu: kiéu dit liéu, tinh sdn c6; kich thude cho tap huén
luyén, kiém tra; s6 mau tin cong, loai tan cong mang; cac
han ché mang tinh thoi sy cling can dugc quan tam trude khi
lwa chon dé danh gia cac cong trinh nghién ciru.

Trong linh vuc kham pha di li¢u, phan cum la phuong
thirc chia dir liéu thanh cic nhom dbi twong co tinh tuong
duong [4], gitp mot sb bai toan nang cao hiéu suét, can
d6i tai nguyén phan cimg... Muc tiéu cia mé hinh phan
cum la gan nhan cho dir li¢u theo s6 cum cho truge hodc
sb cum tdi wu nhat ¢ thé theo tung bai toan. Viéc xac dinh
s6 cum tbi uu cho mot tap dir licu cu thé da duoc nhidu
nha nghién ciru quan tdm, phd bién nhu cac phuong phap
Elbow, Silhouete...

Viéc nghién clru, tim hiéu sau vé cac bd IDS dataset
da c6 nhiéu cong bd gan day, tuy vy mai tap trung phan
tich mot bo dit lidu cu thé [5-8] ma khong dua ra dugc buc
tranh khai quat vé cac bo dit dit lidu phd bién dang duoc sir
dung cho kiém thir cac thuat toan Machine learning, Deep
learning trong linh vyc an ninh mang. Thém vao do, voi
hiéu qua mang lai cta tinh phan cum [4, 9], viéc danh gia
tinh phan cum cho céc by dir liéu phé bién nay can duoc
quan tAm dung muc. Tir cac van dé da phan tich & trén, trong
pham vi nghién ciru ndy, chung t6i phan tich tdng quan cac
bo IDS dataset phd bién, tinh phu hop khi st dung, dic biét
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Some common datasets
of an intrusion detection system
and clustering properties
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Abstract:

In recent years, machine learning and deep learning
based methods for intrusion detection systems (IDSs)
have received great attention from many researchers.
IDS datasets have been used to evaluate and analyse
these methods. Because of the popularity and
complication, the requirement to deeply explore the
optimisation of clustering, which is known as one of the
most useful techniques, not only reducing the amount
of data but also keeping its characteristics, is necessary
for these datasets. In this paper, we focus on analysing
the characteristics of IDS common datasets. In addition,
we also evaluate the clustering properties and discover
the optimal number of clusters which should be divided
from a dataset. The experiment has been conducted
on six datasets NSL-KDD, UNSW-NB15, and four
versions of CTU-13 (08, 09, 10, and 13). Using Elbow
and Silhouette methods to determine the optimisation
of clustering a dataset has revealed that some datasets
should be divided into two or three clusters while some
should keep their original forms.

Keywords: dataset, intrusion detection system, K-Means.
Classification number: 1.2
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tap trung st dung mot ) phuong phap dé danh gia tinh phan
cum va d& xuét s6 cum tdi wu cho tap huan luyén cia mdi
bd di li¢u nay.

Mot so bo dif liéu pho bién
B§ dit liégu DARPA

Dir liéu DARPA ra doi nam 1998, duoc tao boi Phong thi
nghiém Lincoln (Vién Céng nghé Massachusetts) theo du
an tai trg cua Cuc Dy an nghién ctru cao cép thudc Bo Quéc
phong My (Defence Advanced Research Project Agency).
B0 dataset duogc tao bﬁng cach thu thap luu lugng mang (su
dung tepdump) ciia mot hé thong mang md phong cac loai
tan cong khac nhau [10]. Dataset DARPA duogc chia thanh
bo dit ligu huan luyén va bo dir ligu kiém thir: bo dir lisu
huén luyén dugc thu thap trong 7 tuan van hanh hé théng,
véi mdi tudn dit lieu duge thu thap trong 5 ngay, tu thu 2
dén tha 6; bo dit liéu kiém thtt duge thu thap trong 2 tuan
chay h¢ théng thir nghiém, vai moi tuan dir liéu cling duogc
thu thap trong 5 ngay tir thir 2 dén tha 6. Bo dit liéu hién
c6 sin tai dia chi website chinh thirc ctia Phong thi nghiém
Lincoln. Kich thudc dit liéu khoang 4 GB voi trén 5 triéu
ban ghi cho b dir liéu huin luyén va khoang 2 tridu ban ghi
cho bo dit ligu kiém thir.

Céc loai tin cong mang: dataset DARPA 1998 bao gém
54 loai xam nhap dugc phan lam 4 nhom: R2L (Remote to
Local), U2R (User to Root), DoS (Deniel of Service), Probe

[5].

Mot s6 han ché cua bo dir liéu DARPA [5]: tinh ding dén
cua dir liéu thu thap gay nhiéu tranh cdi; viéc luu trit dit liéu
lru lwgng mang dang tho nén kich thudc 16n va dan dén kho
khan cho cac thir nghiém; ngoai ra, vi hién trang dich vy, tbe
dd mang hién nay da khac rat nhiéu so véi nam 1998 nén
khong con nhiéu nghién ctru st dung bd dir liéu nay cho thu
nghiém, danh gid. Do 1a 1y do chung t61 khong dit trong tam
phan tich cho bd dir li¢u nay.

Bé dit ligu KDD Cup 1999

Day ting 13 bo dit liéu phd bién cho kiém thir cac cong
trinh nghién ctru vé linh vyc IDS trong hai thap ky qua.
Dataset KDD Cup 1999 la mot phién ban cua by dir lidu
DARPA 1998 [5], duogc st dung trong cudc thi “Cac cong
cu khai pha dit liéu va nghién ctru tri thirc quc té 1an thu
3 (The Third International Knowledge Discovery and Data
Mining Tools Competition)”. Dé tao ra bo dir liéu nay, cac
thudc tinh tir bo dir liéu tho cua dataset DARPA duoc trich
ra thanh cac déc trung theo cac thuat toan riéng biét, d6 1on
va sb thudc tinh ctia bo dit lidu cii van dugce giit nguyén [7].
Bo6 dir liéu hién nay san co tai website chinh thirc ctia cudce
thi va trén kho dir licu UCU Machina Learning Repository.
Bo dit lidu c6 24 loai tan cong, thém 14 loai tan cong cho
tap dit liéu kiém thir.

KDD Cup 1999 gém hai bo dit liéu con: mot bo dir liéu



day di va mot bo dir liéu bang 10% so véi bo dit liéu day
du. Véi mdi bo lai c6 mot ban khong c6 nhan va mot ban co
nhin (label) di kém. Cac bo dit liéu déu dugc lvu dudi dang
file text (txt). Mdi ban ghi chira 41 truong thong tin va mot
nhan, nhan dugc danh 1a binh thuong hodc 1a mot loai tan
cong cu thé. Cac thuoc tinh dugc chia lam 3 nhém: 1) Basic
features: bao g6m cac thudc tinh ¢6 thé thu thap dugc tir mot
két ndi TCP/IP, hau két cac thudc tinh nay dan dén do tré
trong phat hién; 2) Traffic features: 1a cac thudc tinh dugc
tinh toan dya trén gia tri truong window trong goi tin TCP/
IP; 3) Content features: v&i cac tin cong R2L, U2R thuong
thi cac két nbi va tan suat cac két ndi rit khac voi cac tin
cong dang DoS hay Probe. Thong tin vé céac loai tin cong
nay co ban chira trong phan noi dung (content) cua TCP/IP,
vi du nhu s6 lan login 13i... Mot phién ban mé rong, gan
gidng vai bo dir liéu nay c6 tén 1 gure KDD Cup [11], dugc
xem 1a bg dir liéu (KDDCup99+payload).

Han ché ctia dataset KDD [5] 1a: bo dit liéu c6 rat nhiéu
ban ghi trung lap, cu thé trén bo dit liéu hudn luyén va kiém
thir twong ng c6 78% va 75% ban ghi trung; thém vao do,
su khong dong déu trong phan b gilra tap huan luyén va
tap kiém thir lam anh huong dén két qua danh gia cho céac
thuat toan phan l6p. Theo cac danh gia [5], khi sir dung céac
bd phan 16p phd bién J48, Decision Tree Learning, Naive
Bayes, NBTree, Random Forest, Support Vector Machine
(SVM)... dé huan luyén va kiém thir trén b dir liéu KDD
cho d6 chinh x4c rat cao, tat ca déu tir 96-98%, do vay viéc
su dung b dit liéu nay cho kiém thtr cac thuat toan mai hon
s€ khong con thyuc su phu hop nita (bang 1).

Bang 1. Phan bd theo loai tan cong clia cac by KDD.

U2R Normal Sb chiéu
812.814 42
16.189 228 60.593 42

Dataset Tong s6  DoS Probe R2L
Tép huén luyén 1.074.992 247.267 13.860 999 52

311.029  229.853 4.166

Tép kiém thir

B¢ dii ligu NSL-KDD

NSL-KDD la bd dit liéu dugc Tavallaee va cong sy cong
bd nam 2009 [5], 1a mot phién ban duoc dinh nghia lai ttr b
KDD Cup 1999 trén co so loai bé mot sb ban ghi bi thura,
trung 1ap thong tin [6]. Hién tai, bo dir liéu dugc sur dung
trong rt nhiéu cong trinh nghién ctru, giup phat hién sy bat
thuong khi kiém tht, danh gia. So vdi b di ligu goc, bo dir
lidu nay cé cac dic diém mai nhu: khong bao gdm céac ban
ghi du thira trong tap huan luyén, do vay két qua phan 16p
s& khong theo hudng cta cic ban ghi xuét hién nhiéu hon;
khong con ban ghi trung 1dp trong bo dir liéu kiém thi; xur 1y
vén dé khi viing két qua danh gia hep hiéu qua hon so v&i bo
dit ligu KDD; cin ddi hop 1y s6 lugng ban ghi giita tap huan
luyén va kiém thir. B dir liéu hién sdn c6 tai website cla
nhom nghién ctru dudi dang tép tin .csv, véi tap huan luyén
gdm hon 125 nghin ban ghi, tap kiém thir hon 22 nghin ban
ghi.

Moi ban ghi trong bo dir lidu c6 42 thudc tinh dugc liét
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ké giéng nhu véi bo dir liéu KDD Cup 1999, duoc mo ta &
bang 2. Bo dit liéu nay cho hi¢u qua kha tdt khi str dung dé
danh gia cac thuat toan hoc may. Han ché 16n nhét cua bod
dir liéu do 1a khong thé hién dugc vét cua cac cudc tan cong
& mirc do thap, tinh vi [12].

Bang 2. Phan bd theo loai tin cong ctia cac bd NSL-KDD.

Dataset Téngs6 DoS  Probe U2R R2L  Normal S§ chitu

Tap hudn luyén  125.972 45927 11.656 52 995  67.342 42

Tap kiém ther  22.542  7.457 2421 200 2.754 9.711 42

B§ dit ligu UNSW-NBIS

Bo dir liéu UNSW-NBI5 [8] dugc cong bd nam 2015,
dugc tao thong qua viéc thu thép luu luong mang boi Phong
thi nghi¢m Cyber Range cta Australian Centre for Cyber
Security (ACCS). Hé théng mang va gia lap tin cong
duoc danh gia 1a sat voi thuc té hoat dong cua mang va
cac ma doc hién nay théng qua cong cu gia lap tn cong
ctia hang IXIA. Sau khi sir dung Tepdump dé thu thap hon
100 GB luu lwong thd (dang tép .pcap), voi 9 miu tan cong
(Fuzzers, Analysis, Backdoors, DoS, Exploits, Generic,
Reconnaissance, Shellcode va Worms), ho stt dung cong cu
Argus, Bro-IDS véi 12 thuat toan khac nhau dé tao ra 49
thudc tinh dit licu. BO dit liéu hién sin c6 trén mang Internet
v6i s6 ban ghi ctia tap huan luyén va tap kiém thir twong tng
la trén 175 nghin va 82 nghin [8].

B0 dir liéu UNSW-NBI15 dugc nhiéu cong trinh nghién
ciu sur dung dé kiém thir cac thuat toan phan 16p trong
nhung nam gan day [12] nho khic phuc duogc han ché thiéu
mau tin cong méi; luu luong mang thé hién dugc dich vu
mang dwong thoi; c6 sy phan bd dong déu giita tip huin
luyén va kiém thir (dugc phan b theo ty 18 40/60 twong
(g gitra tap kiém thir va tap huan luyén) [13]. M&i ban ghi
trong b dir liu co6 49 thudce tinh duwoc mo ta & bang 3.

Bang 3. Phan bd theo loai tdn cong ctia cac by UNSW-NB15.

Tap huén luyén Tap kiém thir

Loai tin cong

S6 ban ghi Ty ¢ % S6 ban ghi Ty 1¢ %
Analysis 2.000 1,141 677 0,822
Backdoor 1.746 0,996 583 0,708
DoS 12.264 6,994 4.089 4,966
Exploit 33.393 19,045 11.132 13,521
Generic 40.000 22,813 18.871 22,921
Fuzzers 18.184 10,371 6.092 7,363
Reconnaissance 10.491 5,983 3.496 4,246
Shellcode 1.133 0,646 378 0,439
Worms 130 0,074 44 0,053
Dit liéu Normal ~ 56.000 31,938 37.000 44,942
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B§ dit ligu CTU-13

Bo di liéu CTU-13 dugc nghién ctu bdi Pai hoc Ky
thuét Séc va duoc cong bé nam 2011 [14]. Day 1a bo dir licu
chira thong tin bao gdm ca luu lwong Botnet, dir liéu binh
thuong va dir liéu luu lugng cta ha téng dich vu mang. B9
dir liéu gém 13 tap dir li€u con theo cac tinh huéng hoat
dong khac nhau ng véi timg mau ma doc. Cac goi tin sau
khi dugc thu thap (dang .pcap) s€ dugc xtr Iy boi cong cu
Argus (Audit Record Generation and Utilization System) dé
tao thanh cac thudc tinh cho bo dit liéu huan luyén va kiém
thir. Cac bo dit liéu con ¢6 sb cac thude tinh khac nhau va
duogc danh tén theo ky hiéu tir CTU-13_01 d&én CTU-13_13.
B¢ dir li€u c6 tai website cua don vi chi quan. Trong pham
vi bai viét, chung t6i tap trung vao cac bo dir liéu con CTU-
13 08, CTU-13 09, CTU-13_10, CTU-13 13. Cac b dir
liéu nay dang dugc nhiéu nghién ctru dua ra dé danh gia két
qua trong linh vyc Machine learning, Deep learning [15],
tuy vay han ché 16n nhét 12 bo dit liéu chi chira cac tin cong
mang dang Botnet.

Khi tach sé lwong mau theo 2 loai dit li¢u binh thuong
va bat thu:ong, thu duoc sé lwong ban ghi tuong ting va sb
chiéu ciia mdi tp con CTU-13 nhu trén bang 4.

Bang 4. Phan bd theo loai tin cong clia cac by CTU-13 (08, 09,
10, 13).

A S TR S6 mau S6 miu 2 £ A oo
B0 dir liéu bat Ty i G Tong so So chiéu
CTU-13 08 6.127 72.822 78.949 16
CTU-13_09 184.987 29.967 214.954 16
CTU-13_10 106.352 15.847 122.199 16
CTU-13 13 40.003 31.939 71.942 16

Tinh phan cum dif liéu, S0 cum t6i uu
Phdn cum dir li¢u

Phan cum 1a chia dit liéu thanh cac nhoém ddi tuong tuong
duong [4] dé giup giam kich thude dir liéu ma van gitr dugc
dic trung cta ching, khi d6 dit liéu duoc mé ta bing ting
cum riéng I¢. Viéc phan cum gop phan quan trong trong cai
thién, nang cao hiéu qua giai quyét cac van dé trong cac linh
vuce toan hoc, thong ké va phan tich s liéu. Trong linh vuc
hoc may, phan cum thudc bai toan hoc khong gidm sat, muc
tiéu ctia mo hinh phan cum 1a gan nhan cho dir liéu theo sd
cum cho trude hodc sd cum tdi wu nhit c6 thé theo ting bai
toan.

K-Means 1a mot trong nhitng thuat toan phan cum phd
bién va duoc ung dung rong rai nhét, tr tap dir licu dau vao
v6i N diém, thuat toan thue hién trén co so xac dinh K trung
tam la dai dién cho K cum dir liéu duogc tao ra, K trung tam
duoc xac dinh dya vao trung binh khoang cach ctia cac diém
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tuong tng thudc cum d6 dén cac trung tam. Thudt toan cd
thé mo ta nhu sau:

Input: N diém dir liéu 1a X= [x, x
mong muon K<N.

. X, ]€ RO, $6 cum
Output: cicc, c, ...c, € R*™! va nhan cua timg diém dir
liéu x, voi i<N.

Buoc ‘]: chon ngdu nhién K diém lam cdc gid trung tdm
C ban dau, j<K.

Buoc 2: xac dinh twong quan dx,C, tir x, dén moi C, voi
dx,C, bé nhat, gan diém X, vé thugc C

Bu’oc 3: lap lai buéce 2 dén khi khong con x, can cdp nhdt
lai vé C.

Bu’Uc 4: ldy trung binh céng ciia tt ca cdc khodng cdch
dxl.Cj ung voi cum do, cdp nhdt gia tri nay cho cdc gia trung
tam C.

Buoc 5: thue hién lai tie buoc 2. Thudt toan dung khi cac
gia trung tam C, khong con thay doi.

Phwong phap danh gia tinh phdan cum

Trong bai toan phan cum, viéc dit liéu c6 nén phan thanh
cum nhd hon hay khong va nén chia thanh bao nhiéu cum
1a mot van d& rt quan trong. Viéc danh gia vin dé nay s&
tra 101 duoc cau hoi 1a tap dir li¢u c6 tinh phan cum khong,
s6 cum t6i wu K nén phén ra 1a bao nhiéu, day 1a co so dé
hd tro cho cac ky thuat xir Iy dir lidu tiép theo. Phan dir lidu
thanh cac cum, viée xac dinh s6 cum K t6i wu nhat khi phan
cum dong vai trd quan trong ddi v6i viéc biéu dién t6t nhat
dac trung cua toan bd dir li¢u va dac trung cia tung cum [9].
C6 nhiéu phuong phap dé xac dinh s cum tbi wu, trong dé
Elbow va Silhouette 1a cac phuong phap xac dinh s6 K t6i
wu dya vao truc quan trén biéu do.

Theo phuong phap khuy tay (Elbow), mot do thi 2D s&
dugc biéu dién boi truc x 13 s6 cum du kién s& chia (vi du tir
1-5), truc y biéu dién tong binh phuwong khoang cach tat ca
cac diém dén trung tdm cum Cj. S K tdi vu duge xac dinh
theo cong thuc sau, ung véi diém tai do truc x va do thi tao
nén khuy tay:

VK= 2, ij

Theo phuo‘ng phép bong mo (Silhouette) cling 1la mot
phu(mg phap phd bién cho xac dinh s6 K t&i vu thong qua
biéu d6, bong mo ctia mdi diém dugce tinh theo cong thirc:

Trong d6, a(i) 1a khoang cach tir diém X, toi tt ca cac
diém trong cung cym Cj, b(i) 1a trung binh cua khoang cach
clia tit ca cac diém trong cum gan nhit. Phuong phap chimng
minh duogc rang diém X; dugc phan cum tbt néu gid tri S(i)



tién t6i gia tri cao nhatla 1, va nguoc lai thi viéc phan cum
cho xij 1a khong tot. Béng ctia mdi trudng hop K khac nhau
dugc biéu dién trén biéu db véi x 1a gia tri bong S(i) ciia mdi
diém, y thé hién mat d6 sb diém tuong tng vai gia tri bong
d6. Voi mdi truong hop s6 K khac nhau, S 14 trung binh gia
tri bong cua tat ca cac diém, duoc tinh theo cong thuc:

S,= (I/N) 3 5(0)

Theo phuong phap Silhouette, trong truong 1y tudng,
biéu dd s& thé hién bong cua N cum twong tng véi N hinh
chir nhat c¢6 chiéu dai +1, khong c6 bong dugc vé trén
khoang (-1, 0). Viéc danh gia tinh phan cum cua mdt tap
dir liéu duoc chia theo K cum dua vao nguyén tic sau: i)
Phuong an trong d6 c6 it gia tri S(i) 4m nhat (dugc vé trén
phf?m x<0 trén so dd); ii) Cac cum c6 xu hudng gﬁn to1 +1
nhat; iii) Cac cum c6 bong gan gla tri Silhouette trung binh;
iv) Trong trudng hop s6 cum bang M, M+1 déu cho két qua
nhu nhau, thi phuong an duoc chon thuong 1a M, tuy nhién
chon M+1 néu phuong an nay chia cac tap déu nhau hon va
t6t hon cho cac bude xur 1y tiép theo.

Thuc nghiém
Thiét lap thwe nghigm

Chuing t6i tién hanh 2 thyc nghiém dé danh gi4 tinh phan
cum cua 6 tap dit ligu, trén co s¢ do xac dinh s6 cum tdi uu
theo mdi phuong phép dua ra, kiém tra tinh ddng nhat vé két
qué giita cac phuong phap. Lan thir nghiém thtr nhat theo
phuong phap Elbow, lan thir nghiém thir hai theo phwong
phép Silhoutte.

Trir bo dit liéu DARPA va KDD1999, do khong duoc
danh gia cao, cac tap dir liéu con lai da néu ¢ trén déu duge
su dung cho thuc nghiém. Cac bd dir li¢u sau khi tién xur ly
[15] véi k¥ thuat one-hot-encoding, b dir liéu NSL-KDD,
UNSW-NB15, CTU13-08, 09, 10, 13 ¢6 s6 chidu tuong
ung la 122, 196, 40, 41, 38 va 40. Cac bo dir liéu sau do
duoc trich rat phan dir lidu binh thudng cua tip hudn luyén
va khong sir dung nhan, ddi véi cac tap CTU-13 vi khong
co tap huén luyén va tap du liu kiém thu riéng dugc chia
theo ty 1& 40/60 tng v6i tap huan luyén/kiém thir cta tap
dir liéu twong tmg. Do nén tang phan ctimg khong cho phép,
cac thuat toan nhu Silhouette c6 lugng tinh toan 16n nén qua
trinh thyc nghiém s€ dugc tién hanh 5 lan véi 10 va 20% dix
liéu dugc ldy ngau nhién tir cac bo dir liéu kiém thir tuong
ung voi nhém NSL-KDD, UNSW-NB15 va nhém CTU-13.
Viéce cai dat thir nghiém dugc tién hanh trén ngon nglr Python
3.0, cong cu phat trién Jupyter Notebook, sir dung thu vién
Sklearn, Numpy va Pandas cho viéc cai dat cac thuét toan.
Két qua thir nghiém duogc thuc hién trén may tinh st dung hé
didu hanh MAC OS 10.14.3, c4u hinh Intel(R) Core (TM)
i5, 8 GB DDR3. Théng s6 tap dit ligu kiém thir duoc trinh
bay ¢ bang 5.
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Bang 5. Thong tin chi tiét dif liéu thd nghiém.

S6 chiéu  S6 ban

o Sochitn o tién  ghi Ty 1¢ Tap
B¢ dir liéu nguyén . ax 2 £ x huan
ban xurly dir  kiém lay mau I
liéu [15]  thw ¥
UNSW-NB15 49 196 5.600 10% 56.000
CTU-13_08 16 40 5.825 20% 29.128
CTU-13 09 16 41 2.397 20% 11.986
CTU-13_10 16 38 1.267 20% 6.338
CTU-13 13 16 40 2.555 20% 12.775
NLS-KDD 42 122 6.734 10% 67.3400

Két qud va ddnh gid

Két qua thuc nghiém theo phwong phap Elbow: thuc
nghiém theo phuong phap Elbow trén 6 bo dit liéu, qua 5
lan thtr, mdi 1an thir tinh K=(1-5) trén 10% dir liéu cua tap
huén luyén NSL-KDD, UNSW-NBI15 va 20% trén cac bo
dir liéu thudc nhém CTU-13, cho két qua 6n dinh & cac lan
thtr khac nhau; theo d6 véi bo dir liéu UNSW-NBI1S5, viéc
tach bd dir li€u thanh K cum khac nhau (voi K tir 1 dén 5)
déu thé hién khong rd boi phuong phap Elbow. Tuong tu
v6i bo dit liéu CTU-13_10. Con v6i cac bo dir lidu con lai,
CTU-13_08, 09, 13 thé hién rat rd Elbow tai vi tri K=3,
con NLS-KDD thé hién Elbow & K=2. So d thé hién vi tri
Elbow khi thir nghiém céc bo dit liéu trong 1an thir thir nhat
thé hién ¢ hinh 1.

1013 Dataset UNSW Dataset CTU13_10

SumofSquare
Noow

Dataset CTU13_08 000 Dataset CTU13_09
400000

2 500000

100000 00
Dataset CTU13_13 108 Dataset NSLKDD

140000
120000

£ 100000

g

5 80000

B 60000

40000

20000

25
40 45 50 1 15 5
K K

10 15 20 25 30 35

5
N

30 35 40 45 50

Hinh 1. Két quéd thyc nghi¢m lya chon K ti tuu theo phuang
phap Elbow (lan 1).

Két qua thiee nghiém theo phirong phdp Silhouette: thuc
nghi¢ém phuong phép Silhouette trén 6 bd dir licu, qua 5
lan thtr, mdi 1an thir tinh K=(2-5) trén 10% dir liéu cta tap
huin luyén NSL-KDD, UNSW-NB15 va 20% trén cic bd
dit liéu thudoc nhém CTU13, két qua cho théy su 6n dinh &
céc 1an thir khac nhau, theo d6 véi bo dit liéu UNSW-NB15
va CTU-13 10, vi¢c tach bo dir lieu thanh nhiéu cum déu
khong tot vi c6 mot cum chiém da s6 diém dit ligu, trong cac
phuong an K khéc nhau thi cac diém cta cum nay van gan
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nhu khong bi tach ra. V§i bo dit liéu CTU-13_8 cho gia tri
Silhouette kha dong déu tai K=5, tuy nhién viéc phan cum
tao ra s6 diém cac cum van kha cao, theo biéu dd thi chia
s6 cum bang 3 s& hop 1y hon ca. Bo dit liéu CTU-13 09,
13 cho gia tri Silhouette v&i truong hop K=3, 4, 5 gan nhu
nhau, tuy nhién gitta vi€c chia thanh 3 cum hay nhiéu cum
hon khéng lam cho cac cum co s6 diém dir liéu déu hon,

Silhouette

Cluster No
=

Cluster No
N {
& .

Cluster No

—01 oo 02 04 0% 10 01 oo 02 o4 o6 os
Silhouett £ (K=2) Silhouette coefficient (K=3)

Silhouette Dataset=UNSW

10

nén chia thanh 3 cum 1 pht hop nhét. Con bg dir liéu NLS-
KDD, viéc chia thanh 2 cum cho thdy c6 it diém co gia tri
Silhouette 4m va da sé gia tri hudng dén +1, do vay chia
thanh 2 cum 1a phu hop hon trong s6 cac phuwong an dua ra.
Hinh 2 14 biéu db thé hién cac bong Silhouette cuia cac cum

trong mdi phuong 4n khi thir coa 1an 1.
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Hinh 2. Két qua thi nghiém theo phuong phap Silhouette (Ian thii 1) trén 6 Dataset.
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Trong pham vi bai viét, chiing t6i da phan tich, danh gia
mot sb bo dit lieu phuc vu cho kiém thur trong linh vuc nghién
ctru IDS, mot s6 b dit liéu chinh nhu NSL-KDD, UNSW-
NB15, CTU-13 phién ban 08, 09, 10 va 13, day la cac bo dir
lidu thuong dugc sir dung cho kiém thir cac cong trinh vé
g dung hoc may cho phat hién bat thuong trén mang may
tinh [12, 15] trong nhitng nim gan day. Qua phan tich cho
théy, cac b dir licu DARPA, KDD1999 hién da khong con
phtt hop cho danh gia cac két qua nghién ciru trong linh vire
hoc may, hoc sau. B dit liéu NSL-KDD c6 nhitng tién bo
vuot troi so voi bo dir liéu géc, tuy vay van con thiéu tinh
thoi su khi khong chira cac cudc tn cong mang gan day. Bo
di liéu UNSW-NB13 va cac phién ban cua CTU-13 dugc
tao ra gﬁn day da co ban khéc phuc dugc han ché cua cac bd
dir liéu co trude. Tuy vay, cac tap CTU-13 thuong chi dugc
sir dung cho kiém thir cac tin cong Botnet.

Tinh phan cum cua dit li¢u ¢ vai trd quan trong vi giup
cho dit liéu c6 kich thudc nho hon nhung van co ban giit
dugc cac dic trung von co. Chung toi da tién hanh thuc
nghiém danh gia tinh phan cum ctia cac bo dir liéu, ndi dung
chinh cuda thyc nghiém la tién xir ly cac bo dir li¢u, cai dat
bai toan phan cum dir liéu su dung thuat toan K-Means va
danh gia tinh phan cym theo 2 phuong phap thuong dugc
sir dung la Elbow va Silhouette. Qua thir nghiém trén 6 tap
dir liéu khac nhau (NSL-KDD, UNSW-NBI15, CTU-13 08,
09, 10 va 13), v6i 5 lan thir, dit liéu duoc 1y mau theo ty 16
¢b dinh, ngau nhién tir tap huan luyén cho thiy két qua danh
gia tinh phan cum theo 2 phuong 4n 1a ddng nhat. Qua d6 ¢
thé dwa ra danh gi4, v6i bo dir liéu huén luyén cia UNSW-
NB15, CTU-13_10 thi khong rd tinh phan cum, cac bg dit
liéu CTU-13_09, 13 thi vi¢c phan thanh 3 cum la phu hop
nhat, con bo dir liéu NSL-KDD thi viéc phan thanh 2 cum
cho thay tét hon so véi phan thanh nhiéu cum.

Két qua nghién ctru 13 co so dé lwa chon tép dit liéu kiém
thir cho cac cong trinh nghién ctru vé hoc méy, hoc siu trong
linh vuc IDS. Ngoai ra, b cum t6i wu dugc dé xuét theo két
qué thyc nghiém c6 thé 1a co s¢ dé sir dung cho chia nho dir
liéu thanh nhidu cum, gitp phat trién cac thuat toan lai ghép
phéan cum vai thuat toan da co.
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Nhan dang khuon mat trong video
bang mang no ron tich chap
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Tom tit:

Deep Learning la thuét toin dwa trén mdt sé y twéng tir ndo bd t6i viée tiép thu nhiéu ting biéu dat, ca cu thé 1an
triru twong, qua do lam ré nghia cia cac loai dir liéu. Deep Learning dwgc wng dung trong nhan dién hinh anh,
nhén dién giong néi, xir Iy ngdn ngir tw nhién. Hi¢n nay rit nhiéu cac bai toAn nhin dang sir dung Deep Learning, vi
né c6 thé giai quyét cac bai toan véi s6 lrgng 16m cac bién, tham so kich thwéc diu vao 16m véi hiéu ning ciing nhw
dd chinh xac vuot trdi so véi cac phuwong phap phan 16p truyén thong, xay dung nhitng hé théng thong minh véi
do chinh xac cao. Trong bai bao nay, cac tac gia nghién ciru mang no ron tich chap (CNN - Convolutional Neural
Network) 13 mdt trong nhirng mé hinh Deep Learning tién tién cho bai toan nhian dang khudén mit tir video.

Tir khoa: mang no ron hgc siu, mang no ron tich chiap, nhan dang khuén mat.

Chi s6 phén loai: 1.2

Gidi thiéu

CNN la mot trong nhimg mo hinh mang Hoc sau phd bién nhat
hién nay [1-3], c6 kha nang nhan dang va phan loai hinh anh vai
d6 chinh xac rét cao, tham chi con tot hon con nguoi trong nhidu
trudng hgp. Mo hinh nay da va dang dugc phat trién, img dung vao
céc hé thong xir Iy anh 1n cua Facebook, Google hay Amazon...
cho cac muc dich khac nhau, nhu cac thuat toan gén thé tu dong,
tim kiém anh hodc goi y san phdm cho nguoi tiéu ding,

Sy ra doi cia mang CNN 1 dya trén ¥ tuong cai tién cach thirc
chc mang no ron nhan tao truyén théng [4] hoc thong tin trong anh.
Do sir dung cac lién két day du giira cac diém anh vao node, céc
mang no ron nhan tao truyén thing (Feedforward Neural Network)
[5-7] bi han ché rat nhiéu boi kich thudc ciia anh, anh cang 16n thi
50 luong lién két cang tang nhanh, kéo theo sw bung nd khéi lwgng
tinh toan. Ngoai ra, su lién két ddy du nay ciing 1a su du thira v6i
mi birc anh, cac thong tin chi yéu thé hién qua sy phu thudc giita
cac diém anh v6i nhitng diém xung quanh n6 ma khong quan tim
nhiéu dén céc diém anh ¢ cach xa nhau. Mang CNN véi kién tric
thay doi, c6 kha ning xdy dung lién két chi sir dung mot phan cuc
b6 trong anh két ndi dén node trong 16p tiép theo thay vi toan bo
anh nhu trong mang no ron truyén thing.

Trong bai viét nay, ching t6i nghién ctru vé mang CNN [2]
st dung mo6 hinh VGG16 ting dung trong viéc xay dung h¢ thong
nhan dang khuon mat ty dong tr video.

Mang no ron CNN - VGG16
Kién triic mang CNN
Hinh 1 trinh bay mét kién trac mang CNN, cac 16p co ban

‘Tac gia lién hé: Email: daohaoquang@gmail.com.
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trong mot mang CNN bao gém: 16p tich chap (Convolutional);
16p kich hoat phi tuyén ReLU (Rectified Linear Unit); 16p léy m?lu
(Pooling); 16p ket noi day du (Fully connected) duoc thay doi vé s
luong va cach sap xép dé tao ra cic mo hinh hudn luyén phi hop
cho tung bai toan khac nhau.

L_m.i'_
{ma =
3
[J:DA]I
[ms}

Xic xuit (%)

Cac lop két noi  Phan loai
day da  (Fully

connected)

Cac I6p tich chap (Convolutional),
kich hoat phi tuyé&n RelU va 1dy mau
(Pooling)

Hinh 1. Kién tric co ban clia mgt mang CNN.

- Lop tich chap: ddy 1a thanh phan quan trong nhét trong mang
CNN, thé hién sy lién két cuc bd thay vi két ndi toan bo cac diém
anh. Céc lién két cuc b duoc tinh todn bang phép tich chap giita
cac gia tri diém anh trong mot vung anh cuc by vai cac bd loc
filters c6 kich thudc nho.

Céac diém anh géc

B¢ loc tich chap
Gid tri diém anh méi

Hinh 2. B§ loc tich chap dugc st dung trén ma tran diém anh.
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Abstract:

Deep Learning is an algorithm based on some ideas
from the brain to absorb many layers of expression,
both concrete and abstract, thereby clarifying the
meaning of data types. Deep Learning is applied in
image recognition, speech recognition, natural language
processing. Currently, many identification problems
are solved by deep learning based methods thanks to its
ability to solve problems in a large number of variables,
large input size with superior performance and accuracy
as compared to traditional classification methods, and
its ability to build intelligent systems with high accuracy.
In this article, the authors conducted a study into the
convolutional neural network (CNN) which is one of the
advanced deep learning models for the problem of facial
recognition from video.

Keywords: convolutional neural network, deep learning,
face recognition.

Classification number: 1.2

Trong hinh 2, b loc dugc su dung la mot ma tran c6 kich
thude 3x3, bo loc nay dich chuyén lan lugt qua timg ving anh dén
khi hoan thanh quét toan bg birc anh, tao ra mot birc anh maéi co
kich thudc nho hon hodc bang voi kich thude anh dau vao. Kich
thuoe nay duoc quyét dinh ty theo kich thude cac khoang tring
duoc thém ¢ vién birc anh gbc va dugc tinh theo cong thirc sau:

+1 (1

Trong do: O: kich thudc anh dAu ra; i: kich thudce anh dau vao;
p: kich thude khodng trang phia ngoai vién cua anh goc; k: kich
thude bo loc; s: bude truot ciia bo loc.

_i+2xp—k

Nhu véy, sau khi dua mot birc anh du vao cho 16p tich chap
nhén duoc két qua dAu ra 1a mot loat anh tuong Gmg voi cic bd loc
da duoc st dung dé thyc hién phép tich chap. Cac trong s cua cac
b6 loc nay dugc khéi tao ngu nhién trong 14n dAu tién va s& duoc
cap nhat trong qua trinh huan luyén.

- Lop kich hoat phi tuyén ReLU: dugc xdy dung dé dam bao
tinh phi tuyén ciia mo hinh huén luyén sau khi da thyc hién mot
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loat cac phép tinh toan tuyén tinh qua céc 16p tich chap. Lop kich
hoat phi tuyén sir dung cac ham kich hoat phi tuyén nhw ReLU
hodc sigmoid, tanh... dé gi6i han pham vi bién do cho phép cua
gia tri dAu ra. Trong $6 céc ham kich hoat nay, ham ReLU dugc
chon do cai dat don gian, toc do xu 1y nhanh ma van dam bao duogc
tinh toan hi¢u qua. Phép tinh todn ctia ham ReLU chi don gidn 1a
chuyén tat ca cc gia trj am thanh gi4 tri 0.

Lop ReLU duoc ap dung ngay phia sau 16p tich chap, vdi dau
ra la mot anh méi c6 kich thude giong véi anh dau vao, cac gi tri
diém anh cling hoan toan twong tu, trir cac gia tri am da bi loai bo.

f(x) =max(0, x) 2)

- Lop liy mau: duoc dat sau 16p tich chap va 16p ReLU dé lam
giam kich thudc anh dau ra trong khi van giir dugc cac thong tin
quan trong cua anh déu vao. Viée giam kich thude dir lidu c6 tac
dung lam giam dugc s6 luong tham s6 cting nhur tang hiéu qua tinh
toan. Lop ldy miu ciing st dung mot cira sb truot dé quét toan bo
cac ving trong anh nhu 16p tich chap, va thyc hién phép ldy mau
thay vi phép tich chap, s& chon luu lai mot gi4 tri duy nhat dai dién
cho toan b¢ thong tin cua ving anh do.

Hinh 3 thé hién cac phuong thirc léy mau thuong dugc st dung
nhét hién nay, d6 1a Max Pooling (ldy gi4 tri diém anh 16n nhét)

va Avarage Pooling (Idy gia tri trung binh ctia cac diém anh trong
vung anh cuc b).

max pooling
2030

/ 12|37
average pooling
\ 13| 8

79|20

12|20 30

34|70) 37
112100 25 | 1

0

0

4
2

Hinh 3. Phuong thic Avarage Pooling va Max Pooling.

Nhu vdy, v6i mdi anh dau vao duge dua qua ldy mau sé thu
dugc mot anh dau ra trong tmg, co kich thude giam xudng dang
ké nhung van giit dugc céc dic trung can thiét cho qua trinh tinh
toan va nhan dang.

- Lép két ndi day di: dugc thiét ké twong tw nhu trong mang
no ron truyén thong, tat ca cac diém anh dugc két noi day du vai
node trong 16p tiép theo.

So v&i mang no ron truyén thong [4], cac anh dau vao cia 16p
nay da co kich thude dugc giam bét rat nhiéu, dong thoi van dam
bdo cdc thong tin quan trong cta anh cho viéc nhan dang Do vay,
viéc tinh toan nhan dang stt dung md hinh truyén thing da khong
con phtre tap va ton nhiéu thoi gian nhu trong mang no ron truyén
thong.

Xdy dung mé hinh mgng

Hinh 4 trinh bay mot c4u tric VGG16 tmg dung vio bai toan
nhan dang khuoén mat trong video.
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Hinh 4. Kién tric mang VGG16.

N Téng tham s6 trong mo hinh 1a 138.357.544, cac tham s trong
moi 16p cia mo6 hinh mang nhu sau:

* Anh dau vao:

Déu vao: anh véi kich thude 224 x 224 x 3 = 150K (3 tuong
umg véi 3 mau: do, xanh luc, xanh lam trong h¢ mau RGB thong
thuong).

* Lop 1 (Tich chap):

- S6 b loc: 64

- Kich thude bd loc: 3 x 3 x 64

- Bo nho: 224 x 224 x 64 =3,2M

- S6 lugng tham sb: (3 x 3 x 3) x 64 = 1.728

* Lop 2 (Tich chap):

- Ddu vio: 224 x 224 x 64

- S6 b loc: 64

- Kich thude bo loc: 3 x 3 x 64

- By nho: 224 x 224 x 64 =3,2M

- S6 lugng tham sb: (3 x 3 x 64) x 64 = 36.864

* Lép chuyén tiép sang 16p 3 (Liy miu):

- Size = (2,2)

- Stride =2

- Padding =0

- By nhé: 112 x 112 x 64 = 800K

Kich thudc dau ra ciia dit liéu giam 1/2, tir (224 x 224 x 3)
xudng (112 x 112 x 3), va chiéu sau duoc giit nguyén
*Lop 3 (Tich chép):

-Déu vao: 112x 112x 3

-S6 bo loc: 128

- Kich thude bo loc: 3 x 3 x 128

-Bonho: 112x 112x 128 =1,6M

- 86 luong tham sb: (3 x 3 x 64) x 128 = 73.728

* Lop 4 (Tich chép):

-Pauvao: 112x 112x3

-S4 b loc: 128

- Kich thude bo loc: 3 x 3 x 128

-Bonhé: 112x 112 x 128 = 1,6M

- S0 lugng tham sb: (3 x 3 x 128) x 128 = 147.456
* Lép chuyén tiép sang 16p 5 (Liy mau):

- Size = (2,2)

- Stride =2

- Padding=0

- Bo nhd: 56 x 56 x 128 = 400K

Kich thu6e dau ra ciia dit lidu giam 1/2, tr (112 x 112 x 3)
xudng (56 x 56 x 3), va chiéu sau duogc git nguyén
*Lap 5 (Tich chap):

- Ddu vao: 56 x 56 x 3
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- 86 bo loc: 256

- Kich thude bd loc: 3 x 3 x 256

- B9 nhd: 56 x 56 x 256 = 800K

- 86 lugng tham sb: (3 x 3 x 128) x 256 =294.912
*Lop 6 (Tich chap):

- Pau vao: 56 x 56 x 3

- 86 bo loc: 256

- Kich thude bd loc: 3 x 3 x 256

- B9 nhd: 56 x 56 x 256 = 800K

- S0 lugng tham sb: (3 x 3 x 256) x 256 = 589.824

* Lép 7 (Tich chép):

- Péu vao: 56 x 56 x 3

- 86 bo loc: 256

- Kich thude bd loc: 3 x 3 x 256

- B9 nhd: 56 x 56 x 256 = 800K

- S6 luong tham sb: (3 x 3 x 256) x 256 = 589.824

* Lép chuyén tiép sang 16p 8 (Liy mau):

- Size =(2,2)

- Stride =2

- Padding =0

- B nhd: 28 x 28 x 256 = 200K

Kich thudc dau ra ciia di liéu giam 1/2, tir (56 x 56 x 3) xubng
(28 x 28 x 3), va chiéu sdu dugc giit nguyén

* Lop 8 (Tich chép):

- Pau vao: 28 x 28 x 3

-S4 b6 loc: 512

- Kich thude bd loc: 3 x 3 x 512

- Bo nho: 28 x 28 x 512 = 400K

- 86 lwgng tham sb: (3 x 3 x 256) x 512 =1.179.648
* Lép 9 (Tich chép):

- Pau vao: 28 x 28 x 3

- 86 bo loc: 512

- Kich thude bd loc: 3 x 3 x 512

- B9 nho: 28 x 28 x 512 = 400K

- 86 lwong tham sb: (3 x 3 x 512) x 512 =2.359.296
* Lép 10 (Tich chap):

- Pau vao: 28 x 28 x 3

- 86 bo loc: 512

- Kich thude bd loc: 3 x 3 x 512

- Bo nho: 28 x 28 x 512 = 400K

- 86 lugng tham sb: (3 x 3 x 512) x 512 =2.359.296
* Lép chuyén tiép sang 16p 11 (Ldy miu):

- Size=(2,2)

- Stride =2

- Padding=0

-Bo nho: 14 x 4 x 512 = 100K

Kich thudc dau ra cua dit liéu giam 1/2, tir (28 x 28 x 3) xudng
(14 x 14 x 3), va chiéu sau duoc giit nguyén

* Lép 11 (Tich chap):

-Péau vao: 14x 14x 3

- S5 b9 loc: 512

- Kich thude b loc: 3x 3 x 512

-Bonhé: 14 x 14 x 512 = 100K

- S6 lwgng tham sb: (3 x 3 x 512) x 512 =2.359.296



* Lép 12 (Tich chap):

-Pauvao: 14x 14x 3

- 86 bo loc: 512

- Kich thudce bo loc: 3x 3 x 512

-Bo nhd: 14 x 14 x 512 = 100K

- S6 luong tham sb: (3 x 3 x 512) x 512 =2.359.296
* Lép 13 (Tich chép):

-Pauvao: 14x 14x 3

- 86 bo loc: 512

- Kich thudce bo loc: 3x 3 x 512

-Bo nhé: 14 x 14 x 512 = 100K

- 86 luong tham s6: (3 x 3 x 512) x 512 =2.359.296
* Lép chuyén tiép sang 16p 14 (Liy mau):

- Size = (2,2)

- Stride =2

- Padding =0

-Bonhé: 7x 7x 512 =25K

Kich thu6c dau ra ciia dii lidu giam 1/2, tir (14 x 14 x 3) xudng
(7 x 7x 3), va chiéu sau dugc giit nguyén

* Lép 14 (Két ndi day du):

-Pauvao: 1 x 1 x4.096

- B nhd: 4.096K

- 86 luong tham sb: 7 x 7 x 512 x 4.096 = 102.760.448
* Lop 15 (Két ndi day du):

- Pau vio: 1 x 1 x4.096

- Bo nhé: 4.096K

- S6 luong tham sb: 4.096 x 4.096 = 16.777.216

* Lép 16 (Két ndi day du):

-Pau vao: 1 x 1 x4.096

- B9 nhd: 1.000K

- 86 luong tham s6: 4.096 x 1.000 = 4.096.000

Hoc chuyén giao va tinh chinh mé hinh huén luyén

La qua trinh khai thac, tai st dung cac tri thirc da duoc hoc tap
boi mot md hinh huén luyén trude d6 vao giai quyét mot bai toan
moi ma khong phai xdy dung mé hinh huan luyén khac tir dau.
Hién nay, phuong phap pho bién thuong duoc dp dung khi huin
luyén mo hinh véi mot bd CSDL tuong d6i nho 1a st dung Hoc
chuyén giao dé tan dung mot mang da dugc huén luyén trudc.

