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NEW DEVELOPMENTS IN ALKALINE CLEANING

L.J. Durney and Keith Frey

Frederick Gumm Chemical Co., Inc.

Historically, the major emphasis in metal cleaning formulations has been

toward cleaning by emulsification and saponification. Attention was generally

focused on the solution/oil interface and efforts were directed at reducing

this interfacial tension. Although the work of Linford, Saubestre and

others had indicated that the spreading coefficient of the oil on the

substrate could be correlated with the ease or difficulty of cleaning, the

importance of this fact was not appreciated. Development of the HLB system

of classifying surfactants and soils permitted relatively easy matching of

soils and surfactant combinations to give emulsification characteristics

adequate for good cleaning. Operating temperatures were held fairly high to

provide the energy needed for emulsification and to approach the cloud point

of nonionic systems, thereby promoting migration of the surfactant system into

the oily soil. Reclaim of surfactant and discharge of oil to the surface to

promote longer cleaner life were obtained by periodic cooling of the system

during shutdown, or locally at the surface or in oil separation units. Cleaner

concentrations were maintained relatively high to maintain desireable transfer

rates across the interface.

The energy crises of the early 1970's resulted in an urgent demand for reduced

operating temperatures for all cleaning processes. Two immediate options

suggested themselves, the incorporation of hydrotropic solvents in the cleaner

formulations, and the substitution of mechanical energy for thermal energy to

produce emulsification.

Hydrotropic solvents reduced the required operating temperature by thinning
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the oily soils; reducing the energy required for emulsification, and

improving the penetration of the surfactant system into the oily soil.

Unfortunately, increased emphasis and restrictions were placed on hexane

solubles in effluents. Since both emulsification and the incorporation of

solvents contribute to hexane solubles, this method of approach became less

desireable.

While mechanical energy worked well as a substitute for thermal energy in

spray washing units and certain bulk washing units, the amount of agitation

possible on an automatic rack plating machine for example, severely limited

the progress possible in this direction.

Review of the spreading coefficient work previously mentioned led to the

conclusion that it might be possible to alter this spreading coefficient in

the cleaning solution, thereby reducing the energy required for cleaning,

and permitting operation at considerably lower temperatures.

Attention was first turned to soak cleaners and a series of these materials

were successfully formulated. Slide #1 shows a comparison of the general

operating conditions between conventional cleaners and the new low temperature

type. Note especially that not only has the temperature, but also the

concentration, been reduced. This results in lower dragout losses, and

reduced waste disposal costs as well as energy savings.

Needless to say, these advantages are not gained without some sacrifice. The

new principles work best when used to formulate displacement type cleaners,

that is cleaners that float the oil rather than emulsifying it. We will

discuss the relative advantages and disadvantages of displacement cleaners

later in the paper. Emulsifying type materials can be formulated, but only
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by increasing concentrations and/or temperatures somewhat - concentration to

4-8 oz/gal. and temperature to 80-120'F. It was also found that while the

concentration and composition of the alkali portion of the cleaner was

relatively unimportant as long as proper buffering is maintained, concentration

of surfactant is critical, and there is an interaction between the two. Control

of cleaner concentration therefore becomes somewhat more critical - excess

concentration can affect performance; so also can low concentration.

Surfactant composition and in particular, structure, becomes extremely

important. Additionally, the principles are operative only on liquid soils.

Soils that contain higher melt materials such as paraffin, may require somewhat

higher temperatures. Even in this case however, savings in energy are generally

possible. Although the materials tend to be somewhat specific in application,

it has been possible to formulate materials effective for job shop use, and in

captive shops where a narrower range of soils is encountered, the results can

be outstanding.

In electrocleaners, additional factors have to be taken into consideration.

