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Anh hwong cia hé so dan nhiét ting mong va nén dwong toi nhiét do
lop bé tong nhua trén dwong 0 to khu vue Pong bang Bac Bo
Nguyén Manh Hung"

Truong Pai hoc Giao thong Van tai, Phan hiéu tai TP H6 Chi Minh,

450-451 Lé Van Viét, phuong Tang Nhon Phii A, TP Thu Purc, TP Hé Chi Minh, Viét Nam
Ngay nhan bai 26/4/2023; ngay chuyén phan bién 28/4/2023; ngay nhén phan bién 19/5/2023; ngay chp nhén dang 22/5/2023

Tém tit:

Sir dung mé hinh du bio truwong nhiét d9 40 dwong bé tong nhya trén dwong 6 t6 khu vie Pong bing Bic Bj (trong
do6, gia thiét ting méng va nén dwong 1a mét 16p vat lidu twong dwong cé chiéu day ban vé han, goi chung 1a 16p
moéng), tic gia di nghién ciru anh hwéng cia hé s6 din nhiét cia 16p moéng t6i truong nhiét do 16p bé tong nhura.
Két qua cho thiy, nhiét d 16n nhat 16p bé tong nhwa khong chiu dnh hwéng ciia hé s6 din nhiét 16p méng. Nhiét do
mit dwéi 16p bé tong nhua 16m nhit cé thé giam téi 5,41°C (11,04%) khi h¢ s6 din nhiét 16p méng ting tir 0,8 1én téi
2,0 W/(m.K). Nhiét d§ trung binh 16p bé tong nhya 16m nhét giam khi hé sé din nhiét 16p méng ting, mirc dd giam
¢6 lién quan dén bé day 16p bé tong nhua, khi 16p bé téng nhua 6 chiéu day 7 cm thi mire dd giam 1a 16n nhét, dat
3,59°C (5,69%). Trong truwdong hop 16p mong cé hé s6 din nhiét 2,0 W/(m.K) thi nhiét d¢ trung binh 16p bé téng nhua
16m nhét c6 thé giam t6i 10°C bing cach sir dung 16p bé tong nhya cé bé day 18 cm.

Tir khéa: bé tong nhya, Pong bing Bic B, hé sé din nhiét, 16p méng, nén dwong, truong nhiét do.

Chi sé phén logi: 1.3, 2.1

Impact of thermal conductivity of base layers and subgrade on temperature

distribution in asphalt pavement on highways in Northern delta
Manh Hung Nguyen”

University of Transport and Communications, Campus in Ho Chi Minh City,
450-451 Le Van Viet Street, Tang Nhon Phu A Ward, Thu Duc City, Ho Chi Minh City, Vietham

Received 26 April 2023; revised 19 May 2023; accepted 22 May 2023
Abstract:

By using the model to predict the temperature distribution of asphalt pavement on highways in the Northern delta
region, which has been built by the author in which the base layer and subgrade are assumed to be an equivalent
layer of material with the semi-infinite thickness, known as the base layer, the impact of the thermal conductivity
coefficient (TCC) of the foundation layer on the asphalt concrete layer (AC) temperature distribution is included in
the study. The results show that the maximum temperature of the AC layer is not affected by the TCC of the base
layer. The maximum temperature at the bottom of the AC layer can be reduced by 5.41°C (11.04%) when the base
layer TCC increases from 0.8 to 2.0 W/(m.K). The maximum average temperature of the AC layer decreases when
the base layer TCC increases, the degree of reduction is related to the thickness of the AC; when the AC layer is 7
cm thick, the reduction is the largest, reaching 3.59°C (5.69%). In the case of the base layer, TCC is 2.0 W/(m.K),
and the maximum average temperature of the AC layer can be reduced by about 10°C by using an AC layer with a
thickness of 18 cm.

Keywords: asphalt pavement, base layers, Northern delta, subgrade, temperature distribution, thermal conductivity.
Classification numbers: 1.3, 2.1
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1. Dt van de

Viéc nghién ciru anh huong cua cac thong sé nhiét vt 1y noi
riéng ciing nhu viéc nghién ciru tim ra giai phap cho cac van dé
lién quan dén nhiét noi chung nhim dua ra cac khuyen céo cho
viéc thiét ké, thi cong, khai thac, bao dudng a0 duong mém trén
duong 6 t0 (sau day goi 1a 16p bé tong nhya mat duong) hién dang
duoc nhiéu nha khoa hoc quan tim nghién ctru [1-10]. Theo tim
hiéu cua tac gia, hién chua ¢6 cong trinh nghién ctru nao dé cap
dén anh huong ciia hé s6 dan nhiét tang mong va nén duong dén
truong nhiét do 16p bé tong nhua trén duong 6 to thudc khu vuc
Pdng bang Bic B9, noi ¢6 mat do duong 6 to twong dbi 1on.

Theo tai liéu nghién ciru tong quan vé cac giai phap giam nhiét
do mat duong bé tong nhya cong b6 nam 2023, cac gidi phap 6
thé duogc thuc hién bang cach dua vao céc vat heu va cau triic moi
[6]. Céc giai phap nay ¢6 thé dugc phan chia thanh 3 nhom: ngin
nhiét xam nhap vao mat duong, hép thu nhiét bén trong mat duong
va gidi phong nhi¢t bén trong mat duong [6]. Nhu vay, huong
nghién ctru trong bai bao nay thudc vé nhom thir 3.

2. Déi tuong va phuong phap nghién ciiu
2.1. Poi tirong

Truong nhi¢t d§ 16p bé tong nhya trén duong 6 t6 khu vuc
Pong bang Bic B 1a khu vie ma tac gia di xdy dung diéu kién
bién cho bai toan truyén nhiét chung cho ca ving dua trén dit lidu
diéu kién tu nhién vé khi hau [11] va tiép d6 1a mé hinh du béo
truong nhiét do qua cac 16p mat dudng co kiém chimg bing thuc
nghiém [12], trong d6 16p bé tong nhya co hé s6 hip thu bé mit
0,9, bé day tir 7 dén 18 cm, hé s dan nhiét tir 1,6 dén 2,0 W/(m.K),
twong tmg véi cac loai bé tong nhura phd bién va truong hop dac
biét dat t6i 3,4 W/(m.K) [7]. Nhu d néu trén, nén duong va tang
mong [10] duoc xem nhu 1a mot 16p, goi 1a 16p méng co bé day
ban vo han, h¢ s6 dan nhiét tir 0,8 dén 2,0 W/(m.K) [7-9]. H¢ so
dan nhiét do (hodc hé sb khuéch tan nhiét do) a cia 16p bé tong
nhua va 16p méng dugc coi 1a khong doi va co gid tri lan luot 1a
0,639.10° m%s, 0,847.10- m%s [7-9].

2.2. Phuwong phap nghién ciru

Phuong phap nghién ctru duge st dung 1a phuong phép nghién
cuu ly thuyét trén co s6 sir dung céc két qua nghién ciru cua chinh
tac gia [11]. Theo d6, md hinh todn hoc mé ta bai toan truyén nhiét
qua cac 16p mat duong 6 t6 khu vie Dong bang Bac Bo cling céc
gia thiét di duoc xdy dung. Trong do, 16p bé tong nhya 14 16p thir
nhat, nén dudng va ting mong twong duwong mot 16p (hinh 1) va la
16p con lai co chiéu day ban vo han. Nghiém gidi tich cia m6 hinh
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Hinh 1. Cac I&p mat dwong 6 t6 [10].
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toan hoc thu dugc nho phép bién doi Laplace. Tur do, tic gia da dé
xgﬁt mo hinh rit gon du bdo truong nhi¢t do 16p bé tong nhua va
doi sanh vai cac két qua thuc nghi¢m.

Mo hinh dy béo truong nhiét do cho khu vire Pdng bing Bic Bo
duoc st dung o day la:

Lexp Rl @ exp(lLH IJ
< oo\ b JHTUH K

el(“):Iﬂ(f'f*)-ZY'-El'
0 i

drt+ (mx+n) (1)
21L+x Wt

fot

trong d6: t: 1 bién s tich phan; H: tham sb x4c dinh theo (2); x:
toa do theo chiéu sdu mt duong, m (hinh 1); T: thoi gian, gidy; a -
a,: h¢ s dan nhiét do cua cac 16p vat liéu, m¥s; 0 [(x,t): nhiét do
trong 16p 1,°C; L: bé day 16p vat liéu thir nhit, m; kl, A he s dan
nhiét cac 10p vat ligu; a,: h¢ 50 trao dbi nhiét tuong duong tai bé
mat trén 16p vat li¢u tha nhat W/(m2 K); f,(1): ham diéu kién bién
da x4c dinh [12]; F(x,0): ham diéu kién ban dau, F(x,0)=m.x+n
voi m=0,0238 va n=29,714 [12];

k=Pl 1K 2)

va
- \/; L, Qo 1+k

’ 2o -
3. Ket qua va ban luan

af

3.1. Trwong nhiét dj trong I6p bé tong nhua

Hinh 2 la sy thay d6i nhiét do theo thoi gian trong ngay tai cac
diém trong 16p bé tong nhya day 18 cm, bao gdm tai bé mit (tirc
ung voi x=0), tai vi tri c6 do sau 2 cm, 9 cm - diém gilta va mat
dudi 16p bé tong nha c6 do sau 18 cm. Hé s6 dan nhiét 1op bé tong
nhya la 1,6 W/(m.K) va 16p mong 1a 1,2 W/(m.K).

Vé co ban, phan bd nhiét do tai cac diém trong 16p bé tong
nhya theo thoi gian trong ngdy ¢4 dang hinh sin. Quy luat nay da
duoc thé hién trong nhiéu cong bé vé trudng nhiét do trong 16p bé
tong nhya cua céc tac gia trén thé gidi va Viét Nam. Nhiét d cac

Nhiét o, °C T T T T T T T T T

60

BI[0,(+-3y3600] g4
81[0.02, (t-5)-3600]
81009, (+-5)-3600]
810018, (1-5)3600] 40

T Thoi gian trong ngay, gic'

Hinh 2. Sw thay ddi nhiét do theo thoi gian trong ngay tai cac
diém trong I&p bé tong nhwa day 18 cm. Hé sb dan nhiét cia lop
bé tong nhwa la 1,6 W/(m.K) va cta I&p mong la 1,2 W/(m.K); v&i
01[0,(z-5).3600] la nhiét d6 mat trén, 61[0.02,(x-5).3600] la nhiét do
diém cach bé méat 20 mm, 01[0.09,(z-5).3600] la nhiét do diém gitra va
01[0.18,(t-5).3600] la nhiét d6 mat dwdi I16p bé tong nhua.
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diém trong 16p bé tong nhya tang nhanh chong theo thoi gian trong
ngay sau khi c6 anh ning mat troi sau 6 gio sang. Nhidt do bé mat
trén dat cuc dai (60,08°C) vao 13 gio 45 phut. Nhiét do diém c6 do
sau 20 mm dat cyc dai (56,51°C) vao 14 gio 20 phut. Nhi¢t do mat
dudi ciia 16p bé tong nhya (mg voi bé day L=0,18 m) dat cuc dai
41,88°C vao luc 18 gio 33 phat.

3.2. Anh hwéng ciia hé s6 dén nhiét I6p méng dén nhiét dj
lon nhat trong lop bé tong nhwa

Két qua xac dinh nhiét d6 16n nhat trong 16p bé tong nhua tng
v6i céc truong hop bé day va hé sb din nhiét 16p bé tong nhwa, hé
s6 dan nhiét 1op mong dugc thé hién trong bang 1. Két qua cho thay,
nhiét d9 16n nhat chinh 14 nhiét d¢ tai mét trén (x=0). Truong hop hé
s dan nhiét 16p bé tong nhya nhu nhau thi tri s nhiét do 1on nhat
1a nhu nhau. Nhu vy, c6 thé xem nhu nhiét do Ion nhét trong 16p
bé tong nhya khong chiu anh hudng cua hé s dan nhiét 16p mong.
Thoi diém dat nhiét d 16n nhat nam trong khoang tir 13 dén 14 gio
trong ngdy. Két qua bang 1 ciing cho thdy, trong pham vi nghién ctru
ciia bai bao, nhiét do 16n nhét trong 16p bé tong nhyra phy thude vao
hé s6 dan nhiét ciia chinh 16p bé tong nhua.

Bang 1. Nhiét do I&n nhét trong 1&p bé tdng nhwa va thei diém dat
dworc trong ngdy (rng véi cac trwong hop bé day, hé sé dan nhiét
I&p bé tong nhwa va I&p méng.

T Bédaylép  Hesodinnhiet  Hésb din Nhigtdjlém  Thoi diém dat
tr bé tong nhwa  bé tong nhura nhiét I6p mong  nhét 16p bé dugc trong
: (cm) (W/m.K) (W/m.K) tong nhua ("C)  ngay (gio)
1 2,0 56,40 13,90
2 1,6 56,40 13,90

2,0
3 1,2 56,40 13,90
4 0.8 56,40 13,90
18,12,7
5 2,0 60,08 13,76
6 " 1,6 60,08 13,76
7 ' 1.2 60,08 13,76
8 08 60,08 13,76

3.3. Anh hwéng ciia hé so dén nhiét I6p méng dén nhiét dj
mdt duwdi lop bé tong nhwa lon nhat

Két qua xac dinh nhiét d6 mat dudi 16p bé tong nhya 1n nhat
0, .. va thoi diém dat dugc trong ngay tmg voi cc truong hop be

day va hé s din nhiét 16p bé tong nhya, 16p méng duoc thé hién
0 bang 2.

Két qua cho thiy, khi hé s6 din nhiét ciia 16p mong ting tir 0,8
1én 2,0 W/(m.K) thi 6 giam, cuy thé:

L,max

- V6i 16p bé tong nhua co chiéu day 7 cm, 0, . gldm 5,28°C
(9,78%) khi h¢ s6 dan nhiét cta bé tong nhya la 1,6 W/(m.K), tuwong
{mg gidm 4,13°C (7,96%) khi hé¢ s6 din nhiét ciia bé tong nhua 1
2,0 W/(m.K).

- V6i 16p be tong nhya 6 chiéu day 12 cm, 0, . gidm 5,41°C
(11,04%) khi hé so6 dan nhiét cua bé tong nhya la 1,6 W/(m.K),
tyong tmg giam 4,43°C (9,29%) khi hé sb dan nhiét cia bé tong
nhya 13 2,0 W/(m.K).

JHOAHOC -

Bang 2. Nhiét do mat dwéi Iop bé tong nhwa I&n nhat va thoi diém
dat dwoc trong ngay.

T Bf”e d}ly 16p }{é S.é dAn nhiét Héfé qﬁn ' l\{hiétAdQ mit dudi  Thoi diém dat
tr bé tong nhya  bé tong nhwa  nhiét l6p méng  16p bé Fong nhya  duge trong
’ (cm) (W/m.K) (Wm.K) lénnhat6,  (C) ngay (gi0)

1 2,0 39,25 18,76

2 20 1,6 40,20 18,73

3 ’ 1,2 41,36 18,70

4 i8 08 42,80 18,66

5 2,0 39,41 18,61

6 1,6 40,50 18,59

7 L§ 1,2 41,88 18,56

8 08 43,65 18,53

9 2,0 4322 17,08

10 20 1,6 4443 17,02

11 ’ 1,2 45,89 16,97

12 0 08 47,65 16,85

13 2,0 43,59 16,99

14 e 1,6 45,02 16,93

15 ’ 12 46,78 16,85

16 08 49,00 16,75

17 2,0 4775 15,70

18 20 1,6 48,95 15,59

19 ’ 1,2 50,32 15,47

20 o 0.8 51,88 15,33

21 2,0 48,69 15,67

22 06 1,6 50,18 15,55

23 ’ 1,2 51,92 1542

24 08 53,97 15,26

- V6i 16p bé tong nhya cd chiéu day 18 cm, 6, gidm 4,24°C
(9,71%) khi hé sb dan nhiét ciia bé tong nhya 1 1,6 W/(m.K), twong
{mg gidm 3,55°C (8,29%) khi hé s6 dan nhiét ciia bé tong nhua 1a
2,0 W/(mX).

Vé thoi diém, khi ting hé s dan nhiét 1op mong thi thoi diém
dat duoc GL’max tré hon.

3.4. Anh hwong ciia h¢ s6 din nhigt lép méng t6i nhiét dp
trung binh trong lop bé tong nhwa

Nhiét d§ trung binh cua 16p bé tong nhua dugc xac dinh theo
phuong phap nhu sau: chia 16p bé tong nhya thanh céc 16p c6 bé
day 1 mm, dng thoi coi nhiét do cua tat ca cac diém trong timg 16p
d6 1a nhu nhau. Nhiét d§ trung binh ctia 16p bé tong nhya 1a gia tri
trung binh nhiét do tit ca cac 16p:

$70,(0,014,7)

o= H D Q9
trong d6, 0,(0,01.,7) 1a nhiét do ciia 16p thir i, cling dong thoi 1a
nhiét do trong 16p bé tong nhya ¢ do sau 0,01.i mm; n 12 s6 16p bé
tong nhya day 1 mm (n=L/0,01).

Hinh 3 thé hién sy bién thién nhiét d¢ trung binh trong ngay cta
16p bé tong nhya tmg v6i chidu day 18 cm, hé s dan nhiét ciia 16p bé
tong nhya va 16p mong déu bang 2,0 W/(m.K). Nhiét do trung binh
16n nhat trong ngay la 47,16°C, dat dugc vao lic 15 gio 47 phut.
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Nhiét do, °C

81tb_182020[ (1-5)-3600]
81[0.(1—5)-3600]

01[0.18, (1—5)-3600] 40

30

1
20

Thoi gian trong ngay, gio'
Hinh 3. Sy thay ddi nhiét do trung binh trong ngay clia I&p bé tong
nhwa day 18 cm, hé sb dan nhiét cta I&p bé tong nhwa va Iép méng 1a
2,0 W/(m.K). 61]0.0,(-5).3600] Ia nhiét do bé mét trén, 61]0.18,(x-5).3600] &
nhiét @6 bé mat dwai va 01tb_182020[(t-5).3600] Ia nhiét d9 trung binh I6p bé
tong nhua.

Hinh 4 thé hién su bién thién nhiét do trung binh trong
ngdy cia 16p bé tong nhya day 18 cm, hé s dan nhiét 1,6 W/
(m.K), hé s6 dan nhiét cua 16p mong thay doi tir 0,8 dén 2.0
W/(m.K). C6 thé nhan thiy, khi hé sé dan nhiét 16p mong
tang thi nhiét do trung binh 16p bé tong nhya giam.

Bang 3 1a két qua xac dinh gia tri nhiét do 16n nhét trong
ngay cua bién thién nhiét do trung binh 16p bé tong nhua
0 ung voi cac truong hop hé so dan nhiét cua bé tong

tb,max

Bang 3. Nhiét dd trung binh I&n nhét trong 1&p bé tdng nhwa 6

tb,max
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Nhiét d6, °C

1tb_181608[(1—5)-3600]
B1tb_181612[(x~5)-3600]
oltb_181616[(x~5)-3600]

B1tb_181620[(t5)-3600] !

1
20
Thoi gian trong ngay, gio’

Hinh 4. Sy thay déi nhiét do trung binh trong ngay cla Iép bé tong
nhwa day 18 cm, hé sé dan nhiét 1,6 W/((m.K), hé sé dan nhiét cua
I6p méng thay dbi tir 0,8 dén 2,0 Wi(m.K). 01tb_181608[(x-5).3600],
01tb_181612](t-5).3600], 61tb_181616[(1-5).3600] va 61tb_181620[(t-5).3600]
Ian lwot 14 nhiét do trung binh trong 16p bé téng nhwa tng véi cac trudng hop
hé s6 dan nhiét clia I6p mong 1an lwot 14 0,8, 1,2, 1,6 va 2,0 W/(m.K).

nhya va 16p mong thay doi tir 0,8 1én dén 2,0 W/(m.K). Két
qua bang 3 cho thiy, hé sb dan nhiét cua 16p mong ting
thi 9 glam Khi chiéu day 16p bé tong nhya 1a 18 cm,
hé so dan nhiét 1a 2,0 W/(m K), mtrc giam 0 chi ¢ gid
tri 1,42°C (2,92%). Khi chiéu day 16p bé tong nhya 1a 12
cm, hé s6 dan nhiét 1a 1,6 W/(m.K), mirc giam 0 4.mex dat
2,97°C (5,26%). Khi chiéu day 16p bé tong nhwa 1a 7 cm,

va thoi diém dat dwoc trong ngay.

s oo HEsddinnhigt  HEsb din Nhigt d9 trung binh I¢n nhét 0,
) Bé day lop bé tong : e e U PRy . PV P
Thi tw nhyra (cm) bé tong nhura nhiét 16p méng Gid ri (°C) Thoi diem dat dwge ~ Chénh léch nhiét dj giiva 2 trwong hop hé so dan Ty I¢ giam tuwong
’ (W/m.K) (Wm.K) : trong ngay (gio) nhit Iép méng i 0,8 va 2,0 (W/m.K) (C) ing (%)
1 2,0 47,16 15,78
2 1,6 47,53 15,86
2,0 1,42 2,92
3 12 47,99 15,95
4 - 0,8 48,58 16,06
5 2,0 48,87 15,55
6 1,6 49,28 15,63
1,6 1,66 328
7 12 49,82 15,73
8 0,8 50,53 15,85
9 2,0 51,58 15,32
10 1,6 52,24 15,37
2,0 2,48 4,59
11 1,2 53,05 15,43
12 o 0,8 54,06 15,48
13 2,0 53,45 15,12
14 1,6 54,22 15,18
1,6 2,97 5,26
15 1,2 55,18 15,24
16 0,8 56,42 15,22
17 2,0 5731 14,82
18 1,6 58,12 14,81
2,0 2,28 4,69
19 1,2 59,05 14,79
20 i 0,8 60,13 14,75
21 2,0 59,55 14,68
22 L6 60,56 14,67
1,6 3,59 5,69
23 1,2 61,74 14,66
24 0,8 63,14 14,63
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hé s6 dan nhiét 1a 1,6 W/(m.K), murc giam 0, dat 3,59°C
(5,69%), do giam theo ty 1é ting hé s din nhlet 13 ,59/(2,0-
0,8)=2,99°C/(W/(m.K)).

Vé thoi dlem dat dugc 6, . co thé thay thoi dlem pho
bién déu xuét hién xung quanh moc 15 glor Tri s6 hé s6 dan
nhiét 16p méng anh huong khong nhiéu dén thoi diém nay,
nhat 13 khi bé day 16p bé tong nhya nho.

Trong truong lép moéng c6 hé sé dan nhiét 2,0 W/(m. K)
thi6, —co thé giam toi khoang 10°C bang cach ting chiéu
day lop bé tong nhya. Cu thé:

- Khi h¢ s6 dan nhiét 16p bé tong nhya 1a 1,6 W/(m.K) va
tang chiéu day 16p bé tong nhya tir 7 1én 18 cm thi 6 giam
tir 59,55 xudng con 48,87°C, tirc giam dugc 10,68°C (17,93%);

- Khi h¢ s6 dan nhiét 16p bé tong nhya 1a 2,0 W/(m.K) va
tang chiéu day 16p be tong nhya tir 7 1én 18 cm thi 6, giam
tir 57,31 xubng con 47,16°C, tic giam dwoc 10,15°C (17,71%).

Nhu vay, nén st dung vat liéu mong co hé¢ sb dan nhiét
16n két hop véi bé day 16p bé tong nhya 16n trong pham vi
cho phép dé c6 thé giam duoc nhiét d6 trung binh max 16p
bé téng nhya nhiéu hon.

3.5. Trwong hop hé so din nhiét I6p bé tong nhua va I6p méng
dat ngudong trén trong pham vi vt ligu hién cé dang sir dung

Theo L. Sun (2016) [7], hé s6 dan nhiét cta 16p bé tong nhua
¢ thé dat toi 3,5 W/(m.K) trong mot s trudng hop theo yéu cau
thiét ké. Trong phan nay, sé tién hanh xac dinh dic diém truong
nhi¢t do voi truong hop hé s6 dan nhiét 16p mong dat ngudng
trén 1a 2,0 W/(m.K) cing v6i bé day 16p bé tong nhya 18 cm, 1a
truong hop c6 thé nhiét do thap nhat trong pham vi bé day 16p bé
tong nhuya theo két qua da xéc dinh ¢ cac phan trén.

Véi truong hop 16p bé tong nhya c6 thong s6 bé day 18
cm, hé so dan nhiét 3,4 W/(m.K) - tlem can voi gia tri max
ctia hé s6 dan nhiét néu trén, hé sé din nhiét 16p mong 1a
2,0 W/(m.K), thi nhiét d6 16p bé tong nhya 16n nhét chi 1a
48,4°C vao luc 14,02 gio; nhi¢t 6 mat dudi 16p bé tong nhua
16n nhét 14 38,04°C vao ltc 19,08 gid; gid tri O 1 12 43,11°C
vao lac 16,27 gio. Trong khi d6, cac gia tri nhiét do tuong
mg véi truong hop hé sb dan nhiét bé téng nhya va 16p
moéng déu bang 2,0 W/(m.K) 1an luot 1a 56,40°C, 39,25°C,
47,16°C. Ty 1€ giam tuwong ung gilra cac gia tri nhiét do trong
2 truong hop la:

- Nhiét do 16n nhét: 14,18%.
- Nhiét 6 mat dudi 16p bé tong nhya 16n nhat: 3,08%.
- Nhiét d¢ trung binh 16p bé tong nhya 16n nhét: 8,58%.
iy 1 goi § khd t6t cho viéc tim kiém, sir dung céc vat lidu
c6 thong so nhiét vat Iy moi trong thiét ké do duong meém.
4. Két luan

Heé s6 dan nhiét 16p mong xem nhu khong anh huong t6i
nhiét do 16n nhat trong 16p bé tong nhya. Nhin chung, khi
hé s0 dan nhiét cia l6p mong tang thi nhiét d mat dudi va
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nhiét d§ trung binh I6n nhét 16p bé tong nhya gidm. Nhiét do
mit dudi 16p bé tong nhwa 16n nhat ¢ thé giam t6i 5,41°C
(11,04%) khi hé sb dan nhiét 16p mong tang tir 0,8 1én téi 2,0
W/(m.K). Nhiét d6 trung binh 16p bé tong nhuyra 16n nhat giam
khi hé sb dan nhiét 16p mong ting, mirc do giam co lién quan
dén bé day 16p bé tong nhwa, khi 16p bé tong nhya c6 chiéu
day 7 cm thi mirc d6 giam la 16n nhét, dat 3,59°C (5,69%).
Khi két hop ting hé sé dan nhiét 16p mong véi viée ting bé
day 16p bé tong nhya tir 7 1én 18 cm thi nhiét do trung binh
16n nhét 16p bé tong nhya c6 thé giam t6i khoang hon 10°C.

Trudng hop st dung bé tong nhya day 18 cm ¢6 hé sé dan
nhiét dat toi 3,4 W/(m.K) két hop v6i 16p mong c6 hé sé din
nhiét 2,0 W/(m.K) thi nhiét d¢ trung binh 16p bé tong nhya 16n
nhat c6 thé giam t6i 8,58% so véi truong hop hé sd dan nhiét
16p bé tong nhya 1a 2,0 W/(m.K) va dat t6i trj s6 twong doi thap
43,11°C. Day la nhig goi ¥ nhat dinh cho viéc nghién ciru, st
dung vat liéu c6 thong s6 nhiét vat ly méi cho cac van de vé
nhiét trong 40 duong mém trén dudng 6 t6.
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Xac dinh diém hoi tu cua chum laser vai do chinh xac cao
bang xir ly anh tao béi ma tran vi thau kinh

Nguyén Pirc Dwong" 2, Thai Vii Yén Nhi2, Tao Ping Khoa?, Nguyén Thi Phwong Anh?, Nguyén Thj Kim Ciic?, Cao Xuén Binh**
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Tom tit:

Gia cong vat liéu khong tlep xuc bang laser da dugc 1rng dung nhleu trong thuc té. DAy la ky thuit hi tu nang luwgng
anh sang cong suét cao vao mot dién tich nhé trén bé mat chi tiét hay con dugc goi 1a Pphuong phap gia cong cit
laser, han laser hoac quét bé mat. Mot trong nhirng muc tiéu chlnh cua viéc xac dinh diém hoi tu do 1a hé thong co
thé phat hién nhanh va chinh xac diém hoi tu trén bé mat chi tiét gia cong. bé nang cao d¢ chinh xac va hiéu qua ciia
vigc phat hi¢n diém hdi tu trong gia cong laser, nghién ciru nay mé phéng hé phat hi¢n diém hdi tu chum tia laser
bﬁng cach sir dung ma tran vi thau kinh. Nghién ctru sir dung quang hinh hoc dé Khao sat anh huwéng ciia ma tran vi
thiu Kinh téi vi tri diém hdi ty, sau d6 dung phwong phap xir ly anh kiém tra lai bang mo phéng trong OpticStudio.
Phat hién cua chung t6i cho thay, do chinh xac vi tri diém hoi tu ctia chum tia laser dwa trén ma tran vi thiu kinh
kha cao, véi sai s6 2,9% so véi tinh toan Iy thuyét. Pong thoi, mé hinh md phéng 1a mt tham khao c6 gia tri dé tinh
chinh cac thong s6 ciia hé quang hoc trong cac ing dung cin do chinh xac vi tri tiéu cu.

Tir khéa: diém hdi tu laser, ma tran vi thiu kinh, tim diém hgi tu.
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High-precision detection of laser focal position based on image
processing forming by microlens array
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Abstract:

Many practical uses have been proven by purposely controlling light propagation to achieve adequate non-contact
effects on materials. Delivering high-power light into a small region on the materials’ surfaces, known as light
focusing, allows us to perform several processing methods, such as laser cutting, welding, or scanning. One of the
major goals in laser focusing includes the ability of the system to attain fast and precise focusing on the target surface.
To enhance the precision and efficiency of focal point detection in laser processing, a simulation study of laser beam
focusing with the use of a microlens array is presented. The effects of the microlens array on laser beam focusing
are examined by applying geometrical optics to calculations and then verified by image processing simulated data in
OpticStudio. Our findings show that microlens array-based laser beam focusing increases laser system performance
significantly with a simulated result of up to 2.9% different from the calculations, and that simulation modelling can
be a valuable tool for refining optical models in laser focusing.

Keywords: focal point detection, laser focus, microlens array.

Classification numbers: 1.3, 2.3, 2.11
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1. Dat van de

Nganh k¥ thuat quang - co hién nay dang danh sy quan
tam 16n cho viéc phat trién cac phuong phap tim diém hoi
tu tw dong trong gia cong vat liéu bang laser. Xac dinh dugc
vi tri hoi tu v6i sai s6 nho 13 yéu té mau chét dé dat dén do
chinh x4c cao trong cac qua trinh gia cong. Ma tran vi théu
kinh 12 mot quang cu da nang c6 nhiéu Gng dung, nhu: ding
trong tao hinh chum tia laser, thong tin vién thong, tich hop
trong cac cam bién va do dac mat song, vi du nhu trong
qua trinh do Shack-Hartmann [1]; dung trong cai thién chat
luong hinh d4nh nh¢ kha nang khir quang sai anh sang don
sdc va tang thi gidi cua hé quang hoc. Trong tao anh 3D, ma
tran vi thdu kinh ting hiéu sudt 4nh sang phat ra tir cac thiét
bi nhu cac tdm nén diode phat sang hitu co (OLED) hay
tdm pin mat troi [2]. Cong nghé nay ciing duge chu ¥ toi
boi tiém ning trong do dac ban kinh ciia cic mit phi cau [3]
va h¢ quét [4]. Tuy nhién, hién nay lai chua cé cong trinh
nghién ctru ndo vé cac hé tu dong xac dinh diém hoi tu co st
dung cac tinh chit dic biét cia quang cu nay.

Trong 2 thap ky qua, nhidu phuong phap tim diém hoi
tu ty dong da va dang dugc phat trién nhung thuong gip
phai cac van dé lién quan dén do chinh xac va hiéu suét lam
viéc. Trong gia cong c6 st dung laser, diém hoi ty 13 vi tri
trén bé mat phoi ma tia laser c6 thé dat duong kinh nho nhat
v6i nang luong cuc dai. N6 dam bao cho do chinh xac cao
nhét khi gia cong. Khi xét mot hé gia cong laser bat ky, mot
phuong phap tim diém hoi tu s& dugc danh gia thong qua
hai tiéu chi: d¢ chinh xac va toc d nhan dién diém héi tu.
Nhiéu giai phap dugc dua ra di tiép can viéc ty dong hoi tu
bzing cach loi dung céc tin hi¢u cua
qua trinh gia cong, vi dy nhu tin hiéu
quang hoc [5-10], tin hiéu am hoc
[11, 12]. Cac phuong phap nay da
dugc ung dung trong mot s6 phuong
phap gia cong va do luong cua cac 7

trong thoi gian ngan nhung lai thiéu tinh chinh xac [13-15].
Nhimng hé cho két qua chinh xac hon lai thuong yéu cau
thiét 1ap phtic tap hodc ton nhiéu thoi gian hon dé cho ra két
qua [16, 18]. H¢ thong duoc xdy dung trong bai bio nay chi
su dung mot ma tran vi thau kinh duy nhét dé xac dinh diém
hoi tu. Vi thé, quang sai cia hé dugc giam xudng mirc rat
nho va ¢ thé chu dong loai bo théng qua tinh toan. Do kich
thudc nho ciia timg mat thau kinh, hé ciing rat nhay khi phat
hién sy thay doi ctia bé mit phoi gia cong.

Nghién ciru nay dua ra mé hinh 1y thuyét va tinh toan
can thiét dé tién hanh xdy dung hé quang. Cing véi do,
nhom nghién ctu tién hanh thi nghiém trén phan mém
OpticStudio dé thu thap dir liéu, so sanh va xac nhan mo
hinh 1y thuyét. Bai bao ciing dua ra nhan xét va ban luan vé
két qua thu duoc.

2. Phan tich Iy thuyét

Phan nay trinh bay so d6 ciia h¢ quang duoc thiét ké cho
viéc phat hién d¢ léch diém hoi tu so v6i bé mit gia cong -
goi la A. Chum tia laser tu nguén di qua guong ban ma (BS)
t6i thau kinh L, va héi ty tai bé mat phdi (S). Bé miat phoi
duoc xem nhu guong phing phan xa lai, chim tia phan xa
qual, lan thir 2, qua guong ban ma t¢i ma tran vi thdu kinh
L, tao thanh anh trén cam bién hinh anh (IS) (hinh 1). Hé
quang diéu chinh ban dau sao cho chiim tia 14 song song khi
di toi L,, tao thanh mdt ma trdn cac diém cham trén IS (tuc
la IS duoc dat tai ti€u dién cua L,). Dya vao sy thay doi vi
tri ctia cac diém cham trén IS dé c6 thé tinh ra d6 léch cta S
so voi diém hoi tu F -

L

B85

linh vyc c6 sit dung chum tia laser
[13-18], dac biét la cac linh vuc quan
trong nhu ché tao mach in, khoan,
cét va kiém tra vi cdu tric cép nano.
Viée chu y t61 nhiing hé quang tim |

Ngudn laser

MaF phang ohdi
phis sau diém héi fu

diém hoi tu tu dong da dan toi phat
trién nhiéu hé thong tim diém hdi tu
tién tién trong nghién ctru chuyén

sau. Nhitng hé nay, bang nhiéu cach
khéc nhau, tdn dung nhiéu dang tin P

hiéu, da gop phan gitp cac qua trinh
gia cong laser chinh x4c va hi¢u qua
hon. Tuy nhién, cac phuong phap da !
dé cap o trén déu c6 han ché, d6 1a ! |
van dé vé can bang gitta do chinh j
x4c va hiéu suit. Vi cac hé co ciu P
tao don gian, ching cho ra két qua
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Ma frén cac diém cham
trén cém bién dnh IS

Hinh 1. So db ctia hé quang dwoc dé xuat va cau hinh ctia ma tran vi thau kinh dwoc str dung.
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S

Hinh 2. Nguyén tic hoat dong ctia hé quang.

Dé tién cho cac tinh toan, hinh 2 mé ta nguyén Iy hoat
dong cua hé quang va cac ky hiéu toan hoc. Ngudn laser
chiéu tir phai sang trai voi duong kinh 1a d.

Do bé mit S duoc coi 1a mot guong phing phan xa hoan
toan énl} sang chiéu téi nén PS=F 5. Khoang céach tir diém
P t6i thau kinh L, 1a s, dugc tinh bang cong thirc sau:

si=20-f; (1)

Theo quy wéc du, tiéu cy clia thdu k‘inh hoi tu L, duong
(f,>0) trong khi khoang céch s, tinh vé phia b§n tréj nén
5,<0, goc o phia trén truc quang nguge kim dong ho nén
a>0.

tan o d 2)

2fy
O day, tiéu cu thau kinh L, 13 f;; A 1a khoang 1éch khoi
diém hoi tu so voi S (voi A=0 1a hoi tu chinh xac trén bé mat,
A<0 12 hdi tu phia trude bé miat phdi, A>0 13 hoi tu phia sau
bé mit phoi).

Ap dung cong thirc Gauss [19] cho thau kinh L:

1 1 1 sif1
=—+—=—s5,= -1 3)
l+s;, s1 f sit+h
v6i s, la khoang cach tur P’ t6i théu kinh L, /la tong khoang
cach tir L toi L,. O day, ta coi nhu 1a thau kinh mong dé
tinh todn boi kich thudc chum laser nho hoat dong & ving
gz‘in truc quang.

Gia tri s, dugc tinh bang cach thé s , tr phuong trinh (1):

_h@A-f)

s, o l (4)
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9

m
Hinh 3. Ma tran vi thau kinh kich thwéc mxn.

Vi thau kinh L, thuc t€ 1a mot cum céc vi thau kinh, vi tri
cua ting thau kinh ¢6 thé dugc ky hiéu dua theo mdt ma tran
c& mxn (hinh 3). Vi tri quang tdm p, cua moi vi thau kinh
duoc xac dinh bang cach sur dung hé toa do cuc:

) :pxj<M_m)2+(m_n>z )
mn 2 2
=]
tang = N+1 (6)
| 2 _”|

voip 1avi tri quang tam cua vi thdu kinh tai hang m; cot
n, p 1a bude vi thau kinh; ¢ 14 toa d6 goc; M va N lan luot
1a s6 hang va sb cot cia ma tran vi thiu kinh (vi du, ¢ hinh
3, M=N=9).

Duong kinh chum laser d, dam bao kich thudc nho hon
thau kinh L, dugc tinh theo quan hé:
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d, = —2.5,.tanf3 7

Mat khac, quan hé ty sb:

tanff s 20— f; 24

tana_l+sz_l+f1(2A—f1)_l A ®)
2A

Thay (2) vao (8) ta tinh dugc:
tan B 2A o d dA
anf =—X-—==—
i 2f fP
Biét s,, tan B va khoang léch khoi diém hoi tu A ta tinh
dugc d,, tir d6 co kich thudce hgp ly cua vi thau kinh L,, dam
bao vét laser ndm hoan toan trén thau kinh L,

)

F ) N
2 P'om ~ \\\ £
Soo M L
\\\\
L S
33 P m

Hinh 4. So d6 tao anh qua vi thau kinh.

Chum tia chuén tryce t6i thdu kinh L, véi géc 1éch p=0 bi
chia tach thanh MxN diém héi tu trén IS, véi khoang cach
gilta hai diém héi tu lién tiép Pg_, = p. Xét mot chum tia
bat ky voi B#0 t6i L,, vi tri hoi tu trén IS ¢6 khoang dich 4, |
so v6i diém Pg_, = p (hinh 4):

S3 f2

- ;pmn - s, +f2 Pmn

iy (10)

Tai p_ =0, 6 quang tdm ban dau cua vi thau kinh, anh
duoc tao ludn ¢b dinh, trong khi vdi cac vi thau kinh cangra
xa vi tri trung tdm, d¢ dich chuyén ctia diém hoi tu cang lon.
Khi f, tang, h_ cling tang, dan dén ting do phan giai trong
qua trinh xac dinh A.

Ap dung cac phép tinh toan twong tu L, choL;
_ Sz f2
s+ 12

Thé phuong trinh (4) va (11) vao phuong trinh (10), thu
duoc A:

(1)

S3

A= fi (12)

2x(fi=fo—1-fmn )

JHOAHOC -

Bing cach tinh khoang cach /, trén vi thdu kinh thér
(mxn) tai IS, ta xac dinh duoc do dich A (su dung phuong
trinh (12)).

< Lo -
3. Ket qua va ban luan

Dé kiém tra m6 hinh 1y thuyét, ta tién hanh mé phong
trén phin mém OpticStudio (hinh 5). Ngudn laser dugc st
dung c6 budc song 635 nm, chum tia ¢c6 d¢ phan ky 0,6
mrad. Ma trén vi thdu kinh L, c6 dang hinh vuéng, kich c&
10x10 mm, tiéu cy f,=14,225 mm, khoang cich quang tim
giita cac vi thau kinh 300 pm. Bang 1 liét ké chi tiét thong
s6 dau vao cua cac quang cu trong hé quang.

BS

Hinh 5. So d6 m6 ta hé quang mé phong tim diém hai tu trén phan
mém OpticStudio. LS: nguén laser; BS: gwong ban ma; L,: vat kinh; L,:
ma tran vi thau kinh; IS: cam bién hinh anh; S: bé mat vat mau.

Bang 1. Cac théng sé dwoc str dung trong qua trinh mé phéng.

A=635 nm
d=4,0 mm
Do phan ky cua chum tia: 0,6 mrad

Ngudn laser

R, =13, mm
R phing

Do day=11,7 mm
Vat li¢u: N-BK7
£=25,436 mm
O=25 mm

Vit kinh (L)

Vat liéu: Thach anh
) Tiéu cu £,: 14,225
Ma trn vi thau kinh (L) K‘;sa:; cich (o) ;Olglum

Kich ¢d: 10x10 mm, dang vudng

1,30 mm (L, t6i BS)

Khoang cach giita cac théu kinh L.
1,=30 mm (L, t6i BS)

Ngudn: Cac théng sé do nhém thwe hién mé phdng dé xuét, phu hop
v&i cac linh vre san cé cla lab.
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(A) (©)
/ 1,0
I —
= £ —
‘ 80
‘ | 40
%Z::
| 18 : : 0
U 24519 147098043 0 049 098 147 196 245 185 48 A0 074 037 0 037 074 111 148 185
(D) (E) (F)
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I_'i 148
= =
074 80
40
074
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148
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(G) (H) U]
185 110
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245 196 147 098049 0 049 098 147 19 245 185 148 00 074 037 0 037 074 111 148 18
Hinh 6. M6 phéng vi tri cac diém cham trén cam bién tai cac vi tri khac cta phéi. (A, B, C) Hoi tu phia trwdc phdi; (D, E, F) Hoi tu
trén bé mat phoi; (G, H, 1) Héi tu phia sau phoi.

Xét vi tri ciia mat phang phoi nam tai tiéu dién cua thau Véi cac thong sb dau vao f,=25,436 mm, £,=14,225 mm,
L, chum tia t6i di qua ma trn vi thdu kinh L, tao thanh 1=1 +1 = 60,000 mm, ap dung phuong trinh (12) cho gia
cac diém chidm cach nhau 0,3 mm (hinh 6D, 6E va 6F). trjA la:

Dich mit phing phéi vé phia L, (A>0), khién chum tia di 646.99

. A . PR A= ’
téi L, phan ky, tao thanh chum tia c6 duong kinh 16n hon d, —97,578 — 28,45 x T
khoang cach gitta cac diém chdm la 0,3+h (hinh 6A, 6B

(13)

Voi I' = Zﬂ 1a hé s6 phong dai, p,,, duoc tinh voi

va 6C). Tuong tu, voi A<0, khoang cach giira cac chim la -

0,3-h, (hinh 6G, 6H va 6]). M=N=29.

&EOH?\IAGHN%CI:_IE 66(8) 8.2024 10
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(A) Bang 2. Toa do va khoang thay déi.
I H,z‘mg Toa db diém chim Toa dd cic diém chim

S0 tai cOt trung tAim ¢ vitri1  tai cot trung tim & vi tri 2
1 (0;4,1704) (0; 4,1528) 0,0176
2 (0; 3,8760) (0; 3,8628) 0,0132
3 (0; 3,5859) (0; 3,5640) 0,0220
4 (0;3,2915) (0;3,2695) 0,0220
5 (0;2,9839) (0;2,9795) 0,0044
6 (0;2,6938) (0;2,6763) 0,0176
7 (052,3994) (0;2,3862) 0,0132
8 (0;2,0918) (0;2,0830) 0,0088
9 (0;1,7974) (0; 1,7930) 0,0044
10 (0; 1,4941) (0; 1,4897) 0,0044
11 (0;1,1997) (0; 1,1865) 0,0132
12 (0;0,8921) (0; 0,8965) -0,0044

(B) 13 (0;0,6021) (0;0,5933) 0,0088
14 (0; 0,2944) (0;0,3032) -0,0088
15 (0;0) (0; 0) 0
16 (0;-0,2944) (0;-0,3032) 0,0088
17 (0;-0,6021) (0;-0,5933) -0,0088
18 (0;-0,8921) (0;-0,8965) 0,0044
19 (0;-1,1997) (0;-1,1865) -0,0132
20 (0; -1,4941) (0;-1,4897) -0,0044
21 (0;-1,8018) (0;-1,7930) -0,0088
22 (0;-2,0918) (0;-2,0830) -0,0088
23 (0;-2,3994) (0;-2,3862) -0,0132
24 (0;-2,6938) (0;-2,6807) -0,0132
25 (0;-2,9839) (0;-2,9795) -0,0044
26 (0;-3,2915) (0;-3,2739) -0,0176
27 (0;-3,5859) (0; -3,5640) -0,0220

Hinh 7. Vi tri cac diém cham v&i A=0 (A) va A=-0,1 (B). 28 (0; -3,8804) (0; -3,8628) -0,0176
29 (0; -4,1704) (0; -4,1528) -0,0176

Dau tién, diéu chinh phdi tring véi mat phang tiéu dién

cua L, (vi trf 1) va chup anh cac diém chdm; sau d6 lai dich ~ DPonvi:mm.
phéi ra xa -0,1 mm (vi tri 2) va ciing chup anh cac diém

cham. Nhu vy, sau hai 1an dich chuyén phéi c6 hai hinh Dya theo quan hé tuyén tinh giita 4 va p (hinh 8), sir dung

inh phan bé cuong @ trén cam bidn tai vi tri 1 va 2 (hinh 7),  PREP 101 quy tuyen tinh dé tim ham quan h¢ gitia A=/{p).

Khong mat tinh tong quat va dé don gian hoa tinh toan, ta h=0,004553p (14)
c6 thé khao sat su thay ddi cac diém chim tai cot trung tam Dé xac nhén lai két qua nay, chon mot gia tri p bét ky, &
0 hai vi tri 1 va 2. Sy thay ddi nay la 4 chinh 1a hi¢u cac toa  day léy p=2,6832 (vi thau kinh tai vi tri ( 11,7)), tinh duoc

do tai hai vi tri va dugc ghi lai trén bang 2. két qua A=-0,1029, sai khac 2,9% so voi md phong.

