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Nghién clu anh hudng cua ham luong sgi thép
dén cac tinh chat clia bé tdong tinh nang siéu cao
Tran Ba Viét, Lé Xuan Lam’

Vién Khoa hoc Céng nghé Xay dung, Bo Xay dung
Ngay nhan bai 3.4.2015, ngay chuyén phan bién 6.4.2015, ngay nhan phan bién 4.5.2015, ngay chdp nhan ding 8.5.2015

Bé tong 1a vat liéu c6 cuong dd chiu udn thip hon rit nhiéu so véi cwong dd chiu nén, nén nhiéu nghién
ciru trude diy da tim cach dwa vao hdn hop bé téng cac loai sgi thé nhw s¢i polyme, sgi cacbon, sgi thép...
v6i ham lwong thip (do anh hwéng kich thuéc cia cot liéu nén khong thé sir dung sei véi ham lwong cao)
dé cai thién kha ning chiu udn ciia bé tong. Bé tong tinh niing siéu cao (UHPC) sir dung mdt ham hrong
16m cac loai hat min (nhé hon 0,075 mm) nén cwong dd rit cao va khi thém vao lwong 16n s¢i thép c6 thé
ting cwong dd chiu udn va thay doi ban chit ciia bé tong tir mot vat li¢u gion sang vat liéu cé tinh déo dai
cao. Bai bio trinh bay két qua nghién ciru sir dung cac nguyén vat li¢u tai phia Nam dé ché tao UHPC cét
soi thép manh (s¢i thép dai 13 mm, dwong kinh 0,2 mm) dat cwomg dd chiu nén 1én dén 140 MPa, cuong

d% chiu uén 16n hon 30 MPa véi ham lwong soi thép dén 4% theo thé tich bé tong.

Tir khéa: bé tong bot hoat tinh, bé téng tinh néng siéu cao, cét sgi thép.

Chi sé phén logi 2.1

A STUDY ON THE EFFECTS OF MICRO STEEL
FIBER CONTENT ON CHARACTERISTICS OF
ULTRA-HIGH PERFORMANCE CONCRETE (UHPC)

Summary

Concrete is a material that has much lower flexural strength than
compressive strength; therefore, previous studies have tried to find the
ways to add some types of raw fibers with low contents (due to the effects of
aggregate size, they could not be used with high contents) into the concrete
mixture including polymer fibers, carbon fibers, steel fibers, and so on to
improve the bend strength of concrete. Ultra-high performance concrete
(UHPC) uses a large amount of fine particles (less than 0.075 mm), so it has
a very high compressive strength and can be added with a large amount of
micro steel fiber to improve the bending capacity and change the nature
of concrete from a brittle material into a tough and flexible material. In
this paper, the authors present the research results of using materials in the
Southern Vietnam to produce ultra-high performance steel fiber concrete
(UHPSFC) which can achieve the compressive strength up to 140 MPa, and
the flexural strength greater than 30 MPa by using micro steel fiber (which
has the length of 13 mm, and the diameter of 0.2 mm) with the content up to
4% according to the volume of concrete.

Keywords: activated powder concrete, steel fiber, ultra-high performance
concrete UHPC.

Classification number 2.1

* Tac gid chinh: Tel: 0907015562, Email: lexuanlam.cdxd2@gmail.com
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pat van de

Bé tong tinh nang siéu cao cdt
so1 thép manh (bé tong UHPSFC)
dugc coi la thé hé thtr hai cua bé
tong cbt soi thép, 1a san pham
mang tinh budc ngoat cua sy phat
trién cong nghé xay dung, véi cac
dac tinh vugt trdi so voi bé tong
thuong nhu co ty 1€ N/CKD <
0,25, cuong do nén lon hon 150
MPa, cuong d6 udn dat 15+50
MPa, moédun dan hoi cao 50+60
GPa [1, 2], d6 tham thap va do
bén rat cao, ding cho cac cu kién
duc sin, dam cau ban mong dac
san, tAm vo mong, silo [3]..., hodc
dung dé sira chira cac két cdu da
bi hong, cac bé chira phé thai hat
nhan, cac ciu kién ndi str dung bé
tong tinh nang siéu cao [4, 5]...

Tac gia da nghién ctru ché tao
bé tong UHPSFC, véi thanh phan
bt min dugce st dung la bot quazrt
c6 duong kinh hat trung binh tir
50+75 um voi lugng thém vao tir



0+30%, dong thoi giam lugng cat 0,8 mm sao cho tong
thé tich tuyét ddi ctia bé tong van dam bao 1000 lit,
ham luong soi thép 1+4%, ham lugng xi mang > 950
kg/m? cap phdi bé tong, ham lugng silicafume tdi da 1a
25% theo khéi lugng xi mang.
Vat liéu va phuong phap nghién ciu

Vit liéu nghién ciru

- Xi mang: OPC50 cua Cong ty Ha Tién (bang 1).

Bdng 1: tinh chat co Iy ciia xi mang Ha Tién OPC50

Tinh chit Ponvi | Kétqua | Phuong phép thir
Thoi gian ninh két:
- Bit dau Phut 140 TCVN 6017-95
- Két thuc 195
Ty dién theo PP Blaine cm?/g 3,897 TCVN 4030-2003
Lugng sot trén sang 0,08 % 1,5 TCVN 4030-2003
Tinh 6n dinh thé tich mm 1,0 TCVN 6017-95
Luong nudc tiéu chuén % 26,6 TCVN 6017-95
Ty trong g/em? 3,10 TCVN 4030-2003
Cuong d6 chiunén: - R 3 29,7

R 28 N/mm? 552 TCVN 6017-95

- Cat nghién: cat nghién min tir quartz sach, ham
lugng SiO, > 99%, ngudn goc tir Khanh Hoa, kich
thudce hat 16n nhat 12 0,075 mm.

- Cat: 12 cat sach, c¢6 ngudn gdc tir Khanh Hoa, kich
thude hat 16n nhat 1a 0,8 mm.

- Soi thép: loai Radmix, c6 kha ning chdng dn mon,
v6i chiéu dai (1340,5) mm, duong kinh (0,2:£0,008)
mm, gi6i han chay 1a 2400 MPa, khdi luong riéng 7,8
g/cm?, phit hop tiéu chudn ASTM A820 (hinh 1).

Hinh 1: sgi thép thing ma dong dwong kinh 0,2 mm, chiéu dai 13 mm
cua Hang Berker

- Silicafume: sur dung cia Hang BASF, ham luong
Si0, > 95%, loai nén chat dé tranh 6 nhiém moi truong.

- Phy gia siéu déo Glenium® ACE 388 SureTec la mot
phu gia siéu déo géc polycarboxylic ether (PCE) cai tién.
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Phwong phap nghién ciru

Tinh toan thiét ké cip phdi theo phuwong phap thé
tich tuyét d6i két hop thuc nghiém.
Két qua nghién ciu va thao luan

Anh huong cua ham lwong xi mang dén sw phat
trién cwong dg nén ciia bé tong UHPSFC

Cép phbi bé tong (bang 2) véi ham luong xi ming
dao dong tir 950 kg dén 1100 kg, phu gia siéu déo tir
2,5+3% so voi khdi lwong xi ming, ham lugng sgi thép
tir 0+4% theo thé tich tuyét dbi cua bé téng.

Bdng 2: cdp phdi bé tong

Ham
lwgng | o CN, SF, )

STT s Ky hiéu | X, kg ke C kg ke SD,lit | N,kg | ST |NICKD | ¢ A
thép

1| 0% | CPL | 950 | 285| 795 | 190 | 2375 | 1824 | 0 | 0l6 | 24262 | 9994

2| 0% | CP2 | 1000 {250 | 665 |250 | 25 | 200 | 0 | 016 | 2390 | 99,1

30 0% | CP3 | 1100 | 275 | 468 |275| 275 | 220 | 0 | 0l6 | 23655 | 9996
4 1 1% | 1%CP3 | 1100 | 275 | 440 | 275 275 | 220 | 78 | 0o | 24155 | 9990
5| 2% | 2%CP3 | 1100 | 275 | 4l6 275 | 275 | 220 | 156 | 016 | 2469.5 | 9999
6 | 3% |3%CP3| 1100 | 275 | 388 | 275 | 27,5 | 220 | 234 | 016 | 25195 | 9994
T | &% | 4%CP3 | 1100 | 220 | 417 275 | 21,5 | 220 | 312| 016 | 25715 | 9996

Trong do: X la xi mang (kg); CN la cdt nghién (kg); C la cdt 0,8 mm
(kg); SF la silicafume (kg); SD la siéu déo (lit); N la nuoc (kg); ST la
soi thép (kg); CKD la chat két dinh = X + SF; g, la trong luong riéng
ciia bé tong (kg/m’); V. la thé tich tuyét doi cuia bé tong
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Hinh 2: dnh hudng cia ham lwong xi mang dén sw phdt trién
cuong do cua bé tong



Hinh 2 cho thdy, cuong d6 nén cia bé tong ting
dan khi ting ham lugng xi mang trong cdp phdi ciia
bé tong. Cap phdi bé tong sir dung 950 kg xi mang dat
cuong d6 130 MPa ¢ 28 ngay tudi, cap phdi bé tong sir
dung 1000 kg xi mang dat cuong do 149,5 MPa (tang
14,9%), cap phdi bé tong sir dung 1100 kg xi ming dat
cuong d6 155,2 MPa (ting 19%). Nhu viy, cip phdi
bé tong su dung 1100 kg xi mang cho cuong do cao
nhét, do d6 dugc chon lam cép phéi nén dé nghién ctiru
anh cua soi thép manh dén tinh chit co 1y cua bé tong.
Céc cap phdi c6 ham luong xi mang nho hon 950 kg
xi ming do khong dat yéu cau thi cong 21+23 cm va
cuong do dudi 100 MPa nén s& khong duogc dé cap dén
trong nghién ctru nay.

Anh huong ciua ham lwong soi thép dén téc do
phat trién cuong dp nén cua bé tong UHPSFC theo
thoi gian

Két qua thir cuong do nén cua bé tong (hinh 3)
cho thiy, & 28 ngay tudi, bé tong nén (0% soi thép)
dat cuong do thép nhat 155,2 Mpa; vdi 4% soi thép,
bé tong dat cuong do cao nhat 1a 170,8 MPa (ting
10,1%); bé tong co6 1% soi thép dat cuong do 156,7
MPa, tang khong dang ké so v6i bé tong nén; véi 2%
soi thép, cuong do bé tong dat 165,6 MPa (tang 6,7%)
va 0 3% soi thép, bé tong dat 169,1 MPa (tang 8,9%).
Nhu véy, két qua cho thiy, sy c6 mit cua soi thép lam
tang cuong do chiu nén cua bé tong, cuong dd nay tang
ty 1¢ thuan voi ham luong soi trong bé tong.

—— 0%
ke 1%
—k 2%
--0--3%
—¥— 4%

1 3 7 14
Tubi

28 ngay

Hinh 3: anh hwong ciia ham lwong soi thép dén st phit trién
cwong do ctia cap phoi bé tong (CP3 - ham leong 1100 kg xi mang/m?
bé tong)
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Anh hwéng cia ham luong sgi thép dén toc dp
phit trién cwong dj uon ciia bé tong UHPSFC theo
thoi gian

Hinh 4 cho thdy, khi thém s¢i thép vao bé tong,
cudng d6 chiu ubn & 28 ngdy tudi ciia bé tong ting
24,6% (7,15 MPa) d6i voi bé tong c6 ham lugng soi
thép 1%, tang 65% (13,14 MPa) ddi v6i 2% soi thép,
tang 122% (24,46 MPa) d6i v6i ham luong 3% soi
thép va ting 180% (36,15 MPa) dbi vai 4% soi thép.
Két qua nay cho thay, ham lugng soi thép anh huéng
dang ké dén kha niang chiu udn cua bé tong va cb su
truyén tng suat tir bé tong nén sang soi thép.

60
50 R
°e®e° B¢ tong nén
< 40
& —0- = 1% soi thép
=
= 30
“g 2% soi thép
g 20
gn ——0— 3% s0i thép
T
®} ——¥— 4% s0i thép
0

1 3 7 14 28 ngay

Tudi, ngay

Hinh 4: dnh huong ciia ham heong soi thép dén toc do phat trién
cuong do chiu uon cua bé tong (CP3 - sur dung 1100 kg xi mang)

Anh hwéng ciia ham lwong soi thép dén sw
phit trién cwong dp chiu kéo truc tiép ciia bé tong
UHPSFC

Mau nghién ctru ¢6 hinh chir I (tiét dién to ¢ hai
dau) (hinh 5), dwoc ngoam chit hai dau to va gia tai
kéo boi ngam di dong ciia may kéo van nang.

Hinh 5: so do kéo truec tiép méu chit I bé téng UHPSFC

Theo két qua thé hién anh hudng cia soi thép dén
kha ning chiu kéo ciia bé tong (hinh 6) cho thay, kha
nang chiu kéo truc tiép ciia bé tong c6 ham luong soi



thép 1% tang 1én khong dang ké so v6i mau bé tong
nén (0% soi thép) - ting 11,2% (ting 0,55 MPa), mau
2% soi thép tang 33,5% (tang 1,65 MPa), mau 3% soi
thép tang 85,2% (tang 4,19 MPa) va mau 4% soi thép
tang 109% (ting 5,38 MPa) so v&i bé tong nén.

2
12 103

[
[~ < =]

Cwirng &3 kéo, MPa
= (=]

[ ]

0% 1% 2% 3% 4%

Him heong soi

Hinh 6: dnh huong ciia ham lirong soi thép dén kha ndang chiu kéo
cua bé tong (CP3 - su dung 1100 kg xi mang)

Anh hwéng ciia ham lwong sgi thép dén dé déo
dai cua bé tong

Theo tiéu chuan ASTM C1-018, dua vio biéu do
Irc udn (kN) - 46 vong (mm) xéc dinh luc uén gay nirt
dau tién (P) va vé du’O‘ng tiép tuyén v6i OA (ving dan
hoi cua bé tong), tir diém P ha duong thang vudng goc
va cét véi truc hoanh tai diém B, khoang cach O’B 1a &
va dién tich vang O’AB = A, twong tu ta ¢6 di¢n tich
(BACD) tai d0 vong 36 la A, dién tich tir d vOng 3’6
dén 5,56 (DCEF) la A,, di¢n tich tir 46 vong 5,55 dén
10,56 la A, (xem hinh 7).

Z Vét mit J
g’ dhutién™ |
<g ‘ |
=3 |
— [ |
| A | N 6
( [
\ !
| |
| |
10. 5%
A — 558 : 05 JH‘
/ —3
8 D F M
00 Do vong, mm

Hinh 7: biéu do danh gid chi s6 déo dai
theo tiéu chuan ASTM CI1-018

Qua do, c6 thé tinh cac chi s6 déo dai nhu sau: L=
(A, FA) /A (D)L = (A FAFA)A @2) ] =(A
TAFATA)/A Q).

10,5 4
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UNG SUAT, MPa
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Mau dam bé tong kich thudc 10x10x40 cm duge
duc tir cac cAp phdi bé tong voi ham lugng soi thép 0%
(CP3-0), 1% (1% CP3), 2% (2% CP3), 3% (3% CP3),
dudng ho 4m trong 28 ngay va thir udn véi so dd udn 4
diém (hinh 8) theo tiéu chuan ASTM C1-018, khoang
cach 2 gbi cd dinh 1 300 mm, toc d6 tang tai 1a (0,05-
0,1) mm/phut.

Hinh 8: so do uon dam 4 diém theo ASTM CI1-018

Phuong phap danh gid 4o déo dai cua bé tong dya
theo tiéu chudn ASTM C1-018 véi cach tinh & hinh 7
nhu sau:

30

b
Lr

3%

[
=

1% \
o N
! /—— 0% ‘\T\
d _ .
/A h
__L-r/ /
0 0.3 1 135 2 15 3 35 4 45 5 35

D6 vong, mm

Hinh 9: biéu do danh huwong ciia ham lwong soi thép dén moi quan hé
ung suat - do vong ciia bé tong voi cac ham luong soi 0%, 1%, 2%, 3%

Theo két qua udn dam thé hién ¢ hinh 9 ta thiy, biéu
d6 udn dam 1% CP3, 2% CP3, 3% CP3 c6 phan thoai
hon rat nhiéu (khong d6 doc thang ding nhu dam bé
tong co 0% soi thép). Khi tai trong udn vuot qua kha
ning chiu lyc ciia dim bé tong, than dam bat ddu xuét
hién vét nirt va lan rong tir tir (hinh 10), dim khong bi
pha hity ngay ma van lam viéce, duoc thé hién ¢ biéu d6
d6 ddc tir tir ké tir khi tai trong vuot qua kha niang chiu
luc ctia dam cho dén khi dam bj phé hily hoan toan.



Hinh 10: vét nirt bét dau hinh thanh va mé réng tir tir sang vimg lan cdn

Kha ning chiu uén ciia dam bé tong ting khi ting
ham luong soi thép, mau dam c6 0% soi thép cé cuong
dd chiu udn thép nhét, mau dam c6 3% soi thép co
cuong do chiu udn cao nhéat. Vi mau dam c6 ham
lwong soi thép 0% & biéu d6 hinh 9 cho két qua nhu
sau: do vong 16n nhat 14 2,33 mm, ung sudt chiu uén
16n nhat gay pha hay 1a 9,95 MPa.

Theo chi din cuia ASTM C1-018, ta c6 so do tinh
toan chi s6 déo dai ctia cac dAm bé tong voi ham lugng
s¢i thép tir 1+3% nhu & hinh 11.

Unp e, Ung suit,
0 MPa

Ung sué\, M MPa i

(b)

Hinh 11: so do tinh chi so déo dai ciia dam bé tong
voi ham lwgng soi thép khdac nhau
(a) 1% sgi thép; (b) 2% soi thép, (c) 3% soi thép

Két qua uén mau dam c6 ham lugng soi thép 1%
cho thdy, d6 vdng 16n nhat khi bi pha hiy 1a 4,78 mm
Vért'rng suét phé hay 16n nhat P, = 16,67 MPa, ung
suat gdy nut dau tien P,_=9,97 MPa (P, = 59,8% P, ).
Dién tich tai vi tri d§ vong 13 1a A, = 133004817,9
mm?, tai vi tri d§ vong 36 1a A = 798028907,7 mm?
va tai vi tri do vong 5,56 la A:,,,5 = 490301§15,3 mm>.
Dua vao cong thire (1) va (2), tinh ra chi s6 déo dai I,
=7,1..=10,7.

> 755

V6i mau dam c6 ham luong soi thép 2%, do vong
16n nhat khi bi pha huy 1a 5,07 mm va c6 tng suat pha
hay 16n nhat P, = 19,63 MPa, ing suat gdy nut dau
tien P, = 11,3 MPa (P, = 57,6% P, ). Di¢n tich tai
vi tri d§ vong 16 1a A = 186040948,8 mm’, tai vi tri
do vong 36 la A, = 1116245692,8 mm® va tai vi tri do
vong 5,56 la AS,5 =568018258,01 mm?. Dua vao cong
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thitc (1) va (2) tinh ra chi s0 déo dai 1a I, = 9,2 va I,
=11.

Véi mau dam c6 ham luong soi thép 3%, do vong
16n nhat khi bi pha huy 1a 4,3 mm, Gng suét pha huy
16n nhat P, = 25,78 MPa, ing suat gay niit dau tién
P, =153 MPa(P_=59,3% P, ). Dié¢n tich tai vi tri do
vong 16 1a A = 251312005,4 mm?, tai vi tri d§ vong
36 la A, = 2230208062 mm? va tai vi tri d0 vong 5,56
laA = 598011§21,4 mm?. Dya vao cong thire (1) va
(2), tinh ra chi s déo daila1;=9,9 val =123,

b
12.0 123
o 110
L I T L
-z 100 W e -7 107
e e
= 9.2 -~
280 - =
‘E ’ 7.0 L g —p 0%
= 6.0 -— = 1%
-
£ 2%
= 40
=, 3%
.
.IJ’ 1.0 10
0.0
13 15,5

Chi so déo dai

Hinh 12: dnh hiedng ciia ham heong soi thép dén tinh déo dai ciia bé tong

Dam bé tong vai 0% sgi thép co chi s6 déo dai thap
nhat (I, = [, , = 1) va d0 16n cua chi s6 deo dai tang dan
ty 1€ thuan véi ham lugng soi thép, & dam bé tong co
3% soi thép co chi s6 déo dai 16n nhat (hinh 12).

Két luan

Véi cac két qua nghién ciu nhu di néu ¢ trén, co
thé rat ra mot sd két luan nhu sau:

- Vi ngudn nguyén liéu ¢ phia Nam, budc dau da
nghién ctru va ché tao thanh cong UHPC st dung cdt
liéu min va sgi thép manh (dai 13 mm, duong kinh
0,2 mm, tron tron). Cuong d¢ nén: R .= 155,2 MPa,

CP3

R =156,7MPa, R =165,6 MPa,R,, ..,=169,1

1%CP3 2%CP3 %CP3

MPa, R,,, .= 170,8 MPa; cudng do ubn R ,, = 20,05
MPa, R, ,.=272MPa,R,, . =33,19 MPa,R,, .=
44,51 MPa, R, .= 56,2 MPa.

4%CP3

- Ham luong xi ming c6 anh huong dén cuong do
cia UHPC, véi ham lugng xi mang 1100 kg/m? c6 thé
ché tao dugc bé tong co cuong do 1én dén 155,2 MPa.

- Su c¢6 mit cua soi thép 1am ting dang ké cudng
d6 chiu udn cia bé tong, cAp phdi bé tong sir dung 4%
soi thép cudng d6 chiu udn ting gip 2,8 lan (dat 56,2



MPa) so v6i bé tong khong st dung soi thép (chi dat
20,05 MPa).

- Ham luong soi thép 4% cho cuong dd chiu kéo
clia bé tong dat gié tri tbi da 10,3 MPa.

- Soi thép lam tang kha nang chiu nén cua bé tong
1én dén 10%, dbi voi cap phdi st dung 4% soi thép dat
cuong do nén 1a 170,8 Mpa, trong khi cap phdi bé tong
nén (0% soi thép) chi dat 155,2 MPa.

- Soi thép c6 tac dung cai thién tinh déo dai cua bé
tong, do déo dai cua bé tong tang khi tang ham lugng
soi thép, dam bé tong nén (0% soi thép) c6 chi s6 déo
dai bang 1, dam bé tong véi 3% soi thép co chi s6 déo
dai cao nhat (I, = 12,3; 1, ;= 9.,9), thip nhat 1a dm bé
téng v6i 1% soi thép (I, =7; L, ;= 10,7) va trung binh
la dam voi 2% soi thép (I, = 9,2; I, = 11).
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Héa 1dng cua cat song Hong khu vuic cang Ha N
chiu tai trong chu ky khéng thoat nuéc

Ngo Thi Ngoc Van, Nguyén Hong Nam’
Truong Pai hoc Thay loi

Oi

Ngay nhan bai 26.1.2015, ngay chuyén phan bién 4.2.2015, ngay nhan phan bién 16.3.2015, ngay chdp nhan dang 30.3.2015

Nghién ctru khi ning héa 16ng do dong dat ddi véi cat song Hong khu vue cang Ha Noi da dwoc tién hanh

thong qua mt loat thi nghiém 3 truc dong trong diéu kién khong thoat nwéc. Két qua thi nghiém cho thay,

¢6 thé xac dinh hop 1y cac dic tinh héa long do dong dat ddi véi cat song Hong nhw gia ting ap lue nudc
10 rong, bién dang doc truc, ty so irng suat theo so chu ky tai trong gay héa l16ng. Két qua nghién ctru hiru
ich cho viéc du bao hoa long do dong dat doi véi cat nén dé song Hong.

Tir khéa: cdt, dé song, dpng dit, héa long, tdi trong chu ky.

Chi s6 phén logi 2.1

LIQUEFACTION OF RED
RIVER SAND SUBJECTED
TO UNDRAINED CYCLIC
LOAD

Summary

Study on liquefaction possibilities
of Red river sand locating near the
Hanoi port has been conducted using
a series of undrained cyclic triaxial
tests. The test results have shown that
it is possible to determine effectively
the liquefaction characteristics such
as excess porewater pressure, axial
strain variation, cyclic ratio with the
cyclic number causing the specimen
to be liquefied. The test results will be
useful for the prediction of liquefaction
caused by earthquake for the Red
river sand.

Keywords: cyclic load, earthquake,
liquefaction, river dyke, sand.

Classification number 2.1

pat van de

Pong dat 1a mot trong nhimng tham hoa chinh dbi véi an toan
cac cong trinh dat nhu dé, dap, khbi ddp duong cao tdc. Thiét
hai nay chii yéu 1a do hoa long dat dap than cong trinh hodc
dét nén. Tai MY, su ) dap Sheffield nam 1925, dong dét Santa
Barbara do hoa 1ong nén dap va su c6 dap San Fernando nim
1971 12 nhitng minh chimg cu thé [1]. Nhitng thiét hai khdi dap
1a nhitng phé huy 16n khi dat 16p dudi thudc loai hat tho bio hoa
nude bi hoa 1ong, din dén nit tach, lan, chuyén dich ngang va
Ian khéi dap.

Nhiéu sy ¢b dé song do hoa 16ng nén duoc quan sat trong hau
hét cac tran dong dat 16n tai Nhat Ban [1], vi du dé Hachirogata
bi thi¢t hai bdi tran dong dat Nihonkai - Chubu (1983), de
song Kushiro boi tran dong dat Kushiro - Oki (1993), dé song
Shiribesi dén Shibetsu béi dong dit Hokkaido - Nanseioki
(1994), dé song Yodo boi dong dat Kobe (1995) va dé Nakaumi
boi dong dat Tottoriken - Seibu (2000). Pic biét trong tran dong
dat Hyogoken - Nanbu (Kobe) nim 1995, cac khéi dip bang
dat da phai hirng chiu sy tan pha nang né (Matsuo, 1996; Tani,
1996).

Lanh thé Viét Nam nam ¢ ving dat c6 ciu trac dia chét - kién
tao phirc tap, tuy khong nam trén cac vanh dai dong dat nai lira
dang hoat dong, nhung ciing khong phai 14 ving dat bén viing
kho xdy ra dong dat. Cac viing c6 nguy co xay ra dong dit 6,0-
7,0 d6 Richter & Viét Nam gom: d6i dirt giy song Hong - song
Chay; doi dut gay Lai Chau - Dién Bién; déi song Ma, Son La,

*Tac gid chinh: Tel: 0904359460; Email: hongnam@wru.vn
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song Da; doi Cao Bang, Tién Yén; d6i Rao Nay - song
Ca; d6i Pakrong - Hué; d6i Truong Son; d6i song Ba;
d6i ven bién mién Trung... Ngoai nhitng ving ndy, trén
lanh tho Viét Nam con c¢6 khoang 30 khu vuc c6 nguy
co dong dat voi cudng do xap xi 5,0 d6 Richter [2].

Ha Noi nam trong vung dirt giy song Hong - song
Chay, noi da xay ra cac tran dong d4t manh 5,1-5,5 do
Richter. Chu ky lap lai dong dat manh 5.4 d6 Richter &
Ha No6i 1a 1100 nam va tran dong dat manh cudi cung
xay ra cach day da hon 700 nam (nam 1285). Hi¢n nay,
Ha No6i dang trong thoi ky yén tinh nhung trong tuong
lai hoat dong dong dat c6 thé ting 1én va dong dat
manh c6 thé xay ra. Ngoai ra, Ha Noi con phai chiu tac
dong ciia dong dat manh xay ra ¢ nhimng ving dut giy
lan can nhu dat giy séng Lo, Pong Triéu, Son La [2].

Ha Noi hién c6 20 tuyén dé chinh véi tong chiéu
dai 469,913 km, trong d6: tuyén dé hitu Hong doan
qua thanh phd Ha Noi dai tong cong 128,6 km 1a dé
cép dac biét, bao vé cho trén 160000 ha dién tich luu
vyc cta thit 46 Ha Noi. Tuyén dé hitu Hong ¢6 nhiém
vu cuc ky quan trong 13 phong chdng lut bio, dam bao
an toan tuyét ddi cho thu d6 Ha Noi. Ngoai ra, mat dé
con 1a tuyén dudng giao thong két ndi cac dia phuong
ven dé v6i ndi thanh. Pac diém chung cia tuyén dé 1a
nhiéu nam tré lai day khong c6 1 16n, dé khong dugc
thir thach chdng 1, tinh trang dé kho. Tuy nhién, trong
than, nén dé tiém 4n nhiéu 4n hoa kho luong, nhét 1a
nhimng doan dé dip truc tiép trén nén dat yéu, dat cat,
can phai danh gia kha ning hoa long khi chiu tac dong
ciia dong dat. Day 1a mot noi dung mai, vi thiét ké
chéng héa 16ng hau nhu chua duogc dé cap trong cac
tiéu chuan thiét ké cong trinh thuy loi ¢ nudc ta.

Pé danh gia dinh luong kha ning kich hoat héa
long, budc quan trong dau tién can cho hau hét cac dy
an chinh 13 kha ning hoa 16ng do dong dit. Co hai xu
hudng tong hop trong van dé nay [3], d6 1a (1) sir dung
thi nghiém trong phong trén cac mau dat nguyén dang
va (2) st dung cac quan h¢ kinh nghiém dya trén tuong
quan vé g xir ciia dit dwoc quan sat tai hién truong
v6i cac thi nghi¢m chi ti€u tinh chét vat ly cta dat tai
hién truong [4].

Doi twong va phuong phap nghién ciu
Thiét bi thi nghiém
Nghién ctru hoa léng cua cat song Hong dugc
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thuc hién tai Phong thi nghiém dia k¥ thuat dong dat,
Trudng Dai hoc Thuy loi. Hé thong thiét bi thi nghiém
3 truc dong DTC - 367D duogc su dung do hang Seiken,
Nhat Ban ché tao (hinh 1), bao gom: khéi diéu khién
khi - nudc; khéi gia tai thang dimg; budng 3 truc; khdi
do luong va céc phu kién. Méy nén khi tao ap luc
budng va ap luc ngugc 1én ti 1000 kPa; may hat chan
khong tao ap suat 95 kPa; thiét bi gia tai dong cho cac
tan sd tai thuc té trong pham vi tu 0,001-1 Hz. Tét
ca cac dau do luc va chuyén vi duoc két ndi véi mot
may vi tinh théng qua cac giao dién cam bién Kyowa
PCD-300B-F. Bién dang doc truc dugc do béng mot
cam bién khong tiép xtc c6 d6 chinh xac bang 0,1 mm
lip bén trong budng 3 truc va 1 cam bién LVDT co
d0 chinh xac 0,05 mm lép bén ngoai bu6ng 3 truc. Su
thay ddi thé tich cia mau duoc do bang dau do thé tich
tr dong c6 dung tich 25 ml. Dau do tai trong load cell
cong suat 2 kN c6 kha ning chong nudc dugce lap truc
tiép trén nip mau, phia trong budng 3 truc nham giam
thiéu lyc ma st giira piston voi thanh éng dd.

Hinh 1: hé thong thiét bi thi nghiém 3 truc déng DTC - 367D

Vat liéu va quy trinh thi nghi¢m

Cat song Hong khu vyc cang Ha Noi, thanh phd
Ha No6i dugc st dung cho nghién clru nay vdi cac
chi ti€u co ly sau: ham lugng hat min f = 3,6%; G,
= 2,65, D,, = 0,35 mm, D ;= 0,15 mm; e = 0,99;
e .. = 0,66 [5]. Cac mau cat hinh try c6 duong kinh 50
mm, chiéu cao 100 mm, dugc ché bi theo phuong phap
mua cat trong khong khi dé dam bao c6 cing mot do
chit tuong dbi trung binh tai hién truong D_~ 45,6%.



Sau khi st dung khi CO, thdm nhap, mau duoc bio
hoa nude. Tiép theo, cic mau cat chiu qua trinh ¢b két
dang hudng vai ap luc ¢b két hiéu qua tang tir 30 kPa
dén 400 kPa va giam vé 100 kPa. Tai day, mau chiu
tac dung cua cac tai trong c6 chu ky hinh sin véi tin s6
0,1 Hz v6i cac bién d6 tai trong khac nhau, sao cho ty
s6 tmg sudt chu ky thay d6i trong khoang tir 0,2-0,4,
trong diéu kién khong thoat nudc. Ty sb tmg suit chu
ky CSR = o /26 ’, trong d6: ©_ 1a tmg suét hiu qua
ban dau; o 4 1a do 1éch ung sudt theo phuong dimg o,
vangang G,, 6, = & - c,. Thi nghi¢ém két thuc khi mau
bi hoa 16ng sau mdt sO chu ky tai trong. Quy trinh thi
nghiém duoc thuc hién theo tiéu chuén Nhat Ban JGS
0541:2000 [6].

Cac mau cat thi nghiém RED RIVER SAND 1, RED
RIVER SAND 2, RED RIVER SAND 3, RED RIVER
SAND 4 c6 cac hé sb rong sau cb két ddng hudéng dao
dong trong khoang tir 0,836 dén 0,843 (bang 1).

