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A Study on Particle Deposition of an Evaporating Colloidal Droplet
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Abstract

The presented study aims to investigate the colloidal droplet depositidn caused by evaporation of the
liquid. In the numerical analysis, the evaporation is carried out by using different evaporation function
intended to obtain different shape of solute deposition. In the experiment, the colloidal droplets of different
solvents are placed on a glass plate and the surface profiles are measured after drying the solvents of the
droplets to investigate the effect of the solvent evaporation on the final deposition profile. Comparing the
surface profiles obtained under different conditions, the optimum drying conditions of colloidal droplets are .
determined to obtain uniform surface profiles. The numerical results showed that ring-shaped deposition of
solute was formed at the edge of the droplet due to the coffee stain effect and the height of the ring was
reduced at the lower evaporation rate. The experiments showed that the boiling point of a solvent was critical
to the surface uniformity of the deposition profile and the mixture of solvents with different boiling points .
influenced the uniformity as well.

71549 z : 3 F¥(m)

BP. :HFA az2la X

C . | [  AEZ

h : BA %ol(m) i : % Slkg/(mesec)]

h, : %7 ¥°l(m) o : EHZ=(N/m)

J : T2 (m/sec) '

K : FE(/m)

p o rEEmY 1. M E

r : Wb ¥ (m)

R, &7 WH(m) A HEE Aol E fo Hojx=d

£t AZseo) 420] T vk Hol A4S AHRY AFAe

w o R & (i) g 2ol vl E0 A% AL BAG 7 9

B AN WA Emse) ozt & Tl AEAY FAEHG] @A B

- 5 dEoly HIEA Fo 71 st o 2sHA

T AYA=}, 39, H4ZEH714 9 Micro Systems Lab. Eolt Ax 7L 24 A4 v EH o

E-mail : sk.wee@samsung.com g HdL2 vA3 uA YA (solid particle)?} W H-

TEL: (031)280-9432 FAX : (031)280-6725 o] B8 (suspension)s} T QY= Lo 1 L

* A E37]4€ 9 Micro Systems Lab. (solvent)7} Z2sle Ao s @hoz




664

Fig. 1 Coffee stain®
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Fig.2 Schematic of evaporating droplet on solid
substrate
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Table 1 Composition of solvents used in the experiment
and their physical properties

No | B.P.=200°C | B.P=245°C | B.P=315°C
1 100% - -
2 95% 5% -
3 90% 10% - -
4 80% 20% -
5 - 100% -
6 95% - 5%
7 90% - 10%
8 80% - 20%
Physical Properties
H ]0.0022 kg/(mrs) | 0.0032 kg/(mrs) | 0.005 kg/(mrs)
(o3 0.028 N/m 0.031 N/m 0.029 N/m




gzol= Az o] o
©

Fig. 10 Schematic of droplet drying and surface profile
measurement: (a) Droplet generation (b)
Drying (c¢) Measurement of surface profile

SUHE $58 22T 7= Qv ggA 943
o] Fwtxe #A A WA HEAHI FL F
443 FA9 g

Ao 47 Hx APl Table 1 o Al
Alg ulel Zo] ¥ Ho] & MUtA] fds o
e B2 Y3 F 8 7HAl o] AxEH
Abggich &9 Yo Bk g9 A7]E= 100 ~
200 nm o] ZF &4 Wo] nAYA L oA 7HA
HAMEAY TR AF VT8 420 %=
g, Alzxd EFEA ANH EHAEHL
0.013 ~ 0.015 kg/(m's), 0.029 ~ 0.031 N/m ©]t}.
S HAPL nAdAe} HNEER A8
Bojjo} vla] SR ZRFH LS v F
o 271 Yo doj=HE o FFFL 10
o] wto|t}. Fig. 10 o] =A|g ule} o] AZH &
A-S vlo] 22 5 H(micropipette) S  ©]-&-3to] A7}
2 AF(0.2, 04, 2 ph)2o.2 F 7|8 o] HBojx
Zx IoE 87 ol AL A=A H &
< ngAFEY FEP FAL ZHEY 537
(Tencor® P-10, surface profiler)E ©]-43ld 1 7
EXE ZA300t ZH¥Y FH79d g
o] Az A9 AAWFOZ AUrig FAL
Xg FA49

