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Characteristics of Quick Lime by Various Calcining Methods

Nobuyuki 1SHIWATA and Hiroyasu 11O

Synopsis : The fact has been known that lime is one of the most important materials as flux in steelmaking. The last decade, the average supply of lime
for flux is up to 5.5 million tons/year. Fluorspar is convenient material for making flux as dropping of melting point of slag, a number of steel
making plants didn’t pay attention to the standards of lime but for chemical compound and reactivity. But nowadays, because the solution of
fluorine in soil is becoming serious, and the use of fluorspar has been restricted as flux. So, the characteristic of lime, such as surface area and

microstructure are drawing the attention for making slag.

In this paper, it is reviewed that improving of characteristics of quick lime by various calcination methods.
Key words : lime; limestone; flux; steelmaking; surface area; micro structure; reactivity.
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Fig. 1. Annual supply of total lime including steelmaking
use in Japan.
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Table 1. Representative chemical analysis of various limestone in Japan.®

components(%)
Specimen B
Ca0  MgO gﬁfzgg ALOs  TFesO0s  PuOs
A (Hidaka) _ 55.50 0.30 0.20 0.20 0.02 0.009
B (Shiriya) 54.90 0.56 0.28 0.63 0.04  0.022
C (Miyako) 49.57 3.16 3.80 0.31 0.56 0.050
D (Matsukawa) 54.89 0.47 0.47 0.15 0.15 0.005
E (Hitachi) 54.54 0.26 1.51 0.12 0.12 0.018
F (Kuzuu) 55.54 0.33 0.16 0.04 0.07  0.117
G1 (Okutama) 55.38 0.30 0.22 0.42 0.018 0.013
G2 (Tsukumi) 54.80 0.93 1.09 0.04 0.02 0.054
H (Akasaka) 54.31 1.16 0.22 0.04 0.05 0.038
I (Akiyoshi) 55.33 0.19 0.29 0.06 0.06 0.007
J (Kuzuu) 34.43 17.71 0.81 0,06 0.16 0.098
K (Akasaka) 36.79 15.78 0.90 0.05 0.07 0.054
Table 2. Trace elements in limestone®.
A
Specimen Ba Cu Zn Na K E \}
% B
a 26 5 11 71 65 = c
b 4 38 160 t D \
E NJ
c 2 3 18 29 £ W
g

Table 3. Physical proPertles of calcium carbonate and cal-
cium oxide.®

Calcium Carbonate Calcium Oxide

(Calcite)
Chemical forml;lar - CaCOs Ca0
Type of crystal trigonal o C\ibic
Specific gravity 2.71 3.34
Mob’s hardness 3 2~3
Decomposition point 900°C —
o Melting point - 2,572°C
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Fig. 2. 'DTA analysis for typical Carbonates.” A. Calcite;
B. Aragonite; C. Magnesite; D. Dolomite; E. Basic
Magnesium Carbonate.
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Fig. 3. Relationship between dissociation pressure of cal-
cium carbonate and magnesium carbonate and cal-
cining temperature.®
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Table 4. Characteristics of typical lime kilns.

. Capacity
Type of kiln Stone Size Characteristics
(t/d)
Maert:
aertz 20~90mm 150~600 Low specific thermal consumption
(Vertical type) High reactivity lime
Beckenbach
eckenbac 15~200mm Low specific thermal consumption
. 150~600 . PR
(Vertical type) High reactivity lime
High specific thermal consumption
Rotary Kiln 7~35mm  200~1,500 Large capacity

Easy to change the calcination conditions
Easy to select various fuels
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Table 5. List of Standard of lime for steel making use.

Ttem Content Test method JIS R 9001
Ca0 High content of CaOQ JISR 9011 293.0%
Impurity Low content of Si0», Al:O3 JISR 9011
and Fe»03
R-CO2 Low content of CaCOj3 JISR 9011 =2.0%
Degree ,Of Low conteflt of HzO and COz JISR 9011
weathering  absorbed from circumstance
Degree‘of Light burned or hard burned 4NHC titration
calcination method
Size Size distribution for uses Class1f1§at10n with
sieve
Low content of S,P and Cr Chemical Analysis
Others -
High degree of strength or Grinding tost

hardness
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Table 6. Measuring methods of reactivity of lime.

70

.60 - Measuring method content

[&) (o)
<

£50 F

E Specimen : CaO under 5mm(50~100g)

540 + > 4N-HCI titration

ﬁ . method” Procedure: Neutralization with 4 N-HC [ solution till 10min.

