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ABSTRACT 

The volumetric method recommended for the estimation of chromic aciddichromate mixture in a plating 
solution involves titration of the diluted test solution apainst standard NaOH usina bromocresol preen as 
indicator. This method in the absence of any sharp end point gives inwnsisteniresults. A newmethod 
has been worked out in which the free chromic acid is volumetrically estimated by titrating the solution 
against standard NaOH with the addition of barium acetate and phenolphthalein as indicator. During this 
titration, the chromate and dichromate present in solution is removed as the insoluble barium chromate. 
Total hexavalent chromium is separately determined by titration with ferrous ammonium sulphate with n- 
phenyl anthranilic acid. Suitable methods of calculation were found to give reproducible values in regard 
to free chromic acid and dichromate in a mixture. 
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I in a metal finishing shop, solutions of chromium trioxide and sulphuric 
acid or of dichromate and sulphuric acid are commonly used. A self 

regulating chromium plating solution may be composed of chromium 
trioxide, potassium dichromate and other compounds. During use of these 
rolutions, their chemical balance is disturbed and hence a suitable method 
of malysing for different ingredients is desirable for their replenishment. 
Though the solutions can be analysed without any difficulty instrumentally 
or by a combination of instrumental and volumetric analysis [I] ,  it will be 
more convenient to make use of volumetric analysis alone. It is, however, 
difficult to choose an acid-base indicator for use with a chromium trioxide or 
&chromate based solution, the intense colour of which masks the end-point. 

The purpose of this paper is to present a scheme of volumetric analysis of 
mixture of chromium trioxide and potassium dichromate in water. 

EXPERIMENTAL 

Volumetric titrations of solutions of chromium trioxide and potassium 
&chromate were carried out with standard sodium hydroxide ( -0.1 N) as 
tittont, after adding an excess of pure barium acetate to each test solution. 
Phenolphthalein was employed for detecting the end-point. Titcations were 
dro  carried out against a standard solution of ferrous ammonium sulphate 
(-0.1 N) after adding a 10ml portion.of approximately 6NH2S04, and N- 
phenylmthranilic acid as an indicatqr. 

RESULTS AND DISCUSSION 

The addition of barium acetate to a solution of chromium trioxide and/or 
potassium dichromate produces an equivalent quantity of acetic acid (an 
&own below) and it is the latter that actually reacts with the alkali 
introduced from the burette. 

Equations (1 ) and (2) show that the equivalent weights of chromium 
trioxide m d  potassium dichromate are half of their molecular weights, i.e. 
50.0 m d  147.1 respectively. In the case of titration with ferrous hmonium 

sulphate, however, the equivalent weights are one third and one sixth of the 
respective molecular weights in accordance with the equations 

c ~ O -  + 3Fe2+ + 8 ~ +  -. cr3+ + 3Fe3+ + 4 H 2 0  . . . (3) 

If t, and t2 are the titre values in the titrations, for example, against 0.1N 
NaOH and 0.1 N ferrous ammonium sulphate and x and y the quantities of 
chromium trioxide and potassium dichromate respectively. 

X 
and Y - +  - - - t2 

33.33 49.03 10 x 1000 

The values of x and y can be obtained by solving these simultaneous 
equations. 

The results of titrations carried out with mixtures of chromium trioxide 
solution and potassium dichromate in different quantities are given in Table 
I. The results show that the titre values are acceptably accurate. 

Table I : Analysls of mixtures of CrOS and K2Cr207 in solution 

Composition of Volume of Volume of Quantity Quantity 
mixture 0.0807 N 0.1000N of Cr03 of K2Cr2Q 

