Effect of Solution Concentration on Breakup of
Electro-Sprayed Droplets and Emission of Solute
Ions

BEE:jpn

HhRE

/ABIH: 2018-06-18

F—7—NK (Ja):

*—7— K (En):

YER

A—=ILT7 KL R:

Firi&:
https://doi.org/10.24517/00010873

This work is licensed under a Creative Commons
Attribution-NonCommercial-ShareAlike 3.0
International License.

@IES


http://creativecommons.org/licenses/by-nc-nd/3.0/

BEEBEICLIDIDRBAREAT VUBMEBRICELET

R gp EE
Iglﬁlﬁrﬁwggg

MNEH - EEFRE - RFE - AFEX T - KABHE

'ERXEXREREBERABEHREH, 920-1192

*RFYV=_—yvorHxXEHH, 525-8555

¥—9J—F:xXT VLY FBRRTVL—,

HEHEHBLIIAFT VEF / HNFERBRZALGMIZCT 58I,

BRERE, BASIAR. 14>,

BNRERT A MET

HEREETHEBHRE 2THIE 1-2 8

>/ BT

SFRNE S

BOBEERHE THD PEGL4600 Z B H L LTRHWL, BHRBENALTVEF I BHTFODLE

HBRBIZBELIEFIREZRBEUICRHL .

T, RBRELEBESBIESH M L,

BEAODARBEEAA VERBEZRATEIETLERELE. BROERE
BTR,BRBEN LWt YU BMWEZR BERF/ BFELTIHBIT S ET,

+tRLbAFvERBEBDAT, F i,

BAEBREMN Lowtwn&k YE ME 21X, BX

BRAEALLLAA VBREDNELDZ LD, 1A VOERBNAEXRTIZIEVSHERANRET

ViIcEYbdBEEBRBATESI S ENHAD

&

HEMRAT, WEFRSERIR LT, SMCHE LI A
THFETHY, BRI, RO, FaEus, hiv-o4ahL (Lenggoro
and Okuyama, 2012; Chen et al., 1995), =7 1Y L%k, WIEOTK,
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TSR IV DA ARG, — IR T U Lo
THEEND (Kebarle and Tang, 1993; Hiraoka, 2010). = Ot Tl D
HIE L REROT & 2R D53. (Rayleigh 7324, Rayleigh, 1882) 778tV
Y2 & RO MES I, BRI D 5 T A
BRI E UTRINEND. 2T, TSRS ) R
WCND &, WHOTFIA RN ORISR & 720, W
DTS2 2 & T/ 2SRRI L, AT L7 [l 2 kL
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Hogan & (Hogan Jr. et al., 2009a) 13, [EIfAT/ ki Aiii7a HONT,
VafEBLORY =F LS a—)L (PEG ; /011 8,000) O7k— AKX
J —IVIRIROTERERC L SR Lo b2 L, Z0E
SIS A% 2 T I DMAVEIZ K- THEERAITARIT LT=. T OREE,
ko> Rayleigh 4324 & A A R OB R 40 nm 128D Z & &5
BRI BN LTS, L LRy S, HidET) /RO /ERGEE -
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hE o T
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PEZ AR5 Z ST Ch o 7

PLEXY, W% - A A AERGRIR RS KIF IR DR
OUNTHRT 5 Z 813, FREMEECIBIT DA A - F R OARSER
Z() ESEDIATTRL, HHOSZEMEOMT 22725 9 2 THH
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i, —EREORRZTRPIZIBOT, £ Figure 1 @R X 9138
T K VRIBDNR T 5. ZOBE, RIBROBINT Ko CEflRl oA
DWEE D, Figure 1 (D) & D EARI B BOREAIDIRE < 72, =
NN OREIRS L0 EES L BB ECD. ZonZiEERT
Rayleigh 5y & PRI T, ZORRSUHFRR: P (334 v, KR D DRIEL
L L TkTchEx b5 (Rayleigh, 1882).
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Fig. 1 Schematic illustration of ion and nanoparticle formation process by electrospray
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Fig. 2 Number of charge limits against diameter of droplets.

F7=, AR L7ZX 512 Hogan & (Hogan Jr. etal., 2009a) |3 EIEZEIC
Lo THERR SN DRI T2, Rayleigh [RASS LU AL SRS
WHFBRA RO Z LA X T A DMATEIC L S TS NI LTS, &
AU, RO ZEEE I CREIARRE AT L72 2 & °C, /2dsfess
1L U, FHEOER A AT LT 72 DI OISR Th D L B biD.
A DORSEOMYE (Setoetal, 2012) 128V Th, HUKORFEMETE S
L CRERDFRERDMF DTS,
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ARFFETIE, FEMEZEIE I DR A H DN 272 DE
TIVE L LT, WOBRENAFIRER, RYFL s a—n

(PEG, %y : 4600, Sigma-Aldrich®) % iV /=, PEG |JES kDS
FTHY, FHEEFR K> TETHTE LI 00 1A A 2K
ﬁéﬁ( ETIHHZ LM TEDZ EOVIBITS (Nohmiand Fenn, 1992) .