Bdng 1: cdc mau cat thi nghiém

o Duan% Kinh Chlell;\ a0 Hé s ring | D chit trong
Tén mau ban dau D ban dau H N s
ban dau e doi D (%)
(mm) (mm) 0 r
RED RIVER SAND | 50,04 99,8 0,837 46,4
RED RIVER SAND 2 50,02 99,7 0,836 46,7
RED RIVER SAND 3 50,05 98,6 0,843 445
RED RIVER SAND 4 50,04 98,5 0,842 449

Két qua thi nghiém va thao luan

Céc két qua thi nghiém dugc thé hién trong cac hinh
tir hinh 2 dén hinh 8.

Biéu d6 hinh 2 cho thdy, mbi quan hé giita ty sb ting
sudt chu ky CSR v&i s6 chu ky tai trong N ddi v6i 4
mau cat néu trén. Tai trong tic dung c6 dang hinh sin,
tan s6 bang 0,1 Hz. C6 thé thay rang, khi bién do tng
suat tang thi s6 vong lap gay hoa long giam. Biéu do
hinh 3 thé hién quan hé giira hé sb ap luc nuéc 16 rong
du r, véi s6 chu ky tai trong gay hoa long N. Hé s ap
lyc nude 16 rong du r, = Au/c’, trong d6 Au 1a ap luc
nuée 16 rong du. Co thé thay ring, s6 vong lap tai trong
cang tang thi hé s6 r cang lon. Mau sé& bi hoa 16ng khi
hé s6 r_tién t6i 1, tire 1a ap luc nudc 16 rong duge phat
trién hoan toan (héa long ban dau) hodc gia tri bién
dang doc truc bién do kep ¢, dat mirc 5% hay 16n hon.
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Hinh 3: quan hé giita hé s6 dp lyc meée 16 réng die
va so chu ky gay hoa long

Céc hinh 4, 5, 6, 7 1an luot thé hién quan h¢ gitra
bién dang doc truc v6i s6 chu ky tai trong gy hoa
long; do Iéch ung suét va bién dang doc truc; do 1éch
mg suit va mg suit chinh trung binh hiéu qua, va
hé sb ap luc 16 rong du voi bién dang doc truc. Nhin
chung két qua thi nghiém cho thy cac dang quan hé
néu trén phut hop véi cac két qua da cong bd duge thyuc
hién voi cac loai cat khac nhau [7].
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Tur cac két qua hoa long ddi v6i cac mau khac nhau,
duong cong hoa long (hinh 8) dugc xay dung dua trén
ty s6 tng sudt CSR va s6 chu ky N gdy hoa 16ng mau
dat img v6i cac gia tri do chat xap xi nhau.
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N
Hinh 8: dwong cong héa long véi cdc mau ddt cdt song Hong

Puong cong héa long cat song Hong duoc thé hién
trén hinh 8 img vdi cac tiéu chi bién dang doc truc khac
nhau 1%, 2% va 5%. Nhin chung, khong c6 su khac
nhau 0 rét gitra cac s6 lidu ung voi bién dang doc truc
bang 1% va 2%. Co thé thdy rang, duong cong hoa
long c6 dang phu hop véi cac két qua da cong bd ddi
v6i cac loai cat khac nhau. Két qua nghién ctru thuc
nghiém nay 1a co s dé danh gia mo phong bai toan
hoa 1ong cuia dé tai hién trudng theo phuong phap phan
tr httu han.

Két luan

Nghién ctru hoa léng cat song Hong, khu vuc cang
Ha Noi, chiu tai trong dong dat duogc thuc hién thong
qua mot loat cac thi nghiém 3 truc dong vdi do chat
gidng nhau. Cac mau dat dugc ché bi véi ty sé ing suat
khac nhau dé nghién ciru tmg xtr cia cét chiu tai trong
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chu ky trong diéu kién khong thoat nudc. Két qua thi
nghiém cho thiy, c6 thé xac dinh hop 1y cac dic tinh
hoa 1ong ctia cat nhu sy bién thién ap lyc nudc 16 rdng,
thay ddi bién dang, diéu kién hoa 1ong theo cac chu ky
tai trong khac nhau véi cac cip d6 16n khac nhau. Tir
d6, c6 thé xay dung duoc dudng cong héa 16ng cat nén
dé hitu song Hong. Nghién ciru gitip du bao kha ning
hoa long ciia nén dé séng Hong chiu cac tai trong dong
dat manh.

Loi cam on

Nghién curu dweoc thuce hién trong khuon khé ciia dé
tai khoa hoc ccfp nha nuée ma sé KC08.23/11-15 thudce
Chuong trinh KC08/11-15. Cac tac gia chan thanh
cam on Bo Khoa hoc va Cong nghé da tai tro kinh phi
cho viéc thuc hién dé tai nay.
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Nghién ctu thiét ké ché tao hé thong quan trac luu lugng dong chay
va lugng mua ho trg diéu tiét an toan hé thong ho thly dién Hoa Binh
Tran Manh Thang, H6 Anh Tuan, Tr4n Van Tuan*

Vién Nghién cdu Pién td, Tin hoc, Ty dong héa
B9 Cong thuong

Ngay nhan bai 26.11.2014, ngay chuyén phan bién 2.12.2014, ngay nhan phan bién 8.1.2015, ngay chip nhan ding 15.1.2015

Théong qua viéc thue hién dé tai nghién ciru cAp nha nwéc, nhém nghién ciru thude Vién Nghién ciru Pién
tir, Tin hoc, Tw dong hoa (Bo Cong thwong) da thiét ké, ché tao thanh cong hé thong quan tric cac thong
s6 chinh hd tro cong tac du bao va diéu tiét an toan ho thuy dién Hoa Binh. H¢ théng dwgce xay dung dua
trén ng dung nhu'ng cong nghé do hién dai, cac vi mach tich hgp cao, ky thuat xir ly va glal phap truyen
t1n tién tién. Nhirng két qua thir nghiém cho thay, hé thong c6 kha niang tlro’ng thich véi hé thong quan trac
san c6, thu thap thong tin day dua, kip thoi va chinh xac... Nho doé ¢6 thé nang cao chat lwgng dw bao cia
hoat dong quan tric, gép phan hién dai héa mang lwéi quan tric khi twong thity vin qudc gia.

Tir khéa: hé thong quan tric tw dong, lwong mura, lwu lwong dong chdy, mirc nwdc.

Chi so phén logi 2.2

RESEARCH AND DEVELOPMENT
OF DISCHARGE AND RAINFALL
MONITORING SYSTEM TO
SUPPORT THE SAFETY OF
HOA BINH HYDROPOWER

RESERVOIR

Summary

In this work, an automatic discharge
and rainfall monitoring system has
been developed for Da river basin.
The system meets the urgent demand
for automatic monitoring solution for
hydrology in Vietnam. It also serves
as a reference model for dam safety
monitoring stations with a better
performance and higher reliability.

Keywords:  automatic ~ monitoring
system, discharge, level, rain fall.

Classification number 2.2

Pat van de

Cong trinh thuy dién Hoa Binh 14 noi diéu tiét, chong 1
cho luu vyuc song Héng, thuc hién cac nhi€ém vu phat dién,
chéng 1, tudi tiéu, phuc vu san xuit nong nghiép va cac nhu
cau khac cta doi séng - x4 hoi. Bé dam bao an toan va hiéu
qua trong cac nhiém vu trén, chét lugng cua cong tic quan
trac, du bao dong vai trd quan trong trong viéc van hanh cong
trinh.

Hién nay, mot s6 dai khi tuong thuy van ¢ nudc ta da budc
dau dugc quan tim ning cap trang thiét bi hién dai. Tuy nhién,
da phan cac dai hién nay déu o trong tinh trang thiét bi quan
trac lac hau, thiéu dong bo, chua thanh hé théng va phuong
thirc truyén tin con thu cong... Chinh vi vay, cong tac du bao
va van hanh diéu tiét ho chua da phén déu dua trén cac ban
tin duoc cip nhat thi cong, thong tin cung cap chua kip thoi.
bé phuc vu van hanh h¢ théng hd chira an toan va hiéu qua
(trir va x4 nude hop 1y), can thiét phai ning cao chét luong
cong tac quan tric, hién dai hoa, ddng bo trang thiét bi phuc
vu quan tric, ting mat d6 mang ludi quan trac va tu dong hoa
qua trinh thu thap, cap nhat dir liéu trén co sé mét hé théng
quan tric tu dong.

Trudc yéu cu nay, Vién Nghién ctru Pi¢n tur, Tin hoc, Ty
dong hoéa (B6 Cong thuong) da nghién ciru thiét ké va xay
dung thanh cong mot hé thdng quan tric, cung cap so liéu vé
luu luong, luong mua va myuc nude mot cach chinh xac, kip

*Tac gia chinh: Tel: 0912897790; Email: vtuan72@gmail.com
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thoi hd tro cong tac diéu tiét an toan hd chua thuy dién
Hoa Binh; gop phan nang cap, hién dai hoa mang ludi
quan trac khi tugng thuy van quoc gia.

Noi dung va két qua nghién ciu

Hé thdng quan tric dong chay va luong mua thuc
hién quan tric tu dong cac thong sé: luu luong dong
chay, luong mua va mtrc nude. Cau hinh ciia hé thong
dugc lva chon dya trén viéc tham khao céu trac cua
nhitng hé thong quan tric khi tugng thily van hién dai
ctia mot s6 hang trén thé gidi, dién hinh 1a hé thong cua
Vaisala [1] va tham khao thiét ké cac hé théng quan
trac khi tuong thuy van tu dong, thay thé cac phuong
phap do dac thu cong truyén thong [2, 3].

Thiét ké caa hé théng tap trung vao viéc tu dong
hoa qua trinh quan tric cac thong sd, toi wu hoa va
giam sat nang luong tiéu thy, sir dung pin mat tro1i, dac
biét thiét ké tap trung tich hop cac giai phap truyén
thong, nham dam bao hé théng c6 thé hoat dong doc
lap trong moi diéu kién co s& ha tﬁng. Dé)ng thoi, thiét
ké cling dam bao hé thdng c6 thé tuong thich vi mang
ludi quan tréc khi tugng thuy vin qubc gia dam bao co
thé ghép ndi, hd tro va gop phan nang cap qua trinh thu
thap dit liéu va truyén tin ctia hé thong san co.

So db thiét ké téng thé va hoat dong cua hé théng
quan trac dugc thé hién trén hinh 1.

GsSM
x»'yr»
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Hinh 1: so do thiét ké tong thé hé thong

Hé thong dugc xdy dung dudi dang mot hé rit gon,
chira ddy du céc tinh nang ctia hé thdng hoan chinh, co
tinh m& dé khi can thiét trang bi thém thiét bj khac. Khi
d6 chi viéc diéu chinh phan mém dé tich hop thanh hé
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thdng day du theo yéu cau. Cac thanh phan chinh cua
hé thdng quan tric tu dong gom:

- Trung tim quén 1y, diéu khién hoat dong cuia toan
hé théng (may chu), tich hgp phin mém thu nhan va
chiét xuat dir lidu cung cap cho hé thong diéu hanh va
quan 1y ho thuy dién Hoa Binh. Trung tim quan 1y trao
ddi dit liéu voi cac tram hién truong qua SMS/GPRS/
UHF, chuyén dbi dir liéu thanh dinh dang phu hop, sin
sang giao tiép voi hé thong didu hanh cua Nha may
thuy dién Hoa Binh va dai khi tuong thiy van vung.
Phan mém cho phép quan 1y hoat dong cta toan hé
théng v6i nhiéu chirc nang nhu quan 1y va cdu hinh
dia diém do, cac thong s do, bao céo thong ké theo
thoi gian, hién thi truc tuyén cac dir liéu va tich hop
ban d6 sb.

- Céc tram hién trudong gdm thiét bi do luu luong
dong chay, tram do mua va tram do murc nudc ty dong,
thuc hién thu thap mot cach tu dong lién tuc cac thong
s6 nhu mure nudc, lwong mua tai luu vyc hd Hoa Binh,
luu lwong dong chay vao hd chira; truyén dir lidu t6i
trung tdm quan 1y theo chu ky duoc thiét 1ap bang cac
ban tin thu dién i, tin nhin hodc cc gbi tin qua duong
truyén UHF (tiy vao diéu kién co s6 ha tang tai vi tri
lap dat tram ma st dung cac giai phap truyén tin phu
hop). Cac tram dugc st dung giai phap toi uu vé ning
luong, st dung pin mat troi.

Tram do murc nudc va tram do lwong mua dugc thiét
ké va ché tao nho gon, cac tinh nang do luong, truyén
tin, quan 1y nang lugng thong minh déu duoc thuc
hién trén mot dong CPU tich hop chirc ning truyén tin
Q-series cua Sierra. Chirc nang giam sat dién ap acquy
va nap thong minh cho pin mét troi cua tram do ciing
dugc thuc hién thong qua IC chuyén dung cua “Texas
Instrumen”. Tram do mua va tram do mirc nudc s
dung ciu hinh twong ti nhau, bao gdm céc thanh phan
chinh la: t4 tram chira cac bo mach nguén, bo mach
CPU tich hop truyén thong, bo mach hién thi, modem
truyén UHF, khdi module chirc ning thyc giao tiép véi
cam bién do muwa, cam bién do muc nude va bao vé
tin hiéu dau vao cho tram do. TAm pin mat troi va cac
anten UHF, GSM duogc 1ép dat bén ngoai tram do. So
dd thiét ké tram do mua va tram do muc nudc duoc
trinh bay ¢ hinh 2.
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Hinh 2: so do thiét ké tram tu dong do mua (a) va do mirc nuwoc (b)

Thiét bi do luu luong dong chay st dung phuong
phap quét song siéu 4m trén hiéu ing Doppler, c6 thé
tham khao trong [4]. Thiét bi do luu luong gdm c6
2 phén, phan dudi nuéc va phan trén can. Phan dudi
nude chira cac cam bién siéu 4m, chuyén mach thu va
phat cac tin hi¢u si€u am, tién xir ly tin hi€u si€éu am
thu nhan dugc tr moi trudong nudc va truyén tin hiéu
vi sai ti cac 16i vao tuong tu ciia phan trén can. Phan
trén can chira cac khéi chirc nang xir 1y va diéu khién
trung tAm, truyén tin va ngudn acquy cap dién cho toan
bo thiét bi. CAu triic cia thiét bi do luu luong dugc md
ta ¢ hinh 3.

PHAN TREN CAN

MODEM GSM/
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Hinh 3: so do thiét ké thiét bi do heu lwong dong chdy

Quy trinh hoat dong cta hé thng trén bao gom:

Tram do mirc nude thuc hién quét tin hi¢u tir sensor
do mirc nudc véi chu ky 30 phut/lan. Dit liéu do mirc
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nuée dugc truyén t6i tram trung tim theo chu ky 1 gio/
1an (chu ky nay duoc thiét 1ap boi can bo quan 1y).

Tram do mua hoat dong khong theo chu ky ma dya
theo tin hiéu dau vao tir cam bién do mua. Khi c6 mua,
tin hiéu xung tr sensor do mua s¢€ kich hoat chtrc ndng
do cua tram do mua. D li€u tir tram do mua duoc
téng hop thanh cac ban tin 1 gio/lan. Cac ban tin duoc
truyén dén tram trung tdm thyc hién theo chu ky do can
bd quan 1y cai dat (1 gio/lan hodc theo 6p 12 gid/lan
vao 7 gio va 19 gio hang ngay).

Thiét bi do luu lugng dong chay dugc can bd cua
tram thiy van vung thuc hién, thudng 1a 2 lan/ngay
hodc thudng xuyén hon tiy theo yéu cau thuc té. Dir
lidu thu thap duoc tir thiét bi do lwu lugng duogc tu
dong truyén t6i tram giam sat trung tdm theo chu ky
duoc cai dat tir xa.

Tram trung tam lién tuc nhan dir li¢u tr cac tram
hién truong, thuc hién tong hop dit liéu, thuc hién hién
thi online dang bang hoac dd thi, sao luu va bao cdo
thong ké theo thoi gian... va dua ra cac canh bao (néu
c6). Céc dit liéu nay giup can bd quan 1y c6 thé du bao
mirc nu6e d6 vé ho chira va xay dung phuong an van
hanh vi¢c trit/xa nudc moét cach hop 1y, ddm bao an
toan chéng 1i va ning cao hiéu qua phat dién cia cong
trinh.

Tram do mua va tram do muc nude tu dong (hinh 4)
c6 cac tinh nang k¥ thuat chinh sau:

- Tinh nang do luong: do mua (dudng kinh mi¢ng
hting: 200 mm; d9 phan giai: 0,1 mm; do chinh xac:
+4%); do myc nudc (d0 chinh xéac: £2 cm; do phan
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giai: 1 cm).

- Tinh ning phan ctmg: hién thi: man hinh LCD don
sac; luu trir s6 liéu: bo nhd MMC 512 Mb; truyén tin:
hd trg GPRS/SMS, MODBUS, UHF; hd trg truyén tin
du phong; thoi gian hoat dong bang pin mit troi: 14
ngay; ngudn dién: 12 VDC hodc tim pin ning lugng
mat troi.

- Tinh ning phin mém: hd trg cau hinh tai chd; hd
tro cau hinh tir xa; hd tro hiéu chinh tham sb dau do va
Al; gui tin bao ty dong; chirc nang datalog; tiét kiém
nang lugng.

- Tinh nang thiét bi: chong sét: cip 2; cong suat tiéu
thu: 0,3 W; v thiét bi: dat tiéu chuén IP67.

Hinh 4: hinh anh tram do mua va do mirc nudc tw dong

Cac tram do cua hé théng da duoc lép dat thor
nghiém song song voi cac thiét bi quan tric tai cac
Tram khi tugng Co Noi, Hat Lot va Son La. Qua ddi
chiéu va kiém tra dir liéu dua vé (trén co so dit liéu
tai tram trung tam) va Kkét qua nhan duogc tir can bo k¥
thuat tai tram do, két qua cho théy: tram do hoat dong
6n dinh, chinh xac, chat lugong tmyén tin cao, on dinh
va tram do c6 thé hoat dong doc lap, duy tri hoat dong
t6t trong diéu kién thiéu sang.

Hé thdng duoc thiét ké véi cac giai phap ki thuat
t6i uru nhét cho timg chire ning, ap dung cac cong nghé
tién tién va phu hop nhat trong diéu kién nghién ctru,
g dung & nudc ta. Cac giai phap vé truyén tin va tinh
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mo trong thiét ké cua hé thong dam bao cho hé thong
c6 kha nang ung dung cao, tuong thich va san sang
ghép ndi voi hé thng khi twong thuy van qudc gia,
hd trg hién dai hoa mang ludi quan tric hién co. Tinh
nang truyén tin ty dong, kha ning giam sat online cua
hé thong 1a mot hd tro hitu ich, kip thoi cho cong tac
giam sat va van hanh an toan ho chira thiry dién. Chirc
nang quan tric ty dong, chinh xac cta cac tram hién
truong co6 thé thay thé cho phuong phap quan tric va
thu thap dir li¢u thu cong hién nay tai cac tram quan
trac. Cac thiét bi do nhom nghién ctru ché tao c6 thé
thay thé cho cac thiét bj quan tric hién dang phai nhap
ngoai.

Két luan

Hé thong quan tric luu luong dong chay va luong
mua di dugc thiét ké va ché tao thanh cong dya trén
nhitng phén tich, danh gi4 thyc trang trang thiét bi cua
mang luéi khi tugng thiy van qubc gia va nhu cau thuc
té cia cong tac quan tric va céng tac du bao, van hanh
hd thuy dién Hoa Binh. Hé thdng cho phep tu dong
quan tric va truyén cac dit liéu quan tric vé cac thong
s6 luu lwong dong chay, muc nude, luong mua dén
trung tdm giam sat. Thong s6 k¥ thuat va chic ning
hoat dong cua cac thiét bj trong hé théng tuong duwong
v6i cac hé théng quan tric twong Gng hién dai cua cac
nudce tién tién. Két qua cho thay, nhém nghién ctru c6
thé ché tao cac san pham cia hé théng quan tric luu
lugng dong chay va lugng mua phuc vu hd trg cong tac
diéu tiét an toan ho chua thuy dién. Qua d6, gop phan
hién dai hoa mang ludi quan tric khi twong thuy vin
qudc gia, dam bao vé chit luong quan tric, cling nhu
chét luong truyén dir liéu ty dong, on dinh va tin cay.
Véi viée thiét ké hién dai va gia thanh ha, cdc san pham
do nhom ché tao 6 thé thay thé san pham nhap ngoai.

Tai liéu tham khao
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Ung dung vi x&' ly ARM ché tao thiét bi quan trac
va canh bao phéng xa moéi trudng

Nguyén Van Sy, Phan Luong Tuan, Nguyén Thi Bao My, Dang Quang Thiéu’
Trung tam Chiéu xa Ha Noi, Vién Nang lugng Nguyén ti Viét Nam

Ngay nhan bai 5.11.2014, ngay chuyén phan bién 10.11.2014, ngay nhan phan bién 11.12.2014, ngay chap nhan dang 18.12.2014

Thiét bi quan tric va canh bio phéng xa mdi truomg dwoe sir dung trong viéc giam sat, canh bao nhiing
swr c6 bat thwong ciia phong xa doi véi méi trwdmg. Thiét bi dwoc thiét ké, ché tao dua trén nén ting cong
nghé vi xir Iy ARM. Véi nhitng wu viét ciia vi xir Iy ARM gitip thiét bi ¢6 dwoc nhirng tinh ning hién dai,
kha niing thu thip va phén tich dit liéu lién tuc, két ndi da dang, truyén nhan true tuyén véi trung tim
diéu hanh va kha niing twong tac thoi gian thwe. Thong qua viéc thuwe hién dé tai nghién ciru cip nha nuérc,
mi s6 KC05.16/11-15, Trung tim Chiéu xa Ha Ngi da nghién ctru va img dung thanh céng vi xir Iy ARM
trong ché tao thiét bi quan tric va canh bao phéng xa méi truong. Thanh cong nay mé ra kha ning lam
chi cong nghé, giai quyét van dé noi dia hoa thiét bi quan tric va canh bao phéng xa, thuin lgi cho cong
tac quan ly, sir dung, bao tri va bao dudng thiét bi, dong thoi gop phan vao qua trinh xay dung va phat
trién mang quan trac canh bio phéng xa cia dit nuéc.

Tir khéa: ARM, cinh bdo phong xa méi trwong, sw cé phéng xa, thiét bi quan tric, vi xir Iy.
Chi s6 phén logi 2.2

APPLICATION OF ARM MICROPROCESSOR B3t vén dd

IN MANUFACTURING THE EQUIPMENT FOR
MONITORING AND WARNING ENVIRONMENTAL
RADIATION

Summary

The monitoring and warning equipment of environmental radiation used for
monitoring and warning incidents and anomalies of environmental radiation
has been designed and manufactured based on ARM microprocessor
technology. With the advantages of ARM microprocessor, the equipment
can have modern features, the ability to collect and analyze continuous
data and diverse connections, on line with the operating center, and real-
time interoperability. Through the implementation of the state-level project
KC05.16/11-15, the scientists at Hanoi Irradiation Center had succeeded
in the research and application of ARM microprocessor to manufacture
the equipment for monitoring and warning environmental radiation. This
success brings the possibility of mastering the technology, localization
to manufacture this equipment, facilitate the management, usage, and
maintenance of the equipment, and contribute to the process of building and
developing the network of monitoring and warning radiation in Vietnam.

Keywords: ARM, microprocessor, monitoring equipment, radiation incident,
warning of environmental radiation.

Classification number 2.2
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Trong hau hét cic bai toan
vé thiét ké va ché tao thiét bi
cho diéu khién do ludng ciing
nhu luu trit thong tin thi viéc
nghién ctru va ing dung vi xu
ly 1a vo cung quan trong, véi
vi xtr Iy t6t va manh thi cac
thiét bi dugc thiét ké va ché
tao s& phat huy tdi da nhiing
tinh nang wu viét cua vi xu 1y
d6. Céc vi xtr ly cho cac bai
toan vé tinh toan va do luong
lai cang phai dugc lya chon
k¥ cang v&i muc ti€u co6 dugce
mot vi xtr Iy hi¢u qua, manh,
kha ning ké thira, dong thoi
phai c6 duoc sy phat trién
va 4p dung tot trong tuwong
lai.

Thong qua viéc thuc
hién dé tai cdp nha nudc
KCO05.16/11-15: Nghién ciiu
ché tao thiét bi quan trdc va
canh bao phong xa, cac nha



khoa hoc trong nudc di tim hiéu, tiép can va thiét ké
duoc cac vi xtr 1y hién dai, c6 kha nang xtr Iy manh va
{mg dung tbt trong thyc té. Trong qué trinh tim hiéu,
nghién ctru va thir nghiém thyc té, cac nha khoa hoc
thudc Trung tim Chiéu xa Ha Noi da tiép can véi nhiéu
cong nghé khac nhau, tir cong nghé vi diéu khién (voi
nhing vi diéu khién nhu AVR, 8051, PIC...) dén nhiing
cong ngh¢ vi xu ly da nhan dugc tich hop nhiéu tinh
nang hién dai trong mot hé théng (SoC: System on
Chip). Muc ti€u cua nhém nghién ctu la ché tao dugc
mot hé thng vi xir Iy hién dai, c6 gia thanh hop 1y, tiét
kiém nang lugng va phu hop voi moi truong Viét Nam.
Noi dung nghién cuu

Vi xir Iy ARM c¢6 lich st phat trién lau dai, da va
dang dugc ung dung rong rii trén nhiéu thiét bi khac
nhau. Véi vu diém 1a mot dong vi xtr Iy 32 bit manh,
tap Iénh don gian va dac biét la tiét kiém nang luong,
vi xir Iy ARM dugc tng dung nhiéu nhit trong céc
thiét bi co tinh di dong va kha nang hoat dong doc lap
cao.

Trén thé gidi, thiét bi quan tric va canh bao phong
xa moi truong dugc cac nudc cd6 nha may dién hat
nhan hoic 10 nghién ctru sir dung. Cac thiét bi niy nam
trong mot mang ludi quan tric va canh bao su ¢b 10
phan ung hat nhan dugc dat xung quanh cac nha may
dién hat nhan, hoac xung quanh cac co sé xur Iy nhién
liéu hat nhan, chat phong xa...

Hién nay, ¢ Viét Nam ) lugng cac tram quan tric
phong xa méi trudng con rat han ché. Cac tram nay
mic du dd c6 nhitng déng gép nhét dinh vao viéc theo
ddi va phan tich phong phong xa tu nhién tai mét sb
dia diém trong yéu nhu Ha Noi, TP H6 Chi Minh, 16
phan tng hat nhan Pa Lat... nhung qua thyc té hoat
dong, chung da boc 10 mot s6 nhuoc diém nhu: cac
thiét bi chua dong bo, kha niang két ndi va truyén sb
lidu truc tuyén kém... do d6 din dén nhirng kho khin
trong tmg pho khi c6 su co...

Thiét bi ma nhom nghién ciru ché tao v6i muc tiéu
dit ra 1a hudng toi san phim thuong mai va co thé
duoc st dung mot cach rong rai, tin cay. Thiét bi phai
dat duoc cac muc tiéu dit ra nhu: d6 6n dinh, do nhay
cao dé co thé canh bao sdm; hoat dong doc lap tdt,
c¢6 thé ghép ndi mang LAN véi may tinh; truyén dir
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li¢u qua mang Internet, qua mang GSM... tao diéu kién
thuan lgi cho cong tac quan ly, cong tac bao tri, bao
dudng thiét bi.

Nghién ciru vé ARM

Véi thiét ké dua trén nén tang RISC nén kién tric
co ban ciia ARM ciing c¢6 kién tric twong ty véi RISC
[1].

Thanh ghi: thiét ké cia ARM vé co ban gébm hau
hét cac thanh ghi da dung. Céac thanh ghi cia ARM
duoc mo ta trén hinh 1.

Tat ca cac kigu thao tac
' ]
r
r2
r3

d 15 thanh ghi banked da dung
5 "

i} FIQ mode
. 7
16 thanh ghi da dung - 8 e
] 9_fig
A0 0_fiq
1 Mifia | supervisor  Abon RQ Undefinad
M2 r2_fig | mode mode mode mode
113 [SP) 13_fig M3_sve | r13 abt | rdirg | r3 und |
14 (LR) 14 _fig Md_svc | r14_abt | rléirg | rd_und |

Thanh ghi trang thai
chwong trinh hién tai

CPSR | [ SPSR_fig [ SPSR_svc] SPSR_abt [ SPSR_irg [SPSR_und |

3 thanh ghi banked lwu
trang thai chwong trinh

Hinh 1: mé hinh thanh ghi

Cdu triic load-store: cau tric load-store c6 nghia
1a tt ca cac chi 1énh (cOng, trur...) déu duoc thuc hién
trén cac thanh ghi. Chi c6 1énh copy gia tri tir bd nho
vao thanh ghi (load) hodc chép lai gia tri tir thanh ghi
va0 bd nhd (store) mai c6 anh hudng téi bo nhd. Vi thé
tAt ca céc 1énh ctia ARM c6 thé thuc hién mot trong ba
viéc sau: 1) xtr 1y dir liéu: chi thay ddi gia tri trén thanh
ghi; 2) truyén dit liéu: sao chép gia tri tir thanh ghi vao
bd nhd va chép gid tri tir bd nhé vao thanh ghi; 3) diéu
khién 1énh [1].

Tdp Iénh: tat ca cac 1énh cia ARM déu 1a 32 bit, co
cAu tric load-store, cdu tric 1énh dinh dang 3 dia chi
(nghia 1a dia chi ctia 2 toan hang ngudn va toan hang
dich déu 1a cac dia chi riéng biét) [1].

Tap lénh Thumb: 1a tap con cua nhitng 1énh ARM
32 bit thuong dugc sir dung nhét. Mdi 1énh trong tap
1énh Thumb c6 do dai 16 bit va c6 mét Iénh ARM 32
bit tuong ing. Tap lénh Thumb thao tac dugc vdi cac
thanh ghi chuén ctia ARM va tao ra su két hop nhiing
diém tbt nhit cta trang thai ARM va Thumb. Tap 1énh



Thumb c6 tat ca nhitng thuan loi cia vi xtr 1y 32 bit:
khong gian dia chi 32 bit, thanh ghi 32 bit, thanh ghi
dich va bo toan hoc 32 bit. Do do, tap 1énh Thumb co
pham vi cho timg thanh phan dai hon, thao tac sb hoc
manh va khong gian dia chi rong. Ma I¢énh cua Thumb
¢6 kich thuéc bang 65% ma 1énh ARM va cung cip
160% hi¢u nang so vdi ma 1énh ARM khi chi chay trén
hé théng 16 bit. Tap 1énh Thumb hién tai da dugc phat
trién thanh tap 1énh Thumb-2 véi su pha tron giita cac
tap 1énh 16 bit va 32 bit [1].

Vi xu ly ARM S3C6410

Vi xtr Iy S3C6410 1a mot dong vi xir Iy ARM thé hé
thir 11 ctia haing SAMSUNG c¢6 toc d6 533 MHz [2].
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Hinh 2: mé6 hinh S3C6410

S3C6410 ngoai viéc dugc thira huong toan bo
nhitng tinh nang uvu viét cua vi xu 1y ho ARM trudc
d6, thiét bi con dugc tich hop thém cac tinh nang hién
dai ciia dong ARMI11: ting toc do xur 1y tin hiéu sd;
tang toc do xir Iy hinh anh va da phuong tién; ¢6 toc do
xung nhip nhanh (c6 thé 1én téi 1 GHz); giam kha ning
toa nhiét; cac dir liéu c6 thé duoc xur Iy song song;
duong truyén dir liéu 1én dén 64 bit [2].

