S (L U
Explosion and Shock Waves

DOI: 10.11883/bzycj-2026-0062

PAREEETEHIEERAINFEEL

skigg 1, EK L e, skinel !

(1. JbU B TR R L 5 2 A B 4 [ o s =, Jb5t 100081)

% E. LT ARIERSOIR, MR R 7 S AT AT R R . R SR AE Tl A=
BB TE RN R SR RS E RO E A, B T KRS EERENX RS, JHRE T EhEE SR
G, B AW R B . SR G RRRRE T A BB RIR R, AR R I £, RS R
REIE, BIEXIBEREE = ZWEEEREERE, B A &I R E 7 e e, /e &8 S0 B B
RIS ET) EFHER R ET R MgAL-COs W& & i 43 T AR} ) A 27—V B 1 [ 460 i) Ve PR o bl SRk R
MR AR 500 g/m? I BT BEARA FIR FE SRR IR B i B 70, BANRE (R 3% R0 T BRI R — 3, g
FUKE 300 g/m? MR FEE BRI IE MO ) BT KO R EE A HSORAR T 200 g I EEERRY . B RNIRE A 200
gm® i, Bl IR RIR EE AR R, MR RUR B ARYERE A, (R I ek P PR 40 M PR ME B el 3 s 70 A0 40 1) R30S s i e
Ko ASCHET R RN RS, R TIRT TV BR A TE P — @ WL RO R EARIE SRR IR, 7
S5 SR Re s L RAT W BR300 b Bk A R e () B PR PP AR S5 R R L 2 5 PR S

kB2 BRENE, PRREEE, BIERT: Kafhik, TR

FESHEE: 0381; X932 EfRFRMKEE: 13035 XERFRIRES: A

Experimental study on the explosion and effect of explosion
inhibiting of aluminum powder in‘medium-to-large-scale pipelines

ZHANG Xi';, WANG Cheng!, “YANG Longlong!, ZHANG Ruming'

(1. Beijing Institute of Technology, State Key Laboratory of Explosion Science and Safety Protection, Beijing 100081, China)
Abstract: In recent years, there have been frequent explosions of aluminum dust in the industrial and commercial enterprises,
seriously threatening the personnel safetyfand economic development. To investigate the explosion characteristics of aluminum
powder and the efficacy of explosion*suppressant in industrial dust removal pipelines, a medium-to-large-scale transparent
pipeline explosion testing systenywas.censtructed, and experiments on aluminum powder explosion and explosion suppression
were carried out. Various/parametersswere measured under different influencing factors, including the explosion pressure,
maximum free-field préssure riSe rate, and the flame propagation speed. Through the analysis of pressure curves and deflagration
flame propagation ¢haracteristics, the results showed that aluminum powder with a concentration below 100 g/m? had a relatively
low explosive déstructivepower in medium-to-large-scale pipeline. With increasing aluminum powder concentration, the mass
of aluminum powderperanit volume rose. Consequently, more heat was released upon combustion. The flame propagated rapidly
after passing through the second and third sections of the pipeline. The explosion pressure at each measurement point in the
pipeline increased accordingly. Simultaneously, the free-field pressure and its rise rate outside the pipeline increased significantly.
A MgAI-CO; bimetallic supramolecular suppressant suppresses aluminum powder explosion via physicochemical synergy. At a
suppressant concentration of 500 g/m?, the free-field pressure of aluminum powder explosion decreased across all tested powder

concentrations. Furthermore, the suppressant exhibited better performance for 300 g/m* aluminum powder than for 200 g/m?, in
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terms of reducing both the maximum free-field pressure rise rate and flame propagation speed. At an aluminum powder
concentration of 200 g/m?, the suppression effect remained almost unchanged with increasing suppressant concentration.
However, an excessively high suppressant concentration reduced the suppression effect on the explosion free-field pressure. The
suppression effect of the suppressant interacts with the reaction acceleration caused by its high concentration, thereby reducing
the overall suppression efficacy. Based on the engineering-scale pipeline testing system, these findings can provide scientific and
theoretical support for the risk assessment and explosion suppression of aluminum powder explosions in industrial dust removal
systems.

