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LOI NOI PAU

ién Ung dung Cong nghé¢ (NACENTECH) truc thudc Bo Khoa hoc va Cong

nghé tién than 1 Vién Nghién ctru Cong nghé Qudc gia. Vién la don vi nghién

ctru da nganh, da linh vuc; nghién ctru cic cong nghé tién tién, cong nghé cao

mg dung vao cong nghiép va an ninh, qudc phong... Hang nim, cac cong
bd khoa hoc ctia Vién déu dugc ding trén céac tap chi uy tin trong va ngoai nudc, dic biét 1a
Tap chi Khoa hoc va Cong nghé Viét Nam (ban B).

Tap chi Khoa hoc va Cong ngh¢ Viét Nam ) thang 10 nam 2024 la s6 dic biét nhan dip
ky niém 40 ndm thanh lap Vién Ung dung Cong nghé. Cac bai bao duoc tuyén chon, sang
loc dé dai dién cho cac huong nghién ctru trong tam cua Vién: cong nghé vi dién tir - tin
hoc, cong nghé sinh hoc, cong ngh¢ quang dién tir, cong nghé laser, cong nghé vat liéu, cong
ngh¢ tu dong hoa, wrom tao doanh nghiép khoa hoc cong nghé...

Nhan dip ky niém 40 nam thanh lap Vién, ching t61 xin gui 161 cdm on sau sdc téi cac
déng chi Lanh dao Bo Khoa hoc va Cong ngh¢, Lanh dao Vi¢n, cac thé hé can bd, vién chic,
ngudi lao dong cua Vién qua cac thoi ky da cong hién, xdy dung dé c6 duoc Vién nhu ngay
hém nay. Bén canh dé, ching t6i cling cam on su tng hd, phdi hop cua cac don vi quan 1y
cua Bo va dac biét 1a su phéi hop cua Tap chi Khoa hoc va Cong nghé Viét Nam trong vi¢c
xuét ban va giéi thiéu cac cong trinh khoa hoc cta Vién.

Chung t6i ciing xin chan thanh cam on cac nha khoa hoc da phéi hop trién khai, gop ¥
kién, phan bién cho cac cong trinh khoa hoc dugc dang trong Tap chi lan nay, dong thoi
mong mudn tiép tuc nhan dugc sy hop tac sau rong hon ntra trong cac linh vuc nghién ctru
mg dung, phat trién cong nghé cta Vién.

Tran trong!

VIEN UNG DUNG CONG NGHE
VIEN TRUONG

TS Hoang Ngoc Nhan
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Ung dung SLAM va tinh ton song song GPU trén Jetson Orin
cho woc lwgng vi tri may anh 3D thoi gian thye

Nguyén Ngoc Ti", Tran Xuin Thinh
Trung tam Quang dién tir, Vién Ung dung Cong nghé, C6, phuwong Thanh Xudn Bdc, qudn Thanh Xudn, Ha Ngi, Viét Nam
Ngay nhén bai 29/7/2024; ngay chuyén phan bién 1/8/2024; ngay nhan phan bién 8/8/2024; ngay chip nhan dang 27/8/2024

Tom tit:

U'éc lwong vi tri ciia may anh trong khong gian 3D ¢6 nhiéu wng dung quan trong trong cac hé théng quét 3D va
robot di dgng. Trong bai bdo nay, nhom tic gid nghién ciru phwong phap wéc lwgng vi tri cia may dnh trong khéng
gian 3D bing thuit toan SLAM va sir dung sitc manh tinh toan ciia GPU trén may tinh nhing Jetson Orin nhim
phat trién cic ing dung dinh vi trong thoi gian thue. Bing cach trién khai cic thuit toan visual odometry trén nén
ting CUDA, két qua cia thue nghiém da dat dwge toc d¢ xir ly nhanh hon dang ké va do chinh x4c cao hon so voi
cac phuong phap dua trén CPU va cho thay su cdi thién hi¢u suét dang ké trong cac kich bén thoi gian thye, ciing
nhu tiém ning ung dung trong robot ty hanh va cong nghé quét 3D. H¢ thong xtir ly hiéu qua viéc trich Xuét va so
khép dac trung sir dung cac md ta nhj phan, tbi wu héa quy trinh thong qua tinh todn song song trén GPU. Nghién
ctru cung cap danh gia chi tiét vé do chinh xic va toc do cia hé thong, néu bat nhirng loi thé ciia viéc sir dung GPU
trén h¢ nhung trong wéc lugng vi tri ciia may anh 3D giup cho cic nghién ciru thiét ké, ché tao cac thiét bi quét 3D
cAm tay ngoai troi nhé gon ma vin dap ng dwoc thoi gian thue.

Tir khoa: may anh thoi gian thue, ORB-SLAM GPU, robot, SLAM, SLAM 3D, visual odometry, visual SLAM.
Chi sé phén loai: 1.1,1.2,2.2

Real-time 3D camera pose estimation using SLAM and GPU

parallel computing on Jetson Orin
Ngoc Tu Nguyen®, Xuan Thinh Tran

Center for Optoelectronics, National Center for Technological Progress, C6, Thanh Xuan Bac Ward, Thanh Xuan District, Hanoi, Vietnam
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Abstract:

Estimating the position of a camera in 3D space has numerous important applications in 3D scanning systems
and mobile robotics. In this article, the authors investigate a method for estimating the camera's position in 3D
space using the simultaneous localisation and mapping (SLAM) algorithm, leveraging the computational power
of the graphics processing unit (GPU) on the Jetson Orin embedded computer to develop real-time localisation
applications. By implementing visual odometry algorithms on the compute unified architecture (CUDA) platform,
experimental results demonstrated a significantly faster processing speed and higher accuracy compared to CPU-
based methods, showing remarkable performance improvements in real-time scenarios. This underscores the
potential for application in autonomous robotics and 3D scanning technology. The system efficiently processes
feature extraction and matching using binary descriptors, optimising the workflow through parallel computations
on the GPU. The research provides a detailed assessment of the accuracy and speed of the system, highlighting
the advantages of utilising GPUs on embedded systems for 3D camera position estimation, thereby facilitating the
design and fabrication of compact outdoor handheld 3D scanning devices that can still meet real-time requirements.

Keywords: ORB-SLAM GPU, real-time camera, robot, SLAM, SLAM 3D, visual odometry, visual SLAM.
Classification numbers: 1.1,1.2, 2.2
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1. Dt van de

Uéc lugng vi tri cua mdy anh trong khong gian 3D 1a
mot yéu td then chét trong nhiéu tmg dung hién dai nhu
robot tyr hanh, thyc té ao va quét 3D. Do chinh xéac va tdc
d6 cta qua trinh nay anh hudng truc tiép dén hiéu suét cia
céc hé thong. Trong cac nghién ctru trudc déy, cac thuat toan
ude lugng vi tri [1] va Iap ban do dong thoi (SLAM) [2, 3]
dua trén CPU gap han ché vé toc do xur 1y, dic biét khi xur Iy
céc dir liéu anh 16n va phtic tap. Vi sy phét trién ciia cong
nghé GPU, kha nang tinh toan song song manh mé cia nd
mang lai tiém nang 16n dé cai thién tdc d6 va do chinh xac
cua cac thudt toan nay.

Trong nghién ctru nay, tap trung vao viéc st dung GPU
dé tang tdc do va cai thién do chinh xac cla cac thuat toan
ude luong vi tri mady anh trong khong gian 3D. Dac biét, sir
dung cac thuat toan Visual Odometry, trién khai trén nén
tang CUDA dé tan dung kha ning tinh toan song song cta
GPU.

Mot trong nhitng thach thirc 16n cia cac h¢ théng SLAM
1a xir Iy khdi lwong 16n dit liéu hinh anh mét cach hiéu qua.
Céc nghién ctru trudc dy di chi ra rang, viéc st dung GPU
trong xtr Iy anh ¢ thé mang lai hiéu qua cao hon nhiéu so
v6i CPU. Vi dy, ORB-SLAM3 sur dung cac descriptor nhi
phan nhu ORB (Oriented FAST and Rotated BRIEF) va cac
k¥ thuat nhu FAST d gitip giam thoi gian tinh toAn ma van
duy tri d6 chinh xac cao [4]. Su két hop giita cac thuat toan
nay va kha nang xu Iy manh mé cua GPU mang lai kha nang
thyc hién cac phép tinh phire tap trong thoi gian thyc, mo ra
nhiéu tng dung tiém nang trong cac linh vyc nhu robot tu
hanh, thuc té 4o, va cac hé thong nhén dang hinh anh tién
tién.

Viée str dung GPU khéng chi tang tc d6 xir Iy ma con
mo ra co hoi dé trién khai cac thudt toan phic tap hon ma
trudc day khong kha thi trén CPU do han ché vé tai nguyén
va thoi gian tinh toan. Trong moi truong quét 3D khong
gian 1on, viéc ude lugng vi tri chinh xac va kip thoi 1a cuc
ky quan trong dé dam bao do tin cay cua dir liéu 3D khi
ghép ndi cac mang khong gian lai thanh mot mé hinh hoan
chinh. Kha nang xu ly thoi gian thue cua GPU gilp Ung
dung quét 3D co thé phan (g nhanh chong voi cac thay
d6i trong moi truong, tir d6 cai thién hiéu suat va do tin cay
ctia h¢ thong.

Trong bai bao nay, cac tac gia trinh bay vé phuong phap
g dung GPU cho thudt toan wéc lugng vi tri, bao gdm cac
bude thu thap dir liéu, trién khai thuat toan, va cac két qua
thir nghiém. Bén canh do, ciing thao luan vé cac thach thire
va han ché ctia phuong phép nay, ciing nhu nhitng tmg dung
tiém nang trong tuong lai. Nghién ctru nay khong chi danh
gi4 hiéu suat ctia cac hé théng hién c6 ma con mé ra hudng
di méi cho viée tng dung cong ngh¢ GPU trong linh vuc
udc luong vi tri va 1ap ban dd 3D.
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2. Phuang phap nghién ciu
2.1. M6 hinh quan tinh - truc quan mdy anh va IMU

Theo nghién ctru do R.M. Artal va cs (2015) [5], déau vao
cho mé hinh quan tinh - truc quan 1a ludng cac phép do IMU
va khung hinh ctia may anh. Dya trén mé hinh 16 nhé cta
may anh th6ng thuong cé chirc ning chiéu n: R°— Q bién
ddi cac diém 3D X eR trong hé tham chiéu camera C,
thanh cac diém 2D tren mit phang anh X € Q c R*

T[(XC) = X = X,
fU +Cu

Y, z ] (D

trong 4o, [f, f,]7 1a tidu cu va [cyc,]T 1a tim diém trong
thong s6 nodi cua camera da dwgc hiéu chuén. Chuc nang
chiéu nay khong xem xét dén d6 méo do 6ng kinh méay anh
tao ra. Khi trich xuét cac diém chinh trén hinh anh s& huy
bién dang toa d6 cua chung dé chung co thé khdp vai cac
diém duoc chiéu bang cach st dung (1).

IMU, ¢6 tham chiéu dugc ky hiéu la B, do gia tde a,va
van toc goc w, cua cam bicn trong nhirng khodng thoi gian
deu dan At, thuong 6 hang tram Hz. Ca hai phép do déu bi
anh huong, ngoai nhidu cam bién, do d¢ léch b,va b, thay
d6i cham cua gla tc ké va con quay hoi chuyen tuorng ung.
Hon niia, gia tdc ké chiu tac dung cua trong lyc g va nguoi
ta can trir di tac dung ciia n6 dé tinh chuyén dong. Su phat
trién rleng biét cia dinh huéng IMU R ,ES0 10, vi tri wP,
va van toc wV,, trong h¢ tham chiéu the gidi W, co thé duorc
tinh nhu sau:

R Exp ((w} — bE)at)

wVitt = wik + g, At + Rl p(ak

k+1 _
RWB -

- b¥)At (2)

1
WPt = wPk+w VEAL + EgWAt2 + ER’JVB (ak — b¥)At?
Chuyén dong giita hai khung hinh chinh lién tiép c6 thé
duoc xac dinh theo sy tich hop truéc AR, Av va Ap tu tat
ca cac phép do ¢ gitra, sir dung qua trinh tich hop IMU gan
day dugc mo ta:

Rijs = RiysAR;; Exp ((lbeé))

WU = WU+ g Bt + R (V01 + 4 JE ) (3)
1. . .

WP1+1 WPB+W VBAtHH +- gwAtzziH + -RLWB(AP”H +]fvbl +]Zub51)

trong d6, Jacobians J() va J() giai thich xap xi bac mot
vé tac dong cua viéc thay doi do léch ma khong can tinh
toan lai mot cach rd rang cac gia tri tién tich hop. Ca tién
tich hop va Jacobian déu c6 thé dugc tinh toan lip di lap lai
mot cach hiéu qua khi cac phép do IMU xuit hién.



Camera va IMU duoc ¢b dinh véi nhau, tao thanh hé
thong va phép bién doi T, s = [RCB cP B] gitia cac hé quy
chiéu cuia chiing da biét tir qua trinh hiéu chuén.

2.2. Thudgt toan woc luwgng vi tri trong SLAM

Thuat toan udc lugng vi tri la mot phﬁn quan trong
trong cc hé thng SLAM (Simultaneous Localization and
Mapping), gitip xac dinh vi tri cia may anh trong khong
gian 3D. Mot trong nhirng thudt toan phd bién nhét cho
nhiém vu nay la ORB-SLAM3 [2], st dung cac déc trung
ORB (Oriented FAST and Rotated BRIEF) [6] dé phat hién
va mo ta cac diém dic trung trén hinh anh. ORB-SLAM3
hoat dong dua trén viéc trich xuét cac diém dac trung tu
cac khung hinh lién tiép? sau d6 so sanh va két hop chung
dé udc luong sy di chuyén cua mdy anh. Qua trinh nay bao
gom ba budc chinh: phat hién diém dic trung, theo ddi va
két hop cac diém nay, va t6i wu héa vi tri va ban d6 moi
truong. ORB-SLAM3 st dung cdc descriptor nhi phan [4],
gitip giam thiéu thoi gian tinh todn va tang cuong hiéu suit,
didc biét khi trién khai trén nén tang GPU. DPiéu nay cho
phép hé thong xir 1y va cap nhat vi tri cia may anh trong thoi
gian thuc, dap ung yéu cau cao vé do chinh Xac va toc do
trong cac ing dung nhu robot tu hanh va thuc té 40. Su két
hop giita cac thuat toan phat hién diém dic trung hiéu qua
va kha nang xt ly manh m€ cia GPU da tao nén mot budc
tién lon trong viéc cai thién hiéu suét va do tin cay cua cac
hé théng udc lugng vi tri.

2.2.1. Cau triic ciia chwong trinh ORB-SLAM

Hinh 1 1a téng quan cia ORB-SLAM, sir dung céc k¥
thuat tién tién dé theo ddi va tai tao ban d6 moi truong.
Thu vién nay dugc thiét ké dé hoat dong hiéu qua trong
nhiéu diéu kién khac nhau, tir cdc méi trudng trong nha dén
ngoai troi, va trong cac tinh huéng di chuyén nhanh chéng
(GalvezTRO12) [4].

TRACKING
Initial Pose Estimation
Extract Track New KeyFrame
|Frame|-u- ORB ‘ huRm.Iastlfralpe or Local Map DeciZion
e lon
Map Initialization MAP
PLACE 5
KeyFrame
RECOGNITION : 2]
Insertion rg
" eyFrames
v Vls:ﬂ'la Recent || =
'ocabu MapPoint:
vy Covisibility gll?r:;?. :
Recognition Graph -Eu
Database New Points
SP.?:::"g Creation ®
Loop Correction Loop Detection [ﬂl
Optimi Local
E pshm:_zel Loop Compute || Candidates KeyFrames
E;’;,‘f Fusion sim3 Detection Culling

LOOP CLOSING

Hinh 1. Téng quan ctia mét hé théng ORB-SLAM [5].
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Céc hé thong SLAM truyén thong thuong dya vio cac
thuat toan nhu FAST va BRIEF dé trich xuat va mé ta cic
dac trung cta anh. Vi du, cic nghién ctru ciia D.G. Lopez va
cs (2012) [4] da chi ra rang, st dung cac thi tir nhi phan gitp
nhan dién vi tri nhanh chéng trong cac chudi hinh anh, tir
d6 tang hiéu suit ciia hé thong [6] (GalvezTRO12). Phuong
phap nay khong chi ting tbc d6 ma con giam thiéu sai st
trong viéc nhan dién vi tri, diéu nay dac bi¢t quan trong
trong cac umg dung yéu cau do chinh xac cao va thoi gian
thuc nhu robot tu hanh va thuc té do.

1) Theo ddi (Tracking): Tinh nang theo ddi quan tinh truc
quan chiu trach nhiém theo doi tu thé cam bién, van toc va
d6 léch IMU ¢ toc do khung hinh. Piéu nay cho phép du
doan tu thé cia may anh rat dang tin cdy, thay vi sir dung
mb hinh chuyén dong dic biét nhu trong monocular system
ban diu. Sau khi du doan duogc tu thé cua may anh, cac
diém trén ban dd cuc bo s& duoc chiéu va khép véi cac diém
chinh trén khung Sau d6, t6i wu hoa khung j j hién tai bang
cach giam thiéu 16i chiéu lai dic trung cua tat ca cac diém
trung khép va thoi gian 161 IMU. Viée t6i wu hoa nay khac
nhau tiry thudc vao ban dd c6 duoc cap nhat hay khong boi
Ludng Local Mapping hoic Loop Closing (hinh 2).

if map changes (Local BA, Loop Closure)

| Map Points H Map Points 5 r Map Pmms : Fed
! : ' ! [ To marginalize
8 Repoj.eror
1 Prior

B MU emor

() e eee

v Velocity

@ b Biases
i Lastkeyframe

e) Tracking Frame j+2 1) Prior . j Frameindex
(Map unchanged) (marginalization)

" ) Tacking Frame ) Prior
(Map changed) (optimization result)

) Tracking Frame j+1 a) Prior
(Map unchanged) (marginalization)

Hinh 2. Sw phat trién clia viéc t6i wu hoa trong chudi theo déi [5].

ii) Ban d6 hoa cuc bd (Local Mapping): Chudi ban do
hoéa cuc bd thuc hién BA (goi diéu chinh) cuc bd sau khi
chén khoa khung hinh méi. N6 t6i wu hoa N khoa khung
hinh cubi (cira s6 cuc bd) va tit ca cac diém ma N khung
hinh chinh d6 nhin thdy. T4t ca cac khung hinh chinh khéc
chia sé quan sat vé cac diém cuc bd (ttrc 1a duoc két ndi
trong biéu d6 kha nang hién thi voi bat ky khung hinh chinh
cuc by nao), nhung khong c6 trong ctra s6 cuc b, dong gop
vao tong chi phi nhung dugc ¢6 dinh trong qua trinh t6i uu
hoa (cura s6 ¢ dinh). Khung hinh chinh N+1 luén dugc bao
gom trong ctra s6 co dinh vi n6 han ché trang thai IMU.

iii) Pong vong lip (Loop Closing): Ludng dong vong
lap nham muc dich giam do tréi tich lity trong qua trinh
tham do, khi quay tr¢ lai khu vye da duoc 1ap ban dd. Mo-
dun nhan dang dia diém khop khung hinh chinh gan day voi
khung hinh chinh trong qua kht. Sy trung khép nay duogc
xéc thyc bang cach tinh toan mot phép bién doi rigid body
(co thé cumg) dé cin chinh cac diém khép giira cac khung
hinh chinh. Cubi cung, viéc tdi uu héa duge thuc hién dé
giam sai so tich lity trong quy dao. Viéc tdi wu hoa nay c6
thé rat tén kém trong cac ban dd 16, do d6 chién luge 1a
thuc hién t6i uvu hoa biéu dd tu thé, giup giam d6 phic tap
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vi cdu trac bi bo qua va thé hién sy hoi tu tét. Nguoc lai
v6i ORB-SLAM ban dau, thuc hién ti uu hoa biéu do tu
thé trén 6 bac ty do (DoF) thay vi 7 DoF, vi ¢6 thé quan sat
duoc ty 1&. Biéu do tu thé nay bo qua thong tin IMU, khong
toi uru héa van téc hodc d6 1éch IMU. Do d6, diéu chinh van
téc bang cach xoay ching theo hudng da stra cua khung
hinh chinh lién quan. Mic du diéu nay khong t6i wu nhung
d6 1éch va van tbe phai chinh xac cuc bo dé tiép tuc st dung
thong tin IMU ngay sau khi téi uu héa so d6. Sau do, thuc
hién BA (géi diéu chinh) ddy du trong mot ludng song song
nham t6i wu hoa tit ca céc trang thai, bao gém ca van tbe
va dg léch.

2.2.2. Thudt toan phat hién keypoints va mo ta dac trung

1) Thuat toan FAST: La m{t phuong phap phat hién dac
trung hiéu qua va nhanh chéng trong linh vuc xtr 1y anh va
thi gidc may tinh, ndi bat v6i kha nang xac dinh cac diém
dac trung mét cach chinh xac va tdc d6 cao [7] hon so voi
thuat toan SIFT [8] va SUSFT [9]. Thuét toan nay bat dau
bang cach chon mot diém trung tdm trong hinh anh va so
sanh cudng d6 cia diém nay voi cuong do cua cac diém anh
nam trén mot vong tron ¢ ban kinh 3 diém anh xung quanh
diém trung tam.

Nho vao tinh don gian va hi¢u qua cua thuét toan, FAST
trd thanh mot cong cu manh mé trong nhidu tmg dung thi
gidc may tinh, bao gdm theo doi déi twong, nhan dang hinh
anh, va dic biét 1a trong cac hé thong SLAM dung trong
robot ty hanh. Trong cac hé théng SLAM, viéc phat hién
nhanh chéng va chinh xéc cac diém dic trung 12 yéu t6 quan
trong dé xay dung ban db va dinh vi robot trong méi truong.
Thuét toan FAST ciing thuong dwoc két hop véi cac thuat
toan mo ta dac trung khac nhu BRIEF hodc ORB dé tao ra
cac vector ddc trung mo ta chinh xac va hiéu qua cho cac
diém dic trung duoc phat hién.

1) Mo ta béng BRIEF: La mét trong nhiing phuong phap
quan trong va phd bién trong linh vyc thi gidc may tinh,
dugc sur dung dé biéu dién céac diém dic trung trén hinh anh
dudi dang chudi bit nhi phan [10]. P4y la mot cong cu manh
mé va don gian, dic biét pht hop cho cac ing dung yéu ciu
tinh nhanh va d9 tin cdy cao nhu nhén dién dbi tugng, theo
dai vat thé va xay dyung ban d6 3D trong hé thong SLAM.

Qué trinh tao ra mo ta dic trung bang BRIEF bat dau
bang viéc chon cac diém anh quan tAm tir hinh anh, thuong
thong qua cac thuat toan phat hién diém ndi bat nhu FAST
hodc ORB. Sau khi cac diém anh quan tam dugc xac dinh,
mdt ving xung quanh mdi diém anh nay véi kich thude (vi
dy, pixel) s€ duogc chon dé phan tich.

Trong ving nay, mot tap hop cac cap diém ngiu nhién
dugc chon ra. Moi cap diém nay dugc dai dién boi hai toa
do (x,, y,) va (x,, y,). SO luong cic cip diém thuong dugc
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xéc dinh trude va 1a mot tham sé cua phuong phap, ching
han n=256 cip. V&i mdi cap diém, do sang cua cac diém anh
tai hai toa d¢ nay s€ dugc so sanh. Néu do sang tai toa do
(x,, y,) nho hon d9 sang tai toa do (x,, y,), Kkét qua so sanh s&
1a 1, nguoc lai s& 1a 0. Két qua cuia cac phép so sanh ndy tao
thanh mot vector nhi phan vdi d§ dai nnn bit, vi du 256 bit,
biéu dién mé ta dic trung cho diém anh quan tam.

Céac chudi bit mé ta dugce tao ra tir BRIEF khong chi thuc
hién nhanh chong ma con dam bao d¢ chinh xac va tin cay,
thich hop cho viéc nhan dién cac diém dic trung trong cac
diéu kién khac nhau ctia hinh anh, bao gdm ca sy bién doi
hinh hoc va diéu kién chiéu sang.

iii) M6 ta nhi phan bang ORB: La mot phuong phap
quan trong trong thi giac may tinh, duoc sir dung dé biéu
dién cac diém dic trung trén hinh anh dudi dang chudi bit
nhi phan [6]. ORB két hop giita hai thanh phan chinh 13
thuat toan FAST va BRIEF, dé cung cép mot cach tiép can
hi€u qua va nhanh chong cho viéc nhan dién va mo ta cac
diém dic trung.

Thuat toan FAST duoc sir dung dé nhanh chéng phat
hién cac diém dic trung trén hinh anh, dya trén viéc so sanh
d6 sang cua cac diém anh trong mot ving xung quanh. Sau
khi cac diém dic trung duge phat hién, ORB sir dung thuat
toan BRIEF dé tao ra mo ta nhi phan cho tiung diém dic
trung. Qua trinh nay bao gdm viéc so sanh timg cip diém
anh 14n cén va ghi lai két qua dudi dang chudi bit, biéu dién
cac dac diém quan trong cua diém dic trung dya trén sy
khac biét giita cac gia tri diém anh.

Mb ta nhi phan bang ORB ndi bét vai tinh nhanh chong
va doc 1ap voi mo hinh, gitp cho thuat toan c6 thé ap dung
hiéu qua trong cac hé thong thoi gian thuc va trong cac diéu
kién bién d6i hinh hoc cua hinh anh. Pong thoi, ORB ciing
mang lai do tin cdy cao va kha nang hoat dong 6n dinh trong
cac irng dung nhu nhan dién ddi tuong, theo doi vat thé va
trong hé théng xay dung ban dd 3D nhu SLAM.

3. Thi nghiém va cai dat
3.1. Hi¢u chudn mdy danh va IMU

H¢ thuc nghiém cAu hinh gém: 1 camera USB 3.0, global
shutter, ¢ phan giai 1920x1200 diém anh, 1 cam bién IMU
VN-100s, cung vdi mdt may tinh Jetson ORIN NX 16G, hé¢
diéu hanh Ubuntu 20.04 va ROS Noetic (hinh 3). Dé hidu
chinh camera va IMU su dung cong cu Kalibr do J. Rehder
va cs (2016) [11] phét trién. Qua trinh cai dat bao gdm viéc
cai dat cac phu thudc can thiét, clone repository cua Kalibr
tir GitHub va build Kalibr ciing nhu cau hinh méi truong
lam viéc.



May tinh
nhing
letson

Hinh 3. Hé thi nghiém phan cirng.

Tién hanh thu thap dir liéu tr camera (st dung goi
cong cu camera_aravis: roslaunch  camera_aravis
camera_aravis.launch) va IMU (sir dung g6i cong cu imu_
vn_100:roslaunch imu_vn_100 vn_100_cont.launch). Dam
bao rang ca camera va IMU déu da duge két ndi va ROS
master da duoc khoi dong, su dung cong cu rosbag dé ghi
lai d@t li€u (rosbag record-O camera-imu-data.bag/imu/imu/
Basler/Basler/image_raw). Dit liéu tur camera dugc thu thép
bang cach ghi lai topic /Blasler/Basler/image_raw trong khi
di liéu tor IMU (hinh 4) dugc ghi lai tr topic /imu/imu. bé
dam bao tinh déng b, thuc hién ghi lai dit lidu déng thot tir
c hai thiét bi bang cach ghi lai ca hai topic cung luc.

Gyroscope

;

N < X

—— White noise fit line
Random rate fit line
fitted model

Allan Deviation deg/s

s

10 100 10! 107 107

Period (s)

Accelerometer

4

H

—— White noise fit line
Random Rate fit line
—— fitted model

Allan Deviation m/s”~2

=

10! 10° 10!
Period (s)

Hinh 4. Biéu dé nhiéu nén Gyroscope va Accelerometer ctia IMU VN-100S.

&EOH%H%%E 66(10DB) 10.2024

s Khoa hoc Ty nhién | Todn hoc va thing ké; Khoa hoc méy tinh vé thong tin; Khoa hoc Ky thust va Cong nghé | Ky thust dién, Ky thudt dién t, ky thust théng tin

Hinh 5. Hiéu chinh véi kabilr ding aprilgrid véi thong sé: Rows: 6,
Cols: 6, Size: 0,098 (m), Spacing 0,0294 (m).

Céu hinh cho Kalibr chira thong tin vé& cac tham sb cua
camera va IMU va thong sb mau aprilgrid (hinh 5). Qua
trinh hiéu chinh duogc thuc hién bé‘\ng cach st dung Kalibr
v6i cac file ciu hinh va dir liéu da thu thap (rosrun kalibr
kalibr_calibrate_imu_camera —cam cam_calc.yaml—target
aprilgrid 6x6.yaml—imu imu_vnl00s.yaml-bag camera-imu-
data.bag). Kalibr xuit ra file két qua hiéu chinh (hinh 6-11).

Z(m)

08

X (m) * e 9 Y (m)

Hinh 6. Tw thé wérc tinh cla camera va IMU trong khéng gian 3 chiéu (X, Y, Z).
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Hinh 7. D4 léch gia téc wérc tinh cuia cac truc X, Y, Z theo thei gian (IMU frame).
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Hinh 8. So sanh van téc géc dy doan va do dwoc (body frame).
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Hinh 11. Biéu d6 16i phép chiéu cac diém trén mau aprilgrid ctia camera.

Cl}éi cung, st dung tép ‘két qua hi¢u chinh dé céu hinh
hé thong ORB-SLAM3. Diéu nay dam bao rang, dit li€u tu

G 0.025- camera va IMU da dugc hi¢u chinh trude khi st dung trong
=] SR A 5 X SR \ . 5 5
£ 0.000 qua trinh xay dung ban d6 3D. Qua trinh nay giup dam bao
8 _0.0254 tinh chinh xac va hiéu qua cua h¢ thong trong viéc tao ra
v Py A ~ ~ 1A A 5 A A ‘A
‘ ! ! | ! } ‘ ban d6 3D tu dir liéu thu thap dugc. Bang 1 thong so hiéu
2500 5000 7500 10000 12500 15000 17500 A 5 R I 5 r 5 3 I .
0.1 chuan cua camera d€ thuc hién khir méo anh va xac dinh
i A < R 5 r . 5 \ A A
3 toa do diém 3D cua cac Keypoints, bang 2 1a thong s6 ma
= i o - " rl PRI A 4 . e~ \ A r A
L e o B e ' tran chuyén vi gitta camera va IMU d¢€ udc lugng tu the ctua
o o1 camera, bang 3 la thong so déc tinh cia cam bieén IMU nham
' 2500 5000 7500 10000 12500 15000 17500 loai bé nhiéu nén.
= .
3 Bang 1. Bang thong sé hiéu chuan clia camera.
5
5 Thong s Fx Fy Cx Cy k1 k2 P1 P2
—=0.02 + T T T T T T T
o 2500 5000 7500 1_0300 12500 15000 17500 Giatri  1361,6673 13649869 952,5862 592,1588 -0,2407 0,17603 0,0004 -0,0002
error index

Hinh 9. Léi van téc géc ctia IMU.
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Hinh 10. Uéc tinh dé léch con quay hdi chuyén (khung IMU).
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Bang 2. Bang thong s6 ma tran chuyén vi giiva camera va IMU.

Théng sb R T
-0,01271982 003139764 0,99942603  0,12018051
L 0,99983075 001288734 0,01312984  -0,03879424
B -0,01329219 2025934957 0,0312284  -0,04984265
0 0 0 1

Bang 3. Bang thong sé xac dinh dic tinh cta IMU VN-100S.

Thongsd  NoiseGyro  NoiseAcc

9,53685¢-05  0,002086
3.2. Thuc nghiém

GyroWalk
1,0934e-05

AccWalk Frequency (Hz)
0,000195764 400

Gid tri

So dd cac khoi chuong trinh dugc thuc hién tuong tu
nhu trong ORB-SLAM theo hinh 12, 13. Trong d6, khéi
chtrc ndng mau vang (so do khéi hinh 13) c6 thé dugc thuc
thi trén ca GPU va CPU, pyramid level thyc hién tao cac
muirc d6 phén giai (cau hinh 8 d6 phén giai giam mau) trudc
khi st dung dé phat hién diém dic trung tir anh (FAST
Corner) va bd loc Gaussian Blur ¢6 tic dung l1am mo hinh



anh dé giam thiéu cac chi tiét khong can thiét va nhiéu trong
d@ liéu hinh anh trudc khi thyc hién cac budc xu 1y tiep
theo, nhu phat hién va mé ta cac diém dac trung voi ORB.

Tién hanh thyc nghiém véi dir liéu anh tir may anh, IMU
v6i lan lugt sir dung cac phuong phap tinh toan Keypoints
FAST va trich xuit dic trung ORB (st dung GPU va CPU
theo hinh 14 va khdi cac chirc naing ORB-SLAM2 hinh 15)
va cac thong s6 theo bang 1, 2, 3, 4 thuc thi dé so khoép
va tim diém tuong ddng nhdm udc lwong vi tri cua hé
may anh-IMU trong khong gian 3D (rosrun ORB_SLAM3
Mono_Inertial ./Vocabulary/ORBvoc.txt ./Examples/ROS/
ORB_SLAM3/cam_imu.yaml).
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Process new .
keyframes

Loeal mapping block

Map point
culling &nd
creation
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nelghbor KF adjustment
Enough
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Hinh 12. Cac khéi chirc ning trong chwong trinh ORB-SLAM2 [12].
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Hinh 13. So d6 khéi xtr Iy cho 2 trwdng hop dung CPU va GPU [9] cho tinh
toan keypoints va trich xuét dic trwng.

Bang 4. Cai dat thong sé cho ORB-SLAM.

Thong s0  nFeatures scaleFactor ~ nLevels iniThFAST ~ minThFAST

Gia tri 2000 1,2 8 20 7
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Hinh 14. U&c lwong vi tri cia may anh trong khéng gian 3D.

A ®)

Hinh 15. Vi tri cia camera quy dao hinh tron ban kinh 0,5 m trén GPU (A)
va CPU (B).

4. Két qua va ban luan

Hinh 16 thé hién két qua dugc tinh toan xtr 1y trén GPU.
Mbi khung hinh duoc thyc hién theo cac budc tinh todn
Keypoints bang phuong phap FAST, tinh toan mé ta dic
trung ORB, udc lugong tu thé may anh voi dit liu thu dugc
tir IMU. Sau khi tim duoc cac diém twong dong tién hanh
xac dinh vi tri cua h¢ may anh-IMU trong khong gian 3D:
cac diém mau do 1a cac diém twong dong giita cac khung
hinh, cdc 6 mau xanh nuéc bién (blue) thé hién tu thé cua
méy anh trong khong gian 3D, cic duong mau do la thé
hién quy dao di chuyén ctia may anh trong khong gian 3D
(hinh 14).

Két qua thuc nghiém khi sir dung 2 ché 46 CPU va GPU
cho thdy: khi sir dung GPU, téc do xtr Iy cua hé théng (do
phan giai 1920x1200) dat trung binh 31,5 FPS nhanh hon so
v61 9,3 FPS trén CPU.

Dé danh gia sai s6 woc lugng vi tri cia camera, thuc hién
di chuyén camera theo quy dao hinh tron, ban kinh 0,5 m,
x4c dinh tdm duodng tron va udc lugng duong kinh trung
binh tur tap dir liéu toa do diém cta camera trong khong gian
(hinh 15). Hinh 15A 1a quy vi tri cua camera xu ly trén GPU
v6i sai s6 trung binh 1a 0,017 m va hinh 15B 1a quy dao vi
tri thuc hién cung tap dir liéu thuc thi trén CPU vdi sai )
trung binh 0,039 m.



Hinh 16. Cac diém twong ddng (mau xanh) dwoc phat hién gitra 2 khung
hinh lién tiép sau khi tinh toan cac Keypoint bang FAST va so khép dic
trwng ORB.

Tt thue nghiém danh gia hiéu suit cua thuét toan SLAM
trén CPU va GPU, chung ta c¢6 thé thay, GPU cho hiéu suit
cao hon ciling nhu dem lai d9 chinh xac hon trén Jetson Orin
NX. Két qua nay hoan toan c6 thé dap tmg yéu cau xir Iy
thoi gian thyc cho udc lugng vi tri ciia may anh, voi chi phi
thdp va phat trién cho nhiéu img dung.

5. Két luan

Tir nghién ciru vé udc lwong vi tri may anh trong khong
gian 3D thong qua thuat toan OLB-SLAM3 su dung GPU
trén nén tang Jetson Orin, cho thiy nhimng tién bo déng ké
trong ca tbe do xir 1y va d¢ chinh xac vi tri so voi thuc hi¢n
trén CPU. Viéc ap dung strc manh tinh toan ciia GPU da cho
phép trién khai cac thuat toan Visual Odometry mot cach
hiéu qua, uu diém cua OLB-SLAM3 trén GPU gdm: i) Tc
d6 xir 1y cao: Sir dung GPU gilip cai thién toc do tinh toan
thong qua xir Iy song song, rat can thiét cho cac ung dung
thoi gian thuc; i) PO chinh xac duoc cai thién: Thyc nghiém
chi ra rang, phuong phap nay dat dugc do chinh xac cao hon
trong viéc udc luorng vi tri so voi cac phu’orng phép dua trén
CPU; iii) H¢ thong c6 kha ning dap ung t6t trong cac tinh
hudng phtc tap, cho phép céc kich ban da dang trong khong
gian 3D. Nhuoc diém gom: i) Viéc ti uru hoa thudt toan cho
GPU c6 thé ton nhiéu thoi gian va cong strc hon so vai cac
phuong phéap dua trén CPU; ii) Mac du Jetson Orin manh
mé, nhung van c6 gidi han vé tai nguyén so vdi cadc cym
GPU chuyén dung, ¢6 thé anh huong dén kha niang mo rong
ctia hé thong. Dé cai thién hiéu suat cia OLB-SLAM3, cac
hudng nghién ctru ¢6 thé tap trung vao: i) T6i wu hoa thuat
toan: Nghién ctru cac phuong phap t6i wu hoa hon nira cho
thuat toan SLAM, nhiam giam thiéu d¢ tr& trong qua trinh xtr
1y va cai thién do chinh xac; ii) M& rong tinh kha thi: Tim
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kiém céc kién trac GPU khac, hodc tham chi 14 cac giai phap
két hop da dang hon, chéng han nhu st dung may hoc dé cai
thién kha nang nhan dién va so khop déc trung.

Nghién ctru nay dugc thuc hién nho sy tai trg tu dé tai
cip Bo Khoa hoc va Cong nghé: “Nghién ciru thiét ké, ché
tao thiét bi Lidar 3D cam tay quét hién trudng”. Cac tac gia
xin chan thanh cam on.
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Nghién ciru, thiét ke hé thong giam sat thoi gian thye xe ning hang
trong nha mdy sir dung cong nghé bang thong siéu rong

Nguyén Qudc Hung', Nguyén Vin Diing?, Tran Hung Manh', Nguyén Hoang Long', Tran Ha?, Nguyén Vin Pua"
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Ngay nhan bai 26/7/2024; ngay chuyén phan bién 1/8/2024; ngay nhan phan bién 20/8/2024; ngay chép nhan dang 24/8/2024
Tom tat:

H¢é thong dinh vi thoi gian thuc (real-time locating system - RTLS) dwoc ing dung rong rii trong cic nha may gitup
xac dinh, theo d6i va giam sat thoi gian thwe vi tri khong gian ciia cic thuwe thé dwoc gin thé bén trong nha may.
Bing cach cung cép dir liéu thoi gian thwe, RTLS ning cao quy trinh ra quyét dinh, cho phép phén ing nhanh hon
v6i cac diéu kién thay ddi va cai thién an toan trong mai trwdmg san xuit. Bai bao trinh bay vé nghién ctru va thiét ké
hé théng quan 1y, theo déi thoi gian thye cac phwong tién di chuyén tai kho hang trong nha may sir dung cong nghé
bang thong siéu réng ultra-w1deband (UWB) d9 chinh xac cao. Trong nghién ciru nay, he phﬁn clirng va phén mém
dwgc nhom nghién ciru tién hanh thiét ke va xay dung. Hé thong phan cu’ng dinh vi bao gom cac b xi ly trung tam
(anchor) va cac thé (tag) dinh vi duge gan trén vat can giam sat. Phian mém quan ly glam sat dugc xay dung trén nén
tang web c6 chirc ning giam sat thoi gian thye vat thé di chuyen, hién thi lich s, tan suit di chuyen va canh bao khi
thiét bi di vao ving cam. Két qua thir nghiém cho thay, hé thong hoat dong on dinh véi dién tich viing thir nghiém
12 400 m? (v6i 4 anchor) va 1.200 m? (véi 8 anchor), sai s6 vi tri nhé hon 50 cm.

Tir khéa: bing thong siéu rong, hé thong dinh vi thoi gian thue, xe ning hang.

Chi s6 phan loai: 1.2,2.2,2.3
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Abstract:

Real-time locating system (RTLS) is widely used in factories to identify, track, and monitor the real-time spatial
location of tagged entities within the factory premises. By providing real-time data, RTLS enhances decision-
making processes, enabling faster responses to changing conditions and improving safety within the manufacturing
environment. This article presents the research and design of an advanced system for managing and monitoring the
real-time movement of vehicles within a factory’s warehouse using ultra-wideband (UWB) technology, known for its
high precision in positioning applications. In this study, the authors designed and built both hardware and software
components. The hardware system comprises central processing units (acting as anchors) and positioning tags
attached to the monitored items. The management software, built on a web platform, includes functions to monitor
the real-time movement of objects, display history, track movement frequency, and issue alerts when devices enter
restricted areas. Test results show that the system operates stably in a test area of 400 m* (with 4 anchors) and 1,200
m? (with 8 anchors), with a position error of less than 50 cm.

Keywords: forklift, real-time locating system, ultra-wideband.
Classification numbers: 1.2,2.2,2.3
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1. Dt van de

Ngay nay, viéc ung dung cong nghé vao quan ly tap trung
va s6 hoa nha may cong nghiép da va dang giup ning cao ning
suat vuot trdi voi cac don vi ap dung. Trong do, giai phap cong
nghé dinh vi thoi gian thuc RTLS (real-time locating system)
duogc ung dung rong rai vi nhitng hiéu qua mang lai nhu: cép
nhat thong tin mot cach truc tiép va nhét quén, nang cao cong
tac quan 1y nha may, ddc biét & cac khau san xuat va luu kho bai
nho viéc theo doi thoi gian thue céc d6i tuong trong mt pham
vi nhét dinh, tir d6 c6 dwoc théng tin chinh x4c vé vi tri va tinh
trang ctia di tuong can theo ddi, phat hién ra cic diém nghén
trong quy trinh san xuat dé kip thoi céi tién. Theo thong ké, chi
phi bdc d& hang hoa trong kho 16n danh cho xe nang chiém dén
hon 55% tong chi phi van hanh ciia toan bo nha kho [1, 2]. Dac
bi¢t trong nhirng nha kho c& vira va 16n (di¢n tich trén 3000
m?), ngoai viéc theo ddi va quan 1y dugc sb luong nhap va xuat
kho, viéc tim kiém chinh xéc vi tri hang hoa can bdc dd, tranh
sai st trong qua trinh xuét nhap ciing dugc quan tim dic biét.

Trong viéc quan ly kho hang tai nha may hién nay, cong
nghé RTLS dugc dung dé quan ly vao/ra, di chuyén cua mot
d6i tuong (vi du nhu xe nang, xe ty hanh, nguoi lao dong) trong
mot khong gian xac dinh. Cac thong tin dugc dinh danh véi
dbi tuong d6 khi dugc phat hién vao vung hoat dong cua thiét
bi RTLS s& dugc cap nhat 1én hé thdng quan 1y tap trung. Viéc
giam sat di twong di chuyén trong kho hang ctia nha méay (nhu
xe nang, xe tw hanh...) 1a vin d& quan trong gitip nang cao hiéu
qua giam sat, giam tiéu hao va ning cao hiéu suat lao dong [1].

Hién nay, mét $6 cong ngh¢ xac dinh vi tri chinh xac trong
nha da dugc ap dyng, nhu cong nghé dinh vi dua vao cuong do
song (received signal strength indicator - RSSI) bang cach ting
dung song Wi-Fi, song Bluetooth,... Phuong phap nay sir dung
hé thong dinh vi dya trén Wi-Fi xéc dinh vi tri cua cc thiét b
c6 Wi-Fi dugc kich hoat (vi du: dién thoai thong minh, may
tinh bang) va thé Wi-Fi. D chinh xac khi st dung cong nghé
RSSI dé dinh vi chi dat + 3-5 m trong diéu kién Iy tuong trong
nha [3]. B¢ chinh xac dinh vi cé thé dat dugc phu thudc vao
cac diéu kién nhu phan xa trong hanh lang va sy che chin cta
tin hiéu tir cac birc twong hodc co thé cua chinh ngudi dung.
Do d6, cong nghé nay khong phi hop dé ap dung tao ra mot h¢
RTLS doi hoi d6 chinh xéc cao va chéng nhiéu tot. Bén canh
cac phuong phap di néu, hé thong dinh vi trong nha cricket
ciing dugc nhiéu nhém quan tim nghién ctru [4-6]. Cricket
12 mot dich vu hd tro dinh vi két hop gitra song RF va song
siéu 4m. Hé thong cricket do khoang cach giita thiét bi phat
tin hiéu khong ddy, ¢ dinh (beacon) va thiét bi nhan tin hiéu
(listener) dya trén ky thuat do thoi gian chénh 1éch cua tin hi¢u
dén (TDOA - time difference of arrival) giita tin hidu radio
(RF) va tin hiéu siéu am va tinh toan toa do cta ddi tugng. Voi
phuong phap nay, hé théng nay c¢6 thé dat dugc do chinh xac
dinh vi nho hon 10 cm. Tuy nhién, hé théng cricket c6 han ché
hon vé kha ning mo rong hé thong so v6i cong nghé dinh vi
st dung UWB.
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Viéc tng dung UWB trong dinh vi, gidm sat xe nang hang
hodc xe ty hanh (AGV - automated guided vehicle) trong nha
may c6 nhiéu vu diém nhu: tde do truyén dan cao, tiéu thu
nang luong thip va kha ning mién nhiém da duong cao [7].
Nhiéu nghién ctru da chi ra viéc ing dyng cong ngh¢ dinh vi
UWRB trong gidm sat xe nang, AGV c6 thé gitip giam sat thoi
gian thyuc thiét bi va gitip dam bao an toan trong nha may san
xuat [2, 8]. Trong nghién ctru nay, nhom nghién ctru tap trung
vao thiét ké, ché tao hé thong bao gdbm phan mém va phan
ctmg thiét b dinh vi st dung cong nghé bing thong rong UWB
va phuong phap dinh vi TWR (two way ranging). Hé thong
duoc tién hanh thir nghiém va danh gia do 6n dinh, d¢ chinh
xac trong diéu kién moi truong khong co vét can va trong moi
truong nha may.

2. Dol tuong va phuong phap nghién ciiu
2.1. Phwong phap dinh vi TWR

Trong cic phuong phap dinh vi hién nay, c6 bén phuong
phép thudng dugc st dung la PDOA (phase difference of
arrival), TDOA (time difference of arrival), TWR (two way
ranging) va RSS (received signal strength). Trong do, phuong
phap PDoA va TDoA cho ra vi tri chinh xac va 6n dinh hon
phuong phap TWR. Tuy nhién, dé thyc hién hai phuong phap
trén can c6 phan cing t6t hon va dam bao dong bo chinh xac
thoi gian ¢ cac thiét bi. Bén canh dé, viéc tinh toan va xu ly s€
phuc tap hon. Vi vay, trong nghién ctru ndy, nhom nghién ctru
lya chon phuong phap dinh vi TWR va st dung b loc Kalman
dé xur ly dir liéu.

