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TONG HQP CHAT CHIiA KHOA TRUNG GIAN
4,6-DIHYDROXYBENZOFURAN-3(2H)-ONE TU PHLOROGLUCINOL

DIEP THI LAN PHUONG®, NGUYEN LE TUAN,
HO VAN BAN, NGUYEN THI NGHIA
Khoa Héa, Truong Pai hoc Quy Nhon

TOM TAT

4,6-dihydroxybenzofuran-3(2H)-one (3) la chdt chia khéa trung gian trong tong hop aurones,
auronol. Tong hop 4,6-dihydroxybenzofuran-3(2H)-one (3) gom 2 buée chinh. Bude dau tién la phdn iing
ngung tu giita phloroglucinol va chloroacetonitrile trong sy c6 mat cua ZnCl, khi HCI tao nén muoi
iminium (1). Mudi 1 sau dé dwoc thity phin déng vong dé tao 3. Phan iing thity phdn déng vong dwoc tién
hanh theo 2 phuong phdp. D6 la, thity phdn trong moi truong acid HCI, dong vong boi MeONa (CH ,ONa)
va chi bang cach don gian hon la dun hoi leu trong nude. Cdu triic ciia san pham dwoc xdc nhdn bang cdc
phwong phdp phé hién dai nhir 'H-NMR va *C-NMR. Khdo sdt cdc diéu kién toi wu dé dat hiéu sudt cao
nhat tir d6 tong hop véi quy mé heong gam cho cdc nghién ciru chuyén héa tiép theo.

Tiwr khéa: Benzofuranone, iminium, phloroglucinol.

ABSTRACT
Synthesis of Intermediate Key 4,6-Dihydroxybenzofuran-3(2/)-one from Phloroglucinol

4,6-dihydroxybenzofuran-3(2H)-one (3) is the intermediate key for synthesis of aurones and
auronol. The synthesis of 4,6-dihydroxybenzofuran-3(2H)-one (3) includes two main steps. The first step is
to condense phloroglucinol with chloroacetonitrile in the presence of ZnCl, followed by HCI gas to form
iminium salt (1). The hydrolysis cyclisation of the iminium salt 1 into 3 was then achieved by two methods.
The first approach was hydrolysis of 1 with aqueous solution HCI at reflux, followed by treatment with
MeONa (CH,ONa) or hydrolysis of 1 by simple heating in water at reflux. The structure of obtained product
was confirmed by the modern spectroscopic methods 'H-NMR va BC-NMR. We investigate the optimal
conditions for the highest yield to synthesize with scale grams for the subsequent studies.

Keywords: Benzofuranone, iminium, phloroglucinol.

1. Mo dau

Hop chét 4,6-dihydroxybenzofuran-3(2H)-one (3) 1a mot chit chia khoa trung gian quan
trong dé tong hop nén cac aurone va auronol - nhitng hop chit nay c6 ham lugng rat thap trong tu
nhién. (Nam 2009, c6 khoang trén 100 aurone da dugc tim thiy tir cac ngudn ty nhién [1]). Cac
hop chét nay di duoc chimg minh c6 nhiéu hoat tinh quy gia nhur chdng ung thu, chng oxi hoa,
khang khuin, khang ndm, diéu trj tiéu duong... Tuy nhién, viéc khai thac aurone, auronol trong
tu nhién gip nhiéu kho khan nén viéc sir dung cac hop chit nay dé lam thudc con han ché va néu
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duge dung lam thudce thi s& co gia thanh rat cao, ddy 1a ganh ning kho vuot qua dbi v4i bénh
nhan. Do d6, giai phap kha thi 1a nghién ciru tong hop chiing. C6 nhiéu phuong phap dé tong hop
aurone di duoc cong bd nhu cic phan ing ngung tu dong vong sir dung cac xuc tac ton nhiéu chi
phi [2a-c] ma hiéu qua khong cao. Hién nay, phuwong phéap thu hit nghién ciru nhiéu nhat dé tong
hop aurone la phan rng ngung tu dong vong benzofuran-3(2H)-one voi benzaldehyde [3-8]. Nhu
vay, tong hop tién chit benzofuran-3(2H)-one 13 co s& chinh dé tdng hop nén cac aurone. Phuong
phap tiép can dé tong hop benzofuran-3(2H)-one 1a phan tmg Houben — Hoesch.

Mot s6 cong trinh nghién ciru tong hop benzofuranone di duoc cong bd trén thé gidi [7,
9-12]. Tong hop toan phan 4,6-dihydroxybenzofuran-3(2H)-one duoc thyc hién qua 2 giai doan.
Giai doan dau tién 1a phan ing ngung tu giita phloroglucinol va chloroacetonitrile trong sy ¢ mit
cua ZnCl,, sau do hdn hop phan tmg duge suc khi HCI tao nén mudi iminium (1). Mubi 1 sau d6
dugc thuy phan dong vong dé tao 3. Theo Min Zhang [12], hop chit 3 con thu dugc bang cach
xtr 1y truc tiép iminium (1) dun hdi luu 5 gid trong nude ma khong can bd sung acid hay base.
Phuong phéap nay gitp don gian hoa qua trinh tong hop va cho hiéu suat kha cao.

Trong bai bao ndy, chung t6i nghién ciru tong hop 4,6-dihydroxybenzofuran-3(2H)-one tir
phloroglucinol qua 2 phuwong phép: thily phan mudi 1 ding acid va khéng dung acid ma chi ding
H,O. Ttr d6 lya chon phuwong phap phu hgp nhét va tim diéu kién t6i wu cho hiéu sut cao. Qua do,
ching t6i tong hop chat nay véi quy mo lugng gam nham d4p ting cho cac budc chuyén hoa - tong
hop aurone va auronol & cac nghién ctru tiép theo.

2.  Thuwc nghiém

Phd NMR dugc ghi trén may Bruker AM500 FT-NMR & tan s6 500,13 MHz cho 'H-NMR
va 125,76 MHz cho *C-NMR tai Vién Hoa hoc- Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam.

2.1. Tong hop 2-(2-chloro-1-iminoethyl)-1,3,5-benzenetriol hydrochloride (1)

Hop chit 1 dugc tong hop tir phloroglicinol, day 1a budc quan trong anh hudng dén hiéu
suét toan phan cua tong hgp benzofuranone nén di duoc chung t6i nghién ciru chi tiét ting yéu
t6 anh huong.

2.1.1. Quy trinh chung

Trong binh cau 3 ¢6 duoc lap sinh han hoi luu, bom hat chan khong va nap day khi N,, cho
hdn hop ciia phloroglucinol (2 mmol) trong diethyl ether (Et,0) (5 mL) dugc lam lanh dén 0°C.
Hon hop chloroacetonitrile (n mmol) va ZnCl, (n mmol) lan luot cho vao binh phan tng va giit
sao cho nhiét do khong thay d6i. Suc khi HCI vao hdn hop phan mg va khudy trong thoi gian t,
gior & 0°C. Sau d6 dwa vé nhiét do phong va tiép tuc khudy trong t, gi6. Sau do loc, rua két tia voi
diethyl ether va say kho trong chan khong, thu dugc chét ran 1 (64%).

Chat 1: T°n/c: 232-239°C

'H-NMR (500 MHz, DMSO-d,): 6 (ppm) 5,44 (2H, s, CH,), 6,08; 6,33 (2H, 2 x d, J= 1,5
Hz, H-3, H-5), 9,87; 11,02; 12,59 (3H, brs, 2 x s, 3 x OH).

P"C-NMR (125 MHz, DMSO-d,): 6 (ppm) 75,43 (CH,), 90,15; 97,15 (Ph C-3, C-5), 99,41

(Ph C-1), 160,62; 173,00, 173,73; 175,90 (C=NH,’", Ph C-2, C-4, C-6).
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2.1.2. Nghién civu cdc diéu kién tic nhdn, xic tic, nhiét dg va thoi gian anh hwong dén hiéu
sudt phén irng.

Mudi 1 duge tong hop tir phloroglucinol, ddy 1a budc quan trong anh hudng 16n dén hiéu
suét toan phan.

Phan tng duoc tién hanh theo quy trinh chung véi cac didu kién thay ddi nhu tac nhan
(bang 1), xuc tac (bang 2), HCI/Et,O (bang 3), nhi¢t d§ (bang 4) va thoi gian (bang 5). Phan Gimg
dugc nghién ctru véi lugng 2 mmol phloroglucinol ~ 0,252 g.

2.2. Téng hop 4,6-dihydroxybenzofuran-3(2H)-one (3)
Hop chét 4,6-dihydroxybenzofuran-3(2H)-one dugc diéu ché tir hop chat 1 theo 2 phuong phap:
2.2.1. Phwong phdp 1: Thiiy phin muéi 1 ding acid

Mudi iminium 1 (4,76 g, 20 mmol) duoc hoa tan trong dung dich HCI 1M (100 mL), khudy
& nhiét do phong trong 2 h va sau d6 dun héi luu trong 2 h. Hon hop c6 mau d6 duoc 1am lanh
xuéng 0°C qua dém, théy xuét hién két tua. Két taa thu duge béng cach loc, rira sach vdi nude
lanh, siy kho trong chan khong, chat rin nay 1a hon hop cta 2 va 3 (ti 1& 1:1 dugc xac dinh boi
'H-NMR) [5] Hon hop nay dugc sir dung cho budc tiép theo ma khong can phai tinh ché. Hon
hop 2 va 3 dugc hoa tan trong dung dich MeONa/MeOH (duoc tao tir 1,13 g Na trong 27 mL
MeOH). Dung dich thu duoc dun hdi luu trong 2 h, sau d6 dua vé nhiét d6 phong va trung hoa véi
dung dich HC1 1M (3,5 mL). Cét loai methanol, phan con lai dugc chiét v6i ethyl acetate (3 lan x
6 mL). Dich chiét dugc rira lai béng nudc va lam khan béng Na,SO,. Cét loai dung moi thu dugce
3(2,41 g, 72,6%) trong 46,5% san lugng qua 2 budc.

Chét 3: T°n/c: 252-254°C.

'H-NMR (500 MHz, DMSO-d,): 6 (ppm) 4,54 (2H, s, C-2), 5,92 (2H, s, H-5, H-7), 10,54
(2H, br s, OH).

BC-NMR(125 MHz, DMSO-d,): 8 (ppm) 74,9 (C-2), 90.2; 96,4; 102,7 (C-5, C-7, C-9),
157,5; 167,7; 175,6 (C-4, C-6, C-8), 194,0 (C=0).
2.2.2. Phwong phip 2: Thiiy phdn muéi 1 diing H,0, dun héi luu

Muéi iminium 1 (4,76 g, 20 mmol) duoc hoa tan trong nudc noéng (80 mL) va dun hdi luu
trong 7h. Sau d6, hdn hop nay dugc dwa xudng nhiét do phong va khudy thém 3 h thay xuat hién
két tia mau do. Céc két tia ndy thu dugc bang cach loc, rira sach v6i nudce va say kho trong chan
khong thu duogc 3 (2,12 g, 64%) trong 41% san luong tir phloroglucinol.

3. Két qua thao luin

Hop chat 4,6-dihydroxybenzofuran-3(2H)-one (3) dugc tong hop qua 2 giai doan (Hinh I).
Giai doan dau tién 14 phan (mg ngung tu gitra phloroglucinol va chloroacetonitrile trong sw ¢6 mit
cua ZnCl,, sau do hdn hop phan tmg duoc suc khi HCI tao nén mudi iminium (1) (64%). Mubi 1
sau d6 dugc thuy phan dong vong dé tao 3.
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Hinh 1. So do tong hop 4,6-dihydroxybenzofuran-3(2H)-one (3) tir phloroglucinol

3.1. Tong hop 2-(2-chloro-1-iminoethyl)-1,3,5-benzenetriol hydrochloride (1)

Phéan ung ngung tu cua phloroglucinol véi chloroacetonitrile 12 phan ung acyl hoa Friedel-
Crafts gitra cac hop chit cua phenol véi cac hop chét nitrile, duogc phat hién ra mdt cach doc 1ap
bdi 2 nha khoa hoc Hoesch (1927) va Houben (1926). Vi vay, phan ung nay con dugc goi la phan
ung Hoesch hay phan ung Houben - Hoesch. Phan ing dugc thuc hién cung v6i sy c6 madt cua
HCI véi xtic tac acid Lewis trong ether khan.

Két qua khao sat anh hudng cua cac diéu kién tac nhan, xtc tac, nhiét dd va thoi gian dén
hiéu suét phan Gmg duogc trinh bay & bang 1, bang 2, bang 3, bang 4 va bang 5.

Bing 1. Anh hwdng ciia tdc nhan CICH,CN

STT 1 2 3
CICH,CN (n, mmol) 1 2 2,5
Hiéu sut (g/%) 0,171/36 0,239/50 0,210/44

Phan irng dge tién hanh voi ti 1é phloroglucinol: HCI/EL,0: ZnCl, (1:2,5:0,05) (mol:mol:mol),
0 0°C, 2 hva o nhiét dp phong, 21 h
Bang 1 cho thy ti 18 tic nhan phan tng giita phloroglucinol : CICH,CN 1a 1:1 (mol:mol),
hiéu suat phan (mg thap hon khi ti 1& nay thay doi.

Bing 2. Anh hirong ciia xiic tic ZnCl,

STT 1 2 3 4
ZnCl, (n, mmol) 0,1 0,15 0,2 0,25
Hiéu suét (g/%) 0,239/50 0,268/56 0,306/64 0,278/58

Phan irng duoc tién hanh véi ti lé phloroglucinol:CICH,CN: HCI/Et,O (1:1:2,5) (mol:mol:mol),
0 0°C, 2 hva o nhiét do phong, 21 h

Tir bang 2 nhan thiy xuc tac acid Lewis da anh huong dén hidu suat ctia phan tmg acyl hoa

Friedel - Crafts gitra mot hop chat ciia phenol véi hop chét nitrile. Ti 18 theo s6 mol thich hop nhat
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gitra cac tac nhan phan ing véi xuc tac: phloroglucinol: CICH,CN: ZnCl, la 1:1:0,1(mol:mol:mol).
Ti 18 nay thay d6i s& 1am giam hiéu sudt phan tng.

Bing 3. Anh huong ciia HCI/Et,0

STT 1 2 3
HCVEt,0 (mmol/mL) 4/4 5/5 6/6
Hiéu suit (g/%) 0,252/53 0,305/64 0,289/61

Phan vng dwoc tién hanh voi ti lé phloroglucinol:CICH ,CN: ZnCl, (1:1:0,1) (mol:mol:mol),
0 0°C, 2 hva ¢ nhiét do phong, 21 h
Két qua & bang 3 cho thdy nong do cua hydrogen chloride 13 1(mmol/mL), sy thay d6i vé
s mol dd anh huong dén hi¢u suat ciia phan tng, ti 1¢ s6 mol giita tac nhan véi HCI pht hop nhat
la1:2,5.
Bing 4. Anh huong ciia nhiét do

STT 1 2 3 4 5 6
. -5 0 5 0 0 0

at da (©
Nhiét d6 (°C) t°phong t°phong t’phong 0 15 40

Hiéu suat (g/%) 0,286/60 0,306/64 0,304/64 0,132/28 0,254/54 0,177/37

Phan vmg dwoc tién hanh véi ti lé phloroglucinol:CICH,CN: ZnCl,: HCI/Et,0 (1:1:0,1:2,5)
(mol:mol:mol:mol), 6 2 h cho nhiét do dau va 21 h cho nhiét do sau.
Bang 4 cho thdy nhiét d6 anh hudng rat Ién dén hiéu suat phan Gmg. Phan tng gitra cac hop
chit ctia phenol véi cac hop chit nitrile 12 phan tng téa nhiét nén ban dau can lam lanh, sau d6
dé két thuc phan tng can nang 1én nhiét do phong. Nhiét do thich hop cho phan tmg 13 ¢ 0 - 5°C.

Nhiét d6 thap hay cao hon déu lam giam hi¢u suat cta phan tng.

Bing 5. Anh hieong ciia thoi gian phan img

STT 1 2 3 4 5

0°C-1h 0°C-2 h 0°C-3 h 0°C-2 h 0°C-2 h
t°phong-21 h t°phong-21 h tphong-21 h | t°phong-20h | t°phong-22 h

Thoi gian (h)

Hiéu suét (g/%) 0,209/44 0,306/64 0,285/60 0,295/62 0,299/63

Phan irng dugc tién hanh voi ti lé phloroglucinol:CICH,CN: ZnCl,: HCI/Et,0 (1:1:0,1:2,5)
(mol:mol:mol:mol), o 0°C va nhiét do phong

Két qua thu duge ¢ bang 5 cho thay thoi gian tién hanh phan ing da anh huong dén hiéu suat
ctia phan tng. Tc d6 qua trinh phan tmg dién ra ciing kha cham véi tong thoi gian 13 23 gio (2 h
& 0°C va 21 h & nhiét d6 phong). Thoi gian it hon hay nhiéu hon déu 1am giam hiéu suat phan tng.
Nhu véy, cac két qua khao sat da chi ra phan ung diéu ché 2-(2-chloro-1-iminoethyl)-
1,3,5-benzenetriol hydrochloride (1) cho hi¢u sudt cao & diéu kién ti 18 s6 mol cua



Diép Thi Lan Phuong, Nguyén Lé Tuan, H6 Vin Ban, Nguyén Thi Nghia

phloroglucinol:CICH,CN: ZnCl,: HCI/Et,0 la 1: 1: 0,1: 2,5 v6i thoi gian va nhiét d§ phan ung la
2h & 0°C va 21 h & nhiét do phong, hi¢u suat mudi 1 dat 64%. Két qua nay rét hiru ich cho viéc
nghién ciru phan tmg thiy phan tiép theo dé tao 3.

IMI-DMSO-1H IMI - DMSO - C13CPD
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Céc s6 lidu phd 'H-NMR va *C-NMR cua san pham mudi 1 phit hgp vdi ciu tric phén tir
va voi cac s6 lidu di dugc cong bd [5]. Trén phd proton 'H-NMR (hinh 2) cho thdy xuat hién cac
tin hi¢u singlet cua 2 proton nhom methylene (CH,) ¢ 5, 5,44. O ving truong thom xuét hién 2
doublet cua 2 proton twong tac meta v6iJ=1,5Hz 66, 6,33 va d,, 6,08. O truong thép honla3
tin hi¢u singlet ctia 3 nhom OH ¢'6,,9,87; 11,02; 12,59. Phd *C-NMR cua hop chit nay ciing cho
8 tin hiéu ctia 8 carbon phu hop vé6i s6 carbon va ciu triic phan tir gdm tin hiéu carbon ctia nhém
methylene & 8. 75,43; 3 tin hi¢u cua 3 carbon h¢ thom: ¢ 6. 99,41 (Ph C-1), 6. 90,15 va 97,15
(Ph C-3, 5); O truong thap hon 1a 3 tin hi¢u carbon thom lién két véi oxy (Ph C-2, 4, 6) va 1 tin
hi¢u cia C=NH" ¢ 5. 160,62; 173,00, 173,73; 175,90.

3.2. Téng hop 4,6-dihydroxybenzofuran-3(2H)-one (3)

Phan tng thuy phan dong vong mudi iminium (1) di dugc nghién ctru tién hanh theo 2
phuong phéap. Phuong phap 1 1a thuy phan trong méi truong acid HCI sau d6 dong vong boi
MeONa cho 3 véi hiéu suat 46,5% toan phan. Phuong phap 2 chi don gian 14 dun hoi luu trong
nudc cho san pham 3 véi hiéu suat 41% tir phloroglucinol.

Phuong phép 1, su ¢6 mit cua acid HCI trong hdn hop phan Gmg 1am ting tbc d6 phan tng
thuy phén va su c6 mat ciia nhom methylate CH,O' (MeONa/MeOH) lam cho OH-phenol ¢ dang
phenolate Ph-O" ¢6 tinh nucleophile manh nén rat thuan loi phan img dong vong. Vi vdy ma phan
g déng vong benzofuranone trong méi truedng kiém (MeONa) chi dun hdi luu trong 2 gid trong
khi phuong phap thity phan va dong vong duoc tién hanh trong H,O dun hoi luu kéo dai 7 gio. Tuy
nhién, & ca hai phuong phap déu cho két qua twrong tng nhau. Mic du, phuong phap thiy phan
trong nude téc do phan tmg dién ra cham hon nhung phan tng chi sir dung H,O don gian, kinh té
va khong doc hai méi trudng duge ching t6i stir dung dé tong hop chat trung gian benzofuranone
3 & quy md luong gam.
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Céu tric phan tir ciia hop chét 4,6-dihydroxybenzofuran-3(2H)-one (3) di dugc xac dinh
boi pho cong hudng tir hat nhan 'H-NMR va *C-NMR. Trén ph6 'H-NMR (hinh 3) thay xuat hién
c6 6 tin hi¢u proton, trong do, tin hi¢u singlet cua 2 proton nhém methylen (CH,) ¢ §,, 4,54 va
singlet cua 2 proton thom ¢ 3, 5,92. O truong thap hon 14 singlet ti cta 2 proton OH & & 10,54,
Phd BC-NMR (hinh 4) ctia 3 xuét hién 8 tin hiéu ctia 8 nguyén tir carbon phti hop véi sb carbon
va cAu trac phan tt, gém tin hi¢u carbon ctia nhom methylene ¢ 6. 74,9, 2 tin hi¢u cua 2 carbon
methine thom ¢ 5.90,2 (C-7), 96,4 (C-5) va mét tin hi¢u cua carbon thom bac 4 ¢ 5. 102,7 (C-9).
O vung trudng thip hon 1a 3 tin hiéu ciia 3 carbon thom lién két véi oxy & 8. 157,5 (C-4), 167,7
(C-6), 175,6 (C-8) trong d6 tin hiéu ciia C-8 dich chuyén xudng truong thip hon ca do anh hudng
strc cang cua vong 5 furanone. Tin hiéu ctia nhom keton 3-C=0 & viing truong thap nhat & - 194,0.
Qua phan tich cac dir liéu phd cho thay chét 3 1a 4,6-dihydroxybenzofuran-3(2H)-one.

BEN-DMSO -1H BEN- DMSO - C13CPD
1
HO. 8 0
2
4 3
oH ©
3
1‘4 13 12 11 10 9 é 7 é é 4 :Il ; ;. (I) ' ppm l \
2 :' :\[ ;;: 250 1&0 1;0 1A0 1;0 160 8‘0 6‘0 4‘0 2‘0 l; poo )
(3 13
Hinh 4. Pho 1H-NMR cua 3 Hinh 5. Pho 13C-NMR cua 3

4. Kétluan

- Ba khao sét céc yéu t6: téc nhan, xtc tac, HCI/Et,0, thoi gian va nhiét do anh huéng dén
hiéu sut tong hop chat 1.

- P téng hop 4,6-dihydroxybenzofuran-3(2H)-one tir phloroglucinol théng qua mubi 1
bang hai phuwong phap: thity phan st dung tac nhan acid va dun hoi luu trong nuée. Ca hai phuong
phap déu cho két qua twong duong nhau, nén chung t6i lya chon phuong phép thuy phan sir dung
H,O don gian, kinh té va khong doc hai moi trudng.

- Cau trac ctia mudi 1 va chat 3 da duoc xac dinh bang phuong phap phd 'H-NMR va
BC-NMR.
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VAN DUNG MO HINH NGHIEN CUU BAI HQC NHAM PHAT TRIEN NANG LUC
DAY HQC CHO SINH VIEN NGANH SU PHAM HOA HQC

LE THI DPANG CHI*, NGUYEN THI KIM CHI
Khoa Héa, Truong Pai hoc Quy Nhon

TOM TAT

Nghién ciru bai hoc la mét mé hinh phdt trién nang liwc day hoc cia gido vién théng qua viéc cdi
tién chat lwong day va hoc cua ting bai hoc cu thé, qua do cai tién chat lwong hoc cua hoc sinh. Hinh thirc
nay da dwge dp dung & nhiéu quéc gia trén thé gici, bude dau dwoe dp dung 6 Viét Nam va da chimg minh
e tinh kha thi trong viéc boi dwong va phat trién nang lwc chuyén moén cia gido vién. Bai bdo trinh bay
tong quan vé co sé Iy ludn, muc dich, quy trinh tién hanh va vin dung nghién civu bai hoc nham phat trién
nang luc day hoc cho sinh vién nganh sw pham hoa hoc.

Tw khéa: Nghién ciru bai hoc, nang luc day hoc, suw pham, héa hoc.

ABSTRACT

Applying the Lesson Study Model to Develop
the Teaching Capacity of Chemistry Education Students

The lesson study is a model that develops the teaching capacity of teachers by improving the quality
of teaching and learning of specific lessons, thereby improving the quality of learning for students. This
form has been applied in many countries, recently applied in Vietnam and proved its feasibility in fostering
and developing professional competence of teachers. This article addresses the rationale, purpose, process
and application of lesson study in the development of teaching capacity for chemistry education students.

Keywords: Case study, teaching capacity, pedagogy, chemistry.
1.  Mé diu

Thuét ngit nghién ciru bai hoc (NCBH) ¢6 ngudn gdc trong lich str gido duc Nhat Ban, tir thoi
Meiji (1868-1912), nhu mot bién phap dé nang cao ning luc (NL) nghé nghiép cho gido vién (GV),
cai tién chat lugng day hoc (DH) théng qua nghién ctru cai tién cac hoat dong DH trong céc bai cu
thé. Cho dén nay NCBH duoc xem nhu mdt mé hinh vé cach tiép can nghé nghiép ciia GV dugc
nhan rong trong qua trinh day va hoc tai Nhat Ban [3] [4].

NCBH 14 mét qué trinh chung dé phat trién ning luc day hoc (NLDH) cho GV, trong d6
cac GV tham gia dé kiém tra thudng xuyén viéc thuc hanh DH vé&i muc dich cai tién va 1am cho
viéc DH ngay cang co hiéu qua hon. Viéc kiém tra nay tap trung vao cac GV 1am viéc hop tac véi

nhau dé khai thac mot sd bai hoc.

*Email: lethidangchi@qnu.edu.vn
Ngay nhan bai: 02/3/2017; Ngay nhan dang: 17/5/2017
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2. Noi dung
2.1. Muc dich ciia nghién ctru bai hoc

C6 4 muc dich chinh thiic day qua trinh NCBH:

- Pé hiéu rd hon vé cach hoc sinh (HS) hoc nhitng gi ma GV day, cach HS phan tng voi
cac ndi dung hoc tap, théy dugc murc do tac dong cua cac phuong phap day hoc (PPDH) ma minh
dang str dung.

- Pé tao ra hiéu qua cao trong qua trinh hoc tap, tao co sé thuén loi va mbi lién hé t6t voi
cac mon hoc khac. Cac mon hoc khong chi ndm riéng ré ma ching c6 méi lién hé chit ché véi
nhau trong hé thong ndi dung kién thirc chung can dao tao cho HS.

- Pé cai thién viéc DH cua GV thong qua su hop tac c6 hé thdng voi cac GV khac trong
truong hay cum truong. Thong qua su hop tac, cic GV chia sé cho nhau nhitng kinh nghiém vé
bai hoc dé cung nhau hoan thién nhim mang lai hi€u qua cao nhét cho viéc hoc tap cua HS va lam
phong pht thém kinh nghiém DH ctia minh.

- PBé xay dung, nang cao NL chuyén mon, nghiép vu va NL su pham ciia GV.

Ngoai ra, NCBH con c6 muc dich lam tang tinh chuyén nghi¢p ctia GV. Tur cach xac dinh
NCBH nhu trén c6 thé thay nghién ctru bai hoc c6 mét sb thude tinh co ban:

(1) Su hop tac cua cac GV.

(2) Muyc tiéu thyc tién - cai tién bai hoc cu thé.

(3) Co s¢ li luan dé dinh huéng cho cai tién DH, thuc tién gin véi li luan.

(4) Mot qua trinh thu thap, xir 1y dir liéu (quan sat, phong van HS, ...).

(5) Nhiing cugc thao luan va rat kinh nghiém chung giita cac GV.

Nhiing phan tich trén cho thdy NCBH c6 muc tiéu kép 1a cai tién thyc tién DH va phat trién
NL chuyén mén, nghiép vu, nghién ciru cai tao thuc tién ciia GV. Vi thé, NCBH s& tac dong dén
ca 3 thanh phan: NL nghé nghiép ciia GV, thuc tién DH va hoc tap cia HS [2] [5].

2.2. Thuec trang viéc phat trién ning lrc day hoc cho sinh vién nganh su pham Héa hoc

Dé tim hiéu thyc trang viéc phat trién NLDH cho SV nganh su pham Hoéa hoc & trudng dai
hoc (PH), chung tbi tién hanh diéu tra trén 173 SV nam thir 3 va 4 nganh su pham héa hoc cua
cac truong PH Quy Nhon, DH su pham Ha Noi, DH Tay Nguyén trong nim hoc 2016 - 2017. Két
qua diéu tra dugc biéu thi ¢ hinh 1:

C6 37,6% SV (65/173SV) da biét dén mo hinh NCBH va 26,6% (46/173 SV) di tién hanh
DH theo mé hinh NCBH. 100% SV di DH theo mé hinh NCBH mong mudn nén van dung mo
hinh NCBH dé phat trién NLDH cho SV.

100% SV di DH theo mé hinh NCBH déu thich (26,5%) hodc rét thich (73,5%) str dung mo
hinh nay, cac em cho biét gio hoc ¢6 sir dung mé hinh NCBH gitip cac em DH hing thi hon. Nhur
vay viéc van dung mo6 hinh NCBH dé phat trién NLDH cho SV trong DH hoa hoc la can thiét.

Khi dugc hoi mé hinh NCBH nén st dung cho loai bai hoc nao? C6 39,8 (69/173 SV) cho
rang nén sur dung cho tat ca cac bai hoc. 43,4% (75/173 SV) cho rang nén str dung cho phan 16n
cac bai hoc, 16,8 (29/173 SV) cho rﬁng nén st dung & mot s6 bai hoc.
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Ty 1€ sitr dung m6 hinh NCBH

B Sir dung cho tit cé cac bai hoc

B Sir dung cho phén Ién céc bai hoc

® Sir dung & mdt s6 bai hoc

Hinh 1. Biéu do sir dung mé hinh nghién civu bai hoc cho cdc dang bai hoc
Daénh gia ciia SV vé gid hoc ¢6 ap dung mo hinh NCBH duoc thé hién trong bang 1:
Bing 1. Pdnh gid vé gio hoc cé dp dung mé hinh NCBH

Danh gia Pong y Khéng dong y
Hoc sinh tich cyc hoat dong hon 171 2
Kich thich hung thu hoc tap cta hoc sinh 166 7
Gid hoc dugc sinh dong hip din hon 169 4
Hoc sinh tu tin, manh dan, sang tao hon 164 9
Chat luong gio hoc dugc nang cao 160 13

Nhu vay da s6 SV cho rang gio hoc ¢6 4p dung md hinh NCBH gitip HS ty tin, manh dan,
sang tao hon, kich thich dugc hirng thi hoc tap cua HS, gio hoc dugc sinh dong ha‘ip dan hon.
Két qua trén cho thay, can tiép tuc phd bién rong rii mé hinh NCBH trong cong tac dao tao GV &
cac truong DH nham phat trién NLDH cho SV néi chung, SV nganh su pham hoa hoc noi riéng.

2.3. Van dung md hinh nghién ciru bai hoc nhim phat trién niing lwc day hoc cho sinh vién
nganh sw pham Héa hoc
2.3.1. Quy trinh vin dung

NCBH gitip danh gia hodc cung cip cho SV nhiing thong tin phan hoi vé thuc tién DH.
SV thuc hién NCBH sé thu dugc két qua cung nhirng 161 nhan xét vé viée sit dung cac PPDH cua
minh dén su tu duy cua HS. C6 nhiéu cach phan chia cac giai doan cua mdt qua trinh NCBH,
nhung chung t6i da chia qua trinh NCBH thanh 4 budc:

- Bude 1: Xay dung ké hoach bai hoc nghién ciru.

- Bu6c 2: Day minh hoa, du gio vé bai hoc nghién ciru.
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- Budc 3: Théo luan, suy ngim va tiép tuc day hay dat ké hoach tiép theo.

- Budc 4: Van dung vao bai hoc hang ngay va tiép tuc nghién ctru.

Quy trinh 4 budc trén dugc 1ap di 1ap lai cho nén con dugce goi la chu trinh NCBH (hinh 2).
O tit ca cac budc déu co sy tham gia va hop tac cta cac SV. Khi van dung mo6 hinh NCBH, SV
s& phat trién NLDH bang cach thyc hanh DH, trai nghiém két hop suy ngam, tur duy vé qua trinh
thuc hién bai day.

Buoc 1: Buoc 2:
Chudan bi thiét ké ké hoach — T6 chirc day minh hoa
bai hoc minh hoa —du gio
CHU
T TRINH l
NCBH
Bugc4. Buoce 3:
Ap dung cho thuc tién day «— Suy ngém v thio lugn vé
hoc hang ngay gio hoc

Hinh 2. So d6 chu trinh cdc buée nghién ciru bai hoc
2.3.2. Vin dung vao bai Ancol - Lép 11 chwong trinh co bdn

- Burde 1: SV tién hanh 1ap ké hoach trich doan bai hoc: Muc I. 3 (Phan img tach nwdc)
trong phan tinh chdt héa hoc ciia Ancol (Héa hoc 11 co ban).

- Buée 2: SV tién hanh tap giang lan 1.

- Cac SV trong nhom theo ddi, c6 thé di lai && quan sat, chup hinh va ghi hinh toan bd qué
trinh tap gidng.

- Buée 3: Thao luan va suy ngam vé gid hoc

Cir mot SV 1am thu ki dé ghi lai toan bo qué trinh nhan xét, danh gia, cac y kién dong gop.

Céc thanh vién trong nhoém nhan xét qua trinh tip giang trén vé nhing uu diém, han ché.

Sau day la bién ban thao luan ciia nhom 3, 16p su pham hoa khoa 37, Truong DPH Quy Nhon
khi thuc hién doan gidng nay.

Uu diém:

Gidi thiéu bai hoc (M6 bai): Dat van dé vao bai giang theo phuong phap sir dung trd choi 6
chir trong phan kiém tra bai cii, v6i mdi cau hoi kiém tra bai cii SV dua ra, HS tra 16i dang s& tim
duge mot tir khoa 1a mot chit cai trong tir “ancol” & hang ngang. Két thiic 5 cau hoi kiém tra bai
cli cua SV, HS s€ tim duogc tir khoa ctia hang doc 1a “ancol”, sau d6 GV dan dét vao bai méi. Nhu
vay, 101 gioi thi¢u da thu hat duoc sy cha ¥ cua HS, kich thich dugc dong co hoc tap cua HS, tao
khong khi thoai mai khi bat dau bai hoc.

T6 chire hoat dong nhém cho hoc sinh (HS): SV tao diéu kién dé tat ca cac nhom duoc trinh
bay két qua 1am viéc ciia nhém minh. SV danh thoi gian dé tong két va tra 101 moi thic mac cua
HS sau khi hoat dong nhém két thuc.

16



Tap 12,86 1,2018

Sit dung cdu héi: Phan bd cac cau hoi dén nhiéu HS, cac cau hoi duoc sir dung khong nhimng
doi hoi HS nho lai kién thire ma con yéu cau HS phai sir dung cac k¥ nang tu duy nhu phan tich,
téng hop, danh gia, ... dé tra 1oi.

Trinh bay bang: Pep, khoa hoc, kich thudc chir di to va rd rang, nhitng HS ngdi cudi 16p
v6i thi giac binh thudng van c6 thé nhin thdy mot cach thoai mai. Viét hoa diing quy dinh, khoéng
cach giira cac 4m tiét vira phai, chit viét déu dan, thang hang.

Sur dung thi nghiém: Thanh cong, thi nghiém phan ing tach nude cta ancol etylic ¢ 170°C
tao thanh anken 1am mat mau dung dich brom.

Tich hop gido duc mdi trudng, xir Iy san pham sau thi nghiém va tinh thyc tién vao ndi dung
bai giang tmg dung cta ancol etylic trong doi séng.

Kiém tra, danh gia: Trong tiét hoc c6 sir dung bai tap, phiéu hoc tap dé xiy dyng va kiém
tra kién thtrc hiéu qua.

Dién dat ngén ngit: Am lugng giong néi vira phai khong qua to ciing khong qué nho, du dé
cho moi HS trong 16p déu nghe dugc 1 rang. Biét két hop ca ngdn ngit co thé nhu dnh mat, nét
mat, ... dé thé hién cam xuc khi n6i khién cho HS cam thay tha vi hon va ndi dung truyén dat tro
nén sinh dong hon.

Nhuwoc diém:

T6 chirc hoat dong nhém cho HS: Chua phan chia sé luong HS cu thé trong timg nhom, din
dén nhém qua it (2-3 HS), nhoém qua nhiéu HS (8 HS). Chua biét sir dung cac ki thuat nhu: Dong
néo, bé ¢4, manh ghép, XYZ, khan trai ban, dbi, ... trong qua trinh td chure hoat dong nhom cho
HS, SV quan 1y cac nhom chua that sy tot.

St dung cdu héi: Chua nhan manh vao nhing tir “chia khéa” trong cau hoi, khong nhan
xét mdi cau tra 10i ctia HS.

Gidi thich vin dé con dai dong chiwea ré rang.

Trinh bay bang: Khong dugc vira viét vira ndi trong tu thé tp mit vao bang. Nén viét tir trai
qua phai, nén dimg nghiéng nguoi vé phia tay phai dé khi viét chir khong bi che 1ap. Dung phan
mau hodc nhimg ki hiéu khac dé nhan manh vi tri cac nguyén tir nhom thé khi tham gia phan tmg
(nguyén tir H, nhom -OH cua cac phan tir khi tham gia phan ung tach nudc).

St dung thi nghiém thanh cong, tuy nhién chua phdi hop tdt giita 101 nodi va biéu dién thi
nghiém, giai thich hién tugng chua 10 rang.

Phén bd thoi gian chua tt, thoi gian st dung thi nghiém con nhiéu, khién cac hoat dong
khéc khong du thoi gian.

Giai thich con dai dong chua nhin manh trong tim cua bai giang (vi du phan tmg tach nudc
& 170°C tao thanh anken nén khai thac ki quy tic tach Zai-xep va lay mot s6 vi du minh hoa).

Dién dat ngén ngit: N6i qua nhanh, dung nhimg tir 1ap 15 tréng nhu “a”, “0”, “phai khong
a”, “dung vay”, ... Nhing tir ngit lam cho HS mét tap trung vao ndi dung SV dang trinh bay va
khién cho phan trinh bay tré nén dai dong.

