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ABSTRACT 

Material MF-9003 originally investigated under a previous Goverrment 

contract was further developed under the present one. The more or less 

normal development techniques improved the material somewhat but in re¬ 

gards to stability of 4. and Q, serious deficiencies existed. Silicate 

additives, notably bentonite, were found to generally improve the sta¬ 

bility of |i# and Q; e.g., one material with 10.25 weight percent benton¬ 

ite was found capable of yielding a temperature curve of 4, with a TF of 

0.7 PPM/°C. This sort of success prompted extensive investigation into 
additions of the silicate type; and another silicate, lead silicate, was 

found to give useful and promising results. Evidence is presented sup- ‘ 

porting the theory that these silicate materials are actually two phase 
systems. 

A major problem found associated with the silicate additions was a se¬ 
vere change of Q with temperature. This problem was studied thoroughly 
and it was found that divalent iron was very closely related to it. Too 

much divalent iron results in a considerable loss of Q with decreasing 

temperature and too little divalent iron results in a considerable in¬ 

crease in Q with decreasing temperature. The best Q behavior can be ob¬ 
tained by controlling both the total iron content and the amount of diva¬ 

lent iron. The hypothesis is made that there exists a loss mechanism 
dependent principally on the thermal energy of the ions and that a sec¬ 

ond loss mechanism exists which is related to the divalent iron content. 

The second loss mechanism is apparently dependent on the measuring fre¬ 
quency and total iron content. 

The silicate containing materials were further improved by adding thor¬ 
ium nitrate. Q values were generally increased and the dependence of Q 
on temperature was lowered. In the case of lead silicate additions, the 

value of Q at frequencies below 5 Mc/s was greatly improved; sufficient 
in fact to make the material MF-9060 the most promising material inves¬ 
tigated. 

Cup core properties were evaluated in comparison with toroidal proper¬ 
ties and a very favorable correlation was found. 4# and Q values equal 
to those of toroids can be attained in an ungapped cup core shape. Gap¬ 
ping was found to result in lower Q values and in lower inductances. 

Overall, material MF-9060 (containing lead silicate and thorium nitrate), 
is probably the best material developed. Although MF-9060 hasn't been 

fully evaluated from a stability point of view, its 4. and Q properties 

are good; it has a relatively low temperature dependence of Q, which can 
undoubtedly be made smaller; and it has a temperature dependence of 4. 

which is relatively small and linear (96 PPM/#C). The fact that it in 
linear means that compensation techniques can be employed. In the case 
of the body discussed in the report, a ceramic capacitor with a tempera¬ 
ture coefficient of -96 PPM/*C could be used. 

While materials were developed which meet some of the contract require¬ 
ments, none of the materials completely fulfill the requirements as speci¬ 
fied. 
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FOREWORD 

This program was conducted under the guidance of the Electronic 

Parts and Materials Division, Electronic Components Laboratory, 

USAECOM, with Mr. William Skudera serving as project engineer 
initially, and Mr. Walter Malinofsky serving in the latter phase 

of the contract. 
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I - PURPOSE OF PROJECT 

The purpose of this project is to develop radio frequency ferrite mag¬ 
netic core materials with a high degree of stability and with a high 

value of initial permeability and Q for use in stable tuned circuit ap¬ 

plications. 

The specific purposes of the project are as follows; 

a. to develop for the frequency range 1 to 12 Mc/s a specified 

cup core shape ferrite which has: an effective permeability 

of at least 25, a Q of at least 190 up to 8 Mc/s and a Q 
greater than 130 over the whole frequency range; an overall 

instability of not more than 0.47. in effective initial per¬ 

meability or 20% in Q when tested with respect to drive sen¬ 

sitivity, temperature, disaccommodâtion, D.C. fields, shock 

and vibration. 

b. to develop for the frequency range 8 to 32 Mc/s a specified 
cup core shape ferrite which has: an effective permeability 

of at least 15, a Q of at least 150 over the entire fre¬ 
quency range; an overall instability of not more than 0.41 

in effective initial permeability or 20% in Q when tested 

with respect to drive sensitivity, temperature, disaccommo- 

dation, D.C. fields, shock and vibration. 



II - INTRODUCTION AND DEFINITION OF TERMS USED 

Under Government Contract DA-36-039-1'0-89222, which immediately preced¬ 
ed the present one, we investigated several ferrite materials in the 
nickel-zinc system. One of these materials, designated HF-9003, was 
considered promising enough to be further developed under this contract. 

The effort to accomplish the development of material MF-9003 to meet 
the objectives of this contract was organized into two separate tasks, 
Task A and Task B. Task B was to be worked on after Task \ was success¬ 
fully completed. Task A is to provide a stable ferrite for the fre¬ 
quency range 1 to 12 Mc/s and Task B is to provide a stable ferrite for 
the frequency range 8 to 32 Mc/s. Task. 3 was never begun. 

Task A was suborganized essentially into four phases. The phases were 
not entirely independent of each other and much of the work was done 
simultaneously. Briefly, phase I was concerned with applying more or 
less normal development procedures to the MF-9003 formulation to get 
the most out of the material. These procedures included preparing dif¬ 
ferent kinds of pressing powders; using different forming techniques; 
determining optimum iron content; investigating raw materials to use; 
determining optimum firing temperature and type of firing atmosphere; 
etc. Also, Phase I concerned a complete evaluation of the magnetic 
properties’and stability characteristics of the developed material; 
this included developing suitable measuring procedures. 

Phase II concerned the development of new materials. New ideas had to 
be applied to the basic formulation in order to overcome some serious 
shortcomings of the material. These new ideas led to materials with 
improved properties but at the same time generated other problems 
which had to be solved. 

Phase III concerned a study of cup core properties. Included here were 
investigations on cup core geometry and coil design. The properties of 
cup cores were related to toroidal properties and the effect of intro¬ 
ducing an air gap in the cup core assembly was determined. 

Phase IV puts together everything that was done in the other three 
phases and examines what was learned and how it can be applied to the 
objectives of the contract. 
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Definition of Terms Used 

The following definitions, facts and statements are presented to facil¬ 
itate the reading of this report: 

TC Temperature Coefficient 
¿Uo 

U.AT 
(PPM/°C) 

Calculation based 

on u0 at 30°C 

TF - Temperature Factor = ^H.° (!’PM/*C) 

AT 

DAF ■■ Disaccommodation Factor ^ (PPM/10—»-100 minute cycle) 
2 

Ho 

uuf = upper useful frequency = That frequency for which 
max. luO between 1 and 12 Mc/s 

U.Q-—XT?- 

IF = Instability Factor = The sum of the instabilities due to 
temperature, a.c. drive variations, 
d.c. field exposure, disaccomnioda- 
tion, shock and vibration, expressed 
in %. The worst combination of 
events is figured. 

For ^lo and Q measurements, toroids are measured with a General Radio 
Bridge. Number 30 gauge enameled wire is wound on toroids which are 
approximately 6 mm in 0.D. and 3 mm in I.D. The number of turns is 
dependent on the frequency of measurement, but initially 20 turns 
are wound on the toroid. The value of 4. measured is technically 
the effective n,, but essentially it is the true value of u.. The Q 
values measured are for coil and ferrite but are treated as apparent 
Q's of the material. 
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Ill - FACTUAL DATA 

TASK A 

STABLE FERRITES FOR THE FREQUENCY RANGE 1 TO 12 Mc/s 

PHASE I - DEVELOPMENT AND EVALUATION OF EXISTING MATERIALS 

Part a* " Studies on Formulation Variations and Forming Techniques 
on a Ni-Zn Ferrite 

Work under a preceding Government Contract (see Final Report SC-89222) 

provided us with a basic composition which we felt could be developed 

to meet, using appropriate cup core designs and engineering tech¬ 

niques, the requirements of this contract. This material has the des¬ 

ignation MF-9003. It is a nickel-zinc ferrite and it is characterized 

by three facts; 1) a molar Ni/Zn ratio of 1.5; 2) the pressing pow¬ 

der is a fine particle size powder made by milling a highly calcined 

(1200 C) material in steel ball-mills for ~ 128 hours; 3) cobalt oxide 

content is kept low. The latter fact requires inclusion in the charac¬ 

terization because in many high frequency nickel-zinc ferrites, cobalt 

oxide is added in varying amounts for the purpose of increasing the 

stability cf p0 (initial permeability) with temperature and reducing 

the loss factor. The addition of cobalt, however, 'dversely effects 

the overall stability. Since the prime objective of our work was to 

improve the overall stability, the cobalt oxide content was kept to a 
minimum. 

Composition 

Number 

F6203 
(Mol 7.) 

Ni/Zn 

(Hols) 

Table 20 

6.4 Mc/s 

He Q UoQ 

„ , DAF(mo) 
12.8 Mc/s_ TF(u0) ppm/ 

Q_MoQ (PPM/C) cycle 

Contract 

Requirements 25 190 4750 25 125 3125; 1.2 1.2 

MF-9003 

-9012 

-9013 

-9003-SD 

-9003-G(b) 

53.88 

56.90 

56.19 

50.07 

50.07 

1.478 

1.709 

1.928 

1.477 

1.477 

106 112 11870 

58 132 7660 

52.9 146 7720 

89 74 6590 

77 128 9850 

110 64.5 7110 

61. 1 105 6420 

55.2 121 6680 

92.5 35 3250! 

80 94 7 5101 

23.7 29.9 

14.0 43.7 

15.5 48.8 

16.6 — 

15.1 32 

The magnetic properties of MF-9003 as known at the beginning of this 

contract are listed in table 20, the second line. in the first line 

table 20 are the values called for in the contract requirements. It 
of 

is 
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noted that the Q had to be increased by about 60% and the stability of 

Uo with temperature and time had to be improved by a factor of more 
than 25. 

