A1 L HE1W ok Vol.41 No. 1
2024 43 H BLASTING Mar. 2024

doi:10.3963/j. issn. 1001 —487X.2024.01. 022

MAEMERGPHIHARTERNEBES

DEMW KA, ZTE HEE
PR T e 710065)

H OE: BHEAKREBFLPREAGSERE, MLk Eh, ok Eh e @R R E R B
AREHERS, B, BAREHEA THE Y, REFREEBHR R AW HnESEH, RGEY
MGG, AL RAAGERTAREH BRI ZoRR T EREF SAEHRENYh, SBEER
T KRB TAR GRS I A IR ELK, QR BR PR b £ A EME K
TR 6 BB AT R A 25 69 BV R B A R VE R ) B AR R A B Amik A 1 COKBR S MRS RE ) R
BES TOAAFERGROIELHH GG AR, 22, B THRSAEFLEAGIRED X BELTLEFR
K, EEFERAMNER, shihitm T, AREHNTIARS T RAVEL I BE BERE b &K
B B ESF BE AR T M2 69 5 KAk, 5F BoabF A ¥E 25 (4e TNT.RDX HMX,CL-20 NG, TATB %) # %
FRAALHAE R, S R VE B AT RANE B0 2 AW it H R A Hri sk T LT 2, 2R 2 BARE 2
AT ARBIE T RIEBRRIEAIR AR IR T ERIE SRR PIE A ENEE, ARG
ANZBAT RSB T LM, A3 d, & TARBH O IEA TR R EES, A &2 4% 56 & A
P ML BA, RN KB N REE T LB AL, RE>FRFRINBRLE LG —AEZREA, Bk,
BLRNAT RN KA 00 B & T ik A b St AR iR A E X 25 b A R AR
KER: 2BMI; 2RAKRET; KNS
mESHEE: TB3L; TI5S SHRARINAD: A TEHE: 1001 -487X(2024)01 - 0159 — 13

Research Progress and Trend of Application of
Nano-Aluminum Powder in Explosives

GUO Hui-li ,ZHANG Wei-peng ,HUANG Ya-feng ,ZHAO Dong-kui
(Xi'an Modern Chemistry Research Institute,Xi’an 710065 , China)

Abstract: Aluminum powder is the most used metal fuel in explosives industry. The nano aluminum powder has
a much higher specific surface area,reaction reactivity and completeness compared with the micron aluminum pow-
der. Therefore , the application of nano aluminum powder in explosives will undoubtedly improve the explosive power
and the ammunition damage efficiency. This article has systematically reviewed the effects of nano aluminum powder
on the detonation performance , safety performance, process performance and other explosive properties. As for the det-
onation performance,the nano aluminum powder can improve almost all detonation parameters of the mixed explo-

sive,including the detonation velocity and heat,the peak value of shock wave overpressure of air explosion,the total
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energy of underwater explosion,the peak value of explosion pressure and the rise rate of explosion pressure of the fu-

el-air explosives,the metal acceleration ability, arson ability, work ability, and brisance, et al. However, some incor-

rect conclusions are often drawn by some researchers due to the low effective aluminum contents of the nano alumi-

num powder. In terms of safety performance, the introduction of nano aluminum powder increases the impact sensitivi-

ty, friction sensitivity,shock wave sensitivity and thermal sensitivity of mixed explosives, which significantly reduces

the ignition energy of explosives and promotes the thermal decomposition of common explosives( such as TNT,RDX,

HMX,CL-20,NG,etc. ). Therefore, the introduction of nano explosives has a negative influence on the safety per-

formance of mixed explosives. In terms of process performance,the nano aluminum powder increases the viscosity of

the cast explosive system. However, it reduces the density of the explosive column in the pressed explosive system.

