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Magnet ohydrodynam ¢ Sterilization Apparatus and Method Technical Field This
invention relates generally to sterilization processes for the elimnation
of m crobes, specifically, the 10 invention is directed to a sterilization
met hod uti | i wiopgnn&7eagnet ohydrodynam ¢ (MHD) cel |l and appar BEDYSEH6230
destroying the m crobes. Background Art 15 The i nportance of
steriliBati on. ¥agoetchydrodynanic ftanilisasion Apparpins Angdathodang to
those skilled in the art. Sterilization processes are required to obtain

subst anti al | ¥ 1‘300/3 rg',.cr!oé)e elimnation while not altering the material that
i.s being s =4 addition, sterilization of waste 20 streans is
becomi ng of greThis inymntionaelotesngeneradbly dto rakeyiddzatyisncal mterial s
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di seases. Aaghetohydradynanict(@HD)i caflloandrappacatns fion Aestargyandari ety
of tenperatyLeni&t&isddi cal and/or chem cal processes. Al of these
processes have certaln drawbacks. Sterilization processes that use an

el evated tenperature have the 30 di sadvantages of the energy requirenents
of heati ngpabkgrenndZptto a tenperature adequate to kill mcrobes and the

eff ect ;ghat it +1h£aﬂ@é e Urhlhigasiohi bidsdhsingi1GAve190RhDUA
si de- efl ects of ther l_|’orocesses .on fooas are praoteln dena&gatlﬁn and

degr adat i of9oPoth B¢ [@enexal public, apd; tg thesefilied 1AL 8Lk ¢ ed
and has evstebtiizptiemimrbcedsest ateSratairéat eotodkain e@tantindived June
14, 1932 p&BBQ.Sﬁ?c?oﬂ&t HatSldal H.}ngaat heg ?itéf’ﬂ&b Wirld ot shhegugecy

el ectrical “oscilTatrons, A vacuum tube q@scillatof_was proposed fo

for
gener at i ngig hedndfseexithigedy AN AAditdpg, SkexAlization #L, #3858 i ed was
pl aced 20 t Btpeams eie hasdminy spH speateroispbhtante ctomndgwirohmentadommended:

frequency Qf.QBREAT APL¥ES MRGaR160+ARY B0QuitE sterilization are
food products, pharmaceuticals, cosmetics and medical waste. -
Medical waste sterilization is becoming increasingly important
with higher population densities and the new contagious

25 diseases.

A wide variety of sterilization processes exist using a
variety of temperature, electrical and/or chemical processes.
All of these processes have certain drawbacks. Sterilization
processes that use an elevated temperature have the

30 disadvantages of the energy reguirements of heating the
material to a temperature adequate to kill microbes and the
effect that it has on the material being sterilized. Typical
negative side-effects of thermal processes on foods are
protein denaturation and degradation of wvitamins.

35 Electrical sterilization has been tried and has even been
patented. United States Patent No. 1,863,222 issued June 14,
1932 proposes a method of sterilization of food with high
frequency electrical oscillations. A vacuum tube oscillator
was proposed for generating a high frequency electric field.

40 Material to be treated was placed within a receptacle disposed
across the electrodes. The recommended frequency of operation

was between 60 and 600 MHz. | REPLACED SHEETS SG
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el ectrical process called Electro-Pure Process was popular in the 1930's
but the process fell out of favor by 1960. The reason for the

di sconti nuance of the process could not be found. However nany papers

i ndi cate thawedspazni cal 5 sterilization has had the probl e®CEUSSTI16230

I nadequate kill rate of mcrobes. In addition, the process has the -
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sure of Inventio

Recently the inventor, Sedley J. Greer, Jr. has been .
20 experimenting with a sterilization process through the
- phenomena of magnetohydrodynamics (MHD). As well recognized
* by.those skilled in the art of physics, MHD involves the .
~ simultaneous establishment of an electrical field transverse
. to a magnetic field. Previous experiments have been conducted
25 by the present inventor and patents were received for a
Magnetohydrodynamic Geophone, U.S. Patent Nos. 4,585,207
issued April 15, 1985 and 4,764,908 issued August 16, 1988.
continuing experiments on MHD systems have revealed that
the application of static or direct current fields to
30 materials obtains sterilization effects beyond any of those
achieved in the prior art. Stated another way, it was found
that the combination of a sterilization pathway and an MHD
transducer applying magnetic and electric fields transversely
across the pathway, significantly sterilizes material.
35 Microorganisms are rapidly killed and tests have revealed that
sterilization is virtually 100% complete. Moreover, the
application of oscillating fields is unnecessary. It is the



