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ABSTRACT

Microfluidic paper-based analytical devices (WPAD) have provided a
breakthrough in rapid sample and field analysis. The first time, the
CF279A4 toner ink was used to fabricate uPAD by laser-printer to expand
the scope as well as provided evidence into research on the fabrication of
laser printed uPAD. This paper used 102 filter paper, after printing on
paper with laser printing, the mold was heated in an oven at a temperature
of 150°C to form hydrophilic and hydrophobic channels. The fabricated
UPAD devices have hydrophobic and hydrophilic channel widths of 1.0 nm
and 0.4 mm or more, respectively. Comprare with some research using
other methods such as stamping. Screen printing gives a higher resolution.

TOM TAT

Thiét bi vi long trén nén gidy (WPAD) mang lai buéc dot phd trong phén
tich mdu nhanh va phan tich tai hién truong. Day la lan ddu tién cé nghién
ciru s dung loai mye CF2794 trong ché tao thiét bi uPAD, d‘leu nay giup
mo rong pham vi ciing nhw cung cdp cdc bang chimg vao s6 lwong it cdc
nghién ciru ché tao thiét bi uPAD bang may in laser. Gidy loc 102 dwoc siv
dung, sau khi in bang mdy in laser, khuén sé dwoc gia nhiét & ti sdy véi
nhiét dg 150°C d@é hinh thanh cdc vimg wa nweée va ky nueée. Thiét bi uPAD
ché tao co do rong kénh ky nuoc va wa nuoc lan lwot la 1,0 mm va 0,4 mm
tré 1én. So véi mét sé nghién ciru bang cdc phwong phdp khdc nhw in déng
ddu, in ban thii céng cho d phén gidi cao hon.

1. GIOI THIEU

Thap Ky vira qua 14 sy bung nd cia cac thiét bi

gisi thigu ddu tién boi nhom Whitesides dung dé chi
cac md hinh giay ma cdc chat gap nhau phan tng

kiém tra diém quan tam (point-of-care) duoc lam tir
gidy. Mic du cac thiét bj trong ty da duogc biét tir rat
som nhu gidy do pH (co tir nhitng ndm 1800s), tuy
nhién tng dung phan tich dya trén nén giy thuc su
bung nd khi Whitesides va cong su gisi thiéu mot
nghién ciru dinh lwong nhiéu chi tiéu phan tich trén
nén gidy va co thé phan tich ngay tai hién truong vao
nam 2007 (Yamada et al., 2017). Thuat ngit “uPAD”-
microfluidic paperbased analytical devices ciing dugc
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trén gidy thong qua cac sgi mao quan vai mot luong
mau nhé ma khong phai dung bom (Martinez et al.,

2007). Biéu nay da gay tac  dong dang ké dén nganh
phan tich héa hoc béi chi can mot lwong nhé mau va
thudc thir nhung cho kha nang phén tich, gisi han
phat hién, d6 chon loc cao ma gia thanh ré va nhanh
chong (Busa et al., 2016). Bang chung 1 tir thang 10
niam 2012 dén thang 10 nim 2014, c6 hon 1000 bai
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bao dugc ding vé linh vuc nay, diéu nay cho thay
stre hut vo cung 16n tir pPAD (David et al., 2014).

Thir nghiém trén gidy sém nhat duoc thuc hién
thi cong bang cach cat va tim céc tac nhan hoa hoc
dé thyc hién phan tng 1én mau. Pay 1a mot phuong
phap d& thyc hién, tuy nhién c6 khuyét diém 1a do
Ip lai thap, khong thé san xuat quy mo cong nghiép.
Do d6, nhiéu nghién ctru chuyén siu va phuc tap
hon hon di dugc nghién ctru nhu quang khic
(Photolithography), in sdp (Wax Printing), in phun
(Inkject printing), in ndi (Flexographic printing), in
stamping, str dung ban in thu cong, v& bang bit,...
Hién nay, cac thiét bi ché tao thiét bi uPAD 3 chiéu
cling da va dang dugc tap trung nghién ctru do cé
thé thém nhiéu chirc ning cho thiét bi ma khong can
phai thém kich thudc. Cac phuong phép trén van con
ton tai mot vai nhugc diém, dién hinh nhu phuong
phap dua trén quang khéc sir dung cac dung méi hitu
co, chat can quang dat tién va trang thiét bi hién dai.
phuong phap in bang may in phun thi can thay doi
muc in nham ting tinh ky nuéc cua muyc, ¢ thé lam
hong thiét bi in. In sap 1a phuong phap phd bién,
nhung may in sap hién nay trén thi truong co gia
thanh rat cao, cic phuong phéap nhu in thu cong hoic
vé& bang bit khong co tinh tyr dong cao, kho trong
viéc san xuét véi sb lwong lon.

