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BISMANOL PRRAAMLNT MAGHETS, LVALUATION AND PRUCLISING

Prepared by:

kdmondl Adams
William M. xHubbard

ABSTRACT: ismnnol permanent magnets have been evaluated
for stadbility under various rating oonditions. The
magnets showud a remarkaple flux constansy over a wide
temperature range after stabilization at low temperatures.
There is some decrease in -fnotlo flux density at the

low temperaturs; the exacl flux loss being dependent on the
temperature of stabilizatior, Because of their high coer-
cive force, tho magnets are extremely stable magnetically
to shook, vibration, centrifugal force and atray magnetic
fields. LEkxocept for a tendency to chip, blsmanol magnets
are suffioiently strong physically for most applications.
Unprotected biamanocl magnets corrods slightly at ordinary
temperatures and humidity, and more rapidly at 95 per cent
humidity. Magnets with applied protective ocoatings remained
stable at room temperatures and moderate numidities for the
six-month teat perilod.

The piocesaing teohniques of bismanol magnets have been
improved by eliminating magnetic separation. The new teoch-
nique consists of the separati:n 0 excess bismuth from the
melt by hot-presmsing prior to pulveriszation. Since iue
publication of the previous repor., (Mavurd 2440) bismanol
magnets ve besa made with maximum eneryy products up to
5.3 x 10° gauss-oesrsteds. Present maximum value for the
coercive force (Ho) 1is now 3650 oersteds and {300 gauss
for the residual flux density (Br). Various types of
pulverising equipment were also evaluated with respect to
the magnetic properties of tno resulting compacts. The
metnods of determining percentage purity (MnBi content),
alignmert and effectlve particle slize in blsmanol magnets
are diascussed.

Uo S. BAVAL ORDNANC): LABORATORY
White Oak, Silver Spring 19, Maryland

i

UNCLASSIFILD

T - S ——



MAVRRD Report 2686 5 Jamuary 1953

The subject investigation Gf bismansl permenent magnets was
undertaken as part of ths broad program of tne development

of new and improved magnetic materials, Task NuL-Reya-56-1-53.
RAVCHL Report 210 dated May 20, 1952 desoribed previous progress

in the preparation of blsmancl permanent magnets from powdered
mangansese bismuthide.

LDWARD L., WOUDYARD
Captain, U3SN
Conmander

D. 8. MUZZ:Y, Jr.
By direction
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BISMANOL PLRMAMENT MAGNLTS, =VALUATION AND PROCESSIMNG

INTRODY -'.Lujd
1. 7his report covers six months progress in the desvelop~
ment of bismanol nt magnets since the publicaticn

of NavOrd Rgport 0, dated May 20, 1952. The first part
of this report concerns itself with the evaluation of
bismanol magnets under various operating oonditions such
as, temperature, snocck, vibration, centrifugal force,
hunidity and salt spray. The second part desoribes co:tin-
uiag progress in the improvement of bismanol prooessing
toohnfquu.

LVALUATIO
TIMPERATURE CHARACTRLRISTICS

2. The dependence of the high intrinsic coereive foroe
Hol) on a high walue of the orystal sotropy constsxrt
K)) was first establianed by uulllsud* in his study of

ered manganese bismuthide. He also showed that in

MnBi, the values for t..ls anisotropy energy dedreased with

the lowering of temperature, and at 84°K would be zero.

This effect is due to an inversion of She "easy” and
"hard® direotions of magnetization along the orystal axes

of hexagonal MnBi. Because of tne deorease in the anlso-

tropy energy. it is apparernt that tne coercive force value
will be less at low temperatures taan at room temparature.

The effsct of low temperature on bismanocl magnsts in an

open oiroulit is shown in KFigure la. It snould be noted,
in this open circult, that sltnough at ~56°C there iz =

58 percent loss 1n flux density, the megnets become quite
stabllized over a wide temperaturs range. idowever, in
a closed ocircult therse i3 20 loss in induction since the
lower tamperature reduces only the coercive forme. :sven
at -50°C, as showm in Figure 1lb, tne coercive foroe of
the magnet 1a still quite high, ‘.es., 1600 cersteds. In
the use of bismanol permanent magnets, tuerefore, the

circult should be adesigned for 54v flux deusity avajilable
at the operating temperature.

