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CHAPTER 5 RAW MATERIALS, OPERATION, AND PRODUCTION PLANS

5.1 Mineand lron Cre

5.1.1 Qutline

For sinter production, it is desirable for the plant to have a stable supply
of uniform quality of iron ore over a long period of time. The iron ore should

not only be of a suitable quality for sinter production but also be mined and

beneficiated in a technically and economically acceptable manner.

5.1.2 Location and History

The Marcona mine owned by Hierro-Peru is located mn Marcona, Nazca,
Ica, Peru at latitude 15°30°S and longitude 75°W, and is 400 km south-southest
of the capital city of Lima. A beneficiation plant, pelletizing plants, and a load-
ing port are located in a coastal city, San Nicolas, about 15 km west-southwest
of the mine.
The Marcona iron ore deposit was discovered in the early twentieth

century. Santa Corporation, established by the Peruvian Government, obtained

the mining rights in 1943 and began prospecting in the area.
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5.1.3

In 1952, Santa Corporation concluded an exploration agreement with Utah
Construction Co., and Utah Construction Co. organized Marcona Mining
Company jointly with Cypress Mining Corp. The first iron ore shipment was
made in 1953, Thereafter, a beneficiation plant was constructed at San Nicolas,
and in 1963 and 1966, pelletizing plants were built. In July 1975, Hierro-Peru

took over the mine.

Ore Deposits and lron Ore

The iron ore exists in contact matasomatic deposits which are concordant
with the strata of two sedimentary rock formations: the Marcona formation,
which is thought to be Lower Carboniferous, and the Middle Jurassic Cerritos
formation. The iron ore deposits are scattered within an area approximately
10 km x 15 km. (Fig. 5-1)

The ore deposits are classified into three zones from the surface of the
ground downward according to the degree of weathering. (Fig. 5-2)

The upper zone is called the oxidized zone and consists of secondary
hematite and small portions of magnetite and geothite.

Below the oxidized zone is the transition zone, which is a mixture of
magnetite and hematite ores. Pyrite existing in the lower part of the oxidized'
zone is transformed to jarosite and botryogen in the upper part.

The primary zone lies at the bottom, and the primary ore in this zone
accounis for the major part of the total ore reserves. Thus, the main iron ore
material for sintering will be a processed primary ore.

In the primary ore, ore minerals consist mostly of magnetite. Gangue
minerals consist mostly of pyrite and actinolite with small contents of quartz,

plagioclase, chlorite, chalcopyrite, pyrrhotite, etc.
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A considerable portion of pyrrhotite, though scarce in other ore bodies, is
included in a part of the Mine-5 ore body. The primary ore with a high pyrrhotite
content is called refraciory ore.

The suiphur content of iron ore derives mainly from the pyrite, pyrrhotite,
and chalcopyrite content. The pyrite and chalcopyrite can be removed relatively
easily by magnetic separation if the pyrite and chalcopyrite are liberated, but 1t
is difficult to remove pyrrhotite by magnetic separation. Instead the pysrhotite
must be removed by flotation.

The CaO and MgO contents derive from calcium amphiboles such as
actinolite. The Cu content of the ore derives mainly from chalcopyrite. The
greater part of these impurities can be removed from the ore by magnetic

separation and flotation.
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LEGEND
] Pisco Formation San Nicoles Granite

Cerritos Formation [7777/] Lomas Complex
E== Mercona Formation & Orebody

Fig.5- 1 Geology of Marcona Mine
and Distribution of Orebody
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514 Ore Reserves and Ore Grade
According to data prepared by Hierro-Peru, the ore reserves and ore

grades of the Marcona ores are as shown in Tables 5.1 and 5.2,

Table 5.1 Geological reserves (as of Decembar 31, 1978)

(x10° )
i
Proven Probable
Formation Oxidized Transition  Primary 'Oxidized Transition . Primary
. DU S ]
Marcona 24,939 61,339 379.111° 900 3,930 516,139

Cerntos 60,391 57.883

24,639 1 29,357 142,702 209,520

Total 85,330 119,222 403,750 30,257 146,632 E 725,659

L]

{Source. Hierro-Peru)

Table 5.2 Chemical Composition of Proven Reserves

(%)

