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ABSTRACT 
 

It has been shown that the inexpensive chemically accelerated vibratory surface finishing (CAVSF) process can reduce the 
average surface roughness of helicopter gear teeth from the conventional 16 μ-in. (0.39 μm) down to approximately 2 μ-in. (0.05 
μm).  Consequently the friction and the surface stress at the mating surfaces are substantially decreased, which results in a 300 
to 400% increased fatigue lifetime, reduced downtime, less noise, higher energy efficiency, lower overall costs and reduced 
component weight if newly designed.  The CAVSF process with different oxalic acid based solutions was studied using strip steel 
samples AISI 1018 in a 0.28 m diameter vibratory bowl.  The effects of the chemical composition and concentration on the 
process were examined.  The average end roughness and the material removal reached with the process were charted versus 
the pH of the different mixtures.  The best results concerning average end roughness gave oxalic acid solutions with a pH around 
1.  At pH values higher than 3.0, the average end roughness starts increasing rapidly with pH.  At a pH around 2.0, the material 
removal versus pH curve reaches a minimum and at a pH around 3.8, a maximum.   
 
Keywords: Vibratory finishing, oxalic acid-based solutions, chemically accelerated vibratory surface finishing 
 
Introduction 
 
Machining grind lines are a problem in critical working surfaces on gears, splines, journals, crankshafts, bearings, camshafts and 
couplings.  These grind lines can have an average roughness of around 12 μ-in. (0.30 μm) and will impair lubricity.  They cause 
vibration, friction, torque, higher operation temperature and noise.  This leads to metal debris, plastic deformation, scuffing, wear 
and several forms of fatigue, which limit the useful life of equipment. 
 
Throughout the world, the word superfinishing is often used for vibratory finishing, superhoning, stone finishing, tape finishing 
and microfinishing.  Chemically accelerated vibratory surface finishing (CAVSF) is an isotropic surface finishing (ISF) process, 
which uses chemicals from a treatment solution to attack the surface and build a conversion layer.  Ceramic or plastic media 
rubs off the conversion layer in a vibratory bowl.  The CAVSF process is an environmentally friendly, inexpensive process to 
remove the machine grind lines, damaged material and asperities from the metal surface.1,2,3  It also reduces the stress risers.  
 
The average surface roughness of case hardened steel surfaces on gear teeth decreases from around 12 μ-in. (0.30 μm) to 
around 2 μ-in. (0.05 μm) by using CAVSF.  During the process, generally less than 200 μ-in. (5 μm) of material is removed.  The 
geometry of the part is not impaired. 
 
In this paper, the “removed material” is measured in μ-in (39.4 μ-in. = 1 μm).  The removed material represents the average 
thickness of solid removed material across the whole geometrical surface area of the part.  It is obvious, then, that the local 
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removed material is higher on corners and edges and lower in cavities and recesses than this average.  The weight loss and the 
specific density of the part are used for the calculation. 
 
The average roughness Ra is measured with a profilometer that has a stylus with a 45° diamond cone.  The tip of the cone has a 
radius of 1 μm or approximately 40 μ-in.  The measured values for the average roughness are mostly between 0.5 and 30 μ-in.  
The diamond tip cannot measure the real average roughness which is about four times higher than the measured average 
roughness.4  The measured maximum roughness is about ten times higher than the measured average roughness. 
 
It was found that the measured life improvement for superfinished gears was a factor of approximately five compared with 
conventional gears (average roughness: up to 16 μ-in. (0.41 μm) on the pitch line).5  A run-in time for superfinished surfaces is 
not required.  Other benefits connected with the CAVSF process are reduced downtime, reduced component weight in new 
designs, less noise, less vibration, higher energy efficiency and lower overall costs. 
 
This publication is part of the combined efforts of the Engineered Surfaces Center, which is part of the School of Engineering and 
Mines at the University of North Dakota, and Alion Science and Technology to validate, investigate, optimize and possibly 
improve the existing CAVSF process for critical surfaces.  The report shows the results from the Engineered Surfaces Center 
concerning the investigation of the CAVSF process.  Material removal and roughness changes during the process on different 
surfaces were measured, and process parameters were varied. 
 
