
F N
AD—A056 hbó ARMY MATERIALS AND MECHANICS RESEARCH CENTER WATERTO—ETC F/S 17/9

RADAR ABSORPTIVE MATERIAL FORM IPCUSTRIAL EFFLLENT. (U)
JUN 76 a w MCCAULEY, B M HALPIN. S 0 EITELMAN

utICLASSIFTFr,

~aHN~!lEND
O AT E

8 -78
nbc

j
I

4



I .0 
[? ~ :~I . I ~ 

;.~.;
‘ 

11112

II~II ‘ 
25 ~flfl~.4 

~~~~~~~~~

‘N I t  I I

\ W  , \~ I ’ d



“~&.

*MCCAULEY UALPIN EIT ELMAN , LEVEl ‘ I

-__(
‘
~~Jame s W,/Hc~ au1ey, Bernard M./Halpin , Jr~~

Stephen D. lB ite iman Thomas V. /Hynes

D D C

~~~~~~ AR AB SORP TIV~~~~ TERIAL FO M IN DU STRIAL EFFLUEN L rUL 12 i978

ff
~

is~~s U u is J
*J~AJ¼fl~S W . McCAULE Y , PhD I /

BERNARD M. JIALP IN , JR., PhD
ARMY MATERIALS AND MECHANICS RESEARCH CENTER, WATE RTOWN , MA 02172

STEPHEN I). EITELMAN , MR.
U.S. ARMY MATERIEL DEVELOPMENT AND READINESS COMMAND

ALEXANDRIA , VA 22333
THOMAS V. HYNES , PhD

ARMY MATERIALS AND ME CHANICS RESEARCH CENTER, WATERTOWN , MA 02172

I. INTRODUCTION

Recent innovative work ~~~~~~~ the Nippon Elec tric Co. (NEC)
Tokyo , Japan, on a ferr ite precipitation method for removing heavy
metal ions from industrial waste water and the subsequent potential

•~ use of this material (ferrite sludge) as a cheap microwave absorber
> has stimulated interest in the possible United States military appli-

cations of this concept. An important factor in this consideration

C, is that the cost of the material is projected as significantly less
than currently ava i lable ferr ite material. This report describes the

u_i results of this program : a characterization and fabr ication phase
.._J carried out at the Army Materials and Mechanics Research Center,

Wa tertown , Massachusetts , and a testing phase carried out at the U.S.
Army Elec tronic Proving Ground, Fort Huachuca, Arizona .

____ II. MAGNETIC DIELECTRIC RADAR SIGNATURE REDUCTION ..

One way of reducing radar signatures of highly reflective
mater ia ls  is by the use of radar-absorbing coating ma te r i a l s . Mag-
netic dielectrics (ferrites) arc a family of mater ials that can absorb
microwaves by the lossy interaction of the electric and magnetic vec-
tors of an electromagnetic wave with the material.
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When an e l e c t r o m a g n e t i c  wave s t r i k e s  an objec t  there  is  ge m—
erally a r e t l e c t i on  because of a d i s c o n t i n u i t y  in e l e c t r i c a l  properties
between the medium the wave is t r av e l  i i  ng and t he  obj ect it strikes .
One can show the f o l l o w i n g :  an e l e c t r o m a g n e t i c  wave of ampl i tude  E0
t r a v e l l i n g  in free space (~ i [ the magnet ic  p e r m e a b i l i t y ]  = p0, and c
[ the  e l e c t r i c a l  p e r m i t t i v i t y]  = c~~) and st r i k i n~ a plane surface A
(~lA = + 

~ 1A and LA = + i c~~, where UA >> PA and c 1~ >> cX ) w i l l
h~ ve , a re l ec t ion  approx imate ly  [ l — [ ( P A I L A )  (c 0/p 0 ) ]~ in magni tude .  If

= p0 /c 0, there w i l l  be no reflection. The wave will be attenuated
in the material by a factor CXI) ( - M A ~ [PA / cA l  £) where w = 2~ fre-
quency and ~ = the depth in the m a t e r i a l .  Thus by proper ly  choosing the
p e r m e a b i l i t y ,  d i e l ec t r i c  constant , depth , an d loss f acto r s , norma l inc i-
dent waves can be absorbed in the material. U n f o r t u n a t e l y ,  however ,
a l l  factors  vary w i t h  frequency and this factor must be taken into con-
s idera tion  in the exact calculations . In this investigation , microwave
a t t e n u a t i o n  and concomitant  radar s igna tu re  reduct ions  have been
achieved  by an increase in the magne t ic  pe r m e a l ) i l i t y  and magnet ic  losses
of a dielectric material.

