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ABST RACT

This report summarizes 171 replies to a questionnaire requesting
information on ceramic material shortages and problems wit h ceramic
refractories experienced by metal smelting and metalworking companies.
Raw material shortages consis t of seven ores ; the main problems appear
to be wi th imported materials. Probh~ms range from deplet ion of the
supply to sole source control of quantity.

The problems relating to refractory usage within the metals
industries are detailed according to industry and end-item application.
Recommendations and possible solutions arc inc ludcd.
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PRE FACE

The authors wish to thank the many companies and organi-
zations who responded to their questionnaire and supplied the
basic input for this report . It is hoped that the problems
outlined in this report , whether material shortages or refrac-
tory needs for spec i fic applica tions, will stimulate efforts
by both government agencies and private companies to solve them .
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CERAMIC PROBLEM AREAS

The Army Materials and Mechanics Research Center conducted this survey to
uncover areas of Army interest that could be addressed by this Agency or other
government installations , and to stimulate efforts within the private sector in
areas of commercial interest that may have been overlooked.

This survey was initiated by compiling a list of companie’~ engaged ~n themetal producing, metalworking, and ceramic refractories industr~e~ . Reference
sources included Thomas’ Register, Poor ’s Blue Book, and the Product Di rectory
of the Refractories Industry published by the Refractories Institute. The cover
letter and questionnaire form are shown in Appendix A.

A total of 659 companies were queried and 171 responses were received . A V

breakdown of the inquiries into broad industrial categories is given in Table 1.
In many cases, inquiries were sent to companies with only peripheral interest or
with on ly a few employees. It was believed that this would give a better overall
view of conditions , assuming that the small shop would be the firs t one cut off
f rom his supply in the event of shortages. Un fo rt unately , the ma jo r i t y  of these
companies did not respond.

The response from major producers was excellent . In many cases more than
one answer was received from the large corporations and each has been separately
evaluated.

For the purpose of this report a ceramic refractory is defined as an inor-
ganic, nonmetallic material that has been fired to hig~’i temperature sometime
during the course of its manufacture. Both clay and nonclay refractories are
included . A refractory must be resistant to thermal shock and withstand abrasive
wear and chemical attack in the high heat and other environmental factors to
which it is exposed. End-item applicat ions include the normal , recognized items
such as bricks, refractory cements (gunning mi xes , plastic mixes , dry) used to
form monolithic structures, nozzles, troughs, pump components for molten metal

Tsble 1. DISTRIBUT ION OF INQUIRIES

Category Inquiries Rep lies %

AIrcraft 145 34 23
Refractories 128 31 24
Ferrous Metals 125 22 18
Nonferrous Metals 69 20 29
Cerami c Tool BIts 31 4 13
Automotive 21 5 24
Glass 19 4 21
Ingots 18 5 28
Abrasives 17 16 94
Ceramics 18 5 28
Meta’s 16 0 0
Raw Materials 16 14 88
Kllns , Furnaces 16 3 19
Electrical 14 7 50
Smelting 4 0 0
Associations & Societies 2 1 50
Total 659 171 26
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usage , fusion cast blocks , etc. In addition , ceramic tool bits , ceramic dies ,
and ceramic tooling for fabrication of metal parts at elevated temperatures have
been included.

According to the Bureau of Censu s , the tota l  value of the refractories pro-
duced in 1974 was in excess of one b i l l ion  dollars .  Figure 1 i l lus t ra tes  the
domination of the iron and steel industries in the use of refractories, from S6.7~
to 59.8% of the market during the 1972-1974 time period. Nonferrous metals
account for only 6.0% to 6.8% of the reported refractories shipments .

It can be assumed that the major refractory producers conduct most of their
R~D efforts toward improvement of refractories to yield the greatest dollar return
on investment. However, it cannot be assumed that RGD projects are in progress
for all types of refractories used in iron and steel plants. in general, the
major ceramic refractory producers do not supply products across-the-board ,
especially for specialties such as basic brick , chrome ore, crucibles , fuse!
castings , ladle brick , semi-sil ica brick , silicon carbide brick , zircon brick ,
and zirconia brick. These, and specialty shapes l ike  nozzles or pouring spouts ,
are generally supplied by the smaller refractory companies and one or two of the
majo r firms. The small companies that operate on a job -shop basis cannot afford
the luxury of an R~D laborat ory . The large manufacturer cannot be expected to
expend maj or effort s to improve the performance of low volume items where the
dollar return would be minimal. It is in this area of specialized refractories
that major breakthroughs in product improvement can probably be achieved.

/ ,4~—_
~ ~~~~~~~~

~q1~L

Iron and Steel

V 
~~~~ ~

\ cYr / ,. .. ~
~~ ::: .. .. ‘: V

V ~~ 
:::• -

.

4/
Public . — 

V 
j ~

.
~ V•VVV1 ..V_~p

; 

Glass and
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Figure 1 . Reported refractories shipments by markets,
1972 through 1974 tmiflions of dollars). Source: “Energy
Utilization in the Refractories industry, 19721974,”
Battelle Columbus Laboratories.
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materials for thei r sp~’c V ~l t :cd uz~age. 1, 1) Super-duty bri~J. currently used in
elecu-)thermic z i n c  m e l t i n g  ‘ V A l l ~~i V’t~~~ nOt su t l t c i e n t i > ’  les istan t to h i g h te rn —
p e r u t L L ’e t i u \ .Lag  aULI ~~d i - . . 1’) :  I I ,. ~~~~~~~~~ i l  . i f l t’ A i d L — c onzainin~, sintered ! tV e d

rtV Lteriajs. (2) Lu t h e  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i’ the lac k of  a sItV eve ( c e r a t n i c)  to encase
the grap h i t e  LV I C .C tL V IJ c V  ( I .! i i .  di :m .) to prever.t corrosive deteriorat ion of t h e ’
furnace l i n i n g  i m m e u t a t e l y  n e h e i t l i  the ~~~~~~~~~~~ (3) A . a :- 5 tj t t V u~~~e’, long lasting
c.at eri  1 ) is I L  a i red  in the- C U r ?  a m ”  of e1cctrut.~Ier: . s~~ smelt in g fu.1r:maccs at t~~t T -
p era :u~~- -. of l~ 1’J in a ~I t L O f l I ~I~ .V t Juc j j~g •~nd occas iona l ly  o x i d i z i n g  atmosphere .
(3) A r e fr act or ~ t~ nee ded which  h i l l  t~~~i s t  chemica l  a t tack  from oxiditing zinc
vapo~s V t  1900 C to ~ i)l t C. ‘\ I um in a or magnesia re~ r a c t or i e s , I r e se n t ly  U S C d , ha~e
t i i ~ ’ temperature car :ib ilit. v but lack Corro sion  resistance . (5) Improv ed Ca~V t a I V 1 I ~S
are f l CL iL d n t  re f racto ry linin g: in ladles . t i’oug:n~ and tubes hhiCh fail due a
t h e r ; : a l  shock and / or c orr ~~, i v c  attack from molten zinc . (6) A corrosion-abrasion
resistan t coating is nteded Co It~:g tnen the life of steel used in conveyor-feeder
systems , he at  exchanger . DOd as mixer blades which are e \t t l i  ive I~

V used through-
out t he z inc  i n d u s t r y

L~cz~ : On ly one reply w as  r e c e i v e d  from a lead company . -u t  it i r e s c h l t S  a
major  problem.  E v i d e n t l y  t he  l e a d  i ndustry h as  several processes fo r  t h ~ d i rec t
conversion of lead I l l ; ;  lead s u l f i d e .  h owever , t h e r e  i~ no ceramic refractory
on t u e  marI~et which  is ciie: ’t i ca l l v  i a i c rt  t o  both ~hc su l f ide  ~~~~~ m o l t e n  metal at
processing t ; t r t t  ures . It  ap p I V V t r~ 5 t h a t  a project  is w a r r a n t e d  to i n v e s t i gat e
t h e  ~~~~~~~~ react ions and j d I .V n t I  f e  the  react i t  pl ia .t . ’ :  unless t h i s  work has
jl rt’,mdv been done , in which case ,~ t :  R~ Li p ro j ec t  could be ;t a r t -d to deve lop the
refractar~ which would renain stable under tti , u conditions.

i t z ~~ ’o~:, Ho t  fQp. V
. :  IV roblems associated  w i t h  the hot fo rming of t i t a n i ;n V

are common throug hout  the a i r c r a f t  i n d t i s t r y . Five separate companies s t a t ed
their problems w i t h  the tooling for hot. t

V
o rnling titaniur ; to shape , for ;~~~~~~ ext ru-

sion dies and hot m L t a l  p i ; tt C l l  
V ihe hot-forming-to-shape t .  ling for the fab-

n eat ion of curved or contoureU parts is generally a ca~ tahle ceramic , usually
fused silica for jtV ; thermal shock rt~~V i tance and low coc ffic; ent of expansion .
The main problems are the low tensile streng’ ;; , mismatch in t h c  i V l  expansion
beti-:een the ceramic and titanit ni , poor surface finish and the relativel y hi gh
coe f~ kcient Cf friction of the ceran c which restricts the normal expansion and
contraction of the titanium . In addition , one complaint was registered against
a ceramic supp lier for the l ag-to-hag inconsistency of the ca .— t ;ihle mate rial.
Evidently’ the material varies in farticle size , particle size distribution , and
contains a cement  of  varying quality. These lead to wid e variatio ns in the
setting time , cold crush ing strength , and die surface hardness of the cerantc
too l ing .  Other needed improvements tn ce r ar ic tooling include the repair or
modi f i c a t i o n  of exi t i n g  t oo l ing .  Current  ceramic m a t e r i a l s  S u r e  d i f I ; c u l t  I re-
pair or modi fy once they are ea ;t. The a;rcraft companies are also locking for
a ceramic with incfens ed  te : i lpe r ; l t  ure  c ; i 1a1  i lit : Cs up to 10)3 C as compared to the
present N82 C requirements , as well as long c r  die life . Separate programs to
improve the various p r op er t i r~ ci ceramic tooling sh ou ld  be i n i t i a t e d .

Vktal dies are used for the hot ext  i a:- ~~ I I 1 l  o f  I l t rj fl~~ Ui and re f rnc to r ~ alloys.
Die aca r is excessive ; ti ’ t y  most h e  re fu rb i shed a f t e r a ILlS  r uns .  \ feasibi ii ty
projl’ t t o  determine t h e  s u i t ab i l i t y  of ce ram ic d ies , p o s s i b l y  of s i l i c on  n i t r i d e ,
silicon car bide , or tungs ten  c a r t -  L I C  should 1~ t

V
undcd
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I ncon el  ~t i 2  I I L V I t  I I I  p l a t ens ~~r~~V used tor not  i~~’ ,’;. log t i t a i i i uj n .  h I , , , S v e r  t ,

l i u c on e  I t en ds to  warp and tIc t r after extended u t  u Jer  h i g h t a t u g  pi %V
V 5 1 ,  -

it e i e i at i J  t t .r ~~)t r s L t u r e V V . A p io gr : ir  should he u ,~, taken r. dc~el~~
s ii C C r ! i : . C

su i t a b l e  fur  t h i s  :n’:u ~~~
- .

Vt  
~~~~~~V V~~~~~l at’e— :-~~.’- ’ ~i Z , .‘:  t i - u : ic - stecut ca~ t t o g  uaolu ~ ~i ’ used 1’ t V

