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Evaluation of Material Properties and Forming Quality in
Additive Manufacturing Using Rice Husk and Rice Flour Paste

Kohei MORIMOTO *! and Kazutoshi TSUDA?

This study explores the use of rice husks, an agricultural waste, as a material for material extrusion-based
3D printing to enable environmentally friendly product manufacturing using biodegradable, renewable resourc-
es. Rice flour, readily available in rice-producing regions, was used as a binder. Composite pastes were pre-
pared by varying the heating time of rice flour and the grinding time of husks, and were evaluated for texture
properties, printability, drying shrinkage, and surface quality. Use of coarser husks increased paste hardness
but decreased cohesiveness, adhesiveness, and gumminess; thus, finer husk powder was found more suitable
for 3D printing. Smaller particles also led to fewer cracks and better surface quality after drying. Although
significant shrinkage in wall thickness and height was observed, heating time of rice flour had little effect on
shrinkage. These results offer fundamental insights into material formulation and printing conditions for using
rice husk-rice flour composites in 3D printing.

Keywords : Rice husk, 3D printer, Rice flour, Recycle, Circular design
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2. MREERTE

2.1 MHEO%ER

2.1.1 ¥R (EH)

Witk 20 F AT &, MMIFICH@RE RBA—2 D
SEEDFEE LR T W20, 1ZLOIZ2500W OREH 75 14 ~
% — HC-700 (CGOLDENWAL) % Hwiitx 179, FiE
BrofE R, \iE A ¥ — F 28000 r/min T 30 s ##E L 728k T
&, N YT DOGHAREL YY) =R R—=Z b D
AU SN ZBED RSN 22T, KRBT N 2
¥— K 28000 r/min T60s B & U120 s Hfig L 7205k (Fig. 1)
ERRE LT, i R (Crushed rice husk),
H e M7k 87 ¥ — (Rice husk powder) & €T 5. & B,
RO L IZH 033 g/cm®, WIRE S 4 —1349 0.38 g/cm?
ThHY, HBEDHPHI L5 % EH xR T.

212 KBN—Z b (N1 24-)

MO KN (BRASHLERERAT) 2 TORBR—Z %2 (E
W n F3, BE6cm ORIMAMIKE0g 2 AL,
2CoK320gZPETOMALBLEBHL, WHrelns
FTHL KIZ40CITmE L7724y b7 L —  EHP-170N
(7 27 s RIC#E e, FIEORBMmEAE179.
INE I b OB 2 HEAT 2 B 7200, RS & v -CRE
AT . METE, WL L7285 L RO A5 A L 72 IREE
DK% 80 mesh DEFCHI LT 5. Tk, +oHIlcflEs
1TV, HEEEAY — KBy R — 2 b 2T 5.

B, PRI B TMEIRER 840 s DB X— A & [
WA — A MMARHC X AR BRI L7z, & 2 TR

FETIL, T ONBARERN & HHE & L, JEAEE R 2 R S 2 Ao i
DOVERGAE % F%E L7 (Table 1).

2.1.3 WE~— X MAEOESR

KB R— A N ER D L Wi Ny 7 — & ERE
51 OFATRAL, BEAOMBRE—A ME (DT,
Wie_—2A M) 2T 2. BET L, KEX—2 MW
AR RO, ANSEHOTHRIEL 225, B5IC
RESNDETTHHICREES (Fig. 2).

