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J. 1. Federer and A. J. Moorhead 

Ceramic recuperator materials are exposed to high temperature 
corrosive/fouling flue gases during service. 
tests have sham that SIC ceramics are susceptible to corrosion 
in certain furnace environments. Ceramic coatings might protect 
Sic ceramics and other recuperator materials from corrosion, 
This compilation presents comercially available ceramic coatings 
that could be considered for corrosion protection of heat 
exchanger materials. The coatings include compositions based on 
alumina, alumina-magnesia, chromia, hafnia, silica, silicon 
carbide, titania, and zirconia. Recommendations for a program 
to evaluate and compare coatings are also presented. 

Recent exposure 

INTRODUCTION 

Several U.S. Dep.artment of Energy contractors have selected SIC 

ceramics as primary heat exchanger materials Jn high-temperature 

burner-duct recuperator (HTBDR) systems, These materials were selected on 

the basis of satisfactory properties at high temperatures including 

strength, oxidation resistance, thermal conductivity, and thermal shock 

behavior. In addition, tubes of required sizes were comercially 
available. Oxide ceramics, such as alumina and mullite, also have 

satisfactory strength and oxidation resistance for heat exchanger 

applications, but Pack resistance to thermal shock. 

Babcock 6 Wilcox Company selected siliconiztd SIC for the tubes in 

direct contact with high-temperature flue gases from a steel soaking pit , l  

AiResearch Manufacturing Company selected sintered-alpha Sic for a similar 

application,* 

conducted exposure tests of Sic ceramics in steel reheat furnaces, steel 

As part of the HTBDR projects, the contractors and ORNL 

"Research sponsored by the Waste Energy Recovery Program, Office 
of Industrial Programs, U,S. Department of Energy, under contract 
DE-AC05-840R21400 with Martin Marietta Energy Systems, Inc. 

I 
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sosking  p i t s ,  and alurntrluiri reinele furnaces  ./ The purpose of t h e s ~  exposure 

t e s t s  was to assess the  co r ros ion  behavior of SZC eeradcs 1.n the 

combus t i o n  environment% o f  furnaces chat t y p i c a l l y  would use W R D R  

systems. Ma te r i a l s  i n  these tests included two  high-density s i n t e r z d  SIC 

ceramtcs low-dens1 ty r e c s p t a l l i z e d  S I C  (both hare and coated with CVD 

S t C ) ,  a sil- ieonbzed SfC,  two r e a c t i o n  s i n t e r e d  S3.C ce-ranics, two 

S i  3Nk-bonded Sic ceramics, m d  two oxtde ceramics These miterials 

r ep resen ted  the  domestic c o m L r e l a l l y  a v a i l a b l e  S i c  ceramics that might be 

used as r ecupe ra to r  tubes 0% struetmra; components. Exposure cemperatures 

ranged from 325 t o  1250'C f o r  530 t o  5545 h. A l l  of the furnaces  were 

f i r e d  with na tu ra l  gas, but the amoimt of ash,  slag, or  process car ryover  

v a r i e d  cons iderably  among the  furnaqes.  

Sign3 Ficant  co r ros ion  occurred ' in  S I C  ceramic- specimens i n s t a l l e d  i n  

aluminum remelt furnaces  and one of the steel soaking p i t s ,  the l a t t e r  

environment being p a r t i c u l a r l y  severe in terms of high temperature and 

amarrnt and v r l o c i t y  of molten slage Pro jec t ed  su r face  r eces s ions  w r e  

0.1 t o  0.6 m / y  for  ma te r i a l s  exposed f o r  5545 h i n  an aluminuin remelt  

fu rnace ,  hu t  were i n  the range 3.5 t o  6 . 8  m / y  f o r  materials i.n the  

p rev ious ly  mentioned severe  environment in a s teel  soaking p i t .  The 

lowest co r ros ion  rates occurred i n  the high-density s i n t e r e d  S i c  ceramics. 

The Si3Nq-bonded S I C  ceramics corroded a t  the h ighes t  rate, 

s l  P i c m i z e d  and r eac t ion - s in t e red  m t e r Z a l s  corroded a t  rates in t e rmed ia t e  

t o  the o the r  ma te r i a l s .  The two oxide ceramics,  alumina and m u l l i t e ,  

which were included i n  one of the aluminum remelt fu rnaces ,  were 

r e l a t i v e l y  unaf fec ted  by t h a t  exposure. 

Other- compa t ib i l i t y  tests, i n  a d d i t i o n  t o  those conducted f o r  the 

HTSDR p roJec t s ,  have a l s o  shown t h a t  Sic  ceramics corrode tn  var ious  

I n d u s t r i a l  mvlronments.  An exposure of 4300 h i n  nr, aluminum remelt  

fu rnace  r e s u l t e d  i n  a p ro jec t ed  r eces s ion  rate of -Oe5 m I y  fo r  S i c  

ceramics.  Alumina, on the  o t h e r  hand, was  e s s e n t i a l l y  una f fec t ed ,  while 

r n s i l l i t e  corroded at  a r a t e  t h a t  p ro j ec t ed  t o  0.2 m / y .  

I n  another  exposure test of S I C  ceramics i n  an aluminum remelt 
r Lurnace, pro jec t ed  co r ros ion  rates w e r e  about an order  of magnitude h igher  
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t h a n  those  mentioned above 

concen t r a t ions  of cor roding  species tn t h e  flue gases.  Apparently the 

ha l ide-conta in ing  f l u e  gases i n  alumlnum remelt furnaces  are p a r t i c u l a r l y  

c o r r o s i v e  t o  S i c  ceramnics. Our r ecen t  Laboratory s t u d i e s  us ing  s imula ted  

i n d u s t r i a l  furnace  a t m a p h e r e s  showed t h a t  NaCI and NaF, e c s m n l y  found in 

posslbly due t o  higher temperatures and higher  

aluminum remelt furnace  exhaus ts  cause s i g n i f i c a n t  co r ros ion  i n  s i n t e r e d  

S ic , ,  s i l i c o n i z e d  S I C ,  rand r eac t ion - s ln t e red  S i c  a t  1280QC. S t i l l  o t h e r  

studles have shown t h a t  Sic ceramics are s e v e r e l y  a t t acked  by basic coa l  

a s h 7  and by f l u e  gases From a glass f u r n a c e e a  

These r e s u l t s  have shown t h a t  S i c  ceramics are s u s c e p r i b l e  t o  

c o r r o s i o n  by c e r t a i n  i n d u s t r i a l  furnace  environments. In two of t hese  

exposure tests, however, oxide ceramics were r e l a t i v e l y  una f fec t ed  when 

compared t o  t h e  Sic ceramics. This  observa t ion  led  t o  c o n s i d e r a t i o n  of 

u s i n g  oxide ceramic coa t ings  t o  p r o t e c t  S i c  ceramics from cor ros ion .  

