
New Literature 

COR-SUR for Windows 
Corrosion Data Software 

Price: $280 (NACE members: $230) 

The process of materials selection is 
often tedious and time-consuming. With 
COR.SUR and COR.SUR2 for Win- 
dows you have a quick and easy method 
for screening materials for possible use 
in a given environment. 

The information contained in COR.SUR 
and COR.SUR2 for Windows is organ- 
ized to enhance its usefulness as a tool 
for materials selection. It is concerned 
with the corrosion behavior of engineer- 
ing materials. The tables, charts, and 
graphs contained in these software pro- 
grams provide a cost-effective method 
for reducing the field of choice of mate- 
rials of construction for particular appli- 
cations quickly, based on corrosion 
behavior. COR.SUR and COR-SUR2 
were originally derived from informa- 
tion contained in Corrosion Data Sur- 
vey, Metals Section and Corrosion Data 
Survey, Nonmetals Section. Since the 
original software release, many im- 
provements and updates have been in- 
corporated into the software programs. 
The software programs document the 
performance of 71 materials in more 
than 1850 environments and provide a 
ready reference for evaluating the suit- 
ability of materials for possible use. 

System requirements: IBM-compatible 
PC with 386 (486 or higher recom- 
mended) processor; Windows 3x or 

higher; 8 MB RAM (16 MB for Win- 
dows 95); 10 MB hard disk space; Color 
graphics board for viewing graphics. 

Contact: NACE Membership Ser- 
vices, P.O. Box 218340, Houston, TX 
77218-8340; tel: 281/228-6223; fax: 
281/228-6300; e-mail: msd@mail.nace. 
org; on-line: www.nace.org. 

Cambridge Materials Selector; a 
Guide to Materials Selection for 
Engineering Education 

The optimum selection of materials is 
becoming increasingly important for in- 
novation in engineering design and an 
increasingly important part of engineer- 
ing education. Two of the main difficul- 
ties with teaching materials selection are 
having a suitable methodology to enable 
optimum materials choice for particular 
design requirements and providing suf- 
ficient high-quality property data for the 
80,000 or so materials available to engi- 
neers. 

Professor M. Ashby and his team at the 
Engineering Department of Cambridge 
University have developed a system that 
links the properties of engineering ma- 
terials directly with functionality of a 
particular design. The method is de- 
scribed in the textbook Materials Selec- 
tion in Mechanical Design by Ashby and 
published by Butterworth Heinemann. 

This methodology is now embedded 
into an integrated software package spe- 
cifically designed for use in engineering 
education. The Cambridge Materials Se- 

lector is a Windows-based PC software 
toolkit that combines the use of graphi- 
cal materials selection charts and exten- 
sive databases of material properties to 
enable the optimum selection of materi- 
als. The databases contain all the main 
classes of engineering materials includ- 
ing metals, polymers, ceramics, elas- 
tomers, and composites. More than 50 
properties are stored for each material, 
including mechanical, thermal, electri- 
cal, price, forming and joining methods, 
typical uses, and suppliers. 

Using the Cambridge Materials Selector 
provides: 

• An understanding of the properties of 
engineering materials and their role 
in design 

• An extensive data source for all 
classes of engineering materials 

• Acost-effective computer-based 
system easily used for student labs 
and workshops, with single- or 
multi-user software licenses 

A toolkit for undergraduate teaching 
together with a versatile platform for 
project work 

Contact: Granta Design Ltd., Trump- 
ington Mews, 40B High St., Trumpington, 
Cambridge CB2 2LS, U.K.; tel: +44 1223 
518895; fax: +44 1223 506432; e-mail: 
sales@granta.co.uk; web: http://www. 
granta.co.uk. 

Classified 
FOR SALE 
TAFA 8850 Arc Spray System rated 
at 200 amp. Used 1/2 hour. Asking 
$9,000. Call Matt at 716/647-6000. 
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Conference and Workshop Information 

"TS-nano'99" 
Thermal Spray Processing of 
Nanoscale Materials 

15-20 August 1999 
Quebec City, Canada 

Conference Overview 
Significant interest has been generated 
in the field of nanoscale materials. This 
interest stems not only from the out- 
standing properties that can be obtained 
in such materials, but also from the ad- 
vent that high-quality, unagglomerated 
nanoscale powders can be manufactured 
in large industrial size quantities. 

However, it was recognized early on that 
for this field to really mature, rapid and 
large-scale industrial applications were 
required and that for this to happen, sev- 
eral major problems needed to be 
solved. First, there was the difficulty of 
the large-scale production of materials, 
then there was the need to process these 
powders to be densified without the loss 
of  their nanostructures to obtain bulk 
products. There are many methods 
available to form nanocrystalline mate- 
rials that can be further processed to 
evolve nanophase and or nanocrys- 
talline structures. Some of  these materi- 
als are becoming fully commercialized 
and, accordingly, the focus is shifting 
from synthesis to processing, that is, 
how to make useful coatings and struc- 
tures from these powders. The potential 
applications span the whole spectrum of 
technology, for example, from thermal 
barrier coatings for turbine blades to 
wear-resistant rotating parts. The proc- 
essing step includes thermal spray meth- 
ods such as HVOF and plasma spray, but 
also includes innovations such as 
chemical vapor condensation (CVC) 
and a number of exciting new combus- 
tion processes. 

The conference format will include 
state-of-the-art review presentations, 
oral and poster presentations. Industrial 
examples and technical input are 
strongly encouraged, as are poster and 
tabletop displays. Student and postdoc- 
toral scholarships will be available to 
enable their participation. 

Conference Objective 
The objective of this conference will be 
to assess the state-of-the-art in under- 

standing the science and technology of  
thermally sprayed nanocrystalline coat- 
ings. The conference aims to address the 
synergism between processing, physical 
and mechanical characteristics, and the 
behavior of these novel materials. Areas 
of interest include, but are not limited to: 

• Innovations in processing 

• Process modeling and diagnostics 

• Microstructure and mechanical 
property characterization 

• Measurement, analysis and modeling 
of equipment and deposits 

• New equipment and processes 

• Nanostructured coatings 

• Case histories and practical 
experience with forming 
nanostructured materials 

• Applications and industrial issues 

• Poster sessions 

• Tabletop displays from companies 
and industries. 

Authors are strongly encouraged to con- 
tact the conference organizers with po- 
tential focus areas that can be 
considered for inclusion in this meeting. 

Conference Publication 

Written versions of the Extended Ab- 
stracts will be compiled into a collection 
of  papers that will be published as the 
proceedings of  the conference. This ex- 
tended paper will be published in the 
Journal of Thermal Spray Technology 
and, as such, will contribute to the archi- 
val literature base for this important area 
of  science and technology. 

Submission of  Abstracts 

Abstracts can be submitted to any of  
the conference chairmen or through 
the web site of  the Engineering Foun- 
dation. 

Tentative Schedule 

30 October 1998 

Send letter of  intent by e-mail to 
cberndt @notes.cc.sunysb.edu. In- 
clude a prospective paper/poster title 
and a short one-paragraph description 
of  the presentation. Include full contact 
details (postal address, telephone, fax, 
and e-mail) of  the author for all corre- 

spondence. Also submit the attached ap- 
plication form separately to the Engi- 
neering Foundation. 

31 January 1998 

Send a two page extended abstract (in- 
cluding some figures and references) to 
C.C. Berndt. 

28 February 1999 

Notification of  acceptance. 

31 March 1999 

Deadline for applications for those not 
submitting abstracts. 

30 June 1999 

Preparation of Pre-Conference Booklet 
of Abstracts. 

Conference Chairs 

The conference is being organized and 
cochaired by: 

Dr. Christopher C. Berndt, Professor 
SUNY at Stony Brook 
306 Old Engineering 
Stony Brook, NY 11794-2275 
Tel: 516/632-8507 
Fax: 516/632-8052 
E-mail: cberndt @notes.cc.sunysb.edu 

Dr. Enrique J. Lavernia, Professor 
and Chair 
Dept. of Chemical and Biochemical 

Engineering and Materials Science 
University of California Irvine 
Irvine, CA 92697-2575 
Tel: 949/824-8714 
Fax: 949/824-2262 
E-mail: lavernia@uci.edu 

Dr. Christian Moreau 
National Research Council Canada 
Institute of Industrial Materials 
75 de Mortagne 
Boucherville (Qutbec) 
J4B 6Y4 CANADA 
Tel: 450/641-5228 
Fax: 450/641-5106 
E-mail: christian.moreau @ nrc.ca 

Dr. Michel L. Trudeau 
Emerging Technologies 
1800 Boul. Lionel-Boulet 
Varennes, Qutbec 
Canada, J3X 1S 1 
Tel: 450/652-8265 
Fax: 450/652-8905 
E-mail: trudeaum@ireq.ca 
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Dr. Lawrence Kabacoff 
Office of Naval Research 
Code 331F 
800 North Quincy St. 
Arlington, VA 22217-5660 
Tel: 703/696-0283 
Fax: 703/696-0934 
E-mail: kabacol@onr.navy.mil 

1-4 November 1999, Cincinnati, 
Ohio 

"lntermetallics for the Third Millen- 
nium, "a Symposium Dedicated to Prof. 
R. W. Cahn 

The Intermetallic Materials Committee 
and Specialty Materials Sector of ASM 
International are sponsoring The Inter- 
national Symposium on "Intermetallics 
for the Third Millennium" being held in 
honor of Robert W. Cahn on his 75th 
birthday. This symposium will be part of 
the 1999 ASM Complete Metals and 
Materials Experience. 

The symposium will address monolithic 
and multiphase intermetallics and their 
composites. Of particular interest will 
be fundamentals of alloy design; electri- 
cal, physical, and thermal properties, re- 
covery, recrystallization, and grain 
growth; tensile, compressive, impact, 
creep, relaxation, fatigue, and bend 
strengths; and novel and conventional 
processing techniques. Prediction of 
evolving intermetallic systems based on 
first principles with an emphasis on "in- 
termetallics of the future" are highly en- 
couraged. 

The symposium will consist of both in- 
vited and contributed papers. 

Abstracts should contain no more than 
150 words and any relevant graphs, 
charts, or other support data. Please in- 
dicate the topic for which the abstract is 
being submitted; the proposed title, con- 

clusions, and significance of the paper; 
three (3) keywords from your paper for 
indexing purposes; and the following 
information about the author and all 
coauthors: name, title, company/affili- 
ation, complete address, phone and fax 
number, and e-mail address. Please un- 
derscore the name of the individual pre- 
senting the paper. 

Also, the abstract is to be accompanied 
by a completed "Program Content Se- 
lection Guide" available from: 
www.asm-intl.org or from Derek 
Weston, ASM International; 440/338- 
5151; e-mail dweston@po.asm-intl.org. 

Co-Organizers: Dr. S.C. Deevi 

Dr. C.T. Liu, Metals and Ceramics Divi- 
sion, Oak Ridge National Laboratory, 
Oak Ridge, TN USA. 

Prof. M. Yamaguchi, Department of Ma- 
terials Science and Engineering, Kyoto 
University, Yoshida Honmachi Sakyo- 
Ku, Kyoto Japan. 

Send abstracts to: Dr. S.C. Deevi, Re- 
search and Development Center, Philip 
Morris USA; 4201 Commerce Rd., 
Richmond, VA 23234, USA; tel: 
804/274-4968; fax: 804/274-4778; e- 
mail: deevi@talos.pm.com. 

To submit abstract on-line: Visit the 
ASM International Website at 
www.asm-intl.org and click on Confer- 
ences and Education. Follow the in- 
structions provided to prepare and 
submit your abstract on-line. 

13-18 June 1999, Beijing, China 

Surface Engineering Symposium at 
the Fifth IUMRS International 
Conference on Advanced Materials 

The International Union of Materials 
Research Societies has chosen Beijing 
for the site of its Fifth IUMRS Interna- 
tional Conference on Advanced Materi- 
als. C-MRS will follow the footprints of 

the E-MRS, MRS-Japan, and MRS- 
Mexico, the organizers of the four pre- 
vious conferences, to make it a success. 
Because this is the last IUMRS-ICAM 
in this century, it is the intention of the 
IUMRS to design it in a rather compre- 
hensive way and to make it a forum to 
give a forward look to materials science 
while striding into a new century. 

Main topics of the symposium on sur- 
face engineering include: characteristics 
and structure of surface layer; wear and 
antifriction technology--laser, electron 
beam, ion beam techniques, and ad- 
vanced coatings; thermal spraying and 
welding; anticorrosion technologies; 
surface testing technology and theoreti- 
cal analysis. 

Symposium Organizers: K. Zhou, 
Guangzhou Research Institute of Non- 
ferrous Metals, Wushan Guangzhou 
510651 China; tel: +86-20-85231729- 
6203; fax: +86-20-85231605; e-mail: 
gzrinm@ public.guangzhou.gd.cn 

L. Wen, Institute of Metal Research, 
Chinese Academy of Sciences, Wen- 
hua Rd., Shenyang, 110015, China; tel: 
+86-24-3843531-55564; fax: +86-24- 
3891320; e-mail: lswen@imr.ac.cn 

For more information on the IUMRS- 
ICAM- 1999, contact: Secretariat, 
IUMRS-ICAM-1999, C-MRS Office, 
7 Baishiqiao Rd., Beijing, 100081, 
China; tel/fax: +86-10-68428640; e- 
mail: cmrssec @ public.bta.net.cn 

Prof. H. Li, Department of Materials 
Science and Engineering, Tsinghua Uni- 
versity, Beijing 100084, China; tel: +86- 
10-62785775; fax: +86-10-62771160; 
e-mail: lhd-dms @ mail.tsinghua.edu.cn 

Dr. Y. Han, Beijing Institute of Aero- 
nautical Materials, Beijing 100095, 
China; tel: +86-10-62458053 or 86-10- 
62452103; fax: +86-10-62456925 or 86- 
10- 62456212; e-mail: hanyf@ public .east. 
net.cn. 

News from the GTS 

The GTS (Gemeinschaft 
Thermisches Spritzen) 

Among the group of surface coating 
technologies, thermal spraying offers 
the widest applications and can there- 
fore be found in all sectors of industry 
and trade. Users of thermal spraying 

work on a wide range of levels and can 
be split into three groups: 

• Internal production: Users add value 
to their products by in-house thermal 
spraying 

• Service companies: Companies offer 
contract thermal spraying services. 

They use one or two process areas or 
even several processes. 

Research and development in the 
industry itself or in universities and 
academies: This target group is in 
third place in terms of the number of 
spraying systems in use. 
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The interests of these three groups of 
users of thermal spraying naturally dif- 
fer a great deal. Therefore, this situation 
presented an ideal opportunity to get 
together the various types of  companies 
and institutes and form an association to 
promote thermal spraying and under- 
take joint activities. The leading repre- 
sentatives of this expanding sector of 
industry within surface finishing tech- 
nology met at special meetings and 
founded the Thermal Spraying Associa- 
tion (GTS). This association is intended 
to secure the long-term survival of its 
individual members in the thermal 
spraying sector within the hard and ex- 
tremely competitive market for surface 
finishing technology. 

The Aims of the GTS 

The Thermal Spraying Association 
(GTS) was founded on 22 October 1992 
by 13 companies after thorough and in- 
tensive preparatory work. 

The GTS logo was designed and regis- 
tered. The GTS is an association that is 
open to all users and supporters of  ther- 
mal spraying throughout Europe. The 
primary aims of the founders of the GTS 
were to publicize the technology of ther- 
mal spraying to a wide industrial public, 

to promote thermal spraying in conjunc- 
tion with the German Association for 
Welding Engineering (DVS) in practice 
and research, and finally to provide all 
its members with assistance in the indus- 
trial marketing of this technology. The 
joint activities of  the GTS are designed 
to represent the market interests of its 
members and to establish these interests 
where necessary. The primary aims in 
this respect is the high quality of the coat- 
ings and appropriate quality assurance. 

From the very beginning it was clear that 
securing the high level of thermal spray- 
ing technology could not be achieved 
solely by the general certification of 
member companies by state or state-ac- 
credited institutions in the sense of  DIN 
EN ISO 9000 ft. Therefore, a GTS cer- 
tificate was created together with an ex- 
tensive range of regulations. 

GTS document GTSPA001 forms the 
basis of  the association and its statutes. 
The "GTS Quality Management Guide- 
line" (GTSPA003) describes what GTS 
regards under the term quality assur- 
ance. There are currently a total of  17 
GTS documents that have been defined 
and established. They guarantee that the 
association's activities are regulated, in- 
cluding the certification procedures for 
its members. 

The Organization of  the GTS 

The activities of the GTS are regulated 
by the latest GTS statutes and other sup- 
plementary GTS-specific documents. 
The individual members determine tile 
direction and procedure of the GTS at 
annual general meetings. The Executive 
Board elected at these meetings repre- 
sents the GTS in its dealing with outside 
bodies and authorities. 

The five-person Executive Board of the 
GTS is elected by the members for a 
term of two years. The Executive Board 
also includes the Chairman of the Qual- 
ity Committee. This committee is re- 
sponsible for ensuring that the 
regulations for GTS certification are 
drawn up and monitored in accordance 
with the statutes and for completing the 
actual certification procedure. 