Lower temperatures reduce the conductivity of the solutions, so the normal

cleaning current densities are more difficult to attain. Fortunately,

measurements of cleaning ability as a function of current density, concentration,

and temperature have shown that the required current density for cleaning,

mainly smut removal, is dependent on the concentration of certain key

ingredients. Furthermore, the required concentration and minimum current

density, generally increase with temperature. Reductions of concentration are

not as dramatic as with soak cleaners, but can still be appreciable. Slide #2

compares the operating conditions for conventional and low temperature

electrocleaners.
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Again, these gains are tempered by some restrictions. Adequate buffering

at the part solution interface must still be maintained and may become more

difficult at low temperatures due to mass transfer considerations. Inhibition

of sensitive metals such as zinc becomes more difficult. The key to success

lies in closer control of the cleaning solution, and granted this, successful

operation even under job shop conditions can be attained.

Electrocleaners have the advantage that in many cases, once heated to

operating temperature, no further heating is necessary. The required heat to

maintain operating temperature is provided by the heating effect of the current

used for cleaning.

Spray cleaners, because of the agitation produced by impingement, can be

readily formulated. Modest gains in reducing concentrations are possible as

well as reducing temperatures.

The main disadvantage of low temperature cleaners is that some problems may

be encountered in dissolving the material for use. In some instances it is

possible to formulate liquid products to eliminate the problem. In other

cases it is possible to utilize the more readily soluble hydrated alkalies rather

than the anhydrous materials. Raw material manufacturers, recognizing the

problem, are attempting with some success, to vary the crystal size and form

of the anhydrous materials to promote easier solubility. However, the problem

must be faced and provisions made to properly dissolve the materials.

The advantages of low temperature cleaners are shown in Slide #3. Energy

savings are of course paramount and will be discussed further. The improved

working conditions, while not measurable in dollar terms, contribute to

improved employee relations. The elimination of dry down problems and

resultant staining can materially reduce rejection rates, particularly on
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automatics with moderate to long transfer times. Not listed on the

slide are the savings in waste disposal costs and material consumption

due to the reduced concentrations used.

Slide #4 shows the reduction in heat loss from each square foot of solution

surface obtained in going from high temperature to low temperature

cleaning. At 150'F the loss is approximately 900 BTU per ft.2/hour,

at 170'F approximately 1600 BTU/ft.2/hour. In contrast, the loss at

100'F is only 200 BTU/ft.2/hour. Since foam is an excellent insulator,

the loss from the surface of an electrocleaner is considerably lower,

and the savings correspondingly reduced.

Slide #5 gives similar data for tank walls.

Slide #6 utilizes this data to calculate the savings for a 450 gallon

tank, 4' x 5' x 3' deep. Reducing the operating temperature from 160'F

to 90'F reduces the heating requirement by 90%. Note that in this case,

no effort has been made to incorporate the savings resulting from not

heating the work processed. This, expressed in BTU's per hour would

be 9 x pounds per hour processed for steel, and 14 x pounds per hour

processed for aluminum and copper alloys.

As previously mentioned, most of the low temperature cleaners clean

by displacement. Since this is a departure from common practice, we

should consider the advantages and disadvantages of this type of operation.

Slide #7 lists the advantages.

Displacement types generally operate at somewhat lower concentrations

than do emulsifying types. This gives reduced makeup costs, and since
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dragout is dependent on concentration, dragout losses are reduced,

thereby reducing replenishment costs. Waste disposal costs are

correspondingly reduced. As an offsetting penalty, if cleaner disposal

and/or dragout are being utilized to neutralize acids in a waste

disposal system, it may be necessary to provide additional alkalie in

the form of liquid caustic or soda ash. However, since these basic

materials cost less than the dragged out cleaner they replace, there

is still a net saving.

Hexane soluble restrictions on effluents are becoming increasingly

common. Removal of oils by emulsification contributes substantially

to the hexane soluble content of the effluent. Displacement cleaners

materially reduce this problem sincethe oil is separated from the

cleaner by virtue of the way it operates. The problem is not completely

eliminated since it is difficult to completely eliminate all drag over

into the rinses.