TAP CHI
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0.015

0.005

-0.005

-0.01

-0.015

Hinh 8. Biéu dé thé hién quan hé tuyén tinh gitra h va p.
4. Két luan

Hé quang duoc trinh bay trong bai bao va két qua mo
phong trén phan mém OpticStudio cho thiy kha ning dinh
vi nhanh diém hoi ty trén bé mat phdi. Két qua thu dugc
chiing minh day la mdt phuong phap dang tin cdy véi kha
nang do chinh xdc, co thé do duogc khoang cach toi bé mat
phoi theo ca hai chiéu. Thong qua md phong, ta c6 thé danh
gia dugc md hinh trudc khi dua vao hé quang thuc trong
phong thi nghiém, v6i sai khac ciia hé mé phong chi 2,9%
so v6i tinh toan 1y thuyét. Hé thong nay da ching minh
dugc do nhay phat hién khi diém hoi tu cua tia laser trén bé
mit phoi thay doi. Pong thoi, qua md phong co thé danh
gia va kiém nghiém mé hinh 1y thuyét truéc khi dwa vao st
dung thuc té.

LO1 CAM ON

Nghién ctru nay dugc tai tro boi Quy Phat tri'én Khoa
hoc va Cong nghé Quoc gia (NAFOSTED), ma s6 103.03-
2020.48. Cac tac gia xin chan thanh cam on.
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Nohién cfu hinh thi A e e vi o hit i vat it ammonium pophosphatedt bao b bi
nha urea-melamin-formaldehyde va kha ning img dung e 40 composie chong chay frén I nha polypropylene
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Tém tiit:

Trong nghién ciru nay, ammonium polyphosphate (APP) dwoc nghién ciru bién tinh bing phwong phap boc véi urea-
melamine-formaldehyde (UMF) va ting dung lam chét don chdng chay cho nhwa polypropylene (PP). APP da dwoc boc
thanh cong béng UMF véi hinh thai thay dbi rd rét tir cac khéi da dién APP 5-10 pm tré thanh cac hat APP-UMF dang
khdi ciu 0,5-1 pm. Vat liéu PP composite sit dung 30% APP-UMF dat mirc V-0 (theo phwong phap UL-94V) va chi so 6xy
téi han (LOI) dat trén 27%, tré thanh vt liéu c6 kha niang tw dap tit lira. Khong nhirng thé, voi sw két hop APP-UMF
(22 5%) va chét tao than dipentaerythritol (DPER, 7 5%), vat liéu PP composite tao thanh c6 chi s6 LOI Ién t6i 34,57%.
Ket qua phan tich nhiét trong lwgng TG-DTG cho thay, vat liéu PP composite sir dung APP-UMF két hop véi DPER ¢o do
bén nhiét tot hon va lwong chét riin con lai 16n hon so voi vat liéu PP composite sir dung APP khong bién tmh Tinh chét
co'ly thé hién qua do bén kéo va dé gian dai khl dirt ciia cac vat liéu comp0s1te ¢6 sir dung chét chong chay déu giam so vai
nhua PP ban dau, diac biét 1a kha nang dan hoi, thé hién qua thong s6 do gian dai khi dit.

Tir khéa: ammonium polyphosphate, composite chéng chay, polypropylene, urea-melamine-formaldehyde.

Chi 56 phan loai: 14,2.4,2.5

Study of the morphology, structure, and properties of ammonium polyphosphate materials encapsulated
by urea-melamine-formaldehyde resin, and the potential for manufacturing fire-resistant polypropylene composites
Thi Nhiem Nguyen', Thi Hai Doan', Thi Nhung Hac!, Mai Ha Hoang"?, Van Tuyen Nguyen"?, Quoc Anh Ngo" 2, Quang Vinh Tran"**
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Abstract:

In this study, ammonium polyphosphate (APP) has been functionalised through encapsulation with urea-melamine-
formaldehyde (UMF) resin, imparting fire-resistant properties to enhance the flame retardancy of polypropylene
(PP) plastic. The results revealed that the successful encapsulation of APP with UMF resulted in a significant
morphological transformation from large polyhedral APP particles (5-10 micrometers) to small spherical APP-UMF
particles (0.5-1 micrometer). A PP composite material comprising 30% APP-UMF achieved a V-0 rating (according
to the UL-94 method) and a limiting oxygen index (LOI) value exceeding 27%, indicating self-extinguishing
capabilities. Furthermore, by incorporating APP-UMF (22.5%) and dipentaerythritol (DPER, 7.5%), the LOI of the
PP composite material reached a remarkably high value of 34.57%. The thermogravimetric analysis revealed that
the PP composite incorporating the APP-UMF fire-retardant system in combination with DPER exhibited superior
thermal stability and a significantly higher residue content compared to the composite with unmodified APP. The
mechanical properties, as demonstrated through tensile strength and elongation at break, of composite materials
using flame retardants show a decrease compared to the original PP plastic, particularly in terms of elasticity, as
indicated by the elongation at break measurement.

Keywords: ammonium polyphosphate, fire-resistant composite, polypropylene, urea-melamine-formaldehyde.

Classification numbers: 1.4, 2.4, 2.5

“Tac gia lién hé: Email: vinhtq79@gmail.com

‘ %H%-IE 66(8) 8.2024 13



1. it van de

APP 1a mot chit don chong chay thuong mai co cong
thie [NH,PO,] (OH),. Pay la mot trong cac ché; chcfmg
chay chira photpho dugc st dung dé thay thé cac chat chong
chay chira halogen dang dan bi cdm sir dung do nhing tac
hai gay ra ddi v6i méi trudng va sirc khoe con ngudi. APP
thuong duoc st dung trong mot s6 loai nhua nhiét déo
nhu polypropylene, polyethylene, polystyrene, polymethyl
methacrylate, polyethylene terephtalate hay nhua nhiét rin
nhu epoxy, polyurethane [1-5]. Dé ting hiéu qua sir dung,
vat li¢u APP dugc nghién cuu giup tang kha nang phéan tan
va twong hop tt voi nén polyme bang phuong phép bién tinh
v6i mot sd tac nhan nhu 3-amino-propyltrimethoxysilane,
glycidyl methacrylate, butyl methacrylate, melamine-
formaldehyde, polyurethane... [6-10]. Cac két qua déu cho
thiy, so v6i APP ban du, APP bién tinh v&i cac tac nhan
néu trén c6 thé duge phan tan tét trong nén polyme va c6 do
hoa tan trong nudc thép hon. Vit li¢u polyme dugc ché tao
sir dung APP bién tinh c6 kha ning chong chay cao hon so
v6i str dung APP khong bién tinh.

Urea-formaldehyde va melamine-formaldehyde la
nhitng vat liéu thuong dugc st dung dé bién tinh, boc cac
vat liéu khac, nhu phdt pho do hay nhua epoxy [11, 12] va
urea-formaldehyde dugc chimg minh rat hiru ich trong viéc
tao ra 16p than bao v€ polyme trong qua trinh chay [13].
Trong nghién ctru nay, chiing t6i st dung phuong phéap bién
tinh bao boc vat li¢u APP st dung vat liéu UMF tao ra vét
lidu c6 ciu tric 16i-vo (APP-UMF) va sir dung két hop voi
phu gia dipentaerythritol tao thanh hé chdng chay dé ché
tao vat li¢u nhya PP c6 kha nang chéng chay. Cac mau vat
liéu dugc dac trung hinh thai cAu trac va tinh chat bén nhiét,
chéng chay bang cic phuong phap phd hong ngoai, kinh
hién vi dién tir quét, phan tich nhiét, phuong phap do LOI
va phuong phap UL-94.

2. Nguyen vat liéu va phuong phap thuc nghiém
2.1. Nguyén vit liéu

Nhua polypropylene (1102K, ShenHua Chemical, Trung
Qudc); Ammonium polyphosphate (Chanfeng chem, Trung
Qudc); melamine (>98%, Sigma-Aldrich, M¥); ethanol
(>97%, Guangdong Guanghua Sci-Tech Co., Ltd, Trung
Quéc); Acid acetic (>95%, Sigma-Aldrich, My); Na,CO,
(299,5%, Sigma-Aldrich, My); Ure (=99%, Sigma-Aldrich,
My); Formaldehyde (36,5-38%, Sigma-Aldrich, M¥);
Dipentaerythritol (technical grade, Sigma-Aldrich, My).

2.2. Ché tgo vit ligu ammonium polyphosphate-urea-
melamine-formaldehyde

Vit lieu APP-UMF dugc ché tao bang phwong phép
insitu polyme hoda hai giai doan. Giai doan 1 ché tao dung
dich chura chat tién polyme (prepolymer): Hoa tan lan lugt
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10 g urea va 10 g melamine trong 50 ml dung dich pha sin
chtra nudc cat va formaldehyde (véi ty 16 mol 1a 3:1). B6
sung thém dung dich Na,CO, 10% vao hon hop trén dép khi
dung dich dat gia tri pH trong khoang 8-9. Ti€p tuc khuay va
gia nhiét ¢ 80°C trong 1 gio thu dugc dung dich chtra chat
tién polyme UMF.

Giai doan hai ché tao vat liéu APP bién tinh véi UMF:
Cho 40 g APP vao 100 ml ethanol, khudy tir 15 phut, sau dé
rung siéu am 70°C trong 20 phut thu duoc hon hop A. Nho
tu tu dung dich UMF da chuén bi & trén vao hdn hop A,
bd sung thém acid acetic dén khi pH dung dich nam trong
khoang 4-5 thu dugc dung dich B. Pun hdi luu c¢6 khudy
dung dich B thu duoc trong 3 gid ¢ nhiét do 80°C dé thuc
hién qué trinh bién tinh APP véi UMF. Két thiic qué trinh xtr
1y thiy nhiét, chét ran dugc thu lai bfing cach loc, rira nhidu
lan bang nudc cat va siy chan khong trong 6 gior & 40°C, thu
dugc san pham 1a APP-UMF.

2.3. Ché tao vit liéu nhwa polypropylene cé kha ning
chong chay bang phwong phdp tron nong chady

Trude khi tron, tit ca cac vat liéu duoc séy kho trong tu
sdy chan khong & 80°C trong 12 gid. 50 g nhwa PP duge dun
néng chay trong 15 phat dau tién véi toe do 50 vong/phut
o 180°C trong may tron kin Brabender. Vat liéu APP-UMF
v6i cac ham luong khac nhau va DPER dugc thém vao nhya
PP di nong chay va tiép tuc tron trong 4 phit.

Cac mau thu duge sau qua trinh tron nong chdy dugc
chuyén sang khuén ép nong trong may duc Brabender va
dugc lam néng ¢ 190°C, sau do dugc ép ¢ ap luc 10 MPa
trong 10 phut va lam ngudi dén nhiét d6 phong trong khi
duy tri ap lyc dé thu dwoc tim composite.

2.4. Cac phwong phap ddc trung vit liéu

Vit lidu duoc dic trung cac tinh chét bang cac phuong
phép nhu: kinh hién vi dién tir quét (SEM, Hitachi S-4800,
Nhat Ban), phé hép thu héng ngoai (FT-IR, Nicolet
IMPACT-410, Canada, & nhiét o phong, $6 song 4000-400
cm'), phan tich nhiét (TG-DTG, Labsys TG, SETARAM,
Phap, dugc thuc hién trong khoang nhiét d§ 0-800°C dudi
dong khi argon va tbc d6 nang nhiét 1a 10°C/phut).

Kha ning chong chay cua cac mau vat lidu duoc danh
gia bang phuong phap UL-94-V dugc thuc hién theo
ASTM D 3801-96 trén thiét bi do chay Atlas Electric
HVUL-94 (Atlas Electric Devices Co. Ltd, My) va phan
tich LOI trén thiét bi JF-3 (J iangning Analytical Instrument
Factory, Trung Quc) theo tiéu chudn GB/T 10707-2008 v&i
d6 day cua tim composite 14 3,4 mm.

Tinh chét co ly do bén kéo cua cac mau vat liéu duoc
danh gid st dung phuong phap thir theo ISO 527 trén
thiét bi thur nghiém co ly vat liéu da nang AGX-50kNVD,
SHIMADZU, Nhat Ban.
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3. Két qua va ban luan

3.1. Két qud dac trung vdat lieu ammonium
polyphosphate-urea-melamine-formaldehyde

Phé FT-IR cia mau APP va APP-UMF dugc dua ra
trong hinh 1. Céc peak dic trung ciia APP tai cic sd song
bao gdm 3166 cm! (N-H), 1265,41 cm™ (P=0), 1087,18
cm’! (dao dong dbi ximg P-0), 890,47 cm! (dao dong khong
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Hinh 1. Phé FT-R cta vat liéu ammonium polyphosphate va
ammonium polyphosphate-urea-melamine-formaldehyde.

d6i ximg P-0) va 1026,51 cm™ (dao dong d6i xtmg clia PO,
va PO,) [14]. Dbi véi pho FT-IR ctia mau APP- UMF, cac
peak chlnh déc trung cho APP bi thay d6i kha nhiéu vé vi tri
va c6 cuong do thap hon rat nhidu, tuong tng 1a cac peak
& 56 song 1291,27 cm’' (P=0); 1135,78 cm™! (dao dong dbi
xtmg P-0); 890,24 cm! (dao dong khong ddi ximg P-O) va
995,57 cm! (dao dong ddi xtng cia PO, va PO,). Bay co
thé 1a két qua cua hién twong cac hat APP bi boc kin boi
UMF lam thay d6i cac peak dic trung cia APP. Ngoai ra,
Phd FT-IR ciia APP-UMF con ¢ cac peak dic trung cho
melamine va urea. Peak & s6 song 1560 cm™' 1a dao dong
ctia lién két C=C trong vong thom ciia melamine [14, 15],
va peak & sb song 1637,97 cm™ 1a dao dong cua lién két
C=0 trong urea [14, 15]. Két qua nay cho thay sy c6 mit
cua UMF trén vat liéu APP-UMF.

Hinh 2 thé hién anh SEM cua vt liéu APP thuong mai
va vt liu APP da duoc bién tinh bang boc voi UMF. C6 thé
quan sat duoc réng, cac hat APP thuong mai la cac khdi da
dién véi kich thudc khong dong déu tir 5-20 micromet. Viée
bién tinh bang hop chit UMF anh huong 16n t6i hinh thai
hoc va bé mit ctia vat lidu. Vat liéu APP-UMF c6 hinh théi
bién ddi rd rét, xuat hién dudi dang cac hat nho dang cau c6
bé mat nhin min dinh két véi nhau, kich thudc kha dong déu
khoang 0,5-1,0 micromet. Cac hat dang hinh cau nho nay
chinh la cac hat APP-UMF véi 16p vo UMF bao boc cac hat
APP. Ngoai ra, két qua anh SEM ciing cho thay, cac khdi da

Hinh 2. Anh SEM ciia vat liéu ammonium polyphosphate va ammonium polyphosphate-urea-melamine-formaldehyde.

JHOAHOC -

19



dién APP c6 kich thude 16n nay ban dau co thé 1a tap hop
ctia cac hat nho két tu voi nhau tao thanh. Qua trinh bién
tinh lam pha v& céac khdi da dién, tao thanh cac hat nho va
dugc bao boc boi UMF trong qua trinh bién tinh, tao thanh
vat liéu APP-UMF c¢6 cdu tric 16i-vo. Céc két qua SEM két
hop v6i FT-IR di ching to rang APP dugc bién tinh thanh
cong bang phuong phép boc véi UMF.

100 -
80 -
~ 60 4
&
S 40 -
- APP-TUUMF
20 A N
_APP \\
‘h
0 L L L 1
0 200 400 600 800
Nhiét dé (°C)

Hinh 3. Bwong TG cua vat lieu ammonium polyphosphate va
ammonium polyphosphate-urea-melamine-formaldehyde.

Gian dd phan tich nhiét TG-DTG ciia APP va APP-UMF
dugc chi ra trén hinh 3 va 4. Quan sat duong TG va DTG
ctia miu cho thiy APP gin nhu khong giam khéi lugng trong
khoang nhiét do 30-200°C. Tuy nhién, duong cong DTG van
cho thiy sy xuét hién peak thu nhiét nho & 184,61°C. Gi4 tri
nhiét d6 nay dong thoi ciing 1a nhiét do nong chay cua APP.
Do vay, peak nay dugc hinh thanh bdi qua trinh thu nhiét
nong chay cia APP. Theo bdo cdo trong cac nghién cuu da
thyc hién thi qua trinh phan huy nhiét cia APP gdm hai giai
doan [16, 17]. Giai doan 1 Ia qua trinh phan huy APP trong
khoang nhiét d6 200-500°C giai phong NH,, H,0, tao thanh
acid polyphosphoric dan dén sy giam 24 65% khi luong.
Giai doan nay thé hién dinh thu nhiét trén duong cong DTG &
nhiét d6 324,65°C. Sy phan huy nay con din dén hinh thanh
cdu trac mang ludi lién két khong gian ba chiéu P-O-P giup
bén nhiét tot hon [18]. Qua trinh thr hai dién ra trong khoang
500-700°C, day la qua trinh phan huy nhiét chinh cua APP
kém theo sy sut giam khéi luong 1én t61 71,66% va dinh peak
thu nhiét ¢ 670,52°C. Sy syt giam khéi lugng 16n nay 1a do
qua trinh phan huy acid poly phosphoric tao thanh axit poly
metaphosphoric, trong khi d6 acid metaphosphoric dé dang
bay hoi. Phan con lai 13 cdu trac mang ludi lién két chéo
khong gian ba chiéu P-O-P s& bi phan huy nhiét tao thanh 16p
bot than P, day chinh 1a 16p bot than c6 tac dung cach ly khong
bét chay dé bao vé vat liéu composite khoi nguén nhiét.

Gian d6 phan tich nhiét ciia APP bién tinh véi UMF
(APP-UMF) khac véi gian d6 phan tich nhiét cia APP.
Ngoai hai peak thu nhiét chinh 403,7 va 635,9°C (twong
ung voi hai qué trinh phan huy nhiét cia APP) con cé su
xuat hién hai peak thu nhiét nhé ¢ 88,06 va 247,52°C (hinh
4). Sy xuét hién cia UMF lam cho qué trinh phan huy nhiét
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Hinh 4. DPwong DTG cua vat liéu ammonium polyphosphate va
ammonium polyphosphate-urea-melamine-formaldehyde.

cua APP ¢ giai doan thu nhét xay ra cham hon thé hién &
peak thu nhiét & 403,7°C (so v6i APP khong bién tinh 1a
324,65°C). Bén canh d6, quan sat trén hinh 3 c6 thé thay
tdc d phan huy nhiét cia APP-UMF ¢ giai doan ddu xay ra
nhanh hon so v6i mau APP khong bién tinh (trong khoang
truge 500°C), nhung tir 500°C tro di thi qua trinh nay xay ra
cham hon. Két thic qua trinh phan huy nhiét thi luong can
con lai ciia hai mau 1a kha giéng nhau.

Tu cac phan tich trén cho thay, vat licu APP-UMF c¢6 su
sut giam khdi lugng xay ra sém va véi tbe do nhanh hon.
Diéu nay din dén kha ning sém tao ra 16p than & nhiét do
thip, bao vé dugc vat lidu khi nhiét do tang 1én. Ngoai ra
viéc phan hiy ¢ nhiét do thap gitp som tao ra cac tac nhan
di€t goc ty do nhu NH, hay tac nhan lam loang nong do oxi
nhu NH, va H,O. Day chlnh 1a két qua cua sy twong téc giita
APP va UMF

3.2. Két qud tinh chdt nhiét ciia vt ligu composite

Bang 1. Két qua danh gia kha ning chéng chay clia cac mau vat
liéu trén nén nhwa polypropylene.

Thanh phén cic chét (%)

tl;.‘]’m Miu PP APP APP-UMF DPER R
1 PP 100 0 0 0 NR NR

2 APP/PP 70 30,0 NR 19,00

3 APP-UMF/PP 70 30,0 V-0 27,23

4 APP-UMF/DPER/PP 70 225 15 V-0 34,57

NR: no rating (khdng danh gia dworc).

Két qua danh gia kha ning chéng chay cua cic mau vt
liéu PP composite ché tao dugc bang phuong phap do LOI
va UL-94 dugc trinh bay ¢ bang 1. Vat liéu nhya PP khi
chua thém chét chéng chay hoan toan khong c6 kha ning
chéng chay. Sau khi thém chit chéng chay APP va APP-
UMF kha niang chdng chay cuia vat lidu ting 1én 1o rét. Két
qué cho thdy, kha ning cai thién kha ning chong chay d6i
v6i vt lidu PP composite ctia chit chong chay APP-UMF
tot hon rat nhiéu so voi APP khong bién tinh. Véi viée st
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dung APP-UMF, vat liéu PP composite thu dugc dat mirc
chéng chay V-0 (muc chong chay cao nhat theo phuong
phéap UL-94) va gia tri LOI dat 27,23%, dat murc vat liéu co
kha ning tu dap chay (chi s LOI bang 27% la gié tri cin
thiét dé vat liéu co kha nang ty dép tit [19, 20]).
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Hinh 5. Bwong TG cua vat liéu polypropylene, ammonium

polyphosphate/polypropylene, ammonium polyphosphate-UMF/
DPER/polypropylene.

Céac duong cong TG va DTG ctia nhya PP nguyén chat
va vat liéu vat liéu PP composite ¢ kha ning chong chay
duogc thé hién trong hinh 5 va hinh 6. C6 thé thdy rd rang,
PP nguyén chét bat dau phan huy ¢ khoang 200°C va gan
nhu phén huy hoan toan ¢ 500°C. Gia tri T cua qua trinh
1a 444,67°C, nhu quan sat trong hinh 6. Vat liéu APP/PP cho
kha nang phan hily ¢ nhiét do thip som hon. Qua trinh phan
huy tach thanh 3 giai doan, twong (mg véi cac gia tri T
lan luot 1a 287,24°C (phéan hiy APP), 385,76°C (phan huy
composite) va 542,36°C (phan huy than), twong tw nhu doi
v6i qua trinh phan huy nhiét cua vat liéu PP composite su
dung APP bién tinh v6i melamine formaldehyde (MF) phéi
hop vai pentaerylthritol (PER) [15].
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Hinh 6. Pwong DTG cla vat liéu polypropylene, ammonium
polyphosphate/polypropylene, ammonium polyphosphate-UMF/
DPER/polypropylene.
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So véi vat liéu composite APP/PP, qua trinh phan huy
cua vat liéu composite APP-UMF/DPER/PP dién ra ¢ nhiét
do rat som dudi 200°C. Khi nhiét do tang trén 200°C, duong
cong TG cua véat licu APP-UMF/DPER/PP cling dugc mo
rong vé phia nhiét 6 cao hon va chi ¢6 qua trinh phan hay
mot giai doan nhu nhya PP nguyén chét. Luong than con lai
0 800°C cua vat liéu APP-UMF/DPER/PP 1a 14,71%, cao
hon nhiéu so véi cua vat liéu APP/PP va PP chi lan luot 1a
7,43 va 0,07% (bang 2) cho thiy kha ning bén nhiét tot hon
rat nhiéu ciia vat ligu APP-UMF/DPER/PP so véi cac vit
lidu con lai. Két qua nay co thé cho phép dua ra nhan xét hé
chit chdng chay APP-UMF, chit phu gia DPER va nhia PP
da tao thanh mot lién két théng nhét, cac thanh phﬁn chat
chéng chay, phu gia dugc phan tan déu trén nhya nén PP,
Bang 2. Lwgng chét ran con lai tinh toan tir két qua TG-DTG cua
cac vat liéu.

Thik ty Méiu Chit rin con lai (% khoi lrgng)
1 PP 0,07

2 APP/PP 7,43

3 APP-UMF/DPER/PP 14,71

DPER la chét phu gia gitip ting nhanh qua trinh cacbon
hoa theo nhiét d tao thanh 16p than bao vé polyme nén.
Trong nghién ctru nay, dé cai thién cao hon nira kha ning
chéng chay cua vat liéu PP composite, DPER da dugc thém
vao vat liéu nhya PP composit cing véi chat chong chay
APP-UMEF, tao thanh hé chit chéng chay phdong né hoan
thién bao gdm 3 thanh phan: chat phong ng (APP), chat thoi
tao khi (UMF) va chit than hoa (DPER). Ngoai ra, thanh
phan UMF ciing c6 kha ning 1am tang nhanh qué trinh than
hoa do tac dung cia UF [13]. Két qua thu dugc cho thiy,
kha ning chéng chay cua vat lieu APP-UMF/DPER/PP
tang dang ké so voi APP-UMF/PP, véi gia tri LOI tang tir
27,23% 1én gia tri rat cao 34,57%.

3.3. Két qua do bén kéo ciia vdt li¢u composite

Céc chit chong chay APP-UMF va DPER dua 1én nhya
PP di lam ting dang ké kha niang chdng chay cua vat lidu
composite thu dugc. Tuy nhién, tinh chét co 1y cia cac vat
liéu composite thu duoc déu d3 bi giam so véi nhya PP ban
dau, thé hién qua thong s tinh cht co 1y do bén kéo (g
suét kéo) va do gian dai khi dut cia cac mau composite thu
duoc so voi nhyua PP ban diu duge dua ra trong bang 3.
Bang 3. Tinh chat co’ Iy (46 bén kéo, do gian dai khi dit) cta cac
vat liéu.

Thirty  Miu g«:; ;;é)n kéo 32)gi5n dai khi dit
1 PP 35,15 65,26
2 APP/PP 23,63 29,29
3 APP-UMF/PP 25,12 35,13
4 APP-UMF/DPER/PP 32,81 14,85
1



APP dugc bién tinh voi UMF lam ting kha ning tuong
hop va phéan tan cua vat liéu APP-UMF trén PP so v6i APP
khong bién tinh. Két qua cho thdy, khong nhiing kha ning
chdng chay cua vat lidu composite trén nén PP st dung
APP-UMF (mau APP-UMF/PP) tét hon so véi sir dung
APP khong bién tinh (mdu APP-UMEF/PP) (bang 1), ma cac
thong s6 do bén kéo va do gian dai khi dat ciing ting 1én
(bang 3). P6 bén kéo tiang tir 23,63 1én 25,12 Mpa, do gidn
dai khi dut tang tr 29,29 1én 35,13%. Tuy nhién, cac tinh
chat co 1y nay ctia cic miu composite thap hon dang ké so
v6i cua nhyua PP ban dau, dic biét 1a do gian dai khi dut.

Hon thé nita, khi thay thé mot phan (7,5%) APP-UMF
bing DPER (miu APP-UMF/DPER/PP), thong sé do bén
kéo tiép tuc duoc cai thién, dat 32,81 MPa, gﬁn dat ngudng
d6 bén kéo cua nhya PP ban dau (35,15 Mpa). Tuy nhién,
thong s6 do gidn dai khi dit cia mau APP-UMF/DPER/PP
chi dat 14,85%, tiép tuc giam sau hon nita so vi mau khong
c6 DPER (APP-UMF/PP; 35,13%). Két qua nay cho thiy
viéc bd sung DPER mic du gitp vét liéu APP-UMF/DPER/
PP ting kha ning chdng chay 1én dang ké (bang 1) va co thé
da lam tang kha ning twong tac giira cac thanh phan trong
vat liéu composite (ting do bén kéo) nhung lai 1am cho vat
lidu bj giam di nhidu tinh déo dai, kha nang kéo dan so voi
nhua PP ban dau.

4. Két luan

Vit liéu APP bién tinh bang phuong phéap boc véi UMF
va vat liéu composite APP-UMF/PP va APP-UMF/DPER/
PP c6 kha ning chéng chay di dugc nghién ctru ché tao
thanh cong. Qua trinh bién tinh APP véi UMF da lam thay
d6i hoan toan hinh thai ciu trac cua vat liéu APP, tao thanh
chat chong chay co kha ning twong hop tot hon véi nhya
polyme nén thé hién qua kha ning chong chay cua cac vat
liéu composite trén co s nhua nén PP di ché tao duoc.
Vit liéu composite APP-UMF/PP va APP-UMF/DPER/PP
¢6 kha ning chdng chay tot hon rat nhidu so véi nhwa nén
PP va vat liéu st dung phu gia chua bién tinh 1a APP. Tét ca
cac mau composite sit dung UMF-APP va DPER déu c6 kha
nang tu dép tat lira v6i mirc V-0 theo phung phap UL-94 va
chi s6 LOI dat cao hon 27%. Tuy nhién, tinh chét co ly do
bén kéo va do gian dai khi dut cia cac vat liéu composite
déu giam dang ké so v6i vat lidu nhua PP ban dau, dic biét
la d6 gian dai khi dat. Mac du vay, viéc bién tinh APP véi
UMF da lam tang kha nang phan tan, twong hop cua vat liéu
APP-UMF trén nén PP, giup cai thién hon tinh chit co Iy
cua vat liéu composite thu dugc (APP-UMF/PP) so voi vat
li¢u APP/PP str dung vét liéu APP khong bién tinh.

Nghién ctru nay dugc tai trg boi Vién Han 1am Khoa
hoc va Cong nghé Viét Nam thong qua d¢ tai ma so
TBPCCC.04/21-23. Cac tac giad xin chan thanh cam on.
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Nehién ciru ting cuimg kha ndng sinh astaxanthin o nam men Rhodosportdium torloide
sir dung tac nhan gay dot bién benomyl va danh gia hoat tinh bit g tir do ABTS cua astaxanthin
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Tém tit:

Astaxanthin 12 mgt xanthophyll carotenoid, ¢6 gia tri vé mit kinh t& khi dwoc dl‘mg 1am chit tao mz‘lu trong thuc
pham ciing nhu trng dung trong y dwgc. Nghién cu’u nay str dung tic nhan ngiu nhién 1a chét diét nim benomyl
aé tang cuo’ng sinh tong hop astaxanthin tir chung nim men Rhodosporidium toruloldes Benomyl da cho hiéu qua
gay dot bién tang cuwong sinh astaxanthin & cac nong do thir nghiém. Trong s0 cac chiing dot bién duwgce sang lgc,
chiing nAm men da dot bién B18 (1138,51 pg/l) cho kha ning tich luy astaxanthin cao hon 3,1 ldn so véi chiing b
me. Chiing B18 ¢6 thoi gian pha lag ngin khoang 5 gio' nudi ciy va di vao pha cin bang sau 33 gio, kéo dai trong 30
gio’ va vao pha suy tan sau 63 gio' 1én men. Sau 96 gio 1én men 1a thoi diém ham lwgng astaxanthin tich liiy cao nhit,
dat 1138 pg/l. Két qua thé hién cao chiét astaxanthin thu dwoc tir chiing B18 ddt bién ¢6 kha niing dép tit goc tuw do
2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) (IC,=8,531 pg/ml) cao gé"lp 6,2 14n so véi vitamin E.

Tir khod: astaxanthin, benomyl, Rhodosporidium toruloides, 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid).

Chi s6 phén logi: 1.6, 2.8

Study on the effect of benomyl on the ability to enhance astaxanthin production of Rhodosporidium toruloides

and evaluate the free radical scavenging activity ABTS of astaxanthin
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Abstract:

Astaxanthin is a xanthophyll carotenoid and it has economic value when it has been used as a colorant in food
as well as when applied in medicine. This work aimed to attain Rhodosporidium toruloides mutants for enhanced
astaxanthin accumulation using a benomyl agent. Benomyl treatment was shown to be efficient at different
investigated concentrations for enhanced astaxanthin production of yeast. Among the screened mutants, B18 (1138.51
pg/l astaxanthin content) exhibited the highest astaxanthin production which was 3.1 times higher than that of the
wild type. Mutant strain B18 consists of four phases including a lag phase of about 5 hours, 33 hours of log phase,
30 hours of stationary phase and a death phase after 63 hours of inoculation. The highest accumulated astaxanthin
was 1138 pg/l after 96 hours of inoculation. The results showed that the scavenging capacity of 2,2'-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid) - ABTS free radicals from the crude extract of astaxanthin from mutant strain
B18 with IC50=8.531 pg/ml was 6.2 times higher than that of vitamin E.

Keywords: astaxanthin, benomyl, Rhodosporidium toruloides, 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid).
Classification numbers: 1.6, 2.8
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1. it van de

Astaxanthin 12 mot sic t6 mau dé cam, thudc nhom
xanthophyll carotenoid va dugc sinh tong hop boi nhiéu loai
vi tao, vi khuan va nam, ciing nhu tich lity trong cac sinh vat
bién nhu ca hoi, tom, cua va nhuyén thé [1]. Astaxanthin
duoc st dung nhiéu dé lam thic an nudi ca va dong vat
giap xéc, loai astaxanthin nay thuong dugc tong hop hoa
hoc hoac st dung cong nghé sinh hoc dé tao ra [2]. Tuy
nhién, astaxanthin tir nguén ty nhién dugc uva chudng hon
vi mang tinh an toan cao hon khi tng dung lam chat phy
gia thyc phdm, dong thoi ting kha ning hap phu cua dong
vat chu [3]. Gan ddy ung dung cta astaxanthin trong cac
nganh duoc 1y va y hoc dang nhan duoc nhiéu s quan tm,
nhd vao hoat tinh sinh hoc tiém ning cia hop chit bao gdm
khang 6xy héa manh, khang viém, ngin ngira tiéu dudng,
ngan cac bénh vé tim mach, chéng ung thu... [4, 5].

Vi tao Haematococcus pluvialis, hay con goi la vi tao
xanh, la nguén thu nhan chinh ctia astaxanthin phuc vu tiéu
dung ctia con nguoi va c6 tiém ning 16n nhit vé cung cép
astaxanthin trong cac ngudn duoc dé xuat [6]. Astaxanthin
cling dugc tim thiy trong nam men Xanthophyllomyces
dendrorhous (tén goi trude day 1a Phaffia rhodozyma), trong
thuc vat, mot so loai nAm Chlorococcum sp., Chlorella
zofingiensis va vi khuan bién Agrobacterium aurantiacum
[7, 8]. Hién nay, nhu ciu s dung astaxanthin trong céc
nganh cong nghiép khac nhau nhu nuoi tréng thuy san, my
pham, thuc phdm, dinh dudng va dugc phdm ngay cang ting
cao. Tuy nhién cac loai vi sinh vt ké trén déu co nhiing han
ché nhat dinh trong (mg dung cong nghiép nhu doi hoi chi
phi cao ky thuat nuoi cdy va ting truong cham cia té bao.
R. toruloides 1a nAm men c6 thé dung lignocellulose lam co
chat dé 1én men va c6 kha ning sinh tong hop carotenoid [7,
8]. Nam men R. toruloides dugc cong b6 1a dbi tugng sinh
carotenoid nhiéu tiém ning do c6 thé st dung cac ngudn
carbon phé phdm nhu lignocellulose dé sinh truong va phat
trién nhanh [6, 9]. Nhung ching R. toruloides hoang dai lai
bi han ché trong tmg dung & quy mé coéng nghiép do cho
ham luong tich lity astaxanthin thap. Vi vay viéc nghién ciru
tao chung dot bién ting cudng sinh tong hop astaxanthin
ctia chung R. toruloides c6 y nghia khoa hoc va thyc tién
cao.

Trong pham vi nghién ctru nay, benomyl duoc sir dung 1a
tac nhan dé gy dot bién trén ching nam men R. toruloides
nhiam thu nhén va sang loc chung dot bién ting sinh tong
hop astaxanthin so v6i ching R. toruloides ban dau dugc
phan 1ap tr D.N. Ngo va cs (2014) [10]. Ngoai ra, cao chiét
thd astaxanthin cling duoc thir nghiém hoat tinh khang
6xy hoa bang phuong phap bat gbc tu do 2,2'-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid).
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2. Vat liéu va phuong phap nghién ciiu
2.1. Vit ligu

N4m men R. toruloides ching gbc duoc phan 1ap tir D.N.
Ngo va cs (2014) [10], gidng duge luu trir trong glycerol
20% ¢ nhi¢t do -80°C tai Phong thi nghiém B mon Sinh
hoa, Khoa Sinh hoc - Cong nghé Sinh hoc, Truong Dai hoc
Khoa hoc Ty nhién, Pai hoc Quéc gia TP Ho Chi Minh.
Céc chung ndm men dot bién duoc thu nhén, sang loc va lya
chon ngiu nhién duya trén mau sdc ctia khuén lac so v&i mau
sdc ctia ching nAm men phan lap ban dau.

Méi trudng Hansen 1ong dung dé nudi cdy va nhan
gidng R. toruloides c6 pH 6 va gdm cac thanh phan: 50 g/l
ghrlcose,ﬂ 10 g/l peptone, 3 g/l‘ KH,PO, V’Z‘l 3 g/IMgSO,. Ty }é
giong bo sung 1a 5% & moi lan nhan giong 100 ml, nudi cay
lic 200 vong/phiit & nhiét o phong (30£1°C) trong 96 gio.

2.2. Sang loc va tuyén chon chiing nidm men
Rhodosporidium toruloides dpt bién bang tic nhin
benomyl

Tién hanh nudi cdy nam men dén mat do té bao khoang
108 t& bao/ml roi xir 1y voi benomyl gay dot bién [11]. Dich
huyén phu t& bao (1 ml) dugc & véi benomyl & cac ndng
dé khac nhau: 5; 2; 1; 0,5; 0,1; 0,05; 0,01 va 0,005 mg/
ml, vortex nhe, sau d6 1 lic trong 60 phut. Dich huyén phu
té bao sau xir Iy véi tac nhan benomyl (100 ul) dwoc pha
lodng & nong do 107 va cdy trang trén dia c6 moi truong
thach Hansen va u ¢ nhiét d6 30+1°C trong thoi gian 7 ngay
(diéu kién tranh sang). Pém s luong khuén lac moc trén
céc dia petri dé tinh toan ty 1¢ séng cta t& bao ndm men sau
xir 1y voi benomyl. Chon loc nhimg khudn lac nAm men cé
mau sic thay dbi so v6i chung gdc theo hudng ting sic to
d06 hodc cam, sau d6 nudi cay trén moi truong 1ong Hansen
trong 96 gid & nhiét d6 30+1°C, lic 200 vong/phut roi dem
di xac dinh ham luong astaxanthin va sinh khéi té bao.

2.3. Xdc dinh dwong cong ting truéng va thoi diém thu
nhdn astaxanthin thich hgp cia chiing ndm men dot bién

D6 thi twong quan tuyén tinh dwoc xay dung duya trén gia
tri méat dgf) quang & budc song 610‘nm (ODK,1 on) V@ 10Z N/Ipl
mat do té bao nam men [12]. Huyén phti ndm men dugc tién
hanh pha loang thanh cac dung c}ich €6 do ducdoo OD,
theo mot day céc gia tri tr 0,1 dén 1,0 voi do tang 12 0,1. Tu
céc dung dich c6 dd duc nhu trén, pha lodng va dung budng
dém hong cau dé dém sd luong té bao ndm men. Tinh mat
d6 té bao (N/ml) va dung dd thi duong cong ting truong

gitra gia tri OD,  va log N/ml mat d¢ t€ bao.

Cho vao 100 ml méi trudng long Hansen dich té bao
nam men long va nudi ciy lic 200 vong/phut ¢ didu kién
nhiét d6 30+1°C. Sinh khbi ndm men thu dugc sau ly tim
dem siy kho dén khoi luong khong doi o timg giai doan
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tang truong gdbm pha log, cudi pha log, diu pha 6n dinh, pha
6n dinh va pha suy vong. Sau d6 astaxanthin thu nhén tur sinh
khoi kho duge dem di xac dinh ham lugng astaxanthin.

2.4. Xac dinh ty lI¢ song sot cuia té bao nam men

Ty 1& té bao nim men R. foruloides séng sét duoc tinh
theo cong thurc sau:

Ty 1¢ séng s6t = (C/C,) x 100 (1)

trong do, C_ 1a tong sd te bao dem duoc sau khi xtr 1y voi tac
nhan benomyl C,la tong s6 té bao dém dugc cua mau dbi
chimg (mau khong xu 1y véi tac nhan benomyl).

2.5. Xac dinh khoi lwong sinh khoi

Cac ching nim men R. toruloides da dot bién bang benomyl
dwoc nudi lic 200 vong/phit trong méi truong long Hansen,
& nhiét do 30+1°C trong thoi gian 96 gio. Sau 96 gid nudi cdy,
sinh khdi ndm men dwoc thu nhan bang cach ly tim & téc do
6000 vong/phut, trong thoi gian 7 phut, loai bo mdi trudng
nudi cay. Sinh khoi té bao dem rira hai 1an v6i nudc cat roi dem
ly tam 7 phut véi tbe d6 6000 vong/phit, sinh khdi ndm men
R. toruloides dot bién dugc sdy & 60°C dén khi khong doi khoi
lugng. Khéi lugng sinh khéi ndm men kho dugc tinh theo don
vi g/l va dugc sur dung dé dinh lugng astaxanthin [13].

2.6. Tdch chiét va xdc dinh ham lwong astaxanthin

Phuong phép tich chiét va astaxanthin duoc xac dinh
ham lugng dua trén phuong phap cta T.J. Fang va cs (1993)
[14], A. Nagy va cs (1997) [15] va c6 chinh stra cho phu hop
v6i thi nghiém. Sinh khéi kho da nghién nhuyén rdi can 0,2
g cho vao 3 ml DMSO (Dimethyl sulfoxide) 0 & 55°C trong
30 phit. Vortex 1 phit, ly tim trong thoi gian 7 phut véi toc
d6 6000 vong/phut, thu dich bén trén chira DMSO. Chiét véi
aceton vai lan cho dén khi phan ling khong con sic t6 bang
cach cho 5 ml acetone vao phén can thu duoc, vortex roi ly
tam trong thoi gian 7 phit véi toc do 6000 vong/phut, thu
dich bén trén. Dich chiét aceton dugc gdp chung véi dich nbi
chira DMSO, b6 sung ether dau hoa vai ty 18 1:2 so véi tong
dich chiét, cho thém 10 ml nuéc cét, thém 5 ml NaCl bao
hoa néu hén dich khong tach pha, thu pha ether dau hoa chira
sdc t0. Thém nude véi ty 18 1:1 vao dich chiét sic t, bo pha
nudc, thu pha ether déu hoa 1a dich chiét co chira sic t6. Thuc
hién 3-5 lan dé loai bo dung moi DMSO hoan toan.

Dich chiét chira sic t6 dugc cho bay hoi hoan toan ¢ nhiét
d0 30+1°C, hoa tan dich chiét sac t6 v6i 10 ml ether dau hoa.
Miu duge dem do & budc song 468 nm, sir dung ether dau
hoa 1am mau ddi chimg.

Tinh ham luong astaxanthin (ug/g) co trong mau theo
C.E. Kelley va cs (1972) [16] nhu sau:
X=A, X Vx10%E, % *G) 2)
trong do, A,: do hap thu ctia mau trong dung mdi ether
diu hoa & budc song 468 nm; V: thé tich mau (ml);

JHOAHOC -

E Y dd hap thu ciia dung dich astaxanthin 1% trong ether
dau hoa (cuvette 1 cm) (E=2100); G: khdi lugng sinh khéi R.
toruloides (g).

2.7. Khdo sdt khd néng bit géc tw do ABTS" ciia
astaxanthin

Hoat dong bét gdc tu do cua gdc cation ABTS* duge xac
dinh duya theo phuong phap da dwoc cong bd ciia R. Re va cs
(1999) [17] v6i mot s sira d6i cho phu hop véi diéu kién thi
nghiém. Goc tu do ABTS* duoc tao ra trude béng cach thém
10 ml Kali persulfate 2,45 mM vao 10 ml ABTS* 7 mM va
gitt trong 16 gio & nhiét d¢ 4°C trong diéu kién ti (dung dich
stock). Dung dich ABTS" dugc pha lodng trong methanol
tuyét doi tir dung dich stock dé dat do hap thu 0,70+0,005 &
budc song 734 nm. Dé xac dinh hoat tinh bat gdc tw do, dung
dich mau 1,5 ml ABTS" dugc tron véi cac n6ng d6 mau khac
nhau (0,5 m-, 0-25 pg/m-), hdn hop phan img duoc lic déu va
gilr trong 6 phut ¢ nhiét d6 phong. Do hép thu dugc ghi lai ¢
budce song 734 nm va phan trim tc ché cta cac mau duoc tinh
nhu cong thirc sau:

Abs control—Abs sample

%RSA =

Abs sample x 100 (3)
trong d6, % RSA: phan tram tic ché; Abs control: d6 hip thu
ctia dung méi va ABTS' ¢ budce song 734 nm; Abs sample: o
hap thu cta dung dich mau va ABTS' ¢ budc song 734 nm.
Vitamin E & diy ndng d6 20-100 pg/ml dugc ding lam miu
ddi chimg.

2.8. Xur ly thé'ng ké va phan tich dir liéu

Trong nghién curu nay, cac s6 liéu thuce nghiém thuc hién
v6i d6 1dp 3 1an va duoc biéu thi boi do 16ch chuén (£SD
- Standard deviation). Phan mém SAS phién ban 8.2 (SAS
institute, Cary. NC, M¥) dugc sir dung dé phan tich thong ké
theo thuat toan ANOVA, Duncan test tai gia tri p<0,05.

PR A
3. Ket qua va bhan luan

3.1. Tao chiing ndm men R. toruloides dgt bién ting
cwong sinh astaxanthin bang benomyl

Str dung tac nhan benomyl & cac ndng d6 khac nhau dé
gay dot bién trén ching R. toruloides hoang dai, tiép theo
nudi cdy trén moéi truong thach Hansen trong thoi gian 7
ngay, ¢ diéu kién tranh sang, dé sang loc chung ¢6 ham luong
astaxanthin cao nhat. Sau qua trinh xir 1y v6i dot bién vai tac
nhan benomyl, cac té bao R. toruloides s& thay doi mau sic
khun lac theo hudng ting sic t6 (tir hong cam dén do) hodc
giam sic t6 (tir hong cam nhat mau dan dén khuén lac c6 mau
tre"mg). Khuin lac sau dot bién thu nhan dugc c6 hinh dang
tron, bé mat tron, mot s6 khudn lac c6 bé mit nham, hoi 1i va
¢6 hinh chép non, mot s6 khuén lac ¢6 ria bén ngoai mau do
nhat. Sy thay d6i mau séc cua khuan lac cho théy viéc xu ly
dot bién véi tac nhan benomyl c¢6 thé 1am ting hodc giam tong
hop astaxanthin trong ndm men R. foruloides. Khi ndng do
benomyl ting da lam giam ty 18 té bao R. toruloides song sot.
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Hinh 1. Néng dé benomyl anh hwéng dén ty 1é té bao séng sét
ctia ching ndm men R. toruloides VN1.

O hinh 1 két qua cho thdy, ty 1& ching nim men R. toruloides
hoang dai ban d4u song sot da giam dang ké khi ting nong
do benomyl nhung d6ng thoi sy tich trir astaxanthin trong té
bao ciing tang lén. Két qua nay chira rang, viéc ting san xudt
astaxanthin gitp té bao ndm men tang cudng kha nang bao vé
cac té bao chdng lai tic nhan gay chét té bao [18].

Sau khi tién hanh dot bién, 150 khuén lac dot bién da dugc
chon loc dua vao mau sic tir cac dot bién ngau nhién dé nudi
cdy ting sinh. Trong do, tuyén chon duoc 18 ching co kha
nang tang cudng san Xuat astaxanthin va thé hién khoi luong
sinh khdi, ham lugng astaxanthin cao hon déng ké so voi ching
R. toruloides hoang dai (hinh 2). Trong 18 ching dot bién dugc
tuyén chon, chung B18 ghi nhdn ham lugng astaxanthin cao
nhét (1138,51+36,80 pg/l) (hinh 3). Benomyl 1a mét trong
nhirng loai thude diét nam duoc s dung nhiéu nhat chéng lai
cac loai nim va ndm gy bénh [19]. Cic nghién ctru da chi ra
rang, Jbenomyl ngan can qua trinh nguyén phén va giam phan
cua té bao tir do anh hudng dén qué trinh sinh san cua té bao
nim va lam giam mat do té bao, anh hudng dén su séng sot cua
té bao nghiém trong [19]. Két qua thi nghiém cho théy, té bao
R. toruloides nhay cam vdi tdc nhan benomyl va c¢6 kha nang
tao ra cac chung nadm men dot bién cho viéc thich ung vai cac
stress khi tiép xtc voi benomyl.
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Hinh 2. Cac chiing nAm men dét bién bang benomyl sau 96 gi&
nudi cay.
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Chling b8 me

Hinh 3. Mau sic khuan lac va méi trwéng nuéi cay (Hansen 16ng)
sau 96 gi® ctia chling dot bién B18.

