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Nghién ctru ché tao hé vi lwu tich hop khdi chirc niing khuiy tron
va bay hat nano tir
Fabrication of Microfluidic System Integrating Pre-Mixture
and Trapping Magnetic Nanoparticles Modules
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Tom tat

Hé vi lvu duoc thiét ké va ché tao trén nén vét liéu Polydimethylsiloxane (PDMS) béng phuong phap dtic vi
kénh s dung ky thuat quang khéc dé tao khuon. Vi kénh (cao 50 wm; rong 500 wm) duoc th/et ké gom céc
khu vwe chire nang: khuay trén va bay hat nano. Hé vi luu dwoc hoan thién trén co sé& gan kénh bang két
céu co khi str dung hai tdm Plexiglas, ky thuét ndy cho phép c6 thé thay thé kénh PDMS mdi khi can thiét.
Déng thoi chip c6 thé 1am viéc & didu kién ap luc cao (trén 150 kPa) cla dong 16ng trong kénh. Khu vuc bay
hat nano siéu thuan ttr 300 nm duroc ché tao bdng céch dat mét nam chém NdFeB dét ngay phia dudi kénh.
Két qua nay cho phép mé ra huéng tng dung hiéu qua hé vi luu trong céc phép phén tich dién héa hay y -
sinh.

Tw khoéa: Hé vi lwu, vi kénh, béy hat nano tir, PDMS
Abstract

The microfluidic system was designed and fabricated in Polymethylsiloxane (PDMS) using replica molding
process. PDMS micro-channel (60 »m high, 500 »m wide) was designed with functional modules: mixing
components and trapping nano magnetic beads. The microfluidic system was packed by mechanical
technique using two Plexiglas pieces and fixing by screws, the PDMS channels can be easy to replace by
new one in case of requirement thanks to this technique. In addition, the microfluidic system was passed the
leaking test with high-pressure drop (> 150 kPa) of liquids injecting in micro-channel (with flow rate: 500
«L/min in 15 minutes). The trapping zone of micro channel was fabricated with a large reservoir and a

NdFeB magnet placing under channel.
chemical/bio medical analysis.

The result is the basic of applying microfluidic chip in the
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L. Mé dau

Tu nhitng nam 2000 tro lai day, viéc st dung
chip cam bién vi luu (micro/nanofluidics) trong phan
tich y sinh, héa hoc da thu hit sy quan tim cua nhiéu
nha khoa hoc. Piéu nay c¢6 dugc 12 nhd nhimng uu
diém ma hé vi luu ndy mang nhu: gidam viéc tiéu thy
céc tac nhan phan mg do vi kénh c6 thé tich nho va
tang do nhay nho vao viéc tang dién tich bé mat tiép
xtc va ting sy chuyén khéi khi vi kénh giam xudng
kich thuéc pm va nm [1, 2]. Thém vao do, nho su
phat trién manh mé ciia cong nghé nano, cong nghé vi
co dién th (MEMS, NEMS), viéc tich hop va ché tao
linh kién vi hé théng nodi chung va cac hé vi luu noéi
riéng tré nén dé dang hon. Pay ciing 14 co s§ dé phat
trién cac phong thi nghiém trén mot chip (Lab-on-a-
chip) cho phép tich hop cac chic nang nhu bom,
khudy tron mau, phan tich va thong tin két qua trén
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cuing mdt chip tich hgp [3, 4]. Hién nay, cac hé vi luu
dugc st dung trong cac phép phan tich trong y sinh
nhu: c4c phén tich DNA, té bao, PCR,... cho phép tao
ra nhiing hé thdng co6 tinh co dong cao, va chi phi
giam dan [5]. Ngoai ra, cic phép phan tich s dung
cac h¢ vi luu con htra hen nhimg uu diém ndi troi ve
thoi gian ngan va thyc hién duge véi nhitng miu
phan tich nho vé lugng miu (dén mot vai ul) va nho
vé nong do tac nhan (nmol/L).

