
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 28 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Physics and Chemistry of Liquids
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713646857

Densities and Viscosities of NiSO4-H2SO4-H2O System
K. C. Dasa; D. Pandaa; S. K. Singha

a Regional Research Laboratory, Bhubaneswar, India

To cite this Article Das, K. C. , Panda, D. and Singh, S. K.(1996) 'Densities and Viscosities of NiSO4-H2SO4-H2O System',
Physics and Chemistry of Liquids, 32: 2, 123 — 126
To link to this Article: DOI: 10.1080/00319109608030712
URL: http://dx.doi.org/10.1080/00319109608030712

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713646857
http://dx.doi.org/10.1080/00319109608030712
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phj's. Chm. Liq.. 1996, Vol.  32, pp. 123- I26 
Reprints available directly from the publisher 
Photocopying permitted by license only 

((:) 1996 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published in The Netherlands under 
license by Gordon and Breach Science Publishers SA 

Printed in Malaysia 

DENSITIES AND VISCOSITIES 
OF NiS0,-H,SO,-H,O SYSTEM 

K. C. DAS, D. PANDA and S. K. SINGH 

Rrgional Reseurch Lahorutorji, Bhuhaneswur-751 01 3,  Indiu 

( R c w i w d  13 Decrrnher 199.5) 

Densities and kinematic viscosity data for the ternary system NiSO,-H,SO,-H,O were determined over 
a wide range of concentrations (0.93- 1.36 mols. dm-3)  and temperatures (20'C t o  60°C). T h e  results 
were fitted to polynomials. 

K E Y  WORDS: Kinematic viscosity, density. 

1. INTRODUCTION 

For nickel extraction from a solution of nickel sulphate and sulphuric acid by electro- 
lysis and in electroplating operations, it is important to know the density and viscosity 
of the solutions at different concentrations and temperatures. While measurements 
pertaining to other ternary systems CuS0,-H,SO,-H,O [ 11 and ZnS0,-H,SO,- 
H,O [2] have been recently reported, results for NiS0,-H,SO,-H,O system are not 
found in the literature. Therefore, the present study attempts to generate and correlate 
data for the present system simulating bath conditions for finding the transport and 
equilibrium properties which will help in designing electrolytic reactors. 

2. EXPERIMENTAL 

Densities and kinematic viscosities were measured for eleven solutions containing 
NiSO, and H,SO, at three different temperatures, viz. 20,40 and 60°C. The concen- 
tration of NiSO, was varied from 0.825 to 1.16 mol.kg- and H,SO, from 0.0375 
to 0.75 mol.kg- ' of nickel. Nickel sulphate and sulphuric acid (both analar-grade, 
purity - 99.5%) and double distilled water were used. 

The densities of the solutions were measured using a 25 cm3 specific gravity 
bottles calibrated with distilled water. The accuaracy of density measurements were 
within 0.1%. A throughly cleaned, dried and calibrated Ostwald viscometer (vis- 
cosity range 1 to 5 m2s- ' )  was used for viscosity measurements. The viscometer was 
kept in a glass container having arrangements for the circulatin of water from a 
thermostatic water bath. The temperature variation in the thermostatic bath was 
maintained within ( t  f 0.01) K .  
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For measuring the density at different temperatures, the specific gravity bottle was 
kept for half an hour in the required temperature bath till the inner temperature was 
equilibriated with the bath temperature. An electronic balance was used for measur- 
ing mass to 10-3g. For viscosity measurements the time of flow was measured after 
equilibriating the viscometer for about 30 min. in the constant temperature glass 
container. Care was taken to keep the viscometer limb vertical within 0.5' and limit 
the standard deviation for the time of flow within +0.1%. In the case of both 
density and viscosity, three independent sets of experiments were made and the 
average value was reported. 

3. RESULTS AND DISCUSSION 

Table 1 shows the experimental results for densities, and kinematic viscosities of the 
ternary NiS0,-H,SO,-H,O system. 