Phuong phap TWR sir dung thoi gian truyén séng ciia mot
tin hiéu giira hai thiét bi thé (tag) va thiét bi mé neo (anchor),
nguyén 1y hoat dong dugc thé hién & hinh 1. Qua trinh giao tiép
duoc chia ra 1am hai phé‘m: (1) Tag thuc hién giri mdt ban tin
truy van (poll) dén mot hodc nhiéu anchor; (2) Anchor sau khi
nhén dugc ban tin poll s& phan héi lai ban tin (ban tin resp) cho
tag. C4c mdc thoi gian khi bat dau truyén va nhan cc ban tin s&
duoc luu lai dé tinh duoc thoi gian bay cua ban tin, sau d6 nhan
voi the d6 cuia 4nh sang dé thu dugc khoang cach gitra hai thiét
bi: d = ToF X c. Trong do, d 1a khoang cach; ToF 1a thoi gian
truyén dit liéu tin hiéu tir tag dén anchor; ¢ 1a toc d¢ anh sang.

Poll

Resp
Time of Flight (ToF) =
T — T

- Poll round reply
L \ 2

round Trcnlr

ToF - /
: Resp (T,

Hinh 1. Minh hoa hoat déng ctiia TWR [9].

Tag Anchor

1n



Phuong phap nay chi yéu cau cac thiét bi xéc dinh dugc thoi
gian truyén nhan tin hiéu chinh xéc, khong yéu cau céc thiét bi can
dong b6 thoi gian voi nhau. Khi biét duoc it nhat ba khoang cach
to1 ba anchor khac nhau, tag ¢ thé tinh duoc toa do ctia nd béng
phuong phép trilateration (hinh 2).

Actual User
position

2

&

Hinh 2. Phwong phap trilateration.

Trong truong hop 1y tudng, khoang cach do dugc chinh xac
giao diém cta ba duong tron chinh 14 vi tri can tim. Con trong
truong hop c6 sai sd, ba duong tron s& khong cit nhau tai cing ma
diém ma ct nhau ting doi1 mot. Luc nay, vi tri cla vat nam trong
ving giao nhau giita ba dwong tron. Pé chon dugc toa do trong
ving nay ta s& tién hanh bién d6i hé phuong trinh dudng tron sang
hé phuong trinh duong thang (hinh 3). Két qua ciia hé phuong
trinh sé 14 toa do can tinh.

—

Hinh 3. Minh hoa tinh toan cuia phwong phap trilateration.

Gia sir vi tri ciia ba mdc dat cung dg cao co toa do 151} luot la
ALY, zo) A(X, ¥, 7)), AJ(X,, V3, 7). Khoang cach tir doi tuong
den ba mdc lan luot la r,, 1, 1. T d6 thu dugc h¢ phuong trinh:

(x—x)?+ =y + (z2-2)* =1
(=) + (V=) + (z—2)* =713
(=232 + (Y —y3)*+ (z2—20)* =715

Khai trién hé phuong trinh (1) ta thu dugc phuong trinh dudng

thing i giao diém ctia cac duong tron:

{Zx(xl —x3) +2y(y1 —
2x(xy — x3) + 2y(y1 —

M

vi +yi
i+t

_ 2_ .24 .2
Vo) =15 —rf —xf +xf -

22 .24 .2
y3) =715 —1f —x5+x{ —

)

Giai hé phuong trinh (2) bang phuong phap Cramer ta dugc
phuong trinh (3):
{Ax +By=C

3
Dx+Ey=F ©)
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Nhu vay toa d6 ciia dbi tuong la:
CE — FB

“EA-BD
CD — AF

Y= BD—AE

)

2.2. Phwong phdp da truy cdp nguwoi dung (time division
multiple access - TDMA)

Hé théng dugc thiét ké voi nhidu tag va anchor truyén nhan dix
liéu bang phuong phap TWR. Do d6, tai mdi thoi diém, mdi tag s&
chu dong gui cac goi tin request dén anchor cu thé, thu thap céc
tin hiéu phan hoi vé tir cac anchor d6 va giri dén hé thong server
& tinh toan vi tri. Do céc tag va anchor cung hoat djng trén mot
dai tan s6 giong nhau, nén dé hoat dong dong thoi, tranh xung
dot duong truyén din dén 161 goi tin, gay nhidu va giam do chinh
xéc, nhom nghién ctru da tién hanh giai quyét vin dé trén bang
cach st dung phuong phap TDMA. TDMA st dung trong thiét ké
nay nhdm chia sé tai nguyén thoi gian trén cing mot kénh truyén,
diéu phdi hoat dong ciia timg thiét bi theo timg khoang thoi gian
quy dinh. Tir d6, tai mdi thoi diém chi co mot thiét bi dugc phép
truyén/nhfm dir ligu. Giﬁp khic phuc hoan toan vén dé xung dot
duong truyen gitp h¢ thong ¢6 thé mo rong kha nang hoat dong
dong thoi nhidu thiét bi.

Phuong phép ny quy dinh tit ca cac thiét bj trong mang phai
hoat dong theo mot khung truyén chinh (superframe - SF) duogc
giit nhip boi mot thiét bj anchor chinh (hinh 4). Cac khung SF nay
dugc chia thanh céc khe thoi gian nho (slot) va mdi slot duoc quy
dinh chitc nang, do dai cu thé va dugc cac thiét b dang ky. Céc
thiét b sau khi d& dang ky slot méi dugc phép truyén/nhan goi tin
trong mang. Trong do, khoang thoi gian cac anchor dugc phép
truyén/nhan céc gbi tin dé dong bo thoi gian véi anchor chinh
dugc goi la beacon slot (BCN slot), khoang thoi gian cac tag duge
phép truyén/nhdn cac goi tin TWR véi cac anchor duge goi 1a
TWR slot.

109 ms
ey * . Esous .
' —
POLL RESPD RESP1 RESPZ RESP3 Loc

. ; »

4.7 ms . H

T EB0us -

Beacon TWR Poll Response gc  ocation
shot slot POEL slot slot slot

Hinh 4. C4u tric khung truyén chinh ctia hé thong.

Trong thiét ké nay, cac khung SF dugc gitt mot do dai ¢b dinh,
can c theo tan sd cap nhat cua hé thong, thong thudng 1a 100 ms
voi tan s6 cap nhat 13 10 Hz. Gia sir 46 dai thoi gian t6i thiéu cua 1
BCN slot va TWR slot lan luot 1 Ty (ms) vaT, . (ms), s0 luong
tag va anchor lan luot la N, VaN . tacod thé tinh duoc tan so

(F) cap nhat cia hé thong theo phuong ‘trinh:
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F 1000
Nanchor X Tgen + Nrag X Trwr ©)
2.3. Bj loc Kalman
OUTPUTS INPUTS
TRANG THAI DU BOAN
HIEP PHUONG SAI 56 DU BOAN KH{l TAD THAM S8
KALMAN FILTER !
INPUTS N E
CAP NHAT

DY BOAN —‘

Thong thuong, dit liéu tinh todn vi tri cua tag khong 6n dinh
do anh huodng cua nhiu va vat can. Do d6, bd loc Kalman don
gian dugc st dung dé xur ly lai toa d9 cua tag, nhdm nang cao do
chinh x4c va 6n dinh cta két qua do. Cu trac ctia b loc Kalman
don gidn dugc mo ta trong hinh 5.

—-——
CAC THAM 58 80 BUTC |

Hinh 5. So dd khéi ctia bd loc Kalman [10].

CHU Ki LAY MAU
] neny) [*

Nguyén 1y hoat dong cuia bo loc Kalman don gian [10] duogc
thé hién thong qua ba qua trinh chinh. Qua trinh khdi tao bo loc
duoc thiét lap mot lan duy nhét khi bt dau sir dung, vai viée
thiét lap cac gia tri ban dau cho céac bién trang thai va ma tran
hi¢p phuong sai. Tiép theo, trong giai doan du doan, bd loc dua
trén trang thi hién tai va m6 hinh chuyén dong dé du doén trang
thai tiép theo, ddng thoi cap nhat ma tran hiép phuong phuong
sai dya trén thong tin hién tai va cta qua trinh chuyén doi. Cu01
cung, trong qua trinh cdp nhat, bd loc tich hop dir liéu do thuc té
v6i cac du doan trude do dé cai thién woc luong trang thai. D loi
Kalman dugc tinh toan, st dung dé didu chinh wéc luong trang
thai va cap nhat ma tran hiép phuong sai nhdm tang d¢ chinh xac
va on dinh cta két qua do luong.

Trong thiét ké nay, bg loc Kalman dugc st dung nhdm 6n dinh
gia tri tinh toan vi tri cua tag thong qua phép tinh trilateration cta
phuong phap TWR. Cac tinh toan vi tri bang trilateration va bo
loc Kalman don gian dugc chay trén Server cta hé théng.

2.4. Thiét ké hé thong

Mo hinh hoat dong cua hé théng (hinh 6) gom hé thiét bi
phan cting (bao gdom anchor va tag) va phan mém quan ly giam
sat. Trong do, tag duogc gin trén doi tuong hodc ngudi can duge
theo ddi vi tri. Thiét bi dinh vi giao tlep véi anchor va tinh toan vi
tri cua chung dua trén thoi gian truyén nhan dit liéu cua tin hiéu.
anchor 1a cac thiét bi cd dinh trong khong gian, dugc dat ¢ vi tri
da biét trude va duoc sir dung giao tiép voi tag xung quanh. Céc
anchor duoc dit sao cho ving phu song UWB chong lan, du dé
¢6 thé x4c dinh vi tri cua thiét bi dinh vi va han ché anh huéng
clia vat can nhét co thé. Dir liéu tir cac tag va anchor dugc gui
dén hé thng xr 1y va phan tich dé tinh toan vi trf thoi gian thyc.
Két qua ¢6 thé dugc hién thi trén giao dién ngudi ding, ban do
hoic tich hop véi cac hé thong khac.
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Hinh 6. M6 hinh hoat déng hé théng str dung cong nghg UWB.

Hinh 7 thé hién so d6 khdi ciia thiét bi anchor. Trong thiét
ké nay, m6 dun DWMI1000 st dung chip DW1000 cua Qorvo
duoc lya chon dé st dung cho viéc tmyén nhan tin hiéu UWB.
DWM1000 ho trg hai phuong phap dinh vi 1a TWR va TDOA
cho d9 chinh xéc 1én dén 10 cm. Module h trg 4 kénh truyén tir
3.5 GHz dén 6.5 GHz va giao tiép v6i khi xtr 1y trung tAm qua
giao thire SPI. Vi xur ly STM32F407VET6 dugc lya chon st dung
dé phuc vu tinh toan, xir ly dit liéu tir module DWM1000 tra vé.
Bén canh d6, thiét bi anchor ¢ sir dung dong thoi két ndi Wifi va
Ethernet cho viéc truyén nhan dit liéu 1én Server. Nguon dién cung
cap cho thiét b 1a nguén mot chiéu 12 V.

/
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|
b.(E‘E
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KHOI
QJCHOR A

Hinh 7. So’ d6 khéi thiét bi anchor.

!

Hinh 8 thé hién so do khdi cua thiét bi tag. Trong thiét ké
nay, khéi UWB sir dung module DWM1000, vi xir 1y trung tim
STM32F407VET6 duoc lwa chon 14 khéi xu ly trung tam (MCU)
cho thiét bi tag. Thiét bi tag sir dung ngudn pin ¢6 chirc ning sac
xa tich hop trén mach.
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Hinh 8. So’ db khéi thiét bj tag.

TAG

Trong hé thong nay, phan mém quan 1y va giam sat dugc thiét
ké trén nén ting WEB APP va sir dung giao thitc message queuing
telemetry transport (MQTT) lam giao thiic truyén nhan dir li¢u tir
anchor vé server. Phan mém c6 cac chirc nang hién thi ban d6 nha
may, vi tri lép dat cua cac anchor; hién thi vi tri thoi gian thyc céac
tag; hién thi lich sir quang duong di chuyén cta tag trén ban do.

< Lo -
3. Ket qua va ban luan

Hinh 9 va 10 thé hién ban v& mach in, ban v& thiét ké 3D
va thiét bi anchor, tag dugc nhom thiét ké va ché tao. Hinh
11 thé hién giao dién phan mém theo doi, giam sat va quan
1y tai trung tam.

(A) (B)

RTLS
ANCHOR

(A) (B) ©

Hinh 10. Hinh anh mach in (A), thiét ké 3D (B), thiét bi tag (C).
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Hinh 11. Giao dién phan mém theo dbi, giam sat va quan ly.

3.1. Thir nghi¢m 1: Thir nghiém danh gid sai sé ciia thiét bi
tag ¢ trang thdi tinh, trong moi truong khong vit cin

Trong thu nghiém nay, nhom tién hanh la“ip dat 4 anchor tai 4
g6c cta hinh vuong co kich thude 20x20 m, cadch mét dat 1,5 m.
Céc thiét bi tag sau do duoc di chuyén dén cac diém do tinh theo
cac duong hinh vudng kich thude 19x19 m, dong tim voi hinh
vudng dit 4 anchor, mdi diém cach nhau 3 m. Thuc hién tién hanh
do 05 1an cho cac diém do va ghi nhan két qua tra vé tir phan mém.
Hinh 12 v 13 thé hién két qué tra vé giira gia trj do duoc va gia
tri thue. Két qua thu nghiém cho théy, sai sb 16n nhét cua vi tri do
thiét bi tra vé v6i vi tri thuc té khong vuot qua 20 cm.
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Hinh 12. Két qua hinh vé thé hién twong quan giira gia tri vi tri tag tra vé
(ch&m mau dé) va vi tri thwe té (chAm mau xanh).
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Hinh 13. D4 thi danh gia sai s6 vi tri gitra thiét bi tra vé va vi tri thwc té.

3.2. Thir nghi¢m 2: Thir nghiém danh gia sai s6 ciia thiét bi
tag ¢ trang thdi di chuyén, trong moi truong khong vit cdin

Trong thir nghiém nay, nhom tién hanh danh gia sai s6 cua
thiét bj khi di chuyén. Tién hanh lip dit 4 anchor tai 4 goc cia
hinh vudng c6 kich thudc 20x20 m va cich mit dat 1,5 m. Thiét b
tag dugc di chuyén theo duong ké sin 1a cac canh hinh vuéng kich
thude 19x19 m, df‘mg tam voi hinh vudng dat 4 anchor. Gid tri thoi
gian thuc dit liéu tra vé dugc nhom ghi nhan va tién hanh danh gia
sai s6 ctia h¢ thong.

Hinh 14 va 15 thé hién két qua va sai s giita thiét bi tra vé va
gia tri tham chiéu. K&t qua cho thdy, khi tag di chuyén theo duong
tham chiéu cb dinh, thiét bi tra vé c6 sai sb khong qua 25 cm.
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Hinh 14. Két qua hinh vé thé hién twong quan giiva gia tri tra vé tir thiét bj
tag (dweng mau xanh) va dwong tham chiéu (dwéng mau do).
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Hinh 15. Sai sé vi tri khi thiét bi tag di chuyén.
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3.3. Thir nghiém 3: Tién hanh thiv nghiém danh gia hoat
dong hé thong trong moi truong nha kho

Nhém nghién ctru tién hanh thir nghiém hé thong tai nha
kho T3, Cong ty Co phan Ky thuat Cong nghiép A Chau
(AICT) tai L6 CN1-11B-3, khu CNC1, Khu Céng nghé cao
Hoa Lac, huyén Thach Thét, TP Ha N¢i. Vi tri lap dt 8 anchor
duoc lfip dat nhu trén hinh 16. Cac anchor dugc dat cach nhau
1an luot 20 m, pham vi dinh vi 1a 20x60 m. Chiéu cao anchor la
5 m. Thiét bj tag dugc gan trén cot cao 1,5 m va di chuyén theo
duong bién dd dinh sin trén san. P6i voi thir nghiém xe nang
hang, thiét bi tag dugc gin trén ndc xe nang hang va di chuyén
trong nha may véi téc do nho hon 5 km/h. Két qua vi tri dugc
thé hién trén phﬁn mém quan ly.
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Ke
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| ° | | o

Hinh 16. Ban d6 mat bang nha kho T3.

Nhan xét: két qua thir nghiém khi di chuyén tag theo dudng
tham chiéu mau cam (hinh 17) va dd thi sai s gitra thiét bj tra
vé v6i duong tham chiéu (hinh 18) cho thay trong méi truong
nha xuéng, ¢ vat can va khong gian rong thi sai s6 vi tri 1on
nhat dat 45 cm. Khi tién hanh ldp dat 1én xe nang di chuyén
v6i tbe do nho hon 5 km/h, theo ddi trén phﬁn mém, hé théng
hoat dong 6n dinh (hinh 19). Trong mot s6 trudng hop, voi cac
ké hang cao trén 1,5 m, che chan tm nhin gitra tag va anchor
thi két qua tra vé vi trf chdm va ¢6 sai 1éch nhiéu so véi vi tri
thue té.
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Hinh 17. Hinh anh twong quan giiva két qua dinh vi tra vé (dwong mau
xanh) v&i dwong thie nghiém tham chiéu (mau cam).
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Hinh 18. Sai s6 giira gia tri thiét bi tra vé so véi dwong thir nghiém tham
chiéu.
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Hinh 19. Lap dat vi tri tag I&n xe nang va theo déi di chuyén trén phan
mém.
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4. Két luan

Bai bao trinh bay vé nghién ciru, thiét ké hé thong dinh vi thoi
gian thyc cho xe nang hang st dung cong ngh¢ dinh vi UWB.
Hé thong duoc thir nghiém trong modi truong khong ¢6 vt can
va trong moi truong nha may cho két qua hé théng hoat dong on
dinh, dién tich bao phi dat dén 400 m? (vi 4 anchor) va 1.200 m?
(vi 8 anchor). Sai s6 i tri thir nghiém nho hon 50 cm. Két qua
thir nghiém cho thay, hé thong hoan toan dap img dé tmg dung vao
quan Iy xe nang trong nha méy, giup hd tro tot hon cong tic quan
1y, van hanh xe nang. Trong thoi gian t6i, nhém nghién ciru s& tiép
tuc phét trién céc thuat toan xir Iy trong truong hop ¢ vt can va
nghién ciiu sir dung phuong phap dinh vi TDOA dé nang cao do
chinh xac, kéo dai thoi gian hoat dong cho thiét bi tag.

Nghién ctru nay duoc tai trg bdi deé tai cép B6 Khoa hoc va
Cong nghé¢: “Nghién ctu, img dung cong nghé¢ bang thong siéu
rong (ultra-wideband - UWB) d9 chinh xac cao trong quéan ly
theo doi giam sat thoi gian thuc cac phuong tién di chuyén tai kho
hang trong nha may” theo Hop ddng sb 12/2023/HP-DTCB ngay
20/02/2023. Cac tac gia xin trdn trong cam on.
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Hé thong tw dong giam sat dong ro trén thiét bi chong sét van

Hoang Ngoc Nhan, Pang Quang Thach®, Lé¢ Manh Hung
Vién Ung dung Céng nghé, Bé Khoa hoc va Céng nghé, 25 Lé Thanh Tong, phweong Phan Chu Trinh, qudn Hoan Kiém, Ha Néi, Viét Nam
Ngay nhan bai 26/7/2024; ngay chuyén phan bién 1/8/2024; ngay nhan phan bién 21/8/2024; ngay chip nhan ding 23/8/2024

Tom tiit:

Chéng sét van 1a thiét bi dwoc sir dung phd bién trong cic tram bién ap dé bao vé lwéi dién, thiét bi dién truéc tac
dong ciia sét. Chit lwong ciia thiét bi chdng sét van chii yéu dwoc danh gia thong qua do va phén tich dong ro qua
thiét bi chong sét. Pd 16m ciia thanh phin dién tré trong dong dién ro dwoc coi la ty 18 voi mire dd xudng cp ciia khéi
ZnO, hoic thiét bi chdng sét van bi ban trén bé mit. Thiét bi khong dam bao yéu ciu phai dwge vé sinh bé mit hoic
thay thé, nhim diam bio an toan va tranh ton hao cho lréi dién. Bai bao nay dé xuat mot gidi phap giam sit, cinh
b4o triee tuyén cho thiét bi chong sét trén co sé' s6 héa tin hiéu twong tw, truyén thng, phan tich, luu trir gia tri dong
dién ro qua thiét bi chdng sét van. Giai phap nay da dwoc thir nghiém trong dai do tir 0-30mA, cho sai s6 twong doi
16m nhit 3%. Truyén thong LoRa ning lwgng thip két hop véi mang 4G givip giam sat tir xa gia tri dong ro, dap ing
nhu ciu cinh bdo sé'm, hd trg cong tac van hanh cac tram bién ap, dic biét tai cic tram bién ap khong nguoi truc.

Tir khéa: chdng sét van, do dong ro, IoT, LoRa, mang cam bién khong day, 4G.

Chi s6 phin logi: 1.3,2.2

Automatic system for monitoring leakage current on valve surge arrester
Ngoc Nhan Hoang, Quang Thach Dang’, Manh Hung Le

National Center for Technological Progress, Vietnam Ministry of Science and Technology,
25 Le Thanh Tong Street, Phan Chu Trinh Ward, Hoan Kiem District, Hanoi, Vietnam

Received 26 July 2024; revised 21 August 2024; accepted 23 August 2024
Abstract:

A valve surge arrester is a device commonly used in substations to protect power grids and electrical equipment
from the effects of lightning. The quality of the valve surge arrester is evaluated by measuring and analysing the
leakage current of the surge arrester. The magnitude of the resistive component in the leakage current is considered
proportional to the degree of degradation of the ZnO block, or dirty’s surface of the valve surge arrester. Equipment
that does not meet the requirements must have its surface cleaned or replaced to ensure safety and avoid loss to
the power grid. This article proposes an online monitoring and warning solution for surge arrester devices based
on digitising analogue signals, communicating, analysing, and storing the value of the leakage current of the surge
arrester device. This solution got a maximum relative error of 3% when tested in the measurement range from
0+-30 mA. Low power long-range (LoRa) communication and 4G networks allow the leakage current value to be
monitored remotely, meeting the needs of early warning and support for the operation of transformer stations,
especially at unmanned substations.

Keywords: 10T, leakage current measurement, long-range (LoRa), valve surge arrester, wireless sensor networks,
4G.

Classification numbers: 1.3, 2.2
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1. it van de

Chdng sét van ZnO khong khe ho dugc su dung pho bién
& cac tram bién ap 110500k V. O trang thai lam viéc binh
thuong, khdi vat liéu ZnO trong chong sét van c6 gia tri dién
tro rat 16n, khi d6 dong ro xoay chiéu chay qua né ¢ gia tri
rat bé (khoang vai trim micro Ampe). Khi c6 sét, nho tinh
chat nhiét dién cua vat liéu, khoi ZnO chuyen sang ché do
dan dién gitip dwa dong dién sét vé vi tri tiép dia nham bao
vé ludi dién [1].

Trong qué trinh van hanh, chét lugng cua thiét bi chong
sét van dugc danh gia thong qua do va phan tich dong ro
tong (I) qua khéi ZnO (hinh 1). Dong dién ro noi trén la
tong cua 2 dong thanh phan: dién dung (I.) va dién tr6 (1),
(Ir =1 + IR) Do 16n cua thanh phan dlen tré trong dong
dién ro tong, dac biét la thanh phan hai bac ba, dugc xac
dinh 1a ty 1€ v&i muc do xuong cap cua khéi ZnO [1]. Khi
dong ro ting s& dan dén cac van dé nhu: tang ton hao trén
ludi, nghiém trong hon, néu dong ro ting qua gio1 han cho
phép s& lam hong thiét bi do tac dong cua nhiét dan dén su
¢b nhu nd vo boc bang gbm, su ¢b cham dét.

(A) (B)
HV Side

IT

Capacitance —— z
!7. b
\.\. [

g
1

Hinh 1. M& hinh dong dién qua chéng sét van. (A) Chbng sét van
thuc t&; (B) M6 hinh dong dién rd qua chéng sét van.

Non-Linear
Resistor

k

‘Thong thuong, & cap dién ap 220 kV, chong sét van méi
xudt xudng co gia tri dong dién ro xoay chiéu tong <1 mA.
Trong giai doan hoat dong binh thuong, gia tri dong ro <1,5
mA. Khi dong ro ndm trong pham vi tir 1,53 mA, 1a lic
thiét bi 1am viéc & vung canh bao, day cling la dAu hiéu cua
su suy giam chat luong cac phan tir ZnO, khi d6 thiét bi can
dugc kiém tra dé xac dinh nguyén nhan thay déi tinh chat
dan dién. Cac chdng sét van c6 dong ro >3 mA can phai thay
thé ngay dé dam bao diéu kién van hanh cta ludi dién.

Trong thyc té, viéc kiém tra dong ro qua chéng sét van
dugc tién hanh dinh ky, tuy nhién van tiém an nguy co thiét
bi suy giam chét lugng khong dugc phat hién, thay thé kip
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thoi giita cc lan kiém tra. Do d6, van dé dit ra la can c6 giai
phap giam sat, canh bao dong ro theo thoi gian thyc, giai
phap nay cin c6 mot sé tinh niang chinh sau:

- Po dong ro qua chdng sét van theo thoi gian thuc va
s0 hoa két qua do phuc vu truyen thong, xu ly, luu tri trén
may tinh.

- Guri két qua do dong ro, trang thai hoat dong cua thiét
bi do va ban tin canh bao sy c6 dén nguoi van hanh qua
mang truyén thong khong day cuc b va mang Internet.

- Pé don gian va thuan loi cho viéc lap dit, thiét bi do
nén str dung pin lam ngudn cung cép, vi vy can lya chon
giai phap thiét ké phan cimg va ché d6 lam viéc t6i wu cho
tiét kiém nang luong dé thiét bi co thé hoat dong doc lap
trong thoi gian dai.

2. Do tuong va phuong phap nghién ciiu
2.1 Déi twong, vit tw phuc vu nghién ciru

- Déi twong nghién ciru: Hé thdng gidam sat dong ro
qua chong sét van ZnO, dugc st dung tai cac tram bién ap
110+500kV.

- Vit tw phuc vu nghién ciru: Vat tu phuc vu ché tao thiét
bi gom mot so linh kién dién tir chinh sau:

+1C chuyén déi twong tu/sd: Do phan giai 12 bit, toc do
lay mau 200 ksps;

+ Vi diéu khién: 32 bit, tich hop céac giao dién: I>C, SPI,
UART/USART;

+ Module SIM: Mang 3G/4G LTE-TDD/ LTE-FDD/
HSPA+/GSM/GPRS/EDGE, toc d¢ truyén dir li¢u LTE 10
Mbps, HSPA 40 Mbps, UART 115200 bps;

+ Module truyén théng LoRa: Giao dién SPI, téc do
truyén di liéu 300 Kbps, tan so lam vi¢c: 433 MHz

+ PIN lithium 18650 dién ap 3.7 V/3500 mA,;
+ Mot s6 linh kién dién tir thong dung khac.
2.2. Phwong phap nghién ciru

Dé giai quyét van dé giam sat dong ro qua chdng sét van
néu trén, c6 nhidu phuong phap khac nhau duoc sir dung
dé giam sat chat lugng chong sét van, vi du: phuong phap
do truong dién tir [2, 3], phuong phap do va kiém tra nhiét
do [4, 5], phuong phap phén tich dac tuyén dién ap-dong
dién [6], phuong phép ton that dién nang [7, 8], giam sat tir
xa va tinh toan thanh phan dién tro trong dong dién ro [9],
phuong phap do cac thanh phan dién tré va dién dung cia
dong ro [10-13].

Trong quy trinh van hanh thyuc té, cac hoat dong gidm
sat, kiém tra chong sét van chii yéu can ctr vao gia trj dong
10 tong dé quyét dinh thyc hién cac hoat dong vé béo tri, sira
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chira, thay thé thiét bi. Trén co s¢ do, trong nghién ctru nay,
nhom tac gia da ché tao va thir nghiém hé thong giam sat,
canh bao dong ro c6 cau tric nhu trong hinh 2.

Hinh 2. Céu tric hé théng giam sat dong ré chéng sét van.

Hé thong gérp cac thanh phan chinh sau: (1) Thiét bi do
dong ro; (2) Thiét bi trung tam; (3) Phan mém giam sat.

Thiét bi do dong ro:

CAu trac thiét bi do dong ro dugc minh hoa trong hinh 3.

I Chuyén déi | Ur|
— W —» B loc
Khuéch
dai
Chinh Lyl ADC <->‘ LoRa }
luu
___________________________________ Vi diéu khién LCD
4—»1 Thé nhé |-
~
Nguon
mot chiéu

Hinh 3. So’ d6 khéi thiét bi do dong ro.

Dong 1o xoay chiéu (I,) chay qua chong sét van dugc

chuyén dbi thanh tin hiéu dlen ap xoay chiéu U,,, U, (hinh 4).
It R3 Urs
Ri1 102 DI
202 =—=C6

R1

202
G

|I+D-GND
RI2 =
202 D-GND ——ClI13

3 D2
33nF
R9 5 1

102 Ur.

MOV }
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Hinh 4. Mach chuyén di dong dién thanh dién ap.

‘ JHORHOC [

Tin hiéu xoay chiéu U.,, U, dugc dua qua bg loc tan so,
mach khuéch dai, mach chinh luu dé chuyén doi thanh dién ap
mot chiéu, sau khi duoc chuén hoa, tin hiéu mot chiéu duoc
chuyén d6i thanh dit liéu s6 nho bo ADC. Két qua s hoa dugce
vi diéu khién tinh toan dé xac dinh gia trj dong rod tuvong tng.
Gia tri cta dong ro duge dua dén cac giao dién dau ra gdm:
man hinh LCD, module truyén thong LoRa va bg diéu khién
luu trlt thé nho.

Mach chuyén d6i dong dién/dién ap st dung dién tré (metal
oxide varistor - MOV), trong diéu kién binh thuong, gia tri dién
cia MOV la vo cung lon (tuong duong trang thai ho mach),
khi c6 set, gid tri dién cia MOV chuyén vé muc rt nho (tuong
duong trang thai ngin mach) dé dan dong dién sét chay qua
nhéanh nay vé dat.

Thiét bi do dugc thiét ké dé lam viée ¢ ché d¢ tiét kiém
ning lugng, cac thiét bi ngoai vi chi lam viée khi duoc yéu cau:
LCD hién thi tai chd chi dwoc bat khi nguoi dung nhén nut;
module truyén thong chuan LoRa sir dung ning lugng thép,
dong thoi dugc céu hinh dé truyén dir liéu dén thiét bi trung
tam theo tin sudt phu hop; viée luu trit vao thé nhd chi duogc
thyc hién ddi véi cac goi dir liéu khong giri duoc dén thiét b
trung tdm do 15i truyén théng ctia mang LoRa... Mach st dung
pin, trong diéu kién binh thuong, mach co thé lam viéc lién tuc
trong 6 thang.

Thiét bi trung tam

1/0 Port

:

Modulle sp1 ART MOd‘fAle
truyén théng [ B > trl{yen

LoR& thoéng

4G
Vi diéu khién Man hinh | _

LCD
Uart | Module
< »  doc/ghi
Thé nho

mét chidu

Hinh 5. So’ db khoi thiét bi trung tam.

Thiét bi trung tam co cAu triic nhu hinh 5, dwoc lép dat trong
phong diéu khién tai cac tram bién ap, két ndi voi cac thiét bi
do dong r0 qua mang khong day LoRa, thu nhén s0 ligu tir cac
thiét bj do sau @6 chuyén tiép vé phan mém giam sat qua mang
Internet. Ngoai dong vai tro gateway, thiét bi trung tam con ¢
thé thuc hién cac chic nang gidm sat cuc b tai tram bién ap.

Man hinh LCD hién thi cac s6 liéu nhan tir thiét bi do dong
1o, gdm: gia tri dong rd, muc dién ap cua pin, trang thai lam
viée cua cac thiét bi, trang thai mang truyén thong. .. Thiét b
¢6 giao dién két ndi voi man hinh HMI, cho phép theo ddi dix
liéu tryc quan tai phong diéu khién trung tim.
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Ban phim két hop v6i man hinh LCD la kénh giao tiép voi
ngudi st dung, hd tro nguoi ding cai dit cau hinh thiét bi trung
tam. Binh thudng, trén man hinh LCD s& hién thi cac thong sb
do va trang thai hoat dong hién thoi cua cac thiét b, nguoi st
dung c6 thé chon cac ché do hién thi khac nhau béng cach nhan
phim tuong Gng, vi du yéu cau doc s6 liéu hién thoi tir mot thiét
bi do cu thé.

Module truyén thong LoRa thu nhan dit liéu tir cac thiét b
do qua mang LoRa, sau d6 dwa vé vi diéu khién qua giao dién
két nbi SPI. Tai vi didu khién, dir liéu dwoc dua dén cac giao
dién dau ra gdm: module truyén thong 4G, man hinh LCD va
b diéu khién luu trit thé nho.

Thiét bi trung tdm dugc trang bi ngudn dang UPS, gdm pin
¢6 thé sac lai dugc va bd sac tu dong, nguén dién cho phép
thiét bi 1am viéc ngay ca trong tinh huéng mat dién ludi trong
24 gio.

Module truyén thong 4G duoc ding dé truyén dir liéu vé
phan mém gidm sat qua mang Internet.

Luu trir dir liéu vao thé nhd dugce thuc hién déng thoi voi
viée giri dit liéu vé& phin mém giam sat nhu mot hinh thirc luu
trit du phong. Khi thé nhé day, cac tép dit liéu cii s& bi ghi de.
Trung binh dir li¢u dugc Iuu trir trén thé nhd khodng 30 ngay
trudce khi bi xoa.

Phan mém giam sat

Phan mém giam sat diéu khién dugc phat trién trén co so
(g dung nén ting IoT md ngudn mo thingsboard. Cac chirc
ning chinh ciia phan mém bao gém: thu nhan, luu trit, xt Iy
dir lidu tir cac thiét b trung tdm qua mang Internet; truc quan
hoa dir lidu; canh bao su ¢d; quan 1y thiét bi va quan Iy ngudi
str dung. Thiét bi trung tm va phan mém giam sat trao doi dir
liéu bang giao thirc MQTT. Dir lidu va cac thong tin quan ly
hé thong dugce luu trit trong co so dit liéu MongoDB. S6 liéu
dong ro va trang thai cua thiét bi do, thiét bi trung tdm dugc
hién thi béng nhiédu dang truc quan nhu dd thi, biéu tuong. ..
Céc dau hidu bat thudong va su c¢d duoc canh béo theo cac kich
ban dugc dinh nghia trén tng dung. Ngudi sir dung co thé truy
nhap phan mém bang trinh duyét web trén may tinh PC hoac
dién thoai thong minh.

3. Két qua

Hinh 6 thé hién mot s6 két qua thiét k&, ché tao, thir nghiém
hé théng giam sat dong ro chdng sét van, trong do: hinh 6A la
ban mach thiét bi do. Hinh 6B 1a thiét bi do dong ro da lap rap
hoan thién va dang dugc kiém tra; hinh 6C 12 ban mach thiét bi
trung tAm; hinh 6D 1 phan mém giam sat trén nén tang web co
giao dién tuong thich dién thoai thong minh chay hé diéu hanh
android hoac IOS.
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Hinh 6. Thiét bj giam sat dong ro chéng sét van.

Hé¢ théng trén duoc ché tao, thir nghiém thyuc hién tdt cac
chure nang yéu cau, két qua cu thé nhu sau:

- Chike nang do dong ro: Két qua thir nghiém bang méy tao
dong chuan cho thay, ¢ dai do 0-30 mA sai s6 do dong ro cua
thiét bi do < 3%.

S6 liéu trong bang 1 1a két qua thir nghiém do dong ro.
Trong phép thtr nay, cdt “Dong dién thir nghiém” (1) dugc tao
bang bd ngudn chuan California instruments AMETEK model
2001RP; cot “Kim chi” (2) 1a gia tri quan sat dugc trén dong hd
kim chi; cot “TB do dong r0” (3) 1a két qua do bang thiét bj ché
tao trong nghién ciru ndy; céc cot “TB trung tim” (4) va “Phan
mém giam sat” (5) lan luot 1a gid tri hién thi tai thiét bi trung
tam va phan mém giam sat. Hinh 7 1a d6 thi so sanh két qua do
dong dién bang thiét bi ché tao trong nghién ctru nay va gia tri
dong dién tao ra bang bd ngudn chuan.

Bang 1. Két qua thir nghiém do dong ro.

TT  Dongdién thirnghiém  Kimchi TBdodongrd  TBtrungtim  Phin mém gim sat
) @ ) @ )
1 1,05 1,02 1,02 1,02 1,02
21488 148 148 148 148
300201 2 2 2 2
4 306 3 3,04 3,04 3,04
5 5,04 5 501 501 501
6 10} 10 10,1 10,1 10,1
720,09 20 20,04 20,04 20,04
8 30,09 29 2995 29.95 29.95
E
b I I
1 2 3 4 5 6 7 8
WDong thirnghiém 105 148 | 201 | 306 504 | 101 2008 30,09
miTBdodongro 102 148 2 304 501 | 101 | 2004 2995

Hinh 7. So sanh két qua thir nghiém do dong dién.
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- Chirc nang truyén thong LoRa: O khoang cach [100 m]
ty 1€ mat goi tin < 0,1%.

- Chure nang truyén thong 4G: Ty 18 goi tin phai truyén
lai < 0,1%.

- Céc chirc nang hién thi, tuong tac véi nguoi sir dung
hoat dong dliing yéu cau.

- Chtrc ning ghi thé nhd hoat dong dung yéu cau.

- Mtc ti€u thu pin cua thiét bi do dong ro ¢ muc nhu tinh
toan ban dau.

4. Ban luan

Hé théng giam sat, canh bao dong rd qua thiét bj chdng
sét van trong nghién ctru nay dugc thiét ké, ché tao trén co
so tich hop k¥ thuat do va s6 hoa dong dién ro téng ciing v6i
cac giai phap truyen thong LoRa, IoT budc dau ching minh
dugc kha ning ho trg, nang cao hidu qua hoat dong kiém tra,
bao tri, stra chita thiét bi chong sét van tai cac tram bién 4 ap.
Két qua nghién ctru nay 1a co sé dé trién khai cac budc tiép
theo nhu ting dung cac phuong phap phan tich va tach thanh
ph?m dong 1o dién tro, dién dung nham xac dinh chinh xac
nguyén nhan dan dén suy giam chat lugng chdng sét van, tir
d6 co bién phap xir Iy phu hop nhét.

Bing viéc ing dung céc giai phap IoT, trong (qua trinh hoat
dong, hé théng giam sat, canh bao dong ro chong sét van sé
tao ra lugng dir li¢u du 1on, khi d6 co6 thé ung dung cac giai
phap hoc may gitip trién khai cdc phuong phap chan doan, du
bao nham xac dinh ché d¢ bao tri phu hop cho hé thong.

5. Két luan

Hé thong gidm sat, canh bdo dong ro chong sét van duoc
thiét ké, ché tao trong nghién ctru nay déng gop mot giai phap
g dung cong nghé, k¥ thuat thu thap, s6 hoa, truyén thong,
xir 1y, Iuu trir dit lidu theo thoi gian thue dé giai quyét mot bai
toan trong thyc té. Cac tinh nang hitu ich ma giai phap dem lai
c6 thé ké dén bao gom:

- Xac dinh dugc tinh trang 1am viéc ciia chdng sét van
theo thoi gian thyc, hd trg xir 1y kip thoi, phong tranh sy )
lién quan dén chong sét van, han ché xay ra su c6 dot ngot
gdy nd & thiét bi chdng sét, tranh nhitng rti ro, nguy hiém cho
ngudi van hanh, giam thiéu hu hong dén cac thiét bi lan can.

- Thu thép, luu trir s liéu trong ca qua trinh hoat dong,
gitip chan doan, tim nguyén nhan, phat hién sém cac dau
hiéu nhi®m ban, 4m hodc thoai hoa cua cac phan td ZnO
trong chéng sét van. Tu d6 thuc hién cac hoat dong phu hop
nhu: kiém tra online, thir nghiém bd tro offline, bao dudng
hoic thay thé.

- Trén co s¢ xac dinh dugc trang thai lam viéc cua thiét
bi chéng sét, gitip don vi van hanh chu dong xay dung ké
hoach bao tri, bao dudng phti hop, t6i wru hoa chi phi, thoi
gian, nhén lyc, ddng thoi gop phan nang cao do tin cdy, an
toan cho mang ludi dién.
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Giai phap gi6i thidu trong bai bao nay 1a mot sé két qua
nghién ctru thude nhiém vu khoa hoc va cong nghé cap Bo
“Nghién ctru thiét ké ché tao hé théng giam sat truc tuyén
dong 1o cho chdng sét van” do Vién Ung dung Cong nghé
chu tri. Tap thé tac gia xin tran trong cam on B Khoa hoc
va Cong nghé da tao diéu kién thuan loi dé nhom tac gia
thuc hién nghién curu nay.
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Nghién ciru anh hwong cua lop Ti to1 do ,(x)n dinh ciia cim hién
cong hwdng plasmon bé mt loai do dong cau tric ITO/aSi:H/Ti/Au
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Tom tit:

Ciam bién dua trén cong huwéng plasmon bé mit hay cam bién cong hwéng plasmon bé mit (SPR) da dugc chirng
minh la c¢6 do nhay cao trong viéc phat hién su thay ddi chiét suat cia moi truong xdy ra gan bé mat cam bién. Tuy
nhién, cic cam bién SPR hién nay phal Kkét hop v6i mot hé thong quang hoc bén ngoai, bao gom cic cam bién quang
va hé théng dich chuyén chinh xac, dé do lwong sy thay d6i ca vé cwong dd va vi tri ciia anh sang phan xa. biy la han
ché chinh ciia cic cim bién hién nay, Kkhién chiing khong linh hoat va khé 4p dung trong cic xét nghi¢m tai chd. Han
ché nay da dwgce ching toi Kkhic phuc trong nghién ciru nay, bang cach tich hgp mot cim bién quang (photodiode)
dang mang mong ngay dudi 16p vat liéu plasmonic. Cu thé, cac cam bién SPR do chiing tdi dé xuit ¢ cAu tric dé
thiy tinh/16p dién cyc trong suot ITO (200 nm)/16p Si vo dinh hinh pha tap hydro (100 nm)/Ti (10 nm)/Au (50 nm),
¢6 thé hoat dong twong tw cic cam bién SPR pho blen hién nay c6 cau trac dya trén cau hinh Kretschmann. Nguyén
1y hoat dong ciia cam bién SPR do chung t6i dé xuit va tac dong cua l6p Ti téi do 6 6n dinh ciia cim bién ciing dwge
thao luin trong bai bao nay.

Tir khéa: cam bién SPR, cAu hinh Kretschmann, cong hwéng plasmon bé mit.

Chi s6 phén loai: 1.3,2.5

Study on the effect of Ti layer on the stability of electrical measuring

surface plasmon resonance sensors with ITO/aSi:H/Ti/Au structure
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Abstract:

Surface plasmon resonance-based sensors, or surface plasmon resonance (SPR) sensors, have been demonstrated
to possess high sensitivity in detecting refractive index changes in the medium occurring near the surface of the
sensor. However, current SPR sensors must be coupled with an external optical system, including photodetectors
and precise displacement systems, to measure changes in both the intensity and position of the reflected light. This
is the main disadvantage of current SPR sensors, rendering them non-portable and challenging to apply in on-site
experiments. In this study, we have overcome this limitation by integrating a thin-film photodiode directly beneath
the plasmonic material layer. Specifically, the SPR sensors we propose have a structure of glass substrate/indium tin
oxide (ITO) layer (200 nm)/hydrogenated amorphous Si layer (100 nm)/Ti (10 nm)/Au (50 nm), which can operate
similarly to conventional SPR sensors based on the Kretschmann configuration. The operating principle of our
proposed SPR sensor and the impact of the Ti layer on the sensor's stability will be discussed in this article.

Keywords: Kretschmann configuration, SPR sensor, surface plasmon resonance.

Classification numbers: 1.3, 2.5
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1. Dat van de

Céc cam bién cong huong plasmon bé mit (SPR) dua
trén cdu hinh Kretschmann (hinh 1, bén trai), da duoc trién
khai thanh cong trong nhiéu thiét bi thvong mai va dugc
sir dung rong rii trong céac linh vic nhu khoa hoc doi sbng,
chan doan y khoa, phén tich thuc phdm va nghién ctru moi
truong [1-7]. Cam bién c6 cau tao don gian, chi bao gom mot
16p vét liéu plasmonic, thuong la vang (Au) day 50 nm [4-8]
duogc ling dong trén mot ling kinh thong qua mot 16p két
dinh méng crém (Cr) hodc titan (Ti). Tuy nhién, thiét bi hoan
chinh can phai c6 hé thdng quang hoc 16n va phic tap bén
ngoai cam bién, dé xac dinh vi tri va cudong do cta anh sang
phan xa, tai mat chuyén tiép giita 16p két dinh va 16p Au, 16
ra khoi lang kinh (hinh 1, bén trai). Hé thong quang hoc nay,
khién thiét bi phén tich st dung cam bién SPR hién nay c6
kich thudc 16n, han ché tinh kinh té, kha nang di dong, va
tiém nang sir dung trong cac xét nghiém tai chd.

Moi truong,
chiét suat n

Au 50 nm

Moi truong,
chiét suat n
Au 50 nm
Lo inh
Lang kin '
laser, 9 Cam bién

‘ quang

%

Dong dién

S chudn héa

10

Tia phan xa
© chuan hda (%)

wn
o

[} ° TIR SPR >0

(o]

Hinh 1. Minh hoa cam bién dwa trén céng hwéng plasmon bé mat cau
hinh Kretschmann phé bién hién nay (hinh trai), cam bién dwa trén cong
hwéng plasmon bé mit loai do dong do nhém nghién ctru dé xuét (hinh
phai). TIR la géc phan xa toan phan, dva trén cdng hwéng plasmon bé mat la
g6c xay ra hién twong cong hudng plasmon bé mét.

Tham khao sy phat trién cia cac cam bién quang
(photodiode) dang mang mong hién nay, cac budc tién trong
viéc tich hop cac photodiode vao bén trong cam bién SPR
clia cdc nhom nghién ciru [9-11], tiép ndi cac nghién ciru
gan day cua chung t6i [12], trong nghién ctru ndy, chung t6i
dé xuit cac cam bién SPR dya trén cau hinh Kretschmann
voi mot photodiode tich hop gom mot lop dién cuc trong
sudt 6-xit thiéc indium (ITO) va 16p Si vo dinh hinh pha
tap hydro (aSi:H) dugc dat bén dudi 16p vt liéu plasmonic
Au (hinh 1, bén phai). Piéu dic biét 13, thay vi ling dong
cac 16p ITO, aSi:H, Au truc tiép trén ling kinh tuong tu
nhu cac nhom nghién ctru khac hodc nhu cac cam bién SPR
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thong thuong hién nay, ching toi chi lang dong 16p aSi:H,
Au trén mot dé thity tinh thwong mai da duoc phu 16p ITO
day 200 nm (sau day goi 1a dé thuy tinh/ITO) bang phuong
phap phun xa. Cau trac dé thuy tinh/ITO/aSi:H/Au dugc
goi 14 chip cam bién. Viéc sir dung cac chip cam bién nay
cho phep viée ché tao dwoc thudn loi hon, céc chip cam bién
ciing d& dang tich hop vdi cac loai ling kinh khac nhau, ké
ca lang kinh co6 chiét suit thdp hon chiét sudt cua dé thuy
tinh, va thuan tién cho viéc tai st dung. Lop aSi:H dong
vai trd quan trong trong viéc hap thy photon va tao ra dong
quang dién twong ung v6i sy thay d6i cua 4nh sang phan
xa tai mat chuyén tiép gitra 16p aSi:H va 16p Au. Lép aSi:H
duoc lua chon do nhiét do ché tao thap, hé sb hap thu cao
trén mot dai rong cua budc soéng tr cdn cuc tim dén can
h6ng ngoai [13]. Lop ITO dong vai tro nhu mét dién cuc,
hinh thanh chuyén tiép Schottky véi 16p aSi:H, va cho phép
hau hét anh sang toi di qua [14]. Lép Au vira dong vai tro 1a
dién cyc vira 1a 16p vat liéu plasmonic.

