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A Study for Coating Boron Particles with Two-Solvent Method
and its Process Parameters

XI Jian-fei, LIU Jian-zhong, HU You-rui, WANG Yang, ZHANG Yan-wei, ZHOU Jun-hu

(State Key Laboratory of Clean Energy Utilization, Zhejiang University, Hangzhou 310027, China)

Abstract ; Because of the shortcoming of recrystallization method, a new way named two-solvent method
for coating boron particles was proposed. The PH-method was used to verify boron coating effect. The
effects of ultrasonic mixing time, evaporation temperature and stirring speed on coating effect were studied
through orthogonal experiment. The results show that two-solvent method is superior to recrystallization
method for coating boron particles. The optimal value of ultrasonic mixing time is 10min. Using ultrasonic
mixing can improve coating effect effectively. The optimal value of evaporation temperature is 350°C. In-
creasing evaporation temperature is beneficial to improving coating effect, but the promotion effect decreases
with increasing evaporation temperature. The optimal value of stirring speed is 200r/min. If the stirring
speed is too slow, it cannot maintain the uniform dispersion of boron particles in the solution which goes a-
gainst the coating effect. Meanwhile, if the stirring speed is too high, the coating agent on the boron parti-
cles will exfoliate because of shear stress.
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Table 1 Common coating material and the corresponding

solvents used to coat boron particles by two-solvent method

Coating material The 1st solvent The 2nd solvent

LiF THF Water
AP Liquid ammonia Ethyl acetate
KNO, Liquid ammonia Anhydrous ethanol
KP Liquid ammonia Butyl ether
GAP Chloroform Water
TMP ( Trimethylolpropane ) Ethanol Toluene
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Table 2 The main instruments used in experiment

Instrument Type Company
Ultrasonic cleaner QTR3120 M extension information
Magnetic stirrer WH220PLUS WIGGENS
Multi-parameter analyzer DZS-708 INESA Instrument
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Table 3 Factors and levels used in orthogonal experiment

Level
Factor
1 2 3 4
Ultrasonic mixing time/min 0 10 20 30
Evaporation temperature/°C 50 150 250 350
Stirring speed/ ( r/min) 0 100 200 300
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Fig.1 The PH of the suspensions of different samples
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Table 4 Results of orthogonal experiment

Factor PH of different
Ultrasonic Evaporation Stirring suspensions
Test No.
mixing temperature speed/
time/min /C (r/min)
1 0 50 0 6.31
2 0 150 100 6.67
3 0 250 200 7.75
4 0 350 300 7.56
5 10 50 100 6.68
6 10 150 200 7.94
7 10 250 300 7.63
8 10 350 0 7.27
9 20 50 200 7.04
10 20 150 300 7.15
11 20 250 0 7.22
12 20 350 100 7.95
13 30 50 300 6.81
14 30 150 0 7.03
15 30 250 100 7.53
16 30 350 200 8.02

Table 5 Variance analysis for PH tests of different samples

The average

Sum of
Variance Degree of of sum
squared F Foos
sources freedom of squared
deviations
deviations
Ultrasonic
o . 0.80804 3 0.26935 5.93196 4.76
mixing time
Evaporation
2.28705 3 0.76235 14.38396 4.76
temperature
Stirring speed 1.10110 3 0.36703 6.92517 4.76
Error 0.31800 6 0.05300
Sum 3.95060 15
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Fig.4 Influence of ultrasonic mixing

time on the coating effect
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Fig.5 Influence of evaporation temperature

on the coating effect

P 6 S it B 4% K o B SOR B9 22 S B
PRS2 5 . &R RD,0,100,200 A1 3001/ min P ff
BEPE T K S X N Y & R CF 2 PH 2 Bl
6.9575,7.2075,7. 6875 F1 7.2875, W] VLA F|, &L
A P I 7K P S 2001/ min 5 $F 58 B /) T i (H 5
RFZEH T RO R —E M
S JEE A M) T UL A £ B X e DA O A e A v
AT FE R LA 55 B0 7 5 0P A9 2 23 23 B, B 1k LT RR
TEBEPR B T 1T 52 i A0 B A0 SR o (ELEE P o e PR S
PR BEIRCR A 251X AT REJE h T PR B B 2
il © 260 BEAE ML URL 3 100 9 LiF £ 3 V) D AE R T
B DB 1 v AR T L BOR

TEAZIR G R W, SCHH B FIE R L T 22 %0k
-l R A5 I ) 10min, 28 R 350°C, i +F

17¢
7.6
151
T4F
73F
72F
7.1k
7.0F
6.9

PH

0 50 100 150 200 250 300
Stirring speed/(r/min)
Fig. 6 Influence of stirring speed on

the coating effect

B 200r/min, b A ALK P 32 208 T A S8R A%
Y LiF LB A0 e, (H 0 T Al B0 R 5
B AL B R AT B 148 0 o AR SO SR
B L0 77 5 B — Bk, m] R At B A R
SRR E o [A) I AR SO B B8 7 PR G I ] R R
TR Y 3 3k = [H 28 X XU R A B RCR 1 5
W) AL AR T A 3 T At XU R A e B A

