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Abstract

This paper presents a new method for the preparation of micron boron carbide powder through
combustion synthesis method. In the preset work, the effect of process conditions on the product
quality was systematically studied. The results show that: The adiabatic temperature of
2B,0,+C+6Mg=B,C+6MgO system is 2750 K, and the self-propagating reactions can occur

spontaneously. Self-propagating reaction product mainly contains MgO, B.C and MgzB,0s. Hy-
drochloric acid leaching process can effectively remove the impurity phase Mg0O and MgzB:0s, thus
pure B4C was obtained. The improvement of B,03 caused the increase of Mgz;B,0s content in prod-
uct, and had no significant effect on the product particle size. The improvement of Mg caused the
increase of MgO content in product, and was conducive to the synthesis of B4C; when Mg excesses 5%
to 15%, the product size exists a minimum value. The increase of sample making pressure can
remarkably refine product granularity. Different carbon source types have significant influence on
the micromorphology, particle size and purity of the product.
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1. B

B,C A Ffifi (X T & NI RIS 7 BAGH) I35 (2,52 glem®). 4 25.(2450°C) LA K i T i
[f(600b)Z- AR A, [z B FRafb Rl T BRI EETEAA R DIRIEES T H BhifE st AR R R 1 S S
HIAN B RIS ZE K Tk A AT RS AR M BEHE (1] [2] [3] [4]. TAR= ByC M5 720 FE I RiAAGA J532:,
BV el AP B ad R4S BRI, S B, SmiBE, WA AT BIBRALAIR I, 1% T 27 FERLE R (i
M ERLR ST 10~20 pm,  TCKBBRALIIETC < 2.0 pm). 2 &, Bean S E,  Hakme Bt
FE[5] [6] [71& s —ki5 gy, SEU™ Al BT . WOGTE A5 SRR 2 L&A el SR ) <& (BCls.
BoHsw CHClsw CH, %5) )58k, FEBUGHRNT FIR A S UAR G HE S A % BoC 4Kk, L4t ab A5 2
HAISAK B,C K¥[8 Wik - BRI HI4 B.C ABYIKY A — Rl J7i%, Sinha FHIIRR/M I BRI I
URAAAE 1000°C~1450°C R 2 h, F3FFEIRIAZ A 2.25 pm ) B4C TCk[9]. HFT, B,C ALK fl A7 H 2
WFFE RS AIAE S, AR NG DBU I E K ER . RS BOEE N — B4R i 7k, & kA
HAT R S 9]-[15] . A LRGN T L EFAFMHREE S B 4 BaC R A i 5 (154

2. 5Kh
2.1 ZWPR

e LbIRR = AL, Bk, Boky, VRAIFEERIREA; SREH EYE T B & N g LLEER A 51 R
F IR, AH R =R Y; KRB =it T EIRIZ s e e Yok, TS 3] B,C Bk,
RAE: RHEE N 80°C, fEFEFEE A 200 rmp, R HETE N 2 h, LA 1:15, THESHE A 6 mol/L.

2.2. #AsTHT

RATE R Bruker 227 () D8 B X-SF £ AT BOMBRGE - MIANIR R I BEAT VAR 0 M, R Cu-Ka S48,
AT 10°~90°, FAEHEE N 8°/min, KA 0.01°; SKHIH L SU-8010 AYFT# HL 1 B it xt ik be M Al
BRI EAT OISR 434, 434 F s 10 KV SR Malvern MS2000 % 43 AR =10 dE AT R EE R ALE -

][/

DOI: 10.12677/meng.2020.72013 84 NEE I


https://doi.org/10.12677/meng.2020.72013
http://creativecommons.org/licenses/by/4.0/

BXUR, kAt

3. #RE5Tie
3.1. B,Os-Mg-C R BS54

PN R, REARGEE KT 1800 K i, &MNAGELLE ZIiE 7 B REF#HI1T. ST H
SN R: A(s)+B(s)=AB(s)+AH :

AH = AHf, + [ Ac,dT

A, AH AR RGN, BHHBREIZA RSN TCIRER A, BT AIME N 0.