Mot phuong phép ché tao khac 1a sir dung may
in laser da ra doi. Nghién ciru dau tién duoc béo céo
1a cua Rajesh Ghosh et al. (2019). Nhém nghién cttu
da str dung muc in c6 san trén thi truong (CE278A)
diéu nay giup tudi tho ciia may in dugc ting 1én. Két
quéa cho thay sir dung mdy in laser hoan toan ddp
{mg duoc viéc ché tao thiét b HPAD. Tuy nhién, den
thoi diém hién tai van chwa c6 nhiéu nghién ctu vé
ché tao thiét bi uPAD bing may in laser. Do d6, bai
bao quyét dinh dung phwong phap in laser cho viéc
ché tao thiét bi, nhung thay vi sit dung muc
CE278A, bai bao lya chon muc CF279A cho nghién
ctitu nham muc tiéu da dang hoa ngudn muc dé ché
tao thiét bi pPAD, dong thoi ciing gop phan cing ¢
bang chiing vé cac thanh cong khi ché tao thiét bi
uPAD bang may in laser.

2. PHUONG PHAP NGHIEN CUU
2.1. Hoa chat va thiét bi

Muc HP CF279A; may in laser HP Pro MFP
M26A (TOL49A); gidy loc Whatman sb 40,
41,42,589/3, No.3, No.4, Double A4; gidy loc 102.
My khudy tir gia nhiét ARE (VELP Scientifica); ti
sdy Memmert (UN110, dé bao dam tinh chinh xac
va d6 lap lai thi nghiém, thiét bi da dwoc hiéu chuan
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boi cong ty TNHH Pam béo Chit lugng Vit Nam
(AoV)); kinh hién vi quang hoc Optikal lab 20.

Céc thiét bi pPAD duoc thiét ké trén phan mém
Microsoft Word 2019. 1.2.

2.2. Phwong phap nghién ciru

2.2.1. Cdch ché tqo thiét bj uPADs

Muc tiéu ctia nghién ciru 1a ché tao thiét bi uPAD
bang cach st dung may in laser. Myc in thuong mai
tir may in laser dugc dung dé tao cu trac ky nudc.
Thiét bi duoc ché tao voi 3 budc:

Buéc 1: Thiét ké khuon trén may tinh;
Buéc 2: Sir dung méy in laser dé in khuon;
Buwérc 3: Gla nhiét gidy vira in de lam chay muc

in vao trong céu trac soi ciia nén gidy nham tao ra
hang rao ky nudc.

_Bai bao s dung muc HP CF279A v¢i thanh
phan c6 chira 43-53% styrene acrylate copolymer,
1-5% ethylene propylene copolymer, 0.1-2% Ester
wax

. D)
1. Thiétké khuon 2. Inbing may in laser 3. Gia nhiét

Hinh 1. Quy trinh ché tao thiét bi bing may in
laser

2.2.2. Diéu kién thir nghiém ban dau

Cac gidy loc duoc in khuén véi kich c& gidng
nhau. Sau khi in, thiét bi uPAD duogc dé trong ta sy
va gia nhiét dén 150°C trong 20 phut; dé ngudi, thém
2 uL thudc nhudém vao kénh wa nudéc, kiém tra do ro
ri caa thude nhudém. Ly do lwa chon nhiét do 150°C
1a vi theo gidy ching nhan phén tich (CoA) ciia myc
HP CF279A, muc c6 nhiét do nong chay tai 140°C.

2.2.3. Phuong phap danh gia

Dé danh gia muc do thanh cong ciing nhu d6 phan
giai (d6 rong kénh ky nudc va ua nuéc) cua thiét bi
UPAD, thudc nhudm duoc thém, sau d6 scan bang may
in laser HP Pro MFP M26A va danh gia thong qua su
di chuyén ctia pham mau trén thiét bi.

3. KET QUA VA THAO LUAN
3.1. Téi wu héa loai gidy

So véi cac phuong phap ché tao thiét bi uPADs
khac, viéc str dung may in laser khong thich hop cho
tat ca cac nén mau giay boi l6p muc phu 1én khong



Tap chi Khoa hoc Trirong Pai hoc Can Tho

du nhiédu va d6 thAm vao céu trac bén trong cua so
gidy 1a khong cao. Do d6, viéc tim ra loai gidy tdi
vu 14 didu quan trong. Nghién ctru tién hanh thir
nghiém trén 7 loai giay gom: Whatman sé 40; 42;
589/3; No.3; No.4; gidy loc 102 va gidy double A4
c6 d¢ day khac nhau nhu bang 1.

