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Combustion Characteristics of Nano Iron Powders
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(College of Energy and Power Engineering, University of Shanghai for
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Abstract: The surface microstructure, heat of combustion and thermogravimetric (TG) curves of
different size iron powders were obtained through BET,combustion and thermogravimetry experi-
ments of iron powders of the size 50,100,500 and 20 X 10°nm. The effects of the size on specific
surface area and heat of combustion were analyzed. The combustion characteristic and Kkinetic pa-
rameters of different size iron powders at heating rate of 10,20,30 and 40 K/min were mainly
studied. The results show that the specific surface area and heat of combustion are increased with
the decrease of size,and the heat of combustion reaches the maximum value of 6 792.1 J/g when
the size is 50 nm. As the size increases, the temperatures of ignition, maximum combustion rate and
burnout are increased and burnout time is prolonged. As the heating rate increases, the ignition
temperature, the temperature of maximum combustion rate and burnout temperature at the same
size are increasing. Maximum combustion rate of nano iron powders is increased while that of mi-

cron iron powders is decreased. There is mutual compensation effect between activation energy and
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pre — exponential factor,and both are increased with the increase of size and heating rate.

Key words: nano iron powders; micron iron powders; specific surface areas; heat of com-

bustion ; thermogravimetric analysis

SR [E G I [ K S 2 I TR B kR il
SE AT TR R . SR ARHR PP ey b
TR R ALY W RS e 22 4] & T L
P2 o B R I Al SEBAERR A . R ST
WA BRI ACKE e — B OB BRAE AR
A B BT (EL D DRAE T BRAE 5 P A 5 B
WA ORITZ s M R s R W A
—ERIETE &) T IR PR A . 5 30K 6 I8 A A
FU» AR < S A 2 B HE ORI P L FE AR M RUR L T
FRE R HABEIAE = AL TS PR R0 . Ak
JE A5 B YRR AR RS DX e LA DA
R IR e — T 257 07 IO AL . B AU K
KL 2 2 — FiffT 28 114 5 4 % RE AR, Mikhaylo
PRI T BORSARRY A B R L THE R 2
W BECR 254 T B ) A Bt FE » 5O ) T il o R 4 A
ARFE IR BE . 7 HE U R BIOR e om A iR
TR BIHLRIIRAE 45 3 A B AL I K DR 3
FET R EARIE S mil TR i SE I T
RIAE X BB B 1A R R« (ERBIE 58 B R R %
PAE. FRTATIE LA IR 4 2 T T 124 L T 4
R ISR T 1) 0 0B ARl FE ey o A
RETCH E PR ANIE B — P RAE BE 75 s KRB A B T
FE AR PAERORE R 5 I SRR R A B T2 Y
PTG AN 22 L. 28 3 30 ok 0 RE A K A ROR o 114 L
IR AL PE AT 28 70 M AS R ) Ay
TEATR TR AR AT B RRBETEBE - 15 B2 14 11
2l FERR R BEAEL - T3 8l 12 280 W AR R
HLH.

1 SRERS

1.1 BET 21§

SIS JEA RN K A FSOK A 2 Hh b T 7K H
PORBHECA BR S WA 72 1 b 1~ F- Xk D 4331
& 50,100,500 A 20 X 10°nm, FH:H 50 F1 100 nm %k
W3 2R TH 2RI AL 38 DA B 1k LA ik s RS R AR AR
mn B SR BRI . R Ay 1) 2 T T 235 ) el ) 56 [ e
X #% (Quantachrome) 2 &) 4E 77 1 autosorb — 1 %l 4>
H 3l bR T AR FNLLAR 70 A5 3 A A AT D R L A A

RIS AR R B3k R 000 2 4 o 114 225 B 540 o Bl 3 <
A BRI A 2 W B A T L2 AR BRI o
1.2 BREEHERYINE K18

BRI IREE A g ff F XRY — 1A 03 At
A TR TN R R LIk ) o i BB — A B
FRL AR AR MRS BTN S 3 VK - 8K I B MR e A
{ELA -2
1.3 ASHXE

PR S0 5 BOR FHAC U E AR EANER ) AR
HCT — 1 B2z Hr 3. SC56 R FH AR P TR . RO
R T M 323.15 K FHiE 2 1 273. 15 K, W A5
KA Ko 0.1 MPa, i 50 mL/min; £64)
Segeid AP b T A T AR S TE LT A T
AR PR BERIBORE G BT R 5 mgs FHREZE B 10,
20,30 1 40 K/min.

2 BROWER

2.1 REMMEH

R s 5 B T 5 25 R 45 4 R A 2 VAR
K 5 BREEAE ARSI LI B B B A L AL
TS SV HEAT I T . o e 2 S A BE I S
HAY BEI AT, B - B Ak L 2ok
SRS G TR ARG TR TR X R R
(AR S 2 5 2 1T FRUAT 6. TR R s 1) B 3R 1T AR
S HALAER VR FLE d W3 1, BEE RLAR 10 0
N IR IR 1) B 2 TR 32 T 1 K b % e AR AR
B PR LA AR R AR Al 235 M S, — [ 3R 18 S
B T 1 52 N B 38 2 R R L AR TR
B8O Gy ont S W RS AR A AL S B L A e
PEREA PTG .

®1 HEHHRERUERSE

Tab.1 Surface microstructure parameters of iron

y D/nm
SRR
50 100 500 20 %103
S/(m? g 1) 5.195 4.983 0.501 0.115
V/(ecm? g 1) 0.046 34 0.05345 0.001 62 0.001 04
d/nm 35.67 42.91 12.97 9.82
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Fig.1 Heat of combustion of nano and micron iron
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Fig.2 TG and DTG curves of different sized iron

Tab.2 Combustion characteristic parameters of iron

D/nm B/(K+ min~1) Ti/K Tw/K Ti/K
10 533.1 636.8 718.4
20 537.5 658.5 721.0
50 30 586.7 661.5 719.3
40 553.4 660. 6 726.6
10 556.3 643.0 724.2
100 20 571.9 666.9 742.3
30 575.0 648.0 745.7
40 581.3 651.4 763.7
10 673.4 725.4 788.7
500 20 681.3 739.6 810.1
30 680.1 750.0 815.3
40 693.4 759.1 829.3
10 818.8 952.1 1039.6
) 20 860.0 955.9 1040.9
20 x10°
30 886.7 983.4 1048.7
40 900.1 996.0 1054.9
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Tab.3 Kinetic parameters of iron

B/(K + min~1)

D/nm 10 20 30 40
E/(kJ + mol™ 1) A/s ! E/(KJ + mol™1) A/s ! E/(kJ + mol™ 1) A/s! E/(kJ+mol™t) A/s!
50 21.52 2.0 22.86 5.7 23.52 10.2 24.48 16.7
100 24.61 3.9 25.82 10.5 26.46 o & 29.12 46.7
500 45.32 125.0 51.11 609.9 55.49 1855.2 58.69 4417.3
20 x 103 45.66 18.4 65.35 499.8 73.54 2094.1 82.05 7949.8
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