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Table 2.1 Thermal properties of Kapton® HN Film®°

Thermal Property Typical Value Test Condition Test Method
Melting Point None None ASTM E-794-85 (1989)
Thermal Coefficient of Linear Expansion 20 ppm/°C -14 10 38°C ASTM D-696-91
(11 ppm/°F) (7 to 100°F)
Coefficient of Thermal Conductivity, 0.12 296 K ASTM F433-77 (1987)
W/imek 4
cal 287x10 23°C
cmesece®C
Specific Heat, J/geK (cal/ge°C) 1.09 (0.261) Differential calorimetry
Heat Sealability not heat sealable
Solder Float pass IPC-TM-650, method
2.4.13A
Smioke Generation D_ =<1 NBS NFPA-258
smoke chamber

Shrinkage, % |IPC-TM-650

30 min at 150°C 0.17 Method 2.2.4A;

120 min &t 400°C 125 ASTM D-6214-91
Limiting Oxygen Index, % 37-45 ASTM D-2863-87

Glass Transition Temperature (T )

A second order rransition occurs in Kapton® between 360°C(680°F) and 410°C(770°F)
and is assumed to be the glass transition temperature. Different measurement tech-
nigues produce different results within the above temperature range.

_8_

Collection @ cnhu




Table 2.2 Chemical properties of Kapton® HN Film?°

Typical Value
Tensile Elongation Test Test

Property Retained, % Retained, % Condition Method
Chemical Resistance
Isopropyl Alcohol 96 94 10 min at 23°C IPC TM-650
Toluene 99 91 Method 2.2.3B
Methyl Ethyl Ketone 99 90
Methylene Chloride/

Trichloroethylene (1:1) 98 85
2 N Hydrochloric Acid 98 89
2 N Sodium Hydroxide 82 54
Fungus Resistance Nonnutrient IPC TM-650

Method 2.6.1

Moisture Absorption 1.8% Types HN and VN 50% RH at 23°C ASTM D-570-81 (1988)="

2.8% Types HN and VN

Immersion for

24 h at 23°C (73°F)

Hygroscopic Coefficient
of Expansion

22 ppm/% RH

23°C (73°F), 20-80% RH

_9_
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Table 2.3 Typical properties of Kapton® EKJ Film*

Property Typical Value Test Method
To (Adhesive), °C 220
Tg (Core), °C >340
Tensile Strength, Kpsi 30 ASTM D-882-83, Method A
Modulus, Kpsi 700 ASTM D-882-83, Method A
Elongation, % 70 ASTM D-882-83, Method A
Moisture Cantent, % 2.0 DuPont 5204
Dielectric Strength, v/mil 6000 ASTM D-149-81
Dielectric Constant 35 ASTMD-150-81
CTE, ppm/°C % ASTM D-696-79
Dimensional Stability, % 0.05 IPC-TM-650, 2-2-4, Method B
Flammability 94-V0 UL-94(2-8-85)
Adhesion to: pli IPC-TM-650, Method B

RA Capper (oxide) 12

ED Copper (oxide) 20

Steel 14

Aluminum 8

Ceramics >10

Kapton® HN 6

- 10 -
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Table 2.4 Laser types and their wavelength.

Laser type Wavelength (nm)
Argon Fluoride (UV) 193
Krypton Fluorid (UV) 248

Nitrogen (UV) 337

Argon (blue) 488

Argon (green) 514
Helium Neon (red) 633
Rhodamine 6G Dye (tunable) 570-650
Ruby (CrAlO3) (red) 694
Nd:YAG (NIR) 1064
Carbon Dioxide (FIR) 10600
_ 4o -
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Table 2.5 Data of commercial excimer laser

9 3 P2 1A 2R & Husd BAEY
[nm] [mJ/Hz] [ns] [Mw/Hz] [W]
ArF 193 500 14 10 10
KrF 249 1000 15 15 20
XeCl 308 500 13 9 10
XeF 351 400 14 6 6
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FE A s Pk FAHphoton)o] oy Ao A HAf-HArt EEw e &S
Nes+= =4 AA7F 3st4 A3 (chemical bonding)o.® FAEo] gJom=w Az}
kel Aoy Alel sfiFste whEo olUAZF ™ Aol FojAAl A ¥