me l t i n g aitu casting .V : I l , t Vi V ::um_bace ,u ~~I u ~ t V ~~’V~~~~~~~fl~~ ‘V h C C I . ~ 5i~V t  bI ;.ut Z ’ l h S :

au tomobi l e  ‘ i t t i l  t ruck t urb in e  e n g t u i e ~ . ‘ le : : IperVt : l s e  Ec . iU i f t r:t h l t  ~ i t ’ ’ i i :  in
i’;iiige . t h e  cer a m i c  u : 1 v t V V T : : , V n t  s t e l d  r: ,, ut u r i a l  u s unV , a : ta l .j e  h~~~uSe I~ t ’ i .
r ’y : i V’t  w i t h c i r i sri or the alloying element s. Ca ‘ i n g  U t ’ u . ”~ h a v e  b~~~t 1 p0,

sith p r o h s r i e t a r A  ceramic nU V\ e~~~. OLst ’ ~, 1  I , ~ t haLL s t i l t  riot h~ e ’ii nec 51 I~ IV t C
m o l vbi enizii al loved w i t h  h :u t i ij u : :  and c ar P e r :  I t C 5 j i j ~~V C  Ui th e  I V  Ct iOn . t:.t • It I t

carbon and t b  S l i d  mater’ I V I I .  f t c  cu i r ;p :u i s ~ t ; V V t  ~~ U ! ’ t V 5 V t r~.’ II t - i s  prob l em sug~~t - ’t ’~ I I

that the  solut i on may l i e  i~ i t  a c - r~~ ’ ‘ c :1 )i ch h~~’~ f t  ph~~se rans ornat ion or
r eaet i i : w i t h  carbon in  l , . l & )  C t~ ‘

~~ C a t  r e  r a n g e ;  ~~~i (V and ulfC compo~itu ’-
i u : :1d be Cs TO ~ idered.

1- .’ t i’ ii ~ ion of r~ r u c t  er v  ‘ I s  , t : t s i t :  : V A V s I t ~ V g ~ ) . c  V 
,

stainl ess steel is l i m i t e d  and e x t~en iv e  due t o  yes  u AS C I I  re i S t a r l e e  and ~i~ort
di , life . Dies .ia~- be of steel , H — lI or 11 — 13 , or 01 i C C  r . I : : .u c V 

5~~ ~~~~ ~ ach :j.
zi r c n r l i a ,  Genera l lv . t he  ceramic IS .ISCd as t, r a e  f l u t  c c  i n er t  due t o  l c .~ t V V I V

s i l o  V t  IV L V r : t i i . ihere is a d e f i n i t e  nce ’d - r  -in ir , i5r~~~eo cer i n i c  d i ( V Vn ,.~ t V ; , [ 5

a recommended can dida te  m a t e r i a l .  ‘ : i t 5  ~n : a  and h a f n i a  e i - t  ~~ ‘ .‘ 
V j jzCd

to t s r C ’ . t n t  C t’vs tall inc : f ly e r s  tons which C S L U V C  di cent i TILl t i r_V :V 111 t i l t -  r ’au
expansion , a ce c r r r p : in i e d  by vo l ume c } : - t r : t t ’ V f c i  e r .  n a g n  i i~ tO t’~~ t ,  are the
O\ 1 J c  l u dy ,

( l l a i s  is o f ten  used as a high t e : ’ ;  - z : ’ I r s :  ! a l’r ~~can t i n  hot r r V l c r ;  c i

metals. [‘ic l i f e  can also be i rr:p rA I ~~~ V, V y’ U i % V C 1 V SPI f l~~V f l t  J I  a :::cs r~ ~ V
) V~ i • t t ~ i~ l f  —

r i cant . The overa l l  p rob lem can be a J y ; ’ V ’ o  V - j  by i~~h i e ’f t i’t s i n  : th di r 5 C I  ! I t , V ’~~~

improving t h e  d i e  ‘ : i t t  r i a l  or d i s c o v e r i n g  a or ’’  C ct I b I V  g l a s s  l u b r i c a n t , ~r
by s~ oulataneouslv addressing ~ t ii .

~-! ,r- ’ -~ J o t :  ‘ -c ~~~~~~~ l o i r e  we’re t e l  r ep l ies  l i ~~i iii 1: c e r a m i c  C i T t t l f l~. 
‘

as a major ~r ol lem area in fli t Ii machinin g . The mai n cr :t i c isms of c e r V I r i ] .. V ’ ’
~~~’

t in g  too ls  ap p e a r  to he: (1) low impact res I st  sin c t ;  i t r aP i i i  t~ ~ ma t , I u t Cr
rupt ed cu ts ;  (3) l a ck  o t ducti lil y; - I )  l ow t r u f i :  v cr ’ c  ru ; t I I tC ~t r s lu g t  ; 

~
‘j 1 ~ek

of micros t ruc tu i ’al  homogene i ty  of compos i te  t o o l  b i t s ;  and ( ej  lo w v i b r a t , n n
res stance.

1 here is no doubt that adt st i o n a l Rt~l) L t i e  t’ ts t O  t y p i c  :e r am :  c too l b i t
p e :t u s i  i nec  w ould be P e t i t  11 c i a l  , p ar t i cu l a r  I)  in  the  du v e  1 ‘ mt itt o1 a spec i I ’ c

F tool  h i t  for th e m a c h i n i n g  01 a s p e c i f i c  l
V
t rrous or non fer  r n ; :V . m e t a l .  However ,

the I i m i t a t  i ons a t  ceramics , i.e. , 1 sick of duct i l i t  , r u s t  he r e c l lc n  i zeil . Lc ’r atL -
ecs do not  n e i i a v e  like metals in t o o l  b i t  a~~sl i c a t  ion . ( , e r a n i c s  have l i m i t  :t io i ~~
mach i n i s t s  ,~u ou l i  Oj: t  v o t e  wi  t h i n  t h e  I r ImI ~ en t t V I V V~V C ~‘, i t ’ i t S C  cr5 and i t  (‘\ t t ( ’ 1~ t

ci r a i r i c s  to f u l f i l l  t h e  r e q u i r e m e n t s  01’ t 1:e a l l — p u r p o s e  t i ~, l  h i t  In t h  i ’ie
t t i j V V

, r e sear ch  on ce ramic  tool hi t can h a v e  t h~ oh I ,  V t  t n t ’  I I I  I V I ~~ r S V \ V  0 “t  I

g i  ‘1dual r ’~t 5 to p rov ide  i l i c r ~~:tst V d per formance  o v er  m I t t  v i a l s  now i n  V
’V I  .tehlce

~~~ 

_
— 
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c_ t ie;  I s t i ’ ;  C l  t.tgory e,\tt uds ocross the h o a r d  for the
t v ,l sço rt  t t  ion  P m t n  t

V
e ,)  r e i~~, , , . ,  i lS  f or  rous  to. Ta! ; . lie’ speci t

V
i (

V problem areas
1 c o n ce r t  t l ’t’ V t t  •

__ 
• ‘~ i t  ~ : V S V V j  UI :SC , ~ -J t A~~ Ic pu 1 i for use w i t h  is o l  t ell

al la n ,  : and lIOlt’ll z i n c .  C C  I I t I V L I  u t , - : 111 ~ Ui 
~~

‘ :  are a l i ’ c tu y as . a t h u h s l e  but
thet r si:e limits t i t e  UV t i  e~r .aJ ~~~ c0i~trO l s j ’ i l c r . It w a  report ed that  one
a L u S 5  I flUsi cuilipali’. was ci: i i t ; O t t  t h e  i~ V c i J ] i o .  : 5 1  01 0 l , i i ge pu m~~I 

, approximately
I Vt V t ii: U V C~it ’ tu  . ‘. , I  i I 1.; u I~t I t i i  i i ’

l]i ~ c o m p t a i n t s  a g a t i i s l  A V ,, . I , i ~~
’ , for  Rol te fi 2 H1C •fl . t u e  eKcessive maintenance

and V i r f , .  t h e  pa it~ sil cu1~ ; VV~~~~~ - s i t u  I cc m e t a l .  A more rugged pump wi th
gi ca t er  ca 1:ae it V r s o u l C  I e , i  ~~~ L i e  c~~: r 1 . e r :  ing  molt  en : i n c .