35 Mcroorganisnms are rapidly killed and tests have reveal ed that
sterilization is virtually 100% conpl ete. Mreover, the application of
oscillating fields is unnecessary. It is the 2 WO 98/ 14272

PCT/ US97/ 16230 unexpected synergy of both the nagnetic and el ectri cal
fields on steodité@ti on that nmake this invention unique. |tPONESIIE6330
theorized that the physics of the invention are based primarily on ion
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sterilization is conS|de ed to be B%benc rrarko sterll t|

process. The M—|'5°5F'é‘?“?‘?’r' 2% WP 8 RYBRrPiRS gf t he
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throughja pxes agewfiylly known at this time.
Actual experiments have been conducted and the results
are plotted in Figure 5. The figure shows the exponential
_decrease in microbe populations with higher magnetic: flux.
.-levels, electrical power and application times. In actual
- 20 test, spores were 100% eliminated by this process.  Spore-
" sterilization is considered to be the benchmark of any-
- sterilization process. . ' ' '
The MHD sterilization system invention is a method
involving the specific use of magnetohydrodynamics (MHD) for
25 the specific purpose of destroying populations of micro-
. organisms occurring in, within or on fluid, semi-fluid, semi-
solid or solid materials.
The MHD sterilization method uses magnetohydrodynamic
effects to sterilize materials conducted through a passageway
30 or a static cell. The MHD cell consists of a fluid
containment passageway with electrodes positioned between the
poles of a magnet. A current is sent transversely through the
fluid at a right angle to the magnetic field. The systenm is
completely sealed and has no moving parts other than the fluid
35 itself. The crossed electric and magnet fields induce ion
motions that meet or exceed the ion velocities that exist in

boiling water. It is theorized that these velocities, along



30 or a static cell. The MHD cell consists of a fluid contai nnment
passageway with el-ectrodes positioned between the poles of a nagnet. A
current is sent transversely through the fluid at a right angle to the
magnetic field. The systemis conpletely seal ed and has no noving parts
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measur ekBnt consmmption an safiee enydreomeatabodisresall y to provi de the
correct potenti ain i Sedticc MdRicanb stefilPsSion system, the material
is placed in a perforated plastic strainer and lowered into .a .
. - closed ended MHD cell charged with a mildly saline solution. .
.. .. - Room is left toward the top of the cell to allow for the fluid
.20 -surge that occurs with MHD cell activity. ' . SR
A conductivity measurement is taken using a conductivity -
‘transducer. The system computer evaluates the conductivity -
measurements and instructs the controlled power supply to
provide the correct potential across the MHD cell electrodes
25 for a time adequate to insure sterilization. The computer
would indicate to the operator when the sterilization process
is complete by audible and/or visual means. The operator
could then lift the perforated plastic strainer and remove the
material being sterilized. -
30
Brief Description of Drawings
In the following drawings, which form a part of the
specification and which are to be construed in conjunction
therewith, and in which like reference numerals have been
35 employed throughout wherever possible to indicate like parts
in the various views:



25 for a tine adequate to insure sterilization. The conmputer would indicate
to the operator when the sterilization process is conplete by audible
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15 Best Modes for Carrying out the Invention
With initial reference directed to Fig. 1, the best mode
of the present invention for a flow-through MHD sterilization

system has been generally designated by the reference numeral. =
. 10.. At the outset, it should be understood that the _

20 - configuration herein disclosed may take on a variety of forms, - -
although we have presently disclosed what we now believe to be
the best mode.

