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Research progress on sterilization technology of polymer
microfluidic chip

LIU Jingji, ZHANG Yajun, FAN Yigiang"
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Abstract: Polymer microfluidic chips have a wide range of application in medicine, biological
detection, chemical synthesis and other fields because of its low cost and easy fabrication. Polymer
materials based on thermoplastic polymer polymethylmethacrylate (PMMA) and thermosetting polymer
polydimethylsiloxane (PDMS), with good biological compatibility and optical transparency, are

commonly used as the base material for the preparation of microfluidic chips in biomedicine. However,
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in view of the particular application scenarios, this kind of chips need to be sterilized prior to use to
avoid microbial interference. The available sterilization methods for PMMA and PDMS based materials
include autoclaving, ultraviolet, electron beam, ®°Co gamma radiation, supercritical carbon dioxide
sterilization, ethanol, hydrogen peroxide, ethylene oxide, chlorogenic acid and detergent. This paper
reviews and summarizes the related operation methods for the PMMA and PDMS based microfluidic
chips from basic principle, sterilization methods, and application scenarios. Meanwhile, we analyze the
applicable sterilization methods according to chip material and application, aiming to provide reference

for the sterilization of microfluidic chips in biomedicine.

Keywords: polymer microfluidic chips; sterilization; physical method; chemical method
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Figure 2 Isolation and amplification of mRNA within
a PMMA microfluidic lab on a chip'® (A) and PDMS
device for cell separation and enrichment!” (B).
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ARNEETT B — AT HE, IR T RS
LR AN B, LU g RHIE L G J5 22 TAR S
MEMZE .

1 9EF#E

W3 7 2 B P ) A DG SR
TR R RS SE YR R R A M
BN, (TR IS A HE A MIBE T . R KT
T iEBRAE R R X e B B — ROk, 21
AWy an R R SR AE T AR B T N . B,
BT PMMA . PDMS i 42505 A il 4 B K
BT AR R R 2R VAK T . BRAMROK T .
. Co vy SFERER T IR R I A ARk K
W, A SO w7 0 K AL . EREDT
DN E SECAE AT TG, R X AR fike
SR IS FH B35 6 #4008
1.1 SEHRAKHA

19 2 #EA: T — 5 LA Chamberland 444 1
7o R 28 VK B A S I 2 R S R
EHTHERRE . mERRKE R
TE i A S R B S E T, (8 AR PE 2k
WMNMRB R AR . BRrZzEARCELEY
W K R A B T Tz N A

1 & 7% 75 K T (autoclaving) o 72 18 # 7E 5
JER R B kT, 104 B NS & R K R
HER 2, B ZE%s, TETE KA IR I ]
o, EWNIRETE, EHK, Yz
T ETFE 121 °C (DAmHER KB 20 5E)
Ja, KB 15-30 min (P75 2K H 190 i
JRUSE 0P 259! ORI AT A Bl 2k ) R HL A 52
FI BT

PDMS #1428 i B R4 %<
PE, dREIE SRR 400 Al ik PDMS b4
ELE I UR sk . AIFRERIT, SR
R EZRIR K E A (1x10° Pa, 15 min)%} PDMS

MBS B T KB, IR B BK WA BT AR
P /o= A AR U RO R [
FE, K 1x10° Pa, 20 min A K& st 44
P25 PDMS Wt b AT K B, 45 25 g 14 5
25, Leclere LR A H AN FF 40 i
FE IR =4k PDMS (s e85 )5 K I 20 min,
AR R R

PMMA BB AL AR AE 100 °C 22451,
TR il K R Pl AR R, PRHCR
JE K FEH A (1x10° Pa, 20 min)*fits 5 k471 K
A, 2 DR e v T S 00 R 3 T A el
AL AR, N SO R A E T
PMMA BEAF S 42 10 K TR o

