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This invention relates to the cleaning of metal-
lic surfaces and particularly to processes and
«compositions which employ steel pickling inhib-
ltc;rs herein described . in conjunction with an
acid

* Pickling solutions for removing oxides from the
surfaces of metals ordinarily  consist largely of
a dilute solution of an inorganic acid such as
sulfu:ric or hydrochloric acid. - The acid although
it dissolves the oxides and scale, also attacks the
metal to some extent so that the acid is large:
Iy consumed and a certain amount of metal is
Jost. It also appears that the hydrogen liber-
&ted by the action of the acid on the metal has
@ serious embrittling effect upon the metal being
treated. The escaping” hydrogen also carries
with it a fine spray of the acid liquor from the
pickling bath which produces an atomsphere
ipossessmg corrosive properties and one which
is injurious to health and damaging. to equip-
ment,

By the present invention, these objectionable
features of the pickling process are substantially
overcome or reduced to a minimum. More
$pecifically, some of the objects of the present in-
wention are to obviate over-pickiing, embrittle-
‘ment and pitting of the articles treated; to min-
imiZe the amount of metal lost in pickling; to
increase the efficiéncy of the pickling operation;
. to prolong the effective lifz of the pickling bath;

and particularly to facilitate the pickling oper-
_ation. Other and further objects of the inven-
tion will be apparent from the following de-
scription and accompanying examples

To accomplish to as great an extent as pos-
sible the objects set forth in accordance with
the present invention, there is added to the
pickling bath an inhibitor or regulating agent
which acts to restrain the action of the acid
.. from attacking clean metal but assists in remov-

“ing the rust, scale, and other deposits or in other
~.words the inhibitor causes the acid selectively
i to remove such materials without appreciably
T attacking the clean portlons of the metal under
: treatment. :

The new class of pickle regulators may be

classed as hydroxy polyether derivatives of mer-
[ Hydroxy ethyl mercaptothi=
azoline is known to be a pickling inhibitor but

’Captothiazolines.

"it is not soluble in the pickling baths and special
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techniques have been attempted in order to dis~
perse the material in the acid cleaning solutions.
However, it has now been found in accordance
with the present invention that the hydroxy poly=
ether derivatives of mercaptothiazolines are
highly effective pickle regulators which are at the
same time soluble in the pickling baths. The
new inhibitors contain at léast two ether link-
ages and one or more hydroxyl groups. Thus,
the new class of pickling inhibitors may be repre-~
sented by the general formula
CH—N

l \C—S—RIO(RQO).H
Hr—8

where R: and R: are alkylene groups and 7 is an
integer.

The new inhibitors may be prepared by con-
densing a mercaptothiazoline with ethylene
oxide, propylene oxide, epichlorhydrin, glycerol
e chlor hydrin, glycide, glycol, glycerol, poly-
glycerol, and the like. Two or more of these
reactive compounds may also be caused to react
consecutively. The condensation is advantange-
ously carried out in the presence of alkaline re-
acting agents or nickel sulfate as catalysts.

Examples of mercaptothiazolines which will
condense with the above mentioned reactive
compounds to give excellent pickling inhibitors
are 2-mercaptothiazoline and substituted 2-mer-
captothiazolines wherein one or more of the hy-
drogen atoms attached to the carbon atems in
the 4 and 5 positions of the thiazoline nucleus
are replaced by saturated and unsaturated hy-
drocarbon groups such as alkyl, alkylene, a1y1

" aralykyl, or cycloaliphatic groups.