I I I . DESCRIPTION OF FERRITE PRIi CIP I TAT ION PROCESS

St imula ted  by more s t r i ngen t  p o l l u t i on contro l re qui rements
in Japan , the N E C is i n v e s t i g a t i n g  the use of a f e r r i t e  p r ec ip i t a t i on
process to remove heavy meta l s  from t h e i r  i n d u s t r i a l  was te  water  ( 1) .
They have two motives for explor ing  t h i s  unique idea :  (1) purifica—
t ion of industrial waste water and (2)  s i m u l t a n e o u s  format ion  of sig-
n i f i c a n t l y  cheaper ferrite raw material for l)Ossible commercial use.
Potential uses envisioned by them include prevention of double TV
images (ghos t s )  by us ing  ferrite coatings on buildings and also elim-
i n a t i o n  of ground re f lec t ions  near radar receivers  by coat ing the
ground.

Standard i ndus t r i a l  p r a c t i c e  (3) used in the product ion of
f e r r i t e  m a t e r i a l s  cons i s t s  of e labora te  m i x i n g ,  p r e s s i n g ,  and con-
tro l led heat t r ea tmen t s  of carefu l l y w e ighed , mechanica l l y pu lver i  zed ,
and m i x e d  ceramic o x i d e  powders. The novel  te chii  i que being used by
N E C is  a wet chem ica l  reaction process referred to as coprecip i t a t i o n .
Essei i t  i a l l y ,  d i v a l e n t  iron and other  metal ions  ar e  hydrolyzed  in a
basic so lu t ion  and then ox id ized  into  the f e r r i t e  spinel  s t ruc tu re  (2 ) .

The two steps can be fo runi I ar i zed as f o i l  ows

h y dro lys is :

+ Fe + 6011— M Fe (OI l)  ( 1)l-x 2+x l — x  2+x 6

1 78 06 12 007
h

i

I 
~~~ _ _ _  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _— w r ~~a~ - — —— ——  _____________________________________

- - — ~~~~~~~~~~ - ‘ ~~~~~~ 
- —  - - - -

~ 
-
~~~~~~



*~1cCALJ [,I ~Y , II ALPIN , EI ’I ’ELMAN
and ILY N ES

Warm Aerat ion:

M 1 Fe 7 (Ohl) o 
+ 

~ 
02 l X e2 +X O4 + 31120 (2 )

or more simply as

+ + ROll + 0~) ~ 
M
1 

Fe7 0
4 (3)

where R = alkali or alkali earth cation (cx. NaOlI).

In summary, the ferrite sludge coprecipitation process is
schematically illustrated in Figure 1.

[Aeratio n by~~
I  I I Bu b bling Air

I ROH I in Warmed
L IbO~ O C)

Suspension

tr ia l Wa ste] 
— 

[~~~~~~~~ r~~ 
~~eavv Me~~ ionsJ —

ROH + 02 — M1 5 Fe2+~04

Figure 1. Schematic flow chart for the production and removal of —

ferrite sludge by the coprecipitation process.

