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Abstract: A new method for producing boron-containing nanoparticles is described. Boron trichloride (BCl;) and
methane (CH,) are dissociated through injection into a thermal plasma followed by a nucleation process producing
boron or boron carbide nanoparticles. X-ray photoelectron spectroscopy was used to detect B-C bonds related to the
carbide state and to probe the ratio of boron to carbon in the B-C bond structure. In addition, nanoparticles were
characterized with scanning transmission electron microscopy and electron energy loss spectroscopy. It was found that
nanoparticles were in the range 30-70 nm and a boron to carbon ratio in the B-C bond structure of up to 2 can be
reached when BCl; of 20 sccm and CH, of 25 sccm were used.

- 7)15My - ofel] del S8Hth. B4 Jhmpol=e A9 v}

gy o] &H= 38k 24e B, oM, =4

. I gl AE x o] A E& o] & ByC & ByosC Alolell EAlete Aow &

L Aol A= AW x o AR A F gA . 59¥s Ba ulolEE uZE B3R

= 24 ZX7F 29-37 GPa ©]7] wiiTel] 1Ejld, &

S A e AR x99 UHEE A 2, aglz Ms Bgiagol dAulgg o] Lxal
2} O

1. M B BAa YA BHe 9 o= diEl,© ByHy,

AAg B, GEARTg=oE o &9

B2~B)7F did Ede weA 0 HIzF BCL 7] A% 3 ® sodium naphthalenide 2 ©] &3F

8O gare dg O o xg@We e rhokdlk BBr; €9 #9,© g njgd B4 g &

WY© 5o ol oja) 43How Az

+ Corresponding Author, wgshin@cnu.ac.kr TN A GO A 9 AEN A FAE FA e

© 2012 The Korean Society of Mechanical Engineers ZFe] A &L Z+ZF 10-150 nm, 1-45 nm &2 e

R




732 Al

(Ar + Ha) Reactants

\/ Plasma l B

P~6.25 kPa

b ﬁ et
a
§

Pumps

Fig. 1 Schematic diagram of Hypersomc Plasma Particle
Deposition System (HPPD)!*

Sehz=utE o]83ke] 30-70 nm
=YL Az ek
B hbel= RS AlxstE WS A4

Lo wep e W (1000 T o) AR W

(1000 C um)gi Baw 4 gl ) 18w

omiz Ak B (B,05) % 7}LE < A

¥ 2200-2500 CA A7) = eto A u %A]Z_]_

ot aeld S S Ak A7

A B = ] e =2 lﬂi kg0

tate] NS 1000-1200 CT7HA] W& 5

o, Olﬂi?ﬂ HheS Bl Aozl Yxtel A

0.1-5.0 mo] ATk MV & Ate} w=EhA &t

4 RF S¥20hE °]83te] BCl 9 CHy 712

HESAIA g Fhaol= iAkE d A= SIS

o2 A o re o] ATFAE 600 T

ojgtoll A WhEAA T Fhatol= AE Alxd

ek

2 ApaE 7)Ee] e Zezuks o439
o

r-1m
izh
mlo
o 12

M%\w

A Yxedate AzgyH0s ogsly B
Zhapol = Ui Rfe] Az W oAlzE 4Ake] B-C
At EAS =3kgltt.
2. Ay 4y

2.1 AEEXR|

2 ATelM e BAa Fhatol= YAt Aol
gk A2 PHS abget. A FA = 25
4 Zet=vl Y52 (Hypersonic Plasma Particle

Deposition, HPPD)Z ©]-&3afo] theFgk A& (Si, Ti,
CN) AR AF PeTrAF HH TE B

LheglAl AlZze] AFEE AT Fig 1o 9l
HPPD A|=8]E& o]§3te] BCl ¢ CHy 7IAE <4
Eohzut bl A AAGE R Eefistal, == <t
q Ao w1k AAe T 24 Aol ol
o)Al sl HaThutol= LheglAE Az,
2E3 BCL W ALE T A9, Ba A Al
23 F g 2 Zgpzelbe A7bAE 10 kW
o 25 240 AolA A5 oh=wAL WX
Zg=ul 713 30 slm & =223} 3.5 sim 2
2% gAY, $48 Arka Fezulel
e z2dg = dar, A4 EZQ BCL 9
A HCl FEl= AAZE & Advk. whgEo] &
Ahel AH e Eepz=rh A %Et =F 4000 K7
B2A wkgEo] fajE 7] Fistth. HE =0
Aol BCl; 71A7F 20-40 scem, CHy 7]1A 7}
16-60 scem ©] fEFo = FALEW, W L-Zo A
22 60 kPa ol Al 6.25 kPa = ZFalgtrl. Az
A et E By eE ool AT WAL
ZEHE o]gste] 6 mm A59 ZH Y~
200 mesh size) 9ol FH s},