Contact: Gesch/ifisstelle der GTS; c/o 
Linde AG, Werksgruppe Technische 
Gase; P. Heinrich (Chairman), Seit- 
nerstr. 70, 82049 H/311riegelskreuth; 
tel: ++49 (0) 89 74 46 1428; fax: ++49 
(0) 89 74 46 1659; e-mail: gts_ev@ 
compuserv.com; web: http://ourworld. 
compuserve.com/homepages/gts_ev. 

Recent Conferences 

SSPC98 International 
Conference and Exhibition 

15-19 November 1998, Orlando, 
Florida 

Session on "Thermal Spray: Some 
Like It Hot" 
Chair: J. Costa, Corrosion Restoration 
Technologies, Jupiter, FL 

• Thermal Spray Aluminum for 
Corrosion Protection--Some 
Practical Experience in the Offshore 
Industry, by R. Avery, Dynamic 
Coatings Corp., Houston, TX 

• Restoration of the Historic Trenton 
Bridge Using Field Applied Thermal 
Spray Coatings, by A. Tsourous, 
Jupiter Painting Contracting 
Company, Inc., Croydon, PA 

• High Output Arc Spraying--What 
Wire and What Pattern? by E. 
Sampson and W.R. Kratochvil, TAFA 
Inc., Concord, NH 

• Corrosion Resistance of 
Zinc/Aluminum Alloy Coatings, by 
D.J. Varacalle, Jr., Idaho National 
Engineering Laboratory, Idaho Falls, 
ID; W. Zanchuck, E. Sampson, and 
W.R. Kratochvil, TAFA Inc., 

Concord, NH; K.W. Couch and D. 
Benson, Protech Laboratories Corp., 
Cincinnati, OH; and G.S. Cox, ITI 
Anti-Corrosion, Inc., Houston, TX 

• Ski Lift Maintenance: ANew 
Cost-Effective Approach, by M. 
Bhusari and R. Mitchner, TAFA Inc., 
Concord, NH 

Contact: SSPC: The Society for Protec- 
tive Coatings, 40 24th St., Sixth Floor, 
Pittsburgh, PA 15222-4656; tel: 
412/281-2331; fax: 412/281-9993; web: 
www.sspc.org. 

Arc Spray News from Sulzer Metco 

One simple way to convince customers 
of  a new product is to install it with them 
and let them use it. But Sulzer Metco 
raised its eyebrows when one customer 

(Folla Tech A.S. in Norway) agreed and 
announced its intention of spraying a 
coating 2.5 mm thick onto a roller 12 m 
long and 1.2 m in diameter with the 

equipment placed at its disposal. This 
ambitious target compelled the special- 
ists of Sulzer Metco to make sure that 
everything went perfectly. 
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Success from the Start 

The equipment involved was a Smart- 
Arc spraying facility with long-life con- 
tact tips, while the spraying material was 
an aluminum-bronze wire of 1.6 mm 
diameter supplied in 15 kg coils. Per 
hour, 11.4 kg of wire was sprayed, alto- 
gether 820 kg within 72 hours. The 
equipment was operated at a current 
level of 350 A. While the coils were 
being changed, the spray gun was 
cleaned with compressed air, and the 
contact tips, of which three pairs were 
being used, were changed and tested. At 
the end of  the coating process, no wear 
could be seen on the tips. After changing 
the wire coils, spraying was resumed 
straight onto the roller surface. 

The coated roller was part of  a machine 
making endless wire screens for paper 
machines. The same type of roller was 
previously coated using a conventional 
arc spraying system. In comparison, the 
roller coated by the SmartArc process 
showed a much smoother, more uniform 
surface, which greatly impressed the 
customer. 

Subsequently, Folla Tech coated a press 
roll 5 m long and 1 m in diameter with- 
out any problems (Fig. 1), which had 
previously been hard-chrome-plated. A 

Metcoloy 2 coating 1.7 mm thick was 
deposited, which was ground down to 
1.3 mm with a belt-grinding machine. 
The Ra roughness attained was 0.27 ~m. 
Previously, the operator had to send the 
roller to Austria each time for chromium 
plating. Next time, Folla Tech intends to 
renew the coating without dismantling 
the roll, on the actual paper machine. 

Versatile Coating Technique 

In the SmartArc process, the ends of  two 
metal wires are guided together so that 
an electric arc is struck. The metal melts 
and then is atomized with the help of an 
air jet  and accelerated onto the surface 
being coated. Here, the sprayed particles 
cool and form a bond with the substrate 
material. Depending on the wire mate- 
rial, coatings are formed resisting heat, 
wear, or corrosion. Special wires 
(SmartWires) are used for spraying. The 
coating thickness depends on the func- 
tion of  the layer and the spraying mate- 
rial and may range from 0.5 to well 
above 10 mm. To quote one example, a 
material containing 26% Cr was sprayed 
10 mm thick onto a Kaplan turbine to 
protect it against abrasion. 

Pseudoalloys can be deposited also by 
feeding two different wire materials. In 

this way, for example, a wear-reducing 
material, embedded in a heat-conduct- 
ing matrix, can be deposited. 

Optimal Air Flow 

One of the special features of  the Smart- 
Arc system is the optimal air flow, based 
on fluid dynamic investigations by 
Sulzer Innotec, which ensure very high 
arc stability and uniform melting, 360 ° 
around the arc. A large-volume air f low 
can be obtained at low pressures. In con- 
trast to previous sprayed coatings, this 
enables high bonding strength and better 
coating quality to be obtained. 

The wire feed has been greatly devel- 
oped based on continuous monitoring 
and control of the wire feed motor 
torque (one motor in the gun and the 
control system) using a patented micro- 
processor motor control system. This 
has led to an outstanding long-time sta- 
bility. In this way, the usage of spray 
material, wear parts, and energy has 
been reduced, with a beneficial effect on 
operating costs. 

The arrangement of  the wire feed has 
been designed to allow automatic spray- 
ing with robot manipulation of  the wire 
gun (Fig. 2). 

Article by Andrew Nicoll, Sulzer Tech. 
Rev., Feb 1998, p 4-5. For more details: 
Sulzer Metco Holding AG, Andrew R. 
Nicoll, Rigackerstrasse 16, CH-5610 
Wohlen, Switzerland, tel: +41 (0) 56- 
618 81 48; fax: +41 (0) 56-618 81 01; 
e-mail: andrew.nicoll @ sulzer.ch. 

Fig. 1 Coating a roller using SmartArc--the new Sulzer Metco high-performance arc wire spray 
process 

Fig. 2 For the first time, metallic surface 
coatings can be deposited with SmartArc 
using a robot mounted arc wire spray gun 
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Standard Methods to Measure Coating Thickness 

Have you ever  wondered  about  the many standard methods that are available to measure  the thickness  of  a coat ing? The researchers  
at the E P M A  Swiss  Federal  Labs  in Thun,Switzer land,  have compi led  the fo l lowing list f rom their  mass ive  database on "Thermal  
Spray Coat ings ."  Contact  Dr. S.D. Siegmann for fur ther  details; e-mail:  s t ephan . s i egmann@epma.com.  

1. ASTM B 487 
2. ASTM B 659 
3. ASTM F 95 

4. DIN 50436 

5. DIN 50437 

6. DIN 50933 
7. DIN 50948 
8. DIN 50978 
9. DIN 50982-3 
10. DIN 50986 
11. DIN 50987 
12. DIN EN 22063 

13. DIN EN 1463 
ISO 

14. DIN EN 2064 
ISO 

15. DIN EN 2177 
ISO 

16. DIN EN 2178 
ISO 

17. DIN EN 2360 
ISO 

18. DIN EN 2361 
ISO 

19. DIN EN 3543 
ISO 

20. DIN EN 3868 
ISO 

21. DIN EN 3882 
ISO 

22. DIN EN 4518 
ISO 

23. DIN EN 8401 
1SO 

24. DIN EN 9220 
ISO 

25. DIN V 1071-1 
ENV 

26. DIN V 1071-2 
ENV 

27. DVS 2303-1 
28. EN ISO 1463 
29. EN ISO 2064 

30. EN ISO 2177 
31. EN ISO 2178 
32. EN ISO 2360 

33. EN ISO 2361 

34. EN ISO 3543 
35. EN ISO 3868 

36. EN ISO 3882 
37. EN ISO 4518 
38. EN ISO 9220 
39. ENV 1071-1 

40. ENV 1071-2 

41. ISO 1463 

Test Method for Measurement of Metal and Oxide Coating Thickness by Microscopical Examination of a Cross Section 
Measuring Thickness of Metallic and Inorganic Coatings 
Test Method for Thickness of Lightly Doped Silicon Epitaxial Layers on Heavily Doped Silicon Substrates Using an 

Infrared Dispersive Spectrophotometer 
Testing of semiconducting inorganic materials; measurement of the metaihirgic thickness of epitaxial layers of silicon 

by the stacking fault method 
Testing of semiconductive inorganic materials; measuring the thickness of silicon epitaxial layer thickness by infrared 

interference method 
Measurement of coating thickness by differential measurement using a stylus instrument 
Measurement of coating thickness; split-beam method 
Testing of metallic coatings; adherence of hot dip zinc coatings 
Principles of coating thickness measurement; selection criteria and basic measurement procedures 
Measurement of coating thickness; wedge cut method for measuring the thickness of paints and related coatings 
Measurement of coating thickness by the x-ray spectrometric method 
Metallic and other inorganic coatings--Thermal spraying--Zinc, aluminum and their alloys (ISO 2063:1991); German 

version EN 22063:1993 
Metallic and oxide coatings---Measurement of coating thickness--Microscopical method (ISO 1463:1982); German 

version EN ISO 1463:1994 
Metallic and other nonorganic coatings--Definitions and conventions concerning the measurement of thickness (ISO 

2064:1980); German version EN ISO 2064:1994 
Metallic coatings--Measurement of coating thickness---Coulometric method by anodic dissolution (ISO 2177:1985); 

German version EN ISO 2177:1994 
Nonmagnetic coatings on magnetic substrates--Measurement of coating thickness--Magnetic method (ISO 

2178:1982); German version EN ISO 2178:1995 
Nonconductive coatings on nonmagnetic basis metals--Measurement of coating thickness--Eddy current method (ISO 

2360:1982); German version EN ISO 2360:1995 
Electrodeposited nickel coatings on magnetic and nonmagnetic substrates--Measurement of coating thickness-- 

Magnetic method (ISO 2361:1982); German version EN ISO 236l: 1995 
Metallic and nonmetallic coatings--Measurement of thickness---Beta backscatter method (ISO 3543:1981); German 

version EN ISO 3543:1994 
Metallic and other nonorganic coatings--Measurement of coating thicknesses---Fizeau multiple-beam interferometry 

method (ISO 3868:1976); German version EN ISO 3868:1994 
Metallic and other nonorganic coatings--Review of methods of measurement of thickness (ISO 3882:1986); German 

version EN ISO 3882:1994 
Metallic coatings--Measurement of coating thickness--Profilometric method (ISO 4518:1980); German version EN 

ISO 4518:1995 
Metallic coatings--Review of methods of measurement of ductility (ISO 8401:1986); German version EN ISO 

8401:1994 
Metallic coatings--Measurement of coating thickness---Scanning electron microscope method (ISO 9220:1988); 

German version EN ISO 9220:1994 
Advanced technical ceramics; methods of test for ceramic coatings; part 1: determination of coating thickness by contact 

probe prof'dometer; German version EN V 1071-1:1993 
Advanced technical ceramics; methods of test for ceramic coatings; part 2: determination of coating thickness by the 

cap grinding method; German version ENV 1071-2:1993 
Zersttrungsfreies Prtifen von thermisch gespritzten Schiehten,Schichtdickenmessung 
Metallic and oxide coatings--Measurement of coating thickness--Microscopical method (ISO 1463:1982) 
Metallic and other nonorganic coatings--Definitions and conventions concerning the measurement of thickness (ISO 

2064:1980) 
Metallic coatings--Measurement of coating thickness---Coulometric method by anodic dissolution (ISO 2177:1985) 
Nonmagnetic coatings on magnetic substrates--Measurement of coating thickness--Magnetic method (ISO 2178:1982) 
Nonconductive coatings on nonmagnetic basis metals--Measurement of coating thickness---Eddy current method (ISO 

2360:1982) 
Electrodeposited nickel coatings on magnetic and nonmagnetic substrates--Measurement of coating thickness-- 

Magnetic method (ISO 2361:1982) 
Metallic and nonmetallic coatings--Measurement of thickness---Beta backscatter method (ISO 3543:198 l) 
Metallic and other nonorganic coatings--Measurement of coating thicknesses----Fizeau multiple-beam interferometry 

method (ISO 3868:1976) 
Metallic and other nonorganic coatings--Review of methods of measurement of thickness (ISO 3882:1986) 
Metallic coatings--Measurement of coating thickness--Profilometric method (ISO 4518:1980) 
Metallic coatings--Measurement of coating thickness--Scanning electron microscope method (ISO 9220:1988) 
Advanced technical ceramics; methods of test for ceramic coatings; part 1: determination of coating thickness by contact 

probe profilometer 
Advanced technical ceramics; methods of test for ceramic coatings; part 2: determination of coating thickness by the 

cap grinding method 
Metallic and oxide coatings; measurement of coating thickness; microscopical method 

(continued) 
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Standard Methods to Measure Coating Thickness (continued) 

42. ISO 
43. ISO 
44. ISO 
45. ISO 
46. 1SO 

47. ISO 
48. ISO 
49. ISO 
50. ISO 

51. ISO 3882 
52. ISO 4518 
53. ISO 8401 
54. ISO 9220 
55. JIS H 8401 

2064 Metallic and other inorganic coatings--Definitions and conventions concerning the measurement of thickness 
2177 Metallic coatings; measurement of coating thickness; coulomelric method by anodic dissolution 
2178 Nonmagnetic coatings on magnetic substrates; measurement of coating thickness; magnetic method 
2360 Nonconductive coatings on nonmagnetic basis metals; measurement of coating thickness; eddy current method 
2361 Electrodeposited nickel coatings on magnetic and nonmagnetic substrates; measurement of coating thickness; magnetic 

method 
2808 Paint and varnishes; determination of film thickness 
3497 Metallic coatings; measurement of coating thickness; x-ray spectrometric methods 
3543 Metallic and nonmetallic coatings; measurement of thickness; beta backscatter method 
3868 Metallic and other nonorganic coatings; measurement of coating thicknesses; Fizeau multiple-beam interferometry 

method 
Metallic and other nonorganic coatings; review of methods of measurement of thickness 
Metallic coatings; measurement of coating thickness; profilometric method 
Metallic coatings; review of methods of measurement of ductility 
Metallic coatings; measurement of coating thickness; scanning electron microscope method 
Methods of thickness measurement for thermal spraying coatings 

Industrial News 

Howmet Expands Machining 
Operation 

Howmet Corporation's Winsted Ma- 
chining operation today announced the 
completion of the first phase of its ex- 
pansion. "We have installed four new 
five-axis, computer-controlled cubic 
boron nitride machines to create a state- 
of-the-art machining center. This center 
has increased our ability to meet the 
market 's  demand for one-stop shopping 
for ready-to-assemble components," 
says James R. Stanley, senior vice presi- 
dent, U.S. operations. "Today customers 
want to deal with fewer suppliers and 
receive finished components on a just- 
in-time basis, delivered right to the point 
of  use." 

Howmet has invested approximately $3 
million to complete phase one of its ex- 
pansion at the Winsted Machining op- 
eration. This investment represents the 
first of  three equally funded phases. 

Howmet is making these investments to 
reduce dependency on outsourcing for 
ancillary operations such as heat treat- 
ing and laser-hole drilling. "Customers 
are demanding their parts faster, so we 
are targeting unprecedented reductions 
in cycle time," says Elmer Miller, gen- 
eral manager of the machining opera- 
tion. "Moving as many operations as 
possible under our roof  gives us the 
flexibility to make aggressive delivery 
commitments, then live up to them." 

Contac t :  Doreen Deary, Howmet Cor- 
poration, 475 Steamboat Rd., Green- 

wich, CT 06836-1960; tel: 203/625- 
8735; fax: 203/625-8796. 

Howmet Invests S1.75 Million to 
Install New Furnace 

Howmet Corporation's Hampton Cast- 
ing operation today announced plans to 
expand its directional solidification 
(DS) capabilities by installing a new fur- 
nace. The $1.75 million investment is a 
response to strong demand in the indus- 
trial gas turbine (IGT) sector. This is the 
first investment in an overall plan which 
Howmet is now reviewing with the city 
of  Hampton. The plan includes a poten- 
tial investment of $30.5 million in plant 
and equipment over the next three years. 
Investments at this level may require an 
addition of  up to 143,500 square feet of 
plant and generate up to 196 new jobs. 

The increase in demand in the IGT sec- 
tor is not the only trend driving How- 
met 's  decision to invest. "Land-based 
industrial gas turbine components are 
becoming as sophisticated in their de- 
sign as the most advanced aerospace 
components," says Larry Corliss, gen- 
eral manager, Hampton Casting. "Also, 
new designs call for larger, more com- 
plex components. We need the latest 
production technology to help us re- 
spond as effectively as possible to these 
two trends." 

