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Experimenton suppression of magnesium powder deflagration
flame with different bimetallic supramolecular compounds
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Abstract: Magnesium powder, as a commonly used metal material, frequently causes combustion and explosion accidents during
production processes. To seek efficient explosion suppressants for magnesium powder, six bimetallic supramolecular compounds

were synthesized using the co-precipitation and their flame suppression effects on magnesium powder flames were compared
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based on flame morphology and flame propagation velocity using Hartmann tube, alongside a comparison with the traditional
suppressant sodium bicarbonate. In the experiments, magnesium powder was pre-mixed with seven suppressants at a ratio of 1:6
and then ignited in the Hartmann tube. The average flame propagation velocity was calculated using the tube length and the time
taken for the flame to reach the top of the tube, and the flame propagation velocity was calculated by measuring the flame height
at different times. A larger average velocity and a faster flame front propagation velocity indicate a poorer suppression effect of
the suppressant. However, when ranking the suppression performance of the seven suppressants according to these two
parameters, the results were not entirely consistent. For example, the average velocity corresponding to MgAl-Cl was lower than
that of NaHCO;, whereas the maximum flame propagation velocity showed the opposite trend. This is because some suppressants
had a weak inhibitory effect on the magnesium powder flame, leading to rapid flame propagation in the area close to the tube
outlet due to sufficient oxygen availability. Based on a comprehensive analysis of the average velocity and the maximum flame
propagation velocity, the suppression effectiveness of the seven suppressants was ranked from weakest'to'strongest as follows:
NaHCO;, MgAI-Cl, ZnCr-CO3;, CaFe-Cl, MgAIl-CO;, CuAl-CO;, CaFe-COs. Furthermore, the péreéntage reduction in average
velocity for the four bimetallic supramolecular compounds: MgAl-Cl versus MgAl-COs;, and«CaFe-Cl versus CaFe-COs, on the
deflagration flame of magnesium powder was calculated to be 17.95%, 27.30%, 23.82%;ang, 50.76%. Thus, it is concluded that
bimetallic supramolecular compounds with carbonate as the interlayer anion have a stperior\suppression effect on magnesium
powder deflagration compared to those with chloride as the interlayer anion. Afalysis\of the products via SEM, XRD, and the
TG-DSC curves of the bimetallic supramolecular compounds revealed that durihg/the decomposition process, bimetallic
supramolecular compounds reduce the flame temperature through the\desorption.of interlayer water molecules and the heat
absorption associated with the decomposition of the layered structure, Moreover, the inert gases and metal oxides generated
during decomposition can block heat transfer and inhibit the volatilization.ef combustible gases from the surface of magnesium
powder particles. Meanwhile, the metal ions and interlayer anions“partigipate in the combustion reaction, consuming free radicals
and interrupting the chain reaction, thereby achieving the ‘explgsion suppression effect.

Keywords: bimetallic supramolecular compound; magnesiim/powder explosion; flame propagation; explosion suppression;
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Fig.1 Structure diagram of bimetallic supramolecularcompound
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Fig.2 Particle size distribution of magnesium powder
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Fig.3 Scanning electron microscopy of magnesium powder
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Fig.4 Preparation process of bimetallic supramolecular compound
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Fig.5 Scanning eléctroni‘imicroscopy of six types of bimetallic supramolecular compound
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Fig.6 Flame propagation test system
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Fig.7 Flame propagation of magnesium powder with different mass concentrations
B FURIK LGNy 200 gom3 i, W AR RS A 7(b)h KkE BT AR R, KA SRR
BARIE. fEt=70 ms I, KW EZARGHE, B ERPHEX IR t = 80 ms I 472K, XA
e T RO ARV, P AR TR R AR, 2 ee S MLEEAT I TR ARV R



mOE 5 &
Explosion and Shock Waves

TRFF2A MR ¢ = 140 ms B, KGRI ENA BB TG, Bl 8RR, Mg E R, K
JAITE S AR AN o [R]I 7E BT 1 b L B T KRR 24 4%E,  IX ] BEA2E DR ZEAS N 2K 0
HIAETEVE 2 AR RGe Bk URL8], 5 ST MR R I SRR B AR, AR R R T AR D