Ham luong astaxanthin cua chung B18 cao hon 3,1 lin
s0 vOi chung bd me (chung WT). Mét s6 nghién ciru cho
két qua tuong tw nghién ctru nay 1a cac thi nghiém trén ndm
men P. rhodozyma cua P. Calo va cs (1995) [20]; S. Barbara
(2013) [11]. Ham luorng astaxanthin trong té bao nim men P.
rhodozyma sau dot bién v6i benomyl ting gap 2 lan theo tic
gid P. Calo va cs (1995) [20] (tir 357,9 1én 750,2 pg/g) va 1,5
lan theo S. Barbara (2013) [11] (tir 0,93 1én 1,51 mg/l). Ngoai
benomyl thi NTG (N-methyl-N’-nitro-N-nitrosoguanidine)
ciing 12 hoa chit ¢ kha ning gy dot bién ndm men tang sinh
astaxanthin. J.H. Kim va cs (2004) [21] khi gay dot bién nim
men Xanthophyllomyces dendrorhous bang NTG (N-methyl-
N’-nitro-N-nitrosoguanidine) ciing chon lgc dugc chung JH1
¢6 kha ning sinh tong hop 4,032 mg astaxanthin/g ndm men
kho, gép 15 1an so voi ching hoang dai.

3.2. Duong cong tang truong va thoi diém thich hop thu
nhdn astaxanthin ciia chiing B18 dgt bién

Trong cac ching dugc sang loc, Iya chon ching c6 kha nang
sinh astaxanthin cao nhét dé xac dinh duong cong ting trudng
va thoi diém thu nhan thich hop astaxanthin (hinh 4). Pha lag
kéo dai trong 5 gio dAu khi bt ddu nuoi cdy, pha log dién ra
trong 33 gio' nudi cdy sau do di vao pha 6 6n dinh (can bang) pha
on dinh kéo dai trong vong 30 gid va sau 63 gio nudi cay ching
B18 bit d4u vao pha suy vong. Sau khi két thuc pha log, ham
lugng astaxanthin tang 1€n 1 rét, tich luy nhiéu hon & pha 6 6n
dinh va ting dang ké vao pha suy vong. Thoi diém tot nhat dé
thu nhén astaxanthin 1a vao cudi pha 6n dinh bt diu pha suy
vong, sau thoi gian nudi cy 1a 70 gio va dat cuc dai sau 96 gid
nudi cdy, thoi diém nay sinh khéi dat gi4 tri cao nhét va su tich
lily astaxanthin cao nhat véi ham luong 1a 1138 pg/l.

— Mat d té bao
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Hinh 4. Pwong cong ting trwéng va thei diém thu nhan
astaxanthin ctia chung B18.
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Ching B18 cho thdy kha nang thich img nhanh trong moi
truong nudi cay khi chi trai qua 5 gi0 cua pha lag, thoi gian
pha log ctia cac chung di dot bién twong dbi dai, tao tiém
nang thu nhan duoc khéi luong sinh khéi 16n. Theo két qua
nay, ching B18 da dot bién ciing bit dau tich lily astaxanthin
tir cudi pha log, ting nhanh & pha 6n dinh (cin bang) va
dat t6i da & pha suy vong sau 96 gid nudi cdy. Astaxanthin
la nhom hop chét trao d6i bac hai co vai tro lam sach cac
gbc tu do, chdng oxy hoa té bao [22]. Do vy, nAm men chi
tich liiy nhiéu astaxanthin khi quan thé té bao bt dau di vao
pha 6n dinh va pha suy tan, dé bao vé té bao tranh khoi tac
dong tir cac gde ty do, ting kha nang chéng chiu va duy tri
sur song cho té bao khi diéu kién méi trudng dan tré nén bat
loi. Trong cong bd ciia L.M.C. Matiz va cs (2015) [23] vé
su sinh truéng ciia chung ndm men X. dendrorhous hoang
dai va dot bién XR4 ciing cho thiy sy sinh téng hop cia
carotenoid bit dau tir pha can bang, sau d6 ting & cudi pha
can bang va vao pha suy vong sau khoang 87 gid nudi cdy.

3.3. Kha nang khdang oxy hoa cua astaxanthin thu
nhdn tir chiing B18 dot bién

Astaxanthin c¢6 kha nang khang 6xy hda manh la do co
cau trac phan tir dac biét, bao gdm 1 nhém hydroxyl -OH
va 1 nhom ketone =O trén vong B-ionone. Trong nghién
ctru nay, cao chiét thd astaxanthin sau khi tach chiét thu
nhan duoc tién hanh danh gia kha ning khang 6xy hoa bang
phuong phap ABTS. ABTS 1a gbc tu do twong ddi 6n dinh
v6i mau xanh dam khi hoa tan trong dung méi va mau sic
ctia ching duoc hdp thu manh & budc song 734 nm. Cac
chit hoa tan trong thir nghiém ABTS s& chuyén thanh mau
xanh nhat hon khi chit chéng 6xy hoa loai bo ABTS vé
dang 6n dinh bang cach cho hydro vao [17].

Bang 1. Gia tri IC,, cta vitamin E va cao chiét tho astaxanthin theo
phwong phap ABTS.

Gi tri IC,, (ng/ml)
Vitamin E 52,64+0,91
Cao chiét tho astaxanthin 8,531+1,01

Bang 1 cho thiy, kha ning bét gbc tu do ABTS cua cao
chiét tho astaxanthin thé hién kha manh mé véi gia tri IC,,
la 8,531+1,01 (ug/ml) trong khi d6 hoat tinh khang oxy
hoa ciia chat ddi chung 1a vitamin E, IC,, 1a 52,64+0,91
(ng/ml). Theo phuong phap ABTS thi g1a tr1 IC,, cua cao
thd astaxanthin thap hon 6,2 1an so véi mau Vltamln E d01
chimg. Cao chiét astaxanthin tho thu dugc tir ching ndm
men R. toruloides B18 dot bién ciing cho thay kha ning
khang 6xy hoa tt hon so v6i cac carotenoid khac [24]. Bang
phuong phap ABTS, S. Chintong va cs (2019) [25] nghién
ctru kha nang khang 6xy hoa cua dich chiét astaxanthin tir
Vo tom cho két qua kha quan véi gia tri IC | la 7,7+0,6 pg/
ml, gan trong dong nhu két qua ctia nghlen cuu nay (IC; 1
8,531=1,01 (ug/ml). Cac tac gia khac di cong bd rang, trong

JHOAHOC -

dung dich astaxanthin thoat ra ¢ trang thai can bang, phu
thudc vao dung moi, véi dang enol clia ketone dan dén hé
thdng polyene lién hop va ortho-dihydroxyl ¢ mot nguyén
tor hydro c6 kha ning hoat dong nhu mdt tac nhan pha vo
chudi phan tmg gbc tir do theo cach twong tw nhu nhom
hydroxyl ctia vitamin E dé giai thich kha ning khang 6xy
hoéa cao cua astaxanthin so vdi cac carotenoid khac [18].
V6i ning luc khang 6xy hoa vugt trdi cting véi cau triic dic
biét da gitip astaxanthin c6 thé ndm trong mang té bao, két
qué bt gbc tw do ABTS" 1a tién dé cho cac nghién ctru lién
quan dén viéc chdng lai cac tac nhan stress, 6xy hoa lipid,
protein trén mang té bao 1a nguyén nhan giy ra cic bénh
ldo hoa.

4. Két luan

Két qua nay di tao ra cac chung nAm men R. toruloides
d6t bién bang tic nhan benomyl c6 kha ning ting cuong sinh
astaxanthin va cac ching dot bién dugc sang loc thu nhan
duoc tich luy astaxanthin cao hon so v&i ching ndm men R.
toruloides ban dau. Trong 18 ching duoc lya chon, ching
B18 dot bién bang benomyl cho ham lugng astaxanthin cao
nhat (1138,51 ng/l). Thoi diém thu nhan astxanthin thich
hop nhét 12 96 gid nudi cdy, lic 200 vong/phut, 30£1°C, ty
1¢ gidng ban dau 14 5%. Cao chiét astaxanthin thé dugc tach
chiét tir ching B18 dot bién c6 kha nang dap tit gbc tu do
ABTS (IC,,=8,531 pg/ml) cao gap 6,2 lan so véi vitamin E.
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Phén I4p, tuyén chon va dinh danh xa Khuan (Actinobacteria) cfng sinh
voi hai mién ¢ ving hién Kién Giang c6 kha ning khang Staphylococcus aurens

Trén Vii Phuong’, Cao Ngoc Diép
Vién Cong nghé Sinh hoc va Thire phdam, Trieong Bai hoc Can Tho, dieong 3/2, phieong Xudn Khéanh, quan Ninh Kiéu, TP Can Tho, Viét Nam
Ngay nhan bai 29/11/2023; ngay chuyén phan bién 3/12/2023; ngay nhan phan bién 26/12/2023; ngay chip nhan dang 28/12/2023

Tém tit:

Nghién ciru nay dwec thwe hién nhiam phan lap, tuyen chon va dinh danh mot ) chiing xa khun (vi khuin sQi -
Actinobacteria) cong sinh véi hai mién & ving bién Kién Giang cé kha niing khang Staphylococcus aureus. Xa khuin
dugc phan lap trén moi treong Starch Casein Agar va dwgc danh gia kha nang khang khuin bang phuwong phap
khuéch tin gieng thach. Tong cong c6 198 chiing xa khuin dwgc phén I4p tir 63 miu hai mién & ving bién Kién
Giang, Viét Nam. Két qua khio sat kha ning khang khuan cho thay, ¢6 22 chung co tinh khang S. aureus. Dya theo
thang danh gia mirc d9 khang khuan, cé 01 chung khang manh, chiém ty 1€ 4,5%; 12 chiing khang mire d§ trung
binh, chiém 54, 5% va 09 ching khang mirc dd yéu, chiém 40,9%. Bang ky thuiat PCR va giai trinh tu doan gen 16S
rRNA véi cip mdi SC-Act-0235-a8-20 va SC-Act-0878-aA-19, di dinh danh dwogc 06 chiing xa khuan c¢é kha ning
khang S. aureus tot nhat 1a Streptomyces variabilis (N10b), Streptomyces ambofaciens (N1a), Streptomyces recifensis
(NSc), Streptomyces griseoaurantiacus (H6b), Gordonia bronchialis (H6a) va Microbacterium binotii (HD2.3e).

Tir khéa: hai mién vung bién Kién Giang, hoat tinh khang Staphylococcus aureus, xa khuin.

Chi s6 phén loai: 1.6, 2.8, 3.5

Isolation, selection, and characterisation of sponge-associated
actinobacteria against Staphylococcus aureus in the Kien Giang sea area
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Abstract:

The aim of this study is to isolate, select, and characterise some strains of sponge-associated actinobacteria against
Staphylococcus aureus in the Kien Giang sea area. Actinobacteria were isolated on the starch casein agar medium
and were evaluated for antibacterial activity by the agar well diffusion method. A total of 198 actinobacterial strains
were isolated from 63 sponge samples in the area of Kien Giang sea, Vietnam. The results of the antibacterial activity
found that 22 isolates had the ability to resist S. aureus. Based on the level of the resistance, 1 isolate was found at
strong level (4.5%), 12 isolates at medium level (54.5%), and 9 isolates at weak level (40.9%). Six actinobacterial
strains having the highest resistance ability to S. aureus were characterised as follows Streptomyces variabilis (N10b),
Streptomyces ambofaciens (N1a), Streptomyces recifensis (N5c), Streptomyces griseoaurantiacus (H6b), Gordonia
bronchialis (H6a), and Microbacterium binotii (HD2.3e) by polymerase chain reaction (PCR) method and 16S rRNA
gene sequencing with SC-Act-0235-aS-20 and SC-Act-0878-aA-19 primers.

Keywords: actinobacteria, activity against Staphylococcus aureus, sponge from Kien Giang sea.

Classification numbers: 1.6, 2.8, 3.5
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1. it van de

Trong nhitng nim gan day, viéc sang loc va tim kiém
céc hop chit ¢ hoat tinh sinh hoc nhu khang khuan, khang
virus, chéng lai qué trinh 130 hoa va mot s6 bénh nhiét d6i
dang dugc cac nha khoa hoc trong va ngoai nudc tap trung
nghién ctru. HE sinh théi bién v cung da dang, phtic tap va
cling 1a mdi truong sdng khic nghiét ma cac hop chat tu
nhién cua hé sinh thai blen ¢6 ngudn gde tir sinh vat bién
cling hét strc da dang vé cau triic va hoat tinh sinh hoc. Cho
dén nay, hon 12.000 hop chat da dugc phat hién va mdi nim
hang trim hop chit méi dugc cong bd cd ngudn gdc tir sinh
vat bién [1]. Hai mién 1a mot ngudn phong phi vé cdu tric
cac hop chét tu nhién doc dao, mot sb trong d6 co thé hién
nhiéu hoat tinh sinh hoc khac nhau [2]. Hai mién c6 giau
su da dang cua vi sinh vat trong mé va mét $6 truong hop
chiém 40% sinh khdi, vi du nhu loai Aplysina aerophoba
[3].

Mot vai nghién ctru cho thay, nhiéu hop chét c6 hoat tinh
sinh hoc tim thdy ¢ hai mién dugc tong hop thong qua cac vi
sinh vat cong sinh véi hai mién hodc dugc tao ra bdi chinh
cac vi sinh vat nay. Nhiéu hop chit méi c6 hoat tinh d3 duoc
tim ra thong qua viéc nudi cdy cac vi sinh vat cong sinh voi
hai mién [4]. Cac loai vi sinh vat bién nay nhu 1a mot nguon
tiém nang trong viéc tong hop chat chuyen hoéa thir cap co
hoat tinh sinh hoc m&i. Vi sinh vat lién két véi hai mién co
candi bao va ngoai bao [5, 6], cong déng vi sinh vat nay dac
hi¢u cho hai mién. V& co ban hon 40% thé tich ctia co thé
hai mién c6 chura cac vi sinh vét, c6 tdc dung sinh hoc trén
chinh hai mién d6. Cho dén nay, nhiéu chét c6 hoat tinh sinh
hoc ¢6 ngudn gbe tir hai mién da duge mé ta [7].

S. aureus 1a mot loai ty cau khuan, gram duong 1a nguyén
nhan gy ra nhiéu bénh nhidm tring, tao mu va gay doc &
nguoi, thuong xay ra ¢ nhitng chd trﬁy xude trén bé mat
da nhu nhot, gay ra nhiéu bénh nhiém tring nghiém trong
nhu viém ph01 viém vu, viém tinh mach, viém mang nao,
nhiém tring tiéu va nhitng bénh nguy hiém khéac nhu viém
xuong tuy, viém mang trong tim. S. aureus con gay ngd doc
thuc pham do tao doc t6 rudt enterotoxin trong thyc pham
va gay hoi chiing soc doc té do tao ra siéu khang nguyén
trong mau [8]. Da s6 cac chung S. aureus ¢ thé tong hop
mot hay nhiéu enterotoxin trong méi trudng c6 nhiét do trén
15°C, nhiéu nhét khi ting truéng & nhiét d6 35-37°C. Tuy
nhién, chi v&i mot lugng nho S. aureus tao doc td cling co
thé gay ngd doc [9]. Cung véi Salmonella va Clostridium
perfringens, S. aureus dugc xem la mot trong ba tdc nhan
chinh cua cac vu ngd doc thuc phém & nhiéu nude [10-13].

Muc tiéu ciia nghién ctru nay 1a tuyén chon va dinh danh
xa khuan phan 1ap tir hai mién c6 kha ning d6i khang véi
vi khuan gay bénh trén ngudi nhu S. aureus nham khai thac
cac chung xa khuan ¢6 kha nang san xuét ra hop chat khang
khuén 6t va c¢6 tiém ning tng dung vao y duoc hoc.
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2. Noi dung va phuong phap nghién ciiu
2.1. Phén lgp xa khuén

Mau hai mién thu ¢ viing bién Kién Giang dugc nghién
va pha lodng 10 1an, cho vao cac dia moéi truong SCA
(Starch Casein Agar), dung que thuy tinh trai déu giot mau
trong dia, U trong til 0 & nhiét do 30°C trong 10-15 ngay dé
céc xa khuan phat trién, tiép tuc céy phan 14p nhiéu 1an cho
dén khi quan sat thiy cac khuén lac tach roi nhau va dong
nhét, quan sat dudi kinh hién vi dé kiém tra d6 rong cia xa
khuan. Tién hanh do kich thudc va quan st hinh thai khudn
lac gf”)m céc chi tiéu nhu mau séc, hinh dang, kich thudc, do
ndi va dang bia.

2.2. Danh gia khd nang khang S. aureus

Ung dung phuong phap khuéch tan qua giéng thach va
tiéu chi danh gia mic d6 khang khuan cta A.B. Galindo
(2004) [14] theo cac budc nhu sau: (1) Vi khuén S. aureus
dugc pha lodng véi nong do 10° CFU/ml va duoc trai 1én
moi truong thach ran; giéng thach dugc khoan 15 trén cac
dia da trai vi khuan S. aureus (ATCC 25923) (giéng thach
¢6 dudng kinh 6 mm, sau khoang 2,5 mm; mdi dia 5 giéng
thach); (2) Cac chung xa khudn dugc nudi trong moi trudng
long, trén may lic sau 3 ngay, dich nudi cay dugc ly tim
12.000 vong/phut trong 15 phiit; phan dich trong sau ly tim
duogc thu hoach cho vao éng nghiém mdi; cho 50 pl phén
dich trong vao giéng da khoan 13 sin trén méi trudong da trai
vi khuan S. aureus; thuc hién v6i 3 lan lap lai, d6i chung
duong 1a 50 pl khang sinh véi ndng d6 15 pg/ml (st dung
1a ampicilin d6i véi vi khuan gram duong, tetracyclin ddi
v6i vi khudn gram 4m va fluconazole ddi v6i ndm men),
dbi chung 4m 1a nudc cat; cac dia duoc G & 37°C trong 24
gid; (3) Kha niang khang khuan dugc danh gia va xac dinh
thong qua sy hién dién vong vo khuan xung quanh cac giéng
thach. Pudng kinh vong vé khuan duoc tinh theo cong thirc
sau:

D=d,-d,

trong d6, D 1a duong kinh vong vo khuan; d, la duong kinh
téng vong vo khuén; d, la duong kinh giéng thach.

Panh gia mic d6 khang khuan theo quy wdc cua A.B.
Galindo (2004) [14]: Khang manh >20 mm (+++), khang
trung binh 6-20 mm (++), khang yéu 1-5 mm (+), khong
khang <1 mm (-). Cac chiing xa khuan c6 kha nang khang S.
aureus tbt s& dugc thu nghiém voi vi khuan Bacillus cereus
(ATCC 11778) va nam men Candida albicans (ATCC
10231) phuong phéap thuc hién gidng nhu thir nghiém voi
S. aureus.
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2.3. Nhin dién xq khuin

Ly trich DNA cua xa khuin theo phuong phép
cua J. Sambrook va cs (1989) [15]. St dung cap
mdi chuyén biét cho xa khudn: SC-Act-0235-aS-20
(5’-CGCGGCCTATCAGCTTGTTG-3") va SC-Act-0878-
aA-19 (5’- CCGTACTCCCCAGGCGGGG- 3°) [16] dé
nhan ban doan gen khoang 640 bp, thuc hién phan ung PCR
theo chu ky sau: 95°C trong 4 phut, 30 chu ky gdm 95°C
trong 45 glay, 0 68°C trong 45 giay, 72°C trong 1 phut va
hoan tat cudi cling trong 5 phut & 72°C.

Két qua trinh ty cac ching xa khuan duoc so sanh
do twong ddng voi cac trinh tu trén ngan hang dir ligu
NCBI bang chwong trinh BLASTN. Dé phén tich cay pha
hé di truyén, cac trinh tu gen dugc Xir 1y v&i phan mém
CLUSTALX, version 1.81 va phan mém Mega 7.0 v&i hé
s6 bootstrapping 1000 1an cho phan tich Neighbor joining.

3. Két qua va ban luan
3.1. Phén lap xa khudn tiv hai mién

Tur cac mau hai mién thu duge ¢ 7 dia diém thuodc vung
bién Kién Giang: (1) Nti Dén, phuong Phao Pai, TP Ha
Tién; (2) Hon Kién Vang, (3) Hon R& Lén, (4) Hon R& Nho,
xd Binh An, huyén Kién Lwong; (5) Ba Hon Dam, (6) Hon
Heo va (7) Hon Nghé¢, xa dao Son Hai, huyén Kién Luong
da phan lap duoc 198 chung xa khuédn trén méi truong thach
SCA (bang 1).

Bang 1. S6 lwong mau hai mién va sé lwong cac ching xa khuén
phan lap.

Thir tw Noi thu mau S6 mAu hii mién  S6 chiing xa khuén
1 Nui Bén 15 35

2 Hon Kién Vang 3 5

3 Hon RéE Lén 3 12

4 Hon RE Nho 6 20

5 Ba Hon Pam 15 73

6 Hon Heo 10 20

7 Hon Ngh¢ 11 33

Téng sb 63 198

Céc chiing xa khuan duoc cay trén dia méi truong thach
SCA, t ¢ nhiét d6 30°C trong khoang thoi gian 10-15 ngay
dé phat trién va hinh thanh khuan lac. Tién hanh quan sat
hinh thai khuan lac (hinh 1) va dic diém té bao cua cac
chiing xa khuan bang phuong phép giot ép, dudi kinh hién
vi quang hoc vé6i do phong dai 400 1an.

Dic diém vé hinh thai khuan lac cua céc chung xa
khuan: V& hinh dang khuan lac, c6 117 ching xa Kkhuén ¢
hinh dang tron, chiém 59,1%, 68 ching xa khuan c6 dang
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Hinh 1. Khuan lac mét sé chiing xa khuan dac trwng trén mai
trworng SCA. (A) Khuan lac ching N10a; (B) Khuén lac ching
H4b; (C) Khuan lac chiing HD1-6¢; (D) Khuan lac ching N3b.

tron, c6 soi 34,3%, 8 chung xa khuan c6 xuét hién giot tiét
O gilra khuén lac cua xa khuan, chiém 4% va 5 chung xa
khuén c6 vong ddng tdm xung quanh khuén lac va c6 soi an
sau vao bé mat moi truong, chiém 2,5%. V& mau sic khuin
lac, c6 76 ching c6 mau trang, chiém 38,4%, 62 ching co
mau vang va vang nhat, chiém 31,3%, 34 ching c6 mau
cam, chiém 17,2%, 13 chung c6 mau do, chiém 6,6% va 13
chiing c6 mau xam, chiém 6,6%. Dang bia cua khuén lac co
110 ching c6 dang bia nguyén, chiém 55,6%, 88 ching co
dang bia rang cua, chiém 44,4%. Do ndi cua khuén lac, co
124 chung c6 do ndi khuédn lac dang mo, chiém 62,6% va 74
chiing xa khuan c6 d6 noi dang 1ai, chiém 37,4%.

Dic diém hinh thai té bao ciia cac chung xa khuan: Tét ca
198 chung xa khuén phén 1ap dugc 1a gram duong. V& hinh
théi té bao, c6 115 chiing xa khuan c6 hinh thai té bao dang
que ngfm, chiém 58,1%, 35 chung xa khuén co té bao dang
que dai, chiém 17,7%, 23 chung xa khuan c6 dang que ngin
két chudi, chiém 11,6%, 20 ching c6 dang hinh cau, chiém
10,1% va 5 chung c6 dang hinh cau két chudi, chiém 2,5%.
Vé kha nang chuyén dong cua té bao, c6 40 chung xa khudn
¢6 té bao chuyén dong, chiém 20,2% va 159 ching co té bao
khong chuyén dong, chiém 79,8%. Xa khuan phan lap tir hai
mién tir cac vung bién khac nhau duoc nhiéu tac gia cong
b trude day: tir cic mau tram tich, hai mién, san hd mém,
da gai, sao bién thu thap tir ba ving bién Ha Long - Cat Ba,
Co6 T6 - Thanh Lan va Bai Tt Long da phan lap dugc 143
ching xa khuén [17], tir hai mién & ving bién Vang, Trung
Qudc phan 1ap dugc 106 ching xa khuan [18], tir hai mién
suu tap tai Ras Mohamed (Ai cap) va Rovinj (Croatia) phan
lap duoc 90 ching xa khuan [19], tir hai mién suu tap tai
ving bién Indonesia phan lap duoc 62 ching xa khuan [20].
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3.2. Ti uyén chon xa khudn doi khang voi S. aureus

Két qua khao sat kha nang khang khuan cta 198 ching
xa khuan phén lap dugc cho thay, ¢6 22 chung c6 kha ning
khang duoc vi khuan S. aureus. Trong d6 c6 mot chung
khang manh, chiém ty 1€ 4,5%, 12 ching khang muc do
trung binh, chiém 54,5% va 9 ching khang muc do yéu,
chiém 41% theo thang danh gia muc d6 khang khuan quy
udce cia A.B. Galindo (2004) [14] (bang 2, hinh 2).

Bang 2. Mrc d6 khang S. aureus cua 22 chiing xa khuan.
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3.3. Binh danh cdc chiing xq khudn tuyén chon

Sau ching xa khudn da dwoc tuyén chon do c6 kha ning
khang S. aureus tot nhét, tuong duong hoic cao hon so véi
nghiém thirc ddi ching ampicilin 14 cac ching: Nla, H6b,
Ho6a, N5c¢, N10b va HD2.3e, v6i duong kinh vong vo khuén
>10 mm khac biét c6 ¥ nghia théng ké so vdi cac chung con
lai (bang 2). Sau chung xa khuan nay dugc dénh gia kha
ning khang vi khuén B. cereus va ndm men C. albicans, két
qua dugc trinh bay ¢ bang 3.

Bang 3. Mirc d6 khang B. cereus va C. albicans cta 6 chiing xa

Thit Ky hiél} chiing DPuong kith vong Mikc dj khing khuén theo quy woe Khuin tuyén chon.
*  xakhuan khang khuan (*)  cia A.B. Galindo (2004) [14] (**)
1 ND1.4¢ 7,0 + Vi sinh vat thir nghiém
2 ND1.6" 7,7 + Thir  Chiing B. cereus C. albicans
3 NDI.7 5,00 ¥ e xakhudno e khing  Micds  Vong khang Miic 45
4 RLIE sg N Khugn (%) khang (%) khuan (¥)  khang (**)
3 RL2® 6,0’ T+ 1 HD2.3e 6,0° ++ 11,7¢ ++
6 RN1® 7’01 ++ 2 Ho6a ]8,0" ++ - -
7 RNI® 7,7 + 3 Héb 20,0 Ft+ - -
8 RN1¢ 5,04 + 4 Nla 10,0¢ ++ 21,0* +++
9 RNIf 8,0¢ + 5 N5c - - 13,7° ++
10 RN2° 3,3 + 6 N10b 7,0¢ ++ 8,0¢ ++
b 0 z
il L 2t ! *: dwoing kinh vong vé khuén [D = d, - d,] (mm): s6 liéu la trung binh ciia
12 RN6* 5,04 + 3 1an Iap lai. Cac chir cai khac nhau theo sau bén phai sé liéu trong cling
13 RNGP 3,0m + mét cot khac biét cé y nghia théng ké & mirc 99%; **: mlrc d6 khang:
14 HD2.3¢ 103° an +++: khang manh, ++: khang trung binh, +: khang yéu, -: khdng khang.
15 Hé* 15,0¢ +H béi voi kha nang khang B. cereus, c6 1 chung dat muc
16 He? 1800 an khang manh, 4 chung dat mirc khang trung binh va 1 chung
" NI 2 e khong khang. Do6i voi kha nang khang C. albicans, c6 1
18 e o o chung dat mic khang manh, 3 chung dat mirc khang trung
9 o 8;)" o binh va 2 ching khong khang. Hai chiing xa khuan HD2.3e
: va N10b déu c6 kha nang khang vai 3 loai vi sinh vat thir
20 N9? 43! + ‘n \ N .
nghiém 1a B. cereus, S. aureus va C. albicans.

21 NIO® 12,00 + ) .
” NI 5QH N Sau chung xa khuan tuyén chon dugc khao sat cac dac

o . diém khuan lac va dac diém t€¢ bao cua 6 ching xa khuan
Doi chung (tetracyclin)  12,0¢

*: duding kinh vong vo khuén [D = d, - d,] (mm): s6 liéu I trung binh cda
3 1an 18p lai. Cac chir cai khac nhau theo sau bén phai sé ligu trong cling
mot cot khac biét co y nghia thdng ké & mic 99%; **: mic d6 khang:
+++: khang manh, ++: khang trung binh, +: khang yéu, -: khong khang.

4,5%

41% = Khang manh (+++)
= Khang Trung binh (++)

Khang yéu (+)

Hinh 2. Ty Ié mirc d6 khang S. aureus clia cac chiing xa khuan.
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tuyén chon dugc trinh bay & bang 4.

Bang 4. Pac diém khuan lac va dic diém té bao cta 6 chiing xa
khuan tuyén chon.

Dic diém khudn lac Dic diém té bao
Thit Chiing
Duong .
xa . .
L khuén A{au Hinh dgng  Dang bia Di’, kinh Hinh Df Gram
sdc noi dang dpng
(mm)
1 HD2.3e Vang Tron Ringcua Mo LS Q;u ¢ nggr}, + +
ket chuoi
2 Héa Vang Tron,cosoi Rangcua Lai 3 Quengin - +
3 H6b  Trang Tron Nguyén  Lai 2 Quedai - T
4 Nla Tring Trom,cosoi Ringcwa Lai 3 Quedai - +
5 NS¢ Tring Tron Rangcwa Lai 3 Quengin - +
6 NIOb Cam Tron Rangcwa Mo 15 Quedai  + 4
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Sau ching xa khuan tuyén chon duogc nhan ban doan
gen 16S rRNA v6i cip mdi SC-Act-0235-aS-20 va SC-Act-
0878-aA-19 chuyén biét cho xa khuén (actinobacteria), co
kich thudc khoang 640 bp [16]. Két qua giai trinh tu dugc
so sanh do twong dong véi cac trinh ty trén ngan hang dix
liu NCBI, so sanh v&i cac dic diém hinh thai khuan lac, cac
ddc diém vé hinh thai, dic diém sinh hoc cua té bao (bang
4), xéac dinh duogc tén loai cua 6 chung xa khuén tuyén chon
dugc trinh bay o bang 5.

Bang 5. Két qua dinh danh ctia 6 chling xa khuén tuyén chon.

Thi  Chiing xa e A B‘Q ding
tr Khudn *  Loai xdc nhan hinh

' ()

Ho Actinomycetaceae

1 Nla Streptomyces ambofaciens strain 1 (MK929479) 99,80
2 NS¢ Streptomyces recifensis strain WZS121 (MH497607) 99,12
3 Héb Streptomyces griseoaurantiacus strain XY 173 (MH432690) 100
4 N10b Streptomyces variabilis strain AC31 (KX845578) 100

Ho Microbacteriaceae

5 HD2.3e  Microbacterium binotii Rup 1 (LC389374) 99,22
Ho Gordoniaceae
6 Héa Gordonia bronchialis strain G7C (KT907150) 99,70

Trinh ty doan gen cta 6 chiing xa khuén tuyén chon duoc
phan tich mbi lién hé di truyén véi phan mém CLUSTALX,
version 1.81 va phan mém Mega 7.0 v6i hé s6 bootstrapping
1000 lan két qua dugc trinh bay & hinh 3.

74/Nfa  Streptomyces ambofaciens
100| IN10b  Streptomyces variabilis oA
u Héa  Gordonia bronchialis strain

N5 Streptomyces recifensis

Héb  Streptomyces griseoaurantiacus
HD2.3e - Microbacterium binofii B

o

Hinh 3. Cay pha hé dwa trén trinh tw gen 16S rRNA (640 bp) ctia 6
chiing xa khuan nghién ctru. 0,01 chi khodng céch di truyén 1 thay
dbi/100 bases.

Cay pha hé ctia 6 chung xa khuan chia lam 2 nhanh r&
rét, nhanh A v6i 4 ching: lién két di truyén giira 2 chung S.
variabilis N10b voi S. ambofaciens Nla, ca 2 chung nay
c6 mdi quan hé di truyén v6i Gordonia bronchialis H6a;
ca 3 ching c6 lién hé di truyén chat chd vé6i S. recifensis
N5c. Trong khi d6, nhanh B chi c6 2 chung Microbacterium
binotii HD2.3e va S. griseoaurantiacus H6b c6 quan h¢ di
truyén chit ché du ching khac chi.
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Céc vi sinh vat lién két v6i hai mién vo cung da dang,
khong chi ¢6 vi khuan va ndm ma con co ca nhom xa khuan
[21]. Két qua phéan lap nay phu hop véi nghién ciru cua
H. Zhang va cs (2006) [18] da phan lap dugc 106 chung
xa khuan tir loai hai mién Hymeniacidon perleve & ving
bién Vang, Trung Qudc. Nam 2010, U.R. Abdelmohsen
(2010) [19] da phan lap dugc 90 ching xa khuan tir 11
loai hai mién suu tap tai Ras Mohamed (Ai Cap) va Rovinj
(Croatia). Tu 2 loai hai mién Xestospongia testudinaria va
Xestospongia muta, N.F. Montalvo va cs (2014) [22] cling
da phan lap dwoc 126 ching xa khuan thudc 18 chi chu yéu
la cac chi Brevibacterium, Micromonospora, Micrococcus
va Streptomyces. M.C.D.L.H. Romo va cs (2022) [23] tong
két c6 nhiéu chi xa khuén duoc phan 1ap tr hai mién nhu
Streptomyces sp., Nocardiopsis sp., Micromonospora sp.,
Verrucosispora sp., Salinispora sp..., c6 kha nang sinh ra
cac hop chit c¢6 hoat tinh khang nhiéu chung vi khuin gay
bénh trong d6 co6 S. aureus.

H. Maleki va cs (2013) [24] phan lap va xac dinh 2
ching G614C1 va K36C5 c¢6 hoat tinh khang vi khuan S.
aureus va c¢6 do twong dong véi 2 loai S. coelicolor va S.
albogriseolus. P.S. Kumar va cs (2014) [25] phan lap céac
chung xa khuan & trong dét trong trot ving Tamil Nadu,
An Do c6 1 ching Streptomyces sp. SCA7 c6 kha ning
khang lai vi khuan Staphylococcus epidermis va Massezia
pichidermatis. B.F.A. Maria va cs (2018) [26] xac dinh tr
dich nudi cdy chung S. lincolenesis AA1 tiét ra chat khang
khuan rat manh khang S. aureus. M.C. Kim va cs (2022) [27]
phat hién ching xa khuan Streptomyces sp. EG32 phan lap tir
vung bién Ai Cép c6 kha nang san xudt chlororesistoflavins
A va B khang manh d6i v6i S. aureus khang methicillin.
Két qua nghién ctru nay tim ra 6 ching xa khuan dbi khang
manh v6i vi khuan gay bénh trén nguoi 13 S. aureus trong d6
chung t6t nhét 1a Streptomyces coelicolor Nla, tring khép
v6i két qua cua H. Maleki va cs (2013) [24].

4. Két luan

Nghién ctu da thuc hién dugc bd suu tap gém 198
chung xa khuan phan 1ap tir 63 mau hai mién duoc thu thap
& 7 dia diém khac nhau cua ving bién Kién Giang, trong
d6 c6 22 ching c6 kha nang khang S. aureus. Sdu ching
¢6 kha niang khang S. aureus tot nhat da dugc dinh danh
la S. variabilis (N10b), S. ambofaciens (N1a), S. recifensis
(N5c), S. griseoaurantiacus (H6b), Gordonia bronchialis
(H6a) va Microbacterium binotii (HD2.3e). Cac ching xa
khuén nay c6 hoat tinh khang khuén cao dugc phan lap tir
hai mién 12 ngudn vat lidu quy va 1a co s& khoa hoc cho céac
nghién ctru tiép theo nhim phuc vu cho nghién ciru tinh
sach, san xudt cac hop chét ¢ hoat tinh sinh hoc cao, gop
ph?m ung dung trong viéc diéu tri bénh va bao vé stc khoe
cho con nguoi.
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Nghién ciru, thiét ké may tw dong cit thudc phong
NDSI-2K va ®CI'-2.B41M
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Tom tit:

Bai bio gi6i thi¢u két qua nghién ctru, thiét ké may ty dong cit thudc phéng NDSI-2K va ®CI'-2.B41M sir dung cho
diy chuyén san xuit thudc phéng hai goc hinh dng ciia Nha may Z195, Téng cuc Cong nghiép Qudc phong. Phwrong
phap truyén théng hién nay dang sir dung 12 phwong phap thii cong, sir dung lwe dap chan ciia cong nhin thong qua
hé thong din dong co khi dé kéo dao cit chuyén dong xudng cit thudc, ton nhiéu thoi gian, nhin cong va chit lwong
san phAm khéng cao, thwong phai tién lai mit dau sau khi cit dé dam bio yéu ciu k¥ thuat. Véi giai phap méi, thude
phéng dwoc cit tw dong, nhanh chéng, an toan va chinh xac; viéc tuyén chon thudc phéng thong qua hé théng bing
tai can, dua trén nguyén Iy phan loai theo trong lwong. Toan bd qua trinh lam viéc dwoc diéu khién, kiém soat béi
hé th(")ng cam bién, by diéu khién logic 13p trinh PLC thong qua mdy tinh giam sat dat tai phong diéu khién. Dir liéu
¢6 thé Iru trir va trich xuét bao cdo dinh ky.

Tir khéa: may cit thudc phong tw dong, thude phéng ballistic, thuée phong NDSI-2K, thudc phong ®CI-2.B41M,
tuyén chon thudc phong.
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Research and design of automatic cutting machine
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Abstract:

This article introduces the results of research and design of automatic cutting machine for propellants NDSI-2K and
®CI'-2.B41M used for the double-based tubular propellant production line of Factory Z195, General Department
of Defense Industry. The traditional method is usually manual, using the foot pedal force of the worker through a
mechanical drive system to pull the cutting knife down to cut the propellant. This process takes a lot of time, labour
and product quality is not high. After cutting, it is still required to lathe the ends of the propellant tube to meet
technical requirements. With the new solution, the propellant is cut automatically, quickly, safely and accurately and
the selection of propellant is carried out through a weighing conveyor system based on the principle of classification
by weight. The entire working process is controlled by a sensor system and programmable logic controller (PLC)
programmer through a monitoring computer located in the control room. Processing data can be stored and
periodically exported for report purposes.

Keywords: automatic cutting machine, ballistic propellant, NDSI-2K propellant, selection of propellant,
®CT-2.B41M propellant.
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1. Dat van de

Thubc phong 1a nhom chat nd dic biét ma dang bién doi
hoa hoc chu yéu cia ching 1a chay dudi tac dung cta xung
kich thich bén ngoai, dugc st dung trong k¥ thuat quan su
dé déy dan hodc tén ltra dén muc tiéu [1]. Ngoai ra, mot )
loai thude phong con duge sir dung trong k¥ thuat dan lam
liéu cham lira, phuwong tién truyén lira, lidu giit cham, thanh
phéan hen gi(‘r trong ngoi dan va cac chi tiét hoa thuat. Nha
may 7195, Tong cuc Cong nghlep Quédc phong la don vi duy
nhit trong quan doi san xuat cac loai thudc phong trén co
s& Nitroxenlulo (NC), thudc nd phuc vu stra chita, san Xudt
cac loai dan dugc cho lyc luong vil trang véi san lugng binh
quan hang nim khoang 250 tan thudc phéng, 260 tin thudc
nd. Trong nhitng nim gan diy, nhu cu san lugng thude
phong, thude nd ting nam sau so v6i ndm trudc khoang 1,5-
2 lan, du bao trong nhirng ndm t6i nhi¢ém vy san xudt thudce
phéng phuc vu stra chita cac loai dan phuc vu huén luyén,
san sang chién d4u va du trix tiép tuc tang cao. Cung voi do
yéu cau doi hoi ngay cang cao vé ning suat, on dinh chét
lugng san phim va an toan trong qua trinh san xut.

Day chuyén san xuét thudc phong hai gbe hinh éng nam
trong khu vuc Xi nghi€p 92 ctia Nha may Z195 theo cong
nghé chuyén giao ciia Cong hoa dan cha nhan dan Triéu
Tién (c6ng nghé cua nhitng ndm 60-70 thé ky trudc). Trai
qua hon 20 nam hoat dong san xuit, day chuyén boc 16
nhiéu bat cap, cong nghé da lac hau, nhiéu cong doan thu
cong, moi truong lam viée doc hai, ndng sut thép, tiém 4n
nguy co mat an toan cao. Dién hinh 1a may cit hai loai san
pham thudc phong hinh éng NDSI-2K va GCI-2.B41M.
Hai loai thudc phong trén dung dé tong lip cho cac loai
dan chéng tang (NDSI-2K dung cho dong co hanh trinh dan
chdng ting 73 mm kiéu PG-9 dung cho liéu phong dong
co dan chéng tang B41M va cac loai dan khac). May cét
thi cong, str dung mang dan gdm mang dan cudn 1ong mo
bang nhém don thude tir dau méay ép dun dan thude qua 0
cua thong tur phong ép dun sang phong cét, tai phong cét 6
he thong con lan bang thep trang tiép tuc dan thudc dén co
cAu cét. Thude duoc dan qua gia dao dén cit chan xac dinh
chidu dai cét. Lic nay, nguoi cong nhan ding tay giit hai
dau thoi thude dé tranh xé dich va dung chan dap ban dap
kéo dao chuyén dong Xuong cit thudc. Tai thoi diém cit,
dé tranh hién tuong thude bi cong do bi dao cat va cit chan
can duong dich chuyen phal c6 nguoi cong nhan khac thuc
hién thao tac nang dng thude ¢ trén mang dan con lin phia
trudc co cau cat.

Nhuoc diém ctia may cat thudc phong hién tai 1a: Co
ciu gia dao c6 chuyén dong thing dung trong rinh truot
¢6 d6 do, ludi dao chua t6i wu hoa (Vé do cting, goc cit,
vat ligu), tdc do cit cua dao phu thudc vao lyc dap chan
clia nguoi van hanh nén khong 6n dinh. Khong c6 co cdu
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che chin dam bao an toan, d& bi cit vao tay. Co ciu ga dao
tho so, dao dugc kep chat bé“lng vit nén viéc thay dao mét
nhiéu thoi gian. Nhitng nhuoc diém trén 13 nguyén nhan
lam giam hiéu xut san pham, tiéu ton nhan cong lao dong,
gdy lang phi nguyén liéu, 1am cham tién do san xuat. Theo
thong ké, thuéc phong NDSI-2K sau cit khong dat do vat
mat dau, nén 100% san pham phai cit dai hon theo quy dinh
khoang 3-4 mm, sau d6 tién hanh tién mat ddu dé san pham
dat yéu cau vé do vat mat dau va chidu dai. Didu do gay
lang phi khoang 1,4% nguyén li¢u va lam tang khoang 54
cong lao dong cho 1 tan san pham. Nhiéu dng thudc phong
®CT-2.B41M c6 chidu dai vuot quy dinh, phai tién trén may
tién dé dat yéu cau vé do vat va chidu dai, con lai déu phai
ché bién thanh thudc thu hdi (nam 2020 1a khoang 9%). S6
thudc dua di ché bién 1am thudc thu hoi khoang 7000 éng
(4,2%). Ngoai ra, tudi tho cua dao thap, do vay phai thay
thuong xuyén, thoi gian dimg may dé thay dao dai (khoang
8 phut), trong khi thude van lién tuc duoc dun ra. Do vay
phai str dung méay dy phong dé cat thude.
2. Phuang phap nghién ciiu

Hinh dang va kich thudc thude phéng anh huéng rat
quan trong téi quy ludt chay va tao khi. Viéc tang giam kich
thudc hay khdi lwong thuc phong s& lam thay d6i ning
luong do thudc phong sinh ra, gay anh huong dén tinh ning
k¥, chién thudt ctia sting phéo (bang 1).
Bang 1. Théng sé k§ thuat chinh cta thuéc phéng [2, 3].

Thubc phéng TSR

Chi tieu OCr-B41M
Chiéu dai san phAm (mm) 214216 200,
Do vat mit dau dng thude (mm) <1 (phia 16 to <0,3) <1
DBuong kinh ngoai (mm) 42-43 27,3-0,7
DBuong kinh trong (mm) L(:) 03357 12,5+0,5
Lo nho 10,5+0,6
Chiéu cao gan mat éng thube (mm) 1,5-1,7 1,5-1,7
Sai léch bé day chay riéng (mm)  <0,6 <0,8
Khéi luong (g) 460-490 140-150

Nhom tac gia da nghién ctu cac tai li€u khoa hoc k¥
thuat, tai liéu thiét ké, 1ap dat va van hanh thiét bi ciia mot sd
hang hang dau trong linh vyc san xuét thudc phong, nhu co
s& xtr Iy thube phong tén lira nhién lidu ran cua My, st dung
may cua dia tai cong doan cit, may cua c6 gin nhiéu dia cit
dinh ¢t theo chiéu dai san pham, phoi thude phong tu dong
dua vao may cua bang co cau kep khi nén [4]; hay may cit
thudc phong cua Contruska voi cum co cdu cat duge ga va
dan dong trugt trén hai thanh din hudng nhdm muc dich
diéu chinh dao dén vi tri cit dat kich thudc chiéu dai theo
yéu cau [5].

Bén canh d6, nhom nghién ciru di tim hiéu quy trinh
cong ngh¢ san xuat va h¢ thong thi€t bi cat, tuyén chon
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thude phong NDSI-2K va CI'-2.B41M da duoc lép dat, van
hanh tai Nha may Z195. Qua do, nghién ctru thiét ké ché tao
h¢ thong tu dong cit thudc phong hai gdc hinh dng trong
tuong lai.

Thudc phong 1a nhém chit nd dic biét véi tinh chét dac
thi 1a d& chay, nd; do vay hé théng trudc khi dua vao cit
thudc phong s& dugc cit thir nghiém véi san pham 1a sap
nén, diéu nay dam bdo d6 tin cdy va an toan cho hé théng.
San pham sau khi cit dugc kiém tra lai chiéu dai bang thudc
cap do chinh xac 0,02 mm, kiém tra khoi luong béng can
dién tir 3 56 1¢.

3. Két qua va ban luan
3.1. Gidi phdp va cdu hinh hé thong tw dpng cit thuéc phéng
3.1.1. Gidi phdp va mé hinh thiét ké

Giai phap thiét ké duge dua ra dua trén co so khic phuc
céc ton tai va dam bao thong sé k¥ thuat cua thudc phong.
M5 hinh hé théng gdm 04 bo phan chinh: bo phan cit; bo
phéan van chuyén trung gian; by phan phan loai; by phan
diéu khién.

Bé phdn vin chuyén trung gian: Dé dan dong thude
phong dén cac bod phan khac cua hé théng, tbc do van
chuyén c6 thé diéu chinh dé dap tmg dwoc sé lugng thoi
thudc theo timg nhip san xuat ciia Nha may. Str dung cac
loai bang tai con lan, PVC... v6i mic d6 da dang, phé bién
cao trén thi truong.