CNN d duogc huén luyén trude d6 véi b dit ligu rét 16n nhu
ImageNet (1,2 tri¢u anh vdi 1.000 nhan danh dau). Phuong phap
nay su dung mang CNN theo hai cach chinh nhu sau:

Mang CNN nay chi dugc st dung nhu mot b trich chon déc
trung cho b CSDL huén luyén méi, bang céch thay thé cac 1op két
ndi day di 6 cudi mo hinh mang va giit ¢ dinh cac tham sb cho
toan bd cac 16p con lai cua md hinh. Thuc hi¢n t0i wu, tinh chinh
(Fine-tune) mot vai hodc tit ca cac 16p trong md hinh mang.

Vige tai st dung mang CNN la dua trén cac dac trung duoc
hoc trong céc 16p dau ciia mang 1a cac dic trung chung nhét véi
phin 16n bai toan (vi du dic trung vé canh, hinh khéi hay cac
khéi mau...). Céc 16p sau do cia mang CNN s& nang din do cu
thé, riéng biét clia cac chi tiét phuc vu cho bai toan nhan dang can
giai quyét. Do d6, hoan toan c6 thé tai sir dung lai cac 16p dau cua
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mang CNN ma khong phai mét nhiéu thoi gian va cong strc huén
luyén tir dau.

C6 2 loai hoc chuyén giao:

Feature Extractor: sau khi léy ra céc dic diém (tai, mii, toc...)
cua anh bing viéc s dung ConvNet ctia md hinh dugc hudn
luyén trude, s& ding phan loai tuyén tinh (Linear SVM, Softmax
Classifier...) dé phan loai anh.

Fine-tuning: sau khi ldy ra cac dc diém cta anh bang viéc sit
dung CNN ctia m hinh duoc hudn luyén trude, thi s& coi day 1a
dau vao ciia CNN méi bang cach thém cac 16p tich chap va 16p két
ndi day du.

Keét qua nhan dang khuén mat bang mé hinh VGG16

* Ngudn dit liéu ding hudn luyén mo hinh thir nghiém duoc
thu thap trén Internet:

- Tong s6 nguoi: 2.622

- Téng s6 khudn mat: 1.200.000

* Khoi tao céc thong sd dé huin luyén mang:
- Td¢ dd hoc: 0,25

-Hé s6 quan tinh: 0,3

- Sai s6 cyc tiéu: 0,00001

- 86 1an hoc t6i da: 100 vong

* Huan luyén mang:

Mai truong duge su dung dé huén luyén mo hinh nhén dang
la Windows Server 2012, ngon nglt Python phién ban 3.7.1 véi
framework dung cho huén luyén mo hinh 1a Caffe, card d6 hoa
Nvidia 1080ti, trong khoang 20 ngay huin luyén.

Huén luyén mang: 1éy 80% mau dit liéu dé huin luyén mang,
két qua huan luyén thé hién ¢ hinh 5 véi sai s6 MSE 14 0,002 qua
100 vong huén luyén.

2.00 1
— L&i MSE

1.50 1

1.25 4

Loi MSE

1.00 1

0.75 1

0.50 4

0.25 7

0.00 4

[I) 2‘0 4‘0 ﬁr(} 8‘0 1(‘10
$6 vong huan luyén
Hinh 5. D4 thj I6i huan luyén véi mau dii liu.
* Kiém tra mang: 1ay 20% mau dir li¢u con lai dé kiém tra

mang voi cac b trong s da duoc huén luyén, két qua kiém tra voi
1oi MSE 12 0,0001 (hinh 6).

1n
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Hinh 7. Nhan dang khuén mat trong video.

Bang 1. Két qua thii nghiém nhan dang khuén mat tir video.
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Mo hinh mang VGG16 véi kién tric thay doi, kha ning xay
dung lién két chi sur dung mét phﬁn cuc b trong anh két ndi dén
node trong 16p tiép theo thay vi toan bd anh nhu trong mang no
ron truyén thang, 1am ting kha nang xir Iy va dat ty 18 cao trong
phan loai anh.

D¢ chinh xac nhan dang khuén mat cua mo hinh trong diéu
kién 1y tuong da dat hodc vuogt qua ca con nguoi. Tuy nhién, do
cac yéu t6 khac nhau nhu anh sang, goc, biéu hién va tudi tac, lam
giam dg chinh xac cua qua trinh nhan dang. Trong thoi gian tdi,
cac thc gia s& tp trung vao vide xdy dung va bd sung cac tip thudc
tinh dé ning cao do chinh xac cua qua trinh nhan dang.

Tir nhing két qua dé thir nghiém cta mé hinh cho thdy, ¢6 thé
xdy dung cac ung dung dua trén phan loai va nhan dang khuoén
mat, nhu: hé théng chédm cong tu dong, diém danh tu dong trong
cac co so ddo tao, va cac hé thong kiém soat an ninh, phong chong
to1 pham.
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trong dung dich kiém
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Ngay nhan bai 23/9/2019; ngay chuyén phan bién 25/9/2019; ngay nhén phan bién 28/10/2019; ngay chip nhan ding 31/10/2019

Tém tit:

Trong nghién ciru nay, nano vang dwgc sir dung 1am chét phu gia cho dién cuc sit nhim cai thién kha ning chu trinh
héa ciia né trong dung dich kiém. Hinh thai hoc ciia hat nano vang dwoc khao sat thong qua phép do hién vi dién tir
truyén qua (TEM). Pé danh gia vai tro chit phu gia ciia nano vang trong dién cuec sit, phép do quét thé tudn hoan
(CV) da dwgc thye hi¢n trén cic dién cwe Fe,O,/Au va Fe,0,/Au/AB (AB - acetylene black) sir dung lwgng nano vang
khac nhau. Két qua cho thiy, lwgng nano vang va AB anh hu’o’ng manh dén dic trung dién hoéa cia dién cuc sit. AB
giup ting do din dién cia dién cuc Fe,O,/Au/AB, trong khi nano vang thé hién anh hwong tich cwe dén phan vng

oxy héa - khir ciia sit.

Tir khéa: dién cuc Fe,O,/Au/AB, nano vang, pin st - khi, vét liéu Fe,0,/Au.

Chi s6 phén loai: 1.4

Dat van de

Cong nghé nano dang phat trién manh mé 1a nho su phat
trién cuia vat liéu nano va cac tmg dung to 16n trong cac linh
vuc khac nhau, vi du nhu phan phdi thude [1], cai thién chan
doédn ung thu [2], hay cac linh vuc khac nhu chat xuc tac [3],
pin nhién li¢u [4], phat hién kim loai ndng [5], tri liéu [6]...
Trong linh vuc y hoc, hat nano vang (GNP) thu hat dugc
nhiéu sy chii ¥ nho hidu quéa hép thy anh sang ciing nhu kha
nang phan phdi thude véi hidu qua cao [7] lai it doc tinh [8].

Trong linh vuec tich trir va chuyén dbi nang lugng, viée
su dung cac vat liéu nano lam chét xtc tac cling thu hut
duoc nhiéu su quan tdm cua cac nha khoa hoc. Theo cac
nghién ctru trude dy, hidu qua cia pin sit - khi bi han ché
do hiéu suit phong - nap thip va téc do tu phong cao. Tuy
nhién, pin sit - khi co dung luong ly thuyet cao nén hién nay
viée cai thién, nang cao nang lugng, hidu suat cua pin st -
khi dang dugc nghién ciru rong rii, voi nhidu ¥ tudong duge
trién khai cho két qua tuong ddi kha quan. Céc bién phap
st dung chét phu gia, thay ddi hinh dang, kich thudc hat
sat da cai thién dang ké hiéu suét cua pin sit - khi [9-11].

Nhiéu nghién ctru st dung cAu trac nano lam vat liéu
hoat dong dién cuc hay chit phy gia, gitip rat ngin quing
duong khuéch tan ctia cac ion va dién tir, di cai thién dang
ké nang lugong va hi¢u sudt cla pin [12-15]. Vat liéu nano
vang véi hoat tinh xuc tac cao so v6i kim loai khoi [16]
duoc hy vong s& cai thién dugc nhiing han ché cua dién cuc

"Tac gia lién hé: Email: hang@itims.edu.vn
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sat. Do vdy trong nghién ctru ndy, hat nano vang cing véi
nano cacbon (AB) duoc sir dung lam chat phu gia cho dién
cuc sat dé cai thién kha nang chu trinh hoéa, hiéu sut phong
- nap cua no.

Thuc nghiém

Hdn hop bot oxit sit va nano vang (Fe,0,/Au) dugc ché
tao nhu sau: cho 1 g Fe O, kich thudc nanomet (Aldrich)
vao dung dich nano vang (Au) véi cac lugng thé tich khac
nhau (30, 50, 100 ml). Hon hop duoc khudy tir voi toe do
200 vong/phit trong 2 h, sau d6 dugc say kho ¢ 60°C trong
24 h, thu duoc hén hop san phadm Fe,0,/Au.

Dé do tinh chat dién hoa cua F‘eZO3/Au thu qu'()’C, chung
to1 ’ché tao 1a dign cyc Fe, O,/Au bang céch’nghién trén’90%
khoi lugng vt ligu Fe,O,/Au va 10% khoi lugng chat ket
dinh polytetraflouroethylene (PTFE), sau d6 can mong. La
di¢n cuc Fe,O,/Au/AB ciing dugc ché tao tuong tu véi 45%
khoi luong Fe O,/Au, 45% khéi luong AB va 10% khdi
luong PTFE.

Céc di¢n cyc Fe,0,/Au va Fe,O,/Au/AB duge cit ra tir
la dién cyc thanh dang vién mong c6 duong kinh 1 cm va
d6 day khoang 0,1 cm. Vién dién cuc sau d6 dugc ép 1én vt
liéu dan dong 14 luéi Titanium véi luc ép khoang 150 kg/cm?
dé gén chat dién cuc vao ludi Titanium.

Céc phép do quét thé tudn hoan dugc thuc hién trén cell
3 dién cyc véi Fe,O,/Au hodc Fe,O,/Au/AB la di¢n cuc lam
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Electrochemical properties
of Fe O,/Au in alkaline solution
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'Ministry of Science and Technology
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Abstract:

In this study, gold nanomaterials were used as an
additive for iron electrodes to improve its cyclability in
alkaline solutions. The morphology of gold nanoparticles
was investigated via transmission electron microscopy
(TEM) measurement. To evaluate the role of additive
gold nanomaterialsiniron electrodes, cyclic voltammetry
(CV) measurements were performed on Fe,O,/Au and
Fe,0,/Au/AB (AB - acetylene black) electrodes using
various amounts of nanogolds. The results show that
the amount of nanogolds and AB strongly affects the
electrochemical characteristics of the iron electrodes.
AB helps increase the electrical conductivity of Fe,O,/
Au/AB electrodes while gold nanoparticles show positive
effects on the oxidation reaction of iron.

Keywords: Fe,0,/Au/AB electrode, Fe,O,/Au material,
iron-air battery, nanogold.

Classification number: 1.4

TAP CHI

HOAHOC |/,
ONG NGHE ||t Nam 62(1) 1.2020

viéc (WE), Pt 1a dién cuc ddi (CE) va Hg/HgO la dién cuc
so sanh (RE). Dung dich dién ly 1a KOH 8M. Cac phép do
CV dugc thuc hién véi toe do quét 5 mV/s va thé quét trong
khoang tir -1,3 dén -0,1 V.

Két qua va thao luan
Hinh thadi hoc vt liéu nano vang

Hinh dang, kich thudc cua hat nano vang dugc quan sat
bang kinh hién vi dién tir truyén qua (TEM), két qua thé
hién trén hinh 1. Cac hat nano vang rit nho, khong dong
déu, co kich thude tir vai dén vai chuc nano mét, c6 xu
hudng két ty voi nhau tao thanh mang 16n. Hat nano vang
nhé 6 hoat tinh xtc tac tot nhung hién tugng két tu thanh
dam s€ lam giam dac tinh nay cua ching.

Hinh 1. Anh TEM ciia miu nano vang.

Dac trung dién hoa

Cac két qua do CV cua dién cuc Fe,O0,/Au v6i lugng
nano vang khac nhau (30, 50 va 100 ml) trong dung dich
dién ly KOH dugc thé hién trén hinh 2.

O tit ca cac mau chi cé su xuét hién cia mot cap dinh
oxy hoa - khir & thé khoang -0,6 V (a,) theo chiéu quét thuan
va khoang -0,95 V (c,) twong ung theo chiéu quét ngugc lai.
Céap dinh nay dugc xac dinh 1a cap phan tng oxy hoa - khir
ctia Fe/Fe(IT). Nhu vy, ta khong quan sat thiy cip dinh oxy
hoa - khu cua Fe(H)/F,e(IH). Bén f:anh cap dinh a/c, con
c6 mot dinh oxy hoéa rat nho a  xuat hién ¢ the -0,8 V duoc
cho 1a sy oxy hoa Fe tao thanh Fe(OH)_, trudce khi tao thanh
Fe(Il) va dinh sinh khi H, ¢ the -1,2 V.

Cip dinh oxy hoa - khir Fe(IT)/Fe(IIT) khong xuat hién
¢6 thé do 16p cach dién Fe(OH), hinh thanh tai dinh a da
lam tang dién trd dién cuc, dan dén lam giam toc do phan
g oxy hoa tiép theo ciia Fe(Il) tao thanh Fe(III) va ting
qué thé ctia cip phan tng nay. Su ting qué thé din dén dinh
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oXy héaa, dlen ra ngoai khoang thé quet nén khong quan sat
thay Rleng mau 30 ml Au, dinh a, xuét hién & thé rét cao,
gan thé ngat -0,1 V nén khong xuat hi¢n dinh khur ¢, theo
chidu quét nguoc lai.

Khi ting sé chu ky phong - nap, dong oxy hoa - khir
clia ca ba mau déu bi giam dan. D6 co thé do 16p thu dong
Fe(OH), hinh thanh tai dinh a  trong qua trinh phong dién
lam giam toc dd phan g oxy héa - khir ciia sit ¢ 16p bén
trong, gay nén sy giam dong oxy hoa - khur & cac chu ky
tiép theo.
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Hinh 2. Dac trung CV mau Fe,0,/Au véi (A) 30 ml Au, (B) 50 ml
Au va (C) 100 ml Au.
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Hinh 3. Pic trung CV clia mau Fe,0, thueng mai.

Pé danh gia kha ning tng dung cua vat liu Fe,0,/Au
tong hop dugc, phep do CV cua mau Fe,O thuorng mal da
duoc thyc hién dé so sanh voi mau tong hop, két qua duoc
thé hién trén hinh 3. Déi voi mau thuO’ng mai, chi c6 mot
cdp dinh oxy hoéa a /c, rit nho & thé khoang 0 9Vva-1,0
V tuong tmg. So sanh v6i két qua do CV cua mau Fe,0,/Au
ché tao (hinh 2)ta thdy két qua CV ciia mau téng hop Fe 0,/
Au t6t hon mau thuong mai dugc thé hién & cac dinh oxy
hoa - khir sac nhon, rd rang hon, dic biét 1a mau 30 ml Au.
Ngoai ra, mau tong hop Fe,0,/Au con xuét hién dinh a, ma
trong mau thuong mai khong c6. Piéu d6 chung td hat nano
vang kich thich phan tng oxy hoa - khir ciia sét, ting cuong
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budc oxy hoa Fe thanh Fe(OH) , tao diéu kién cho budc
phan (g tiép theo oxy hoa Fe(OH) thanh Fe(OH) Riéng
mau 30 ml Au, c6 sy xudt hién cta dlnh a, thé hién phan tng
Fe(IT)/Fe(III) ¢ thé twong dbi cao gan diém thé dimg -0,1 V
ctia phép do CV. Trong cac mau nghién ciru 30, 50 va 100
ml Au, miu 30 ml Au dudng nhu ¢é anh hudng tét nhat cua
nano vang thé hién trén dic trung CV & hinh 2C. Vai trod cia
nano vang trong vi¢c kich thich phan tng oxy hoéa Fe(Il)
thanh Fe(IIT) chwa thé hién rd ddi voi mau 50 va 100 ml
Au. D6 ¢6 thé do ban than hat nano vang c¢6 xu hudng két tu
thanh ddm nén vai trd xuc tac ciia nd bi gidm. Mt khac, khi
lop Fe(OH) tao thanh, gia tri ndi trd cua dién cuc tang 1én,
dan dén giam tdc do phan tmg cua Fe(IT)/Fe(III).

Nhu vay, vai tro phu gia cua nano vang trong cac mau
Fe,O /Au ché tao chua thyc sy ndi troi. B co thé do Fe,O,
la chat cach dién, hat nano vang déng vai tro chat phy gia
khong chi lam gidm néi tré cia dién cuc, ma con phat huy
hoat tinh xuc tic cho phan tg oxy hoa - khir ctia sit c6 xu
hudng két tu thanh dam da lam giam tac dung tich cuc cia
né. Trong ba mau khéo sat 30, 50 va 100 ml Au, mau 30 ml
Au cho cac dinh oxy hoa khu t6t hon. Dé lam tang do dan
di¢n cua di¢n cyc, mau Fe, O,/Au duoc bd sung chat phu gia
nano cac bon (AB), két qua do CV cua di¢n cyc Fe,0,/Au/
AB trong dung dich KOH 8M dugc thé hién trén hmh 4
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Hinh 4. Pac trung CV mau Fe,0,/Au/AB véi (A) 30 ml Au, (B) 50
ml Au va (C) 100 ml Au.

Theo so dd hinh 4, chiéu quét thuén c¢6 su xut hién cua
cac dinh oxy hoaa,a ,a, & thé khoang -1,0; -0,8; -0,3 V trén
duong CV cua méu 30 ml Au, trong khi mau 50 va 100 ml
Au chi c6 dinh oxy hoaa, a, xudt hién. O chiéu quét nguoc
lai xuat hién céc dinh khu’ tLrorng tmgc, c, rat nho. Dang Chu
¥, mau 100 ml Au c6 cac dinh oxy hoa a, bi dich nhiéu vé
phia duong va dinh khtr ¢, bi dich vé ph1a am gay nén sy
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tang qua thé din dén dinh ¢ , khong quan sat dugc do bi che
phu bai dinh sinh khi H,.

So sanh v&i mau khong c6 nano cac bon AB trong dién
cuc (hinh 2) cho théy, cuong do Q(‘)ng dién ctia mau Fe,O,/
AI}/AB da duoc cai thién d'fing ké. "ljuy nhién, dinh k{lﬁ' c,
thap va c6 xu hudng dich vé phia thé am trong cac mau co
ham luong nano vang cao, gy ting qua thé nén bi che phu
boi dinh sinh khi H,. Pay 1a tac dung khong mong mubn khi
thém AB vao dién cuc. Nhu vay, véi sy ho trg cua AB, dnh
huéng tich cuc cia nano vang dén téc do phan Gmg oxy hoa
- }(hfr trm}g dién cyc Fe,0,/Au/AB dé~duqc cai thién. Tror}g
s0 cac mau nano vang nghién clru, mau c6 lugng nano thap
hon cho két qua t&t hon (mau 30 ml Au cho két qua t6t
nhét). Véi viée han ché tinh két tu thanh dam cta cac hat
nano vang, vat li¢u Fe,O,/Au duqc hy vong s€ cai thién hqn
nira kha nang chu trinh hoa cuia sat, gitp nang cao hi¢u suat
phong - nap cua pin sit - khi.

Két luan

Vit liéu nano vang dugc st dung lam chét phu gia cho
dién cuc sat gitp cai thién kha ning oxy héa ctia nd. Cac hat
nano vang c6 xu hudng két tu thanh dam, dan dén hoat tinh
xUc tac cua no bi gidm di. Lugng nano vang anh hudéng manh
dén dac trung dién hoa cua dién cuc sat, luong nano vang it
hon hd trg kha nang oxy hoa sit t6t hon. Trong nghién ctru
nay, mau st dung 30 ml Au cho két qua CV t6t hon so véi
mau sir dung 50 va 100 ml Au. Su hd tro cia AB da gitip cai
thién do dan dién cua dién cuc, gitip anh hudng tich cuc cta
nano vang dén tdc d6 phan tng oxy héa - khtr trong dién cyc
Fe,0,/Aw/AB dugc cai thién.

Nghién ctru nay dugc tai trg boi Quy Phat trién khoa hoc
va cong nghé qudc gia (NAFOSTED) thong qua dé tai ma sd
103.02.2018-04. Cac tac gia xin tran trong cam on.
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Panh gi4 hién trang hinh thai long dan mét so doan song Tién
va song Vam Nao bang tai lieu dia chan nong phan giai cao
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Tom tit:

Sat 16 bo song Tién, song Héu & Pong bﬁngrsfmg Ciru Long ngay cang tré' nén nghiém trong, gia ting vé ¢4 tan suat
va quy mo. Nghién ciru vé hién trang va bién doi hinh thai 1ong dan (HTLD) caa ching gop phan xac dinh nguyén
nhin va dé xuat cac giai phap phong tranh thich hep. Phuong phap dia chan ndng phén giii cao duwg'c sir dung khio
sat hién trang HTLD hai doan song Tién (khu vye con Chiu Ma va thanh pho Sa Déc) va song Vam Nao; qua dé
danh gia bién doi HTLD doan song Tién khu vwc thanh pho Sa Déc.

Tir khéa: dia chin ndng phan giai cao, hinh thai long dén.

Chi s6 phén loai: 1.5

Assessing the current status of riverbed morphology
of some sections of Tien river and Vam Nao river
by high-resolution shallow seismic data

Ngoc Thanh Le", Nghia Hung Nguyen?, Quoc Hung Duong?, Quang Dung Nguyen', Sieu Nhan Nguyen'

!Ho Chi Minh City Institute of Resources Geography, VAST
*Vietnam Academy for Water Resources
SInstitute of Marine Geology and Geophysics, VAST

Received 2 October 2019; accepted 28 November 2019
Abstracts:

Erosion of Tien and Bassac river banks in the Mekong River Delta becomes more and more serious, increasing in
both frequency and scale. Research on the current status and change in their riverbed morphology contributes to
identifying the causes and proposing the effective preventive measures. The high-resolution shallow seismic method
was used to investigate the current status of two river sections of Tien river (Chau Ma river island and Sa Dec city
areas) and Vam Nao river, thereby assessing the change in riverbed morphology of the Tien river section in Sa Dec
city area.

Keywords: high-resolution shallow seismic, riverbed morphology.
Classification number: 1.5

Mo dau Thoi gian gan day, sat 16 bo song & Dong bang song Ciru Long
(PBSCL) ngay cang trd nén nghiém trong, gia ting vé ca tin suat

Nhur da biét, sat 16 va boi tu bo song 1a hai qué trinh gin két : . e e N " "
va quy mo. Sat 16 bo song Tién, song Hau da dugc quan tim nghién

chit ch& v6i nhau. Qua trinh sat 15/bdi tu by song 1a sy bién doi ;
hinh thai long dan (HTLD) bao gdm xdm thue ngang va xam thye ~ Cu cach day hon 20 nam, nhung do ky thuat khao sat con han che
sau long song. Do do, aé nghién ciru hién tuong sat 16/boi tu by nén vén‘ chua c6 nhiéu nghién ciru vé hién trang va bién d6i HTLD
song can phai khao sat hién trang va danh gia bién doi HTLD ciia  song Tién, song Hau. Hién nay, cdc phuong phap dia vat 1y to ra co
chung. nhiéu wu thé trong hudng nghién ctru nay nho ng dung cong nghé

"Tac gia lién hé: Email: thanhin.le2@gmail.com
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thong tin trong ché tao cac thiét bi va phat trién cac thudt toan hién
dai trong xur 1y s6 liéu do dac, trong d6 phwong phép dia chan nong
phan giai cao (DCNPGC) da duoc ap dung rong rdi dé nghién
ctru dia hinh va cdu tao dia chat day bién, day song [1-6]. D6i v6i
DPBSCL, tir nim 2004 Nguyén Nang Vi va Nguyén Tran Tan da
ap dung phu(mg phap PCNPGC dé nghién ctru dia chat D¢ tir khu
vuc bién va Dong bang Nam Bo [1]. Phuong phap DPCNPGC véi
k¥ thuat sub-bottom profile cling da duge st dung trong viéc phat
hién céc ddu hiéu hoat dong tan kién tao trong tram tich Holocen
[4]. Gan day hon, trong cong trinh [5] da nghién ciru cac dac trung
phén xa dia chén ciia cac tram tich Dé tir ctia chau tho Mékong dua
trén tai liéu DPCNPGC.

Bii bao nay trinh bay cac két qua khao sat hi¢n trang HTLD
hai doan song Tién (khu vic con Chau Ma va thanh phd Sa Déc)
va song Vam Nao bang tai liéu PCNPGC; va danh gia bién doi
HTLD doan song Tién khu vuc thanh phé Sa Béc.

Diéu kién tw nhién cac khu vuc nghién ciiu

Céac long song 6 PBSCL noi chung va ¢ ba khu vyc nghién ctiru
noi riéng hinh thanh dya trén hai diéu kién tw nhién co ban la dia
chat va thity viin cta song. Moi sy thay dbi trong hai diéu kién tu
nhién nay déu dan dén bién doi HTLD.

Dia chit tram tich

- Tram tich Pleistocen: con goi la phu sa ) thuong gap trong
cac 16 khoan sau 1a cac hé ting: Pat Cube, Thuy Pong va Moc
Hoéa. O DBSCL, phu sa c¢b thuong bét gap 14 trim tich Pleistocen
mudn hay hé t?mg Moc Hoa do 16 dién phé bién doc vung bién
gi6i Viét Nam - Campuchia. Doc theo bo song, phu sa 6 khong 16
dién, thuong phan bb ¢ d6 sau tir 10 m dén vai chuc mét. Tai liéu
khoan trén cdn Chau Ma [7] cho thdy bé mit phil sa cd phan bé tir
d6 sau khoang 16-18 m tré xudng 1a 10p sét mau xam, xam tring
loang 16 d6 vang, déo, chat, doi khi bj laterit hoa yéu. Pac biét,
trong phu sa ¢H ton tai [6p cat mau xam, xdm xanh, xanh den, tir 9
sdu 19-40 m, thanh phan chii yéu 1 cat hat roi, d& chay, lyc dinh
rat kém, d0 tan ra 16n. .. co kha ning rat cao bi xoi 10 hodc gay sat
16 cho phan tram tich bén trén khi 6 tac dong tryc tiép cua _dong
chay. Lop cat nay nam trong tam hoat dong cua hd x6i nén tiém an
nguy co x6i/sat 16 rit cao.

- Tram tich Holocen: con goi 1a pht sa mdi chiém hau hét dién
tich bé mat va co nhidu ngudn gdc khac nhau vai bé day tir vai mét
dén vai chuc mét. Trong Holocen c6 thé phan bi¢t 2 loat trAm tich
co ban gom:

+ Loat trAm tich bién tién Holocen giira, phan b6 bén dudi
(Q2 ). Day la cac trdm tich bién tién ¢6 ngudn goc chu yéu 1a bién,
chleu day khoang vai chuc mét va ndm khong chinh hop trén hé
tang Moc Hoa.

+ Loat trdm tich bién thodi tir Holocen giita dén trén, phin bo
bén trén (Q,)). bay 14 cac trdm tich bién thodi c6 nhiéu ngudn goc
khac nhau hoac hon hop, chiéu day khoang vai mét tr lai va nam
trén tram tich bién tién Holocen gilia.
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Ché ap thiiy vén

Luong nude song Mékong chay vao Viét Nam qua song Tién,
song Hau dugc khong ché qua 2 vi tri Tan Chau va Chau Déc,
ngoai ra con mot phan dong chay tran qua bién gii trong mua
lit. Luu lugng trung binh nhiéu ndm chay qua Tan Chau va Chau
Béc 1a 11.820 m¥s (Tan Chau: 9.390 m*/s; Chau Ddc: 2.430 m’s),
tuong tmg voi tong luong dong chay trung binh 1a 372,76 ty m’,
Song Tién chuyen nudc vé song Hau qua song Vam Nao chiém
49% lugng dong chdy mua kiét [8].

Tur thi tran Tan Chau dong song Tién phan thanh ba nhanh:
rach Hong Ngu (dong chinh song Tién chay qua thi trin Hong
Ngu trudc nam 2000), rach Long Khanh va song Cai Vung. Tur
nim 2000 trén rach Hong Ngu ngang cit lao Long Khanh phén chia
thanh hai dong chay hai bén con méi vira hinh thanh (rong 300 m,
dai hon 1.000 m). Sy xut hién con méi ndy da lam chuyén dong tir
rach Héng Ngu sang rach Long Khéanh va song Cai Vung [9-11].

Vi tri va thoi gian khao sat
Khao sat DPCNPGC dugc thuc hién trong ba khu vuc: con

Chau Ma, song Vam Nao va thanh phé Sa Péc (hinh 1-4), thoi
gian tr ngay 19/11/2018 dén ngay 23/11/2018:

- Turngay 19/11/2018 dén ngay 20/11/2018 khao sat khu vyc
con Chau Ma.

- Tir ngdy 21/11/2018 dén ngay 22/11/2018 khao sat khu vuc
song Vam Nao.

- Tu pgéy 22/11/2018 dén ngay 23/11/2018 khao sat khu vuc
thanh pho Sa béc.

Phuong phap BCNPGC

Phuong phap PCNPGC duoc sir dung bao gdm mot ngudn
phéat xung 4m hoc, mot hé thong may thu ghi nhan céc tin hiéu
phan xa va mot my in twong tw dé chuyén céc tin hiéu nay thanh
cac bang ghi tuong ty (hinh 5-6). Bang ghi nay thé hién mat cat
lién tuc cuia d4y song khi tau chuyén dong trén mat nudc.

Cin cir diéu kién khao sat thyc té (ving nudc ngot, chiéu sau
nho), t6 hop thiét bi PCNPGC boomer dugc lya chon nhu nguf”)n
phat xung am hoc. Day la loai nguén co dién dong hoat dong theo
phuong thirc phat ra ning lugng dién, nap vao cac ty dién qua
cudn day ge"m trong chét cach dién ndm dudi mot tm kim loai.
Dién lugng nay sinh ra mt tir truong manh trong cudn day. Cac
dong dién xody duoc tao ra trong tir trudng nay va dén lugt chung
lai sinh ra tir truong manh trong tam kim loai. Tir truong nay déi
khéng véi tir treong trong cudn ddy lam cho tAm kim loai bj bét
ra it nhanh gay nén mdt xung dm hoc nhon. Nang luong phat cua
boomer ¢ thé dat t6i vai nghin joule nhung pho bién nhat trong
cac khao sat phan giai cao 14 vao khoang 200 dén 500 J. Dai tan so
uu thé cta xung thong thuong nam trong khoang 200 dén 10.000
Hz. Céc thiét bi boomer dugc si dyng rong rai hién nay co thé
loai bo gan nhu hoan toan xung thir cip (xung bong bong) va phat
ra cac xung nhon, gan nhu xung nira chu ky 1y tudng, 1am cho do
phén giai dimg c6 thé dat t6i 0,5-1,0 m. D xuyén sau trong hau hét
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Hinh 3. So do tuyén khdo sat khu vyc séng Vam Nao.

cac tram tich cat hodc cat pha sét noi chung vao khoang 30-50 m
va ¢ thé xuong sau hon do6i vdi cac tram tich hat min hon.

H¢ thong thu ghi dao dong str dung tuyén dau thu (streamer)
gdm nhiu mdy thu triét tiéu gia toc (acceleration cancelling
hydrophone) mac song song, moi may thu bao gom hai tinh the
thach anh ap dién dugc b tri sao cho cc gia toc theo phuwong nam
ngang gly ra do chuyen dong cua tau la bang nhau va nguoc chiéu
dé ty triét tidu, nham tang ty s6 tin hiéu/nhiéu, ddng thoi lam giam
cac loai nhiéu ngdu nhién va nhidu thuong xuyén doc theo tuyén
do chuyén dong cua tau gy ra.

S6 liéu dia chan duoc bién mé twong ty - s6 va ghi vao b nhd
cua may tinh dudi dang file theo cac dinh dang (format) chuyén
biét, déng thoi dwge hién thi trén man hinh may tinh va dugc in
ra & dang twong ty bang may v& do thi (plotter) chuyén dung hodc
bing cac may in thong thuong.
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Hinh 2. S¢ dé tuyén khao sat khu vyic con Chau Ma.
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Hinh 4. S¢ dé tuyén khao sat khu vuc thanh phd Sa Péc.

Toan b hoat dong cuia thiét bi dia chan dwoc thuc hién boi
cac chuong trinh diéu khién cai dit sdn trong may vi tinh. Chuong
trinh nay diéu khién toan bo qua trinh do, ghi, biéu dién song va
Iya chon céc tham s6 do ghi lién quan mét cach thich hop ngay tai
chd. Céc s0 liéu do duge tich hop v6i hé thong dinh vi vé tinh toan
cau GPS hodc DGPS nhidm dam bao cong tac dan duong va xac
dinh toa d¢ cac diém do doc theo tuyén.

S6 lidu khao sat DPCNPGC dugc xir Iy boi phan mém Reflexw
[12]. S6 liéu sau xir 1y co thé dugc biéu dién dudi nhiéu hinh
thirc khac nhau nhw bang ghi twong tu, bang ghi s6 (cac file anh
mau hodc den tring). Trong cong doan nay ciing c6 thé sir dung
mot sb chirc nang bd tro cua cac cong cu d6 hoa (Photoshop,
CorelDraw...) nhim nang cao chét lwong két qua xir 1y trong viéc
minh gidi dia chat.
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s Khoa hoc Tu nhién

Hinh 5. Lip dat
phuang tién khdo sat.

Hinh 6. Pau phat xung am hoc
va may thu tin hiéu kéo theo
tau khao sat.

Két qua
Khu vue con Chiu Ma

Dia hinh day song khu vuc nghién ctru co sy bién dong dang
ké vé do sau, thanh ph?m vat chat, déng thoi chiu anh huong manh
m¢ ctia cac hoat dong nhan sinh, chi yéu la hoat dong khai thac cat
long song (hinh 7). Hinh 8 biéu dién mat cit DPCNPGC cit ngang
song Tién phia trén dau cdn Chau Ma (tuyén ChauMa7) cho thiy
d4y song twong ddi bang phang & d6 sau trén 10 m, tuy nhién su
phan b cac ranh gioi tram tich va truong song phan xa bén trong
chung 12 khong df‘)ng nhat, ¢6 sy bién dong manh, thé hién ché do
hoat dong thuy vin phirc tap va ngudn cung cép vét liéu tram tich
(chu yéu 1a ct) ciing khong thuong xuyén 6n dinh.

Hinh 8. Mat cit PCNPGC dau

Hinh 7. Mat d§ tau khai Hi
thac cat trén song khu vuc  con Chau Ma.
con Chau Ma.

Phia bic khu vuc con Chau Ma, bé rong long song khoang
1.300 m; phia bo phai (Long Thuan) d¢ sau long song 5 m, tang
dan vé phia bo trai (xd An Hoa) dén 25 m. Xui dong dén khu vure
pha Cho Vam, long song c6 do sau 25 m cach bo khoang 200 m va
nong dan dén bo con khoang 5 m (hinh 9-11). Trong doan song nay
ton tai mot hd x0i & phia b trai (xa An Hoa) (hinh 16).

Gan dau con Chau Ma long song kha 6n dinh ¢ phia bo phai
v6i d sau khoang 20 m va nong dan vé phia bo trai dén do sau 8
m. Nhanh phai c6 bé rong 1.500 m; d6 sau long song khoang 10
m, trong khi nhanh trai rong 1.700 m, sau khoang 15 m (hinh 12).

Tiép tuc theo nhanh phai con Chau Ma, ¢6 xu thé mé rong long
800 m; do sdu bd phai khoang 8 m ting dan dén 16 m vé phia bo
con Chau Ma. Pén mit cit ChauMall (hinh 14) chidu rong song
hep dan con khodng 500 m, long song kha 6n dinh v6i do sau
khoang 18 m. Tuy nhién, & phan cudi khu vuc nghién ctru, trong
khi chiéu rong 1 650 m tang khong danh ké, thi do sau long ting
dén 30 m, tao thanh hd x6i & doan song nay (hinh 16).
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Hinh 16. Pija hinh day song khu vyc cén Chau Ma.

Khu vue song Vam Nao

Ngoai cac tic nhan chinh 1a ché do dong luc song va ngudn
cung cp vét liéu trim tich, bién dong long song con c6 thé bi anh
hudng cua ché do hoat dong tan kién tao. Hinh 17 thé hién mot mat
cat trén nhanh song Vam Nao, cho thdy hinh anh ctia mOt mdt truot
nghiéng ddc gan nhu bing phing co bién do t6i gin 10 m. Lop phu
tram tich ¢ hai phia mit trugt c6 biéu hién twong ty nhau vé truong
song phan xa, tic 14 thanh phan vat chat cta chung tuong ty nhu
nhau, cho thy thoi gian hinh thanh mit truot ndy xay ra cach day
khong lau, do do truong tram tich chwa b bién doi nhiéu.

Tai ddu vao song Vam Nao, bé rong song khoang 600 m, do
sau tir khoang 5 m ¢ bos phai dat dén 30 m phia b tréi (hinh 18). O
cAc mit cit VamNao- 06, VamNao-08 va VamNao-12 (hinh 19-21),
chiéu rong song kha 6n dinh, dia hinh day song tuong d6i gidng
dAu vao cia song. Tai dAu ra song Vam Nao, dia hinh 6n dinh voi
d6 sau toi da giita long khoang 30 m (hinh 22). Hién tuong dao
long phia b trai séng Vam Nao tao thanh 3 hd x6i sau dén 30 m
doc theo bo trai (hinh 23).
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Hinh 17. Mt cit PCNPGC cé dau hiéu cia mat trugt trén day
song Vam Nao.
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Hinh 22. Mit cit dia hinh day séng tuyén VamNao-15.
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cling 1a mot tac nhan quan trong lam bién cai dia hinh ddy song

va ti phan bd tram tich ling dong, nht 1a v6i quy mo khai thac
16n (hinh 24). Hinh 25 biéu dién mot mat cit DCNPGC ngang qua ——————
mdt khu vue khai thac cét tai khu vue thanh phd Sa Déc cho thdy e

ddy song da bi dao khoét nghiém trong (cac khu vuc khoanh mau Hinh 28. Mat cat dia hinh day song tuyén SDOS.

d6), co kha nang anh huong dén ché do dong chay va phan b tram
tich day song.
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Hinh 29. M3t cit dia hinh day séng tuyén SD17.

Bértrdl Bir phai
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Hinh 24. Mi:it d@ tau khai thac Hinh 25. Bién dé’i dia hinh Bia hinh déy song tuyén SD21
cat trén song khu vuc thanh day song do hoat dong khai i
phd Sa Péc. thac cat. :
O doan dau song Tién trong khu vuc khdo sat, long song c6 BT e TR T T S T T T T T AT
chiéu rong thay doi tr 600-1.000 m, do sau 20-30 m vé phia b6  Hinh 30. Mét cit dia hinh day song tuyén SD21.
phai, tao thanh hé x6i thir nhét (hinh 26-28). Dén khic cong nhit, s . oo
tir mat cat SD17 d6 sau dat dén hon 40 m, tao thanh ho xo6i thir hai e v

Bia hinh déy s8ng tuyén SD23

(hinh 29-31). So sanh hd x6i nam 1992 (hinh 32) [9], hé xdi trong
khu vie thanh phd Sa Péc hién nay tang thém vé sd lugng va quy
mo (hinh 33). Két qua trén cho phép du bao trén doan song nay s&
mé rong 1ong dan vé phia bé phai va gia ting chiéu dai vé phia ha

Khang cich e}

luu (hinh 34). Hinh 31. Mt cit dja hinh day song tuyén SD23.
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Rach Sa Béc

Thi xa Sa Béc

Hinh 32. Dia hinh day song khu vuc thanh phé Sa Déc nam 1992.
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Hinh 33. Dia hinh day song khu vuc thanh phé Sa Péc nam 2018.
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Chii din

Bién dong ngang

Hinh 34. Dy bao bién déi HTLD doan song Tién khu vuc thanh
phd Sa Péc.

Két qua do PCNPGC cho phép xac dinh hién trang HTLD
hai doan song Tién (khu vuc con Chau Ma va thanh phd Sa Déc)
va séng Vam Nao bang tai lisu DPCNPGC; va danh gia bién doi
HTLD doan song Tién khu vuc thanh phd Sa Déc.

Bé day trim tich Holocen khoang 20 m trong khu vuc con
Chau Ma, tang dan dén 30 m ¢ khu vuc song Vam Nao va dat
dén khoang 40 m tai khu vuc thanh phé Sa Péc. Bé mit trdm tich
Pleistocen 13 16p “cat chay” két cdu kém chat. Cac ho xoi trong cac
khu vyc nghién ciru thuong co do sdu xap xi d sdu bé mit tram
tich Pleistocen, do d6 bién d6i HTLD dién ra manh mé& va phuc tap
khi hd x6i tién sat bos song.

Su chuyén dong tir rach Hong Ngu khién cho lwu luong nuée
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rach Long Khanh va song Cai Vung gia ting. Sau khi ra khoi khu
vuc Hong Ngy, dong chu luu ciia rach Long Khanh ¢ xu thé tiép
cén bo trdi song Tién nén do sau long dan 16n hon so véi bo phai.
Tiép theo vé phia con Chau Ma, dong chay phan thanh 2 dong:
mot dong chay vao nhanh trai con Chau Ma va mo rong chiéu rong
thé hién qua sat 1o dau con, dia hinh day song tuong doi déu; dong
chay nay tlep tuc vé phia ha luu song Tién, cho dén khu vuc thanh
phé Sa Péc; mot phan chay vao nhanh phai con Chau Ma. O khu
vuc dau con Chau Ma dong chay song Tién hop lwu véi dong chay
séng Cai Vimg phia nhanh phai dau con Chau Ma, hién twong nay
lam giam luu toc, boi tu cuc bd long song va do do 1am giam sat
16 dau con Chau Ma. Sau d6 dong hop luu chay vao nhanh phai
cho dén doan cubi khu vuc nghién ctu thi bé rong long dan hep
dan nén phai ting tdc, dao long, tao thanh hd x6i & cudi khu vire
con Chau Ma, c6 kha ning anh huong dén bién doi HTLD song
Vam Nao.

L01 CAM ON

Bai b4o nay 1a mot phan két qua ciia d& tai “Nghién ciru téc
dong bt loi cua bién d6i HTLD va ha thép muc nudc hé théng
song Ciru Long, d& xudt giai phap giam thiéu”, ma s KC08.12/16-
20. Cac tac gia chan thanh cam on sy hd trg cua dé& tai va su dong
g6p y kién ctia phan bién.
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Bién doi gen va cau triic protein fiber
cua virus HAdV-3 gay bénh dau mat do ¢ Viét Nam

Lé Tuén Anh, Nguyén Thi Uyén, Nguyén Vin Sing"

Khoa Sinh hoc, Truong Dai hoc Khoa hoc Tuw nhién,
Pai hoc Quéc gia Ha Noi

Ngay nhan bai 19/9/2019; ngay chuyén phan bién 23/9/2019; ngay nhén phan bién 22/10/2019; ngay chip nhan ding 28/10/2019

Tém tit:

Protein fiber 1a mgt protein quan trong cho qua trmh xam nhiém ciia virus HAdVs. Tuy nhién, & Viét Nam chwa c6
nghién ctru chuyén sau nio vé sw bién ddi gen va céu tric protein ciia gen nay & cic chiing HAdVs néi chung va &
chiing HAdV-3 giay bénh dau mit dé & Viét Nam néi riéng. Trong nghién ciru nay, cac tac gia da giai trinh tw gen ma
héa protein fiber tir cac chiing virus phan lap & Viét Nam va du don bién ddi ciu triic protein fiber thdng qua phin
mém tin sinh hoc. Trong s6 15 bién d6i nucleotide trén trinh tw ADN ma héa protein fiber c6 10 bién dbi din dén su
thay thé axit amin ciia protein. Két qua phén tich tin sinh vé cAu tric 3 chiéu ciia protein fiber cho thz"ly, trong 10 vi
tri axit amin bi thay doi thi cé 4 vi tri thay thé (Q150E, S207L, H246D, M272T) ¢ nguy co cao, lam thay doi lién két

ciia ddu twong tac fiber véi thu thé CD46 ciia nguoi.

Tir khéa: dau mit dé, HAdV-3, protein fiber, thu thé CD46.

