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Study on the Smelting of the Iron Sand (1)

By Nobuo Nakamura
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Hitachi, Ltd.

Abstract

The author investigated on the smelting of the Iron Sand and the produ-

ction of charcoal pig Iron of it which is reputed to superior to Swedish cha-

rcoal Iron.

The small blast furnace used, is square type. On this report (1), the author

described the condition of operation of this blast furnace befor its improve-

ment.

The characteristic points of this process are as follows :—

(1) Superior quality of the Iron Sand.

(2) Use of charcoal as reduction agent.

(3) Smelting at the low temperature.
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i M (R) 61.40 | 21.46  66.30  5.20 1.76 | 0.60 | 1.88 | 2.54 | 0.009 | 0.022
B A (E®) 63.64 | 27.00 | 59.12| 11.00 | 0.85 | 0.52 | 1.75 | 1.83 | 0.008 | 0.013
W %k GRE) 50.96 | 21.52 | 48.38 | 9.60 | 1.82 | 1.77 | 9.80 | 2.62 | 0.013 0.033
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Fig. 1 Structure of Squar Type Blast Furnace
for Charcoal Iron.
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Fig. 2 Flow Sheet of this Process.
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| T.Fe Si0, | ALO; CaO | MnO MgO‘ P S ‘ TiO, |
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W | HmGEes) | 57.32 4.21 | 235 | 2.35 | 0.68  0.55 | 0.012| 0.013| 3.78
& | TRE(T@) | 6140 520 2.5 | 1.76 | 0.82  0.60 0.009 | 0.022 1.8
A 0.07 | 0.08 | 0.10 | 55.14 | — | o.504| 0.010 | Tr. 1o
AX A |
B 0.05 | 0.06 | 0.09 | 56.00 - 0.428 | 0.012 | Tr. | Nil. |
Ash 100 431
R V.M. | F.C. | F.w. | Ash
Si0; CaO ALO; FeO; | S P
A 9.90 li 85.0 | 3.50 @ 1.60 | 6.30 | 68.26  8.20 = 9.24  0.85 | 0.32
AT A = —F et B EBH .E o
= % | C | Si | Mn P S Ni | C | Cu 4 Ty N.
B kg No.o1 3.70 0.3 0.16| 0.066 0.010 Nil. [0.07 | 0.057 | 0.15 | 0.30 | 0.001419
/ No. 2 3.60 0.20 0.12| 0.070 0.003| Tr. | Tr. Nil | 0.23 | 0.24  0.001419
A=—5§No. 1 4.45|0.57 0.32| 0.016 0.006 | Nil. | ~» | 00.08| 0.15 | 0.09 0.002064
” No. 2 4.60  0.62 0.39| 0.28 | 0.004 | 7 | Tr. | 0.08 | 0.07  0.002003
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11,752 | 9,572
11,060 | 9,554
12,727 | 9,982
13,221 @ 9,980
12,590 | 8,573
14,445 | 9,677
12,780 | 10,220
1 13,972 | 9,711
12,097 | 10,734
13,271 | 10,060
11,685 | 8,705
12,442 | 10, 282
13,436 | 10, 242
12,411 | 9,937
11,776 | 7,991
12,567 | 9,589
11,997 | 9,428
112,924 | 9,369
12,333 ; 9,516
12,538 | 9,019
14,390 | 9,724
14,737 | 9,739
110,401 | 8,190
14,979 | 9,438
13,611 | 9,818
14,200 | 10, 041
14,938 | 9,840
13,358 | 9,490
11,482 | 9,022
10,764 | 9,069 |
11,866 | 9,166 |
11,936 | 8,161
11,989 9,174
11,366 = 8,905
10,670 | 8,882
10,026 | 8,169
11,270 | 8,855
j 10,574 | 9,162
11,512 | 9,498
10,204 | 8,580
10,964 9,486
10,266 | 9,060
| 11,458 | 9,455
110,721 | 9,328
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W &k | "% |‘ G Mn .i Si P S