Longer working life is the natural result of the separation of the oil

from the cleaner. The cleaner no longer becomes saturated with oil and

ceases to function. Cleaner life is not infinite however, because in

most cases a gradual imbalance in ingredients occurs as a result of

selective absorption and removal.

Finally, the separated oils can often be reused. In one case, a company

processing screw machine parts was able to separate and reuse approximately

80 gallons of screw machine oil per week. In another instance, a job

shop recovers approximately 150 gallons of oil per week which is added

to the-ir fuel oil and used to produce process steam.

Displacement cleaners unfortunately have disadvantages as well. These

are shown in Slide #8.
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Since the oils are displaced, and float on top of the cleaner, a suitable

grease trap and skimming system is required to keep the surface

relatively free of oil. A slide of such an arrangement will be shown

next. Since this system removes from the cleaner almost all the oil

taken off the parts, it greatly reduces the hexane soluble content of

the effluent.

In the absence of a suitable skimmer-grease trap, redepos-ition of the

displaced oils and consequent drag down may occur. Th-is can be

overcome by matching a suitable electrocleaner with the soak cleaner

to form an integrated system.

Slide #9 shows a schematic of a suitable skimmer-grease trap system.

Certain points should be emphasized. The dam overflow must be level

and the edge relatively smooth so good skimming action is obtained.

The dimensions of the dam and overflow pipe should be adequate to avoid

flooding of the dam. The flow through the header pipe sliould be

adequate to provide good skimming action, but not so violent that it

causes emulsification or excessive foaming. Dimensions of the

outboard tank should be adequate to allow complete separation of the

oil. The drop from the dam to the grease trap can result in some

emulsification and/or foaming. Additional separating partitions are

sometimes helpful in overcoming this and providing good separation.

In this case, each chamber should have provisions for trapping off

separated oil.

To sum up -

Low temperature, low concentration soak and electrocleaners can be

formulated and are available.
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They are only effective on liquid oils, therefore the minimum

operating temperature is determined by the melting point of the

oil to be removed.

They are somewhat specific in performance, but can be effective even

in job shop operation.

They offer tremendous savings in energy costs, as h.igh as 90%.

They require more careful control, and the use of a skimmer-grease trap

is recommended.
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LOW TEMPERATURE CLEANING

(A Study in Applications)

Thomas S. O'Donoghue

Todco Chemical Co., Inc.

Des Plaines, Ill. 60018

Abstract

This paper is intended to review some case studies of conver-

sion from high to low temperature cleaning. We will attempt to

reveal the facts relative to the success or failure of the

conversions. We will attempt to answer the questions of how

much energy was saved; what overall dollar effect occurred and

was productivity affected.

Introduction

As you might recall, the National Gas Policy Act was enacted

as part of the omnibus energy bill passed in 1978. This act

provided for graduated increases in the wellhead price of new

interstate gas moving to total decontrol by 1985. As a result,

there seems to be an ample supply of natural gas supplies at
this time. Congress provided under this act for an incremental

pricing structure. What this means, in effect, is that indus-

trial users of interstate gas are required to bear a dispro-

portionate share of the higher wellhead gas prices to there-

fore hold down rates of residential and commercial consumers.

This is Phase I of the regulation. This became effective

January 1, 1980.

Phase II is a three-tier system designed to

to the BTU equivalent price of your standby

namely No. 6 fuel oil or No. 2 fuel oil. Il

alternate (such as propane), your gas would
2 fuel oil equivalency price. This applies

1980 to all non-exempt industrial users of c

bring the cost up

or alternate fuel,

3 you have another

be set at the No.

as of November 1,

Jas,

Right now, all users of less than 300 MCF per day would be

exempt. However, in order to hold down residential and

commercial rates, 95% of all interstate pipeline gas would

have to be incrementally priced. The regulation also states

that if the total exemptions add up to more than 5% of the
total then the 300 MCF would be lowered to reduce the number

being exempt.

The impact in short could mean that your gas costs could rise

over 90% by November 1, 1980.
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