Ideally the system would consist of a flow transducer 12
which is in an inlet conduit line 14 leading to a MHD flow-

25 through cell 16. A material flow to be sterilized is -
represented by arrows 38 and 40. Mounted in between the flow
transducer 12 and the MHD flow-through cell 16 is a
conductivity transducer 18. Both the conductivity transducer
18 and the flow transducer 12 are non-restricted to the

30 material flow running through inlet conduit line 14. The
output signals from the flow transducer 12 and the
conductivity transducer 18 are electrically connected to a
Central Processing Unit (CPU) 20. CPU 20 is electrically
connected to live voltage 34. An electrically operated flow

35 control valve 22 is mounted in an output conduit 24 and
regulates the amount of material flow going through the MHD
flow-through cell 16. The flow control valve 22 is



the best node. Ideally the systemwould consist of a flow transducer 12
which is in an inlet conduit line 14 leading to a MHID flow 25 through
cell 16. A material flowto be sterilized is represented by arrows 38 and
40. Mounted in between the flow transducer 12 and the MHD fl owt hrough cell
16 is a condwadesnarmz transducer 18. Both the conductivity tRCHASIE2018 and
the fl ow transducer 12 are non-restricted to the 30 material flow running
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insufficient materials conductivity exists as measured by
‘conductivity transducer 18 in relation to the material .flow as
measured by the flow transducer 12. s .
- Under ideal operating conditions, sufficient material .
‘20 -conductivity would exist and the CPU 20 would send an - : ' ° =
" .electrical signal to controlled power supply 28 which would .
then regulate the voltage potential between electrical cables
30 and 32. The CPU 20 would also send an electrical signal to
 valve controller 26 which would throttle the flow control
25 valve 22 to reduce the material flow rate to a level that the
maximum voltage potential between electrical cables 30 and 32
will enact a full microbe kill.
Because the sterilization is being performed by an MHD
cell, it is possible that sufficient pressure rise across the
30 MHD flow-through cell 16 would be a sufficient pump for the
sterilization system to work. This is because the application
of sufficient transverse electrical and magnetic fields across
the pathway, normal to the direction of displacement, will
generate fluid motion through magnetohydrodynamic effects.
a5 With concurrent reference now directed to Figs. 22 and
2B, the MHD flow-through cell 16 comprises a rigid, generally
Cc-shaped, high performance permanent or electromagnet 42 which



conductivity transducer 18 in relation to the material flow as nmeasured by
the flow transducer 12. Under ideal operating conditions, sufficient
material 20 conductivity would exist and the CPU 20 woul d send an
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through passageway 48. Microbe killing is accomplished by the

crossed electric and magnetic fields inducing high,
(approximately 10® meters/sec), ion velocities. With this -

: construction, the magnetic field applied between poles 44 and

20 46 is preferably in the 1.to 5 Tesla range. The voltage
required for high performance sterilization is between 100 and
1000 volts. : : X

With reference now directed to Figs. 3 and 4, the best

mode of the present invention for a static cell MHD

25 sterilization system has been generally designated by the
reference numeral 60. :

Ideally the system would consist of a static MHD cell 62.

This static MHD cell 62 is similar in construction to the
flow~-through MHD cell 16 except stood on end and the .

30 passageway closed off. The static MHD cell has an electrode -
64 and 66 on opposite sides of an single open-ended passageway
68. A large C-shaped permanent or'electromagnet 72 is
provided to create a magnetic field perpendicular to the
electric field established between electrodes 64 and 65. A

35 workin§ fluid 70 partially fills the passageway 68. The
working fluid 70 is a mildly saline solution unless the static
cell is used for small batch fluid sterilization. Typically



across these electrodes. This electric field is oriented perpendicularly to
the magnetic field established between the poles 44 and 46. Further, the
magnetic field and the electric 15 field are both perpendicular to the
direction of material flow through passageway 48. M.crobe killing is
acconpl i shedwaysshirzcr ossed el ectric and magnetic fiel ds i n@CTAURY1623gh,
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provi dod { oo 5eR iR dchfex SEBRIGNYE FLORLAEN AN NiRcthacRh cpbhedoraqd Lo

al | ow easy rermv sol erla sterl A solid state
si gnal &®ndlingpltage §sel e®fr pdgFFyical cable 80 and an’ electrical

