TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

~JOURNAL OF MARINE SCIENCE AND TECHN

KHOA HQC - CONG NGHE

NGHIEN CUU MAY VI TRON XOAY CHO HE THONG PHAN TiCH VI MO
INVESTIGATION OF VORTEX MICROMIXER
FOR MICRO-TOTAL-ANALYSIS-SYSTEMS

BUI GIA THINH
Khoa Pién - Co, Truong Pai hoc Hai Phong
Email lién h¢: thinhbg@dhhp.edu.vn

Tom tit

Cdc thiét bi phdn tich thi nghiém ngay cang diroC
thu nho @é mang lgi nhiéu lgi thé nhuw giam chi phi
phan cing, tiéu hao nguyén liéu, téc dé phan tich
nhanh hon va kha nang van hanh dé dat duoc hiéu
sudt cao. Hé thang Vi chat long dang tré thanh
mot cdng nghé quan trong trong cac ung dung cua
qua trinh phdn tich hda hoc va sinh hoc trong hé
théng phdn tich tong thé vi mé (Micro total
analysis system (u-TAS)). Trong bai bdo nay trinh
bay nghién ciu mét vi trgn hoat dong xody ba
chiéu (three-dimensional (3-D)) siz dung mang
ddn déng bang khi nén dé tao ra dong chay xody
trong buong trén dé c6 hiéu suat trén nhanh
chéng. Mdy vi trén duwot ché tao bang cong nghé
hé thong vi co dién tir (Micro-electro-mechanical
system (MEMS)). Mé phong tinh toan dong luc
hoc chdt léng (Computational-fluid-dynamics
(CFD)) ciing diroc sir dung d@é khdo sdt co ché tron
va khdo sat cac thong sé dong chay. Vi trén kiéu
x0dy 3-D duwoc sit dung dé tao ra trirong dong
chay xody va dé ching minh hiéu sudt tron ding
ké téi 95,0% trong mét khodng thoi gian ngan.
Céac mb phong va cac quan sat thuc nghiém chi ra
rang hiéu sudt trén tdang khi tan sudt tang lén va
thoi gian trén hoan toan giam. Nhiing két qud dem
lai cho thdy rang vi trén xody duwoe dé xudt hoan
toan c6 thé trén hai mdu thich hop sir dung trong
cdc hé thong vi co dién tir ing dung trong phin
tich sinh hoc va hoa hoc.

Tu khéa: He théng phdn tich tong thé vi m, vi
trom, hé thong vi co dién tir.

Abstract

Laboratory analyzers are increasingly being
miniaturized to offer many advantages including
reduced hardware costs, material consumption,
faster analysis speeds, and the ability to operate
for high performance. Microfluidic systems are
becoming an important technology in chemical
and biological process applications. In this paper,
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a three-dimensional (3-D) vortex-operated micro-
mixer is presented that using a pneumatically
driven diaphragm to create a vortex flow in the
mixing chamber for rapid mixing performance.
The  micromixer is  fabricated  using
microelectromechanical system (MEMS)
technology. Computational fluid dynamics (CFD)
simulations are also used to investigate the mixing
mechanism and investigate the flow parameters.
The 3-D vortex micromixer is used to generate a
vortex flow field and to demonstrate a remarkable
mixing efficiency of up to 95.0% in a short period
of time. Simulations and experimental
observations indicate that the mixing efficiency
increases as the driving frequency increases and
the complete mixing time decreases. The results
show that the proposed vortex micromixer can
completely mix the two samples suitable for use in
micromechanical systems applied in biological
and chemical analysis.

Keywords: x-TAS, micromixer, MEMS.

