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Evaluation of physical and chemical properties and application
economy of cold bonded briquettes from blast furnace return fines
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Abstract: Cold bonded briquettes process is a green preparation technology of low-carbon metallurgical charge ,which has
become an important way to promote the high-quality and efficient utilization of by-products or solid waste resources in the
metallurgical industry and promote green transformation due to its outstanding characteristics such as strong raw material
adaptability , flexible process adjustment and low energy consumption. Therefore, the preparation process of cold bonded
briquettes from blast furnace return fines is studied, the appropriate raw material ratio is found, the metallurgical
physicochemical properties of briquettes are investigated, and the changes of various technical and economic indicators of
Liangang No. 6 blast furnace (2200 m’) under the 3% briqueltes ratio are analyzed. The results show that the briquettes
have good cold and hot strength, and the furnace conditions of blast furnace are stable during industrial application,and the
relevant indicators show a positive trend, the blast furnace utilization coefficient is increased to 3.28 t/(m’ -d) ,the air
permeability index is increased by 3.06% , and the converted pig iron cost is reduced by 2.07 yuan/t, which plays a
positive role in reducing carbon and cost reduction in blast furnace ironmaking process. The conclusions can provide a
potential practical path for the high-value utilization of iron-containing by-products such as return fines.
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Table 1 Main chemical composition and loss on ignition of the test raw materials %0
FRIZFK  TFe  Si0O, Ca0  MgO  ALO, S p Zn K,0 Na,0 FeO Cr i
BH 559 502 1031 1.80 1.88 0.01 0.060 0.024 0.068 0.025 0 0. 003 0
fbBkE 69.3  2.50 2,41 0.76  0.60 0.05 0.055 0.060 0.030 0.010 59.0 0.125 0.5
BREER; 87.0  3.45 560 1.10 1.07 0.17 0.070 0.100 0.035 0.300 0 0.020 0.5
EkEKS¥ 628 9.63  0.13  0.30 0.82 0.04 0.040 0.010 0.035 0.010 245 0.001 0.5
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Table 2 The particle size distribution and average particle diameter of the test raw materials

. L 20 B (5 53500 / %e YRR/
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Fig. 1 X-ray diffraction pattern of the iron-containing materials
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Fig. 2 The preparation process flow of cold bonded briquettes from blast furnace return fines
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Table 3 The raw material ratio for preparing cold

bonded briquettes from blast furnace return fines %
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Fig.3 The morphology and size of cold bonded briquettes from blast furnace return fines
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Table 4 Particle size distribution of cold bonded briquettes from blast furnace return fines %
ALK (0,5] mm (5,8] mm (8,10] mm (10,25] mm >25 mm
1 2.62 1.03 5.40 12.45 78.50
2 3.28 2.38 4.54 9.43 80. 37
3 3.12 1.95 5.56 11.94 77.43
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Table 5 Compressive strength of cold bonded briquettes

from blast furnace return fines N/P
itk EKME e /IME FIE (BN
1 3826.90 3114.44 3 470.67 —
2 4355.12 2229.50 3200.91 766. 95
3 4021.92 2562.70 3487.70 563. 36
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Fig. 4 X-ray diffraction pattern of cold bonded
briquettes from blast furnace return fines
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Fig.5 Scanning electron microscope (SEM) image of
cold bonded briquettes from blast furnace return fines
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Fig. 6 Mineralogical structure diagram of cold bonded briquettes from blast furnace return fines
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Table 6 Main chemical composition and basicity of cold bonded briquettes from blast furnace return fines

it e oy (e 80 / %

W TFe Si0, Ca0 MgO ALO, S p

K,0 Na,O

: R,
\% TiO, Cu Pb Cr Zn

1 62.62 4.77 6.33 1.11
2 62.06 5.20 6.34 1.35
3 62.76 4.96 6.49 1.35

1.50 0.031 0.052 — —
1.67 0.032 0.067 0.017 0.010 0.0100 0.1256 0.0147 0.001 0 0.0124 0.0102 1.22
1.63 0.033 0.068 0.014 0.010 0.0117 0.1343 0.0141 0.001 1 0.0156 0.0100 1.31

