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Cleaning in the Metal-Processing Industry 
L. R. McCOY, Wyandotte Chemical Corporation, Wyandotte, Michigan 

T 
H E  BASIC OBJECTIVE o f  c v e r g  cleaning operation is 

to remove soil efficiently while not exceeding 
tolerable limits of at tack upon the substrate. 

Translat ion of this simple s tatement  into a list of 
practical  requirements  adequate either to define effi- 
ciency of soil removal or limits of at tack can be a 

f o r m i d a b l e  t a s k .  S t i l l  
greater  difficulties arise in 
a t tempt ing  to devise meth- 
ods of laboratory evalua- 
tion capable of predict ing 
field results. 

The evaluation of clean- 
iug materials  employed in 
the metal-finishing indus- 
t ry  is no exception and is 
fu r ther  snbjeet to compli- 
cations which are some- 
what specific to that  field. 
The soils i n v o l v e d  h a v e  
often resulted f rom pr ior  
m e t a l - p r o c e s s i n g .  W i t h  
p ropr ie t a ry  products, such 
as d r a w i n g  c o m p o u n d s ,  
rust- inhibit ing oils, etc., a 
var ie ty  of soil conditions 

L. R. McCoy can exist among plants  per-  
forming the same metal-working operation. Another  
distinction lies in the fact  that  cleaning procedures in 
this indus t ry  are followed by subsequent finishing 
operations which differ wideIy in their  requirements  
for surface cleanliness and in which constituents of 
the cleaning materials  can themselves serve as soils. 

Some idea of the scope of metal  finishing and its 
cleaning requirements  can be gained f rom an exam- 
ination of Table I in which the principal  variables 
are listed. Not included are certain metals now pro- 
duced in small quantities, which, in the following 
years, may become as impor tan t  as some shown here. 
Ultrasonic cleaning, which would not have appeared  
a few years ago, is now assuming greater  importance.  
The list cannot therefore be regarded as complete and 
unchanging and serves only as a par t ia l  example of 
current  practice. 

The metal  surfaces, impor tan t  f rom the s tandpoint  
of l imit ing the cleaning compositions which can be 
employed without  excessive corrosion, are equally im- 
por tan t  in the sense that  they can become an integral  
pa r t  of the soil either in finely divided metallic form 
or by reaction with the other soil constituents. The 
soils derived f rom a given metal-working operation, 

such as drawing, can va ry  from simple soap films re- 
movable by hot water  to coatings containing pigments, 
oils, and additives which cling to the metal surface 
dur ing severe forming operations and often, unfor-  
tunately,  during the subsequent cleaning procedures. 
Since it is common to pe r fo rm more than  one opera- 
tion in the course of fabr icat ing parts ,  mixtures of 
soils f requent ly  occur. 

The manner  in which cleaning compounds are cnl- 
ployed differ p r imar i ly  in their use of detergent,  sol- 
vent, chemical, electro-ehemical, a n d  m e c h a n i c a l  
effects, whichever is more effective. Economic as- 
pects, weighed against  the time available for cleaning, 
and the degree of ul t imate cleanliness required are 
also involved. 

At  the same time the manner  of use places require- 
nlents upon the cleaning material  not directly related 
to cleaning ability but  no less impor tan t  from the 
s tandpoint  of proper  performance.  Pla t ing  generally 
requires the highest degree of surface cleanliness, but  
even here some types of solutions show a far  greater  
sensitivity toward soil than others. Other finishing 
operations, such as Imr(;elain enamelling, may be as 
sensitive as plat ing to certain types of soil and yet be 
wholly insensitive to others. 

Viewed broadly, therefore, the evaluation of clean- 
ing materials  in the metal-finishing industry  can be 
exceedingly complex. Proper ly  speaking, their prop-  
erties can be defined only with reference to the par-  
t icular operation in question. In  the nmltipl ici ty of 
requirements however, certain general propert ies re- 
cur, some of the most impor tant  of which follow: soil 
removal, retention of cleaning abil i ty in continued 
use, effect of constituents of the cleaner upon sue- 
ceeding operations, control of foaming, and corrosion. 

The above do not include many  propert ies  of im- 
portance to metal-cleaning materials,  such as toxicity, 
flammability, effects of water  hardness, emulsion sta- 
bility, etc. They do however represent areas in which 
evaluation procedures can be most difficult and, if  
conducted improper ly ,  quite misleading. The follow- 
ing discussion will therefore be limited to the labora- 
tory evaluation of the factors shown with reference 
to pract ical  p lant  conditions. A comprehensive re- 
view of metal cleaning is contained in an excellent 
series of bibl iographical  abstracts  p repared  by J.  C. 
Har r i s  (5).  