Oxidized Transition Primary

Formation Fe S Cu Fe S Cu Fe S Cu

—_— - — —_———

Marcona . 54.7 0.3] 0.20 53.1 176 0.05 578 293 011

Cerritos  ~ 49.4 041 008 449 214 0.07 46.6 242 012

— — — - R S, —— . — 4 e -

Average 509 038 0.11 491 194 0.08 57.1

290 0.11

(Source. Hierro-Peru)

Table 5-1 shows that a major portion of the ore in the Marcona formation 1s
primary ore.
Table 5-2 shows that the Fe grade of the ore in the Marcona formation 1s con-

siderably higher than that of the ore in the Cerritos formation.
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5.1.6

5.1.6

Mining and Transpartation

Among the many ore bodies which exist at Marcona, those being mined at
present are Mine 4 and Mine 5. Both transition ore and primary ore are mined at
Mine 4, but only primary ores (some including a considerable portion of
pyrrhotite) are mined at Mine 5. In 1978, 5,260,000 tons of primary ore and
1,800,000 toqs of transition ore were produced, while 15,780,000 tons of waste
was removed.

The mines are of the conventional open pit bench cut method with 12 m
high benches. The iron ore is drilled with holes 230 ~ 305 mm in diameter and
then biasted. By analyzing cuttings from the drilling, the quality of the ore to be
mined is controlled. After blasting, the ore is loaded onto 65 ~ 120 ton trucks
with 4.6 ~ 11.5 m? shovels and transported to the crushing plant at the mine.
The ore 15 then crushed to 100 mm or less and transported to the stockyard.

The curshed ore is transported from the stockyard at the mnes 1o the San
Nicolas plant on the coast by a 15 km belt conveyor. The width of the belt is
900 mm, the speed of the belt is 180 m/min., and the transportation capacity is
2,000 t/hr. The largest amount of ore ever handled in a single year was the

13,370,000 tons transported in 1974.

Beneficiation

The crushed iron ore transported from the mine is separated by ore type
(transition, primary, etc.) and stockpiled at the crude ore yard. Iron ore re-
claimed from the crude ore yard is then crushed to 19 mm or less at the two fine
crushing plants and fed into separate beneficiation plant feed bins by ore type.
There are eight feed bins, six of which are for primary ore and two for transition

ore.



The beneficiation plant has eight processing lines which perform various
beneficiation operations depending on the properties of the feed ore and the Fe
grade and size of ore product required. The processing capacity of the plant
depends on the Fe grade and type of the feed ore and the product type but
totals approximately 9 ~ 10 million tons for both sinter feed and pellet feed.
The ratio of sinter feed and pellet feed in the product can easily be adjusted.
(Figs. 5-3 and 5-4).

Sinter feed is processed in three of the eight beneficiation plant lines
two lines are for primary ore and one for transition ore. To produce sinter feed,
the ore 1s ground in a rod mill and processed using magnetic separation.
In the case of primary ore flotation desulphurizing is necessary, and the water 1s
removed from the concentrate by a classifier and a screen. Primary ore concen-
trate and transition ore concentrate are then blended at the plant to produce a
single kind of sinter feed. The record shipment of sinter feed is 6,246,000 tons
in 1970. The moisture content of the sinter feed at the sinter feed yard is
8% or less.

Some of the pellet feed is processed at pelletizing plants at San Nicolas.
The record production of pellets in one year was 3,893,000 tons in 1974.

The pellet feed not processed into pellets is for sale as filter cake or as slurry.

-~ 108 -
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5.2 Sub-raw Materials

5.2.1 Limestone
49 Limestone Sources

Limestone is required as a raw material for self-fluxing sinter production.
Several sources of CaO, such as deposits of limestone and coquina (clastic
calcareous sediments consisting mainly of shells and calcareous algae) exist near
the Marcona mine (Fig. 5-5), the coquina deposits, however, are too small 1o
provide a stable supply of CaQ. Of the several Itmestone deposits, the one which
has been most throughly investigated is the one adjoining iron ore deposit N-14
on the east,

This study, therefore, 1s made based on the assumption that the limestone
will be supplied from this deposit, but Hierro-Peru will continue to study other

limestone deposits.