According to James Boutot, Howmet 's  
IGT business manager, the designs of 
new land-based IGT systems are push- 
ing technical limits to increase effi- 
ciency and durability. "The DS furnace 

will keep Howmet in the forefront of  
technical services, so we remain the pre- 
ferred supplier for customers doing the 
most advanced developmental work," 
he says. 

Directional solidification technology is 
popular with industrial gas turbine 
OEMs. Boutot says, "Our customers are 
successful selling high-technology tur- 
bines that incorporate directionally so- 
lidified castings because these systems 
offer the lowest life-cycle costs." Boutot 
adds that DS components comprised 5% 
of  Howmet 's  sales to industrial gas tur- 
bine OEMs in 1990 and that sales of DS 
components to this market are expected 
to reach 26% in 1998. 

Contact:  Doreen Deary, Howmet Corpo- 
ration, 475 Steamboat Rd., Greenwich, 
CT 06836-1960; tel: 203/625-8735; fax: 
203/625-8796. 

Howmet Invests $2.1 Million to 
Upgrade CVD Capabilities 

Howmet Corporation's Thermatech 
Coating operation revealed plans during 
its Technology Dedication Ceremony 
held in Whitehall ,  MI, on May 13, 1998, 
to install a sixth chemical vapor deposi- 
tion (CVD) furnace. "We installed our 
fifth furnace in June of last year, and it 
is already booked to capacity through 
1998," says James R. Stanley, senior 
Vice President, U.S. operations. "A ma- 
jor capital equipment investment is a 
prudent response in the face of  such 
strong customer demand. It also further 
underscores Howmet 's  commitment to 
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provide the full range of  coatings for 
ready-to-assemble components in all the 
markets we serve." 

With a total of  six CVD furnaces, the 
Thermatech Coating operation is the 
world's largest supplier of  CVD coat- 
ings to aerospace, industrial gas turbine, 
marine, and other high-technology in- 
dustries. As gas turbine engine manufac- 
turers pursue better efficiencies by 
increasing their engines' ability to oper- 
ate in higher-temperature environments, 
the need for protective coatings be- 
comes a key factor in improved perfor- 
mance. "Protective coatings have 
become an integral design element, not 
a routine afterthought," says Cliff Sick- 
les, general manager of  Howmet Spe- 
cialty Products, which includes 
Thermatech Coating. 

Contact: Doreen Deary, Howmet Corpo- 
ration, 475 Steamboat Rd., Greenwich, 
CT 06836-1960; tel: 203/625-8735; fax: 
203/625-8796. 

Nano Instruments and MTS 
Systems Join Forces 

Nano Instruments has joined forces with 
MTS Systems Corporation, the Minnea- 
polis, MN, based materials testing sys- 
tem manufacturer. As of  1 May 1998, the 
Nano Instruments Innovation Center be- 
came the new identity, but the address, 
phone numbers, e-mail all remain the 
same, as does the personnel. 

Contact: MTS Systems Corporation, 
Nano Instruments Innovation Center, 
1001 Larson Drive, Oak Ridge, TN 
37830; tel: 423/481-8451; fax: 423/841- 
8455; e-mail: nano@nanoinst.com. 

TAFA E x p a n d s  L a b o r a t o r y  
Capabilities 

TAFA Inc. is expanding its laboratory 
capabilities with a variety of  new test 
equipment and experienced researchers. 
These advancements bring TAFA's ana- 
lytical, measuring, and coating im- 
provement capabilities to a new level. 

Objectives 

"We are tightening the feedback loop 
between equipment, materials, applica- 
tion processes, and the resulting coating 
performance," says Val Zanchuk, 
TAFA's president. "Our goal is to ensure 
our technologies produce the most reli- 
able coatings, with the highest coating 
performance as defined by the customer 

and their application. The new talent 
we've brought on board and our invest- 
ment in new testing equipment will al- 
low us to refine our technology 
development." 

The objectives of the lab are to optimize: 

• Processes for high production and 
ease of use 

• Materials for purity and consistency 

• Spray parameters for repeatability 

• Coating performance and reliability 

These objectives will be achieved 
through: 

• Increased understanding of 
proces s-structure-property 
relationships 

• Materials characterization 

• Service simulation 

• Quantification and analysis of 
statistical data 

As TAFA expands its ability to analyze, 
quantify, and enhance the property rela- 
tionships in coatings, these upgraded re- 
search capabilities will enable 
customers to apply better, more reliable 
coatings in more complex and diverse 
service environments. 

Capabilities 

Currently, TAFA's laboratories perform: 

• High-temperature corrosion testing 

• Low-temperature aqueous corrosion 
testing 

• Oxidation testing 

• Thermal shock testing 

• Bend testing for metal fatigue 

• Bond testing and metallographic 
examination 

New equipment will permit: 

• Pin-on-disk wear tests 

• Residual stress analysis 

• Thermal barrier coating tests 

• Salt-spray testing 

• Abrasion wear tests 

Tests in TAFA's laboratories are con- 
ducted according to established ASTM 
or NACE standards. Where no standards 
exist, TAFA researchers will be develop- 
ing and writing new standards for indus- 
tries using thermal spray. 

Technical Competence 

At the head of the scientific team is Dr. 
Vladimir Belashchenko, TAFA's Vice- 

President of R&D. He has more than 20 
years experience in R&D, holds 11 pat- 
ents, and has authored numerous articles 
on thermal spray technology. 

Dr. Purush Sahoo received his doctoral 
degree from Pennsylvania State Univer- 
sity in Metal Science and Engineering 
and is the Manager of Coatings Devel- 
opment at TAFA. His previous research 
at Sermatech International Inc. focused 
on gas turbine component coatings. 

Dr. Tetyana Shmyreva, whose doctoral 
degree was awarded from the 
Dnepropetrovsk Metallurgical Institute 
in 1981, assists with product develop- 
ment and coating characterization. She 
has more than 20 years of  extensive, 
industrial research experience with all 
thermal spray processes in the pulp and 
paper industry, with the oil and gas in- 
dustry, with the aircraft industry, and 
with many biomedical applications. 

Contact: Joan Rich, Communications, 
TAFA Inc.; tel: 603/223-2108; fax: 
603/225-4342; e-mail: info@tafa.com; 
web: http://www.tafa.com. 

Terolab Services SA Targets 
Being European Leader by 2002 

Newly based at the World Trade Center 
in Lausanne, Switzerland, TeroLab 
Services SA, a company formed from a 
management buyout on 1 June 1998 
from the multinational Eutectic+Cas- 
tolin Group, has just acquired the Ger- 
man company Bernex GmbH from the 
Berna Group of  Olten, Switzerland. The 
German company specializes in the ap- 
plication of antiwear surface treatments. 
It has a staff of  100 with a turnover in 
1997 of CHF 15 million. This acquisi- 
tion strengthens the position of the new 
Swiss company on the main European 
market: Germany. 

TeroLab Services SA, which has a li- 
cense agreement with the Eutectic+Cas- 
tolin Group based in St.-Sulpice, 
Switzerland, to use the TeroLab brand 
name and the related technology, com- 
prises a factory in French-speaking 
Switzerland of which Mr. J.-P. Rochat is 
principal shareholder--TeroLab Serv- 
ices Switzerland in Tolochenaz (VD), as 
well as Terolab Services SNMC in Vil- 
leneuve-Le-Roi near Paris and in 
Florange in France, and now TeroLab 
Services Bernex GmbH in Langenfeld 
in Germany. 

TeroLab Services SA specializes in an- 
tiwear engineered coatings and repair 
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techniques involving a whole range of 
materials (metals, polymers, and ceram- 
ics). It aims to achieve the best possible 
results in each application, be it high-ve- 
locity thermal spraying, plasma weld- 
ing, automation, or machining, to cite 
but a few examples. Its main customers 
are primarily in the energy sectors, 
heavy equipment, printing, automotive, 
biomedical, equipment manufacturing, 
pulp and paper, and steel industries. The 
company operates as an industrial con- 
tractor and covers the complete range of 
services from initial analysis of  indus- 
trial parts to the application and the fin- 
ishing of the surfacing materials. 

According to Christopher Wasserman, 
President of TeroLab Services SA, the 
group expects 1998 sales to be 33 mil- 
lion CHF. TeroLab Services SA aims by 
the year 2002, to become the European 
leader in the specific areas mentioned 
above. Its presence in various European 
countries ensures that it will be close to 
its customers, and this will make for 
optimal service: "Our ambition is to im- 
prove the quality of our services and to 
maintain a high level of performance in 
extending the useful working life of  the 
machines and components entrusted to 
us by our customers, equipment manu- 
facturers, and end users. At the same 

time, we wish the company to become a 
true partner for our customers in provid- 
ing them with engineered coatings for 
both prevention and cure." 

TeroLab Services SA's corporate strat- 
egy involves systematically seeking 
growth opportunities, increasing pro- 
ductivity by focusing on the strong 
points of the company's  activities and 
expanding quality, health, safety, and 
environmental efforts. 

Contact: Christopher Wasserman, 
President, TeroLab Services SA, World 
Trade Center; tel: +41 (0)21 641 10 85; 
fax: +41 (0)21 641 10 86. 

News from NASA 

M e t h o d  for Product ion  o f  
Powders  

Metal oxide powders are used in chemi- 
cal laboratories and in manufacturing 
processes, but existing methods for pro- 
ducing them involve multistep process- 
es requiring elaborate apparatus that are 
relatively time-consuming, cumber- 
some, and expensive. The present inven- 
tion provides a technique for producing 
large amounts of oxide powders utiliz- 
ing combustion with a minimal number 
of  process steps. A material, which may 
be a metal or metal alloy, is provided in 
the form of  a rod and put in a combustion 
chamber housing. An igniter is applied 
to it, and it is then exposed to an oxygen 
atmosphere, or an atmosphere enriched 
with oxygen. The igniter causes com- 
bustion of the material to produce pow- 
dered oxide. In one embodiment of  the 
invention, a feeder is provided so that 
the material can be advanced into the 
combustion chamber continuously via 
rollers, moving through a seal so that the 
chamber 's  ability to contain the com- 
bustion reaction is preserved. 

Inventors: J.M. Stoltzfus and S. Sircar, 
Johnson Space Center. Patent No. 
5,635,153. Extracted from NASA Tech 
Briefs, June 1998. 

DC-Exc i ted  Thermos tra in -Gage  
Signal -Condit ioning  C i r c u i t  

Figure 1 illustrates a dc-excited Ander- 
son-loop circuit that includes (1) ther- 

mocouples for measuring the tempera- 
ture of  the strain gage and (2) a signal- 
conditioning circuit that separates the 
temperature and strain-gage signals in 
the sense that one output voltage is pro- 
portional to the change in the strain- 
gage resistance and another voltage is 
proportional to the thermoelectric volt- 
age indicative of the temperature of the 
strain gage. 

The concept of the Anderson loop was 
discussed in three articles in NASA Tech 
Briefs: "Constant-Current Loops for Re- 
sistance-Change Measurements" (ARC- 
11988) in June 1998, "The Anderson 

Fig. 1 Differences between terminal volt- 
ages provide indications of the temperature 
of the strain gage and the change in the 
strain-gage resistance. 

Current Loop" (DRC-00001), Vol 18 
(No. 12), Dec 1994, p 30, and "Patent 
Statement on the Anderson Current 
Loop" (ARC-13376), Vol 20 (No. 11), 
Nov 1996, p 12a. In summary: in the 
basic Anderson current loop, voltage 
drops in lead wires are excluded from 
measurement by use of the well-known 
Kelvin technique, in which a known cur- 
rent is supplied via two lead wires to a 
resistance to be determined, the voltage 
across this resistance is coupled to a 
high-input resistance voltmeter via two 
other lead wires, and the voltage drops 
in these voltage-measurement lead 
wires can be neglected because they 
carry negligible current by virtue of  the 
high input resistance of  the voltmeter. 

Here, a known constant current I is sup- 
plied to a strain gage of resistance R + 
AR (where R is an initial value and AR 
is a change caused by the combined ef- 
fects of strain and temperature). The 
strain-gage resistance is connected in 
series with two thermocouple wires of 
resistance Rwt and Rw2, respectively. 
These wires are both made of the same 
one of two thermocouple alloys and are 
of the same length, so that Rwl = Rw2. 
Two other wires (Rw3 and Rw4) made of 
the other thermocouple alloy, are con- 
nected to the terminals for measuring the 
voltage drop in the strain-gage resis- 
tance. Areference resistor (Rref = R) at a 
reference or ambient temperature is also 
connected in series with the strain-gage 
resistance. 
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The thermoelectric voltage of thermo- 
couple (Rwl, Rw3) is given by: 

vTC 1 = Vl l - -  VI2 

the thermoelectric voltage of  thermo- 
couple (Rw2, Rw4) is given by 

1"TC2 = v21 - 1"22 

The thermoelectric-output-voltage level 
of  each thermocouple represents the 
temperature of its connection to the 
strain gage. 

Straightforward algebraic manipulation 
of  the equations that relate the terminal 
voltages Vl through v4 with the voltage 
drops in the various resistances and with 
the thermoelectric voltages yields the 
following equations for the desired out- 
put voltages: 

VTC = (v i - v3)/2 

and 

IAR = (V 2 - -  1'4) 

As indicated in Fig. 1, the terminal volt- 
ages Vl through 1,4 are coupled to Ander- 
son subtractors comprised of  buffered 
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Fig. 1 Mismatches between thermal ex- 
pansions of mullite and of silicon and SiC 
are large enough to cause cracking of mullite 
coatings on silicon-based substrates. Ther- 
mal expansion mismatch can be reduced by 
incorporating the lower thermal expansion 
material(s) cordierite and/or fused silica into 
a mullite coating. 

differential level shifting amplifiers 
wired to implement these equations. The 
subtractor outputs are then the output 
thermoelectric voltage VTC and resis- 
tance-change voltage IAR. 

This work was done by K.E Anderson 
of  Analytical Services and Materials for 
Dryden Flight Research Center. For fur- 
ther information, access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Electronic 
components and Circuits category. Ex- 
tracted from NASA Tech Briefs, June 
1998, p 52, 54. 

Reducing CTE Mismatch 
between Coatings and 
Silicon-Based Ceramics 

Two techniques have been proposed to 
reduce thermal-expansion mismatches 
between (a) substrates made of  silicon, 
silicon-based ceramics, and silicon- 
based ceramic composite materials and 
(b) surface coats that protect the sub- 
strates against chemical attack in oxidiz- 
ing and/or corrosive environments. 
Typical substrate materials include 
SiC/Si composites. A typical coating 
material is mullite (A16Si2013), which 
can protect silicon-based substrates 
against water-free oxidizing and corro- 
sive environments. Mullite can also be 
applied as intermediate coating layers to 
relax stresses and enhance the adhesion 
of  overlying protective layers of zir- 
conia (ZrO2) or nonstoichiometric anor- 
thite (stoichiometric composition 
CaAI2Si208). The coefficients of ther- 
mal expansion (CTEs) of mullite and of 
some other typical oxide coating mate- 
rials are greater than the CTEs of sili- 
con-based substrates and, as a result, the 
coatings tend to crack through their 
thicknesses. The cracks become path- 
ways for the entry of the chemical spe- 
cies from which one seeks to protect the 
substrates. 

In one proposed technique, one or more 
lower-CTE phase(s) would be incorpo- 
rated into a mullite coating to reduce the 
CTE of the coating for a better CTE 
match with the substrate. Suitable 
lower-CTE compounds include cor- 
dierite (2MgO.2A1203.5SiO2) and fused 
silica (see Fig. 1). Mullite, cordierite, 
and fused silica would be chemically 
compatible with the substrate, with each 
other, and with typical other oxide coat- 
ing materials. A composite coating of 
mullite with cordierite and/or fused sil- 

ica could be applied by plasma spraying 
or by a wet chemical process. 

The CTE of a polycrystalline material 
such as a mullite/cordierite/fused silica 
composite can be approximated by a 
rule of mixtures: (tc - ZtxiVi, where (Zc is 
the CTE of the composite, (zi is the CTE 
of the ith constituent, and Vi is the vol- 
ume fraction of the ith constituent. In- 
itially, the proportions of cordierite 
and/or fused silica could be chosen to 
obtain a desired value of  Ctc, according 
to this rule. However, because of the 
complexity of the phase composition of 
the mullite/cordierite/fused silica sys- 
tem, a process of trial and error would 
likely be necessary to establish the opti- 
mum composition. 

In the second proposed technique, zir- 
con (ZrSiO4) would be applied as an 
intermediate layer between a substrate 
and an overlying protective coating. Op- 
tionally, if a dense, crack-free zircon 
coating could be produced, then it could 
be used, instead of mullite, as a protec- 
tive coating, provided that there is no 
water vapor in the environment. In com- 
parison with mullite, zircon has a CTE 
closer to the CTEs of  the typical sub- 
strate constituents SiC and silicon. If  
resistance to water is needed, then a 
protective coating o f  zirconia (ZrO2) or 
of  various silicates could be applied 
over the zircon layer. Zircon would be 
chemically compatible with both the 
protective coating and the thin layer of 
SiO2 that typically forms on the surface 
of  a silicon-based substrate. 

