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Addition of multi-wall carbon nanotube (MWCNT) and NaAlH, into nanoconfined LiBH,~PcB (poly (methyl
methacrylate)—co—butyl methacrylate) for improving thermal stability and reducing LiBH,/PcB interaction is
proposed. The greater the amount of gases desorbed due to polymer (PcB) degradation, the less the thermal
stability of polymer host. During dehydrogenation of nanoconfined LiBH,—PcB, combination of gases due to
PcB degradation is 64.3 % with respect to H, content, while those of nanoconfined samples doped with MWCNT
and NaAlH, are only 9 and 7.9 %, respectively. The LiBH,/PcB (i.e., B---OCH,) interaction is quantitatively
evaluated by FTIR technique. The more the ratio of peak area between U(B-H) (from LiBH,) and U(C=0)
(from PcB), the lower the LiBH,/PcB interaction. It is found that by adding small amount of MWCNT and
NaAlH,, this ratio significantly increases up to 78 %. This is in agreement with B 1s XPS results, where the
relative amount of B,O, (x/y=3) to LiBH, decreases after adding MWCNT and NaAlH, into nanoconfined
LiBH,—PcB. It should be remarked that significant improvement of thermal stability and decrease of LiBH,/PcB
interaction after adding MWCNT and NaAlH, into nanoconfined LiBH,—PcB result in considerable amount of
hydrogen release and uptake as well as hydrogen reproducibility during cycling. However, the dispersion of
MWCNT is still one of the most critical factors to be concerned due to probably its hindrance for hydrogen

diffusion.
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apparatus



3. ANMIHAYEIMIAASUATAIOILHIN LiBH, A1 PMMA-co-BM UagmMIiuadesnimma
AMNFPUVDY PMMA-co-BM 91nM3IAN MWCNT Lag NaAlH, aaemaiia FTIR, XPS 1ag
Solid state NMR

4. dsusysianmlsg@niaw uazdSunasgiugenadey Sieverts-type apparatus 1HA
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1.1. mamaazawlviusa NS
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Y a a o [ =
avluvaanunan i@uiuu T Tuu (Benzophenone, C,;H,,0 ) 31121 20.0000 N5 Utz lane laidgwy
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a U
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o 9°I a 1 < { a 4 o 1
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1.2. ﬂ]ﬁ‘nTW’E’]ﬁ!Nﬂ{lﬁuﬁq‘nﬁ

o w a 1 1 ~ ] a d 1 o o o a a
mMstvasAuLAIn1e Nogluweamweinoumsihunldau mlaemsh Induwiamains
- 1n-Uanamaasaa (Poly (methyl methacrylate)-co-butyl methacrylate, PMMA-co-BM, Mw = 75,000

[ 9 1] Y
g/mol, Sigma Aldrich) #alua1utiag 195edad 131 “PcB” 311434 20.4890 5N wazareludihazaie

a

{ £ = a aa ] 1 y <
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1.3. M3U359352AUMNMNASYD9 LiBH, 1 PcB
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IA3OUA1AZA 1009 PcB 1aBN15a2a10 PcB NH1UNI 1R USgns s1uau 5.0656 n§u Tu
a A aa = 9 g a . 9y 9 4
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o a Aaa o ' ' 4 [
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1.5. M3U339520 UM MINASYDS LiBH,~NaAlH, 14 PcB
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] 9
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= 9 . =Y =Y o A Y ] I
azivea (Usznouae LiBH, U3uial 11.2 wt. % uag NaAlH, U511a 1.2 wt. %) Myuaredlod1ailu
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as Il naidosnn auiuainnug lalasnuves NaalH, oz lugnmihunfa msizaziuioheu
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2. ﬂ]ﬁa!ﬂ§1$ﬁﬂmﬁuﬂﬂﬂlﬂﬂﬁ1iﬂ]ﬂd1ﬁ

