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SURFACE TREATMENT OF 304L STAINLESS STEEL 

Thomas C. Johnson and L. Harry Faber 

Abstract: Preparation of the surface of machined 304L 
stainless steel parts prior to welding, plating, and other 
operations is a common manufacturing process. One· 
common method of preparation is by immersion in a 
solution containing nitric acid and a fluoride ion. additive. 
This process.removes small amounts of m.etal from sur
faces exposed to the acid solution. This report describes 
an experimental investigation to determine the process 
parameters affecting metal removal rate by this 
preparation process. Temperature and nitric acid con-

. centration of the acid bath were found significant to 
metal removal rate; concentration of the fluoride ion 
additive was not significant to metal removal rate. 
Metal removal rate was approximately proportional 
to temperature raised to the third power, and inversely 
proportional to nitric acid concentration. 

INTRODUCTION 

Preparation of the surface of machined stainless steel 
parts, prior to welding," plating, and other operations is a 
standard manufacturing practice. One usual method of 
preparation is exposure of the.surface to an acid ~olu- · 
tion which dissolves a small amount of the surface metal 
from the part. Removal of the surfac.e layer carries with 
it the impurities imbedded in the surface during 
machining. In the manufacture of precision parts the 
quantity of material removed from the surface by the 
acid cleaning process must be closely controlled. Accurate 
information on the removal of surface material by acid 
·cleaning processes is not always available. 

Cleaning of 304L stainless steel is often done using a solu
tion of nitric acid and hydrofluoric acid. One of the 
commercial formulations available for preparing the solution 
is Nitradd Activator (manufactured by Turco Products, Inc., 
Wilmington, Californiar When mixed with nitric acid, it 
forms a solution having ·properties similar to a mixture of 
nitric and hydrofluoric acids. A program was undertaken 
to develop information on metal removal by this type 
of solution using Turco Nitradd to prepare the acid 
solution. 

SUMMARY 

The characteristics of a metal-removal process, used for 
cleaning 300-series stainless steel, were determined. 

Specifical_ly, 304L stainless steel and the solution made 
with Turco Nitradd and nitric acid were studied. This study 
determined the variables significant to metal removal, and 
the relationship of metal removal to the variables. 

The variables significant to metal removal were temperature 
and.nitric acid concentration. Nitradd concentration.was 

, not significant to metal removal in the normal operating 
concentration range of the solution. Increasing temperature 
resulted· in an increase in the rate of metal removal, whereas 
an increase in nitric acid concentration resulted in a decrease 
in the rate of metal removal. 

Penetration of metal by the nitric acid-Nitradd solution 
occurs continuously at a constant rate, when temperature 
and acid concentration. are held constant. 

Penetration rate varies inversely with the concentration of 
nitric acid over the normal operating range of nitric acid 
concentration. Penetration rate increases with temperature 
at a rate approximately proportional to the third power of 
temperature. 

EXPERIMENTAL 

23 Factorial Designed Experiment: 

The experimental work to determine significant variables was 
conducted as a 23 factorial designed experiment. The. main 
variables were: (1) temperature of the nitric acid-Nitradd 
solution, (2) nitric acid concentration of the solution, and (3) 
Nitradd concentration of lhe solution. Factorial designed 
experiments allow isolation of the effects of two and three 
factor interactions as well as the main variable ·effects. 

The designed experiment was run with two replicates at each 
condition, making a total of 16 runs. The upper and lower 

I 

levels of the main variables were chosen to include the 
range of normal operating conditions of the process. The 
levels used in the experiment are given in the following list. 

Lower Upper 
Variable Level Level 

Temperature 85°F I 15°F 
Nitric Acid Concentralion 25% 35% 
Nitradd Concentration 15% 25% 
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Percentages are on a volume basis of 70 % HN03 and Nitradd 
solution as received. Remainder of the solution was 
demineralized water. 

Test pieces were machined from type 304L .stainless steel 
to a surface finish of 16 rms or better. The test pieces 
weighed in the range of 69 to 71 grams with a surface 
area in the range of 5 .6 to 5 .7 square inches. Immersion 
time was 5 minutes. 

Penetration-Time Test: 

Penetration of the metal as a function of time was 
determined by immersing six cleaned and weighed test 
pieces In a con tamer of nitric acid-Nitradd sol;1tion. 
A test piece was removed at each 10-minute interval. 
These were rinsed, dried, and weighed, and the penetra
tion was calculated after each· H)-minute interval. The 
conditions of the bath were: (1) 100° ±3°F, (2) 20% 
±1% Nitradd, and (3) 30% ±1% nitric acid. 

Penetration Rate-Temperature Test: 

Penetration rate as a function of temperature was deter
mined by immersing two test pieces with machined surfaces 
in the nitric acid-Nitradd solution at each condition of 
tempetatlire and nitric acid concentration. Nitradd con
centration was maintained at 20% for all the tests. Three 
levels of nitric acid concentration were nserl, ?.5%, 30%, 
and 35%. Temperatures of 80, 100, l 20 •. .140, and 160°F 
were used. Weight loss over the 5-minute immersion, and 
surface area of each test piece, were used to calculate 
penetration rutc. 