3.1. Density 

The results show that the variation of density depends on the concentration of 
NiSO, and H,SO, at a particular temperature. The temperature dependence from 
20 to 60°C is negligible. Similar observations are also previously reported for 
ZnS0,-H,SO,-H,O [2] and CuS0,-H,SO,-H,O [3] systems. 

The density variation for NiS0,-H,SO,-H,O with concentration and tempera- 
ture can be described by the following fitted polynomials, the coefficients K ,  L and 
M of which are shown in Table 2. 

Table 1 Densities ( p )  and Kinematic Viscosities (v) of solutions in the system NiS0,-H2S04-H20.  

x Y Densities ( k g ' m -  ') rind visi~osities ( m 2 . S -  ' )  
( N i S O , )  (H2S04) 
( m o l . k g - ' )  ( n i o l . k y - ' )  20°C 40 "C 60 '  C 

P v x l o h  P \I x lo6 P I' x lo6 

0.825 
0.934 
0.956 
0.984 
1.005 
1.01 I 
1.038 
1.100 
1. I40 
1.151 
1.161 

0.0375 1135 
0.9750 1152 
0.1510 1165 
0.2252 1175 
0.2627 1180 
0.3002 1185 
0.4128 It96 
0.5630 1219 
0.6005 1223 
0.6756 1229 
0.7507 1239 

1.342 
1.569 
1.666 
1.684 
1.728 
1.789 
1.794 
1.875 
1.940 
1.95 1 
2.006 

1133 
1151 
1163 
1 I72 
1 I78 
1 I83 
I I93 
1215 
1218 
1225 
I236 

0.803 1131 
0.947 1 I50 
0.989 1161 
I.010 1 I70 
1.032 1 I77 
I .060 1181 
I .072 1191 
1 . 1  19 1213 
1.159 1215 
1.165 1223 
1.204 1234 

0.566 
0.671 
0.704 
0.712 
0.73 1 
0.756 
0.758 
0.792 
0.810 
0.820 
0.843 
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Table 2 Calculated polynomial cocficieiits 

Density K = 1000 M = 72 
L =  I62 N =0.I 

Viscosity A, ,  = 75 A , =  139 
A ,  = 85 A 4- - -123  
A Z =  137 A , =  -32 

E,, = 17.53 kj.mol 

Table 3 
ferent temperatures. 

Root nieaii square (RMS)* deviations at dif- 

20 c 40 c 60 c 
Density ( p )  0.002 0.002 0.0oz 
Kinematic viscohity(i') 0.021 0.084 0.063 

* rms deviatioii = [ t l , ' / t ~ ] ~ ' ~  where ti is the number of 
observations and d = (experimental values-calculated 
values)/experiineiital values. 

where, 

p = density of mixture (kg.m 3 ,  

X =; Conc. of NiSO, (mo1.kg-l of water) 
Y = Conc. of H,SO, (rno1.kg-l of water) 
t = temperature in C 

3.2. Viscositj. 

Table 1 shows that the variation in the concentration of components causes con- 
siderable change in the kinematic viscosity of the solution. Also with increase of 
temperature there is reduction of viscosity which is quite natural. An Arrhenius type 
of plot has been found to describe the viscosity dependence on temperature since 
lnv vrs 1/T is seen to be linear. Similar observations have been found to hold for 
ZnSO,-H ,SO,-H,O system. 

The experimental data on viscosity variation with concentration and temperature 
can be fitted to the following polynomials 

v(X, Y,T)=10-" ( A o + A , X + A , X  + A , X Z + A , X Y + A , Y 2 ) E x p ( E , / R T )  (2) 

where X and Yare molality (mo1.kg-I of H,O) for NiSO, and H 2 S 0 ,  respectively. 

1' = Kinematic viscosity ( m 2 . S - ' )  
T 
A ,  - A ,  = fitted coefficients 
Eu 

mean square deviation as listed in Table 3 .  

= absolute temperature (degree Kelvin) 

= activation Energy (kj.mol- I )  

The parameters included in Table 2 were used in Eqns. (1-2) to calculate the root 
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