Therefore , the introduction of nano-aluminum explosive deteriorates the process performance of the mixed explosive. It

is pointed out that it is easy to oxidize in various stages from preparation to storage due to the large specific surface

area and high reaction activity of nano aluminum powder, which results in a sharp decrease in the effective aluminum

content of nano aluminum powder. This is an important reason why some researchers get wrong conclusions. There-

fore, it is necessary to study the preparation methods and storage conditions to make full use of nano aluminum pow-

der in explosives.
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Fig. 1 Decomposition of shock wave driving force and
expansion force of detonation products under the action of
cylindrical test cylinder wall( RL-1,RL-2 ,and RL-3
represent formulas for micrometer aluminum powder,
and formulas for active aluminum replacing 5 wt %

and 10 wt % ,respectively)
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1 20% ~40% B, & QKA R TR A KE 257K T 1 4k

(1%) 3ok i BE AN AL RE T AR 2T AR TR AR 1 1
BRI RO KEZY , L2 Rt 6F R 5 12 A 398 i 177 34
K (HR YA R R iR 30% 1 35% 1), 9K 4R A
EORER R IR A FH T el 1 24 B R /K R A
BB, B T HRAL S ORI I KEL) . IR A
RTEHCN 35% , H m (BCKREH) -m (99K 4R
¥3) =25:10 B, $E 25 HAT e RIOK R g FERE L. 1E
HINR 38 B ORI AR OR SRR e, i 4ok
FRRML SRR PR TG U L RE RS T Pk 2 5 R Y 1
J AR ERRCR AR A0 S, BRI I, 36 2 A 49 K R ]
DR EIR A VEZIK T AER MR . 4 VG 5T
T Y KGR XF RDX 3G HE 2 7K N B AF fig i 19 Y
W BB OR R T R 2 S um, 442K
FRM TR 2 150 nm, BFFE KB, TCISER M A9 7
420 .25 .30 .35 52 40 wi% , SR 9K S BT,
FOKF 12 HE gt FRAK TR R ROKR S0 B EE 7. H
&, AR R R A3 R 30% B, A SR AEOK 4R
KR B R 50250 , 7K T 4R KE S BE B R T
TR EA MO BT . I, 9K B As T
IRAYEZIK T IR IE R RE B4 454 . Hu 58 G 3t
SR BRI T AR ROK G AR BRI 43 A
XK R B KE RS2 o SR FH 0 40 K BROR - S50 5
150 nm 3G MR & 54 86% , R I TCK SRR - 3
KISy 3.0 um, TS =98% , LKEZ
1 CL-20, WFFEZ5 SRR, S S EN 13.5 wt %
B, 3.0 wm SR O Y S RE S W T
YORERRIEC T, B b D AR UL 5

T HE 25 B K B K R IR A R K, AT R S
e /N, 52 B 0 ol N R KRG 1) 2 R TR e 4
AN, R Ao e I R e i i 54 2 S AR R K
A5 2 R A0 B3 A 080 Bt A — 3, S 3 it
FEERA W EEFA
1.9 AR

WIFBAR T AR B2l T R
AH 409 K 8 83 04 RL B RN A RER B &, BT ALK
HMX/ K 45794 K 58/ k5 45 %) = 57/28/5/10, 3 5
AN YRER L (HMX/ TR SR/ R 45 7] = 57/33/
10) #E47 T g, X ERE T HB 1R TR0 3 m Ak
MIRRLD, S 9K ECT W SR T 5 ~7 m b H#3
b E AR R B IR R
1.10 Z{H%8e

