










XIII. Heat Treatment of Chromium Depos­
ited on a Base Metal 

It would be helpful to be able to take advantage 
of the enhanced properties possessed by chromium 
that has been annealed at a high temperature. 
Some experiments were made to determine the 
effect of heating thick chromium deposits plated 
on steel, and on steel first plated with nickel, 

FIGU RE 20. Effect of heat treatment at 1,200° C of a thick 
chromium deposit on steel. 

Etched with hydrochloric acid. a, Before heating (Xl,OOO); b, after heBtlnJ 
(X500). 
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cobalt or iron. In all cases, after heating to 1,200° 
o the deposits were badly cracked, and their 
adhesion to the base metal was so poor that the 
deposit could be flaked off by bending the speci­
men. On the other hand, chromium from which 
the base metal has been stripped remains sound \ 
when annealed. The cracking of the chromium is 
probably a result of the difference between the 
coefficients of expansion of steel and chromium. 
The cause of the subsequent poor adhesion seems 
to be the formation of a brittle alloy layer between 
the chromium deposit and the base metal (see fig. 
20). The chromium that flaked off of the base 

_ metal does not contain any of the intermediate 
metal upon which it was plated, whereas the 
material remaining on the base metal contains 
chromium. Hence, the break seems to come 
between the chromium deposit and the layer of 
chromium alloy. These difficulties with adhesion 
and cracking warrant the conclusion that a high­
temperature heat-treatment will not improve the 
properties of chromium in contact with a base 
metal. 

XIV. Electrodeposition and Properties of 1 

Chromium-Iron Alloys 

Kroll (20] showed that a metallurgical alloy 
containing mainly chromium and a small amount 
of iron could be worked while hot. This suggested 
the possibility of obtaining deposits of chromium I 

alloys that might have more ductility than pure 
chromium. A study was made of the deposition 1 

of alloys of chromium from chromic acid solutions, 
but as the results of this investigation were mainly 
negative, they will be described only briefly. 

The literature contains a few references to 
attempts to deposit alloys of chromium from a 
chromic acid solution. Kasper (19] cites several 
references to the effect that other metals and 
chromium do not codeposit. Gardam (12] makes 
no mention of alloy formation in connection with 
the introduction of iron in the plating solution 
used for producing machinable chromium. Watts 
[34] also was unable to obtain alloys from a chromic 
acid solution. On the other hand, Skalozubov 
and Goncharova [32] reported that alloys with 
nickel and with iron had been obtained from 
chromic acid solu tions. 

The following metals were , I introduced into 
chromic acid solutions in the attempt to obtain 
alloys- iron, nickel, cobalt, tungsten, and molyb-
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denum. The metals of the iron group were 
introduced into the olution mainly in the form 
of the metal dichromates, but a limited number of 
experiments were made by adding the metals in 
the form of other salts. Tungsten and molyb-

\ denum were added in the form of complexes with 
pho phoric, hydrofluoric, or boric acid. No alloys 
containing more than a few tenths of a percent of 
the added metal were obtained from any of the 
solution except the ones containing iron, and, 
qualitatively at least, the deposits were usually 
inferior in physical properties to pure chromium 
deposits. 

The deposits obtained from the olutions recom-

mended by Gardam (table 10) are very similar 
to those obtained from the standard clu'omium 
solution [29 to 32], except that they are somewhat 
softer, although containing more oxide. The e 
deposits contain only several hundredths of a 
percent of iron. The solution, iron-1 (see table 10) 
is similar to Gardam's, except that it contains 
twice as much iron and corresponds essentially 
to a 2.5-molar solution of iron dichromate 
F e2(Cr207)3. The deposits contain several tenths 
of a percent of iron, but are not essentially different 
from ordinary chromium deposits. The deposits 
from solutions iron-3 to iron-5 are weak, brittle, 
and unsound. 

T ABLE 10. E lectrodeposited chromium-iron alloys 

Bath com positioll T em-
Ba th pera-

CrO. Fe SO. M g tnre 

NIole. /liter lIIoie./liter Moles/liter NIoies/liter °C 
Gardam . ___ . ________ _ 2,5 0, 4 0. 025 ----------- 85 

Iron-L _______________ 2,5 . 8 .025 to ,12 ----------- 85 

Iron-2 __ ______________ 2,5 .8 . 04 --- - -- - --- - 45 

Iroo-3 __ ___ ___________ 1,0 .32 . 17 0,16 30 

Do _______ ___ _____ 1,0 .32 ,17 . 16 50 

Iroo-4 _________ _______ 1.0 .64 .96 .96 25 

Do ____________ ___ 1.0 . 64 .96 . 96 25 

iron-5 ___________ ___ __ 1,0 .32 . 33 I -.32 30 

1\ Potassium instead or magnesium. 