I t  ecu a ;j e o r  th at  I T t L V ’ pa; 1 ,sa: isfact iiet- r - - and s p e c i a l t y  refractory manu-
t a : t V : r c s s  shou l  get tC~~t tl: -r V S : i d  j o i n t ]  a t  t a ck  this or ob len .  It does not
scuin d l ike  :u:: eiVI sy  lV J 1 U t ~~~~Ofl is i c ’  i Coiit  ng as erosion due to the rap id flow of
metal , t V V C f V ~~~~l shack , d L s s h i c , f l r i ~~, i ~ ,~~iOfl i s m i t a t i ons , chemical r eactions ,
V .V i l , r V t  ion , et c . ,  are proh~~e c V ’V i~e c r s t i s i b s i .

V ~ V V d  in Jen - i’s’z L :  ! h s S  u i t c i i — a l l”  e t t e g o r r ’  run s the gamut from
refract ox ’ies r e t  las ion CiIs: , . r V

t~ at 23u0 c i~~ t e d  ro geV il a t :V:o sphere  to re fractor> ’
i r ; V , i c t i on  Icr ep e r a t i o n  in  air i t  930 C. In some C A ’ - t - , a substitution of off-
t h e - s h e l l  l ’c - r r :V t ery  mat er~ a~ s J~~ V~~ 5~~ V t  t o  be f ea s i b l e  w h i l e  other so lu t ions  re—
‘d V S I T V’e C X t i f l s i i~ ~-: t1 Lt p ) V e g i~~i

~~V V ,e , 5 .-~ac 5i Z crc ” one;  ~- : 1  lo s to t::u ~~~~~ 05’ only brought three responses
‘V 5 , 5  l e S t  ~ -~t CsaS act: ut  eCI 1~cr fl . I t O  o f  then:, referred t’: the use of

asbestas: ~I j a ’ i i i i l ’ i i l u  I V U l’d A V o i i aining asbestos where the temperature re—
quirce s nt is I(~ ) S C and tI~ ;e :criun d ~1t ron is  fu r  inu l lite i’i h t  r to be used as a
replacement and (C) where asses - - r ;~ ~u t t  s ;I IV CV UtV V VVJ III the alutn i mum reverber-
ati ng furnace .

t i ~Vle third item concern:; the use of s i l i c a .  l \ h t l e  t h i s  mater ia l  is not prets-
en t ly  L:aiinud b y f t - h A , ther e is gre- . i i ~ c o n c e r t  that  it ma~’ be on OSI LA\ ‘ s list its
tu e  ;ut’ure due to t i e  d c , 1 i L ~eVr of s i l i c o ~ i s .  Th i s ma t e r i a l  is used cxte n sivc 1~ in
iron corele:’s furn ;~ “ V and in V~~O 5 L  t~ie s s  ci h i c ~ t u p p l 1 c a t  i ons w he r e  c a s t a h  le  si l  ~ea
cement:: and gunn ing  ni xc s are u sed . ia o . - ce l ’, t h u  i i s l i u r i t  of these mixes  are
a uniiiia based at i i ~ csc ~~h ;  na l t t  not be ~ft e c t ed  by cit y fu ture  OSIIA ac t ion .

C~~~d’~i i~ w H HALS SHORTAGe S

lVhe ::oteriols shortages ist C i i i  t h t  S S e Ct  io f l  l k , i \ e  he ~a supp lied by ceramic
compa nies  in response to o ts ~ q u e s t i o n n a i r e , \~~~i s~e~gh l i n i i t e d  in scope , t h e  l is t
does include l’s q u a n t i t :  ina t_ e i - s  s rind others  not on the not ional ‘t e c k y  i ic list.
‘$ i o r t a g c s  may - e x i s t  t , , , I V a nSl l o of rc . son s: 1) short supply; (2) l i m i t e d  pi ’c-
duct i or : ; (3 .~ i nc r ea sed  demand ; I 4 )  i’i sc J f o r t  ag e s ;  (S i  - low dcl  i ve :  . ; (6)  c u r —
tai h u n t  ~~~i

’ 
r i : i j J s I ’ , - ;  and ( T )  € V 1 I  ‘ . c ;ti ’ ;:it al ~ i i e c t t O n  T t t 1 U i l t t e i l tS  . l \h a t ’v e i

t l i c  reasons , a t t e m p t s  must  be : i s a ( l i V  L i i  i i i  ~~~‘t  h e  s h or t  ages by appropriate means.
This can ranpe finn iulc reas ii p i  , Iuc t  io n , su b s t i  1 ttio fl cut a l o t - e r  grade domestic
supply, de- ;e ’ I oh i l en t  ti f a SI t; ’ :- t i i  u~~~’ ; . i  L cr1 a I i l l  ugh i e : .V orch and development
efforts , or improved i : a r i u  i C t c i i  i i I l ~ c .  u i i  l ogy t . ’ meet OSIL-\ rt 9uirement s

7
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There a r c  numerous reference s o u r c es  for t a r  i . ion on i . at  ct - i sil  and e i v r ~ v
- ‘ Of p a r t i c u l a r  in t e t  u t s t  in t h I e  ar cu  f m a te r i  , i l s  , V j i ~~ ) f l t 5 j~~ ; C  . 110 the