A r ecen t  assessment of ceramic coa t ings  fo r  uncooled d i e s e l  engine 

a p p l i c a t i o n s  emphasized z i r c o n i a  coa t ings  because of the des-lrable l o w  

thermal  conduc t iv i ty  of z f r con ia .  Also discussed  were vatdous coa t ing  

methods such as chemical vapor depos i t i on ,  p l a sma  spraying ,  and so l -ge l  

coa t ing .  The assessment concluded t h a t  coa t ings  can be produced t o  

ach ieve  certain d e s i r a b l e  p r o p e r t i e s  and that coa t ings  are economically 

f e a s i b l e  for heat-engine a p p l i c a t i o n s  While z i r c o n i a  c o a t i n g s  might 

p r o t e c t  S i c  ceramics from cor ros ion  i n  furnace environments, o t h e r  types 

of coa t ings  might also be u s e f u l .  The purpase of the  p re sen t  s tudy  was t o  

hden t i fy  commercially a v a i l a b l e  ceramic coa t ings  (mostly ox ides )  f o r  

e v a l u a t i o n  in exposure tests i n  i n d u s t r i a l  furnaces  o r  i n  s y n t h e t i c  

combustion atmospheres i n  the  l abora to ry .  

There are s e v e r a l  t e c h n i c a l  cons ide ra t ions  i n  the  use of coa t ings  f o r  

S i c  ceramics inc luding  coa t ing - subs t r a t e  c o m p a t i b i l i t y ,  adherence, and 

c o r r o s i o n  resis tance .  Although extremely important,  the  t e c h n i c a l  a s p e c t s  

of coa t ings  are not t r e a t e d  i n  depth Ln t h i s  dacument. I n s t e a d ,  th is  

s t u d y  concent ra ted  an determining the  a v a i l a b i l i t y  of ceramic coa t ings .  

This  document b r ings  var ious  types of ceramic coa t ings  t o  the  a t t e n t i o n  of 

workers I n  t he  f i e l d  of waste-heat r ecupe ra t ion  and similar a p p l i c a t i o n s  

requtring materials with high-temperature corrosion r e s i s t a n c e .  



The i n i t i a l  s e a r c h  f o r  infornation can oxide ceramic coa t ings  involved 

a comi~uter-conducted survey aC several  t e c h n i c a l  l i t e r a t u r e  da tabases .  

'Phis survey revealed 1iumero~5s c l t a t i a n s  f o r  non-metall ic coa t ings  - The 

Metals AbsLrdcts Database f o r  example y ie lded  230 c i t a t i o n s  f o r  the 

p e s l o d  1365 t o  1982 relatead t o  n o n - m t a l l i c  coa t ings  €or  the  p r o t e c t i o n  of 

materials exposed to high temperature environments. Other data-bases 

y i e l d e d  similar numbers of a b s t r a c t s .  A review of these  a b s t r a c t s  

revea led  t h a t  mny  descr ibed r e f r a c t o r y  metal carb ides ,  m t h o d s  of 

e v a l u a t i n g  coa t ings  methods OE applying coa t ings  and c o m p a t i b i l i t y  of 

c o a t i n g s  with var ious  s u b s t r a t e s  and environments (I Thi.s information no 

doubt ean be useful i n  s e l e c t i o n  of coa t ings  For s p e c i f i c  a p p l i c a t i o n s  and 

i n  i n t e r p r e t i n g  t h e  khauPor  o€ coatings i n  s e r v i c e .  However, because the  

main purpose of the present  review w a s  the i d e n t i f i c a t i o n  o f  c o m e r c i a l l y -  

a v a i l a b l e  oxide ceramic coa t ings  that might Be a p p l i c a b l e  for  p r o t e c t i o n  

o €  Sic ceramics i n  i n d u s t r i a l  furnaces  we contacted i n d u s t r i a l  s u p p l i e r s  

d i r e c t 1  y f o r  Information regarding t h e i r  coa t ings  I 

Approximately 120 s u p p l i e r s  were i d e n t i E i e d  i n  t h e  company d i r e c t o r y  

i s s u e  of C e r m ~ c  BuZZetin.lo 

t e c h n i c a l  c o n t a c t s .  These p o t e n t i a l  s u p p l i e r s  (Appendix A) were s e n t  

l e t t e r s  explain-lng our i n t e r e s t  and brief q u e s t i o n n a i r e s  reques t ing  infor -  

mation on ceramic c o a t i n g s  (Appendix B ) .  We received 42 r e p l i e s  t o  t h e  

survey,  of wh-lch 26 were considered t o  be p o s i t i v e  r e p l i e s .  The o ther  1 6  

responders  d i d  no t  supply coa t ings  o f  i n t e r e s t .  The fu l l .  addresses  of the 

26 responders who suppl ied  information f o r  t h i s  s tudy  are presented i n  

Appendix C .  

Ten o t h e r  s u p p l i e r s  were known from previous 

For t h i s  survey we were p a r t i c u l a r l y  i n t e r e s t e d  i n  the  fol lowing 

aspects of ceramic c o a t i n g s  : 

e composition, 

8 maximum use temperature ,  

@ method of a p p l i c a t i o n ,  

ab phys ica l  p r o p e r t i e s ,  

c o s t  o f  a p p l i c a t i o n ,  and 

a c o m p a t i b i l i t y  wi th  i n d u s t r i a l  furnace environments. 
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Almost a311 26 suppliers provided information on the first three Items 

some provied physical properties, but  only a few provided cost or compati- 

bility data. Lack of appropriate information Indicates that several 

coatings should be selected for evaluation of properties, compatibility 

with Sic substrates, and corrosion behavior in both laboratory and 

industrial furnace environments. 

COMPILATION OF COATING INFORMATION 

Coatings types, compositions, other information, and suppliers are 

presented in Tables 1-41, The coatings are grouped according to t h e  major 

chemical species, for example, alumina-base coatings. The information in 

these tables was provided by the coating suppliers in their literature or 

in the questionnaire. Specific information was not always supplied, hence 

the frequent blank spaces in the tables. 

The only criterion f o r  inclusion in this compilation o f  coatings was 

a use temperature of at least 1200'C. 

temperature refers to melting or decomposition temperatures. This 

property only indicates the potential service capability of a coating 

exposed to corrosive/fouling flue gases and particulates at temperatures 

up to approximately 16OO0C. Melting might not render a coating ineffec- 

tive in protecting a substrate. A sticky molten coating, however, might 

collect flue gas particulates, and would probably provide a better medium 

for transport of corrodents to the substrate than would a solid material. 

The ability of a coating to exist without decomposing, of course, is a 

basic requirement. This compilation, therefore, does not include coatings 

with melting or decomposition temperatures below 1200'C. 

