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Figure 1 (Color online) Schematic diagrams of dissolutive wetting. Ry,
R, hy, hy, 6,, 6, and 6 are the initial radius, instant radius, upper height,
lower height, upper contact angle, lower contact angle and total contact
angle, respectively

T PN R Y oA B R RO . FEX R
fift- 10 Y U ) R 9 b, Warren S AR B
X YT N ) T AR R B g e MR AE L,
Marangoni X it X A4 FR S 3255 . 1M 5 Sue A SE B
X — 1 T s A O 1) O B DA S R e &R D R T
B, HJE LMo T AR, 18 K2 E00 % ol 72
RO T R R R R B TR 5K T BB
5| Y Marangoni X i7E X VT PN 8 4 I ki 25 S e 1k
P NS00 H i T kSR e R AR A
2 BEFE T Iy 2R S A B A e A R e
far A U 2 e F B WF 5 TAE b AR ML R 8 R
AR T, W Z BB O R AR A TR F
58, H T Senn Sc s ot o ik AR R BR P, B R
B TCAT I P O A X g ST X

AR SR XS VR A [ AR 3R T %) VS i TN B0 ) 2% ()
LTI R . RS SRR B
AR XSV 1 A R L S I 7 AR R AT SR, 3
PN N G IN = RV O ) VA R T 8% e i |
SEBIRL GIOW A B 53 BT s o1 43 i A TR I X
ForF a5 Rz . R Y B 22 5 ik et 1
VS R 10 B ) R, A5 B 2 SR A S ) U T
JR AR BEAE, R BHLAE TR B R O R B B L Bl ) 2R AT
SRS Y. R E A R T A R A R v R Y
Yoy . W14E R THRVE XTI . 8L SR 24
PHTFR W AT R, R vb S ik i 1 A R A S PR
AR ALEISE T

1 Tk S B
o TS5 L 9 2 e A 1 A,

SO [ AR SRR f X5 (dissolution pairs)FiE#E |, I
PR E B R MR, R O T S0 g5 R A

2986

FVk, LI SR A g T ) f1 Vi Y S A A o A
VT FET LR PSRRI, it 2 0GR, AR
TR BRI AR AR IR BRI
R 3L [ AR R Vs f 6 HEA T2 56 (L H R S50 T B
Xof - S 5 2 G5 5 fifk 45 K A9 AR S A A AR KA IR
ME. AN AR S — P LR G 4> A A, HAE K
AT AR P A B PN Wik, HRETA K
TR 3 T A I DL BORURE A A5 75D 114 4 28 W /K I T
5y Fh F1 25 P22, ()5 H A2 BB A5
SRR BRI BRI T AT, AR SCMAHT B
K, BESL T XA AT Bl S AR AR T AR O
R RIRETRAT A, AR T AN 2(0) IR 1 sh A
R, HA R R TR LR AE TR AR
[, WOMUKEh T (L, pre Rk S, LIEFREKE)
SR ERERU T (UL, 2 ME R0, URRRRAE 3 )
i, SRt = ul/y~107). SEREIE i R
950 fps, PRGOS B[] £, 755 K 100045 A9 1 (B2 56 A9 1
Wi~107% s)VE N 22 WERAE AL AN B RO W TR
FRA IR, R ORY B R BUE— B, 456 % HiT
B 245 B OWERAE I 8] (~1 ps). 76 F Il 1943
M, B TR B 722 SOUARAE I (] A9 AN [, 3000 =
ARAk 4 22 AR ) A 2

L1 SEERiR

S5 vh R A GMORIORL - 4500 3 (Particle Image
Velocimetry, PIV)$5E A 43 5l X 15 it i 1k 2 72 v 9807 1)
ST RN G 7 AT WL el A A WL B TV A
7 S o o A — R R T e R B R 2
A ARSI T AR R L. DS R ), i
# 30F B H B W 6k % B¢ (Polydimethylsiloxane,
PDMS)(10: 1)l L BAME, 22 5 B4 4k J A o 7 431 A8
H, R A0 2 5 R 0. S0 7 4 R T
7. SCE, R EE S A B A i, e O
SR R HAR 0.5 mm Y VR IRE I 0 2 % T 2R 1
TSR I H IBORH 5G4 52 30 5 s

SRR, FRATTR e PTVEL AR IR N
PEAT ORI . e AR R, Sl A R R 85
BEWGTE S SR IR LR, JEE N2 mm/Ady. 4555 fF)
ATRA — 8 L7 B8R 1 7K 5 f A A b, JhoR
S 18 K IR AR A 4 0 Y BT R A, AR
JE RV K R AR A 350 N /R b . 2
Jei A RS AT I AR WA K oy 28 e, TR O &