©

o] wE Bt o JYA|= Ep=hc/AZ EAHEH o714 he 233 A<
col Aol B AAF dolA "o mgo] FSsE AR ouAe A
upepA] mpgo] A ALl 9] WE dl= JdAIMEel A A$- Nd-YAGH
COz#lo] Aol H3f A q=7F E At oA Fao wa 3 9 G|
vxe] F719 fHEAQ gstAdgel o] AFlUAE Figure 2.3°1 HeERAATES
Figure 2.3°14 & & = AAF Ax ol Ao A5 Fpell A7} stsh2 Ajt
A et ALl e A7olBE AAw oA Hlo] FHgjuo] FAtE Agto A
7h HlalA AR Fito] FolAA geh Ade] waE S ARV dA S22
2 ez AAE. ojd #HolA ouA= DA R vt = thal viw sekA

B 4 G442 23 G9E B4 A3 ARG 1A TA AR £

£ 22 o

©

s S sl A8 99E MAA Ge A0S gl s w
2 wol Yol o3 sty Age] HAE frdtel ARE AA

(Figure 4,
i A4S EEJ & o] A(photoablation)o] gkl 3t ZEx¥golu Algty], 5
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2 T3 g2 Ans e e dn
ATl M= ArF AAH A S o] gste] EeElovE EF TR &AM
el MAFAAE B ovtolaw MAE AFEs A 3.1 ARl v AlFx
Ade] uTASe S84+ skl 7]E9 mlolAzxde] M2e s4or &8

g 5 Qe ARES A,
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Infrared Visible  Ubtraviobet
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BONDS
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0 1 2 3 4 L1 6 7 8 9 10 11 12
BOND & PHOTON ENERGIES. ¢V

Figure 2.3 Strengths of some common molecular chemical bonds compared

. . . 28
with excimer laser photon energies.
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Figure 2.4 Ink-jet printer nozzles drilled by an excimer laser. The diameter

of the nozzles is about 30um and the substrate is polyimide.32
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2.3. HA|FAAR Al2H

A2 @ o|2HQ ATsh ARH BBEYE vlolAw A/w 2Fet BE
T e 4G o F % ddg S0t AR F

u] M- A 2 A= micro total analysis system(u-TAS)ol| AF&% 7] A2k o]z 1
SEWAE A% s ha glen, o e8ok= lab on a chip, Whe]A R WS
7], A, AR s Edd, 22438 5 38 AE Lokl Al &
H AT

micro total analysis system(u-TAS)o|g+ 3} Aok 37 Fo A&, AlekE
218 93] MEMS(micro electronic mechanical system)E}$}e] mlo] I ZHA tin}
o|=EE st molaR FFEA AxFlom FASE AMER ZIENES o7
ol u-TASE 7|E4 225 ul BE sub-ulAA S 2t 4] AlagloA] A 4
T @99 A AHE TR @92 G5A7E Al zdloth A|&ES FA e
Hupo] 252 A717F umdl = Agst o] ghar, =719 stEEA 58 SAlolA
AAlol= DNAZA, dAAZRA, SFEUHY T5 3 T88 =42 AT
3k Hele A% HMicrofluidics) B+ LOC(Lab-On-A-Chip)7} nTASE
At o2 B wE SAH o2 pTASY A+ €7 Ui},

Aol A BT mlAlFAA 2 e tigk olslE w71 f&, WiaE AL o
8 545 Holt mpolaz 2AAAAMY FA SF FHtEE ol sl et
FASGH SAI vAFA LA Al 2EellA el Lap on a Chip, L8]al & A9
£33 v A 8E-8-7] (micro reactor)oll thall <o}r izl 3k},
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2.3.2. Lab on a Chip

ALo]Z(lab on a chip)e Zu|A 329 WA 7|&y Ywer]e, AHEFsSHr]e
o HAoR E=FTte A7]e HeA HAFPHA & F e AFE JhsshAl v
= Atk DNAR oY dad & 3 w7 dAA 7] vlo] 3ol dFE o=, DNA
Holy duld o] 7] 9ol wlo]e EAHE wdst Aolgld HofFHL ol & I
GA O EHAIA ARY Aot w8 T AAHE FA TS A

9%

i
4

o
qol AF A st VlesEs stHe Jom Fd
19799 AFow 2= gistuo]q Azt lont Afste oiu A IPHAL,
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m. A3y