It was expected that the 0 could be improved by increasing the nickel 

content of MF-9003. Although initial permeability becomes lower with 
increasing nickel content, the frequency at which the initial perme¬ 

ability curve goes through a dispersion becomes higher and this means 
that the magnetic losses are lower out to higher frequencies. To ex¬ 

plore the effects of increased nickel content, two compositions, 

MF-9012 and 9013, were made with molar Ni/Zn ratios of 1.709 and 1.928 

respectively. The best results obtained for their magnetic properties 
are shown in table 20. The Q was improved somewhat, particularly at 

the higher frequencies, and the TF values were lowered to about 2/3 

of the value of MF-9003 material. The disaccommodation was higher but 
this was attributed to the higher iron content which could easily be 

lowered. The n0Q product of these two bodies at frequencies below 

12 Mc/s was considered to be too low; so further development was not 

considered justified. It was felt at the time that a decrease in the 

UoQ product by a factor of 2 or more would be experienced in going from 
a toroidal to a cup core configuration and thus the toroidal y0Q product 

should be more than twice the value called for in the technical require¬ 
ments of the contract. Development of MF-9012 and -9013 was thus ter¬ 

minated. We would concentrate on improving MF-9003 material instead. 

Various ways to improve the properties of MF-9003 were tried. The 

forming process, for example, which is important in controlling shrink- 

age, pore size and reproducibility, was examined. There are many form¬ 
ing techniques, but one which is of principal importance is the tech¬ 

nique in which dry powders coated with a small amount of some organic 

binder are poured into the cavity of a die and a top punch is lowered 
into the die cavity and a certain pressure is applied. Powders with 

very good flow characteristics are required with this method, so that 

the pressure will be uniform throughout the powder in the die cavity. 
If the pressure isn't uniform, the density of the pressed bod^will be 

inhomogeneous and strains will develop. These strains can result in 

physical defects, such as cracks and laminations, and in magnetic and 
electrical property changes, particularly in the Q. 

A very successful way to make a pressing powder with good flow charac¬ 
teristics is to spray dry the milled slurry to which has been added a 

small amount of an organic binder. This process yields a powder which 
consists of fine spherically shaped particles which flow almost like 

water. To make the flow properties even better, a material like zinc 
stearate can be added. This material is a light and very fine powder 

and is an excellent lubricant. It coats the spray dried particles with 

a thin film which reduces the friction between particles and allows 
them to glide easily over one another. 
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Applying spray drying techniques to MF-9003 material gave disappointing 

results (see table 20, 9003-SD). While there was some improvement in 

the temperature factor, the TF being lowered to 16.6 PPM/ c> Q was 
reduced prohibitively. The reason for this is that higher firing tem¬ 

peratures are required in order to get a sufficiently sintered body. 

These higher firing temperatures result in larf® J"ho“0gene°USt.87Íüflt 
growth. Work under the previous contract, SC-89222, demonstrated that 

magnetic losses are lower in nickel-zinc ferrites which have a fine, 

homor >neous grain structure. Why higher firing temperatures «e re¬ 

quired can be seen from the photograph in figure 12. The spray r 
particles being very hard, because of the organic binder do not com¬ 

press well enough to fill the air spaces between them. Thus numerous 
large pores are present which cannot be removed by firing temperatures 
low enough to keep grain growth minimal. The poor compressibility of 

these spray dried particles is evident in the photograph where their 

identity is clearly visible even after firing. Spray dried powders 
were not considered suitable then for the purposes of this contract. 

Cup Core Centerpost 

Showing relatively closely packed 

spray dried aggregates with 

relatively small pore spaces 

(X50) 

b 

Cup Core Rim 
Showing loose packing of spray 

dried aggregates and large 

pore spaces. 

(X50) 

Figure 
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Dry granulations which form hard agglomerates, were also considered un¬ 
suitable for the same reason as the spray dried powders. A granular 

powder is one also made with organic binders but the milled slurry is 

dried in bulk quantities in a drying oven, and the dried cake is then 

pulverized and passed through an appropriate screen. This type powder 

yields somewhat better results inasmuch as the particles are more ir¬ 

regular and inhomogeneous in size and the resulting pores in the 

pressed body are smaller. 

The obvious conclusion from all this was to try a soft powder and this 

was don^e with results that were very favorable. It should be under¬ 
stood that the powders we were working with in this evaluation of form¬ 

ing techniques were highly calcined, viz. oy 1200#C, and this means that 

the powder particles were quite hard to begin with. When organic bind¬ 
ers are added in the slurry, all the particles tend to get a coating of 

binder and thus when the slurry dries, the powder becomes extremely 

hard and has to be crushed in a mortar with pestle in order to be 
screened. To prepare a soft powder, the slurry is dried and screened 

before adding binder. The powder at this stage is relatively soft. 
Now the organic binder can be added in a 107. water solution, and mixed 

in quickly and gently, forming a soft-moist powder. The moisture con¬ 

tent can vary somewhat but its presence is beneficial in that less 

binder is required to hold the pressed piece together, and the pressing 
itself is easier due to its lubricating action. The powder should be 

immediately pressed while it is in the moist condition. 

Using the same batch of MF-9003 from which the spray dried and dry 
granulation powders discussed above were made, a soft-moist powder was 

prepared. The first characteristic noted about the soft-moist powder 
was the improvement in green density (density was determined after 

binder was burned out of pressed bodies). The soft-moist powder gave 
green densities consistently in the range 2.9 to 3.0 g/cc whereas the 

spray dried and dry granulation powders gave densities in the range 

2.4 to 2.8 g/cc. The best magnetic results obtained are listed in 
table 20 under MF-9003-G(b). The Q showed a definite improvement par¬ 

ticularly in the neighborhood of 12 Mc/s, and the TF was reduced sig¬ 

nificantly, viz. 15.1 PPM/°C. The increase in green density is consid¬ 
ered an important factor in the improved magnetic results. The higher 

green density enabled lower firing temperatures to be used to attain 

the desired fired density. The success of this technique prompted us 

to employ it throughout the remainder of the contract. 

To further improve the performance of MF-9003, particularly its overall 

stability, the nickel oxide raw material originally used was changed. 
In previous preparations a nickel oxide produced by Harshaw Chemical 

Co. was used. This nickel oxide contained a relatively high percentage 

of cobalt oxide and, as was noted in the first paragraph, cobalt has an 

adverse effect on the overall stability of u, and Q. After performing 
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some experiments with the MF-9003 formulation we determined that . 

more favorable raw material to use was a nickel oxide prepared from 
calcined nickel formate which was also obtained from Karshaw Ghemica! 

Co This nickel oxide contains 0.1 weight percent or less of cobalt 
oxide and is a fine, more reactive powder. Subsequent formulations of 

MF-9003 were thus made with this nickel (formate) oxide and to desig 

nate^thefac-that thaaa vera purer fonaulariou. (in reference tn co- 

bait), a new composition number was assigned, namely MF-9304. 

Undefined for the MF-9304 formulation has been the optimum ^on con- 

tent. Usually the ingredient, of a material are spec! led » 
0 17 bv weight or better, but in the case of MF-9304,^ this ^s oeen 

difficult The difficulty stems from the fact that tuis materi 
'îîd foi ver - long periods of time, ~ 128 hours, and the milling is 

doieîn sielï baîl mills with 5/8" steel balls. The result is hat 
Urge inconsistent quantities of iron are milled into the material 
consequence of the abrasive action of the ferrite which has a high 

hardness due to its high calcining temperature. The batches that were 

initially studied all had different iron contents. Much experiment 1 

work was done In an effort to clarify this question. 

The magnetic parameters considered in the stud, of iron «nt-t were^ 

►Ko n nrnduct and the temperature behavior of ^0. It is n g 
sï'ul limplí the Iron content. Inasmuch a. Iron demonstrates two 

valence^states in a ferrite. It is necessary to consider at the same 

time the oxygen content. 

f r equency C by ^considering1^ byproduct ' 

of formulation MF-9UUo ana rive ou rup uuf.ü-O products de- 
with various iron oxide contents, ar • t.a ► <n oranh 120 
termined from these curves are plotted vs Fe^j content g ph 1__. 

Both aeries indicate a minimum between 50.5 and 52.5 mol i F 2 3- 

A third series, covering a range of Fe203 content of ~ 48 “52 mol Z 
f-ir 1 nes were made in atmospheres of air, 10U7. nitrogen 

was prepared and fj£in8 frecuency curves obtained from these 
and 1007o oxygen. The best for the air, oxygen 
materials are plotted in graphs 121, and ig tor ^ ;duct8 

nitrosen firings respectively. In grapn uw, me uua. (aov r 

«e plotted vf Fe203 content for the three atmosphere 
are plottea ‘ ^ described in the previous paragraph is noted. 
Again, the san« trend a. described seen to dr()p agalo £or 

In this case, however, the uuf u.Q p understandable 
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again and the permeability along with it. The data, as presented in 
table T\_y indicates overall, that a formulation slightly deficient in 
iron and fired in an air atmosphere will yield the best values for 
and Q. (For additional information, see Report No. 4, p. 14.) 

In regards to the temperature behavior of ue, the results are rather 
limited. Consider the data in table 2_1. Generally, the IF values for 
any combination of iron oxide content and firing atmosphere are high; 
the lowest value being only 12.5 PPM/°C. This is hardly a suitable 
value for the purposes of the contract but on the other hand, it is a 
relatively low value for this formulation. If the best TF value for a 
given composition, i.e., a given iron oxide content, is extracted from 
the table, then it can be seen that no matter what the iron oxide con¬ 
tent (at least in the range studied ... 48 to 52 mol 7.), the same TF 
value can be obtained by controlling the oxygen content of the firing 
atmosphere. For example: 

Fe203 mol7. TF Atmosphere Q 

47.84 12.5 N2 
49.10 14.8 N2 
49.54 14.0 N2 
50.13 13.1 02 
51.96 14.5 Air 

58 
90 
76 
69 
78 

Avg. 13.8 

For deficient iron formulas, it would appear that a nitrogen atmosphere 
is most favorable and that a controlled amount of oxygen is needed for 
stoichiometric and excess iron formulas. Unfortunately, it is noted 
that for these relatively low TF values, the Q values are also quite 
low. It does not appear that nitrogen firings are compatible with high 
Q values. (See also Report No. 4, p. 14.) 