In the present context the use 

Information was obtained on six different types of coatings, some 

with numerous compositional variations. The types and number of coatings 

are: 

0 alumina-base (52), 

alumina magnesia (71, 
e chromia-base (12), 

0 silica-base (22), 

0 titania-base (71 ,  and 
0 zirconia-base ( 3 0 ) .  
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Table 4 .  Silica-base coatings 

Nominal 
Composition (ut  X )  

si02 Other 

CTE , Method of 
10- "c-1 a p p l i c a t i o n  

Xel t ing o r  use 
temperature, 

O C  (OF) 

Designation Manufacturer 
o r  supp l i e r  

Ceramacoat 512 major 

Ceramacoat 593 major 

Type SBE major 

G r i p t i t e  Grey S 83 

G r i p t i t e  Grey 64 

G r i p t i t e  Red 49 

G r i p t i t e  Blue 51 

S e a l  Kote 97 

Sea l  Kote B 89 

Neo-glassceramic major 
Glass -bonded 
Ceramic Slurry 

G-11 Glaze major 

H Glaze major 

Glaze major 

1370 (2500) 

1370 (2500) 

1205 (2200) A120 3 

9 A1203 1540 ( 2 8 0 0 )  

27 A 1 2 0 3  1540 (2800) 

42 A1203 1650 (3000) 

40 A1203 1705 (3100): 

1540 (2800) 

1540 (2800) 

2000 (3630)  

1260 (2300) 

1425 (2600) 

8120 3 1400 (2550)  

Cr 2O 3 

11 a i r  spray, brush Aremco Products,  Inc. 

11 air spray, brush Aremco Products,  Inc. 

air spray Ceramic Refractory Corp. 

d ip ,  trowel Gunning Ref rac to r i e s ,  Inc. 

d i p ,  trowel Sunning Ref rac to r i e s ,  Inc. 

dip,  trowel Gunning Ref rac to r i e s  , Inc. 
w d i p ,  trowel Gunning Ref rac to r i e s ,  Inc. hJ 

a i r  spray Gunning Ref rac to r i e s ,  Inc. 

a i r  spray Gunning Ref rac to r i e s  Inc. 

8 d ip ,  brush Materials Science & 
Technology, Inc. 

brush 

brush 

N e w  Castle Ref rac to r i e s  Go. 

New Castle Ref rac to r i e s  Co. 

Norton Co. 
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T a b l e  5. Zirconia-base coatings 

Nominal 
Composition (wt X )  

Zr02 Other 

CTE , Method of Manufacturer Xelting or use 

O C  ( O F )  
or supplier temperature, 10- %-? application Designation 

2 irconia 
PP-42 
PP-42B 

Magaes ium 
Zirconate 
PP-45 

Type C-1CA 

Type C-gOS 

hralco 904 

Zirconia 
Wash A 

2. i r con 
Wash A 

Kramic AC 

Zbrconium 
Oxide 

ZR92ZA 

ZS67ZA 

83 
53 

80 

major 

major 

major 

89 

61 

major 

91 

65 

5 CaO 
5 ea0 

20 MgO 

A12039 
si02 

4 CaO 
2 si02 

2 A1203 
36 Si02 

A1203 

6 CaQ 
2 s i02  
34 si02 

plasma spray Bay State Abrasives 
m.p. 2690 (4874) 
m.p.  2690 ( 4 8 7 4 )  

m.p. 2100 (3830) 

m.p.  2480 (4500)  

m.p. 2065 (3750)  

2205 (4000)  7 

1900 (3452)  

1705 (3100) 

plasma spray 

air spray 

air spray 

air spray, 
brush 

air spray, 
brush 

air spray  

flame spray 

Bay State Abrasives 

Ceraaic-Refractory Corp. 

Ceramic-Refractory Corp. 

Cotronics Corp. 

Didier Taylor Refractories 
Cotp. 

Didier Taylor Refractories 
Corp. 

Kaman Sciences Corp. 

MetalLizLng Company of 
America, Inc. 
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Two other coatings, not shown in Tables l--6s are siliecsn carbide 
(San Fernando Laboratories) and hafnia (Ultramet). Coating of S ~ C  with  

S i c  for corrosion resistance makes sense only i f  the coating has better 

corrosion resistance than the substrate. According to the manufacturer 

the extremely fine-grained Sic prepared by chemical vapor deposition (CVD) 

has superior oxidatlon resistance to that of Sic fabricated by more 

conventional methods, and, therefore, might also have better corrosion 

resistance. The hafnia coating is prepared by CVD of HfC, which is subse- 

quently oxidized. 

Eleven application methods were mentioned by the manufacturers: 

dipping, drain casting, brushing, painting, air spraying, plasma spraying, 

flame spraying, gunning, trowel.ing, D-gunning, and CVD. Some of these 

might be substantially equivalent to each other. 

ECOMMENDATIONS FOR A COATINGS EVALUATION PROGRAM 

An assessment of the relative abilities of the coatings in Tables 1-6 

to protect Sic ceramics in high temperature combustion environments is 

outside the scope of this report. Performance of this task would require 

much more information on such critical factors as adherenee during thermal 

cycling, compatibility with Sic during long times at elevated temperatures, 

and corrosion resistance, A close match berween coefficient of thermal 

expansion (CTE) of coating and substrate would favor adherence, while a 

high resistance t o  thermal shock would allow the coating to maintain 

structural integrity during thermal cycling. Thermal shock resistance 

parameters are calculated from physical and mechanical properties of the 

material. In general, these properties are known for major species such 

as dense alumina and some compositional variations, but are not  known for 

the numerous compositional variations with (probably) lower densities 

represented by the coatings in this report. A variety of coatings should 

be subjected, therefore, to an extensive evaluation t~ determine their  

suitability for protecting Sic. This evaluation shoiild involve various 

examinations and tests intended to identify the most adherent and 

protective coatings. The program might include the following features: 



one Sic ceramic substrate inaterial in the form *sE high density 

tubing; 

a specification f o r  coating density, open porosity, coefficient o f  

thermal expansion, and mdnfmum use temperature; 

several. cornposittonal variations o f  coatings of each genera l  type 

(alumina-base, chromla-base, e t c . )  shown -In Tabl.e% 1-6 and other 

promising coatings such as GVD S I C  and hafnia mentioned previously; 

comparison of d i f f e s e i t  methods of appl€cation (if more than one 

method is available) i n  terms o f  conpasliional- and thickness 

unif orini ty , micros t rwture, and density; 
determination of eoat'ing adherence and compositional stability 

during slow, controlled rate heating/ccoling cycles; 

determination of costing adherence and structural integrity during 

a standard thermal. shock t e s t ;  

determination of coaiPng/substrate compatibility during extended 

high temperature hear treatments; 

determination of fracture strengths of uncoated, as-coated, and 

coated and heat treated substrates; 

corrosion testing in synthetic combustion atmospheres containing 

halides or other suspected corrodents followed by determination of 

fracture strengths; and 

corros-ion testing i n  selected industrial furnace environments 

followed by determination of fracture strengths. 