0 8

o 1o,

=4
(

o,

20 Limelxh BA] g
e w2 W 2 B A9 X A

T

Ax FFH(XPS) S4W ¥ Scanning  Transmission
Electron Microscopy (STEM)¥} Electron Energy Loss

Spectroscopy (EELS)ell o]gh {EA]o] o] &=},
XPS + SSX-100 A]2~®l (manufacturer: Surface

Science Laboratories, Inc.)< ©|&3}e] =8 %o},
STEM/EELS %412 9|3l FEI Tecnai G2 F30 STEM
microscope & AH§-3}3AT}.

3. Ay Zu g E9

31 @& LHeAAF A= R Met 54
‘13011 HPPD A 2=8& 1%3}04 BCl, 7|42
& FTEvF UM wEEAIA TA UniAE

ﬂlif& SO AxE Fa ?JZ}E‘ 7] Sl
EEAAS W AEEAS B3 At AR
XPS A4 A 7 e ¥art #AEEAoH,
188.5 eV ©]A ¢ 33 B-B & YEN I, 193 eV
ZAH 9 ¥AE B,0; & YERIATE! Fig. 2(a)¢]
TEM ©O|F|X|= 70 nm AL AV|E Zes B4
Uezts mojFd Alzd Aol A &S 30-
70 nm B E T F7]: 56 nm)°ll A& Aoz FA

= 21T} Fig. 2(b)2] EELS line-scan < W= #}2] 3%
el 2 nm A= FAY] AFsko] EAjebal, 1o
T =T FAYs HoFa v s ¢



A thegiabe] o]y
B2 e AE B0y 7 o aigme] B A
e 7RIva daE Sl

32 24 FHHlo|= A 20| BICE 27| 9

XPS LT HH

X A FHA 23 (XPS)E ol&ste] T4 Tt
Hho] = (B,Cy)9 334, 5 B/C (=xly)E T3
o}, WA XPS 717]9 B9t v EAo sk
s BAS] 98] 8 54 Fhulel= (BLC,
1-7 um, Alfa Aesar, Inc)—% HaEd=R o] &3t

Fig. 3 & H|uEZA¢ B4 Jhufol= Jape] 2
AL XPS Z~HEHB Is, C 15)S HoF1 9
XPS ~HEHL off /e Ha=2 fgAEFAE
L, Z+7+9] I A= Gaussian-Lorentzian <141 0. &
SrE S AT Fig. 3(a)T 3 /N9 T4, 5 1884 eV
(B,C), 189.9 eV (B-B), L8] 1L 193.8 eV (B-O)% Ko
3t} Fig. 3(b)T 4 /N9 J=, = 2826 eV
(B4C), 285.0 eV (C-C), 286.6 ¢V (C-OH H+ 0-C-0),
18]31288.9 ¢V (C=0)Z Ho]Fi1 gt} o]2] gt 3]
A5 FolA Bls 2HEH] 1884eV 9 Cls 2=

100 4

80+

60

Boron
% Carbon
40 Nitrogen|
¢ x
v Oxygen

Relative composition (%)

Position (nm)

(b)

Fig. 2 (a) STEM image of the nanoparticle sample.
EELS analysis was performed in the range of the
blue line. (b) EELS line-scan result. Carbon
signal arises from the TEM grid
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Table 1 Possible chemical states identified by XPS®

Cls B s
Peak Binding Group Binding Group
energy (eV) energy (eV)

I 282.6-282.8 B,4-C 187.9-188.3  B,C

I 285 C-C 189.5-190.1  B-Cs4
C-H B-B

I 286.5-286.8 C-OH 191.6-193.1 B-O
C-0-C

IV 288.4-289.2 O-C-O
C=0

3.3 BCL/CH, 7t &2 7FtHto|= & E& 2| B/C o
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Table 2 Values of B/C in boron carbide phase according
to the flow rates of BCl; and CH, used for the
synthesis of boron carbide materials

Cases  BCls(sccm) CHy(scem) B/C
Case 1 40 10 -
Case 2 40 20 1.53
Case 3 40 50 1.27
Case 4 40 60 0.85
Case 5 20 16 -
Case 6 20 25 2.13
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Fig. 4 XPS spectrum for Case 2 with deconvoluted
peaks: (a) B 1s region (b) C 1s region
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