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Fig. 3 Schematic diagrams of contact angle measuring methods: (a) Sessile drop method; (b) Vertical-plate method;

(c)Wilhelm balance method
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Table 1 Contact angles and their corresponding work of
adhesion value of NaCl, KCI, RbCl and CsCl on graphite

surfacel??!

Salt mi/pm  T/C grafh?; ©) (m?/;i,z)
NaCl 98 810 113 69
KCl 133 780 78 120
RbCl 149 740 58 145
CsCl 165 645 31 171

TR E T AR /)N, B 5 [ R SR T AE T
FAEEEZ, FEMEE W, BOK, EIREERLT, B
H/NLEE 1), STEPANOVESR FFRERME 1 1
BB ALYE R R LiCl. NaCl. KC1 A1 CsCl 7E 3B
RIMMMERME: AR, JFEBAT, b
F PH B 1) AR 1 KR8, 5 SCHR[22] 1
A — 2 H O B bt n F A AR AY, IR HL LA
BB IR 1) 1E HLAZ AR AERS, LiCl A1 NaCl (2 fi
RGN XS T EAR K ] AL T,
Li'fl Na" G¥EXCEE N EZZEE, [B-f5t
TR EF A EAE 7, Bl i, BE R
PR AGZE 2% HEAE, [0 ST WL FEL 2 N A R EE 2%
JE R LA Na I 25 1 2, [l 57 i a) ) &
HAH EL A T IR0 s W 3Bk, B DA fid £ 0
Wik B FRALRWE IE AR K, CI 3R 2
PR 22 Rk 2, ] T I ) FAE T
VR BRER R, [ AP A wa BoRER, BT A
Pefoh f ok N . {HXEF KCL AT CsCl ki, M
B AR AL 2 B H B, L A PR AR A A A
LiCl 1 NaCl A& —Ftf; 124 AL b 2% s A 4k 22
IEIRRAE, FHEfl A AT AR X T E Rk
PSR A, CIEHET & P X 2 I AL A E 26 )2, B
FHHAGEE ER, ®T KM Cs™ CIigtkibtt
Li"Fl Na" 851X CUfARALEE S5, Bk CIr /e
E HLAE B AR AR T %8 8 N A% U 24 2 Bk B 3R
TSR, AERGRT C—Cl k228t . Rk, EARHEAL
keI N, [E - S ] AR B R 4k 2k
#hn, ZEEEE W AS38, KCL A CsCl R f AS38

VKA1 (Nas ALF 6 )18 A AE A7 22 2 T A ) BRE T
£ 1000 C T4l N R, il 135°, HK
B T RS E o A T BRAR R AR FEAE AN s BH A <

I Y, 75 24 v 0 A 5 P AR 1 e
MEUNIER “&R30@ it A s A LiCOs B8 vk
S AR B AR BV . BF TR, A SR ARk
APK A IER R ERE S LioCOs & & T+ my iy
B Y LiCOs B 0 FH 2 6% &7 H0OR
Befib 1340 FIEZE 23°, 4K A BEh &4
10%A1L,0; i, FEfi 1 100° %3] 48°, %3 /E#H
W7 T LiF. NaF . Na,COs. K,CO;3. PbO #1 PbCOs
XF TR P RE A, R IR IR S (1 5 e B 2K T AH
PR EII (R 2). UL ESeEh o Rt
W, VKSR RTE A S oA, OB R h
ISI0F G U T AR O & & T OF XA
BRI BRRE R ER, 35K T S S ae o,
M58 T NasAlF 547 S8R 1 IR

® 2 SAEMBERUKE AL S A IR 5L B WA B
Ay SR R T 0 A £ )
Table 2 Contact angle values of cryolite containing Al2O3

on graphite involving carbonate and fluoride salts?®’!