No doubt, other activities could he included in an investigation of 

coatings. For example, the economic aspects of variations in methods of 

a p p l y l n g  coatings a s  well as t h e  performance of coatings on other Sic 

ceramics or other ceramics could be evaluated. An investigation Hncor- 

porating the above activities, kiowever, should reveal the  feasbility 

of using coatings on Sic ceramics for corrosion protection. 
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Appendix A 

Names and locatfons of potential coating suppliers who 
were contacted for lnformation on ceramic coatings 





Able Supply Co. 
Able Refrac tory  Products  
Box 912 
H ~ i i s t o n ,  'E 77001 

Af?C Corporat ion 
5183 W, Western Reserve b a d  
GanELeld, OH 44406 

A i  reo Carbon 
808-0 Theresia  S t r e e t  
St. l%rys, PA 15857 

A i r  Products ti Chemicals, Inc. 
Box 538 
Allentown, PA 18105 

Allegheny Sand, Inc. 
31 Moffett  Street 
Box 13566 
Pi t t sb l i rgh ,  PA 15243 

Al. l ied  Mineral Products Inc. 

Columbus, CIH 43220 
2700 SciOto PkWy. 

Alon Processing,  Inc e 

Gsantham S t r e e t  
Tarentum,  PA 15084 

A m t e c  I n d u s t r i e s ,  In@. 
Box 40388 
Cleveland, OH 44140 

Aremeo Products ,  Tnc . 
Box 429 
Ossiniing, NY 10562 

Artech Corporatian 
2901 Telestar C t .  
Falls Church, VA 22042 

abcack 6s Bileax CO.. 

rnsPn2ating Products Div. 
Box 923 
Augusta, GA 30903 

B a l l  Carporatfan 
345 s*  High S t r e e t  
Pluncle, IN 47302 

Bartel ls ,  E, J . ,  Co. 
Sub. of A.P .  Green R e f r a c t o r i e s  

Renton, WA 98057 
BOK 997 

Bay S ta t e  Abrasives 
Div. of Dresser I n d u s t r i e s ,  h e ,  
12 Union S t r e e t  
Westboro, MA 01581 

B e l l  Aerospace Textron 
Div. of Textron Inc. 
Box One 
Buffa lo ,  NY 14240 

Bognar and Co. 
31 Moffet t  Street 
Box 13566 
P i t t s b u r g h ,  PA 15243 

Bu t l e r  Refractor l tes  
Box 751 
B u t l e r ,  PA 160030751 

C a l i f o r n i a  Metal Enameling Co. 
6904 En Skausan Avenue 
Los Angekes, Ca 90040 

Canadian R e f r a c t o r i e s  
Dresser Chnada , Inc . 
Montreal,  Quebec 
CANADA, H3B 3L3 

Box 1750, Sea. B 

Carb-Ri te Co 
31 Mofftatt S t r e e t  
Box 13566 
P i t t s b u r g h ,  PA 15243 
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CCM S c i e n t i f i c  
Box 1617 
cos ta  ?4e88, CA 92628 

Cedar I-IeJ-ghts Clay Go. 
Box 29s 
Oak Hill, 011 45656 

Ceraua.irs Coa 6 Png Co 
Box 370 
Newport, Kf 41072 

C-E RefractorieG 
DPv. of Combustion Engineering 

Val ley  Forge, PA 19482 
BOK 828 

Cerarnlr F in i sh ing  Co. 
Box 498 
S t a t e  College,  PA 16807. 

Cer-Net , Inc. 
7 8 4 1  N. Tryon S t r e e t  
C h a r l o t t e ,  NC 28213 

Ceramic Refrac tory  Corporation 
Rut ledge Road 
RD 1 
Trans fe r ,  Pennsylvania 16154 

C h r i s t y  F i r e b r i c k  Co. 
3144 N I  Broadway 
St. Louis, bf0 63147 

Cornonwealth S c i e n t i f i c  Corp. 
500 Pendleton Street 
Alexandria,  VA 22314 

Coors Porce l a in  Company 
SO8 N i r z z h  Street  
Golden,  CO 80401 

Corundite R e f r a c t o r i e s  Company 
Div,  of Dixon Ticsndcruga Co. 
Box 416 
Msss i l l on ,  OH 44646 

Cotronics  Corporation 
3379 Shore Pkwy. 
Brooklyn, hT 11235 

Detrick, M.H., co. 
500 Park Blvd. 
Ttasca, IL 63143 

DFamonite Products 
Sub. W. R. Grace & Co. 
453 M. XcConkey St~eet 
S h r e w ,  OH 44676 

Dfdies  R e f r a c t o r i e s  Corporation 
7575 Trans Canada 
St. Laureaat Quebec 
CANADA9 94T ZVS 

Did ie r  Taylor R e f r a c t o r i e s  Carp. 
Box 44040 
Cincinnati, OH 45244 

Donraho Clay Company 
2700 Dooley Avenue 
Box 843 
A m i s t o n ,  AL 36202 

Dow Corning Corporation 
Box 994 
Midland, M I  48640 

Ilura Temp Corporation 
1750 Eber Road, Box 368 
Holland, OH 43528 

Dynamit Nobel of Amer-Lca 
Ray-Fries, Inc., Chemical Div. 
Ten Link D r i v r ?  
Kocklelgh N.3 04647 

Eagle-Picher i n d u s t r i e s ,  Inc.  
Qua.pav Ceramics Dept . 
Box 738 
Quapaw, OK 74363  

EZectro-Science Labs, Inc. 
2211  Sherman A Y ~ R U ~ ,  Box 596 
Pennsauken, N J  88110 

Engelhard Corporation 
Menlo Park, C N - 4 0  
Edison,  N.J 08818 



Per r u 60 r po r a e: i on  
One Erieview Plaza 
Cleveland,  OH 44114 

Ferro  Enameling Company 
Box 2246 
Oakland, CA 94621 

Fiber  Materials, Inc.  
Bfddeford I n d u s t r i a l  Park 
Biddeford,  ME 04005 

GCAIVacuum I n d u s t r i e s  
F ive  Middlesex Avenue 
Somervi l le ,  MA 02145 

General Kef rac to r i e s  Co. 
225 City  Line Avenue 
BaLa-Cynwyd, PA 19004 

Goodyear Aerospace Corporation 
1210 Massi l lon Road 
Akron, OH 44315 

Green, A. P., R e f r a c t o r i e s  Co. 
Sub. of U. S I  Gypsum CQ. 
Green Blvd. 
Mexhco, MD 65265 

GTE Lab, Ine.  
One Stamford Forum 
Stamford, CT 06904 

Cunning R e f r a c t o r i e s ,  Inc. 
Sub. of  BMI, ICnc. 
Box 38 
Pedro, OH 45655 

