R 58 A No. 3

Conservation and Utilization of Mineral Resources Jun. 2023

o531
2023 4 6 H

BRI e o AR o A ) R R S A B 5
T E A&, TR, B AR

ZRAb R WIS R TR B, 107 PhFH 110819

FESES:TDI51.1; TDI25.7 XHtRIRA: A XEHS:1001-0076(2023)03-0067-08
DOI: 10.13779/.cnki.issn1001-0076.2023.03.007

BT BT T Z AP AR BT (0 A R AR 2 —, (AR )™ i e v A SRR DEURIIA S50, T A ) S D — o T i
U, AT COL CO,. CH, Ml Hy, FiH i) CO. CH, Al H, FITEERA A1 ALK BE ) i e A S ISR, S sl it A . A
FORFEFTFIAA g JsORE, BEE T TR AT eid e T A AT 28 A W S i) i SRR P . R UL 20 23 A3CRT TG-FTIR, 73#7
T AR AT RAT R RS . SRR T4 R W, TERE PRI 700 °C | N, i # 300 mL/min RS FF5 2R 2547 57 1 iC LY
1: 3 WIREALEBE A T, CO, B9 ALEA B T8, by 277.45 mL, LI REFF RO FR . TG-FTIR s Hréh R0, Jiike
FRIAEAE AR RS FE R 7= W) RN S, (U T 7 W A RE R PE AN AR B s 78 800 °C A B AYRE ALK besd #h, DTG 2k th 3L T

S AR I, BETREACRIoRIT e v R AT BARR (4 S R R .

KA

ARBRAT 5 TORFEAT; W AKTe; P L TG-FTIR; AR 7374

B E MR iR w, R A kT IR T
LU A5 2, T A a5 B AR AT e D R R X R R A A
B U AL A FH ) R AR e A e a R e R L RE TR
FR JFR), H FH 0 BE TR RN 3 J5 50 32 B R Tl
AL AR, S BUR B R b HE R B R E AUk Co,
H 5 A5 Y o ISR FH I O 0938 S SR AE
MESE R 5 B (1038 R R, RERS A R0 il AL b i 72
W BRI . A2 R AR I L IR R AR R 2 SR Y
SEVURAEIR, b7 BB TR LS P 14%", 78 “ R 15
SN, AW AE R — RIS Y . AT R R,
Al RGE TR E I RE R A . MR — ARl R,
B AE R AE YRS FE R = 2 5 A R UR Y 50%, {H
TP B RS AT B A AL PR, 1 R 1 A BE IS Y
AR IR 2, FEFFA R ZA MoK N C, H, O N,
e E | RIEE . LY ZEAIY AR, BAH
KAy M R S, B Ui SUE S CO,.
CO. CH, F1 H," A A HFEFF 7= 4= 1) CO Fil H, 7E0
ME 2 Bk A Ak R R R P Y I RS X BE AR i B
P, G R FF BB A be vl W R BT 15 Yy T LA R
KA FE RE VR 2544, WA 4k Rk 11 R )

TE KIS, H 4 P ANk e & LS R AE R il
JEF 43 ST e T 48 R AN R BB R AL A i G A 5

Y FE B HA: 2023 - 04— 17
HEEWME: BRARRAEILE %I H (52022019)

EE BN HEA(998—), W, Wi+, ET NGRS 4 B9 F= 0 A .

AR T B8 HE; Rath 50 R F4R2E | IRIAE
WE 752 . TR A3 T ) DLk e i 650~750 °C
5 i 15%. 36 SR [E]) 30~ 45min, 15 2] T 8k
1 65% BIREH . LR IT L5 R B, SR AW kA 7
BRW ARG AL R e R AT Y, SR, H R A R A R
F W B, XE AR e it A8 v AR P B A A SRR R
B AR TT R IR AMESY, 5% A W) 0 76 i AL b R 50
RS2 AT AT S B R 2R e s A AT R TR
T rp o3 fife S R ML, 8 L A i oA i DM AR S
A Y REAL R IR o PR AR B 5E R A TG-FTIR
RIS B A 2 AR B4 53 BT B R X i A i e i AR rh A
FF B F= 0T 0 2 A B = W A e it AT T W%, AR A
TR AR A R v A R T AR R S A R

1 IR ERA R

1.1 RBER

N SR A L G E NI 2y 3 Ly T )
—0.074 mm 7 & 5 70% E R il 5 JFORHEE & o R R
FES ) X BFRAT I as R an & 1 R | ARF R an g 1,
R W R A3 B 45 R DL 2, T L AR R I Akl
67.34%, Hi ik &4 D &1 Sio,. ALO;. MgO, #k F %