Bing 1: Théng s6 cac loai gidy sir dung

Loai gidy bj day Kich thuéc

: (um) 10 (um)
Giay double A4 101 -
Whatman s6 589/3 160 <2
Giéy loc loai 102 ~180 -
Whatman sb 42 200 2,5
Whatman sé 4 205 20-25
Whatman sb 40 210 8
Whatman s6 3 390 6

Cdc thong 56 duwoc tham khdo tai dia chi:
https://www.sigmaaldrich.com

Hinh 2. Khuén thiét bi dé t6i wu héa loai gidy

Két qua thu duoc cho thdy cac loai gidy loc
Whatman No.42, No.40 va No.3 ¢6 hién tugng ro ri
nudce ra khéi hang rao ky nudce, ching to 1a 16p hang
rao ky nudc chua dwgc hinh thanh hoan toan.
Nguyén nhan c6 thé 1a do do day cua 16p hang rao
ky nude, dbi véi cac loai gidy loc c6 d6 day trén 200
um, qué trinh hinh thanh hang rao ky nudc kho
khian. Riéng ddi véi gidy loc s6 4, du co do day trén
200 um nhung van tao hang rio ky nudc tot, co thé
giai thich 1 do kich thudc 16 16n, cac 16p myuc dé
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dang thim qua l6p gidy in. Déi véi gidy Double A4,
nude khod tham.

Gidy loc Whatman 589/3, s6 4 va gidy loc 102
cho két qua tt. Tuy nhién, gidy loc Whatman s6 4
cho hiéu ung “coffee ring” rd rang. Hi€u Gng nay
lam cho mau sic khong dong déu, gay khé khin
trong qué trinh phan tich sau khi 1én mau. Giay loc
Whatman 589/3 1a giy loc it hiéu tmg “coffee ring”.

Tuy nhién, khi khao sat 1én mau so bo dé phan
tich nitrite bang cach sir dung nguyén tic ciia phan
mg Griess, thiét bi dugc tim thubc thir bao gdm
(citric acid, N-(1-Naphthyl) ethylenediamine
dihydrochloride, sulfanilic acid) cho phan ung véi
ndng dé nitrite 1a 10 mg/L. Hinh anh dugc scan bing
may in Ricoh Aficio MP 4000 va dugc xir Iy bang
phan mém Image J d¢é tinh gi4 tri AGray, két qua cho
thiy gidy loc 102 cho mau sic dam hon. Do d6, cac
nghién ctru tiép theo, gidy loc 102 duogc sir dung dé
ché tao thiét bi uPAD.

000

AGray value

Whatman 4 ‘Whatman 589/3  Paper filter 102

Hinh 3. Sy khdc biét cudng d§ mau sic giira cac
giay loc khac nhau
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Két qua thu dwoc nhu Bang 2.
Bang 2. Hién trang thiét bi pPAD khi thém thudc nhugm

Loai giay loc Khong vien Mait truéc khuon Mét sau khudn
Double A4 Muc khéng thim

Whatman 589/3

Gidy loc 102

Whatman 42

Whatman 4

Whatman 40

Whatman 3

HEHEIEIEFEHE

3.2. Téi wu héa thoi gian

Dé t6i uru hoa thoi gian ché tao thiét bi pPADs, T T T T T T T T T

miu duoc in theo khuén trén giéy loc 102; sau do

gia nhiét & nhiét do 150°C bing méy khudy tir gia T T T T T T T T T

nhiét ARE cta hang VELP Scientifica trong khoang

thoi gian 5-10-15-20 phit. T T T T T T T T T

Dé kiém tra murc d6 hinh thanh rao can ky nudc,

:zgoc nhudm duoc thém 1én thiét bi uPADs vira ché T T T T T T T T T
IRARRRAAN!

Hinh 4. Khuén dung dé t6i wu hoéa thoi gian gia
nhiét
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Két qua thu duoc nhu bang 3.