Experimental data demon— Table 1. HEAVY METAL ION CONCENTRATIONS
strate that the heavy meta l removal FERRITE SLUDGE COPR E C I PITAT I ON TR EATMENT.
technique is successful. lable 1 _________________________________

lists various heavy metal ions in Concentration in
the industrial waste water before HNWy Waste Water (ppm)

and a f t e r  the coprec ip i ta tion  Meta l  ~efore Af ter
t re~atmc nt  (1) .  Ion Treatm ent Treatment

Cu 9 ,500 < 0 .5

IV. CI U\ RA CT ERI ZA T ION OF 20 ,000 < 0 • 5
FERRITE SLIJDGI i Pb 6 ,800 < 0.1

Cr~~ 2,000 < 0.1
Cd 1 .800 0.1Two separate  batches of Fe over I~ 1.0

sludge , nominally referred to as Hq 3,000 Ntl*
the S—kg and SO—kg batcbes , were —-______ _____________________

*No nd etec tab leobta m e d  from N EC . They were brown 
- -

to dark brown in co lor and had a m u d — l i k e  c o n s i s t e n c y .  Figure  2 i l l u s —
tratcs both the as-received material and also the  dried , ball -milled ,
and sieved (-325 mesh) powder.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _  I
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Fi gure 2. Ferrite sludge.

(I A 5  Ii) I Iii ~+I ID . B A L L  ~‘IL1ID ,
AND 511510

The as—received s ludge con— Table 2. CH E MISTRY OF AS-RECEIVED. - FERRITE SLUDGEtains appreciable amounts ot water
and must be thoroughly dried p r io r  wei qht Percent in Batches
to fu r ther  use. Table 2 l i s t s  the [1e~~nt 5 kq 50 kg
water  content  and approximate chem- H~ I~ 45 .0 43.9
i s t r v  of the two batches which arc 65. 7 49.2
qu i t e  d i f f e ren t  in composi t ion , the 0 .5-1 1
5-k g batch be ing  i ron-r ich and the Mq .5
50—k g batch being iron-poor .

Si :~ 1-10
h ypothet ical  chemica l— Pb . 1-0 .5 0 .5- 1

s tructura l formulas for these f e r r i t e  ~
sp inels  are as follows (4 , 5):  Cr :01 :5

Ca .1 .5
TV VI Cd .5 .5

5—kg batch: N Fe~~ 19 F~
3
~ ) Q Cu .05 .05-0 . 1

x l— x y 2—y 4 Mo .05-0 .1 .05-0 .1
Ti .0 1-0 .05 .1-0 .5

, IV ,, 
~~ 

V T Zr .05 .05
50—kg ha tch :  N N Fe 0 Ba .05 .05

x 2-x 4
U At oss on dry ing at 105 C.

N , N = heavy metal  ions , ~Qu a nt ita t ive  ana ly s i s  for Fe by
wet chem istry

IV , VI = tetrahedra l and octahedra l 4
i n ~~~~~~~~~~~ e~~~~~~~~~~ S~~~~tro scopi c resul ts rep ‘~ted in

coord~nation , respectivel y. we iqh t  percent

There are ~ighit formula units in the ferrite spiUel unit cell , yield-
ing the following actual chemical formula: N 8M 8xFC l6_8xO32•

t Hence , there are at least N’
8 + M 8~ cry sta l lograph ic site s in the

unit cell for the removed heavy metal ions.

Figure 3 is a diagrammatic representat ion of the actua l powder
diffra ction patterns using filtered CrKci radiation. The S-kg hatch is
100% ferrite with a LiFe5O8 (fcrrite)-like structure. The SO— k g s ludge
is a relatively impure ferrite sample’ conta i i i  m u g  severa l non fer r  I t e
phas es . Roughly 60% of the mixture is a ferrite similar to LiFe5O8,

I
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3°, is Fe(0hl)3, 6°, is ZnCr2O4 (spinel), 11°, is NiO, and the las t 20%
• consists of FcCl 3, CaSn0~, and CaFeO7 (ferrite). It is also possible

that a si gnificant percentage of both batches contain X-ray amorphous
phases and therefore do not appear in the diffraction patterns .

Table 3 l is ts the physical powder characteristics of the two
batches. Figure 4 illustrates a hi gh magnification view of the 5-kg
powder , showing its very fine grain size . The 5-kg ba tch is a hi gher
density, larger grain size material than the SO— kg material . Idea l
densities for ferrites of similar chemistry as reported here arc about
5.0 g/cc , close to the S-kg material , but sign if ican t ly d i f f e ren t than
the 50-kg material. All these data indicate that the 5-kg powder more

100
a. 50 kg Ferrite at 200 cps

-~~~~5O

g ~ 1~ 1 ~ I I 
, 

I I ~ .1~ Figure 3. X-ray powder dif-
0 20 40 oG 80 100 120 fraction patterns (CrKa) of

28, CrKO two dried, ball-milled, and
100 sieved (-325) ferrite sludge

I b. ~ kc Ferrite at 500 Cps powders; CrKa radiation.

