TITLE NANOTIZATION OF MAGNESIUM-BASED HYDROGEN STORAGE
MATERIAL CROSS REFERENCE TO RELATED APPLICATIONS [0001]
This Application claims priority of Taiwan Patent Application No. 097132385,
filed on Aug 25, 2008, the entirety of which is incorporated by reference
herein. BACKGROUND OF THE \ﬁL\EION Field of the Invention [0002]
The present invention relates to mlfg m-based hydrogen storage
materials, and in particular relates to a method for nanotizing the
magmesSNOTFIASTION AP dA GINEXIE MABIES Bl H3ESROGEN STHR Related
Art [0003] In the hydrogen storage material field, nanotization is a novel
technique to enhance hydrogeri@ﬁgég-%kpability, accelerate
absorption/desorption rate, and reduce absorption/desorption temperature.
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compared to grinded material, it is difficult to apply conventional mechanical
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compounds or hard materials with high additives. Additionally, a
fRepRANssaledmrindingiRall cennrh ﬁff&@?gbﬁfém%f&%ﬂ&ﬁ%éﬁq stress
to grinded materials. Although non-nano-scaled ball- grinding may crush and
crumble material of high ductility, the crumbled material may easily be

recrystallized an® AriK&RQEMNIHETS I BHIAINYIENREONI-grinding cannot

shrink the crystal size. The conventional method to reduce the ductility of the
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[0002] The present invention relates to magnesium-based hydrogen storage materials,

and in particular relates to a method for nanotizing the magnesium-based hydrogen storage

materials.

Description of the Related Art

[0003] In the hydrogen storage material field, nanotization is a novel technique to
enhance hydrogen storage capability, accelerate absorption/desorption rate, and reduce
absorption/desorption temperature. Because grinding balls are not nano-scaled and are too
large when compared to grinded material, it is difficult to apply conventional mechanical
nanotization to material of high ductility such as magnesium-based compounds or hard
materials with high additives. Additionally, a non-nano-scaled grinding ball cannot
efficiently provide nano-scaled stress to grinded materials. Although non-nano-scaled ball-
grinding may crush and crumble material of high ductility, the crumbled material may
easily be recrystallized and form a larger dimension. As such, the ball-grinding cannot
shrink the crystal size. The conventional method to reduce the ductility of the magnesium-
based compounds to prevent recrystallization thereof, is to utilize liquid nitrogen. However,

the low-temperature process is expensive.



based compounds to prevent recrystallization thereof, is to utilize liquid
nitrogen. However, the low-temperature process is expensive. [0004]
Accordingly, a novel grinding method for forming nano-scaled hydrogen
storage materials is called for. BRIEF SUMMARY OF THE INVENTION
[¥W95] A Meshstnigdy nanatytherigre shethada sed Teyarog errecicadrs! nhatepizdn
is provided, comprising mixing and grinding a magnesium-based compound
A4S BRFEIBHS HeilshiBrial under inert gas to form a nano-scaled
magnesium-based hydrogen storage material, wherein the nano-scaled

magnesium-baﬁglﬁ}f;ig)gmﬁg@qegpmﬁ ﬁimﬁon of less than

100nm. [0006] A detailed description is given in the following embodiments
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made to the accompanying drawings, wherein: [0007] Fig. 1 shows a
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1. DETAILED DESCRIPTION OF THE INVENTION [0008] The following

HeseHptieRdeial the hasi-canemplaiedumasiscal BadryiRg Quirtide imveniioRas a
This description is made for the purpose of illustrating the general principles
dm¢hgdnwétsemhamd0®hould not be taken in a limiting sense. The scope of the
invention is best determined by reference to the appended claims.

[0006] A detailed description is given in the following embodiments with reference to

the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more fully understood by reading the subsequent detailed
description and examples with references made to the accompanying drawings, wherein:
[0007] Fig. 1 shows a hydrogen storage rate comparison of Example 1 and

Comparative Example 1.

DETAILED DESCRIPTION OF THE INVENTION

[0008] The following description is of the best-contemplated mode of carrying out the
invention. This description is made for the purpose of illustrating the general principles of
the invention and should not be taken in a limiting sense. The scope of the invention is best
determined by reference to the appended claims.