Giao tiép sw pham: To ra néng voi khi nghe HS noi bang nhitng dau hiéu nhu ngat 16i, bon
chdn, lic dau, ... Chuyén sang hoat dong khac khi chua c6 két luan vé van dé HS dang trinh bay.

- Giang vién gbp ¥, nhan xét: Sau khi tién hanh thi nghiém SV da thuc hién tét mot s6 k¥
nang DH nhu:
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Co dat van dé vao bai giang mot cach sinh dong thu hit dugc sy cht y cua HS, chuén bi
dﬁy da dung cu va thiét bi thi nghiém, thi nghiém thanh cong. Trinh bay bang sach, dep, st dung
cau hoi phan bd dén nhiéu HS, biét sir dung hoat dong nhom,. .. Kién thirc chuin x4ac it sai sot, ¢o
tich hop giao duc mdi truong va gido duc thuc tién vao trong bai hoc. Cé str dung phiéu hoc tap
dé kiém tra va xay dyng kién thirc HS, néi to, rd rang, biéu cam.

Tuy nhién van con mot sd ki nang chua thyuc hién tot:

Phén chia s6 luong HS trong cac nhom chua dong déu, chua phan xa hop 1y véi cc cau
tra 1oi ctia HS, tac phong trinh by bang va giao tiép su pham véi HS chua tbt (ngit 10i, lic dau
khi HS tra 10i sai,...). Can phdi hop t6t thi nghiém véi 16i ndi, nén nhdn manh vao trong tam bai
giang, két hop tot cac phuong tién DH,. ..

Qua trao ddi gop y, SV vira tham gia giang tip s& sira lai bai hoc nghién ctru ctia minh, trén
co sO nhitng phan hoi vira nhan duoc chinh sira lai ké hoach cua bai hoc nghién ctru, nhitng wu
diém s& phat huy va nhiing han ché s& khic phuc trong céc lan day tiép theo.

- Buée 4: SV tién hanh tap giang lan 2.

Sau khi nhan dugc sy dong gép v kién ¢ 1an 1, SV tu chinh stra lai ké hoach bai hoc va tap
giang lan thir 2. Bai giang lan 2 ciing duoc tién hanh dudi sy giam sat cua giang vién huéng dan
thuc hanh.

Nhan xét danh gia 1an 2: Qua trinh biéu dién thi nghiém thong qua trich doan bai giang
Muc I. 3.

Phan {mg tach nudc cta bai Ancol (Héa hoc 11 co ban) di phat huy dugc nhimg wu diém
va khic phuc dugc mot s6 nhuge diém sau:

Phat am dung chinh ta, st dung tdt ngtr diéu, am diéu, cuong do, nhip do khi noi.

Str dung tir ngit ngin gon, dé hiéu, bam sat vao muyc dich.

T6 chirc hoat dong hop tac theo nhom hop 1y phat huy tinh tich cuc chii dong cua HS.

Cach dat cau hoi ngén gon, khoa hoc. Xur Iy khi HS khong tra 161 dugc cau hoi, xtr 1y cac
cau tra o1 cua HS.

Biét két hop mot s6 PPDH hién dai va PPDH truyén théng mot cach thich hop.

Str dung t6t cac phuwong tién DH va thiét bi DH (Thi nghiém, may tinh, may chiéu, ...).

Tich hop gido duc méi trudng va gin két ndi dung bai hoc véi thuc tién hop 1y (khong sir
dung qué nhiéu vi du, vi viéc nay lam mat thoi gian va lam cho HS xa rdi ndi dung chinh cia
bai hoc).

Trinh bay bang sach dep, khoa hoc, hop ly.

Giao tiép su pham va quan 1y 16p hoc tot.

Nhung van con mot sd han ché can khéc phuc nhu:

Cén di lai bao quat 16p hoc.

Cén hoc cach quan sat va lang nghe HS t6t hon.

- Bu6c 4: Ap dung cho thuec tién giang day

Khi thyc hién bude nay SV da rén duge mot s6 ki nang co ban dap tng cho cong tac giang
day nhu:

- Mo bai

- T6 chikc hoat dong nhom cho hoc sinh.
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- St dung cdu hoi

- Giai thich

- Trinh bay bang

- St dung cdc phwong tién DH, d6 ding truec quan, thi nghiém héa hoc.

- Bdm bdo quy trinh cdc buée 1én I6p, tinh hop Ii trong phdn bé thoi gian.
- Bdm bdo tinh khoa hoc, tinh logic va nhdn manh trong tam ciia bai gidng.
- Nang lyc khai thac néi dung bai hoc.

- Tich hop tinh gido duc va tinh thiee tién vao ndi dung bai gidng.

- Kiém tra, danh gia.

- Phéi hop cdc PPDH.

- Dién dat ngén ngir.

- Giao tiép sw pham.

3.  Kétluan

NCBH 12 mdt mé hinh bdi dudng, phat trién chuyén mon nghiép vu cho GV theo dinh
hudng nang lyc mang lai nhiéu loi ich cho GV dac biét 1a SV dang trong giai doan hoc tap, rén
luyén nghiép vu su pham. Thong qua NCBH, SV tr¢ nén viing vang hon vé chuyén mon, nghiép
vu, ting su chuyén nghiép trong giang day. Bén canh d6, su phdi hop dong bo giira cac thanh vién
trong nhom NCBH ciing tao nén mét sttc manh cong huong lam tang tinh hiéu qua ctia qua trinh
DH. Ddng thoi NCBH con tao khong khi lam viée, hoc tap hop tac tich cyc cua giang vién véi
SV. Van dung m6 hinh NCBH trong dao tao GV ndéi chung va GV Hoa hoc néi riéng 1a mot dinh
huéng c6 tinh hiéu qua cao, vi viy can ap dung rong rii trong giang day cac hoc phin PPDH &
céc truong PH va nhan rong dan mo hinh nay trong sinh hoat chuyén mén & cac truong pho thong
nham nang cao ning lyc van dung phuong phép va ky thuat DH cho SV nganh su pham va GV
phé thong.
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NGHIEN CUU QUY TRINH PHAN TiCH PONG THOI SALBUTAMOL,
METOPROLOL BANG PHUONG PHAP PIEN DI MAO QUAN SU DUNG DETECTOR
PO PO DAN KHONG TIEP XUC (CE-C4D)

CAO VAN HOANG™!, NGUYEN LE MINH DUONG!, PHAM THI KIEM?
'Khoa Héa, Truong Pai hoc Quy Nhon
*Truong THPT Phan Dinh Phung, Pht Yén

TOM TAT

Viéc sir dung trdi phép chat tao nac trong chan nudi dé lam giam ty 1é mé/nac & dong vit gdy ra
cdc bénh nghiém trong nhw dau co, réi loan nhip tim, cao huyét dp, co thdt phé quan,... Trong bai bdo
nay, ching t6i sir dung mét phwong phap don gian dé xdac dinh dong thoi hai chdt tao nac: Salbutamol va
Metoprolol trong mét sé loai thirc dn chan nudi lon, thit lon va cdc san pham tir thit bang phirong phdp
dién di mao dan sir dung detector do do dén khong tié’p xiic. Piéu kién 16i wu xdc dinh dwoc g5m.‘ mao quan
silica dwong kinh 50 um; chiéu dai hiéu dung la 53 cm; dung dich dém chira 10 mmol/L Arginine dwoc diéu
chinh dén pH = 4,0 bang axit axetic ddm ddc; thoi gian phan tach la 12 phit; thé tach la 15 kV.

Keywords: Dién di mao quan, chét tao nac, Salbutamol, Metoprolol.

ABSTRACT

Investigation of Simultaneous Analysis of Salbutamol and Metoprolol by Capillary
Electrophoresis with Capacitively Coupled Contactless Conductivity Detection

The illegal use of lean substance in livestock to reduce the fat/the lean ratio in animals causes serious
diseases such as muscle pain, cardiac arrhythmias, hypertension, bronchospasm, and so on. In this study,
we use a simple method for the simultaneous determination of two common substance lean: Salbutamol
and Metoprolol in some form of animal feed pigs, pork and meat products by capillary electrophoresis
using contactless conductivity detector. The optimum conditions for this study were found as follow: silica
capillary 60 cm x 50 um i.d. (53 cm to detector); buffer containing 10 mmol/L Arginine adjusted to pH = 4,0
with concentrated acetic acid; all of the target analytes can be detected within 12 min, 15 kV applied voltage.

Keywords: Capillary electrophoresis, Substance lean, Salbutamol, Metoprolol.
1.  Mé dau

Salbutamol (Sal) va Metoprolol (Met) 1a hai hop chit dugc tng dung rong rai trong duoc
pham dung dé diéu tri bénh phdi ¢ ngudi ciing nhur gia suc va dong vat. Tuy nhién, hai chit nay
dugc mot s6 nguoi sir dung trai phép dé bo sung trong thyc pham cho lon dé thuc day tang truong,
tidu giam ty 1&é md/nac, kich thich lon bung dui, né vai, tao nac trong thoi gian ngan. Cac chat nay
tdn tai trong thit véi du lwong 16, néu tiéu thu thire an co nguén géc tir thit bi nhiém cac chét
nay sé& gy ra nhimg anh hudng xau dén strc khoe nguoi tiéu dung nhu céc bénh lién quan dén tim

*Email: caovanhoang@qnu.edu.vn
Ngay nhan bai: 25/4/2017; Ngay nhan dang: 14/5/2017
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mach, hé than kinh trung wong [5]. Tai Viét Nam, Salbutamol va Metoprolol dugc phan tich béng
phuong phap séc ky 1ong hiéu ning cao (HPLC) trong cac phong thi nghiém véi trang bi hién dai,
sir dung mot lugng 16n dung méi hitu co tinh khiét, gia thanh phén tich cao [2, 3]. Phuong phap
dién di mao quan tich hop detector do d6 dan khéng tiép xtic két ndi kiéu tu dién (CE-C4D) 1a mot
phuong phap phan tich méi véi nhitng wu diém nhu: trang bi nho gon, c6 thé tu dong hoa va trién
khai tai hién truong, hoat dong tuong ddi don gian, lwong miu va hoa chat nho, chi phi phan tich
thip [1, 4], cho thay tiém ning ng dung kiém tra nhanh ngay tai cac ddi quan 1y thi trudng & cac
dia phuong. Trong bai bao ndy, chung toi d nghién ciru thanh cong quy trinh phén tich dong thoi
hai chat Sal va Met (mg dung vao phan tich cic mau thirc an gia stic, mau thit,... bing phwong
phap dién di mao quan str dung detector do do dan khong tiép xuc.

2.  Thuc nghiém
2.1. Thiét bi

Hé thiét bi dién di mao quan sir dung detector do d6 dan khong tiép xtc (Hinh 1) 1a mot hé
ban tu dong dugc ché tao boi cong ty 3SAnalysis (http://www.3sanalysis.vn) phdi hop véi nhom
nghién ctru ctia gido su Peter C.Hauser (Pai hoc Basel, Thuy Si).

Hinh 1. H¢ thiét bi dién di mao quan CE-C*D ty ché, ban tu dong sir dung trong nghién ciru
(1: Hop thé an toan, 2: B diéu khién thé, 3: Cam bién do dé dan khéng tiép xiic (C'D), 4: B6 phén két
néi ban tw dong, 5: Num diéu chinh, 6: B¢ phdn diéu khién, 7: Binh khi nén)

2.2. Héa chat

Céc hoa chat dung trong phuong phap déu thudc loai tinh khiét phan tich. Salbutamol,
Metoprolol, axit Acetic, axit Clohydric va Natri hydroxit (Merck), L-Histidine va L- Arginine
(Fluka), nudc deion.

3. Két qua va thao luin
3.1.  Khao sat, tdi vu diéu ki¢n tach cac chit phan tich
3.1.1. Khdo sdat h¢ dém dién di

Thanh phan hé dém 12 mot yéu t6 co anh huong rat nhiéu dén kha ning xuét hién va tach
chat trong qué trinh dién di. Vi vay, cong viéc quan trong 1a tién hanh khao sat anh huong cua
hé dém. Hé dém dugc khao sat gdm mot trong hai hop phan bazo thudng str dung trong phuong
phap CE-C4D la Arginine (Arg) (pKa = 9,09) hoic Histidine (His) (pKa = 8,97), két hop véi hop
phan axit thong dung nhu axit Acetic (Ace). Trong d6, hop phan bazo dugc gitt nguyén ndng do

22



Tap 12,86 1,2018

10 mM va ding hop phan axit dé diéu chinh dén pH mong mudn bang may do pH. Két qua khao
sat cho thay hé dém Arg-Ace cho duong nén 6n dinh, tin hidu pic clia cic chat phan tich cao hon
va do phan giai tdt hon hé dém His-Ace. Do d6, hé dém nay dugc sir dung dé khao sat pH va cac
diéu kién khac. Gia tri pH dugc thuc hién khao sét trong khoang tir 3,5 dén 6,0. Céac két qua duoc
thé hién trong Hinh 2 va Hinh 3.

U.ui_‘""""““—""“—‘—\.-ﬁ—-—-—'—\— DH = 6,0
]: 40 mV
e W — pH=5,5
o pH=50
e pH =45
vV pH=40
Sal Met

X T T T T
300 400 500 600 700

‘Thdi g1an di chuyén (s)
Hinh 2. Pién di do khdo sat anh huong ciia pH dén su phan tach cia Sal, Met 50 mg/l trong
viing pH tir 3,5 dén 6,0. Dung dich dém dién di: Arg-Ace, thé tach +15 kV, mao qudn

silica ¢6 chiéu dai hiéu dung 46 cm.

3 - 14

25 rl2
© ~—~—— . -> i
= ~—— e M
2 2 —— os
< r 0.
:;.'1.5

L 0.6

= - 04
s

0 - L o

pH=35 pH=4,0 pH=45 pH=5,0 pH=55 pH=6,0
— — et —4— D3 phan gidi R

Hinh 3. Do thi thé hién moi tiwong quan giita tin hiéu dién tich pic, @6 phdn gidi R
cua 2 pic Sal va Met phu thuéc vao pH cua dung dich dém dién di
Két qua ¢ Hinh 2 va Hinh 3 cho thdy, khi ting pH, tong thoi gian phan tich giam, nhung
dién tich pic va kha nang phan tach pic ctia hai chat ciing giam. Tai gia tri pH = 4,0 cho két qua

t6t nhat vé dién tich pic, do phan giai giita cac pic, tin hiéu nén 6n dinh va thoi gian phan tich hop
ly. Do d6, né dugce lua chon dé thyuc hién cac khao sat tiép theo.
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3.1.2. Khdo sdt anh huwéng ciia chiéu dai mao quén

Chiéu dai mao quan 1a mot trong nhiing yéu t6 anh huong dén sy khuéch tan cia ving mau,
dan dén anh huong dién tich pic, do phan giai pic hay kha ning tach cac pic. Vi vay can khao sat
Iva chon chiéu dai day mao quan hop 1y dé vira dam béao dugce tin hiéu du 16m, do nhay tdt ma
chan pic khong bi gidn rong va tranh truong hop chong pic. Cac gia tri chiéu dai dugc lya chon
dé khao sat 1a 40, 46, 50, 53 cm.

Két qua khao sat dugc thé hién trong Hinh 4.

140 mV

300 400 700

Tg%? gian di chuyén e(g?
Hinh 4. Dién di do khdo st anh hiong ciia chiéu dai mao qudn dén sw phén tach ciia Sal,
Met 50 mg/l. Dung dich dém dién di: Arg-Ace 10 mM, pH = 4,0, thé tach +15 kV

Trong Hinh 4 cho thay khi ting chiéu dai mao quan thi thoi gian di chuyén cua cac chat
tang, dong thoi dién tich pic va do phan giai ciing bi anh huong. Co thé thdy khi mao quan c6
chidu dai hiéu dung 53 cm cho két qua tbt vé dién tich pic, d6 phan giai giita cac chat tét, tin hiéu
nén On dinh, thoi gian phan tich hop 1y. Do d6, mao quan c6 chiéu dai hi¢u dung (L,p 53 cm
(1= 60 cm) 1a diéu kién t6i vu.

3.1.3. Khdo sdt dnh hwéng ciia chiéu cao bom miu

Chiéu cao bom mau 1a mot trong nhirng yéu t6 anh huong dén do nhay, thoi gian luu cling
nhur dién tich pic. Khi ting chiéu cao bom mau thi lwgng mau di vao mao quan nhiéu hon, cho tin
hiéu céc pic tang 1én twong tmg. Nhung néu viing mau nap vao qua 16n thi 1am giam hiéu suat tach
va dé thuan loi cho qué trinh bom méu ciing nhu thoi gian bom mau thi tién hanh khao st chiéu
cao bom mau & 5 gia tri 10, 15, 20, 25, 30 cm. Két qua dugc thé hién trong Hinh 5.

40mvV

T T T T 1
400 450 500 550 60 650 700 750
Thei gian di chuyen (s)

Hinh 5. Dién di do khdo sdt anh huong ciia chiéu cao bom mau dén tin hiéu cia Sal, Met 50 mg/l.
Dung dich dém dién di: Arg-Ace 10 mM, pH = 4,0, Le/]. = 53 cm, thé tach +15 kV,
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Duya vio Hinh 5 ta thiy, khi ta ting chidu cao bom mau thi thoi gian di chuyén cua cac chit
phan tich thay d6i khong dang ké, nhung dién tich pic thi ting 1én rat nhiéu. Tai chidu cao 20 cm
cho két qua tdt ca dién tich pic, d6 phan giai giita hai pic, dong thoi tin hi¢u nén 6n dinh nén chiéu
cao nay dugc lya chon tdi uu cho quy trinh phén tich.

3.1.4. Khdo sdt dnh hwéng ciia thoi gian bom miu

Gidng nhu khi ta ting chidu cao bom mau, khi ting thoi gian bom mau thi lwong mau di
vao mao quan s& ting 1én. Trong phwong phéap dién di, lvong mau di vao mao quéan phai du 16n dé
dam bao cho qua trinh dién di c6 d6 nhay t6t. Néu viing mau nap vao qua 16n thi xuit hién sy phan
tan manh (mé rong ving mau) do hién twong khuéch tan lam giam hiéu suat tach. Vi vay can khao
sat dé chon thoi gian bom méu hop 1y, dam béo thu duge tin hiéu 16n nhat ma pic khong bi gidn
rong, dam bao dugc do nhay cia phép do. Viéc khao sat thoi gian bom mau duoc thuc hién voi 5
gia tri thoi gian bom mau khac nhau 1a 20, 25, 30, 35 va 40 s. Két qua duogc thé hién trong Hinh 6.

‘ 40mV

400 450 500 550 600 . 650 700 750
Thei gian di chuyen (s)

Hinh 6. Dién di do khdo st anh hieong ciia thoi gian bom mau dén tin hiéu cia Sal, Met 50 mg/I.
Dung dich dém dién di: Arg-Ace 10 mM, pH = 4,0, Leﬂ, =53 cm, thé tach +15 kV.

Tir cac két qua khao sat & Hinh 6 c6 thé nhan thay, khi ting thoi gian bom méu tir 20 s - 40 s
thi thoi gian di chuyén tuong ddi giita cic chat hau nhu khong thay d6i hodc thay doi rét it va
dién tich pic ting twong tmg. Diéu nay 1a hoan toan phu hop vi khi ting thoi gian bom mau s&
lam tang lugng mau duoc bom vao mao quén, tao tin hiéu 16n hon nén dién tich pic ting. Pay la
mot yéu té 1am ting gidi han phat hién cta chét phan tich. Tuy nhién, khi thoi gian bom mau dai
s& tao tin hiéu 16n hon va lam dich chuyén doi chut vé thoi gian di chuyén ciia cac chét ciing nhu
lam giam d6 phan giai giita cac pic. Khi d6 kha nang tach s& giam. Dong thoi trong phan tich mau
thuc, ham luong céc cation 16n nén khi ting thoi gian bom mau céc pic cia cation ciing ting, co
thé can trd pic chit phan tich. Qua khdo sat ta thy, tai gia tri thoi gian bom mau 30 s cho két qua
vé d6 phén giai, dam bao do nhay cua phép do. Do d6, gia tri nay dugc dung lam diéu kién ti wu
trong phan tich.

3.1.5. Khdo sdt dnh hwéng ciia thé dign di dit vio hai dau mao qudn

Qua trinh dién di trong mao quan chi xay ra khi c6 ngudn thé (E) mét chiéu nhat dinh dat
vao hai ddu mao quan, n6 diéu khién va duy tri su dién di cta cac chat. Bé cho két qua tt va on
dinh thi can phai chon thé thich hop nhét va giit dé thé nay luén 6n dinh trong sudt qua trinh phan
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tach. Trén co so trang thiét bi sin c6 cac dién thé duoc lua chon khao sat 1a: 13, 15, 17 va 19 kV.
Két qua khao sat thé thé hién trong Hinh 7.

Tir két qua trén Hinh 7 cho thay, khi ting thé dién di thi thoi gian di chuyén cua cac chat
giam, dong thoi do phan giai gitta cac pic cling giam. Tai gia tri thé ap dat 15 kV cho két qua
dudng nén 6n dinh, thoi gian phan tich hop 1y, d6 phan giai tot. Vi vay thé 15 kV duoc liwa chon
lam thé tach tdi uu.

500 800

Thg‘?ogian di chu;l/%on (s)
Hinh 7. Pién di do khao sat anh hwéng ciia thé tach dén tin hiéu ciia Sal, Met 50 mg/l. Dung dich dém
dién di: Arg-Ace 10 mM, pH = 4,0, L,=353cm.

3.2. Lap duong chuin cho Salbutamol va Metoprolol
Puong chuan cua hai chit salbutamol, metoprolol dugc thiét 1ap trén co s¢ diéu kién phan
tich ti wu khao séat duoc, trong khoang tuyén tinh tir 7,0.10° M dén 3,0.10%M.

y=(0,02798 + 0,03256) + (0,22955 + 0,00253)x

50- 45 y=(0,08634 +0,02139) + (0,20768 + 0,00166)x
R?=0,99939 R?=0,99968
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Hinh 8. Puong chudn cia Salbutamol

[ 8 10 1|2 1'4 IIG 1||l 2|Il 2
Néng dé (x10°M)

Hinh 9. Puong chudn ciia metoprolol

Bing 1. Puong chudn, gidi han phdt hién (LOD), gidi han dinh heong (LOQ) cho Sal va Met

Tén . . 2 _ Hé sb twong| LOD LOQ

cht Phuong trinh duong chuan (y = a + bx) quan (mol/l) (mol/l)
Sal | y=(0,02798 +0,03256) + (0,22955 + 0,00253)x | 0,99939 2,5.10° 2,5.10°
Met | y =(0,08634 +0,02139) + (0,20768 + 0,00166)x | 0,99968 7,0.10° 7,0.10°
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3.3. D¢ lip lai cia phwong phap

Tién hanh do 13p lai 8 14n tai ndng d6 8,5.10 M, cé hai chit déu cho d6 lap lai kha tét. Cu
thé & nong d¢ 8,5.10° M, gia tri RSD_ = 1,61%; RSD,, = 1,29%. Ca hai cht déu c6 gid tri do
1&ch chuan tuong d6i RSD < 3%. Tuc 1a muc d6 dao dong cua cac két qua thu nghi€ém doc lap
quanh gia tri trung binh c6 thé chap nhan dugc. Pidu d6 chimg to phuong phap c6 do lap lai tét.

4. Kétluan

D nghién ctru cac diéu kién thyc nghiém dé xay dung quy trinh phan tich ham lugng Sal
va Met bang phuong phap dién di mao quan sir dung detector do d6 dan khong tiép xuc. Cac diéu
kién thyc nghiém trong quy trinh dugc tém tit nhu sau: Mao quan silica duong kinh 50 pm c6
chiéu dai 60 cm, chiéu dai hiéu dung 1a 53 cm; phuong phap bom mau theo kiéu xi phong & do
cao 20 cm; dung dich dém dién di chtra 10 mM Arginine dugc diéu chinh dén pH = 4,0 bang dung
dich axit acetic dam dac; thoi gian bom mau 1a 30s; thé dién di 1a 15 kV.

Phuong phap nay cho két qua khoang tuyén tinh tuong ddi rong, d6 lap lai tot, giéi han phat
hién va gidi han dinh luong thp. Qua d6 cho thay, quy trinh phan tich Salbutamol va Metoprolol
bang phuong phap CE-C*D c6 thé tmg dung vao viéc phan tich nhanh Salbutamol va Metoprolol
trong cac mau nhu thirc an gia suc, thit lon... ngay tai hién truong. Do d6, phuong phap nay cé
thé dugc phat trién nhu mot cong cu hiéu qua dé kiém soat chat lugng thyc phém, bao vé nguoi
tiéu dung, dap g duoc nhu cau thuc tién tai Viét Nam.
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NGHIEN CUU KHAO SAT MOT SO YEU TO ANH HUONG TOI QUA TRINH
KHU MAN BANG CONG NGHE MANG LOC NANO

TRAN THI THU HIEN'!, CAO VAN HOANG', NGUYEN THI LIEU!,
DANG XUAN HIEN2, TRAN BDUC THAO?
"Khoa Hoéa, Truong Dai hoc Quy Nhon
2Vién KH&CN Moi truong, Truong Pai hoc Bach Khoa Ha Noi
’Khoa CNSH&KT Mbi truong, Truong Pai hoc Cong nghiép Thyc pham TP. Ho Chi Minh

TOM TAT

Mang NF la mét logi mang loc dp lye c6 tinh chdt trung gian giita mang siéu loc (UF) va mang loc
tham thdu nguoc (RO). Mang loc NF c6 wu diém la dong cao, dp sudt lam viéc thdp va cé hiéu sudt cao
trong khir mdn. Bai bdo ndy trinh bay vé nghién ciru anh hwéng ciia mot s6 yéu t6 trong xit Iy nwée lo (mede
nhiém man) ding mang loc NF nham vmg dung trong cong nghé xir Iy nuwdc nhiém man phuc vu cap nwde
cho h6 Phii Hoa 6 tinh Binh Dinh.

Twr khéa: Mang loc Nano, nudce lg, nude nhiém man.

ABSTRACT
Investigation of Key Factors Affecting the Desalination Process by Nanofiltration (NF) Membrane

A NF membrane is a type of pressure driven membrane that has properties in between those of
ultrafiltration (UF) and reverse osmosis (RO) membranes. NF membranes have the advantages of providing
a high water flux at low operating pressure and maintaining a high salt. Our article studies on influence
of some parameters on the performance characteristics to treat brackish drinking (salt water injection)
using nanofiltration membrane to apply in salt water injection treatment technology, supplying water for
Phu Hoa Lake in Binh Dinh province.

Keyword: Brackish, nanofiltration, salt water injection.
1.  DPitvan dé

Cong nghé khir min duoc tmg dung vao nira cudi thé ky 19 da 1am thay d6i cude sdng ciing
nhu noi séng ctia con ngudi. Qué trinh khir man duoc sir dung dau tién 13 vao chién tranh thé gi6i
thir hai va né da dwoc phat trién trong cudc chién tranh nay. Vao nhitng nim 60, cong nghé mang
bit dau xudt hién va bit dau chiém linh thi truong trong linh vuc khit man. Ching than thién voi
moi truong, hiu suét cao, van hanh don gian va gia thanh xir 1y thap. Hai cong nghé mang sir
dung phd bién trong khir man 1a mang thim thau nguoc (Reverse Osmosis - RO) va mang loc
nano (Nanofiltration - NF).

Dbi v6i nude bién thi RO 1a cong nghé mang c6 nhidu vu diém vuot troi, nhung ddi véi
nuée lg hodc nude nhiém min c¢6 d6 man khong 16n thi NF to ra ¢6 nhiéu vu thé hon véi mie do
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tiéu thu nang luong thép, dong cao, kha nang chéng can trén bé mat mang cao. Hi¢u qua cua RO
da duoc thyc té kiém nghiém, con NF 1a cong nghé dang phat trién va trong tuong lai xir 1y nudc
¢6 d6 man thap (nude lg hodc nudc nhidm min) thi ddy 1a cong nghé tiém ning.

Khac véi mang RO, NF ¢6 co ché loc khac nhau ddi voi dung dich dién ly va khong dién
ly. Khi loc dung dich dién ly ngoai co ché khuéch tan - hoa tan nhu RO, NF con bi anh huong cua
hiéu (g Donnan. Hiéu tng Donnan hay can bang Donnan 14 tén ctia mot hién tuong xay ra do su
phan bd ciia cac phan tir tich dién gan mang ban tham tich dién 1am cho ching c6 thé di qua hoic
can trd vi su tich di¢n cua chung.

Trong nghién ctru nay, ching t6i tién hanh khao sat anh hudng ctia mot sé yéu t6 dén qua
trinh khir man bang NF nhiam muc dich danh gia kha ning khir min bang cong nghé nay dé img
dung cho hd Phii Hoa ¢ tinh Binh Pinh.

2. Thue nghiém
2.1. Héa chit

Mubi NaCl (d¢ tinh khiét 99,99%), hoa chat diéu chinh pH (HNO, dic).
2.2. H@ thong thi nghiém

So 6 nghién ciru khir man 1 thiét bi mang loc nano dang quin NF270 2540. Dai 4p suét
lam viéc cua thiét bi tir 0-16 bar. C6 thé mo ta ciu tao cua thiét b theo so dd sau (Hinh1):
. Thiét bi loc so bo
. Thiét bj loc than hoat tinh
. Thung chira nude cip cho mang
Bom

. Pong hd do ap suét ra

. B4 phan do luu lugng thai

. B6 phan do luu lugng vao

. Ddng hd do ap suat vao
. Mang loc NF
l 10. B6 phan do luu lugng san

Nuée
vao

NI N L N R N S I

pham

— 11. Thung chtra nuéc da qua mang

loc

4

Hinh 1. Céu tgo thiét bi loc NF MP72
2.3. Phuwong phap phan tich
Céc thong s can phan tich ciia nudc trude va sau xir 1y 1a TDS (tong chét rin hoa tan), do
mudi, d6 dan dién, nhiét d6 va pH duoc do bang may do do dan dién va may do pH cam tay. Nong
d6 clo (d¢ clo) duge phan tich kiém chung lai sau khi quy doi bang hé thirc lién hé theo TCVN
6194 : 1996.
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2.4. Phuong phap tinh toan két qua
Nong d6 mudi va nong do Clo lién hé véi nhau theo hé thirc S%o = 0,030 + 1,8050xC1 %o.
Trong d6: S%o: ndng do mudi
Cl1%o.: ndng do clo
Hiéu suat khir man ciia qua trinh dugc tinh bang cong thirc
_(,-¢)

¢

R
Trong do: C: ndng d6 dong vao
C: nong d6 thim qua mang
3. Két qua va thao luin
3.1. Anh hwéng ciia dp suit téi hiéu suat khir miin

Pé xem xét mdi lién hé gitra néng dd mudi va hiéu suit khir man ta dung nudc dau vao mé
phong d6 min ctia ho Pha Hoa 1a 1400 mg/L (twong dwong vai do clo 14 759 mg/L) véi dai ap suét
tlr 6-14 bar, két qua thi nghiém dugc trinh bay ¢ Hinh 2.

68 -
66 -
64 -
62
60 -
58 -
56
54 -
52
50 | |

5 10 15
Ap suat, bar

éu suit, %

Hi

Hinh 2. Quan hé gitta dp sudt va hiéu sudt khir mén tai cdc dp sudt nam trong ddi tir 6-14 bar

Tir Hinh 2 cho thiy hiéu qua khir min tang theo ap suit dong. Diéu nay dugc giai thich
thong qua mdi lién hé giira dong trong hé thdng loc NF véi ap sudt bén ngoai va ap suét thim thau
J=AP-An/uR =B (AP-An ). Khi ap suét tang thi luu lugng dong thdm di qua mang tang véi nong
d6 mubi khong d6i cho nén hiéu qua khir min ciing ting.

Dé dat ndng do clo sau xtr Iy theo QCVN 01: 2009/ BYT thi véi nude lg (nude nhiém man)
c6 dd man nhu trén v6i yéu cu dong ra ¢ do clo ndm trong dai (250-300 mg/L) thi ap suét tdi
uu la 6-8 bar.
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3.2. Anh hwéng ndng d9 téi higu suat khir min

75
70
——p =6 bar

i 65 - —@—p=8bar
s
2
s 60 -
@
T

55 4

50 T T T 1

0 500 1000 1500 2000
Ndng dé C, mg/L

Hinh 3. Quan hé gitta nong do muoi dong vao va hiéu suat khie man tai cdc ap sudat p=6 va 8 bar

Theo hinh 3 ta thay khi c6 dinh ap sudt 6 va 8 bar, nong d6 dau vao ting trong dai
(200 - 1600 mg/L) thi hiéu sudt khir man giam xudng. Piéu nay c6 thé giai thich thong qua ap suit
thim thiu. Ap suét thim thdu phu thudc vao ndng do ciia dung dich, dbi véi nhitng dung dich co
ndng do rat nho thi p suit tham thau coi nhu khong dang ké, tuy nhién khi ting ndng d6 mudi
dau vao thi ap suét thim thau tang, hidu ciia 4p suit cung cip va ap suit tham thau giam nén hiéu
sudt khir man giam xudng.

3.3. Anh hwéng ap suit t6i dong thim qua mang

Tién hanh qua trinh thi nghiém xem xét méi quan hé giita ap sut va luu lugng dong nudc
thim qua mang & hai ndng d6 mudi khac nhau 1a C= 600 mg/L va 1600 mg/L tai cic ap suit cb
dinh nam trong dai nghién ctru (6 - 14 bar). Két qua cua thi nghiém dugc trinh bay ¢ Hinh 4.

250
230
210

190
170

——(C=600mg/I
150
130 ——C=1600mg/|
110

Qra

90
70
50

4 6 8 10 12 14 p parl6

Hinh 4. M6i quan hé gitra dp sudt va luu hrong dong nuée tham qua mang
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Hinh v& trén cho thdy dong thAm ting voi sy ting cta 4p suit khi ndng 6 mudi qua mang
khong ddi, diéu nay c6 thé hiéu 1a do su ting cia dong dung méi theo cong thirc sau: Jv = Lp
(AP - A") . Dong thim dat gia tri cuc tiéu tai ndng do C = 1600 mg/L (p = 6 bar) véi gia tri 70,5
L/h va cuc dai tai ndng d6 C = 600 mg/L (p = 14 bar) véi gia tri 237,5 L/h. Diéu nay ching to
dong thim qua mang khong chi phu thudc vao ap sudt ma con phu thudc vao ndng d6 mubi hai
bén mang, nong d6 mudi cang tang thi luu lugng dong tham cang giam boi ap suat tham thau ting.
3.4. Nhiét d9 ciia cac dong vao va ra khéi hé thong mang NF

Dé theo ddi nhiét do cuia cac dong trong hé thong mang NF va c6 ché do van hanh phu hop
ta tién hanh khao sat nhiét d6 cua dong khi di qua hé théng mang NF trong khoang thoi gian 1am
thi nghiém.

1.5
——Tsp -Tv
1 == Tt-Tv
Q
o
S
0,5
0
1 6 11 16 21 26 a1 36

Hinh 5. Chénh léch nhiét dg ca cac dong tham va dong thdi véi dong vao

Két qua ¢ hinh 5 chi ra nhiét do dong san phdm va dong thai cao hon dong vao do trong qué
trinh van hanh hé thong nudc di chuyén theo mot vong khép kin nén co hiéu ng ma st s& lam
tang nhiét do cua nudc theo thoi gian. Ngoai ra chénh Iéch nhiét d¢ gitra dong thai va dong vao
dat gia tri 16n nhét 1a 1,4 va nho nhat 1a 0,4, chénh léch giira dong san pham va dong vao dat gia
tri 16n nhat 1a 1 va nho nhat 1a 0,1.

Duya vao nhiing két qué trén c6 thé thdy dbi voi mot nha may xir 1y nuée lo (nwdc nhiém
min) bang cong nghé mang NF thi noi tiép nhan dong thai tir nha may s& c6 nhiét do cao hon binh
thuong khoang 1,4°C va mot phan nudc thai nay s& duogc tuan hoan tré lai hé thong mang loc cho
nén su chénh 1éch nhiét do nay vé co ban 1a khong gay ra tic dong gi dang ké dbi vi méi truong.

3.5. Anh huéng ciia pH dén hi¢u suat khir miin

Dua vao két qua cua nhitng thi nghiém trudc ta tién hanh khao sat anh huéng cua pH dén
hiéu suét khir man tai néng d6 C=1400 mg/L, ap suét thuc hién 1a P = 8 bar va nhiét d6 13 nhiét
do phong(25°C).
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Hinh 6. Anh huwong cia pH dén hiéu sudt khir min

Két qué cua thi nghiém cho thay khi ta thay doi dai pH tir 1,3 t&i 7,6 thi hiéu suat khir man
thay ddi va dat gia tri cao nht tai pH = 5,2. Su thay d6i ctia hiéu suat 14 két qua cua quy luat bién
ddi luu luwgng dong thAm, dong thdm tang theo su tang cua pH va dat cuc dai tai pH = 5,2, roi sau
d6 luu lwong nay giam dan dén gia tri pH = 7,6. Dé giai thich vé quy luat nay c6 ba co ché nhu
sau: mot 1a do kich thuée 16 cuc dai vi sy md rong hoac co cia mang ludi lién két ngang cia mang
polyme véi sy tang cua pH; hai la anh hudng cua cua do nhot dién nho nhét; ba la dong luc thuc
cao nhat vi 4p suat thim thdu nho nhét tai bé mat mang. Trong ba co ché trén thi co ché thir nhat
duoc xem la nguyén nhan chinh gay nén hién tuong nay [5].

4. Kétluin

Di tién hanh khao sat cac yéu t6 anh huong téi hiu suat khir man ciia mang NF. Cu thé:Voi
nude 1o hodc nude nhiém man c6 do man C=1400 mg/l va st dung mang NF NF270 2540 dé dat
dugc nong do clo theo QCVN 01: 2009/ BYT, chung ta phai tién hanh thi nghiém & dai 4p suat
t61 wu cho mang nay 1a tir 6-8 bar; Khi ndng d6 mubi cang tang thi hiéu suit khir min giam; Khi
tién hanh khao sat ta thiy dong thdm ting véi sy ting ciia ap suat khi ndng d6 mudi qua mang
khong doi va dong tham nay con phu thudc vao ndng do mudi hai bén mang; Ngoai ra su chénh
léch nhiét do ciia cac dong sau khi qua mang vé co ban 1a khong gay ra tac dong gi dang ké doi
v6i moi trudng; Db voi thi nghiém khao sat anh huong cta pH, khi thay doi dai pH tir 1,3 t6i 7,6
thi hiéu suat khir man thay ddi va dat hiéu sut cao nhat tai pH=5,2.