Like a mullite/cordierite/fused silica 
composite coating, a zircon coating 
could be applied by plasma spraying or 
by a wet chemical process. Plasma 
spraying could be complicated by the 
fact that zircon melts and freezes incon- 
gruently, forming cubic zirconia first 
upon cooling from the liquid phase. It 
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Fig. 2 The thermal expansion of zircon 
matches the thermal expansion of silicon and 
SiC more closely than does the thermal ex- 
pansion of mullite. 
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might be necessary to add Y203 or CaO 
to the starting composition to stabilize 
the cubic phase and prevent volumetric 
changes while allowing the conversion 
to  zircon to take place. Postspray an- 
nealing might be necessary to help the 
zircon coating reach equilibrium and en- 
hance its stability. 

The CTE of  zircon is slightly less than 
that of SiC, though greater than that of 
silicon (see Fig. 2). In the case of  zircon 
plasma sprayed on SiC, the slight differ- 
ence between the CTEs results in a small 
compressive stress in the zircon. Inas- 
much as the compressive strength of zir- 

con exceeds its tensile strength, this 
small compressive stress could be ad- 
vantageous in that it might offset small 
residual local tensile stresses and 
thereby help to prevent cracking. As in 
the first technique, one could incorpo- 
rate lower-thermal-expansion phases 
such as cordierite and/or fused silica to 
obtain a lower overall CTE; for exam- 
ple, to obtain a greater compressive 
stress in a coating on an SiC substrate or 
to obtain a closer CTE match with a 
silica substrate. 

This work was done by H. Wang of 
General Electric Company for Lewis 
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Fig. 4 Selected results of velocity measurements illustrate the general nature of the data acquired. 
PS and SS denote the pressure and suction surface, respectively, of a rotor blade. For clarity, 
different vector scales are used in the main and detail plots of velocity vectors, and the pitchwise 
spatial resolution of the main plot is t/3 that of the detail plots. 

Research Center. For further informa- 
tion, access the Technical Support Pack- 
age (TSP) free on-line at 
www.nasatech.com under the Materials 
category. Inquiries concerning rights for 
the commercial  use of this invention 
should be addressed to NASA Lewis 
Research Center, Commercial Technol- 
ogy Office, Attn: Tech Brief Patent 
Status, Mail Stop 7-3, 21000 Brookpark 
Rd., Cleveland, OH 44135. Refer to 
LEW- 16393. Extracted from N A S A  T e c h  
B r i e f s ,  June 1998, p 66, 68 

Laser Anemometer Measures 
Flow in a Centrifugal 
Compressor 

Detailed measurements of  complex flow 
fields within the NASA Low Speed Cen- 
trifugal Compressor (LSCC) have been 
acquired. The measurement data pro- 
vide insight into the fundamental phys- 
ics of  flow in centrifugal compressors 
and can be used to assess computational 
fluid dynamics codes and to develop 
flow-physics models. The resultant 
benefit is better predictive computa- 
tional tools and shorter design cycle 
times. 

Centrifugal compressors are widely 
used in auxiliary power-unit turbocharg- 
ers, small gas turbine engines, gas-proc- 
essing plants, and other applications. 
However, in comparison with their ax- 
ial-flow counterparts, centrifugal com- 
pressors have generally been 
investigated in less detail. 

The LSCC was designed to be repre- 
sentative of  conventional high-speed 
subsonic compressors typically em- 
ployed in small gas turbine engines. 
However, the measurements were ac- 
quired in the LSCC at low subsonic 
speeds, where the flowing air behaves as 
though it were essentially incompress- 
ible. As such, the measurements are rea- 
sonably representative of what would be 
found in many centrifugal pumps. The 
measurement data can therefore be used 
to validate any aerodynamical computer 
code that is applicable to centrifugal 
pumps. 

The large size and low speed of the 
LSCC enable the detailed measurement, 
by use of  a laser anemometer, of  all three 
components of velocity within passages 
between rotor blades, with a spatial 
resolution unparalleled in investigations 
of  high-speed compressors. For exam- 
ple, three-dimensional viscous flows 
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that occur very near the surfaces of 
blades were measured in detail. Com- 
plementary measurements of  static pres- 
sures on blade and shroud surfaces, 
pressure measurements by pneumatic 
probes at various positions across inlet 
and exit surfaces were acquired, and 
flow-visualization tracings were also 
acquired. Collectively, the results of the 
experiments in the LSCC constitute a 
benchmark set of  high-quality data for 
assessing the predictive capabilities of 
state-of-the-art three-dimensional vis- 
cous-flow computer codes. 

Figure 3 illustrates the LSCC impeller 
and the locations of laser-anemometer 
measurements. The upper part of Fig. 4 
shows results of velocity measurements 
taken at the 64% meridional chord posi- 
tion, indicating the extent of the 
through-flow-velocity deficit  charac- 
teristic of  centrifugal-compressor flow 
fields. The lower part of Fig. 2 illustrates 
the nature of  secondary flow measure- 
ments at the same location, along with 
some details that demonstrate the reso- 
lution of  measurements acquired in vis- 
cous-flow regions near blade surfaces. 

This work was done by R.M. Chriss, A.J. 
Strazisar, and J.R. Wood of  Lewis Re- 
search Center and M.D. Hathaway of the 
U.S. Army Research Laboratory. For 
further information, access the Techni- 
cal Support Package (TSP) free on-line 
at www.nasatech.com under the Ma- 
chinery/Automation category. Inquiries 
concerning rights for the commercial 
use of  this invention should be ad- 
dressed to NASA Lewis Research Cen- 
ter, Commercial Technology Office, 
Attn: Tech Brief Patent Status, Mail 
Stop 7-3, 21000 Brookpark Rd., Cleve- 
land, OH 44135. Refer to LEW-16417. 
Extracted from NASA Tech Briefs, July 
1998, p 77 

the inlet and exhaust flows. In addition, 
it was necessary to provide for remote 
control of  the system from a blockhouse 
at a distance of  30 m from the engine. 

The LDV transceiver features a special 
ruggedized design: The main structural 
component of the transceiver was ma- 
chined from a billet of aluminum, and 
all optics were hard-mounted on this 

component. This was necessary to en- 
able the LDV transceiver to survive the 
intense vibrational and acoustical fields 
that surround a practical gas-turbine en- 
gine. 

A 40-MHz Bragg cell provides fre- 
quency shifting for the LDV. The laser 
beam is generated by an argon-ion laser 
in the blockhouse and delivered to the 

LDV TRANSCEIVER MOUNTED NEAR ENGINE 

Laser Doppler Velocimeter 
System for Use on Gas Turbines 

A laser Doppler velocimeter (LDV) sys- 
tem has been developed for use on prac- 
tical gas-turbine engines. The system 
has been used to measure inlet and ex- 
haust velocities on an F-100 EMD en- 
gine from an F-15 airplane (see Fig. 5). 
To perform this work successfully, it 
was necessary to develop several novel 
subsystems, including a rugged LDV 
transceiver, a high-performance fre- 
quency-domain signal processor, and 
equipment for adding seed particles to 

LASER AND ASSOCIATED OPTICS IN BLOCKHOUSE 

Fig. 5 The LDV system includes a rugged LDV transceiver mounted near the engine and 
connected via optical fibers to optical and electronic instrumentation in the blockhouse. 
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LDV transceiver by a 30-m-long, single- 
mode, polarization-preserving optical 
fiber (see Fig. 5). The intensity of  the 
laser beam emerging from the end of the 
fiber-optic link in the LDV transceiver 
is monitored remotely, that is, from 
within the blockhouse. A second 30-m- 
long multimode optical fiber delivers 
the scattered light received from seed 
particles passing through the inter- 
ferometric LDV probe volume to a pho- 
todetector in the blockhouse. This 
photodetector is a photomultiplier/pre- 
amplifier combination developed spe- 
cially to perform at signal frequencies 
>120 MHz--well  in excess of charac- 
teristic response frequencies of typical 
photodetectors in older LDV systems. 

The frequency-domain signal processor, 
known as the "Real-Time Signal Ana- 
lyzer" (RSA), was developed to provide 
an easy-to-operate, extremely capable 
processor of LDV signals. The RSA can 
perform up to 107 measurements per 
second on LDV signals and is thus capa- 
ble of performing at rates well in excess 
of  any expected data rates. Not only is 
the potentially noisy LDV signal meas- 

ured in the frequency domain by use of 
discrete Fourier transforms, but the 
Doppler burst is also detected in the 
frequency domain, enabling operations 
at signal-to-noise ratios well below 0 
dB. The output of the RSA is delivered 
to a laptop computer, where the results 
are displayed in real time and stored. All 
control over the RSA is exercised via 
this computer. 

Two seeders were developed. One was 
an evaporation/condensation seeder that 
introduced a propylene glycol smoke, as 
a nonhazardous seeding material, into 
the inlet flow. This seeder was specially 
designed to minimize perturbation of the 
inlet flow and eliminate a possibility of 
introduction of foreign objects that 
could damage the engine. The other 
seeder--of  the fluidized-bed type--in-  
troduced refractory seed particles into a 
moderate-pressure engine bypass air- 
flow downstream of the engine to enable 
LDV measurement of the exhaust flow. 
Both seeders were required to provide 
copious amounts of  seed to obtain ade- 
quate data rates at the high flow rates of 
a practical gas-turbine engine. 
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Fig. 6 Axial speeds in inlet and exhaust flows as measured by the LDV system during a transient 
from idle to full military power then back to idle 

Figure 6 presents some results from a 
sample test run, showing inlet and ex- 
haust axial speeds for a transient ramp 
from idle to full military power, then 
back to idle. The success in using this 
system to perform ground-based meas- 
urements raises the hope of  accomplish- 
ing such measurements in flight on a 
practical aircraft in the future. 

This work was done by K. Ennix, T. 
Conners, and D. Webb of  Dryden Flight 
Research Center and R. Rudoff, J. Han- 
scorn, R. Shearrer, and W.D. Bachalo of 
Aerometrics, Inc. For further informa- 
tion, access the Technical Support Pack- 
age (TSP) free on-line at www. 
nasatech.com under the Electronic Sys- 
tems category. In accordance with Pub- 
lic Law 96-517, the contractor has 
elected to retain title to this invention. 
Inquiries concerning rights for the com- 
mercial use should be addressed to 
Aerometrics, Inc., 755 N. Mary Ave., 
Sunnyvale, CA 94086. Refer to DRC- 
98-08. Extracted from NASA Tech 
Briefs, August 1998, p 56, 58 

I m p r o v e d  B o n d - C o a t  L a y e r s  f o r  

T h e r m a l  B a r r i e r  C o a t i n g s  

Current production thermal barrier coat- 
ings (TBCs) have been shown to be ca- 
pable of reducing the average 
temperatures of metallic components by 
50 to 80 °C and hot-spot temperature by 
up to 140 °C. This substantial tempera- 
ture reduction has been used to extend 
the life of  metallic components in air- 
craft turbines. However, for critical ap- 
plications aimed at improving engine 
performance where significantly higher 
temperatures are involved, higher-dura- 
bility TBCs are required. An improved 
bond coat incorporating metallic and 
cermet layers has been demonstrated to 
increase the thermal fatigue life of a 
plasma sprayed thermal barrier coating 
by a factor of  two or more. These TBCs 
can be applied to components in gas 
turbines and in diesel engines. 

A typical TBC comprises a single metal- 
lic bond-coat layer, 0.005 to 0.008 in. 
(about 0.13 to 0.020 mm) thick, coated 
with a single ceramic top-coat layer, 
0.005 to 0.020 in. (about 0.13 to 0.50 
mm) thick. The bond-coat layer is typi- 
cally MCrAIX, where M signifies nickel, 
cobalt, or iron, and X signifies yttrium, 
zirconium, hafnium, ytterbium, or an- 
other reactive element. The ceramic top- 
coat layer is typically zirconia partially 
stabilized with 6 to 8 wt% Y. The bond 
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coat is typically processed by plasma 
spraying, while the top coat can be proc- 
essed by either plasma spraying or elec- 
tron beam physical vapor deposition. 
For TBCs using a plasma sprayed top 
coat, the bond coat is prepared with a 
rough surface to improve bonding. 

In spite of the necessity of  bond-coat 
roughness to enhance adhesion, the 
roughness also tends to intensify the 
stresses that occur at the interface be- 
tween the ceramic and the bond coat. 
Recent work has shown that the high 
stresses are particularly significant in 
the vicinity of  the peaks in the rough 
bond coat (see Fig. 7). Detailed investi- 
gation has further shown that the 
stresses can be minimized by matching 
the thermal expansion of  the peaks of 
the bond coat to the ceramic top coat. 

Figure 8 illustrates a TBC design that 
addresses these problems through the 
use of  a two-layer bond coat. The first 
layer of  the bond coat is a typical 
MCrA1X, as described for a conven- 
tional TBC above. The second layer of 
the bond coat incorporates a fine disper- 
sion of a particulate second phase in an 
MCrA1X matrix. The second phase is 
required to have a coefficient of  thermal 
expansion as low as, or preferably lower 
than, the yttria-stabilized zirconia ce- 
ramic layer; it must be stable up to the 
intended use temperature, chemically 
inert with respect to the MCrAIX matrix, 

Fig. 7 Typical two-layer TBC showing the 
area of high stress in the peak region 

l l / /  
Fig. 8 Fine particles of a low thermal ex- 
pansion phase well dispersed in the matrix 
of the second bond-coat layer, reducing or 
eliminating the thermal expansion mismatch 
with the ceramic insulating layer 

and chemically compatible with the 
thermally grown alumina scale. Candi- 
date second-phase materials include 
alumina, chromia, yttrium-aluminum 
garnet, nickel-aluminum spinel, yttria, 
mullite, and other oxides. 

Because the goal is to achieve expansion 
matching of  the second-layer peaks to 
the yttria-stabilized zirconia, the par- 
ticulate second phase must have dimen- 
sions less than that of the peaks, 
typically less than 5 ~tm, and must be 
well dispersed in the MCrA1X matrix. 
The volume fraction of the particulate 
must be high enough to achieve substan- 
tial matching of the peak expansion to 
that of the ceramic layer. For the case of 
alumina additions to MCrA1X, an alu- 
mina volume fraction of 0.71 is required 
to achieve a near-zero thermal expan- 
sion mismatch. In practice, the thermal 
expansion of the second layer must be 
balanced against the other requirements 
for the layer, such as ductility and oxi- 
dation resistance. 

Coatings to date have been plasma 
sprayed using starting powders pro- 
duced by mechanical alloying. The me- 
chanical-alloying process that has been 
developed has produced plasma spray 
starting powders with up to 20 vol% of 
a fine dispersion of  submicron alumina 
particles. The ceramic layer life was 
doubled for TBCs, using a bond coat of 
only 5 vol% alumina additions. This 
technologically important, and repeat- 
able, increase in life could be used to 
push the TBCs to higher operating tem- 
peratures. 

Higher volume percentages of alumina, 
up to 20 vol%, were expected to provide 
even longer lives due to better expan- 
sion matching with the ceramic. While 
some samples did exhibit longer lives, 
these compositions also exhibited 
widely varying oxidation responses. 
The net result of the erratic oxidation 
response was a reduction in the average 
life for these coatings. Alternative ther- 
mal spray processes, such as high-veloc- 
ity oxyfuel spraying (HVOF), have 
proven to produce more homogeneous 
particle distributions and hold the prom- 
ise of even higher gains in TBC life. The 
HVOF coatings are currently being 
tested. 

This work was done by W.J. Brindley 
and R.A. Miller of  Lewis Research Cen- 
ter and B.J.M. Aikin of Case Western 
Reserve University. For further infor- 
marion, access the Technical Support 

Package (TSP) free on-line at 
www.nasatech.com under the Materials 
category. Inquiries concerning rights for 
the commercial use of this invention 
should be addressed to NASA Lewis 
Research Center, Commercial Technol- 
ogy Office, Attn: Tech Brief Patent 
Status, Mail Stop 7-3, 21000 Brookpark 
Rd., Cleveland, OH 44135. Refer to 
LEW- 16390. Extracted from NASA Tech 
Briefs, August 1998, p 64-65. 

Trading Risk Versus Cost of a 
Composite-Material Structure 

A probabilistic method has been devel- 
oped for use in designing a composite 
material structure to achieve a balance 
between maximum reliability and mini- 
mum cost. This method accounts for all 
naturally occurring uncertainties in 
properties of constituent materials, fab- 
rication variables, geometry, and load- 
ing conditions. Heretofore, it has been 
common practice to use safety factors 
(also called "knockdown factors") to re- 
duce design loads on composite struc- 
tures in the face of  uncertainties. Safety 
factors often dictate designs of struc- 
tures substantially heavier than they 
would otherwise be, but provide no 
quantifiable measures of reliability. The 
present method involves a quantitative 
approach to reliability; the equations of 
the method are formulated to yield a 
design that is optimum in the sense that 
it minimizes a reliability-based cost. 