22 &EWHE

221 ERHA D F—2DERS KUHAEEOEE

F A XFHHY > v e LT, B 60 mm X B E 40 mm D
hy TIROFEHE RS 5. B 3D 77— %1%, 3D CAD
v 7 & [Fusion 360] # v, HEAE 60 mmX & X 40 mm D
HETNVEET) V7T 5 TOH, AFA4% =7 b
[Cural # HHWT, BEHiB X PEEDOAEELT S G-code 7 7
ANVDERZIT). MUE&EEE LT, MERS%Z 4mm, B0
BEZ1EEL, BEAY - NIRRT EZ B2 5
3D 7Y ¥ F DAL F NV THET S,

2.2.2 HEEEHEM

R RO 3D 7Y vy e LT, Hilliovs3Iv 23D T
) ¥ % Eazao Zero (Eazao) # ik L 7-#HM 2 H 3 %
[Fig.3(a)]. M4, Wilitkz 2o MWL CEREIT- 72
B, MEE D) V=SB LT R T, Bige
KB AR — 2 SB35 LHIRIE G DRSS ) v 5= B LS
NABEPHR SNz, T2, =7 A MV—F—» 5 OMHE
WZIEA 7 ) 2 —h3Zin LHMAHEEEE 2 2 Fb Hohi. #
T, V) YF—ICREENIOMPad LYy 7Fulz 73y 7
L v ¥ — SW-L25MPF-01 (5 2 3k &5 #)  [Fig. 3(b)]

Table 1 Rice flour paste material preparation conditions.

Rice flour paste A Rice flour paste B Rice flour paste C Rice flour paste D

Rice flour (g) 30
Water (22 C) (ml) 320
Heating temperature (C) 140
Heating time (s) 720

80 80 80
320 320 320
140 140 140
780 840 960
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Fig.3 3D printing device (a) customized ceramic 3D printer (b) air compressor.
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PO ENMEZ A L7 MICH TS S HEMIcTRL
2. MIOOEZRIZTF 2 — 7 ONED 75mm &% b. Z25JE
DO, TV =BT BIEE O E JEICFE T
v, By BRIES— IR N5 X O EH M % 21T
I. T BiRodEE Yy 7 EIZ MDF (medium density fi-
berboard) THHLAZAF—VZFEEL, ZOLTELELT
9.
223 EBRIR

HARFZ IR CTH BT 2%, KB R—R M PRRIRT 5 £
TOWDREL %5 LB LIS CPRET L. 20720,

3D 7 ¥ 7 THERME, MDF OA T — VICiie: T $ e
Mg DY300 (v~ MRMARASH) 1AL, 70 CT24hiz
MEATH.

2.3 BIEHE

231 TV XF v —HHORE

KBy = 2 T OINERIRE I & B DRLAEDS T B RO W8
— A MR EERL, SMEOF 2 AF v —HE2HET 5.
Nida & DWFEIZB VT, 77-% (Hardness), #t&EM (Co-
hesiveness), f7#: (Adhesiveness), 44 (Gumminess)
EWET LT, MR 3D 7Y v Mt 2L T2
AHFZEIZ BT H FBOREZ TV, MEOBEIE %2 3§ 5 &
DI, FATIFE L DMHEIIZOWTHEREEIT).

ZUHIC, 212 TR LZFIEISHE Y, INEIFR 23720 s,
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780s, 840s B X1 960s D AFD K R— A M EERL, £
NZN % Rice flour paste A, B, CBXUD L EHKTSH. &
D%, HARR—=Z T+ & 150 g T2I2551F, ZNENITHFER
WE IR —% 30gRAL, 2HEOMBER—Z b
FEES S ZFLTC, FIZAFYy—FOa 7740y b
TPU-2DN (BRRX&HEILTE) VT, KR —A P HARB X
VC2MBEOWBER—A DT 7 AF ¥ —Hkzitll+2
(Fig. 4). sHIIGZE, BEESMm OT I v IV x—% Hn7zi#
SHEMET A ME L, MLAABEZ 10 mm/s, 1 LA
% 2NCERET S, 110 H O LIARKEORKIES]) & 2072 & D
flie LTI 5. EhZhoy v 70T 4 mEHIE T, F
YA ST 5.