0.0115 0.1300 0.0155 0.0100 0.0520 0.0100 1.33
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Table 7 Main metallurgical performance indices of cold

bonded briquettes from blast furnace return fines %

>3.15 mm fiiE <6.3 mm BJFEENK B EHE

i1 " g " "
WHEMARS RRE IR ECE
1 80.29 0. 62 7.00 66. 90
2 82.34 1.73 9.30 72.91
3 77.34 1.35 8.95 73.09

] CAT,) HReahi i, Fli X8l (AT,) &/, ]
RE D/ g T DX P ], B R 2254 0. 62 kPa,
T HE 2R popHE bR, AR T BRARHOR T )=
JE, SnBoRbi p ISR, AT E s OB S R
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Fig.7 Softening-melting properties of the single charge
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Table 8 Comprehensive charge composition of blast

furnace under different ratios of cold bonded briquettes

e WropHE (TR S380) / % [w(K) +
S Pk KU By BEIER 0 w(Na) /%
1 74.8 8.2 17.0 0 1.52 0. 096
2 73.3 8.0 16.7 2 1.52 0. 095
3 72.5 8.0 16.5 3 1.51 0. 095
4 71.8 7.9 16.3 4 1.51 0.097
5 70.3 7.7 16.0 6 1.51 0. 098
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Fig. 8 Softening-melting properties of the comprehensive charge
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Table 9 Changes in economic and technical indices before and after using cold bonded briquette in the blast furnace

- HRRLEL/ L/ o4 G0 % HAME 532 b))%
i H FRE/t -1 -1 3. 3y -1 2 -1
(kg-t™) (kg-t™) (m’+min"") (m’+h™") BEL (kg'm-s™")
di AT 6 623. 37 534.29 181. 25 4 429. 55 21 515.97 2 510. 29 9 599. 61
R JE 7 213.79 526. 80 189. 80 4 712.00 23 743.50 2 587.00 11 119. 50
YA KR ) Jlq= AR =Pl / J(= YELRE / NiR= : =
R/ I\Em%% JFH’EI*—L.%*IEﬁ P T Ik S B [Sl} it R,
MR/ C (memin~") C FIHZ/ % E Y
1178. 68 2 319. 10 68. 87 149. 13 43. 60 1 495. 06 0.35 1.18
1 183.50 2 328.00 70. 00 140. 00 44. 00 1 489. 00 0.32 1.16

T TR AR 2023 4F 12 7 BRI 5 (S HE 4R Tl iR 56 9 18] At K 24 11

FOREANERE T, A LSRG, 6" Byt
BRA PR 6 623.37 L% 7 213.79 1, Ek Al
At — - E, H30lv(md) #IE
3.28 t/(m'-d), {HHFE(L. 6 v/t) fRFEHI B E
A, &b RS R R T, RS BE
(9599. 61—11 119.50 kg-m/s) . K& (4 429.55—
4712.00 m*/min ) Fl & 4 & (21 515.97 —
23 743.50 m*/h) ¥ HIBE K g, BB E A
s, BIMEFREON 2 510.29 F+2% 2 587.00,

MATHTEBL, PR A A P R A
AR ARG, — B A2 AT e, T 6
IR RL LN 534.29 keg/t FEAR & 526. 80 kg/t,
HAEHE M 181. 25 ke/t #2712 189. 80 kg/t, UL
WPHETLRYREAR, BEUWE MR A 7 i & PRy
o BEAN, mr b E R HE FON 68. 87 m/min
LT+ 70. 00 m/min, FIAFEI R HEMS R, H
AT B A KT A e T R g R O i
TR 149. 13 C [FAR = 140.00 C, {5 Em E