1. Mé& dau

Véi sy xuat hién cua cong nghé micro va nano,
viéc nghién ctu dong chat long va sy kiém soat cia
n6 ¢ quy mé cuc nho da thu hat dugc sy cht y dang
ké trong hai thap ky qua. Nhu cdu vé cac hé thdng
phén tich sinh hoa trén chip, thuong duoc goi la p-
TAS hoac Lab-on-a-Chip dang tang 1én nhanh chong,
didu d6 s& giup cho viéc xét nghiém dé& dang, nhanh
chéng, hiéu qua va c6 chi phi thap. Hau hét cac qua
trinh phan &ng hoéa hoc va sinh hoc dugc thuc hién
trong chat long, su phét trién cua pu-TAS vé ban chét
¢6 lién quan dén sy phét trién cua céc thiét bi vi long.
Dé cai thién thong luong, tirc 1a lwong mau c6 thé xi
Iy va phan tich trong mot khoang thoi gian ngan, bo
tron phai tron nhanh cac mau truée khi hdn hop dén
cam bién. Do d6, mot may vi tron hiéu qua va nhanh
chéng 1a rat quan trong cho mot hé théng cam bién
sinh hoc thong lugng cao trén chip.
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Hinh 1. (a) Mt cit hinh chidu bang céu tao ciia
may trén. (b) Méu thir dwoc dwa vao. (c) Khi nén
dwoc bom vio dé 1am léch mang PDMS tgo ra dong
xody. (d) Khi nén dwoc gidgi phéng dé mang PDMS
vé vj tri ban ddu

Nhin chung, cdc may tron vi md hién c¢6 duoc chia
thanh hai loai, d6 1a may tron cha dong va may tron
thu dong. May tron thu dong khong cd bo phan chuyén
dong va tron chi nhd cau tric hodc cau tric lién két
cta chang. May tron chi dong tron bang ning lwong
ddu vao tir bén ngoai. May tron thu dong da dwoc
nghién ctu rong rii vi c6 wu diém la gia thanh re, d&
ché tao va khong can thém ngudn dau vao. Sir dung
cau trc thu dong, cAc chat long budc phai thay doi
huéng, tach ra hoac tai hop; can phai tang dién tich
tiép xdc cua cac dong con [1, 2]. Mot co ché quay da
dugc gidi thiéu dé tang dién tich tiép xuc bang cach
sir dung vi kénh ngoin ngoéo 3-D [3, 4] va cé4c ciu
trdc giam phan cuc [5]. Qua trinh tron trong mot vi
kénh ciing ¢6 thé dugc ting cuong thdng qua su doi
Iwu hdn loan [6], lam thic ddy su khuéch tan va dan
dén viéc tron nhanh hon. Mic du hiéu qua tron cao &
tdc d6 dong chay 16n, nhung ciu tric 3-D phc tap rat
khé ché tao va ciing tao ra trg khéng dong chay lsn.
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Mot vi tron thu dong quay 3-D ty tuin hoan da
dugc bao cao Vé tinh hidu qua ctia kha nang tron. Hiéu
qué ciia n6 cao hon néu tc d6 dong vao cao hon dugc
dua vao dé tao ra dong xoay [7]. Mac du thiét ké da
dugc ching minh 1a ¢6 hiéu qua, nhung cau tric 3-D
rat phtrc tap. Mot vi tron khac da tao dugce dong xody
nhanh cho céc phan tng héa hoc téc dé cao [8]. Mic
di dong xoay cd thé duoc tao ra dé dat duoc su tron
hiéu qua, téc d6 dau vao va ap suat cua mau trong tng
1a 10ms™ va 10bar, diéu nay rat kho cung cip cho tng
dung cua hé thdng vi long. Tuong tu, cac vi tron thu
dong kiéu xoay da dau vao sir dung hiéu &g tu quay
da duoc bao céo [9, 10]. Cac may vi tron khéac nhau
da dugc s dung rong rai trong cac wng dung vi long,
chang han nhu tong hgp héa hoc, phan wng héa hoc,
quy trinh phan tich sinh hoc va cac quy trinh khac [11].
Mot s6 may vi tron méi hoat dong, co chi phi thap va
ché tao don gian, da dugc phat trién thanh cong dé
thuc hién tron hiéu qua [12, 13, 14].

Trong nghién ctru nay, may vi tron hoat dong véi
dong xody 3-D sur dung mang khi nén dé nang cao
hiéu qua bom duoc gidi thiu. Céc thiét bi dugc ché
tao d& dang bang céach sir dung cong nghé MEMS va
may CNC (Computer-numerical-control). Cac md
phong va két qua thuc nghiém s& cho thay ring céc
mau c6 thé duoc tron hoan chinh nhanh chéng bing
may tron trong mot khoang thoi gian ngan. Ngoai ra,
mot md phong di duoc st dung dé khao sat cac thong
s6 dong chay va co ché tron. Viéc nghién ciru may vi
tron hoat dong véi dong xoéy 3-D c¢6 thé cung cip mot
cdng cu manh mé dé tich hop vao hé théng vi long.

