Thu. Jun 21, 2018 Oral presentation

Thu. Jun 21, 2018

Conference Room

Oral presentation | Inkjet
[1J5.1] Inkjet (5-1) Applications/3D Printing/ Bio

Printing
Session Chair:Hirotoshi Eguchi, Shinichi Nishi(Japan Advanced
Printed Electronics Technology Research Association)
9:30 AM - 10:30 AM Conference Room (2nd Floor, Engineering
Research Building Il)

[1J5.1-01] Study on Lamination Process of Inkjet 3D
Printer
*Chiaki Tanuma1, Yutaka Tanaka1, Gaku Minorikawa'
(1. Hosei University)
9:30 AM - 9:50 AM
[1J5.1-02] Development of Full Color 3D Printer
*Kunio Hakkaku1, Hiroyoshi Ohi1, Kenta Imai' (1.
MIMAKI ENGINEERING CO.,LTD)
9:50 AM - 10:10 AM
[1J5.1-03] Investigation of Release Agent Coating Method
Using Electrostatically Extracted Ink Jet System
Kazuhisa Matsuo1, *Yui Ayasiro1, Yuzou Yamasaki'
(1. Fukuoka Institute of Technology)
10:10 AM - 10:30 AM

Oral presentation | Inkjet

[1J5.2] Inkjet (5-2) Applications/3D Printing/Bio
Printing

Session Chair:Takeshi Miyato, Koei Suzuki(Ricoh Company, Ltd.)

10:50 AM - 11:50 AM Conference Room (2nd Floor, Engineering
Research Building I1)

[1J5.2-01] Study on Edible Ink Coating Method Using
Electrostatically Ink Jet Method
Kazuhisa Matsuo1, *Minori Okabe1, Yuzou Yamasaki'

(1. Fukuoka Institute of Technology)

10:50 AM - 11:10 AM

[1J5.2-02] Development of a Bioprinting Technique by
Combining Inkjetting Technology and Enzyme-
mediated Hydrogelation
*Shinji Sakai', Makoto Nakamura® (1. Osaka
University, 2. University of Toyama)
11:T0 AM - 11:30 AM

[1J5.2-03] Challenging Research on Organ Engineering by
Inkjet Bioprinting
*Makoto Nakamura1, Shintaroh Iwanaga1, Yuta
Hamada', Taketoshi Kurooka', Shinji Sakai® (1.

University of Toyama, 2. Osaka University)

©The Imaging Society of Japan

Imaging Conference JAPAN 2018

11:30 AM - 11:50 AM



Imaging Conference JAPAN 2018

Oral presentation | Inkjet

[1J5.1] Inkjet (5-1) Applications/3D Printing/ Bio Printing

Session Chair:Hirotoshi Eguchi, Shinichi Nishi(Japan Advanced Printed Electronics Technology Research
Association)

Thu.Jun 21, 2018 9:30 AM - 10:30 AM Conference Room (2nd Floor, Engineering Research Building Il)

[1J5.1-01] Study on Lamination Process of Inkjet 3D Printer
*Chiaki Tanuma1, Yutaka Tanaka1, Gaku Minorikawa' (1. Hosei University)
9:30 AM - 9:50 AM
[1J5.1-02] Development of Full Color 3D Printer
*Kunio Hakkaku', Hiroyoshi Ohi', Kenta Imai' (1. MIMAKI ENGINEERING CO.,LTD)
9:50 AM - 10:10 AM
[1J5.1-03] Investigation of Release Agent Coating Method Using Electrostatically
Extracted Ink Jet System
Kazuhisa Matsuo', *Yui Ayasiro', Yuzou Yamasaki' (1. Fukuoka Institute of Technology)
10:10 AM - 10:30 AM

©The Imaging Society of Japan



Imaging Conference JAPAN 2018

—tey av(OBEBEER |17y b

511 4> 92y NG-1)WA/B3DTY VT4V T/ NNAAT Y VT4V
5

Inkjet (5-1) Applications/3D Printing/ Bio Printing
2018%6H21H(A) 09:30 ~ 10:30 AV 7 7 L Y RIb— L (TEZRBAMERE 2 Z)

[1J5.1-01] 4> 4oYxzvy h3DFY) vy DEE Ot X DMRET
Study on Lamination Process of Inkjet 3D Printer
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*Chiaki Tanuma1, Yutaka Tanaka1, Gaku Minorikawa' (1. Hosei University)
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Study on Lamination Process of Inkjet 3D Printer
Chiaki Tanuma®, Yutaka Tanaka"™", and Gaku Minorikawa"""