Mot s6 tinh nang chinh cua vi xir Iy S3C6410: toc
d6 vi xir Iy 533 MHz, c6 thé nang cip 1én 667 MHz;
dudng truyén dir liéu 32 bit, twong thich véi 64 bit; hd
tro xur ly dd hoa 2D/3D; cac két ndi c6 tde dd cao nhur:
USB, SPI, 12C, 1-Wire, GPIO...; hd trg thé nhé ngoai
1én dén 32 GB; hd tro cac dau ra chuan video c6 dd
phan giai cao, TV-OUT [2].
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Thiét ké, ché tao thiét bi quan trdic va cinh bdo
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Hinh 3: so do khéi thiét bi

Trung tim cua thiét bi 1a vi xtr Iy ARM cung v&i
256 MB RAM, 2GB NAND Flash, vi xir Iy nay ho
tro hau hét cac chuin két ndi thong dung hién nay nhu
USB, RS-232, GPIO, SPI, 12C... [2, 3]. Véi cac chuan
két ndi da dang nay cho phép thiét bi c6 thé ghép ndi
v6i nhiéu thiét bi ngoai vi khac dé xir 1y cac thong tin
tir cac thiét bi ngoai vi d6 nhu ghép ni 3G dé truyén sb
lidu, ghép ndi voi MCA dé xir 1y s6 lidu tir cac hé thong
dau do, ghép ndi voi cac man hinh chi thi giup cho viéc
diéu khién va canh bao duoc truc quan... H¢ théng dau
do c6 do nhay cao bang viéc sir dung detector nhap
nhay Nal, str dung dng dém GM dé do dai liéu cao cho
viéc canh bao cac su cb hat nhan. Hé phan tich nhiéu
kénh MCA sé& chuyén cac thong tin can thiét thu thap
dugc tir cac thiét bi thu nhan dir liéu chuyén dung (vi
du: cac dau do, hé thong thu thap miu khi...) sang cho
bd xur 1y trung tAm cua thiét bi, dé thiét bj c6 nhiing
thong s6 can thiét cho viéc hién thi va giri vé trung tim
diéu hanh. Man hinh hién thi LCD: hién thi c4c thong
s6 hoat dong cua thiét bi, tinh trang cua thiét bi, giao
tiép v6i nguodi dung bang man hinh cam tng. Ngudi
dung qua man hinh cam ung diéu khién dugc thiét bi
theo cac yéu cau cu thé, c6 thé thiét 1ap cac thong sb
hoat dong ty dong cua thiét bi. Man hinh hién thi ciing
gitip canh bao trong mot s trudng hop khan cip. Bo
phan luu trit thong tin cac dir li¢u thu thap duoc va da
qua xu ly: bo phan luu trit s€ luu gitr cac dir li€u cua
thiét bi thu thap duogc trong khoang thoi gian quy dinh
phuc vu cho viéc hién thi sb liéu tai chinh thiét bi, luu
trit s6 liéu trong truong hop mat két ndi voi Trung tim
didu hanh va sé& tién hanh gui lai cac s6 lidu nay khi
két ndi voi Trung tam dugce thiét 1ap lai. Bo phan nay
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cling c6 vai tro quan trong trong vi¢c cap nhat thong
s6, nang cap phan mém hé thong cho thiét bi tir Trung
tam diéu hanh. Hé théng canh bao s& duoc két ndi véi
cac cong cu canh bao khac nhau (vi du: loa, dén bao...)
gitp ngudi st dung c6 thé nhan biét d& dang tinh trang
hién tai cua thiét bi hodc moi truong ma thiét bi dang
theo doi. Hién tai chung t6i dang str dung hé thong dén
LED ma tran cho viéc canh bao phéng xa moi truong.
Vi viée st dung bang LED ma tran nay s€ giap cho
viéc canh bao truc quan, cac thong s6 hién thi rd rang,
c6 thé nhan biét tir xa... Phan két ndi thiét bj voi Trung
tam diéu hanh, dya trén su phat trién manh mé cua co
sO ha tang mang internet ciing nhu mang vién thong,
thiét bi s& duoc thiét ké dé c6 thé tan dung mot cach tot
nhit cac co s ha ting nay. Thiét bi s& duoc tich hop ca
hai phuong an két ni 1a sir dung duong truyén internet
téc d cao (ADSL, cap quang...) va sir dung két ndi véi
mang vién thong 2,5G/3G.

Thiét ké phan mém thiét bi

Phan mém cua thiét bj duoc phat trién bang nhiéu
ngdn nglt khac nhau nhu C, Bash scripting va QT trén
nén tang cua hé diéu hanh nhung Linux. Hé diéu hanh
nhing Linux 13 hé diéu hanh ma nguon mé da duoc tiy
bién sir dung thich hop véi vi xtr Iy ARM. Vi hé diéu
hanh nhung Linux ta c¢6 thé c6 nhimg lua chon thich
hop vé céc trinh diéu khién khac nhau cho cac thiét bi,
ddng thoi ciing d& dang hon trong qua trinh phat trién
céc trinh diéu khién riéng cho cac thiét bi dic thu cua
hé théng phu hop véi muc dich ciia bai toan dit ra.

Két qua thir nghiém

Sau thoi gian nghién ctru va phat trién, hién tai thiét
bi dang duogc lép dat tht nghiém tai Trung tdm Chiéu
xa Ha Noi va di thé hién dugc nhitng tinh nang uu
viét bao gﬁ”)m: tu dong ghi nhan cac blrc xa moi truong
xung quanh dé tinh toan ra duoc cac phong méi truong
v6i dai liu thap (tir 0,01 uSv/h dén 20 pSv/h), voi cac
treong hop co su ¢d hat nhan thiét bi s& ghi nhén voi dai
lidu cao tir 20 uSv/h dén 50 uSv/h; khoang ning luong
buc xa ghi nhan cia thiét bi 1a tir 50 keV dén 3 MeV;
thiét bi tu dong nhan dién dugc mot sb déng vi buc xa;
thiét bi tw dong guri thong s6 moi trudng vé Trung tim
bang tin nhin SMS, luu trir va guri cac dit liéu ghi nhan
lién tuc vé Trung tam theo yéu cAu; thiét bi tu dong cap
nhat chuong trinh theo yéu cau tir Trung tam; thiét bi co
kha nang tu chan doan 15i thong thuong va gui cac dit
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liéu chan doan nay vé Trung tim, dong thoi giri email
cho nguoi quan ly trong truong hop can thiét.

Két luan

Thiét bi vi xir Iy ARM duoc thiét ké, ché tao da
thé hién duge nhiing tinh ndng k¥ thuat vu vi¢t cua
minh. Qué trinh ghép ndi cac thiét bi ngoai vi véi
ARM duoc thuc hién dé dang, viéc xay dung va phat
trién cac giao thirc ghép ndi ciing thuan tién. Viéc ghép
nbi song song truc tiép tor bo phan tich da kénh véi vi
xu ly ARM da giap tang dugc toc do truyén tai va an
toan dir li¢u, str dung cac céng GPIO cho ghép ndi véi
cac sensor (nhu sensor nhiét, do ém...), ghép ndi USB
voi khéi GSM. Véi cdu tric cac cau Iénh 32 bit, viée
thuc thi cling nhanh hon va hoan toan dap tng dugc
yéu cau khat khe vé mit thoi gian xir 1y ctia cac ADC
sir dung trong cac thiét bj hat nhan. Vi kha ning tiét
ki€ém nang lugng vuot trdi cia minh, vi xir Iy ARM
gitip thiét bi c6 thoi gian st dung pin lau hon, diéu do
nang cao kha ning tmg dung cua thiét bi ¢ nhitng moi
truong, dia diém kho khan, vung xa, di lai kho khan.

Véi nhitng cong nghé tién tién va cach tiép can hién
dai, vi xt ly ARM ngay cang chung té dugc vai tro
manh mé, hiéu qua ciing nhu kinh té trong viéc phat
trién céac thiét bi ung dung trong cac linh vuc khac
nhau. Viéc tmg dung vi xir Iy ARM vao ché tao thiét
bi quan tric va canh bao méi trudng phong xa cua dé
tai KC05.16/11-15 da giap cho thiét bi co cac tinh
ning manh mé& va hién dai, phu hop vdi xu thé phat
trién chung cua cac thiét bi nhing. Hién tai, thiét b
da duoc chay thir nghiém cho thiy dap tmg dugc hét
cac bai toan thiét ké ban dau dit ra. Trong thoi gian
sap t6i, chiing toi s& 1ap dat thiét bi tai mot s6 dia diém
dé chay thuc té va tién hanh xay dung trung tim diéu
hanh, ghép n6i nhidu thiét bi, hinh thanh mang ludi
quan trdc, gop phan vao viéc phat trién cac hé quan
tric phuc vu sy phat trién nganh cong nghé hat nhan
cua dat nude.
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Giai phap sl dung truyén théng trong Iuéi dién
thong minh ha ap ctia Tram bién ap Dich Vong 22

Nguyén Nhat Tung, Pham Thanh Nam, Pham Van Hoa
Khoa Hé thong dién, Truong Pai hoc Pién luc

Ngay nhan bai 12.9.2014, ngay chuyén phan bién 16.9.2014, ngay nhan phan bién 10.10.2014, ngay ch&p nhan dang 13.10.2014

Bai bao dé cap noi dung dé tai cap nha nwée vé nghién ciru va xay dung mo hinh chuin cho lwéi dién phan
ph01 thong minh, cé thé 4 ap dung rong rai tai Viét Nam. Lwéi dién phan ph01 thong minh trong pham vi ciia
dé tai da dwoc cu thé héa ¢ ba mit: 1) thiét bi do lwromg/diéu khién; 2) hé thong truyén thong va 3) trung
tam diéu khién véi phan mém va cac thuit toan diéu khién thong minh lwéi dién. O diy, cic tac gia tap
trung dé cap dén vain dé truyén thong ap dung cho lwéi dién phan phédi theo huéng thong minh. Cac yéu
ciu ciia luéi dién Dich Vong 22 phit trién theo hwéng thong minh dwge nghién ciru va dé cip trong phan
diu tién, tir d6, cac hé thong truyén thong khac nhau dwec nghién ciru mét cach chi tiét, va cudi cing ap
dung cho i dién dwoe Ira chon. Cac két qua nghién ctru nay la co s¢ quan trong phuc vu cho hé thong
truyén thong dat tiéu chuin, ing dung cho mot lwéi dién thong minh & Viét Nam.

Tir khéa: diéu khién logic ldp trinh, giao thivc diéu khién vdn chuyén, hé thong diéu khién gidm sdt va thu

thip dit ligu, mé hinh tham chiéu két néi mé.

Chi s6 phén logi 2.2

SOLUTIONS TO SMART GRID
COMMUNICATION IN LOW VOLTAGE OF
THE SUBSTATION DICH VONG 22

Summary

The article is part of the national research project on
the construction and the development of the standard
model for “smart distribution grid” which may be widely
used in Vietnam. The smart distribution grid has been
concretized through three aspects: 1) measuring device/
controller, 2) communication system, and 3) control
center with the software and algorithms used for this
network. The authors focus on communication applied
to electricity distribution networks towards intelligence.
In the first part, the requirements of the grid Dich Vong
22 towards smart development has been studied and
discussed. The second part, the different communication
systems has been studied in detail and finally applied
to the selected grid. All of these results will be an
important basis for standard communication systems
and applications of smart grid in Vietnam.

Keywords: open interconnection reference model,
supervisory control and data acquisition, transmission
control protocol, programmable logic controller.

Classification number 2.2
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pat van de

Céc tram bién ap (TBA) phan phdi dién ha
thé tai Viét Nam déu co céu truc chung la duoc
cép dién tir duong day 22 kV (hay 35 kV, 10
kV) ha xudng cap 0,4 kV, vdi mot may bién ap
(MBA) loai ba pha hai cudn day. V& mat thiét
bi, phia cao ap ctia TBA thuong chi ding cau
dao phu tai hay cau chi; phia ha ap sir dung
Aptomat (dong di¢n dinh muc 600-1.600 A)
va cac Aptomat nhanh (dong dinh muc 250-
400 A) cap dién cho cac 10 duong day ha ap.
Ngoai ra, TBA ha thé con ding mot s6 bién
dong va dong ho do dém dién nang, tiép theo
cac r& nhanh va ré nhanh véi ciu tric hinh tia
t6i cac ho tiéu thy ha ap (hom cong to). Vé
hé thong bao vé, & phia cao ap bang cau dao
phu tai va cau chi cao thé, phia ha 4p l1a cac
Aptomat di cac 10 duong day. Cac Aptomat
nay c6 chirc ning bao vé cho ludi: tac dong cét
c6 thoi gian khi qué tai va cat tire thoi khi ngén
mach; ngoai ra con c6 nut cat, dong tuc thoi
thao tac bang tay, khong co diéu khién tir xa.

TBA Dich Vong 22 (hinh 1a) ¢6 cau triic va

nguyén ly van hanh don gidn nhu da néu trén.
V61 MBA cong suat 1.000 kVA; phia cao thé



dung cau dao phu tai loai 24 kV-1.000 A- 20 kA/s, cau
chi loai HRC 24 kV; phia ha ap la Aptomat A1 600V-
1.600 A, 4 Aptomat nhanh A1.1, A1.2, A1.3, A1.4 loai
600 V-400 A cép dién cho 9 16 duong day dién 0,4 kV
va nhiéu r& nhanh cép dién toi khoang 150 hom cong
to véi gan 500 cong to cac loai. Cac Aptomat nay co
chtrc ning bao vé cho ludi: tic dong cit co thoi gian
khi qua tai va cat tirc thoi khi ngan mach; ngoai ra con
c6 nit cat, dong tirc thoi thao tac bang tay, khong co
diéu khién tir xa. Trong 9 16 dudng day dién co 1 16
cap dién cho Cong ty Pién lyc Cau Giy. Tai Cong ty
Dién lyc Cau Giéy tdn tai cau dao dao chiéu, thao tac
b'fmg tay, dé c6 thé nhan dién hodc tir TBA Dich Vong
22 hoidc tir TBA Cau Gidy 8 (ngudn du phong 1a dién
ludi).
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Hinh 1: TBA Dich Vong 22 va cdc khéi hé thong diéu khién

DPé TBA hién hanh nhu Dich Vong 22 tro thanh
thong minh can 3 yéu t chinh, do 1a: 1) co sé ha té”mg,
bao gdm cac thiét bi dong cit (Aptomat), cong to dién
nang... phai dugc trang bi hi¢n dai co diéu khién tur
xa; 2) hé thong cac thiét bi thong tin cing SCADA; 3)
cac phan mém diéu khién. Tat ca cac trang bi cling cac
phén mém dé ludi dién duogc diéu khién online, nham
cung cap dién tin cdy, st dung dién ning hiéu qua va
tiét kiém [1].

Trién khai cu thé cac noi dung “thong minh” cho
ludi dién thuoc TBA Dich Vong 22 nhu da cong bd
trong [2], ¢6 thé tom tat thanh cac khéi diéu khién nhu
trén hinh 1b hay thé hién dang mat béng nhu hinh 2.
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GHICHU:
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Hinh 2: mdt bang hé thong SCADA
Céc khéi h¢ thong diéu khién bao gom:

1) Khéi trung tam diéu khién dat tai Cong ty Pién
luc Cau Gidy dé diéu khién tir xa toan hé thdng.

2) Khéi diéu khién ngudn cép cho phu tai quan
trong: Cong ty Dién luc Cau Gidy (dat tai Cong ty
Pién luc Cau Gidy); khéi nay co tich hop ngudn dién
Diezel, ngudn dién pin mat troi.

3) Khéi diéu khién TBA: giam sat/diéu khién tir xa
viéc dong cit tu dong cac Aptomat tai TBA Dich Vong
22,

4) Khbi diéu khién phuy tai 1 va 2.
5) Khoi diéu khién phy tai 3 va 4.

Bai bao phan tich lwa chon giai phap st dung truyén
thong cho ludi phan phdi thong minh noéi chung, dong
thoi thé hién ap dung cho ludi thong minh tai TBA
Dich Vong 22.

Noi dung nghién ciu
M6 hinh lwdi dién phin phéi thong minh

Nhiém vu co ban va tién quyét ciia dé tai da thanh
cong & viée nghién ctru kién trac/mé hinh cho luéi dién
thong minh, dua trén sy quan 1y két hop va phan chia
céc tang chirc nang tir thap dén cao (hinh 3). Tuy thudc
vao sy phat trién cta timg ving/mién, va tiy thudc

21



vao su dau tu khac nhau ma ludi dién phan phdi c6 thé
duoc &p dung dén cac mirc d9, pham vi khac nhau [3].
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Hinh 3: mé hinh kién triic lu6i dién thong minh

O tang dau tién cua ludi dién theo huéng thong
minh (thdp nhét) chinh 1a tang quan 1y vat Iy cac phan
tir dién trén ludi dién, quan 1y ting phan tir dién (hay
nhom phén tir dién) riéng biét. Mirc d6 thir hai ap dung
cho 1u6i dién phan phéi theo huéng thong minh chinh
1a sy ning cip trong viéc quan 1y cac phan tir trong
luéi dién thong qua viée thiét 1ap cac giao thirc truyén
thong va co ché truyén thong giita cac phan tir trén
ludi, nghia 13 cac phan tir 43 duoc lién két véi nhau
va théng nhat didu khién v&i nhau. Khi hé théng do
ludng va truyén thong tir xa duoc thiét 1ap va thong
sudt, tang thir 3 (tAng thong tin - information layer) co
chtrc nang thiét 1ap cac co so dir liéu va xdy dung céc
phan tir tin hoc (object information), mé hinh héa tham
chiéu cho céc thiét bi hay cac nhom thiét bi can diéu
khién va giam sat. Thong qua co sd dir liéu va cac md
hinh tin hoc, cac thuat toan diéu khién thong minh, cac
chién luge diéu khién t6i vu va giam sat tu xa duoc
thuc hién chinh x4c. O ting cao nhét (tang chirc ning),
céc chuong trinh quan 1y nhu cau phu tai dién két hop
v6i cac dich vu cho phép su tuong tac qua lai hai chiéu
gitta nha cung cip dién va cac phuy tai dién s& duoc
thuc hién. O day chinh 1a cac chtrc niang quan 1y doc
1ap va céac dich vu doc lap, cho phép su tham gia tich
cuc cua ho dung dién vao viéc quan 1y va dem lai hi¢u
qua stir dung cho ludi dién phan phéi thong minh.

Nhu phan dit van dé néu trén, dé tai xay dung mot
mo hinh mau ap dung d6i voi TBA ha thé cing toan bo
ludi dién ha thé ciia n6 theo hudng thong minh, tirc chi
1a mot phan trong kién trac ludi dién thong minh nhu
gidi thiéu trén hinh 3.
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Cidc yéu cdu ciia truyén théng déi véi luéi dién
phén phoi thong minh

V6i quan diém xay dung bd cic yéu cau cho phu
hop va cé tinh mo rong, ap dung rong rai, cac tiéu chi
can thiét cho viéc xdy dung mang truyén thong cho
luéi dién bao gém:

- Tinh kinh té: tan dung duoc cac thiét bi da duoc
trang bj tir trudc va xét dén kha nang két nbi vai cac hé
thdng trung tim cho viéc diéu khién tir xa cac TBA va
ludi dién thudce tram dang xét.

- Hé thong mé: cho phép c6 cac lua chon khac nhau
trong cac phan doan, dam bao khi trién khai ung dung
cho céc yéu cau cu thé mot cach linh hoat trong pham
vi cdu trac d6. Hé thong tudn thu cac tiéu chudn chinh
thirc, nhu IEC, ISO, IEEE va khong chinh thuc dugc
st dung rong rai nhu DNP, Modbus... va san sang lam
nén tang cho cac ung dung SmartGrid trong tuong lai.

- Kha nang bao dwéng: hd trg bao dudng tai chd cac
thanh phan ma khong can sy ho trg cua nha cung cap
trong cong tac van hanh va bao dudng thuong xuyén.

- Tinh bdo mdt: bao mét thong tin luu trix va truyén
phat 1a cuc ky quan trong ddi voi cac nha cung cap
dién, dic biét d6i véi muc dich thanh toan va kiém soat
ludi [4]. Dé tranh cac cudc tAn cong mang, co ché bao
mat hiéu qua can duoc phat trién, dong thoi phai day
manh nhing nd lyc tiéu chuén hoa vé su an toan cia
ludi dién.

Cdc gidi phdp truyén théng ding trong luéi dién
phén phoi théng minh

V6i cac phan tich cu thé trong truong hop ap dung
1a TBA va lué6i dién ha thé, cu trac cho mang truyen
thong dugc st dung c6 thé hinh dung mot cach co ban
bao gom cac thanh phan nhu hinh 4: hé thong nhan va
truyén tin hiéu tir bo diéu khién trung tdm voi may tinh
chu, hé thong truyén tin hiéu tir cac thiét bi do luong,
giam sat trén luoi.
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Hinh 4: so do cdu tric lién két trong mang truyén thong
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Vé co ban, c¢6 hai loai co s ha tang thong tin can
thiét cho mot hé thong ludi dién thong minh. Pau tién
1a dong thong tin tir cam bién va cac thiét bi dién t6i
thiét bi do thong minh. Thir hai 13 gitra cac thiét bi do
thong minh va duong dir li¢u back-haul cta cong ty
dién. Cac dong dir li€u loai dau c6 thé dugce thuc hién
thong qua cong nghé PLC hodc cac cong nghé khong
day, nhu ZigBee, 6LoWPAN, Z-wave... [5, 6]; cong
nghé di dong hodc Internet thuong dugc su dung cho
cac ludng thong tin loai thir hai.

Truyén thong cé day:

|Supervision Station

PLC Management
Software (HES)

PR =E

network
PLC meter

PLC systems use the
Concentrator
i |
o
WAN
Ethernet |
PLC

B0V
MV/LV
Tran: rmerGD— A

Hinh 5: mé6 hinh AMR su dung cong nghé PLC

electricity distribution power
cabling as communications

channel by coupling signals
on the main power.

A

Str dung tai ba (PLC - Power Line Carrier): h¢
thdng truyén thong PLC hién nay thuong st dung di
kém v6i hé do dém tir xa (ARM). Truyén thong PLC
st dyng hé thong day dan dién c6 sin dé truyén dir
liu theo thoi gian thuc gitra cac khach hang véi mot
thiét bi thu thap va xu ly dit liéu trung tdm. Day 1a mot
hé théng Module linh hoat, n6 chi doi hoi mét sy dau
tu ban dau rat khiém t6n, qua trinh lip dat dé dang
va nhanh chong. Thong thuong, PLC duge dung dé
truyén thong tin trén mot khoang cach trung (tir 20-
100 km) hodc khoang cach dai (100-500 km) [4]. Cong
nghé PLC co thé dugc nhom lai thanh: PLC bang siéu
hep (UNB-PLC), PLC bang hep (NB-PLC), hoac PLC
bang rong (BB-PLC) [5].

Hién nay, viéc 4p dung loai hinh nay cho ludi dién
ha thé Viét Nam van con nhiéu tré ngai vi ludi dién ha
thé Viét Nam van con lac hau va chua tiéu chuan hoa.
Dic biét 13 cu tric ludi dién ha thé thudong nam trong
khu dan cu phtc tap, diéu ndy dan dén viéc lua chon
cong nghé PLC can phai duoc xem xét k§ hon & pham
vi lau dai.

Str dung cap truyén thong: sir dung cap truyén
thong riéng c¢6 vu diém hon so véi mang truyén thong
trén 1a duong day thong tin riéng, khong phu thudc
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vao su anh hudng cua dbi tuong can diéu khién, ludi
dién. Voi hinh thirc truyén thong nay, cac hinh thirc
hay dugc st dung 1a cac mang Modbus, Profibus hay
mang Ethernet cong nghiép. Tiéu chuan truyén thong
dung trong nganh dién thuong 1a tiéu chuan IEC61850.
Mang Ethernet cong nghi¢p thich hgp cho viéc tich
hop diéu khién tram véi pham vi truyén tin khoang 500
m; mang Profibus co cu ly tmyén tin khoang 1 km [7].
V& co ban, giao thirc truyén thong c6 thé st dung kiéu
OSI, TCP/IP hay truy nhap Bus.

Truyén thong khéng day:

Bén canh giai phap truyén thong c6 day (PLC hoac
cap), cac cong nghé truyen thong khong day cling
dugc sir dung rong rii dé truyén dit liéu giita cong to
thong minh va tram giam sat cua cong ty dién luc. Tuy
nhién, vé co ban chﬁng ¢6 mot s6 han ché nhu tinh chat
duo‘ng truyen c6 thé gay ra viéc suy yeu tin hi¢u, gap
van dé vé nhiéu giao thoa giita cac tan so.

Truyén thong ding Internet:

Dbi v6i viée sir dung dudng truyén thong tin bang
Internet, c6 2 yéu ciu co ban cho viéc sir dung h¢
thdng truyén thong nay, bao gdm: (i) cac yéu cau vé
thiét bj va tin hiéu; (i) cac hinh thirc, kha ning két ndi
dé dam bao sy lién két giira hé thong dién théng minh
va bén ngoai qua Internet. Cac thiét bi trén ludi dién
thong minh c6 thé két ndi v6i bén ngoai qua Internet
trong k¥ thuat, nghién ctru duoc goi 1a cac Internets of
Things (IoTs). Cac thiét bi IoTs 1a mot mang rong 16n,
bao gom tat ca cac loai thiét bi thong tin cam tmg nhu
thiét bi nhan dang tan s radio (RFID), cam bién hong
ngoai, hé thong dinh vi toan cau (GPS), may quét laser
va Internet. Dya trén Internet va mang lién két, no su
dung céc thiét bi may tinh va hé thong phan mém dé
xtr ly thong tin. Chia khoa k¥ thuét cua cac IoTs la
cac mang ludi cam bién, cong nghé thong tin lién lac
khong day hodc c6 day qua Internet. Cac loTs mang
nhiéu ¥ nghia trong viéc thu thap, cung cip va xir 1y
thong tin trong cac tng dung khu vuc, chiang han nhu
cac ung dung quan sy, giam sat moi trudng, cac ng
dung trung tdm thuong mai hodc con nguoi.

Gidi phdp truyén théng cho ludi dién théong minh
TBA Dich Vong 22

Tir viéc phan tich céc loai hinh truyén thong co thé
ap dung trong ludi dién, ap dung trong truomg hop ludi
dién thuoc TBA Dich Vong 22, véi cu ly truyén tin
hi¢u dudi 1.000 m, trong khu do6 thi dong dan cu, thi
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viéc ap dung mot mang luéi truyén tin st dung cap
truyén tin 1a mot giai phap hitu hiéu. O day, cong nghé
truyén cap hiru tuyén (PLC) khong duoc sir dung ma
sit dung loai hinh truyén tin bang tai riéng, s dung
phuong thirc truyén tin ProfiBus 1a hop 1y nhat.

Hé théng truyén thong sir dung trong ludi thong
minh TBA Dich Vong 22 bao gbm:

1) Sir dung b6 vi xtr Iy PLC S7300 dé 1am bd phan
phan tich/xtr 1y va giri tin hiéu diéu khién.

2) Sir dung hé thong truyén thong Profibus-DP cho
su lién két giira cac phan tir diéu khién phén tan trén
lu6i v6i nhau va véi ta didu khién trung tdm (ti trung
tam ¢ day su dung bo vi xt Iy PLC).

3) Riéng mang truyén thong giita to trung tam,
PLC, v6i may tinh diéu khién, duoc thyc hién véi
chuan truyén thong qua mang MPI.

Nhu vy, vé cau hinh truyén thong cta hé thong,
cac thiét bi do hién trudong, PAC 3200, duoc két ndi
vao mang Profibus-DP thong qua card két nbi (PAC
Profibus-DP) do ba module ET200M dam nhan, c6 tac
dung nhu bo nhan va phét trung gian giita cac thiét b
truong voi bo didu chinh trung tim PLC S$7300. Nhu
vay, ba module nay s€ dugc dat ngay canh nhém céc
thiét bi truong va két ndi qua Profibus-DP véi trung
tam.

Két luan

CAu truc ciia mot hé théng truyén thong can dugc
thiét 1ap ¢ trén 3 cong doan: moi trudong truyén tin,
thiét bi truyén thong va giao thuc truyén thong. Doi
v6i pham vi 4p dung cho ludi dién ha thé theo huéng
thong minh, cac phan tich da cho thay cac két luan
quan trong nhu sau:

1) Tinh kha thi cao cua truyén thong st dung dudng
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truyén tin riéng thong qua cap. Céac giai phap khong
day déu co kha niang ap dung nhung do dia hinh ap
dung, trinh d¢ khoa hoc va cong nghé con han ché, gia
thanh cao nén chua that su thich hop.

2) Viéc str dung giao thirc truyén thong Profibus-DP
duogc st dung cho truong hop ludi dién Dich Vong 22
do thuan loi vé cu ly duong truyén, dang tin hiéu yéu
cau va phu hop véi tinh kinh té ctia nghién ciru.

3) Cac thiét bi truyén thong cip truong dugc sir
dung 1a cac thiét bi thong thuong, bd vi xur Iy PLC
S7300 dé sir dung va da dugc 4p dung nhiéu trong
cong nghiép.
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Nghién ctu ché tao bac nano trén nén Zeolite bang phuong phap
chiéu xa (ing dung Iam tac nhan diét khuan trong nhua

Dang Van Phu, Nguyén Ngoc Duy, Nguyén Thi Kim Lan, V6 Thi Kim Lang, Nguyén Quéc Hién, Lé Anh Quéc’
Trung tdm Nghién cdu va Trién khai Cong nghé Bic xa
Vién Nang lugng Nguyén td Viét Nam

Ngay nhan bai 2.1.2015, ngay chuyén phan bién 6.1.2015, ngay nhan phan bién 6.2.2015, ngay chdp nhan dang 12.2.2015

Bing phwong phap chiéu xa, bac nano da dwoc tong hop hiéu qua trén nén zeolite (Agnano/Z). Trude tién,
bac ion duge dwa vao mang luéi zeolite bang phan Gng trao doi ion tao Ag'/Z, sau d6 chiéu xa gamma
Cobalt-60 trong dung dich etanol dé tao Agnano/Z. Cac nhan t6 dnh huwéng dén qua trinh tao bac nano
nhu: ty 1¢ giita Ag'/Z va dung dich etanol, lidu xa hép thu... déu dwoc nghién ciru va lwa chon. Ham lwong
bac trong Agnano/Z dwgc xac dinh va cac dic trung ciia ching dwoc phén tich biang pho cue tim (UV-vis),
pho nhiéu xa tia X, anh chup hién vi dién tir TEM, SEM... Hoat tinh khang khuin ciia Agnano/Z duoc
nghién ciru trén vi khuan Escherichia coli (E. coli). Két qua cho thay, cé6 dén 98% s té bao E. coli bi tiéu
diét khi lic 0,5 g Agnano/Z trong 100 ml huyén phui chira 10° té bao E. coli/ml. Ngoai ra, sau khi phdi tron
Agnano/Z véi nhua polypropylen (PP), sin pham nhua PP/Agnano/Z c¢6 kha niing ti¢u diét hoan toan cac
té bao E. coli trén bé mit. Véi két qua d6, Agnano/Z cho thiy tiém ning ing dung 16m trong linh vuc nhua

khang Khuan.

Tir khéa: bac nano, chiéu xa gamma, E. coli, nhiwa khdng khudn, zeolite.

Chi sé phén logi 2.5

Pat van de

Ngay nay vat liéu nhya dugc st dung rat rong rai
trong nhiéu linh vuc khac nhau, cac loai nhya phé bién
la polypropylen (PP), polyethylen (PE), polystyren
(PS), polyvinyl chlorid (PVC)... [1]. Trong sé d6, PP
1a polyme nhiét déo duoc khai thac rong rdi nhat vi né
c¢6 nhiéu vu diém: trong lugng nhe, khang hoa chét,
chi phi thip, d& gia cong va co thé tai sir dung [2]. Tuy
nhién, cling nhu cac loai nhya khac, nhya PP khong
c¢6 kha ning khang khuan nén vin con han ché tmg
dung trong mdt s6 linh vuc. C6 rat nhiéu cach dé tich
hop dic tinh khang khudn cho nhya nhu bo sung truc
tiép cac chat diét khuan bay hoi hodc khong bay hoi
vao trong nhua, phu cic chat diét khuan 1én bé mat
nhya, ¢6 dinh cac chat diét khuan 1én nhya bang lién
két ion hodc lién két hoa trj... [3]. Trong d6, tdc nhan
diét khuan tir bac (¢ dang ion hodc nano) thu hiit dwoc
nhiéu su quan tam cua céac nha khoa hoc do bac c6 cac
dac tinh vuot troi nhu: kha nang diét khuén manh, phé
rong va dac biét 1a co tinh bén nhiét va hoat luc kéo
dai. Trong linh vuc cong nghiép nhua, bac ion dugc
str dung pho bién nhét so véi cac ion kim loai ¢6 tinh

diét khuan khac nhu dong ion va k&m ion [4]. Nham
on dinh trong qua trinh phdi tron vao trong nhura, bac
ion thuong duoc gin trén cac chat mang khac nhau,
trong d6 co zeolite [3, 4]. C6 nhiéu phuong phap khac
nhau dé tich hop kha ning diét khuan cua bac 1én chat
nén zeolite, pho bién 1a: bac ion Ag* duoc trao ddi vao
trong mang ludi zeolite [5, 6] va bac nano duogc tong
hop tryc tiép trén nén zeolite bang phwong phap khur
hoa hoc [6-8]...

Trong nghién ctru ndy, bac nano trén nén zeolite
4A (Agnano/Z) duoc ché tao bang phuong phap chiéu
xa tia gamma tir ngudn Co-60, hiéu qua diét khuan E.
coli cuia vat liéu va kha nang st dung nhu tac nhan diét
khuan trong nhya PP ciing dugc nghién ctru.