2026 445 2 ) Tk, S IR A TR YAV RE KON TEEPE (Y 91

PRI S X Bl R, R T4 SR 3L
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T P ROBHIE R RN A 77 AR . K [ S ] o 4 4R
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Kt R e RS A T o
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A 2 I/ 3R B BN T AT, BIBRZE &0
LB A B FEAR 0. 11% B A= &k B AR B84
(1.83 Jo/t) W52 i J , Bk oK A 77 B s AS B AIK 29
2.07 Ju/t,

(2) #hsRlss. A 09 1a) ™ o FE L 29
20 kW-h( A AL ICMET TF) , rES v e
FE(HTPRIE) 2970 2. 458 ke/t, CO,HER AR B (32 %)
2574 11. 406 kg(Horr, HLJ) CO, R FHR 2022 4F
JE A RSP B HE AR 0. 570 3 kg CO,/kW-hit
) o AHLE TR gl BT B (H e s Ty ReFE (T
PRE) S 48.25 kg/t. T CO, HE R N
0.18 ~0.20 v/t XFLb), TFREFEW D2 95% L)
F, COHERUR 93% L 1, 1l 3 000 t 5408
A [ 25 R Hen] Jk /b €O, HEk 505 782 kg, #21E 2023
EE T8 5 4 68. 15 Jo/t 15, ] Y
NG R 45 29 18 957.97 Ju (B g i ol
55%) .

4% #®

(1) mh RV B 45 5 ny o) PV s 18 5+,
Wer JE 55 A % (SE R SE R 50 mm x 50 mm x
35 mm) , PEERAE B R &AL, &K ERE
TE2% VIF, ISP EsR Bt 3 000 N/P, i 2
PO A PO RILAR R B A LR, Ak 2 URRAE S
N, EBRpA s 5 RURHIC L s ARG, H K
Na A FEILR G EERG Y, B Le T 5250
Fil, S. P& W mH AR & b i B /e 0
TIUHRE (R) FF6 R T e B . R
IR R A5 8. IR A EE TR . P 2L Gk 5
KT RIS Ik ) BV A v, (E R I B X [)

BoE, fild TESH#E— e,

(2) TolbR BRI, IR ER 6 5 4 e
TN 3% W IE A RS, K &R B SE
SRR RS RO A U, SR &
T2 3.28 v/(m’-d), BORHEIFSEREAR, IR 20t
PERREIHR T, RT3 000 t 3R B il #1481 45 R B
PRAME BRI B (AW LRy 3% ), ATERR K A 7 i
ARFENR 2. 07 JT/t,

SE W

[1] KURUNOV I, BIZHANOV A. Stiff extrusion briquetting
in  metallurgy[ M]. Cham: Springer International
Publishing,2018 ;1 - 21.

[2] BIZHANOV A M, AUBERTOT C. Sintering and
briquetting synergy in blast furnace smelting[J].
Metallurgist,2021,65(7) :699 —712.

[3] OMRAN M, FABRITIUS T,YU Y W, et al. Improving
zinc recovery from steelmaking dust by switching from
conventional heating to microwave heating[ J]. Journal of
Sustainable Metallurgy,2021,7(1) ;15 -26.

(4] J%LFE . SER) W8 RHS BRI 16 4 PEREXS LEAT 5T

[J]. iS5k, 2020,12(6) 32 -33.
YAN Lixiang. Comparative study on metallurgical
properties of cold briquette and pellet in iron and steel
plant[ J]. Metallurgy and Materials,2020,12(6) ;32 -
33.

[S] EEME AR SR, TIEMS, 55 . R4 & [ Bk P 7 i 4
2 800 m’ E g R [T ). 4k ,2024 ,43(5) 145 - 50.
WANG Liihui, QI Zhanlin, WANG Zhengpeng, et al. Use
of cold-bound pellet prepared from recycled sinter in
Yuzhong steel 2 800 m® BF[J]. Ironmaking, 2024,
43(5) :45 -50.

[6] ki, AL, ZOUR, 5 . LR HRER T 240

[Cl//%—mh FEARERAE 218 308 . dbat hE 4
JEH4,2017:1 -7.
SHA Yongzhi, WANG Zhihua, LI Guangsen, et al. No
return fine BF ironmaking process[ C]//The 11th China
Iron and Steel Annual Conference. Beijing: China
Metallurgical Society,2017:1 7.