232 EBRBEOIUREEROEIE

AREBITBWTIE, MEIEHOBEWICEREZLTS720, H
WLRRIEE T Y —DRET D, FLT, 212HB LD

Table 1 TR L7224 Icito TR L2 4o KB R—A b
(Rice flour paste A, B, C and D) % M\, 4 FEO Mz HH >~
7V (Model A, B, C and D) %#fF#¥ 5. fFIZH725 T,
FUDIEMEE W2 T A P2 EL, MEEEoE
RS D L b, MK oRELT-72. W&ok
FIZBWTIE, MEPLEMIHEE S S X9 2R FEZ ML
7o BT, 2 AN O SN RAS T e L, BERH
EIZHESND L)~y FOBBELZZHELL. Th50l

N&MOFEM % Table 2 12787 . 7B, b IIEURE AV W
Rice flour paste A #8514 ¥ ¥ —& LTHWZHE, W
bOLPTELZ LN, Fig 5183 ) BUERFICRIRE R
ZENTEY, BREIARTETH 72, 2070, IGEEOH
ElL, DB IFDONA =%z Medel B, CBXUD
(Fig.6) Zxge LCTHEMT .

ZL7T, Fig. 7o, &% 7 VoXmMEE

JE T R

Fig.4 Measurement of texture properties using a texture
profile unit.

Fig.5 3D printing result using a composite of rice flour paste

A (heating time: 720 s) and rice husk powder.

Fig. 6 3D printed objects using three types of rice flour paste with different heating times ( a ) rice flour paste
B (b) rice flour paste C (¢ ) rice flour paste D.

Table 2 Printing conditions of sample model for size measurement.

Model A
Binder Rice flour paste A
Print speed (mm/s) 3.00
Air compressor pressure (MPa) 0.01

Print results Failure

Model B Model C Model D
Rice flour paste B Rice flour paste C Rice flour paste D
3.00 2.70 240
0.20 0.30 0.32
Success Success Success
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Top diameter

Fig.7 Measuring point of size of a 3D printed object.
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MEZIR AR A L CHZR L 2475 . 2 LC, WIRBHED S
12h B LU 24 h BIHEERESE» S M LEHIA4TH . BB
WIEEHFITO & 2T OMER L PHHEE RN T 5.

233 SEREOHE

KEEETIE, WRBOREDECDEY O/ E RET
ROV Z AT 9 . BRI X 2 7Bl B A2 R0 W
bNeholzl &b, MERHOREESL UCTRE L 840s
DAFy~_— A b (Rice flour paste sample C) % HwW723&W
EREME UCEHAT 5. K- ORI, 21285
X O Table ] TRLUZEMICLAEDN>TITH. LT, KX
— A b300g &, MR EEIWERITF—60g ZRAL
TR —A ML, 2FEHOMEERY v TV 2 ERT
. HZY TN E NGRS 2%, HHRIC K 28RSO
RaATV, & 512 USB EAREMEE TS-2500 (J-scope) %
W O KB & OHNE OBIE %17 .

3. BREEE

31 X=X MIBEROTI ZIF v —HFHOAEHESR

231 FICHD SR LK — A b HRE X RO R
%% 2 M OW % TN EHRE Lot~ — X+ oF 3 fi
DMEIZOWTT 7 AF v —JEoMlE L. Zo#E%
Figs.8,9, 10 B X O 11 (278”7,

311 Hf&

Figure 8 ISR T £ 912, WTFNOMEIIBW T, K
— A b OINEIFHI 2SR\ IZ Eh 72 SO A EHm 25380 S
72, &5, WREPRAETAHILET, KHR—Z FHEAKICHEN
THh7ERREWMT 52 LRSI, L VREOKEN
Wik ZIRA L2 A0, 27 S OIS EITICH 5
LIRS NTZ. MRS HINT ST T, Table2 ITREHN
55908, I XD SWERIEDS LI E 2 1) T D &
KT HVERHDL. LT, M2 EET5E, L0l
PO E M L2 AN TH D EF2 5. T2, Wakok
A OBINPE > T 7= SN % EARE L7556, IR
MAEKER—Z b2 WD H25, 72 SOBHHEIVN S »
720, BEOMUHMLEDIOLRIGETS2ETIS, LVELD

2.50E+04
u Rice flour paste only
= Rice flour paste with crushed rice husk
2.00E+04 | Rice flour paste with rice husk powder
& 150E+04 |
)
13
]
€ 1.00E+04 -
e
<
T
5.00E+03 -
0.00E+00

Rice flour paste A Rice flour paste B Rice flour paste C  Rice flour paste D
Binder type

Fig.8 Comparison of hardness in different paste materials.

