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Synthesis of Zn(BH4)2 powders by mechanochemical reaction

and study of thermal decomposition behavior

Abstract

Zn(BH4)2(8.4 wt% theoretical hydrogen storage capacity) powders have been
successfully synthesized by mechanochemical reaction from mixtures of ZnCl,
and NaBHs powders in a 1:2 molar ratio in different times.

ZnClz + 2NaBHs — Zn(BH4): + 2NaCl (1

Zn(BH4)2 powders were characterized by X-ray diffractometry(XRD), and
Furier Transform Infrared spectrometry(FT-IR). The thermal stabilities of
Zn(BH4); powders were studied by Differential scanning calorimetry(DSC),
Thermogravimetry analysis(TGA), and Mass spectrometry(MS). Zn(BHs): can
be tested for hydrogen evolution without further purification. The reaction to
yield hydrogen is irreversible, the other products being compounds of Zn, and
borane. Zn(BH4); thermally decomposes to release borane and hydrogen gas
between about 85 and 150 T

1. A&

Zn(BHa)2 = 84 wt%d & F4A4% £%E 7IA2 ded, 100C olste @
2 25 Bdres HoAM FAAZEZZA oA 2AE Xz YU
Zn(BHy)E Yt o2 $7180E o]&8 M o2 P=y Zn(BH.)E &3
A71A 31 SelE SA3] AASZIZL vl g olHm, A Ao B gy
ZEA 2 Aok A eEn AL J1A #3839 wHoz Zn(BHa):E A
e A7t o) R AT a2y Zn(BHy)d FE3 ST wgel sldAd)
gl e HE3] AAHY e d7FEAFI glerz B dFdME 714 83
A HPo 2 Zn(BHe)E A3t EE3 SAHES Yolunz 49 AAZAH
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2. 483y

2-1. Ak 4 717]

99% NaBHsx Aldrichol A, 98% ZnClx Kanto chemical companylA +¢
o] ALgEHT. 7)1ASE wgeAd A& ball mill jar(70 cc)d AEL
stainless steelo]™ ball(7.9 mm)& Fe/Cr steelg AF&3ith. Ball/powder
ratio(bpr)E 35:1°1H A FHAHL BF Ar FEHAA o] FA T

XRD+¥ Bruker-axsAte] D8 ADVANCE E22& AH&3149 3, TGA, DSC, MS
= NETZSCH-Gerdtebau GmbhA}el TG 209 F1, DSC-Apparatus, MS 403C
Aéolos 2L AM&3tH T 714 &g AA = LG OTIS elevator company
KMP 200B62 €& A&t

2-2. ¥4 7A

2& AA7) 948 vacuum ovendlAd AZEAIZ ZnCl(5 mmol, 068 g)%
NaBH4(10 mmol, 0.38 g)&. ball mill jarl ¥ 15 h~4.0 h7}x 30% A9
AZE Aol E T FAHY o] AL EF Ar ZH 9 glove boxdllA ¢]F o]
i, O-ringe.2 R WMEHAAHANA R Fr|E &3] Aot XRD,
TGA, MS, DSC 4% 9% Zn(BHs):9 A 8FH #HAHAL ZF glove boxelA
o]Fojx 1, XRDE 9% F71% ¢d3 Add Ar ZEoA E4HUT TGA,
MS, DSC %% Ar AHold SHHYL, LEE 10 k/min 2AA o] Fejzth

3.4 ¢ 13

3.1 Zn(BHy):9 <l

15 Aztse 2y¥d A89 XRD #4Z#AE Fig. 1o YAt ¥HEEQ
ZnCLe NaBH.E A9 Algbxa, A 2-¢ Zn(BHa)*9 NaClel A H Qg0 &<
HAou wv&3tA gn gdotle &% ZnChe NaBH.= #ZHUH. Fig.2¢
FT-IRE #43% Z3 bidentate T&E 7IA¥= Zn(BH4):29l bridge B-H(2450
cm™), terminal B-H(2100 cm el M2 peak S ge1**s14 k. XRD® FT-IR
2443 Zn(BHy)7t §4HUTE RS &AsA

tle
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Fig. 1. XRD of the Zn(BH4) after ball mill for 1.5 hours.
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Fig. 2. FT-IR spectrum of the Zn(BHa): after ball mill for 1.5 hours.
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32 &3 &4
2AI1ZE B 71A 88 A o g §4E Zn(BHa)Y FES EAL Lolry)
A& TG/MS, DSC #4 & 3t} Fig.39l DSC 2% 2719 &9 peako] &3
HAqow 1 F AWUA peak:E 85~103 C, FHA peaks 100~150 C oA &
ZFH A, AHA peake Zn(BHa)Zt 4F E3So] borane gas’t Y& Ao
olm} borane gas$t 7 %o Hp gas7t 23 Ho dee A& MS #4&
€3 ¢ 4 3Uvh Borane gas® WES u w3 #FAsy] MM FEE
Zn(BHs)2E 90 T Ar 714 FHoA 308 &< &3 271 Fo Inductively
coupled plasma mass spectrometry(ICP)E &34 3% ZA3 Borond #7471 ¢
oy Aol &I MSS ICP £4& Z3A borane gas’t HEETE A
£ a8 £ AU} DSCY FHA peakel X9 MSHAM Hp gas7t Yo+
AX7t dAstE ReZE Hol FWHA peakt Zn(BHa27t Hz gasZ2 EdlE:
peakelgt= AL & + Ut
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Fig. .3. TG/MS, and DSC data of the thermal decomposition of Zn(BH4), for
2 different milling times. (black line : TGA, red line : DSC, and blue line :
MS of Hy.)
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Zn(BHy)27t B E/B A borane gas®t H: gas7t W&dxn A2 Znit @
RE BAs7] A8l Zn(BH)2E 140 T Ar 714 AHdA 308 F< &3
Al #Fo Fig. 4 XRD #4& & Z7 Zn9 NaCle] #&HIUY ©] A
Zn(BHy)&= ol Zo] E3lses AL ¢ & Ik

Zn(BHy)2 — Zn + borane + Ho (2)

TGARNoE A& FAZZHL 4 12%E Zn(BHs):29 NaCldl A3 :
boron® F47F ZF ZIAGHZ EETn RS W o2 FA #a
2 14%< A9 vlxd ARE AAh A7) 2% Aol A FeHukS
HA oA Zn(BH4)27t #8150 borane gas7t AHHA LAstE Aoz o4
gt Figdol X 4A12EEt 714 33itg& A7l AS AAE 5% FARA)
WAt wEAIZEe] Aol AL e e A FH Zn(BHy)7H 35 o
borane gas?t A=l AA FAZLF] F=e AL B 4 AU
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Fig. 4. XRD of Zn(BH.)s treated Ar gas at 140 C for 30 min.

4. &

°o]ddl Zn(BH4):9] &3 EA did 7 ZAAE Aurw 199%6d9)
Mikheeva: Zn(BH4)27} ZnH:$9 boraneo2 Eaigviz 239’ 2004Wd
Edward®= ZZt Zn, boron, Ho2 Esl®ds g3 v Qo a8y 2 A
M olgt & Zn(BH4):o EEs] 5A4E gAsiid 714 383 wyoz
Zn(BH4)2:& 43t 3, XRDS FT-IRE Zn(BH4):E 93ttt TG/MS, DSC
A4S 3 Zn(BHa)S &3 54L& ZASE A3} Zn(BHy)E 85~150 C
Atolell A borane® Hp= #IATh oA S 2 Zn(BHy):2 49 A3 @& 3
L H7tgakrgolgte AL & & Yok
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