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magnesiuminto a netal shea sequent draw ng and, _
approprilé’t e, subsequent heat treatnent to achieve a chem cal reaction
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In contrast to so-called cuprate-based superconducters,
magnesium diboride exhibits advantageous properties for
use as superconductor in wires and other applications
{(e.g. sintered bodies). Magnesium diboride is usually
20 produced by the reaction of finely divided boron and

magnesium powders with one another.

As a result of the method of wire manufacture
(inclusion of the magnesium diboride or of a mixture of
25 elemental boron and magnesium into a metal sheath and
subsequent drawing and, if appropriate, subsequent heat
treatment to achieve a chemical reaction between boron
and magnesium to give magnesium diboride in the case of
a mixture of magnesium and boron being used (in situ
30 process) 1in order to obtain a metal wire with a
magnesium diboride core), various reguirements are
placed on the magnesium diboride which have hitherto
not been achieved. Besides a high fraction of amorphous
boron, a high purity, in particular a low content of
35 oxygen, nitrogen, anionic impurities such as chloride
or fluoride, but also customary metallic impurities
such as alkali metal ions and alkaline earth metal ions

and also other metal ions, are reguired. A relatively



or fluoride, but also customary netallic inpurities such as alkali
netal ions and alkaline earth netal ions and al so other netal ions,

are required,, A ' WO 2010/ 026111PCT/ EP2009/ 061154 - 2 -
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purification jn order to allow further ound that a sinp tion of
with a | ow paiti FEtagse & bECEERI e9%HAE hrBifhh bagiadies, which is
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the ovenal | horon: 458t ohe PLOHUCHIE, FEGRgSLUM di boride is 30 up to
30%
° Conventional, commercially available boron is usually

obtained by reducing boron trioxide with magnesium,
meaning that there is a need for a further purification
of standard commercial boron in order to allow Ffurther
20 cost-effective production.
Surprisingly, it has been found that a simple option
for purifying pulverulent boron with a low particle
size can be achieved through acidic esterification of
the impurities with subseguent heat treatment. It has
25 also surprisingly been found that boron purified in
this way 1is very suitable for producing magnesium
diboride for the manufacture of superconductive wires
even 1f the fraction of c¢rystalline boron in the
overall boron used for producing magnesium diboride is
30 up to 30%.
The invention therefore relates to a method for
purifying elemental boron, comprising the following
steps:
- provision of elemental boromn;
35 - grinding of the elemental boron in the presence
of an alcohol in order to obtain a first
suspension;

- admixing the first suspension with a strong



The invention therefore relates to a nethod for purifying el enental
boron, conprising the follow ng steps: provision of elenental boron;

35- grindi ng, qf tal boron in the presence__of _an al cohol in
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tol uenesul fonic acid. In general, boiling can be carried out for a
period 25 frof & LSRR 54 U TS 1 6| @EVar@IgsIsium ea¥eled
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expl oratory g%ggéigg@%%ésuggf%éfégEkntgegrinding fluid is possibkble
and a small particle size and effective comminution of

15 the oversize particleg and also a narrow, monomodal
particle size distribution can be achieved. The alcohol

used is preferably a lower alcohol having 1 to S carbon

atoms, in particular methanol. The strong acid and/or

the alcohol are particularly preferably anhydrous.

20 Suitable strong acids are in particular all anhydrous

acids, such as gaseous hydrogen chloride or toluene-

gulfonic acid.

In general, boiling can be carried out for a period
25 from about 1 to 24 hours under reflux. The optimum time
depends on the individual casge and can be ascertained
by simple exploratory experiments. During this, the
oxygen presgsent, which is present in the form of boric
acid, boron trioxide and the like on the surface of the
30 Dboron particles, is esterified with the alcohol. Since
this is an equilibrium reaction, the equilibrium should
be shifted in the direction of the ester, which can be
achieved through various measures. Firstly, the alcochol
is used in excess. For this, it is possible to
35 determine how high the oxygen content usually is with
it having been established here that the boron
compriges at most 2% oxygen. This means 1 kg of boron

comprises ca. 200 g of oxyden, corresponding to



oxygen present, which is present in the formof boric acid, boron
trioxide and the |like on the surface of the 30 boron particles, is

esterified wgh |. Since this is an equil Qi '
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whi ch can be achi eved t hrough vari ous neasures. Firstly, the al cohol
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oxygen is prg;gg%i&g the formof boron trioxide. The esterification
reaction then corresponds, by way of exanple, to the exanple

equation: 10
The esterification reaction then corresponds, by way of
example, to the example equation:
10
B0z + 6 CH30H — 2 B(OCHz}3 + & H,0O

Per mole of boron (in the boron oxide), 3 mol of
alcohol are thus consumed.

