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[0067]
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kel AN glor], weh A 0% o4 AAste] AL = Ak,

719 AAelE Fae] B owge nvk AAs dech. aehd s AAdE B oage) yge TAsE
7] 9% A W ole] o3  wro] AL A ohnt

<AAd 1> 3D Hlole ZHHEE nlo]Q I FAE A|x W 3p =
<1-1> 3D H}o]Q EHEE Hlo]Q AT FAEY AF

3D Hlolo ZHE L nHlo]Q oI FAEL A Xty Yste] wlolmrmBAst AERQ A(microfibrillated
cellulose; MFCO)7} 1% ¥ == 1og94 nfol g 2B Es AMEZ QA9 990me] THFTE ¥ th3 32,000rpmol A
1208 o) Edgedrt. 1 F, Fo} A(Guar gum; GO 22 1, 3, 5, 7%= FH7lete] £33 H, IRAY
o] A= 8,000 rpmoﬂ/ﬂ 282 3 YT, FA|o AMES W2 F 90 TollA 2083 FEnlze] ¥ H,
WARE A, ARESE7] 1A1RE Heoll Al Aedl HE F ARS sl

E

T MFC ol

(F3%) (Z3%)
AAH 1-1-1 1 1
AAA 1-1-2 1 3
AAld 1-1-3 1 )
Al 1-1-4 1 7

<1-2> 3D Hlo]Q =THH

&7] A 164 A|Zg 3D Hle]Q ZHHE ulole JF 2AES dH7] X 29 3D LY RUOE FAM
(10m) += ==7 A2 3D-wlo]Q X AE (Invivo, Rokit healthcare, Korea)E AF&-38te, 3D F+X2AE =
dgslnt. Bo FAFoeR ) wZo AL 800 pm, 3D EAY WEE 50%, THE HE=E A #lolo] Smm/s
1 29 #olo] 5mm/s, layer height: 400 pm, THE 25+ 30 CE W3o] A3 33t

# 2
Y vy zk
=2 A7 (nozzle diameter) 800 um
ZA U= (infill density) 50%
ZHEF] (infill type) Line
XYY &% (printing speed) First layer : 5mm/s
infill : 5mm/s

= ¥ol(layer height)) 400 pum
X8 2% (printing temperature) 30T

<1-3> 7l A%
A7) AAJof| 1-204 3D wlo]lQ Y] A Zek 3D FRAE 0.1M9] aA(borax, Sigma-Aldrich, USA) @&
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71 AAld 1-2014 A2 3D FERA FHEA 9 AL gy T A JAYssit. AZe] 5F
B2 2omm Aol AFE HE ZHolE (PP25 / S) A E 1mme] ez AEd= control-stress
rheometer (AR2000, TA 7171)& AME-3te] #EsATh. oF 1.6me] MES Fawol] 293 &, F{IS AA3

7] 9, RE MZS 10 B For ZAAAT.

o

<1-1> A& ~4

=

=

|2~E (Amplitude sweep test)

A HEd =HL Stress sweep modeE AFE3FS], 0.01-100Pa W91 A8 v]A~AA~(linear viscous) %ol

o
A1 10 rad/s9 522 XY d9s #5310 SA3S.

1 A, & 19 YERA vle} o], 9# S8 (input stress)el o3 I EA] @1 EAS &A= AL 39l
stlem, ¢ % G kel Berdd(plateau region) 0.01 UlA] 10Pag] W 9lelA #Z= AT whr], F49
X5 El2=E(oscillatory test)i 0.4PacllA $=33}3it).

<1-2> A7t 2~¢ EHl2~E(Time sweep test)

545 MEo] SHsl=A FEQstr] fF Al 29 HAEE 8353t Al 29 HAEs A ZEHA

(@) 2 =4 Zuda(G” )9 ks 1020 2A 10rad/s £=2 54Ut

a2 A, % 20 veRd wke} Zo], %7] AAH 0.14 ZoA 57.01Pag ¢, 12.27Pa¢] G’ & 512.9%¢ A%
ol 11.41Pa9] 59.41Pa2] G , 11.41Pa2] G” 2 AL X HATE. whA, 10%2] 18- $ U9 o= <l
Silol] W2 F24 Aude] §gle oz FHS Y.

of

<1-3> F34 249 "H|~E(Frequency sweep test)

A% wzie] Uehd 48 ddolA Padld] Z4HE A5E fAs7] el Fog 29 HAEA Sadn.
% 1-1

e
00rad/se] HLAA FSHEAULCE.

g mEes, £4 REYS L BF AEE 0.

