                                                                                      PHOSPHATE-  COATING
                                                                                MECHANISM  OF  FORMATION

INTRODUCTION

The phosphating solution consists essentially of phosphoric acid primary phosphate of iron, zinc or manganese and some oxidizing agents.Of the Three coatings zinc phosphate is by far the best suited for cold deformation of steel including wire and tube drawings.   This is because of (a) medium sized uniform crystals of the coating capable of adsorbing sufficient lubricant, (b) speed of deposition, (c) good coverage of tbe surface even at a coating weight of 200 to 400 mg./ft., and (d) the ability to coat will types of steel.

REACTION ON COATING FORMATION

The primary reaction in every phosphating process consists in the attack

Of the base metal, iron or zinc, by the weak acidic phosphating solution

With iron, this reaction leads to the formation of soluble primary iron orthophosphate :

Fe + 2H3PO4  =  Fe (H2 PO4 )2        ………….(1), or

                  = Fe++  = 2H2 PO4 = H 2

According to the electro chemical corrosion theory, which is generally accepted now a days, this dissolution of the metal can be divided into two partial reactions, which take place at the local electrodes, which make up the surface of the metal like a mosaic.  At the positively charged local anodes the iron dissolves according to the following anode releasing two negatively charged electrons.

Fe o  -------     Fe  ++    + 2 (e)  (anode process)    ……………(2)

                                                                           ………..2

                               [2]

At the negatively charged local cathodes hydrogen irons and discharged by taking up electrons released at the anode; this leads at first to the formation of atomic hydrogen, which  may then unite so as to form gaseous molecular hydrogen:

2H +  + 2 (e) ----------- 2H  --------H2 (Cathodes process)…………..(3)

Actually, however,  not only the primary pickling reaction of the phosphating process is an electro chemical process, but also all subsequent reactions are of the electro chemical nature.  The most 

Important feature of this electro chemical  theory of phosphating processes consists in the fact that the formation of the phosphate layer only takes place at the local cathodes, whilst at the local anodes a predominatly dissolution of the metal takes place.

However, the dissolution of iron at the local anode is the decisive factor for the rate of phosphating process, whereby the cathodic processes of the phosphte coating formation are controlled.  Professor Dr. Willibald Machu could derive and prove a formula for the anodic process which controls the coating formation.  This formula reads as follows:

K =    2.3           FAO 

       ------l0 g   --------

          t               FA

According to this formula the rate of reaction K is inversely proportional to the phosphating time  and directly proportional to the logarthimic ratio  between the initially present local anode FAO to the local anode area F present after time elapsed.  Although therefore the phosphate coating takes place at the local cathodes, the local anodes and their size determine the rate of the phosphate coating formulation.

                                     [3]

When the reaction (1) proceeds, there is an increase in PH at the local cathodes and the primary phosphates in the solution dissociate into insoluble secondary and tertiary phosphates which are deposited on the metal surface as follows:

Me (H2 PO4 ) 2      ------------ MeHPO 4 +  H3 PO4  …………4 (a)        

                           ------------          

                                             (solid) – Secondary

3MeHPO 4           --------Me 3 (PO 4) 2 + H3 PO 4…………..4 (b)

                       ----------- (solid) – Tertiary – Coating

3Me (H 2 PO4) 2 ---------  Me 3 (PO 4 ) 2 + 4H 3 PO 4 …….4 (c )                                                                    

                          ---------   (solid) – Tertiary – coating

Where Me either Fe, Zn, Zn or Mn.

The free H3 PO 4 released in reactions (4a, b, c) is used up again in reaction (1)

RATIO OF FREE TO TOTAL ACID

From reactions (1) it may be seen that coating formation cannot take place unless there is free acid in the path; and reactions (4 a,b,c) indicate that if there is too much of free acid, hydrolysis of the primary phosphate

into secondary and tertiary may not take place.  Thus in a bath having too much of free acidity only pickling of the metal surface will take place and in one with too low a free acidity, the metal will not be attacked sufficiently for the coating formation to take place.  Besides, there is also the chance of precipitation of the insoluble  phosphates away from the metal surface leading to wastage of chemicals and formation of too much sludge.  It is therefore essential that the bath operates over an optimum ratio of free to total acid, and this ranges between 1:8 to 1:12.

                                   [4]

DILUTIONOF BATH

Even if the acid ratio is correct, dilute baths will not coat properly as free acid attack is limited and the hydrolysis equilibrium is exceeded.

Again, PH values  change very rapidly in dilute baths and therefore the insoluble metal phosphate separation occurs both in the coating formation as well as in the solution itself.

ACCELERATION IN COATING FORMATION

Coating formation is usually accelerated by the addition of suitable chemicals which speed up the reaction (1) These are primarily oxidizing agents and known as ‘Accelerators’.  Besides, compounds of heavy metal which are more noble than iron area also in use.

Chlorate, Nitrate, Nitrite, hydrogen peroxide. are the common oxidizing agents used .  As was mentioned, the addition of such accelerators reduces the treatment time considerably  and decreases the iron content in the bath by oxidizing the soluble primary ferrous phosphate to insoluble tertiary ferric phosphate which goes into sludge.

Fe (H2 PO 4)  2 + NaNO 2 = FePO4     + No+Na H 2 PO 4 + H 2 O…(5)

                                               Sludge

6Fe (H2 PO4)2 + NaClo 3 = 6FePO 4   + Nacl + 6H 3 PO 4 + 3H2O…..(6)

                                            sludge

4Fe (H2PO4 )2 + 2H2O2    =    4FePo4 + 4H 3 PO 4 + 4H2O   …….(7)

                                          Sludge       

                               [5]

In addition, the  oxidizing agents also oxidize. H2 formed in reaction (1) and thus help depolarization of the local cathodic and anodic reactions (reactions 2 and 3), and also reduces the risk of hydrogen embrittlement of the steel.

Since the accelerators remove both H2 and Fe (H 2 PO4)2 produced in reaction (1), the same reaction (1) will always tend to proceed one way from left to right (No reversible action) thus speeding up the whole cycle of coating  formation.

The use of nobler metals in the acceleration of coating formation is known for a long time, but its exact mechanism is not yet established beyond criticism.
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