Keywords: aluminum dust explosion; medium-to-large-scale pipelines; explosion pressure; flame propagation; explosion
suppression
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Table 1 Positions of wall pressure sensors

G5 P, P, Py P4 Ps Ps
A 5 KU R B /m 0 1.25 2.5 3.75 5 6.25
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Table 2 Positions of free-field pressure sensors

Un's pl p2 p3 p4
PRAETE Y ER E/m 3 4 5 6
Free-field pressure sensor Pressure sensor
'/, Transparent Ignition
RN pipeline electrode
Dust chamber
Data acquisition system High speed camera Timing control device
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o

pPC z

K1 SR AgRER

Fig.1 Schematic diagram of experimental system



S (L U
Explosion and Shock Waves

Hm._. J_Mu I

i/
a

K2 sk R4
Fig.2 Experimental system
1.2 LWHE
SEUG R ER KRN 20 pm IERIEARR) . T T RFRRE— E R ENEmIAM RS, %2k
937 B A 15 KRR S 252 PR R P /N9 B A P T 2
A1 m FETENX I, EEEAR 0.4 m, EIHYERRE BE N 200 Mé%ﬁ ‘
Ry, BCABEMETE N ARIREE . REASZIGTTFARET, B i E 18 P BE Sk

ITiEH, WERD
BRI IRTR 2R,

NEIERICHR R, I P32 ) R S s B AR Ja — € RAEEI A R Rk B = 51, R Sk

B Volumefraction | .. L 100

| ~& Cumulative fraction

D10=3.61 pm
D50=20.85 pm
D90=41.43 pm

80

1%

60

I 40

Cumulative fraction

20

10 100

Particle Size /pm
ﬂg B
)

ki JEShARR K 4 20 um BRI ER RLAR 50 A0

’@ inum powder characteristics ~ Fig.4 Particle distribution of 20 um aluminum powder

Os X4 & 18 73T A B E R Bl BRI 77] . HAN S8 1950 Y B S0 <
JEY @ Jmby RREIESNHI SR, RN TGN, AL SRARE AT LA SE )
HAL 2 P[RS BTG EG B B0 H, X e b LR EARILH AL R A0 Roge -
MgAI-CO; 7 E M B AL AR BHT I TS AT BR A 71, &1 5 9 MAI-COs X< & i 70 13 A4 kL
RIRLAR A T A 2R SRR B R Bt e T, AORLRLAR 70 A Ve B, IS 2 )
BOPERRE, D90 D50 A1 D10 43514 41.81 pum. 7.09 pm A1 1.48 pm, FH 90%HIBRR4E /N T 41.81
um, SRR (D50) A 7.09 um, 1 10% I BFRCRAE /N T 1.48 um.

Fig.3 The resul
oo L MK
J& o1 0 )



S (L U
Explosion and Shock Waves

B Volume fraction
e I — 100
[ === Volume fraction curve

Volume fraction /%
Cumulative fraction /%

0.1 1 10 100 1000
Particle size /um

Bl 5 RS oA

Fig.5 Particle distribution of explosion suppressant
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Fig.6 Explosion pressure of aluminum powder with different concentrations within the pipeline
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Fig.7 Explosion free-field pressure of aluminum powder with differentrconcentrations
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Table 3 The maximum free,field pressure rise rate

EMIRE/(gm?) A Z (bar-s)
200 13.3
300 31.1
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Fig.8 Explosion flame propagation images of aluminum powder with differefit eoncentrations
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Fig.9 Explosion flame development images outside the/pipeline of 300 g/m? aluminum powder
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Fig.10 The propagation velocity of the flame front
2.2 HNEFIX SRR IEE NIRRT
NT A FIHE MgAL-COs #IHEM ELNT 200 g/m? W EEAE R IE & 1 I BUR, # MgAl-CO;



MO 5 o &
Explosion and Shock Waves

AR T B BT ) D 485 S#k b, BEATEE AR BRIE S g, & 11 i
BRJA 1 200 g/md R EEEVRHEIE B 7 ST ZR I, XL 7 (a) RAE At 5 i 2k, mTRUK
LA T Ay 320 B R, AREILH RAF ROV E L o BEAE 0TI LA N 22 600 g/m?, HE H Bk )
FEARGRE B, AR I N A 800 g/m? I, AKE B iz I 770 e 55 A5 PR AL AR FEE AR T A et
AR AR b ST E B T /NI [0 T Ao, FERIIREE . /INRLAR BOSIBEATRER AR T, OB A0k 1R
GyrAE R B, KA R P0G R A 52 B, BRI 1 SR A ] 0] A R X ddr™
B NN 3 BT RURLASBE T8 70 A R0 e, BRA 1 30750 7 e A 3R A 20221, RIS, 4l PR R
FEEEN IR o Hr, i miR B ERIPEL TEE A R, R T IR R L, BT KT
6 22 HOREAPURT SR Bk RIURL IR G S AR, FLA il ) S S N3 AE — e RE AT 17— T 20 0 A3 75 ) 410
ORI AT HAE = R BEA ) N ek B 3z K R m . sl 11 (o) Plas, BRI S04 774 il
5 3 B S S AR LA TS BT B H3 S R IR 5 5 IRk, A Ok
R T BRI BT o