Nhu vy véi ngudn nude duge 1y lam thi nghiém & trén mo phong theo thanh phan d6 man
ctia hd Phti Hoa & tinh Binh Dinh thi nhitng két qua thuc nghiém cho thay chiing ta hoan toan c6
thé tmg dung cong nghé nay dé xir Iy nudc lo (nude nhiém min) caa hd.
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NGHIEN CUU CAU TRUC VA PQ BEN CUA CLUSTER SILIC Si Ti,
(n=1-8) BANG PHUONG PHAP HOA HQC TiNH TOAN

PHAM NGOQC THACH", TRUGNG THI CAM MAL,
LE THI THANH LIEU, NGUYEN THI LOI
Khoa Héa, Truong Pai hoc Quy Nhon

TOM TAT

Swr dung Iy thuyét phiém ham mdt do, cac cdu tric hinh hoc va sw on dinh ciia cde cluster Si Ti,
(n = 1-8) & mikc Ii thuyét B3P86/6-311 + G (d) dd dwoe chiing téi nghién ciru. Khi so sanh véi cac cdu tric
cia cde cluster khdc, ching téi thdy rdang cdc cluster nay dwoc hinh thanh bang cach thém mot nguyén tir
Si vao cluster Si pha tap Ti ¢é s6 nguyén tir nhé hon. Co ché tang truong nay twong tiw nhw cdc cluster Si
pha tap mét nguyén tir Ti. Phén tich ndng heong lién két trung binh, su khdc biét ciia ndng heong bdc hai va
nang lwong phan li cho thay Si,Ti, bén hon cdc cluster khdc do cau triic hinh hoc nhé gon ciia né. Can phdi
nghién ciru thém Vvé cdu triic dién tir cia né aé gidi thich mot cach can than sw 6n dinh cao nay.

Tir khéa: Ly thuyét phiém ham mat do, cluster Si pha tap Ti, cu truc cluster.

ABSTRACT
Investigating the Structures and Stability of Cluster Si Ti, (n = 1-8) with Chemical Calculations

Using the density functional theory, we studied geometrical structures and stability ofthe cluster
series Si Ti, (n=1-8) at the B3P86/6-311+G(d) level of theory. Upon comparison with structures of other
cluster series, we found that these clusters are formed by adding an Si atom on the smaller doubly Ti-doped
Si cluster. This growth mechanism is similar to that of the singly Ti-doped Si clusters. The analysis of
average binding energy, second-order difference of energy and dissociation energy for the series showed
that Si,Ti, is more stable than other clusters due to its compact geometrical structure. More investigation
into its electronic structure needs to be carried out in order to explain carefully the enhanced stability.

Keywords: Density functional theory, Ti-doped silicon cluster, cluster structure.

1.  Giéi thidu

Trong cong cudc tim kiém vat liéu méi dé phuc vu t6t hon cho cudc séng, khoa hoc nano
da ¢ nhitng budc phat trién nhanh chong va dat dugc nhiéu thanh qua to 16n, thiic day va gin két
chit ch& v6i su phat trién cua cac nganh khoa hoc khac nhu khoa hoc may tinh, quang dién tt,
sensor, dugc hoc...[1]. Trong cac loai vat liéu nano, cluster chiém vi tri quan trong vi nd vua co
thé duoc ung dung nhu mot vat liéu nano 0D vua co thé 1a don vi cAu triic dé tao nén cac vat lidu
nano 1D, 2D va 3D [2].

Cluster silic (Si) dugc quan tdm nghién ctru nhiéu tir ca goc d6 khoa hoc co ban va tng
dung boi n6 1a nguyén té duge st dung nhiéu nhét trong thiét bi dién tir va cong nghé cao. Viéc
nghién ctru mot cach hé théng vé cluster Si pha tap mot nguyén tir ciia nguyén td khac cho thay
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cdu tric va tinh chét cluster pha tap phu thudc rat nhidu vao ban chét ciia kim loai chuyén tiép,
mot s6 kim loai ¢6 xu hudng thay thé Si trong cluster chu, mot s6 khac uu tién cong vao bé mat
cluster chi [3,4]. Gan ddy, mot s6 nghién ciru cho thay khi pha tap hai nguyén tir kim loai vao
cluster Si thi anh hudng cta nguyén tir thir hai d6i véi cluster chu khac so véi nguyén tir thir nhat
va ¢6 nhiéu diéu tha vi vé lién két gitra hai nguyén tir kim loai pha tap [5-8]. Dé c6 hiéu biét sau
hon vé hiéu tmg pha tap di vai clustser Si, can c¢6 nhiéu hon nita nhitng nghién ctru hé thng va
chi tiét vé sy pha tap hai hodc nhiéu hon nguyén tir kim loai vao cluster Si. Mot nghién ciru gan
day da cho thiy cluster Si Ti (n=1-10) duoc tao thanh theo quy luat cong nguyen tir Si vao cluster
pha tap nho hon [9]. Tuy nhién chua c6 cong trinh ndo cong bd vé anh huong cta nguyén tir Ti thi
hai dén cluster Si. Vi thé, trong cong trinh ndy, chung t6i 4p dung phuong phép tinh phiém ham
mat do dé khao sat cau tric va do bén cua day cluster Si Ti, véin=1-8.

2. Phwong phap tinh

Phuong phap phiém ham mat do (Density Functional Theory - DFT) da va dang dugc st
dung phd bién dé nghién ciru dy doan 1y thuyét vé cluster nguyén tir va di cho nhing két qua phu
hop 6t véi thuc nghiém [3,4]. Nhidu nghién ctru vé cluster Si pha tap mot nguyén tir kim loai
chuyén tiép cho thiy phuong phap phiém ham mat d¢ lai hoa B3P86 két hop v6i bo ham co so
tach ba 6-311+G(d) cho két qua vé ciu tric va do bén phu hop tdt véi thue nghiém [9,10]. Vi thé,
hinh hoc ciia cac dong phén cua cluster Si Ti, duge t6i wu tai muc 1y thuyét B3P86/6-311+G(d).
Tan s6 dao dong diéu hoa ciing duoc tinh ¢ cung muc 1y thuyét dé khang dinh cdu trc thu duoc
1a cuc tiéu thuc sy trén bé mit thé ning va tinh ning luong dao dong diém khong (Zero point
energy, ZPE) cua dong phan. Céc tinh toan hoa hoc lwong tir déu dugc thuc hién trén phin mém
Gaussian 03 (E.O01) [11].

Dé khio sat va so sanh do bén cta cac cluster trong diy Si Ti,, ching t6i tinh cac
thong s6 ning lugng gém ning lugng lién két trung binh BE (Average Binding Energy), bién
thién bac hai cta nang luong A’E (Second-Order Difference of Energy), ning luong phan li
(Dissociation Energy) va gia tri nang luong ving cim HOMO-LUMO (AE = E, imo = Bromo) dbi
v6i ddng phan bén nhit cua timg cluster. Cac gia tri nang lwong déu dugc tinh tai mirc 1y thuyét
B3P86/6-311+G(d) di hiéu chinh ning lwong dao dong diém khong ZPE.

3.  Két qua va thao luin
3.1. Dong phan caa cluster Si Ti, (n=1-8)

Téi wu héa hinh hoc cho nhiéu cau trac ban dau cia cac cluster Si Ti, (n = 1-8) chung to61
thu duoc mot s6 dong phan bén, nhimg dong phan ¢ ning luong thip hon duoc biéu dién trong
Hinh 1 va Hinh 2. Dé thuan loi cho viéc theo ddi, chung toi goi tén déng phan cluster Si Ti, 1a na,
nb, nc..., trong d6 n cho biét s6 nguyén tir Si trong cluster, con a, b, ¢... 1a ki hi¢u cho céc déng
phan khac nhau ctia mot cluster duoc sip xép theo chiéu giam din vé do bén (ing v6i chénh 1éch
nang lugng ting dan). Vi thé dbi véi cluster Si Ti, ddng phan na 1a ddng phén c6 ning luong thap
nhét. Trong ngodc vudng sau ki hiéu dong phan 14 cac thong tin vé dong phan d6 gdm: chénh léch
ning lugng (theo eV) ciia dong phan so véi dong phan bén nhit na, nhém diém dbi xing va trang
thai electron.
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SiTi, c6 hai dong phan bén 1a va 1b & mot sb trang thai spin khac nhau. Pong phan 1a
dang tam giac v6i dbi xtng C, bén nhét ¢ trang thai triplet *B,, con trang thai quintet *A, c6 nang
lwong cao hon trang thai triplet 0,16 eV. Dong phan thing 1b c6 dbi xtng D, chi bén & trang thai
quintet. Pong phan nay c6 nang lugng cao hon 1a-triplet 1,38 eV. Vay trang théi co ban cta SiTi,
1a 1a-triplet °B, ), voi d6 dai lién két Si-Ti va Ti-Ti 1an luot bang 2,36 va 2,23 A. Céu tric bén cua
cluster SiTi, gidng voi cac cdu trac bén cua cac cluster SiFe, [5], SiRh, [6].

Dbi voi Si,Ti,, chiing t6i tim duoc 2 ddng phan bén gdm 2a dang tir dién va 2b dang thoi
phang. Pong phéan 2a & trang thai quintet °B, c6 nang lugng thip nhat, 13 trang thai co ban cua
cluster Si,Ti,. Pong phan 2a-quintet c6 d¢ dai lién két Ti-Ti 1a 2,28 A, Si-Si 14 2,36 A va Si-Ti
142,46 A. O trang thai triplet, dong phan nay c6 déi xtmg thap hon 1a C_c6 ning lugng cao hon
2a mot luong 13 0,74 eV. Ddng phan phang 2b c¢6 dbi xtmg D, bén nhét ¢ trang thai quintet 5Ag
nhung c6 ning lugng tuong doi kha cao (2,06 eV).

Vi Si,Ti,, ba ddng phan c6 nang luong thap nhit déu c6 dang ludng thap tam giac. Pong
phan bén nhat 3a c6 doi xtmg C_duoc tao thanh khi cong thém mdt nguyén tir Si vao mat day
Si-Si-Ti ctia 2a. va bén & trang thai triplet trong tu ciu trac bén khi pha tap hai nguyén tir Rh vao
Si_[6]. D0 dai lién két Ti-Ti 1a 2,24 A, Si-Si 14 2,42 A va Si-Ti 14 2,43-2,49 A. Hai ddng phéan 3b
(C,,) va 3¢ (D,,) khong c6 lién két Ti-Ti (khoang cach Ti-Ti twong tmg 14 3,24 va 3,92 A) va déu
bén ¢ trang théi singlet. Diéu nay cho thay lién két Ti-Ti c6 thé dong vao do bén ctia cluster Si,Ti,.

Lo A AP P

1a [0,00;  1b[1,38; 2a [0,00, 2b [0,74; 2b [2,06; 3a [0,00;
Coi'Bil Doy %] G, Bl C’A] Dy A, Ci *A"]

P

>
<>

3b [0,19; 3¢ [1,11; 4a [0,00; 4b [0,70; 4c [1,19;
Ci'All Dyy'AYT D' Ayl Cy Al

&
P

5b[0,03;  5¢[0,12;  5d[0,16; 5£[0,19; 5¢ [0,26; 5h [0,29;
Co'Al G A Cis 4] Ci; 4] Ci;*A] Ci Al
Hinh 1. M{t s6 dong phdn bén nhdt ciia cluster Si Ti, (n = 1-5)

(Qud cau sang mau la nguyén i Si, qua cau sam mau la nguyén tir Tf)

Pdng phan bén nhat cua Si,Ti, la bat dién déu (4a) co dbi xung D,, ¢ trang thai singlet
'A,,- Cu trac ndy c6 khoang cach ciia Ti-Ti 14 3,38 A, ctia Si-Si 12 2,48 A. Pong phan 4b va 4c¢ 13
cdc bat di¢n I¢ch. 4b c6 doi xtmg C, va ton tai ¢ trang thai triplet *A’, ndng lugng cao hon so véi
trang thai co ban 4a-singlet 1 0,70 eV, hai nguyén tir Ti trong dong phan nay tao lién két v&i nhau
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(voi d6 dai lién két Ti-Ti 12 2,58 A). Pong phan 4¢ & trang thai spin cao quintet, kém bén hon dong
phan bén nhat 4a-singlet mot lugng 1a 1,19 eV c6 dbi ximg C ,, va hai nguyén tur Ti khong lién két
v6i nhau (khoang cach Ti-Ti 1a 4,24 A).

Cluster Si.Ti, c6 rit nhiéu dong phan va ning luong ciia chiing rat gan nhau, trong Hinh 1
biéu dién 5 dong phan ma ning lugng tuong d6i < 0,19 eV. Pong phan 5a ¢ trang thai triplet bén
nhét c¢6 dang ludng thap ngii gidc v6i hai nguyén tir Ti lién két v6i nhau (46 dai lién két 2,51 A) va
nam trén canh ndi dinh va mot diém trén mit ngii gidc. Pong phan 5b ciing c6 dang ludng thap ngi
giac nhung hai nguyén tir Ti nam trén mot canh cta ngii giac, c6 ddi ximg C,va ¢ trang thai quintet,
c6 nang lugng xap xi véi dong phan Sa-triplet (khac 0,03 eV). Hai dong phan nay canh tranh vé
mat ning luong nén rat c6 thé chiing ton tai dong thoi. Pong phan 5e¢, 5d, 5f, 5g va 5h 1a cac dan
xudt cta cdu trac ludng thap tam gidc, t& gidc va ngii gidc. C6 thé noi rang khi tong s6 nguyén tir
trong cluster 1 7 thi cAu tric ludng thap ngil giac duge vu tién hon cac kiéu ciu trac khéc.

V€N %R

6a [0,00; 6b [O 05; 6¢ [0,31; 6e [0 53;
Ci; Al Coi A Ci; 'A Con; 'A]
6f[0,57; 7a [0,00; 7¢ [0,03; 7d [0,32;
Cy; Al Ci;'A Cs; *B] Ci; Al
8b [0,22; 8¢ [0,34;

Ci; 'Al Ci;'Al
8d [0,58; 8e [0,63; 8£ [0,76; 8g [1,26; 8h [1,04;
Ci Al Ci Al Ci; 'A C;'A] Cy'A’]

Hinh 2. Mgt s6 dong phdn bén nhdt cia cluster Si Ti, (n = 6-8)
(Qud cau sang mau la nguyén tir Si, qua cau sam mau la nguyén tir Tf)

Dbi v6i cluster Si,Ti,, cAu trac bén co ning luong thap nhét 6a & trang thai triplet. Cau
tric nay c6 thé dugec mo ta bang cach cong thém mot nguyen tir Si vao dong phén Sb cua Si,Ti,
nhung 2 nguyén tir Ti khong con lién két v6i nhau nita (khoang cach Ti-Ti 1a 3,20 A. Cong thém
mot nguyén tir Si vao vi tri khac ciia 5b thu duoc dong phan 6b voi d6i ximg cao hon C,, vacing
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bén & trang thai triplet, co ning lwong chi cao hon 6a-triplet 0,05 eV. Hai ddng phan 6a-triplet va
6b triplet dugc xem nhu gia suy bién, va c6 thé duoc ton tai dong thoi. Cau tric 6¢ dén 6f co ning
luong tuong ddi cao so véi ddng phan bén nhit, trong khoang 0,31- 0,57 eV.

Khao sat bé mat thé ning cua Si,Ti, thu dugc nhiéu dong phan bén nhat va 6 dong phan
c6 ning lugng thap nhit dugc biéu dién trong Hinh 1. Ba dong phan 7a, 7b va 7¢ co ning luong
xap xi nhau (chi khac 0,03 eV) va déu dugc hinh thanh bang cach cong thém mot nguyén tir Si
vao cac vi tri khac nhau cua dong phan 6a. Ciing gidng nhu 6a, trong ba dong phéan 7a, 7b va Tc
cac nguyén tir Ti khong tao lién két v6i nhau (khoang cach Ti-Ti 1an luot 14 3,11; 3,20 va 3,21 A).
Dodng phan 7a bén & trang thai singlet con 7b va 7¢ bén & triplet. Cac dong phan 7d, 7e, 7f déu
thudc kiéu ludng thap ngii giac. C6 thé thay rang ¢ kich thudc nay kiéu cau tric ludng thap ngii
giac chi phéi tat ca cac ddng phan cua cluster pha tap.

Dbi véi cluster Si Ti,, ddng phan 8a c6 ning lugng thap nhét ¢ trang thai triplet A”. Pong
phan nay dugc tao thanh bang cach cong thém mot nguyén tir Si vao mot mit ciia 7b va khoang
cach Ti-Ti hau nhu khong ddi (3,20 A). Pong phéan 8b duoc tao thanh bang cach cong mot nguyén
tir Si vao vi tri khac cta 7b, nhung kém bén hon dong phén 8a-triplet kha nhiéu (0,22 eV). Pong
phan 8c, 8d, 8g va 8h ciing 1a cac dan xuét ciia motif ludng thap ngii gidc. Cac dong phén 8e, 8f
gdm cac don vi cau triic ludng thap tam giac hodc bat dién.

Phén tich anh hudng cua viéc pha tap 2 nguyén tir Ti toi cAu tric cua cluster Si, chung toi
nhan thiy, khi n = 1-3, cluster Si Ti, bén hon & cau triic ¢6 lién két Ti-Ti va spin cao. Si,Ti, 1a
cluster c6 ddi xtg cao nhat trong diy Si Ti, v6i 2 nguyén tu Ti pha tap phan b6 ¢ 2 dinh ddi xting
nhau ctia khéi bat dién. Khi n = 5-7, ton tai 2 hodc 3 ddng phan c6 ning lugng rat gan nhau (chénh
léch vé nang lugng trong khoang 0,50 eV) va chiing déu c6 motif cu trac ludng thap ngii giac.
Diéu tha vi 1a cu tric 6a cua Si Ti, duoc tao thanh bang cach cong thém mot nguyén tir Si vao
dong phan 5b cua SiTi,, trong khi d6 dong phan 6b khong c6 mdi lién hé véi cac dong phan bén
Sa va Sb cua Si,Ti,. Hon nita, ca ba déng phan bén cua Si.Ti, (7a, 7b va 7T¢) déu duoc tao thanh
bang cach cong thém mot nguyén tir Si vao dong phan 6a cia Si Ti,. Pong phan 8a bén nhét cua
Si,Ti, dugc hinh thanh bang cach cong thém Si vao dong phéan 7b cua Si,Ti,. Nhu vay c6 thé thay
c6 mdi lién hé giita cac dong phan bén cua cac cluster: 5b > 6a > 7b > 8a. Vi thé cac dong phan
cua Si Ti, dugc chon biéu dién trong Hinh 1 va 2 14 dong phan na, ngoai trir n = 5, 7 ddng phan
dugc chon 1a nb. No6i chung quy luét chi dao trong viéc hinh thanh cAu triic cua Si Ti, la cong
thém nguyén tir Si vao cluster Si_ Ti,. Khi s6 nguyén tir Si nho (n<5), nhitng ciu tric co lién két
Ti-Ti bén hon vé nang luong. Khi s6 nguyén tir Si ting 1én, hai nguyén tir Ti wu tién chiém cac
dinh thap va khong con tao duoc lién két v6i nhau.

Trong khi cluster Si pha tap mot nguyén tir Ti wu tién dong phén spin thap (singlet) [9] thi
cluster Si pha tap 2 nguyén tir Ti wu tién dong phan c6 spin cao (triplet, quintet), ngoai trir Si L
vira c6 dbi xtmg cao, vira c6 spin thap.

3.2. Khio sat va so sanh mét so tinh chit cia cluster dang Si Ti, (n= 1-8)
3.2.1. Ning lwong lién két trung binh
Dé danh gia do bén twong ddi clia cac cluster Si Ti, va Si_,, ching toi tinh gia tri ning

n+2°

luong lién két trung binh BE cua cac cluster theo cong thirc:
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E,,(Si Ti,) = [nE(Si) + 2E(Ti) — E(Si Ti, )]/(n+2)
E, . (Si  Ti)=[(n+1)E(Si)+E(Ti)-E(Si_, Ti)]/(n+2)
E,,(Si ) =[(n+2)E(Si) — E(Si ,,)]/(n+2)
E(Ti) = -849,7757 hartree
E(Si) =-289,6418 hartree
Trong d6 E(A) 1a ning lugng tong ciia phéan tir A da duoc hiéu chinh boi nang lugng diém
khéng ZPE tinh & mirc 1y thuyét B3P86/6-311+G(d). Nang lwong ctia nguyén tir Ti, Si dwoc tinh
0 trang thai co ban. Do thi biéu dién su phu thude cua nang lugng lién két trung binh cua cluster
Si ., va Si Ti, theo kich thudc (n) nhu trong Hinh 3.

bt
(Y
1

22
=]
1

N
W
1

>
=]
1

Nang luong lién két trung binh (eV)

—
W

4 6 8
S6 nguyén tir Si (n)

S
[\

Hinh 3. D6 thi biéu dién sw phu thugc nang lwong lién két trung binh cua

cdc cluster bén nhat dang Si Ti,, Si [ Tiva Si ., vao kich thudc cluster (n)

Duya vao Hinh 3 cho thay ning lugng lién két trung binh ctia céc cluster Si ,, vaSiTi déu
tang khi s6 nguyén tir Si ting. Pong thoi ning lwong lién két trung binh cia Si Ti, thip hon cua
Si , TivaSi_ c6 cung s nguyén tir trong cluster véin <5, tir n = 5-8 thi ndng lugng lién ket trung
binh cua cluster Si Ti,, Si , Tiva Si_,, kha gan nhau. Nhu vy ching t6 khi pha tap hai nguyén tir
Ti vao cluster Si_va Si ,, voin <5 lam cho d6 bén cua cluster Si Ti, giam so voi cluster nguyén
chit. Khi s6 nguyén tir trong cluster (n+2) > 7 viéc pha tap nguyén tir Ti gan nhu khong 1am thay
d6i do bén clia cluster nguyén chat Si ., ¢6 cung s6 lugng nguyén tr.
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3.2.2. Bién thién nang lwong bdc hai
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S6 nguyén tir Si (n)

Hinh 4. Bo6 thi biéu dién su phu thudc cua bién thién nang lwong bdc hai
ciia cdc cluster bén nhat dang Si Ti, vao kich thudc cluster (n)

Bién thién bac hai ciia nang luong cta cluster Si Ti, c6 gia tri duwong cho biét n6 bén hon
cac cluster 1an can va nguoc lai [8].
Ciing dya vao céc gia tri nang lugng cia cac cluster chung toi tinh do 1éch bac hai cia nang
lugng theo cong thurc sau:
A’E(n) =E (Si, Ti)) + E (Si_ Ti,)- 2E(Si Ti,))
Tir cac gia tri A’E(n), chung t6i xay dung db thi biéu dién sy phu thudc ctia bién thién ning
lwong béc hai cua cluster Si Ti, vao kich thuéc nhu hinh 4.
Dua vao db thi ta thiy cluster Si T1, tuong dbi bén hon so véi cac cluster bén canh chiing
va Si,Ti,, Si.Ti, ¢6 I€ cling vay.
3.2.3. Nang lwong phdn li
Dé hiéu 16 vé tach nguyén tir Si hodc Ti ra khoi cluster Si Ti,, ching t6i tinh nang luong
phan li cho céac qua trinh phan li sau:
SiTi,—SiTi+Ti (1)
SiTi, —Si Ti+Si (2)
Nang lugng phén li dugc tinh cho cac qua trinh tuong ung la:
D (Si Ti ) = E(Ti) + E(Si Ti) - E(Si Ti, )
D,(Si Ti,) = E(Si) + E(Si_,Ti,) - E(Si Ti, )

43



Pham Ngoc Thach, Truong Thi CAm Mai, Lé Thi Thanh Liéu, Nguyén Thi Loi

5.0 4 D1
DZ
S 4.5
)
25
&
< 4.0 -
g
5
s0 3.5
(=]
]
Z
3.0 4
1 ] 1 ] | 1 1 ]

0 1 2 3 4 S 6 7 8
S6 nguyén tir Si (n)

Hinh 5. Do thi biéu dién su phu thugc nang luong phan li D,
(phan li Ti), D, (phdn li Si), cua cluster Si Ti, vao kich thucc (n)

D@ thay ring D, chinh la nang lugng can dé tach mot nguyén tir Ti tir cluster SiTi,. D,
chinh 14 ning luong can dé tich mot nguyén tir Si tir cluster Si Ti, Két qua nang luong phan li D,
D, cho cluster Si Ti, dugc biéu dién trén Hinh 5.

Két qua cho thdy ning lugng can dé tach mot nguyén tir Ti tir cluster Si Ti, nho hon nang
lwong dé tach mot nguyén tir Si, hay noi cach khac tich mot nguyén Si khoi cluster d& dang hon
tach nguyén tir Si ra khoi cluster 6. Hiéu mirc nang luong giam dan khi sé nguyén tir Si ting
ciing phu hop véi két luan dua ra & trén khi khao sat nang luong lién két trung binh 1a sy pha tap
Ti lam giam do bén cua cluster co kich thudc nho.

3.2.4. Nang lwong viing cim HOMO-LUMO

Gia tri nang lugng ving cim HOMO - LUMO la tiéu chuan dinh lugng quan trong dé danh
gia thudc tinh electron cta cluster. Gid tri ndy cang cao thi kha ning phan tng cang thip va nguoc
lai. Sy phu thudc cua gia tri AE cua cac cluster Si Ti,, Si , Tiva Si_ vao kich thude
cluster dugc mo ta trong Hinh 6.

HOMO-LUMO

44



Tap 12,86 1,2018
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Hinh,6. Po thi bieu difn sw phu thuoc cua na\ng lwowg vw:zg cam AEHOMO_LUMO cua
cdc cluster bén nhat dang Si Ti,, Si . Ti va Si ., vao kich thudc cluster (n)

Két qua tinh toan cho thdy ning luong ving cdim HOMO-LUMO cua cluster Si Ti, néi
chung nhé hon so véi cluster Si_ Tiva nho honnita 14 Si_, twong mg. Diéu ndy cho thay khi pha
tap nguyén tu Ti vao cluster Si_da lam tang tinh kim loai cho cluster nay. Gid tri AE . = “cua
Si, Ti, chimg t6 cluster nay c6 do bén cao.

4. Kétluan

Nghién ctru 1y thuyét ddy cluster Si Ti, ¢ muc ly thuyét DFT-B3P86/6-311+G(d) da rut ra
dugc nhiing két luan sau:

- Hai nguyén tir Ti trong cac dong phan bén nhat cua cluster nho (n<5) c6 lién két voi nhau,
con trong céc cluster 16n hon thi chiém cac dinh thap va khong con lién két voi nhau nita.

- Cau trac cua cluster Si Ti, (n=1-8) dugc hinh thanh theo quy luat cong, twong tu nhu
truong hop pha tap mot nguyén tir Ti vao cluster Si. Khi tong s6 nguyén tir cluster bang 10, cluster
van duy tri motif cdu tric ludng thap tam giac. Cha ¥ rang can phai xem xét cic dong phan c6
ning luong rat gan nhau va canh tranh nhau ¢ trang thai co ban dé tim ra duoc co ché hinh thanh
céu triic nhat quan.

- Cluster Si,Ti, c6 do bén cao hon hin cac cluster khac véi céu trac bat dién ddi ximg cao
va trang thai electron vo dong 'Alg. bay co thé 1a mot don vi ciu trac thuan lgi cho viée xay dung

vat liéu mai tir cluster.
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KHAO SAT MQT SO YEU TO ANH HUONG
PEN QUA TRINH TAI SINH DAU NHON THAI BANG AXIT AXETIC

TRAN KIM NGAN, NGUYEN MINH AN, NGUYEN MINH KHAI, NGUYEN THAI NGUYEN,
DUONG THI THI NHAN, TRAN THANH TUAN, TRUONG THANH TAM*
Khoa Héa, Truong Pai hoc Quy Nhon

TOM TAT

Trong bai bdo nay, chiing t6i da sir dung phwong phép axit dé tai sinh dau nhon thai. Quy trinh tdi
sinh bao gom cdc budc: khir mede; xir Iy dau bang axit axetic nong dé > 99,5% voi ti 1¢ axit/dau la 17,5%
thé tich; trung hoa axit bang dung dich NaOH 45% vdi ti ¢ bazo/dau la 8,75% thé tich. Nghién ciru nay da
chi ra rang dau déng co xe may cé thé dwoc tdi sinh bang cdch sir dung axit axetic thay cho axit sulfuric
nhu truyén thong.

Tir khoa: Dau nhon, tai sinh diu nhon, axit axetic.

ABSTRACT

Investigating Some Factors Impacting the Process of Recycling
Waste Lubricant Oils with Acetic Acid

In this study, we used acetic acid to recycle waste lubricant oils. The recycling process includes
the main steps, namely, dehydrate; treated the oil with acetic acid > 99,5% using an acid/oil ratio of
17,5% in volume, neutralization of the acid by NaOH 45% using a base/oil ratio of 8,75% in volume. This
experiment illustrates that the used engine oil is able to be recycled by using acetic acid. This method can
be an alternative one compared to the conventional methods using sulfuric acid.

Keywords: Acetic acid, recycling used oil, waste lubricant oils.

1. Mé diu

Dau nhon ¢6 tim quan trong rat 1on trong viée boi tron cac chi tiét chuyén dong, giam ma
sat, giam mai mon va an mon cac chi tiét may, téy sach bé mit tranh tao thanh cac 16p can bun,
tan nhiét [am mat va lam khit cdc bo phan can lam kin [1]. Vi tim quan trong nhu vay va cing
v6i su phat trién manh mé cua cac phuong tién giao théng van tai va cac loai dong co, may moc
ding trong cong nghiép, nong nghiép thi lugng dau nhon dugce sir dung ngay mot ting va do do
lwong dau nhon thai cling ting twong tng. Dau nhon thai 14 mot chét thai nguy hai cao yéu cu
can phai quan 1y chit chd trong van dé luu trit, van chuyén va xa thai. Mt khac, diu nhon thai co
thanh phén chu yéu 1a cac hidrocacbon khdi luong phan tir 16n, d¢ nhét rat cao va 1an nhiéu tap
chat [2] nhu cac hop chat khong no, andehit, cac hop chat phenol, ancol, cac hop chét cé tinh axit,
san pham khéng 6n dinh ciia cac hydrocacbon [3], do d6 dau nhon thai khong thé st dung truc
tiép 1am nhién liéu. Vi vy, tai sinh ddu nhon thai cho phép khong nhiing tiét kiém dang ké nhién
liéu ma con giai quyét dugc van dé 6 nhiém moi trudong - mot van dé ma ca thé gidi quan tam. Véi

*Email: truongthanhtam@gqnu.edu.vn
Ngay nhan bai: 17/5/2017; Ngay nhan dang: 12/6/2017

47



Trén Kim Ngan, Nguyén Minh An, Nguyén Minh Khai, Nguyén Théi Nguyén, Duong Thi Thi Nhan, Tran Thanh Tuén, Truong Thanh Tam

nhiéu cong trinh nghién ctru vé qua trinh tai sinh dau nhon thai da dugc cong b, c6 thé nhan ra
tiém ning cua axit axetic khi sir dung dé tai sinh diu nhon thai. Axit axetic voi ndng do > 99,5%
hau nhu khong phan tng véi dau gde do d6 khong lam anh huong dén céu trac ban dau cta dau,
day 1a vu diém khi so sanh véi axit sunfuric. Pong thoi, qué trinh tai sinh dau nhon theo cach nay
khong phat thai khi doc hai nhu khi sunfuro vao khi quyén va c6 it tac dong tiéu cuc dén cac thiét
bi phan rng hon so voi axit sunfuric [4][5].

Trong ndi dung bai bao nay, budc dau nhom nghién ctru khao sat cac yéu to anh huong dén
qué trinh tai sinh ddu nhon thai bang axit axetic bao gdm: lugng axit toi wu dé xir Iy dau, nhiét do
xtr 1y va thoi gian khudy khi xtr 1y axit; lugng bazo t6i wu dé trung hoa axit, nhiét d¢ va thoi gian
khudy khi trung hoa axit bang bazo. Cac yéu té dugc khao sat nay s& 1am co sé cho viée khao sat
qué trinh 1am sach dau bang vt liéu hap phy.

2. Thue nghiém
2.1. Cac buérc tién hanh thi nghiém

Dau nhon thai sau khi thu gom tir cac ctra hang stra xe may tai thanh phd Quy Nhon vé
duge xtr 1y so b bang cach loc chan khong va dun ¢ 110°C dé loai bo tap chat c¢6 kich thude 16n
va nude 1an trong dau. Sau d6 dau da khir nudc duoc ding dé khao sat cac yéu td anh huong dén
quaé trinh tai sinh.
2.2. Khio sat cac yéu té anh hwéng dén qua trinh tai sinh dAu nhon thai

Dau nhon thai duoc khao sat dic tinh qua cac yéu té anh hudng sau:
2.2.1. Khdo sdt cdc yéu to anh hwong dén qud trinh tich tap chit bang axit axetic

Khao sat cac yéu td cu thé nhur sau: luong axit axetic >99,5% (voi cac ty 16 10ml; 12,5 ml; 15 ml;
17,5 ml, 20 ml; 22,5 ml trén 100 ml dau thai da khir nudc), nhiét do (30°C, 40°C, 50°C, 60°C va &
mdi nhiét do giir trong vong 1 gid), thoi gian khudy (40 phut, 50 phit, 60 phut, 70 phit, 80 phut).
2.2.2. Khdo sdt cdc yéu té anh hwéng dén qud trinh sie dung bazo dé trung héa axit

Khao sat cac yéu td cu thé nhu sau: dung dich NaOH 45% (véi cac ty 1€ 3ml, Sml, 7ml,
9ml, 11ml, 13ml trén 80ml dau thai da xir Iy axit), nhiét d6 (50°C, 60°C, 70°C, 80°C, 90°C, 100°C
va & mdi nhiét do gitr trong vong 30 phit), thoi gian khudy (10 phit, 20 phat, 30 phit, 40 phut,
50 phut).
2.3. Phwong phap xac dinh hiéu suit dong tu va dd nhét dong hoc
2.3.1. Phwong phdp xdc dinh hiéu sudt dong tu

100 ml dau nhon thai d dugc xur 1y bang axit axetic, dé ngudi, dem can dé xac dinh khi
lugng ban dau m_. Sau khi can, mau dau dugce li tam dé tach cin dong tu, ép kho can dé thu toan
bo dau da xir ly, le”iy luong dau thu duoc con lai dem can dé xac dinh khdi luong m . Hi¢u suét
dong tu H% duoc xac dinh bang cong thirc sau:

mo_mI

H% = x 100%

o
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2.3.2. Cach xdc dinh dp nhot dong hoc 6 40°C

Do nhot dong hoc (ki hiéu 1a v): 1a ty sO gitta d0 nhdt dong lyc va mat do cua chét long. N6
1a s6 do luc can chdy cta mot chét long dudi tac dung cua trong luc.

Trong hé so don vi SI: @6 nhét dong hoc duoc tinh bang m%/s hay mm?%s (1mm?s = 1cSt).

Trong hé CGS: @6 nh6t dong hoc biéu thi bang St = cm?/s nhung trong thyc té thuong ding
don vi 1a centiStoc (cSt) : 1¢St=0,01 St=1 mm?/s

Tién hanh x4c dinh d6 nhot cia mau dau tai 40°C nhu sau: Ldy mAu diu vao mot nira bau
nhét ké, lép nhét ké vao may do do nhot, sau d6 gia nhiét dén 40°C. Tai nhiét d¢ nay, ta dung bop
hut cao su bom dé diu vuot qua vach trén ciing ctia nhét ké, khi dau chay xudng dén vach trén
cung thi bAm dong ho, dé dau chay dén ngay vach dudi ciing ctia nhot ké thi bAm dimg dong ho,
khi d6 ta xac dinh dugc khoang thoi gian t (s).

Do nhdt dong hoc tinh theo cong thirc sau:

v=Cxt

Trong do6:

- v la d6 nhot dong hoc, tinh bﬁng ¢St hay mm?/s.

- C 1a hang s cua nhét ké, mm?/s2.

- t 1a thoi gian chay, s.

Trong phan thyc nghiém, nhém ching t6i da lwa chon nhét ké loai 200 va hing s6 ciia nhét
ké 12 0,102 mm?/s>.

3. Két qua va thao luin
3.1.  Khaio sat cac yéu té anh hwéng dén qua trinh tich tap chit bing axit axetic
3.1.1. Khdo sdt lwong axit axetic dé xir Iy dau nhon thdi

Khi ting luong axit axetic dé xir 1y dau tir 10 ml dén 17,5 ml thi hiéu suat dong tu ting
nhanh tir 12,4% 1én dén 24,9%, hinh 1. Piéu nay dugc giai thich boi kha ning tach cac chat
nhua, asphanten ra khoi diu nhon khi dugc khudy tron véi axit. Nhung khi tiép tuc ting luong
axit 1én cac gia tri 20 ml va 22,5 ml thi hiéu suit dong tu ting rit chdm va sy ting nay 1a khong
dang ké bai theo 1y thuyét vé hoa keo, ham luong axit cho vao cao hon muc cin thiét thi qua
trinh keo tu s& giam va dén mot ngudng nao d6 qua trinh keo tu s& khong xay ra. That vay, ngudi
ta dua ra dai lugng ngudng keo tu y dé danh gia kha ning keo tu ciia cac chat dién ly cho trude.
Ngudng keo tu dugc biéu thi 1a sé mili duong lwong gam chit dién ly thém vao mot dung dich
dién ly dé gay nén su keo tu co thé quan sat dugc. Khi ham lugng axit chua di hodc cao thi
hodc 1a chua dat dén hodc vuot qua ngudng keo tu co thé quan sat duogc thi s€ khong théy duoc
qua trinh keo tu xay ra.

Nhu véy, xt Iy 100 ml ddu nhon thai & 50°C, lugng axit axetic > 99,5% t6i vu 1a 17,5 ml
tuong duong voi ti 1€ dau nhon thai: axit axetic 1a 4:0,7, trong khi xr ly voi axit sunfuric dac thi
ti 1¢ d6 1a 4:1 [3]. Nhu vay cing mot lugng dau thai thi ding axit axetic s& it hon 1a dung axit
sulfuric.