The ready solubility of the new inhibitors in
the pickling baths is an important quality. = The
problem of dispersing insoluble inhibitors is a
troublesome one and the presence of undissolved
particles in the cleaning bath frequently results
in spotting and staining of the metal pieces.
Solubility determinations carried out in cold di-
lute acid with condensation products of 2-mer-
captothiazoline and ethylene oxide and of 2-

"' mercaptothiazoline and propylene oxide revealed

that the solubility increased with increasing
values of n in the foregoing formula. Mercap=
tothiazoline-ethylene oxide condensation prod=
ucts in which the value of n was greater than
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1 were completely soluble in-hot pickling baths
in the amounts normally used and produced cleay
haze free pickling baths. In general the pre-
ferred value of n is within the range of 2-30.
It is usually preferred to employ between about
one hundredth of one percent and three hun-
dredths of one percent by weight based on the
pickling bath. However, the composition, con-
centration, temperature of operation, and other
factors vary with different baths and similarly
the optimum concentratlon of inhibitor will vary
end ( }cular condi~
tions employed Thé concentration of inhibitor
based on the quantity of 100 percent acid con-
tained in the pickling bath is usually between
about two tenths of one percentbancl‘fhe:lf +Of
one percent.

As exemplary of the preparation.c of the-new in-
hibitors 2-mercaptothiazoline was condensed with
ethylene oxide in varying ratios. 23.8 parts by
weight (substantially 0.2 mol) .0f2-mercaptothia-
zoline and 0.25 parts by weight of powdered-po-
tassium hydroxide were charged into .a.suitable
reaction vessel. The mixture was melted by im-

‘mersrng in an.oil, bath and the ethylene ox1de
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CH:—N\
~C—8 RO ('RO)-rH

CHrS

where R is an ethylene group and » is an integer.
While 7 is a whole number in the case of any
given molecule, it is convement to designate n
as a function of the average molecular welght
and more particularly the total molecular weight
reqmvalent;s of “ethylene oxide actually reacted
with eaoh molecular weight of mercaptotma-

oifhe.” Accol dlngly, the value of 1 in the table

acted per mol of mercaptothiazohne -and there-
" agsuines fractional values.
Y speclﬁc embodlments 0 the invention which
un ustrative of the inven-
t1on and not 11m1tat1ve thereof, typlcal examples
of’ the preferred class of materlals were employed
in thé” “metal” plckllng process under conditions
Whlch duphc ted, so far as ossible those com-
1 commercial practice. A por-
s of compounds

above described. Tne temperature of: the bath:
was. mamtamed at substanmally 80™C, The steel

provides
of’ the‘compound employed, The results obtained'

is the number of mols of ethylene oxide
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al loss: compared w1’ch,
the metal loss of a, 51m ar test piece treated in-an,
analogous manner but w1thout the ause: of any. in-:
hibito vi

({3
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on testing typical examples of the preferred class
of materials are given in the following table. The
metal loss is reported as the average of duplicate
determination.

Table
CH,—N
N . ;.
C—8—CH 0 (C:Hi0)n H
CHy—S8
weyatiat | motar [ Tioss of o
Yalo 4 amount, | metal. in Remarks
: Grams | Grams
Blank—no m.hxbztor 0.7764 | strips pitted.
000038 Inhibitor not soluble. White wax
= - rémained in bath.
X1 A +.0.0936 0‘40145 “Inhibitor not tompletely soluble.
L e Oily droplet§ refnained .in bath,
o 2050636 | 0?0098 Inhibitor completely soluble. Pick-
e led stnps clean and bught
‘Z 8 “0.2840 | "0.0088
7.5 0.0936 | _0.0093 Do
7 5 TOYe340 | S020075 Deo.