Trong ché tao cac chip vi luu trén nén vat lidu
phd bién hién nay 1a PDMS, véi k¥ thuat xtr ly bé mat
bang plasma trong ghép vi kénh trén cic nén thuy
tinh hay silic cho két qua lyc bam dinh rét chic va
khong thé g& kénh sau khi gin [6]. Vi viy, cac vi
kénh va tdim nén chi st dung dugc mot lan va phai
thay thé khi kénh bi ban hodc c6 16i trong qua trinh
lam viéc. Viéc thay thé nay gdy t6n thoi gian va chi
phi, dic biét khi tim nén chtra cac chi tiét doi hoi
nhiéu cong doan phuc tap dé ché tao. Hién nay, mot
s6 phat trién trong k¥ thudt 1ap ghép kénh 1én tim nén
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cho phép sur dung lai tAm nén nhiéu lan s& dem lai loi
ich rat 16n vé thoi gian va chi phi ché tao nhu: sir
dung nam cham, bang dinh hai mat hay chat két dinh
[7, 8]. Trong nghién ctru nay, ky thuat gn kénh theo
huéng sir dung lai tim nén nhiéu 1an duogc phat trién
trén co so st dung két cdu co khi va kénh dwoc dong
kin bang mang mong PDMS.

Su két hop hé vi luu trong phan tich sinh hoc st
dung céc hat nano tir d3 va dang dugc phat trién véi
muc dich giam thoi gian va lugng tac nhan trong qua
trinh phan tich [9]. Trong cac h¢ vi luu, cac quy trinh
thyc hi€n twong ty nhu cac budc trong k¥ thuit
truyén thong (vi du nhu: k¥ thuat phan tich chit hip
phu mién dich gin enzyme — ELISA (Enzyme-linked
Immunosorbent Assays)), nhung thoi gian cling nhu
luong mau st dung giam di nhiéu lan. Véi ky thuat
nay, viéc khudy tron va bay hat nano tir trong vi kénh
1a nhitng budc rit quan trong quyét dinh dén su thanh
cdng cua phép phan tich. Chinh vi vay viéc nghién
ctru, thiét ké va ché tao hé vi luu véi cdc khdi chire
ning: khudy tron va bay cac hat nano tir 1a myc tiéu
quan trong trong nghién clru nay.
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2. Thuc nghiém
2.1. Thiét ké va ché tao vi kénh

Khuon ciia vi kénh duoc thiét ké bang phan
mém Inkscape, sau d6 khudn cta kénh dugc tao hinh
nho k§ thudt quang khic sy dung chat cam quang
SU8 — 3050 (tir hang MicroChem Corp.) trén dé
Si0»/Si (P.100) (Mua tir hang Universitywafer) [10].
Khuon cua kénh dugc dinh hinh véi d6 cao 50 um, do
rong 500 pm (Hinh 1 (a, e)).

Vi kénh dugc ché tao tr vat liéu
Poly(demethylsiloxane) PDMS (Sylgard 184
Silicone Elastomer Kit, Dow Corning Corp.). PDMS
duogc chuan bi tir hai thanh phan: Silicone elastomer
va chit dong ran (curing agent) duoc tron theo ty 18
10:1, sau khi tron hai thanh phan nay hén hop duoc
loai bo bot khi bang cach hut chan khong. Sau d6, d6
hén hop dong nhit thu dwoc d6 1én khudn (hinh 1(a))
va dat vao ti siy o nhiét do 70°C trong 2 gid dé dong
ran (hinh 1(b)). Tiép theo, kénh PDMS duoc tach
khoi khudn, cit dinh hinh va duc 13 tao duong vao va
ra cho kénh (Hinh 1 (¢), (d))