excel  len t  b ib l i o g raphi es c o n t a i n e d  in the  ‘ ; ip o c  hr J,d~’. ; f r ui lU ~ ~~~~ tsii I cl wa s p t -  —
sent ed at the ’ l)oD Mater ia l s  Shortages !‘~~s Ci  sh :o p ’  and V’Ch’it~C Report ‘-!~~ 7:i - -S on
m eta l  l ie n i a t er i  a i s .  ~ The hcnersi I Serv t~e ~1ort , ‘

~~~~~~ rat V~ 
i ~ and h r  t t i cal ~~l i  V

r i a l s :  Desc r ip t i v e  Dat a sic  is a l i t i n g  of st ’ i t , u g l c  a i d  crit ica l materi als , to—
get her t .. i t h  geographic o r i g i n s  and pess i h u l e  S e I f S t  i t  ti t t’5 . I f  C ,  I , I t  nit - t be
reuiiumhered that itt the case of :, t och 1r t l e d  V’ ’ i ’ V i  -c n i a t  or i a l s , i ’ S l t ’ V : :itt r . 2 :5 ‘t i e : : ’
are considered. ‘the present s u r vey  ;i l ~ include s t j ’ i j, tI lre(J It o ~~~ I ’ ’ ’

supply.  Refractory  manufacturers  may l i s t  an Ote as being in  - - h t i t i ~t i j u p t y an d
th is  could result in the shortage of a part  i c u l a r  grade of r e f r a c t  ory h i  Is used , V

for examp le , in a sme l t ing  furnace for t h e  r e d : n - t  Oil i f  i c i a l l i c  c u r t . A domiti c-
e f fec t  w i l l  di ve lop as the ceramic  s u p p l i e r  u i  11 l i s t  I he ore is a sh or t  aye i t ’c ’; ,
while the refractory’ manufacturer and sme l t e r  ~ i 11 I i  ‘.t  tho refi’ac tui i bri ek.
Or , even thoug h there may be a su i t ab le supp ly  of s e t : ’  h u e  o t e , de l i v er y  d e I o v ’~
of six months or a year could be encountered h i e c a n U e  . 1  shortages in furna ces ,
linings , or equipment.

This listing is admittedly incomplete , but it dem onstis t e ’ ’ the real :’ of
foreseen shortages t~ithin the ceramic industry . Also , funding and time c - fl -
straints did not permit a check as to the completeness of the ‘i spouses ; for

example , in some cases a suitable material or s u b s t i t u te m a y ,  i n  o. I , s .- comn’r-

cially available without the user being ,ii - , :r ° of it: ’ ~~~~~~~~~~~~~ I n  al l probabil-
ity this is not likely, but may he a po osihi lity and should not be cc’:’-pletely
i gnored.

r-IPTE RIALS SHORTAGES

•~!u~l’~tc: There is a lack of high p V s r i t y  sic~tered mul lit e for use in rcfr c-
tories for specialized applications . :e)r  exan ’p ]e , refractories in furnaces re-
q u i r i n g  controlled reducing atmosphere s and lot’.’ ’hu u ’ point  cannot tolerate ferric
oxide and ti tania  impuri t ies which are u n s t a b l e  in r educ ing  a tmospheres .  Yet
commercial grades of calcined kyanite and h n u x te c o n t a i n  these impurities . th i gh
purity refractorics are also needed for i nduct i on m e l t i n g  and/or hea t ing . V\c

cordi n g to one company , commercia l ly  a v a i l a b l e  hi gh p u r i t y  r e fr a c t o ri cs  are not
a v a i l a b l e  for these and simi lar a p p l i c a t u e n s .

1. N:cti ,,n.uI -\i -- u , Iem~ oF Si- i e ncu ,’’., , ‘ i’/I,nfla/ Materials lo in ’  u’ . Proceedings ol a ‘in: Cl i i i  u s -  ii ‘ I , N , t u t U  II ,‘\,, ‘ V s i ’ I t t \  ~ 5 cern ,V~

Naii~ r usu I A ’,;nh’uns sf ’ I- ’ ngrnc’erinu:, October I 97~ 1 975L
2. Me t , u I ’ . u s c )  I c ramics  lnformati,,n (V en t er  Haticl ic (‘o lum b uc  I~uIuor:ul , rie~ / r ,u ~ (

V (/j~( ( ’  ‘i f  ti? ? V
—

V • ( 5 ’ ~~ Vf l f • f l) i ’ t, ’ Uf , ’ T k f , ’ r~j / s

Shs,rla.a V Wr rh u1so~s , Ianu jss  I 97~
. i f s - s  MCIC SR 7 5 - l u )  - February 1975 .

3V i n k’ , C I ) ,. Inc V i1Vlfi’PiUl ,Shorta ~e ,S’~ t ,cjr ’ , Prepared lit: Departcuuu ’nf ~i’ 1 ~~~~~~~ (‘(IC! 7 c . ( u 5 f c 4 l u ’ i’ ’ ssuI s : ’r ‘ i i  i°:i
4 Litt le C I) - Ifli’ . l),~ u. ’,u s J s ’P?s ’ - cu t (li t  t ’ mtc - iI Slates oil l’, i s ’ i ’u i twf  ( :su / ’ ’ ’r t  1 t f , , ,s nC/c , I, ’ , - ‘fi(iu) I ‘ i s i s ’ s - ,  l and / I  I’r e~’.uuu- ~I f i s t

O tt i ’V V’ ’ I St in t )  Research. A l)  ‘A-ll ufu i  842 and 543 , April I ‘17-i
5, General -,crs’u’ :e’ A dministrat ion , Office of Prepared ness V S ir u t ! i: u ’ s i tu  ( ‘u- sIns (5/ I ,’ y~, ‘ 1 -  l) ec ’ nu~’ t i s - u ’ Data. Pru’ptu red bs 1)11/ ,- , st

Indust rial \l 7 i u s s ,  si  i i  the Department • ii (‘oni merce . I )s’cetnher 9
(,. National ( , ‘ u u i n u l s j , iI i n  \ I s ( c r i . u l - . Pc ,Iji ’~’ , i la o ’rwl C i t / s  and the / u i - i s ’  ‘ i i’ , cu I’ ,s/ t .‘,u,/ I s , n , r , , ,uu  I t,s , i s s  i f

(V .11(1 N,, i-~s ( l i l7( l  7 , I ‘inal Repoti . Juice 1973 .
7. ( c r e s t s ’  I nilsust ; v - lnthi~~rv Is t!,’ ,’ t s i s r  th’’ Vu - s is ‘ ‘1 1- cue! 5 l i ’ , n t iss ’r ’i r i ’ t )0

8 li, u s s , ’ IIs ’ (‘olurnhus I V u t ’ , u , f ’ ’ r r ’ ’ s , /‘ ‘ ,ue r u,’ u  I ‘ /‘ ihV ’ c’ I l i o? i t t  s / i ,  1i5 ’ ’ fue ’ i i s i s , ’ ’  /u ;, / ,, i iu , , / 0 ’ ’  I ‘~ 
‘ ‘/ I i t s .,! Its ‘ i i ’  I . ? , ’ - ’ It-

f in t r I l l  i , Au j er i u t  I I . I ~ 7
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bauxite: the major complaint with bauxite used in the refractories industry
appears to be the esca la t ing  cost and limited availability of the calcined mate-
rial from South America. One manufacturer mentioned that a percentage of this
bauxite has been replaced by caicined domestic grade bauxite. Another suggested
that domestic minera l s  be upgraded to the same composition and refractoriness of
the imported bauxite. For genera l refractories the requirement is: greater than
85% a lum ina  wi th  less than 5% iron oxide plus titania.

C~romc Ores: The concern of manufacturers of chrome refractories is two-
fold:  (1) the depletion of existing supplies within the free world and (2) the
increasing dependence upon sources under cartel control. The Philipp ine Islands
supply the bulk of the refractory grade chromite ore, with Turkey and the Republic
of South Africa as secondary sources. One suggestion for improving the situation
was the recommendation that a proj ect be initiated to study the feas ibi l i ty  of
substituting dead-burned dolomite for chrome oxide in refractories . The effect
of this substitution on refractories for the ferrous, nonferrous , cement, lime-
producing and glass industr ies should be evaluated.

Magnesite: The major problem appears to one of fluctua tion within the
market . The magnesite basic brick is predominantly used in the steel industry,
and when steel production is at a peak, delivery tine is lengthy . One user
stated that , at present , basic brick delivery is approximately one year.

Ir on Oxide (P5 203) :  The chief source of iron oxide used in producing ceramic
permanent magnets is a by-product of the steel industry; it is regenerated from
steelmaking “pickle liquor. ” The shortage exists because of the limited number
of regeneration plants in operation . These magnets are utilized in loudspeakers ,
D.C. motors , separ ators , magn etos , microwave ovens , etc. One magnet manufacturer
stated that one way to increase the supply of iron oxide is to tighten the en-
forcement of ecology regulations and prevent steel mills from dumping pickle
liquor into deep wells , It is not clear whether this manufacturer is suggesting
that existing regulations be enforced or more stringent regulations be instituted.
If the latter , this is the only suggestion implying that OSHA or EPA are too
lenient with their regulations.

3s 1-’con Carbide : This material is used primarily for abrasives or as re-
fractories for specia l i zed appl ica tions. The main problem appears to be limited
production facilities which , despite sufficient supply, does not allow for indus-
trial expansion . In addition , there is a potential shortage of silicon carbide
heating elements. The reason is that only 5 tons per 100 tons produced is of
sufficient pur ity for heating element usage. According to one manufacturer,
costs have escalated approximately 300% in the past five years .

Graphitc : livident ly there is a serious problem with a particular grade :
natura l flake crystalline graphite. The principal source of th is material is
the island of Madagascar and supply is sporadic at best. The natural flake
graphite is required for stopper heads used in pouring and controlling the flow
of steel for both ingots and continuous casting. Apparently other forms of
graphite cannot he used for t h i s  a p p l i c a t i o n .
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DISCUS S ION AND RECOMMEND AT IONS

In attemptin g to relieve material shortages there are generally several
approaches to the problem. In most cases, economic fac tors play an important
part . However , it must be remembered that economic conditions change with time
and what was considered uneconomical a few years ago may be perfectly justifi able
in toda’~’s or tommorrow ’s marketplace. As costs of raw materials spiral upward
it often becomes feasible to reinvestigate the use of a substitute material ,
even though this  identical solution was rejected in the past. The sam’~ ho1~ s
true for other solutions such as: refining existing ores to match the more

F stringent specifications of the imported material now in use; or by expa .k’r .g
manufacturing facilities to meet current and future demand .

Beyond the economic logic for accepting or rejecting a project for relieving
materia l shortages, other considerations may be of equal or greater importance.
For example , cons ider natural fl ake graphite. Is Madagascar the only acceptable
source? Is this the only satisfactory material that can be used for stopper
heads and similar applications in the steel industry ? If so, then effo rts should
be undertaken to provide either an alternate supply or a substitute material even
if the cost is higher. This will at least provide an alternate source in case
the supply is cut off due to political or logistical reasons.

.1uli~ te: To improve the refractoriness of inullite (3Al 2O3-.2SiO2), ferr ic
oxide and titania impurity levels must be reduced. If this is done, it appears
that there is a market for a specialized refractory used in hydrogen atmosphere
furnaces and for induction heating. The feasibility of reducing these impurities
in mullite should be determined .

Bauxite: Domestic grades of ba-~~~t. contain a higher percentage of iron
oxide and titania than calcined South American bauxite. As the cost of the South
American material is increasing and the quantity diminishes , the time may be r ight
to consider funding research to reduce impurity levels in domestic bauxite to
match the specifications of that imported. Also suggested is an R~D project to
determine the amount of domestic mate”ial that can be substituted for South
American bauxite without significantly affecting the properties of the manufac-
tured refractory brick.

Chrome Ores: A project should be considered to determine the availability
of a substitute material for chrome ore used by the refractory industry in
chrome-magnesite and magnesite-chrome brick. One recommended approach is to

~ubstitute dead-burned dolomite for the chrome . While the dolomite is a solid
solution of calcium and magnesium carbonates , it has been used succes sful ly in
repairing and patching furnaces composed of magnesite brick .

I zsi~ -J u t5 - : There can be three approaches to solv ing the problem associated
uc ith the natural flake crystalline graphite found on Madagascar: (1) determine
th e suitability of domestic source even if the material is slightly more costly;
(2) attemp t to synthesize the material; and (3) attempt to develop a substitute
f orm of graphi te  or other material. If this graph it e problem is as cr it ical as
stale d (that th i s  is the only mater ia l  suitable for stopper heads in the steel
industry) , it requires attention at an early date .

10
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S~lic’on Garb Lde: At present only 5~ of the silicon carbide produced is of
sufficient purity for use as heating elements. There appears to be an impending
shortage of these heating elements and it would seem logical to assume that
manufacturers would concentrate their efforts on improvements in processing
technology to increase the yield of hea tin g element grade material per ton of
silicon carbide produced.

Iror~ Oxi i~’: The inform ati on furn ished is too sketchy to mak e any
recommendations.

PROPOSED ARMY PROJECTS

The following problems are proposed as possible candidates for research or
procurem ent funded projects. It is suggested that specific project proposals be
prepared to solicit funding for these efforts.

Ceramic Tooling : Ceramic tool ing is utilized throughout the aircraft indus-
try for the hot forming of metallic (titanium) structural members . Improvements
in tooling li fe and surface f inish are needed to reduce the cos t of the formed
sections . It is evident that thermal cycling of the fused silica tooling produces
crystobali te c rys ta l l i za t ion  (a form of crystalline quartz). This causes cracks
with in  the tooling structure and leads to structural failure af ter a lim ited
number of thermal cycles. Reduction of impurities (especially a lka l i s )  should
retard crystobalite formation and increase tooling l i fe . The rough surface
finish prevents norma l expansion and contraction of the metal section during the
thermal cycle and puts undue stress on the ceramic tooling. Improvement of sur-
face finish by the application of a fused silica glass layer should reduce the
coeff ic ient  of fr ict ion to a workable level.

Graphite: Evidently the entire steel industry relies on a unique fo rm of
graphite , natural f lake , for stopper heads ; no satisfactory substitute material
has been fo und. The island of Madagascar is the sole source and shipmen ts are
made on an irregular basis. A program should be implemented to produce a sub-
stitute material , locate a satisfactory second source, or develop a synthetic
form of graphite with the unique properties of the natural flake material. A
preliminary survey of the steel industry and graphite suppliers would be war-
ranted before undertaking this project to determine the actual requirement for
this specific graphite. The project ’s priority could then be reasonably
established.

Refractories for Zinc Smelters: Evide ntly there are several sections of
zinc smelters where refractory wear is excessive . A project should be started
t-, determine the cause of failure - erosion, chem ical attack , spall ing , etc.
Once the failure mode has been determined , efforts can be made to either replace
the refractories with an improved off-the-shelf item to withstand the hostile
environmental condit ions or modify the exist ing refractories ’ compositions to
upgrade the ir performances.

Hot Formi 1C Titanium: This project would attempt to solve the problems
present ly encountered in the hot ex trus ion and hot stamp ing of titanium shapes .

11
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For hot extrusion both ceramic diffusion-bonded coatings and all-ceramic dies
should be evaluated. Al l-ceramic dies would probably be superior to coated dies
prov ided the ceram ic is in compress ion , not tension . Ceramic-coated platens for
hot forming of titanium shapes by pressing should be evaluated as they would
provide increased hardness and wear resistance over steel die materials.

Cor-zr~c Tool Bits: It is extremely doubtful that ceramic tool bits will
ever be perfected to withstand interrupted cuts , chattering , excessive vibration,
and the like. This is due to the lack of ductility inherent in the material.
However, th is does not mean tha t effo rts should not be under taken to im prove
their performance. Ceramic coatings on metals and higher hardness ceram ic mate-
rials are two approaches to improvement in performance of ceramic tool bits . A
literature survey would be beneficial to determine whether or not exploratory
work has been done in the area of ceramic tool bit development for the machining
of specific metals. For example , which ceramic works best on low carbon steel ,
cast iron , nickel , etc? Particular attention should be given to the test equip-
ment; it must be suff iciently true and instrumented for pressure , feed rate, etc.,
so that results are reproducible and any failure of the tool bit is the result
of the material and not the machine.
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APPENDIX A. SURVEY COVER LETTER AND QUESTIONNAIRE FORM

O DEPARTMENT OF THE ARMY
.

- ‘
~~ ARMY M A T E R I A L S  AND MECHANICS RESEARCH CI~NTE R

- - WATERTOWN , MASSACHUSETTS 02172

DR\MR — 10

VIVhe Army Materials and Mechan ics  I~esearch Center is conduc t ing  a survey on
t h e need for substitute or improved ceramics for use by the metalworking
i n d u s t r \ . This information will he used in formulating future planning of
both appl ied  research and production oriented pro jec ts .

For the s u r v e Y , we are in te res ted  in  a l l  poss ib le  ceramic app l i ca t ions  in
metalworking. V r hl s  includes , but is not l i m i t e d  to , ceramic ref rac tor ies
for furnace l i n i n g s , l ad les , nozz les , pouring spouts , molds , hot forming
d ies , and tool  h i t s .  There i s  a l so  the p o s s i b i l i t y  that  ceramics could be
u t i l i : cd in  app l i c a t i o n s  where me ta l s  are cu r ren tly  being used and the
m e t a l l i c  state-of-the-art is being pushed to the l i m i t  due to requirements
for hi gh t emperature , abrasion res is tance , et c.

Of equal  importance to us are problems r e s u l t i n g  from m a t e r i a l  shortages
where subs t i t u t e  m a t e r i a l s  must he found to replace c r i t i c a l  ones . In the
sane category is  the problem a r i s i n g  when a mater ia l  becomes too costl y and
a more cost effective s u b s t i t u t e  must be found to insure that  the end item
remains competitive in the marketplace.

For your convenience we are i n c l o s i n g  a form wh ich  contains the bas i c  in-
f o r m a t i o n  for our use .  Plea se feel  free to add to i t  in any w ay  you w i s h
and use a d d i t i o n a l  pages i f  des i r ed .

It is  our i n t e n t i o n  to use the i n f o r m a t i o n  gathered on this survey for in-
ternal purposes only . Existing \rmv regulations wil l  he used to protect
proprie tary ri~~hts , so proprietar y i n f o r m a t i o n  supplied should he so
ide n t i f i e d .

~ e want  to t h a n k  you for your  c o op e r a t i o n .

Sincere ly ,

I In c  I (IiORGI~ ~-l I IAR!~ I
as Ce ram ic  E n g i n e e r

(~~lT ’ 92~ -3 58

