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tion.,
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PART 1

A)

B)

c)

PART II
4)

ABSTRACTS

The investigation of temperature-stable
bodies of the lover permeability range

bhas been continued, The work reported upon
refers Yo the "fluxed" type similar to the
old Gemeral Ceramices formula MF-90-9BY,

The effeect of wvarious fluxes and various
firing temperatures has been studied, From
the viewpoint of future production, the re-
sults are promising.

A prelimirary propexrty chari of Ferramic Q,
& new low~loss, low-permsablliiy body, is
presented,

Three different methods of measuring Ho
and Q are compared. For a numbeyr of
materials, the deviation of resulis 1s
too large. FEspeclally for the low-loss
body, Ferramic {Q, the figures are erratiec,

The Reproducibllity and Uniformity invesbti-
gation has been extended on material MFe=lil-
"I, Results for Ho measurements om 400
cores (im the wirgin state) ars reporied.
One out of 6 batches shovws 98% of all cores
to fall within a tolerance of 1 2-1/2%.

Some conditions for high uniformity are
established.
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PART X

Body Desvelopment and Messuremenls Made During The
Eleventh Quarier of the Conitract
DA Project Noe: 3-93-00-503, 8. C. Project No.3 32-2005=D

4) Temperature Stakle Bodies of the Lower Permeabilidy
Range {luprovement of the Reproducilbiliity of MF 90
WB® Body)

The majority of the program in temperaiture stability
this quarder has been dilrected wo the development of body
MF 1835, & varistion of the standard body, MF=90-®"B", The
body MF 1835 is an sttempt to duplicate the "B'~body with
the exception that puror raw lugredients are uged.

The original body MF=9) gs it was formulated in 1948
contained raw materlals Trom nacural sourses. The natural
impurities of these materials contributed to the peculiar
temperature behaviour of the bhody, however, inconsistencies
of couposition were imeviltable and reproducibilisty of Mo,
Gy and temperature coefflcient of Ho were frequently not
attginadblis,

The aim of %hils part of our work was bto duplicate the
Ferramic "B" material by using pure raw materials only;
i.8.p to add the former lampurities in the form of pure
reagents. ¥PureY in this cese means the grade of puritiy,
mostly betier than 99%, as it 1s represented in tecanlecal
raw materials.

Sinee silica and Ca-compounds are the most usual
impurities in mnatural ores; a hydrated silleca and calcium
fluoride or calcium carbonate were added. After various
attempts with additions of either silica or calcium conm~
pounds or both, and after discarding all those which failed !
to give a body approaching tne Bebody properties,; finally :
the composition was estabiished with an addition of 2.9% to b
3.0% of silica {computed as water«free S103) and CaFfs in a '
fixed emount of 2,75% or cmlcium carbonate of 3.350%. The
other (main) ingredisnte of the body remained essenvially e

the same 23 those of the Z-bedy: : %E
5% HMgO )

10% #n0 .

6% W10

The remaind or Fo,0,, which anounted to 68% in the
case of high sillica counisnd anl to 69% 1n bhe case of low
gillica 20xtant, ’
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PART I (Cont'd.)
A) Cont'd.
The results of % Adbo wvs Temperature are shown in Graphs
172 and 173, Yo These represent the best obtaln-

able up to the present. For further detalls see Table LII.

Out of the four composiitions (MF-18354 to MF=-1835D
the A and D variations appear the most promising (see
Graph 172). MF-18354 shows a low negative temperature
coefficient of about =,014%/°C from 30°C to 100°C. The
initial permeability of this body is 90 and the Q is 20
(toroidal measurements at 1 Mes)., MF-1835D has a posie
tive temperature coefficient of about +,028%7°C from 30°C
to 100°C. The initial permeability is 88 and the @ iz B%
(toroidal measurements at 1 Mcs).

Graph 173 shows the effect of firing temperature on
MF-1835B, I% 1s clearly demonstrated here that the gign
and magnitude of the tenperature coefficient can be great-
1y changed by firing variations.

It has to be mentioned that MF-1835D ig made without
pre=calcining the materisls, Therefore, it shows a rela-
tively high shrinkage which is undesirable for a production
body. It is, however, presumed, that body MF-1835D could
be modified accordingly as to yleld gimilar gualities after
the raw mixture has undergone a prefiring treatment.