Bé phdn cdt: Cat thude phong thanh céac thoi thude co
kich thudc di dé ra & béng 1. Bé dat dugc d6 vat mit dau
nho hon 0,3 mm, tdc do cit phai I6n, do clng va blen dang
dao phal phii hop. Nhom tac gia Iya chon co cdu truyén
dong ct dang xy lanh khi nén véi tdc do cat 1on 800 mmy/s,
dao cat lam tir thép hop kim SKDI11 ¢6 dé cimg sau khi
nhiét luyén dat 60-62 HRC. Chiéu dai duoc xéac dinh thong
qua cam bién tiém cén va vitme diéu chinh chiéu dai, c6 do
chinh x4c 0,5 mm, diéu nay dap tmg dugc dung sai chiéu
dai cho phép.

B¢ phdn phdn logi: Phan loai theo nguyén ly can trong
lugng nho cam bién Loadcell, do chinh xac 0,2 g cho phép
kieém soat khoi Iugng thude phoéng mot cach tin cay.

B¢ phdn diéu khién: Sir dung bd diéu khién kha trinh
PLC. Véi kha nang thuc hién céc thuat toan phuc tap, do
chinh xac cao va dé dang thay doi chwong trinh theo ¥
muén, PLC dam bao viéc kiém soat hoat dong cia hé théng
dugc tin cdy.

3.1.2. Cdu tao chung hé thong tw dong cat thuéc phéng

Heé thdng ty dong cit thude phong duoc thiét ké va lap
dat cho day chuyén san xuat thudc phong hai goc hinh
ong (thuoc phong NDSI-2K va CI'-2.B41M) ctiia Nha may
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7195, Tong cuc Cong nghiép Qubc phong nham nang cao
nang suat, hidu qua cit va tuyén chon thube phong, dam bao
tinh an toan, giam thiéu anh hudng t6i sirc khoe cong nhan
van hanh. H¢ théng hoat dong tu dong, chéc chén, phu hop
v6i khong gian nha xuong, duge thiét ké lam viée lién tuc,
khong bi gian doan san xuét trong qua trinh thay dao cat khi
mon (hinh 1).

Hinh 1. So d6 hé théng cét va tuyén chon thudc phéng tw dong.

He¢ thdng cho phép nhan s¢i thudc phong tir ctra ra ciia
mdy ¢p dun (cong doan trudc) béng bang tai con lan. Soi
thudc ra dugc dan dong dén cum co céu cit, tai dy soi
thudc dugc cat thanh cac doan (thoi thude) cé kich thude
phi véi véi yéu cau k¥ thuat thong qua cum xy lanh - dao
cit, hé théng cam bién phat hién va xac dinh chiéu dai soi
thudc. Dé bu dap cho nhiing sai s6 nho vé do tré cua cac
phén tir cam bién, cum co cau cit dugc thiét ké co céu chian
phoi co khi dam bédo tdc do tirc thoi cua soi thude tai thoi
diém cét x4p xi bang 0.

Théi thude sau khi cit duge dan dén cum can phan loai
thong qua hé thong bang tai PVC. Tai day, thoi thude dugc
phan loai theo nguyén 1y cin trong luong nhd cam bién tai
trong (Loadcell) voi do chinh xac 0,2 g. Cac san pham dat
yéu cau tiép tuc duogc chuyen dén cong doan tlep theo cua
qué trinh san xuat thudc phong. Cac san pham 16i s& dugc
day xudng thing chira phé phim nho bd xylanh khi nén.

Céc tham s6 ky thuat vé chiéu dai, khdi luong thoi thude,
tdc d0 bang tai... dugc cai dat va diéu khién truc tiép nho hé
thng diéu khién. Qua trinh cit, tuyén chon thudc phong s&
tu dong hoan toan cho dén khi két thic.

Yéu cau chung: Do yéu ciu cao mirc do chinh x4c chiéu
dai, khéi luong va do vat mat dau cia thoi thude sau khi cit.
Do tinh chit dic thi ciia thude phong - 14 san pham dé chay,
nd tiém 4n cac nguy co mat an toan. Vi vdy, cac thiét bi, co
cAu cta hé thong can phai didu chinh mét cach téi wu va can



phai tuan thu, dap Gmg duoc cac quy dinh vé an toan cia
cong ngh¢ san xuat thuoc phong.

- Hé théng duoc ché tao tir vat liéu chéng tinh dién, cac
bé mat tiép xtc voi thudc phong co6 d6 nham phu hop khong
gdy xudc bé mit thudc phong.

- Vit liéu ché tao dao cit: Thép hop kim, c6 do cung 16n
(58-62HRC), c6 d6 bén, kha niang chiu mai mon tét, khi cét
khong gay phat sinh tia ltra di¢n.

- Cac phan tir dién yéu cau phong nd, hé théng mang
dién phu hop véi mat bang nha xudng thuan loi cho thao
lap h¢ thong.

- Hé thong diéu khién dugc duoc tai phong riéng voi cac
phan tir chap hanh.

3.2. Cic thanh phén chinh ciia hé thong tw déng cit
thuoc phong

3.2.1. Bang tai con lan dan soi thuoc dén cum co cau cat

Bing tai loai con lin duoc dan dong boi dong co phong
nd thong qua bo truyén dai ring. Con lin va hé thong khung
duogc lam tir thép khong gi. Te d con lan dugc diéu chinh
lu6n nhanh hon tc d6 ra cta soi thude nham duy tri mot luc
kéo nhét dinh gitp soi thudc 6n dinh vé dudng kinh, luc kéo
nay dugc hd tro béi hai con lan ty phoi phia trén. Hai con
lan phia dau bang tai duoc thiét ké linh hoat c6 thé nang 1én
ha xudng nho bo xy lanh kép, didu nay dam bao toc do soi
thudc tai thoi diém cit xap xi bang khong (hinh 2).

Hinh 2. Bang tai con lan dén thuéc.

3.2.2. Cum co cdu cdt

Soi thudc khi dén cum co ciu cit, cam bién tiém can
phat hién va xac dinh chiéu dai thoi thude. Tin hiéu dugc
dua vé hé théng trung tam, diéu khién cym dao di Xuéng
cit thube. Qua trinh dao cit di xudng kéo theo co céu co
khi chan phéi truée khi cit nhim nang cao do tin cdy cia
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o ciu cat. Cum co ciu cét duoc thiét ké gém 2 cum cét ndi
tiép nhau (1 hoat dong, 1 du phong), diéu nay dam bao hoat
dong san xut dién ra lién tuc khong bi anh huéng boi qua
trinh thay dao (hinh 3).

Hinh 3. Cum co’ cau cit.

Co ciu truyén dong cit loai xy lanh khi dugc lua chon,
boi tinh wu viét hon so véi cac co cau truyén dong co khi,
thuy luc vé kha nang hoat dong véi tdc do cao, nhe nhang va
khong gy 6 nhiém méi truong. Diéu nay pht hop voi yéu
cau va diéu kién 1am viéc ciia day chuyén san xuat thudc
phong.

Viéc xac dinh hanh trinh va toc d6 cua xy lanh dugc tinh
toan dap ung cac y€u cau vé dicu kién va nang suat cia san
pham.

Dao cit la phan tir quan trong nhit ctia cum co ciu cit.
Diéu nay anh huong tryc tiép chét lugng san phdm va chu
ky thay dao. Viéc lya chon, tinh toan bién dang va vat liéu
dao, nhom dé tai di co nhimg thuc nghiém. D6i véi dao cit
vat mot mit van dam bao do vat mat dau, tuy nhién chi dam
bao mot bén.

Hinh 4. Bién dang dao cét.
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Déi voi vat lidu 40X, sau khi qua xur Iy nhiét d6 ciing dat
55HRC, tuy nhién qué trinh str dung ty 1¢ mai mon khong
dap uing dwoc yéu cau lam viéc (chu ky thay dao <8 gid lam
viéc). Dao cat dugce st dung vat 2 mat, lam tur thép SKD11
da qua cong doan gia cong, xur 1y nhiét (nhiét luyén) dat do
ctng 58-62HRC. Quy trinh gia cong: Lua chon thép -> Gia
cong -> Kiém tra -> Rira sach -> T6i chan khong -> Thiam
dau -> Ram -> Xtr Iy bé mit (hinh 4).

3.2.3. Cum bang tdi dan dong

Bing tai thang: La hé théng bang tai trung gian dan dong
thoi thude dén cac cong doan khac cia hé théng. Hé théng
chan gia d& lam tir thép khong gi, khung ngang lam bang
nhém dinh hinh, diéu nay thuén loi cho viéc bd tri céac day
dién dong luc cho hé théng. Dong co st dung la dong co
phong n6 ciia PARMA loai YB2-802-4 B3, cho phép phong
chdng chay nd, ngin ngira bao vé cac thiét bi trong khu vuc.
Tbc @6 1490 vong/phut duoc diéu chinh thong qua bién tan.
Céc thao tac diéu chinh duoc thuc hién truc tiép trén may
tinh diéu khién.

Bing tai cong: La bang tai trung gian dan thoi thudc sau
cit dén vi tri can phan loai. Bang tai duoc le“ip dat cac con
lan din huéng nham dinh vi chinh xac chuyén dong ciia thoi
thude trén bang tai. Goc cua va ban kinh cong dugc tinh
toan phu hop véi mit bang nha xudng theo cong thirc sau
va thé hién ¢ hinh 5 va 6.

R, :1,2.[50+‘/(R,. + D) +(§)2] =1060 mm [6]

trong do, R 1a ban kinh ngoéi bang tai cong; R, la ban kinh
trong bang tai cong c6 thé chon tiéu chuan nhu sau: 420,
620 va 840 mm, chon so by bang 620 mm; D 1a duong kinh
soi thudc 42 mm; L chiéu dai soi thude 200 mm.

L

e ——

Hinh 5. So dd tinh toan kich thwéc bang trung gian [6].
LW: chiéu rong bang tai.
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Hinh 6. Bang tai trung gian.
3.2.4. Cum cdn phan loai san pham

Thoi thube dugc bang tai nhan thude dan hudng dén
cum bang tai can, tai day thoi thude s& duoc phan loai theo
nguyén 1y trong lugng nhd cam bién loadcell. Khéi lwong,
sai s& khoi lugng duoc hién thi trén giao dién HMI cua
ta diéu khién. Cac san pham khong dat yéu cau duoc diy
xudng thing phé pham nho bo xylanh khi nén. Toc d6 bang
tai can dugc diéu chinh luén nhanh hon tdc d6 cua bang tai
nhan thuéc nham dam bao trén bang tai can s6 lugng thoi
thudc luon <1 (hinh 7).

Hinh 7. Can phan loai san pham.



Cam bién loadcell, d6 1a don can va mach xir ly. Strain
Gauge trong don can c6 kich thudc nho bang mong tay duge
cép mot nguén dién cd dinh, dién tré cua no sé thay ddi khi
bi nén hay kéo dan, dugc hiéu don gian la thanh kim loai
chiu tai. Thanh kim loai nay mot dau cta no s& duoc gén )
dinh, du con lai grfm vao mat ban can. Khi vat duogc dat 1én
ban can, thanh kim loai nay s& bi uén cong do trong lugng
ctia vt gay ra. Luc nay dién tré Strain Gauge s& bi thay d6i
thong sé vé dién tré. Tin hiéu nay sau d6 duogc chuyén doi
thanh thong tin hitu ich nhd cac thiét bj do luong, dé chuyén
tai dén khu vuce xtr 1y tin hiéu va hién thi 1én man hinh, giap
ngudi dung biét duoc trong lugng cua vat 13 bao nhiéu.

3.2.5. H¢ thong diéu khién cho hé thong tw déng cit
thuéc phong

- Hé thdng diéu khién: Hé thong dién diéu khién dugc
sir dung trong hé thdng 13 dién xoay chiéu 220 V cho cac
thiét bi didu khién nhu dong co, cac thiét bi dién tir... D6i
v6i cac tin hiéu cam bién, dén cac thiét bi dién tir nhu man
hinh cham (HMI), PLC dién ap su dung la dién mot chiéu
24 V. Hé thdng sir dung cam bién quang, cam bién tiém can
dé bao vé, canh bao va dém sb thoi thude.

PLC dong Siemens S7 1200 1214 DC/DC/DC véi 14
DI 24VDC; 10 DO 24VDC; 2A1 0-10VDC; PROGRAM/
DATA MEMORY: 100 KB, sir dung phan mém TIA Portal
dé 18p trinh. PLC Siemens S7 1200 1a mot dong PLC hién
dai, nho gon, manh mé&, d6 chinh xac cao, co6 dﬁy du cac tinh
nang phd bién nhu: Kha ning mé rong linh hoat nhu mo
rong 1/0, truyén thong Modbus, Profibus, cai dit, 1ap trinh
va van hanh cuc ki don gian, truyén thong Profinet gitp két
nbi, giao tiép cac PLC v6i PLC, PLC véi HMI, tich hop cac
chtic naing manh m€ nhu dém, do, diéu khién vong kin, diéu
khién chuyén dong, c6 kha ning ghi dir liéu dé luu trir khi
chay chuong trinh,...

Mot may tinh diéu khién dugc dit tai phong diéu khién
cua hé théng. Trude mdi 1an thuc hién cat thude phong,
ngudi van hanh cin thao tac trén may tinh didu khién dé
thuc hién can chinh vi tri cua cum dao cét, lya chon cum dao
hoat dong (va cum dao du phong), kiém tra cac chdt co khi,
cac diém bao vé an toan, nhdp cac s6 liéu cén thiét cho 16
san pham nhu chiéu dai cat, khdi luong thube phong, toe do
clia hé thong bang tai... Sau d6 khoi dong dé hé thong chay
cat tu dong. Cac thong s6 vé san xuét co thé dugc theo doi,
luru s6 lidu va xudt bao céo dinh ky (hinh 8).
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Hinh 8. Giao dién diéu khién hé thdng tw dong cat thuéc phong.

- Cu hinh diéu khién: C4u hinh diéu khién cta hé thong
dugc xay dung trén nén didu khién va giam sat cia Nha
may xung quanh bd diéu khién kha trinh PLC cip cao va
hé thdng diéu khién giam sat thich hop. B diéu khién PLC
diéu khién céac hoat dong cta hé¢ théng mot cach ty dong va
két ndi ndi voi bo didu khién PLC ciia Nha may thong qua
giao dién Ethernet truyén thong cong nghiép.

Hé thdng tu dong cit thude phong hai gde hinh dng ciing
dugc két ndi v6i hé thong didu khién trung tdm cua Nha
may bing cip quang voi toan bd cac thong tin can thiét
nham quan 1y va giam sat cling nhu dam bao viéc van hanh
6n dinh va dat ning sut yéu cau.

3.2.6. Két qua do dac thuéc phéng sau cdt

Str dung soi thudc phong chiéu dai khoang 1200 mm dé
cit thanh 5 thoi thudc. San pham sau khi cat dugc kiém tra
lai boi thudce cdp do chinh xac 0,02mm, can dién tr 3 s6 1é.
Gia tri cai dat vé khdi luong, chiéu dai nhu sau: NDSI-2K
(480 g, 215 mm); OCI'-2.B41M (145 g, 200 mm). Két qua
do dac va hinh anh thubc phong sau khi cit dugc thé hién &
bang 2 va hinh 9.

Bang 2. Két qua do dac thudc phéng sau cat.

NDSI-2K OCT-2.B41M
Thir tw
Khéi legng (z) ~ Chiéu dai (mm) ~ Khoi lwgng (2)  Chiéu dai (mm)
1 480,2 2155 145,0 200,0
2 480,0 2155 1448 200,5
3 480,0 215,0 144,8 200,0
4 480,2 215,0 144,8 200,0
5 480,0 215,0 145,0 200,5
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Hinh 9. Thudc phéng NDSI-2K va @CIr-2.B41M sau khi cat.

4. Két luan

H¢ théng tu dong cat thue phéng hai gbc hinh dng
dd duoc nghién ctru ché tao thanh cong va lp dit tai day
chuyén san xuét thudc phong hai gdc hinh dng ctia Nha may
7195. Hé thong c¢6 nhimg wu diém sau: Pam bao an toan
cho cong doan cit thudc phong, nang cao niang suat, chat
lwong san pham, giam thiéu anh huong dén sirc khoe cong

JHOAHOC -

nhan van hanh. Hoat dong san xuét duoc van hanh tu dong,
100% thoi thude sau khi cat khong phai tién lai mat dau. Ty
1¢ san pham 13i thap, x4p xi 0,1%. Hé thong hoat dong lién
tuc, khong bi anh huong bdi qué trinh thay dao, tiét kiém
dugc céc chi phi van hanh, stta chira, tuyén chon & cong
doan tiép theo. Hé thong da gdp phan giup Nha may Z195
nang cao kha ning ty dong héa trong cac diy chuyén san
xut, dap ung dwoc nhu cau cap thiét trong cong nghiép
qudc phong.
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Phét trién cim bién dién hoa PANI-CNT mang xiic tic NiO
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Tém tit:

Methanol (MeOH) 1a mét trong nhirng dung méi hiru co dwoc sir dung rong rii nhit trong cac sin pham cong nghiép
va gia dung ciing nhw 1a mdt trong nhirng ng cir vién tiém ning nhat cho nhién liéu 6 té thay thé. MeOH c6 gia thanh
ré va 1a dung méi phd bién, do vay rat dé bi lam dung hoic c6 tinh cho vao dd udng dé ting cwong tac dung ciia rwou vi
muc tiéu loi nhuan. Hién nay, viéc phat trién céc thiét bi c6 thé phan tich nhanh ham lwgng methanol trong dé udng cé
¢on va nhién liéu xiing dang 13 vin dé cin dwoc quan tAm ¢ nhiéu nwéc dang phat trién. Trong nghién ciru nay, dién cue
FTO dwoc bién tinh bang polianilin-6ng nano carbon (PANI-CNT) va ¢ dinh NiO 1én bé mit bang phuong phap dién
héa. Dién cuc nay dwgc trng dung lam cam bién phat hi¢én nhanh methanol trong nwoc. Dién cwe cam blen NiO/PANI-
CNT/FTO ché tao duge ¢6 cau truc xop va thé hién hoat tinh xuc tac tot ddi voi phan trng 0xy hoa truc tlep methanol
v6i hai viing tuyén tinh rong (0-300 mM), dd chon loc, dd nhay cao véi methanol. Két qua nay hira hen kha niing ing
dung cao cia dién cwe cam bién ché tao dwoc cho viéc phat hién MeOH trong nwoc voi do nhay va do chon lgc cao.

Tir khéa: cam bién dién hoéa, nikel oxit, phin tich methanol, polianilin - ong nano carbon (PANI-CNT), xtic tac dién héa.

Chi sé phén logi: 2.4, 2.5

Development of PANI-CNT electrochemical sensor with NiO

catalysis application in methanol detection
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Abstract:

Methanol (MeOH) is one of the most widely used organic solvents in industrial and household products as well as
one of the most potential candidates for an alternative automobile fuel. MeOH is less expensive and is a common
solvent, thus it is easy to be abused or intentionally added to beverages to strengthen the effects of alcohol for more
profit. Nowadays, the development of devices that can quickly analyse the methanol content in alcoholic beverages
and gasoline fuels is a matter of concern in many developing countries. In this study, fluorine-doped tin oxide (FTQO)
electrode was modified with polyaniline-carbon nanotubes (PANI-CNT) and NiO was immobilised on the surface by
electrochemical method. This electrode was applied as an electrochemical sensor for rapid detection of methanol in
water. The fabricated NiO/PANI-CNT/FTO sensor electrode has a porous structure and exhibits good catalytic activity
for the methanol direct oxidation reaction with two wide linear regions of 0300 mM, selectivity and high sensitivity to
methanol. This result promises the high applicability of the fabricated sensor electrode for the detection of MeOH in
water with high sensitivity and selectivity.

Keywords: electrochemical catalyst, electrochemical sensor, methanol detection, nickel oxide, polyaniline-carbon
nanotube (PANI-CNT).

Classification numbers: 2.4, 2.5
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1. it van de

Metanol (CH,OH, ky hiéu MeOH) 1a ruou c6 cong thirc
phan tir don gian nhat nhe, dé bay hoi, khong mau, dé chay.
O nhiét do phong, MeOH 1a mét chét long phan cuc, duoc
str dung nhu mot chat chong dong, dung méi, nhién liéu,
hodc dung 1am phu gia bién tinh cho ethanol (EtOH) trong
san xut cong nghiép. MeOH 1a mot trong nhitng dung moi
hitu co dugc su dung rong rai nhit va 1a mot trong nhiing
ung cu vién tiém nang cho nhién li¢u 6 t6 thay thé [1]. EtOH
va MeOH c6 cac dic tinh hoa Iy twong ty nhau, 14 san pham
phu sau qua trinh chung cat. Tuy nhién vi MeOH ré hon nén
n6 ¢6 thé duge ban vo tinh thay cho EtOH hodc ¢b ¥ thém
vao d6 udng dé ha gia thanh hodc ting cudng tac dung cia
ruou. MeOH ciing ¢6 thé bi lam dung nhu mot chét thay thé
cho xang. MeOH 1a mét chéat doc vo cing nguy hiém véi co
thé ngudi va c6 kha ning gy dn mon kim loai, dic biét 1a
d01 v6i nhom (kim loai duge st dung nhiéu nhét trong san
xuét xe ¢d) [2]. Khi nhlem MeOH, co thé s& chuyén hoa nd
thanh formaldehyde va tiép dén 12 6xy hoa thanh axit formic
r0i tAn cong ndo bd, mat, day than kinh thi gidc va cic bo
phan mé mém khac nhu than va gan. Trudng hop nhiém doc
nang sé co d4u hiéu thd nhanh, hon mé, suy tho, tut huyét
4p nang, ngung tim va c6 thé dan dén tir vong. Trong bia,
lugng MeOH c6 khoang 6-27 mg/l, trong rugu (manh) 1a
10-220 mg/l. Ruou pha ché c6 ham lugng MeOH rat cao, dé
gy ngd doc va gy chét nguoi. Ham luong MeOH c¢6 trong
rugu ethylic (ruou uong) phai thap dudi muc 0,1%. Theo
Quy chuan ky thuat qubc gia dbi V0l cdc san pham ) uong
c6 con ham lvong MeOH trong cdn thyc phim ding dé
pha ché cac dd udng c6 cdn khong duge 16n hon 300 mg/l
(QCVN 6-3:2010/BYT) va 100 mg/l (TCVN 7043:2013)
[3, 4]. Tuy nhién, vi l¢i nhudn nén nguoi ta thuong tao ra
céc loai ruou trdi ndi c6 ham luong MeOH rat cao, dé giy
ng doc. MeOH ciing 1a san pham phuy ciia qua trinh chung
cat ruou va la chat long dau tién ngung tu khi rugu dugc nau
theo cach chung cat truyén thong.

Céc phuong phép truyén thong dé phan tich dinh lwong
ctia MeOH bao gdm sic ky - khdi phd (GCMS), séc ky khi.
Tuy nhién, nhitng phuong phap nay doi hoi thiét bi phirc tap
va dat tién nén khong thich hop dé giam sat MeOH thuc té
[5]. Hon mot thap ky qua, cic cam bién MeOH di thu hut
su quan tdm nghién ctru do ¢6 d¢ nhay cao, don gian, nhanh
chong va chi phi thap [5-7]. Cam bién sinh hoc x4c dinh
MeOH duya trén phan tmg 6xy hoa dién héa MeOH trén bé
mit dién cuc bién tinh béng enzym. Han ché cua cac dién
cuc cam bién sinh hoc nay la tinh on dinh kém va gia thanh
cao. Dé han ché nhitng nhuogc diém nay, mot sb loai vat lidu
nhu graphen (Gr), dng nano carbon (CNT), oxit niken, oxit
kém, oxit déng, oxit sat, oxit titan, Pt/Ru. .. da dugc st dung
lam chat xuc tac dién hoa dé xac dinh MeOH [8-14].

Hién nay, polyme dan polianilin (PANI) dugc lua chon
lam vat liéy bicn tinh di¢n cyc nham tang glr(‘mg do nhz;iy
cho cam bién. Ong nano carbon ¢6 dic tinh dan dién, tinh 6n
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dinh co hoc, dién tich bé mit 16n va xtic tac dién tdt, thuong
st dung lam 16p phu trén dién cyc. Ngoai viée dung cac kim
loai quy lam xuc tac, viéc s dung kim loai chuyén tlep phén
nhém d gitp giai quyét bai toan gia thanh khi phat trién cam
bién MeOH. Nicken va oxit cua kim loai nay c6 hoat tinh
xuc tac tot cho phan tmg 6xy hoa MeOH va c6 trién vong
trong ing dung ché tao cam bién phén tich tryc tiép MeOH
[12, 13]. Chinh vi vay, trong nghién ctru nay, dién cuc FTO
thuong mai di dugc bién tinh vi PANI-CNT, ¢6 dinh xtc
tac NiO 1én bé mit bang cac ki thuat dién hoa va ting dung
lam cam bién _phat hién MeOH. Anh huong cua cac yéu
t6 diéu kién tong hop dén cac tinh chit dic trung cia vat
liéu cam bién NiO/PANI-CNT/FTO ciing s& duoc trinh bay
trong bai bao nay.

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

Axit sunfuric (H,SO,), anilin (C.H,NH,)), éng nano
carbon (CNT), MeOH (CH OH), EtOH (C H,OH), axeton
(C,H,0), con isopropyl ((CH ),CHOH, IPA) niken (II)
clorua hexahydrat, (NiCl,.6H O) kali clorua (KCl), natri
hydroxit (NaOH) la cac san phdm cua Sigma-Aldrich
(Puc). Cac hoa chit déu thudc loai tinh khiét phan tich, su
dung truc tiép ma khong can tinh ché thém. Dién cuc thiy
tinh din FTO (TECS, 8Qcm?, day 2,2mm) dugc mua tir
Cong ty Dyesol (Uc).

Céc thiét bi sir dung trong nghién ctiru bao gébm: Can
phan tich 5 s6 Mettler Toledo (Purc), may khudy tir VELP
(Y), may siéu am S60H Elmasonic (Pirc) va may do dién
héa Biologic VSP 300 (Phap).

2.2. Ché tao cim bién

Téng hop mang PANI-CNT lén dién cyc FTO [12]: bién
cuc FTO (1x5 cm) la mang mong dan dién trong sudt SnO,
pha tap F dugc phu Ién dé thuy tinh. Sau khi xac dinh mat
dan bang ohm ké, bé mat dién cuc FTO dugc phii polyaniline
bang phuong phap quét thé tuan hoan (CV). Té bao dién hoa
gém 3 dién cuc: dién cuc lam viéc (WE) FTO, dién cuc so
sanh (RE) Ag/AgCl (KCl 3,5 M) va dién cuc d6i (CE) luéi
platin. Dung dich dién ly chira 0,1 M anilin, 0,3 mg CNT
dugc phan tan trong dung dich axit sunfuric 0,5 M trong
hon hop dung m6i IPA:H,O ty 1¢ 1:1 theo thé tich. Qua trinh
dién két tia mang PANI- CNT dugc thuc hién bang phuong
phap quét CV trong khoang thé tir -0,5 dén 1,3 V, téc do
quét 30 mV/s, 10 chu ky. Bién cuc PANI-CNT/FTO sau khi
téng hop duogc rua lai ba lan v&i EtOH nham loai bé hoan
toan cac monome va oligome, dé kho tw nhién va bao quan
0 nhiét dd phong trudce khi chirc nang hoa véi xuc tac NiO.

Co dinh xuc tac NiO trén bé mat dién cuc PANI-CNT/
FTO [12]: Bé mat dién cuc PANI-CNT/FTO duoc bién tinh
véi xuc tac NiO bang phuwong phap quét thé tuyén tinh theo
quy trinh hai bude: (i) Két tia Ni 1én bé mat dién cuc PANI-
CNT/FTO bang phan tmg khtr Ni2* tir hon hop dung dich



mubi NiCl,.6H,0 0,025 M va KC1 0,1 M trong khoang thé
quet (0,5 dén - 1 ,3 V), toe do quét 50 mV/s, 15 lan quét; (ii)
Oxy hoa cac kim loai Ni nay thanh NiO trong dung dich
NaOH 1 M, khoang thé quét 0 dén 0,8 V, téc do quét 50
mV/s, 5 chu ky. Dién cuc sau khi chic ndng hoda xuc tac
(NiO/PANI-CNT/FTO) dugc rira ba lan véi EtOH va dé kho
ty nhién ¢ nhiét do phong.

2.3. Phédn tich cdc dac trung ciia cdm bien

Bdc tring hinh thai va cdu tric: Cac lién két dic trung
cua PANI va PANI-CNT trong vung budc séng 600-4000
cm’ duge phan tich trén thiét bi NICOLET IS10 (Thermo
Scientific - My). Hinh thai hoc bé mat mang PANI-CNT
trude va sau khi bién tinh NiO dwoc phan tich bing phuong
phap kinh hién vi dién tir quét (FE- SEM) sur dung thiét bi
JSM-6480LV (Jeol, Nhat Ban). Thanh phan cac nguyén tb
trong mang PANI-CNT trudc va sau khi bién tinh NiO duoc
phan tich trén thiét bi IMS6510MV.

Kha nang phat hién MeOH: Pién cuc NiO/PANI-CNT/
FTO dugc phén tich kha nang phat hién MeOH trong dung
dichNaOH 0,1 M bang phuong phap quét thé ving tuan hoan
(CV) trong khoang thé tir 0 den 0,8 V, toc do quét 100 mV/s.
Cac ddc trung cua cam bién gdm gidi han phat hién, ving
tuyén tinh, o chon loc dwoc xac dinh bang phuong phap
xac dinh shc ky phan tich (CA). Cac chit EtOH, IPA, axeton
dugc sir dung dé kiém tra @6 chon loc ciia cam bién.

3. Két qua va ban luan
3.1. Két qud téng hop mang PANI va PANI-CNT trén dé FTO

Dau tién, tién hanh dién két tia mang PANI hoic PANI-
CNT Ién bé mat d¢ FTO bang phuong phap quét CV. Thanh

(A) (B)
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phén dung dich dién ly bao gdm: dung moi la hdn hop nude
citva IPA v6i ty 1€ H,O:IPA (1:1 ml/ml), nong do H,SO, 0,5
mol/l, nong d¢ anilin 0 1 mol/l. Ham lugng CNT du'oc them
vao 0,3 mg str dung phuong phap siéu am trong thoi gian 8
gio & nhiét do phong. Tién hanh quét thé trong khoang dién
thé tir -0,5 dén 1,3 V véi tde do quét thay doi 20, 30 va 40
mV/s sau 10 chu ky quét thé. Diéu kién tién hanh thi nghiém
nghién ctru dnh huong ciia toc do quét thé ciia qua trinh dién
két tia PANI va PANI-CNT duoc thé hién ¢ bang 1.

Bang 1. Diéu kién tong hgp mang PANI va PANI-CNT véi céc toc
d6 quét the khac nhau.

Didu kién Gia tri
Thé tich dung moi (H,O, TPA) (ml) (1:1 ml/ml) 30

Néng d¢ H,SO, (mol/l) 0,5

Nbng d6 anilin (mol/l) 0,1

CNT (mg) 0,3
Khoang thé quét (V) -0,5-1,3
S6 chu ky quét (chu ky) 10

Tée do quét (mV/s) 20, 30, 40

Anh chup bé mit cac vat liéu PANI/FTO va PANI-CNT/
FTO téng hop sau 10 chu ky quét thé véi tc do quét thé
khac nhau (20, 30 va 40 mV/s) ¢ hinh 1 va 2 cho thdy: Céc
mau vat liéu téng hop voi toc do quét 20 va 30 mV/s bé
mat mang deu min, & toe do quét 40 mV/s nhin chung bé
mat mang tot, tuy nhién c6 mot s6 diém trén bé mit mang
bi bong tréc. Nguyén nhén c6 thé 1a do véi tée do quét 16n
hon, toc do hinh thanh mang nhanh dan dén mang tao thanh
day, su lién két giita mang voi nén kém géy ra hién tugng

(€)

Hinh 1. Anh chup dién cwc PANI/FTO sau 10 chu ky quét thé véi téc do quét 20 (A), 30 (B) va 40 (C) mV/s.

(A) (B)

(€)

Hinh 2. Anh chup dién cwc PANI-CNT/FTO sau 10 chu ky quét thé véi téc do quét 20 (A), 30 (B) va 40 (C) mVis.
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Hinh 3. Phé CV ciia PANI/FTO téng hop véi 10 chu ky quét thé, toc do quét thé 20 (A), 30 (B) va 40 (C) mVis.

(A) (B) (€)
20 154 15
154
10 104
104 NE 5
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Hinh 4. Phé CV ciia PANI-CNT/FTO téng hop v&i 10 chu ky quét thé, toc do quét thé 20 (A), 30 (B) va 40 (C) mV/s.

bong mang. Do d6, nhém nghién ctru Iya chon tde do quét
30 mV/s 1a phi hop trong nghién ctru nay. Phé CV cia cia
qué trinh tong hop mang PANI/FTO va PANI-CNT/FTO &
cac toc do quét khac nhau dugc thé hién trén hinh 3 va 4.

Tiép theo, cac dac trung, tinh chit cua vat lieu PANI/
FTO va PANI-CNT/FTO dugc danh gia. Hinh thai hoc bé
mat cua vat liéu dién cuc PANI/FTO va PANI-CNT/FTO
dugc thé hién trén hinh 5 va 6 cho thdy, di tong hop thanh
cong mang PANI va PANI-CNT trén d¢é FTO bang phuong
phap dién két tiia. Trén anh SEM quan sat thiy mang duoc
hinh thanh dan dan va lién két véi nhau thanh c4c sgi PANI
c6 duong kinh 50 nm, dai tir 0,2 dén 0,5 um, cac sQi nay
lién két chit v6i nhau va véi bé mit dién cyc FTO. Cac day
PANI sip xép khong theo trt ty ma phan bé mot cach ngiu
nhién tao ra mot mang x6p v6i bé mit riéng 16n. Nho hinh
thai dang soi bam ty do trén bé mat mang tao 191 thé 16n
cho phan ung dién hoa xay ra trén bé mat dién cuc, do vay
st dung mang PANI lam 16p vt liéu nhay trong cac nghién
ctru ché tao cam bién dién hoa. Hinh 6 cho théy, khi c6 su
xuat hién caa CNT trong thanh phan mang, mang PANI-
CNT khéng co su khac biét dang ké vé mit hinh thai hoc
so voi mang PANI thuan. Hinh anh SEM khong quan sat
thiy su khéc biét giira cac day PANI va cac dng CNT, mang

JHOAHOC -

Hinh 5. Anh FE-SEM cua vat liéu PANI/FTO & cac dé phéng dai
khac nhau.

PANI-CNT sau khi téng hop van c6 cau trac xdp nhiéu tao
cho vét liéu c6 bé mat riéng so voi mang PANI thuan. Do
do, su c6 mat cua cac éng nano CNT s€ dugc xac nhan bﬁng
phép do phd tan xa nang luong tia X (hinh 7).

M



Hinh 6. Anh FE-SEM cua vat liéu PANI-CNT/FTO & cac dé phong
dai khac nhau.

Nguyén tb %Khoi | % Nguyén tir
lrgng

€ 12,57 16,57
N 29,96 33,88
0 4353 43,09
N 12,58 6,22

1,36 0,24

Ni NillZn

Hinh 7. K&t qua phé EDX dién cwe PANI-CNT/FTO.
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Hinh 8. Phé FT-IR cuia vat liéu PANI/FTO va PANI-CNT/FTO.

KHOA
&CONGHN%CI:-IE

66(8) 8.2024

memmmmmmmm Khoa hoc Ky thuat va Céng nghé | Ky thuat hda hoc; Ky thuat vat liéu va luyén kim

Nguyéntd | % Khéi | % Nguyén tit
lrgng

€ 9,34 12,71
N 2820 3292
0 4538 46,38
S 13,88 708

32 0,91

Hinh 9. Két qua phé EDX dién cwc PANI/FTO.

Két qua do phé FT-IR cua mang PANI va PANI-CNT
tong hop dugc (hinh 8) cho thay xudt hién pic hap thu ¢
s6 song khoang 1495 va 1583 cm™! dic trung cho lién két
C=C tuong ung trong vong benzen. Bén canh do, cac dai
dao dong co din C-N cua cac dang amine quinone thir cdp
ciing duoc quan st trong ving sé song khoang 1152-1230
cm!, vi tri 1230 em™ ddc trung cho lién két C-C cua vong
benzen, tai tan sb song 1294 cm! 1a dao dong C-N* kéo dan
ctia dang amine thir cap dugce tao thanh trong sudt qua trinh
proton héa chudi PANI cung véi su dich chuyén bipolaron
trong vung quinone. Cudi cting 13 cac pic xuat hién tai vi tri
926 va 800 cm™! ddc trung cho qua trinh ghép d6i metha va
ortho ctia nhan benzen [14, 15].

Két qua phd EDX cuia vat liéu mang PANI va PANI-CNT
trén d& FTO (hinh 7 va 9) cho thiy ca 2 mau c6 nguyén t6 C,
N la thanh phan nguyén t6 chinh ciia PANI. Phan tram khoi
lwong va phan trim nguyén tir ciia nguyén t6 C va N ctia mau
PANI-CNT/FTO cao hon mang PANI/FTO. Két qua nay la
do sy ¢6 mit cua CNT trong thanh phan ctia mang.

3.2. Két qua tong hop xiic tic NiO lén vit liéu PANI-
CNT/FTO

NiO duoc tong hop 1én vit ligu PANI-CNT/FTO bang
phuong phap quét thé tuyen tinh. Qua trinh téng hop NiO
gdm hai giai doan: (i) tong hop Ni trén mang PANI-CNT/
FTO va (ii) 6xy hoa Ni thanh NiO.

Pau tién, cac hat kim loai Ni dwoc ling dong dién hoa
trén bé mat PANI-CNT/FTO bing phép do dién ap quét
tuyén tinh tir -0,5 dén 1,3 V (so véi dién cuc Ag/AgCl) véi
téc d6 quét 50 mV/s va 15 1an quét thé. Hinh 10A duoc quan
sat thdy pic twong Gmg véi qua trinh khir Ni2* thanh kim loai
Ni xdy ra & dién thé khoang -0,5 V. Sau d¢, tién hanh quét
thé tir 0 dén +0,8 V trong dung dich NaOH 1 M, Ni trén dién
cuc bi 6xy hoa dé tao thanh NiO/PANI-CNT/FTO (quét thé
v6i the do quét 50 mV/s va 5 1an quét) voi pic 6xy hoa xuat
hién 6 khoang dién thé 0,5 V (hinh 10B).
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Hinh 10. DPwéng CV cuda qua trinh tao Ni trén PANI-CNT/FTO (A) va qua trinh 6xy héa niken tao NiO/PANI-CNT/FTO (B).

Co ché hinh thanh Ni va NiO duoc thé hién qua cac phan
ung sau [12, 16]:

NiZ* + 2e — Ni¢ (1)
Ni® + OH — NiOH + & )
NiOH + OH" — NiO + HO + ¢ 3)

3.3. Phan tich hinh thdi bé mdt mang NiO/PANI-CNT/
FTO

Anh FE-SEM ciia mang NiO/PANI-CNT/FTO quan sat
thdy cac hat NiO bam 1én mang c6 d6 dong déu cao, va bé
mit mang van cd cAu tric 1 xép thuén loi cho cac phan ung
dién héa (hinh 11). Két qua phé EDX ctia mang NiO/PANI-
CNT/FTO cho thiy rd nguyén tir C chiém thanh phan chii
yéu trong mang (hinh 12). Trén phd x4c nhan sy c6 mat cia
nguyén t4 Ni trong thanh phan mang véi ham luong 1,22%.
Sy xuét hién nguyén t6 O ciing x4c dinh ring céc tinh thé
bam lén mang la NiO.

“Sre t GRS ! & bsC 5 8 b

Hinh 11. Anh FE-SEM ctia mang NiO/PANI-CNT/FTO.
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Hinh 12. Anh phé EDX phan tich mang NiO/PANI-CNT/FTO.

3.4. Két qud vé hoat tinh xiic tic dién héa ciia NiO/
PANI-CNT/FTO doi voi phan wng 6xy héa methanol
trong moi truong kiém

Céc thi nghiém khao sat vai tro hoat tinh xuc tac voi
phan ting 6xy héa MeOH trong méi truong kiém NaOH 0,1
M duoc thuc hién véi 3 loai vat liéu dién cuc: PANI-CNT/
FTO, Ni/PANI-CNT/FTO va NiO/PANI-CNT/FTO, nong
d6 MeOH 100 mM, trong khoang dién thé tir 0 ¢én 0,8 V,
tée do quét 100 mV/s. Két qua duong CV (hinh 13) khong
quan sat thay sy xuat hién pic 6xy hoa MeOH & hai dién
cuc PANI-CNT/FTO va Ni/PANI-CNT/FTO, voi su c6 mat
cua Ni trén mang, cuong d¢ dong tang cao hon mang PANI-
CNT. Vi dién cuc co6 chira xtic tac NiO, tin hi¢u cuong do
dong cao hon ddng thoi cé xuét hién pic oxy hoa MeOH &
khoang 0,7 V. Két qua nay khing dinh vai trd xuc tac cho
phan tmg 6xy hoa MeOH cua NiO. Co ché xuc tac phan tng
dugc mo ta nhu sau [12]:

Buoce 1: Ni** trong NiO bi 6xy hoa thanh Ni** ¢ dang
NiOOH

NiO + OH- — NiOOH + ¢ 4)
Bude 2: Ni** xtic tac 6xy hoa MeOH thanh acid formic

NiOOH + CH,OH — CH,0 + Ni(OH), 5)
CH,O + NiOOH — HCHO + Ni(OH), (6)

HCHO +NiOOH + OH — HCOOH + Ni(OH), + ¢ (7)
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Hinh 14. Phé CV khao séat nong d6 MeOH tir 0 dén 300 mM va
dwong tuyen tinh (hinh chén) doi véi dién cwe NiO/PANI-CNT/FTO.

Tiép theo, tién hanh quét thé trong khoang thé 0 dén 1
V véi toe do quét 100 mV/s voi dién cuc NiO/PANI-CNT/
FTO trong dung dich NaOH 0,1 M. MeOH dugc thém vao
bang phwong phap thém chuan véi dai nong do tir 5 dén
300 mM (hinh 14). Két qua pho CV cho thdy, khi nong do
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Hinh 15. D6 chon loc cua dién cwc NiO/PANI-CNT/FTO.

MeOH ting, cudng do pic 6xy hoa ting va thé 6xy hoa co
xu hudng 1éch vé phia thé duong, ddng thoi c6 thé thdy dién
cuc ché tao duge cho tin hiéu véi MeOH ngay khi nho 5
mM MeOH déu tién. O khoang nong d6 MeOH tir 0 dén 50
mM thi cudong do dong tang tuyén tinh nhung khi tiép tuc
tang ndong d6 MeOH thi cuong do dong giam va tiép tuc
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tuyén tinh trong khoang thtr 2 tir 50 dén 300 mM. Tir cac
duong CV, chung t6i da xay dung duoc dudng tuyén tinh
vé khao sat ndng d6 MeOH, vit liéu NiO/PANI-CNT/FTO
tong hop trong nghién ctru nay ¢ 2 dai tuyén tinh trong
khoang 0-300 mM v6i d§ nhay 2,5 mM MeOH.

Tiép theo, tién hanh khao sat do chon loc cta vat liu
dién cuc NiO/PANI-CNT/FTO véi IPA, axeton, EtOH trong
dung dich NaOH 0,1 M tai thé ap dat 0,5 V (hinh 15). Thi
nghiém duoc tién hanh véi su thém néng do 3 mM cua
MeOH va mot s chit gay nhidu. Két qua cho thay, khi thém
MeOH dién cuc c6 tin hiéu véi su tang cuong d6 dong va
khong c6 tin hidu ddi v6i cac chat nhiéu IPA, axeton, EtOH.
Diéu nay chimg to yéu t6 chon loc MeOH ciia cam bién
NiO/PANI-NT/FTO ché tao duoc.

4. Két luan

Nghién ctru da ché tao thanh cong cam bién dién hoa
trén co s& dién cuc FTO bién tinh nano composite PANI-
CNT mang xuc tic NiO. Két qua phan tich cho thay, 16p phu
composite hinh thanh dang soi, sip xép xen k& tao ra mot
cAu trac xép trén bé mat dién cuc FTO. Xuc tac NiO duge
mang 1én bé mit 16p phit PANI-CNT/FTO cho thiy vai tro
xuc tac cho phan img 6xy héa MeOH. Dién cuc NiO/PANI-
CNT/FTO c6 hoat tinh xtc tac tot ddi v6i phan tmg 6xy hoa
truc tiép MeOH véi pic 6xy hoa trong ving thé khoang 0,7
V. Cam bién c¢6 2 vung tuyén tinh trong khoang tir 0 mM
dén 300 mM, d6 chon loc, do nhay cao va gidi han phat
hién thip ddi véi MeOH.

LO1 CAM ON

Nghién ctru nay duogc tai trg boi Vién Han 1am Khoa hoc
va Cong nghé Viét Nam thong qua dé tai cap co s6 ma sb
NCXS 01.01/22-24 va dé tai co s& tré nam 2022. Nhom téc
gia xin tran trong cam on.
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Phat xa hong ngoai gan cia vat li¢u Li ZnSn, O, pha tap
Cr¥* dwore ché tao bang phan irng pha ran
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Tom tit:

Trong nghién ciru nay, vit li¢u huynh quang Li,ZnSn,O, pha tap Cr’* (Li,ZnSn,0 :Cr*) phit xa rng ving hong ngoai
gin dugc ché tao biang phuong phép phén wng pha rin. Két qua phan tich XRD cho théy, vat liéu Li,ZnSn,0:Cr** dugc
hinh thanh don pha khi nung & nhié¢t d§ 950 va 1050°C va hai pha Li,ZnSn,0-SnO, khi nhi¢t d) nung l6n hon
1050°C. Anh FESEM cho thay, hinh thii bé mit cua vit liéu nung & 950°C c¢6 dang hat véi kich thuéc khoang 100-
300 nm va kich thuéc hat ~1 pm & 1200°C. Két qua phd kich thich phat quang (PLE) va phé huynh quang (PL) cho
thay, vat liéu hip thu trong viing 260-500 nm, pho phat xa manh trong dai bwéc séng rong tir ving dé dén hong
ngoai gin véi bude séng cure dai twong g tai 797 nm. Du6i didu kién thue nghiém, phat xa NIR véi cuwong dd manh
nhit dwgc quan sat trong miu Li,ZnSn,0,:0,7%Cr*" va 1 tai 1050°C thoi gian 5 gio trong méi truomg khong khi. Cac két
qué ciia nghién ctru cho thiy vit li¢u Li,ZnSn,0:Cr** ¢6 tiém ning Vg dung 16m trong ché tao dén NIR LEDs.

Tir khéa: Cr* ion, Li,ZnSn, O, phin ing trang thai rin, phat xa dai rong, phat xa hong ngoai gan.

Chi s6 phén loai: 2.4, 2.9

A near-infrared emitting of Cr**-doped Li,ZnSn O,

materials prepared by a solid-state reaction method
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Abstract:

In this study, the broadband NIR emitting Cr**-doped Li,ZnSn,O, phosphors (Li,ZnSn,0:Cr*") were fabricated
by using the solid-state reaction method. X-ray diffraction analysis (XRD) analysis results showed that the single-
phase of Li,ZnSn,O:Cr’* materials were formed at 950 and 1050°C. At higher temperatures of 1050°C, two phases
of Li,ZnSn,0.-SnO, were created. Field emission scanning electron microscopy (FESEM) images indicated that
Li,ZnSn,0:Cr*" materials annealed at 950°C were granular with particle size in the range of 100-300 nm and
reached the maximum particle size of ~1 pm at 1200°C. The results of photoluminescence (PLE) excitation spectra
and photoluminescence (PL) spectra showed that the Li,ZnSn,0:Cr* materials which could be well excited in the
wavelength range of 260-500 nm, strongly emitted in the broadband near-infrared light region peaking at 797 nm.
Under experimental conditions, the highest PL intensity was observed in the Li,ZnSn,0:0.7%Cr** sample annealed
at 1050°C for 5 hours in the air. The obtained results indicated that the synthesised Li,ZnSn,O :Cr** materials have
great potential for NIR LED applications.