E R ZEVRK R AR E R BB TR i
F— T H R . KRR, N
ARz o SRR B i T e v, R
AN R R R A WM RS AT, 28R R ] 2R
RONE . IR LR FE R Tk
1.2 ZEHEKHE

LA (ultraviolet) K B2 A H 8¢ FH T XA
S I 2 R 1A i R A G T LR A T AR
R E RS . RWMCER, B8 TiE
28R ) T R o 58 A KB HE R R R
Kk 200280 nm 1% %5 i1 K 28 4M Kk (ultraviolet C
radiation, UVC)!', H 32 % J5 R 2 i ) B 4%
N S WA iR DNA Wi, 7 Tk By
254 nm PSP G R ERCR L I (DNA
W28 A2 355 ) LA AR G i — b R
HAMRE KR . 7RI KBRS,
TAEY) DNA B 5 iy it ms e A% i g e v g — 2R
A, MIMANBESES T3 AR RS e B m B e T

XN FBE 2R L A W A 4
PDMS i #aes i K FE, AR EUE H24%
TR Tt 2 8 T ERAMT 6 T KA 2 h KA
kM O FEAEE T PMMA K )
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SR KEESRE, B R KESERD,

SO K B A T KRR RAF, J7ik#
YEfTRESE . SRk, T RisY, KEHEE,
A BT A R RS A B S Ak 2E A AR SR
UVC BRI KRR, &R TR
5, WA FHZ)Z PMMA, PDMS I,
St RSN 2 B REAS B0 6 Y e R R
FERIREM , SEAMATCHE 2805 2 T2 UG 18 B
R LI AR . Jhh, BB K R
REf A, SRR FRE &K, XA
MR R BRSNS R RE B 4510520, IR i
LTV I A 5 AU Bl 4
1.3 BFR. “Coy HEEHKE

L, 7 5 (electron beam). *°Co y HF4k(*°Co
gamma radiation) K & AR T2 AE WAL T 7
K FEZIEM DNA A i 1o 46 55 K A0 B
FIE B el 55 2 10 A IR 20 e 15 = B AR W AE
TR R R M ORHR ERTE 25 kGy “Co v 4t
N RIRT SR, (HAR A RHE 1 i 22 5
KBRS R A R A R B, sk
KEFARTER S . BIT S SFESAE 28
I

I F R AME G KEHA, BFH . “Co
y TR AR S K TR IR B S, B 2 R
TP R AT SR R R . AT AR
KM 2 MeV., 10 Vg 50tk 7 R kAT
6 JZ2 PDMS Z 2t es i iBES, JIF[RI 5t
PR = KB s Segmat B, P 4 56 70 o g
AR B E, B IRREREN 1 MeV
2 MeV WIS B FEXTEE R 0.97 glem’ By
PDMS Al ZF ETREE73 524 3.6 mm Al 8.3 mm, i}
y SR ER SR R 2.5%107 J/(g-s)} 7] 2 i
FEALA 1000 mm,

L PCo v B4k K H R K B RCR
. JCEE, REARAFHbIG F T 2 )2 HA O

O BRI AR, AR AR FER R, &
FOH IR A A X 2 A R R AR
14 BIgF CO, KA

AR IR FE R 31.1 °C. 7.4 MPa,
AR SR T R AR, AR B
A, TR Az E, W3 R,
ZHBEMKE S EEH T COo, LMK
COs™", Bl HFEARANMESt pH, F5 CO, i i
W BB 3 RS SR IR OCBEBTE 1, TR 8
1) COL W FE 3ot R R 3TE T F 3R IR B RE A e HF 4
WP IE# I S pH, SUEANAEIS 15245107,