15 2.4%9 mol of methanol are thus consumed, corresponding
to 80.07 g; this corresponds for a density of 0.79 g/ml
for methanol to 101.36 ml of methanol. If 1 kg of boron
is suspended 1in approximately 2 liters of methanol,
this then corresponds to 0.051% of the amount of

20 alcohol used, meaning that alcohol is clearly used in

excess, based on the oxidic impurities in the boron.

The equilibrium can also (as is evident from the
reaction equation) be shifted in the direction of the
25 ester by working with dry, as far as possible
anhydrous, alcohol and as anhydrous as possible an
acid.
Moreover, the water which is formed is advantageocusly
removed from the condensate, just like the ester which
30 1is formed.
This can be effected by, during the boiling with reflux
cooling, passing the condensate, i.e. the reflux prioxr
to returning it to the reaction mixture, over at least
one alkali metal oxide or alkaline earth metal oxide
35 and at least one alkali wmetal hydroxide or alkaline
earth metal hydroxide. The mixture of calcium hydroxide
and calcium oxide are advantageously suitable here.

This is achieved in two ways: firstly, the water which



B203. + 6 CH3CH -> 2 B(OCH3)3 + 6 H20 Per nole of boron (in the boron
oxide), 3 nol of alcohol are thus consuned. 15 2.499 nol of nethanol
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solid is separated off’ isC usted. As soon as the
col or no | ontj&® eﬁF?llBFits Jagchéhaétersﬁiﬁl@t@deemff by filtration,

centrifugation or distilling off of the liquid. If the
liguid 1is distilled off, however, no removal of
chloride-~, fluoride- or iron-containing impurities
25 takes place since the respective impurities are not
volatile enough.
Since oxygen is also always present on the surface of
the boron particles in chemisorbed form, ester groups
are also bonded tco the surface. These are driven off by
30 the subsequent heat treatment under reduced pressure,
during which an excessively high temperature or an
excessively high pressure leads to the wvolatile oxygen
impurities which are still present in the form of the
ester being converted to nonvolatile oxygen impurities,
35 which is undesired.
The process is therefore advantageously carried out in
vacuo, in particular at a pressure of at most 107* mbar,

preferably not more than 107 mbar.



20 coloration, the reaction is conplete. The solid is then separated
off by filtration, centrifugation or distilling off of the liquid. If
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cooling is cHEnei ediouenandar lGuanhierert pgas iata®sphare. £ Wi ch pasdn
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reacts especi al I%?wel | w th magnesi um net ne invention ore
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of 9 pmor |lassexygeferabtynt pm ek hess. 1.6% by weight, a nitrogen
20 content of at most 0.2% by weight, a crystallinity of
30% by weight or less and a particle size distribution
with a dl00 value of 9 um or less, preferably 6 um or
less.
The content of anionic impurities is at most 0.4% by
25 weight, where chloride or fluoride are present in
amounts of at most in each case 0.2% by weight. The
boron according to the invention comprises at most 1.0%
by weight, preferably 0.8% by weight, of metallic
impurities, which are in most cases alkali metal or
30 alkaline earth metal or a metal of the fourth period of
the Periodic Table of the Elements. These can be
present as impurities in elemental form or in ionic
form. The content of alkali metal is at most 0.4% by
weight, advantageously at most 0.3% by weight. In most
35 caseg, this 1is potassium and/or magnesium, where
potassium may be present in amounts of less than 0.3%
by weight and magnesium may be present in amounts up to
0.4% by weight.



The content of anionic inpurities is at nost 0.4% by 25 wei ght, where
chloride or fluoride are present in amounts of at nost in each case