1.60E+00

= Rice flour paste only
= Rice flour paste with crushed rice husk

1.20E+00 = Rice flour paste with rice husk powder

8.00E-01

Cohesiveness

4.00E-01

0.00E+00
Rice flour paste A Rice flour paste B Rice flour paste C  Rice flour paste D

Binder type

Fig.9 Comparison of cohesiveness in different paste materials.

WRZROTEDLERESNL. LaL, 27z S0RMEh RS
THoTh, ZOWNINA V&7 —ORLOHEITICEZ DD
B, BHIEVIIHHEOBIMCE B DO L >T, WHEIFELS
WREEYH L. L7h T, S, WO AmE 23 e7:
Fhrae FERT 5 & L b1, W E o < a0 B %
FHI % SR D LB D B

3.1.2 BEM

Figure 9 \I/R 3 & 912, M3 ¥ —% 7o i< — A
M, K= N HAROESEN & MRREOSEEZRL, K
Bro— 2 N OB OENIC L 5 THRERELIZRD SN
Lotz =, BWEOKEWHPEREE V7R — A b
TIREHENDE LTS 2 2 LR SN BEMORT
IO REoTET A EEbR, e nb 720, il
R Z2 B R OB M AT B £ 5. S 51T,
FAEBIZB W TR 30s O X )MV E ] L2238
A, MRS G OAPHB S5 2 L AR SN2,
COBMRLBEEOETICEY, KByR—2 b RO HED
HEL7ZZLICE2b0LHEREING. IR0 ERE, L)
M A VB DR R MR C &, SIS L 7oA R
B onsEELIOND.

3.1.3 &M

Figure 10 127”3 £ 912, WITNOMBHIBWTDH, Kk~
— A b OMBEEE % £ 3213 SIS A i E S
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1.00E+04

= Rice flour paste only

Rice flour paste with crushed rice husk
8.00E+03

= Rice flour paste with rice husk powder

6.00E+03

4.00E+03

Adhesiveness (J/m3)

2.00E+03

0.00E+00
Rice flour paste A Rice flour paste B Rice flour paste C  Rice flour paste D

Binder type

Fig. 10 Comparison of adhesiveness in different paste mate-
rials.

Nz F7:, BV ERA LRI, kb= 2 s Hk
LB LA SO NS W—TT, Wiy ¥ — LR L7
PR G AR & BN 5 Z L MR S N7z, 5T
JE B OREATRE B 5 2 5720, HATKE W AREEE
WHETHEEZEZOND. L7zh > T, £ D IINEAIRER 2SRkl
NR—=2A + EREOMDP IR E WA Z ET3D 7)) v MI#E
LRSS SN D S 5. LA L, WaEtEoin
X =R XIVONBEANORE LIS E 52 5
WHMAH 5. Kwan 51255, M E2HET HX—Z M
DOEEDSE N F NV OYEEICE 2 5 508 % 51l L 728F 58 1c B v
T, AN RENME L OBICHMENH 5 2 AR ENLTW
2% Zokn, FEEOM ELS—EIC 3D 7 ¥ MEEON
o %ns LIRSS, BURNT VA EEET 5 LERD
LLEZLND.