ERIm A — 4 fbik (supercritical carbon dioxide,
SC-CO,) K H AN PMMA HEbF i #5585 Hr
PR O A WRIE, EX T L RE S 8 B K
RORMSEANELEE . Rk . B () S0 A 45 2
Ko Yavuz VAT OREREE . JESE . E
T A AR X PMMA S H i K T R
B, RBMEE N 40 °C, JE5EA 1.2x107 Pa
B, KA 60 min RORFAE, (Hid & R 4
1.5x10" Pa 1 2.5x107 Pa 2335 PMMA i i}
BT B AN B . BHET, MR EIIZE
AN F PDMS bt fom 450 B i K i i e
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Figure 3 Relationship between the phase state of

matter and temperature/pressure!*>’.
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KEMRHIILLE . SR IZE R X PMMA
ToE I FEA T IR, T S A Sl T AR R
AR A A R, AnTE 4 BRt,

) EFE

U S DI S-Sy I L7/ ik g
ek, SEARFWARIE, di. BRELE
A VA & - U SRR I R 7 8 e o
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BRI 1 B A B A, B RS AR AT
HEEF AT KRR EREFENE, &
FE R P SEA B M L AR
o FH el R ) T T S IR A T AR DB I

ASCER T HATE T PDMS F1 PMMA X
2 KBTS R AL B K E AR
LEEHT . MACKKE ., o f AR S5
TFUCK T SRR T 75 RN e R I B S vkt
TTIEgEES, It TR TR, h
R FH iR Ak 25 0 B KRR B R B9 25 A SR kA
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21 ZEEHEES
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Figure 4 Channel profile comparisons of untreated
Vs SC—COz—treated[ls].

PSR HIA  AE K E. H R
TR BAR E ) 2 I T 20 i s R 2 B 12 W
SFOU RO RS TR R AL B R . 2
WA T 5 950 R R R 70% 11 Z B3 100
B R SR BRI 1R B A T DL — 7
ARG T — BN ) O B R T B, AR
BRI 1 fR .

B EAEWH T PMMA JE b O 200
R AT, & T PMMA RAEAEREGY, &
T A A RS, A B AT AN T
EIREIRERE, FBUN TR CRARE ST
BT A PMMA K, 7R

x1 WMRECRBCEESRE
Table 1 Ethanol sterilization method for microfluidic chip
R ik it i
Material Concentration Method  Time (min)  Application
PDMS  70% Bt 15 FHF 4 5 55 (i A e 1)
Soak A microfluidic oxygen delivery device for cell culture!!!!
PDMS  70% i 30 RIS U
Immerse Biomedical micro/Nanosystems!'?!
PDMS  70:30 ik 30 EL L1 0 5 Y P ARl AR o B Ay 9
Ethanol: Water Flush Microfluidic device to avoid upstream contamination in a reactor®”
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22 REICKRRE

4 2 B (ethylene oxide) K B 4% AR B9 1E H
LR AR C5e 5 508 A . DNA KA
Bt Ak B Ny, T 3R BT R T A A ) B
BB 3% B AR KB A B AR
KL ARG S 4, M HOWRLEE . KR 4R A
] . FRAE S vk S SR B A

HHT, A 050538 R % K & R
PMMA S o 208 i i AT K A b B, L
AREK SR E TIRER 55 °C. WER
5 mg/mL B ZLEh K& 3 h, ME#ENT 12 h
PABR LA LB B BT % AR B g
T AR R AE A OB K AR B L ] 38 KR
W4T .

WA CBER S HA R A K ERCR, BT
TEBES7 i il K R S )iz, T H K T o A
Uk BEAE XTI, BE 54 °C A, XHAE
TSR A R AT R M SRR R S b 2
Sy IR Ty A B AR, KR IS 2 R SR )
T, PRI T S AH OG0 R I KT
23 SEHEREESFRRE

I EAL A% B TR (hydrogen peroxide gas
plasma) K 4 # /& M B A5 #E Mk, DLl & 1k
AN KN P55 1 KRR e, HR AL
—J7 T T A S A B 15 T T A
HESEMAEYRRE, 55—k T s
Y BN A e R U E R R S N S S
. B PR TN s, EEE A
GEBIA A et ST o - o v T N s 2 i 0 R )
FEAMEE . gl . S DNA FE0MED
%-[‘::[28,32]0