49



Trén Kim Ngan, Nguyén Minh An, Nguyén Minh Khai, Nguyén Théi Nguyén, Duong Thi Thi Nhan, Tran Thanh Tuén, Truong Thanh Tam
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Hinh 1. Anh huong cia lwong axit diing Hinh 2. Anh huong cia nhiét do
de xw ly dau thai den hiéu suat dong tu den hiéu suat dong tu

3.1.2. Khdo sdt nhi¢t dp xiv Iy dau khi sir dung axit axetic

Khi ting nhiét do tir 30°C dén 40°C thi higu suat dong tu tang cham tir 22,5% lén 22,6%
va dén 50°C thi hi¢u suat dong tu ting nhanh t&i 24,9%, sau d6 tiép tuc ting nhiét d6 1én 60°C thi
hiéu suat dong tu giam xudng 1a 23,2%, hinh 2. Cung dugc xir 1y ¢ lugng axit t&i wu 1a 17,5 ml,
nhung néu xir Iy & nhiét d6 thap thi kha ning lam sach diu nhon thai thap. Pidu nay duogc giai
thich boi khi tién hanh xir 1y ¢ diéu kién nhiét d6 thap thi do nhot ciia dau 16n da ngan can su tiép
xuc cia dau véi axit cho nén khong xdy ra qué trinh dong tu dwoc, dong thoi sy ling dong cin
gudron axit bi kéo dai thém dan dén giam hi¢u suét dong tu. Con khi tang nhiét do qua cao - cao
hon nhiét d6 t6i vu thi 1am cho d6 két dinh ciia cac phan tir giam nhanh, vi vdy ma 1am cho hiéu
suat dong tu dau giam.

3.1.3. Khdo sdt thoi gian khudy khi siv dung axit axetic

oA B v o
Hiéu suat dong tu (%) D6 nhét (cSt)
. 80 -
25,5 78,4
25 78 -
24,5 | 76 -
24 74 -
23,5 |
72 -
23
22,6 70 ~
22,5
68 T T T T T T 1
22 T T T T T 1
30 40 50 60 70 8 90 R e L
(phit) V jaon (1)

Hinh 3. Anh huéng cia thoi gian khudy khi Hinh 4. Anh hwéng ciia livong bazo dén
s dung axit axetic dén hiéu suat dong tu do nhot cua dau sau khi xu ly
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Két qua hinh 3 cho thdy khi ting thoi gian khudy tir 40 phut dén 60 phut thi hiéu suat dong
tu ting nhanh tir 23,2% 1én 24,9%. Nhung sau do, tiép tuc ting thoi gian khudy 1én 70 phut va
dén 80 phut thi hiéu suat dong tu lai giam 3,3%, tir 24,9% xubng 22,6%. Piéu nay duoc giai thich
boi ban dau khi thoi gian khudy chua du thi axit chua tiép xtc nhiéu voi dau thai nén hiéu suét
déng tu thap. Thoi gian khudy cang ting thi qua trinh tao nhii ting; tuy nhién tiép tuc ting thoi
gian khuéy, khi d6 cac tap chat keo tu lai bi v& ra, co hoi hoa tan lai vao trong dau da 1am sach,
da 1am cho hiéu suit dong tu giam xuéng. Két qua khao sat cho théy hiéu suét dat cuc dai tai thoi
gian khudy 1a 60 phiit.

3.1.3. Khdo sdt cdc yéu té anh huwéng dén qud trinh sir dung bazo dé trung hoa axit

Sau khi xtr Iy bing axit axetic, can phai lam sach axit du trong dau béi cac axit co phan
tir lwong nho nhur axit axetic c6 kha nang an mon rat 16n khi dau c6 1an mot ham lugng nudce
nao d6. Nhu vy, viéc trung hoa axit axetic du 1a can thiét. Dung dich NaOH 45% ngoai nhiém
vu trung hoa axit du trong dau sau tai sinh thi n6 con ¢ thé tic dung véi cac axit hitu co tao
thanh nhirng mudi natri (xa phong), nhitng mudi nay tan trong nudc va duoc tach ra trong quéa
trinh ling dau.

3.1.4. Khdo sdt lwong dung dich NaOH cin thiét trong qud trinh trung hoa axit

Két qua trén hinh 4 cho théy, khi ting lugng NaOH tir 3 ml 1én 7 ml thi d nhét tang tuong
(g tir 70,3 ¢St 1én 78,4 cSt. Tiép tuc ting lugng bazo 1én thi dd nhdt lai co xu hudng giam va
tang dung dich NaOH 1én dén 13 ml thi 6 nhét giam manh xubng con 69,2 c¢St. Nhu vay gia tri
t6i wu nhan dwoc khi trung hoa axit 1a 7 ml dung dich NaOH 45%.

3.1.5. Khdo sdt dnh hwong ciia thoi gian khudy

Khi tang thoi gian khudy 1én thi thoi gian dung dich bazo tac dung vdi cac axit hitu co tao
thanh mudi natri ciing ting 1én, nhimg mudi ndy tan trong nudc va dugc tich ra trong qua
trinh liang dau da gdp phan loai bo axit ra khoi ddu va 1am sach dau. Tir d6 thi hinh 5 ta nhan thay
rang khi tang thoi gian khudy 1én tir 10 phat 1én 20 phut, 30 phat thi do nhét ting tir 72,6 ¢St 1én
77,5 ¢St va 78,4 ¢St . Nhung khi ting thoi gian khudy 18n 40 phut ta thiy do nhdt giam manh con
73,4 ¢St va xudng 69,9 ¢St ¢ thoi gian 50 phut trong img giam khoang 8,6 cSt. O thoi gian khudy
50 phut d6 nhét con thap hon do nhét ¢ thoi gian khudy ban déu, do d6 chung t6i chon thoi gian
khudy khi xtr li bazo & 30 phit 13 tdi wu.

3.1.6. Khdo sdt anh hwong cia nhiét dp

Tur d6 thi hinh 6 ta nhan xét thiy do nhét cao nhat khi dau dugc xir 1i bazo & 80 °C. Khi
tang nhiét do tur 50 °C 1én 80 °C d6 nhét cling ting tuong ung tir 74,5 ¢St 1€n 78,4 ¢St. Nhung khi
tang 1én 90°C thi d6 nhét giam manh xudng con 75,3 cSt, giam kha nhiéu khi tang thém 10°C.
Khi ting nhiét d6 cac chat duge cung cp ning lugng 1am va cham hiéu qua ting 1én 1am cho
lwong bazo tac dung véi axit hitu co con ton tai trong dau ting cao. Tuy nhién khi ting 1én quéa
cao vuot qua mirc nhiét d¢ toi wu thi kha ning tao nhu thap nhung kha ning thity phan cia xa
phong trong nude lai ting 1én. Do d6, chung toi Iya chon muc nhiét d6 1a 80°C 1a tdi wu dé trung
hoa axit bang bazo.
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Hinh 5. Anh huong cia thoi gian khudy
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3.1.7. Két qud do IR ciia méu dau goc va mau dau tdi sinh

Hinh 6. Anh huong cia nhiét 6 xir Iy bazo

Sau khi xir Iy axit va trung hoa axit bang bazo, hip phu 1a budc xir 1y can thiét dé cai thién

mau sdc, mui va do trong ctia diu. Nhom chung toi da tién hanh hap phu dau bang bentonit hoat
hoa véi ti 1& khoi lugng 14 5:1.

Két qua do IR cua hai mau dau: dau gbc va dau tai sinh di qua hip phu bang bentonit

nhu sau:
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Két qua sau khi hip phu cho thiy cac gbc hydrocacbon c6 trong mau dau tai sinh khong
khac nhiéu so voi mau diu gde - déu co mit ctia cac hydrocacbon ankan, anken, va hydrocacbon
thom (aromatic). Diéu nay c6 thé thiy ring mau dau sau khi tai sinh ¢6 thé st dung cho muyc dich
lam dau gdc va dé dam bao st dung cho muc dich thuong mai thi can phai thém phu gia theo ting
ung dung khac nhau.

4. Két luan

Di tién hanh khao sat cac yéu t6 anh huong dén qué trinh tai sinh diu nhon thai va thu dugc
két qua t6i wu nhu sau:

- Xtr Iy dau nhon thai bang axit axetic > 99,5%: lugng axit can ding 1a 17,5 ml/100 ml dau
thai, nhiét d6 1a 50°C, thoi gian khudy 14 60 phut.

- Trung hoa axit bang dung dich NaOH 45%: luong bazo 1a 7 m1/80 ml dau thai, nhiét do
1a 80°C, thoi gian khudy 1a 30 phut.

T4i sinh dau thai sir dung axit axetic da khic phuc dugc nhitng han ché khi sur dung axit
sunfuric nhu trudc day nhu ty 1& dau nhon/axit it hon, it 6 nhiém méi truong khong khi hon.

Két qua dic trung IR cho thdy, mau dau sau khi tai sinh c¢6 thanh phan hydrocacbon tuong
duong voi mau dau gde sir dung dé san xuat dau nhon thuong pham. Tuy nhién, dé co thé sir dung
duogc dau tai sinh nay thi can phai dic trung mot sd chi tiéu vé tinh chat cta diu nhon. Nhimg s6
lidu nay s& dugc cong bd ¢ bai béo tiép theo.
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PIEU CHE VA UNG DUNG NANO BAC PIEN HOA, HOA HQC PHONG NGUA
VA CHUA BENH TIEU CHAY CHO HEO CON

NGUYEN bUC HUNG'*, TRAN BAO LOC2, TRAN THI NGOC DUNG?
'Vién Cong ngh¢ Moi truong, Vién Han 1am KH&CN Viét Nam
*Truong Pai hoc Quy Nhon

TOM TAT

Dung dich nano bac (AgPNs) co kha nang diét duwoc nhiéu ching khuan rat tot, ddc biét cac khuan
gdy nén bénh tiéu chay la bénh phé bién cho nguoi va gia cam, gia siic. Chan nuéi heo thwong phdi doi
dau véi bénh tiéu chay, dac bi¢t la déi véi heo sita.Viéc nghién ciru s dung AgPNs dé diét khudn tiéu chay
cho chan nuéi heo d@é thay cdc chdt khang sinh dang han ché hodc cam sir dung la nhu cau cap thiét va cé
¥ nghia thuec tién. Pé phong ngira bénh tiéu chay, ton tai va phat tan trong chuong trai nuéi heo cé thé sie
dung dung dich AgPNs duoc diéu ché bang phwong phdp héa hoc véi nong dé: 80 ppm. Poi véi heo con
bi bénh tiéu chay cé thé cho uong dung dich AgPNs dwoc diéu ché bang phwong phép dién héa dong DC
cao dp véi nong dé 10 ppm.

Tiwr khéa: AgPNs hoa hoc, AgPNs DC cao ap, heo sira, bénh tiéu chay.

ABSTRACT

Preparation and Application of Electrolytic and Chemical Silver Nanoparticles in
Treating and Preventing Cholera in Piglets

Silver nanoparticles (AgPNs) are highly capable of killing many bacteria strains, especially those
that cause cholera common in humans, poultry, and cattle. Pig farming is often confronted with cholera,
especially for dairy pigs. Research using AgPNs to kill cholera for pig farming to replace the limited or
prohibited use of antibiotics is in acute demand and is of practical values. In order to prevent cholera for
piglets existing and spreading widely in pig farms, a AgPNs solution of 80 ppm prepared by a chemical
method can be used for antiseptic. Piglets with cholera can be fed with a AgPNs solution of 10 ppm
prepared by the high-voltage DC electrolytic method.

Keywords: Chemical AgPNs, high voltage AgPNss, piglets, diarrhea

1.  Dijtvan dd

Nano bac nano (AgPNs) dugc nghién ctru tai rat nhiéu qudc gia [1] trong nhitng nim gan
day do kha nang diét hon 650 chung loai vi sinh vat nhu: vi khuén, vi trung, si€u vi trung, méc,
nam [2] dé ing dung bao vé moi truong [3] ciing nhu strc khoe clia con nguoi [4] va vat nudi [5].
Céc nghién ctru dugc tip trung tim cac phuong phap ché tao AgPNs, cac dic tinh va co ché diét
khuan, nhirg phuong phép tng dung dé xir Iy 6 nhiém méi trudng [6] ciing nhu phong va chita
bénh cho vat nuéi [7] va cho ngudi [8]. Mbi mot phuong phap diéu ché AgPNs déu ¢ nhing uu
diém va han ché nén ciing s& c6 nhimng ddi twong tng dung thich hop khac nhau. Cac phuong
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phap diéu ché AgPNs tir mudi AgNO, bang céch khir do céc tac nhan: hoa chét [9-10], chat chiét
thyuc vat [11-12], két hop voi cac hidu ung vat 1y [13-14]... déu con cac hoa chat dang ion, phan
ttr hodc hop chit hoa hoc [15-16] trong san pham nén chi thich hop dé xtr Iy méi trudng. Dé tmg
dung phong va chita bénh cho gia sic va cho ngudi can phai cé cac san pham AgPNs tinh khiét,
khong con cac ion cia cac chit phan tng nhu Na, NO; hodc cac hop chét hoa hoc khong xac
dinh. Phuong phap diéu ché AgPNs bang dong DC cao ap chi sir dung andt bac va nudc cit nén
san pham chi c6 AgPNis rat tinh khiét [17-18] s& thich hop cho st dung dé phong va chita bénh
cho gia stc va ngudi. Nham ché tao AgPNs tinh khiét bang dong DC tinh khiét két hop véi AgPNs
hoa hoc dé diét khuan gdy bénh tiéu chay phong va chira bénh tiéu chay cho chin nuéi heo 1a muc
dich ctia bai bao nay.

2. Phwong phap nghién ciru

Thiét bi dé diéu ché dung dich AgPNs bing dong DC cao ap nhu [17, 18] nhung chu y diéu
khién ché do cong nghé két hop voi qua trinh plasma catbt dé co thé tao ra khi khir nhiéu hon va
nho d6 thu dugc ndng dd AgPNs cao hon. Qua trinh phan tng duoc quay video dé kiém tra lai
su bién d6i mau va thoi gian phan tng. Khoang cach gitra hai dién cuc andt va catot 1a 500 mm,
thé tich nudc cat 1a 350 mL, duong kinh anét bac hoa tan 1a 5 mm véi thoi gian 60 phat va nhiét
d6 cuia dung dich va nudce lam mat trude va sau phan ung dugc xac dinh. Cac thong s6 cua phan

g nhu dién 4p, dong va thoi gian. Nong d6 AgPNs cua dung dich thu dugc s& xac dinh bang hao

hut trong lwong andt bac bi hoa tan theo cong thire: ¢ ="1=" (mg/L hodc ppm) dong thoi

AgPNs —

tinh theo dinh luat Faraday qua dong hoa tan trung binh cua phan ing dién hoa theo cong thirc:

Far.

kit 3 .
C 4gPNs =7 , (mg/L hodc ppm). Nong do cua AgPNs cling sé dugc xac dinh bang phuong phap

AAS véi thiét bi 3300 cua hang Perkinelmer cua My tai Vién Hoa hoc, Vién Han lam KH&CN
Viét Nam. Cac dac tinh dac thu cta san phém s& duoc xéac dinh 1a UV-Vis, d6 dan dién, thé zeta,
hinh dang va kich thuéc hat TEM. Dic tinh UV-Vis dugc x4c dinh bang vai thiét bi Shimadzu
UV 1800 tai Khoa Hoéa, Pai hoc Quy Nhon; thé Zeta duoc xac dinh béng thiét bj cua Phap tai
PH KHTN, PHQG Ha Noi; d6 dan dién duoc xac dinh bang thiét bi HI 8733 cua hing Hanna,
Singapore tai Vien HH-VL QS va TEM dugc chup béng thiét bi JEM - 1010 cua hang JEOL tai
Vién Paster Ha Noi. Kha nang diét khuan gay tiéu chay cua trai nudi heo ciing nhu phén ciia heo
stta trong qua trinh diéu tri duoc xac dinh theo TCVN 6187 - 2: 1996 tai Trung tam Kiém dinh
Binh Dinh, Quy Nhon. D¢ diét khuan gy tiéu chiay moi truong st dung AgPNs hoa hoc 500
ppm pha lodng thanh dung dich 60 ppm, 80 ppm, 100 ppm va phun vao méi trudng chudng nudi
heo véi lidu luong 1 L/10 m? dién tich san, sau 24h léy mau trén san dé phan tich. Vi heo siia
bi bénh tiéu chay, 16 1 st dung dung dich AgPNs DC cao ap c6 nong do 10 ppm cho heo udng
20 mL/lan, ngay 2 lan sang va chiéu, bu dién giai, ting cuong vitamin cho heo bang thudc
Dizavit-plus liéu luong 1g/10 kg trong lugng/lan. L6 2, st dung Lincoseptin 1 mL/5 kg trong
luong heo, tiém 1 1an/ngay v6i muc dich diét khuan. Dung song song v&i thude trg luc bang cach
tiém thém Calci-Mg-B6 liéu luong 5 mL/con/ngdy. Khuéan gy tiéu chay duoc xac dinh trudce va
sau khi uéng hang ngay.
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3. Két qua va bién luan

Hinh 1 trinh bay su xuét hién plasma dién hoéa trén cuc catdt va su bién dbi mau cua san
pham AgPNs. Do nhiét d§ ciia nudc 1am mat va nudc cét trong binh phan tmg dién héa cao ap
d3 bién dbi twong tng tir 25°C dén 43°C va dén 60°C. Kiém tra lai trén video xac dinh thoi gian
xuét hién plasma catbt 1a 15 phat khi nhiét d cta dung dich tai dién cuc dii 16n. Tir hinh 1 ¢6 thé
nhan thiy mau ciia san phdm DC cao 4p ciing gidng nhu mau cta san phim diéu ché bang phuong
phép hoa hoc.

',n :
" ;
4

Hinh 1. Sy xudt hién plasma catot (a) va mau ciia AgPNs so véi phwong phdp héa hoc trdi (b)

Hinh 2 trinh bay phé UV-Vis dic trung ciia AgPNs duogc diéu ché bang dong DC cao ap.
Tir hinh 2 ¢6 thé nhan thdy budc song phé UV-Vis cia AgPNs DC ciing ¢6 gié tri ving 420 nm
nhu cc phé dic trung cta cac dung dich AgPNs dugc dicu ché bang cac phuong phap khac nhau.

5
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Hinh 2. Phé UV-Vis cia dung dich AgPNs dwgc diéu ché bang DC cao ép véi nuée cdt 2 lan va RO
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Hinh 3 trinh bay hinh dang va kich thudc cia AgPNs duoc didu ché bang dong DC cao ap
ciing cho thiy hinh dang hat nano chii yéu 1a hinh cau véi kich thuéce nho hon 10 nm va hinh gan
cau nhung kich thudc 16n hon dén 76,2 nm khi méi trudng dién ly 1a nude RO.

R

P

Mau R0.003 e
Print Mag: 125000x @ 51 mm 100 nm
a 10:25:29 p 09/14/16 HV=80.0kV b

Mau 2L.003
Print Mag: 208000x @ 51 mm
10:37:51 p 09/14/1¢6

Hinh 3. Anh TEM ciia AgPNs dwoc diéu ché bang DC cao dp: a) nude cdt 2 lan, b) nueée RO

20 nm
HV=80.0kV

Hinh 4 trinh bay ph do thé zeta cua cac hat keo tir dung dich AgPNs duogc diéu ché bang
dong DC cao ap cho thay gié tri thé zeta trung binh 1a -80,33 mV ching té dung dich AgPNs rat
bén v&i thoi gian. Hinh 4 ciing cho thy kich thudc cac hat keo duoc phan bd kha rong, nhung tap

trung nhat trong ving gi tri 4m tir - (60 + 110) mV.

La
SO 4 30 2 A0 0 WM N ¥

Zeta Potential (mV)

0 0 M M W 100 10 130

HO AN S0 S 0 60

Hinh 4. Phin bé thé zeta ciia dung dich AgPNs diéu ché bang DC cao dp
Do dan dién ciia AgPNs dugc diéu ché bang dong DC cao 4p véi nude cat va nude RO so

sanh v&i dung dich hoa hoc dugc trinh bay tai bang 1.
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Bing 1. Gid tri @6 dan dién, uS, ciia nwée RO va cdc san pham AgPNs DC va héa hoc

Lando | Nudccat2lan | NudcRO | DCv6éiNC2L | DC véinuée RO | HH, 500 ppm
1 7,5 21,0 50,5 97,4 682
2 6,4 21,3 52,4 100,4 689
3 6,2 21,0 53,4 101,1 683
4 6,2 21,0 54,0 101,2 683
B 7,0 21,1 52,6 100,0 684

Tir bang 1 ¢6 thé nhan thiy gia tri nudc cat 2 1an mua ngoai thi truong c6 gia tri kha 16n,
c6 thé da dé 1au do vay gia tri do dan dién ciia san pham co gia tri dén 52,6 uS song van nho hon
so voi gia tri duoc didu ché tir nude RO va rat nho so véi san pham AgPNs duoc diéu ché bang
phuong phap hoa hoc. Piéu dé ciing chimg t6 AgPNs duoc diéu ché biang dong DC cao 4p co
plasma catot khong ¢6 cac ion Na™ hoac NO,,... nhu san pham hoéa hoc.

Nong d6 cta cac dung dich AgPNs dugc diéu ché bang dong DC cao ap véi cac loai nude
khac nhau xac dinh theo cac phuong phap khac nhau dugc trinh bay tai bang 2.

Bing 2. Nong dé ciia AgPNs DC cao dp dwoc xdc dinh theo cdc phwong phdp khéc nhau

Nudc phan ing Tinh theo Faraday Theo hao hut lugng andt Theo AAS
RO 592,9 mg/L 134,3 mg/L 36,25 mg/L
Nuéc cat 2 lan 831,4 mg/L 491,4 mg/L 91,25 mg/L

Tir két qua bang 2 c6 thé nhan thdy ndng d tinh theo Faraday c6 gia tri 16n nhit vi bén canh
phan tng dién hoa hoa tan andt bac con c¢6 cac phan tmg khac nhu dién 1y nudc thoat khi. Nong
d06 xéac dinh theo AAS c6 gia tri nho nhat vi trong qua trinh phan g, luong AgPNs bam ciing da
bam vao thiét bi. Xu huéng nay ciing pht hop véi tai liéu da cong bd [16-17].

Trong nghién ctru nay, chung t6i tién hanh theo dai su bién dong s6 lwong vi khuan E.coli
va coliforms trong mau nuéc thai tai khu vie c6 phun AgNPs va khong phun AgNPs. Két qua
thir nghiém kha ning diét khudn gay tiéu chay cua méi truong chudng heo dugc trinh bay tai
bang 3.
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Bing 3. Kha ndng diét khudn ciia AgPNs trong méi trueong trai nuéi heo

. Chi tiéu Khu vuc Phun AgNPs
Nong do (MPN/100 khong phun Gi6i han TC Ghi chu
mL) AgNPs Trudce Sau
E. coli 2,4x107 465107 | 2,4x10° 5x10? Khong dat
60, pPm | i liform 4,6x107 465107 | 4,6x10° 5x107 Khong dat
E. coli 1,5x107 LIx107 | 24x10? 5x10? Pat
80.ppm | liform 2,1x107 24x10° | 4,6x10° 5%107 Pat
E. coli 9,3x10¢ 465107 | 1,5%10° 5x10? Pat
100, ppm | liform 2.4x107 1,5x10° | 2.4x10° 5%107 Pat

Tir két qua bang 3 c6 thé nhan thdy khi phun tir ndng d6 80 ppm AgPNs dung dich héa hoc,
luong khuén coliform da giam tur 1,1x 107xu6ng con 2,4x10? dat tiéu chuin quy dinh, con khuén
E. coli giam tir 2,4x10°xudng con 4,6x10° dudi gia tri quy dinh cua tiéu chuin VN.

Bang 4 trinh bay két qua xac dinh vi khuan E. coli tir cac mau phan heo bi bénh cho thay
tat ca cac mau déu duong tinh véi vi khuan E. coli.

Bing 4. Kha néng diét khudn ciia AgPNs trong qud trinh diéu tri heo sita

) o . Két qua phan lap E. coli
So 16 S0 mau phén kiém tra —
S6 mau dwong tinh Ty 1€ (%)
Lol 04 04 100
Lo2 03 03 100

Béng 5 trinh bay két qua diéu tri bénh tiéu chay cho heo sita cho thiy qua trinh giam khuan
gdy tiéu chay theo thoi gian udng dung dich AgPNs nong do 5 <10 ppm va hinh 5 anh heo sita
trude va sau khi diéu tri.

Bing 5. Kha nang diét khudn ciia AgPNs trong qud trinh diéu tri heo sita

Lo Chi tiéu Thoi gian
(CFU/g) x o o o o
Ban dau Ngay thir 1 | Ngay thar 3 | Ngay thir 5 | Ngay thi 7
Lo1 E. coli 3,5x1010 3,6%10° 9,6x10° 3,2x10° 3,0x107
(Str dung z x
nano bac) Toﬁfézokzisv 5,6x10% 7,5%10° 3,2x10° 5,4x10° 4,4x107
. E. coli 3,0x1010 9,6x10° 3,0x10° 3,0x107 -
Lo2
(tiem KS I
Lincoseptin) Toﬁigéiok;’isv 5,410 5,6%10° 5,4x10° 423107 -
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Hinh 5. Heo sita dang bi bénh ta (a) va sau thoi gian diéu tri (b)

4. Két luan

Nano bac duogc diéu ché bang dong DC cao ap diéu khién xuat hién plasma catdt cho san
pham chi c6 AgPNs va nudc cit nén khong co 1an cac ion va hoa chat cua cac chat phan tmg. Cac
dic trung ciia AgPNs DC cao ap c6 gia tri song phd UV-Vis 1a (418+423) nm va d6 dan dién nho:
(50,4+55,0) uS vé6i hinh cdu, kich thudc nhé hon 10 nm va gia trj thé zeta trung binh cuia hé keo
bén 1a: -80,33 mV.

Nong d6 AgPNs tinh dugc theo cic phuong phép hao hut trong lugng andt, tinh tir dong
trung binh theo dinh luat Faraday va xac dinh bang phd AAS la khic nhau do ¢ céc phan tng
dién hoa ddng thoi va do AgPNs d& bam dinh vao thiét bj phan tng. Vi gia tri 91,25 mg/L tinh
theo AAS chiing td AgPNs duoc diéu ché theo dong DC cao 4p c6 plasma catdt di 16n cé gia tri
thuc tién.

Ung dung diét khuan gay tiéu chay chudng trai nudi lon bang AgPNs dugc diéu ché bing
phuong phéap hoa hoc véi nong do 80 mg/L cho dién tich mat san 10 m?. Heo sita bi bénh ta gay
tiéu chay co thé udng truc tiép AgPNs tinh khiét duoc diéu ché bang dong DC cao ap véi licu
lwong 20 mL/lan, sang va chiéu voi ndng d6 dung dich 10 ppm. Luong khudn gay tiéu chay giam
hang ngay va heo khoi bénh trong thoi gian diédu tri: 07 ngay. Két qua nay co6 thé cho phép khong
phai str dung khang sinh trong diéu tri bénh tiéu chay cho heo sira.

Loi cam on. Tac gia chan thanh cam on ong Vii Duy Nhan, truong phong Hoa Sinh, Vién
Héa hoc Vit liéu vé nhitng dong gop chuyén mén Sinh héa va gia dinh cdc 6ng Nguyén Xudn
Quang, Nhon My ciing nhu trai heo ciia éng Nguyén Van Chwong, Nhon Hdu, An Nhon, Binh

Pinh da tao diéu kién trang trai va heo sita cho thir nghiém.
TAI LIEU THAM KHAO

1. Natalia L. Pacioni, Claudio D. Borsarelli, Valentina Rey, Alicia V. Veglia, Synthetic Routes for
Preparation of Silver Nanoparticles, (E.1. Alarcon: Silver Nanoparticle Applications, Engineering
Materials), Springer International Publishing Switzerland, pp. 13-46, (2015).

2. Sang Woo Kim et all., Antifungal effects of silver nanoparticles againt various plant pathogenic
fungi, Mycobiology, 40 (1), 53-58, (2012).

61



Nguyén Pirc Hung, Tran Bao Loc, Tran Thi Ngoc Dung

10.

11.

12.

13.

14.

15.

16.

17.

62

Tran Hong Con, Dong Kim Loan, Pham Phuong Thao, Preparation of nanodimensional silver metal
and application for drinking water treatment, Journal of Science and Technology, T. 47, No. 2,
(83 -90), (2009).

Ngo Quoc Buu, Nguyen Hoai Chau, Tran Thi Ngoc Dung, Nguyen Gia Tien, Studies on manufacturing
of topical wound dressings based on nanosilver produced by aqueous molecular solution method,
Journal of Experimental Nanoscience, Vol. 6, No. 4, pp. 409-421, (2011).

Meeri Visnapuu, Urmas Joost, Katre Juganson, Kai Kiinnis-Beres, Anne Kahru, Kambola Kisand,
Angele Ivask, Dissolution of Silver Nanowires and Nanospheres Dictates Their Toxicity to
Escherichia coli, BioMed Research International, Hindawi Publishing Corporation, http:dx.doi.
org/10.1155/2013/819252, (2013).

DV Quang, PB Sarawade, SJ Jeon, SH Kim, JK Kim, YG Chai, HT Kim, (2013), Effective water
disinfection using silver nanoparticle containing silica beads, Applied Surface Science 266, 280-287.
Nguyén Thi Minh Trang, Nguyén Quynh Nga, Nguyén Thi Kim Quyén, Tinh hinh nhiém va su nhay
cam khdng sinh cia vi khudn E. Coli gdy bénh tiéu chay trén heo con tir I - 60 ngay tuéi tai tinh Tra
Vinh, Tap chi Khoa hoc Cong nghé Thu 'Y, S6 01, 46-53, (2011).

Karla Chaloupka, Yogeshkumar Malam, Alexander M. Seifalian, Nanosilver as a new generation
of nanoproduct in biomedical applications, Trends in Biotechnology Vol.28 No.11, 580-588,
(2010).

Ratyakshi, R.P. Chauhan, Colloidal Synthesis of Silver Nano Particles, Asian Journal of Chemistry
Vol. 21, No. 10, 113-116, (2009).

Tran Thi Ngoc Dung, Ngo Quoc Buu, Dang Viet Quang, Huynh Thi Ha, Le Anh Bang, Nguyen
Hoai Chau, Nguyen Thi Ly, Nguyen Vu Trung, Synthesis of nanosilver particles by reverse micelle
method and study of their bactericidal properties, Journal of Physics, Conference Seriess, 187, (1),
012054, doi:10.1088/1742-6596/187/1/012054, pp. 1-8, (2009).

Devendra Jain, Sumita Kachhwaha, Rohit Jain, Garima Srivastava, S.L. Kothari, Novel microbial
route to syntheisize silver nanoparticles using spore crystal mixture of Bacillus thuringgiensis,
Indian Journal of Experimental Biology, Vol. 48, November, pp. 1152-1156, (2010).

Alireza Ebrahiminezhad, Mahboobeh Bagheri, Seyedeh-Masoumeh Taghizadeh, Aydin Berenjian
and Younes Ghasemi, Biomimetic synthesis of silver nanoparticles using microalgal secretory
carbohydrates as a novel anticancer and antimicrobial, Adv. Nat. Sci.: Nanosci. Nanotechnol. 7,
015018, 1-8, (2016).

Natalia L. Pacioni, Claudio D. Borsarelli, Valentina Rey, Alicia V. Veglia, Synthetic Route
for Preparation of Silver Nanoparticles, Springer International Publishing Switzerland, DOI
10.1007/987-3-319-11262-6 2, (2015).

Nguyén Birc Hing, Mai Vin Phuéc, Nguyén Minh Thuy, Pg dan dién cia dung dich nano bac, Tap
chi Nghién ctru KH&CN Quan su, S5 17, 02, 96-101, (2012).

Rashid A. Khaydarov, Renat R. Khaydarov, Olga Gapurova, Yuri Estrin, Thomas Scheper,
Electrochemical method for the synthesis of silver nanoparticles, J. Nanopart Res. 11, 1193-1200,
DOI 10.1007/s11051-008-9513-x, (2009).

Nguyen Minh Thuy, Nguyen Duc Hung, Mai Van Phuoc, Nguyen Nhi Tru, Characterization of
particles size distribustion for nano silver solution prepared by high DC voltage electrochemical
technique, Vietnam journal of chemistry, Vol. 52(5), 543-547, (2014).

Nguyen Duc Hung, Mai Van Phuoc, Nguyen Minh Thuy, Nguyen Nhi Tru, Preparation of Nanosilver
Colloidal Solution by Anodic Dissolution under High DC Voltage, Electrochemistry, 81(6), 454-459,
(2013).



Tap chi Khoa hoc - Truong PH Quy Nhon, ISSN: 1859-0357, Tap 12, S6 11,2018, Tr. 63-69

HOAT TiNH QUANG XUC TAC CUA VAT LIEU ZnO
PHA TAP CACBON HOAT TIiNH

NGUYEN NGOC KHOA TRUONG", NGUYEN VAN NGHIA,
LY THI KIM CUC, NGUYEN TU
Khoa Vit ly, Truong Dai hoc Quy Nhon

TOM TAT

Vat liéu Kém Oxit pha tap cacbon hoat tinh dwgc tong hop bang phwong phdp thity nhiét. Tinh chat
ciia vat liéu dwoc khdo sdt bang cac phirong phdp nhiéu xa tia X (XRD), kinh hién vi dién tir quét (SEM),
phé hdp thu tir ngogi kha kién (Uv-Vis), phé hong ngoai (FT IR) va pho huynh quang (PL). Két qua cho thay
khi tang ham lugng cacbon do rong ving cam cua vat liéu ZnO giam. Hoat tinh quang xiic tdac cua vat liéu
dwoc khao sat qua quad trinh phdn hiy xanh metyllen.

Tiwr khéa: ZnO, Pha tap cacbon, quang xuc tac.

ABSTRACT
The Photocatalytic Activity of Activated Cacbon Doped ZnO

In the present study, Zinc oxide (ZnO) was doped with activated carbon by hydrothermal method.
The powder was characterized by X-ray difraction (XRD), scanning electron microscopy (SEM), UV-vis
spectroscopy, IR and photoluminescence spectra. The results showed that the amount of doped carbon
decreases the energy band gap of ZnO. The fabricated samples were used in the photocatalytic degradation
of methylene blue (MB).

Keywords: ZnO, doping C, photocatalytic..

1.  Mé dau

Trong s rat nhiéu cac chat va hop chat ban din, kém oxit (ZnO) duoc biét dén 1a mot chat
ban dan dic biét v6i cau trac ving ning luong cua dién tir thang, nghia 1a ving niang luong dan
thdp nhit va ving ning luong héa tri cao nhit déu xay ra xung quanh tim ving Brillouin, do d6
céc qua trinh chuyén quang thing dwoc wu tién xay ra va do rong vang cam 16n, Eg~3.3 eV o nhiét
do phong (300 K). Thém nira, voi nang luong lién két exciton 1én tdi 60 eV, vat licu nay c6 ti€ém
nang rat 16n trong viéc phat trién cac loai linh kién phat quang cudng d6 cao va hiéu ning cao nhd
cac qua trinh chuyén quang (tai hop dién tir-16 tréng) dién ra ngay tai bién cua cac ving dan va
hoa tri. So v6i cac chat ban dan ving cdm rong khéc, vi du GaN (E~3.4 eV ¢ 300 K) - loai vat
liéu ZnO dugc sir dung rong rai trong viéc ché tao cac loai linh kién phat anh sang trang, hay anh
sang trong vung xanh-tir ngoai va xanh 1a cay. Bén canh d6 vét liéu ZnO co nhiéu vu diém ndi bat
hon han, chang han nhu dé dang dugc tong hop nhd nhitng cong nghé don gian va ciu tric tinh
thé thuong co chét luong rat t6t, do 6 co thé gop phan lam giam gia thanh ctia cac san pham linh
kién lam tur vat li¢u nay.

*Email: nguyenngockhoatruong@gqnu.edu.vn
Ngay nhan bai: 13/3/2017; Ngay nhan dang: 12/5/2017
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Ngay nay ngudi ta ¢6 thé ché tao vat lidu ZnO ciu triic nano & pham vi 16n véi gia thanh
thap bang phuong phép tao phan ting théng qua cac dung dich nhu sol-gen, ling dong pha hoi,
hoa wét, phan (mg pha khi, thily nhiét,... Do sy phét trién tinh thé c6 nhiing hudng wu tién nén
ZnO c6 dang thii hinh rat phong phii nhu dang diy nano (nanowire), dai nano (nanobelt), dang
dau but chi (pencil-like), dang tm (sheet-like), dang thap d6i (Twinned pyramiddal-like) [1] ...
Viéc hinh thanh cac dang nay phu thudc nhiu vao cac didu kién céng nghé. Trong cac phuong
phap ché tao vat liéu ZnO d3 néu & trén, phuong phap thuy nhiét rat duoc quan tim vi tinh don
gian vé& thiét bi, nhiét do két tinh thip, san phdm c6 tinh ddng nhit, than thién véi moi truong va
d6 an toan cao [2]. Két qua nghién ctru cua nhidu tac gia cho thiy vi cdu triic va tinh chét vat ly
ctia vat liéu ZnO ché tao theo phuong phéap thuy nhiét phu thudc vao cac yéu to nhu ngudén Zn ban
déu, néng dd dung dich, do pH cta dung dich, nhiét d6 va thoi gian phan tng (thtiy nhiét), nhiét
d6 va thoi gian nung mau.

Céc bon duge xem 13 nguyén t6 pha tap day hta hen cho kha nang diéu khién ca tinh chat
tir va tinh dan loai p ctia ZnO [3]. Nhiéu cong bd trong nhitng nim gan day cho thdy ZnO pha tap
C c6 tir tinh ngay tai nhiét 9 phong va dong thoi c6 thé tao ra ban dan loai p trén co s¢ ZnO:C[4].
Xét vé mit quang hoc, da c6 nhiéu cong bd cho thdy C pha tap s& lam ting qua trinh hip thu va
giam qua trinh phat xa cia ZnO. Két qua do phd huynh quang cua céu trac di thé ZnO-C chi ra
rang, cudng d6 huynh quang cia miu ZnO-C giam so v6i mau ZnO. Khi pha tap C hoat tinh
quang xuc tac cta vat liu ZnO ting manh trong ving anh sang kha kién. Zang va cong su [5] da
so sanh hoat tinh quang xtc tac vat li¢u ZnO:C véi cac vat ligu ZnO/g-C,N, TiO, nano thuong mai
P25 khi kich thich trong viing anh sang kha kién; Két qua vat liéu ZnO:C c6 hoat tinh cao nhit so
v6i cac vat liu con lai. Chen va cong su [6] da khao sat hoat tinh quang xtc tac cta vat li¢u ZnO
pha tap C hoat tinh khi cho phan hity Rhodamine B dudi burc xa 365 nm da cho két qua tot hon so
v6i vt liéu ZnO va C hoat tinh. Tuy nhién cac phuong phép ché tao vat liéu tuong ddi phirc tap
nhu ling dong xung laser [7], phuong phép ciy ion, CVD [8]...