3.1. Egolv= HE 7|4t vlo]3 2 ¥kg7]9 AX

3.1.1. ¥E 7|9 nAAdY A=

HT = dAHY | HE o] &3} E} Fob wjAl G-z Al g o]l dE 1 9]
L3 $8HMAE Ha|a e, B AFdAE U9 Lambda PhysikAFell Al wh
£ 193nm ArF w]uiaﬂo]xi% A}%s}ME}. 2 AFo|A AEHo Z A o] A

o] &S Figure 3.1 HERNATE AREH R A o] A7} 2= FHd 2
gk A ESOlE FalA hHEsHl T2 AlZo] TheshH, gl Fabe
EdLy ol 2Ho]x AEEZ(Translation stage controller)”} 0.0lum7Z7bA 4

Wako] el Stk @ vhaAE o8] TR sl we
A

of FZAA AR = gor), vpad mee] 10:19] FaE NER TRE A%
37 W&o Y7o FEE A Zo] 7M.
AW vlolAZ W] Aol AbgE WEe ARZ AH, seH kAol ¢

o] 3
&8k Zgloln| =24, u]= DupontAle] Kapton® HN ZES A}
o]z Kapton® HN ZE& 125um F49 ZA dEojy,
(

o o
ol
32
o
>
ofo
il

B Ao tFod mlola g w7 E wEs B vy g Aol
A o= A8 — Kapton® HN ZEZ9] A& = xgo]x|o] 9% —» ZZg: A
8 - upx3g A g 93] - FeP - AlF FoF gl Figure 3.20014 A&
W =AE Holal Stk dx ol Ao HUds A F 15%¢ AlRte] A
il =] Alge] Hw, olwf HES AAetr] 915te] 2mm X lem] FEw)
235 dAste] & %i]ﬂﬂr ALl A E BEFe] AES A7) St HE
Ao 24 YAE FHle] FAEo] 9=
ok Aol A7 ol A XA 9]
g A7lE e F folA zFe] ¥

A

R A g EdEY ol &~
Aol 2E o] x] e o]F

E
sv)so] nhe} thkd zolel YL AR F Yok Wshs ol AU A7)
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, Edsdold 2w o] X9 O]EiTEE A ey R A o] A o] FEEO
Edle]A(photo ablation) L EMN=(AutoCAD) 213 3o sl BeF
o] ZefA|7] wiitel A3 HARE 3= Zlo] TasTh dFle Ao AFH st
= ol AMEs FHoR ZEJqEHMAS A, Alxd ALY FEH 2o HEY
g 3 dA g o)A e] 1A SE(static shot)S &3l 1F/ob S Wittt 2¥A
NS wrEo] F7] Y3 AdE vpaaE 90° FHETE dHAA XS, YHoR
lecm, lemEoiz oA MY Zo 7 1lcm Zolo AMES oz FEEHO]
Ag & FE lem, lem® A J7rel 22 WHo=m 95 Wk oA Azke
o TAY Ads F-4 isopropyl alcohol® AlH §- 0, Eet=vh A& &5}
EoEs A7gH. Egon= 79 FE2E '©A7F Eo37] Wil ZEAE
o|d &< B e FEFo] PAH Axd AEe Rt A nide] HE
deas WEH ol3ls T AAS] s e ds] AFRE EZejolv= 4
o A Hakste A 201 e 1 olde] &S zte gy & 9(piranha

1=
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Figure 3.1 The image of used 193nm ArF excimer laser.
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<+— Translation stage

Locate on (0,0) point 15t channel drilling Static shot for hole

e

2nd channel drillin
and static sho{ 9

Washing and drying
ArF Excimer
laser
(193nm)

Figure 3.2 Fabrication scheme of microfluidic from polyimide film using excimer

laser
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3.1.2. mlo]aE YA HE Fx9] A|x

nto] A& REg7]o Ao Ao 32 348F, A= wkgol lojA ¢ F s
tol A& Ao FAo TEE A
¢l 2%2] Reynolds +& 7FA7] wiZol =hv|vt
o] 5heh, Astetkgol A ARG EE Rk vl A2 SRS 7 AL 7] o

e

it
9
2

o

woll 21 wbgAIZbo]l atEn o]’ EAlAE siAdsty] fa Ad el miolA=
HATEE 2T vlel ANkl o] wATe wkeT]e] delE F#A
& Bk ofyzl wE =3 wgk 2 Hddo] JhestA sto] namae] HAEES A

