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WE. XF%EENE 308.15 KB, RERE A 0.045 3~4.948 8 mol'kg™' #) NiCl,-H,O k& 0% T 58 &
% 0.216 6~6.316 9 mol'kg ™" #J NiCl,-NH,CI-H,0 fk % 0§ 5 JE PR E, #BRERAFHHBE T FARKRETE
BARZRNSFEZE RELURSEZBMEE TRENTAANE, RA Pitzer B T4 BAFFHE R 3 5L 4 Rt
THHAH R, NEKE T NiCL-NH,CI-H,0 R & X H TR F NiCL-H,0 9% T4 B1EF &4, 1HH T NiCl,
FERERARZ RN THEEZH EB2 T NiCL-H0 Bk b4 54 g0, g% P51 5 0.386 0. 1.269 2.
—0.054 2. NiCl-NH,CI-H,0 KR #1383 58 Onpr, ~ Wi, 241 1-0.026 0. —-0.023 1. Pitzer B A 4 1%
ANNBERBEG SR REREYE.
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Isopiestic investigation and ion-interaction model of
system NiCl,-NH,CI-H,0 at 308.15 K

JIANG Bingchuan, LIU Shijun, DING Zhiying, ZHANG Weili

(College of Chemistry and Chemical Engineering, Central South University,
Changsha 410083, China)

Abstract: The isopiestic equilibrium molalities of NiCl,-H,O system, the concentration of which ranges
from 0.045 3-4.948 8 mol~kg’l, and the NiCl,-NH4CI-H,O system, the ion strength of which ranges from
0.216 6-6.316 9 molkg™' were determined by isopiestic at 308.15 K. The osmotic coefficient, water
activity and the rule of the osmotic coefficient varying with ionic strength were obtained through
thermodynamic calculation of solution systems at different concentrations. The experiment results were
parametrically studied by the Pitzer ion-interaction model. The ion-interaction parameters of the
NiCl,-NH4CI1-H,0 system and the NiCl,-H,O system were obtained by multiple nonlinear regression. The
average activity coefficients of NiCl, were calculated in the system. The pure salt parameters £, " and
C? of NiCl,-H,0 system were 0.386 0, 1.269 2 and —0.054 2. The parameters of the mixed salt
Onint,» Wi, Were —0.026 0, —0.023 1. The osmotic coefficients which obtained by fitting Pitzer
model agreed well with the experiment results.
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NiCl,-NH4CI-H,0 4 & & H K R NiClL-H,O [H# ) 2# P FUdEAT i 53 45 9% NiCl-NH4Cl-H,O A & M
Hop R R A2 #5080 J5 1 C I8, ROBINSON %A STOKESP R 45 7 298.15 K ¥ N 0.118 8~
2.123 0 mol'kg ™" I NiClo-HO 44 Z 45 F VA3 1 22 50t SHUL'TS 25852 T 1.052 1~4.920 3 mol'kg ™'
i NiCl-H,O 1A RINIBIE R 3 RARDYER IS5 IR VEMIE T NiClL-H,O A RUETEH N 0.299 8~
6.136 4 mol'kg™' [{1353% Z %, HOLMES 2T 145 il 58 T 382.96 K Al 413.36 K T NiCl, Fll CoCl, . H,
TR RIBIE R BUE, JEH Pitzer HREXTEURAIG, B8] THASH. H4h, SR g RAHE
Bt URIETI R g S 3R P T B Y T NiCL-H0 1A R 298.15 K RISk, (5 525 ik A
HA % K% . PEARCE 25U T 298.15 K F NiCl, (3% & 24k, EHF90 T 298.15 K F NiCl, 1 2595
Jis J Hoqth 22 BB 25 B0 . (HAE 9% NiCly WA R FIBFS R0 76 S 4 R 04T, 10 Sgbe Tl 2B =
ATV R BE v, DRIEARSCAUNT 308.15 K T NiCly %R R 1) 22k AT 5. xt T
NiCl-NH,CI-H,O = JG A Z (K140 ) 20 50 1 o WLARGE