Soil Removal 

An examination of the soil removal propert ies  of a 
cleaner must  satisfy the following requirements :  the 
soil or soils must  be representat ive of those to be re- 
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T A B L E  I 

Va r i ah l e s  I nvo lved  in  Meta l -C lean ing  Ope ra t i ens  

Subs t r a t e s  Soils de r ived  f rom m e t a l - w o r k i n g  processes  M a n n e r  of c leaner  use Subsequen t  opera t ions  

1. Steel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2. Z inc  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3. B r a s s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4. A l u m i n u m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5. Copper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6. Nickel  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7. M a g n e s i u m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8. Sta inless  steel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9. T i t a n i u m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D r a w i n g  a n d  fo rming  . . . D r a w i n g  compounds 
E x t r u s i o n  . . . . . . . . . .  Ca rbon  f rom process  
M a c h i n i n g  . . . . . . . . . .  Cu t t i ng  oils 
Po l i sh ing  . . . . . . . . . .  Ab ra s ive  gr i t ,  g rease  s t ick 
Buff ing . . . . . . . . . . .  Buff ing compounds  
L a p p i n g  and  g r i n d i n g  . . . G r i n d i n g  l ub r i can t ,  

soluble oils, ab r a s ive  
B a r r e l  f in ishin< . . . . . . .  Meta l l i c  soaps 
P a i n t i n g  . . . . . . . . . . .  Rejects ,  p a i n t  over - spray  

�9 Cas t ing  . . . . . . . . . . .  Mold-re lease  compounds 
Mill  ope ra t ions  . . . . . . .  P r e s e r v a t i v e  oils, mil l  

m a r k i n g s ,  convers ion 
coa t ings  

H e a t  t r e a t i n g  . . . . . . . .  Q u e n c h i n g  oils 
Scale  

H a n d  w i p i n g  
St i l l  t a n k  
S p r a y  w a s h i n g  
Tumble  w a s h i n g  
E l e c t r o c l e a n i n g  
U l t r a s o n i c  c l ean ing  
V a p o r  d e g r e a s i n g  

P l a t i n g  
Copper 
Nicke l  
Chromium 
Zinc  
Cadmium 

P a i n t i n g  
Convers ion  coatina'  
P a i n t  app l i ca t ion  

Porco lMn enamellina" 
Chemical  mi l l ing  
Anodiz ing  
W e l d i n g  

moved in pract ice;  the soil must be applied to the 
proper  metal substrate in such a manner as to yield a 
representatively soiled surface;  the cleaning pro- 
cedure itself must include all significant variables 
found in plant  practice;  and the interpretat ion of 
cleaning efficiency should be made in terms of the 
effects o'f soil residues upon the succeeding operation. 

Where a cleaning material is tested in a plant  pro- 
cess, all of these conditions are automatically fulfilled. 
Par ts  flowing from the production line through the 
cleaning process represent the first three requirements, 
provided a sufficient volume of parts  are processed to 
represent normal variation in plant  operations. The 
fourth requirement is satisfied by an examination of 
the work af ter  the finishing operation. Unfortunately,  
should the results at that  point  prove unsatisfactory, 
the test can become a rather  expensive experiment. 
A close approximation of plant practice can be 
achieved by processing parts  in a pilot line, thus 
confining the test to a small but fa i r ly  representative 
portion of plant  production. This is often impossible 
either because of the unavailabili ty of equipment or 
because the size of the parts  precludes such a test. In 
most cases there is little alternative but to a t tempt  to 
establish an a rb i t ra ry  laboratory test which will in- 
dicate, upon a comparative basis at least, the proba- 
bility of successful plant operation. 

Laboratory specimens are selected for this purpose 
from representative small parts  or prepared by cutt ing 
panels from sheet stock to a convenient size for  beaker 
tests. These are cleaned by the use of solvents or by 
other means prior  to the application of processing ma- 
terials taken from the plant. I f  the test soil is fluid, 
the panels can be coated by immersing them in the 
soil and withdrawing them at a fixed rate by such 
equipment as the Fisher Payne Dip Coater (1) or 
simply by dipping them and allowing them to drain 
for an a rb i t ra ry  period. This procedure can also be 
used with more viscous materials' by thinning them 
with a suitable solvent diluent. 

