F23E F1H LIRS Vol. 23 No. 1
201543 A JOURNAL OF SALT LAKE RESEARCH Mar. 2015

AKERIAR R UK S B

H A7, E T A

(#7538 K FALFNH T FE, #ie LEKF

830000)

B OEARTRGEZTERMN A QAR AT 11.1:2.2:1.2:2 B vg £ 364 TR RE T RER

g, AT 10 B 12 BUARKKE THEEER S

B AR KT AR IR i
REIA KB R ok T

FEHZES:00645. 15 SCRRARIRAD A

VA ERE LR F RN E6 R, R T 5
EEAM A GRS AL RECE A HRENER I,

X E4HE 1008 —858X(2015)01 —0038 - 06

UK s AR ER AL T AR UK s A
2B A B AR R R A A A
FH o 38 VKRR 38 o SER AR 0, (H i TR
R AR AU T8 38 T B, TAERE
K, BRIt 7, PITAT D EERF S e AL, DU
REASH Ry 77 (o8 HEAff b F 3 K

Oakes'" Alonso" 2525 J5 MAS [R) F 2 5t K s,
HOBFFEA Tt A . Haghighi ™ sy T —Fhaf2p
B7 )7 RS 7 FE A Debye-Huckel AH45 4 45
BRSPS, T 8 RSB o it B ik, 45
BT, Ge Fl Wangm FIH Pitzer RS HES T3
SRIRY, B ARASRA B B PR (B H3E ] TR i
Wi Alonso ™ 42 H T LIP B A UNIQUAC #E71
SRR 3 A T F R REARAY A X 43K
EARRMILT 75T, EHETE N 2R A R,
B AR SOUAS R A5 A P SO WK i A T 2 B
G200 AR A K S RIS i A AR

ASCHI Y i) 3o 1 35 15 i B Hh RS AR
ﬂ‘i?ﬂﬂ 1:1.1:2 201 2:2 BRUER /KI5, S5 58

J I‘N&Z‘ﬁﬁﬁﬁ%‘u&i%@ HeEs, Lt
Tﬂm T AT A AR Y 3 I

W#s HER:2014 -05 -20

1 R R

L1 FEFHETEHERE

Peralta FiI Rubiolo” #& Hf T LI ¥ J& (¥
UNIQUAC #5515y FE Rk i) 5ot 75 A5 307 ) P B ASE
B ok B AT A B 3 A A A
(Go) FRT(Gy) FEFE—IRE/RI(G, ),

G,
G, =G, + G, +G,)H,2EAIF1,R7,—2%1H

¢1 z n (b n
=y - = Ty | 4y
(o) =5 Zawin G MAT, gr= - 5
G,
goxln( 30,7, s WFE— KA, Tt = =M,
bT[ln(l +bI') — b1 +b71} .
x r
Hrp ¢, == (1)
PIRE
X:q;
0, =2, 5 (2)
2%
L= (ri=g0) = (ri=1); (3)

EEWB MR A AP E SR EIIH (21166022 ) ; 37 88K BIHT AT A (5 7) BEBh 5t
PEF R B0 (1990 - ) 2 AL FE A . ERNRAL T2 1T5E, Email :873051305@ qq. com,

BIEEE 54, Email:xuelih@ 163. com,



551 1 B, A5 K ER A AR UK R B S 39
c=ud +ul(T-298.15) ; 4 T i 2AM
U; =u; + ujl( ) 5 ( ) "017-1” ] " b’; w [ ( 1 + b11/2 ) _ " 1[]]1/72 -
Tji = exp[ — (uﬁ -u;)/T]; (5) j;ajq-ﬁ (1+ )

i, FAREHIT
IBFF- IR S I, i T okoK A~ B T
w," = w, " + RTIna, ; FEAR R & A 30 —22 1 4

2In(1 +bI"*) ] +1Inx, (7)., H,b=47.434 2
kg'Zkmol ~'2; S ARESCHR T L AH,, =N, + N\, T +
NTP(8) 34, = =9 700 667.93 J - kmol ™' 5,

