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electron beam processing has been used to improve thermal, chemical, barrier,
impact, wear, and other properties of many inexpensive materials extending their
utility to demanding applications typically dominated by higher cost materials.
Electron beam processing may result in cross-linking, degradation, or a
combination of the two, depending on the nature of the polymeric materials and the
dosage of radiation applied. Results of electron beam processing of cross-linkable
plastics has yielded materials with improved dimensional stability, reduced stress
cracking, higher service temperatures, reduced solvent and water permeability.
More specifically, radiation induced cross-linking in polyethylene has resulted in
increased modulus, tensile and impact strength, hardness, deflection and service
temperature stress/crack resistance, abrasion resistance, creep and fatigue
resistance. In contrast, radiation processing can also induce degradative, or
scissioning, effects in polymeric materials such as polytetrafluoroethylene (PTFE).
Scrap or off-spec PTFE, degraded by electron beam processing, has been identified

as useful in the production of abrasion-reducing additives.



Scrap or off-spec PTFE, degraded by el ectron beam processi ng, has been
identified as useful in the production of abrasion-reducing additives. WO
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contact with the human~body, talc suitable
15 friction. For instance, clays are currently used in down hole drilling fluids useful

in reducing friction during drilling operations. Debris present in a down hole is
cleared by pumping clay into the bore hole where the clay lowers the viscosity of
the debris and aids in moving the clay to an exit. Ideally, the clay maintains the
debris in a suspended mixture without building viscosity. In practice, a significant
20  buildup in viscosity is experienced in this process and the efficiency of clearing
debris from down holes using clay is significantly less than desired. The cost of
suitable clays may also be prohibitive.
Talc has found wide use as a friction-reducer in personal care
products, most notably mascaras and body powders. Although hypoallergenic in
25 nature and therefore safe for contact with the human body, talc suitable for
personal care products is expensive to manufacture.
The above-described background highlights the need for
multifunctional additives with improved low COF characteristics obtainable at a
reduced cost. Such additives should not only be economical to manufacture, but

30 also derived from a cheap but plentiful raw material source. The method of
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In the preferred embodiment of the invention, the method utilizes raw
cotton as the raw plant material.
Prior to the irradiating step of the invention, a granulating step may
15  be included wherein the raw plant material is granulated to reduce the diameter
size of the raw plant material before irradiating. In one approach to the invention,
the granulating step may reduce the raw plant material to about a 1/8 inch to about
a 1/4 inch diameter size prior to the irradiating step.
The irradiation step of the invention utilizes an electron beam source
20  for delivering accelerated electrons to the raw plant material. A suitable dosage
may be between about 30 megaRads to about 100 megaRads depending upon the
particular application the resulting additive will be used in. A dosage of about 80
megaRads to about 100 megaRads is preferable where the additive will be used in
friction-reducing applications. However, the total dosage is preferably
25  administered in multiple low dosage passes.
The micronizing step of the invention is meant to reduce the size of
the irradiated product and may be carried out with a jet classifying mill. The
micronizing step is intended to reduce the average diameter size of the irradiated
plant material to an average diameter size of about 3 microns to 4 microns with

30  99% of the average diameter sizes being below 10 microns.
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particul ar application the resulting additive will be used in. A dosage of
about 80 negaRads to about 100 negaRads is preferable where the additive
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formulation, or matting agent.
Various other features, objects and advantages of the invention will
15  be made apparent from the following description taken together with the drawings.
DETAILED DESCRIPTION OF THE INVENTION
The preferable raw plant material is raw cotton, possibly brought into
the process in a baled form subsequent to harvest activities. Cotton is particularly
desirable because no pretreatments of starting materials are necessary and raw
20 natural products may be brought directly from their original source (e.g., harvest
from a field) into the process, therefore reducing costly pretreatment steps such as
etherification.
Cotton is a particularly attractive raw plant material for the invention
as cotton is grown in about 80 countries, in a band that stretches around the world
25  between latitudes 45°N to 30°S. After planting, seedlings appear five days later,
with the first flower buds appearing after approximately six weeks. In another
three to five weeks, these buds become flowers. The flowers are short lived and
fall from the cotton plant, leaving behind a small seed pod, known as the boll.
Each boll contains about 30 seeds, and up to 500,000 fibers of cotton. Each fiber

30 grows its full length in three weeks and for the following four to seven weeks, each

4 .
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15 HOG or Cumberland chopper or similar equipment.

Thereafter, it is preferred to expose the raw cotton material to
irradiation with electrons when the raw material is in a relatively dry state.
Preferably, the raw material will have a water content of less than about .05% to
1.0% by weight of the raw material.