~~~~~~~~

_______  
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SURVEY OF CERAMIC PROBLEM AREAS A~:i ~ ‘~ V ! l  kIA L SIft)RTAGES
ASSOCIATED WIT } I M ETAL W O R K !N ;  I \~)!I~ T RI  ES

COM PANY:

ADDRESS:

PROBLEM:

MATERIAL NOW USED:

POSSIBLE SOLUTION:

DoD OR OTHER FEDERA L AGENCY PURCHASED COMPONENT OR SYSTEM AFFECTE D:

COMMENTS:

S I ( NATURE (opt ional)

m d  1
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A~’~ E~ DIX 13. Ll~ T~Nr~ OF ~OF~Lfl-’ ~‘E r,~ P[ POPTE [) V THI r1[TA L~iO~ ~‘J N~; INDUSTRIES

Ferrous ~-~et .~1s :

~~~~~~~~ j
~ ~ :- c :-~~~icc -ros ion of the h i g h  a l u i r i i i a  (~~~ O~~ ~) refrac-

~~fl~~V\ ~~ - ‘t~-s V
~~~~~~T~~~

V ~~~~ s l i d j i i ’  f a t e  l a d l i V  va lv es  in  s tee l  fu rnaces .  

. . () ‘ -~ T’ - ’ ~ Pc cc b . i s i c  i c t ’ r . t ct ~~ r Y p la tes  (hi gh M gO) w ith
-~~ — o  v”s st a~ , c  t the mu I ten metal.

Alu p- ri u c~

~~~~~~~~~~~~~ In the  a~~u - ; i n i u  n d u ~~t r v  the insu la t ion  for reverb furnace
d u u r : ~ is rLr ac tor ;  -.-~ stable m a t e r i a l s .  The doors are heavy and subject

- t h - .~ r - .~l shock 

3o~~~:,~~V : ; ,V:~~,: Pe\-elap a fibrous ceramic insu la t ion  to provide a
1 I gi i ~~cr  sei ,~i ’t  door ~c i t h  i ’~nr ovcd insu la t ion  and therma l shock propert ies.

~~~~~~~~~~~~~~~~~~~~ The c h a r g i n ~ ~~lI arches in aluminum reclamation melting
1mm , :uS :~ro presently made wit h either conventional hi gh alumina (8~~-
to ‘

~~~~~j -~ rn ’~d h r i d . . b a s i c  (chron e-magnesi te)  brick or high a lumina
cast  r~- f - r - i : r u r i t - s UI f a i l  as the  result  of sp all ing;  nephelite is

hc~~ t h i s  t i c s  in w i t h  the f a i l u r e  is not known .

.~oi .~ ,H u; R~ D to  ;o l a t e  the problem of react ions  t a k i n g
iU~ic~ - , f o l l ow e d  by deve lopment  of r e f rac to ry  to meet known conditions.

~x ; e s s i v e  t :ea. loss in a l u m i n u m  h o l d i n g  and m e l t i n g  furnaces.
\t tempt s h ive ‘r- on n.u~c’ to is~ i n s u l a t e d  sheets near the o u t s i d e  wa l l
hut c r a ck s  us~ a 1l ic-ru in these ‘refr actor ies , a l l owin g mo l ten meta l  to
b k  thr ou h .

i s -  ‘ - .~~~
- .‘ 

~~~~~~- :~~‘ i-~1:: Dev elop  r e f r a c t  or~’ m a te r ial  w i t h  K~ l ( s i m i l a r to
kao..r ’ . ’ I ~~~~ I-  i h r i - f r i x )  which does not  wet a luminum or coat wi th  low
thCII’h i c u r u l. t ivitv c o a t i n g  which is nonwet t ing .