AR SR A TR VERTSY 308.15 K NiClL-NH,CI-H,0 18414 & K NiCl,-H,O 7K R B35 2 5. AKiE 1%
MBS P3G BE R AL, lId Pitzer B FAH HAF BRI HAG 2R S B ali th 240, b3 2] NiCl, il
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(Alading IRF A )) fnsral — /K (KAMI-Synergy UV #B2l/K 248, SEED FEHIMm L, Huk s hrbke
FEVEARE, S5 A TATREM T BRI FE AR 25/ T 0.05%. AN[RIHRJE 192 2% W CR ) i A B vk o
NaCl. CaCl, fii & il %13 2

NiCl, Al NH4C1 fif £ 7020 5K 99.99% NiCly,6H,0 (Alfa Aesar 1L R Fl 99.5%[%) NH4CI
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FHAS S50 I 7 493 1) 25 26 W R P48 o BRI BE - LA RCSCIR T 2B 088 R B RIS R R, IR
A (D, WSEBUKIERE: PRS2 AR s BRI S, IF4E & (2), RIA1E 308.15 K
AR NiCL-NH4C1-H,0 & &1 NiClL-H,O R R WK E FIBIERE, s Rk 1. £ 2 s,
HE 2 ALV, IREGARRPEIEREBE S om0k, JF H NICL WS a8 R0
KEHR, BB NiZ K> 7454 e S
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Tab. 1 Isopiestic equilibrium molalities, osmotic coefficients and water activities of NiCl,-H,O system at 308.15 K

5 micy/ (molkg™) myact/ (mol-kg™) ¢ - A exp
1 0.0453 0.061 5 0.939 8 0.8493 0.9979
2 0.0933 0.127 4 0.928 2 0.8452 0.9957
3 0.197 6 0.272 3 0.9217 0.8470 0.991 0
4 0.5611 0.856 4 0.9330 0.949 4 09716
5 0.584 2 0.8915 0.934 4 0.950 5 0.970 4
6 0.8173 13156 0.953 4 1.023 1 0.9558
7 0.9799 1.627 1 0.969 8 1.073 5 0.944 7
8 1.0457 1.760 2 0.9772 1.097 8 0.939 8
9 1.2523 2.187 8 1.001 7 1.166 6 0.924 1
10 1.5510 2.8336 1.040 5 1.267 2 0.899 2
11 1.5650 28711 1.042 8 1.275 4 0.897 17
12 1.832 8 3.488 7 1.082 5 1.373 7 0.872 8
13 1.9214 3.7122 1.097 7 1.413 8 0.863 4
14 1.966 5 3.793 7 1.103 3 1.4190 0.860 0
15 2.1453 4,197 2 1.1324 1.4770 0.842 6
16 2.202 4 43518 1.144 0 1.507 0 0.8358
17 2.4810 2.482 4 1.566 4 1.567 2 0.810 4
18 2.496 2 2.504 8 1.543 9 1.549 2 0.8113
19 2.620 8 2.6251 1.589 8 1.592'5 0.798 0
20 3.1414 3.106 1 1.778 3 1.758 3 0.741 9
21 349717 34170 1.902 5 1.858 6 0.703 7
22 3.8977 3.7573 1.778 3 1.965 1 0.696 8
23 4,948 8 4.564 8 2.349 1 2.166 8 0.560 1

W W 17 AIFR, SISO CaCly
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Tab. 2 Isopiestic equilibrium molalities, osmotic coefficients and water activities of NiCl,-NH,CI-H,O system at 308.15 K