2. Thiét ké

Dong gop chinh ciia nghién ciu nay 1a thiét ké va
ché tao may vi tron kiéu xoéy 3-D diéu khién bang khi
nén c6 kha nang trén nhanh va hiéu qua. Hinh 1. (a)
1a mit cét hinh chiéu bang mé ta cau tao ciia may tron
bao gom hai 16p PDMS (Polydimethylsiloxane) va
tam nén thuy tinh. May tron c6 kich thude chiéu rong,
chiéu dai va chiéu cao tuong tmg lan luot 1a 12mm x
12mm x 5mm. Lép PDMS phia trén c¢6 cdu trac tao
budng khi véi cac kénh dan khi. Chiéu rong va chiéu
cao cua cac kénh dan khi twong tmg 1a 300um va
500um. Lép PDMS phia dugi bao gém mot buong
tron voi hai kénh chat long. Puong kinh cia budng
tron 1a 6,0mm. Chiéu rong, chidu dai va chiéu cao cua
budng chat long lan lwot 1a 3000um, 5000pum va
600pm. 80ul nudce da khir ion (Deionized-water (D))
va C4c hat vi cau c6 duong kinh 60um dugc dua vao
budng tron dé quan sat dong xody nhu thé hién trong
Hinh 1 (b, ¢, d)). Khi khi nén dugc cung cap cho hai
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budng khi théng qua cac kénh dan khi két ndi, cac
mang PDMS (day 100pum) tudn ty bi léch va sé tao ra
truong dong xody bén trong budng tron tron.

3. Quy trinh ché tao

Hinh 2 m6 ta quy trinh ché tao vi tron. May tron
bao gém dé thuy tinh va céu trdc PDMS, ciu trlc
PDMS hai 16p bao gdm mét 16p day va mot 16p mong.
Lop day (4500um) duoc thiét ké co khoang khi két
ndi véi ngudn &p suat bén ngoai va 16p mong (600um)
la dé d& bién dang. Khudn c6 ciu tao bang hop chat
polymethylmethacrylate (PMMA) duoc tao ra bang
cach sir dung may CNC nhu Hinh 2 (a). Sau do, qua
trinh dic PDMS dé tao thanh céc budng khi nhu Hinh
2 (b) va quy trinh dé tao ra mau dtc cua kénh chat
long nhu Hinh 2 (c). Cudi cung, c4c ciu tric PDMS
va dé thuy tinh duoc lién két véi nhau bang cach sir
dung cong nghé plasma dé tao thanh may vi tron hoan
chinh nhu Hinh 2 (d).

(a) Qua trinh tao khuon PMMA

[

(b) Qua trinh duc PDMS

6 ===

(c) Méu dac PDMS

Céu trac PDMS
Tam nén thiy tmh—‘::

(d) Géin két hai thanh phan

Hinh 2. Quy trinh ché tao vi trn

(a) Kénh din  (b) Budng khi
Hinh 3. Hinh éanh ciia khuon PMMA

Hinh 4. Hinh dnh ciia mdy vi tron tgo dong xody 3-D

Hinh 3 (a) va (b) cho thiy hinh anh caa khudn
PMMA cho budng khi va kénh chét long duoc tao ra
bang k¥ thuat gia cong CNC. Hinh 4 1a hinh anh ché
tao thanh cong ctia may vi tron.

4. Két qua va thao luin
4.1. Két qui mé phéng

M6 phong dong luc hoc chat long tinh toan
(Computational Fluid Dynamics - CFD) dugc thuc
hién dé khao sat cac trudng dong chay va két qua su
phéan bd ndng d6 miu trong chit 16ng. Bén canh d6 su
bién dang cua cau tric mang chuyén dong dudi ap suat
van hanh khac nhau ciing dugc nghién cau.
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Hinh 5. Sur bién dang ciia mang PDMS déi véi 4p
sudt khong khi ldn let 12 (a) 5psi va (b) 10psi

Hinh 5 thé hién su bién dang ciia mang chuyén
dong diéu khién bang &p suat khong khi. Do bién dang
I6n nht 12 468,8pum va 937,3um khi didu khién véi ap
suat turong (mg 5psi va 10psi. Trong thiét ké nay, do
sau cua kénh chat long duoc thiét ké 1a 600um. Ap
SUAt khéng khi bén ngoai dugc thiét lap10psi dé dat
duoc thé tich stoke toi da.