Chi s6 phin loai: 1.6

Pat van de

HAdV (human adenovirus) 12 mdt nhom cac chiing virus
thudc chi Mastadenovirus, hién duoc chia 1am 7 loai, mdi
loai dugc dat tén bang 1 chir cai tir A dén G bao gém tong
cong g?m 90 chung khac nhau. Cac chung tir 1-51 dugc phan
loai dya vao cac phuong phép phan loai bang huyét thanh
¢b dién, trong khi cac chung tir 52 trg di duoc xac dinh dya
trén cac ky thuat phan tich trinh ty genome va tin sinh hoc
tién tién hon [1, 2]. Cac ching HAdVs khong co 16p mang
bao vé ma chi c¢6 vo capsid chita ADN mach théng, soi doi
va dai khoang 34-36 kb. Chung gay ra mét loat cac bénh
tai nhitng bo phan khac nhau trén co thé, trong d6 HAdV-3
(loai B) 1a mdt trong nhitng tdc nhan gay ra cac tran dich
dau mét do ¢ Viét Nam [3] ciing nhu trén thé gidi [4-7]. Cac
loai HAdV-A, C, D, E, F déu st dung thu thé Coxsackie and
Adenovirus Receptor (CAR) dé nhan biét t& bao vat chu
[8-10], tuy nhién, HAdV-B no6i chung va HAdV-3 noi riéng,
xam nhiém vao té bao nho su tuong tac giira protem fiber
v6i thy thé CD46 ctia té bao vat chii [11-13]. Cau tric chung
cua protein fiber cac loai HAdV gf)m co3 phén dau tuong
tac (fiber knob), truc (fiber shaft) va dudi (fiber tail). Pau
tuong tac chinh la phan tiép xtic voi té bao vat chu dé mo
dau cho viéc xam nhidm, nhitng nghién ctru chuyén sau vé
trinh tw va ciu tric dau twong tac ciia protein fiber HAdV-
3 1a mot yéu cdu rit quan trong dé giup hiéu rd co ché lién
két giita protein nay vai thu thé CD46, tir d6 tim ra nhimng
phuong phéap hiéu quéa trong phong ngira va diéu tri bénh

"Tac gia lién hé: Emal: nvsangvnu@yahoo.com
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dau mat do. Vi vdy, muc tiéu cua nghién ctru nay la giai
trinh ty ADN ma hoéa protein fiber cia HAdV-3 ¢ Viét Nam,
tr do xac dinh dugc nhiing sai khac ¢ trinh tu axit amin ctua
protein nay so voi protein fiber ciia chung HAdV-3 ¢ cac noi
khac trén thé gidi; dong thoi danh gia dugc anh huong cia
nhitng bién d6i nay téi kha ning twong tac cua protein fiber
véi thu thé CD46 cuia té bao vat cha va kha nang xam nhap,
gay bénh cua virus.

Vat liéu va phuong phap nghién ciu
Thu mdu bénh phim chiva virus

Méu nuéc mét cua bénh nhan dau mat do tinh nguyén
tham gia nghién ctru dugc thu thap tai Bénh vién Mat Trung
wong va bao quan & diéu kién -20°C cho dén khi dugc su
dung dé tach chiét ADN.

Tdch chiét ADN virus

ADN cuia virus HAdV-3 duoc tach chiét bang bo kit
Viral Gene-Spin Virus RNA/DNA Isolation cua Cong ty
iNtRon, Han Quoc. Quy trinh tach chiét dugc thuc hién
theo huéng dan ctia Hing iNtRON. ADN tich chiét dugc
bao quan ¢ diéu kién -20°C cho phan tmg PCR.

Xdc dinh sy co mat cua HAdV-3

Vung siéu bién s 7 (HVR7) ciia gen hexon duoc giai
trinh ty dé xac dinh sy ¢6 méat cuia HAdV-3, phuong phap da
duogc thuc hién trong mot nghién ctru trude day [3].
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Abstract:

Protein fiber is important for the infection of HAdVs.
However, in Vietnam, there are no thorough researches
on mutations on genes or protein structures of either
HAdVs or HAdV-3 causing conjunctivitis. In this
research, the authors sequenced the coding sequence of
fiber protein of HAdV-3 isolated in Vietnam and used
bioinformatics software to analyse amino acid changes.
The results exhibited fifteen substitutions in DNA
sequence, ten of which led to amino acid substitutions.
Four of ten substitutions in protein fiber sequence
(Q150E, S207L, H246D, M272T) potentially affected the
interaction between this protein and CD46 receptor of
human cells.

Keywords: CD46 receptor, conjunctivitis, fiber protein,
HAdV-3.

Classification number: 1.6

Thiét ké méi phan irng PCR

Dé thiét ké cap mdi ddc hiéu nhan trinh ty fiber HAdV-3,
chung t6i dd ding phan mém ClustalW dé so sanh cac trinh
tir hé gen HAdV-3 di duoc cong bd va tim ra hai viing trinh
tu bao thi nim gan k& 2 ving bién trai va phai cia trinh
tu ma hoa protein fiber. Cap mdi thir nhat (FF1-FR1) dugc
thiét ké trén hai ving bao thu nay. Trinh tw ADN giai dugc
tir hai moi FF1 va FRI duoc st dung dé thiét ké cap moi
FF2-FR2 nhéan doan ADN phia trong trinh ty fiber & dam
bao do dic hiéu cho HAdV-3 ¢ Viét Nam. Cac mdi duoc
tong hop tai Cong ty PHUSA Biochem, Can Tho, Viét Nam.

Phan rng PCR

Chung t61 stt dung enzyme Phusion Hot Start II DNA
Polymerase - Thermo Scientific dé thyc hién phan tng
khuéch dai ADN. Thanh phan phan tmg va chu trinh nhiét
dugc thyc hién véi cac thong tin nhu trong bang 1 va 2.
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Bang 1. Thanh phan phan (ing PCR.

Khoa hoc Tu nhién n—

Héa chit Nong dd cudi cing Thé tich (ul)
Nude de-ion bu 50
Buffer GC 1X 10
Mbi mdi loai 0,3 uM 1,5
dNTPs 200 uM mbdi loai 1
DMSO 3% 1,5
Khuén 1
Polymerase 0,02 U/ul 0,5
Bang 2. Chu trinh nhiét phan dng PCR.
Budc Nhiét d9 (°C)  Thoi gian (gidy)  Chu ky (lin Lip)
Khéi dau 98 30 1
Bién tinh 98 20 40
Gan mdi * 10
Kéo dai 72 o
Két thiic 72 300 1
Bao quan 20 00

Cha thich: *: nhiét do gan méi cho tiing cdp mdi dugc xac dinh bang
cong cu online clia nha sdn xuat; **: thoi gian kéo dai dugc xac dinh voi
t6c do tdng hop clia enzyme la 30 giay/kb.

Dién di két qua PCR

Sau khi PCR, 3 pul mdi phan ung dugc dién di trén gel
agarose 1% 161 nhuém bang ethidium bromide. Céc bing san
pham duoc quan sat va chup anh bang hé thong Alphaimager
MINL

Gidi trinh tw ADN ciia protein fiber

San phém PCR dat tiéu chuén vé do sang va dac hiéu dugc
guri di giai trinh tu tai Cong ty 1“BASE Malaysia bang hé thong
BigDye® Terminator v3.1 cycle sequencing Kkit.

Phan tich trinh tw ADN va protein fiber

Trinh tw ADN dugc xur 1y bang phan mém Bioedit [14]
dé loai bo nhiing doan trinh ty khong thudc phﬁn ma hoda
protein fiber. Tiép theo, trinh tu ADN duogc so sanh véi trinh
tu tham chiéu HAdV-3 trén co s& dit liéu NCBI (ma trinh ty
NC 011203.1), tir d6 tim ra nhiing sai khac & mirc 46 ADN dan
dén bién d6i axit amin. Trinh tw ADN dugc dich ma thanh trinh
tu axit amin st dung cong cu Snapgene.

Phan tich cau tric ba chiéu ciia protein fiber

Cau triic ba chiéu cua protein fiber dwgc mo phong sir dung
phan mém SWISS-MODEL [15] két hop véi co so dit liéu
protein PDB va trinh ty axit amin fiber cia HAdV-3 ¢ Viét
Nam. Céu tric ba chiéu s& dugc sir dung dé phan tich nhitng vi
tri bién doi co kha nang lam thay ddi twong tac giita fiber va thy
thé CD46 cua té bao vét chu bang phin mém PyMOL.
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Két qua va thao luan

Két qua thiét ké moi

Kich thudc cua doan ADN ma hoa cho protein fiber 1a 960 bp,
tuy nhién khodng cach 2 vung bién bdo thu bén trdi va bén phai
doan gen nay dugc chung t6i xac dinh la khoang 2818 bp. Dya vao
2 viing bao thi ny, ching t0i da thiét ké duoc cap moi FF1-FR1

So sanh va phdn tich két qud trinh tw ADN

Khi so sanh trinh tu t}}u dgqc voi trinh ty NC,_Ol [203.1, két
q1~1é’1 CQ 15 nucleotide; bi bién doi, trong d6 co 10 bién doi co ngh?a
dan dén’ su thay thé axit amin. Khong phat hién duogc dot bién
thém/mat nucleotide gy dich khung (bang 4).
Bang 4. Su bién ddi ADN dan dén sy bién ddi axit amin.

nhan dac hi¢u ving ADN c¢¢ kich thude 2818 bp nay Tuy nhlen STT  Vitri  Nucleotide Axit amin bién déi
dé giai trlnh tur toan bo ving gen, ching toi thiét ké thém cap moi NC _011203.1  Vi¢t Nam
FF2-FR2 ndm & gilta doan 2818 bp vai kich thude 1a 1531 bp. 1 31432 G S2ON
Trinh tw cac cp moi dugc trinh bay trong bang 3. 2 31435 C T SO3L
Bang 3. Trinh ty 2 cap mdi nhan doan ADN ma hda fiber cia 3 31706 A G -
HAdV-3. 4 31751 G C -
Trinh tu (5°-3”) 5 31815 C G QI150E
Moi FF1 GGGTGGAATTCTCCCAATG 6 31904 C T -
Moi FR1 TGAAACCCGAGCTTCTATGA 7 31947 C T -
Moi FF2 CTTCGAGACCTCCTACCCAT 8 31987 C T S207L
Moi FR2 TTCGGATTATGATTCCCATCG 9 32010 G C E215Q
; 10 32031 G A A222T
Keét qua PCR va dién di 1 2034 G c D223H
Hinh anh dién di cho thay, bing san phém PCR sang 16 va déc 12 32103 C G H246D
hiéu, khong c6 san pham phy va du diéu kién dé thuc hién giai 13 2153 T C M272T
trinh ty (hinh 1). " S o c )
15 32314 G C R316T

M  FF2-FR2

M FFI-FRI

3000 bp -

2000 bp —»

1500 bp - 1531bp

Hinh 1. Két qua PCR hai cap méi.
Ch thich: M: Marker 1 kb, FF1-FR1 va FF2-FR2 la ky hiéu clia hai cap
mbi.

Két qua gidi trinh tw gen

Toan by doan ADN ma hoa cho protein fiber cua HAgiV—3 da
d}rqc giai trinh ty thanh cong vdi hinh anh tin hiéu dat chat lugng
tot (hinh 2).

210 P2 50 260 m Ll
ATGGCCAAGCGAGCTCGGCTAAGCACTTCCTTCAACCCGGTGTACCCTTATGAAGATGAA

Hinh 2. Tin hiéu 60 nucleotide dau tién doan ADN ma héa
protein fiber.
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Cha thich: Ky hiéu “-” thé hién axit amin khong bi bién ddi.
Phan tich ciu triic protein

Str dyng phan mém SWISS-MODEL, ching t0i ¢ mo phong
cdu tric ba chiéu cia diu twong tic fiber HAAV-3 ¢ Viét Nam v6i
thu thé ctia té bao vat chi, dya trén ma truy cap trong co s¢ dir li¢u
PDB 1a 1H7Z [16]. Su tuong déng cua trinh tu cdu truc protein
1H7Z véi trinh ty d4u trong tac cua protein fiber HAAV-3 ¢ Viét
Nam (191 axit amin) 1d 95,36%. CAu tric 3D ciia 1H7Z dugc the
hién bang phan mém PyMOL cho thay dau tuong téc cua fiber
HAdV 3 ton tai ¢ dang trimer gom 3 tiéu phan giéng nhau; cau triic
nay gan nhu tring khop véi dau tuong téc cua protein fiber HAV-
11 (2039) [17] va HAdV-21 (3L89) [18] cho du trinh ty axit amin
ciia chung rat khac nhau (hinh 3). Do d6, cdu triic mé phong ba
chiéu ctia dau tuong tac fiber HAdV-3 ¢ Viét Nam dya trén 1H7Z
duoc dung dé dai dién cho lién két cua protein fiber véi thy thé
CD46 cta ngudi. Trong s6 10 axit amin bi bién ddi c6 4 axit amin
nim ¢ dau tuong tic cta fiber, ¢ kha ning tuong tac voi SCRI
va SCR2 ctia CD46 1a Q150E, S207L, H246D va M272T (hinh
4); bon bién doi E215Q, A222T, D223H, R316T ciing ndm & dau
tuong tac cua fiber nhung ¢ vi tri khong tuong tac truc tiép vai thu
thé CD46 va hai bién d6i S22N, S23L ndm & truc cla protein fiber.
Nhiing tinh chét co ban cia céc bién di Q150E, S207L, H246D
va M272T c6 thé anh huong tdi sy twong tac giira dau twong tac
fiber cuia HAdV-3 va hai ving SCRI1, SCR2 cua thy thé CD46
duoc thé hién ¢ bang 5.
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Hinh 4. Cau tric dau tuong tac
cta fiber HAdV-3 & Viét Nam
va mot so axit amin bi bién doi.

Hinh 3. So sanh theo phuong
phap xép chong cau tric ba
chiéu cta dau tuong tac fiber

HAdV-3 (1H7Z-mau dd), Bon axit amin bj bién déi & dau
fiber HAdV-11 (2039-mau tuong tac dugc thé hién & dang

xanh luc) va fiber HAdV-21
(3L89-mau xanh bién).

tinh thé (dé: QI150E, xanh
la: S207L, xanh luc: H246D,
vang: M272T). Nhiing bién déi
con lai khong dugc thé hién.

Bang 5. Chi s& H va gia trj pK cac axit amin bj bién déi.

Vi tri Axit amin Chisb  Gid tri I :. Chi  Gidtr
biénddi  ban diu pe pkes  AXitaminthaydoi oo
QIS0E Q (Glutamine) ~ -3,5 7,0 E (Glutamic acid) ~ -3,5 42
S207L S (Serine) -0.8 7,0 L (Leucine) 38 7,0
H246D H (Histidine) 32 6,0 D (Aspartic acid) 35 39
M272T M (Methionine) 1,9 7,0 T (Threonine) 0,7 70

Cha thich: * Chi s6 H xac dinh béi J. Kyte [19], thé hién mic do ua-ki
nuéc clia axit amin; ** Gid tri pK xac dinh bdi C. Pommie [20], thé hién
mdc do phan cuc (axit-bazo) clia axit amin.

Dot bién Q150E s& lam thay doi sy tich dién tai vi tri 150 vi Q
va E déu 1a axit amin vu nude nhu nhau nhung E ¢6 tinh axit va
tich dién am, con Q 1a trung tinh. Dot bién S207L s& lam tang tinh
ky nudc vi L ky nude hon rat nhiéu so véi S. Dot bién H246D s&
lam thay doi sy tich dién va céu tric khong gian do cau hinh cua
D khéc biét rat 16n so v6i H va D ¢ tinh axit manh hon. Dot bién
M272T s& lam cho vi tri nay thay doi tinh ky nude do M ky nudc,
con T wa nudc.

Dua vao nhitng khac biét vé tinh chét axit amin, bon bién doi
QI150E, S207L, H246D va M272T c6 kha nang cao da lam thay
doi sur lién két gitta du tuong tac fiber ciia HAAV-3 & Viét Nam
voi thu thé CD46. Sau bién ddi con lai tuy khong ndm & vi tri
tuong tac nhung ciing ¢6 nguy co lam thay déi cdu truc lién két
gitta ba tiéu phan ciia protein fiber. Két qua nay chi ra rang, kha
ning tuong tac ciia HAdV-3 ¢ Viét Nam véi té bao vét chii s& ¢6
nhitng thay ddi so voi cac chung HAAV-3 trén thé gidi. Su thay
dbi vé kha ning tuong tac nay s& dan t6i sy bién ddi vé kha ning
lay nhiém va lay lan cta chung HAdV-3 trong cdc bénh nhan bi
nhiém virus.

Keét luan

Chung t61 da phat hién duge 15 dot bién nucleotide trén trinh
tu ma hoa protein fiber HAdV-3 ¢ Viét Nam, trong d6 co6 10 dot
bién din dén bién doi 10 axit amin cia protein nay. Dya trén nhiing
tinh chét bj thay di ctia cac axit amin cho thay, 4 axit amin bj thay

TAP CHI

HOA HOC |/,
ONG NGHE I} Nam 62(1) 1.2020

Khoa hoc Tu nhién n—

thé c6 nguy co cao lam thay doi lién két ciia dau twong tac cua
protein fiber vdi thy thé CD46 ciia té bao vat chu. Su axit amin
thay thé khac ciing c6 kha ning lam thay doi cau tric truc va dau
fiber nhung & mirc do thap hon.

Nghién ctu nay dugce tai trg béi Dai hoe Quéc gia Ha N¢i thong
qua deé tai ma s6 QG.17.19. Céc tac gid xin tran trong cam on.
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Thanh phan loai lwdmg cw, bo sat ving Bic Trung Bo

Hoang Ngoc Thio", Ngé Pic Chirng?, Hoang Xuin Quang?

'Khoa Khoa hoc tir nhién, Trieong Dai hoc Hong Pirc
2Truong Pai hoc Sw pham, Dai hoc Hué
3Chi héi Ludng cu, bo sat Viét Nam

Ngay nhdn bai 7/1/2019; ngay chuyén phan bién 11/1/2019; ngay nhan phan bién 15/2/2019; ngay chép nhan dang 2/5/2019

Tom tit:

Dua trén ciac miu vat do nhém nghién ctru thu thiap dwoc ¢ khu vwre Bic Trung B va cac tai liéu da cong bd, cac
tac gia cAp nhat danh sich cac loai ludng cw, bo sat (LCBS) & khu vire Bic Trung Bd gom 303 loai thude 32 ho, 5 b,
chiém 40,62% tong s loai LCBS hién biét & Viét Nam. Trong sd d6 c6 41 loai bi de doa & mirc toan ciu va 36 loai &
mirc quéc gia. Két qua nghién ctru cip nhat bo sung phan bd ciia 48 loai (20 loai ludng cur, 28 loai bo sat) cho khu
vue Bic Trung Bd so véi cong bo nim 2009 ciia Nguyen Van Sang, et al.

Tir khéa: Bac Trung Bd, bo sat, ludng cw, thanh phan loai.

Chi sé phdn logi: 1.6

Gidi thiéu

Khu vuc Béc Trung Bo ¢6 toa do dia ly tir 16°12°-20°40° vi
d6 Bic, 104°25°-108°10” kinh d¢ Pong, gdm cac tinh Thanh
Hoéa, Nghé An, Ha Tinh, Quang Binh, Quang Tri va Thua
Thién - Hué. Dién tich toan viing 51.980 km?, chiém 26% dién
tich ca nude. Day la khu vuc c6 khi hau 4 nhiét doi va nhiét doi;
diéu kién tu nhién phan hoa da dang vé canh quan, sinh canh va
noi séng; la noi c6 tinh da dang sinh hoc LCBS cao [1].

Nhirng nghién ctru vé LCBS ¢ Béc Trung Bé trude ddy vao
cudi thé ky XIX va nira dau thé ky XX khong nhiéu, thuong
dugc cong bd chung véi Dong Duong, trong d6 c¢6 Viét Nam
(Bourret, 1938, 1941, 1942). Thoi gian sau ndy c6 cac nghién
ctru cua nhidu téc gia khac nhau, dién hinh nhu nghién ciru cia
Hoang Xuan Quang (1993) da xac dinh duwoc 128 loai LCBS
& Bic Trung B [2]; Nguyén Vin Sang, Hoang Xuan Quang
da thong ké 85 loai ¢ Vuon qudc gia (VQG) Bén En [3]; Lé
Nguyén Ngat va Hoang Xuéan Quang (2001) ghi nhan 6 VQG Pu
Mat 71 loai [4]; Nguyén Vin Sang (2007) da thong ké khu hé
rén ving Bic Trung Bo ¢ 36 loai [5]. Trong thoi ky ndy c6 3
dot tong két vé LCBS cua Viét Nam vao cac nim 1996, 2005
va 2009. Cho dén nam 2009, tong s6 loai LCBS cta khu vuc
Biéc Trung Bo 13 253 loai, gom 89 loai ludng cu va 164 loai bo
sat [5-15].

Sau nam 2009 tiép tuc ¢6 cac nghién ctru & cac VQG va Khu
bao ton nhién nhién (BTTN) trong vung: Hoang Xuan Quang
va cs. (2012) cong b nghién ciru vé éch nhai bo sat & VQG
Bach Ma gom 108 loai [9]; Pham Thé Cudng va cs (2012) ghi
nhan & Khu BTTN Xuan Lién 70 loi [13]; Nguyén Tai Thang
va cs ghi nhan 38 loai bo sat & Khu BTTN Pu Luong [12]; Luu,
et al. (2013) cép nhat danh sach LCBS ¢ VQG Phong Nha K¢é
Bang gdm 151 loai [10]; Pham, et al. (2016) cap nhat danh sach

"Tac gia lién hé: Email: hoangngocthao@hdu.edu.vn
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ludng cu & Khu BTTN Xuan Lién gdm 50 loai [14]. Trén co
s& tham khao cac tu liéu hién ¢6 va cac két qua nghién ciru tir
nam 2009 tr¢ lai day, bai viét nay cap nhat danh sach cac loai
LCBS hién biét & vung Béc Trung B9 va hién trang bao tn cac
loai, gop phan vao cong tic quan 1y tai nguyén cta dia phuong.

Vat liéu va phuong phap nghién ciu

- Chc két qua thyc hién nghién ctru khao sat thuc dia tur
nam 2009 dén nay ¢ khu vyc Béc Trung Bo: VQG Phong
Nha Ké Bang (2011), Khu duy trir sinh quyén Tay Nghé An
(2009-2012), VQG Bach Ma (2012), VQG Pu Mat (2014), Khu
BTTN Pu Hoat (2015). Mau vt cia cac dot khao sat dugc luu
giit tai Phong thi nghiém dong vét, Truong Dai hoc Hong Dic.

- Tham khao thanh phin loai LCBS Béc Trung Bo dugc
cong bd trong cac cong trinh cia Rowley, et al. (2011, 2017) [6,
7], Nguyén Kim Tién va nnk (2011) [8], Luu Quang Vinh, et al.
(2013) [10], Pau Quang Vinh va nnk (2013) [11], Nguyén Tai
Thing va nnk (2015) [12], Pham The Cuong, et al. (2013, 2016)
[13, 14] dé cap nhat bo sung danh sach LCBS Béc Trung B9.

- Danh sach cac loai LCBS c6 phan b6 ¢ Bic Trung B¢ theo
tai liéu cia Nguyen Van Sang, et al. (2009) [15].

- Hé thdng sap xép va tén khoa hoc cac loai éch nhai cap
nhat theo Frost (2018) [16]; cac loai bo sat theo P. Uetz (2018)
[17].

- Tinh trang bao ton céc loai: theo Sach Do Vit Nam (2007)
[18] va Danh luc Do IUCN (2018) [19].

- Danh sach céc loai LCBS duoc sip xép theo tht ty sau:
+ Tén khoa hoc

+ Tén phd thong/phan bd (I=Thanh Héa; 2=Nghé An;
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Abstract:

Based on specimens collected from the North Central
Vietnam and published reports, we provide an updated
review of the species composition of amphibians and
reptiles in the North Central Vietnam including 303
species belonging to 32 families and 5 orders, accounting
for 40.62 percent of the herpetofauna currently known in
Vietnam. Among them, there are 41 globally threatened
species and 36 nationally endangered species. These
study results also complement the distribution of 48
species (20 amphibian species, 28 reptilian species) in the
North Central Vietnam compared with the publication
of Nguyen Van Sang, et al. (2009).

Keywords: amphibians, North Central Vietnam, reptiles,
species composition.

Classification number: 1.6

3=Ha Tinh;, 4=Quang Binh; 5=Qudng Tri; 6=Thira Thién -
Hué) | M (méu vat) hodc [TL=sb thir ty tai liéu tham khao] /
Tinh trang bao ton theo SDVN 2007 / Tinh trang bao ton theo
Danh lyc Do IUCN (2018).

Két qua va thao luan

Thanh phin loai LCBS ving Bic Trung B)

Két qua tong hop thanh phan loai LCBS ¢ vung Béac Trung
B duoc dan ra trong danh sach sau:

LUONG CU

Anura - B Khong dudi

Bufonidae - Ho Coc

1. Bufo cryptotympanicus Liu and Hu, 1962

Coc mang nhian/3/M//NT

2. Bufo pageoti Bourret, 1937

Coc Pa-gio /2 /[15]/ EN/NT

3. Duttaphrynus melanostictus (Schneider, 1799)

Cocnha/1,2,3,4,5,6/M

4. Ingerophrynus galeatus (Giinther, 1864)

Cocrung/ 1,2,3,4,6/ M/ VU
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5. Ingerophrynus macrotis (Boulenger, 1887)
Céoctaito/1,3,4,6/ M

Dicroglossidae - Ho Ech nhai thue

6. Fejervarya limnocharis (Gravenhorst, 1829)
Ngoée/1,2,3,4,5,6/ M

7. Hoplobatrachus rugulosus (Wiegmann, 1834)
Echdong/1,2,3,4,5,6/M

8. Limnonectes bannaensis Ye, Fei, and Jiang, 2007
Echnhéo/1,2,3,4,5,6/M

9. Limnonectes gyldenstolpei (Andersson, 1916)
Ech Gin-den-x-ton-pi / 4 / [10]

10. Limnonectes khammonensis (Smith, 1929)

Ech Kham muon/ 2, 3, 6 /[15]

11. Limnonectes poilani (Bourret, 1942)

Ech poi-lan/4,5,6 /M

12. Limnonectes limborgi (Sclater, 1892)

Ech Lim-bor/1,2,3,4,5,6/M

13. Nanorana aenea (Smith, 1922)

Ech do6i Chang /2 /M

14. Nanorana yunnanensis (Anderson, 1879)

Ech gai Van Nam /2 /[15]//EN

15. Quasipaa boulengeri (Giinther, 1889)

Ech gai Bau-len-go /2 /[15] // EN

16. Quasipaa spinosa (David, 1875)
Echgai/2/M/EN/VU

17. Quasipaa delacouri (Angel, 1928)

Ech gai de-la-cua /1,2, 6/[15]/EN

18. Quasipaa verrucospinosa (Bourret, 1937)
Echgaisan/1,2,3,5,6/M//NT

19. Occidozyga lima (Gravenhorst, 1829)
Cocnudcsan/1,2,3,4,5,6/M

20. Occidozyga martensii (Peters, 1867)
Cocnudcmacten/1,2,3,4,5,6/M

21. Occidozyga vittata (Andersson, 1942)

Coc nude soc /6 /[15]

Hylidae - Ho Nhai bén

22. Hyla annectans (Jerdon, 1870)

Nhai bén dinh / 6 / [15]

23. Hyla simplex Boettger, 1901
Nhaibénnho/1,2,3,4,5,6/M

Megophryidae - Ho Coc bun

24. Leptobrachella aerea (Rowley, Stuart, Richards, Phimmachak,
and Sivongxay, 2010)

Coc may A-e-rea/1,2,4/M

25. Leptobrachella eos (Ohler, Wollenberg, Grosjean, Hendrix,
Vences, Ziegler, and Dubois, 2011)

Coc may E-os/ 1,2/ [14]

26. Leptobrachella minima (Taylor, 1962)

Coc may nho /1 /[14]

27. Leptolalax pelodytoides (Boulenger, 1893)
Cocmaybun/2,3,4,6/M

28. Leptobrachella pluvialis (Ohler, Marquis, Swan, and
Grosjean, 2000)

Coc may nho /1 /[14]

29. Leptobrachella puhoatensis (Rowley, Dau, and Cao, 2017)
Coc may Pu Hoat / 2/ [7]

30. Leptobrachella tuberosa (Inger, Orlov, and Darevsky, 1999)
Coc may san/ 6/ [15]

31. Leptobrachium banae Lathrop, Murphy, Orlov, and Ho, 1998
Coc may Bana/6/[15]

32. Leptobrachium chapaense (Bourret, 1937)
CocmaSaPa/l1,2,3,4,6/M

33. Megophrys gerti (Ohler, 2003)

Coc mat Got/ 6 /[15]
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34. Megophrys hansi (Ohler, 2003)
Coécnuihan-x/1,3,4,6/ M

35. Megophrys intermedia Smith, 1921
Coc mat trung gian/ 4, 6 / M

36. Megophrys latidactyla Orlov, Poyarkov, and Nguyen, 2015

Coc mat ngon chan rong / 2 / [20]

37. Megophrys major Boulenger, 1908
Cocmatlon/ 1,2,3,4,5,6/M

38. Megophrys microstoma (Boulenger, 1903)
Coc nui miéng nho / 1, 5,6/ M

39. Megophrys pachyproctus Huang, 1981
Cocmay gaimi/2,3/M

40. Ophryophryne pachyproctus Kou, 1985
Cocnui/ 1,2,3,5,6/M

41. Megophrys palpebralespinosa Bourret, 1937
Cdc may bic bo /2, 3/M/CR

Microhylidae - Ho Nhai bau

42. Kalophrynus interlineatus (Blyth, 1855)
Coc dom/ 2,4, 6

43. Kaloula pulchra Gray, 1831
Enhwong/1,2,3,4,5,6/M

44. Microhyla annamensis Smith, 1923

Nhai bau trung b / 1,3,4,5,6 /M // VU

45. Microhyla berdmorel (Blyth 1856)

Nhéi bau béc mo/ 1,3,4,6/M

46. Microhyla butleri Boulenger 1900

Nhéi baubutlo /1,2, 3,4,6/M

47. Microhyla ﬁsszpes Boulenger 1884

Nhéi bauhoa/1,2,3,4,5,6/M

48. Microhyla heymonsz Vogt 1911

Nhéi bau hay mén /1,2, 3,4,5,6/M

49. Microhyla marmorata Bain and Nguyen, 2004
Nhai bau hoa cuong / 1,2, 3,4, 5,6/M

50. Microhyla picta Schenkel 1901

Nhaibau vé /1,3 /[15]

51. Microhyla pulchra (Hallowell, 1861)
Nhéi bau van/ 1,2, 3,4, 6

52. Micryletta inornata (Boulenger 1890)

Nhéi bau tron / 1, 3,4 /[15]

Ranidae - Ho Ech nhai

53. “Hylarana” attigua (Inger, Orlov, and Darevsky, 1999)
Ech at-ti-gua/3,4,5,6/M

54. Amolops compotrix (Bain, Stuart, and Orlov, 2006)
Ech com-po-trix / 2/ M

55. Amolops cremnobatus Inger and Kottelat, 1998
Echbamdalao/1,2,3,4,6/M

56. Amolops mengyangensis Wu and Tian, 1995
Ech bdm da meng-yang /2 / M

57. Amolops ricketti (Boulenger, 1899)
Echbamda/2,4,6/M

58. Hylarana erythraea (Schlegel, 1837)

Chang xanh /6 /M

59. Hylarana macrodactyla Giinther, 1858
Chang hiu/1,2,3,4,6/M

60. Hylarana tazpehenszs (Van Denburgh, 1909)
Chang dai bic/1,2,3,4,6/M

61. Indosylvirana mlllen (Smlth 1921)
ChangMile/6/M

62. Nidirana chapaensis (Bourret, 1937)
ChangSaPa/l1,2,3,4/M

63. Odorrana absita (Stuart and Chan-ard, 2005)
Ech mdm ap-si-ta/ 6/ [15]

64. Odorrana andersonii (Boulenger, 1882)
Chang andécson/1,2,3,4,6/M/VU
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65. Odorrana bacboensis (Bain, Lathrop, Murphy, Orlov, and Ho,
2003).

Echbicbo/1,2/M

66. Odorrana banaorum (Bain, Lathrop, Murphy, Orlov, and Ho,
2003)

EchBana/3/[15]

67. Odorrana chapaensis (Bourret, 1937)
Echbam déa SaPa/6/M//NT

68. Odorrana chloronota (Giinther, 1876)
Echxanh/1,2,3,4,5,6/M

69. Odorrana khalam (Stuart, Orlov, and Chan-ard, 2005)
Echtabu/6/[15]

70. Odorrana morafkai (Bain, Lathrop, Murphy, Orlov, and Ho,
2003)

Ech Mo-rap-ka/1,3,6/M

71. Odorrana nasica (Boulenger, 1903)
Echmdm/1,2,3,6/M

72. Odorrana orba (Stuart and Bain, 2005)

Echmd ¢6i/2,3,6/M

73. Odorrana schmackeri (Boettger, 1892)

Ech S-mac-ko /3 /[15]

74. Odorrana tiannanensis (Yang and Li, 1980)

Ech Ti-an-nan/ 1,2,3,4/[14, 15]

75. Rana johnsi Smith, 1921

Hiuhiu/1,2,3,4,5,6/M

76. Sylvzrana guentherl (Boulenger, 1882)
Chau/1,2,3,4,5,6/M

77. Sylvzmna maosonensis (Bourret, 1937)

Chang mauson/1,2,3,4,5,6/M

78. Sylvirana nigrovittata (Blyth 1856)
Echsudi/1,2,3,4,5, 6/M

Rhacophorldae Ho Ech cy

79. Chiromantis doriae (Boulenger, 1893)

Nhai cay Bori/2/M

80. Chiromantis laevis (Smith, 1924)

Nhai cady nhan/2 /M

81. Feihyla vittata (Boulenger, 1887)

Nhai cdy soc /2, 3,4, 6/[11, 15]

82. Gracixalus jinxiuensis (Hu, 1978)

Nhai cay Jin-xiu/2,4/M// VU

83. Gracixalus quangi Rowley, Dau, Nguyen, Cao, and Nguyen,
2011

Nhai cay quang /1,2 //VU

84. Gracixalus quyeti (Nguyen, Hendrix, Béhme, Vu, and Ziegler,
2008) )

Nhai cay quyet/4/[10]//EN

85. Gracixalus supercornutus (Orlov, Ho, and Nguyen, 2004)
Nhai cay sung /6 /[15]//NT

86. Kurixalus ananjevae (Matsui and Orlov, 2004)

Nhai cdy An-na/2,3/[11, 15]

87. Kurixalus banaensis (Bourret, 1939)
Nhéicdybana/1,4,5,6/M

88. Kurixalus bisacculus (Taylor, 1962)

Nhai cay bi-sac / 1, 2,4 /[10, 11, 14]

89. Kurixalus verrucosus (Boulenger 1893)

Ech cay sannho/1,2,3,4,6/[15]

90. Polypedates megacephalus Hallowell, 1861

Ech cay dauto/ 1,4 /[10, 14]

91. Polypedates mutus (Smith, 1940)

Ech cay Mi-an-ma /1, 2,3,4,5,6/M

92. Raorchestes gryllus (Smith, 1924)

Nhai cayde/1/[15]//VU

93. Raorchestes parvulus (Boulenger, 1893)

Nhaicay tihon/1,2,5/M



94. Rhacophorus annamensis Smith, 1924

Ech cay trung by /4, 5,6 /M

95. Rhacophorus dennysz Blanford, 1881

Chéu chang xanh dém /2, 3,4 /M

96. Rhacophorus exechopygus Inger, Orlov, and Darevsky, 1999
Ech cay nép damong /4, 5,6 /M

97. Rhacophorus feae Boulenger 1893

Ech cay phé/2,6/EN/M

98. Rhacophorus kio Ohler and Delorme, 2006
Echcaykio/1,2,3,4,6/M/EN

99. Rhacophorus orlovi Ziegler and Kéhler, 2001

Ech cay Qoc-lop/1,2,3,4,5,6/M

100. Rhacophorus rhodopus Liu and Hu, 1960

Ech cAy mang boido/1,2,3,4,5,6/M

101. Rhacophorus robertingeri Orlov, Poyarkov, Vassilieva,
Ananjeva, Nguyen, Sang, and Geissler, 2012

Ech cdy Ro-bet-tin-go /2,4, 6 / M

102. Rhacophorus smaragdinus (Blyth, 1852)

Ech cay Sa-ma-ra/2 /[11]

103. Theloderma albopunctatum (Liu and Hu, 1962)
Ech cay san/ 1/[15]

104. Theloderma asperum (Boulenger, 1886)

Ech cay san A-x-po/ 1,2,3,4,5/M

105. Theloderma corttcale (Boulenger 1903)

Ech cdy san bac bo /2, 3,4 /M/EN

106. Theloderma gordoni Taylor, 1962

Ech cay san Go-don /2 /[11]

107. Theloderma truongsonense (Orlov and Ho, 2005)
Ech cdy san Truong Son /4, 5, 6 /[15]

108. Theloderma vietnamense Poyarkov Orlov, Moiseeva,
Pawangkhanant, Ruangsuwan, Vassilieva, Galoyan, Nguyen, and
Gogoleva 2015

Ech cdy san Viét Nam / 4/ [15]

Caudata - B§ C6 duoi

Salamandridae - Hg Ca céc

109. Tylototriton notialis Stuart, Phimmachak, Sivongxay, and
Robichaud, 2010

Cacoclao/1,2/M//VU

Gymnophiona - B§ Khong chian

Ichthyophiidae - Ho Ech giun

110. Ichthyophls bannanicus Yang, 1984

Ech giun ban-na/1,6/[14,15]/ VU

BO SAT

Testudines - By Rua

Testudinidae - Ho Rua nai

1. Indotestudo elongata (Blyth, 1854)
Ruantivang/1,2,3,4/M/EN/EN

2. Manouria impressa (Giinther, 1882)

Rua ni vién/ 1,2, 3, 4, 6/M/VU/VU
Geoemydidae - Ho Rua dim

3. Cuora bourreti Obst & Reimann, 1994

Rua hop bua-re /2, 3,4,6/[15]//CR

4. Cuora cyclornata (Blanck, McCord & Le Minh, 2006)
Ruavang/1,2,3,4,5/M/CR/CR

5. Cuora galbinifrons Bourret, 1939

Rua hop tran vang / 1,2,3,4,5,6/ M/EN/CR

6. Cuora mouhotii (Gray, 1862)
Ruasanhan/1,2,3,4,6/M//EN

7. Cyclemys oldhami Gray, 1863

Rua dat Au-ham /2, 3,4, 5,6 /[15]

8. Geoemyda spengleri (Gmelin, 1789)

Rua dat Spengle / 1,2,3/[15]//EN

9. Heosemys grandis (Gray, 1860)

Rua dit lon /4 /[15]/ VU / VU
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10. Malayemys subtrijuga (Schlegel & Muller, 1845)
Ruabago/4/[15]/VU/VU

11. Mauremys mutica (Cantor, 1842)
Ruacim/2,3,4,5/M//EN

12. Mauremys nigricans (Gray, 1834)

Rua dam ¢ do/2/[15]//EN

13. Mauremys sinensis (Gray, 1834)
Ruacosoc/1,2,3,4/M//EN

14. Sacalia quadriocellata (Siebenrock, 1903)
Ruabénmat/1,2,3,4,5, 6/M//EN
Platysternidae - Ho Rua diu to

15. Platysternon megacephalum Gray, 1831
Ruadauto/1,2,3,4,5,6/M/EN/EN
Trionychidae - Hg Ba ba

16. Amyda cartilaginea (Boddaert, 1770)
Babanambo/5/[15]//VU

17. Palea steindachneri (Siebenrock, 1906)
Babagai/l,2,3,4,5,6/M/VU/EN

18. Pelochelys cantorii Gray, 1864
Giai/2/[15]/EN/EN

19. Pelodiscus sinensis (Wiegmann, 1835)
Babatron/1,2,6/M//VU

20. Rafetus swinhoei (Gray, 1873)

Giai Sin-hoe / 1 /[15]/CR/CR

Squamata - B¢ C6 vy

Agamidae - Hg Nhong

21. Physzgnathus cocincinus Cuvier, 1829

Rong dat/1,2,3,4,5,6/VU

22. Acanthosaum capra Giinther, 1861

O 16 Capra/2,4,5,6

23. Acanthosaura lepidogaster (Cuvier, 1829)
Orovay/1,2,3,4,5,6

24. Acanthosaura nataliae Orlov, Truong & Sang, 2006
Nhong Natalia/ 1, 2, 5, 6

25. Calotes emma Gray, 1845

Nhong Emma/ 1,2,3,4,5,6

26. Calotes mystaceus Duméril & Bibron, 1837
Nhong xam/2,3,5,6/M

27. Calotes versicolor (Daudin, 1802)
Nhéngxanh/1,2,3,5,6/M

28. Draco maculatus (Gray, 1845)

Thén lin bay dém /1, 2,3, 4,6 /M

29. Pseudocalotes brevzpes (Werner 1904)
Nhong Viét Nam /6 /M

30. Pseudocalotes microlepis (Boulenger, 1888)
Nhong vay nho /6 /M

31. Leiolepis belliana (Hardwicke & Gray, 1827)
Nhong catbeli/ 1,2,3,4,5,6 /M

32. Leiolepis guentherpetersi Darevskt & Kupriyanova), 1993
Nhong cat soc /6 /[15]

33. Leiolepis guttata Cuvier, 1829

Nhong cat gut-ta/ 6/ [15]

34. Leiolepis reevesii (Gray, 1831)

Nhong catri-vo/1,2,3,5,6/M/VU
Gekkonidae - Ho Tac ke

35. Cyrtodaclylus chauquangensis Quang, Orlov, Ananjeva,
Johns, Ngoc Thao & Quang Vinh, 2007

Thach sung ngén Chau Quang /2 /M

36. Cyrtodactylus cryptus Heidrich, Rosler, Thanh, Bohme &
Ziegler, 2007

Thach stung ngon an / 4 /[15]

37. Cyrtodactylus irregularis (Smith, 1921)
Thach sung ngén van lung / 1/ [15]

38. Cyrtodactylus phongnhakebangensis Ziegler, Rosler,
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Herrmann &Thanh, 2003

Thach sung ngon Phong Nha - Ké Bang /4 /[15]

39. Cyrtodactylus pseudoquadrivirgatus Rosler, Nguyen, Vu, Ngo
& Zlegler 2008

Thach sung ngén gia bén vach /5, 6/ M

40. Cyrtodactylus puhuensis Nguyen Yang, Thi Le, Nguyen,
Orlov, Hoang, Nguyen, Jin, Rao, Hoang, Che, Murphy & Xhang,
2014

Thach sung ngon Pu Hu/ 1 /[21]

41. Cyrtodactylus roesleri Ziegler, Nazarov, Orlov, Nguyen, Vu,
Dang, Dinh & Schmitz, 2010

Thach sung ngén Ro-x-lo /4 /[10]

42. Gehyra mutilata (Wiegmann, 1834)

Thach sung cut/ 1,2,3,6/M

43. Gekko chznenszs Gray, 1842

Téc ke Trung Quéc /2 /M

44. Gekko gecko (Linnaeus, 1758)

Ticke/1,2,3,4,5,6 /M/VU

45. Gekko palmatus Boulenger, 1907

Téc ké chan vit/ 2, 4 /M

46. Gekko reevesii (Gray, 1831)

Téc keé Ri-vo /4 /[10]

47. Gekko scientiadventura Résler, Ziegler, Vu, Herrmann &
Bohme, 2004

Tac ké Phong Nha - Ké Bang / 4/ [15]

48. Hemidactylus bowringii (Gray, 1845)

Thach sung Bau-ring / 6 / M

49. Hemzdactylus frenatus Duméril & Bibron, 1836
Thach sing dudi san/ 1,2,3,4,5,6/M

50. Hemidactylus garnotii Dumerll & Bibron, 1836
Thach sung dudi dep / 6 /M

51. Hemidactylus karenorum (Theobald, 1868)

Thach sung ka-ren/4,5/M

52. Hemidactylus platyurus (Schneider, 1797)

Thach sung dudi dep / 6 /M

53. Hemidactylus vietnamensis Darevsky, Kurriyanova &
Roshchin, 1984

Thach sung Viét Nam / 1,2/ M

54. Hemiphyllodactylus typus Bleeker, 1860

Thach sungntrala /6/M

55. Ptychozoon lionotum Annandale, 1905

Thach sung duodi thuy / 4 /M

Lacertidae - Hg Thin lan chinh thire

56. Takydromus "hani Chou, Truong & Pauwels, 2001
Liudiuxanh/3,4,6/M

57. Takydromus kuehnei Van Denburgh, 1909
Liudiuku-ni/1,2,3/M

58. Takydromus sexlineatus Daudin, 1802

Liudiuchi/ 1,2,3,4,5,6/M

Scincidae - Ho Than lin bong

59. Emoia atrocostata (Lesson 1830)

Thén lan rimg ngap man / 4, 5, 6/ [15]

60. Emoia laobaoense Bourret 1937

Than 1an e-mo Lao Bao /5 /[15]

61. Lygosoma boehmei Ziegler, Schmitz, Heidrich, Vu & Nguyen,
2007

Thén lan chan ngin Bue-me /4 / [15]

62. Lygosoma bowrmgu (Giinther, 1864)

Thén lan chan ngén bao-rin /2, 6 / M

63. Lygosoma quadrupes (Lmnaeus 1766)

Than lan chan ngan thuong / 1,2,4,6 /M

64. Eutropis chapaensis (Bourret 1937)

Thén lin bong SaPa/1,2,3,6/M

65. Eutropis longicaudata (Hallowell 1857)

Than lan bong duéi dai/ 1,2,3,4,5,6/M

66. Eutropis macularia (Blyth 1853)

Thén lan bong dom / 1, 3,4, 5,6 /M

67. Eutropis multlfasczata (Kuhl 1820)

Thén lin bong hoa / 1,2, 3, 5,6/ M

68. Leptoseps poilani (Bourret 1937)

Than 1an chan ngén Poa-lan/ 5, 6 / [15]