Noi dung nghién ciu
Nguyén liéu va héa chit

Bac nitrat (AgNO,), etanol, acid nitric, zeolite 4A
va nhya PP dugc st dung co Xuét xu tir Trung Qué)c.
Nuée cat ciing dugc sir dung trong thi nghiém. Moi
truong nudi cdy Luria Bertani cua Hang Himedia co

*Tac gid chinh: Tel: 0903837049; Email: anhquoc1704@gmail.com
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STUDY ON THE FABRICATION
OF SILVER NANOPARTICLES IN
ZEOLITE FRAMEWORK BY GAMMA
IRRADIATION FOR APPLYING
AS ANTIBACTERIAL AGENT FOR
PLASTICS

Summary

Usingtheirradiation method,silver nanoparticles
have been effectively synthesised into the zeolite
framework (Agnano/Z). Firstly, silver ions
have been introduced into the porous zeolite
framework by ion-exchange reaction for creating
Ag'/Z, then irradiated in ethanol solution by
gamma Cobalt-60 for forming Agnano/Z. The
conditions of theirradiation process such as: ratio
of Ag*/Z to ethanol solution, irradiation dose...
have been also investigated and chosen. The
silver content in Agnano/Z has been determined
by ICP-AES and characterized by ultraviolet-
visible spectroscopy, powder X-ray diffraction,
transmission electron microscopy (TEM),
scanning electron microscopy (SEM)... The
antibacterial activity of the Agnano/Z has been
investigated against Gram-negative bacteria
Escherichia coli by both: quality and quantity
tests. The results have shown that Agnano/Z
possesses a high antibacterial property, namely
the bactericide effect and can kill more than 98%
of E.coli bacteria for shaking 0.5 g Agnano/Z in
100 ml of E. coli suspension containing about
10° CFU/ml. After mingling Agnano/Z with
polypropylene plastic (PP) for the final silver
content of about 100 mg/kg, PP/Agnano/Z has
exhibited the ability to eliminate most of the
bacteria on its surface. In conclusion, providing
and maintaining the vigorously antimicrobial
activity in Agnano/Z plastics is promising to be
applied in antibacterial plastics.

Keywords: antibacterial plastics, E. Coli, gamma
irradiation, silver nanoparticles, zeolite.

Classification number 2.5
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xudt xt tir An Do. Gidng vi khuan E. coli ATCC 6538
dugc cung cép bdi Truong Pai hoc Khoa hoc Tu nhién
Tp Ho6 Chi Minh va bao quan tai Phong thi nghiém vi
sinh (Trung tam Nghién clru va Trién khai Cong nghé
Burc xa, Vién Néang lugng Nguyén tir Viét Nam).

Phwong phap
Ché tao zeolite c¢é chira bac ion (Ag*/Z):

Ag'/Z dugc ché tao tir bac nitrat va zeolite 4A béng
phuong phap trao dbi ion theo quy trinh cua tac gia
Ding Tu Suyén [9], quy trinh tém tit nhu sau: 1050 g
zeolite 4A duoc khudy déu trong 1,3 lit nudc cit, trung
hoa bang dung dich HNO, 2M dén khi pH = 6. Hdn
hop nay dugc bo sung tr tir 17,5 g AgNO, va khuay
déu ¢ nhiét d6 60°C trong 2 gio, dé ling qua dém, thu
phan ling Ag'/Z. Sau d6, Ag*/Z dugc rira sach bang
nude cat va say kho trong ti sdy ¢ 110°C dé kho hoan
toan, cudi ciing thu dugc bot Ag'/Z va sir dung cho cac
thi nghiém tiép theo.

Ché tao bac nano trén nén zeolite (Agnano/Z):

Ag'/Z c6 ham lugng bac ~ 10000 mg/kg dugc cho
vao dung dich etanol 10% voi ty 1€ Ag*/Z:etanol 1a 1:5.
Hdn hop duoc chiéu xa bang ngudn Co-60 ¢ cac liéu
xa hap thu khac nhau tir 20-60 kGy, suét liéu 3,2 kGy/h
tai Vién Nghién ctru Hat nhan. San phém sau khi chiéu
xa duoc ria sach béng nudc cit, séy kho va do phé
UV-vis.

Phdn tich dac trung cua bac nano trén nén zeolite:

Anh huong ctia lidu xa dén kha nang hinh thanh bac
nano trén nén zeolite dugc danh gia thong qua két qua
do phd UV-vis. Ham luong bac cia Agnano/Z duoc
phan tich béng ky thuat ICP-AES. Sy hién di¢n cua
bac trén zeolite con dugc xac dinh thong qua phd tan
sic nang luong tia X (EDX). Pic trung hinh dang va
kich thudc hat cia Agnano/Z dugc xéac dinh thong qua
két qua chup anh SEM, TEM.

Ché tao vt liéu nhua PP-Agnano/Z diét khudn:

Agnano/Z c¢6 ham luong bac ~ 8000 mg/kg
(Agnano/Z 8k) duogc lwa chon dé phdi tron vao nhya
PP. Qua trinh phéi tron dugc thuc hién béng may dun
hat nhya DSE 20 Brabender Germany tai Trung tam
Nghién ctru va Trién khai Cong nghé Bic xa. San
pham hat nhya sau khi dun c6 ham lugng bac ~ 100
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mg/kg (PP-Agnano/Z 100) dugc ép thanh tim va duoc
danh gia dac tinh khang vi khuan E. coli.

Pdnh gid hiéu qua diét khudn:

Vi khuén E. coli dugc xem 1a vi sinh vat chi thi cho
su 6 nhiém trong nudc va la vi khuan mé hinh cho céac
thi nghiém trén vi khuén [10]. Trong nghién ctru nay,
E. coli ATCC 6538 dugc lya chon 1a dbi tugng thir
nghiém trong cac thi nghiém danh gid hi¢u qua diét
khuan.

Khao sat hoat tinh khang khuan ctia Agnano/Z:
hoat tinh khéng khudn cta Agnano/Z 8k dugc khao
sat boi cac phuong phap: dinh tinh va dinh lugng. Thi
nghiém dinh tinh hi¢u qua diét khuan dugc tién hanh
theo phwong phap vong vo khuén: dia gidy vo tring (¢
1 cm) duge phu boi bdt Agnano/Z 8k va dat trén dia
thach méi truong LB da dugc trai vi khuan E. coli, i
qua dém & nhiét d6 37°C va quan sat vong vo khuan.
Thi nghiém tuong tu dugc tién hanh véi mau zeolite
dung 1am ddi chung.

Trong thi nghiém dinh lwong hiéu qua diét khuan:
0,5 g zeolite va 0,5 g Agnano/Z 8k dugc tiép xuc truc
tiép v6i 100 ml moi truong LB ¢d nhidm E. coli (~
10° CFU/ml) trong 5 phut va sb té bao E. coli sdng sot
trong mdi trudng dugc xac dinh bang phuwong phép trai
dia va dém khuan lac. Ngoai ra, hoat tinh khang khuan
ctia Agnano/Z & cac lidu lugng khac nhau ciing duoc
nghién ciru: 1an luot 0,34 g, 0,5 g va 0,68 g Agnano/Z
duogc cho vao cac binh c6 chtra 100 ml LB nhiém E.
coli, lac trong 5 phiit va xac dinh s6 vi khuan séng sot
trong moi truong.

Hiéu suét khang khuén duoc xac dinh theo cong
thire: n(%) = (N,-N)x100/N,, trong d6 N, N lan luot
la s0 vi khuan E. coli trong moi truong trudce va sau khi
tiép xtic voi mau thi nghiém (CFU/ml) [11].

Panh gia hoat tinh khang khuan cia miu nhuya
PP-Agnano/Z 100: mau nhya dugc khao sat hoat tinh
khang khuan bang phuong phap vong vo khudn cua
nhom tac gia Pang Van Pha va cac cong sy (2013)
[12]. Mau nhwa PP-Agnano/Z 100 hinh tron, duong
kinh 1,5 cm, day 2 mm duoc tiép xtic v&i vi khuan E.
coli (10" CFU/ml) va dé khoé ¢ nhiét d6 phong trong
diéu kién vo trung, sau d6 dat 1én moi truong thach
LB, u qua dém ¢ 37°C va quan sat sy xuét hién cia
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khuan lac trén mau nhya. Thi nghiém tuong tu dugc
tién hanh voi mau nhya PP dung 1am ddi chimg.

Két qua nghién ciu
Ché tao bac nano trén nén zeolite

Hinh 1 cho thay, khi chiéu xa Ag'/Z véi ndng do
Ag" ~ 25 mM trong diy lidu xa tir 20-60 kGy, phd
UV-vis s& xut hién dinh hip thu trong diy budc song
tuong ung 455-429 nm, hi¢n tugng nay hoan toan
khong xay ra & mau Ag*/Z chua chiéu xa. Khi lidu xa
hép thu ting, cudng do hap thu tai cac dinh ciing ting
va tai liéu xa 50 va 60 kGy, cudng d6 hip thu cua cac
dinh gan nhu 6n dinh. Theo cic cong trinh nghién ctru
cua Ramnani va cac cong su (2007), bac nano s€ cho
dinh hap thu dic trung trong khoang budc soéng 390-
450 [13]. Vi vay, pho UV-vis trong hinh 1 d ching
t6 bac nano di dugc tao thanh trén nén zeolite béng
phuong phap chiéu xa. Thong qua két qua nay, liéu xa
hép thu 50 kGy duogc lya chon dé ché tao bac nano trén
nén zeolite cho cac thi nghiém tiép theo.
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Hinh 1: phé UV-vi:v cdq mau Ag'/Z dwoc chiéu xa
o cdc lieu hap thu khac nhau
Két qua phan tich ham lugng bac bang phuong phap
ICP-AES cho théy, mau bac nano Agnano/Z dugc ché
tao bang con dudng chiéu xa gamma c6 ham luong bac
~ 10000 mg/kg.

Anh chup SEM, TEM ciia mau Agnano/Z duoc thé
hién trong hinh 2. Anh SEM cho thiy cé su bién doi
cAu trac bé mit cua zeolite sau khi gin bac nano. Tur
anh TEM, kich thudc hat trung binh ctia bac nano trong
Agnano/Z dugc ude lugng trong khoang 5-30 nm.
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Hinh 2: anh chup SEM (A) va TEM (B) ciia Agnano/Z

Tir phd XRD trong hinh 3, kich thudc hat trung
binh ctia Agnano/Z dugc tinh toan bang cach st dung
dinh 26 = 38,11° theo cong thurc cua Debye-Scherrer:
t = 0,94/Bxcos® duogc trinh bay trong nghién ctru cua
Jiang va cac cong sur (2007) [14]. Két qua tinh toan cho
thiy, kich thudc hat trung binh cta bac nano trén nén
zeolite 1a ~ 27 nm. Piéu nay phu hop véi két qua wdc
lugng kich thudce hat trung binh cua bac nano tir anh
chup TEM.
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Hinh 3: ph6 XRD ciia zeolite va Agnano/Z

Két qua phan tich phd tin sic nang luong tia
X (EDX) trong hinh 4 cho thdy, thanh phan cau tao
cta zeolite gdm 4 nguyén td chinh: oxy, natri, nhém
va silic, cung mot lugng nhoé kali, nhung hoan toan
khong c6 diu vét ctia bac. Trong khi d6, phd EDX cua
Agnano/Z co6 xuét hién dinh tai vi tri 3 keV, ching to
¢6 su hién dién cua bac trong thanh phﬁn cAu tao cua
Agnnao/Z. Trong nghién cuu ctua Klemenci¢ va cac
cong su (2010) [15] va cia Gusseme va cac cong su
(2010) [16], phd EDX ciing dugc sir dung dé xac minh
su hién dién ctua bac nano trong céac mau cellulose va
polyvinylidine flouride.
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Hinh 4: phé EDX ciia zeolite va Agnano/Z
Hiéu qud di¢t khudn
Hoat tinh khang khudn cia Agnano/Z:

Két qua tht nghiém dinh tinh hoat tinh khang
khuén ctia Agnano/Z thé hién trong hinh 5 cho thay,
chi ¢6 mau Agnano/Z tao duoc vong vo khuan, trong
khi mau ddi chimg (PC) va mau zeolite déu khong co.
Diéu nay chimg t6 Agnano/Z c6 hoat tinh khang khuan
d6i v6i E. coli va hoat tinh khang khuan d6 1a do tac
dung cua bac nano, con zeolite hoan toan khong co
kha nang diét khudn. Trong nghién ctru cia Shameli
va cong su (2007), phuong phap vong vo khuan ciing
dugc st dung dé dinh tinh hiéu qua diét khudn cua bac
nano trén nén zeolite [7].

Hinh 5: thir nghiém vong vé khudn ciia zeolite va Agnano/Z

Két qua tinh hiéu suit diét khuan ctia Agnano/Z
dugc thé hién trong hinh 6, 7. Két qua cho thay,
Agnano/Z c6 hiéu suét diét khuan cao (98,57%) va khi
tang ham luong Agnano/Z tiép xtic v&i huyén phu E.
coli (tir 0,34-0,68 g) thi hiéu suét diét khuan ciing ting
(tir 69,64-99,21%). Ngoai ra, khi lic zeolite voi huyén
phu E. coli, mat do vi khuén sau khi lic cling gidm
xudng dang ké (38,43%), nguyén nhan la do zeolite
c¢6 kha nang hap phu manh, trong qua trinh lic, cac
té bao E. coli s& bam dinh trén nén zeolite, do d6 sb
luong té bao E. coli pha 1ong ctia huyén phu s& giam
xudng. Hién tuong nay ciing di xay ra khi lic PE vai
khong voi huyén phu E. coli trong cong trinh nghién
ctru cua nhom tac gia BPang Van Phu va cac cong su
(2013) [12].
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Hinh 6: hiéu qua diét khuén E. coli cia Agnano/Z so voi zeolite
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Hinh 7: hiéu qua diét khudn Ecoli ciia Agnano/Z ¢ cac ham lwong khdc nhau

Hoat tinh khang khudn ciia nhwa PP-Agnano/Z:

Két qua thir nghiém hoat tinh khang khuan cia
nhya PP-Agnano/Z bang phuong phap vong vi khuan
duoc thé hién trong hinh 8. Két qua cho thiy, sau khi
tiép xuc v6i huyén phu E. coli, khong c6 khuan lac nao
xuét hién bam trén bé mit nhua PP-Agnano/Z, trong
khi trén bé mat miu nhua dbi chung PP xuét hién rat
nhiéu khuan lac. Diéu nay chimg t6, sau khi tiép xuc
voi PP-Agnano/Z céc té bao E. coli trén bé mat da bi
ti€u diét hoan toan.

Hinh 8: két qud thir nghiém vong vi khudn ciia mau nhwa PP va PP-Agnano/Z

Két luan

Bing phuong phap chiéu xa gamma, bac nano da
duogc téng hop hiéu qua trén nén zeolite co kich thudc
hat ~ 27 nm va hiéu suét diét khuan E. coli (10° CFU/
ml) dat trén 99%. Ngoai ra, sau khi phéi tron vao nhua
PP, hoat tinh ctia Agnano/Z van dugc duy tri va c6 kha
nang diét vi khudn E. coli hiéu qua. Bac nano trén nén
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zeolite ¢o loi thé 1a & dang rén d& dang phdi tron vao
cac loai nhya nhung van duy tri hoat tinh khang khuan
cao, hira hen c6 tiém ning ting dung 16n trong viéc
thay thé céc tac nhan diét khuan hién c6 trong linh vyc
cong nghiép nhya.
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Nghién ctiu cong nghé tuyén va ché bién quing liti
vung La Vi, tinh Quang Ngai

Pao Duy Anh”
Viéen KH&CN M6 - Luyén kim, B6 Cong thuong

Ngay nhan bai 19.1.2015, ngay chuyén phan bién 4.2.2015, ngay nhan phan bién 6.3.2015, ngay chip nhan dang 2.4.2015

Mob khodng sén liti (Li) La Vi, tinh Quang Ngii c6 trir lwong khodng 1,5 tri¢u tin quing, da dwoc cac nha
khoa hoc cua Vlen Khoa hoc va Cong nghé (KH&CN) M6 - Luyén kim nghién ctru thanh cong quy trinh cong
nghé tuyen néi dwa ra quang tinh Li ¢6 ham lwgng Li,O > 4% va quy trinh cong nghe ché bién quang tinh Li
ra cic san phim Li,CO, va LiCl ¢6 d§ sach > 99%, tlro’ng dwong cac thwong pham trén thi truwong thé glO’l
Viéc phat hién khoang san Li ¢ tinh Quéang Ngai va cac két qua nghién ciru cong nghé dat du’(rc da mé ra tiém
niang phat trién nganh cong nghiép khai thac, ché bién khoang san Li tai Viét Nam, cung cap nguyén liéu cho
cac nganh cong nghiép cong nghé cao nhw hang khong, héa chit, thiét bi lru trir ning luong...

Tir khéa: ché bién quing liti Quing Ngdi, quéng liti La Vi, tuyén qudng liti Quing Ngdi.

Chi sé phén logi 2.5

RESEARCH ON TECHNOLOGY OF
SIFTING AND PROCESSING LITHIUM
ORE FROM LA VI, QUANG NGAI
PROVINCE

Summary

Lithium (Li) mine in La Vi, Quang Ngai province
which has the reserves of about 1.5 million tonnes of
ore has been successfully researched by the scientists
the National Insitute of Mining - Metallurgy Science
and Technology to make the technology process to
produce the Li ore containing > 4% Li,O and the
process technology to produce Li ore into Li,CO,
and LiCl with the purity > 99% which have the
same quality with the commercial products in the
world market. The discovery of Li ore in Quang
Ngai province and the positive results obtained
by this research have opened the potential for
Vietnam to develop the industry of mining, mineral
processing and producing Li compounds to provide
raw materials for high technology industries such
as aerospace, chemical, battery...

Keyword: La vi lithium ore, processing Quang Ngai
lithium ore, sifting Quang Ngai lithium ore.

Classification number 2.5

*Tel: 0913212668; Email: anhddao@gmai.com
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Pat van de

Li 1a nguyén té ¢6 nhiéu dic tinh quy di ¢ trang
thai don cht (kim loai) hay hop chit (Li,CO,,
LiCl...). Bay la nguyén li¢u c6 img dung trong nhiéu
nganh cong nghi¢p cong nghé cao nhu hang khong,
hoa chét... Cac nganh céng nghiép tiéu thy nhiéu Li
nhét 1a gém su, thay tinh va hop kim nhom (50%
san luong Li toan cau), tiép dén 1a dau m& boi tron
(18%), p1n-acquy (9%), cao su nhan tao va dugc
pham (9%) va cudi cung 1a cac nganh cong nghiép
khac (14%). Hop kim nhém chara 1% Li cung hon
30%, trong luong riéng nho hon 5% va kha nang
chéng dn mon cua vt liéu ting 1én déng ké so véi
hop kim nhom thong thuong khong chira Li. Li c6
do duong dién 16n nhét trong tat ca cac kim loai voi
dién thé dién cyc tiéu chuén 1a 3,045 Vso v6i 2,71 V
ctua Na hay 0,76 V cta Zn. Do do, n6 co thé sinh ra
dong dién tich 16n nhat trén mot don vi trong luong
hay thé tich so v&i bat ky kim loai nao, pin Li thuong
mai c6 dién thé 3,7 V (cao gip khoang 3 lan so véi
pin Ni). Hon thé nira, pin Li con nhe hon, ¢6 tudi tho
cao hon va c6 thé sac bét ky khi nao (ngay ca khi pin
chwa phong hét dién), rat thich hop véi cac thiét b
dién cam tay nhu dién thoai di dong, may anh, may
tinh xach tay... Dau m& boi tron chira 5+10% hdn
hop xa phong Li ¢ thé 6n dinh tinh chat co, Iy trong
khoang nhiét do tir -50 dén +200°C.

Trén thé gidi, chi mot so it nudc co ngudn tai



nguyén quang Li, dimg dau 1a Bolivia, Chile, Achentina,
Trung Quéc, Uc... [1]. Li ton tai cha yéu trong 2 dang
mo 14 quiang da va tram tich mubi bién. Cac khoang
sang dang két tu ciia mudi co kha ning khai thac cong
nghiép phan b chu yéu tai cac nude Bolivia, Chile va
Achentina; cdc moé quing da Li phan bd chu yéu tai
Trung Qubc, Hoa Ky, Uc...

Két qua tham do tim kiém va danh gia da x4c dinh,
trlr lwong quang Li cia viing mé La Vi, tinh Quang Ngai
khoang 1,5 triéu tAn quing, hay 15000 tin Li,O [2],
thudc loai mo co trit lugng quang ¢ muc trung binh so
voi thé gidi. Nghién ctru cong nghé tuyén va ché bién
quing Li ving La Vi, tinh Quang Ngii 14 nhiém vu cap
nha nuéc mi s6 09/HD-DT.09.12/DMCNKK. Noi dung
nghién ciru tap trung xac 1ap quy trinh cong nghé tuyén
pht hop dé nang cao t6i da ham luong Li,0 trong quing
tinh, 1am nguyén liéu cho nghién ctru cong nghé diéu ché
céc hop chét ctia Li nhu Li,CO, va LiCL

Noi dung nghién citu
Mdu nghién ciru

Mau nghién ctru cong nghé tuyén c6 khdi lwong 10
tan quang dai dién cho cac than quang Li mé La Vi, tinh
Quang Ngii do Lién doan Dia chat Trung Trung Bo va
Vién KH&CN Mo - Luyén kim (VIMLUKI) 1ap phuong
an thiét ké va thi cong Iy mau. Cong tac gia cong chuin
bi mau cho phan tich thanh phan vat cht va nghién ctru
cong nghé tuyén duoc tién hanh tai Phong thi nghiém
cong ngh¢ tuyén khoang thuoc VIMLUKI.

Quing nguyén khai ¢6 thanh phan khoang vat bao
goém: khoang chira Li 1a lepidolit, khoang di kém chinh
la thach anh, mica va fenspat. Thanh phén héa hoc mau
quang nguyén khai nhu trong bang 1.

Bdng 1: thanh phan héa hoc qudng Li nguyén khai

Thanh phin | LiO | TFe | ALO, | Si0, | Ca0 | KO | Na,0

] 173 2 2 2

Ag(gh)

Ham lwong, % | 0,98 | 032 | 1838 | 68,40 | 031 | 3,64 | 195 <2

Mau cho nghién ctru cong nghé diéu ché cac hop chit
cua Li la quang tinh Li thu dugc sau qua trinh tuyén voi
cac diu kién va che do cong ngh¢ tuyén toi uvu dugc xac
lap.
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Phwong phdp, thiét bi nghién civu va phan tich

- Sur dung phuong phép thu thap, phan tich, danh gia
thong tin vé tong quan cong nghé tuyén quing Li trong
va ngoai nudc.

- St dung phuong phdp nghién ctru thyc nghiém
trong phong dé xac dinh thanh phﬁn vat chat va cong
nghé tuyén hop 1y nham thu hdi quang tinh Li.

- Cong tac nghién ctru cong nghé tuyén duoc thuc
hién tai Phong thi nghiém céng nghé tuyén khoang trén
céc thiét bi nhu: méay dap ham, sang rung, may nghién bi,
méy khudy thudc, may tuyén noi (Denver, Mekhanobr).

- Nghién ctru cong nghé diéu ché cac hop chit cua
Li dugc thyc hién tai Phong thi nghi¢m thuy luyén
(VIMLUKI), Phong thi nghiém VH2 (Pai hoc Qudc gia
Ha No1i), Phong thi nghiém hoa (Trung tdm Phan tich va
Thi nghiém Dia chit - Bo Tai nguyén va Mbi trudng)
trén céc thiét bi: 10 nung, may khudy diéu khién toc do,
may loc chan khéng, ti sy chan khong, hé théng 6n
nhiét, thiét bi do pH, may ly tam 4000 vong/phut, cdc
thuy tinh c6 dung tich 1000 ml, 3000 ml, 5000 ml va
thung 30 lit, bao nung.

- Phén tich mau phuc vu nghién ciru cong nghé tuyén,
didu ché cac hop chat cua Li duge thuc hién tai Vién
Nghién cuu Dia chét va Khoang san; Khoa Dia chét
(Pai hoc Qudc gia Ha Noi); Trung tim Phén tich héa ly
(VIMLUKI); Trung tam Phan tich va Thi nghiém Dia
chit (B6 Tai nguyén va Mbi truong) bang cic phuong
phép va thiét bi quang phd hip thu nguyén tir (AAS),
quang pho phat xa plasma cam tmg (ICP), nhiéu xa tia
Ronghen (XRD) va kinh hién vi dién tir truyén qua két
nbi voi hé thong phén tich nguyén té bang ning luong
tan xa tia X (TEM-EDX).

Két qua nghién ciu va thao ludn
Nghién civu cong nghé tuyén quéing Li

Thanh phan khoang chira Li (Iepidolit) va cac khoang
di kém thudc nhom alumosilicate va silicat ¢6 tinh chat
vat Iy trong ty nhau. Do vdy, cong nghé tuyén quing Li
ving La Vi, tinh Quang Ngii la cong nghé tuyén néi tach
khoang mica chtra Li ra khoi cac khoang di kém nhu thach
anh, fenspat [3-5]. So d6 nguyén 1y du kién tuyén quing
Li vung La Vi, tinh Quang Ngai dugc trinh bay ¢ hinh 1.
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Hinh 1: so do nguyén ly tuyén néi quang Livung La Vi

Nhu da néu trén, thuc chat tuyén 1am giau Li 1 qua
trinh tuyén ndi tach cac khoang nhém mica chira Li ra
khoi thach anh, fenspat va dat d4 di kém. Cac yéu to
chinh anh huéng dén hiéu qua ciia qua trinh tuyén ndi
quing Li gdm: d6 hat quing dua tuyén; pH mai trudng
tuyén; ty 18 rin/long (R/L) ciia bun quing; chi phi va thoi
gian khudy tiép xtic cac loai thudc tuyén; thoi gian tuyén
n6i. Nghién ciru cong nghé tuyén di khao sat anh hudng
clia cac yéu to néu trén dén hiéu qua tuyén ndi quing Li
theo phuong phap lya chon diéu kién co s& nhu: pH=3;
ty 16 R/L=1/2; chi phi thudc tap hop 400 gam/tén; khudy
tiép xtic thudc tap hop 3 phut; tuyén noi trong 5 phut,
sau d6 thay doi gia tri yéu t6 khao sat trong khi ¢b dinh
nhitng yéu t6 khac. Két qua thi nghiém biéu dién su
tuong quan gitra timg yéu t6 anh huong chinh dén hiéu
sudt tuyén (thong qua cac chi sé muc thu hoach y, ham
luong B va ty 1¢ thuc thu €).

Két qua nghién ctru anh huéng cua cac yéu td tac
dong dén hiéu qua tuyén quang Li d xac 1ap duoc cac
diéu kién va ché do tuyén noi toi wu cho ddi twong quing
Li viing La Vi, tinh Quang Ngai nhu sau: d6 min nghién:
83% cap -0,074 mm; pH mdi truong tuyén: 3-4; ty 1¢
R/L: 1/2, 3; chi phi thudc dé chim (thuy tinh 1ong): 300
gam/tan; chi phi thudc tap hop: 500 g/tin; khudy tiép
xuc thude tap hop (Flotigam EDA): 3-5 phit; tuyén ndi
quing Li: 5-8 phit, khau tuyén vét duge bo sung 100 g/
tan thuy tinh I6ng va 200 g/tin EDA, khau tuyén tinh 1
va tuyén tinh 2 b6 sung 1an luot 13 200 g/tan va 100 g/tin
thuy tinh long.

Vi cac dieu kién va ché do tuyén toi uu da xac 1ap,
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thi nghiém xac dinh so dd tuyén dd dua ra so d6 tuyén
n6i hop 1y véi ddi twong quing nghién ciu gdbm: mot
khau tuyén chinh, mét khau tuyén vét va 2 khau tuyén
tinh. Cac diéu kién, ché do cong nghé va so dd tuyén da
xac 1ap & quy mo nhd trong phong thi nghiém dugc dung
tuyén voi khdi lugng mau 16n & quy mé 120 kg/h trén
day chuyén tuyén khép kin tir cAp quing nguyén dén thu
hoi quang tinh dé kiém tra su 6n dinh ctia quy trinh cong
ngh¢. Thi nghiém thuc hién theo so @ nguyén 1y hinh 1
v6i 2 14n tuyén tinh, két qua duogc trinh bay trong bang 2.

Bdng 2: cdc chi tiéu ky thudt tuyén qudng Li ving La Vi

Tén sin phm | Thu hoach, % | Ham lwong Li,0, % | Thuc thu Li,0, %
Quéng tinh Li 2297 4,03 87,61
Quéng thai 77,03 0,17 12,39
Quing cip 100,0 1,06 100,0

Két qua cho thdy, quy trinh cong nghé va cac diéu
kién, ché do tuyén lya chon hoat dong on dinh, san phém
quing tinh Li sau 2 lan tuyén tinh dat 4,03% Li,0 véi
mirc thye thu Li,O khau tuyén khoéng dat 87,61%.

Nghién civu cong nghé diéu ché cdac hop chit ciia
Li

So d6 cong nghé nguyén 1y diéu ché Li,CO, va LiCl
nhu hinh 2. MAu nghién ctru cong nghé diéu ché cac hop
chat ctia Li nhu Li,CO, va LiCl 1 quing tinh Li thu duoc
sau qud trinh tuyén véi so d6 tuyén cung cac diéu kién va
ché do cong nghé tuyén t6i wu. Thanh phan hoa hoc mau
nghién ctru didu ché Li,CO, va LiCl nhu trong bang 3.
Céc khoang chinh trong mau gom: Lepidolit+Muscovit -
K(ALL1),[AIS1,0,](OH),, Thach Anh-SiO,, Plagioclas-
(Ca,Na)Al(ALS1)Si,0,.

Bdng 3: thanh phdn héa hoc quéng tinh Li

Thinh phin

ALO
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(20

Fe.0

73
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Me0

MnO

Ti,

Si0
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i

S

Ham hogng (%)
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0,05

<0

0,50

001

46,76

19300 ppm
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Nghién ctru cong nghé diéu ché Li,CO, va LiCl tir
quing gdm cac budc: 1) hoa tach Li tir quing vao dung
dich; 2) loai bo céc tap chat trong dung dich chira Li; 3)
két tinh Li,CO, tir dung dich da lam sach chira Li va diéu
ché LiCl tir Li,CO, sach da thu duoc.



Tinh qijéng Li
Fes0,7H,0 * — Lo,
HyS0, —> Hoa tach

* H

| Két tinh |

v A

Bithai | Tichtapchit |

(NH,),CO3 —> Két tha

San phdm Li,CO, San phdm LiCl

Hinh 2: so do nguyén Iy diéu ché Li,CO, va LiCl tir quang Li o Viét Nam

Két qua thi nghiém da xac 1ap duoc cac diéu kién va
ché 6 t6i uu cho timg khau nhu sau:

Qué trinh hoa tach Li tir quing vao dung dich gom
cac buac: thiéu quang ¢ 850°C trong thoi gian 150 pht,
toc do tang nhiét khi thiéu 1a 150°C/h, ty 1¢ FeSO - TH,O/
quang 1a 10%, co hat dua thiéu la 0,074 mm, hoa tach
thiéu pham trong dung dich H,SO, ndng d6 70 g/l trong
thoi gian 150 phut tai 100°C, khudy 120 vong/pht.

Diéu kién tach tap chét ra khoi dung dich chira Li:
tach sat trong dung dich hoa tach véi tac nhan 1a Ca(OH),
20%, pH qua trinh thuy phan la 6, nhiét d§ qua trinh thuy
phan: 50°C trong thoi gian 90 phut; toc do khudy khi
thily phan: 120 vong/phit; tich Ca bang H,C,0,, theo ty
1¢ mol Ca**/H,C,0, 1a 0,94; néng d6 dung dich H,C,O,:
20 g/I; nhiét do phan tmg 40°C; toc d6 khudy 120 vong/
phut; thoi gian phan tmg két tiia canxi: 60 phut; tich Mg
& diéu kién nhiét d6 50°C, toc do khudy 90 vong/phit,
pH ¢ mirc 9, thoi gian phan tmg 120 phut.

Diéu kién két tua Li CO;: noéng do Li trong dung
dich: 13 g/l, ty 1¢ mol Li**/CO,* 1a 2,1, nhiét d§ qua trinh
két tua: 50°C, thoi gian phan Gmg: 60 phit, tbe d6 khudy:
120 vong/phut. Sdy san pham Li,CO, két tinh tai 105°C,
trong 240 phut va dao vat liéu say 20 phut/lan.

Diéu kién diéu ché LiCl: hoa tan Li,CO, bang dung
dich HCI 38% ¢ nhiét d§ 45°C trong 30 phut. Két tinh
LiCLH,0O ¢ nhi¢t d6 dung dich 20°C trong thoi gian 50
phut. Say san pham LiCl.H,O ket tinh ¢ 180°C trong 16 h.