Khu VG bét
hat nano tir

Khu virc
khudy trn

M

Hinh 1. Quy trinh ché tao khuon va kénh PDMS bé‘mg k¥ thuat dic. (a) Tao khudn trén vat li€u cam quang SU -
8; (b) D6 PDMS [én khudn va thyc hién d\(’)ng ran; (c) Téch kénh PDMS ra khoi khuén;, (d) KhQan 16 tao duong
vao va ra cho kénh; (e) Khuon dic kénh bang SU — 8 trén dé SiO»/Si; (f) Kénh sau khi gan 1én dé thuy tinh.
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Hinh 2. (a) Quy trinh lip rap hé vi dong bang két céu co khi; (b) Hinh anh hé vi dong
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Hé vi luu duoc hoan thién bing cich gin vi
kénh 1én dé bang cac ky thuat ghép ndi co khi. Piu
tién, Kénh PDMS dugc dong bang 16p PDMS mong
vGi do day khoang 8 pm. Lép PDMS nay duoc ché
tao bang phwong phdp phu quay (spin-coating)
PDMS dugc trén voi ty 18 2,5:1 (dé dam bao do nhot
nho) trén dé Teflon, sau d6 déng ran trong ti sdy (¢
70°C trong 1 gio). Kénh va mang PDMS duoc gin
v6i nhau bang xur Iy plasma va i trong ti sdy & 70°C
trong 1 gio. Sau do, kénh da dong dugc tach ra khoi
dé Teflon va dua sang ghép ndi vao két cdu co khi
bang hai tdim Plexiglas dugc cat bang CNC (kich
thude 6 x 8 cm) va dugce cb dinh béng e vit (Hinh 2).

2.2. Thir dj kin cua kénh

Kiém tra d6 kin cua hé vi luu sau khi ghép vao
co chu co khi duge thue hién trén co so thay doi luu
lugng dong nudc duge bom vao kénh (cao 50 um,
rong 500 pm). Luu lwong téng thay doi tir 100; 200;
300; 400 va 500 pL/phat (bom: RaZEL™ R99-FMZ)
va dugc duy tri bom lién tuc trong 15 phut twong tng
véi timg mic luu lwong, Cac hé vi luu duoc kiém tra
10 i chat long bang mét thudng trong qué trinh thir
nghiém dé danh gia d6 kin va chiu 4p lyc ctua dong
chit long.

2.3 Thir nghiém chirc ning khudy tron va bit hat
nano te

a. Thit nghiém chirc nang khudy trén

Khu vyc ¢6 chirc ning khudy tron cua kénh
dugc thé hién trén Hinh 1 (e), trong thir nghiém nay,
ba dong chit 16ng dugc bom vao ba ddu vao twong
ung cua kénh v6i luu lugng 5 pL/phat. Trong do,
duong vao ¢ gitra 1a nude cat, con hai duong vao hai
bén ding chat 16ng mau — methylen xanh. Khi cic
chét long duge bom vao kénh, cac chat long s& dugc
6n dinh luu lugng lai khu vuc chtra thir nhat, sau do
cdc chét long dugc dan t6i doan chay zic Zac v6i muc
dich dé dong chét 1ong d6i hudng lién tuc va co thé
tang hi¢u qua qua trinh khudy tron. Hiéu qua khudy
tron dugc danh gia bing anh chyup dudi kinh hién vi
doc theo chiu dai kénh. Chi ¥, cic kénh déu c¢6 kich
thudc rdt nho (500 um) nén ché do chay trong kénh
hau nhu 1a chay dong (v6i chudn sé Reynold, R, <
2400, thong thuong R. < 1 vdi cac kénh c¢6 kich thude
khoang 100 um) dan téi viéc tu khudy tron thudng
kho khan [11, 12].

b. Thir nghiém bd~y hat nano tw

Keénh sau khi hoan thanh viéc kiém tra do kin &
thi nghiém trén, dugc s dung dé bdy hat nano tir
ngay trong kénh tai khu vuc bdy cac hat ndy. Hat
nano tir dung cho thtr nghiém nay 1a loai hat thuong
mai cd kich thuéc 300 nm (loai carboxyl-
Adembeads, mua tir Cong ty AdemTech). Pay 1a hat
nano si€u thuan tir duoc boc bén ngoai boi mang
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polyme wa nudc. Ngoai ra, bé mit cia cic hat nay
dugc gin cac nhom chirc Carboxylic — COOH duoc
diing pho bién trong cac phép phan tich xét nghiém
mién dich (ELISA).