Still another method o'f prepar ing uniformly soiled 
panels, one f requent ly  used in our laboratories, em- 
ploys a gelatin pr in ter ' s  roller by which soil applied 
to a master panel is t ransferred to the laboratory 
panels. Occasional determination of the soil weight 
present on the specimens will show whether greater  
or lesser quantities should be applied to the master 
panel to compensate for that  t ransferred to the test 
specimens. This technique is illustrated in F igure  1. 
With a small amount of practice this procedure is 
well adapted to the preparat ion of a large quant i ty  of 
panels for routine tests. 

Where the soil consists of buffing or polishing com- 
pounds, the manner  of application can become con- 

siderably more involved. In this case the soil present 
on plant parts bears little resemblance to the initial 
composition of the buffing compound because of the 
reaction of the fa t ty  acid binder with finely divided 
metal abraded from the substrate. There is therefore 
no alternative b u ~ e p a r e  these specimens by using 
a buffing machine of adequate size and apply speci- 
mens with the proper  degree and durat ion of pressure 
to yield a representative soil condition. At best, it is 
difficult to obtain reproducible panels by this method, 
and it is usually necessary to  prepare a large number 
and to divide these into' groups, each showing ap- 
proximately the same gradation of soiling. I t  should 
be noted also that  buffing compound carried by the 
wheel to unbuffed surfaces, over edges, or impacted in 
crevices is considerably more difficult to remove than 
that  present upon the highly buffed surfaces. 

The age o'f the soiled panels can greatly affect the 
time required for the cleaning operation. This ap- 
pears attr ibutable in some cases to simple loss of 
solvent or water, air oxidation, or to a slow but con- 
t inuing reaction with the substrate. This phenomenon 
can be as much a plant  as a laboratoy problem, and 
it has been f requent ly  noted that  parts  cleaned im- 
mediately af ter  processing represent a less difficult 
problem than those which have been stored for some 
time prior  to cleaning. Where this is true, prepara-  
tion of laboratory panels a few days prior  to per- 
forming the laboratory cleaning tests can result in a 
better correlation with actual plant conditions. 

Having established a reproducible method of ap- 
plying a representative soil to a reasonably represen- 
tative surface, the method of conducting the cleaning 
test itself assumes equal importance. Simple cleaning 
operations such as those conducted in soak tanks are 
most easily correlated;  the major  difference between 
the laboratory and plant  results is found in the time 
required for complete soit removal. These differences 
will be caused in large par t  by the presence or absence 
of mechanical dislodgement arising from circulation 
of the solution by convection currents  from heating 
coils or restriction of that circulation by close packing 
of the parts  in baskets. A laboratory comparison of a 
product  having known cleaning properties in the plant  
with the one under  investigation will generally offer 
a reliable prediction of the plant behavior o'f the 
latter. 

The more complex the cleaning procedure becomes, 
the more seriously the results can deviate .from those 
to be expected in plant  operation. An example of this 
may be found in the laboratory evaluatio~ of electro- 
cleaners. Cleaning in this case is facilitated by 
mechanical and electrochemical effects produced by 
passage of an electric current  through the part ,  the 
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FIG. 1. Roller method of soiling panels. 

solution, and the t ank  electrodes. While it is com- 
mon to measure one condition of this process by de- 
fining the current  density in terms of the to'al amperes 
of current  flow divided by  the surface area of the 
part ,  the actual  current  density in recesses may  be so 
low as to be negligible while that  present  upon pro- 
jections may  be many  times as great  as the ari thmeti-  
cal average. Since reliance is being placed upon the 
flow of cur ren t  to assist cleaning, it follows that  this 
will not proceed equally well on all po'rtions of the 
surface, and cleaning in recesses may  more near ly  
approximate  that  of simple soak action. I f  tests are 
made with flat labora tory  panels where some sem- 
blance of the calculated current  density actually is 
present, these should include a wide range of current  
densities ra ther  than the average figure indicated by 
the plant  operation. 

A similar problem exists in a t tempt ing  to duplicate 
spray-washer  operations by laboratory  procedures. 
Since this operation depends upon the impact  of the 
cleaning solution in assisting to dislodge the soil, the 
design of the nozzle is equally as impor tan t  as the 
pressure exerted by the pump  at tha t  point. I f  the 
solution is largely atomized, the mechanical effect will 
be fa r  less than  if an equivalent volume of solution 
were projected more near ly  as a solid stream. Another  
difficulty lies in the fact  that  p lant  par t s  may  be such 
a shape tha t  portions of the surface do not receive the 
full  impact  of the sp ray  and are subject to little more 
than  a flush with t h e  cleaning solution. At tempts  to 
correlate p lant  pract ice with tests made upon flat, 
laboratory  p repared  panels in such eases can be quite 
misleading. Whi l e  some compensation can be made by  
using laboratory  spray  impact  less than  tha t  indicated 
by plant  conditions, considerable judgment  is re- 
quired in in terpre t ing  the results. Wherever  possible, 
it is preferable  to make the tests upon the actual  parts .  