Keywords: broadband, Cr** ion, Li,ZnSn,O , near-infrared emitting, solid-state reaction.
Classification numbers: 2.4, 2.9
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1. it van de

Sau khi dugc phat hién, cac birc xa hong ngoai da thu
hat sy quan tim 16n cia cac nha khoa hoc ddi véi cac
ung dung trong nganh cong nghiép. Cac nha khoa hoc
da quan tdm nghién ctru cac loai buc xa nay va bao céo
nhiéu tng dung gop phan vao su tién bo khong ngimg
cua cong nghé hién dai [1-3]. Trong linh vuc chiéu sang,
chung duoc tng dung ché tao dén halogen vonfram, diot
laze, 10 su6i va qua cau Nichrome, pc-NiR LED [1, 2, 4, 5].
Dé ché tao LED hong ngoai gan (NIR LED), nguoi ta st
dung céc bot huynh quang phat xa hdng ngoai gin va chip
LED phu hop. Céac bdt huynh quang phat xa héng ngoai
gan da duoc nghién ctru dya trén cac mang nén pha tap ion
Cr’" nhu: Ga,0,:Cr’*; K,Ga,SnO :Cr*; KAIPO.:Cr”,
GaTaO,:Cr’"; LaMgGa, O :Cr*'; ScBO,:Cr*"... [6-11].

Ion Cr*" cho phat xa ving do, dé xa hodc héng ngoai
gan phu thudc vao mang nén twong tac [6-11]. Mang nén
Li,ZnSn,0, duoc ché tao tr cac oxide Li,0, ZnO, SnO, -
day la cac oxide khong doc hai, sin c6 va ngudn nguyén lidu
ddi dao. Theo tim hiéu cta chung t6i, hién nay chwa c6 cong
b6 nao vé vat liéu Li,ZnSn,0, pha tap Cr**. Do do, viéc
nghién ciru phat trién quy trinh cong nghé ché tao va khao
sat tinh chit quang cua vat liéu huynh quang Li,ZnSn,0,
pha tap Cr** cho phat xa viing hong ngoai gan 1a van dé c6
nghia thuc khoa hoc va thyc tién.

Trong nghién ctru nay, bot huynh quang Li,ZnSn,O,
pha tap Cr** cho phat xa hong ngoai gan dugc ché tao bang
phuong phap phan Gmg pha rdn véi quy trinh don gian, ré
tién va do 1ap lai cao. Anh hudng cua nhiét do thiéu két va
néng d6 pha tap dén chu tric mang tinh thé, kich thudc hat
va tinh chit quang cua vt liéu Li,ZnSn,O, pha tap Cr* s&
dugc nghién ctru va thao luan chi tiet.

2. Thuc nghiém va phuong phap nghién ciiu
2.1. Thuc nghiém

Vit ligu Li,ZnSn,0O, pha tap Cr*" duoc tong hop bang
phuong phap phan tng pha rin st dung cac hod chét ban
dau: Li,CO, (Sigma, 99,99%), ZnO (Sigma, 99,99%), SnO,
(Sigma, 99,99%) va Cr(NO,),.9H,0 (Sigma, 99,99%). Quy
trinh tong hop bang phan tmg pha ran dugc thuc hién nhu
sau: dau tién cac tién chat Li,CO,, ZnO, SnO, va dung dung
dich Cr(NO,), I M dugc tron trong 50 ml nude ct hai lan
va khuay gia nhiét trong 3 gio' dé thu dugc hon hop, tiép
tuc séy hon hop & 150°C trong 4 gidr thu durge hon hop kho,
nghién min bang cbi ma nio. Cudi cing nung hdn hop trong
16 nung nhiét do tir 950 dén 1200°C, 5 gior trong khong khi
thu duoc vat liéu.
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2.2. Phwong phdp nghién ciru

CAu trc tinh thé cua vat liéu Li,ZnSn,0, pha tap Cr’*
dugc phén tich bang phép do gian do nhiéu xa tia X (XRD)
trén thiét bi Siemens D6000 v&i bude song téi A =1,5406 A
va goc quét 20-70°. Hinh thai bé mit cua vat liéu dugc nghién
ctru bang hién vi dién tir quét phat xa truong (FESEM) trén
thiét bi JEOL JSM-7600F. Tinh chét quang cua cic miu
dugc nghién ctru théng qua phép do phd phat quang (PL)
va pho kich thich phat quang (PLE) sir dung thiét bi quang
phd NanoLog (Horiba Jobin Yvon) nguén kich thich la dén
Xenon véi cong sudt 450W. Cac mau khao sat duoc do &
nhiét d§ phong.

3. Két qua va ban luan
3.1. Cau tric tinh thé

Gian d6 nhiéu xa tia X cua vat liéu Li,ZnSn O, pha tap
Cr**0,7% dugc nung & nhiét d tir 950 dén 1200°C duoc thé
hién ¢ hinh 1. Két qua gian d6 nhidu xa tia X (XRD) hinh
1 cho théy, & d6 nung mau tir 950 dén 1050°C xuét hién
pha tinh thé Li,ZnSn O, v6i cac dinh nhidu xa & vi tri goc
20=24,69; 29,37; 32,01; 34,05; 34,62; 35,28; 36,3; 38,75;
44; 49,37; 50,64; 53,8; 55,56; 58,34; 60,98; 64,26; 66,83
va 68,19°, twong g véi cac mat phang (102), (110), (103),
(200), (112), (201), (004), (202), (203), (212), (204), (213),
(302), (205), (220), (222), (231) va (107) didc trung cau tric
tinh thé luc giac cta Li,ZnSn,O, va phu hop voi thé chuan
PDF#22-0245. Diéu nay ching t6 vat lidu Li,ZnSn O, da
hinh thanh & nhiét d6 950°C va chat luong tinh thé tot &
1050°C. Bén canh d6, ¢ nhiét do6 nung mau tir 950 dén
1050°C chi quan st dinh nhidu xa cua tinh thé Li,ZnSn,O,,
khong thdy xut hién pha tinh thé la khac, diéu nay cho thy
trong khoang nhiét d6 nung mau nay vat liéu 1a don pha. O
nhiét d6 nung mau tir 1100 dén 1200°C, ngoai nhimg dinh
nhiéu xa dic trung tinh thé Li,ZnSn,O, con xuét hién thém
cac dinh nhiéu xa & goc 20=26,6; 33,78; 37,93 va 51,79°,
tuong Ung voi cac mat phang (110), (101), (200) va (211)
dic trung cu tric tinh thé tetragonal, P42/mnm ctia SnO,
mg v6i thé chuan PDF#41-1445 [12]. Pic biét ¢ nhiét do
nung mau 1200°C cac dinh dic trung cho tinh thé SnO, véi
cuong do kha manh, chimg t6 & nhiét d6 1200°C cau tric
tinh thé Li,ZnSn,0, da bi pha huy mot phan. Két qua gian
dd nhidu xa tia X cac miu nung ¢ nhi¢t do tir 950 dén 1200
°C khong xuat hién pha tinh thé ciia Cr,0,,
tiép khang dinh ion Cr** dd nam trong mang nén tinh thé
Li,ZnSn,O,[13].

dicu nay gian
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Hinh 1. C4u tric tinh thé cua vat liéu Li,ZnSn,0, pha tap Cr*0,7%
ché tao béng phan (rng pha ran nung & nhiét dé 950-1200°C, 5 gi&»
trong khéng khi.

Dé xac dinh vi tri ciia ion Cr** thay thé vao ion Li*, Zn?'
hay Sn* trong mang nén, chiing t6i dung cong thtc (1) tinh
ty 1& phan tram sai léch cua ban kinh ciia ion mang nén va
ion pha tap (D)), khd nang thay thé chi c6 thé xdy ra khi D,
c6 gia tri nho hon 30% [14].

Dr — Rp(CN)—R4(CN) (1)

Ru(CN)

trongdo, R, vaR, 1an luot 12 ban kinh ion duoc thay thé trong
mang nén va ion pha tap; CN 14 s6 phdi tri. Ban kinh ciia cac
ion Li'*=0,76 A; Zn*=0,74 A; Sn*=0,69 A; Cr’’=0,615 A
[6], dua vao cong thirc (1) tinh dugc D, ¢ bang 1:

Bang 1. Gia tri ty 1é phan tram sai léch (D,) khi Cr** thay thé cac
ion trong mang nén.

Li* Zn** Sn#

D, 19,08% 16,89% 10,87%

T bang 1 cho thay, khi ion Cr** thay thé ion Sn*" trong
mang nén cho gia trj phan trdm sai léch nho nhat va nho hon
30%, do vy ion Cr** uru tién thay thé Sn* trong mang nén [14].

3.2. Hinh thdi bé mat cia vit liéu

Hinh 2 trinh bay hinh anh bé mt vat liéu Li,ZnSn,O, pha
tap Cr*"0,7% dugc nung ¢ 950 va 1200°C, 5 gio trong khong
khi duoc phong dai 50.000 va 100.000 lan. Két qua hinh 2
cho théy, nung mau & 950°C bién hat 1 rang, kich thudc hat
khoang 100-300 nm; khi nung mau & 1200°C cac hat c6 xu
hudng két dam va c6 kich thudc hat 16n nhit ¢ 1 pm.
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NS EM N MS orm 100k SEM) ) O 500mm
Hinh 2. Anh FE-SEM cia vét ligu Li,ZnSn,0, pha tap Cr**0,7%
dworc nung & 950 va 1200°C, 5 gi® trong khong khi.

3.3. Tinh chit quang ciia vit ligu

Hinh 3 trinh bay phd kich thich phat quang (A) va phd
phét quang (B) cua vt li¢u Li,ZnSn,O, pha tap Cr’* 0,7%
dugc nung & 1050°C, 5 gio trong khong khi. Két qua hinh
3A cho thdy, khi kich thich tai dinh 797 nm vat liéu hép thu
& vung 260-500 nm va hép thu cuc dai ¢ budc song 273
va 423 nm. Nguyén nhan dinh hip thu 273 do chuyén mirc
ning luong ‘A,—*T, (4P), dinh hap thu 423 nm 1a do su
chuyén muc nang lugng *A,—*T (4F) ctia ion Cr’* mang
nén Li,ZnSn, O, [15]. Hinh 3A la phd phat quang cia vat
lidu khi kich thich boi budc song 273 va 423 nm, két qua
nhan dugc cho thdy hinh dang phé twong tw nhau, cho phat
xa ving do dén hong ngoai gan va bude song cuc dai ¢ bude
song 797 nm. Ngudn gbc ving phat xa va dinh phat xa 1a
do sy chuyén doi mirc nang lugng spin cho phép ‘T,—*A,
ctia ion Cr** trong mang nén Li,ZnSn O, [7, 8, 16]. Két qua
nhan dugc cling cho théy, khi thich thich boi budce song 423
nm cho cuong d6 phat quang manh hon nhiéu khi kich thich
boi budce song 273 nm (hinh 3B) va didu nay duoc giai thich
1a do cuong do dén ¢ budc song 273 nm yéu hon & bude
song 423 nm. Ngoai ra quan sat hinh 3B, khi kich thich
bang budc séng 423 nm con quan sat dinh phat xa ~700
nm va ngudn gbc cia dinh phat xa nay dugc cho 1a chuyén
muc E—*A, (vach R) ctia ion Cr’* [17]. Tlr nhitng két qua
nay thém khing dinh ion Cr’* di thay thé vao mang nén
Li,MgSn,O, m&i cho nhing phat xa va hap thu nhu trén.
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Hinh 3. Phé kich thich huynh quang do & buwéc séng 797 nm (A)
va phé phat quang do & bwéc séng 273 va 423 nm (B) cuia vat liéu
Li,ZnSn,O, pha tap Cr* 0,7% dwoc nung & 1050°C, 5 gi& trong
khéng khi.

3.4. Anh hwing ciia nhiét dp dén tinh chét quang ciia vt ligu

Nhiét do anh hudng dén cAu tric tinh thé va s& anh
hudng dén tinh chét quang cua vat liéu, ngoai ra nhiét do
ciing anh huong dén kha nang thay thé ion Cr** vao ion
kim loai trong mang nén. Ching toi khao sat anh huong
ctia nhiét d6 nung mau dén tinh chét quang cua vat liéu.
Hinh 4 trinh bay anh huong cta nhiét o nung mau dén
tinh chat quang cta vat liéu Li,ZnSn,O, pha tap Cr’*0,7%
dugc nung tir 950 dén 1200°C, 5 gio trong khong khi. O
nhiét d6 nung méu tir 950 d&én 1100°C hinh dang phd khong
¢6 su thay ddi, déu cho phat xa tir ving do dén hong ngoai
gén v6i cuc dai phat xa ¢ dinh 797 nm. Cuong d6 phat xa
manh nhit & nhiét ¢ nung mau 1050°C. Piéu nay dugc giai
thich, & nhiét d6 nung mau 950-1050°C chi c6 pha tinh thé
Li,ZnSn O, ¢ nhi¢t do 1100-1200°C xudt hién thém pha
tinh thé SnO, véi cht luong tinh thé kém. Ngoai ra, nhiét
d6 nung mau 1050°C chat lwong tinh thé tot hon khi nung
6 nhiét d§ 950 va 1000°C; ¢ nhiét d¢ 1050°C kha nang ion
Cr** thay thé ion Sn*" trong mang nén ciing tang 1én. O nhiét
d6 nung mau 1150°C hinh dang phd twong tu khi nung & 950

687 ———1000

698
710

797 1150

Cuong do (dvty)

PL:A,,,= 423 nm

650 700 750 800 850
Buéc séng (nm)
Hinh 4. Phé phat quang cua vat liéu Li,ZnSn,O, pha tap Cr**0,7%
dwgc nung tir 950 dén 1200°C, 5 gi® trong khéng khi.
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dén 1100°C, tuy nhién xuat hién dinh phat xa & 698 nm. O
nhiét d6 nung mau 1200°C ngoai ving phat xa héng ngoai
gan, con quan sat dinh phat xa ving d6 va do xa & cac dinh
phat xa 675, 687, 698, 710 va 717 nm; nguyén nhan cac
dinh phét xa nay 1a do sy chuyén doi dai bén phonon trong
ion Cr**[18]. Nguyén nhan phat xa nay 1a & 1200°C ngoai
pha tinh thé LiZnSn,0O, con xuét hién pha tinh thé SnO, vai
chat lugng tinh thé kha tot.

3.5. Anh huéng ciia no”‘ng do dén tinh chit quang ciia vt ligu

Hinh 5 1a phd phat quang cta vat lidu Li,ZnSn O, pha
tap Cr** ndng d6 khac nhau dugc nung ¢ 1050°C, 5 gio trong
khong khi. Két qua nhan dugc hinh 5 cho thay, khi nong
d6 Cr* pha tap tir 0,05 dén 0,7% cudng d6 huynh quang
tang, khi nong d6 pha tap tang 1,0% Cr** cuong d6 huynh
quang lai giam. Diéu nay dugc giai thich khi ting nong do
dén 0,7% dan dén lam ting tim ion phat quang va lam ting
cuong do phat quang, tuy nhién nong do cao hon dan dén
mat do cac tdm va khoang cach gitia cac tam bi thu hep xuét
hién qué trinh truyén ning luong giita cac ion Cr¥*-Cr**, sy
truyén ning luong 1am giam qua trinh tai hop nén cudng
d6 huynh quang giam [18]. Tir két qua nhan dugc cho thy
cuong d6 huynh quang phat xa manh nhét khi ndng d6 pha
tap Cr**1a 0,7%.
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Hinh 5. Phé phat quang cta vat liéu Li,ZnSn,O, pha tap Cr* ndng
dod khac nhau dwerc nung & 1050°C, 5 gi® trong khong khi.

Dé c6 thém khang dinh anh huong ciia ndng do dén tinh
chit quang cua vat liéu, chung t6i tién hanh do phd kich
thich phdt quang cua vét li¢u Li,ZnSn O, pha tap Cr** néng
d6 khac nhau dugc nung ¢ 1050°C, 5 gio trong khong khi.
Pho kich thich huynh quang phu thudc vao nong do pha tap
dugc trinh bay dudi hinh 6. Két qua phd kich thich huynh
quang nhan duoc ¢ hinh 6 cho thiy hinh dang phd PLE
khong c6 su thay ddi, tuy nhién cudng d6 PLE phu thudc
rat manh vao nf)ng do pha tap. Cuong do PLE dat gia tri cuc
dai tai ndng d6 pha tap Cr**0,7%. Két qua nay phi hop véi
két qua phd PL ¢ hinh 5.
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Hinh 6. Phé kich thich huynh quang cia vat liéu Li,ZnSn,0, pha tap
Cr¥* néng dd khac nhau dwoc nung & 1050°C, 5 gié» trong khéng khi.

4. Két luan

Nghién cuu da ché tao thanh cong vét li¢u Li,ZnSn O :Cr**
cho phat xa héng ngoai gén béng phuong phap phan Gng pha
ran voi quy trinh don gian, ré tién, do 1ap cao va c6 thé ché
tao dugc sb luong 1on. O nhiét do nung mau dudi 1050°C
vat li¢u Li,ZnSn,O, don pha, cAu tric tinh thé luc giac, bé
mat vat liéu c6 bién hat rd rang va c6 kich thude 100-300
nm ¢ nhiét d6 nung 950°C. Khao sat tinh chat quang cho
thdy, vat liéu phat xa manh trong ving hong ngoai gan tai
budc song cuc dai 797 nm khi kich thich ¢ 423 nm. Tinh
chét quang ctia vat li¢u Li,ZnSn,0,:Cr** phu thudc rit manh
vao nhiét do nung va nong do pha tap. Cuong do phat xa
manh nhét cua vt liéu Li,ZnSn,O,:Cr’*" thu duoc khi nung
6 1050°C va néng d6 pha tap Cr**0,7%. Két qua nhan duoc
cho théy, vat lidu Li,ZnSn,0,:Cr* c6 tiém nang tng dung
16m trong ché tao NIR LEDs.

Nghién ctru nay duoc tai trg boi Truong Dai hoc Su
pham Ha Noi 2 théng qua dé tai ma sé HPU2.2022-UT-07.
Céc tac gia xin chan thanh cam on.
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Nghién ciru thye trang phat sinh va thu gom chat thai tir vo lon nhom
0’ cac ho gia dinh tai quan Bac Tir Liem, thanh pho Ha Noi
Bui Thi Thu Trang, Hoang Thi Hué&", Nguyén Thi H("ing Hanh, Nguyén Thi Hoai Thwong

Khoa M6i trieong, Triwong Pai hoe Tai nguyén va Moi trieong Ha Noi, 414 Phit Dién, phwong Phii Dién, quén Béc Tir Liém, Ha Néi, Viét Nam
Ngay nhan bai 24/2/2023; ngay chuyén phan bién 27/2/2023; ngay nhan phan bién 20/3/2023; ngay chép nhan dang 24/3/2023

Tom tit:

Bai bdo sir dung phwong phap xac dinh h¢ sé phat sinh két hop véi diéu tra xi hdi hoc va khio sat thue dia dé
nghién ctru thue trang phat sinh, thu gom chét thii tir vé lon nhém. Két qua nghién ciru cho thiy, vé lon nhém chiém
khoing 1% tong lwong chit thai sinh hoat ciia cac h( gia dinh. H¢ s6 phat sinh chit thai vo lon nhém 1a 0,0012 kg/
nguoi/ngay. Véi dan s6 nim 2021 cia quin Bic Tir Liém 1a 340.605 ngudi, khéi lwong chit thai vé lon nhom la
408,726 kg/ngay. Qua trinh diéu tra khio sat cho thiy, van dé chét thai vé lon nhém vin chwa dwgc quén Iy va giai
quyét triét dé, dia phwong chwa c¢é vin ban quy dinh cu thé trong quan 1y chit thai vé lon nhém, kinh phi dé 6
chirc cac hoat dong lién quan con han ché. Hiu hét ngwoi dan déu nhan thire dwoc trach nhiém phan loai chit thai
v lon nhdm ciia hd gia dinh (80%) nhung chwa thye hién diy di va triét dé. 77% s6 ngudi dwoc héi cho ring viée
thu gom chit thai ran (CTR) sinh hoat hién nay di dam bao v€ sinh moi truwong. Ty 1€ ngudi dén cho rﬁng tai ché
v6 lon nhom gitp bdo vé m01 trlro'ng chiém 94%. Vé viéc sin sang tham gia cac hoat dong giam thiéu chét thai vé
lon nhém tai dia phwong, 50 nguoi dong y tham gia chiém 70%. Mirc do san sang mua cac san pham lam tir nhom
tai ché ciia nguoi dan 1a 94%.

Tir khéa: chit thai rin sinh hoat, quan Bic Tir Liém, v6 lon nhom.
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Abstract:

This study applies the method of determining the generation coefficient combined with sociological investigation and field
survey to study the current situation of generation and collection of waste from aluminium cans. The research result showed
that aluminium cans account for about 1% of the total domestic waste of households. The aluminium cans generation rate (kg/
person/day) in the study area is 0.0012 kg/person/day. With the 2021 population of Bac Tu Liem district being 340,605 people,
the volume of aluminium can waste calculated is 408.726 kg/day. The results of the survey investigation process showed
that the amount of waste generated during the procurement and recycling process is mostly unregulated. The problem of
aluminium cans waste has not been fully managed and solved. Local authorities still do not have specific regulations on the
management of aluminum can waste, and funding for organising related activities is also limited. Most people are aware of
the responsibility to classify aluminium cans waste (80%), but they have not fully and thoroughly implemented it. 77% of
people interviewed said that the current garbage collection has ensured environmental hygiene. The percentage of people who
think that recycling aluminium cans helps protect the environment accounts for 94%. Regarding the readiness to participate
in local aluminium cans waste reduction activities, the number of people who agreed to participate accounted for 70%. The
willingness of people to buy products made from recycled aluminium is 94%.

Keywords: aluminium cans, Bac Tu Liem district, domestic solid waste.

Classification numbers: 2.7, 2.11
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1. Md dau

Nguyén liéu nhom dugc st dung rong rai trong van tai,
thyc phim va thubc men, dong goi, xiy dung, dién tor va
truyén tai dién. Kha nang tai ché cao cta nhom, cling véi gia
tri phé lidu 16n va nhu cau ning luong thap trong qué trinh
tai ché khién nhom duoc nhidu nguoi trén thé gisi Iya chon.
Nim 2014, Btic va Thyy Sy dd mé mot nha méy tai ché nhém
tri gia 258 tridéu USD tai Pirc dé san xuit 400.000 tan nhom
hang nim bang cach sir dung phé lidu va ty 18 tai ché ctia vo
lon nhom 1a 99%. O Thuy S, ty 16 tai ché nay 1én t6i khoang
90% [1]. Tai My, mdi ngay c6 120.000 v6 lon nhom duge tai
ché, ty 18 tai ché 1a 58,1% [2]. Nhu cdu vé lon nhom tai Viét
Nam udc tinh dat 10 ty lon trong nim 2018 va dy kién s& ting
10% mdi nam [3]. Luong phé liéu kim loai dwoc tai ché tai
cac lang nghé khoang 95,2%, tao ra tong s6 hon 700.000 tin
san pham nhom tai ché hang nam [4].

Viét Nam da va dang timg budc hinh thanh mot hé thong
quéan Iy CTR dong b tai cac do thi, khu cong nghiép, cac khu
du lich, thwvong mai... véi muyc tiéu kiém sodt 6 nhiém, quan
Iy va bao vé moi truong, hudng t6i phat trién bén vimg [5].
Tuy nhién, viéc xay dung va thuc tién con nhiéu han ché, bat
cap. Nhiém vy quan 1y nha nudc vé CTR dwoc Chinh pha
giao Bo Tai nguyén va Mai truong 1am diu mdi, tuy nhién
tai cac dia phuwong chua dugc phan giao mot cach thong nhat,
dong bo v6i co quan Trung wong ma dwoc phan tin cho cac
co quan chuyén mén. Thyc té, nhidu dia phuong con thiéu
mo hinh quan Iy CTR sinh hoat hi¢u qua va phu hgp vai thuc
tién, déng thoi, co ché thuc hién, kiém tra, giam sat chua chat
chg, triét dé.

Hudng té1 myc tiéu bao vé moi truong, Chi thi s6 33/CT-
TTg cua Thu tuéng Chinh phu ngay 20/8/2020 néu rd muc
tiéu “thyc hién phan loai chat thai tai nguf")n; chat thai nhua
va céc chét thai khac c¢6 thé tai ché khong dugc dé 1dn vai
chét thai hitu co; khuyén khich xay dung va thuc hién cac
md hinh kiéu mau dé 1am co s¢ nhan rong cho cic co quan,
don vi trong linh vuc va dia ban quan ly; hoan thié¢n ché dinh
quan Iy CTR theo hudng coi chat thai va chat thai nhya 1a tai
nguyén; thic day phat trién cac mé hinh kinh té tuan hoan;
thyc hién tot viée giam thiéu, phan loai chat thai tai nguon thu
gom, tai st dung, tai ché, xur ly chat thai” [6]. Viéc thu mua
v lon nhdm va tai ché s& tiét kiém duoc dén 80% nang luong
s0 v6i san xuat nhom tinh ché tir nguyén liéu th. Pong thoi
giam chat thai doc vao moéi truong tir nhién. Ngoai ra, qua
trinh tai ché nhom phé liéu ciing giup han ché dwoc viéc khai
thac ngudn tai nguyén ty nhién. Va chat lugng nhom tai ché
ciing khong thua kém so v&i nhom tinh ché tir nguyén lidu
th. Lon nhom 1a mot trong nhitng mit hang tiéu ding dé tai
ché nhét, vi nhom tai ché ré hon san pham hoan toan méi,
khién cac nha san xuat mong mudn tai ché. Viét Nam da co
nhiéu nghién ctru lién quan téi CTR néi chung, tuy nhién chét
thai tir vo cac lon nhom (nhu lon Coca, Pepsi...) chua duoc
nghién ctru nhiéu.
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Quan Béc Tur Liém, TP Ha Noi ¢6 loi thé quy hoach va
phat trién dong bod vi co quy dat rong, ngudn tai nguyén xanh,
giao thong két ndi thuan tién. Dia phuong ciing dic biét quan
tam dén van d& moi truong, trong do ¢6 phong trao tai ché vo
lon nhém hudng téi do thi “xanh, sach, van minh, hién dai”.

Xuét phat tir nhitng 1y do trén, dé tai “Nghién ciru thuc
trang phat sinh, thu gom chét thai tir v lon nhom & cac ho gia
dinh tai quan Béc Tur Liém, TP Ha Noi” duge thuc hién voi
muc tiéu danh gia hién trang, xac dinh hé s0 phat sinh chat
thai tir vo lon nhom phat sinh trong qua trinh sinh hoat hang
ngay tai cac ho gia dinh dé tir d6 dé xudt cac giai phap nang
cao hiu qua hoat dong tai ché chat thai nhom hudng dén nén
kinh té tuan hoan.

2. Phuong phap nghién ciiu

2.1. Phwong phdp thu thip sé liéu

Nghién ctru sir dung cac so liéu, tai liu thir cap tir cac
nghién ctru khoa hoc, cac van ban lién quan nhu: diéu kién
kinh t€ - xa héi, ty nhién cua quan Bac Tu Liém, TP Ha Noi;
thong tin tir cdc van ban quy pham phap luat hién hanh lién
quan dén quan ly chat thai trén dia ban quén Bac Tu Liém, TP
Ha No¢i; thong tin tr cic nghién ctru lién quan ve tai ché va
quan ly chat thai trén thé gidi va ¢ Viét Nam.

Dir liéu so cép dugc thu thap tir cac cudc khao sat thuc dia,
tham van cong dong va tham van co s thu mua phé li¢u thong
qua phi€u diéu tra va phong van truc tiep.

2.2. Phwong phap diéu tra xa hoi hoc

Nghién ctru d thiét 1ap 3 mau phiéu diéu tra: 1 mau phiéu
ddi véi nguoi dan va nguoi thu gom chét thai tai quan Bic Tir
Llem (gom 3 phuong: Pha Dién, C6 Nhué 1, Xuan Dinh); 1
mau phiéu dbi voi 5 co 50 thu mua phé lidu trén dia ban quan
Béc Tur Liém; | mau ph1eu d6i v6i can bo moi truong trén dia
ban quéan. Noi dung trong tim ctia phiéu diéu tra cho di tuong
ngudi dan 13 hién trang phat sinh, phan loai, tai ché va chuyén
giao CTR sinh hoat tai hg gia dinh; hién trang van dé thu gom,
phi thu gom va co so vat chét phuc vu qua trinh thu gom CTR
sinh hoat h¢ gia dinh; nhan thire, thai do, hanh vi va murc d¢ hai
1ong ciia ngudi dan vé van dé chat thai vo lon nhém va quan
Iy chét thai v lon nhém quy md ho gia dinh; sy sin long tham
gia ctia ngudi dan vé phan loai, thu gom, tai sir dung, tai ché,
chuyén giao chat thai vo lon nhom. Noi dung trong tim cua
phiéu diéu tra cho ddi tugng 1a co s¢ thu mua phé liéu lién quan
t6i tong luong vo lon nhém va hinh thire thu mua mdi thang,
hinh thtic phan loai; quy trinh tai ché; nhing thuan 1gi va kho
khan cta co s¢ thu mua phé liéu. Noi dung trong tam ciia phiéu
diéu tra cho ddi tuong 14 can bo moi truong lién quan téi hién
trang phat sinh va quan ly CTR sinh hoat tai hg gia dinh.

C& mau duoc x4c dinh theo cong thirc sau [7]:

N
T 1+N(e?)
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trong d6: n: ¢& mau diéu tra; N: tong s6 dan trong khu vyc
nghién ctru; e: muic sai sO chap nhan (e nam trong khoang 0,05
dén 0,1).

Véi dan s6 quan Bic Tu Liém 1a 340.605 nguoi [8], do
chinh xéc 1a 94%, sai s6 tiéu chuan 1a +6%. Khi d6 ¢& mau
nghién ctru dugce tinh nhu sau:

340.605

N +340.605(0,067) 278

Nghién ciru di tién hanh phong van diéu tra 300 ho gia
dinh, trong d6 co6 ca nguoi lam cong vige thu gom chat thai tai
cac ngd, xom. Nguoi dan dai dién ho tham gia tra 161 phdng van
c6 do tudi tur 18 tdi 65.

2.3. Phuwong phap xdc dinh hé 5o phat sinh

Céc bude xac dinh hé sb phat sinh nhu sau:

Budc 1: Lua chon dia diém thuc nghiém. Nghién ctu lya
chon 90 h¢ gia dinh trong s6 300 h¢ gia dinh dé phong vén sau
va tién hanh hoat dong nghién ctru phan loai, xac dinh khéi
lugng chét thai vo lon nhom. Dung lwong mau phan b 30 ho
gia dinh/phudng, tai cac phuong: Pha Dién, Xuan Dinh, C6
Nhué, quan Bac Tir Liém, Ha Noi.

Budc 2: Thu gom vé lon nhom tai hg gia dinh. Trudc tién,
nghién ctru gidi thiéu cho cac hd gia dinh biét duge cac loai
vo lon nhém co thé phat sinh tai gia dinh trong mot ngay va
pho bién ké hoach khao sat thuc nghiém, yéu cau nguoi dan dé
riéng vo lon nhom vao mot thi riéng biét véi cac chit thai sinh
hoat khéc. Sau d6, chat vé lon nhom tir mdi ho gia dinh s¢€ dugc
thu gom sau 2 tudn.

Bude 3: Xac dinh khdi lugng vé lon nhém. Can vo lon
nhom va ghi chép so liéu cu thé.

Budc 4: Xac dinh thanh phan, khéi luong cua cac loai vo
lon nhém. Can ting loai vo lon nhém va ghi s6 liéu vao nhat
ky thu gom. Tién hanh déu dan trong 3 thang dé xac dinh hé
sO phat sinh ciia vo lon nhém. Sau d6 don dep réc thai theo
quy dinh.

Can cr vao két qua can thue té tir 90 ho gia dinh két hop véi
két qua dieu tra phong van cta 300 hd dé tinh toan hé so phat
sinh cua chat thai lon nhom theo cong thirc sau [9]:

, Khoi luong cht thai
Hé 6 phét sinh v0 lon nhom

chét thai vo lon nhom=

(kg/guoingay) (1)
S0 nhan khdu ciia ho dan

Téong khdi lugng chét thai vo lon nhém phat sinh

= H¢ s0 phat sinh chat thdi vo lon nhdm x Dan s6 )
3. Két qua va ban luan

3.1. Pic diém ciia mau kho st

Pic diém cta nguoi dan tham gia phong van dugc trinh
bay o bang 1.

JHOAHOC -

Bang 1. Pac diém ciia ngwoi dan tham gia phong van.

Thitty Dic diém 86 lwgng (ngudi) T 1¢ (%)

Nir 147 49
1 Gidi tinh
Nam 153 51
Dudi 30 tudi 234 78
2 Tubi 30-50 tudi 57 19
Trén 50 tudi 9 3
Dugi THPT 3 1
., THPT 33 11
3 Trinh d6 hoc van - ; ;
Dai hoc/cao dang/trung cap 243 81
Trén dai hoc 21 1
Hoc sinh, sinh vién 102 34
L Can bo/cong chuc/vien chuc 87 29
4 Ngheé nghiép
Nong dan 12 4
Kinh doanh ty do 99 33
Dugi 3 tricu VNB/thang 42 14
3-6 triéu VND/thang 81 27
5 Thu nhap -
6-9 trigu VND/thang 123 41
Trén 9 triéu VND/thang 54 18
2 nguoi 24 8
3 nguoi 36 12
4 nguoi 132 44
6 Nhankhawhd 5 ngudi 84 28
6 nguoi 12 4
7 nguoi 9 3
8 nguoi 3 1

bac diém cuia co sé thu mua phé liéu nhu sau:

- Mot co so tai ché so cép: c6 hoat dong thu mua phé liéu,
thye hién cac hoat dong so ché. Co s ¢6 s6 nhan cong chinh
14 5 ngudi, ngoai ra trong cong doan bbe d, phan loai thuong
thué ngoai 7-8 nguoi.

- Hai co so thu mua thi cdp: c¢6 cac hoat dong thu mua vo
lon nhém pheé ligu, phan loai chung va ban phe¢ li¢u sau phan
loai. Nhan cong dugc thué tai cac co sd nay thuong 2-4 nguoi.

- Hai co s¢ thu mua so cap: c6 cac hoat dong thu mua va
ban phé liéu ma khong c6 thém bat ky mot hoat dong nao
khac. Céc co sd nay thuong kinh doanh hg gia dinh nén khong
thu€ nhan cong.

Két qua bang 2 cho thdy, mirc thu nhap trung binh hang thang
cia nhém ho thu gom so cap 1a thap nhét, tiép dén 1a nhom ho thu
gom thir cap va cao nhat 1a nhom hg tai ché so cép.

Bang 2. So sanh thu nhép trung binh thang cuta tirng nhém co
s tai ché.

Co s thu mua thir cAp Co s thu mua so cép Co si tai ché so cip
Thanh Ngoc Ha Hing Hoa Biic Minh Ha Ngoc Thach
8-10 7-10 15-18 13-14 26-28

Don vi: triéu ddng/ho/thang.



Theo thong tin thu thap tir phiéu diéu tra, cac co so thu mua
du6i hinh thirc mua ban tai nha, tir nhitng ngudi di thu gom “dong
nat” tai cac ho gia dinh. Vi quy mé vira va nho, nén hinh thire
phan loai tai ddy déu bang tay. Trung binh mdi ngay mdi co so
thu mua dugc tir 1,5 dén 3,5 tan phé liéu tir nhimg ngudi thu mua
“ddng nat” va cac ho dan trong dia ban. Hau hét, cac co so chi
thu mua cac loai phé liéu nhu nhya, giéy, nilon va vo lon nhom.
Trong dia ban quan Bic Tir Liém hién nay chua c co s6 tai ché
nén tat ca phé liéu déu duoc cac co s¢ thu mua nhé mua va ban
lai cho céc co s& thu mua 16n hon va cong ty ti ché bén ngoai dia
ban quén nay. Theo udc tinh ciia cc chu co s¢ thu mua, chit thai
v6 lon nhom vén 1 loai phé liéu duoc thu mua it nhat.

3.2 Ngmin phdt sinh vé lon nhom

Cac ngudn phat sinh va thanh phan chat thai vo lon nhom
duoc thé hién ¢ bang 3.

Bang 3. Ngudn phat sinh va thanh phan chat thai vé lon nhom.

Phan logi Ngubn phit sinh Thanh phin

Céc khu chung cu, biét thy, h gia dinh;
cdc trung tam thwong mai, dich vu cdng

Chit thai vo lon nhom VI .
cOng, nha ga, ben tau, bén xe, sin bay,

Lon bia, lon nude ngot, hop dung thue

sinh hoat o T him...
cong vién, khu vui choi giai tri; cac truong
hoe, co quan, trung tam, vién nghién ciu. ..
Lon bia, lon nudc ngot, hop dung doan
Chét thai vo lon nhom  Céc ling nghé, khu cong nghiép, tiéu cong ~ d6ng hop, hop dimg cac dung cu/sn phim
cong nghiép nghiép, th cong nghiép... phuc vu cho cac hoat dong cong nghi¢p/

ling nghe...

Lon bia, lon nude ngot, hop dung cdc dung
cu/san pham phuc vu cho céc hoat dong
xdy dung...

Chit thai vo lon nhom
xdy dyng

Céc khu nha/duong phé/cao c dang xay
dyng/sira chira, san nén xdy dung

Lon bia, lon mrdc ngot, éng ki tiém, ong

Chét thai v lonnhom ~ Céc trung tim y {€, bénh vién, tram x4,
ddy truyen, ong thuoc. ..

yte phong kham tw nhin

3.3. Khoi lwong va hé so phdt sinh chit théi vé lon nhom
tai cdac ho gia dinh

Két qua thu gom va cén cht thai vo lon nhém phat sinh
duoc thuc hién lién tyc tai 90 ho gia dinh tai phuong Pha Dién
(30 ho), phuong Xuan Pinh (30 hd) va phuong C6 Nhué 1 (30
ho) trong 3 thang (thang 12/2020 va thang 1-2/2021) dugc thé
hién ¢ bang 4.

Bang 4. Khéi lwgng chat thai vé lon nhom tai cac ho dan.

Théng Phuimg Phii Dién Phuong Xudn Dinh  Phudng C§ Nhué 1 Tong
Thing12 27 28 35 90
Thingl 30 18 26 74
Thing2 6,1 15 84 20
Tong 118 12,1 145 384

Két qua bang 4 cho thay, khdi lvong chat thai vo lon nhém
phat sinh trong 3 thang tai 3 khu vuc ¢6 su chénh léch giira cac
thang. Thang 2 c6 luong cht thai vo lon nhdm cao nhit trong 3
thang véi 22 kg/thang/369 ngudi. B6i voi thang 12, tong khdi
lugng chit thai vo lon nhom phat sinh 1a 9 kg/thang/369 nguoi
va thang 1 1a 7,4 kg/thang/369 nguoi.
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Bang 5 thé hién thang 2 co khoi lugng phat sinh cao hon gip 2
lan thang 1 va 12. Diéu nay cho thy, hé s phat sinh phu thude vao
timg thoi diém, do thang 2 duong lich tring vao dip Tét Nguyén
dan thuong dlen ra cac hoat dong mua sam, vui choi, an udng...
dan dén nhu cau sir dung vo lon nhom nhiéu hon. Hé sq phét sinh
trung binh ciia 3 khu vire ¢6 sw khac biét khong dang ké cho thiy
hién trang s dung vo lon nhom cua ngudi dan ¢ ca 3 khu vuc
twong doi dong déu. He s phat sinh chat thai nhom duoc tinh
theo cong thirc (1), két qua thé hién hé sd phat sinh chét thai vo
lon nhém khu vyc nghién ciru 1a 0,012 kg/ngudi/ngay. Véi dan s6
nim 2021 ciia quan Bac Tir Liém 1a 340.605 nguoi, khoi luong
chit thai vo lon nhém dugc tinh theo cong thire (2) cho két qua 1a
408,726 kg/ngay dém.

Bang 5. Khéi lwong va hé s6 phat sinh chat thai vé lon nhém cua
cac ho dan.

KHhdi wrgng v6 lon nhom phat sinh ciia  Khoi hrgng v lon nhom phat sinh ciia
Khii lugng mot nguoi trong 1 thing (kg) mot nguoi trong 1 ngay (kg)

Thing 12 Thang1 Thing2? Trung Thang12 Thingl Thing2 Trung

Phuon:

g (31 ngay) (31 ngay) (28 ngay) binh (31 ngay) (31 ngay) (28 ngay) binh
gL 0025 008 005 0036 00008 00009 00020 00012
(108 nguoi)

TP 0021 0013 0056 0030 00007 00004 00020 00010
(135 nguai)
Phutng Co Nhu¢ 1 008 001 0067 0038 00009 00007 00024 00013
(126 nguoi)
Trung bith 005 0021 0060 0035 00008 00007 00021 00012

3.4. Ddnh gid hi¢n trang cong tic quan Iy chit thdi vé lon
nhom trén dia ban qudn Bac Tir Liém

Theo két qua khao sét, cc co s déu thu mua dudi hinh thirc
mua bén tai h gia dinh. Nguyén liéu dau vao clia cac co s6 tai ché
nhdm c6 nhiéu loai. Trong do, cac loai vé lon nhdm chua qua so
ché dugce cac co s mua truc tiép tai cac ho gia dinh. Loai da qua so
ché duge mua tir cac co s¢ thu mua, ¢4 nhan thu mua phé liéu. Cac
co s¢ thu mua phé liéu da sé mua chit thai vo lon nhom tir nhitng
nguoi di thu gom “ddng nat” tai cdc ho gia dinh. Gia thu mua vo
lon nhém phé liéu dao dong trong khoang 300-500 dong/lon. Sau
khi thu mua, céc loai chét thai vo lon nhém duge céc co s¢ thu mua
phan loai va ban lai cho céc co s6 tai ché. Trung binh céc co s6 thu
mua khoang 50-100 kg chat thai vo lon nhom mdi thang,

M6t s6 thudn loi trong cong tac quan 1y chdt thai vo lon
nhém: Chuong trinh thu gom, phén loai rac thai tai ngudn, céc
hudng dan ki thuat vé thu gom, phan loai rac thai tai ngudn
cho ca khu vuc do thi va néng thon dang duge to chirc thuc
hién trén dia ban quén. Hiéu suat thu gom CTR trén dia ban la
96,3%. Dén nay cic phuong di phat dong chuong trinh ra quan
tong vé sinh moi truong theo dinh ky hang tuan. Cu thé nhur:
van dong toan thé nhan dan, can b, nhan dan, cac t6 chire chinh
tri xa hoi tham gia céc budi tong vé sinh méi truong cua thon,
xo6m, thue hién cac bién phap vé sinh moi truong, tiéu doc, khur
trung, sat khuén tai cac khu dan cu, khu vuc chuéng trai, duong
phd... vao thir bay, chu nhét hing tuan. Mot sb phudng da thanh
1ap doan kiém tra, giam sat va xi Iy céc trudng hop c nhan, ho
gia dinh ¢6 hanh vi gay 6 nhiém moi truong.

o4



Khoa hoc Ky thuét va Céng nghé | Ky thuat moi truong; Céc linh vuc khac cla khoa hoc ky thuat va cong nghé

Nhitng khé khan trong cong tac quan Iy chdt thdi vé lon nhom:
Theo danh gia ctia can b mdi trudong quan Bic Tir Liém, xu huong
str dung céc san pham tai ché tir vo lon nhom trong nhirmg ndm gan
déy luén ¢6 xu hudng tang. Trong khi do, chét thai vo lon nhom tai
dia phuong chua c6 phuong an giai quyét riéng ma dugc thu gom
ciing rac thai sinh hoat binh thuong dé dwa vé bai chon lap hodc 10
d6t. Ngudn kinh phi dau tu cho cong tic thu gom va co s¢ ha tang
thiét yéu phuc vu xir Iy chat thai tai ché va chat thai nguy hai van
chua déng bo va dap tmg duoc so voi nhu cau thyc té.

Theo két qua diéu tra, 65% ngudi dan dugc tham gia khao sat
tra 101 1a dia phuong khong co hoat dong nao lién quan toi phan
loai, giam thiéu, tai ché rac thai vo lon nhom, 35% nguoi dugc hoi
tra 10i 1a chinh quyén dia phuong ¢6 to chirc cic hoat dong gidam
thiéu chat thai noi chung va 6 phan lién quan dén chat thai vo lon
nhom nhung chua thye sy hiéu qua. Diéu nay cho thiy nhimg kho
khan trong viéc tiép can voi nguoi dan cia can bo moi trudng.
Thuc té hién nay, chinh quyén dia phuong chua ¢6 cac vin ban
phap luat riéng cho quan 1y chat thai tai ché néi chung va chat
thai vo lon nhom néi riéng, ciing nhu kinh phi dé to chirc cac hoat
dong dang con thiéu thon. Hinh 1 thé hién ty 16 nguoi dan tham gia
phong van cho rang cong tac quan ly chét thai nhom dang ¢ mirc
trung binh chiém ty 1¢ 45% (hinh 1).

% 5%

Khéng biét
Kém
m Trung binh
mTét

28%

Hinh 1. Panh gia ctia ngwei dan vé cong tac quan ly chat thai vo
lon nhém cuda co’ quan quan ly tai dia phwong.

3.5. Nhin thirc ciia ngwoi dén vé hién trang phdt sinh va thu
gom chat thdi vé lon nhom

Két qua khao sat cho thy, luong chat thai vo lon nhom chiém
khoang 1% trong tong lugng chét thai sinh hoat. Thirc an thira
chiém ty 1¢ cao nhat (50%), tiép d6 1a nhya va nilon chiém 6%,
giéy va bia carton chiém 5% va 38%, con lai la thiy tinh, cao su,
6 da, kim loai va cac chét thai khac (hinh 2).

0,50% ¥ //
1%7 6% ‘
1% 2%
0,7%

= Thikc &n thira = Va lon nhém = Gidy va bia carton

Nhura va nilon = Cao su, do da = Thiy tinh

= Kim loai = Chat thai nguy hai = Rac thai khac

Hinh 2. Thanh phan chét thai sinh hoat khu vwc nghién ctru.
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Két qua thu thap tir phiéu diéu tra thé hién mic do sin long
ctia ngudi dan mua cac san phdm lam tir nhom tai ché 1a rit cao
(94%). Str dung céc san pham lam tir nhom tai ché han ché 6 nhiém
moi trudng, gitip giam thai nhitng chat doc xa vao méi trudng tu
nhién. Ngoai ra, viéc sir dung nhom tai che con gitp giam 80 triéu
tAn khi gy gia tang hiéu tmg nha kinh mi ndm. Két qua diéu tra
cling thé hién ngudi dan nhan thac duge viéc phan loai chét thai
t4i ché trude khi d6 bo 1a can thiét, chiém ty 18 rat cao (97%). Hau
hét ngudi dan tham gia phong van déu hiéu 1o loi ich cua viée
phén loai chat thai trudc khi d6 bo nhu tiét kiém thoi gian va chi
phi phan loai, thu gom va xu 1y cho ngudi thu gom/quan ly; gidm
tac dong toi moi trudng, bao vé mdi truong séng cla con ngudi va
cac loai sinh vt khic; gitp dé dang hon trong viée xir 1y, ti ché.