Bang 3. Két qua tdi wu hoéa thoi gian

Khong gia nhiét

Gia nhiét 150°C trong 5 phat

Gia nhiét 150°C trong 10 phut

Gia nhiét 150°C trong 15 phut

Gia nhiét 150°C trong 20 phut

Hinh 5. Hinh anh cic hat nhya dwé6i kinh hién
vi dién tir

Mic du qué trinh ky nuéc hinh thanh tét, nhung
ty 1¢ thanh cong chi khoang 55% (n = 31), cac thiét
bi nim ngoai bia van chwa hinh thanh dugc 16p rao
can ky nude, cac pham nhudém chay tran ra bén
ngoai. Nguyén nhén 1a do may khudy tir gia nhiét
hoat dong dua vao su gia nhiét cia dién tro dan dén
nhiét d6 khong phan bo dong déu giira cac vi tri khac
nhau. Cang xa tam, nhiét d0 s€ cang giam.

Hinh 6. Thiét bj pnPADs dwgc ché tao & nhiét dd
150°C trong 15 phut bang may khuay tir

Dé khic phuc hién tuong nay, bai bao tién hanh
gia nhiét trén thiét bj ta séy Memmert & nhiét do
150°C trong 10-15-20-25 phut va tién hanh twong tu
nhu d6i v6i may khudt tir gia nhiét (Bang 4).
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Bing 4. Két qua kho sat thoi gian gia nhiét trong
ta say

Gia nhiét 150°C trong 10 phut

Gia nhiét 150°C trong 15 phut

Gia nhiét 150°C trong 20 phut

Gia nhiét 150°C trong 25 phut

Hinh 7. Thiét bi pnPADs dwgc ché tao ¢ nhi¢t do
150°C trong 20 phut trong ti say

Két qua trén tu sdy ta thdy riang gia nhiét trén tu
sdy cho két qua tt hon ty 1¢ thanh cong 100% dbi
v6i moi vi tri boi ti sdy co d6 dong déu nhiét cao
(theo két qua hiéu chuan thiét bj dwoc thyc hién boi
cong ty TNHH Bao dam chit lwong Viét Nam
(AoV), & nhiét do 130°C, c6 do dong déu nhiét do 1a
1,29°C). Tuong ty nhu dbi vi thoi gian trén may
khudy tir gia nhiét thoi gian trén 15 phut, qua trinh
hinh thanh rao can ky nudc cho két qua tét. D& bam
dam bai bao lya chon thoi gian 20 phat ¢ 150°C
trong tu sdy la thoi gian va nhiét d toi wu cho cac
thi nghiém tiép theo.

Tom lai, qué trinh ché tao thiét bi pPADs duoc
ché tao t6i wu nhu sau: Khudn dugce in vao gidy loc
102, gia nhiét & nhiét d¢ 150°C trong 20 phut trong
ta sy

3.3. Téi wu hoa dd rong ky, nuéc

Hai théng s6 quan trong danh gia tinh ning cua
mot phuong phép ché tao pPADs l1a do rong cia
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vung ky nudc va d6 rong cua vung wa nudc. Mot
phuong phép cho cac thong sb dong rong ving ky
nude va ving wa nude cang thip s& giup ché tao thiét
bi uPADs cang nho va giam thiéu duoc chi phi ché
tao ciing nhu gia ting nang suét.

Dé khao sat do rong ving ky nudc, dé tai tién
hanh in cac khudn hinh tron véi 6 day lan luot 1a
0,2-0,4-0,6-0,8-1,0-1,5 mm. Sau do, gia nhi¢t trong
ta sdy ¢ nhiét o 150°C trong 20 phuat. Dé nguoi,
thém 1 pL phdm nhudm vao ving wa nudc. Mai thi
nghiém lap lai >10 lan.

O0000

Hinh 8. Khuén dung dé toi wu héa d9 rong ky,
nwoéc

Két qua thu dugc nhu Bang 5.
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Bang 5. Két qua nghién ciru d§ rong kénh ky
nuwdc

Mat trudéc Mat sau

Do rong 0,0 mm

Do rong 0,2 mm

Do rong 0,4 mm

Do rong 0,6 mm

Do rong 0,8 mm

Do rong 1,0 mm

Do rong 1,5 mm

9@ e]leXe

Qua két qua trén cho théy voi d6 rong trén 1,0
mm cho két qua tot nhat.