Elbasuney %5 ABF58 T & 9K MR G VR 201
TEDIRE S SR B 0 K5 R S48 B 100 nm,
X AR R IR A 10 wm, FCJ7 b TNT/AL R R,
KA e B AL, 5 F I T 25 R,
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HORER R ECITPETIRE J) b TNT 4255 1 17% , 17 & 40
KERRIBC Ty B2 5 1 48% o >R Kast 1050 47 146
BEREG R, S ORFRAYEC )T e TNT FRAIK T 6. 5%,
T B KA L 7 L TNT 600 T 21% o 454 R 45
IGERA R TNT KE24, AL E4A{E 0 0.3 em, R
M EROK R BTy, A5 A 46 B8 0. 1 em, IR T 46
TNT ;SR & RSB ST, By AL R4 (E - 1. 4 cm,
W Tl TNT . AR, & SR ARk B 7 0 5+ /9
R, A TAOR IR R BRI S5 T R,
DL DU SR8 3R W, B AR BR 0 T 7 S8t e o o
SR o 26 VR ZE SR T B A O 1 Warren S5 K e 4
27 (PR SRR R A A B T7 ) TP B9 RIOK BR A
R gk AR Y BRI 2R, WA MR b K bt
PRFRL N B EC T 1 2 A5, [RIRE B 40 K AR 3 1 it
KE2 BT BE T
1.11 M55 C) ERENEE
Liu S ANWF5E TR MBOR 2 5 C-)
TR S Io7 AR JBE ) B MR & Ol CL-20/AL, SRAET
200 nm 2 ~3 pm F1 16 ~ 18 pum [ =FhEky, i
1 s WA B ™ W) kL 134 3 5 C-J THDRL T80 2
oo ARG ZND KR, BRSE S DA™ ) fR R K IX. ey
C-J jrE  BEREZ R, R G E M AR T B,
AT RAIN R B ks s R g C-) Uk R
LU, BT R P 2 DG T 2 3% 3 58 R 4 (dis-
placement interferometer system for any Reflector, DIS-
AR) , 2R 422 S 56 1 BHL 470 D8 E ) 07 vk Sk i C-)
o VEFIAH, 4RO R B 1 PEAT ), CL-20/
AL K25 SR 1 A C-) R AR 2 L
T 0,65, {HJ2, MM IF IR RNy, — & Z 1
S E WM. BRI AR R, SRR R
15 wt %0}, 200 nm 84 AR R EL{E R 0. 77, &
2~3 um BRI R ILIE R 0. 649, 5 16 ~ 18 pm
BRI R ILIE S 0.651, WL, % 2 ~3 pm fR A
R R 55 16 ~ 18 um ST RIIA R kRS S
PR NI Y SN, (B2 5 T T SE R 5 4 5 O 7
e S, 55 200 nm E5RY AOAR R R0 400k U 2
SRRSE SO DX RN o WA RIS A SRR 40 i
HIRLARRS CL-20 5 10 25 1A b bag S o XA A
SN o R BN IX A S Bl A 0 B DR A e
JNTIEN . BORFERARGBORLAE CL-20 g Sz X
JULPA KA BB, T 2 2 A C-) miJa 5 CL-20
PR AR BN, TR T 45 0o /NVREAR B 4
J N FF IR B AR RARAR 48 o 2 ~3 pm BRIEZ AR50
KiAE C-J fiJ5 1 s JFHR I, 200 nm BRIE R FURLAE
B L X I BNE o izl N —1>8 B4 £ BEGIE ] 1 4

KGR LT RO BB 2 A
2 ARBIEH LSRR

BE ST TSR T2 RS a0k 8 R Y
RDX JEIRA /R 25 HUAEORE g sm ™ o 1 i 4 K
FRMPRLEE S 100 ~ 200 nm, KRR RLEE Jy 4.5 ~
5.5 pm R AT AU TR L HEEE A Rk AU
AR A AL =R T2 WA il o MAEs R 3R,
R FH ) = T 20028 B RE L & GRS B TR A 1
YRR B i 5 TS ORI TR G K2 . R
HRFSE T HMX/ AL RGS570) =59/33/8 {4 2 BT AR
2570 SR T DU AR AR B AR A, BE R B
(GB/T21566—2008 i 5 fit | 58 X i JBE 482 JEk i 3 3
J7 ) AR AT I IR A #S i MGD-036 &4
BEEA . MREE R W, &4 50 nm 58 L T7 , i
A R 252 N, TSR 5.4 pum 123, 8 wm 5503
BeoT , e far 510k 288 N, R H] 46. 7 pm 5545 (19 L
J7 AT Sk 324 N, I3 BH & 40 K B0k 19 i
Ty PR % B B 5 o Dong 55 NBFSE T 40 K 45 8 %t
RDX RR A VELG HLMUBUE 52 m > o SR B4 h
SFEPRLEE R 100 nm, ZE 5 99. 8% o AR H AL
KERFEPRLE y 123.6 wm, IRGXELRIBCIT N
RDX/ AV £ 0 =67/30/3 . HUAURE ML Z5 R B
TYURERA B IE Jy 1 T SR 27,5 em, BE BRI
H 8% , 1M 5 TR SR K B e Jy i o IR R 977 em,
R R 0% , PRI, A OK A0 0 Sl 2 8 T I 5 1)
UM B, VR 0 Bl R il 45 R i IH IR T
RDX SEXEZS 590K Al i S A GO S5 A8 REAE . FR
Tk Al B b 3R TR R T RDX J50kE, IR b 40 ok
AL T L ) A A 22 1 L RDX UKL 9 A I )
T REAR, B TIR A KEZG A IR