BARIEE : ANKTH1986—), 3, Wi, bz, WA= T, 22Xt 77 B IR 3t oo 28R T 52


https://doi.org/10.13779/j.cnki.issn1001-0076.2023.03.007

£ 68 - P 5 R

2023 4F

o O — H¥kH~
300 - o —fiy

10 20 30 40 50 60 70 80
20 /(°)

B 1 R XRD I3 Hr I 3E
Fig.1 XRD pattern of the hematite
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Table 1 Chemical composition analysis results of the samples

4> TFe FeO SiO, ALO, CaO MgO Mn TiO, S P

/% 6734 0.88 0.80 0.38 0.05 024 0.13 0.047 <0.01 0.04
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Table 2 Iron phase analysis results of the samples
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Fig. 2 Magnetization roasting and pyrolysis system
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Table 3 Results of industrial analysis of straw

KA I% KA % ERS% BEEBR%  AE(KIgY)
5.57 1.37 77.52 15.54 16.84
x4 FHFFICR AR
Table 4 Results of elemental analysis of straw
TN C H o] N P S

/% 41.82 5.60 48.6 1.25 0.034 0.07
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Table 5 Results of composition analysis of straw
2 55 2 Yt % YR ENS 3 oAt
&Y% 40.91 28.57 5.48 24.92
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Fig. 3 Effect of hematite dosage on gas phase component release rate fraction
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Fig. 5 Effect of temperature on gas content in separate pyrolysis system
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B AR B 1 AR AR R AT S AR B AR
Ak 52 30 AR R 0 A8 Ak R # R BE Y s AR 45 RS
A OB (4R v, WAL MR B0 B TR AT o (HOR ] A, 1
Je, WA R AR i A AR S AR T B e, &
TR DXCTA] F A2 A e B TR LV, A A TR ATk
fift, R EE N REAL R E R B P R R B R D R
U P L0 RS R) S . [RD N, RS TR TR, SRS R
M4k BT — 8 MR E LM, JUH R TE R A s e it 2
o X RO SR PE A L B, X n] RE R R O A AR rh £F
2 AR T 2 [ B o A B0, T 2R R B in A
T PR BT A

H & 7 AT, AE 500~900 °C (I BE L N, #5 FF
HRSir MR A Rl 2 R R Y T v T 0 s 4 )

i /C

I B2 X MR A B B R (o SR AR BE 2, b SRS AT #i )

B, SREFF R B A e, RIS et AR TP RS AR Y S
A A B AR A AN TR T ARG B, 700 °C LLJS
ZERE A LA o XS RO R R A A 2 B 5T R 1k A
Wiz, 2 N A L, AN T L — 2B SR
A AR, DT il A I SR R I £ AR
700 C 1 @R AR, AR 5 7 AR i i R IR
] I AR R RS FE TR A 0 2 th e s 4 . R I
LEA N E T AR BIREE N 700 C.
21.3 REREBTMW

FERG B 700 °C | FEFF . ARk HEBCE 1 2 3
4T, B3 N, T, 28N, Wi A= 2k
W, NIE 8 i LA H, N, il & # K, CO,. CH,
FH, 19 A B, 2R N 3 B, 45 % 20 ek



LA S AES RV

2023 4F

72 -
350
o,
300 —=—Co
—A—CH,
250 =
-
g
i 200
=
PAREY .
e
0F A
A—7777777A77777777A777777A
50 -

L L L
300 400 500
S ARE /(mL-min)

Il Il
100 200

B8 N, il et X A A il B 5 )

Fig. 8 Effect of N, flow rate on gas production

e A GEIN 5 B I ] B, 3 BOIOIE T8 7 R AE A
NGB, DA 3 A 7 g A e s T
CO 7 300 mL/min {4 N, i 35 , Bl I A 5 b
A B Bk, SO R N i 3 K, CO 1R BE IX
PR 5% B B IR IR) S, B0 TS 49 AR R B N s
SN H Y CO % i i o

