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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 INVENTION
Field of the Invention
[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 temperafure. 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.



[0003] I n the hydrogen storage material field, nanotization is a novel
techni que to enhance hydrogen storage capability, accelerate
absorption/desorption rate, and reduce absorption/desorption
t enperature. Because grinding balls are not nano-scal ed and are too
| arge when conpared to grinded material, it is difficult to apply
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non- nano-scal ed ball-grinding may crush and crunble material of high
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wherein the nano-écal d r@%gesi um based hydrogen storage material has
a di mensi GEPEEFIOP gLlEsst nm [0006] A detailed description is given

in the fol|low ng enbodi nents with reference to the acconpanyi ng
dr awi ngs. [ Er Dedetmosessiiptpn #gtveppatieNiedowing 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%:ontemplated 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 in;/ention 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



The present invention can be nore fully understood by reading the
subsequent detail ed description and exanples with references nmade to
t he acconpanyi ng draw ngs, wherein: [0007]Fig. 1 shows a hydrogen
storage rate conparison of Exanple 1 and Conparative Exanple 1.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0008] The fol |l owi ng description
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nanoti zi ng nmagnesi um based hydrogen storage material, including
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mat erial under inert gas to forma nano-scal ed magnesi um based
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combinations thereof. In one embodiment, the carbon nanotube has a diameter of 12 to
15nm. In one embodiment, the carbon nanotube is commercially available from Aldrich.
In one embodiment, the carbon nano powder has a diameter of 10 to 30nm. In one
embodiment, the carbon nano powder is commercially available from Aldrich.
[0012] In one embodiment, the magnesium-based compound and the carbon nano
material have a weight ratio of 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.



material is a material with dinensions |ess than 100nm [0010] The
magnesi um based conpound i ncl udes nmagnesi um or magnesi um based al | oys
Mgh" Ax, wherein Ais Li, Ca, Ti, V, C, M, Fe, Co, N, Cu, Zn, A,
Y, Zr, Nb, Mo, In, Sn, O, Si, B, C, F, or Be, and O<x 0. 3.
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material has a hydrogen absorption/desorption rate of 0.0051L/s to 0.0073L/s at room

temperature (about 25°C).

[0015] In another embodiment, the described method further adds a hard material of
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, Nj, 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



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
descri bed grinding process conpletes the so-called nano-scal ed
magnesi um based hydrogen storage material. Because of the smaller,
har der, ando:f k@gia:3Wanbma hird motdHatarhGunappboé Bigh,aswall dggiadelihe geSbritianye, of
grinding stress can be accunul ated in nanoscale. The high internal
stress ragiedlyirogt e6dge hbveriflai | ure surface into the internal
magnesi um based material to crunble it to nano-scal e, thereby

i ntroduci ng huge lattice internal stress and high angle grain
boundary into the i BKAVMEALBegNBsSCOMPARATINTEEXAMPIIEer efore, the
magnesi um based hydrogen storage material structure has many grain

boundary ﬂ%ﬁ ts]%gg>ﬁlhydrogen di ffusion channel s, thereby
accel erating the hydrogen storage/rel ease rate of the hydrogen
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EXAMPLE [ &%}@ EX?{E%SW& 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



[0017] 0. 7g of magnesi um (comrercially avail able from Wl | -Bei ng
Enterprise Co., Taiwan), 0.3g of FeTi (commercially available from

- SUW T- TECH RESOURCE CORP., Taiwan), and 0.01g of carbon nanot ube
(comrercially available from Al drich) were ballgrinded under argon
The bal |l -grinding was processed by a tungsten steel ball at 27C and

| at m f or 6inlilatreangdedney (s Woultl Oc bfparekRIo thbst kkided inake and Thaaford, g scope
transm ssion el ectron mcroscope (STEM results, the ball-grinded My
had an avef agapgdnisd dhindisABNG beAc@idel @ESbrbitRe ARt ASsoSH eWWBndompkisy .-
1, the hydrogen storage rate of the ball-grinded material was

cal cul at egl byeh RATILIAY ahd Sy A-RASMANESSSuUr e, concentration, and
tenperature. [0018] Conparative Exanple 1 [0019] Conparative Exanple 1
is simlar to Exanple 1, wherein the only difference in Conparative
Exanple 1 is no addition of carbon nanotube. Referring to the XRD