Because of this apparent influence of the atmosphere during firing, par¬ 
ticularly the oxygen content, it is reasonable to inquire about the in¬ 
fluence of divalent iron. Under the varied experimental conditions, one 
could expect a variety of divalent iron contents in the materials stud¬ 
ied. This is so, and a compilation of some of these results is shown 
below in table 22. Of primary interest here is the relation of divalent 
iron to TF, and this is the data accumulated in table 22. It is evident 
that other factors are involved in the temperature behavior of u0 be¬ 
sides the FeO content, and as a matter of fact, the data does not in¬ 
dicate that the FeO content is seriously involved. It appears rather 
the the total iron is important and that the iron oxide content should 
be such that the ratio of trivalent iron ions to divalent metal ions 
should be ^2:1 (i.e. near stoichiometric). 

WÊÊKÊHHÊKÊÊÊÊrnMmmtÊÊÊKmmm 
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Table 22 

Temperature Factor in Relation to FeO Content 

Total Iron expressed in Mol 7. Fe203 

Atm 

47.84 49.94 51.96 

TF (PPM/#C) 
Fe0(Wt 7.) 

TF FeO TF FeO TF FeO 

02 
Air 

N2 

Firing Temp. 

27.5 0.08 

22.3 0.08 

12.5 0.85 

13.0 0.14 

13.5 0.21 

15.9 1.29 

18.2 0.31 

14.5 0.54 

18.7 2.01 

1155#C 1185°C 1195°C 

The improvement of MF9304 was also sought from another direction; that 

is, small additions of various cations like Al, Ca, Cr, Ho, and Li. 
The results of these experiments indicated that there was little, if 

any, benefit to be derived from these additions although it must be 
noted that most of the additions were in small quantities. One possible 

exception is the addition of ^1.0 weight percent of lithium oxide which 

yielded a TF of 9.9 PPM/°C for a nitrogen atmosphere firing. For fur¬ 
ther discussion on these additions, see Report No. 4, p. 15 and Report 

No. 5, p. 13. 

Part b. - Overall Stability of ti, and Q 

We have discussed so far only the various preparative developments that 

have gone into the MF-9304 material. In this section, the overall mag¬ 

netic stability of the material is considered. The methods of measure¬ 

ment used are described in appendix_l_and will not be detailed here. 

The formulation of MF-9304 studied had an iron oxide content of 48.86 

mol percent, the molar nickel to zinc ratio was 1.535. Also evaluated 

was a powdered iron toroid for purposes of comparison. The powdered 
iron sample was a TH-P material made by Arnold Company. The results of 

all the measurements made are compiled in Table 2^3. At the bottom of 

the table an instability factor (IF) is given. An immediate glance at 

the IF values reveals that both powdered iron and MF-9304 material do 

not meet the stability requirements of the contract and, furthermore, 
that MF-9304 is farthest from meeting the requirements. As regards ini¬ 

tial permeability, the most serious instability is that in connection 

with temperature. This instability has been discussed already in the 
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previous section. From the results presented there, it would seem im¬ 

probable that a temperature stability equivalent even to powdered iron 
could be developed in the strictly tri-component system Fe203-Ni0-Zn0. 
There is some indication that a TF of 10 PPM/°C or somewhat less could 

be obtained, however, possibly with * 1 inear temperature curve. With 

these characteristics it would be feasible to consider compensating 

techniques. This idea will be discussed later on in the report. 

Of the otner instabilities, the influence of d.c. fields appears to be 

the more serious. Initial experiments determined that the worse con¬ 

dition for exposure of a toroid to a d.c. field was to magnetize it 

across its diameter. The experiments led to some very interesting re¬ 

sults which unfortunately we have not had the time to satisfactorily 

interpret. The sample toroids before measurement were demagnetized by 

two different methods, a.c. field and thermal (i.e., heating the toroid 
slightly above the Curie temperature). The behavior of n. was differ¬ 

ent for each case. Although several toroids were measured, only the 

curves in graph 125 are presented since they are indicative of the re¬ 
sults obtained. 

For the thermally demagnetized condition, the change in 4. is generally 
in the negative direction; sometimes there is a small increase at low 

field strengths. This result is consistent with what could be expected 

since exposure to a magnetic field tends to align the vector of magne¬ 

tization of each domain and reduce the number of domain walls. These 

effects will contribute to a decrease in initial permeability and this 

is what is seen in the experiment. A curious characteristic of the 
curve is that it tends to flatten out or even rise again in some in¬ 

stances at a field strength somewhere above 120 Oersted. We have not 
established an explanation for this behavior. 

For the a.c. demagnetized condition, initial permeability increase as 

the d.c. field to which the sample toroid has been exposed gets higher. 
This behavior is opposite to that of the thermally demagnetized condi¬ 

tion. This curve, too, shows a noticeable break and sometimes two 

breaks. The first break will occur usually at 80 gauss or higher. An 
explanation for these characteristics has not been established yet 

either. (For further details on d.c. field effects see Report No. 3 

p. 11.) 

The stability of 4, is further influenced by the voltage of the applied 
a.c. signal. In the range of measurement, 0.5 to 3 volts, an almost 

linear increase of about 1.27. was found. A curve showing this trend 

is plotted in graph 126. The curve represents the average of three 

measurements. Obviously improvement is required in this regard too. 

Disaccommodation appears to be the least serious of the instabilities 

concerning 40. A disaccommodation curve is shown in graph 127 which 
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is the averege o£ t.eaSure»enta on five 
the time interval 10 to 100 minutes. Is only 0.018'., and 
within the limit we are allowed. 

Shock and vibration tests were run on several sables but the results^ 

„ere inconclusive. The ^^'“ese meaLrLents. 
ken, New Jersey,were secured in connect vibrat-ln>, the test samples 
Their equipment and methods of shocking Government specifica- 
are consistent with the requirements of the^S.^ ^ measurenients 

TrZes freomdíhfÍCfactytÍ.at îherreproducibility of measurements.on^the 

Boonton Rx-Meter on a single sample shows a mrf [ d 

-Vairon C1hf :^rdun:ds^cLh-^“a:f ^hus Obscure, by 
Silent in the -sûrement Tablets - data ob- 

tained from the experiments.^ ^initi^p^ ^ o ^ 

iE££Tsar::\ ten%rpSuro«^liLherf,fivei^is,ts^fd 

^ to vary from'the mean ^ Rvalues weré^^ra^^se^rateiy 
values were averaged and th^"¿gJhe ^riatlon in the reproducibility 

to dete™ineJhfi 8trhaann8 ^ e^ges noted after shock and vibration. One 
test was greater than the — g result is that the shock and 
conclusion that might be drawn from this result ti thls 
vibation treatment had a stabilizing effect on . At y 
possibility cannot be overlooked. 

As regards Q, the most serious effectwas f—t^valueH^high 

under which the applied sipna v° q8noted under these conditions is a 

decreas^of about"""?.? ^“curve representing the average of three 

measurements is shown in graph IM- 

Tï! ”“t rUl ur*1ur^e,Qgr“ph 129^ shows a gcn- 

erally^negative slope^* X ^ 

richriâ8âi;o ln exce» oî the allowable limit. Graph 129 also shows 

the temperature curve of Q Cor the powdered Iron .ample. 

Moreover, Q was found to change after 'o a d.c f 
this case, the Q Increased as the ^c freíd to whl^ ^ 
ily exposed became stronger. The chan^ W . Q was of about the 
-2?87.. In the case of powdered iron, the change in v wa 

same value, -2.4/.. 

Shock and vibration effects onQ^notedln 
are subject to the. same remarks as made above in 

14 - 



In the case of Q, the reproducibility test gave a charge in Q of + 9.77. 
and - 7.37. from the mean value. Changes in Q resulting from the shock 
and vibration effects are less than the variation found in the repro¬ 
ducibility test. Again the conclusion might be drawn that the shock 
and vibration treatment had a stabilizing effect. 

In the overall view, it was apparent that the MF-9304 material had 
some serious instabilities. In all aspects but one, viz. , MF-9304 
was inferior to powdered iron. The total instability for MF-9304 as 
given by the instability factor IF was 117. for nc and 687. for Q. This 
compared with 1.47. for p. and 20.57. for Q for the powdered iron mater¬ 
ial. 

The normal methods of approach to the development of MF-9304, i.e., in¬ 
vestigating forming techniques, use of different raw materials, small 
variations in amounts of basic constituents, firing temperature and at¬ 
mosphere conditions, resulted in a certain degree of progress. The 
capability of these methods, however, to provide a significantly great¬ 
er improvement in MF-9304 material was questionable. New approaches 
were required in the formulation of the body to strengthen the probab¬ 
ility for success in meeting the contract objectives. 

TABLE 24 

CHANGE IN p0 AND Q AFTER VIBRATION AND SHOCK 

AFTER VIBRATION AFTER SHOCK 

AVG 

HQ 
STRESS NO. nr 
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—A—E 11 ■' DEVELOPMENT and evaluation of new materials 

-a-r- a> ' Additions to MF-9304 Material 

Prior to the completion of the work presented in Phase T it w- 

In thearrrt that °nly 8 “““"t °f »“«ess coiid be hoped for 
1 iufHbe 0£ a.th"e f«rue in the nlcbel-elic sy.°! 

íí::frore:^t^8frí-r:fib'híLírbó^^.^rn^íred 

^^«"“f's^í-n^rííirre^L^^“o£ ph88e 11 - 

Before proceeding with a discussion, we should put the work of this 

tract (M36!o39-0?c8922rP.eCtÍír ,Inve8tlfS«ion. under the previous con- 

provedT^iue,9 c^ouîf^ 11' 
ous grain structure c,,ru « ^ f ^ with a fine homogene- 

tinJ 12oS.Tpr;ss^hpLry„r: vtrinelarlcle8»^“^^1- 
average particle sire of the powder i„ the neighborhood 1 0 M cl 

F:£ f F8”^““ 

t= rii'iii'idf-r-tLiiiithif .iir- 
mental characterrstic sought for in the ferrite body under development. 