[0009] The invention provides a method for nanotizing magnesium-based hydrogen
storage material, including mixing and grinding a magnesium-based compound and a
carbon nano material under inert gas to form a nano-scaled magnesium-based hydrogen

storage material. The definition of a nano-scaled magnesium-based hydrogen storage



[0009] The invention provides a method for nanotizing magnesium-based
hydrogen storage material, including mixing and grinding a
magnesium-based compound and a carbon nano material under inert gas to
form a nano-scaled magnesium-based hydrogen storage material. The
elfirilohonaterih dide diew riaghissiuhabH¥Wenhydrogen storage 2 material is
a material with dimensions less than 100nm. [0010] The magnesium-based
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herein A js Li, Ca, Tj, V, Cr,.Mn, Fe, Co, Ni, Cu, Zn,.Al, Y, Zr, N o, In,
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ap be car nanotube, carbon ngno powder, or combinations thereof. In
Iglhenég’b%bﬁfh%hg’ t?{egga%%aéﬂ(a:nggube has a diameter of 12 to 15nm. In one
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magnesium-based compound occupies a high ratio, hydrogen absorption
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be too high. If the carbon nano material occupies a high ratio, the hydrogen

Stxalpacapabiisboi thedydrdgen sionageiatigtevialavldl foenredddad. [0013]
The described magnesium-based compound and the carbon nano material

[ 2fir stlylmixed aneb dhapnbathg indmdsunadrinértgasosadead Hitroggmwomano
argon. The ball- grinding is processed by a 8-10mm tungsten steel ball at
ARt hivg 2-wsightgptgeqal 100:0.5 to 100:1. If the magnesium-based compound

occupies a high ratio, hydrogen absorption temperature and grain boundary area of the
hydrogen storage material will be too high. If the carbon nano material occupies a high
ratio, the hydrogen storage capability of the hydrogen storage material will be reduced.

[0013] The described magnesium-based compound and the carbon nano material are
firstly mixed and then ball-grinded under inert gas such as nitrogen or argon. The ball-

grinding is processed by a 8-10mm tungsten steel ball at 27-40°C and 1-2atm for 6-12

hours. If the ball-grinding period is longer than 12 hours, the crystal grain will overgrow.
If the ball-grinding period is shorter than 6 hours, the crystal grain cannot reach nano-scale.
[0014] The described grinding process completes the so-called nano-scaled
magnesium-based hydrogen storage material. Because of the smaller, harder, and rigid
carbon nanotube is applied as a grinding slurry, grinding stress can be accumulated in nano-
scale. The high internal stress rapidly extends the failure surface into the internal
magnesium-based material to crumble it to nano-scale, thereby introducing huge lattice

internal stress and high angle grain boundary into the internal magnesium-based material.



hours. If the ball-grinding period is longer than 12 hours, the crystal grain will
overgrow. If the ball-grinding period is shorter than 6 hours, the crystal grain
cannot reach nano-scale. [0014] The described grinding process completes
the so-called nano-scaled magnesium-based hydrogen storage material.
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grinding slurry, grinding stress can be accumulated in nano- scale. The high
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the hydrogen storage material. As a result, the effective hydrogen storage

AnQuiRtds clasedo thedaapesticakmaxinuamaydiesensiaage anpsith therage
hydrogen absorption/desorption rate is enhanced, and the hydrogen

rahsaption/desokgetioibierppearatistepivnaducettater aha entiogdimenihéhebetween
nano-scaled magnesium-based hydrogen storage material has hydrogen
Hitsorpiv6/dés enptien cate dreate thb ann0-00TSUisigvdyambetved dpdb@entstorage
200C . In another embodiment, the nano-scaled magnesium-based hydrogen
mto¢egehmateiial-bes anbyapageideabsoipti ontdesarpid rate df. QOB Lds teom
0.0073L/s at room temperature (about 25C). [0015] In another embodiment,
tinepeiesokiatbmefiod further adds a hard material of high strength and high
non-ductility in the grinding process. The grinding sequence is not limited to
[00d Bxamplesy@het disbmiitiere, ofidhie dosibd dnateridl fundlcarbhbnanand masennbf
can

high strength and high non-ductility in the grinding process. The grinding sequence is not
limited to the examples, and the mixture of the hard material and carbon nano material can
be firstly grinded, and then added the magnesium-based compound for further grinding.
Alternatively, the mixture of the magnesium-based material and the carbon nano material
can be firstly grinded, and then added the hard material for further grinding. Furthermore,
the mixture of the magnesium-based material, the carbon nano material, and the hard
material can be simultaneously grinded. After the grinding step, the hard material will be
nano-scaled to a dimension of less than 100nm, and the nano-scaled hard material is evenly
dispersed in the nano-scaled magnesium-based hydrogen storage material. The purpose of
introducing the hard material is to enhance the mechanical strength of the hydrogen storage
material. The hard material is V, Ti, Fe, Co, Nb, Ca, Cs, Mn, Ni, Ce, Y, La, Pd, Hf, K, Rb,
Rh, Ru, Zr, Be, Cr, Ge, Si, Li, or combinations thereof, or alloys thereof. If Fe, Ti, or Ni is