:5O I~
A I ~ i ~i 1

28. CrKa

Table 3. POWDER CHARACTERISTICS OF FERRITE SLUDGE
Dryinq Condit ions: 150 C , 24 hr

Surfa ce Equivalent
Type Hea t T reatment Ar ea * Sp her. Diam .

kq 1°C t(hr) Ate in~/q q/c c

5 - - - 20 . 03 0.0 58 4.88
S 480 24 Air  16. 12 0.075 -

5 480 72 Mr 14.26 0.084 -

SO - - - 29.~ 7 0.040 3.81
50 400 26 Ai r  23 . 77 0 .050 -

50 400 136 A i r  23. 11 0.052 -

*By a BET technique
~Equiva1ent spherical diameter assuminq a Ovn l t v of
5.0 q/cc

~Measured density by a helium-air pycnometer method
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Fiquu~ 4 . SEM phutomicrograph of
t ra ctu ,e surface of ferri te sludge

I powder cold isosta ti call y pressed
at 20,000 ~sl and heat treated
f or 24 hr at 200 C.

~ I

ne ,irlv represents a ferrite mat erial , whereas the 50—kg m a t e r i a l  is a
s’er~’ impure ferrite powder , suggest ing that the NI~ pr ocess w i l l  not
y ield identical material. h owever , the ferrite sludge in hot It cases
is a magnet i c f e r r i t e  • and no heat treatment is required to form a
f e r r i te  phase as in convent ioiial fi’r r i  t o  m anmi f a c t  m i r i n g  processes.
F u r t h e r , there seems to be a di  rect curt - c I at ion bet t~eeit the iron con-
ten t  and the  t’er r  I te content of the ts~o hatches . Iii is  imp lies that
enough FeSO~ must he added to coprec I p1 tate a I 1 t h e  heavy ineta Is in a
let - r i t e  phase , otherwise the hy drol ys is  and warm aeration will produce
other nonferri ti ’ m a t e r i a l .

V. F.\RR I C~V l 105 PROCUXIRE

Tb ree prs lces s t ug routes i~e rt ’ an ;i I yzed for USO in the produe—
t ion of the l a rge  1 . ‘‘ 12’’ t t ’stab le samp le  t i l e s

a. pr t’~ se~I powder , ito heat  t t - e a t meu t  ,
b . si  nter ed powder , and
c . organ ic  matrix composite .

Pr icr work b~ t he  NI ~C i m p l i e d  t h a t  e i t h e r  a or h was suf t’ I —

c l en t  for wave gui  do (VSl ~R) ml  c r owav i’ ah sorpt  iou me a smu r cn ieu i t  s on sinai!
s aup  I i ’s ( u— S ) . I however • beca use of our remot e  I t’’~ t 1 oca t ion and large
SJMj )  le rctlu i ri’m m’n t -. for i’ada r ahst i  rp t i on me a smir t ’mi ’iit S Ofl I v met buds h
and c were considered pi’act i c a l  . In order to decide between these
procedures a pro Ii ml mi r -y ther ma I anal  ys i s and s I n t  er I ng study was car—
n e d  out on the two batches .

p
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a. The rma l Anal >‘~ 
is

I n i t i a l  s i n t e r i n g  run s  clean demonstrated a complex
sequence of’ react ions and ~Ieni s i f i c a t  ion c h a r a c t e r i s t i c s , the major

• problem being the oxidation of the ferrite to the n onma gn et i c  a—Fe 2 0 3
(hematite) phase. The reaction can be simplified as follows:

~ + 3+ 1
2Fe~ Fe , 04 

+ ‘5 0, 3I:e~ 0_ . (4)