Toll A AFE-3E B2 E Whiteside 24 A8 o] 2002 Scienceol| %
5l 7} 9. ¥ 2l AM(chaotic mixer)T-%<¢l Staggered herringbone mixer(SHM)ZH,
3.1.100A4 A#te Zelolm= AF 7|9k A Qbell A Astqlvt. golo] HelE ¢l
2 AWS st SHMoA o] 4|55 Figure 3.3°A41 YERE

ukel g Zejeolnl= dE 7Rk Afidel] wMTERE 9] A% WS v 7
oh 3110l Adrgdintel o] 2WiA) Ajdel Fxkx] LR EHJAE 3 F 1]
g =HlE F UAE a5t E AEECmmXlem) &Pk~ et WA g AL
A8 w29 YRRl Figure 3.4004 Yl 5 A2 Al Zfell A
SemEojzl XH-E 690umitA o2 153 WA FRE A

thoolu wAel 25 97] 9% Zlole 20um=E v ALbEAZ oA, H
e Bl dHste] AFET e U A wke] wiMF2E A Ftstr] 98] 9AE
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Figure 3.3 Staggered herringbone mixer (SHM). (A) Schematic diagram of

one—-and-a-half cycles of the SHM. (B) Confocal micrographs of
vertical cross sections of a channel as in (A). (C) Performance
of SHM.*
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*length = 690um p¢6| 1.4 |

*Width = 200um

Figure 3.4 The design of mixer mask.
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+—Translation stage Static shot
Channel drilling Fab. of mixer unit Washing and drying

ArF Excimer ArF Excimer
laser laser
(193nm) {(193nm)

Figure 3.5 Fabrication scheme of mixer unit in the microchannel using excimer

laser
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3.1.3. vlo]a 2 ur-e7]9 A=

Kapton® EKJ "E5& AF83k2lth Kapton® EKJ &2 AEx Zgoln= HF
o UnkAQl Folm= FAFo YKol FHF ] o] v 7|l FrH A A
ZA glol 300% ol dellM HAdS dEhl= F7 50umsl Ag 2AA Eeov=
dEolth o] AFE AA F&ststA] @Fom, E AFE 98] "= DupontAlel A
MES dolA At 22 SA4S He Egovs 52 A9 UBEAH
A1 UPILEX VT(www.ube.com)& #njataL it vlAlAHE 9 A 25 7H# 3L 9
+ Kapton® HN ZE3} Kapton® EKJE A3t ¢13+e] Figure 3.6°04 Hol+=
AAY F7 100ume HZE ZE(Teflon film, Dupont) &2 F Zgon=& 7+

AL, el ZlEeR AESAAYE AR HEE EFoR e olf=
Kapton® EKJ ZFo] Aol Fob wel7ldat Hgstr] wiol
100um®] HEE ZFo] MES Hostdx F FFovs B5&
AF7] wEolth. ol FA HE

AE ol = =

=7 Upchurch ScientificAtell A #u3tal 1= Nanoport 1245 Ade] <1=l/o}-2-
BB 143} capillary HFE(ID=100um, OD=360um)E < ZA3Ac. A w1}
o7 % HkE7]9] Rk SEM(FE-SEM, XL30SFEG, Philips, Netherland, 5kV)<}

Digital imaging technique(AQM image acquistion software)E o]-&3}e] 3213}
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glass
Teflon film — —— Kapton HN film
(100um) T — * Kapton EKJ film

glass

Figure 3.6 Schematic diagram for bonding between polyimide films.
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3.2. vlo]lAE wMFRY & &

i)
>

) g olgste] AxE Eefolr BE el vlolAR WS
T HES FAU5) Getel e 2ol 4FS FAHA. 311049 3
A% AR o] beme] T vlol AR WEI9h 2.07cmAole] NATEE 7}

A 2srgt, dF =2 2A  Fluorescein  sodium

R

salt(Sigma-Aldrich) & 75 2mldl 0.1gS Ho] FH|slaL, 7|EEDEA SF

TE oHEY. F &9 Adx HEZKDS 100, KD Scientific Inc., Holliston,

MA, USA)E AH&sto]l S Al 4ul/ming fFHo= FdsaL

EHo] o} HA AHEE lul/min®] FHO2 FAEHAT %

A m] 74 (Axiovert 200 and CCD-IRIS camera, Sony)< 0]%5}01

Tt Sem Aol @ x wholA® WEETl A= F &He] ¥

e FoA5E v lem@9 R oln A& FFeAth. dH 2cm ZHol 9

Z mpola g wpkg7lol A= T §o] ‘i‘/]r% ol e gl REA S
ol A2 (690um) e FAT FEAA FFevh. H#EE e

