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Science and Technology of Nanofibers
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Molecular weight of polymer
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Figure 3.7 Electrospraying and electrospinning of agueous PEOC solutions (M, =
500,000) under a constant appliﬂ:l grpltaﬁwudrﬁ kW alj-!:l a gap distance of Tem:
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Figure 4.3 Scanning electron micrograph (SEM) images (same magnification) of
PS5 nanofibers electrospun from 30% w/v solutions of (s 1,2-dichlorosthane,
(b) DMF, and (c) ethyl acetate igju}maﬁ g_mﬂgp_gh,@bpntﬁntlal of 20kV and a gap
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Surface tension of polymer
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TABLE 41 Data for solvents commonly used in electrospinning of polymers

i |E_,e'-:m""| Ty (70 Dielectrnic Constant ¥ (mN /i) n (mPa.s)
Acelone 0.790 36 20.7 23.46 0,324
CHCly 1. 453 62 481 26.67 0.568
THF* (. B89 66 7.6 23497 0.468
Cyclohexane 0,779 &1 2.02 24 .65 0.979
Water (.9498 L) T8.5 71.949 |
Toluene (.867 111 238 27493 0,59
DM 4944 153 6.7 — 0.92
Formic acid 1.213 101 38.5 3.7 1.8
Ethanol (0. 783 T8 24.6 22.0 1.1
Acetc acid 1.050 118 6.19 26.9 1.1
“THF, tetrahy dmofiran; DMF, dimethy lformamide.
"Surface ension. Diclectric constants measured at 25°C.
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Conductivity of solution
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Figure 4.7 Relationship between the avemge fiber diameter and the dielectric
constant of the solent for electrospun FEO namflberﬂ. All solutions were at
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Figure 4.8 (a) The relationship between the boiling poirt of the solvent and average
fiber diameter in electrospinning PS from solutions in solvents of different boiling
points (polymer concentration 23-27 wt%) (Wannatong et al. 2004). Reprinted with
permission from Wannatong et al. (2004). Copyright 2004, John Wiley & Sons Inc.
(6) Reticular mesh from fused “"wet" fibers maching the collector. PCL, 4 wt%
solutions in CHCI,. Haprirrtil;lmpith p:%riﬁiﬁs‘ffﬂifrmp I-;Igi\zand Shivkumar (20043).
Copyright 2004, Springer Stiencé and Businéss Media.



table 2-2 Properties of low molecular components ar 20815 K

THF DibiAc Jtiitil water IFA chloroform acarons

Supplier Mearck Merck Merck ulirapure Mearck Merck Baker Inc

molecular weight [g mol™] 72,107 87.122 F9.133 18015 860.09% 119377 58.08

melting point [K] 164.65 253.15 249 5 27315 18528 209.43 178.45

glazs ransition remperamrea [E] 551 146 143 157 114 138 112

boiling poine [E] 338 435 477 37315 33541 33453 31824

wvapor prassura [Fa) 2.16 107 2.67 10° 455 10" 3.17 107 5.07 10° 262 10° 3.06 10°

liguid density [g cna™) 0.88 0935 10251 0.59E5 0.7826 1.4820 0.7857

refractive index [-] 1.4050 1.4356 1. 4620 1.3325 1.3752 14431 1.356

heat of vaporization [T mol] 43 10° 6.0 10° 5 10 4.4 10 4.5 10 3.1 10t 3110t

liguid viscosity [Fa 5] 4.7 107 5.12 107 1.66 107 576 107 2.06 107 5.39 107 344107

surface tension [ m™] 2.50 107 3.31 107 4.01 107 728 107 2.1 107 268 107 230107
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Fig. 2.9. Field line plot of a negative point charge and positive point charge.
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Initiating Jet: 5.5 kY Initiating Jei: 7.0 KV Initiating Jet: 9.0 kV
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Figure 3.10 Polyle-caprolactone) (PCL) nanofibers electrospun from 5 wt% solution
in CHCly at a gap distance of 7.5 cm. The applied voltages in the two panels are
la) 20kV and (b) 25kV. Reprnted with permission from Hsu and Shivkumar
(2004a). Copyright 2004, Springer.
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Fig, 3.7. Nylon 6,6 at {(a) 2 cm deposition distance and (b) 0.5cm deposition
distance [Buchko et. al. (1999)].
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Fig. 3. Effect of flow rate of 7% PVA water solution on ﬁ&r@ﬁmuimgb (DI = 98%, vollage = EkV, up—argel distance = [ 5cm).
Flow rate: {2) 0.0 ml'h: (b) 0.2mlh; () 0. ]m%@wmméml K, sl 44
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TABLE 44 The effect of capillary tip orifice size on electrospinning of
(lactide-co-e-caprolactone) copolymer

Observation Fiber Diameter, o (nm)

Meadle Diameter (mm ) (Mo et al. 2004) (Katti et al. 2004}
160 1.19 — 244)
186 1.2 Beads and clogging
200 (.54 — 145
2106 (.8 Occasional clogging
2205 0.7 Clogging rarely

(.58 — 135
270 0.4 Mo clogging

Sowrce: Mo at al. 2004, Estmuated from Fig. 4.2 { Eatheat sl 2004,
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Polarity of the Tip
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TABLE 4.3 The effect of polarity on the average diameter of PAN nanofibers
electrospun from DMF solutions

Average Manofiber Diameter (nm)

Solvent Polarity 10 wi%e 20 wi % 30 wite 40 wite
m-Cresol | 110 4+ 7 166 + 11 170 + 10 201 4+ 17
- 181 + 17 286 4+ 26 331 4+ 32 334 4 28
Acetic acid | 94 + § 106 + 10 120 + 12 236 4+ 49
- 232 4+ 25 232 4+ 75 248 + 70 266 4+ 66
E thanol [ 9] + 8 115 + 15 —_ —_
- 200 4+ 22 221 + 30 —_ —_

Sowrce: Basod on data from Supaphal et al. 20058
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(AC) < stze s (DC) s (5 58 55 ae 50

Figure 4.12 PEO nanofiber mats electrospun under identical conditions except (a)
7500V AC was applied and (b) 7000V DC was applied, showing differences in
fiber alignment. Reproduced with permission from Kessick et al. (2004). Copyright

2004, Elsevier.
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Fig. 338 FESEM micrographs of 190 (00 £fmaol
Palysullime/Tetrabvdroluran  fibers  elecirospun  under VATYINE
hurnidity: (a) <25%, (h) 3!-33“!-':: (o) #0-45%, (d) 50-29%%, (2) G-
1% [Casper et, Hu%ﬂlgﬂ.Jbtsi\f ;‘\;wm@ AL
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