314 HLH

Figure 11 12783 £ 912, WIhoMEHIBWTH, KK
— A b OIMBIEH % £ $ 51380 LMY A WA R S
iz, F7z, B L B U@ Sy 57— 2 RE L2 DS,
ALK E LHINT 2 Z MRS N H2EDPLET 5
ZETHHROBIERRE L, HEoRE» ST coTot
ZZBIBBIROMRFICHFGTHLEZOND. LEzd- T,
LMV ERA L, MEAEERORWEREBRX—Z b2 Huv
5HH, 3D 7Y Y MIELTWALEEZLND.

3.1.5 Nida 5 DEBRER L DOHEESR

Nida 5 DFEBRNIIBWTIE, »osB X OBERICH LT,
WO EDENC L L EELRZIAON o lz—F
T, HEEBIOTLEICBNTIE, XVREORE L IVE
POz H 72 S m W ST Y, RERICBITS
R LR ELHMAEZRLTWS, THOEBRLEIEOHES &
LT, "M V¥ —0fEB L OWikE NS v 7 —ORELED
HEWDRRITSND. RFIEDOTTHNA ¥ 57— DRA KD
, WA VY —ORBER L DHFIHN T LIRS 5.
51T, XY KRELMESE LT, Nida bOERBRTIX, WT
NOWR L8 F—RIZHEDETHIEINTED, RIEFTH
WD X D e KE R REE AT HHE L OEIZAT-
TWARVEDIEIFSONS. 4B, Nida b3 EEOEROE

2.00E+04

= Rice flour paste only

Rice flour paste with crushed rice husk
1.60E+04
= Rice flour paste with rice husk powder

1.20E+04

8.00E+03

Gumminess (Pa)

4.00E+03

0.00E+00

Rice flour paste A Rice flour paste B Rice flour paste C  Rice flour paste D

Binder type

Fig. 11 Comparison of gumminess in different paste materials.

HE LT, HETIERL, IVTORBICE Y REHIHML 25
CLIGRERT ZRABOMIMEE T Cn5E, LT, MMl
ZRRE LTI T 2 56101, REOKRN LY RO/
RIS BHFIEIC G 2 2 B K EL R Bk H 5. &
D7z, SHEMR T =% T, &5 7% b ERELE B
KT DERCIE, BHALEORHERL L TEET I LEY»D
5.
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Fig.12 Drying shrinkage rates of 3D printed objects. (a) top diameter shrinkage rate (b) bottom diameter
shrinkage rate (¢ ) wall thickness shrinkage rate (d) height shrinkage rate.
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Fig. 13 Appearance of 3D printed objects using rice husk
paste.

LETHoTDH, MBEFROE NI X YLD EI AT
BT Ehs, HEYORMNGRE LY KT R D
b, ZORY, 5HIEEEMFER L ETH#liziT) LD
2, B OREICET 2 MEEZ D D LEDND B,

3.3 HEE&EHETIOXRAEFHROBEER

Figure 13 £ 0, Bz V72 Mo )iHh, Rmics
oML BEPBRIN. T2, MBI X HIREIE
(Fig. 14) T, Wi/ S 57— 2 w72 b — i 22p
PHERREND b DD, Bk E 72 A& )£ oZEpp
sz CoOBERELT, 312HTRLAMEY, B
A O EHIBREEOE TICL VNPT koTWnb
EDT BN, FEERCE D PG LS O T IRZE L A% 8 5E
TET, BROFEIIEV 72 DEFZEZ LN,

F7o, B oG, Fig 14(a) B X0 (c) Dk
TREND LI B, KR—=ZA FDATEF > T 5 RFTAHE

The Journal of 4D and Functional Fabrication No.4 (2025)



MORIMOTO - TSUDA : Evaluation of Material Properties and Forming
Quality in Additive Manufacturing Using Rice Husk and Rice Flour Paste

Length: 1.000mm

7 Length: 1.000mm

Fig. 14 Magnified images of 3D printed objects using rice husk paste (a) crushed rise husks: top (b) rice

husk powder: top (¢ ) crushed rise husks: side (d) rice husk powder: side.
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