Y1BRATION

3. Pismanol magnets were vibraced at frequenoies of 50, 100
and 500 cyoles per sec. for periods of one=hall to an hour
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L d

at room temperature, 71°C and mimue 54°C. MNo ochangs in
magnetis or prhysical properties was noticed except those
dus to temperature.

3HOCK

4. The shock tests performed on bismancl magnets were act-
ually drop tests. Table I summarigzes the results of tnese
testa. As seen from Tgble I, the megnetio yroperties of
bismancl magnets are not affected by shock except by actual
physical damage to thse magnet. This is what one would
expect from magnets prepared from high anisotropy materisls.

CENTRIFPUGE TESTS

'5. Bismanol ts were attached to a shaft with a steel

band around their periphery. Tiae whole assembly was rotated
until they broke. The oalculated maximum scoeleration at
thelr outer radlus was found to be 143,000 U's at the time
of fraoturs. This severe test su.ueats their possible use
a8 rotors in generator asaemblies.

ROUM STABILITY

6. The ts have bsen found to be stabls, at roon: tem-
perature (70° » 109F) with a relative humidity not excesd-
ing 70 percent, for the six-month period measured. However,
unprotected biamaivl magnets which received excesslve hand-
ling became chipped alon?’thz edges and corroded at the
exposed portions. This a result of damage to the thin
proteotive coatlng of bismuth present: after hot-pressing.

HIGH HUMIDITY STABILITY

7. Bismanol megnets exposed to relative humidities of 95
percent or grester tend to corrode rapidly (72 hrs' with
some loss ln their magnetio properties. Magnets vrotected
by extarnal coatings, such sa ulckel, nadmium and sinc
plating, remaln atable for somswhat loLgsr {:rioda (1-y
weekks). Thlis problem has not been satisfastorily sclved
at this time, but preliminury ex.eriments nave snown that
acid-dipping puts on a protentive coating of u bisimth
salt. Lvaluation studies of this Lype of coating ars
currantly incomplete.

8107 SPRAY 3TABILITY

3. Bismanol magnets subjected to standard ASTH Salt Juray
tests for over 130 hours, exhibit only superfiolal corircalon
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without ay lezs of their original magnetie propartiss.
Apparently, &« stabie coating of bissmuth oxychloride prevents
furthsy corrosien. 7This phsnomenon is now being examined
as & possible protective coating for biemanol magnets.

STRAY MAGRETIC PLELDS

9. Hecause of tihe high cosroive forcs of bimmancl magnets,
oextremely high ascidental fields would be necessary to affsot
the stability of tne magnets. sure of the magnsts to a
General kleotric Lemeynetising Coll Unit at its full cspascity
of approximately 800 cersteds snowed no chanye in their flux
density,.

PROCKSSI NG THORNIQUES
ENRICHMEN' OF THE ALLOY '

10. In order to prepare a magnet with the highest remanence
(Br), it is sasential to prepare an alloy with the highest
pereentage of ths magnetioc phase, manganese bismuthide.
Sinoe the amount of MnBi in a wmelt 1s limited by its peri-
tectic mature, all attempts to increase the Jurity were made
after the preparation of the melt. The purification was
accomplished by ons of two methods:

thod (A): This method, previously desaribed in MAVORD
s conslats of the seperation of the magnetio
and non-magnetiec portion by msans of a magnetic aeparator
after pulverization.

%thod (B‘: In this new process, the excess blsmuth in the
pure malt is aqueesed ocut by hot reasing, before pulveri-
sation, at tsi at 350°C in a loose fitting die., Adoption
of Method (B) has comsiderably spesded up the proceasin, of
bismanol magnets by eliminating the slower process of
magnetio separation.