") 2= Igor software(Wavemetrics, Portland, OR)E A}-&3}9 Profiles F&

qr 1A
L x>
—OL‘HF-‘—‘

9

1
RN, FEH BE FF profile HolHE C o] Z2ae F& =gt 1
2]al Ubuntu Linux 7.04 Z =719 stollA Gnuplot 4.2 softwareE AR&3to] 4
A, ZF(plot)3}5 ot

ol
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3.3. F718A8 8 AT
3.3.1. Knovenagel &&uH%&

B A3l o) A= Ethylcyanoacetate(Aldrich, purity: 98%, b.p:208-210C, m.p:-2
2C d¢ 1.063), 4-bromobenzaldehyde(Aldrich, 99%, m.p: 55-587),
Piperazine(Aldrich, 99%, b.p: 145-146C, m.p: 109-112C)& M9 HA R §
o] ARgsla 2xE EujEE vE=2A4 JgPHJA=d EHl= Ethanol,
THF(Tetrahydrofuran), DCM(Dichloromethane)%< AF&391, 5= A2 6
0CelAM WP H A, 2 WhE-¢] W7h 52 Figure 3.7 o YeR AT AS-H vlol =
2 UkS7)E= 2.07cme UATEE /M Zgolv =g E 71uke] Yol 200um, o] 50
um, 2o 3cmé THEE ZEaL AT

FHESEL 2y x] A (KDS 100, KD Scientific Inc., Holliston, MA, USA)E A}
&3to] 1-10p/min®. = wlo] A& Whg-7] Qtel] F=JH UL, v A A& 9fste] x|
d3} vl A(ID=1cm, working volume 1.57ml)°l|A] Ethanol& &vlZ sl 22 =4
3ol Wk2-al o). v ol 60C, lul/mine F&o® WSS F=3hsdar, u7
oM mjAz @] Aol Ethanols &= dtef 2 2338t 20 &<k W53
=3
AEFEAE GC-MSHP 5890 GC/5972MSD, capillary column HP-5, 0.25p
m*30m*0.32mm) = 3} 31 t}.

|
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Aot U

Ethylcyancacetate l Piperazine
50mM in solvents 5mM in solvents

4 Bromobenzaldehyde
5mM in solvents

]

i
/&)‘o/\\
Br

Products
(E)-ethyl 3-(4-bromophenyl)-2-cyanoacrylate

Figure 3.7 Reaction scheme for Knovenagel condensation.
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3.3.2. Beckmann rearrangement

B Ao AE= whSE 2 Cyclohexanone oxime(Aldrich, 97%), 3*F(Aldrich,
95-98%)& Hx o] AATA glo] AFestg 1 & 2= DMSO(Dimethyl sulfoxide)

o

o
7} ARSI AT 939 W7 52 Figure 3.89] YERNQITH A1-&-¥ mlo] A= vk
71 2.07cm®] 9AT2E 7R EFo|v|=dE 7]uke] Ho] 200um, 1ol 50pm, A
o] 3cme| THHES 23 I3tk DMSOd 20mME &31A] 7] Cyclohexanone oxime
I 2-& &<l DMSOel 2mM, 20mM= 591 #ks ZH2F 10uml/min®] &%= A
A H > (KDS 100, KD Scientific Inc., Holliston, MA, USA)E A}-83}o] nlo] 32 Hb
S7) Stell FskRar, 4, 80%, 130%9] xol A Bl ud g S =353

32 @9le] Ay} njuwE 95te B A(ID=1cm, working volume 1.40mDol 4]
2 bSE 1019 v &2 22 28k 1417 B2t vHgSk sl

Ao GC-MSHP 5890 GC/5972MSD, capillary column DB-35MS, 0.25u
m+30m+0.32mm) = 3}31 T},
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OH
5

Cyclohexanone oxime
20mM in DMSO

l H,S0, in DMSO
1—
@]

H@
Products

e—Caprolactam

Figure 3.8 Reaction scheme for Beckmann rearrangement.
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Table 4.1 Solvent resistance test of polyimide film at RT, 75C, 100TC for

24hours.
. Chemical . Chemical
Solvent, Temp, Time . Solvent, Temp, Time .
resistance resistance