a d wa Y ' v a
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apparatus ﬁﬁ’ﬂm%um“l%’“luﬁ’mﬂf]ﬁﬁﬂﬁ (U7 2 Tumaruan) [11] Taerhimsussguafaoe 1 (<50 -
100 HadNTY) aﬂumﬂyuzmsfgéhafhaf?lé%aﬁwmﬂﬁ”ﬁ@mmumﬁﬁmummusaﬁuqa (316SS, Swagelok)
moldussomaiaerinenlu glove box HEIMIABITATUIATEA Sievert — type apparatus 1AL 1767
Thermocouple (K-type, rang -250 — 1300 °C, SL heater) #0321 8adatun1vuz ussydiesrauield
ANSUINQUNYUUDITE U 1udaummmsuJ?;sJuLnJmmmﬁuma“lui:ungﬂmaﬁﬂiﬂa Pressure
transducer (C206, Cole Parmer) @04/ 7111508 11AAUA 11U 0— 100 psig 18 0 — 3000 psig T
lddmsuerunnnudulumsnaasunislantaselelasnunazmsnaaesunisaulalasiou
AuaIaL 1o EJT%”Q Thermocouple L0ig Pressure transducer gmﬁ%miaﬁu Data logger (AI 2101, Wisco) Lﬁf]
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nilasdyauguugiinazanuauudinieToulinaninadinouiimes Fedgyaagurgiuazay
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Y
AuzgnaTIviatazinudoyanne 1 1 dmsumsnadeumslanaos lalasmuussdedaiiu
Tagldnnudouunaisaredeningungiiies ie 120 °C meldanzanuaugyaina lasldinsos
a a ' a o Y o I
AU ANVoUMIFHa PID Tudiuvesnisnadeunisian laTasou i lagldanuduuna
. Y 1 A s A a 3 o = a
laTasiau (Purity = 99.999%) 1AA298197 60 115 Ngarigil 120 °C1iumar 12 92 Tue F9lSum
laTasnunlassesnuinindedis awisadiulaldaninannuauinlasunilasly (Ap) lusgring

MINATV AaauMIae il
(AP) V = nRT
YT H, Mlaadasseonin (wt. %) = [(n X 2.0158)/1N11INA0813] X 100
d‘ o Y [ a
o Mruali P = anwaulalasnu (am), T=gungl (K)
Vv = 151asvesssuu (L), n=9uulua (mol)

R = masnuesuid (0.0821 L-atmmol K™

a d a
2.2. MIIATHAENANA Gas analysis

a 3 { a 2 1 1 % ]
MInsdeuriavesunaiinaiuserinenmstdanaosslalasiouvesda0614 nano LiBH,-
PcB, nano LiBH,-PcB-MWCNT 118% nano LiBH,-NaAlH,-PcB #111a8n13141A509 PCTPro2000 N1in13
I¥OUADALIATOY Residual gas analyzer RGA200 (Setaram, France) WU aautaguuiIa 1/8" lagiin
@ 1 a A w 1 % ] Y ) 1 Y o d‘ g’/
@20819 Uszuna 200 aaniu laaslunisuzussyaieds udnih ludedinunies PCTPro2000 9101u
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X o 4] 1 { 1 (% ] @ 1 1 4 1
gy IMa Fadyyruvesnsa1 ignideseenniandlednazgnasivinogieaoiiioslunaay



23. myyanzHidemaiia Scanning electron microscopy (SEM) tlaZ Energy dispersive X-ray

spectroscopy (EDS)

11H3¢179879 nano LiBH,-PcB, nano LiBH,-PcB-MWCNT 118¢ nano LiBH,-NaAlH,-PcB Anaq
Y a . 1 =2 o 1 @ Y o 1 FY A o
VU Stub Taglen12Eu (Silver glue) $281UNITBAAIDINNY Stub HAINIUAI0I 1A TansnanNiy

9
(Platinum, Pt) Taoldnszua’luih 30 ma Wunar 30 3unfi meldannzguanme 1miuthdaedeld

Q

1 (Y [] 4 o a 4 e
i lugeqlaiiod19999A3T09 SEM (Auriga instrument, Zeiss, Germany) ¥11nM33As51zdMIs 9y

29Asznouv0IiI0e13 Taeldinatia EDS-mapping (EDAX Inc., USA) 3341 11/51n53 EDS Genesis 7

Y
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ANANIDY
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l1un393 SEM