Bang 6. So sanh d§ rong kénh ky nwdc so véi cac nghién ciru khac

Nhém nghién ciru

Phwong phap ché tao

P§ rong ving wa nuéc

Qiaohong He et al., 2013

Arjnarong Mathaweesansurn et al.,2020
Wijitar Dungchai et al., 2011

Tenda K et al., 2016

Ryan A. Ruiz et al.,2022

Nghién ciru nay

In Sép

In laser

Quang khic
In stamping
In ban in thu cong

In truyén nhiét

> 0,2 mm
>1,2 mm
>1,3 mm
>1,2 mm
>1,0 mm
> 1,0 mm

So sanh két qua véi cac nghién ciru trude do
nhung bing cic phuong phéap khac nhau ta thiy riang
in bang may in laser cho két qua t6t hon so vdi in
stamping, in ban in thu cong, in sap bdi nhin chung
day 1a cac phuong phap muc st dung la muc sap,
khi gia nhiét 16p ky nuéc s& phat trién ra 1n hon dan
dén do rong cua kénh ky nudc ciing tang, déng thoi
phuong phép in stamping va in bang ban in thii cong
thao tac dwa myc 1én gidy lam bang tay, thiét bi can
¢6 kich thudc du I6n dé thao tac do d6 ciing dan dén
do rong kénh ky nudc tang.

3.4. Tbi wu hoa d rong wa nuwéc

Dé khao sat d6 rong ving wa nudce, bai bao in
khudén pPAD Ién gidy loc 102 véi d6 rong kénh wa
nude teong ung la 0,2- 0,4- 0,6- 0,8- 1,0- 1,2 mm.
Céc vung va nudc dugce in trén nén muc den nham
tranh su anh hudéng cua do rong vung ky nudc.

Sau d6, thiét bi pPADs duogc gia nhiét trong ti
sdy & nhiét d6 150°C trong 20 phit, thém pham
nhudém. Mdi thi nghiém Iap lai trén 10 1an. Két qua
thu dugc nhu Hinh 9.

Hinh 9. Khuén dung dé t6i wu héa dd rong wa
nwoc

Két qua cho thiy dwoc ring so véi két qua cua
Rajesh Ghosh (2019), nghién ciru cho két qua tuong
duong do6 rong kénh wa nudce phai tir 0,4 mm tré 1én,
SO V6i cac phuong phap khac nhu in stamping, in
ban in thu cong, nghién ctru cho d6 rong kénh wa
nudc nho hon chitng to phuong phap ¢6 d6 phan giai
cao hon.

Ta d& dang nhan thiy rang d6 rong kénh wa nudc
nho hon 0,4 mm, pham nhugm khong thé dan lén
kénh wa nuéc.
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Bang 7. So sanh d9 rong kénh wa nuwdéc so véi cac nghién ciru khac

Mat truéc Mat sau

Do rong vung va nudc 0,2 mm

Do rong vung va nudc 0,4 mm

Do rong viung va nudc 0,6 mm

Do rong vung va nudc 0,8 mm

b6 rong ving wa nudc 1,0 mm

Bang 8. So sanh d9 rong kénh wa nuwdéc so véi cac nghién ciru khac

Nhém nghién ciru

Phuong phap ché tao

D§ rong ving wa nuéc

Ghosh, R et al., 2019 In laser > 0,4 mm
Arjnarong Mathaweesansurn et al., 2020 In stamping > 1,4 mm
Wijitar Dungchai et al., 2011 In ban in tht cong > 0,6 mm
Strong, E.B et al., 2019 In Sap >0,3 mm
Ryan A. Ruiz et al.,2022 In truyén nhiét >0,9 mm
Nghién ciru nay In laser > 0,4 mm

4. KET LUAN

Thiét bi pPADs bang may in laser dugc ché tao
thanh cong trong nghién ctru. Quy trinh t6i uu dé ché
tao thiét bi 1a sir dung muc CF279A in 1én gidy loc
102, gia nhiét & nhiét @6 150°C trong khoang 20
phut trong ti sdy. Thiét bi uPAD ché tao c6 do rong
kénh ky nuéc va kénh wa nudc lan luot 1a 1,0 mm
va 0,4 mm tr¢ 1€n. So sanh voi cac phuong phap
khac nhu in déng déu, phuong phap dé nghi cho do
phan giai cao hon (biéu hién cho kénh ky nuée va
kénh ua nudc nho hon). Thiét bj uPAD c6 thé tao
thanh hinh hoa van phuec tap, chung té di dap ung
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nhu cau ché‘ tao cac loai pPAD bang may in laser,
dong gop bang ching ciing nhu mo6 rong pham vi
che tao cua thiét bi uPAD.

LOI CAM TA

Nhom tac gia xin cam on linh dao cong ty CH
phan Chimg nhan va Giam dinh VinaCert dic biét
12 anh Nguyén Hiru Diing, anh Lé Hitu Théi va cac
anh, chi, em nhén vién Trung tdm Phan tich va Giam
dinh Chat lwong hang hoéa VinaCert di tao nhitng
diéu kién t6t nhat cho cho tac gia trong qua trinh
nghién clru.
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