Test equipment and process steps 
 
Two different vibratory bowls (Figs. 1 to 3) were available for testing the CAVSF process.  The first has an inner diameter of 1.16 
m, and the second has an inner diameter of 0.28 m.  
 
During the process, a continuous flow of chemical solutions runs through the large vibratory bowl, which is filled with ceramic 
media, test pieces and additional steel parts.  The vibratory motors run at 1800 rpm.  The media and the test parts move in a 
toroidal helix around the bowl.  Acid treatment solution is then sprayed into the bowl with a flow rate of 1.5 gal/hr (5.7 L/hr) for the 
first two hours, followed by a 15-minute water rinse cycle of 15 gal/hr (56.8 L/hr).  Finally, 10 gal/hr (37.8 L/hr) burnishing solution 
runs through the vibratory bowl.  The parts are taken out after approximately one hour of burnishing, rinsed in tap water and then 
in demineralized water, and dried with paper towels. 
 
The small bowl (Fig. 3) runs without the continuous flow of chemicals and is filled with 2.2 L of ceramic media, four test pieces 
and a defined amount of treatment solution (hold-up).  The acid treatment time is usually two hours as in the large bowl.  It was 
found useful to run these quick tests with small amounts of different treatment solutions in the small bowl because fewer 
chemicals were wasted and cleaning and drying of the bowl and the media was easy.  The roughness results were comparable 
but the material removal rate was only half.  If needed the testing of the solution was repeated in the large vibratory bowl. 
 

 
Figure 1 - Large vibratory bowl with 1.16 m inner diameter and a dosing station in the background for continuous flow of 

chemicals through the bowl. 
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Figure 2 - Large vibratory bowl filled with large ceramic media. 

 

 
Figure 3 - Small vibratory bowl with 0.28 m inner diameter filled with 2.2 L of large ceramic media and four strip steel test 

samples. 
 
The influence of the pH in the chemically accelerated vibratory surface finishing (CAVSF) process with oxalic acid-
based solutions 
  
This paper will focus on the influence that the acidity, measured as pH, of some oxalic acid-based treatment solutions has on the 
material removal and the end roughness of the CAVSF process.  It is the continuation of work published previously.6-9 
 
Phase I: Proprietary and ammonium oxalate systems 
 
In the first part of this work, two different acid treatment solutions were tested: 
 

• 20 mL proprietary oxalic acid-based acid treatment solution** with 20 mL of proprietary solution or 20 mL water or 20 
mL of sodium bicarbonate solution of various concentrations (Table 1). 

• 0.34M ammonium oxalate solution with various concentrations of oxalic acid (Table 2). 

                                                 
** Microsurface 5401™, Houghton International, Valley Forge, Pennsylvania. 
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The tests were performed in a 0.28-meter diameter vibratory bowl with 3975 g of large, brown, ceramic media and four AISI 1018 
strip steel samples.  The average roughness of these samples was between 15 and 20 μ-in. at the beginning of the test.  Every 
half hour a strip steel sample was removed, rinsed with demineralized water and dried with a paper towel.  The roughness was 
measured and the weight loss determined to calculate the material removed in μ-in.  After two hours of acid time the test was 
terminated.  
 
Figures 4 and 5 show the material removal and the average roughness after two hours of acid treatment versus the pH of the 
acid treatment solutions.  The “pH” is the pH of the solution added to the samples and the ceramic media, and is different than 
the pH that really matters in this case, the pH at the metal surface - beneath the conversion layer - where the reaction takes 
place.  Because of the consumption of hydrogen cations in the area of reaction and the diffusion necessary through the 
conversion layer, the pH in the reaction zone will be higher than the measured starting pH. 
 

Table 1 - Information about the proprietary oxalic acid-based solutions used for the tests. 
Proprietary oxalic acid-based solution 

Starting pH of the 
acid 

Material 
removal 

after 2 hr acid 
treatment, μ-in. 

Average roughness 
after 2 hr acid 

treatment, μ-in. 