Trong bai bao nay, vét liéu ZnO pha tap Cacbon duoc ché tao bang phuong phap thily nhiét
tr nguén vat liéu ban dau 1a ZnO c4u trac nano va Cacbon hoat tinh. Hoat tinh quang xUc tac cua
vat liéu duoc khio st qua qué trinh phan hity thudc nhuém Xanh metylen dudi kich thich cua
anh sang kha kién.

2. Thue nghiém
2.1. Ché tao vit liéu

Hoa tan 0,03 mol K&m axetat (Zn(CH,COO0),.2H,0, Sigma Aldrich) vao 20 ml nu6c cat rdi
khudy déu bang may khudy tir trong 30 phut (goi 1a dung dich M1). Dung dich M2 duoc ché tao
khi hoa tan 0,06 mol Natrihidroxit vao 40 ml rugu etylic. Nho giot tir tir dung dich M2 vao dung
dich M1 dang dugc khudy trén may khudy tir. Tiép tuc khudy tir hdn hop nay trong 8 gio. Cho hdn
hop vao binh Teflon, tién hanh thuy nhiét trong khoang thoi gian 14 gio & nhiét d6 thuy nhiét 1a
140°C. Sau qua trinh thuy nhiét, binh phan tng dugc dé ngudi ty nhién dén nhiét 46 phong. Phén
san pham ran dugc rira nhiéu 1an bang nude cat dén khi d6 pH bang 7 va sdy & 80°C trong 8 gio,
san phém cudi cung dugc nung ¢ nhiét do 500°C trong 1 gio ta thu dugc vat liéu ZnO cd cAu truc
nano ki hiéu 1a mau SO.
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Hdn hop ZnO nano va luong C thich hop dugc tron déu trong nude cit bing may siéu 4m
trong 1 gio. Hon hop dugc cho vao binh Teflon, thuy nhiét & 100°C trong vong 9 gid. San phdm
sau qua trinh thiy nhiét duoc loc va siy & 110°C trong 8 gid. Chung t6i tién hanh pha tap Cacbon
theo céc ti 1¢ 2%, 4% va 6%, cac mau lan luot dwoc ki higu 12 mau S1, S2 va S3.

2.2. Dic trung vit liéu

Céu truc ciia mau duoc do bang may nhidu xa tia X (XRD-Siemen D-5005) véi tia birc xa
1a Cu-Ka (A =1,54056 A); Anh hién vi quét (SEM) cua vat liéu dugc do trén may Hitachi S4800,
Japan; Pho hong ngoai duoc chup bang may IRAffinity - 1S, SHIMADZU quét phd trong khoang
400 dén 4000 cm™'; Ph6 UV-Vis duoc do bang may Carry 5000; ph6 huynh quang (PL) duoc do
trén thiét bi Nanolog, Horiba Jobin Yvon, nguon kich thich 14 dén Xenon cong suat 450W c6 budc
song tir 250 nm dén 800 nm.

2.3. Khdo st hoat tinh quang xuc tic ciia vat liéu

50 mg vt liéu xuc tac dugc phan tan trong 50 ml dung dich xanh metylen (MB) nong d6 10
mg/lit bang may siéu am trong bong tdi trong thoi gian 30 phat dé can bang véi qua trinh hip phu
va giai hap phuy cta vat liéu. Hon hop sau d6 dugc chiéu xa bang dén soi ot (Osram, 12V - 30W)
va khudy déu bang may khudy tir. Coc dung dung dich dugc trong bé c6 hé théng hoi luu nudce
dé khong lam tang nhiét d¢ ctia dung dich. Sau 30 phut ta léy ra khoi coc 10 ml dung dich, tién
hanh li tam dé tach phan vat liéu xtc tac, phan dung dich con lai dugc do phd hap thu dé danh gia
nong do MB con lai.

Dé khao sat qua trinh dong hoc xuc tac, chung t6i 1ap duong chuan su phu thudéc mat do
quang vao ndng d6 MB & cac nong d6 2 mg/lit, 4 mg/lit, 6 mg/lit, 8mg/lit, 10 mg/lit. Do d6 hap
thu ctia cac mau MB dudi anh sang kich thich ¢ cac thoi gian khac nhau. Tt d6 hép thu dua vao
duong chuén tim duoc néng d6 con lai cia MB ¢ mdi mau. V& db thi su phu thudc cua In (C /C)
vao thoi gian t d€ khao sat dong hoc. B hap thu ctia dung dich MB duoc do trén may UV-Vis
Jenway 6800.

3.  Két qua va thio luin

Tir ph6 nhidu xa tia X ciia cic mau ZnO véi ham lugng C pha tap thay doi duoc thé hién &
Hinh 3.1, quan sét thdy cac dinh nhidu xa & cac goc tan xa 20 1 32°, 34.5° va 36.5° tuong g v6i
cac mit phang mang (100), (002) va (101). Day la cac dinh dic trung ciia pha ZnO céu trac kiéu
Waurzite (theo thé JCPD No.04-0783). Cudng do cac dinh nhiu xa manh va do rong cua chung
hep cho thdy mau ché tao ¢ cau tric tinh thé rat tét. Két qua nay phu hop vai két qua cta Xinyu
Zang [5]. Cac hing s6 mang tmg véi cac mat tuong tng cho thdy rang hing sb mang a va c ting
rat it theo sy tang ctia ham lugng C. Két qua nay c6 thé giai thich rang 14 do ban kinh ion C* (0.26
nm) va ion O (0.14 nm) chinh vi vy ma théng sé mang thay ddi [10].
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Hinh 3.1. Gian do nhiéu xa tia X cua cac mau

Hinh 3.2 14 anh SEM cac mau. Mau SO (Hinh a) cho thdy mau ZnO khong pha tap c6 cdu
trac nano dang tim (nanosheet) v6i chiéu day tir 40 nm dén 50 nm. Cac mau S1 (Hinh B) va S3
(Hinh C) ¢6 céu trac nano dang hat (nanoparticle) v6i bién hat rd rang.

Phd hép thu UV-Vis cia cac miu ZnO pha tap C dwgc minh hoa bang Hinh 3.3. Cac mau
cho thay sy hap thu manh trong viing dnh séang tir ngoai c6 budc song khoang 380 nm, ddy 1a ving
budc song twong tng voi do rong ving cAm cia vat liéu nano ZnO. Bén canh do, khi luong pha
tap C ctia cac mau ZnO ting 1én thi phd hip thu co sy chuyén vé viing anh sang kha kién. Tt pho
hép thu UV-Vis, chung t6i xac dinh d6 rong vung cAm cua cac vat liéu theo cong thtc:

_he
£

Do rong vung cAm cua cac mau SO, S1, S2 va S3 1an luot 1a 3,34 eV, 3,22 eV, 3,10 eV va
3,03 eV.

Ph hong ngoai ciia mau S3 duoc trinh bay ¢ hinh 3.4. Hai dinh tmg véi hai tin s6 3400 cm’!
va 1650 cm 1a dao dong ctia nhom hydroxyl (OH) trén bé mit cua vt liéu. Tai tin s 400 cm™! -
500 cm! vat liéu hép thy manh duoc cho 1a mode dao dong cua lién két Zn-O. Khoang tan s tur
970 cm - 1100 cm 1a mode dao dong cua lién két C — O — C. Khong thiy co6 dinh tmg vai lién
két C — C cua cacbon hoat tinh [8]

E
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Hinh 3.2. Anh SEM ciia cic mdau ZnO pha tap C
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Hinh 3.3. Phé hap thu UV-Vis ciia cdc mau ZnO  Hinh 3.4. Phé hdp thu hong ngoai ciia mau S3
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Hinh 3.5. Phé PL cua cdc mau vt liéu
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Ph6 huynh quang (PL) ciia cac mau S0, S1, S2, S3 duoc trinh bay & hinh 3.5. Phd PL ciia
ZnO & nhiét d6 phong gém hai ving rd rét bao gdm ving phat xa UV tap trung va viing mé rong
v6i budc song nam trong ving kha kién. Ving phat xa UV duge xem 1a viing phat xa exciton tyr
do g véi chuyén doi viing - viing. Ving phat xa mo rong c6 bude song trong khoang tir 420 dén
700 nm gan véi chd nit oxy (V,) thay d6i manh khi kich thudc cuia vét lidu giam. Ta c6 thé thay
viéc pha tap C lam giam cuong do phat quang cua vat lidu nén trong viing kha kién va 1am ting
nhe cuong do trong viing tir ngoai. Diéu nay co6 thé duoc giai thich nhu sau: khi nhan dugc ning
luong kich thich, dién tir chuyén tir viing hoa tri 1én viing dan, trong qua trinh chuyén dién tir tir
ving dan vé viing hoa tri dé sinh photon, c6 mot sb dién tir bi hip thu béi tap chat C, két qua lam
cho cuong do ciia phd huynh quang ZnO giam xudng.

20
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Hinh 3.6. Qud trinh phén hity MB ciia mau S3  Hinh 3.7. Qud trinh phéan hity MB ciia cdc mau
S0, S1, 82, S3
Hinh 3.6 va 3.7 trinh bay ph UV-Vis ciia MB ban dau va sau khi chiéu xa bang dén sgi d6t
v6i thoi gian 1an luot 14 30, 60, 90 va 120 phut trén xtc tac 1a mau S3 (Hinh 3.6) va qua trinh phan
hily MB ctia cic mau ZnO pha tap C véi cac ham luong pha tap khac nhau (Hinh 3.7). Tir Hinh
3.6 nhan thdy d6 hip thu ¢ budc séng 663 nm ciia MB giam dan theo thoi gian chiéu xa. Khi ting
lugng pha tap C hoat tinh xtc tac ciia ZnO dugc tang 1én (Hinh 3.7).

4. Két luan

D3 ché tao thanh cong vat liéu ZnO pha tap bang phuong phap thay nhiét. Viéc pha tap C
khong 1am thay d6i cdu trac cta vat liéu nén ZnO, phd IR cho thay xuat hién lién két C — O — C.
Khi ting ham lugng pha tap do rong ving cim ciia vat liéu nén giam di va hoat tinh quang xuc
tac ctia vat liéu ting dan. Diéu nay mo ra hudng tng dung cho vat liéu ZnO trong linh vuc xuc
tac quang.
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DAY HQC PHAT HIEN: KHAI NIEM, PAC TRUNG VA AP DUNG
TRONG DAY HQC KHAI NIEM GIOI HAN DAY SO

HO THI MINH PHUONG"
Khoa Toan, Truong Dai hoc Quy Nhon

TOM TAT

Day hoc phdt hién la mét trong nhitng phirong phdp day hoc tich cue diea trén Iy thuyét kién tao,
mang lai hiéu qua cao trong viéc hinh thanh tri thirc ciia hoc sinh, va dé van dung vao giang day Todn ¢
trung hoc phé théng. Trong bai bdo ndy ching téi nghién ciru khdi niém, cdc ddc trung ciia phirong phéap
day hoc phat hién; trinh bay mo hinh day hoc nam budc (mo hinh SE) cua Nghién ciru Churong trinh Khoa
hoc Sinh hoc (Biology Sciences Curriculum Study) trong day hoc phat hién, va dp dung cu thé vao viéc day
hoc khdi niém day sb c6 giéi han 0 trong sdch Pai sé va Gidi tich ndng cao l6p 11.

Tir khéa: Day hoc phat hién, Iy thuyét kién tao, gioi han day s, Nghién ctru Chwong trinh Khoa hoc
Sinh hoc, m6 hinh day hoc 5 budc, mé hinh SE.

ABSTRACT

Discovery Learning: Concept, Characteristics and Applications in Teaching
the Concept Limit of Number Sequences

Discovery learning is an active learning method based on constructivism which has a high effect on
forming knowledge for students, and it is easy to apply in teaching mathematics at high school. In this paper
we study the concept and characteristics of discovery learning; introduce the Biology Sciences Curriculum
Study five-step instructional model (SE model) for discovery learning; and apply in more details this model
in teaching the concept number sequences have limit 0 in the textbook Algebra and Analysis (advanced) 11.
Keywords: Discovery learning, constructivism, limit of number sequence, Biology Sciences

Curriculum Study, the five-step instructional model, SE model.
1. Giéi thiéu

Ly thuyét kién tao (constructivism) dugc dé xuit vao dau thé ky 20 boi Jean Piaget
(1896 - 1980), nha tam 1y hoc va triét hoc ngudi Thuy Si. Tir d6 cho t6i nay, né da anh hudng
sau rong trong gido duc va tré thanh mot xu hudng hién dai duoc nhiéu nude phat trién trén thé
gidi quan tam.

Ly thuyét kién tao da trd nén noi troi va trd thanh mot 1y thuyét co wu thé vé viée hoc trong
cong ddng nghién ctru gido duc toan ngay tir khi n6 duoc dua ra & Hoi nghi Tam 1y hoc cua Gido
duc Toan (PME: Psychology of Mathematics Education) & Montreal, Canada, nim 1987.

Ly thuyét kién tao gdbm bdn dang chinh: Ly thuyét kién tao don gian (hay con goi 1a 1y
thuyét kién tao yéu, Lerman, [9], 1989), Iy thuyét kién tao cdn ban, Iy thuyét nhdp thé va Iy thuyét

*Email: htmphuong@qgnu.edu.vn
Ngay nhan bai: 10/4/2017; Ngay nhéan dang: 15/5/2017
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kién tao xa hoi. Nguoi doc co thé xem thém thong tin vé bdn dang néu trén cta Ly thuyét kién tao
trong cudn sach cua Tran Vui ([4], 2017).

Phuong phap day hoc dua trén Ly thuyét kién tao 1a mot trong nhitng phwong phéap day
hoc tich cuc, phat huy tinh chti dong va tich cyc ciia nguoi hoc trong qua trinh hoc tap dé tao nén
tri thirc cho ban than nguoi hoc. Ly thuyét kién tao da khoi ngudn cho nhiéu quan diém day hoc
mai nhu: Day hoc phét hién, day hoc kham pha, day hoc theo tinh huéng, theo nhom, theo su goi
¥ va huéng dan cua gido vién, day hoc qua sai 1am,... Trong s6 d6, day hoc phdt hién (discovery
learning) 1a mot phuong phap da va dang nhan duoc sy quan tim cua nhiéu nha gido duc toan,
coi trong vai tro chi dong ctia nguoi hoc trong qua trinh hoc tap, nguoi hoc chu dong tu xay dung
hiéu biét cho ban than, ty két ndi thong tin méi voi thong tin hién tai dé kién thirc méi c6 y nghia
hon va tao nén céc thong tin mdéi khac.

Gidi han c6 thé xem 1a khai niém danh dau sy bat dau cuia bo mon Giai tich. Phép toan lay
giéi han xuét hién da giai quyét dugc sy han ché cta cac phép toan va quy tic dai sd trong cac
vén dé lién quan dén su vo han, chéng han nhu nghich 1y ctia Zénon (Z&-Nong), nghich ly “1=0",
nghich 1y “-2 1a sé dwong”,... Gi4o vién (GV) thuong gip nhiéu kho khin trong viée giang day
don vi kién thirc nay trong chuong trinh Toan trung hoc phd thong (THPT), dong thoi, mot thuc
té 1a da sb hoc sinh (HS) tinh dugc gidi han cua mot s6 day/ham s6 ma khong hiéu rd khai niém
gidi han ciia ddy/ham sd. Do d6, yéu cau cép thiét duoc dit ra 1a nghién ciru cac phuwong phéap day
hoc mang lai hiéu qua cao dbi voi khai niém gidi han.

O Viét Nam dd c6 mot s6 nghién ciru gido duc toan vé phuong phap day hoc khai niém giéi
han, chang han nhu Nguyén Thanh Long ([1], 2004) nghién citu Didactic vé khai niém giéi han
trong day hoc toan; L€ Thai Bao Thién Trung ([3], 2011) nghién ciru day va hoc khai niém gioi
han & trieong trung hoc phé thong diea trén cong cu cia Ly thuyét tinh huong; Nguyén Anh Qudc
([2], 2014) nghién ciru day hoc khdi niém giGi han déy sé trong méi trieong Sketchpad,...

Trong bai bao nay chiing t6i nghién ctru phuong phéap day hoc phat hi¢n va trinh bay mo
hinh day hoc ndm budc (m6 hinh 5E) cia Nghién ctru Chuong trinh Khoa hoc Sinh hoc trong day
hoc phat hién d6i voi khai niém gidi han déy sé trong sach gido khoa Pai s6 va Giai tich ning cao
16p 11, trang 127 - 129, NXB Giédo duc Viét Nam.

2. Khai niém day hoc phat hién

Theo Jerome Bruner ([8], 1961), day hoc phdt hién (discovery learning) 1a mot 1y thuyét
hoc kién tao theo hoi tim (inquiry-based, constructivist learning theory) dién ra trong cac tinh
hudng giai quyét van dé ma ngudi hoc dya vao kinh nghiém trong qua khir cia ho dé kham pha
cac su kién, cac mbi quan hé va cac chan 1y da dugc hoc. Nguoi hoc tuong tac voi thé gidi b?mg
cach kham pha va thao tac cac doi tuong, vat 1on véi cac cau hoi va cac tranh ludn, hodc thuc hién
céc thi nghiém. Bruner (1961) da d& xuit phuong phap day hoc phat hién tir cac nghién ctru vé
Tam 1y hoc nhan thirc va da tao dong luc cho su phat trién cta cac phuong phap giang day dic
trung hon.

Dic diém quan trong nhit cia day hoc phat hién la nguoi hoc phai ty tao ra cac bd phan
va ciu tric cia kién thire triru tuong (nhu khai niém, quy tic...) bang suy luan quy nap cua riéng
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minh d6i v6i cac tai liéu hoc tap cu thé (Holland va cac cong su, [7], 1986). Céc tai liéu hoc tap
bao gdm cac vi du vé cac khai niém tong quat, cac cu hoi map md va cac loai bai toan tinh hudng,
hodc céac hién tuong ma nguoi hoc phai giai thich nguyén nhan. Mot dac tinh nita cua day hoc
phat hién 1 viéc huéng dan cho qua trinh suy luan quy nap ctia ngudi hoc. Trong cac tinh hudng
day hoc phat hién, mic do hudng dan cé thé khac nhau, phu thudc vao murc do kho cua tai liu
hoc tap, do phuc tap cua kién thire quy trinh va khai niém dy kién, va cac diéu kién tién quyét
nhén thirc va dong luc ctia nguodi hoc. Vi ly do nay, muc d6 hudng dan hodc tinh ciu tric ctia moi
truong hoc tap khong c6 dinh ma miéu ta mot dic trung khong xac dinh ctia day hoc phat hién.
biéu nay la can thiét, vi trong mot s6 cudc thao luan gén day, day hoc phat hién bi hiéu nham la
mot phuong phéap day hoc khong c6 huéng dan (Hmelo-Silver va cac cong su, [6], 2007). Thuc
té, trong tat ca cac phién ban khac nhau ctia day hoc phat hién, qua trinh suy luan ciia nguoi hoc
duoc hudng din dang ké.

Day hoc qua céc vi du (learning by examples) c6 thé 1a phuong phap day hoc phat hién sém
nhét minh hoa cho mot sy huong dan ¢ tAm cao. Phuong phap day hoc phat hién nay thé hién sy
tmg dung gan nhu tryc tiép quy trinh cia Bruner dé khao sat sy hinh thanh khéi niém & tré em.
Nguoi hoc phan tich céc dac tinh cua mdi vi du duoc trinh bay, so sanh céc vi du, quyét dinh vé
trang thai dinh nghia cua mdi dic tinh, va nhan phan hdi vé tinh ding dan cta quyét dinh. Chu
trinh tim kiém, quyét dinh va thir nghiém nay dwoc lap lai cho dén khi nguoi hoc c6 thé xac dinh
duoc khai niém dga vao cac dic trung triru tuong cam sinh cia n6. Day hoc qua céc vi du 1a mot
dang co ban cua day hoc phat hién, thudc vé danh muc cidc mé hinh giang day duoc thiét lap tdt tir
cac nghién ctru vé xir Iy thong tin trong Tam 1y hoc nhén thirc (Joyce va Weil, [8], 2008).

Trong luc d6, cic dang phuong phip day hoc phéat hién di dwoc mod rong déng ké.
Phuong phap dugc nghién ciru va sir dung rong rdi nhét 1a day hoc qua thwc nghiém (learning
by experimentation) (Neber, [10], 2010), con dugce goi mot cach dong nghia 1a 4di tim khoa hoc
(scientific inquiry) (Joyce and Weil, [8], 2008). Trong thuc nghiém, ngudi hoc tao ra kién thuc
nhan quéa dé giai thich cac hién tuong giang day duoc cung cap. Nguoc lai v6i day hoc qua vi duy,
trong phuong phap day hoc nay ngudi day khong nhan dugc sy phan hdi tw dong vé tinh dang
dén cia cac gia dinh hodc gia thuyét ho da dua ra vé cac bién nhan qua. Phuong phap day hoc nay
thach thirc nguoi hoc, boi vi ho phai thiét ké thém cac tinh hudng (cac thi nghiém) dé kiém tra cac
giai thich tam thoi (gia thuyét) ctia ban than ho.

Day hoc qua viéc thiét ké (learning by designing) tham chi con 1a mot phuong phéap day hoc
phat hién c6 nhiéu thach thirc hon. Nguoc lai véi hai phuong phéap néi trén, dbi voi phuong phap
day hoc nay, nguoi hoc khong nhan dugc cac van dé (nhu cac vi dy, cac hién tugng) dé phan tich,
xac dinh lai, hodc giai thich nhan qua. Vi phuong phap nay, ngudi hoc phai tao ra mot san pham
(chéng han, mdt chuong trinh, mdt van ban, hoac mot mo hinh) dé dat duoc cac nhiém vu duoc
quy dinh, hodc dap ung céc tiéu chi va rang bude cho trudc.

Céc phuong phap day hoc phat hién duoc md ta ngin gon trén day co thé duoc thuc hién
riéng 1¢. Mit khac, cac phuong phap nay, va dic biét, day hoc qua thuc nghiém va qua viéc thiét
ké, tao thanh céc thanh phén trong céac cach tiép can giao duc phtic tap hon nhu day hoc theo dy
an (project-based learning) hoic day hoc theo vin dé (problem-based learning).

85



Hb Thi Minh Phuong

3.  Cac dic trung ciia phwong phap day hoc phat hién

Theo M.D. Svinicki ([11], 1998), day hoc phat hién c6 ba dic trung chinh lién quan dén 1y
thuyét nhan thirc:

- La mot phuong phap day hoc tich cuc (active learning);

- La sy phat trién cua day hoc ¢ ¥ nghia (meaningful learning);

- Lam thay d6i niém tin va thai d6 cia nguoi hoc.

3.1. Day hgc phat hién 1a mot phwong phap day hgc tich cuec

Mot khai ni€ém quan trong trong phuong phép day hoc phat hién 1a y tudng ctia day hoc
tich cuc. Trong phuong phap day hoc nay, nguoi hoc 1a thanh vién tich cuc cua qua trinh hoc chur
khong phai bi dong tiép nhan tri thirc.

- Viéc day hoc khong thé dién ra néu khong c6 sy quan tdm & muc tdi thiéu cua nguoi hoc.

- Sy tham gia tich cyc cung cép cho nguoi hoc mot co hoi dé nhan duoc phan hdi sém vé
su hiéu biét cua minh.

- Céc co hoi hoc tap tich cuc hinh thanh nén mot “tri nhé phan doan”, mot loai tri nhé cu
thé d6i v6i timg su kién. D6i véi loai tri nhd nay, néu ngudi hoc khéng nhd dugce ¥ tuong, ho co
thé tu xay dung lai no tur tri nhd vé cac su kién.

3.2. Day hoc phat hién 13 su phat trién ciia day hoc c6 ¥ nghia

Diém méu chét thir hai cho sy thanh cong ctia day hoc phat hién d6 1a né c6 y nghia dbi véi
nguoi hoc hon 1a thong tin don gian nhan dugc tir nguoi khac.

- Day hoc phat hién c6 nhiéu y nghia hon dbi véi nguoi hoc bai vi no ding cac lién tuong
cua ban than nguoi hoc nhu mét co so dé hiéu van dé.

- Day hoc phat hién cho ¥ nghia 16n hon béi vi ngudi hoc xir Iy thong tin sau sic hon, tir d6
sang tao ra qua trinh chir khong phai chi dwa theo cac phuong huéng da vach san.

- Trong day hoc phat hién, gia tri cia thong tin rd rang hon.

- Day hoc phat hién khuyén khich nguoi hoc dit cau hoi va giai quyét van dé ma khong can
chd doi mot nguoi khac tra 101 gitp. Két qua 1a ngudi hoc ¢6 thém sy ty tin trong kha nang xi 1y
vén dé, do d6 khuyén khich ho di xa hon.

3.3. Thay déi niém tin va thai do

- Day hoc phat hién hd trg cho nguodi hoc niém tin rﬁng su hiéu biét cua ho c6 thé duge xay
dung tr ban than ho chtr khong phai nhan dugc tr mot nguoi khac.

- Day hoc phat hién ho tro thai do cua nguoi hoc rﬁng khoa hoc 1a mét qua trinh chir khong
phai la mot tap hop céc su kién.

- Day hoc phat hi¢n dat phﬁn 16n trach nhi€m hoc tap 1€n nguoi hoc.

4. Mo hinh day hoc phat hién nam buéc

Trong bai bao nay chiang t6i van dung mé hinh day hoc phat hién nam budc (mé hinh SE)
dugc dua ra bdi Nghién ctu Chuong trinh Khoa hoc Sinh hoc (Biology Sciences Curriculum
Study) vao giang day khai niém gi6i han diy sb trong chuong trinh Dai sé va Giai tich nang cao
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16p 11. M6 hinh 5E gdm céc budc sau day: Tao sw tham gia (Engage), Khdo sat (Explore), Gidi
thich (Explain), Mo rong (Elaborate) va Panh gia (Evaluation).

Hinh 1. Mo hinh 5E

Dé hiéu rd hon vé timg budc ctia mé hinh nay chung toi trinh bay cu thé ndi dung & timg
budc nhu sau:

Budce 1: Tao sy tham gia

Muc dich ciia budc dau tién nay 1a thu hat sy cha y cua HS. O bude nay GV c6 thé kham
pha nhiing gi HS biét va suy nghi vé mot chu dé ciing nhu xac dinh quan niém sai 1dm cia cac
em. Cac hoat dong tao su chi1 y co thé 1a doc, thuyét minh, hodc 1a mot hoat dong nao do thu hut
su to mo cua HS.

Budc 2: Khio sat

Trong budc ndy, GV cung cip cho HS cac hoat dong khao sat tap thé, cho HS cac trai
nghiém cu thé, phd bién nham gitip cic em bat ddu hinh thanh khai niém va phat trién k¥ ning.
Hoc sinh ¢6 thé xay dung mo hinh, thu thap dir liéu, thuc hién va kiém tra cac du doan, hodc hinh
thanh nhiing du doan méi. Muc dich 14 cung cép kinh nghiém thyc tién dé GV c6 thé st dung sau
nay khi chinh thic gidi thi€u mdt khai ni€ém, mdt qua trinh hodc mot k¥ nang.

Budec 3: Giai thich

Trong budc nay, HS trinh bay rd y tudng ctia minh theo cach clia cac em va nghe gop y tur
cac ban khac. GV giai thich lam ro cac khai niém cia HS, diéu chinh céc quan ni€m sai 1am cua
HS va gidi thidu cac thuat ngit khoa hoc. Piéu quan trong 13 rd rang trong budc nay GV két ndi
cac giai thich cua HS v&i nhitng trai nghiém ho da c6 trong cac budc Tao sy chu y va Khao sat.

Buwdc 4: M6 rong

O bude nay, mot s6 HS van con quan niém sai 1am, hodc c6 thé 1a cac em chi hiéu khai
niém trong bdi canh khao sat trudc do. Cac hoat dong mé rong gitp cho HS chinh sira cac quan
niém sai 1am ciia minh va khai quat cac khai niém trong mot bdi canh rong 16n hon. Nhing hoat
dong nay cling thach thirc HS ap dung, mé rong dua trén cac khai niém va k¥ nang trong mot tinh
hudng méi, dan dén sy hiéu biét khai niém mot cach sau sic hon.
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Buwédc 5: Danh gia

Trong budc nay, GV danh gia sy hiéu biét ctia HS vé cac khai niém va trinh do cta ho véi
cac k¥ nang khac nhau. GV c6 thé sir dung mot loat cac quy trinh chinh thirc va khong chinh thirc
dé danh gia sy hiéu biét vé cac khai niém va tién téi danh gia két qua hoc tap. Giai doan danh gia
cling cung cap cho HS mot co hoi kiém tra sy hiéu biét va cac ky nang cua riéng minh.

5.  Ap dung mé hinh 5E day hoc Khai ni¢m giéi han day s6

Trong phan nay chung t6i 4p dung mé hinh 5E dugc gi6i thiéu & phan trude vao day hoc

khai niém day so c6 gidi han 0 trong sach giao khoa Pai sb va Giai tich nang cao 16p 11, trang

127 - 129, NXB Giéo duc Viét Nam.
Budce 1: Tao sw tham gia

Ny

100 km

Y

P

Hinh 2.

Hoat dong ciia GV

Hoat dong ciia HS

GV: V¢ trén bang Hinh 2 va ghi trén bang
Nghich ly ciia Zénon: “Achilles (A-sin) la
mot luc si trong than thoai Hy Lap, ngudi
dugc ménh danh 1a “cé doéi chan chay nhanh
nhu gio” dudi theo mot con rua trén mot duong
thang. Gia sir toc d6 chay cta Achilles 1a 100
km/h, con toc dd chay cua rua 1a 1 km/h, va
lac xuét phat, rua ¢ diém A, céach Achilles 100
km (Hinh 2). Khi d6, mac du chay nhanh hon,
Achilles khong bao gid ¢6 thé dudi kip ria.”.

H1: Cdc em ¢ thay nghich Iy khong? Céc em cé

thé ty gidi thich dwoc nghich Iy nay?

HS: - Trao ddi voi nhau: Tai sao lai vo Iy nhuw
thé? Vin toc chay ciia Achilles gap 100 lan vin
téc cua ria, nén chdc chdan Achilles sé phdi
duoi kip va vueot qua ria chir?

Chdc chdn rang nhdn dinh nay sé sai ¢ dau do.
Minh ¢6 thé tw gidi thich dwoc nghich Iy nay?
- Thé hién sy thich tha déi voi nghich 1y.
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Buwéc 2: Khdo sat

Hoat dong ciia GV

Hoat dong ciia HS

GV: - Cho HS thoi gian trao d6i v6i nhau;

- Quan sat va ling nghe cac em trao doi;

- Khuyén khich cac em dua ra cac phan tich, 1y
giai vé nghich 1y;

- Hoi céac cau hoi tham do, hd trg phan tich cua
cac em:

H1: Tinh thoi gian t, ma Achilles chay hét
quang duong OA,=100 km? Twong vung voi t,
nay, rua chay duoc quang dwong bao nhiéu?
H2: Dé chay hé:t quang dwong A,A,=1(km),
Achilles phai mat thoi gian t, la bao nhiéu?
Twong g voi t, nay, rua chay dugc quang
dwong bao nhiéu?

H3: Tiép tuc nhw thé, dé chay hét quing dwong
A A, Achilles phdi mat thoi gian t la bao
nhiéu?

H4: Tinh tong thoi gian T Achilles chay hét
cac quang duong OA, A A, ..., A, A7 (goi HS
1én bang trinh bay cong thurc)

H5: Véi diéu kién nao thi Achilles duéi kip riia?

H6: Khi n Ilon, gia tri nhan duwoc cua day 56

100

hitu han hay vé han khi n lon?

n
(Lj la bao nhiéu? Gid tri cia ddy s6 T,

H7: Sau thoi gian bao ldu thi Achilles dudi kip
rua?

GV: Chuin bi mot vi du d& minh hoa hon dé giai
thich khai niém gidi han 0.

HS: Quan sdt va phdn tich: Trude hét Achilles
can di dén diém A, C}ia rﬁ?. Nhung trong thoi
gi’an ds’), rua da di dén diém A, Khi Achilles
dén diém A, thi rua lai tién 1én diém A,,... Ci
nhu the, Achilles khong bao gid dudi kip rua.

TL: f, = 10%00 =1 (h). Trong thoi gian
nay, rua da chay quang duong A A =1(km).
TL: t= %0 0 (h). Trong thoi gian nay, rua da

chay duoc thém quang duong 4,4, = %00
(km).

TL: = L h).
b= Yoo ®
1

=l+—+ 12+...+ ! 7
n 100 100 100"~

HS: {
n
_"Goo)” _ 100 1_(%”
_ 1 99 100
100

HS: Thao luan, cb ging tim cau tra 1oi.
TL: T hitu han khi n lon.

1
TL: Do —— <1 nén khi n cang 1én, gi tri
100

(1Y
cua didy sO | —— | s€ cang nho, tham chi 1a
100

rat gén voi 0. Do do, T hiru han.
HS: Két lugn: Sau mot khoang thoi gian hitu
han Achilles s& dudi kip rua.

. 100
TL: Dy doén ra dugc két quala 7 =——
nhung khong biét céch gidi thich. 02

&9
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Buwde 3: Gidi thich

Hoat dfng ciia GV

Hoat dong cua HS

GV: Viét trén bang: Xét day so (u,) voi
D

n

n

H1: Biéu dién cdc sé hang ciia day (u ) len truc
567

H2: Nhdn xét vé vi tri cia cdc diém biéu dién u,

trén truc $6?

H3: Bang truc quan, nhan xét su thay doi ciia

khodng cdch tir u dén 0 khi n tré nén rdt 16n?

H4: Bat dau tir s6 hang u_nao cua dd){ s6 thi
2

khodng cach u, dén 0 nho hon —, ..
75 500

50

H5: C6 phai liic ndo ciing chi ra dwoc mét s6 hang

trong day u, dé bat dau tir s6 hang nay khodng

cach tiru, dén 0 nhé hon mét s6 diong “nhé bao

D"
n

nhiéu ciing duoc” cho truce?
G'V: Trong truong hop nay, ta néi diy so 24 0=

c6 gidi han 1a 0 khi n dan dén vé cuc.
H6: Cdc em c6 thé phat biéu dinh nghia giGi
han la 0 khi n dan dén vé cuc cho mét day $6

bat ky?

HS: Quan sat, suy nghi, ghi chép va tim cau tra
101 cho céac cau hoi cia GV (Ién bang trinh bay).
TL: Biéu dién (u ) Ién truc s6:

_ 1 1

-1 3 75

-l 1 1 1
2324 4 2
0 1

1
1 0

TL: Céc diém trén truc sé chum lai quanh diém
0.

TL: Ta thiy khoang cach tir u, dén 0 cang bé khi
n trd nén rat 16n.

TL: |u, —0|=u, |=l<i<:>n>50.
n 50

Do do, bét dau tir s hang thir 51 tré di thi khoang

! Tuong tu, bét dau tir

céch tru, dén 0nhd hon .
s hang thtr 76 tros di thi kh(s)é(l)ng céch tiru dén 0nho
hon % , bét’ dAu tir s6 hanglthl’r 501 tro di thi khoang
cach tiru, dén O nho hon%,. ..

TL: bung, véi cach lam nhu trén.

HS: Suy nghi, thao luan va d& xuét dinh nghia: Day
56 (u) duoc goi la co gici han 0 khi n dan dén vé cuc
neu ton tai mot so hang trong day u, de tir s6 hang
nay tro di, |u | nho hon mot 6 dheong “nhé bao nhiéu
ciing duoc” cho truoc.
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Buwéc 4. Mo rong

Hoat dong ciia GV

Hoat dong ciia HS

GV: Trinh bay cho hoc sinh cach dinh nghia
khac cho day s ¢ gi6i han 0 va ky hiéu:

1. Ta néi day so (u,) c6 gici han 0 khi n dan
deén vo cuc neu voi moi so duwong nho tuy y cho
trude, ton tai mot 56 hang cua day sao cho ké
tir s6 hang ndy gid tri tuyét doi ciia u, nho hon
$6 dirong do.

Ky hi¢u: lim (z ) = 0, hodc lim u_= 0, hoac
u, —> 0.

2. (u,) ¢ gi6i han1a 0 khi 72 — +00 néu 1,
c6 thé gan 0 bao nhiéu cling dugc, micn la n
du lon.

GV: Bing dinh nghia, cac em hy lap luan dé
tim gidi han céac day sb: (a ) véi a = 1 .

" n
(b ) véi p — L
n nk

(k nguyén duong);
1 n
(ul’l) I u =|——
Vo1 n 100 ?

GV:Nhurthédayso T = 100
n

99

n
L
(100)

GV: Lam sao dwoc két qua nhir thé?

gidi han bang bao nhiéu?

GV: Suy luin cta cac em cho két qua ding,
tuy nhién chung ta cdn nghién ctru mét sb tinh
chat cua gidi han ddy sé & phan sau dé c6 thém
co s két luan.

HS: Théng nhét dinh nghia, ghi chép.
HS: Suy luan, &p dung dinh nghia trén trong
hai day s6 (a ) va (b,) dékét luan gi6i han cia

hai day s6 13 0. Y

DPéi voi day sb u,=|—— | ,v6i mdt sd
4 (100)7 ;

duong nhé tuy y cho trudc (chang han 0" )

t6n tai mot s hang cua diy (ching han s6 hang
(7)
100

nho hon sé duong d6. Do do day

1 n
u,= (ﬁj 6 gidi han 1a 0.

thir 10) dé tir s6 hang nay tro di,

TL: C6 I¢ biing @(1_0) _ 100
99 99

TL: Suy lun mot cach ty nhién, chi cin thay

1 n
gia tri giéi han cua day u, = (— vao
day T 1a duoc. 100
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Budc 5. Danh gia

Hoat dong ciia GV Hoat dong cia HS
GV: Danh gia sy hiéu biét cua HS vé khai niém
day sb co gidi han 0 qua cac vi du ap dung, tién
t6i danh gia két qua hoc tap.
VD1: Tim gi6i han cta diy sb (u,) voi.
7 tra 1oi.
W= TL: lim u = 0.