“Research Center for Micro-nano Technology, Hosei University of Japan

" Department of Art and Technology, Faculty of Engineering and Design, Hosei University of Japan

sk

Department of Mechanical Engineering, Faculty of Science and Engineering, Hosei University of Japan

By studying the ink lamination process of ink-jet 3D printer using ultraviolet curable ink, we succeeded
in forming a fine column. We found that by controlling the ink volume of an ink drop ejected from an ink-
jet head, the ink volume of an ink layer, and the time of UV irradiation, it is possible to control the thickness
of the fine column. In addition, optimization of the above-mentioned parameters showed that it is possible
to control the time for fine column formation. fine cylinder whose diameters were 0.22mm and 0.55mm
were formed by using the ink-jet print head that ejected an ink drop of 6pL.
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Fig.2 Photograph of experimental facility for laminating
process in Ink-Jet 3D printer.
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Fig.3 Photograph of fine cylinder using catatonically
polymerized ink.

(a) diameter 0.65mm, height Smm

(b) diameter 0.35mm, height 1.6mm

Fig.4,512, A > 7 #&i OB L RO
BRT

Fig.4 1%, BN 0.22mm OMFEEAT HERD
FERREEEEREET AN AT TRE L, HEkE: T
DR % #r 1L E TR LT

4,200pL oA > 7R EEH LT, FTEOREE
B UV EE2RE L72%I12, B USATICRED A
7 W LT UV e A R L A2 .

Fig.4 \Zo=4 (@) (b)(c)d)i, A > 7 iE#nEhEhn
158, 558, 10, 15 LI-BoBIRTH 5. 58
BLIRICHEE SNT- 1 v 7T, HEOERZ
ETHIRER->TEY, ZO%IE, HENR—ED
ERCHEE s,

Fig.5 1%, B2 0.55mm OMIEEET DD
B rmEET A0 AT TRE L, BEkez
OIAR ZFr L E TR L7z,

25,200pL DA > 7 i &2 M L C, FTE OFER
B0 UV L2 BE L%, A UERICHEEAS 7
W EHHL CHEBEIT-7=. Figh IZx77
(@)b)(c)(d)ix, ThZzn1)d, 5/, 10/, 15 L
TEROIRTH S, 5 BANOERITI—ELRDY,
ZO%IE, MFERHETICKRE L.

Fig.6,7 ICfff@t & D Em SR Z R, o
DY 7 THEOESIE, 5 BAUBTHEE AKX
<720, FEEHKIOSC THENEGLS otz T72b
B, 5BHE TIL, A v 7 &L, HHEGICIEA DM

Imaging Conference JAPAN 2018

-1J5.1-01 -



© —MuHEA BAERFES

1J5.1-01

MITHoTD, A 7P —EDEE CHEE I
HEMMEOBERIT-E LRV, R 5— X721
O MAEDNER Sz,

Imaging Conference JAPAN 2018

4. FEO

EIRET AN A TICL LB EI2LD, 7
MR TZAL S D BRRIZ OV TRETZ ATV, AR —

g

0.22mm §

=

0.26mm : i l; _ =)
(a) (b) (© (d)

Fig.4 Formation process of fine cylinder.

(a) Ink volume:4,200pL, Number of layer:1
(b) Ink volume:4,200pL, Number of layer:5
(c) Ink volume:4,200pL, Number of layer:10
(d) Ink volume:4,200pL, Number of layer:15
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Fig.6 Relationship between number of layers and height
of fine cylinder: Ink volume:4,200pL
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Fig.5 Formation process of fine cylinder.

(a) Ink volume:25,200pL, Number of layer:1
(b) Ink volume:25,200pL, Number of layer:5
(c) Ink volume:25,200pL, Number of layer:10
(d) Ink volume:25,200pL, Number of layer:15
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Fig.7 Relationship between number of layers and height
of fine cylinder: Ink volume:25,200pL
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1) Barry Berman; Business Horizons, Vol.55, Issue 2, March-
April 2012, Pages 155-162

2) Christopher Thomas Schmitt; Low Cost Inkjet Process for
3-D Printing, a thesis submitted in partial fulfillment of the
honors requirements for the degree of Bachelor of Science
in Mechanical Engineering, Univ. Arkansas May 2016

3) Chiaki Tanuma, Wataru Kato and Yutaka Tanaka;
Visualization of ink laminating process in ink-jet 3D printer,
Proceedings of Visualization Society of Japan, OS-5-
3, Nov.2017
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Development of Full color 3D printer
Kunio Hakkaku, Hiroyoshi Ohi, Kenta Imai

Development Division, Mimaki Engineering Co, Ltd.