Composition of the 
40 mL treatment solution 

(3975 g large brown media, 
0.28 m diameter vibratory bowl) 

0.84 36 4.4  40 mL Proprietary solution 
0.95 38 3.41  20 mL Proprietary solution, 20 mL water 

1.42 26 2.74 
 20 mL Proprietary solution,  
 20 mL 0.35M NaHCO3 solution 

1.77 30 2.72 
 20 mL Proprietary solution,  
 20 mL 0.525M NaHCO3 solution 

2.92 46 2.93  20 mL Proprietary solution,  
 20 mL 0.70M NaHCO3 solution 

3.75 70 10.48  20 mL Proprietary solution,  
 20 mL 1.05M NaHCO3 solution 

 
Table 2 - Information about the ammonium oxalate solutions used for the tests. 

0.34M ammonium oxalate and various amounts of oxalic acid 

Starting pH of the 
acid 

Material removal 
after 2 hr acid 

treatment, 
μ-in. 

Average roughness 
after 2 hr acid 

treatment, 
μ-in. 

Composition of the 
40 mL treatment solution 

(3975 g large brown media, 
0.28 m diameter vibratory bowl) 

2.15 43 3.85  < 0.34M (COOH)2; 0.34M (NH4)2(COO)2 
2.65 51 3.30     0.27M (COOH)2; 0.34M (NH4)2(COO)2 
2.98 73 4.01     0.20M (COOH)2; 0.34M (NH4)2(COO)2 
3.11 95 5.32     0.17M (COOH)2; 0.34M (NH4)2(COO)2 
3.23 86 4.29     0.14M (COOH)2; 0.34M (NH4)2(COO)2 
3.66 65 5.24     0.10M (COOH)2; 0.34M (NH4)2(COO)2 
4.42 23 10.45     0.30M (NH4)2(COO)2 

 
Phase II: Oxalic acid / sodium oxalate systems 
 
In the second part of this test series, different acid treatment solutions based on oxalic acid and sodium oxalate were tested 
(Table 3).  Forty-seven milliliters of acid treatment solution made from various amounts of 0.2M oxalic acid and 0.2M sodium 
oxalate solution were added to 3745 g of white lens-shaped ceramic media and four AISI 1018 strip steel samples.  Solutions 
consisting of large amounts of oxalic acid and small amounts of sodium oxalate were not soluble, therefore often not used for 
testing.  Precipitation of oxalic acid monohydrate occurred. 
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The average roughness of these samples was between 15 and 20 μ-in. at the beginning of the test.  Every half hour, a strip steel 
sample was taken out, rinsed with demineralized water and dried with a paper towel.  The roughness was measured and the 
weight loss determined to calculate the material removed in μ-in.  After two hours of acid treatment time, the test was terminated. 

 
Figure 4 - Material removal versus starting pH. 

 
Figure 5 - Average roughness after 2.0 hr acid treatment time versus starting pH. 

 
Table 3 - Information about the 0.2M oxalate solutions containing oxalic acid and sodium oxalate. 

0.2M oxalate in sum from oxalic acid and sodium oxalate 

Starting pH of the 
acid 

Material 
removal 

after 2 hr acid 
treatment, 

μ-in. 

Average roughness 
after 2 hr acid 

treatment, 
μ-in. 

Composition of the 47 mL 
treatment solution 

(0.2M oxalate treatment solution in sum  
 from sodium oxalate and oxalic acid, 

3745 g white lens shaped media, 
0.28 m diameter vibratory bowl). 

1.10 21 2.86  0.20M (COOH)2 
1.87 11 3.45  0.12M (COOH)2, 0.08M Na2(COO)2 
3.20 24 2.42  0.08M (COOH)2, 0.12M Na2(COO)2 
3.50 31 8.49  0.06M (COOH)2, 0.14M Na2(COO)2 
7.76 2 14.51  0.20M Na2(COO)2 
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Figures 6 and 7 show the material removal and the average roughness after two hours of acid treatment versus the pH of these 
acid treatment solutions.  The material removed after two hours of acid treatment goes through a minimum at approximately pH 
1.9 (Fig. 6).  It is assumed that the material removal decreases with increasing pH after reaching a maximum at approximately 
pH 3.5.  The average roughness after two hours of acid treatment (Fig. 7) is around 3 μ-in. in the pH range of 1.1 to 3.2.  At a 
higher pH, the roughness does not decrease as much as at the lower pH ranges. 

 
Figure 6 - Material removal versus starting pH for solutions containing 0.2M oxalate in sum from oxalic acid and sodium oxalate. 