&
K

B2 (FIZEARRS () S50 (a) AU ()15 B R WERIA A Sl A . o oA TT Bt AL ]

Figure 2 (Color online) Experimental (a) and simulated (b) process of dissolutive wetting of droplets. In which zrepresents dimensionless time
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Figure 3 (Color online) Fitting of particle interactions. (a) The contact angle changes with solid-liquid interactions, the different values are the con-
tact angles under different solid-liquid interactions. (b) Dissolution rate changes with solid-solid interactions, the subgraph in the upper right corner
indicates the evolution of dissolved particles over time with different solid-solid interactions. £ and & represents dimensionless solid-liquid and sol-
id-solid interaction, respectively. The intersection of dotted lines represents the simulation parameters corresponding to the experimental results
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Figure 4 Molecular structure of dissolutive wetting. (a) Dissolved
solute particles. (b) Hydration of solute particles. The yellow, red and

white balls represent solid particles, oxygen and hydrogen atoms, re-
spectively
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Figure 5 Evolution of characteristic parameters of interface with respect to time (log-log plots). (a) and (a’) The droplet radius. (b) and (b’) Droplet
contact angle. (c) and (c') Droplet upper height. (a—c) and (a/—¢') represent the results from experiments and simulations, respectively. The black squares
and dots are the data from experiments and simulations. The red and cyan lines are the results of the power law fitting
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Figure 6 Flow field of the droplet during dissolutive wetting. (a) A

droplet that contains PIV tracer particles. Flow field when 7=22 (b) and
=32 (c)

B R, T N IR B R E TS R
PNE b B 32 DX ) A 6 X T VR il R )5
2.2 kREST

(1) BIEX UL AIPREE AR, WO P ok BEA 1

R i B A7 A VIR 1) ) B B R A U, YRR

2990

JE FBR B H8 BOAN R T Tanner £, 75 B X% H b 17 Bt
T I W BT 2B AR, 38 o e TR % h/R—0, T
R R & FoU lo4,, =0, U|_ =0 HHRAW

THEAR, UDURIE, b F0 g3 530 D 00 =0 5 T A

ST X B s E O B oK = R LA T AR AR R
Witk Q=(h,+h) dP/3udr, Jif

_, [dh  1dh,

P=1a (dr r er @

Yo NS B R sk S B AR B
#FikA:

3uQ ad(dh 1dh
Yia (h“ h) {dr +r er ©)
NN G & aw,|
3 2 d dzr\, 1dhu
;/LA (h“ h) (dr r dr J )

Hrh U ¥, 25 I8 N B9 8RR
TET I 2N Ay X I ol 2 AV ) 9 o T R R, R N
W5, B 'Tﬂ?%Noyes Whitney y #2153 c=t. #R

R R Bk HE¢I (p/py-Ddz=ph/py, it plp=
-h,
l—ac, ps, poot il RHE T BRI, MCh,=h, H

C =-Y(p,/poac+1)~t,, w7l (4):

3uU,. d’h,  1dh,
7 (1+2C) = [dr rodr J ®)

A b s e )2 AR W, ARG h/h, —> 0,
I % k=h:d/dr(dh, /dr®+dh, /rdr) , i Tanner f iy
WS 2 53 ke R SR K. 46, =tT,
ERCES =R G oI N Al | B~ N N VB S 1
B ok B2 RO T AR R R A, B
R G~ M AT LG B k~t™", Rt Up~t ™', HL
,u/}/~t‘$ ARG A B o O S R
(6-36)/10, ARHEAE 2 1) n B K15 W 1 42 R B[] 74
PR R~

PRI, 4 6 =0, W - 42 Fifd IR [] 25 Ak B A 2
FRECRH /5. 5T ANV f Ui VR A BE 48 Bk 1710, D
ATIA RV F VR B A T (1710, 1/5]. T T 46 2 A/
IR fige XoF (18 S 8 AL SR A T X ). Ry Tk
— 5 BH X VAL o VR i R YR 3 R B S e, OB 4k 22 A T
22 X I T A AR O AR




(i) ZWERSF PR R . FEARFH XY
O, Pe<d, WO N EBAYXT RS2 18 . DIdad/—
H 2Rk s e vk b ], p ~10°kg/m®, u~107° Pa s,
U~10"% m/s, y~102 N/m, L~10"* m, g~10 m/s’
D~107"" m¥s, ML LA HN: Pexl, Caxl,
Re<1, Bo<1. ibh}, HFFEE [EH R IE W 2 3
PR A Y BB RS A . B2 Noyes-Whitney J7 2
TR T 1 o 9 22 R il o I 9 A M g R UL e
T PN AR R B S N B AT, UMk BE b i T 2 A R T
c:cs[l—(z+h)/\/a} IR AN IS oS R E N 5