Tuy nhién, do 16p Au ¢ do két dinh kém va khong bén
v6i 16p aSi:H, vi vy bén canh cac chip cam bién c6 cdu triic
dé thuy tinh/ITO/aSi:H/Au, chiing t6i ciing ché tao cac chip
cam bién co cdu tric dé thay tinh/ITO/aSi:H/Ti (10 nm)/Au
dé dam bao sy két dinh giira 16p Au va aSi:H. Trong trudng
hop nay, 16p aSi:H s& hap thu photon va tao ra dong quang
dién twong tng véi sy thay ddi ciia anh sang phan xa tai mat
chuyén tiép gitta 16p Ti va 16p Au. Mic du, viéc thém bat ki
16p vét liéu nao phia dudi 16p Au s€ 1am cho hi¢u trng SPR
kém hiéu qua hon [15], nhung viéc thém 16p aSi:H va 16p
Ti trong cac chip cam bién ciia chung t61 c6 the dem dén
mot hi¢u qua vé mat cAu hinh cua thiét bi va d6 6n dinh cua
cam bién. Cac phan tich dudi ddy s& lam sang t6 diéu nay.
Cén luu y ¢ day 1a 16p Ti cAn mong nhét co thé, dé khong
lam suy giam hiéu tng SPR nhung van can dam bao sy két
dinh bén va 6n dinh cho 16p Au va 16p aSi:H [15]. Piéu nay
chu yéu phu thudc vao cong nghé ché tao va trang thiét bi st
dung. D6i v6i nghién ciru nay, ching t6i dé st dung thiét bi
phun xa dé ché tao cac 16p mang aSi:H, Ti va Au. Thuc té,
chung t6i di c¢b ging ché tao cac cam bién co 16p Ti day 2
va 5 nm, tuy nhién cac 16p mang nay khong hinh thanh mot
mang lién tuc va ddng déu véi thlet bi san c6 cia ching toi.
Do d6, 16p Au khong bam dinh tt voi 16p aSi:H thong qua
cac 16p Ti nay. Két qua la cac cam bién c6 16p Ti day 2 va 5
nm c6 d6 bén va d6 on dinh kém, twong ty nhu cac cam bién
khong c6 16p Ti. Vi vay, trong nghién clru nay chung t6i chi
dua ra cac két qua so sanh v6i miu c6 ciu tric ITO/aSi:H/
Au va ITO/aSi:H/Ti (10 nm)/Au.

2. Viat liéu va phuong phap nghién ciu

Pé thuy tinh/ITO duge san xuit boi Cong ty Geomatec,
chi nhanh Trung Qudc, gdm 16p thay tinh c6 chiét suat 1,51,
kich thudc bé mat 19,5x19,5 mm, chiéu day 1,1 mm; va
16p ITO day 200 nm, dién tr& sudt khoang 225 uQ cm, do
truyen qua khoang 80% va&i anh sang kha kién. Lop vat heu
aSi:H duoc ché tao tir bia vat liéu Si loai n ¢ dién tré suét
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xép xi 88 Q.cm dugc san xuat boi Cong ty Kurt J. Lesker
(buc). Lop vat liéu Ti va Au dugce ché tao 1an lugt tir cac bia
vat liéu Ti va Au dugc san xuét boi Cong ty MSE Supplies
LLC (Hoa Ky). Cac bia vat liéu déu c6 duong kinh 5,08 cm
va d6 tinh khiét 99,999%.

Céc lop vat liéu duoc ché tao bﬁng hé phun xa AJA ATC
2000-F (Hoa Ky). Cac dé thuy tinh/ITO sach duoc dua vao
budng chan khong & ap suat 9x 10 Pa. Qua trinh ling dong
l6p aSi:H dién ra ¢ nhiét d6 phong, trong moi truong khi
gom 15,6 scem argon va 0,5 scem hydrogen, thong qua
mot mit na. Cong suat, ap sudt va thoi gian phun xa lan
lugt 1a 100 W, 2,7x10°! Pa, va 4300 gidy. Sau khi lang dong
16p aSi:H, dé thuy tinh/ITO/aSi:H dwoc u nhiét bang 10 0
ngoai, tai nhiét o 250°C, dudi ap suat khi quyén trong 60
phit. Sau d6, dé thay tinh/ITO/aSi:H dugc dua tré lai budng
chan khong cua hé phun xa dé lang dong 16p Au day 50 nm,
thong qua mot mat na khac dé thu dugc cac chip cam bién
¢6 cau trac dé thay tinh/ITO (200 nm)/aSi:H (100 nm)/Au
(50 nm). Lép Au c6 chidu day 50 nm cho hiéu ing SPR t6t
nhét véi anh sang c6 bude song khoang 670 nm. Lop ITO
véi chiéu day 200 nm cho dién cuc dan dién tdt va én dinh
ngay ca khi da dugc 0 ¢ nhiét 46 250°C, déng thoi van cho
khoang 80% anh sang kha kién truyén qua. Trong khi do,
theo nghién ctru cua chiing t6i, 16p aSi:H day 100 nm vura
hép thu tot anh sang dé tao ra dong quang dién 16n, vira cho
phép mot phan anh sang truyén t6i 16p Au dé kich thich hién
tuong SPR xay ra manh. Ddi véi cac chip cam bién co cau
trac dé thuy tinh/ITO (200 nm)/aSi:H (100 nm)/Ti (10 nm)/
Au (50 nm), 16p Ti duoc ling dong trén 16p aSi:H trude khi
ling dong 16p Au. Qua trinh ling dong céc 16p Ti, Au dién
ra tai nhiét do phong, trong moi trudng chi ¢6 khi Argon véi
luu lugng 16 scem va ap suat 2,7x10! Pa. Lép Ti va 16p Au
dugce lang dong bang ngudn phtn xa mot chiéu, véi cong
suat 1an luot 1a 50 va 10W, thoi gian ling dong lan luot 1a
490 giay va 2030 gidy. Cudi cung, cac chip cam bién thu
duogc c6 hinh dang va cAu trac nhu hinh 2.

Ti/Au
asSi:H

Pé thly tinh

«—— DE thiy tinh/ITO

Hinh 2. Anh bé& mat (trai) va anh TEM mat cét (phai) ctia chip cam bién
c6 cAu tric dé thay tinh/ITO (200 nm)/aSizH (100 nm)/Ti (10 nm)/ Au (50
nm) [14].

Do day cua cac 16p mang trong chip cam bién duoc xéac
dinh bang cac phép do hién vi dién tu truyén qua (TEM), st
dung thiét bi JEM-2100F (Jeol). B¢ phan tich hién tugng
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SPR, ching t6i gan chip cam bién 1én lang kinh c6 chiét suat
1,78 thong qua 16p dau Silicon 08816-05000 (Toyota). Ling
kinh va chip cam bién dugc ¢b dinh chic chin trong mot gia
d5 tu ché, va duoc gan 1én mot mo-to budce (hinh 3). Chip
cam bién duogc két ndi véi thiét bi do dién Keithley 2400-LV
dé do dong quang dién, voi mot dién cuc két ndi voi 16p Au
va mot dién cuc khac két ndi voi 16p ITO. Lang kinh dugc
chiéu sang bang anh sang phan cuc p tir mo-dun phat laser
(Thorlabs) véi budc song 670 nm, cong suat chiéu 4 mW, va
duong kinh diém sang 1a 1 mm. Goc t6i ctia 4nh sang (gbc
@ trong hinh 1) duoc thay doi bang cach quay toan bo hé
thdng gia d& va lang kinh, trong khi ngudn phat laser duoc
giit cd dinh. Khong khi voi chiét sudt xap xi 1 1a méi truong
trén cac chip cam bién trong cc phép do nay.

Chip cam bién

Dién cuclh —
‘ Bbién cuc E

/Lang kinh

a

Hinh 3. Cac bo phan dé c6 dinh chip cam bién (trai), chip cam bién cling
gia d& dwoc gan vao mé-to bwéc nhdm thay déi goc téi clia anh sang
chiéu vao lang kinh (phai).

Dé thao luan v& nguyén 1y lam viéc cta chip cam bién,
tirc kha nang hap thu 4nh sang phan xa tai mat phan cach
gitta 16p aSi:H hodc 16p Ti va 16p Au cua 16p aSi:H va
chuyén n6 thanh dong quang dién, ciing nhu thao luan vé
d6 6n dinh, d6 bén cua chip cam bién, cac phép do dong-
thé (I-V) bang thiét bi Keithley 2400-LV ciing duoc thuc
hién. Ngoai ra, o két dinh va hinh thai hoc bé mat cua lop
Au trén 16p aSi:H ciing duoc kiém tra theo thoi gian, béng
phuong phap bing keo (tape test) va kinh hién vi dién tur
quét st dung thiét bi S-3400N (Hitachi). Trong phuong
phdp bang keo, chung t6i da s dung bang dinh Magic cua
hang 3M Scotch, co chiéu rong 12,7 mm, dé dan 1én mot
ntra bé mat 16p Au. Sau do, st dung nhip kep chat toan bo
mot dau ciia bang dinh dé kéo bang dinh theo goc 180° voi
tdc d6 khoang 1 mm/gidy (hinh 4).

Bdng dinh

,’/’

Au

[ 1V

P& thay tinh/ITO/aSi:H/Ti

Hinh 4. Hinh minh hoa bang dinh dan Ién I&p Au dwgre boc ra khoéi I&p Au
v&i tc do 1 mm/giay, bang lwe kéo theo géc 180° (hwéng tiv phai sang trai).
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3. Ket qua va ban luan

Hinh 5 1a két qua do sy phu thudc cua cudng do dong
quang dién vao goc téi cua anh sang ddi voi cac chip cam
bién, theo thoi gian. C6 thé thiy ring, hinh dang cua cac d6
thi nay giéng véi dd thi biéu dién sy phu thudc cia cuong
d6 tia phan xa vao goc tdi cia anh sang, voi goc phan xa
toan phan (goc TIR) va géc cong huong plasmon bé mat
(goc SPR) dic trung, nhu thu dugc trong cac cam bién SPR
truyén thong. Nguyén nhan cua viéc sinh ra dong dién va
su phu thudc cua cuong dong dién Vao gbc tdi ciia anh sang
dd dwoc chung toi giai thich chi tiét trong nghién ctru gin
day cua chiing t6i [12]. C6 hai diém khac biét 15 rét khi so
sanh tin hiéu dong quang dién cua hai loai chip cam bién.
Thir nhét, tin hiéu dong quang dién cua cac chip cam bién
c4u trac ITO/aSi:H/Au thay d6i nhanh theo thoi gian, ca vé
cuong do dong dién va vi tri goc SPR; trong khi d9, tin hi¢u
dong quang dién cua cac chip cam bién ciu trac ITO/aSi:H/

100 — —
- Ngay sau khi ché tao
Lot Sau 1 ngay
' 1
' B Sau 5 ngay
80 ; Sau 7 ngay

Cwoéng doé dong dién (pA)

Géc t&i (°)

trong chip cam bién ITO/aSi:H/Au bi bong troc, hinh thanh
cac hat va 156 16n chi sau bay ngay ché tao; trong khi, 16p
Au trong chip cam bién ITO/aSi:H/Ti/Au hdu nhu khong
¢6 su thay d6i nao sau hai thang ché tao. Su két dinh va do
bén ciia 16p Au trong cac chip cam bién con duogc thé hién
thong qua phép thir bang keo, v6i cac két qua duogc thé hién
trong hinh 7. Theo d6, mdt doan bang keo duoc dan 1én bé
mat cua 16p Au, sau do dugc kéo ra voi mot luc ¢d dinh.
Céc két qua cho thiy, 16p Au ling dong truc tiép trén 16p
aSi:H, trong chip cam bién ITO/aSi:H/Au, bam dinh tot véi
16p aSi:H ngay sau khi ché tao (16p Au con nguyén ven sau
khi boc 16p bang keo). Tuy nhién, sau 7 ngay, khi dugc kiém
tra lai cling bang phuong phap bang kéo, 16p Au da bj 16t
ra khoi 16p aSi:H gan nhu toan b khi kéo 16p bang kéo ra.
Trong khi dé, 16p Au van nguyén ven trong chip cam bién
ITO/aSi:H/Ti/Au, sau rat nhiéu lan dan va boc 16p bing keo.
Su két dinh kém va suy giam chit lugng nhanh chong theo
thoi gian cua 16p Au trong chip cam bién ITO/aSi:H/Au, c6

-90 T T T

A00 foe Fees |
| gocSPR :

1

-

=

(=]
T

——Ngay sau khi ché tao |
Sau 1 thang
Sau 2 thang

-130

Cwong do dong dién (pA)
B
=]

-140 WV géc TIR 3
ol ' '
5o A a
20 25 30 35 40
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Hinh 5. D6 thj sw phu thudc cta dong quang dién vao géc téi clia anh sang clia chip cam bién, cau tric ITO/aSi:H/Au (trai) va cla chip cam bién cau

trac ITO/aSi:H/Ti/Au (phai), do theo thei gian.

Ti/Au lai 6n dinh trong mot thoi gian dai, cuong d6 dong
dién va goc SPR thay d6i khong dang ké theo thoi gian.
Thur hai, d6 1a su ddo ngugc cua tin hi¢u dong dién, nhung
xét vé gia tri tuyét ddi, thi cuong do dong dién do cac chip
cam bién cdu trac ITO/aSi:H/Ti/Au sinh ra 16n hon han so
v6i cudong do dong dién do cac chip cam bién cau triic ITO/
aSi:H/Au, xét trong cung mot ché d6 do.

Su khac biét thir nhat c6 thé dugc giai thich boi su két
dinh kém ciia 16p Au trén 16p aSi:H ngay sau khi ché tao, va
su suy giam chét lugng cua 16p Au trong chip cam bién cau
trac ITO/aSi:H/Au. Trong khi do, 16p Au trong chip cam
bién cau trac ITO/aSi:H/Ti/Au lai rit bén theo thoi gian va
dinh chic vao 16p aSi:H thong qua 16p két dinh Ti. Thuc
vay, cac anh hién vi dién tir quét (SEM), theo ddi hinh thai
hoc bé mit ciia 16p Au theo thoi gian trong hai loai chip
cam bién, dugc thé hién trong hinh 6 da cho thay 16p Au
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Chip cdm bién ITO/aSi/Au

Ngay sau khiché tao

Hinh 6. Anh SEM bé mit I&p Au theo thi gian trong chip cam bién ITO/
aSi:H/Au (trén) va trong chip cam bién ITO/aSi:H/Ti/Au (dwdi).
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Chip cam bién ITO/aSi/Au thé lam cho tiep xtc dién gitra
16p aSi:H va Au tré nén kém va
khéng 6n dinh, do d6 tin hiéu
dién do chip cam bién sinh ra
bi suy bién manh trong mot thoi
gian ngin.

Au

Su khac biét thit hai co thé
duogc giai thich boi cac chuyén
tiép Schottky dugc hinh thanh
trong cac chip cam bién. Dya
vao thong tin vé cong thoat
ctia céc kim loai dién hinh va
ai luc cua Si trong tai li€u [16],
chiing t6i da v& mo hinh vung
nang luong cho cic chip cam
bién nhu hinh 8. Theo do, 16p
aSi:H s& hinh thanh chuyén tiép
Schottky véi ca 16p ITO va 16p
Ti, cling nhu voi 16p Au, véi
do cao cac hang rao Schottky
Oausi ~ 1,3 €V gia thuyét nhu trong hinh 8. Tu
hinh v&, c6 thé thdy, trong chip
cam bién ITO/aSi:H/Au, chiéu
cao hang rao Schottky & chuyén
tiép aSi:H-Au 16n hon chiéu
cao hang rao Schottky & chuyén
tiép aSi:H-ITO, didu nay dan
toi mot dién truong ndi trong

16p aSi:H hudng tu 16p ITO

sang 10p Au. Két qua la, dién
tir dugc tao ra do 16p aSi:H hép

brro-si ~ 0,9 BVI e I Orisi ~ 0,5 eV thu p}lotqn cta anh sang s€ di
chuyén vé phia lop ITO. Trong
khi d6, véi chip cam bién ITO/
aSi:H/Ti/Au, chiéu cao hang rao
Schottky ¢ chuyén tiép aSi:H-
Ti nho hon chiéu cao hang rao

Chip cadm bién ITO/aSi/Ti/Au

Au — AU
Ngay sau khi, :
chétao

Hinh 7. Anh bé& mét I&p Au trong chip cam bién ITO/aSi:H/Au (trén) va trong chip cam bién ITO/aSi:H/Ti/Au
(dwéi) chup bang kinh hién vi quang hoc sau cac phép thir bang keo.

ITO aSi:H

l

brro-si~09eV I

Chuyén tiép

@
Schottky E—
E

l

-—
Chuyén tiép B
Schottky

Hinh 8. M6 hinh viing nang Iwgng gia thiét hinh thanh trong cac chip cam bién véi hai chuyén tiép Schottky.

100 —— — ' 15 ! . : : Schottky o chu}:en tiép aSi:H-
—f;gzs; 5:;:'“ ché tao | | —— Ngay sau khi ché tao : : ITO, di¢u nay dan té1i mot dién
—_ | —~ Sau 1 thang 1 H N e , . ,
g ——— SeuSngay 1 T 10F — sau2tning i ; trudong ndi trong 16p aSi hudng
e e e T AN z T o tur 16p Ti sang 16p ITO. Két qua
c | | [ h h 1 .
w @ | | ' . . n , ,
° I o s ! I 3 I : 1 1a, dién t& dugc tao ra do 16p
c c \ H . A 5 Ie
s 0 S aSi:H hap thu photon cua anh
% ‘ : % sang s& di chuyén’ vé phia lcirp
§ st/ /1 S § Au. Diéu nay khién cho chiéu
o it v o _ ‘ . cua dong quang di¢n dugc tao
100 , ; ; o ; . i i ra trong hla‘l loai chip cam bién
1§ 10 05 00 05 10 15 45 40 05 00 05 10 15 nguoc chiéu nhau. Do d6, d6
Dién thé (V)

Dign thé (V) thi biéu dién sy phu thudc cua
Hinh 9. D6 thij I-V cta chip cam bién ITO/aSi:H/Au (trai) va chip cam bién ITO/aSi:H/Ti/Au (phai) do theo thoi gian. dong quang dién vao goc toi
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cua anh sang cuda hai loai chip cam bién bi nguoc nhau nhu
trong hinh 5 & trén. Cac hang rao thé Schottky trong chip
cam bién ITO/aSi:H/Ti/Au thap hon trong chip cam bién
ITO/aSi:H/Au, cing véi su két dinh tét ctia 16p Au trong
chip cam bién ITO/aSi:H/Ti/Au, c6 thé 1a nguyén nhan dan
dién cuong d6 dong quang dién dugc tao ra trong chip cam
bién ITO/aSi:H/Ti/Au 16n hon cudng do dong quang dién
dugc tao ra trong chip cam bién ITO/aSi:H/Au.

Két qua cua cac phép do I-V dugc thé hién trong hinh
9 da ching minh cho cac 1ap luan cua ching t6i ¢ trén. Ca
hai loai chip cam bién déu so hiru cac duong I-V khong
thé hién rd rang dic trung tuyén tinh ciing nhu dic trung
chinh luu dién. Quan sat k¥, ching ta c6 thé thay, dong dién
tang nhanh theo thé trong goc phan tu thi 11T voi chip cam
bién ITO/aSi:H/Au, trong khi dong dién ting nhanh theo
thé trong goc phan tur thir I voi chip cam bién ITO/aSi:H/Ti/
Au. Ngoai ra, cac dd thi I-V cua chip cam bién ITO/aSi:H/
Ti/Au, dic biét 1a dd thi I-V do sau hai thang ché tao, thé
hién dugc dic trung chinh luu dién tot hon so v6i do6 thi I-V
ctia cam bién ITO/aSi:H/Au. Piéu nay cho thiy miu ché tao
duoc chua thue sy t6i wu vé tinh chit dién mac du c¢6 do bén
co hoc tét. Do dé, néu tdi vu duoc qua trinh ché tao, co thé
chung ta s& tao dugc ra chuyén tiép ITO/aSi:H/Ti c6 tinh
chat chinh luu dién tot va 6n dinh ngay sau khi ché tao. Didu
nay sé gop phan ting d6 nhay ctia cam bién [12].

4. Két luan

Bing céch tich hop cac 16p mang mong ITO/aSi:H dudi
16p Au trong cam bién SPR duya trén cau hinh Kretschmann
truyén thong, chiing t6i dd ché tao thanh cong cac chip cam
bién SPR loai do dong. Cac chip cam bién nay c6 thé tao ra
duogc tin hi¢u dién thay ddi theo gbc tdi cia anh sang, tuong
tu nhu tin hiéu vé cuong d cua tia phan xa trong cac cam
bién SPR truyén thong. Anh hudng cia 16p két dinh Ti gitra
16p aSi:H va lop Au da duoc danh gia va giai thich. Theo do,
su xuét hién cua 16p Ti, 1am cho tin hi¢u dién bi ddo chiéu
nhung cé cuong do 16n hon. Ngoai ra, 16p Ti ciing gitip cho
cAu hinh vat 1y ctia cam bién bén hon theo thoi gian, qua dé
tin hi¢u dién thu dugc cling 6n dinh hon. Tuy nhién, nhu da
dugc bao cao nhidu trong cac nghién ctru vé& cam bién SPR,
viéc thém bét ki 16p két dinh nao ciing s& lam cho hiéu tmg
SPR yéu di, dan dén d6 nhay cta cam bién thap. Vi vay,
chiéu day cua 16p Ti can duoc lua chon sao cho vira dam
bao do nhay cua cam bién, vira dam bao d6 bén va do on
dinh cua cam bién.

LO1 CAM ON

Cong trinh nghién ctru duoc tai tro boi dé tai nghién ciru
cap B Khoa hoc va Coéng nghé do Vién Ung dung Cong
ngh¢ chu tri: "Nghién ctru, thiét ke, ché tao cam bién truong
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phan tan (evanescent field sensor) nhay chiét suit dé xac
dinh ham lugng ethylene oxide sur dung trong bao quan thuc
pham", ma so 15/2023/HD-DTCB.
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Nghién ciru két hop qua trinh nitrat hoa ban phan - khir nitrat hoa
bang vat liéu sinh khoi dang hat img dung trong xi Iy nwdc thai giau amoni

Nguyén Vin Tuyén, Bui Thi Thity Ngan, Poan Vin Huwéng, Nguyén Thi Mai Linh, Chu Xuin Quang’
Trung tam Cong nghé Vit liéu, Vién Ung dung Cong nghé, C6, phuwong Thanh Xudn Bdc, qudn Thanh Xudn, Ha Ngi, Viét Nam
Ngay nhan bai 26/7/2024; ngay chuyén phan bién 31/7/2024; ngay nhan phan bién 5/8/2024; ngay chip nhan ding 22/8/2024

Tom tit:

Qua trinh nitrat héa ban phﬁm (PN) - khir nitrat hoa sir dung gia thé dang hat gel dugc thir nghlem dé xir ly nwée
thai giau amoni. Trwéc khi thir nghiém, qua trinh thich nghi cia bun hoat tinh dug'c thye hién dé thic day sw phat
trlen cua cac vi sinh vat oxy héa amoni. Tlep d6, dé danh gia hiéu qua xir Iy ciia qua trinh nitrat héa ban phan, sinh
Kkhdi vi sinh vat dwge van hanh theo co ché ciia qua trinh sinh truwéng lo lirng. Cudi cung la qua trinh xi ly nwée
thai giau amoni bing viéc két hop qua trinh PN - khir nitrat héa bing vat liéu sinh khéi dang hat. Két qua thu
dugc, trong giai doan thich nghi, ty 1€ tich liy nitrat (NAR) 1én téi 95,32%, hleu qua xir ly cac chét twong dbi cao
khi sir dung bun hoat tinh lo lirng va sinh khéi dang hat. Hiéu suit xir Iy nhu cau oxy héa hoc (COD), amoni (NH,")
trong hai giai doan lin lugt 1a 98,04 va 92,04% déi véi bun hoat tinh; 97,53 va 93, 22% débi voi sinh Kkhéi dang hat
Két qua cho thay, viéc Kkét hgp qua trinh PN - khir nitrat hoa bang vét liéu sinh khdi dang hat cé tiém niing lém dé
xir ly nwée thai giau amoni.

Tir khda: bé xir ly theo mé, khir nitrat hoa, nitrat héa ban ph&“m, nuwéce thai giau amoni, sinh Khoi dang hat.

Chi $6 phén logi: 1.4,2.7,2.8

Research on combining partial nitrification - denitrification process

with granular biomass materials for application in ammonium-rich wastewater treatment
Van Tuyen Nguyen, Thi Thuy Ngan Bui, Van Huong Doan, Thi Mai Linh Nguyen, Xuan Quang Chu"

Center for Advanced Materials and Environmental Technology, National Center for Technological Progress,
C6, Thanh Xuan Bac Ward, Thanh Xuan District, Hanoi, Vietnam

Received 26 July 2024; revised 5 August 2024; accepted 22 August 2024
Abstract:

The process of partial nitrification combined with denitrification using granular biomass materials was studied
to evaluate the ability to treat ammonium-rich wastewater. First, acclimation of activated sludge was performed
to promote the growth of ammonium-oxidising microorganisms. Next, to evaluate the treatment efficiency of the
partial nitrification process after the microorganisms have adapted, the suspended activated sludge biotechnology
with intermittent aeration was performed. Finally, the process of treating ammonium-rich wastewater by combining
the partial nitrification - denitrification process with granular biomass was carried out. The obtained results showed
that in the adaptation phase, the nitrate accumulation rate (NAR) is up to 95.32%, and the treatment efficiency of
substances is relatively high when using suspended activated sludge and granular biomass material. The treatment
efficiency of chemical oxygen demand (COD) and NH,” (ammonium) in the two stages was 98.04 and 92.04%,
respectively, for activated sludge; 97.53 and 93.22%, respectively, for granular biomass. The results exhibited that
the combination of partial nitrification - denitrification process using granular biomass materials has great potential
for treating ammonium-rich wastewater.

Keywords: ammonium-rich wastewater, denitrification, granular biomass, partial nitrification, sequencing batch
reactor.

Classification numbers: 1.4,2.7, 2.8
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1. Dat van de

Amoni luén Ia cht 6 nhiém dugc quan tam nhiéu khi tinh toan
thiét ké cong trinh xir Iy nudc thai co néng d¢ amoni cao nhu nudc ri
rac, nude thai chan nudi... Amoni khi that thodt ra ngoai méi truong
co thé anh huong t6i moi trudng tw nhién va tac dong ticu cyc toi sy
sdng cia con nguoi va cac sinh vat. Bén canh d6, nong do gii han
cta amoni trong tiéu chuan nude thai dugce kiém sodt ngdy mot chat
ché& hon nham giam thiéu nguy co gdy phti dudng nguon nude [1].

Cac cong nghé sinh hoc luén dugc wu tién lya chon do hiéu qua
vé& mat chi phi va hiéu qua xir Iy so vdi cc cong nghé hoa 1y khéc.
Cac cong nghé sinh hoc ding bun hoat tinh nhu thiéu khi/hiéu khi
(A/O), ky khi/thiéu khi, hiéu khi (A2/0) dang duoc sir dung pho
bién tai Viét Nam. Tuy nhién, kha nang loai bo tong nito 601 Voi
nhitng loai nudc thai ¢6 nong do amoni cao gi4 tri nhu cau oxy
héa hoc (BOD) thip nhu nudc ri ric cia cic qua trinh xi 1y sinh
hoc nay khong cao. Két qua, chi phi van hanh cao do nhu cau ning
luong cho suc khi dé qué trinh nitrat hoa didn ra va phai bo sung
thém nguon carbon cho giai doan khir nitrat. Ngoai ra, mot van dé
cua cac hé théng nay d6 chinh 1a cac vi khuén, vi sinh vét s& bi rtra
tr6i mot phan trong qué trinh xtr 1. Cac nghién cru trude day cho
théy, viéc duy tri dugc mot lugng 16n céac vi khuén nay trong bé
phan tmg 14 rat can thiét dé xir 1y nito trong céc loai nudc thai co tai
trong 6 nhiém nito cao. Mot s§ cong nghé cai tién da dugc nghién
ctru va phét trién nhu cong nghé MBR (cong nghé xtr 1y sinh hoc
bing mang loc) hay MBBR (cong nghé bun hoat tinh ap dung k§
thuat vi sinh bam dinh trén gia thé chuyén dong). Tuy nhién, cac két
qua nghién ctru cho théy, nhimg cong ngh¢ nay phu hop voi nuée
thai c6 gia tri nito & muc thap. Khac véi cac phuong phap trén, qua
trinh PN két hop kht nitrat héa duoc nghién ctru va phat trién dé
xir Iy nude thai c6 amoni cao nhung ty 18 carbon/nito (C/N) thap.
Uu diém cta cong nghé lam giam nhu cdu nang lugng cho suc khi,
luong bun du thap gitip giam phat sinh chat thai ran, bén canh d6
hiéu sut xir Iy amoni dam béo yéu ciu [2].

Hién nay, k¥ thudt ¢d dinh sinh khdi vi sinh vt duoc cht y nho co
nhitng wu diém vuot trdi nhu: sinh khéi khé bi rira troi, ¢6 dinh du6i
dang hat nén vi sinh vat s& dugc bao vé, dé dang duoc tii sir dung.
Polyvinyl alcohol (PVA) thudng dugce lwa chon lam vat liéu cho qua
trinh ¢0 dinh sinh khoi [3, 4]. Tuy nhién, do ddc tinh co hoc kém nén
can bo sung cdc chat gia cuong kich thuoc nano [5]. Graphen oxit
(GO) ¢6 nhiéu tiém ning cho muc dich nay béi tinh chat co hoc tdt,
siéu tuong thich sinh hoc, dién tich bé mat riéng 1on.

Nhu vdy, cong nghg nitrit hoa ban phan hay sinh khdi dang hat
ciing da danh dugc sy quan tam cla cac nha khoa hoc. Cac cong
nghé di va dang duoc nghién ctru phét trién dé phu hop voi dicu
kién ctia Viét Nam. Tuy nhién, voi qua trinh PN, viéc nghién cuu
cht yéu méi dimg & viée xéc dinh cac yéu t6 anh huong, ciing nhur
thong s6 van hanh thich hop véi nudc thai thuong 13 nude thai tong
hop, hodc nudc thai pha lodng va két qua xir 1y van chua cao. Ngoai
ra, cac nghién ctru van chua xét dén tinh bién dong trong thanh phan
ctia nu6e thai thuce té khi cac yéu tévtu nhién thay d6i nhu: mua,
nhiét d9, luong mua. Viée duy tri sy on dinh cua hé théng trude su
bién d6i vé dic tinh ciia nudc thai cling 1a mot diém quan trong khi
lyra chon cong nghé xir Iy. Vi nhitng wu diém da duoc gidi thiéu, sir
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dung sinh khdi dang hat ¢6 thé nang cao tinh on dinh cta qua trinh
xu ly sinh hoc cua cac cong trinh xt Iy nude, tir do dat dugc hi¢u
qua xir [y mong mudn. Vi vay, trong nghién ctru nay, cong nghé sinh
hoc trén co s¢ bun hoat tinh va sinh khéi dang hat s€ dugc tap trung
nghién ctru phét trién dé xur Iy nude thai co ndng do amoni cao, phu
hop véi Viét Nam.

2. Nguyén vat liéu va phuong phap nghién ciiu
2.1. Nguyén vit liéu
Nude thai gia 1ap dugc tao tir cic hoa cht sau: amoni clorua

(NH,CI), glucose (C,H,,0,), natri hydrocacbonat (NaHCO,).

6712
Céc chét dinh dudng va vi lugng thiét yéu cho vi sinh vét ciing
dugc bo sung bao gom: ZnSO,-7H,0; CoCl,'6H,0; MnCl1,-4H,0;
CuSO,.5H,0; NaMoO,-2H,0; NiCl,-6H,0; NaSeO,-10H,0; H,BO,.
2.2. Mo hinh thi nghiém
Hinh 1 md ta so do tong quat hé thong xir Iy bing qua trinh PN
trong do6 st dung sinh khoi dang hat gel.

May khudy
May syc khi L_-... r Do
=l | | pH
g
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Bom nuwdére thai
Hinh 1. M6 hinh thi nghiém xt ly nwéc thai s dung trong nghién ctru.

Binh xtr Iy c6 thé tich lam viéc hitu ich 1a 0,005 m® (5 1) vé6i cac
kich thudc chidu dai x chiéu rong x chiéu cao = 150 mm x 150 mm
x 250 mm (hinh 1). Hé thong dia suc khi duoc dit dudi day bé xir Iy
nhim cung cap oxy cho vi sinh vt sinh truéng va phat trién trong
giai doan hiéu khi. Thiét bj khudy tron st dung trong giai doan thiéu
khi. Ché d6 van hanh dwoc kiém soat bfing cach st dung b hen gio
duoc két ndi véi bom suc khi, bom hut. Céc cam bién do pH, nhiét
d6 va nong do oxy hoa tan ciing dugc sir dung.

Nguyén Iy van hanh ciia hé xt Iy: hé thong xir Iy vén hanh theo
cong ngh¢ bun hoat tinh xir Iy theo mé SBR v6i 4 cong doan chinh:
lam day - suc khi - ling - rat nudc. Thé tich nudc trao doi tai mdi
chu ky van hanh 1a 0,0025 m? (2,5 1) twong dwong 50% thé tich be.

2.3. Quy trinh thuc nghiém

O giai doan dau, nghién ciru da tién hanh giai doan thich nghi
va phat trién qua trinh PN trong bé xtr ly theo mé (SBR). Bé phan
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{mg SBR dong chay lién tuc co thé tich 5 1 dd duoc st dung. Nong
d6 DO dugc duy tri trong khoang 0,5-1 mg/l. Ché d6 van hanh: 1am
day: 15 phut; phan tmg: 655 phit; ling: 40 phit; rat nu6e: 10 phut.
Trong khi d6, nong d6 NH , tang dan trong khoang 50-150 mg N/.

Sau khi hé théng dat trang thai on dinh, nghién clu tiép tuc
khao sat anh huong cua ché do suc khi gian doan tdi hiéu qua cua
qué trinh PN - khr nitrat hoa. Ché d6 van hanh trong giai doan nay:
2 tiéng suc khi va 2 tiéng dimg suc. Cac thoi gian khac ciia quy trinh
van hanh bao gom lang va rat nudc tuong ty nhu thi nghiém 1, véi
thoi gian mdi chu ky xir 1y 1a 12 tiéng. Nong d6 NH , -N tang dan
trong khoang 10-200 mg/I.

Cudi cing, nghién ciru két hop qué trinh nitrat hoa ban phan-
khir nitrat hoa sir dung gia thé dang hat gel ché tao tir PVA/GO. Hon
hop gom PVA (5%) va GO (1%) duogc phdi tron véi bim hoat tinh
¢ thé tich twong duong dé tao thanh nguyén liéu ché tao hat gel.
Hdn hop sau d6 dugc nho giot vao dung dich boric axit bio hoa dé
tao hat. Hat gel duogc rira bang nudc sach va bao quan & 4°C trudc
khi sir dung. Nong d6 amoni tang dan tir 10 1én 200 mg/I dé danh
gi4 khd ndng xur ly amoni. Quy trinh van hanh s¢ tuong ty véi qua
trinh nitrat hoa ban phan trén.

2.4. Phwong phap phdn tich

PH va ndng d¢ oxy hoa tan (DO) dugc xac dinh bang may do da
chi tiéu (HQ40d, Hach, Hoa Ky). Chi tiéu COD, NH,", NO,;, NO,
do bang may quang phd UV-VIS theo cac phuong phap SMEWW
5220-D, SMEWW 4500-NH,, SMEWW 4500NO,, SMEWW
4500-NO, [6]. Chi tiéu SS duge xac dinh theo TCVN 6625:2000.
Do kiém duoc xac dinh theo TCVN 6636-1:2000.

3. Két qua va ban luan

3.1. Két qud giai doan thich nghi va phat trién qud trinh nitrat
héa ban phan trong bé xir ly theo mé

Dién bién n?)ng d¢ ctia amoni, nitrit, nitrat trong giai doan thich
nghi dugc thé hién trén hinh 2 va hinh 3.

Gié tri amoni dau vao ting dan tir 50 toi 150 mg/l. Dya vao do
thi hinh v& nhan thiy, trong ba ngdy dau tién gia tri amoni diu ra
tuong ddi cao, tai ngay thir 3, NH,"-N diurala 152 mg/l, hiéu suat
xu ly chi dat 70,08%.
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Hinh 2. Hiéu suét x{ ly amoni trong giai doan thich nghi.

Trong nhitng ngay tiép theo, hiéu suat xir 1y ting dan, t6i ngay
thir 13, hi¢u suat xtr Iy dat 96,16%, gia tri amoni dau ra chi con 2,15
mg/l. Khi tdng gia tri amoni dau vao lén 75 mg/l, hi¢u suat xir Iy
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giam xudng 70,68%, va tang t6i gia tri 97 ,32%, gia tri NH,"-N dau
ra 2,1 mg/l. Hién tugng nay da dugc quan st lan nita khi nong do
NH,"-N dau vao 1a 150 mg/l. Gia tri nong do NO,, NO, dau ra va
ty le NAR dugc thé hién trén hinh 3. C6 thé thay, trong khoang thot
dau cta qué trinh van hanh, gi4 tri nitrat dau ra con tuong doi cao,
nguyén nhan ¢6 thé 1a do cac vi khuan oxy héa nitrit (NOB) chura
bi trc ché hoan toan, lugng 16n NO, tao thanh tic dung vdi oxy hoa
tan con du trong bé nén thich hgp cho sy phat trién cia NOB tao
ra NO, [7].
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Hinh 3. Dién bién ndng dé nitrit, nitrat va ty 18 tich iy nitrit trong giai doan
thich nghi.

Sau 8 ngy van hanh, NAR tang 1én 67,02% va sau d6 tiép tuc ting
dan, sau 55 ngay van hanh thi ty 18 tich Iy nitrit da dat gi4 tri twong d6i
¢a0 95,24%. C6 thé théy, vi khuan AOB hoat dong manh tao ra lugng
16m nitrit con cac vi khuan NOB da bi tc ché, nén gia tri nitrat dau ra
thip. Diéu nay ching to qua trinh PN dang dién ra hiéu qua.

Dua trén két qua phan tich, qua trinh da khoi dong thanh cong
v6i ty 16 tich Iy nitrit ban dau la 27,54%. Sau 50 ngay van hanh
6n dinh, khi ndng d6 amoni 1a 150 mg/l, gia tri NAR da ting Ién
95,24% va hiéu suét xir 1y amoni ¢ ndng do cao da dat 1a 99,84%.
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Hinh 4. Hiéu qua xtr Iy nhu cau oxy héa hoc trong giai doan thich nghi.

Gia trj COD trong giai doan thich nghi tang dan tir 150 mg/1 toi
450 mg/]. Nhan thay, hiéu suat xir Iy COD trong giai doan nay chua
cao. Khi dau vao la 150 mg/l, ban dau higu suét xtr Iy 47,09% trong
ngay dau tién va tang dan 1én 72,61% tai ngay 13, gia tri COD 41,2
mg/l. Khi ting gi4 tri COD dau vao 1én 225 mg/l, hidu sut giam
xudng 59,03% sau do ting dan 79,09% tai ngay thir 35 ciia qua
trinh van hanh. Khi COD dau vao duoc tang [én 450 mg/l, hi¢u suat
ciing giam nhe nhung tiép tuc ting trd lai va dat 75%, gia trj COD
dau ra 100 mg/1.
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Céc két qua cho thdy, qua trinh PN dd duoc van hanh thanh
cong. Bé SBR dugc chuyén qua quy trinh van hanh gian doan dé
van hanh qua trinh PN,

3.2. Hiéu qud cua qua trinh nitrat héa bdn phiin - khir nitrat
héa véi bin hoat tinh lo lirng

Hinh 5 thé hién hi¢u qua x&r 1y amoni v6i hé bin hoat tinh lo limg.
Gia trj amoni dau vao ting dan tir 10 mg/l t6i 200 mg/l. Trong giai doan
dau, khi nong do NH,N dau vao 10-30 mg/l, hiéu sudt xir Iy dat 99,77;
98,74; 96,95% khi gia tri amoni dau vao twong ung la 10; 20; 30 mg/l.
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Hinh 5. Hiéu suat xt ly amoni véi hé bun hoat tinh lo’ Iieng.

Khi tang gia tri amoni dau vao 1én 60 mg/l, gia tri amoni dau ra
tang cao, hi¢u suat xur ly giam xudng thép trong nhing ngay dau,
sau d6 hi¢u suat xir 1y tang dan trong nhimg ngay tiép theo va dat
99,62% vao ngay thir 92, NH,"-N dau ra chi con 0,22 mg/l. Hiéu
suat xir 1y lai tiép tuc giam manh trong nhitng ngay du v ting dan
vao nhiing ngay tiép theo khi tang gia tri amoni dau vao lén 120
mg/l va 200 mg/l. Nguyén nhén la do nhimg ngay dau khi tang lén
mot nong do amoni mdi, vi sinh vét can khoang thoi gian nhat dinh
dé co thé thich nghi véi moi truong moi, nén trong thoi gian nay
higu suat xir Iy s& giam xudng. Sau do, khi d thich nghi voi moi
truong, hiéu suét xir 1y sé tang dan [8].

Dién bién ndng do cia nitrit va nitrat v6i hé bun hoat tinh lo
ling duogc thé hién trén hinh 6.
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Hinh 6. Dién bién ndng do amoni, nitrat va nitrit véi hé bun hoat tinh lo’ lirng.

Nhan thdy, khi ndng d¢ amoni du vao 10-30 mg/l, ca ba gia tri
14 amoni, nitrit va nitrat ddu ra déu thip. Cho thdy, hiéu qua xir Iy
cao. Do di ¢6 giai doan vi sinh vét thich nghi ban dAu, nén khi gia
tri d4u vao con thp thi céc vi sinh vat xir Iy hidu qua cac chét. Khi
tlep tuc tang gia tri amoni [én 60, 120, 200 mg/l, tai nhiing ngay
dau, gi4 tri nitrit dau ra & mirc cao.
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Hiéu sut xt ly COD véi hé bun hoat tinh lo Iing duoc thé hién
trén hinh 7. Dya vao d6 thi nhan thiy, hiéu suit xir Iy ting dan. Gia
tri COD dau vao dao dong 30-600 mg/l. Hi¢u suat xir Iy COD tang
tir 38,24% 1én 72,03% tir ngay thr nhét t6i ngay thir 9. Sau d6, higu
sudt giam nhe khi ting gia tri COD déu vao 1én 60 mg/l. Khi ting
COD Ién céc gia tri cao hon, hiéu suit bi gidam xuéng diu mdi giai
doan, nhung sau do lai tng tr¢ lai, dat hiéu suat xu ly cao. Hi¢u
sudt xir 1y dat 92,14% khi gia tri COD dau vao 1a 600 mg/l, luc niy
gi4 tri COD dau ra 12 48 mg/l. Nhur vy, ¢6 thé thiy, xu ly nudc thai
gidu amoni bing qua trinh PN - khu nitrat hoa v6i hé bun hoat tinh
lo lung trong nghién ctru nay da mang lai hiu qua xu 1y cao, cic gia
tri dAu ra amoni, nitrit, nitrat va COD déu dép tmg tiéu chuan dé ra.
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Hinh 7. Hiéu suét xt ly nhu ciu oxy héa hoc véi hé bun hoat tinh lo’ Iieng.

3.3. Hiéu qud ciia qua trinh nitrat héa ban ph&n - khir nitrat
héa véi sinh khoi dang hat
—— Hiéu suit
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Hinh 8. Hiéu suat xtr ly amoni trong giai doan str dung sinh khéi dang hat.

Trong giai doan dau khi ndng d9 amoni dau vao & khoang 10-
20 mg/l, nong d6 amoni ¢ dau ra thap, hiéu qua xir ly amoni ting
cao, dén 99,98%. Trong giai doan nay, amoni duogc xu 1y tot, dat
hiéu qua cao. Trong giai doan sau, khi nong d6 amoni dau vao ting
1én 40 mg/l, ndng d amoni & d4u ra tang cao hon so véi giai doan
dau, nhung khong chénh léch nhiéu, hi¢u qua chuyén hoa amoni
van & muc cao khoang 97%. Khi ting gi4 tri amoni dau vao 1én
lan Tugt 60, 120 va 200 mg/l, hiéu sudt chuyén hoa amoni giam
manh trong nhitng ngay dau, sau d6 hiéu suét ting dan trong nhimg
ngay tiép theo cho t6i cudi giai doan. Trong mot nghién ciru ciia
American Public Health Association (2005) [6] cho thiy, hiéu suat
xtr Iy ciing bi suy gidm khi ting nong d6 amoni tir 90 1én 250 mg/1
trong bé xtr 1y [6]. Vi sinh vat co thé da can thoi gian nhat dinh dé
thich nghi voi diéu kién méi truong méi. Hiéu sudt xir Iy da dat
99,15%, 96,49% va 97,53% tai cudi cac giai doan véi amoni dau
vao la 60, 120 va 200 mg/1.
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Hinh 9. Dién bién néng dé amoni, nitrat va nitrit trong giai doan str dung
sinh khéi dang hat.

Néng doNO, vaNO, dau ra dugc thé hién trén hinh 9. C thé nhan
thay, khi nong do amoni dau vao con thip, 10-20 mg/l thi gia tri NO,,
NO, dau ra cling twong dbi thap. Khi gia tri amoni dau vao tang Ién 40
mg/ 1 (tr ngay thtr 16 clia qud trinh van hanh), gi tri nitrit dau ra tuong
d6i cao tir ngay 16 t6i ngay 36, sau do gia tri nitrit giam dan tir ngay
40 t61 ngay 56 (gidm tir 9,76 mg/l xuéng con 3,99 mg/l). Piéu tuong
tu cling xdy ra khi tang gid tri amoni dau vao lén 60, 120, 200 mg/l.
Trong nhiing ngay dau cua timg giai doan, gia tri nitrit dau ra twong
d6i cao, sau mot thoi gian xir 1y, khi vi sinh vt da thich nghi dugc véi
su thay déi clia nong d9 amoni thi higu suat xir Iy tang tro lai.

Hiéu suét xtr Iy COD trong giai doan st dung sinh khéi dang
hat dugc thé hién trén hinh 10. Gié trj COD dau vao trong nghién
ctru ting dan tir 30 1én 600 mg/l, ting twong tng khi ting ndng
d6 amoni. Nhan thay, v6i gia tri COD trong khodng 30-60 mg/I,
nhin chung, gia tri COD dau ra thip mac di hiéu suat xr 1y khong
cao, do gia tri COD dau vao tuong d6i thap. Tiép tyc ting COD
1én céc gia tri cao hon, hiéu suit xur Iy ¢6 xu hudng giam trong
nhing ngay dau, sau do tang dan t6i cudi giai doan, gia tri dau ra
cta COD thép.
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Hinh 10. Hiéu suét xt ly COD trong giai doan str dung sinh khéi dang hat.