S maicy/ (mol'kg ™) mymger/ (mol-kg™) BT RE 1/ (mol'kg™) myact/ (molkg™) s Fexp Ay, exp
1 0.054 1 0.054 3 0.216 6 0.127 4 09282 08729  0.9957
2 0.160 1 0.164 8 0.645 1 03926 09215 08934  0.9870
3 0.3336 0.360 5 1.3613 0.856 4 0.9330 0.928 2 09716
4 0.634 6 0.642 1 2.5459 1.627 1 0.969 8 0.9899 0.944 7
5 0.8377 0.846 2 3.3593 2.187 8 1.001 7 1.041 2 0.924 1
6 1.063 7 1.077 6 42687 2.8336 1.0405  1.1029  0.8992
7 1.406 3 14115 5.630 4 3.793 7 1.1033  1.1888  0.8600
8 1.604 7 15925 6.414 7 43518 1.1440  1.2435  0.8358
9 0.223 5 0.106 6 0.777 1 04163 0.9217 0.868 4 0.986 3
10 0.446 5 0.222 6 1.562 1 0.8915 0.934 4 0.9334 0.970 4
11 0.640 1 0.3200 0.240 2 1.3156 0.953 4 09799 0.9558
12 0.8429 0.410 7 29395 1.762 0 09772  1.0280  0.9398
13 1.078 4 05395 3.774 7 23621 1.0102  1.1081 09175
14 1.2823 0.636 5 4.483 4 2.8711 1.0428  1.1695  0.8977
15 1.522 8 0.765 1 53336 3.488 7 1.082 5 1.238 4 0.872 8
16 1.804 6 0.903 1 6.3169 4,197 2 1.1324 1.316 6 0.842 6

2.2 Pitzer B FHHEFHBERK N

Debye-Hiickel PR idi F T2 1 BE R W FE A IR 0 PR Lo, T S Bm v RO BE e v, A I 45 18 )
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it (3D, 20 (4), 454 308.15 K F NiCl,-NH,CI-H,0 & & Al NiCl,-H,0 14 R (125 51535 2508,
ATV BRI B R AR I AR S A AL ORI €7 IREES I O, Wi, 0 SUER S BRI ZE AR IR
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Tab. 3 Pitzer ion-interaction parameters of NiCl,-H,O system at different temperatures

[

Fes I T/K pO B c Pt 22 e RPN
1 NiCl, 298.15 0.3479 1.5810 —0.003 7 0.002 0 [14]
2 NiCl, 308.15 0.386 0 1.269 2 —0.054 2 0.0110 A3
3 NiCl, 382.96 0.2955 1.9470 —0.0153 0.003 0 [6]
4 NiCl, 413.36 0.273 7 1.8130 —0.017 1 0.002 0 [6]

% 4 308.15K Bf NiCl,-NH,CI-H,0 K R & Pitzer B FHEIERASH
Tab. 4 Pitzer ion-interaction parameters of NiCl,-NH4CI-H,0 system

Oning,

WNiNH, CI

—0.026 0

—0.023 1
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W] Pitzer 151 A AR RIS A MR 4F 3R 308.15 KN VAR & 1A 2 o

0.03 0.037 °
] [ ]
0.02 0.02
e o ]
0.01 1 0.01 gs . .
° 3 1 °
< ° b 0 °* .
'g 0 M e o o°F P g hd A
< [ ] < [ ]
[ ] 4 .. [ ] [ ]
—0.011 ° -0.01
~0.02 —0.027 e
-0.03 : T : . : . —0.03 . : ; ; .
0 1 2 3 4 5 6 7 0 1 2 3 4 5
I/(molkg™ m/(molkg™
a—NiCL-NH,CI-H,0 b—NiCl,-H,0
1 308.15 K It} NiCL,-NH,CI-H,0 (a) #1NiClL,-H,0 (b) &R EE RS 5 L2 7

Fig. 1

2.3 BRASWFHEERE

Deviations of calculated and experimental osmotic coefficients for NiCl,-NH,CI-H,O (a) and NiCl,-H,O (b) system at 308.15 K
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Fig. 2 Activity coefficients followed by ionic strength of NiCl, (a) and NH,4Cl (b) in mixed system

L4 =215k
o] [o30815K
27 |-+-382.96 K :
e
Lod [41336K /
0.8 Z
0.6, =
% . . ‘:‘_‘:r/ //
N o~
0.4 Y rn e
ittt b I
0.2
0 05 10 15 20 25 30
m/(mol-kg™")

K3 AEREE R NiCl,-H,0 1A %R NiCl, T 1 R BS R E R

Fig. 3 Concentration dependency of average activity coefficients of NiCl, at different temperatures for NiCl,-H,O system
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