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This invetition relates t6° anti-scalifig. éb'rhﬁ.déit“id;’ié)f&;
use if-alkalihe etching batlis'and to! the- utilization: of sicH
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anti-scaling compositions-in-the etching of aluminum' and ,

aluminum base alloys. The term “etching” as used here-
in, both- in; the specification: and: clainis, includes: fiot- only
light surfaceretchmg, bit:chemical digsolution of: substait
tial'amounts: off the métal treatéd as.occurs whien- forming
metal- objects: tlirough: controlled: selective: chemical: dis:
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solutlon, a process® frequently. referred to as “cheém mills

ing:”
The. conventional industrial practlce in’ etching’ alud
mmum and: aluminum- base alloys is:to* freat the surfice
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of: the drticle: to be etched: with a: hot’ aqueous: solution .

containing;. an’ etching: alkali- suchas sodium hydroxids,

potassitim’ hydioxide;. sodium' carbonate;- trisodium phos—.

phaté;: and the like, of with mixtures of these: materials
The aluminum reacts with the alkaline etching materials;
and’ where’ sodium: hydrox1de is'used: as the étchant, a
solution- of sodium: aluminite is formed: However, whén
the: concentration: of alkalicih the etching bath' is rediced
below a certain- value; the sodium: aluthinate’ iri’ the soliit
tion reacts with’ Water and thé:end- result of: this réaction
is- the: formation of a hard seale which: is® deposited’ on
the: sides and: bottor 6f the tank containing the etchit
and: on- hedting coils: or cther eqmpment whieh -may be
submerged ‘within: the- tank.  This-$cale i§* primarily’ alii:
mina, having the formula A1203 3H,0:

.}t has- generally: beeri believed: thit amines  aré un-
suitable as additives: to.aluminum’ etching: baths’ fof the
preventwn or' inhibition' of scale” formation: . However,
in: co-pendmg apphcanon Ser:: Nl 474036, & fornitilds
tion- is described: in which: ethylene disimins-tetratacetic
acid is uséd-in- eonjuncticit with tartaric. acid dnd pref
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erably: id: con,unctlon with: tartatic’ acid; glicoss and céis

tain' metal: ionis to prevent scale formatlon

Thougly éthylene diamine-tetrd-aceti¢: deid iy éffactive
for scale inhibition: when: uséd tOgelher with' tartaric: acid,
glucose: and- certain: metal salts in- thé proportions and
manner déscribed: in  co-pending applicatioti: ‘Set, No: 474,-
036, the ethylene diamine-tetratacetic’ dcid is” inefféciive
when used along: and:in serie instdnces detually promotes
scale: formation.

It has' now- been-discovered: that-déitd
have: excesllent: stale inhibiting” prop § whén added
to* caustic: aluminuny etchmg solutions.. Furthermbors,
thiese: amines are efféctive inand: of theémselves; it not being
necessary to-formiulafe: the } With' othér materials
in--ordér to! l]ﬂllblt the scale formadtion’ -
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ydroxy dminés
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The hydroxy amines referred to can generally be de-
scribed: by the empirical formula

R
CHaOH(CHOH)nCHzN/
' \
. . Ri-
where ' is at least.2; R is hydrogen, another
CH,0H(CHOH),,CHj-radical
a normal alkyl radical- containing not- more than
4 carbon atoms, ot aii & 6f g carboxyalkyl group. contain-
ing not riore than 4- carbon- atoms- exclusive of the car-
bon in the carboxy group; and R’ is similar to R but does
not inclide the CH;OH(CHOH),,CH,-radical.
The:relative efféctiveness: of: hiydroxy materials. of this
general: type is’ well' illustrated by the following table:

TABLE I

Concentration’ of Additive:

Additive ] ’
B S A 3 .5
: gram | gram | gram’

oruda glucamine ....................
Criide- gliicamine made in accord-
ance with:préferred- condxtlon ______ )
Monowlucamme ..................... :
Dm]nr-ammn Lin :
Sodinm N= carboxymethyl glucamme
N’ Ethyl glucamine_ .- _._.___.__
N’ Butyl’ glucamine . :
N Qetyl glucamine:.
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Code: S—scale; T—trace of sealé; N—no scale,

(The datd’ for this' table was obtained as follows:
Sepe (e” soliitions were prepared containing 30 grams
caustic’ soda; 600 ml. water and scale inhibitor in the
amournt indicitéd in the tables. These solutions were
then hedted to 150° F. at which temperature 18.5 grams
of aluminum metal were dissolved in each solution. The
solutlons weré theil permitted to. cool and stand for 18
Hours™ aftér which tithe they  were observed for scale
formatiot.)

It will be noted from the different types of hydroxy
athifies of Table I that the least effective,- in preventmg
scale’ formatlon are¢’ the normal alkyl hydroxy amines
where R or R’ of the above general formula is a normat
alkyl group. Why thesé amines are not as effective. as
the" other hydroxy atiines of this general’ type is not
understood However, they do have an appreciable-effect
i’ redicing: of preventing-scale formation and may be
uséd where the etching bath is not subjected to severe
operatmg conditions,

The hydroxy amines of Table I all have in common
th ey are prepared directly from monosaccharides by
réductive’ amination’ (i, e by reaction of monosaccharide
with ammonia or an_alkyl substituted ammonia and
hydrogen under the’ mﬂuence of a hydrogenating catalyst
such as’ mckel) or aré products subsequently formed by
réacting’ the initial products of the reductive amination
with « of § halo fatty acids to form N—a or N—g car-
boxymethyl alkyl derivatives.. These amines which con-
stitute’ 4 class” formed by the reductlve amination of




monosaccharides are, for simplicity, referred to as “sugar
amines,” both in the present specification and claims.

When it is considered that the sugars, from which
these amine products are made, are unsatisfactory for
inhibiting scale formation in alkaline aluminum etching
systems and that amines generally, as illustrated by Table
I, do not have this property, it is indeed surprising that
the amine derivatives of these sugars are such excellent
scale inhibitors.

TABLE II

Concentration of
Lo Additlve
Additive

1gram | 3grams

. Glutamic acid
Aspartic acid
Ethylenediamine
Ethylenediamine tetraacetic acid.oeooomeoeeae.
Hexamethylenetetramine fluosilicate. ... cooocuae
Glucosamine.
Diphenylamine._.
Triethylamine_
Glucose.
Mongethanolamine. .
Triethanolamine

nunnnunnnen
Dmmnnnnnnam

(The data for Table II was obtained in the same man- =

ner as that for Table I, the conditions being the same,
with the exception of the additive used.)

Though any of the reducing sugars may be employed in
preparing the “sugar amines” for scale inhibition glucose
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_ing mol ratios of ammonia to glucose of about 1.5:1 to
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6.2:1. The preferred ratio is in the order of about 2.2
mol of ammonia to 1 mol glucose.

Though the ratio of ammeonia to crude does not seem
to greatly affect the scale inhibiting properties of the re-
sulting product, particularly within the above limits, the
hydrogenation pressure, i. e. the pressure at which the
hydrogen uptake occurs, appears to have a substantial
effect. Thus, crudes prepared at pressures of about 250
pounds per square inch gage are not particularly satis-
factory unless an exceptionally large amount of hydrogen-
ation catalyst is used. This is well illustrated in the fol-
lowing table: :

TABLE III

N Results
Gram Mols NH;/glucose | Catalyst, | Pressure
. wet basis Mild Severe
. test test
125 1, g00d . o |ecceeooaa
250 {1 800-520 | good....| good.
815 0 | good..._| fair.
125 A
125 .
125 .
72 500 .
40, - 00 50
T E R 125 500 | good....| falr.
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is generally preferred because of its ready availability and =~

low cost.

