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This invention relates to the acid treat 
ment of metals. It has been known for some 
time that oxides, salts, rust and other corro 
sion products may be removed from the 

is surfaces of metals by suitable treatment in 
an acid bath. One of the disadvantages con 
nected with such a treatment of a metal has 
been the degree to which the acid bath at 
tacked the free metal in addition to the un 

o desirable corrosion products. For the pur 
poses of inhibiting this solvent action on the 
free metal certain types of substances have 
been heretofore added to the acid bath. Ex 
amples of such inhibitors are mouldy flour, 

15 size or glue, the sulfonation produgt of 
slaughterhouse waste, the acid extractofocoal, 

C udges from the sulfuric acid treatinent 
icoalitar or petroleum, carbazole, Fi s 

aniline, quinoline, etc. None of these sub 
20 stances, however, afford all that could be 

wanted with repect to desirable qualities as 
inhibitors. 
We have found that certain mercaptans possess to a very marked degree the desirable 

25 properties of inhibiting the action of acids 
upon metals, while permitting the acids to 
attack undesirable corrosion products. The 
inhibiting quality is possessed to a very 
marked degree by mercaptans of the class 

so R-SH in which R is either an alkyl or aryl 
---- The effectiveness as inhibitors va 
ries somewhat with the particular mercaptan, 
the concentration of acid, the kind of acid, the 
kind of metal, and the temperature at which 
ing action, however, is not restricted to any 
particular mercaptain or to any particular 
condition of concentration temperature or 
kind of acid. Under all conditions the rate of 
solution of the free metal is materially re 
duced. 
As an example of the effectiveness of mer 

captans, mild steel was treated with an aque 
ous solution containing 5% sulphuric acid; 
the acid bath was maintained at a tempera 
ture of 60° C. Two samples of equal weight 
from the same batch of steel were treated in 
two separate acid solutions under the above 
conditions, and to one of the solutions was 

so added 0.03% of thiophenol. The untreated, 

the acid solution is maintained. The inhibit 
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or blank sulphuric acid solution, dissolved 
100 parts of free metal during the same time 
in which the sulphuric acid solution contain 
ing thiophenol dissolved 3.9 parts of free 
metal. Translated to terms of percentage, the 
thio phenol inhibited the solution of the 
metal to the extent of 96.1%. 
Under the same conditions employing the 

same amounts of differing mercaptains, the 
following results were obtained: 60 

Per cent 
Mercaptain inhibition Eig phenol------------------------ 96. 

Thiobeta naphthol------------------ 93.1 
Benzyl mercaptan------------------ 99.93 as 
ISO amyl mercaptan----------------- 99.93 
Also propyl mercaptan--------------- 99.84 
Amino substituted mercaptains, such as 2 

amino-5-ethoxy-thiophenol and 1-mercapto 
2-amino-anthraquinone show satisfactory in- 70 
hibiting properties. 
The mercaptains may be employed as in 

hibitors with advantage in a number of op 
erations, as for example, in the commercial 
pickling of iron and steel, in the removal of 75 
rust of corrosion products from the interior 
of piping where it is inconvenient to dis. 
mantle the E. in the preparation of 
metals for electroplating where it is desir 
able to remove oxides and other corrosion 
products without removing the free metal and 
particularly without injuring the surface of 
the metal. We have found the mercaptains 
to be very efficient inhibitors where employed 
in the acid treatment of ferrous metals. 
The amount of inhibitor employed will, of 

