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ABSTRACT

In a process nof cleaning metal surfaces with
aqueous alkaline cleaning solutions, which contain sili-
cates and surfactants and are recycled after ultrafil-
tration, a8 solution is emplovyed which contains silicate
only as a sodium silicate and/or potassium silicate of

the general formula NaZD.ZSiU,.xH 0 and/or K D.ZSiUZ.xH 0.

Z2 2 2 2
The cleaning solution is preferably adjusted to

a pH value between 7 and 12 and to a concentration (ex-

pressed as 8102) of 0.1 to 20, particularly 0.5 to 10 g,

silicate per liter.
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Metallgesellschaft AR October 4, 1991

Reuterweng 14

6000 Frankfurt-on-Main 1

Case No. 91 00 35
Process of (Cleaning Metal Surfaces

This invention relates to a process of cleaning
metal surfaces with agqueous alkalline cleaning solutions,

which contaln silicates and surfacténts and are recycled

after ultrafiltration.

It 18 known to degrease and clean metal surfaces
in that they are dipped into or sprayed:mith alkaline
reacting products, which are campased aof one or mare al-
kallne reacting components, such as borax, sodium meta-
silicate, tertiary sodium phosphate, sodium pyrophosphate,
sodium polyphosphate, sodium carbonate and sodium hydro-
Xide, and the norfesponding potassium compounds and in
thelr commercially avallable forms have different water
contents depending aon the starting products. The content
of the principal components and/or builder substances
will particularly depend on the nature of the contamina-~
tiaon, on the desired basiclty and an the agressive action
on the material to be cleaned, Spome of said cleaning agents

have also small contents of organic surface active agents, such as

ionic or nonionic surfactants and soaps (German Patent

Publigation 10 74 357). %“nown alkaline cleaning solutions
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consist, e.g., of an aqueous solution of mixtures of sodium
metasilicate, aodium carbonate, sodium hydroxide, and

dodecyl benzene sulfonate oOr of sodium pyrophosphate,
sodium polyphosphate, sodium tetraborate, sodium carbonate,
and dodecyl benzene sulfonate (EP-A-0 372 610; DE 38 41

134) . .
From "Chem.-Ing.-Tech." 51 (1979), pages 662-664,

it 1is also known 1in the metal-working 1industry CO USE€
ultrafiltration, e.g., to regenerate cleaning emulsions.

Agueous cleaning solutions having pH values in the range of

4 to 13 and temperatures up to about 95°C are use tO remove

oil, grease, dirt and metal fines. The laden cleaning

emulsions must be renewed from time to time. This involves
5 loss of wvaluable substances and a consilderable burden by
waste water. The regeneration of cleaning emulsions by
Jltrafiltration results in a considerable prolongation of

ptu
==

rhe useful 1life of the cleaning solutions and in a

considerable decrease of the amount of sewage.

The regeneration of the cleaning baths by ultra-
filtration technology is usually effected in that the high-
0i1l retentate obtained by the ultrafiltration proper 1s fed
to a recycling tank whereas the oll-free permeate 1S

recycled to the cleaning bath. The recycling tank 1s fed

from the cleaning bath. Ultrafiltration is effected
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to an oil concentration of 10 to 40% iIn the retentate,
which 1is subseqguently disposed of, e.g., by incineration,
optionaliy after a further concentrating treatment. Be-
cause maost of the inorganic contents remain in the per-
meate and an o1l ilncrease by a faétor of about 100 1is
achieved, that recycling prolongs the useful life of

the cleaning solution correspondingly and relieves the
sewage.

In the ultrafiltration the filtration rate will
substantially depend on the difference between the pres-
sures in frant of and behind the membrane and on the
temperature of the ligquid to be filtered and in particu-
lar highly depends on the enriching nf the retained com-
ponents in front of the membrane.

If the widely used sillicate-containing alkaline
cleaning agents are used, the membrane will often he
clogged. Such clogging will result in a rapid decrease
of the flow rate expressed as the permeate volume per unit
of time 1in the ultrafiltration. The reasons for that
phenomenon nave not definltely be clarified and said dis-
advantages have previously been tolerated.