{2) Limestone Deposit N-14
{a) Location and Ore Deposit

Limestone deposit N-14 is located about 8 km north-northwest of the
mine office, about 10 km distant by road. *

Limestone exists in a layer of which strike in N 60°F and the dip is
15° ~ 20°N. The length of the deposit along the strike is about 1,700 m,
as far as has been determined. The thickness of the deposit is 10 ~ 20 m.
To the east the layer splits into two parts, and to the west at a distance of
about 20 m, another limestone layer appears. The footwall is caicareous
sandstone, and the hanging wall is calcareous sandstone 0 ~ 30 m thick

and andesite.



(b) Limestone Reserves and Grade

limestone are as follows:

Table 5-3 Geological Reserve Limestone N-14 Deposit

According to the data prepared by Hierro-Peru, reserves and grades of the

T
Bed Reserve Grade (%)
. T T 1 T
(x10°t) CaO ' Mg0 ' $i0;  ALO; Na:O' Ko0  LOI
! Il : i | H .
i ; f ‘ : ’ .
South l 3,907  44.94 ; 1.22 i 11.82 . 2.69 | 0.285. 0.532 i 36.18
North 377 i 28.53 | 3.04 ' 28.13 ! 5.69 | 0349 | 1.127 | 2751
j 'i !
Total 4,284 | 43.50 1.38‘ 13.26 | 295 | 0291 0.584 | 3542
i i
(Source: Hierro-Peru)

Proven minable reserves at present are limited to 1,010,000 tons {requir-

ing the stripping of 1,901,000 tons of waste), while almost 400,000 tons

of limestone will be required annually. Consequently, further exploration

of the remaining portion of limestone deposit N-14 and other limestone

depaosits is urgently required.
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5.2.2

5.23

Silicastone

Silicastone may be required for the adjustment of the SiO; content of the
sinter feed.

Mine 7, which supplies silicastone for the pelletizing plants, may also be
utilized as an Si0O; source for the sinter plant. The minable reserves of Mine 7
are 2 million tons, and the chemical composition of the silicastone is 74.30%
8i0;, 0.367% Na, 0, and 0.313% K, O. Mine 7 is 2.3 km from the crushing plant
at the mine.

The other SiO, source, the Sur Mancha deposit, has 4 million tons of
minable reserves, and the chemical composition of the silicastone is 81.42%
Si0,, 0.343% Na; O, and 0.242% K, O.

The project will require 50,000 ~ 60,000 tons of silicastone per year, and
consequently, the existing deposits can easily fill this requirement, although the

Si0C; content of the deposits is relatively low.

Carbon Material

(H Coke Breeze

Coke breeze is utilized as carbon material in this study as i1s normally the
case.

Annual consumption of coke breeze is estimated at 125 thousand tons. As
coke breeze is the undersize of coke and a by-product, difficulty may arise in
securing a stable supply of coke breeze in sufficient amounts.

Our survey, however, proved that it is possible to import coke breeze from
neighboring countries. Table 54 hereunder shows the supply capacity and

specifications of coke breeze from Mexico, Argentina, and Chile.
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Table 5-4 Supply Capacity and Grade of Coke Breeze
from Mexico, Argentina, and Chile

I

Mexico ] Argentina [ Chile
Producer | SICARTSA SOMISA CAP |
Supply Capacity | 70,000 MT/year | 90,000 MT/year 140,000 ~ 60,000 MT/yeaq
Coke Grade |
Ash (dry) P13~ 16% . Max.17% | 15%
V.M. (dry) ! 1~3 Max. 4 : 5
F.C. (dry) . 8~81 . Min. 81 3 80
S (dry) ' 0.56~1.00 1 1
TM. i 10 , 18 ~ 20 18
P ; 0.02 ; 0.013
Size 1-20mm100 ~ 90%| - 20mm 100% - 6mm 85%
Cal ! | 6.500Kcakg | 6,500~ 7,000 Kcal/ke

1t is also possible for Hierro-Peru to import coke breeze from the U.S.A,,
Colombia, and other countries if the CLF. price, including freight cost, is
acceptabie.

Sider-Peru being the only domestic supply source of coke breeze with
production limited to approximately 15,000 tons per year, it may be difficult to

secure a stable supply domestically.

(2) Anthracite
Anthracite, of which deposits are known 1o exist abundantly in Peru, can
substitute for coke breeze as a carbon material. According to the data prepared

by Hierro-Peru {(GT-80-021 of Januvary 23, 1980), however, commercial produc-
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tion of anthracite will take time and therefore it is difficult to utilize anthracite

for the time being.