Khi COD dau vao ting 1én mic cao nhét 1a 600 mg/l, trong
nhing ngay dau hiéu sudt giam manh hon so véi cac giai doan
trudc. Nguyén nhan c6 thé do ndng &6 COD dau vao cao (ting hon
s0 voi giai doan trude d6 gan 2 lan), sy thay doi 16n vé ndng do
dan t6i vi sinh vat khong kip thich nghi, hiu qua xur ly gidm nhanh
chong. Trong nhung ngay tlep theo, hi¢u sudt da ting 1én tuy nhién
c6 nhing ngay gia tri COD d4u ra van con cao, phai toi ngdy thu
23 (giai doan dién ra tir ngay 121 téi ngay 151) hiéu suat 6n dinh va
tang cao dat 84,31%. Ngay 151 hiéu suat da tang 1én 93,22%, gia tri
COD déu ra 42 mg/l.
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Nhu vay, c6 thé thay két hop qua trinh PN - khir nitrat hoa bang
vat liéu sinh khéi dang hat da mang lai hiéu qua xu ly cao, khi gia
tri amoni va COD dau vao tang 1én 200 va 600 mg/l, hiéu qua xir Iy
ciia hé thdng cao, céc gi4 tri nitrit, nitrat, amoni, COD déu thap, dat
duoc tidu chuén da dé ra.

4. Két luan

Nghién ctru két hop qua trinh PN va khir nitrat hoa bang gia thé
dang hat gel dé xir 1y nudc thai giau amoni d mang lai hiéu qua xir
Iy cao. Sau 55 ngay van hanh trong bé SBR dong chay lién tuc, vi
sinh vat da thich nghi dwgc v6i moi truong DO thap (0,5-2 mg/l), ty
18 tich lily nitrit thu dugc cao dat 95%. Két qua xir ly nudc thai giau
amoni trong hai moi truong 1a bun hoat tinh lo limg va sinh khoi
dang hat d&u cho hiéu qua xu ly amoni, nitrit, nitrat, COD tuong aéi
cao, dap mg duoc tiéu chuan dau ra.

V6i nhitg wu diém ma cong nghé PN khi nitrat hoa két hop
v6i sinh khéi dang hat mang lai, viéc nghién ciru img dung trong xir
Iy nude thai gidu amoni véi quy md phong thi nghiém di budc dau
thanh cong. Céc két qua nghién ctru voi nude thai gia 1ap tao tién dé
cho nghién ctru sau hon véi cac loai nudc thai thyuc té. Cong nghé
nay c6 tiém nang 16n trong tmg dung xir Iy nudc thai giau amoni
nhu nude ri rac, nude thai chan nudi. ..

Nghién ctru ndy duogc thuc hién trong khuon khd dé tai cip Bo
Khoa hoc va Cong nghé nam 2023-2024 “Nghién ctru ché tao vat
liéu sinh khéi hoat tinh dang hat va mg dung trong xtr Iy nuéc
thai giau amoni” do Trung tim Cong nghé Vat liéu, Vién Ung dung
Cong ngh¢ ch tri thye hién. Nhom tac gia xin tran trong cam on B
Khoa hoc va Cong nghé da cap kinh phi cho nhiém vu nay.
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Xic dinh thanh phan ha hoe va budc dau danh gid hoat tinh khng khuan
el tinh dau 53 Java (Cymbapogon winterianus Jowitt) & huyén Ty Giang, tinh Quang Nam
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Tom tit:

Tir lau, sa da dworc sir dung nhiéu dé tri cac bénh cam ctim, cam lanh thong thwong. Pa c6 mét s6 nghién ciru trong va ngoai
nwéc vé thanh phin héa hoc va hoat tinh sinh hoc ciia loai nay. Tuy nhién, vin chwa c6 b4o cio vé thanh phin héa hoc va
hoat tinh khang khuén ciia cdy sa trong tai huyén Ty Giang, tinh Quang Nam, Viét Nam. Muc tiéu ciia nghién ciru nay
hwéng téi xac dinh thanh phin héa hoc ciia tinh diu sa hwong Tay Giang bang sic ky khi két hop véi khoi pho (GC-MS)
va budc diu danh gia kha ning khang khuan ddi véi ba chiing vi khuan: B. subtilis, Salmonella va E. coli bang phwong
phap khuéch tan dia thach ciia tinh dau si hwong Ty Giang (Cymbopogon winterianus Jowitt.). Két qua phén tich da xac
dinh dwoc 26 céu tir ¢é trong thanh phin ciia tinh dau sa hwong Ty Giang, trong d6 ba thanh phan chinh la citronellal
(48,84%), citronellol (9,73%) va geraniol (19,75%). Hon nira, nghién ctru cho thay tinh diu sa hwong T4y Giang biéu hién
hoat tinh khang khuén trén 2 chiing 1a B. subtilis va E. coli véi gia tri MIC 1a 48,15 mg/ml, trong d6 hoat tinh khang khuan
biéu hién manh hon trén chiing E. coli va khong biéu hién khang khuén doi v6i chiing Salmonella. Nhitng két qua nay
gép phan tao thém wng dung cho tinh dau si hwong TAy Giang, khai thac tiém ning va ning cao gia tri ciia loai ciy nay.

Tir khéa: citronellal, citronellol, geraniol, khang khuin, thanh phén tinh dau, sa hwong Ty Giang.

Chi 56 phén logi: 1.4,3.5

Determination of chemical composition and preliminary assessment of antibacterial activity of

Java Citronella essential oil (Cymbopogon winterianus Jowitt,) in Tay Giang district, Quang Nam province
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Abstract:

For a long time, lemongrass has been used to treat flu and common colds. There have been a number of domestic and foreign studies
on the chemical composition and biological activities of this species. However, there are still no reports on the chemical composition
and antibacterial activity of lemongrass grown in Tay Giang district, Quang Nam province, Vietnam. The aim of this research is
to determine the chemical composition of Tay Giang lemongrass essential oil using gas chromatography-mass spectrometry (GC-
MS) and initially evaluate the antibacterial ability of three bacterial strains of Tay Giang lemongrass essential oil (Cymbopogon
winterianus Jowitt.): B. subtilis, Salmonella, and E. coli by agar disk diffusion method. The analysis results identified 26 constituents
in the composition of Tay Giang lemongrass essential oil with three main components being citronellal (48.84%), citronellol (9.73%),
and geraniol (19.75%). Furthermore, the study showed that Tay Giang lemongrass essential oil exhibited antibacterial activity on
two strains, B. subtilis and E. coli with a minimum inhibitory concentration (MIC) value of 48.15 mg/ml, in which the antibacterial
activity is stronger on strain E.coli and did not show antibacterial activity on Salmonella strain. These results contribute to creating
more applications for Tay Giang lemongrass essential oil, exploiting the potential and enhancing the value of this plant.

Keywords: antimicrobial, citronellal, citronellol, essential oil components, geraniol, Tay Giang lemongrass.

Classification numbers: 1.4, 3.5
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1. Ddt van de

Chi Sa ¢ nudce ta co khoang 15 loai trong d6 2 loai sa dugce
trong phd bién nhat 13 sa chanh - Lemongrass (Cymbopogon
citratus Stapf) va sa Java - Citronella (Cymbopogon
winterianus Jowitt) [1]. Cay sa huong Tay Giang la tén goi
dia phuong tai huyén Tay Giang, tinh Quang Nam, thudc
loai Cymbopogon winterianus Jowitt. Tinh dau sa huong
Tay Giang chira nhiéu cau tir khac véi sa Java dugc trong &
noi khac. Tuy nhién, sa huong Tay Giang chua dugc nghién
clru sau dé tang kha ning ing dung trong chiam séc sirc khoe
cong dong.

Cay sa o huyén Tay Giang phat trién tot & do cao trén
600 m, cang cao luong tinh dau tich ty trong 14 cang 16n.
Cay sa rat phu hop v6i 10 x3 & huyén Ty Giang, tong dién
tich tréng sa hién tai 1a 110 ha voi 195 ho dan, du kién sé
phat trién trén toan huyén vai tong dién tich 550 ha, nang s
ho dan tham gia 1én 650 hg, dat khoang 16.650 tan 14 sa/ha/
nam. Ham lugng tinh dau trong 14 sa hwong Tay Giang cao
gip 4 1an so véi cdy sa khac. Day 1a giéng sa c6 ham luong
tinh diu cao, chit lugng tinh diu t5t nén rat can nghién ciru
dé timg dung cho viéc cham soc sirc khoe cong dong.

Nhiéu nghién ctru vé tinh dau sa da chi ra rang, tinh dau
sa c6 kha nang khang lai mot s6 vi sinh vat, dic biét 1a
vi khudn gay bénh [2]. Viéc sir dung két hop céc loai tinh
dau véi cac hop chét chiét tir thuc vat trong cac san phdm
1a mot xu hudng phat trién trong cong nghiép dugc hién
dai. Cac nghién ctru trong va ngoai nudc cho thiy kha ning
khang dugc vi khuan gram am, vi khuén gram dwong, ndm
men, nAm mdc cua nhiéu loai tinh dau sa khac nhau [2, 3]
Tinh khang khuén cta tinh dau duoc chung minh 1a do su
hién dién cua mot sb hoat chét nhu citral, geraniol, phenol,
terpen va aldoketone [4]. Nhiéu cong bd di cho thay, cac
loai tinh dau sa co kha nang uc ché mot sb loai vi khuan,
chdng oxy hoa, chéng viém, giai cam, ngin can phat trién
clia con trung. .. Do vay, tinh dau sa da dugc tng dung trong
mot sb san phém nhu: nudc rua tay, nudc xit con trung, tinh
dau massage, nude xit khir mui. ..

Xu huéng ngay nay 1a sir dung cac san phdm c6 ngudn
gbc ty nhién, than thién moi trudng va an toan cho ngudi st
dung. Nhom tac gia da tién hanh nghién ctru x4c dinh thanh
phén hoa hoc va danh gia kha nang khang mét s6 vi khuan
ctia tinh du sa huong Tay Giang, tir d6 dé xuit huéng ung
dung tinh dau sa trong cac san pham duoc phdm, my pham,
thyc pham. Nhitng két qua thu duoc s& gop phan xay dung
di liéu khoa hoc, dinh hudng cho viéc khai thac va st dung
¢6 hiéu qua cy sa huong trong tai huyén Tay Giang, tinh
Quéang Nam.
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2. Boi tugng va phuong phap nghién ciiu
2.1. Déi twong nghién citu

La va than sa huong Tay Giang lay tai xa Tr’Hy, huyén
Tay Giang, tinh Quang Nam. Chon 03 chung vi khuin
thuong géap trong tu nhién 1a: B. subtilis, Salmonella va E.
coli 1am ddi twgng nghién ctru. Ching gbc duoc cung cip tir
Trung tdm Uom tao Cong nghé va Doanh nghiép Khoa hoc
Cong nghé - Vién Ung dung Cong nghé. Mbi truong nudi
cdy LB (Luria Bertani) 1 lit: Agar (20 g), peptone (10 g);
cao ndm men (10 g); NaCl (5 g), nudc cét vira du.

2.2. Phuwong phap nghién cvuu

Phwong phdp chung cat: La va than sa huong Tay
Giang duoc chung cit trén hé thong thiét bi chung cat 16
cudn hoi nuéc TBCC-50 (hinh 1) véi cac thong sb nhu sau:
nhiét d6 116°C, ap suit 1,2 atm, thoi gian 126 phut, tién
hanh ngung tu & 40°C va dua vao thiét bj phan ly tach tinh
dau sa tho. Sau dé, tinh dau sa tho dugc tach nudc bang
Na,SO, khan, tién hanh loc thu duge tinh dau sa huong Tay
Giang khan [5].

Hinh 1. Hé théng thiét bi chwng cét 16i cuén hoi nwéc TBCC-50.

Phirong phép xdc dinh ham lwong va thanh phan cdu tir
¢6 trong tinh dau sa hiong Ty Giang: Ham luong va thanh
phan cau tir ¢6 trong tinh dau sa huong Tay Giang dugc xac
dinh bang phuong phap sic ky khi két hop khéi phd (GC-
MS) [6]. St dung cdt mao quan HP5-MS (60 m x 0,25 mm x
0, 25 pm), khi mang: He. Inlet: 250°C, chuong trinh nhiét d¢
(60-240°C, tang 4°C/phut), nang lugng ion hda 70 eV, quét
manh 35-450 m/z. Diéu kién sic ky khi ndi ghép detector
ion héa ngon ltra (GC-FID): Cot mao quan HP5-MS (60 m
x 0,25 mm x 0,25 pm), khi mang: He. Inlet: 250°C, chuong
trinh nhiét do (60-240°C, tang 40/phat), khi mang N,, khi
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d6t O, va H,. Ngan hang pho HPCH1607, WO9NO8, NIST
chemistry WebBook. Ham lugng va thanh phan cau tir (%)
trong tinh dau sa 1a phan tram dién tich pic ciia cac cdu tir so
v6i tong dién tich cac chit bay hoi cia tinh dau sa.

Phwong phdp thir nghiém hoat tinh khéng khudn ciia
tinh dau sda hieong Tdy Giang:

Chuén bj mau: Dau dira tinh khiét c6 kha ning hoa tan
hoan toan tinh dau sa huong Tay Giang, 1a mi truong thuan
loi cho su phat trién cua vi sinh vat, df“)ng thoi khong lam
anh huong dén két qua nghién ctiru. Nhém nghién ciru tién
hanh sir dung dau dira tinh khiét 1am dung méi pha lodng.
Tién hanh khao sat kha nang khang khuan cua tinh dau sa
hwong Tay Giang 6 cac thang ndng do pha lodng lan luot 5,
10, 20 va 40 lan tuong g véi ndng do tinh dau sa huong
Tay Giang trong déu dura tinh khiét & néng do: 192,6, 96,3,
48,15 va 24,075 mg/ml. Tinh diu sa hwong Tdy Giang st
dung trong thi nghiém c6 ty trong 0,963 g/ml.

Thir nghiém hoat tinh khang khuén [7]: Ching vi khuan
dugc hoat hoa trudc ¢ 37°C trong 24 gid & mai truong LB.
Nho 100 pl dich vi khuan da hoat hoa 1én bé mat thach
dia petri chira méi truong LB, trai déu. Tién hanh duc 15
thach dudng kinh 6 mm trén dia, sau d6 cho 50 pl tinh dau
sa huong Tay Giang vao giéng thach khuéch tan vao moi
truong, mang U dia petri & 37°C sau 24 gio, c6 thé quan sat
xudt hién vong khang khuan va doc két qua. Kich thudc
vong khang khuén D chinh 1a khoang ma vi khuan khong
phat trién duoc. Kich thudc vong khang khudn cang 16n thi
kha ning khang khuan cua tinh dau cang cao va nguoc lai.
Hoat tinh khang khuan duoc danh gia bang cach do dudng
kinh (PK) vong trc ché vi sinh vat bang cong thirc:

bK=D - d (mm)
trong do: D 1a dwdng kinh vong vo khuan, d 1a duong kinh
16 thach. Thi nghiém Igp lai 3 lan va lay gia tri ban kinh
trung binh.

Phwong phdp xir Iy s6 liéu: Két qua duge xir Iy bang
phz‘in mém Excel 2010, cac thi nghiém duogc 1ap lai 3 lan
(n=3).

3. Két qua va ban luan

3.1. Xdc dinh thanh phin héa hoc ciia tinh diu si

huwong Tdy Giang

Két qua xac dinh thanh phan héa hoc cia tinh dau sa
huong Ty Giang bang GC-MS, dugc thé hién trén bang 1.

%H%-IE 66(10DB) 10.2024

Bang 1. Thanh phan chinh cua tinh dau sa hwong Tay Giang.

Ham lwgng TCVN 11426: 2016 (Ham

STT  Thanh phin (%) lwgng chinh t6i thiéu %)
1 Limonene 3,53 2,0
2 Linalool 0,60
3 Citronellal 48,84 31,0
4 Isopulegol (iso-) 0,16
5 Isopulegol (neoiso-) 0,38
6 Decanal 0.12
7 Citronellol 9,73 85
8 Neral 0,65
9 Nerol 0,19
10 Geraniol 19,75 20,0
11 Geranial 0,88
12 Citronellyl acetate 1,51
13 ?mhaEV;bgitr?ll) 0.79
14 Geranyl acetate 2,24
15 Elemene (cis-b-) 0,81
16 Germacrene D 1,31
17 Muurolene (a-) 0,21
18 Cadinene (g-) 0,24
19 Cadinene (d-) 0,81
20 Elemol 3,09
21 Scapanol 2,13
22 Eudesmol (g-) 0,18
23 Cadinol (epl-a-) 0,20
24 Cadinol (a-) 0,95
25 Eudesmol (a-) 0,16
26 Farnesol <E,E> 0,12
Total 99,55

Bang 1 cho thdy, c6 26 thanh phan dugc tim thiy trong
tinh dau sa hwong Tay Giang trong nghién ctru nay. Trong
thanh phan cua tinh ddu sa huong Ty Giang chira ham
lugng citronellal (48,84%) va geraniol (19,75%) nhiéu nhét.
bay 1a 2 hoat chét c6 nhiéu duoc tinh sinh hoc, thuong duoc
sir dung trong cac san pham thuong mai nhu nén, nudc hoa,
my pham, xa phong va huong liéu [7]. Trong linh vuc dugc
pham, citronellal va geraniol dang dugc quan tim boi cac
hoat tinh sinh hoc ¢6 kha ning trc ché tdt trén cac dong ung
thu phdi va ung thu gan [8]. Bén canh 2 hoat chat chinh trén,



trong tinh dau sa hwong Tdy Giang con mdt s6 thanh phan
khac ciing dugc tim thdy: citronellol (9,73%), limonene
(3,53%), geranyl acetate (2,24%), citronellyl acetate
(1,51%)... Cac thanh phan chinh: citronellal, citronellol va
geraniol ¢ sy tuong ddng véi mot s6 bao cdo trude day [8,
9]. K.A.F. Rodrigues va cs (2013) [10] da khao sat thanh
phin héa hoc cua tinh dau loai Cymbopogon winterianus
Jowitt. & Brazil va phat hién c6 42 ciu tir. Tuy nhién, cau tir
chinh ctia tinh dau 1a: citronellal (26,5%), geraniol (16,2%)
va citronellol (7,3%) lai thap hon so véi tinh dau sa huong
Tay Giang. So sanh 03 cau tir chinh c6 trong tinh dau sa
huong Tay Giang voi TCVN 11426:2016 cho théy, ham
luong citronellol cao hon tiéu chuan (8,5%), geraniol gén
ngang bang tiéu chuan (20%), ham lugng citronella cao hon
s0 v6i tiéu chudn (31%) [11].

3.2. Khio sdt hogt tinh khdng khudn ciia tinh dau s
hwong Tay Giang

Két qua khao sat hoat tinh khang khuén cua tinh dau sa
huong Tay Giang dugc trinh bay trong bang 2, hinh 2-5.

Bang 2. Két qua khao sat hoat tinh khang khuan cta tinh diu sa hwong
Tay Giang.

N("ing d tinh diu Puwong kinh vong vé khuin (mm)

sd (mg/ml) E. coli B. subtilis  Salmonell
1 192,6 33,840,1 267401 -
2 963 15,620,1 12,940, -
3 4815 9,7+0,1 7,240,1 ;
4 24075 - - -

Ghi chu: - : khong xuét hién vong khang khuan.

Hinh 2. Vong khang khuan dwoc tao ra béi tinh diu sa hwong Tay Giang
trén chuing vi khuan E. coli & ndng dé 192,6 mg/ml.
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Hinh 3. Vong khang khuan dwoc tao ra b&i tinh dau sa hwong Tay Giang
trén chiing vi khuén E. coli (96,3 mg/ml (1); 48,15 mg/ml (2); 24,075 mg/ml
(3))-

Hinh 4. Vong khang khuan dwoc tao ra b&i tinh dau sa hwong Tay Giang
trén chiing vi khuan B. subtilis & ndng do 192,6 mg/ml.

Hinh 5. Vong khang khuan dwoc tao ra b&i tinh dau sa hwong Tay Giang
trén chiing vi khuan B. subtilis & ndng d 48,15 mg/ml.
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Tir két qua bang 2 va cac hinh 2-5 cho thdy, tinh dau
sa huong Tay Giang c6 tac dung khang khudn trén ching
E. coli va B. subtilis & cac ndng do 192,6, 96,3 va 48,15
mg/ml. Gia tri MIC dugc xac dinh 1a 48,15 mg/ml dbi voi
ca 2 ching vi khuan. O nong d¢ 24,075 mg/ml, tinh dau
sa huong Tay Giang khong cé tac dung khang khuan trén
chung E. coli va B. subtilis. Két qua bang 2 cho thiy, tinh
dau sa huong Tay Giang khong co tac dung khang khuin
trén chiing Salmonella. Két qua nghién ciru phu hop voi két
qua ciia M.I. Naik va cs (2010) [3] khi nghién ctru vé tinh
dau sa Java 6 An Do ciing c¢6 kha ning trc ché 2 chung vi
khuén 13 E. coli va B. subtilis, v6i gia tri MIC 1a 60 mg/ml.
Diéu nay cho thdy, tinh diu sa huong Tay Giang c6 tiém
ning vé cac chat co hoat tinh khang khuén rat 16n, c6 thé
mg dung tbt dé diéu trji khang viém.

4. Két luan

Nghién ctru nay di xac dinh dugc cac thanh phan hoa
hoc va buéc dau xéac dinh hoat tinh khang mot sb chung vi
khuén ctia tinh dau sa hwong Tay Giang. Tinh dau sa huong
Tay Giang chita 26 cau tir, trong d6 ¢6 2 cdu tir chinh 1a
citronellal va geraniol co nhiéu duoc tinh sinh hoc. Tinh dau
sa thé hién hoat tinh khang khuan trén 2 chung 13 B. subtilis
va E. coli, voi gia tri MIC 1a 48,15 mg/ml, trong d6 hoat
tinh khang khuan biéu hién manh hon trén ching E. coli va
khong khang ching Salmonella. Két qua nay budc dau cung
cAp thém thong tin vé kha ning khang khuén cua tinh dau
sa huong Tay Giang, lam co s& cho cac nghién ctru va ting
dung sau nay.

LO1 CAM ON

Nghién ctu dugc thyc hién tir nhiém vu khoa hoc va
cong nghé cap qudc gia: “Nghién ctru phat trién bén viing
ciy sa huong Tay Giang, Quang Nam theo chudi gid tri”, ma
s6 DTPL.CN-20/20. Nhom tac gia xin tran trong cam on.
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Nghién ciru phan lap va tuyén chon cdc ching vi sinh vt trong
twong truyen thong Viét Nam c kha ning sinh amylase va protease cao

Pong Thi Hoang Anh', Ping Thi Hoai Thuong"2, Nguyén Hong Minh®, Phan Di¢p T, Nguyén Minh Nam*, Lé Thi Hoang Yén"
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Tom tat:

Nghién ctru nay nham danh gia da dang vi sinh vat trong twong truyén théng Viét Nam dwa vio so lwong chiing phan
1ap, tir d6 tuyén chon cac chiing c6 hoat tinh cao nhét 1am giong khéi dong. Tir 12 miu twong thu thap tai Ha Noi,
Hung Yén, Ha Nam va Nghé An, 85 chiing vi sinh vt (45 chiing vi khuén, 30 chiing vi nim, bon chiing xa khuén va
sau chiing nAm men) di dwgc phén lap. Trong khi 54,11% chiing khong c6 kha ning sinh ca hai loai enzyme amylase
va protease béng phwong phap cz'ly diém, thi chi c6 8,23% chiing (bdy chiing) sinh ca hai enzyme & mirc manh (D-d
>15 mm). Ca bay chung nay dugc dinh danh qua phén tich hinh thai hoc va giai trinh ty rDNA vang ITS dé6i véi
nim va vung 16S dbi véi vi khuan. Sang loc thir cap hoat tinh enzyme bang phuong phap khuéch tan trén thach,
hai ching Aspergillus oryzae BD3-5 va Bacillus subtilis BD3-7 dwgc lya chon lam giong khéi dong dwa vao hoat tinh
amylase va protease cao nhat (20-26 mm) va (16-18 mm). B sung 1% (v/v) BD3-5 vao 1én men moc - giai doan koji
lam tang ham lwong dlm’ng tong s6 1,8 1an; bd sung BD3-7 vao 1én men nuwée diu twong lam ting ham lwgng protein
tong s6 3,0 1an so véi miu doi chirng.

Tir khoa: amylase, Aspergillus oryzae, Bacillus subtilis, protease, twong.

Chi s6 phén loai: 1.6, 2.10

Study on isolation and selection of high amylase and protease

microbes in traditional Vietnamese soy sauce
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Abstract:

The aims of this study were to evaluate the microbial diversity in traditional Vietnamese soy sauce based on the
number of isolated strains and to select strains with the highest activity using as starter cultures. From 12 soy
sauce samples collected in Hanoi, Hung Yen, Ha Nam, and Nghe An, 85 microbial strains (45 bacteria, 30 fungi, 04
actinomycetes, and 6 yeasts) were isolated. While 54.11% of the strains did not exhibit enzyme production by the
spot inoculation method, only 8.23% of the strains (07 strains) produced both enzymes at high levels (D-d >15 mm).
These 07 strains were identified through morphological analysis and sequencing of the ITS region for fungi and
the 16S region for bacteria, and their enzyme activity was further screened using the agar well diffusion method.
Aspergillus oryzae BD3-5 and Bacillus subtilis BD3-7 were selected as starter cultures due to their safety and highest
amylase and protease activity: 20-26 mm and 16-18 mm. Adding 1% (v/v) BD3-5 to rice fermentation during the koji
stage increased the total sugar content 1.8 times; adding 1% (v/v) BD3-7 to soybean liquid fermentation increased
the total protein content 3.0 times compared to the control sample.

Keywords: amylase, Aspergillus oryzae, Bacillus subtilis, protease, soy sauce.

Classification numbers: 1.6, 2.10
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1. Dt van de

Tuong 1a mot loai gia vi truyén théng 1én men tir dau nanh
duoc sir dung trong Am thyc Viét, ciing nhu nhiéu qubc gia ving A
bong. Huong vi cua twong la sy két hop cua cac nguyén lidu bao
gdm gao, ddu twong, mudi va nudc, cing hoat dong trao doi chét
cua hé vi sinh vat trong qué trinh 1én men. Trong do, hoat dong sinh
enzyme amylase va protease cao ciia cac vi sinh vét 1a didu kién
tién quyét cho mot mé tuong ngon. Hién nay, san xuét twong tai
céc lang nghé chii yéu dua trén kinh nghiém dan gian tir cac ho gia
dinh. Qua trinh 1én men cht yéu dya vao ngudn vi sinh vat trong
tu nhién, mang tinh ng?tu nhién. Vi vdy, chat luong cac me twong
thuong khong dong déu, thoi gian bao quan ngan. Bén canh do, sy
c6 mat cua mot s vi sinh vat khong mong muon nhu Aspergillus
flavus, A. parasiticus, A. fumigatus, Bacillus cereus trong twong, c6
thé san sinh doc t6 gy hai cho sirc khoe con nguoi [1]. Chinh vi
vy, nghién ctru nay nhim tuyén chon cdc chung vi sinh vt an toan,
sinh amylase va protease cao lam glong khoi dong, dinh hudng ing
dung trong san xuat tuong truyén thong an toan, chat luong cao.

2. Vat liéu va phuong phap nghién ciiu
2.1. Thu thip méu va phén Igp vi sinh vt

12 méu twong duoc thu thap tai cac lang nghé lam tuong truyén
thong tai céc dia diém Ha Noi, Hung Yén, Hi Nam va Nghé An. Vi
sinh vét dwgc phan 1ap tir cdc mAu twong bang phwong phap Koch
trén moi truong thach PDA, NA, MRS, LCA, Czapek (Nissui, Nhat
Ban) [2].

2.2. Dinh danh vi sinh vt

Phwong phap phdn tich trinh tw gen rDNA: DNA cuia cac
ching vi sinh vat dugc tach chiét bang kit ctia hang PrepMan Ultra
(Applied Biosystems, Hoa Ky). Trinh ty doan gen (rDNA vung
ITS) dugc khuéch dai voi cap moi ITSI va ITS4. Ving gen 16S
rDNA dugc khuyéch bang cap moi 27F va 1495R. Trinh tu gen cta
cac chung phan tich dugc so sanh véi céc trinh tw gen c6 san trén
ngan hang gen NCBI, sir dung phuong phap Blast Search va phan
mém Clustal X [3]. Cay phat sinh ching loai duoc xdy dung dua
vao thudt toan NJ [4].

Phirong phdp quan st hinh thdi hoc: Quan sat khun lac va co
quan sinh san cia ndm, danh gia, phan tich dya vao so sanh két qua
quan sat so vi céc tai liéu tham khao vé phan loai ndm [5].

2.3. Phuwong phap sang loc va danh gia hoat tinh amylase va
protease

2.3.1. Sang loc so by hoat tinh amylase va protease bang
phirong phap cdy diém

Cac chung vi sinh vat phan [ap dugc hoat hoa trén moi truong
thach PDA (Nissui, Nhat Ban) ¢ 25°C, 3-5 ngay sau d6 céy chédm
diém (hodc cdy vach - ddi voi vi khuan) trén dia thach c6 bo sung
co chit 0,1% dé ¢ nhiét do phong trong 2-5 ngay. Nhudm lugol -
d6i voi hoat tinh amylase va quan st kich thudc vong phan huy
xung quanh khuén lac. Hoat tinh protease dugc biéu hién bang kich
thudc vong trong xung quanh khuan lac.
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bKPG =D - d (mm)

trong do: D: duong kinh vong trong xung quanh (mm), d: duong
kinh khuan lac (mm).

2.3.2. Xdc dinh hoat tinh amylase va protease bang phiong
phap khuéch tan trén thach

Céc chung vi sinh vat duoc nuéi bang may lic voi moi truong
PDB (Nissui, Nhat Ban) ¢ b6 sung 0,2% co chét (tinh bot hodc
casein) nudi cay tir 2-5 ngay, toc do 150 vong/phut, nhiét do phong,
thu dugc enzyme thd, nho vao giéng trén thach dia chira 0,1% tinh
bot (dbi véi amylase) 0,1% casein (ddi véi protease), dé ti 4m 5-6
gio. Kiém tra hoat tinh amylase va protease bang phuong phap do
duong kinh vong phan giai.

2.4. Phuwong phdp sic dung cic ching vi sinh vit hivu ich
nhiam ndng cao chit lwong twong

B6 sung 1% (v/v) gidéng khoi dong vao giai doan 1én men méc
(koji) va giai doan 0 chua (moromi) d6i v6i vi khuan. Kiém tra chét
luong ban thanh phim sau 3 tudn 1én men dya vao phan tich ham
luong dudng va protein tong s c6 trong mau.

3. Két qua va ban luan

3.1. Thu thap mau va phén lgp cic ching vi sinh vit trong
san phim twong truyén thong

12 miu tuong truyén thong di dugc thu thap tai cac dia diém
khac nhau trén dia ban Ha N¢i, Ha Nam, Hung Yén va Nghé An.
Sau d6, chiing toi tién hanh phéan 1ap cac chung vi sinh vat co trong
chc mau tuong ndy bang phuong phap pha lodng, trén cic moi
truong NA, MRS, PDA, LCA, Czapek & cac nf”)ng do pha loang
10%-10°. Két qua duogc trinh bay ¢ bang 1.

Bang 1. Da dang vi sinh vat c6 trong cac mau twong truyén théng.

$6 lrgng khuén lac (CFU/mI)

Diadiém  STT  Tén miu twong Vikhuin ~ Nimmdc ~ Nimmen —Xakhuin Ting
1 Trung Thanh 95:10° 0 0 0 9,5x10
2 Binh Di 84x10F 244104 0 0 1,0x10¢
3 Trong Tinh 25¢10"  1L7x10 0 0 26107
4 Cu Hong 5000 39604 0 0 506107
HiNgi 5 Phy Khang LOXIOY  20x10°  50<10° 0 1,02x10¢
6 Mang Phy 83107 SIxI0T  99xI6°  S0x10°  13x10°
7 Puing Lim 884107 42¢10° 0 0 9,2x107
8 Miunhi dinthuong —~ 1,6x10° ~ 50¢10° 0 0 1,6x10°
9 Miubin thinhphim ~ 1L0x10°  7.0¢10° 0 0 1,0x10°
HmgYén 10 TriéuSon 3400 100° 0 0 44x10°
HiNam 1l Mumhadinthwing — 45<10°  10xI0° 0 0 5,5¢10¢
NghtAn 12 Miunhadinthuong  S4¢10° 0 0 0 546108

Két qua bang 1 cho thiy, khu hé vi sinh vét trong cdc miu tuong
truyén thong & Viét Nam rat da dang. Héiu hét céc m?lu déu xuét hién
cd 4 loai vi sinh vat thong thuong, bao gom nédm mdc, nam men, Vi
khuan va xa khuan Tét ca cac mau tuong deu co su xuat hién cua vi
khuén, 10/12 miu (83,33%) xuat hién ndm mdc, 2/12 miu (16,67%)
phat hién co nim men. Xa khuan 14 loai hiém gap nhat, chi xuét hién
duy nhét trén mot mau (8,3%). Trong s6 12 mau nghién ctru thi mau



twong Mong Phy, Ha Noi ¢6 h¢ vi sinh da dang va mat do khuan lac
cao nhat, gém ca 4 loai vi sinh vat, ham luong dat 10°-10” CFU/ml.
Mau tuong Nghé An va twong Trung Thanh chi xuat hién vi khuan,
v6i tong s lwong khuan lac dat khoang 10°-10% (CFU/ml).

Két qua nay twong ddng véi mot sb két qua trude do ciia N.T. Vu
va ¢s (2016) [6], cho ring d da dang vi sinh vat trong 14 miu twong
thu thap tir Ban Yén Nhan, Cy Pa va Nam Dan dat 10°-10° (CFU/
ml). Hodc trong nghién ctiru cia W.Y. Jung va cs (2016) [7], mat do
vi khudn trong twong Doenjang 12 4,1x107 CFU/g, mat d6 ndm mdc
dat 7,9x10* CFU/g.

3.2. Danh gia hogt tinh amylase va protease duwa vao phwong
phap cdy diém

Dua vao su khéc nhau v& hinh thai khuan lac trén timg mau, 45
chung vi khuén, 30 chung vi nam, 4 chung xa khuén va 6 chung nam
men da dugc lya chon cho céc thi nghiém tiép theo.

Toan by 85 chung vi sinh vat phan 13p duge sang loc hoat tinh
thong qua phuong phéap ciy diém. Két qua cho thiy, c6 diém khac
biét giira hoat tinh ctia khu h¢ vi sinh vat trong twong Viét Nam va
twong Han Qudc. Hau hét cac vi sinh vat trong twong Han Qudc déu
thé hién hoat tinh amylase va protease (110/112 ching), nhung mirc
do thé hién yéu, duong kinh vong phan giai nhé hon 10 mm (10>
D-d>5 mm) [8]. Ngugc lai, trong tuong Viét Nam, chi 59, 30 va
45,35% s6 chung vi sinh vat biéu hién hoat tinh amylase va protease,
nhung muc d§ biéu hién manh, lan luot 1a 22,90 va 13,95%. Dic
biét, c6 8,23% (7 ching) sinh déng thoi ca 2 loai enzyme manh,
duoc lua chon cho céc nghién ctru tiép theo (hinh 1).

Hoat tinh amylase ctia cic chiing phan 13p (%)  Hoat tinh protease ctia cic chiing phan l3p (%)

40,70%
54,65%

o

= Manh = Trung binh = Y&u Khéng c6 = Manh = Trung binh = Yéu Khéng cé

Hinh 1. Hoat tinh amylase va protease cta cac chiing phan lap.
3.3. Dinh danh chiing vi sinh vt sinh amylase va protease cao

Trong $07 chung vi sinh vat da Iya chon ¢ trén, dya vao quan sat
hinh thai hoc, 3 chung 6 ky hiéu BD5-10, BD5-6 va BD3-5 la nim
s0i, 4 chung BD3-7, BD5-3, BD3-3, BD5-5 la vi khuan. Cac chung
ndy tiép tuc dugc phan loai bing phuong phap phan tich hinh hoc
phan tu, dung cdy phat sinh ching loai dya vao phan tich trinh ty
gen rDNA viing ITS (d6i voi ndm) va rDNA 16S (d6i voi vi khuén).

3.3.1. Boi voi nam soi

Nghién ctru phan tich va xay dung cay chung loai phat sinh cua
cac chung nam soi duoc lwa chon ¢ trén dwa vao phan tich hinh
thai hoc va phan tich trinh tw rDNA ving ITS. Két qua cho thdy,
BD5-10, BD5-6 va BD3-5 déu nam trén cing mot nhanh véi 4.
oryzae/A. flavus (hinh 2). Pay 1a 2 loai d& nham 1dn khi phan tich
bang rDNA genome va hinh thai hoc. Tuy nhién, theo A.K. Maren

KHOA
&CONGHI\?GCI:-IE

66(10DB) 10.2024

s Khoa hoc Tu nhién | Khoa hoc su séng; Khoa hoc K thuat va Céng nghé | Ky thudt thuc phdm va dé udng

(2002) [5], khi phan loai hinh thai hoc mdt cach k¥ ludng thi viéc
phan bi¢t 2 loai nay la hoan toan co thé. BD5-10, BD5-6, BD3-5
khi duoc nudi cfiy trong cac mdi truong khac nhau: CYA25, MEA,
CY20S, CY37 va CZ déu c6 hinh thai khudn lac bong xdp, phat
trién nhanh, kich thudc dat 5-7 cm sau 5-7 ngay nudi cay, thé binh
1-2 ting, kich thudc 20-50 pm. Tuy nhién, bao tir cia BD5-6 ¢6
hinh cau, ddng déu, kich thudc 3-6 um. Trong khi bao tir BD3-5,
BD5-10 khong ddng déu vé kich thude, hinh cdu dén gan cau, hinh
trang, hinh ovan, kich thudc 4-8,5 pm. Trén moi truong CYA, 37°C,
BD5-6, ¢6 mau xanh 6liu dam, hinh thanh hach niAm mau niu sdm
day dac (hinh 2A), chiing BD3-5, BD5-10 ¢6 mau vang cau, khi gia
nga sang mau vang nau, khong sinh hach nam (hinh 2B, 2C, 2D).
So sanh cac két qua nay voi khoa phan loai cta chi Aspergillus [5],
chung t6i két luan BD3-5 va BD5-10 thudc vé lodi 4. oryzae, BD5-6
thudc vé loai A. flavus. Kiém tra kha nang sinh doc tinh ciia BD3-5
va BD5-10 trén moi truong thach nu6e dira déu khong phat hién
aflatoxin (hinh 2E).

(A)

e
Aspergillus flavus HQ856223
Aspergillus oryzae K1941129

| Aspergillus oryzae BD5-10
Aspergillus flavis BD5-6
Aspergillus oryzae BD3-5

2 ‘Aspergillus parasiticus IN96836
Aspergillus brasilionsis JX99949
Emericella nidulans EU840227
Aspergillus flavipes EF669600
spergilius auresfulgens EF66961
Aspergillus clavatonanicus EF669986|

g

“Aspergillus fumigatus AB354184
Clad ium clad ioides CBS 112388

Hinh 2. Binh danh va danh gia do an toan sinh hoc dbi véi cac chiing nAm A.
oryzae/A. flavus. (A) Cay phat sinh ching loai clia BD5-10, BD5-6, BD3-5 va cac
loai c6 quan hé ho hang gan giii dwa vao phan tich trinh tw gen rDNA viing ITS,
cac gia tri bootstrap >40% dwoc thé hién trén cay, Cladosporium cladosporioides
dwoc str dung lam nhém ngoai, bar=0,1; (B) Hinh thai chiing BD5-6 (CYA37); (C)
Hinh thai chiing BD3-5 (CYA37); (D) Hinh thai chling BD5-10(CYA37); (E) Chiing
BD3-5 trén mi truding nwdc ¢t diva sau 5 ngay nudi cay.

3.3.2. Déi véi vi khudn

Céc chung vi khun lya chon dugc nghién ctru phén tich va xay
dung cay phat sinh chung loai dya vao phan tich trinh ty rDNA vung
16S. Két qua cho thdy, BD3-7 va BD5-3 nim trén cling mot nhanh
voi chung B. subtilis OP964833 (BM105); BD3-3 va BD5-5 nim
trén cung mot nhanh voi cac ching Bacillus amyloliquefaciens NR-
118950 (ATCC 23350) (hinh 3).

0L
|Bacillus subtilis OP964833 (BM105)
(Bacillus subtilis BD3-7
59||Bacillus subtilis BD5-3
Bacillus MIN840038 (B-23049T)
g1|Bacillus amyloliquefaciens CP054415 (205)
|Bacillus amyloliquefaciens BD3-3
‘Bacillus amyloliquefaciens BD5-5
Bacillus amyloliquefaciens NR_118950 (ATCC 23350)
Bacillus vallismortis NR_116186 (NRRL B-14890)
Bacillus inaq um NR_116188 (NRRL B-23052)

-Bacillus sonorensis NR_116189 (B-23154)

I_—Bacillus licheniformis ON878211 (DSM 13)
Bacillus pumilus NR116191 (NRRL NRS-272)
Bacillus cereus NR114582 (ATCC 14579)

100

Hinh 3. Cay phat sinh ctia BD3-7, BD5-3, BD3-3, BD5-5 va cac loai c6 quan
hé ho hang gan giii dwa vao phan tich trinh tw gen 16S. Céc gia trj bootstrap
>40% duoc thé hién trén cay, Bacillus cereus NR 114582 (ATCC 14579) duoc
st dung lam nhém ngoai, bar=0,1.
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Theo huéng dan sb 90/679/EWG ngay 26/11/1990 cia Cong
df”)ng chéu Au vé an toan sinh hoc [2], so sanh v&i danh muc céac vi
sinh vét an toan cia CHLB Pirc va Cong dong chau Au cho thay,
cac loai vi khuan B. subtilis, B. amyloliquefaciens va A. oryzae
thudc nhom c6 do an toan cao (cip do I). Vi véy, cac ching vi sinh
vat lya chon trén la nhitng chung bao dam an toan sinh hoc, c6 thé
str dung trong san xuét thuc pham.

3.4. Xdc dinh hoat tinh protease va amylase bang phwong
phdp khuéch tin trén thach

7 ching vi sinh vat tuyén chon trén dugc nudi cdy bang may lic
trén moi truong PDB, b6 sung 0,1% tinh bdt va casein. Hoat tinh
enzyme protease va amylase dugc danh gia dya trén duong kinh
vong phan giai tinh bot va casein. Két qua dugc thé hién ¢ bang 2.

Bang 2. Kha nang phan giai tinh bot va casein ctia cac chiing tuyén chon.

Duomg kinh vong phan gidi (mm)

Thirtw Ky hiéu chiing Phan loai
Tinh bjt Casein

1 BDS5-10 A. oryzae 20£2 1943
3 BD3-5 A. oryzae 26£3 2543
4 BD3-7 B. subtilis 1642 1842
5 BDS-3 B. subtilis 1443 1242
6 BD3-3 B. amyloliquefaciens 8+2 1143
1 BDS-5 B. amyloliquefaciens 1242 1842

Két qua bang 2 cho thdy, 4. oryzae BD3-5 thé hién hoat tinh
cao nhét cho kha nang phan giai tinh bot va casein, dwong kinh
vong phan giai tinh bot va casein lan luot 14 26 va 25 mm. B.
subtilis BD3-7 1a chung vi khuan c¢6 kich thudc vong phan giai
16n nhat trong s6 4 ching lya chon D-d = 16-18 mm. Két qua nay
twong dong v6i nghién ctru cia T.V.A. Nguyen (2010) [9] khi phan
lap 52 chung ndm méc phan 1ap tir cac mau koji dwgc thu thap tir
Hung Yén, Ha Noi va Nghé An. Két qua nghién ctru trude do ciing
tim ra dugc mot chung 4. oryzae MT21 ¢6 hoat tinh amylase va
protease 1an luot dat 13 21 va 26 mm [9]. Tuy nhién, tai Viét Nam
chua c6 nghién ctru nio danh gi vé da dang ciing nhu hoat tinh ciia
cac chung vi khudn trong tuong.

3.5. Sir dung cdc chiing vi sinh vt hitu ich nham néing cao
chat lwong twong

2 ching 4. oryzae BD3-5 va B. subtilis BD3-7 dugc nudi cay &
cac diéu kién thich hop nhét, thu sinh khdi twoi va bd sung 1% (v/v)
vao giai doan koji va moromi. Kiém tra chét lugng ban san phim
tuong nay sau 3 tuan U men dya vao phan tich ham luong dudng
tong sb va protein tong sb co trong mau (bang 3).

Nhu vdy, co su khac biét gitra bé sung gidng khoi dong va
khong bd sung gidng khoi dong cho mdi giai doan 1én men. Trong
g1a1 doan len men k0]1 ham luong dudng tong s6 tang gap 1.8
lan trong mau c6 bo sung 4. oryzae BD3-5 so voi miu khong bd
sung, ham lugng protein tong s0 cung tang len 6,3 lan. O giai doan
moromi, ham lugng protein tong so trong mau bo sung B. subtilis
BD3-7 ting 3 lan so v6i mau khong bo sung, dong thoi ham luong
duong cling gia tang tir 0 1én 1,12 mg/ml. Nhu vay, trong qué trinh
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Béang 3. Ham lwong protein va dwéng cé trong mau 1én men koji va
moromi.

Chi tiéu phan tich

Mau phén tich Lirgng d"tréng tngsé  Protein tong sé
trong mau (mg/mi) (ug/mi)

Boi chimg moromi (u chua tw nhién) 0 41,96

B. subtilis BD3-7 dugc bd sung vao giai doan moromi 1,02 132,64

DGi chimg koji (1én men méc ty nhién) 0.6 52

A. oryzae BD3-5 duge bd sung vao giai doan koji 1,12 33,15

1én men tuong, sy c6 mat cua duong va protein 1a nguyén li¢u
chinh cho phan tmg sinh hoa tir d6 céu thanh huong vi, chét lugng
clia mé tuong. A. oryzae BD3-5 va B. subtilis BD3-7 13 2 gidng
khéi dong hidu qua cho qué trinh san xuét tuong.

4. Két luan

Nghién ctru da phén 1ap va tuyén chon duoc 2 chung 4. oryzae
BD3-5 va B. subtilis BD3-7 ¢6 kha ning sinh tong hop amylase va
protease cao tir cac mau tuong truyén thong. Khi bo sung 1% (v/v)
giong khoi dong cho mdi qua trinh 1én men, ham luong dudng va
protein tong s6 ¢6 sy gia tang rd rét. Trong d6, & giai doan koji,
ching BD3-5 lam ting ham lwgng dudng 1én 1,6 an va ham luong
protein 1én 1,8 1dn so voi khong bo sung. Giai doan moromi, ham
luong protein ciing ting gap 3 1an so vdi khi khong bd sung.
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Pl 1 vi tuyén chon e ching xa Khudn Steeptomyees cd kha ning
doi khang vi khuan Ralstonia psendosolanacearum TXC-Rasto gay bénh héo xanh trén cay dura leo
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Tom tit:

Dura leo la ciy rau dn qué ngin ngay, dwgc canh tic phd bién & Pong bang song Ciru Long (PBSCL), mang lai kinh
té 6n dinh cho nhiéu hd nong dan. Bénh héo xanh do vi khuin Ralstonia pseudosolanacearum gy ra, la bénh xay ra
phd blen va gily hai nang trén cay dwa leo. Nghién ciru nay duwgc thye hién nhim muc tiéu phan lap va tuyén chon
mot s0 chiing xa khuin c6 kha nang doi khang vi khuan bénh & diéu kién phong thi nghiém. Trong nghién ciru nay,
125 chiing xa khuin Streptomyces phan 13p tir cAc miu dit thu thap & PBSCL dugc st dung dé danh gia kha nang
dbi khang vi khuén R. pseudosolanacearum. Bing phwong phap d6i khang true tiép va gian tiép trén dia thach, 03
chiing xa khuén Streptomyces DS18.2, DS30.6, DS32.8 thé hi¢n khi ning d6i khang manh chong lai vi khuin R.
pseudosolanacearum T2C-Rasto gy bénh héo xanh trén ciy dwa leo, véi dwong kinh vong khang khuén lan hrot
twong wng la 22,67; 24,44; 21,56 mm. Trong do, ching xa khuén Streptomyces DS30.6 c6 dwong kinh vong khang
khuén 16n nhit dugc dinh danh théng qua giai trinh ty gen 16S rRNA va xac dinh thuc loai Streptomyces noursei
DS30.6. Ching DS30.6 dwge danh gia 1a vi sinh tiém nang aé nghién ctru san xuit ché pham sinh hgc phong trj bénh
héo xanh trén cay dwa leo.