In any case, for all of these bodies, there remains a re<
markable sengitivity as to the temperature coefficlent of ¥o,
4 small coefficient easily changer its sign., &t high tem-
peratures from aboul 220°C on all curves as shown on Graph
172, Yurn positive and the cosfficient incresses rapidly
toward the Curle point. '

Summarizing, it may be stated that the goal has been
reached and the temperature stable "BY composition, which
has Hund widespread application during the past three or
four years, has succegsfully been resheped., The knowledge
of proper handling a temperature stable body of the
"fluxed® type has been greatly amplified.

Further development of the body MF-1832C (mentioned
in the last quarterly report) has been simed at determiniag
the degree of firing required by that body in ils present
state of formulation., Numerous firings have disclosed that
various shapes of the ferrite ware will affest the maturing
temperature., F=108 (about 2% 0.D., 1.5" I.,D., 1/4" thick)
mature at a slightly lower temperature than the F-256 tuning
slugs (ebout 1/2" 0.D., 1/4% I.D., 1=1/2% long)., Good re-~
sults have besen obtained in both cases.

A few attempte to increases the ~Ffaative Iired density
of MPF=1829 have proved ungueccess.al, In view cf the better
performance of the body MF=-1832C, work on NMF-1629 has been
sbaadened and YF-177%30 aen Pa adoated ar » berpowelvpe
stable ferrite of the permeshilliby classe 170~180 1if necesgsary.
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R) Wev Measurements of Ferranic Q

As indicated in the last quarterly progrsss repori,
more details of gﬁ*ﬁ“”e“ rite are now shown. Table LIII
gives p*elmenamy measurenents ¢f this materisl in con-
parison with two ochaer low-loss Lfarrites.

Ferramiec "Q" is the lowest loass ferrite that has yeb
been devéloped. Sone prelliminary data shows it to have a
useful frequevncy range at least uap to 30 Mecg, The losses
at 1 Mce are so low vhat congiderable dirficulty hasg bezwn

ezperienced in evalusiing the true %andp ® (see Section C).

In all asnects (regarding losses, tempersiturs sbabillty,

inherent magnetic stebllity), this materisl iz considered

to be a mogt significant development.
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C) Comparison of Meaguremnent Technlques for Initial
Permeability and Q

Since the last Quarterly Progress Report In which the
field strength of the 1 Mces Mo measurement (R. ¥. Bridge)
was evaluated, the atienmp% hag been made to compare various
measurement techniques wilth the objlective of improving boih
accuracy and speed. On a sel of F-268 toroids ( 0.D.= 1.25%,
I.D.= 0.75"), three different methods have been used and a
fourth 1s being worked on. The three meagurement methods
already performed weres

1) R. F. Bridge (G. R. 9164)

2) Qe~meter (Boonten 260-4)

3) R. ¥, Permesametert (Natlonal Electronic
laboratorles, Size B)

The first two methods uatilized a toroidal winding
(N=25 No., 20 AWG SF, svenly distributed), the third method
needs no wiading, All the measurements were porformed ai
1 Mes to lend correlation to all previocus work done on the
Re B. Bridge at 1 Mcs.

Table LIV summarizes these resulis., The fourth method
will consist of the evalustilon of permeability by the
neasurement of H and B on a toroidal winding. When this is
conpleted, an attempt to analyze the differences between the
various methods will be made,

As indicated in Section B, an attempt was made to
measure the losses of Ferramic Q by these three methods.
All the results are fairly doubtful and cannot be trusted
as a true indication of the material for the follow1ng
reasons:

On the R. F, Brldge9 the loss resistance is s8¢ small
that sccurate reading is extremely difficult (R= 0.2 ohms).
If the copper losses are then subiracted, the loss resistance
approaches zero (or infinite Q), On the R, F. permeameter,
this ferrite ylelds a negative tand” m, On the Q-meter, a
readable value can be measured but 1f the Q is over 500-600
the Q-meter accuracy is greatly reduced. It appears that other
methods must be found to evaluate this material if fur?her
development 1s to be made.

