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Technological progress in non-blast furnace ironmaking
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Abstract: Base on the pressures and pathways of carbon emission reduction faced by China’s iron & steel industry with
predominant long technological process, this paper provides a relative comprehensive introduction to the technological
progress in non-blast furnace ironmaking, including the application status of coal-based rotary kiln direct reduction, gas-
based shaft furnace direct reduction, smelting reduction,and electrolytic ironmaking processes and points that that the non-
blast furnace ironmaking processes based on hydrogen metallurgy and electrified ironmaking will be the important
development directions for China’ s iron and steel industry to achieve the goals of carbon peaking and carbon neutrality.
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Fig.1 Annual global DRI production in recent ten years

and the proportion of coal-based rotary kiln process DRI
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Fig. 3 Schematic diagram of coal-based rotary kiln

direct reduction process flow
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Table 1 Global coal-based DRI plants and representative enterprises handling complex iron-bearing resources
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Fig. 5 Schematic flow diagram of the HYL-III process
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RN, BB T EBACR, MR, EZM
Energiron HYL T 75 H A X A, L4635 S 95
PN E, PEEEN 190 J7 va, ENJE JSPL A
A, FEREN 250 7 va, FREFEIEIT 100 Tt 9
AR 60 7t HAFERE Y, WIRAT
Energiron-ZR 1.7, Energiron % B85 R IE 5L 4 il
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Fig. 6 Schematic diagram of the Energiron process flow
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i 427 DRI #A ¥ DRI, #4 DRI AJ 9 6 46 4: 7=
HBI( ] R B8 iz i py it B0 Ry fn ) ol i
HYTEMP® S 8% R SE1% A EAF; % DRI W[ 1 4%
RN (RO T ZEAE R 2R B AR A4

TEALRE) . T HYL RO et 2 H e H,
WIS AR 4l Hy, R AR S %
YR W Co ikl H,, Sfbid P B R
(CO + H,0=CO0, + H,) &H Y &1 CO,
I, HYL/Energiron T. Z7E4l H, #:4FE | LM 2 H
B R B IS
1.3.3 AR BW & RIEH AT LA T Ty

FALERA D AR RIS AR | Bk
A=Y R oy SV W W =y Wl = 2/ B 1Y e
BRIGURE, BRI B 5 5 X0 i J I I A i 2
DR BT oA BRI, oA T A T s S A
MR, T340 T i 3K AT 4 00 2006 2 — 2 1 M
B3R, MIDREX #1 HYL T.Z.A[A], X Bk A8 f4
REZLRANG S EREM A AN R

HYL 35 — M 2R Bk B 0 i R o 2 AL T
2 000 N/P( SEBRAE = ZORAMIET 2 800 N/P)
HYL 28 4 HHREZE R A 950 °C 1 800 °C 44 F iy
WR R ECRA R K %, DL & 500 C 4R Y
R JF AR, 3R 3 A —ERE T HYL id )R
BRI G At Re b e, BRI 38 J B 45 B KT
4, BRI E AR KF 15%, KR L R i %
(>6.3mm) KT 80% . ( <3.2 mm)/NF 10% ,
RBERERABL HLAE 60% LA 77

F3 HYLEEFEBKEAT G &R

Table 3 Standard on metallurgical performance of HYL

process reduced pellets

L U fE

WFETREL B EEIKR (500 °C) /% PR/
(950 C) (950 °C)/% %
>6.3 mm <3.2 mm
>4 <15 >80 <10 >60

MIDREX £ — M 22K 3k A 0 $0 Fe o B2 AN /N T
2 500 N/P, %4 & MIDREX V£ J5 R A 57 18 7 <,
TR LG S RE AR, RAE Linder 525645 4,
MIDREX ¥ 223K Bk A 7 6 J5 )5 4 J& Ak R A KT
91% , fRIIEIEHILZ( <3.36 mm) AT 5%,

MIDREX 7234 JFUR b [R) A SR FH PR 6 e '
5 HYL %M, MIDREX 3538 AR B 208 N, ik
AT CH,, SRR bt &4 T4k, @Ry
760 C, i J5FE i BT E BRI R 500 ¢, AR
AERARAL , VEAIRGIN 7 35 e e 5107
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MIDREX %R EBk A7 R ES A ARG S HEEIRAE (IFRRIRE 760 °C)