Két qua diéu tra vé cong tic tuyén truyén thai bo vo lon nhom
cho thay, phan 16n nguoi dan dugc ban quan Iy méi trudng tuyén
truyen vé viée thai bo vo lon nhém dung cach (77%). Viée tuyén
truyén ndng cao nhan thirc cta nguoi dan vé van dé - phan loai vo
lon nhom tai cac dia phwong 1a rit can thiét dé nhic nho nguoi
dan ¢6 ¥ thiic hon trong viéc thai bo ding cach. Hau hét nguoi
dan da nhan thuc dugc trach nhiém phan loai rdc thai vo lon
nhom cua hg gia dinh (80%), tuy nhién chua thyc hién dugc hoan
toan va triét dé. Mot s6 ngudi dan cho ring, trach nhiém phan
loai 1a cua co so xur ly rac (65%) va nguoi di thu gom rac (25%)
(hinh 3).

Ha gia dinh

Nguoi thu gom rac

0 10 20 30 40 50 60 70 80 0

Hinh 3. Trach nhiém phan loai rac thai vé lon nhom.

Nguoi dan nhén thitc dugc yéu cau vé quan 1y phan loai, tii
ché rac thai doi v6i ho gia dinh phan 1on 1a (1) nop dii va ding
thoi han phi bao vé méi trudng chi tra cho dich vu thu gom, xur
ly chat thai dung quy dinh theo phap luat, va (2) giam thiéu, phan
loai tai ngudn thu gom va chuyén chat thai sinh hoat dén dang noi
quy dinh (76%). 77% nguoi dan tham gia phong van cho ring viée
thu gom CTR hién nay da dam bao v¢ sinh méi truong. Tuy nhién,
khao sat thuc té cho théy, chét thai sinh hoat tai cdc hd gia dinh
thuong dugc luu gitt vao tii nhya/nilon va dugc dat trude ctra nha
dé xe thu gom thuan tién van chuyén. Nhu véy, cic phuong trong
quan Bic Tt Liém dang thiéu céc thing rac chuyén dung bo tri
trén cac tuyen dudng thu gom, tinh trang ndy khong chi lam anh
huong dén cude song ciia nguoi dan ma con gdy mat thim my canh
quan khu vyc.

Theo két qua nghién ctru tir phiéu diéu tra cho thay, ty 18 nguoi
dan cho rang tai su dung, tai ché vo lon nhom gitip bao vé moi
truong chiem 94%. Viée tai ché vo lon nhom gitip tiet ki¢ém 95%



nang lugng tiéu thu so vai viée san xuat vo lon nhom tir nguyén
liéu nhom nguyén sinh va giam nhu cau khai thac nhom, tiét kiém
quing khoang san. Viéc tuyén truyén ngudi dan thu gom va thai
bo chat thai vo lon nhém dung quy dinh gitip bao vé méi truong,
¢o y nghia rat 1on trong viéc han ché mot luong chét thai ra moi
truong. Hau hét nguoi dan déu hiéu rang viée thu gom va thai bo
chat thai vo lon nhom diing quy dinh ¢6  nghia vé giir vé sinh moi
truong, gitip canh quan moi trudng xanh sach dep hon (87%); giap
tiét kiém thoi gian, chi phi trong quan 1y va xir 1y (76%) (hinh 4).

Tiét kigm tainguyen, ang loicn kinh ¢ | NN
Tn dyng %8 st dung, téi ché trong gia dinh _
Gidm luong réc thai thai ra méitrwong |
Tiét kigm thixi gian, chi phi trong quan Iy va ki _
Gitr vé sinh mdi trudng gicp canh quan moitrudng xanh sach dephon - | R

Hinh 4. Y nghia cua viéc thu gom va thai bé vé lon nhém dung
quy dinh.

Két qua diéu tra vé mtc do hai long clia nguoi dan dbi voi
dich vu thu gom chét thai hién nay thi ¥ kién tra 10i “rat hai long”
chi chiém 2%; “hai long” chiém 22%, “binh thuong” chiém 60%,
“khong hai 1ong” chiém 6%, “rit khong hai long” chiém 10%
(hinh 4). Két qua diéu tra cling thé hién ty 1¢ nguoi dan tham gia tai
ché chét thai vo lon nhom chiém 76%. V& viée sin sang tham gia
cac hoat dong giam thiéu chat thai vo lon nhom ciia dia phuong, s6
nguoi dong  tham gia chiém 70%.

Nguoi dan da nhan thie dugc loi ich khi tham gia cac hoat
dong giam thiéu chat thai n6i chung va chét thai vo lon nhém noi
riéng. C6 70% sb nguoi duge hoi mong mubn khi tham gia cac
hoat dong giam thiéu chat thai nhim muc dich bao vé méi truong,
hiéu biét vé tic hai cia cht thai nhém va hiéu hon vé cach phan
loai chat thai.

Theo két qua tir phiéu diéu tra co s¢ thu mua, udc tinh trung
binh téng luong vo lon nhom cua hg thu mua trong mot thang
khoang 60-100 kg chiém 75%, khoang 100 kg tr& 1én chiém 20%,
dudi 60 kg chiém 5% (hinh 5).

® Khodng 60-100 kg

= 100 kg tré 1én = Dwdi 60 kg

Hinh 5. Uéc tinh trung binh téng lwong vé lon nhém ctia mot ho
thu mua trong mét thang.
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Két qua nghién ctru cho thdy co hai hinh thire thu mua vo lon
nhom chinh: (1) Cac “ba df”)ng nat” mua tai cac ho gia dinh roi
dua ra ban lai cho co s& thu mua (79%); (2) Mua-ban tai cac diém
thu mua nho (21%) Theo két qua phiéu diéu tra, cic ho thu mua
sau khi thu mua vo lon nhom s€ phan loai bang tay (phan loai thu
cong) chiém 95%, con phén loai bang may chiém ty 1¢ 5%.

4. Két luan

Chat thai vo lon nhdm chiém ty 18 khoang 1% tong khoi lugng
CTR sinh hoat hang ngay ciia cac ho gia dinh. Hé s6 phat sinh chat
thdi vo lon nhom 12 0,0012 kg/ngudi/ngay. Voi dan so nam 2021
cia quan Bac Tir Liém 1a 340.605 nguoi, khéi luong chét thai vo
lon nhom 1a 408,726 kg/ngay.

Luong chét thai vo lon nhém phat sinh trong qua trinh thu
mua va tii ché hﬁu hét chua duoc kiém soét chat che, van dé chat
thai vo lon nhom van chua duoc quan 1y va giai quyet triét dé. Pia
phuong chua ¢6 nhimg véan ban phép lut cu thé vé quan ly chat
thai vo lon nhom, ciing nhu kinh phi dé to chirc céc hoat dong lién
quan con han ché.

Nguoi dan nhan thitc duge viée phan loai rac tai ché truge khi
d6 b6 1a can thiét chiém ty 18 97%. Hau hét nguoi dan da nhan thire
duoc trach nhi¢m phan loai réc thai vo lon nhém cua h¢ gia dinh
(80%), tuy nhién chua thyc hién dugc hoan toan va triét dé. 77%
nguoi dan tham gia phong van cho rang viéc thu gom rac hién nay
da dam bao vé sinh méi truong. 94% ngudi dan cho ring tai sir
dung, tai ché vo lon nhom gitip bao vé méi truong. 70% ngudi dan
san sang tham gia cac hoat dong giam thiéu chét thai vo lon nhom
cia dia phuong. Mirc d6 sén 1ong cia nguoi dan mua cac san pham
lam tlr nhom téi ché 1a 94%.
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Toi wu héa mit 0 yeu t cong nghe i i Iy bang thity phan enzyme pullulanase
ket hop qu trinh thiy nhiet dé sin xuat tinh bt Khang téu hia RS tr nguyén lidw bt gao
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Tom tit:

Muc dich cia nghién ciru nay la thyc nghi¢m da yéu t6 va t6i wu hoa mét s6 yéu té cong nghé tién xir 1y thity phan bing enzyme
pullulanase két hop qua trinh thily nhiét dé tao tinh bt khang tiéu héa RS3 (tinh bot khang RS3) tir bot gao gidng lia IR50404.
K& hoach thwrc nghiém da yéu t6 sir dung mé hinh quy hoach ciia Box-Behnken véi 3 bién déc Iap twong img mién bién thién: nong do
enzyme pullulanase (1,5-2,5%); nhi¢t d¢ thity phan (52-58°C); thoi gian thiy phan (8-12 gid). Cac ham muc tiéu gdm: ham lwgng
tinh bgt khang RS3 (%), ham lwgng dwong khir (%) va do hoa tan (%). Cac thi nghi¢m dwgc tién hanh trong ciing diéu kién véi cac
thong s6 da dwoc xac dinh tir cac thire nghiém don yéu t6: chuén bj dich thity phan enzyme véi ham lirong tinh bjt gao/nuwée 15% & pH
5,5; ché do thiiy nhiét sau qua trinh thily phan bz‘mg enzyme v6i 3 chu ky xir ly nhlet/lam ngudi: hz'lp nhiét (130°C, 60 phit) — lam
ngudi va thoi gian luu trir (4°C, 18 gio). Xirly so liéu va t6i wu héa bang phan mém Design - Expert 7.1 co sit dung thuat toan ham
mong doi v6i mong mudn ham lwgng tinh bt khang RS3, ham lwgng dlrong khir va do hoa tan dat gia trj lon nhit, ‘twong wng hé
s0 quan trong 5/5, 4/5 va 4/5. Két qua ctia nghién ctru da xac dinh dwge ché do tién xir ly bang thily phan enzyme t0i wu voi nong
dd enzyme pullulanase 2,2% ¢ nhiét d¢ 54,4°C trong thoi gian 10,4 gio, twong (ng ham lwgng tinh b§t khang RS3 dat 47,58+0,22%,
ham lwgng dwong khir dat 14,12+0,08% va do hoa tan dat 68,52+0,18% sau qué trinh thiy nhiét.

Tir khoa: enzyme pullulanase, thity phan, tinh bt gao IR50404, tinh bt khang tiéu héa RS3, t0i wu hoa.
Chi sé phén logi: 2.8,2.10

Optimisation of some technological factors of pretreatment by pullulanase enzymatic hydrolysis

combined with hydrothermal process to produce resistant starch RS3 from rice flour ingredients
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Abstract:

The purpose of the study was to conduct a multi-factor experiment and optimise some technological factors of pretreatment
by pullulanase enzymatic hydrolysis combined with hydrothermal process to produce resistant starch (RS3) from rice flour of
IR50404 paddy variety. The multi-factor experimental plan used the Box-Behnken planning model with 3 independent variables
corresponding to the variation range: pullulanase enzyme concentration (1.5-2.5%); hydrolysis temperature (52-58°C), hydrolysis
time (8-12 hours). The objective functions include: RS3-resistant starch content (%), reducing sugar content (%), and solubility
(%). The experiments were conducted under the same conditions with the parameters determined from single-factor experiments:
Prepare enzymatic hydrolysis solution with rice starch/water concentration of 15% at pH 5.5; hydrothermal mode includes 3
heat treatment/cooling cycles: autoclaving (130°C, 60 minutes) — cooling and storage time (4°C, 18 hours). Experimental data
processing and optimisation used Design - Expert 7.1 software with expected function algorithm with the desire that the RS3-
resistant starch content, reducing sugar content and solubility reach their maximum values, corresponding to the important
coefficients of 5/5, 4/5, and 4/5. The results were the determination of the optimal enzymatic hydrolysis pretreatment regime
with pullulanase enzyme concentration of 2.2%, hydrolysis temperature of 54.4°C for 10.4 hours, corresponding to RS3 resistant
starch content reached 47.58+0.22%, reducing sugar content reached 14.12+0.08%, and solubility reached 68.52+£0.18% after
hydrothermal process.

Keywords: digestive resistant starch RS3, hydrolysis, optimisation, pullulanase enzyme, rice starch IR50404.
Classification numbers: 2.8, 2.10
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1. Ddt van de

Tinh bot 12 loai carbohydrate tu nhién quan trong va la polyme
du trir cua thuc vat dugc tim théy nhiéu trong 14, than, qud, hat, cu
va 1é ciia cac loai cdy khac nhau. Tinh bot co ¥ nghia 16n vé mat
dinh dudng, dugc phﬁm va cong nghi¢p do céac déc tinh vat ly, hoa
hoc va chiic nang dinh dudng doc ddo ctia né nhd kha nang thuy
phan thanh glucose trong qua trinh tiéu hoa boi a-amylase. Qua
trinh oxy hoa trao doi chat cua glucose cung cp ning luong tirc
thoi duge st dung trong cac hoat dong trao ddi chit va cac hoat
dong té bao khac nhau [1]. Céc loai tinh bot tur nhién ¢ cu trac
dang hat va tinh thé phtrc tap, kich thudc khac nhau & cac loai thuc
vat khac nhau [2]. Tuy nhién, mdi loai tinh bot tw nhién cé nguf”)n
gbe khic nhau ciing ¢6 nhing dac tinh khac biét lién quan dén
thudc tinh chirc ndng va pham vi img dung. Cong nghé bién tinh
tinh bot nho sy bién doi vat ly, enzyme va hoa hoc thuong duogc
ap dung dé cai thi¢n dac tinh chirc nang cua tinh bot ty nhién co6
nguon gbe khac nhau. Trong do phuong phap vat ly (thuy phan
enzyme, nhiét 4 am, hap nhiét/lam ngudi, buc xa, song siéu 4m...)
¢6 thé tao ra nhimg thay doi vé hinh thai, cdu tric tinh thé va
vung v6 dinh hinh, 1am tdng ham lugng tinh bt khang RS3, day la
phuong phép than thién v6i moi truong va c6 thé mang lai cac dic
tinh chitc nang mong mudn [3].

Phuong phép tién xir Iy thity phan bing enzyme trong san xuét
tinh bot khang nhim cit nhanh amylopectin ma khong phai la
amyloza, trong do cac enzyme pullulanase va isoamylase thuong
dugc sir dung pho bién. Qué trinh thiy phan dong thoi enzyme
pullulanase va isoamylase co thé tac dong lén céc lién két a-(1,6)-
glycosidic tai cac diém nhanh trén cac phan tir amylopectin,
tlr d6 loai bo cac diém nhanh va lam ting ty 1¢ amylose so voi
amylopectin trong cdu trac tinh bot dan dén lam ting ham lugng
tinh bot khang RS3 [4]. Nhiéu nghién ctru d3 sir dung enzyme
pullulanase dé thuy phan cit mach nhanh amylopectin véi céc loai
nguyén liéu tinh bt khac nhau nhu ngd [5], gao [6], ddu Ha Lan
[7], san [8]... c4c két qua nghién ctru cho thay ham lwong tinh bot
khang RS3, d9 thuy phan, ham lugng duong khir va cac dac tinh
chtrc nang nhu d¢ hoa tan, o truong ng... phu thudc vao loai tinh
bot, ty 1€ tinh bot/ nudc, néng do enzyme, nhi¢t do va thoi gian
thily phan.

Trong khi bién tinh tinh bot bang phuong phap nhiét am
(HMT) ¢6 kha nang chuyén héa tinh bot tiéu hoa nhanh thanh tinh
bot ti€u hoa cham va tinh bt khang tiéu hoa. Co ché hinh thanh
tinh bot khang RS3 bang HMT lién quan dén sy pha v céu triic
tinh thé cua hat tinh bot va sy phan ly cdu trac xodn kép, sau do
1 su sdp xép lai cac tinh thé bi pha v&. Sy truong né ban dau va
kha néang di chuyen cua vung v6 dinh hinh do HMT géy ra thuan
lgi cho viéc sap xép chudi xoan kép va do d6 hinh thanh khang
RS3 [9]. Céc phuong phap xtr Iy nhiét dé san xuét tinh bot khang
RS3 hién nay thudc nhom thuy nhiét (xir Iy nhiét am, U nhiét, hép
nhiét) [10]. Qua trinh xtr ly thuy nhiét va sy hinh thanh RS3 phu
thudc vao nﬁ”)ng d¢ tinh bot, d§ thuy phan lién quan té1 ham lugng
amylose, d0 dai mach amylose va ché do nhiét (nhiét do va thoi
gian gia nhiét), sb lan (chu ky) xir Iy nhiét/lam mat, thoi gian va
nhiét do luu trir [10-12].
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Két qua thyc nghiém don yéu t6 qué trinh thiy phéan tinh bot
gao bang enzyme pullulanase dé san xuét tinh bt khang tiéu hoa
RS3 di xac dinh dugc: Co chét 1a tinh bot gao ham luong co chat
15% (w/w); pH 5,5-6,0; nhi¢t d¢ 55-57°C; thoi gian thuy phan 10
gio; nong do enzyme 20 NPUN/g (2,0%). Két qua xéac dinh dugc
ham lugng tinh bot khang RS3 1a 31,8%, amylose 49,56%, do thity
phan 5,53, d6 polyme hoa 343, d6 hoa tan nudc 28,7%, do truong
n6 8,93% [13]. Tiép theo, nghién ctru nay da khao sat lam gidu
ham lwong RS3 sau qué trinh thity phan enzyme pullulanase bing
phuong phap hip nhiét/lam nguéi 3 chu ky twong tmg ché do hap
nhiét (130°C, 60 phut)/1am ngudi, luvu trit (4°C, 18 gio) va thu duge
ham lugng RS3 trén 45%.

Muc tiéu cta nghién ciru ny 1a thuc nghiém da yéu va toi wu
héa mot sd yéu to cong nghé tién xir 1y tinh bot gao bang thily
phan enzyme pullulanase két hop qua trinh hép nhiét/lam ngudi 3
chu ky. Cac yéu t6 thyc nghiém gom ndng do enzyme pullulanase
(1,5-2,5%); nhi¢t d¢ thuy phan (52-58°C); thoi gian thuy phan (8-
12 gi¢). Cac ham muc tiéu thuc nghiém gém: ham luong tinh bot
khang RS3 (%), ham lugng duong khwr (%) va d¢ hoa tan (%).

2. Nguyén liéu va phuong phap nghién ciiu
2.1. Nguyén vit liéu
2.1.1. Nguyén liéu

Bot gao gidng IR50404 ciia Cong ty TNHH Ché bién thyc
phim Hoa Phat (39/4F Ba Diém 8, 4p Nam Lan, xd Ba Diém,
huyén Hoc Mén, TP H Chi Minh). Tinh bot d dugc tinh ché
c6 ham lugng carbohydrate tong >90%, protein <0,5% va lipid
<0,02%, ham lugng amylose 29,14%, ham lugng tinh bot khang
RS3 2,92%, d6 4m 5% [14].

2.1.2. Vit liéu héa chat sir dung

Vitliéuhoa chat st dung: Enzym pullulanase (Promozyme*D2)
tir Bacillus acidopullulyicus ciia Novozymes (Biotechnology,
China), hoat d6 1.000 NPUN/g. Bo kit Megazyme (Ireland)
v6i 3 loai enzyme: a-amylase bén nhiét (Megazyme cat. no.
E-BLAAM, 10.000 U/ml véi co chét tinh bot tan), protease tinh
khiét (Megazyme cat. no. E-BSPRT, 50 mg/ml, ~350 tyrosine U/
ml), amyloglucosidase tinh khiét (Megazyme cat. no. E-AMGDF,
3.300 U/ml véi co chat 1a tinh bot tan). Cac hoéa chit phan tich
khac déu thude loai tinh khiét.

2.2. Phuwong phap nghién ciru
2.2.1. Phurong phép chudn bi mdu va tién hanh thi nghiém

+ Budc 1: Chuén bi mau thi nghiém da yéu t6 qué trinh tién
xtt Iy thity phn bing enzyme pullulanase véi cac diéu kién chung:
25g tinh bot gao/mau vé6i ciing ham luong co chat 15% (w/w), pH
5,5 dwoc ho hoa ¢ nhiét do 70°C trong thoi gian 30 phut trudce khi
tién hanh thuy phan bang pullulanase [13]. Cc thong s cia qua
trinh thuy phan enzyme (ndng do enzyme, nhiét do va thoi gian
thuy phan) dugc tién hanh theo quy hoach thyc nghiém da yéu
t6. Két thic qua trinh thily phan dugc bt hoat enzyme bang hip
130°C trong 30 phit.



Khoa hoc Ky thuat va Céng nghé| Céng nghé sinh hoc céng nghiép; Ky thuat thuc phdm va doé uéng n

T Buoc2: Mau tjnh bot sau qua trinh thuy phén enzyme dugc
tien hanh qua trinh hap nhiét/lam ngudi 3 chu ky: hap nhiét (130°C,
60 phut)/lam nguéi va thoi gian luu trir (4°C, 18 gio).

Muc tiéu ciia cc thi nghiém da yéu t6 duoc phan tich tir céc
mau tinh bt sau qué trinh bién tinh (bude 1 va bude 2) vai 03 chi
tiéu d4nh gia gom ham lugng tinh bot khang RS3 (%), ham lugng
duong khur (%) va do hoa tan (%).

2.2.2. Phurong phdp quy hoach thiee nghiém da yéu to

Co'so 1ap luan chon bién va mién bién thién cua cac yéu t6 thuc
nghiém tir ket qua thye nghiém don yeu t6 [13]. Ké hoach thyc
nghiém da yéu t6 qua trinh tién x ly bang thily phan enzyme duoc
tién hanh theo quy hoach thyc nghiém cta Box-Behnken véi 3 bién
doc 1ap duge mi hoa (bang 1) twong tmg mién bién thién: Nong do
enzyme pullulanase, ky hi¢u X, (1,5-2,5%); Nhi¢t d6 thuy phan,

2.2.7. Thiét bi sir dung

Céan phan tich (BP 211D, Sartorius, Ptrc); may do pH (Model
C831, Turnhout, Bi); may quang phé (Thermo Scientific, My); ti
sy (Memmert, Birc); bé 6n nhiét thuong JSRC-13C (JS Research,
Han Quoc), bé 6n nhiét ¢6 1ic JSSB-30T (JS Research, Han Quoc),
ndi hap tw dong (Yuin, Viét Nam); may khudy tir gia nhiét (IKA,
buc)...

3. Két qua va ban luan
3.1. Két qud thuc nghiém da yéu 16

) S6 liéu thuc nghiém da yéu t6 duge duoc xi ly théng ké va
tong hop ¢ bang 2.

Bang 2. Téng hop két qua thwe nghiém da yéu té.

ky hiéu X, (52-58°C); Thoi gian thuy phan, ky hiéu X, (8-12 ngay). ~ TT X X X Y, Y, Y,
Cac ham muc tiéu thuc nghiém gom: ham lwong tinh bot khang RS3 1 LS 38 10 41,13 11,81 59,17
Y, (%), ham luong dudng khu Y, (%) va d hoa tan Y, (%). Giai 2 2 55 10 46,63 13,84 67,29
bal toan t0i wu bang phuong phap chap muc tiéu theo thuat toan 3 L5 52 10 44,34 12,68 63,59
“Ham mong doi” [15]. 4 2 52 8 4333 13,11 62,12
Bang 1. Ké hoach thyc nghiém theo bién ma hoéa va bién thuc. : 2 > : 42,01 e 60,52
6 2 58 12 43,96 13,03 63,65

s Mi

Bitn s6 Ky higu Bonvi uc 1 2 55 10 46,55 13,81 66,95
il 0 + 8 2 52 12 46,51 13,78 67,36
Néng do enzyme pullulanase X, % 1,5 2 45 9 1,5 55 8 40,51 12,31 51,37
Nhiét do thuy phén X, °C 52 55 S8 10 2,5 55 8 46,18 13,66 66,93
Thoi gian thuy phén X, gio 8 0 12 11 25 58 10 46,93 13,28 67,31
2.2.3. Phuong phap xac dinh ham lwong tinh bgt RS 12 2 3 10 4685 3,78 6131
13 2,5 55 12 46,56 13,97 67,48
Xac dmh ham hI’O’Ilg t\ll’lh bﬁt khéng RS3 theo phucmg phép 14 15 35 12 45,98 12,87 66,55
AOAC Method 985.29 bang bd kit cua Megazyme voi 3 loai 15 25 5 10 4661 1358 67,14

enzyme kem theo. Trong do, a-amylase va amyloglugosidase aé
thuy phan thanh phén tinh bot tiéu hoa thanh cac phan hoa tan,
protease aé thuy phan 2 enzyme da néu. Tién hanh két tia bang
con va rira dé loai bo nhing thanh phan hoa tan. San pham cudi
dgqc xdc dinh ham lugng tro va ham lugng protein dé hiéu chinh
ket qua [16].

2.2.4. Phuong phap xdac dinh ham lwong dwong khie

Thyec hi¢n theo TCVN 13076:2014 [17].

2.2.5. B¢ hoa tan

M?}u tinh bt (khoang 0,5 g bot kho) tron trong 30 ml nude
trong Ong ly tdm va tron ky bang mdy vortex. Sau khi lam nong
khoang 30 phut trong néi cach thuy 90°C ro1 dem ly tam 1.500
Vong/phut trong 30 phut Rot phan dich ndi vao mot dia nhom roi
say kho dé xac dinh phan bot trén dia. Tinh theo cong thirc sau:

Khoi luong tinh bot hoa tan sau sy (g)

Do hoa tan (%) = x 100 [18]

Khéi lrong miu ban dau (g)

2.2.6. Phweong phdp xi 1y 56 liéu

Sir dung phan mém Excel SPSS 18 dé phan tich va xit Iy thdng
keé. Két qua dugce xir 1y s6 liéu thue nghiém da yéu t6 va toi uu hoa
bang phan mém Design - Expert 7.1 [15, 19].

JHOAHOC -

Tién hanh xir 1y s6 liéu bang phan mém Design - Expert 7.1,
phén tich ANOVA kiém tra sy c6 nghia cta cac hé sb hdi quy
va su tuong thich cua cdc mé hinh thyc nghiém tuong tmg 3
ham muyc tiéu (Y, Y,, Y,) dugc tong hop & bang 3.

Bang 3. Két qua phan tich hdi quy cac ham muc tiéu Y, Y, Y,.

8 R HimY, HiamY, Him Y,

Nguon goc 5 S 2 S 5 o
Chuan F Gigtrip  Chuan F Giatrip  Chuan F  Gid tri p

M hinh 59,68 0,000 421,63  <0,0001 14442  <0,0001

A 198,96 <0,0001 195559  <0,0001 48534  <0,0001

B 43,55 0,0012 389,10 <0,0001 90,16 0,0002

© 115,7 0,0001 24041  <0,0001 32321  <0,0001

AB 24,18 0,0044 5470 0,0007 41,57 0,0013

AC 50,27 0,0009 10,52 0,0229 14695  <0,0001

BC 323 01323 4552 00011 878 0,0314

A 8,42 0,0337 58486  <0,0001 21,32 0,0057

B 54,74 0,0007 59091  <0,0001 119,55  0,0001

@ 50,47 0,0009 3731 0,0017 88,78 0,0002

Khong tuong thich 8,23 0,1103 2,08 0,3406 449 0,1874

Hé 50 xac dinh R? 0,9908 0,9987 0,9962

Hg s6 dicu chinh R, 0,9742 09963 09893

Hg s0 du bio R?, | 0,8619 0,9833 0,9455

99



3.1.1. Khdo sdt sue bién thién ciia ham Y,

Két qua phan tich hdi quy véi F-value=59,68 (p<0,05) cho thay,
md hinh la c6 y nghia théng keé véi do tin cay 99,99% (p=0,0001).
Swu c6 nghia cta cac hé $6 hoi quy dugc kiém dinh boi chuén F, cac
gi4 tri p<0,05 thé hién cac hé sb hoi quy A, B, C,AB, AC, A%, B,
C?1a 6 ¥ nghia thong ké, trong khi h¢ s0 BC (p>0,05) 1a khong ¢6
¥ nghia, tuy vay trong m hinh van giir lai hé s6 BC dé tién hanh
t0i wu hoa. Mat khac chuan F=8,23 (p>0,05) cho thay su khong
twong thich ciia mo hinh Y, 1a khong c6 nghia. H¢ s0 xac dinh (R?)
cia md hinh Y, 1a 0,9908 da mo ta 99,08% su thay doi ciia ham
muyc tiéu Y, phu thudc vao cac bién doc 1ap. Trong khi h¢ sb du
bao (Pred R Squared 0,8619) la twong thich véi hé s diéu chinh
(Adj R - Squared 0,9742).

Phuong trinh hoi quy ham Y, theo bién coded dugc ma hoa
(1a) v theo bién thyc (1b)

Y, = 46,68 + 1,79A - 0,84B + 1,37 C + 0,88AB - 1,27AC
-0,32BC-0,54A%-1,38B*- 1,33 C* (la)

Y =-448,634 - 738X, + 15,9738X, + 12,81917X, + 0,58833
XX, - 1,2725X X, -0,05375 X X, - 2,16833 X 2- 0,15356
X2- 033177 X2 (1b)

Quan sat hinh 1 (2D) va cac hé s6 hdi quy (1a) cho thdy, ndng
d6 enzyme 1a yéu t6 ¢6 anh huong 16n nhat, tiép theo 13 thoi gian
va nhiét d¢ thuy phan dén ham luong tinh bot khang RS3 trong
khodng bién thién 40,51-46,93%. Khi ndng do enzyme ting trong
khoang 1,5-2% thi ham lwgng RS3 c6 xu hudng tdng manh va

Design-Expert® Software
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tiép tuc ting cham dan trong khoang 2-2,5%. Trong khi nhiét do
thuy phéan tang trong khoang 52-55°C thi ham luong RS3 tang dan
déu va ¢6 xu hudng giam dan trong khoang tir 55-58°C. Mit khac
thoi gian thiy phan 8-10 gio thi ham lugng RS3 ¢6 xu hudng tang
manh, toc do ting giam dan trong khoang 10-12 gio tlep theo. Theo
nghién ctru cia K.Y. Lee va cs (2010) [6] thity phan bing enzyme
pullulanase trén co chat tinh bot gao ham luong 10% (w/v) nhiét
6 57,5°C, ndng 4o enzyme 0,9-4,8% cho thiy mirc do thuy phan
dat duogc the”ip nhat 13 0,24% & néng d6 enzyme 1a 0,9% sau 8 gio
va cao nhat 1a 10,2% & nong do enzyme 4,8% 6 24 gio, sau 24 gio
muc do thuy phan chiing lai. Qua trinh thuy phan lam giam ty 1¢
tinh bot tiéu hoa nhanh (tir 78,31 xudng 44,65%), trong khi ting
ty 1€ tinh bot ti€u hoa cham (tr 0,8 1én 22,18%) va tinh bt khang
RS3 ting tir 20,79 1én 34,43%. Diéu nay la phi hop vai két qua
nghién ctru vé anh hudng ciia ndng do enzyme va thoi gian thuy
phan dén ham lugng RS3, diém khéc biét vé muc d¢ thuy phan la
do mién thyc nghiém cia nong d6 enzyme va ty 18 ham luong co
chat khac nhau din dén sy chénh léch 16n vé thoi gian thuy phan.

3.1.2. Khdo sdt su bién thién ciia ham Y g

Két qua phan tich hdi quy voi F-value=421,63 (p<0,05)
cho thay, mo hinh 14 ¢6 ¥ nghia théng ke voi do tin cdy 99,99%
(p<0 0001). Sy ¢6 nghia cta cac hé s6 hoi quy duoc kiém dinh boi
chuan F, cac gi4 tri p<0,05 thé hién céc hé s6 hoi quy A, B, C, AB,
AC, BC, A% B?va C? déu co y nghia thong ké. Mt khac, chuan
F=2,08 (p>0,05) cho thay su khong tuong thich cia m6 hinh Y, 1a
khong c6 nghia. Hé s0 xc dinh (R?) cia m6 hinh Y, 13 0, 9987 da

Design-Expert® Software

Ham lwvong RS3
® Design points above predicted value

0

46.93

40.51
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Hinh 1. Biéu dién 2D va 3D quan hé giira cac yéu té thwc nghiém dén ham muc tiéu Y.
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m(} ta 99,87% su thay doi cﬁa ham myc tiéu Y, phu thude vao cac
bién dgc 18p. Trong lghi he s0 du bao (Pred R - Squared 0,9833) 1a
tuong thich véi hé so dicu chinh (Adj R - Squared 0,9963).

Phuong trinh hoi quy ham Y, theo bién coded di dugc ma hoa
(2a) va theo bién thyc (2b):

Y, = 13,81 + 0,6A - 0,27B + 0,21C + 0,14AB - 0,062AC
- 0,13BC- 0,48A% 0,49B% 0,12C? (2a)

Y, = -162,1225 + 4,365 X, + 589542 X, + 2,03479 X,
+0,005 X X, - 0,0625 X X, - 0,021667 XX, - 1,194
X 2-0,054167 X 2- 0,030625 X 2 (2b)

Quan st hinh 2 (2D) va cac hé sb hdi quy (2a) cho thay, nong
do enzyme 13 yéu t6 c6 anh huong 16n nhat, tiép theo 13 nhiét do
va thoi gian thay phan dén ham luong dudng khi bién thién trong
khoang 12,31-13,98%. Khi nong do enzyme ting trong khoang
1,5-2% thi ham lugng duong khir taing manh va c6 xu huéng ting
cham dan khi ting ndng do dén 2,2% va sau do gan nhu ham luong
duong khtr khong tang trong khodng 2,2-2,5%. Trong khi nhiét d§
thuy phén tang trong khoang 52-55°C thi ham luong dudng khur
ting dan déu va c6 xu hudng giam manh trong khoang 55-58°C.
Mit khac ham lugng duong khir tdng theo thoi gian thily phan voi
mirc ting dan déu 8-11 gid va c6 xu hudng ting cham dan khi kéo
dai thoi gian thity phan dén 12 gid. Ciing theo nghién ctru cua K.Y.
Lee va cs (2010) [6] cho thiy mirc d6 thity phan dat duoc thip nhat
140,24% & nong d enzyme 1a 0,9% sau 8 gio va cao nhat 1a 10,2%
& nong do enzyme 4,8%, diéu ndy chimg t6 ndng do enzyme 13 yéu
t6 c6 anh huong manh nhat, trong khi mitc d6 thity phan c6 quan
h¢ ty 1€ thudn voi ham lugng duong khu.

Sy bién dong
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3.1.3. Khdo sdt su bién thién ciia ham Y,

Két qua phan tich hoi quy véi F-value=144,42 (p<0,05) cho
thdy, mo hinh 1a c6 ¥ nghia thong ké vdi d tin cay trén 99,99%
(p<0,0001). Sy c6 nghia ctia cac hé s6 hdi quy dugce kiém dinh boi
chuan F véi céc gia tri p<0,05 thé hién cac hé s6 hoi quy A, B, C,
AB AC, BC, A%, B, C? du ¢6 y nghia thong ké. Mit khac chuén
F=4,49 (p>0,05) cho thay, su khong tuong thich cia mo hinh Y, la
khong c6 nghia. Hé so xac dinh (R?) ctia m6 hinh Y, 13 0,9962 da
mo ta 99,62% sy thay d6i cia ham muc tiéu Y, phu thuoc Vao cac
bién doc lap. Trong khi hé $6 du bao (Pred R - Squared 0,9455) 1a
twong thich voi hé s6 diéu chinh (Adj R - Squared 0,9893).

Phuong trinh hoi quy Y, theo bién coded da dugc mi hoa (3a)
va theo bién thyc (3b) nhu sau:

Y, = 67,18 + 2,77A - 1,19B + 2,26C + 1,15AB - 2,16AC -
0,53BC-0,86A%- 2,038~ 1,75 C (3a)

Y, = -678,75213 - 1,26833X, + 23,70593X, + 19,00875X,
+0,765X X, - 2,1575X X, - 0,087917 X X, - 342167 X 2
-0,022505X 2- 0,43635 X 2 (3b)

Quan sat hinh 3 (2D) va cac hé s6 hdi quy (3a) cho thiy, nong
do enzyme 13 yéu t6 c6 anh huong 16n nhat, tiép theo 1a thoi gian
va nhiét d thiy phan dén do hoa tan trong khodng bién thién
57,37-67,48%. Khi ndng do enzyme tang trong khoang 1,5-2%
thi d6 hoa tan ting manh va ¢ xu huéng ting cham dan khi ting
nong do enzyme 2-2,5%. Trong khi nhiét d¢ thity phan ting trong
khoang 52-55°C thi d6 hoa tan ting dn déu va c6 xu hudng giam
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Hinh 3. Biéu dién 2D va 3D quan hé giira cac yéu té thwe nghiém dén ham muc tiéu Y,.

manh trong khoang tir 55-58°C. Mit khac d¢ hoa tan tang dan déu
trong khoang thoi gian thiy phan tir 8-10 gio, sau d6 ¢6 xu hudng
tang cham dan dén 11 gio, sau 11-12 gio d¢ hoa tan chiing lai.

3.2. Téi wu héa qud trinh thiiy phin bing enzyme

Két qua khao sat da yéu td cho thiy sy bién thién cua cac yéu t
thuc nghiém thong qua sy thay doi cac thudc tinh c6 lién quan dén
cac ham muc tiéu theo chiéu huéng mong muon va nguoc lai la
dicu kién rang budc trén co so thuong luong duge dua ra ¢ bang 4.

Bang 4. Diéu kién rang buédc cla cac yéu td6 va muc tiéu thuc
nghiém.

Yéu tb Muc tiéu mong doi H¢ sb quan trong

Nong d6 enzyme pullulanase (%) 2,0-2,5% Hg s quan trong 5/5
Nhiét d¢ thuy phan (°C) 52-55°C Hé s6 quan trong 4/5
Thoi gian thuy phan (gio) 10-12 gio Hé s6 quan trong 4/5
Ham luong tinh bt khang RS3 (%) ~ Gié tri I6n nhat Hé 56 quan trong 5/5
Ham lugng dudng khir (%) Gia tri 16n nhét Hé 56 quan trong 4/5
D6 hoa tan (%) Gié tri 16n nhét Hé s6 quan trong 4/5

Thong qua hé sé quan trong theo mirc do anh hudng cia
cac yéu t6 thue nghiém dugc lya chon uu tién: n6ng do enzyme
pullulanase (5/5), nhiét d9 thiy phan (4/5) va thoi gian thuy phan
(4/5). D6i v6i cac ham muc tiéu thi vu tién ham luong tinh bot
khang RS3 (5/5), trong khi ham lugng dwong khir va d¢ hoa tan
chon murc wu tién thap hon (4/5), didu nay dong nghia voi viée uu
tién va mong doi kha nang lam giau tinh bot khang RS3 cao nhat
voi chi phi st dung enzyme thip nhat va chdp nhan céc yéu td
nhiét do va thoi gian xt ly.
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Tién hanh xir Iy s6 liéu t5i wu hoa bang phin mém Design - Expert
7, két qua da xac dinh dugc phuong an toi wu nhu sau (bang 5):

Bang 5. Cac yéu té thwc nghiém va cac ham muc tiéu dat dwoc.

Cac ham muc tiéu dat dwge

Ham lugng tinh bt khang RS3: 47,51%
Ham luong duong khu: 14,04%

D0 hoa tan: 68,49%

Céic yéu tb thue nghiém

Néng do enzyme pullulanase: 2,22%
Nhit do thiy phan: 54,39°C

Thoi gian thuy phan: 10,35 gio

Trong khi muc tiéu mong doi ciia mo hinh thuc nghiém
thé hién & hinh 4:

Nong do enzyme 1
Nhiét d thiy phan 1
Thoi gian thily phan
Ham lwong RS3

1m luong duong khir
D hoa tan

Conbined

1 1 1 1 1
000 0250 0500 o7 100

Hinh 4. Mirc do dap trng sw mong doii.

Vi 3 yéu tb thuc nghiém gdm nong do enzyme pullulanase,
nhiét d¢ va thoi gian thuy phan dap tmg sy mong doi twong ng
dat dugc 100%, tuong tng cac ham muyc tiéu ham lugng tinh bt
khang RS3, ham luong duong khir va do hoa tan déu dap tmg
100% so v6i mong doi, dong nghia v6i muc tidu chung cia md
hinh thyc nghi¢m dap tmg 100% sy mong doi.
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Tién hanh thyc nghiém lai vdi cac yéu t6 thue nghiém duoc lya
chon lan can diém t6i wu v6i ndng d6 enzyme pullulanase 2,2%,
nhiét do thuy phan 54,4°C, thoi gian thiy phan 10,4 glor ¢ cung
diéu kién chung theo ké hoach thyc nghiém da yéu t6. Két qua thuc
nghiém véi 3 1an lap lai ldy gia tri trung binh twong tmg cic ham
muc tiéu dat dugc: Ham lugng tinh bot khang RS3 47,58+0,22%,
ham lugng duong khtr 14,1240,08% va dg hoa tan 68,52+0,18%.
So sanh gia tri thyc nghiém véi mo hinh t61 wu thi 3 ham muc tiéu
ddu 6 su sai léch c6 nghia thong ké (p<0,05), didu nay cho thiy,
mo hinh i wu 1a phit hop véi thic nghiém.

Theo K.Y. Lee va cs (2010) [6] sir dung phuong phap tién xir
Iy bang thuy enzyme pullulanase ciing véi tinh bot gao c6 ham
lugng 10% (w/v), nhiét d6 57,5°C, n6ng d6 enzyme 0,9-4,8%, da
xéc dinh duoc nong do enzyme 4,8% trong thoi gian 24 gio, ty 18
tinh bot tiéu hoa nhanh giam (tir 78,31 xudng 44,65%), trong khi
tang ty 1¢ tinh bot tiéu hoa cham (tir 0,8 1én 22,18%) va tinh bt
khang RS3 tang tir 20,79 1én 34,43%. So v6i két qua tdi wu hoa sir
dung ndng do enzyme thap hon (2,2%) tuy vay ham luong RS3 dat
cao hon (47,58+0,22%), thoi gian thity phan ngan hon (10,4 gio).
Piéu nay cho thdy, sy khac biét trong nghién ctru tién xir Iy bang
enzyme pullulanase két hop qué trinh hap nhidt/lam ngu01 3 chu
ky 1a c6 hiéu qua lam giau ham lugng RS3, mét khac giam chi phi
str dung enzyme va tiét kiém thoi gian san xuét.

Trong khi cdc nghién ctru khac véi ciing phuong phép tién xir
1y bang thity phan enzyme pullulanase cho céc loai tinh bot khac
nhau nhu H. Zhang va cs (2011) [5] thuy phén tinh bot ngd voi ham
lugng co chét 5% (w/v), nong do enzyme 1,2%, pH 4-5,5, nhiét do
42-52°C thi ham lugng RS3 t6i da dat toi da 40,2% & nhiét do 46°C.
Z.H. Lu va cs (2018) [7] thay phan tinh bot ¢du Ha Lan két hop xir
1y siéu am. Két qua xéac dinh dugc nong do enzyme 2,67%, nhiét do
50°C, pH 5,2 két hop voi xtr Iy siéu 4m trong 6 gid d tao ra duoc
18% tinh bot tiéu hoa cham va 26% tinh bot khang RS3. Khi ting
néng d6 pullulanase 1én 13,35% thi tinh bdt khang RS3 tang nhe
nhung tinh bgt tiéu hoa chdm giam. N. Vatanasuchart va cs (2010)
[8] thity phén tinh bot sin, két qua xac dinh dugc ¢ pH 5,0, ham
luong co chat 10%, nong do pullulanase 10% trong 8, 16 va 24 gio
cho thdy ¢ su gia ting dang ké ham luong RS3 lan luot 1 41,2,
45,8 va 42,5% so v6i tinh bot sin ho héa (9,2%). Piéu ndy cho
thiy, phuong phap tién xur ly thuy phan bing enzyme pullulanase
1 c6 hiéu qua vé kha ning cat mach nhanh amylopectin cho nhiéu
loai tinh bot ty nhién khac nhau. Qua trinh thiy phan co thé tac
dong 1én céc lién két a-(1,6)-glycosidic tai cac diém nhanh trén
cac phan tir amylopectin, tir d6 loai bo céc diém nhanh va lam tang
ty 18 amylose so voi amylopectin trong cau triic tinh bot dan dén
lam tang ham luong tinh bot khang RS3. Tuy vay, dé sir dung 6
hiéu qua lugng enzyme pullulanase cho moi loai tinh bot can thuc
nghiém tdi wu hoa cac thong sb ciia qua trinh thity phan.

4. Két luan

Két qua thye nghiém da yéu t va géi uu hoa da xac dinh
duoc ché dg toi vu tién xr ly thily phan bang enzyme pullulanase
o dicu kién he‘lm‘lu’qng tinh bot/mude 15%, pH 5,5 tru(:yc qué
trinh thiy nhiét bang hap nhiét/lam ngudi 3 chu ky, vdi nong do

JHOAHOC -

enzyme 2,2% & nhiét do 54,4°C trong thoi gian 10,4 gio, tuwong
ung ham lugng tinh bot khang RS3 dat 47,58+0,22%, ham lugng
duong khtr dat 14,1240,08% va do hoa tan dat 68,52+0,18% sau
qua trinh thuy nhiét.
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Nghién ciru dnh hwong cﬁa,tiél} xr 1§ lanh dong va 1én men ni sinh dén chat lwong
va thoi gian ché hién hanh den bing phwong phap nhiét am
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Tom tit:

Hanh den 13 dang sian pham méi duge ché bién bang cach xir Iy cii hanh tim twoi (Allium ascalonicum L.) trong diéu ki¢n
nhiét do va do am dwoc kiém soit ma khong sir dung chit phu gia. Muc tiéu ciia nghién ctru nay Ia xic dinh cac diéu kién
tién xir ly lanh dong va 1én men ngi sinh phu hgp (nhiét do, thoi gian) nhim pha v ciu tric té bao, thic dﬁy cdc phan ung
do enzym (phan tng thiiy phén cac polysaccarit, protem, phan Gng chuyen héa hop chit polyphenol & dang lién két sang
dang tw do...), ning cao ham lwgng cac thanh phan dinh dudong va cac hoat chit trong sian pham hanh den va rit ngan
thoi gian 1én men. Két qua nghién ciru di xac dinh dwgc diéu kién tién xir Iy lanh dong 6 nhiét do -20°C trong 30 gio, dleu
kién lén men ndi sinh ¢ nhiét d§ 45°C trong 2 ngay 1a phu hop. O cic diéu kién nay, san pham hanh den dat chit lwgng tot,
twong ung tong thoi gian len men rit ngan xuong 17 ngay so voi doi chirng 1a 24 ngay. Nghién ciru nay buéc dau mang lai
tinh kha thi cho viéc san xuét hanh den & quy mo cong nghiép.

Tir khéa: Allium ascalonicum L., hanh den, lanh dong, 1én men ndi sinh, phwong phap nhiét 4m, tién xir ly.

Chi s6 phin logi: 2.10, 4.6

Study on the effect of freezing pretreatment and endogenous fermentation on the

quality and processing time of black shallots using the moist heat treatment method
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Abstract:

Black shallots are new products made by processing fresh shallots (A/lium ascalonicum L.) under controlled temperature and
humidity conditions without the use of additives. The purpose of this study was to determine suitable freezing pretreatment
and endogenous fermentation conditions (treatment temperature, treatment time) to break down the cell structure in raw
materials, to promote reactions caused by enzymes (hydrolysis reaction of polysaccharides, proteins, reaction of converting
polyphenol compounds in bound form to free form...), improving the content of nutritional ingredients and active
ingredients in black shallot products and shorten fermentation time. The results have determined the suitable freezing
pretreatment condition at a temperature of -20°C for 30 hours and the suitable endogenous fermentation condition at a
temperature of 45°C for 2 days. Under these conditions, the black shallot products achieved good quality, corresponding to
the total fermentation time shortened to 17 days compared to the control which was 24 days. This research initially gave
feasibility for black shallot production on an industrial scale.