HAr, ZEARCHHT PMMA A5
MR K ELRE, Yavuz LR 5 E
M Sterrad & F b & 5 B F 1K KT %€ & XF
PMMA fiidils 42 1 h, FFECAfb2=4ER

o+

X K A R R A DL I K TR 4 R A A
FEK

BB AR N B AR BT, AT
JELINER) A SE B AR ER . ZFARL L TR . HIE
O R /N 1 I B 7 U 2R )
KB, PRI TE BT A 5L . 4RO A
YK TR
24 RIFRIHEE

2% J5 12 (chlorogenic acid) B35 L # . T
WL PUREESERE, BT W TR . R
file . flotldh . B IRREEDY SRR AT R IR
AR PRV R A B RS A R A AR B SR A
SRR L) PDMS S EEM B HOR 0  R
TR, X L T 400 e ) A RN 5 S A B AE T A
AR5 A 4 e

o Jit R 6 K W AT TR 1) e IR A o vk B2
80 pg/mL, SEXTAGRLZEAIAT R . 4 B0 (0 3 A R
PR B A FE VD 1] IR S AR il R B2 1Y) 2 A, il
REEERTFRBEE BN 4 500 AR
FFRAE R A B A R 52, AT DAAR G b oz e 4
Jir i Yo JFL At 4 TR ) A R BACR . R IK 5 i 4
AR AR B SR IR (MR 10 mg/mL), #F
HIREER#EAH PDMS R RMERFT
2 h, FRHXGEKIE Ve PDMS 21 & B A 25 4%
R, e AAERTEFmC, o
KIGHF A TE PDMS R0 8 4% ) PR R )22 2R TAT Y
ARAEN, R KT R4 K ER81E,
AW E PR B B 52 B BHAS

SRRV Z R FE N2 —, T
W R Z 040, KGR L . RN,
M REAR T B A, T 7 ik gk e IR R TG
Yy, BRVELIRE R, MAMEMARKES —E
AR
2.5 FHRFIEE

Skaalure %5 R Fi 5 Uk 7175 W (detergent) X}
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PDMS .t A TiH 8, IS 2 4 mL PRIk
MR 1 L aigoK Ric e Kt B
RULTF 52 °C ¥ 15 min, 15 e 4K
12 20 min FEA TS, R IEAASRES A B
A4 BOR 7 AR R

3 NG
ARICREERTN T Har 2 A B R T

PMMA Fll PDMS FR it 4568 Fr A9 28 K 0 7 i
W T R T B KB 1R VA W B iR RN AL 2

Be, ML BRAERE . M OCRE B — T
TaPRHE, ARG NEM A

RS A KR S5 R8T

AW KA, B g HARAE 5 1 KA
AL 2 Fros .