Upon completion of the laboratory cleaning opera- 
tions, a simple examination for  gross residues may  be 
adequate in some instances. Fo r  example, fai lure to 

remove buffing compounds f rom crevices pr ior  to the 
electrocleaning operation v i r tua l ly  insures that  the 
bulk of these will proceed on into the pla t ing tanks. 

Where the soils are na tura l ly  fluorescent, the use 
of ultraviolet  l ight as described by Morgan and 
Lankler  (9) affords a convenient and sensitive means 
of comparing the effectiveness of cleaning solutions 
and has the asset of showing not only the approximate  
quant i ty  of soil residue but  its distribution. This test 
is par t icu lar ly  well adapted  for  evaluating the results 
of soak cleaning operations. Where  the soils are not 
na tura l ly  fluorescent, they can be made so by the 
addition of fluorescent dyes. This procedure carries 
with it the hazard that  the dye will be extracted 
selectively by the cleaning process, and some experi- 
mentat ion may  be necessary to establish that  this does 
not occur before a suitable dye can be selected. 

The most t ime-honored of all cleaning evaluation 
techniques is the use of the water  break test, where it 
is assumed that  a surface completely wetted by water  
is free at least of hydrophobic soils, such as o'ils or 
f a t ty  acids. The atomizer water  break test developed 
by Linford  and Saubestre (7) yields a numerical  
ra t ing of cleaning effectiveness in terms of the per- 
centage of panel area completely free of water  breaks. 
Alternatively,  and as more commonly practiced, it is 
required that  the surface be cleaned within a given 
time or set of conditions to the degree that  water  
breaks are entirely absent. The lat ter  is the most com- 
mon criterion for cleanliness in metal-cleaning 
operations. 

The radioactive t racer  method described by  IIens- 
ley and Ring (6) affords the most sensitive measure- 
ment  of soil residues. The test restricts somewhat the 
types of soil systems which can be investigated and is 
present ly most useful in fundamenta l  cleaning studies. 
While radioactive soil constituents, such as stearic 
acid or hydrocarbons,  can be incorporated into plant  
soils, the final evaluation will indicate only the amount 
of the tagged soil residue and not necessarily the tolal 
quant i ty  of soil remaining on the surface. 

The techniques described above are mainly  directed 
to the detection of residual levels of hydrophobie soil. 
The presence of finely divided part iculate  matter ,  
commonly called " s m u t , "  can be equally impor tant  
where plat ing operations follow. The lat ter  consists 
essentially of abrasives and finely divided metal  aris- 
ing f rom polishing operations. Unless removed by the 
cleaning operation or the acid t rea tment  which fol- 
lows, the subsequently applied plate will be cloudy or 
dull. Evaluat ion  usually consists of wiping the 
cleaned surface with white cloth or absorbent tissue 
to indicate the presence and degree of this material  
left on the surface. A still bet ter  method is actually to 
plate the cleaned specimens. 

While some of the evaluation techniques described 
above are highly sensitive, there is a dear th  of in- 
formation concerning the actual  soil level which can be 
tolerated by some o'f the succeeding finishing opera- 
tions. The absence of a water  break probably  repre- 
sents a reasonably valid condition for cleanliness in 
some industries, such as porcelain enamelling, where 
the f r i t  constituents are appl ied as a water  suspen- 
sion. Unless the la t ter  can wet the p repared  surface 
uniformly,  it will either not cover these areas or may 
bridge only to spall off in succeeding dry ing  and 
firing operations. The degree of cleanliness required 
for other finishing processes, such as plating,  is less 
well resolved. 
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Some time ago in our laboratory experiments were 
performed to' measure the effects of various soil resi- 
dues left  on metal surfaces upon the adhesion and ap- 
pearance of a plate applied from a Wat t ' s  nickel bath. 
The results of these tests appear  in Table II .  These 

TABLE I I  

Effect of Soil Residue on Characteristics of Nickel ])late 
(Watt 's  bath) 

Soil Wt. of soil Plate characteristics 
(,-'./sq. ft.) 

Mineral oil ............. 

Oleic acid . . . . . . . . . . . . . . . . . . . .  