~ton ton T < TR RS R,
5,209 | 1,838 | 2,256 | 0.815 | 210 | 3.96 | 0.21 | 0.37 | 0.028 | 0.008
5,326 1,797 | 2,189 | 0.864 | 200 | 3.72 | 0.35 | 0.36°| 0.026 | 0.009
5,811 1,718 | 2,190 | 0.785 | 199 | 3.35 | 0.20 | 0.34 | 0.019 | 0.012
5,503 | 1,797 | 2,403 | 0.749 | 205 | 3.42 | 0.22 [ 9.35 | 0.020 | 0.008
5,667 1,512 2,221 @ 0.680 | 200 | 3.25 | 0.21 | 0.36 | 0.030 | 0.006
5,720 | 1,691 | 2.525 | 0.672 | 190 | 3.24 | 0.21 | 0.32 | 0.027 | 0.005
5,993 | 1,705 | 2.233 | 0.799 | 200 | 3.30 | 0.23 | 0.29 | 0.021 | 0.016
5,252 1,849 | 2,660 | 0.694 | 198 | 3.20 | 0.19  0.29 | 0.023 | 0.012
5,367 | 1,813 | 2,252 | 0.887 202 |3.45|0.18  0.38 | 0.018 | 0.013
5,443 | 1,848 | 2,428 | 0.754 | 209 | 3.56 | 0.25 | 0.32 | 0.019 | 0.008
4,681 | 1,860 | 2,496 | 0.746 | 210 | 3.62 | 0.38 | 0.22 0.030  0.009
5,235 | 1,964 | 2,776 | 0.826 210 3.24 0.21 | 0.24 0,017 | 0.009
5,347 | 1,915 | 2,514 0.767 | 200 | 3.50 | 0.23 0.34 | 0.021| 0.015
5270 | 1,886 2,355 0.800 | 212 |3.45 0.19 0.29| 0.018 | 0.014
4,151 | 1,925 2,355 | 0.680 220 | 3.82 |0.36 | 0.27 | 0.060 | 0.013
1,492 | 1,746 | 2,288 | 0.763 221 | 3.75 |0.32 0.19 | 0.050 | 0.009
4,698 | 2,006 2,553 | 0.786 | 209 | 3.72 0.35  0.25| 0.040 | 0.012
4906 | 1,915 | 2,644 | 0.724 | 210 | 3.65 0.36 ' 0.28 | 0.043 | 0.011
4,717 | 2,015 | 2,614 | 0.773 | 210 | 3.66 0.30 0.29 | 0.030 | 0.009
4,636 | 1,945 | 2,704 | 0.721 | 210 | 3.32 | 0.19 | 0.31 | 0.021 | 0.008
5,146 | 1,889 | 2,796 | 0.675| 200 3.20 0.18|0.30 0.021 | 0.012
5,333 | 1,826 | 2,763 0.661 | 202 | 3.35 | 0.20 | 0.38 | 0.025 | 0.007
4,341 | 1,886 | 2,396 | 0.787 | 200 | 3.85 | 0.39 | 0.35 | 0.054 | 0.009
5,040 1,872 2,911 | 0.629 200 | 3.42 | 0.21 | 0.36  0.030 | 0.008
4,936 | 1,989 | 2,757  0.722 195 3.32 0.21 | 0.31 | 0.031 0.009
5,410 | 1,856 2,624 0.705 195 | 3.24 0.19 0.29 0.021  0.015
5,223 | 1,883 | 2,860 | 0.660 | 190 | 3.03 | 0.17 | 0.31 | 0.023 | 0.012
5,195 1,826 | 2,571 | 0.710 | 198 | 3.54 | 0.25 | 0.28 | 0.045 | 0.009
3,854 | 2,340 | 2,979 | 0.786 | 199 | 3.64  0.30 | 0.28 | 0.024 | 0.008
5,148 | 1,761 | 2,090 | 0.843 | 215 |3.66 | 0.34 | 0.27 | 0.030 | 0.012
4,838 | 1,892 | 2,450 | 0.774 | 210 | 3.67 | 0.35 | 0.31 | 0.026 | 0.013
5,414 | 1,629 | 2,204  0.686 210 | 3.72 | 0.34 | 0.32 | 0.027 | 0.012
5,047 | 1,827 | 2,375 | 0.766 212 | 3.52 | 0.31 | 0.31 | 0,039 | 0.012
5,162 | 1,725 | 2,202 0.784 | 215 |3.43 | 0.30 | 0.30 | 0.042 | 0.008
4,959 | 1,933 | 2,322 0.834 | 205 3.48 | 0.32 0.34 0.018 | 0.020
3,787 | 2,157 2,642 | 0.816 200 3.42 0.32 0.33 0.019  0.009
4,644 | 1,906 = 2,426 | 0.786 | 200  3.55 | 0.30 | 0.32 @ 0.024 | 0.012
4,708 | 1,946 = 2,245 0.866 | 200 3.65 0.25 0.30 | 0.028 | 0.013
4,611 | 2,044 2,513 | 0.820 | 200  3.63  0.28 | 0.38 | 0.027 | 0.014
4,265 2,011 | 2,392 | 0.841 | 215 |3.42 | 0.24 | 0.21 | 0.044 | 0.016
5,079 1,803 | 2,188 | 0.866 210 3.24 | 0.25 0.22 | 0.049 0.009
4,263 | 1,954 2,408 | 0.883 200  3.25 0.28 0.23 | 0.032 | 0.012
4,727 | 2,000 | 2,423 | 0.825 200 3.35 0.26 0.24 0.019  0.011
9,555 | 1,679 | 1,930 | 0.870 | 200 | 3.48 0.23  0.24 0.024