0.2% by wei alb- zgftq?/lag%??%?ccordi ng to the inventi o%fgggéhgg%gilm

nost 1. 0% by wei ght, prée ably 0.8% by wei ght, of _
inpurities, which are in nost cases alkali” metal or 30 alkaline earth
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of |ess than90"8%g by #ei §At 14RB - magnesi um may be present in anmounts
up to 0.4% by weight. WD 2010/026111PCT/ EP2009/061154 - 7 - The

metal of the_fourth period of the Periodic Table of the Elenments is
present in a%}éﬁfﬂ?—gﬁgf at most 0.2% by wei ght, advantageously at nost
0. 1% by wei ghbe istagedercalnaterisl i nead nbBeami esasdheestardd .lngl kg
mat eri al usedei a .Ca. of __standard_ c Ci
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b" in a stirred ball mll. Afteryards, both suspensions were further
processed i n"“the %a@rmov’?ayme%?]é‘? 16 HAR of“hekAneéTar 85¥dERTL 0PAS
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flows back %g?lgnégégucyggbﬁhalg%s with stirring. The suspension is
then boiled under reflux for ca. 10 h and the
condensate of the reflux is passed over a contact mass
consisting of one part calcium oxide and one part
20 calcium hydroxide. After passing the contact mass, the
condensate flows back again into the boiling
suspension. When the reaction is complete, the wixture
is left to cool to room temperature and a solid-1ligquid
separation of the suspension is carried out using a
25 standard commercial centrifuge. The solid which is
formed is washed again with fresh methanol freed from
water by means of known methods, and dried by means of
known methods such that a flowable powder is left
vehind. This powder ig then passed to the wvacuum
30 treatment. For this, it is taken to a wvacuum furnace
and heated to 400°C at 1°C per minute. If the pressure
in the furnace exceeds about 10™* mbazr, the heating rate
is reduced until the pressure in the furnace has
dropped to below 107* mbar again. When 400°C is reached,
35 it is left for a further three hours at this
temperature, then the furnace is filled with argon and
left to cool. The boron which is formed in the process

is only further handled under protective gas (here



suspensi on. Wen the reaction is conplete, the mxture is left to
cool to roonttenperature and a solid-liquid separation of the

suspensi on | using a 25 standard conmerci gl _centrifuge.
The solid mh Pé ?gg%gglls washed again with fresﬁcﬁggﬁaHBP/Pﬁegé4
fromwater by neans of known met hods, arfl dried by means of known
met hods such that a flowabl e powder is left behind. This powder is

t hen passed Hé vacuum 30 treatnment. For this, it is taken to a
vacuuntfurnace and heated to 400C at 1C per minute . If the pressure

in the furna C S e ng_ I t is_reduced
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to cool. The which is formed in grocess is only furt

handl ed undef - @eW?%@h§a§O(Heﬁé bMoW§e$ £026111PCT/ EP2009/ 061154 -
8 - argon).

The particle size distributions were determined by
Fraunhofer diffraction using a Mastersizer g
10 instrument. Figure 1 shows the particle size
distributions of pure boron according to the invention
which have been ground as described above in the

attritor and in a stirred ball mill.

15 The boron according to the invention was used to
produce magnesium diboride, which was used to
manufacture superconductive wires. Compared with the
standard commercial boron grade I, the current bearing
capacity in a low field was greater by a factor of 1.1,

20 and in a high field (greater than 3 Tesla) was more
than ten times greater.



After the purification, it was found that the magnesi um content could
be reduced from0.58% by weight to 0.46%5 by weight and the oxygen

content could b rom 1. 8% by weight to 1.6% by weight. The
particle siz Odﬁgﬁ(ﬁ?gggg&ﬁls were determ ned by PCT/EP5009/061154

Fraunhof erdi ffracti onusi ngaMast ersi zerS20 i nstrument. Figure 1 shows
the particl ecfi ze distributions of pure boron according to the

i nvention whircA*i&ve been ground as descri bed above in the attritor
and in a stirred ball mll. 15 The boron according to the invention

vas used to produge arapes’ W dibopLden WllLhWas, H3ed Lo, grpuiact Yy e
super conductive W i €s. npared w th the stan ard commercral ~bdton
grade |, the curréffsbea?d nyt chpacveyohh, a drowckivekd veenigreat exf byt a

factor ofs 1.1, 20maBd hnea %’ggkhefii d OreatRiodhan, 3 J8sl @ yasygpte
than ten tinmes g 010/ 026111PCT/ EP2009/ 061154 -9 O ai me. 1.