AH S NAE 298 K IS FRIARHEEE SR ISIG A, SIS 7= RO v B IR A B AR A, B 2
kJ-mol™2;

Ac, AFPIEIREE T FIOHE, Ao K mol .

c, FTAEAI A LA R A a5

C, = A+ A x107°T + A x10°T 2 + A, x107°T? + A x10°T
AL Ay As, Ag As ATHTEHIIN S EHE F I ERS .
Xt 2B,0, +6Mg+C =B,C+6MgO ,
AH%, =-1138.130 ki/mol ,

~AH % = [ AC,dT + AH,, + jTT:" AC,,dT

fi#1F, T, =2749.5K >1800 K, JWifigbh B & IE S Mtk o B R 4ERF R A

B,0, +3Mg = 2B +3MgO (1)
4B+C=B,C )
3MgO +B,0, = Mg,B,0, (3)
2B,0, +6Mg+C =B,C+6MgO 4)
2Mg +3C = Mg, C, (5)
2B,0, +3C=4B+3CO, (6)
2B,0,+7C=B,C+6CO (7
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Figure 1. The Gibbs free energy changes of the SHS reaction
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HIP 10, SBE 5y 6 78 FTHIE T A FEVE IRl P9 OS2 35 A 7 T RE RS > 0, RBITEIE AR RN 2
5 A 307 R BRI P T T R, (HY < 0, WEMIRNIATBUR A OB 7 AR iR T A R A
SN 4 75 A T BEAR R FR R B SR B R oy R

3.2. B,O; BCRH B X #AKE & Al R R B S

F 5L ByO5 ML BHE X H & 4 Je g5 R m, 50k RIUE /178 20 MPa. EREEIS 5] 24 30 min.
BRBLLE A 4. BRESHLHE N 150 rpm. (€] 2 AR [A] BoOs Bk &I JRBE =701 SEM R, i, (1) N B,0s
Bkl gt & 5%, (2) N BO; UklEId & 10%, (3) Mkt &Eth. HE 2 7 EH, b7 1 1L
TAFLEL, HHBERR. b, APk Mgo, M3k 54 MgsB,0 Al B,C TR A
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Figure 2. SEM photographs of combusted products at different B,O5 contents; (1) Excess 5% B,Os; (2) Excess 10% B,0s;
(3) Stoichiometric ratio

2. IE B,Os &8 FHIBAE =460 SEM BBH; (1) B,0; 138 5%; (2) B,Os T8 10%; (3) #&itEtt

WA Loy R AL AT AR A R IR AT 1) RGeS 2 ARERE, R LA I ARE
Basafz ik PRGEREI LR AR AL ST IS, SRR MBI B R Z 2 2) RN iR )R
K B3 K5 (Mg A BoOs) LA JFURFITIR R 7K 73 28 A G BRI LI s 3) B S MG FE I TH i, BoOs fil
WAEBAIE A T AR ZERT, BoOs ORI EARRR 1 FLBR. H1K 2 AT R, B B,Os BURHE TN,
FLBEAI I Z B SBRMAN I 2. IO B,Os FURHE RGN, 18 B,Os HIAFAESAE ey lit S N A2 h TR BT
bedli. Hi5h, Mg B MO, T MgO FRIJE AR, AR MO BRI T BE A H i Whc 4 Fic 41
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Figure 3. XRD patterns of combusted products at different B,O5 contents; (1) Excess 5% B,Os; (2) Excess 10% B,Os; (3)
Stoichiometric ratio
3. 7El B,Os &8 FHIBAKE =4 XRD Eitt; (1) B,Os T E 5%; (2) B,Os it 8 10%; (3) HFit=Ett
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] 3 2 ANA B,Os FERHERT RGeS (1) XRD &3, A, (1) N BOs MLk L& 5%, (2) 4 B,Os
ik & 10%, (3) AfbitEb. il 3 &, #Rber=4) 3 Bl MgO. MgsB,06 Fil B,C 4. ffid5 B,O;
RIS, MgsBoOg [T ST VAR XS SR EE I N, U6 BoOs I S A S S A= i MgaBoOe I LR SE Ao EH
b, HEW B &S R BT

