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Abstract: An isothermally hot-embossing methodology was proposed for the flattening of plastic
microreactors. The flattening principles of a plane plastic microreactor by the isothermally hot-
embossing methodology were researched and an elastic-plastic model was established to describe the
deformation process. The influences of temperature and pressure on the topography of plastic
microparts were quantitatively analyzed. By considering the {lattening effect and microstructure of the
plastic microreactor, the effect of main technological parameters on the flattening accuracy was
analyzed by the isothermally hot-embossing methodology. The result indicates that the influence of

thermal load on flattening degree is more obvious than that of the external pressure. The deformations

r#s B #3:2016-02-29; 18T HH#A:2016-05-19.
E4THR:EXARRFILEEIH A (No. 91023046, No. 51475080) ;1L TA # & )T H 45 S0 % 5L 4 W B35 H (No.
L.722014005) ; 1 9 i 18 FE A Bl 55 3% & 101 3 4 %Y B0 H (No. DUT14LAB07, No. DUT14QY20)



2706 ﬁ%%

T TR

5 24 &

at the ends of microreactor are much larger than that of the middle chamber owing to the larger

contact area at the ends. The changing rates of flatness and waviness come to the maximum value

when the temperature is 70 °C at the same pressure. After optimization, the changing rate of flatness

achieves to 72. 7% and the flatness of the microreactor is improved within 10 um by the hot embossing

technology. Moreover, the changing rate of waviness ranges from 3. 50% to 53. 5% at different

regions of plastic microparts and the deformation of the microstructure size is controlled within 5 pm.

The study is beneficial to improrement of the precision of flat plastic microparts.

Key words: isothermally hot-embossing; micro injection molding; plastic microreactor; flatness
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Fig. 1 Hot-embossing process and equivalent model
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Fig. 2 Geometrical model and the result of mesh generation

F 1 PMMA ##S#(25 C)
Tab.1 Parameters of PMMA at 25 C

I A WERFRE WEKRE
J(kgem®) /(Jeg'eCTH/(wem e CH /CH
1190 1.5 0.2 6X10°
— 1 [ WEVIRSE RN
/GPa /MPa /MPa
0.4 3.00 137.5 110

DL A T BUORE SR 098 A8 1 (Z 1) L ik
Z, 50EA 7, MEME SERAERKE [ WILERAR

B W, o U 2R 1T R AR O A R L B AT
Z,— 7,
W:l/—r.

2.1 HEEREAWH

TE U AE He o0 S TR TH S R BURE 2R 1 AN
2, WAL 1 TR 45 4 vt b 3 B, BORE R 2 TR
SROE E RN, RN LM 10 mm; AW
Wi Lo~ 5 mm, G0 2 fras . A WORE I A AR
b W 5B K AR R W fid W 5 #0E
EILIP NI
;o Woriar— Weoas  Wpoap—

WT: T+ ;AT T T _ F F
B3 TN, FE AR A 0 ) & . W OBE IR
JEE 8 P R T 38 K 5 T R A (A B O B AR . WO
FEIR TR R B . AR S i s A e 5 L R
TE 98.07 N.80 °CHf 345 1 e KA FE (W) A
1.29X 10 2F1 2. 68X 10 °,7F 294. 21 N.60°C i
/N BE (W) 438500 R 8,02 X010 ° Fil 1. 54 X
10, 20 an i 3Ca) 5 3Ce) Fras . LN I s 45 A4
b5 EFEAE 98,07 NL80 CHFFRAF 1) W i3
Sk 3. 95X 10 * A1 1. 66 X10 °, 7E 294. 21 N,
60 °C BF 3RS W43 91K 2. 40X 10 *F19. 71 X
10, 20 a0 3(b) 5 3Cd) frzs . 5 [X bR A8 3R

(5)




v

2708 b=

5 24 &

B, HR A WROR S R A2 AR, AR
i KT s AR 4

AW i A5 A b 5 B R AR 196. 14 N,
60~80 C B}, e K Wr 43 5 24 2. 28 X 107" Ml
4,70X10 °/°C37E70 °C,98. 07~294. 21 N B, fix
K Wi 20514 2. 9710 1 1. 10X 107 /N, WK 3
()5 3Ce), N Mgt o0 5 1 3
196. 14 N.60~80 °C I}, fiz K Wi 43 5 6. 75 X
107 °F1 2,90 X107 /°C 3 4E 70 °C ,98.07~294. 21 N
L F Rk WE 205108 9. 35X 10 7 H1 6. 60X 10 7 /N,
W 3(b) 5 3(d) . H Tl B T 5 B [ ek
A5 AR T A AR HEAE R O 7 B R R T R
196. 14 N I Wi 5 K ;70 CHE.WE ok,

Ca) AT S TR 22 40 o s BURE

(a)Sampling of microstructure center line at inlet

70
7°C 60
(b)) 2 07 45 4 o R

(b)Sampling in center of chamber

3.0e7

Waviness
!\)
=
o

=]
T

70
7°C 60
(o) AR i 2 TG HORE:

(c¢)Sampling of surface at outlet

196.14
29421 FIN

70
T/°C 60
() J N Ji 3% T RS
(d)Sampling on surface chamber
Bl 3 ANVERE T2 S 80m A8 bk 3

Fig. 3 Relationship between waviness and process parameters
3 MBHHIEEF L LS

3.1 XIEH

AR 1 il s 5 00 O AR 0 T 4 P, i
375 0 2 R AN AR R 3K 03 Sy 3R DB SR
5 g5 RS . BT B B HL
Babyplast6/10p(FEHEF,2010) , T. 25550k b 14
JEh 220 C MEEIREE R 85 °C S E SR 4.9 X
10° NRHEE /7 12, 7X 10" N R JERFE 5 s, #H
JESCES AR RYT-2 #A KL (2006) b 58 5L, JE
J14 98.07,196. 14 F1 294. 21 N, K 60,70,
80 °C, R ¥ 100 s, ~F 1 BE A F B I & AY
(FlatMaster 200, 3¢ ED I & , BT ALY 20 mm
X 10 mm; A B A & e B AL (ZYGO Crop
5022s, 3 [ED) W &, WAL A R 0. 88 mm X
0.66 mm; 45 H T B2 B #8 (STM6-F10-3, H
) M4

it T

Wty ik

P4 s R A 28 1 o 3 5 D R AR

Fig. 4 Manufacture and testing process of microreactor

3.2 RBHEREITR
DR A B R - S 36 o 9B 7 3 TR 00 Y A
ROR TR 73 A7 oh DU AR R AR Sy i B 508



11 i

fiE 25 < T OS2 NE s 98 R T 9 A5 iR PR T2 2709

ST BE (P AN BE (W) s+ RSF (58 B X
FE L, LX D) AT $8 b, B

o Nl_Ng
R—iN1 ) (6)
A R AE AR Ny O R B /i A9 0 6 {8

N, A 8T B 1 i % 17 ) 00

, Ry — Ry,
RT(T,F)%ﬁ, D)

, Rr, — Ry,
RF(T,F)%ﬁ, €))
AR M THA R, R HIES F R

R1H.

12 (7RI (8) g ARt . S T AN P B Y
ALK Re 8% Ry » 45 #) 58 B ol % B8 110 28 Ak 3R
0 Re 50 Ry, F- T8I B Fif i 32 5 ) 0 28 fh s R
(Rp) 't 80 CRp) 1o AN B Bif Vi B2 51 7 1) 28 Ak
RN (Rw)r B (Ry) s,

F2 AEETFH.ETEENTK
Tab. 2 Changing rates of flatness by hot-embossing

(pm)
P
F/N T/C Re/ %
B Ve
98. 07 60 24.322 8. 548 64.9
98. 07 70 22.275 6. 727 69.8
98. 07 80 26. 282 9.184 65.1
196. 14 60 23.512 7.599 67.7
196. 14 70 26.721 7.297 72.7
196. 14 80 25. 250 8. 184 67.6
294.21 60 25. 862 8. 907 65.6
294. 21 70 26.129 8.309 68. 2
294. 21 80 25.578 8.926 65.1

I EE Pl g5 R R 2 iR, AR 2
AL, R BT X P oA B S 0 ol A A S R
FEL0 pm PN, FEAH R B3R B 45440 7, 196. 14 N B
Rp K370 “CHE, (Rp)w K, 98.07~196. 14 N
oA 2. 95 X 1071 /N, 196, 14 ~ 294, 21 N W} K
4.59X 107" /N, MEEMFE K F4F,.70 C
B Rp fc K196, 14 N Bf, (Rp) T F K, 60~70 C
W 5,00 X 10°/°C, 70 ~80 °C i H 5.10 X
107%/°C . py B AT 0 I8 6T Y- THI 32 17 o5 38 400 SR
Wi, SC o 5 0 45 R B H— ., 196. 14 N,
70 °C BY, P SUEE R R (72. 7%,

s> A

b
=

98.07

Changing rate/% |

196.14
FIN

(COUNT
(a) Inlet

Changing rate/%

TI°C 60
(b) J2 v JiE
(b) Chamber
K5 AEECPHT S AT R AR AL

Fig. 5 Changing rate of waviness by hot-embossing

MG A5 1 ¥ PV AEIT S A W M
Ry 58L& 5 BiR. BEAHN70 CHf Ry i
Ko XA WO, 196, 14 NL 60~ 70 °C i,
(Ry)r } 1.85X10 2/°C,70~80 CHfH 2. 23X
10°2/°CHE70 °CL98. 07~196. 14 N i, (Ry) ¢
J91.31X10 °/N,196. 14~294. 21 N i 24 5. 6 X
107" /N, XFF BB 76 196, 14 N,60~70 °C
M. (Rw)r A 4. 22X 10 °/°C,70~80 °C N
2.01X10°/°C;7E 70 °C.98.07~196. 14 N K},
(Ry)r N 3.1X10 °/N,196. 14~294. 21 N i Ky
1.8X 107" /N, 4Bl vl 50, Ao Re K+ R
7 s AR 728 T B R T RN 5 Ui B X TR B
ek 5 AR T R, 5 5 A Rl — F
98.07 N.70 °C B AW sz W B0 e B d2 (53. 500 5
294.21 N.70 “CHJ [N i W el i B (11. 590
294. 21 N.60 “CHJ B 5 W B3 5z /N (3. 50 %0)



2710 b=

T TR

5 24 &

®3 REEFANBNERBEERTEL
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