 
Figure 7 - Average roughness after 2.0 hr acid treatment versus starting pH for solutions containing 0.2M oxalate in sum from 

oxalic acid and sodium oxalate. 
 
Phase III: Oxalic acid / potassium oxalate systems 
 
For the third part of this test series, different acid treatment solutions, mostly based on oxalic acid and potassium oxalate were 
tested.  It is known that in general potassium salts have an even higher solubility in water than sodium salts.  The objective was 
to see what would happen if the concentration of oxalate and the pH were increased.  Potassium oxalate solutions were 
produced by adding potassium bicarbonate to an equivalent amount of oxalic acid.  Unfortunately the carbon dioxide produced 
was hard to remove by cooking the solution because the expected pH was above 7.  This resulted in potassium oxalate solutions 
with more or less dissolved carbon dioxide and a higher or lower solution pH.  This is reason why the 0.5 and 0.7M potassium 
oxalate solutions have a pH span in Tables 4 and 5 and in Figs. 8 and 9. 
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Forty-seven milliliters of acid treatment solution made from various amounts of 0.7M oxalic acid and 0.7M sodium oxalate 
solution were added to 3745 g of white lens-shaped ceramic media and four AISI 1018 strip steel samples.  Solutions consisting 
of large amounts of oxalic acid and small amounts of potassium oxalate were not stable, and precipitation occurred.  Therefore 
these solutions were not used for testing.  More information about the 0.7M solutions used is given in Table 4. 
 

Table 4 - Information about the 0.7M oxalate solution from oxalic acid and potassium oxalate used for the tests. 
0.7M oxalate from oxalic acid and potassium oxalate 

Starting pH of the 
acid 

Material 
removal 

after 2 hr acid 
treatment, 

μ-in. 

Average roughness 
after 2 hr acid 

treatment, 
μ-in. 

Composition of the 47 mL 
treatment solution 

 (0.7M oxalate treatment solution in sum 
from potassium oxalate and oxalic acid, 

3745 g white lens shaped media, 
0.28 m diameter vibratory bowl) 

0.68 22 2.79 0.7M (COOH)2 
3.57 132 13.96 0.2M (COOH)2, 0.5M K2(COO)2 
4.46 55 15.33 0.1M (COOH)2, 0.6M K2(COO)2 

5.71 - 8.77 3 16.70 0.7M K2(COO)2 
 
The average roughness of these samples was between 15 and 20 μ-in. at the beginning of the test.  Every half hour, a strip steel 
sample was removed, rinsed with demineralized water and dried with a paper towel.  The roughness was measured and the 
weight loss determined to calculate the material removed in μ-in.  After two hours of acid treatment time, the test was terminated.  
 
Because of the solubility issues mentioned above, the concentration of the oxalate solutions were lowered to 0.5M, then to 0.4M 
and finally to 0.3M.  The 0.3M oxalic acid solution was soluble with the 0.3M potassium oxalate solution at every ratio without 
forming a precipitate.  Information about the solutions is given in Tables 5 to 7.  All results concerning the third series of tests are 
documented in Figs. 8 and 9. 
 
In all cases studied between the pH of 0.6 and 3.0, the material removal after two hours of acid treatment was between 8 and 23 
μ-in., and the average roughness was in a small band of 2.31 to 3.39 μ-in.  If the starting pH was higher than 3.0, the material 
removal went through a maximum at around pH 3.9, and the average roughness (after two hours of acid treatment) increased 
with the pH. 
 

Table 5 - Information about the 0.5M oxalate solution from oxalic acid and potassium oxalate used for the tests. 
0.5M oxalate from oxalic acid and potassium oxalate 

Starting pH of the 
acid 

Material 
removal 

after 2 hr acid 
treatment, 

μ-in. 

Average roughness 
after 2 hr acid 

treatment, 
μ-in. 