=
oA, = 3o ek sk gol, 2ol F7hgel el WCS Bd AR A&H R ghaste] WO M
W&, A9 ueh 0 A &4 AFS deblch Fobdel %ol Fgel weh mE S wsdelA Pust
0.1rad/s°l A 100rad/s= ZFAsHith. Ed, (7 /G 2 Ao E BAE depE BHA ™ 3% Fobds H7ist
A 112 R Rl me gastt 9FE meltd ot AY TEE AL £ Joke AL o
o,

<Agd 2> 3D Hloje Y A F9I

71 AN 1-1 Alxd vlele oA 2AEE ol8ste], 3D ZUFOR 2D =AE ok, A A, 3§
7] & 3o YERA upe} o], A 1-1-12 N FHo] HE AL B 7 Ak, T dolE AUS wW A
=2 Bojglons Ado] AetrtEy Add F o] Hrhe A " H 3S B AT I A 1-
1-2¢} A 1-1-39] A= AAPH ZgT) st dojoh Fx vjehA U S & F UL, AA
o 1-1-49] ZH$-E o] 013,] Aebdo] Fof 3D ZyY o R ReFo] Lo X k= AL Rt gk, AV
AAle] 1-1-2 WA 1-1-49] Hlole I 24ES AFESte] 3D EAE Wol, AT A& FRlg A, & 49
LERd kel 3ro] | AAle] 1-1-30] 7Hd Ag QA7) Aof o] F Ayl ARgs3iTt.
X3

Designed shape Ao 1-1-1 AA o 1-1-2 2AA o 1-1-3 A 1-1-4
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W(‘C‘:Iﬁ]t)h 3.2 3.1140.01""  |3.21+0.01° 3.2140.01" N.E.”
Lfgﬁgh 0.6 0.57+0.04° 0.6140.03" 0.58+0.01° N.E.

D ..

Data are expressed as meanztstandard deviation (n=3)
2) ab . . . . . Ce. .

“" means with different letters with in a same row are significantly different at p<0.05 by
Duncan's multiple range test

Y N.E. @ Not extruded

ol FEld e =AY 712 FGrlslr] Y3, 3D FHE HAE(1.6emX1.6cmx1.0cm)E A&t ME W
ol &= 2 = Ao g AHS 3 vt Zo], yYHl = Folx= nvlyo] Ay (PITA20, Kanon,

50, 40, 50 2 60%cl A Ed WE Aol Hls] e HAEES FAaAt. e 2ae 4] ¥ 20 243

A A

I A3, & 40 e vlkel go], EZ3} ol 2= Wio] AA 4TS WX For). © 50 vEhd viel 2
o], 30%2] FHA "WmoA AFe AT HAAE ¥4I nluste] oF 209%oH, X HUEE 30%14 50%% 5
ZEAZIH A F] B ETE oF 70%0 4 90%= FUFeRith. A HWRe Frke 3 do] BF ¢ & AAE Y
Ehdel. webd, B3 2 A5 oS ndshd 5099 =4 AE 7P AEe AL Fssin.

I 4
Infill Designed shape 30 40 50 60
density
(%)
W(1§nt)h 1.6 1.45i0.041) 1.42£+0.00 1.56+0.01 1.73£0.01
Length 1.6 1.51£0.03 1.49+0.02 1.48+0.02 1.73£0.00
(cm)
Height 1.0 0.80%0.05 0.96+0.02 0.99£0.01 0.96%0.00
(cm)
Volume 296 1.7940.01” 2.02+0.03° 2.33+0.02" 2.850.03°
(cm)
1)Data are expressed as meanzstandard deviation (n=3)
2)  a- . . . . . e .
’ ‘ means with different letters with in a same row are significantly different at p<0.05 by
Duncan's multiple range test

<3-2> 2l &%

1, 5 % 10mm/s9] 1} Frzol n}
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tlo
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[0099]

[0100]

[0102]

[0103]

[0104]

[0106]
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L

N

L] $9 & glom A om/se] SE2 SRS, B 2AL Y] £ 29 20B FAA 59
shet
A, A5 9 oo bl ook ol %, Aol ol 9 A 4 Sel wh Aolrt gl 4
& gastart, metd £&4S ueistel 71 BE lom/so A4 SEE HEsR,
F5
Printing Designed shape 1 5 10
speed
(mm/s)
Width (cm) 1.6 1.50i0.021) 1.56£0.01 1.60£0.03
Length (cm) 1.6 1.54%0.01 1.48£0.02 1.55£0.03
Height (cm) 1.0 0.98+0.01 0.99£0.01 0.96£0.01
3 2.56 b2) a a
Volume (cm) 2.25%£0.03 2.33+£0.02 2.39+0.02
v Data are expressed as meanz*standard deviation (n=3)
2) a- . . . . . e .
2o means with different letters with in a same row are significantly different at p<0.05 by
Duncan's multiple range test