2.2 WK RE R PR ANAER TG-FTIR 447

221 TG-DTG Hi £ 4 #r

ETHR R 15 C/min, F5F7F 5 28807 it & Bie He
12 3 FN, SR M Al 30 25 10 T, 0 5 A A i 1 A7 3R
FATHT o R ALK s 1 AR RS B B RS T B AR
) TG 1 DTG M W& 9 firzs . w1l 9 ] 1, G FF o
MBS R, AE 328 °C Y I ME— 2 G, I ok
TR, N 0.001 56%/min, fix #2122y 87%,
X W TR A K o B AE & 53 W BT s S B0 o T AR
A be it FE v, e AR R T RIR BN T 27%, MRk
HOREAUE R IR S Y h 2R BT R AR B
[F) Ao A e b o BT S B Y R 0, 43
TE T 340 °C F1860 'C Zifq, 340 'C AT FRKFH T 15%,
X B TR AR S SO KA T KA A R

100

— E%?‘ﬁ’iﬂﬁ

| — e

Il Il Il
400 600 800
IREE/C

B9 MY TG 1 DTG ik
Fig.9 TG and DTG curves of straw pyrolysis

Il
0 200

e HH /(% min™)

T ARTAF] T 0.002 25%/min, I 2 T 5 SR A FE FF AR
PR KR 55 5 7E 860°C I 1% 25 T #R 3K 3] 25%, X &
W TR ER AR Rt B b 2k T AR, S B TR
B E, I H T O JE TR R M R
SRR, IR I 860 °C (1R HE 4R 0.000 468 %/min,
3340 C B 2 FH R . LA 25 B Ud B b B
P R, SRERET A AELE IR TG A BRAR B B2 N R 3,
& FREACRT Be R G, IR R iE T RS FFrh &7 4
ESNE SR P NG S NG e U 2 (U G P
b8 38 R RBE B S 0L, T A e 3R S I A AT A S e 2
FHEAFFEFFAE M A TR .

222 FEFFHVE B LA 38 o AT

P10 AL 11 43 00 A i FF B0 i R R AT 08 R 5
RS FE R PR W ) = YLD AN Rl = g
] v g WAL P e 5o R T WA U i B, WT LA T i LR
B AT A R AR R AR o R v AT S A
W A7 =4 v R RE A A, ST PR A b
AT AS BLAE . P& 10 AR 11 2087 T8, FE S AR
fife 1) 3= B L i B, AT DA R ML ) 4 000~ 3 600 cm
e BT N Y O—H it 47 9% 21 06 e A B Bk, 32 R TPk
BHT HY . FE 2250~2400 cm', 570~ 720 cm Ab X [
f) CO, FFAF I8 5 2180 em™, 2 110 em™ 4b XF )i () CO
FRIEIE R B1Z B Bof CO, Fll CO B4 WL, TERE AL KT B2
FFEH, CO, 5 CO My FRAF I 5 B I = T 45 FT 2
P 0 R AR A 50 R, MR LE R -B R AT, AR
W BT LAl WO B Y R R R AR, UL T DAAR Y, fi Ak
R Be st fE v, FEFFHIE Y CO, AN CO Ay ¥ FiE B i 44
i, 5 SCHY [R5 AR A BT AT AR A A5 R — B
[F] i, 7E 3 100~2 600 cm™, 1850~ 1640 cm™, 1600~
800 cm ' A L T C-H M 4i ¥k 3l . C=0 1 45 ¥z 3
M C-O0. C-CHEMMARIR, R ™Y A
CH,. C,H,. CH, SR AR FIEE S | BER AR IR
KOTHI . SFEFFAGRAH L, 10T be il 7 S AT
AR FTIR 35 K 7 T AHALL Y i 20 e, (H ik 8 i

(b)

0.0000 |-

-0.0005

-0.0010

-0.0015

-0.0020

-0.0025

L L L L L
500 600 700 800 900
IRAE/C

L L L L
100 200 300 400



W EA, % SRR BE AR e

i v A W S AR A AR B 5 - 73 -

0.05360
0.04628
0.03896
0.03164
0.02432
0.01700
0.009680
0.002360
-0.004960
-0.01228
-0.01960

(SaV )ePuRaIosav

=

B 10 FEAT R B = 4ELL NG TE K]
Fig. 10 FTIR spectra of straw pyrolysis under separate roasting
system

0.08000
W T 0.06885
0.05770
0.04655
0.03540
0.02425
0.01310

0.001950

20uUBQIOSAY

-0.009200

-0.02035

-0.03150

B A1 R R e AR AT B ) = 4R 2051 i
Fig. 11  FTIR spectra of straw pyrolysis under magnetization
roasting system

F 55 JBE AT T AR Ak, T LAHE BT 4 oIR8 X6 66 AT B4 <
R 7 W B T 2S5 MR AN DR, (EL ™ 9 68088 T A P R A
A E RFERW .