Tir khéa: bénh héo xanh, dua leo, hoat tinh khang khuén, Ralstonia solanacearum, Streptomyces noursei.

Chi 56 phén loai: 1.6, 4.1, 4.6

Isolation and selection of Streptomyces strains with antagonistic activity against the Ralstonia

pseudosolanacearum T2C-Rasto causing bacterial wilt disease in cucumber plants
Thanh Binh Le >3, Minh Ngoc Truong®, Dinh Quang Vo®, Thi Phuong Trang Phan"?
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Abstract:

Cucumbers are short-term fruit vegetables that are widely cultivated in the Mekong delta, providing a stable income
for many farming households. Bacterial wilt disease caused by Ralstonia pseudosolanacearum is a common and
severely damaging disease in cucumber plants. This study was conducted to isolate and select some Streptomyces
strains capable of resisting pathogenic bacteria under laboratory conditions. In this study, 125 Streptomyces strains
were isolated from soil samples collected in the Mekong delta and used to test the antibacterial ability against R.
pseudosolanacearum. By direct and indirect antagonism methods on agar dish, three Streptomyces strains, including
DS18.2,DS30.6, and DS32.8, exhibited to be highly effective against R. Pseudosolanacearum T2C-Rasto, which causes
bacterial wilt disease in cucumber plants, with inhibition zone diameters of 22.67, 24.44, and 21.56 mm, respectively.
Among them, the Streptomyces DS30.6 strain with the best antagonistic activity was identified to be Streptomyces
noursei by 16S rRNA gene sequencing. Strain DS30.6 is a potential microorganism for research and production of
biological products to prevent and treat bacterial wilt disease in cucumber plants.

Keywords: antibacterial activity, bacterial wilt disease, cucumber plants, Ralstonia solanacearum, Streptomyces
noursei.

Classification numbers: 1.6, 4.1, 4.6
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1. Dat van de

Dua leo 1a ciy rau dn qua ngin ngdy, dugc canh tac
phé bién & DBSCL, mang lai kinh t& 6n dinh cho nhiéu
ho nong déan [1]. Tuy nhién, bénh héo xanh do vi khuan R.
solanacearum gy hai 1a mdi de doa dang ké ddi véi ning
suat dua leo [2, 3]. Phuong phép xir 1y bang hoa hoc duoc
su dung tam thoi dé han ché tac hai bénh nhung khong
hidu qua va gdy hai moi truong, nén viée tim kiém cac
phuong phép kiém soat bénh bang vi sinh vat duge danh
gia cao [4]. Mot s6 nghién ctru cho thay, xa khuan thudc
chi Streptomyces c¢6 tiém ning kiém soat bénh héo xanh va
bénh vi khudn khac trén nhiéu loai ciy trong. Streptomyces
UP1A-1 va S. physcomitrii ¢ kha niang kiém soat bénh héo
xanh do vi khuén R. solanacearum gay ra trén cdy ca chua
voi hiéu qua phong tri bénh lan luot 1a 96,80% va 63,60%
[5, 6]. S. alboflavus TD-1 va S. rochei BT02 c¢6 kha niang dbi
khang vi khudn R. solanacearum & ndng do e ché t6i thiéu
(MIC) lan luot 1a 3,125 mg/ml va 15,00 mg/ml [7, 8]. S.
maritimus MSQ21 d6i khang vi khuan R. solanacearum cao
nhit voi duong kinh vong khang khuén 1a 18,00 mm [9].
O Viét Nam, H.T. Giang va cs (2017) [10] da tuyén chon
dugc 03 ching xa khuan Streptomyces TT44, TT9 va TT11
c¢6 kha nang d6i khang voi vi khuan R. solanacearum giy
bénh héo xanh trén khoai lang voi duong kinh vong khang
khuan lan luot 1a 9,02; 6,74; 6,50 mm. Theo N.T.N. Bich
va ¢s (2020) [11], chung xa khuén S. diastaticus CC3.2 dbi
khang vi khuan Erwinia carotovora cao nhit & moi truong
ISP3 sau 5 ngay nudi lic 200 vong/phit & nhiét d6 30°C voi
dudng kinh vong khang khuédn dat 15,22 mm. Theo N.T.N.
Anh va cs (2020) [12], ching xa khuan S. virginiae TT8.4
c6 kha nang d6i khang 3 loai vi sinh vét kiém dinh Baccilus
subtilis, Staphylococcus aureus, va Escherichia coli v&i
dudng kinh vong khang khuén 1an luot 14 20, 18 va 16 mm.

Nhiéu nghién ctru chi ra rang, xa khuan Streptomyces 1a
tac nhan sinh hoc tiém nang dé kiém soat bénh do vi khuan,
vi nim gay hai trén cdy trong thong qua tiét khang sinh, hoat
chat kich khang thuc vat, cong sinh voi thuc vat [13, 14]. Tuy
nhién, chua c6 nghién ctru nao cong bd vé chung xa khuan
Streptomyces d6i khang vi khuan R. pseudosolanacearum
gay bénh héo xanh trén dua leo  PBSCL.

Muc tiéu ciia nghién ctru nay nham phéan 1ap va tuyén chon
duoc mot sd ching xa khuén thudc chi Streptomyces c6 kha

nang d6i khang chdng lai vi khudn R. pseudosolanacearum
T2C-Rasto giy bénh héo xanh trén dua leo 6 PBSCL.
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2. Doi twgng va phuong phap nghién ciiu
2.1. Doi twong nghién ciru

Chung vi khuan R. pseusolanacearum T2C-Rasto gy
bénh héo xanh trén dua leo 6 PBSCL do phong thi nghiém
thudc Chi nhanh Vién Ung dung Cong nghé tai TP Ho Chi
Minh cung cip [15]. Cac chung xa khuan Streptomyces duge
phan 1ap tir cic mau dét rimg nguyén sinh, dat vudn dua leo
khoe manh va dat khong canh tac 1du nim & PBSCL.

2.2. Phwong phdp nghién ciru

Phdn ldp cdc ching xa khudn Streptomyces tir cdc mau
ddt thu thdp ¢ PBSCL: Pha lodng mau dat va cdy trai trén
dia petri c6 chira moi truong Gause-1. Nuoi i ¢ nhiét do 28°C
trong 4-7 ngay dé thu duoc cac khuan lac riéng 1é. Trén mdi
mau dét, khudn lac cua xa khuan duoc céy 3 pha sang dia
petri chira moi truong Gause-I dé 1am thuan. Sau d6 nudi
o nhiét do 28°C trong 4-7 ngay, tir cac khuén lac duoc 1am
thuan cdy truyén sang 6ng thach nghiéng chira méi truong
thach nghiéng Gause-I, tiép tuc nudi ¢ diéu kién trén trong
10-14 ngay. Xéac nhan dong xa khuan Streptomyces dua trén
cac dic diém hinh thai va cdu tric dudi kinh hién vi [16].

DPoéi khang trec tiép dat théi thach: Cac ching xa khuan
Streptomyces dugc cay ria trén moi truong thach Gause-I, i
sau 7 ngay ¢ nhiét ¢ 28°C. Sau do duc thoi thach chua khuan
lac xa khuan véi duong kinh 7 mm. Nubi cay vi khuan R.
pseusolanacearum T2C-Rasto trong moéi truong SPA 1ong,
pha lodng nong d¢ 10° CFU/ml, hat 0,1 ml dich nuéi ciy chira
vi khudn R. pseusolanacearum T2C-Rasto trai déu trén dia
petri chira mdi truong SPA. Tao nhimg giéng nho c6 dudng
kinh khoang 7 mm. Pt cac thoi thach chira khuan lac ching
xa khuan Streptomyces vio tuong ing voi cac giéng da duc
tur trudce trén dia moi truong. Sau do u ¢ nhiét do 28°C trong
72 gior cho vi khuin R. pseusolanacearum T2C-Rasto phat
trién. Xac dinh cac chung xa khuan Streptomyces tao dwoc
vong khang khuan. Tur két qua sang loc hoat tinh do6i khang,
céc chiing xa khuan Streptomyces c¢6 kha ning trc ché manh
vi khuan R. pseusolanacearum T2C-Rasto duoc tién hanh
khao sat s d6i khang gian tiép [3].

Poi khéang gian tiép duc 16 thach: Ching vi khuan R.
pseusolanacearum T2C-Rasto dugc nudi cdy trong moi
truong SPA long, pha lodng néng d6 10° CFU/ml, hut 0,1
ml dich nudi ciy chira vi khuan R. pseusolanacearum T2C-
Rasto trai déu trén dia petri chira moi truong SPA. Cac
chung xa khuan Streptomyces duoc cy trén moi trudng
Gause-I 1ong, nudi lic 14 ngay & nhiét do 28°C. Tao nhing
giéng nho c6 duong kinh 7 mm. Nho 0,1 ml dich nudi cy



chiing xa khuan Streptomyces da loai bo té bao. U dia & 4°C
trong 15 phiit cho dich trong giéng khuéch tan. Sau d6 1 &
nhiét d6 28°C trong 48 gioy dé vi khuan R. pseusolanacearum
T2C-Rasto phat trién. Do dudng kinh vong khang khuén
xung quanh giéng. Thi nghiém duoc lip lai 3 1an ddi voi
mdi chung chon loc va két qua 1a gia tri trung binh cong
clia cac lan I3p lai. Tinh kich thudc vong khang khuan theo
cong thirc: Kich thuéc vong khang khuan= D-d; trong do:
D la duong kinh vong khang khuan (mm); d 1a duong kinh
16 (mm) [17].

Binh danh ching xa khudn Streptomyces dwoc tuyén

chon bang gidi trinh t gen 16S rRNA: Chung xa khuin
Streptomyces dugc tién hanh giai trinh ty gen 16S rRNA

Bang 1. Két qua phan lap cac ching xa khuén Streptomyces tlr cac mau dat thu thap & Dong béng song Cteu Long.

s Khoa hoc Tu nhién| Khoa hoc sy song; Khoa hoc Néng nghiép | Trong trot; Cong nghé sinh hoc trong néng nghiép, thdy sén

bang thiét bi ABI 3130/3500 tai Cong ty TNHH Dich vu
Thuong mai Nam Khoa. So sanh do tuong dong ciia trinh
tu 16S rRNA véi dit lidu trén GenBank bang chuong trinh
BLAST [18].

Xir Iy 56 liéu: Str dung phuong phéap thng ké phan tich
ANOVA dé danh gia cac s6 liéu thi nghiém. St dung phuong
phép trac nghiém Ducan dé so sanh trung binh. Cac s6 li¢u
ghi nhan dugc xir 1y bang phan mém SPSS phién ban 19.

£ 2 S S a
3. Ket qua va ban luan

3.1. Phdn ldp cdc ching co khd nang thudc chi
Streptomyces tir méu dit thu thip ¢ Pong bing song
Ciiu Long

Tir 50 mau dat ring nguyén
sinh, dit vuon trong dua leo khoe

Dia diém ldy S6 lrgng o $6 Irgng xa khuin S chiing phén manh va dét khéng canh tac lau
T miu miu Loai dat (CFUJg dit) 1ap duge i

: : g e nim thu thip ¢ PBSCL, da phan
| An Giang 40 bt rimg nguyén sinh, dat vuém dua leo khoe ¢ o, 101 1ap va lam thuan duogc 125 chung

manh, dat khong canh tac 1au nam B 2 . .
o : e mang dac diém hinh thai cua xa
) o Thi Dat vuon dua leo khoe manh, dat khong 24105 ) 2 2 PR
Dong Thap 5 canh thc lu ndm 32110 1 khuéan nhu khuan lac kho, bé mit
. Dit vuon dua leo khoe manh, dét khong tho rap, hoi X0p va co nhicu hinh

3 Tién Giang 3 L 4,1%10° 8 \ N 4
canh tic lau nam. dang va mau sic da dang nhu
4 Long An 2 ?aa;hvfa‘;ﬁi’iﬁ Khoe manh, datkhong ) 34 4 I(I;a}u Xjr)n[lllzl]l’ vang-cam, hong. ..
: ang .
Téng cong 50 125 . . , . .,

Poi voi mau sac soi khuan
A) khi sinh, nhom mau trang c6 so

(D)

DS32.8, (D) DS12.5, (E) DS32.2, (F) DS33.19.
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lugng cao nhit 53/125 chung
chiém 42,40%, tiép dén nhom
mau xam 45/125 ching chiém
36%, nhém mau nau 20/125
ching chiém 16%, nhom mau
vang - cam 5/125 ching chiém
4%, nhém mau hong 2/125
chung chiém 1,6% (hinh 1).

Tién hanh quan sat cac chung
phan 1ap sau 7 ngay nudi cdy trén
moi truong Gause-I dudi kinh
hién vi quang hoc c6 do phéng
dai vat kinh 100 1dn. Nhan thiy
cac chung xa khuan Streptomyces
phan 1ap dugc c6 dic diém hinh
dang khuan ty, cuéng sinh bao
t&, hinh dang bao ti dic trung
ctia xa khuan. Pa s6 cudng sinh
bao tir dang thing, xodn va bao
tr dwoc phat sinh bang phan dbt
(hinh 2).
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(€) 3.2. Két qua doi khdng truec tiép ciia cdc
chiing xa khudn Streptomyces véi vi khuin
R. pseudosolanacearum T2C-Rasto

Cac chung xa khudn Streptomyces phan
lap dwgc nudi cdy & 28°C trong 7 ngdy
bing phuong phép cy ria trén moi truong
Gause-l, sau do dugc su dung dé tién hanh
thir d6i khing R. pseudosolanacearum
T2C-Rasto bang phuong phap ddi khing
truc tiép dat thoi thach trén moi truong
Hinh 2. Sgi khuan khi sinh clia mét s6 ching xa khuén trén méi trwong Gause-l sau 7 SPA. Két qUé; sz‘lng loc cho théy, c6 82/125
ngay nudi ciy quan sat & vat kinh x100. (A) DS18.2; (B) DS30.6; (C) DS32.8. chiing xa khuédn Streptomyces phan lap duoc

khong ¢6 kha ning déi khang chong lai vi
(A) (B) - (C) khuan R. pseudosolanacearum T2C-Rasto
. chiém ti 1¢ 1a 65,6%, ¢6 43 ching xa khuan
Streptomyces ¢6 kha nang d6i khang vi khuan
R. pseudosolanacearum chiém ti 18 12 34,4%.
Trong d6, 6 ching xa khuan Streptomyces:
DS18.2; DS30.6; DS32.8; DS12.5; DS32.2
va DS33.19 ¢6 kha nang déi khang vi khudn
R. pseudosolanacearum T2C-Rasto manh
duoc tip tuc sang loc qua phuong phap dbi
khang gian tiép (bang 2, hinh 3).

Két qua thi nghiém (bang 2) cho théy,
ca 6 ching xa khuan Streptomyces déu c6
kha nang d6i khang manh v&i vi khuén R.
pseudosolanacearum T2C-Rasto va c6 su
khac biét r& rét vé kha ning déi khang cia
timg ching. Trong do, 03 ching xa khudn
Streptomyces ¢6 kha ning dbi khang manh
hon véi vi khudn R. pseudosolanacearum
T2C-Rasto la chung DS30.6, DS33.19,

Hinh 3. Két qua di khang tryc tiép clia cac ching xa khuan Streptomyces phan lap véi 13832'2 Vol klc},l thu(‘)c vong khang khuan
vi khuén R. pseudosolanacearum T2C-Rasto trén méi trwong SPA sau 72 gi& & 28°C. (A) lan luot twong Umg la 18,4‘}? 17,00; 16,00
Chiing DS18.2, (B) DS30.6, (C) DS32.8, (D) DS12.5, (E) DS32.2, (F) DS33.19. mm. Trong do, chung xa khuan Streptomyces

DS30.6 c6 kha nang doi khang truc tiép voi
Béng 2. Két qua déi khéng tryc tiép ciia mét s6 chiing xa khuan Streptomyces phan lap dwoc véi  vi khuin R. pseudosolanacearum T2C-
vi khuan R. pseudosolanacearum T2C-Rasto.

Rasto manh nhat, c6 sy khac biét hoan toan
veé mat thong ké so vdi cac chung xa khuan

Kich thwéc vong khang khuin (mm)

TT Ky hi¢u T G i e ) Streptomyces con lai. Cac chung xa khuan
1 DS18a S eL0 Streptomycqes con lai c6 kich thudc vong
i ’ ’ khéang khuan dao dong 12,00-15,78 mm.

2 DS30.6 18,44°£0,41 . . .

3.3. Két qud doi khdng gidn tiép cia cdc
: D532.8 120050055 chiing xa khudn Streptomyces véi vi khuin
4 DS12.5 12,6740,78 R. pseudosolanacearum T2C-Rasto
5 DS32.2 16,00°+0,78 Ca 6 ching xa khuan Streptomyces
6 S33.19 17,00%+0,91 du’(_)c tUYén Ch()n trong dél khéng truc tlép

dugc danh gia kha nang sinh hoat chat dbi

aed: C4c ky tu theo hang doc khac nhau thé hién sy khac biét cé ¥ nghiia p<0,05. khéng vi khuéln R pseudosolanacearum
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(B)

Hinh 4. Két qua sinh hoat chat d6i khang cla cac chiing xa khuan Streptomyces véi vi khuan R.
pseudosolanacearum T2C-Rasto trén moéi trwong SPA sau 48 gi® & 28°C. (A) Ching DS18.2, (B) DS30.6,

s Khoa hoc Tu nhién| Khoa hoc sy song; Khoa hoc Néng nghiép | Trong trot; Cong nghé sinh hoc trong néng nghiép, thdy sén

Két qua trén cho thdy, chung
xa khuédn Streptomyces DS30.6 ¢o
duong kinh vong khang khuan cao
nhit & ca 02 thir nghiém danh gia
dbi khang truc tiép, gian tiép va co
su khac biét hoan toan vé mit théng
ké. Déi chiéu véi két qua nghién
cuu cua H.T. Giang va cs (2017)
[10], duong kinh vong khang vi
khuan R. solanacearum giy bénh
héo xanh trén khoai lang ctia ching
Streptomyces TT44, TT9 va TT11
(lan luot 12 9,02; 6,74 va 6,50 mm)

(C) DS32.8. . . . . ,
nho hon dudng kinh vong khang
Graphic Summary Alignments Taxonomy
Sequences producing significant allgnments Download Selectcolumns ~  Show L2
[Tl selectall 15 sequences selected GenBank Graphice Distance tree of results MSA Viewer
. _— _ Max Totl Query E Per.
:‘ESC:F‘“O“ SCIE”IFE Hame Sgorz | Score | Cover | value ldent Alx:.'La1 WEREEEIT
- - - - -
|:| Sireptomyces sp. strain AH11301 188 ribosomal BNA gene, panial sequence Streptomyces sp. 2618 2618 100% oo 1 1435 MH123096.1
Streptomyces noursei stain CK-15 chromosome, complete genoms Sweptomyces n... 2618 18332 100% oo 1 8335218 CPO26084.1
|:| Streptomyces sp. strain XT24 185 ribosomal RMNA gene, partial sequence Sirsptomyces sp. 2619 2618 100% 0o 100. 1455
Sireptomryces noursei strain XASS 188 ribosomal BEHA gene, panial sequence Streptomyces n... 2618 2618 100% oo 1 1525 CREEDEZE 1
Streptomyces nowrsei strain C27 chromoseme, complete genoms Sweptomyces n... 2618 12188 100% oo 1 2 BEZTEIE CP119144.1

Hinh 5. Mirc dé twong déng trinh tw nucleotide gen 16S rRNA ctia chiing xa khuan Streptomyces DS30.6 trén GenBank (NCBI).

T2C-Rasto bang phuong phap khuéch tan qua 15 thach thong
qua dich tiét ra cta cac chung xa khuan Streptomyces trén
moi truong Gause-1 16ng dugce nudi ¢ 28°C trong 14 ngay.
Két qua thi nghiém (bang 3) cho thdy, ca 6 ching xa khuan
Streptomyces déu c6 kha ning sinh hoat chat d6i khang
manh vé6i vi khudn R. pseudosolanacearum T2C-Rasto va
c6 su khac biét ro rét ¢ tung chung. Trong do, 03 chung xa
khuan Streptomyces sinh hoat chat d6i khang manh nhat 1a
chung DS30.6, DS32.8, DS18.2 vdi kich thudc vong khang
khuan 1an luot 14 24.44; 21,56; 22,67 mm (hinh 4). Cac
chung xa khuan Streptomyces con lai c6 kich thuéc vong
khéang khuén dao dong 13,00-17,78 mm.

Bang 3. Két qua déi khang gian tiép ctia mét sé ching xa khuan
Streptomyces v&i vi khuan R. pseudosolanacearum T2C-Rasto.

Kich thwée vong khéng khuén (mm)

STT Ky higu (phuwong phap dbi khéng gidn tiép)
! DSI25 14,670,53

2 DS18.2 22,67°1:0,65

3 DS30.6 24,44%0,60

4 DS32.2 17,78%<1,13

5 DS328 21,56%0,69

6 DS33.19 13,0000,58

aed: Cac ky ty theo hang doc khac nhau thé hién sw khéc biét cé y nghta p<0,05.

si: HNOGCI:-IE 66(10DB) 10.2024

vi khuén R. pseudosolanacearum T2C-Rasto gdy ra & dua
leo cuia ching Streptomyces DS30.6 (24,44 mm). Két qua
dbi chiéu tuong tu, dudng kinh vong khang vi khuan R.
solanacearum gay bénh héo xanh trén ca chua cia chung
Streptomyces maritimus MSQ21 1a 18,00 mm [8] va cua
chung Streptomyces UT4A49 1a 19,83 mm [18] nho hon
duong kinh vong khang vi khuan R. pseudosolanacearum
T2C-Rasto gdy ra o0 dua leo cua chung Streptomyces
DS30.6. Nguoc lai, ddi chiéu véi két qua cua R. Rado
va cs (2015) [19], duong kinh vong khang vi khuan R.
solanacearum gay bénh héo xanh trén cay khoai tay cua
03 ching Actinomycetes E7, E13, S25 23,00-40,00 mm
cao hon nhiéu so v6i duong kinh vong khang vi khuan R.
pseudosolanacearum T2C-Rasto gy ra ¢ dua leo cua chung
Streptomyces DS30.6.

3.4. Két qua dinh danh chiing xa khudn Streptomyces
DS 30.6 thong qua gidi trinh tu gen 16S rRNA

Tir két qua trén, chung xa khuan Streptomyces DS30.6
¢6 hoat tinh d6i khang cao nhat trong s6 cac chung xa khuan
Streptomyces tuyén chon, duoc tién hanh giai trinh ty gen
ma hoa 16S rRNA. Sau d6 so sanh trinh ty gen ma hoa 16S
rRNA thu dugc voi cac trinh ty gen ma hoa 16S rRNA trén
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i Streptomyces sp. 769 CP003987.1

0.0000

0.0004

0.0000

0.0028

0.0008 0.0000

0.0002

00019

0.0000

0.0000
0.0003

0.0000
0.0003

0.0032

0.0000 0.0000

0.0000 0.0000

0.0000 ppoo7

0.0017
0.0022

0.0013

0.0004

0.0026

0.0000
0.0007

0.0029

0.0000

0.0009

0.0000

0.0003 0.0000

0.0000
0.0000

0.0000

0.0000

0.0000 0.0000

0.0000

0.0032

Hinh 6. Cay phat sinh loai tir gen ma héa trinh tw 16S rRNA trén GenBank.

ngan hang gen NCBI GenBank. Két qua cho thay, trinh tur
gen 16S rRNA cua ching Streptomyces S30.6 tuong dong
voi trinh tu gen 16S rRNA cta 03 chung S. noursei CK-15,
S. noursei XAS3 va S. noursei C27 véi do twong dong la
100% (trinh tw 1418 bp duoc dung dé so sanh) (hinh 5). Vi
vay chung xa khuan Streptomyces DS 30.6 dugc dit tén 1a
S. noursei DS30.6.

Pé 1am rd mdi quan hé gitta chung xa khuéan S. noursei
DS30.6 véi cac loai thuoc dong nay, cay phat sinh loai
duoc thiét lap b%lng phﬁn mém MEGAL11, dua vao trinh tu
gen 16S rRNA ciia cac chung thudc loai S. noursei, 13y tir
ngan hang gen NCBI. Két qua cho thay, ching xa khuan .
noursei DS30.6 thu thap tai PBSCL nam hoan toan trong
nhanh tién hoa cua loai S. noursei, voi khoang cach khac
biét dang tin cay <0,005 (hinh 6).

Chung xa khuan S. noursei dugc cho 1a tic nhan sinh hoc
tiém ning kiém soat nim Aspergillus niger trén cay thudc
va thao moc [20], kiém soat 02 loai vi nam Colletotrichum

&CK%HI\?GCI:-IE 66(10DB) 10.2024

Quer
Streptomyces noursei strain XAS3 OR889628.1

Streptomyces sp. strain P86 0Q504821.1
{ Streptomyces sp. strain XXTEF-SO-4 0Q438832.1
0.0000
Streptomyces sp. strain XXTEF-SO-3 0Q438831.1

— Streptomyces yunnanensis AF346818.1
0.0000

00053 [ Streptomyces yunnanensis strain YIM 41004 NR_025149.1

Streptomyces lunalinharesii strain 80 HM447593.1

1787749

Streptomyces noursei strain C27 CP119144.1
| Streptomyces noursei strain x-18 MZ617328.1
— Streptomyces noursei strain CK-15 CP026094.1
—— Streptomyces sp. JCM 9888 LC656707.1
— Streptomyces sp. strain GM12 MN826302.1
Streptomyces endophytica strain HNM0140 CP110636.1
Streptomyces sp. S16(2014) KF772616.1
— Streptomyces lydicus strain ATCC NR_026444.1
— Streptomyces lydicus strain KUBOT7 MK680218.1
Streptomyces chattanoogensis strain CGMCC JN566019.1
Streptomyces lydicus strain GS93 CP019457.1
Streptomyces lydicus strain 103 CP017157.1
Streptomyces chattanoogensis strain NBRC 12754 NR_112260.1
Streptomyces sp. strain WBOB OM060632.1
0.0000 —{E _ )
Streptomyces chattanoogensis strain GP4 JF827350.1

Streptomyces mycarofaciens strain E39 EF063483.1

acutatum va Colletotrichum gloeosporioides gay hai trén ho
cdy c¢6 mui [21]. Do d6, ¢ thé xac dinh ching S. noursei
DS30.6 1a ching c6 ich, co tiém ning trong viéc kiém soat
bénh héo xanh do vi khuén R. pseudosolanacearum T2C-
Rasto gay ra trén dua leo & DPBSCL.

4. Két luan

Trong nghién ctru ndy, 125 chiing xa khuéan Streptomyces
duogc phan lap, trong d6 43 chung xa khuén Streptomyces co
kha ning d6i khang vi khuan R. pseudosolanacearum T2C-
Rasto. Tuyén chon dugc 03 ching xa khuan Streptomyces
¢6 kha ning d6i khang vi khuan R. pseudosolanacearum
T2C-Rasto manh 1a ching Streptomyces S30.6, S18.2,
$32.8 vdi kich thude vong khang khuén 1an luot 1a 24,44;
22,67; 21,56 mm. Ching xa khudn Streptomyces DS30.6
d6i khang manh nhét véi vi khuén R. pseudosolanacearum
T2C-Rasto, dugc xac dinh thudc loai Streptomyces noursei
dua trén phan tich trinh tu gen 16S rRNA.

a1
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Phén lap va tuyén chon mdt so chiing vi sinh c6 kha nang
khir khi hydrogen sulfide tir phan chim Yén

Nguyén Ba Tho'*, P6 Thi Mai Trinh!, Nguyén Thi Lién', Trwong Minh Ngoc', Nguyén Viin Vinh?
IChi nhénh Vién Ung dung Cong nghé tai TP Hé Chi Minh, 3664 Truong Chinh, phwo’ng 13, qudn Tan Binh, TP Ho Chi Minh, Viét Nam
Truong Chinh sach cong va Phat trién nong thén, 45 Pinh Tién Hoang, phirong Bén Nghé, quan 1, TP H6 Chi Minh, Viét Nam

Ngay nhén bai 29/7/2024; ngay chuyén phan bién 31/7/2024; ngay nhan phan bién 17/8/2024; ngay chip nhan dang 22/8/2024

Tém tit:

Khi hydrogen sulfide 12 mgt trong nhirng loai khi dgc hai, c6 mui kho chiu va dwgc tao ra trong qua trinh phan
giai phan chim Yén. Trong nha nuéi chim Yén, ham lwong khi hydrogen sulfide ting cao sé kich thich niém mac va
lam ton thwong giac quan ciia chim Yén. Do d6, anh huéng nghiém trong dén chit lwong va san hrong cia té Yén.
Nghién ciru nay nham muc dich phan lap va tuyén chon dwoc chiing vi khuin khir lvu huynh tir phan chim Yén dé
giam tiac dong cia khi hydro sulfide ddi véi chim Yén, con ngudi va mdi trwong. Vi cac phwong phap phan lap,
tuyén chon va danh gia kha niing phén giai sulfide ciia cac ching vi khuén trén méi trwong khoang t6i thiéu (MM)
tir miu phan chim Yén, két qua da thu dwgc 6 chiing vi khuin c6 kha ning phén giai sulfide va da xac dinh dwoc
chiing AG2.3-S 1 loai Micrococcus luteus véi kha ning hip thu sulfide cao nhit, dat hi¢u suit 84% (tir 200 xudng
32,0 mg/l) sau 5 ngay khio sat. Nong d9 vi khuin Micrococcus luteus & 10° CFU/g ¢6 kha ning lam giam ham lweng
khi hydrogen sulfide (<5 mg/l) trong phén chim Yén sau 07 ngay xir ly. Két qua ciia nghién ctu 1a tién dé cho viée
san xuat ché pham vi sinh vat lam giam ham lwgng khi hydrogen sulfide trong nha nuoi chim Yén va trai chian nuoi
gia cAm.

Tir khoa: hydrogen sulfide, Micrococcus luteus, phan chim Yén, vi khu4n khir sulfide, vi sinh vat.

Chi s6 phén logi: 1.6, 4.6

Isolation and selection of certain strains of microorganisms
capable of hydrogen sulfide gas reduction from Swiftlet droppings

Ba Tho Nguyen'", Thi Mai Trinh Do!, Thi Lien Nguyen', Minh Ngoc Truong', Van Vinh Nguyen’

!Branch of National Center for Technological Progress in Ho Chi Minh City, 3664 Truong Chinh Street, Ward 13, Tan Binh District, Ho Chi Minh City, Vietnam
2School of Public Policy and Agricultural Development, 45 Dinh Tien Hoang Street, Ben Nghe Ward, District 1, Ho Chi Minh City, Vietnam

Received 29 July 2024; revised 17 August 2024; accepted 22 August 2024
Abstract:

Hydrogen sulfide gas is one of the toxic gases, has an unpleasant odour and is created during the decomposition
of Swiftlet's nest faeces. In a Swiftlet's nest house, the increased levels of hydrogen sulfide will irritate the mucous
membranes and damage the Swiftlet's senses. Therefore, it seriously affects the quality and output of a Swiftlet's
nest. This study aims to isolate and select sulfur-reducing bacteria strains from Swiftlet faeces to reduce the impact
of hydrogen sulfide gas on Swiftlet nests, humans, and the environment. With methods of isolating, selecting, and
evaluating the sulfide-degrading ability of bacterial strains on minimal mineral medium (MM) from Swiftlet's nest
faecal samples, the study has isolated 6 bacterial strains capable of degrading sulfide and identified strain AG2.3-S
as the Micrococcus luteus species with the highest sulfide absorption ability, reaching 84% efficiency (from 200 to
32.0 mg/1) after 5 survey days. Micrococcus luteus bacteria concentration at 10° CFU/g can reduce hydrogen sulfide
gas content (<5 mg/l) in Swiftlet's nest faeces within seven days of treatment. The results of the study are the basis
for forming microbial products to reduce hydrogen sulfide gas in Swiftlet nest houses and poultry farms.

Keywords: hydrogen sulfide, Micrococcus luteus, microorganism, sulfur-reducing bacteria, Swiftlet droppings.

Classification numbers: 1.6, 4.6
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1. it van de

Nganh nudi chim Yén trong nha tai Pdng bing song Ciru
Long dang dwogc phét trién trong nhitg nim gan ddy. San luong to
Yén khai thac tir md hinh nha nuéi chim Yén 14 42 tin, dat 543 ty
dong [1 ]. Tuy nhién, cung v6i su phat trién nhanh ctia nganh nudi
chim Yén trong nha, van d& giai quyét cac khi doc trong khu vurc
nha nuoi [a mot trong nhiing chi ti€u moi trudng dang duge quan
tam, ddc biét la khi hydrogen sulfide. Khi hydrogen sulfide dugc
hinh thanh boi cc vi sinh vat khir luu huynh théng qua qué trinh
phén giai cdc hop chét hitu co ¢o chira luu huynh va qua trinh khir
sulfate [2]. Khi hydrogen sulfide rat phd bién, 6 nong do thap loai
khi nay khong ¢6 tac dong dang ké. O nong do cao hon (150-200

ppm), hydrogen sulfide gay tuc ché sinh truong ¢ nhiéu loai vi
khuan [3] ciing nhu gdy nguy hiém trong chin nudi va la nguyén
nhin gay ra cai chét ciia dong vat trong céc co s chin nudi [4].
Bén canh do, khi hydrogen sulfide phan tin vao khong khi c6 thé
gy ra cac van dé stic khoe cho con ngudi nhu dau dau, phu phoi
va nhiém doc than kinh [5].

Mot s6 nhom vi khudn trong ty nhién 13 tac nhan chinh cia qua
trinh phan huy sinh hoc hydrogen sulfide, ca trong nudc thai va
chit thai. Thong qua cac phan tmg oxy hoa, hydrogen sulfide dugc
chuyén thanh cac hop chat khong mui, ching han nhu S hodc, carbon
dioxide, hoi nudc va sinh khdi hitu co, dugc goi 14 vi khuan 6xy hoa
lru huynh [6]. Dé loai bo hydrogen sulfide, vi khuan dxy héa luu
huynh dugc st dung rong rai [7-9]. Vi nhém vi khuan nay sir dung
hydrogen sulfide lam chat nén chinh nén chiing thé hién toc do oxy
hoa cao va toc do tang truong riéng cao khi co mit hop chat nay [10].
Viée ap dung vi khudn dxy hoa luu huynh dé loai bo hydrogen sulfide
12 m¢t phuwong phdp than thi¢n véi moi truong [11].

Hién nay, céc bién phap xir Iy méi truong phd bién trong chin
nudi 1a hoa hoc, nhung cac bi¢n phap nay khong phu hgp véi chim
Yén vi s& anh huong tryc tiép dén siic khoe chim Yén va dé 1am
mat mui dan du ching. Trude kho khan d6, bién phap st dung vi
sinh ¢ ich trong xtr Iy mui héi trong chan nuéi dang duge nghién
ciru tmg dung. Vi vdy, nghién ctru nay duoc thyc hién nhim phan
1ap mot s6 ching vi khudn ¢6 kha ning 6xy héa luu huynh tir phan
chim Yén, nham émg dyng chiing trong viéc xit Iy hydrogen sulfide
trong nha nuéi chim Yén.

2. V4t liéu va phuang phap nghién cifu
2.1. Vit ligu nghién ciru

Mau phéan chim Yén duoc thu thap tir cac hd nuoi Yén tai
huyén Thoai Son, tinh An Giang dung dé phén 1ap vi khuin. Mau
phan dugc cho vao cac tiii dung mau vo tring va bao quan & 4-7°C
khi chuyén vé phong thi nghiém vi sinh thudc Chi nhanh Vién Ung
dung Cong nghé tai TP Ho Chi Minh dé tién hanh cong tac phan
1ap va thur nghiém.

2.2. Phwong phdp nghién ciru
2.2.1. Phwong phdp phan ldp vi khudn: Vi khuan co kha

ning khu sulfide dwgc phan 1ap trén méi truong khoang t6i thiéu
(MM: CaCl,.2H,0: 0,1 g/l; MgCl,.6H,0: 0,8 g/l; K. HPO,: 1,5 g/l;
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NH,CI: 0,4 g/I, KH,PO,: 1,5 g/l; agar: 20 g/1) [12], b6 sung sodium
sulfide (Na,S) vao moi truong sau khi hap sao cho nong d6 cudi
dat 0,1 g/l, pH ctia moi truong dat gia tri 7,2+0,2.

Céc budc thyc hién nhur sau: Can 1 g mau phan chim Yén cho
vao 99 ml nudc cit vo tring trong binh erlen 250 ml, ddy binh
bang nat bong. Céc binh erlen chira mau dugc dat trén may lic 150
vong/phut trong 20 phut dé dong nhat mau. Tién hanh pha loing &
cac nong d6 102, 107, 10, 10°. Dia mi trudng duoc 0 ¢ 30°C tir
48-72 giv dé khuan lac vi khuan pht trién,

2.2.2. Panh gid khd nang hdp thu sulfide cia cic ching vi
khudn: Kha ning hép thu sulfide cua céc ching vi khuan trong moi
treong nudi cay theo mo ta ca R. Asano va cs (2007) [13]. Khuén
lac ctia mdi dong vi khuan chon loc sau 72 gio nuoi cay trén moi
truong MM dugc cdy vao moi truong MM long, mau vi khuan
duoc nudi cdy lic 150 vong/phat, & nhiét do 30+0,2°C, trong 18
gi0. Sau do, mat d quang (0D, ) cua huyén phi vi khuan dugc
didu chinh vé 0,7 (twong duong khoang 108 CFU/ml). Tiép theo,
hut 1 ml huyén pha vi khuan (108 CFU/ml) sang 100 ml mdi truong
MM bd sung Na,S sao cho dat nong d 200 mg/l. Nghiém thirc
doi chimg duoc thuc hién twong tu nhung khong st dung chung
vi khuan. Mau thi nghiém dugc nudi tinh ¢ nhiét d§ 30+0,2°C. Thi
nghi¢ém dugc 1dp lai 3 lan. Ham luong hydrogen sulfide con lai
trong moi truong nudi cdy duoc xdc dinh ¢ thoi diém 1, 2, 3, 4,
5 ngay sau khi cdy. Do hip thu quang phd cua dung dich dugc do
twong (g véi cac nong do sulfide & budc song 665 nm [14].

2.2.3. Dinh lwong sulfide: Dudng chuan sulfide dugc xdy dung
dua trén phuong phap quang pho cua I. Kushkevych va cs (2019)
[14]. Phuong trinh hoi quy tuyén tinh c6 dangy =51,348x - 6,595
v6i do tin cdy 99,64%, trong d6 x 1a do hip thu quang pho cua
dung dich & budc song 665 nm va y 1a ndng do sulfide.

2.2.4. Phwong phap dinh danh vi khudn: Ching vi khuan c6
kha nang khir hydrogen sulfide cao nhét s& dugc chon dé dinh danh
bang phuong phap giai trinh ty Sanger doan 16S rDNA véi cip
mbi 9F/1541R [15].

2.2.5. Banh gia kha nang giam ham lwong khi hydrogen sulfide
ciia chiing vi khudn trén phdn chim Yén: Chung vi sinh M. luteus
dugc tang sinh trén moi truong LB. Sinh khéi cua cc ching dugc
thu nhan bing phuong phap ly tim voi toc do 8000 vong/phut
trong 15 phut. Sinh khdi duge hoa tan voi nude NaCl 0,85% dé
dat nong d6 cudi 1a 10°, 108 va 10" CFU/ml. Phun déu 10 ml cac
dich vi sinh & cac ndng do tuong g vao hop nhya (17x12x7 cm)
chuira 100 g phan chim Yén. Cac thi nghiém dugc thyc hién ¢ diéu
kién nhiét do phong, b6 tri mdi cong thitc 3 hop nhya duge day
kin khi cho mét lan lap. Cac thi nghiém duoc lp lai 3 1an. Nong
do khi hydrogen sulfide dugc do bang may do ndng do khi SenKo
SP-SGTP hydrogen sulfide theo thoi gian tir ngay 1 dén ngay 9.

2.3. Phwong phdp xik Iy sé liéu

Céc s lidu sau khi thu nhan dugc xir 1y bang phan mém Excel
2010 va phan tich thong ké bang phan mém Statgraphics phién ban
19 theo phuong phap One-Way ANOVA.
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3. Két qua va han luan
3.1. Két qud phén ldp vi khudn

Tir 3 mau phan thu nhan tai ho chin nudi chim Yén trong nha
tai huyén Thoai Son, tinh An Giang da phan lép dugc 6 chung c6
dac dlem hinh thai khudn lac nhu: khuan lac tron, c6 mau trang
trong, trang duc, vang dam, vang nhat, mau cam ria tron déu.
Puong kinh khuan lac ciia cic dong vi khudn dao dong tir 1 dén 4
mm. Nguon gdc cua cac dong vi khuan phan 1ap trén moi truong
MM dugc trinh bay ¢ bang 1.

Bang 1. Ngudn géc cac chiing vi khuén phan lap trén méi trwong khoang téi thiéu.

Nguon phan lip $6 chiing vi khudn Dia diém

Phan chim Yén tuoi 4 Thoai Son - An Giang
Phan chim Yén hoai 2 Thoai Son - An Giang
Tong 6

Dic diém hinh thai té bao, cac dic tinh sinh ly va sinh hoa
cua 6 chung co6 kha nang phan giai hydrogen sulfide dugc mo ta
trong bang 2. Két qua cho thay, trong 6 chiing ¢6 4 ching vi khuan
Gram(-) va 2 ching vi khuan Gram(+), ca 6 chiing déu duong tinh
voi catalase, 3 chung duong tinh voi oxidase va 3 ching am tinh
v6i oxidase. Té bao ciia 6 chung vi khuan dugc quan sat dudi kinh
hién vi voi vét kinh 100X cho thay ¢6 3 ching vi khuan 1 hinh cau
va 3 chiing vi khuan Ia hinh que dwgc md ta trong bang 2 va hinh 1.
Bang 2. Mé ta hinh dang khuén lac, hinh thai t& bao va mét sé dic tinh
sinh héa clia cac dong vi khuan di sang loc.

Thi K'y Im'ﬂ;l ching Mo ta hinh dang khudn lac I\i[o ‘ta hinh dang Gram Catalase Oxidase
fr  vikhun té bao
| AGLIS K‘Ahuavn lac tfon deu, fo fpau hong, Teibao hinh que n "
bé mat khuan lac nhd 1oi ngan
7 Aglsy  Cnletoludmhvag g d
nhat, bé mét Khun lac tron
3ooAqas  Debetofucdmiag o eede o+ o+
dam, tam tron, bé mét nho 10i
4 AGYS @uan lac tr?n nvho delj, €0 mau Te;bao hinh que n
vang nhat, be mét khuan lac tron ngan
Khuén lac tron déu to, 00 miu vang oo
- A\ A - T +
5 AG33-S P Té bao hinh cau
6 AGS.1S K;hua? lac tfon, 0 mau yang cam, Te:bao hinh que n n
b méit khuan lac nho 1oi ngin
Ghi chu: (+) la dwong tinh; (-) la &m tinh.
e e 231-"1" c '~ B () S
@ 3 & BB =
g
i ;- ‘.}.‘ Bl
5 A A

Hinh 1. Hinh thai khuan lac va hinh thai té bao vi khuan khi nhuém Gram
ctia 2 dong vi khuan dai dién. (A, B) Dong AG2.3-S; (C, D) Dong AG3.1-S.

3.2 Két qua khdo sdt kha ning khiv sulfide ciia cdc dong vi
khudan da chon loc

Két qua danh gia kha nang khu sulfide cua 6 ching vi khuan
phan 1ap dugc thé hién qua bang 3 cho thay, kha nang khir sulfide

&%H%%E 66(10DB) 10.2024

cua cdc chung vi sinh c6 su khdc biét. Sau 5 ngay thir nghiém, ham
luong sulfide ¢6 xu hudng giam tir 200 xudng 32,0 mg/l. Trong
do, chung AG2.3-S khir sulfide cao nhat, dat hiéu suat 84 % (tu
200 xudng 32,0 mg/l) va hiéu suat khir thap nhat (28,1%) la ching
AG3.3-S ham lugng sulfide giam tir 200 xudng 143,8 mg/I.

Bang 3. Kha nang khir sulfide clia cac ching vi khuan theo thi gian.

Chiing  Ham lwgng sulfide theo thoi gian (mg/l)

Neay AGLI-S AGLS-S  AG23S  AGI-S  AG33-S  AGS.I-S

0 200,0:40,0  200,040,0  200,040,0  200,0:0,0  200,0:40,0  200,0:40,0
1 17324114 16424148  160,0:436 1840488 182,678  1864%5,0
2 159,0°:4172 15520100 1258434 168,046,4 1694438 164,6%10,2
3 133204182 1224482 942488 151,650  1574°49,0 158,8%474
4 10684118 64,0474 482450 13604150 1524°+78 15120494
5 96,4102 502472 32,0448 1262490 1438450 140,6494

Ghi chu: Trong m6t cot, céac gia tri theo sau bédi cac chir cai giéng nhau khac biét
khong c6 y nghta thdng k& & mirc 0=0,05 bang trac nghiém phan hang LSD.

Hiéu suat khu sulfide sau 48 gio cua chung AG2.3-S dat 37,1%
(ham luong sulfide giam tir 200 xudng 125,8 mg/l) cao hon két qua
nghién ctru cua G. Wang va cs (2020) [16], ty 1¢ khtr sulfide cla
chung Thiobacillus 1a 35,3 %. Tuy nhién, két qua trong nghién ciru
thap hon két qua cua C. Chen va cs (2010) [17], hon hop ching
Peanibacillus sp. va Aneurinibacillus aneurinilyticus trong didu
kién hiéu khi phan giai hoan toan sulfide & ndng do 200 mg/l sau
24 gi nudi cdy.

3.3. Két qua dinh danh chiing vi khudn cé khd ning hap thu
sulfide hi¢u qua

Trong cac chiing vi khuan tuyén chon, ching vi khuan AG2.3-S
¢6 kha nang khir sulfide hiéu qua nhat nén duoc chon dé giai trinh
tyr gen 16S-rDNA. Két qua giai trinh ty cho thiy dong AG2.3-S
¢d trinh ty gen 16S-rDNA tuong dong 99,93% véi lodi M. luteus.
G.H. Yu va cs (2007) [18] dé phan 13p dugc vi khuan M. luteus
tr hé thong loc nhé giot dung dé xur ly hydrogen sulfide va NH,.
Vi khuan M. luteus ¢6 kha ning ton tai ¢ trang thai ngii trong cic
diéu kién khéc nghiét ma khong hinh thanh bao tir, bén canh do
M. luteus con c6 kha nang su dung mot sd chit doc & dang carbon
mach vong, kim loai ndng [19, 20], vi thé co thé ung dyng lam tac
nhén sinh hoc trong qua trinh xir Iy chit 6 nhidm.

3.4. Kétqua danh gid khd nang giam ham lwgng khi hydrogen
sulfide trén phan chim Yen ciia Micrococcus luteus

Hinh 2 cho thiy, ham lugng khi hydrogen sulfide & cac nghiém
thirc khao sat ¢6 xu huéng gidam dan theo thoi gian thir nghiém.
Trong d6, & cic nghiém thiic ¢6 bo sung M. luteus nong do
hydrogen sulfide giam manh so vdi & nghiém thirc khong bo sung
M. luteus (d()1 ching) (sau 9 ngay thir nghiém giam tir 25 xudng
19 mg/l). O céc cong thire ¢6 bd sung vi khuan M. luteus, mat do
cang cao hiéu suat giam khi hydrogen sulfide cang cao, ham lugng
khi hydrogen sulfide trong cic miu thir nghiém déu nim trong
gi61 han cho phép (QCVN 01-15/2015/BNNPTNT ham lwgng khi
hydrogen sulfide <5 ppm) [21]. Trong do, sau 7 ngay thir nghiém &
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cac cong thire phun M. luteus v6i ndng do 10° va 108 CFU/ml, nong
do khi hydrogen sulfide <5 mg/I lan luot 1a 3 va 5 mg/l. Sau 9 ngay
thur nghi€m, cac nghiém thirc co6 phun M. luteus déu 1am giam ham
luong khi hydrogen sulfide <5 mg/l (dao dong tir 1-4 mg/l). Qua
cac két qua trén cho thay, chung vi khuan M. luteus c6 kha ning
1am giam ham luong khi hydrogen sulfide c trong phan chim Yén.