<B-3> =Z A7

0.4, 0.8, 1.0 2 1.5mtm =2 27 zolo] W& &34ZF Alent. & =4 A7) % 29 243 $I98H
S,
T A, 57 2 6 R = 7o vERd kel Zol, =& 27 0.8, 1.0 & 1.5mmellA QA" AFS T ApolE
wolX Rort, 0.dm wZelN AHE AF P AreA} 2 AL AARAG. EH, 0.8m] = A
AN Q0T A A5 A7 A A AL FAHAT
X6
Nozzle Designed shape 0.4 0.8 1.0 1.5
diameter
(mm)
Hittt
TEEEEE
— —
i + + +
W(lc(i]t)h 1.6 1.83i0.021) 1.56+0.01 1.66+0.02 1.51%£0.04
Length 1.6 1.81+0.03 1.48%£0.02 1.65+0.01 1.52%£0.03
(cm)

_10_



[0108]

[0109]

[0110]

[0111]

[0113]

[0115]

[0116]

[0118]

ZIHSd 10-2022-0021048

Height 1.0 1.0040.01 0.99+0.01 1.0240.02 1.0440.02
(cm)

\(IOIE;“G 296 3.28+0.08”  |2.33+0.02" 2.3440.02" 2.5040.05"

cm

D ..
Data are expressed as meanztstandard deviation (n=3)

2) ab . . . . . C e .
“" means with different letters with in a same row are significantly different at p<0.05 by

Duncan's multiple range test

<AEd 4> g2x 54 <
A7) AAe 1-29] WP oR A23 3D FERAE BAtel 0&, 158, 308, 458 2 6027t WAt} slwAagt
Sk, 1 5, "ax] BA7)(AA ALE 717] ©o]8)E o]&8lo] TPA(Texture Profile Analysis)Z Fa}itt.
T3 TPA 3423 7% (Hardness), %24 (Adhesiveness), EF# A (Springness) 2 34 (Cohesiveness)
o] EXXE w3

% (Hardness) = T3 AZolA A|lHE FHA7|=d das Ho o=z oy, "Hxax] T2upgd 4
(TPA)E 574 & v, E814 EAS el dix4dd go2 F=(Hardness)7} Ik o=z ALg5t), 2k
(Adhesiveness)2 Ao Aol e A ME] ZRH det21 27| % HAdA ZRHI} FFH5d

z_l (e}

o

XZ2H7} ofg|&o g o]Fdle AL ou|ditt. A (Springness)S M=o dAE T AZo] Yy EYgo=
SolZd 4 e T8S YERY, 34 (Cohesiveness)2 A& FEo HaA 2 ¥ xNEaA ALLE 4
tH(J Hurler et al., 2012, KS Sandhu et al., 2010).

a2 A3}, &7 % 79 YERA vlel o], BAl(borax)E ZIaA TS AS-, FEIF BolAlE AS FEe
w53 FAIR 30 2 4583 HAstY stuwAddete AS-, M B2 ARE Z2E S g8

[}
3T = =
BARZ 158 mE 6083 FASte} AhmATeE A, 308 e 5Bl ) FEL ol AL A9IEY
]_ [}

ouf, upebA, 3023t ZfaA ek Aol P v AR AL St

X7
A ZE 4= (N) 274 (n]) A M) AN
0 1.52£0.55 1.34£0.02 0.17+0.42 0.30£0.02
154 52.04%3.72 0.15%+0.01 0.324+0.42 0.07%+0.01
304 73.05%+4.60 0.30%+0.71 0.53%+0.02 0.07+0.02
454 73.05+4.88 0.32%+0.18 0.47+0.75 0.04+0.03
60+ 57.45+5.87 0.27+0.11 0.43+0.01 0.03%+0.03

<ddd 5> AL ¢ 2Ee WE 2

7] E 83 Qo] wpelo Y3 2YEL Axsa, olF 4] AAd 129 PYOE 3D wele T o,
AzG 3D FEAF 7] & 89 AuAF AHgstel 083 ¥ 2