Céc dong chét 16ng dugc mod phong trong qua trinh
chuyén dong ctia mang & t = 0,083 gidy duoc thé hién
trong Hinh 6 (a) véi tan s6 truyén 1a 6Hz. C4 thé thay
rd rang mot dong chay xoay da dugc tao ra, do d6 ting
cuong hiéu qua tron. Khi qué trinh phuc hdi mang xay
ra, chat long bi kéo tro lai va hudng dong chay dao
nguoc. Tuy nhién, truong dong khong xody nhu trong
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qua trinh léch mang. Qua trinh phuc hdi mang duoc
thé hién trong Hinh 6 (b) tai thoi diém t = 0,167 gidy
& cling mot tan sé dan dong d6i véi mang PDMS.

(@) Qua trinh lam léch mang

(b) Qué trinh mang phuc hdi
Hinh 6. M6 phéng dong chit léng

Hinh 7 thé hién cac duong dang toc & cac do cao
khac nhau (14n luot 1a 600, 1000, 2000 va 3000um) tai
thoi diém t = 0,083 gidy, 1a thoi diém két thic cua quéa
trinh 1am léch mang véi tan sé truyén 6Hz. Van téc
cuc dai dugc tim thdy & céc vi tri khac nhau ddi véi
cac do cao khac nhau. Piéu nay cho thiy rang truong
dong xoay ton tai cho truong hop ndy. Va co thé thay
diém cuc dai ciia dwdng déng tdc da 1éch nhidu hon so
v6i tam cua budng tron, do d6 cho thiy may tron c6
hiéu tng x0dy manh hon.

Hinh 8 cho thiy mé phong su phan bé nong do
trong may vi tron, véi do cao ciia chat 1ong 1a 2000um
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dugc do tir day ciia budng tron. Ban dau, dong chay 1a
tinh vi hai mau duoc tach biét rd rang va bat ky su tron
I3n nao chi la do su khuéch tan phan tu.

-0.10 008 -006 -0.04 -002 0 0.02 0.04 0.06 0.08 0.10(m's)

Hinh 7. Pwong ding téc ciia may Vi trén tao dong
x0ay 3-D ¢ cdc dj cao khac nhau: (a) 600um;
(b) 1000um; (c) 2000m; (d) 3000um.

(f)

Hinh 8. Mé phéng qua trinh trgn sau thoi gian:
(a) 0 giay; (b) 0,1 giay; (c) 0,2 giay; (d) 0,3 giay;
(e) 0,5 giay va (f) 0,7 giay
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(e] (f)

Hinh 9. Hinh dnh cho thdy qua trinh trgn sau théi gian a) 0 giay,
(b) 0,1 gidy, (c) 0,2 gidy, (d) 0,3 gidy, (e) 0,5 giay va (f) 0,7 gidy.

Khi cdu trac mang duoc kich hoat bang khi nén va
di chuyén xuéng duai, chat long duoc ddy vao budng
tron. Dudi tac dong ciia dong xoay, chat long dugc
tron nhanh chong. Khi mang phuc hdi vé vi tri ban dau,
ndng d6 da co su thay d6i. Qué trinh duoc lap di lap
lai, chit 16ng duoc tron hoan toan sau 0,7 gidy, nhu
thé hién trong Hinh 8 (f).

4.2. Két qud thuc nghiém

Hinh 9 cho hinh anh chup vi tron kiéu xoéy 3-D
tai cac thoi diém khéc nhau. May hoat dong & tin s6
6Hz va ap suit khong khi ap dung 1a 10psi. Hinh 9 (a)
cho thay ban dau chét long bi &t dong trong budng tron
va khong quan sét thay su tron 1an. Khi cac mang dugc
lam léch bang khi nén, mot dong chay xoay dugc tao
ra dé nang cao hiéu suat tron nhu trong Hinh 9 (c). Khi
cac mang phuc hdi V& vi tri ban dau, cac kénh chat
long duoc lap day bai cac chat Iong hdn hop (muc do).
Diéu nay cho thay ring mot dong chay nguoc dugc
tao ra boi qua trinh phuc hdi mang. Tuy nhién, xoay
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Hinh 10. Biéu dé mé ti néng dp tron ciia may
vi trgn xody 3-D
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Hinh 11. So sanh céc chi sé trén trong mé phéng
va thue nghigm & c&c tan sé tdc dpng khac

nguoc khdng manh biang xoay tao ra bai qué trinh tac
dong ctia mang. Nhitng quan sat thyc nghiém nay phu
hop véi két qua md phong va hai chat 1ong tron 13n
hoan toan sau 0,7 giay.