Barbison-Walker R e f r a c t o r i e s  
Div. Dresser I n d u s t r i e s ,  Inc .  
One Gateway Center 
P i t t s b u r g h ,  PA 15222 

Heany I n d u s t r i e s ,  fnc .  
I n d u s t r i a l  Ceramic Divis ion  
Box 38 
SCQttsV%11C!, 14546 

Heraeus Cermalloy, Inc. 
Union H i l l  I n d u s t r i a l  Park 
West Conshohocken, PA 19428 

Haeganaes Corporat ion 
Sub. of I n t e r l a k e ,  Tnc. 
River Road and Taylor Lane 
Riverton, NJ 08077 

Halaen, A- F., co. 
2195 S. Milford Road 
Mi l ford ,  p13: 48042 

Homel ,  o., co. 
Box 475 
Pf t t sbu rgh ,  PA 15230 

Hooker Chemicals & Plast ics  Gorp. 
I n d u s t r i a l  Chemicals Group 
Box 728 
Niagara F a l l s ,  NY 14302 

Hughes A i r c r a f t  Company 
Corporate  Marketing 
200 N. Sepulveda Blvd, 
E l  Segundo, CA 50245 

In land  E n t e r p r i s e s ,  Inc. 
10237 Berea Road 
Cleveland,  OH 44102 

I n t e r n a t i o n a l  Lead Zinc 

292 Madison Avenue 
New York, NY 10017 

Research Organizat ion,  Inc .  

Ipsen  Ceramics 
Div. of Ipsen I n d u s t r i e s  
325 John Street  
Peca tonica ,  IL  61063 

Jasper Stone Company 
14575 Garden Road 
Golden, CO 80401 

Raiser R e f r a c t o r i e s  
Div. Kaiser A l u m .  & Chem. Corp. 
300 Lakeside Drive 
Oakland, CA 94643 

Karnan Sciences Coporation 
C e r a m i c  Department 
Box 7463 
Colorado Spr ings ,  CO 80933 
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Lafarge Refractalres 
99 Avenue Ardstide Briand  

92542 Montrouge, Cedex, FRANCE 
B. I?. 560 

J,ambe L" t v i  11 e Ce r a m i  e 

Boas 128 
Lamber tv i l lc  N,T 08530 

& mg. co., Inc. 

Lava Crucible  R e f r a c t o r i e s  Co. 
Box 278 
Ze l i enop le ,  PA 16063 

Manvi 1 l e  Blii l d i n g  Mate r i a  Is Group 
BOX 5108-RF 
Denver, CO 80217 

Mat'1.s Div. & Fab. Comp. Dive 
Armco k r o .  & S t r a t ,  Mat'Ps. GP. 
840 Mewport. C t r .  Dr., S u i t e  260 
Newport Beach, CA 92660 

Materials Research Corp. 
Rt. 303 
Orangeburg, NY 10962 

Ma t e P i a 1 s -S c i e nc e & Te ch 

398 Pr ince ton  Court 
College Park-Ladson, SC 29465 

lo g y , 
Ins: m 

McCormick, J. S., Co. 
25th St. & A.V.R.R.  
Pf t t sbu rgh ,  PA 15222 

? k G a P L i z i i ~ g  eo. of America, Znc. 
361 S. %milton S t r e e t  
S u l l i v a n ,  IL 61951 

Medico, Ine. 
11.01 Prospect Avenue 
Westbury, L . L . ,  NY 11590 

Midland Materials Research 
P. 0. Box 186 
Midland ,  Michigan 48640 

Mfssouri ReFrac tor ies  Co., Inc.  
26 ,411en Avenue 
Webster Groves, MO 63119 

Nallco Chemical. Co. 
2901 B u t t e r f i e l d  Road 
Oak Brook, LL 60521 

Nat lona l  B e r y l l i a  Corporat ion 
Greenwood Avenue 
IIaskelk, N J  07420 

New Castle Kef ractories 
Dtv. Dixon-Tieonderoga Co . 
Box 471 
New Castle, PA I6103 

Nodi b Son CO. 

Cleveland, OH 44140 
BOX 48368 

North State P y r o p h y l l i t e  Co., Tnc. 
Sub. of Resco Products 
Box 72-47 
Greensboro, NC 27407 

Norton eo ,  
One New Bond Street 
Worcester, MA 01606 

Qakite Products, Imc. 
50 Valley Woad 
Berkeley Bei gh t s  , NJ 07922. 

BCEP/OptPcal Coating Lab, Inc.  
Santa Rosa, CA 95407 

P e l 1  I n d u s t r i e s ,  Inc. 
3000 b y .  501, R.D. 4 
M y r t l e  Beach, SG 29577 

Pemo Products Group 
Mobay Chemical Corporation 
5604. Eastern Avenue 
Baltimore,  21224 
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Pll ibr ico Company 
2840 N. Kingsbury 
Chfcago, I L  60614 

Ref rac to ry  S a l e s  IS Serv ice  Co.,  
Hnc . 

Bessemer, AI, 35021 

R e m e t  Corporation 
Box 278, Bleachery P lace  
Chadwicks, M I  13319 

Reni t e Company 
Box 19235 
Columbus, OH 43219 

Rex Roto Corporation 
Box 980 
~ o w i e r v i i i e ,  MI 48836 

R ive r s ide  R e f r a c t o r i e s ,  Inc.  
Box 1096 
P e l 1  C i ty ,  AL 35125 

Rocky Mountain Ref rac to ry  

Box 7386 
Colorado Spr ings ,  @o 80933 

Se rv ice ,  Inc .  

RX Chemlcal Co., Inc .  

Lake Geneva, WI 53147 
BQX 188 

S a l a z a r  & Sons, h e .  
1506 C l in ton  Place  
River  F o r e s t ,  XL 60305 

San Fernando Labora to r i e s  
10258 Norr i s  Avenue 
Pacoima, C a l i f o r n i a  91331 

Sauere isen  Cements Company 
RIDC Indus t r l l a l  Park 
P l t t s b u r g h ,  PA 15238 

SGL I n d u s t r i e s ,  Inc.  
75 Evcl id  Avenue 
Haddanf i e l d ,  NJ 08033 

S m l t h ,  A., O., Corporatton 
sox 584 
Milwaukee, WI 53201 

SsEar  Turbtnes Tnc. 
Sub. of C a t e r p i l l a r  T rac to r  Co. 
%ox 85376 
San Diego, CA 921385376 

Spectra-Mat Imc 
1240 Hwy- 1. 
Watsonvi l le ,  CA 95076 

Stettner TechnLcal. Ceramics, Inc. 
4135 Airways Blvd., Box 2194 
Chattanooga, TN 37421 