Of the glucamines, diglucamine is the most effective in
preventing scale formation, it being preferred to the mono-
glucamine, In its preparation, however, a substantial
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amount of the monoglucamine is formed so that the crude '

product contains essentially a mixture of both the mono
and diglucamine. It has been found that when the ami-
nation is carried out under cértain conditions, the scale
inhibiting properties of the crude is, in many instances,
better than that of the monoglucamine and equal to that
of the diglucamine which is-excellent.

If the crude is prepared with a water content of about
10 to 15% by weight, the product is readily mobile at
temperatures of about 50° C. and can readily be sprayed
onto the caustic or other solid alkali while blending in
preparing the final aluminum etchant composition. Fur-
thermore, the physical properties of the crude are such
that they prevent any dustiness in the final blend. This
is of considerable advantage, since caustic formulations
are frequently quite dusty, the dust causing irritation
and frequently requiring the wearing, by workers, of pro-
tective garments and masks.

The crude glucamine compositions which are most ef-
fective in scale inhibition, are prepared in the following
manner:

Glucose and ammonia, generally as aqueous ammonia,
are added to a pressure reactor along with a hydrogena-
tion catalyst such as nickel. Hydrogen is then intro-
duced under pressure and the reactants heated, with agi-
tation, at a temperature preferably below 75° C. until
hydrogen uptake is substantially complete. If some caus-
tic has been added to the reactor, hydrogen uptake will
begin at about 52-54° C. However, without the caustic
present, hydrogen absorption does not begin until about
67-70° C. T

Towards the end of the reaction, the temperature is in-
creased to complete hydrogen takeup. However, the tem-
perature should preferably not exceed 100° C. since side
reaction products tend to form at the higher températures
which apparently adversely affect the scale inhibiting
properties of the crude. Glucamine crudes having excel-
lent scale inhibiting properties are obtained by employ-
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_(In the above table, the nickel catalyst is given on a
wet weight basis; on a dry basis the weight is about half
the amount given. The data for Table III was obtained
by using caustic solutions containing 30 grams caustic
soda, 600 ml. water and .5 gram of crude glucamine.
The aluminum was dissolved at a temperature of 150° C.
and the solutions observed after 18 hours standing. In
the mild test only 18 grams were dissolved. While in the
severe test 18.5 grams of aluminum was dissolved. After
18.5 grams of aluminum has been dissolved, substantially
all of the free caustic has been consumed and the solu-
tion is essentially incapable of dissolving more alumi-
num.) i
After the hydrogen takeup is completed, the crude is
removed from the reactor and filtered to remove the nickel
catalyst. ‘Sufficient water is then removed from the crude,
preferably by heating under a vacuum, to give a product
having a water content of about 16to 15%.

Though the normal alkyl glucamines, such as normal
ethyl glucamine and normal butyl glucamine, are not as
effective scale inhibitors as either mono or diglucamine,
the normal carboxy alkyl glucamines have excellent scale
inhibiting properties.

For purposes of illustration, the following preparation
of methyl carboxy glucamine is given:

Crude glucamine, in the amount of 210 grams, pre-
pared as above described and representing 1 mol of nitro-
gen containing product, as shown by titrations (210 being
the apparent molecular weight), was dissolved in 500 cc.
of distilled water containing 106 grams (1 mol) sodium
carbonate. To this was added 94.5 grams (1 mol) chloro-
acetic acid and the mixture refluxed for five hours.

This product was dried to a substantially anhydrous
condition by evaporation of the water on a steam bath
under vacuum. The product consisted primarily of
methyl] carboxy glucamine.