d(AG/T AH
o, (LACD o7 Hp = - T2 PP, 7816 7.031 1 - kmol "K' A, = —75.495 4
v A, . 3+ kol K2, HAAE ISR
Rlna, = f ?dT (6); 5 HEH, Ing, =
. o , L2 itEitRE
w Z Zw. Z _ _ _
ln( xw) + 2 qwln(d)w> + I: 2 (rw qw) (rw ﬂnlzgl 1 FJ]:ZT_\‘O
D1 -3 at) +ql1-m(Sor) - %
= 5 0
m.fq,r, 2(0) > ?’ '
: @06) | 4 (7
all ; Rlna,
Y
o | 2R@) _
iy P9 £ la
3 X A | 8
(s © | %
i
R T
'ﬂ."x)( T][ T
y
@) S
» AHfus
1 kst s 2 A
Fig. 1 Schematic diagram of freezing point calculation process
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Table 1 Comparison of freezing point calculated with experimental data for NaCl,KCl,NaNO, , KNO,
1:1 # NaCl %1l KCl %) NaNO, ¥ KNO, %
W/ (kg - kg™") 0.001 ~0.23 0.005 ~0. 13 0.005 ~0. 28 0.005 ~0. 1
PR (i S A SR 22/ % 1.787 5 1.213 1 1.578 6 1.177 0
K 3138 0 S S5 A0 X e 22/ %o 8.230 1 13.021 4 25.527 4 28.773 8
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Table 2 Comparison of freezing point calculated with experimental data for MgCl, ,CaCl, and BaCl,

2:1 % MgCl, VA i CaCl, % BaCl, % i
W/ (kg - kg ™) 0.005 ~0.22 0. 005 ~0. 32 0. 005 ~0. 16
AT ) S SA R R i 22/ %6 6.8855 5.701 1 4.037 2
K 3158 0 P 35 RE % i 22/ %0 24.168 8 18.431 7 16.328 0
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Fig. 2 The freezing point of solution with 1:1 salt
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Fig. 3 The freezing point of solution with 2:1 salt
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Table 3 Comparison of freezing point calculated with experimental data for Na, SO, ,K,SO,

1:2 Y Na, SO, K, S0,
e/ (kg - kg™") 0. 005 ~0. 06 0.005 ~0. 05
R4 14 S Y AR R 2/ % 0.638 3 1.111 8
K 315 0 35 X i 22/ % 40.374 2 33.539 2
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Table 4 Comparison of freezing point calculated with experimental data for MgSO,
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Fig. 4 The freezing point of solution with 2:1 salt
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Fig. 5 The freezing point of solution with 2:2 salt
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Table 5 The G.,G,,G,_, of typical solution

/I W/ (kg - kg ™) Gy Gy
NaCl 0. 001 1.696 3 x10°° -0.0255x%x10°° 2.322x10°°
Kl 0.17 8.2433x10°° -3.168 5x107* 1.037 4x10°°

0. 005 1.1633x107° 2.2779x10°° 1.4397x107*

MeCl, 0.13 -9.4553x10"* 8.4379x10"* 6.300 5 x10"°

0. 005 1.5872x10°* -1.390 5x10~* 4.1721x10°*
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(8EF5)
% Ei (i%&f/(kg kg_l) GC GR G[pH
CaCl 0.22 .189 3 x10 72 -0.276 0 2.2151%x10°?
a
? 0. 005 .693 7 x10°° -7.9679x10°° 3.463 9 x 10"
0.32 816 1 x10°? -0.444 3 2.912 4 x10?
Na, S0,
0. 005 .7415%x10°° 1.981 2x10°° 2.5551%x10°*
K50 0. 06 .099 8 x10~° 2.098 1x10°° 4.336 5x10°°
. 0. 005 9350 %10 2.020 63 x10°° 1.978 0 x10~*
0.05 717 1x10°* 1.8509 x10°° 2.918 x10°°
MgSO,
0. 005 L1722 %1077 -3.506 5%x10°° 4.448 8 x10~*
0.16 .041 4 x10 2 -4.094 3%x10"°? 1.728 9 x 102
RO G .Gp Gy, XS AEARAE
Table 6 The relative changes of G.,G,,G,_,
%;ng fu'i (Ccﬁ _Gcf&)/cc{& (GRF.] _Gm&)/cm& (beH%} _GD—H%)/G[)—H{&
NaCl 0.999 8 0.999 97 0.997 8
1:1
KCl 1.012 0.997 3 0.977 1
MgCl, 0.996 2 0.999 5 0.981 1
2:1
CaCl, 0.997 2 0.999 4 0. 980 7
Na, S0, 0.991 7 0.990 6 0.941 0
1:2
K,S0, 0.986 7 0.989 1 0.9322
2:2  MgS0, 0.998 2 0.999 1 0. 974
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Freezing Point Prediction for Salt-Water System

HUANG Wen-ting, HUANG Xue-li
( College of Chemistry and Chemical Engineerin ,Xinjiang University , Urumqi ,830046 , China )

Abstract ; The freezing point of aqueous solutions with different concentration of 1:1,1:2,2:1 and 2:2 salt
were calculated by the extended excess Gibbs energy model. For the solution of 1:1,1:2 salt and other
salts at low concentration ,the calculated freezing points agree well with reported experimental ones. Com-
pared with the freezing points calculated by the formula of freezing point depressing,the excess Gibbs en-
ergy model is much better for freezing point calculation.

Key words ; Salt water system ; Freezing point ; Prediction
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