PULVLRIZATION

11. It has been previously szown by Guillaudl that by
Teduocing toe particle size of MrBi to about 3 miorons, one
can obtaln an intrinsic coercive force (ici' as high as
12,000 oersteds. In order to inorease the coercive force
of bismanol magnets, various methods of grinding were eval-
uated, 7Table II shows typloal magnetic data on bismancl
magnets oompacted from MnBl powder pulverized by various
mneans .
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12, It 1s apparent {rom Tarle II that most blamanol magnets
with the highest (Ho) values have a corresponding lower (Br)
value. Conversely, te vwith a bigh (Br) show a lower

(Eo) value. Because of the large mumber of variables involved,
oconflicting data mekes it impossible Yo deterains the exaot
explanation. However, 1t is known that finer particles

have a larger surface area, inoreasing their tendensy to
oxldise, thus deoreasing the purity. Small particles are

also more diffiocult to align during pressing beceuss of thelr
iover magnet$ic moment,

13. Of the various grinding equipment evaluated,‘'a high
speed hammer mill of toe "Milkropulverizer® type has proven
the most satlsfastory from a practical standpoint. Wet
oolloid milling ylelded MnBi powder of extremely small
particle sisze, but the deorease in (Br) values reduced the
maximum energy produst values. (Table 11).

1. Powders ground from melts of Hethod (A) gave hipber
-coercive foroce wvalues, because tns effective particle aise
is smaller tnan their apparent sise due to tas assocclated
bismuth of the particles. Pulveriszation of Mgthod (53) melts
Yielded ;owders requiring no magnetic separation. However,
more eoffiolent grinding was usypally necessary to reduce the
particle sise small encugh to obtain higher coercive foroe
velues.

15. It has been pointed out by Hoselitz2 that the greatest
improvement in (BH) max values for magnets where (Ho) = 045
X Br comea fram incressing tha value for (Br). This is a
consequence of the geometry of the demagnetization curve.
Por .'gnots where (ido)=x.(Br), this curve must be a straight
1ine with a slopu approsshing unity. For a high coercive
magnet, such as bismanol, it is impossible to have a fuller
demagnetization curve, otherwise the B-di curve would show
that the magnetisation would riss with a dscrsasing field.
This, of ocourse, is not posaible. PFigure 2 shows a typlocal
normal and intrinsic hystercsis loop for a bismanol magnst.

PARTICLE AND S1Zk

16. The quantitative determination of the averaye particle
size and distribution range of MnBi powder has not been made.
1t would be deslrable tc have such data but dus to the larys
oumber of parameters involved, oanly a qualitative study was
made, rigures 3 and 4 are photomicrographs of Mnbl powder
pulverized by various attrition milla. uxcept for sample (b),
the partiocle size distribution appesrs to be unequal, usually
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agglomerated large magnetic particiss in a background of
oex’reaiiy fine non-magnetio particles, This und

material, shown in foous in sample (r)&: be o

:::mth or n-}:. Mabi particles bo“m . n“u.:o ‘gi' ::-
olent megnetic mass W‘ . A typ ]

of loose MnBi particles i agglomerated ohains with equi-

distamt spacing is shown in sample (e). '

17. The results of particle sice estimations by surface

area determinations# made the SET nitrogen adsorption
nethod are shown in Table II. Ths values appear mush lower

than those observed by other methods. This in part may be

dus to the presence of sxtremely fine icles in an abnormal
article distribution curve or errors the BET method
pendent on the krowledge of ths sxact valus for the nitrogea

adsorption coefficlent of MnBi, -

18. A semi-quantitative examination of a typical sample of
MnBi powder with an electron microscope®# shows a few small
round particles ranging in size from 0,1 - 0.5 microns and

a fow 8udisc twin orystals from 0.2 - 0.3 microns in diameter.
The bulk of the powder consists of irregular crystal fragments
and clusters ranging in size from 0.1 - 10 miorons.

19. Because of the variocus diacrspaacies in the pairticle
sizse deterxinations, the method finally adopted conaisted of
directly comparing the int-insic coercive force of bismanol .
magnets (companted under standard oonditions) with the gurve
of particles si=ms wlr.;:i coercive force as experimentally

determined by Gull Ass that these measurements
wore correct this gives an ap te value of the effective
particle sise. .