[.~~~- -u~~’lo~ : Tn the  a luminum remelt  furnace corrosive f l u x e s  are added
wh ij i  a f f ~ i t  t h e  r e c o v e r y  or r ec ir cuLi t  I n~. syst em.

‘ :  L i~~ 7’~r f l e v c l c~j ’ ‘t r e f rac tory  i Tcr ~ ious  to t h e  fu rnace
- und i t  ions

~~~ ~~ V Launders  ~t ruughs) made of s tee l  c o i t o d  w ith a ceramic  wash
ir e  l r c : . e f l t lv  i st’d i n  h u d I  in i~ m o l t e n  a l u m i n u m . They have a short l i f e
n~J h i p )  t h e r u ~i I c c ’ n d i s t i vj t v , 50 t r c h o s  mu st  he used t o  supp ly l o s t

- :11

P~~’~ ’ r :~c~i ;“ 7 , V o .  ‘ .ve lop a cer~i~ ic with luw ecral contluc~~i v i t \  that
is lionwelt ing t ~~ - ‘ i I  en al u h i n l l m .
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7. Pro~’?cr~: Silicon carb ide is presen t ly u - ~d as protec tion tubes for
heat ing elements used to melt  a l u m i n u m , r.ichrorne wire being used as the
heating element. These elements are d i :p cc’ into m o l t e n  a luminu m and
have a relatively short life .

Prcroscsf Sc’Zu~
-
~cn: Develop ce~ iH c with n o n w e t t i n g , high therma l con-

ductivity and good mechanical properties at ‘OS C. The elec tr ic i isrei
sion heaters would be wide ly  used for me l t i ng  a luminum , o f f e r in t ~ four
times the efficiency of fuel-fired furnaces if protection tubes and
heatin g elements had longer l i fe.

Zinc :

8. ProbZern: Super-duty firebrick are not satisfactory for use in zinc
smelting furnaces.

Proposed Solution : Develop low cost refractory resistant to hi gh tem-
perature fluxing and reduction by coke and zinc oxide.

9. Problem: A cylindrically shaped ceramic is needed to fit around the
l2”—diameter graphite electrodes to protect the electrotheriric zinc
fu rnace lining directly under the electrodes from corros i “ e ’  ttack.

Proposed Solution: Develop a cylindrical refractory ceramic which will
resist high temperature fluxing and reduction by coke and zinc oxide.

20. Problem: A durab le ref ractory is needed to replace graphite in the
“curtain ” of electrothermic zinc smel t ing  furnaces.

Proposed Solution: Develop a refractory ceramic with good thermal shock
resistance and low electrical conductivity which can withstand a strongly
reducing, but occasionally ox id iz ing ,  environment at temperatures of
1200 C.

11. Problem: A suitable refractory is needed which will not react with zinc
oxide at temperatures of 1900 to 2000 C. This will replace alumina or
magnesia refractories which have the temperature capabi l i t i es  but react
with z inc  oxide to form lower mel t ing  compounds. The improved refractory
would permit improved burners used to oxidize zinc vapor to produce zinc
ox ide.

Proposed Solution: Develop refractory to meet these specific requirements .

12. Problem: Commercial ly ava i l ab le  castable refractor ies  are unsa t i s fac to ry
in l imed ladles , troughs , and tubes used in contact w i t h  molten z i n c .
Deficiencies are in thermal shock and contamination .

Proposed Solution: Develop impr oved c a s t a b l e  refractory wh i ch -does not
undergo phase t ransformat ion or react w i t h  z i n c .
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I

~~~~~~~~ i n- - i ~~i~~i u : t c r~ r i  -r u coa dic -  ~c t 1~, exposed to z i n c  b i ~~~i~ and
:~) u ~’ at - u ’ i :~~ t~ s u~ JSC C

V - ? ‘~~~ c .  : ~~~~ as ~ 12.

~~~~
.- ~~~~~ V t e e l  L . ~~’ l ~~~ T hi,CS cscfli1 used in heat e x c h . n : V ’r7 ; for
‘H in ~~ m o t t o  z .o - u ’ m - ’d.~’ d n~ the r n e t a i  , caus ing  w a t e r  leaks which

~on~~t ; t i ~~~ a s f ~~t \  h :i~~ird .

.~~~~~!u ~~~~2 , V ;~~ : k i i *~~ d - . 0 I o p  a sat~~s f a c t o r y  coa t ing  for  t h e  steel
t iE- tug - r sub -~t i t  ~~t ; a s u i t  -~~h 1~ refractory cerwz i c

~~L

V
~~~OV E x c e s s i v e  t i a r  and h igh  maintenance are expcr i en:e d  on valves

and heppers  ~~ p u c m i : i . . t  2c du s t  co u v ev o  r— feeding SYS teas in zinC p l a n t s

2 ‘~~- . m . ~ - - 2- m : ~ u h s t i t i t e  wear - res i s tan t  ceramic for steel in the
c r i t i c a l  areas of f eed ing - e - inm ’eyo r  Systems .

!‘. “r- .-‘-:: ~~~~~~~ s t a i i i b e ~- s s teel  t u r b i n e - typ e  mixer  b l a d e s  are unsatis-
fac t — r v  f i r  a 1 lo} ing mol ten  a I 5 i t urn id th  zinc .

- - ~~~~7 : - : P u b s t i t u t e  ceramic b lade  or develop corrosion-
r e s i s t m m nt  coa t ing  for t h e  s teel  b lade .

1>’. r 2 ~~~~~~~~ .V \ _ 2 ~’~ g r a d e  s teel  is  unsa t i s fac tory  when used in f a c i l i t i e s
for p rocess ing  mol t en  z inc ; the z i n c  penetrates through the s tee l .

~~ r~~~?V ,:r~~~~~~ r g i~i~~~n~~: D ev e lop  a ceramic coat ing for steel to prevent
corrosio n of the steel subs t ra t e .

18. ro~ i~ri: The present r e f r a c to ry  mix is inadequate  in s t rength  and
therma l shock r e s i s t ance  for l i n ing  throat s  and channels of induction
heat ing u n i t s  ucn V m e i t i n c  ad h e a t i n g  zinc at temperatures of 750 C.

Ti ’ r~~.°c- ~ ~~~~~~~ Develop improved refractory mix wi th  improved
strength arid thermal sh ek resi stance.

Lead:

~~~~~~~~~~ There i s  no c o m m e r c i a l l y  a v , i l a b l e  m a t e r i a l  which  is res is tant
t n  m o l t e n  Pho .

‘ u  ‘~~~
-
~~~~~

-
~~~~“: D ev e l o p  :m ‘r a r i l e  w h i c h  i s  r e s i s tan t  to PbO and PbS.

1 hi~ ~- o i t d p e r m i t  t l v  on~. c v s i o n  of Pb S into Ph in  one of several d i rect
c o nv er s i o n  p r ’u -~’~.sc- c

k .  ________ ~~~~~~~~~~~~~ ~~~~~~~~~~ - - ~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~ _~ ~_ _~ - 

V



1~

T i t a n i u m , Hot Form ing :

-
. 0. V ~~~~ 

‘
~:,.: Dur ing  hot forming  of t it ~~~~ ~ 705 C t~~~ C an~ 

- - c t

in  th e  environment combines ~ i t h an d e~: )  ru les. t h e  t i t an ium s i i r t ice .
This  o x y g e n — r i c h  surface n u ’ t  , subs equi t  i t l v  , c I i  c k l t d  o f f .  ( - a t  1 ‘

nat e r i a l  is :p r l i e d  to the t i t a r i ‘ - ‘ : -  re~ i i  ox i d r i ’  i i  - 1 ’  r~~ 1~
presently used inc lude  T— 50 gra~ P m ’.e (~~vh  m-eI yl dei o ~i i ~~u L t  i-dc ) ( r
a g lass , 23—B.

~~~~~~~ S~~~~~~~:: Develop a gi ts V w ith t i e  f o l l o w i n g  cii ;  i c~~ i s

( 1) neutral  or s l i g h t l y  reducing , i.2) low vi scos i t ’. a t  7~i. ~~~; J ~~~~’ C
and (3) good die l u b r i c a t i o n  p r o p e r t t & --

21 . ProUer~m: Inconsistency of cast ai le ceramic  m s e d to  mak e  i~~t i i n :  : r .
dies by aircraft manufacturer. U n s t : i b I c ’  v a r i a b l e  proper t ies  i n c l u d e
gelling time , cold crushing strurt ;’~ P and dii surface hardness.

Propo oed Solut-on : Ei ther  anal ,. i e  t u e  eonmr- ~ x c i a 1 l v  av a i l able c~t e r i . J
and propose t i ghter  qua l i ty  con t ro l s  neces sary  to standardize t In - r edac t
or develop new castable ceramic for th i s  end i t e n ;  ~p ) 1 i c i t  ion .