Ak S NBER R B IR N 300 grme3, T LE P 7(c) LB R AT KV 2 AR KA, 16 ms B K IGIE T
PR AR AR, AR T AR R SRR R — 2 M A o R R SO A e X Sk R AR, RIS
P SRS KIAETE t = 32 ms A FNABRSE TS, KOAEBEH R H 3 EEYCKR: ¢ = 40 ms Bk
FE T 0 R S 23 B HLJEB L B A R B, KGR AN, AT RESR T K 48
MO PTEA, BB/, BERBURLE Bl A I T R S AR D 1291, AN JE DA KO 4k AL 9
t=44ms 2 J5, L FEKIGTEESE, T KIGERE T FFTE t=60 ms WA =, 25 KIGZ
HE, IXATRER T KGR RS 5 RS AR, BT EERRUL 75 R kA
iy i e e DX A SRR B R AR A A, TR S IS4G AGERE; t =84 ms ZJ5 AZBRBANGEH ARE , KA
TEARAHI B K IEB e A R s, T N 3K GRS, (H AR ANy BAEiA B
M JEBHTE K .
2.2 AEIHMSEFIRT K KaEF SIS

BB E N 300 gomB3 885 50 g me AN [FHIEFIRY AR TR e 7E MG o 2 v b AT 5258 . i
8(b-h) Pl &1, AN RIFIAR ) 2 Ji5 B e LE AT U W52 380 Fh B 52 1R K Wi i P 8 T T 8 LA AS R DU JZ AR 1)
DU B, KIGZH SR BN TRIR: B 8 (b) (InAWNaHCOy)Y, B 8 (h) (MM CaFe-CO;3) Ht
KNG T BAE T H GRS, 50 B K o0 DGR B s A i PR, B8 (b) (I
NaHCO;3) H{E t = 44 ms Z J5 IG5 8 BE 2 (8] HBL i AT R 6 X3k, & 8 (c) (I 0.18 gMgAl-
CD 7E t =33 ms B} KHEF R IUERETEAS 1T PGS (d=h) S I A e X 33 H 3L IR IR [B] 46 Y H 38 mas,
44 ms, 36 ms, 40 ms, 42.5 ms, XA G H T PIERZG OB 2 5 SR F= W0 ReoRea R AR I B s /b
EREASE, I A —S0 A RO R 2 T G iRtk A =5 . HERS (o
I MgAI-CD, K8 (f) UINA MgAI-CO3) ¢ HRuIHH R W 22 31 K 4 L E ARG AU I 5 K g 3=
WRAET 5 E, EXREKIG EERIER I B FE, Bk RN, BRITAS 2 PASCRR KA 4k
S E

L/ mm L/ mm

\\\\\\

Palle ¥ vjilae
500 -
]
\\\\\ -
300 - '
200 4 q g
100
o - ,
0 4 ] 1216 20 24 28 32 36 [40] 44 48 52 Tms

(¢) 300 g'm>Mg +50 g'm>MgAl-Cl (d) 300 g'm>Mg +50 g-m3ZnCr-CO;



mOE 5 &
Explosion and Shock Waves

() 300 g'm>Mg +50 g'm>CuAl-CO3 (h) 300 g - m*Mg +50 g-m3CaFe-CO;
Bl 8 I [R5 1) K Jead s 1
Fig.8 Flame propagation with different'explosion suppressants
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Table' YA verage flame velocity with different explosion suppressants added

F£K/mm HINE Pl 1A B T (8] /ms P E/(mesT) R
o 32 28.13 0

NaHCO; 36 25.00 11.13%

MgAI-Cl 39 23.08 17.95%

- ZnCr-CO; 40 22.50 20.01%
CaFe-Cl 42 21.43 23.82%

MgAIl-CO; 44 20.45 27.30%

CuAl-COs3 46 19.57 30.43%

CaFe-CO; 65 13.85 50.76%
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Table 2 Maximum flame velocity with different explosion suppressants

MR PSR SEETN s R s %*i%”z”

¥ 28.13 32 126.45 31.00
NaHCO; 25.00 36 87.00 35.25
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ZnCr-CO; 22.50 40 57.60 33.00
CaFe-Cl 21.43 42 98.55 39.00
MgAl-CO; 20.45 44 86.40 35.00
CuAl-CO; 19.57 46 49.05 37.00
CaFe-CO; 13.85 65 48.24 41.25
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R T Z iy & R a1
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Fig.9 Flame velocity with different types of bimetallic supramolecular\compound
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W AR, 5 5 401 2R 2 5 ORI A U A A ) P SR 45 A K IR B B R . il X Dy 220-550°C, DSC i
2 I 2 A TR RRE ISR, "220-350°C X R W AU FEBE TG MZeBEEEIE K, DA Fe(OH); 73 fif
8 Fe, 05 I FE A K BR R TIA 5.83%: 400-480°C H BT TG HHZE R L%, HEM My [E A hs
SN 5 S A PR RE R sh 25 R X N 550-800°C,  560°CH T — R AT v TG il 2k 2k 5
HORGERS, HENA Ca(OH), /A K CaO HIIEFE, 700°CZ )G TG #hZkitaTRasE, FIRMA Fe,0: 5
CaO. CaFe-CO3HAR) 73 fift e B4 F