DrovTdinc'dp6«'"fi*6' Ín îhe Precedin8 P^agraph has been successful in 
providing dense fine grain structures but it has two major drawbacks 
OOiOí ^eS.an excessively long milling time which, from a production’ 
rn « a f 18 Very undesirab1e; 2) the long milling introduces a 
considerable amount of iron into the body which makes control of the 
iron content a big problem. it was considered desirable tO eUminate 
or at least minimize, both of these problems. eliminate, 

Leading to the development of these new materials was an attempt to 
make a spray dried powder which could be used for cup cores, üt the 

me time, the powder was prepared in a way to eliminate the drawbacks 

Siln r; íhlS WaS d0ne by makin8 3 new mix which was nearly 
- th" ir°"^0ntf ^ calcining it at a low temperature, 

tained from th5s Ü ^ £ r 0nly 3 32 h°Ur period- The results ob- tained from this powder, however, only verified the findings made under 
the previous contract. The fired bodies demonstrated low Q values ÎÎ 
the frequency range 5 to 12 Mc/s when sintered to a dense enough coí" 

aííind 4n^/When íÍr£d at l0Wer temPerature8, the densities dropped to 
round 4 gm/cc and the u0Q product dropped sharply above 8 Mc/s givine 

:rLldU2Uaf Äp.ecr.useiul £re,U8ncy) V8lue- Al’°V* 8 
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One of the advantages of a fine particle size powder is its increased 

reactivity and the consequent lower temperature required for sintering 

to the needed density. The powder as prepared above is not a fine par¬ 

ticle size powder and doesn't have this kind of reactivity. In or er 

to make the powder work, a densifying agent had to be added. The den- 
sifying agents selected were kaolin, bentonite and silicic acid. Kaolin 

and bentonite are ingredients which had been successfully used in the 
manufacturing of barium ferrite. Ordinarily, silica has a detrimental 

effect on the magnetic properties of soft ferrites but these detri 
tal results were associated with high firing temperatures and with high 
permeabilities. In this case, the initial permeability did not have to 

be very high and the firing temperatures consequently could be low, 

long as the minimum u« was attaineo. 

These silicate additions accomplished the densification at lower tem¬ 

peratures, which was desired. Also higher uuf values were obtained, 

òf more importance was the fact that TF values were 
ered. The effect of these additions is illustrated by the data com¬ 

piled in table 25. This data was obtained from cores fired at IIJU C 

for 8 hours in a periodic box type kiln. Also, graph 130 shows the 
temperature curves for the 5.4 wt.% addition of the three ingredients 

and the 10.25 wt.7. addition of bentonite. The most striking data to 
observe in this table are the TF values. All additions improved the 
temperature behavior of 4. over the basic composition but the benton¬ 

ite addition of 10.25 wt.7. gave the remarkable value ot 2.3 PPM/ C and 
this without serious loss of initial permeability. At the same time Q 

was maintained at a level reasonable at least in comparison with 

results described in Phase I. 

Addition 

(Wt.7.) 

Den¬ 

sity 

uuf 
(Mc/s) 

Table 25 

uuf 5 

u0Q 

12 Mc/s TF 

ppm/°c 

cp 

0.0 
2.8 
5.4 
10.25 

2.8 
5.4 
10.25 

2.8 
5.4 
8.0 

4.03 
4.75 

4.40 

4.40 

4.69 

4.69 
4.67 

4.76 
4.65 

4.42 

13.4 
13.5 

20.5 
39.0 

19.2 
21.5 
22.1 

16.2 
28.2 

43.0 

47300 
59600 

58150 

61700 

62900 
68800 
66650 

56000 
62300 

74450 

72.1 

96.6 

62.0 
35.5 

73.3 
73.0 
52.3 

79.1 
53.6 

44.6 

123 
88.4 

88.0 
100 

89.2 

96.6 
130 

87.3 

88.3 
93.3 

80.9 

101 
64.8 

39 

75.2 

69.2 

55.7 

83 

57.6 

47 

57 

55 

71 

93 

69 
81 
95 

63 

65 

75 

28.6 

17 

18 

9 

15 
6.6 
2.3 

15 

10.4 
12 
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A subsequent attempt to duplicate this result with the original and 
with a second batch of material using the same firing technique was not 

successful. Probably, however, further trials with small varia ion of 

the firing temperature would have yielded similar results Fast firing 

techniques as used in the development work discussed in Phase 1 were 

employed instead and this technique was found to yield even re_ 
suits than the slow firing technique although higher firing temper 

a a do /w 1200oC The U.Q versus frequency curves and 
tures were needed, e.g. ~ 1200 <;• The ^ mf-9353-S (the desig- 
the temperature curves of |is for three oatcnes 01 nr v „ 
nation given to the 10.25 wt.7. bentonite material) are shown in SraPjs 

131 and 132 respectively. The S/1, S/3, and S/4 means the fir®t> 
and fourth batches of material. The results shown in those graphs at¬ 

test to the fact that the magnetic characteristics a^e “nd 3 1 PW^ 
producible. The TF values, for example, are -0.7, -2.0 and -3.1 Pm • 
The Q values obtained with the fast firing technique are also higher, 

sometimes reaching near 190 at 5 Mc/s. 

Needless to say, material MF-9353-S looked quite promising. M«asure- 
ments of the other stability factors, however, had to be made be^ a 

final judgment could be reached, and these measurements were a“bsa- 

quently made. The results are listed in table 23. As for 
ity was improved over MF-9304 by a factor of more than 4 times with on- 

lyydisaccoLodation showing a higher instability The 
is still small, however, and essentially negligible (see No. 6, 
p 9). Graphs 122, 124 and 125 show curves for disaccommodation, d.c. 
field behavior and'a.c. drive behavior. As for 0 the story was a lit¬ 

tle different. While d.c. field and a c. drive effects laaa de^ 
rimental to the Q of MF-9353-S, than they were to the Q °f MF ”04 th 
temperature factor of Q, TF (Q), was five times worse for MF-9353 S. 

It was found to drop by as much as 707. as the temperature decreased 

Lorn 25 C to -50*C. Graphs 12Ä, 121 and 12* describe the behavior of 
Q with temperature, d.c. field and a.c. drive. 

When this drastic decrease of Q with decreasing temperature was dis¬ 
covered efforts, as far as material development was concerned were 

concentrated primarily on trying to understand this problem an<* ^ ’T 
solve it while still maintaining the other improved characteristics in 

the body. 
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Part b. - The Behavior of Q with Temperature 

The temperature behavior of Q for bodies containing 2.8, 5.4, 8.0 and 

10.25 weight percent of kaolin, bentonite and silica was measured and 

the data examined. All bodies were found to exhibit the same drastic 

drop in Q (see Report No. 7, graphs 105 and 106). The behavior obvi¬ 
ous lv was not peculiar to bentonite. Silica, being the common constit¬ 

uent of these three ingredients, attracted our first suspicions. In¬ 

vestigation of a body containing 1.1 weight percent of alumina quickly 

removed this suspicion, however, as it showed an almost 60% decrease of 

Q with decreasing temperature (see Report No. 8, graph 108). Commer¬ 

cial high frequency bodies also showed this decrease and they contain 

neither silic-* nor alumina. These latter bodies do contain a signifi¬ 

cant excess of iron, however, and thus the iron content, particularly 
the amount of civalent iron, became the object of considerable investi¬ 

gation. 

To begin with, a series of four compositions, previously prepared, each 

containing a 10.25 weight percent addition of bentonite and each having 
a different iron content was studied. The compositions in this series, 

designated MF-9375, -9376, -9353-S/4, and -9377, contained 41.08, 
42.86, 43.45, and 44.67 mol percent iron oxide respectively in regard 

to all constituents. In regard only to the iron, nickel and zinc oxide 

content, the mol percent of iron oxide was 47.58, 49.37, 50.39, and 
51.9 respectively. The behavior of Q with temperature of a representa¬ 

tive toroid of each of these compositions was measured and the toroid 
then analyzed chemically for its divalent iron content. The Q versus 

temperature curves are shown in graph 139. The FeO content was found 

to be 1.1, 1.9, 1.8 and 2.6 weight percent for MF-9375, -9376, 9353-S/4 
and -9377 respectively. The drop in Q with decreasing temperature is 

seen to be less as the FeO content increases. At the same time, the 

temperature curves of uP, graph 140, show a change of slope from posi¬ 
tive to negative with this increase in FeO content. It would seem at 

first glance that the increase in FeO content has improved the tempera¬ 

ture curve of Q and that increasing the FeO content still more would 

improve the temperature curve further. But it is to be noted that the 

Slope of the curve on the low temperature side for each body is very 

nearly parallel and that at the higher temperature side, the curve is 
moving toward a greater and greater negative slope. Thus the curve is 

apparently moving towards lower temperatures as the FeO content in¬ 

creases and at the same time is developing a narrower "peak". Actually 

the system involved here is too complicated to get a good understanding 

of the influence of iron since it contains seven different cations. In 

order to facilitate an understanding of the influence of iron, both 

divalent and trivalent, a simpler system was examined, i.e., the three 

component system Fe202“Ni0-Zn0. 
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In the course of our material development, a Ni-Zn ferrite was made 
which had an FejO^ content of 49.94 mol percent. Firings at several 

different temperatures had been made with this material and cores from 

six of them were selected for measurement of Q versus temperature and 

for c! emical analysis of the FeO content. The temperature curves of Q 

for these six bodies are shown in graph 141. For three of these bodies 

the measurement was extended down to -196*0. The FeO content in weight 
percent is recorded on the graph. The range of firing temperature was 

from 1140° to 1245°C, a difference of over 100#C; the FeO content var¬ 
ied from 0.13 to 0.37 weight percent. The significant change in ap¬ 
pearance of the temperature curves makes it s»em unlikely that it could 

be related to the relatively small variations in the FeO content. It 

seems more likely that the change is related to the firing temperature 

or rather to structural factors influenced by the firing temperature. 