Fig. 11 & 89| Zgulof wa} Fojzel bt
9 FAL vy 18] 271 Aol 04 ul QA
AHL AR Fo] o FAREE M2 vag A
oty ATz A Z+ EAF FAE Ho F
A oz o] Fadsste AdAd 54 &

dx & vmPc} w5 Aol 200°C A &N AL
olu] A A AW A Zo] AN 4
AR So0] Fol] o 3892 FAlo] ) o] 1
Yo njFHo] L L9 EFH|I} FolR
w2l Az" o] WEL FEE 4 Ut
Bl 5 Ho] E& &d%0] Po] TEHFE 45 ¢
7b A& AFRREA Bwel © #gsidc 27)
e TFLANA vHEHo] A2 g fdo] oA
2 AA AH FuF BXE YAT dM A
FUZ mode-1 7ol 7IFREAA Fie] Y
A JAEAE AAHA HARE s ddFe
2 HEAH F& §d0] Fo] @A Hu oz

271 A% F2A7 Ao

g 4zt ol e AT 669
1
0 08 \\
g . .
g 1
[0
2
® 04} ——200=100%
[ ——-200:245=95%:5%
0.2 ——-200:245=90%:10%
| e 200:245=80%:20%
——245=100%
4] 0.2 0.4 0.6 08 1
relative location
Fig. 11 Measured profiles of co-solvents with boiling
points of 200°C and 245°C
1 T T e .
,/ \\: ---------- /// ) \
» 0.8 /7 Sl T N
o 5 =
Ly \
;.E‘ 0.6} / \ 4
@ i \
2 f }
504 1
[3 ——200=100%
0.2 ——-200:315=85%:5%
’ —-—-200:315=90%:10%
""""" 200:315=80%:20%
00 0.2 0.4 0.6 0.8 1
relative location
Fig. 12 Measured profiles of co-solvents with boiling
points of 200°C and 315°C
aRel FARE sbgAeld vl uSHol *
2 gdo] go| GA ot metA o] A=
goz AN FAPIN JUHo o BE F
o] WAEIE 2 mode-2 Y mode-3 ¢ T FH

stk J a8 B E £5EAdAE mode-1
7o Zugeg /XA ¢ v5Ho| g §Ag
Z3tetd vl ol 1 TEE H]Eol wat
Alzbo) AURAA ZF43<7) mode-2 i mode-3
2 WysiA Bz & F 9l o3 olf=
Fig. 11 o Z=AE uje} Zo] H5H & £
o] Ro] THHFE ¢ HEI F4L dA H
o} ¢, vEHo] & £d0] o] THIEFE A
FZA e AojA B AP A BP = 2000C ¢}
LN Ao Azsl=H oF 24 AJZto] A2 F
AA % B.P. =245°C ¢} BP. =315°C §2& &35}
W Az Azlo] 3438 F7Hs 2 ¢4 ol £85
gt AAFTRAAAE ARADE Fojv] Yl A
Z 47149 25§ AFAL B AYiAe A
g3t g A3 42dA A 1xYP4. Fig. 11
34 12 of =AE ule} o] WAlFoz AgAx
of WE2d T Hux7t YA 02 9 08



670 TR

T2 dehUA e XA qe A 71t
gojA Jeldoh JanFA9 97 o)LA ti=
A dE8 AL dxe 99 Aoz WgHT)
SR E HEE 2I|gtos A& Aat
S FIPAT AA AzHAAA Lujrt FLg

of wet ¥E7} FAAA gole] AR Aoun

Azt ME FHEe] WEE g FAHMAN F
o 2A% ke ATE AS F AL Aoz Ay
e, 23 SUgds: AAREd FHH
A83] dAEA] domI HIFA Al
A7k & 4 ok Fig. 12 £ ¥F
2% 315°C Y EFZ RN e §
otk A Bel Fig 11 3} Zo] H
499 £} ol weh AA ©
= 2 5 3o F &9l v5HY Fo|st A
3ol vla o AAAM HEzE o Forid o
gt HlF3ol golAW avE AzslEd g
Alzbol 202802 AA FHME BEHE =
2ot 2HHE v 5HL /HXE 4ulE galof @
o EF vFRo) SIS B4 A9 HAx
THEE fEd AFoR oprlHE o8 s1A
TAHE FEoF stng o)t A= A 1

sob g},

O[ﬂ oz, L

—
oH,
o
=
o

= T

T d7dXE #AMHd wioz o six
Fhe) FUYFE Ags] AF U Axs
ol Az ¥ FHY JAL sy AzxE £
& o]8% H¥elA 1 BHIHE AFUY. B Q
TE 3 g5 2L A8E €& + U