Khi so sanh vdi nghién ctru cia M.Y. Hidayat va cs (2019) [22]
cho thy, hiéu suat hap thu hydrogen sulfide trong phan chim Yén
ctia ching vi khuan M. [uteus (88%) cao hon so v6i kha nang hap
thu chat nay trong phan ga ctia ching Pseudomonas sp. (dat 71%)
sau 7 ngdy nudi cay.

w
S

'\

N}
b3
<

Nong do khi hydrogen sulfide (mg/1)
w 3 & 8

=3
o
%)
w

4 5 6 7 8 9 10
Thoi gian thir nghiém (ngay)

—o—P4i chimg khong sir dung vi sinh  —>—=Ndng d M. luteus: 10" CFU/ml

Nong do M. luteus: 10° CFU/ml Nong do M. luteus: 10° CFU/ml

Hinh 2. Sy thay ddi ndng dé khi hydrogen sulfide trong phan chim Yén qua
cac mdc thoi gian sau khi phun vi sinh M. luteus.

4. Két luan

Nghién ciru da phan lap dugc 6 ching vi khuan c6 kha ning
khir khi hydrogen sulfide trong miu phan chim Yén. Trong do,
chung AG2.3-S c6 kha nang khir sulfide dat hiéu sudt cao nhét 1a
84% (tir 200 xudng 32,0 mg/l) sau 5 ngay. Ching AG2.3-S dugc
xéc dinh 1a ching vi khuan M. luteus bang két qua phan tich doan
16S-rDNA, véi d6 twong dong dat 99,93 %. O ndng do 10° CFU/
ml chung M. luteus AG2.3-S c6 kha nang 1am giam ham lugng khi
hydrogen sulfide trong mau phéan chim Yén dudi 5 mg/l sau 7 ngay
thir nghiém. Két qua 1a co so cho viéc nghién ciru san xuat ché
phim vi sinh xtr 1y hydrogen sulfide trong nha nui chim Yén va
trai chan nudi gia cAm.

L0 CAM ON

Nhém téc gia xin chan thanh cam on Chi nhanh Vién Ung dung
Cong nghé tai TP Ho Chi Minh - don vi chi tri thyc hién dé tai cap
Bo Khoa hoc va Cong nghé: “Nghién ciru san xuat ché pham vi
sinh khir muii hoi trong nha nuéi chim Yén” da h tro kinh phi thuc
hién cac ndi dung ctia bai bao.
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Che tao laser quang soi cong suat cao - Bao cdo so 1: Nghién ctru
phat trién mach diéu khien bom laser diode cong suat cao

Ngd Hai Long, Luu Hoang Pat, 3 Viét Hoang, Lé Vin Binh, Cao Khic Thi¢n, Hoang Ngoc Nhan, Banh Quéc Tuin*

Phong Thi nghiém Nghién citu Phat trién Ung dung Fiber Laser, Vién Ung dung Cong nghé,
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Ngay nhén bai 25/7/2024; ngay chuyén phan bién 29/7/2024; ngay nhan phan bién 6/8/2024; ngay chap nhan ding 15/8/2024
Tom tit:

Nguon laser quang soi cong suit cao dang dwgc str dung rat pho bién trong cong nghiép gla cong kim loai. Vlec ché
tao nguon laser quang sgi cong sudt cao can nghlen ciru, ché tao, tich hop nhiéu thanh phan quan trong cAu thanh
nén nguon nhw: 1) HE bom laser diode cong suit cao va b0 cong hwong laser; 2) HE lam mat tin nhiét cho bom laser
diode va ngudn dién cao ap; 3) Hé diéu khién bom laser diode va cam bién; 4) Phin mém diéu khién, theo dai, giam
sat hoat dong ngudn laser... Pé diéu khién ngudn laser quang s¢i cé thé hoat dong dwoc & cac mirc cong suat khac
nhau, cic ché do khac nhau thi mach diéu khién bom laser diode déng vai trd quan trong. Nam trong 1§ trinh ché
tao ngudn laser quang s¢i cong suit cao tai Viét Nam, trong bao cdo thir nhit nay, chiing tdi trinh bay nghién ciru,
thiét ké, ché tao bo mach diéu khién bom laser diode cong suit cao dé c6 thé diéu khién cong suit laser diu ra trong
cac ché dd hoat dong lién tuc va ché do xung. Két qua thwe nghiém cho thiy, bo mach hoat dong hiéu qua, on dinh,
diéu khién dwoc cac bom laser diode khac nhau ciia mdt s6 nha cung cip chinh trén thi treong nhu: Max Photonics,
Raycus, BWT...

Tir khéa: diode bom, diéu khién laser, laser, laser cong suat cao.

Chi sé phén loai: 2.2,2.3

High-power fibre laser fabrication - 1* report: Research and

develop a driver board for high-power laser diode pump

Hai Long Ngo, Hoang Dat Luu, Viet Hoang Do, Van Binh Le, Khac Thien Cao, Ngoc Nhan Hoang, Quoc Tuan Banh”
Fiber Laser Lab., National Center for Technological Progress, 25 Le Thanh Tong Street, Phan Chu Trinh Ward, Hoan Kiem District, Hanoi, Vietnam
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Abstract:

High-power fibre lasers are widely used in the metal processing industry. The fabrication of a high-power fibre laser
source requires the research, development, and integration of several key parts, such as: 1) High-power laser diode
pumps and laser resonators; 2) Cooling for laser diode pumps and high voltage direct current (DC) power supply;
3) Control systems for laser diode pumps and sensors; 4) Software for controlling, monitoring, and supervising the
laser source, etc. To control the fibre laser to operate at various power levels and modes, the control board for the
laser diode pumps plays an essential role. As part of the roadmap to develop a high-power fibre laser in Vietnam, in
this first report, we present the research, design, and fabrication of a high-power laser diode pump control board
that can control the laser output power in both continuous and pulse-operating modes. Experimental results show
that the board operates efficiently and stably, controlling different diode laser pumps from major suppliers on the
market, such as Max Photonics, Raycus, BWT, etc.

Keywords: high-power laser, laser, laser diode pump, laser driver.
Classification numbers: 2.2, 2.3
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1. Tong quan

Cong ngh¢ laser quang s¢i da c6 nhitng budc phat trién
vuot bac trong thap ky qua. Hién nay, cac ngudn laser quang
s¢1 thuong mai ¢ mirc cong sudt cao (kilowatts) da va dang
tro thanh mot cong cu rat hiru ich trong cac co s san xuat
nha may, ¢ nhiéu linh vyc khac nhau tur cong nghiép, quoc
phong... [1-2]. Ché tao nguon laser quang soi cong suét cao
1a rat can thiét trong vi¢c tao ra cac mdy cong cu gia cong
kim loai bang laser ciing nhu chii dong trong viéc bao tri,
sura chira va giam sat may. Viéc ché tao nguon laser quang
s01 cong. suét cao can nghién ctru, ché tao, tich hop nhiéu
thanh phan quan trong cau thanh nén ngudn nhu: 1) Hé bom
laser diode cong suét cao va bd cong huong laser; 2) H¢
lam mat tan nhiét cho bom laser diode va nguén dién cao
ap; 3) H¢ diéu khién bom laser diode va cam bién; 4) Phéan
mém diéu khién, theo ddi, giam sat hoat dong nguon laser.
Trong do, hé diéu khién bom laser diode va cam bién 1a mot
phéan quan trong dé diéu khién ngudn laser quang soi c6 thé
hoat dong dugc & cac muc cong suat khac nhau, cac ché do
khéc nhau nhu: ché do xung, ché @6 lién tuc. Khi ché tao
nguon laser quang soi cong suét cao thi nhat thiét phai ché
tao dugc bo diéu khién bom laser diode. Do d9, viéc nghién
ctru, ché tao hé diéu khién bom laser diode, tién t6i lam chu
cong ngh¢ san xuat nguon laser 1a rat can thiét trong dinh
huéng phat trién nén cong nghiép san xuat va dich vu tai
Viét Nam.

Dé dat dugc muc cong suit cao, cac nguén laser quang
soi thuong sir dung cac bom laser diode dé lam nguon phat
kich hoat buong cong huong laser dé dat mirc cong sudt 16n
theo yéu cau. Hinh 1 mo ta cAu tao ctia mot bom laser diode
thwong mai thong dung. Trong d6, cac khdi diode ban din
duogc st dung dé chuyén di dién sang quang & mot sé bude
song thong dung, thuong l1a 915 nm hoac 976 nm [3-5].
Thong qua cac linh kién quang bao gdm guong, thau kinh,
tam phén cuc, tia laser s& duoc dua ra ngoai thong qua viéc
dan tia laser bang soi quang, thong thudng 13 soi quang da
mode dé c6 thé dé dang dwa vao bd cong huong laser trong
ngudn laser quang soi.

Hinh 1. M6 hinh c4u tao bom laser diode thwong mai.

Nam trong 16 trinh ché tao ngudn laser quang soi cong
suat cao tai Viét Nam, trong bao cdo thlr nhat nay, chung
toi trinh bay nghién ctu, thiét ke, ché tao hé thong mach
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diéu khién bom laser diode cong suét cao, dugc dit tén 1a
VLS-001, d& co thé diéu kién cong suit laser dau ra trong
céc ché do hoat dong lién tuc va ché do xung. Két qua thyuc
nghiém cho thiy, h¢ théng mach diéu khién hoat dong hi¢u
qua, on dinh, diéu khién dugc cic bom laser diode khac
nhau ciia mot s6 nha cung cip chinh trén thi truong nhu:
Raycus, BWT, va c6 nhiing uu diém vuot troi hon khi so
sanh voi mach diéu khién thuong mai twong duong cua
hang CellSystems (Nhat Ban). Két qua cua nghién ctru mé
ra viéc phat trién mach diéu khién cho toan bo ngudn laser
quang soi, tir d6 lam co s xay dung phim mém giam sat,
didu khlen laser quang soi cong sudt cao. Bén canh do, viéc
phat trién mach diéu khién bom laser diode cho phép viéc
chu dong kiém soat cac ngudn laser quang soi thuong mai
cong suat cao hién co trén thi truong, giam sy phu thudc
vao cac hang san xuit cling nhu mé ra cac ung dung, dich
vu khac.

2. Thiét ké, ché tao hang mach diéu khién hom laser diode

Céu tao bén trong ctia bom laser bao gom cac diode laser
dugc méc ndi tiép voi nhau (hinh 1). Khi dwoc cung cip
nang luong dién du ngudng, cac diode nay s€ phat ra tia
laser, sau do tia laser nay duoc hé thau kinh dua toi dau ra
chung cua bom laser. Cac diode laser ndy c6 ngudng kich
hoat tir vai miliampe dén vai _ampe tuy theo cong suét. Mot
bom laser cong suit cao s& can mot ngudn nang lugng dién
du 16n dé kich hoat dugc toan bo cac laser diode. Bo diéu
Kkhién laser (laser driver) can hoat dong & ché do dong dién
16n va diéu chinh duoc céc thong s6 v6i do chinh xac cao,
gitip bom laser hoat dong chinh xac va hiéu qua. Dé ché tao
mot mach diéu khién bom laser cong suét cao hoat dong on
dinh, cac chi ti€u k¥ thuét sau day dugc dat ra: dong dién
dinh muc chay qua bom laser diode: toi da 20A; Khéng
ché dong bom véi do on dinh: 200 mA (1% toan dai); ché
do hoat dong: lién tuc hodc xung; tan sd hoat dong o ché
dd xung: 200-5000 Hz; d6 rong xung: 10-100%; c6 bao vé
ngan mach, qua dong cho bom laser diode.

Dua trén cac chi tiéu ky thuat da duoc xac dinh, hinh 2
trinh bay so d6 khoi cua board mach diéu khién bom laser
cong suét cao. Khéi ngudn cung cap dién ap mot chleu phu
hop cho bom laser va chuyén dbi dé tao ra céac nguon thtr
cap cho cac thanh phan khac trong hé thdng. Khdi vi diéu
khién chiu trach nhiém diéu khién qua trinh giao tiép voi
céc thiét bi bén ngoai va diéu phéi hoat dong ctia hé théng,
thu thap thong tin vé dong dién va dién ap cia laser dé dua
ra cac danh gia va diéu chinh ché do hoat dong. Cac mach
bao vé trong hé théng 1a rat quan trong, bao vé bom laser
khoi cac sy cb qua dong hodc qua ap, dam bao hoat dong
an toan va 6n dinh. Khoi giao tiép mo rong cho phép két
ndi véi cac thiét bi khic hodc cac module diéu khién dé
thuc hién trao ddi dir liéu va diéu khién dong by. Khdi DAC
chuyén ddi tin hiéu s6 thanh tin hiéu dién ap tuong tu dé
diéu khién khoi ngudn dong dién.
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Hinh 2. So’ db khéi ctia bo mach VLS-001.

Dé do ludong chinh xac dong dién tiéu thu, khdi do dong
s& chuyén d6i murc bién thién ciia dong dién trong bom laser
thanh tin hiéu dién ap tuong ty. Khdi do dién ap chuyén d6i
céc gia tri dién ap & cac diém can do vé dai dién ap phu hop
véi ADC cua vi diéu khién. Cubi cung, khbi nguon dong
dién tao ra va diéu khién nguén dong véi d6 chinh xac 1%
(200 mA), dam bao dong dién cung cip cho bom laser on
dinh va chinh xac.

Hinh 3 trinh bay so dd nguyén ly cia mach diéu
khién board mach VLS-001. Khéi vi diéu khién s dung
Atmega328 dé diéu khién toan bod cac qué trinh cua hé
théng. Bén canh d6, cac linh kién thy dong nhu mach on
dinh dao dong thach anh ngoai, mach reset va mach cung
cap 6n dinh ngudn ciing duoc tich hop. Ngudn dién cip cho
bom laser dugc diéu chinh thong qua IC khuéch dai thuat
toan, cu thé 1a diéu chinh d6 m& cia MOSFET Q5. Tin hiéu
sut 4p trén R56 duogc truyén tryc tiép vao IC khuéch dai
thuat toan dé thyc hién mot vong diéu khién kin véi toc do
cao. Tin hiu cai dat gia tri dong dién cling dugc dua vao
IC nay dé diéu khién chinh xac. Do MOSFET Q5 hoat dong
v6i dong dién va dién ap 16n, dong thoi déng cit & tan sd
cao, n6 sinh nhi¢t nhanh chéng va can duoc lam mat hiéu
qua dé duy tri hoat dong chinh x4c. Hinh 4 thé hién Layout
PCB va mach da dugc gia cong linh kién.

Hinh 3. So’ d6 nguyén Iy mach diéu khién bo mach VLS-001.
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Hinh 4. Layout PCB va gia cong linh kién.

3. Két qua
3.1. Phwong phdp va so do do

Dé dam bao hoat dong ¢ cong suét lon va nguon cip on
dinh, mach diéu khlen VLS-001 duge cip ngudn tir ngudn
chuian DC cong sudt cao HP/Agilent 6012B 1000 W véi
dién ap c6 thé diéu chinh trong khoang 0-60V/0-50A [6].
PAiu ra mach diéu khién s& diéu khién truc tiép mot bom
laser K915FASRN - 70,00 W ctia BWT Beijing Ltd dugc
gin v6i dau ndi laser ra FFC-10522F30ENA-3 [7]. Laser
phat ra s& dugc thu bang bo do cong sut Ophir 7202734
FL400A-BB-50 [8] va hién thi v&i Ophir Nova II [9]. Ché
d6 xung dau ra ciia bom va gié tri dién ap cap s& dwoc kiém
tra bang cam bién Thorlabs DETO8CFC/M [10] va may hién
song (Oscilloscope) Moku:Go ctia Liquid Instruments [11].

Dé so sanh kha ning hoat dong thyc té ctia mach diéu
khién VLS-001, mot bd diéu khién thwong mai Cell Systems
LCV-3020 [12] duge st dung dong thoi va kiém tra voi cac
che d6 tuong tw. Ngoai ra, d& dam bao mach diéu khién phat
trién 1a phu hop cho céc thiét bi bom laser trong céc ngudn
laser thuong mai, mach VLS-001 cling dugc su dung dé diéu
khién mot bom laser 300 W tich hop sin trong ngudn laser
RFL-C1500X [13] cia Cong ty TNHH Cong nghé Laser soi
quang Wuhan Raycus, véi hai ché do6 CW va ché do xung.
So d6 hé thuc nghiém duoc mé ta nhu hinh 5. Bang 1 thé
hién cac diéu kién thuc nghiém voi céc thi nghiém néu trén.

Sgiquang

O

Méy hién
thiséng

Ngqun c@n Mach diéu
e Bom laser
khién
cao

D3u phat
laser

Bo do cong
sudt

l

BG hién thi
cOng suat

DC cong suat

Hinh 5. So d hé do vé&i bom laser diode BWT K915FA5RN - 70.00W.
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Bang 1. Diéu kién thwe nghiém.

Bang 2. Théng sé thwe nghiém.

*Ngudn cp

Dién ap cap vao
Pién 4p ngudn cap

1220 V/50-60 Hz
(13 V-12,4A

*Piéu kién thuc nghiém 1

*Ngudn cap
Dién ap cap : 220 V/50-60 Hz
Pién ap ra DC 113 V-12,4 A/ 34 V-20 A
*P§ suy hao
Suy hao mébi han £ 0,00 dB*
Hiéu suét chuyén dbi dién - quang 1 42-48%
Hiéu suét chuyén déi quang - quang 1~ 60-70%
*MOoi truong
Nhiét do :29°C
PO 4m 1 41%
Ap suét : 1017 hPa

* Két qua suy hao dwoc kiém tra bang may han Fujikura FSM-100P+
3.2. Két qud thwe nghiém

Thyc nghiém so sanh hoat dong cua 2 b diéu khién
twong dwong: Dé chimg minh kha ning hoat dong va so
sanh két qua v6i mot bo diéu khién da duoc thuong mai,
cic thyc nghiém diéu khién ¢ cic muc cong suit khac
nhau: tir 10-100% twong tmg v&i dong cap tir 1,2 A tdi 12 A
voi bom laser diode K915FA5RN - 70,00 W ciia Hang BWT
Beijing da dugc thuc hién. Hinh 6 1a hinh anh hé théng do
dir liéu thyc nghiém. Pé kiém tra va so sanh do on dinh
giita hai thiét bi, ca hai s& ciing diéu khién mot bom laser
diode trong cung mot khodng thoi gian la 15 phat & muc
dong 12 A (twong duwong 100% cong suit). Cac didu kién
thuc nghiém va Kkét qua duogc thé hién trong bang 2, hinh 7
va hinh 8 dudi day.

A

-/ K |
Cam bién quang §§

a.iw'

Pau ndi phat laser

Hinh 6. So’ dé thwe nghiém hé théng diéu khién bom laser ciia BWT.
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Cong suat thay d6i 11,2 A-12 A (10-100%)
Hiéu suat chuyén dbi dién - quang  : 48%
*Piéu kién thue nghiém 2
Cong suat :100%
Thoi gian : 15 phut

75
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Cuong d6 dong cap (A)
Hinh 7. Két qua do cong suat dau ra theo dong dién cap ti hai bo diéu
khién LCV-3020 va VLS-001.
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Hinh 8. Két qua do 6n dinh cong suat dau ra theo thi gian tiv hai bd diéu
khién LCV-3020 va VLS-001.

Theo cac két qua thu dugc, gia tri cong suat dau ra
theo cic muc thay doi tir 1,2 dén 12 A (10-100% cong
sudt bom di-6t laser) ciia mach VLS-001 dat két qua twong
duong véi bo diéu khién thuong mai cia CellSystems. Do
6n dinh cong sudt ciia mach VLS-00/ ciing & mic tuong
duong 70,10+0,06 W (so véi 70,11+0,06 W ctia LCV-3020
CellSystems).

Vi che do xung, cac diéu kién thtr nghiém kiém tra hai

hé thong duoc thé hién nhu trong bang 3. Cac két qua thu
duoc thé hién nhu trong hinh 9 (diéu khién v&i LCV-3020)
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va hinh 10 (diéu khién voi VLS-001). Dién ap cip tir
mach VLS-001 cho d¢ 6n dinh tot hon so véi hé théng ciia
CellSystems va dau ra cong suit laser dat két qua tuong
duong & muc xung 1 kHz. Mot uu diém ndi bat hon 1a mach
VLS-001 c6 thé diéu khién & mirc xung cao hon (5 kHz -
hinh 11) v6i d6 6n dinh trong dwong, trong khi d6 véi thiét
bi CellSystems LCV-3020 chi c6 thé dat ti mirc xung ti da
1a 1 kHz. Gi6i han hién tai ca kha ning diéu khién xung 1a
do thoi gian dap ing cia bom laser.

Bang 3. Thong s6 thwc nghiém.

*Nguon cép

Dién ap cp vao 1220 V/50-60 Hz

Dién 4p ngudn cap S13 V12,4 A
*Piéu kién thuc nghiém 3

Pién ap cap D12 V-7 A

Hiéu suat chuyén doi dién - quang 1 48%
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Hinh 9. Két qua do xung laser tlr cam bién va dién ap ra bo diéu khién
LCV-3020 & tan s6 1 kHz.
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Hinh 10. Két qua do xung laser tir cam bién va dién ap ra bo diéu khién
VLS-001 & tan s6 1 kHz.
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Hinh 11. Két qua do xung laser tir cam bién va dién ap ra bo diéu khién
VLS-001 & tan s 5 kHz.

Thuee nghiém diéu khién nguon laser thwong mai: Hinh
12 14 h¢ thong thuc nghiém diéu khién hoat dong ctia bom
laser diode cua Cong ty TNHH Cong nghé Laser s¢i quang
Wuhan Raycus trong ngudn laser RFL-C1500X. Két qua
thyc nghiém dugc thé hién nhu trong biéu do hinh 13 dudi
day. Dién ap cip vao bom laser diode & murc 34 V-18 A, thay
dbi tir 1,8 toi 18 A (10-100%) cong suit trong ché do lién
tuc (CW) va 34 V-7 A trong ché d¢ xung véi tan so xung
200-5000 Hz. Theo d9, v6i cong suat bom laser diode tbi da
1a 300 W, cong suit toi da phat qua hé quang hoc va ra tai
dau QBH dat mirc 161,831 W (6 muc phat tdi da 100%)
v6i hiéu sudt chuyén d6i quang - quang & mirc ~54,13%. Tai
ché do xung, mach VLS-001 c6 thé dam bao duoc phat xung
& tan s6 200-5000 Hz nhu thé hién tai hinh 14, hinh 15. Vén
dé hiéu suat chuyén doi thap 1a do su suy hao khi ghép bom
laser diode v6i bo cong hudng cua ngudn laser, va do hiéu
sut hép thu cac photon bom laser véi sgi quang hoat tinh
cua bo cong huong laser. Hoat dong ctia mach diéu khién
khong anh huong dén hiéu suat chuyén doi quang-quang,
ma chi a&nh huong dén su phan hdi tia buc xa laser so véi sy
hoat dong cua bom laser déau vao.

Hinh 12. So’ dé thwc nghiém hé théng diéu khién bom laser ciia Cong ty
TNHH Cong nghé Laser soi quang Wuhan Raycus.
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Hinh 13. Két qua cong suat dau ra bom laser diode ctia Cong ty TNHH
Coéng nghé Laser soi quang Wuhan Raycus vé&i mach diéu khién VLS-001.
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Hinh 14. Két qua do xung laser tir cam bién va dién ap ra bom laser diode
cua Cong ty TNHH Cong nghé Laser s¢i quang Wuhan Raycus véi bo
diéu khién VLS-001 & tan s6 200 Hz.
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Hinh 15. Két qua do xung laser tir cam bién va dién ap ra bom laser diode
cua Cong ty TNHH Coéng nghé Laser s¢i quang Wuhan Raycus véi bo
diéu khién VLS-001 & tin s6 5 kHz.

4. Két luan

Bai bao trinh bay thiét ké ctia bang mach diéu khién bom
laser cong suét cao VLS-001 va qué trinh thuc nghiém su dung
mach VLS-001 dé didu khién bom laser cia BWT va bom trong
ngudn laser cua Cong ty TNHH Cong nghé Laser soi quang
Wuhan Raycus. Khi thu nghiém véi bom laser cuia BWT, do
on dinh cong suat cua mach VLS-001 dat mirc 70,10+0,06 W,
twong duong véi 70,11+0,06 W cua san phim thwong mai hoa
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LCV-3020 cua CellSystems. O ché do xung, dién ap cép tir
mach VLS-001 cho d 6n dinh tot hon so véi hé théng cua
CellSystems va dau ra cong sut laser dat két qua tuong duong
& muc xung 1 kHz. Hon nita, VLS-001 c6 kha ning diéu khién
& mirc xung 1én dén 5 kHz v6i d6 6n dinh twong dwong, trong
khi thiét bi CellSystems LCV-3020 chi dat mirc xung t6i da 1
kHz. Khi thir nghiém v6i bom trong ngudn laser ciia Wuhan
Raycus, VLS-001 c6 kha ning diéu khién laser dau ra & cac
muc cong suat tir nho dén 16n va hoat dong & ché do xung vai
tAn 84 tir 200-5000 Hz ciing nhu ché d6 lién tuc. Nhitng két qua
nay chung minh réng bang mach VLS-001 hoat dong on dinh,
hiéu qua va dap ung day du céc yéu cau ky thuat dé ra. Két qua
cta nghién clru m ra viée phat trién mach didu khién cho toan
bo ngudn laser quang soi va tir d6 1am co s¢ xdy dung pham
mém giam sat, diéu khién laser quang soi cong suat cao, 14 tién
d& quan trong trong qua trinh ché tao ngudn laser quang soi
cong suét cao tai Viét Nam.
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Dé xuat phuong phap sit dung thi gidc may trong dénh gia d9 chinh xac
cila cnh tay robot IRB 4600 tai Vién Ung dung Cong nghé

Nguyén Quang Hai, Nguyén Ba Thi, Giang Manh Khéi*, Pham Chi Hiéu
Vién Ung dung Céng nghé, 25 Lé Thanh Téng, phuwong Phan Chu Trinh, qudn Hodn Kiém, Ha Ngi, Viét Nam
Ngay nhén bai 26/7/2024; ngay chuyén phan bién 01/8/2024; ngay nhan phan bién 20/8/2024; ngay chép nhan dang 23/8/2024

Tém tit:

H¢é thiét bi gia cong vat liéu kim loai bang birc xa laser c¢6 canh tay robot 6 truc dwoc sir dung rong rii trong cong
nghiép khi gia cong cac san pham kim loai hinh dang 3D. Panh gia chi tiéu k§ thuit ciia mdt hé robot 6 truc cit vat
liéu kim loai bﬁng bire xa laser, cz‘m tién hanh phan tich, danh gia thong 50 tirng Kkhoi bo phan cua hé théng Poi voi
robot 6 truc, mét trong cac thong 50 quan trong nhat quyet dinh chit lwgng cia canh tay robot la d§ chinh xac quang
dwong dich chuyen trong qua trinh diéu khién chuyen dong canh tay robot. Trong bai bao nay, ching toi trmh bay
phwong phap danh gia do chinh xac dich chuyen canh tay robot dung thi giac may thong qua 02 thong $0: toa do
dich chuyen va quang dlr(mg dich chuyen Day la phwong phap danh gia cho do chinh xac cao, b6 tri thi nghlem kha
nhanh, phu hop véi dleu kién phong thi nghiém ¢ Viét Nam. Két qua do dugc trong thue té c6 so sanh ddi chlrng voi
50 liéu do hang cung cap cho thay gidi phap st dung thj glac may la hoan toan dap ing vé do chinh xac. Két qua nay
cho thay b0 14p trinh tw dong ghi nhéin toa do dich chuyen canh tay robot chinh xac, tirc thoi va cé doi chirng véi
thang/bang toa dd goc 1a phit hop yéu ciu bai toan.

Tir khéa: do chinh xac lap lai, do chinh xac theo dwong, d§ chinh xac vi tri, robot 6 truc, thi giac may.

Chi s6 phén loai: 2.2,2.3

Proposing a method of using computer vision to evaluate the accuracy of the IRB 4600 robot arm
t the National Center for Technological Progress (Nacentech)

Quang Hai Nguyen, Ba Thi Nguyen, Manh Khoi Giang", Chi Hieu Pham
National Center for Technological Progress, 25 Le Thanh Tong Street, Phan Chu Trinh Ward, Hoan Kiem District, Hanoi, Vietnam
Received 26 July 2024; revised 20 August 2024; accepted 23 August 2024

Abstract:

Metal material processing equipment systems with 6-axis robot arms using laser radiation are widely used in
industry for processing 3D-shaped metal products. To evaluate the technical specifications of a 6-axis robot system
for cutting metal materials using laser radiation, it is necessary to analyse and evaluate the parameters of each
component block of the system. For 6-axis robots, one of the most important parameters determining the quality
of the robot arm is the accuracy of the displacement path during the robot arm motion control. In this article, we
present a method for evaluating the displacement accuracy of robot arms through two parameters, when using
computer vision: displacement coordinates and displacement distance. This is an evaluation method with high
accuracy and a fast experimental setup, suitable for laboratory conditions in Vietnam. The actual measurement
results compared with the data provided by the manufacturer show that the computer vision solution fully meets the
accuracy requirements. This result exhibits that the automatic programmer records the robot arm's displacement
coordinates accurately, instantly and when compared with the original coordinate scale/table, it meets the problem
requirements.

Keywords: accuracy position, computer vision, path accuracy, repeated positioning, 6-axis robot.

Classification numbers: 2.2, 2.3
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1. it van de

Canh tay robot IRB 4600 thudc dang canh tay robot 6 truc
(hay con goi la 6 bac tu do) thugc nhom ‘Canh tay robot khop
néi’ (articulated robotic arm) [1]. Mot canh tay robot 6 truc
dién hinh c6 khop ndi theo chiéu doc, bao gdm 7 lién két duoc
két ndi thanh chudi théng qua 6 khop ndi (truc). Mdi truc 1a
mot khép cho phép robot di chuyén theo cac cach khac nhau
(xoay, xo0dn...). Cac chuyén dong khac nhau nay dugc goi 1a
bac tu do. Robot 6 truc ¢6 tinh linh hoat, sicc manh va pham
vi tiép can can thiét dé hoan thanh hau hét cic ing dung bao
gdm ty dong hoa trong gia cong vat liéu (cit, han, xu ly vat
liéu, son...)

Pé diéu khién canh tay ctia robot, mdi truc duoc trang bi
mot bd phan giai la mot thiét bi tuong tu tra veé vi tri goc cla
truc robot. Thong tin vi tri dugc st dung dé tinh cac 161 vi tri
duge dua vao b diéu chinh PID ciia bg diéu khién servo. Néu
dAu gia cong cua robot dwoc 1ap trinh lap di lap lai & cung mot
vi trf, thi thuc t& dau gia cong ctia robot co thé khong dat dén
vi tri vat 1y giéng hét nhau
(mot cach tuyét dbi) ngay
ca khi tat ca cac trinh phan
giai déu tra vé gia tri phan
hoi chinh xac. Diéu nay
duoc giai thich bdi khong
c6 kha nang do luong do
léch c6 thé xay ra giira cac
bd phan giai mét cach tuyét
dbi va sai léch nhu vay ¢6
thé dugc tao ra do su gian
nd nhiét hodc tinh linh hoat
clia canh tay robot, hoat
dong cta hop sb (hinh 2).
Tuy nhién, viéc ché tao canh
tay robot ¢6 chat lugng cao
thi diéu kién hoat dong ciia
robot ¢6 d6 6n dinh cao cho
sai 1&ch 1 rat nho [2, 3]. Dé
danh gia do sai léch vi tri
dich chuyén cta mot canh
tay robot, nguoi ta thuong
str dung qua céc tiéu chi sau
day:

Axis 3 Axis 4

Axis 2

Axis 1

Hinh 1. C4u triic co khi cta robot.

(B) z
RP

1.1. B$ chinh xdc cia
vi tri va dp chinh xdc lap
lai vi tri

Trong hinh 3, d chinh

AP A)

X

xac vi tri (AP) va d9 chinh Y

xac lap lai vi tri (RP). Gia
s ta cO vi tri A la vi tri

dugc 1ap trinh, khi thuc xac I3p lai vi tri (RP).

KHOA
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Hinh 3. D6 chinh xac vi tri (AP) va d6 chinh
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hién chuong trinh dich chuyén déau canh tay robot, vi tri thuc
s¢laB,B,, B,, ... By; Vitri B lavi tri trung binh B=(B,+B,+
... ¥Bn)/N. Khi d6 d6 chinh xéc vi tri AP (accuracy position)
- la khoang céach trung binh tur vi tri dugc 1ap trinh A dén
vi tri trung binh B. D§ chinh xac lap lai vi tri RP (repeated
positioning) - 1a dung sai ctia vi tri B khi lap lai vi tri nhiéu
lan [3].

1.2. D chinh xdc duwong tuyén tinh va d¢ chinh xdc lap
lai dwong tuyén tinh

Trong hinh 4 ta c¢6 E 1a duong di dugc lap trinh. Khi
thyc hién chuong trinh nhiéu ln, ta c6 két qua duong dich
chuyén thyc té 1a D,D,,D,, ... D; Duong D la duong trung
binh D=(D +D, + ... +Dn)/N. Khi d6, d6 chinh xac duong
tuyén tinh (linear path accuracy) hay AT - D¢ Iéch toi da tur
dudng dan duoc 1ap trinh E dén dudng trung binh khi thuc
hién chuong trinh D. P 1ap lai dwdng tuyén tinh (linear path
repeatability) - la dung sai ciia duong di khi thuc hién chuong
trinh 13p lai nhiéu lan [3].

Axis § : _
Axis 3 Axis 4 Axis &
Axis B Axis 6
Auxis 2
Axis 1
Hinh 2. D6 léch tiém ning giira cac truc trong cau tric
co khi cua robot.
Z

Hinh 4. D chinh xac dwong tuyén tinh (AT) va dé lap lai dwong
tuyén tinh (RT).
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2. Doi twgng va phuong phap nghién ciiu
2.1. Poi twong nghién ciru

Diém tdm cong cu lip trén dau canh tay robot (TCP viét
tat tir Tool Center Point) 1a gia tri xac dinh diém toa do hét
sttc quan trong [4], gitip xac dinh vi tri cia TCP trong hé
toa d§ cua robot, hién nay c6 mot ) phuong phap dugc st
dung [5].

2.2. Phwong phap nghién ciru
2.2.1. Phuwong phap thi cong

Phuong phap thu cong truyén thng da duoc sir dung tir
lau, phuong phap nay bao gém viée di chuyén TCP robot
dén cac diém tham chiéu xac dinh dbi twong cong viéc.
Bang cach su dung cac cong cu thudn nhon, cac canh dugc
dit & phia truée nhau, tir d6 c6 thé xac dinh duogce vi tri cia
vét thé. Phuong phap hiéu chuan thu cong khong hiéu qua
lam khi yéu cau cao vé d6 chinh x4c. Uu diém ctia phuong
phap nay la don gian, gia ca canh tranh. Nhuoc diém 1a mat
thoi gian va dg chinh xac khong cao.

2.2.2. Phuong phap Bull’s eye

Phuong phap Bull’s eye dugc xac dinh voi dlem gbc cua
hé toa do cong cu, tai diém gbc ciia hé toa do cb tay tir do
xac dinh TCP bang thiét bi hiéu chuan Bull’s eye. Thiét bi
hiéu chuan Bull’s eye dya trén nguyén Iy chiéu thing cia tia
laser, bang cach di chuyén cong cu cuia robot di qua chum
tia laser, c6 thé xac dinh duoc chiéu rong vat ly cia cac phﬁn
ddng tam ctia cong cu khi da biét hinh dang danh nghia cua
cong cy, khi do chiéu rong cac lat cit ma cong cu di qua, co
thé xac dinh duoc duong tam.

2.2.3. Phuong phap Force Control

Phuong phap Force Control - kiém soat luc dugc thiét ké
dé su dung nhu mét tién ich bd sung cho robot dugc trang
bi goi chtrc ning kiém soat lyc ABB dé giam st cac luc tac
dung 1én vat thé biang cam bién bén ngoai.

2.2.4. Phuong phap laser LAB

Laser LAB 1a mét cong ngh¢ hiéu chuan dua trén laser.
Phuong phap nay bao gobm mot thiét bi do co tén 1a “laser
LAB” va mjt qua cau do. Thiét bi do laser LAB bao gom
ndm cam bién laser riéng 1é. Cac cam bién laser duoc dat
dudi dang hinh ngii gidc trong thiét bi va dwoc can chinh
sao cho nam tia laser s& giao nhau tai mot diém chung. Bang
cach dinh vi qua cau trong thiét bi laser, cac vi tri trén bé
mat qua cau c6 thé duoc x4c dinh theo ba chiéu.

2.2.5. Phuong phdp dé chinh xac tuyét doi ciia ABB
(ABB Absolute accuracy)

Do chinh xé4c tuyét d6i 1a phuong phap do hing ABB
phat trién dwa trén ky thuat laser [6]. Béng cach st dung
thiét bi theo di laser, mot s vi tri toa do duge xac dinh
trong khu vuc lam viéc cua robot. Béng cach so sanh cac vi
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tri 1y thuyét trong b diéu khién robot va vi tri thuc té cua
mat bich lép ctia robot, c6 thé xac dinh duoc mot tap hop
hiéu chinh cac tham s6 chuyén ddi tir truc robot sang bo
diéu khién servo.

2.2.6. Phuong phap PosEye®

Hé théng PosEye® do vi tri va huéng ctia cam bién so
v6i hé thong tham chi€u bao gom cac mau da biét. Nguyén
1y do luong twong tu nhu hé thong dinh vi toan cau.

2.2.7. Phuong phap ABB Navigator

Hiéu chuan robot thuong dugc thuc hién béng cach dinh
vi cac diém hiéu chuan su dung robot l[am thiét bi do luong.
Diéu hudng 1a mot k¥ thuat tu dong, rat chinh xéac va doc lap
v6i nguoi dung, thay thé cac bude thu cong.

3. Két qua va ban luan

Céc phuong phép do va hiéu chuan do chinh xac dich
chuyen canh tay robot dwoc trinh bay ¢ trén co nhiéu wu
diém 1a do voi do chinh xac cao, mot sé phuong phap it
nhiéu ¢6 nhuoc diém & cac khia canh khac nhau (do dac
thu cua phuong phap). Diém chung cia cac phuong phép
do 1a c6 d6 chinh x4c cao nhung giai phap nay di kém thiét
bi thudng rat dit tién; yéu cau thiét bi bd sung dic thu, giai
doan thiét 1ap ton thoi gian va can ¢ k¥ nang dic biét. Vi
phuong phap hiéu chudn thii cong thi d chinh xac khong
cao, can nhiéu thoi gian va phu thudc rat nhidu vao nguoi
van hanh.

Trong bai bao nay, ching toi dé xuat mot phuong phap
mai de€ danh gid do chinh xac cia canh tay robot bang cach
su dung thi gidc may:

- Banh gia d6 chinh xac cua vi tri va d chinh xac 1dp lai
vi tri, st dung hai camera dé theo ddi vi tri cia TCP so véi
vi tri tham chiéu. Gia tri nhan duoc tir camera (x, z) va (y, z)
s& qua xur 1y ciia may tinh dé duoc két qua tirc thoi.

- Panh gia d6 chinh xac duong tuyén tinh va do chinh
xac lap lai duong tuyén tinh, st dung mot camera dé theo
ddi do 1éch vi tri cua TCP so v&i hinh tham chiéu. Gia tri
nhan dugc tir camera (dx, dy) sé qua xur 1y cua may tinh dé
duogc két qua tire thoi.

3.1. Thuc nghié¢m

Mot ban co khi kich thudce 620x620 mm, trén do lép 2
thiét bi camera d6 phan giai FullHD. B4 tri camera vudng
goc voi nhau, huéng vao mot tim bia (hinh 5). Khoang cach
tir ng kinh camera dén bia khoang 400 mm, két hop goc
mo, do phong dai cho két qua hinh anh kich thudc khoang
60x40 mm.

Dau ra tir camera dugc ndi vao may tinh, xir 1y, thu hinh
anh vao khu vuc can theo doi voi kich thudce 20x20 mm
(hinh 6).
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Hinh 5. Ban lam viéc.

Hinh 7. Hé théng giam sat diém tham chiéu.

3.2. Ludn gidi dp chinh xdc két qua do

B6 tri camera theo doi nhu ¢ hinh 7. Két qua theo doi
dugc ghi lai boi camera ¢ phén giai chiéu ngang 1920 pixel
tuong duwong 60 mm (hinh 8). Camera thugc loai square
pixel, vi vay ta cd d6 phan gidi twong ung 32 pixels/mm.
Nhu vay ta c6 d6 sai s6 khi tinh theo pixel 14 1/32 mm =
0,033 mm.

3.3. Ngon ngir ldp trinh

Rapid 14 ngon ngir chwong trinh duoc sir dung dé diéu khién
robot ABB [3]. Chuong trinh cho phép diéu khién chuyén dong
cua truc robot, tinh toan toan hoc, tin hi¢u 1/0... C phap cua
chuong trinh twong ty nhu ngén nglt Basic. V&i Rapid, vi tri
duong di trong cac 1énh didu khién chuyén dong nhanh dugc bién
soan va chuyén dén bo noi suy va ké hoach duong di cua robot.

3.4. Yéu cau thir nghiém

Tiéu chuin ISO 9283:1998 [7]: Thao tac v4i robot cong
nghiép - Tiéu chi hiéu suat va cac phuong phap thir nghiém
lién quan, mo ta cac thir nghiém dé danh gia hiéu suat ciia
robot cong nghiép. Trong sé nhirng thtr khac, né cung cip
cac quy trinh dé do dtng d6 chinh xac cuia vi tri robot, do lap
lai va do chinh xac duong dan.

Theo ISO 9283:1998, tit ca céac thir nghiém nén dugc
thyc hién bén trong céi goi 1a khdi kiém tra ISO, 1a khéi 1ap

gi: HN%CI:-IE 66(10DB) 10.2024
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Hinh 8. Viing theo doi ctia camera.

phuong 16n nhét c6 thé phu hop bén trong khong gian 1am
viéc cua robot; Ngoai ra, do chinh xéac cua vi tri va do lap
lai nén dugc do & nam cAu hinh khac nhau, mdi ciu hinh
tdi thiéu 30 lan. Véi khuyén cdo trén, thiét 1ap dbi voi IRB
4600 duoc lua chon la:

- Khéi 1ap phwong 1 M vdi tit ca sau truc trong chuyén
dong; Tbe d6 cuia canh tay robot 1a 100, 150 va 200 mm/gidy;

- Viéc xac dinh d6 chinh xac vi tri va do chinh xéc 1ap lai
can duoc thuc hién t6i thiéu voi cdu hinh MoveL, MoveC.

3.5. Tién hanh thir nghiégm dé chinh xdc lip lai

Thirnghiém d6 chinh xéc 1p lai duoc tién hanh voi cac diém:
aPAccHome, aPAccPreDest, aPAccRealDest, aCurveStart,
aCurveMidle. Thir nghiém véi 2 cau hinh nhu sau:

Chuyén dong thing MoveL (hinh 9): Lap trinh dé robot
di chuyén theo 16 trinh aPAccHome dén aPAccPreDest roi
dén aPAccRealDest bang 1énh MoveL. Dén aPAccRealDest
robot dimg dé do s6 liéu rdi quay vé aPAccHome.

Chuyén dong cong MoveC (hinh 10): Lap trinh dé
robot di chuyén theo 16 trinh aPAccHome dén aCurveStart,
tr d6 dén aPAccRealDest bang lénh MoveC qua diém
aCurveMidle. Dén aPAccRealDest robot ding dé do sé lidu
10i di qua aPAccPreDest quay vé aPAccHome.
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vHome
(115)_ _____ —
= - aPAccHome
vDest -aPAccPreDest
(fine) I aPAccRealDest
Hinh 9. Chuyén dong thang.
vHome
(215) aPAccHome
——— T T T T T D
o - re
=T e
vDest T aPAccPreDest P -
(ﬁnf_l,_..* aPAccRealDest P -~
- — —~ —— —& aCurveStart
aCurveMidle

Hinh 10. Chuyén déng cong.
3.6. Két qua thir nghiém

Trong qué trinh di chuyén, ap dung ving z15 & diém
trung gian va 1a FINE ¢ diém aPAccRealDest. Toc do
vHome=[250,100,40,40] khi di chuyén trung gian va vDest
khi dén dich aPAccRealDest. vDest dugc dit ¢ ba gia tri V=
100, 150 va 200 (mdi gi4 tri do 3 ngay va thu thap 200 sd
lidu). Két qua do tai phong thi nghiém ctia Trung tim Cong
nghé Laser - Vién Ung dung Cong nghé thé hién ¢ bang 1.

Bang 1. Két qua do tinh trung binh 200 s6 liéu.

Di chuyén MoveL Di chuyén MoveC

Toc df v100 vI50 v200 v100 V50 200
Sai lgch trung binh ~ 0,0409  0,0252  0,0278 0,0345 0,0359 0,0340
Sailgchlonnhdt 00577 00332 0,0350 0,0577 0,0667

4. Két luan

Trén co s& nhu cdu can do, kiém tra cac thong s6 dich
chuyén cua canh tay robot 6 bac tu do: d§ chinh xac va
do 1ap lai vi tri dich chuyén canh tay robot; do chinh xac
duong tuyén tinh va d6 chinh xéac 1ap lai duong tuyén tinh.
Chung t6i da dé xuat phuong phap sir dung thi giac may dé
danh gia d6 chinh x4c chuyén dong ciia canh tay robot IRB
4600 da dugc dau tu tai Phong Thi nghiém cta Vién Ung
dung Cong nghé. Trén co s¢ do, xay dung phuong phap do
do chinh xac dich chuyén cua céc loai canh tay robot cong
nghiép bang cac trang thiét bi phi hop véi didu kién san co
tai Vién ma van cho céc gia tri dang tin cay.

Két qua thu dugce co d6 chinh x4c nim trong ngudng
tham khao tir hang ABB [7]:

%HI\?G?-IE 66(10DB) 10.2024

Str dung phuong phap nay s€ dem lai cac loi ich sau:

- Yéu cau thiét bi bo sung 1a pht hop véi céac thiét bi,
may moc sin c6 trén thi truong hién nay. Didu nay ciing co
nghia 12 giai doan thiét 1ap va van hanh nhanh hon.

- D& dang van hanh, khong can phai c6 nang lyc dac biét.
Vi duy, viée hiéu chuén c6 thé duoc thuc hién bai nguoi van
hanh robot.

- Thoi gian khéi dong linh hoat va giam thiéu. Viéc hiéu
chinh lai cac d6i tugng cong viéc co thé dugc tién hanh theo
khoang thoi gian dé 1én lich. Bang cach hiéu chinh lai cac
ddi tugng lam viéc trong khoang thoi gian da dat, do chinh
xéc vi tri lién tuc ¢6 thé duge dam bao.

- Phan mém s& dugc xdy dung bang ngdn ngit 1ap trinh
robot nhanh chéng. Piéu niy c6 nghia la khong can cai dat
va thiét 1ap phirc tap cho céc thiét bi bd sung.