3 &Hik

(1) [ 25 AR B 43 20 T AR 16 45 SR R O, 4%
BEIRJE 700 °C . M & 300 mL/min, 7% FF 5 25 2k 9~
iR 1 3O T, AR AR AR AR B
LS5 T A B TR AT B sk 20, RS AT B9 AR CO,.
H, Al CH, AR A B R MR T, A B A 1Y 1
PRI [E) A S B A, 0 B TR b Ao R P R R A
(4 2 N TR AT B T AR K4

(2) TG-FTIR 43 M 45 S 22 B, M Hb T 5 FF 50 00 34
fift, WAL R 58 Ao AR v R R AR LR R T A R T, GIE
A 5 T A e e R P O RS FF & A T SR RN 5 TR
B AE R AR e o B oy, Rk XS A A AR T 1Y
Tt 28 5 M AS K, AELGE 7= 0 10 R J e I A A B e
B E L, U B AR A T RS R I I o AR, R
TREFFIY RN R

S 3k
(1] SRERAT, AT, B HE, 5. SR 0 SR BRI (1], 428

11, 2015(2): 1-11.
HANY X, SUN Y S, LI Y J, et al. Latest progress of mineral processing
technology of iron ore [J]. Metal Mine, 2015(2): 1-11.

(2] fhACT:, b, hBRORT, 45 . @ AR e v J i B G Bk A ik 3h
2 (0], RAE K 22540 (B AR IR), 2018, 39(12): 1759-1763
SUN Y S, CAO Y, HAN Y X, et al. Oxidation kinetics of magnetite
during magnetization roasting and cooling[J]. Journal of Northeastern
University (Natural Science), 2018, 39(12): 1759-1763.

[3 ] SRR, 24075, Wi, 55 . 52 Z MERE 4k 0 7 80 i Wl Al i - 28 o
P A [I]. FRRAF 5T 44, 2019, 31(2): 89-94
HAN Y X, LI Y J, GAO P, et al. Suspension magnetization roasting and
high efficiency separation technology of complex refractory iron ore[J].
Journal of Iron and Steel Research, 2019, 31(2): 89—94.

[4] 5R¥, XUEE, KA A HTL 3 %0 A Wy 5 FA ik e 1 14 52 e T 5 (0]
I PE4L T, 2022, 42(6): 507-515.

ZHANG B, LIU R, ZHANG Y. Effect of syngas components on
pyrolysis characteristics of biomass[J]. Shanxi Chemical Industry, 2022,
42(6): 507-515.

[5] CAO Y, SUN Y S, GAO P, et al. Mechanism for suspension
magnetization roasting of iron ore wusing straw-type biomass
reductant[J]. International Journal of Mining Science and Technology,
2021, 31: 1075-1083.

(6] 2RI, 250, A0 @, A5 FORFEFT P hr k2 3l 912w 5¢ (1] K
FHRE224R, 2017, 38(12): 3444-3449
LIBW,LIX, YANG Z Y, et al. Pyrolysis characteristics and kinetics of
corn straw [J]. Acta Solar Energy Sinica, 2017, 38(12): 3444-3449.

(7] e, w88, 22t i, 55 A9 o = 400 PRk S RE % 3l 0 2 B4 1L
BT AU TR 224 (A SR BLA2RD), 2007(5): 462-466
HUANG N, GAO D W, LI J W, et al. Comparison of pyrolysis reaction
and kinetics of three components of biomass[J]. Journal of Beijing
University of Chemical Technology (Natural Science), 2007(5):
462-466.

[8 ] VEAGKK, R E A, Whikde, 55, LE 4 Uk R G A v B iy S 3 i o (0],
JE AR TR, 2009, 9(3): 508-513.

WANG Y B, ZHU G C, CHI R A, et al. Experimental study on
magnetization of limonite by biomass reduction[J]. Chinese Journal of
Process Engineering, 2009, 9(3): 508—513.

(9] BEAYE, SRt XBARR, 55 . 6 IR o 2w A= 9 AR IR e Ak s b (.
TAERIFAR, 2015, 37(10): 1260-1267.

HUANG D B, ZONG Y B, DENG Z Q, et al. Low temperature
magnetization roasting of oolitic hematite biomass[J]. Chinese Journal
of Engineering Science, 2015, 37(10): 1260—1267.

[10] skAoT, MmN, 20598 A W BTRE AL R B R Bk i it 5 (0. 0k
T, 2016, 14(4): 31-33.