*Developed by P. H. Haas, National Bureau of Standards
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PART IX

Body Development and Mesasurements Made During the Fourth
Quarter of the Contract
DA _Project Noes 3-99«04=L02¢ 8. Cs Projest No.t 29-194-8

4) Investigation of Reproducibility and Unifornity of
Ferrite Materials

Since the initial phase of the work had been completed
on Ferramic WG"-MF-254 iu the last quarterly report, the
unifornity and reproducibllity investigation started over
sxzin with Ferrevic "I"«MF«141. This ferrite material has
been subjected to a very similar procedure of prepar=i.on,
sample-pressing, firing and measurement., The Mo figures
hzve been teken from the cores in the yirgip state and are
reported and evaluated in the gsame manner as exercised for
MF=284=%CG" material, Another set of measurements, after
magnetizetion and demsgnetization, will follows as well as
the more important measurements of reversible permeability.

Preparation of the samples comprised the following
steps of procedure:

A nix consisting of the following:

665 grams nickel oxide, grey
1645 grams zinc oxide, French process
1540 grams iromn oxide, red, tech. grade,
(C. K, Williams)
6700 ccm tap water

wag milled f or four hours with 7 kg of steel balls (3/8"
diameter). Then, an additional 3150 grams of iron oxide
(red), and 4800 cem water were added and the milling con=-
tinued for another f our hours., After emptying and drying,
the dry cakes were granulated through an 8-mesh screen,
and the granulation f£illed into saggers for caleining.

At this point the preparation has been divided into two
parts; each part being subjected to a ssparate calcining
heat treatment. Sixity percent of the material was fired two
hours at 1900°F, forty percent for the same time at 2250°F,

From these two calcines, two bodies have been prepared
according to the following formulae:
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PARY I¥ (Comt'd.)

MP=141-1, (L standing for low-fired calecine)
80% by weight low-fired calcine
1.9% by weight of nickel oxide grey
4eT7% by weight of zine oxide, French process
13.4% by welght of iron oxide (red), techn. grade

MF=141-H (H standing for high~fired calcine)

50% by welght high«fired calcine

L.75% by weight of nickel oxlde grey
11.75% by weight of zinc oxide, TFrench process
33,50% by weight of iron oxide (red), tech. grade

The first bateh (MF«l4l-L) weipghed 5 kg, the second
(MF<141-H weighed 4.6 kg3;6500 cem of water was added to the
L-batch, 6000 cem to the Hebateh. Both bateches were milled
for 15 hours (over night).

After drying and breaking up the cakes; the material
was worked in a Lancaster mixer with 1% (of the weight of
dry material) of Polyvinyl alecohol dissolved in sufficient
water to form a paste. One part of each body was scresned
through 20 mesh only, thus contalning all grain sizes from
20 megh down to fine dust; from ancther part of each body,
the dust was taken out by an 80-mesh screen., Then 6% water
was added to the granulated body.

Instead of pressing samples with three different pressures,
this time only 5 tons and 10 tons have been applied. A pres-
sure of 15 tons is too high with respect to the die-size
{toroid F=109) and there were signs of overstressing the die.
Since overpressing as well as underpressing has teo be avoided
in any case of practical production, there was no point in
Jeopardizing the dile by epplyling excessive pressure. Thus,
there were a total of eight variations to be fired.

With respect to the firimng, there was a difference of
procedure compared with the MF~254~"G" body work previously
done, For the MF-1l41-"I"~body series, a medium size, gas-
fired, car~type, tunnel oven with a firing cycle of 16 hours
has beon used. The glebs loaded with the toroidal coreg
vere located on the middle level of the cars. There were 40
cores on each slab, Of all the kxilns available, this kiln
is the most relisble to handle medium size preduction lots.

" The peak temperature was 2360°F (almost cone 12 down).
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PART I (Contid,)

The total number of cores in this uniformity test was
about 400, These were tested according Vo the standard
procedure for Po at 1 Mes and the measurenments were corredted
for temperature deviations frowm an amblent of 27°0. Since “
the test frequency was rather high for "I¥«141 material due
to the high losses, these rings will be reteated at abount
100 Xes for Br and Mo, This lower frequency is cloge to that
of the field of application of this ferritse and any changes

in the digtridbutions as a funcition of frequenecy wmay be notice-
able,

The test results are shown in Table LV and Graphs 174
and 175, Table LV iadicatosg that the best results for uni~
formity of Yo (1 Mes) are obtained using a low temperature
caleine in all comparable casses of particle size and pressure.®
In the low~fired calelne preparation pariicularly, the 20
mesh granulation (l.e., the dust not removed) gives very good
results at both the 10-ton and j~ton pressures. Apparenily
when using the low-fired caleime any removal of the dusi
(through 20 mesh and on 80 mesh) reduces the uniformity.
However, for the high-fired caleine preparation, there appears
to be 1little change of the overall uniformity as a function
of elther the pariticle gize or pressure.