The normal alkyl glucamines appearing in Table I were
prepared in much the same manner as the glucamines.
The following description of the preparation of normal
butyl glucamine will serve to illustrate the preparation of
these materials. Butyl amine in an amount of 7.1 mols,
and glucose in an amount of 3.2 mols were heated in a
steam bath to a temperature of about 70° C. for 30 min-
utes, after which time a clear solution resulted. This
solution, together with 3100 cc. of water and 188 grams
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of.drained Rame nickel: :catalyst ( approxxmately 100: -grams
actual nickel content) were. placed.in. a2 gallen. stainless
steel; autoclave. of the stirrer type. Hydrogen was then
introduiced under a pressure of 1000 pounds. per square
inch. gage. over a period. of 7 hours: while. the. reactants
were maintained at a temperature of 60.t0.65° C. The
reaction: was. then. discentinued;. the. reaction. mixture. fil-
tered to remove the nickel catalyst and tHen. left to stand
over night at room temperature. Thé. crystalline. product
which formed was filtered. from the . mother liquor, washed
and air dried. This prodiict’ which melted’ at 1302 to
134° C. was.normal-buty] gliicamiie.

In practicing the invention, the mono and: dlglucammes
and the carboxy alkyl glucarmnes are’ preferably used
with the caustic in: amounts. of 1.5% to 5% by weight
based on the caustic soda. However, these materials will
inhibit scale formation: when: concentrations of as little
as 0.5% are.used and may be used in such lower concen-
frations where thie caustic etcliant solution will not, have
severe. working., However, for geneérdl operation,, as
stated; it is preferred to have these materials present' in
amounts of at Jeast 1.5%. There appears to be no detri-
mental effect resulting from using these “sugar amines”
in higher concentrations up to and above their saturation
point.

The alkyl glucamines such as normal ethylglucamine,
normal butyl glucamine etc., when used in concentrations
of 3% tend to cause foaming. It is not clearly under-
stood whether this foaming is a property of these alkyl
glucamines or whether it is due to impurities present,
such as decomposition products which may be formed in
their preparation. However, where foaming is not a
problem or where foam depressants are added to prevent
or minimize the foaming, these alkyl glucamines may be
employed at the concentrations indicated.

The etching of aluminum with compositions using these
“sugar amines” as scale inhibitors is best illustrated by
the following examples:

Example 1

A blend was prepared of a glucamine crude, prepared
in the manner above described and caustic soda, contain-
ing 2.2% of the glucamine crude and 97.8 of flake caustic
soda. The glucamine crude used had a syrup-like con-
sistency and contained 12% water.

450 pounds of the blended composition was charged to
a 600 gallon tank of water. Titration showed that the
concentration, after charging was 4.2 ounces of compo-
sition per gallon of water.

This solution was then used for etching aluminum parts
on a production basis, the parts being etched for about
five minutes at 150° F. The etching operation was con-
tinued for eight hours a day for five days during which
time solution additions were made to maintain the con-
centration between 2 and 5 ounces of the caustic per
gallon. At the end of the fifth day the viscosity of the
etching solution, due to the sodium aluminate held in
solution, had increased to a point where it was difficult to
rinse the etched parts. The specific gravity of the solu-
tion, at this point, was 1.18 at 90° F. Because of this
hxgh viscosity the tank was emptied. Inspection of the
tank showed that no alumina scale had formed. At the
bottom of the tank, prior to emptying, about two inches
of soft sludge was observed, - This sludge was found to
be made up of the alloying elements, such as copper,
-manganese and zinc, which were present in the aluminum
parts that had been etched.

Example 11

A caustic aluminum etching composition was prepared
by blending glucamine syrup contammg approximately
12% water and caustic soda to give a composition having
3% glucamine syrup and 97 % caustic soda.

The resulting composition was added to 2500 gallons
of warm water in the amount sufficient to give a concen-
tration of 5 ounces per gallon. This solution was used
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for- etching. aluminum. articles, the solution, bemg in usé
for two. days during, which. time. some additions were
made to maintain the concentration at the 5 ountces per
gallon level,

When the specific. gravity of the: etching solutldn had
reached 1.195 at 90° F, the solution was dumped and’ the
tank careflly observed. No scale formation was noted.

