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Comparison of Physicochemical Properties of Magnetic Biochar-based
Composites Prepared by Pyrolysis of Wheat Straw and Sawdust
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(1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China
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Ministry of Agriculture, Yangling, Shaanxi 712100, China)

Abstract. Magnetic biochar-based composites were prepared by the methods of impregnation, chemical
precipitation and anoxic pyrolysis using wheat straw and poplar sawdust as raw materials respectively. The
effects of loading iron were studied at different pyrolysis temperatures based on the physiochemical
characteristics. The results showed that the iron in the composites mainly existed in the forms of Fe,0,,
and the outer layer content was higher than that in the inner layer. The loading-iron treatment accelerated
the dehydrogenation and deoxygenation processes during biomass pyrolysis, and the influence tended to
augment with increasing temperature. At the temperature of 300 ~ 600°C , the contents of ash in the
biochar derived from wheat straw and sawdust was increased by loading iron within the ranges of 28. 8 ~
34. 4 percentage points and 39. 1 ~47. 6 percentage points, respectively. Both of the fixed-carbon content
and calorific value were reduced. The specific surface area and total pore volume were increased by
loading iron within ranges of 10. 67 ~72.24 m’/g, 0.0398 ~0.093 1 cm’/g and 15.43 ~105. 14 m*/g,
0.0104 ~0.078 9 ecm’/g, respectively. The average pore size was decreased. Different effects on the
content of volatile matter of the wheat straw and sawdust derived biochars were indicated as well as on the
pH values. The volatile content of wheat straw derived magnetic biochar was increased by 5.2 ~ 13.2
percentage points, while for the sawdust, the volatile content was reduced by 17. 4 percentage points at
300°C , and then increased by 8.5 ~22.2 percentage points during 400 ~ 600°C. The pH value was
decreased by 0. 04 ~1.49 for the former but increased by 0.33 ~1.93 for the latter.
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ARKCHBABRPACE LY RE IR A IR A AL i 20 ~40 H
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AALY . ST, A W i R B 3R Bk AR W R 1 K Gy 22
(B JEORL 22 6] 19 25 S D% 4 /I o (HAFR | 45 R R
HB B R A A5 3 Y AR ) i R AR AR A AR ) R K
Iy HE— BN JC . SIGFe $f# 5t (9 IR 43 it 4k 43 %t
H SIG #Afi# 5 55 28. 8 ~33.4 AN 43 45 5 i SIMFe #4
I B R 43 5k 2 B HE SIML AR AR i 39,1 ~
A7.6 NEIY . XARATRESE N kb e T
PSR I T PR N R A0 . ©A BT ST R 4
J&EE (0 K Na Ca) MYBREREE S 2h Mo U 4 8 A Mk
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Tab.1 Biochar yields, proximate analysis and calorific

values of biomass and biochar

/AR MR BHRSR BEESE RE

BB 0 vn W% W% ()
SJG 7.6 74. 4 18.1 18 476
SJG300 50. 4 13.7 39.5 46. 8 23 721
SJG400 42.0 15.4 29.0 55.6 25026
SJG500 38.3 17. 8 15.0 67.2 28 519
SJG600 26. 1 20.5 10.0 69.6 29014
SIM 1.6 82.8 15.6 18 183
SIM300 55.1 2.6 58.6 38.8 21775
SJM400 44.5 5.3 28.5 66.2 23 445
SJM500 38.5 6.1 16. 4 77.6 29228
SJM600 34.7 6.9 11.1 82.0 30792
SIGFe 26. 1 57.3 16.7 13 805
SIGFe300 64.5 42.5 45.1 12. 4 14 691
SJGFe400 60. 8 47.4 34.2 18.4 14 815
SJGFe500 54.6 51.2 25.7 23.1 15327
SIGFe600 52.0 52.3 23.2 24. 4 15389
SJMFe 22.9 65.5 11.6 13298
SJMFe300 59.1 41.7 41.2 17.1 14 016
SIMFe400 51.6 46.9 37.0 16.1 14 299
SJMFe500 50. 1 50.6 35.0 14.3 14 140
SIMFe600 46.3 54. 4 33.3 12.2 14 459