WA 45 T WAR T B2 2 E PRI
55, #E 100°C (48 h &, X L EE R R
1.80 mL/g, 4K AR IEL J7 o4 0. 86 mL/g, B g {1k
TFXF HEEE 7, T I 4 K B0 B4 T A AT DL 8 T 1) A
FREE

BOIF A4S A 4 A8 0 BC O E AT T ol kR
T IR A R AR AR R, BB AR R 4
Bz 2A12 AEHEZ M ¢ 25.2 mm x 16 mm (145 fk
RDX 244, 525 % 5 Jy(1.60 +0.02) g/em’ , ER 2y
A ¢ 50 mm x 50 mm [ TNT 24 4%, %% 24 %% i ly
(1.58 £0.02) g/em’ , M3 R FH A9 & 25 FE B0 RS
¢ 50 mm x63 mm, RILERER, FH PR
TR I PR AR SR 35 ~ 37 mm, 5 ROK R
R IR R I 53 P AR JEE B2 30 ~ 32 mm, 33 B 44
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KBRS R A K25 1 il R A — E R

TR 4 T AVHMX RS YEZS Y R B
Hr-F- 3500 B A 50 nm , HMX P340 B 24 70 wm, 1878
TAHEBNTE ., BT A, 4 HMX 5 i/ s K RE
7102 m], 2548 85 1 il 20% .30% (35% 40%
B, Fre/IN s KBBS00 R 99. 4 91 .79 1173 m), BPBiti%h
T3 S BN, B/ a5 K BE R ARG, KBRS X HMX K
A AR AR SR AR R & 5 AR R I B
55% .60% .65% .70% it , £ /I8 15 K g4 51K 103
111,127 #1134 m], BPRESS R & 3000, B/ sk B
B, BRgOK AR R X HMX KE25 A sl fb e . 1B
R AR B R TR NS, 25 O 0 R st ek
2, 7 A R PR LR O 38, PRI, R S 4T A a5 KT
TR RSN R R G, R, AR R S BT S
B B A 20780 | T 40/60 I, Hof /N
KRBT/ N AR & kS 3 hnis, R h
AR AR N B T HMX S AN, R, B AR
VAR Z A B L (AR R T e A K AR (A
JEHEAT A R 2 1) HMX 25 8 ) 5 5546, 40
KRG A TE TR PR BT vh AR 25 B W 2 B, RS B
F HMX Z I, BHAS HMX 5986 5 7, IR 40 &
ARSI AT, AR FR 00 5 KRB B T 8 T 3G K.
WeAE IR S T 200 nm A1 800 nm [ 45 Ky 5
] —Ff HMX (IR SRR, B 4Ll AL/HMX =
40760, % BRASBHRLEE AR, fe/ Ak BB s . TR,
YK ER X HMX 11922 2 RE A A FI 52 ), kL i
N EMBOR . TS BB R B R AR CL-20
BOGE 4 BB &K T 1000 m), 0 0. 2% .0. 5% .
1.0% 2.0% Fll 5. 0% (4K 8 I, 0GR 1h g
43 AR E) 80 40,3030 F120 mJ, Xf T RDX A3
RIRERY AL

GREAE NN KRR AR e KE 25 RDX AT HMX
RA™ i DSC HFE T 40K k% RDX Al HMX
PP EE RIS . BIFFE S 5 TR, A G KA R
J& ,HMX 1 RDX 7£ 2.5.10,20 K/min 24 135
BURTR  H AT R FEAIC, AN, TR R R
SLIE AL BE A BIAK T 15 kJ/mol F116 kJ/mol, K1t
YKAERIRT HMX R RDX YEZ4 1422 5 P R 5%
Wi, FEEHE T HMX/AL AR AR A2 e
T d50 380 nm F12.6 wm FPHFRER K, 4l BE 4350l A
99.9% 1 98. 8% . 5Ky 1) o 5 43 B 4% 1k 30% .
40% 50% . DSC J5 P98 45 5 ok, L & 2
f7,2.6 wm 58 %) HMX [ DSC fh £ IR FEA A
SR TR 80 nm 413K 7 2 A 38 i, HMX ) 47 fil
Ml R 1A /N X (1 5 A 0 0 3150 349 2 T, 158 I 490