It is an object of the invention to provide for
the cleaning of metal surfaces with aguepus alkaline si-

licate-containing cleaning solutions and with simultaneous
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use of ultrafiltration technology a process whith ig free

of the disadvantages of known processes and has a dis-
tinctly hligher tolerance to impurities formed in the
process and, in particular, can be carried out for a
longer time and more economically.

That object is accomplished in that the pro-
cegs of cleaning metal gyurfaces with aquegus, silicate-
and surfactant-containing purging solutions, in which
process the cleaning solution is8 recycled after ultra-
filtration, is carried out in accordance with the in-
vention in such a menner that the metal surfaces are
cleaned with a solution which contains silicate only as
sodium silicate and/or potassium silicate of the general
formula NaZD.ZSiDZ.xHZD or H20.28102.xH20.

It has surprisingly been found that the ultra-
filtration membrane will be clogged only after a pro-
longed use and that permeate will flow for a much longer
time until the flow rates become intolerably low.

The sodium silicate and potassium silicate used
in the process In accordance with the invention may also

be defined by the general formula (Na Sizﬂs)x.vH 0 ar

2 2
(HZSiZDS)x.yHZD and are commercially available as so-called

disilicates. Owing to their chemical constitution they

are speclal silicates of a leaf-like or layer-like

structure. Regarding their microstructure and their properties they
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differ substantially from the silicates which contain the

anion (Sio0~7)%~ as a moiety and which are not used 1in the

cleaning solutions for the process 1in accordance with the

invention.

The silicate is preferably used in the form of a
sodium salt. The sodium silicate is known and commercially
available as a hydrous amorphous product or an anhydrous
crystalline product and can be employed in both forms 1in
the cleaning solution used in the process 1n accordance

with the invention. Such alkali silicates, such as the

commercially available sodium disilicate, have a 5103 to

Na,O molar ratio of 2.06 to 2.14. Amorphous hydrous
products have approximately the composition 27.5% NajgO,

57.0% S1i0,, 15.5% H3O0.

Commercially availabe substances are, €.9., the

-

amorphous hydrous product "CupanonDI*? of wvan Baerle 1n

Gernsheim, Germany, or the crystalline "Schichtsilikat*

SKS-6" of Hoechst AG, Frankfurt, Germany.

According to a preferred feature of the 1inven-
tion the process is carried out with a cleaning solution
having a pH value < 12.0 so that the cleaning solution does

not contain free sodium hydroxide or potassium hydroxide.

According to a further feature of the process in
accordance with the invention the concentration of alkall

silicate (expressed as Si0p) 1in the <cleaning solution

employed is 0.1 to 20 g/l and more preferably 0.5 to 10
g/1l.

* trademarks



2079628

In order to avold disadvantags in the prepa-
ration of the cleaning solutlion and in the addition of
water to compensate losgsses caused by evaporation and en-
training, it is desirable to use softened water and par-
ticularly delonized water.

The cleaning solution is preferably used in a
dipping process although other application technologies,
such as apraying,‘flonding and the like, may also be used.

The cleaning solution is normally used at ele-
vated temperatures in excess of 50°C and up to its boil-
ing point. Temperatures from about 55 to about 70°C are

sultably employed.

The process in accordance with the invention will
be explained more in detaill and by way of example in the
following examples.

In the examples, various cleaning solutions were
employed to clean oill-soiled deepe~ drawn parts of sheet
ateel (RSt 1405). The flow rate of permeate was compared
with that of water at 60°C. The memhrane was regarded as
being clogged when the flow rate had decreased to 20% of
the value for water. The experiments were carried out

with a lahoratory system of Eisenmann, Holzgerlingen,

Germany, and with an inorganic membrane of the type Car-

bosep(R) having a separating size of 160.00 daltons

measured wlth dextran. The surfactant used in all examples
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consisted of a mixture of equsl parts of dodecyl benzene

sulfonate (Lutensit(R) ALBN of BASF AGB) and nonyl phenol

polyethylene glycol ether (Arknpal(R) N 100 of Hoechst AG).

