
AD 

TECHNICAL REPORT ARCCB-TR-96014 

PROCESS MONITORING AND CONTROL OF ALUMINUM 
ANODIZING SOLUTIONS BY ION CHROMATOGRAPHY 

SAMUEL SOPOK 

MAY 1996 

US ARMY ARMAMENT RESEARCH. 
DEVELOPMENT AND ENGINEERING CENTER 

CLOSE COMBAT ARMAMENTS CENTER 
BENET LABORATORIES 

WATERVLIET, N.Y.   12189-4050 

4 

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED 



DISCLADCR 

The findings in this rtpert art net to be cons triad as an official 

Dtpartatnt of tho Army position unless so dtsifnatod by othtr authorized 

docuatnts. 

The ust of trad« naae(s) and/or nsnufacturer(s) doos not constituto 

an official indorsement OT approval. 

DESTRUCTION NOTICE 

For elassifitd documents, follow tho proctdurts in DoD S200.22-M, 

Industrial Security Manual, Section 11-19 or DoD S200.1-R, Information 

Security Program Regulation, Chapttr IX. 

For unclassified, United documents, destroy by any nethod that will 

prevent disclosure of contents or reconstruction of the document. 

For unclassified, unlimited documents, destroy when the report is 

no longer needed.    Do not return it to the originator. 



REPORT DOCUMENTATION PAGE 
Form Approved 

OMB Nc. 070A-01SC 

Punlic reootinc burden^ this collection of mfcrmatior is estimated to average i hour oe' respor.se, _ 
M-her na an« rnamta.nng the data needed, ana comoletmg ana reviewing the collection of information   Sena comments regarding this Duroer. es 
coliMtic-" cf information, including sugoestions for reducinc this ourcen. tc Washington Headouarters Services, Directorate f< 
Dai« H?er«8y. Suite I2ci. Arlington, VÄ 22202-4302. and to the Office of Management and Budget, Paperwork Reduction Project (0704.018E) v.'ashm 

ncluding the time for revievvma instruct;""- sear-h:-: 
ate or ; 

:or info-ma-jo" ODe'a'icns ana i 

;i sf.re aata source: 
. other asce:t of th 
r-v-.s  -:21S jef-fers: 

205C ? 

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 

May 1996 

3. REPORT TYPE  AND DATES COVERED 

Final        

4. TITLE AND SUBTITLE 
PROCESS MONITORING AND CONTROL OF ALUMINUM 
ANODIZING SOLUTIONS BY ION CHROMATOGRAPHY 

6. AUTHOR(S) 

Samuel Sopok 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

U.S. Army ARDEC 
Benet Laboratories, AMSTA-AR-CCB-0 
Watervliet, NY 12189-4050 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

U.S. Army ARDEC 
Close Combat Armaments Center 
Picatinny Arsenal, NJ 07806-5000 

5.  FUNDING NUMBERS 
AMCMS No. 6226.24.H191.1 

8.  PERFORMING ORGANIZATION 
REPORT NUMBER 

ARCCB-TR-96014 

10. SPONSORING / MONITORS; 
AGENCY REPORT NUN'B'K 

11. SUPPLEMENTARY NOTES 
Presented at IICS'95, Grand Kimpinski, Dallas, TX, 1-5 October 1995. 

I Published in Journal of Chromatography. 

12a. DISTRIBUTION'AVAILABILITY STATEMENT 

Approved for public release; distribution unlimited. 

12b. DISTRIBUTION COU 

13. ABSTRACT (Maximum 200 words) 

Process monitoring and control of sulfuric and oxalic acids in aluminum anodizing solutions are necessary to produce high-quality coatings 
for the metal finishing industry efficiently. These high-quality coatings significantly increase resistance to corrosion, wear, and abrasion. 
The production of military armament system parts requires narrow aluminum anodizing solution tolerances, which increases the need for 
process monitoring and control. Current instrumental analysis methods do not provide acceptable 95% confidence level precisions for these 
narrow operating tolerance aluminum anodizing solutions. This report describes an improved ion chromatographical method to provide 
acceptable process monitoring and statistical control of narrow operating tolerance aluminum anodizing solutions required to produce high- 
quality coatings. The resultant means and improved 95% confident precisions for typical aluminum anodizing solutions are 160.0 ±2.3 
g/1 sulfuric acid and 16.0 ±1.1 g/1 oxalic acid, which are both more than a factor of two improvement over current 95% confidence level 

precisions. 