Table 4 Standard reducing gas composition and metallurgical performance of MIDREX reduced pellets

( reduction temperature:760 °C)

A RLLIR (AR5 /%

Ve IE

H, co CO, CH, EIRIER/ % RIRAFER AL ( <3.15 mm) /%
55 36 5 4 >91 <5

%5 HYL 30 Midrex 554 A EXT e

Table 5 Comparison of testing methods between the HYL process and the midrex process

i H i 5

7S

A Sk Ak

LR

ALk BT A 500 g5
R EE R 950 °C ;i
AL I (AFRS 40
955% H, +21% CO +
14% CO, + 10% N, ; i&
JES F AN 55 1/min,
R Z I EE N 95%

HYL

FALERAI T4 500 g5
R FE S 800 °C 5 ¥
AL L (ARFR S50
9 45% H, +30% CO +
15% CO, +10% N, ;i J&
WM 50 L/min, iF

JEEF[B] 247 90 min

Midrex

AALERHA BT R 500 g5
IR E A 800 °C ;8
JRAMARH (AR50
9 55% H, +21% CO +
149% CO, +10% N, ; il J&
R E N 55 L/min, &
Ji 2R R 95%

FALER AT BT 500 g5
R 800 °C 5 i
JEAZH B (MR FR 53 %0
9 45% H, +30% CO +
15% CO, + 10% N, ; it
A RN 50 L/min,
I JEFA] 4 90 min

FALERH B 1 000 g
W JEE B R 500 °C 5 #  Ry
18 v/min; i TS ALK (AR
S8 N 55%H, +21% CO +
14% CO, + 10% N, ; it JiL =,
ViE A 20 L/min; 3 B [E]
7120 min; P > 6.3 mm, <
3.2 mm B SEER 5 L

A ALk A Bt i Ry 500 g; i
JEIR BE 760 °C; Ky
10 v/min ; 38 B4 A (MR FR
7380 K 55% H, +36% CO +
5% CO, + 4% CH,; it J§ X,
WA 13 L/min; i J5 B [H]
4 300 min;fﬁ]ﬂ >6.3 mm, <
3. 15 mm Kk 5t

AALER A BT & R 1 200 g; i R
TR 950 °C 5 i A4 AR (14
TR0 J 55% H, +21% CO +
14% CO, + 10% N, ; i J5 < i &
A 55 L/min; ¥ JR E b 5N
95% ; N JE 1.5 kg/em® F§ 4%
30 min;1 m & B 20 K

FALER A= R 2 000 g; i I
IBJE N 850 °C ;i R 4 Ak (14
FUAM%0) 1 45% H, +30% CO +
15% CO, + 10% N, ; i J5 < 7 &
A 40 L/min; 38 JFE T E] 24 60 min
B, NE 147 kPa #:4: 2 8 5 %
S 95% ;A 1 000 mm (RS
Wt i 25 v/ min, L4 35 1
B 5 BEUT U SRS NER, BR B
Zi)5i=y

Fe S A, AP T2 Ek AR IR R R RE

R 5 o AE AR B R 22 R XA ) BR TR A

MIDREX Fl HYL i&-FAT IR, AR TEA R PE R4

Rorag e, 7, k6., 7 AT, I HYL £

5% A5 2 A AR IR 36 5B AL 38 20 (> 6.3 mm) | SR, dE— U T MIDREX T2 % 5o} )

( <3.2 mm) 535K 66.12% F1 31.55% , 4% MR TP T A i MR IR A B I IR B R
F6 HEHIHYL Za&iEae

Table 6 Simulated metallurgical performance of the HYL process

Midrex 72:75 2] BRI I8 A AL 75 50 ( > 6.3 mm) |
( <3.2 mm) 3510 97. 78% F1 2. 19% , i W& W Fh
TR ER AR G S5 A T Pk e e bR i 220K, %k
AR 2 MIDREX T2 RZEK, (HANH 2 HYL T