69. Lipinia vittigera (Boulenger 1894)

Thén lan vach / 6 / [15]

70. Scincella apraefrontalis Nguyen, Nguyen, Bohme & Ziegler,
2010

Than lan c6 Hiru Lién /2 /M

71. Scincella melanosticta (Boulenger, 1887)

Thén lan ¢6 dém den / 4 /10, 15]

72. Scincella reevesii (Gray, 1838)

Thén lan ¢6 Ri-vo /1,2,3,6/M

73. Scincella rufocaudata (Darevsky & Nguyen Van Sang, 1983)
Thén lin Phe-no duéi do /4, 6 /[10, 15]

74. Sphenomorphus buenloicus Darevsky & Nguyen Van Sang,
1983

Thén lin Phe-no buén ludi /3,4 /[15]

75. Sphenomorphus cryptotis Darevsky, Orrlov & Cuc, 2004
Thén lan Phe-no tai 16m /2 / M

76. Sphenomorphus indicus (Gray, 1853)

Thén lin Phe-no An Do/ 1,3, 4,6 /M

77. Sphenomorphus maculatus (Blyth 1853)

Thén lin Phe-no d6m /3 / [15]

78. Sphenomorphus tetradactylus (Darvesky & Orlov, 2005)
Thén lan Phe-no bén ngén / 4/ [10]

79. Sphenomorphus trldzgltus (Bourret, 1939)

Thén lin Phe-no bangén /4, 6 /[15]

80. Tropidophorus bavzenszs Bourret, 1939

Than lan taibavi/2 /M

81. Tropidophorus berdmorei (Blyth, 1853)

Than lan tai Bec-mo/2,3,5/M

82. Tropidophorus cocincinensis Duméril & Bibron, 1839
Than lan tainam bo /4, 5,6 /M

83. Tropidophorus hainanus Smith, 1923

Than lan tai Hai Nam /3 /[15]

84. Tropidophorus noggei Ziegler, Thanh & Thanh, 2005
Than lan tai Noc-gi /4 /[15]

85. Ateuchosaurus chinensis Gray, 1845

Than lan chan ngén Trung Quéc /2 /M

86. Plestiodon elegans (Boulenger, 1887)

Thén lan t6t ma Thuwong Hai/ 1,2 /M

87. Plestiodon quadnltneatus Blyth 1853

Thén lan t5t ma bon vach /1,2, 3,4,6/M

88. Plestiodon tamdaoensis (Bourret 1937)

Thén lan tot ma Tam Déo /2 /[15]

Anguidae - Ho Thin lin rin

89. Dopasia graczlzs (Gray, 1845)

Than lanran/4 /M

90. Dopasia harti (Boulenger, 1899)

Than lan ran hac /2 /M

91. Dopasia sokolovi (Darevsky & Nguyen Van Sang, 1983)
Than lan ran So-ko-lop / 6 /M

Varanidae - Ho Ky da

92. Varanus nebulosus (Gray, 1831)
Kydavan/5,6/[15] EN

93. Varanus salvator (Laurenti, 1768)
Kydahoa/l,2,3,4,6/M/EN

Cylmdrophlldae H0 Riin hai diu

94. Cylindrophis rujj’us (Laurenti, 1768)

Ran trun, ran hai dau /4, 5, 6 / [15]
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Pythonidae - Ho Trian 125. Gonyosoma prasinum (Blyth, 1854)
9s. Malayopython reticulatus (Schneider, 1801) Rén soc xanh/2,4,6/M/VU
Tran gam/3,4,6/[15]/ CR 126. Liopeltis frenatus (Giinther, 1858)
96. Python molurus (Linnaeus, 1758) Ran daima/4/[15]
Trandat/1,2,3,4, 5, 6/A/CR/VU 127. Lycodon fasciatus (Anderson, 1879)
Xenopeltldae Ho Ran mong Raén khuyeét dom /3, 4 /[15]
97. Xenopelns hainanensis Hu & Zhao, 1972 128. Lycodon futsmgenszs (Pope, 1928)
Rén mong Hai Nam /3,4 /[15] Ran khuyét Fut-sin-go / 4/ [10]
98. Xenopeltis umcolor Reinwardt, 1827 129. Lycodon paucifasciatus Rendahl in Smith, 1943
Ranmdng /1,2, 3, 4,5/M Ran khuyét it d6m /4, 6 /[10, 15]/ VU
Colubridae - Ho Ran nude 130. Lycodon rosozonatus (Hu & Zhao, 1972)
99. Ahaetulla prasina (Boie, 1827) Rin léch dau hdng / 4, 5/[10, 15]
Rin roi thuong / 1,2, 3,4, 5,6 /M 131. Lycodon rufozonatus Cantor, 1842
100. Chrysopelea ornata (Shaw 1802) Ran léch dau hoa /3,4, 5/[10, 15]
Réan cuom /2,4,5/ M 132. Lycodon ruhstratz (Fischer, 1886)
101. Dendrelaphzs ngansonensis (Bourret, 1935) Ran khuyét dai loan /1, 3,4/ [15]
Rin leo cay Ngan Son/ 1,2, 3,4, 5,6/[15] 133. Lycodon septentrzonalts (Giinther, 1875)
102. Dendrelaphis pictus (Gmehn 1789) Rén 1éch dau tham /2, 3, 4, 6 /[15]
Rénleocdy/2,4,5,6/M 134. Lycodon subcinctus B01e 1827
103. Calamarza buchz Marx & Inger, 1955 Rén khuyet dai/ 1/]15]
Rén mai gim buc /3 /[15] 135. Oligodon barroni (Smith, 1916)
104. Calamaria concolor Orlov, Truong, Tao, Ananjeva & Cuc, Rén khiém ba-ron/ 6/ 15]
2010 136. Oligodon chinensis (Giinther, 1838)
Rén mai gim dong mau / 6 / [22] Raén khiém trung quoc /2, 3,4 /M
105. Calamaria pavimentata Duméril, Bibron & Duméril, 1854 137. Oligodon cinereus (Giinther, 1864)
Ranma1gamlat/2 3,4,5,6/ M Ran khiém xam /2, 3,4,5,6 /M
106. Calamaria septenmonalzs Boulenger, 1890 138. Oligodon eberhardti Pellegrin, 1910
Rin mai gam bac /1,2, 3,4 /[15] Raén khiém E-be-hac / 6 / M
107. Calamaria thanhl Zlegler & Quyet, 2005 139. Oligodon fasciolatus (Giinther, 1864)
Rén mai gam thanh /4 /[15] Raén khiém dudi vong /2, 3,5,6/M
108. Archelaphe bella (Stanley, 1917) 140. Oligodon taeniatus (Giinther, 1861)
Rin soc d6m tim / 3/ [15] Réan khiém vach /2,4 /M
109. Boiga bourreti Tillack, Ziegler & Khac Quyet, 2004 141. Oreocryptophis porphyraceus (Cantor, 1839)
Rén rao bua-re /4 /[15]/ EN Réan soc dom d6 /4 /10, 15]
110. Boiga cyanea (Duméril, Bibron & Duméril, 1854) 142. Ptyas carinata (Giinther, 1858)
Rén rao xanh / 1/ [8] Ranraogda/2,6/M
111. Boiga guangxiensis Wen, 1998 143. Ptyas korros (Schlegel, 1837)
Rén rao quang tay / 4/ [15] Réan rdo thuong / 1,2,3,4,5,6/M/EN
112. Boiga kraepelini Stejneger, 1902 144. Ptyas mucosa (Linnaeus, 1758)
Rin rao k-ra-pe-lin /2, 3, 6 / [15] Ranrdotrau/1,2,3,4/M/EN
113. Boiga multomaculata (Boie, 1827) 145. Sibynophis chinensis (Giinther, 1889)
Ranraodom/2,3,4,5,6/M Raén rong trung quoc /5, 6/ M
114. Coelognathus flavolineatus (Schlegel, 1837) 146. Sibynophis collaris (Gray, 1853)
Rén soc vang /6 /M Ranrongcoden/23456/M
115. Coelognathus radiatus (Boie, 1827) Lamprophiidae - Ho Rén hd dat
Ransocdua/1,2,3,4,5,6/M/VU Psammophiinae
116. Cyclophzops major (Giinther, 1858) 147. Psammodynastes pulverulentus (Boie, 1827)
Rén dailon /4 /[15] Rén h dét nau / 1, 2,3,4,6/M
117. Cyclophiops multicinctus (Roux, 1907) Natricidae - Ho Ran sai
Rén nhiéu dai/3,4,5,6 /M 148. Amphiesma stolatum (Linnaeus, 1758)
118. Dryocalamus dawsoml (Blanford, 1878) Ran séi thuong / 1,2, 3,4,5,6/M
Randé/4,5/[15] 149. Amphiesmoides ornaticeps (Werner, 1924)
119. Elaphe moellendorffi (Boettger, 1886) Raén sdi Or-na-ti-cep / 2 / [23]
Ran soc dudi khoanh /2,3,4,5/M/VU 150. Hebius andreae (Ziegler & Le Khac Quyet, 2006)
120. Elaphe taeniura (Cope, 1861) Rén sii an-d-re-a /4 / [15]
Rén soc dudi/ 3,4, 6/[15] 151. Hebius boulengeri (Gresitt, 1937)
121. Euprepiophis mandarmus (Cantor, 1842) Ran sdi bau-len-go / 6 /[15]
Rin soc quan /3 /[15]/ VU 152. Hebius khasiense (Boulenger, 1890)
122. Gonyosoma boulengeri (Mocquard, 1897) Rén sdi kha-si/2,4,5,6/M
Ranvoi/3,4,6/M 153. Hebius leucomystax (David, Bain, Quang Truong, Orlov,
123. Gonyosoma frenatum (Gray, 1853) Vogel, Ngoc Thanh & Ziegler, 2007)
Ransocma/4/[15] Réan sdi mép trang / 1,2,3,4,5,6/M
124. Gonyosoma oxycephalum (Boie, 1827) 154. Hebius modestum (Gunther, 1875)
Rin dudi do /4 /[15] Réan sditron/3/M
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155. Opisthotropis lateralis Boulenger, 1903
Rén tran bén /6 / M

156. Parahelicops annamensis Bourret, 1934
Rén binh miii trung by / 4 /[10]

157. Rhabdophis chrysargos (Schlegel, 1837)
Ranhoacovang/1,2,3,4,5,6/M

158. Rhabdophls nigrocinctus (Blyth, 1856)

Rén hoa c6 dai /2 /15]

159. Rhabdophis subminiatus (Schlegel, 1837)
Ranhoaconho/1,2,3,4,5,6/M

160. Sinonatrix aequifasciata (Barbour, 1908)
Ran hoa can van dom /2,3 /M

161. Sinonatrix percarinata (Boulenger, 1899)
Ranhoacanvanden/2,3,4,6/M

162. Xenochrophis flavipunctatus (Hallowell, 1860)
Réin nude dom vang /1, 2, 3,4,5,6/M
Pseudoxenodontidae - Ho Ran ho xién

163. Plagiopholis nuchalis (Boulenger, 1893)
Ran ho nui mii mac /2 /[15]

164. Pseudoxenodon bambusicola Vogt, 1922
Rin ho xién tre / 6 / M

165. Pseudoxenodon macrops (Blyth, 1855)
Ranhox1enmatto/2 3,4,6/M

Elapidae - Ho Rin ho

166. Bungarus candidus (Linnaeus, 1758)

Réan cap nianam/3,4,5,6/M

167. Bungarus fasciatus (Schneider, 1801)
Réancapnong/1,2,3,4,5,6/M/EN

168. Bungarus multicinctus Blyth, 1861

Rin cap niabac/1,2,3,6/M

169. Bungarus slowznskzz Kuch, Kizirian, Nguyen, Lawson,
Donnelly & Mebs, 2005

Raén cap nia song Hong / 5/[19]/ VU

170. Naja atra Cantor, 1842

Rén hé mang Trung Qudc/1,2,3,4,5,6/M/EN/VU
171. Naja kaouthia Lesson, 1831

Rén ho mang mot mat kinh / 5, 6 / [19]

172. Ophiophagus hannah (Cantor, 1836)

Ran ho mang chua/ 1,2,3,4,5,6/ M/CR/VU
173. Sinomicrurus macclellandi (Reinhardt, 1844)
Rén 14 kho thuong / 1,2, 3,4,5,6 /M
Homalopsidae - Hg Réan bong

174. Homalopsis buccata (Linnaeus, 1758)
Ranrica/5/[15]

175. Hypsiscopus plumbea (Boie, 1827)
Ranbongchi/ 1,2,3,4,5,6/M

176. Myrrophis chmenszs (Gray, 1842)

Rin bong Trung Quoc/ 1,2,3/M

Pareidae - Ho Ran ho may

177. Pareas carinatus (Boie, 1828)

Rin h6 may go /4, 5/[15]

178. Rareas hamptoni (Boulenger, 1905)

Rén ho may Ham-ton / 3, 4, 5, 6 / [15]

179. Pareas margarltophorus (Jan 1866)

Rin ho may ngoc/2,3,4,5/[15]

Viperidae - Ho Rin luc

180. Ovophis monticola (Gunther, 1864)
Réanlycnui/2,5,6/M

181. Protobothrops cornutus (Smith, 1930)

Rin lyc simg /2, 4,6 /M //NT

182. Protobothrops mucrosquamatus (Cantor, 1839)
Ran lyc cwom/2,3,4,5,6/M

183. Protobothrops sieversorum (Ziegler, Herrmann, David, Orlov
& Pauwels, 2000)
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Ran luc vay lung ba g/ 4/[15]// EN

184. Trimeresurus albolabris Gray, 1842

Rén lyc mép trang / 1,2,3,4,5,6 /M

185. Trimeresurus stejnegeri Schmldt 1925

Rén luc xanh /2, 3,4,6/M

186. Trimeresurus truongsonensis Orlov, Ryabov, Thanh & H
Cuc, 2004

Rén luc Truong Son /4 /[15]

187. Trimeresurus vogeli David, Vidal & Pauwels, 2001
Rén luc von-gen / 3, 4, 5,6/M

Xenodermidae - Ho Riin xe diéu

188. Achalinus rufescens Boulenger, 1888

Rin xe diéunau/2,3 /M

189. Achalinus spinalis Peters, 1869

Rén xe dicu xam /2 /M

190. Fimbrios klossi Smith, 1921

Ranma/5,6/[15]

191. Fimbrios smithi Ziegler, David, Miralles, Van Kien & Quang
Truong, 2008

Rén Méx-mit /4 /[ [15]

Typhlopidae - Ho Rén giun

192. Argyrophis diardii (Schlegel, 1839)

Rén giunlén/ 1,2,3,4/M

193. Indotyphlops braminus (Daudin, 1803)

Rén giun thudng / 1,2,3,4,5,6/M

Nhan xét: két qua théng ké da xac dinh khu vuc Bic Trung Bo
¢6 303 loai LCBS, g6m 110 loai ludng cu thudgc 9 ho, 3 bo; 193
loai bo sat thudc 23 ho, 2 bg. Nhu vay, sd loai ludng cu cua khu
vuc Bic Trung B¢ chiém 40,29% tong s6 loai ludng cu cua Vit
Nam, s6 loai bo sat chiém 40,80% tong s6 loai bo sat ciia Viét
Nam. Tinh chung thi s loai LCBS cua khu vyc Bic Trung Bo
chiém 40,62% s6 loai LCBS ctia ca nudc dén thoi diém hién tai.

Két qua thong ké ciing cho thdy s loai LCBS duoc ghi nhan
¢ cac dia phuong thudc khu vuc Bic Trung Bo 6 su khac nhau.
S6 loai dugc ghi nhan nhiéu nhit & Quang Binh (178 loai, chiém
58,94% tong s loai cia Bac Trung Bo); tiép dén 1a Nghé An va
Thira Thién - Hué, mdi tinh ghi nhan 173 loai, chiém 57,28%. Khu
vuc Quang Tri va Thanh Héa ghi nhan s loai it nhat, 1an luot 1a
107 loai (chiém 35,43% - Quang Tri) va 125 loai (chiém 41,39% -
Thanh Hoa) (bang 1).

Bang 1. S6 lugng loai ludng cu, bd sat ghi nhan & cac tinh thugc khu
vuc Bic Trung Bo.

pwsg  Hor A T BT B Tadeemd
Ludnger 60 71 57 60 32 67

B sit 65 102 94 118 75 106

Téng 125 173 151 178 107 173
Tilg % 41,39 57,28 5000 5894 3543 578

S6 loai bo sung phan bd so véi danh lyc cia Nguyen Van Sang,
et al. (2009): da xac dinh c6 48 loai (20 loai ludng cu, 28 loai bo
sat) bd sung phan bd cho khu vuc Béc Trung Bo so v6i cong b ciia
Nguyen Van Sang, et al. (2009), trong d6 ¢6 28 lodi bo sung dua
trén phan tich cac mau vat; 20 loai theo cac tai lidu da cong bé tir
sau nam 2009 dén nay.
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Cic loai LCBS quy, hiém, cé gid tri bio ton nguon gen

Trong s6 303 loai LCBS dugc ghi nhan & khu vuc Béc Trung
B, ¢6 62 loai quy, hiém, co gia tri bao ton ngudn gen, gdm 22
loai ludng cu va 40 loai bo sat. Cu thé: theo Sach D6 Viét Nam
(2007), khu vuc Béc Trung Bo ¢6 36 loai, gdm 6 loai & muc Rat
nguy cap (CR), 16 loai & mirc Nguy cap (EN) va 14 loai Sap nguy
cap (VU). Theo Danh luc D6 TUCN (2018), ¢6 4 loai ¢ mirc Rat
nguy cép (CR), 15 loai & mitc Nguy cdp (EN), 16 loai ¢ mirc Sip
nguy cap (VU) va 6 loai ¢ muc Bi de doa (NT). Céc loai dugc
xép & mitc Sap nguy cp theo Sach Do Viét Nam 1a Megophrys
palpebralespinosa, Cuora  cyclornata, Rafetus  swinhoeli,
Malayopython reticulatus, Python molurus va Ophiophagus
hannah. Theo Danh luc D6 IUCN, cac loai Cuora bourreti, Cuora
cyclornata, Cuora galbinifrons va Rafetus swinhoei dugc xép &
mire Sap nguy cap.

S6 luong cac loai LCBS quy, hiém, duoc xép trong tinh trang
bi de doa ¢ cac mirc d9 khac nhau chiém 20,46% tong s0 loai, dleu
nay chimg t6 khu vuce Bic Trung Bo ¢o6 gia tri bao ton cao, gorn
ca nhing loai ¢6 tim quan trong qudc gia va québc té vé bao ton.

Khu vye Béc Trung Bo 1 noi chira dung tinh da dang cao vé
cac loai LCBS, da xéac dinh dugc 303 loai thudc 32 ho, 5 bg. 86
loai LCBS cua khu vuc Béc Trung Bo chiém 40,62% t6ng s0 loai
LCBS da ghi nhan dugc ¢ Viét Nam dén thoi diém hién tai.

Két qua nghién ciru di bd sung phan bd cua 48 loai (20 loai
ludng cu, 28 loai bo sat) cho khu vue Béc Trung B so vdi cong
bo ndm 2009 ctua Nguyen Van Sang, et al.

Khu vie Bic Trung B¢ ciing 1a noi ¢4 gid tri bao ton cao, ¢6
tim quan trong quic gia va quoc té vé bao ton véi 62 loai quy,
hiém, bi de doa & c4c mirc d khac nhau, trong d6 c6 36 loai dugc
ghi trong Sach Do Viét Nam (2007) va 41 loai trong Danh luc Do
IUCN (2018).
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Nghién c1ru Iy thuyét va thue nghlem xac dinh
mé men uodn glO’l han ciia cau klen dam BTCT
theo mé hinh bién dang phi tuyen cua be tong

Nguyén Ngoc Linh’, Nguyén Ngoc Tan, Nguyén Vin Quang, Phan Quang Minh
Khoa Xay dyng ddn dung va cong nghiép, Truong DPai hoc Xay dung
Ngay nhdn bai 16/8/2019; ngay chuyén phan bién 19/8/2019; ngay nhan phan bién 16/9/2019; ngay chip nhan dang 24/9/2019

Tom tit:

Nghién ciru nay glO’l thleu phlro'ng phap tinh toin mé men uén glO’l han cua dim bé tong cbt thep (BTCT) & trang
thai gidi han thir nhat vé do bén theo so' do 2 doan thang vaso dd3 doan thang ciia md hinh bién dang phl tuyen cia
bé tong tuin theo tiéu chuin TCVN 5574:2018. Bong thoi, nghién ciru cung di tién hanh thi nghlem udn bén diém
trén 6 dam BTCT kich thuwéc bxhxL=120x200x2.200 mm, dwgc ché tao biang bé tong ning c6 cip do bén B25, va
chia 1am ba nhém miu ¢6 ham lwong cbt thép doc chiu kéo khac nhau, lan lwgt 13 298, 2¢10 va 2¢12. Két qua tinh
toan 1y thuyét duorc so sanh véi két qua thwe nghiém dé Iwa chon phwong phap tinh toan phit hop, phin tich céc giai
doan lam viéc ciia ciu kién dam chiu udn, ciing nhw dnh hwéng ciia ham hrong cot thép dén vng xir ciia dAm BTCT.

Tir khéa: bién dang bé tong vang nén, dim bé tong cot thép, mé men udn giéi han, so d6 2 doan thing, so dd 3 doan

thing.
Chi s6 phén loai: 2.1

Mé dau

BTCT 1a loai vat li¢u dugc st dung phé bién trong thiét ké va thi
cong céc két cdu cong trinh xdy dung, ddc biét 1a cong trinh nha cao
ting, cong trinh dan dung va cong nghiép. .. Cau kién BTCT dugc tinh
toan & 2 trang thai gii han: (i) Trang thai gioi han thir nhit vé do bén,
dé dam bao kha nang chiu luc gioi han ctia két céu; (ii) Trang thai gi6i
han thir hai vé bién dang, nham dam bao cho két cAu thoa mén cac yéu
cau gioi han vé khe nurt va do vong [1].

O Viét Nam, trude nam 2018, tidu chuén thiét ké két cAu bé tong
va BTCT 1a TCVN 5574:2012 [2], v6i nhitng ndi dung duoc ldy tir tiéu
chuan TCXDVN 356:2005 [3]. Trong tiéu chuan nay, viéc tinh toan céu
k1en BTCT vé do ben dya trén mng sudt giéi han cta vat liéu bé tong va
cbt thép. Dbi véi chu kién chiu udn thuong duoc tinh toan dé dam bao
diéu kién pha hoai déo, nghia 1a cdt thép bi chay déo trudc khi bé tong
viing nén bj pha vd. Viéc tinh toan dua trén mot s gia thuyét, d6 1a: img
sut trong cbt thép chiu kéo dat tdi cuong do chiu kéo tinh toan, ung
sut trong bé tong chiu nén dat dén cuong do chiu nén tinh toan, biéu dd
{mg suat - bién dang ciia bé tong c6 dang chit nhat, ving bé tong chiu
kéo bi nut khong duge tinh dén kha nang chiu lyc.

K& tir cubi nam 2018, tiéu chuan thiét ké TCVN 5574:2018 [4] da
dugc ban hanh dé thay thé cho TCVN 5574:2012 2], dugc xdy dung
trén co so tidu chuan Nga SP 63.13330.2012 [5], nén khong gy ra
nhiéu khé khin trong viéc ap dung tiéu chuin méi vao cong téc tinh
toan thiét ké. Tiéu chuan méi cap nhét nhiéu diém mai trong tinh toan
cau kién bé tong va BTCT so vdi tiéu chuan cil, trong d6 ¢6 mo rong
pham vi ap dung cho bé tong nang tir B1,5 dén B100, st dung cac tiéu
chuén hién hanh ddi v6i cbt thép, ciing nhu st dung mot gié tri hé sb

"Tac gia lién hé: Email: linhnn@nuce.edu.vn
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d tin cay cho ct thép thay thé cho nhiéu gia tri nhu trudc day [6].
Mot trong nhimg diém méi quan trong trong TCVN 5574:2018 [4]
14 sir dung mo hinh bién dang phi tuyén ciia vat liéu dé dnh gia tinh
chat dan déo ciia bé tong va cot thép khi nén va kéo. Di voi bé tong
khi nén, duong cong quan hé tmg sudt - bién dang cua bé tong c6 thé
dugc don gian hoa bang so do 2 doan thang hodc so dd 3 doan thing.
Tuong ty, biéu do bién dang cua cdt thép ciing dugc wu tién sir dung
50 d6 2 doan thing ddi voi cbt thép ¢6 gioi han chay thyc té va so do
3 doan thing ddi vai cbt thép co gioi han chay quy udc.

Trong thoi gian gin ddy, cac nghién ctru lién quan dén viéc ap
dung tidu chuén thiét ké méi da duoc thyc hién [6, 7] va thu hat dugc
sur quan tam ctia nhidu nha khoa hoc, ciing nhu cac ky su thiét ké trong
nude. i vai cac chu kién BTCT chiu udn, phuong phap tinh toan do
bén theo tiéu chuan TCVN 5574:2018 [4], ngoai viéc dua trén ndi luc
gid1 han ma bé tong va cbt thép co thé chiu duoc, cac gia tri bién dang
cuc han cua bé tong ving chiu nén, cbt thép vung chiu kéo cling duge
dua vao dé khdng ché diéu kién pha hoai déo.

Nghién cru nay trinh bay phwong phap 1y thuyét dé du bdo mé men
uén gi6i han cla cau kién ddm BTCT theo so d6 2 doan théng va so dd
3 doan thing cta bé tong khi nén. Ddng thoi, trong phong thi nghiém, 6
dam BTCT c6 cac kich thude hinh hoc 1a bxhxL=120x200x2.200 mm
dd duoc ché tao bang bé tong ¢6 cap do bén chiu nén B25, véi 1op cdt
thép doc chiu kéo thay doi lan lugt 13 208, 2010 va 2¢12. Thi nghiém
ubn 4 diém véi tai trong tinh da duoc thyc hién trén ting dim mau. Két
qua thu dugc cho phép so sanh mo men udn gi6i han thyc té va gia tri
tinh toan 1y thuyét theo mé hinh bién dang bé tong. Hon nira, cac biéu
dd quan hé tai trong - d vong, tai trong - bién dang cua bé tong ving
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Abstract:

This study presents the calculation method of ultimate
flexural moment of reinforced concrete (RC) beams
using the bi-linear diagram and tri-linear diagram of
non-linear model of concrete deformation according to
the Vietnamese standard TCVN 5574:2018. In parallel,
the four-point bending test was carried out on six RC
beams with the dimension bxhxL=120x200x2,200 mm,
made of concrete having the compressive strength of
B25 class, divided into three groups with different ratios
of longitudinal reinforcement at the bottom layer, 2¢8,
2¢10, and 2¢12 steel bars, respectively. The theoretical
results were compared with the experimental results
obtained in order to select the appropriate calculation
method, analyse the flexural behaviour of RC beams
under static load as well as the effect of longitudinal
reinforcement on their behaviour.

Keywords: bi-linear diagram, deformation of concrete
in compression, RC beam, tri-linear diagram, ultimate
flexural moment.

Classification number: 2.1

nén dugc xay dung tr s0 liéu thuc nghiém cho phép phan tich cac giai
doan 1am vi¢c cua cau kién dam chiu uon, dinh luong anh huong cua
ham luong cot thép deén sy lam viéc chiu uon cua cau kién dam.

Ly thuyét tinh todn mé men uén gidi han ciia dam BTCT chiu udn

Theo tiéu chuan TCVN 5574:2018, viéc tinh toan cu kién BTCT
theo d6 bén ciia tiét dién thang goc dugc tién hanh theo 2 co so: (i)
Noi lyc gioi han ma bé tong va cdt thép 6 thé chiu duoc; (i) M6 hinh
bién dang phi tuyén ciia bé tong va cbt thép. Theo ndi lyc gidi han cua
vat liéu, thi mot sb gia thuyét sau dugc ap dung:

(1) Cudng do chiu kéo cuia bé tong ldy bang khong.
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(2) Cuong do chiu nén ciia bé tong liy bing tmg sudt c gia tri
bang cuong d6 chiu nén tinh toan va dugc phan bo déu trén vung chiu
nén quy udc cua bé tong.

(3) Ung suit kéo va nén trong cot thép lay khong 16n hon cuong
d0 chiu kéo tinh toan va chiu nén tinh toan.

Mb hinh bién dang phi tuyén cta vat liéu dua trén gia thuyét tiét dién
phang, nghia la tiét dién van dugc coi 1a phing sau khi bi blen dang. Tu
do, bicu do quan hé tmg suit - bién dang cua bé tong va cdt thep ¢ thé
duoc biéu dién theo so dd 2 doan thang hoic so dd 3 doan thang.

Tinh todn theo so dé 2 dogn thing

Hinh 1 minh hoa biéu d6 quan hé giita tmg suat va bién dang ctia
bé tong khi nén theo so d6 2 doan thang. Khi bién dang ctia bé tong
nho hon giéi han bién dang dan hoi € thi img suat cia bé tong o, xdc
dinh theo cong thire (1), voi £, 1a m6 dun bién dang quy ddi cua bé
tong khi bién dang tuong dbi (s lay bang 0,0015 dbi voi bé tong
ning, va 0,0022 doi voi bé tong nhe) Khi bién dang cua bé tong 16n
hon bién dang dan hoi thi img suét ctia bé tong 1iy bing cuong do chiu
nén R, nhu trong cong thitc (2). Thong thuong, bién dang cuc han cta
bé tong co gié tri o, =0,0035.

A
Oy1=Opg —--——- T

o, R,

€
€1 €no €2 o

Hinh 1. Biéu db ting suat - bién dang clia bé tong khi nén theo
so do 2 doan thing.

Khi 0 < g, <, thi 0,=E, & (1)

Khi ¢, < ¢ < ¢, thi o,=R, (2)

Tir céc gia thiét nay, trén mot mit cat ngang ctia dam c6 tiét dién
bxh, so dd tinh todn md men udn gioi han, ky hiéu M, , theo so d6 2
doan thing duoc minh hoa nhu trén hinh 2, trong do:” a 1 chicu day
16p bé tong bao v¢, A la chiéu cao lam viéc ctia dam, x 1a chiéu cao bé
tong ving nén, x, la chidu cao viing nén tmg véi bién dang dan hoi ciia
bé tong, x, 1a chleu cao vung nén ung v6i bién dang cuc han cua bé
tong. Tu phuong trinh hinh hoc, moi quan h¢ gifra x , x, va chiéu cao
viing nén x cta bé tong duoc bicu dién theo cong thirc (3), xéc dinh

duge x, = 3x/7 va x, =4x/7.
X G &)
X &y

Ry 0,0033

/

7 ,<
= ' =My <1

As . GsAs
=

xr" Xy
]

L ]

b

Hinh 2. Tinh todn md men udn gidi han cia dam BTCT theo so
dd 2 doan thang.
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Phuong trinh can bang gifra lyc nén trong bé tong va luc kéo trong
cdt thép duoc biéu dién bai cong thirc (4), trong do R, 1a cuong do
chiu nén cua bé tong, R 1a gi6i han chay (cudng do chlu kéo) ciia cdt
thép, 4 1a di¢n tich tiét dién cua cbt thép doc chiu kéo. Thay céc gi4
tri x, va x, vao cong thirc (4), xac dinh dwoc chiéu cao ving bé tong
ch;u nén x nhu trong cong thire (5).

R,bx, + lR  bx, = AR, )
R A
0 7857R,b (5)

Khoang cach theo phuong dimg tir mép trén ctia tiét dién dén trong
tam cua vung bé tong chiu nén duoc xac dinh c6 gid tri y =0,3477x .
Tir d6, canh tay don tir trong tam cdt thép dén trong tam be tong vung
nén c6 gid tri Z = h, — V. Nhu vy, theo so dd 2 doan thing ddi v6i
bleu dd quan hé @ mg sudt - bién dang cta bé tong khi nén, thi mé men
udn gii han cua cu kién dam duoc x4c dinh theo cong thic (6).

M, = AR (h,~0,3477x) (6)

bé dam bao dleu kién cdt thép chay déo, khi tng suét dat dén R
thi bién dang cua cot thép dat toi gid tri ¢, ,, = R /E Khi tinh toan
tiét dién thing goc thi chiéu cao ving bé tong chlu nén x phai nho hon
gia tri gioi han x, dugc xéc dinh tir chiéu cao tuong d01 I  nhu trong
cong thuc (7). Khl quy doi tir biéu do thyc té (mg suét - bién dang cua
b¢ tong khi nén vé biéu do co dang hinh chir nhat thi diéu kién han
ché chiéu cao ving nén dugc nhan véi hé s6 0,8 doi voi bé tong co
cap d6 bén tir B60 tré xuéng, va hé 6 0,7 dbi voi bé tong co cap do
bén tir B70 dén B100.

Sk =72 = ! Y

Tinh todn theo so dé 3 dogn thing

Hinh 3 minh hoa biéu d6 quan hé gila mg suét va bién dang cua
bé tong khi nén theo so do 3 doan thang, trong d6: img suét O lay
bang 0,6R, va trong umg vdi bién dang ¢, =c, /E,, o, la img suat lay
bang cuorng d6 chiu nén R, va bién dang tuong dbi gioi han g, lay
bing 0,002. Bién dang tuong dbi cuc han cua bé tong ¢, lay bang
0,0035. Theo so dd 3 doan thang, tmg suét cta bé tong duoc xac dinh

theo cac cong thirc (8), (9) va (10).

Hinh 3. Biéu db ting suat - bién dang clia bé tong khi nén theo
so do 3 doan thing.

Khi 0 < g < ¢, thi 6, = Eg, (8)
Khi g, <& <6, thi o :[ 1_2]5—2%% ©)
Khi g, <¢ <, thic =R (10)
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Tir cac gia thiét trén, trén mot mit cat tiét dién ngang ciia ddm, so
db tinh toan md men ubn gi6i han cta dam theo so dd 3 doan thing
dwgc minh hoa nhu trén hinh 4, trong d6 x , x,, X, 14 cac chiéu cao thanh
phin cta ving bé tong chiu nén tuong {mg v6i so dd ba doan thang
Twr cac phuong trinh hinh hoc, mdi quan h¢ gitra x, x,, x, va chiéu
cao vung bé tong chiu nén x duge xac dinh nhu sau: x, = 171 43cx;

x, =0,5741x -171,43cx ; x, = 0,4286x , v6ic = R [E,.

. . i) . 0,0035
17 g A
- e
= = (Ma| = '
As ., osAs
L L 1{7 Laat FA
b

Hinh 4. Tinh toan md men uén gidi han ctia dam theo so dé 3
doan thang.

Phuong trinh can bing giira lyc nén trong bé tong va lyc kéo trong
c6t thép dugc bicu dién trong cong thire (11). Thay thé cac gia tri
chiéu cao thanh phan cua ving bé tong chiu nén vao cong thuc (11),
xac dinh dugc chiéu cao ving bé tong chiu nén x nhu cong thuc (12).

Rbx, +§x2((),6Rh +R, )+ éR,,bxl = AR (1)

R A,
0 8857R,b—-51,7R,bc

(12)

Khoang céch theo phuong dimg tir mép trén cia tiét dién dén
trong tam cua vung bé tong chiu nén duogc xac dinh theo cong thirc
(13). Tir o, canh tay don tir trong tim c6t thép dén trong tam bé tong
vingnénla z=h, — y.Vamo men udn giéi han cua cau kién dim
chiu uén duoc x4c dinh nhu cong thure (14).

_ (0,3793R, —86,3R,c)x +(51,43c —2938,7¢*)
0,886R, —85R,c

Mgh = ASRS (ha _y)

(13)
(14)

Nghién ciiu thuc nghiém xac dinh mé men uén gidi han ciia
dam BTCT

Mbu thi nghi¢m

Trong nghién ctru ndy, 6 dim BTCT c6 céc kich thude hinh hoc
bxhxL=120x200x2.200 mm da dwoc ché tao trong phong thi nghi¢m.
Céu tao bt thép cia cac dam thi nghiém duoc thé hién chi tiét nhu
trong hinh 5; 6 dim duoc chia 1am 3 nhém mau, ky hiéu 1a D1, D2,
D3, mdi nhom méau gdm 2 dam, bang cach thay doi duong kinh cia
cdt thép doc 6 16p dudi lan lugt 14 208, 2410 va 2912 (twong (g v6i
ham lugng cdt thép 14 0,45%, 0,71% va 1,02%). Tai 16p trén ctia mdi
dam sir dung mot thanh cdt thép dudng kinh danh nghia ¢6. Cac dam
thi nghlem str dung cot dai duong kinh ¢4, khoang cach a,=60 mm
6 hai ddu dam, trén chiéu dai =750 mm, khoang cach a,=150 mm
Iy glua dam trén chiéu dai [ 500 mm. Viéc thay doi khoang cach bd
trf cdt thep dai nham muc dlch thiét ké cdc dam thi nghiém lam viéc
chiu udn thuan tay.
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Ddng thoi, mot to mau bé tong hinh 1ap phuong co kich thude
150x150x150 mm d duoc ché tao va bio dudng trong cliing diéu kién
v6i cac dam thi nghiém dé klern tra cuong do chiu nén thye té (R,
MPa) cua bé tong ¢ 28 ngdy tudi theo tiéu chun TCVN 3118:1993
[8]. Mot t6 mau hinh try c6 cac kich thuée DxH=150x300 mm ciing
dugc ché tao va tién hanh thi nghiém xac dinh mé dun dan hoi (E,
MPa) cua bé tong ¢ 28 ngay tudi. Voi moi mot loai duong kinh cot
thép, thi nghiém kéo duoc tién hanh trén mot t6 miu gom 3 thanh theo
tiéu chuan TCVN 197-1: 2014 [9] dé xac dinh gioi han chay cua thép
(f MPa). Két qua duoc tong hop trong bang 1, dac trung boi cac chi
tleu gia tri trung binh (m), d§ léch chuén (s) va hé sb bién dong (cv, %).

Bang 1. Cac tinh chat co hoc clia bé tong va cot thép.

Chi titu m (MPa) s (MPa) v (%)
R, 29,6 1,6 55
E, 30.600 3.000 9.8
£.(48) 398 20,7 52
£.(610) 337 73 2.2
£012) 410 3,1 0,7

Trong nghién ctru nay, ce"ip d6 bén chiu nén cua bé tong dugc xac
dinh theo cong thitc (15) tir cuong do chiu nén trung binh trén mau
tiéu chuén hinh lap phuong, va c6 gia tri B=26,9 MPa. Do do, bé tong
ché tao cac dim thi nghiém dat yéu cau vé cap do bén thiét ké (B25).
Cuong d6 chiu nén tiéu chuan (Rb ) va cuong do chiu nén tinh toan
(R,) cua bé tong dugc xac dinh lan luot theo cac cong thuc (16) va
(17), 4p dung d6i voi bé tong o cip do bén tir B60 trd xudng va hé sd
d0 tin cy cua bé tong khi nén (y,) ldy bang 1,3 d6i véi bé tong nang.
Trong khi d6, cuong do chlu kéo tiéu chudn (R ) cla cdt thép lay
bing gidi han chay thuc té thu dugc bi thi nghlem kéo thép. Cuong
d6 chiu kéo tlnh toan (R ) clia cot thép duoc xac dinh bang cong thire
(18), v6i hé sb do tin cay cua cbt thép (v) ldy bang 1,15 d6i véi trang
thai gi6i han thir nhét.

R, (1-1,64cv) (15)

( 7770,001B) (16)

R, = 7b (17)
R

R =—= (18)
7/3‘

So' do thi nghiém uén dim

So d thi nghiém udn 4 diém 1a dm don gian chiu tac dung cta
2 lyc tap trung (P) nhu trén hinh 6. St dung kich thiy luc loai 20 tAn

TAP CHI

HOA HOC

ONG NGHE I} Nam 62(1) 1.2020

Khoa hoc Ky thuat va Céng nghé

két hop voi dam phén tai dé gia tai thi nghiém. Gia tri tai trong tp
trung dAu kich dugc x4c dinh thong qua mgt dung cu do luc dién tir
(load-cell). P9 vong cua dam thi nghiém dugc xac dinh béng 3 dung
cu do chuyén vi, ky hiéu LVDT1, LVDT2, LVDT3 b tri tai vi tri 2
gbi twa va ¢ giira ddm. Bién dang ctia bé tong viing nén dugc do bang
mot dung cu do chuyén vi, ky hiéu LVDT4, bd tri 6 mat trén cta dam
giita 2 diém dit lyc, v6i chidu dai chudn do /=200 mm. Tét ca céc thiét
bi va dung cu do duoc két ndi vai bo xir 1y s6 liéu Data - Logger TDS
530 va may tinh dé do dac sd liéu mot cach tu dong va lién tuc trong
qua trinh thi nghiém.

LOAD CEIL

Lo
LVDTJ

A d.LC’T_ ﬁfﬂﬁam GAU'SE
A T
VT3

1DS jine

Hinh 6. So do thi nghi¢m uén bon diém cac mau dam.
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2 ‘ ofh s ¢ o
I

o Wa 0 oG

Tai trong tac dung dugc tang vai tde do dong déu, khong gay ra
luc xung 1én két céu thi nghiém, cho dén khi dam bi pha hoai thi dimg
lai. S6 liéu thu dugc trong qud trinh thi nghiém bao gom: (i) Tai trong
tic dung lén dam, (ii) Blen dang cua bé tong vung nen, (iii) Chuyen vi
dimg cua dAm. Nhimng s liéu nay cho phép xdy dung biéu d6 quan hé
tai trong - d6 vong, va biéu dd quan hé tai trong - bién dang bé tong
ving nén ciia cdc dam thi nghiém.

Phan tich két qua thuc nghiém sy lam viéc chiu uén cia dam
BTCT

Quan hé tdi trong va dj vong

Hinh 7 gi6i thi¢u biéu d6 quan hé tai trong va d vong cho tat ca
dam thi nghiém, bao gdm: (1) Nném D1 gom hai dam D1.1 va D1.2;
(2) Nhém D2 gdm hai dam D2.1 va D2.2; (3) Nhém D3 gom hai dam
D3.1 va D3.2. Trong m&i nhom dam, biéu d6 quan hé giira tai trong
va do vong 14 tuong ddi tring khop giita 2 dam thi nghiém. Dicu nay
ching 6 rang nhing két qua thu dugc it chiu anh huong cia su bién
dong cac tinh chat co 1y cta vat liu bé tong va ct thép.
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Hinh 7. Biéu do quan hé tai trong - do vong cta cac dam thi
nghiém.
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Trong qua trinh thyc hién thi nghiém (hinh 8), sy lam viéc cua
dam duoc quan sat dé phat hién cac thoi diém ma tai d6 img xr cta
dam c6 sy thay doi. Trong giai doan thir nhét, bé tong va cdt thép lam
viéc dan hoi, biéu do tai trong - d§ vong c6 dang tuyén tinh. Khi dam
xuat hién vét nirt du tién ¢ viing bé tong chiu kéo giira hai diém dat
Iyc, 1am giam d6 cimg ciia dam va 1am ting nhanh d¢ vong. Thoi diém
nay twong tmg voi diém thay doi do dbc 1an dau tién trén bidu do tai
trong - 4o vong. Trong giai doan thir hai, dim thi nghi¢m tiép tuc chiu
dugc tai trong 16n hon, dong thoi do vong tiép tuc tang, s lugng vét
nirt xuat hién nhiéu hon & viing bé tong chiu kéo, va phat trién vé phia
viing bé tong chiu nén. Giai doan nay trong (g voi doan biéu do tai
trong - do vong ¢6 dang phi tuyén. Khi cot thép bét diu b chay déo
thi thiy ring tai trong tic dung lén dam thi nghiém khong ting, hodc
khong ¢6 su thay doi dang ké, trong khi d6 do véng c6 dam tang rét
nhanh so voi giai doan trude d6. Giai doan thir ba nay twong ting doan
biéu do tai trong - d vong co dang nam ngang. Thi nghiém dugc két
thic khi quan sat thdy bé tong ving chiu nén bi v (bién dang tuong
d6i cua bé tong 16n hon gid trj cyc han g,,=0,0035).

Hinh 8. Dam thi nghiém & trang thai bi pha hoai uon.

T céc biéu dd quan h¢ tai trong - d§ vong, cac dac trung co ban
ciia sy 1am viéc chiu udn c6 thé duoc xéc dinh dbi v6i timg dim thi
nghiém, bao gom: (i) Téi trong gy nit (P, kN); (i) Do vdng tuong
g véi tai trong gdy nit (f , mm); (iii) Tai trong gay phé’hoai (1,),»1’
kN), trong nghién ctru nay dugc xac dinh 1a tai trong 16n nhat ma dam
chiu tai duoc dén trude khi bé tong vung nén bi pha hoai; (iv) Do vong
tuong Ung vai tai trong pha hoai (fp ,» mm). Cac két qua nay duoc tong
hop trong bang 2.

Bang 2. Két qua cta thi nghi¢m udn bon diém cac mau dam.

Dim P._(kN) £, (mm) P, (&N) £, (mm)
DIl1.1 7,8 0,73 18,3 9,44
D1.2 7,9 0,81 18,6 8,90
D2.1 8.4 0,74 23,6 8,10
D2.2 8.4 0,79 24,1 8,04
D3.1 8.8 0,81 41,0 8.54
D3.2 8,9 0,72 40,9 8,42
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So sdnh két qua Iy thuyét va két qud thuwe nghi¢m

Bing 3 gidi thidu céc két qua tinh toan mé men udn gioi han cia 3
nhom dam thi nghiém theo so d6 2 doan théng, s0 dd 3 doan thﬁmg cua
mé hinh bién dang bé tong va theo két qué thi nghiém thu dugc. Déi
v&i mdi nhom dam, md men udn 2i6i han thue té la gia tri trung binh
cta hai mu dam. Cac két qua thyc nghiém déu co gi4 tri 16n hon két
qué tinh toan 1y thuyét, dé dam bao diéu kién an toan trong cong tac
thiét ké céu kién chiu udn & trang thai gidi han vé d6 bén.