Composition of the 47 mL 
treatment solution 

 (0.5M oxalate treatment solution in sum 
 from potassium oxalate and oxalic acid, 

3745 g white lens shaped media, 
0.28 m diameter vibratory bowl) 

1.06 24 2.76 0.50M (COOH)2 
1.25 23 3.20 0.40M (COOH)2, 0.10M K2(COO)2 
1.78 16 2.88 0.35M (COOH)2, 0.15M K2(COO)2 
1.86 10 2.66 0.30M (COOH)2, 0.20M K2(COO)2 
2.63 17 3.39 0.25M (COOH)2, 0.25M K2(COO)2 
3.14 47 7.76 0.20M (COOH)2, 0.30M K2(COO)2 
4.15 62 28.45 0.10M (COOH)2, 0.40M K2(COO)2 

4.7 - 6.28 3 12.69 0.50M K2(COO)2 
 
 
 
 



                          Surface Technology White Papers                           
                                                                98 (4), 1-17 (July 2011)                                                             
 

Page 8 
 

Table 6 - Information about the 0.4M oxalate solution from oxalic acid and potassium oxalate used for the tests. 
0.4M oxalate from oxalic acid and potassium oxalate 

Starting pH of the 
acid 

Material 
removal 

after 2 hr acid 
treatment, 

μ-in. 

Average roughness 
after 2 hr acid 

treatment, 
μ-in. 

Composition of the 47 mL 
treatment solution 

 (0.4M oxalate treatment solution in sum 
 from potassium oxalate and oxalic acid, 

3745 g white lens shaped media, 
0.28 m diameter vibratory bowl) 

1.01 23 2.31 0.4M (COOH)2 
2.51 15 3.23 0.2M (COOH)2, 0.2M K2(COO)2 
3.73 59 12.74 0.1M (COOH)2, 0.3M K2(COO)2 
6.50 2 13.89 0.40M K2(COO)2 

 
Table 7 - Information about the 0.3M oxalate solution from oxalic acid and potassium oxalate used for the tests. 

0.3M oxalate from oxalic acid and potassium oxalate 

Starting pH of the 
acid 

Material 
removal 

after 2 hr acid 
treatment, 

μ-in. 

Average roughness 
after 2 hr acid 

treatment, 
μ-in. 

Composition of the 47 mL 
treatment solution 

 (0.3M oxalate treatment solution in sum 
 from potassium oxalate and oxalic acid, 

3745 g white lens shaped media, 
0.28 m diameter vibratory bowl) 

1.07 22 2.65 0.30M (COOH)2 
1.60 17 3.11 0.20M (COOH)2, 0.10M K2(COO)2 
2.48 8 2.87 0.15M (COOH)2, 0.15M K2(COO)2 
3.57 46 6.23 0.10M (COOH)2, 0.20M K2(COO)2 
4.02 29 12.87 0.05M (COOH)2, 0.25M K2(COO)2 
6.43 3 14.58 0.30M K2(COO)2 

 

 
Figure 8 - Material removal versus starting pH for solutions containing various molarities of oxalate in sum from oxalic acid and 

potassium oxalate. 
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Figure 9 - Average roughness after 2.0 hr of acid treatment versus starting pH for solutions containing various molarities of 

oxalate in sum from oxalic acid and potassium oxalate. 
 
Phase IV: Oxalic acid / potassium ammonium oxalate systems 
 
For the fourth part of this test series, different acid treatment solutions based on oxalic acid and potassium ammonium oxalate 
(Table 8) were tested.  The reason for this test series was to determine if by adding ammonium oxalate, the solubility and 
concentration of oxalate anion coming from oxalic acid and oxalate salt, could be increased.  Ultimately this did not happen, but 
the results were worth the effort.  Forty-seven milliliters of acid treatment solution made from various amounts of 0.4M oxalic acid 
and 0.4M potassium ammonium oxalate solution were added to 3745 g of white lens-shaped ceramic media and four AISI 1018 
strip steel samples.  Solutions consisting of large amounts of 0.4M oxalic acid and small amounts of 0.4M potassium ammonium 
oxalate were not stable, therefore not used for testing.  Precipitation of oxalic acid monohydrate occurred. 
 

Table 8 - Information about the 0.4M oxalate solution from oxalic acid and potassium ammonium oxalate used for the tests. 
0.4M oxalate from oxalic acid and potassium ammonium oxalate 

Starting pH of the 
acid 

Material 
removal 

after 2 hr acid 
treatment, 

μ-in. 

Average 
roughness 

after 2 hr acid 
treatment, 

μ-in. 