It can bs seen by comparing the distribution curvas
{Grgphe 174 and 175) that the best conditions for uniformity
(low fired caleines through 20 mesh at pressure of either
5 tons or 10 tons) also results in the highest Fo values by
about 5% (using the peak of each distribution as an averags
indication of MHo)., Also, it is interesting to mnote that
irresgspective of calecine preparation, the 20 mesh granulation
gives about egqual Mo valuss at each pressure wvhile in the
other granulation where the dust is removed the permeabllity
shifts to lower values when the pregsure is reduced.

Although at 1 Mcs +the losses in this ferrite are very
high and all the @ wvalueg are in the order of 2, the low-
fired calcine preparation in sach case yielded higher Q's.
This small difference in losses at 1 Mes may be magnifisd
at 100 Xe.

#*The pressures in psi reported im the two previous reports
were in ervor. Actually, 3120 psi, 2080 psi and 1040 psi
were-respectively 15 tons, 10 %tons and 5 toms hydraulic
ram pressure on the F~109 dis. (0.D.= L.00°I.D,=,625")
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PART II {Cont'd.,) ' o
¢
The concluglions that can be drawn from this experiment :
and this partieunlar firing tenperature for MF=141 "I" body are:
e
a) the low-fired calcine preparation ylelds opitimum
regsults for uniformlity of Po, and magnitudes of
Fo and Q.
b) removal of the dust yields poorer results in
nagnitude and uniformity o¢f BFe when using the
optimum condition of lowsfired caleine,
¢) a mavked increase in sensitivity to pressure
variations occurs when the dust is removaed
uging either %aleine preparation, °
]
[
Dimenslional uniformity has still to be measured on these
toroids., These results and many others of other magmnetic
propertlies will be reported in the Ffuture, °

Another result of this uniformity teast is that the
conditions for test results (fo at 1 Mes) are different
from those of the MF=254 "G" body.

SO WO U
EEFLEES L R

P P R Ailag . e
L . .- JEE

e s

N

¥ =

3
\4

¥



-

w]l 3=

PART III

RESEARCH PLANNED FOR THE NEXT QUARTER

1) More information will be given on low~loss
lowepermeability body Ferramic "Q"

2) Investigation of Mn-Zn ferrites will be
resumed., Special esumphasis will be put
on low-frequeney measurements,

3) The Reproduciblility and Uniformity test
will be carried on. Informstion on the
unifornity of MF=141-"I%" will be evaluated
for other magnetic properties.
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MANHOURS SPENT ON CONTRACT FOR THE PERICD OF

Qctober 1., 1953 to Decewber 31, 1953

Ruth lWainwright

NAME PITLE HOURS
Dr, E. Albers-Schoenberg  Supervisor 130
Ephraim Gelbard Project Engineew 126
Dro. K. Wetzel Ceranist 136
M. Eisenberg BElestrieal Engineer 184
.Ss Ortepio Ceranist 93
James Callahan Ceramlst 481
8, Golion Technlcian 121
Jo Kurtz Technician 114
C. Purzas Technician 164
Wo Hegedus Technlcian 91
A, Koseski Technician 99
Mary Hortom Meas. Technieian 319
Megs. Technician 204
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TABLE LIYX

COMPARISON OF MAGNETIC PROPERTIES OF FERRAMIC
(PRELIMINARY DATA} WITH TWO OTHER LOW L0OSS FERRITES

Fegrramic Ferramic Ferramic
Q He-87L Jeb'73

Bo (1 Mes) 125 200 330
Q (1 Mes) > 400 120 61 v
1 P ' N }
Egﬁ”“ {1 Mes) =0,00002 0,00004 0.00005 '

Curie Temp.(°C) > 250 290 180

& Ao (%/°C=1 Mes)} +0.10 +0,14 +0,22
o  (25°C~100°C) .
Bs {Gauss=HDC=25) 2900 3000 2900 :
cersteds
BR (Gauss) 1300 2300 1600 }

He (oersted) 1.80 0.50 0,80

Bmax 400 500 750
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