Water, 100C, 24h 1.00 n-Hexane, 75C, 24h 1.00
Acetone, RT, 24h 1.01 DMSO, 100TC, 24h 1.01
Ethanol, 75C, 24h 1.01 DCM, RT, 24h 1.02
Toluene, 100C, 24h 1.02 DMF, 100C, 24h 1.02

THF, 75C, 24h 1.02 2N H.SO4, 1007TC, 24h 1.00
Numbers mean experimentally measured swelling ratio = D/Dg, where D
and Do are length of polyimide film in solvent and length of dried
polyimide film, respectively.
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Figure 4.1 SEM image of photo ablated microchannels using excimer laser.
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Figure 4.2 Optical(top) and SEM(bottom) image of photo ablated micro
mixers in the channel using excimer laser.
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Figure 4.3 Example of a microreactor obtained by laser ablation in Kapton.
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Figure 4.4 Fluorescence image of micromixer per each unit. (lcycle =
1380um)
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Figure 4.5 Fluorescence distribution along the microchannel (left) without or
(right) with a mixing unit integrated to the microchip.(The unit

length of A is lcm and B is 690um)
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Table 4.2 Summarized performance of Knovenagel condensation reaction

as a function of flow rate, solvent and reaction temperature.

1ul/min 5ul/min 10ul/min
(18s) (3.6s) (1.8s)
Solvent
RT 60 T RT 60 T RT 60 T
EtOH 2.1 93.7 80.5 92.6 79.2 92.5
THF 62.8 69.4 61.4 68.9 61.1 68.8
DCM 53.2 67.7 51.8 66.4 50.2 65.2
simple channel
o ) 87.5
(EtOH, 60°C, lul/min)
Batch system
i ) 50.6
(EtOH, 60T, 20min)
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Figure 4.6 Knovenagel condensation yield as a function of flow rate,

solvent at room temperature.
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Figure 4.7 Knovenagel condensation yield as a function of flow rate,

solvent at 60C.
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Figure 4.8 Knovenagel condensation yield at differential reaction systems.
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4.3.2. Beckmann rearrangement
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Table 4.3 Synthesis of e—caprolactam with polyimide film microreactor as

a function of reaction temperature and amount of sulfuric acid.

Ratio Yield (%) at flow rate 10ul/min (1.8sec)
(Cyclohexanone
oxime : HsSO4) RT 80T 130T
10:1 none none none
1:1 21.6 30.8 45.6
Batch t
atc Osys em 08 4
(1:1, 130T, lhour)
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ABSTRACT"

Fabrication of polyimide film based micro reactor and its application

for organic synthesis

Kyoung-Ik Min

Deparment of Industrial Chemistry, Graduate School,

Chungnam National University, Daejeon, Korea

(Supervised by Professor Dong-Pyo Kim)

Interest of chemical synthesis in microreactor has grown rapidly due to
improved yields at impressive selectivities and with reduced overall effort.
Many kinds of materials like glass, PDMS(Polydimethysiloxane), Teflon etc.
are used to fabricate miniaturized devices. However, the properties of these
polymers, including low mechanical strength and poor solvent resistance
against most non—aqueous solutions, restrict their applications in particular

for organic reaction systems. Thus, there has been an increasing need to
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develop novel materials with reliable durability for the fabrication of
microfluidic devices by adopting the well-developed facile fabrication
process, leading to potential replacement of current glass or metal based
microfluidic devices for versatile applications. Polyimide which has solvent
resistant and high thermal stability is a new material of microreactor.

In this study, we report the successful fabrication of polyimide film derived
microreactors with solvent resistance and thermal stability, via excimer
laser process, followed by photo ablation. To fabricate the microreactor,
polyimide film, Kapton® HN(Dupont, USA) and Kapton® EKJ(Dupont, USA)
were used. And micro mixer, staggered herringbone mixer(SHM), was
fabricated by photoablation in the channel. Eventually, the performance of
the fabricated microreactors was investigated in a comparative manner to
batch system by choosing two model reactions; Knoevenagel condensation
and Beckmann rearrangement in organic conditions. It is for the first time,
that the polyimide film-based microreactors with mixer fabricated via a
simple technique demonstrated the reliable microchemical performance in
organic solvents and acidic conditions, high temperature with no swelling,
which is very promising for developing an integrated microfluidics by taking

advantage of available microstructuring techniques of the polymers.

* A thesis submitted to the committee of Graduate School, Chungnam
National University in a partial fulfillment of the requirements for the degree

of Master of Engineering conferred in February 2009
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