cable 82 transmits electrical power from the controlled power
_supply 80 to the static MHD cell 62 electrodes 64 and 66.
Under operating conditions, the CPU 76 would monitor the
_ . fluid conductivity by the signal received from signal
20 conditional 74. The CPU 76 would then send an electrical
signal to controlled power supply 78 which would in turn
regulate the voltage potential between electrical cables 80
and 82. The CPU 76 would create an audible and/or visual
alarm to let the operator know that the sterilization process
25 - is complete. The voltage potential and application time would
correspond to the necessary values required for a full microbe
kill at the known magnet strength of the static MHD cell 62 .
and the working fluid 70 conductivity. Microbe killing is
. accomplished by the crossed electric and magnetic fields
30 inducing high (approximately 10°® meters/sec) ion velocities.
With this construction, the magnetic field is preferably in
the 1 to 5 Tesla range. The voltage required for high
performance sterilization is between 100 and 1000 volts.

Because the sterilization is being performed by an MHD
35 cell a surge zone 84 is allowed at the top of the static MHD
cell 62. This is necessary because the application of
sufficient transverse electrical and magnetic fields across -



connected to a conductivity transducer 88 for neasuring the conductivity of
the working fluid 70. The output of conditioner 74 is electrically
connected to a Central 10 Processing Unit (CPU) 76. CPU 76 would typically
be electrically connected to line voltage 34. A controlled power supply 78
is provi ded woogiteayd de direct current electric potential t®PCUESIF@N c MD
cell 62 electrodes 64 and 66. The controlled power supply 78 receives its
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10[err] me ﬁéé ElQ5i1sees: Wth this construction, the magnetic
fieldis p Tesl a range. The vaolta e re uired for
hi gh perfohﬁﬁﬁﬁéiﬁg%ycI?QﬁuQQiFQF§ e a8nanbages L8 dhe ecause t he

sterilizat jagehtibri @geperforned by an MHD 35 cel | a surge zone 84 is
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(b) to provide a sterilization process that does not

involve the application of nuclear radiation, microwave
. energy, significant heat, or sterilizing chemicals to the
.20 material being treated; L '

(c) to provide a sterilization process that will not
have harmful side-effects such as vitamin and nutrient
degradation to food;

_ (d) to provide a system of the character described
25 capable of processing medical and veterinary waste; -

(e) to provide a system that can economically sterilize
waster water to aid in the reclamation and purification of
water;

(£) to provide a system of the character described

30 capable of processing meat, poultry and dairy food materials;

(g) to overcome the shortcomings of electricity or
magnetism alone which liberates heat and/or electrolysis (MHD
causes energy to be transformed into fluid flow without
appreciable guantities of thermal energy);

35 From the foregoing, it will be seen that this invention
is one well adapted to obtain all the ends and objects herein



generate fluid notion through magnet ohydrodynam c effects. It should be
understood that the control circuits described in Figs. 1 and 3 are the
best known node at this 5 tinme. However, because of the continuing
experinments, it is contenplated that changes in the circuitry may occur. As
can be recogwomsdsidry those with skill in the electronic artBCTEHSXHFIBtyY of
di fferent approaches could be used to provide simlar results. 10

l.ndust ri al ségpiEorthij Itd:gemmm'glqi;herhadwbpseggsamhiacamtiag@xeat the
present inygat g@g n8Efre(d) toO prow de a sterilization process that can be
15 rapidly and_econom cal | pplied a w d% varljgéx of ma.t (b) to
provide a steri Wp3aei Bhe? \6"5 SeRL 1:5:31,95‘ FOPTRANB| VRNY HP °8ﬁ'of
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Wi not
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t r ansf or eIt o out apprecia yantities of thernal
energy); 3power tOFPBrrW:IHec‘FH SRt oy ts%qilliﬁété@Bn that this invention
is one well adapcedrienghy i thelscdpe chdheaiavehtiohssheukl rbed

determined not by the embodiments illustrated, but by the
15 appended claims and their legal equivalents.
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WD 98/ 14272 PCT/ US97/ 16230 set forth,
together with other advantages that are inherent to the structure. Wile
t'he above description contains many specifications, these should not be
construed as limtations on the scope of 5 the invention, but rather as an
exenpl.i fi catwossnd27one preferred enbodi nent thereof. Many oPGBUSTALIAL i ons
are possible. For exanple an alternating or pulsed current could be used .
across the MHD el ectrodes to induce thelatmsssary ion velocity in the fluid