14. SUBJECT TERN'.S 
Process Monitoring, Sulfuric Acid, Oxalic Acid, 
Aluminum Anodizing Solutions, Coatings 

17.   SECURITY CLASSIFICATION 
OF REPORT 

UNCLASSIFIED 

18.   SECURITY CLASSIFICATION 
OF THIS PAGE 

UNCLASSIFIED 

19.   SECURITY CLASSIFICATION 
OF ABSTRACT 

UNCLASSIFIED 

15. NUMBER 0:  PAGE; 
10 

16. PRICE CODL 

20. LIMITATION OF ABSTRAC 

UL 

NSN 7540-01-280-550' Stancard rcm 29c -'Re,-   2-ES 
P:es:-:D-'--;  D.   Ar.-.   S*c   .7c--': 
2Si--:;' 



TABLE OF CONTENTS 
Page 

INTRODUCTION    1 

EXPERIMENTAL PROCEDURE   1 

RESULTS AND DISCUSSION 2 

REFERENCES 4 

TABLES 

1. Peak Height Data for Acids in Typical Anodizing Solutions 5 

2. Concentration Data for Acids in Typical Anodizing Solutions 6 

LIST OF ILLUSTRATIONS 

1. Typical anodizing solution Chromatograph 7 

2. Typical sulfuric acid calibration and 95% confidence data 8 

3. Typical oxalic acid calibration and 95% confidence data 9 



INTRODUCTION 

Inadequate monitoring of sulfuric and oxalic acids in anodizing solutions is a serious 
problem, resulting in poor quality and wasted resources. These acid concentrations affect 
conductivity, solubility, wear resistance, oxide coating thickness, porosity, and hardness. This is 
especially true for the narrow tolerances required to anodize armament systems. For anodizing 
solutions, the optimum operating ranges are 150-170 g/1 sulfuric acid and 11-21 g/1 oxalic acid. 
Current online and offline instrumental analysis methods either do not provide acceptable 
precisions or are time-consuming.11"41 This report describes a similar method that improves on an 
existing ion chromatographical method to provide acceptable monitoring and control of these 
acids in the anodizing process. The report also presents an extensive statistical evaluation of the 
experimental data. 

EXPERIMENTAL PROCEDURE 

Details are provided of the experimental procedures, materials, and apparatus used. Strict 
analytical chemistry methods and procedures are followed throughout this experimental section.151 

Model 2020i Dionex Ion Chromatograph (Dionex Corporation, Sunnyvale, CA) was used. 
This unit includes an autosampler, computer/controller, computer/integrator, and suppressed 
conductivity detector.I6] 

A 5-ml sample is used for the autosampler. A 2.3-ml/min eluent flow rate is used for the 
analytical pump. A 30-//S output range is used for the conductivity detector. The advanced 
chromatography module uses an HPIC-AG4 separator column (Dionex), AMMS suppressor 
column (Dionex), 5-ml/min regenerate flow rate, and 10-/A. injection loop. The conductivity 
detector is calibrated to 147-A/S using 0.00100 M potassium chloride. 

The initial scheduling conditions for the system computer/controller module's equilibration 
(30 min), analysis (10 min each for alternating standards S and samples A), and halt programs are 
1,18, and 1 iterations, respectively. 

An analytical reagent grade solution is required for standard S containing 160 ±l-g/l 
sulfuric acid and 16.0 ±1.0 g/1 oxalic acid. This standard solution is prepared and standardized 
using previous methods developed by this author and others.17"101 Two other reagent grade 
solutions are required: a 0.00095 M (0.100 ±0.005 g/1) sodium carbonate eluent solution and a 
0.0141 M (1.38 ±0.04 g/1) sulfuric acid regenerate solution. 

Preparation of an anodizing solution standard for ion Chromatographie analysis requires 
that 1-ml of the analytical reagent grade standard solution (sulfuric and oxalic acid mixture) 
prepared above is diluted to the mark with deionized water in a 500-ml volumetric flask. Split 
sample solutions are prepared the same. This 1:500 dilution, coupled with the use of a 10-//L 
injection loop, results in mean injection concentrations of 320-ppm sulfuric acid and 32.0-ppm 
oxalic acid. 



Anodizing solution sample A is split into solutions At and A2. The anodizing solution 
standard S and samples A1 and A2 are placed in the autosampler in 18 sealed 5-ml vials as follows: 

• 4 S's for equilibration 

• 3 S/Aj pairs for analysis 

• 3 S/A2 pairs for analysis 

• AnS 

• Deionized water 

A Chromatograph is generated for each anodizing standard and sample solution, peak 
heights are determined, standard concentrations are identified, and sample concentrations and 
precisions are calculated using an extensive statistical method for reliability determinations. 