Keywords: Allium ascalonicum L., black shallots, endogenous fermentation, freezing, moist heat treatment method,
pretreatment.

Classification numbers: 2.10, 4.6
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1. it van de

Hanh tim (Allium ascalonicum L.) c6 gia tri dinh dudng cao
(carbohydrate, protein, chit khoang, vitamin B va C) va chira cic
chat ¢6 hoat tinh sinh hoc quan trong nhu: cac hop chét chia lwu
huynh, phenolic, flavonoid..., khong chi dugc sir dung nhu gia vi
ma con 1a mot loai khang sinh thyc vat co nhidu tmg dung trong y
hoc. Céc nghién ciru dd phat hién ra rang, hanh ¢6 nhiéu tic dung co
loi nhu chong 6xy hoa, ha dudng huyét, chong ung thu... Hanh co
nhiéu loi ich stic khoe tiém nang, nhung viéc tiéu thu hanh tuoi bj
han ché vi n6 co mui hing va vi cay do céc hop chét organosulphur.
Tuy vdy, cac phuong phap xir 1y nhiét nhu ludc, xao, hap, chién,
sdy... ¢6 thé giam mui vi hing cay d6. Trong d6, hanh den 1a mot
dang san phim mai duoc ché bién bing cach xur ly cu hanh tuoi
trong diéu kién nhiét do va do 4m dugc kiém sodt ma khong st
dung chat phu gia [1], ¢ diéu kién nay hanh c6 sy thay d6i vé mau
sic (chuyén sang mau den), trang thai két ciu (mém déo hon), dong
thoi cac hop chat kém bén va c6 muii khé chiju trong hanh tuoi s
chuyén thanh hop chét bén va mui vi ngot diu hon.

Mot s6 enzym trong hanh, toi twoi anh huong 16n dén chat
luong cua san phém hanh, t6i den. Alliinase 1a mgt enzym dac trung
trong chi Allium, xic tic phan tmg chuyén doi Alliin thanh allicin
va céc alkyl alkane-thiosulfinat khac, gop phan loai bo mui hing
cay [2] trong hanh tuoi. GGTs (y-glutamyltranspeptidases) xtic tac
cho qua trinh chuyén cc nhom y-glutamyl tir y-glutamylpeptide
sang cac peptide, axit amin hodc nudc [3]. Trong qua trinh hinh
thanh toi den, GGTs xlc tdc qua trinh thuy phan glutathlone
va hinh thanh hop chit dé bay hoi thong qua viéc phan cit goc
-glutamyl cua y- glutamyl alk(en)yl-Cys sulfoxides [4]. Do do,
GGTs dong mot vai trd quan trong ddi véi chat luong va huong
vi clia cac san pham hanh, toi den. Ngoai ra, trong hanh chira cac
enzym lién quan dén qué trinh chuyén héa dudng ¢ giai doan dau
qua trinh xu Iy nhiét nhu amylase, sucrose hydrolase, hexokinase
va invertase [3, 6].

Phuong phap ché bién truyén thong dbi voi san pham tuong tur
la toi den don gian nhung ton nhiéu thoi gian (kéo dai dén 30 ngay)
va chat lugng khong 6n dinh. Do qua trinh xtr ly nhiét to1 tuoi ¢
nhiét do va d6 4m c6 kiém soat trong 30-60 ngay ma khong can xir
1y trude, trong thdi gian nay céc dic tinh cam quan va thanh phan
héa hoc bi bién doi lién quan dén qué trinh 1én men néi sinh va mot
sb phan tmg héa hoc [7, 8]. Tuy nhién, qua trinh bién d01 nay sé
Xdy ra rat chim do cdc hop chét va cac hé enzym déu nim trong té
bao. Do d6, can phai dp dung ket hop cdc cong ngh¢ khac dé tang
cuong cdc hoat chat va rat ngin thoi gian che bién, han ché tiéu
ton nang luong, d4p (mg dwoc nhu cau san xudt cong nghiép. Két
qua nghién ctru T.P. Chi va cs (2023) [9] cho thay, khi ap dung cac
phuong phdp tién xir ly nguyén liéu hanh tim (tién xtr 1y lanh dong,
tién xir Iy song siéu am) két hop 1én men ndi sinh (giai doan dau)
trude khi xir Iy nhiét 4m cao trong qua trinh ché bién hanh da gop
phan nang cao chat luong san pham hanh den va giam thoi gian
ché bién. Trong d6, mau hanh den & phuong phap tién xi Iy lanh
dong c6 ham luong cac chat chong 6xy hoa (cic hop chat phenolic,
flavonoid) cao nhat, ddng thoi ¢6 thoi gian ché bién ngén nhét (chi
con 18 ngay so v6i cong thirc dbi chimg 1a 24 ngay).
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Viéc ap dung ché 6 tién xur ly lanh dong va ché d6 1én men ndi
sinh giai doan dau phi hop s& anh hudng tich cuc dén sy pha v
cau tric té bao, tao diéu kién cho qua trinh tiép xiic giira cic enzym
va co chat trong té bao v6i nhau, dan dén céc phan img do enzym
(phan (g thuy phan, phan tmg 6xy hoé) dién ra nhanh va hidu qua
hon. Do vy, trong pham vi nghién ctru ndy, ching toi tién hanh
nghién ctru anh huong cta ché do tién xir Iy lanh dong va diéu kién
1én men ndi sinh dén chét luong va thoi gian 1én men hanh den.

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

Cu hanh tim (Allium ascalonicum. L) tréng tai huyén Vinh
Chau, tinh Soc Trang duge thu hoach ¢ d¢ gia 70-75 ngdy (ke
tir thoi gian bit dau trong), dong thung carton va van chuyén dén
Trung tdm Thyuc hanh Thi nghi¢m cta Truong Pai hoc Vinh trong
thoi gian t6i da 3 ngay. Tai day, tién hanh lya chon céc ci hanh
dong déu vé& mau sic va kich thudce (duong kinh 20-30 mm), rira
sach, cit bo ré roi 1am kho dén do 4m 75-80%.

2.2. Héa chiit va thiét bi sir dung
2.2.1. Thiét bi va dung cu

+ Tu lén men ty dong CYF-32P (Hang Chin Ying Fa, Dai
Loan, Trung Qudc) gom 32 khay, kich thudc (46x72 cm)/khay.
Thiét bi 6 chire ning diéu khién tu dong 2 thong sb gom nhiét do
trong khoang (30-100°C) va d 4m khong khi (30-100%).

+ Tu lanh am sau ULT340 (Anh).

+Canky thudt va can phan tich dién tr, mdy xay Philips HR2221
(Trung Quoc)...

2.2.2. Héa chat

Axit gallic, quercetin, AICL, NaOH, Na,CO,,
3,5-dinitrosalicylic (DNS), ninhydrin, ethanol...

axit

2.3. Phwong phdp nghién ciru

2.3.1. Phirong phdp bé tri thi nghiém

Thi nghiém 1 - Xac dinh ché do tién xur Iy lanh dong phu hop:
Céac mau nguyén liéu hanh tim (m=1 kg) dugc tién x1 1y lanh dong
6 3 mie nhiét do A (A, -10°C, A,-20°C, A, -30°C) va 3 muc thoi
gian B khac nhau (B, 15 gio, B, 30 glo B, 45 gio), tong cong co

9 cong thirc. Cac cong thirc lap la1 3 lan. Bo tri thi nghiém nhu ¢
bang 1.

Bang 1. B6 tri thi nghiém 1.

AIBI AIBZ AI B3
AZB] A2B2 A2B3
A3BI A3B2 A3B3

Sau cong doan tién xir 1y, cac mau hanh tim duoc tién hanh
1én men noi sinh & 45°C trong 3 ngay. Két thuc thoi gian 1én men
ndi sinh, cic mau tiép tuc duge xu 1y nhiét 4m ¢ diéu kién nhiét
6 70°C, d6 4m tuwong ddi 80% trong 15 ngay. San pham hanh den
thu dwgc dem sy bom nhiét & 53-55°C dén d6 Am yéu cau 45+2%.



Trén co s¢ theo doi su thay d6i cau tric té bao cua hanh ngay sau
tién xuir Iy (vianh SEM) va chat luong ciia san phdm hanh den (pH,
su bién doi ‘mau sac, axit amin, duong khir, ham luong phenolic va
flavonoid tong sb ciing cac chi tiéu cim quan), tir d6 xac dinh duoc
céc thong sd cong nghé tién xir 1y thich hop nhét.

Thi nghi¢m 2 - Xac dinh nhiét d va thoi gian 1én men ndi sinh
phut hop: Cac miu nguyén ligu hanh tim (m=1 kg) sau khi tién xir
ly lanh dong (ché d6 lanh dong dugc lya chon tir thi nghiém 1)
dugc boc trong giéy bac ¢6 duc 16 va thyc hién qua trinh lén men
ndi sinh. Tién hanh khao sat anh huong ciia cac yéu 6 trong quéa
trinh 1én men ndi sinh, bao g@)m:

+ Thi nghiém 2.1: Nhiét do 35, 40, 45, 50 va 55°C (c0 dinh thoi
gian [én men noi sinh la 3 ngay).

+ Thi nghiém 2.2: Thoi gian 0, 1, 2, 3 va 4 ngay (06 dinh nhiét
d6 lua chon tur thi nghiém 2.1).

Cac cong thie trong mdi thi nghiém duoc lap lai 3 lan. Két
thic thoi gian 1én men ndi sinh, cac miu tiép tuc duogc gitt ¢ cing
diéu kién: nhiét do 70°C, do am tuong doi 80% trong 15 ngdy. Sau
thoi gian xir ly nhiét & am, cac mau dugc sy bom nhiét & nhiét do
53-55°C cho dén khi san pham dat do 4m 45+2%. Trén co s& theo
ddi chat lugng cua hanh den tao ra (pH, su bién ddi mau séc, axit
amin, dudng khir, ham lugng phenolic va flavonoid tong s va cac
chi tiéu cam quan), tir d6 xac dinh dugc nhi¢t do, thoi gian 1én men
ndi sinh phu hop.

2.3.2. Phuong phap phan tich

- Céu triic bén trong ctia hanh dugc xac dinh bang kinh hién vi dién
tr quét SEM (JCM-6000Plus, Jeol, Nhat Ban) [10].

- Xéc dinh pH theo TCVN 7806:2007 (ISO 1842:1991).

- Xac dinh sy bién doi mau séc hanh (AE) qua timg giai doan bing
may do mau (Konica Minolta, Nhat Ban).

- Xac dinh ham lugng duong khnr theo phuong phap DNS, dya vao
phan tmg tao mau gitta duong khir voi thude thir 3,5-Dinitrosalicylic
axit (DNS) [11].

- Ham luong axit amin dugc xac dinh theo phuong phéap cua R.
McGrath (1972) [12].

- Ham luong phenolic tong s (TPC) duge xéc dinh theo phuong
phép Folin-Ciocalteu [13].

- Ham luong flavonoid tong s6 (TFC) dugc xac dinh theo phuong
phap tao mau véi AICL, trong moi truong kiem [14].

- Déanh gi4 chét lwong cam quan bang phwong phap cho diém dya
theo TCVN 3215-79. Vi 4 chi tiéu danh gia gdm mau sic, trang thai,
mui, vi cia hanh den. Céc chi tiéu dugc danh gid riéng r& bing phuong
phap mo ta ddi voi mau sic, trang thai va tha ném vdi mui va vi theo
thang 5 diém, diém cao nhét 1 5, diém thip nhit Ia 1. Mic do quan
trong cua ttmg chi tiéu thong qua hé sb quan trong tuong mg: mau
sac (0, 8) trang thai (0,8), mui (1,2) va vi (1,2). Mitc xép loai theo tong
diém: t5t (18,2-20), kha (15,2-18,1), trung binh (11,2-15,1), kém (7,2-
11,1), hong <7,1.
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2.3.3. Phurong php xit Iy thong ké

Dit liéu dugc trinh bay dudi dang s6 trung binh ciia cac thi nghiém
+d0 léch chuan, p<0,05 dugc xem la khac nhau ¢6 y nghia théng ké.
Dung phép kiém dinh LSD (kiém dinh khéc biét nho nhét c6 ¥ nghia)
tir phan tich ANOVA dé so sanh sw khac nhau giita cac nghiém thirc,
56 liéu duoc thu thap va xir Iy bang phan mém SPSS.

3. Két qua va ban luan

3.1. Xdc dinh nhiét dp va thoi gian tien xir ly lanh dong
nguyén liéu phu hgp

3.1.1. Anh hweong ciia nhiét @6 va thoi gian tién xit 1y lanh dong
den cau tric bén trong cua hanh tim

Anh huéng cua cac didu kién tién xir Iy dong lanh khac nhau
1én vi c4u truc ciia hanh dong lanh duoc kiém tra béng SEM, két
qué thé hién ¢ hinh 1.

Hinh 1. Anh SEM ctia hanh & cac diéu kién tién xtr Iy déng lanh
khac nhau.

Anh chup vi md cua hanh xir ly déng 1anh ¢ nhiét do -10°C
O cac murc thoi glan khéc nhau (A B, A B,, A B,) cho thay, hinh
dang té bao va cdu tric té bao khong con & rang, do ¢ nhiét do
nay hinh thanh tinh thé da 1on va phan b khong dong déu, lam
rach mang té bao, pha v cdu tric té bao, tao ra cac 16 ¢ mang té
bao 16n dé thoat &m. Anh chup vi md ctia hanh xir ly dong lanh &
nhiét d9 -20 va -30°C ¢ cac muc thoi gian khac nhau (A.B,A B,
AB, A;B)) cho thay, hinh dang, cau tric té bao bi co lai, thanh te
bao da dlen khong déu vdi céc canh b bién dang nhung céc té bao
riéng 1¢ van dugc t6 chie tot, cho thay ¢ nhiét 4o nay hinh thanh
nhiéu tinh thé da nho phan bb dong déu nhung vin chua lam pha
v thanh té bao hoan toan. Hanh xir 1y dng lanh trong khoang thoi
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Bang 2. Anh hwéng ché do tién xtv ly lanh dong khac nhau dén chét lwong clia hanh den.

Chi e Cong thite AB, AB, AB, AB, AB, AB, AB, AB, AB,

Su bién ddi mau sic (AE) 51,21£0,65° 56,1940,73  5426:0,71°  58,03+0,77°  6292+095%  63310,98"  60,530,67° 61,55+0,83" 62,14+0,89¢
pH 4,92:0,06¢ 4,75+0,05° 469+0,04° 42840030 4,020,035 3,810,020 3,98+0,03% 3,86+0,03° 3,6140,02¢

Pudng khir mg/gek) 642,97+1,71° 674084195  66532+1,830 722,872,037  75826+2,14"  732,16£2,068  716,44+1,96¢ 718,16£1,78  699,24+1,96
Axit amin (mg/gek) 5,1120,03¢ 6,49+0,04¢ 6,08£0,03  7,03:0,06°  8,02£0,07¢ 7,56+0,06° 7,06+0,05¢ 6,820,04¢ 6,5140,04¢

TPC (mg GAE/gck) 15,82+0,10¢ 18,74£0,13  1726£0,11°  20,3340,13%  22,77+0,158  21,8240,14"  20,01=0,12¢ 21,93£0,14°  20,69+0,17
TFC (mg QE/gek) 4,87+0,02° 5,38+0,03¢ 50740,03  581£0,04°  6,20+0,05¢ 5,930,041 5,6+0,03¢ 5,86:£0,04¢ 5,7240,03%

DPénh gi4 cam quan 14,62+0,07° 1561£0,11°  15,02+0,08°  17,35£0,12° 18,560,108 17,84£0,12°  16,94x0,09¢ 17,510,087 17,0120,07¢

Két qua phan tich duoc trinh bay dwéi dang trung binh £SD, céc chir cai khac nhau trong mét cot thé hién y nghia clia di liéu & mirc p<0,05.

gian dai (45 gi0) cho thay, nhiéu khu vuc, hd bi sip voi hinh dang,
kich thudc khac nhau (A B,, A B,, A B,) c6 su v cau tric tang 1én
d4ng ké theo thoi gian lanh dong. Nhung thay d6i nay c6 thé do su
hinh thanh cac tinh thé d4 riéng 1¢ trong te bao tang 1én cung voi
thoi gian lanh dong. Nhing thay d6i vé chu tric doi v6i ca rot va

cii sen dong lanh ciing thé hién twong tw [15, 16].

3.1.2. Anh huong ciia nhiét dg va thoi gian tien xii Iy lanh dong dén
chat lwong cia hanh den

Két qua nghién ciru vé anh huong cua nhiét d va thoi gian tidn
xu 1y lanh dong dén chat lugng hanh den dugc thé hién ¢ bang 2 va
hinh 2.

2 0o
® 5 60
o S

Hinh 2. San pham hanh den & céac ché dé tién xtv Iy lanh déng khac nhau.

Két qua ¢ bang 2 cho thay, su bién d01 mau sac O cac cong thuc
khac nhau tuy theo muc d§ ton thuwong cdu trac té bao. Cu thé, su
bién d6i mau sic AE cua mau hanh ¢ cac cong thirc A Bl, AB,
A B, (tlen xu ly lanh dong 0 -10°C voi cac mirc thoi gian khac
nhau) thip hon so v6i cdc mau con lai do mau den khong dong
d&u tir ngoai vao trong (hinh 2). Nguyén nhan 1a khi tién xir ly
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lanh dong ct hanh tim ¢ -10°C hinh thanh tinh thé d4 1on 1am rach
thanh té bao, trong qué trinh xir Iy nhiét, nuée ty do trong hanh
d& dang bdc hoi, 1am giam toc do cac phan tng thuy phan tao céc
co chat (duong khir, axit amin) cho phan tmg tao mau (phan tng
Maillard). Trong khi tién xir Iy lanh dng ¢t hanh ¢ -20 va -30°C,
hinh thanh tinh thé d4 kich thudc nhé nhidu hon, nim rai rac trong
té bao, dan dén khi xtr 1y nhiét 4m hanh & céc giai doan sau, sy tiép
X{c cac co chat voi enzym ddng déu hon. Co thé nhan théy, sy bién
d6i mau sic AE ctia mau hanh ¢ céc cong thirc A B, Asz, A2B3,
AB, A3B2, AB, (tién xir Iy lanh dong ¢ -20 va - 30"C voi cac mitc
thoi gian khac nhau) dién ra déu tir ngodi vao trong cu hanh, tuy
nhién khong co sy khac biét dang ké vé su bién doi mau sic gitra
hai ché d6 tién xi Iy lanh dong & -20 va -30°C (hinh 2).

Gi4 trj pH & cdc mAu hanh den gidm so v6i nguyén liéu hanh
tim tuoi (pH 6,33) va muc dé gidm ¢ cac cong thuc 13 khac nhau.
Cu thé, gla tri pH ctia cac mau hanh & nhém cong thirc A B], AB,
A B, (tién xtr 1y lanh dong ¢ -10°C v6i cac muc thoi glan khac
nhau) giam chim nhat, tiép theo nhom Asz AB, A, (tlen X
ly lanh dong ¢ -20°C véi cac mirc thoi gian khac nhau) va nhom
A3Bl, AB, A, (tién Xt Iy lanh dong ¢ -30°C v6i cdc muc thoi
gian khac nhau) trong d6 su khac biét vé gia tri pH cua hanh den &
ché d tién xir Iy lanh dong ¢ -20 va -30°C 1a khong déng ké. Ngoai
ra, c6 thé nhan thy, khi tang thoi gian tién xur Iy lanh dong (tir 15
dén 45 g10), gid tri pH cua cac mau hanh giam nhanh hon trong
qua trinh ché bién (cu thé mirc d6 giam d6 pH ciia mau hanh khi
tién xir Iy & - 20"C voi cac mire thoi gian khic nhau nhu sau: A B,
giam 32,3%, A B, giam 35 54% vaA B glam 39 82%) Piéu nay
chung to tuy muc do pha v cdu truc ciia t& bao dan dén mic do
gidi phong cac axit hitu co va gidm gia tri pH, 1am cho hanh c6 vi

thanh ngot.

Ham luong dudng khir trong mau hanh den & nhom cong thirc
AB,AB,AB, cao nhat, t1ep theo 1a A3 »ABLA; (tién XU
ly lanh dong o - 30"C voi cac mure thoi gian khac nhau) thap nhit
la Ale AB, AB, (tién xr 1y lanh _dong ¢ -10°C v6i cac mire
thoi gian khac nhau) C6 thé thay rang, tién xir ly lanh dong ¢
nhiét do -20°C lam thay d6i cdu triic bén trong té bao cii hanh
ma khong gay ra sy boc hoi nue nhanh trong qué trinh ché bién
nhu khi tién xtr 1y ¢ -10°C, tao didu kién cho cac phan tmg thuy
phan polysaccharide thanh monosaccharide va disaccharide dién
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ra manh mé& hon, din dén ham luong dudng khir cao hon. Tién xir
Iy lanh dong & nhiét do qua thip (-30°C) ¢6 thé dan dén giam kha
ning hoa tan ciia enzym thuy phan trong hanh, khién ching kém
hoat dong tro lai trong qué trinh xtr 1y nhiét, giam hi¢u suat cia
cac phan tmg thity phan polysaccharide [17]. Ngoai ra c6 thé nhan
thdy, mau hanh ¢ cong thirc A,B, (tién xt ly lanh dong & -20°C
trong 30 gio) c6 ham lugng duong khir cao nhat va khac biét vai
cc cong thire con lai. Sau 18 ngay ché bién, mau hanh & AB, co
ham lugng duong khir (758,26+2,14 mg/gek) tang hon 10 lan so
v6i hanh tim twoi ban dau (74,32+1,01 mg/gek).

Tuong tu ham lugng duong khur, ham lugng axit amin ¢ nhom
cong thitc A,B,, A,B,, A B, cao nhdt, tiép theo 14 A;B ,A,B,, A,B,
va thap phét laA B, A B, A B, Trong do, mau hanh ¢ cong thirc
A B, (tien xf’r ly lanh dong ¢ -20°C trong 30 gi®) c6 ham lugng a>Eit
amin cao nhat va khac biét vdi cac cong thuc con lai (p<0,05). Mau
hanh den ¢ cong thire A B, ¢6 ham lugng axit amin ting gip 1,94

lan so véi ban dau.

C6 thé nhan thay, him lugng phenolic, flavonoid tong s trong
miu hanh ¢ tit ca cong thirc co6 xu hudng tang sau qua trinh xu
ly nhiét am. Trong d6, ham lugng ham lugng phenolic, flavonoid
tong s trong mau hanh & nhom cong thirc AB,AB,AB, (tién
xu ly lanh dong ¢ -20°C véi cdc mure thoi gian khac nhau) tang
nhanh nhét, tiép theo 13 A,B, A,B,, A;B, (tién xt Iy lanh dong o
-30°C véi cac plL'rc thoi gian khac nhau), ting chdm nhat 1a A,B ,
AB,, A B, (tién xtr ly lanh dong ¢ -10°C voi 9;’10 mirc thoi gian
khac nhau). Sau 18 ngay u, mau hanh 6 A B, (tién xt ly }anh §6ng
¢ -20°C trong 30 gi®) c6 ham lugng phenolic, flavonoid tong so cao
nhit (TPC, TFC lan luot 1a 22,77+0,15 mg GAE/gck, 6,22+0,05
mg QE/gck; tang 3,16 va 3,04 lan so vdi ban dau) va khac biét
d4ng ké so vdi céc cong thire con lai (p<0,03).

Piém danh gia cam quan ctia hanh den & nhém cong thic
AB,AB, AB, (tién xur 1y lar}h dong ¢ -20°C véi cac mL'rg thoi
gian khac nhau) 1a cao nhat, ti€p theo A,B , A;B,, A;B, ('Eién X}’r
ly lanh dong 6 -30°C v6i cac muc thoi gian khac nhau), thap nhat
laAB,AB,AB, (tién xur 1y lanh dong & -10°C véi cac mic
thoi gian khac nhau). Trong d6, diém danh gia cam quan cua hanh
den 6 A B, (tién xr 1y lanh dong & -20°C trong 30 gid) cao nhat
(18,56+0,10 diém), khac biét co y nghia voi cac cong thiic con lai
(p<0,05). San pham c6 mau den déu tir ngoai vao trong, trang thai
déo, vi thanh ngot hai hoa, mat hoan toan mui hing cay va co mui
thom nhe déc trung cia hanh den.

Nhu vay co thé nhan thay ring, ché do tién xir 1y lanh dong
nguyén lidu ¢ nhiét do -20°C trong 30 gid cho san phim hanh den
c6 ham luong phenolic tng s6, flavonoid tong s6, dwong kh, axit
amin cao nhat, pH phi hgp cho qué trinh bao quan (pH <4,5) va
tao vi thanh ngot hai hoa, déng thoi dugc danh gia cam quan t6t
nhit. Do d6, ching toi quyét dinh lya chon ché do tién xur 1y lanh
dong nguyén liéu hanh tim ¢ nhiét d¢ -20°C trong 30 gid cho céc
thi nghiém tiép theo.
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3.2. Xdac dinh nhiét dp va thoi gian lén men ndi sinh phu hop

3.2.1. Anh huwong cua nhiét do lén men ngi sinh dén chat lwong
hanh den

Mot s6 enzym trong hanh, toi tuoi anh huong 16n dén chét
lugng ctia san pham hanh, toi den. Alliinase xtc tic phan tng
chuyén doi Alliin thanh allicin va cac alkyl alkane-thiosulfinat
khac, gop phan loai bo mui hing cay. Sy bién tinh cua alliinase
dién ra & nhiét do 42°C va enzym c6 thé bi vo hiéu hoa sau khi xu
ly nhiét trén 60°C [2]. GGTs (y-glutamyltranspeptidases) xiic tac
cho qua trinh chuyén cdc nhém y-glutamyl tir y-glutamylpeptide
sang cac peptide, axit amin hodc nudc [4]. Nhiét do t6i wu cua
GGT trong hanh la khoang 45-50°C [3]. Ngoai ra, trong hanh, toi
chira cac enzym lién quan dén qua trinh chuyén hoa dudng ¢ giai
doan dau qué trinh x{r 1y nhiét nhu amylase, sucrose hydrolase,
hexokinase va invertase [5, 6].

Két qua nghién ciru anh hudng ctia nhiét do 1én men ndi sinh
dén cht luong san pham hanh den (pH, su bién doi mau sic, axit
amin, duong khir, ham luong phenolic va flavonoid tong sb va cic
chi tiéu cam quan) thé hién & bang 3.

Bang 3. Anh hwéng cuia nhiét do Ién men noi sinh dén chat lwong

hanh den.

it Nt 4§ (0) 55 40 45 50 55
Surbién di mau sic (AE)  47,510.85¢  53,72£098° 62, 98+1,08°  63,75£0,83  64,80:0,71¢
pH 505005 AT3004 401003 391003 382:004
Duongkhir (g/gek) 675,972,355 707,872.04°  757,08+2,05° 736,32:0,58¢ 728172223
Axit amin (mg/gck) 598005 692:006" 8204007 794:006°  7,54:005°
TPC (mg GAE/gek) 15,53£0,05*  1846+0,08°  22,7420,11¢ 21,020,090  19,11£0,07
TFC (mg QE/gek) 461£003 5570050 6214000 606004 5808002
Dénh gié cim quan 1470£008 15500118 185820,12¢  17,78+0,15¢  16,820,13¢

Két qua phan tich dwoc trinh bay dwéi dang trung binh + SD, cac
chiv cai khac nhau trong mét cot thé hién y nghia cla di liéu & mirc
p<0,05.

Nhiét d6 1én men néi sinh anh huéng 1on dén hoat tinh cua
enzym, céc thanh phan hoa hoc va chat lwgng cam quan ciia san
pham. Trong khoang nhiét d6 35-45°C, sy bién doi mau sic (AE),
dudng kht, axit amin, TPC, TFC, chét luvong cam quan trong san
pham hanh den ¢6 xu huéng ting, trong khi d6 pH giam dan. San
phém hanh den tao thanh khi duogc 1én men giai doan 1 ¢ 45°C
¢6 ham lugng duong khir, axit amin, TPC, TFC, chat luong cam
quan cao nhat, cho thdy day la nhiét do phii hop cho hé enzym
thuy phan trong hanh hoat dong [18]. Déng thoi tai nhiét d§ nay,
hanh den c6 d6 pH (4,01+0,03) phu hgp, vira tao vi thanh ngot déc
trung cho hanh den, vira thuan lgi cho qué trinh bao quan sau nay
ctia san pham. Khi tang nhiét do lén 50-55°C, ham lwong duong
khu, axit amin, TPC, TFC, d¢ pH, chat luong cam quan trong san
pham hanh den c6 xu huéng giam nhe. Tir cic nhan xét trén, co
thé théy 45°C 1a nhiét d6 1én men ndi sinh phu hop truée qué trinh
1én men nhiét 4m.
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3.2.2. Anh huong cia thoi gian én men ndi sinh dén chat
lwong hanh den

Thyc hién qua trinh 1én men ndi sinh véi diéu kién thoi gian
khac nhau (0, 1, 2, 3 va 4 ngay) tai nhiét d§ 45°C (dugc lya chon
tir thi nghiém 2.1). Tién hanh theo doi anh hudng cta thoi gian lén
men ndi sinh dén chat lugng ciia san pham hanh den. Két qua thé
hién ¢ bang 4.

Bang 4. Anh hwéng cua thoi gian 1én men ndi sinh dén chat
lwong hanh den.

Thoi gian

Chi tieu 0 ngay 1 ngay 2 ngay 3 ngay 4 ngay

Subiéndoimiusic(AE)  39,79+1,14° 5251108 6111102 6301083  64,80+1,01¢
pH 498+0050  453:003  412:006° 401004 395£0,03
Duongkhir (ng/gek) 425974355 6183242,58° 7542005 756,8242,03° 759374323
Axitamin (mglgek)  345:0,03  638:004  821:0,08  829:006°  8330,05°
TPC (mg GAB/gek) — 14,67:0,17  1835:023°  2373:026° 22,77:0,12¢  21,630,21°
TFC (mgQE/gek) 4198004 529:006° 6554009 621005 5728003
Dénh gid cim quan 134540050 15174006  18.86:0,08' 1857:007  16,84:0,08°

Két qua phan tich dwoc trinh bay dwéi dang trung binh +SD, cac chi
cai khac nhau trong mot cot thé hién y nghia cdia di¥ liéu & mirc p<0,05.

C6 thé nhan théy, mau hanh den ¢6 tién hanh giai doan 1én men
ndi sinh (giai doan 1) trong 1, 2, 3 va 4 ngay déu c6 su bién doi
mau sic (AE), duong khir, axit amin, TPC, TFC, chit luong cam
quan cao hon so v6i mau hanh den khong qua giai doan 1én men
noi sinh (cong thire 0 ngay). Khi tdng thoi gian [én men 0-2 ngay,
su bién d6i mau sic (AE), duong khtr, axit amin, TPC, TFC, chét
luong cam quan trong san phdm hanh den ¢6 xu huéng ting nhanh,
trong khi d9 pH gidm dan. Tuy nhién khi kéo dai thoi gian 1én men
n6i sinh 1én 4 ngay, sy bién dbi mau sic (AE), ham luong duong
khir va axit amin c6 sy tang nhe nhung khong dang ké, trong khi
ham lugng TPC, TFC, chét luong cim quan cé xu hudng giam
nhe. Nguyén nhan do khi kéo dai thoi gian 1én men néi sinh, két
hop thoi gian xir Iy nhiét 4m vé sau lam suy thoai céc thanh phan
TPC, TFC. Do vay, lya chon thoi gian 1én men ndi sinh la 2 ngay,
cho san pham hanh den c6 ham lugng TPC, TFC, chét lwgng cam
quan cao nhét va ham luong duong khir, axit amin, d6 pH phu hop.

4. Két luan

Nghién ctru da xac dinh duoc ché do tién xir ly lanh dong va
diéu kién 1én men noi sinh phu hop trude khi xur 1y nhiét 4m. Cu
thé: Ché do tién xir 1y lanh dong nhiét d6 -20°C trong 30 gio va ché
d6 1én men ndi sinh ¢ nhiét do 45°C trong 2 ngdy d lam thay doi
cdu triic bén trong cta nguyén liéu hanh tim ¢ mic phu hop, tao
diéu kién cho cac phan g ndi sinh gitra cac hop chit dudi su xic
thc cia hé enzym ndm trong té bao, rat ngdn thoi gian ché bién, cho
san phim hanh den dat chét lwgng tot twong tmg tong thoi gian 1én
men 17 ngay so voi doi chimg 1a 24 ngay.
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Tom tit:

Thoai hoa khép gbi (THKG) 1a mdt trong nhirng bénh co xwong khép pho bién nhét hién nay. Tuy nhién, tinh hi¢u qua ciia viéc bd
sung collagen trong diéu tri THKG vin con la vin dé giy tranh cii. Phan tich gdp nay nhim xem xét hi¢u qua ciia cic ché phim
collagen ddi v6i cac triéu chirng THKG. Phwong phap: Phan tich gop dwoc thuc hién trén 3 co s dit li¢u: PubMed, Embase va
Cochrane. Céc thir nghiém ngiu nhién c6 ddi chirng (RCT) dworc Ira chon dé phan tich vé loi ich ciia collagen dwong udng, siv dung
thang diém dau VAS (Visual analog scale) va WOMAC (Western Ontario and McMaster Universities Osteoarthritis Index) da dwoc
trich xuit va d4nh gia chit lrgng y vin. Két qua cé 13 nghién ciru véi tong cong 1708 ngudi bénh, bao gom 934 ngudi bénh trong
nhém can thiép va 774 nguoi bénh trong nhém gia dwoc. Collagen dwong udng lam giam ding ké WOMAC (MD=-3,11; khozng
tin cay 95%: -8,06-1,84; p<0,01), trén thang diém VAS (MD=-0,44; khodng tin cdy 95%: -3,23-2,34; p<0,01). Két luan: Sir dung
collagen dudng udng mang lai hiéu qua tét cho ngwoi bénh THKG, gitip cai thién 2 chi s6 WOMAC va VAS trén 1am sang. Cin mé
rong nghién ciru danh gia hi¢u qua va chi phi diéu tri ciia li¢u phap collagen cho ngudi bénh khi sir dung lau dai.

Tir khod: collagen dwong udng, phan tich gop, thodi hoa khép gdi, visual analog scale, Western Ontario and McMaster Universities
Osteoarthritis Index.
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Abstract:

Knee osteoarthritis (KOA) is one of the most common musculoskeletal diseases today. However, the effectiveness of collagen
supplementation in the treatment of KOA remains controversial. This meta-analysis aims to examine the efficacy of collagen
preparations on KOA symptoms. Method: The meta-analysis was conducted on 3 databases: PubMed, Embase, and Cochrane.
Randomised controlled trials (RCTs) were selected for analysis regarding the benefits of oral collagen supplementation, using
the Visual analog scale (VAS) and the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC). Medical
quality was extracted and evaluated. Results: There were 13 studies with a total of 1708 patients, including 934 patients in the
intervention group and 774 patients in the placebo group. Oral collagen significantly reduced WOMAC (MD=-3.11; 95% CI:
-8.06-1.84; p<0.01), and VAS scores (MD=-0.44; 95% CI: -3.23-2.34; p<0.01). Conclusions: Oral collagen supplementation is
effective for KOA patients, helping to improve both WOMAC and VAS scores clinically. Further research is needed to evaluate
the long-term effectiveness and cost of collagen therapy for patients.

Keywords: knee osteoarthritis, meta-analysis, oral collagen, visual analog scale, Western Ontario and McMaster Universities
Osteoarthritis Index.
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1. Ddt van de

THKG 1a mot trong nhimg bénh 1y phd bién nhét va
dang ngay cang tré thanh mot van dé sire khoe dang lo ngai
trong cong dong. Pay 1a bénh 1y thoai hoa tién trién mén
tinh, gdy ra sy mat can bang giita viéc tong hop va pha huy
sun ciing nhu xwong duéi sun. Qua trinh c¢6 thé bit ngudn tir
nhiéu yéu t6 khac nhau nhu di truyén, su phat trién, rdi loan
chuyén héa hodc chin thuong; cudi cing dan dén nhiing
bién ddi vé hinh thai, sinh hoa, phan tu, co sinh hoc cua té
bao sun va chit nén cta sun; hau qua 1a syn bi nhuyén hoa
hoac nut loét, mét sun khdp, xo hda xuong dudi sun, hinh
thanh gai xuong va hdc xuwong dudi syn. THKG khong chi
gdy ton thuong mang hoat dich va toan b khép ma con anh
hudng dén nhiéu co quan khac trong co thé, ¢6 tinh chat hé
thdng; cac biéu hién nay bao gdm: thiéu mau, lodng xuwong,
r6i loan m& mau, tang nguy co ca bénh tim mach, dot quy
va nhiéu bénh 1y khac. Bénh phd bién & nhom trung nién va
ngudi cao tudi, véi ty 16 mic bénh ¢ phu nit (26%) cao hon
so v&i nam gidi (12%) [1].

Diéu tri THKG chu yéu tap trung vao van dé lam giam
triéu chung, han ché suy giam chirc ning va duy tri chat
lwong cude sdng cho ngudi bénh. Cac phuong phap didu
trj da dang, tir diéu tri noi khoa, tiém ndi khop dén phiu
thuat thay khép géi. Bén canh d6, mic du con nhiéu tranh
cii, viéc sir dung thue phdm dinh dudng va thuc phdm bd
sung trong diéu tri ciing dugc cho 1a c6 thé dem lai loi ich
cho ngudi bénh, trong d6 bao gdm van dé bd sung collagen
duong udng.

Collagen 1a mot loai protein chinh ciia mo lién két chiém
t6i 25-30% tong luong protein trong co thé ngudi. Collagen
cuc ky quan trong, lién quan mat thiét dén tinh trang khoe
manh, dan hdi cua da, toc, mong, xuong khop va cac mo
khac. Co dén gan 30 type dugc x4c dinh trong cac cong bd
khoa hoc, trong do trong co thé ngudi chira collagen type I,
I, 11 va TV, mdi type c6 chirc ning riéng biét cho ting bo
phan co quan. Trude day, collagen chu yéu duoc biét dén va
sir dung trong viéc str dung my pham lam dep da. Con ngay
nay, n6 con duoc dwa vao trong nghién ciru va img dung hd
trg didu tri trong bénh xuong khép. Dic biét, collagen type
11 ¢6 nhiéu trong sun xuong, 1a thanh phan chinh cau tao nén
sun, gitup duy tri chit nhon cho sun khép ludn duge béi tron,
tao diéu kién thuén lgi cho van dong va di chuyén hfing ngay
6 bénh nhan thoai hoa khép [2].

Trong cac nghién ctu lam sang, thang do VAS va
WOMAC thuong duge sit dung dé do ludng muc do dau
va kha nang hoat dong ctia bénh nhan THKG. Pay 1a nhiing
cong cu hiéu qua, co do tin cay cao va dé thyc hién.
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Nhitng nim qua, dd c6 nhiéu nghién ctru thyc hién trén
ngudi bénh cho két qua ung ho lidu phap bd sung collagen
duong udng cho bénh nhan THKG. Nam 2017, T. Woo va
cs (2017) [3] da thuc hién khao sat hi¢u qua cua collagen
duong udng trén bénh nhan THKG va viém khop dang thép.
Két qua cho thay, liéu phap nay hiéu qua va an toan véi bénh
nhan viém khép dang thap, tuy nhién tinh hiéu qua ¢ ngudi
bénh THKG con gay tranh cai. Mot nghién ctru khac duoc
thuc hién boi D.C. Crowley va cs (2009) [4] theo hudng
bd sung collagen type IT cho nhém can thiép cho thay, sau
90 ngay viéc bd sung collagen type II c6 hiéu qua dang ké
trong cac hoat dong hing ngay qua d6 cai thién chét lugng
cudc séng cua nguoi bénh, dua trén cac thang do WOMAC,
VAS va LEQUESNE [5]. Nghién ctru cua J.P. Lugo va cs
(2016) [6] ciing chi ra rang, viéc sir dung collagen type II
gitp cai thién dang ké cac triéu chimg & ngudi bénh THKG
so v6i nhoém dung gia duge. Cu thé, nhom dung collagen da
giam dang ké trén thang do WOMAC vé chi s6 dau, do cling
khép va chire nang thé chat.

Dé giai quyét cac mau thuln giita cdc nghién ctru 1am sang
ngau nhién co ddi chimg (RCT) di duoc cong bd, viée trich
xudt va danh gia chat luong y van cta céc nghién ciu RCT,
ciing nhu thyc hién mot nghién ctru phan tich gp c6 hé thong
1 can thiét va c6 y nghia voi thuc hanh 1dm sang hién nay.

2. Doi tugng va phuong phap nghién ciiu
2.1. Chién lwgc tim kiém

Cac thong tin vé viéc danh gia hi¢u qua cta collagen
dbi véi THKG téng hop tir cac nghién ciru ngau nhién
c6 ddi ching duoc tim thiy tir 3 ngudn co s¢ dir liéu
PubMed, Embase va Cochrane. Dit li€u tu ngay 1/1/1965
dén 15/6/2024 duoc chon dé sang loc theo hudng dan cua
PRISMA 2020. Cac cdng cu trén cac co sé dit liéu nay, két
hop vai cac thuat toan “AND”, “OR”, “NOT” da duogc sir
dung dé tim kiém va sang loc cac nghién ciru. Hai nhom tac
gia s& loc dir liéu doc 1ap, song song cac RCT tir 3 ngudn
PubMed, Cochrane va Embase dua trén cac tiéu chi Iya
chon va loai trir dé lwa chon ra céac nghién ctru du diéu kién
lam phén tich gop. Cac mau thuin s& duoc giai quyét thong
qua thao luan, thong nhat va dong thuan véi ¥ kién cua tac
gia thir ba.

Cac thuat ngit tim kiém chinh bao gdm: “collagen”,
“osteoarthritis knee”, “osteoarthritis”, “arthritis” va
“randomised controlled trial”.

2.2. Tiéu chi lya chon va tiéu chi loai trir

Tiéu chi Iya chon: Nguoi bénh trén 35 tudi va duoc chan
doan mic THKG; nhom dugc can thiép collagen duong
udng so v6i nhom gia duoc; danh gia hiéu qua sir dung
thang do VAS hodac/va WOMAC.

n
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Tiéu chi loai trir: Cac nghién ctru khong phai RCT va
trén dong vat; bénh nhan theo doi dudi 2 thang, c& méu nho
(n<15) va céc bai bao khong duoc xuat ban bang tiéng Anh.

2.3. Pdnh gid chit lwong y vin

Chat lugng ctia cac nghién ciru RCT dugc dénh gia bang
cong cu Cochrane Risk of Bias. Cong cu nay bao gobm 7 chi
s6: (1) phan phdi ngau nhién, (2) che gidu phan phdi, (3)
lam mu, (4) danh gia két qua mu, (5) dir liéu két qua khong
day du, (6) bao cdo chon loc va (7) cac thanh kién khac
khong rd rang trong sau du hiéu trude d6. Cac thir nghiém
dugc danh gia cao, thip hodc chua chic chin trong mdi chi
tiéu trén.

2.4. Phan tich thong ké

Céc thir nghiém dugc tong hop cing ¢6 phuong phap
thiét ké song song va mé hinh dugc chon 1a Random Effect
(RE) véi khoang tin cdy 95%. Két qua ctia nghién ciru 1 cac
bién lién tuc duoc trinh bay dudi dang trung binh + d6 1éch
chuin. Co sé dit liéu duoc xur 1y bang phin mém Review
Manager phién ban 5.4.

3. Két qua va ban luan
3.1. Lwa chon va xdc dinh nghién ciru

Nhom nghién ciru da truy xudt tong cong 32485 bai bao
lién quan tu 3 co s¢ di li¢u PubMed, Embase va Cochrane,
trong d6 28767 bai bi loai khoi hé théng sang loc tu dong;
sau khi xem xét tiéu dé va tom tit, 273 bai bao tiép tuc bi
loai vi khong sir dung collagen. Tiép theo, 1734 nghién ciru
dugc tién hanh danh gia chi tiét toan bo bao cao va 1721 bai
d4 bi loai trir. Tong cong ¢ 13 nghién ciru dap tmg cac tiéu
chi Iya chon cho phéan tich gop (hinh 1).

[ Xic dinh cic nghién ciru thong qua co' s¢' dir li¢u va sb ding ky ]
= Hb so dugc xac dinh tir: Ho so bi loai bo trude khi sang loc
| | Pubmed (n=18240) bing cong cu ty dong ho do khong
S.| | Embase (n=13436) du diéu kién (n=28767)

2 Cochrane (n=809)
—)
)
Hb so di sang loc (n=2007) Hd 50 bi loai trir sau khi sang lgc tiéu
d& va tom tit (n=273)
. i
) Beio cdo tim kiém dé truy xuat Céc bio cao bj logi trr
= (n=1734)
l - Trung lap (n=417)
- - Nghién ctru khong str dung mét
Bao cdo dugc danh gia du dieu trong 2 thang do VAS va
kién (n=1734) WOMAC (n=1160)
— - Khong phai collagen duong ung
—\ (n=142)
' - Co mau dudi 15 (n=2)
_g Cac nghién ctru RCT duge
4 dua vao danh gia (n=13)
—

Hinh 1. So d6 quy trinh lwa chon bai bao trong phan tich gép.
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3.2. Danh gia chit lwong cdac nghién ciru

Nguy co thién vi ciia 14 nghién ctiru duogc trich xudt tir
13 RCT dugc danh gia thong qua cong cu Cochrane Risk of
Bias gOm cac tiéu chi: (1) thong tin day dii vé céc tiéu chi
phan bd ngiu nhién, (2) che dau phan bd, (3) lam mu ngudi
tham gia, (4) lam mu danh gia két qua, (5) dit liéu khong day
du, (6) bao cao co chon loc, (7) sai 1éch khac (hinh 2 va 3).
Céc dau chdm tron mau xanh (+) biéu thi rai ro sai 1éch thap,
cac dau chdm tron mau do (-) biéu thi rai ro sai léch cao va
céc 6 trong biéu thi rai ro khong chic chin hoic khong dugc
danh gia cho nghién cuu do.

Théng tin déy &0 vé cdc tiéu chi phén ba ngéu nhién
Che ddu phén bé
Lam ml ngudi tham gia
Lom ml dénh gid két qua

D liéu khong day du

Bdo cdo c6 chon loc

Sai léckh khdc

% 26% 50% 75%  100%

oT

I . R0l ro sai léch thép D RUi ro sai l&ch khong chéc chén . Rui ro sai léch cao
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Céc tiéu chi vé phan nhom ngiu nhién va dir liéu két qua
khong day du dat chat luong rai ro thap 100% va khong co
bién ¢6 tir vong. Phan 16n cac bao cao déu dé cap dén cach
thirc phan nhom va hi¢u qua lam mu. Nhin chung, trong s6
cac nghién cuu duoc lua chon c6 10 nghién cuu dat chét
lugong cao, 2 nghién cuu dat chét lugong kha, 1 nghién ctru
dat chat lugng trung binh.