KA ERE T HMX [ 53, DR TR B X E IR R 1Y
LetEie — A%, ZHEFHS TYRE B M
ADN JFifit H Ry 50750 fIRA ) R IEE K A
il GRS B B 42 A A 7E 45 ~ 65 nm Z[H],
WIS BN, SIAGUOR R M T ADN 2t A
AIBLTL, i ADN 43 fi 22 SR AR S B — 206,
Bl \Hao SENIAFSE T 9K 888 X Al 4k H Il (NG ) (2B
E4 (RDX) il =2 =R FL 2K (TATB) #4453 fiff R 1
IR SR TR AR, R B4R AT L)
P A S B0 L ) RDX 4 fift 2 78k U4 I
N, FLRRAR T RDX A3 T 7 1415 3 B5F ) 01 52 o
25 A, X T TATB, 3 5 A1 48 UL il B B R 25 40
BRU $E e T B R TATB (4 BE R B USR,
AT T8 125 R BE AT T 40K45 8 %t RDX Al TATB
PARAEAAE FIRMLEE . eAb, AL JEF (% 32 B2 e o7 54
£ NG B R 7, 1fi4E TATB M5l 6, hfb#
RN REM NG BB h, 4K 80 8 5 K25 40 it
() 55 ™ ) R A O, R SR A AR B T N e 4
1M #£ RDX 1 TATB FR¥5 458 5 N, (CN S5 54
(7= T DA e A R A 4 K R 1) SR AL R
ANE5E4 . Zhu R HHESR RS0 124 0B TR
[G) 7 B i 48 45 (40 nm 2. 6 pm 10.7 pm) Xf RDX F#4
SMEAT N BRI 0 B K B R T LS S RDX
ST C-N SRAWTZL, o7 A BE AR RS T 9 K48 B
X RDX A Ak FOHLBE . 28 08 5 45 1 ) oo S R
B TASERE A fE AR (DAP-4 ) Rk ar g
il % T A/DAP-4 2425, 2 R E i i # (DSC)
OyMT I, B AL KR4S s /N LA K i A 3
DAP-4 44 fift (1) U I B8 25 3 i B A, 24 k7 4% 100
nm ({58 BT 43 B 40% I5), DAP-4 {14 $4 43 it U it
FEAR T 19.5°C, BLBAGK Al XF DAP-4 ()34 i B
AW RIEEE . Zhou %5 A BRI 5T 4 B s
FERRRE A SHEZ TR, 9K B A XS TR S5 1A TG 1) 9 fie
WAMRIEVEH . Mao 25 A3 FH 44 K 57 83 ) il 2% 1T
CL-20/Al {K Z 9 KEZE) | CL-20 F1 CL-20/n-Al Y34
HEKE TG 1L B8 (Eb) 4 51 24 159. 98 kJ mol ™' FlI
100.7 kJ mol ™", S 4R MR R IGALRE AR T2 =
32—, R FE UL GOR R BEAR T CL-20 A # B
Mei 25 A A5 (R ASE R TA R 499 2K 40 1T DL ARG TNT
RDX . HMX 1 CL-20 (40w #4421

3 HREEXTIEA T ZMEEHR M

A [ P 5 LU T R R R BB B T 24
B EHIBOR SRR T EIRE 20 5 um, 45K 4
BV R 2 150 nm, HFFERM], X T TNT St b5
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KEZY, NIRRT B 10 wt % (20 wt % i 2
30 wt % , SR FHIOK S5 8 FINOK A0 3 ] 2% 1) K 24 26
AR IEA 5, X RDX JEHRe ARy, R H
YRGB, TEIE A S i 20 wt % 25 wt %
30 wt % 35wt % ih & 40 wt % , [ il 24 48 B8 B B 4%
JE B AR T R HOKR SRR RO EC T o