Full color 3D printer has been expected for many years. We have realized Full color 3D printer by UV
inkjet technology and commercialized 3DUJ-553 "’ last year. There were some difficulties to achieve the
surface color with modeling by ‘layer by layer” method, but we enabled precision color by forming the
color domain of the constant thickness along the normal direction from the free surface of the object. In
this paper, we explain a Z-axis scanning technology and 3D surface color technologies by expanding 2D

© —fikHEAN BAEHRFESR

imaging to 3D imaging.
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Fig.5 Thickness of scraped ink
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Fig.6 Cross section of the object
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Fig.7 Lightness of various surface angle
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Fig.8 Cross section (¢15mm)
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Fig.9 Transparent ink (T) fill to the color domain .
(T: transparent ink, C/M/Y/W:color ink, S: support ink)
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Fig.10 Ink degassing and clogged nozzles.
7. #5E

3DEETHO I N T —{b%, 2 D OEEEIN D
JER & LT A ED, ik Lo, EE®ITEE
2D TEPLNZWY S IWYG (What you see is
what you get) IZUT W72 b D EZE 2 TWB . 5%,
LV EREREG, s, KT = ax M,
MG OERITIGEZ THE T2,

SE Xk
1) “3DUJ-553” http://mimaki.com/product/3d/3d-flat/3duj-553/
2) Yamane et al. APPARATAS AND METHOD FOR

FORMING THREE-DIMENSIONAL ARTICLE. U.S.
Patent 5,059,266. Oct.22,1991
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3) Tochimoto et al. THREE DIMENSIONAL OBJECT
MOLDING APPARATUS. U.S.Patent 6,612,824,
Sep.2,2003

4)  Eliahu M Kritchman. METHOD AND SYSTEM FOR
BUILDING PAINTED THREE-DIMENSIONAI OBJECTS.
U.S.Patent 7,991,498. Aug.2,2011

5)  J\AFRR, JRIESC. EME L O ORLE . R
56261363 5. 2017.12. 22

6) KPR SLAEEY ORIE L. FFEFE63057607
2018. 3. 16

7)  Alan Brunton, Can Ates Arikan and Philipp Urban, “Pushing
the Limits of 3D Color Printing: Error Diffusion with
Translucent Materials”, Fraunhofer Institute
arXiv:1506.02400v1 [cs.GR] 8 Jun 2015.

8) “SP-303”http://www.japanjournal.jp/tjje/show_art.php?IND
year=09&INDmon=01&artid=b54865f65e833acf186¢335d7
3651e01
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Inkjet (5-1) Applications/3D Printing/ Bio Printing
2018%6H21H(A) 09:30 ~ 10:30 AV 7 7 L Y RIb— L (TEZRBAMERE 2 Z)

nwjomﬁﬁﬁﬂ%4yayzwhﬁﬁ%ﬂ%bt%@ﬂ:—%{yﬁﬁ
R DIRE
Investigation of Release Agent Coating Method Using
Electrostatically Extracted Ink Jet System
WE —F'. ' L =" (1. BEIEAE)

Kazuhisa Matsuo', *Yui Ayasiro', Yuzou Yamasaki' (1. Fukuoka Institute of Technology)

— RIS, ATy PIRBERMTHEEEZONTWVWEEDERbN3, LMALIRE. X YEIOD 2 RITICZH
EMATIRTDILGY ZERT B3DT ) VI PEBHARMEANTRA VIV EMESEDL 7R TV VS HHE
LTw3,

Beld, #E8FEIWA VIV zy MARERBLABERERN I —T A VI ARICODVWTREZ1ToTW5S, BER
BUIBIRICA - 72 ERMERY BT & S RBENEEHILT 2 DICRELRNTTH D, COBMBEFI—FTI17
FEICR, FRYPRTL—REDFENH DN, BYRPERICRML CRAELZET R EDRELH S,

AT, BEAIORMEFELH S RERICHE LREL EOEBRAEFEICOVTIRET %,

In general, inkjet is considered to be a recording technique. However, research is currently being

conducted in many fields such as 3D printers and food related fields.We are investigating releasing agent
coating method using electrostatically extracted inkjet method. A release agent is necessary when taking out
a modeled object in a form. This is to prevent the shape of the model from collapsing. Methods for coating
release agents include manual work and spraying. However, this method has problems such as scattering of
the release agent into the space and contamination of the surroundings.

