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Abstracts — Three-dimensional (3D) printing is driving major innovation in various areas including engineering, man-
ufacturing, art, education and biosciences such as biochemical engineering, tissue engineering and regenerative medi-
cine. Recent advances have enabled 3D printing of biocompatible materials, cells and supporting components into
complex 3D functional tissues. Compared with non-biological printing, 3D bioprinting involves additional complexities
which require the integration of technologies from the fields of biochemical engineering, biomaterial sciences, cell biol-
ogy, physics, pharmaceutics and medical science.
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Fig. 1. General 3D bioprinting hardware and software information
and material flow [9].
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Fig. 2. Preparation of calcium alginate-base hydrogel by PAB. (Sodium
alginate and CaCl, were used as cross-linking agents)[9].
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Fig. 3. Schematics of a laser-assisted bioprinting system [9].
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A28l A A7), 5 pL~10 pL 73] 8] HA-E Fuljshes &8
olE trlo| X, eF 2EE k= A A, 37| 287, 18|
=Y VA FoE A Y the Z-IE FE X7 Al AEY
WS &7 flal 32k = lvk(Fig. 4).
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Fig. 4. Schematics of a solenoid valve-based bioprinting system [9].
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Table 1. Comparison of bioprinter types [S4]
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A M3 e 2838k 3D 3 S vEE7] 9l8te] ARE-skE SL
(soft lithography)7-2] ¢14o 2 R It} o] HolojA SLo| Al %
AoR &8 o 3D 2HY VES AFREOEA AE &
S+ °o]"d =% AT} RP (rapid prototyping) =724 SL-7]%
PDMS (polydimethylsiloxane) W] Al T]nlo] 2] nfj g2 242
Alzre] Ysk= 23 45 W7k w2 S g4 she AFAF
o] Tl 2SIt AEA 7]so] 7 A E Qlont 3D ZHE
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Z5&E epoxy TAIE EAESH TR 60 °CollA] 2 71xste] A8
SHUAIZIE 4= A nm 7] A FatAle Bk 39 ARV E
71 3% AdE s v 7 ATH55).

71 & Sl seEg- Tlulo] ~(F % 0.65 mL)E 3D 2 H
7)== A&l ESI-MS (Electrospray Ionization Mass Spectrometer)2}
Adsto] MR f7] BIES AT T Qe Hule| 2Tt A1 2tE]
ltt. o] Tiulo] A= FDM 3D ZRIEIS AR5l sjetalo s g
2J21 polypropylene ©. 2 #| &% ] 0™ =17 46.5%80 mm, W H
AE 1.5 mm, F4 F 9 3 £25 62.50014 312.5 pl/min 714
WA = Qlr}, 22 3D ZJIE 7]EE Y= U polypropylene
thafe] 2= 215 0.8 mm 9E AR HES FIHE WS- 717 60 um)
o5 FA =] gtk o] gt 7] 4 RES tluo] Al o]F]e E
AIZEell AEFEE = QL AAFEo] 7Fs 3k, mm F712] viuto] A=
A=A 71 BE 9E 5 glok= Folhse].

g U

Bioprinter type
Ink-jet Pressure-assisted Laser-assisted
Material viscosity 3.5~12 mPa/s 30 mPa/s to >6 x 10’ mPa/s 1~300 mPa/s

Gelation methods Chemical, photo-crosslinking
Preparation time Low
Fast (1~10,000 dropslets/second)

Resolution or droplet size <1 pL to >300 pL droplets, 50 um wide

Print speed

Printer cost Low

Chemical, photo-crosslinking, sheer thinning, temperature ~ Chemical, photo-crosslinking

Medium to high
Slow (10~50 pum/s) Medium fast (200~1,600 mm/s)
5 um to millimeters wide Microscale resolution
Medium High

Low to medium
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