Figure 5 illustrates the thermograv inn etric analysis (TGA)
curves for the two ba tches  and F igu re  t shows the differential thermal
analys is (DTA) tract’s of h e a t — t r e a t e d  and untreated samp les. Appar—
ditty , because of ex c e s s i v e  v o l a t i l i z a t i o n  of n on t er r i t e  meta l  oxide

• ph ases , the fl~i\ curves show wei ght los ses and not wei ght gains as would
be expected for r eac t i on  (E q. -1). h owever , the IIFt\ curves clearly show
the ~

_h :e:o ~ react ion at about 604 C in the 5—k g ma to r i  a 1 (F igure  ba)
and roughly 340 C in the 50-kg m a t e r i a l  (F igure  oh ) .  ‘I ’his was confirmed
by X—ray diffraction analysis of resultant products. In an attempt to
stabi lize the ferrite spinol structure , extended heat treatments were
carr ied out below the transformation t empera ture .  The I)TA curves for
these h e a t — t r e a t e d  samples (Fi gures 6c and 6d) ,  however , aga in  show
the a—F e 203 t ransformat ion . C l e a r l y ,  heat t rea tment  in a i r  above the

h

5~) ~ . I l l  ~:— 
~, I,q - (Ji l t ~ Si1

—

- 
( 15!

- l~
! ‘~ II’~ 1

ILlS) Figure 5. Thei mog ravimetric
- - (L~.M analysis traces of predried and

~ pressed ferr i te sludge powder.
:
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12 1 301 458 604 14) 811 ‘J’)l 12 ) 30) 458 604 741

2i6 ‘ 
3b1 ‘ Si? ‘ 6~ 3 ‘ Boo ‘ 9~3 21’O ‘ 341 ~2 6’73/

‘ a. Dred  (24 I~Ir ~t 200 CI 5 kg Sludge / c. 5 ki~ Slud ge he ieated
at 400 C to , 78 Hr

,e in hejl c ont ent

d. 50 kg Sludge i*,a t Treat ed /
— b.D ried t24 Hr a 200C) 5O kg~~iudg e 

~t 4oo C ior 78 H~~~~
,
1_,/

~~

~16 381 532 673 806 933 216 381 532 673
— I I I I I I 1 I I I I I 1 1 1 1 1 ,

12i 301 458 604 741 871 995 121 301 458 604 741
Tem perature , deg C Temperature , deg C

Figure 6. Differential thermal analysis heating curves of
ferrite sludge powders - all heated in air,

ce-Fe 20 3 t ransformat ion  temperature always resul ts  in an ct -Fe203 product
which is unacceptable. One additional LJTA experiment using flowing
argon instead of air confirmed this deduction,

b. Sintering Studies

Preliminary sintering work was also carried out with a 
- 

-

summary of the data plotted on Figure 7, showing the variation of
observed densities as a function of temperature . The data simply
reflects the oxidation of the ferrite sludge to a-Fe203 and its sub-
sequent densification . All samples were isostatically cold pressed
at 20,000 psi prior to heat treatment. Scanning electron microscope
(SEM) photomicrographs of fracture surfaces of runs labeled 18, 23,
and 24 in Figure 7 are pres ented in Figure 8. As can be seen, sinter-
ing in flowing air results in a completely cs-Fe203 bod y (Figure 8b),
whereas s inter ing in arg on or a limited amoun t of air resul ts in a
s intered ceram ic con taining ferr ite (Figure 8a and 8c). Figure 9
shows the microstructural details of the precipitation of a—Fe 203 from
a ferrite matrix. This sample was dr ied at 200 C for 24 hours ar-I then
heat treated at 1200 C for 24 hours in air. All these data indicate
that the production of large fully-sintered ferrite ceramic tiles must -:

be preceded by an in-depth atmosphere-controlled sintering study, wh ich
was deemed prohibitively expensive as a processing procedure.

p

c
JT~~~~ 

-

_ _ _ _ _ _ _  _ _ _ _~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~— —--—~~ -- — ,~ ~— — ~~~~~~— —



