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Preparation , Characterization and Combustion Catalytic Performance of Celery Biochar and Its Composite Materials
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Abstract ; Carbon materials, due to their unique electronic structure and high specific surface area, can effectively catalyze the
decomposition reactions of energetic materials , thereby improving the efficiency and rate of energy release.Biological carbon and its
composites , QC-760, QC@ Fe-760, QC@ Bi-760, QC@ Fe’-760, QC@ Fe-450,and QC@ Bi-450, were prepared from celery as raw
material through pyrolysis.Firstly, characterization was performed using IR,XRD,SEM,and BET,and the results showed that the
specific surface area of QC-760 increased by 17 times compared to celery powder.Secondly, the effects of celery biochar and its
composites on the thermal decomposition behavior of ammonium perchlorate ( AP ), octogen ( HMX ), and
cyclotrimethylenetrinitramine (RDX) were investigated.The results indicated that the biochar and its composites had a significant
impact on the decomposition process of AP ,RDX,and HMX; among them,QC@ Bi-450 had the best catalytic performance for AP,
with an exothermic heat reaching 3 344 J/g;QC-760 had the best catalytic performance for RDX, advancing its exothermic peak
temperature by 41.1 °C and increasing the exothermic heat by 713 J/g; QC @ Fe’-760 advanced the decomposition peak
temperature of HMX by 82 °C.Finally,the adsorption performance of the samples on Rhodamine B was tested, and it was found
that when the stirring time was 80 minutes , the sample mass was 2 mg/L, and the Rhodamine B concentration was 350 mg/L,QC-
760 had the best adsorption performance.
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Tab.1 Specific surface area and average pore size of

celery biochar samples

Specific surface  Average pore Total pore
Sample area/ diameter/ volume/
(m*-g™") nm (ccrg™)
QC 17.22 21.40 0.09
QC-760 295.71 2.92 0.22
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Tab.2 Thermodynamic parameters of exothermic

decomposition of AP samples

Start Peak Heat

Sample temperature/  temperature/  release/

< i (Jgh)
AP 288.6 302.0 110
QC-760+AP 349.7 363. 4 2 496
QC@Fe’-760:AP=1:1.4 307. 8 316.9 1722
QC@ Fe’-760+AP 308. 7 318.5 1829
QC@ Fe-450+AP 295.2 343.4 984
QC@ Bi-450+AP 342.1 362. 8 3 344
QC@ Fe-760+AP 305.0 369. 6 1 094
QC@ Bi-760+AP 306. 8 345.9 2725
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B2 HX QC@ Bi-450, QC@ Bi-760 Ff i 41k
B L RO HMX H e b

EA 6 I 3 AT LUK EE, 78 HMX A 7
AR PRI i, SA e R G R ) 0 IR i 4
I, ER AR AR T T4l ) HMX Y9080/, 255
T, QC-760 X HMX 1k 55058 5 4, fdi L
T IR EE SR RT T 39. 4 °C W HOgCGE L R
AN

R3O HMX MR 50
Tab.3 Effect of celery biochar on the exothermic
decomposition of HMX

Start Peak Heat

Sample temperature/  temperature/  release/

C kY (Jgh
HMX 282. 1 285.7 1156
QC-760+HMX 226.5 253.4 927
QC@Fe’-760:HMX=1:1.4  199.9 242. 1 613
QC@ Fe"-760+HMX 208.7 246. 1 794
QC@ Fe-450+HMX 280. 5 284.2 935
QC@ Bi-450+HMX 281.5 284.9 773
QC@ Fe-760+HMX 280. 1 283. 1 707
QC@ Bi-760+HMX 276.5 279. 1 345

2.5.4  FESHXT RDX $AMAAT M (452 ]
& 7 J&4l RDX A1 RDX H A3 4 Py ke
fnJE B DSC K, AN 7a Fiias, 4l RDX £E 205 C
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Ab BB BRI T RDX BRI R 76 218
257 °C Z [a] 1 30 Ay e R g & T RDX 1Y 43 fiff ik
P2 AE i R P A 2k 888 J/g.

H & 7b ATLAE 1 A4 R RDX, QC-760+
RDX il QC@ Fe’-760+RDX (1:1.4 .1:3) X 3 4~
TRA RS B DSC i £k RDX A4 I S04 £k 06 7
I AR A R SR P RDX W fb i 5L
A EEAHAA, B QC-760+RDX [ DSC il £k 1
% 4 WTLIFE H, 7E RDX A QC-760 J, RDX
HYTECHR A i B R R T T 4101 °C L i A
1 601 J/g, Lbali RDX S By ARG I 1T 713 J/g,
QC-760 fiff RDX Jift #4238 i = K i FL e Ak
I, BB QC-760 A=k X RDX AT o 1 114 i
AR