0.012
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Charging Material.
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RIT HERD T S, HAROO BT T BEFES
At P T HIREETH B, mOBHEERILEZT 5
@4 5.326ton/day ®, ®, DG 4,265 ton/
day T Ty BEDBIHTI L2 CLIEEEDER D B X
T Is\WIRBED F23 B v BFELL L OBIERAE DIER
Te—EY 27 4 Fon— A (Low Bosh, Wide Herth)
DA UBE ORI 2B,

[VI] $EiEOHEEER IERERY

WERESIU O8REEC D\ TR RZ OED S 500 =
ZAG AR & BT = —7 2 F v 2 SFEEEV OFHEG
FEIROINE DD TE %o FTIRy AR D EHRRR
=pET 10ton AKFEHNT X 2 2RPEIEA T X % EERIFD
— {5 & F L o R AN O GEFERLE B OFac L7z,

4 T sk & R o ERT AR O SREE LR O — ] 2 2K
T5L8 10 RO TH Do

& 10 RKicv < FHEOIRRCEENTTREFO L DT
bHo BT 2 v EFHBRHEEIRC N T BEEE X 0.8~0.9 ©
5,50 LIXERER T 505 AR TlE—Bal AL
et BB b0 RLA=Z—F VDTN ERD EE

iz TiO;, Mg0 & EROERE LW FHETH D T,
Ca0/Si0; DHTCETEZETHI LIZBFHTHA

KW EET X v ARSI L R SMHEIC L2 O

b

i TRON) i



174 HE #1126 £ 2 H H 3 YR B 3BRER F 25
—-
FOER & M O % o MO 750 Ly BIGH DA
t f oAl Si0: CaO TiO, | ALO; | MgO uomw iy WIEBETTHLAT LO=
: @ % % % B % %  othE
T 5 3~4d 25~32 | 10~20 <4 | <6 0.7~0] '8 R
~ { (2) AMAEECX?ERERC
=& A& 3 8| 30.60 28.86 19.08 = 9.80 3.90  0.94
o o ke | R AEME O FESL, o
il YA | 44.09 | 29.15 | — | 7.29 | 15.53| 0.66 s
<00 TN el 1O R, SRR _| ) SETE Eg%%ﬁﬁ?iih‘éo
’ i = -{ i
% 10% /1 M % i MOk 0o — (3) PR OVHERAYRFIEC >
— - LWTILH S AR ¥ BEED
No. | SiOs Ca0 TiO, AlL.O, MgO | CaO/SiO. =
™ ; = 5D B0 Ho—FFELT
® 32.40 | 20.56 | 22.58 | 13.40 4.20 | 0.67 s | i
@ 24, 88 16. 31 6. 32 8.17 0.91 0.66 JF—Hi 53 D FLIMRI P6 LB P
@ | 28.20 19. 04 28. 20 11.20 2.39 0. 65 OB LRZIVD L Thbo