3 3 4

(a) —pl (b — ! (& — pl
— — — 2
— p3 —p3 W — 3
2f — pd 2k — pd — b4
s
=3 & s
2 = £ <
E] 2 5
g Z Z
-9 2 8 A
- [N
of ol
ol
- . . . . . . , = | L A
0.0000 0.0025 00050 0.0075 0.0100 0.0125 0.0150 00175 0.0200 00000 00025 00050 00075 Jo0100 00125/ 00150
Time /s Tipde & Time /s

(a) 200 g/m® AI+500 g/m? Suppressant  (b) 200 g/m® Al+600glmPSuppressant  (c) 200 g/m3 Al+800 g/m3 Suppressant
B 11 AR BE RPN00 g/m3WR FE AR R HE 1 A )

Fig.11 Explosion free-field pressure of aluminum-powder (200 g/m?) with different concentrations of suppressants
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Fig.12 Explosion peak free-field pressure of aluminum powder (200 g/m?) with or without different concentrations of
suppressants
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powder (300 g/m?) with suppressant Fig.14 Explosion peak free-field pressure of aluminum
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Table 4 Maximum rate of explosion free-field pressurg rise of aluminum powder with different concentrations of suppressants
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Fig.15 Explosion flame propagation images of aluminum powdep(200 g/m?)with or without suppressant
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Fig.16 Explosien/flame propagation images of aluminum powder (300 g/m?) with or without suppressant
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Fig.17 The propagation velocity of the flame front with or without/suppressant

2.4 RRREEEAINEIE 51

MgAI-COs IR BEXHE T8 A A H X M A LB AR ] 23 9 PR 6 AL 24/ E .
YEAE RIS EEE RS MR BRI IR, BE KOG BARE A 70 HEs BT ) MgAL-CO; 11
PRFFRORLAHIE , 7 J2 435 K60 B 003877 RO K S AR SR I A B TR AE IR RO, R 35U TR 7K
YR EKEA, RN R BRI AR A2 1 CO, A BN A TS =R, BB 1 kL 5 4
IR, BRSO RRBEIX AR . R, e AR ) MEQ/ A AL O S8 A A RIURE R B A B0 A
i, PELAS T COREER 0K 5 AR Bk RORE 2 [ ) FABE S AT BRI . AL 2R AR By 2 B
PR R A A B R R T R, B R R ER ARSI K B U N K OH, O A i,
T BER AR B UL P37 P % 1 e 3 231

FEFRRBEETEN, MgAl-COs IR BRI ARG V) BN 22 S N2 b [R] BELAS S 8RB0k UKL A
BRI NE A BEUSONE,  ANTAT S B3R o 4TI 2 500 g/m3 B8 600 g/m3 I, 7T EAIE FI%—5E
IR A R AR I e EAMROR, I B 500 g/m’ IR EEAIEFIXT 300 g/m3 ¥R BRI N IR 70 TR
AR TR BE (AR AR T X 2007g/m WREEFR R 1

AN T P A AT AT 78 AR HREEHAUER A N\ 3 8X0%) SEEP (Suppressant  Enhanced  Explosion
Parameter) Il 5 (2425, ZAHIF 7L 3% i W 3818 R REEIN A 2R Gt mT DASEIUE T8 A BRok e e ) ), s
BB 7C A L SRR X 2 800 g/m? I, SR RCRA P AR T A 7 IR . A2 iR EE I 1
BT, AR AR ) BT Rtk T R IEERRL = N, S EORURICIR TS 2 S2 O R, AT
59 7 FEFINAT R AIRIRCRE . SR, fER RREEEN IR T SN, iR iy
B2 f1 g BT SRR TE A TR, R SR SR, AT TR B £

3 &5ip
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TRAT S PRNE TR B SR R R IE . RS IT

(1) R TE PR R NE G AR R . BRIE R ) AR ) b 2R b A 0ok VR 1 38
K. BIEKIGIETEE =, = WEEE AR, WERN 300  g/md BB KOG F i B 5
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S DRI T N B2, TR 200 g/meHE & 300 g/m3it, & g4k S K B AR X
/0N s TS EE A B T e 9 A s 1 5 Tl R R R AT 1, b A 7= o R AN A B I R AR
DI E BN, MR 7 KR 5 S BURIE R I RS RS, PR R BIRER ;s 100 g/m? iRk AR A
BRI K G AR FLRNE R 087N, BRI AT DAAS HH A H K RUBE A T A A T SR B2 P Bk R Y E A 0 3L

11



S (L U
Explosion and Shock Waves

(2) MgAI-COs XUz @il 73 AT B o KR & TE Y AR R K LA RIS RCR B
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