Composition of the 47 mL 
treatment solution 

 (0.4M oxalate treatment solution in sum 
 from potassium ammonium oxalate and 

oxalic acid, 
3745 g white lens shaped media, 
0.28 m diameter vibratory bowl) 

1.01 23 2.31 0.4M (COOH)2 
2.20 12 2.49 0.2M (COOH)2, 0.2M KNH4(COO)2 
3.52 63 4.20 0.1M (COOH)2, 0.3M KNH4(COO)2 
4.51 15 15.37 0.4M KNH4(COO)2 

 
The average roughness of these samples was between 15 and 20 μ-in. at the beginning of the test.  Every half hour, a strip steel 
sample was taken out, rinsed with demineralized water and dried with a paper towel.  The roughness was measured and the 
weight loss determined to calculate the material removed in μ-in.  After two hours of acid treatment time the test was terminated. 
 
The curves for the material removed (Fig. 10) and the average roughness (Fig. 11) versus starting pH fit well into the charts from 
the previous test series. 
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Figure 10 - Material removal versus starting pH for solutions containing 0.4M oxalate in sum from oxalic acid and potassium 

ammonium oxalate. 

 
Figure 11 - Average roughness after 2.0 hr acid treatment versus starting pH for solutions containing 0.4M oxalate in sum from 

oxalic acid and potassium ammonium oxalate. 
 
A closer look at the material removal rates will give additional important information about the CAVSF process. Figures 12 to 17 
show the material removal during acid time for the last three test series. 

 
Figure 12 - Material removal versus acid time for solutions containing 0.2M oxalate in sum from oxalic acid and sodium oxalate; 

47 mL solution and 3745 g white lens-shaped media were used in the 0.28 m diameter vibratory bowl. 
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Figure 13 - Material removal versus acid time for solutions containing 0.3M oxalate in sum from oxalic acid and potassium 

oxalate. 
 

 
Figure 14 - Material removal versus acid time for solutions containing 0.4M oxalate in sum from oxalic acid and potassium 

oxalate; 47 mL solution and 3745 g white lens shaped media was used in the 0.28 m diameter vibratory bowl. 
 
 

 
Figure 15 - Material removal versus acid time for solutions containing 0.5M oxalate in sum from oxalic acid and potassium 

oxalate. 
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Figure 16 - Material removal versus acid time for solutions containing 0.7M oxalate in sum from oxalic acid and potassium 

oxalate. 
 

 
Figure 17 - Material removal versus acid time for solutions containing 0.4M oxalate in sum from oxalic acid and potassium 

ammonium oxalate. 
 
The material removal rates for all solutions with sodium or potassium oxalate and a relatively small amount of oxalic acid are 
extremely high when compared to the other values in the test series.  The maximum material removal rate of a test series at the 
beginning of the process increases with the oxalate concentration (the sum of the oxalic acid and oxalate salt concentration).  It 
is 25 μ-in./hr for the 0.2M oxalate concentration (Fig. 12) and 125 μ-in./hr for 0.7M oxalate solutions (Fig. 16). 
 
Another observation can be made if Figs. 14 and 17 are compared.  Both graphs show a plot for 0.4M oxalate.  Figure 14 shows 
the mixtures of oxalic acid and potassium oxalate and Figure 17 the mixture of oxalic acid and potassium ammonium oxalate.  
Obviously the ammonium cation increases the removal rate at the beginning of the process with 0.4M salt solution (no acid).  
With some acid in the solution at 0.1M (COOH)2 and 0.3M KNH4(COO)2, the removed material increased linearly with time for 
two hours instead of leveling out as observed with 0.1M (COOH)2 and 0.3M K2(COO)2.  
 
Phase V: Oxalic acid / ammonium oxalate systems 
 
The influence that solution acidity has on material removal and end roughness of the CAVSF process was investigated with 0.4M 
oxalate solutions consisting of various amounts of 0.4M oxalic acid and 0.4M ammonium oxalate solution. Each mixture of these 
solutions was completely soluble and did not form precipitates at room temperature. Ammonium oxalate was chosen because of 
the high solubility in water the low pH of the salt solution and the ability of the ammonium molecule to build week complexes with 
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the iron ions, which could have a visible effect on the process. No other investigated 0.4M oxalate solution showed this high 
solubility, not sodium, not potassium and not potassium ammonium oxalate. 
 