Oleic acid--75 ~ .... 
Stearic acid--25 % 

.001 

.005 

.019 

.131 

.001 

.005 

.012 

.001 

.005 
,010 

Satisfactory 
Satisfactory 
Satisfactory 
Pi t t ing--adhesion satisfactory 
Slight pitting, adhesion satisfactory 
Brittle, severe pitting', fair adhesion 
Brittle, severe pitting, poor adhesion 
Some pits--bri t t le  
Badly pitted,brittle, poor adhesion 
Very brittle, poor adhesion 

data show that  the plating bath has greater sensitivity 
for the more polar soils, such as the fa t ty  acids, than 
for nonpolar substances, such as mineral oil. F rom 
this it nmy be inferred that  the type of soil residue is 
no less important  than its quantity.  

A fur ther  complication exists in the fact that  small 
quantities of soil present on the parts, while not in 
themselves sufficinetly harmful  to produce apparent  
failures, may ult imately contaminate the plating bath 
itself to a sufficient degree to interfere with its proper  
operation. Table I I I  illustrates the effect of adding 
various substances to two propr ie ta ry  bright  copper 
baths. Here the effects are specific for the type of 
plating solution as well as for the soil contaminent. 

In  the work done by Hensley and Ring, utilizing 
radioactive t racer  techniques, an effort was made to 
determine the adverse effect of the soil residues upon 
adhesion of subsequently applied electroplates. Sur- 
prisingly good adhesion was obtained in many cases 
despite the presence of significant levels of stearic 
acid residues. At least par t  of the answer to this ap- 
parent  contradiction will be found in an examination 
of F igure  2: a radio-autograph of a metal panel, 
where it can be seen that  the residual soil is largely 
concentrated in the scratches on the metal surface and 
that a ra ther  large percentage of the total area has 
been cleaned. Since our present techniques for 
measuring the adhesion of electroplates discriminate 
well only between poor bonds and good bonds and are 
not too sensitive to differences between good and ex- 
cellent plate adhesion, the adverse effects o'f the soil 
in this case would not be too apparent.  

TABLE II~ 

Effect of Soils in Proprietary Bright  Copper Plating Bath 

Plate characteristics 
Soil added 

Bright copper type 1 Bright copper type 2 

Kerosene--0.2 ml./1. 
Kerosene- - l .0  ml./1. 
Hi-flash hydrocarbon- -  

0.2 ml./1. 
Hi-flash hydrocarbon- -  

1.0 ml./1. 
01eic acid--0.1 g./1. 

Stearic acid--0.1 g,/1. 

Used tripoli buffing 
compound--0.1 g./l. 

Used tripoli buffing 
compound--0 2 g./1. 

No effect 
No effect 
No effect 

No effect 

Reddening of plate, 
small specks and 
blotches 
Some reddening, 
spots, and streaks 
Slight dulling 

Slight dttlling, 
some streaks 

Very slight pitting 
Severe pitting 
Slight pitting 

Severe pitting 

Severe pitting, 
streaks and pits 

Dulling, streaks, 
and pits 
Dull plate, pits, and 
streaks all over 
Very dull, pits, and 
streaks all over 

FIG. 2. R a d i o - a u t o g r a p h  of  p a r t i a l l y  c l e a n e d  s p e c i m e n .  

Retention of Cleaning Ability in Continued Use 
Since most cleaning solutions employed in the metal- 

finishing industry are subject to re-use for consider- 
able lengths of time, the retention of cleaning ability 
is no less important  than initial capabilities. This 
p roper ty  can be measured in the manner described 
in the previous section either by repeating the cleaning 
tests with a large number of soiled panels or by the 
introduction of quantities of the soil itself. In either 
case the loss in cleaning effectiveness from this source 
can be determined by employing the same evaluation 
techniques. In plant  practice however other effects 
also Occur which influence the usable life of the 
cleaning solution and cannot be measured directly by 
this test. 

The degree of soil contamination of the cleaning 
solution can reach a level where, when carried into the 
rinsing operation, re-deposition will occur upon the 
cleaned surface. This effect can be influenced by re- 
action of rinse-water hardness with soaps employed in 
the cleaning products  o'r those formed from soil con- 
stituents. In  other cases, rinsing simply dilutes the 
contaminated cleaning solution to the point where it 
can no longer disperse the soil contamination. Small 
quantities o f  some soils carried still fur ther  down the 
line into the acid solutions normally used af ter  the 
rinse will cause fu r the r  damage. While the rinsing 
operation can be carefully controlled in laboratory 
tests, field operations are subject to wide variations in 
water  hardness and, more importantly,  in the degree 
of contamination maintained by still or o'r 
rinse tanks. 

