AD

AD-E403 345

Technical Report ARMET-TR-11001

ALUMINUM-ZINC (Al-Zn) DUST ANALYSES FOR RECYCLING PURPOSES

Dr. Tapan Chatterjee
Stacey Kerwien
Eugene LaBuz

Elias Jelis

August 2011

U.S. ARMY ARMAMENT RESEARCH, DEVELOPMENT AND
ENGINEERING CENTER

Munitions Engineering Technology Center

Picatinny Arsenal, New Jersey

Approved for public release; distribution is unlimited.

20110829020




The views, opinions, and/or findings contained in this report are those of the
author(s) and should not be construed as an official Department of the Army
position, policy, or decision, unless so designated by other documentation.

The citation in this report of the names of commercial firms or commercially
available products or services does not constitute official endorsement by or
approval of the U.S. Government.

Destroy this report when no longer needed by any method that will prevent
disclosure of its contents or reconstruction of the document. Do not return
to the originator.



REPORT DOCUMENTATION PAGE Form Approved
OMB No. 0704-01-0188

The public reporting burden for this collection of informetion is estimated to everage 1 hour per response, including tha time for reviewing instructions. searching existing date sources,
gethering end maintaining tha data needed, and completing and reviewing the collection of information. Send commants regarding this burden estimate or eny other espect of this
collection of informetion, including suggestions for reducing the burden to Depariment of Defense. Washington Headguarters Services Directorete for Information Operetions and Reports
(0704-0188), 1215 Jafferson Devis Highway. Sutte 1204, Arlington, VA 22202-4302. Respondents should be eware thet notwithstanding eny other provision of law, no parson shall be
subject to any panelty for feiling to comply with a collection of information ff it does not display e currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
August 2011 January to December 2010
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

ALUMINUM-ZINC (Al-Zn) DUST ANALYSES FOR RECYCLING 5b. GRANT NUMBER
PURPOSES

S5c. PROGRAM ELEMENT NUMBER

6. AUTHORS 5d. PROJECT NUMBER
Dr. Tapan Chatterjee, Stacey Kerwien, Eugene LaBuz, and 5e. TASK NUMBER
Elias Jelis

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

U.S. Army ARDEC, METC REPORT NUMBER

Energetics, Warheads & Manufacturing Technology Directorate
(RDAR-MEE-M)

Picatinny Arsenal, NJ 07806-5000

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)
U.S. Army ARDEC, ESIC

Knowledge & Process Management (RDAR-EIK) 11. SPONSOR/MONITOR'S REPORT
Picatinny Arsenal, NJ 07806-5000 NUMBER(S)

Technical Report ARMET-TR-11001

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution is unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

The physical vapor deposition (PVD) process facility at the McAlester Army Ammunition Plant, McAlester,
Oklahoma coat 500-Ib bombs with aluminum-zinc (Al-Zn). Transmission electron microscopy and electron
diffraction technique revealed Zn and Al particles in the dust waste generated by this PVD process. The x-ray
fluorescence analyses and selected electron diffraction patter confirmed the presence of Al-Zn particles and
their crystal structure. Powder data files and a standard evaporated gold thin film electron diffraction pattern
were used to determine the d-spacing of Al and Zn dust particles.

15. SUBJECT TERMS

Physical vapor deposition (PVD) Transmission electron microscopy (TEM) Electron diffraction
16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF | 18. NUMBER | 19a. NAME OF RESPONSIBLE PERSON
ABSTRACT OF Dr. Tapan Chatterjee
a. REPORT | b. ABSTRACT | c. THIS PAGE PAGES 19b. TELEPHONE NUMBER (include area
U U U SAR 1 cose) (973) 724-9457

Standard Form 298 (Rev. 8/98)
Prescribed by ANSI Std. 23918




CONTENTS

Page
Introduction 1
Specimen Preparation 1
Discussion/Conclusions 2
Distribution List 7
FIGURES
1 500-Ib bombs with Zn-Al coat 1
2 50-gal drums stored at MCAAP 1
3 TEM of Al-Zn dust on 400-mesh grids 3
4 Magnification of this TEM picture is higher than that of figure 3 3
5 400-mesh grid at very high magnification at nano range 4
6 Electron diffraction pattern from Al-Zn dust with very low beam density 4