20 Various sources of radiation may be utilized with the process
according to the invention. Useful sources of radiation may be either continuous or
pulsed electron beam accelerators currently available in the art. In general, any
accelerator from the main types including electrostatic direct-current,
electrodynamic DC, radio frequency linear accelerator, magnetic-induction

25 LINACSs and continuous wave machines may be used in the process. The dosage,
or amount of energy absorbed, is measured in units of megaRads (MR or Mrad),
where one MR is equal to one million ergs per gram, or kilograys (kGy), where
one kGy is equal to one thousand joules per kilogram. The energy dose delivered

to the raw material in the method is 30 to 100 MR. Preferably, dosages on the high



smal|l squares in the range of 1/2" to 1/4" in size. Chopping may be
performed in a 15 HOG or Cunberl and chopper or simlar equi pnent.
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15 In contrast, a process according to the invention avoids the
limitations in prior art techniques by providing for the raw plant material to be
continually blended during the irradiating step. Multi-pass radiation with the
material being turned or blended between each pass results in uniform radiation of
the raw cotton.

20 Irradiation of the raw plant material forms an irradiated product
which is subsequently guided to a micronizing step. Micronizing of the irradiated
product is carried out by a micronizing mill, preferably a jet classifying mill such
as a model 30 Roto-Jet manufactured by Fluid Energy Al-Jet Company. The jet
mill is operated using an air flow of 1500-2000 CFM at 120 psi. This is a high

25  speed grinding mill with an integral, independently driven dynamic classifier
producing a narrow size distribution. Although size of the micronized irradiated
product may vary depending on the ultimate application for the additive, the
general particle range is from about 2 microns to about 10 microns for the
applications disclosed herein. For friction-reducing additive applications, 99% of

30 the particles will be below 10 microns in average diameter size with a minimal
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cotton may burn or degrade. Thus, with a total dosage of 80 MR the

mat eri al nust be passed under the accelerator window thirty-two tines.
After eacWopa®s$97¢ he material nust be turned over or bl elrdedSorissee again
bei ng exposed to the radiation. 15 In contrast, a process according to the
i nvent i on raupb&softdillitiveé pariidldsdess than Rrmivtomy in diesleter and 0% beswevi@i ng for
the raw plant material to be continually blended during the irradiating
step. Ml trnigsens Amaafieragopaiclendiamsterradietol amieronads desirable for fhictinded
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Conmpany. The jet mll 1S operated using an air flow of 1500-2000 CFM at
120 psi. Thstindtly eaimipyg Ao ssheetimgitenttigardadi dsl thevinvensioni nt egr al |

i ndependently driven dynam c classifier producing a narrow size

di stribution. Although size of the mcronized irradi ated product may vary
depending on the ultimate application for the additive, the general
particle range is fromabout 2 mcrons to about 10 mcrons for the
applications disclosed herein. For friction-reducing additive applications,
99% of 30 the particles will be below 10 m crons in average di aneter size
with a mnimal 6 WO 02/094970 PCT/ US02/ 15627 nunber of additive particles
| ess than 2 mcrons in dianmeter and 0% below 1.0 mcron. An average
particle diameter of 3 to 4 mcrons is desirable for friction- reducing
applications. Various alternatives and enbodi nents are contenplated as 5
being wthin the scope of the followng clains particularly pointing out
and distinctly claimng the subject matter regarded as the invention.



7 WO 02/ 094970 PCT/US02/ 15627 CLAIMS W claim 1. A nethod for preparing
a nultifunctional additive froma raw plant material conprising the steps
of : irradweatogothe raw plant material with an el ectron beamusoutse7 to
forman irradiated product, the raw plant material being continually

bl ended during 5 the irradiating stem, m croni zing the irradiated
product. 2. A nethod according to claim1l wherein the raw plant nateri al
is raw cotton. 3. A Wetdigith:according to claim 1l wherein, prior to the
irradiating step, a granulating step is included wherein the raw pl ant
material is reduced to a first average dianeter size. 4. A nethod
according to claim3 wherein th ranul atin L[ reduces. the first
average di ameter sizk to ABBEHO f?@epﬁ%’ﬁgﬁg“'i 1%?1&:’(}%1@ adiitive adpPe. 5.
A et hod Lg: i iy, during the irradiating step, the
el ectron %ggl?n{@g%?lgiee%@hg%@éhg@%ﬁggé of about 30 negaRads to about 100

nmegaRads to the raw jpladittingathe rawlplafi mdserfiRl Wit adcl st Bedr s6h@e o 1
wherein, during the irradiatin step, the el ectron beam source delivers a

dosage of fabouan isGdiaigd Reetbict,che o plant ooatesgldikidg continwaly blengedduring
mat eri al . 171 A qri‘r.et,hod according to claim6 wherein the radiation dosage is
appl i ed i Abeifradisiing StsR: PBYel dosages. 8. A nethod according to claim 7

wherein the | ow | ev%ic%ﬁ&ﬂ?g th%qﬂgﬁfafeefﬁpl%aﬁgﬁ 2.5 megaRads.