Table 9 describes the composition and the pH of the solutions at the beginning of the test and also the end results, i.e., the 
material removed and the average roughness at the end of the two-hour acid treatment. 
 

Table 9 - Information about the 0.4M oxalate solutions used for the tests. 
0.4 M oxalate in sum from oxalic acid and ammonium oxalate 

Starting pH of the 
acid 

Material 
removal 

after 2 hr acid 
treatment, 

μ-in. 

Average 
roughness 

after 2 hr acid 
treatment, 

μ-in. 

Composition of the 47 mL 
treatment solution 

(3975 g large brown media, 
0.28 m diameter vibratory bowl) 

0.91 23 2.31 0.4M (COOH)2, 0M (NH4)2(COO)2 
1.24 21 2.62 0.3M (COOH)2, 0.1M (NH4)2(COO)2 
1.41 18 2.91 0.225M (COOH)2, 0.175M (NH4)2(COO)2 
1.73 15 2.68 0.25M (COOH)2, 0.15M (NH4)2(COO)2 
2.00 12 2.78 0.2M (COOH)2, 0.2M (NH4)2(COO)2 
2.42 14 2.78 0.175M (COOH)2, 0.225M (NH4)2(COO)2 
2.97 23 2.96 0.15M (COOH)2, 0.25M (NH4)2(COO)2 
3.27 44 4.53 0.1M (COOH)2, 0.3M (NH4)2(COO)2 
3.5 60 3.84 0.075M (COOH)2, 0.325M (NH4)2(COO)2 
3.84 71 9.41 0.05M (COOH)2, 0.35M (NH4)2(COO)2 
4.03 37 12.53 0M (COOH)2, 0.4M (NH4)2(COO)2 

 
Figures 18 and 19 show the material removal and the average roughness respectively versus acid treatment time for the different 
solutions.  The higher the ammonium oxalate concentration in these solutions the lower the oxalic acid concentration and the 
higher the pH and the higher the initial material removal rate in Fig. 18.  After a one-hour acid treatment with 0.4M ammonium 
oxalate no more material is removed.  The passive layer is too strong for the weakened acid and/or the rubbing media.  If the 
oxalic acid concentration in these solutions is lower than 0.075M, the average roughness after two hours is still high or increased 
after reaching a low point (Fig. 19). 
 
 

 
Figure 18 - Material removal versus acid treatment time for 0.4M oxalate solutions from combined oxalic acid and ammonium 

oxalate. 
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Figure 19 - Average roughness versus acid treatment for 0.4M oxalate solutions from combined oxalic acid and ammonium 

oxalate. 
 
Figures 20 and 21 show the material removal and the average roughness after two hours of acid treatment versus the pH of the 
acid treatment solutions.  The material that was removed after two hours of acid treatment goes through a minimum at pH 2 and 
a maximum at pH 3.8 (Fig. 20).  In all the tests between pH 0.9 and 3, the material removal after two hours of treatment was 
between 12 and 23 μ-in.  The average roughness after two hours of acid treatment increased slightly from 2.3 to 3.0 μ-in. from 
pH 0.9 to pH 3.  At pH 3, the two-hour average roughness increased sharply with the pH (Fig. 21). 
 

 
Figure 20 - Material removal versus starting pH for 0.4M oxalate solutions from combined oxalic acid and ammonium oxalate. 

 
Summary 
 
The chemically accelerated vibratory surface finishing (CAVSF) process with different oxalic acid-based solutions was studied 
using strip steel samples AISI 1018 in a 0.28 m diameter vibratory bowl.  The effects of chemical composition and concentration 
on the process were examined.  The average end roughness and the material removal reached with the process were charted 
versus the pH of the different mixtures.  The best results concerning average end roughness gave oxalic acid solutions with a pH 
around 1.  At pH values higher than 3, the average end roughness first increased rapidly with pH.  At a pH around 2, the material 
removal versus pH curve reached a minimum and at a pH around 3.8 a maximum.   
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Figure 21 - Average roughness after a two-hour acid treatment versus starting pH for 0.4M oxalate solutions from combined 

oxalic acid and ammonium oxalate. 
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