W} ]gh ?nl y tllhe flAuam@tﬁaal ¥e éleéfﬂbﬁt mutéxq%tl W fi%w%httaslatﬁﬁé%ﬁfltlon

effect in plac coniro cuits c rea e cou eliver

electric p&ﬁéﬁ"uﬁﬁl 2n %8?-?‘15 ?’B’rc ﬁeglﬁ'l & ﬂ58€¥‘§1¥% e

scope of tfu;hlnwonprgﬁlsbeuld be determ ned not by the embodi ment s '

illustraged, but by whg aéEaé&G@,f'dﬁS&-Céﬁdf&aﬁﬂ&ﬁﬁebélhégékefﬂlliﬂ@dGEBS 10
Clainms 1. A nmethod of sterilizing materi al |l owm ng said materi el

through a magnet ohydP88§hani ¢ cell, said nagnetohydrodynanlc cell 5

conpri si ng: a_passagumaysf5orsesthb¢¢shing anciadgquatei hageetic Hield neans

for establishing an %ﬁﬁﬂuiéesmﬁfhfl pi.zy&% bicai1apbebaghiql 1y

per pendi cul ar to saldPgassa yangnd means concurrently generating an

adequate el ectrical pPaIEHRY/ substantially normal to said
magnetixo fiel d and saednpaﬁeagewugumtzntﬂy1gsﬂetatdagsaﬁoadeqmabéishing t he

magnetic field conpr b&‘éét?l&?i‘“ﬁém %1'1 BﬂnQi m%@af&' .
The met hod of ster|I|Z|ng material as ne I'n c a|n11 erern sald means
for establlshlng an Dagpghic Fhﬁh@t?ﬁ?f§§ﬂqjﬂﬁ§s&gE¥Pﬁanent 15 '
magnet . 2. The method of sterilizing material as defined in claim 1
wherein said means for establishing an adegquate magnetic
15 field is " a permanent magnet.

3. The method of sterilizing material as defined in claim 1
wherein said means for establishing an adeguate magnetic
field is an electromagnet. :

4. The method of sterilizing material as defined in claim 1

20 wherein said means for generating an adequate electrical:
field comprises:

a set of two electrodes running axially along and
opposed to each other along said passageway, said set of
two electrodes extending substantially the entire length:

25 of said adequate magnetic field, said set of two -
electrodes being located along the radially outer wall of
said passageway; said set of two electrodes having an
electrical potential relative to each other, said
electrical potential being generated by a power supply

30 means., .

5. The method of sterilizing material as defined in claim 1
further comprising:

means for monitoring the conductivity of said

material; and

35 means to regulate the said adequate electrical field

in response to said means for monitoring the

-
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3. The nethod of sterilizing material as defined in claim1 wherein said
nmeans for establishing an adequate magnetic field is an el ectronmagnet. 4.
The method of sterilizing material as defined in claim1l wherein said neans
for generating an adequate electrical field conprises: 20 a
set of two eweesma2ds running axially al ong and opposed t o RCRUSIFGEE? al ong
sai d passageway, said set of two el ectrodes extendi ng substantially the
entire length of saimhteiipls condystivity| wherekyitp JasUWEP two el ectrodes

bei ng | ocat ed al ong d#a-1adatlilon ot Shivchatefisrj d passageway; said set of
two el ectrodes having .an el ectrical, 25 .- POt entd.al_.rel ag tp each
other, saifl~ele ?i’E%‘h%t%fﬁﬁtzﬁr&géﬁﬁaggﬂﬁ%?ﬁ’%]d %%/%z}flﬁg‘v?gr ig‘u%g'%gmngans.