— QC@Fe’-760 : RDX=1:14
2/ b QC@Fe’~760 +RDX
QC@Fe-450 +RDX

~ 15} QC@Bi-450 +RDX

. QC-760+RDX

10 / /?P — QC@Bi~760 +RDX
/ 7{ QC@Fe-760+RDX

S|l
200

100

Heat flow/(W+g™)
Heat flow/(W+ g~
=

|

R
s

300 400
T/C

a4 RDX;b.RDX A3 A Wik
B 7 APk s i DSC B (il 1)
Fig.7 DSC curves of biochar samples
(‘exothermic peak upward)
F4 ST RDX A KR
Tab.4 Effect of celery biochar on the exothermic
decomposition of RDX

Start Peak Heat

Sample temperature/ temperature/  release/

< C Jg™)
RDX 223.7 242.6 888
QC-760+RDX 196. 6 201.5 1 601
QC@Fe-760:RDX=1:1.4  181.9 197.2 1208
QC@ Fe’-760+RDX 188.2 199. 5 1197
QC@ Fe-450+RDX 218.5 245.2 925
QC@ Bi-450+RDX 225.2 246. 4 1596
QC@ Fe-760+RDX 221.6 251. 1 1432
QC@ Bi-760+RDX 214.2 235.8 1274

M QC@ Fe’-760+RDX Ay DSC Bk ] LI &
W SIRA R 101, 4 B IRA R IR AR
94 197.2 CHFI 1 208 J/ g, FHXT T4l RDX
MRBEAR T 45,4 C MR T 320 J/g; 1M 4 1R
BB 13 YRS R i 1 i e IR R A
1R 199. 5 CC A1 197 J/g, FXT T4 RDX W53
flRT 431 °C MR T 309 /g, U BIAE S

QC@ Fe-760 MMM fH RDX [y i it 3 £ | I
HAr TR RIS, (E A LA AR FE X RDX 52 1 156 B
BRp 23 i RDX A iR R AT 2 |

76 RDX HIA QC@ Fe-450 Ji7 , f#f RDX Yk
PR FRGA T 218.5 °C IR 245. 2 °C |, Tltdk
0925 J/g, QC@ Fe-450+RDX IR A HE St A Xt
T4l RDX IR FEIR T 2.6 °C , {H 2 i i 5
T 371/g, 7E RDX /I A QC@ Fe-760 /5, RDX
HITN M TR A T 221. 6 °C IR R 251.1 °C,
TN 1432 J/g. QC@ Fe-760+RDX K it AH Rt
T4l RDX, IEIRFEIR T 8.5 °C SN T 544
Vg ULHAE D mctt o 7 48 U 48 AL = R AFFE A g
fifi RDX 43 il BE B AR, 55 4F QC@ Fe-760 H1A: %)
B He e AR K, F 3 QC@ Fe-760+RDX R AH
mn RS N %

RDX H1/i1A QC@ Bi-450 Ji, fii RDX F) i i
I BRI T 225. 2 °C g R 246. 4 °C | M E
41596 J/g, QC@ Bi-450+RDX JR&HE S AT T
4l RDX, IR 4EIR T 3.8 °C, &4 hn 1 708
J/g. TE RDX H1iIA QC@ Bi-760 J7 ,RDX F4 it
IR RRIG T 214. 2 °C 1§ R 235. 8 C iR
A 1274 J/g, QC@ Bi-760+RDX JR&HE S AT T
afi RDX, IEIR$E AT T 6.8 °C, (H 2 g s hn 1
386 J/g, JRHIE L, X QC@ Bi-450, QC@ Bi-
760 HAE YK R TG R  FLIETE £ ) 33 RDX
3 F TR ARG s EU: , S I A5 il 2 ol JHL ke

AR T fER 4 nT LU B, FE RDX HRIMA 7
A AEIRRE L G YA L A BB FE 4
s Herp AR QC-760 I QC@ Fe®-760 fif RDX i
A3 i T B BEAR AR K, QC-760 F1 QC @ Bi-450
fif RDX il HE A A 38 il R, R e A= ik QC-
760 %f RDX fEACHURTE 7 AFE S Edr .

2.6 KRS IR AR

WHFE T B 5 (QC-760 . QC @ Bi-760 il QC @
Fe-760) %f % FFH] B 0 W FiHE AE , 25 R LW B &
PRIG A A3 T, A QC @ Bi-760 1 QC @ Fe-
760 FEAL R, B PHIH B KA TR A WO BE AR TG AR
1k, ULEH AR T R AR A, 1 A Yk
FEAR 2 TR RE T, T QC-760 EA B KA L
Fm AL, X B FFIH B R B A i W B BE, LA
T A AL QC-760 Fo M Bt E645 5
2.6.1 P A X IR 1 5

B 20 mL(300 mg/L) % FHH B /KA A HE
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e, FFREL 20 mg QC-760 £E 5 B T2 10 B
VS B RE PR C B IR B A T i B0
B W BB 08 i8R SR A
WG MU PRI, 231 T QC-760 X & 1B
B 1 W B ik Bt o (] A2 Ak e il 2k (1818 )

2201 /.‘.