The derivation of the equations includes 
the definition of a probabilistic sensitiv- 
ity that quantifies the change in reliabil- 
ity relative to a change in each random 
variable (design parameter). The prob- 
ability of  failure for a given perfor- 
mance is given by: 

pf  = dp(-~) (Eq 1) 

where ~ is a reliability index and • is 
the cumulative distribution function of  a 
normally distributed random variable. 
The probabilistic sensitivity factor for 
the ith random variable)(4 is defined by: 

S F i -  OX i [3 (Eq 2) 

where u? is the most probable failure 
point of a limit-state function in a unit 
normal probability space. The sensitiv- 
ity of  the reliability index to the mean mi 
of the normally distributed random vari- 
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able Xi with standard deviation Gi is 
given by: 

al~ s6 
(Eq 3) 

am i - Gi 

Similarly, the sensitivity of  the reliabil- 
ity parameter to the standard deviation 
is given by: 

- -  - (Eq 4) 
~(~i = -  Gi ~ i  

The reliability-based total cost function, 
CT, is the criterion that enables one to 
achieve the balance between reliability 
and cost. This function is given by: 

C T = C I + Pf C F (Eq 5) 

where CI is the cost of  manufacture and 
CF is the cost incurred in event of failure 
of  the structure. The cost of manufacture 
can be expressed as: 

N 

C I = ~ Cj (pj) + C O (Eq 6) 

j = l  

where pj is a distribution parameter 
(which can be either mj or Gj), Cj (pj) is 
the manufacturing cost associated with 
the j th distribution parameter, and Co is 
a constant cost. The total cost can be 
minimized when: 

act 
- 0 (Eq 7) % 

for all j from 1 to N. 

Then after substitution of  terms from Eq 
1, 5, and 6 and use of the chain rule for 
derivatives, Eq 7 becomes: 

aCj(pj) 
+ CF aqbq_(_(_(~13) a13 = 0 ( E q  8) 

apj o p  apj 

for all j from 1 to N. 

For a normally distributed random vari- 
able, a~/'Opj c a n  be calculated by Eq 3 
and 4. Equation 8 represents a system of 
N nonlinear equations that, if solved, 
yield a design with an optimum trade-off 
between reliability and cost. 

This method can be considered a special 
case of method for comprehensive prob- 
abilistic assessment of  composite struc- 
tures. The comprehensive method is 
implemented in the integrated prob- 
abilistic assessment of composite struc- 
tures (IPACS) computer code. [The 
comprehensive method was described 
from a slightly different perspective, 
with emphasis on computation of  struc- 
tural responses and fatigue lives, in 
"Probabilistic Analysis of  Composite- 
Material Structures" (LEW-16092), 
NASA Tech Briefs, Vol 21 (No. 2), Feb 
1997, p 58.] 

The method was demonstrated in test 
case in which the objective was to mini- 
mize the reliability-based cost of a lower 
side panel of  a composite (graphite-fi- 
ber/epoxy-matrix) fuselage structure, 
using, as a design parameter, the coeffi- 
cient of variation (COV) of the modulus 
of  longitudinal elasticity of the graphite 
fibers. For the case studied, the mini- 
mum normalized total cost for a normal- 
ized failure cost of $15,000/1b 
($33,000/kg) was found to occur at COV 
= 0.05. The optimum COV as a function 
of  the normalized failure cost was also 
computed (Fig. 9). 

This work was done by C.C. Chamis of 
Lewis Research Center and M.C. Shiao 
and S.N. Singhal of NYMA, Inc. For 
further information, access the Techni- 

cal Support Package (TSP) free on-line 
at www.nasatech.com under the Materi- 
als category. Inquiries concerning rights 
for the commercial  use of  this invention 
should be addressed to NASA Lewis 
Research Center, Commercial Technol- 
ogy Office, Attn: Tech Brief Patent 
Status, Mail Stop 7-3, 21000 Brookpark 
Rd., Cleveland, OH 44135. Refer to 
LEW- 16580. Extracted from NASA Tech 
Briefs, August 1998, p 66-67 
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Fig. 9 Normalized total reliability-based 
cost (normalized CT) in a test case was com- 
puted as a function of the COV for a normal- 
ized failure cost (normalized CF) of 
$15,000/1b. The optimum value of the COV 
(the value for which the normalized CT 
reached a minimum) was computed as a 
function of the normalized CF. 

U.S. Government News 

Advance  Could  Lead Eventual ly  
to  Big Savings  in Meta l  Forming  
Indus try  

Scientists at the Commerce Depart- 
ment's National Institute of Standards 
and Technology are the first to succeed 
in using a new technique that shows 
precisely what happens to a metal when 
its shape is deformed. This advance is a 
crucial first step toward developing new 

computer models that could help manu- 
facturers save hundreds of  millions of 
dollars annually. 

A single automaker alone will spend as 
much as $2 billion each year perfecting 
molds, called dies, to press sheet steel 
into body parts for new car models be- 
cause processing steel into sheets and 
then pressing the metal into dies to make 
auto parts creates a myriad of  imperfec- 
tions in the atomic structure of the metal. 

As the sheet metal is being stamped to 
make auto parts, billions of  unseen de- 
fects, known as dislocations, are pro- 
duced that make it impossible to predict 
precisely how it will behave when 
pressed into specific dies. Current com- 
puter models do not accurately simulate 
what shape a die will produce. Conse- 
quently, manufacturers end up using 
trial and error, sometimes redesigning a 
die as many as 10 times before discov- 
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ering the mold that forms the proper 
shape. 

More accurate computer models would 
save time and money, but significant 
improvements cannot be made without 
better data about the nature of  the de- 
fects. These data then require the devel- 
opment of  a new theoretical model (also 
under development by the same NIST 
personnel) connecting the observed de- 
fect structures with the mechanical 
properties. The problem becomes espe- 
cially bad when manufacturers try to 
introduce alternative materials, such as 
aluminum alloys and high-strength 
steels, whose changing properties are 
more difficult to predict than the stan- 
dard steel presently used. 

Now, 47 years after it was first proposed 
by a French scientist, NIST researchers 
have used an advanced measurement 

technique, known as in situ ultrasmall- 
angle x-ray scattering, to study the 
evolution of  complex defect structures 
in deformed metals. The underlying 
mathematical theory was developed 
by Robb Thomson, Lyle Levine, and 
Gabrielle Long, and the corresponding 
experimental techniques were devel- 
oped by Lyle Levine and Gabrielle 
Long, all members of NIST's  Materi- 
als Science and Engineering Labora- 
tory. 

The NIST scientists conducted the 
measurements using intense x-ray 
beams generated at the National Syn- 
chrotron Light Source, a particle accel- 
erator at the Brookhaven National 
Laboratory. They designed a special 
sample holder (called a tensile stage) for 
deforming the samples in the x-ray 
beam. Scientists now are able to study 

minute details about the formation and 
evolution of defects while the metal is 
actually being stretched and probed by 
the x-rays. 

The next step will be to move the experi- 
ments to a new, more powerful accelera- 
tor called the Advanced Photon Source 
(APS) at Argonne National Laboratory. 
The APS produces x-ray beams 100 
times more intense than the Brookhaven 
facility and should lead to even more 
accurate measurements. 

For more detailed information, contact 
Gabrielle Long, A161 Materials Bldg., 
NIST, Gaithersburg, MD 20899-0001; 
tel: 301/975-5975; e-mail: gabrielle. 
long@nist.gov; or Lyle Levine; tel: 
301/975-6032; e-mail: lel@argo.nist. 
gov. 

New Products and Industry News 

News from Wall Colmonoy 

New Data Sheet for Colmonoy 
FuseweMer Torch 

The Colmonoy Fusewelder Torch is de- 
scribed in a comprehensive data sheet, 
published by Wall Colmonoy Corpora- 
tion. The Fusewelder Torch is a special 
oxyacetylene torch that can be used to 
protect metal parts against wear, to re- 
pair cast iron and most ferrous metals, 
and to restore undersized parts. The sin- 
gle integrated unit preheats the base 
metal, sprays powdered alloy, and fuses 
deposits to the piece. 

The data sheet is concise and easy to 
read. Torch features are summarized. 
The spray capabilities of  the four mod- 
els are presented in a chart. The charac- 
teristics of  the Fuseweld Powders are 
listed, including composition, hardness, 
and fusing temperature. 

New Brochure Features Colmonoy 
Spraywelder 

A new brochure features the Colmonoy 
Spraywelder. In the Sprayweld process, 
a Colmonoy powdered alloy is flame 
sprayed on a part and then the sprayed 
overlay is fused to the base metal by a 
heat source. This creates a smooth, non- 
porous, welded overlay. 

The Spraywelder has built-in efficiency 
with high spray rates, tight spray pat- 
terns, dense coatings, reliability, easy 
operation, safety, and versatility. In ad- 
dition to the base model, there is a line 
of  accessories for more versatility. 

Contact: Terry Poduska, Marketing Co- 
ordinator, 30261 Stephenson Hwy., 
Madison Heights, MI 48071-1650; tel: 
248/585-6400, ext. 221; fax: 248/585- 
7960; e-mail: wcc@wallcolmonoy.com; 
web: www.wallcolmonoy.com. 

HVOF Coating Technology 
Resolves Hexavalent Chrome 
Issues 

Chrome plating companies and users of 
chromium-plated parts are investigating 
alternative processes and materials to 
chrome plating due to the health hazards 
related to handling hexavalent chro- 
mium and increasing costs incurred to 
meet more stringent environmental 
regulations. 

High-velocity oxygen fuel (HVOF) sys- 
tems spraying tungsten carbide or chro- 
mium carbide coatings are among the 
most likely candidates to replace 
chrome plating for a variety of  reasons 
(see list below). The TAFA JP-5000 
High-Pressure HVOF (HP/HVOF) sys- 
tem is particularly suited to the commer- 
cial application of these coatings due to 

its uniquely high production rates (up to 
11 kg/h, or 25 lb/h) and optimal coating 
character. 

• Typically, tungsten carbide applied 
by an HVOF coating system is five 
times more wear resistant than hard 
chrome plating as measured by a 
standard, dry abrasive wear test. 

• Chromium plating is slow: typically, 
25 ~tm (1 mil) thickness per hour in 
the tank. JP-5000 deposits 25 lam of 
tungsten carbide with each pass of 
the gun. Depending on the size of the 
part, the JP-5000 applies coatings 
faster and thicker than plating. 

• Thick coatings are difficult to obtain 
with plating. JP-5000 applied 
coatings can exceed thicknesses of 
50 mils (1.27 mm). 

• Microcracking from residual stress in 
chrome plate leads to poor adhesion 
on iron-base materials and probable 
attack of the base material in 
corrosive environments. 

• The size of the tank limits the ability 
of chrome plate to accommodate very 
large parts, but with HVOF there is 
no size restriction. 

• HVOF coatings can be sprayed on 
site thereby reducing the time 
required to complete certain plating 
jobs. 
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An article entitled "Thermal Spray Al- 
ternatives for Electroplated Chro- 
mium," reprinted from the ASM's 
Thermal Spray: Practical Solutions for 
Engineering Problems, is available 
upon request from TAFA Inc. 

Contact: Steve Griffin, Communica- 
tions, TAFA Inc.; tel: 603/223-2108; 
fax: 603/225-4342; e-mail: info@tafa. 
com.web: http://www.tafa.com. 

Pressure Sensors Ensure 
Reliability of Thermal Spray 
Systems 

For the past thirty years, TAFA has been 
the premier supplier of thermal spray 
equipment. Thermal spraying, the proc- 
ess of  applying a metal coating to worn- 
out machinery, provides manufacturers 
with the ability to reuse parts, thereby 
increasing their life span. Through this 
technology, TAFA has played an integral 
part in helping these manufacturers de- 
crease overhead and boost profits. 

TAFA uses products from Setra Sys- 
tems, Inc., a designer and manufacturer 
of pressure and acceleration sensing de- 
vices, such as the Model 209 pressure 
transducer in high-velocity oxygen fuel 
(HVOF) combustion and plasma sys- 
tems. Each thermal sprayer is unique, 
but for each, optimizing the perfor- 
mance of the process is essential. "The 
209 will allow us to achieve a wide 
range of goals, including high perfor- 
mance, reliability, parts-stan- 
dardization, and cost savings," states 
Brian Blades, manager of engineering 
operations at TAFA. 

Contact: Setra Systems, Inc., 159 
Swanson Rd., Boxborough, MA 01719- 
1304; tel: 508/263-1400,800/257-3872; 
fax: 508/264-0292; e-mail: sales@ 
setra.com. 

Thermal Spray Data Guide 
Allows Easy Comparison of 
COFs 

A new Thermal Spray Friction Data 
Guide, available from General Mag- 
naplate Corporation, allows easy com- 
parison of the coefficients of friction 
(COFs) of a variety of combinations of 
treated and untreated surfaces. The 
easy-to-use slide chart shows test results 
of  standard thermal spray coatings and 

PLASMADIZE coatings--The Next 
Generation in Thermal Sprays--against 
aluminum, steel, and stainless. Also in- 
cluded are COFs for untreated metals 
against each other, as well as platings of 
chromium and nickel, which are mated 
with steel. 

Both static friction (the starting friction) 
and kinetic friction (friction in motion) 
figures are shown for each combination. 
Use of  this guide will allow engineers to 
select combinations of materials that can 
improve the service life of  mating com- 
ponents. 

Testing was standardized. The friction 
tester used was a T.M.I. LabMaster Slip 
& Friction Tester, model number 32-91- 
00-X. All coating specimens were fin- 
ished to industry standards. Laboratory 
temperature was maintained at 72 °E An 
average of  five readings was taken for 
each test run. 

Magnaplate-applied PLASMADIZE is a 
proprietary method for thermal spraying 
an enhanced composite matrix coatings 
of  metals, ceramics, polymers, and/or 
dry lubricants. They resist corrosion and 
wear, are nonstick, and are FDA/USDA- 
compliant. 

Contact: General Magnaplate Corp., 
1331 Route 1, Linden, NJ 07036; tel: 
800/852-3301; fax: 908/862-6110; e- 
mail: info@magnaplate.com; web: hap:l/ 
www.magnaplate.com. 

A New Precoating for Solder 
Joining of Ceramic, Glass, and 
Difficult-to-Join Metals 

MRi (Materials Resources Interna- 
tional), North Wales, PA, announces the 
introduction of a new alloy for precoat- 
ing metals, ceramics, and many other 
materials in preparation for soldering. 
The precoating material, SolderBond 
500 is an active, low temperature Sn- 
Ag-Ti alloy that directly wets all metals, 
carbides, graphite, diamond, oxides, ni- 
trides, and many composites without the 
use of  fluxes or special atmospheres. 
SolderBond 500 is applied as a molten 
metal layer directly to the joint surfaces 
as a precoated or metallized layer to 
which any conventional solder can wet 
and bond. The new "active" alloy reacts 
with virtually any surface and produces 
metallurgically bonded layer s . Simplic- 
ity in soldering is achieved because the 

new alloy precoats in air atmospheres 
and without flux. It is easily applied in 
air, at low temperatures (~500 °F), util- 
izing brushing, dipping, or other surfac- 
ing methods. 

The SolderBond 500 process greatly 
simplifies ceramic and glass joining to 
all metals. Previously, the joining of 
glass and ceramic or dissimilar metals 
involved multiple precoating steps, in- 
cluding special atmospheres and vapor 
deposition of  metal layers (gold, nickel, 
or palladium) or thick film premetalliza- 
tion techniques such as metal/ceramic 
frit, or the Mo-Mn process. (These 
thick-film metallization techniques 
combine oxide/metal mixtures fired at 
high temperatures (-950 °C), in control- 
led atmosphere furnaces followed by 
plating with a metal to prepare a solder- 
able surface.) Importantly, MRi's new 
low-temperature "active" precoating al- 
loy eliminates the need for these con- 
ventional, multistep premetallizing 
techniques. It is a more economic, one- 
step presolder coating process, followed 
by conventional soldering that result in 
joint shear strengths from 4000 to 6000 
psi. 

The use of  SolderBond 500 has broad 
applications in the joining of  light met- 
als such as aluminum, titanium, and 
magnesium and the joining of electronic 
ceramic materials, as well as many other 
ceramic-to-metal joining applications. 
This new, low-temperature, active metal 
coating process simplifies production 
and lowers processing costs. Areas of 
application include: aerospace, automo- 
tive, heat exchangers, instrumentation, 
and electronics, where the alloy can be 
used in direct die attachment, packaging 
or thermal management devices. Mate- 
rial costs are in the range of 15 to 50 
e/in. 2. 

SolderBond 500 is available in wire, 
strip, foil, and pellets or as precoated 
components. Literature, application 
kits, and technical assistance are avail- 
able from MRi. 

Contact: Mike Pechulis, Materials Re- 
sources International, 403 Elm Ave., 
North Wales, PA, 19454; tel: 215/616- 
0400; fax: 215/616-0496; e-mail: solu- 
tion@mri-bluebell.com. 
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Awards Information 

AWS 1997-1998 Graduate 
Fellows 

Each year, the American Welding Soci- 
ety Foundation awards graduate fellow- 
ships to students attending a welding 
science or engineering-related program. 
An award consists of $20,000, which is 
matched in kind by the institution of 
higher learning where the student is en- 
gaged in postgraduate work. The awards 
are renewable up to three years. 