B, HLo3X Ff T Bk 5 BE R T T AR &,
SJIG400 ,SJIG500 43 531) b Aif — i 5 1 B4 fifk e 45 2 43 o
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K4y A B HE SIG500 FEAR 5 AN E 4 . TE
300 ~600°C 3t Bl P4 , 4 H 5 100°C , SIM #Afife 75 ¥ %
O S BO R BR AR B 4 o 30.1.12.1.5.3 M
51 13 SIGFe Fil SIMFe #A i e 1) #5243 JoU 4k 43 B
BEFERE 43504 10.9 .8.5.2.5 P EH AP E 1 4.2.2.0,
L7 A5 o ARV, SIG  SIM il SIGFe #4fift i
AR 3 T Al 15 i LA S AV (L X5y B Tk B T v i T o
Az i W A T R Ry R S e AL Ay sk . TT
U bR 3 JORE S A I R B R T A R Y
B0 R DASR#ME K 43 B AR BRI A 00 , X 5
SCHR[25 ] 2B 45 R A — B R gk BERS AR 5 KR
J& A 40 e W A YA D A A 0 o, R AT 31 L 4 )
19030 ~13 625 J/g F1 7759 ~16 333 J/g, X5
AR Ak B A ) e IR A R R T T A i AR Y
S5 SR — B, T 5 0 3R g Ak B R A Wk 1 5 )
RONASTA] o B3Rk A T A= 0 o A 4 2 4y I o B
300°C [ A% 17. 4 ST 43 15, 78 400 ~ 600°C 14 i18. 5 ~
22.2 AN 4y . SIMFe $Rfif 5 IR 43 £ & bl I TT
e B A AR B R T R A WA B TR R E ik
P i [ T R T v S K 1 A AR B R R T
SEREARIG AT BT T o T UL 0 48 Ak Ak 3 X A R R
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4 TR S AWy ) pH (E A0 3% 2 B, 45 IR
B pH (EAH 22 A K, ZEITE Ry 6. 26 ~6.34 34 2
SR ME X 3 B A5 JEUR T A R PR R A
A e ) pH (B X BE R B T o, X E R
TR B R 2 B 80w 7 7 300 ~ 600°C
R A A T BE Y L, SIG e pHL (B 34 2 P (7. 85 ~
10.02) , 7 T [dl— 6L T SIM ##t #% pH {5 (6.79 ~
9.59) . X5 3CHK[ 28 ] H B A T A W it ik pHE
WAL TR A BUox )45 KA, FERE B TFRFF
VT 4 iR flk T 5 P Ak R R 40 & B R i R U
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Tab.2 pH values of biomass and biochar

LiLEI pH fE RGEI pH fH
SJG 6.28 SJM 6.27
SJG300 7.85 SJM300 6.79
SJG400 8.73 SJM400 7.54
SJG500 9.74 SIM500 9.58
SJG600 10. 02 SJM600 9.59
SJGFe 6.26 SIMFe 6.34
SJGFe300 6.71 SJMFe300 8. 10
SJGFe400 7.24 SJMFe400 9.47
SJGFe500 9.70 SIMFe500 9.91
SJGFe600 9.59 SIMFe600 9.94