2B,0, +6Mg+C = B,C +6MgO ®)
3MgO + B,0, = Mg,B,0, )

(4] 4 SR B,O, BiUKHEE (32 =40 ) SEM JEF, Forit, (1) 4 BoOs BURHEIE B 5%, (2) A B,Os
ROBHILL B 10%, (3) L2t . 2 4 TT%I, B.C BURIA/NRIGA], — MMk KEOK, 55—
SRR AR . SO VIR B,C BT, 1515 BC NS R R AR A o INBURL (R T
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Figure 4. SEM photographs of leached products at different B,O3 contents; (1) Excess 5% B,O3; (2) Excess 10% B,Os; (3)
Stoichiometric ratio
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Figure 5. XRD patterns of leached products at different B,O3; contents; (1) Excess 5% B,0s; (2) Excess 10% B,Og3; (3)
Stoichiometric ratio
5. A[E B0, BLf 2 AR H 7489 XRD EliE; (1) B,Os 1T & 5%; (2) B,Osid & 10%; (3) LFitELt

HT AR S ST T -

DOI: 10.12677/meng.2020.72013 87 GRS


https://doi.org/10.12677/meng.2020.72013

BXUR, kAt

MgO + 2HCI = MgCl, + H,0 (10)

Mg,B,0, +6HCI = 3MgCl, + 2H,B,0, (11)

ANIF] B,Os BRI 3 =4 Mg A C b2 g5 Rk 1 fos. vl A, R+ C S &S
B,C F C Hip 48 21.73%(F7E LU K206,

Table 1. Mg and C content of leached products at different B,O3 contents
F 1. T[E BO LK ERH~IHI Mg CEE

B,O; it & Mg% C%
A= 5.10 33.7
5% 4.36 38.3
10% 457 33.1

Kl 6 NANIR] BoOg B RHE 1R H = MIIRL FE 43 AT, o, (1) A BoOs it 5 5%, (2) A B0 1T & 10%,
(3) N B,O; HlipHit k. F D50 KA 20.132 um. 19.741 um £ 19.301 pm. “FEFRIZE K, Hakik
BAGERE, HRIWGEA K. 6K 409 SEM A TTAL, BRI A SR 2 507E 3 um LR,
DAL IA RS 5 BSGT 1] 8 AROK SRR AX B RIORE A2 T AT 1) o
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Figure 6. Particle size distribution curve of at different B,O5 contents; (1) Excess 5% B,Os; (2) Excess 10% B,0s3; (3) Stoi-
chiometric ratio

6. I[E B,Os BRI B A2 H AR E S F Lk, (1) B,0siT 8 5%; (2) B,O;id & 10%; (3) {L¥FitELt

3.3. Ml EDXRRG S AR AR IR

SONGEAT: BRBHE Y 4, JRBHECEE BoOs:Mg:C (BE/R L) 2.1:6:1 I, B 5E [T IRFE IR S Re & i
EFIEEN . P 7 SRANE R E 21 R FRE = XRD B, b, (1) AHIFEE 77 20 MPa, (2) N FEE
7140 MPa, (3) il 71 60 MPa, (4) At 71 80 MPa. H1El 7 AJ %N, BHAERFEHIRIE R, ke
P MgO Fil MgsB,Og (AT S IEAH X 5 T+, {H 60 MPa i MgO 11 MgsB,Os FrIFT 55 U6 AH X 5k FEE $57 %
fikF 40 MPa i AT SHIE (K505, {E45E T 20 MPa i MgO 1 MgsB,0s HIATHF ISR, I& 24 AR FE R
JIRRERE R NHEAT , (HRIFEE AR K. K 8 RAF RS IR =200 SEM HEFr, BE3E HFE
JIRISEIN, R =L FEIZE A /N, AR R B HRIRE R )22 S 807 iobLEE 7 A A AN 5