Students receiving awards for this fiscal 
year are: 

• Miller Electric Fellowship: Mikal 
C. Balmforth, The Ohio State 
University, under the direction of Dr. 
J.C. Lippold; research project: 
"Development of a 
Ferritic-Martensitic Stainless Steel 
Constitution Diagram" 

• Glenn J. Gibson Fellowship: Jack 
E. Helms, Louisiana State University, 
under the direction of Dr. Su-Seung 
Pang; research project: "Analysis of 

a Taper-Taper Adhesive-Bonded 
Joint" 

• Navy Joining Center Fellowship: 
Todd A. Palmer, Pennsylvania State 
University, under the direction of Dr. 
Tarasankar DebRoy; research project: 
"'Partition of Nitrogen between the 
Weld Metal and Its Plasma 
Environment" 

• Navy Joining Center Fellowship: 
Daniel Hartman, Vanderbilt 
University, under the direction of Dr. 
George E. Cook; research project: "A 
Neural Network/Fuzzy Logic System 
for Weld Penetration Control" 

• AWS Fellowship: Wesley W. Wang, 
Colorado School of Mines, under the 
direction of Dr. S. Liu; research 
project: "High-Performance Basic 
FCAW Wire Development" 

AWS 1998-1999  N a t i o n a l  
Scholarships 

The American Welding Society is 
pleased to announce these recipients of 

a $2500 National Scholarship toward 
pursuing their area of study: 

• Howard E. Adkins Memorial 
Sponsorship: Cory R. Reynolds, The 
Ohio State University 

• Edward J. Brady Scholarship: Scott 
M. Tacey, Ferris State University 

• Donald F. Hastings Scholarship: 
Stephen M. Levesque, The Ohio 
State University 

• James A. Turner, Jr. Scholarship: 
David S. Hanchette, Southwest 
Missouri State University 

AWS 1997-1998 International 
Scholarship 

The American Welding Society award 
(sponsored by Praxair of Canada) to rec- 
ognize superior leadership abilities in a 
welding student went to Nathan Nissley 
of LeTourneau University. 

News from ITSA and ASM-TSS 

ITSA's Operation Outreach 

Chairman Scott Goodspeed of Praxair 
Thermal Spray Systems reports that Op- 
eration Outreach, a two-way informa- 
tion exchange between thermal spray 
suppliers and potential users of thermal 
spray, has made important inroads in 
new markets since the program was 
launched in early 1997. Central to the 
operation was establishing a presence 
outside of the traditional thermal spray 
conferences by maintaining information 
booths at such shows as AWS, NACE, 
TAPPI, IGTI, and others. 

"The goal," says Goodspeed, "is two- 
fold: (1) disseminate information on 
thermal spray to new users and learn 
what their needs are and (2) learn what 
specifying guidelines the thermal spray 
industry must adopt in order to sell to 
these newer markets: automobile, petro- 
chemical, paper, biomedical,  and oth- 
ers." In 1998, the committee is targeting 
a new group: a National Industrial Buy- 
ers Association, so that "purchasing 
agents can make informed decisions on 

when and how to implement thermal 
spray technology into their operations." 

Goodspeed also noted that the ASM- 
TSS-ITSA Speaker 's  Bureau "is an im- 
portant resource that new industrial 
users can call on to learn the methodol- 
ogy involved in bringing thermal spray 
benefits to their specific markets." In 
1998, Operation Outreach will include 
an ITSA web site designed to bring 
ITSA resources to a global marketplace. 

Contact: Scott Goodspeed; tel: 
207/646-8669; fax: 207/646-4285; e- 
mail: sgoodsp @ geof.psti.praxair.com. 

1999 ITSA Scholarships & 
Awards 

Chairman John Read of National Coat- 
ing Technologies has announced that in 
1999 ITSA will award two $1500 schol- 
arships to graduate students with one 
more year of studies, and three $500 
scholarships for outstanding under- 
graduate research papers. ITSA now 
awards up to three $1500 scholarships 

each year to graduate students from ac- 
credited institutions from throughout 
the world. Since 1992, ITSA scholar- 
ships have played an important part in 
bringing scores of talented young peo- 
ple into the mainstream of the thermal 
spray industry. 

Read urges more colleges to introduce 
this important opportunity to students. 

Contact: John Read; tel: 204/632- 
5585; fax: 204/694-3282; e-mail:  john 
@ nationalcccoating.com. 

ASM-TSS Training Committee 

Chairman Richard Knight of Drexel 
University reports that his committee is 
now working on an entry-level program 
for thermal spray personnel that will 
help shops meet the demand for more 
sophisticated workers in an increasingly 
high-tech environment, but, at the same 
time, meet the down-to-earth needs of 
the average, working thermal spray 
shop. "In a typical thermal spray envi- 
ronment, the worker must have a work- 
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ing knowledge of all the procedures in- 
volved in thermal spraying: masking, 
spraying, inspection," says Knight. 
"Our program is designed to meet these 
criteria." 

Contact: Dr. Richard Knight; tel: 
215/895-1844; fax: 215/895-2332; e- 
mail: knight@dunx 1 .ocs.drexel.edu. 

Recommended Practices 
Committee 

Chairman John Sauer of Metcut Re- 
search Associates reports that the com- 
mittee is actively pursuing programs 
that create a forum for discussion on 
both a domestic and international level. 

VISITTHEAsM 

WEB SITE 

http://www.asm-intl.org 

People in the News 

William Zahn Named 
Operations Manager of General 
Magnaplate Wisconsin 

William Zahn of Brookfield, WI, has 
been named Operations Manager for 
General Magnaplate Wisconsin, accord- 
ing to an announcement by Candida C. 
Aversenti, president of General Mag- 
naplate Corporation, the parent com- 
pany. In his new position, Zahn will 
have management responsibilities for 
production, administration, and sales in 
Magnaplate's upper midwest region. 

For more than 30 years prior to joining 
Magnaplate, Zahn was employed by a 
large midwestern marking device manu- 
facturer where he was Executive Vice 
President and General Manager. 

Zahn earned his bachelor's degree in 
marketing from the University of Wis- 
consin/Milwaukee. He has been a mem- 
ber of the Sales & Marketing 
Executive's Association and was hon- 
ored by the Marking Device Association 
International for "Outstanding Contri- 
butions to the Industry." He holds a U.S. 
patent for his design of a stamp rack. 

Paul Zajchowski Named Pratt & 
Whitney Fellow 

In 1997, Paul Zajchowski, a process en- 
gineer specialist with Pratt & Whitney's 
Development Operations Plasma Spray 
Coatings Group, was named P&W Fel- 
low "for his accomplishments in the de- 
velopment and application of thermal 
spray coatings to aircraft jet engine com- 
ponents." 

An important part of his responsibilities 
during his 23-year career at P&W has 
been to evaluate emerging coating tech- 
nologies, and he has been instrumental 
in developing aircraft jet engine applica- 
tions for HVOF tungsten carbide and 

chrome carbide coatings, dual wire elec- 
tric arc coatings for dimensional resto- 
ration, thermal barrier coatings for 
diverse components, and clearance con- 
trol coatings. 

Today, he plays a key role in trou- 
bleshooting for P&W by providing tech- 
nical assistance and conducting process 
reviews and training for other groups 
within P&W, for customers, for suppli- 
ers, and for joint ventures internation- 
ally. 

As for the future, Zajchowski empha- 
sizes that his group is constantly looking 
for ways to use coatings to increase the 
life of components, as well as for ways 
to reduce the cost of the coating applica- 
tions process--through new programs, 
new materials, and new processing tech- 
niques. 

In 1997, he also received the 
P&W/ASME "Distinguished Engineer 
of the Year" award. 

Neal Alvanos Named National 
Account Manager for Ellison 
Surface Technologies 

Neal Alvanos has been named National 
Account Manager for Ellison Surface 
Technologies, a company that special- 
izes in the engineering and application 
of hypervelocity, plasma, and flame 
spray coatings, with plants in Kentucky 
and Vermont. Mr. Alvanos will be re- 
sponsible for field sales throughout the 
United States and will manage the com- 
pany's Southeastern regional sales of- 
rice. 

Jerry Gordon Named Vice 
President of Sales for Eutectic 
Corporation 

Jerry Gordon has been named Vice 
President of Sales for the Eutectic Cor- 

poration. Mr. Gordon will be responsi- 
ble for sales of all products, including 
equipment and consumables for arc 
welding, brazing and thermal spray, as 
well as the company's composite, wear 
plate, and safety lines. He was formerly 
general manager of the mid-states area 
for BOC Gases. 

Tim Moser Named New General 
Manager of Praxair Thermal 
Spray Powders. 

Tim Moser has been named the new 
General Manager of Praxair Thermal 
Spray Powders. Mr. Moser succeeds 
Douglas Dickerson who has retired after 
34 years with the company. Mr. Moser 
formerly headed the Praxair Thermal 
Spray Systems operation in Wisconsin. 

William Conley Joins Engelhard 
Surface Technologies as Sales 
Manager of Northeast Region 

William Conley has joined Engelhard 
Surface Technologies as Sales Manager 
of the Northeast region. Mr. Conley, 
who was formerly with Sermatech, will 
be located at Engelhard's Wilmington, 
Massachusetts facility. 

Klaus Dobler Joins St. Louis 
Metallizing 

Klaus Dobler has joined St. Louis Met- 
allizing where he will assume responsi- 
bility for thermal spray and process 
development. Mr. Dobler received his 
Masters Degree in Materials Science 
from the State University of New York 
at Stony Brook. 
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Benjamin Cavanaugh Joins 
WearMaster Inc. 

Benjamin Cavanaugh has joined Wear- 
Master Inc. as a sales engineer. Wear- 
Master of Kennedale, Texas, is a 
subsidiary of St. Louis Metallizing. Mr. 
Cavanaugh is a graduate of LeTorneau 
University. 

Gareth Davies Named Managing 
Director of  T A F A  E u r o p e  L t d .  

Gareth Davies has been named Manag- 
ing Director of  the newly-formed TAFA 
Europe Ltd. Mr. Gareth will be respon- 
sible for overall operation of  the com- 
pany. Michael Breitsameter has been 
named Sales Manager. Martin Flynn has 

been appointed Service Manager. Dr. 
Daming Wang will direct the research, 
metallurgical laboratory, and applica- 
tion development. Helen Sharpe and 
Karen Jakeman, both fluent in French 
and German, have been appointed to the 
Customer Service Team. 

Discussion Topics and Threads on Thermal Spray 

These questions and answers were ex- 
tracted from the discussion group of the 
Thermal Spray Society of ASM Interna- 
tional. The content has been edited for 
form and content. Note that the com- 
ments have not been reviewed. Any fur- 
ther discussion can be submitted to the 
Editor of JTST. 

Question 1 

Gold-Colored TS Coatings. Does any- 
one know of a gold-colored thermal 
sprayed coating that is also somewhat 
abrasion resistant? What about TiN? Are 
there any commercially available pow- 
ders for TS? 

Answer 1.1: A1-2Pt makes a very bril- 
liant gold-colored thermal sprayed coat- 
ing which is quite hard. 

Answer 1.2: Nitrogen arc sprayed coat- 
ings are dark gold in the as-sprayed con- 
dition even before post-annealing in N2 
atmospheres. However, they exhibit the 
texture typical for TS coatings--much 
rougher than CVD or PVD. Bright gold 
can be obtained in the as-sprayed condi- 
tion by cospraying brass and Ti using 
N2-gas propellant. This pseudoalloy 
coating is still wear resistant and easier 
to machine/grind than TiN or TiN-Ni 
superalloy composites. I disagree that 
electric arc coatings are much more 
rough in texture than CVD or PVD coat- 
ings. We spray various alloys at greatly 
increased air pressure with excellent re- 
sults. 

Answer 1.3: It is difficult to impossible 
to get stoichiometric TiN by means of 
thermal spray. The deposited material 
will almost always be substoichiometric 
and will contain oxides and nitrides if 
sprayed in an ambient air environment. 
You will need to post treat to obtain true 

TiN. Titanium is also expensive and a bit 
difficult to work with. Although it is not 
as abrasion resistant as TiN, aluminum 
bronze has a very nice gold color, it is 
readily available in wire form suitable 
for spraying, it is easy to spray, and it is 
relatively inexpensive. 

Question 2 

Impact-Resistant Coating. I am look- 
ing for information on high im- 
pact/wear-resistant coating. Several 
pieces (1/4 to 1 in.) of cemented carbides 
are impacted at high velocity into a weld 
overlay protected, steel block. This weld 
overlay fails after ~ 1 month of service 
with the disadvantage of costly repairs 
and downtime. Is there a spray coating 
that could possibly replace our current 
weld overlay system? 

Answer 2.1: The TSS proceeding Ther- 
mal Spray: A United Forum for Scien- 
tific and Technological Advances, pages 
97 and 107 discusses some results re- 
garding dry erosion at high velocity. Re- 
sults in dry erosion provide the same 
ranking as in slurry erosion with large 
particles. 

Question 3 

Removal of TBCs. I am looking for a 
chemical stripping solution for Ni- 
CrA1Y + YSZ two-layer plasma 
sprayed coating on Ni-Co-Cr-base su- 
peralloy with its application procedure. 

Question 4 

Dry Lubricants for Stainless Steel. I 
am looking for a dry lubricant for stain- 
less steel bearings that will hold up 
when submerged in sulfur hydroxide in 
one tank and acetone in another tank. 

Answer 4.1: Hexagonal boron nitride 
powders (HBN) are good dry lubricants 
with excellent resistance to corrosion. 
HBN may react with moisture (if pres- 
ent) under extreme pressures or at high 
temperature; however, the by-products 
increase lubricity. 

Answer 4.2: There is a process called 
"kolsterizing" which was developed 
specifically for austenitic stainless steel 
which achieves a hardness of  1100 HV, 
thereby improving greatly the sliding 
characteristics without affecting corro- 
sion resistance. 

Question 5 

Thermal Spraying of Alumina. 
Does anyone have information on the 
thermal spray deposition of  alumina in 
densities high enough to result in trans- 
lucency. How densely can one expect to 
deposit alumina? Can one spray form 
free-standing translucent alumina in 
thickness between 1 and 2 mm? 

Question 6 

Disposal of TS Waste. I would like to 
discuss thermal spray waste disposal. 
My company uses two methods of  col- 
lecting overspray from the thermal 
spraying process: wet collectors and dry 
dust collectors. Currently, we dispose of 
the waste sludge and dry powders in a 
landfill. I have tried to find alternative 
ways of  disposing of this waste but have 
not had much success. The majority of 
people I have contacted are not familiar 
with this type of waste. For instance, 
many contacts keep trying to classify 
my TS industry as powder paint coating 
waste or as plating waste. We have had 
mixed results with the local and state 
pollution control agencies as well as our 
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waste hauler as to alternatives to a land- 
fill for the same reason: lack of  famili- 
arity. Is the landfill the only way to 
dispose of this waste, or are there recy- 
cling methods that can extract the vari- 
ous metals which they can resell? What 
do other companies do with their waste? 

Answer  6.1: Although we use our reac- 
tor to manufacture powders, we would 
be interested to investigate its applica- 
tion to metal recovery from over- 
spray/scrap powder. In short, we 
conduct CVD/PVD onto the surface of 
metal and ceramic powders to create 
alloys and composites (e.g., WC-Co, 
NiAl, high-nitrogen SS powder), or to 
purify powders. The reactor is a combi- 
nation of fluidized bed and vacuum fur- 
nace technologies, supporting a broad 
range of process conditions (vacuum to 
multibar pressure, temp to 1050 °C, con- 
trolled atmosphere). In one case, we 
have some experience with processing 
boron chemicals in a chlorine atmos- 
phere at high temperature (the objective 
is to boronize parts using C1 as an "acti- 
vator"), ff the kinetics are reasonable, 
we may be able to convert metal and 
some oxide powders to single-metal hal- 
ides (chloride, iodide) which could be 
further refined or separated, then reacted 
to yield the elemental powder(s) and 
recyclable halide. I doubt that, in and of 
itself, this is a cost-competitive powder 
production method. However, it may be 
a cheaper disposal option (after sale of 
the refined material) and eliminates the 
disposer's liability if the dump ends up 
under a cleanup order. 

Answer 6.2: Thermal spray waste is re- 
cyclable like any other metallic waste. 
The first step in finding a recycling plant 
is to have the waste chemically analyzed 
for content. The waste must be dry, and 
you may also have to recycle your other 
waste (wires, powders, etc.) with the 
same recycling agent to provide some 
incentive. 

Question 7 

Influence of Feed Rate on Coating 
Properties. I would be interested to hear 
from anybody who has done any re- 
search into the effect of wire feed rate on 
the resultant coating; i.e., integrity, 
thickness, particle size, catch rate, etc., 
with regard to the flame spray process. 
Also, has anybody devised a way of 
characterizing the flame parameters, or 
is it assumed that controlling gas flows 
is sufficient? Does anybody have any 

data on the benefits of spraying with 
nitrogen as an atomizing medium as op- 
posed to air? 