Qa7 A8 243 B 08 FESH Aol RS AU, F HAER AR, AR Lben o

o AFHAF WOl APAF Bere] mF ot

X 8
5 ulolQ o ZAE ZhaLA]
T4 1 T4 2
(1 ==%) (5 ==F%)
AAd 1-3 MFC Tolzd BAL
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[0120]

[0122]
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Hlald 1 MFC TobA CaCl
Hlale 2 MFC AN -
Hl3le] 3 MFC SR A
Hl 3o 4 MFC &7k CaCls,
HlaLe) 5 MFC Sk -
Hl3ld] 6 MFC =S4 BAL
Hlale]| 7 MFC LAk CaCl
Hlale] 8 NFC Tobd -
Hlale) 9 NFC Tor BAE
Hld 10 NFC TobA CaCl,
Hl e 11 NFC AR -
Hlnle] 12 NFC 714k BAL
Hlad 13 NFC 714k CaCl,
Hald 14 NFC <2 -
Hlale] 15 NFC Skt A
Hl | 16 NFC Sk CaCls,
I A, 7] & 99 e ulel o], Al 1-32] MFC 2 FolS ¥ vlole da RAEER 3D =
Y S 3tof 3D FE2AE Axs, oF FALR JtaAdEE A9, 3D ZHUY T BEofo] Yk Alo]=E wE
EojA L, FAAZe] FThele® E° o] W37} e A glsigint. vluld 1 WA 169 45, 3D ZHH S
SRS Bofo] AR whEo] XA AU, Ee ESS AURE vhEo] Ay, Bkl FAE FAEHA o},
k2, AR Zol7l sojui, Fol7l Foj=v AL RIsglen, ES, FEo] wAUrIEA, VIR, A=
9 Folo] Zol7l FojErirt Ee] FAIHA &3, VIR, AR Zolrt sojue AL 1t
¥ 9
OH 3H 6H 12H 24H
A 2 712 (cm) 1.5940.03 | 1.60+0.02 | 1.58+0.04 | 1.5740.01 | 1.57+0.02
A= (cm) 1.604£0.01 | 1.59+0.03 | 1.58+0.02 | 1.5840.02 | 1.57+0.01
=o](cm) 1.004£0.02 | 1.00£0.04 | 0.9940.02 | 0.9740.02 | 0.96=+0.04
Hl oo 1 72 (cm) 1.5740.01 | 1.59+0.02 | 1.61+0.03 | 1.5440.01 | 1.43+0.02
A2 (cm) 1.6140.03 | 1.66+0.01 | 1.61+0.04 | 1.5740.02 | 1.46+0.01
o] (cm) 0.9940.02 | 1.0440.01 | 1.10£0.01 | 0.95+0.02 | 0.88+0.01
HlaLef 2 712 (cm) 1.5640.02 | 1.59+0.01 | 1.624+0.04 | 1.6840.01 | 1.71+0.04
A= (cm) 1.5640.04 | 1.58+0.01 | 1.64+0.02 | 1.6640.02 | 1.69+0.01
=o](cm) 1.0140.01 | 0.96+0.02 | 0.84+0.04 | 0.8040.01 | 0.75+0.02
Hlnlof 3 7} (cm) 1.5440.01 1.37£0.01 1.2140.04 1.20+0.01 1.20+0.04
A2 (cm) 1.5440.03 | 1.38+0.04 | 1.33+0.01 | 1.2440.02 | 1.04+0.01
o] (cm) 0.9940.02 | 0.8740.02 | 0.7640.03 | 0.62£0.02 | 0.55+0.05
Hlarof| 4 712 (cm) 1.5640.02 | 1.52+0.04 | 1.4740.02 | 1.5840.04 | 1.68+0.04
A= (cm) 1.5740.01 | 1.50+0.02 | 1.4240.01 | 1.5740.03 | 1.66+0.03
=o](cm) 0.9740.04 | 0.96+0.01 | 0.944+0.02 | 0.8440.02 | 0.75+0.01
Hlalel 5 72 (cm) 1.5440.02 | 1.59+0.02 | 1.64+0.02 | 1.6940.04 | 1.74+0.01
A2 (cm) 1.5940.01 | 1.64+0.02 | 1.69+0.01 | 1.7240.02 | 1.78+0.02
o] (cm) 1.0140.01 | 0.89+0.02 | 0.8240.04 | 0.774£0.01 | 0.65+0.01
HlaLof 6 712 (cm) 1.5240.02 | 1.4140.02 | 1.35+0.02 | 1.2540.02 | 1.17+0.04