4.3. Danh gia mo phong va thir nghié¢m

Biéu d0 ndng d6 chuan hoa trong budng tron duoc
thé hién trong Hinh 10, trong d6 Y* Ia vi tri chuan hoa
(Y/D) dugc do qua tim cua budng tron (dudng x’-X).
Thoi gian tron, &p suat dat vao va tan sb truyén lan
luot 12 0,7 giady, 10psi va 6Hz.

Chi s tron trong diéu kién ban dau duoc tinh l1a
21% do tinh khuéch tan phan tir. Ding nhu du doan,
két qua thuc nghiém cho thay ndng do chuin héa 1a
0,5 (tron hoan toan) bén trong budng tron. Hiéu suit
tron dat dugc 12 95%. Két qua thi nghiém nay cho thiy
may Vi tron xody 3-D c6 hiéu suat tron rat hiéu qua.

Tan s6 dan dong cua mang PDMS dong mot vai
trd quan trong trong viéc tron va do do cling duoc
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nghién ctu bang thuc nghiém. Hiéu qua tron caa may
dugc thé hién trong Hinh 11 Hi¢u sut tron tang lén
khi tan s tac dong ngay cang ting. Viéc tron ciing
tang 1én theo tong thoi gian hoat dong.

Cac mau co thé duoc tron hoan toan trong vong
0,7 gidy khi tan sb tac dong la 6Hz. Ta thay rang hiéu
suét tron ciia may tron kiéu xody phu thugc truc tiép
vao cudng do cua truong dong xoay va tan sé tac dong
cao hon tao ra van téc dong xody cao. Khi tin sé
truyén dong qua cao (khoang 10Hz), hiéu suat tron bat
dau giam do dap tng tan s6 co hoc ciia mang khong
thé theo tan sé cao, dan dén do léch mang nho hon.

Céc chi sb tron tir cac md phong cho cac do cao
ctia bé mat chat long khac nhau twong tng 12 600pum,
1000um, 2000um va 3000pm. Két qua tinh toan chi
ra rang cac chi sb tron giam khi chiéu cao ting 1én do
van tbc tuan hoan giam. Két qua mod phong s ciing
duoc so sanh véi dir liéu thuc nghiém cho ba truong
hop thay d6i tan s tac dong 1a 1Hz, 3Hz va 6Hz. Két
qua md phong phi hop véi két qua thuc nghiém. Tuy
nhién, két qua thuc nghiém thap hon mét chit so véi
két mo phong, c6 thé la do thé tich chat long bom véo
trong thuc nghiém it hon so vai truong hgp moé phong
va chét long c6 thé bi ddy sang ca hai phia trong qué
trinh léch cua mang. Mot sé chat 1ong ciing c6 thé sot
lai trong kénh do van d& thé tich chét. Do dé, van téc
bom vao c6 thé vuot qua du doan trong md phong.

5. Két luan

Nghién ciru nay da chirng minh thanh cong viéc
thiét ké va ché tao may vi tron kiéu xody sir dung
mang din dong bang khi nén dé tron chét long trong
mot budng chira. May vi tron dugc ché tao d& dang va
don gian bang cong nghé gia cong CNC va MEMS.
May vi tron da dat duoc chi s6 tron cao téi 95,0%
trong thoi gian ngian. Cac md phong twong @ng cho
thiy rang cac dong tron duoc tao ra dé nang cao hiéu
qua tron va phu hgp véi cac quan sat thuc nghiém.
May vi tron ndy tiéu thu ham lwong mau thir thip, higu
qua tron cao va cé tinh di dong d& dang. Pong thoi nd
ciing c6 thé d& dang tich hop véi cac thiét bi vi long
khéc. Hon nira, vi tron kiéu xody con c6 thé s dung
dé 1am sach mau virus va tong hop cac hat nano.
Trong twong lai, may vi tron ndy cé thé tmg dung mot
cach manh mé trong c4c san phim thi nghiém hda hoc
hoac sinh hoc.
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