Ca,Fe(OH)sCOs-6H,0—0.5Fe,03+2Ca0+8.5H,0+CO, (1)
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150 6
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— TG(%)
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)
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626°C 101

130 |

120 | 563°C, 84.9% —10.0
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(a) Mg (b) CaFe-€O0y
10 TG-DSC ik
Fig.10 TG-DSC curve
H Origin AT B A CaFe-COs MOBHE S N FE H 1 FAv s AN, 1§ B EER AR A
3154.58 J-g!, CaFe-CO; FIW &N 1637.02 J-g!, TI I CaFe-CQy/A&IS A RIS AR R #vE, [
I . IWEEN 5 CaFe-CO; I TG HIZEH RERS R I, BN (7983°CHAL 5 O, KA, ifi CaFe-
COs 1E 65 CI st R VIR R E, Al H0, THFE 300°C 5 550 CHRUER IR 5 48 8 1 R A0 iR
EREREMNY S H0, HIZE R E 716 =ik M2 5 RBIAR CO,, Wikt R B
) O, W, [T CaFe-COs M 4x & i 7 T & VIR RSB W46 3 AR 2 . AMLBEA R0
VAR R, EREPUE iR H HO 5 CO, HiflB A K e, H CO, T He#vEm, HIMAE
SN AEART DA WSCSE 22 e, o D B AR RN OB . BEAE IR, A 220°C A CaFe-
COs MBI UG 7 R A = A FeaOs5, TE 563°C A A B CaO, — J5 THIAE 3 I A% HP AR W #v i
B R Z R IR S, o — 7 T 2 = AR 1) & JB B D I B AE B R R 1T, 2> BRLR@ #Av A% ik
(251, R T A B A AL o 0 X SR 2 T S R AR AR PR IS R R, A U PR SRR RE O,
WL 577 4 4 o SE A B 3 2 Bk O % T BEL R #4346 =N T T
SR B & JE S TACRIIMELZR S B S MR 2R, el FEEd R A HE. A
H %L FRHESRIABARE B KL MRES B E 1, S 5 U B B R R s

[30], [31],

M+OH-—MOH ©)
M+0-—MO 3)
MOH+H-—M+H,0 (4)
MOH+OH-—»MO-+H,0 (5)
MO+OH-—M+H,0 (6)

JZ B B B A S R R AR 25 1 I 2, Hrh &5 1 BRI <5 2 A B S B R R e i | AT
SAEBE, FEDIBEE SR B

CHRH—R+HCI 7

HCIH+OH-—CI+H20 (8)

AR FRAR 25— 7 T AE R A i FE 2 AR s PSR COy, R IRNAR R A O W, T —
T RER IR & T 5 EH LS G, AT BHWTBRE S5 o7 R gk AT 1930
COs+H-—HCO; )
AT 5 % S AL ER R MR AAE L, X 8 TG R R R 5 & 7 2 FE v &
7~ H SRR B M i
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3 4518

ASCAENE R 2 R E B X I NaHCO; 5 6 MOl & @ 7 - &7 Ja Bk KIERIE S 5 3
FEAREAT M, RTCWE R 7> AL S IR R Bk R R, RIS T

(D BB SRR ELL N 6:1 I, S54&GHIH5T NaHCO; #HLE, XU )& 711 & Yk e
(RHIARBCR ST, FLARAE B KO T P58 P B AU 1 20 50K VAR 0 KA FR 410 ) O e 58 2 i HE e D
NaHCO;, MgAI-Cl, ZnCr-COj;, CaFe-Cl, MgAl-COs3, CuAl-CO;3, CaFe-COso

(2) BUEMERNERE T B0, 28 &7 BRI 1 10w 2 5 S Ik
RIETZ N E T RS

(3> WZ W5 8 2 A 5 T AR X Ja R 701 A & WA R B AR A I ML 322
WA DI IR B L 2 (8K 75 L JEAREE A 2 R AR BRARIELE S A w15
JRIRIH B 72 S S N AE A 2k, FHITEE QR B Ak s, 1k B KRR
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