V6i nhitng diéu kién va ché d6 cong nghé diéu ché
hop chét cua Li nhu trén, thi nghiém da thu dugc san
pham Li,CO, ¢6 ham luong 99,05% véi mic thuc thu
dat 82,97%; san phé”im LiCl ¢6 ham luong 99,02% voi
mirc thuc thu dat 85,77%. Thanh phén héa hoc cac san
pham Li,CO, va LiCl nhu trong bang 4.
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Bdng 4: thanh phan héa hoc ciia san phim Li,CO,va LiCl

i Ham lugng (%)
San pham
Fe Mg Ca Li,CO, | LiCl
San phim Li,CO, <0,01 <0,01 0,02 99,05
San pham LiCl <0,01 <0,01 <0,01 99,02

Két luan va kién nghi

Voi trlr lugng uoc tinh khoang 1,5 tri¢u tan quang,
Viét Nam 14 nudc c6 tiém niang quing Li hang trung
binh so véi cac nude ¢6 ngudn tai nguyén nay. O quy md
phong thi nghiém ciling nhu pilot da nghién ctru thanh
cong quy trinh céng nghé tuyén quing Li ving La Vi,
tinh Quang Ngai, xac 1ap duoc cac diéu kién va ché do
tuyén noi t6i wu cho ddi twong quing nay. Quy trinh
cong nghé tuyén hoat dong on dinh, khang dinh phuong
phép tuyén ndi phit hop va c6 hidu qua ddi voi ddi tuong
quang Li vung La Vi, tinh Quang Ngai. Quang tinh Li
nhan duoc ¢6 ham luong Li O 1a 4,03% voi thue thu 1a
87,61%, chi con khoang 12% Li c6 trong quang nguyén
khai bi méat mat theo quing thai.

Nghién ctru cong nghé diéu ché cac hop chat cua Li
da thanh cong véi viée xéc lap duoc quy trinh, cac diéu
kién va ché do cong nghé phi hop dé diéu ché ra cac san
pham Li,CO, va LiCl ¢6 d6 sach > 99%, tuong duong
cac san pham thuong mai cting loai trén thi truong quoc
té. Can thyc hién cac nghién ctru & quy mé 16n va chi tiét
hon dé dam béo tinh kha thi khi img dung cong nghé vao
san xudt, cting nhu nhimg nghién ciru tmg dung cac san
pham tir Li vio cac nganh cong nghiép khac nhau.
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Mot so két qua nghién cliu ché tao son vach dudng polyurea
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Vach son ké dwong 12 yéu t6 gép phan quan trong vio sw an toan ciia ngudi va phwong tién khi tham gia
giao thong. Pi c6 nhiéu loai vt liéu ké dwdng méi dwoc ap dung ma gin diy nhit 13 loai vat liéu ké duong
polyurea. Véi cac tinh ning phan quang cao, bén véi thoi gian, vat li¢u ké dwong polyurea da dwge s

dung rong rai ¢ cac san bay, duwdng cao tdc tai M§, chiu Au..

. Bai bao gidi thiéu mot so két qua budéc dau

nghién ciru ché tao vat liéu ké duwong polyurea véi cong thirc: ty 1& nhwa/chat dong ran (1,3/1 pkl), ham
lwgng bot mau, bot don chiém 42% khdi lwgng, 10% bi phan quang, cic phu gia lru bién, phu gia phan
tan tao vat liéu son c6 tinh ning vwot tréi (d) phan quang > 260 mcd/m?/1ux).

T khéa: dp phdan quang, polyurea, vit li¢u ké duong.
Chi sé phén logi 2.5

SOME RESULTS OF THE STUDY
AND PRODUCTION OF POLYUREA
PAVEMENT MARKING PAINT

Summary

Pavement markings have an important contribution
to the safety of people and vehicles on the roads.
Many types of pavement marking materials have
been used; and recently, the polyurea material has
been used as binder in pavement marking paint.
This type of paint has high retroreflection and
high durability, so it has been widely applied at the
airports and highways in America, Europe... This
article introduces some initial results of study and
production of polyurea pavement marking paint
with the formula: binder/hardener ratio(1.3/1 pkl),
42% of pigment and filler, 10% of reflective balls,
rheological additive, and dispersive additive to
create outstanding features (retroreflection > 260
mcd/m?/lux).

Keywords: pavement marking material, polyurea,
retroreflection.

Classification number 2.5

*Tac gid chinh: Tel: 0913037755; Email: thuygiaothong@gmail.com
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pat van de

Vach chi dan giao thong phan quang c6 vai tro
quan trong trong viéc huéng dan giao thong. Cac
vach son trén mat duong bao gém duong tam soc,
dudng phan chia lan duong, danh diu khu vuc c6
chudng ngai vat, noi dung, diu mo rong duong,
danh dau duong di bd... Yéu cau cia son ké dudng
bao gém d6 bén, thoi gian kho va cac van dé lién
quan té1 moi truong [1, 2].

Hi¢én nay ¢ Viét Nam, son vach duong phan
quang hé dung moi trén co s¢ nhya alkyd hodc
styren acrylic thuong dugc st dung trong linh vuc
giao thong. Hé son nay c6 kha nang chéng rira troi
cao do ky nudc va thich hop hon véi cac tinh chat
ung dung. Tuy nhién, son tin hi¢u phan quang trén
co s0 nhya alkyd va dung moi khong mang lai kha
ning quan sat t6t cho nguoi di duong ca ban ngay
va ban dém so v&i son tin hi¢u phan quang trén co
s& nhya nhiét ran. Son alkyd khi bi oxy hoa sé& bi
gion va dan dén khong bam dinh 1én mit duong
cling nhu cac hat thuy tinh co6 trong son. Bén canh
do, son tin hi¢u phan quang h¢ dung mdi con chua
nhiéu chat hitu co dé bay hoi (VOC) khong thich
hop cho viée sir dung, van chuyén cling nhu hay bé.



Son vach duong phan quang trén co sé nhua nhiét
déo ciing dang dugc sir dung rong rai hién nay cho
duong cao toe, qudc 16, dudng thanh phd va san bay.
Tuy nhién, v6i dudng cao tbc, duong thanh phd va
dac biét voi duong san bay, kha nang chiu mai mon va
phan quang ctia hé son ndy con nhiéu van dé bat cap,
dan dén chi phi duy tu stra chira thuong xuyén kha 16n,
khong hi¢u qua va chua dam bdo an toan giao thong
[1,2].

Son vach dudng elastome polyurea hai thanh phan
la cong nghé mdi duge tng dung trong linh vuc giao
thong hién nay. Son polyurea c6 mot s dic diém gidng
nhu son polyuretan bién tinh hai thanh phan, nhung
son polyurea thuc sy la mét cong ngh¢ son dac thu,
khéc véi son polyuretan [3].

Son polyurea hai thanh phan dugc thi cong béng
thiét bi phun chuyén dung véi ap suit cao, thoi gian
kho rat nhanh, dat duoc dd bam dinh tdi vu. Dac diém
kho nhanh dugc gilr trong khoang rong nhiét do moi
truong xung quanh va khong bi anh hudng boi ¢ am.
Thoi gian kho nhanh ciia loai son nay dan dén thoi
gian dua san pham vao sit dung nhanh chong hon.
Son polyurea tao ra 6n dinh mau sic, chiu mai mon
va bam dinh v6i tat ca cdc bé mat. Dac biét, vach ké
duong phan quang polyurea c6 d§ phan quang cao va
duy tri theo thoi gian. Vat liéu polyurea duoc khang
dinh 1a c6 tudi tho téi 5 nam [4, 5].

Mic du di xuit hién & nhiéu noi trén thé gidi, nhung
son polyurea van chua duoc tmg dung rong & Viét
Nam, dac biét trong linh vuc giao thong van tai. Trong
nghién clru nay, véi muc dich lam chu cong nghé va
bude dau tim kiém tng dung son polyurea trong diéu
kién nudc ta, vat licu ké duodng trén co sd elastome
loai polyurea da dugc nghién ctru lya chon cac thanh
phan co ban nhu: ty 1& chat dong rin, ham luong chat
don, phu gia phan tan, phu gia luu bién, ham lugng bi
thuy tinh...

Vat lieu va phuong phap nghién ciu

Vit liéu nghién ciru: chat tao mang 1a loai nhua
NDT1 - Desmophen ciia Hing Bayer (chi s6 axit: 190
mg KOH/g, d6 nhét & 25°C: 1000 mPa.s, khéi luong
riéng & 20°C: 1,06 g/ml); chat dong rin Desmodur
VP LS 2371 polyizocyanat/Bayer (Puc); bot mau
titan oxit, bot vang hiru co, bot don canxi cacbonat
va bot talc cia Trung Qubc; phu gia phan tan gém:
phu gia phan tan DP-1 cua Hang BYK (dung dich
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ctia copolyme v&i cac nhom axit, chi sé axit: 53 mg
KOH/g, khéi luong riéng: 1,03 g/ml, ham luong chat
khong bay hoi: 52%), phu gia phan tan DP-2 cua Hang
Cognis (mudi trung hoa cua axit polycarbonic véi
polyamin, khdi lugng riéng: 0,88-0,90 g/cm?®, chi sb
axit: 50 mg KOH/g); phu gia luu bién gdm: phu gia
Iwu bién FS-1 (hop chit silica ¢6 bé mat ua nudc ciia
Hang Aerosi, bé mat riéng: 200 m?/g, kich thudc hat
trung binh: 12 nm, ham lugng SiO,: 99‘%3), phu gia luu
bién FS-2 cua Hang Elements (dan xuat hitu co cua
hectorit clay, dang bt min, khéi luong riéng: 1,8 g/
cm?); bi thuy tinh ctia Hang DPI loai I theo tiéu chuan
AASHTO M247.

Phwong phdp nghién ciru: xac dinh tinh chat cua
son theo cac chi ti€u: do nhét KU, do min, do phat
sang, do bén va dap, do chiu dau, d6 chiu mudi, do
chiu kiém, do phan quang, d6 mai mon, do bam dinh
theo cac phuong phép thir nghiém quy dinh trong tiéu
chuan TCVN 8787:2011.

Két qua va thao luan

Khao sdt ty 1¢ nhwa/chit déng rin

Qua nghién ctru tong quan va cac tiéu chuan quy
dinh vé vat liéu ké duong polyurea, nhom nghién ciru
da Iya chon cac thong sb ky thuat cho son vach duong
polyurea nhu sau [3-5]:

- Son ¢6 ham lugng chat rén 1a 100%.

- Ty 1é pha tron giita cic thanh phan A va thanh
phan B 14 2: 1 t6i 3:1 theo don vi thé tich.

- Ham lugng bt mau, bot don 16m hon 15%.

Tl d6, tién hanh khao sét cac yéu t6 anh hudng t6i
tinh chét cua son vach dudong polyurea. Str dung nhya
amin NDT1 va nhua izocyanat Desmodur VP LS 2371
de tién hanh ché tao son polyurea. Cac thanh phan
dugc phoi tron theo cong thirc & bang 1.

Bang 1: thanh phan son polyurea dwoc khdo sat

% theo khdi lwong
MAu 01 | Mu 02 | Miu 03

Thanh phén A

Nhya amin NDT1 30 37 45
Bot titan oxit 15 15 12
Bot don 27 20 17
Phuy gia luu bién FS-1 1 1 1
Phu gia phan tan DP-1 1 1 1
Thanh phéin B

Nhua Desmodur VP LS 2371 28 28 28
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Sau d6, tao mau va tién hanh khao séat cac thudc
tinh ciia son bao gém: thoi gian kho (phat), do mai
mon (g), 46 bam dinh va d6 phan quang. Két qua duoc
thé hién & bang 2.

Bang 2: thoi gian kho, do bam dinh, mai mon ciia mang son

Thugc tinh | Thoi gian kho | P§ bam dinh | P§ mai mon
(phit) (MPa) (€]
Mau 01 5 3,5 0,08
Mau 02 8 3,0 0,07
Mau 03 12 4.0 0,06

Qua két qua nghién ctru, nhém nghién ciru da lya
chon loai son c6 ty 1¢ nhya/dong ran 1a 1,3/1 dé thuc
hién cac khdo sat tiép theo.

Khdo sdt anh hwong ciia bét mau téi tinh chit
cua son

Do sang cua vach ké duong c6 anh huong 16n tdi
kha ning nhan biét vach ké dudng cua lai xe. Thong
thuong, bot mau titan oxit loai rutil dugc su dung voi
muc dich 1am ting do sang cua son. Véi cac hop chat
amin NDT1 va chit déng ran izocyanat, nhom nghién
clru da tién hanh ché tao mau son c6 ham lugng bot
titan oxit thay doi: 7, 10, 13% theo khéi lugng.

Bdng 3: ché tao son theo cdc ham lrong titan oxit khdc nhau

Két qua cho thdy, khi ting ham luong titan oxit thi
d6 sang clia mang son tang 1én. Cu thé, vdi 7% (theo
khdi lugng) bot titan, do sang cua son 1a 60%; tiép tuc
tang 1én 13 va 18% (theo khi luong) thi do sang tuong
ung la 76 va 80%. Tu do, lya chon ham lugng titan oxit
trong son polyurea mau trang it nhat 1a 13% theo khi
luong. Son polyurea mau vang duge ché tao véi cong
thirc nhu sau:

Bang 4: cong thirc son polyurea mau vang

% theo khéi luwgng

Thanh phin A

Nhua amin NDT1 37
Bot titan oxit 8
Bot mau vang 5
Bot don 22
Phu gia luu bién FS-1 1
Phu gia phan tan DP-1 1
Thanh phin B

Nhua Desmodur VP LS 2371 28

Két qua thir nghiém do do phat sang ctia vach son
thu dugc 1a 55% va phu hop véi tiéu chuan mau vang
cua vach ké duong.

Khao sdt anh hwéng ciia phu gia tdi tinh chit ciia
son

Sau d6 ché tao mau thir va tién hanh do d6 sang cta
son. Két qua dugc thé hién ¢ hinh 1.

90
80

: 80
76
70
60 I I
7 13 18

Ham luong bot titan oxit, %
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Hinh 1: anh huong cua ham lwong titan oxit toi do phat sang cua son
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% theo khéi lwgng

MAu01 | Miu02 | Miu 03 Khéo sat anh hudng ctua 2 loai phu gia phan tan
Thanh phan A DP-1 va DP-2 t6i tinh chat cia son véi cung ham lugng
Nhya amin NDT1 37 37 37 1,0% theo khoi luong thu dugc két qua nhu bang 5.
Bot titan oxit 7 13 18 , N X , . ., i,

Bang 5: dnh huong cia phu gia phan tan toi tinh chat cua son
Bot don 28 22 17
Phu gia luu bién FS-1 1 1 1 Chét phén tan Ngoai quan D min (um)
Phy gia phan tan DP-1 1 1 1 DP-1 Son ddng nhat. B& mit son binh 25
Thanh phan B thuong
Nhua Desmodur VP LS 2371 28 28 28 DP-2 Bé mit son XUuat hién mot vai vi 30
tri nirt gdy nho

Két qua ¢ bang 5 cho thdy, sir dung chit phan tan
DP-1 c¢6 tac dung phén tan bot mau va bot don tot hon
so voi chét phan tan DP-2.

Khao sat anh huong cua phu gia luu bién FS-1 va
FS-2 t6i tinh chat caa son voi cung ham luong 1,0%
theo khéi lugng thu duoc két qua & bang 6.

Bang 6: tinh chdt ciia son khi sir dung phu gia heu bién

Loai phu gia

Kha ning chiy

Pj chéng ling

FS-1 Son khong bi chay Son khong bi ling

FS-2 Son bi chay Bi ling nhe

Khoéng st dung Son bi chay Son bj ling
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Két qua cho thay, khi st dung phu gia luu bién FS-1,
thanh phan hop chit silica 1am ting do nhdt cia son,
khi thi cong son, 16p son khong bi chay. Do d6, nhom
nghién ciru da lya chon phu gia lvu bién FS-1 cho son.

Khdo sdt anh huong cia bi thiiy tinh toi dp phdn
quang cua son

Pé khao sat anh huong cua bi phan quang dén do
phan quang cua mang son, ching toi dd ché tao son
theo cac két qua khao sat & trén. Sau d6, tao mang
son va rai bi thuy tinh loai I 1én vach son theo cac
ham lugng khéac nhau 5, 10 va 15% so voi téng khoi
luong son. Hinh 2 1a két qué anh chup bé mit son da
phu bi thuy tinh bang kinh hién vi dién tir quét (SEM)
Két qua cho thdy, phan dién tich cua bi thuy tinh tiép
xtc v6i nén son phy thude rat 16n vao duong kinh cua
bi thuy tinh. Véi bi thuy tinh c6 duong kinh nho hon
250 pm, bi thiy tinh chim xubng dén 3/4 duong kinh
bi. Trong khi do, véi bi thuy tinh c6 duong kinh 16n
hon 500 pm thi chi c6 1/3 duong kinh bi bi chim vao
trong nén son. Yéu cau dé bi thuy tinh tao ra d6 phan
quang t6t nhat cho son va van dam bao d6 bén lién két
t6t v6i nén son thi phan chim trong son cia bi thuy
tinh khoang 2/3. V41 nhitng bi thuy tinh c6 duong kinh
trong khoang 250-500 pm 1a phu hop yéu ciu nay.

Két qua cho thdy, khi ting ham luong bi thiy
tinh trong son thi d§ phan quang cua vach ké duong
polyurea ting 1én va déu 16n hon 100 med/m¥/lux. Tuy
nhién, dé dam bao do phan quang cua vach ké dudng
theo thoi gian nén lya chon ham Iugng bi rai 1én vach
ké tdi thiéu 13 10% theo khéi luong.

Qua qué trinh nghién ctru, chung t6i xin dua ra
cong thtrc t6i wu cho viéc ché tao son vach duong loai
elastome polyurea nhu bang 8.

Bdng 8: thanh phan son ké dwong polyurea (% khéi lvong)

Son mau tring Son mau vang

Thanh phin A

Nhua amin NDT1 37 37
Bot titan oxit 13 8
Bot mau vang - 5
Bot don 22 22
Phu gia luu bién FS-1 1 1
Phu gia phan tan DP-1 1 1
Thanh phin B

Nhua izocyanat 28 28

Danh gia chat lwgng son ké duong loai elastome
polyurea

Nhom nghién ciru da tién hanh ché tao mau son
theo cong thirc toi wu, sau d6 kiém tra cac tinh chét
cua son nhu: d6 nhot, d min, thoi gian kho, do bam
dinh... Két qua duoc thé hién ¢ bang 9.

Bdng 9: danh gid chdt lirong son vach dwong polyurea

Pon vi Yéu ciu Két qua
Mau séc >Y35 Y35
D6 6n dinh >8 8
D nhot KU 60+80 80
Théi gian kho phit <15 <8
D9 phat sang:
Son tréng % >75 >76
Hinh 2+ anh SEM bé md i ; Son vang % =50 =55
inh 2: an é mdt son phan quang polyurea Do o - <1 .
z N R N ) . , 5 . Do bam dinh:
Két qua do do phan quang cua mang son c6 phu bi ‘
N . . N N N X1 en 91 Nén bé tong xi mang % >90 95
thuy tinh sau khi kho hoan toan dugc thé hi¢n ¢ bang 7.
Nén bé tong asphalt % >80 92
Bang 7: anh huong cua ham lwong bi thuy tinh téi d¢ phan quang g chéng loang mau % <3 <3
cua vach ke dwong polyurea ) ) Bé mat nén
Y A Bé mat nén khong bi o ia
DJ ben va dap R N khong bi 10 qua
Ham lugng 5 10 qua ming son mang son
I Do phin quang (med/m?/lux
(% theo khéi lwgng) 0 phin quang ( )| [oochndin
5 175 D6 chiu mudi Mang son khong bi | Mang son khong
bong troc hodic phdng | b bong troc hodc
10 260 Do chiu nude 1op phéng rép
15 300 PG chiu kiém
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Bén canh do, nhom nghién ctu ciling da tién hanh
thi cong thtr nghiém tai hién truong, vach son cé do
phan quang dat trén 260 mcd/m?/lux, d§ bam dinh trén
nén dudng bé tong xi ming dat 3 MPa... Két qua cho
théy, chét luong vat li¢u son dat, tham chi la vuot yéu
cau quy dinh theo TCVN 8787:2011.

Vach son polyurea (mau tring) thic nghiém tai Tram thu phi Quéc 1§ 2
(Vinh Phiic)

Két luan

Qua nghién curu, ché tao va thir nghiém son vach
duong polyurea, chung t6i xin rat ra mdt s6 két luan
sau:

- Thanh phan thich hop dé ché tao son vach duong
trén co s& elastome polyurea gdm: nhya amin NDT1
37%, bot titan oxit 13% (son trang) va 8% (son vang),
bot mau vang hitu co 5%, bot don 22%, phu gia
phan tan DP-1 1%, phu gia luu bién FS-1 1%, nhua
izocyanat 28%, bi thuy tinh rai lén vach ké duong la
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10% theo khéi luong son.

- Son vach duong phan quang polyurea c6 thoi gian
kho nhanh (nho hon 8 phut); d6 bam dinh 16n hon 3
MPa trén nén bé tong; do phan quang 16n hon 260
med/m2/lux trong diéu kién tiéu chuan... phu hop st
dung cho san bay va duong cao tdc tai Viét Nam.

Vat liéu ké duong phan quang trén co s¢ polyurea
duogc ché tao khong nhitng dap tng dugc cac chi tiéu
ky thuat quy dinh tai TCVN 8787: 2011 ma con co
nhiéu uu diém vuot tri, ddc biét 1a do bam dinh véi
mat duong bé tong (3 MPa, 16n hon quy dinh 1a 1,2
MPa) va d6 mém déo cao, git dugc bi thuy tinh nén c6
d6 phan quang bén lau. Vi nhitng vu diém cua minh,
h¢ vat li¢u ké duong phan quang polymer elastome
trén co so polyurea s& nang cao dugc tudi tho va kha
ning phan quang cao, gop phan trong cong tac bao
dam an toan giao thong.
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Nghién cuu ap dung phuong phap do nhanh ham lugng
kim loai nang trong bui dudng 6 Viét Nam
bang thiét bi huynh quang tia X cam tay
Luong Mai Ly!, Nguyén Thé Hung', Vii Van Anh!, Pham Minh Chinh?, Thai Khanh Phong? Thai Ha Phi*
'Trudng Pai hoc Khoa hoc Tu nhién - Dai hoc Quéc gia Ha Noi
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“Truong Pai hoc Giao thong Van tai
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Bai bao trinh bay tom tit mot so két qua ciia dé tai Nafosted ma s6 105.08-2013.18. Trén co sé tim hiéu céc
phuong phap xac dinh kim loai ning trong bui duwong, cac tac gia da danh gia va lwa chon phwong phap
do nhanh ham lugng kim loai ning bfmg thiét bi huynh quang tia X cam tay dé sir dung trong nghién ciru
o Viét Nam. Cac tac gia ciing cong b6 cac két qua budc diu trong viéc irng dung phuwong phap do nhanh
ham luwgng kim loai ndng trong bui duong bang thiét bi huynh quang tia X cAm tay tai mot 50 dia diém &

Viét Nam.

Tur khoa: bui dwong, kim loai ndng, phwong phap do nhanh, thiét bi huynh quang tia X cam tay.

Chi so phin logi 2.7

APPLYING THE RAPID
MEASUREMENT METHOD FOR
HEAVY METALS IN ROAD DUST
IN VIETNAM USING PORTABLE

XRF DEVICE

Summary

The paper presents some results of the
Nafosted’s project coded 105.08-2013.18.
Based on the review of several methods to
identify heavy metals in road dust, the authors
have evaluated and selected the rapid method
to measure heavy metals using portable X-ray
Fluorescent (XRF) device for the purpose of
research in Vietnam. They have also provided
some preliminary outcome in applying this
method for road dust samples collected from
several locations in Vietnam.

Keywords: heavy metals, portable X-ray
Fluorescent device, rapid method, road dust.

Classification number 2.7

Pat van de

Qua trinh d6 thi héa va cong nghi¢p hoa ¢ Viét Nam
da cai thién dang ké doi séng ngudi dan nhung cling lam
ting twong ng murc d6 6 nhiém méi trudng, trong dé cd
van d& 6 nhiém bui duong (dic biét 1a & cac thanh phd
16n trén ca nudc). Bui duong rat dé bi khudy dong boi
cac hoat dong giao théng dé tro thanh bui lo limg, tir 46
xa4m nhap vao co thé nguoi qua duong hd hap hoic tiéu
hoa. Phoi nhiém bui duong s& dan dén nhiing rai ro vé
stc khoe con nguoi khong chi boi cac tac hai vé mat vat
1y (do hat bui gy ra cho dudng hd hip) ma boi ca sy
c6 mat cua cac kim loai nang chura trong bui. Bén canh
d6, bui duong ciing d& dang bi rira tréi vao hé thong
thoat nudc va c6 thé 1a ngudn 6 nhiém kim loai nang dbi
v6i nude miat va nude ngam. Trén thé gidi, di c6 nhidu
nghién ctru danh gia mirc d6 6 nhiém kim loai ning trong
bui dudng tai cac nudc phat trién nhu My, Canada, Italia
va Phap [1-4]. Trung Quéc ciing da c6 nhiéu nghién ciru
vé van dé nay do 6 nhiém bui dudng di trd nén nghiém
trong sau qua trinh cong nghi¢p hoa va do thi hoa trong
vai thap ky qua [5-7].

O Viét Nam, vin dé 6 nhiém bui duong do cac hoat
dong giao thong gay ra da duogc biét dén tir nhiéu nim
nay. Tai HoQi thao khoa hoc vé “Nang cao chét lugong

*Tac gia chinh: Tel: 0903228964, Email: thaihaphigtvt@gmail.com
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mdi trudong khong khi va giao thong do thi” dugce t6
chue tai Ha Noi nam 2012, Ha Noi dugc danh gia la
thanh phd bi 6 nhiém khong khi ning nhit trong cac
nudc PDong Nam A, v&i mire d6 6 nhim bui ¢ muc
nghiém trong. Tinh hinh & cac thanh phd hoic thi trin
khac ciing khong c6 nhiéu khac biét do tac dong manh
tir qua trinh cong nghiép héa va do thi hoéa dién ra
trén khap ca nuéc. Do d6, yéu cau danh gia muic d6 6
nhiém kim loai ning tir ngudn bui dudng 14 hét strc can
thiét, nham cung cip thong tin co ban cho viéc dé xudt
nhitng chinh sach gop phan giam thiéu nhiing tac dong
ctia 6 nhiém buyi duong & Viét Nam.

Mot trong nhitng nguyén nhan lam han ché nghién
ctru vé kim loai ning trong bui & Viét Nam 1a mirc chi
phi va thoi gian cho viéc phan tich kim loai ndng trong
bui bang cac phuong phap truyén thdng (phuong phap
hap thu nguyén tir - AAS hay phuong phap plasma
khéi phd - ICP-MS). Trong khi d6, mot nghién ciru
d3 chi ra, viéc sir dung thiét bi phan tich huynh quang
tia X (X Ray Fluorescence - XRF) dé phén tich nhanh
ham lugng kim loai nang sé& tiét kiém va hiéu qua hon
nhiéu so véi cac phuong phap thong thuong khac [8].
O Viét Nam, ciing da c6 nghién ctru sir dung ki thuat
XRF véi cac thiét bi 16n, dat cd dinh trong phong thi
nghiém [9, 10]. Tuy nhién, cho dén nay khong thiy c6
cac thong tin lién quan dén viéc sur dung thiét bi XRF
cam tay trong cic nghién ctru moi truong & Viét Nam.
Muc dich cta bai bao nay la gidi thi¢u, danh gia viéc
sir dung thiét bi phan tich huynh quanh tia X (XRF)
trong phan tich nhanh thanh phan kim loai nang cua
bui duong, nham phyc vu viéc nghién ctru vé mbi nguy
kim loai nang trong moi truong ¢ Viét Nam trén dién
rong.

Noi dung nghién ciu
Nguyén ly do

Nguyén 1y do cia mot thiét bi XRF duoc trinh bay
theo so d6 sau:

Nguén kich thich
(Dung ddng vi phdng xa)

DETECTOR

Tia X huynh
quang (tw
mau do)

XU ly tin hiéu

Tia X kich
thich

Két qua do

M3u cando

So dé nguyén Iy do bang phwong phdp phdn tich hupnh quang tia X
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Nguon kich thich (6ng tia X hodc dong vi phong xa)
s& chiéu tia X vao mau can phan tich. Chum tia X kich
thich nay s& lam cac nguyén t6 can do c6 trong mau
chuyén sang trang thai ning luong cao khong bén, tiép
d6 phat ra cac tia X huynh quang (tia X thir cip). Chum
tia X huynh quang nay dic trung cho ting nguyén t6
va dugc thu nhan bdi detector c6 trong thiét bi XRF.
B6 phan xt 1y tin hi¢u s€ so sanh chum tia X huynh
quang do duoc véi thu vién phd huynh quang chuan dé
cho ra két qua can do.

Thiét bi XRF

Thiét bi dugc sir dung trong nghién ctru nay 1a thiét
bi XRF xach tay Niton XL3t (Hang Thermo Scientific,
Hoa Ky) véi 6ng tia X c6 mirc niang lwong 50 kV. Thiét
bi nay c6 kha ndng phan tich nhanh (khong phé huy)
ham lugng céc nguyén t6 kim loai trong mau buyi/dat
bang cach phong tia X ning luong cao vao mau, sau
d6 do mat do cac tia X thir cap dic trung cho mdi loai
nguyén tb c¢6 trong mau do.

Thiét bi XRF dugc kiém tra va hi¢u chinh theo
dung trinh tu quy dinh truée mdi lan do. Tuy theo diéu
kién thuc té, thiét bi c6 thé duoc cam tay (trong truong
hop do tai thuc dia - hinh 1a) hodc gén trén gia do tiéu
chuan (trong truong hop do tai phong thi nghiém - hinh
1b). Thoi gian thuc hién mdi phép do 1a> 60 giay [11].

i S vl S e
Hinh 1: phén tich méu tryc tiép tai hién truong (a)
va tai phong thi nghiém (b)

Mdu chudn, mau kiém chirng

Hai miu chuan (Standard Reference Material)
chuyén dung cho thiét bi XRF duoc cung cép bai
Thermo Scientifics (Hoa Ky). Hai mau kiém ching
(Certified Standard Material) duoc cung cap boi Hoi
ddng Nghién ctru Canada (National Research Council
Canada). MAu chuan va miu kiém chimg déu c6 ban
chat 1a dat/bui gidng nhu mau kiém nghiém va c6 nong
dd nhu trong bang 1.

M



Bdng 1: nong dg mét s6 kim loai néing trong mau chudn va mau kiém chimg

o s Néng d (ppb hay mg/kg)
Ky hi¢u mau - —
Chi (Pb) Asen (As) Cadimi (Cd)
Mu chuén Till-4 50 111 Khong chimg
nhan
Mau chuidn RCRA STD 500 500 500
Mau kiém chimg MESS 3 | 21,1+0,7 | 212+1,1 0,24+ 0,01
Mau kiém ching PACS 2 183 +£8 26,2+ 1,5 2,11+0,15

Lay mdu thir nghiém va chudn bi mau thir nghiém

Mau thir nghiém 1a mau dat bui duoc lay ven duong
tai thanh phé Ha N¢i. Dung cu léy mau duogc lam béng
vat liéu nhua dé tranh gay nhiém chéo cac kim loai can
phan tich. Sau khi ldy, mau duoc xtr 1y so bd dé loai
bo cac tap chét nhu gach, d4, to bui; sau d6, mau duoc
dong vao tai nilong c6 khoa zip dé bao quan. Khdi
luong toi thiéu ctia mdi mau phai 1a 3 g dé dam bao
duogc do chinh xac cua phép do.

Chudn thiét bi XRF va tién hanh do mau

Trude khi tién hanh do, thiét bj XRF dugc dit vao
ché d6 do mau dat/bui va duoc cho ty hiéu chinh theo
phan mém da cai dat sin trong may (System check).
Sau d6, thiét bi duoc chuan bang bd mau chuan (Till-4
va RCRA STD). Nho tinh chat do nhanh cua thiét bi
XRF, nguoi su dung co thé biét dugc d6 chinh xac va
gidi han do cua thiét bi sau khi tién hanh do v6i mau
chuén (60 gidy/phép do). Mau kiém chimg va mau thir
nghiém dugc do sau khi thiét bi XRF d4 dugc chuan.
Khi tién hanh do mau thir nghiém, mau phai duoc dat
sao cho dam bao d6 day tdi thiéu cua khdi miu tai
diém do1a 1 cm.

Két qua va ban ludan
Dj on dinh ciia thiét bi XRF

Thiét bi dugc ty hiéu chinh trude mdi 1an st dung
dé dam bao két qua do theo tiéu chuan cua nha san
xuat. Két qua do mau chuin sau khi tién hanh tu hiéu
chinh duoc trinh bay ¢ bang 2.