Bang 3. Cac két qua ly thuyét va thuc nghiém xac dinh mé men
udn gidi han.

. M,, (kNm)
Nhém dam - - - -
S0 do 2 dogn thang  So do 3 doan thang  Thwc nghi¢m
D1 6,14 6,13 6,92
D2 8,01 7,98 8,94
D3 13,37 13,29 15,36

Nhitng két qua tinh toan 1y thuyét chi ra rang, khong ¢6 sw chénh
léch dang ké vé gi4 tri md men ubn gioi han khi tinh toan theo so do
2 doan thang va 3 doan thang. Hon nita, cc gi4 tri nay déu 16n hon so
v&i mé men ubn gi6i han tinh toan theo so d6 hinh chi nhat cta tiéu
chudn TCVN 5574:2012. Diéu nay co thé duoc giai thich boi chiéu
cao vung bé tong chiu nén co6 gia tri du bao 16n hon khi ap dung so
d6 2 doan théng. Vi vay, trong thyc té tinh toan thiét ké, mé hinh bién
dang cuia bé tong theo so d6 2 doan thing duoc khuyén dung vi sw tinh
toan don gian hon so d6 3 doan thing va cho gié tri du bao ddi véi mo
men udn gi6i han gan hon véi gia tri thyc té.

Quan hé tdi trong va bién dang ciia bé tong viung nén

Trong moi thi nghiém udn dam, bién dang cuia bé tong viing nén
duoc do dac bdi mot dung cu do chuyén vi LVDT nhu minh hoa trén
hinh 9. Bién dang tuong ddi cia bé tong (g,) dugc xac dinh boi cong
thac (19), trong d6 Al (mm) 12 bién dang tuyét doi cua bé tong, /=200
mm 14 chiéu dai chuan do.

Al
gb:T

(19)

Hinh 9. Do bién dang tuong ddi clia bé tong viing nén trén dam
thi nghiém.
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Hinh 10 gi6i thiéu biéu d quan hé giira tai trong va bién dang
tuong ddi ciia bé tong ving nén ddi v6i timg dam thi nghiém. Tir
nhitng két qua thu duge nhan théy rfing, khi ham lugng cbt thép doc
chiu kéo nho (0,45% trén nhom dam D1; 0,71% trén nhém dam D2)
thi thoi diém bién dang twong dbi cua bé tong dat dén gia tri gidi han
£,~0,002 xdy ra gan nhu dong thoi vi cdt thép bat dau bi chiy déo.
Khi tdng ham lugng cot thép (1,02% trén nhom dam D3) thi bién dang
tuong d6i cua bé tong dat dén gia tri giéi han sém hon, trude khi tai
trong dén gia tri lam cho cbt thép bi chay déo.
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Hinh 10. Quan hé tai trong - bién dang tuong déi clia bé tong
viing nén.

Trén tat ca cac dam thi nghiém, bién dang twong déi cua bé tong
viing nén déu vuot qua gia tri cyc han ¢, =0,0035. Nhu vay, giai doan
tlr khi ¢6t thép bt dau bi chay déo den kh1 bé tong vung nén bi pha
hoai dién ra dai hon trén cac nhom dam c6 ham lugng cbt thép doc
chiu kéo nhé hon, va din ra nhanh hon trén nhém dim c6 ham luong
cbt thép doc chiu kéo 16n hon.

Nghién ctru da trinh bay phuong phap tinh toin mo men uén gioi
han cua cdu kién dam BTCT chiju uén ¢ trang thai gi6i han thtr nhat
vé d9 bén, sir dung mo hinh bién dang phi tuyén cua vat ligu bé tong
biéu dién theo so' d0 2 doan thing va so do 3 doan thing néu ra trong
tiéu chuan thiét ké TCVN 5574:2018. Dong thoi, 6 dam BTCT da
dugc ché tao trong phong thi nghiém bang bé tong cap do bén B25, va
16p cot thép doc chiu kéo thay doi 1an lugt 1a 298, 2¢10 va 2¢12. Thi
nghiém uén bén diém di dugc tién hanh trén cdc dim thi nghiém aé
x4c dinh méi quan h¢ tai trong - d§ vong ctia dam va quan h¢ tai trong
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- bién dang tuong ddi cua bé tong viing nén. Céc két qua tinh toan ly
thuyét da duogc so sanh voi céc két qua thyc nghi¢ém xac dinh mé men
uén gidi han cua dam, va cho phép dua ra mot 50 két luan chinh ciia
nghién ciru nhu sau:

(i) M6 men udn gidi han cta céu kién dam chju un khong co su
chénh léch déng ké khi tinh toan v6i so do 2 doan thing va so do 3
doan thing cta quan hé img suét - bién dang ctia bé tong. Do d6, so dd
2 doan thang dugc wu tién st dung dé don gian hoa viéc tinh toan va
dua ra gia tri du bdo mo6 men udn gidi han gﬁn hon véi gia tri thyc té.

(i) D6i v6i cau kién dam chiu udn thuan tay, ham luong cot thép
doc chiu kéo anh huong dén thoi diém bé tong ving nén dat dén gia
tri bién dang gi6i han. Khi ham lugng cdt thép nho thi bé tong ving
nén dat dén bién dang giéi han va ct thép bi chay déo gin nhu xuét
hién ddng thoi. Khi ham luong cdt thép 16n hon thi bé tong ving nén
dat dén bién dang gi6i han sém hon thoi diém cbt thép bat dau bi
chay déo.

(iii) Giai doan tir khi ¢4t thép bt du bi chay déo dén khi bé tong
viing nén bj pha v dién ra dai hon trén cac dam c6 ham lugng cot
thép doc chiu kéo nho hon, va dién ra nhanh hon trén cac dam c6 ham
luong cbt thép doc chiu kéo 16n hon.

TAI LIEU THAM KHAO

[1] Phan Quang Minh, Ng6 Thé Phong, Nguyén Dinh Cng (2011), Két cdu BTCT
- Phén cdu kién co ban, Nha xuat ban Khoa hoc va Ky thuat.

[2] Bo Khoa hoc va Cong nghé (2012), TCVN 5574:2012: Két ciu bé tong va
BTCT - Tiéu chudn thiét ké.

[3] B Xay dung (2005), TCXDVN 356:2005: Két ciu bé téng va BTCT - Tiéu
chuan thiét ké.

[4] Bo Khoa hoc va Cong nghé (2018), TCVN 5574:2018: Thiét ké két ciu bé
tong va BTCT.

[5] Russian Federation (2012), SP 63.13330.2012: Két cu bé tong va BTCT - Cic
quy dinh chung.

[6] Lé Minh Long (2017), “M6t s diém mai trong du thao TCVN 5574:2017”,
Tap chi Khoa hoc Cong nghé Xay dung, 2, tr.55-61.

[7] Nguyén Ngoc B4 (2019), “Gidi han ham luong cbt thép trong két chu BTCT
chiu ubn theo TCVN 5574:2018”, Tap chi Khoa hoc Cong nghé Xay dung, 1, tr.22-28.

[8] Bo Khoa hoc va Cong ngh¢ (1993), TCVN 3118:1993: Bé tong nang - Phiong
phadp xdc dinh cuong do nén.

[9] Bo Khoa hoc va Cong nghé (2014), TCVN 197-1:2014: Vit liéu kim logi - Thi
kéo - Phan 1: Phiwong phdp thir ¢ nhiét d phong.

M



s Khoa hoc Ky thuat va Céng nghé

Phat trién phuong phap nang lwrgng blen  dang
dé chan doan hw héng trong két cau tam

Lé Thanh Cao"2, Huynh Vin Phwong', Lé Vin Phwéc Nhan', Ho Dirc Duy"

'Khoa Ky thudt Xdy dung, Trwong Pai hoc Bach khoa, Pai hoc Quéc gia TP Ho Chi Minh
’Khoa Xdy dung, Truong Dai hoc Nha Trang

Ngay nhan bai 19/3/2019; ngay chuyén phan bién 22/3/2019; ngay nhan phan bién 26/4/2019; ngay chép nhan ding 14/5/2019

Tém tit:

Trong bai bao nay, phwong phap niing lwgng bién dang dwoc phat trién cho viéc chin doan hw hong trong két ciu
dang tAm. Trudc tién, co s& 1y thuyét ciia phwong phap ning lwong bién dang cho két cAu dang tim dwoc xay dung.
Trong d6, mdt quy trinh chin doan bao gom hai buéc (téng thé va cuc bd) dwoc kién nghi nhim ning cao do chinh
xdc cho két qua chin do4n vi tri va d 16n ciia hw héng. Bai toan két cAu tim nhom, chir nhit, véi diéu kién bién
ngam dwoc khio sat dé kiém chirng tinh kha thi cia phuong phap kién nghi. M hinh phin tir hiru han cia tAm dwoc
phan tich bang phan mém ANSYS dé thu dugc tin s6 va dang dao dong twong u’ng véi trang thai trudce va sau khi
Xuét hién vét nut. Dai luwgng chi s6 hw hong duge kién nghl dé xac dinh vi tri cia vét nirt trong tAm. Két qua phan
tich cho thay, phuwong phap nang luwgng bién dang tong thé xac dinh dwogc so b vi tri viing Xuit hién hw héng va

phwong phap ning lwgng bién dang cuc bd xac dinh chinh xac chiéu dai va hinh dang ciia vét nit.

Tir khéa: chin doan hu héng, dao dong, két ciu tdm, ning lrong bién dang, theo ddi va chin doan két ciu.

Chi s6 phén loai: 2.1

Gidi thiéu

Trong hai thap ky gin déy, linh vuc theo ddi va chan doan két cau
(Structural health monitoring: SHM) déng mét vai tro rat quan trong
d6i voi sw an toan, tudi tho va su hoat dong bén viing cua két cdu cong
trinh x4y dyung. Trong do, viéc phét trién cic phuong phap chan doén
hu hong két cu, dic biét 1a cic phuong phap sir dung cac dap tng
dao dong tur két cAu, nhan duoc quan tam cula rat nhidu nha nghién
ciru. Phuong phap ning luong bién dang (Modal strain energy: MSE)
1a mot trong nhimg phwong phap c6 tinh hiéu qua cao cho viée chin
doan hu hong trong két cau [1].

Stubbs va «cong su (1995) lin dau tién da 4p dung phuong phap
nang lu'orng bién dang dé chan doan hu hong dua trén sy thay d6i ning
lrong bién dang dao dong cua két cau [2]. Tiép theo sau do, Cornwell
va cong sy (1999) da nghién cuu mo rong phuong phap nang lugng
bién dang cho két cdu dang tAm. Trong cach tlep can cua Cornwell,
gi4 tri nang luong bién dang phan doan cta két cau tam trudc va sau
khi xudt hién hu hong duoc st dung dé xac dinh chi s hu hong. Tir
chi s6 nay, vi tri hu hong duoc xéc dinh thanh cong khi do cimg giam
10%, dong thoi sir dung tuong ddi it cac dang dao dong [3] Kim va
cong sur (2003) da ap dung phuong phap ning lugng bién dang cho
két cau dam don glan va da chan doan chinh xéc vi tri hu hong & gitra
nhip va ¢ mot phan tu nhip chi véi hai dang dao dong. Murc do hu
hong cta vét nit trong dam ciing dugc xéc dinh chinh xac [4] Hu
va Wu (2008) da kiém chimg phuong phap ‘nang luong bién dang
str dung két qua thue nghiém dé chan doan vét nirt bé mit trong tim
nhém mong, dang hudng, voi diéu kién bién ty do. Trong do, nhom

‘Tac gia lién hé: Email: hoducduy@hcmut.edu.vn
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nghién ctu da 4p dung phuong phép vi phan cau phuwong (lefrentlal
quadrature method: DQM) dé xéac dinh gia trj nang lugng bién dang
Két qua nghién ciru da chan doan chinh xac vi tri hu hong trong tam
nhom [5]. Lé va Ho (2015) d phat trién phudng phap ning lugng bién
dang cho bai toan tim mong véi cac didu kién bién khac nhau. Trong
nghién clru nay, phuong phap sai phan trung tam (Central differential
method: CDM) da duoc sir dung dé tinh dao ham bac hai cia dang dao
dong [6]. Fu va cong su (2016) da thiét 1ap mot quy trinh hai budc su
dung phuong phap nang luong bién dang dé chan doan cho két ciu
thm sir dung vat liéu dong nhét déng hudng: bude mot xéc dinh vi tri
vung hu hong; budce 2 xac dinh hinh dang va dg 16n ctia hu hong [7].

Doi vi cac nghién ciru di thuc hién, phuong phap niang luong
bién dang dwoc ap dung tong thé trén toan két cau. Vi vay, dé dam
béo d6 chinh xac ciia két qua chan doan hu hong, viéc su dung ludi
phén tich véi d phan giai cao trén toan két cAu tam la dicu tat yéu; tuy
nhién, diéu nay s& khong kinh té va phirc tap khi trién khai g dung
thyc tién. Trong nghién ctru nay, phuong phap ning lugng bién dang
duoc cai tién va p dung cho ving hw hong cuc bé sau khi ving hu
hong so b da dugce xac dinh. Viée nay s€ lam giam bot dir liéu phan
tich nhung van dam bao d¢ chinh xac ciia két qua chan doan.

Phuong phap nang luong bién dang
Phwong phdp niing liwgng bién dang tong thé

Déi voi két clu tAm, dang dao dong dugc dac trung boi mat cong
hai chiéu. Xét mét tam mong dao dong tu do khong can, dugc chia
thanh cac ving con nhu hinh 1.
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Abstract:

This paper presents an improved modal strain energy
(MSE) method for damage detection in plate-like
structures. Firstly, the theory of MSE method established
for plate-like structures is briefly outlined, in which a
two-step MSE-based procedure (global step and local
step) is proposed to enhance the accuracy of detecting the
damage’s location and severity. A rectangular aluminum
plate constrained by fixed boundary conditions is
investigated in order to verify the feasibility of the
proposed method. The plate’s finite element models
are analysed to obtain natural frequencies and forms
of vibration before and after the occurrence of crack.
A damage index is presented to identify the location of
crack in the plate-like structures. The analytical results
show that the global MSE step identifies the damage
zone in the plates; the local MSE step accurately detects
the crack length and form in the damage zone.

Keywords: damage detection, modal strain energy, plate,
structural health monitoring, vibration.
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Hinh 1. So do két cau tim tdng thé.

Xét mot dang dao dong thtt &, 4, (x, y), nang lugng bién dang dao
dong cua vung con (i, /) dugc xac dinh nhu sau [3, 6]
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trong do: D, 13 d9 cling chong ubn cta ving con (i, j); v 1a hé sb Poat
xong.
Ning lugng bién dang tong cong ciia toan bo tam:
Ny ol
Uk = Ei:x1 2;1 Uk,ij (2)

Ning lugng bién dang phan doan ctia viing con thit (i, /) dugc xéac
dinh nhu sau:

Ukl
Py = 22 ©
va Z 1 Fi=l1

Xét m dang dao dong, trong tinh toan, chi s hu hong trong ving
con (i, j) dugc dinh nghia la:

_ chn=1FI:,ij (4)
Pu =g s kij
trong do: ky hiéu * dai dién cho trang thai két ciu c6 hu hong.
Chi s6 hu hong sau khi chuin hoa duoc x4c dinh nhu sau:

BijBij (5)

0‘1]

Zj=

trong do: ﬁ g, lan luot 1a gia trj trung binh va do 1éch chuan cta cc
chi s hu hong

Gia tri Z duoc sir dung dé chan doan vi tri xuét hién hu hong
trong két cau tam Trong cong thir tinh ning lugng bién dang, xuét
hién gié tri dao ham bac hai cia dang dao dong theo hai bién. Phuong
phéap sai phan trung tim (CDM) dugc sir dung dé xac dinh cac gia tri
nay [6].

Phwong phdp ning lwgng bién dang cuc bj

Sau khi trién khai phuong phap ning lugng tong thé trén toan b
két cu tAm voi ludi co do phan giai thap, ving hu hong so bo dugce
xéc dinh. Tiép theo, phuong phap niang luong bién dang dugc ap dung
riéng cho vung hu hong cuc bd nay (hinh 2) véi ludi co do phan giai
cao dé xé4c dinh chi tiét hon vi tri va d¢ 16n cua hu hong.

y
(Ny+1 } 1) .(Ny+1 ,Nx+ l)
Ving hu hong cuc bo,
s6 diém ludi: (Nx+1) theo phuong x
va (Ny+1) theo phuong y
Diém luéi (i,j)
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X
& &——
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Hinh 2. So dé viing hu héng cuc bo.
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Dao ham bac hai cua dang dao dong ciing duoc xac dinh theo
phuong phap sai phan trung tam (CDM), cu thé nhu sau:

Doi v6i cac nit N, theo phuong x, v6ii=2,3,..,N;j=2,3, .., N,

%P ij _ Phit-1)~28kij i+ ©)
02x (sx)2

Doi v6i cc nit N, theo phuongy, voii=2,3,..,N;j=2,3, .., N,

Porij ¢k(l 1)j =20k, Pk (i+1)) ™
a2y (s7)2

Tai cac nit bién cua ving hu hong cuc bg, dao ham bac hai cua
dang dao dong dugc xéc dinh tir dir liéu chuyén vi tai cac diém can
bién that cla vung hu hong cuc bd. Diéu nay khic véi phuong phap
nang lrong bién dang tong thé, phai sir dung dit liéu chuyén vi tai cc
diém cén bién 4o [6].

bé danh gia mtre d¢ chinh xac cua phuong phap, mét chi s vé
kha ning chan doan (KNCD) duoc kién nghi nhu sau:

KNCD = 24 x100% ®
trong do: L, ,1a chiéu dai hu hong chan doan tir biéu do chi s6 hu
hong; L, 3 chleu dai hu hong thuc té. Dya vao chi s6 KNCD, két
qua duoc danh gia nhu sau:

e Néu 0 < KNCD < 50%: KNCP & mirc kém (K).

o Néu 50% < KNCD < 80%: KNCD ¢ mirc trung binh (TB).

o Néu 80% < KNCD < 100%: KNCD hu hong ¢ mie tot (T).

Cén lyu y ring ddy 13 bai toan chan doan nguoc, khong biét trude
cac thong tin vé hu hong, dir liéu dau vao cua phuong phap nang
lugng bien dang 1a dang dao dong ctia tam ¢ trang thai trude va trang
thai sau khi xuat hién hu hong. Tir do, thong qua cac budc tinh toan
cua phuong phap nang lugng bien dang (tong theé va cuc bg), két qua
chan doan dau ra 1a vi tri va chiéu dai cta hu hong.

Bai toan phan tich

Thiét ldp bai todn

Tém nhom co kich thude 360x240x2 mm, bén bién cé lién két
ngam; c6 hai vét niit bé mat dai 40 mm, rong 1 mm, sdu 1 mm; mot
vet nut ¢ gitra va mot vét nut ¢ bién cua tam (hinh 3). Vat ligu ¢6 cac
thong s0: khoi lugng riéng p = 2735 kg/m?®, m6 dun dan hoi £ =70
GPa, h¢ s6 Poat xong v =10,33.

Lién két ngam
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Hinh 3. Tam hinh chif nhat véi hai vét nit.
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Phuong phép ning luong bién dang dugc trién khai thanh hai
bude. Bude 1, trién khai phuong phap ning lvong bién dang tong thé
trén toan tAm véi lugi phﬁn tir kich thuée 10 mm dé xac dinh so bo
ving hu hong. Budc 2, trién khai phuong phap nang lugng bién dang
cuc b trén vung hu hong so bd da xac dinh ¢ bude 1 véi ludi phé‘m tur
1 mm dé xé4c dinh chi tiét vi tri va hinh dang cla vét nut.

Két qud phén tich dao dgng

Phan mém ANSY'S duoc sir dung dé mo phong va phén tich dao
dong cho két cau tAm khao sat. Hinh 4 thé hién bon dang dao dong
udn dau tién cho trang thai trude hu hong. Két qua tan so dao dong
duoc tong hop trong bang 1. Khi c6 hu hong, tin sb dao dong giam;
tuy nhién, do giam nay tuong d6i nho.

G
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(c) Mode 3 (d) Mode 4
Hinh 4. Bon dang dao dong dau tién.
Bang 1. Tan so dao dong.

Mode Tén s0 trwde hu hong (Hz) ~ Tan s6 sau hw hong (Hz) D chénh Ich (%)
1 2282 220,12 121
2 34243 342,34 0,03
3 547,01 542,90 0,75
4 547,13 546,61 0,10

Két qud chin dodn hw héng
Budc 1 - Tong the:

Hinh 5 thé hién biéu d6 chi s hu hong Z,, twong ung voi ngudng
hu hong 30% Z[7*. Trong nghién ctru nay, cac dang dao dong dugc
khao sat nhu sau: chi st dung mot dang dao dong, va str dung két hop
cac dang dao dong. Két qua chan doan tong thé cho thay ving cua hai
vi tri vét niit dugce chan doan chinh xac khi sir dung ngudng hu hong
va dang dao dong thich hop.

(c)Mode 1,2,3

(b) Mode 1,2

Hinh 5. Bi€u dé chi s6'hu héng, ngudng 30% Z77*%, lui 10 mm.



Buoc 2 - Cuc bo:

Sau khi trién khai phuong phép nang lugng bién dang tong thé,
ving hu hong so bg cua vét nirt bién va vét nirt gitta duoc xac dinh 1
hinh chir nhét voi kich thuée 60x20 mm (hinh 6). Trén hai ving hu
hong so bo nay, phuong phip nang lugng bién dang cuc bo duoc trién
khai v6i ludi 1 mm dé khao st tinh hiéu qua cta phwong phép trong
viée xac dinh vi tri va chiéu dai ctia hu hong. Két qua phan tich duoc
thé hién trén hinh 7, hinh 8 va tong hop trong bang 2, bang 3. Két qua
cho thy ring, chi s6 vé KNCD ' phu thude vao ngudng hu hong Z774~
va dang dao dong khao sit. Két qua chén doan ve chiéu dai vét mrt
cho ddng thi ca vét nit & bién va vét niit & gitta tam, dat do chinh xac
cao nhét khi st dung ngudng hu hong bang 10% Z7** va dang dao
dong thir nhat (mode 1). Tém lai, phuong phap ning luong bién dang
cuc bd co kha nang xac dinh chinh xac chidu dai cua vét nut khi st
dung ngudng hu hong va dang dao dong thich hop.

Lién két ngam
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Hinh 6. Viing hu héng so by dugc xac dinh tir buéc tong thé véi
luéi 10 mm.

(a) Mode 1 (b) Mode 1,2 (c)Mode 1,2,3
Hinh 7. Biéu do chi s& hu héng, ngudng 30% Z35™, ludi 1 mm,
vét niit bién.

(a) Mode 1

(b)Mode 1,2 (c)Mode 1,2,3

Hinh 8. Biéu do chi s& hu héng, ngudng 30% Z3i™, lugi 1 mm,
vét niit giita.
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Bang 2. KNCP (%) hu héng cuc bd cho vét niit bién.

Nguimg Z};."‘" Mode 1~ Mode2 Mode 3 Mode 4 Mode 1,2 Mode 1,2,3

10% 98(T) 98(T) 98(T) Nhicu 98(T) 98(T)

20% 93(T) 97(T) 93(T) Nhidu 93(T) 93(T)

30% 85(T) 95(T) 85(T) Nhicu 85(T) 83(T)

40% 70(TB)  93(T) 78(TB) Nhidu 70(TB) 70(TB)

50% 90(T) 95(T) 85(T) Nhiéu 95(T) 95(T)
Bang 3. KNCD (%) hu héng cuc bd cho vét niit giia.

Nguimg Zl?;.mx Mode 1 Mode2 Mode3  Mode4d Model, 4 Model,2,4 Model,2,3

10% 93(T) 87(T) S8(TB)  95(T)  95(T) 94(T) 90(T)

20% 73(TB)  62(TB)  43(K)  77(TB) 73(TB) 73 (TB) 73(TB)

30% 95(T) 95(T) 8K 95(T)  95(T) 98(T) 95(T)

40% 90(T) 80(T) BE 95T 0(T) 90(T) 88 (T)

50% 85(T) 75(TB)  38(K)  90(T)  90(T) 85(T) 85(T)
Két luan

Trong bai bao nay, phuong phap ning lugng bién dang da dugc
cai tién thanh cong trong viéc chén dodn hu hong téng thé va cuc bd
cho két cdu dang tAm. Tir cac két qua phan tich, cac két luan duoc rit
ra nhu sau:

(1) Phuong phdp kién nghi ¢6 kha nang chan doan chinh xac vét
ntrt trong két cdu tim. Budc chin doan tong thé cho biét dugc vi tri
ctia viing hw hong. Bude chan doan cuc bd cho biét chinh xéc chidu
dai cia vét nit trong két céu tim.

(2) Dbi v6i bude chin dodn cuc bo, didu kién bién clia tAm va céc
dir liéu dao dong tai cac diém nit khong ndm trong ving hu hong so bo
da xac dinh & budc chan doan tong thé thi khong can xem xét. Nhu vdy,
khoi lugng dir ligu sé giam déng ké va thoi gian phan tich dugc rit ngan.

(3) Viée sur dung dang dao dong thir nhit (mode 1) v6i ngudng hu
hong bang 10% chi s6 hu hong l6n nhit ladu tot dé chan doan chinh
xdc vi tri va chidu dai vét nirt trong két cAu tim, cho ca vét nit ¢ bién
va vét nit & gitta tam.

LO1 CAM ON

Nghién ciru dugc tai trg boi Dai hoc Quéc gia TP Ho Chi Minh
trong khudn kho dé tai ma so6 C2018-20-26. Céc tdc gia xin tran trong
cam on.
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Tom tit:

Chit thai rin thudc da chira crom tai Viét Nam tir truée dén nay dwoce xir Iy bang cach chén 1ip hoic dét bé trong
cac 1o dot cong nghiép. Viée tai ché chit thai rin tir cac nha may thudc da khong chi ¢6 kha ning tao ra cac san
phim véi gi tri cao ma con giai quyét vin dé 6 nhiém méi truong. Loi nhuin kinh té nim & viée sir dung crém thu
héi va protein thu dwgc. Trong cac nghién ciru truée diy, cac nha khoa hoc di sir dung MgO trong quy trinh thity
phén dé duy tri pH dung dich. Tuy nhién, sin pham protein thu hi ciia phwong phap niy cé ham lwgng tro (7-25%)
va ham lwgng crom (50-150 ppm). Nhém nghién ciru da tién hanh thay thé mot ph:“ln MgO bf'lng cac bazo hiru co
dé bay hoi, cu thé 1a n- butylamin (99,5%) dé thiy phan chét thai ran thudc da chira crom sir dung xuc tic enzyme
protease (Alcalase 2,5 Ul/g) trong méi truong kiém. Nhém nghién ciru da dwa ra quy trinh cong nghé tai ché chit
thai ran thugc da chira crom mot giai doan va xac dinh dugc cac gia tri vé nhiét d¢, do pH, Kkhdi lwgng enzyme va
n-butylamin aé phén giii hoan toan chit thai rin thudc da chira crom. Phwong phap nay da rut ngan thoi gian thiy
phan xudng 3 gio (phwong phap da biét 6-8 giv), lam giam 20% gia thanh san phim thity phan. Sin phim gelatin
thu héi (49 4m <15%, ham lwgng tro <2%, Pb <0,5 mg/kg, As <0,5 mg/kg, Pt <0,1 mg/kg, Cr <1 ppm) dap ing
QCVN-4-21:2011/BYT, c6 thé sir dung 1am nguyén li¢u cho ciac nganh cong nghiép khac va bun lgc ¢6 ham lrgng
crém cao nén dé dang tai ché. Nghién ciru nay mé dwong cho viée tai ché chit thai ran thudc da chira crém ma tir

trude dén nay Viét Nam chua cé.

Tir khéa: chit thai rin thudc da chira crom, enzyme alcalase, n-butylamin, tai ché chit thai rin thudc da.

Chi s6 phén loai: 2.4

Hién nay, Viét Nam c6 khoang 33 doanh nghiép thudc da (trong
d6 khoang 95% s6 doanh nghiép str dung cht thudc crém) dang hoat
dong, cung cip khoang 40% nhu ciu da thanh phiam trong nudc [1].
Tong san luong da nguyén lidu cung tmg cho nganh cong nghiép thuge
da nam 2017 ude tinh 450.000-500.000 tan (800 triéu sqft), trong d6
nhap khau 300.000-350.000 tan (1 tin da nguyén liéu cho 1.700-1.800
sqft da thanh pham). Trong nudc cung tmg khoang 100.000-120.000
tin da nguyén lidu (1 tin cho 1.400-1.500 sqft). Thugc da 14 qua trinh
bién déi da séng dong vat thanh da thudc nho tac dong co hoc va cac
héa chat khac nhau. Théng thuong, thude 1.000 kg da sdng dong vat
chi thu dwoc 200 kg da thude, phan con lai 1a chét thai rén da thuoc
va chua thudc. Cu thé 1a 250 kg chat thai chua thudc, 200 kg chit thai
da thudc chura 5 kg crom va 50.000 kg nudce thai chia 3 kg crom [2].
Luong chat thai rin chira crém cong nghiép thudc da Viét Nam vao
khoang 125.000-150.000 tan, tuong duong véi 3.750-4.800 tan oxit
crom (Cr,0,) phai xur ly. Chét thai ran thudc da tai Viét Nam chu yeu
dugc chon lap hodc dot bo trong cac 10 ddt rac thai, viéc chon lap
cht thai ran khong chira crém va c¢6 crom déu gay nén tinh trang 6
nhiém khong chi voi khu vye chon l4p ma con anh hudng t6i nguon
nuoe ngam. Cac nuoc trén thé gi6i, dic biét 1a EU dit ra tiéu chuan
rat nghiém ngit vé an toan sinh thai d6i v6i san pham da gidy nhap
khiu vao EU, diéu d6 budc nganh cong nghiép thudc da Viét Nam

"Tac gia lién hé: Email: atcenter0l@gmail.com
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phai tim kiém giai phap xr Iy chat thai ran dap tmg cac tiéu chuin an
toan sinh thai. Thity phan chat thai rin thudc da chira crom trong moi
truong kiém voi xiic tic enzyme di chimg minh dugc kha nang trong
giai quyét vin dé nay [3].

Da tuoi chira 65% nudc, 33% protein va cac chat béo. Trong s
33% protein, 3-5% la protein hinh cau va 96,5% protein sgi. Trong
d6 ¢6 1% elastin, 1% keratin va 98% collagen [4-7]. Chat thai ran thu
duoc trong qua trinh thuge da c6 ham lugng protein cao va chi yéu
1a collagen [8-11]. Xuat phat tir nhimg vén d& néu trén, ching toi sir
dung amin bay hoi thay thé mot phan MgO trong quy trinh thuy phan
chat thi rén thudc da dé thu hoi san pham protem chat luong cao véi
chi phi thép va crom dudi dang sa lang co thé tai sir dung. San pham
protein thu dugc tir phuong phap nay c¢6 thé sir dung lam nguyén lidu
san xudt phan bon, chét két dinh...

Vat liéu va phuong phap nghién ciiu
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Abstract:

Chromium-containing solid waste of tanneries in
Vietnam has so far been treated by burial or incineration
in industrial incinerators. Recycling solid waste from
tanneries is capable of not only creating products with
high values but also solving environmental pollution.
Economic profits lie in the use of recovered chromium
and the obtained protein. In previous studies, MgO was
used in hydrolysis to maintain solution’s pH. However,
the ash and chromium content in protein recovered
from this method were at high levels, 7-25% and 50-150
ppm, respectively. Researchers modified this technology
by substituting part of MgO with volatile organic bases,
namely n-butylamine (99.5%) to hydrolyse chromium-
containing solid waste in alkaline environment with
alcalase enzyme (Alcalase 2.5 Ul/g). The researchers
developed a one-stage process to recycle chromium-
containing solid waste of tanneries and identified values
of temperature, pH, enzyme, and n-butylamine mass for
complete resolution of the waste. This method reduced
the hydrolysis time from 6-8 hours to 3 hours), and
reduced 20% of hydrolysis product cost. The recovered
gelatin products (humidity <15%, ash content <2%,
Pb<0.5 mg/kg, As<0.5 mg/kg, Pt<0.1 mg/kg, Cr<1 ppm)
that meet the QCVN-4-21:2011/BYT standard can be
used as material for other industries, and chromium
sludge can be reused. This study paved the way for
recycling of waste containing chromium from tanning,
which is unprecedented in Vietnam.

Keywords: alcalase enzyme, chromium-containing solid
waste of tannery, n-butylamine, recycling of solid waste
of tanneries.
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Tu Ky (M7), Cong ty TNHH Prime Asia (M8), Cong ty TNHH Vina
Rong Hsing (M9). Mun bao da thudc crém bao quan ¢ nhiét do 4°C co
cac kich thudce sau: >4,8 mm 34,1%; >1,7<4,8 mm 34,9%; >1,2<1,7
mm 6,2%; <1,2 mm 24 8%, va thanh phén Cr,0, 4,3% (tinh theo
trong lugng chit kho); tong nito 14,3% (tinh theo trong lugng chat
kho); chat béo 0,8% (tinh theo trong luong chat khd); tro 16,7% (tinh
theo trong lugng chat kho).

Phirong phdp nghién cvru

Chét kho clia cac mau duge xac dinh bang can khéi lugng: 1am kho
méu dén khéi luong khong dbi & nhiét do 103°C theo ISO 662:1998
[12]; ham luong tro dugc xac dinh dya trén tiéu chuan TCVN 8900-
2:2012 [13]; tong ham lugng crom va thanh phan céc nguyén td cia
cac mau duge do trén may quang phd XRF SPECTRO iQ II; ham
lugng nito dugc xéc dinh theo phuong phép Dumas bang méy phan
tich Protein 2000 N/Protein; ham luong sunfua dwgc xéc dinh bing
cach tham khao TCVN 12272:2018 [14]; ham lugng crom (VI) duge
xéc dinh theo tidu chun ISO 17075-1:2017 [15]; ham lwong titan
dugc xac dinh dua trén TCVN 9458:2012 [16]; do pH cua hén hop
phdn tmg dugc do béng may chuin d6 tu dong G20 trang bi dién cuc
SC-115.

Quy trinh cong nghé tdi ché chit thai rin thugc da chira crom
dé xuit

Quy trinh xir Iy mun bao da thude crém c6 thé tom tit nhu sau:
13 g mun bao da thugc crom c6 ham lugng chét kho da biét duoc dat
trong binh thi nghiém va bo sung nudc (tong 165 g), pH ciia hdn hop
min bao da thudc crom/nude 14 3,9. Hon hop nay duoc lam nong dan
duéi sy khqu tron lién tuc va tang nhiét 1én dén 65°C. Sau khi nhiét
do dat t6i 65°C, magié oxit (MgO) dugc bé sung véi lugng 0,4 g (dudi
dang huyén phu), lam ting d6 pH 1én t6i 8,5. Dé giir d6 pH dao dong
xung quanh gia trj 8,2-8,5, n-butylamine dan duoc thém vao hdn hop
phan img. 30 phut sau khi thém MgO, 14y 5 ml mau tir hon hop thuy
phan bang dng hat. Mau dwgc loc va phan tich hiam lugng chat kho.
Ngay sau khi ldy mau dau tién, enzyme alcalase duoc thém vao trong
hon hop phan tmg véi lugng enzyme dugc bo sung tir tir mdi 10 pl/
1an. Céc mAu tiép theo dugc 1y trong thoi gian 30, 60 va 120 phit sau
khi bo sung enzyme alcalase va dugc xir Iy theo cach tuong tu nhur
méu dau tién. Phan mg két thuc sau thoi gian 180 phit, hdn hop phan
ung dugc loc qua gi?iy loc KA-1, dich loc va bun loc thu dugc dem can
va phén tich ham luong chét kho.

Két qua va thao luan
Phin tich thanh phan chit thdi rin chiva crom

Qua tong hop b liéu phan tich, ching t6i dua ra mau dai dién chat
thai rin chira crom cho cac nha may thudc da tai Viét Nam. Két qua
phan tich 13 trung binh cong 3 mau thu dugce trén mot nha may (cac
mau thu dugc theo phuong phép ldy mau chat thai rén). Cac chi sb
phén tich duoc thé hién trong bang 1.

Bang 1. Thanh phan chat thai ran thugc da chda crom.

Gid tri

MI M2 M3 M4 M5 M6 M7 M8 M9

Chét kho % 876 759 753 681 TI6 698 854 812 874
Tro %DM 200 73 90 88 104 92 &7 13 195

Théng s6 Don vi

a1
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Nito %DM 1093 1581 1325 1565 1235 161l 1452 1097 1293
Crom %DM 395 352 384 197 252 334 349 1% 3,65
Titan % DM KPH 697 KPH KPH KPH KPH KPH KPH KPH
Sulfua %DM 139 138 123 L4 213 187 153 1,09 147
Crom (VI) mgkg, <3 <3 <3 ] <3 ] <3 <3 <3

*DM: khéi lugng kho clia mun bao da thugc chda crom.

M1-9: ky hiéu mau mun bao thuoc da chia crom dugc thu thap tir 9 co
sG thudc da trén cd nudc.

KPH: khong phat hién.

Tir s6 liéu phén tich, ching i rat ra mot s nhan xét sau: mau
mun bao tr 9 co s6 thude da trong ca nude (dd néu cy thé & muc “Vat
liéu va phuong phap nghién ctru”) déu c chira crom. Thanh phan cia
chat thai ran c6 su khic nhau vé chiing loai va phan trim cac chat,
diéu nay phy thudc vao loai da thugc, hoa chat sir dung va phuong
phap thudc da. Ngoai crom, ching t6i con phét hién trong mot mau
chira titan. Nhu vay céc doanh nghiép thude da Viét Nam chii yéu san
xuét tir da nguyén li¢u ndi dia va nhap ngoai nén hau hét st dung mudi
phirc ciia crém dé thuge da. Cac doanh nghiép FDI, lién doanh sir
dung nguyén liéu tir da ban thanh phim (wetblue) nhap ngoai tir céc
nguon khac nhau nén trong thanh phan xuat hién oxit titan, ddy ciing
¢ thé do nhu cAu thay thé mot phan crém trong qué trinh thugc da dé
giam thiéu 6 nhidm moi truong.

Anh hwong ciia n-butylamin tdi sy thiiy phdn ciia mun bao da
thugc chira crom

Quy trinh cong nghé tai ché chat thai réin thudc da chira crom dang
dugc ap dung trén the gidi duge mo ta trong so d6 dudi day:

Chit thii ran thugc da
chiva crém

500% nwdc

Nhiét 46 72°C
0.1% chét hoat déng bé mat —» trong 6h
6% MeO . -
Gelatin
200% nu:c'n: A N
0.1% chét hoat déng bé mat —— Nhagt dg 72°C
2% MgO _ trong 1.5h

0,0125% Enzym

Bimn loc chita  Collagen thity

crém phin

Hinh 1. Quy trinh cong nghé tai ché chat thai ran chia crom hién tai
(% dua trén khoi lugng khé cla chat thai ran thudc da chia crom).

Quy trinh cong nghé tai ché chat thai rén thudc da chira crom sir
dung xiic tac enzyme da biét thuong st dung phuong phép thity phan
hai giai doan. Giai doan 1: st dung 500% nudc so véi khéi lugng mun
bao da thudc 1am moi trudng thity phan dugc bd sung MgO (tao ra
moi truong pH=8,0-9,0) thuy phan mot phan protein khong lién két
va lién két yéu véi crom trong cht thai ran. Thoi gian dé thuc hién
cong doan nay khoang 6 gid va dung dich sau thity phan c6 chita nong
d¢ protein 4,5-5,0% duoc loc dé thu hoi dung dich protein va bun loc
chtra crom. Giai doan 2: bun loc chira crom duge hoa loang v6i 200%
nude duge bo sung MgO tao moi truong kiém tiép tuc duge thuy phén
lan 2 véi xiic tic enzyme dé phan giai protein trong lién két crom -
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collagen. Sau khoang 1,5-2,0 gio, tién hanh loc hdn hop thuy phan dé
thu hoi dung dich protein va bun chira crom. Dung dich protein tir hai
giai doan dugc cd dic dén ham lugng protein nhét dinh (thong thuong
30%) trude khi str dung trong cac linh vuc khac, bun loc chira crom
tiép tuc dugc xu ly dé thu hoi Cr,0, hogc st dung trong cac linh vyc
khac. Phuong phép xtr 1y hai giai doan nay st dung mot lugng nude
16m (700% so véi khdi lugng min bao da thue chira crom) lam moi
trrong thuy phan nén ton kém nang luong trong khau loc va cd dac
dung dich protein t6i 30%. Phuong phap nay doi hoi chét thai rin
chira crom ¢6 kich thudce <4,8 mm méi cho két qua tdi wu, do vay ton
thém chi phi xir Iy co hoc chét thai rén trude khi xir Iy hoa hoc. Viée
str dung MgO tao moi truong kiém kho kiém soat pH<8,5 lélm tan mot
lugng nho Cr(OH), vao dung dich thuy phan va luong mudi tao boi
MgO lam tang ham lugng mudi vo co trong san pham thu hoi nén lam
gidm gia tri sir dung. Ham luong crom trong san pham protein thu hdi
& muc cao >20 ppm, do vy khong thé ding 1am nguyén liéu cho cac
nganh cong nghi¢p khac.

Dé khic phuc nhuge diém cta quy trinh trén, can xdy dung mot
quy trinh tai ché v6i tiéu chi giéim luong mudi vo co dé nang cao chat
luorng protein thu hdi, rat ngin thot gian xtr 1y, giam nang luong tiéu
thy dé giam gi4 thanh san pham. Tu quan diém nay, chung toi da xay
dung quy trinh ti ché chat thai rén thudc da chira crém mot giai doan
nhu sau:

Mun bao da
thudc crém

Thung thay phan
e
| Loc |

500% nudc
3% MgO
0,03% Enzyme alcalase
0,03% N-bytylamin

Gia nhiét 65°C
Khudy tron
Thoi gian 3 gio

Bun loc chira crém

| Dung dich thuy phan 5%

Hinh 2. Quy trinh cong nghe téi ché chat thai rén chda crom dé xuat
(% dua trén khéi lugng kho cla chét thai ran thugc da chiia crom).

Quy trinh duoc tom tit nhu sau: cip chat thai rén thudc da chia
crom vao thung thiy phan; hoa MgO (d¢ tinh khiét 75-80%) véi
500% luong nude so voi khdi luong chat thai ran thude da chira crom,
dong thoi khay tron; bo sung enzyme alcalase mdi 10 pl/lan (Novo
Nordich, 2,5 AU/g); diéu chinh pH hon hop trong khoang 8,2-8,5
bang n-butylamin; tiép tuc bo sung enzyme alcalase i khi qud trinh
thity phan xay ra hoan toan. Sau 2-4 gio, b sung axit acetic dé dwa do
pH dung dich thuy phan trong giéi han pH=6,0-6,5, dong thoi khudy
tron trong khodng thoi gian 30 phut két hop duy tri nhiét do; tién hanh
loc hdn hop thiy phan bﬁng vai loc ¢6 kich thude 0,25 um. St dung
phuong phap loc chan khong dé ting vén tbe loc; c6 dic dung dich
thuy phan va sdy kho thu hdi gelatin.

Qué trinh thuc hién duoc lap lai nhiéu lan, xéc dinh gia tri toi uu
vé ndng d6 n-butylamin, enzyme alcalase. Két qua nghién ciru vé anh
huong ciia nong do enzyme va pH t6i toc do thuy phan duoc thé hién
trén céac hinh 3 va 4.
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Ham lugng chét khd (% DM)
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Hinh 3. Anh huéng ctia ndng do enzyme t6i téc do thiy phan &
nhiét do 65°C, pH=8,2-8,5.
N6ng do enzyme alcalase (2,5 AU/g) dugc bé sung 1an luot 1a 0,056%;

0,11%; 0,56% (% chat kho ctia mun bao).
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——9,35 —8—38,35 —8—38,15
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Thei gian (phuat)
Hinh 4. Anh huéng ciia pH téi téc d¢ thiy phan tai nhiét do
65°C, nong do enzyme alcalase s dung 0,56%.
pH ctia dung dich thly phan 1an lugt 1a pH=9,35; 8,35; 8,15.

.

Thiy phan muin bao da thugc trong phong thi nghiém.

Dung dich thity phan sau loc duoc ¢6 ddc t6i 30% nong df chat
kho trude khi gelatin hoa bang nhiét. Gelatin sy kh6 duge phén
tich thanh phan, ket qua duoc the hién trong bang 2.

Ham luong tro trong cac san pham thiy phan giam dang ké so voi
cong nghé da biét (tir 25% ban dau xudng 7% trong giai doan thiy
phan dau tién va tir 15% xudng 3% trong giai doan thir hai). Ham
luong tro giam cho san pham chat lrong cao hon. Bun loc chita ham
luong crom cao, do d6 tao diéu kién cho qua trinh tai ché crom. Khi ¢o
dic cac dung dich thity phan, ¢6 thé thu hdi bazo hitu co bang phuong
phép ngung tu, tai sir dung va lam giam thiéu 6 nhidm méi truong.
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Bang 2. Két qua thir nghiém gelatin.