di ffraction and scanning transm ssion electron m croscope (STEM
results, the ball-grinded My had an average crystal dinension greater
than 100nm As shown in Fig. 1, the hydrogen storage rate of the

bal | -grinded material was cal cul ated by nmeasuring the hydrogen
pressure, concentration, and tenperature. [0020] As shown in the

hydr ogen storage rate conparison of Fig. 1, the product fromthe

bal | -grinding process with the carbon nanotube in Exanple 1 is better
than that w thout the carbon nanotube in the Conparative Example 1.
[0021] Whil e the invention has been described by way of exanple and in
ternms of the preferred enbodinents, it is to be understood that the
invention s no limted to the



di scl osed enbodi nents. To the contrary, it is intended to cover
various nodifications and simlar arrangenents (as woul d be apparent
to those skilled in the art). Therefore, the scope of the appended
clains shoul d be accorded the broadest interpretation so as to
encorrpa‘§'§"‘£ﬂslc ajmed idrpdi fi cations and sinilar arrangenents. Wat is
claimed is: 1. A method for nanotizing magnesi um based hydrogen
storage material, conprising: mxing and grinding a nmagnesi um based
conpound and® aMeHiooriOhREoMERS magneémbaseﬁebydrga@l t $Ompge mngterial,
nano- scal ed magnesi um based hydrogen storage material; and adding a
nano- scal ed deamdisingt erial in the grinding step to evenl y mx a
nano-scal ed hard material and the nano-scal ed magnesi um based

hydr ogen storage nmaterial, wherein the nano-scaled hard material has
a di mensi on ahixings gnd rgaimdir@0anmagiesiuei-hased econgpromnd calded carbon nano
magnesi um based hydrogen storage material has a dinension of |ess
than 100nm Znatdiie undthb@rtagasCtaformda nindsaaldd rhagnsRihebaksel Mg drogen
nmagnesi um based conpound conprises nagnesi um or negnesi um based

al 1 oys. 3. The AR A9EridSakd ai med in claim1, wherein the carbon nano
mat eri al conprises carbon nanotube, carbon nano powder, or

conbi nati ons thereof 4. The nethod as clainmed in claim1, wherein the

inert gas CONRMHINg%SnanblstASERar A mMEHAlUMthe grinding step to evenly mix a nano-
scaled hard material and the nano-scaled magnesium-based hydrogen storage
material, wherein the nano-scaled hard material has a dimension of less than

100nm, wherein the nano-scaled magnesium-based hydrogen storage material

has a dimension 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.



5. The nmethod as clained in claim1l, wherein the nagnesi um based
conmpound and the carbon nano material have a weight ratio of 100:0.5
to 100:1. 6. The nethod as clained in claim1, wherein the grinding
step is processed for a period of 6 to 12 hours, at a tenperature of
27 to 40C, and under a pressure of 1 to 2 atm 7. The nethod as

cl ai med i A. cThe method whelaanetd inledaimah ovieceih gt gragives steprisipasedsddyfdr agen
storage material has a hydrogen absorption/desorption rate greater

than 0 0073lgesiodhen tbabwears, diQ0einPerrQRECL 87 tolfEOreadosleas pedsairo®d i n
claim1l1, wherein the nano-scal ed magnesi um based hydrogen storage
mat eri al has; g gy ogen absorption/desorption rate of 0.0051L/s to
0.0073L/s at roomtenperature. 9. The nethod as clainmed in claim1l,
wherein the nano-scal ed hard material is V, Ti, Fe, Co, Nb, Ca, GCs,
M, Ni, Ce, Y, La, Pd, Hf, KRb Rh, Ru, Zr, Be, C, Ge, Si, Li, or

t he conbi patj.ons reo er eo 10. The et hod, as cl ai med
inclaim ? t&f‘eﬁ“@iﬁiﬁgﬁﬂé 2y E’s‘?lﬁlﬁ{ E»a‘é’g GaryS PRENCHHALPEEA| ed
hard material have a weight ratio of 100:5 to 100: 30.

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, wherein the nano-scaled 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 the combinations thereof, or alloys thereof.

10. The method as claimed in claim 1, wherein the magnesium-based compound

and the nano-scaled hard material have a weight ratio of 100:5 to 100:30.