22. Proi ler~: Metal tool ing for hot f o r m i n g ,  b raz ing ,  a~~i d i f f u s i o n  7 o n d m n g
is expensive to machine  and f r equen t ly  lacks dimensii’ic l i~. a h i li t y min . . r
repeated cycling at elevated temperatures. Tooling it- u~ f2r t i t an i u rT .
and other h igh performance alloys at temperatures r arm ~- ..ng 1 i ~~m 540 C
to 980 C. Present tooling mat c-ri al s include ferrci s alloys such is
Meehanite and H- i l  steel , n ick e l base a l l os , cobalt  i asc aaterl:.)c , and
fused sil ica ceramics (for gen t ly  contoured parts  o n i > ) .

Proposed Solution: Use cold-spray process for fabri. ;t ion c-f lits ed
s i l ica  to the problem of f o r l ; i a g  too l ing  of more compl ica ted  s! ; 1 - .-s .
Also , try th ixotrop ic cast fused s i l i c a  to e l i m i n a t e  shr inkage  c-n f i r i i i g .

23. Problem: The lack of satisfactory structural (tensile) s t r e ngt h  li mi t s
the use of ceramic hot forming t o o l i n g .  Also , repairs or m o d i I ~~~t t i o ; i s
are d i f f i cu l t  or impossible.  Another factor is the high d e p t-c :  01 11 c-
tion between the ceramic too l ing  and meta l  part s which p r c ’ v e i t -  S i i H ) .~ L

of the metal during the forming  i ro’~’ess and is a contri hut ;;g ac t .~r in
the therma l expansion/contract ion misma tch  p roblem.

Proposed Solution : Same as previously discussed under p 22 . In ad it jO fl ,
incorporate metal  reinforcement for improved r t r c  lit and consider t i r e
po l i sh ing  the mold surface to redu ce f r i c t i o n .

24. Pr obleri: Long —term need is for improved ceramic too l ing  m a t e r i a l  f ; r
hot forming titanium and other  m e t a l s .  Increased  tool l i f e , r edu ced
tool fabr icat ion costs and mate r i a l s  t e  w i t h s t a n d  a n t i c i p a t e d  in re oes
in fo rming t empera tu re  and pressure  are required .

I or~ — i . ’ - . 7 So1u~~on: m i t  i;it e RF ,I) prod c t  u address t h i s  ; ‘ :~~ : t i ’ c  r

t o o l i n g  problems . ( # 2 2 , 23 , e t c . )

-
- 
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I

2.~. Problem: Present ceramic m a t e r i a l s  used as tool ing for hot forming
titanium have a low production life expectancy due to stress ri’~ers duringhigh pressure form ing caus ing cracking, therma l cycling failure or failure
due to hand l ing .  Fused sil ica cas tables , f used sil i ca cemen ts and foam
block are the materials presently used .

Proposed Solution: Develop improved ceramic tooling with improved
strength , toughness , and higher temperature capab i l i t i e s .  Forming
temperatures of 955 C to 980 C are not exceeded as this is the limita-
t ion of fused s i l ica  castables and cements . Ant ic ipa ted  temperature
requirements for titanium and nickel base alloys are 980 C to 1095 C
and improved fused silica or other ceramics must be developed .

26. Problem: Metal press heated platens and tools for hot forming titanium
have limited life due to warpage and deformation after usage at elevated
temperatures and under high forming pressures. Inconel 802 is the mate-
ri al now used.

Proposed Solution: Same as others for ceramic t o o l i n g .

Molybdenum-Base Alloys :

27. Problem: Present ceramic investment casting molds are unsatisfactory
for casting molybdenum-base alloys at temperatures approxi ma tely 1510 C
as they melt or react with carbon and/or the alloying elements. The
development of moly-base alloy cast turbine ..~heels or cast blade rings
for automobile and truck turbines will depend upon skull melting and
casting into inves tmen t molds.

Proposed Solution: Develop a ceramic which has no phase transformation ,
will withstand 1510 C and will not react ~ith carbon or hafnium .

Refractory Metals:

28. Problem: Short life of extrusion dies for superallov c , refractory
metals , and stainless steels.

Propo8ed Solution: Either improve on the process for facing die steelc ,
H-il or 11-13 , with Zr02 or 1-1f02 or develop hi gh temperature  ceramic  that
is compatible wi th  glass (as a lub r i can t )  and temperatures of 1000 C to
1250 C.

29. Problem: Hard metals are now used as dies for hot ext nisj on of t i t a n i u m
and ~efractory alloys. They must be refurb i shed after a few runs ; costly
and excessive downtime of equipment.

Proposed 2’olution: Silicon n i t r i d e  or s i l icon carb ide may be su itable
for th i s  app l i ca t ion .
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Ceram ic Cutting Tools:

. 2 .  Tiob t~n?: ‘ lachining of hi gh n icke l  a l l oys  such as 0979, 713 , etc. \Ow
done with carbide cutting tool inser t s .

Propc~~~ ’-J So-’ution: Develop improved ceramic c u t t i n g  tools .

c i .  rrohler’: Ceramic too l bits used for machining cast iron are subject to
chi pp ing and breaking.  Present tool bit materials are lIP A 1203 and
\ l 703-TiC composites.

.c~. :t. 2 ‘,uti t,: : Develop ceramic tool bits wi th improved impact
r esi st ; ;nce  and fracture toughness.

~2. Proh~~”: Ceramic tool bits lack the rigidity and efficiency of carbide
tool bits.

P rottom~-cd Sol:it~~-n : Same as “3 1.

3.’. .~r-ocie”:: The major shortcoming of ceramic tool bits  is the b r i t t l ene s s
of the ceramic. This  tends to cause breakage when the tool b i t s  are
subjected to intermittent machining forces , interrupted cuts or vibration .

Pi’ot~- -’sed Solu~~cn: Same as #3]..

~4. Problerm : Same as other problems associated with ceramic tool bits ,
plus the limitation on feed rates.

Proposed So~u~-7cc: Same as others r e l a t i ng  to ceramic tool b i t s .

.~5. ProbZc”m : Ceramic tool b i t s  lack the strength and fracture resistance
required for high speed machining of hardened steel rolling mill rolls.
Tool bit materials currently used are hot-pressed alumina and alumina-
titanium carbide cermets.

Proposed Solut.7oc: Same a-~ previously discussed for ceramic tool bits.

36. Prob7-cri: Ceramic tool b i t s  can be improved by upgrading the temperature
capabil ities and reducing the chipping. Materials now used include tool
steels , carb ides , and ceramics (alumina).

Proposed So 1u~.7on: Same a previously discussed for ceramic tool b i t s .

37. Prob7e” .~ Ceramic tool bits are limited to machining that does not
transmit shock or vibration to the tool; no machining with interrupted
or ou t -of -ba lance  cut .

Prc::ortod Solut.7oa: Same as others r e l a t i n g  to ceramic tool b i t s .
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.i8. ~i. ’~- ’ . - ” :  Improved cut t i n r  t oo l  t u t o r i a l s  are required to machine tungsten
m d  Cd r b V ]C p~ ~~ S . Cul> c h i  i on  n i t  r i ft ( C R N )  i expensive , about  $100

p er inser t .

- - ‘-:~~ lm~~i ‘5~ . 1)ev ~ 10 1) t~ — -
~~~~ t w i t h  improved hardness and frac-

ture  t o u g h n e s s .

PCmns f o r — -s ul t en  Met a l

~~~~~~~~~~~~~~~~~~~~~ No na~ a i l a h i l i t v  o f a high volume , port able  pump for the trans-
por t a t ion  of m o l t - -n a l u m i r m u t t . Pumps in various sizes are needed .

- - 
.~ Le i Z -~~e: - s~-vclop refractory pump parts w1i i~~h do not react

‘.ith molten al u p ti f l - r  at cit-vo ted temperatures and can w i t h s t a n d  the
environmental ~oiiL h.t ons.

! . ,r .  P r e s e nt  puaps  for pumping  molten z inc  are f r ag i l e  and requi re
e X C C S O L V C  m a ir i t en or . c c

7 : bevclop refrac tory pump parts which  do not react
with ;tiol tc- n z inc .

Genera l Refract Hes :

ci .  ~~~~~~~~~~~ Re f r oc tV er ’ ;  b u d  I r e  used to insu la te  the shel l  of a furnace
used to s int e r  compac tc- i t ungs t en  powder b i l l e t s  in hydrogen atmosphere
at t e r p c -r a t u re s  up to  2300 C for four hours . The refractories fa i l  by
sp a l l in ; and c r a c k i n g  due to ther m al cyc l ing  of the furnace.

P on-occ--d So7o~ 
- - o . : b~velo1’ hi gh temperature refractory with low coef-

f ic ient  of expansion t i  improve thermal shock resistance.

42. 1 o1 Zc r’ : Tm furr~~1 : t - t ; with temperature capabilities of 9.S C it is
customary to use hi gh t e I F c r a t i m r ~’ metal  l in ings .

Poo:.- -ee-r I .~o-L 
- - 1 : :  To con~ erve s t ra teg ic  meta l s  and improve heat insu-

l a t i o n , s u b s t i t u t e  a c e r a m i c  f e l t  or foam l i gh twe i ght r e f rac to ry .

- / . T t ! c e :  failu re o f steel chimney lining due to corrosion caused by
the  p roduc ts  of c n r I i i u - I t i cii .