COMPACTION

20. The de of the magnetic rroperties of biamancl

magnets on cozpacting presaure, temperature and the
strength of the aligning field was established early. It

was determined that the optimrm compacting pressures at 300°0
with ar aligning field of 10,000 - 12,000 oersieds was 6,000 -
10,000 psl. A lower compacting pressure gives a lower density
with slightly higher (Ho) and er (Br) values. However,

as hfnvious shown, for high (Ho) magnets, sich as bismanol,
e higher (Br) value is more important for a high maximua

# Determined by the ¥atlional Bureau of Standards

il

v ———

“E



NAVORD Report 2686

onergy o Tha temperature of pressing can vary between
300 - 5?63“ lid:zr temperatures tend to sinter tius particles
thus reducing the (HBe) wvalue. For tiils reas suoh & oom-~
binstion of pressure and t-poﬂmo was obally
m;ﬂimd to produce magnets of optimum density, (Br), and

2. The die-body material in which the magnets are oeapmtod
must bo of mon~-magnetio mgterial. broase
beryllium-copper and mtonl.no stainless stesl au s vere
found S0 be preferable, in the same order. The !.ndd.or
the dis was plated with ohrcmium in order to prevent the
adherencs of bicm:th to the walls. The rams were coustructed
of ciaromium-plated hardensd carbon steel., Ferro-magnstio
Tams were used in order to ocommentrate iLhe aligning fleld
and close the tio eircult. This 1s illustrated in
Pigare 5. The filling faector for o tion in the die was
n5u1.vaﬂ1nglonm with the
density of the ‘30 o Blamanol mtl almost 2
inohes in diameter with (BH) max vales 5,3 x 106 have
been ocompacted using the techniques de (Table II).
Nagnets campasted in idles, where the pro d.u-oouon is
perpondicular to the applied fleld, did not ve the

qiality of magnets.

PARTICLE ALIGWG.NT, PURTTY AND ENFWCTIVE PARTICLE SIZE

22. In order t0 determins the dejree of particle alignment
and percent purity, 1t is mecessary to know the saturation
mtwm(o’ per gram. This wvalue is obtalined by -
messuring and plnttiq (B)wvs (H) at (H) val:es from 7,000

%o 1,000 cersteds. Then the valus of (B-H! is found for
mh Aint avd (B-E) va (H) is ted. Th'. value (B-H)s
:ann‘“ be u::?:;dbl;y .::t:hu ing the point uh.ro th:l.s curve
s ening uall
(B)max value. From the roh.ti.on (B=H rtﬁﬁ). (1) 1-
equal to (B~ « 8ince (I,) 1s the saturation mtin.uon

eo, to obtain (o°)s per gram, it 1s necessary to divide
rr) the density;qgs = ?_.

23. Asoording to Guilleudl, pure ¥nii snould have a
magnetioc moment per gram¢r '+ = 656 at room temperature.
Therefore, the ratlio between ths two values deteraines tm
freotion of MnBi in biswanol magnets.
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m. The ratio between (B-H) at (K) ® 0 and (B-il)s gives
the fraction of the .:unm-r{.mu domelins aligned in the
preferrsd direction of atio», bocause for 100 per
oom alignment the (B-a‘ surve would bs a straight line
from (H) = 0 to (H) » sat. .

25. The (B-8) ourve Ss drawn down far enough to int
the (M) axis giving the intrinsioc coercive force (Usi).
mﬂ.mly stated, a comparison of this (Hoi) value ui.th
ourve showing the depsndance of the_ coeroive forss on
partiole sise as determinsd by Guillaudl give' an approxi-
mate value of the effective particle size ir the pressed
ts. Table II shows values for nli.fmant, purity and
sctive particle sise on some bismanol magnets.

26. Bismancl t.l, after lov temperature stabilization,
oexhibit a megne flux constancy over s wide temperature

range \r.lth somo loss in originel availsble enexgy.

27. The magnets “ere found to be sxtrecely stable magnet-
1caily to shook, vibration, centrifugal force and stray
magnetic flelds.

28. The application of some protective coating 1»s bnl.ontod
hni“m corrosion in stmospheres of high relative

29. By squeesing out excess bismuth from the blsmuth-rish
mels prior tc pulverization, the slover pu-oeodm-o of mgn-th
separation has been eliminated.

30. A high speed bammer mill of the Pdikropul vorizer® type
was found to be the most satisfeotory of ths varisus types
of attrition amills evaluated.

3l. Bismancl magnets up %o 2 inohes in diemeter have been

cmutod with varicus thiocknesses. Such magnets are idsally

suited to applications requirinz high magnetic flux deasity,
0.8, loudapsakers.