\rﬂlﬁaégr VO . ] :
El enental boron wii 6R K5 %etdibn Eortemtadil i T%a’t 96%%kbyveight
wei ght, an oxygenogonteent afidathk pmmsiicleb% byewaight-ibatabhr agen a

content of at nos 2% weight, a crystallinity of 30% by wei ght
or less and the pg%?PcI‘(}eﬁsﬁlezeo is?r#%ut%onﬁﬁgg’a%ﬁ%{)e{/%% & M§° nPor

| ess, preferably &epmor less. 10 2. Elenental boron as clained in
claim 1,;géhich has a content of anionic inpurities of at nost 0.4% by

wei ght. 15 3. El enental boron as clained in claim?2, where the anionic
impurities afe chEoFMBBL8E PPLER 86 &sidldaed presdmin nt anduiml s az

nost in each casecOn2émby ofei ghton2d 4mpliefrental JForan assel a ned hp

one or nore of ,
welght.

15 3. Elemental boron as claimed in claim 2, where the
anionic impurities are chloride or fluoride and
are present 1in amounts of at most in each case

0.2% by weight.

20 4. Elemental boron as c¢laimed in one or more of
claims 1 to 3, comprising at most 1.0% by weight

of metallic impurities.

5. Elemental boron as claimed in claim 4, where the
25 metallic impurities is alkali metal or alkaline
earth metal or a metal of the fourth period of the

Periodic Table of the Elements.

5. Elemental boron as claimed in claim 4 or 5, where
30 the alkali metal is present in amounts of at most
0.4% Dby weight, advantageously at most 0.3% by

weaight.
7. Elemental boron as claimed in one or more of
35 claims 4 to 6, where potassium and/or magnesium is

present as metallic impurity.

8. Elemental boron as c¢laimed in one or more of



clainms 1 to 3, conprising at nost 1.0% by wei ght of netallic
inmpurities. 5. Elenmental boron as clained in claim4, where the

25netal lic i 0%?09% 5lc§ 8l kali metal or alkaline es{jjﬁzEgﬁéﬁ%A?éﬁls‘l

nmetal of the périod of the Periodic Tabl e of
6El enental boron as claimed in claim2 of 5, where 30t he al kali rret al

IS present in anpo f at nost, 0.4%b vant.ageous
nost 0. 3% by wei QEEEET%EI gmen? al ’bor(I){nrésWa1 ntg%t? CH’S %?1 ¥8 ugEn
35clainms 4 to 6, Wﬁéli@dpcﬂ?%s§h§mJ%mtthlcuilcrm@‘ﬁééeumﬁ stbee%lrﬁmas:s is

netal lic inpurityp,,W0,20104026471RCT/ ER20Q9/ Org(%e Perl o ?y.‘;’_;@ie

to 7, where the rretal of the fourth period of

the Elenents is plaéé’@ﬁttaﬁﬁoé}ﬁﬁé(nﬁ§ ges&t Onest U, PesisNitwei ght

advant agepusly at nost 0.1% by weight. 5 9. El enental boron as cl ai ned
in claim8, ere t of thefouth riod of the Periodic

Tabl e of the\égl em&*ﬁi?glef1 a'raLr&?'? b 39. © Frgg od or 1 pLFi fyi ngrere the
el emental boron, wenphi siingthhe fholrtowipeyistepst theowWesiimdnd Table

el emental boron; & (pgr E@Q@@Qt@f ;the gl emental boron in the presence
of an alcohol in order to obtain a first 1l5suspension; adm Xing the
first suspension with a strong acid that is soluble in the alcohol in

order tobtabn aaseeeRddSUIRENRIOEying elemental boron, comprising
the following steps:

- provision of elemental boron;

- grinding of the elemental borcn in the presence
of an alcohol in order to obtain a first

15 suspension;

- admixing the first suspension with a strong
acid that is soluble in the alcohol in order to
obtain a second suspension;

- heating the second suspension to boiling with

20 reflux cooling in order to obtain a third
suspension;

- separating off the =0lid present in the
suspension;

- heat-treating the solid under reduced pressure.

25
11. The method as claimed in c¢laim 10, where the
grinding is carried out in an attritor or a
stirred ball mill.

30 12. The method as claimed in c¢laim 10 or 11, where the

alcohcl is methanol.

13. The method as claimed in one or more of claims 10
to 12, where the strong acid and/or the alcohol
35 are anhydrous.

14. The method as claimed in one or more of claims 10

to 132, where the strong acid is gaseous hydrogen



heat.ing the second suspension to boiling with 20ref lux cooling in
order to obtain a third suspension; separating off the solid present
in the suspensi heat-treating the solid under reduced

pressure. 25W?138¥Hé°ﬁéﬁﬂ&d as claimed in claim10, PRREFR2PAE/ 061154

grinding is carried out in an attritor éf a stirred ball mll. 30 12.