2.4. MIAATZHA@ATIA Fourier transform infrared spectroscopy (FT-IR)

Ansgrasnasge (18un LiBH, NaAlH, PcB uagnouIn@nved PcB-MWCNT) uag
@ v @ A A Y @ ' [
@1019u5595zauM Tumasimsion 18 (As-prepared) naamsilaoe laTasiou (Dehydrogenated) taz Haa
3 @ 4
manunn lalasou (Rehydrogenated) #81AT99 FT-IR (Spectrum GX, Perkin Elmer) TaguANEUN
@ ] @ [ U 1 ) [ I 1 1 1
#206191U anhydrous KBr ludaiiaau 1:10 areInsauams udnih lldaliidluskunlduriugudnais

a Y A @ a 9 o A (% < ~ Y . ' o [l
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=

a o g 0 4 @ ] 1 - o ¥ A
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1IN 32 scans FINBUNTUATIZHAIOE N 2ADITINITALNY Background Now tMoWnaudIsunIuioy
1 a 4 g’/ o 1Y d' 9 a L a 9 a .
Tuemasgniamsinngsd nnuuhanasui ldaudmszdludaSnudiematia Curve fitting

Taa1411/51n54 Magic Plots [11]

2.5. MIIATIZHAENAIA X-ray photoelectron spectroscopy (XPS)

a 4 a o A { a oA v Ao
msamiwzwﬁ"mmﬂuﬂ XPS "lﬁ'mmumiﬁ BL 3.2a @ ﬁ'mﬂgmmmmﬁmmmaa”mu:mﬂ
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71981971 1Al WA 19819 LiBH, NUAAZI08A11a2A10819 nano LiBH,-PcB, nano LiBH,-PcB-MWCNT
118 nano LiBH,-NaAlH,-PcB Anaquuunuauaumadiniuediosnaveunses Xps lagldinilni
a 4 3’, o w 1 1
FUANITUDU (Carbon tape) NMolUDTTENAVDI glove box MNUUINIA0E19Td 1Y Ultrahigh vacuum
A A 2 A o a J Y o Y 1

chamber YBUIATOIND FINOUNILINNTUATILHILTADININTAADINAN YU Chamber THiogluan1g
A o o 10 a_a 4 9 o o o A Aq ¥

quananszauaNaY 1 x 10 Jadui Tesazldnanlszng 6 $27ue dimsunses XPS 4

a 4 9 1 0o Aa a 9 [ d’d 1

Tz 1Funasnuilauas X-ray ¥ia Al Ka(1638.4 eV) Tdnasau Inlaou (Photon) 181 400 eV 11

MIATIVIATYRIUVEI Li 1s uag B Is Taouaaz519azgninizinisduamasauaaidmii 0.1 ev

° 4 [ @ ad

91U 5 scans TaalHaTenTintandanudianasou (Electron energy analyzer, CLAM2, Thermo VG

Y o

[ { a 4
Scientific) tazanasun 1aanin1InI1eid1e Macro XPS macro code 1111511054 Microsoft Excel

U

Visual Basic for Application

2.6. MIAANZHANATA Solid State Nuclear magnetic resonance (NMR)

o a 4 @ 1
WM IATIZN Solid state "B, Al 11ag “Na NMR Y09#96198719 nano LiBH,-NaAlH,-PcB 71@
1A Bruker ASCEND™ 500 59uAUWIAT1930%1A BL4 VIN Tagnsussguaaled1nlunaonssy
@ ] a 1 a a ¢ 1A @
A19619%1a Zirconia end—capped tube IWLUY UNHUVOINITAATIZHOGN 302 K 0ATINTHYU
. Sq9 1 o J .. 1 27 <
(Spinning rate) N1n191 10 kHz A1 Excitation pulse lengths U943 B i1ag ~'Al MAS NMR 1y s uaz 9.8
o w J . @ J 1w { J aov A 4 . .
us AINAAY A1 Relaxation delays Y9I7N9) MIIANAUMAUN 5 s Tasaualaadni (Chemical shift) Y99
"B, Al 1oz “Na NMR gnasaiaeenunlugildilududiu (ppm) Taensouiieunuasuasgiun
I a . . a A J - . = J
1Wunsauesn ( Boric acid, H,BO,), 6$inuﬂhﬂﬂﬂll°ﬁﬂ (Aluminium oxide, Al,O,), waz IwRsunan 154

(Sodium chloride, NaCl) f1ua191
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3 HAaMSANEINENANA Scanning electron microscope (SEM)-energy dispersive X-ray spectroscopy
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