Bing 2: nong dg chi, asen va cadimi trong mau chudn do bang thiét bi XRF

Két qua cho thdy, thiét bi XRF c¢6 d6 6n dinh (d6 lap
lai) giita cac phép do cao voi do 1éch chudn twong dbi
c6 gia tri trung binh < 10%, tru trudong hop cac phép
do chi & nong do thap (14,6%). Ciing d& nhan thay 1a,
cac phép do ¢ ndng do chuan cao s& co d6 6n dinh cao
hon cac phép do ¢ ndng d6 thap. Trong cac nguyén to
dugc nghién ciru thi phép do chi c6 d6 6n dinh thap
nhét, tiép theo 1a asen va cadimi. V&i do 1éch chuén
tuwong dbi ¢ gia tri < 15%, cac phén tich cua thiét b
XRF nay hoan toan thoa man yéu cau vé dam bao chat
lugng phép do (QA/QC). Bo chinh xac ctua phép do
(accuracy) ciing dat yéu cau vé dam bao chat luong véi
sai s6 trung binh tdi da 13 12,6% (cho phép do cua chi).
Phép do cadimi ¢ ndng d6 500 ppm 1a c6 do chinh xac
cao nhat (sai s6 0,8%). Tuy nhién, ciing can luu y 13 &
phép do chi va asen thiét bi XRF cho sai s6 hé thong
am, tirc la n6ng dd do thiét bi do duoc c6 gia tri nho
hon gi tri nong do that c6 trong mau.

Gidi han phdt hién ciia thiét bi XRF

Gi6i han phat hién trong cac phan tich bang thiét bi
XRF phu thudc vao tung loai nguyén t6 can phan tich
va thanh phan cia miu (matric). Giéi han phat hién
ctia thiét bi XRF con phu thudc vao thoi gian tién hanh
phép do. Thoi gian do cang dai thi gidi han phat hién
cang thap. Vi vay, tuy viéc st dung thiét bi XRF cho
két qua nhanh hon cac thiét bi phan tich truyén thong
nhu AAS, ICP, nhung viée kéo dai thoi gian do mau dé
c6 gi6i han phat hién thap ciing c6 thé anh hudong dén
s6 luong miu c6 thé phan tich trong mot khoang thoi
gian nhat dinh.

Bing 3: gi6i han phdt hién chi, asen va cadimi (mg/kg) bang thiét bi XRF
theo thoi gian do theo nghién ciru cua Kalnicky va Singhvi [12]

. Sne $no thist bi ) Thoi gian do (gidy)
Nng djtrong Nong d{ do dwgc bang thiét bj XRF Dilieh | Sish o g glay
mau chudn Linl | Lin2 | Lin3 | Ldn4 | Lin5 | Lin6 | Lin7 | Lin 8 Tmfng chuin (%), thye (%) Neguyén to
bink 15 | 30 | 60 120 240 480
% SOppm | 463 | 417 | 269 | 383 | 402 | 405 | 383 | 463 | 395 14,6 -12,6
500 ppm | 4719 | 4348 | 4869 | 526,7 | 469, | 4674 | 4817 | 4719 | 4741 5,60 S5,
Pb 61 41 42 22 12 11
A Ulppm | 10,1 | 1148 | 1292 1238 | 12,1 | 1114 | 17,7 [ 1093 | 1154 69 -15
S
500 ppm | 457,1 | 502,4 | 4299 | 450,1 | 490,2 | 478,0 | 4657 | 4702 | 4679 49 -04
o Al As 94 | 42 | 52 | 30 36 17
o ke* | <GH|<GH |<GH|<GH|<GH |<GH | <GH|<GH | <GH | kc* ket
4925 | 4877 494,51 530,2 | 509,7 | 510,1 | 504.4 | 504,1 29 08
— Cd 319 | 242 | 105 38 93 46
* khong co
< GH.: nho hon gici han phat hién
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Nong do kim loai nang trong mdu kiém chirng va
mdu thuc

Két qua do mau kiém chimg va mau thyc dugc trinh
bay ¢ bang 4.

Bing 4: nong dg chi, asen va cadimi (mg/kg) trong mot s6 mau thiec

Két qua do trén miu

Nguyén
tb PACS2 | MESS3 | HaNgil | HaNgi2 | HANgi3 | Ha Noi 4
Pb 172,4 <GH 66,9 71,7 243 15,3
As <GH 28,5 <GH <GH <GH <GH
Cd <GH <GH <GH <GH <GH <GH

< GH: nho hon gioi han phat hién

Két qua cho thiy, ngoai nguyén t chi thi nong
do cua asen va cadimi trong mau kiém ching 13n mau
thuc té déu thap (nam dudi gidi han phat hién cua thiét
bi). Nhiing chi tiéu khong do dugc bang thiét bi XRF
ciia miu kiém ching (PACS 2 va MESS 3) déu co
nong do thyc té rat thdp. Cac mau thuc duoc liy xung
quanh thanh phé Ha N6i dé 1am minh hoa trong nghién
ctru nay, két qua cho thay, nong do cia asen va cadimi
trong bui duong tai Ha Noi thép hon so véi gioi han
phat hién cua thiét bi XRF. Pidu d6 cho thdy kha ning
ctia thiét bi XRF thich hop vdi viéc do nong do chi
trong bui dudng. Mirc ndng do chi trong cac mau bui
thuc thu dugc trong nghién ctru nay cing khong qua
cao so voi cac nghién ctru khac trén thé giéi (vi du nhu
¢ Trung Qudc [6]). Mu’c nong do ch1 tai mot s6 diém
(HN3, HN4) ciing gan véi muc nong do co trong dat
nong nghiép tai Ha Noi [13] nén c6 thé cho rang, phan
16n nguén 6 nhiém chi trong bui duong tai Ha Noi 1a
do dit bui (nhu van chuyén dat cat, xe c¢d giao thong)
cht khong do cac ngudn 6 nhidm khac (nhu khéi bui
tur cac khu cong nghiép).

Két luan

Trong khudn kho bai bao, nhom tac gia di nghién
ctru cac phuong phép xac dinh kim loai nang trong
bui duong va da lya chon phuong phép do nhanh ham
luong kim loai ning trong bui duong & Viét Nam bang
thiét bi huynh quang tia X cam tay. Thiét bj XRF co
kha nang do dugc nhanh néng d6 nhiéu kim loai nang
cling lac nhung gidi han phat hién cua thiét bi kha cao.
Thiét bi XRF it c¢6 kha ning do dugc cac thanh phan
kim loai ndng cé néng do thép nhu asen va cadimi
trong bui duong cua Viét Nam nhung c6 gidi han phat
hién twong ddi thap va két qua do c6 d6 chinh xac cao
d6i voi thanh phan chi trong bui duong nén co thé
dung trong cac nghién ctu khoa hoc cling nhu trong
cong viée do dac, kiém tra chat luong méi trudng phuc
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vu muc dich quan 1y 6 nhiém chi.
Loi cam on

Cdc két qua nghién ciru dwoc trinh bay trong bai
bdo nay la mét phan néi dung cia Pé tai “Pdnh gid
mire do 6 nhiém kim logi nang trong bui dwong va anh
hieong ciia né dén mire dé phoi nhiém ciia nguwoi dan”,
ma s6 105.08-2013.18 do Quy Phat trién Khoa hoc va
Céng nghé Quéc gia tai tro. Nhém tdc gia chan thanh
cam on Quy da giup do mot cach co hiéu qua trong
qud trinh thiee hién dé tai.
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Sinh hap phu cta cac ion Pb?, Cu?*, Cd?* trong hé don
va da kim loai béi hat bun hiéu khi da dugc xu ly

Ning Ping', Nguyén Dinh Trung?*
"Hoc vién Cong nghiép va Ky thudt Moi truong, Truong Pai hoc Bach khoa Con Minh, Trung Quéc
2Vién Nghién cdu Méi truong, Truong Pai hoc Pa Lat

Ngay nhan bai 4.2.2015, ngay chuyén phan bién 10.2.2015, ngay nhan phan bién 19.3.2015, ngay chip nhan dang 23.3.2015

Hat bun hiéu khi (aerobic granule sludge) dugc nghién ciru lam chit hip phu kim loai nang, hat bun nay
sau khi dwoc xir Iy véi ion canxi tao ra dang Ca-biomass, dwoc diung nhw tic nhin hap phu cic ion chi,
dong va cadimi. Két qua nghién ciru, danh gia kha ning hip phu ciia Ca-biomass trong ca hai hé 1a don
va da ion kim loai cho thiy, Ca-biomass cé kha niing loai b6 cac ion Pb**, Cu?* va Cd?* ra khoi dung dich
nghién ctru mét cach rat hiéu qua. Kha ning hip phu cac ion kim loai ning ciia Ca-biomass cao gip 6 lan
so véi carbon hoat tinh, dic biét 1a Ca-biomass c6 kha niing hap phu rit cao dbi véi Cd?".

Trong hé hdn hop nhiéu ion kim loai thi ¢6 s canh tranh hép phu giira cac kim loai. Kha ning hydrat héa
va dd 4m dién ciia cac ion c6 vai trd quan trong dnh hwong dén kha ning canh tranh hap phu ciia cac ion
kim loai 1én tac nhan hap phu. Trong hé gom 3 ion Pb*, Cu?* va Cd?* thi trat tw canh tranh hip phu giira
cac ion kim loai béi Ca-biomass tuan theo quy luit Pb?*> Cu?* > Cd*". Khi trong h¢ ma sinh khdi 1a chét
hip phu dwoc sir dung dw thi qua trinh hip phu chi phu thudc vao ban chit cia chit hiap phu. Két qua
nghién ciru cho thiy, mé hinh Langmuir mo ta qua trinh hip phu cac ion kim loai ning boi Ca-biomass
t6t hon mé hinh Freundlich. Vay san pham phu trong qua trinh xir ly nwée thai bang phwong phap hiéu
khi 1a hat bun hiéu khi sau khi dwgce xir ly thanh dang Ca-biomass cé thé sir dung nhu mot chit hap phu
ré tién va 1a tac nhan xir ly kim loai niing hiéu qua trong xir ly nwéc thai cong nghiép.

Tir khéa: aerobic granule, Cd**, Cu?*, hdp phu canh tranh, Pb*, sinh hip phu.
Chi sé phin logi 2.7

M¢ dau hoan SBRs, ngoai viée xur Iy dwoc nude thai co ndng
dd cac chat hitu co, vo co néng dd cao thi hat bun hiéu
khi con c6 kha nang hép phu kim loai ndng rat tot, dac
biét 1a ¢ thé loai bé hoan toan cac kim loai nang ra
khéi nudc thai.

Viéc ap dung hat bun hiéu khi trong xu ly nudce thai
v6i ndong do 6 nhiém cac hop chat chira: nito, phdt pho,
céc chat doc hitu co cao la cong nghé da va dang dugc
ap dung [1]. Trong vong vai nam gan dy, co rat nhiéu

cong trinh nghién ciru vé loai hat bun nay dugc cong
b6 [1-3]. So sanh v&i bun hoat hoa binh thudng thi hat
bun hiéu khi nay c6 nhiéu wu diém nhu kha ning ling
nhanh, cdu trac nhiéu 16 x6p bén viing. V&i nhimng
dic tinh nay cho thiy, day la mot vat lidu c6 nhiéu
htra hen cho viéc xtr Iy kim loai nang trong nudc thai
chtra nhiéu cac hop cht khac nhau. Khong giéng voi
ky thuat tao hat bun ky khi, hat bun hiéu khi duoc nudi
trong thiét bi SBRs (sequencing batch reactors) voi
thoi gian ngan, ngudn cung cap dinh dudng c6 thé 1a
glucose, acetate, ethanol, phenol, nudc thai nhan tao
va nudc thai that [1]. Trong hé thong xir Iy nude tuan

*Tac gia chinh: Email: nguyendinhtrungpv@gmail.com
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O nhiém kim loai nang la van dé duoc quan tam
trén toan cau, vi cac kim loai niang khong bi phan giai
va chung dic biét nguy hai d6i v6i stic khoe con ngudi
cling nhu hé sinh thai [4, 5]. Cac ion kim loai Pb*,
Cu?, Cd** dugc thai vao moi truong nhiu nhat tir cc
nha may san xuét dc quy chi, khai khoang, nudc thai tir
cac lang nghé dtic dong, tai ché rac thai cong nghiép. ..
Viéc xir 1y, tai thu hdi cac kim loai ndy trong nudc thai
trude khi dua vao xur 1y sinh hoc 1a vén dé dugc quan
tam trong nhitng nim gan day.

Nhirng nghién ctru hién nay hudng tdi dung céc vat
lidu 1a phé pham sinh hoc, hay cac vat liéu sinh hoc
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BIOSORPTION OF LEAD(ID),
COPPER(II) AND CADMIUM(II)
TONS IN SINGE AND MULTI-
METAL SYSTEMS BY PRETREATED
AEROBIC GRANULE SLUDGE

Summary

Heavy metals are present in nature and industrial
wastewater; due to their mobility in natural
water ecosystems and toxicity, the presence of
heavy metals in surface water and ground water
has become a major inorganic contamination
problem. Discharge and treatment of industrial
wastewater containing heavy metals are
important issues in environmental protection, if
unrecognized or inappropriately treated, heavy-
metal toxicity can result in serious hazards.

The paper describes the study on the biosorption
of Lead (II), Copper (II) and Cadmium (II) ions
from single component and multi-component
systems in the equilibrium system and in batch
sorption experiment using pretreated aerobic
granular sludge. The results have shown that
Ca-biomass has been an efficient biosorbent
for the removal of Pb*, Cu?* and Cd*' ions
from an aqueous solution. The single-metal
sorption capacity of the aerobic granules for
Pb** has been inhibited by the presence of Cd**
and Cu*" ion; the decreasing affinity of aerobic
granular sludge for the three metal ions has been
established as: Pb**> Cu?** > Cd*". Factors such as
hydration effect and electronegative charge may
contribute to the competitive sorption results.
The metal removal capacities of Ca-biomass
have been six times higher than those of activated
carbon, especially the Cd** removal capacity.
The Langmuir model has been better than the
Freundlich model in regard of describing the
Pb?*, Cu** and Cd** ion biosorption based on raw
biomass and Ca-biomass; the maximum capacity
Q,... determined by the Langmuir model has
fitted to the experimental data.

Keywords: aerobic granule, biosorption, Cd*,
competitive sorption, Cu**, Pb*".

Classification number 2.7
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lam chét hap phu kim loai nang trong xir 1y nudc thai
cong nghiép, vi gid thanh ré, thoi gian van hanh ngén,
c6 thé két hop va dong thoi c6 thé tai sir dung lai t6t
[6-8].

Hap dung ctia dang hat bun hiéu khi “da chét” (dead
biomass) thudng 1a thap hon khi chung “con sdng”
(viable cells). Tuy nhién, khi dung dang hat bun hiéu
khi qua xtr Iy roi 1am chat hip phu ¢6 wu diém 14 chat
héap phu nay khong bi “ngd doc” boi nong do qua cao
ctia cac kim loai c6 trong nude thai. Chat hap phu dang
nay c6 thé duoc giai hdp, thu hdi cac kim loai ning
va tai st dung cho qua trinh hap phu tiép theo, loai
chat hap phu nay co thé luu trit va ap dung dé dang
trong qua trinh xir ly nudc thai nhiém kim loai ning
[9]. Theo Yan va Viraraghavan, viéc tién xtr Iy cac hat
bun hiéu khi ciing ¢6 kha ning 1am ting kha ning hap
phu ctia co chat, do viée xir Iy nay 1am 16 ra cac tim
hap phu va 1am sach bé mit cua chat hip phu, gitp cho
qué trinh hap phu xay ra nhanh chong [10].

Nhiéu cong trinh nghién ctru qua trinh hap phu kim
loai nang boi hat bun hiéu khi d3 duoc xuit ban, trong
s6 d6 c6 cac cong trinh chi nghién ciru trén ddi tuong
1a hap dung va dong hoc hap phu cta hat bun hiéu khi
ddi v6i hé don ion kim loai [8, 11-13]. Ngoai ra, cling
c6 mot s6 nghién ctiru vé co ché hip phu [8, 13, 14].
Tac gia Sun va cs [15] di nghién cu qua trinh hip
phu canh tranh khi c6 nhiéu ion kim loai. S6 luong céc
cong trinh nghién ctru qua trinh hip phu cta hat bun
hiéu khi trén hé héip phu 1a da kim loai con gidi han,
tuy nhién trong thyuc té thi nudc thai chira rit nhiéu
nguyén td. Vi vay, d8 tai dugc thuc hién nhim nghién
ctru hap dung cua hat bun hiéu khi d6i véi 3 ion kim
loai (Pb*, Cu?*, Cd*") trong hé hap phu la don nguyén
t6, da nguyén t6 va co ché trong qua trinh hap phy canh
tranh ciing nhu so sanh kha nang hap phu cta hat bun
hiéu khi voi nhitng chat hap phu khac da dugc cong bd
trong diéu kién hip phu trong dong.

Vat lieu va phuong phap nghién ciu

Vit liéu

Bun hoat tinh dung cho nghién ctru dugc ldy tir
phong thi nghi¢m cta Vién Cong nghé Méi truong,
Trudong Pai hoc Bach khoa Con Minh, Trung Qudc.
Céc hat bun hiéu khi ndy dwoc nudi dudng bang
duong glucose nhu ngudn cung cép carbon trong hé
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théng SBRs trong vong 2 thang, véi ty 1& protein/
polysaccharide (PN/PS) 1a 4,5. Hat bun hiéu khi sau
khi thu duogc rira sach b@ing nudc cat 3 1an, dem ly tdm
& toe do 2.000 vong/phut, loai bod phan nude bén trén,
phé”ln can con lai dugc cho vao chai thuy tinh day kin
bao quan & nhiét do 4°C. Pay duogc coi 1a sinh khdi
song (viable biomass). Sinh khdi th (raw biomass)
duogc didu ché bang cach sdy kho sinh khdi ¢ nhiét do
60°C cho dén khi trong luong khong doi, sau d6 nghién
min bang may nghién bi su.

Sinh khbi H (H-biomass) dugc diéu ché bang cach
cho sinh khéi sdng vao 2 lit dung dich HC1 0,02M
ngam trong 3 gio, sau d6 gan bo 16p axit bén trén, phan
con lai duoc rira béng nudce cho dén khi trung tinh, sau
d6 ly tam, sdy kho ¢ nhiét do 60°C cho dén khi trong
lwong khong ddi va nghién min bang may nghién bi st.

Sinh khéi K (K-biomass) va sinh khéi Ca (Ca-
Biomass) duoc diéu ché twong ty H-biomass nhung
thay thé HCl 0,02M bang dung dich KOH 0,02M
hay Ca(OH), 0,01M tuong tng gia tri pH trong dung
dich khoang 11,5. Dung dich chuan ciia cac ion kim
loai (1.000 mg/l) dugc pha tir cac mudi Pb(NO,),,
Cu(NO,),.3H,0, Cd(NO,),.5H,O tuong tng vao nudc
cat hai lan, hoa chat ciia Merk.

Dung dich NaOH 0,1M va HNO, 0,1M dugc dung
dé chinh pH. Xac dinh cac ion kim loai Pb**, Cu?* va
Cd** bang may AAS (Varian Model 240FS, England).
Xac dinh cac ion Ca?, Mg*, K* bi hoan ddi trong
qua trinh hdp phu biang may Inductively Coupled
Plasma (ICP) (IRIS Intrepid II XSP, American). Do
pH trén may Martini Mi 150. Xac dinh protein va
polysaccharide bang tric pho Hach DR 5000. May ly
tam Universal 20.000 vong/phut va cac dung cu thuy
tinh khac.

Phwong phap nghién ciru

Hé hap phu dong don nguyén t6 (batch biosorption
singe-metal): thi nghiém hap phu dang nhiét dugc thuc
hién trong binh tam giac c6 nut mai 500 ml ¢ nhiét do
25°C cho h¢ don ion kim loai Pb*", Cu** va Cd** ¢ pH =
5 trong sudt qua trinh. Cho 0,2 g kho céc loai sinh khi
can nghién ctru vao 200 ml dung dich chtra cac ion kim
loai twong tmg, theo diy nong do tir 25-500 mg/l, lic
v6i toe d6 120 1an/phut trong 24 gid, mau thir duogc 1ay
tor dung dich ly tdm 7.500 vong/phut va loc qua mang
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loc cellulose-acetate 0,45 pm, ndng do cia cac ion kim
loai nang dugc do béng AAS. Cac ion kim loai bi hoan
d6i, thai ra trong qua trinh hip phu nhu Ca?*, Mg?* va
K* cling dugc xac dinh, pH cua dung dich sau khi dat
can b?ing hép phu cling dugc do. Lugng ion kim loai
nang bi hap phu boi chat hip phu sau khi dat can bang
dugc do bang cach hity mau bang nudc cudng thuy roi
do trén AAS.

Hé hdp phu déng da nguyén 6 (batch biosorption
multi-metals): thi nghiém hip phu da nguyén té duoc
thiét 1ap trong hé gém cac ion Pb**, Cu* va Cd** & pH
= 5, nhiét d6 25°C. Cac hé hap phu duoc thiét lap ting
cap hai nguyén t6 va 3 nguyén té nhu: Pb- Cu?*, Pb**-
Cd*, Cu*- Cd*', Pb*- Cu?**- Cd*. Cho 0,2 g kho céc
sinh khdi vao binh tam giac chira 200 ml dung dich véi
ndng do twong tmg 1 mmol/l cho mdi kim loai, lic véi
tdc do 120 1an/phut, sau 24 gid mau thir duoc 14y va xir
1y nhu phan trén. Phan tich cac ion kim loai ciing gidng
nhu mé ta & phan hap phu dong da nguyén to.

Ly thuyét hap phu:

Phuong trinh hip phu dang nhiét Langmuir nhu

sau:

p— Qmabe@
EETYYe)

Trongdo: Q_ 1a hép dung cuc dai trong h¢ hép phu
don kim loai (mg/g); b 13 hing s lién quan dén qua
trinh hap phu; C la nong do cua chat bi hap phu trong
dung dich & trang thai can bang (mg/1).

Phuong trinh hdp phy ding nhiét Freundlich nhu
sau:

4. =KC"

Trong do: K 1a héng s6 can bé“mg biéu thi hép dung;
n 12 hiang s6 hap phu can bang.

Két qua va thao luan

Anh hwéng chit hip phu khdc nhau lén qud trinh
hép phu cdc ion kim logi

Céc nghién ciru gan day chi ra rang, cac vat liéu hap
phu sinh hoc ciing gidng nhu cac nhya trao déi ion,
chung c6 thé diéu ché du6i nhidu dang ion khac nhau
nhu K*, Ca?*, H'... bang cach xt 1y ching bang céc
axit vo co, cac dung dich mubi hay dung dich bazo.



Bdng 1: hdp dung cye dai cua cac chdt hép phy khdc nhau
doi voi cac ion kim loai

Ton kim loai | Raw biomass | Ca-biomass | K-biomass | H-biomass
Pb* 162,33 173,72 167,44 96,71
Cu* 55,77 58,24 57,05 32,44
Cd* 158,93 168,69 161,23 117,45

Hip dung mg/g sinh khoi kho

Két qua nghién ctru kha ning hap phu cac ion kim
loai nang ddi véi cac chat hép phu khac nhau véi hé
hap phu 14 dong, don nguyén t6. Ca-biomass c6 hap
dung cuc dai la cao nhét ddi véi 3 ion kim loai nang
dugc nghién ctiru (hinh 1). K-biomass ¢6 hap dung
cuc dai d6i voi 3 ion kim loai nghién ctru khong nhiéu
hon dang ké so v&i dang sinh khdi khong xtr Iy (Raw-
biomass). Tuy nhién, dang sinh khbi xu Iy véi HCI
(H-biomass) c6 hap dung cuc dai lai thap hon nhiéu so
v6i dang chat hip phu chua xir 1.

Ca-biomass
V] K-biomass
180 B2Z] Raw biomass
171 — H-biomass
160 — ? 7
5 140
g 120
100
g '
2
S 80
S 1
S 60
§ ]
3 40
20
O T
Pb2* cuw ce

Heavy metal

Hinh 1: hdp dung cye dai cua cac chdt hap phu khdc nhau
doi voi cac ion kim loai

Trong qua trinh hap phy, ddi voi chat hap phu 1a K,
Ca-biomass gia tri pH khong thay ddi trong sudt qua
trinh. Truong hop dbi v6i chat hap phu 1a H-biomass
thi gia tri pH ctia dung dich sau khi dat can bang hap
phu giam xubng dén 3, & gia tri pH nay da lam giam
kha niang hap phu cia cac ion kim loai 1én co chat néu
trén. Gia tri pH giam do qua trinh hép phu theo co
ché trao ddi ion nén H* bj loai ra trong dung dich, khi
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lwong H* ting thi gia tri pH giam. Tir két qua trén,
chung t61 chon Ca-biomass cho budc nghién ciu so
sanh tiép theo.

Dong hoc hip phu ding nhiét ¢ 25°C va pH = 5

Khi nghién ctru qua trinh dong hoc hap phy, trong
diéu kién hdp phu dong, dang nhiét ¢ nhiét do 25°C
dung hai mé hinh mé ta qua trinh hap phy, két qua
phan tich hdi quy bang phan mém Originlab 8.0 dugc
thé hién & bang 2.

Bdng 2: so sanh cac thong 6 ciia hai mé hinh mé td déng hoc
hap phu Langmuir va Freudlich

Langmuir Freundlich
R e e e e
' 0. | b K In
Raw biomass | 161,31 | 0,02 | 094 | 1537 | 0421 | 085 | 162,33
Pb* | Ca-biomass | 173,70 | 0,02 | 096 | 1139 | 0489 | 092 | 173,72
Granule 185,80 | 0,02 | 087 | 740 | 0,601 | 094 | 186,13
Rawbiomass | 55,74 | 007 | 095 | 1830 | 0208 | 095 | 35577
Cw | Ca-biomass | 5810 | 0,05 | 096 | 1819 | 0209 | 096 | 5824
Granule 5932 1007 | 090 | 182 | 0227 | 091 | 39,71
Raw biomass | 15897 | 0,02 | 094 | 12,95 | 0460 | 093 | 15893
Cd* | Ca-biomass | 168,71 | 0,02 | 096 | 13,14 | 0456 | 092 | 168,69
Granule 17281 1002 | 081 | 880 | 0564 | 090 | 173,12

Ghi chu: O, la hdp dung cuwe dai mg/g kho;
O TN la hdp dung ciee dai thi nghiém

max

Hap dung cuc dai thi nghiém xac dinh bang cach
cho chat hip phu vao dung dich chira du lugng chit
bi hép phy, sau khi dat trang thai cdn bang, phan hiy
chung bang nudc cuong thity, sau d6 do trén may AAS.
Granule 12 dang hat bun hiéu khi sau khi nudi dudng
xong lay ra rira sach khong qua bat ky qué trinh xir ly
nao. Khi nghién ctru hai phuong trinh mo ta dong hoc
hdp phu cta cac ion Pb?*, Cu?* va Cd** 1én cac chat
hap phu la Raw biomass, Ca-biomass (cac thong so thé
hién ¢ bang 2).

Tir céc thong s6 mo ta qua trinh hap phu ding nhiét
cua cac ion kim loai nang 1én hai dang sinh khéi da
duogc xir 1y 13 Raw biomass, Ca-biomass cho thdy, cac
gia tri R? cua phuong trinh Langmuir 1a kha cao (tur
0,94 dén 0,96) ddi voi 3 kim loai; gia tri R? cia phuong
trinh Freundlich ciing kha cao (trir trudng hop ddi véi
ion Pb*). Tir nhitng thong s6 néu trén cho thay, hai
phuong trinh mo ta dong hoc hap phu Langmuir va
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Freundlich 1a pht hop cho viéc mé ta qua trinh hip phu
clia cac ion kim loai Pb?*, Cu?* va Cd?* 1én céc chét hap
phu Raw biomass va Ca-biomass. Tuy nhién, gia tri R
ctia phuong trinh Langmuir 1a cao hon so vdi R? cla
phuong trinh Freundlich, diéu d6 co thé thiy, qua trinh
hap phu céac ion kim loai nang 1én cc chét hap phu da
duoc xur 1y 1a don 16p (monolayer sorption).

Khi so sanh céc gia tri hip dung cuc dai Q,,,) theo
tinh toan ctia phuong trinh va gia tri hip dung cuc dai
thuc nghiém (Q,_ TN) cho thiy, su sai Iéch khong dang
ké, vi vy c6 thé két ludn mé hinh Langmuir dung dé
mo ta qua trinh hap phu cac ion kim loai Pb*, Cu** va
Cd?>* 1én cac chat hap phu Raw biomass, Ca-biomass
1a phii hop. Tur két qua thé hién & bang 2 ¢ thé rit ra
nhan xét: hép dung cuc dai (Q,_ ) cua hat bun hiéu khi
Granule cao hon céac dang sinh khéi di duogc xur 1y co
thé do dang sinh khéi song (viable aerobic biomass)
ngoai viéc hap phu don thudn trén bé mit chat nay, con
¢6 hién tugng cac ion kim loai tham thau qua mang té
bao.

Khi so sanh hap dung cuc dai (mmol/g) cta hai vat
liéu hép phu la Raw biomass va Ca-biomass vi cac vat
liéu nghién curu 1a carbon hoat tinh (activated carbon),
nhura trao doi ion thuong mai (commercial resins), tao
nau (brown algae), sinh kh6i nim (fungus) va cac vt
liéu khac (selected solid waste) trong diéu kién hip
phu 1 tuong dong vé nhiét do va pH.

Dé thuan tién cho viéc so sanh cé tinh déng nhét,
cac gia tri dugc chuyén ddi tir mg/g thanh mmol/g.
Tir bang so sanh cho thiy, hip dung cuc dai cua Ca-
biomass cao hon gip 6 lan than hoat tinh, riéng hap
dung cuc dai dbi vé6i ion kim loai Cd?* 1a cao nhét dén
(1,5 mmol/g), cao gan bang hat bun hiéu khi cia cong
trinh nghién ctru cia nhom tac gia Liu (2003) [11]. Khi
so sanh véi vat liéu hap phu 13 hat bun hiéu khi cia
nhom tac gia Liu thi vt liéu hdp phu nghién ctru c6
hap dung thdp hon, tuy nhién khi dung vat lidu lam
chat hip phu 1a vat liéu “chét” (non-viable aerobic
biomass) thi c6 nhiéu thuan loi khi sir dung, trong qua
trinh tién hanh ciing nhu Gmg dung vao thuc té [9]. Mot
cach téng quat, hép dung cuc dai cia Raw biomass va
Ca-biomass d6i voi ion kim loai Cd?* 1a rat cao so véi
céc vat liéu hap phu khac dd duoc nghién ciru. Day 1a
mot vat liéu moi, dﬁy tiém nang, gia ré, co thé xu ly
hiéu qua van dé nuée 6 nhidm Cd** (bang 3).
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Bdng 3: so sanh hap dung cuc dai ciia vit liéu hap phu nghlen ctru
Véi cde vt liéu hdp phu ciia cdc cong trinh nghién ciru d cong bé

Vit ligu héip phy Py | Cu* | Cd* | pH Tham khao
Activated | Cranular AC 0,08 | 008 | 003 | 50 |Anvaes(2001)
carbon (AC) | poder AC 013 | 007 | 003 | 50 | Anvcs(2001)
Commercia] | Duolite GT-73 059 | 097 | 094 | 48 | Vaughanvacs(2001)
Tesins Amberlite IRC-718 140 | 200 | 230 | 48 | Vaughanvacs(2001)

Lewatit TP207 096 | 134 Brown va cs (2000)
Brown algae | Ascophyllum nodosum 131 LI§ | 35 | Thomasvacs (2003)
Sargassum natans 1,22 LI7 | 3,5 | Thomas vacs (2003)
Fungs Penicillium chrysogenum | 0,59 | 0,14 | 0,50 Volesky, Holan (1995)
Rhizopus arrhizus 044 | 0,16 | 024 Volesky, Holan (1995)
Sugar beet pulp 036 | 033 | 022 | 55 | Reddadvacs(2002)
Anaerobic biomass 125 | 087 | 053 | 50 | Hawarivacs(2006)
Vs sobens Aerobic biomass 094 | 1,54 | 40 | Liuvacs(2003)
Raw biomass 078 | 088 | 141 | 50 | Vatli¢unghién ciu
Ca-biomass 084 | 092 | 150 | 50 | Vatliéunghién ciu

Ghi chii: khoang trong la nhitng cong trinh khéng thé hién

Hip phu h¢ da ion kim loai béi Raw biomass va
Ca-biomass

Dbi v6i nghién ciru nay, hé hap phu 1 2 va 3 ion kim
loai dugc chia ra ting cap nhu sau: Pb**- Cu*, Pb**-

Cd?*, Cu?*- Cd¥, Cu?"- Cd**- Pb*". Két qua nghién ctru

thé hién ¢ bang 4.
Bdng 4: hip phu ciia Raw biomass, Ca-biomass déi véi hé da ion
kim loai
fon kimlogi | Rawbiomass | Ca-biomass HAp dung téng kim loai
mmol/g DW mmol/g DW " gy piomass | Ca-biomass
Pb* 0,78 0,84
Cu?' 0,88 0,92
Ccd 1,41 1,50
PbZ*_Cuzﬁ»
Pb* 0,58 0,59 0,94 0,95
Cu? 0,36 0,36
PbZ*_CdE#»
Pb* 0,64 0,66 0,99 1,02
Cd> 0,35 0,36
Cu?'-Cd>
Cu? 0,62 0,65 0,98 1,02
Cd* 0,36 0,37
Cu?'- Cd¥- Pb*
Pb* 0,41 0,43 0,99 1,05
Cu? 0,36 0,38
Cd 0,22 0,24

D6i voi hé hap phu Pb?*- Cu?*, Pb?*- Cd** va Cu?'-
Cd* khi c6 ion Cu?* thi hip dung cuc dai dbi voi Pb>*
giam di dang ké, trong khi d6 trong hé nghién ctru co
ion Cd** thi hdp dung cuc dai ciia Pb** giam di khong
nhiéu ddi voi ca hai chat hip phu 1a Raw biomass, Ca-
biomass. Diéu nay cho théy, trong h¢ c¢o sy canh tranh

48



hap phu manh mé ctia ion dong va chi, trong hé hap
phu ma c6 2 ion kim loai Cu?*- Cd?* thi ion Cu** canh
tranh manh hon ion Cd?". Trong hé hip phu c6 3 ion
Cu?*- Cd**- Pb?" thi ¢6 su canh tranh hép phu va trat tu
hap phu duoc thiét 1ap sau khi dat can bang 1a Pb* >
Cu* > Cd*.

