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Synthesis of ZrB, Nanoparticles by Using Xylitol
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Abstract: ZrB, nanoparticles were synthesized synergistically by Sol-Gel method and carbothermal reduction reaction
using zirconium N-propoxide, acetic acid, boric acid and xylitol as starting materials. In the reaction system, xylitol
acted as a carbon source for the carbothermal reduction reaction and chelated boron, leading to the formation of coor-
dination compound through its polyhydroxy reaction with boric acid. According to the Fourier Transform infrared
spectra and thermal analysis of gel precursor, the effects of sol and gel reaction processes on the carbothermal reduc-
tion reaction temperature and gelation time were discussed. The results show that the polyhydroxy compound of xyli-
tol is beneficial to initiate reactions and gelation, which makes the threshold throughout the whole chemical processes
easy to overcome. The gel does not need aging treatment and the reaction temperature is lowered. Besides, a single
phase of equiaxed ZrB, nanoparticles could be obtained from nascent state gel calcined at 1450 °C with
n(xylitol)/n(zirconium n-propoxide) of 1.4. The average diameter and oxygen content of ZrB, nanoparticles are ca.
50 nm and 1.36wt%, respectively.

Key words: nanoparticles; xylitol; ZrB,; Sol-Gel; synthesis

Wis BH: 2015-10-18; WEIEMF HHA: 2016-1-11

EETB: WK ARFHEIEA(51372006); H KA Iy BRI 2 CREE S 2010 482 i 2 K B 2 A A1 AR B8 B (A AL T B
2010, No. 411)
National Natural Science Foundation of China (51372006); Scientific Research Starting Foundation for Returned
Overseas Chinese Scholars, Ministry of Education, Start-Up Fund for High-End Returned Overseas Talents (2010, No.
411)

EZBN: B 19912, &, Wi-LwF98E. E-mail: 412174292@qq.com

BIEE: 282, ZI%. E-mail: rli@buaa.edu.cn



598 TS| R =

#3145

ZrB, B & AT W il s R DA K R
]SS I T2 S T N e W B b e ]
BB ZEME i KR, B A3 AR A
ST T2 OE, AR ARE I R AR .

Z1B, P RSt ZrB, By R BEEE T I, ZrBy Ky R I &
B A AR R NP RN b 2R
L RO L Xie U SE SRR,
SASE Y L DA T R0 9 4 Sk e 0 R, 7 1 A I
YRR BRI, 08 I A AT IR AR A4 T ZeBy B ok
Ve T i DA SC A I AR = i e, DA R R
I R 25 G 4 T AR A, O — R A S AR R AL
245 %7 vER . Huang 26U 480 000 85 AR 43 )
A Dby g Y R, Moy 1S AR I E R B 95, e v s -
BSR4 T ZeBy M oK o AS U2t R FH v e — Tk
ek, E I IE N AL . PR LA AN TR BRI, L R b
DOTF0 D-Jp % T ZeBy By oK o RN AL A B R
PR F T, SRR SR e 2R . BEREAE
JIBEIART A UL S 2 oo, #e b FAE AT DUFE ik
P, S A 2 R S 5 R Y A A
Yo DRI, A AR DAACHE AR A B 5t 0 2 G O A7 A4,
A ) E AT P RO 1R, O ok v T — T s % ik A it
EET K ZeBy Fy Ko

1 SKW7E

1.1 RIEEH

IE A BESS (Ze(OPr)y, LR 70%) A i
(CsH1205)(_Fifg df 2 A7 B2 7]); Bl ER (H3BOs)
LR (AcOH) M H i (CH;0H).
1.2 RHTE

B ZBy AR I T2 mARWE 1 fin. 4 2.6¢
CsH,0s #12.5 g H;BO; A £ 10 mL CH30H 1, 1E
60°C ARG A 1E FREEEPEEE 0.5 h, BRI 1,
¥ 10 mL AcOH 22188\ 5.7 g Zr(OPr), ', 347
BRI S, R RR SR 2. PR TR 2 218 BN
W1 TP, 60°CRE B e, 19 26 (07 W IR BEIL -
Y AR BN — 5y HEEAE 80C T4 6 h, Jj—if
SYAE 35 CHEREAT —m MR M BRL AR B, 2 J5 RS
IR BT S 1S BT IR R . SR,
BT IR AR K B T AR A, R AR
SN 1450°CHRE 2 h, ARSI, SR AN K.

fifi FH > 11X (TG-DSC, STA449, NETZSCH) X}
TR AR R A HEAT R 53 A5 A FH A R i 20 0l 1% A
(FTIR, Tensor 27, Bruker)f: Il {if 4K 740} A 1) 45 440
KH X BHEATHHU(XRD, D/MAX 2200 PC, Rigaku)

HBO, — |7 CsHu0s «—— AcOH

| Mixed solution 1 | | Mixed solution 2 |

—  Mixed —

solution 3

|

. (Aging)

Drying
| Precursor

Pyrolysis
carbothermal
reduction

K1 A ZeBy B R 1 T 2 AR

Fig. 1 General flow chart for synthesis of ZrB, powder
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Fig. 2 FTIR spectra of (a) boric acid and (b) ZrB, precursor
powder prepared with n(Xylitol)/n(Zr(OPr)4)=1.4
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Fig. 3 TG-DSC curves of (a) xylitol and (b) ZrB, precursor
powder prepared with n(Xylitol)/n(Zr(OPr)4)=1.4 under argon
flow at a heating rate of 10°C/min
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Fig. 4 XRD patterns of the products calcined from precursors
at (a) 1200°C, (b) 1300°C, (c) 1400°C and (d) 1450°C for 2 h
with n(Xylitol)/n(Zr(OPr),)=1.4

L * /1B,

J A (c)

.....JIL..L W B &
Jl 2 JL'_'_.J (a)

20 30 40 50 60 70 80
20/(°)

4710,

Intensity / (a.u.)

Kl 5 nX)/n@r)sr i)l (b)1.2 Fi(c)l.4 & KIRT A
KAE 1450 C AR 2 h P91t XRD &3

Fig. 5 XRD patterns of the products calcined from precursors
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