:Itds;apparent from the data set forth that in-
t10duc1ng more than one ether group into the
molecule .enhaneced solubility in the: :piekling bath
:and that compounds ‘containing approx1mate1y
three ether:linkages are nét only oompletely solu-
ble but.possess.higher 1nh1b1t1ng efﬁc1enoy Com-
‘paring the’loss in weight- 'of the" steel test stri
JAo.thé.loss-when.no. 1nh1b1tor was-employed, it is

rabuous ‘that.a great. ‘saving in -metal-is ‘effected

.hy:use.of :the new-inhibitors.
Other methods. of . -employing ‘ihhibitors ﬂof The
©lass heréinbefore set forth in ‘the - amd p1ckl1ng
of metals.are apparent to those skllled in the art
to wh1ch ‘the .invention pertams The . products
described .may be - employed -in ‘the -presence of
foaming :agerts, ionizable substances or -other
.materials ordinarily used. "Thus ’che preferred
.class of materials.may be employed asthe sole in=
hibitor or. they may be employed in conJunctlon
with other materials exhibiting an inhibiting ac-
tion or with. inert Hllers, dispersing agents, ete.
Other non-oxidizing minefal acids than sulfuric
acid may be used in the pickling bath in conjunc-
tion with the preferred class of inhibitors-in the
manner hereinbefore set forth.

‘What. is claimed. is: o L

1. A process of pickling a metal consisting
essentially of subjecting the metal -to-be pickled
to ‘the action of a heated non- ox1d121ng mineral
amd solution . confaining a small amount; suﬂi-
(nent to inhibit the action of the-acid-on the metal
ofa. com.pound of the structure:

OHzf—N
l- c— S -R10-—(R50),,H
Him S

ere Risand Rs aré alkylene sroups and # is én

~integer greater:thar oiie.

% A process of pickling & metal  consisting
essentially of subjecting the metal to-be pickled
to.the-action of a- heated non- oxidizing mineral
acid. solution: containing a small amount suffis
exent to inhibit:-the action-of the acid-on the'metal
ofa:compound.of: the:structure”

Hy
o g—N\
C—-S—R;O-—-(R;O)..H
where Ry and Re are alkylene groups of 1ess than‘_

4 carbon atoms and n is ail integet sréater than'
one but'not more than'30..

3; A process of” p1ck1mg 4 rhetal consisting”
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ssentially of subjecting the metal to be pickled
 the action of a heated' ron oxidizing mineral
cid solution containing a: small amount. suffi-
fertt to inhibit the action of the acié on the metal.
f 4 compound of the structure:

CH—N
! x . .
l C-—8—R10—(R30)nH -
B

vhere R: and Ra ate alkylene groups: ofiless than
. carbon atoms snd # is approximately three:

4. A process of pickling & metal consisting:
issentially of subjectiriz the metal to Ye: pickled
;0 the action of a heated non oxidizing minerak
scid- solution containing & small amouxt: suffi~
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sient to inhibit the action of the acid on themetal -

»f a compound of the structure
CH—N
X )
J; » C—8 —R10~—(Rz0)-H
B8

where R: and Re are ethylene groups gred n is an
integer greater than -one but not moze than 30.

5. A process of pickling a metal eonsisting
essentially of subjecting the metal to Be pickled
to the action of a heated non oxidizing mineral
acid solution containing a small amount suffi~
cient to inhibit the action of the acidon the metal.
of a compound of the structure

CH:—N :
X
C—8—R10—(R10)nH
CH;—S

where R1 and Rz are propylene groups and 7 is amx
integer greater than one but not more than 30.

6. A process of pickling a metal consisting
essentially of subjecting the metal to be pickled
to the action of a heated sulfuric acid solution
containing a small amount sufficient to inhibif the
action of the acid on the metal of a compound
of the structure

CH—N
AN
C—8—~RO—(RO).H
CH—S$

where R is an ethylene group and n is an integer
greater than one but not more than 30.

7. A process of pickling a metal consisting’

essentially of subjecting the metal to be pickled
to the action of a heated sulfuric acid solution
containing a small amount sufficient to inhibit
the action of the acid on the metalof a compound
of the structure

CHn—N\

N0 §_RO—~(RO).H
CH>—S

where R is an ethylene group and n is approxi-
mately three. :

8. A process of pickling a metal consisting
essentially of subjecting the metal to be pickled
to the action of a heated sulfuric acid solution
containing a small amount sufficient to inhibit
the action of the acid on the metal of a compound
of the structure

CHz—N\ .
L N C—S8—RO—(RO).H
H;—S8

where R is an ethylene group and 7 is approxi-
mately eight.