TT  Tén chi tiéu Phuong phap thir Két qua Ghi chii
1 Do am (%) TCVN 8900-2:2012 1391
2 Ham lugng tro tong s (%) TCVN 8900-2:2012 0,04

] g Khong phit hién
3 Ham lwgng chi (Pb, mg/k; AOAC 2015.01 i

ong chi (Pb, mg/kg) (LOD=0,03) Di duge

4 Ham lugng asen (As, mg/kg) AOAC 2015.01 0,09 Trung tam

A - Khong phathign ~ Quatest]
5 Ham lrong cadimi (Cd, mg/kg) AOAC 2015.01 (LOD=0,01) kiém dinh
6 Ham lugng thiy ngan (Hg, mg/kg) ~ AOAC 2015.01 0,05
7 Ham luong crom (Cr, mg/kg) AOAC 2015.01 0,56

8  Ham lugng SO, (mgke) TCVN 122722018 00

Keét luan

Qua nghién ctru ching t6i rat ra mot s két luan sau: s dung
n-butylamin thay the mot phin MgO trong quy trinh cong nghé mot
giai doan s& rat ngdn thoi gian thiy phan xubng dudi 3 gio' (phuwong
phap thiy phan hai giai doan la 6-8 gi0), lam giam 20% gia thanh
san phim thity phan; gelatin thu hoi (d6 4m <15%; ham lugng tro

<2%; Pb <0,5 mg/kg; As <0,5 mg/kg; Pt <0,1 mg/kg; Cr <1 ppm)
dat QCVN-4-21:2011/BYT nén c6 thé sir dung lam nguyén liéu cho
cac nganh cong nghiép khac nhu san xudt phan bon, chét két dinh...
Nghién ciru ndy mo duong cho viée tai ché chat thai rin thuge da chira
crom ma tir true dén nay Viét Nam chura co.
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Nghién ciru ché tao soi polystyrene
bing phwong phap kéo soi ly tim (centrifugal spinning)
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'Khoa Cong nghé vdt liéu, Truong Pai hoc Bdach khoa, Pai hoc Quéc gia TP H6 Chi Minh

2Phong thi nghiém trong diém quoc gia vdt liéu polymer va composite, Trieong Pai hoc Bdch khoa, Pai hoc Quéc gia TP H6 Chi Minh
3Trung tam Nghién ciru vdt liéu polyme, Truong Pai hoc Bach khoa, Pai hoc Quoc gia TP Ho Chi Minh
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Tom tit:

Sqi Polystyrene (PS) dugc ché tao béng phwong phap kéo s¢i ly tam (centrifugal spinning) - mot ky thuat ché tao
s¢i don gidn va hiéu qui, nang suét cao. Trong nghién ciru nay, sw Anh hwéng ciia nong do polymer, dung méi va toc
do ly tAm dén hinh dang va tinh chéit s¢i thu dwge da dwoc danh gia dua trén sw phan b mang soi va hinh thai caa
soi PS tao thanh, dwgc quan sat dwéi kinh hién vi dién tir quét (SEM). S¢i c6 cau tric dong nhit va nhé nhét, véi
dwong kinh trung binh 3,94 pm, dugc tao ra b%ng dung dich PS trong dung moi tetrahydrofuran (THF) véi ni“)ng
dd 22 wt%, dwéi toe dp quay 15.000 vong/phiit. Cac két qua cho thiy, kéo sgi ly tim 1a mot ki thuit higu qua dé ché
tao sg¢i tir dung dich polymer.

Tir khéa: nong do polymer, phwong phap centrifugal spinning, sgi polystyrene, toc d ly tim.

Chi s6 phén logi: 2.5

Fabrication and characterisation of polystyrene fibers via centrifugal spinning method
Kim Dien Nguyen'", Ngoc Sinh Pham?, Dai Phu Huynh' >3
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Abstract:

Polystyrene (PS) fibers were fabricated with a novel centrifugal spinning method. The centrifugal spinning is a
facile and effective fiber fabrication technique with a high productivity. In this study, the influences of polymer
concentration, solvent, and rotational speed on the formation and morphology of PS fibers were evaluated using
scanning electron microscopy. The smoothest and smallest fibers, with an average diameter of 3.94 pum, were
generated using the PS/THF solution of 22 wt% under a rotational speed of 15,000 rpm. The results indicated that
centrifugal spinning is an effective technique to fabricate fibers from polymer solutions.

Keywords: centrifugal spinning, polymer concentration, polystyrene fiber, rotational speed.

Classification number: 2.5
'

Dit van de tetrahydrofuran (THF) va dimethylformamide (DMF) [1]. Nam 2012,

Polystyrene (PS) 1a mét polymer nhiét déo, ¢ kha néing hoa tan J. Lin Shang va cdc cong su tiep tuc nghién ctru ché tao thanh cong

trong nhiéu logi dung mdi khéc nhau. VGi wu diém do, PS 13 logi  ™ang vai khong dét ttrsoi PS trong hon hop dung mdi THF va DMF,

nhua duge lua chon nhiéu trong céc phuong phap ché tao vat liéu dua ra ing dung cy thé trong mang loc tach va hép thu dau [2]. Nhung
str dung dung dich polymer hoa tan. Nam 2003, K.H. Lee di nghién ~ clng chi ding lai ¢ nghién ctru phong thi nghiém do phwong phdp
ctru ché tao thanh cong soi PS béng phuong phap kéo sgi dién  Electrospinning bi han ché ung dung vi cn san xuit ¢ hiéu dién thé
truong (Elecstrospinning) tir dung dich PS hoa tan trong dung méi  cao, ning suat san xuat thap va bi gidi han loai dung méi hoa tan [3-5].

‘Tac gia lién hé: Email: diensms@gmail.com
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Ciing v6i su phét trién cta khoa hoc, phuong phap kéo soi ly tim
(centrifugal spinning hodc forcespinning) duoc ra doi trén nguyén 1y
cua phuong phép kéo soi dua trén luc quay ly tdm, da va dang dugc
nghién ctu tng dung rAt nhidu trong linh vuc vai sgi. Higu qua tao soi
duoc ning cao do kha ning kiém soét qué trinh don gian hon, duoc toi
wu hoa, thay thé lyc dién truong bang luc ly tam [6]. Cong nghé kéo
soi ly tam duoc Tap doan Cong nghé FibeRio gidi thi€u trude cong
chiing vao thang 3/2010 véi tén goi la Forcespinning [7], stt dung luc
ly tam dé ché tao soi kich thudc nano-micromet. Phuong phap nay sau
d6 dugc dua vao st dung rong rai dé ché tao soi tir cac loai polymer
nhu polyamide [8], polycaprolactone [9], polyacrylonitrile [10], poly
(vinylidene fluoride) [11].

Trong qué trinh tao sgi biang phuwong phap kéo soi ly tam, rat
nhiéu yéu t6 anh huong dén tinh chét cia soi thanh pham nhu: nong
d9 dung dich, loai dung mdi sir dung, toc do ly tam... Pé dat duoc soi
¢ hinh dang, kich thudc va tinh chit mong mudn, céc yéu to néu trén
can phai dugc khao sat dé tim ra b thong s6 phu hop. Do d6, trong
nghién ctru ndy, chiing toi tap trung khao sw anh hudng cta céc yéu t
néu trén dén hinh dang va cu trac cua soi PS thu duoc, tir d6 dua ra
b0 thong s tdi wu dé ché tao sgi PS bang phuong phap kéo soi ly tam.

Thuc nghiém

Hoa chdt sir dung trong nghién ciru bao gom: polymer polystyrene
(M, =180.000 g/mol, Wako), dung moi dichloromethane (M =84,93
g/mol, d=1,33 g/ml, Sigma Aldrich), ethylacetate (M _=88,11 g/
mol, d=0,9 g/ml, Sigma Aldrich), tetrahydrofuran (M, =72,11 g/mol,
d=0,89 g/ml, Sigma Aldrich).

Thiét bi si dung dé ché tao gom. bo thiét bi kéo soi ly tam (hinh
1), can phan tich, tu se"iy, may khqu tir, mot sd dung cu thuy tinh co
ban cua phong thi nghié¢m.

Thiét bi phan tich, danh gid dwgc sir dung gom: kinh hién vi dién
tr quét (Scanning Electron Microscope - SEM) S4800 Hitachi dung
dé quan sat hinh dang, kich thudc soi tao thanh. Puong kinh sgi thu
dugc sau qua trinh kéo sgi ly tdm duogc xac dinh bang phan mém
Image-J.

Quy trinh ché tao:

Chuan bj dung dich polystyrene PS: PS duoc hoa tan trong céc
dung méi khac nhau la dichloromethane (DCM), ethylacetate (EA) va

tetrahydrofuran (THF) véi cdc nong do twong tmg 14 wt%, 18 wt%,
22 wt% theo khéi lrong PS. Cho PS vao cac dung méi voi nong do

Thiét bi bom (A)
P ) ’
| - Buong chnra dung
. dich polymer
Dung cu thu soi
Soi PS

Hinh 1. Mb ta so do qua trinh tao sgi bing thiét bj kéo sgi ly tam
(A) va anh thiét bj kéo sgi ly tam (B).
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nhur trén trong céc lo thuy tinh ¢6 ndp van. Sau d6 sir dung may khudy
tlr d€ hoa tan PS ¢ nhi¢t d phong trong vong 24 gid dé PS hoa tan hét
trong cac dung moi tao dung dich dong nhat.

Tao soi PS bing phwong phap kéo soi ly tim thuc hién trén thiét
bi (hinh 1B): Dung dich PS hoa tan hoan toan dugc cho vao xylanh 10
ml va dat vao thiét bi bom. Sau khi tiém hét dung dich PS vao budng
quay ly tam, tién hanh qua trinh kéo soi ly tim. Cac miu si PS dugc
thu trén cac dung cu thu (cac try inox dugc dat xung quanh buéng
quay ly tdm, con goi 1a ban thu sgi).

Céc thong s6 duoce giit nguyén trong qué trinh phun tao soi bao
gém: khoang cach tir voi phun dén ban thu soi L=15 cm, toc do nhap
liéu v,=100 ml/h, nhiét d¢ thi nghiém 25°C va do 4m twong ddi cua
moi trudng 45-50%.

Két qua va thao luan

Anh huéng ciia nong dp PS dén hinh théi soi thu dwoc trong
cdc logi dung moi khdc nhau

Trong phan ny, sw anh huong cta nong do dung dich PS tuong
ung vo6i nhiing loai dung mdi khac nhau duge khao sat va danh gia.

Dung dich véi néng do6 PS 14 wt%, 18 wt% va 22 wt% duoc st dung
deé tao soi véi toc d ly tam 1a v =15.000 vong/phut.

Hinh 2, 3 va 4 trinh bay cac anh SEM cua nhiing mang soi PS thu
duoc tir dung dich PS hoa tan trong cac dung méi lan lugt DCM, EA,
THF tai cic ndng d6 twong tng 14 wt%, 18 wt% va 22 wt% theo khdi
luong PS. Két qua trén cac anh SEM cho thay, khi ting ndng do PS tir
14 wt% 1én 18 wt% va 22 wt%, hinh thai sgi PS tao thanh trong céac
dung moi khac nhau c6 sy khac nhau.

H|nh 2. Anh SEM clia mang sgi PS thu derc tur dung dlch PS 14
wt% hoa tan trong cac dung méi DCM (A), EA (B) va THF (C).

Hinh 3. Anh SEM ciia mang sgi PS thu dugc tir dung dich PS 18
wt% hoa tan trong ciac dung méi DCM (A), EA (B) va THF (C).

Hinh 4. Anh SEM clia mang sgi PS thu dugc tir dung dich PS 22
wt% hoa tan trong cac dung mdi DCM (A), EA (B) va THF (C).
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Cu thé, & ndng d6 PS 14 wt%, mang soi PS tao thanh tir dung moi
DCM thu duge két qua tt, trén mang s¢i khdng cd su xuat hién cua
hat nhu khi st dung dung méi EA va THF (hinh 2). Khi nong d6 dung
dich PS 14 18 wt%, mang soi tao thanh tir dung moi EA va THF van
con sy xuat hién ciia hat (hinh 3). Trong khi do tai néng do6 22 wt%
PS, mang sgi PS thu dugc 6 ca ba dung moi déu khong c6 sy Xuét hién
cua hat. Tuy nhién, mang soi PS thu duoc tir dung m6i DCM 1a khong
hoan chinh, soi bi bién dang (hinh 4).

Ba loai dung méi 1a DCM, EA va THF sur dung trong nghién ctru
c6 su khac nhau vé ap sudt bay hoi va toc d9 bay hoi. DCM 1a dung
méi ¢6 toe do bay hoi cao nhét, dung méi EA va THF ¢6 toc do bay
hoi thap hon. Do do, ¢6 thé thay rd két qua qué trinh tao soi tir dung
moi DCM & néng do PS 14 wt% da thu dugc mang soi hoan chinh
khong c6 sy xuat hién cta hat (hinh 2A), trong khi d6, voi dung moi
EA va THF, mang soi dat 6t chi voi nong do PS ¢ 22 wt% (hinh 4B,
4C) [12]. Két qua nay cho thiy, di véi dung méi bay hoi nhanh nhw
DCM 6 ndng d6 PS thap da thu duoc mang soi cho két qua tot.

C6 thé thdy, nong do toi wu tao soi cua dung méi DCM 1a 14
wt% (hinh 2A), cua EA va THF la 22 wt% (hinh 4B, 4C). Trong do
hinh thai sgi tao thanh tir dung mo6i EA ¢6 sy khac biét so voi dung
moi DCM va THF, soi ¢ ddy c6 hinh dang 1a dai ruy bang phing (flat
ribbon fibers), soi tao thanh co chu trac tuong tu dugc tim théy trong
nghién ctru ciia S. Koombhongse va cac cong su [13]. Piéu nay duoc
giai thich dua trén co ché tao soi trong qua trinh bay hoi giai doan sau
khi dong polymer dugc phun ra khoi dau kim dén dung cu thu. Theo
cac nghién ctru trude ddy, soi ¢o cu triic dai ruy bang phing duogc
hinh thanh khi st dung dung dich c6 d9 nhdt cao. D9 nhdt cao déy
nhanh qua trinh héa rdn bé mit soi, cung luc d6 dung mai thoat ra tai
dau kim gay ra hién tugng sup d6 mot phan (collapsed), theo nghién
ciru cia Koski va cac dong nghiép [14]. Khi dung méi di chuyén qua
dau kim phun, c6 xu hudng thodt ra khoi dong polymer nhung lugng
dung moi khong du anh hudng dén bé mat soi da 6n dinh trude do,
mot 161 rong bit du hinh thanh ma sau do sup 6 doc theo sgi dé tao
thanh dai ruy bang phang.

Anh huéng ciia téc dj ly tim dén hinh thdi va kich thwéc soi thu
dugc tir dung dich PS 22 wt% voi dung moi THF

Hinh 5 trinh bay anh SEM mang soi PS thu dugc ¢ nong do PS 22
wt% trong dung moi THF khi thay déi toe do ly tam, giir nguyén cac
thong s6 thi nghiém khac trong sudt qua trinh kéo soi ly tim. O toc do
ly tam 1a 9.000 vong/phut, mang soi PS thu dugc co sy xuét hién cta
hat. Khi tang toe d quay 1én 12.000 vong/phit va 15.000 vong/phut,
mang s¢i PS thu dugc khong co su xuét hién cua hat.

Hinh 5. Anh SEM ctia mang sgi PS thu dugc tir dung dich PS 22
wt% trong dung modi THF vdi téc do quay ly tam 9.000 vong/
phit (A), 12.000 vong/phit (B) va 15.000 vong/phiit (C).
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Vi toc do ly tam 1a 9.000 vong/phut, mang soi co su xuat hién
cua hat (hinh 5A), dleu nay gap phéi do lyc quay chua dii 16n dé qua
trinh quay tao soi toi wu. Khi toc do quay dat 12.000 Vong/phut luc
quay da du 16n dé qué trinh phun tao soi thu dugc két qua tot (hinh
5B). Két qua nay duoc giai thich duya trén sy anh huong ciia luc ly tim
trong sudt qué trinh phun tao soi [14, 15].

Bang 1 trinh bay két qua do dudng kinh trung binh cia soi thu
duoc & cac the do quay ly tam 9.000 vong/phit, 12.000 vong/phit va
15.000 vong/phut tng voi ndng do dung dich PS 22 wt% trong dung
moi THF.

Bang 1. Puding kinh sgi thu dugc ctia mau PS 22 wt% trong dung
mdi THF khi thay déi toc do Iy tam.

Méiu Tée dd quay (vong/phiit) Puwong kinh sgi (um)
PS-THF-9 9.000 1,82+1,28
PS-THF-12 12.000 4,25+2,85
PS-THF-15 15.000 3,94+2,40

Hinh 6 thé hién sy phan bd duong kinh soi ctia cic mang soi PS 22
wt% trong dung moi THF duoc ché tao ¢ cac toc do ly tam khac nhau.
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Hinh 6. Su phan bo dudng kinh sgi clia cic mang sgi PS 22 wt%
trong dung moi THF véi toc do ly tam 9.000 vong/phiit (A) PS-
THF-9, 12.000 vong/pht (B) PS-THF-12 va 15.000 vong/phut
(C) PS-THF-15.

Khi tbe do ly tam tang tir 12.000 vong/phut 1én 15.000 vong/phit,
mot lugng 16n sgi tao thanh co duong kinh phan bd trong khoang rong
tir 2 pm dén 5 pm. Tde do ly tam thap hon (tai 9.000 vong/phit), cac
soi thu duoc tap trung hon voi dudng kinh soi phan bd trong pham vi
hep tir 1 dén 2 pm (hinh 6). Khi téc do ly tam tang tir 9.000 vong/phiit
dén 15.000 vong/phut, duong kinh trung binh cua soi tang tir 1,82 pm
1én 3,94 pm. Nhu vay, khi tang tdc do ly tam, soi thu dugc c6 duong
kinh tang [15, 16]. Piéu ndy c6 thé giai thich dua trén tdc do hoa rén
ctia soi sau khi ra khoi dau kim dén dung cu thu. Khi toc do ly tim
tang, thoi gian sgi thye hién mot chu trinh tir luc ra khoi dAu kim dén
dung cy thu duge rat ngén, qua trinh hoa rén cta soi dién ra nhanh hon
dan dén soi thu duoc ¢6 kich thude 16n hon [17, 18].

Nhu vay, thong qua nghién ctru anh hudong cua loai dung moi,
ndng do PS trong dung moi va toe do ly tam, dé tai da thu duoc mang
soi PS c6 duong kinh soi trong ving submicromet (micromet) va
mang khéng con xuat hién hat trén do [15, 16]. Diéu kién t6i wu: ndng
do dung dich PS 22 wt% trong dung méi THE, toc d¢ ly tam 15.000
vong/phut.

Céc yéu t6 anh huong dén hinh thai va cdu tric soi PS nhu loai
dung moi, nong do PS va toc do ly tam da dugce nghién ctru. Dung
moi quyet dinh kha nang bay hoi trong qua trinh sgi ra khoi dau kim

92



dén dung cu thu nén khi str dung loai dung mai c6 kha nang bay hoi
nhanh thi ndng d0 tao soi toi wu s& thip hon. Két qua nghién ctru cho
thay, véi toe do ly tam thép, luc quay khong di dé qué trinh phun soi
dat hiéu qué, do d6 can khao sat thém toc do ly tim cao hon 15.000
vong/phit dé danh gia rd hon vé sy anh hudng nay. Soi PS ¢ cdu tric
6n dinh, khong con sy xuat hién ciia hat da dugc ché tao bang phuong
phap kéo soi ly tam. Soi c6 dudng kinh phan bé trong khoang 1-5 pm
duoc tao thanh tir dung dich PS 22 wt% trong dung méi THF véi toe
do ly tam 1a 12.000-15.000 vong/phut. Ngoai ra, nhimg thay dbi vé
hinh thai va sy phan bd kich thu6c soi con chju anh hudng ciia nhidu
yéu t6 khac nhu: nhiét do moi truong, do am, khoang cach phun tao
$0i... vai su tac dong qua lai 1an nhau. Viéc nghién ctru t6 hop nhidu
yéu t6 anh huong nhu trén s& giai thich r6 hon méi twong quan gitra
phuong phép tao sgi va hi¢u qua tao sgi.
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Ung dung phuwong phap tan xa tia X géc nhé danh gia
anh huwong thang giang mat d dién tir dén cac cau truc
vi mo cia mang dan proton trong pin nhién liéu
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Tém tit:

Thing giang mat d9 di¢n tir hién dién khip noi trong dir liéu cwong d9 tan xa tia X géc nho (SAXS) nhung dnh hwéng
rit 16n va nghiém trong doi véi cac cAu tric dwoc ghi nhin & viing vector tian xa géc 16m, béi vi dong gop ciia thing
giang mat do dién tir tai ving nay 16n hon 90% tong cwong dd tan xa. Vat liéu mang din proton poly(ethylene-co-
tetrafluoroethylene) ghép mach poly(styrene sulfonic acid) (ETFE-PEM) chira cc cAu tric vi md véi cac kich thuée
khac nhau, gdm céu tric lamellar, ciu tric ving chuyén tiép pha va ciu tric viing din proton. Cac ciu triic nay cé
moi quan h¢ chit ché véi cac tinh chit cia mang nhw tinh din proton, tinh hip thu nwéc, d9 bén co 1y, dd bén hoa
hoc, dd bén nhiét va cac tinh chit khac nén c6 lién hé véi hiéu qua hoat ddng va hiéu suit ciia pin nhién li¢u. Trong
nghién ciru nay, cac tac gia sir dung mé hinh Vonk béc 6 (Vonk 6) dé danh gi thing giang mat d dién tir anh hwéng
dén cac cAu tric vira néu bing phwong phap SAXS. Két qua nghién ctru cho thiy, thing giang mat do di¢n tir znh
hwéng manh dén bé day vung chuyén tiép va cAu tric ving din ion nhung khong dang ké ddi véi cAu tric lamellar.

Tir khéa: ETFE-PEM, pin nhién li¢u, tan xa tia X goc nho (SAXS), thiang giang mat do dién tir.

Chi sé phin logi: 2.5
Md dau

Pin nhién liéu mang dan proton (PEMFC) Ia thiét bi san xuat dién
ning tryc tiép tir nhién lidu hydro thong qua cac phan ing dién hoa.
Ciu tao va nguyén ly hoat dong cua PEMFC duoc md ti & hinh 1,
trong d6 nhién liéu hydro di vao anode dugc xuc tac va tach thanh cac
proton va electron [1]. Cac proton sau d6 di qua mang din proton (hay
mang di¢n cuc polymer - PEM) sang cathode, trong khi céc electron
di ra mach ngoai thanh dong di¢n. Tai cathode, proton va electron
gap oxy trong khong khi tao ra phan g sinh hoi nuge va nhiét theo
cong thitc mo ta & hinh 1. Pin nhién liéu dang 1a chu dé nghién ctru
duoc quan tim dic biét, vi né gitip giam sy phu thudc vao ngudn ning
lugng hoa thach va giam 6 nhiém khong khi do khi hoat dong PEMFC
chi thai hoi nudc va nhiét ra moi truong. PEMFC c6 thé tmg dung vao
rat nhiéu Iinh vuc trong doi song voi hidu sudt chuyén doi nang luong
cao (40-60%) nhu c4c nha may phét dién 16n, c4c thiét bi di dong cam
tay, dac biét 1a cac phuong tién giao thong van tai nhu 6 t0, tau dién
[1]. PEM la mt trong nhitng thanh phan quan trong nhat cia PEMFC,
¢6 chire ning dan proton tir anode sang cathode va ngan sy thim thau
khi H, va O, qua mang.
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Hinh 1. Nguyén ly hoat dong ctia pin nhién liéu hydro.

Vit liéu mang dan proton hién dang dugc sir dung thuong mai 13
Nafion ctiia hang DuPont. Tuy nhién mang nay c6 mot sb khuyét diém
nhu quy trinh ché tao phtre tap, tinh dan proton giam nhanh chong khi
d6 4m (RH) thap hodc nhiét do cao va dic biét 14 gia thanh rat cao [2].
Do d6 ¢6 rat nhidu nghién ctru da duoc thuc hién dé tao mang PEM
dua trén cac vat liéu nén khac nhu chudi hydrocarbon mach théng,
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Abstract:

The electron density fluctuation is present everywhere
in the small-angle X-ray scattering (SAXS) profiles, but
it affects more strongly on the structures located in the
high gq-range because of its contribution more than 90%
of total scattering intensity. Poly(styrenesulfonic acid)-
grafted poly(ethylene-co-tetrafluoroethylene) polymer
electrolyte membranes (ETFE-PEMs) have hierarchical
structures at different scale ranges, including lamellar
structure, interfacial boundary, and conducting layer.
These structures have a close relationship with the
properties that the membranes express such as proton
conductivity, water uptake, mechanical strength,
chemical strength, thermal stability and other properties
related to the efficiency and performance of the fuel cell.
In this article, we used the Vonk grade 6 model (Vonk
6) to evaluate the effect of electron density fluctuation
on the structures mentioned above. The result showed
that the electron density fluctuation strongly affected
the sizes of interfacial boundary and conducting layer
but had an insignificant effect on the lamellar structure.

Keywords: electron density fluctuation, ETFE-PEM, fuel
cell, small-angle X-ray scattering (SAXS).

Classification number: 2.5

TAP CHI

HOA HOC

ONG NGHE I} Nam 62(1) 1.2020

Khoa hoc Ky thuat va Céng nghé

mach vong hay mach thom, loai c6 fluor hoac khong co fluor trong
phan tir dé thay thé Nafion [3-5]. Trong cac loai vét liéu méi dang
dugc nghién ctru thi poly(ethylene-co-tetrafluoroethylene) ghép mach
poly(styrene sulfonic acid) (ETFE-PEM) noi lén nhu 1a mgt ung vién
tiém nang, boi vat lidu nay c6 gla thanh canh tranh, duogc tong hop
don gian bang phuong phap chiéu xa hat nhan va 6 nhing tinh chat
phit hop dé st dung cho pin nhién liéu [6, 7]. Nhiing tinh chat cin
thiét cia mang dan proton dé pin nhién li¢u hoat dong hiéu qua va lau
dai bao gdm tinh dan proton, tinh hdp thu nudc, tinh bén co hoc, tinh
bén nhiét, bén hoa hoc, kha nang ngan thdm thiu khi, va do két tinh.
Nhitng tinh chét trén c6 lién quan mat thiét dén cdu trac cua mang
nhu cu tric rong kich thude nano hodc du6i nano, cdu tric tinh thé,
cu tric vo dinh hinh, cAu trac ving chuyén tiép, va cu triic ving dan
fon. Viéc nghién ctru moi quan hé gitta céu tric va tinh chit cia mang
dan proton 14 rat quan trong trong viéc cai thién va ning cao hiéu suat,
d6 bén va kha nang hoat dong trong nhiéu diéu kién khac nghiét khac
nhau (d6 4m thép, nhiét dg cao, hoat dong lién tyc trong thoi gian dai,
va sy anh hudng do cac nhom ty do xuat hién trong qua trinh hoat
dong) cua pin nhién ligu.

Phuong phép tan xa tia X goc nho va siéu nhd (SAXS/USAXS)
dua vao hién tuong giao thoa ctia cdc tia X sau khi tan xa trén mot cau
triuc ¢6 dinh hudng hoac tudn hoan tao nén céc dinh tan xa tuong tw
nhu phuong phap XRD nhung do ¢ gbc nhd hon (do goc tan xa dudi
5°). Phuong phap SAXS/USAXS c6 uu diém 16n nhat dé nghién cau
tric cia PEM, boi vi phuong phép nay c6 thé nghién ciru cdu tric da
pha, da kich thudc, da hinh dang, sy twong tac va chuyén a6i qua lai
gita cac pha, kich thudc, va hinh dang khac nhau dya vao cac quy
ludt Porod, quy ludt Guinier, m6 hinh Ruland, ham tuong quan mat
do dién tir, ham phan bd mét chuyén tiép, hay phan tich s6 liéu SAXS
theo cac mod hinh toan hoc khic nhau [6-10]. Cac nghién ciru gan
day st dung phuong phap SAXS/U SAXS chi ra rang, ETFE-PEM c6
cau tric lamellar (hay con goi 1a cAu tric 16p hodc khi ting) & viing
vector tan xa goc nho, cau triic bé day ving chuyén tiép pha (giira pha
tinh thé va pha vo dinh hinh) ¢ viing vector tan xa géc nho trung binh,
va céu tric ving dan proton & viing vector tan xa goc 16n [6- 9] Trong
vat li¢u polyme, cac thang gidng mat do dién tir do su chuyén dong
nhiét, do sai hong trong cau tric cua tinh thé, va do sy hinh thanh céu
tric ving dan ion (c4u tric nhém polystyrene sulfonic acid dbi voi vét
liéu ETFE-PEM) dong gop khoang hon 90% cudng d§ vung vector
tan xa goc 16n [10]. Do do viée phan tich chi tiét céc thong s6 céu tric
vura néu chi ¢6 duoc sau khi loai trir dong gop cua thiang giang mat do
dién tir. Trong nghién ctru nay, chiing t6i ap dung phuong phap Vonk
béc 6 (Vonk 6) dé tinh toan thang giang mat do dién tir va danh gia su
anh huong ciia chung ddi véi céc chu tric vira néu.

Thuc nghiém

Quy trinh tong hop mau dwge md ta ¢ hinh 2, trong do phim
ETFE duoc chibu xa bang tia gamma cia ngudn Co® véi suét
liéu 15 kGy/h trong 1 gid véi moi truong khi argon & nhiét do
phong, roi ngam trong dung dich styrene voi dung méi 1a toluene
& 60°C dé tao thanh ETFE ghép polystyrene dugc goi la ETFE
ghép mach (Grafted-ETFE). Viéc lya chon suét lidu 15 kGy/h dé
kiém soat hiéu ing ghép mach xay ra cao nhit so véi cac hiéu
tmg khéc c6 thé xay ra dong thoi nhu khau mach va cat mach.
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Sau d6 mau Grafted-ETFE dugc ngm trong axit chlorosulfonic
0,2 M v6i dung moi 1a 1,2-dicloroethane ¢ 50°C trong 6 gio, roi
rira sach bang nude tinh khiét (200 ml) ¢ 50°C trong 24 gior dé thu
dugc mang poly(styrene sulfonic acid) ghép mach ETFE (ETFE-
PEMs). Muc d§ ghép mach (GD) dugc xac dinh nhu sau:

ey =20 100 O

0

trong do W va W, lan Iuot 1a khdi lwong cua mang trudc va sau
khi trung horp ghep [6, 7]. Trong bai bdo nay, cac mau ETFE ban
dau chua chiéu xa va mang ETFE-PEM ¢6 GD khéc nhau, lan luot
1a 19, 34 va 59% dugc nghién ciru.

v-rays, 15 kGy/h  Grafted ETFE

— VW —

Sulfonation ETFE-PEM

- — — CISOzH, 50 °C
4CHz CHz-)x—(CFz CFz-)-y 9 Mg
i |
Original ETFE J‘*O o—( )—SO:H
Styrene £
! 1 il

Hinh 2. Quy trinh tong hgp miu ETFE-PEM bing phUdng phap
ghép mach khoi mao béi chiéu xa tia gamma tif nguon Co®.

Thyc nghiém do tan xa tia X goc nho (SAXS) duge tién hanh
tai Vién Khoa hoc Vit liéu Québc gia Nhat Ban (NIMS) trén 2 thiét
bi phat tia X l1a Rigaku NANO-Viewer su dung bia phat tia X la
Mo (A,=0,07 nm) va thiét bj Bruker NanoSTAR sir dung bia phat
tia X 1a Cr (%,=0,23 nm). Cuong d¢ tan xa ban dau duogce ghi nhén
bing detector 2D, sau do chuyen vé cuong do 1D bang phan mém
Igor Pro. Vector tan xa q tong hop tir hai thiét bi trén co dai gia tri
tr 0,1-10,5 nm! voi vector tan xa q dugc tinh theo cong thc:

_ 4rsinf 2)
A

trong d6 20 1a goc tan xa va A la budc song cua tia X t6i. Quy trinh
do mau chi tiét da dugc néu trong cac cong b trude day ciia nhom
[6, 7]. Khoang cach tuwong quan d (hay con goi la kich thudc tuwong
quan hodc Bragg-spacing) dugc tinh theo cong thurc:
i= 3)
q
Cong thirc (3) cho thy ring, v6i gia tri vector tan xa q cang 16n
thi kich thudc twong quan d twong ng cang nho va ngugc lai. Voi
dai gia tri q do duoc (0,1-10,5 nm") thi kich thudc twong quan d=0,6-
63 nm. Mo hinh do tan xa tia X goc nho dugc trinh bay ¢ hinh 3.

Tia X

Goc tan xa Detector 2D

ko
Hinh 3. M hinh thuc nghiém do SAXS.

Keét qua va thao luan

Hinh 4 trinh bay gian d0 tan xa tia X goc nho cua mang din
proton ETFE-PEM v6i GD=59%. Céc cau trac ddc trung cua
ETFE-PEM th¢ hién trong hinh bao gom cau truc lamellar (g=0,1-
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0,6 nm’' tuong tmg d=10,47-63 nm), cau tric ving chuyén tiép
(q=0,6-2,5 nm™ twong tmg d=2,51-10,47 nm) va cAu tric cua
nhom polystyrene sulfonic acid (q=2,5-6 nm™' tuwong tmg d=1,05-
2,51 nm) [6, 7]. Cuong do SAXS giam nhanh tir dinh cau triic
lamellar ty 1¢ v&i q° ngang qua cu trac ving chuyén tiép va gan
nhu khong d6i tai vi tri g=2,5 nm™'. Cudng d6 SAXS chi hoi ting
nhe tai vi tri dinh cdu triic nhom polystyrene sulfonic acid (q=4
nm) va sau do tang 1én manh trong ving q=6-10,5 nm™. Sy tang
1én cua cuwong d6 SAXS trong ving q=6-10,5 nm™ (amorphous
halo) 1a do thang giang mat do di¢n tr va cuong do pha vo dinh
hinh déc trung cta vat liu polymer [10]. Thang giang mat d¢ dién
tir hién dién khap noi trong toan bo phd SAXS nhung chi dong gop
déng ké vao cuong do SAXS tong tai ving vector tan xa goc 1om,
noi cuong do tan xa tir cac cu trac 13 nho. Theo mot s bao céo
trudc day [10] thi thang giéng mat d§ dién tu dong gop toi 90%
hodc 16n hon trong ving gi4 tri q 16n dbi véi vat liéu polymer. Do
d6 danh gid anh huong cua thang giang mat do dién tur dén cac chu
triic xudt hién trong ving q 16n va loai trir chung truée khi phan
tich phd SAXS 14 qué trinh xir 1y khong thé bo qua. Co mot sb
phuong phap dénh gia dong gop cua ving thang gidng mét do dién
tir trong cuong do SAXS tong da dugc trinh bay trong cic cong bb
cua Bonart [11], Ruland [12] va Vonk [13]. Trong khi Bonart xem
thang giang mat do dién tr va cuong do pha vo dinh hinh nay la
hing so thi Ruland va Vonk da dé xudt lan luot theo cac cong thirc
thuc nghiém (4) va (5) nhu [a ham phu thudc vao vector tan xa q:

1,,(q)=Fl.e" )
1, (q)=Fl+Bq" ®)

trong d6 Fl1a h¢ $0 thang giang mat do dién ttr, a va B la cac hé s0
lam khép, va so6 mit m dugc goi la bac cia cong thitc Vonk va nhan
gia tri 1a cac so chan (2, 4, 6, 8).

T
ETFE-PEM 59%

107 10° 10
q(nm™)

Hinh 4. Gian do tan xa tia X goc nhé cia méiu ETFE- PEM 59%
va cac cau tric dic trung bao gom cau triic lamellar, cau tric
viing chuyén tiép va cau tric nhém polystyrene sulfonic acid.

Trong khi phuong phép Bonart va Ruland lan lugt danh gid qua
cao hodc quéa thap thang gisng mat do dién tir thi trong phuong phap
Vonk c6 thé linh hoat sir dung cac bac da thirc khic nhau bing cach
thay dbi gi4 tri m (2,4, 6,8)[10]. Theo cong thte (5), ham Vonk s€
c6 dang duong thang y = Bx + Fl vdi x = g™ nén dé tinh céc tham s6
B va Fl thi phai 1am khop tuyén tinh do thi I(q) theo ™. Hinh 5 trinh
bay chi tiét do thi I(q) theo q™ vdi m = 4, 6, 8 cho mau ETFE-PEM
19% va danh dau ving lam khép twong tmg cho mdi bc da thire. Gia
tri FI thu duoc tir hinh 5 d6i véi m =4, 6, 8 lan luot 1a 0,258; 0,507 va
0,681. Nhu vay viée sir dung phwong phap Vonk véi da thirc bac cang
16n thi gia tri F1 thu duge cang 16n.
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Hinh 5. D6 thj va viing lam khép béng cong thiic Vonk 4 (A), Vonk
6 (B) va Vonk 8 (C) ctia mau mang dan proton ETFE-PEM 19%.

Tiép theo, ching toi dua ra hé so dong gop H(%) duge dinh
nghia 13 ty s6 cua I.(q) chia cho cuong do tan xa tong I(q) nhu
trinh bay trong cong thire (6):

H(%) = ( )x100<y (6)

Dua véo céc két qua lam khép ¢ hinh 5, cac gia tri H(%) cua
ETFE-PEM 19% dugc tinh toan va trinh bay ¢ hinh 6 trong toan
dai gia tri vector tan xa q. Két qua hinh 6 cho thiy ring, cong thirc
Vonk v6i m=4 (Vonk 4) hoac 8 (Vonk 8) danh gia H(%) qua thap
(50-80%) hodc qua cao (100-130%), trong khi cong thirc Vonk véi
m=6 (Vonk 6) cho H(%)=80-100% trong vung gia tri vector goc
1ém (g=2-7 nm'"). Hay n6i céch khac, Vonk 6 cho két qua hop 1y
vé su dong gop thang giang mat do dién tur trong vat liéu polymer
[10]. Két qua tinh toan tuong tu ciing thu dugc d6i voi cac mau
con lai. Do d6 trong cac phan tiép theo ciia bai bao, ching toi s&
str dung cong thire Vonk 6 dé tinh toan va danh gia anh huong cua
thing giang mat do dién tir dén céc chu trac vi md ciia ETFE-PEM.
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Hinh 6. Sy déng gop cta thang giang mat do dién t& tren cuong
do tan xa téng (H) ctia toan b dai vector tan xa clia mau ETFE-
PEM 19% dugc tinh bang ham Vonk bac 4, 6 va 8.

Két qua tinh toan gia trj H dwa vao cong thirc Vonk 6 doi véi céc
méau ETFE-PEM ¢6 GD = 0, 19, 34 va 59% dugc trinh bay ¢ hinh
7. Hinh 7 cho thay gia trj H<2% trong ving q=0,1-0,6 nm"', sau d6
téng nhanh chéng tir 2% dén khoang 60-95% trong ving ¢=0,6-2,5
nm’ va dat gia tri 6n dinh ~100% trong ving q=2,5-10,5 nm', Két
qua trén cho thay rang, dong gop cua thang gian mat do dién tir la
khong déng ké, ¢6 thé bo qua trong ving gia tri vector tan xa goc
nho (q<0,6 nm™') nhung tr¢ nén rit quan trong trong ving gia tri
vector tan xa goc 16n (q¢>2 nm''). Ngoai ra, két qua lam khép trinh
bay trong bang 1 cho thdy rang, gia tri FI (0,507; 0,519; 0,436) cia
ETFE-PEM v6i GD = 19, 34, va 59% lan lugt 16n hon khoang 65,
69 va 42% so v6i mau ETFE ban dau (0,307). Gié tri F1 ciia ETFE-
PEM v6i GD = 19, 34, va 59% cao hon mau ban dau co thé giai
thich do sy tang Ién cia khdi luong vét liéu polystyrene sulfonic
acid ghép mach. Chu ¥ ring, vat liéu ghép mach dua vio phim ban
dAu hoan toan ton tai & dang vo dinh hinh.
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Hinh 7. D6 thj vé sy déng gop clia thang glang mat do dién ta
dén cuong do tan xa tong (H) ctia caic mau ETFE-PEM c6 GD
khac nhau khi dugc tinh biang ham Vonk 6 trén toan dai vector
tan xa (A) trong khoang q=0,1-2,5 nm" (B) va ¢>2,5 nm*' (C).

Bang 1. Cac két qua lam khép cia ham Vonk 6 cho cac miu
ETFE-PEM c6 GD = 19%, 34% va 59%.

MAu B Fl

ETFE ban diu (5.2640,12)x107 0,307+0,007
ETFE-PEM 19% (8,6240,08)x107 0,507+0,007
ETFE-PEM 34% (9,9040,48)x107 0,519+0,026
ETFE-PEM 59% (9,8340,05)x107 0,4360,004

Hinh 8 trinh bay cuong do SAXS trude (I(q)) va sau khi trur
thdng giang mat do dién tr (I(q) - I, (q)) cua mau ETFE-PEM 59%
trong vung q=0,1-2,5 nm™'. Nhu da trinh bay ¢ hinh 4, ving gia tri
q nay chtra cdu trac lamellar Vé. cdu trac ving chuyén tiép. Nhu
mong doi, vi tri (¢=0,234 nm'! tuong ung d=26,89 nm) va hinh
dang dinh lamellar khong thay doi sau khi trir I (q), boi vi dong
gop cua I,(q) trong ving gi tri q nay la rat nho (H<2%, xem hinh
7). Tuy nhién, trong vung hién dién cdu tric chuyén tiép (4=0,6-
2,5nm), gla tri va do ddc cuia I(q) thay doi mot cach dang kévard
rang. Cu thé 1a I(q) thay doi tir ty 18 vi > sang 2 trude va sau
khi trir [ (q). Su thay d6i manh mé cta I(q) sau khi trir I (q) trong
ving q=0,6-2,5 nm! ciing thu duoc ddi véi cac mau con lai. Theo
quy luat Porod thi I(q) trong khu vyc nay cho vat li¢u 2 pha hoan
hao sé ty 1€ vdi q* [14, 15]. Tuy nhién, trong vét liéu ETFE-PEM
¢ chu triic da pha nay c6 sy hién dién cua ving chuyén tiép ciia 2
pha tinh thé va v6 dinh hinh, va sy thing giang cua mat do dién ti,
do d6 1(q) khong thé ty 18 véi q*. Loal bo thang giang mat do dién
tir 1am cho I(q) ty 1€ voi q" ma n tién gan dén -4 (bang 2) gitip cho
viée x4c dinh céc cAu triic khac duge dé dang hon. Hay néi cach
khac, viéc xac dinh bé day ving chuyén tiép trong ving q=0,6-2,5
nm'’ chi ¢6 thé thuc hién sau khi loai bo dong gop ciia I (q).
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Hinh 8. Cerng do SAXS trudc (I(q)) va sau khi trir thang giang
mat do dién ta (I(q) - 1,(g)) clia miu ETFE ban dau (A), ETFE-
PEM 19% (B), ETFE-PEM 34% (C) va ETFE-PEM 59% (D)
trong vung q=0,1-2,5 nm-.
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Bang 2. Hé s6 géc ciia dudng Porod khi tinh bang ham log(q) va
log(lq) cho cac mau ETFE-PEM c6 GD = 19%, 34% va 59%
trudc va sau khi trir anh hudng ctia Vonk bac 6.

Méiu Trwéce khi trir Vonk 6~ Sau khi trir Vonk 6
ETFE ban dau -2,5940,04 -3,3240,03
ETFE-PEM 19% -3,85+0,04 -4,04+0,03
ETFE-PEM 34% -3,5240,03 -3,81140,02
ETFE-PEM 59% -3,5140,04 -3,9240,02

Hinh 9 trinh bay cuong d SAXS trude (9A1, 9B1, 9C1, 9D1)
va sau khi trir [ (q) (9A2, 9B2, 9C2, 9D2) cuia cac mau trong ving
q=2,5-10,5 nm1 Truge khi trir I, (q), cuong do 1(q) cua mau ban
dau ETFE va ETFE- PEM 19% khong ¢ bat ky dinh tan xa cuc
dai ndo, trong khi cic mau ETFE-PEM 34 va 59% xuat hién dinh
cuc dai tai =4 nm! twong (ng vai kich thude twong quan d=1,57
nm. Pinh cyc dai nay dugc quy cho cdu tric cia nhém polystyrene
sulfonic acid [6, 7]. Hinh dang cac dinh SAXS cuc dai tai q~4
nm' (hinh 9C1, 9D1) phan b rdng cho thay cac nhém polystyrene
sulfonic acid c0 trdt tw va twong quan yéu. Ngoai ra, dinh cuc dai
SAXS c6 hinh dang khong ddi xtmg, tirc 1a chan bén tréi thap hon
trong khi chan bén phai ciia dinh cao hon do ndm trén nén cua
cuong do tan xa 16n do thang giang mat do dién tir va pha vo dinh
hinh. Sy phan bé bi bién dang nay khién cho viéc phan tich va xtr
ly dinh (nhu 1am khop hinh dang dinh, tinh dién tich dinh va gia
tri bé rong tai mot nura chiéu cao cuc dai) tré nén kho khan va kém
chinh xac. Sau khi loai trir dong gop cta cuong do thang giang,
hinh dang dinh d tr nén can bang va nhon hon (hinh 9C2, 9D2)
nhung vi tri dinh ph6 khong thay doi. Ngoai ra, cuong do cia dinh
cuc dai giam di rat nhleu (khodng 95%) so v6i trude khi trir I (q).
Két qua trén cho thay ring, I +(q) anh hudng déng ké dén cuong do
tan xa tong, hinh dang va phan b6 dinh cuc dai cua I(q) tai ving
gia tri vector tan xa goc 16n (g>2,5 cm™).
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Hinh 9. Ph§ thuc nghiém SAXS ban dau (I(q)) va sau khi trir thang
giang tinh theo Vonk 6 (I(qg) - 1,(q)) cta cac mau: ETFE ban diu
(A), ETFE-PEM 19% (B), ETFE PEM 34% (C) va ETFE-PEM
59% (D).