HS: Giai bai toan, trao doi vdi nhau dap so, va

VD2: Tim gi6i han cta diy sb (v,) voi.
="

T+l

TL: lim v =0.

n

VD3: Tim giéi han ciia day s6 (w,) véi
. HS: Lung tung.
n+

Wy = TL: DPugc : LH:HL Do gidi han cua

~ 1 w3 S ,
GV: Tdch phdn s6 di cho dwoc khong? day W _1:; bang 0 nén ¢6 1 gidi han ctia

day w, bang 1.

Trong budc nay, dé danh gia mirc d¢ hiéu va van dung khai niém day s6 co gidi han 0 ctia
HS, trude khi day cac dinh Iy vé gi6i han, GV cho mot loat cac ddy sé lan luot ¢ gidi han 0 va
giéi han hitu han. Goi ngiu nhién HS trinh bay déap s6 gii han cua cac diy sb d6 va giai thich vi
sao. Nhitng HS nao chua hiéu rd s& duoc GV hodc cac ban khac trong 16p hoc tot giang giai lai.

6. Kétluan

Day hoc phét hién 1a mot phuong phap day hoc tich cuc dua trén 1y thuyét kién tao, coi
trong vai tro chu dong cua nguoi hoc trong qua trinh hoc tap, ngudi hoc chu dong tu xay dung
kién thirc khai niém cho ban than, gido vién chi dong vai tro huéng dén, trau chubt, goi mo, giup
nhan thtc cia cac em duge hinh thinh mot cach dung dén va khic sau, c6 kha ning van dung va
thé nghiém trong cac tinh huéng mai. M6 hinh 5E vé day hoc phat hién di dwugc nghién ctru boi
nhidu tac gia trén thé gidi, d& van dung vao giang day Toan & Viét Nam, dap Gng yéu cau ddi méi
phuong phap day hoc, phat huy tinh chi dong, sang tao ctia hoc sinh trong qua trinh hinh thanh

va van dung tri thic.
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HIEU QUA GIAM CHAN CHO KHUNG BTCT CHIU PONG PAT
BANG GIAI PHAP GIA CUONG VAT LIEU GFRP

HUA THANH THAN ', NGUYEN NGQC PHUC?, LE VAN HAN?
''Vién Khoa hoc Thuy loi mién Nam
2Khoa Xay dung, Truong Cao dang Xay dung s6 2, TP. H Chi Minh
’Khoa Xay dung, Trudng Cao dang Giao thong van tai I11

TOM TAT

Bai bdo nay trinh bay mét nghién civu vé viée sir dung vat liéu nhua cot soi thiy tinh (GFRP) dé
gia cwong, nham lam tang kha nang khdng chdn cho khung bé téng cot thép (BTCT). Pdanh gic mire dg hu
hai (DI) ciia khung c6 va khéng cé gia cwong GFRP bang phwong phép sé thong qua phan mém MATLAB
R2014a két hop véi két qua phan tich tir phan mém SAP2000 bang phan tik phi tuyén LINK vmg xit tré theo
mé hinh Takeda c6 xét dén cdc trgn dong ddt Taft, Land va Nort. Gid tri DI ciia khung khéng gia cieong lén
hon khung gia cuwong GFRP khi cing chiu mét tran dong dat. Voi gid tri DI bang nhau, gia téc nén PGA
déng ddt khi khéng cé gia cwong GFRP nho hon gia toc nén PGA dong dat khi ¢6 gia cuong GFRP.

Tiwr khéa: Khung BTCT, nhua cbt s¢i thuy tinh, nhya cbt so1 han ché no héng, mtrc do hu hai, phﬁn
tir phi tuyén LINK.

ABSTRACT

Reductional Vibration of Earthquake-Ressistant Reinforced Concrete Frames
by GFRP solution

The paper reports the results of material using the research of glass fiber reinforced Polymer
(GFRP) to reinforce and increase the reductional vibration of reinforced concrete (RC) frames. Damage
indexes (DI) of the RC frames with and without GFRP was analyzed by finite element method of MATLAB
R2014a software associated with the results from the SAP2000 analysis by nonlinear Link elements which
follow hysteretic Takeda model subjects to some earthquakes such as Taft, Land and Nort. DI value of
GFRP non - RC frames is biger than the GFRP RC frames when it is subject to some earthquakes. At the
same DI value, the GFRP non - PGA is smaller than GFRP PGA.

Keywords: Reinforced concrete (RC) frames, glass fiber reinforced Polymer (GFRP), fiber
reinforced polymer (FRP) confinement, damage indexes (DI), nonlinear Link elements.

1.  Ditvan dé

D¢ giam thiéu cc cong trinh hu hai do tac dung ctia dong dt, viéc gia cudng két cau 1a mot
giai phap mang lai nhiéu loi ich vé kinh té hon so véi viéc pha d& va xay dung cong trinh méi.
Hién nay, nhiéu giai phép gia cuong khac nhau nhur ding hé giang thép, gia ¢b bang hé can, gia
cudng bang BTCT (tang tiét dién cot), vat liéu nhya cdt soi (FRP - Fiber -Reinforced Polymer),...
trong do, giai phap sir dung FRP d¢ gia cuong két cau 1a mot giai phap co nhidu vu diém nhu do
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bén cao, tudi tho 16m, cudng do chiu kéo cao, trong lugng nhe, it bi n mon, thi cong dé dang,
phan gia ¢ khong chiém khong gian kién tric,... FRP da dugc nhiéu tac gia trong va ngoai
nudce nghién ciru va cong bd, cu thé nhu Nguyén Chi Thanh va cong su [13] di nghién ciru gia
cudng cho két cau chiu luc bé tong cot thép bang viéc dan 16p vat liéu ¢t soi cuong do cao 1a
mot trong cac giai phap duy tri va nang cao stc chiu tai ciia két céu cii dé dap Gmg yéu cau vé
khai thac, két qua gia cuong vat liéu cudng d6 cao ndy ¢ nhitng ving chiu kéo 1am ting chiéu
cao chju nén ctia mat cit bé tong, déng thoi lam tang kha nang chiu udn cia ciu kién; Balsamo
va cong sy [3] da st dung vat liéu FRP dé gia cuong cho ¢t va dam cua mot khung BTCT bdn
tang, két qua cho thay cac khung gia cuong FRP c6 thé chiu duoc tai trong dong dat ting thém
1,5 1an so v6i ban dau dya trén tiéu chi ciing muc do chuyén vi; Eslami va Hamid Reza Ronagh
[8] da st dung FRP dé gia cudng cho cac cot ciia mot khung tam ting khong du ¢t dai, két qua
cho thdy d6 déo va kha niang chiu dong dét ciia khung ting 1én déng ké; Vui Van Cao va Hamid
Reza Ronagh [22] d3 phan tich anh hudng cua viéc dich chuyén khép déo cua khung BTCT
bang FRP gia cuong, két qua cho thiy mirc do hu hong ciia khung cé gia cuong FRP thap hon
so voi khung khong cé gia cudng FRP néu cling chiu mot cuong do dong dat nhu nhau. Trong
nghién ctru tiép theo, Vui Van Cao va Hamid Reza Ronagh [23] di nghién ctru anh hudng cua
viéc gia cuong nhya cbt sgi thiy tinh (GFRP - Glass Fiber Reinforced Polymer) dé han ché
nd hong cho mot khung tim tang chiu tai trong dong dat khac nhau dén muc do hu hong (DI -
Damage Indexes). DI dugc danh gia bang chi s6 hu hong va duoc phan thanh cac cap do nhu
khong hu, hu hong nhe, hu hong vira, hu hong niang va cong trinh pha hoai, két qua ctia nghién
ctru cho thiy viéc gia cuong GFRP lam giam dang ké hu hong cua khung tdm ting xubéng mot
hodc hai cp d6 hu hong.

Gia cuong khung BTCT bang GFRP han ché né hong da dugc nhidu tic gia nghién ctru,
tuy nhién mirc d¢ tang kha ning khang chén ctia khung BTCT duoc gia cuong bang GFRP so véi
khung BTCT khong duoc gia cuong cé cung mdt DI chua duge nghién ctu.

Gidi han bai bao nay 1a phan tich khung BTCT tam tang ba nhip, khung dugc mé hinh bai
phan mém SAP2000 V15 [7] bang phan tir phi tuyén LINK tmng xir tré theo mo hinh Takeda [21].
Phén tich ngoai mién dan hoi theo thoi gian ctia khung BTCT chiu céc tran dong dat khac nhau,
dugc phan tich bang phuong phap s boi phan mém MATLAB R2014a c6 xét DI bang gié tri.
Két qua ctia nghién ctru s& phan tich danh gia hiéu qua giam chan cua khung BTCT c6 va khong
c6 gia cuong GFRP.

2. M6 hinh bé tong khi bi b6 hong
2.1. Vatliéu FRP

Pic diém vat liéu FRP ¢ d6 bén cao, tudi tho 16n, trong luong nhe, dé thi cong va it bi an
mon. Nhiing uu diém nay c6 duoc 1a nho nhitng dac trung ctia FRP nhu cuong do chiu kéo cao,
khdi lwong riéng nhe. Vit liéu mdi FRP duoc dung phd bién trong nganh xay dung 14 soi thuy tinh
(GFRP), soi cac bon (CFRP), soi Aramid (AFRP). Mot sé chi tiéu co 1y cta chung duge so sanh
v6i cot thép, thé hién trong Bang 1.
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Bdng 1. Chi tiéu co ly cua vat lieu FRP, ACI [2]

Théng sb Thép GFRP CFRP AFRP
Cuong dé chiu kéo (MPa) 483+690 | 1860:4140 | 1720:6200 | 34404140
Mé dun dan hdi x10° (MPa) 200 6990 220+690 69+124
Khoi lugng riéng (g/em’) 7,9 1,2:2,1 1,5+1,6 12415
Bién dang kéo dut (%) 6+12 4,554 02+1,5 1,6:2,5

2.2.

BTCT khong gia cwong FRP

Anh hudng ciia cot dai dén quan hé ing suat va bién dang cua bé tong dugc nghién ciru boi
nhiéu tac gia khac nhau. Pon gian nhit 13 mé hinh cta Kent va Park [9], tng suat va bién dang
sau khi dat ung suét cuc dai cua bé tong co va khong co c6t dai 1a khac nhau; phén con lai 1a nhu
nhau. Diéu khong hop 1y nay da dugc sira di trong mé hinh ctia Park va cong sy [15] bang cach
¢6 tinh dén viéc tang ng suét cuc dai cia bé tong thé hién nhu Hinh 1.

\ Ung suit (f)
Kfte | . _ _

fe ——

Bé téng khong c6 cot dai \

* Bé téng co cbt dai

0.002K

& =0.002 Bién dang (s0)

Hinh 1. M6 hinh quan hé img sudt - bién dang ciia bé tong theo Park va cong suw [15]

2
ol 2. 2. .
r=7. gc_[ 86] néu e, <e, (1)
) )
f=fl1-Z(e,—&,)]20.2.f nbue, >, (2)
Trong do:
[ =K S e,=Kfo; Z= _ 05 s
340,29.f. 3 b" Je
2= p. |——0,002.K
145.f. —1000 4 S,

[, - tng suit trong bé tong; p, -ty s6 gitra thé tich cbt dai va thé tich phan 15i bé tong;
€ - bién dang cua bé tong; f. - ung suét 16n nhat don vi MPa; b” - chiéu rong cua 15i bé tong;
s, - khoang céach cot dai.

2.3. BTCT c6 gia cuong FRP

Soi FRP ¢6 tac dung chdng né hong cho bé tong, cudng do va do déo ting 1én dang ké theo
Lam va Teng [12]. M6 hinh tmg suét va bién dang cia BTCT gia cudng bang vat liéu FRP chia
ra 1am hai loai 1a c¢6 va khong c6 c6t dai. Khi khong c6 cot dai, tac dung han ché nd hong ciia cot
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dai co thé bo qua va két qua 1a toan bd bé tong bi han ché nd hong boi soi FRP; con khi c6 ¢t dai,
16p bé tong bao vé bi khéng ché nd hong chi boi soi FRP, 15 bé tong bao boc cbt dai bi khong ché
né hong bai ca ¢t dai va soi FRP. Tuy nhién, sy twong tic giita cbt dai va sgi FRP 1am cho quan
hé ung suét - bién dang cua bé tong thém phuc tap. Mat khac, khi sgi FRP da c6 tac dung thi anh
hudng ctia né ¢6 thé 16n hon nhiéu so voi cdt dai, nén mé hinh tmg suat - bién dang khong ké dén
anh huong cta ¢t dai duoc chon. Trong sb6 cac mo hinh nay, theo Rocca va cdng su [18] thi mo
hinh ctia Lam va Teng [12] la phu hop vai cot tron va ¢t vudng, Hinh 2.

Ung suit (MPa)
|
B
fcu _____________________
_________ A Gia cuomg|
sl FRP |
fele=2"_ | :
[ Khong gia |
: : cudng FRP I
|
| | |
Lo [
I | I
Ec~tana | : :
A : : I Bién dang (mm/mm)
0 & & &

Hinh 2. M6 hinh gia cuong soi FRP cho bé tong cia Lam va Teng [12]

(Ec _Ez)2 2 %
Trong doan OA: f, = E_.&, Ty S 0<e.<g 3)
Trong doan AB f; = f: +E2 'gc néu gts Ec Sgu (4)
2.f o
Trong do: ¢, =¢; E, = S =1 :
Ec _Ez 5u

fey -Ung suat tdi han; g, - bién dang t6i han.

c c c

1= ﬂ{1+3,3.ksl.ﬁ“) néu f—’a,z 0,07 va £, = f. néu f"f <0,07
/. /. /.

0,45
& ’ E t 2E ¢t
£, =& 1,75+12.ks2.§’“, (%J i f :%.gh’mp = 1; s Er
0

ty - tong chiéu day ciia FRP quin; Ehyrup - bién dang ciia FRP; E/- m6 dun dan hoi cia
FRP; D - dudng kinh trong dwong cia cot tron, D =+/h*> +b*

2 0,5

c c

98



Tap 12,86 1,2018

P el el

4 1-p,

c

b - chiéu rong cua cot; h - chiéu cao cua cot; r - ban kinh bo cong goc.
3. Mo hinh phén tich
3.1. Phan tich lich sir thoi gian ngoai mién dan héi

Céc phan tir dan hoi dam, cot co do cung duogc hiéu chinh boi cac hé s6 0,35 va 0,7 tuong
tmg ACI [1]. Pd cling ban dau sir dung trong truong hop két cau lam viée trong giai doan trudc
khi bi ntt theo hai trang thai: 1) bién dang dan hoi cua phan tir dan hoi voi chiéu dai / nho; 2) do
ctng hi€u chinh thi c6 thé bién dang nhé hon thyc té khi két cau lam viéc ngoai mién dan hoi. Két
qué ta c6 mo hinh dan hoi gdp phi tuyén LINK theo Sheikh va Khoury [19] va cac vi tri phi tuyén
LINK ciia dam va cot trong khung duoc thé hién trong Hinh 3, Hinh 4.

5 ()2 .\Phﬁn tir phi tuyén (LINK)
Phin tir phi tuyén (LINK) Q
R
Phinti dinhsi  Phintidhcing [ N\
Phin tir phi tuyén (LINK)
— N (hytl,)i2
Phintidinhéi  Phin b din héi /-
Hinh 3. M6 hinh phan tir phi tuyén Hinh 4. Vi tri phi tuyén LINK ciia dam va cét trong
LINK cua Sheikh va Khoury [19] khung BTCT

M6 hinh soi duoc sir dung dé phan tich quan hé mé men - do cong dén trang thai t6i han.
Trong mo6 hinh nay, mat cit ngang dugc roi rac thanh nhiéu thanh hay soi va bién dang phan bd
trong tiét dién duoc gia thiét 1a tuyén tinh, cc ing suét trong mdi soi duoc tim dya vao mo hinh
vat li€u tuong ung voi bién dang cua truc trong tam mdi soi, phan tich bién dang phan b6 duoge
dung lai khi cac diéu kién can bé'mg dat dén trang thai gidi han.

Theo Paulay va Priestley [16], bién dang t6i han cia bé tong e, va cua thép ¢ dugc
thé hién:

Fona
5 =0,004+14 2 i 5)

cc

gxm = 076‘8511 (6)
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Dua trén két qua thi nghiém, Epp = 0,624. €, duoc dé xuit cho GFRP.

Mo hinh ung xt tré cho cac phan tt BTCT c6 thé dugc phan thanh hai loai: tam tuyén va
song tuyén. Theo mé hinh Takeda [21] cho phép miéu ta nhitng thiét hai cua két cAu BTCT khi
vung kéo cia bé tong bi nut (Hinh 5).

Ung xir phi tuyén phan tir LINK theo mé hinh Takeda [21], d4 duoc cai tién boi Vui Van
Cao va Hamid Reza Ronagh [23], thé hién cu thé qua dd thi quan hé moé men - do cong cia bé tong
c6 va khong co gia cuong FRP, Hinh 6.

é Diém t6i han cia
3 bé tong bio vé
g Diém t6i han dura trén bé tong han
© ché n hong béi FRP va bt thép
p= g .
- = Diém téi han dua trén
- Chay déo ‘\ 161 bé téng va oft thép
\ -
\ - —-Ket cau khéng gia cwong FRP confinement
Nit \\ — Két chu c6 gia cuong FRP confinement
\
\
0 Dg cong (mm/mm)
Hinh 5. M6 hinh irng sudt tré Hinh 6. D6 thi mémen - d cong ciia két cau c6 va khéng cé gia
Takeda [21] cwong FRP cua Vui Van Cao va Hamid Reza Ronagh [23]

3.2. Lua chon mé hinh phén tich DI

M5 hinh hu hai ¢6 thé chia lam hai loai co ban: khong tich iy va tich liy. Lya chon mo
hinh phan tich hu hai tich liiy 1a mot lwa chon hop 1y hon dé danh gid trang thai hu hai cua két
céu chiu dong dat. Theo Banon va Veneziano [4] d4 sir dung m hinh don gian 1a goc xoay tich
lity chuan hoéa nhu 1a mot DI, né duoc thé hién bang ty 18 cta tong cac goc xoay ngoai mién dan
héi trong nira chu ky; Park va Ang [17] dd dé xuit mot mé hinh phan tich DI két hop ca hai yéu
t6 bién dang va niang luong; Kunnath va cong su [10] sir dung cac tmg xtr ciia md men - do cong
dé thay thé cho cac bién dang duoc dé xuit boi Park va Ang [17]; Tabeshpour va cong su [20] dé
Xuét st dung cac hé¢ ) trong lugong dya trén ) nang lugng dugc hép thu bai cac phﬁn tir hodc cac
bd phén; Vui Van Cao va cong su [24] da d& xuat mot mo hinh DI thé hién qua chi sb nang luong

duoc hép thu nhu sau:

E a(N-i)
D =| =1 Q)
Eh + Erec

Trong d6: E, - nhu cau nang luong, E, , - kha nang hép thy ning lugng cua két cu dudi

tai trong don, E - nang lugng to1 han ; Eh,ly - nang lugong thu dugc clia mot chu ky; a - hé

h,1collapse
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s6 diéu chinh, lay a = 0,06; N - niang luong tuong dwong véi sd chu ky bi sap d6; i - nang luong
E,
E

E
P4 1A s 1A h,1coll .
tuong duong va6i sO chu ky hién tai; lay N = —22% 5 j=

3.3. oy

Kiém tra m hinh Iy thuyét b

Mot mo hinh thi nghiém khung ba te‘ing do Bracci va cong su [5] nghién ctru dugc lya chon
dé kiém chung phan Iy thuyét néu trén.
3.3.1. M6 ti khung 3 ting

Mot khung thi nghiém 3 ting nhw Hinh 7 véi tai trong dong dat khong dugc xét toi trong
phan tich, kich thudc va chi tiét c6t thép theo Hink 8, cudng do cua bé tong 1a 27,2MPa va md
dun dan hoi tuong Gmg voi bé tong 1a 24200MPa. Dic trung co 1y ctia bon loai cdt thép sir dung
theo Bang 2.

24D5 _ 2#D5

{ﬁm’ﬁ’mm
A-A B-B
W-gati(typ)
D #D«
5 —Wesii@EE—
ooy ., e = 2004
cc Dp-p
Beam Steel Beam Sections
I T A
r&:-n—;‘rg—q!* < =
; :
gl Iy Iil 4+ e 10"
i i imzga
it OO (G ‘I D4
Ty J‘.“'\‘ i Waar
TEGP) Eroor pran 1 0P Section Y-Y
2" Siab Frames at
(Typ) y 6 Contors
T
I Boam:
36"
Al Colum
a"xa”
et
i
g 600 0", 60" 8 Ext.Colut [
Em_mw@—u"ﬁ .Column  Int. Colurr

1" =25.4mm

P R

Hinh 8. Kich thuéc va cot thép
khung 3 tang [5]

Hinh 7. M6 hinh khung 3 tang Bracci va cong sw [5]

Bing 2. Ddc trung ciia cot thép [5]

Cét thép Puwong kinh | Cwong dd chiy déo |Cwong do téi han| Mé dun dan hoi Bi(’%l-l dang
(mm) (MPa) (MPa) (MPa) toi han
D4 5,715 468,86 503,34 214089,8 0,15
D5 6,401 262,01 373,33 214089,8 0,15
Ilga 2,770 386,12 482,65 206160,5 0,13
12ga 3,048 399,91 441,28 205471 0,13

Tai trong tinh duoc tinh tir trong luwgng ban than cua san, dam, cot va trong luong gén vao
mé hinh nhu Hinh 7, tong trong lugng ctia mdi tang 1a 120 KN theo nghién ctru ctia Bracci va
cong su [5].

3.3.2. M6 hinh va kiém tra

Khi phan tich tinh lyc doc tac dung xuéng cOt dugc trinh bay & Bang 3, cac luc doc nay co

xét dén su dao dong khi chiu dong d4t, m6 men - do cong cho tat ca cac dam, cot duoc tinh nhu
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muc 3.1, ¢6 xét anh hudng cua lyc doc. Tuy nhién, & don gian trong bai bao nay anh huéng sy
dao dong cua lyc doc dén mo6 men - d6 cong dugc bd qua.

M6 hinh trong SAP2000 [7] ciia khung ba tang sir dung phan tir phi tuyén LINK theo Hinh 9,
cac phan tir phi tuyén LINK tng xir tré theo mé hinh Takeda [21]. Két qua trinh bay ¢ Bdng 4.

Bing 2. Luc doc xudng cét Bing 3. So sanh tdn sé f (Hz)
Ting |—~iedoc fhe dyng X“f;ngf@t () Mode | Thinghidm | i SAP
Cot bién Cot giira [5]
30 60 1 1,78 1,67
20 40 2 5,30 5,19
3 10 20 3 7,89 8,77

Phaén tich két ciu ngoai mién dan hoi theo thoi gian ciia khung ba tang chiu dong dat duoc
tién hanh trong SAP2000. Tran dong dét Taft xay ra vao ngay 21 thang 7 nim 1952 tai Lincoln &
California PEER [14] dung trong thi nghiém duoc sir dung dé phan tich, gia tri gia tbc nén PGA
st dung trong phan tich ngoai mién dan hdi 1a 0,3g tuong tng voi cip do vira ciia dong dat. Két
quéa phan tich dugc sir dung dé tinh DI ctia khung BTCT. Hink 10 thé hién mirc d6 hu hong cua
cong trinh khi chiu dong dat Taft.

Bdng 4. Muc do hu hai (DI) cua Vui Van Cao va cong su [21]

Ky hiéu hw hai Khoang hw hai DI
. > 0,00 + 0,05 Khoéng anh huong
+ 0,05 +0,25 Nho
X 0,25 +0,50 Vira
A 0,50 + 0,75 Nang
o 0,75 = 1,00 Sap d6
; i i I X =T
| | J Storey 3
; ‘s e # —
j S M .
Storey 1
& 5 & &

a) ~  Crock b)

Hinh 9. Mé hinh khung 3 tang Hinh 10. Hu hai ciia khung BTCT chiu trdn dong dat Taft 0,30g
voi phan tir phi tuyén LINK a. Thi nghiém theo Bracci va cong sw [5]; b. Phdn tich.
bang SAP2000

4. Phin tich s6
4.1. Mo ta kKhung tim ting

Mot khung tam ting ba nhip theo Hinh 11, Hinh 12 dwoc chon dé phan tich DI trong bai bao
nay. Cot thép chiu luc duge str dung trong phan tich v6i cuong do chay déo 420MPa va mé dun
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dan hoi tuong g voi ¢t thép 1a 200GPa. Cudng do chiu nén cua bé tong 1a 25MPa va mo dun
dan hoi trong g vai bé tong 1a 4700.\/7; MPa, cu thé c6t thép duoc thé hién & Bang 6. Puong
kinh c6t thép dai dugc dung 13 10mm. Théng tin cu thé ciia khung tam tAng duogc trinh bay trong
nghién ctru ctia Eslami va Ronagh [8].

CcL
Fo Fo
I Fe R
Cr—‘C Fq Cr_‘C Fq
) )
(_r-lC E (,r-‘C Ee,
=t =
J L L.
Ed Eed
R &t
= D Dy
® B B —b—— —b——
A 12 I T W ]’ 1
D Do
D D As
i o i o . . 1 ~ 1
P P t J t g J
D D4
ATA H .
L - - - - .u ~§
L 3@5m N Typical column section Typical beam section
Hinh 11. Khung tam tang [8] Hinh 12. Mdt cdt cét va dam dién hinh ciia
khung tam tang [8]
Bing 5. Chi tiét cot thép cua khung tam tang [8]
. b h d a A A A Bude cot
Mat cat st s s .

: (mm) (mm) | (mm) | (mm) (mm?) (mm?) (mm?) dai (mm)
A-A 600 600 540 60 16025 - - 450
B-B 600 600 540 60 16018 - - 450
C-C 500 500 440 60 16016 - - 450
D-D 500 500 440 60 - 6 ©25 4 @25 140
E-E 500 500 440 60 - 6 ©22 4 ©22 175
F-F 500 500 440 60 - 6018 3018 250

4.2. Mo hinh khung tam ting khéng c6 gia cwong FRP

Tai trong bao gom tinh tai 30 kN/m va hoat tai 10 kN/m, trong lugng dung dé phan tich
dong dat 1a D + 0.25L theo nghién ctru cia Eslami va Ronagh [3]. Céc tran dong dit co cudong do
16n hon 6,5; PGA 16n hon 0,1g va thoi gian dong dét 16n hon 40s duge chon dé phan tich lich str
thoi gian ngoai mién dan hoi, thé hién trong Bdng 6.

Bing 6. S6 trdn dong dat ding trong bai bdo ciia Eslami va Ronagh [3]

Tén dong dat Ky hiéu Nam Cuong do PGA (g)
Kern Country TAFT 1952 7,4 0,159
Landers LAND 1992 7.3 0,130
Northride NORT 1994 6,7 0,345
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Khung tim tang duge mo hinh boi SAP2000 bang cach sir dung phan tir phi tuyén LINK
Vi cac dic trung ctia phan tir phi tuyén LINK duoc x4c dinh dua vao phan tich mé men - d6 cong
va md men - goc xoay ciing dugce trinh bay trong muc 3.1. Luc doc dé phan tich mé men - goc
xoay theo Bdng 8, m6 hinh phan tir phi tuyén LINK va mode dao dong dau tién cho khung BTCT
trong SAP2000 theo Hinh 13, Hinh 14.

Chu ky dao dong cua khung dugc xac dinh tir mé hinh SAP2000 13 1,30s xap xi v6i chu ky
dao dong trong nghién ctru ctia Eslami va Ronagh [8] 1a 1,28s.

Bing 7. Luc doc xuong cot khung khi phan tich tinh

. Luc doc xudng ¢t (KN)
Tang
Cot bién Cot giira
1 - 982,00 - 1690,25
2 - 858,23 - 1469,40
3 -731,93 - 1251,07
4 - 603,68 - 1034,69
5 - 475,06 - 818,69
6 - 354,93 - 610,70
7 - 233,46 - 404,04
8 - 110,63 - 198,75
25 [l [ L3
q u\, T :i T
o LBl [l L
b ik i J
Hy [ [, [
, T —‘5 T :h =
b, Ll [ n
i B | it :
i -.’:':;‘:.‘ e ra
Lis _!E!‘ a2 .
!'.. o I'_ i =
b T T it
[ x 1] 1 N
Hinh 13. M6 hinh phan tir Hinh 14. Mode dao déng dau tién

phi tuyén LINK
4.3. Mo hinh khung tim ting gia cwvong GFRP

Gia cudng vat lidu nhya cdt soi thiy tinh (GFRP) ¢6 md dun dan hdi nho nhung bién dang
déo cao, chi phi gia thanh ré nén GFRP dugc chon dé gia cudng khung BTCT tam tang. Dic trung
GFRP dugc chon dé gia cuong thé hién & Bdng 9. Vi tri goc cua cdt dugc bo tron ban kinh 50 mm,
quan hai 16p GFRP quanh mdi cot nhw Hinh 15.
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Bdng 8. Ddc trung cua GFRP theo Luca va cong sy [11]

Mé dun dan hdi, E 2
(MPa)
3241 72379 0.589

Cuirng d9 chiu kéo, £, (MPa) Chiéu day, t (mm)

GFRP wraps

= =)

a) GFRP qudn quanh cjt b) Vi tri bo géc cho cét bang GFRP
Hinh 15. Gia cuong GFRP cho c¢t theo Luca va cong su [11]

4.4. Phan tich DI ciia khung tim ting

DI ctia khung c6 gia cuong va khong c6 gia cuong GFRP dugc phén tich sé bang phan mém
MATLAB R2014a va c6 st dung két qua phan tich tir SAP2000 c6 xét dén céc tran dong dat Taft,
Land va Nort. Két qua, khi ciing mot gia tri PGA thi khung dugc gia cudong GFRP ¢6 DI nho hon
so v6i khung khong gia cuong GFRP va DI cua khung dugc gia cudng giam xubng khoang 2,42
dén 2,77 1an (khi PGA = 0,6g); 2,72 dén 3,32 1an (khi PGA = 0,4g); 4,93 dén 6,68 lan (khi PGA
= 0,2g) theo Bang 10, Hinh 16, Hinh 17.

Bdng 9. So sanh DI ciia mo hinh khung khong gia cuong va co6 gia cuong GFRP

DI khong gia cwong DI ¢6 gia cwong So sanh chénh léch
Ky (max) (max) (1an)

hiéu
) 0,2g 0,4g 0,6g 0,2g 0,4g 0,6g 0,2g | 0,4g | 0,6g

Taft 0,371 | 0,594 | 0,716 | 0,057 | 0,196 | 0,286 | 6,50 | 3,03 | 2,50

Land 0,361 | 0,573 | 0,705 | 0,054 | 0,178 | 0,254 | 6,68 | 3,21 | 2,77

Nort 0,424 | 0,616 | 0,711 | 0,086 | 0,225 | 0,293 | 4,93 | 2,73 | 2,42
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1.00 1.00
TAFT LAND
o 075 0.716 o075 0.705
e EKhéng gia cuong GFRP e m Khéng gia cuong GFRP
=4 0.594 =1 e
= ® Gia cuémg GFRP Eal = Gia cuomg GFRP
Eos0 Eoso
(=13 .
b 0.371 ©
£ &
= 025 | = 025
0.00 - 0.00 -
a) 028 0.4g 0.6g b)
PGA(g)
1.00
NORT
0.75 0.711

=) m Khéng gia cutmg GFRP

e 0.616

=

= ® Gia cuéng GFRP

B

i 030 0.424

(=g

=

& 0.293

2 025 0225

0.086
) 0.00
L 0.2g 0.4g 0.6g
PGA (g)

Hinh 16. Do giam ID cua khung co gia cuong va khong gia cwong GFRP
khi chiu cac tran dong dat

3
4 el y - ' '
ol o
: :
:
=
& 2 &
-4
1 y y . . ; y y 1 .
) 05F----F- s ........ [ R - ----------------- e s - 8 ... Lraenemes i a=masses foeenees : ........ fetvases iotameves foeeees o
5 : ] £ :
8 ) - i : I
0 | i | | | | i 0 i [
0 5 10 ik 20 25 30 e 40 1] 5 10 15 20 25 30 35 40
Time (s) Time (s)
a) b)

Hinh 17. Quan hé DI va thoi gian tai vi tri chan cot $6 2 do tran dong dat NORT
voi PGA = 0,6g
a. DI khong gia cuong; b. DI co gia cuong GFRP
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Gi4 tri DI bing nhau, khung gia cuong GFRP chiu dugc cuong d6 dong dat manh hon
khung khong gia cudng theo cac tran dong dat Taft, Land va Nort. Két qua, 16n hon 2,95 lan (trin
dong dét Taft); 3,05 1an (tran dong dat Land); 3,20 lan (tran dong dét Nort) khi c6 va khong co gia
cuong GFRP theo Bdng 11, Hinh 18.

Bdng 10. Muc do tang PGA khi cung DI

Ke PGi:c(ll;‘l;g“g Ii’fc‘; ((:I:’ So sinh PGA c6 gia
Y DI g g€ |8 € | cwdong GFRP/ khong
hi¢u GFPG) GFRP) | sia cwong GFRP (Iin)
8 ®
0,371 0,20 0,76 3,80
Taft
0,594 0,40 1,18 2,95
0,361 0,20 0,82 4,10
Land
0,573 0,40 1,22 3,05
0,424 0,20 0,88 4,40
Nort
0,616 0,40 1,28 3,20
1.25 118 1.25 1.22
uPGA khéng gia cuong GFRP = PGA khéng gia cudng GFRP
00 EPGA gia cudng GFRP .00 WPGA gia cudng GFRP
TAFT 052  LAND
0.76
5075 ) 0.75
S 3
A 0.50 A 0.50
0.25 | 0.25 -
0.00 ‘ 0.00
i 0.371 o 0.594 b) 0.361 2 . 05713
Mikc d hw hai (DI) Mirc d6 hw hai (DI)
1.50
B PGA khong gia cuong GFRP 128
= PGA gia cudng GFRP
NORT
1.00 s
>
3 0.75
A~
0.50 04
0.25 -
0.00 - ‘
o 0.424 0.616
Mirc d6 hw hai (D)

Hinh 18. Quan hé mirc d¢ ting PGA va gid tri DI bang nhau c6 gia cuong GFRP
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5. Két luin

Bai bao di trinh bay két qua DI cua khung BTCT c6 va khong cé gia cudng GFRP, duoc
phan tich bang phwong phép s boi phan mém MATLAB R2014a két hop véi két qua phan tich
tir SAP2000 bang phan tir phi tuyén LINK g xir tré theo md hinh Takeda (1970) c6 xét dén cac
tran dong dat Taft, Land va Nort.

Chu ky dao dong ciia khung trong nghién ctru nay 14 1,30s x4p xi voi chu ky dao dong trong
nghién ctru ciia Eslami va Ronagh 1a 1,28s.

Gia tri DI cta khung khong gia cuong 16n hon 2,42 lan khung gia cudng GFRP khi cing
chiu mot tran dong dat.

V6i Gié tri DI bang nhau, gia toc nén PGA dong dat 16n hon 2,95 1an (trdn dong dét Taft);
3,05 lan (tran dong dét Land); 3,20 lan (tran dong dat Nort) khi c6 va khong co6 gia cuong GFRP.
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Tap chi Khoa hoc - Truong PH Quy Nhon, ISSN: 1859-0357, Tap 12, S6 1, 2018, Tr. 111-121

KHAO SAT MOQT SO YEU TO ANH HUONG PEN QUA TRIiNH PIEN DI ISOZYME
AMYLASE, ESTERASE O LA LUA VA PHO DPIEN DI ISOZYME AMYLASE,
ESTERASE CUA MOT SO GIONG LUA CHIU MAN

TRUONG THI HUE
Khoa Sinh - K¥ thuat nong nghiép, Truong Pai hoc Quy Nhon

TOM TAT

Trong ky thudt dién di isozyme, c¢6 nhiéu yéu t6 anh hieong dén sw phén tach va hién bang isozyme.
Pé xdc dinh cac diéu kién thich hop cho qud trinh dién di isozyme, mot s6 yéu té nhi nong do gel
polyacrylamide, thanh phan va nong dg co chdt, hiéu dién thé va thoi gian chay dién di da dwoc khdo sdt.
Dit liéu thu dwoc cho thdy isozyme amylase, esterase can dién di trén gel polyacrylamide 2 I6p khéng bién
tinh co né‘ng do gel tach la 12%T. Qua trinh dién di dwoc thuc hién voi hiéu dién thé o gel co la 90V va gel
tach la 130V trong thoi gian 200 phiit. Dé hién bang isozyme esterase, ban gel dwoc 1t véi nong dg co cht
a- naphtyl acetate 0,05% va -naphtyl acetate 0,04%. Doi voi isozyme amylase, trong thanh phan gel tach
co thém tinh bot voi néng dé cudi la 0,2%. Ap dung cac diéu kién da duoc thiét ldp, chung toi da xac dinh
dirge phé isozyme amylase va esterase ciia mét sé giong lia chiu man.

Tir khéa: Pho isozyme 14 laa, isozyme amylase, isozyme esterase, dién di gel polyacrylamide.

ASBTRACT

Investigation of a Number of Factors Affecting Electrophoresis of Amylase, Esterase Isozymes and
Electrophoretic Profile of Amylase, Esterase Isozymes of Some Salt Tolerant Rice Varieties

In isozyme electrophoresis, there are many factors that affect the separation of isozymes. To
determine the suitable conditions for isozyme electrophoresis, several factors such as polyacrylamide
gel concentration, composition and concentration of substrate, voltage and electrophoresis time were
investigated. The data showed that the amylase, esterase isozymes are seperated on 2-layer polyacrylamide
gel without denaturation with the separating gel of 12%T. The electrophoresis was performed with a voltage
of 90V in stacking gel and a 130V seperating gel for a period of 200 minutes. For esterase isozyme, the
gel was incubated with 0.05% o-naphtyl acetate and 0.04% p-naphtyl acetate. For amylase isozyme, the
separating gel is added starch with a final concentration of 0.2%. Applying established conditions, we
determined the amylase and esterase isozyme spectrum of some saline tolerant rice varieties.

Keywords: Isozyme profile from rice leaves, amylase isozyme, esterase isozyme, polyacrylamide
gel electrophoresis.

1. Mé diu

Dién di 1a mot trong sb cac phuong phap dugc st dung phd bién nhit trong cac nghién ciru
hoa sinh nham phan tach cac hop chét. Co s ctia dién di chinh 1a sy di chuyén khéc nhau cta céc
phan tir mau tich dién trong dung dich dudi tic dung cia dién truong [5, 6].