- La mot phuong an thich hop cho viée kiém tra d6 chinh
xac cuia robot (c6 tinh twong thich vé s6 liéu két qua do).

- C6 tinh kinh té canh tranh (gia thanh céc thiét bi phu
tro ré va san co).

LO1 CAM ON

Chung t6i xin tran trong cam on B§ Khoa hoc va Cong
nghé da cho phép chiing t6i thuc hién dé tai khoa hoc va
cong nghé cép Quéc gia: “Nghién ctru, thiét ké, ché tao, tich
hop thiét bi robot cét kim loai st dung burc xa fiber laser”,
tao diéu kién nghién ctru chuyén sau dé co két qua cho bai
bao nay.
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Khio sit tinh chat bé mit p phi TIN va CrN trén nén thép SKD61 tham nito
theo cong nghé xir Iy bé mit duplex
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Ngay nhén bai 24/7/2024; ngay chuyén phéan bién 26/7/2024; ngay nhan phan bién 12/8/2024; ngay chép nhan ding 15/8/2024

Tom tit:

Trong nghlen ciru nay, 16p phu cirng crom nitorit (CrN) va titan nitorit (TiN) duoc lang dong bang phuong phap
bay hoi hd quang catot trén bé mat thep SKD61 sau nhiét luyen va tham nito. Céu tric té vi va tinh chit ciia bé mat
cac miu dugc khio sat bang kinh hién vi quang hoc, kinh hién vi soi ndi, may do d9 cirng té vi, d9 bam dinh ciia 16p
phi dwge danh gia theo Tiéu chuin VDI 3198 va kiém tra kha nang ch(mg mai mon Cau tric té vi ciia 16p bé mat
xir 1y duplex gom 16p phit méng CrN hoic TiN c6 chiéu day khoang 2 pm trén nén thép SKD61 thAm nito (~90 pum).
Do bam dinh ctia mang CrN va TiN trén thép thAm nito dugc ning cao so véi do bam dinh cta 16p phi trén nén
thép nhiét luyén. P bam dinh 16p phi CrN va TiN trén nén thép nhiét luyén chi dat HF6, trong khi d6 d§¢ bam dinh
16p phii twong ng trén nén thép thAm N dat HF2-HF3. P§ cirng bé mit va kha ning chéng mai mon cia thép dugce
cai thién nho qua trinh xir 1y dong thoi cong nghé ling dong plasma hd quang catdt va thim nito. MAu phii TiN trén
nén thép thim nito c6 d9 cirng va kha ning chiu mai mon t6t nhat. Piém dang chii y 13 16p phii TiN thé hién dd cig
bé mit va kha ning chong mai mon cao hon 16p phii CrN.

Tir khéa: cong nghé xir Iy bé mit duplex, crom nitorit, 16p phii cirng, titan nitorit.

Chi s6 phén loai: 2.3, 2.5

Investigation of surface properties of TiN and CrN coatings on
nitrided SKD61 steel using duplex surface treatment technology

Van Thanh Nguyen'’, Hop Thanh Nguyen', Thi Thu Hong Dang?, Van Tich Nguyen? Thi Giang Le*

!Optoelectronics Center, National Center for Technological Progress, 25 Le Thanh Tong Street, Phan Chu Trinh Ward, Hoan Kiem District, Hanoi, Vietnam
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SFaculty of Mechanical Engineering, Thuyloi University, 175 Tay Son Street, Trung Liet Ward, Dong Da District, Hanoi, Vietnam
Received 24 July 2024; revised 12 August 2024; accepted 15 August 2024
Abstract:

In this study, CrN and TiN hard thin films were deposited on nitrided SKD61 steel or heat-treated substrates using the
cathodic arc plasma evaporation method. The microstructure and surface properties of thin films were investigated
by optical microscope, stereo microscope, microhardness test, adhesion test by Verein Deutscher Ingenieure (VDI)
3198 standard, and abrasion test. The microstructure of the duplex-treated surface layer consists of a thin CrN or
TiN coating with a thickness of about 2 pm on a nitrided SKD61 steel substrate (~90 pm). The adhesion of CrN
and TiN films on the nitrided substrate was enhanced compared to the adhesion of the coatings deposited on the
heat-treated steel substrate. The adhesion of CrN and TiN coatings on heat-treated steel substrates only reached
HF6, while the adhesion of the corresponding coatings on N-impregnated steel substrates reached HF2-HF3. The
surface hardness and wear resistance of the steel were improved by the simultaneous processing of cathodic arc
plasma deposition and nitriding technology. The surface of thin film TiN coated on N-treated steel substrates has
the best hardness and wear resistance. It is noteworthy that TiN coating exhibits higher surface hardness and wear
resistance than CrN coating.

Keywords: CrN, duplex surface treatment technology, hard coating, TiN.
Classification numbers: 2.3, 2.5
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1. Dt van de

'Lép phu bao vé (cung, chong an mon hay mai mon)
ché tao bang phuong phap ling dong plasma bay hoi ho
quang catdt da duoc tmg dung rong rai trong cong nghiép
boi nhitng wu diém ndi tréi nhw 16p phi xit chat, dong déu,
toe do phu 16n va co thé tao nén da dang céc loai hinh 16p
phu dang don hop phan nhu TiN [1], CrN [2, 3], ZiN [4]
hay da hop phan nhu TiCrN [3, 5], CrAIN [5] hodc 16p phi
don 16p [5]... Trong d9, 2 16p phu TiN va CrN 1a 2 16p phu
pho bién nhat [6]. Tuy nhién, chénh léch do cimg giita 16p
phu véi nén thép qua cao s& lam giam do bam dinh gitra 16p
phu véi nén thép.

Hién nay cong nghé xu 1y duplex (duplex treatment) la
mot phuong phap bién d6i tinh chat bé mat kim loai, khi
2 hodc nhiéu hon cac cong nghé xu ly bé mit duoc thuc
hién két hop tuan tu, két qua bé mat kim loai ¢ tinh chét
vuot troi so véi viée st dung ting cong nghé don 1é. Trong
mot s trudng hop, thuat ngit duplex duoc hiéu theo nghia
hep 1a su két hop cua 2 cong nghé xur 1y hoa nhiét luyén
va phu physical vapor deposition (PVD) 16p phu ctng chiu
mai mon [7, 8]. Phén bd d6 clng cua 16p phu 1én nén thép
khong duogc tham (phu thong thudng/khong phai phu kép)
duge thé hién nhu hinh 1A. Khi chiu lyc gy bién dang, img
sudt khong lién tyc giira 16p phu va nén gdy ra su chénh
léch modun dan hdi Young. Thém vao do, nén c6 do cing
thip khong c6 kha ning chiu tai dé hd tro tét cho 16p phu
day, dan t&i 16p pha dé bi pha huy dudi mot tai trong khong
cao. Sau khi xtr 1y bé mat duplex (16p phu PVD trén nén
thép thim nito) s& két hop wu dlem cua ca hai phuong phap.
Lép phu PVD tao bé mit co hé sb ma sat thip, co kha ning
chong mai mon va do cimg bé mit cao. Lop thdm nito (hoa
nhiét luyén) trung gian c6 kha ning chéng tng suét cit, do
bén dut giy va kha ning chiu tai va ngoai ra con tao gradient
d6 clmg va ung suat (hinh 1B) thay doi mot cach tir tir (tir
ngoai bé mit vao bén trong chi tiét) dé han ché chénh léch
{mg suét, do d6 nang cao duoc do bam dinh cho 16p phu.

D6 ciing té vi Ung sudt

| /COATING |

ssowoIul
ssauydiIu

(A) Mau phi PVD
D6 citng té vi
COATI NG~

OIFFUSION
ZONE

I'J’ng sufit

t"

ssouy9| q

ssauy 5

(B) Mau phii theo cong nghé kép

Hinh 1. Tinh chét co hoc cuia (A) Xt Iy don: Vat liéu+ Lép phu cirng; (B)
XU ly kép: Vat liéu da nhiét luyén héa bén bé mit + Lép phu civng [8].
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Nghién ctru cua D.T. Binh va cs (2017) [9] da st dung
thiét bi phtin xa xung mot chiéu B30 va thiét bi Dreva-400
ctia Trung tim Quang dién tir, Vién Ung dung Cong nghé dé
nghién ctru phit CrN va TiN (don 16p) trén nén thép SKD61
sau nhi¢t luyén. Tuy nhién, chua c6 cong trinh nao so sanh
dic tinh 16p phi TiN va CrN trén nén thép SKD61 thim thé
khi theo cong ngh¢ duplex tai Viét Nam.

Nghién ctru ndy trinh bay két qua nghién ctru cong nghé
duplex ché tao 16p phu TiN va CrN trén nén thép SKD61 da
thim nito va so sanh voi 16p phu trén nén thép nhiét luyén
thong thuong.

2. Doi tuong va phuong phap nghién ciiu
2.1. Vit ligu, ché tao va ky hiéu mau

Thanh thép SKD61 cua Cong ty Daido (Nhat Ban) co
thanh phan (theo khi lwong) 0,387% C, 5,413% Cr, 1,035%
Si, 0,758% V, 1,182% Mo va 0,41% Mn duoc cit thanh cac
mau c6 kich thudc @22x7 mm. Cac mau thép duge xir 1y
nhiét, bao gém t6i (1030°C/30 phut) va ram 2 lan (580°C/2
gi0) trong 10 t6i chan khong Turbo2 Treater M cua Vién
Cong nghé - By Cong Thuong. Sau khi ram, tat ca cac mau
dugc mai va danh bong bang may Tegramin 30 dat d6 nham
Ra<0,5 um. Ky hi¢u mau sau nhiét luyén (t6i + ram) la H.
Dé tao 16p hoa bén trung gian, mau dugc tham nito trong 10
thim kiéu giéng T-01a & nhiét do 525°C, thoi gian thdm 8
gi0, voi méi trudng thdm duoc duy tri n dinh véi ty 18 luu
lwong khi Q,,/Q,, khoang 0,2.

Céc loai mau trude khi phit déu duoc mai va danh bong
bang bot kim cuong ¢& hat 1 pm dé dam bao d6 nham bé
mat chi tiét, Ra khoang 0,03 um. Nén thép tham nito duge
ky hiéu N.

Thuc hién pha CrN va TiN 1én mau thép sau nhiét luyén
H va sau thim H-N bang may phu hd quang Dreva-400
(Pc) trong thoi gian 15 phat. Thiét bi phi PVD sir dung bia
Ti va Cr duong kinh @100 mm c6 d¢ tinh khiét 99,955%,
v6i khoang cach tir bia téi mau phu khoang 150 mm. Qua
trinh phu duoc thyc hién trong diéu kién ap suit2,4x1072 Pa,
nhiét do 300+5°C, luu lwong khi N, (d6 tinh khiét 99,99%)
khoang 250 cm?/phut. Thoi gian phii khoang 30 phat. Ché
d6 phu dugc lya chon dé t6i wu d6 bam dinh va giam sb hat
macro trén thiét bi cua don vi. Ky hiéu mau phu TiN trén
nén thép nhiét luyén va nén thép tham N 1an luot 1a H-TiN,
H-N-TiN. Tuong tu, ky hiéu H-CrN va N-CrN lan luot 1a
mau phu CrN trén nén thép nhiét luyén va tham N.

2.2. Thir nghiém phan tich ddc tinh mdu

Nghién ciru str dung thiét bi ctia Trung tdm Danh gia
Khéng phd huy (NDE) - Bo Khoa hoc va Cong nghé dé
chuan bj va phan tich tinh chat bé mit cua cic mau qua



cac trang thai ché tao. Mau kim tuong bé mit va mat cat
ngang duoc tim thyc va quan sat trén kinh hién vi quang
hoc Axiovert A1 MAT. Kinh hién vi soi noi Keyence (VHX-
7000) dugce sir dung dé chup anh mat cat ngang xac dinh céu
tao mau phu theo cong nghé xir Iy duplex. Do cimg bé mat
va do cung té vi duoc do trén thiét bi LM- 300AT.

D6 bam dinh cua 16p phu duoc do theo tiéu chuan VDI
3198 bang cach sir dung dau do HRC gia tai 150 kg 1én bé
mit mau nghién ciru (st dung thiét bi 751-Wilson Wolpert),
sau d6 chup anh bé mat vét dam bang kinh hién vi quang
hoc Axiovert A1 MAT. Hinh anh chup vét an duge ddi chiéu
v6i thang phan loai cta tiéu chuan VDI 3198 [10] nhu hinh
2. Tiéu chi ddi chiéu v6i thang phan loai dya trén hinh dang,
s6 luong vét nirt té vi xuyén tim, mirc do bong troc cua lorp
phu & vi tri xung quanh dudng bao tron bén trén cua vét an
Gia tri HF cang nho thi do bam dinh cta 16p phu cang tét.
Thir nghiém ma sét bi trén tim phing (ball on flat) dugc
thyc hién theo tiéu chuin ASTM G133-05, sir dung thiét
bi CETR UMT-2 v&i d6 16n ciia tai 1a 1 N, bién do chuyén
dong ctua bi 10 mm, tan s 5 Hz.

Bam dinh kém

Bam dinh tét VDI 3198 test

indentation load
+

delamination

Hinh 2. X4c dinh d§ bam dinh theo Tiéu chuan VDI 3198 [11].

L0 chiic tesvi‘nen thép H
tten bé mat ‘mau
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3. Két qua va ban luan
3.1. Céu tric té vi

Hinh 3A 14 anh t6 chtrc mau thép sau nhiét luyén H (sau
t6i + ram) bao gom t chirc mactenxit ram va cacbit khong
hoa tan (hinh cau). Céu tric 16p pha kép hinh 3B, ngoai
cung 1a 16p phu c6 chiéu day khoang 2 pm, tiép dén 1a 16p
thAm nito trung gian c6 chiéu day khoang 90 pm, trong
cting 14 nén thép.

3.2. Pj cirng té vi

Do cimg cac mau nghién ctru duoc thé hién trong hinh
4. MAu sau toi dat do cimg t6i da khoang 650 HV (twong
duong 55 HRC) cua thép SKD61. Tuy nhién, thép sau toi
thuong khong dwoc sir dung vi gion va tng suit du 16n. Do
vay, thép duoc ram dé co do cung thap hon (520 HV) nhung
d6 bén tang nhim dam bao co tinh téng hop cho nhimg tng
dung trong thyc té. Thép sau tham nito c6 d6 cimg khoang
1185 HV, gitip chi tiét thAm c6 kha ning chéng mai mon cao.

Sau khi phu CrN, d6 cing bé mit déu ting 1én so véi
nén. Lép phu PVD cung trén thi truong thudng c¢é chidu
day khong qua 5 um. Do d6, d cting do trén bé mat 16p phu
nhu hinh 4 chiu anh huéng boi do cimg cua nén thép. DO
cmg bé mit mau phu H-TiN va N-TiN lan luot 1a 1845 va
2256 HV, trong khi d6 d6 ctirng mau phi H-CrN va N-CrN
lan lugt 14 1650 va 2013 HV. Nhu vy, d6 cimg cta 16p phi
TiN cao hon CrN trong cing diéu kién ciing phu hop véi
cong bé trén thé gisi [11]. P6 cung 16p phu theo cong nghé
duplex cao hon 16p phu thong thuong do 16p tham N ¢6 do
clng trung gian (gitra 16p phu - nén nhiét luyén) va c6 kha
nang chiu tai nén t6t hon nén thép nhiét luyén.
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Hinh 3. Hinh anh té chrc té vi: (A) Nén thép (H) va (B) T4 chirc té vi theo mat c&t ngang mAu phd theo cong nghé duplex (N-crém nitorit).
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Hinh 4. D6 cirng bé mit cia mau nghién ciru.
3.3. Dy bam dinh

D6 bam dinh 1a thong sb k¥ thudt quan trong trong cong
nghé pha PVD noi chung va hd quang catdt néi riéng. Mot
trong nhitng hudng nghién ctru chinh hién nay cua cac nha
khoa hoc trén thé giéi 1a tim ra giai phap ning cao d6 bam
dinh giira 16p phu d6 cing cao voi nén kim loai do cimg
thip. Lép pha co d6 bam dinh t6t mdi dam bao kha ning
bao vé bé mat trudc tac dung mai mon, va dap cia moi
truong lam vigc... Két qua xac dinh d¢ bam dinh cua hai 16p
phu TiN va CrN trén nén thép nhiét luyén va thAm dugc thé
hién trong hinh 5.

Hinh 5. Hinh anh bé mit mau phi sau thir nghiém bam dinh theo Tiéu
chudn VDI 3198. (A) H-titan nitorit, (B) N-titan nitorit, C) H-crém nitorit,
(D) N-crém nitorrit.

Két qua cho thdy, cac mau phu theo cong nghé xir 1y bé
mit kép c6 do bam dinh cao hon mau phu thong thuong.
Trong cong nghé xiur 1y bé mit kép, mau c6 do bam dinh

gi: HNOGCI:-IE 66(10DB) 10.2024

cao do lop thAm N nhu mot 16p dém lam giam chénh Iéch
d6 clmg (mg sudt) gitra 10p phu do cling cao véi nén thép
nhiét luyén do cimg thdp nhu da dé cap & trén [8]. Theo tiéu
chuan VDI 3198, d6 bam dinh cta H-CrN va H-TiN chi dat
HF6, trong khi d6, d6 ctirng mau phii kép N-CrN va N-TiN
dat gia tri khoang HF2-HF3.

3.4. H¢ $6 ma sdt

Kha nang chéng mai mon dic trung cho kha nang chong
mat mat vé khdi lwong (bén ngoai bé mat) dudi tac dong co
hoc bén ngoai. Thong thuong, mdt vat li¢u c6 do cung bé
mit cao thi ciing c6 kha ning chdng mai mon cao. Hé s
ma sat va toc do mai mon thudng duoc st dung dé danh gia
kha ning chéng mai mon cua mot vét liéu. Toc d6 mai mon
duogc xac dinh theo sy hao mon khdi luong hoac thé tich
mat mat trong thi nghiém kiém tra mai mon. Ddi véi 16p
phu mong chi day mot vai pm, viéc xac dinh chinh xac khéi
luong vat li€u bi mAt mét hodc thé tich bi mon rat kho thuc
hién va sai s6 trong phuong phéap 16n. Thay vao do, hé sd
ma sat duoc cac nha nghién ctru 16p phu mong sir dung dé
danh gia kha nang chong mai mon cua 16p phu. Vit lidu co
kha nang chéng mai mon t6t néu c6 hé sé ma sat nho. Hé s6
ma sat dugc xac dinh truc tiép trén may do, do do, phan anh
duogc qua trinh mai mon ctuia bé mit vat liéu trong thi nghiém
kiém tra mai mon.

Két qua cua thi nghiém kiém tra mai mon bi trén mit
phing (ball on flat) dugc thé hién trong hinh 6. Tir két qua
thuc nghiém co thé théy, hé s6 ma sat ty 1¢ nghich véi do
clmg trén bé mat mau. Cac mau xtr Iy bé mit kép co hé sd
ma sat chi khoang 0,2 so mau thAm N (0,356) va nhiét luyén
(0,555). Hé s6 ma sat ciia cac mau ty 18 nghich voi do cing
té vi do duoc.
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Hinh 6. Két qua xac dinh hé s6 ma sat mau thép & cac trang thai xt ly bé
mat khac nhau.
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Mot diém dang chii y 1a hé s ma sat mau phu PVD
trén nén nhiét luyén H-CrN (0,236) va H-TiN (0,215) c6
hé s ma sat 16n hon so v6i mau pha kép tuong tmg N-CrN
(0,204) va N-TiN (0,195). Nguyén nhan c6 thé giai thich la
do mau ph trén nén nhiét luyén c6 do bam dinh kém, trong
qua trinh thtr ma sat, 16p phi c6 thé bi bong troc ra lam ting
d6 nhép nho trén bé mat tiép xic. Ngoai ra, 16p phu bong
troc, vy 6 thé dong vai tro 1a hat mai va chuyén co ché mon
dinh (adhesive wear) thanh mon hat mai (abrasive wear).
Mau phu TiN trén ca nén nhiét luyén va thadm N déu c6 hé sd
ma st nho hon mau phi CrN trén nén twong tmg. Nguyén
nhan dugc giai thich do hai mau phu ¢6 d6 bam dinh véi nén
tuong dwong nhau trén cing mot loai nén (HF6 véi nén H
va HF2-HF3 véi nén N), trong khi ca hai mau phu TiN déu
¢6 d6 cting cao hon mau phu CrN trén ciing nén tuong tng.

4. Két luan

Nghién ctru dd ché tao thanh cong mau phu theo cong
nghé duplex, ciu tric mau theo mit cit ngang gdm co 16p
phit TiN va CrN c¢6 chiéu day khoang 2 pm, 16p tham N ¢6
chiéu day khoang 90 um, trong ciing 1a nén thép SKD61 sau
nhiét luyén.

Cong nghé xir Iy bé mat duplex 1a mot giai phap dé nang
cao d6 bam dinh, kha ning chong mai mon (hé s6 ma sat
nho) hon so voi cong nghé phi truyén thdng. P bam dinh
ctia ca hai 16p phit TiN va CrN trén nén thép thdm N dat gia
tri HF2-HF3, trong khi d6 d6 bam dinh tuong tng trén nén
nhiét luyén chi dat HF6. Hé s6 ma sat do trén bé mit mau
phu theo cong nghé duplex chi khoang 0,2, so v6i hé s6 ma
sat mau H-TiN va H-CrN 1an luot 1a 0,215 va 0,202. Do
bam va kha nang chong mai mon cao ciia 16p phii Duplex
dugc giai thich do sy hd trg cta 16p tham N lam giam chénh
léch tng suét ctia 16p phi so v6i nén thép nhiét luyén.

Trong nghién ctru nay, 16p pha TiN ¢6 dd cimg cao hon
16p phit CrN trén ca nén thép nhiét luyén H va thim N.
Trong khi do, khong c6 su khac biét gitta 6 bam dinh cua
hai 16p phu trén cting mét loai nén (H hodc N).

Nghién cuu duoc thyc hién tir nhiém vu cép Bo Khoa
hoc va Cong nghé: “Nghién ctru ché tao thiét bi va xay dung
quy trinh cong nghé thdm nito thé khi trong chan khong
hoan thién cong nghé Duplex”. Nhom tac gia xin tran trong
cam on.
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| Nghién,cl’ru st anh huong ctia ham hrong va phuong phap xirly soi thuy tinh
den tinh chat cia hat nha compound ché tao tir nhya polyethylen ty trong cao tai che
gia cwong soi thuy tinh ngdn bang phwong phap ép dun hai truc vit
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Tém tit:

O nhiém méi truong do rac thai nhwa dang 1a van dé cap bach toan ciu, thiic diy cic qudc gia tim giai phap giam
thiéu va tai ché nhya. Nghién ciru nay tip trung vao viéc phat trién vét li¢u tir nhya polyethylen ty trong cao (HDPE)
tai ché bing cach két hop nhua tai ché véi soi thity tinh dé tao ra vat liéu composite ing dung trong xiy dung din
dung. Nghién ciru tién hanh khio sat cic yéu td bao gom: ty 1¢ phdi tron giira cic nguyén liéu chinh, phwong phap
xir Iy soi thity tinh va ty 1¢ phdi tron phu gia twong hop dé vit li¢u dat dwge tinh chit mong muén phi hep cho ting
dung trong xiy dung. Két qua thir nghi¢m cho thiy, ty 1 phdi tron HDPE tai ché/nguyén sinh 1a 80/20, két hop véi
15% soi thity tinh da qua xir Iy bing acetone va 3% phu gia twong hop Fusabond E528, tao ra vt liéu ¢6 dd bén kéo
dat 15,59 MPa. Nghién ctru khing dinh tiém niing ciia vt liéu composite tir HDPE tai ché va soi thiy tinh trong viéc
bao vé méi trdng va tiét kiém tai nguyén.

Tir khéa: composite gia cuong, polyethylen ty trong cao, s¢i thiy tinh, tai ché nhya.
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Investigation of the effects of fibreglass content and treatment techniques on
the properties of compound granules produced from recycled high-density

polyethylene reinforced with short fibreglass via twin-screw extrusion
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Abstract:

Environmental pollution from plastic waste is an urgent global issue, prompting countries to seek solutions for
reducing and recycling plastic. This study focuses on developing materials from recycled high-density polyethylene
(HDPE) by combining recycled plastic with glass fibres to create composite materials for civil construction
applications. The research investigates factors including the mixing ratio of the main materials, the method of
glass fibre treatment, and the compatibiliser mixing ratio to achieve desired properties suitable for construction
applications. Experimental results show that a mixing ratio of 80/20 recycled/virgin HDPE combined with 15%
glass fibres treated with acetone and 3% compatibiliser Fusabond E528 produces a material with a tensile strength
of 15.59 MPa. The study confirms the potential of composite materials made from recycled HDPE and glass fibres
in protecting the environment and conserving resources.
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1. it van de

O nhi®m moéi truong, dic biét 1a tir rac thai nhwa, dang thu
hat sy quan tim cua cac chinh quyén va nguoi dan trén toan
thé gidi. Qua trinh d6 thi hoa va ting truong kinh té nhanh
chong da dan dén s gia ting san xudt va tiéu thy nhua, giy
ra van nan "6 nhiém tréng". bé giam thiéu rac thai nhua, cac
t6 chirc moi truong qubc té va nhidu qudc gia dang kéu goi
nguoi dan han ché str dung san pham nhya va tai nilon, dong
thoi khuyén khich sir dung cac san pham than thién voi moi
trudng [1]. Viée tai ché nhua ciing dang dwoc chinh phu cac
nude khuyén khich va dau tu phat trién. Tai Viét Nam, ngay
20/08/2020, Thu twéng Chinh phu da ky ban hanh Chi thi s0
33/CT-TTg vé tang cuong quan ly, tai st dung, tai ché, xir Iy
va giam thiéu chét thai nhwa. Nhitng muc tiéu cu thé va cac
nhiém vu chién lugc da dugc xac dinh, trong do nhan manh
dén cac hoat dong khoa hoc va cong nghé nham thic déy, hd
trg cac nhiém vy nghién ctru khoa hoc va cong ngh¢ lién quan
dén tai ché va xu ly chat thai nhya; tham dinh quy chuan k§
thuat qudc gia lién quan dén tai ché va xu Iy chat thai nhua.
Tiép do6, ngay 30/12/2020, Thu tuéng Chinh phu di ban hanh
Quyét dinh s6 38/2020 QD-TTg vé Danh muc cong nghé cao
duoc uu tién dau tu phét trién va Danh myc san pham cong
nghé cao dugc khuyén khich phat trién. Quyét dinh c6 hiéu
luc tir ngay 15/02/2021, trong d6 linh vyuc vt li¢u dugc uu
tién dau tu va khuyén khich phat trién bao gdm cong nghé tai
ché polyme, vt liéu polyme tai ché, vat liéu polyme tién tién
va composite nén cao phén tir chit lugng cao st dung trong
moi truong khic nghiét, bén véi khi hau nhiét déi... Trén co
s¢ d6, viéc nghién ctru xdy dung quy trinh ti ché nhya ciing
nhu tmg dung nhya tai ché trong cac linh vuc khac nhau cia
doi séng xa hoi nham kéo dai vong doi ciia nguyén liéu nhya
14 yéu cau cap thiét, tat yéu. Linh vuc doi song xa hoi, linh
vuc xdy dung dan dung, dong vai tro quan trong trong nén
kinh t& cua mdi qudc gia, viéc két hop san xuét vat liéu xay
dung véi tai ché nhwa, khong chi bao vé méi truong ma con
mang lai loi ich kinh té nhu tiét kiém tai nguyén, giam chi
phi xdy dung, tao viéc 1am va thuc ddy phat trién nén kinh té
tuan hoan.

Mot trong sb céc loai nhua di duoc tai ché nhiéu 1a HDPE.
Dac tinh chung ctia cac san phém duge ché tao tir HDPE 1a bén
bi, khong bi bac mau, oxy hoa hodc kiém hoa, khong bi rdo.
Ngoai ra, chét liéu ndy con chiu va dap va nhiét rat tot [2]. Vi
nhimg wu diém trén, nhya HDPE tai ché dugc dénh gia 1a phu
hop st dung cho cac ung dung xay dung dan dung. Cac nghién
ctru nhan théy réng, nhua tai ché nén duoc tach ra dé san xuét
mdt thé hé nhua méi véi cac dic tinh tuong duong véi nhyua
nguyén sinh, tuy nhién trong thuc té viéc dam bao tinh chit co
hoc cta cac loai nhya tai ché gdp khong it kho khan boi viée
trai qua nhiéu lan gia nhiét lam anh huong dang ké dén tinh
chit cua nhya nén. Vi vay, dé co thé sur dung nhya HDPE tai
ché trong xay dung dan dung can lwa chon duoc vat liéu gia
cudng pht hop dé ting cudng tinh chét co 1y cho vat liéu.
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Sgi thuy tinh 1a mot trong nhitng vat li¢u gia cuong higu
qua nhat ca vé tinh chat va chi phi cho nhya nhiét déo tai ché.
Chiing c6 thé dugc cung cap boi nhidu nha san xuét va quy
trinh san xuét soi thuy tinh kha tiét kiém nang luong, do do
viée st dung khong anh huong déng ké dén hiéu qua moi
truong [3]. Hon nita, st dung sgi thuy tmh gia cuong cho nhya
nhiét déo tai ché c6 sy cai thién hon Ve tinh cht co Iy so voi
cac loai soi gia cuong khac nhu soi gd, cac loai soi tu nhién
[4]. Soi thiy tinh c¢6 d6 bén cao, kha ning chdng hoa chét va
cach dién t6t [5, 6]. Gia cudng soi thity tinh tir 10-40% trong
lugng s€ lam tang dang ké do bén co hoc ctia nhua tai ché, do
bén kéo va modun kéo co thé duoc tang 1én dén 2,5-3,5 1an véi
viée bo sung 30% soi thuy tinh [4]. Tuy nhién, soi thuy tinh 1a
vt liéu vo co con nhua nhiét déo tai ché 1a vat liéu hiru co. Hai
vt liéu nay tu nhién khong tuong thich va khong tao lién két
bén. Chinh vi vay, van dé dit ra can giai quyét 1a nghién ctu
str dung cac loai phu gia trong hop dé cai thién do két dinh bé
mat gilta sQi gia cuong va nhya, tur do sé dan dén viéc truyén
(g suét hiéu qua hon va lam ting d6 bén co hoc ctia nhya tai
ché [7]. Ngoai ra, cc tinh chét co hoc cta soi thuy tinh khong
chi bi anh huéng boi bé mat két dinh gitra soi thay tinh va nén
polyme, ma con chiu anh huong boi chiéu dai va duong kinh
clia céc soi ciing nhu boi phan thé tich, dinh huéng va phan bd
trong hdn hop [8]. Do do, cac tic nhan ghép ndi hodc cac chit
phu gia phan tng can duoc sir dung dé cai thién do két dinh
gifra soi thuy tinh va nhya nén polyme [6]. C6 hai yéu té anh
huéng dén do bén lién két giita bé mit cac thanh phan cua vat
liéu composite 1a lyc ma sat giita cac thanh phan va luc lién két
tao ra do tuong tac hoa hoc hoac vat 1y. Luc lién két do tuong
tac hoa hoc hodc vat Iy phu thudc vao tinh chét bé mat cua soi
thiy tinh, con lyc ma sat phu thuge chu yéu vao duong kinh
so1. Do d6, muc dich cua viéc xu 1y soi thuy tinh la giup tang
su lién két giira bé mit cac thanh phén ctia vat liéu composite,
hay néi cach khac 13 ting cuong su lién két giita nhya nén va
soi thily tinh gia cuong. Cac nghién ctru da chi ra ring, soi
thuy tinh dugc xur 1y s& két hop tot hon v6i nén nhya, dam bao
phan tan déu va tao lién két manh mé@ gilra s¢1 va nhya. Két
qua s& gitp cai thién tinh chét co hoc cua vat liéu composite
nhu d6 bén, do clng va kha ning chiu lyc [9]. Trong nganh
cong nghi¢p nhya, Fusabond la mét loai phu gia twong hop
thuong dugc st dung dé cai thién su tuong thich gitra cac loai
polyme khac nhau trong cac hdn hop nhya. Didu nay dic biét
hiru ich khi tron céc loai nhua khac nhau nhu HDPE tai ché va
HDPE nguyén sinh, hoac khi gia cuong nhya véi cac vat li¢u
khac nhu soi thiy tinh. Trong nghién ctru nay, Fusabond E528,
mot loai LDPE gdn véi nhém chirc anhydride, dugc sir dung
lam phu gia trg twong hop dé céi thién tinh két dinh, d6 bén va
kha ning chiu nhiét cua san pham [10].

Nghién ctru nay s& tap trung khao sat cac yéu t6 anh huong
dén tinh chat cua vat li¢u lam tir HDPE tai ché va soi thity tinh
dang ngan.
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2. Vat liéu va phuong phap thuc nghiém
2.1. Nguyén vit liéu

Nguyén vat lidu chinh sir dung trong nghién ctru bao gom:
HPDE tai ché dugc mua tir lang nghé tai ché nhua tai Hung
Yén. HDPE nguyén sinh dugc mua tir Cong ty TNHH Thuong
mai va Xuét nhap khau Song Hong co ty trong 0,946 g/cm’,
chi s6 chay (2,16 kg, 190°C) dat 7,4 g/10 phut. S¢i thuy tinh
dang ngan (E-glass) voi duong kinh soi 9-13 pm, chiéu dai
12-18 mm va ty trong 14 2,5 gm/cm® mua tai Trung Qudc. Phu
gia tro tuong hop Fusabond E528 ty trong 0,922 g/cm?, chi sd
chay (2,16 kg, 190°C) dat 6,7 g/10 phut véi nhiét dd nong chay
la 114°C dugc mua tir Thai Lan. Phu gia twong hop titanate
LICA-38 v6i s6 CAS 103432-54-8, voi ty trong 1,13 g/em? va
d6 nhét <5000 cps mua tir Trung Qudc.

Quy trinh ché tao hat nhua compound cot soi thuy tinh tie

nhiea tdi ché: Quy trinh ché tao hat nhya duoc thuc hién theo
quy trinh trong hinh 1.

Soi thuy tinh

l
P

|| Tronsobd |

T

Hat nhya t4i ché/nguyén
sinh

Hat nhya
compound

Trén dun

Phu gia hai truc vit

Hinh 1. Quy trinh ché tao hat nhwa compound.

Nguyén vat liéu duge xt Iy va can dinh lugng theo don
phéi lidu sau do duoc tron hop so bd. Hon hop sau do duoc
dua vao may dun hai truc vit Labtech LTE16-52 dé lam néng
chay va tron déu cac nguyén lidu. May dun hai tryc vit ¢ ty s6
L/D=52 v6i 13 vung diéu chinh nhiét d6 dam béao su tron hop
ddng nhét cua soi thity tinh va nhya HDPE tai ché. Céc diéu
kién van hanh ctia may dun hai truc vit dugc mo ta ¢ bang 1.

Bang 1. Diéu kién van hanh ctia may dun hai tryc vit.

Téedtrue  Apsuit Vingnhiétdj (C)
vit dwura 7 2 3 4 5 6 7 & 9 10 II 12 Dium

350 vong/phit - STPSI 175 175 175 180 180 180 185 185 190 190 195 195 190

Hén hop dwoc dun ra khoi dau dun ¢ dang so¢i. Sau d6
dugc dua vao may cét hat dé tao hat nhua compound. Hat nhya
compound dugc siy nham loai bo 4m trong qué trinh 1dm ngudi
& giai doan dun. Cac mau hat nhua ché tao duoc dem di xac
dinh céc tinh chat dic trung. Hat nhya compound dugc ché tao
thanh cac mau cho qué trinh khao sat tinh chét cua vat liéu.

2.2. Phwong phap bé tri thi nghiém

Thi nghiém 1: Khao sat ty ¢ nhywa HDPE tai ché/nguyén
sinh. Bicu kiép thi nghiém: Ty I¢ nhya HDPE tai ché/pguyén
sinh: 100/0 (doi chtmg), 90/10, 80/20, 70/30, 60/40. Ché do gia
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cong cua may dun hai truc vit nhu bang 1. Chi tiéu theo doi: d§
bén kéo va chi so chay.

Thi nghiém 2: Khao sat anh hwong cua phwong phap xir ly
soi thity tinh. Diéu kién thi nghiém: Cac phuong phap xir 1y soi
thuy tinh: khong xir Iy (d6i chimg); ngam soi thity tinh trong
aceton trong 1 gio, sau d6 say ¢ 80°C trong 60 phut (miu AS);
ngam soi thuy tinh trong dung dich cia phu gia trg tuong hop
LICA-38 va isopropyl alcohol trong 24 gid, sau d6 siy 90 phut
6 65°C (mau LICA). Ché d6 gia cong ctia may dun hai truc vit
nhu bang 1, ty 16 HPDE tai ché/nguyén sinh xac dinh duoc tir
thi nghiém 1, ham luong soi thiy tinh 15%. Chi tiéu theo doi:
d6 bén kéo va anh chup kinh hién vi dién tir quét (SEM).

Thi nghiém 3: Khao sat anh huwong cua ham lwong soi thiy
tinh. Diéu kién thi nghiém: Ham lugng soi thity tinh: 0% (d6i
chiing), 5%, 10%, 15%, 20%, 25%. Ché do gia cong cua may
dun hai truc vit nhu bang 1, ty 16 HPDE tai ché/nguyén sinh
xéac dinh dugc tur thi nghiém 1, soi thuy tinh dugc xu 1y theo
phuong phap xac dinh dugc tur thi nghiém 2. Chi tiéu theo doi:
d6 bén kéo va phan tich nhiét trong lugng (TGA).

Thi nghiém 4: Khao sat anh hwong cua phu gia tro twong
hop. Piéu kién thi nghiém: Ham luong phu gia tro twong hop
Fusabond: 0% (ddi chung), 1%, 2%, 3%, 4%, 5%. Ché do gia
cong cua may dun hai tryc vit nhw bang 1, ty 16 HPDE tai ché/
nguyén sinh xac dinh dugc tir thi nghiém 1, s¢i thuy tinh duogc
xu 1y theo phuong phap xéac dinh dugc tir thi nghiém 2, ham
luong soi thuy tinh xac dinh dugc tir thi nghiém 3. Chi tié€u theo
ddi: d6 bén kéo, do dan dai khi dirt.

2.3. Phwong phap phdn tich

Chi 56 chay cia hat nhia (MFI): dugc do bang Amade
Tech Melt Flow Indexer ¢ nhiét d§ 190°C, trong lugng 2,16 kg,
theo tiéu chuan ASTM D1238. Do bén kéo dut va do dan dai
khi dut dugc do bang thiét bi do co 1y da ning Instron theo tiéu
chudn ASTM D638.

Phan tich nhiét trong luong (TGA): dugc thuc hién bfing
thiét bi Mettler Toledo TGA/DSC 3+. Cac mau hat nhua
compound dugc khao sat tir 25°C dén 600°C voi toc do gia
nhiét 20°C/phut dudi sy c6 mit cua nito.

Phn tich phé hong ngogi FT IR: trong dai s6 song tir 4001
dén 4000 cm™! & d6 phan giai 4 cm™! bang may quang phd
Thermo Scientific Nicolet iS20.

Chup anh SEM: dugc thyc hién trén thiét bi Hitachi
Tabletop Microscopes TM4000 dudi dién ap 10 kV.

3. Két qua va ban luan

3.1. Khdo sat anh hwong ty I¢ nhwa polyethylen ty trong
cao tdi ché va nguyén sinh

Phd h6ng ngoai cua nhya HDPE tai ché va nhya HDPE
nguyén sinh dugc x4c dinh, két qua the hi¢n trong hinh 2.

n
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Hinh 2. Phé héng ngoai clia nhwa polyethylen ty trong cao tai ché va
nguyén sinh.

Phan tich phd hong ngoai ctia nhya HPDE tai ché va nguyén
sinh nhan thiy phd hong ngoai cua cé hai loai nhya déu co cic
dinh twong tu nhau. Dinh ¢ 1470 cm ! twong ung véi dao déng
cit clia -CH, cua polyethylen, trong khi dinh ¢ 700 cnr ! thé
hién dao dong udn ciia hen két C-H. Céc dinh & trong budc
song tir 2800 dén 3000 cm™! twong tmg véi dao dong kéo gidn
céc lién két aliphatic-CH_ aéi xtng va khong a6i xung.

Véi muc ti€u tang tinh chat co 1y cho nhya HDPE tai ché,
thi nghiém khao sat 5 mau tron hdn hop giira nhya HDPE tai
ché va nguyén sinh véi cac ty 1¢ khac nhau, két qua kiém tra do
bén kéo va chi sb chay dugc thé hién & hinh 3.
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Hinh 3. D6 bén kéo va chi s6 chay cua cac mau nhya.

Két qua cho thay, ca do bén kéo va chi s6 chay déu tang khi
ty 16 HDPE nguyén sinh tang Ién. Diéu nay chimg t6 rang viéc
b6 sung HDPE nguyén sinh vao HDPE tdi ché da cai thién dang
ké tinh chét co hoc va kha nang gia cong cua vat liu. Cu thé,
nhya HDPE ti ché co do bén kéo va chi s chay dat lan luot
14 7,73 MPa va 0,595 g/10 phut, sau khi bd sung 1én dén 40%
HDPE nguyén sinh, vat li¢u dat do bén kéo 11,46 MPa va chi
s0 chay 1,739 g/10 phut, twong duong ting 48% vé do bén kéo
va 192% vé chi sb chay.

Vi ty 1€ gitra nhya HDPE tai ché va nguyén sinh la 80/20
s€ dam bao hai hoa gilra cac yéu to ky thuat, kinh té va bao
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vé moi tru’(‘mg Cu thé 13, sir dung ty 18 HDPE tai ché cao hon
(80%) s& gitip giam lugng nhya thai ra moi tru:orng, diéu nay
g0p. phéan hd tro cac nd lyc bao vé mdi trudng va giam thiéu 6
nhiém ty nhua tai ché; ngoai ra, nhya HDPE tai ché thuong co
chi phi thap hon so voi HDPE nguyén sinh do d6 viéc st dung
ty 18 tai ché cao hon ¢6 thé giup giam chi phi san xut.

Do do, nghién ctru da st dung nhya nén voi ty 1¢ 80:20 gitra
HDPE tai ché va HDPE nguyén sinh, ¢ ty 18 nay vat lidu c6 do
bén kéo dat 9,45 MPa (ting 22% so v6i HDPE tai ché) va chi
s chay dat 1,112 g/10 phut (ting 87% so voi HDPE tai ché).

3.2. Khdo sat anh hwong ciia phwong phdp xit ly sgi thiiy tinh

Trong thi nghiém nay, hai phuong phap xur 1y soi duge su
dung nhu da mi€u ta trong muc 2.3. K&t qua danh gia hiu qua
ctia qua trinh xu 1y s¢i dugc thé hién & hinh 4.
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Hinh 4. Tinh chét co’ hoc clia vat liéu composite dwoc gia cwong 15% soi
thuy tinh da xtr ly va chwa xw ly.

T két qua thuc nghiém & hinh 4 cho thiy, mau vat liéu
composite dugc ché tao tir nhya tai ché gia cuong soi thuy tinh
da qua xir Iy bang cach ngam trong aceton c6 d9 bén kéo cao
hon khi so sanh véi mau dbi chimg (soi thuy tinh chua qua xu
1y). P6i voi mau soi thity tinh duge xir Iy bang LICA-38, dy
1a phu gia ting dinh titanate dwoc sir dung dé cai thién do bam
dinh giita cac thanh phﬁn cua vt li¢u composite, dac biét la
gitra soi gia cudng va nhwa nén. Chung hoat dong bang cach
twong tac hoa hoc voi ca s¢i va nhya, tao ra cac lién két manh
hon va 6n dinh hon, gitip ting cudng tinh chat co 1y cua vat
liéu. Két qua cho thay, soi dwoc xtt 1y véi LICA-38 khi két hop

voi nhya nén tao duge vat liéu ¢ do bén kéo dugc cai thién 1o
rét, tuy nhién khi so sanh véi soi xir ly bang acetone thi do bén
kéo ciia mau AS ciing thap hon khong déng ké. Thém vao do,
acetone co uu diém ndi bat khi sir dung dé xtr ly si thuy tinh
nho chi phi thip, dé tiép can, acetone khong chi mang lai tinh
kinh t& ma con giam thiéu thoi gian va cong sic tiéu ton trong
qua trinh san xuét.

Kinh SEM di dugc st dung dé danh gia hinh thai cua vat
liéu composite ché tao tir nhya tai ché HDPE gia cuong bang
soi thiy tinh. Két qua khao sat bing anh SEM ddi voi cac mau
vat liéu composite gia cuong sgi thuy tinh voi cac quy trinh xur
1y soi khac nhau duoc hién thi ¢ hinh 5.

12
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Mau AS

Mau BC

Hinh 5. Anh chup kinh hién vi dién tir quét ctia cac mau xi Iy sgi khac nhau.

Tur két qua anh SEM nhén duogc cho thay, kha nang phén tan
cua soi thuy tinh trong nhya nén khéc nhau giita cic mau vat
liéu. Cu thé 14, véi mau vt lidu co soi thuy tinh khong duoc xur
1y (mau BC), hinh anh cho thay bé mat phan chia giita soi thiy
tinh va nhwa nén rd rang hon, diéu d6 chimg to lién két giita soi
v6i nhya nén kém hon. Nguoc lai, v6i cic mau vat liéu sir dung
soi_thuy tinh gia cudng da qua xu 1y nhu ngdm véi acetone
(mau AS) hay xiur Iy voi LICA-38 (mau LICA) cho thay nhua
nén ¢6 lién két t6t hon véi soi gia cuong. biéu nay cling dugc
khang dinh trong thir nghiém co 1y ctia vét liéu composite, do
bén kéo duoc cai thién déng ké khi so sanh gita cac mau vat
liéu 6 soi thuy tinh duge xir Iy bé mit va khong xt 1y bé mat
(véi miu DC dat 12,48 MPa; mau AS va mau LICA dat d¢ bén
kéo 1an lugt 12 14,28 MPa va 14,35 MPa).

3.3. Khdo sat dnh hwong cia ham lwong sgi thiy tinh

Hinh 6 thé hjén d6 bén kéo cta vat liéu composite ché tao
tir HPDE tai ché/nguyén sinh (vdi ty 1¢ 80:20) dugc gia cuong
bang soi thuy tinh (d2 qua xtr Iy bang acetone) voi cac ham
lugng khac nhau.
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Hinh 6. Do bén kéo cla vat liéu composite véi ham Iwgng sei thuy tinh
gia cwong (0, 5, 10, 15, 20 va 25%).

Két qua cho thay, ham lugng soi thuy tinh ¢6 dnh huong
dang ké dén d6 bén cua vat liéu composite trén co sé nhya tai
ché gia cudng soi thiy tinh. Khi ham luong soi thuy tinh tang
lén, do bén kéo cua vat liéu ciing tang theo. Tuy nhién, néu
ham lugng soi qua cao, vat lidu co thé tro nén gion va dé gay
hon. Do d6, viéc xac dinh ham lugng soi thuy tinh t6i uu la
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Mau LICA

rat quan trong dé dat dugc su
can bang giira do bén va do déo
dai cua vat liéu composite. Tai
thi nghiém nay, 6 cong thuc thi
nghiém dugc tién hanh v&i ham
luong soi thuy tinh gia cudng
dwoc bd sung ting dan tir 0
dén 25% phan khoi lugng (0,
5, 10, 15, 20 va 25%). Két qua
thir nghiém cho thay, vat liéu
composite dat do bén kéo tbi
da tai ham luong sgi thuy tinh
15%, v6i do bén kéo tang 62,5% so véi mau nhua nén. Két qua
phén tich nhiét trong lwong giita mau ddi chimg chira 0% soi
thily tinh va mau chita 15% soi thity tinh duge mo ta & hinh 7.
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Hinh 7. Phan tich nhiét trong lwong cua vat liéu c6 chira va khong chiva
soi thuy tinh.