In  still other instances the fai lure of a cleaning 
solution is at tr ibutable in par t  at least to inadequacies 
of the control procedures employed to maintain it at 
operating strength. Since a considerable portion of 
the tank volume can be withdrawn by the passage of 
par ts  through it, quantities of water must be added to 
maintain the working level and appropriate  quantities 
of Cleaning product  added to maintain solution 
strength. While p t I  measurements may represent 
valid means of control for  mildly acidic oT mildly 
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alkaline cleaners, they have little, if any, value in the 
control of s t rongIy alkaline products  where a p H  
greater  than  12 can be maintained ranging f rom a 
concentrat ion so low as to be inoperable to the limits 
of solubility. In  such cases t i t ra t ion methods are 
most commonly used, and the choice of the end-point 
is dependent  at least in par t  upon the purpose for 
which the cleaner is intended. Where  high conductiv- 
i ty is required, as is t rue of electroeleaners for steel, 
t i t rat ion to' the phenotphthalein end-point carries a 
certain degree of assurance that  at least one of the 
most desirable propert ies  of the solution is being' 
measured. In  other instances where cleaning is not 
necessarily dependent  solely upon high alkalinity, 
t i t rat ion to the methyl  orange end-point as a measure- 
ment  of to'tal alkal ini ty may  have greater  validity.  
At  other times a combination of both measurements  
used simultaneously may  offer still fu r the r  informa- 
tion as to the probable condition of the cleaning 
solution. In  the case of mildly alkaline materials,  in- 
sistence upon mainta in ing a t i t rat ion to the phenolph- 
thalein end-point can result  in a gradual  increase in 
total solids content of the solution to the point that  
the effectiveness of the surfae tant  content can be 
sharply  reduced. 

As a general statement,  so many  long-term effects 
can be involved in determining the life of a cleaning 
solution tha t  labora tory  evaluation offers at  best in- 
complete information.  In  nearly every instance this 
must  be determined on a specific plant  basis. 

Freedom from Constituents Which Can Adversely 
Affect Succeeding Operations 

In  certain instances the cleaning mater ial  itself 
can have an adverse effect upon the succeeding opera- 
tion, either by undesirable reactions with the sub- 
strate or by carry- through of some constituents into 
the folio'wing operations. 

I t  is common to app ly  a conversion coating to steel 
surfaces pr ior  to paint ing;  the zinc phosphates are 
one common type. The use of strongly alkaline 
cleaners to remove the soil pr ior  to this operation 
can, while leaving very  clean surfaces, yield coarse or 
powdery conversion coatings. The use of emulsion 
cleaners or very mild alkaline cleaners can promote 
the formation of bet ter  quali ty coatings. The cleaning 
of a luminum surfaces with silicate-inhibited cleaners 
pr ior  to em.lstic etching can leaw~ a fihn on the alumi- 
nmn par t  such that  etching is delayed or proceeds in 
an uneven manner.  In  both cases it can proper ly  be 
said that  the cleaning operation itself is contr ibuting 
to fai lure of the subsequent portion of the process. 

The above effects are generally immediately and 
unhappi ly  apparent .  Less apparent ,  and equally dis- 
astrous long-term effects occur when certain constitu- 
ents o'f the cleaner are carried down the processing 
line. The use of solvent cleaners to remove buffing' 
compound residues has occasionally resulted in sub- 
stantial  quanti t ies of the solvent being carried into the 
various plat ing solutions. Although good plant  prac- 
tice normal ly  requires that  solutions be maintained 
under  conditions of constant filtration, this is not al- 
ways the case, and sufficiently high levels of contam- 
ination will require that  bath t rea tment  be made. 
Simple examination of the cleaned par ts  for freedom 
from oil residues is not adequate since the racks f rom 
which the par ts  are suspended can car ry  significant 
quantit ies o'f this contamination. Since the la t ter  are 

covered with an insulat ing rack coating, they are not 
subject to the final scavenging action of the electro- 
cleaning' solution. The geometry of the pa r t  is also 
impor tan t  since cup-like depressions or recesses can 
retain considerable quanti t ies of the oil-containing 
solution and are poorly subjected to cleaning action 
by vir tue of their  shape. 