K9 RARIFE R JJHNR = XRD B3R, Horr, (1) AYRFEE J10 20 MPa, (2) NIFEE 77 40
MPa, (3) AIRFEE 17 60 MPa, (4) ARFEIE /7 80 MPa. HiE 9 AT AN, 12 =¥ EE N B,C M, &4 B,Cy
FHUA S/ B 1) MgsB,Os A o /D5 (1) MgaB,06 AHAFTE U BRI H BR AR AT 43 Bl A R 7 B35 -4
FARTSNIESERE 2 NS BT, UEBAIARE R R3S N, KRR s B2 S il I (i ik o
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Figure 7. XRD patterns of combusted products at different sample preparation pressures; (1) 20 MPa; (2) 40 MPa; (3) 60
MPa; (4) 80 MPa
7. FRIERE D TRINRIE4 XRD EiE; (1) FEF720 MPa; (2) [£77 40 MPa; (3) 77 60 MPa; (4) [£77 80 MPa

=

Figure 8. SEM photographs of combusted products at different sample prepa-
ration pressures; (1) 20 MPa; (2) 40 MPa; (3) 60 MPa; (4) 80 MPa

8. FREIEREATHIRE =489 SEM BF; (1) 520 MPa; (2) £
73140 MPa; (3) E£7160 MPa; (4) [£7180 MPa
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Figure 9. XRD patterns of leached products at different sample preparation pressures; (1) 20 MPa; (2) 40 MPa; (3) 60 MPa;
(4) 80 MPa

9. FEIEHESTHRH =489 XRD Eif; (1) £7120MPa ; (2) £7740 MPa; (3) [£71 60 MPa; (4) £71 80 MPa
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Table 2. Mg and C content of leached products at different sample preparation pressures
2. FEEREDRES=IH Mg C B2

JEHE S Mg% C%
20 MPa 4.36 38.3
40 MPa 4.36 373
60 MPa 463 23.4
80 MPa 5.06 420

HI%E 2 W1, B RAEIS D BB, R ik S B B ARE BT, R Y R P I B 77 1Y
BETN 2 AR LA D B 28 P R B A R, AR IR T AR A O B AR, BRI TI0N 60
MPa I, i C 5808 23.4%, 5 B,C H 21.73%HIBR AR & BT . WRNILGE - BEH AL I
BN, BABE N SE R B HUIRAR SIS 2 S R RE IS ] et S AT, (I IR
SEURN IR, T H— B SRR RIRL ISR R, — B R S R EUA R IE R
HFFA, AFIT S AL -
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Figure 10. Particle size distribution curve at different sample preparation pressures (1) 20 MPa, (2) 40 MPa, (3) 60 MPa, (4)
80 MPa
10. NEEHE DBTRE FHIRIRE 2 frlZk; (1) FEJ720 MPa; (2) 7740 MPa; (3) F£/160 MPa; (4) £
80 MPa

AN 10 B AN RIIRRE 77 B3R = PR BE 43 A i 2, e, (1) 97720 MPa, (2) 97740 MPa,
(3) N 71 60 MPa, (4) ~JE7180 MPa. HIEIT%N, FL D50 kKA 20.132 pm. 19.776 pm. 16.276 pum
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F119.180 pm. BEERFEE JT3E N, 2 H =YL R Se i b e 0 .t ok B o A 3T b el E Bl
5 ERHE 38 IR 40 A1 [m) P 43 B3 15 BHE BRI 74 40~80 MPa IR H P24 (1)~ F- ¥ ki 4% D50 {H i

/N,
4. &g

1) 2B,0,+C+6Mg=B,C+6MgO & R PR A 2750 K, KT 1800 K #2214, #iHI X
2] DA FRAE R AR . IR B B,C. MgO LU/ MgsB,Os MR M BRIRIR T A 2 22
H R MgO 1 Mg3B,06 #H, 153 B4C #4K

2) BESEACHIEORE I A B s ) Mg &R, EXYRLEE T W B R 108 60 MPa
i, RHPEYIH C &N 23.4%, 5 B,C 1 CHIE & 21.73%8zr,  BLEFHki4E N 16.276 pum.
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