In a subsequent set of experiments, the firing temperature was kept 

constant, 1185°C, and the FeO content was varied by firing in atmospheres 
of different oxygen content, e.g., 100% 02, air and 100% N2. The re¬ 
sults of the Q versus temperature measurements are shown in graph 142. 
This time there is a dramatic difference in the curves as the FeO con¬ 

tent varies from 0.14 to 1.29 weight percent; the change in Ç at -50#C 
going from ~ + 15% to /v -69%. T'i,' amount of FeO present, in weight 

percent is 0.14 for the oxygen firing, 0.21 for air and 1.29 for^nitro- 

gen firings. The oxygen firing curve shows the same FeO content as the 

115!) C firing curve on graph 140 and their temperature curves are almost 

identical even though the firing temperatures differ by 30°C. The dif¬ 

ference in the percent change of Q between the oxygen and air curves is 
'v -28%. It seems incredible that 0.07 weight percent FeO could make 

such a difference. But this result was for the stoichiometric iron 

oxide case. Next, the deficient and excess iron oxide cases are exam¬ 
ined. 

In the deficient iron case, the results were much the same as found 

above. Curves corresponding to an oxygen, air and nitrogen firing at¬ 

mosphere are plotted in graph 143 for a body with 47.84 mol percent 
Fe203; the FeO contents are 0.08, 0.08 and 0.64 weight percent respec¬ 
tively. The oxygen and air curves are very similar to each other and 
the nitrogen curve shows about a 60% drop in Q at -50*C. 

In the excess iron case, the oxygen, air and nitrogen atmosphere fir¬ 
ings gave FeO contents of 0.31, 0.54 and 2.01 respectively. The oxygen 

and air curves, graph 144, show the same trend noted in the stoichiomet¬ 

ric and deficient iron cases, with the nitrogen firing, where the FeO 
content has gone over 2 weight percent, the trend is still followed but 

the high FeO content has apparently caused a considerable narrowing of 

the peak which is evident in most of the other curves but which is usu¬ 

ally rather broad, and has caused the peak to .nove toward the lower 
temperatures. The effect is that in the temperature range 25° to -50*C, 
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r nf 0 is improved over the performance of the air firing 

rrirc":o°coQ„tint vL only 0.54 „eight percent. 

rr„ the information avaiUbie in theae „-^.'^.^Jgneüc 

of „hat i. taking place. . o£ the eterna, i.e. 
loaa, u”, ia • function of loaaea to become 

u” ■ £ £eT» ••••)» ^ en w , other yorda Q would increaae with de- 
less as Ex decreased, or, in other w ^ ufied by the oxygen curve 
creasing temperature. This situation i 0Pcontent and which shows 
in graph 143, uhleh repre.ent. ajar^lo» teni(eta-ute ra -196 to 

an almoat linear behavior Q curve ahowa the baaic be 
85“C. in e.aence, we are »«“»ing th.t thl.^ ata severely 

havior of Q with temperature lo„, Mctleni.m ia active whose 
non-linear, we can ..sume that «»other ^ loat mechan. 
effect is superimposed on the basic oenavi 
ism we can relate to the FeO content. 

a. -lafinn of the FeO content to this other 
TO see a little »«ter the relatlon^f lo.,, ••, ver- 
loss mechanism, we considerthec whoge Q ver8Ufi tempera- 
aus temperature. The excess ^on nxide^ ones for whlch value, 
ture curves are described in g P versus temperature curves are 
are available down to -196 C «d their p 5 ^ o n weight 

shown in graph 145; ^/3”^ fort of swelling in the low temperature 
percent FeO, the curv . sweiiing has become quite pro 
region. At 0.54 weight Percer;> ^ 1 -140*C- u" at this point is more 

r.rdo»bU ^ « threat rr « 

ï~:dv.lua of u” £or the 0.54 weight par- 

cent FeO curve. 

Th. sama act of -«g--- 
wei ght* per cení;8 F^^cur ve^Tncr ea^ea^withincr eaa ingfrequency, ^e^g^^d 

ï, ~ 38^ 43, and 56 for 1, 5 and 10 */. but ahift. to 

is apparently at the .t 10 Mc/a ha. become much 
a/ -123*0 at 10 Mc/s; in additio , _ P ^ $howg ju,t the reverse ef- 

fh.“Tl-th S:,0u¿c,“brrPr mailer jc.le, »- £-1,^0 and^, „ 

- »iVergit^cÄ^cuÄ. u- n, 13 and 11 for 1, 

5 and 10 Mc/s respectively. 

, ver8u, temperature (at 5 Mc/s) is de.cribed 
in graph 148, a curve of n versu ^P correspond8 to the nitrogen 
for an iron deficient body. Thi content ts Q s5 weight percent. In 

firing curve in 8r*Ph ^ x curve ia shifted considerably 
thi. case the apparent peak of tne io 
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toward a higher temperature, i.e., to'v -05#C. Apparently an increase 
in the iron oxide content causes the loss peak to shift toward lower 
temperature. We do not have further data to support that conclusion 
but it probably is correct. 

Part c, - Physical Structure and Chemical Composition 

Before going on with the discussion of the behavior of Q in multi-com¬ 
ponent systems containing one kind of silicate addition or another, we 

will digress to discuss the physical structure and chemical composition 

of these silicate containing bodies. This discussion should aid in un¬ 
derstanding the developmental steps taken in the last period of the 
contract. 

Photcxnicrographs were made on a polished and etched sample of a large 

toroid of MF-9353-S (contains 10.25 weight percent bentonite). This 
toroid was one which had been fired for 8 hours at 1130#C. Four of 

these photographs are shown in figure 1¿. As is evident from photo¬ 
graph A, there was a heavy etching action over a large area of the sur¬ 

face. Within this area there are many crystallites of irregular shape 
and inhomogeneous size which were apparently unaffected by the etchant. 
It appears as if crystallites of a high nickel-zinc ferrite composition 
are imbedded in a matrix of a high silica content material. Photograph B 

shows the matrix at an edge of the large crystallite in photograph A; 

the magnification is 350X. A close look reveals that the structure of 

the matrix appears to consist of very fine crystallites and does not ap¬ 

pear to be glassy. The fact that the matrix etched easily, and primar¬ 
ily, suggests that it is a high silica containing material. One could 
conclude then that Mb -9353-S is a two phase system. 

Photograph C is of the large crystallite in photograph A. This crystal¬ 

lite at 350X magnification does not show any clear, well-defined grain 
boundaries within itself but seems to show again on a smaller scale, the 
general structure shown in photograph A. Photograph D is of the pol¬ 

ished surface before etching and it shows the body to be relatively 
dense. 

A two phase system in soft ferrites would be a rather unique development. 

If this is the case, more evidence should be available to support it. 
Curie Temperature curves, using n. as the measuring parameter, taken on 

several kaolin, bentonite, silica and alumina-containing bodies do pro¬ 
vide some additional evidence. These curves also give some insight as 
to where the A1 and Si ions are going. 

Consider first graph 149 and the Curie Temperature curve (curve A) for 
the Ni-Zn ferrite, MF-9353, to which the various additions were made. 

This curve shows a normal gradual increase of n, with increasing tem¬ 

perature and then a peak and sharp drop off to a value near unity. 

There are no irregularities in the curve. The Curie Temperature deter¬ 
mined from it is 338*C. 
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Next, consider graphs m and 152. These graphs show temperature
curves for various additions of silica, bentonite and kaolin, respec-
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i m «f j-uo fíne oowder were treated with concentrât- 
and then three sampies fi ? u solution8 were filtered and 

rn«:«^%“andT»i the'relï J Of tL .^Pl, opo.ood £op .5 „in- 
utes. The data obtained is compiled in table 26. 

Table 26 

Residue 

(Crystallite Phase) 

OK 

5 min. 10 mitu 

Filtrate 
(Matrix Phase) 

5 min. 10 SÍHi 

F6203 
NiO 

ZnO 
AI2O3 
Si02 
Mg-CaO 

66.35 
18.04 

13.33 

1.13 
.48 
.67 

66.72 
17.C5 

13.28 

1.28 
.30 

.57 

FeO 

Whole sample 

Crystallite Phase 

52.48 

12.19 
11.03 
5.23 
18.42 

.65 

1.84 Wt 7. 

1.35 Wt 7. 

51.11 
13.99 
9.43 
5.97 
18.70 

.80 

The t„o nnaipnon ano Julia ^ -hen 
to the 10-minute treatment ^ere^re^l^ ihe prlnclple ált. 

tlon bet-een 'he orystall ^ jlu^ln. co„tent -herein the matrix phase 
ferences are in the sil ¿ Al ions. This result is 

ha’ by e"nt with^the^de duct ions made iiom the Curie Temperature curves, 

^contrar^obeervation should be noted did 

sent to USAEC0M for electron tnicr°P"^ fl ^ le hase sy8tem. The 
not reveal to its exa^n«® ^ which the microphotographs shown 

sample sent to them w diffraction studies were going to be per- 

TorZVià these^ouíd h'.ve^een extremely helpful but there was not 

sufficient time available to do this. 

Overall, the results support - idoa^at^t-o^hase .stempln 

oirsíÍua could not haic entered the spinel lattice; a consider- 
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tively Seven curves are shown and their Curie Températures determined 
range from 318° to 328°C with an average value of 322°C. This is a very 
consistent result in view of the wide range of silica and alumina con¬ 

tents. Since only silica is the common ingredient in these three mater- 
ials, and considering the drop in Curie Temperature associated with 
these additions, 'v 16°C, it would appear that some silica had entered 

the lattice of the crystallite material. Apparently only so much silica 
is allowed, however, or otherwise the Curie Temperature would have 
dropped progressively as the silica content increased. 