) ISR S % IR 5k Al 6 £ % )
I EE TR A IR/ % Fhss 880 %
800 C 900 C >6.3 mm <3.2 mm
4.56 10. 33 13.98 66. 12 31.55 40. 12 11. 18
£7 B MIDREX %4 &6k
Table 7 Simulated metallurgical performance of the MIDREX process
W R EE T B T JE e IR I A A8 B % AL Y Fhebta 5 %
(Rly) 1548/ % >6.3mm  <3.15mm  <0.5 mm % Is, Is,
81.246 6. 67 97.78 2.19 1.55 93.56 0 16. 66

1 Rly, 4 800 °C L5 90 min BYIERJFE s Is, %% 10 505, >25 mm R0 b Is, o0 35 ¥4 05, Zhas ok ny SRR L
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2 FsRhEEN Y
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Wy ARG TEAT 1R B 0 S TR R R R R M Eu AL
SRk, B TRORNE MR . R BEFERR
RAELA IEEEAE | BEE DL A AR AN A% K
B, KERIAJE T 2B s, A O AE
IR R T 220 30 A fh, HEASL3 M T 24
BAkKREHEZLH T, 4354 COREX,
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ZAEEWNEIAR T TR A, RS T ERRE, 5
WIR T L0 43R« — 3k fle — B9k Wik, “—
AT SRR R A AE— A N R N SR R Ak
A B 7R, < A0k MR IR0 e e
TR A PN 58 BT JRE, SR S5 AR 23 TR I8 52 A
HE— DR JE | BRI S, R A 0 v R
TR SRS AR [0 28 AR B FH TR 4 T4 i
2.1 ZHEBHTEE

CTARRT IR RGER R T T E ek .
PR R T2 RN T2 E AR L, 158 T Pk
R, Ho AR B, &L Tk b iy 2
COREX T.Z, COREX J fl if JFUbR 2k AR F I it
4870 AEACAR AR E Korf T 22\ ) AN (VAL)
BCA TP A, IET 1987 4F 12 A e R0 AL A
(ISCOR) 7 L B A WP ( Pretoria ) A%t 5 1 2 —
JiE COREX J& Riltid U g 1 (C-1000) , BR/Kixit
PO 30 7, FREFURSASE R R, Hig
710 FJe s =, Mt AEB N L #E T 8 &
COREX J& A J5 4% B 47 Tk 24E 7=, i 6 &
C-2000% (4E77 65 i t/a, HAPEIE 4 & Bk 1
£ HE1E) M2 & C-3000 B (47150 J Va,

T BT 2007 4EH1 2011 4F ) 425 Rl s S5 44 2k A=
FEAEE . AT EAY C-2000 B E L R FINEX T
2, G C-3000 2 REROK A . v 2T
PR, D31 BEIE BEEOR A BE R BT R AL A
BB \, 8 B e T2 Rk,
2015 4F 7 A 19 HIBA) I sl SE 8L Tl A fe e
A7E, IR REGE Y, BRE s e R
COREX MRl T2 JFR} . AR P= 35 F F2 2L
V& Sy S 5 MR BN s 7 fiin, COREX
TAMEFRE P EN T EIWE, &gk
BHOE R | SRR AN ST I FE 5y, il AE
PSS B R B g e i, 1 Jedh | BRI Fg
FIAE JFURE IO HE A TA B, FE 5 850 ~
900 °C 1) b Tt i Tk A0 T A M 2 fih ao B b & A ) i
T FIIA JR R R, 32 47 2 B IR S5 IR 4k Uk
(a) Y/ BRAR" /K5
mig VR

WL

1500 °C ;
—— Hupi

(a) TZWHE; (b) WBasAbyaity
B 7 Corex BREFEEHK T ZREMBISUL
gHpRE"
Fig.7 Process flow diagram of Corex smelting reduction

ironmaking and schematic structure of the melter-gasifier
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W AL — 5 42 8 AL R BG4 2K (DRI) , N # O )
I EAL BRI R, COREX T 23 # %R DRI
SRR EAMET 90% , (H T HlL J5 B 4 o
R T KRR, TRE WA E S, BRK
BT 2% DRI B 4 8 AR EZER N IH 2 70% /2
i, LA BT ERT 60% , X EHAT
FE SR IR ERRCR