®30 |

T’, Express: Quantity of 4 N-HC 1 solution to neutralize by the every minute
>

=20

&

< 10 o Specimen : CaO under 3.35mm(100g) into water(400ml)

ASTMC110 Procedure: measure of the temperature of water
0 L L - Express: Raising temperature from start when the time attained at 30sec
0 100 200 300 400

4N-HCI titration value after 3 min.(ml)

EN459-2 (Lime for

Fig. 4-1. Relationship between 4 N-HCI titra-
tion method and ASTM method in
lime reactivity.'®

construction use)

Specimen : Ca0O under 0.21mm(150g) into water(600mD
Procedure: Measuring of solution temperature

Express: Time when the solution temperature attained at 60°C(tso)
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Fig. 4-2. Relationship between 4 N-HCI titration
m%})lod and EN method in lime reactivi-
ty.
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Table 7-1. Weight loss of limestone on grinding test (JIS A

1121).

Specimen Decrease with grinding(%)
A (Torigata) 23.2
B (shiriya) 24.1

Table 7-2. Weight loss of quick lime on grinding test
(Based on JIS A 1121).

Reactivity on titration

Specimen Calm.n.mg method (ml) Dec.ree}sewmh
condition - - grinding(%)
5min 10min
900°C X 1H 309 337 4.7
A (Tori

(Torigata) 900°C X 2H 370 406 6.0
1050°C X 1H 408 422 8.2

900°C X 1H 320 348 5.3

B (Siri

(Siriya) 900°C X 2H 381 408 6.4
1050°C X 1H 283 352 34
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Fig. 5. SEM images of quick lime with various calcining
conditions to use for grinding test. (Based on JISA
A 1121); (A) 900°CX2h; (B) 1,050°CX2h; (C)
900°CX2h; (D) 1,050°CX2h.

120
100 White: obtained from CaCO,
—~ Black: obtained from Ca(OH),
2880
e =]
K] 5
5 60 CRE
8
€ ° a0 .
a 40 r ° A u
A = -
°
. A
20 L - m A%4, )
% L& 7t Cp0 &
&° 54
0 0o L L o O Q0
0 0.1 0.2 0.3 04 0.5 0.6
Porosity(%)

Fig. 6. Relationship between porosity and surface area of
CaQ, obtained from calcium carbonate and calcium
hydrate.!?
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Fig. 8. SEM images of lime with various reactivity. (A) Reactivity: 750~800 mL; (B) Reactivity: 450~500 mL; (C) Reactivity:

200~250 mL.
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15. Comparison with reactivity of quick lime in CaO
content (calcining time: 2 h, atmosphere: air).'”
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Table 8. Elimination of metallic compounds from lime-
stone scalcined with NaCl. (Calcining time: 2h,
Atmosphere: Air).'®

Impurity Zn Pb Cu Mn Cr

Content in limestone(ppm) 26 8.1 7.8 72 25
Without NaCl Weight loss(%)™ 69.5 643 176 370 121
With NaCl Weight loss(%)™ 981 976 381 184 143

Limestone size : under 100mesh, Limestonéi;\IaCl¥1120(mass %)
Atmosphere: reduction, Temperature: 1000°C, Heating time: 2H
*The data represents the average value of three runs

1,Jm

Fig. 18. SEM images of quick lime calcined with steam. (A) Calcined with steam on neutral atmosphere (1,000°CX2h); (B) cal-
cined with steam on neutral atmosphere (1,000°C X4 h); (C) calcined with steam on oxidized atmosphere (1,000°CX2h).
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Table 9-1. Properties of quick lime calcined by various atmospheric conditions.??

Calcining g 1pe  Reactivity Available
0, [ 0,
Atmosphere temperature('C) area(m?g) “Cy* Ste) P& CO20%) lime(%)
Air 982 1.83 26.5 0.060 0.008 4.36 84.26
Air 1,038 1.51 22.2 0.072 0.014 0.32 91.23
Air 1,093 1.24 18.1 0.078 0.011 0.30 92.98
H, 871 3.14 31.9 0.014 0.011 3.16 83.29
He 927 2.92 40.8 0.006 0.009 0.25 93.97
He 982 3.09 40.5 0.020 0.010 0.29 94.56
H: 1038 2.77 41.3 0.016 0.013 0.12 94.51
Hs 1093 2.22 39.7 0.022 0.012 0.14 94.86
Nz 982 1.93 35.0 0.018 0.010 0.69 89.62
N2 1,093 1.44 29.0 0.010 0.009 0.14 90.92
Water vapor 982 1.22 175 0.036 0.009 - -
Water vapor 1,093 0.85 0.028 0.008 - -