• —~
_ 
-~~

-
~~~~~~~~~~~~~~~ -•—-~~ -~~ -~~~~~~-~~~~~~ 

- - ---— - - - _ __ _

~~~~~~~~~~~TTT~I

*~il c CAULE ~y , II ALP IN , Ii ITELMAN
and I LINES

S _ _ _ _ _ _

A
• — • ____ _

_____..,._-A I

1 L - /
~~~~ 

~~~~~~~~~ /

_ _  ~ 
- 

ON 

~~~

-H— 1 . :

-00 o—~ —-----ó”

_______ 1~~~~~~~~~
_ _L~~ _ ~~~~~~~~~ ~~~~~~1______

-i~J ~~ 1,11 1 1,1 ‘i~4 l -, .
~ 1 ri a ‘I)

I L ,~ r • C

Fi gure 7 . Variation of observed density of heat ’treated ferrite s ludge powder .

a l tY  Fe rr ite atci rrsi in Air b. 100’~. a - Fe203: Ca lcine d in c 22% Ferrite , 78% a-Fe203:
at • tS 7 C t~r 22 Hr Sj nter ed at Air at 400 C for 78 Hr , Sinter ed Calcine d in Air at 400 C for

E C ~ r -~ Hr in I ILl S 15 Arqon at 1 100 C for 40 Hr in Air 48 I-f r , Sintered at 1200 C for
4 Hr in Closed Muffle Tube

( Run 24) (Run 18) (Run 23)

Figure 8. SEM photomicrographs of represcntat ive fiac (tirc surface
microstructures of heat•treated ferrite sludge powders.
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Figure 9. SEM phot omicrograph ut

f ,octure sur tact ’ of ferr i te sludge heat
~~~~~~ trea ted ,it 1200 C in a t for 24 hours.

Mi- t u s h  uctu re of pit’cipitation of
l~ii(i cul,a, ii Ft~203 h o rn f e r r  11.1 mat r r ~~.

Feas tb i 1 I t y  of Organic Mat n ix

I t  was very quickly dt’moti strated that at l e a s t  S~ wt~
fi ’ ni ’ to p owd er  ( — 3 2 5  mesh )  could eas i ly lie incorpo rat i’d i nt o  an IT ’, )N
S2S’~ ~u r i u ~ agent (100 pai’ts/~ 0 parts ) epoxy ri’s in mat  i - i  \ . The p ow—
Ut’ r was not r e j e c t e d  by the i-cs iii and fo rinod a homogeneous ferrit e ,!
r e s i n  cL I lil ir os I te  mate r ’ t ~il and did  not lose its mai~nctic prOpel’t i t ’s.

Vi  . PROI1UC’l’ 1 ~N OF FE RR 1FF /R E S 1 N ‘l’I LE S

A spec i al no Id was constructed to t oi’m , d c — g a s , and cure the
ferr i t o  - re’ i ~i coinpos ito . Add it onial ly, it was designed to  hat e a
overhang  t ’t ’ i-es in over the Al backup i late to pi-event direct ex posure

• of’ the A l pl ate to the m i c r o w a v e  signals , even in  a sl i gh t l y t i l t e d
si  t u at  iou , The fo l  lowing is a summa ry of t h e  f i u i a l  t ab r i c a t  ion process ,

a , Dry at 150 C and ball m i l l  for  at  l ea s t  24 hours ,

b. Si cv e a l l  powder throug h —325 m esh screen .

Me chan ica  liv blend 5i,) wt~ fern i t o  powd er in  au EPON
S 2 S -  c u r i n g  agent resin m i x t u r e .

d. Casting procedures:

( 1)  Self—bonding

( a )  Dc —gas  f e r n  I t t ’ • i’es I l l  m i x t u r e .

(b i Cure 2 h r at I 7S F , 2 hi’ a t  300 F, di rect Iv  to
Al backup p l ate .

I

-



Ii :iii:’—
~

---
~ 

-

~~~~~~~~~~~~

-- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—-—
~

-

~

-

~

-

~~~~~~~~

-— - 

~

—

~

- --- __

~ kCAUI 1.\ , 1 L-\LP iN I i:i ui 12’L-\N

and I I INI  S

i 2 )  I l ~u l— s t e p  p r o c e s s

I, . L I  I t o —g a s  t e r i ’ i t i ’!i’o s l f l  mi x t u r e .