*Email: truongthihue@qgnu.edu.vn
Ngay nhén bai: 15/5/2017; Ngay nhan dang: 9/6/2017
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Trong chon tao giéng lua, k§ thuat dién di gitip phat hién nhanh nhiing tinh chit ndi bat nhu
mui thom, protein, amylase hay kha ning chdng chiu véi diéu kién ngoai canh bt loi. .. Trong do,
dién di phan tich isozyme trén gel polyacrylamide 2 16p khong bién tinh da dugc (mg dung thanh
cong trong viéc xac nhan con lai (Loschiaro va cong su, 1983), phat hién cac bién di soma (Lasner
va Orton, 1983), wéc lwong bién di di truyén trong quan thé, nghién ctru quan hé chung loai phat
sinh (Crawford, 1982), kiém tra mirc d6 thudn chiing, phan loai cac giéng cy trong... [1,2, 3,4, 7].
Tuy nhién, trong qua trinh dién di isozyme, diéu kién dién di anh huong rat 1on dén su phan tach
va hién bang isozyme trén gel polyacrylamide [6]. Vi vay, chung t6i tién hanh khao sat mot s6 yéu
t6 anh huong dén qua trinh dién di isozyme amylase va esterase nhim tim ra diéu kién t6i uu cho
phén tich dién di isozyme ¢ 14 laa.

2.  Phwong phap nghién ctru
2.1. Nguyén liéu va héa chat

Céc giéng lua duoc dung trong nghién ciru bao gdm AS996, OM6922, OM136, VD8
(c6 ngudn gbc tir Vién lia Pong bang séng Ciru Long) duge ldy tir Trung tim giéng ciy trong
Binh Dinh. Trong d6, gidng dbi chiing duong (AS996) duoc xac dinh 1a giéng chdng chiu man tdt
va gibng ddi chung 4m (VD8) 1a giéng man cam v&i min duoce ding 1am ddi ching trong phan
tich tinh da hinh cta phd biang isozyme. Gidng lia OM136 va gidng OM6922 hién nay duoc trong
khao nghi€ém ¢ mot s6 ving nhiém min cta Binh Dinh.

Acrylamide, bis-acrylamide, glycine, tinh bot, sucrose dugc mua tr Biobasic; N, N, N’,
N’-tetramethylethylenediamine (TEMED), ammonium persulfate (APS), natri acetate dwoc mua
tur Sigma; tris-base, f-mercaptoethanol, ethanol, a-naphtyl acetate va B-naphtyl acetate, fast blue
B salt dugc mua tir Merck.

2.2. Phuong phap nghién ciru
2.2.1. Chudn bi mdu lia

Hat ltia nay mam dugc gieo vao chau c6 bd sung dung dich dinh dudng Yoshida [11], chiéu
sang tu nhién (12 gio/ngay), nhiét do trung binh 25-30°C. Céy lua duoc 7 ngay tudi, thu hai phan
14, xtr Iy so b bang cach lau sach v6i con 96° dé trich ly enzyme.
2.2.2. Tich chiét enzyme tir li liia

Enzyme thé dugc tich chiét bang cich nghién véi dung dich gdm sucrose 5% va
B-mercaptoethanol 1%. Dich nghién duogc ly tdm 2 1an véi toe do 13.000 vong/phiit trong thoi
gian 10 phat ¢ nhiét 6 4°C. Dich ndi chtra enzyme dugc bao quan & -20°C.
2.2.3. Dién di isogyme trén gel polyacrylamide

Céch thire dién di isozyme khét khe hon rat nhiéu so véi dién di protein. Dién di duogc thuc
hién trong diéu kién lanh ¢ tit ca cac khau nham han ché t6i da sy bién tinh cua enzyme cO thé
xay ra tir khau tach chiét, bao quan dich chiét, dém dién di dén khau chay dién di ciing dugc thuc
hién trong ta lanh chuyén dung hodc néu diéu kién khong cho phép co thé dién di trong ngian mat
tu lanh thong thuong [6].
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Enzyme amylase va esterase duoc chay dién di trén gel polyacrylamide 2 16p, khong bién
tinh (Laemmli, 1970) véi gel ¢o va gel tach c6 ndng d6 thich hop d6i véi timg enzyme [5]. Riéng
enzyme amylase, trong thanh phan gel tich c6 thém co chit 13 tinh bot. Tién hanh chay dién di véi
cuong d6 dong dién va hiéu dién thé phu hop; thoi gian dién di tiy thudc timg enzyme.

Sau khi két thuc qua trinh dién di, ban gel dugc U véi thoi gian 1a 30 phut ¢ nhiét @6 37°C
trong dung dich nhudm theo nguyén tic chung nhu sau:

Co chit .
Enzyme ¢ ,a Hé dém nhu¢m Thuoc nhudm
tuong wng
Amylase Tinh bot Natri acetate 100mM, pH 5,5 I, vaKI
- htyl tat
Esterase G-riaphty” avelate Tris-HCI 50mM, pH 7,1 Fast blue B salt
B- naphtyl acetate

Phin tich pho dién di

Vi tri bang isozyme duoc xac dinh bang téc d6 di chuyén twong ddi Rf (relative mobility/
retention factor), biéu thi bang ty 1é giita khoang cach di chuyén duoc ctia cu tir protein so véi
khoang cach di chuyén cua chi thi mau.

_ 1
Rf = T

V6i 114 khoang cach (cm) tir vi tri chay (giéng) dén vi tri bang isozyme.
L 1a khoang cach (cm) tir vi tri chay dén vach chi thi mau danh déu.

2.2.4. Khdo sdt cdc yéu té anh hwong dén qud trinh dién di isozyme amylase, esterase

Amylase 12 mot hé enzyme rat phd bién trong giGi sinh vat, cac enzyme nay thuéc nhom
gia cua nudc. Amylase thuy phan tinh bot, glycogen va dextrin thanh glucose, maltose va dextrin
han ché.

Esterase 1a enzyme c6 sy da hinh 16n, duoc ding dé danh gia mirc d6 giéng nhau vé mat di
truyén trong cac nhom thuc vat. Su phan tach cac bing isozyme esterase rd rang sé tao diéu kién
thuén loi cho su phan tich tinh da hinh cua enzyme [2, 4].

Diéu kién dién di anh huong 16n dén két qua dién di. Néu didu kién dién di khong phu hop
v4i enzyme s& 1am cac bing isozyme bi cong, hodc enzyme bi bién tinh. Pong thoi no ciing c6 thé
lam cho cac bang isozyme khong phéan tach ro rang.

2.2.4.1. Khdo sat nong dé gel

Nong do gel anh huong rat 16n dén su phan tach cac bang protein trén gel. Vi ndng do gel
ty 18 nghich véi kich thude 15 gel, nén mdi ndng d6 gel cho phép phén tach protein c¢6 trong luong
phan tu xac dinh [6].

Dé phd bing isozyme cia lua dwoc phén tach rd rang va ddy du trén gel, chung t6i da khao
sat nong do gel tach cho phil hop v6i enzyme amylase va esterase cua 14 lta. Chiing t6i tién hanh
thir nghiém bang cach dién di cing mot miu enzyme trén cic ban gel co nong do gel phan tach
khac nhau. Nong do cua gel co dugc giit nguyén 1a 4%T, nong do ctia gel tich dugc thay doi lan
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luot 1a 12%T va 14%T. Qua trinh dién di dugc thuc hién véi hiu dién thé gel co 1a 90V va gel
tach 12 130V véi thoi gian 200 phiit. Mau sir dung trong thi nghiém khao sat diéu kién dién di 1a
mau duoc tach chiét theo quy trinh tot nhét [9], ¢6 cai tién.

2.2.4.2. Anh huéng ciia hiéu dién thé dong dién dén sw phan tach isozyme

Trong qua trinh dién di, hiéu dién thé anh huong 16n dén su phan tach phé bang isozyme.
Néu hiéu dién thé khong phui hop véi enzyme thi ¢ thé 1am cho protein bi khuéch tan, biang
enzyme bi cong hodc enzyme bi bién tinh [5].

Trong thi nghiém nay, chiing t6i tién hanh dién di miu trén gel polyacrylamide véi gel co
4%T va gel tach 12% & 200 phit va khao sat hiéu dién thé nhu trong bang 1 nham chon ra diéu
kién dién di thich hop dbi v6i enzyme 14 lua.

Chi tiéu theo doi: hinh dang cac bang enzyme va su phan tach cac bang trén gel.

Bing 1. Hi¢u di¢n thé cho dién di amylase, esterase ld lia trén gel polyacrylamide

Hiéu dién thé
Thi nghiém
Gel co Gel phan tach
1 90V 130 V
2 o0V 150V

2.2.4.3. Anh huéng ciia thoi gian chay dién di dén sw phan tach isozyme

Thoi gian chay dién di 1 mot trong cac yéu td anh huong dén su phan tich cia cac biang
isozyme. Thoi gian chay qua it thi cac bang s€ khong dugc phan tach con dién di voi thoi gian qua
lau thi c6 thé protein bi khuéch tan nén phan tach khong tét.

Chung t61 tién hanh theo doi tbe do dich chuyén cua cac phan tu esterase, amylase dua vao
chi thi vach séic t6. O diéu kién thir nhét 1a qua trinh dién di duoc két thic khi vach sic t6 vira
chay khoi ban gel (khoang 150 phut) va & diéu kién th hai 14 qua trinh dién di dugc két thic khi
vach sic to chay dén cudi ban gel sau d6 dién di thém 50 phut (tong thoi gian khoang 200 phut).
2.2.4.4. Khado sat thanh phan va nong do ciia co chdt trong phan img hién bang enzyme

Dé hién bing enzyme, dua vao phan tng gitra san phdm thuy phan va chit nhuém mau dic
hiéu. Néu ham luong co chit khong du thi bang isozyme s& mo con ham luong co chat qua 16n
s& trc ché phan g enzyme. Vi vy, thanh phin va ndng do cta co chét c6 anh hudng rat 16n dén
dd 10 nét cua cac bang enzyme.

Dbi v6i isozyme amylase, co ché hién mau cac bing amylase nhu sau:

Tinh bot %maﬂosc, glucose

%

nén gel bang amylase
xanh tim trang sang
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Vi vy, chiing t6i tién hanh thir nghiém ndng d6 co chét tinh bot trong thanh phan cua gel
tach véi nong do cudi 1a 0,1% va 0,2%.
béi véi isozyme esterase, cO ché hién mau cac bang esterase nhu sau:

o- naphthyl ester
p-naphthyl ester

Esterase
/ a- naphthol Fast Blue BB salt
Acid carboxylic B- naphthol

bang esterase
nau do va nau xam
o-naphthyl 14 co chat phd bién nhit d6i voi mot s6 isozyme esterase, con mot sb isozyme
esterase dic hidu v6i co chat p-naphthyl. Vi vay ddi voi lua, ching t6i can thir nghiém ca 2 thanh
phﬁn co chét nay voi ham lugng khac nhau dé xac dinh nf”)ng d6 thich hop cho su hién bang dac
hiu ctia cac isozyme esterase.

3.  Két qua va thio luin
3.1. Xic dinh cac diéu ki¢n thich hop cho qua trinh dién di isozyme
3.1.1. Anh hwéng ciia hi¢u dién thé dong dién dén sw phén tich cdc bing isozyme

Do linh dong hoic toc d6 chuyén dong cua phan tir mau ting 18n khi hiéu dién thé va dién
tich ctia phan tr tang 1€n va nguoc lai. Néu dién ap duogc cép cho hé théng cao s€ sinh ra luong
nhiét vurgt qua mirc cho phép (lwgng nhiét sinh ra do dong 16n) c6 thé s& lam cac biang isozyme bi
cong, hodc enzyme bi bién tinh. Pdng thoi né ciing c6 thé 1am cho cac bing isozyme khong phan
tach 16 rang [6]. Vi vay hiéu dién thé co anh hudng rat 1on dén sy phan tach cac bang isozyme.

1 2 3 4 1 2 3 a

A B
Hinh 1. Phé isozyme amylase ciia cdc giong hia thi nghiém
A. Dién di véi hiéu dién thé 150V; B. Dién di véi hiéu dién thé 130V
Giéng 1-4: Amylase tir dich chiét ¢ ld lia ciia cdc giong lia
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Trong qua trinh dién di isozyme amylase, esterase trén gel polyacrylamide, hiéu dién thé
giita gel ¢ va gel tach 1a khac nhau. Hiéu dién thé gel c6 duoc duy tri 1a 90V, thdp hon hiéu dién
thé cua gel tach bai vi gel ¢ ¢o tac dung khi cho mau di qua s& duoc 6 lai thanh mot bang méanh
do duoc kep giita ion chloride va glycinate khi chiing chuyén dong qua 16p gel ¢6. Nhd nong do
gel ¢b thip, 16 gel 16n nén c6 rat it can thiép cua gel vao su dich chuyén ciia cac phan tir mau co
kich thudc 16n [5]. Su phan tach céc bang isozyme phu thudc rat nhiéu vao hiéu dién thé 6n dinh
& gel tach. Vi vay, chung toi tién hanh khao sat qué trinh dién di & gel tach voi hidu dién thé 150V
va 130V.

V6i hiéu dién thé gel tach 1a 150V, két qua & hinh 1A cho thdy cac bang isozyme bi cong va
khong sac nét. Hiéu dién thé cao s& lam cho cac phan ti mau chay qua nhanh, khuéch tan manh
nén cac bang enzyme khong thiang hang. Vi vay, chiing t6i da giam hiéu dién thé gel tach xudng
con 130V, cac bang amylase xuét hién thang va rd nét hon (hinh 1B).

Tir thyc nghiém, ching t6i da chon hiéu dién thé phu hop d6i voi gel tach 1a 130V khi
dién di isozyme amylase trén gel polyacrylamide. Trong lugng phan tir ciia enzyme esterase va
amylase khong chénh 1éch qua 16n khi dién di trén gel, nén chiing t6i chon diéu kién hiéu dién thé
cho esterase ciing 12 90V dbi véi gel ¢6 va 130V d6i véi gel tach.

3.1.2. Anh hwéng ciia thoi gian chay dién di dén phé bing isozyme

Thoi gian chay dién di 12 mét trong cac yéu t6 anh hudng dén su phan tach cua cac bing
isozyme esterase. O diéu kién thoi gian dién di 150 phut, két qua ¢ hinh 2A cho thay rang cac bang
esterase chua duoc phan tach, tinh da hinh ctia isozyme chua thé hién rd nén rat khé nhéan biét sy
khac nhau vé phd biang isozyme esterase gitta cac gidng ltia nghién ctru.

O diéu kién thoi gian dién di 200 phut, két qua & hinh 2B cho thiy cac bing esterase duoc
phan tach rd hon, c¢6 thé thay duoc nhidu bang isozyme esterase sau khi nhuém mau véi thude
nhudm Fast blue B salt.

Tir két qua thuc nghiém, chung t6i chon thoi gian dién di cho esterase 1a 200 phut dé tién
hanh céc thi nghiém sau.

A B
Hinh 2. Phé isozyme esterase ciia cdc giong lia thi nghiém
A. Thoi gian dién di la 150 phut; B. Thoi gian dién di 200 phut
Giéng 1-4: Esterase tir dich chiét ¢ la hia ciia cdc giong lia
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Trong lugng phan tir ciia enzyme esterase va amylase khong chénh 1éch qua 16n khi dién di
trén gel, nén ching toi chon thoi gian chay dién di cho 2 enzyme nay nhu nhau.

3.1.3. Anh hwéng ciia nong dp gel dén sw phén tich isozyme amylase, esterase ld liia

Qua nhiéu lan chay dién di isozyme amylase, esterase, chiing t6i di thay d6i nong do gel
tach cho phu hop. Két qua thuc nghiém cho thiy ring & didu kién hiéu dién thé gel ¢6 6n dinh
12 90V, gel tach 1a 130V va cuong d6 dong dién khong doi, isozyme amylase, esterase phan tich
t6t & nong do gel tir 12%T - 14%T. Mat khac, kha nang phan tich cc bang isozyme amylase va
esterase khong thay doi nhiéu ¢ ndng do6 gel tir 12% T - 14% T (hinh 3A, 3B). Do d6, chung t6i
sir dung gel tich 12%T d¢é tién hanh dién di isozyme amylase, esterase cho céc thi nghiém sau

nham tiét kiém kinh phi.

A B
Hinh 3. Phé isozyme esterase cia cdc giong hia thi nghiém
A. DPién di trén gel polyacrylamide 12%T; B. Dién di trén gel polyacrylamide 14%T
Giéng 1-4: Esterase tir dich chiét ¢ ld liia ciia cdc giong lia

3.1.4. Anh hwéng ciia co chit tinh bét trong thanh phan gel polyacrylamide dén phé isozyme

amylase

Co chiat dic hiéu cta amylase 1a tinh bot. Cac bang isozyme amylase s& duoc hién mau dwa
vao phan g dic hiéu giira san pham thily phan tinh bot v6i thude thir Iot. Nén gel chira tinh bot
dugce nhudom thude thir s& c6 mau xanh tim dic trung, tuy nhién nhiing vi tri c6 isozyme amylase
s& xuat hién nhiing bing mau trang trén nén gel xanh tim bdi vi ¢ nhiing vi tri ndy amylase tién
hanh phan ung thity phan tinh bot trong thanh phan cua gel tach. Chinh vi thé, thanh phan co
chat tinh bot s& c6 anh hudng rat 16n dén qua trinh dién di phat hién bing amylase. Néu nong do
tinh bot qua 16n thi qua trinh thuy phan tinh bt xay ra khong hoan toan do lugng amylase qua it
trong mau. Con néu ndng do tinh bot qua it, ban gel c6 mau nhat khi bt mau thude thir Iot nén sy
tuong phan giita cic bang amylase va nén gel khong 16n vi vay rat khé phat hién cac bing amylase
[8, 10]. O day, chung t6i tién hanh khao sat 2 loai ndng do tinh bot bao gdm tinh bot c6 nong do
cudi 1a 0,1% va tinh bot 0,2% trong thanh phan ban gel polyacrylamide.
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A B
Hinh 4. Phé isozyme amylase ciia cdc giong hia thi nghiém
A. Gel tach c6 nong dé co chat tinh bot 0,1%; B. Gel tich ¢6 nong dé co chat tinh bot 0,2%
Giéng 1-4: Amylase tir dich chiét ¢ ld liia ciia cdc giong lia

Cung mot ngudn enzyme va cac diéu kién dién di twong tw, dbi v6i ban gel c6 thanh phan
tinh bot 0,1%, két qua ¢ hinh 2A cho thdy cac bang isozyme amylase mau trang xuét hién trén
nén gel mau vang nhat nhung khong rd nét, sé lugng cac bing isozyme amylase con it. Diéu nay
¢6 thé 1a do ham lugng co chat tinh bot con it dan toi san phim phan tng thiy phan s& it nén khi
tac dung v6i thude nhudm Iot thi cac bang isozyme c6 mau tring mo trén nén gel mau vang nhat,
khong c6 sy twong phan rd rét giita mau sic ban gel va pho biang amylase.

Dbi véi ban gel co thanh phan tinh bot 0,2%, chiing toi thdy ring lugng enzyme trong
mau van du dé phéan giai mot lugng tinh bot 16n hon. Vi véy, két qua 14 hién rd cic bang isozyme
amylase tring sang trén nén gel mau xanh tim dam, s6 luong cac biang isozyme ciing nhiéu hon so
véi ban gel ¢c6 ham lugng tinh bot 0,2% khi nhuém mau véi thudc thir Tot (hinh 2B).

Tir két qua thuc nghiém, chiing t6i chon néng do tinh bot 0,2% trong thanh phan cia ban gel
dé phat hién phd biang amylase bang dién di trén gel polyacrylamide & cac giéng laa nghién ctru.

3.1.5. Anh hwéng ciia thanh phéan va néng dp co chit dén phé isozyme esterase

Nhu da trinh bay trong phan phwong phap muc 2.4.3, o-naphthyl acetate 1a co chét phd bién
nhét dbi voi mot sd isozyme esterase, con mot sb isozyme esterase dac hiéu co chét B-naphthyl
acetate [8]. Vi vdy, trong mét sb truong hop dung dich nhudém c6 ca a-naphthyl acetate va
B-naphthyl acetate. Néu mot trong hai thanh phéan co chit c6 ndng do khong thich hop thi sau khi
nhudém béng Fast blue B salt, ¢ thé khong hién dugc tat ca cac bang isozyme esterase. Sy hién
bang isozyme esterase 1a két qua clia phan img mau giita san pham phan giai ciia esterase vi mot
luong co chét du 16n.

Chung t6i da thtr nghiém phan ung gitlia esterase vdi a-naphtyl acetate 0,04% va B-naphtyl
acetate 0,04%. Két qua sau khi nhudm cho thay ban gel chi c¢6 2 bing mau nau do xuat hién, thé
hién su két hop giita san phidm phan giai co chit B- naphtyl acetate v6i thudc thir Fast Blue B salt
(hinh 5A).
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A B
Hinh 5. Phé isozyme esterase ciia cdc giong lia thi nghiém
A. Co chdt a-naphtyl acetate 0,04% va f-naphtyl acetate 0,04%, B. Co chit a-naphtyl acetate
0,05% va [-naphtyl acetate 0,04%.
Giéng 1-4: Esterase tir dich chiét ¢ ld lita ciia cdc giong lia

Sau d6, chung toi da ting ndng do a- naphtyl acetate dén 0,05% va giir nguyén B-naphtyl
acetate 0,04%. Sau khi nhuém ban gel v6i thude thir Fast Blue B salt, két qua cho thiy ngoai cac
bang mau ndu do dic trung cho P-naphtyl acetate con xuit hién bang mau ndu xam dic hiéu, day
1a sy két hop giita san phdm phan giai co chit o- naphtyl acetate voi thude thir Fast Blue B salt
(hinh 5B).

3.2. Thiét 1ap cac didu ki¢n cho di¢n di isozyme amylase, esterase trén gel polyacrylamide

Isozyme amylase, esterase dugc dién di trén gel polyacrylamide 2 16p khong bién tinh ¢
ndng do gel tach 1a 12%T. Qua trinh dién di dugc thuc hién véi hiéu dién thé & gel c6 1a 90V va
gel tach la 130V trong thoi gian 200 phut.

Dé hién bing isozyme esterase, ban gel duoc u voi ndng do co chét a- naphtyl acetate dén
0,05% va B-naphtyl acetate 0,04%. Ddi voi isozyme amylase, trong thanh phan gel tach c6 thém
tinh bot voi ndng do cubi 12 0,2%.

3.3. Phd isozyme amylase ciia mt s6 giong lia nghién ctru
3.3.1. Phé di¢n di isozyme amylase trong cdy ma liia

Ap dung cach thirc dién di isozyme amylase di duoc thiét 1ap, ching t6i di tién hanh phan
tich pho dién di isozyme amylase ¢ cac gidng ltia nghién ciru.

119



Truong Thi Hué

AS996

Hinh 6. Pho isozyme amylase cia 3 giong lia chiu man co so sanh voi giong lia man cam voi man

Qua hinh 6, chung t6i thdy rang phd isozyme amylase & ca 4 giéng déu gidng nhau & bang
Rf 0,32, gidéng OM6922 va giéng AS996 c6 bién di dién di isozyme amylase hoan toan giéng
nhau déu co 3 bang rd nét 1a Rf 0,19, Rf 0,23 va Rf 0,32. Tuong tu, gidng OM136 va giéng VDS,
cac isozyme amylase c6 d¢ di dong tuong dbi nhu nhau, c6 cung Rf 0,17, Rf 0,19 va Rf 0,32.
Riéng giébng min cam v6i mian (gidng VD8) khong c6 biang cudi Rf 0,34. Piéu nay cho thdy c6
su khac nhau vé phd bang isozyme amylase giita giong man cam véi min va cac gidng chiu man
nghién ciru.

Chung ta c6 thé thdy rang ngoai cic bang chinh thi giéng VDS va gibng OM136 con c6
thém bang Rf 0,17 rat mo, c6 thé chi thi isozyme Rf 0,17 lién quan dén tinh man cam v&i man &
2 gidng lua nay.

Két qua phan tich trén day c6 thé néi rang cac giéng lua thi nghiém déu c6 sb luong bing
isozyme amylase dao dong tir 3 - 4 bang. Trong d6, gidng chiu man tét AS996 va OM6922 c6
bang Rf 0.23 rat rd nét, phai ching isozyme amylase c6 Rf 0,23 lién quan dén kha nang chiu min
cua cay lua.

3.3.2. Pho isozyme esterase ctia mgt so giong lua nghién cuu

VD8 AS996 OM6922

Hinh 7. Pho isozyme esterase cua 3 giong lua chiu man co so sanh voi giong lua man cam voi man
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Két qua phan tich cho thay ca 4 giéng lta thi nghiém déu c6 phd bing isozyme esterase
gidng nhau, bao gdm 4 biang c6 Rf 0,21, Rf 0,23, Rf 0,29 va Rf 0,31 (hinh 7). Nhu vay, tinh da
hinh isozyme cua cac giéng lua nghién ciru chua thiy c6 sy sai khac.

4. Kétluan

Tu thyc nghiém, chung t61 da xac dinh dugc cac diéu kién thich hop cho dién di isozyme
tir 14 lta trén gel polyacrylamide khong bién tinh.

D6i voi isozyme esterase, dién di trén gel polyacrylamide c6 nong do 12%T, dién di voi
hiéu dién thé & gel c6 12 90V va gel tach 1a 130V trong thoi gian 200 phat. Sau d6 cho ban gel ¢6
mat enzyme tac dung voi a- naphtyl acetate 0,05% va B-naphtyl acetate 0,04%.

Dbi voi isozyme amylase, dién di trén gel polyacrylamide c6 nong do 12%T, trong thanh
phan gel ¢ thém tinh bt voi ndng do cudi 1a 0,2%, dién di véi hiéu dién thé & gel 6 1a 90V va
gel tach 1a 130V trong thoi gian 200 phut.

Céc gidng lta thi nghiém déu c6 sb luong bing isozyme amylase dao dong tir 3 - 4 bang.
Trong d6, giéng chiu min tot AS996 va OM6922 c6 bang Rf 0.23 rat rd nét. Chung t6i chwa phat
hién thay su sai khac vé tinh da hinh isozyme esterase ctia cac gidng lta nghién ctru.

Mic du nghién ctiru duge thuc hién trén cdy lta, hy vong rang két qua nay c6 thé ap dung
cho dién di isozyme amylase va esterase & cac gidng cdy trong khac.
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NGHIEN CUU MOT SO PAC PIEM SINH HQC, SINH THAI VA KHA NANG
SINH TRUONG CUA LOAI VIT TROI (ANAS POECILORHYNCHA)
TRONG PIEU KIEN NUOI TAI NHON TAN, AN NHON, BINH PINH

TRAN THANH SON*, VO TRONG HOA, NGO THI KIM THOA
Khoa Sinh - K¥ thuat nong nghiép, Truong Pai hoc Quy Nhon

TOM TAT

Nuoi thir nghiem Vit troi (Anas poecilorhyncha zonorhyncha Swinhoe, 1866) tai Trai thuc nghiém,
nghién curu Sinh hoc - Nong nghiép Nhon Tdn, An Nhon, Binh Dinh theo hai I6 khac nhau (1 16 cho an 100%
thite an hén hop va 1 16 cho dn 50% thire dn tw nhién va 50% thirc dn hon hop) trong thoi gian tir thang
11/2016 dén thang 3/2017. Trong qud trinh nudi di ghi nhdn mét sé dic diém bién dj hinh thai ciia mét s6 ca
thé ciia phan lodi nudi nhét véi phan lodi trong tie nhién, diéu nay dét ra gid thuyét ¢6 1€ da cé sw lai tao giita
cde phan lodi trong qud trinh thuan héa ciia con ngwoi. Mot s6 ddc diém hinh thdi, kha nang sinh truéng va
kha nang san xuat thit cua Vit ciing dwoc ghi nhan. So voi ngoai tw nhién, mot 56 tdp tinh cua vit trong nuoi
nhot ¢é nhiéu tiwong dong va mot sé khdc biét mang tinh thich nghi véi sw thuan héa ciia con ngueoi.

Tir khéa: Vit trdi, Anas zonorhyncha, hinh thai, ting truong, kha nang san xuét, Anas supercillosa,
Nhon Tan, Binh Dinh.

ASBTRACT

Researching Some Biological, Ecological Characteristics and Growth Competence of Spot-Billed
Ducks (4nas Poecilorhyncha) in Captive Conditions in Nhon Tan, An Nhon, Binh Dinh

Dabbling duck breeding experiment that one ducks batch of 100% mixed meals and ones of 50%
natural meals and 50% mixed meals were tested in Nhon Tan, An Nhon, Binh Dinh provincefrom November
2016 to March 2017. The species of ducklings here is identified as subspecies of Eastern or Chinese spot-
billed duck (Anas poecilorhyncha zonorhyncha Swinhoe, 1866). In the cultivation process, some variations
about morphological characteristics of some individuals of the captive breeding subspecies were recorded.
It posed the hypothesizes that there may have been crossbreeding between subspecies in the process of
domestication. Some morphological features, growth ability and meat production capacity of ducks were
also recorded. Compared to wildlife, some of the behaviors of duck in captivity have many similarities and
some differences are adaptable to domestication.

Keywords: Dabbling duck, Anas zonorhyncha, morphological features, growth ability, production
capacity, Anas supercilliosa, Nhon Tan, Binh Dinh.

1. Dt van dé

Vit troi 13 loai chim hoang da kha quen thudc & Viét Nam véi nhimg quan thé dinh cu &
Pong Bic, Nam Bo, va quan thé di cu trii dong ¢ Bac va Trung Trung B6. Tuy nhién hién nay s6
lwong Vit troi hoang di & nudc ta bi suy giam manh do nan sin bit trai phép. Trude tinh hinh do,

*Email: tranthanhson@qnu.edu.vn
Ngay nhan bai: 5/6/2017; Ngay nhan dang: 16/9/2017
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mot s6 ho néng dan da thir nghiém thuan hoa nudi dudng vit troi, vira tao hidu qua kinh té vira gop
phan bao ton ngudn gen quy hiém ciia loai. Nghé nudi Vit troi bit dau phat trién tir nim 2010 tai
mdt s6 huyén ciia tinh Bic Giang. Qua trinh thuin dudng va nhan gidng Vit troi dugc thuc hién
tu phat theo kinh nghiém dan gian. Ciing tor ddy m6 hinh nuoi Vit troi da dugc nhan rong cac tinh
1an can khéc nhu Ha Noi, Béc Ninh, Vinh Phtc, Ha Nam,... cho dén Thanh Héa. Nam 2014 mot
s6 dia phuong & cac tinh phia Nam ciing di van chuyén con gidng vao nudi va chi sau mot thoi
gian ngén cac tinh Quang Tri, Pik Lak cho dén DPdng Nai, Ba Ria - Viing Tau mo hinh nudi nay
da rat thanh cong. [5]

Binh Pinh ciing 1a mot noi chin nuéi thiy cam quy mé 16n véi s6 luong thily cim ding
nhat khu vic duyén hai mién Trung. Tuy nhién, & Binh Dinh hién nay chua thdy c6 mé hinh nao
chan nudi Vit troi voi sé luong 16n ciing nhu nhitng cong trinh nghién ctru lién quan. V&i mong
mudn chon dugc gidng vat nudi méi phit hop voi thi hiéu nguoi tiéu dung, c6 hiéu suét kinh
té cao va phi hop véi diéu kién chian nuéi ¢ Binh Pinh, chung t6i tién hanh nghién ciru dé tai
“Nghién ctru méot s6 dic diém sinh hoc, sinh thai va kha nang sinh trudng cua loai Vit troi (4nas
poecilorhyncha) trong diéu kién nudi tai Nhon Tan, An Nhon, Binh Dinh”.

2. Doi twong va phwong phap nghién ciru
2.1. Poi twong nghién ctru

Loai Vit tro1 Anas poecilorhyncha qua cac giai doan nudi tai Trai thyc nghiém sinh hoc
Nhon Tan, An Nhon, Binh Pinh.

2.2. Phuwong phap nghién ciru

- Bo tri thi nghiém

Thi nghiém duoc tién hanh theo phuong phap phan thanh hai 16 ngau nhién (16 A va 16 B),
mdi 16 50 con, khong Idp lai, b tri theo hinh thirc nudi nhdt trong chudng, dén 1 thang tudi bat
dau cho vit ra tam boi 16i ngoai hd (van c6 su cach ly giira hai 16 bang cach cho vit mdi 16 ra ho
vao nhitng thoi diém khéac nhau). Gitra hai 16 dam bao dong déu vé gidng, lira tudi, mat do, quy
trinh nudi dudng, vé sinh, phong bénh. (Lo A nudi 100% thirc an hdn hop (TAHH), 16 B nudi 50%
thire an tu nhién (TATN) va 50% TAHH).

- Binh loai va mo ta hinh thai

Pé dinh loai chim, chung t6i tién hanh do, dém, mé ta hinh thai ciia loai theo cach mo ta dé
xudt ctia V5 Quy (1975). Viée dinh loai chim dua trén tai lidu ciia VS Quy (1975) [3], Carboneras
(1992) 8]

- Quan sat, mo ta tdp tinh:

Chung toi tién hanh nguy trang & mot s6 dia diém nhét dinh, thuan loi trong chuéng cling
nhur ngoai ho dé ghi, chup hinh cac dang tap tinh ciia vit.

- Xur Iy 6 liéu

S lidu duge xtr 1y theo thong ké Sinh hoc bang phan mém MSExel 2010.

3. Két qua nghién ciru va thio luin
3.1. Bdc diém hinh thdi ciia lodi Vit tréi Anas poecilorhyncha

Khi & giai doan truong thanh, ca chim trong va chim mai nhin chung co thé phu mét bo
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16ng mau nau den véi nguc, bung nau nhat co ddém, phén dau va c6 nhat mau hon, long dudi ngén;
mét den, 2/3 géc mo mau den va dac biét chop mo mau vang dam. Tu tran c6 mot vét 1ong den
kéo dai qua ddu ra sau gay. Tir gbc mo c6 mot vét 1ong den ddm di qua mét dén phia trude trén
tai va mot vét 16ng den mo hon tir mép moé kéo dai 1én ma. Canh noi bat voi guong canh ¢é dnh
xanh, tim, vién 16ng mau trang. Chan mau d6 tuoi, 3 ngoén hudng vé phia trude cé mang boi, 1
ngoén hudng vé phia sau, gio (ban chan) phil vay ngang.

Chim mai va chim trong chi phan biét v6i nhau & mot vai dic diém nhu: chim mai c6 ¢b
ngan, phan dau nho, bo 10ng nhat mau hon va kich thudc co thé nho hon. Con chim trdng thi c6
16ng bao dudi mau den ddm va cong 1én & phia trén. Ngoai ra con dura vao tiéng kéu dé phan biét
con trong va con méi. Trong khi con trong co tiéng kéu ngén, rdi rac thi con mai kéu dai hon, lién
tuc hon, to va khan hon.

Hinh 3.2. Chim mdi truéng thanh

3.2. Mt s6 bién di hinh thai ctia vit troi trong chin nuéi

Mot s6 cé thé c6 bd long bién di c6 bd 16ng mau sang, c6 vét 16ng mau xam nhat xuét phat
tir gdc mo kéo dai ra phia sau dau, mot vét 16ng cuing mau di qua mét ra phia sau tai, cac 1ong
trude nguc va dudi bung c6 mau tring va dém ndu hoi vang & giita. Long & phia trén lung va canh
chuyén dan tir mau vang sang sang ndu ddm & gan cudi 1ong dudi. Cac 16ng bao trén canh c6 diém
nau 16n & gitra vién xung quanh mau vang nhat. Long bao dudi trén c6 mau den ddm anh lyc, cong
& chim tréng. O chim mai, 10ng gitra dudi mau nau dam, hai bén mau nau vang, phia dudi dudi co
d6m nau. Nhin chung cac bién di mau sic 16ng d& phat hién khi c4 thé ¢ trong dan. Néu c6 diéu
kién, chiing t6i dé xuat nghién ciru sau hon vé mit di truyén dé xac dinh nhitng ca thé c6 mau 16ng
bién dj nay la do lai tao hodc bi dot bién gen, tur do co6 hudng diéu chinh, khic phuc kip thoi trong
chin nudi, ngin ngira thoai hoa gidng, bao ton ngudn gen cua loai.
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3.3. Dic diém sikc song ciia Vit troi

Ty 1¢ nudi séng cua Vit troi ¢ 16 A dat 100%, ¢ 16 B dat 96% cho thay vit c6 kha nang thich
nghi tot khi duoc nudi trong diéu kién khi hau, thé nhudng tai Binh Dinh.

3.4. Dic diém sinh trudng cia Vit troi Anas poecilorhyncha
3.4.1. Sinh truong tich liiy khéi lwong

Khéi luong co thé Vit troi Anas poecilorhyncha & hai 16 khao sat ting dan tir 3 ngay tudi
dén 12 tudn tudi.

Khi so sanh véi giéng Vit trdi Anas supercilliosa nudi tai Vién nghién ctru va phat trién
néng 1am nghiép Thanh Tay nam 2014 [2] thi thiy rang khéi luong Vit Troi Anas poecilorhyncha
cao hon khoi luong Vit troi Anas supercilliosa, cu thé: ¢ 12 tuan tudi (3 thang tuéi) Vit Anas
poecilorhyncha dat khéi lwong 1161,10 g trong khi Vit Anas supercilliosa chi dat 751g. Diéu nay
cho thay Vit troi Anas poecilorhyncha thich nghi véi diéu kién khi hau va ché d6 cham soc, nudi
dudng & Viét Nam tdt hon so v6i Vit Anas supercilliosa, dan dén kha nang ting khéi lwong tdt
hon, thich hop véi nuéi 1ay thit hon 13 Vit Anas supercilliosa.

Tur giai doan so sinh dén 1 tudn tudi, khoi lugng trung binh cta vit 16 A va vit 16 B 1a tuong
duong nhau (p = 0,08 > 0,05), nhung bat dau tir giai doan tir 2 dén 12 tuan tudi thi c6 thé thay khdi
lwong trung binh cta vit 16 A cao hon han vit 16 B (p < 0,05).

O 16 A hé sb bién di khoi luong co thé tir 1 tuan dén 12 tuan tudi cua vit dao dong tr 3,98%
dén 14,96%, cao nhit 1a lac vit duge 1 tudn tudi; & 16 B hé sb bién di khéi luong co thé dao dong
tir 6,32% dén 11,92%, cao nhat 1a lac vit duoc 1 tuan tudi. Su sai khac nay co y nghia théng ké
(p= 0,04 <0,05), ching t6 d6 dong déu cua 16 A cao hon 16 B.