selected, the hard material will further catalyze hydrogen molecules into atoms and store

the atoms. The magnesium-based compound and the hard material have a weight ratio of



be firstly grinded, and then added the magnesium-based compound for
further grinding. Alternatively, the mixture of the magnesium-based material
and the carbon nano material can be firstly grinded, and then added the hard
material for further grinding. Furthermore, the mixture of the
Hagriedifiiibabcbehandralethe arebor viandighaierall dasdedisaneiformataempt
can be simultaneously grinded. After the grinding step, the hard material will
Be hydiegeacisetdd dilension of less than 100nm, and the nano-scaled

hard material is evenly dispersed in the nano-scaled magnesium-based

hydrogen St%@ﬁﬂﬁ@h%?@ﬁ%%@wwﬂm@ material is to
t

enhance the mechanical strength of the hydrogen storage material. The hard
@ﬁt@ial ISV, Ti Fle, Co, Nb, Ca, Cs, Mn, Ni, Ce, Y, La, Pd, Hf, K, Rb, Rh,
u, Zr, Be,xérr'}p&f’e, Si, Li, or combinations thereof, or alloys thereof. If Fe, Ti,
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into atoms and storé the atoms. The miagnesium-based compound and the
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amount is too high, it will degrade the performance of the hydrogen storage

Tasteniladd>OANIE bECANE) LM RATIMEXAMRILD1{Ged6] AAxampheele ball-
[0017] 0.7g of magnesium (commercially available from Well-Being

drinterpriséeCagonl aithan))iOzdgddidedd pcorenseerbiall yuayaidablecirom at 27°C and
SUMMIT-TECH RESOURCE CORP., Taiwan), and 0.01g of carbon
nanofbibe feammeEeckaHy aua iied eI i fdebtich) ave re: hialin © faales danaheglectron
argon. The ball-grinding was processed by a tungsten steel ball at 27C and
tatmodorps RUEN)Refeltsingddiheidel diffrhation avotageamyird) drenagsnigsitess
tlellaicfro%?lm. As shown in Fig. 1, the hydrogen storage rate of the ball-grinded material was
calculated by measuring the hydrogen pressure, concentration, and temperature.

[0018] Comparative Example 1

[0019] Comparative Example 1 is similar to Example 1, wherein the only difference in
Comparative Example 1 is no addition of carbon nanotube. Referring to the XRD
diffraction and scanning transmission electron microscope (STEM) results, the ball-grinded
Mg had an average crystal dimension greater than 100nm. As shown in Fig. 1, the
hydrogen storage rate of the ball-grinded material was calculated by measuring the
hydrogen pressure, concentration, and temperature.

[0020] As shown in the hydrogen storage rate comparison of Fig. 1, the product from
the ball-grinding process with the carbon nanotube in Example 1 is better than that without
the carbon nanotube in the Comparative Example 1.

[0021] While the invention has been described by way of example and in terms of the

preferred embodiments, it is to be understood that the invention is not limited to the

disclosed embodiments. To the contrary, it is intended to cover various modifications and



microscope (STEM) results, the ball-grinded Mg had an average crystal
dimension of less than 100nm. As shown in Fig. 1, the hydrogen storage rate
of the ball-grinded material was calculated by measuring the hydrogen
pressure, concentration, and temperature. [0018] Comparative Example 1
{oolocoapacativesExadgie wpssimitihtscskdippia thewrbréhettfererniie scope
difference in Comparative Example 1 is no addition of carbon nanotube.
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icroscope.&STEMéTr sults, the ball-grinded Mg had an average crystal
%iﬁ\uéﬁﬁ@ﬁh& A4pLP gerfl %ﬁﬁqaﬂge OWn in Fig. 1, the hydrogen storage
rate of the ball-grinded material was calculated by measuring the hydrogen
pressure, concentration, and temperature. [0020] As shown in the hydrogen
storage rate comparison of Fig. 1, the product from the ball-grinding process
with the carbon nanotube in Example 1 is better than that without the carbon
nanotube in the Comparative Example 1. [0021] While the invention has been
described by way of example and in terms of the preferred embodiments, it
IS to be understood that the invention is not limited to the disclosed
embodiments. To the contrary, it is intended to cover various modifications
and 5 similar arrangements (as would be apparent to those skilled in the art).
Therefore, the scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifications and
similar arrangements. 6 What is claimed is:



1 1. A method for nanotizing magnesium-based hydrogen storage material, 2
comprising: 3 mixing and grinding a magnesium-based compound and a
carbon nano 4 material under inert gas to form a nano-scaled
magnesium-based 5 hydrogen storage material, 6 wherein the nano-scaled
magnesium-based hydrogen storage material has a 7 dimension of less than
100ihat.id Railifed isrethod as claimed in claim 1, wherein the
magnesium-based 2 compound comprises magnesium or magnesium-based

alloys. 13. The msihog a5 flaimed &Yb&@&ﬁﬂrépb‘é’iéﬁr%%ﬂ?%&aﬂ%%é‘ MRerial,

material 2 comprises carbon nanotube, carbon nano powder, or
cambmatigns 3 thereof. 1 4. The method as claimed in claim 1, wherein the

inert gas com rise nrlltlggglen 2 or helium.15. The metrhod claqu)ed in

claim 1, Whergin the agn%s?uﬁ?ﬁgességnﬂ)%soer%pcgglﬁglglnd the EarBon halio®
material have anweight iaderofntR0xsS ta3 fork0Q: hadosscile meathodms based
claimed in claim 1, wherein the grinding step is processed 2 for a period of 6

to 12 hours, at Qﬁ@ﬁﬁﬁ&%ﬂﬁ?éed?wr@ﬂoc, and under 3 a pressure of 1 to 2
atm. 1 7W_E@%im%QQQ&SSQL%@%gﬂé@kﬁ}mb%sé’&h@}r&i&gﬂesﬂﬁ%'%MI has a

magnesium- 2 based hydrogen storage material has a hydrogen
absorption/desdim@@ﬁion of less than 100nm.

2. The method as claimed in claim 1, wherein the magnesium-based
compound comprises magnesium or magnesium-based alloys.

3. The method as claimed in claim 1, wherein the carbon nano material
comprises carbon nanotube, carbon nano powder, or combinations
thereof.

4. The method as claimed in claim 1, wherein the inert gas comprises nitrogen
or helium.

5. The method as claimed in claim 1, wherein the magnesium-based
compound and the carbon nano material have a weight ratio of 100:0.5
to 100:1.

6. The method as claimed in claim 1, wherein the grinding step is processed
for a period of 6 to 12 hours, at a temperature of 27 to 40°C, and under
a pressure of 1 to 2 atm.

7. The method as claimed in claim 1, wherein the nano-scaled magnesium-
based hydrogen storage material has a hydrogen absorption/desorption
rate greater than 0.0073L/s when between 100 to 200°C.

8. The method as claimed in claim 1, wherein the nano-scaled magnesium-
based hydrogen storage material has a hydrogen absorption/desorption
rate of 0.0051L/s to 0.0073L/s at room temperature.

9. The method as claimed in claim 1, further comprising adding a hard

material in the grinding step to evenly mix a nano-scaled hard material



3 rate greater than 0.0073L/s when between 100 to 200C. 1 8. The method
as claimed in claim 1, wherein the nano-scaled magnesium- 2 based
hydrogen storage material has a hydrogen absorption/desorption 3 rate of
0.0051L/s to 0.0073L/s at room temperature. 1 9. The method as claimed in
claim 1, further gpmpesingaddieg ahafekidhinatedahjathegringding startal,
evenly mix a nano-scaled hard material 7 3 and the nano-scaled
magnesium-badWRifurbyBansteralge Redenaicrial DAk refinisasipanel dewidbpn
hard material hagp dimension of less than 5 100nm. 1 10. The method as
claimed in claim 1, wherein the hard material is V, Ti, Fe, 2 Co, Nb, Ca, Cs,
Mn, Ni, @@, YhelmetRol b ckinRid, iRhlaRw | ZwheeirGhe BaGlen@irial ior\théi, Fe,
combinations ther alloys, there gl goﬁba claimed in claim
1, wherein the 'rﬁaﬁ%s%mgoa@ed% ?Shjﬂfz)loiuah rﬁ}e i ﬁ ér‘ila1 avb(i:l a
weight ratio of 104):$,ti, 31080 @htBnations thereof, or alloys thereof.

11. The method as claimed in claim 1, wherein the magnesium-based
compound and the hard material have a weight ratio of 100:5 to

100:30.