course, vary in accordance with the require 
ments of the operator. For example, in the 
pickling of heavy, cheap materials, such as, 
for instance, iron castings, an inhibition of 90 
75 to 90% might be quite satisfactory to the 
pickler, while in the case of relatively valu 
able material, such as the finer grades of iron 
or seamless tubing, the pickler might be dis 
satisfied with less than 99% or even better 
inhibition. The amount of inhibition varies 
somewhat with the kind and amounts of in 
hibitor employed, although any measurable 
quantity of inhibitor will produce some 
retardation of solution. 
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It is sometimes advantageous to mix with 
the inhibitor a substance which will cause 
the former to readily become wet with acid 
or which will tend to disperse it quickly and thoroughly throughout the acid. Any of 
the substances ordinarily used for dispers 
ing materials in an acid medium may be ap 
plied, such for example as cellulose sulfite 
pitch, Turkey red oil, Twitchell's reagent, 
aldehyde condensation products of naphthol 
sulfonic acids, petroleum sludge acids, some 
of the higher aldehydes, water soluble carbo 
hydrates, etc. We may also accomplish the 
dispersion of the inhibitor by first dissolving 
it in strong acid, such for example as 96° 
sulfuric acid or strong hydrochloric acid. 
We may, in fact, in some cases where the 
inhibitor is not affected adversely by strong 
acid, market it in solution in strong sulfuric acid, such as 60° or 66° acid. 
In the pickling of metal products, such as 

plates and tubes, in dilute sulfuric acid, it 
has been found that the use of an inhibitor 
may slow up the pickling action materially; 
it may even double the time required for 
pickling. Since this is a disadvantage in 
the use of pickling agents, we have been 
interested in finding a method to accomplish 
the pickling operation more quickly in the 
presence of inhibitors. We may accomplish 
this by using with the inhibitor, and prefer 
ably mixing with it before addition to the 
acid, a metallic chloride such for example 
as sodium chloride, in such quantity that 
hydrochloric acid will be formed in amounts 
sufficient to substantially reduce the time re quired for pickling. 
We do not wish to be limited to the specific 

mercaptains listed above, which it should be 
understood are given only as examples; nor 
do we wish to be limited to the amounts of 
inhibitor or conditions under which the in 

...hibitor. is -used. Nor do we wish to be 
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limited to any particular acid since any acid normally useful in pickling operations may 
be employed. On the contrary, we desire 
our invention to be limited only as defined in the appended claims. 
We claim: 
1. The process of treating metals which 

comprises subjecting the metal to an acid 
solution containing a mercaptain of the type: 

--b-sh. 
2. The process of treating metals which 

comprises subjecting the metal to an acid 
solution containing a compound of the type 
R-SH in which R is a hydrocarbon group 
directly attached to the S atom. 

3. The process of treating ferrous metals 
which comprises subjecting the metal to an 
acid solution containing a mercaptain com 
pound of the type R-SH in which R is a 
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hydrocarbon group directly attached to the Satom. 
4. The process of treating ferrous metals which comprises subjecting the metal to a 

sulphuric acid solution containing a mercap 
tan compound of the type RSH in which 
R is a hydrocarbon group directly attached to the Satom. 

5. In the pickling of metals the step which comprises subjecting the metal to an acid 
bath containing a mercaptain compound of the type R Shiin which Risa hydrocarbon 
group directly attached to the S atom. 

6. A solution of the type adapted for the 
acid treatment of metals which contains a mercaptain of the type: 

---sh. 
7. A solution of the type adapted for the 

acid treatment of it. which contains a 
mercaptain of the type R-SH in which R is 
a hydrocarbon group directly attached to the Satom. 

8. A solution of the type adapted for the 
acid treatment of ferrous metals which con 
tains a mercaptain of the type R-SH in 
which R is a hydrocarbon group directly attached to the Satom. 

9. The process of treating ferrous metals which comprises subjecting the metal to a 
sulphuric acid solution containing thio phenol. 

10. The process of treating ferrous metals 
which comprises subjecting the metal to a 
sulphuric acid solution containing benzyl mercaptan. 

11. The process of treating ferrous metals 
which comprises subjecting the metal to a 
sulphuric acid solution containing iso-propyl mercaptain. 

12. A solution of the type adapted for the 
acid treatment of metals which contains thiophenol. 

13. A solution of the type adapted for the 
acid treatment of metals which contains benzyl mercaptain. 

14. A solution of the type adapted for 
the acid treatment of metals which contains iso-propyl mercaptain. 
In testimony whereof we affix our signa tures. 

WILLIAM. S. CALCOTT. 
IRA. E. LEE. 
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