T A7 Ty HE L 0 I8 4 2k A0 i 0 7R
HEASE S SACY AT AR R, B K, A
IEE AN A b, N AT R R R R A
JR AT RN ARSI, OBRA% K 43 J5 T i F £ i £
we, TEWVE BEUSSCRME  #E55r S Ak b i R JE 43
MAEZANANO, WA T ARG IEEE & AR Z
RS, 72422 000 °C LAY R il b 2838 [ e Rt
Pl P TREAGREERTIR 1100 °C 24, FEE
A CO, H,, CH,FN,, Hr CO F H, K%
M RERI 95% ., [EIBT, SN T Bl Lk A 5 U g it
SRR R A FR S, AARyHE R R AR
WATIRAL] 20% 235 AL I R A, IR G SRR
BEZ) R 900 C, & MR JE kS FEILE
850 °C, HEFAJREBIH

T ARk COREX SRR I T 2ok i
B FEE T 20 1, TS [ N RHF B BT T
JBT KA, 0 v B R 2 0 A R RS A

BHRREETT KT 3 S M AR S U ik 3 10 B o 42 57
PEBRIAT | RERACI R ASTE & TiE A COREX T2
PR febezsn™, ek T hoptaitg e g BRI +
P ) “ BRI + Begh B + A AR R R
THRBAR S eAh, TR SRR 1
BEHETRMEARE LA K [ J52 U ) A 8 S5 R i, A 2%
P TSR R AR ERRCR S

ERPHRTZ S /P H%R T 2N a3 8
FiR o MWERAT 9 COREX #5 il J5 T 255 | 0k A 7=
SRk A, BIRIRELE COREX SR 5 T 2
AR SCAN B AR A B o R T R TR, AR
RPRIAE = 2 S R i 2, He 3R A Rk Ak A=
FE—HARREIR B W) BB 2R . COREX T4 Jf:
WA o6 4 S IR R Bk, B il Bk K 4 A
150 ~200 kg Ay/NHAE s AR RCRMWMAL, KT
1 v (m’-d); HAIK A SR EBAL Gt i ek T
o, WIS, S AT
[ T A

KA, Bl FE P S B A R T AR
AR A I o A Aok o s 0 i 81 9 B AR A AR 5 R &
&, AL COREX MERNAJE T2 Bk R~
AT = U R L 2 =% WA,
TV COREX T2 MA =50 ., ok i #5532 ¢
A R R - B R T AR

®8 FRIPBKEBIBEHKRITESLL

Table 8 Comparison between blast furnace ironmaking and alternative ( non-blast furnace) ironmaking processes

TV HARR R e BRI R B WORITHRE R R AR
. 900 ke/t el
Corex  PRCUER o s dok it mRespRE 07! B 150 ket 42 4F
2%l FEHE 25 12 fz g
IR A . " 750 ~ 850 kg/t
HopE mg . o ’
Fnec wAMGER e GRS msea D07 Wobges w4
B g g A RIT AR e 200 ke/t
-~ , , . 800 ~ 850 kg/t
OGRS, KR RRW. URMEROAC. . 135 77 t ’
RN N N N N N = S Horh sy .
Yefzy oy i I i S P A 8 25 12 g g 5 4
200 ke/t
\ ‘ Gk 5 15 P 80 77 1
72% ) o 9’ A -~
S S By e T A
/ ETLEWAR %8 ~10 12 Y
T 500 ke/t
. N pesk BRH X Lk MK S 100 /7 t ;
= -1 U R B N Horh i
el = i Ny P B B 10 ~ 11 12 A g 310 4F

350 ke/t
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Fig. 8 Schematic flow diagram of the FINEX smelting

reduction process
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AR AR R, E A R R XU AR SR G e T
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Fig. 9 Schematic flow diagram of the HIsmelt smelting

reduction process
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Fig. 10 Schematic diagram of hydrogen plasma reduction
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