Viée khdo sat cac ham Vonk c6 bac khac nhau dya trén thong s0
H (su dong gop cua thang gidng mat do dién tir dén cuong do tan xa
tong) cho thay, ham Vonk bac 6 1a pht hop nhat dé tinh toan va danh
gia thing giang mat d dién tir cho cic mAu mang dan proton ETFE-
PEM. Két qua cho thdy rang, thing giang mat d dién tr anh huong
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manh mé& dén cdu tric bé day ving chuyén tiép va cu tric ving dan
ion nhung khong dang ké déi véi ciu tric lamellar. Ngoai ra, viéc tinh
toan cAu tric ving chuyén tiép chi co thé thuc hién sau khi trir thing
ging dién tir. Cac gia tri thing giang mat do dién tir Fl thay d6i theo
mtc do ghép mach birc xa va theo quy trinh téng hop mau. Viéc loai
bo thang giang mat do dién tir da 1am 16 cac dinh cdu tric trong khu
vuc vector tan xa goc 16n, giup phan tich cac dinh cu truc tai vung
nay dugc chinh xac hon. Cac nghién ctru tiép theo dé tinh toan dinh
luong gi4 tri bé day ving chuyén tiép va méi lién hé ciia chung v6i do
bén co 1y va mirc do phan tach pha s& duoc thyc hién.
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Tom tiit:

Xi mang glass ionomer (glass ionomer cement - GIC) 1a mgt trong nhirng loai xi ming nha khoa ly twéng, vi vira
dung dé tram bit, bio vé vi tri sdu ring, vira c6 tac dung ngin ngira siu ring tai phat, nhung ¢6 nhwoe diém la do
bén co khong cao. Hydroxyapatite (HA) c¢é tinh sinh hoc tot, dong thoi cé thé cai thién dic tinh co hoc ciia vt liéu
khi b6 sung véi ham liwgng thich hop. Bai bio nay trinh bay sy anh hwéng ciia viée bd sung bot HA véi 5%, 10%,

15% Kkhoi lwgng vao thanh phén bot thity tinh dén d9 bén nén cia vat liéu GIC khi ngam trong 3 moi trwdmng: nwéc
khir ion (DW), nwéc bot nhan tao (AS), dung dlch gia thé nguoi (SBF) va cac tinh chat khac. Két qua cho thay khi
bd sung HA, thoi gian lam viéc, thoi gian dong rin ciia vira xi mang keo dal hon, d§ duc ciia GIC dong rin tang Sw
thay déi do bén nén theo thoi gian ngam trong 3 méi trudong ciia mdi miu GIC twong tw nhau, nhung do bén nén
ciia miu ngam trong SBF cao hon trong DW va AS. Ham luwong HA b6 sung 10% va 15% lam d9 bén nén giam so
v6i miu dbi chirng B. Véi miu GIC HA05, sw bd sung véi lwgng phit hop 5% HA di cai thién d9 bén nén miu GIC
B va nhit la cwdng dd 28 ngay. Anh SEM va két qua EDX cho thAy miu GIC HA05 déng rin c6 ciu tric dic chic
hon va sw xuit hién tinh thé diic trung dang bong x6p ciia HA ciing véi ty 18 Ca/P = 1,68 trén bé mit miu dwgc ngim
trong dung dich SBF. Nhirng két qua nay thé hi¢n vai trd ciia HA trong viéc cii thién do bén nén va hoat tinh sinh

hoc cua vat liéu GIC.

Tir khoa: hydroxyapatite, kha nang hoat tinh sinh hoc, xi mang glass ionomer.

Chi s6 phén logi: 2.5
Gidi thiéu

GIC 1 loai xi mang ho “glass polyalkenoate (GPC)”, v6i thanh phan
bao gdm bot thity tinh ¢6 tinh kiém (calcium fluoroaluminosilicate) va
dung dich cua polyalkenoic acid véi nude, duge tron biang phwong
phép thich hop dé tao thanh hdn hop vira, sau d6 dong ran nhanh
chong [1, 2]. Nhu vdy, vé co ban phan tmg déng ran ciia GIC khi
tron bot va chét long 13 phan (mg trung hoa giita mot base va mot
acid. Dung dich acid ciia phan long GIC c6 d6 pH<1,0, khi tron voi
bot, hoa tan phan bé mit ngoai cua céc hat bot thuy tinh silicate, giai
phong cac ion Ca?", AI**, Na* va F-... hinh thanh mét 16p ion kim loai
trén hat bot, céc ion trong thuy tinh dwgc phéng thich va di chuyén.
Luc nay, gel silica dugc tao thanh, cac cation Ca** lién két voi nhiéu
anion (OH) cua chudi polyacrylic acid tao thanh cac lién két ngang
giita cac mach polymer, lam cho hdn hop déng ran lai. Mot sb ion két
hop véi polyacid c6 tac dung gel hoa. Trong khoang thoi gian 24-72
gio, cac ion Ca?* van con tiép tuc lién két, cac mudi bi hydrate hoa lam
hop chat cang cimg chic. Céc nhém carboxyl ciing ¢6 kha ning lién
két cac ion Ca®* trén mo rang. Qua trinh nay tao nén sy lién két hod
hoc thuc su ¢ bé mat tiép xuc gifra vat liéu va mo rang. Nudc dong
mot vai trd quan trong trong toan bo qua trinh dong rén [3]. Dau tién,
nuée cung cap do déo trong giai doan thao tc va nude tic dong qua
lai voi polyacid dé ct dirt moi ndi hydrogen bén trong ciia cic nhom
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carboxylic co tinh acid va lam chiing c6 hoat tinh cao hon dé tham gia
phan rng voi cac hat thiy tinh, gidi phong nhiéu ion. Tiép theo, nudc
1a moi truong cho viée van chuyén ion can thiét cho phan ung dong
ran acid-base va giai phong fluoride. Ngoai ra, mot phan nuée cing
lién két hoa hoc véi cac san phim phan tmg va cung cp su on dinh
cho vat li¢u phuc héi.

GIC 1a vat liéu tram rang c6 tinh twong hop sinh hoc tdt, sy dong
ran chii yéu dya trén phan img hoa hoc, c6 kha nang tao lién két hoa
hoc v6i mo rang, mau sic, do trong mo phit hop véi men ring, kha
ning giai phong fluoride tot gitip bao vé cau tric rang hién tai va ngin
ngura su rang tai phat [4, 5]. Tuy nhién, nhuge diém 16n nhét cua vat
liéu nay 1a kha ning chiu lyc va kha ning chéng mai mon do nhai
khong cao so vai vat liéu amalgam va nhya composite hién dai, nhay
v6i d6 am. Do do, GIC thudng khong dugc lya chon dé tram ring vinh
vién, nhat 1 ring sau, thuong chi dinh tram ring tré em, nguoi gia.
Dén nay, vat liéu GIC ludn 13 vét lidu Iy tha cho ca cc nha nghién ciru
cling nhu san xuat vt liéu, vi bén canh nhiing tinh chét wu viét cua no,
con nhiéu van dé thu hut sy thay doi va cai tién. Thyc té da cho thiy,
GIC ngay cang dugc sir dung rong rai nhu mot loai x1 mang dan mdo,
cau rang; vét lidu tram cho ring sira, ring vinh vién ¢ moi ltra tui;
t4i tao cui ring cho phuc hinh; chit bao vé tuy va tram 16t do c6 nhiéu
cai tién vé do bén ciing nhu déc tinh Iy hoa, co hoc va sinh hoc [2, 6].
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Abstract:

Glass ionomer cement (GIC) is one of the ideal dental
cements because it is easy to use for filling, lining and
adhesion restoration. GICs have good biocompatibility,
caries prevention potential, chemical adhesion to
mineralized tissues, but the disadvantage is poor mechanical
properties. Hydroxyapatite (HA) has good biological
properties, and could improve the mechanical properties of
materials when added with the appropriate content. This
paper will present the effect of adding HA powder at 5, 10,
15% mass into glass powder on the compressive strength
of GIC materials when immersed in three environments:
deionized water (DW), artificial saliva (AS), and simulated
body fluid (SBF) and other properties. The results showed
that when the HA powder was added, the working time
and setting time of GIC mortar lasted longer, and the
opacity of hardened GICs was increased. The change in
compressive strength according to the curing time in three
environments of each GIC sample was similar, but the
compressive strength as of the sample soaked in SBF was
higher than in DW and AS. The supplementary of HA at
10% and 15% content reduced the compressive strength
as compared to the control sample B. With the GIC sample
HAUOS, the suitable amount of HA addition at the 5%
content improved the compressive strength, especially the
28-day strength. The apparent density of the sample HA05
was higher than that of control sample B. SEM images and
EDX results showed that the cured GIC sample HA0S had a
more dense structure and the appearance of characterized
cotton crystal cluster of HA with the Ca/P ratio = 1.68 on
the surface of the soaked sample in SBF. These results
demonstrated the role of HA in improving the compressive
strength and the bioactivity of GIC materials.

Keywords:  bioactivity,
hydroxyapatite.
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Nhiéu tac gia nghién ctru viéc dua cac chét don khac nhau nhu céc loai
bot kim loai (bac, thép khong gi...), cac loai sgi carbon, soi thiy tinh
aluminosilicate hodc céc loai bot vo co (SiO,, ALO,, ZrO,, fosterite
[7], HA, b6t thuy tinh hoat tinh sinh hoc [8]) vao thanh phan thiy tinh
polyalkenoate dé cai thién tinh chat co hoc va céc tinh chit khac cia
GIC. Ngoai ra, néu GIC c¢6 hoat tinh sinh hoc thi cac g dung co thé
cta GIC s& tré nén rong rai hon rt nhidu [8].

HA ¢6 cong thitc Ca (PO,)(OH), v6i ty 1§ canxi trén phdt pho
la 1,67. HA ¢6 thanh phan hoa hoc va cau tric tinh thé twong ty nhu
apatite trong hé xwong cia con ngudi nén rt phi hop dé thay thé va
tai tao xuong. HA déng mot vai trd quan trong trong cac ung dung
chinh hinh do c4c dic tinh dan truyén xuong va hoat tinh sinh hoc
thuan lgi ctia no. GIC két hop v6i HA di cho thay sy cai thién tinh
tuwong thich sinh hoc va tinh chét vat Iy. Cac hat HA trén bé mat GIC
tao diéu kién cho phan g hoat tinh sinh hoc xay ra khi tiép xuc véi
cac mo xuong xung quanh. GIC con cho thdy c6 su twong téc voi HA
thong qua cac nhom carboxylate trong polyacid. Do do, viéc két hop
HA véi GIC khong chi cai thi¢n kha nang twong thich sinh hoc cua
GIC, ma véi ty 1¢ HA thich hop con c6 khd nang tang cudng céc tinh
chat co hoc va khong 1am anh huong xau dén cac dic tinh khéc [9, 10].

Trong & tai C2017-20a-01 cta ching i vé vat liéu GIC sir dung
b6t thuy tinh hé calcium fluoroaluminosilicate, nhidu nghién ctu dé
cai thién cac tinh chét ctia hé vat liéu nay da duoc thuc hién, trong d6
¢6 viée bd sung bot HA téng hop voi cac ham lugng 0%, 5%, 10%,
15% vio thanh phan bot thity tinh. Bai béo nay trinh bay sy anh huong
cua viée bd sung HA dén do bén nén cua vat lidu khi ngam trong 3
moi truong: moi trudng thir nhat 1a moi truong ngdm don gian va
dugc nghién ciru phd bién 1a nude khir ion (deionized water - DW),
moi truong thir hai 1a nudc bot nhan tao md phong mai truong miéng
(artificial saliva - AS) va moi trudng thir ba la chat long gia dich thé
ngudi @& mé phong moi treong dich nuou (simulated body fluid -
SBF). Ngoai ra, cdc tinh chat nhu thoi gian dong ran cua vira xi mang,
mat d6 biéu kién, do trong mo, vi cau tric va kha nang hoat tinh sinh
hoc trong dung dich SBF cua vat li¢u GIC dong rin cling duoc khao sat.

Vat liéu va phuong phap nghién ciu

Vit liéu

Hon hop phdi liéu nau thiy tinh tir cic hoa chat Al O, (Fuji Kasei
- Nhat), SiO, (Toxolux - Han Quoc) AIPO, (Macklin - Trung Quoc)
Na AlF, (Ganghua - Tmng Qudc), CaF, (Ganghua - Trung Quoc)
duoc tron trong cdi nghién bi véi ty 1¢ thlch hop. Phéi ligu dong nhat
nay duogc nau chay thanh thuiy tinh trong chén platin ¢ 1.300°C luu 90
phut trong 10 Carbolite-1600. Thuy tinh néng chay dugce lam ngudi
nhanh trong nudc, sau d6 siy kho rdi nghién dén do min qua hét sang
45 pm. Bot thiy tinh calcium fluoroaluminosilicate nay duge ky hi¢u
14 bot B. Bot HA sir dung dé bo sung vao thanh phan bot thity tinh
B duoc tong hop theo phuong phap két tia tir dung dich Ca(OH), va
(NH,),HPO, két hop hép thuy nhiét, 1a san phim cua dé tai nghién
cuu B2012- 20 09TD [11]. Cac mau bot ky hiéu HA05, HA10, HA15
tuong tmg 1a miu bot thuy tinh B dwgc bo sung thém bot HA voi ty
18 khéi luong lan luot 1a 5%, 10%, 15%. Dung dich long ¢6 thanh
phén chinh 1a dung dich PAA (M,~100.000, ndng do 35% trong nude
cua Sigma-Aldrich - My) duoc pha tron voi 5% Maleic acid (Trung
Qudc), 5% Tartaric acid (Trung Quéc).



Tao miu GIC

Vira GIC duogc tron dé tao mdi vién mau ¢ 23+1°C véi ty 18 thé
tich khong doi (1 mudng luong bot/2 giot 1ong), ty 1 khéi lwong
nguyén liéu cua timg mau dugc trinh bay ¢ bang 3, quy trinh tao mau
tham khao theo ISO 9917-1:2007 [1]. C4c mau GIC hinh try tron co
dudng kinh 4,0+0,1 mm va chiéu cao 6,0+0,1 mm duoc tao hinh trong
khuon thép khong ri. Khi tao hinh miu dé do do bén nén, bé mit bén
trong cua khuén dugc boi tron voi dung dich 3% paraffin trong ether
dau mo dé vira dién day khuon va mau da dong ran dé thao khuon.
Sau 30 phut ké tir lic két thic tron vira xi mang, m¢ hai thm dé trén
va dudi cua khuon ra va dung gidy mai SiC loai 400 grit mai hai dau
cla cac mau cho bang phang va vudng goc véi truc doc ctia mau.
Tiép theo, mau duogc ldy ra khoi khuon va kiém tra truc quan bang
mat thuong dé loai bo cac mau co cac 16 khi hodc cac canh b sit mé.
Chuan bj mdi to miu nam vién thir va ngay lap tirc sau khi chudn bi
mau xong, ngdm vao 5 ml dung dich AS/DW/SBF chita trong céc
ng nghiém ly tAm bang nhya, day con co ndp va luu trit trong ti Am
0 37£1°C trong céc thoi gian 23+0,5 h (1 ngay), 7 ngay va 28 ngay.
Thanh phan cac hoa chit dé tao ciia moi truong AS [12] va SBF bio
hoa HA [13] lan lugt cho trong bang 1 va bang 2. Gia tri pH ctia 3 moi
trudng AS, DW va SBF lan luot 13 5,5; 7,0 va 7,4.

Bang 1. Thanh phan cia 50 g nuéc bot nhan tao AS [12].

Thanh phin Khi lwgng dé pha 50 g dung dich AS
Carboxymethylcellulose sodium 0,5¢g
Calcium chloride (CaCl,.H,0) 0,0073 g
Sodium chloride (NaCl) 0,0422 g
Potassium chloride (KCI) 0,06 g
Sorbitol (CH,,0) 15¢g
Magnesium chloride (MgCl,.6H,0) 0,0026 g
Potassium monohydrogen phosphate (K,HPO,) 0,0171 g
Sorbic acid (C;H,0,) 0,025 g
Sodium benzoate (C,H,NaO,) 0,0295 g
Nudc khir ion 47,8163 g

Bang 2. Thanh phan va thi tu cac héa chat can pha dé tao 1.000
ml dung dich SBF [13].

Thictw  Tén hoa chit Luwong

0 Nude cét 700 ml

1 NaCl 8,035 ¢

2 NaHCO, 0355¢g

3 KCl 0,225¢

4 K,HPO,3H,0 0,231 ¢g

5 MgCL.6H,0 0311¢g

6 1,0 M - HCL 39 ml

7 CaCl, 0,292 g

8 Na,S0, 0,072 g

9 Tris 6,118 g

10 1,0 M - HCL 0-5ml dé diéu chinh pH dat 7,420,01 tai 36,5£0,2°C
11 Nude cit Thém vao dé dung dich dat thé tich 1.000 ml & 20°C

Thoi gian lam viéc va thoi gian déng ran ciia viva xi ming GIC

Theo tiéu chuan ISO 9917-1:2007 [1], thoi gian lam viée 1a
khoang thoi gian ma ¢ thé thao tac voi vira GIC ma khong anh huong
x4u dén tinh cht cua nd. Trong nghién ctru nay, thoi gian 1am viée
1a khoang thoi gian duge do tir khi bat dau tron vira trong diéu kién
nhiét d6 (23+1)°C, tron vita lién tuc cho dén khi vita mat tinh déo uot
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va bat dau toi ra.

Thoi gian déng rin dugce xéc dinh bang dung cu dam xuyén theo
cac tiéu chi va diéu kién do dwogc chi dinh trong tiéu chuan ISO 9917-
1:2007. Thoi gian dong réin 1a khoang thoi gian do tir lic két thic tron
vita dén khi vat lidu dong rdn, 1a luc kim khong thé dé lai dau tron
hoan toan ¢ nhiét d6 37+1°C.

Cdc tinh chit vt Iy ciia cdc miu GIC dong rin

Mau séc cua cac mau GIC di dong rin dugce xac dinh theo gia tri
khong gian mau L*a*b bang thiét bi Chroma Meter CR-400 Konica
Minolta - Nhat. Thong tin vé kénh L dai dién cho do sang (tr 0-100:
mau den dén mau tring). Kénh a (tir -90 dén 70) mang thong tin mau
xanh 14 t6i do, kénh b (tir -80 dén 100) mang thong tin mau xanh
duong toi vang.

Bo trong mo (translucency) ky hiéu TP 1 thong 56 trai nguoc voi
d6 duc (opa01ty) duoc danh gia bang do sai biét mau L*a*b cuia cling
mot mau (dang tAm mong 6 kich thudc dai x rong x day = 15x15x1,5
mm) khi mau dt trén nén den (b: black) va nén trang (w: white) [14].
Do trong mo TP duge tinh theo cong thire:

TP = \f[('ﬁl‘bwjz + ('ﬁabw)z + ('ﬁ‘bbwjz (1)
Trong 6 ALp,, = Lj w, Abpy, = by = by,

v6i L, a, b, cac thong so mau cua mau khi dit trén nén den; L , a ,
b, cac thong sO mau cua mau khi dat trén nen trang.

—L,, Aay, =0, —a

Do bén nén cua miu GIC dong rin & cic ngdy tudi duoc xac
dinh bang méay do cudng d6 Materials Testing Machine M350-10CT,
Testometric, UK vé6i toe do di chuyén piston 0,75+0,30 mm/phut,
tham khao theo ISO 9917-1:2007.

Mit d6 biéu kién Pbk cua céc vién mau GIC déng rén duoc xac
dinh bang phuong phap Archimedes (can thiy tinh):

Per = Pn (g/cm?) (2)

mEg—Mmy
Trong do: m,;: khi lwgng clia vién mau sau ngam d dugc séy kho
6 60°C trong 3 gi6 (g); m,: khoi lugng ctia vién mau sau ngam dugc
can trong nudc cat (g); p,: khoi lugng riéng cia nudce cat (g/em’) ¢
nhiét d¢ moi truong.
Phé nhiéu xa tia X (XRD)

Thanh phan pha ctia cac miu bot thity tinh B, bot HA tong hop va
vit lidu GIC di dong rén dugc xac dinh dya vao phé XRD (thiét bi
D2 Phaser ctia hang Bruker) v6i diéu kién do: K, .= 1,5406 A 20=
10-70°, bude quét va tbe do quét 0,02°/0,5 s. .

Phin tich vi citu triic bang kinh hién vi dién tiv quét (SEM) va
phé tan sic ning hegng tia X (EDX)

Vi cdu triic cta cic mau vt liéu bot (bot thiy tinh B, bot HA tong
hop) hodc mau xi mang GIC déng rin duge phu Pt dan dién va quan
sat bang kinh hién vi dién tir quét trén thiét bi FE-SEM, Model S-4800
(Hitachi High - Technologies Co., Tokyo, Nhat Ban) véi cac do phong
dai x1.000, x5.000, x10.000, x20.000 & hiu dién thé 10 kV.

Thanh phan nguyén to trong mot vung vi mé cua vt liéu dugc
phan tich dua trén phé tan sic ning luong tia X (EDX: Energy-
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dispersive X-ray spectroscopy) st dung thiét bi EDX Model H-7593
(Horiba, Vuong quoc Anh).

Thi nghiém danh gia kha nang hoat tinh sinh hoc trong dung
dich SBF

Mau GIC déng ran (v6i duong kinh 6 mm va chiéu cao 3 mm)
sau 1 gio s& duoc danh bong bé mat bang gidy nham 400 grit, sau do
duoc rira vi nude ct. Ngdm mau trong 5 ml nude khir ion DW hogc
dung dich SBF dung trong 6ng nghiém ly tim d4y hinh non bang nhua
trong 28 ngay ¢ nhiét do 37+1°C. Sau thoi gian ngdm, méau s& duoc lay
ra khoi moi truong DW hodc SBF va rira qua nudc cat, tiép theo duogc
sdy & 60°C trong 3 gio. Mau sau d6 dugc phan tich SEM/EDX ¢ céc vi
tri khac nhau ctia bé mit tiép xtic dung dich ngdm. Két qua phén tich
SEM/EDX ciia cac mau GIC B, GIC HA05 ngam trong mdi truong
DW va SBF sau 28 ngay duoc trinh bay nhim phan anh sy thay doi
hinh thai cdu tric va thanh phan hoa ciia bé mat mau, dong thoi xem
xét su xuat hién tinh thé cua HA trén bé mit mau GIC da duogce ngam
trong dung dich SBF.

Ket qua
Ddc tinh ciia cdc vt ligu thanh phan

Bt thity tinh B dugc phan tich phd huynh quang tia X (XRF)
cho két qua thanh phan cac nguyén td chinh (% nguyén tir): Al: 25,6,
Si: 22,9, Ca: 15,2, P: 10,7, F: 15,3, Na: 10,4. Két qua phan tich XRD
& hinh 1 cho thy, phd nhifu xa ciia miu bot thuy tinh B (duong c)
khong xuét hién céc dinh rd rang, sic nét, chirng to bot thuy tinh B
¢ thanh phan hau nhu 1a pha vo dinh hinh. Anh SEM (d6 phéng dai
5.000 1an) & hinh 2A ciia mau bt thity tinh B cho thdy cac hat thiy
tinh c6 kich thudc tir vai pm dén khoang 10-20 um. C& hat trung binh
(mean diameter) cua bot B theo két qua phéan tich tan xa laser (hinh
2B) 1a 14,3 um, phan bé tir 2,4-32,0 pm (khoang tich liy tir 10-90%).
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Hinh 1. Phd XRD ctia cic m4u bdt va mau GIC déng rin: a) GIC
HAO05 (b3 sung 5%kl bot HA vao bot B); b) Mau GIC B déng rin
28 ngay trong mdi trudng DW; ¢) Mau bot thiy tinh B; d) Bot
HA nano va e) phd chuin hydroxyapatite (JCPDS s§ 09-0432).

Mau bot HA tong hop st dung trong nghién ctru nay duoc kiém
tra dic trung pha tinh thé va kich thude tinh thé bang phéan tich XRD.
Cac dinh trén phé nhiéu xa mau bot HA ¢ hinh 1 - duong d thé hién
su pht hop véi dic trung phd tinh thé HA chuén ((ICDD standard,
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HA: JCPDS No. 09-0432) ¢ duong e). Bén canh d6, cac dinh trén phd
kha rong chimg to mau bot HA ¢ dang tinh thé kich thuée nho. Sir
dung phan mém X’Pert High Score va cong thirc Scherrer dya trén
céc thong sb cua dinh & vi tri 2025,83° (twong mg mat mang hkl
[002]) tinh duoc kich thu6c tinh thé HA khoang 51,8 nm. Tuy nhién,
theo két qua phén tich tan xa laser cua bot HA (sir dung nudc khir ion
lam dung mai phan tan) cho ¢& hat trung binh cua bot HA 1én dén 26,8
pm do cac hat HA ¢ nano két tu lai tao thanh céc cum hat 16n. Diéu
nay da duogc thé hién qua cac anh chup kinh hién vi dién tir quét SEM
do phong dai 20.000 1an (hinh 2C) va anh chup kinh hién vi dién tir
truyén qua TEM véi d6 phong dai 100.000 1an (hinh 2D) ciia mau bot
HA. Két qua trén céc anh vi céu trtic cho théy, cac hat HA hinh try ¢
kich thudc kha déu, chiéu dai khoang 100 nm, rong 15-20 nm chimg
to bot HA str dung dang hat tinh thé nano.

Hinh 2. (A) Anh SEM clia mau bt thiy tinh B (¢ phéng dai
5.000 lan); (B) Biéu do phan bd c& hat (tan xa laser) ctia bot
thiy tinh B; (C) Anh SEM clia mau bot HA tdng hop (d phéng

dai 20.000 lan); (D)\/o\nh TEM ctia miu bt HA tong hop (do
phdng dai 100.000 lan) [11].

Thoi gian lam viéc, thoi gian déng rin ciia vita GIC

Cac thanh phﬁn bot khac nhau B, HA0S5, HA10 va HA15 dugc
tron v6i dung dich 1ong voi ciing mt ty 1é thé tich c6 ty 1¢ khoi lrong
khac nhau cho trong bang 3 va danh gia kha nang lam vi¢c cua vira
xi mang. Két qua ¢ bang 3 va d6 thi biéu dién & hinh 3 cho thay thoi
gian 1am viéc va thoi gian déng ran cia GIC ¢ trang théi vira thoa man
diéu kién 90 gidy <t .. <360 gidy (ISO 9917-1:2007) va tang theo
ham lugng HA b0 sung.

Bang 3. Ké’} qua do thai gian lam viéc va thdi gian déng ran cla
cac mau ho xi mang.

Ty I¢ thanh phan vat li¢u Thdi gian  Thi gian

3 . bno OB

" e Ling@ " o
B 0283:0,006  0,191£0,008 148 12244 18344
HAOS  0255:0,007  0,19140,008 1,34 13545 21311
HAIO  0238:0,005  0,19140,008 125 155+5 2289
HAIS  0225:0,003  0,19140,008 1,18 18243 23745

62



Mau sdc va dj trong mo ciia cac mau GIC da dong ran

Trong thanh phf?m cta GIC chua c6 mit cac cht tao mau, khi quan
sat bang mét thuong thi ¢6 mau tring va co do trong mo kha giong
nhau. Két qua do mau bang thiét bi Chroma Meter theo khong gian
mau L*a*b* va gia tri d trong mo TP dugc trinh bay ¢ bang 4 cho
thy céc thong s6 mau L*, a*, b* clia cac miu GIC thay doi khong
dang ké. Tuy nhién, khi ting ham luong HA thém véo, do trong mo
TP ciia mau giam, nghia la mau b duc hon.

Bang 4. Cac thong s6 mau CIE L*a*b* va d trong md ciia cac
mau GIC sau khi déng rdn 7 ngay trong mdi trudng DW.

Théng s6 mau

Mau e e . Do trong mo TP
B 86,81+0,08 -5,22+0,02 10,39+0,02 3,4540,07
HAO05  86,17+0,18 -4,81+0,02 10,01+0,03 2,0240,11
HAI0  86,7840,16 -5,17+0,02 9,98+0,04 1,2240,16
HALS  86,88+0,47 -4,25+0,02 10,34+0,08 0,77+0,11
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Hinh 3. D6 thj biéu dién thong so thoi glan lam viéc, thai gian
déng rin ciia hd GIC va dd trong md ctia cac mau GIC di déng
rin 1 ngay trong méi truong DW theo ham lugng HA bé sung
vao bot thay tinh B.

Dj bén nén ciia miu GIC trong 3 moi trwong ngim AS, DW
va SBF

Két qua do do bén nén cta cac mau GIC B, HA05, HA10, HA15
ngam trong 3 moi truong sau 1, 7 va 28 ngay tuong ung voi ham
lugng HA thém vao bot thuy tinh 0%, 5%, 10%, 15% dugc trinh bay
' bang 5 va hinh 4. Xu hudng thay doi do bén nén theo thoi gian ngdm
cta timg mau trong 3 moi trudng twong tu nhau: o bén cua mau sau
7 ngay ngam tang so voi mau 1 ngay nhung mau 28 ngay lai giam,
ngoai trir mau HA05. D9 bén nén ciia cac mau trong moi truong SBF
cao hon trong moi truong DW va AS. Khi xét theo sy thay doi thanh
phan mau, véi ham lugng HA 10% va 15%, cac mdu HA10 va HA15
¢6 d6 bén nén giam so véi mau B. Tuy nhién, mau GIC HAO05 (b6
sung 5%) HA cho d¢ bén ting so v6i mau GIC B va dic biét ¢ cuong
d6 28 ngay khong bi sut giam nhu céc thanh phan khac ma con ting
gia tri. Vi vy, mau GIC HAO5 duoc lya chon phéan tich thanh phé”ln
pha XRD, vi cdu tric SEM va phan tich EDX ctia mau ngdm trong
SBF d¢ so sanh véi mau tham chiéu GIC B.
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Bang 5. P9 bén nén clia cac mau GIC déng rdn trong cac moi
truong ngam AS, DW, SBF 6 tudi 1 ngay, 7 ngay va 28 ngay.

. . D) bén nén (MPa)
Moéi truong Mau
1 ngay 7 ngay 28 ngay
B 73,1£1,6 103,5£3,0 94,8+5,3
HAO05 80,8+0,8 94,7+1,4 104,4+1,2
AS HA10 65,842,5 86,4+4,5 78,7+4,1
HAILS 76,9£5,5 83,1£2,5 72,8+6,4
B 70,9+0,2 102,9+7,1 65,842,7
HAO05 91,4+4,3 95,7+2,4 99,6+5,2
oW HA10 94,7432 92,7+6,6 88,2+7,6
HA15 67,7+4,8 89,2+8,5 64,348,2
B 82,1+£0,9 104,2+1,2 70,845,3
HAO05 88,3+1,3 105,8+4,2 114,124
SBE HA10 70,2+1,8 95,143,5 80,1+3,7
HAI1S5 64,3£3,2 90,6+7,5 67,246,6

1 ngay
7 ngay
28 ngay
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Hinh 4. D bén nén ctia cic miu GIC c6 b sung lan lugt 0%,
5%, 10%, 15% HA vao bgt thiy tinh ¢ cac tudi 1, 7, 28 ngay
Ian lugt trong 3 mdi truding AS, DW va SBF.

MGt dj biéu kién ciia cic miu GIC déng rin trong méi trwong
bw

Mat do biéu klen Py la thong s0 phan anh d¢ dic chic cua cac
mau GIC da dong ran Thong s6 nay phu thuge vao khdi lugng riéng,
ty 1é ciia cac pha rin va mat do 10 xp bén trong vét liéu. 2, clia cac
mau GIC & céc ngay tudi trong cac mdi trudng ngam c6 su thay
d6i mic du khong qua 16n nhung xu huéng thay doi kha tuong
dong véi gia tri d bén nén. Bang 6 va hinh 5 trinh bay gié tri do
va biéu dd minh hoa P, ctia cac mau GIC trong moi truong DW &
cac ngay tudi.

Bang 6. Mat do biéu kién cua cac miu GIC dong rdn trong cac
mbi trudng ngdm DW § tudi 1 ngay, 7 ngay va 28 ngay.

Mat d biéu kién p,, (g/cm’)

Mbi truong ~ Mau
1 ngay 7 ngay 28 ngay
B 2,089+0,015 2,103+0,054 2,073+0,059
HAO05 2,126+0,034 2,140+0,039 2,154+0,041
oW HA10 2,044+0,024 2,101+0,049 2,087+0,018
HAI1S 2,085+0,069 2,121+0,071 2,068+0,031
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Hinh 5. Biéu d6 mat do biéu kién cac mau GIC da déng rdn & 1
ngay, 7 ngay va 28 ngay trong DW.

Phin tich thanh phan pha (XRD)

Két qua phd XRD & hinh 1 (dudng a va b) cho thay, thanh phan
pha ctia cac mau GIC B va GIC HAO05 chii yéu 1a pha vo dinh hinh.
Méu GIC HA05 mic dii trong thanh phan nguyén li¢u ban dau ¢ bo
sung bot HA voi ham lugng 5% k1 bot thiy tinh nhung pho XRD
van khong phét hién cac dinh dic trung ciia HA. Diéu nay c6 thé do
bot HA & kich thuéc nano cho phd nhidu xa c6 cuong do thap va ham
lugng HA nho (~2,7%kl GIC) hodc c6 thé 1a HA d phan tmg trong
qué trinh dong rin cta GIC.

Phiin tich anh SEM chup bé mdt cic miu GIC déng rin

Dya vao két qua anh SEM 6 hinh 6 cho vi céu triic ciia 2 mau
gdm GIC B (0% HA) va GIC HAO5 (5% HA) sau khi ngdm trong
DW 1 ngay, c¢6 thé thiy mau GIC HAO5 co bé mat miu bang phing
va dic chdc hon so véi mau GIC B. O céc anh c6 do phong dai 5.000
lan, bién gi6i cua cac hat bot ¢ ca hai mau da khong con nhin théy 10,
diéu nay cho thiy cac hat thiy tinh da phan tmg tao lién két véi dung
dich long.

** GIC B@DW-1D GIC B@DW-1D

-

L 4
. ¢

| SEM x5K

SEM x5K

SEM x1K,

Hinh 6. Anh SEM bé mat cac mau GIC B va GIC HA05 dong ran
1 ngay trong DW: A, B: GIC B (0% HA) ¢ do phéng dai lan lugt
1.000 lan va 5.000 Ian, C, D: GIC HAO5 (5% HA) & do phong
dai l1an lugt 1.000 lan va 5.000 lan.
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Phn tich EDX cdc miu GIC déng rin

Két qua phan tich EDX ving bé mit vién GIC tiép xtc vdi moi

truong ngam clia cac mau dugc trinh bay chi tiét ¢ bang 7. Ham luong
nguyén t6 C trong cac mau khac nhau phu thugc vao ty 18 twong ddi
giita thanh phan bot thiy tinh vo co va dung dich long polymer trong
vung phan tich. Khi dugc ngam trong cac moi truong, GIC s¢ giai
phong céc ion trong thanh phan ra méi trudng hodc hip thu nguoc lai
céc ion tir mi truong. Hai nguyén t6 Ca va P ¢6 trong thanh phan bot
thiy tinh, trong thanh phan dung dich SBF va 1a hai thanh phan chinh
cua HA. bBé thudn tién so sanh, ham lugng (P+Ca) dugc tinh trén téng
ham luong cac nguyén t6 (F+Na+Al+Si+P+Ca) trong thanh phin vo
co. Mau GIC B sau khi ngam 28 ngay trong moi truong SBF ¢ ham
luong (P+Ca) cao hon mau ngém trong DW. Diéu nay cho thiy co thé
¢6 sw hp thu cac ion P va Ca tir dung dich SBF bao hoa HA 1én bé
mit. So sanh mau GIC B va HA0S5 cung ngam trong SBF, miu HA05
¢6 ham luong (P+Ca) cao hon. Diéu dac biét 1a mau HAO05 nay con
dugc tim thay céc ving bé mit c6 cau tric dang bong xdp, co ty 1¢ mol
Ca/P=1,68, dic trung cho dang HA v6 dinh hinh két tu trén bé mat vat
liéu hoat tinh sinh hoc khi ngdm SBF.
Bang 7. Két qua EDX phan tich thanh phan nguyén 16 tai cac
ving trén bé mét ctia miu GIC: GIC B@DW-28D: GIC B ngam
trong DW sau 28 ngay; GIC B@SBF-28D: GIC B ngam trong SBF
sau 28 ngay; GIC HA05@SBF-28D: GIC HAO05 ngam trong SBF
sau 28 ngay.

x GIC HAO05@
Mau GIC BwDW-28D  GIC B@SBF-28D SBF-28D
Viung phin
tich EDX
Nguyén té % nguyén tir % nguyén tir % nguyén tir
CK 35,6 18,8 42,5
OK 453 49,0 44,5
FK 33 5.4 1,2
NaK 2,8 42 1.8
AlK 5.4 7,4 3.4
SiK 42 74 3,1
PK 1.8 38 1,3
CakK 1,6 4,0 2,2
Téng 100,0 100,0 100,0

Ca+P
F+Na+Al+Si+P+Ca L3 243 A5
Ca/P 0,86 1,06 1,68
Thao luan

Su dong ran cua vét liéu GIC thong qua phan (g acid-base la
qué trinh lién tuc thé hién & sy gia tang do bén nén theo thoi gian tir 1
ngay dén 7 ngay va tham chi voi mau HAO5 van ting & 28 ngay. Tuy
nhién, viéc mau tiép xtc ngay véi dung dich ngm sau 30 phit tron
vira va trong khoang thoi gian ngém kéo dai gdy ra ng phong, rira troi
va khuéch tan céc ion tir xi mang ra méi truong ngam, 1am suy yéu
cAu tric vat lidu [15] dan dén cac mau GIC B, HA10, HA15 bi giam
do bén nén & 28 ngay.

Do bén cua xi méng dugc hinh thanh tr 2 kiéu lién két co hoc va
hoa hoc. Kiéu thtr nhat, lién két co hoc lién quan dén sy tiép xic gitta
cac thanh phan vt liéu va do dic chic (mat do) cua vat liéu. Kiéu lién
két tht hai 14 lién két hoa hoc hinh thanh tir phan tmg gitta dung dich



polymer acid va bot vo co ¢ tinh base (bot B 1a thuy tinh calcium
fluoro alumino silicate hoat tinh hodc hon hgp bot B va HA). Hon
nita, HA ciing ¢6 kha ning trao doi ion [16], nhiéu két qua nghién
cuu [10, 17, 18] da chimg minh HA c6 kha nang phan tng véi GIC
thong qua cac nhom carboxylate trong polyacid. Tuy nhién, kha nang
phan tng phu thudc vao do két tinh, dién tich bé mat riéng, do xép
cua bot HA [16]. Dic diém cua bot HA st dung trong nghién clru ndy
¢6 dang hinh tru 1o rang, phd XRD dic trung cia dang HA tinh thé.
Viée bd sung bot HA ¢6 kich thudc hat nho dan dén su phan b rong
kich thu6c hat ciia hdn hop bot thuy tinh va HA do céc hat nhiéu kich
thude khac nhau c6 kha nang sap xép xen vao nhau dé lap chd trong
va do d6 lam tang mat do xi mang, gop phan tao khung chiju luc cho
cau triic d4 xi mang. Tuy nhién, HA ¢ dang tinh thé c6 kha ning phan
tng vai GIC khong cao, mat khac, hat HA c¢6 kich thudc ¢o nano (dai
~100 nm, rong ~15-20 nm), bé mit riéng s€ 16n hon rat nhiéu so véi
bot thuy tinh. Do do, néu tron cac miu bot khac nhau véi dung dich
long ma giir ¢d dinh ty 1 khoi lugng bot/long = 1,48 nhu mau B (0%
HA) thi cic mau bot co b sung HA s& kho tron, thiéu do linh dong dé
¢6 thé dién day khudn tao hinh. Viéc tron miu voi cling ty 18 thé tich
bot toi/long cho trang thai hd cia cac mAu twong tw nhau nhung lam
gidm ty 18 khoi lugng bot/long khi tang ham lugng HA bo sung. Nhur
véy, khi tang lugng HA bd sung, mot phan bt thiy tinh B ¢6 kha ning
phan tmg véi dung dich long (PAA) bi thay bai bot HA min hon rét
nhiéu nhung kém hoat tinh hon va ty 18 pha long nhiéu hon. Nhimg
diéu nay giai thich viéc bd sung HA 1am cho thoi gian lam viée, thoi
gian dong ran cua vira xi mang va d duc cua cac mau GIC dong ran
16n hon, do bén nén, mat do biéu kién ciia miu HA10 va HA15 thap
hon miu GIC B tham chiéu. Tuy nhién, sy két hop mot luong HA 5%
vira du lam cai thién mat do va vi cu trac vét liéu GIC, thé hién qua
anh SEM va gi4 tri mat do bidu kién, tir do co thé gitp ting cuong co
tinh cua mau HAO05. Mau GIC HAO5 c6 d9 bén nén ¢ cac diéu kién
cao hon mau GIC B va do bén & 28 ngay khong bi suy giam ma van
tiép tuc tang do cu triic dic chic 1am han ché rua troi va khuéch tan
céc ion tur Xi mang ra mai trudng ngam.

Do bén nén cia cac mau trong moi trudng SBF cao hon trong
moi trudng DW va AS c6 thé duoc giai thich do hién tuong trao doi
ion v&i moi trudong ngoai. Céc fon, nhat 14 ion Ca va ion P trong moi
trudng SBF c¢6 kha nang tich tu 16n bé mat GIC dong ran, gitp gia ting
do ctmg bé mit ciia vét liéu [19]. Két qua phan tich SEM-EDX cua
HAO05 ngém trong SBF cho thay, viéc bo sung HA ¢ dang hat nano c6
thé cung cép cac vi trf hinh thanh mam HA trén bé mit vét lidu [20],
gitip HA dé két tua hon.

Keét luan

Khi b6 sung HA 5%, 10%, 15% kI vao thanh phan bot thuy tinh,
thoi gian 1am viéc, thoi gian dong ran cta vira xi ming kéo dai hon,
d9 duc cua GIC dong rén tang. Su thay d6i dd bén nén theo thoi gian
ngdm cta mdi mau GIC twong tu nhau trong 3 moéi truong, do bén
trong SBF cao hon trong DW va AS. Véi ham lugng HA 10% va
15%, cac mau HA10 va HA15 c6 d6 bén nén giam so véi mau B. Méau
GIC HAO5 véi sy bo sung lugng pht hop 5% HA da cai thién do bén
nén mau GIC B va nhit 1a cuong do 28 ngay. Sy xuét hién tinh thé
dic trung dang bong xdp clia HA va ty 1é Ca/P = 1,68 trén bé mit mau
GIC HAO5 dugc ngam trong dung dich SBF 1i minh chimg thé hién
vai tro cua HA trong viéc cai thién hoat tinh sinh hoc cta vat liéu GIC.
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Nghién ctru duoc tai tro kinh phi boi Dai hoc Qudce gia TP HO Chi
Minh trong khuén kho dé tai ma s6 C2017-20a-01; va su hd trg cia
Phong thi nghiém trong diém vét liéu polyme va compozit, Phong thi
nghiém cong ngh¢ vat li¢u - Truong Dai hoc Bach khoa TP Hb Chi
Minh. Nhom tac gia xin chan thanh cam on.
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Tom tit:

2+

Trong nghién ciru nay, tro triu dugce bién tinh bang phuong phap oxy hoa Kkét tia MnSO, daé rng dung xir ly Cu
trong nwée. Tinh chit dac trung cia vét liéu duwgce danh gia bang cac phuong phap hoa ly hlen dai nhu XRD, EDX,
SEM, FT-IR. Qua phén tich cho thay sw ¢0 mit cia MnO, trong vit li¢u 1am ting kha nang xir ly Cu*" ¢ pH trung
tinh. Trong qua trinh phén tich, nhém nghién ciru da khao sat mot s0 yéu t6 anh hudng dén kha ning xir Iy Cu*
nhu thoi gian dat can bang hap phu Cu*, lwgng chét hap phu, pH, nong d¢ Cu? . Két qua hap phu Cu* trén tro triu
bién tinh nghiém ding theo mé hinh Langmuir, Freundlich va quy luit déng hoc hép phu tuin theo phuong trinh

dong hoc biéu kién bic hai.

Tir khéa: Cu**, dgng hoc, dwong ding nhiét hip phuy, tro triu.

Chi s6 phén logi: 2.7

Dat van de

Cung voi sy gia tang cac hoat dong cong nong nghiép la viéc san
sinh cac chat thai nguy hai, tic dong tiéu cuc truc tiép dén stc khoe
con nguoi va hé sinh thai. Cac hoat dong khai thac md, cong nghiép
thudc da, cong nghiép dién tir, ma dién, loc hoa diu, cong nghé dét
nhudm da tao ra cac nguén 6 nhiém chinh chira céc kim loai nang nhur
Cu, Pb, Ni, Cd, As, Hg [, 2]. Trong $0 cac ion kim loai ndng thi Cu®
1a ion dién hinh nhat va c6 mét & hiu hét cac loai nudc thai. Cu?* ¢ rat
nhiéu trong nudc thai cdc nha may san xuit do dién tir, luyén kim va
xi ma [1, 2]. Ddng 1a mot nguyén 6 vi lugng can thiét cho cdy trong
nhung & nong d9 cao né tro nén doc hai ddi voi ngudi, dong vat va
cay cbi [3, 4]. Theo Quy chuan Viét Nam (QCVN 01:2009/BYT) thi
gi6i han cho phép tong ham lugng Cu trong nudc sinh hoat a 1 mg/l.
Do c6 ddc tinh cao, viéc xtr Iy loai bo Cu ra khoi nude va nude thdi la
mot trong nhitng van dé trong yéu nham dam bao stre khoé cong dong
va bao v¢ moi truong.