{a) Svitable anthracite for sinter production has a minimum of 80% fixed
carbon, low ash content, low volatile matter, and low moisture.
1t has been confirmed that there are many coal areas of these desirable

qualities.

(b) These coal areas are unexplored or produce limited tonnages and require

development before Hierro-Peru can utilize them.

(c) Obstacles in developments

(i) Coal areas are located in a mountainous area and 135-160 km from

the nearest city. Availability of roads for transportation is unknown.
(ii) Coal areas are distant from ports and its capacity is unknown.

(iii) Other consumers for joint development of the coal areas are required

as anthracite demand of Hierro-Peru is too small.

(iv) Reserves of the coal areas are relatively small and mining conditions

are not favourable as underground mining is required.

(d) A huge amount of investment is necessary for coal development and the
above-mentioned difficuities must be overcome. It appears, therefore,
more time will be needed before anthracite coal areas are developed for

utilization by Hierro-Peru,



5.3 TestSample

The iron ore sample utilized in the Pot Tests is a blend of R.O. and T.0. on a
60/40 basis. Chemical components and size distribution for R.O. and T.O. are as shown

in Tables 5-5 and 5-6.

Table 5-5 Chemical Composition of Sinter Feed Sample

I R.O. T.0.
: % %
T.Fe ' 66.23 64.65
FeD ; 2392 11.48
Si0, ! 313 ! 3.76
AL O3 | 0.62 | 0.48
Ca0 0.63 0.66
MgO 134 1.30
S 5 1.61 0.559
Cu | 0.040 0.050
P 0.022 ‘, 0.046
Naz,0 0.165 | 0.312
K,0 ; 0.091 | 0.096
Lol ; -073 o 187
{Source: Hierro-Peru)
Table 5-6 Size Distrubution of Sinter Feed Sample
T .
Tyler " R.O. T.O.
‘ % %
+10 mesh 0.4 48
10~ 20 | 78 ‘ 24.8
20 ~ 65 47.8 ' 433
65~100 12.0 ‘ 7.5
-100 mesh 32,0 , 19.6
Total { 100.0 | 100.0

(Source: Hierro-Peru)



Limestone sample utilized in the Pot Tests was mined from the N-14 ore

deposit and has the following chemical compositions.

Table 5-7 Chemical Compositions of Limestone Sample

(%)
Lol 4136
Ca0 51.49
MO 0.80
810; 4.00
Al 03 1.15
Naz O 0.166
K20 0.264
Fe | 0.500
S ! 0.054
Cu : 0.007
FeO 0.10
P,0s 0.062
CaCOs 91.96

(Source: Hierro-Peru)

In Planning raw matrerial blending and raw material balance, the chemical

compositions in Tables 5-5, 5-6, and 5-7 are adopted for iron ore and limestone.
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5.4

5.4.1

5.4.2

Pot Tests of Hierro-Peru Sinter Feed

General

Sinter Pot tests of Hierro-Peru iron ore were carried out at the research
laboratories of Kawasaki Steel Corporation as part of the feasibility study for
the Hierro-Peru Sintering Plant.

Two kinds of iron ore, refractory ore (R.0.) and transition ore (T.0.),
were selected for the pot tests as materials to be supplied for sintering on the
most stable basis.

Before the pot tests were begun, the chemical compositions and the pro-
perties of the ores were examined. Then the pot tests were carried out using a
basic blend of R.O. to T.O. of 60/40 in various possible blends of the available
raw materials, and the sintering productivity and the properties of the sintered

ore were determined.

The results of the Hierro-Peru ore tests were also compared with those of
sinter pot tests using the iron ores being used by the Philippine Sinter Corpora-

tion (PSC).

Properties of Hierro-Peru Sinter Feeds

The chemical compositions of R.0O. and T.0., as determined by Kawasaki
Steel, are shown in Table 5-8. The total volume of iron oxide (hematite and
magnetite) is 91.11% for R.O. and 90.31% for T.0. In the case of R.O., 82.7%
of the total iron oxide is made up of magnetite, and in the case of T.0., 41.4%
in magnetite. Both kinds of ore are very high in sulphur.

The size distribution of Hierro-Peru ores is shown in Tables 5-9 and 3-10

and in Fig. 5-6. In companson with the Mt. Newman and Rio Doce iron ores
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5.4.3.
{1

being utilized as raw materials by PSC, the size distribution range of the Hierro-
Peru ores is small, and there is little coarse or very fine ore. In general, R.Q. is
finer than T.O. .