5. The net hodfwfthrre rgdniprisingdt eri al as defined in claim1 further

conprisgng: neans f Qledfdifdy midhitbeingneHe! tonductivity éfnehgai al ; and 30
means to regulate the said adequate electrical field in response to said
means for nonitori nd3 ¥ Ik%erial s conductivity whereby to insure
sterilization of saimkeans cdidmmonitorifng the fXPre ratt@f shid sptpriahy

material as defined jdhgd qignrggflﬂrattgelthgogp{,g,si-g& deS d fateRihlering the
conductivity of said r’glterlal; means for nonitoring the flowrate of said
material; 5 an nmeans to regulate the flowrate of said

mat eri ab; and neans neansdd ateguliadesthe adidguadewtur wlieckiricad| fiepa _
response to saigh PagSol B UL WalAnk"oFBhShL EdSind RHE WakiekiadBd said

of ai d et or | SPORMIEHETHOL a0ih SR MEHaFAENRERT ST RRAAREEE 4B on 11 ow
10 rat lof raee sedherabyyreet dngtredghenitization ©f sadd appar at us
for sterilizi ngmg@%ie%gfljaﬁpr% izﬁ]ﬂ“@:ﬁcféeﬁaﬂﬂgﬂﬁﬁﬁm%ﬁ@&iﬁee” lization
cell, said magnetohydrodynam ¢ sterilization cell COgr‘g)I‘l%l L apRagsagevay
for mail&ri al tosﬁﬁr%}ﬁﬁ'ﬁr%(fl%lrétﬁa§§a§9ﬁ/a§al% magrieto Yﬁ%&d?@ E‘?‘Ssed on
one end; neans &ellestablishing a nagnetic field that is substantially
7. - An apparatus for sterilizing material comprising:
a magnetohydrodynamic sterilization cell, said
- magnetohydrodynamic sterilization cell comprising:
20 o . a passageway for material to be sterilized, said
. passageway being closed on one end;
means for establishing a magnetic field that is
substantially perpendicular to said passageway; and
_means for concurrently generating an electrical
25 field substantially normal to said magnetic field and said-
passageway.
8. The apparatus for sterilizing material as defined in
claim 7 wherein said means for establishing a magnetic
field is a permanent magnet.
30 9. The apparatus for sterilizing material as defined in
claim 7 wherein said means for establishing a magnetic
field is an electromagnet.
10. The apparatus for sterilizing material as defined in
claim 7 wherein said means for generating an electrical
35 field comprises:
a set of two electrodes running axially along and
opposed to each other along said passageway, said set of

-
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per pendi cul ar to said passageway; and neans for concurrently generating an
electrical field substantially normal to said magnetic field and said
passageway 20 wherein said neans for establishing the
magnetic field conprises a neans to substantially enclose the cell. 8.

The appar at ugobgn42st erilizing material as defined in cl ai MPCHWRIVEE2H sai d
nmeans for establishing a magnetic field is a permanent magnet. 9. The
appar atus for stwoiélestnpdas exteindingdeshbatantinllnithey eptdrei Aengrl 25

means for estabhk I gAY irdchitf! dald 88k e AP TAGRI0akS beThe
apparatus for sferilizing material .as.defined in ¢]ai mher ein ., means
for generating aPca¥ed 3 tﬁﬁeeF&d&B Yi g‘éE?raW%ﬁ[ Q#nsmgngﬁgg?p%gég,
funning axi al | ysaidnsetarat dpsosdectyodashhaving m@ﬂ@mi@aﬁapgﬁgp%ﬂ sai d
set of o el eC.%é?&’efvdé% each oth%%t,eesmlagef&éé}féui Pdeenthaienbing | ength

of said magnetic Tie said set of two_electrodes being | ocated al ong the
radi al |y outer 9anerated By 3 ROVEr-FUPPLY PEARZt of two el ectrodes having
an el ectrigal prhenappdratus for steatilieinhg matéridhears dedfiised évtri cal

potential being r tﬁgﬁ?y ?9,9, ply neans. 11. The apparatus for
sterilizing rratg??g&ﬁ gs e |er1:faI |\#%:31F§|H§1 7 further _corg)ri sing:, 5

means for rmonitori ngheaes & Raniforings the; gondeetivity afy ns to

regul atyjp the samdtertalsiavd field in response to said neans for nonitoring
the materials conduciiyid Ve dMRlfuee” thaSyhfaSbibsti 78 Flall 33/ d

mat eri al . _
response to said means for monitoring the materials

conductivity whereby to insure sterilization of said
material.
15
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