S t e u l e r  I n t e r n a t i o n a l  Corporation 
5040 Navarre Road, S.W. 
Canton, OH 44706 

Swindress Band, Inc.  
101 Fairview Avenue 
P i t  t s m g h ,  PA 15238 

S y l v e s t e r  & Company 
2 4700 Highpoint Road 
Beachwood, OH 44122 

T M A ,  Inc. 
Box 1157 
Bow (Concord), NH 03301 

Technology, Inc.  
I n d u s t r i a l  Products Div. 
335 Ne G r i f f i n  S t r e e t  
Grand Haven, M I  49417 

Turbine Components Corporation 
Di€fusi.on Coating Div i s ion  
2 Commercial S t r e e t  
Branford,  Connecticut 06405 

U It rame t 
12173 Mantague S t r e e t  
Pacoima, CalLfornia 81331 

Union Carbide Corporation 
Coatings Se rv ice  
2611 Waterfront Pkwy, E. D r ,  
I n d i a n a p o l i s ,  I N  46224 



Unique Kilns Div. 
BED Industries, Inc. 
Box 246 
R i n g ~ e s ,  NJ 08551 

Unioii Yilning Co. of 

31 Morffete Street, Box 13566 
P i t t s b u r g h ,  PA 15243 

-4llegany County, Tnc . 

vu1613n Materials co. 
14etaTs Div. 
Bcx 7588 
Birmingham, hL 35235 

blah:. R e f r a c t o r i e s ,  Ernc. 

F r e m n t ,  OH 43420 
Green Springs R d " ,  Box 430 

Wesco RcFrac tor ies ,  'Tnc 
410 E. Magnolba 
P o r t  Worth, 'px 76104 

Westinghouse Electric Corporat ion 
I n d u s t r i a l  Ceramics Plant  
Porce la in  Park, 333 W. ' rhfrd Street 
Derry,  PA 15627 

W i L L i a r n s  FS wilson,  L t a .  
4570 Sheppard Ave., E. 
Scatborough, Ontario,  CANADA MIS 4K2 

Zero R e f r a c t o r i e s ,  Inc. 
1..??33 h c h o  Road 
T a y l o r ,  M I  48130 

Z.Y.P. CoatPngs, Inc. 
Box 208 
Oak RXdge, TN 37831 
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Letter and questionnaire seat to potential suppliers  of coating 
materials and services to obta in  information on ceramic coating 





OAK R1DGE NATIONAL L A ~ Q ~ A ~ ~ ~ ~  
WERATFD By MARTIN MARIEFA ENERGY SYSTEMS, (NC: 

POST OFFICE BO’< X 
OAK RIDGE. TENNESSEE 376.31 

&rch 18, 1985 

Gentlemen : 

The U.S. Department of Energy is sponsor ing  work by i n d u s t r i a l  c o n t r a c t o r s  t o  develop 
h i g h  tempera ture  ceramic r e c u p e r a t o r  systems f o r  r ecove r ing  waste h e a t  from 
i n d u s t r i a l  fu rnaces  I The ceramic r e c u p e r a t o r s  t y p i c a l l y  t r a n s f e r  waste  h e a t  i n  f l u e  
g a s e s  t o  combustion a i r ,  vh ich  r e s u l t s  i n  a h i g h e r  flame temperature .  The h i g h e r  
f lame tempera ture ,  In  t u r n ,  a l lows  less f u e l  u se  per  u n i t  of product ,  thereby  
e f f e c t i v e l y  conserv ing  energy.  These h e a t  recovery  systems a r e  in tended  f o r  use  OR 
many types  of i n d u s t r i a l  fu rnaces ,  i n c l u d i n g  those  wi th  c o r r o s i v e / f o u l i n g  f l u e  gases .  

We have observed s i g n i f i c a n t  c o r r o s i o n  of s i l i c o n  c a r b i d e  ( S i c )  r e c u p e r a t o r  tubes  i n  
steel soaking  p i t  and aluminum remelt fu rnace  environments .  A s  a r e s u l t  we are 
i n v e s t i g a t i n g  c o a t i n g s  t h a t  might improve the  c o r r o s i o n  r e s i s t a n c e  of S i c  tubes .  
Your company is l i s t e d  i n  the  Company D i r e c t o r y  i s s u e  of Ceramic B u l l e t i n ,  January 
1985, as a s u p p l i e r  of c o a t i n g s .  We would l i k e  t o  know more about  t he  c o a t i n g s  t h a t  
your company sells. We in tend  t o  complle in fo rma t ion  on va r ious  c o a t i n g s  t o  a i d  i n  
s e l e c t i n g  the  mst s u i t a b l e  c o a t i n g s  f o r  p a r t i c u l a r  a p p l i c a t i o n s .  Th i s  compi la t ion  
w i l l  appear  i n  an ORNL r e p o r t  scheduled fo r  p u b l i c a t i o n  la ter  t h i s  year .  Although 
our  p re sen t  i n t e r e s t  is i n  c o a t i n g s  f o r  s e r v i c e  at  tempera tures  of 1000°C (1832’F) 
and h i g h e r ,  we would l i k e  t o  l e a r n  about  your product  even if you f e e l  it does n o t  
have p o t e n t i a l  a p p l i c a t i o n  f o r  h igh  tempera ture  c o r r o s i o n  r e s i s t a n c e  - 
I have enc losed  a form t h a t  can be used t o  inform me about  your company’s c o a t i n g s .  
The farm is designed to d n i m i z e  the  amount of t i m e  r equ i r ed  on your p a r t ,  and s t i l l  
provide  enough in fo rma t ion  t o  i n d i c a t e  the  s u i t a b i l i t y  of the c o a t i n g s  f o r  the  
in t ended  a p p l i c a t i o n .  I r e a l i z e  t h a t  you might no t  wish t o  provide  p r o p r i e t a r y  
in fo rma t ion .  I f ,  f o r  example, the  composi t ion is  p r o p r i e t a r y ,  perhaps you could use  
a g e n e r i c  t e r m  such as oxide  c o a t i n g ,  s t a b i l i z e d  z i r c o n i a ,  etc. I would g r e a t l y  
a p p r e c i a t e  r e c e i v i n g  any t e c h n i c a l  l i t e r a t u r e  o r  brochures  d e s c r i b t n g  the  c o a t i n g s .  

Thank you for  your a s s i s t a n c e .  

S i n c e r e l y ,  

Geram5c Technology Group 
Metals and Ceramics Div i s ion  

J I Y :  fwb 

Enclosure  
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OAK RIDGE NATIONAL LABORATORY 
COATING SIJRVEY 

Coating name 
I I- Composition 

Fkthod o€ a p p l i c a t i o n  
_______I_____ 

P r o p e r t i e s :  

_.-___I Hardness 

Melting p o i n t  i 
Coeff. therm. exp. 

