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Abstract: Based on the phase diagram and the definition of sub— and supercritical water, this review presents
detailed data of ten physicochemical properties (density, viscosity, surface tension, hydrogen bonding, dielectric
constant, ionic product, diffusion coefficient, heat capacity, thermal conductivity, and enthalpy) in the ranges of 0.1
- 100 MPa and 25 - 800 °C. The influence mechanisms of these properties on momentum, heat, mass transfer
and chemical reactions during hydrothermal process are elucidated via eight dimensionless numbers. The current
status of application development in four major fields (heat transfer medium, separation medium, reaction medium,

and multifunctional medium) covering 22 directions is summarized, including application scenarios, principles and
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objectives, operating conditions, and technological maturity. By comparing five mature directions with seventeen

directions still under research and development, five common bottlenecks are analyzed, i.e., lack of fundamental

data, equipment corrosion, pipeline plugging, high energy consumption and cost, and safety risks. Furthermore,

breakthrough strategies are proposed, including in—situ detection, development of novel corrosion—resistant

materials, design of innovative process equipment, reduction of energy consumption and cost, and priority

advancement in key directions. This review provides fundamental data and theoretical reference for the application

development of sub— and supercritical water.
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Fig.2 Curve of surface tension of water as a function of

temperature
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Fig.3 Curve of water density variation with pressure and

temperature

1.4 tHE

W (viscosity , w) T8 K VE A AR AK ST 55 U1 A8
TEWIRE ST, R W T 7K o3 8] 8y f 28 0 1) 5 32, 4
WL B R A% O S8, B R Pass, HET, 2/
8 Il KRR B T AR 3 BRI TAPWS & Al 1Y
IAPWS-85 A (2008 4FETT hi)™ s 1z AR =
PR TR R A5 4, 43 ) il A A T AR B A PR %5 3
Bl -3 =564 ok, % 30 M LA S8 TR
I 5 5 - IR R 28 P e, R o K PR AR Y
IAPWS-95 F} 2% 475 1 5 IAPWS-1F97 Tl 5 i 4%
AR PRI R A S A TR A BOE RAS | A SR
FH B SR S F5E T TAPWS—-95 [ NIST £ | %48 =,
LR B i 2k an &1 4 s

L AR 2 (18 3) 2501, 18] 4t A 435 U A A
A DK, R 2 i R ) 8 i BRI, B R )
BB I3 A o (L S AR ) 8 90 Ko A ) 5
M) 378 37 K R 0, LB 2 T B 0, ST I B K A RS
J S P 2 R AR A 3, 200°C I AN J2 3 TR IORE B2 1Y
1/6., 17 B I 5K 14 R 00 Bl 25 R 1 2 12 1] 7
B8 KR 7 [RVRE R L2 R0 It 5 i BRF 3T A9 Rl B R
PG R ) R B AR T A i 3 R i 4k
1.5 S8

Z# (hydrogen bond , HB) J& 7K 43 [8] i - fif

900

——— .1 MPa
] R
700 - [ s sk 10 MPa
[ sk ki
2 600 - MPa
: [ ] s —— 221 MPa
B cop -25 MPa
=5- e —— 30 MPa
= —— 50 MPa
b .
! et —— 75MPa
3E 300 4 —— 100 MPa
200 -
100 -
oL ——

]l;l] 260 ' 360 ' 460 . 560 . 660 . TI;!IJ . 800
EE (T, °C)
B4 KRR BE TR g Bl B i A A h 2k
Fig.4 Curve of water viscosity variation with pressure and

temperature

W ACTE B A 55 AH ELAE T, LR B 55 A S S8 B e
FE T K R TE K ) A B L BE
SRR . B AT, TAPWS 14 JCHERE I /4 I ok
WSS B AU 2, R R SCER I 2 T B0
1R 5 % S50 I AR E W E Sa i,
— KA FHLE E IR US 58 442, /)
KA 2ADAE TS T EHAR B AR A 1R
JEF (P XIS B ) 1 2 A 2 AR R S . (HL7ESEBR
K BREE IR K 12 510 UM S SR MR B 44,
25°CH WK LR 324, UnE Sb r s o i A e A
WAL, SRS &k B AR . TR IR ALK
o R EE R R R B S () A
32K ZE 2 2.1 (K 5h) , #RE (E,,) F1—18 kJ/mol ik 55
% -17 kJ/mol (& 5¢) , ## K (R,,) i 1.93 A ff K &
2.03 A(E5d), 847 (0) H 160° W8 /N 153° (] Se) o
FERR G SR % B o 2 2R BRI, Bk
POAS 28055 A8 R 2 <1 E,,< —16.5 kJ/mol \R,,>
2.05 A 0<150°, FHor, SIS AE m,,=1.63 % &
BUEHEALS | SR RE AR i B R R A B IR
i i 7 7K H TG R 322 3 114 P90 R 235 44 i 264 SRy AH B AT
) R Ml = R AR A F A WA I oK LAy 2 38
() B AR
1.6 TEEH

A7 L5 B (dielectric constant, &) 23R W /A& Ik
FARVER BTSSR, toe T ARBEE SR A
ML K TCHLERAE A s gk . TAPWS T 1997 4F
KA T 3T Harris—Alder (4 B3 B0 T 57 25,08
NHEHCERIANEEZ SRENRE, —HHE
A AT R G | AR SRR K T g fiAR )



5 XX

www.hgxb.com.cn c 5

FRS
\1\ 15

-y ‘\G/E
1 Ay )

e

.

(a) 7K I3T- 22 [i) i) B 7

] 25 °C
Tt 400 °C

Y
BOgG Wl @
3 Lo Rk p

&

1300 °c

500 °C

-
|

B My, /ol K)
)
|

1000 °C

I|IIII||III|II
0 500 1000 1500

I (p, kg/m?)

(b) BREEIR K I3 1 2 S U B
4

1000 °C

500 °C

3 .l
1 400 °C
it
t}g FEL LT 1
Rk wk
11 @5
1‘9 T1I 1TV '| T 171 '| TT1rrr [ T 1
0 500 1000 1500
HHE (p, kg/m?)

(d) SR

300 °C

-15
1000 °C
ik
3
E -16
= .
= 400 °C
=17
= : 300 °C
= & i Wk
] Mk Sk
-18 O, C
|rr||||lr||rr|rr||
0 500 1000 1500
B (p, kg/m’)
(c) EHERYSERE

] 25:50
e p
160 i fhi Wi @
- JE Rk sk
.. T 300 °C
=3 B . N
< 400 °C
§ ] = "
150 ¥-500 °C

1000 =C
L | LB | T 1171 | T 1
0 500 1000 1500
I (p, kg/m®)

() U HY) FEE £

5 K U M HLA: o it 3 G P AL f i 4 =

Fig.5 Hydrogen bonds in water and their properties as functions of density and temperature
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