The nmethod as claipmed i.n claim10 or 11, where the al cohol is
met hanol . 13. TheCHePhdda®cltaitmed i 1dR816r 3fdfe of claims 10 to
12, where the strong acid and/or the al cohol 35are anhydrous. WO

2010/ 026111PCI/ EP, 9/ - 11, -.chloride_or toluenesul fonic acid.
15. The nethg%'as%g'aﬁ%gé%gﬁE%%ec%%ld%#el%fogFaPﬁénfﬁxa st Cfalm?olg
14, where heatingtps idar rikegrouhehting fdey i oarSiednoitt da24 hopesiod

under refd ux. 16. (¥8e HeLBOdaan.chal fBdein e, r More of claims 10
to 15, where the alcohol is used in excess, based on the boron oxide

equi val ent that can be 10cal cul ated fromthe oxygen content. 17. The

method as cl asmedTha erehod Y ecDditedi 18 dfet @rlorehes®, cUPORs 10

boiling with ref Lgx %OO%EQ%% t eereiIUéﬂés.Eass% over ateleastaon

alkali 15 metal okxPdé or “A1Kad i HE eAr PAIGRt &F o%iSGe Hhd3EteFRasba8h

al kali metal hydrori deler ab&abnne cedrdeh nefual vdyelitoxi deat18.cakhe be

met hod cl ai med_i cl.al 1 17, where the
&% 8525§T§§8§iﬁ?5ﬁ ohe b%gﬁ?Pi?O%thg'

solid is separate ration, ugation or distilling
off of the liquid. 19. The nethod as clained in one or nore of clains

10 17. The method as claimed in one or more of claims 10
to 16, where, upon boiling with reflux cooling,
the reflux 1is passed over at least one alkali

15 metal oxide or alkaline earth metal oxide and at
least one alkali metal hydroxide or alkaline earth
metal hydroxide.

18. The method as claimed in one or more of claims 10
20 to 17, where the solid is separated off by
filtration, centrifugation or distilling off of

the liguid.

19. The method as claimed in one or more of claims 10
25 to 18, where the heat treatment is carried out in
vacuo, in particular at a pressure of at most

107 mbar, preferably not more than 10°* mbar.

20, The method as claimed in ocne or more of claimg 10
30 to 19, where the heat treatment is carried ocut in
vacuo at a maximum temperature of 1000°C,

advantageously 400°C.

21. The method as claimed in one or more of claims 10
35 Lo 20, where the heat treatment in wvacuo involwves
a heat treatment at a temperature of 400°C over a

period from 1 to 3 hours.



25 to 18, where the heat treatnent is carried out in vacuo, in
particular at a pressure of at nost 10-3 nbar, preferably not nore

t han 10-4 nbar. 5&. The_nethod as clained in one or nore of clains 10
30 to 19, whBPe2Ph8/RéAttreatment is carried out | RCTAEHSOAP/A61154
naxinun1tenperature of 1000C advant agebdsty 400C. 21. The nethod as
clainmed in on re clains 10 35 to 20, where the heat

treatment in® cu8 fen\lfﬁ*'l S 2heata it HRnPl&t OF (SHSeralt P B2 HFS 4D0C
over a period froml2tno Irheawr,s.af AR 2&&0&&2&1hiﬁ&ﬂﬂﬁ%ﬁ@09é&§ﬂiﬁﬁ is

12 - 22. The neth | ai ned i ne or, nore of clains 1
where, after the ﬁ ?E?geafgght ggo ingd™'s tBrfFed it uﬁﬁ@?sgﬁére'

i nert gas atnnsphér@fepﬁbﬁyrabgynapgoheénuMel|un1 5 23. El enental
boron obtsi nable by a nmethod as clainmed in one or nore of clains 10
to 22. 24. The use_of boron_as clainmed in one of clainms 1 to 10 9 or
23 for produéfng FagGREsFam PoBeH dtadahl g styisad Medhost qriict hgimed
super conduct i ve shapeflebodi asrsueli asaswpengopdugbi ve sintered bodies
or wires. 25. A nethod for produci ng boron which conprises a
15purification nmethod as clained in one or nore of clains 10 to 22.
24. The use of boron as claimed in one of claims 1 to

10 ¢ or 23 for producing magnesium diboride, which is
used for producing superconductive shaped bodies

such as superconductive sintered bodies or wires.

25. A method for producing boron which comprises a
15 purification method as claimed in one or more of
claims 10 to 22.