ACKNOWLED GLMERT

32. Aockrnowledgement is made to ths Technical Lvnugtion
Department, espeolally J. T. Lamb, for condusting the
evaluation studies on blamanol, Work on the improvement
of processing toohn!.qu.u was conducted by A. M. Syeles

N

o
-
-

[ .

PSS S 3 1 ST

~
-



Bt oW s TTITIC e am e sl

uﬁ'. Glickmen., The development

EAVORD Report 2686 .
s for elwctro~

. 1at alliv coati bl or:l. agnet done by
e p nge o blssaiwl ma 0 Was
h‘&m 10 data cn tko nm ts was obtained *
byll. l'unkandlln. G, Karol under the direction of 4
. . De I Mn- Surface ares determinations of MnBi
-4nd eleotro , graph strdies vere made by C. M. Hamd
and Max of the huml Burean of Stenderda.
N p
I
h
[ ] .
]
L ]
15
ki g [ ! ' T - ; \';:
» ? —— - - —--_:- ha —.__ .. I - .
- | - S L ra——
. s —— - ‘L‘. e el
T TR B
roee” " I e | s -



Ohief, hnmats e e s o o
Je B. "&1“ (M E) s o o 0

Chief of Naval Material . ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ » 0 @ o

ﬂhmb. .

Chief, Offlce of Faval Resear.:l =« ¢ o+ ¢ ¢ ¢ 0 ¢ o o
Vashinebon 25, D. o.

‘..1.’“.“..... 4 &6 ® © O e & & 9 » » @ 0
0ff1ce of Chief Signal ornou-

Special PMoject Branch

Ra. 28269

Department of Lefense
Huhlq,ton 25. De Co

JQAOO.M(M,o.oooco-oo-o.o..
Physiocs Branch

Office of Naval Research

'..mmn 25. De Co

Mins>als and #etals Advisory Boaerd

Bational Research Council

National Academy of Sciences

2101 Oomtiggt:lon 3"“

Washington b. G,
W. Jo Barris, Jr., Executive 3coretary . .« ¢+ ¢ - o
m. ’o n. mttm * [ ] [ ] [ ] L ] [ ] [ ] [ ] [ ] [ ] L L} e L J 9 [ ]

Squire Signal Laboratory

Port Monmouth, New Jersey
m““-o.ooooooooocoooooo
Arxy Signal Laboratory
‘.DoW!Mooooo-.c.-o-oo-o.o
Components and Materials Bramch

e




BAVORD Report 2686
_ Ooples
Dtﬂom.--.-..u...”.-...,......... p v
Nationai Bureau of Steddards .
Waghington 25, D. C. o
_ndlltom..... a o 06 00 060690 s0¢ 1 *'
Alr Force O.IIu'Mp Researeon c.ntn- o
230 Albany Btresi >
Cesbridge 39, Massaclmusetts =
'000.’“.‘000000¢o‘..tl~....l..1 z
Researsh and Development Board : :
:&”mn'uguw
ng ;
Vashington 25, D. O, -
g_sﬂ.im grfh‘rgﬂ“mm ® o o 06 0 0 0 0 o o b ] )
yort Traveull ’
New London, Comnsoticut
Uo S. Coast and Geodetic SUPYEY « « o o o o o« « « o o 1
Attn: Geophysics Livision
Wesnington 25, V. G,
Commanding General . e o o 06 v e o0 0 o9 000 ol
wright Alr Donloy-ont Center .
Patterson Alr Force Base, Ohlo
Attn: Research Division (WCRAN-3)
of Defense Production . « ¢« v ¢ o ¢ 0o ¢ <« 1
P.0. Box 4897, Cleveland Park Station |
Washington 8, D. C.
Attn: J. W. Paddon |
.b.mm’zm.oooocooooo-oo.oo001 bl
RCRTR-S
Romq Alr Developmentc Cenber
Rome, New Jersey
g
Ry |
£ — ————— .I ! ';."|
o o T TR —— L S Yy
l!f-' & -- V. —- ‘#
- - \ . ; M
I .




Reproduced by

ned Services Technical Information flgenc
DOCUMENT SERVICE CENTER

KNOTT BUILDING, DAYTON, 2, OHID