HHF5 I AEIESE T AN [RDREEE A A R TR & KE 2 0
AREEPE B S T IR Y 2% 4 Rheomex CTWS
£ Minilab f4R SR AT 224, S AL ROT 430
4 ~6 pm 16 ~20 pwm 40 nm F1 100 nm , 5 ) 1E 2y
KR N5EH/HTPB IR SRR . BERSS R, 9K
Broky B9 AL 45 HTPB 4 5 JiK It 44 5 55 T B A
20°C T2 30°C I, /R R FHBE AR, J IR{EL 1 70.9 Pa
R O B BR Ry UKL RS B 98/, A 2 | Rl 1
Ko PRI AR TRORERRS , DR EIN TIR & 4
IR R AR

4 FRESEIERE TR

IMNBRSEAIEIE T 90K ER M 4T e-CL-20 #5 5 i) 5%
w8 BR ST 4 R B, AR AR, e-CL-20 Ry
fi SN WL YR P82 T v, 16 A BB A 253 kJ/mol 3 K |
1259 kJ/mol , 44K 454 7] LAXT e-CL-20 %)% & K2 i
A EIEH

LRI T ORI AR B R A
W 2008 25 0 M TR 1 2 0 % SR T B0 4 K AR R A
AT 170 ~ 200 nm, 2 B ; % H A9 THOK 468 8 R A2
5 wm, Bk, DRSS IR, SR HBORES B 4K R
¥y 55 RDXORLEE % BC T, I8 P 1 25 i 2 2 ) A8 /)N
% i) R 2 1 23R8 1D 5 e 98 55, 10, P U8 I TR g
PR ) 37 20 1 e A AR RS /N

Zeng HNFIZ TEHESE NS wit% & 15 wt% 1Y
i7e R HMX@ (Al@ GAP) M2 (%74t
@ T A BHERZ 7 850 N, @ J5 T Y A4 RBHEE S
) FEXTHIE S 12 RE AT R R RIR SR
REMEIT T ARG GE . RABIERR AERIE | Bk
100 nm, fFFEEE R A, SYEIR G YL, &
FEOUEE A B B KE 24 FL A B A 1) B 0 AR P LA 5
JZ ,HMX@ 15 wt% (Al@ GAP) §i 55 K 24 1) 4% R L
ZNRESY B K 8567 m/s Fl 1. 412 kI/g, 435 L AR B 1)
YIRS E 1.3% 5. 1%,

5 #Hig

8 2o o [ PN Ah R SRR B R eI S M2 5 o)
Br, TS LU R 458
(1) IR PERER A0 BE , AR R R B BT, AT L

MNFEE JR I e RN e Sy RS U2 R KR
FRIERESE KR B AR RE S5 A T A R
iﬁ%ﬁg%ﬁi&%,yfﬁg%ﬁ[ 1,2,4,8,10,15-19,24,25,27-30,32-34] , %%
RAIELRBABOR . IR, I RE 20 K 45 B3 SR
SFHU TR A HE 2 AR EAR R A 4 i ) F
FT , LA e 5 24 ) B e o

(2) T oK B0 03 14 L T AR L B2 L i 1 A
I 58 VRS LUK B 1 22, DN, S A AR EE A
AR B X 24 MM RE R R E e I 35 4 g, a5 K RE
AR PRI, Un el il 3006 25 2 K S10B3 A TR K 24
(A RIS T R S 2R, e — AT ZE T A
KI5 1 o

(3) T 9 K B A A i 4 L 3R T AR R R T R
SROREBIAI L, BRI 5, & AR Bk 1 TR
T2 2 A — WA L DE T T A 25 A s
PEMELGIT S RO TR ARG . R, SRR
T T e e e 2y e, AR W (EAR i — 2P 5T

BEAE , T KRB Y L AR S 1 AR AL
R P g A R b A B SRk 3 AR AR
o A R SRR . XA IS 1 2
HHRGIEH — D Z RN . HI, TRA DTSR 4
Hor 04 1) 2 D5 05 FUAA 2, 9K BR R 7E KR 25 vh 5
O RIERRE, R R B E HP 2 EE EHIEN
[F s
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