In this paper, we report various fundamental characteristics such as flight characteristics of release agent.
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Investigation of Release Agent Coating Method using Electrostatically Extracted Ink Jet System
Yui AYASIRO®, Yuzo YAMASAKI", and Kazuhisa MATSUO"

“Fukuoka Institute of Technology, Faculty of Information, Computer Science and Engineering

In general, inkjet is considered to be a recording technique. However, research is currently being
conducted in many fields such as 3D printers and food related fields.We are investigating releasing agent
coating method using electrostatically extracted inkjet method. A release agent is necessary when taking out
a modeled object in a form. This is to prevent the shape of the model from collapsing. Methods for coating
release agents include manual work and spraying. However, this method has problems such as scattering of
the release agent into the space and contamination of the surroundings.

In this paper, we report various fundamental characteristics such as flight characteristics of release agent.
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STW5.

HFxlx, @BOEHD L —IZEREI O a—F 4
VI FBFERICOWTRE EIT > TS Y,

FEFHIEA 7 Yoy NERIT, 2 AV
LIRFRT HBEER R SR TREE e o T RiE R 2 —T
S TICHEAT D2 EEEHICENTND. AfRT
X, BEFELIEA v Py M EFRIT K AEERH O
TREWIRFE DOFERE & 2 O IEMER 725 R E I DV CTHfss
T 5.

2. EBREBEDER

B 1SRRI E O E RS, ks, OB
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* T811-0295 fa& i i X Fn [ 3-30-1
3-30-1 Wajoro Higashi Higasi-ku Fukuoka,811-0295,Japan
e-mail:  s15a2003@bene.fit.ac.jp

Thbd. BEZ AV ERAEBBICENID.
¥, S AVTIEMR E Ukt ER 3 Em L T 5.
BERIANE, 2 AL &t N S b &I
FSNW= T —n I Ko TR a SRR o [ R & R
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Release agent

Nozzle Electrode

Flying release agent
V : Applied voltage

(a) Configuration of nozzle head part

H : Release Agent Static pressure

(b) Side view

Fig.1 Nozzle head and flying release agent
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Electrode

A

Electrode

11

V=3.8kV, H=5mm

Fig.2 Flying release agent
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Fig.3 Characteristics of distribution and densit,
the distance from the nozzle tip

708, BERAIOIAN Y BAIZOWTIE, HElE T
RLTWD. RETERCETHY, EBRPEVE
L DR 256 BEH TR LTV A.

BONTRERNS, 2 ZVSehn HRFRT 2 iR
FIOWEEIIHRAIBET LTV ZER™ohoT-. %

Imaging Conference JAPAN 2018

7o IR BAAE, 7 RV I W R TR A
BENBEN DIEE IR oo TWD . BERIKID 22—
4 T EBE 2T E L INOZERI ST 5t &
FERLIEGBERTHD EBbNnD.

3.2 BEFIa—TaT
FERICHRA 2 7 L RT— Noa—TFT 4 7 L
TREER X 4 1R T. a—TF 4 VT HOBIZIZIX
tFR~Sf 7 n2a—TEHWE 20L& DE
BRgebix, HUNEEE V=4.0kV, #/E H=40mm,
EAIEE v=1mm/s, EERBIT1EITHD. 5
AT LB A O BlE2 24T - 7/ A, B, D %
R a—T 4 I OHFLNS ETFOBEHIIG T
T, 7T 2 BERLR ORI AR OIRREN DD .