(1) &vle viFHo] &S Hud W
e F Aot o HFEH] LT TP =
A FAst oo wat A RN &FFo)
Zdast JoHoz spgate 2 ojFahe YAk
@o] Holx]7] wjFolct,

(@ BTl M2 b2 F §uls E3& 9
oz 2 HFUEE AL 5 s uF
Hol M2 ta2d H[FHol 2 §u7t A3 9
Zhatelol, Hlg el @2 &yt Ao FAl
Ztzh FuH oz go] Bxste] W AN F
dgol ZE3A HAY FHAM FHez F
dgo] F7het7] W&ot

3) WEHe) B &9t Bol EFRSE

Fueg 9g & gk kA Azshed 4

Bl =
Hog g2 Azlo] 29907 HAH EFn

o 4 &
g 24 e7HE WuEe Hae) AZAVL
SR

HOEH

(1) Deegan, R. D., Bakajin, O., Dupont, T. F., Huber, G..
Nagel, S. and Witten, T. A., 1997, “Capillary Flow as
the Cause of Ring Stains from Dried Liquid Drops,”
Nature, Vol. 389, No. 23, pp. 827~829.

(2) Deegan, R. D., Bakajin, O., Dupont, T. F., Huber, G,
Nagel, S. R. and Wittan, T. A., 2000, “Contact Line
Deposits in an Evaporating Drop,” Physical Review E,
Vol. 62, No. 1, pp. 756~765.

(3) Yamaguchi, K., Sakai, K., Yamanaka, T. and
Hirayama, T., 2000, “Generation of Three-dimensional
Micro Structure Using Metal Jet,” Precision
Engineering, Vol. 24, pp. 2~8.

(4) Wang, J. Z,, Zheng, Z. H., Li, H. W, Huck, W. T. S.
and Sirringhaus, H., 2004, “Dewetting of Conducting
Polymier Inkjet Droplets on Patterned Surface,” Nature
Vol. 3, pp. 171~176.

(5) Tekin, E., de Gans, B. J. and Schubert, U. S., 2004,
“Ink-jet Printing of Polymer - from Single Dots to
Thin Film Libraries,” Journal of Materials Chemistry,
Vol. 14, pp. 2627~2632. .

(6) de Gans, B. J, Duinveld, P. C. and Schubert, U. S.,
2004, “Inkjet Printing of Polymers: State of the Art and
Future Developments,” Advanced Materials, Vol. 16,
No. 3, pp. 203~213.

(7) Cooley, P., Wallace, D. and Antohe, B., 2004,
“Applications of Ink-Jet Printing Technology to
BioMEMS and Microfluidic Systems,” Journal of the
Association for Laboratory Automation, Vol. 7, No. 5,
pp. 33~39.

(8) Hu, H. and Larson, R. G., 2005, “Analysis of the
Effects of Marangoni Stresses on the Microflow in an
Evaporating Sessile Droplet,” Langmuir, Vol. 21, pp.
3963~3971.

(9) Deegan, R. D., 2000, “Pattern Formation in Drying
Drops,” Physical Review E., Vol. 61, No. 1, pp.
475~485.

(10) Fischer, B. J.,, 2002, “Particle Convection in an
Evaporating Colloidal Droplet,” Langmuir, Vol. 18, pp.
60~67.

(11) Ruiz, O. E. and Black, W. Z., 2002, “Evaporation
of Water Droplets Placed on a Heated Horizontal
Surface,” ASME Journal of Heat Transfer, Vol. 124, pp.
854~863.

(12) Burelbach, J. P., Bankoff, S. G. and Davis, S. H,,
1988, “Nonlinear Stability of Evaporating/Condensing
Liquid Films,” Journal of Fluid Mechanics, Vol. 195,
pp- 463~494,