A1 ions are apparently present in both phases. Their presence is indi¬ 
cated in the matrix phase by the fact that the peak occurring at ~ 210°C 
in the Tc curves of silica is lowered as the alumina content increases 

A Tc curve on MF-9353 to which 1.1 weight ’L alumina was added, showed ño 
change in the Curie Temperature, see curve B, graph 149. This amount of 
alumina is equivalent to the amount in a 5.4 weight ^Tcent addition of 

bentonite. That no change occurred in the Curie Temperature would seen 
to preclude the possibility that A1 ions entered the lattice of the crys¬ 
tallite phase but the change inherent to a 1.1 weight percent addition 

of alumina may only be 4 or 5*C. We don't have information available on 
this system to know for sure what the change should be. A strong indi¬ 

cation that A1 ions did enter the crystallite lattice is the fact that 

the FeO content of MF-9353 was increased from 0.37 to 1.2 weight percent 

upon the addition of 1.1 weight percent of alumina. A 100°C increase in 

firing temperature was required to sinter this body but the increase in 

FeO is not attributed solely to this. For another body whose iron con¬ 

tent was near stoichiometric, the gain in FeO found for a 100*C increase 
in temperature was about 0.25 weight percent. So, the amount of FeO 

found in the alumina containing body is about twice that to be expected 

by the increase in firing temperature. This increase in FeO content al¬ 
so explains why the temperature curve of Q went from a positive slope to 
a severe negative slope (see graph 108, Report No. 8). The increase in 

FeO content would be due to the A1 ions entering the octahedral sites of 
the spinel lattice and thus forcing trivalent iron ions to tetrahedral 

sites. Acquiring the A1 ions results in a shortage of oxygen ions and a 

disruption of the electron balance. This situation is forthwith re¬ 
solved by a change in valence of the iron from trivalent to divalent. 

Further evidence in support of the idea of a two phase system is fur¬ 
nished by chemical analysis. To determine the chemical composition of 

each of the two phases presumed to be present, they should be separated. 
A mechanical separation would be difficult in view of the microscopic 

character of the constituents. A magnetic separation at an elevated 

temperature was tried but wasn't successful. A chemical separation was 

finally used. In the etching process, it was observed that the crystal¬ 
lites reacted very little, if at all, with a concentrated HF solution 

while the surrounding or matrix material reacted readily. Several fired 

toroids were thus crushed and ground to pass through a 325 mesh screen 
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able drop in Curie T®roP®rat““d °“t have shown such striking differ- 
ly the chemical anaiysis co microprobe analysis 
enees between filtrate and residue. Aa for «: ^ diameter, and it 

the beam has a finite diman8i°" necessary to detect a vari- 
is unlikely that it has the resol ^ ^ tf) figure 13, photo- 
ation in composition in th • structure very much like the 
graph Ç Shows in the ’photograph B, -e see that the 
overall structure of the t0*°*d’ COmposed of extremely fine grains 
easily etched area is grain8 is certainly not greater. 
„ 1 u in size and the di8ta"Cn?tb^Wee^e8crted t0 analyze this condition. 
The electron microprobe couldn t be expecte 

P,rt - T...ost-<gafIons to B. Tine the Prohie» of the Chan^ln^ 

mth Temperature 

Returning to the subject oi the 

discuss the effect of addJ^°n8adfin the preceding sections were con- 
and kaolin. The ob.erv.tion.Mde^th ^ 

grain’^dense^ferrite* and on. with an appropriate «.ount of triv.len 

and divalent iron. 

A dense, homogeneous, fine g^ain The^wders prepared 
a highly reactive powder at low P ivel short milling time are 

with a low temperature ca^"®r®"ure8. silicaL additions as described 
not very reactive at low P d t0 be effective in promoting sinter- 
earlier in this report were t ^ the temperature behavior of 
ing at lower temperatures. p weight percent addition of 
Jwas also found, Particularly^for^a 10 we^^ as prevtously 

bentonite. With kaolin, h havior 0f q was adversely affected, 
described, the temperature behavior ot W w 

in view of this hin*odjf bufone which^ou if hopefully yield 
ent additive would have to be u ° ingredient would 

-aTbr^d’wnh^^b^^üe^ch would^modlfy Us effeef on 

the temperature behavior of C. 

Oaa such additive in the «-t categnt, UJead^lUcat^and tonsidet- 

able experimentation was 'on " _ effective fluxing agent. In this 
gredient. head ^ effective than th. bisillcate 
regard the monosilicate van y ^Q_lno lower temperatures, 
variety in that it allows better s nterlng^t lower^ V ^ ^ 

This is due to its h|sPRiven the best results from the 
which is near the bisilica e ... however. The amount of lead sil 

point of view of mag^C £r°P^ide a beneficial effect is apparently 
Late which can be addad ?™cent. An amount of lead silicate less 
in the range 6 to 11 weight p values but steadily worsening 
than this gives gradually U^-.mgJ re.„lt in decreasing Q 
temperature curves of u., wnne » 
„alues and u. values that are much too low. 
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High Q values are found, particularly at the higher frequencies when 

the lead silicate content is between 6 and 11 weight Perc®nJ; 1 
evident in the curves of UoQ versus frequency which are plotted in 

graph 153 for three of the best bodies obtained from a strictly lead 

silicate”addition; curves A, B and C. Q values in excess of 200 were 

measured at frequencies as high as 30 Mc/s. The Q tends to drop off a 

little at the lower frequencies, e.g. below 5 Mc/s, but their values 

are still reasonably good. 

The temperature curves of u. for two of these bodies, MF-9622 and 9633, 

are very good, see graph 154, curves A, B and C, particularly for 
MF-9633 which shows a TF of 0.0 PPMTC within a tolerance of -0.27.. 

The low TF is probably due to the Si02 content. From the chemical for¬ 

mulas in table 27, it is seen that the Si02 content is 2.69, 3.22 and 
4.0 weight percent for MF-9632, -9622, -9633 respectively and this can 

be correlated with the TF values which are respectively 7.4, 0.4 and 

0.0 PPM/°C. For a similar body without Si02 but with ^ . we g p 

cent PbO, the TF was found to be over 14 PPM/°C. 

Unfortunately çhe temperature behavior of Q is not as good as that of 
u For MF-9633, e.g., which is an iron deficient material, Q shows a 

more or less linear increase of - 457. as the temperature drops from 
85 to -50°C, see graph 155. This behavior of Q is opposite to that of 
the bentonite containing bodies. For iron excess materials with a lead 

silicate addition, the Q versus temperature curves have a severely pos¬ 

itive slope. Thus again it is found that an excess iron condition 
which leads to higher divalent iron content is associated with a severe 

drop in Q with decreasing temperature. 

An attempt to reduce this large variation of Q and at the same ^ im¬ 

prove the low frequency response of 0, was made by adding iron oxide 

and thorium nitrate to the MF-9632 formula, making f 
The results were encouraging but there was insufficient time to study 

the system thoroughly. The thorium nitrate caused the firlng t«®^ 
ture to be much higher than without its addition and it is not likely 

that the optimum firing conditions were discovered Anyway the be¬ 

havior of Q with temperature was found to be changed significan y 
curve D in graph 155 shows, the total variation is ~ 1U. The n.Q 
performance8for mF5060 is shown in graph 153, curve D, and it is seen 
to be improved at the lower frequencies as hoped. The temperature e- 

havior of n. curve D, graph 154, is a little worse as far as the TF is 

concerned, the value being 1.7 PPM/°C, but on the other hand, it is 

linear «"o a 0.1% tolerance. 

Another attack on the problem of the severe change of Q with tempera¬ 
ture was made by adding thorium nitrate and iron oxide to the bentonite 

containing material MF-9353-S/4. This modification resulted in a ma¬ 
terial MF-9055, which demonstrated very high Q values and n„Q values 

which were in excess of 10000 throughout the frequency range 1 to 

12 Mc/s, see graph 156, curve A. The best of thfese1b°d^/^°weíi;e 
temperature change of Q of 20% and a TF of n. of - 1.7 PPM/ C. Time 
did not permit a more complete study. The temperature curves of n. 

and Q are shown respectively in graphs 157 and 158, curve A. 
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Finally a last composition was prepared, MF-9061, which co"tai"^ « 

height percent -^Itlon of bentonite ana a thorlun, 

and whose nickel and tine oxide constituents were Prcs'""1"*”°'to 

tlo equal to 2.5. The Increase In nickel content 

try to further flatten the temperature curve of n.. X"c*e*SÍ"S ™ 
nickel content lowers u. but since lower nickel content bodies had 
nickel content i u. that a certain amount of |i. could be 

sacrificed^ order'to gain further temperature stability. in- 

creased nickel content also tends to f 8°££re- 

temperature, ?or the „-9061 

material. 

Table 27 

Chemical Composition of Prinicple Ferrite Material^ 

(Mol 7.) 

MF. Fe203 NiO ZnO Si02 A1203 PbO MgO CaO ThQ2 

9304 48.86 

9375 41.13 
9376 42.54 
9353-S 43.49 

9377 44.75 
9622 44.99 

9632 44.70 

9633 42.58 

9055 44.75 

9060 48.31 
9061 *36.65 

30.89 20.25 

26.38 18.21 
26.42 17.77 
25.39 17.42 

24.73 16.84 
28.03 18.70 

28.66 19.24 

27.58 18.64 

21.65 14.75 

23.35 15.67 
32.50 13.46 

10.38 2.79 
9.80 2.60 

10.18 2.64 
10.26 2.52 

2.05 
2.20 
3.41 

8.98 2.21 
5.71 - 1.79 

8.44 1.85 

.87 .29 

.66 .22 

.65 .23 

.67 .22 

.59 .19 6.88 
5.16 

.73 .25 6.22 

»iron oxide content In raw mix; before milling for 42 hour. In vibration 

mill. 
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PHASE III - INVESTIGATIONS ON THE GEOMETRY AND PERFORMANCE OF 

CUP CORES 

The contract requirements for a radio frequency magnetic material are 

stated in terms of a cup core shape, which is expected to be the shape 

used in most applications. The maximum dimensions of the cup core to 

be used in our work is specified to be a 1/4 inch cube. Up till now 
all discussions on material properties have concerned toroidal config¬ 

urations. This section presents the information we have accumulated on 

cup core properties and their relationship to toroidal properties. 

Initially, measurements were made on cup cores which were less than 

half the volume and mass of a cup core of a size allowed in the speci¬ 
fication. The results obtained from these small cup cores were rather 

poor. Not only was the ratio of the mass of ferrite to copper in the 
winding very low, but the cup cores themselves were structurally poor. 

Spray dried powders were used to press the cup cores and their hard, 
nearly incompressible (at reasonable pressing pressures) nature made a 

very porous structure inevitable (see photographs, figure _13), and fur¬ 

thermore, they made an inhomogeneously dense structure. Non-uniformity 

in density causes strains in a body which increase the magnetic losses 

and lower the Q. 