The , chemical compositions of each size group are also shown in Tables
5-9 and 5-10. For both R.Q, and T.O., the finer the ore is, the higher the iron
content and the magnetite level. The Si02 content decreases as particle size
grows smaller. In the case of R.O., however, the percentage of 8i0» in the gangue
shows almost no change. R.O. with particle size of I to 2 mm was crushed to
below 417u, and the crushed R.O. was processed at 15,000 gauss in a Davis tube
magnetic separator. The non-magnetic elements collected through the separation
process were identified by the X-ray powder method. The magnetic elements
constituted 83.8% of the ore, and the non-magnetic elements collected consti-
tuted 8.8%.

The results of X-ray analysis are shown in Fig. 5-7. Silicates, such as trem-
olite, quartz, chlorite, plagioclase, etc., were found in the gangue, as was a Jarge

quantity of pyrite.

Test Methods
) Preparation of Materials

Samples of R.O., T.O., and Peruvian limestone were delivered to the
laboratory on January 4, 1980. At the time of delivery, the quantity and

moisture content were as follows.
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Quantity delivered Moisture content

R.O. 3.5 tons (6 drums) 8.5~ 8.8%
T.0. 2.5 tons (4 drums) 7.0~8.0%
Limestone 1.2 tons (4 drums) frace

Both ores and limestone are dumped on the floor from each drum, first to
be mixed thoroughly within each of the three groups. Each of the three groups
thus obtained was sampled out at a fixed ratio; namely, 2.2 tons in total for
R.0., 1.1 tons for T.0., and 0.3 ton for limestone. For chemical analysis and size
distribution analysis, the above groups were further blended, and then spread
out on the floor in the shape of a square and divided into twenty equal sections.
Using a small shovel designed for incremental sampling, one shovelful was taken
from each of the twenty sections, and these samnples were processed in a riffle
divider to produce the required test samples. The R.O. and T.O. samples were
dried at 80° ~ 90°C for about eight hours. Since some of the ore tended to form
aggregates during drying, particles larger than 1 mm in diameter were processed
for 30 seconds in a small ball mill (300 mm¢ x 300 mxm). To prevent segregation
during handling, the R.O. and T.O. were processed in a screening apparatus
{(Gyro-sifter) and divided into the following size ranges: +2 mm, -2 mm to
+1 mm, -1 mm to +0.589 mm, -0.589 mm to +0.295 mm, 0.295 mm below.
When the sinter materials were blended, the R.O. and T.O. were recombined in
proportion to the weight of the size groupings in the original sample. The
hmestone was used without separation into size groupings.

Samples of the raw materials used at PSC (Mt. Newman, Rio Doce and
Carol Lake ores, coke breeze, anthracite, and silicastone were obtamed from

the stockpiles at the Kawasaki Steel ore yard in Chiba Works. The chemical
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composition and size distribution of each of the materials used in the tests
are given in Table 5-11. Return fine, for respective test runs, was taken and
crushed into minus 6 mm from the sintered ore, which was prepared, using the

same materials as the proportion of the sinter blends at the main test.

(2) Sinter Pot Tests and Sinter Test Methods

The apparatus for the sinter pot tests is shown in Fig. 5-8. The sintering
pot measured 300 mm¢ at the top, 280 mm¢ at the bottom, and 300 mm in
height, and was capable of receiving about 35 kg of sinter mix.

The sinter mix were blended for three minutes in a V-type blender capable
of holding 80 liters, then granulated by watering through rotation for five
minutes in a small mixer at 24 r.p.m.The mixed materials were then fed into the
pot as uniform manner as possible, avoiding segregation. 2 kg hearth-layer of
sintered ore was prepared from 8 ~ 15 mm size sintered ore, in each tests,

Charcoal fines of 200 g were spread over the sinter mix in the pot and
ignited by lighting the ignition furnace burner for 30 seconds vsing coke oven
gas. The suction pressure during sintering was kept at - 1,200 mm H: O. Three
minutes after the exhaust gas temparature had reached a maximum, the blower
was shut off. The sintered ore was then immediately removed and allowed to
cool.