(b) The central part of the release agent coating
(A point)

i
- So s
o Q,ooo

(c) 10 mm from center ( D point)

0 0..
- mm

Fig.4 Release agent attached to the preparation

Preparation
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Fig.5 Measurement position
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1) Yuzo Yamasaki, Takafumi lenaga, Tomio Ohno, and
Kazuhisa Matsuo, “Adhesion State of Mold Release”
The 2017 ANNUAL WEETING OF THE INSTITUTE OF
ELECTRICAL ENGINEERS OF JAPAN, 3-013,(2017)
[in Japanese]
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Oral presentation | Inkjet

[1J5.2] Inkjet (5-2) Applications/3D Printing/Bio Printing
Session Chair:Takeshi Miyato, Koei Suzuki(Ricoh Company, Ltd.)
Thu. Jun 21,2018 10:50 AM - 11:50 AM Conference Room (2nd Floor, Engineering Research Building Il)

[1J5.2-01] Study on Edible Ink Coating Method Using Electrostatically Ink Jet
Method
Kazuhisa Matsuo', *Minori Okabe', Yuzou Yamasaki' (1. Fukuoka Institute of Technology)
10:50 AM - 11:10 AM

[1J5.2-02] Development of a Bioprinting Technique by Combining Inkjetting
Technology and Enzyme-mediated Hydrogelation
*Shinji Sakai', Makoto Nakamura® (1. Osaka University, 2. University of Toyama)
11:10 AM - 11:30 AM

[1J5.2-03] Challenging Research on Organ Engineering by Inkjet Bioprinting
*Makoto Nakamura', Shintaroh Iwanaga1, Yuta Hamada', Taketoshi Kurooka', Shinji Sakai® (1.
University of Toyama, 2. Osaka University)
11:30 AM - 11:50 AM
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Inkjet (5-2) Applications/3D Printing/Bio Printing
20185%6H21H(K) 10:50 ~ 11:50 IV 77 L Y RIb— LA (T2 REBETRE 2 ZR)

[J5.2-01 8#BF5IMA VoY zy MARZAABLETRA V7 —FT 1~
7 HEDIREY
Study on Edible Ink Coating Method Using Electrostatically Ink
Jet Method

WE —F B R LS (. ERIERE)

Kazuhisa Matsuo', *Minori Okabe', Yuzou Yamasaki' (1. Fukuoka Institute of Technology)

Aoy MEMIZEGRCPXFEDORHFARNE LTHRAEICRINTE R, TOMTRBRE LT, XFIE
52ABBREHRISEEEEZEITSHETICE>TWD, S5, miEM VIV oy METIZEENRYEH EEK
TR EFEATVYSI/Y—REARAVIEAVTHETZIHOHIENTWS, =72 L., EBHENRMEE
LTKDEEALHEDIIREETH D,

Fald, IBA VI ERAWERESSIFA VIV Ty MARICKYKDEEAR'TUE" READI—T 1 VT
FEBIC. ZOABEEICOVWTRETLTWS, SEIE. ZARICEYARS V7 OEBNARIBEETH SEN
BERVA VIBEDHEICL ZIRZEBEVICOVWTIRET %,

Inkjet technology has been studied as a method of recording characters and images. As a result, not

only letters but also image recording has reached photographic image quality. Furthermore, recently the
inkjet technology has been drawn using edible ink not only on recording paper but also on candy characters
and the like. However, recorded matter containing moisture is difficult. We are studying an electrostatic
induction type inkjet method using edible ink. This aim is coating on moisture-containing "surimi" etc. This
time, we will report on the fundamental study of edible ink by this method.
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Study on Edible Ink Coating Method using Electrostatically Extracted Ink Jet Method
Minori OKABE", Yuzo YAMASAKI *, and Kazuhisa MATSUO"

*Fukuoka Institute of Technology, Faculty of Information, Computer Science and Engineering

Inkjet technology has been studied as a method of recording characters and images. As a result, not
only letters but also image recording has reached photographic image quality. Furthermore, recently the
inkjet technology has been drawn using edible ink not only on recording paper but also on candy characters
and the like. However, recorded matter containing moisture is difficult. We are studying an electrostatic
induction type inkjet method using edible ink. This aim is coating on moisture-containing "surimi* etc. This
time, we will report on the fundamental study of edible ink by this method.
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(b) Top view

Fig. 1 Nozzle head
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Fig.3 Coating Example
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Fig.4 Characteristics of applied voltage - L*, a*, b*

(1 scan, Scan speed=10mm/s, H=40mm, Measure at 10mm
from coating start position)
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Fig.5 Coating Example
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Fig.6 Characteristics of scanning speed — L*, a*, b*

(1 scan, Applied voltage=3.6kV, H=40mm, Measure at 10mm
from coatina start position)
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1) Hiromi KOBAYASHI, “Latest 3D Printer on the Inkjet
Technology”, Journal of the Imaging Society of Japan, 49,

5, pp. 431-438 (2010) [in Japanese].