3uU d(d*h, 1d
h:hf_ _r}.,.__hl , (6)
7..C, dr\ dr r dr

Hrc,= Z[pshl/(powcsl'lu)+1}\/ﬁ/hu . w1 K A
Tanner 2 (9 % ¥, W C, ~t2"3¥2 | A i (6):
{rSASOTZ ¢ n=(9-35) /16, 1 I Vi i 4l
R 2 A0 B W (AR B R s R~ 100

D] I 220 W8 XoF L 5 M B 24 5 = O A, YA 97 - 148 B et
B 25 A AR BE A R 3716, [RIRE A R i ik i Y s B A Ak
T[1/10, 3/16). A TS uEFR ARSI, dRELd 1T T
L, ML ER RS (EI7) v AT DL B 2 9 A o 1Y
e BE A IE A AE X — X [E] Y.

T AR AT, & B 2 R S B8 RN AR AL 3 1)
785 R 1K R o A S SRR AR BE A EE B R
XU B AR BE A/, DR AT A — R BRI T
TR PN ) Re SRR, P T R Y R R Y i —
A BN R 2 AR R TR AR Ak 8 bR AL 15,
3/16], Xt AE F 20 V0 r) il

%25 3k

Bl 7 (LR () S T B L — R R — F R T 2 v
X AR BERT TR fL AR BE . T 5 R L I B A S R #ie
SRAT A TR 5 0 I8 gk I YRR Sl e RO BE AR DT R FNIR 3 31l 3R
TR R B SRR s — HOR B o) ) S B 5 R

Figure 7 (Color online) The experimental scaling laws for polystyrene/
xylene and rosin/xylene. The lower and upper dashed lines represent the
scaling laws in insoluble and non-convective dissolution cases that ob-

tained theoretically. Squares and circles represent experimental results of
rosin/xylene and polystyrene/xylene dissolution pairs, respectively
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Dissolutive wetting, i.e. droplet wets and simultaneously dissolves its solid substrates, is of great significance in both
academic research and practical applications. The diffusion interface at the moving contact line is one of the answers to
the Huh-Scriven paradox. Besides, dissolutive wetting is the bottleneck problem in many practical fields, such as metal
alloy processes, shale gas exploitation, drug release, etc. Furthermore, dissolutive wetting involves complex physical
processes, i.e. wetting, diffusion and convection. The coupling transport of mass and momentum as well as the internal
convection in the droplet increases the difficulty in studying dissolutive wetting. Even though previous works have been
done on metal/metal, metal/ceramic systems, there has been no experimental observation on the flow details in droplets
and changes of the solid-liquid interface due to the opacity of the materials in dissolutive wetting. Thus, the physical
mechanism of dissolutive wetting is still far from being well understood. Based on the problems mentioned above, in this
paper, dynamics of dissolutive wetting of droplets on solid surfaces is investigated by physical mechanics. From a new
perspective, we carry out the molecular dynamic simulations of glucose and water dissolution pairs. we match the pa-
rameters that dominate the dissolutive wetting in our simulations with real experimental parameters. By this method, the
simulation systems are simplified and the glucose molecules can be regarded as Lennard Jones particles. Experiments are
also designed to show the in situ real time measurement of the dissolutive wetting. In order to obtain the flow details in
the droplet, we select three pairs of high transparent materials. Beyond that, we built a dimensionless number space that
divides the dissolutive wetting into two types. For small Pelect number, the convection effect is ignored. But when Pelect
number is greater than one, the convection effect that leads to the uniform of the solute distribution must be considered.
Morever, we obtain that the droplet follows different scaling laws in different dissolutive wetting stages. In the early
stage, the surface tension dominates and the scaling law satisfies the Tanner law. Whereas scaling law in dissolutive wet-
ting changes while diffusion and convection effect are more obvious with the dissolution of solutes. Compared with the
non-convective process, the internal convection increases the energy dissipation within the dissolution pairs in our ex-
periments and inhibits the spreading of the droplets to a certain extent. We also find that the coupling effect of dissolution
and wetting process will have important influences on the molecular structure of the droplet. Overall, we establish mul-
tiscale dissolutive wetting model and reveal the scaling laws of droplet spreading in dissolutive wetting by physical me-
chanics. Our findings may help to further understand the mechanisms of dissolutive wetting and provide theoretical
guidance of practical applications that involve dissolutive wetting.

dissolutive wetting, moving contact line, scaling law, droplet, interface dynamics
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