Answer  7.1: A few comments. (1) Arc 
spraying is a faster, less expensive proc- 
ess that produces better coatings. (2) 
When arc spraying you would produce 
somewhat more conductive, more stick- 
ing, and less defective coatings using 
nitrogen instead of compressed air. 
However, electric conductivity of AI 
coatings is primarily a function of  coat- 
ing thickness. Also, in the case of  non- 
metallic substrates, nitrogen spraying is 
superior for a significantly lower de- 
posit temperature, which leads to much 
less damage of the interface and a better 
adhesion. (3) Similar to the atomization 
of  metal powders, wire spraying, flame 
or arc, produces finer or coarser droplets 
and, consequently, coatings (smooth and 
dense vs. rough and porous, respec- 
tively) depending on the gas-to-metal 
mass ratio. Thus, if you increase wire 
feed rate your coatings will be rougher 
and, possibly, more porous. However, 
increasing flow rates of oxidizing gases 
will also increase the degree of  coating 
oxidation. 

Answer 7.2: Our metal spray gun is a 
standard product, although the applica- 
tion is unique to us. The material I am 
spraying is predominantly copper al- 
loyed with other materials to increase 
the resistivity. Our coatings are sprayed 
to an overall resistance which gives a 
resultant coating thickness of 0.003 to 
0.004 in. The substrate is a glass fiber 
composite with a high-temperature ep- 
oxy resin system. 

Answer  7.3: Some years ago, we devel- 
oped erosion-resistant antilightning 
coatings for C-C composite boards/ 
wings. In the basic version, a 0.002 to 
0.003 in. thick bond coat of the tradi- 
tional eutectic AI-Si (-12% Si) was 
oversprayed with a 0.006" thick Ti-AISi 
pseudoalloy layer using one Ti-feedwire 
and another A1Si feedwire. Since these 
coatings were (air-environment) arc- 
sprayed using pure nitrogen, the bottom 
layer didn't "burn" the composite while 
the top layer contained a fraction of  hard 
(1800 HV), gold-colored TiNx particles. 
An erosive jet of angular alumina parti- 
cles was used to measure erosion resis- 
tance of  the coating. There are a number 
of  combinations one may use to control 
properties of  coatings when two differ- 
ent feedwires are sprayed. Examples: 
AI-Zn, or AIMg-Zn, where Zn acts al- 

most like an "in situ" sealer, can be 
sprayed directly on Lexan or similar 
polycarbonate materials, not to mention 
real epoxy composite substrates for 
aerospace. 

Question 8 

Experience in Using Different Flame 
Spraying Guns. Is it typical for the wire 
feed rate to be fed back to the motor 
speed controller and therefore the motor 
speed is adjusted relative to the wire 
speed, or use a motor speed tachometer 
feeding back to the motor speed control- 
ler, which therefore controls the motor 
speed, possibly independent of the wire 
speed and have a separate system moni- 
toring the wire speed? 

Question 9 

TS for Zinc Pot Rolls. I have read sev- 
eral articles on the application of ther- 
mal spray coatings on zinc pot rolls. 
Because of  the commercial value of  the 
technology, these articles however often 
hide more than what they reveal, and the 
"successful" applications are merely 
hinted at. The bearings of these pot rolls 
are also a major problem--has anybody 
explored the application of  thermal 
spray coatings in this application? 

Question IO 

Rain Erosion Coating 

Does anybody have a metal sprayed rain 
erosion coating to offer? If not, is this an 
application that is practical for a metal 
sprayed coating applied to a component 
under thermal and dynamic stress? 

Question 11 

De-Icing Components.  The company I 
work for produces aerospace compo- 
nents; the area I support is Ice Protection 
Systems. The components we de-ice are 
leading edges of helicopter rotor blades, 
engine intakes, etc. We currently have 
erosion coatings applied by paint spray- 
ing, but we are always looking for im- 
proved materials and I suspect that there 
are suitable metal sprayed coatings out 
there. 

Answer 11.1: Have you considered 
thermal spraying a plastic for such ap- 
plications? Previous testing on elastom- 
ers and low-melting-point plastics show 
excellent cavitation-erosion and solid- 
particle erosion results. However, there 
are temperature restrictions with these 
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resins and higher-melting-point plastics 
may not be suitable for leading-edge 
applications if they are too brittle. 

Question 12 

Mo-Base Feedstock. I want to purchase 
"preoxidized Mo powder" for experi- 
ments of  wear-resistant coating. 

Answer  12.1: People have used arc 
sprayed Mo wires using compressed air. 
This is much less expensive and faster 
than plasma and high quality. A conven- 
tional plasma could also be used to feed 
"metallic" Mo powder using air or oxy- 
gen-enriched air as the powder carrier 
gas. 

Question 13 

Safety Issue for Itydrogen. Could tech- 
nical grade hydrogen be odorized? 
Forced ventilation is a good way to keep 
concentration below the inflammation 
limit, but it would help if we could smell 
hydrogen. 

Answer  13.1: Odorizing hydrogen gas 
would normally be a good idea. The 
problem is that hydrogen reacts easily 
with virtually everything. 

Answer  13.2: I have installed several 
thermal spray cells with gas sensor sys- 
tems. Considering the weight of hydro- 
gen, these sensors were installed on the 
ceilings. For propylene, which is heav- 
ier than air, I have installed these sensors 
on the walls, 6 in. above the floor. Addi- 
tionally, sensors were installed at the 
compressed gas sources. It is also possi- 
ble to leak check all fuel gas and oxygen 
lines. Furthermore, the frequency of 
tests for all sensors and fittings should 
be employed and recorded. All fuel gas 
sensors are further tied into red beacon 
lights and audible alarms, which are ac- 
tivated when gas presence is greater 
than 20% of  the lower explosive limit. 

Question 14 

safety Issues for Thermal Spray. ! 
need information regarding personnel 
safety and environment protection regu- 
lations for the thermal spray process for 
the European market. 

Answer 14.1: There are some safety and 
environmental aspects for thermal 
spraying (especially for Germany) that 
take care of some of these issues. There 
are so far no general worldwide rules for 
thermal spraying, because environ- 
mental regulations depend on national 

laws. In Germany there is, for example, 
the SLV Munich that offers different 
training courses----even ending with a 
European certificate as European Ther- 
mal Sprayer-Practitioner, or -Specialist. 
Here are some DVS recommendations 
and European/International standards: 
1. DVS 230 A Giitesicherung beim 

thermischen Spritzen 

2. DVS 2306--Lehrg~inge; 
Thermisches Spritzen 

3. DVS 2306-1--Grundlehrgang fiir 
Flamm- und 
Lichtbogenspritzer/B asic training 
course for flame and arc sprayers 

DVS 2306-2--Aufbaulehrgang 
fiir Flammspritzer/Advanced 
training course for flame sprayers 

DVS 2306-4--Lehrgang far 
Pulverspritzer/Training course for 
powder sprayers 

DVS 2306-5--Lehrgang fur 
Aufsichtspersonen fiir das 
thermische Spritzen/Training 
course for supervisors for thermal 
spraying 

DVS 2306 Beiblatt--Priifung von 
Pulverspritzern/Examination of 
powder sprayers 

DVS 2306 Beiblatt 1--Priifung 
von Flamm- und 
Lichtbogenspritzern/Examination 
of  flame and arc sprayers 

DVS 2306 Blatt 
3--Aufbaulehrgang ffir 
Lichtbogenspritzer/Advanced 
training course for arc sprayers 

DVS 2307-1--Arbeitsschutz beim 
Entfetten und Strahlen von 
Oberfl~ichen zum thermischen 
Spritzen/Industrial safety in 
degreasing and abrasive blasting 
of  surfaces for thermal spraying 

DVS 2307-2--Arbeitsschutz beim 
Flammpritzen 

DVS 2307-3--Arbeitsschutz beim 
Lichtbogenspritzen 

DVS 2307-4 Arbeitsschutz beim 
Plasmaspritzen 

DIN EN 
481---Arbeitsplatzatmosph~ire; 
Festlegung der 
TeilchengrSssenverteilung zur 

4. 

. 

. 

7. 

8. 

. 

10. 

11. 

12. 

13. 

14. 

Messung luflgetragener Partikel; 
Deutsche Fassung EN 
481:1993/Workplaces 
atmospheres; size fraction 
definitions for measurement of 
airborne particles; German 
version EN 
481 : 1993/Atmospheres des lieux 
de travail; definitions des 
fractions de taille pour le 
mesurage des particules en 
suspension dans l'air; version 
allemande EN 481:1993 

15. EN 481--ArbeitsplatzatmospMre; 
Festlegung der 
TeilchengriSssenverteilung zur 
Messung luftgetragener 
Partikel/Workplace atmospheres; 
size fraction definitions for 
measurement of airborne 
particles/Atmosphers des lieux de 
travail; definition des fractions de 
taille pour le mesurage des 
particules en suspension dans l 'air  
Intern. 

16. GUV 
9.10--Unfallverhtitungsvorschrift 
"Verarbeiten von 
B eschichtungs stoffen" mit 
Durchftihrungsanweisungen 

17. ISO 
7708--Luftbeschaffenheit--Festleg 
ung von 
PartikelgrSssenverteilungen fiir 
die gesundheitsbezogene 
Schwebstaubprobenahme/Air 
quality--Particle size fraction 
definitions for health-related 
sampling/Qualite de l 'air - 
Definitions des fractions de taille 
des particules pour 
l 'echantillonnage lie aux 
problemes de sante 

18. prEN 1093-1--Sicherheit yon 
Maschinen; Bewertung der 
Emission luftgetragener 
Gefahrstoffe; Teil 1: Auswahl der 
Priifverfahren / Referenz: 
89/392/EWG/Safety of 
machinery; evaluation of the 
emission of airborne hazardous 
substances; part 1: selection of 
test methods/Securite des 
machines; evaluation de 
l 'emission de substances 
dangereuses vehiculees par l 'air; 
partie 1 : choix des methodes 
d'essai 
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19. prEN ISO 14918--Thermal 
Spraying: Approval testing of 
thermal sprayers 

This gives at least some input, but much 
world wide effort is needed for thermal 
spraying to become a clean and environ- 
mentally friendly technology (including 
overspray/waste treatment) ? 

Question 15 

Internal Diameter Spraying.  I am con- 
sidering to spray and then fuse the inter- 
nal diameter of steel tubes with lengths 
between 1 and 2 m and diameters from 
50 to 100 mm. I do not want to consider 
plasma but prefer oxyacetylene spray- 
ing. Is there any information concerning 
such a process? 

Question 16 
Thickness Uniformity of Coatings. I 
am trying to establish the thickness uni- 
formity of  a flame sprayed copper alloy 
coating, with the objective of estab- 
lishing the uniformity of the metal spray 
gun coating delivery. Can anybody rec- 
ommend a suitable substrate material 
which, if sprayed uniformly, will catch 
the metal spray uniformly. The substrate 
must be an electrical insulator in order 
for me to conduct the thickness tests. 

Answer 16.1: You can spray metallic 
materials onto a nonmetallic substrate 
such as glass. Be aware that the spray 
deposit contains oxides which can affect 
the measurement. You will probably 
have to modify the attenuation and cali- 
brate the thickness tester. 

Question 17 
Arc Spraying of Copper Alloys. I 
would be interested to receive informa- 
tion regarding arc spraying of copper 
alloys. All of  our spraying is with flame 
spray guns which deliver a fine coating. 
A concern with arc spraying is that the 
deposition rate is too high for the in- 
tended application which is an epoxy 
composite substrate. 

Answer 17.1: Spray rate is not a concern 
since this can be down to five lb/h. Typi- 
cally, the advantages of arc spraying 
over flame spraying will include higher 
bond strength, coating consistency and 
ease of  automation. 

Question 18 

Temperature Reduction. We are look- 
ing to reduce surface temperature of 

either copper, brass, or stainless steel 
from 400 °C down to 65 °C. Can anyone 
recommend any system and products for 
this task? 

Answer 18.1: If  you assume a 100 °C 
temperature gradient from the surface of 
a nominal 10 rail thick partially stabi- 
lized zirconia, to the substrate, you 
could apply a 32 mil coating to achieve 
temperature reduction. The tempera- 
ture/coating thickness curve, at higher 
temperatures, will plateau. 

Question 19 
Color Changes in I-Iydroxyapatite. I 
am now using hydroxyapatite powder. I 
found that when I sinter the powder at 
1350 °C, it turns blue. Is there any sug- 
gested reason for the blue color? I have 
checked the x-ray diffraction pattern of 
this powder with JCPDF Card 9-432; the 
starting powder is found to be well-crys- 
talline pure hydroxyapatite and there 
was no second phase found from room 
to 1350 °C. 

Answer 19.1: I was told that this color 
change was due to trace amounts of  iron. 
I have another colored hydroxyapatite 
effect - black HAp. This happens occa- 
sionally, in "reducing" conditions and at 
around 1000 °C. Anyone know why this 
occurs? 

Answer 19.2: Following is a summary 
of  the information as has been posted by 
Dr. Karlis Gross, an article directly re- 
lated to the blue color is: 

• L. Yubao, C.P. Klein, X. Zhang, and 
K. de Groot, Relationship between 
Colour Change of Hydroxyapatite 
and the Trace Element Manganese, 
Biomaterials, Vol 14 (No. 13), 1993, 
p 969-972 

Other articles related to Plasma HAp 
powder are: 

• A.J. Ruys, M. Wei, C.C. Sorrell, 
M.R. Dickson, A. Brandwood, and 
B.K. Milthorpe, "Sintering Effects on 
the Strength of Hydroxyapatite," 
Biomaterials, Vol 16 (No. 5), 1995, 
p 409-415 

• A.J. Ruys, A. Brandwood, B.K. 
Milthorpe, M.R. Dickson, K.A. 
Zeigler, and C.C. Son'ell, "The 
Effects of Sintering Atmosphere on 
the Chemical Compatibility of  
Hydroxyapatite and Particulate 
Additives at 1200 °C," J. Mater. Sci. 
Mater. Med., Vol 6 (No. 5), 1995, 
p 297-301 

• A.J. Ruys, C.C. Sorrell, A. 
Brandwood, and B.K. Milthorpe, 
"Hydroxyapatite Sintering 
Characteristics: Correlation with 
Powder Morphology by 
High-Resolution Microscopy," J. 
Mater Sci. Lett., Vol 14 (No. 10), 
1995, p 744-747 

• A.J. Ruys, K.A. Zeigler, O.C. 
Standard, A. Brandwood, B.K. 
Milthorpe, and C.C. Sorrell, 
"Hydroxyapatite Sintering 
Phenomena: Densification and 
Dehydration Behaviour," Ceramics: 
Adding the Value, Vol 2, M.J. 
Bannister, Ed., CSIRO Publications, 
Melbourne, 1992, p 605-610 

Answer 19.3: I f  the color change is 
caused by the trace amount of the impu- 
rities in the powder, do these impurities 
cause any biological effect? ASTM stan- 
dard F 1185-88 of HAp for surgical im- 
plants has a concentration limit for As, 
Cd, Hg, and Pb in the ppm range. How 
about those other impurities, like man- 
ganese, magnesium, and iron? Do we 
have to worry about them? Or do we 
justify that they are relatively harmless 
by in vitro and in vivo study? 

2) Related to Plasma Biotal HAp pow- 
der, is there any in vivo or in vitro study 
done using these powders? 

3) As pointed out by the responses from 
the list, when I sinter this Biotal HAp 
powder at 1350 C in air, I will be getting 
oxyhydroxyapatite. My IR result indeed 
confirmed that. My question is about 
this oxyhydroxyapatite. Both of  the arti- 
cles I have about oxyhydroxyapatite are 
in vitro studies, "The Effect of Calcium 
Phosphate Ceramic Composition and 
Structure on in vitro Behavior. I. Disso- 
lution," P. Ducheyne, S. Radin, and L. 
King, J. Biomed. Mater. Res., Vol 27, 
1993, p 25-34; "The Effect of  Calcium 
Phosphate Ceramic Composition and 
Structure on in vitro Behavior. II. Pre- 
cipitation," S. Radin and P. Ducheyne, 
J. Biomed. Mater Res., Vol 27, 1993, 
p 35-45. My question is: Has the in vivo 
behavior of oxyhydroxyapatite been in- 
vestigated? 

Question 20 

Materials for Tank Floors. I am look- 
ing for information on spray types or 
materials that may be applied on a tank 
floor that is subject to high pH. 
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Question 21 
Safety--Breathing Apparatus. I have 
a question regarding breathing appara- 
tus and/or filters for operators of plasma 
systems. What air quality safety equip- 
ment is being used in the field for plasma 
system operators? I could use feedback 
on the pros and cons (i.e., field reports) 
of  the various breathing equipment op- 
tions along with information as to who 
the equipment manufacturers and/or 
distributors of the equipment are. We are 
going to update our equipment, and we 
are interested in equipment that have the 
following specifications: a face mask, a 
dark lens suitable for a plasma flame, a 
clear lens suitable for reading console 
gages, free movement of operator, and 
integral respirator and/or filters. 