The sur fac tan t  employed in an eleetrocleaner is 
subject to the same consideration since it is inevitable 
that  small quanti t ies will be carried into the acid 
solution, following the electroeleaner and the plat ing 
baths. Ins tabi l i ty  in acid solutions or incompatibi l i ty 
with plat ing-bath additives can cause poor plate ad- 
hesion or pit t ing. 

The above situations represent  only a few examples 
of the fu t i l i ty  of attem~)ting to divorce the cleaning 
procedure f rom succeeding operations. In  all of these 
(,ases an examination of the cleaned surfaces could 
indicate complete success. Yet the results could be 
highly unsat isfactory f rom an operation standpoint.  

Corrosion 
Tile corrosion requirements  for cleaning materials  

in the metal-finishing industries va ry  between limits 
where corrosion is to be entirely avoided insofar as 
possible to the point where corrosion, in one sense, is 
an integral  pa r t  of tile operation itself. For  this 
reason a t tempts  to measure or define limits of tolerable 
at tack cannot be divorced f rom the specific applica- 
tion, and, as in the measurement  of cleaning ability, 
all of the variables involved in the cleaning process 
must be considered. Since the susceptibili ty of various 
metals to a t tack by alkaline and acid environments is 
rather  well known, this discussion will be restricted 
to a consideration of the effect of operat ing variables 
and field conditions upon metals subject to the action 
of conventional cleaning materials.  

Simple immersion cleaning would appear  to offer 
the fewest number  of complications involved in de- 
termining" the degree of corrosion result ing from con- 
tact with various cleaning solutions. Fo r  example, 
a luminum par ts  are commonly cleaned by immersion 
in mildly alkaline solutions inhibited by the use of 
sodium silicate. One A.S.T.3/[. method (2) sets forth 
a detailed procedure to be fo'llowed to determine cor- 
rosion in such cases. The corrosion results are noted 
in terms of weight change or alterations in the ap- 
pearance of the surface of the speciment. A mil i tary 
specification (8) employs a measurment  of the quan- 
ity of gas evolved by contact of the cleaning solution 
with a careful ly  p repared  a luminum specimen as an 
indication of degree of attack. The la t ter  test may 
not be accurate  where the solutions contain oxidizing 
agents since consumption of the hydrogen gas under  
such conditions may indicate little corrosion despite 
the fact  that  at tack has proceeded with vigor. Al- 
though tests conducted on laboratory specimens may 
show an inhibited alkaline cleaner to be completely 
free of corrosive aetio'n, p lan t  par t s  ocasionally cleaned 
in such solutions may  show severe localized etching 
accompanied by the format ion of voluminous adherent  
white deposits in that  area. Such at tack can occur 
when the p a r t  has been stored in an environment 
causing slight and hard ly  visible corrosion. This 
effect can be duplicated with laboratory specimens by 
exposing them to conditions of high humidi ty  and ele- 
vated tempera ture  pr ior  to the laboratory corrosion 
test. Specimens p repared  in this manner  will sustain 
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etching in va ry ing  degree when cleaned in near ly  all 
commercial silie, ate-inhibited a luminum cleaners. 

Since the degree of a t tack can vary  considerably, 
depending upo'n the severity of the corroding environ- 
merit pr ior  to the test, it is essential that  p lant  par ts  
employed as a basis for laboratory  evaluation be 
taken f rom the same length of extrusion or f rom the 
same sheet of p lant  stock and that  a sufficient number  
of specimens be treated in comparison solutio'ns to 
offer a statistical basis for evaluation. The effect of 
process variables in more eomplex operation can be 
i l lustrated by  the t rea tment  of zinc die castings in 
electrocleaning solutions. A form o'f corrosion mani- 
fested by pi t t ing or the format ion of white deposits 
can occur with anodie electrolysis at low cleaner con- 
centrations while high concentrations can produce 
excessive darkening or dulling of the cleaned surface. 
Sinee, as discussed under  the measurment  of cleaning 
ability, the current  density distribution on a complex 
shaped object can range f rom nil to many  times that  
indicated by the average current  density, it follows 
that  a complete laboratory examination of the cor- 
rosive behavior of a zinc electrocleaner should include 
a wide range of current  densities within the concen- 
t ra t ion limits to be expected in plant  practice. An- 
other form of corrosion can occur dur ing t rans fe r  of 
parts  f rom the cleaning solution to the r insing opera- 
tion, where the cleaning solution dries upon the sur- 
face. In  this drying procedure the concentration of 
the cleaner can increase many-fold above that  of the 
cleaning solution itself. Relat ively heavy sections 
may  retain sufficient heat to cause both a high rate 
of at tack and rapid  concentration of the cleaning 
solution whereas thinner sections may cool more 
rapidly,  reducing both the rate of at tack and the de- 
gree of drying'. The effect ea r  be overlooked or mini- 
mized in tests employing small metal  specimens or 
where the par t s  are t ransfer red  rapidly  from the 
cleaning solution to the rinse water. 