/ ~—

/
/

20 40 60 80 100 120 140 160 180
t/min
B8 W FffEE T fa] ik AR Ak fh £&

Fig.8 Change curve of adsorption capacity on

W2 Bt /(mg - g7Y)
53 5 8

IS
S

stirring time

P Pl 8 WA, 43¢ FJ it [ ek W o B 38 1 5
M)« Bt 25 490 1 FSF () P 38 0, WA A 2 B S v, X490
FEAEFIEIRE] 80 min B, 35 1| W B4R T, W B
KM 218. 1 mg/g, 7E 80~ 100 min [ A i) B,
QC-760 Xt % FHHH B i Wi B 2 A AN AR s ik ]
I 100 min 5, ARSEHE IR a] W B 4
TR 0 S TR R R PR B R A A
5[] 28 80 min,
2.6.2 B FHI B TR I B ) 5

UL 20 mL AS[R & B2 19 5 FHBH B ¥ W T4
TR, FEFREL 20 mg QC-760 # 4, TEIRIE % 80
min , B2 W U8 0 O R 75 3] QC-760
XIASTR VB % PHBH B A B i, 2236 T QC-760
XTEFPHE B A I B B 2 B B VR B 1 AR Ak
L (K’9),

350r

TN\

\

200 250 300 350 400 450 500
WeBE/(mg - L)

% it /(mg - g7")
DN W
S 3 8

—
w
(=)

8

B9 AR EI IR EES PIH] B U A9 £k
Fig.9 Variation curve of the adsorption capacity of the
sample changing with the concentration of Rhodamine B

P O W0, % P B B X i B A A
AR - A VR 2 B 540, QC-760 X 29 P} ] B Wl
BEHEES I, 2527 B W BE D 350 mg/L I, QC-
760 X B FH WL B Y W B A 0K FI) R KA (316.3

mg/g) 3 (EJE B 4k 224 Kk, QC-760 X% F+ B
(14 W o R 4R R R
2.6.3  FE BT DI A A SR
FREUA 6] 5 & 1Y QC-760 HE i 43 531 i A 4 T
LR, A 20 mL(250 mg/L) B % P B IR,
TR 70 min, W0 HC 0 0 B 58 g B 6
K10 &% FHEH B W Fff 5 B QC-760 J51 & 1Y 72 1k
k.
3001
. 250} —
%200+
E 150+
ug 100+
B ool

0

10 20 30 40 50 60 70
H/mg
BE 10 R o T R B 1 S
Fig.10 Changes of adsorption capacity with the

quality of sample

FH 10 AT, QC-760 K i 5 B 4 A28 X %
FHIA B W B A B R A R B QC-760 Ji
(ARG, W2 oF o 7, 5 T 5 A 40 mg B, W B 4t
TG B, R AT E fe R R 2 mg/mL,

3 it

3.1 DSk, s T 6 A L E
GRS ERA 2 5 Ak R B i B X fig
AR

3.2 GEIEXTEE S HEATLLAN 54N DSC XRD LA
K BET 255341 & ¥R . QC-760 AN T /380 oK , H
RSN T 17 £%;QC@ Fe’-760 fLIEA R AY
W R T 8kH . QC@ Fe-760 FE i i D0 4504k = 4 i
57 S W B 9 RE i 2 T ; QC @ Bi-760 i 3% T
(1) Bi b S H A3 i 77 ) B 43 Bl Ve At 7 2
3.3 SRBef bR WEST T RE SO A 2 7
FEH IO RAT B, 6 DRER S AP RS
J& , Bl AP R R T , B AR ;6 4>
Feah S RDX R A5, MG R3S i, 4508 %
B . B A & W B B B R AL P RE |, B AR
BN, 41 QC@ Bi-450+AP JR-AFE S i ik F|
T 3344 J/g, X AP WAL S ds s BB i A
REAIHERE ) 20 3 0 iR B R TR 22, fn QC@
Fe’-760 {ff HMX (973 IR AR T 82. 2 °C ;{515
HE A, QC-760 F£ & Hb £ m AL L K, R B



55 47 B4 1 )

KT T4 P A Wi e A S AR il & AR AR BE AR AL R RERTE 59

e B AR PERE . QC-760 fdf HMX JRrbd iR 42 i
T 32.3 °C;QC-760 % RDX i fbak i £, i
R Z T 713 J/g; WERIFIR T 41.1 °C,

3.4 WERHERE . QC-760 & AEHETT W B2 P
B i}, 44 $E A E] g 80 min, B P+ W ¥ FE ly 350
mg/L, QC-760 fFif& N 2 mg/mL i}, QC-760 ¥ i
A B 1 BB e e, LAt it ol T f Rk sl B 1k
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