16.3

*)Based on ASTM €110 67

Table 9-2. Properties of quicklime calcined by similar to rotary kiln’s conditions

22)

CO: Nz H:0 0: CO Reactivity Availabl Surf:
Atmosphere cCy* ;’al ?0/)0 CO:2(%) S(%) P4 kur( 327)
Vol% ime(% area(m?/g
00 - - - - - 20.4 93.3  0.164 0.027 0.006  1.12
0o 93 7 - - - 25.1 941 0090 0.012 0.005 0.95
- B Excess ) N
254 674 56 15 ain(10%) 17.6 91.3  0.099 0.055 0.008  0.85
N _ Excess .
149 769 64 18 an10%) 23.2 93.8  0.126 0.036 0.006  1.03
163 769 71 - - Fixcess 24.3 93.1 0091 0.028 0005  1.01
air(@%) 00 T mems e
275 664 61 =~ - Excess 24.1 932  0.100 0.020 0.006  1.01
air(0%)
160 75.1 6.9 - 2.0 CO/C0:=0.125  29.4 944 0073 0.005 0.004  1.20
157 737 68 - 4.0 CO/CO:=0.255  28.2 92.7 0119 0.010 0.005  1.20
27.0 651 6.0 - 20 CO/CO:=0.074  21.7 945  0.096 0.002 0.005  1.09
265 638 59 -~ 40 CO/CO.=0.151  29.0 936  0.109 0.004 0.007 1.21
TRy, Table 921213 EMo — 4 ) —F N VA ME L o
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— RN TR A 6 DBER & iR U T, IHAIKS» 5 DB Fig. 19. DTA analysis of calcium hydrate.
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Fig. 20. SEM images of hydrated lime calcined with various temperature. (A) 600°C; (B) 1000°C; 1400°C.

- = NN W W
o a o a o a
T T T T T

Surface area(m?/g)

o
T

0 1 1 il 1
0 10 20 30 40 50 60
Heating time(min)

Fig. 21. Relationship between heating time and surface
area of calcium hydrate*® @: 550°C, 1atm: A;
600°C, 1 atm; B: 650°C, 1 atm.
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Fig. 22. Relationship between temperature and dissocia-
tion pressure of Ca(OH),.
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Fig. 23. Relationship between temperature and surface
area heated in low pressure.”” O: 450°C, @:
500°C; LI: 550°C; H: 600°C.
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Fig. 24. Reactivity of high reactive lime compared with
usual lime”® @: BET: 3.0m%g (high reactive
lime); O: BET: 3.0m%g (light burned lime); LJ:
BET: 1.5 m%g (usual lime).
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Fig. 25. Capazc}i)ty of desulfurization of high reactive
lime.

11

197 N



$k &4 Tetsu-to-Hagané  Vol. 95 (2009) No. 3

ERBETH B,
6. BRIERIEN\ DS

FHRSME, BRI BIE S AL KO % Bt L 7=
N, WERE LN T EE, LFEOMEEDS 2 VI RE
TR, EEE R E O~ 7 ol B & B n 1 B
AR 6y, 2370 v D EOMILEEZAT S
ERIR BB RIGh3 LI HITH 5 Z & AR L 7=,
Fig.26 (ZAHFLo 1 & Bifm RO BIR AR d, 2 um Bl EOMIL
DA, FimmME L BiEE R 2 H B (Fig26 b)2 H % A,
1um, 5pum P EOMAEDOHE K T/ RES I T
T LT3,

W 5203, BRI RIETOIKROEK & U TR
DOFEERIEIZE KX Uiz, BIKGEBRT 254, SEED R
DWEME IFERTE B2, ZRIEMILE 7 7 9 723814
THEL, 200 7 v o BHRKIBIZFHG T 5L LTWw5,

2.0
15 . (a)
1.0 -
05
0.0 : . L -
1.5 2 25

2.0
15 | 0% ®
10 + -
05 .
0.0 : -

ns % 10%ke)

1.5 2 25

20
15 LI ()

10 | ee o o
05 | ¢

0-0 1 1 ) 1
1.5 2

Surface area(m”*/g)

25

Fig. 26. Relation between desulfurization amount (Ans)
and pore surface area of CaQ particles.” (a)
5X107%m over: (b) 2X19 %m over; (c) 1X10™°m
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Fig. 27. Pore volume of various lime.? O: Pelletized lime;
@®: massive lime; B rotary kiln lime; A: annular
shaft kiln lime.
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