7 Electron diffraction pattern of Al-Zn dust with normal beam density using a beam stop 5

8 Electron diffraction pattern from standard gold sample used for calibration 5




INTRODUCTION

The U.S. Army Armament Research, Development and Engineering Center (ARDEC),
Picatinny Arsenal, New Jersey engineers visited the McAlester Army Ammunition Plant
(MCAAP), McAlester, Oklahoma on 10 July 2008 to view and obtain information on their zinc
(Zn) and aluminum (Al) disposal process. For the past 2 yrs, the price to dispose of this waste
has increased significantly. The original cost to remove the Al/Zn dust was set at $0.39/Ib
(FYO08). In 1 yr, the price increased to $2.00.Ib (FY09). In the past year, this price escalated to
approximately $6.00/Ib (FY10). This translates to an estimated cost of $400,000 a year to
dispose of this waste. The main reason for this spike in price is due to the reactivity of the
collection drums. The Al in the dust particles reacts with rain water. This reaction results in
hydrogen gas, which builds up pressure. The barrels are occasionally mishandled and sealed
with water inside. The buildup of pressure results in the barrel's top firing off. This increased
hazard increased the shipping cost dramatically. Unless an alternate form of disposal is found
for this Al-Zn waste, the physical vapor deposition (PVD) process facility will be closed. The
primary purpose of the PVD thermal arc process metal coating is to provide fire protection for
the round and increase the bomb's high temperature threshold. In addition, it provides a more
effective adhesion of paint to the shell body.

The ARDEC engineers contacted the Sarakem Corporation, a trusted hazardous waste
management industry in Hanover, New Hampshire. The composition of Al-Zn dust and total
weight of shipment was determined and provided to the Sarakem Corporation that planned to
recycle this dust to zinc oxide as a chemical product. The Al-Zn waste stream that was
previously disposed of as hazardous waste was reclassified as a recyclable waste, since
MCAAP/ARDEC secured a contractor (Sarakem) that will accept and recycle the Al-Zn waste
stream. This resulted in a total cost savings of approximately $838,860.

SPECIMEN PREPARATION
The 500-Ib bombs are coated with Al-Zn (fig. 1) and the Al-Zn dust is collected in 50-gal

drums (fig. 2). The ARDEC received this Al-Zn dust from MCCAP for x-ray fluorescence (XRF)
analysis to determine the composition of the dust sample.

Figure 1 Figure 2
500-Ib bombs with Zn-Al coat 50-gal drums stored at MCAAP




A small amount of this Al-Zn dust was dissolved in water and dropped on a 200-mesh
carbon coated copper grid and dried at room temperature. This specimen was then placed in a

single tilt specimen holder and inserted in a Philips 420 transmission electron microscope
(TEM).

DISCUSSION/CONCLUSIONS

The XRF analysis revealed approximately 88.8% Zn, 10.9% Al, and minute traces of
other metal elements as shown in the table.

SQX Calculation Result
Sample : Date anatyzed : 2009-2-2715:49
Application :  EZSO03MSV Model:  Bulk Balance
Matching library:
File : Tapan AlZn
No. Component ~ Result Unit Detlimit  Elline Intensity w0 normal
1 Al 109 mass% 0.0243 AlKA 15.3782 10.3946
2 S 0.143 mass% 0.0060 Si-KA 0.1998 0.1358
3 0.0053 mass% 00027 P-KA 0.0218 0.0050
4 S 0.0167 mass% 0.0030 S-KA 0.0567 0.0159
5 Ca 0.0237 mass% 00104 Ca-KA 0.0949 0.0225
6 Fe 0.0877 mass% 00078 FeKA 07050 00833
7 N 0.0129 mass% 0.0052  Ni-KA 0.1920 00122
8 In 888 mass% 00236 Zna-KA 889.4754 843667

Transmission Electron Micrographs Analyses

The TEM of Al-Zn dust samples were taken from different specimens at low and high
magnifications. Figure 3 shows a Zn particle denoted by A; the arrow indicates the border of a
single mesh. The same area was blown up to a higher magnification and figure 4 shows an area
with a large a concentration of Zn particles and a much smaller concentration of Al dust particles
are clustered together. Figure 5 shows an electron micrograph of very high magnification from
another area of the specimen. Clusters of Al-Zn dust are revealed. A selected electron
diffraction (SAED) pattern corresponding to this electron micrograph is shown at figure 6. The
spotty rings reveal the Al-Zn dust particle distribution is not polycrystalline in nature; rather they
are preferentially oriented. Low electron beam density and a small condenser aperture were
used to obtain this SAED. Figure 7 is another SAED pattern taken from a different area of the
specimen. A larger condenser aperture with normal electron beam density was used to obtain
this ring pattern that is different from that in figure 6.

It is concluded the Al-Zn dust particles generated by the PVD deposition process are not
homo-geneous in nature. The d-spacing’s of these ring patterns were measured using the
equation LA=rd; where L= camera length, A is the wavelength of the electron beam at 120kV, r =
radius of the diffraction ring, and D is the interplanar spacings of the Zn and/or Al particles. The
powder data file and a standard electron diffraction pattern (fig. 8), from standard Au specimen,
confirmed the presence of Al-Zn particles.



Figure 3
TEM of Al-Zn dust on 400-mesh grids

Figure 4
Magnification of this TEM picture is higher than that of the figure 3



Figure 5
400-mesh grid at very high magnification at nano range
(different area)

Figure 6
Electron diffraction pattern from Al-Zn dust with very low beam density



Figure 7
Electron diffraction pattern of Al-Zn dust with normal beam density using a beam stop

Figure 8
Electron diffraction pattern from standard gold sample used for calibration
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