2. A method according to claim 1 wherein the raw plant material
is raw cotton.

3. A method according to claim 1 wherein, prior to the
irradiating step, a granulating step is included wherein the raw plant material is
reduced to a first average diameter size.

4. A method according to claim 3 wherein the granulating step
reduces the first average diameter size to about a 1/8 inch to a 1/4 inch diameter
size.

5. A method according to claim 1 wherein, during the irradiating
step, the electron beam source delivers a dosage of about 30 megaRads to about
100 megaRads to the raw plant material.

6. A method according to claim 1 wherein, during the irradiating
step, the electron beam source delivers a dosage of about 80 megaRads to about
100 megaRads to the raw plant material.

7. A method according to claim 6 wherein the radiation dosage is
applied in multiple low level dosages.

8. A method according to claim 7 wherein the low level dosage
comprises about 2.5 megaRads.

9. A method according to claim 7 wherein the material is mixed

or blended during the irradiating step.



9. A nmethod according to claim7 wherein the material is mxed or blended
during the irradiating step. 8 WO 02/ 094970 PCT/ US02/ 15627 10. A net hod
accor di ngwoeobarm 1 wherein the mcronizing step is car®ePcadsouiseaith a
jet classifying mll. 11. A nethod according to claim 1l wherein the

mcronizing Step remyicesadnsheRNdeAURIRercIiA TRiRired] A Micrbiigidg gl at ed

product to about 3 mcrons to about crons with 99%

aver age diigreirtdd Shizehhgeostadddfying eriins. 12. A multifunctional additive
prepared froma raw plant material according to the nethod of claim1. 13.

An additive useful ikhl.reddoheioflaiceending topelping luebercisthgrmigtienizing sep ng
conposition. and as a talc substitute, c risi ra |.an er. al

havi ng. bedirdaEs £oa0ad AT AIMREISS Niz Lo LrasittedProtdh Oahett A misans:

mat eri al | ] [;)]Jrga‘;v b ' i LA aw pl ant
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di aneter. hibrod) additive according to claim 13 wherein the raw pl ant
material is raw cotton. 15. An additive according to claim 13 wherein the
raw pl ant material has bAenubidtbpainned additiae poszaged dfonaboaw BantmagteRalls t o
about 100 neggRads. 16. An a&ji,tive according to claim 13 wherein the raw
pl ant ratascPEing fe themsthadolddaidy 1t 0 a dosage of about 80 megaRads to

cbout 100, regerads, AT, 89 g ESRSEAR BRI oo
of the readusRd DnAREE6S aREhOWAIO sib&TtARS comprising a raw plant material
having been subjected to irradiation by an electron beam, the raw plant material
being continually blended during the irradiation, the raw plant material
5  subsequently micronized to form an additive with a reduced diameter.

14.  An additive according to claim 13 wherein the raw plant
material is raw cotton.

15.  An additive according to claim 13 wherein the raw plant
material has been subjected to a dosage of about 30 megaRads to about 100
megaRads.

16.  An additive according to claim 13 wherein the raw plant
material has been subjected to a dosage of about 80 megaRads to about 100
megaRads.

17.  An additive according to claim 13 wherein the reduced
diameter is about 3 microns to about 4 microns on average with 99% of the
reduced diameters below 10 microns.

18.  An additive useful in reducing friction, comprising a plant-
based biopolymer with an irradiation-induced rearranged structure, the plant-based
biopolymer formed into a particulate material having an average diameter size of
about 2 microns to about 10 microns.

19.  An additive according to claim 18 wherein the plant-based

biopolymer is raw cotton.



18. An additive useful in reducing friction, conprising a plant- based
bi opol ynmer with an irradiation-induced rearranged structure, the

pl ant - baswo 02oppol yner forned into a particul ate materi alPCrasongean
average di aneter size of about 2 mcrons to about 10 microns. 19. An

additive according t4,cla Wﬁ O ris raw
cotton. 9 WD 02/ 0949% éﬁ@é@%ﬂ%&%bﬂl@%% dr g%l%&oa%@%éet o claim
18 wher ei rH1EHl%te%\é?Zeai@%b@hﬁBT%1@forﬁlté%bbﬁt @hﬁ@foxﬁ Witle 9995 0f e le4 microns
with 99% of the particle dianmeter sizes below 10 mcrons. 21. A nethod of

reduci ng alieametdrisizesrtelof 10rmotromn i n a subst ance g:orrpn sing the step of

m xing a friction-reducing additive gE)repared %C(;Ol’dl r% cl a|£n 1 wth the
substance in a suffi¢l-entAdnethed of seducang a copticaendrafiEicipp inp SUPFARES on of

h b h
Che Subst s e o TR S L8 MR B B RMRR e
substance l5iR 1 w28 MR sitbstRIcBYh alsuPeiedCamount to reduce the coefficient of

friction of the substance.
22. A method according to claim 21 wherein the substance is a

lubricant/grease.
23. A method according to claim 21 wherein the substance is a

cosmetic formulation.
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