BRI S, W BK @ k5%,

VER RS

x2 YE/MNFHERELARRET EZEXEFE
Table 2 Operation methods and characteristic of physical/chemical sterilization technology
) R Ik Hefn A MRS 2 FHIE
Category Material Method Contact angle Roughness Characteristic
o JEZE R PDMS  1x10° Pa, TG AR AR FE L 5 R4, AT PMMA S5 AN
Autoclaving 15-30 min!" No significant [Ny SRl
difference!' Short term, easy to operate, not suitable for
PMMA and other refractory materials''™
SEHML PDMS 254 nm, TG AR AR KU R, H2EE T2, i H AT
Ultraviolet 120 min*! No significant A AR F Rz k(20
difference!'” High efficiency on sterilization, poor
PMMA 254 nm, R Bt penetrating, shorter wavelengths can
90 min'"* Reduce damage eyes and skin!*”
slightly!"!
HL T o PDMS 2 MeV, ygi /N T Z R AP, e
Electron beam 10 1/ Reduce" K
Suitable for multilayer microfluidic
chip®¥, high safety facilities requirement
I A PMMA 40 °C, BN SR IR, e, o T A A S
A Ak 1.2x 1.0[715]3’ Significantly =~ Environmental protection, low cost, effect
SC-CO, 60 min reduced!"” on the channel surface!'™
L m PDMS  70% SR SYRAR:, {H 208 PMMA ¥k
Ethanol 15-30 min!'"1221 No significant Easy to operate, swelling PMMA
difference!'?
HE 2 hE PMMA 5 mg/mL, 55 °C, T B FIRUKTE, HFERHG, 5 %A B
Ethylene oxide 3hl Prominently High efficiency on sterilization, long term,
reduced™ explosive and toxic
A PMMA 60 min"! g T RERTAD . FRMR . AR REHTA. A
R 45 1 51 Prominently  Z&fifit v
Hydrogen reduced'” Short term, environmental protection, high
peroxide gas efficiency, not suitable for paper and cloth
plasma microfluidic chip
2R PDMS 10 mg/mL, 15 . SfE . ToE
Chlorogenic acid 217 Low cost, easy to operate and non-toxic
Nextwil PDMS  52°C, 15 min/""l e (e
Detergent Convenient and fast
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FAMER s AL DT I B IR T K AU
R A N ) 1 55 P B KT s 2 S A
o [N, FEBFEARBARITGR, Fxb
ASCHT IS AT BE KR JT i, RS B o
W5 55 22 B b 1 BT B R T 2 K T
%, VAR A BRI R IEE%

() BAERiotE. MIEARRKE . RN
KU HFAR ., “Co v FHERKE . IR A
Bk K . PR CRE K . 1 AL A S5 B TR
KGN B BRI PEAam o  SE B ad A P O AH
K HIUT Mg X 2 K m g, a2
M LRSI . BRSO IR IIE AT T

(2) MORHRRIE o RIS B A HiE B9 B KA
Jitk, LA PMMA B bH B SO #2088 7 rl R
BANERK B . A KK AL ST
PRI Bl At — ALK A, R Eid al
o4 T A DR S, (H T R I 5 A
USURS BRIV 21N 42 U X (AN &8/ S|
19 R 2K A M S BEH# J3k . LA PDMS
FM RO TS, AR R
HMERTE . HLF A, “Co y JHERKE . ZHEH
T SRRIRIHEE . WEUETIHBREEOR , TE IR
TR K . ROk K i AR
TR KB A FH T PDMS JE A 147 8 K 1 1)
WFFER WLARIE o

() KWHE . S SR MRS BuliE
N EE S R IR BE KBl DUAR S KR . L
B KB e R 2 PO L I A A AR K
PR o SR R S B M IR B AR K T RCR
A, T ELAR S KR S T 2 R R A RO
PSR WS KR, TSN KR 5 1L N 2 i
RE 7 50 55 BEOE ] T3 R AT ) K R A s S
HTE . SRIERRIHTE . IRV TH B EOR L RE XTI
= I ARE RS 2 fa] BTH AR o

(4) 3 FHFE o xF 8 20 B 5 T ROR

POE A, AR RAROKE, IR e
PR EE A I T, AR AR MK L
YK I AR KRB, 2R TH
BERORBER B ARAE I AR K R X TR
B2y, BFiSW. RAMSIRT . 24 W0 1 Y O
PSR, AR AR R ZROK R L RS KR L
I 5 AR KT . MK . LB RE
ORI A = A A OIS N N Wl D 5
A, B AR L e KE B TL K R R 1 5%
B IR S B EZNAT & [ S

(5) LS WAL A =
FRAEBUEYIR, RSN RAHA A
WA —E M E, PR R 2K . i
FEACKR . O AR T
PRICER . 2 R T B AINE e 7RI 25 09 5 3
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