RESIH TS AND DISCUSSION 

Machined, 300-series stainless steel surfaces are normally 
deaned prior to welding, plating, or other surface 
related operations. The cleaning is designed to remove 
surface impurities imbedded in the part during machining. 
The impurities of interest are the iron fragments from the 
carbun steel tools. These fragments are left in and under 
the smeared surface layer created in the· machining oper
ation. The cleaning method should ideally remove not only 
the exposed metal fragments, but also those under the 
surface. To expose the imbedded impurities the cleaning 
method must remove the surface layer of the base material 
of the part, yet not change the surface finish significantly. 

When working with precision-tolerance machin.ed parts, the 
rate of removal of base metal from the part must be 

2 

controlled during cleaning to maintain the dimensions of 
the part within tolerance. Knowledge of the effect of 
cleaning-process variable~ on metal removal i$ nectmarv 
to maintain close control of the dimensions of the part. 
One usual method of cleaning 300-series stainless steels is 
with a mixture of nitric acid and hydrofluoric acid. It is 
common to use commercial formulations for preparing 
these solutions, for reasons of convenience and handling 
safety. One of the. commercial formulations is Nitradd 
Activator, which must he added to a nitric acid solution 
to prepare the cleaning solution. The solution prepared with 
Turco Nitradd Activator was the subject of this study. 

Turco Nitradd Activator is a solutioh of fluoride salts in 
dilute acetic acid. When added to a nitric acid solution, 
It forms a mixture with properties similar to a nitric.· 
acid-hydrofluoric acid mixture. Cleaning in this solution 
is the basic operation of the cleaning process,. but this 
step must be preceded by thorough degreasing and followed 
by rinsing and drying. The primary variables affecting the 
rate of metal removal by the solution appear to be · 
temperature, concentration of nitric acid, and concentration 
of Nitniuu, and these were the variables chosen for study 
in this characterization of the process. A designed 
experiment was conducted first to isolate the variables 
significant of metal removal. This was followed by the 
generation of data on the relationships of variables 
significant to metal removal. · 

Table I shows the results of the designed experiment to 
determine the variables of the cleaning process significant 

--· ·--·-· ·----~=~-----------

Table I. Results of 23 Factorial Experiment for Fact.ors 
Affecting Metal Remuval.1" 
Measurement: Weight Loss (grams/coupon). 

Effect Error Limit On Effect 

Description Magnitude 953 Conf. Level 

A (temperature) 0.0211 • 0.0083 

B (HN~ Concentration) -0.01 73• 0.0083 

C (N!tradd Concentration) 0.0020 0.0083 

AB Interaction -0.0075. 0.0083 

AC Interaction -0.0062 0.0083 

BC Interaction -0.0046 0.0083 

AHC Interaction -0.0035 0.0083 

t NOTE: Interpretation of the results of these experiments consists 
of laking the effect ± the error limit. If the range includes 

zero, the effect is not statistically significant at that 

confidence level. If the range does nol include zero, the 

effect is significanl al that confidence level. 

*Significant. 



to metal removal from 304L stainless steel. These show 
that only the main effects of temperature and nitric acid 
concentration are significant to metal removal at the 95% 
confidence level. Increasing temperature results in greater 
metal removal, whereas increasing nitric acid concentration 
results in less metal removal. Nitradd concentration in the 
normal operating range of 15 to 25% by volume had no 
significant effect on metal removal. None of the two and 
three factor interactions of the main variables were signiti
cant at the 95% confidence level. 

Two tests were conducted to quantitatively define the 
metal removal characteristics of the cleaning process using 
the solution based on Turco Nitradd. The first was a test 
to determine if the metal removal rate was constant with 
time The second test determined metal loss as a function 
of temperature and nitric acid concentration. Figure 1 is a 
plot of the metal removal rate as a function of time. The 
linear form of the data plot shows metal removal rate to be 
constant with time. A least squares fit of the data gives the 
following linear equation for penetration (Y) as a function 
of time (X): 

Y = 0.0117X -0.0115 

0.70~--...,-----..---,.---...,----.---~ 
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Figure 1. ~m~tration of 304L Stainless Steel By 
Nitric Acid-Nitradd Solution As A Function 
Of Time. 
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The slope of the line (0.0117) is numerically equivalent to 
the penetration rate at these conditions in mils per minute. 

The effect of metal removal on surface finish of the part 
is illustrated in Figure 2. Figure 2 shows photographs 
of the surface of the part before and after cleaning in the 

Original Machined Surface lOX 

After 20-Minute Exposure To Solution lOX 

Figure 2. Effect Of Nitric Acid-Nitradd Solution On 
Surface Finish Of Machined 304L Stainless 
Steel. 
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acid solution. The photographs show the surface 
magnified ten times. The solution conditions at which 
the part was cleaned are those of the test shown in 
Figure 1. 

Figure 3 is the mathematical fit of penetration rate as a 
function of temperature with nitric acid concentration, 
as a parameter. This shows a nonlinear relation between 
penetration rate (Y) and temperature (X). The form of 
the least squares equation that best fits the three curves is 
a power function . The least squares equations that best 
fit the data are : 

25 % Nitric acid: Y = 0.00000223X2·78 

30% Nitric acid: Y = 0.00000163X2·81 

35% Nitric acid : Y = 0.00000002533 ·60 

From these equations it can be seen that penetration rate 
varies as temperature raised to approximately the third 
power . 
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Figure 3 . Penetration Rate Of 304L Stainless Steel 
By Nitric Acid-Nitradd Solution As A 
Function Of Temperature. 