Khi so sanh kha nang hap phu ciia ba ion Pb?*, Cu?*
va Cd?* 1én trén hai chat hap phu Raw biomass va Ca-
biomass thé hién trén hinh 2 va 3 cho thay, khi hé hap
phu 14 don chat thi hap dung ddi véi ion cadimi 1a cao
nhat, ké dén 1a ion ddng, nhung khi hé c6 dong thoi c6
3 ion kim loai thi trat ty nay thay doi. Riéng d6i véi
truong hop chét bi hap phu 1a Cd** trong hé don ion
kim loai thi kim loai nay bi hép phu manh nhét so véi
hai ion kim loai la Pb?" va Cu?* (méac du 3 ion kim loai
néu trén ¢ cung hoa tri IT). Didu nay c6 thé 1y giai la
do trén bé mat chat hap phu c6 nhiing tim hap phy, hay
nhirng nhém chitc dong vai tro quan trong trong viéc
thich ing hip phu nhimng chit nao manh hon.
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Khi so sanh hép dung cuc dai 3 ion kim loai trén
hai chat hép phu, trat ty canh tranh héip phu gilra ba
ion kim loai nay 14 giéng nhau d6i v6i ca Raw biomass
va Ca-biomass. Khi so sanh tong luong hip dung cuc
dai (cot cudi cing ctia bang 4) thi hap dung tong lugng
cao hon so v6i hap dung riéng 1& timg kim loai (don
vi mmol/g) d6i v6i trudng hop cua ion dong va chi,
riéng d6i v6i ion cadimi thi tong luong hap dung lai
thip hon. Vay qua trinh hip phu 1a da kim loai ¢ hién
tuong canh tranh hép phu trong h¢ va khi c¢6 sy canh
tranh hép phu thi cling c6 hi¢n tugng tang hay giam
hap dung tong thé, diéu nay cho thiy trong hé hip phu
ngoai viéc c6 mat cac ion canh tranh hép phu con I¢
thudc nhiéu vé ban chat cta vat liéu hap phu.

Co ché hép phu

Dé danh gia co ché hap phu cua 3 ion kim loai trén
chat hip phy 1a Raw biomass phai phan tich duoc cac
kim loai nhe bi trao doi thai loai ra trong dung dich
nghién ctru. Két qua nghién ctru chi ra rang, lugng ion
Ca?" dugc thai loai vao trong dung dich la 16n nhat
so voi cac ion kim loai khac nhu Mg?" va K*, ty 1¢
téng cac ion kim loai dugc loai ra trong dung dich so
v6i lugng ion kim loai bi hép phu la 74,01; 71,03 va
62,97% tuong tmg vai Pb*, Cu?* va Cd*. Viéc loai
cac ion kim loai nhe ra dung dich déng thoi véi viée
hap phu cac ion kim loai ning di minh ching rang,
qué trinh hép phu dién ra dang véi co ché trao dbi ion.
Tuy nhién, tong ham lugng ion kim loai bj hdp phu cao
hon t6ng ion kim loai nhe thai ra, vy ngoal viéc hép
phu theo co ché trao doi ion con co co ché hdp phu
khéc nhu c6 sy cong két, két tinh trén bé mit chét hép
phu, hay c6 su tham thau qua mang, nhung co ché hap
phu trao ddi ion 1a chu lyc. Theo Hawari va cs [9] khi
nghién ctru qua trinh hip phu ciia cac ion Pb*, Cu?* va
Cd?** trén hat bun yém khi, ty 18 tong ion kim loai duoc
loai ra trong dung dich so vdi lugng ion kim loai bi hép
phu 13 77; 82 va 50% dbi v6i Pb**, Cu* va Cd*, tac gia
khang dinh co ché chinh cta qua trinh hap phu 14 trao
d6i ion. V&i nhom tac gia Xu va Liu [14] khi nghién
ctru qua trinh hip phu cac ion kim loai 1én hat bun hiéu
khi, ty 1€ téng ion kim loai dugc loai ra trong dung dich
so v&i luong ion kim loai bi h?ip phu 1a 75,5; 71,3 va
82,4% ddi véi Cd?, Cu2* va Ni2. Trong khi @6, nhém
tac gia Tsezos va Volesky [16] lai cho rang, qua trinh
hép phu cac ion kim loai nang phu thudc nhiéu vao
polysaccharit trén bé mit cac chat hip phu. Vay, co
ché chinh cua qua trinh hép phu cac ion kim loai Pb*,



Cu?" va Cd*" cua co chat la co ché trao doi ion.

Khi nghién ctru qua trinh hép phu canh tranh thiy
ré'lng, c6 mdt s6 kim loai tao lién két véi nhiing tam
hap phu “ctmg” 1a phan cuc, mot sb thi chiu anh huong
ctia nhitng tim hép phu 1a khong phan cuc (goi la
nhitng tim “mém”) va sb con lai thi lién két voi ca hai
tam hap phy. Nhimng tdm hép phu cimg 1a cac nhom
chuc carbonate, phosphate, sulfate, carboxylate va
hydroxyl, trong khi d6 tim hap phu mém 1a cac nhom
chire sulfhydryl va cac nhom amino [17]. Bdi v6i cac
kim loai ciing dugc chiara lam 3 nhom 1a “cting” (non-
polarizable or ‘hard’), “mém” (polarizable or ‘soft’) va
trung gian (borderline) [18]. Ton Pb** va Cu*" dugc
phan loai vao nhom trung gian, trong khi d6 Cd** dugc
xép vao nhom “mém” [19]. Cac kim loai thuéc nhom
ctng thi lién két bén vitng hon d6i véi nhom hap phu
la “mém”, trong khi d6 cac ion kim loai thuoc nhém
“mém” lai lién két bén virng voi nhém hap phu “ctng”
[20]. Vi thanh phﬁn ctia hat bun hiéu khi duoc dung
lam vat liéu hip phu trong nghién ctru c6 ty 1¢ protein/
polysaccharide 1a 4,5, nghia la trong cAu tao cua hat
bun cac nhom chirc amino chiém da sb so véi nhitng
nhoém chuc khac, cho nén trong hé hép phu la don ion
kim loai thi loai vt li¢u nay phu hgp hon cho viéc h€'1p
phu Cd?*, 6 chinh 13 nguyén nhan dan dén két qua la
trong hé hap phu don chét, hip dung ddi véi ion Cd**
1a cao nhat. Pbi voi hé hap phu 1a da ion kim loai co
ché hip phu khéong chi phu thudc vao cac ion kim loai
c6 trong dung dich c6 ban kinh ion, c6 ban kinh hydrat
hoéa, do phan cuc, d am dién, nang lugng lién két cua
tung kim loai, ma con phu thudc vao cAu tao bé mat
chat hap phu.

Bdng 5: tinh chdt va kha ndng lién két ciia cdc ion

o Héa Bankinhion  Ban kinh hydrat Pauling‘ ' Thong s lién két héa trj
e T ) T 0 lectronegativity xl(rcryst H85) (4)
P2 119 401 JRA 118
a2 0,74 419 190 041
2 095 426 169 553
(Alloway B, 1990) ~ (Nicboer E, 1973)  (Jain MK 1970)

Ban kinh hydrat hoa cta cac ion Pb*, Cu*" va Cd**
tuong tng 1a 4,01; 4,19 va 4,26 A, cho nén ion Pb**
tiép can nhanh trén bé mat ciing nhu cic cuc hap phu
ctia chat hap phu so vdi cac ion Cu?* va Cd*. Vi vay,
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trét tu hép phu canh tranh trén bé mit chat hép phu la
Pb>" > Cu?"> Cd*". Khi xem xét chi s6 lién két hoa tri
tur bang 5, trdt tu canh tranh cling khong thay ddi khi
xét vé do am dién thi ion Pb* 1 cao nhat, cudi cung
1a ion Cd*", tir @6 cho thiy Pb** bi hip phu manh nhit.
Vay trong mot hé hap phu, néu hé 1a don ion kim loai
thi ban chat hap phu chi phu thudc vao chat hip phu,
néu hé hap phu 1a da ion kim loai thi qua trinh hip phu
trude tién phu thudc vao cac ion kim loai c6 mat trong
hé hép phy, sau d6 mai phu thudc vao chét dugc 1am
vat liéu hip phu.

Két luan

Hap dung cua dang hat bun hiéu khi khi xtr Iy thanh
dang Ca-biomass cao hon K-biomass va H-biomass.
Hap dung cuc dai ciia Ca-biomass (mmol/g dang kho)
dbi voi timg ion twong tmg 0,84 Pb*, 0,92 Cu?* va
1,50 Cd?*. Kha ning hip phu céac ion kim loai ning ctia
Raw-biomass va Ca-biomass nhiéu gip 6 lan so véi
carbon hoat tinh, dic biét 1a ching c6 kha ning hip
phu rét cao ddi véi ion cadimi.

Trong h¢ hép phu da ion kim loai c6 sy canh tranh
hap phu giita cac kim loai. Kha nang hydrat hoa va do
am di¢n cua cac ion kim loai ¢ vai tro quan trong, anh
hudng dén kha nang canh tranh hip phu ctia cac ion d6
1én tac nhan hap phy. Trong hé gdm 3 ion Pb**, Cu® va
Cd?, trat tu canh tranh hép phu gitra cac ion kim loai
boi Raw biomass va Ca-biomass tuan theo quy luat
Pb?"> Cu?* > Cd?; khi trong hé ¢6 du sinh khéi 1a chat
hap phu thi sy hip phu chi phu thudc vao ban chét cua
chat hap phu. Két qua nghién ctru cho thdy mé hinh
Langmuir mo ta qué trinh hap phu cac ion kim loai
ning boi Raw biomass va Ca-biomass tét hon mé hinh
Freundlich.
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Panh gia tiém nang Ung dung cong nghé MBR
cho xU ly nuéc thai nhiém dau & Viét Nam
Pé Khic Uan', Chu Xuan Quang? Tran Hung Thuan®

"Vién KH&CN Moi truong, Truong Dai hoc Bach khoa Ha Ngi
2 Trung tam Coéng nghé Vat liéu, Vién Ung dung Cong nghé, B0 KH&CN

Ngay nhan bai 16.1.2015, ngay chuyén phan bién 20.1.2015, ngay nhan phan bién 27.2.2015, ngay chap nhan ding 3.4.2015

Nuwéc thai nhiém dau (NTND) phat sinh tir nhiéu hoat dong khac nhau nhw khai thac dau, tinh ché dau,
cong nghiép héa dau, gia cong kim loai, hoic sira chira, vé sinh cac phwong tién co giéi... Loai nuéc thai
nay 13 mét trong nhirng nguodn thai cé nguy co giy 6 nhiém méi trwong 16m do c¢6 chira nhiéu thanh phén
chit 6 nhiém khé phén hiiy. Bén canh dé, do diu mé trong nwée thai thwong anh hwéng khong co loi ddi
véi vi sinh vat nén cac phwong phap sinh hoc thong thwong khong dat dwgc hiéu qua xir Iy cao. Trong
nhirng nim gan diy, cong nghé mang loc sinh hoc (MBR) d4 dwoc ap dung rong rii dé xir Iy nwéc thai cia
nhiéu linh vue cong nghiép. Do viy, viéc phén tich, danh gia nhitng wu diém va han ché ciia cong nghé nay
thong qua cic cong trinh nghién ciru di dwoc cong bd sé gop phan thiic diy phat trién cong nghé dé xir ly
NTND phii hop diéu kién Viét Nam. Noi dung chinh ciia bai bio tip trung vao cic vin dé vé van hanh hé
thdng, nguy co tic nghén mang loc trong qua trinh van hanh va cac bién phap kiém soat hién twong nay,
ciing nhwr van d@ chi phi lién quan dén cong nghé MBR.

Tir khéa: chit thii nguy hai, cong nghé sinh hoc két hop loc mang, nwéc théi nhiém dau.

Chi so phan logi 2.7

THE MBR TECHNOLOGY FOR TREATMENT OF | Datvande

OILY WASTEWATER: APPLICATION FEASIBILITY
IN VIETNAM

Summary

Oily wastewater generated from many popular activities such as crude oil
exploitation, oil refining, metal processing, washing mechanized vehicles,
etc., is one of the sources of serious environmental pollution. Treatment
of oily wastewater using the activated sludge process only is not really
effective due to its toxic and refractory characteristics. Recently, membrane
bioreactor (MBR) technology has been widely applied in treating various
kind of industrial wastewater and promises to be a potential solution. In this
paper, the feasibility of applying the MBR technology to treat oily wastewater
has been analysed. The discussions are mainly focused on the operational
characteristics, fouling characteristics, fouling control strategies, and costs
of the MBR technology in the treatment of these types of wastewater. It
is expected to provide useful information for researchers and engineers in
development of this novel technology in Vietnam, especially to treat oily
wastewater.

Keywords: hazardous waste, membrane bioreactor technology, oily wastewater.
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NTND c¢6 thanh phan rat
phirc tap va c6 ndng d6 cac chat
khé phan huy sinh hoc nhu dau
md, amin, phenol, hydro cacbon
mach vong va cac dan xudt rat
cao [1-3]. Loai nudc thai nay
phai dugc xu 1y trudc khi thai
vao moi truong, néu khong cac
thanh phan cua chung s& gy 6
nhiém ning cho cac ngudn tiép
nhén nhu nuée bién, song, hd va
dat [4, 5].

Céc phuong phép thong dung
dé xtr Iy NTND nhu phan tach
bang phuong phap trong luc,
tuyén ndi, dong keo tu, hép
phu... déu c6 han ché nhu hiéu
suat thap, chi phi van hanh cao
va c¢6 thé gay an mon [6, 7].
Ngoai ra, hiu hét cac phuong



phap thong thuong nay khong tach dugc cac hat dau
phan tan ¢ dang kich thudc nhd cd micromet. Qua
trinh bun hoat tinh truyén thong (BHT) thudng duoc
st dung dé phan hity cac hop chét hitu co trong nudc
thai do phuong phép nay ré tién va dat hiéu qua tuong
d6i cao. Hién nay, NTND ciing di dugc xur Iy bang qué
trinh BHT ¢6 kém theo cong doan tién xur ly phan tach
dau [8]. Tuy nhién, NTND thudng c6 ham lugng N va
P thap, nén qua trinh BHT khong thé van hanh hiéu
qua va van dé bun noi trong hé thong ciing thuong xay
ra [9]. Bén canh d6, ham lugng mubi cao trong NTND
con c6 thé gay anh huong dén hoat dong cia BHT va
c6 thé 1am tang kha ning ty phan hiy ctia bun. O Viét
Nam, NTND ciing thuong dugc xur ly theo cac phuong
phap truyén thong nhu dong keo ty, lang, hodc tuyén
néi, sau d6 qua xtr Iy sinh hoc yém khi, hiéu khi. Nhin
chung, hi¢u qua xu ly ctia cac cong nghé nay dat mirc
thap [10, 11].

Trong nhitng nim gan day, cong nghé MBR di thu
hat duoc nhiéu nghién ctru va tng dung trong xur 1y
nude thai [12-14]. Cong nghé MBR c6 nhiéu vu diém
50 voi cong nghé BHT, d6 1a chét lugng nudc sau xir Iy
rat tot, o thé tai st dung; di¢n tich mat béng cua tram
xtr 1y nho; lwong bun thai thap va rat linh dong trong
qua trinh nang cip, mé rong cac hé thong sin co [1,
14]. Cho dén thoi diém nay, cong nghé MBR di duoc
g dung dé xtr 1y nhiéu loai nudc thai cong nghiép
nhu ché bién thyc phdm, gidy va bot gidy, dét nhudm,
thudc da, nude ri rac va nudc thai duoc pham [15-18].
Trong khi d6, théng tin vé xir Iy NTND bang cong
nghé MBR méi bit dau duoc cong bd va bude dau da
cho thy c6 nhitng wu diém so voi mot sb phuong phap
xu ly khac [19-21]. Tuy nhién, tng dung cong nghé
MBR dé xir Iy nudc thai néi chung va xir Iy NTND
noéi riéng con khd méi meé ¢ Viét Nam. Vi vay, viéc
so sanh, phan tich cac nghién ctru hién nay trén thé
gidi vé ung dung cong nghé nay dé xur Iy NTND la
rat can thiét, nham rat ra cac thong tin quan trong dé
tung budc ap dung cong ngh¢ MBR cho xu ly NTND ¢
nuoc ta trong tuong lai. Bai bao dugc thuc hién nhim
cung cap cac thong tin tong quan vé cong nghé MBR
dung cho xtr Iy NTND, céac yéu t6 anh hudong dén qua
trinh x1r ly, kha nang ung dung, cac diéu kién van hanh
va cac chi phi lién quan dén cong ngh¢ MBR ciing
duogc tap trung trinh bay va thao luan.
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Noi dung nghién citu

Trong nghién ctru nay, phuong phap phan tich tong
quan di duoc sir dung dé danh gia tiém ning tng dung
cong ngh¢ MBR xtr Iy NTND ¢ Viét Nam dua trén cac
tai liéu nghién ctru k¥ thuat, cong nghé dugc lya chon:

- Cac bai bao dang tai trén cac tap chi chuyén nganh
va sach tham khao dién hinh vé cong nghé MBR noi
chung va g dung MBR dé xtr Iy NTND noi riéng.

- Cac tai liéu tham khao dugc thu thap, cap nhét
theo tién trinh thoi gian va tong hop, phén tich theo co
s0 Iy luan vé dic trung ngudn thai, diéu kién xay dung
hé théng xtr 1y, cac thong sb van hanh co ban...

- Toéng hop, phén tich va so sanh gop phan cung cap
cac luan chung khoa hoc can thiét cho viéc nghién ctu
dinh huéng tmg dung cong nghé MBR dé xir [y NTND
trong diéu kién kinh té - ky thuat & Viét Nam.

Két qua
H¢ thong MBR

Hinh 1 biéu dién 2 dang l4p dit chinh cua hé théng
MBR. Hinh la la h¢ thong MBR c¢6 mang lip bén
ngoai bé xtr 1y sinh hoc. Hon hop bun - nuée thai dugc
bom qua don nguyén mang loc, mot phan nudc trong
s& dugc dua ra ngoai va mot phan bun s& tuan hoan
lai bé. Hinh 1b biéu dién hé théng MBR c¢6 mang loc
dit nhung chim bén trong bé xir 1y sinh hoc. Trong hé
thdng nay, hé thong phan phdi khi duoc lip dit bén
duédi don nguyén mang nham thue hién hai nhiém vu
cung cap oxy cho qua trinh xtr Iy sinh hoc va dao tron
hdn hop nudc thai dé giam hién tuong tic mang [16].
Hién nay, h¢ théng MBR mang loc dat nhing chim
thuong duoc lya chon dé xur 1y nudc thai [13, 15].
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Hinh 1: cic dang ldp dat hé thong MBR: (a) mang dat ngodi
(b) mang dat nhiing chim



Mang vi loc (MF) va siéu loc (UF) thuong dugc
dung trong cong nghé¢ MBR xu ly nudc thai cong
nghiép. Céac loai mang c6 thé & dang ong, dang soi
rSng hodc dang thm phéng (hinh 2). Vat liéu ché tao
mang c6 thé duoc chia 1am ba nhém chinh: polyme,
kim loai, vé co (gém x6p). Mang ché tao bang kim loai
va gbm x6p c6 d6 bén cao va co thé rira nguoc dé giam
hién tugng tic mang [22]. Tuy nhién, loai mang nay dat
hon céc loai mang polyme nhu polyvinylidene fluoride
(PVDF), polyethersulfone (PES), polyethylene (PE)
va polysulfone (PSf). Cho nén, hién nay cac loai
mang polyme duoc dung phd bién nhit. Kich thudc
16 ctia mang thudng nam trong khoang 0,01 dén 0,45
um [23]. Trong qua trinh van hanh, MBR thuong st
dung hai phuong thuc: van hanh loc lién tuc va van
hanh gian doan. Phuong thirc van hanh gian doan cho
théy c6 uu viét hon so voi van hanh lién tuc trong vi¢e
kiém soat hién tuong tac mang loc [24]. Nang suét loc
thuong dao dong trong khoang 25 dén 140 I/m%h dbi
v6i dang mang loc ldp bén ngoai va khoang tir 3,7 dén
85 1/m?/h d6i v6i mang loc dit nhiing chim.

Hinh 2: cdc dang mang dung trong hé thong MBR:
(a) dang ong, (b) dang soi rong, (c) dang tam phang

Ddc trung ciia NTND

Mic di NTND c¢6 thanh phan phirc tap, nhung dac
trung cta chiing c6 thé duoc biéu dién thong qua cac
thong s6 co ban nhu COD, BOD, SS,NH,*-N, TN, TP,
kim loai nang, pH, d0 mau, do duc... Cac dac trung
co ban cia NTND duoc tong hop va trinh bay trong
bang 1.
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Bdng 1: cdc ddc trung co ban cia cde nguon NTND [1, 6, 25-30]

Cac ngui‘m mede thii nhiém diu (tham kho tir nhiéu nguﬁn tai liéu)
Thongs6 | Donvi
(1] [6] (23] (26] 2 e | B
oH Sl | eses | asa7 L sss | - || - s
Nhu cu 6xy hoa
h(coD) | (€D | TH6 | SO0 SO0 | 2613 | B804 | 14| 20215 | 1050
Nhucdudxy sioh |
wegon) | 761 | 90488 30000-32000 919-360 | 52 | 112119
Ca“r?g‘sl‘)’l““g (mgl) | 245950 | 90300 | 20300 | 108159 | 253889 |60 | - | 63
o -
Amoni (V) | (mgl) | o 6,-1250 135190
Tongphotpho | oy | 0530 1020070 | 05 : )
(TP)
Diumd | (mgl) | 2047 |400-1000| 360 355 oo | w

Bang 1 cung cép cac thong tin hitu ich dé tham
khéo cho viéc tinh toan thiét ké hé théng MBR. Cac
thong s6 cho théy NTND ¢6 mirc d6 6 nhiém rét cao,
dic biét chtra thanh phéan cac hop chit hydrocacbon va
dau m& 16n. Cac thanh phan nay c6 dic tinh kho phan
huy sinh hoc va co thé gy trc ché vi sinh vat trong hé
thdng xtr Iy. Cac phuong phap xtr Iy nude thai truyén
thong thuong khong thé xir 1y triét dé cac hop chat
hydrocacbon khé phéan huy sinh hoc nay [31]. Do do,
viéc nghién ctru va phat trién cac phuong phap xir Iy
tién tién s& dong vai trd quan trong dé xu Iy NTND.
Yéu cau ngay cang khat khe vé tiéu chuan nudc thai
sau xtr 1y ciing 1a mot yéu t thic ddy viéc tng dung
cong ngh¢ MBR xur Iy NTND, dam bdo dong sau xtr Iy
dat chat lugng cao.

Xir Iy NTND bing cong nghé¢ MBR

Ban chét ctia cong nghé MBR chinh 14 dang cai tién
cua cong nghé BHT, trong d6 qua trinh bun hoat tinh
duogc thuc hién theo nguyén tac thong thuong va sinh
khéi duoc tach bang mang loc. Do hiéu qua xir 1y cac
chat 6 nhidm cao va giit lai hoan toan sinh khéi trong
bé nén cong nghé MBR sé& ¢ tiém ning rat I6n dé Gmg
dung cho cac muc dich xtr ly nudc thai cong nghi¢p
n6i chung va NTND néi riéng [31]. Hé thong MBR
(hinh 3) dung trong nghién clru nay la dang mang loc
(UF, dang 6ng) dit bén ngoai bé xir 1y sinh hoc.
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Hinh 3: so' do hé théng MBR xir Iy NTND [31]

Trong nghién ctru ndy, hiéu qua xir ly dau dat 99,9%
& didu kién thoi gian lvu (HRT) 14 13,3 gid, COD dong
vao 500-1000 mg/l. Chat lwong nude sau xir Iy rat cao
nén cé thé tai sir dung cho cac muc dich khac nhau.
Céc két qua cho thiy, cong nghé MBR lam ting qua
trinh phéan hily sinh hoc cac chit 6 nhidm va cai thién
chat lwong nudc sau xr 1y.

Ngudn nuéc thai tir tram tinh ché khi c¢6 thanh
phan dau cao va thuong tach khong triét dé néu dung
phuong phép trong luc thong thuong. Mot nghién clru
da tién hanh xur Iy nudce thai nay bang cong nghé MBR
[32]. Hinh 4 biéu dién so d6 thi nghiém trong nghién
ctru nay. Cac két qua thu dugc cho thay, hé thong MBR
c6 thé dat hiéu qua xir 1y cao va rat én dinh cho du
dong vao c6 sy bién dong 16n. Cac diéu kién van hanh
t61 wu xac dinh dugc tir nghién ciru nay véi HRT 4 gid
va tai trong xir Iy dau dat 1,8 kg/m*/ngay.

Mot nghién ctru quan trong khac 1a su dung cong
nghé MBR dé xir Iy NTND tir nha méay ché tao dong
co 6 t6 [27]. Sau qua trinh xir 1y, hi¢u suat xir Iy COD,
dau, phenol thu dugc déu dat trén 90%. Mic du hau hét
cac nghién ciru ap dung cong nghé xir Iy hiéu khi MBR
va cho thay hiéu sudt xir Iy COD rat cao, nhung viéc
tmg dung cong nghé yém khi MBR ciing c6 nhiing
uru viét nhat dinh [33]. Vi du, tai luong hitu co (OLR)
c6 thé 1én dén 25 kg/m¥/ngay va COD trong dong ra
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thuong thap hon 500 mg/l, trong tmg véi hidu suat xir
ly COD dat trén 97%. Trong khi d6, OLR d6i v6i qua
trinh hiéu khi thuong chi khoang 0,5-3 kg/m*/ngay.
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Hinh 4: so do hé thong MBR diing trong nghién ciru

Qua trinh lai ghép giita cong nghé yém khi, hiéu khi
v6i MBR ciing d3 duoc nghién ciru dé xir Iy NTND
[1]. So d6 thi nghiém duoc biéu dién trén hinh 5. Cac
két qua thu duoc cho thay, hiéu suét xir Iy COD, BOD
rat on dinh va trung binh dat trén 92%. Hiéu Suét xur
Iy NH,*-N, déu, do duc 1an luot dat 93,7%, 75,3% va
94,6%. Hiéu qua xir ly TP, TSS, SS va phenol dat lan
luot trén 98,5%, 97,9%, 93,8% va 99,9%. Céc két qua
chtng t6 rang, cong nghé MBR c6 thé xir Iy NTND dat
hiéu qua rét cao.
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Hinh 5: so' d6 hé thong A/O MBR ding trong nghién ciru



Diéu kign vé thoi gian luu thiiy luc va thoi gian
lwu bun

Nhin chung, NTND chira ham luong céc chét hiru
co it cao nén hé thdng MBR ciing can phai kéo dai
HRT dé dam béo dat hiéu qua xir Iy cao. Ddi véi viée
xtr Iy NTND bang yém khi MBR, gia tri HRT thuong
duogc duy tri tir 2-10 ngay, con ddi voi hé thong hiéu
khi MBR, gia tri HRT thuong tir 0,5-3 ngay [1]. Thoi
gian luu bun (SRT) ciing 14 mot théng s6 van hanh
quan trong. Hé théng MBR thuong dugc van hanh véi
SRT 16n va ty 1& co chat/sinh kh6i (F/M) thap dé giam
bun thai phat sinh. Tuy nhién, khi tang SRT sé& lam tang
hdn hop bun - nudce thai (MLSS) trong bé va c6 thé
gy anh huong dén van dé tic mang loc va c6 thé lam
giam hoat tinh cua bun [18]. Khoang SRT thich hop
d6i voi hé théng MBR thuong tir 20-50 ngay. Cac gia
tri nay cling phu thuc vao HRT va ddc trung cua dong
vao. P6i v6i hé théng MBR, ham lugng MLSS thuong
duoc duy tri trong khoang 12000-15000 mg/1 [17].

Diéu kién vé pH va nhiét dp vin hanh

Hau hét cac hé thdng MBR déu véan hanh ¢ khoang
pH trung tinh. Tuy nhién, tir bang 1 cho thdy, pH cua
céc loai NTND c¢6 thé dao dong kha 16n. Do d6, dé
xtr 1y dat hiéu qua thi can phai c6 qua trinh 6n dinh va
trung hoa pH cta nudc thai. Doi voi hé théng BHT khi
pH > 12 ¢6 thé gdy anh hudng 16n dén hoat dong cua
sinh khi [28]. Do véy, khoang gié tri pH nay ciing co
kha niang anh huéng 16n dén hoat dong cua vi khuan
trong cac hé thong MBR. Cac hé thong MBR hiéu khi
thuong van hanh ¢ khoang nhiét do thuong (20-30°C),
trong khi d6 cac hé théng MBR yém khi lai thuong van
hanh ¢ nhi¢t do cao hon, tir 30-40°C. Nhiét do tang co
thé anh huéng dén hiéu qua xur Iy cac cht hiru co. Tuy
nhién, cac hé théng MBR van hanh ¢ khoang nhiét
d6 cao lai cho thdy co sy suy giam vé ning suét loc
do nang suét loc c6 mdi quan h¢ ty 1¢ nghich véi do
nhét ciia hdn hop nude thai [18, 29]. Do d6, can luu
y dén viéc tang nang suét loc khi van hanh hé thong &
khoang nhiét do cao.

Phuwong thuc kiém sodt hién twong tic nghén
mang loc

Hién tugng téc mang loc 1a mét trong nhiing nhuoc
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diém 16n nhat ngin can viéc ap dung cong nghé MBR
trong xr Iy nuéc thai. V& co ban, hién twong tic mang
c6 thé gay ra boi cac 16 mao quan bi bit kin boi cac hat
keo, boi su hap phu cua cac hop chat hoa tan va cac vi
khuén, sy bAm dinh cta bun trén bé mat mang loc [30].
Tat ca cac thong sb lién quan dén thiét ké va van hanh
h¢ théng MBR déu c6 thé anh huong dén van dé tic
mang. Cac thong s6 niy co6 thé chia 1am bon nhom dic
trung: dong thai, bun hoat tinh, mang loc va diéu kién
van hanh [31]. Viéc t8i wu qua trinh thiét ké thiét bi
ciing giup ich cho viéc kiém soat hién twong tic mang,
vi du tdi wu qua trinh suc khi, cac bot khi min va tho c6
kha nang kiém soat van dé tic mang [32].

Chi phi cho hé théng MBR

Chi phi chung cho hé théng MBR 14 tong chi phi
dau tu, van hanh va bao dudng. Chi phi dau tu chi
yéu bao gdm chi phi cho mang loc, xay dung bé phan
(g, thiét bi may moc. Chi phi van hanh bao gdm ning
lwong tiéu ton, xir Iy bun thai va hoa chit ding dé rua
mang loc. Chi phi bao dudng chu yéu lién quan dén
viéc thay thé mang loc. Chi phi lién quan dén ning
luong tiéu ton, xir 1y va thai bo bun thai ddi voi hé
thong MBR lan luot c6 thé 1én dén 79,6%, 17,9% va
2,5% tong chi phi van hanh [33]. Nang luong tiéu tén
udc tinh khoang 0,2-2,4 kWh/m?® va riéng nang luong
cho qua trinh suc khi c6 thé chiém dén 80% tong nang
luong ti€u ton [17]. Tdc d6 suc khi va nang suét loc
mang anh hudng rat 16n dén chi phi van hanh [21]. Do
vay, viéc nghién ctru tdi wu gitta ning suit loc va qua
trinh syc khi 1a mot yéu cu co ban cho qua trinh thiét
ké va van hanh hé thong MBR. Mang loc ciing chiém
mdt ty 18 chi phi 16n trong cac hé thong MBR. Chi phi
dau tu mang c6 thé chiém 25-50% tong chi phi dau tu,
trong do, chi phi thay thé mang chiém khoang 25-33%
téng chi phi van hanh va bao dudng mang loc [18].
Nhin chung, do phai d4u tu thém mang loc nén chi phi
cua cong nghé¢ MBR thuong cao hon so voi cac cong
nghé BHT. Tuy nhién, tudi tho ctia mang c6 thé 1én dén
11 nam [32] nén chi phi thay thé mang s& giam dang
ké. Ngoai ra, gia thanh mang loc ¢6 xu hudng giam
trong thap ky gan day. Nam 1992, gid mang loc udc
tinh khoang 400 USD/m?, dén nam 2005, gia mang
loc giam xubng con dudi 50 USD/m? [33]. Gia thanh



mang loc giam 1a mot yéu t6 quan trong dé mé rong
ung dung cong nghé¢ MBR cho xur Iy nudc thai.