During the etthing process a foam blanket about two
inches thick was formed- on: the: top: .of. the etching solu-
tion. This blanket was particularly helpful in preventing
caustic solution going into the air as fine spray, such
Sprays; ordlnanly Being. quité: n'rltatlng to-the- workmen
carrying-out aluminum- etcHing operatxons

Though in-the specxﬁc examples* given; the slxgar amines
are- employed i soltitions: of etchmg alkali: wheTem the
alkali’is presént’ in- antounts of about 5-ounces:
of soliition, they: are effective: ini- ariy” solution sufficiently
alkaling to etch the aluminum: Etchmg’solutxons“ asused
are generally- within-the concentration range of 1 t6:15%
by weight etching alkali.

- Having thus described our invention we claim:

1. The method of etching aluminum comprising treat-
ing said aluminum at an etching temperature with an
aqueous solution of an etching alkali containing, in an
amount sufficient to prevent scale formation, a hydroxy
amine having the general empirical formula

R

CH:0H(CHOH).CH;N
R1

wherein 7 is at least 2; R is any of the group consisting
of hydrogen, another CHyOH(CHOH),CH,radical, a
normal alkyl radical containing not more than 4 carbon
atoms, an o carboxyalkyl group containing not more than
4 carbon atoms and a g carboxyalkyl group containing
not more than 4 carbon atoms exclusive of the carbon
in the carboxy group and R; i$ any of a group similar
to R with the exception that it does not contain another
CH,0H (CHOH ), CH;-radical.

2. The method of claim 1 wherein said hydroxy amine

is a glucamine, having the general formula
R
CH:0H(CHOH)—CH—N
Ry
wherein R and R, represent the same substituents as in
claim 1.

3. The method of claim 2 wherein said glucamine is
diglucamine.

4, The method of claim 2 wherein said glucamine is
monoglucamine.

5. The method of claim 2 wherein said glucamine is a
glucamine crude obtained by hydrogenation of a mixture
of glucose and ammonia in the presence of a hydrogena-
tion catalyst at a pressure of at least 500 pounds per
square inch gage.

6. The method of claim 1 wherein said hydroxy amine
is a carboxyalkyl hydroxy amine derivative having the
general formula

R
CHzOH(CHOH),.—CHz—N/
(CH3)—C
OH
where n is at least 2, x is a numeral of 1 to 3 and R is any
of the group consisting of hydrogen, another
CH;OH(CHOH),CH,
radical and another

=
—(CHj) =c<
OoH
radical.
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7. The method of claim 6 wherein said carboxyalkyt
hydroxy amine is sodium methyl carboxy glucamine.

8. A composition adapted for preparing aluminum
etching solutions consisting essentially of an etching al-
kali and at least 0.5% by weight, based on the etching
alkali, of a hydroxy amine having the general formula
: , /R E
- CH0H(CHOH). CHQ—N\‘
. ' o . R
wherein n is at least 2; R is any' of the group consisting
of hydrogen, another CH,OH{CHOH),CHj-radical, a
normal alkyl radical containing not more than 4 carbon
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atoms, an alpha carboxXy group containing not more than ---

4 carbon atoms and a beta carboxy alkyl group contain-
ing not more than 4 carbon atoms, exclusive of the car-
bon atom in the carboxy group, and R, is any of a group
similar to R with the exception that it does not contain
another CH;OH(COCH),;CHj-radical.
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9. The composmon of claim 8 wherein said etchmg
alkalj is primarily caustic soda.

10. The composition of claim 8 wherein said hydroxy
amine is a glucamine.

11. The composition of claim 8 wherein said hydroxy
amine is diglucamine.

12. The composition of claim 8 wherein said hydroxy
amine is monoglucamine.

13. The composition of claim 8 wherein said hydroxy
amine is a carboxy alkyl glucamine in which the alkyl
group has not over 3 carbon atoms.

14, The composition of claim 13 wherein said carboxy
alkyl glucamine is sodium methyl carboxy glucamine.
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