70 3R AL BT A AR TS 7 ol A= ) o AR A ok 1
pH fESZ W AN 6] [A]— A A I R, SIGFe #fif S (1)
pH {H t SIG #if 5 AR , i SIMFe A4 5¢ () pH {E 2
i T SIM B i ok o Rl 2 AE 300°C i 400°C 1, 71 4%
R A B T AR A W o AR i e pH B S e 22 S
o FERINFEF AW pH E FEAL, FE AL H
90.04 ~1.49 ;1 A J8 £ ) s pH (W 755 0.33 ~
1.93, 1 SJIGFe300 F1 SIGFe400 [¥) pH {8 43 %I T K&
1 6.71.7.24 1 SIMFe300 1 SIMFe400 [ pH {H 4
B H. SIGFe300 1 SJGFe400 THi& T 1.31.,1.93, X
LS [ — IR R SIMFe Ui 5% i pH {52 1 5 T
SIGFe At i o 3X 1 — 25 HiF S B 2% 42k Ah B %) R A
Wy JoT B fie 3k R 1 5 T 000 S W AN TR Y o
2.3 REERSTESH

KR B 25 & X AR I AU A 1k R
E AT 2R 43 A #4770 A, a5 SR 1.2 s,
P 1y 9 o i A 2 0 i TBCK 5000 435 1) 451 4 1EAR , A
By DA B 2 A 5 1) T, A 40 e 1) 0
FRUSF328 Wk )N | 2 11 5 2 3 /0 5 i <AL, i s R H
LB R B4 22, R il & A8 600°C Z& 44, R
SEATT UG T E A o X S AR Y L
ab R e B L B 1) S A A AN TR R A T R AR

Wy A B G, T BUOBE I Bk 405 6 T Ao 1 1 B A R
JEF R T WAL 4

201680115 1331 NL D54 «
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20160115 1438 NL D57 1500 200um
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Fig. 1 Morphologies of biochar derived from wheat
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straw and poplar sawdust

it — AR S A Y O R A A TR
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[vi) JEF Rk AR AG i 3l T 28 I A= ) ok b o STGFe $Rfif I
MERIC R B & 73 BN 5.77% ~28.70% (3£ 3).
SIMFe #4 fif 7 B Bk JC R it & 7 B0y 3. 15% ~
41.19% (BRI ) o BT RAEA W ok b1 4 A
B T 8 A A A S I S A R . X R RE S T
FH B RE TS (O HUE R A B 1 FE A G iR HigH
2 — o DR T N B NREE, B2 A i R e
FE B o0 2 4BLAE A 1 52 0 5 00 A 5 358 B0 5 4
DA G, R R 78 [6] — A b B AS [8] DX I8k ik 4
TCR & BRI S) o WA — A i AN [A] X
5, (SJGFe600 — 1 1 SJIGFe600 —2) f#) EDS #7445
A DL B R T R AR W MR SR 2 I 00 3R A X
SEREVESTHNENS S,
2.4 LkRERSAESH

IINZE FEFEFIAG A B B A ) e e HL AR B AR
Yrog g e R RS fLAR A Ak 4 Frs o AP AR )
JoT FASifR S RIS 28 AR ) e 1D L 3 T RR Y R R T v
T 186 K, 7 [/) — PR il B2, DA A O Tt i) 26 ) ¢
FIGR AR A ) e 1) LU 3R AR B8 T DA /N 2 RS A
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Fig.2 SEM — EDS results of biochars loaded with iron
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Tab.3 Contents of iron, carbon and oxygen in biochars

loaded with iron obtained by SEM — EDS %

FE & G5 Fe C 0
SJGFe 63.93 20.93 11.22
SJGFe300 15.99 49.58 20.03
SJGFe400 5.77 64.18 22. 11
SJGFe500 27.89 47.58 11.89
SJGFe600 — 1 28.70 45.90 20.90
SJGFe600 —2 13.13 67.02 13.07
SIMFe 45.67 20.72 30. 19
SIMFe600 3.15 83.10 5.35