2) Itoko TOMOIKE, Yuzo YMASAKI, Kazuhisa MATSUO,
“The Behavior of the Edible Ink Adhering to the Electrode,
The 2017 ANNUAL WEETING OF THE INSTITUTE OF
ELECTRICAL ENGINEERS OF JAPAN, 3-086,(2016) [in
Japanese]
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Inkjet (5-2) Applications/3D Printing/Bio Printing
20185%6H21H(K) 10:50 ~ 11:50 IV 77 L Y RIb— LA (T2 REBETRE 2 ZR)

[115.2-02] BREEEA VIV Ty NORBICEZ3DNAFTY VT a4V
IR DRFE
Development of a Bioprinting Technique by Combining
Inkjetting Technology and Enzyme-mediated Hydrogelation

SEER AR EA® (1. KRAS, 2. BIIKE)

*Shinji Sakai', Makoto Nakamura® (1. Osaka University, 2. University of Toyama)
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Development of a Bioprinting Technique by Combining Inkjetting Technology and
Enzyme-mediated Hydrogelation

Shinji Sakai*, and Makoto Nakamura™

*Graduate School of Engineering Science.

“*Department of Applied Imaging Engineering, Graduate School of Engineering, Imaging University of Japan

An inkjet-based bioprinting approach that enables the use of varieties of bioinks to produce cell-laden
hydrogels with a wide range of characteristics is strongly desired. We attempted to develop it by using the
hydrogelation system mediated by horseradish peroxidase (HRP) for stabilizing bioinks. Cell-laden
constructs could be obtained through the sequential dropping of a bioink containing polymer(s)
cross-linkable through the enzymatic reaction and H,O; onto droplets of another bioink containing the
polymer, HRP, and cells. The viability of the enclosed cells was more than 95%.
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Fig. 1 Crosslinking of Ph moieties through
HRP-catalyzed crosslinking.
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Fig. 2 Schematic of bioprinting of cell-laden
hydrogel constructs using bioinks containing
HRP + cells, and H20:.
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Fig. 3 Bioprinted hydrogel constructs obtained
from bioinks difference in H202 content.?
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1) Shinji Sakai and Masaki Nakahata, “Horseradish

peroxidase-catalyzed hydrogelation for biomedical,
biopharmaceutical, and biofabrication applications”,
Chemistry: An Asian Journal, 12, pp. 3098-3109(2017).

2) Shinji Sakai, Kohei Ueda, Enkhtuul Gantumur, Masahito
Taya and Makoto Nakamura, “Drop-on-drop multimaterial
3D bioprinting realized by peroxidase-mediated
cross-linking, Macromolecular Rapid Communications”,
39, 1700534 (2018).
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Challenging Research on Organ Engineering by Inkjet
Bioprinting
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Many people are waiting for organs. Such organs for transplant should be provided by science and
technology, reasonably. It has passed 25 years since the researches on tissue engineering were started. We
also started the challenging researches “Can human produce organs by using machine’ s hands?” in order
to overcome several limitations of conventional tissue engineering. Considering to the advantages of inkjet,
we have developed a custom-made inkjet 3D Bioprinter, with which several types of living cells can be
positioned in three dimension, respectively. Applying inkjet bioprinting, various drastic challenges will be
brought about in tissue and organ engineering.

O—M#EEAN BAERFESR



1J5.2-03

Imaging Conference JAPAN 2018

AT bNNAFT)oT 4 UTIZ&BIEEDI LY DTE=HDOBRER
e

AT BT, GEAKERRRT, SrHART, REEAET, 5

fre)

CEILRT RPREE TR - 2R (L)
RPN NE S NE o 8 S e 0
Challenging research on organ engineering by inkjet bioprinting
Makoto Nakamura*, Shintaroh Iwanaga*, Yuta Hamada', Taketoshi Kurooka',and Shinji Sakai”

*Graduate School of Sciences and Engineering for Research/Education, University of Toyama.
" Graduate School of Engineering Science, Osaka University
Many people are waiting for organs. Such organs for transplant should be provided by science and technology,
reasonably. It has passed 25 years since the researches on tissue engineering were started. We also started the
challenging researches “Can human produce organs by using machine’s hands?” in order to overcome several
limitations of conventional tissue engineering. Considering to the advantages of inkjet, we have developed a
custom-made inkjet 3D Bioprinter, with which several types of living cells can be positioned in three dimension,

respectively. Applying inkjet bioprinting, various drastic challenges will be brought about in tissue and organ
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