( b i  Cure 4 hr at 175 F u s ing  a mold release on Al

backup p l a t e .
ic)  Bond to Al backup plate using a t wo—par t  Epoxy

Adhesive 907.
e, Grind ferrite/epoxy sLirf ;m cc to final required thickness

dimens ion .

Four composit e plates were fabricated and described ill Table 4.

Samp les F P — l  through FP —4 were a l l  bonded to 12” 12” S / lb ’t Al

p lates; the ferrite/resin composites measured 12— 1/8” 12—1/8” . Side

views of these test panels can be seen in F i g u r e  10.

It ’ 4 _ ~~SC~ 1t’1~~ I~ I~ F[RR 1T[ RES1~,
TI PLA TF ~ 

-

S i  fl
I t T hic k - e - - s  t r u ~~ t ’-S

FF’ — 1 l n ~~L’; , 1 1 !~~~
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The m i c r o w a v e  a i t s o ip t i o n  t e s t s  were ca r r ie d  out by Captain
J . Newton , Mr.  K. I lak es , Mr. lr~’ . K r o t z er , and I~ar r a nt  O f f i c e r  G.
Van Ilo rm at the E lec t romagne t i c  Int e r f e rence  Labora tory ,  Black  Tail
Canyon Test F a c i l i t y ,  U . S . Army E l e c t r o n i c  P r o v i n g  Ground , Fort
Iluachuca , 1\ni ~ ona . Figure  11 is a d r a w i n g  of the actua l ar rangement
of the test panel , r e c e i v i n g  an tenna , and t r a n s m i t t i n g  horn used in
this experiment. After severa l unsatisfactory series of measurements
usinl~ either a wood or lucite test panel holder , a target holder con-
sisting of a styrofoam block with a recess cut to hold the test panels
was se lec ted  for the f i na l  measurements .

Ferrit Receiving
Uf t — 1’1/2 eL 

~ /Antenna
Horn 

71-1/2”

Fi gure 11, Physical arrangement of microwave test equi pment
and test plate in Fort Huachuca anechoic chamber,

Av erage ~dB (difference between the standard uncoated Al plate
and ferrite/resin coated plates) and equivalent percent absorption for
the various test Panels arc plotted against frequency in Figure 12 .
Also plo tted on the f igure are the common radar bands of interest.
All the microwave measurements were repeatable within 1.5 dB. There
is s i g n i f i c a n t  a t t en t u a t i o n  of the microwave si gna ls  by the 50—kg
3/8” — t h i c k  f e r r i t e/ r e s i n  composite in two regions : about 5 dB absorp-
t ion  (68°c) in the 3 to 1 .5 G1I~ region and over 6 dB absorpt ion (75 ”.)
in the 10 to 13 GIlz J-hand region. There also seems to be small ab-
sorptions at about 7 and 8 GIIz. All three ferrite-treated resins show
similar effects , the 3/8”—thick composite w i t h  the impure 50—kg fer—
rite exhibiting the most pronounced. However , from 4 to 8 GHz a small
enhancement in attenuation of the S-kg (pure) ferrite over the SO-kg
(impure) ferrite did seem to occur , In genera l , there was a negli gible
dependence of absorption on the purity of tile ferrite powder , suggest—
ing that the Fe content of the sludge could be si gnificantl y red uced
without appreciably affecting the radar absorption properties.