WK 8.061 6 m*/g Fl 14.555 2 m* /g, [b[A] iR BE R Y
N R AT A e LR T B R 5. 519 6 m /g Al
9.8545 m’ /g, FUIRPAL B B E T AW R L
T AR, HLax A B v 2000 Bl R BE T s R . i/
A2 K5 FF 400°C Fi 600°C #4 fif 7 1 L 2% 1 AR 43 1
2.5420 m*/g f1 4.700 7 m* /g, Tfij t #k 2k J§ 400°C Fl
600 C LW 1 L TR 3R 13.216 7 m?/g Fl
76.940 9 m*/g, ¥ K K 10. 67 ~72.24 m*/g, K
oL, AR T A AR W , S BER Ak BOR S AR A 1

x4 EYRREGHBEYRVILRARSILESS
Tab.4 Specific surface area and pore structure of

biochar and biochar loaded with iron

WREB,  BILE AR TR/
R L L
(mog™) (em'-g™) (emeg™)  mm
SJG400 2.5420 0.018 1 0. 000 9 21.9149
SJG600 4.7007 0.020 1 0.0013 15.1313
SJM400 8.0616 0.036 6 0.0029 10.470 5
SJM600 14.5552 0.0710 0.0057 9.673 6
SJGFe400 13.216 7 0.057 8 0.004 5 16. 108 8
SJGFe600 76.940 9 0.1132 0.0299 5.2797
SIMFe400 23.4938 0.046 9 0.008 5 7.0133
SIMFe600 119. 696 3 0.1499 0.045 4 4.1793

Bb 2% 1 B K 39 KA 15. 43 ~105. 14 m* /g,

JEORE S Y | HR SR U B B B Bk A B R AL A Y
S 5 08 L 2 TR 1 5 e A — 3, RV — A T
FAFT VAR S Bk i) i A= A= ) e R0 1 A ) ok
(0 S LS R TR AT A2 9 ¢ 5 e L 25 B 0 32 T vy i 34
K Bk Ak b FRRE R R AL, RS RO S A2 e 1
ML KRG B 4> 3 4 0.039 8 ~0.093 1 m'/g Fil
0.0104 ~0.078 9 m’ /g, i JFURE B i 2% 1 6 2% 4k
AR ILE I LA FL (2 ~50 nm) g F, JEAE
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W R0 A AR AR W T 3 AL AR H4 B B T o i R
I, T B AL 38 3 T B T G . A0/ 22 B A
400°C $ff = W 9 (1 S ¥ FL 42 Hy 21,914 9 nm,600°C
A I 119 7 S ALAR U BE Ay 15. 131 3 nm ; 5 FF 41 3%
B 5 1 600°C A ) I3 L 400°C A 9 5% 1 S 9 FL A% /1
10.829 1 nm, 454 b 3% 10 BB IR 1 T o ot 39 K 1Y
AR LR , T HE U B I T A b AL AR
T A AN IR SRR AR A R £
il 1 A7 R A A I 1) ST B FLAR B8/ T LARS FF R I
BHI A 5¢ o B2 i b 3 RE 4R 75 L L 75 AN A AL
RO LR . K JE 784k 5 600°C A i 1k
B FLAEH 9. 673 6 nm FEAE A 4. 179 3 nm,

2.5 FTIR B9 #

AN v 28 8 A ) i 1 ok B ook 72 46 21 A1 3% G 18] 3
iR o Bl AR IR B IR 400°C T 5 & 600°C, 1 Fi 44
il A= 0 IR Wy 5 3 O—H i 45 PR 3 (3 400 em ') (fi
i C—H i 4 2 211 (2 950 ~2 850 em ™') |k Fe—
C=0—i% 4 3h (1 700 ~1 600 cm ') ,C—0—C
45 PR3N (1219 ~ 1030 em ™) {1 45 HF e 538 3 i 55
FWIBEE IR T, Ak I R A AR RN B A R
IR T BE R T, R C =C 5 3k 3
(1550 ~1 610 em ") [k 45 AF e b, 55 , 2 W1 i < 1k
BT m R A0 kA T 3, &k C—H
BT A5 (900 ~ 850 em ™) AR I {1 4 5, 6 B A
HIIRB WA R T EBS T

}"f%ﬁ':%:

SIMFe600
SIMFe400

SJGFe600
SJIGFe400

SIM600
SIM400

SJG600
SJG400

800 1600 2400 3200 4000
¥ em™
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