Following these initial experiments, the results of which are not worth 

discussing, we had a die built by the tool and die shop of I.G.C., 
which made a cup core fulfilling the required 1/4 inch cube dimensions. 

For a description of the cup core and die, see Report No. 5, pages 9 
and 10. Attempts to make good cup cores from this die were not success 

ful. We experimented with materials MF-9353-S (the 10.25 weight per¬ 

cent bentonite containing material) and MF-9304 as scft-moist powders 

and were able to press cup cores which could be fired at low tempera¬ 

tures to a good density. The cup cores invariably warped on firing, 
however, and it was not possible to get a good evaluation of the mater¬ 

ial. Further development on pressing cup cores was curtailed at this 

point inasmuch as it would have required too much time and it was felt 

that the time could be more profitably spent on material development, 

and magnetic measurements. 

In preparing to study the cup cores made with the above die, an in¬ 
vestigation was made on the properties of small coils to determine the 
most suitable design for use in these small cup cores. The results of 

this investigation are given in table 28^. About three dozen coils, 

using two types of wire of various sizes, were made and tested. The 

two types of wire used were single strand enameled and Litz. The 
length of the coils was kept constant at about 0.19 inches. With the 

enameled wire, the size was varied from 24 to 40 gauge and the number 

of turns ranged from 10 to 100. With Litz wire, various kinds were 
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ried: 72/44 20/44, 10/44, 6/44, 7/41, 10/40, and 3/36; the number of 
“r^Mr/nged ^ro,D to 38‘ A11 coils «ere tested on a Boonton Q-meter 

at 5 Mc/s. The coils with the better Q's (Q's in the neighborhood of 
30) were further tested in a cup core assembly of a MF-9353-RS material 
(containing 8.6 weight percent bentonite) made from the die discussed 
above. The Litz wire coils emerged clearly superior to the single 

WÍre COil8* Nun,ber 10/44 UtZ wlth windings ranging fron 20 to 30 turns gave the best results. 

TABLE NO. 28 
-EXPERIMENTAL DATA FOR COILS FOR 1/4" CUBE CUP CORES 

Coil length 

Enameled Wire 
0-190 inches, I.D. 0.077 inches 

Number 
of 

Turns 

Q Q/with Number 
Wire Coil Cup Core of Wire 
Size 5 Mc/s 5 Mc/s j Turns Size 

10 
18 
20 
20 
30 
40 
50 
50 

100 

Litz Wire 

Q/with 
Q Cup Core 

Coil Q-Meter 
5 Mc/s 5 Mc/s 

24 
35 
30 
35 
35 
30 
30 
40 
40 

24 
22 
26 
25.5 
28 
19 
17 
25.5 
28.5 

76 
64 
89 

84.5 
64 

71 

10 
16 
18 
20 
22 
24 
271 

27i 30„ 
302 
24 
24 
30 
34 
36 
38 
241 
24Z 
27 
30 
22 
22 
24 
35 
24 
27 

72/44 
20/44 
10/44 
10/44 
10/44 
10/44 
10/44 
10/44 
10/44 
10/44 
20/44 
6/44 
6/44 
6/44 
6/44 
6/44 
7/41 
7/41 
7/41 
7/41 
7/41 

10/40 
10/40 
10/40 
3/36 
3/36 

24.5 
26 
24 
30 
30 
30 
29 
29 
30.5 
30 

28 
32 
34 
34 
33 
22.5 
22.5 
22 
21.5 
23 
18 
18 
30.5 
20 
18.5 

73 

85 
94 
92.5 
96 
94 

94 

96 
95 
96.5 
96.5 
96 
88.5 
87.5 
91 
84.5 
87.5 

94 
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Q/with 
Cup Core 
G.R.Bridge 

5 Mc/s 

106 
109 
103 
113 

110 

103 
105 
101 
96.5 
97.5 

100.5 
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tAè™wihetïfL“r dreIOpln? * “Chnlque for prossing cup core. 
ermlnated, the idea of measuring cup cores was not given up. Instead 

»V*-™4 — -nr out to Ultrasonics Machining * 
Co. in Long Branch, New Jersey, and toroids and cup cores of various 
dimensions were ultrasonically machined. The dimensions to which the 
cup cores were machined are shown in table 29. Toroidal properties 
were measured and are compared with the properties of some of the cud 
cores. K 

Table 29 

Dimensions of Ultrasonically Machined Cup Cores fin inches) 

Height 

0.125 
fl 

If 

II 

II 

II 

II 

II 

I.D. 

0.200 

0.190 
0.180 

CP (Center Post) Diameter 

0.120 
0.110 
0.100 
0.090 
0.080 
0.070 
0.090 
0.090 

The number of measurements we were able to make on the cup cores was 
limited by time. But some interesting and useful results were obtained 
nevertheless, and these results are shown in table 30. First of all 
as regards u.and Q for toroid versus ungapped cup core shapes, the com- 
parison is very favorable. Incidentally, our procedure for calculating 
effective initial permeability is detailed in appendix 2. The Q of the 
cup core can apparently be even a little higher than that of a toroid 
Upon gapping the cup core, however, Q as well as n, were found to drop; 
the drop being greater as the gap increased. The cup cores were gapped 
in one set of conditions in the center post and outer rim by inserting 
a shim and in another set of conditions in the center post only. Under 
both sets of conditions, Q and the U) product decreased; the center- 
post-only gapping resulted in much the poorer values of Q and LQ prod¬ 
uct. The L0 data discussed here is also described in graphs 159 thru 

The important result derived from this data is that the technique of 
gapping a cup core will not yield higher Q values. Thi t is, contrary 
to what was originally hoped, the 1/} product does not remain constant 
with gapping; it rather was found to decrease with increasing gap 
length. The other important result derived is that cup core properties 
can be equivalent to toroidal properties in the ungapped condition. 
Thus if we provide a material with the desired p. and Q values over the 
frequency range, we can be assured that these properties will be avail¬ 
able from a cup core shape. 
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PHASE IV - APPLICABILITY OF MATERIALS INVESTIGATED TOWARD 

PROVIDING A STABLE RADIO FREQUENCY CUP CORE 

During the course of this contract we have investigated a great many 

materials which were modifications of the basic Ni-Zn ferrite MF-9003. 

The most significant modifications we have discussed pointedly in this 
final report. The last question to consider is whether any of these 

modifications fulfill the requirements of the contract or whether they 
can be applied in a way to meet the objectives of the contract, i.e. 

providing a stable high frequency cup core. The answer to the^iTS^ 

part of the question is no. None of the modifications meet the re¬ 
quirements in full. It must be stated though that the developments 

accomplished during the life of this contract exceed in some respects 

what was considered likely to be accomplished. This is true principal¬ 

ly in regards to the temperature stability of n. and in regard to the 
value of Q over the required frequency range. The answer to the second 

part of the question is that a compensating technique can be used to 
help fulfill part of the requirements. 

Concerning compensation, during the course of the contract, experiments 
were conducted on a special compensating technique which involved vary¬ 
ing the inductance of a gapped cup core assembly by changing the air 

gap length. The gap length was changed by affixing a piece of plastic 
in one way or another, to the cup core assembly and the expansion or * 

contraction of the plastic with temperature would lengthen or shorten 

the air gap. Experiments verified the fact that this technique could 

work but inasmuch as the temperature behavior of 4o has been improved 

to below 10 PPM/°C, i.e., in the range where compensation with ceramic 
capacitors is allowed, this technique is no longer considered. For de¬ 
tails on the work that was done, see; Report No. 1, p. 8; Report No 2 
p. 14; Report No. 3, p. 14; Report No. 5, p. 18. ' 

Magnetic data for the most promising materials are included in table 23 

p.12 . Unfortunately, complete stability data is not available for the-^ 
materials mad* during this last period. Thus an overall comparison is 
not possible. But we can compare their overall usefulness in terms of 
Uo, Q and the temperature behavior of p, and Q. First of all it is 

noted that every material which displayed a nearly flat temperature 

curve of n,, i.e., a TF £ 1 PPM/°C, also displayed a temperature change 
of Q which far exceeds the limits allowed. This is not meant to imply 

that a flat temperature curve of p. is inseparably related to a large 

deviation in the temperature behavior of Q. It just means that the ma¬ 

terials made so far have had that combination of characteristics. The 
evidence rather indicates that a small temperature change of Q can be 

associated with a nearly flat temperature curve of u,. The understand¬ 
ing which would enable us to achieve this was unfortunately acquired 

too late in the contract and only a minimal number of experiments could 
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™í^vU;¿"£9-”óJ/.rr;no^/ir:::ra:ci;rb--tL°^ 
can be tolerated. But ev®n_^ i8 too low at frequencies below 5 Mc/s; 
perfonnan^ of MF-9622 and - ^ i9Q vaiue required. So 

^9353-8 -9622 L 9633 are not satisfactory in the overall consid¬ 

eration. 

w.9M2 fall« lor « 1...1 t tZtnul of'r 
5 Mc/s, high IF value (7.4 PPM/ C), ana coo g ^-9060, which 
»Uh temperature. The modification i^tlou/aho». a 

has an increased iron conten eristics The li_Q performance 
marked improvement in these c r ^ is* good, except for the region 
through the frequency rang temperature curve of p, 

la'uL^lir o!S Ä8. a°TP of' l.7 ^ 

r«^ - »" - 
terial and they could undoubtedly be improved. 

with the MF-9060 materia^ compenaatlon^tethnique*^oan^be^cnnsldered^ln 

order to make a device with mf-9060 is quite linear and 
ductance. The temperature loi, with a linear 
a ceramic capacitor meeting the MIL-C ^ 8y8te„ wlth a 

temperature coefficient ef -95 PPM/ teII1petature coefficient of the 
temperature Independent inductance. Thetemper.t Initial 
ceramic capacitor »as determined on the basis 
permeability of the cup core assembly of 56. 