@ 27.20 21.74 27.20 10. 59 399 | 0.79 (4) BEDBHRD % \EF]
® 34. 30 23. 60 18.72 8.91 3.90 | 0.69 »
el s = - = e — . . ST 573‘\ ]g’ﬁ%':f_@ chpu,
w1l F£ W R M B O MK ZZhiLis bR,
0 | | o | | | | | (5) HEAEEE L 1400~800
SlO: TiO; MnO | A]gOg CaO Mg() - FeO IE Fe-_‘:Og Cl‘:Og! G Ng
o N T Y S aory I - °C kLT B, BEADD EEE
! I
31.50 | 6.20 | 0.06 30.09 17.08 0.94 | 9.07 4.75 — |1.48 0.008911 Kk b HHEEOMEEILARL

TESE BN DITRECBIIROBER ST %y firgg Derty He-
rth OEKRTH B, LEOMGUIAMAEEH Tk o HIE
Zisbit\re TiO: XKL EREECHEIT Ly b HREEIT
TELEOWMBEZIBARE LI 55 Th 5, SR FEHTIHE
DRSS Do ILoEL Right charge », HEENIE®
BT X D THIRDEE % FIFliREE L» T 5

G OHFHE R ORI EREMZ BRI L Toth+ 5 &
B2 1 RoMzMHEKEET %0

— U PGS DBRDRTEE “~— 7" (L8 TF 2,
7 = v T RV TSR OMEEEEIE Z BHivTuw
5705 8 11 RoOMEL ©EBES 26, TiO.,, N. 05

- P
\-_||d"

HEL D R TE VRO AMLE IS DH, 2

EEEIBNDS HOMKEZR 1400°C T S THEED
WX 019 100°C 5 BALTh b

i
»

[VII] #§

a

Dz #8325 2KRDINL 7250
(1) ERESHEEEORATRT, HHEELOE

O THEARIZRTSH S o

(6) MWAFAL CO 1% 30% FisEHERR LTV 5
CO: (348A 0T 4~6% CRIEMHEL LI D\,

(7) MTEEIHESRCEMECEKOTLAD,
TRHNIESS D& | 1P TR  HSE A B A T THIEEH
DIFER LTI THEERCh 5o X222 THEER
bREC DL T Do

(8) EEEDOHEEIIN 0.6~0.7 Tk oC, DT

et ch %5, TiO DEF R 209 % Ll FTH 555,
300 #AEZ 55 Liticug

(9) HEPRMERSDIER © BB 7c & 7o\ 23, FEFN 24
£ 12 BCERLIC— T2 LIckER, B v=
Y PRILOSEEEMK D RZMIERI ChH A ) LEZ DL

(10) AR TCUIARBELIIFRIZFE1.905 T, DT
HREAIE s AREROCHOBOMIEZE L L HEHmN
BE W o ABRRERS S Y REL LAY TCETRL
BDIzo AR Z F\ e X v 7 v B D ST ERC IR
TR 0.8 58 Ch oz, I (Tt~
I2\vo AMZERTICE O TIHEFIMEZ A B, Ba&H

(LATFZE 37 A~D2 Y ()

L "}"-?‘1"'{”

— 4 —