O t h e r  

- 

Typical uses 

-- 
Cost of a p p l i c a t i o n  

per u n i t  area 

L i t e r a t u r e  OF 
brochure a v a i l a b l e ?  

I .- 
I 

P e r son  to  contac t  f o r  
a d d i t i o n a l  informatton 
(name and phone number) 

P lease  return t h i s  form to: 

J. I. HerRerer 
Oak Ridge Wattanal Laboratory 
P. 8, Box x 

Telephone (615)574-5131 
Oak Ridge, m 37831 



Appendix C 

Names, addresses and telephone numbers of coating suppliers 
responding to request for  information on ceramic coatings 
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1. 

2. 

3.  

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

Aremco Products Ine. 
P.O. Box 429 
Oss in ing ,  NY 10562 
Telephone: (914)762-0685 

11. 

Rabcock & Wilcox 12. 
I n s u l a t i n g  Products Div is ion  
P.0. BOX 923 
Augusta, GA 30903 
Telephone: (404)396-4200 

E.  J. Bartells Co. 13. 
Subs id i a ry  of A . P .  Green  

R e f r a c t o r i e s  
P.O. Box 997 
Renton, WA 98057 
Telephone: (314)473-3517 

Bay S t a t e  Abrasives 
I n d u s t r i a l  Products Sec t ion  
Westborough, MA 01581-0623 
Telephone: (617)366-4431 

Ceramic-Ref r a c t o r y  Corporat Lon 
Rutledge Road 
T r a n s f e r ,  PA 16154 
Telephone: (412)646-2800 

C h r i s t y  F i r e b r i c k  Company 
3144 North Broadway 
St. Louis, MO 63147 
Telephone: (314)421-4780 

Cot ronics  Corportaion 
3379 Shore Parkway 
Brooklyn, NY 11235 
Telephone: (212)646-7996 

Did ie r  Taylor R e f r a c t o r i e s  Corp. 
P.O. Box 44040 
C i n c i n n a t i ,  OH 45244 
Telephone: (513)388-2100 

Did ier -We r ke  A. G . 
Pos t f ach  129469-Didierstr. 27 
6200 Wiesbaden 12 
West Germany 

Gunning R e f r a c t o r i e s ,  Inc .  
P.O. Box 267 
South Webster, OH 45682 
Telephone: (614)778-2222 

14. 

15. 

16. 

17. 

18. 

19.  

20 

Kamn Sciences  Corporation 
P.Q. Box 7463 
Colorado Spr ings ,  CQ 80933 
Telephone: (303)599-1500 

Materials Science and 
Technology Xnc. 

398 Pr ince ton  Court 
Ladson, SC 29456 
Telephone: (803)797-3731 

M e t a l l i z i n g  Company of 

321 SI Marndlton S t r e e t  
S u l l i v a n ,  11, 61951 
Telephone (217)728-7321 

America, Inc.  

Netco Inc .  
1101 Prospect Avenue 
Westbury, NY 11590 
Telephone (516)334-1300 

Muscle Shoals Minerals 
1202 East Second S t r e e t  
Muscle Shoals,  AI, 35661 
Telephone: (205)381-6620 

New Castle R e f r a c t o r i e s  C a .  

New Castle, PA 16103 
Telephone: (412)654-7711 

P.0. BOX 472 

Norton Company 
1 New Bond Street  
Worcester,  MA 01606 
Telephone: (617)853-1000 

P l i b r i c o  Company 
1800 Kingsbury S t r e e t  
Chicago, TIL 60614 
Telephone: (312)549-7014 

Rex Roto Corp. 
P.O. Box 980 
Fowle rv i l l e ,  M I  48836 
Telephone: (517)223-3787 

RX Chemical Company, Inc. 
P*O. Box 188 
Lake Geneva, W I  53147 
Telephone: (414)248-3216 
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21 Sari Feriiandcj LnboraLoi ies 
10258 Norr-is Avenue 
PacoLma, CA 91335 
Telephone: (818)899-7484 

22 Sauerieszn Cements Company 
160 Gamma Drive 

Telephone: (412 ) m - - O 3 0 3  
Pittsburgh, PA 15738 

23 Solar Turbines Incorpsrat.ed 
P.O. Box 85376 
San Diego, CA 92138-5376 
Telephone: (619)238-6731 

2 4 ,  S y l v e s t e r  & Company 
24700 Highpoin t  Road 
Beachwood, OH 44122 
Telephone: (216)831-0880 

25. U l t r a m e t  
12173 Montague Street  
Pacoima, CA 91331 
Telephone: (818)899-0236 

26 I IJniorr Carbide Corpora t ion  
P.0. Box 24901. 

Telephone : (317 )299-49% 
Ind ianapo l i s ,  ‘EN 46224 
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INTERNAL DISTRIBUTION 

1-2 " 
3 .  

4-5. 
60 
7 .  
8.  
9 ,  

10. 
11. 
12. 
13 
14. 
15 
16. 
17. 
18. 
19.  

20-24 . 
2 5 .  
2 6 .  
27 
28. 
29. 
30. 

Central Keaearch Library 
Document Reference Seetion 
Laboratory Records Department 
Laboratory Records, OlWL RC 
ORNL Patent Section 
P. Angelini 
S .  Bailc 
P. F. Becher 
A. Bleier 
E. E. Bloom 
R. A. Bradley 
A. J. Caputo 
R, S. Carlsmith 
P .  T. Carlson 
J. A. Carpenter, Jr. 
F. C. Chen 
W. P. Eatherly 
J.  I. Federer 
M e  L. Grossbeck 

M. A. Janney 
R. R. Judkins 
M. P. Kertesz 
M. B. Lewis 

N o  S o  HSU 

31. 
32. 
33. 
3 4 .  

35--33. 
40. 
41. 
42. 
43. 
44. 
45 . 
46 
47. 
48 e 

49-51 
52. 
53.  
54 . 
55. 
56 .  
57.  
58.  
59. 