RESULTS AND DISCUSSION 

A statistical analysis is necessary to determine the reliability of the experimental ion 
Chromatographie sample data in order to adequately monitor a given acid in the anodizing 
process. The statistical evaluation has two parts. 

In the first part, samples are split, each split solution is analyzed in triplicate, and data 
from these split solutions are statistically compared. Figure 1 shows a typical anodizing solution 
Chromatograph with its large sulfuric acid peak and much smaller oxalic acid peak. 

Table 1 gives the experimental mean peak height X3 for each of the acid standards S and 
split sample solutions A. The sample standard deviation Sn., is calculated for each of these 
samples and its associated standard. The pooled sample standard deviation Sp is calculated from 
the standard deviation of each sample and its associated standard as follows: 

Sp = [(Sn.1
2 + Sn.1

2)/2]05 (1) 

In addition, the 95% percent confidence level, C95% , in grams per liter is calculated from 
the above quantities for each sample and its associated standard: 

C95% = (2.266)(Sp)[acid std cone / X3] (2) 

Figures 2 and 3 give typical respective sulfuric acid and oxalic acid calibration and 95% 
confidence level data. The 95% confidence data in these figures agrees with the 95% confidence 
data calculated by equation (2) and given in Table 1. 



Finally, the mean retention time (tR) in minutes is given for each standard and split sample 
solution. 

The concentration data of the split sample solutions are given in Table 2. As above, the 
mean X3, sample standard deviation Sn.j, and pooled sample standard deviation (Sp) are 
calculated. In addition, another quantity is calculated: the T-test value (T) for each sample 
solution from the following: 

T = (1.225) [(X3-X3)/Sp] (3) 

The experimental data of the split solutions of a sample solution are compared with a 
2.776 value using the T-test.  The T-test determines if these split solutions are statistically from 
the same original sample solution to a 95% confidence level. A sample solution passes the test if 
its resultant absolute value is less than the 2.776 value. The T-test resolves the reliability dilemma 
mentioned above, since it either accepts or rejects a sample solution analysis. Sample solutions 
that fail the test are statistically dissimilar and are resampled and reanalyzed. 

In the second part, the mean X6 and normal population standard deviation (Sn) are 
calculated for the six respective replicates of the sample solutions that have passed the T-test. 
Since this was the case, the concentration data for the unsplit and original sample solutions are 
also given in Table 2. 

Previously, the variations in precision were examined for the materials, methods, and 
instrumentation used. Clearly, the ion Chromatographie system contributes the greatest amount of 
variation in precision compared with all other sources given for both anodizing acid 
constituents.'101 

For the 20-g/l sulfuric acid operating tolerance band in these anodizing solutions, the 95% 
confidence level improved precision is about ±2.3 g/1 compared with the current ±5.1-g/l value. 

For the 10-g/l oxalic acid operating tolerance band in these anodizing solutions, the 95% 
confidence level improved precision is about ±1.1 g/1 compared with the current ±2.3-g/l value. 

The 95% confidence level precision bands in Figures 2 and 3 collapse by more than a 
factor of two when this improved statistical method is used. For each acid, this improved 
statistical analysis allows more than twice as many precision bands to fit within its corresponding 
tolerance band. This improvement results in a controllable armament anodizing system. 
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Table 1. Peak Height Data for Acids in Typical Anodizing Solutions 

s, A, S2 A2 

H2S04 

X3(//S) 15.73 14.98 15.73 14.85 

S^CS) ±0.26 ±0.20 ±0.13 ±0.23 

Sp(/iS) — ±0.23 — ±0.19 

CWg/i) — ±5.57 — ±4.64 

tR(min) 2.99 2.99 2.99 2.99 

H2C2O4 

X3(//S) 1.702 1.615 1.722 1.617 

S^ißS) ±0.098 ±0.098 ±0.098 ±0.110 

SpCuS) — ±0.098 — ±0.104 

C95%(g/1) — ±2.20 — ±2.33 

t R(min) 4.80 4.80 4.80 4.80 



Table 2. Concentration Data for Acids in Typical Anodizing Solutions 

H2S04Ai H2S04A2 H2C204A, H2C204A2 

x3(g/i) 152.4 151.0 15.20 15.02 

S„.,(gA) ±0.8 ±1.2 ±0.80 ±0.18 

Sp(gA) — ±1.0 — ±0.58 

T — 1.7 — 0.38 

X6(g/1) — 151.7 ~ 15.11 

Sn(g/1) — ±1.2 — ±0.53 

S95%(gA) — ±2.3 ~ ±1.06 
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