Control of Foaming 
The degree of foaming which can be tolerated in a 

cleaning" solution subject to vary ing  degrees of agita- 
tion in a p lant  process can also be a l imiting per form-  
ance factor. Simple immersion cleaning procedures 
offer few problems in this respect unless air agitat ion 
is employed to facil i tate soil dislodgement. Processes 
employing a high degree of agitat ion of the cleaning 
solution, such as electrocleaning or spray-washer  
operation, however, can impose severe restrictions 
upon both the type and quant i ty  of sur fac tan t  whit:h 
can be employed in the cleaning product.  While an 
A.S.T.M. procedure (3) for determining the foaming 
characteristics of surfaetants  is available, this does 
not afford much assistance in measur ing the foaming 
propert ies  of a produet  in the lat ter  two applications. 

Where cleaning products  are employed as eleetro- 
cleaners, the evolution of hydrogen and oxygen f rom 
the work and the electrodes ea r  result  in a copious 
aeeumulation of foam. When sparks are formed by 
breaking eontaet of racks, this foam can explode. 
While this is not ordinar i ly  dangerous, it can be 
highly unnerv ing  to personnel working near  the tank. 
The total absence of foam can be equally undesirable 
since the operat ion may  then produce an i r r i ta t ing 
alkaline spray.  Surfae tants  must  therefore be care- 
ful ly c h o s e n t o  produce a foam adequate to prevent  

fumiog and yet breaking rap id ly  enough to prevent  
it f rom reaching the work rods. This proper ty  can be 
determined on a laboratory basis by simulating the 
eleetroeleaning operat ion in a manner  described in 
Federa l  Specification P-C-535 (4). In  per forming  
such tests it must  be remembered however that  the 
degree of gas evolution and the consequent volume 
of the foam will be determined by the current  density 
at the work and electrode and to some extent by the 
dimensions of the vessel in which the test is conducted. 
False indications of excessive foaming can be obtained 
by the use of unreal is t ical ly high current  densities or 
by restr ict ing the surface area to such a degree that  
the foam produced by the gas evolution cannot be dis- 
sipated by flowing away f rom the work, cooling, and 
breakiu~o' as it would in normal  p lant  practice. 

Foaming problems of still greater  severity can be 
eneountered iu spray-washer  ooerations. These in 
tu rn  are dependent  upon the degree to which the 
solution is agitated, which unfor tunate ly ,  f rom a 
s tandard proceclural standpoint,  is dependent  upon 
the washer construction. Products  employed for  this 
purpose commonly contain nonionie surfaetants  as a 
means of l imiting foamin~ while retaininr  detergent  
qualities. Since the solubility of these surfactants  and 
hence their  foanling eharacteristies are reduced both 
by increase in t empera tu re  and increase in the con- 
centrat ion of dissolved solids, the foaming propert ies  
should be determined with respect  to the minimum 
operat ing t empera tu re  over the ant icipated eoneen- 
t ra t ion range. A complication also resides in the fact  
that  soils introduced into the sp ray  washer can either 
promote or reduce the foaming of the soluticm. Per- 
formanee tests should therfore  include the addition of 
plant  soils at a reasonable level of contamination. 

Summary 
An a t tempt  has been made to show the necessity of 

considering the cleaning procedures used in this in- 
dus t ry  in their  relation to the entire process. I t  is a 
field unfor tunate ly ,  where soil conditions, require- 
ments for cleanliness, and m a n y  desirable operat in~ 
characteristics are highly specific not only for a given 
process but for a given plant.  

While artificial or reference soils are not entirely 
impract ical  in individual  eases, they should be used 
with ('.are and only where sufficient data exists to es- 
tablish a working correlation with plant  soils. Clean- 
ing procedures themselves should be sufficiently broad 
in scope to encompass practical  p lant-operat ing ranges 
of time, temperature ,  concentration, and other siR'Rift- 
cant variables ra ther  than to rely upon " a v e r a g e "  
eonditions. The in terpre ta t ion of the results of a 
cleaning operation should be made in the light of ex- 
perience with the requirements  of the succeeding 
operation, where, in some eases at least, a " c l e a n "  
surface may  not represent  an adequate definition of 
acceptability. 
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