HTHRIRRE T PEG /3 F ORI IR OHERIEIC L > TELL, %
fﬂﬁ Tt L QU U ZEERTE O AAERIC £ 0 B8R (tretched) &720),
TEAELDORD & & I T 7o 7= F 7/ (spherical, globular)
TET 2 2 LRNBEBLRBIE L BRI L > TSNS TS

(Ude et al., 2004; Larriba and de la Mora, 2012). & 512 2 < Balr s+
P alb—va U AlE T, PEG 43 TN b R ST D BROELTH
BRI EHR RN Z 2T %  (Chung and Consta, 2012,
Ahadi and Konermann, 2012) .

SHHOTHCIRAED PEG 53 TA AV 7 T A —D53 TR (M) LR
B (Z) OBFRBILT, Saucy HIE, LATOFERRZKD7- (Saucy et
al., 2004).
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Fig. 3 Experimental setup
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Figure 4 |2V 0.5 W%l 25~ IR0 PEGaen OFEXFSENE
SRy, I CERBINE Z, /TR & L bS5 720,
Figure 4 ORI, ZOWHL, UZplxet LT ey b Uiz, 9 mrETHn
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Fig. 4 Mobility distribution of electrospray products with concentration of 0.5
W% PEG4600.
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ZOE—s OERE, BT 5L, REOBKBEIE AT 554l
A LT[ R ATERT 2 B2 bid, T70bb, LA U—
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WhHT2D, FaNT BRI BRI A ME T LT 7= Tdh D
LHEICE S, 22T, RREFER TR LN —FLDO -2, PEG
MRS 0 wi%e) THRLIVTIY, ORI, I
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=T LADE—T ThHhDHEEZOND.
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BOBIBBEDLL L VEHT 22 L3 TED. ZOXIITLTHIEL
TP II TS (2) 2104, (3) 239300 MliE7Rs. =
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TREND Rayleigh FRUR, A AU IR & e 5 Z L 3T 5.
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Fig. 5 Mobility distribution of electrospray products with varying PEG4600 concentration measured (a) without #*Am and (b) with?*Am.
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Fig. 6 Relationship between dry particle diameter and concentration of solution.
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Fig. 7 Model for ion and nanoparticle generation by electrospray process.

ARROAEZ LY, MREHOE—2 (3) 1230} 2 kst
BRI IO K> TRd, Figure 9 (AR RT3 L

T kL, Rayleigh RS, A A hHRAOBERRE il L. ¥R
RN L2 1.0 Wil oDl RN T, 50 nm LA EOHIREF-23



FEfRE UTHHIT 57212, ki Rayleigh /3Z4ifesMs 1k LTnH 2
EWRTRITES. L7eidoC, ZOWATE, A A OERII NG (2)
DHTHELTND EBZ BN, Figure 8 TR LIZE I ITA A DR
IHRRE Ch o722 LN TFRITTE 5.

O, IR AN TS, BEZ 05wk HIKEE TIX 50 nm
LUF DA U HOSEIC A - THIRIMOIRIEZ RS Z L3I TE 5720
W2, HIKID B b A A DB 2 d Z Esbhd. 2oz
L13, Figure 8 (ZI8V VT H ZALS DIREERIPTAIZISY Y TA AL DR
HIML TS Z EMnb BEFT IS,

1000

= [

[4}]

D L

©

_C

© 100t

5] E

(7] [

O

£ 7 o limit ]

i O
*”  0.005 wt% 1

10 . : —
10 100
Diameter[nm]

Fig. 9 Comparison of experimental data with theoretical limits of number of
charge.

#
AWFFETIE, FFEMEF L D4 A & R AR AN
2721, B> PEGA600 A3k LTI/ 2t 2 FBRAY AR
BIL, MBS BB, W/ ZAREE L A A ARG
ERTZENTEXDETNERE L. AIROTIRFIACIL, 7
FEAS 1.0 Wi% &V & &I, WEST RS LTINS 5 2 LT,
Fo378A A AN T, £, BRI 1.0 wive DR
& F, MRS bA AU IRHAVE U D720, A A DR
KUTODAHREMEDVRENTZ. LInLAan D, TH AR 572901
&, WEDT KL U5 2 L3 KUK O b1 A%
HIBVEL 5 Z L 2 S BRDIANIETH S.

Nomenclature
C  =solution mass fraction [
Cc  =slip correction []
Dy = droplet diameter [nm]
D, = particle diameter [nm]
e  =elementary electric charge [C]
Es = electric field strength of surface vmy
L =length [m]
Mw = molar mass [gmol]
n  =degree of PEGas Cluster [
np  =number of charges [#]
P =number of charges at Rayleigh fission [
Pw = number of charges at ion emission [
Qs =sheathair flow [Lmin]
ri =outer diameter [m]

rz  =inner diameter [m]
V. =voltage \Y|
Zy,  =electrical mobility [mPstvy]
e = permittivity of vacuum [FmY]
y  =surface tension [Nm?Y
u = viscosity [Nsm?
m  =circleratio [
pa =density of droplet [gm?]
o =density of particle [gm?]
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In order to analyze the generation process of ions by electrospray, the effect of
concentration of solute (polyethylene glycol; PEG) was investigated. The size
distributions of PEG particles and ions generated by the electrospray were measured by
a Differential Mobility Analyzer (DMA) at various concentration of PEG solution. In
addition, we proposed a model to explain the droplet breakup and ion emission process.
In the experimental condition of the present study, sufficient ion generation was not
occurred at high concentration (>1.0wt%) because of the precipitation of the solute as
solid nanoparticles. On the other hand, the amount of generated ion increased at low
concentration of the solution (<1.0wt%) because the large droplets also contributed to

produce ions.