Trong thit nghiém nay, cac hat nano tir duoc
phén tan tir dung dich gbc vao méi truong dém PBS 1
x, (phosphate-buffered saline, pH = 7,4 - moéi truong
ding trong céc phép phan tich sinh hoc) v6i nong do
pha rén khoang 0,15 mg/mL. Hat nano tir dugc bom
lvu lwong dua tir tr vao kénh qua duong vao o gilta
véi lvu lugng 0,6 pl/phat. Hai duong vao ¢ hai bén
dung dé bom dung dich dém PBS va nudc dung dé
rira kénh khi cin thiét. Tai khu vuc by hat nano tir
(Hinh 3 (c)), mdt nam cham vinh ctru dat hiém —
NdFeB dang ctic tron dugc dat ngay phia dudi kénh.
Khi dong hat nano tir di chuyén dén vi tri ddt nam
chidm, nam cham s€ gilt cac hat nano tir lai va dong
chat gdn nhu khong con hat nano di ra khéi kénh.
Hinh 3 (c), anh kinh hién vi md ta cac hat nano tir bi
giit lai bang nam chdm. Sau khi céc hat nano tir trong
dong 1ong bom vao kénh da bi giir lai hét, bom lwu
luong s&€ bom dém PBS vao dé rura kénh va hat nano
trong 10 pht véi luu luong 1a 1,5 pl/phut.

3. Két qui va thio luin

3.1. Khio sit d) kin ciia chip vi hru ghép bing két
cau co khi

Sau khi chip vi luu hoan thién theo phuong phap
gan nho két ciu co khi, kénh dugc bom cac dong chat
16ng vao theo ba tuyén dau vio.

. Ap luc ciia dong chét long, Dp, trong kénh c6
the duoc tinh tir gia tri luu lwong dong chat 1dng dugc
bom vao kénh, O, theo dinh luat Hagen-Poiseuille
[13]:

Ap=QR,

trong d6: Dp = P— P, voi P la ap luc bén trong
kénh khi c6 dong chay; P, 1a ap lyc tai dau ra coa
kénh va thudng bang ap sudt khi quyén (100 kPa); O
1a Iuu lugng chat long dugc bom vao kénh qua bom
lwu lwong; Ry 1a tré luc ciia dong chit long.

ey

Tré luc Ry duogce xac dinh gﬁn ding ddi véi vi
kénh c6 mat cat hinh chir nhat va trong truong hop
kénh c6 ty 1€ chiéu cao/chiéu rong, i/w, kha nho [14]:
121.L 1 2
w.h’

R, =
1—0,63ﬁ
w

trong do: 4 1a do nhot cua chat long (H2O &
25°C); L 1a chiéu dai kénh (khoang 6 cm).

Bang 1 trinh bay gia tri luu lugng dong bom vao
kénh va &p luc ctia cua chat long (tai 25°C) trong
kénh co6 kich thudc: cao 50 pm, rong 500 pm dugc
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tinh theo cong thirc (1) va (2). Két qua thir nghiém
trén kénh cho thdy, ngay ¢ luu luong dong rat cao
mg v6i ap luc dat 157,9 kPa kénh khong xuat hién
cic do ri chét 1ong. Trong thuc té, cac gia tri thir
nghiém & day thuong 16n gap tir vai 1an hang tram lan
so voi luu lugng dong lam viée trong qua trinh phan
tich, vi du trong céc ung dung vi kénh thi luu lugng
dong thyc té khoang tir vai puL/phat dén vai trdm
pL/phit ) [8, 15, 16]. Gia tri nay cho phép kénh lam
viée tot trong hau hét cc ing dung trong phan tich
héa hoc va sinh hoc.

Bang 1. Luu luong dong chat long va ap luc trong
kénh

Luu lwgng

(mL/phiit) 100

200 300 400 500

Aplwe (kPa) 111,6 123,1 1347 1462 1579

Kha nang chiu duoc ap lyc cao cua kénh duoc
ghép bang ky thudt nay twong duong véi viéc gin
kénh PDMS lén dé silic hodc thuy tinh bang k§ thuat
xir Iy bé mit bang plasma [17]. Tuy nhién, khi gin
kénh PDMS truc tiép 1én dé nay bang plasma thi
khong thé béc kénh ra sau mdi lan st dung (trong
truong hop kénh bi 18i, hong hodc ban, viéc thay kénh
méi 1 bit budc). Pong thoi, phan dé silic hodc thiy
tinh néu c6 tich hop cac mé dun chirc ning khac sé
phai ché tao lai, diéu nay gy kho khan va ton kém
cho nghién ciru va ung dung. Trong nghién ctru nay,
khu vuc by cic hat nano tir duoc thiét ké v6i mot
nam cham dat ngay phia dudi kénh, chinh vi vay 16p
moéng PDMS (day 8 um) dam bao lyc tir di manh dé
gilt cac hat tir nay. Vi vy, voi k¥ thuat gin kénh
PDMS bing két cau co khi, phan kénh va dé hoan
toan tich roi nén viéc thay kénh méi sau mdi lan sir
dung rat dé dang.