[7] DAS B,PRAKASH S,REDDY P S R, et al. An overview
of utilization of slag and sludge from steel industries[ J].
Resources, Conservation and Recycling, 2007, 50 (1) .
40 -57.



92 VSR B BS1E H2
[8] E&. b MEkbessz e & KBk T 5T 5 (il HICR LR AZ e[ T]. BheAdoR 5 TAE,2015,15(13)
[J]. 'A4:fBUR,2025,44(1) :22 - 26. 36 - 40.
WANG Lei. Research and use effectiveness of sinter ZHANG Kaifa, WU Shengli, LIU Xinliang, et al. The
return cold-bonded briquettes for Yuzhong steel[ J]. characteristics of softening and melting and the formation
Energy for Metallurgical Industry,2025,44(1) :22 -26. of the primary slag of different ferrous burden materials
[9] EL-HUSSINY N A, SHALABI M E H. A self-reduced [J]. Science Technology and Engineering, 2015,
intermediate product from iron and steel plants waste 15(13) :36 —40.
materials using a briquetting process[J]. Powder [15] ERE T, sk R B E M, % . bedse Uz X256 0okl
Technology ,2011,205(1/2/3) :217 - 223. THM M [T]. TRARRE2HR,2023,45(6) :
[10] VR4, 5k KIS . 2RO AL BCO™ SR [ M. b 890 - 898.
R4 Tolk AR, 2017. TAN Peilong, ZHANG Jianliang, HUANG Jiangiang,
XU Manxing, ZHANG Tiangi. Practical technology of et al. Effect of sinter basicity on the interactive reaction
optimal ore blending of iron ore[ M]. Beijing: of composite burdens[ J ]. Chinese Journal of Engineering,
Metallurgical Industry Press,2017. 2023,45(6) :890 — 898.
[11] FAHGE, BeE A, e, 45 . SR TR RN AL Bk [16] M, REEMR RS, 45 . Rk T S m M LU A1y
ey oRE S BT ST BRI AT [ D). KR4k ,2024,43 (1) REHRTLT]. 1R AEIR,2006,25(2) :15 - 17;25.
59 -62. WANG Wei, CHEN Weilin, XU Zhihui, et al. Study on
DONG Xiangjuan, TENG Zhaojie, WU Jianlong, et al. raising coal rate reducing the coke ratio and energy
Study and application of interactive reaction-based consumption in the iron making working procedure[ ] ].
optimization technology of the burden mix with high Energy for Metallurgical Industry,2006,25(2) :15 - 17;
percentage of pellets[ J ]. Tronmaking,2024 ,43(1) :59 - 25.
62. (171 S5URRE . DA o R o 48 A M i 2 1 T
[12] RIEF]EER, 208,55 . BN KRR 5 bedh Fe[T]. #98k,2007,42(9) :16 - 18.
W ER R MAFFE (1], #4k,2007,42(3):10 - XIANG Zhongyong. Study on substitution of BF bosh gas
13. index for operation intensity [ J]. Iron and Steel, 2007,
WU Shengli, WANG Guojun, JIANG Weizhong, et al. 42(9):16 - 18.
Interaction between lump ore and sinter in BF[ J]. Iron & (18] EHA&, XUfFak, X, % . mb e RS E IR A
Steel ,2007,42(3) :10 - 13. FFE5 92T, M8k,2024,59(10) :11 - 19.
[13] LOO C E,MATTHEWS L. T,0’ DEA D P. Lump ore and WANG Xindong, LIU Cunqiang, LIU Lei, et al. Research

[14]

sinter behaviour during softening and melting [ J ] . ISIJ
International ,2011,51(6) :930 —938.
SKRITR, SRMER, X%, 25 . A [ EAfoAPosbe i ik

and practice of intensified operation on BF with high top

pressure[ J]. Tron and Steel ,2024,59(10) ;11 - 19.