TASK B 

STABLE FERRITES FOR THE FREQUENCY RANGE 8 TO 32 Mc/a 

Development work on a material for the frequency range 8 to 32 Mc/s was 

contingent upon our successfully completing Task A. Thus no work was 

done specifically for this Task. 
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IV - CONCLUSIONS 

None of the materials developed under this contract completely fulfill 

the requirements as specified. Much has been accomplished, however, 

toward meeting these requirements in full. Materials have been devel¬ 

oped which meet some of the requirements; e.g., MF-9633 has a flat 

temperature curve of ^ and good Q values from 5 to 20 Mc/s; MF-9060 
has good and Q values from 2 to 20 Mc/s, a reasonably stable Q with 
temperature, and a linear temperature curve of 4, with a TF of 
1.7 PPM/°C which is less than powdered iron; MF-9353-S which has nearly 
a flat temperature curve of 40 and an overall instability of 2.47o which 
is only a little greater than the 1.47» instability of 4C of powdered 
iron. All of these mat trials either have some characteristic which is 

unfavorable or have not been evaluated completely. 

Considerable knowledge has been gained in our investigations these 

past thirty months. Knowledge which, if sufficient time were available, 
could undoubtedly be applied to 'ield a material quite satisfactory to 

the purpose of this contract, i-jaterials MF-9060 and MF-9061 were, so 

to speak, single shot experiments in the last days of the contract ap¬ 
plying this knowledge. The success attained with these formulations 

attests to the possibility of attaining even better results under a 

comprehensive development program. 

What we have learned is briefly summarized as follows: 

1) A fine homogeneous grain structure, grains £ I4, is necessary. 
This grain structure together with a density in the neighborhood 

of 907. theoretical will contribute toward high 0 values and good 
initial permeabilities. Also, a fine grain structure is found in¬ 

variably associated with a low TF value. 

2) The total iron content should be near stoichiometric; probably 
slightly excess in relation to the nickel and zinc content. A de¬ 
ficiency of iron results in either very high TF values of 4, or 
nonlinear temperature curves. An exces'- of iron results in the 

formation of divalent iron ions. Divalent iron in excessive 
amounts is responsible for the severe temperature instability of 

Q. An excessive amount of divalent iron in terms of FeO may be 

around 0.5 weight percent. 

3) That significant amounts (e.g., 6 to 11 weight percent) of sili¬ 
cate additions like bentonite and lead result in flat or nearly 
flat temperature curves of 4.. The silicate apparently forms a 
second phase with some of the other ingredients in the ferrite, 

and this second phase acts as a sort of matrix in which the fine 

grains of the basic ferrite are imbeddfed. 
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4) Silicate additions allow sintering processes to take place at lower 
temperatures. 

5) Thorium nitrate, when added, appears to act as a grain growth inhib¬ 

itor. It also apparently retains oxygen in the structure, which 

holds down the amount of divalent iron that can be formed. 

6) There is apparently a temperatur; dependent magnetic loss mechanism 

which is related to the divalent iron content. The peak of the 

loss is a function of the total iron content and also apparently of 
the measuring frequency. 

7) That cup core assemblies can be made which have the same and Q 

that toroidal shapes have. The cup cores must not be gapped, how¬ 
ever, as this leads to lower Q's as well as to lower inductance 
values. 
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APPENDIX I 

MAGNETIC MEASUREMENT METHODS 

Initial Permeability and Q 

Initial permeability and Q measurements were done using standard equip¬ 

ment and methods. The equipment used consisted of: RF Bridges (Gener¬ 

al Radio Co.), RX-Meter (Boonton) and a Boonton 260A Q-Meter. The ab¬ 

solute accuracy attainable with this equipment is t 2.0% for u0 and 

t 3.0% for Q. 

Temperature Coefficient of u. 

This measurement was based on a resonant frequency method employing the 
sample toroid as an inductance in an oscillating circuit. The toroids 

(«>6 mm O.D.) were wound with a sufficient number of turns of 30 gauge 

enameled wire to allow the oscillator to resonate at a frequency near 

5 Mc/s. A circuit diagram for this set-up is shown below in fig. JA. 

The sample toroid is clamped on a terminal strip which is mounted in a 

temperature chamber. The terminal strip has ten positions and each 
position is connected to an external switch by a coaxial cable (all ten 

cables have the same inductance). The measurement itself is accom¬ 

plished simply by reading the resonant frequency directly from the fre¬ 

quency counter at each test temperature. The change in n. is calculated 

then from the value of the resonant frequencies at 30#C. 

pisacconmiodation 

The diaaccomnodation measurement was accomplished in the same way and 
with the same equipment as the temperature coefficient measurement, ex¬ 

cept that a demagnetizing step was included prior to the initial mea¬ 

surement. A two-way switch was connected to the ten position switch 
on the terminal strip mentioned above. This switch allowed an a.c, de¬ 
magnetizing signal to be applied to the sample toroid without interfer¬ 

ing with the oscillator circuit. The demagnetizing circuit is shown in 

fig. 15. It consists of a capacitance C, inductance L and the sample 

toroid"in series with the contact of a mercury wetted relay. The con¬ 

tact of the relay is normally open. The coil of the relay is energized 

during the retrace of a Tektronix oscilloscope through a special gate 

output provided in the scope. When the relay contact is open, the ca¬ 

pacitance C becomes slowly charged through the resistor R. During the 
retrace of the scope the contact closes, thus discharging capacitance C. 

This sets up a damped oscillation with a frequency of 200 Kc/s and a 
time constant of 30 nsec. This damped oscillation demagnetizes the 

ferrite core. 
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Fig 15 

Direct Current Field Measurements 

A toroidal sample («^6 mm 0.D.) was wound with 20 turns of No. 28 
gauge insulated copper wire and mounted on a glass rod with its diam¬ 

eter parallel to the length of the glass rod as shown in fig. 16. The 

wire leads were taped to the rod to prevent movement and the pinned 
ends were inserted into a fixed receptacle also mounted on the rod. 

The leads from the receptacle were taped to the rod and extended 
through the rubber stopper holding the glass rod; the ends were pinned 

and inserted into the binding posts of a 260-A Boonton Q-meter. The 

glass rod was inserted into the selenoid in such a way that the toroid 

was in the center of the solenoid. A dc power supply (Power Designs 
Inc.) was used to energize the solenoid. A frequency counter (Hewlett 

Packard 5244L Electronic Counter) was connected into the oscillator 
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circuit with a T connector and was used - ^ fluency. ^ 

zero field, i.e., with the ^ency wás read on the frequency 
frequency of 5 Mc/s. The exact^ mea8ureinent, a d.c. current 
counter to six places. ^ seconds and then the current was dis- 

was applied to the 8°le" retuned with the frequency control, and 
connected and the circuit w ent change in u, ^ter exposure to 

^h'rriuïdTondUr» calcPulated fro, the teto field reading. 

A.C. Drive Measurement 

The oscillator circuit of a ^60-ABoonton^Keter 

the thermocouple unit by an ex h winging on the sample toroid, 
then fed through a 0.5 ota '“‘“"‘^Lcore Jas read on an RÍ volt- 
see fig. 17. The input voltage (»0 to the^c voUmeter o£ the 

meter and the output ““J“8* to determine the Q. Initially 
Q-Meter. The ratio V0/Vi w ^ input voltage for the 
the Q-Meter was tuned to ^ ^ Q ‘Q05 volts< The frequency of the in- 
first measurement was set * to 5 figures on a frequency counter, 
itial measurement was *eaA e y voltage was increased in several 
For subsequent measurements, the vo® e of abtout 3 volts was 
steps until, for the final »easurem^ the cirCuit was re¬ 

impressed across the core' d h frequency on the counter was re- 

rded:lt;htehecharngrinCL -s calculated from the change in the reson¬ 

ant frequency of the circuit. 

RF 
Voltmeter 

O.Sii 

vwvwv 

Q-meter .| 

Fig 17 
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APPENDIX 2 

calculation OF EFFECTIVE INITIAL PHI MEABILITY 

In regards to the magnetic evaluation of cup cores, our procedure for 
calculating effective initial permeability, u#, is as follows; 

The inductive reactance (Xl) and resistance (R) of a cup core are mea¬ 

sured at a given frequency (F) on a General Radio Bridge. From XL and 

the measuring frequency, F, the inductance L is found from the relation, 

L , where F is in Mc/s 
2«F 

The effective peraeabillty ue£f, for zero air gap* , is given by, 

^eff m — , where Lcis a constant determined fron the geonetry 

of the cup core and the number of turns (N) in the 

coil winding, viz, 

Lo - *«N2 no-9) 

k 

The s ition 

hi 
A, 

Z n 
i-1 Ai 

Ll 

is found from the relations 

<Vr3><r4+ r3)n 

L2 - 0«7330 
H 

log II 

r2 

L3 . L3 

A3 (r2_r1)(r2+ri)n 

2 2 
(r^ -r3 + 2r3H) 

i For the zero air gap condition Ueff" m0. When an air gap is introduced the 

above calculation for must be modified. The measurements reported on are 
for the zero air gap condition. 
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Abstract 

The silicate containing materials were further improved by adding cl oriu., 

nitrate. C values were generally increased and the depend-nc.. of on 
temperature was lowered. In the case of lead silicate addition*, the 
value of Q at frequencies below 5 Mc/s was greatly improvo^ suff.-i r. 
in fact to make the material MF-9060 the most promising t^rial .nv sti 

gated. 

Cup core properties were evaluated in comparison with toroidal properties 

a“Pd a very fLorable correlation was found, u. and Q value. e,ual to 
those of torolda can be attained In an ungapped cup core shape. Gapping 

was found to result in lower Q values and in lower inductances. 

Overall material MF-9060 (containing lead silicate and thorium nitrate), 

priíábíy the be” material developed. Although MF-9060 hasn't been 

fully evaluated free, a stability point of view. It. U. *n^ Ç pr°^“ ®,n 
ar- good; it has a relatively low temperature dependence of Q, which can 
undoubtedly be made smaller; and it has a temperature dependence of p. 

wbinN is relatively small and linear (96 PPK/*C). The fact that it is 

linear means that comnnnsation techniques can be employed. In th- case 
of th' bodv discussed in the report, a ceramic capacitor with a temper - 

ture coefficient of -96 PPM/°C could be used. 

In summary, while materials were developed which meet some of the con¬ 
tract requirements, none of the materials completely fulfill the require 

ments as specified. 
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