Example 1 (control example)

To prepare to the cleaning solution, 20 g sodium

metasilicate (N828103.5H20) per liter of solution, cor-

responding to about 10 g/l 5102, were dissolved in water
having a hardneas corresponding to 100 mg Ca0 per liter,
and 2 g/l surfactant were added. The pH value of the so-
lution was about 13. The solution was recycled after ul-
trafiltration. After about 2 hours the flow rate of per-

meate had decreassed to 20% of the initial value for water.

Example 2 (in accordance with the invention)

Anhydrous crystalline sodium disilicate N8251205

(Schichtsilikat S5K5-6 of Hoechst AGQ) was dissolved in
deionized water to prepare a solution of 20 g disilicate

per liter of solution, corresponding to about 13 g/l 8102,

and 2 g/l surfactant were added. The pH value of the so-
lution was about 11.5. The solution was recycled after
ultrafiltratiaon. After a filtration for 46 hours the flow
rate of permeate had decreased only to about L0% of the
initisl value.

Example 3 (control example)

A solid cleaning agent concentrate caomposed of

20% Na,510,.5H,0, 25% Na

> P.0 25% Na

o/
> 5 tPolay 5P301D, 15% NaHCO

3!
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10% NazCD3,5% gurfactant was dissolved in delionized water
to prepare a solution containing 30 g concentrate per
ilter of splution. The pH value of the solution was 11.6.
The solutlion was recycled after ultrafiltration. After
1.5 hours the permeate flow rate had decreased to 20% of
the initial value.

Example 4 (in accordance with the invention)

A solid cleaning agent concentrate compaosed of

17.3% Na,51.0. (Cupanon DI of van 8Bearle), 7.0% NaOH,

27275

15.0% NaHrCO 10.0% Na DDB’ 23.0% Na, PO 22.7% Na.P.,0

3! 2 4L 2°7° 5 310"
5.0% surfactant, was dissolved in softened water to pre-
pare 8 solution containing 30 g concentrate per liter of
solution. The pH value of the solution was 11.6. The so-
lution was recycled after ultrafiltration. After about

16.7 h the flow rate of permeste had decreased to 50% of

the initial value.

From the examples of the process in accordance
with the invention it is apparent that in the cleaning
metallic solutions .with a cleaning solution which 1s ultra-
filtered the useful life aof the cleaning solution will
considerably be increased if a cleaning solution 1s em-

ployed which contains silicate only as disilicate of the

neneral formula NaZD.ZSiﬂz.xHZD and/or HZD.ZSiDZ.xHQD.
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WHAT IS CLAIMED IS:
1. A process for cleaning metal surfaces with
agueous alkaline cleaning solutions, which contaln
silicates and surfactants and are recycled after

ultrafiltration, wherein the metal surfaces are cleaned
with a solution which contains silicate only as sodium

silicate and/or potassium silicate of the general formula

Na,0.2Si05.xHpO or Kp0.28105.xH0.

2. A process according to claim 1, wherein the

metal surfaces are cleaned with a solution that 1s adjusted

to a pH value between 7 and 12.

3. A process according to claim 1 or 2, whereiln

rhe metal surfaces are cleaned with a solution which

contains silicate in a concentration, expressed as S10,, of

0.1 to 20 g of silicate per liter.

4. A process according to claim 3, wherein said

concentration of silicate in the solution is of 0.5 to 10 g

of silicate per liter.

5. A process according to claim 1 or 2, wherein

+rhe metal surfaces are cleaned with a solution which has

been prepared with softened water.

6. A process according to claim 1 or 2, wherein

rhe metal surfaces are cleaned with a solution which has

been prepared with deionized water.
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7 . A process according to any one of claims 1

to 6, wherein said solution is regenerated Dby subjecting 1t

to an ultrafiltration through an ultrafiltration membrane.

8 . A process according to claim 7, wherein the

permeate solution of said ultrafiltration is used for

treating metal surfaces, with said permeate solution at a

temperature and for a time sufficient to clean said metal

surfaces.
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