- . .o. / to m1 iou:  i n c  ehiilriev s with r e f r ac t o r y  that  r e s i s t s  the
co rrosive r unes , gases  and par  i c u l a t o s  (unless  it is more economical
to rep lace c h i m n e y s ) .

~~~~ !oo~~ 7~~, i :  Cons erve  r e f r u c t i s i v  metal  mat  e r i a l s .

- - 7e~ . 7 - - t Ivelop a ceramic  r e f r a c t o ry  w i t h  s t ruc tura l strengths
¶ ho~ w i t  h s t  t ind ’I  ox i h i t  i o n  in  h o s t i l e  envi ronment  at 1650 C.

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ VV ~~~~~~~~~~~~~~~~~~ V V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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45. Problem : Improved refractories are needed for fusion c a s t i n g  of m e t a l ,
at temperatures of 1800 C to 2000 C.

Proposed Solution: Develop new refractories and new binder systems .

46. Problem: Refrac tor ies as cruc ible s and transfe r tubes are subject t o
erosion during mel ting and spall ing or erosion dur ing the powder prep-
aration of superalloys for high temperature gas turbine engine compo-
nents. Ceramic refractories used as crucibles and transfer tubes are
A1203 + Zr02 + Si02 crucibles and fused Si0 2 tubes.

Proposed Solution: Develop ceramic with  improved erosion resistance
under the stated environmental conditions.

OSHA :

4?. Problem: Health hazard posed by asbestos material used as molten metal
trough l ining .

Proposed Solution: Substitution of mullite or other refractory fiber
f i l l e r  to replace asbestos. The l ining must have mechanical  st a b i l i t y
at temperatures up to 1095 C.

48. Problem: Asbes tos downspou ts are used in a luminum reverberat ing
furnaces.

Proposed Solution : Develop OSI-IA approved material for replacement.

49. Problem: Silica is the refractory used for l in ing  the iron coreless
furnace . There is no replacement refrac tory cement on the marke t .

Proposed Solution: Tak ing a long range v iewpoint, OSHA may ban the use
of s i l ica  (already in effect in Sweden) due to the danger of silicosis.
A development program should be initiated to produce a low-cost substi-
tute for silica refractory cement.

M i s c e l l a n e o u s :

.50. Problem: The fastening ot - the ceramic dies is a problem in the hot die
forging of metals .

P r OrR)~~e V~ Solution: Have the mater ia ls  engineer and design eng ineer
work together on this problem .

51. Probl em: Porcelain enamel l in ings  on aluminum are too soft .

Pr posed Solution : Develop improved frits with  increased hardness.

- - ~~~~~~~~~~~~~~~~~~~~~ 
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~ /. ~-~oL1e”t: Tn the glass industry , metal  rol lers  100” long and 1-1/2” in
diameter are used at 705 C. The ro l le rs  bend due to relaxat ion of
residual stresses and nonuni form hea t ing  in the process.

P r c o o s oj  So 7at7cu:  Substitute a ceramic mater ia l  which is  stable at
the operat ing temperature of the process.

aa. ~~~obiem: When cemented tungsten carbide pieces are sintered in vacuum
between 1300 C and 1600 C , they are placed on graphi te  plates coated
with graphite dag or alumina slurry to prevent s t ick ing .  When weights
are applied to prevent warpage the problem of s t ick ing  or contaminat ion
occurs.

Proposed Jolution : Ei the r  improve exist ing graphite or coating materials
that w i l l  not react or stick or develop a new ceramic that  wi l l  not
react wi th  WC+Co or WC+Co+TaC +TiC at s inter ing temperatures.

54. P r oblem: Hig h vacuum , rel iable  glass- to-metal  seals are a prime require-
nent in many electronic components. The s ta te-of- the-ar t  is such that ,
on occasion , production problems are encountered .

Proposed Solution : Ei ther  develop improved specially fo rmulated glasses
or improve material  qua l i ty  contro l and processing technology.

55. Probler: The inab i l i ty  of metals  and exist ing commercially available
ceramics to wi ths tand high temperature , thermal shock , and hi ghly cor-
rosive atmosp heres.

Proposed Solution: Develop applications for silicon nitride in elec-
tronic parts such as resistance exothermal and magnetron-cathode; in
mechanical parts such as abrasion-resistant nozzles , dies , and hi gh-
speed cutting tools; in aircraft  parts such as jet eng ine components ,
brake l in ings , and rocket eng ine components.

56. Problem: High cost , long time and machinist expertise required for
grinding refractories and dense industr ial  ceramics.

P:s’o~osed .~olutfr~ : Use metal or resinoid-bonded diamond grinding wheels ,
if not already in use.

57. Pr or lem: Fabricat ion of wing  or control surface skins of graphite/ epoxy
composi tes requ ire aerodynamically controlled tooling for lay-up and
autoclave curing.

Proposed ,Tol!4t:ion: While  outside the scope of this repor t, a possible
solution to th i s  problem might  be the development of a li ghtwei ght cast-
able ceramic foam wi th  smooth , dense surfaces. It wi l l  probably have
to be coated to prevent wet t ing and st icking during autoclaving .
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o~ . Z ’ po/- 5 t ’: A general problem exis ts when an a t t empt  is made to s uh s t i t t :e
ceramics  for metal  as a component on ex is r ig equ ipment .  The user or
equ i pment  manufacturer attempts to subst ~~tut c  on a one- for -one  b a s i s
and i s  rel uctant to make m o d i f i  ca t ion s  Lu improve the performance of
the ceramic .

ielut!ei~: The project most be conducted as  a te am e f f o r t  w i t h
both m a t e r i a l  s c i en t i s t s  and design eng ineers  coo rd in at ing  t h e i r  i n p u t .
For example , metal  dies are cooled w h i l e  ceramic d i e s  should be ke~r t
hot .  Fastening is di f f i cul t  due t o  therma l expansion n r i  s iem t - t i i  and Oo t h
die confi gurat ion and method of a l i gnment ( fo r  i nj e c t i o n  p . 1 H r r -~ of
m e t a l s )  must he developed to prevent  s t r e~ s r i s e r s  i n ce ramic  .i i e s .

ei~. rm ~e7~~cm: The problem is the ove ra l l  f a i l u r e  of cerani ’ m a t e r i a l s  i n
b r i t t l e  f rac ture .

P� o/—OC3CZ Solution: Development of a cornet-type material with improved
d u c t i l i t y  without sacrificing wear resistance and ha rdness .

6-2. P.~eblem : Speci al steel a l l o ys co n t a i n in g N i -Mo-M n are used for the
crushing surfaces of impact-type crushers. Wear resistance is not

sat is factory .

~‘re~ecced Solution: Development of a ceramic w i t h  hi g h ha rdn e - .s and
hi gh impact s t rength .

fl . P o !~1er : In the  i ndust r i a l  f u r n a c e  m a r k e t , d e l i v e ry de lays  up to one
year are common for cast 330 t i l  l o v s  used as conveyor parts tmic I a ~~ i
an d r adiant heat t ubes , m a x i m um stren:,th limitations at ld0~ 

(~~.

orct esed -o/atien : Provide c e r am i c  su b s t i t u t e  mater ial  w i t h  good therm a l
shock resis tance and h i gh i mp act  strength and abrasion resistance.

62. Problem: Short life of “11” grade carbon pouring spout in phosphorus
e lec t r i c  furnace due to erosion and chemical attack by calcium sil ir - a t ’
s lag ; operat ing temperatures  range from 1510 C to 1565 C. Se~ eral
o ther  ceramics t r i ed  without success.

l re: ee l Po7u ~~/ cn : Develop ceramic res i s tan t  to these env i ronment a l
cond i t i ons .  :rB 2 : S i C : G r a p h i t e  composite works , hut i s  expensive.

6.3. Prob lem: Corrosive g lasses h igh  in borates and phosphates a t t ack  cerami c
ref rac tor ies  at the melting tenperatures of 1540 C and 1370 C, respec-
t i v e l y .  P l a t i n u m  is no~ used for this application .

/ p-?l eue J ‘u - ~fl.~ Conduct R~ l) s t ud i e s  to develop high t empera tu re
r e f r a c t o r i e s  which  are c h e m i c a l l y  ine r t  t-o these g la s ses .

L__ _ _  

_ _  
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61. Problem: A p la t inum-rhod iu m al loy is used for spinnerette bushings used
to produce glass fibers. I t  is in short supply, is costl y and expensive
to reclaim and fabr ica te . The bushing must be able to wi ths t and
abrasion and erosion and the temperature of molten glass.  The company
has exp lored the use of ceramics , but without  success to date.

Proposed Solution: Explore the use of improved , nonox ide cerami cs for
this  appl icat ion.

65. Proble m: An inexpensive container fo r powder metal is needed for the
hot isostatic pressing of aircraft parts. Steel is now used.

Proposed Solu~ lon : Dependent upon the temperature of compaction ,
develop glass which w i l l  sof ten at the specified temperature.

66. Problem: Heat checking of die casting shot sleeves and pl unger s used
in the manufacture of aircraft  engine components. Tool steel is used
for the sleeves and plungers .

Proposed Solution : Develop ceram ic sleeves and plungers for these
applications.

67. Prob lem: Hi gh cost and possible material shortages of heat treat fix-
tures and racks. Nickel  and chrome alloys are currently used.

Proposed Solution : Substitute ceramic fixtures and racks.

68. Problem: Stronger ceramic shells  are required for fabr ication of
direct ional ly so l id i f ied  investment cast turbine blades . Shells must
withstand 1565 C for one hour and not react with  superalloys . Alumina
is presently used.

Proposed Solution: R~D project to develop suitable ceramic.
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