Contact angle of cryolite/(°
Additive £ i ©

Dopant i/ [ALOs] [ALOs] [ALOs] [Na:xCOs]
0% 2% 10% 5%
None 0 134 123 100 119
Li2CO:s 1 113 128-81 130 -
LiCOs 3 59 94 94 -
LiCOs 6 23 53 48 57
LiF 6 100 - - -
NaxCOs 6 47 - - -
NaF 10 126 - - -
K2CO;3 6 71 - - -
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Table 3 Comparison of experimental ratio of adhesion

works with predictions of van der Waals interactions

mode]™!
d
Element LAY (experimental) ) ow (C))
w,.(C,) o(C,) ow(C,)
Au 0.57+0.1
0.66—0.69  0.4-0.55
Cu 0.52+0.06

32 E-ERELAE NSRRI

Bt WA SRR A & S BRI
P A T R . SR PR )
S PR I L2 S T I K

TR PESE O . S RLERIR Bh 5 0 SRR, AR R
FTH R A A I B R /B 2 OB AR R CO A
O*, SUL[FEN, O fERHM BFR IR AR B

A LT R e — AN R B R K 3 A TR 2

PENG Z13VRT CHEN 25U o W 45— 52 1) B S,
A TIRA LiaCOs-KoCOs &R H A 2248 AL ab 25
T o B (AR A SR i VR AR B, IR e T
(T 2 LA S LB LR P AL 25 SRR,

F % e AL IR AT DA Sy S T SRV PR — A R
Jiide HA AR, LixCO3-KoCOs 7 A7 55 3% [H KV
BRI, W 4 A5 Frow, BEA I A]HERS,
WS RURER BRI A SR ICH, BHRAEE: W
A e ok P2 B o T R v I BRI 5 U TR R

@ (b) C©
4 1E 101.3kPa ] CO2 FF A1 650 °C N 58 M Il B fir b B 16 1) 3 25 g U1 )

(d) (© ()

Fig. 4 Wetting dynamics of carbon sample initially just touching surface of molten carbonate in CO, with 101.3 kPa and at
650 ‘CU: (a) +=0; (b) =10 min; (c) =30 min; (d) =90 min; (¢) =240 min; (f) =1440 min
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Table 4 Standard molar Gibbs free energy of reaction

between some metals and carbon

AG® (800 C)/

@ o,
Reaction AGZ(1000 Cy/

(kJ-mol™) (kJ-mol™)
4A1+3C=AlC3 —162.547 —143.266
Ti+C=TiC —172.557 —169.839
Si+C==SiC —63.208 —61.582
Hf+C=HfC —219.305 —218.733
V+C=VC -90.366 —88.092
Nb+C=NbC —134.345 —134.001
Ta+C=TaC —140.758 —140.575
IMg+3C—=Me:Cs —54.024 ~51.512
3Cr+2C=Cn3C: -98.274 —102.655

Data come from HSC 6.0 software
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Research advances of wettability of carbon material surface by
high-temperature melts

DOU Yan-peng'-2, WANG Pei-lin"2, LI Peng"-2, DU Kai-fa2, WANG Di-hua'-2

(1. School of Resource and Environmental Science, Wuhan University, Wuhan 430072, China;
2. Hubei International Science and Technological Cooperation Base of Sustainable Resource and Energy,
Wuhan University, Wuhan 430072, China)

Abstract: Well understanding of wetting behavior on carbon material surface by molten melts (molten melts,
liquid metal or alloy) plays a critical role in developing high-temperature energy storage and transfer technique,
material casting and processing, metal production by electrolysis in molten salts and carbon materials production
by molten salts carbonization and activation. However, thus far, the systematic reviews focus on this subject are
scarce. In this paper, typical wetting characteristics of carbon/molten melts solid-liquid surface were clarified and
three currently used contact-angle-measuring methods were reviewed based on practical industrial applications.
And then the wetting mechanisms of solid-liquid interface were emphatically discussed in the way of two kinds:
non-reactive wetting and reactive wetting (chemical reactions or electrochemical reactions). We hope this review
can broaden our understanding of nature of the wettability of carbon material surface by high-temperature melts
and guide us to solve the practical industrial questions.

Key words: high-temperature melts; molten salt; liquid metal; liquid alloy; carbon material; physical wetting;

reactive wetting
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