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Fabrication of Nanopatterned Metal Mold based on Zirconia Nanoparticle
and its Application into Thermal Replication of Thermoplastic Materials
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Fabrication of a durable and strong nanopatterned mold insert using metal sheet and plate is important for molding of
thermoplastic materials. Conventionally, the nickel stamper replicating a master pattern by electroforming process has
been used for injection molding of nanotextured products such as Blu-ray media. However, a more facile and cheaper
mold fabrication process is highly required for manufacturing of functional products based on nanostructured surface.
In this study, zirconia nanoparticles were blended with UV curing polymer to fabricate a polymer nanocomposite-
based nanopattern mold. Compared to the cured pure Ormostamp, the modulus of elasticity of the nanocomposite
filled with approximately 54 vol% of zirconia nanoparticles increased by 160 times. Additionally, the modulus of
elasticity reached 197 GPa by thermal decomposition of the UV-Cured polymer and post-annealing at 800°C of the
nanoparticle layer. The nanopatterns were formed on stainless steel sheet and block, and applied to hot embossing
of the PMMA films and injection molding of the COC materials, respectively. No deterioration of the mold occurred
during the hot embossing 30 times and the injection molding 600 shots. Nanoparticle-enhanced UV curing
nanocomposites or post-heat treatment methods are cost-efficient and easy, because many molds can be
manufactured from one master pattern.
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Table 1 Feature dimensions of master pattern (Unit: nm)

Pitch Height Diameter/Width
Cylinder 3,000 450 800
Line 855 200 425
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Fig. 1 Fabrication of nanodimple mold of polymer nanocomposite
and application to hot embossing
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Fig. 2 Fabrication of linear grating ZrO, mold and application to
injection molding

=2 A, AE ARl Aeshs B4 teriglt. A
24 SUS3I6LS ¥EFo=z 7Hgshal
H ¥Ju}(Ra-3 nm) ol.orh;]. AZA 5nm YR BEArgolo
uv Eﬂ?ﬂﬂr 30: 12 SRkt & 221839 SUsHA o] JIME
Qo] g, AZE QxE UV AFE &Aooz AAEHITh

& 7|24 800°CellA] 2417F of'd 7 (Annealing) AA| 2|3}
=t o] A E2|v= S A=F o} the R}
7F-S3E

Az Fofe52 270 (Cavity) E2= 28 5%
staL, s AulEeRt AEEES gl AvlEl= A7 5
7 20 mme] tA5 FEjo| COC A= Aol 75 mm

l:,
l‘ﬂ



504 / July 2022

LR} WACIEE Ffote] SAE: 150 tonse AME Y
7S olgslol AESES 80 mmis, Hof AFEUES 10 MPa,
Hem 80°C, W2HAIRE 1552 A310] 600 Shots ¢ A}
=

e ol
o
20

2.2.3 LiLifE sS4t S 24 Ui
Belo] Bgh ASET A2Tuo} g3l 714
Z EA]2 U= 21dlE| (UNHT, Anton PaarGmbH)oj| 4] Berkovich
AEE sl 1014 24 ¥ Hags SEsic. A
EC AFE 982 SEM (NanoSEM 200, NovayS &
o BSsRlen, Al 98 550 483 dEHE A=
Ao dAelE Mg AER oux] A XA BHEDS)E
SEM} 13 AA31o] ERlolAe] UBAE AN,
RAsAS 308 Mol Bl MRS Bas] 9l
AFM (Atomic Force Microscope, XE150, PSIAYS A&3}o]
PDMS ~elZzRe SllRAE B2 LhesfH s AAgst
et
M .

-7

I3

Ol

3. 4

oot

du
3.1 29| YEut LI QIHIEO[M 24

Fig. 3¢ Zej0] Lhesgisl A23o} iz} 7]ube]
EEAR® oA 243 EDS ZAfolrh. Eem U= E A=
23T Ak ojo] ghaoh Al 5 UV Beju] gEo] ¢
7 BSHh v 800°C EA2] o= A=AEd Ak AR
9 #EE=d o]+ Ormostamp®] FH3l 2%=7} 500°C ofs}o]]
A AZER R FiHo] Zam 7} k4 (Calcination)E A o]t}