Question 22 

Impact  Tests for Coatings. There are 
many informal impact tests involving 
ball peen hammers, dropping shafts on 
cement floors, etc. What are the techni- 
cally most suitable, quantifiable impact 
tests for coatings such as WC-Co, cer- 
mets, and ceramics? 

Answer 22.1: Low-velocity impact 
tests were conducted on plasma sprayed 
coatings on an aluminum substrate as 
described in the article by R.D. Seals, 
C.J. Swindeman, and R.L. White, 
"Thermal Spray Deposition and Evalu- 
ation of Low-Z Coatings," Proc. Ninth 
National Thermal Spray Conference, 
C.C. Berndt, Ed., 7-11 Oct 1996, p 13- 
19. We searched the ASTM Standards 
before the outset of  impact testing our 
specimens. I don' t  remember finding 
anything. The impact test we conducted 
with a falling spherical mass is used in 
testing of composite plates. The falling 
spherical impact test has significant ad- 
vantages in that the center of  gravity for 
the impacter is always in line with the 
velocity vector. This would never be the 
case with a falling wrench, hammer or 
rod- -no  two tests would be the same. 
Quantitatively speaking, the falling 
spherical mass is easily handled. New- 
ton's laws apply for displacement, ve- 
locity, acceleration, force, work, and 
kinetic and potential energy. The Hertz- 
ian forces at the impact site have been 
determined by previous investigators. 

Answer 22.2: A ball peen hammer is an 
excellent tool for comparative tests and 
will eventually even allow for some ap- 
proximate quantitative results, if you 
have a standard for comparison. It's in- 

expensive and fast, but destructive. Per- 
haps anybody involved in thermal 
spraying should apply a few typical 
coatings with different equipment and 
destroy them with a file and hammer. 
The file test should be done both with 
light pressure to feel microhardness and 
high pressure, to feel when particles 
start to pull out. It is also amazing, how 
easily some coatings pop off and how 
resistant others are to repeated blows of 
a peen hammer. However important I 
think these tests are to get a feeling; they 
might be a long way from qualification 
as sales engineer! 

Question 23 

What is the best type of powder feeder 
(physical mechanism and/or specific 
supplier model numbe0 for feeding fine 
(1 to 10 p.m) zirconia or yttria powder 
for plasma spraying? Are there any spe- 
cific precautions for powder line con- 
figuration, rate of powder feed, powder 
handling, preheating, etc.? What is the 
smallest powder lot that can be sprayed 
using the appropriate precautions? 

Answer 22.1: For 1 to 2 lam tungsten 
powder I used an ultrasonic device and 
a feed tube which was 0.125 inside di- 
ameter and made of polyethylene. This 
improved the feed rate from roughly 10 
g/min to more than 100 g/rain. The ul- 
trasonic device worked best. 

Question 23 

Surface Temperatures for Thermal 
Spray Processes. I would welcome any 
information regarding expected surface 
temperatures when using different 
spraying methods, i.e., flame, arc, 
HVOF, etc. Is it possible to maintain 
surface temperatures below 100 °C for 
all processes? Does the material being 
sprayed make any significant differ- 
ence? Does the selection of  gases make 
any significant difference? 

Answer 23.1: Thermal spray technol- 
ogy has various processes, all of  these 
are so-called cold spray processes where 
the surface temperature will he kept low 
(with or without the use of  cooling). A 
common rule is to keep the surface tem- 
perature below 150 °C. Only one tech- 
nique will require a surface heating up 
to -1000 to 1200 °C; i.e., for fusing the 
coating with the substrate; the so-called 
"fused coatings." The latter is com- 
monly interpreted as being a coating 
sprayed by means of  flame powder 
(sometimes HVOF) after which the 

coating is fused. Sometimes the sprayed 
material is fused with the substrate si- 
multaneously. The different spray proc- 
ess all have their own "regular" 
temperatures. An approximate ranking 
(from cold to "hot") is: arc, flame wire 
(nonfusing), flame powder, HVOF, and 
plasma. Arc spray is seen as the coldest 
process; it is used for spraying zinc on 
capacitors and varistors as well as on the 
inside of computer monitor housing (for 
EMI/RFI shielding). The maximum 
temperature of  100 °C can be obtained 
by cooling the part and spraying thin 
layers per pass. 

Question 24 

Training Courses for Thermal Spray. 
I am learning to spray, and I am looking 
for any information that someone can 
give me so that I can have a better un- 
derstanding of  what I am doing. 

Answer 24.1: ASM International has a 
correspondence course in Thermal 
Spray Technology that is very good. It 
covers Surface Science, Equipment and 
Theory, Testing, and Characterization, 
Selected Applications, Processing and 
Design, Materials Production for Ther- 
mal Spray Processes. 

Answer 24.2: The Thermal Spray Soci- 
ety of ASM International has a variety 
of educational/training courses and ma- 
terials that may be very useful to you. 
Please send your full address to Ms. 
K.M. Dusa, ASM International, by e- 
mail at KMDusa@po.asm-intl.org, and 
I am sure she will be happy to send you 
the information. I believe you would 
also find it very useful to become a 
member of the ASM Thermal Spray So- 
ciety, which includes membership in 
ASM International. This will help you 
to keep up with new developments in 
equipment, materials, and applications, 
not only in thermal spray, but in other all 
fields of materials. Finally, I strongly 
suggest you subscribe to the Journal of 
Thermal Spray Technology for a more 
in-depth understanding of the field pre- 
sented in a very readable manner and for 
a very reasonable price. If  you can ar- 
range to do so, attending the United 
Thermal Spray Conference and Exhibi- 
tion to be held next year in DUsseldorf, 
Germany and cosponsored by DVS and 
ASM TSS would give you an opportu- 
nity to see the latest thermal spray equip- 
ment, attend excellent technical 
sessions, and talk to experts in the field. 
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Question 25 

coatings  for Compressor Exhausts. Is 
there a consensus for the most cost-ef- 
fective thermal spray coating for high- 
temperature (1000 to 1500 °F) 
nominally industrial environment? The 
specific application is for 36 in. com- 
pressor exhausts which can reach near 
the upper end of that range. 

Answer 25.1: I think that you will find 
the consensus will be Chromium Car- 
bide, probably the 75 CrC 25 NiCr. It is 
relatively inexpensive, compared to 
many alternatives and is widely used in 
exhaust gas applications. It has good 
resistance to particle erosion and high- 
temperature corrosion. It has good ther- 
mal shock resistance and a coefficient of 
thermal expansion which allows it to 
undergo many cycles without cracking 
or spalling. It can be applied in adequate 
thickness for the application. It is best 
applied by HVOF, in my opinion, but it 
has been applied for years in turbine 
environments by plasma spray. 

Answer 25.2: Arc sprayed aluminum 
coating has been used successfully in 
many similar applications. 

Question 26 

Bond Strength Testing. We are discuss- 
ing tensile bond strength testing for vari- 
ous thermal spray coatings. As a rule, we 
currently standard 1 in. round bond bars 
with a minimum shank beyond the 
threads of 1 in. pulled by a tensile testing 
device. I noted several papers showing 
that this standard had been upgraded to 
a minimum of 2 in. minimum shank 
beyond the threads. Others that indicate 
that this test may need to be totally re- 
thought. What is the current thinking for 
bond strength testing for thermal spray 
coatings? A key factor is that the tech- 
nique needs to be fairly universal (if 
possible), and applicable to TBCs, hard- 
face, bond coat materials, and abradable 
coatings. 

Question 27 

Nitrogen as a Primary Arc Gas. I am 
reviewing the potential of  allowing ni- 
trogen as a primary arc gas for applica- 
tion to a wide range of  thermal spray 
coatings (mostly plasma). Primary cus- 
tomer concerns include nitriding of  the 
base metal and embrittlement of  the 
bond coat/final coating. Are there any 
comments? 

Answer 27.1: The basic spray parame- 
ters would need to be redeveloped since, 
taking the case of plasma, you will 
change the arc voltage (hence kW) and 
enthalpy of  the jet. Heat transfer to par- 
ticles will also change. Use of nitrogen 
will also shorten electrode lifetime, and 
if you're  operating under atmospheric 
conditions (APS) more NOx will be pro- 
duced. 

Question 28 

Hard Chrome Replacement. I would 
like to propose using thermal spray in 
place of chrome plating for wear and 
corrosion resistance in Navy valves and 
shafts. Unfortunately, I can find little 
documentation that this process is supe- 
rior to chroming. Can you provide or 
point me to any documentation of the 
impact of  thermal spray on maintenance 
periods or corrosion resistance etc.? 

Answer 28.1: The proceedings from 
ITSC 98 (Nice) include a paper by 
Lufthansa on the subject (p 1073, HVOF 
Spraying vs. Hard Chrome Plating Air- 
craft Applications) that you might find 
interesting. Another consideration is the 
reduced environmental impact using 
thermal spray. 

Answer 28.2: You might try searching 
the indices of the annual ASM thermal 
spray conference proceedings (NTSC, 
ITSC, UTSC). All of the proceedings 
since roughly 1990 have a topical index, 
and you can also electronically search 
the table of contents of the Journal of 
Thermal Spray Technology on-line at 
http://www.asm-intl.org/tss/index.htm. 

Question 29 

Sparking Risk for Thermal Spray. It 
has been suggested that thermal spray on 
live petroleum platforms is not allowed 
as there is a sparking risk. Can anyone 
verify this? 

Answer 29.1: A mixture of surfaces 
which are TS coated and especially cor- 
roded iron surfaces can cause sparking 
if knocked together. The result is a small 
thermit reaction. One of the ways 
around this problem is to coat the iron 
surfaces either with Al or bronze to cre- 
ate nonsparking surfaces. Indeed one 
application of  TS is to coat equipment 
such as oxygen bottles used offshore. 

Answer 29.2: The use of TS on offshore 
rigs and platforms is kept to a minimum 
as it is safer, and maybe commercially 
better, to weld anodes to the structure 

and complete the corrosion protection 
system with paint. Where TS is used it 
is generally restricted to open, well-ven- 
tilated areas, such as flare stacks. I did 
hear that when constructing the English 
Channel Tunnel, no TS was allowed in- 
side the tunnel, whereas it was OK for 
external structures. It would seem that 
designers and constructers apply a 
safety-first policy where there is a risk 
of  fire. 

Answer 29.3: You may wish to check 
the Australian Navy metallizing specifi- 
cations on the issue of aluminum and 
sparking. They use flame sprayed zinc 
overcoated with flame sprayed alumi- 
num in many areas. One exception to 
this is in ammunition magazines aboard 
ship where TS zinc only is used to avoid 
sparking. 

A second TS reference is to the govern- 
ing agency for British mines. Pure zinc 
and zinc-15 aluminum are allowed to be 
sprayed for mine applications where 
methane or other gas may accumulate. 
Their regulation says a maximum alumi- 
num of  about 15% may be used. 

Answer 29.4: In recent years, tens of 
thousands of square meters of  live off- 
shore oil and gas production platforms 
have been sprayed for the U.K. Norwe- 
gian North Sea market. This is not just 
flare booms and bits and pieces, but 
whole jackets, cellar decks, steam pip- 
ing, helidecks, etc. as well as flare 
booms, and also land-based installa- 
tions. 

Answer 29.5: I had the impression that 
two different kinds of  sparking have 
been discussed. The first is the use of 
any welding or TS equipment on plat- 
forms. The place is not different in that 
respect from any refinery. If  you have 
explosive mixtures of  air and combusti- 
ble gases, a spark will cause an explo- 
sion. The proportion of  air to gases is, 
fortunately, quite critical. In closed 
tanks or tubes you will experience prob- 
lems, but people working with any kind 
of petroleum compound are normally 
well trained and observe safety instruc- 
tions. Most people's noses are perfect 
indicators. I f  you don't  have a cold and 
can't smell petroleum compounds, then 
usually there is no dangerous concentra- 
tion. Don't  rely on this, however. 

The other kind of  sparking is caused by 
friction. A steel hammer thrown or fall- 
ing on steel may cause a spark just like 
grinding. Thermite reactions require a 
threshold temperature of about 8000 °C. 
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Since aluminum is a soft material, I 
don't  think an accidental reaction of iron 
oxide by aluminum is possible. Energy 
will be absorbed by progressive defor- 
mation of aluminum and steel, just like 
modern car bodies. 

Question 30 

Critical Variables to Reduce Oxida- 
tion and Porosity. Upon applying a TS 
coating to a part, metallurgical analyses 
are done to check the interface, as well 
as the oxidation and porosity of the coat- 
ing. In many cases, industries see that 
there are problems/failures in their proc- 
esses, but are not so sure as to why such 
failures occur. I would like to know 
which variables are the most critical 
when trying to reduce TS coating oxida- 
tion and porosity. 

Answer 30.1: I would say that the big- 
gest factor, in general, would first and 
foremost be process selection. VPS for 
example should produce coatings with 
lower oxidation and similar or maybe 
higher density than the same material 
sprayed by APS or HVOF (assuming of 
course that the material in question can 
in fact be sprayed by several processes). 
Other than that it comes down then to jet 
enthalpy (which is affected by different 
parameter combinations from process to 
process--power input and gas composi- 
tion in plasma; fuel:oxygen ratio in 
HVOF, etc.), spray distance (i.e., parti- 
cle dwell time in the jet), and substrate 
temperature. 

Answer 30.2: I have found in my own 
experiments that the correct carrier gas 
injection is either the first or second 
most important variable. Not enough 
carrier gas and the powder will not melt 
sufficiently, producing a porous coating. 
Too much and the powder will shoot 
through the plasma; this has been shown 
to make coatings with excessive oxida- 
tion. Some people have their prefer- 
ences, but I prefer to have the powder 
injected right down the middle of the 

plasma jet. This method also makes it 
simpler to align your gun to the part. 

Answer  30.3: I 'd  also like to emphasize 
the usefulness of  a simple "wipe test" 
when dealing with a new system/mate- 
rial. This means to move quickly, in a 
windshield wiperlike fashion, a thin 
glass slide (about 100 by 20 by 2 mm) 
through the powder-loaded plasma jet to 
catch individual droplets. Under an op- 
tical microscope/stereomicroscope at 
low magnification (or SEM for higher 
resolution) the degree of  melt- 
ing/splashing of  the droplets can be eas- 
ily evaluated. From such data it can be 
decided whether the spray parameters 
used are way off or close to optimum. 

Question 31 

TS for Hydroxide Environments. Has 
there been any successful experience 
with a TS coating against NaOH at 15% 
concentration, 8 to 9 ph and 120 °C? 

Answer  31.1: Just about any nickel or 
Ni alloy coating will resist pH 8 to 9. 
Choose according to abrasion. If there is 
no wear, no chlorides, and pH really 
never gets above 8 to 9, then aluminum 
should he serviceable. No through pores 
are allowed, and the thickness will vary 
according to the process. 

Question 32 

Activation of a Substrate. Does any- 
body know the exact definition of  "acti- 
vating" a substrate before thermal spray 
on this substrate? The background of  my 
question is, I found a patent which 
claims to protect this technology. It is 
reported, that first of all, the substrate 
has to be profiled and the substrate will 
be "activated." After this process, nor- 
mal plasma spray (APS) should take 
place. In my opinion, profiling by, for 
example, shot blasting is not a technol- 
ogy to protect. 

Answer 32.1:The definition of  activa- 
tion given by the ASM Handbook Sur- 
face Engineering is: "Activation--(1) 

the changing of a passive surface of a 
metal to a chemically active state. (2) 
The (usually) chemical process of  mak- 
ing a surface more receptive to bonding 
with a coating or an encapsulating ma- 
terial." Certainly the latter definition is 
important in some areas such as the 
painting of  aluminum automotive body 
shells where passivated surfaces are ac- 
tivated by I-IF-containing etches imme- 
diately prior to painting. In the field of  
thermal spraying this seems less neces- 
sary. The grit-blasting process generally 
removed passive films and leaves the 
surface reasonable active for many ma- 
terials (e.g., most steels), but this surface 
will contaminate and repassivate in 
t ime--hence the instructions to coat 
soon after blasting in many specifica- 
tions. For some very active substrate 
materials, e.g., aluminum, it is conceiv- 
able that the surface could benefit from 
activation prior to spraying. However, 
the energy dissipation from material 
splatting onto the surface can probably 
break up and disrupt thin passive layers, 
so I do not think it is likely to be of  major 
interest in anything but a few very spe- 
cialist applications. I 've  tested some 
plasma sprayed alumina coatings on alu- 
minum alloy (7075-T6), and we found 
that activation had only a slight effect on 
bond strength. Reducing the water in the 
blasting lines had a much bigger effect. 

Question 33 

Thermal  Conductivity of  PSZ. Does 
anyone have information on the thermal 
conductivity of zirconia applied with a 
thermal spray? 

Answer 33.1: One of  the most recent 
publications, including measurements 
(400 to 800 K), is A.J. Slifka, B.J. Filla, 
J.M. Phelps, G. Bancke, and C.C. 
Berndt, "Thermal Conductivity of  a Zir- 
conia Thermal Barrier Coating," J. 
Therm. Spray Technol., Vol 7 (No. 1), 
1998, p 43-46. 
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