Hé sb bién di khdi lwong co thé ¢ ca hai 16 qua céac giai doan tuan tudi vé sau thip hon cac
tudn tudi trude (giam dan tir 1 dén 12 tudn tudi) chimg t6 cang vé sau mirc do dong déu vé khdi
luong & ca hai 16 cang cao va mang tinh 6n dinh hon, dong thoi d6 dong déu cang vé sau thi 16 A
lubén cao hon 16 B trong khi xuét phat ban dau (1 - 2 tudn tudi) thi hé s6 bién di cua 16 A cao hon.
Piéu nay cang khang dinh kha nang thich nghi va sinh truong twong d6i dong déu cia vit khi nuoi
tai khu vuc nghién ctru va dat hiéu qua tdt hon khi cho vit an TAHH.

Trén toan bd cac giai doan thi tbe d6 sinh truong tuyét dbi ciia 16 A (13,86 g/ngay) cao hon
16 B (11,70 g/ngay) va su phat trién & ca hai 16 déu tuan theo quy luét sinh trudng chung cua gia
cam, thity cam.

Sinh truéng twong di cua Vit trdi Anas poecilorhyncha tuan theo quy luét sinh hoc cua vat
nudi ndi chung va thity cam noi riéng, cao nhat trong vai tuan dau, sau d6 giam déan khi vit 16n 1én.
3.4.2. Sinh truwéng tich liiy cdc chiéu do

Kich thu6c trung binh vé chiu dai than cua co thé Vit troi ting dan qua cac tuan tudi,
va kich thudc nay ¢ 16 A cao hon 16 B (¢ 12 tuan tudi thi 16 A dat 169,22 mm trong khi 16 B dat
167,28 mm). Trong céc giai doan, giai doan 1 - 4 tuan 14 giai doan kich thudc chiéu dai than ting
nhanh nhét; cac giai doan sau kich thuédce chiéu dai than tang cham. H¢ s6 bién di qua cac tudn
tudi déu nho hon 10%, va cang vé sau cang giam dan thé hién tinh 6n dinh cta tinh trang nay theo
thoi gian.
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Kich thudc trung binh vé chiu dai dui cua Vit trdi Anas poecilorhyncha ting dan qua cac
tuan tudi, va kich thude nay o 16 A cao hon 16 B (12 tuan tudi 16 A dat 100,46 mm con 16 B dat
95,76 mm). Mirc d6 ting trung binh vé chiéu dai dui cua Vit troi ¢ 16 A (4,46 mm/tudn) cao hon
16 B (4,16 mm/tuan), tuy nhién sy sai khac nay khong c6 y nghia thong ké (p>0,05). Hé s6 bién di
qua céc tuan tudi cang vé sau cang nhé dan thé hién tinh 6n dinh cua tinh trang nay theo thoi gian.

Kich thudc trung binh vé chidu dai luon cua Vit troi Anas poecilorhyncha ting dan qua
cac tudn tudi, va kich thudc nay ¢ 16 A cao hon 16 B. Mtrc d¢ ting trung binh vé chiéu dai luon
ctia Vit troi ¢ 16 A (6,05 mm/tuan) cao hon 16 B (5,45 mm/tuan), tuy nhién sy sai khac nay khong
¢ y nghia thong ké (p>0,05). Hé s6 bién di qua cac tudn tudi cang vé sau cang nho dan thé hién
tinh 6n dinh ctia tinh trang nay theo thoi gian. Chiéu dai luon cang cao thi kha ning cho thit cua
vit cang tot, ca vé s luong va chét lwong; ddy dugc xem 1a gia tri déc trung cho gidng, 1a chi tiéu
duogc vu tién trong chon gidng gia cam, dic biét 1a dbi véi thuy cam.

Kich thudc trung binh vé s6 do vong nguc cua Vit trdi Anas poecilorhyncha ting dan qua
céc tuan tudi, va kich thude nay 16 A cao hon 16 B. Mirc d tang trung binh vé sé do vong nguc
ctia Vit troi ¢ 16 A (11,85 mm/tudn) cao hon 16 B (10,75 mm/tuén), tuy nhién su sai khac nay
khong ¢ y nghia thdng ké (p>0,05). Hé s6 bién di qua cac tuan tudi déu nho hon 10% thé hién
tinh 6n dinh cua tinh trang nay.

Khi so sanh ty s6 vong nguc (VN)/dai than (DT) ¢ hai loai Vit troi Anas poecilorhyncha
nudi & Nhon Tan va Vit trdi Anas supercilliosa nudi tai Vién nghién ciru va phat trién néng 1am
nghiép Thanh Tay [2], chiing t6i nhén thay: & vit Anas poecilorhyncha ty s6 VN/DT > 1 trong khi
& Vit Anas supercilliosa thi ty sé nay < 1, diéu nay cho thay néu nudi hudng thit thi chon Vit troi
Anas poecilorhyncha nudi t6t hon con néu hudng trimg thi chon nudi Vit troi Anas supercilliosa
t6t hon.

3.4.3. Sw twong quan giiva khoi lwong véi cdc chiéu do ¢ Vit troi Anas poecilorhyncha

O cé hai 16, hé s6 twong quan gitta kh6i lugng co thé voi mot s6 chi tiéu vé kich thudc cac
chidu do co thé (chiéu dai than, chidu dai luon, chiéu dai dui va vong nguc) cua Vit troi Anas
poecilorhyncha tir 1 tuan tudi dén 12 tuan tudi déu dat gia tri duong, thé hién muc tuong quan
thudn khac nhau, gia tri dao dong tir +0,94 dén +0,99; thé hién mbi tuong quan rat chat. Cac gia
tri nay phi hop véi gia tri sinh trudong tich liy khdi lwong.

Nhu vay, su sinh trudng khdi lugng co thé ty 1€ thudn va co mdi lién hé rat chat voi su
sinh trudng ctia cc chi s6 do chidu dai than, dai luon, dai dui va vong nguc. Trong chon gidng,
chung ta cé thé dua vao chi s6 ciia mét tinh trang dé lya chon thi cac tinh trang khac cling duogc
chon theo.

3.5. Kha ning san xuit ciia Vit troi Anas poecilorhyncha

Vit dugc chon giét mé vao lac dat 12 tudn tudi, lac nay bd 10ng vit phat trién hoan thién,
chiéu dai canh dat trung binh 27 cm va sai canh c6 thé téi 38 cm, vit thé hién tap tinh bay nhiéu,
néu tiép tuc nuodi thi vit cling khong ting can thém nita ma chi lam giam hiéu qué kinh té, hon nita
giai doan nay thit vit ngon va vira nhat, khong qua mém va ciing khong qué dai.
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Bing 1. Khoi lwong, 1y 1é cdc logi thit ciia Vit troi Anas poecilorhyncha ¢ giai doan 12 tudn tui

Lo A (n=3) | L6 B (n=3)
Chi tiéu
X X
Khéi lrgng song
1185,67 1112,67
(®
Khoi lwong tiét
: 53,00 37,67
(®
Kh;{ . l ,
orwenE Mot | 911 00 860,67
ham (g)
T 18 mée ha
ylemoeham | 1683 77,35
(%)

KL thit xé (g) 909,67 857,00
Ty 18 thit xé (%) 76,72 77,02
Khdi lirgng thit 7 67 867

dui (c6 da) (g) ’ ’

Ty 1¢ thit dui 8,53 9,14
Khoi | thit

ot fugng thl 9433 90,00

tre (c6 da) (g)

Ty 18 thit trc 10,35 10,46
KL m& (g) 11,00 13,00

Chi tiéu vé khoi lugng cac loai thit nhu: khoi luong séng, khdi luong tiét, khoi lwgng moc
ham, khéi luong thit xé, khdi luong e ¢ 16 A cao hon 16 B, trong khi d6 céc chi tiéu con lai nhu
khéi lwong thit dui, khdi lwong md va khdi lugng mé ¢ 16 B cao hon 16 A. Tuy nhién nhitng sy sai
khac nay khong co y nghia vé& mit thong ké (p > 0,05).

3.6. So sinh tip tinh ciia Vit troi trong diéu ki¢n nudi nhot so véi ngoai tw nhién

Trong diéu kién nudi nhdt do gii han vé khong gian séng va chiu tac dong ciia nhiéu yéu
t6 nhan tao nén tap tinh cua Vit troi co nhiéu su sai khac so véi tap tinh ¢ ngoai ty nhién hoang
da. Mot s tap tinh dic trung cta loai van ton tai trong diéu kién nudi nhdt nhu tap tinh bay gidng
nhu ngoai ty nhién.

Trong tu nhién, Vit troi thuong sdng, kiém an cach xa con nguoi nén ching thuong nhay
cam v&i sy xudt hién va cac hoat dong cua con nguoi. Tuy nhién, trong diéu kién nudi thuan
dudng 6 trang trai, do qué trinh thich nghi, dan din cac cé thé Vit trdi tré nén gan giii, quen thude
va it s¢ nguoi.
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Trong tu nhién, Vit troi c6 tinh béy dan, chting thuong di chuyén thanh dan 16n va tim kiém
thirc an theo dan bang cach suc mo trong nudc. Trong didu kién nudi nhét, Vit troi van gilt nguyén
tap tinh trén.

Vé thanh phan thirc an va cach kiém an ciing c6 diém gidng va sai khac. Trong diéu kién tu
nhién, thanh phan thirc an cua Vit troi da dang hon do chung thuong sdng & cac ao hd, ving ddm
lay ven bién, cc viing nudc nong nén ngudn thirc n tir dong vat va thuc vat rat nhiéu nhu: cac
hat, thuc vat thily sinh, cac con trung, 4u tring trong nudc, cac dong vat than mém, giap xac...
hodc ca nho. Chiing kiém an bang cach mo suc, dao bdi nhitng chd bun va ving nudc néng. Trong
nudi nhét, Vit troi da duoc tap cho an cac loai thirc an té)ng hop ngay tir khi con nhd. Tuy nhién
dén trong giai doan 6 - 12 tuan tudi, vit duge tha xuéng nude dé hoat dong, nén tap tinh mo suc
kiém 4n ctia chiing van dugc gitr nhu ban ning.

Tap tinh bay ctia Vit troi ¢ su thay doi rd rang. Trong tu nhién, Vit troi bay thanh dan di rat
xa dé kiém an. Chung thuong bay di kiém an vao budi sang va quay vé t6 vao chiéu tdi. Yéu té 4nh
sang quy dinh dén tap tinh bay di kiém an va bay vé noi tr ngu. Vi vy, trong qua trinh thuan nuéi
ban dau hai yéu t6 anh sang va cho an tip trung c6 vai trd quan trong dé chim khéng bay di. Tuy
nhién trong khi nuoi nhdt, do c6 du thire dn va duge cho an theo gio nhét dinh nén Vit troi it bay di
khoi khu vuc nuoi, thoi gian tap bay cling mudn hon, ching khong con hoat dong di cu theo mua.

3.7. Yéu ciu vé mit phap 1y khi chin nudi Vit troi

Theo Nghi dinh s6 32/2006/ND-CP ngay 30/03/2006 ctia Chinh phi vé quan 1y thuc vt
rimg, dong vat rimg nguy cap, quy, hiém; Nghi dinh 160/2013/ND-CP ngay 12/11/2013 cua
Chinh phu quy dinh vé tiéu chi x4c dinh loai va ché d6 quan 1y loai thudc danh muc loai nguy cép,
quy, hiém duoc wu tién bao vé; Thong tu s6 40/2013/TT-BNNPTNT ngay 05/09/2013 vé viéc ban
hanh danh muc céc loai dong vat, thuc vat hoang da duoc quy dinh trong cac phu luc cua Cong
wéc vé budn ban qudc té cac loai dong vat, thuc vat hoang di nguy cap va Thong tu 47/2012/
TT-BNNPTNT ngay 25/09/2012 quy dinh vé quan 1y khai thac tir tu nhién va nudi dong vat
rimg thong thudng ctia Bo Nong nghiép va Phat trién nong thon, khong quy dinh Vit troi (Anas
poecilorhyncha) thudc danh muc dong vat hoang da nguy cip, quy, hiém hay dong vat hoang di
thong thuong khi gdy nudi phai dang ky. Do do6, Vit trdi chua thude ddi tugng diéu chinh trong
dang ky trai nudi, co s nuoi theo quy dinh cta Phap luat Viét Nam nhung khi xuét khau lai thudc
pham vi diéu chinh ctia Cong udc CITES, hay noi cach khac, mudn phat trién lau dai dinh hudng
thanh mot nganh nghé chian nudi méi, dap tmg tidu thu trong nude va xuat khau can phai dang ky
trai nuéi. Do d6, dé phat trién chin nuéi Vit trdi bén viing, cin tuyén truyén va phd bién cac vin
ban phép luat lién quan dén viéc giy nudi va tiéu thu cac loai chim hoang da dwoc nhan gidéng
thanh cong t6i tit ca ngudi din cong dong.

4. Kétluin

Vit troi duge nudi tai Trai thyc nghiém, nghién ctru Sinh hoc - Nong nghiép Nhon Tan,
Binh Dinh thudc phan loai Anas poecilorhyncha zonorhyncha Swinhoe, 1866. Phan loai nay hi¢n
nay theo mot s tac gia da tach thanh loai Anas zonorhyncha (Swinhoe, 1866). Tuy nhién, trong
qua trinh nuoi da thay xuat hién mot sé bién di vé hinh thai trén mot sd ca thé, diéu nay c6 thé do
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lai tao hodc dot bién gen do do can c6 thém nhiéu nghién ciru sau hon vé mat di truyén dé kiém
chung. Trong 2 16 vit dugc nuoi khao sat (16 A cho an 100% TAHH va 16 B cho an 50% TAHH
va 50% TATN) thi thiy sinh truéng tich liy khdi lwong ciing nhu cac chiéu do co thé ¢ 16 A cao
hon 16 B, va khi so sanh v&i giéng Vit troi Anas supercilliosa dugc nudi tai Vién Nghién ctru va
phat trién néng 14m nghiép Thanh Tay thi khdi luong ciing nhur gia tri cac chiéu do ¢ Vit Anas
poecilorhyncha déu cao hon. Panh gia vé mat ngoai hinh cho thay Vit Anas poecilorhyncha nudi
huéng thit t6t hon Vit Anas supercilliosa. Trong didu kién nudi nhdt, mot sb tap tinh & Vit van
con gitt lai, tuy nhién cling c6 mot s6 bién dbi dé thich nghi véi su thuan hoa cta con nguoi, cu
thé 1a tap tinh bay c6 nhiéu sy thay doi, vit chi bay thap va gioi han trong pham vi nuéi, khong
con thé hién tap tinh di cu.

Dé nhan nudi Vit trdi trén quy mo rong, phd bién trong cong dong can co thém nhiing
nghién ctru vé Vit troi & cac giai doan Vit hau bi, Vit dé; nuéi Vit qua nhiéu diéu kién khi hau va
ché d6 dinh dudng khac nhau dé danh gia mot cach rong hon vé hiéu qua chin nuéi, kha ning
thich nghi cua Vit troi, dong thoi chu trong cong tic phong ngira dich bénh, chin nudi theo hudng
an toan sinh hoc, vira gop phan ning cao hiéu qua kinh té, vira bao ton ngudn gen quy cua loai.
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KHAO SAT ANH HUONG CUA VI TRi VET NUT BPEN DAO PONG
CUA TAM BANG PHUONG PHAP PHAN TU HUU HAN MO RONG (XFEM)

NGUYEN NGOC THANG", HOANG CONG VU, TRAN THANH TUAN
Khoa Ky thuat & Cong nghé, Truong Pai hoc Quy Nhon

TOM TAT

Bai bdo nay trinh bay cdc két quad khao sdt anh hieong ciia vi tri va chiéu dai vét niet dén dao dong
ciia tam dong nhdt, dang huéng. Tan s6 dao dong riéng cia tam bi ikt dwoe xdc dinh tie chiong trinh tinh
todn sir dung phwong phdp phan tir hitu han mo rong (XFEM) dwa trén mé hinh phan tir tit gide dang tham
$6 08. Két qua thu dwoc tir XFEM va cdc nghién civu truée ddy chénh léch khong dang ké, di khang dinh
dwoc do chinh xdc cua phwong phap nghién curu.

Tir khéa: Vi tri vét niit, dao dong, tAm nit, phuong phap phan tir hitu han mé rong (XFEM).

ABSTRACT
Affects of Cracked Location to the Vibration of the Plate Using XFEM

The aims of this study is to consider the effects of cracked location to the vibrationof the plate using
the extended finite element method (XFEM). Cracked location makes the plate more susceptible to vibration,
so the oscillation frequency of plates subjected to compressive loads are investigated. The oscillation
frequency of the cracked plate are obtained from the new approach using XFEM built in quadrilateral
isoparametric element. The results are compared with previous studies to confirm the advantages and
accuracy of the method.

Keywords: Cracked location, vibration, cracked plate, extended finite element method (XFEM).

1.  Gi6i thiéu

Dao dong 1a mot van dé dang quan tim trong cong trinh. Trong viée thiét ké két ciu nha
cao tang 1a d& vuon nhip 16n thi sir dung cac hé thong két cau voi trong luong nhe. Vi viée sir
dung cac loai vat liéu nhe thi can giam chiéu day san s& dan dén giam khéi lugng va d¢ clmg cua
hé thong két cau. N6 s& 1am giam tan s vong xudng va lam ting chu ky dao dong cua két cau 1én,
d6i lac co thé tiép can vai chu ky ctia ngudn gay ra dao dong. Mot hién tuong dic biét cAn xem xét
can than va phai tuyét d6i tranh d6 14 hién tuong cong huong. Cong hudng xay ra khi mot trong
cac tan s riéng co ban ctia h¢ két cau tring véi tan s ctia ngudn kich thich. Khi d6 bién do dao
dong cua hé s& duoc khuéch dai rat 16n va co thé xay ra va giy ra ing suat va bién do dao dong
kha 1én lam cong trinh dé bi pha hoai.

Poisson (1828) da dua ra phuong trinh dao dong ctia mang hinh tron va da giai né trong
truong hop dic biét ciia dao dong ddi xing truc. Pagani (1829) da cung cip 10i giai cho truong
hop khong dbi xtng truc. Lamé (1852) xudt ban cac bai bao cong bd tom tat vé cong trinh cua
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mang hinh tron, hinh chit nhat va mang hinh tam giac [1]. M. J. Turner va cong su (1956) da gioi
thiéu phuong phap phan tir hitu han (Finite Element Method - FEM) cho phép giai nhitng bai toan
tAm va vo phirc tap. Xu hudng hién nay may tinh téc do cao duoc dua vao giai quyét cac bai toan
v6i d6 phtrc tap hon. Diéu d6 thé hién bang viéc gidi thiéu cac 1y thuyét tim chinh xac dé lap trinh
tinh toan [2].

Tuy nhién, FEM cling c6 mot sb han ché khi ta xét bai toan c6 vét nit, khi ¢6 vét nit cAn
phai chia lai ludi, lam phirc tap qua trinh tinh toan. Vi vy, Phuong phap phan tir hitu han mé rong
(eXtend Finite Element Method - XFEM) duoc giGi thiéu vao nam 1999 [3], da rat thanh cong
trong viéc giai quyét cac van dé vé vét nirt, phi tuyén hinh hoc; mét sé tac gia nhw M.Bachene va
cong su [4] phan tich dao dong tu do ciia tim str dung phwong phap XFEM.T. Nguyen-Thoi va
cac cong su [5] phéan tich dao dong tu do cua tam st dung phén tr XCS-DSG3, hoac Zi va cac
cong su phan tich cac bai toan dong luc hoc két cau dung XFEM [6]. XFEM dua trén co s6 FEM
nhung cai tién hon bang viéc nhitng ham “mé rong” khong lién tuc duge thém vao. D6 1a cac ham
xap xi trong phan tir hitu han dé tinh toan sy hién dién ctia vét niit. Phwong phéap nay cho phép vét
ntt c6 thé dinh vi tily y bén trong ludi. Didu d6 cho thiy vu diém ciia XFEM trong viée mo phong
bai todn c6 vét nirt. Sy khac nhau giita viéc chia ludi theo FEM va XFEM thé hién Hinh 1. Trong
bai bao nay phuong phap XFEM duogc dung dé phan tich bai toan tim c6 vét nut.

N LY
MO | A

/ T~
/’{

1/

a) M6 hinh két cdu chia ludi theo FEM b) Mo hinh két cdu chia luéi theo XFEM
Hinh 1. Sy khéc nhau vé chia ludi giita FEM va XFEM

2.  Coso ly thuyét
2.1. M®b hinh Phuwong phap phén tir hitu han mé rong (XFEM) [7]

Phuong trinh x4p xi chuyén vi trong XFEM dugc phat trién dya trén nén tang cta phuong
phap FEM bang cach thém vao cac bac tu do. Thanh phan bac ty do thém vao nay goi 1a phan
lam giau hay mo rong. XFEM dic biét hitu dung cho cac bai toan ¢ yéu td bat lién tuc, suy bién
nhu: vét nut, 16 rong, bé mat phan cach gitra 2 vt liéu, su thay doi d6 ctng... Diéu thuan loi khi
sir dung cac ham lam giau trong XFEM la vét nit doc 1ap voi ludi so véi FEM, nghia 1a khong
phai chia lai luéi tai vi tri vét niit nhu FEM. D6i véi moé phong vét nirt, c6 hai loai ham 1am giau
duogc su dung: Ham Heaviside thuong duoc chon nhu ham xét dau dung mo phong su bét lién tuc
dbi voi phan tir co vét niit cat qua.

Dang chung ctia XFEM diing mé phong vét nit xéc dinh boi:

u (X)—E[u,N + Z a]NJH(X) (1)
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Trong do: u’" (x) 1a ham xAp xi ctia truong chuyén vi;

Ni’Nj tuong ung la gia tri ham dang tinh tai nat khong lam giau va nat lam giau,
trong bai béo tac gia chon cdc ham nay giéng nhau.

u,, a; la cac bac ty do chua biét nat khong lam giau, lam giau canh va lam giau dinh;

I, J1a tong sb nat cia cac phan tir chudn, lam giau canh va dinh vét nut.
1, y(x)>0
-1, w(x)<0
Nhu chiing ta da biét tap hop tat ca cac nit duge md rong boi ham bude nhay H(x), khi

Ham déu Heaviside: H (x) :{ , v6i w(x) 1a ham level set [7]. )

ap dung truc tiép mot cach cimg nhic thi c6 thé din dén suy bién ma tran do ctng. Dé khic
phuc hién tugng nay ta st dung thudc tinh cua ham Kronecker delta Ni (xjj = 5ij duoc cho nhu

sau:
0, i#j
Nl'(xj):él'j:{l’ = (3)
Déi voi tim day, mdi niit co ba bac tw do (w, 6, 0,) ung v6i do vong theo chiéu dai tim
va 2 gbc xoay theo cac truc x va y tuong tmg, mdi bic tu do dwoc xp xi boi cong thire (1), do
d6 ham d6 vong va goc xoay dugc xap xi boi:

@)= T N@w+ T HX).N ()W

ieNI'EM ]eNH
@ohw= % Nx©OLeh)+ x HON, X)L, 0m) “
’ i xi>Yyi X
ieNFEM 4 ]eN i
Biéu dién cac vecto do cong va bién dang truot theo ba béc tu do (w, 6, 0,) cua (4) nhu sau:
aN
Z—H +ZH(X)—0
ox Vi ox
oN; N ;
Ky ==2—"0 ZH X —9
Yoo Ty " ™) oy
oN; ON; aN , 8N
Ky = > —46 Z—H 2 H((x —Jg —ZH x) —=6 5
o layyliax ]()6 ()6xxj ©)
oN; 6N-
ZN Gyl +ZEW +ZH(X)N]9yJ +ZH(X) ax
N 8N. ,
——ZNH +Z—w ZH(X)N +ZH(X)

dy 77X y

Ham dang N; va N, trong bai dugc lay gidng nhau, do 1a phan tir ddng tham s6 tr giac 8
nut Q8, theo toa d6 tw nhién (£ 1) Q8 duoc thé hién trong cong thirc sau:
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1 1
Ny(Em = (== (1=&=m: Ns(Em =~ (1-E2)1-n):

1 1
Ny(Em) ==+ A= +E =) Ng(En) =—(1+EA-7);
4 2 (6)
1
N3<§,n>=i(l+§)(l+n)<—1+§+n>; Np(&m) = (=214 )

1 1
Ny(&.m) = Z(l—f)(1+77)(—1—f§+77); Ng(s,m) = 5(1—5)(1—772);

Bai toan c6 vét nirt 12 bai toan c6 trudng chuyén vi bat lién tuc. Trong XFEM thém vao cic ham
xap xi chuyén vi dé biéu dién sy bét lién tuc d6 (tdng bdc tw do — phan lam gidu), ma khong 1am thay
ddi ludi phan tir.

Theo phuong trinh cin bang ning lugng tich lily trong tam, phwong trinh xac dinh dao
dong riéng cua tAm trong phuong phap phan tir hiru han dinh nghia boi:

(K-0*M).d =0 %

Trong do: K 1a ma tran do cung téng thé; M 1a ma tran khdi lugng; d 1a vecto chuyén vi
cua cac nut theo cac bac tu do; @ =0y, 0y ,03...0p 1a tan s6 dao dong riéng ctia tam.

Trong bai xac dinh tin s6 dao dong riéng theo gia tri khong thir nguyén duoc tinh toan
N . L2 |ph
theo cong thirc cua Deolasi and Datta sau: @ = w.a o

Trong XFEM ma tran do cirng téng thé duoc dinh nghia nhu sau:
Kuu gua
e_| Y y
K= Kau gaa ®
iy
Trong d6 thanh phan ma tran do cimg KZS (r,s =u,a; i, j=1,J)bao gdm phan t chuan (uu),

moé rong Heaviside (aa) va phan tir ndi giita phan tir chuan va lam giau (ua, au).
Tuong ty trong XFEM ma tran khbi lugng dugc dinh nghia nhu sau:

e
1 y
ME. = 9
gl m p

Trong do6 thanh phén ma tran do cing MZS (r,s=w,a; i, j=1,J)bao gém phén tir chudn (uu),

mo rong Heaviside (aa) va phan tr n6i gitra phan ti chuan va lam giau (ua, au).
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2.2. Phuong phap xac dinh loai phan tir mé rong
Céc budc thuc hién dugc trinh bay dudi day va dugc minh hoa boi Hinh 2.

vE&t nit

A(Xy,
(X Ya) Ay(Xer Yer)

O(x0 Yo)
canh phan ti

Bi(Xc:ds Yer)  B(xp, yp)

Hinh 2. M6 hinh xdc dinh vét nirt

Bude 1: Tir toa do 2 diém cua vét nit, xac dinh duoc phuong trinh duong théng vét nirt
theo dang: y = a *x+b,

Burde 2: Tix toa do cac diém cua phén tu, xac dinh duoc phuong trinh duong thfmg cac canh
ctia phan tir ciing theo dang: Y, =a,*x+b,.

Buée 3: Tim giao diém cua vét nit v6i cac canh phan tir. Luu ¥ 14 giao diém nay phai nam
thudc vét niit va nam trén canh ciia phan tir chir khong phai nam trén duong ndi dai ciia phan tir
hodc vét nit. Giai quyét didu nay bang didu kién tich vo huéng cua 2 vecto:

Néu diém O thudc duong thing AB bit ky thi 2 vecto AO va BO nguoc chidu nhau.
Tich v6 hudng 2 vecto nay s€ am (<0) hay:
@.@z‘@‘.‘@‘.cos(m,@) (10)

(x4 =% (x5 =% )+ (4 =% )(v5 o)
\/(xA —x0)2 +(xB —x0)2 \/(J/A —y0)2
Do d6 chi can xét: (xA _x0)<xB —xo)+(yA —yo)(yB —yo)<0 (12)

(X,,),) 12 toa d6 giao diém vét niit va canh phén ti,
(x4,7.4) 12 toa d6 diém thir 1 ctia canh phan tir, (x5,y5) 13 toa do diém thir 2 clia canh phan tir.

Vi cos(O—A,O—B) =

(11)

(g v

Budc 4: Khi c6 giao diém, bit dau xét tiép sb lwong giao diém:

Néu s6 giao diém 1a 2: phan tir lam giau canh, twvong (mg cac niit thudc phan tir lam giau
canh s¢ la nat [am giau canh, s& lam giau béi ham Heaviside.

Néu s6 giao diém 14 1: phan tir lam giau dinh vét nit, twong tmg cac nut thudc phan tir lam
giau dinh s& I nut 1am giau dinh, s& 1am giau béi cac ham nhanh cho phan tir chira dinh vét nit.

Sau khi da kiém tra giao diém cta 1 doan thang bat ky (vét mitt) voi cac canh hinh chit nhat
hodc tir giac bat ky ra két qua chinh x4c méi dura thudt toan tinh toan cy thé cho timg bai toan cu thé.

D6i véi cac phan tir chudn ta sir dung phan tir tr giac 8 nit véi so d6 9 diém Gauss, con
d6i v6i phan tir lam giau s& duoc chia nhé theo bién cac dudng bét lién tuc hay dinh vét nut, cac
phan tir 1am giau canh chia do thanh 4 tam giac nho va phan tir 1am giau dinh duoc chia o lam 8
tam giac nho Hinh 3 va Hinh 4.
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chia 4o

thanh cac

tam gidc
nhd

vEét nut

a) phan ti than vét nift b) phan tit dinh vEt nit

Hinh 3. M6 hinh chia do thanh tam gidc nho khi c6 vét mirt di qua

Hinh 4. Mé hinh chia do phan tir tir gidc thanh cdc tam gidc nhé khi cé vét nitt trong tam

Dé dam bao viée tinh tich phan s6 chinh xac, ta can ting sé diém Gauss phii hgp cho phan
tir chira than va dinh vét ntit (Hinh 4). Di v6i phan tir chuan ta dung 9 diém Gauss, phan tir [am
giau canh 28 diém Gauss, phan tir chira nit lam giau dinh 52 diém Gauss va phan tir chira dinh
vét nirt 104 diém Gauss.

3.  Két qua nghién ciru
3.1. Khao sat vi tri vét nirt ngang & tim ciia tim

Khao sat vi tri vét nirt xudt hién & tm (Hinh 5) c6 kich thudc tAm a = 1m va ti 1& chiéu day
tAm trén chidu dai canh h/a = 0.001, chiéu dai vét nut ¢ thay doi, hang s vat liéu E = 2e1 IN/m?,
v = 0.3, khdi lugng riéng cia vat liéu p = 8000 kg/m*. Két qua tinh toan dugc so sanh véi cac
phuong phap khac.

Hinh 5. M6 hinh dao dong tam c6 4 bién twa don c¢é vét mirt ngang & tdam.
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K&t qua xac dinh tan so6 dao dong riéng cua tam vudng bi nut ¢ tdm the hién qua hinh sau:

o/a Mode dao dong

o
ORI LL p K
e B i =
N2 S I T RS>
Z SRR GBS
: R %
0 o 10 1 0 g 1

10
©w = 19.739

KX
R
RSO L
¥¥3§3“:”""""’?
S

1ol
5'—'

0%,
BN
S

Bt %

AL XX

m:::ﬁg“\’:'l"iiﬁt‘“
N\ 2

>

e !
IR
02 o0 1 S 0 N 1
, 05 05
10 10
@ = 19.377 w = 78.931
SR>
X = SR i, R
050%8: % 2, W iss A2 ST (SIS
SRR P Ssotis, XU RRINSS
%% SRR FR RIS
S <0 s N RS e
N\ R YRS N 7 S
S 2555 SRR
04 0 1 0 D> 1
0.5 0.5
10
10
@ = 18.336 w = 49.054 w = 78.012
Soissre, = =7 =
R £ i S KR
BNk St P RSS2 SRTIRERNRSE
S\ s e Sl
S < = RESTS g - oo
0.6 = 10 LRI 1
. 0 1 255>

05

10
w = 17.187 @ =38.204 w = 48.223

9% %
XXX AL R
S OSesetegeres S5 PRUIR 5
S 77544 RO SO S50
SN\ R Lanae R
[N = ” = s
O 8 ":s;“‘\‘ | SRR =
RO 1 1 s >

170 ' 10

10
w =16353 w = 27.577 w =47.138 @w =065.115 w =76.144

Hinh 6. Céc mode dao déng ciia tam vudng 4 canh twa don c6 vét mirt ngang o tam.
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Bing 1. So sanh két qua tinh dwoc ¢ vét nirt & tam véi cdc phwong phdp khac

Mode Phuong phap o Tilecia

Stahl [8] 19.739
Liew[0] | 19.740

1 | Bachene[4] | 19.739
T.Newyen[5] | 19.730
XFEM Q8 | 19.739

Stahl [8] 49.348

Liew [9] | 49350

2 |Bachene[4] | 49348
T.Nguyen[5] | 49.404
XFEM Q8 | 49349

Stahl [8] 49.348

Liew [9] | 49350

3 | Bachene[4] | 49348
T.Nguyen[5] | 49.348
XFEM Q8 | 49.349

Stahl [8] 78.957
Liew[0] | 78.960

4 | Bachene[4] | 78.955
Ni‘".‘ﬁguyen 5] | 7 9 144
XFEM Q8 | 78.970

Stahl [8] 98.696
Liew[0] | 98.700

5 | Bachene[4] | 98.698
T.Nguyen[5] | 99.111
XFEM Q8 | 98.709

Nhin xét: Cac két qua tinh toan khi duing XFEM_Q8 so v6i phuong phap khac hoan toan
pht hop, gitra cic phuong phép c6 sai 1éch nho (duéi 1,3%), didu d6 cho thiy khi x4c dinh bang
XFEM_Q8 cho két qua chinh xac. Pong thoi, trong bai toan cho thay khi chidu dai vét nut cang
tang thi tin sé dao dong riéng cang nho, didu d6 thé hién do cliing tong thé cua tim khi bi nit giam
di 1am cho két cau d& bi pha hoai.

3.2. Khao sat vi tri vét nirt ngang & canh ciia tim

Xét tim vudng co vét niit ngang & canh véi kich thudc a = Im va ty 16 chidu day tAm trén
chiéu dai canh h/a = 0.001, chiéu dai vét nit ¢ thay ddi, he"mg s6 vat lieu E = 2e1IN/m?, v = 0.3
(Hinh 7).
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Hinh 7. Mé hinh dao déng tam vuéng cé 4 bién tira don c6 vét mirt ngang & canh.

Keét qua xac dinh tan s0 dao dong riéng ctia tam vudng bi ntit & canh th¢ hién qua hinh sau:

o/a Mode dao dong

BRI A .
S 0000 00, 5L S
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®=19.715 ®=49.260 o= 49.313

et
RSIX LS
7““\:‘%0,0":010
BN

0‘0‘.""3""'

04 o

@ =69.393 @w = 93.028

AL
RRRRAL
BRI A
SN

05 ¢

X2
R RIRK > R

ORI IR R o

NS e N K

22

R
Y

D

2 RSN
RSN et
R

S5
LR N

2 -
< >
L8>

0.6 0
0.5
10

w =18.026

<

52>
S
S5

S

RRLIL S
SN0 2y, SRS
“‘:':':”:'/;2 >
e

¢
R s 0

X
RS =

5 3

G5 RIS

ZILRARES
estes;

0.8

10
@ =16.666 w =26.254 w =47473 @ = 58.934

Hinh 8. Céc mode dao déng cia tam vudng 4 canh twa don cé vét nirt ngang & canh.
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Bing 2. So sanh két qua tinh dwoc cé vét nirt & canh véi cdc phwong phdp khac

Tiléc/a

Mode Phuong phdp 0.4 0.5 0.6 0.8

T. Nguyen [5] 19.175 18.540 17.862 16.616

| Bachene [4] 19.199 18.646 17.956 16.662
Huang [10] 19.200 18.650 17.960 .

XFEM Q8 19.281 18.737 18.026 16.666

T. Nguyen [5] 47.774 43286 36.482 25.045

, Bachene [4] 48.013 44213 37.693 26.226
Huang [10] 47.800 43.420 36.450 )

XFEM_Q8 47.097 41.462 34.074 26254

T. Nguyen [5] 48305 47.956 47.910 47.464

X Bachene [4] 48241 47.916 47.862 47.446
Huang [10] 48.240 47.920 47.860 ;

XFEM_Q8 48364 47.979 47.891 47.473

T. Nguyen [5] 71.571 64.563 62.386 60.705

) Bachene [4] 72.385 65.789 63.282 61.774
Huang [10] 71.270 64.400 62.240 .

XFEM Q8 69.393 63.372 62.183 58.934

T. Nguyen [5] 92.451 87.731 83.549 77.469

S Bachene [4] 92.219 88.063 83.753 77.378
Huang [10] 92.230 88.080 83.780 )

XFEM_Q8 93.028 88.724 84.179 77.404

Nhén xét: Tuong ty nhu vét nit & tam, cac két qua tinh toan khi ding XFEM_Q8 so véi
phuong phap khac hoan toan phu hop, giita cac phuong phap c6 sai 1éch nho (dudi 1.7%), diéu

do cho

thdy khi xac dinh bang XFEM_Q8 cho két qua chinh xac. Pong thoi, trong bai toan cho

thdy khi chiéu dai vét niit cang ting thi tin s dao dong riéng cang nho, diéu d6 thé hién do ctng
tong thé ctia tim khi bi nut giam di lam cho két ciu d& bi pha hoai.

3.3.
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So sanh tan so dao dong ctia vét nirt & tAm va & canh
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Hinh 9. So sanh tan so dao dong cua tam 4 canh twa don co vet nut ¢ canh va tam
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Nhin xét: Sy giéng nhau giita hai truong hop vét niit ngang ¢ tAm va & canh 1a khi chidu
dai vét nut tang thi tan sd dao dong riéng giam. Nhung giita hai truong hop c6 vét nit ngang &
tam va & canh thi vét nirt ngang & canh c6 tin sb dao dong riéng 16n hon so véi ¢ tam, diéu dé cho
thdy rang khi vét niit xuat hién & tdm nguy hiém hon so véi ¢ canh cuia tim.

3.  Kétluan

Tan s6 dao dong riéng phu thudc vao chiéu dai vét nit, chiéu dai vét niit cang 16n thi tan sd
dao dong riéng giam dan dén kha nang chiu lyc ciia tim giam, dong thoi két ciu dé bi pha hoai.

Tuy thudc vao vi tri vét nirt xudt hién trong tim ma tan sé dao dong riéng khac nhau. Vét
nit xuét hién ¢ tdm cuda tam co tan sb dao dong nho hon 6 canh dan dén viéc xuét hién vét nit &
tam s& nguy hiém hon so véi ¢ canh.
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