The items measured during cach test were the weight of the materials
used, volume of sucked air, exhaust gas temperature, product yield, shatter
strength, productivity, unit consumption of coke breeze, etc. . The concentra-
tion of SO, in the exhaust gas was also measured, using an infrared gas analyzer.
In addition., the reduction disintegration index (RDI), the reducibility index

(RI), and the chemical composition (total Fe, FeQ, 8i0z2, Ca0O, Al203, MgO, S,
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Na2Q and K20) were determined and microscopic observation carried out using
samples of the sintered ore produced (15-20 mm in size). The procedures and
methods of calculation used for determining product yield, shatter index,

productivity, coke breeze consumption, RDI, and Rl are given in Table 5-12.

(3) Test Conditions

The basic blending ratio of Hierro-Peru sinter feeds was set up at R.O./
T.0.=60/40. The SiOz content of sintered ore was set al 5.5% and adjusted to
that level by the addition of silicastone. Basicity (Ca0Q/Si0z) was 1.50. Return
fines were added in the ratio of 35: 100, as the total weight of the iron ore,
limestone, and silicastone being 100.

The blend of PSC raw materials prepared for comparison with Hierro-
Peru sinter feed was made up of 50% Mt. Newman ore, 40% Rio Doce ore,
and 10% Caro! Lake ore. The §i0z content, basicity (Ca0Q/Si02), and the
proportion of return fines were the same as those for Hierro-Peru sinter feeds.

First of all, the effects of the moisture content of the Hierro-Peru sinter
feed, blended as above, were ascertained, and the optimum moisture content
determined. The effect of the addition of coke breeze on both Hierro-Peru and
PSC sinter feeds was tested, and the optimum coke content determined.

Secondly, the effects of variations in basicity (Ca0Q/Si0Oz 1.2 ~ 1.8),
Si02 content (S8iQz2: 4.5 ~ 6.0%), and the amount of return fines (30 ~ 40%)

were examined.
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5.4.4

Thirdly, various blending ratios of Hierro-Peru ore (R.Q./T.0.) 100/0,
40/60, and 0/100), and the blend of coarse sized ore were also examined. The
change of size distribution for the various blending ratios is shown in Fig. 5-9.
In addition, to test the effects of using anthracite, the fuel which was made up
of 50% anthracite and 50% coke breeze was added in the proportions of 3.5%
and 4%.

Finally, the changes in alkali content were measured (a) when seawater
was, added for granulation and (b) when 0.5% of CaClz was added. The test

conditions and blending ratios for the tests are listed in Table 5-13.

Test Resulfts

A summary of the test results is given in Tables 5-14 and 5-15.

(n Effects of Moisture Content

The effects of variations in the moisture content are shown in Fig. 5-10.
As the amount of water added for granulation is increased, the shatter index and
product yield decrease almost linearly. When the moisture content was 5%,
sintering time was the shortest, and productivity was the highest. Therefore, the

[ ]
moisture was set at 5% for all following tests.

{(2) Effects of Coke Content on Hierro-Peru and PSC ores

The effect of variations in coke content on Hierro-Peru and PSC sinter
feeds are shown in Fig. 5-11. In the case of Hierro-Peru sinter feeds, the shatter
index was the highest at 3 ~ 4% coke breeze, and product yield was the highest
at 3% coke breeze. For PSC sinter feeds, the maximum for shatter index and
product vield were obtained with 4.5% coke breeze. Neither of the two sinter

feeds showed any great variation in productivity between 3% and 4.5% coke

breeze.
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In actual sinter operations, it is desirable to achieve at least a certain level

of shatter strength and simultaneously to attain maximum productivity,
Accordingly, in this test, productivity at a fixed shatter index was calculated
for each level of coke breeze added using a certain coefficient. This coefficient
was obtained from actual experience at the Kawasaki Steel sinter plant in the
Chiba Works and equals a 0.05 t/hm? drop in productivity for each 1% increase
in the shatter index.
The results of these calculations are given in Fig. 5-12. At each level of coke
breeze content, assumning the achievement of a shatter index of 77.4%, the pro-
ductivity reaches a maximum at 3 ~ 4% coke breeze for Hierro-Peru sinter feed
and at 4.5% for PSC sinter feed. Therefore, the subsequent tests were carried out
using 4% coke breeze.