Viét Nam 1a mot nude co truyén thong san xuét ndng nghiép lau
doi. Mdi nam Viét Nam san xuat hon 40 triéu tin lGa va thai ra hon
8 triéu tan vo triu khi xay sat. Day 1a ngudn ning luvong 16n va c6 xu
hudng tang d&u mdi nam [5]. Tro trdu duoc danh gia la mot vat licu rat
¢d trién vong vi c6 kha nang hap phu nhiéu thanh phan 6 nhiém moi
truong [6-8]. Vi vay co thé sir dung tro triu nhu mot loai vat liéu he"ip
phu dé xir Iy cac chat 6 nhiém trong nudc thai.

Trong nghién ciru nay, chiing toi gi6i thiéu mot s6 két qua vé diéu
ché vat liéu tro tru bién tinh bang phuong phép oxy hoa két tia va
danh gi4 hoat tinh xiic tic ctia san pham thong qua kha nang xir 1y ion
Cu?"trong nudc.

Noi dung va phuong phap nghién ciiu
Nguyén liéu

Nguén tro triu dugc léy tir 10 ndu mudi tai thi xa Ngé Bay, tinh
Hau Giang, dugc sang qua ray véi kich thude 0,5 mm dé loai bo da,

Tac gia lién hé: Email: kimtai81@gmai.com
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s01, sau do dugc rira sach bun, dét, cat béng nude va phoi khd ngoai
troi. Tro trau kho dugc ngam trong dung dich HCI IM qua dém dé
loai bo cac oxit ¢6 trong tro trdu. Tro trdu sau khi ngdm axit duoc rira
lai v6i nuée cat dén pH trung tinh. Séy kho san pham ¢ 110°C trong 6
gio thu dugc nguon nguyén li¢u ban dau RHA-0 sir dung dé diéu ché
vét liéu tro trdu bién tinh.

Céc hoa chét khac gdm dung dich mudi ddng (II) chuan voi nong
do 1000 mg/l, axit clohydric (HCI), natri hydroxyt (NaOH), mangan
sunfat (MnSO,.H,0), hydro peoxit (H,0,)... déu ¢ dang tinh khiét.

Phwong phdp diéu ché tro triu bién tinh

Can chinh xéac 5,0 g tro trdu da lam sach (RHA-0) cho vao dung
dich mudi MnSO, da dugc hoa tan trong 50 ml nude cat, sao cho ty
1€ % clia Mn/tro trau 12 8%, khudy tron hon hop biang may khudy tir
(500 vong/pht) trong 30 phut. Sau d6 hdn hop duoc dem oxy hoa ket
tia bang dung dich H,0, 15%, trong moi truong kiém (pH=8), tiép
tuc khudy tron hon horp trong 2 gio. Pem 1 hon hop thém 2 gio, sau
d6 loc, rira bang nu6e cat dén pH trung tinh va dén khi hét SO,* (thw
bing dung dich BaCl,). Séy kho san pham & 110°C trong 6 glor thu
duoc vat lidu tro trdu bién tinh RHA-M.

Cic phwong phap xdc dinh dic tinh ciia vat ligu

Khao sat dic tinh cta vat liéu tro trdu chua bién tinh (RHA-0) va
tro trdu sau khi bién tinh (RHA-M): vt lidu duoc quan sat bé mat béng
kinh hién vi dién tir quét SEM, xéc dinh thanh phan cta cac nguyén
t trong vat liéu hip phu bing phwong phap tin xa ning luong tia X
(EDX), xac dinh thanh phan nhém chirc bing phuong phap do phd
hdng ngoai FT-IR, khéo sat cau tric thong qua do nhidu xa tia X (XRD).
Tién hanh do BET dé xac dinh dién tich bé mat riéng cua vat lidu.

Danh gia hogt tinh xiic tic cua vt liéu diéu ché

Hiéu qua xuc téc cla tro tru bién tinh dugc danh gia boi qua trinh
hap phu ion Cu** trong nudc bang cach lay mot luong nhat dinh vat
ligu tro trau bién tinh cho vao 100 ml dung dich Cu** ¢6 nong d6 thay
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Abstract:

In this study, rice husk ash was modified by MnSO,
precipitation oxidation method and was applied to treat
Cu?" in water. The specific properties of the modified
rice husk ash were determined by XRD, EDX, SEM, and
FT-IR. The analytical results showed that the presence
of MnQ, in the material could increase the applicability
in treating Cu?* in neutral media. The factors during
the treatment which were studied included the reaction
time of Cu** adsorption, pH, adsorbent dosage, and Cu?*
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conformed to the Langmuir and Freundlich isothermal
adsorption equation. The rates of adsorption were found
in accordance with the pseudo-second order Kkinetic
equation.
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d6i. Khudy tron hon hop & nhiét d6 phong trong céc khoang thoi gian
khac nhau. Sau qua trinh hép phu, mau duoc léy ra khoang 5 ml, loc
lay dung dich va phan tich dé x4c dinh ndng do dung dich sau hap
phu. Hiéu suat hap phy H(%) va dung lugng hap phy g, (mg/g) dugc
tinh theo cong thirc:

(C,-C)V

m

H(%) =

e

C -C
o ".100' =
C, f

Trong do:C,C, 1an luot 1a ndng do ban dau va nong do can bang
cua chit tan (mg/l hoac mmol/l); ¥ 1a thé tich dung dich (1); m 1a khéi
luong chit hap phu (g).

Két qua va thao luan

Danh gia mjt so dic tinh ciia vit liéu

ul Seals 1117 cts Cursor: 0,000
Hinh 1. Phd tan xa nang lugng tia X (EDX) clia RHA-0 (A) va
RHA-M (B).
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Két qua phén tich phé EDX cta mau RHA-0 (hinh 1A) vi mau
RHA-M (hinh 1B) cho thay, phd EDX ctia mau RHA-M xuat hién thém
nguyén t6 Mn so voi mau RHA-0. Nhu vy, qué trinh bién tinh tro trau
bang phuong phap oxy héa két tua da tao ra MnO, phu Ién bé mat vat
li¢u. Day la mot trong nhiing 1y do chinh lam cho vat liéu RHA-M co
dung lrgng hap phu cao hon nhiéu so véi tro triu ban dau RHA-0.

Hinh 2. Anh SEM clia m4u RHA-0 (A) va mau RHA-M (B).

So sanh dnh SEM giita mau RHA-0 (hinh 2A) va mdu RHA-M
(hinh 2B) nhan thdy, mau tro trau ban dau c6 dang tm 16p x0p vo dinh
hinh véi kich thudc khong dong déu, bé mit kha tron nhén; trong khi
d6,  mau RHA-M céc hat tinh thé c6 dang hinh cau, kich thudc dong
déu két tu v6i nhau tao mang mong phu hé thdng mao quan cia tro
trdu, nén lam ting kha nang hap phu cua vat lidu.

Ditruyén qua (%)

i
H
&
g
‘_gj
H
H
8
g

Ditruyénqua (4T)

Hinh 3. Gian d6 FT-IR cia mau RHA-0 (A) va miu RHA-M (B).

Cutmg o nhidu xa (cps)

2 theta (d6)

Hinh 4. Gian dé nhiéu xa tia X cia mau tro trau RHA-M.

Gian db FT-IR ciia miu RHA-M tong hop trong diéu kién t6i uu
duoc trinh bay & hinh 3B. Tir két qua thu dugc, ching toi nhan thay pic
& vung 3425,58 cm’! twong umg v&i dao dong hoa tri ciia nhom -OH,
s song 2926,01 cm! trong tmg véi dao dong hoa tri ctia nhom -C-
OH, s6 song 2362,80 cm’! tuong tmg v6i dao dong hoa tri cia nhom
C=0, s6 song 1622,13 cm! tuong (g v6i dao dong bién dang cua
nhom -OH trong phan tr H,0 hép phu, s6 song 1384,89 cm! tuong

67
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{mg v6i dao dong héa tri ciia nhém -CO, s6 song 1093,64 cm tuong
ung v&i dao dong hoa tri ctia Si-O-Si ¢6 ¢ tro triu, sb song 790,81
cm’ twong ung véi dao dong bién dang cua Si-O-Si, $0 song 621,08
! twong g véi dao dong bién dang cuia Si-H, s6 song 459,06 cn!
twong tmg véi dao dong bién dang goc trong nhém siloxan (Si-O-Si)
[9]. Ngoai nhfrng pic dac trung ctia tro tréu, con xuét hién thém so song
tai 439,77 cm™ va 474,49 cm" duoc cho la dao dong hoa tri cua lién két
Mn-O [10, 11]. Dleu nay cho thay céc hat nano MnO, da duoc gén trén
bé mit ciia tro tréu tao thanh vt lidu RHA-M.

Gian d6 nhiu xa tia X cia miu tro triu RHA-M duoc chi ra ¢
hinh 4 cho thdy, cuc dai nhidu xa & goc 20 khoang 22° dic trung cho
tinh thé ¥ - -MnO, (d=4,082 A) [12]. Hinh 4 ciing cho thdy trong vat
li¢u con mot vai dang tinh thé khéc nhung ham luong va mirc do tinh
thé khong cao. Két qua nay phu hop véi s6 lidu thu dugc bang phuong
phap tan xa nang luong tia X (EDX).

]
Sy 140,7878 mok i I 1T
P 50 4t Sper= 1524112 mYg

RG] e T

'''''

et

‘Thé tich khi hip phy (em¥/g)
Thé tich khi hip phy (cm¥g)

Hinh 5. Pudng déng nhiét hap phu - khii hap phu ctia vat lig¢u
RHA-0 (A) va RHA-M (B).

Ap suit twong adi P/P, Ap

Két qua & hinh 5 cho théy dién tich bé mit riéng cia mau RHA-0
va RHA-M lan luot 1a 140,7878 m¥/g va 152,4112 m*/g. Chiing toi
nhan thdy ring dién tich bé mit riéng cua tro triu sau khi bién tich
bing phuong phap oxy hoa két tia c6 cao hon so véi tro trdu ban dau
nhung khong déng ké. Biéu nay co thé duogc ‘giai thich 1a do cac hat
MnO, dang hinh céu, kich thudc dong déu ket tu v6i nhau tao mang
mong phu 1én hé thong mao quan cua tro trau, tao nén do xp cla vat
liéu, lam tang kha nang hap phu cta vét liéu RHA-M.

Danh gid kha ning hép phu Cu?* trén vit ligu RHA-M
Thoi gian dat can bang hdp phu - gidi hdp:

Két qua thu duoc ¢ hinh 6 cho thy, khi tang thoi gian hip phu thi
dung lrong hap phu tang. Qué trinh hap phu xay ra nhanh chong trong
khoang 15 phut dau tién, sau d6 thi dung luong hép phu tang cham
lai. Dic biét, thoi diém tir 90 phit tr¢ ve sau, dung lugng hép phu tang
khong dang ké, duong hap phu gan nhu ndm ngang. Nhu vay, qua
trinh hép phu dat can bang hay phan (mg két thiic dugc chon ¢ thoi
diém 90 phut 1a thich hop nhét.

16,00 -
14,00 4
12,00 -
10,00
8,00
6,00
4,00
2,00 1

0,00 T T T T T T T T
0 15 30 45 60 75 90 105 120

Thoi gian hip phuy, phit

Dung lwgng héip phu, mg/g

Hinh 6. D thj biéu dién sy phy thugc giiia dung lugng hap phu
va thoi gian hap phu.

TAP CHI

HOA HOC

ONG NGHE /It Nam 62(1) 1.2020

Anh huong ciia heong chat hap phu:
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Luwgng chit hip phy, gam
Hinh 7. D4 thi biéu dién sy phu thudc giiia hiéu suat hap phuion
Cu?*va lugng chat hap phu.

Tir hinh 7 cho thay, khi ting dan lrong RHA-M thi hiéu suét hép
phu ion Cu® trén vét liéu nay tang (gia tri q, giam). Mdc du mau
RHA-M ¢ lugng 0,1 g ¢6 dung lugng hép phy q, 16n nhét nhung higu
suét hap phu chi dat khoang 51 :22%, hi¢u qua loal bo ion Cu** ra khoi
moi truong nude chua cao. Vi thé, chung toi chon lugng RHA-M la
0,3 g voi hiu sudt hap phy Cu?* khoang 90,18% lam diéu kién thich
hop va giit ¢6 dinh cho cac khao sat tiép theo.

Anh hweong ciia pH dung dich:

Hinh 8 cho thy, khi tang dan gi4 tri pH cta dung dich thi dung
luong hép phu va hiéu suat hip phu ciing ting theo. Diéu nay c6 thé
dugc giai thich 1a do & pH thép thi nong d6 ion H* cao, xay ra su canh
tranh hip phu ion H" v6i ion Cu?"dan dén hiéu qua hép phu khong
cao. Nhung néu pH qua cao s& xdy ra phan tmg tao két tia Cu(OH),,
khong danh gia ding hiéu qua hap phu Cu** trén RHA-M: Cu?" +
20H" — Cu(OH),. Nhu vy, méi truong pH=7 la thich hgp cho qua
trinh hip phu ion Cuz* trén vat li<u RHA-M.
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95,00
90,00
85,00
80,00
75,00
70,00

Hiéu sudt, %

65,00
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pH

Hinh 8. D thij biéu dién sy phu thudc giiia higu suat hap phu va
pH dung dich Cu*.

Anh heong ciia nong d@g dung dich Cu?*:
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Hinh 9. D6 thi biéu dién sy phu thudc gitia higu suat hap phu va
nong do dung dlch Cu*,



Hinh 9 cho théy, khi ting dan nf”)ng do dung dich Cu* thi dung
lwong hap phu g, tang nhung hi¢u suét hap phu cia RHA-M lai
giam. Diéu nay co thé giai thich khi ting nong do dung dich, hiéu
(mg gradient nong d¢ tang va do do6 lam tang dung lugng héap phu
q,- Bén canh do, ty 1€ ion kim loai/ chat hap phu thap qué trinh hép
phu ion chua dat dén trang thai bao hoa va tiép tuc dién ra. Tuy
nhién, nong do dung dich ting dan c6 thé tao dang “keo Cu*”,
ngan can qua trinh tap hop céc ion dén bé mit vat lieu RHA-M,
nén lam giam hiéu sudt hip phu cta no. Tir cac két qua trén, ching
t6i nhan thiy nong do Cu?* 50 mg/I 14 diéu kién thich hop dé khao
sat.

Khdo sdt ding nhiét hd'p phu ion Cu** trén vit liéu RHA-M

Bang 1. Cac thong s6 hap phu Cu?* trén vat lieu RHA-M theo mo
hinh Langmuir va Freundlich.

M4 hinh Langmuir M4 hinh Freundlich
y =0,0472x + 0,0461 y=0,1077x + 1,1432

=0,9978; q,, = 21,19 (mg/g) =0,9598;n,=9,29
K =1,02 K,=1391

Tir cac két qua ¢ bang 1 cho thdy, mo hinh Langmuir va mo
hinh Freundlich déu c6 hé sb twong quan R* kha cao, chimg to
qua trinh hap phy Cu?* trén RHA-M tuan theo ca hai m hinh nay.
Gia tri q  Langmuir 1a 21,19 (mg/g) va hang 56 K, 1a 1,02 (I
mg). Gia tr1 R, thé hién sy ua thich hap phu va qua t1nh toan thu
dugc R =9,7. 10 3, chimg to sy hdp phy Cu?* thuan loi xay ra do gia
tri nay nam trong khoang tir 0 va 1. Bén canh do, gia tri n, trong
phuong trinh Freundlich dugc sir dung & xac dinh sy hp phu Do
c6 gid tri n,=9,29 nén qua trinh hép phu Cu** trén RHA-M trong
nghién ctru ciia ching t0i thuoc dang hap phu vt ly. Cac két qua
ciing cho thy, phuong trinh Langmuir c6 hé sb twong quan_ tot
hon so v6i trong phuong trinh Freundlich. Chimg t6 md hinh déng
nhiét Langmuir thich hop véi qua trinh hap phy Cu?* trén RHA-M
hon mo hinh dang nhiét Freundlich

Khdo sdt djpng hoc hdp phu ion Cu** trén vit ligu RHA-M

Biéu dién su phu thuge cua gid tri t/q, vao thoi gian t, s tinh
duoc cac thong so dong hoc ciia qua trinh hip phu nhu trinh bay
¢ hinh 10.

Z | ¥=0,0630x +0,3831
7] R?=0,9996
6 4
EREER
= 4
3 4
24
14
0 T T T T T T ]
0 20 40 60 80 100 120 140

Thai gian t, phat

Hinh 10. Sy phy thudc clia t/q, vao thoi gian t khi hap phu Cu?*
trén RHA-M theo phuong trinh biéu kién bac 2.

Tir hinh 10 nhan thdy, quy luat dong hoc hap phu ion Cu?*
trong mdi truong nudc bang vat li¢u hap phu ché tao tr tro trau
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tuan theo phuong trinh biéu kién bac 2. Tic 13, c6 thé ca lugng
chat he”ip phu va ndng d chat hép phu déu anh huong dén qua
trinh hap phu. Gia tri dung luong hap phu can bang q, tinh toan tir
phuong trinh ¢, (#)=15,87 (mg/g), hing s6 toc do hap phu bac 2:
k,=0,0104 (g.mg .phut™).

Vit lidu tro trdu bién tinh (RHA-M) dugc diéu ché bing
phuong phap oxy hoa két tia c6 kha ning xir Iy Cu?* trong nudc.
Vit liéu thu duogc c6 dién tich bé mit riéng 4 152,412 mz/g VOi cac
hat tinh thé MnO, ¢6 dang hinh cau, kich thudc dong deu két tu
v6i nhau tao mang mong phu hé thdng mao quan cta tro trdu. Anh
huong cia mot sd thong sé dén kha nang xir Iy Cu®* ciia vat lidu
nhu thoi gian dat cdn bang hap phu, luong chat hap phu, pH, nong
do dung dich Cu?* cho thdy hiéu sut loai bo Cu?* kh4 cao (trén
90%) khi thoi gian phan mg hap phy Cu?* dat can bang 1a 90 phut,
pH=7-8, luong chét hp phu 14 0,3 g, ndng do Cu>* 1a 50 mg/l. Két
qué hap phy Cu?* trén tro trdu bién tinh nghiém dtng theo md hinh
Langmuir. Quy luat dong hoc hap phu tuan theo phuong trinh dong
hoe biéu kién bac hai.
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Nghién cfru kha ning xi 1y chat 2,4-D va 2,4,5-T bang Fe nano
trong dat nhiém da cam/dioxin tai san bay Bién Hoa
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Tom tit:

Nghién ciru nay khio sat kha ning xir 1y 2,4-D va 2,4,5-T bing Fe® nano trong dat nhiém chit da cam/dioxin tai sin
bay Bién Hoa. Khi sir dung Fe® nano (khoang 95% s6 hat c6 kich thuéc nhé hon 100 nm, trong d6 50% s6 hat cé
kich thwéc tir 11 dén 20 nm) dé xir Iy 2,4-D va 2,4,5-T trong dit nhiém da cam/dioxin tai sin bay Bién Hoa, hiéu qua
xir Iy dat tir 87,86 dén 91,03% dbi véi 2,4-D va tir 80,2 dén 87,5% dbi véi 2,4,5-T sau thoi gian 12 tuin, tiy tirng loai

dit c6 thanh phén cip hat khac nhau.
Tir khéa: chit da cam, Fe nano, 2,4-D, 2,4,5-T.
Chi 56 phan loai: 2.7

Dat van dé

T ndm 1961 dén nam 1972, trong cudc chién tranh ¢ mién Nam
Viét Nam, My da str dung gan 30 triéu lit chat doc hoa hoc, bao gom
chét da cam va nhiéu chit khac [1]. Do vay, mac du da trdi qua hon 40
ndm nhung cudc chién da va dang dé lai hau qua rat ning né va lau dai
d6i véi stre khoé con nguoi, thién nhién va moi truong Viét Nam. Hau
qué cho dén nay, ham luong cht da cam/dioxin ton luu trong dat véi
ham luong 1én dén hang trim ngan ppt-TEQ [2].

Pén nay, da c6 nhidu cong trinh nghién ciru vé kha ning cia Fe
nano trong viéc xtr Iy 6 nhiém moi trudng nhu: xtr Iy nudc thai co
chira cac hop chét hitu co kho phan huy POPs, xir Iy kim loai nang, xir
1y hoa cht bao vé thyc vat trong dat va nudc, xt 1y cac hop chét hiru
co chira clo [3-16]. Theo céac tai liéu nay, Fe’ nano hoan toan khong
ddc va an toan vdi moi truong, vi vay viée st dung Fe nano trong xur
1y 6 nhidm méi trudng voi hiéu sudt rat cao va gia thanh hop 1y 14 van
& hién dang nhan duoc nhiéu sy quan tim. Trong nghién clru ny, cac
thc gia tap trung danh gia kha ning xir Iy cia Fe® nano dbi vai 2,4-D;
2,4,5-T trong dit nhidm chét da cam/dioxin tai san bay Bién Hoa.

Noi dung va phuong phap nghién cifu
N¢i dung nghién ciru

Nghién ciru kha nang xtr 1y 2,4-D; 2,4,5-T bang Fe’ nano trong dét
nhiém da cam/dioxin tai san bay Bién Hoa.

Phwong phap nghién ciru

Vit liéu: st dung vat liéu nghién ctu la Fe’ nano diéu ché trong
phong thi nghi¢ém bang phuong phéap khu [11, 14], vdi 95% hat co
kich thude <100 nm (hinh 1), trong d6 khoang 50% hat c6 kich thudc
tir 11 dén 20 nm.

Héa chit: céc loai héa chit nhu 24-D va 2,4,5-T, NH,0H,

"Tac gia lién hé: Email: duc.cnmt@gmail.com
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-
mau 2 -tuananh.008
Print Mag: 39800x @ 51 mm

Hinh 1. Fe® nano do céc tac gia diéu ch& trong phong thi nghiém,
anh chup bang phuong phap TEM, dé phan giai 100 nm.

mau 2 -tuananh.011

Print Mag: 167000x @ 51 mm 100 nm 100 nm

CH,COOH, acetonitrile... 1a nhiing héa chét tinh khiét phan tich do
Hang Merck (CHLB bic) san XUAt.

Pha dung dich héa chdt thi nghiém:

Pha mAu nhan tao 2,4-D va 2,4,5-T ¢6 ndng d6 100 ppm. Pha dung
dich dém axetat c6 pH=3: lay 99,24 ml CH,COOH 0,2N, thém 0,76
ml NH,OH 0,2N, duge 100 ml dung dich dém axetat c6 pH=3.

Thi nghiém kha nang xir Iy 2,4-D; 2,4,5-T trong ddt nhiém da
cam/dioxin tqi sdn bay Bién Hoa: chuan bi 4 khay nhya sach c¢6 ky
hiéu Mb04.B; Mb04.A; MD05.B; MD05.A; can 2,0 kg dAt nhidm
da cam/dioxin tai san bay Bién Hoa (mau MP04 va MP05) da duoc
chuan bj, sau do ngam trong dung dich dém c6 pH=3 trong thoi gian
mot tudn, tiép theo bé sung Fe” nano (theo ty 18 Fe’ nano so vdi tong
2,4-D va 2,4,5-T 1a 1:1) véi khéi lwong 1an luot 13 0 va 236 mg vao
cac khay MP04.B va MP04.A; b6 sung Fe” nano voi khdi lugng lan
luot 1a 0 va 117 mg vao cac khay MP05.B va MP05.A, sau do tron
déu trong 2 phut bang thiét bi dong nhét véi toc do 200 vong/phut. Dé
dam bao diéu kién ky khi, mau xir Iy luén dwgc dé ¢ tinh trang ngap
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Abstract:

This research investigated some factors that affect the
treatment of 2,4-D and 2,4,5-T in soil polluted with
orange/dioxin agent in Bien Hoa airport by nano-Fe'.
When nano-Fe’ (about 95% particles small than 100
nm, about 50% of which has the diameter from 11
to 20 nm) was used to treat 2,4-D and 2,4,5-T in soil
polluted with orange/dioxin agent in Bien Hoa airport,
the results exhibited that the effect of 2,4-D treatment
reached from 87.86 to 91.03%, and the effect of 2,4,5-T
treatment reached from 80.2 to 87.5% after 12 weeks,
and according to the kind of soils that have the diffirent
particles contents.

Keywords: nano-Fe', orange agent, 2,4-D, 2,4,5-T.
Classification number: 2.7

nude va dam bao cho diéu kién phan tan déu vat liéu Fe” nano trong
mau khuady tron déu 2 phit/lan/ngay. Thoi gian theo doi khdo sat sau
1,4, 8 va 12 tuan.

Céc mau phén tich trude x 1y va sau xit Iy 1, 4, 8 va 12 tudn duoc
ky hiéu nhu sau:

MDB04.B: mau MP04 trude xir ly; MD05.B: miu MDO0S5 trude xir
1y; MP04.A1: mau MD04 sau xir Iy 1 tudn; MP04.A4: mau MP04
sau xir 1y 4 tuan; MP04.A8: mau MP04 sau xir Iy 8 tuan; MD04.A12:
méiu MD04 sau xir [y 12 tuan; MP05.A1: mu MD05 sau xir Iy | tuan;
MD05.A4: mau MP05 sau xtr 1y 4 tuan; MP05.A8: mau MPO05 sau
xtr Iy 8 tudn; MP05.A12: miu MP05 sau xir Iy 12 tuan.

Phuwong phap phan tich 2,4-D; 2,4,5-T:

Thiét bi phan tich: thiét bi sic ky long hidu ning cao cua
Hang Agilent Technology, model 1100. Cot CI18, kich thudc
4,6x200 mm, kich thudc hat 5 um. Pha dong: 2% axit acetic trong
H,0O:acetonitrile=60:40 (v/v). Budc song 280 nm.

Xt ly mau nu6e: 1dy 30 ml dung dich nu6e da xi 1y, dung HCI
dua vé pH=4, dem chict v6i 25 ml dung mdi n-hexan, qua trinh chiét
1ap lai 3 1an. Dich chiét dugc loc qua mu6i Na, SO, khan. Lam bay hoi
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dung moi dén chom kho, dinh muc béng I ml dur}g dich pha dong,
dung dich nay loc qua mang loc 0,45 um va dung dé bom trén HPLC.

Xt Iy mau dét: can chinh xac 10 gram dét, chiét véi 25 ml dung
dich 2% HCI trong acetonitrile. Chiét lap lai 3 lan, dich chiét thu dugc
1am bay hoi dung méi dén chém kho, hoa tan bang 1 ml dung dich pha
dong, loc qua mang loc 0,45 um va ding dé bom trén HPLC.

Két qua phan tich duoc xt 1y bang phan mém Microsoft excel 2013.
Két qua nghién ciiu va thao luan

Do tinh chat tho nhudng va hiam lugng 6 nhiém chat da cam
khong dong déu & cdc miu thu thap, nén ching t6i chon mau MP04
va MD05 dé thir nghiém xir Iy nham danh gia hidu qua xir 1y doi voi
cac doi tuong dat khac nhau.

Bang 1. Két qua phan tich mgt s6 tinh chit co ban cia dat
nhiém chat da cam (MP04 va MD05) tai san bay Bién Hoa [17].

A. humic+
A. fulvie
Citmin ~ Limon  Sét %C

MDo4 58 1291 46,03 480 36,26 0,011 0,008 87,98
MDBOS 56 3773 29.35 720 2512 0,027 0,065 3936 6785

Thanh phan co gidi, % A humic  24-D

%C  (ugky

245T
(mg/kg)

Méu pH
Cit thi

148,38

Bang 1 cho thay, ty 1¢ thanh phan cat tho ctia mau MPO05 (37,73%)
cao hon nhiéu so vi mau MD04 (12,91%) va ty 1& thanh phan sét cua
mau MPO05 (25,72%) thip hon nhiéu so v6i mau MDO04 (36,26%).
Thanh phan 2,4-D va 2,4,5-T trong mau MP04 cao hon 2 l4n so v6i
mau MPO05.

Két qua khao sat hiéu qua xu Iy dat nhiém 2,4-D va 2,4,5-T tai sin
bay Bién Hoa bang Fe” nano dugc thé hién trong bang 2 cho thay:

- Hiéu qué xir ly 2,4-D d6i v6i mau dit MDO04 tang tir 54,91% &
tuan dau tién 1én 87,86% dén hét tuan thir 12.

- Hiéu qua xir Iy 2,4,5-T d6i véi mAu dat MPO04 ting tir 51,09% &
tuan dau tién 1én 80,2% dén hét tuan thir 12.

- Hiéu qua xir Iy 2,4-D dbi véi miu ddt MPO5 ting tir 59,78% &
tuan dau tién 1én 91,03% dén hét tuan thir 12.

- Hiéu qué xir Iy 2,4,5-T doi véi mau dit MDOS tang tir 53,61% &
tuan dau tién 1én 87,5% dén hét tuan thir 12.
Bang 2. Hiéu qua xt ly 2,4-D va 2,4,5-T trong mau dat nhiém da
cam/dioxin tai san bay Bién Hoa.

STT Ky hi¢u miu  2,4-D (mg/kg) H% 2,4,5-T (mg/kg) H%
1 Mb04.B 87,98 0 148,38 0

2 MD04.A1 39,67 5491 72,56 51,09
3 MD04.A4 24,53 72,11 46,82 68,44
4 MD04.A8 15,82 82,01 34,79 76,55
5 MD04.A12 10,68 87,86 29,37 80,20
6 MD05.B 39,36 0 67,85 0

7 MDO05.A1 15,83 59,78 31,47 53,61
8 MDO05.A4 9,72 75,30 19,15 71,77
9 MDO05.A8 5,88 85,06 12,54 81,51
10 MDO05.A12 3,53 91,03 848 87,50

n



s Khoa hoc Ky thuat va Céng nghé

So sanh hiéu qua xir Iy 2,4-D va 2,4,5-T trong 2 mau dat MP04
va MBPO05 tai san bay Bién Hoa (bang 2) cho thay, ¢ cling diéu kién thi
nghiém ty 1é Fe’ nano/téng ham luong 2,4-D va 2,4,5-T 1a 1:1, hi¢u
sudt xtr 1y d6i véi 2,4-D va 2,4,5-T trong mau MPO5 (tdi da tir 87,5
dén 91,03%) cao hon miu MP04 (t6i da dat tir 80,2 dén 87,86%),
trong khi d6 ty 1¢ thanh phan cét tho cia mau MDO5 (37,73%) cao
hon nhidu so véi mau MP04 (12,91%) va ty 1é thanh phan sét cia
miu MPO05 (25,72%) thip hon nhiéu so v6i mau MDO04 (36,26%).
Nhur vay, c6 thé giai thich rang ty 1¢ thanh phan cp hat trong miu
dét co anh huong twong ddi t6i hidu qua xt 1y 2,4-D va 2,4,5-T trong
dt bang Fe® nano, véi dit c6 ty 1¢ hat tho thap va ty 1¢ sét cao s& cho
hiéu qua xtr Iy thip hon so véi dét co ty 18 hat tho cao va ty 1& sét thép.

Trong qué trinh xir Iy 2,4-D va 2,4,5-T trong dét bang Fe nano,
hiéu suat xir 1y tang lién tuc tir tudn d4u tién dén tuan 12, trong d6 bién
do tang manh nhat trong tun dau tién va c6 xu hudng tang cham dan
& thoi gian tiép theo (hinh 2 va 3).

Hiéu sudt xtr ly 2,4-D Hiéu suat xtr ly 2,4,5-T
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Hinh 2. Hiéu suat x{ ly 2,4-D va 2,4,5-T trong miu dit MP04
tai san bay Bién Hoa béing Fe® nano.
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Hinh 3. Hiéu suat x& ly 2,4-D va 2,4,5-T trong miu dit MP05
tai san bay Bién Hoa bang Fe® nano.

So sanh két qua nghién ciru xir 1y 2,4-D va 2,4,5-T bang Fe® trong
dung dich [12] véi trong mau dat nhiém da cam/dioxin tai sin bay Bién
Hoa cho thay, cung trong thoi gian xir Iy 1 tuan va ty 18 Fe”2,4-D va
2,4,5-T 1a 1:1, hiéu suat xu ly trong dung dich cao hon nhiéu so véi
trong d4t nhiém da cam/dioxin tai san bay Bién Hoa: trong dung dich
hiéu suat xir Iy dat 75,28% ddi vai 2,4-D va 71,7% dbi v6i 2,4,5-T, trong
khi d6 dbi voi mau dat tai sin bay Bién Hoa, hiéu suat xir Iy 2,4-D 1a
54,91% dbi voi mau dit MDO04 va 59,78% ddi voi mau MDOS, hiéu suat
Xt 1y 2,4,5-T 12 51,09% d6i voi mau dat MP04 va 53,61% dbi voi mau
MDO05. Diéu nay chimg to cic dic diém clia moi truong dat nhiém da
cam/dioxin tai san bay Bién Hoa (bang 1) anh hudng dén sy phan bd hat
Fe? khong ddng déu trong qua trinh phan tmg va hiéu suat xir 1y 2,4-D
va 2,4,5-T bing Fe® nano.
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Két luan

Khi str dung Fe” nano diéu ché trong phong thi nghiém vai khoang
95% s6 hat <100 nm, trong d6 c6 khoang 50% s6 hat c6 kich thudc tir
11 dén 20 nm dé thir nghiém xtr 1y 2,4-D va 2,4,5-T trong d4t nhiém
chat da cam/dioxin, vdi tiy timg loai d4t c thanh phan cap hat khac
nhau, hiéu suat xir Iy dat dwoc an luot 1a 87,86 dén 91,03% ddi vai 2,4-
D va 80,2 dén 87,5% dbi v6i 2,4,5-T sau thoi gian 12 tuan.
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chi: Times New Roman; ¢G chii 13; khé glay A4, € trén 2 cm, |€ dudi 2 cm, € trai 3 cm, |€ phai 2 cm.

Bai viét glii vé Toa soan dudi dang file mém va ban in; cé thé guii truc ti€p dén Tap chi (Phong 507,
s6 113 Tran Duy Hung, Cau Gidy, Ha Néi) hoac qua hom thu dién t0, dia chi: khcnvn@most.gov.vn.

Tén bai bao

- Tén bai bao dudc viét bang tiéng Viét va tiéng Anh, trén trang dau cla bai bao, khéng gach chan hay
viét nghiéng.

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

- Phia dudi tén bai bao 1a tén tac gia khong viét chiic danh va hoc ham, hoc vi. NEu cé nhiéu tac gia lam
viéc G cac co quan khac nhau thi tén téc gia dugc danh s (2-) & phia trén. D&u hoa thi (') chi tac gia lién
hé, dugc viét & cudi trang dau tién clia bai bao.

Tom tit

Tom tat bang tiéng Viét va tiéng Anh. Néu dugc muc dich, phudng phap nghién ctiu chinh, két qua
nghién ctu va két luan chi yéu. Tl khoa bang ca tiéng Viét va tiéng Anh theo thi ty alphabet. Chi s6
phan loai (theo hudng dan).

Dan nhap/datvan dé
Dinh nghia van dé; tém Iugc van dé nghién cliu da dugc céng bé trong va ngoai nudc, néu muc tiéu

nghién cuu \/é giai thich sy Iua\chon dé tai va muc tiéu nghién ctu dé thay dudc tinh thdi sy, tinh khoa
hoc va su can thiét clia van dé nghién cuu.

Ddi tugng va phuong phap

Déi tugng nghién ctu can trinh bay tiéu chuén Iya chon, déc diém d6i tugng nghién cuu.

Phuong phap nghién cuiu can néu rd cach tiép can nghlen cuu, loai hinh nghién cuu, phuong phap
do ludng, cong thic tinh ¢d mau, phuong phéap xG ly s6 liéu, mé ta ky cac ky thuat tién hanh trong
nghién clu; cac quan diém, lap luan, y kién tranh luan, cac dan ching...

Két qua

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

Phan ké&t qua nghién ctiu chi trinh bay cac két qua nghién ctiu cla dé tai, khdng giai thich, so sanh
va ban luan.
Ban lugn

ChU yé&u ban luan céc van dé lién quan dén muc tiéu dé tai.

Nhan xet, danh gia mot cach khach quan cac két qua nghién clu, c6 so sanh véi cac tac gia khac
dé khang dinh ho&c phl dinh nhiing hiéu biét da c6, qua dé néu dugc nhiing diém mdéi va déng gép

cla dé tai.
Dy bédo hudng nghién ciu tiép va kha nang tng dung céc két qua nghién cliu vao thuc tién.

Kétluan

Néu két qua nghién ctiu chli yéu clia dé tai c6 tinh khai quat lién quan dén muyc tiéu nghién clu, dé
xuat cac van dé tiép tuc nghién cuu.
Chi thich va tai liéu tham khdo
Chu thich dugc danh s6 theo thy tu xudt hién (2 ) va dugc trinh bay ngay & cudi trang viét (footnote).
Céc tai lieu tham khao dugc danh s6 theo thi tu xuat hién dé chi dan chung dugc trich dan & géu trong
bai bao. S6 thi ty dugc danh trong ngoac vudng, vi du: [3] véi 1 hodc [2, 5, 7-9] v6i nhiéu s6 chi dan.
| Téc gia (N&m xudt ban), “Tén tai liéu dugc trich dan”, Tén nguén, tap (s6), pp<trang dau-trang cu6i>|
Téc gid: la tac gid/cac tac gia cla tai liéu dugc tham khao, trich d~§n.
N&m xuat ban: ndm xuét ban cla tai liéu dugc tham khdo, trich dan.
Tén tai liéu dugc trich dan: 1a tén bai bao, chuang/phan sach.. B
Tén ngudn cé thé 1a tén tap chi, tén séach, hay tén tai liéu géc cla tai liéu dugc trich dan (phan nay dudc
in nghiéng).
Tap (s6): danh cho nguén trich 1a tap chi, sach hodc cac xuat ban phdm khéc (phan nay in dam).
Trang dau-trang cudi la s6 thii ty cac trang phan anh ndi cu tri cla tai liéu dugc trich dan trong tai liéu
nguoén.
Chu y: néu co 2 2 tai liéu tham khado do cling 1 tac gia/nhom tac gia, cung nam cong b, thi céc tai liéu
tham khao nay can dudc danh d&u a, b.. sau nam xuét ban (vi du: 1986a).
_ Né&u c6 mét s tai liéu tham khéo trong cuing 1 bai bao dugc trich dan c6 s6 trang khac nhau thi cén trich
dan thém sd trang, vi du: Kitchen (1982, p 39).

Cac yéu cau khac

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

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

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

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

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

. Cdng nghé sinh hoc cdng nghiép

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

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

3.Khoa hoc y - duge

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

Dugc hoc

. Céc linh vuc khac ctia Y - dugc hoc

4. Khoa hoc nong nghiép

. Tréng trot
. Chan nuoi
. Thay

Lam nghiép

. Thly san
. €bng nghé sinh hoc trong néng

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

. Tam ly hoc

Kinh té€ va kinh doanh
Khoa hoc gido duc

. Xahdi hoc

Phap luat
Khoa hoc chinh tri

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

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

. Triét hoc, dao dtic va tén gido

. Nghién ctiu vé khu vuc va quéc té

. Cac linh vuc khac cla khoa hoc xa
hoéi va nhan van
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Mot s6 b dit liéu kiém thir phé bién cho phat hién xAm nhip mang
va diac tinh phan cum.
Bui Cong Thanh, Nguyén Quang Uy, Hoang Minh

Nhén dang khuén mit trong video biing mang no ron tich chap.
Poan Hong Quang, I.&¢ Hong Minh, Thai Dodn Nguyén

Tinh chét dién héa cia dién cwe Fe,0,/Au trong dung dich Kiém.
Vii Manh Thudn, Doan Ha Thang, Bui Thi Hing

Panh gia hién trang hinh thai 1ong din mét s6 doan séng Tién va song
Vam Nao bang tai liéu dia chan nong phén giai cao.

L& Ngoc Thanh, Nguyén Nghia Hung, Duong Quéc Hung, Nguyén
Quang Diing, Nguyén Siéu Nhan

Bién déi gen va ciu tric protein fiber ciia virus HAdV-3 giy bénh dau
mat do ¢ Viét Nam.
L& Tuén Anh, Nguyén Thi Uyén, Nguyén Vin Sang

Thanh phan loai luong cw, bé sat ving Bic Trung B.
Hoang Ngoc Thao, Ngb Pic Chimg, Hoang Xuan Quang

Nghién ciru ly (huyét va thuc nghiém xac dinh md men uﬁq gioi han
cia cau kién dam BTCT theo mé hinh bien dang phi tuyen cia bé
tong.
Nguyén Ngoc Linh, Nguyén Ngoc Tan, Nguyén Vin Quang, Phan Quang
Minh

Phat trién phwong phap nang lwong bién dang dé chén doan hw héng
trong ket cau tam.
L& Thanh Cao, Huynh Vin Phuong, I.¢é Vin Phuéc Nhan, HO Ptic Duy

Nghién citu wng dung n-butylamin tai ché chat thai ran thudc da
chira crom.
Nguyén Nhur Thanh, Pao Tuén Anh, 1.8 Thi Van

Nghién ciru ché tao soi polystyrene bing phwong phap kéo soi ly tim
(centrifugal spinning).
Nguyén Kim Dién, Pham Ngoc Sinh, Huynh Dai Phu

Ung dung phuong phap tin xa tia X géc nhé danh gia anh huéng
thing giang mat dé dién tir dén cac cau tric vi mé ciia mang din
proton trong pin nhién liéu.

La Ly Nguyén, Lam Hoang Hao, 1.& Viét Hai, Nguyén Nhat Kim Ngan,
Nguyén Tién Cuodng, Luu Anh Tuyén, Phan Trong Phuc, Huynh Triic
Phuong, 1.8 Quang Luan, Nguyén Thi Ngoc Hué, Tran Duy Tap

Anh hwéng ciia sw bé sung hydroxyapatite dén cac tinh chit cia xi
mang glass ionomer.

Huynh Ngoc Minh, Huynh Thi Héng Hoa, Nguyén Thi CAm Nhung, Luu
Trin Thién An, Nguyén Vii Uyén Nhi, Bd Quang Minh

Diéu ché tro trau bién tinh ing dung xi Iy Cu?* trong nwoc.
Pang Kim Tai, Vii Xuan H6ng

Nghién ciru kha ning xit 1y chat 2,4-D va 2,4,5-T bing Fe? nano trong
dat nhiém da cam/dioxin tai sin bay Bién Hoa

Pham Viét Pic, Lé Ptic, Pinh Ngoc T4n, Piang Piic Khanh, Pham Qubc
Viét
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Some common datasets of an intrusion detection system and cluster-
ing properties.
Cong Thanh Bui, Quang Uy Nguyen, Minh Hoang

Face recognition in video using convolutional neural network.
Hong Quang Doan, Hong Minh Le, Doan Nguyen Thai

Electrochemical properties of Fe,O,/Au in alkaline solution.
Manh Thuan Vu, Ha Thang Doan, Thi Hang Bui

Assessing the current status of riverbed morphology of some sections
of Tien river and Vam Nao river by high-resolution shallow seismic
data.

Ngoc Thanh Le, Nghia Hung Nguyen, Quoc Hung Duong, Quang Dung
Nguyen, Sieu Nhan Nguyen

Changes in DNA sequence and fiber protein structure of HAdV-3
causing conjunctivitis in Vietnam.
Tuan Anh Le, Thi Uyen Nguyen, Van Sang Nguyen

Species composition of amphibians and reptiles in the North Central
Vietnam.
Ngoc Thao Hoang, Dac Chung Ngo, Xuan Quang Hoang

Theoretical and experimental study for determining ultimate flexural
moment of reinforced concrete beams using non-linear model of
concrete deformation.

Ngoc Linh Nguyen, Ngoc Tan Nguyen, Van Quang Nguyen, Quang Minh
Phan

An improvement of modal strain energy method for damage detec-
tion in plates.
Thanh Cao Le, Van Phuong Huynh, Van Phuoc Nhan Le, Duc Duy Ho

Research into the application of n-butylamine to recycle solid waste
of tannery containing.
Nhu Thanh Nguyen, Tuan Anh Dao, Thi Van Le

Fabrication and characterisation of polystyrene fibers via centrifugal
spinning method.
Kim Dien Nguyen, Ngoc Sinh Pham, Dai Phu Huynh

Application of small-angle X-ray scattering to evaluate the impact of
electron density fluctuation on the micro structures of proton
exchange membrane in fuel cell.

Ly Nguyen La, Hoang Hao Lam, Viet Hai Le, Nhat Kim Ngan Nguyen,
Tien Cuong Nguyen, Anh Tuyen Luu, Trong Phuc Phan, Truc Phuong
Huynh, Quang Luan Le, Thi Ngoc Hue Nguyen, Duy Tap Tran

Effects of hydroxyapatite supplementation on properties of glass
ionomer cement.

Ngoc Minh Huynh, Thi Hong Hoa Huynh, Thi Cam Nhung Nguyen, Tran
Thien An Luu, Vu Uyen Nhi Nguyen, Quang Minh Do

Preparation of modified rice husk ash for removing Cu?" in queous
media.
Kim Tai Dang, Xuan Hong Vu

Research on the treatment ability of 2,4-D and 2,4,5-T in soil polluted
with orange/dioxin agent in Bien Hoa airport by nano-Fe’

Viet Duc Pham, Duc Le, Ngoc Tan Dinh, Duc Khanh Dang, Quoc Viet
Pham

Tap chi dién ti (E-journal): vistum; h.ujstun




	Bia1-1-2020
	1b2020
	1b2020
	1b2020
	1b2020
	1b




	Bia4-1-2020