Két luan

Dua vao cac thong tin danh gia tir nhidu ngudn tai
lidu khac nhau cho thay, cong nghé MBR 1a mot cong
nghé c6 tiém ning va trién vong 16n ap dung cho xur Iy
NTND. Qua trinh xir Iy ¢ thé thyuc hién bang hé théng
MBR lip dit mang bén ngoai hodc nhung chim trong
bé phan tng. Str dung cong nghé MBR xir Iy NTND
hoan toan c6 kha nang dam bao nudc sau xir Iy dat chat
luong rat cao, dap tmg dugc yéu cau ngdy cang khiat
khe cta cac quy dinh va tiéu chuan thai. Tuy nhién,
cong nghé MBR vén con phai d6i mat voi nhidu tré
ngai khi ap dung dé xur Iy NTND. Trong d6, viéc ap
dung céc bién phap kiém soat van dé tic mang loc s&
kéo theo cac chi phi va cac van dé phat sinh lién quan
dén van hanh, tiéu tén nang lwong ctia hé thong MBR.
Vi vay, dé c6 thé mo rong kha ning timg dung ciia cong
ngh¢ MBR dung cho xtr Iy NTND, viéc tdi wu hoa cac
thong sé k¥ thuat va hiéu qua van hanh cia hé thong
can tiép tuc duge nghién ciru. Ngoai ra, hién nay co rat
it nghién ctru danh gia vé khia canh kinh té khi ap dung
cong nghé¢ MBR xu ly NTND, cho nén day cling 1a
mot van dé can duoc dau tu dé thuc déy viéc ung dung
cong nghé MBR trong xur Iy NTND.
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Panh gia hiéu qua hé thong cung cap nuéc néng
dung bo thu nang lugng mat troi két hop véi bom nhiét

Ta Van Chuong, Nguyén Nguyén An*
Truong Pai hoc Bach khoa Ha Noi

Ngay nhan bai 29.1.2015, ngay glii phan bién 4.2.2015, ngay nhan phén bién 16.3.2015, ngay chap nhan ding 27.3.2015

Bai bio trinh bay viéc xdy dung mét phwong phap danh gia hiéu qua ciia hé thong san xuit nuéc néng
dung bd thu ning lwgng mit troi (NLMT) két hop véi bom nhiét (Iip dit tai khach san Thé gi6i xanh, TP
Nha Trang) dwa trén cac s6 liéu hoat dong ciia hé théng. Trén co sé phan tich hoat dong ciia hé thong di
xac dinh dwoc cac dai lwong cin do va xdy dung dwoc mét hé thong do, thu thap so liéu tw dong. Thong
qua cac s6 liéu thu thap dwoc, cac chi tiéu diic trung cho hiéu qua sir dung ciia hé thong nhu: mirc dd tiéu
thu ning lwong, phan b nz'mg lwgng, lfhﬁ nz'u}g tiét kiém ning ll,l’(_)’ng, mirc 'd(f) giam phat thai CO,... da
dwgc xac dinh. DPay la co s¢ dé phat trién va toi wu hoa cac hé thong san xuat nwéc néng twong tu trong

twong lai.

Tie khéa: by thu ndang lugng mat troi, bom nhigt, nang lwgng, nhi¢t dp, phat thai CO,,

Chi s6 phan logi 2.11

EVALUAION OF THE EFFECTS OF HOT WATER
PRODUCTION SYSTEM USING SOLAR COLLECTOR
COMBINED WITH HEAT PUMP

Summary

The paper presents the development of a method to
evaluate the effect of hot water production system using
solar collector combined with heat pump (at Green World
hotel, Nha Trang) based on the operation data of the
system. On the basis of analysing the system operation,
the parameters to be measured in the system have
been determined, and a measuring and data collecting
system has been built. Through the collected data, the
indicators characterising the efficiency of the system
such as energy consumption, energy distribution, energy
saving capabitity, CO, emissions reduction, and so on of
the system have been determined. These results provide
a basis to develop and optimise other similar hot water
production systems in the futute.

Keywords: CO, emission, energy, heat pump, solar collector,
temperature.
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Bdng cac ky hiéu sur dung

P Nhiét dung riéng ding ap ciia nuée qua bom nhiét kJ/kg.K
p.sol | Nhiét dung riéng dang ap ctia nudce qua bd thu NLMT kJ/kg.K
Cp.sd Nhiét dung riéng dang 4p ciia nudc dua di st dung kJ/kg.K
EF,(, . | Hé sé phat thai CO, trong san xuét dién kg/kWh
sz Khéi lugng co, kg/ngay
Pe Cong suét tiéu thu dién cia hé théng kWh/ngay
Qsd Nhiét luong dung san xudt nuéc nong kWh/ngay
Q;,p Nhiét luong cung cip boi bom nhiét kWh/ngay
Q‘m, Nhiét luong cung cip boi NLMT kWh/ngay
t/w,;,, Nhiét d nudc vao bom nhiét oC
thp,g,(, Nhiét d nude ra khoi bom nhiét oC
thp.tb Nhiét dj trung binh ctua nudc qua bom nhiét oC
t e Nhiét do nuéce lanh cap vao hé théng oC
tsd Nhiét do nude nong di sir dung e
tth Nhiét d6 trung binh ctia nude qua hé tlléng ocC
tso[,in Nhiét do nudc vao bo thu NLMT °C
tmmm Nhiét d6 nudce ra khoi b thu NLMT °C
txo[,lb Nhiét d§ trung binh cua nude qua b thu NLMT C
I/hp Thé tich nuéc qua bom nhiét m’/ngay
Vsol Theé tich nude qua bd thu NLMT m’/ngay
Vsd Thé tich nuéc nong st dung m’/ngay
pn,hp Khéi lugng riéng cua nude qua bom nhiét kg/m?
p,,"m/ Khéi lugng riéng ctia nuée qua bd thu NLMT kg/m?
pn,xd Khdi luong riéng ctia nudce dua di st dung kg/m?




Dat van de

Ning luong ding cho san xudt nudc nong ludn
chiém ty 18 16n trong cic toa nha ciing nhu cac ho
dan cu [1, 2]. Vi vay, viéc st dung nang luong hi¢u
qua trong san xuat nudc nong cd dong gop khong nho
trong viéc giai quyét van dé an ninh ning lugng va
rong hon 14 van dé bién d6i khi hau. Cé nhiéu phuong
phép nang cao hi¢u qua su dung ning lugng trong san
Xuit nude nong dang duoc ap dung hién nay. Trong
d6, n6i bat nht 1a phuong phap sir dung bo thu NLMT
két hop voi bom nhiét vira dwoc nghién ctru va dang
ap dung tht nghiém tai khach san Thé giéi xanh, TP
Nha Trang. Pay 1a mot khach san 4 sao voi quy mo
201 phong nghi khach san va 27 can ho du lich cao cip
duoc bd tri trong mdt toa nha cao 21 t?mg toa lac tai
s6 44, dudng Nguyén Thi Minh Khai, TP Nha Trang,
tinh Khanh Hoa [3]. Dé tao co s& cho viéc phat trién va
nhan rong hé théng san xuat nudc nong theo phuong
phap vira néu, nhimg danh gia, phan tich khoa hoc vé
hiéu qua ctia hé théng dang thir nghiém 1a can thiét.
Mo ta hé thong

Hinh 1 1a so d6 nguyén 1y cia hé thdng san xuét
nuée nong dung bd thu NLMT két hop véi bom nhiét
(sau ddy duoc goi 1a hé thdng), duoc xdy dung phuc
vu cho nghién ctru nay. Trong d0, hé théng gdbm 2 phan
chinh (két néi song song véi binh chtra nude néng 30
m?), 14 cac bd thu NLMT cau tao tir cac dng hip thu
NLMT kiéu chan khong va phan cic bom nhiét du
phong. Ngoai ra, cac thiét bi khac nhu: bom nudc, van
mot chiéu, van chin, cam bién nhiét do, luu luong ké
da duoc lép dat dé dam bao hé théng hoat dong.

i |
* (W) Luu lugng k¢
Nuoc noéng ) .
sirdung (1) Cém bién nhiét do Nude lanh cip

Hinh 1: so do nguyén Iy hé thong san xudt nuée nong
ding bé thu NLMT két hop véi bom nhiét
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Vé nguyén 1y hoat dong, khi c6 blrc xa mit troi,
nhiét nang hip thu duoc tai cac bo thu NLMT cua
hé théng s€ lam tang nhiét d§ cua nudc. Khi do tang
nhiét 6 du 16n, cac bom nude tuan hoan cua hé théng
NLMT s€ hoat dong, nho d6 nhiét ndng hép thu duoc
¢ cac by thu NLMT s€ dugc tich vao trong binh chira
nudc nong. Truong hgp nhiét nang thu dugce tir NLMT
khong dép tmg di cho nhu cau sir dung, cac bom nhiét
s€ dugc kich hoat va nhiét nang ma né tao ra cling
dugc tich vao binh chtra nudc noéng dé dap tmg nhu
cau st dung. V6i nguyén ly hoat dong néu trén, hé
théng c6 kha nang cung cip nudc ndng trong moi diéu
kién thoi tiét véi cac thong s6 ki thuat nhu & bang 1.

Bang 1: théng sé kjj thudt ciia hé thong san xudt nude nong
dimng bg thu NLMT két hop véi bom nhiét

TT Thiét bi Théng s Gia tri
Loai 6ng hap thy Kiéu thity tinh chan khong
Kich c& éng ® 58 mm, L1750 mm
I | Bo thu NLMT S Iuong ng hip thy 1350 dng
S6 Iugng bg thy NLMT 2706
Dién tich bé mat hdp thy
179 m?
tuong duong
N Cong suat 20 kW
2 Bom nhiét -
S6 lugng 5 cdi
Dung tich 30 m?
Binh chira .
3 o ) N Polyurethal, khoi lugng
nuéc nong Céch nhi¢t R .
riéng 30 kg/m’, day 90 mm

Qua trinh hoat dong cua hé théng phu thudc truc
tiép vao diéu kién thoi tiét (nhu: nhiét d6 mai truong,
cuong do buc xa mit troi...). Ty theo diéu kién thoi
tiét va nhiét d6 ctua nude trong binh chira nudc nong
ma hé thong c6 thé hoat dong trong cac trang thai sau:
cac bd thu NLMT va bom nhiét cung hoat dong, chi
cac bo thu NLMT hoat dong hodc chi cac bom nhiét
hoat dong. Khi van hanh thuc té, ca 3 trang thai hoat
dong cua hé thdng néu trén déu co thé xay ra, trong d6
trang thai chi cac b thu NLMT hoat dong thuong gap
khi troi ning, con trang thai chi cac bom nhiét hoat
dong thudng xay ra vé dém hodc sang sém khi nhiét do
nude nong trong hé thong thap ma NLMT khong co.

Phuong phap danh gia

Nang lugng nhiét can thiét d€ san xuat nudc nong



dap tng nhu cau sir dung cua hd tiéu thu dugc xac dinh
thong qua thé tich nudc st dung va nhiét do vao - ra
cua nudce theo cong thirc (1).

Qsd = _tnc) (1)

sd 'pn,sd 'Cp,sd (tsd

Trong d6, thé tich nudc néng st dung V_, va nhiét
d6 nuéc lanh cap vao hé thong ¢ cling nhu nude nong
di str dung 7, 1a nhiing dai luong c6 thé do dac truc
tiep thong qua hé thong thi nghiém, con khoi lugng
riéng p,  vanhiét dung riéng dang ap C,,,cuanudc da
st dung la nhfrng dai lugng vat ly phu thudc vao nhiét
d6. Mot cach gn dung c6 thé xac dinh p, ,Va C , theo
nhi¢t do trung binh ctia nudc qua h¢ thong theo cong
thuce (2).

{ = tnc + tsd
th
2
Mat khac, theo phan tich hoat dong cua hé théng,
nang lugng nhiét dung dé¢ san xuat nudc nong nay la
tong hop cua nhiét nang thu dugc tir hoat dong cuia cac

bd thu NLMT va cac bom nhiét xac dinh theo cong
thae (3).

Qsd

2)

= Qsol + th (3)

Trong cong thire (3), nang luong nhiét cung cap boi
b thu NLMT duoc xac dinh bdi cong thirc (4).

— 4
Qsol — " sol 'pn,sol 'Cp,sol (tsol,out - tsol,in) ( )

Q 1a phan nang luong cung cap bai bom nhiét, nd
co the dugc tinh dya trén co sé can bang nang lucmg
trong thiét bi ngung tu giita nwdc va moi chit lanh vé
phia nudce theo cong thirc (5).

Q V Ion ,hp® p hp (thp out thp,in) (5)
Tuong tu nhu trén, ta cling xac dinh dugc nhiét do

trung binh cua nudc qua bd thu NLMT va qua bom
nhiét theo cong thirc (6) va (7) tuong tng.

t ,. +t
tsol B — sol,in 2 sol ,out (6)
th Y= thp,in + thp,out (7)
v 2
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Mot trong nhitng uu diém ndi bat ciia hé théng 1a
kha nang giam phat thai CO,, mot loai khi c6 hai d6i
v6&1 moi truong. Phat thai CO ctia h¢ thong c6 thé xac
dinh dugc dya trén lugng dlen nang ti€u thy ctua hé
thdng va hé sd phat thai CO, trong san xuat dién theo
cong thtre (8).

G, =P.EF,, (8)

Trong do, EFco,, la h¢ sO phat thai CO, trong san
xuat dién. Theo [4], trong nganh nang lugng nudc ta,
cac nha may dién than dong gop 54% phat thai CO,,
cac nha may dién khi dong gop 40% va trung binh moi
kWh di¢n phat thai 0,62 kg CO,. Mot diém quan trong
la hoat dong ctia h¢ thong san xuat nudc nong dung bo
thu NLMT két hop voi bom nhiét luén thay ddi phu
thudc vao didu kién moi truong. Dé danh gia hiéu qua
hoat dong cua hé théng mot cach chinh xac can phai
¢6 nhiéu sb liéu thuc nghiém Ung voi cac trang thai
hoat dong khac nhau cua h¢ théng. Do d6, cac sb lidu
thuc nghi¢m can dugce do dac va luu gitr dé xu ly. pé
lam duogc diu nay, toan bo cac thiét bi do, nhur bé tri
tai hinh 1, duoc két ndi véi mot hé théng tw ghi s lidu,
cho phép ghi nhan sy thay ddi cua cc thong sd 1am
viéc nhu: nhiét d§ nudc lanh cép vao hé théng t ,nhiét
d6 nudce nong di str dung t , nhi¢t d§ nudc vao bo thu
NLMT t_,, , nhi€t d§ nude ra khoi bo thu NLMT L
nhiét do nuée vao bom nhiét t » nhi¢t do nude ra
khoi bom nhigt t, the tich nuorc nong su dung V_,
thé tich nudc qua bo thu NLMT V_ va thé tich nu(rc
qua bom nhiét V, voi tan suét 10 s/lan.

Két qua

Trén co s¢ phan tich va tinh toan cac sb liéu thuc
nghiém tur hé théng do va tu ghi s6 lidu, mot sb dic
tinh lam viéc thé hién hiéu qua lam vi¢c cua h¢ théng
da duoc xac dinh:

Tiéu thu ning lwong ciia hé thong

Theo cong thirc (1), dé tinh toan tiéu thu nang luong
ctia hé théng can co cac thong so: thé tich nude nong
st dung V_, nhiét do nude lanh cép vao hé théng t ,va
nhi¢t d0 nuGe nong di sir dung t .. Yéu cau quan trong
do1 voi hé thong san xuat nude nong 1a phai dép tirmg du
100% nhu cau cta ho tiéu thy, do d6 san lugng nudc
nong cua hé théng ciing chinh 14 lwong nude néng ma
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h¢ ti€u thu st dung. Luong nudc nay thay ddi theo nhu
cau sir dung timg ngay va duoc thé hién & hinh 2. Theo
do, trong thoi gian khao sat, san lugng nudc nong cua
hé théng dat gia tri cyc dai la 38,4 m*/ngay va cuc tiéu

la 2,48 m3/ngay.
40
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Ngay trong thang

Hinh 2: san heong nwede nong ciia hé thong trong thang 1.2014

Sau khi thu thép va xu 1y cac s6 liéu, ta xac dinh
dugc nhi¢t do trung binh ctia nudc cép va nudc ra cia
hé thong theo timg ngay. Két qua cac gia tri nhiét do
nay dugc biéu dién ¢ hinh 3.

60 A A~ .
1€t d6 nudc ra ™
]

40

Nhiét d6 nudc cép
20 7

Nhiét do, °C

0

1 3 5 7 9 11131517 19 21 23 25 27 29 31
Ngay trong thang

Hinh 3: nhiét d trung binh ciia mrée cdp va nuwde néng
duwa di su dung trong thang 1.2014

Theo hinh 3, nhiét 40 trung binh ctia nudc lanh céip
theo ngay it thay doi (thip nhat la 24°C va cao nhat
1a 27°C). C6 diéu nay l1a do nhiét d6 mdi truong tai
TP Nha Trang tuong d6i 6n dinh. Nhiét d6 trung binh
nuée lanh cép tinh trong ca thang 1a 25,9°C. Nhiét do
nuée néng dau ra dua di sir dung phu thude vao nhu
cau st dung, thoi tiét va ché do didu khién va co gia tri
trung binh trong thang 1a 50°C.

St dung cac két qua vé luu luong nudc nong sir
dung ¥, , nhi¢t d§ nudc lanh cép vao hé théng t. va
nhi¢t d nudc nong di str dung ¢, nhu trén, cong thirc
(1) giup ta tinh dugc tiéu thy ning luong cua hé thong
san xuit nudc nong. Két qua tinh toan trong thang
1.2014 dugc biéu dién ¢ biéu do (hinh 4).
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Hinh 4: tiéu thu ndng lirong ciia hé thong trong thang 1.2014

Céng sudt tiéu thu dién ciia hé thong

Cong suat tiéu thu dién 1a mot thong sé ky thuat
quan trong cua hé théng va 1a co s& dé so sanh, danh
gia mirc do tiét kiém niang luong ciia hé thong. Cong
suét tiéu thu dién cta hé théng san xuat nudc néng
chinh 1 cong suat tiéu thy dién ctia h¢ théng bom nhiét
va c6 thé xac dinh thong qua s6 chi cta cong to dién
ghi lai. Thoi gian hoat dong ctia bom nhiét trong hé
thong thay doi theo timg ngay phu thudc nhu ciu tiéu
thu nude nong va diéu kién thoi tiét, do do cong suat
tiéu thy dién ctia hé thong ciing thay d6i theo ting ngay
(hinh 5). Theo s6 liéu thu thap dugc, cong suét tiéu thu
dién dung dé san xuat nudc nong cua hé thong 16n nhat
1a 140 kWh/ngdy va nhé nhat 1a 0 kWh/ngay, ng v&i
ngay NLMT du dap tmg nhu ciu st dung.
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Hinh 5: cong suat tiéu thu dién thuc té cia hé théng
trong thang 1.2014
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Phén bo ning lwong sir dung trong hé théng

Dic trung cta hé thong 13 ning luong dung dé san
xudt nudc nong duge cung cap boi hai ngudn, d6 1a cac
b6 thu NLMT va hé théng bom nhiét. Viéc xac dinh
chinh xac timg thanh phan 1a co s& dé danh gia muc
do tiéu thu dién cling nhu cac chi tiéu kinh té, ky thuat,
moi truong khac cua hé thong.

Theo (1), tiéu thy nang luong cua toan bo hé théng
da duoc xac dinh. Do d6, ta chi can xéac dinh phén nang
luong dugc cung cép tir cac bd thu NLMT hodc bom
nhi¢t. Theo cong thure (5) va st dung cac sb liéu thuc
nghiém thu thap dugc trong qua trinh hoat dong cua
hé thdng ta co thé xac dinh phan ning lugng cung cap
tir bom nhiét, tir d6 d& dang xac dinh phan niang luong
cung cap tir NLMT. Két qua phan bd ning luong nay
duoc thé hién & hinh 6.
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Hinh 6: phdn b6 nang lwong si dung trong hé thong trong thang 1.2014

Hinh 6 thé hién phan b NLMT va ning luong bom
nhiét trong hé théng cap nude noéng trong thang 1.2014.
Trong thang nay, ty 16 NLMT dé gia nhiét nuéc nong la
53,75%. Véi nhiing ngay nhiéu nang (ngay 30, 31), ty
1¢ nay 1a 100%, c6 nghia 1 hé théng bom nhiét khong
can hoat dong ciing dam bao nhu cau sir dung nudc
noéng cua hd tiéu thy.

Kha nang tiét kiém nang luong ciia hé thong

Uu diém chinh ctia hé thong 1a kha nang tiét kiém
nang lugng. Vi vay, trong qua trinh hoat dong cua hé
thdng can tinh toan, phan tich, danh gia chi tiét vé chi
tiéu tiét kiém nang lugng cua hé thong, 1am co so dé
so sanh v&i cac hé thong san xuat nuéc nong khac. Dé
danh gia muc do tiét kiém ning luong cua hé thong, ta
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so sanh hé thong véi phuong 4n san xuit nudc nong
thay thé thong dung khac 1a phuong an ding dién tro.
Hién nay, phuong 4n nay van duoc sir dung rong rai
do ¢6 wu diém 1a chi phi dau tu twong ddi thap. Trong
phuong an sir dung dién tro, khi gia thiét hiéu suat bién
d6i dién thanh nhiét 1a 100% thi cong suat dién can
thiét ciing chinh bang cong suét nhiét ciia hé thong.
Két qua so sanh giira hai phuong an dugc thé hién &
hinh 7.
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Hinh 7: so sanh mirc tiéu thy nang liwong ciia hé thong
V6Gi phirong dn cap nhiét bang dién tré, thang 1.2014

Theo hinh 7, tiéu thy dién trung binh ctia hé thong
san xuat nudc néong dung bo thu NLMT két hop voi
bom nhiét chi bang 10,6% phuong an str dung dién tro.
Va trong ngay tiéu thy dién cao nhét, ty 1& nay ciing
chua tdi 20%. Tir ddy c6 thé thay kha ning tiét kiém
nang luong 16n cia hé thong.

Mucc dp giam phat thdi CO, so voi dung phwong
phdp truyén thong

Viée san xudt va sit dung cac ngudn ning luong
truyén thong nhu dién ludn kém theo viéc phét thai
ra khi CO, gay hi¢u (mg nha kinh. H¢ thdng san xuat
nuée nong st dung NLMT két hop v6i bom nhiét tiéu
thu it ning lugng dién dong nghia véi viéc phat thai it
CO,. Theo cong thirc (8), luong phat thai CO, trong hé
thong ty 18 thuan véi dién ning tiéu thu, do dé hinh 7
ciing thé hién ty 1¢ CO, ma h¢ théng phat thai so v6i
dung phuong phép dién tré truyén thdng. Ngoai ra, sir
dung cong thirc (8) ta dé dang xac dinh dugc luong
giam phat thai CO, cta hé thong. Két qua luong giam
phat thai CO, nay dugc thé hién trén hinh 8.
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Hinh 8: lugng giam phdt thai CO, cua hé théng
50 V&i dimg phirong én truyén thong, thang 1.2014

Theo két qua tinh toan thé hién trén hinh 8, trong
thang khao sat, luong giam phat thai CO, cua h¢ thong
la 8744,5 kg.

Két luan

Céc tac gia da xay dung dugc mot hé thong do va
tu ghi sb liéu cho hé théng san xudt nudc néng béng
NLMT két hop véi bom nhiét. Trén co s& phan tich,
xu ly cac s6 liéu thuc nghiém thu dugc, cac tac gia
da tién hanh danh gia hiéu qua cta hé thong san xuat
nudc noéng st dung bd thu NLMT két hop voi bom
nhiét trén mot sb chi tiéu nhu: mirc do tiéu thu nang
lwong, phan bd niang luong, kha ning tiét kiém ning
lwong, giam phat thai CO,... Két qua thu duoc, khi so
sanh v6i phuong 4n san xuat nudc nong bang dién trg,
tiéu thu dién trung binh cia hé thong giam con 10,6%
va lugng giam phat thai CO, cua hé thong la 8744,5
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kg/thang. Qua d6 cho thay uu diém vé sir dung ning
lwong mot cach hi€¢u qua cling nhu khia canh bao vé
moi trudng cua hé thong san xuat nude nong st dung
bo thu NLMT két hop v6i bom nhiét.

Dic trung ciia hé thong san xuat nude nong ding bd
thu NLMT két hop véi bom nhiét 1a hoat dong cua nod
phu thudc vi tri dia ly, mua, diéu kién moi truong. .. bé
két qua nghién ctru thyc nghiém c6 ¥ nghia ing dung
cao thi thoi gian thyc nghiém, thu thap s6 liéu phai du
16n, t6i thiéu 1a 1 ndm. Do d6, can tiép tuc duy tri hé
thong do va tu ghi s6 liéu dé thu thap thém sb lidu 1am
co so dir liéu thyc nghiém dé mé rong pham vi nghién
clru sau nay.
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QUY DINH VE BAI VIET DANG TAI TREN TAP CHi

Yéu cdu chung

Bai viét gUi dang trén Tap chi phai 1a bai viét nguyén thuy (chua dugc cong bé trudc do). Tac gia
khong dudc gui dang bai viét trén cac tap chi khac cho dén khi cé quyét dinh xét duyét clia Ban Bién
tap.

Bai bao dai khong qua 10 trang (bao gdm ca bang biéu, ghi chu, tai liéu tham khao va phu Iuc) font
chi: Times New Roman; ¢G chii 13; khé glay A4, € trén 2 cm, |€ dudi 2 cm, € trai 3 cm, |€ phai 2 cm.

Bai viét glii vé Toa soan dudi dang file mém va ban in; cé thé guii truc ti€p dén Tap chi (Phong 507,
s6 113 Tran Duy Hung, Cau Gidy, Ha Néi) hoac qua hom thu dién t0, dia chi: khcnvn@most.gov.vn.

Tén bai bao

- Tén bai bao dudc viét bang tiéng Viét va tiéng Anh, trén trang dau cla bai bao, khéng gach chan hay
viét nghiéng.

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

- Phia dudi tén bai bao 1a tén tac gia khong viét chiic danh va hoc ham, hoc vi. NEu cé nhiéu tac gia lam
viéc G cac co quan khac nhau thi tén téc gia dugc danh s (2-) & phia trén. D&u hoa thi (') chi tac gia lién
hé, dugc viét & cudi trang dau tién clia bai bao.

Tom tit

Tom tat bang tiéng Viét va tiéng Anh. Néu dugc muc dich, phudng phap nghién ctiu chinh, két qua
nghién ctu va két luan chi yéu. Tl khoa bang ca tiéng Viét va tiéng Anh theo thi ty alphabet. Chi s6
phan loai (theo hudng dan).

Dan nhap/datvan dé
Dinh nghia van dé; tém Iugc van dé nghién cliu da dugc céng bé trong va ngoai nudc, néu muc tiéu

nghién cuu \/é giai thich sy Iua\chon dé tai va muc tiéu nghién ctu dé thay dudc tinh thdi sy, tinh khoa
hoc va su can thiét clia van dé nghién cuu.

Ddi tugng va phuong phap

Déi tugng nghién ctu can trinh bay tiéu chuén Iya chon, déc diém d6i tugng nghién cuu.

Phuong phap nghién cuiu can néu rd cach tiép can nghlen cuu, loai hinh nghién cuu, phuong phap
do ludng, cong thic tinh ¢d mau, phuong phéap xG ly s6 liéu, mé ta ky cac ky thuat tién hanh trong
nghién clu; cac quan diém, lap luan, y kién tranh luan, cac dan ching...

Két qua

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

Phan ké&t qua nghién ctiu chi trinh bay cac két qua nghién ctiu cla dé tai, khdng giai thich, so sanh
va ban luan.
Ban lugn

ChU yé&u ban luan céc van dé lién quan dén muc tiéu dé tai.

Nhan xet, danh gia mot cach khach quan cac két qua nghién clu, c6 so sanh véi cac tac gia khac
dé khang dinh ho&c phl dinh nhiing hiéu biét da c6, qua dé néu dugc nhiing diém mdéi va déng gép

cla dé tai.
Dy bédo hudng nghién ciu tiép va kha nang tng dung céc két qua nghién cliu vao thuc tién.

Kétluan

Néu két qua nghién ctiu chli yéu clia dé tai c6 tinh khai quat lién quan dén muyc tiéu nghién clu, dé
xuat cac van dé tiép tuc nghién cuu.
Chi thich va tai liéu tham khdo
Chu thich dugc danh s6 theo thy tu xudt hién (2 ) va dugc trinh bay ngay & cudi trang viét (footnote).
Céc tai lieu tham khao dugc danh s6 theo thi tu xuat hién dé chi dan chung dugc trich dan & géu trong
bai bao. S6 thi ty dugc danh trong ngoac vudng, vi du: [3] véi 1 hodc [2, 5, 7-9] v6i nhiéu s6 chi dan.
| Téc gia (N&m xudt ban), “Tén tai liéu dugc trich dan”, Tén nguén, tap (s6), pp<trang dau-trang cu6i>|
Téc gid: la tac gid/cac tac gia cla tai liéu dugc tham khao, trich d~§n.
N&m xuat ban: ndm xuét ban cla tai liéu dugc tham khdo, trich dan.
Tén tai liéu dugc trich dan: 1a tén bai bao, chuang/phan sach.. B
Tén ngudn cé thé 1a tén tap chi, tén séach, hay tén tai liéu géc cla tai liéu dugc trich dan (phan nay dudc
in nghiéng).
Tap (s6): danh cho nguén trich 1a tap chi, sach hodc cac xuat ban phdm khéc (phan nay in dam).
Trang dau-trang cudi la s6 thii ty cac trang phan anh ndi cu tri cla tai liéu dugc trich dan trong tai liéu
nguoén.
Chu y: néu co 2 2 tai liéu tham khado do cling 1 tac gia/nhom tac gia, cung nam cong b, thi céc tai liéu
tham khao nay can dudc danh d&u a, b.. sau nam xuét ban (vi du: 1986a).
_ Né&u c6 mét s tai liéu tham khéo trong cuing 1 bai bao dugc trich dan c6 s6 trang khac nhau thi cén trich
dan thém sd trang, vi du: Kitchen (1982, p 39).

Cac yéu cau khac

- Bai viét knong dat yéu cau, Toa soan khong tré lai ban thao.

- Bai viét chi dudc dang khi phan bién nhan xét vé chét Iugng bai bdo dong y cho dang.

- Ban quyén: tac gid dong y trao ban quyén bai viét (bao gdm ca phan tom tat) cho Ban Bién tap
Tap chi.

PHAN LOAI LINH VUC KHOR HOC
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1.Khoa hoc tu nhién
Toan hoc va théng ké
Khoa hoc may tinh va théng tin
vatly
Héa hoc
Khoa hoc trai dat va méi trudng
Khoa hoc sy song
Khoa hoc nano
Khoa hoc tinh todn
Cac linh vuc khéac cta khoa hoc tu
nhién

2. Khoa hoc ki thuat va cong nghé
Ky thuat dan dung: ky thuat kién
tric; ky thuat xay dung; ky thuat
két cdu va do thi; ky thuat giao
théng van tai; ky thuat thuy Igi; ky
thuat dia chat céng trinh
Ky thuat dién, ky thuat dién tl, ky
thuat thong tin
K§ thuat ca khi, ché tao may
Ky thuat hoa hoc
Ky thuat vat liéu va luyén kim
Ky thuét y hoc
Ky thuat méi trudng

. Cdng nghé sinh hoc cdng nghiép

. Cong nghé nano
. Ky thuat thuc phdm va dé udng

. Céc Iinh vuc khac cta khoa hoc
ky thuat va cong nghé

3.Khoa hoc y - duge

. Y hoc cd s6
.Y hoc lam sang
.Y hoc du phong

Dugc hoc

. Céc linh vuc khac ctia Y - dugc hoc

4. Khoa hoc nong nghiép

. Tréng trot
. Chan nuoi
. Thay

Lam nghiép

. Thly san
. €bng nghé sinh hoc trong néng

nghiép, thly sén
Céc linh vuc khac ctia khoa hoc
ndng nghiép

. Tam ly hoc

Kinh té€ va kinh doanh
Khoa hoc gido duc

. Xahdi hoc

Phap luat
Khoa hoc chinh tri

. Dia ly kinh t€ va xa hdi
. Théng tin dai ching va truyén thong

Lich st va khao ¢ hoc
Ngén ng( hoc va van hoc

. Triét hoc, dao dtic va tén giao

. Nghién ctiu vé khu vuc va quéc té

. C4c linh vuc khéac cla khoa hoc xa
hoéi va nhan van
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