ZHANG S Y, FENG Y L, LI H R. Research on magnetized roasting of
hematite by biomass[J]. Mining Engineering, 2016, 14(4): 31-33.

[11] SWAGAT S. RATH, DANDA SRINIVAS RAO, ALOK TRIPATHY,
et alBiomass briquette as an alternative reductant for low grade iron ore
resources [J]. Biomass and Bioenergy, 2018, 108.

[12] SWAGAT S. RATH, DANDA S. RAO, BARADA K, et alA novel
approach for reduction roasting of iron ore slime using cow dung[J].
International Journal of Mineral Processing, 2016, 157.

[13] SWAGAT S. RATH, DANDA, SRINIVAS, et alDolochar as a
Reductant in the Reduction Roasting of Iron Ore Slimes[J].
International Journal of Minerals, Metallurgy and Mate, 2017, 24(12):
1341-351.

[14] ZHANG Y, SHIRO KAJITANI, MASAMI ASHIZAWA, et al. Tar


https://doi.org/10.12068/j.issn.1005-3026.2018.12.017
https://doi.org/10.12068/j.issn.1005-3026.2018.12.017
https://doi.org/10.12068/j.issn.1005-3026.2018.12.017
https://doi.org/10.12068/j.issn.1005-3026.2018.12.017
https://doi.org/10.12068/j.issn.1005-3026.2018.12.017
https://doi.org/10.12068/j.issn.1005-3026.2018.12.017
https://doi.org/10.12068/j.issn.1005-3026.2018.12.017
https://doi.org/10.13228/j.boyuan.issn1001-0963.20180329
https://doi.org/10.13228/j.boyuan.issn1001-0963.20180329
https://doi.org/10.13543/j.cnki.bhxbzr.2007.05.019
https://doi.org/10.13543/j.cnki.bhxbzr.2007.05.019
https://doi.org/10.13543/j.cnki.bhxbzr.2007.05.019
https://doi.org/10.13543/j.cnki.bhxbzr.2007.05.019
https://doi.org/10.13543/j.cnki.bhxbzr.2007.05.019
https://doi.org/10.13543/j.cnki.bhxbzr.2007.05.019
https://doi.org/10.13543/j.cnki.bhxbzr.2007.05.019
https://doi.org/10.3321/j.issn:1009-606X.2009.03.016
https://doi.org/10.3321/j.issn:1009-606X.2009.03.016
https://doi.org/10.3321/j.issn:1009-606X.2009.03.016
https://doi.org/10.3969/j.issn.1671�8550.2016.04.011
https://doi.org/10.3969/j.issn.1671�8550.2016.04.011
https://doi.org/10.3969/j.issn.1671�8550.2016.04.011

© 74 WP 5 R 2023 4F

destruction and coke formation during rapid pyrolysis and [15] ANTAL M J, FRIEDMAN H L, ROGERS F E. Kinetics of cellulose
gasificationof biomass in a drop-tube furnace[J]. Fue, 2010, 89: pyrolysis in nitrogen and steam[J]. Combustion Science and
302-309. Technology, 1980, 21: 141 152.

Study on Characteristics of Biomass Pyrolysis Gasification During Magnetization
Roasting of Hematite
JIN Guojie, SUN Yongsheng, CAO Yue

School of Resources and Civil Engineering, Northeastern University, Shenyang 110819, China

Abstract: The magnetization roasting process is one of the effective ways to treat complex and refractory iron ores.
However, energy and reducing agents are required during its production process. As a clean energy source, biomass can be
thermally decomposed to produce CO, CO,, CH,, and H,, among which CO, CH,, and H, can be used as reducing agents in
the magnetization roasting process of iron ore, achieving clean production. Using corn straw and hematite as raw materials,
the thermal decomposition and gasification characteristics of straw biomass were investigated during magnetization
roasting. Gas composition analysis results showed that under the magnetization roasting conditions of 700 ‘C, N, flow rate
of 300 mL/min, and straw-hematite mass ratio of 1 : 3, the maximum production of CO, reached 277.45 mL, indicating the
optimal thermal decomposition effect of straw. TG—FTIR analysis results showed that hematite did not change the type of
straw pyrolysis products, but altered the release characteristics and production of the products. In the magnetization
roasting process above 800 ‘C, the DTG curve exhibited a second weight loss peak, indicating a significant increase in the
reaction rate of straw thermal decomposition during magnetization roasting.

Keywords: hematite; corn straw; magnetization roasting; pyrolysis gasification; TG-FTIR; gas analyzer
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