E .  z. h n g ,  Jr. 
R0 W, McCLung 
C. A, McHargue 
3. W. Mtchel 
A. J. Moorhead 
M0 Olszewski 
J M Robbins 
M. Le Santella 
A. C. Schaffhauser 

G. M. Slaughter 
J. 0. Stiegler 
D. P.  Stinton 
V. J. Tennery 
P. T. Thornton 
T. N. Tiegs 
3. R. Weir 
R. J. Charles (Consultant) 
G. Y. Chin (Consultant) 
H. E. Cook (Consultant) 
Alan Lawley (Consultant) 
W. D. Nix (Consultant) 
J.  C. Williams (Consultant) 

J o  L e  Scott 

EXTERNAL DISTRIBUTION 

60-61. AEROJET ENERGY CONVERSION COMPANY, P.O. Box 13222, Sacramento, 
CA 95813 

L. Hoffman 
H. W. Williams 

62-63. AIRESEARCH MANUFACTURING COMPANY, 2525 W. 190th Street, 
Torrance, CA 90509 

M. G. Coombs 
D. M. Kotchick 

64.  AKEMCO PRODUCTS, INC., P.O. Box 429, Ossining, Nu 10562 
M, 3. Wandzilak 



65-46. HABCOCK ANlj WILCQX, P.0. Box 239, Lynchburg, VA 24505 

D. Petrels 
J ,  E. Snyder 

67. BABCOCK ANI) UTI,@OX, Instilating PP-QJUC~S Division, P . 8 .  Box 923, 
Augusta, GA 3832'5 

T. R. ViverE.ht0 

68. E, J. BARTEE1,S CO., Siibsidiary of A. P. Green Refractories, 
P.0. Box 997, Rentan, WA 98057 

M. Schnake 

69. BAY STATE ABRASIVES, I n d u s t r i a l  Products Section, Westborough, 
MA 01581-Q623 

R. C. PePletier 

70. C6H COMBUSTION, 1104 E. B i g  Beaver Road, Troy, M I  48083 

R. G. Graham 

71. C U O T  CORPORATION, 1020 West Park Avenue, Kokomo, I N  46901 
M. F. Rothman 

72. CERAMIC-REFMCTORY CORPORATION, Rutledge Road, Transfer, PA 16154 

C. J. Knight 

73, CHRISTY FIREBRICK COMPAN'Y, 3144 North Broadway, St. LOUIS, NO 
63.147 
R. Domst 

USTION ENGINEERING, I N * ,  911 West Main S t r e e t ,  Chattanooga, 
TN 37402 

c. B* sump 

75. CONSOLIDATED NATURAL GAS, 11001 Cedar Avenue, Cleveland, OK, 44106 

J. BjcrkXie 

76-78, CBORS PORCELAIN COMPAHY, 600 Ninth Street, Golden, CO 80401 
C. Dcrbos 
R. Kleiner 
D. Roy 

79. COTRONICS CORPORATION, 3379 Shore. Parkway, Brooklyn, NST 11235 
B e  Resnick 
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80. DIDIER TAYLOR ~ ~ ~ $ T ~ ~ ~ E ~  COW. ,  P.O. Box 44040, Cincinnati, 
OH 45244 

D. G. Yatel, 

81. DIDIER-W@W A.G., Postfach 129469-Didierstr. 27, 6280 Wiesbaden 
12, West Germany 

Dr . Jeschke 
82. GAS RESEARCH INSTITUTE, 8600 West Bryn Mawr Avenue, Chicago, 

IL 60631 

W. W. Ltang 

83-84. GTE PRODUCTS CORPORATION, Hawes Street, Towanda, PA 18848 

J. L. Ferri 
J. Gonzalez 

85. GUNNING REFRACTORIES, INC., P-0. Box 267, South Webster, 
OH 45682 

R. V. Killgore 

86. HAGUE INTERNATIONAL, 3 Adams Street, South Portland, MA 04106 

S .  B. Young 

$7-88. ZIT RESEARCH INSTITUTE, 10 West 35th Street, Chicago, IL 60616 
J. W. Adam 
D. C. Larsen 

89. KAMAN SCIENCES CORPORATION, P.O. Box 7 4 6 3 ,  Colorado Springs, 
CO 80933 

J. Schneider 

90. MATERIALS SCIENCE AND TECHNOLOGY INC., 398 Princeton Court, 
Ladson, SC 29456 

-B.*V. J. R ~ o  

91. METALLIZING COMPANY OF AMERICA, INC., 321 S .  Hamilton Street, 
Sullivan, IL 61951 

J. Cook 

92. METCQ I N C . ,  1101 Prospect Avenue, Westbury, NY 11590 
V. J .  Lanza 
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9 4 .  NEW CASTLE REFRACTORIES COMP 3 P . 0 .  Box 471, New Castle, 
PA 16103 

P. J. Burke 

959s. NORTON COMPANY, Worcester, MA 01606 

N. H. Bur'Eltmgame 
B .  D. Foster 
M .  E. Tortf 

98. PENNSYLVANIA STATE UNIVERSITY, 201 SteidPe Building, Universlty 
Park, PA 15802 

R. E. Tressler 

99. PLIBRICO COMPANY, 1800 Klngsbury Street, Chicago, I L  60614 

Id. Krietz 

100. REX ROTO CORPOMTIQN, P.O. Box 980, Fowlerville, MI 48836 

S .  R. Schenck 

101. RX CHEMICAL COMPANY, INC., P.O. Box 188, Lake Geneva, WI 53147 

R. Newcomb 

102, SAN FERNANDO L\BORATORIES, 10258 Norris Avenue, Yacoima, 
CA 91331 

E. S.  Lillybeek 

103. SAUERIESEN CEMENTS C O W A N Y ,  160 Gama Drive, Pittsburgh, PA 
15238 

G .  R. Ha11 

104. SOH10 ENGINEERED MATERIAIS COMPANY, Structural Ceramics Division, 
P.O. Box 10549, Miagara Fal l s ,  hi 14302 

J. Halstead 

105--108. S O W  TURBINES INCORPORATED, P.O. Box 85376, §an Diego, CA 
92138-5376 

T. A. Argmbrfgbt 
C. E. Smeltzer 

M. E. Ward 
A. Re StetSQn 
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109. SYLVESTER 6r ~~~~~ 24700 Highpoint Road, Beachwood, OH 44122 

R. P.  Vento 

112. ULTRAMFT, 12173 Montague Street, Pacoima, CA 91331 

R. H. Tuffias 

113, UNION CARBIDE CORPORATION, P.0. Box 24901, Indianapolis, IN 
46224 

C. R. HcKinsey 

114. UNIVERSITY OF ILLINOIS AT CHAMPAIGN-URBANA, 105 W e  Goodwin 
Avenue, Urbana, It 61801 

M. K. Ferber 

115. UNIVERSITY OF ILLINOIS AT CHICAGO, P.0. Box 4348 ,  Chicago, IL 
60680 

M. J. McNallan 

116-118. DOE, IDAHO OPERATIONS OFFICE, 550 2nd Street, Idaho Palls, ID 
8 340 1 

F. Childs 
J .  B. Parton 
W. Ha T h i e l b a n  

11W21. DOE, OFFICE OF INDUSTRIAL CONSERVATION, Forrestal Building, 
1000 Independence Avenue, Washington, DC 20585 

S .  L. Richlen 
J. R. Rossmeissl 
W. B .  Williams, Director 

122. DOE, OAK RIDGE OPERATIONS OFFICE, P.O. Box E, Oak Ridge, TN 37831 
Office of Assistant: Manager for Energy Research and Development 

125-149. DOE, TECHNICAL INFOWTLQN CENTER, Office of Infarmation 
Services, P.O. Box 62, Oak Rfdge, TN 37831 
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