Fig. 40] UV ZA3} &2 (Ormostamp), 27 30 nm | = F Y
oF QA7 FA1E Felol g, 47 5 nm A =3uje} o)
Ao A A 5ol UieldlE &4 Au=A Bt o)
-9 TS UERlAL, olF Fdl AkEdt e Ao o
AEGES Table 20 fokstlct. 24 ARNE 5 UV 4
s} o] oju] 2o} theelap 7Nk Eelo] Lhesg)
o] A= 1608, He= 1SHl= =2A] F7kskleh EjE
Unloading 4] S815F 247158 ®elth. €4A%0] ojZ3]
27to] oA Bk o] 54 vol% EEeRe a7t A
ool YEQAS AL $57] solues Bejujel
Ormostamp®| & ZA2L} AT 248517 tlgo= 7).
TR A7 Snmo] A=FUol YRS AR 2=
chAl SRt At 2 o Ftshch

A Z2FYol= 1,000°C 0]AHe] AZALEE 7FA|H, 11 o

o
X
Lo

Jo] =
o o
7Fla A SRtk B uE T 9jrh25-27]. UYL &
3l ARl BdA= 197 GPaolH, A 2] 173} 555}t
UAHEE 5,084 MPazZ Al Z2|v] EEA] tfv] 34.6H
et

ATt

)
olN
N
=
ol
ol

kev
(a) UV-Cured polymer nanocomposite

kev

(b) After annealing of ZrO, nanoparticles at 800°C

Fig. 3 EDS results for two mold materials
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Fig. 4 Nanoindentation curve for three mold materials

Table 2 Elastic modulus and hardness of mold materials by
nanoindentation measurement

Elastic modulus [GPa]

Hardness [MPa]

UV-Cured polymer 0.075+0.002 9.7+0.16
(Ormostamp)

UV-Cured polymer 11.9£0.25 146.9+0.61
nanocomposites

Annealed 197+9.25 5,084i1 10.3

nanoparticles
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Fig. 5 Nanocylinder array of polymer nanocomposite with ZrO,
nanoparticles

SUS mold PMMA film

Fig. 6 Photographs of fabricated nanopatterned mold deposited on
stainless steel using polymer nanocomposite (Left) and hot-
embossed PMMA film (Right)

Rz} o|Aow Axe masie] At A=A o} e
AR} 7)eE Belw UeRgh) Boo] muo] o 349 wy
FAJoltt. Fig. 7by= 3 WA ww% B3} 3004 BE
o] wAe et 308 A3 ]
PDMS 9 303 A59] St A ua% el stestele v
Z3E Fig. 7] el 7 22

Akl el 2201 131 ] 303 f;aw o] ol

3

10% ]o]— i,“—?—

ag 2=
steie.

S0} e Bele] A 35 A e

3.3 XI23LI0} 2= S8 AE 8Y

Table 19] 149 A%(3d A2 el vpre2RE SUS
316LA] vt 3of QLM Eo] AT AZLjol el =
of A2k A3 Fig, 80 Lerhelch, QIAEo] FAR s
©5o] ARM 3% olu]A|el v ZEutele 2ol A5
th. BAlE MY A4 Beo] seizoli oF 100 nmzA] vps
B19] 50% Z2zolch. 7hAlao] gt 54 Fao] ofs) A|zpHo.
=4 _'_F?:]\tﬂ- 1]7H q_ AH 0 :¢:]—o]tsl— A ol;}_

AAE el s10] QMES 28k o] £Yska COC 4
A e AP AR AR7IRRE HEHo] ZAulolol]
9l HHF that AT HFE TG BAR 13 s
& SEM o|u]X| Fig. 9ol LtehfSich. A 249 wiEglo]

(b) 1st and 30th hot-embossed PMMA film
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(c) Surface profiles of the convex patterns of polymer
nanocomposite mold (Up) and concave patterns of PDMS,
Ist and 30th hot-embossed PMMA film (Down)

Fig. 7 Surface morphologies from AFM measurement
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(a) Image of nanopatterned core insert
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(b) Surface morphology and scanned profile of the insert (a)
from AFM measurement

Fig. 8 Nanopattern mold by post-annealing zirconia nanoparticles
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(b) COC surface structure replicated by injection molding

Fig. 9 Photograph of the injection molded parts just ejected from injection
molding machine and SEM image of replicated nanopattern
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