NaOH ferrous determined determined 

K2Cr2Q solution 
(md (md (ml) (ml) I (mg) (md 
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It is possible to apply the method with a minor modification to analysis 
of a solution of chromium trioxide and sulphuric acid or of that of chromium 
trioxide, sulphuric acid and phosphoric acid. In the case of the former, an 
excess of barium acetate is added and the solution set aside for about 30 
minutes and filtered and the filtrate titrated against a standard sodium 
hydroxide solution with phenolphthalein as indicator, a redox titration 
being additionally canied out against a standard ferrous ammonium 
sulphate solution with another sample of the same composition. As the 
filtrate contains acetic acid, the phenolphthalein end-point denotes 
neutraliaation of all acetic acid. It is felt that in the case of a mixture of Cr03, 
H2S04 and H3P04 in water, titration to methyl orange end-point of the 
filtrate obtained after addition of an excess of barium acetate will give the 
quantity of phosphoric acid. With methyl orange for end-point detection, 
only one third of phosphoric acid should be considered to have reacted. The 
phenolphthalein end-point corresponds to two thirds of phosphoric acid and 
all chromum trioxide and sulphuric acid together as equivalent to acetic 
acid. The redox titration gives, of course, the quantity of chromium trioxide.. 
While the first four experiments (Table I) may suggest the possibility of 

dispensing with the redox titration, titrations are required to be carried out 
both against alkali and ferrous solutions. The results for mixhms of 
K2Cr207 with 100.00 mg of Cr03 are actually based upon the differcncea in 
titre values with NaOH as titrant due to K2Cr20, additions. 

It appears that tetrachromate chromium plating solutions can also be 
analysed as described in this paper. 

The authors sincerely thank the Director, Central Electrochemical Research 
Institute, Karaikudi for his kind permission to present this paper in the July 
1985 Industrial Metal Finishing Symposium. 
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ZlNC ETHYL SILICATE PRIMER 

Process developed at Central Electrochemical Research Institute, Karaikudi -623 006, Tamil Nadu, India 
(Indian Patent No. 348IDeV19) 

Zinc ethyl silicate primer can be used for protection of all types of steel structures in marine environment. It gives both barrier 
protection and cathodic protection to the base metal. At present the demand forsuch metal pigmented pr@ers or pigmented paints are 
met by other inhibitive primers such as red lead, zinc chromate etc. 

The process broadly consists in  mixing zinc dust with ethyl silicate binder along with dibutyl phthalate. The mixture is ground well to 
form uniform paint and the consistency is adjusted with suitable solvent to form a brushable primer. It is a two pack system wherein the 
zinc powder of the required quantity is kept separately and mixed with other ingredients at the time of using. 

Consumer acceptability: The product has been tested and conforms to B.S. 4652. Laboratory tests and electrochemical tests have proved 
that ethyl silicate primer gives protection to base metal for longer period than the conventional primers. Exposure studies at Mandapam 
Camp where the corrosion rate is very high, of the order of 30 miles per year also confirms the same findings. 

Plant and machinery: Mixer with 112 H.P. Motor, Ford Cup No. 4, Mixing Tank 100 Its (2 Nos.), Thickness tester, Adhesion tester, S.S. Tank 
and Balance. 

ZlNC RICH PRIMER IN ORGANIC MEDIUM 

Process developed at Central Electroche,mical Research Institute, Karaikudi - 623 006, Tamil Nadu, India 
(Indian Patent No. IP/l58/Deb77). 

The zinc rich primer is used as an anti-corrosive primer widely in the western countries and in India, the market is yet to be establi- 
hed. The primer can be used in marine environments an6 gives longer life than conventional primers like zinc chromate, or red lead. It 
gives both barrier protection and cathodic protectibn to steel structures. 

Process: The process developed consists in incorporating zinc dust in epoxy- polyamide or chlorinated rubber medium and the 
mixture is ground well to a unifrom paste and the consistency of the primer is adjusted with a suitable solvent so as to get a brushable 
primer. 

Consumber acceptability: The physical properties and corrosion resistant properties of the primer was evaluated in  the laboratory and in 
the field and was found to be superior. The exposure studies at Mandapam Unit where corrosion rate is very high has also been 
conducted and was found to give protection for two years as against 6 months to one year given by conventional inhibitive primers. 

Raw materials: Zinc dust, epoxy polyamide and chlorinated rubber (commercial grade). All the raw materials are available indigenously. 

Plant and machinery: Mixing tanks, motorised stirrer, stainless steel storing tanks, weighing machine, etc., 
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