A= (cm) 1.5040.01 | 1.44+0.01 | 1.33+0.04 | 1.2640.03 | 1.2140.04
=o](cm) 0.97£0.04 | 0.91£0.02 | 0.86%£0.03 | 0.7440.03 | 0.66£0.01
HlaLef 7 72 (cm) 1.5540.01 | 1.48+0.04 | 1.56+0.02 | 1.5940.04 | 1.6840.04
A2 (cm) 1.5440.01 | 1.50+0.02 | 1.57+0.01 | 1.60%0.03 | 1.71+0.03
o] (cm) 0.9440.02 | 0.95+0.01 | 0.9640.02 | 1.02£0.02 | 1.09+0.01
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7} (em) 1.50£0.01 | 1.64+0.02 | 1.68+0.04 | 1.72+0.01 | 1.7840.02
A Z (cm) 1. 01 | 1. 04 | 1. 05 | 1.74+0.02 | 1.7740.02
sz0] (em) 0. 01 | 0. .01 | 0. .02 | 0.74%+0.01 | 0.71%+0.01
7} (cm) 1. 01 | 1. .02 | 1.3440.04 | 1.30+0.03 | 1.23+0.03
A= (cm) L. 01 | 1. 01 | 1. 01 | 1.47+0.04 | 1.354+0.03
0] (cm) 0. .01 | 0. .02 | 0. .03 | 0.85+0.02 | 0.78+0.04
7} (em) L. 01 | 1. 02 | 1. .04 | 1.67+0.01 | 1.714+0.04
A= (cm) 1. 01 | 1. 01 | 1. .01 | 1.70+0.02 | 1.73+0.02
3z0] (em) 0. 01 | 0. .05 | 0. .02 | 0.75+0.01 | 0.6840.04
7} (cm) 1. 02 | 1. .02 | 1.76£0.04 | 1.89+0.01 | 2.02+0.04
A= (cm) L. 02 | 1. 01 | 1. 01 | 1.86+0.02 | 1.9940.02
0] (cm) 1. .03 | 0.91+0.05 | 0. .02 | 0.75£0.01 | 0.68+0.04
7} (em) L. 01 | 1. 01 | 1. 04 | 1.2240.01 | 1.124+0.04
A Z (cm) 1. 03 | 1. 04 | 1. .01 | 1.2740.02 | 1.254+0.01
sz0] (em) 0. 02 | 0. 02 | 0. .03 | 0.81+0.02 | 0.74%0.05
7} (cm) 1. 02 | 1. .04 | 1.4140.02 | 1.52+0.01 | 1.66+0.02
A= (cm) L. 01 | 1. 02 | 1. 04 | 1.47+0.03 | 1.7140.03
0] (cm) 0. .03 | 0. .01 | 0. .02 | 0.71£0.02 | 0.69+0.01
7} (em) L. 01 | 1.60+0.02 | 1. 02 | 1.74+0.04 | 1.81%+0.01
A= (cm) 1. 01 | 1. 02 | 1. .01 | 1.7940.02 | 1.8440.02
sz0] (em) L. .01 | 0. 02 | 0. .03 | 0.59+0.01 | 0.55%+0.01
7} (cm) 1. 01 | 1. 02 | 1. .02 | 1.26+0.02 | 1.214+0.03
A= (cm) L. 04 | 1. 01 | 1. .04 | 1.2940.01 | 1.2740.03
0] (cm) 0.94%+0.04 | 0. .02 | 0. .03 | 0.76+0.01 | 0.7140.01
7} (em) L. 01 | 1.42+0.04 | 1. 02 | 1.72+0.04 | 1.8840.03
A Z (cm) 1. 01 | 1. 02 | 1. .01 | 1.74+0.03 | 1.9140.02
sz0] (em) 0.91+0.02 | 0.8840.01 | 0.85%0.01 | 0.71£0.02 | 0.62£0.01
gl 6> oFd 2F9 3D TFEA
oA =elgh Zdd % 3D FERA WES a2 A, E8el vEkd upe} gof,
e xUE 7t S 9 5 A
uhebA, 2 dwe] MFC 3 hob i Hbole 24EE 3D TGt 3D FRAES AxstaL, ol
CRE 5 = A7 gelsh, we staAdte] A
7IAH =5 o, = S-S Hol AAAA, FEHdIA % 24
3 As
tiste] 1 A& = LB o] &3k Ve RoplA §
S i B o &= WA HYE Fuw rE"
A& Aol z 7 = o] ol Al w1
arg el W9l drgol ozt 53] A e slow, 9k Sed Wel Ul
& i o= A ojof &
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