3.2. Khdo sdt khd ning khudy tron va bdy cdc hat
nano tir ctia cdc khoi chirc nang

Hinh 3 cho thdy khi bom ba dong chét long
(nudc cit, nude cit co pha mau methylen xanh) vao
chip vi luu véi luu lwong 5 pL/phit tmg voi mdi
dong vao, ban dau su khuay tron chua xay ra ngay,
nhung sau khi cac chat long chay qua khu vuc 6n
dinh dong (Hinh 3 (a)) dén phan diéu chinh hudng
dong chay theo dudng zic Zic (Hinh 3 (b)) cac dong
chét long mau xanh duogc tron t6t voi nude ngay sau
khi qua nhitng dudng zic Zic dau tién. Nhu vay, su
dao chiéu dong chay 1a mot trong nhitng ky thuat
duoc sir dung trong khudy tron da dong vai thé tich
si€u nho va luu lugng 16n ngay bén trong vi kénh
(ngoai ra, cac k¥ thudt chia dong hay gdp dong ciing
s€ tang hiéu qua cua qua trinh nay).

Hinh 3 (c) trinh bay két qua cia qué trinh biy
cac hat nano siéu thudn tir 300 nm. Tai vi tri dat nam
cham (NdFeB), céic hat nano bi giir lai phﬁn 16n tai vi
tri ndy, theo quan sat dinh tinh dudi kinh hién vi. Vi
lwu luong dong tong cong khoang 15 uL/phit, tuong
g v&i van tde dong khd 16n khoang 1 mm/s thi céc
hat nano tir khong bi cudn theo dong chét long ra
ngoai khi bj giit bd nam cham. Diéu nay co dugce 1a
do thiét ké khu vuc by hat nano tir duoc tiét luu rong
ra lam giam van tdc dong chay xudng va han ché
duoc dong chay cudn céc hat tir dd bi nam cham giir
lai. Két qua nay rat hitu ich k¥ thuat bay hat nano tir
trong phan tich y - sinh hoc (vi du nhu ELISA). Tuy
nhién, kha ning dinh lugng phan hat nano tir bi giir
tai vi tri nay rat kho khin do chua thé dinh luong
duoc bao nhiéu hat nano tir dugc bom vao kénh va
t6n thit trén duong di chua thé kiém soat.

500 um

Hinh 3. Hinh anh c4c modul cta kénh duéi kinh hién vi trong thir nghiém khudy tron (a), (b) va by hat nano

siéu thuan tr (kich thude 300 nm) trong kénh (c).
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4. Két luan

Chip vi lwu dugc thiét ké va ché tao thanh cong
v6i ky thudt tao khudn cho kénh bing mit na don
gian trén tim polyme. Didu nay cho phép ché tao
kénh mot cach linh dong tiét kiém thoi gian va chi phi
hon. Cong doan dong kénh va hoan thién chip dugc
thyc hién bang ky thuat ghép ndi véi co cdu co khi
cho két qua tot voi kha nang chiu duogc ap luc dong
chay rat cao toi 157,9 kPa. Cac khu vuc chirc ning
cua vi kénh nhu khuéy tron va bay hat nano tir dugc
thir nghiém cho két qua tét ngay ¢ luu luong dong
thir nghiém khéa cao 15 pL/phit. Két qua thir nghiém
by cac hat nano siéu thuan tir v6i kich thuée 300 nm
t6t bang nam cham NdFeB. Két qua nay s& dinh
hudng ng dung kha thi trong phan tich y — sinh hay
dién hoa trong mot chip vi luu tich hop.
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