I

1
•1 ¶~

_ __ _ _ _ _ _ _



- ~

‘
— ,,....,.. .,_, 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~
‘ ‘ ‘  

~~“

*~l c C A Uj 1y  IIALP IN , El ’i ’LLMAN
and IIINI1S

— — ‘ — — t i  I a~ u,., u., I S  ‘ u
— — I ~ 50 ii’ I p ~~~~~ ~~~ . L ,  — ¶1

— — IP I SO as I,? ,le ‘ L i s  k , ,, % ’  -

— — pp 4 ‘uI M~ t~~~ i~ •~ I,,,,,. TS~ ‘ - IS/ ‘5
/ s

5 -  IL .1

4 , .  I 
I

/ -

/ I 1 —\

I V’5 I /

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ \ i /  Il

2 —  \ , ‘4
F I IL ii I -

R.nds ~~~~~~~~~~~~ 
—- —---

~~~~~~~
- — - --- - - — - — - — ________ _____________

I I I I i I ~ 1
0 t 2 F 4 S 0 7 5 10 II IL’ I’  II IS I~ I? Ii

I ‘q’_

Figure 12. Graphical results of microwave absorption tests of ferrite/res in composites;
difference in amplitude from Al plate I.-~dB) plotted against frequency (GHi).

V I I I . SUMMARY AND CONCLUSIONS

A comprehensive study has been carried out to e v a l u a t e  tile
microwave absorption po ten t i a l  of a fv r r i t e  slud ge der ived  by a copre-
c ip i t a t i on  treatment of indus t r i a l  was te  water. Full characterization
of two d i f f e r e n t  batches of sludge showed qu i te  different chemistries ,
especia l ly  in the amount of iron content;  one was i ron—r ich , the other
i ron-poor, differing by about l5’~ to 160. Fe. The i ron- r i ch  f e r r i t e
was determined to be l00°~ f e r r i t e  sp in el , whereas the i ron-poor f e r r i t e
was only 60’. fe r r i t e .  The powders have an ex t remely  f i n e  g r a i n  s i z e
with a surface area of 20 to 30 m2/g, indicative of an average equiva—
lent spherical diameter of about 0.05 t m . Careful thermal analysis
and s in ter ing  studies c lea r ly  demonstrated that  o n l y  c a r e f u l l y  con—
trolled atmospheres can be used to s in t er  the f e r r i t e  slud ge powder
into a mechan ica l ly  coherent f e r r i t e  ceramic,  The major  problem is
the oxidat ion of tile f e r r i t e  to the no nm agn et i c  a— Fe 20 3 (hem at i te )
phase at r e l a t i v e l y  low temperatures .  Because of these constra ints  a
l’e r r i  te/res  in  (EP ON 82812) compos i te  sys t  em was se lected as the most
appropr i a t e  m a t e r i a l  configuu’at ion for  the ml  ci ’owave absorpt ion
evaluation of tile sludge. M i crowave  t e s t ing  of four tes t  pane l s  in
the Fort i luachuca anecho i c chamber demons t ra ted  s i gui i Ii cant  at  t enu at  ion
of the microwave signals by a 3/8”—thick ferrite/resin composite in two
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reg i ons: S to - 1.5 (ill : (~ S~ ) ari d 10 to 13 GIL: (75 ’~) . There seemed to
be no ~ i gri ~ t ’i can t  d i t ’t’erenc& ’ in  r e s u l t s  u s i n g  e i t h e r  the i r o n — r i c h  or
i ron~ poor t’eu’ r i te s lud ge mate r i a l  , show i tu g t h a t  s i  gut i f i c a nt  I y less i ron
could be used in the f er r i t e  copr ecipi  t a t i o n  was t e  w a t e r  t rea tment
process.

The data ob t a in ed  in our i n v e s t  i ga t l o u t  and the uncon f  I rmed
r e su l t s  of NEC strongly suggest tha t  t h e  fe r r  i te  s ludge  concept co tu Id
prove to be an important new method of i n e x p e n s i v e l y  r edttc 1 r ig radar
s igna tures , by ci thet’ a coa t ing  t eei in i  qtie or smoke geflerat  ion , w h i l e
stimulating the ecologically impor tant  p u r i f i c a t i o n  of ’ i n du st r i a l
was te  water .  Also the POSS i b i  1 i t y  e x i s t  s that  t h e fundamental coneel)t
conf i rmed in t h i s  program could be f u r t h e r  opt itt j :ed . Mor eoV or , i t  is
our conclusion that the fabrication of massive f u l l y  s i nt e r e d  radar—
absorbing ceramic ferrites would  prov e p r o h i b i t i v e l y Cx 1)Cnsi s’e ami d
u n j u s t i f i a b l e  front a p r a c t i c a l  point  of view . instead , the organic—
based ma t r ix  concept seems to be the most l)ract i ca l and f e a s i b l e  a t
t h i s  point , as wel l  as the use of the ferrite powder iii camouflage
smokes.
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