Két qua cho thiy, ham luong soi thily tinh khong chi anh
huong dang ké dén do bén kéo ciia vat lidu composite ma con
lién quan mét thiét dén sw 6n dinh nhiét cia vat lidu. Vat liu
composite khong chtta soi thiy tinh ¢6 nhiét d§ phan huy 1a
495,27°C, thip hon khoang 1°C so véi vat liéu chira 15% khéi
lugng soi thuy tinh, ¢ murc 496,30°C. Khi vat liéu khong chira
soi thity tinh dugc nung nong dén 500°C, phan khdi luong con
lai chiém khoang 1-2%. Diéu ndy c6 thé do ham lugng phu gia
con ton dong trong nhya HDPE tai che vi nguyén ligu tai ché
HDPE ¢6 nguon gdc tir nhidu nguon khac nhau va du lugng
nay c6 thé 1a titan oxit, mot phu gia thuong dung dé nhuém
mau nhya. Voi vat ligu chita 15% ham lugng sg¢i thuy tinh, &
nhiét d6 trén 500°C, van con mot phﬁn khdi lugng chua bi phan
huy ciia soi thuy tinh, diéu ndy cho thy, soi thity tinh déng vai
trd bao vé cu trac cua vat lidu trude su phan huy nhiét. Soi
thuy tinh, v6i nhiét do noéng chdy 1én toi 1400°C, khong bi anh
hudng trong khodng nhiét do nghién ctru (25°C dén 550°C),
lam cho composite giit duoc tinh én dinh co hoc ngay ca &
nhiét do cao.

3.4. Khao sat anh hwong cia phu gia twong hop

Cac ham lugng Fusabond khac nhau (tir 0 dén 5%) dugc
bo sung vao hon hop phoi trdn ciia nhya nén va soi thuy tinh
da qua xu ly. B9 bén kéo cua cac mau dugc thé hién ¢ hinh 8.

B
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Hinh 8. Anh hwéng ctia ham lwong Fusabond dén tinh chét co hoc cua
vat liéu.

Két qua cho thdy rang, khi ham lwong Fusabond ting tir 0
dén 3%, do bén kéo cua vat liéu composite c6 su ting nhe, bén
canh d6 d¢ gian dai cta vat liéu taing manh. Tuy nhién, khi ting
1én dén 5%, tinh chét co hoc cia vat lidu bi giam manh ca veé
d6 bén kéo va do gian dai khi dut cia vat liéu. Pidu nay duoc
giai thich 1a do nhya nén cua Fusabond 14 polyethylene mat do
thap (LDPE), c¢6 do bén kéo thip hon HDPE. Khi bé sung dén
3%, tuong tac gilta soi thiy tinh va nhya nén duoc hd tro boi
Fusabond, 1am cho do bén kéo va do gian dai cta vat liéu ting
lén. Tuy nhién, khi tding ham lugng Fusabond 1én trén 5%, do
thanh phan ctia Fusabond 14 LDPE dé lam giam di tinh co hoc
cua vat liéu composite.

HUS 1 dkv.5.8mm X500 BSE L

Hinh 9. Anh kinh hién vi dién tr ctia mau vat liéu véi 3% Fusabond.

Anh SEM bé mit giy cua vat liéu composite HDPE gia cuong
so1i thiy tinh, voi ham luong phu gia trg twong hop Fusabond 3%
dwoc thé hién trén hinh 9. Két qua cho théy, soi thuy tinh duoc
lién két tot v6i nhya nén. Viée bo sung Fusabond khong chi cai
thién tinh chét co hoc ma con tang cuong do bén kéo va do dan
dai cua vét liéu composite. Diéu nay chimg t6 rang, phu gia twong
hop Fusabond déng vai trd quan trong trong viée toi uu hoa sy
tuong thich giira soi thuy tinh va nhya nén.

4. Két luan
Nghién ctru nay di tién hanh khao sat va phan tich cac yéu
to anh hudng dén tinh chat co hoc cua vt liéu composite ché

tao tir nhya HDPE tai ché gia cuong sgi thf}y tinh. Két qua da
xac dinh dugc ty I¢ gitta nhya HDPE tai ché va nguyén sinh 1a
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80/20, gitp ti wu hoa tinh chat ky thuat va kinh té cua vat liéu.
Xir Iy soi thity tinh bang cach ngam trong acetone va sdy kho
d3 duoc lua chon dé cai thién do bam dinh véi nhua nén. Ham
lugng soi thay tinh gia cuong thich hop nhat 1a 15%, dam bao
can bang giita d6 bén co hoc va do déo dai cua vat lidu. Ty 1é
phu gia trg Fusabond véi ham luwgng 3% duoc lya chon dé nang
cao chét luong san pham cudi cung. Nhimg két qua nay cung
cap co s¢ khoa hoc cho viée xay dung quy trinh cong nghé ché
tao vat lidu composite tir nhya HDPE tai ché gia cuong soi thuy
tinh tmg dung trong xay dung dan dung, gop phan giam thiéu
tdc dong mai truong.

Nghién ctru nay duoc thyc hién trong khuén kh dé tai cap Bo
Khoa hoc va Cong nghé nam 2023-2024: “Nghién cuu xay dung
quy trinh cong nghé va ché tao thir nghiém hat nhwa compound
cdt soi thy tinh tir nhya tai ché dinh huéng tmg dung trong linh
vuc xay dung dan dyng” do Trung tdm Cong nghé Vat li¢u, Vién
Ung dung Cong nghé, Bo Khoa hoc va Cong nghé chu tri thyc
hién. Nhom tac gia xin tran trong cam on B Khoa hoc va Cong
nghé va Vién Ung dung Cong nghé da cap kinh phi cho nhiém
vu nay.
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Tom tit:

Tam giac mach hién dang dwgc trong rong rii tai tinh Ha Giang phuc vu du lich, trong dé hat dwgc sir dung ché
bién mt s0 san pham nhw banh, rwgu. Rwgu tam giac mach nau theo phwong phap truyen thong thuong ph01 hop
nguyén liéu hat tam glac mach v6i ngd nén huwong vi san pham kem dac trung, dé bi lan v6i ruwgu ngd. Nghién ciu
nay dugc thue hién nhiam xic dinh cac thong so cong nghé san Xuit ruou trang chung cit hoan toan tir hat tam gidc
mach. Két qua da lwa chon dwgc cic thong s6 cong nghé nhw sau: hat tam giic mach tich vé dwoc bd sung nuwéc theo
ty 1& 1,2 I/kg nguyén li¢u va niu chin trong 60 phiit; ty 1¢ banh men l4 sir dung 1 13 g/kg nguyén li¢u; do day khoi i
am 12 9 cm; ty 1é nwée bo sung khi 1én men 16ng 1a 1,1 kg nguyén li¢u va nhiét do 1én men la 25°C trong thoi gian 5
ngay, ngoai ra bd sung K,S,0, voi ty 1¢ 100 mg/1 dé chéng nhiém tap cho qua trinh 1én men. Két thic qua trinh Ién
men, nong do rwou trong dlch glam chin dat 10,2% Vol., hi¢u suét thu hdi rugu sau chung cit (35% Vol.) dat 0,6 I/
kg nguyén liéu. San pham ¢6 chit lwgng cam quan dic trung va dat tiéu chuin vé vé sinh an toan thuc pham
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Abstract:

Buckwheat plants are being widely grown in Ha Giang province for tourism and grains are processed to make
products like cakes and spirits. Buckwheat spirit is produced by the traditional method often necessary to combine
buckwheat grains with corn grains, and products have less characteristic flavour and are easily confused with corn
spirit. This research aims to create a distilled white spirit made entirely from buckwheat grains. The technological
parameters selected are as follows: buckwheat grains without husks were cooked with water with the ratio of 1.2
I/kg of buckwheat grains in 60 minutes; the ratio of start culture used was 13 g/kg of grains; the thickness of the
incubation block was 9 cm; the ratio of water added for liquid fermentation was 1.1 I/kg of buckwheat grains and
fermented at 25°C for S days. In addition, K,S,0O, is added at a ratio of 100 mg/l to prevent contamination during
fermentation. At the end of the fermentation, the alcohol concentration in the wort reached 10.2% Vol., the alcohol
recovery efficiency reached 0.6 litres of alcohol 35% Vol./kg of buckwheat grains. The product has distinctive sensory
quality and meets food hygiene and safety standards.

Keywords: buckwheat, Ha Giang province, spirit.
Classification numbers: 2.8, 2.10
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1. it van de

Hién nay, ruou lam tr tam giac mach phé bién trén thé
gidi 1a whisky, shochu va vodka. O mot s6 nudc, tam giac
mach duoc su dung dé san xuat do uéng ¢6 ¢con [1]. Nhin
chung, ruou whisky tam gidc mach hoan toan tuong ty nhu
san pham whisky thong thudng ngoai trir nguyén liéu malt
dai mach dugc thay thé bi’mg cach cho hat tam giac mach
nay mam lam nguyén lidu san xuét whisky. Sau khi nay
mam, hat tam giac mach duoc lam kho, ddy 1a qua trinh
gilp tao ra hé enzyme trong hat tam giac mach dé bién tinh
bot thanh duong 1én men. Hat tam gidc mach nay mam duogc
nghién nho, bd sung nude va thuy phan thanh dudng, bd
sung nam men dé thuc hién qué trinh 1én men ruou [2].
Dich sau 1én men dugc chung cit dé tao thanh san phém
ruou manh khong mau. Ruou nay sau d6 dugc ngam trong
2o s0i dé tao do mau va huong vi dac trung ctia whisky. Tai
Nhat Ban, tam giac mach dugc ché bién dé 1am dd uéng co
tén 1a Soba shochu [3]. Rugu Soba shochu c6 dic diém la
c6 huong thom hat dé dic trung, vi nhe va dé uéng. Cong
nghé san xuat ruou Soba shochu thong thuong st dung
thém gao, dai mach trong qua trinh lén men dé tao huong
diu hon huong tir tam gidc mach [4]. Trong cong ngh¢ san
xuét ruou Soba shochu, gao hodc hat soba dugc niu chin va
b6 sung nam mdc dé i tao hé enzyme duong hoa goi 1a Koji
[5]. Khéi Koji sau d6 dugc bd sung nude va nAm men ruou
dé thuc hién qua trinh 1én men. Dich giém chin sau do6 duoc
chung cit dé tao thanh ruou shochu véi d6 ruou 25-45%
Vol. Ruou vodka tam gidc mach thudng duge chung cit qua
thiét bi ndi cit thong thudng chir khong sir dung thap ct
tinh sach nhu céac loai vodka lam tir nguyén li€u tinh bot
khac. P6i v6i cong nghé san xuat rugu vodka thi nguyén
liéu bdt tam gidc mach dugc thiy phan thanh dich duong
nhd mot s6 loai enzyme thuong mai, b sung nam men dé
thuc hién qua trinh 1én men ruou. Sau do, dich 1én men duogc
chung cAt trén thiét bi ndi cét, thu duoc san phém ¢6 do rugu
t6i thiéu 1a 37,5% Vol. [6].

Cung v6i viéc phat trién cdy tam giic mach tré thanh
biéu tuong du lich cua tinh Ha Giang, bén canh dac san rugu
ngd men la truyén thong ndi tiéng thi san phim ruou tam
gidc mach dang duoc dia phuong wu tién phat trién. Ruou
tam gidc mach hién dugc nau theo phwong phap truyén
théng va thuong két hop giita tam giac mach va ngd, do
vay san pham c6 hwong vi rat dé bi 1an v6i rugu ngd. Hon
nira, viéc s dung banh men 14 ban dia c6 hoat luc khong
cao, cac cong doan trong quy trinh san xudt déu thu cong,
chua duge chuin hoa nén dé bi nhidm tap, dan t6i hiéu suét
1én men tao rugu thip. Do vdy, nghién ciru nay dugc thuc
hién nham xac dinh cac thong s6 cong nghé phu hop cho
san xudt ruou tring chung cit tir 100% hat tam giac mach
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qua, do tao ra dugc loai rugu tam gidc mach cia Viét Nam
¢6 huong vi déc trung, lam tién dé cho viéc phat trién ruou
tam giac mach thanh mot ddc san ge"ln lién véi du lich cua
tinh Ha Giang.

2. Vat liéu va phuong phap nghién ciiu
2.1. Vit liéu

Nguyén liéu: Hat tam giac mach thu hoach tai Ha Giang
duogc xat vo, sdy kho dén d6 am khong dbi va ding cho
nghién ctru trong thoi gian bao quan 6 thang. Thanh phan
hat tam gidc mach sau xat vo c6 do am 7,69%, ham lugong
tinh bot 57,1% dugc st dung l1am nguyén li¢u cho cac thi
nghi¢m nghién ctu.

Banh men 1a 1a san pham nghién ctru thudc dé tai ma sd
DTPL.CN-06/20 ciia Vién Cong nghiép Thyuc pham, gdm
3 chiung ndm mdc Aspergillus niger, Aspergillus oryzae,
Aspergillus tubingensis, va 1 chung nim men Saccharomyces
cerevisiae. Banh men 14 c6 mat do té bao nAm mdc dat 3,4x10°
(CFU/g) va ndm men dat 5,2x107 (CFU/g).

Sir dung céc loai hoa chat dung trong moéi truong nudi
cdy vi sinh vat va phan tich dong hoc/chat luvong san pham
ruou nhu cao ndm men, glucose, agar, (NH,),SO,, K. HPO,,
MgSO,, K,S,0,, DNS, KNa tartrate, NaOH... c6 )}uﬁt xu Nhat
Ban, Hoa Ky, Lién minh chau Au c6 d¢ tinh khiét trén 99%.

Thiét bi sir dung 1a cac thiét bi thong dung trong phong
thi nghiém, trong d6 c6 mét s6 thiét bi, dung cu chinh nhu:
ta 4m lanh Sanyo MIR-254 (Nhat Ban), bo chung cét con
Dujardin Salleron (Phép), budng dém Thomas (Ptc), may
do pH (Hoa Ky), binh 1én men inox thé tich 5 1 (Viét Nam)...

2.2. Phwong phap nghién ciru

- Xéc dinh d¢ rugu: Su dung b chung cAt c¢dn Dujardin
Salleron: Pua dich 1én men vao trong thiét bi va ddt dén
khi nhiét d6 so6i khong thay d6i thi doc két qua va tra bang
thuc nghiém dé biét duge do codn trong dich 1én men theo
% thé tich.

- Xéc dinh pH: St dung may do pH Fisher Scientific
ARIS.

- Xac dinh hoat d¢ a- amylase bang phan tmg thiy phan
hd tinh bot [7]: Hoat d§ a-amylase 1a ) gam tinh bdt tan
dugc chuyén hoa thanh cac dextrin ¢ phén tir lugng khac
nhau khi sir dung 1 g ché pham enzyme & 30°C, thoi gian 1
gio tai pH 4,7.

- Xac dinh hoat d6 glucoamylase bang phuong phap
DNS [8].

- X4c dinh mat do té bao nim men béng buéng dém
Thomas [9].
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- Xac dinh ham lugng methanol theo Hiép hoi Cac nha
hoa hoc phan tich chinh thong (AOAC) 972.11.

- Xac dinh ham lugng aldehyde theo TCVN 8009:2009.

- Hiéu suét 1én men dugc tinh béng d6 con thue té/d6 con
Iy thuyét x100%, trong d6 do con ly thuyét duoc tinh theo
lugng tinh bdt c6 trong dich 1én men.

2.3. Phwong phap bo tri thi nghiém

Thi nghiém dugc thuc hién voi luong nguyén liéu 1 kg/
thi nghiém va lap lai 3 lan.

2.3.1. Xac dinh ty I¢ nudc/nguyén liéu trong giai doan
nau chin hat tam giac mach

Nude duge bd sung vao nguyén liéu (hat tam giac mach)
voi cac ty 1€ 1,0, 1,1, 1,2 va 1,3 I/kg nguyén li¢u. St dung
phuong phap niu chin truc tiép hat tam giac mach véi nude
trong thoi gian 60 phit dé dam bao hat tam gidc mach chin
hoan toan. Lén men 4m duoc thuc hién véi ty I¢ banh men 14
15 g/kg nguyén liéu, do day khéiu 12 cm, nhiét do 30-35°C
trong thoi gian 48 gid. Lén men 10ng vai ty 18 nudce bo sung
1a 1,2 1/ kg nguyén li€u, nhiét do 1én men 25°C trong thoi
gian 5 ngay. Chi tiéu theo ddi gom do rugu cia dich gidm
chin (% Vol.) va hiéu suit 1én men (%).

2.3.2. Xdic dinh cdc thong sé cong nghé ciia giai doan
lén men am

Thyc hién qué trinh 1én men 4m v&i ty 16 nudc/nguyén
liéu da duoc lya chon va gilt nguyén cac diéu kién thuc hién
nhu muc 2.3.1, khi nghién ctru théng sé cong nghé nao thi
thay d6i nhu mé ta dudi day:

+ Nghién ctru lya chon ty 1€ banh men 1a/nguyén li¢u:
Bénh men 1a dugc b sung vao khdi i am véi cac ty 18 12,
13, 14, 15 g/kg nguyén liéu. Qua trinh 1én men am duoc
thuc hién ¢ nhiét d 30-35°C trong thoi gian 48 gio. Trén co
so theo doi sy thay ddi céc chi tiéu do ruou cua dich giém
chin (% Vol.) va hiéu suét 1én men (%), tir d6 xac dinh ty
1¢ men 14 bd sung thich hop nhét sir dung cho nghién ciru
tiép theo.

+ Nghién ctu lya chon d¢ day cua khéi u: Hat tam giac
mach sau nau chin dugc tron déu véi banh men theo ty 1¢
da Iya chon, hon hop nay dugc dua vao cac khay véi do day
khéi 0 khac nhau: 6, 9, 12 va 15 cm. Qué trinh 1én men 4m
duoc thyc hién ¢ nhiét do 30-35°C trong thoi gian 48 gio.
Trén co s& theo ddi su thay dbi do rugu cua dich gidm chin
(% Vol.) va higu suat 1én men (%) xac dinh dugc do day
khéi t thich hop nhit dé sir dung cho nghién ctru tiép theo.

2.3.3. Xdc dinh cdc théng sé cong nghé cia giai doan
lén men long

Qua trinh nau nguyén liéu va 1én men am dugce thue hién
theo cac ket qua da dugc lua chon tur cac thi nghiém muc
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2.3.1 va 2.3.2. Thyuc hién qua trinh 1én men 16ng voi ty 1€
nude bd sung 1a 1,2 kg nguyén liéu, nhiét do 1én men 25°C
trong thoi gian 5 ngay. Danh gia chat luong dich giém chin
khi két thac qué trinh 1én men.

+ Nghlen ctu lya chon ty 1¢ nuorc/nguyen liéu: Tién
hanh bd sung nudc vao khdi u sau 1én men 4m vdi cac ty 18
/1, 1,1/1, 1,2/1, 1,3/1 (I/kg nguyén li¢u). Qua trinh [én men
dugc tién hanh ¢ nhiét d6 25°C trong thoi gian 5 ngay. Chi
tiéu theo doi gdm d6 ruou cua dich gidm chin (% Vol.) va
hiéu suat 1én men (%).

+ Ngh1en ctru anh huong cua K,S O: St dung SO, ¢
dang muoi K.S O, bd sung vao qua trmh 1én men 16ng. Ty
16 bd sung K, S O lan luot 1a: 75 (M1), 100 (M2), 125 (M3),
150 (M4) mg/1 [10] Nhiét do 1én men 25°C trong thoi gian 5
ngay. Xac dinh mat do té bao ndm men va do ruou tao thanh
theo thoi gian 1én men.

2.3.4. Thit nghiém san xudt riou tam gidc mach quy mé
phong thi nghiém

Tur cac két qua nghién ctru thu dugc, tién hanh luva chon
cac thong sé cong nghé thich hop cho san xuét ruou tring
tir hat tam giac mach. Thuc hién san xuat thir 5 mé, quy mo
10 kg nguyén li¢u/mé. Qua trinh 1én men 4m dugc thuc hién
1én trong cac khay gd dit trong ta 4m va 1én men long dugc
thuc hién trong cac binh 1én men béng inox thé tich 5 1 dat
trong cac ta 4m lanh duy tri nhiét d6 25°C. Panh gi tinh 6n
dinh cua cong nghé vé hiéu suét thu hdi va chat luong ruou
qua cac mé thtr nghiém.

2.4. Phwong phdp xir 1y s6 ligu

St dung phuong phap théng ké trén phan mém Excel
2016.

3. Két qua va ban luan

3.1. Xdc dinh ty I¢ nuwdc/nguyén li¢u trong giai doan
nau chin hat tam gidac mach

Ty 1 nudc bd sung viao nguyén liéu trong giai doan nau
chin s& anh hudng rit 16n dén toan bd cac qua trinh 1én men
ruou. Nghién cliu tién hanh danh gia mot s6 chi tiéu dac
trung trong dich gidm chin khi két thic qua trinh 1én men
4m hat tam giac véi cac ty 18 nuéc bd sung khac nhau trong
giai doan néu, két qua thu duoc nhu ¢ bang 1.

Bang 1. Anh hwéng cua ty 1é nwéc bd sung trong giai doan nau chin
nguyén liéu den hiéu suat 1én men rwou.

Ty 1é nwée/nguyén liéu (I/kg)

Chi tiéu
L0 11 12 13

D0 ruou cia dich gidm chin (% VL) §57:054 9091073  9.82:0,68  893+0,62

Higu suit én men (%) 67,00£1,95 72,014223 79,34£2,44 74884248

n



Két qua bang 1 cho thay, ty 1é nudc bd sung vao qua
trinh ndu truc tiép hat tam gidc mach phu hop nhét 1a 1,2
I/kg nguyén lidu v&i d6 ruou trong giam chin dat cao nhat
9,82 %Vol., hiéu suit 1én men dat 79,34%. Véi cac mau
thi nghiém ma lugng nuéc bd sung cao hon hodc thip hon
thi d6 ruou tao thanh déu bi giam, do luong nude bd sung
s& anh huong dén mirc do chin/do am ban dau cua nguyen
lidu. Tur d6, s& anh huong dén sy phat trién cua nam méc va
viéc tao enzyme thiy phan trong qua trinh i 4m. Trong san
xuét ruou, do con 1a chi tiéu quan trong hang dau ddi voi
chat lugng cta cac san pham rugu trong qua trinh 1én men.
Do d6, ty 1& nudc bo sung trong giai doan nau chin 1,2 Vkg
nguyén liéu duoc Iya chon cho cc nghién citu tiép theo.

3.2. Xdc dinh cdc thong 6 cong nghé cua giai doan
lén men dm

3.2.1. Lwa chon ty Ié banh men la/nguyén liéu

Thi nghiém duogc tién hanh nham lwa chon ty 1€ banh
men bd sung phit hop vao nguyén lidu trong qua trinh t 4m.
Dich giam chin khi két thac qua trinh 1én men dwoc danh
gid, két qua dugc thé hién & bang 2.

Bang 2. Anh hwéng clia ty 1é banh men la/nguyén liéu trong giai doan lén
men dm dén qua trinh I&én men rwou.

Ty 1é banh men/nguyén liéu (g/kg)
Chi tiéu

12 13 H 15

Do ruou cia dich gidm chin (% Vol)  9,524041  10,0£045  9,67+0,53 9174039

Higu suat [én men (%) 80,91£2,22 84,98+2,56  82,18+2,50  78,81+2,68

Két qua bang 2 cho théy, véi ty 1& banh men 1a 12 g/kg
nguyén li¢u thi qué trinh 1én men khdi dong chdm hon va
d6 ruou tao ra sau 5 ngay 1én men thip hon so v6i cac miu
con lai. Véi ty 1€ banh men 14 13 g/kg nguyén li¢u tam giac
mach thi do rugu trong dich giém chin dat cao nhét 10,0%
Vol. N.V. Hue va cs (2022) [11] da sir dung ty 1¢ banh men
la/nguyén liéu 1a 8:1 (g/kg) trong 1én men ruou gao cho chat
luong ruou thanh pham tét nhat. Khi ting ty 1é banh men
khong nhiing khong ¢6 loi cho qua trinh 1én men ma do rugu
bi giam, d6 axit ting nhe. Diéu nay co6 thé thiy rang khi mat
d6 té bao vi sinh vat qua cao c6 thé da gy anh huong dén su
canh tranh dinh dudng trong qud trinh 1én men. Do vay, ty
1¢ banh men 14 phut hop cho qua trinh 1én men 4m ruou tam
giac mach 1a 13 g/kg nguyén li¢u.

3.2.2. Xac dinh do day thich hop cua khoi i

Nam mdc phat trién tot khi c6 mit oxy, trong qua trinh
1én men 4m thi d6 day ctia khdi 4 s& anh huéng dén nhiét
do, 6 4m cling nhu muc do thoang khi cta khédi u do vay s€
anh huong 16n dén sy phat trién ciia hé vi sinh vat va hoat
luc cta hé enzyme thuy phan tao thanh. Thi nghi¢m dugc
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b tri khdi 1 c6 do day khac nhau, két qua dénh gia hoat
dd enzyme tao thanh trong qua trinh i am duogc thé hién &
bang 3.

Bang 3. Anh hwéng clia do day khéi i dén hoat do enzyme tao thanh
trong giai doan lén men am.

D@ﬁy Hogt d enzyme Théi gian it 4m (gio)
Khiiu (Ulg) n ] 36 48 60
(cm)
c-amylase thngsb  91,6£45  392,6£12,7 4875153 5263+187 509,7+180
¢ glucoamylase 159+1,12 4424198 7584274 7184249  62,242,12
-amylase tongsb  195,347,7  761,0:168  988,5£192  9856+199 72974156
’ glicoamylase 38418 847437 159869 1615572 92.6+48
" o-amylase tong so 196,848, 7455£159  9264<182  934,0<188 66274137
glucoamylase 31815 80,7432 146,3+6,1 151,563 87,9445
; c-amylase tong s6 1263457 392,6+109  4875£13,6 5263173 5097151
ghicoamylase 25913 65,1422 955437 101842 702433

Két qua bang 3 cho thay, d6 day khéi 1 9-12 cm 1a phu
hop nhit cho viéc tao enzyme thuy phén tinh bot, trong dé
do day 9 cm dat cao nhét voi hoat do a-amylase dat 988,5
Ulg va glucoamylase dat 159,8 U/g sau 36 gid 1én men am.
Khi khéi 0 qua day hodc qua mong sé& anh hudng ro rét
dén hoat lyc enzyme thuy phan tinh bot do anh huéng dén
nhiét do cua khdi t. Hé enzyme hinh thanh trong khéia giup
thiic day qua trinh thily phan gao trong quy trinh san xuét
rugu [12]. W. Guo va cs (2021) [13] da xac dinh duogc cac
enzyme chil yéu gop phan vao qua trinh dudng hoa tinh bot
1a glucoamylase, a-amylase trong s6 29 enzyme glycoside
hydrolase tir san pham 1én men 6 ngay ctia nam 4. niger O1.
Trong qué trinh thuy phan, a-amylase va pullulanase lam
giam ham lugng tinh bdt va lam tdng ham lugng protein,
flavonoid. Pong thoi, qua trinh thuy phan o-amylase dong
vai tro quan trong trong viéc cai thién chat luong hwong vi
clia tam giac mach tartary [14]. Két qua danh gia dich gidm
chin sau qua trinh 1én men long khéi 0 4m c¢6 do day khac
nhau (bang 4).

Bang 4. Anh hwéng do day khéi  trong giai doan lén men dm dén qua
trinh 1én men rwou.

D day khdi it (cm)
Chi tiéu
6 9 ) 15
DG rugu cua dich giam chin (% Vol)  832:046  10,11:0,58 9,75:0,52  8,65+0,48

Hiéu sudt Ién men (%) 70,08£2,04  85,16+2,43 82,13+2,61 72,86+2,32

Quan sat sinh truong cua nam moc trong qua trinh 1én
men 4m cho thay, do day khéi 0 6 cm ndm méc phat trién
manbh, tao nhiéu sinh khéi do thoang khi va sém hinh thanh
nhiéu bao tir trén bé mit, do ruou tao ra thép chi dat 8,32%
Vol. khi két thuc 1én men long. Khi d¢ day cta khéi u 15
cm thi hiéu suét 1én men tao rugu trong qua trinh 1én men
long giam, do ruou dat 8,65% Vol. Vi do day khdi G 9 cm
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cho d0 ruou tao thanh va hiéu suat 1én men cao nhat, tuong
ung dat 10,11va 85,16% Vol. sau giai doan 1én men long.
Két qua nay hoan toan phi hop véi khi hoat d6 enzyme tao
thanh trong khéi ¢ 4m day 9 cm dat cao nhat. Vi vy, chung
t6i da lya chon d6 day khéi i 9 cm cho nhitng nghién ciru
tiép theo.

3.3. Xac dinh cac thong s6 cong nghé cua giai doan
lén men long

3.3.1. Lua chon ty lé nudc/nguyén liéu

Dé xac dinh luong nudce bd sung thich hop vao khdi u
sau 1én men am, ching t6i tién hanh bb tri thi nghiém nhur
mo ta tai muyc 2.3.3. Két qua danh gia dich gidm chin sau
qua trinh 1én men 16ng thu duoc ¢ bang 5.

Bang 5. Anh hwéng cla ty 1& nwéc bd sung vao khéi i dm dén higu suat
Ién men rwou trong giai doan Ién men 1dng.

Ty 1¢ nwée/nguyén ligu (I/kg)
Chi tiéu

0,9 10 11 12

D9 rugu cia dich gidm chin (%Vol) 10510,51 1035:048 103£040 9422038

Hiéu sudt Ién men (%) 73,7742,15  80,72+2,68 88,36+3,13  88,16+3,46

Két qua bang 5 cho théy, trong giai doan 1én men long
néu lugng nude bd sung it tuy do ruou tao ra 16n nhung
hiéu suét 1én men thép, trong khi ty 1& nudc cao thi s& lam
hiéu suét 1én men tang 1én nhung giam do ruou, diéu nay lai
lam lang phi nhién liéu trong qua trinh chung cit. Do vay,
voinguyén li€u 1a hat tam giac mach, ching t6i lya chon bd
sung 1,1 I nudc/kg nguyén li¢u 1a phu hop, d ruou trong
dich giém chin thu dugc sau 1én men van dat & mirc cao va
hiéu suét 1én men 1a cao nht.

3.3.2. Nghién ctru anh huong cua K,S,0, dén giai doan
lén men long

‘802 thuong dl}’qc su dung dé rc ché cac hoat dong cua
nhiéu loai vi khuan trong dich 1én men & quy mo 16n, tuy
nh@én viéc su dung SQ2 khong phu hgp s€¢ lam giam hi¢u
suat 1én men, giam chat luwong san pham [15]. Vi cac thu
nghi¢m quy mo phong thi nghiém trong nghién ciru nay
gan nhu khong c6 sy nhiém vi sinh vét khac. Tuy nhién,
dé co thé ung dung két qua cta nghién ctru nay vao san
xuét, ching t6i b sung SO, dudi dang mudi K,S,0; vao
moi truong 1én men 16ng va danh gia anh hudng 1én sy sinh
truong cua nAm men ciing nhu hiéu qua 1én men nham lya
chon duoc néng do K.,S,0, phu hgp cho san Xuét rugu tam
giac mach.

Dé chon dugc nong do K’28205 phu hop trong 1én men
ruou tam giac, ching toi tién hanh thi nghiém nhu muc
2.3.3, két qua danh gia dich gidm chin v6i cic ndng do
K,S,0, b6 sung khac nhau thu duge nhu trong bang 6.
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Bang 6. Anh hwéng cua néng dd K,S,0, dén déng hoc giai doan Ién men
ldng.

Thi gian Mt d té bao ndm men (CFUJnl)
Ién men
(ngay) MI M M M MI m M M

g rugu (%Vol.)

1 41x10%0,16 42x10%0,18  23x1040,09  2,5x1040,12 596030 5674035 5454027 5,02+0,25

2 45004018 2I0H008  TSXI0402 SSNI04020 TAMOAL TS0K4S T02036 678:032
3 1414006 16x1040,10 65¢102019 45xI0017 8554048 8292042 §05:040 7894037
4 KIS0 3400014 65xI04021 45104019 1014053 1024055 930:049 924045
5 35R0404 36xI0014 SSXIOE019 45x104016 1034055 1036054 9526048 924045

Két qua thir nghiém cho thay, khi bo sung K,S,0,¢6 ndng
dd 75-100 mg/l mat do t€ bao nam men trong qua trinh 1én
men khong bi anh hudng, khi bd sung voi ndng do trén 100
mg/] thi mat d6 t& bao nim men bi giam dang ké, day chinh
1a nguyén nhan dan téi do rugu tao thanh ciing giam chi
con 9,2-9,52% Vol. (so véi 10,3% Vol. khi ) sung 75-100
mg/l K. S,0,). Két qua nay ciing pht hop véi cong bd cua
N.M. Thuy va cs (2011) [10] khi s dung K,S,O, v6i nong
d6 100 mg/l dé lam trong va 6n dinh san pham rugu vang
khom, cling nhu cua cac nghién ctru khac khi sir dung SO,
tir K,S,0, v6i nong d¢ toi da khong nén vuot qua 490 ppm
[10, 16]. Do d6, dé dam bao an toan cho qua trinh 1én men
ruou tam giac mach, ching toi Iya chon bod sung K.S O,
trong giai doan Ién men long véi nong do 100 mg/1.

Tir cac két qua thu dugc, chiing t6i lua chon cac thong s6
cong nghé thich hop dé san xuét rugu tam gidc nhu bang 7.

Bang 7. Thong sb cong nghé thich hop trong san xuat rwou tam giac
mach.

T Théng s ky thuat Donvitinh  Gia tri
1 Ty 1¢ nu6c/nguyén liéu giai doan ndu chin lkg 1,2

2 Banh men 1a/nguyén li¢u g/kg 13

3 Do day khéi u cm 9

4 Ty 1¢ nue/nguyén liéu giai doan lén men long I/kg L1

5 K.8,0, mg/l 100

6 Nhiét d9 én men 4m °C 30-35
7 Nhiét do lén men long °C 25

8 Thoi gian 1én men am gio 48

9 Thoi gian lén men long ngay 5

3.4. Thir nghigm san xudt rieou tam gidc mach quy mo
phong thi nghiém

Tién hanh 1én men thtr nghiém quy mé 10 kg nguyén
lisu/mé véi cac didu kién, thong sb cong nghé trong bang
7 @ danh gia tinh 6n dinh va hiéu suét thu hoi, két qua thu
dugc o bang 8.
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Bang 8. Danh gia tinh én dinh cta céng nghé san xuét rwou tam giac
mach quy mé phong thi nghiém.

Mé

1 2 3 4 5 Trung binh
Chi tiéu
D rugu dich lén men (%Vol.) 102100 103 103 102 102£0,12
Nong do cht kho dich Ién men (‘Bx) 66 67 65 65 66  6358:0,08
Aldehytge(mylEtOHIOO)trongruqusau 43 42 41 WS A6 4068
chung cat

. ;
Methan(il(/ov/vEtOH 100°) trong rugu sau KPH KPH KPH KPH KPH KPH
chung cat
Higu sudt lén men (%) 8802 87,03 8835 8827 88,16 8797:0,54
0,

Liugng ruu (35% Vol)thu duge sau 60 590 605 604 603 6,040,06

chung cit

Ghi chu: KPH: khdng phat hién.

Két qua bang 8 cho thdy, v6i cac thong sé cong nghé
thich hop da lwa chon cho san phim c6 chat lugng kha 6n
dinh, do ruou tao ra khi két thic 1én men dat tr 10 dén
10,3% Vol. Tur 10 kg nguyén liéu thu dugc trung binh 6 1
ruou tam giac mach c6 do ruou 35% Vol., dat higu suit 1én
men trung binh xap xi 88%. San pham ruou tam giac mach
sau chung cat khong chira methanol, ham lugng aldehytde
trong khoang tir 38,8 dén 42,2 mg/l, dat yéu cau vé vé sinh
an toan thyc pham.

4. Két luan

Nghién ctou da lya chon dugc cac thong sb cong ngh¢
thich hop cho san Xuét ruou tréng tur hat tam gidc mach thu
hoach tai Ha Giang: ty 1& nuéc/nguyén liéu giai doan niu
chin 1,2 I/kg nguyén li¢u; ty 1¢ banh men la/nguyén li¢u 13
g/kg; do day khdi u 9 em; ty 1 nudc/nguyén lidu giai doan
1én men long 1,1 Vkg; bd sung 100 mg/1 K,S,0.. Hi¢u suét
1én men dat xap xi 88% va lugng rugu thu h01 sau chung
ct (35% Vol.) dat 0,6 kg nguyén liéu ¢ quy md phong thi
nghiém. San pham ¢6 chit lugng cam quan ddc trung va dat
tiéu chuén vé vé sinh an toan thuc pham.

Nghién ciru nay dwoc thuc hién trong khudn kho dé tai
cap qudc gia do By Khoa hoc va Cong nghé cap kinh phi:
“Nghién ciru giai phap khoa hoc va cong ngh¢ phat trién san
xuat va ché bién mot s6 san phdm tir tam gidc mach tai tinh
Ha Giang”, mi s DTPL.CN-46/23. Nhom tac gia xin trdn
trong cam on.
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QUY DINH VE BAI BAO DANG TAI TREN TAP CHI

Yéu cau chung

Bai béo glii dang trén Tap chi phai la bai bao nguyén thuy (chua dugc cong bd trude do). Tac gid khong dugc gli dang bai béo trén cac
tap chi khac cho dén khi c6 quyét dinh xét duyet clia Ban Bién tap.

Bai béo dai khong qua 10 trang (bao gbm ca bang biéu, ghi chu, tai liéu tham khao va phu lyc); font chii: Times New Roman; ¢ chif 13;
kh gidy A4, 1& trén 2 cm, I& dudi 2 cm, 16 trai 3 cm, 1& phai 2 cm.

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

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

Ténbai bao

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

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

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

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

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

1.Datvén dé/Dan nhap/Md dau

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

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

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

3.Kétqud

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

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

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

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

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

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

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

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

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

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

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

Luu y:

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

_L_L_L_L_L_L_L_L_L.d
CENDO RN

PHAN LOAI LINH VUC KHOA HOC

Toan hoc va théng ké

Khoa hoc may tinh va thong tin
vatly

Hoéa hoc

Khoa hoc trai dat va méi trudng
Khoa hoc su séng

Khoa hoc nano

Khoa hoc tinh toan

Cac Iinh vic khac cua khoa hoc tu

Khoa hoc ky thuat va cong nghé

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

két cdu va do thi; ky thuat giao

théng van tai; ky thuat thuy Igi; ky

thuat dia chat cong trinh

Ky thuat dién, ky thuat dién tl, ky

thuat thong tin

Ky thuat cg khi, ché tao may

Ky thuat héa hoc

Ky thuat vat liéu va luyén kim

Ky thuat y hoc

Ky thuat méi truéng

Céng nghé sinh hoc cong nghiép

Céng nghé nano

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

ky thuat va cong nghé

Khoa hocy - duge

Y hoc co s6

Y hoc lam sang

Y hoc du phong

Dugc hoc

C4c linh vuc khac cta khoa hoc
y - dugc

Khoa hoc nény nghiép

Tréng trot

Chan nudi

Thay

Lam nghiép

Thay s&n

Cong nghé sinh hoc trong nong
nghiép, thly san

Céc linh vuc khac cta khoa hoc
noéng nghiép

Khoa hoc xa hoi va nhan van

Tam ly hoc

Kinh té€ va kinh doanh

Khoa hoc giao duc

Xa hoi hoc

Phap luat

Khoa hoc chinh tri

Pia Iy kinh t6 va x4 hoi

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

. Ngbén ngl hoc va van hoc

. Triét hoc, dao dtc va tén giao

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

xa hoi va nhan van
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Ung dung SLAM va tinh toin song song GPU trén Jetson Orin cho wéc e Real-time 3D camera pose estimation using SLAM and GPU parallel

lwgng vi tri méy dnh 3D thoi gian thyec.
Nguyen Ngoc Tu, Tran Xudn Thinh

Nghién ciru, thiét ké h¢ théng giam sat thoi gian thue xe ning hang trong
nha may s dung cong nghé bang thong siéu rong.

Nguyén Quéc Hung, Nguyén Van Diing, Tran Hing Manh, Nguyén Hodng
Long, Tran Ha, Nguyén Van Pua

Hé théng ty dong giam sat dong ro trén thiét bi chéng sét van.
Hoang Ngoc Nhdn, Bang Quang Thach, Lé Manh Hing

Nghién ciru anh hwéng cia 16p Ti t6i dd 6n dinh ciia cam bién cong hwong
plasmon bé mit loai do dong cu tric ITO/aSi:H/Ti/Au.
Vi Xuan Manh, Lé Hong Minh, Lé Van Bé, Nguyén Huy Tiép, Lé Viét Cuong

Nghién citu két hop qua trinh nitrat hoa ban phin - khir nitrat héa bing vat
liéu sinh khéi dang hat img dung trong xit Iy nwéc thii giau amoni.
Nguyén Van Tuyén, Bii Thi Thiy Ngdn, Doan Vin Huwong, Nguyén Thi Mai
Linh, Chu Xudn Quang

Xac dinh thanh phin héa hoc va bwéc diu danh gia hoat tinh khang khuin
ciia tinh dau sa Java (Cymbopogon winterianus Jowitt.) & huyén T4y Giang,
tinh Quéng Nam.

Ma Thj Bich Thao, Nguyén Phirong, Tran Ha, Nguyén Thi Hong, Biii Bich Thily,
Hoang Van Tudn, Trinh Tat Cweong, Phiing Phwrong Anh

Nghién ciru phén 1ap va tuyén chon cac chiing vi sinh vét trong twong
truyén théng Viét Nam c¢6 khé niing sinh amylase va protease cao.

Bong Thi Hodng Anh, Bang Thi Hodi Thiwong, Nguyén Hong Minh, Phan Diép
Tii, Nguyén Minh Nam, Lé Thi Hoang Yén

Phén lap va tuyén chon cac chiing xa khuén Streptomyces ¢6 kha ning dbi
khang vi khun Ralstonia pseudosolanacearum T2C-Rasto giy bénh héo
xanh trén cay dwa leo.

Lé Thanh Binh, Truong Minh Ngoc, Vo Dinh Quang, Phan Thi Phuwong Trang

Phan 1ap va tuyén chon mdt sb chiing vi sinh ¢6 khé ning khir khi hydrogen
sulfide tir phan chim Yén.

Nguyén Bi Tho, D6 Thi Mai Trinh, Nguyén Thi Lién, Trwong Minh Ngoc,
Nguyén Van Vinh

Ché tao laser quang sgi cong sut cao - Bao cdo s6 1: Nghién ctru phat trién
mach diéu khién bom laser diode cong suit cao.

Ng6 Hdi Long, Luu Hoang Pat, P6 Viét Hoang, Lé Vin Binh, Cao Khdc Thién,
Hoadng Ngoc Nhdn, Banh Quéc Tudn

D¢ xuét phwong phap sir dung thi giac may trong danh gia d chinh xac ciia
canh tay robot IRB 4600 tai Vién Ung dung Cong nghé. )
Nguyen Quang Hai, Nguyén Ba Thi, Giang Manh Khéi, Pham Chi Hiéu

Khio sat tinh chit bé mit 16p phi TiN va CrN trén nén thép SKD61 thAm
nito' theo cong nghé xir ly bé mit duplex.

Nguyén Vian Thanh, Nguyén Thanh Hop, Dang Thi Thu Hong, Nguyén Vin
Tich, Lé Thi Giang

Nghién ctru sy dnh hwéng ciia ham lwong va phwong phap xir ly s¢i thiy
tinh dén tinh chit ciia hat nhwa compound ché tao tir nhya polyethylen ty
trong cao tai ché gia cwong soi thily tinh ngéin bang phwong phap ép din
hai truc vit.

Bing Thao Yén Linh, Nguyén Tién Pat, Poan Hodng Linh, Nguyén Ngoc Diép,
Tuéng Thi Nguyét Anh, Chu Xudn Quang

Nghién citu cong nghé sin xuét rugu tring tir hat tam giac mach thu hoach
tai Ha Giang.

Bing Hong Anh, Pham Thi Thu, Nguyén Thu Vin, Giang Thé Viét, Nguyén Thi
Thanh Mai, Tran Bao Tram
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computing on Jetson Orin.
Ngoc Tu Nguyen, Xuan Thinh Tran

Research and design of a real-time forklift monitoring system in factories
using ultra-wideband technology.

Quoc Hung Nguyen, Van Dung Nguyen, Hung Manh Tran, Hoang Long Nguyen,
Ha Tran, Van Dua Nguyen

Automatic system for monitoring leakage current on valve surge arrester.
Ngoc Nhan Hoang, Quang Thach Dang, Manh Hung Le

Study on the effect of Ti layer on the stability of electrical measuring surface
plasmon resonance sensors with ITO/aSi:H/Ti/Au structure.
Xuan Manh Vu, Hong Minh Le, Van Be Le, Huy Tiep Nguyen, Viet Cuong Le

Research on combining partial nitrification - denitrification process with granular
biomass materials for application in ammonium-rich wastewater treatment.

Van Tuyen Nguyen, Thi Thuy Ngan Bui, Van Huong Doan, Thi Mai Linh Nguyen,
Xuan Quang Chu

Determination of chemical composition and preliminary assessment of
antibacterial activity of Java Citronella essential oil (Cymbopogon winterianus
Jowitt.) in Tay Giang district, Quang Nam province.
Thi Bich Thao Ma, Phuong Nguyen, Ha Tran, Thi Hong Nguyen, Bich Thuy Bui,
Van Tuan Hoang, Tat Cuong Trinh, Phuong Anh Phung

Study on isolation and selection of high amylase and protease microbes in
traditional Vietnamese soy sauce.

Thi Hoang Anh Dong, Thi Hoai Thuong Dang, Hong Minh Nguyen, Diep Tu
Phan, Minh Nam Nguyen, Thi Hoang Yen Le

Isolation and selection of Streptomyces strains with antagonistic activity
against the Ralstonia pseudosolanacearum T2C-Rasto causing bacterial wilt
disease in cucumber plants.

Thanh Binh Le, Minh Ngoc Truong, Dinh Quang Vo, Thi Phuong Trang Phan

Isolation and selection of certain strains of microorganisms capable of
hydrogen sulfide gas reduction from Swiftlet droppings.

Ba Tho Nguyen, Thi Mai Trinh Do, Thi Lien Nguyen, Minh Ngoc Truong, Van
Vinh Nguyen

High-power fibre laser fabrication - 1* report: Research and develop a driver
board for high-power laser diode pump.

Hai Long Ngo, Hoang Dat Luu, Viet Hoang Do, Van Binh Le, Khac Thien Cao,
Ngoc Nhan Hoang, Quoc Tuan Banh

Proposing a method of using computer vision to evaluate the accuracy of the IRB
4600 robot arm at the National Center for Technological Progress (Nacentech).
Quang Hai Nguyen, Ba Thi Nguyen, Manh Khoi Giang, Chi Hieu Pham

Investigation of surface properties of TiN and CrN coatings on nitrided
SKD61 steel using duplex surface treatment technology.

Van Thanh Nguyen, Hop Thanh Nguyen, Thi Thu Hong Dang, Van Tich Nguyen,
Thi Giang Le

Investigation of the effects of fibreglass content and treatment techniques
on the properties of compound granules produced from recycled
high-density polyethylene reinforced with short fibreglass via
twin-screw extrusion.

Thao Yen Linh Dang, Tien Dat Nguyen, Hoang Linh Doan, Ngoc Diep Nguyen,
Thi Nguyet Anh Tuong, Xuan Quang Chu

Research on the technology for producing spirit from buckwheat grains
harvested in Ha Giang province.

Hong Anh Dang, Thi Thu Pham, Thu Van Nguyen, The Viet Giang, Thi Thanh Mai
Nguyen, Bao Tram Tran

b.vjst.vn