5 & #

LA SCHE I, 453 H DU 458

(1)l id PH 355 I 45 2R 0] LA B0 5103k [
LB ROR BT E 4 ik, AT LiF (0 3278 5 2 (1 il
TOURE 2 T , £ i 7 B AU 74 A0 8 24 ST RN e R

(2) F KB 45 R 3R W, 2% S il 5 Xk WU 77 ik A
e IR A0E- NI TN REZ P NLIRL IS U2 379 3 )
MR LUK 7 TR N T8 RS W AR 0

(3) A IR A I 1] B9 e L K ~F- 9 10ming fif
P IR AT AR 0 2 i DU Rk A R

(4) 78 AR B e LK F- D 350°C . 48 v 78 K il
JRE T {6l 0 B2 A0 S ) 45 ot PR, T 3 PR, P 0 DO 5% T
P A R AR N R AR A R A ACRL BE BN R 5 o A
SEAE— R, T A X 2 o) L B AE B Y R, PR T
B o UL g I, B e i JEE 0T ) B AR 1) e
Y RS 03055

(5) B JZ 19 d5 {7k F- 2 2001/ min, — 5 1
I B2 AT LA i B0 9 P 0 2 20 a0 1 BT 1k LT
FRAERERR IR T, T AT ) T B FORE ) L o (ELBE T
JEE el R L 2 fil 2 22 B0 A A ORE % 1 B LA £E Y )
T3 T BB MBI v AR T A BERCR



990 o R 2013 4F

. PR [ 0], BIIR g H R L 1998, 21 (1) :35-

’ 38.

[ 1] LimaRJP, Dubois C, Mader O, et al. Boron Nanoparti- [ 8] LiuTK, Luh S P, Perng H C. Effect of Boron Particle
cle-Rich Fuels for Gas Generators and Propellants [ J]. Surface Coating on Combustion of Solid Propellants for
International Journal of Energetic Materials and Chemical Ducted Rockets [ J]. Propellants, Explosives, Pyrotech-
Propulsion, 2010, 9(5) ; 437-446. nics, 1991, 16(4) :156-166.

[ 2] Van Devener B, Perez ] P L, Jankovich J, et al. Oxide- (9] TJC, B JD. Coating of Boron Particles [ P]. US:
Free, Catalyst-Coated, Fuel-Soluble, Air-Stable Boron 4915753,1990.

Nanopowders as Combined Combustion Catalyst and High [10]  Yeh C L, Hsieh W H, Felder W. Ignition and Combus-
Energy Density Fuel [ J]. Energy & Fuels, 2009, 23 tion of Mg-Coated and Uncoated Boron Particles[ J]. In-
(6): 111-120. ternational Journal of Energetic Materials and Chemical

[ 3] Young G, Sullivan K, Zachariah M R, et al. Combustion Propulsion. 1996, 3(1), 327-341.

Characteristics of Boron Nanoparticles [ J]. Combustion [11] King M K, Komar J, Fry R S. Fuel-Rich Solid Propellant
and Flame, 2009, 156(2) . 322-333. Boron Combustion[ R]. AIAA AD-A 148522, 1984.

[4] Yeh CL, Kuo K K. Ignition and Combustion of Boron [12]  @AR&, sk M, R &, % 8 LB R % R
Particles[ J]. Progress in Energy and Combustion Sci- fosgm[J]. FHREA R, 2007, 15(4) : 378-381.
ence, 1996, 22(6) . 511-541. [13] Liu S X, Yue B, Jiao K, et al. Template Synthesis of

[5] Ulas A, Kuo K K, Gotzmer C. Ignition and Combustion One-Dimensional Nanostructured Spinel Zinc Ferrite[ J].
of Boron Particles in Fluorine-Containing Environments Materials Letters, 2006, 60(2) : 154-158.

[J]. Combustion and Flame, 2001, 127 (2): 1935- [14]  BEREW, A W, & 3K, % 00 R R Bk A
1957. VO,/MCF 4L 7 KN ke ik 5 AL [T]. 2Tk,

[6] SWLrdy, T €, B, S R R R 2012, 26(2) ; 127-134.

JOBRPE[T]. HEdER A, 2008, 29(1) ; 102-104. (FAN [15]  sk#se, dediag, 5 0%, 5. @AWk HTPB {4
Hong-jie, WANG Ning-fei, FAN Xue-zhong, et al. Igni- LJ]. ATk, 2007, 26(11) : 164-171.
[16] S TLE, 3% . FIFE R SEHRIAL 6 3R R v

tion Characteristics of Boron-Based Fuel-Rich Propellants
[J]. Journal of Propulsion Technology, 2008, 29 (1)
102-104. )

M, TR/ BIDRL A0 B T Sk B0 % 2 T AR

WFEE[T]. RHR A BEA 4k, 2002, 9(4) : 5-11.
(%% : L L 4r)