3.3. Bdc diém nghién ciru

Nhan khau hoc ciia 13 RCT trong phén tich gop di duoc
tom tit & bang 1 va 2. Trong d6, c¢6 5 bai nghién ctru danh
gia ca chi s6 WOMAC va VAS, 5 bai danh gia chi s VAS
va 4 bai chi danh gia bang chi s6 WOMAC. D¢ tudi trung
binh ciia cac ddi twong dao dong tir 47 dén 60, chi sé BMI
dao dong tir 24 dén 41, chu yéu 1a nir gii. Picu nay phu
hop vé6i yéu té nguy co cua bénh THKG. S6 lwong ngudi
tham gia trong nhom ddi chimg dao dong tir 11 dén 158 va
thoi gian theo ddi dao dong tir 8 dén 48 tuan. Collagen duoc
sir dung v6i nhiéu cong thire khac nhau, chu yéu c6 ngudn
gbc tir thit g, thit lon va bo véi liéu tir 0,1 dén 10.000 mg/
ngay. Nhom d6i ching duoc st dung gia duoc. Nhin chung,
bd sung collagen duong udng da chimg minh loi ich trong
nghién ctru tién 14m sang va 1am sang cho viém xwong khép,
cling nhu 1a mot cach tiép can an toan va d& chap nhan hon.
Collagen duong udng duoc chimg minh 1a hitu ich dang ké
0 nhiing bénh nhan bi viém khop dang thap khi so sanh véi
gia duogc [3, 17].

Bang 1. Thong tip nhan khau hoc tir cac nghién ctru thir nghiém
ngau nhién c6 doi chirng da dworc danh gia.

i Nguon Nim Tudi (niim) Gidi tinh (niyy ~ Chi s BMI

g famo vt P c PC P

' khdo  bdn

1 [ 1999 562124 562+127 70 8  ND ND

2 [ 2000 S63£139 55319 24 29  ND ND

3 [0 2000 ND ND ND ND  ND ND

4 [ 2001 57413 495:17 12 13 ND ND

50 (1] 2008 4785£1015 47371075 85 8  ND ND

6 [12] 2000 587104 5914116 103 80 27141 283446
71 2000 47111055 47,06:1114 241 128 ND ND

8 [13] 2011 589480 60385 9 9 30,1446 3124702
9 [14] 2012 S4387 545598 23 18 ND ND
10 [15 2015 ND ND 17 10 261838 231119
16 2006 53579 $31:78 30 30 250804 24730
12 (16 2020 5166  535£58 30 2% W44 25333
13 (177 202 50944713 4871731 ND ND 25,1142,66

ND: khéng cé di¥ liéu; C: collagen; P: gia dwoc; BMI: chi sé khéi co thé.
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Bang 2. Pac diém chi tiét cta cac thir nghiém sau can thiép.

The Neubn Negha T.hen' Comhu  Tbng WOMAC Téng VAS
fr thaf“ collagen gla{' P C P C P

khdo (tuén)
1 18] Lonbo 24 9% 9 ND SLI+£248  39,1+265
2 [9] Lonbo 24 3129 ND 546+20,7 604+183
3 [10]  Lonbo 32 4747 62449 57,248 ND ND
4 [5] Lonbo 24 1S 15 ND ND 64,7£234  69,6+25,1
5 [ Ga 24 105 106 ND ND 3422 2619
6 2] Ga 24 126 124 2828 3333 ND ND
7 7 Ga 24 296 158 ND ND 3,6£2,6 338424
8 [13]  Lonbo 48 15 15 203105 2924138 ND ND
9 [14] Ga 10 40 40 613£26 75834 ND ND
10 [19] Lonbo 13 19 1 L1498 455494 3114152 573+135
1 [15]  Lonbo 13 18 10 2584113 473194 SL1£94 52,7127
12 [6] Ga 24 63 58 2404123 17,0£125 22,6184  22,6£17,0
13 [l G 8 47 43 34433 41441 22418 2,418
14 [177 Lonbo 12 3434 5694366 -2,714395 17,7138 454137

ND: khong cé di liéu; C: collagen, P: gia dwoc; VAS: Visual Analog
Scale; WOMAC: Western Ontario and McMaster Universities
Osteoarthritis Index.

3.4. Két qud phén tich

Két qua chinh ctia nghién ctru nay bao gdm nhiing thay
d6i trong thang do VAS va WOMAC. Trong 13 nghién ciru
v6i tong cong 1708 bénh nhan, bao gdbm 934 ngudi trong
nhom can thi¢p va 774 nguoi trong nhom gia dugc. Phan
tich trén thang do VAS, c¢6 10 nghién ctru v6i 1192 bénh
nhan, trong do c6 681 ngudi thuoc nhom can thiép va 511
ngudi thudc nhom gia duwoc. Két qua cho thiy, nhom sir
dung collagen c6 hiéu qua hon nhom st dung gia dugc 1a
MD=-0,44; khoang tin cdy 95%: -3,23-2,34 voi su khong
ddng nhét giita cac nghién ciru (’=83%, p<0,01) (hinh 4).

collagen placebo Mean Difference Mean Difference
Mean  SD Total Mean  SD Total Weight IV, Random, 95% Cl Year IV, Random, 85% CI
STAOMO7 95 <185 3369 95 6% 11400177, 21.03] 1999 —
-1.82 2941 3147 2617 18 38%  -Z099[17.06,11.08) 2000 -
-2403032 15 128 2913 15 1E% 15303658 5.98] 2001 T
-202B4 B3 28 2420 58 309% 0.90[0.00,1.800 2008
-244 282 296 2583 283 158 31.4% 0.09[-0.48 0.66) 2009
S320 1882 190 27 1489 11 45% -2940[41.52 1728 2015 -
-39 1643 1B ST 2448 100 25% -31.00[4797 1403 2018 ——
-3548 1843 63 356 1703 88 121% -0.20[6.52,6.12) 2018 T
-3200222 0 47 -13 0 281 43 02%  -000[64.37, 6257 2021 —
S3736 201 340-5212 1938 34 BE% 1476 [5.13,24.39] 2022 -
Total (95% C1) 681 51110006 04432323 [
= = - = | . . {
Heterogenety Tauf = 6.33 Chi*= 54 48, df=19 (P = 0.00001); F=33% ‘-WDU -ﬁﬂ 50 WDD‘

Testfor averall effect 2=0.31 (P=0.74) collagen placebo

Hinh 4. Biéu do forest cho thay tac dong ciia viéc bd sung collagen
dén cai thién thang do VAS & ngwoi thoai héa khép gbi.
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Phan tich trén thang do WOMAC, c6 9 nghién ctru duoc
cong bd véi 1070 ngudi bénh, bao gdm 549 ngudi nhom can
thiép va 511 ngudi nhom gia dugce. Phan tich gop cho thiy
bd sung collagen cai thién thang do WOMAC so véi nhom
ddi ching la MD=-3,11; khoang tin cay 95%: -8,06-1,84,
khong ddng nhét giita cac nghién ctru 1a (12=98%, p<0,01).
Ba nghién ctru cta J.P. Lugo va cs (2016) [6], L.L. Zhang
va cs (2008) [11] va P.B. Ruiz va cs (2009) [12] da chung
minh rang, b sung collagen cai thién thang do WOMAC.
Nghién curu cua J.P. Lugo va cs (2016) [6] st dung collagen
¢6 ngudn gde tir ga, nghién ciru cua S. Kumar va cs (2015)
[15] va P.B. Ruiz va cs (2009) [12] déu sir dung lon hodc bo
cho nhém can thiép (hinh 5).

collagen placeho Mean Difference Mean Diference
Mean  SD Total Mean  SD Total Weight IV, Random, 95% Cl Year v, Random, 95% C1
ST3 123 187 65 117 186 123%  -0B0[323,1.63) 2000 1
125 524 126 -39 474 124 126%  -BE0[9.84,-7.36) 2008 "
-34 B9 18 47 B 15 113% 130364, 68.24) 2011 T
S3780 386 400 -308 435 40 128%  -D70F252197 12
161 1385 19 18 1273 11 B5% -14.30F24.07,-4.53 015 -
245 1482 18 28 M33 10 52% -2170[3826,-5.04] 015 -
-3 16 B3 -399 185 8% 127% 5.80(5.18,6.42) 2016 '
-30488 47 290 48 43 124%  -DI0FZ33 213 20
S007 420 37 4380 3 124%  -286[4.80,-082) 2022 h

Total (95% CI) 549 521 1000%  -3.41[-8.06, 1.84] [/
Heterogeneity. Taw® = 5020, Chi*= 48379, of= 8 (7 < 0.00001); P= 98% f f |

Testfor overall effect 2= 1.23 (P=0.22) i -Sﬂwuagen placeba e

Hinh 5. Biéu do forest cho thay tac dong cua viéc bd sung collagen
den viéc cai thién thang do WOMAC & ngwoi thoai héa khép goi.

Nhin chung, két qua phén tich gdp cho thiy collagen
duong udng co hiéu qua trong viéc cai thién thang do
WOMAC va thang do VAS, mét su thay doi c6 ¥ nghia
thong ké (p<0,01).

3.5. Ban ludn

Nghién ciru st dung phuong phap phan tich gép cho
thiy, collagen dudng udng cai thién dang ké chi sé dau cia
nguoi bénh THKG trén thang do WOMAC va VAS sau it
nhit 2 thang sir dung. Dic biét, chi s6 WOMAC thé hién
16 rang hiéu qua cua collagen ddi v6i bénh viém khép hon
so v6i thang do VAS. Két qua nay twong dong véi phan
tich gdp cua J.M.G. Coronado va cs (2019) [18]. Tuy nhién,
phan tich gop ctua X. Liu va cs (2018) [19] lai khong tim
thdy du bang ching dé khuyén nghi sir dung collagen trong
thuc hanh 1am sang. Sy khong nhét quan nay c6 thé do cac
nghién ciru vé collagen dudng udng co nhiu yéu té anh
huong dén kha dung sinh hoc cta hoat chét, su khac biét vé
lidu luong collagen sir dung trong mdi nghién ciru, diéu nay
c6 thé thé gay ra két qua khac nhau. Hon nira, sy mau thuan
nay c6 thé dén tir s6 luong RCT duoc dua vao phan tich
g0Op cua cac bai cong bd trude dy 1a chua du 16n (vi cac bai
RCT vé collagen nhitng nim gan ddy méi xuét hién nhiéu).
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Loi thé nay da giup bai nghién ctru tap hop ciac RCT moi
nhét theo tiéu chuan PRISMA 2020, 1am cho qué trinh sang
loc bai va danh gia mot cach khach quan hon.

Bén canh d6, nghién ctru c6 mét s6 han ché sau: Pau
tién, mot s RCT gidi han sé lugng nguoi tham gia dan
dén téng ¢& miu cua nghién ctru nho. Thir hai, cac nghién
ctru st dung céc cong thire collagen khac nhau, ¢ thé anh
huong dén két qua bai phan tich gop. Cudi ciing, vi nghién
ctru lya chon cac bao cao cong bd bang tiéng Anh va chi goi
gon trong 3 ngudn dit liéu 1a Embase, PubMed, Cochrane,
c6 thé da bo s6t cac nghién ciru quan trong dugc viét bang
céc ngon ngit khac hay nam & co s dit liéu khac hodc cac
nghién ctru trong myc khong duoc cong khai.

4. Két luan

Collagen duong udng da dwoc ching minh 1a ¢ hidu
qua trong diéu tri THKG khi sir dung & dang khong bién
tinh hodc bién tinh mot phﬁn, va cho théy hi€u qua vuot trdi
so voi gia duoc. Diém ndi bat cua collagen duong udng 1a
su tién 1gi va an toan cho nguoi bénh, do d6 co thé tré thanh
mot lidu phap tiém ning va dugc can nhic st dung trong
diéu tri. Tuy nhién, hiéu qua cua collagen véi nguoi bénh
THKG chi dang danh gié trén thang do VAS va WOMAC.
Pé dam bao tinh khach quan va chinh xac ctia cic nghién
clru, can tién hanh thém cac nghién ctru 1dm sang véi sd
luong bénh nhan 16n hon va thoi gian kéo dai hon, nhim
danh gia chat luong cudc sdng ctia ngudi bénh va cac chi sd
khac trong co thé (chirc ning gan, chic niang than, chuyén
hoa lipid va glucose...). Pong thoi, md rong nghién ciru
phan tich loi ich kinh té va chi phi diéu tri 1a can thiét dé lam
0 loi ich toan dién cia viéc ting dung li€u phap nay trong
diéu tri THKG cho ngudi bénh.
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Budc dau danh gia hiéu qua cua quén tri tinh gon toi quy trinh
kham bénh ngoai tru tai Bénh vién Hiru nghi Viét Dirc
Ngé Thi Huyén’, Nguyén Xuén Vinh, Trin Binh Giang, Lé Thi Kim Nhung, Pinh Hong Thai, Trin Ding Thanh

Bénh vién Hitu nghi Viét Pirc, 40 Trang Thi, phwong Hang Bong, qudn Hodn Kiém, Ha Ngi, Viét Nam
Ngay nhan bai 15/3/2024; ngay chuyén phan bién 18/3/2024; ngay nhén phan bién 8/4/2024; ngay chip nhan dang 13/4/2024

Tom tit:

Nghién ciru nhim danh gia hiéu qua bwée diu tac dong ciia quan tri tinh gon téi quy trinh kham bénh ngoai tru tai
Phong kham Tim mach 16ng ngwe, Bénh vién Hiru nghi Viét Pirc. Ddi twong: Dir li¢u thoi gian kham bénh va nguoi
bénh tai Phong kham Tim mach 16ng nguc tir thang 10/2022 dén thang 4/2023. Phuwong phap: Nghién ciru can thi¢p
theo chu trinh DMAIC (Define, Measure, Analyze, Improve, and Control). Két qui: Giam thoi gian cho kham tir
29,42 phiit xuéng con 27,38 phit. Rit ngin thoi gian thwe hién mét sé khiu trong qua trinh kham bénh nhw: thoi
gian thye hién chi dinh chup X-quang tir 217 phiit xuéng 167 phiit, chi dinh chup CT 64-128 day tir 201 phiit xuéng
108 phiit. Giam thoi gian thye hién quy trinh kham bénh cho nguoi bénh 7,1-9,1%. Két luan: Sau khi can thiép dw
an, thoi gian thuc hién quy trinh kham bénh ngoai tri da giam xudng, tir d6 givip nang cao sy hai long ciia ngudi
bénh.

Tir khéa: cai tién, hiéu qua, quan tri tinh gon, thoi gian cho.

Chi s6 phén loai: 3.5

Evaluating the initial effectiveness of lean management in the

outpatient examination process at the Viet Duc University Hospital
Thi Huyen Ngo*, Xuan Vinh Nguyen, Binh Giang Tran, Thi Kim Nhung Le, Hong Thai Dinh, Dang Thanh Tran
Viet Duc University Hospital, 40 Trang Thi Street, Hang Bong Ward, Hoan Kiem District, Hanoi, Vietnam
Received 15 March 2024; revised 8 April 2024; accepted 13 April 2024

Abstract:

The study’s primary objective was to assess the initial effectiveness of lean management in the outpatient examination
process at the Cardiovascular Clinic - Viet Duc University Hospital. Object: The research used data on examination
time and patient volumes at the clinic between October 2022 and April 2023. Methodology: Interventional study
based on the Define, Measure, Analyze, Improve, and Control (DMAIC) cycle. The intervention results revealed
a reduction in the waiting time for examinations, decreasing from 29.42 to 27.38 minutes. Moreover, specific steps
within the examination process demonstrated decreased time durations, including the duration for an X-ray, which
decreased from 217 to 167 minutes, and a 64-128 CT scan, which decreased from 201 to 108 minutes. Overall,
the patient examination time was reduced by approximately 7.1 to 9.1%. In conclusion, the findings indicate an
improvement in the outpatient examination process following the implementation of lean management practices,
resulting in a decrease in examination time and thereby enhancing the satisfaction of the patient.

Keywords: efficiency, improvement, lean management, waiting time.
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1. Ddt van de

Quan tri tinh gon 1a tu duy quan tri tao ra gia tri gia tang cho
doanh nghiép, t6 chtrc biang cach dung tri tué ciia con ngudi
nham ct giam t5i da lang phi [1]. Linh vuc quan Iy cham soc
strc khoe dang tro thanh mot van d& quan trong trén pham vi thé
gi6i do nhu cau ngay cang ting trong phin chim séc ste khoe.
Nhiéu qudc gia nd luc cai thién va phat trién hé théng cham soc
sttc khoe ctia ho dé dap img nhig nhu ciu ngay cang cao ciia
khéach hang vé dich vu y té.

Nhiéu bénh vién trén thé giéi di bat dau nghién ciru va
chuyén huéng sang tmg dung tu duy tinh gon (LEAN) d tao
ra nhitng loi thé trong viéc cai thién hiéu qua hoat dong va kha
ning dap tmg voi nhimg yéu cau cua ngudi bénh. Hién nay da
¢6 nhiéu td chirc thuc su thanh cong va cai thién dugc hinh anh
cling nhu hi¢u qua dich vu thong qua viéc ap dung LEAN.

Viéc 4p dung tu duy tinh gon trong cham soc sttc khoe da
duge thuc hién sém nhat tai Anh vao nam 2001 va Hoa Ky
vao nam 2002 [2]. Trong 2 thdp ky qua, viéc thuc hién Lean
trong cham soc strc khde da tang 1én nhanh chong, déc biét 1a ¢
cac nudc dang phat trién [3]. Viéc trién khai Lean trong chim
soc stic khée mang lai nhitng 1¢i ich dugc ghi nhan nhu giam
sai sot vé thi tuc hanh chinh, thoi gian chd doi va chi phi ciia
nguoi bénh, cling nhu mang lai nhiing 1¢i ich v6 hinh nhu tang
su hai long ctia nguoi bénh, cai thién chat lugng cung c?ip dich
vu chim soc suc khoe va tdng dong luc quay lai trai nghi¢m
dich vu cua nguoi bénh [4-6].

Trung tim Y té Virginia Mason ¢ Seattle, Washington, Hoa
Ky khi 4p dung LEAN di c6 thé giam ty 1¢ nguoi bénh mic
bénh tran khi phdi lién quan dén may tho tir 34 xudng con 4
truong hop. Cam két khong ngimg ctia ho dé cai thién chim
séc ngudi bénh va an toan bang cach sir dung cac phuong phéap
cham soc suc khoe tinh gon dd dua ho tr¢ thanh mét trong
nhiing bénh vién an toan nhét trong ca nudc. Mot don vi cung
cap dich vu y t ¢ phia dong bic Wisconsin ¢6 tén “ThedaCare
Inc” nam 2004 da tiét kiém 3,3 triéu USD chi phi, giam 21% so
ngay ton dong cuia céac khodn phai thu, twong duong véi khoang
12 triéu USD tién mt va bé tri lai nhan vién trong mot s6 linh
vuc bang cach nang cao hiéu qua hoat dong cua ho, dan dén tiét
kiém duoc 33 nhan vién toan thoi gian [7].

Bénh vién Hltu nghi Viét Duc (sau day viét tit 1a Bénh
vién) 1a bénh vién ngoai khoa tuyén cubi, noi tiép nhan cac
truong hop chin thuong ngng, phtic tap, ¢6 bién chimg tir cac
tuyén true chuyén dén dé kham va diéu tri. Hang nam, Bénh
vién ¢6 khoang 40.000 truong hop dén kham cip ciru, theo doi,
diéu tri cdp ctru va chuyén vao cac khoa 18.433 trudng hop,
chuan bi va 1am thi tuc md cip ctru cho 4.377 trudng hop va
md theo ké hoach khoang hon 70.000 trudng hop. Nhan thiy
loi ich ctia LEAN khi 4p dung trong hé thong y té, Bénh vién
dang nghién ctru va ap dung thi diém LEAN tai khu vyc kham
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ngoai tri dé tir d6 nhan rong mé hinh nay trong cac hoat dong
khac tai bénh vién. Do d6 chung t6i thuc hién dé tai nay voi
voi myc tiéu danh gid hi¢u qua budc dau tac dong cua quan tri
tinh gon té1 quy trinh khdm bénh ngoai trt tai Phong kham Tim
mach l@)ng nguc, Bénh vién Hitu nghi Viét Dirc.

2. Doi tuong va phuong phap nghién ciiu
2.1. Péi twgng
Nhém 1: Giai doan trude khi thye hién du an LEAN.
+ Dir liéu vé thoi gian kham bénh cta 626 nguoi bénh

kham tai Phong kham Tim mach 10ng nguc tai thoi diém thang
10-11/2022.

+ 112 ngudi bénh kham tai Phong kham Tim mach 10ng
nguec tai thoi diém thang 11/2022 dé phong van sy hai long.

Nhém 2: Giai doan sau khi thye hién du an LEAN.

+Dir liéu vé thoi gian kham bénh cua 205 nguoi bénh kham
tai Phong kham Tim mach 16ng nguc tir ngay 10/4/2023 dén
ngay 21/4/2023.

+ 200 nguoi bénh kham tai Phong khdm Tim mach 1ong
nguc tai thoi diém ngay 10/4/2023 dén ngay 21/4/2023 dé
phong van sy hai long.

Nghién ctru dugc thyc hién tir thang 10/2022 dén thang
4/2023 tai Phong kham Tim mach, Bénh vi¢n Hitu nghi Viét Duc.

2.2. Phwong phap nghién ciru

Nghién cuu can thiép.

2.3. Cic budc tién hanh

Nghién ctu dugc thyc hién theo chu trinh DMAIC, gém 5
giai doan.

Giai doan 1: Xac dinh van dé: Lua chon van dé nghién ctru
dé trinh Ban giam dbc Bénh vién phé duyét du an.

Giai doan 2: Do luong: Do luong xac dinh thyc trang cua
quy trinh kham bénh tai bénh vién tir khau tiép don, kham bénh,
thuc hién dich vu can lam sang, két luan kham va dong tién.

Giai doan 3: Phdn tich: Phan tich quy trinh kham bénh, $0
liéu da do luong dé xac dinh nt that cia quy trinh kham bénh.

Giai doan 4: Cdi tién: Phan tich nut thit, xac dinh nguyén
nhan géc ré tir d6 xac dinh cac bién phap cai tién nhanh, cai tién
sdu dé trinh Ban giam d6c Bénh vién phé duyét; phdi hop cling
cac khoa, phong lién quan thyc hién céc giai phap cai tién. Tién
hanh do Iuong lai cac chi s6 sau khi thuc hién cac bién phap
can thiép.

Giai doan 5: Kiém sodt: Tiép tuc thuc hién céc bién phap
kiém sodt dé duy tri dy an.
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3. Két qua
3.1. Giai doan 1: Xdc dinh vin dé

Phong kham Tim mach 1a mot trong nhitng phong kham tiép
don ngudi bénh ngoai tra cua bénh vién. Hi¢n nay trong phong
kham c6 2 ban kham (1 ban kham ndi tim mach, 1 ban kham
ngoai tim mach). Theo sd lidu théng ké, trung binh mdi ngay
phong kham tiép don va kham bénh cho khoang 100-120 nguoi
bénh/ngay (trong d6 c6 ca kham méi, tai khdm va chuyén kham
phdi hop tir cac phong kham khéac ciia Bénh vién va chi yéu
la kham ndi tim mach). S6 lugng nguoi bénh toi kham tai Phong
khdm Tim mach khoang hon 2000 nguoi bénh/thang. Tai phong
kham ndi tim mach bd trf nhan luc g6m 2 bac sy, trong do c6 1
bac sy kham ndi tim mach va 2 diéu dudng phuc vu ngudi bénh
nén khong tranh khoi ¢6 nhimg thoi diém phong kham bi qué tai.

3.2. Giai dogn 2: Do luwong

Phén tich dit liéu vé thoi gian khiam bénh ciia 626 nguoi
bénh téi kham tai phong kham ndi tim mach trong thoi diém
thang 10/2022 cho thay:

Thoi gian chd kham: Thoi gian chd kham trung binh cua
ngudi bénh dé duge goi vao kham la 29,42 phuat £27,86 phut.

Thoi gian thyc hién mét s6 dich vu trong qua trinh kham
bénh dwoc thé hién & bang 1. Theo bang 1, thoi gian trung binh
thuc hién dich vy xét nghiém mau tir khi ra chi dinh dén khi
¢6 két qua 1a 139,6 phit; thoi gian trung binh thyc hién chup
X-quang (tir khi ra chi dinh dén khi c6 két qua) 1a 217,7 phit,
thoi gian trung binh thuc hién chup CT (64-128 day) (tir khi
ra chi dinh dén khi c6 két qua) 1a 201,5 phut va thoi gian thuc
hién dich vu siéu am tim (tir khi ra chi dinh dén khi c6 két qua)
la 100,3 phut. Bac biét, thoi gian kham bénh cua cac bac sy d6i
voi ngudi bénh dé kham 1dm sang va trao doi véi nguoi bénh
trung binh chi duoc 4,5+0,7 phut.

Bang 1. Thi gian trung binh thwc hién mét s6 dich vu trong qua
trinh kham bénh.

SO ngwdi bénh thye hign  Thoi gian thwe hién trung binh

Dich vu

dich vu (n) (phut)
Bac sy kham b¢nh 626 4,5+0,7
Xét nghiém mau 211 139,6£34,6
Chuyp X-quang 152 217,7£170,5
CT (64-128 day) 144 201,5+163,3
Siéu dm tim 235 100,3+67,4
Téng qué trinh kham bénh 626 253,6 £130,1

Thoi gian thuc hién dich vu kham bénh kém theo cac k¥
thuat phéi hop ca xét nghiém, chan doan hinh anh va thim
do churc nang (xét nghiém co ban, chup X-quang thuong quy/
siéu am/cat 16p vi tinh/cong huong tir...) dugc thé hién & bang
2. Theo bang 2, thoi gian ngudi bénh thyc hién dich vu kham
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bénh kém theo 1 ki thuat phdi hop ca xét nghiém, chan doan
hinh anh va tham do chuc ndng (xét nghiém co ban, chup
X-quang thuong quy/siéu am/cit 16p vi tinh/cong huong tir...)
la 186,5+106,8 phut, thoi gian thuc hién dich vu kham bénh
kém theo 2 ky thuat phdi hop 1a 189,6+110,2 phut, thoi gian
thuc hién dich vu kham bénh kém theo 3 k¥ thuat phéi hop
ca xét nghiém, chan doan hinh anh va tham do chirc ning 1a
217,0+100,2 phut.

Bang 2. Thei gian trgng binh thwc hién dich vu kham bénh kém
theo céc ky thuét phoi hop.

Dich vu Thoi gian thue hién trung binh (phit)
Kham + 1 k§ thudt phdi hop 186,5+106,8
Kham + 2 k§ thudt phdi hop 189,6+110,2
Khéam + 3 k§ thuat phéi hop 217,0+100,2

3.3. Giai doan 3: Phdn tich

Két qua hinh 1 cho thay, quy trinh kham bénh ctia Bénh
vién hién nay con rét nhiéu khau (gém ca khau bét budc va
khong bét budc), trong d6 ¢6 nhiéu khau phai chd doi va nhig
khau cho nay khong tao g1a tri 1am kéo dai thoi gian cla quy
trinh kham bénh. Tir so d6 ta xac dinh nhung khau gay un tic
dé tac dong va can thié¢p tham chi loai bo néu khong can thiét
dé 1am giam thoi gian thuc hién quy trinh kham bénh. Mt
khéc, nut tht 16n trong quy trinh ndm & budc thuc hién cac
dich vu can 1dm sang. Thong thuong mdi nguoi bénh dén kham
thuong thuc hién kém theo 1-3 chi dinh can 1am sang. Vi vay,
thoi gian thyc hién cac dich vu can 1am sang trong qua trinh
kham bénh chiém ty 1¢ rit cao. Quy trinh kham bénh bi nghén
tai buc nay do Bénh vién chua c6 hé théng phan luong thong
minh huéng dan ngudi bénh lwa chon nhimg dia diém thyc
hién chi dinh c4n 1am sang nhanh nhét gitp t6i wu hoa thoi gian
cho lam chi dinh. Mat khac, nguoi bénh van phéi cho nhan két
qua chup chiéu dé quay lai phong kham ban dau din t6i lam
giam sy hai long ctia nguoi bénh.

XépKQvio ™ Wpamlai
Khay PK Khim g

ma Co BHYT
Tiép Vit Xephing K8 D i - Birgle
Bl: nhan phigu m en va‘; :ﬂy NA Cglclv Tam img
Tiép ubin
= .00 - —f
- In oy
Lml" i tim P
Bl: § Chér goi kham ln chidinh Hudma dan
i phi Bi tim
Khim bénh %D 4,‘_’ ’ i chi phi ll bl
CLS
ip gié NvA BSKham  Nhangidy  BanDD — —
Xi
::.?.‘: g Khong i chiphi T 7 !
B: P . st .
Cinlim D Chir goi v
sing 08— . asz —[— =
Xeép hang i i i o, Chés goi Quay lai
Xephang By Lay g m phing CLS 99 » frst i A
socho 6 - . cLsn Nhin KQ ll’“""m
’ WA Thoge
J e X Thanh fodn,
B4: Chérgoi kham - 6, in dom thus D Lay 6. Chérgol Thanh todn.,
Bicsi KL Dom trmdc v P thanhtodn VA . -
Khim . kit I phiéu khim Nhin gidy Khim
; ; 0 CK
thic khim Can Khim chuyén @ chuyen kham CK > [ Pt . o
Nop tén,

In gidy vao vién

I s

Nhp vién didu uj

ahdp vign

Hinh 1. So dd phan tich tir khi ngwoi bénh vao dang ky kham

bénh cho dén khi két thlic quy trinh kham bénh.

Ghl Chu v Tiép nhan
‘ Kiém tra

@ Thuc hien cong viec

> Che
Di chuyén -

—

18



3.4. Giai doan 4: Ciii tién

Sau khi phan tich van dé, chung toi di tién hanh thyuc hién
mot s6 bién phap cai tién nhanh dé rat bot nhing khau khong
can thiét trong quy trinh kham bénh, 4p dung cac giai phap dé
ngudi bénh duge cung cép thong tin ddy du, han ché phai di
chuyén dé tim kiém cac khu vuc thue hién céc chi dinh Cén
1am sang dé tiét kiém thoi gian nhu:

« B4 tri thém nhén lyc bao vé, nhan vién cong tac xa hi tiép
don, cung cap thong tin cho nguodi bénh ngay tir sdng sém trude
gio dang ky kham bénh.

« B4 sung thém hé théng bién bao, bang chi din, ké dudng
line ho trg nguoi bénh.

« Pua ra cac muc thu tam Gng hop 1y dbi véi timg nhom
bénh khac nhau.

« Sap xép bb tri lai khu vuc ngdi chd goi kham tai trude cira
phong kham ndi tim mach. Phan luéng cdc nhdm ngudi bénh:
kham mai, kham lai, kham phoi hop, cho két luan.

« Chuan hoa quy trinh hudng dan - quan 1y - hd trg ngudi
bénh. Cung cap thong tin thuc t€ cho tai phong thuc hién dich
vU...

Tiép tuc phan tich c4c nat thit, tim ra cac nguyén nhan gbc
ré d4 dé ra va tién hanh thyc hién cac giai phap cai tién sau lam
giam thoi gian cta qua trinh kham bénh, cu thé:

« B) sung dau doc QR tai mdi ban ding ky kham dé doc thé
can cude cong dan cia nguoi bénh khi dén ding ky kham lam
giam thoi gian nhép thong tin cia ngudi bénh tai budce nay.

* Trién khai thuc hién thanh toan khong dung tién mat.
Ung dung da dang hinh thirc thanh toan (on-off): Quét ma QR,
chuyén khoan, quet thé tin dung... gitip giam thoi gian cho
dong tién.

« Bé trf lai dong chay doc két qua phim chup X-quang,
MRI, CT...

¢ Tra phim ngay sau chup va tra két qua két luan (PACS)
qua HIS. Nguoi bénh khong can cho doi dé lay ket qua.

« Tra két qua xét nghiém (LIS) qua HIS: Nguoi bénh khong
can quay lai phong lay mau dé lay két qua.

« B6 sung thém nhan luc bac 59, diéu dudng phuc vu ngudi
bénh vao nhiing gid cao diém tu 7h30-9h30: Thoi gian cao
diém nguoi bénh da khong con phai cho doi 1au dé dugc goi
vao kham bénh.

¢ Tach khu va thém ban kham (ndi khoa, ngoai khoa trong
phong kham): Cac dong nguoi bénh duge phan luong theo nhom:
kham noi, khdm ngoai, khdm mai, kham lai, kham phoi hop.

« Chuan hoa quy trinh goi khdam (PD) - Quy trinh kham
bénh (BS) dé thoi gian kham bénh va tu van cla bac sy ting
1én.
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Cac ket qua sau cai tién cua dy an:

Bang 3. So sanh thoi gian ctiia mét s6 khau trong qua trinh kham
bénh trwéc va sau cai tién.

Noi dun Trude cii tién Sau ci tién Thoi gian gidm/ting
vl dung mean £ SD (phut) mean  SD (phit) (phit, %)

Thoi gian cho khim 29.4227,86 2738177 Giam 2,04 (6,9%)
Thoi gian bac sy kham bénh 4.540,7 5,66£3,62 Ting 1,16 (25,7%)
Thoi gian thyc hién chi dinh X quang  217,7+170,50 16744540 Gidm 50 (23%)
Thoi gian thye hi¢n chi dinh chup CT -

o ' ’ + + Y
618 iy 201,5£163,3 158,2435,71 Giam 43,3 (22%)
Thoi gian siéu 4m tim 1003674 89,1230,05 Giam 11,2 (11,2%)

Két qué bang 3 cho théy, thoi gian thuc hién mot s6 khau
trong quy trinh khdm bénh da giam mot cach dang ké. Dac biét
1a thoi gian thyc hién dich vu chup X-quang giam dén 50 phut
s0 vdi trude cai tién, thoi gian thuc hién dich vu chup CT 64-
128 day giam 43,3 phut so véi trude khi cai tién.

Bang 4. So sanh thoi gian trwéc va sau cai tién cta quy trinh
kham bénh.

Trude caitién  Sau cai tién Thoi gian gidm

Noi dung mean £ SD (phit) mean£SD (phit) (phiit) %

Thoi gian kham lam sang co lam thém 1 ky
thudt xét nghiém/ch?m doan hinh anh, thim
do chirc nang

186106,8 169£102 179,1%)

Thoi gian kham lam sang co lam thém 2 ky
thudt xét nghiém/chan doan hinh anh, thim
do chire ning

189,6+110,2 17689 13,6 (7,2%)

Thoi gian kham lam sang c6 lam thém 3 ky
thuat xét nghi¢m/chan doan hinh anh, tham
d0 chirc ning

217041002 201,6:89,6 15.4(7,1%)

Két qua bang 4 cho thay, thoi gian thyc hién quy trinh kham
bénh & nhirg nhom dbi trong ngudi bénh kham 14m sang co
lam thém céc k¥ thuat xét nghiém/ chan doan hinh anh, thim do
chirc nang déu da giam xudng tir 13,6 dén 17 phut.

Su hai long ctia ngudi bénh véi quy trinh kham bénh da
tang [én tir 93% trude khi can thi¢p 1€n 97,4% sau khi thuc hién
cac bién phap cai tién. Pic biét 1a danh gia chung bénh vién
déap tng su mong doi cua nguoi bénh trude khi toi kham ting
tir 92% trude khi can thiép 1én 96%.

3.5. Giai doan 5: Kiém sodt

Bénh vién xay dung chi sé hiéu qua hoat dong dé tiép do
luong theo doi: Thoi gian dang ky kham bénh, thoi gian cho
kham, thoi gian bac sy thuc hién kham va tu van, thoi gian thyc
hién dich vu chi dinh can 1am sang, thoi gian thuc hién quy
trinh kham bénh, sy hai long ctia nguoi bénh kham ngoai tru.
Tién hanh do ludng va theo dai lién tuc qua cac thang dé danh
gia xu hudng cua céc chi sb dé tim hiéu nguyén nhéan va tiép
tuc theo doi va kiém tra viéc tuan thu thue hién cac bién phap
cai tién da dat ra dé gitp duy tri két qua cai tién.
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Sau céi tién thoi gian thyc hién tai nhiéu khau ctia quy trinh
kham bénh da dugc rat ngén mot cach dang ké. Thoi gian thuc
hién cac chi dinh giam rd rét tai 2 khau thuc hién chi dinh
X-quang giam 50 phut (23%) va thuc hién chi dinh chup CT
64-128 day giam 43,3 (22%) da gop phan nang cao su hai 1ong
cua nguoi bénh va nguoi nha nguoi bénh tr 93 1én 97,4%. Thoi
gian thyc hi¢én céac chi dinh giam 10 rét 1a do bénh vién da cai
tién quy trinh doc va tra két qua phim t6i nguoi bénh. Trude
day, cac phong chup thuc hién chup X-quang sau khoang 3-5
ngudi bénh s& giri phim sang phong béc sy dé doc két qua, sau
khi doc phim s& gop nhom dé tra phim kém két qua doc cho
ngudi bénh dan t6i nhitng ngudi bénh chup trude van phai doi.
Khi can thiép du an dong chay phim chup dugc bac sy doc lién
tuc va giri tra lai ngay két qua t6i nguoi bénh. Ngoai ra, Bénh
vién da trién khai thanh cong viéc tra két qua qua hé thong
PACS, hinh anh phim dugc ma hoa qua QR code, nguoi bénh
sau khi chup X-quang va CT 64-128 diy khong can phai cho
doi két qua ma s€ di l[am cac dich vy khac, sau khi quay lai
phong khdm ban dau s& dugce nhan lai két qua.

Viée 4p dung LEAN vao quy trinh cung cap dich vu chim
soc sie khoe 1a viée ap dung nhing giai phap tong thé dé giup
cai thién mdt cach hi¢u qua. Thuc hi¢n tinh gon trong mdt to
chitc chdm soc stre khoe c6 thé dat dwoc thong qua cai tién lién
tuc, diéu ndy sé& gitp cac co quan y té nang cao chat luong ciia
ho [7]. Thuc hién tinh gon trong chdm séc stic khoe cho phép
cac tb chirc y té cai thién hidu qua dong chay, giam chi phi va
chét luong [8, 9]. Tai Bénh vién Maharaj Nakorn, Chiang Mai,
Thai Lan d str dung khai niém tinh gon dé cai thién quy trinh
kham chita bénh ctia Phong kham Tim mach két qua cho théy:
Téng cong co 4 quy trinh dich vu chinh va 19 hoat dong riéng
1¢ da duoc cai thién thong qua khai niém tinh gon (LEAN), véi
s lugng cac hoat dong riéng 1¢ giam so véi giai doan trude khi
ap dung xudng con 3 quy trinh. Thoi gian kham chira bénh cta
quy trinh dich vu cai tién 1a 93,59 phit, nhanh hon 36,07 phut
s0 voi thoi gian trudce khi ap dung.

Thoi gian thyc hién quy trinh kham bénh trén cac nhom
ddi twong ciing giam 13-17 phut/ngudi bénh, tuy nhién so voi
thoi gian di giam dang ké khi thyc hién timg khau cua quy
trinh kham bénh thi thoi gian thyc hién toan bo quy trinh kham
bénh chua giam dugc nhiéu twong xtmg nhu ky vong ctia nhém
nghién cru. Nguyén nhén 1a do Bénh vién ap dung hé thong
phan ludng thong minh hd trg ngudi bénh lya chon céc dia
diém thuc hién cac chi dinh can 1am sang mot cach t6i wu hoa
thoi gian. Nut thit tai budc thuc hién cac chi dinh CLS chwa
dwoc giai quyét hoan toan. Hién chi cit giam dugc thoi gian
cho doi lay két qua. Day s& 1a tién dé dé Bénh vién sém tiép tuc
trién khai giai doan 2 cua du an. Bénh vién can tiép tuc ap dung
cac giai phap cai tién sau dé lam giam thoi gian kham bénh cho
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nguoi bénh mot cach hiéu qua va bén vitng dac biét ing dung
giai phap cong nghé thong tin trong qua trinh phan ludng cua
quy trinh kham chira bénh dé lam giam thoi gian cho kham cho
nguoi bénh.

5. Két luan

Viéc trién khai ap dung du 4n quan tri tinh gon LEAN vao
quy trinh khdm bénh ngoai trii cia Bénh vién da dat dugc mot
s6 két qua budc dau, do 1a: giam thoi gian chd kham, giam thoi
gian thuc hi¢n mot s6 khau trong qua trinh kham bénh va giam
thoi gian thuc hién quy trinh kham bénh, tir d6 1am tang sy hai
long cua nguoi bénh. Trong thoi gian tiép theo, Bénh vién can
tiép tuc theo ddi cac chi s6 do ludng, nghién ctru va tiép tuc
ap dung cac giai phap cai tién sau dé lam giam thoi gian kham
bénh cho ngudi bénh mot cach hiéu qua va bén vimg.

Chung t6i d& xuét nghién ciru nhan rong viéc ing dung
quan tri tinh gon LEAN tai cac don vi khac cua Bénh vién
dé cai tién quy trinh phuc vu nguoi bénh ciing nhu ddy manh
nhitng gia trj cdt 161 trong viéc cham soc va diéu tri ngudi bénh,
gitip ndng cao hiéu suat cua Bénh vién.
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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.
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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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Anh huong ciia hé s6 din nhiét ting méng va nén dwong téi nhiét do 16p
bé téng nhwa trén dwdng 6 td6 khu vie Dong bing Bic Bj.
Nguyéen Manh Hung

Xac dinh diém hdi tu ctia chum laser v6i d chinh x4c cao bing xir Iy
anh tao b6i ma tran vi thiu kinh.

Nguyén Birc Durong, Thdi Vii Yén Nhi, Tao Piang Khoa, Nguyén Thi Phwong Anb,
Nguyén Thi Kim Ciic, Cao Xudn Binh

Nghién ctru hinh thai, cAu triic va tinh chét cia vat liéu ammonium
polyphosphate dwgc bao boc bdi nhwa urea-melamine-formaldehyde
va khi ning ing dung ché tao composite chng chay trén nén nhua
polypropylene.

Nguyé~n Thi Nhiém, Doan Thi Hai, Hic Thi Nhung, Hoang Mai Ha,
Nguyén Van Tuyén, Ng6 Quéc Anh, Tran Quang Vinh

Nghién ciru ting cwong khi ning sinh astaxanthin ¢ nim men
Rhodosporidium toruloides siv dung tac nhan giy dot bién benomyl va
danh gi4 hoat tinh bit géc tw do ABTS ciia astaxanthin.

Trdan Thi Tuyét Nhung, Ngé Pai Nghiép

Phén l4p, tuyén chon va dinh danh xa khuin (Actinobacteria) cdng sinh véi
hai mién & ving bién Kién Giang c6 kha niing khang Staphylococcus aureus.
Tran Vii Phwong, Cao Ngoc Diép

Nghién ciru, thiét ké may tw dong cit thudc phong NDSI-2K va ®CI-2.
B41M.
Lé Van Thudn, Pao Viét Hai, Nguyén Thai Hop

Phit trién cam bién di¢n héa PANI-CNT mang xiic tac NiO tng dung
trong phat hién methanol.

Nguyé~n Thi Thom, Pham Thi Nam, Truong Thi Nam, Dinh Thi Mai Thanh,
Tran Dai Lam

Phit xa hong ngoai gin ciia vit ligu Li,ZnSn,O, pha tap Cr** dugc ché
tao bang phan @wng pha ran.

Pham Thi Lan Huwong, Nguyén Vin Giang, Hodng Quang Bic,
Nguyén Vin Quang

Nghién citu thue trang phat sinh va thu gom chét thai tir vé lon nhém &
cic hd gia dinh tai quan Bic Tir Liém, thanh ph6 Ha Ngi.

Bii Thi Thu Trang, Hodng Thi Hué, Nguyén Thi Hong Hanh,
Nguyén Thi Hodi Thiwong

T6i wu hoa mdt s6 yéu t6 cong nghé tién xir Iy bing thity phan enzyme
pullulanase két hop qua trinh thity nhiét dé san xuat tinh bt khang tiéu
hoa RS3 tir nguyén liéu bot gao.

Pham Cao Théng, Pham Anh Tudn, Nguyén Duy Lam

Nghién ciru dnh hwéng cia tién xir Iy lanh déng va 1én men ndi sinh
dén chit lwong va thoi gian ché bién hanh den bing phwong phap
nhiét m.

Trdn Phirong Chi, Hodng Thi Lé Hang, Tran Binh Thing

Danh gia hiéu qua cia collagen dwong udng trong diu tri thoai hoa
khép gbi: Mot phan tich gop.

Cao Kim Xoa, Lé Bdo Trd Giang, Nguyén Ngoc Hiéu, Nguyén Hoang Bdo Han,
Trirong Thi Ngoc Diém, Tang Ha Nam Anh

Buéc diu danh gia hiu qua ciia quan tri tinh gon téi quy trinh kham
bénh ngoai tru tai Bénh vién Hiru nghi Viét Pirc.

Ng6 Thi Huyén, Nguyén Xudn Vinh, Tran Binh Giang, Lé Thi Kim Nhung,
Pinh Hong Thai, Tran Bang Thanh
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Impact of thermal conductivity of base layers and subgrade on temperature
distribution in asphalt pavement on highways in Northern delta.
Manh Hung Nguyen

High-precision detection of laser focal position based on image processing
forming by microlens array.

Duc Duong Nguyen, Vu Yen Nhi Thai, Dang Khoa Tao, Thi Phuong Anh Nguyen,
Thi Kim Cuc Nguyen, Xuan Binh Cao

Study of the morphology, structure, and properties of ammonium
polyphosphate materials encapsulated by urea-melamine-formaldehyde
resin, and the potential for manufacturing fire-resistant polypropylene
composites.

Thi Nhiem Nguyen, Thi Hai Doan, Thi Nhung Hac, Mai Ha Hoang,
Van Tuyen Nguyen, Quoc Anh Ngo, Quang Vinh Tran

Study on the effect of benomyl on the ability to enhance astaxanthin
production of Rhodosporidium toruloides and evaluate the free radical
scavenging activity ABTS of astaxanthin.

Thi Tuyet Nhung Tran, Dai-Nghiep Ngo

Isolation, selection, and characterisation of sponge-associated
actinobacteria against Staphylococcus aureus in the Kien Giang sea area.
Vu Phuong Tran, Ngoc Diep Cao

Research and design of automatic cutting machine for propellants NDSI-
2K and ®CTI-2.B41M.
Van Thuan Le, Viet Hai Dao, Thai Hop Nguyen

Development of PANI-CNT electrochemical sensor with NiO catalysis
application in methanol detection.

Thi Thom Nguyen, Thi Nam Pham, Thi Nam Truong, Thi Mai Thanh Dinh,
Dai Lam Tran

A near-infrared emitting of Cr**-doped Li,ZnSn,O_ materials prepared
by a solid-state reaction method.

Thi Lan Huong Pham, Van Giang Nguyen,
Van Quang Nguyen

Quang Bac Hoang,

Studying the current situation of waste generation and collection from
aluminium cans in Bac Tu Liem district, Hanoi.

Thi Thu Trang Bui, Thi Hue Hoang, Thi Hong Hanh Nguyen,
Thi Hoai Thuong Nguyen

Optimisation of some technological factors of pretreatment by
pullulanase enzymatic hydrolysis combined with hydrothermal process
to produce resistant starch RS3 from rice flour ingredients.

Cao Thang Pham, Anh Tuan Pham, Duy Lam Nguyen

Study on the effect of freezing pretreatment and endogenous fermentation
on the quality and processing time of black shallots using the moist heat
treatment method.

Phuong Chi Tran, Thi Le Hang Hoang, Dinh Thang Tran

Evaluating the efficacy of oral collagen in the treatment of knee
osteoarthritis: A meta-analysis.

Kim Xoa Cao, Bao Tra Giang Le, Ngoc Hieu Nguyen, Hoang Bao Han Nguyen,
Thi Ngoc Diem Truong, Ha Nam Anh Tang

Evaluating the initial effectiveness of lean management in the outpatient
examination process at the Viet Duc University Hospital.

Thi Huyen Ngo, Xuan Vinh Nguyen, Binh Giang Tran, Thi Kim Nhung Le,
Hong Thai Dinh, Dang Thanh Tran
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