Although these solutions for plating chromium­
iron alloys are not of practical value, they have 
some points of academic interest, particularly the 
solutions iron-3 to iron-5 . They have an un­
usually high cathode current efficiency, ranging 
from 30 to 65 percent, and contain considerably 
more sulfate than an ordinary chromium plating 
solution. Solution iron-4 contains almost as 
much sulfate as chromate, or a ratio of sulfate to 
chromic acid of about a hundred times greater 
than is normally present in a chromium plating 
bath. The high current efficiency of these solu­
tions may be partially a result of the high pH, 
but this is not the whole story, as solution with 
a similar pH, made up by substituting trivalent 

Properties o f Chromium 

Cathode Ratio: 
C urrent ell- IIardness, Iron Oxygen IIydro- oxygen pH density Vickers gen to hy-ciency drogcn 

------
amp/dm' Percent P ercent Percent Percent 

20 to 80 8 to 12 320 to 470 0.1 0.1 to 0.35 - - ------ .------- 0.2 

20 to 80 7 to 12 360 to 500 .1 to .5 .1 to .35 ----._-- -------- .3 

20 1020 .0 .4 -- - ----- .------- .3 

10 47 360 5. 2 1.69 0.09l 19 1.2 

20 65 340 9. 0 2. 85 . 07l 40 1.2 

2,5 30 .---- ----- . 6.0 2. 14 .112 19 1.6 

43 350 6. 3 1.58 .093 17 1.6 

10 53 350 1. 91 .067 28 1.4 

clu'omium for the iron, neither plated very satis­
factorily, nor yielded high current efficiencies. 

The depo its from iron-3 to iron-5 contain a 
high amount of ox.'Ygen, but are not very hard. 
This shows that the mere presence of oxide in­
clusions in a deposit is not sufficient to produce 
hardness, but that the state and dispersion of the 
basic material is equally important. Because the 
oxygen to hydrogen ratio of these deposits is 16 
or above, the deposits apparently have no free 
hydrogen (on the basis of our assumption). It 
is possible, however, that because of the relatively 
high pH of the solution, the basic material has 
separated in the form of a basic iron or chromium 
diclu'omate, Cr (OH)a.Cr(OH)Cr04, in which the 
ratio of oxygen to hydrogen by weight, is 32. 
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XV. Summary 

As the properties of various types of clectro­
deposited chromium approach a common value 
after the chromium has been heated to 1,200 0 C, 
the properties of this annealed chromium may be 
considered t6 be those of pure chromium. Sup­
port for this view is gained from the fact that the 
density of annealed chromium is 7.20 g/cm3, the 
value calculated for pure chromium from X-ray 
data. The following is a summary of the prop­
erties of annealed chromium. 

Hardness _____ ________________ 200 (Knoop) . 
Density ____________ .. _________ 7.20 gjcm3• 

Young's Modulus ___ ___ ________ 36X106 1bjin2. 

Tensile Strength ___ _ _ _ _ _ _ _ _ _ _ _ _ 70,000 I bjill 2. 
R esistivity __ __ ___ .. ___ _____ ____ 13.0 microhms-cm. 

It will be noted that some of the deposits ob­
tamed at temperatures between 85 0 and 1000 C 
have physical properties very close to those of the 
annealed deposits. The inference is that these 
deposits are the purest and soundest ones and are 
most likely to be satisfactory for any purpose 
other than those requiring high hardness. In 
table 11, the properties of some of the best high­
temperature deposits are compared with the 
commonly used bright chromium, deposited at 
500 C and 20 amp/dm2• 

l' ABLE 11. Comparison of properties of low temperature (500 C), high temperature (85 0 to 1000 C), and annealed chromiUln 

Deposit 
No. Bath 

Plating conditions 

o C amp/dm' Percent 
8 .. _. _. _ Standard .. . ..................... . . 50 20 15 
42...... Dilute .... . ....................... . 85 20 15 
53 ...... ' Fluoride ...... ................... . 85 20 15 

32... ... Standard ......................... . 85 80 11 
4o...... Dilute ............................ . 1()() 80 8 

Annealed, 1,2()()O C . ............................ _ .......... , ........ __ .. 
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