9. A pickling bath for metal products consist-
ing essentially of a non oxidizing mineral acid
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solution containing a small amount siifficient’ to"
inhibit the action of the acid on the retal of. a.
compound of the structure

CH;—N
x
l C—8—R10—(R10)aH
Hz—5

where R1 and Ra are alkylene groups and n is an
integer greater than one.

10. A pickling bath for metal products eonsist--
ing essentially of a non oxidizing mikieral acid’
solution containing 0.01 to 0.03 percent Bi-weight
based on the pickling bath of a compouridiof thes
structure :

CHp—N

x
l . . C—8—R10—(R10).H
H—N

where R1 and Rz are alkylene groups of less than
4 carbon atoms and 7 is an integer greater than
one but not more than 30.

11. A pickling bath for metal products consist-
ing essentially of a non oxidizing mineral acid
solution containing 0.01 to 0.03 percent by weight
based on the pickling bath of a compound of the
structure

CH—N
x
C—8—R;0—(R:0)nH

CH—8
where R1 and R are alkylene groups of less than
4 carbon atoms and 7 is approximately three.
. 12. A pickling bath for metal products consist-
ing essentially of a non oxidizing mineral acid
solution containing 0.01 to 0.03 percent by weight
based on the pickling bath of a compound. of the
structure

CH—N

X
C—8—R10—(R20)H

CH—S
yvhere R: and R: are ethylene groups and 7 is an
integer greater than one but not more than 30.
. 13. A pickling bath for metal products consist-
ing essentially of a non oxidizing mineral acid
solution containing 0.01 to 0.03 percent by weight

based on the pickling bath of a compound of the:
structure

CH—N
x
C~—8—R10—(R30)sH
CHy;—$§
yvhere R: and Rz are propylene groups and » is an:
integer greater than one but not more than 30,
) 14. A pickling bath for metal products consist-
ing essentially of a sulfuric acid solution contain-
ing 0'.01 to 0.03 percent by weight based on the
pickling bath of a compound of the structure
CH;~N
AN
C—S8—RO—(RO)H
CH,—S
where R is an ethylene group and # is an integer
greater than one but not more than 30.

15. A pickling bath for metal products consist-
@ng essentially of a sulfuric acid solution contain-
ing 0_.01 to 0.03 percent by weight based on the
pickling bath of a compound of the structure

CH—N
AN
C—8—RO—(RO).H
CHy—S

where R is an ethylene group and n is approxi-
maitely three,




16. A nickh 5
ing essentlally of a squunc acld solutlon cont
ing 0.01 to 0.03 percent by weight based on ' the™
pickling bath of a compound of the‘structure

CH—N e )
i \C—S—RO—(RC)HH“;‘t
Hy =g :

where R is an ethylene group’ and n is approx -;"’

mately elght
17

to the ‘action of a heated hydrochlorlc acid sol
tion containing a small amount sufficient to in<
hibit the action of the acid on-the metal of a
compound of the structure

CH»—N

l N
ms’

C—8 ""RO—"(RO)nH

where R is an ethylene group andn is’ an’ 1nﬁeger &

gréatér than one but not ‘more than '30."

process of plckhng a ‘metal” con51st1ng #
essent 1y -of subJectlng the metal 1o ‘be pickled i

18, A pickling bath for:metal:products consiste -

ing ééﬁtially of ‘& hydréchloric: geid - solution:
containing :0.01 to 0.03* percent by ‘weight: based.~-.
on’ ‘the pickling “bath of a:compound:of the strucm.--
ture

>

CH:—N\ .
l 1 OB —RO-(RO)H
H—S

;'”where R i§ an'ethylene group ‘and 7n.is an integer. .
gredter than-one ‘but not more than 30. o
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