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Surface functionalization of composite materials using soluble mold and imprinting
lithography

Matsuzaki, Ryosuke
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To improve the adhesive strength, we performed surface modification of carbon
fiber reinforced plastics (CFRP) using Nano-imprint lithography (NIL). Because a metal mold was used in
the conventional process, the manufactured surface was limited to the 2.5 dimension. We propose an
imprint process of three-dimensional shape with interlock structure using a soluble mold. We fabricated
the soluble mold using negative photoresist by inclined exposure method, and investigated the fracture
toughness of three-dimensional structures using DCB tests. As a result, it was found that the higher
fracture toughness can be obtained by using imprint lithography compared with the conventional surface
treatment using abrasive paper.

CFRP DCB
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Fig. 1 Schematic of inclined exposure for the
fabrication process of soluble mold.

Tablel Process parameter for spin coating and
prebaking.

Ist 2nd 3rd

Spin speed (rpm) 1000 1000 1200
Spin coat time (s) 20 20 20
110 °C Prebaking time 10 10 40
(min)
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Fig. 2 Using solubility mold, imprint process to
CFRP.
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Fig. 3 Time schedule of CFRP curing.
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Fig. 4 SEM image of the concavo-convex
photoresist mold with angle of skew.

Photoresist remains to the concave portion
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Fig. 5 Enlarge view of the imprinted CFRP
surface. Photoresist remains to the concave
portion.

BEE R AR BRI JIS K7086 25 &(C
DCB B 2 F R L T o 72, 3B A i,
X 6 (2. EOMERREBR IR 20 ° TEEL
L7z 3 koeEmET—/L RELHE L-R5B A,
ARG 0 ° TEELE 25 RTEmE—ILF
&8s LB, #1000 TH > 7 ¢ v
T Ll —V RELEZ8EE LZRBRAF O3
Mz, KF2ARKTOlcx LCEm L. B
D21 3M-DP100 Clear Z 8 L 7-.

i EAMICIT S ERRE (BERIERN
AGS-5kN) % H\\ T, A % 0.5 mm/min
THEM L, MEORSGICIETRr— FE/(NTS
LRK-100N)Z /2. RBR A 1T & 2R %
LBENCG 25720, RBFIcTrER e /ER L
7.

T ZE IR DT — R T 365 R AR g 4
IR L 0 EH L. Wl & < 2RO
757 EKTIRT. ENENORER A DO
PEAE O SERMEIE, 2.5 KIE2S 10.76 J/mm?, 3
WILH 870 Jmm?®, YT 4 T 9.62
Jmm®> Tholm. —FESWEIEE AR L7 2.5



WotFRmiE, EANENLTERLTEY,
[ (™ A 3 D Tl & B2 55 A1) & V1358 D 31 e A e
DKL TWBDH, 3 WITIEMAEE O M %
RELDNCEAPER LTV, ZoxHD
BITIC L S HOREEINEML, 2.5 RotD
*%&ﬂiﬁi)m@iﬁotk%ié znEh
WZIEE T A I, WSS B ROIREEN RS
N0, LYRAMLY LBEDOEWVIMET
ImBﬁ%%ﬁotﬁ , S0 EOEDPEAE AL

BCTExHETHRTES. MMEEOHELY
5‘6 2.5 WonHEE O M O FIBED F5 3 Je 12
X DAL, 3 WoacBEDA X —a v
IEREWZS.

Undercut surface mold

T Load or
sanding surface mold
n Pin block / % g
Adheswe 0.01 mm
l Load
g
g
ha
5 mm

15 mm

Fig.6.DCB specimen for evaluation of undercut
surface and sanding surface.
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Fig.7 Fracture toughness-crack growth of
undercut surface specimen.
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