As shown in Fig. 5-11 and 5-12, with low coke breeze content, Hierro-
Peru sinter feeds show better sintering characteristics than PSC sinter feeds.
With high coke breeze content, the sintering characteristics of sinter feed is
higher than that of Hierro-Peru sinter feed. This shows that although the most
appropriate level of coke breeze content differs for the two ores, there is little
difference in their sintering characteristics, if the most appropriate level of
coke is added for each ore. In other words, it can be expected that the Hierro-
Peru ore will attain the same quality and productivity as PSC ore with a smaller
addition of coke breeze.

As shown in Fig. 5-11, when the coke breeze content increases, the
FeO content of Hierro-Peru sintered ore goes up and its RDI improves, but its
RI decreases slightly. The RDI of Hierro-Peru sintered ore is superior to that

of PSC sintered ore.
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As shown in Photo 5-1, examination of the microstructure of Hierro-
Peru sintered ore reveals that when the coke content increases, the calcium
ferrite decreases, and the structure changes into bonding of silicate slag, con-
taining scattered magnetite particles. There are no outstanding differences in

the microstructures of Hierro-Peru and PSC sintered ores with 4% coke breeze.

(3) Effects of Basicity
The effects of increased basicity (Ca(/SiO2) are shown in Fig. $-13.
As the basicity increases, the shatter index decreases, but also sintering time
decreases, and productivity improves. Also, the FeQ content of Hierro-Peru
sintered ore decreases as the basicity increases. This is because when the basicity
increases, the Fe content decreases, and also the degree of oxidation rises. Rl
and RDI improves as the basicity increases. As shown in Photo 5-2, the calcium

ferrite content rises along with the increase in basicity.

{4 Effects of SiQ2

The effects of increases in the SiO: content are shown in Fig, 5-14.
Sintering characteristics differs depending on the level of coke breeze content.
With 3% coke breeze content, the shatter strength and product yield improve
along with an increase in Si02. Productivity remains unchanged. With 4% coke
breeze, when the SiO2 content is increased, the shatter strength drops, but
product yield and productivity reach maximum at 5% Si02. FeO econtent
decreases with an increase in SiO2. In the microstructure, calcium ferrite

increases along with an increase in SiOz (refer io Photo 5-2).
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(5) Effects of Return Fine
The effects of return fine are shown in Fig. 5-15. As the proportion of
return fine increases, the shatter index rises, sintering time decreases, and pro-

ductivity improves.

{6) Changes due to Variation of the Blending Ratio

As shown in Fig. 5-9, as the proportion of T.O. increases, the particle
size coarsens.

The blend, with an R.Q./T.Q. ratio of 60/40 and with eliminating finer particles,
produces the coarsest particle size.

Fig. 5-16 shows the variations in sintering characteristics, RDI, and RI.
As the proportion of T.O. increases, product yield and productivity improve,
and sintering time drops. The shatter index is extremely low with 100% R.O.
In the case of the coarsest particle size with 60/40 sinter feed blend, and with
eliminating finer particles, the sintering time was relatively decreased, and pro-
ductivity was high, but the shatter index and product yield were low. As the
propertion of T.O. increases, FeQ content drops, RDI worsens, and Rl improves,

The change in the SO2 concentration and temperature of the waste gas
are shown in Fig. 5-17. The SOz concentration begins to rise soon after sintering
is begun and starts falling just before the flame front reaches the grate.

Fig. 5-18 shows the relationship between the amount of suiphur charged
with the sinter feed and the maximum figures for the concentration of SOz
in the waste gas. The SO2 concentration is proportionate to the amount of
sulphur charged and decreases along with a decrease in the proportion.

However, the SO2 concentration is, in any case, extremely high.
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)] Effects of Anthracite
The effects of anthracite are shown in Fig. 5-19. By using anthracite,
the shatier index and product yield are somewhat improved. Productivity also
tends to increase. That means sintering characteristics is not adversely affected

by anthracite. RDI is slightly lowered by the use of anthracite.

(3) Tests for Decreasing Alkali Content
The alkali balance before and after sintering is shown Fig. 5-20. By
adding CaClz, the decrease in a alkali content is magnified, probably because
the sodium and potassium content is vaporized as NaCl and KC!. When seawater
is used instead of fresh water for granulation, the NaCl in the scawater is vapor-
ized during sintering but does not contribute to a reduction i alkali content.
The addition of CaClz does not decrease siniering characteristics but when

seawater is used, shatter strength and product yield decrease.

5.45 Discussion

Judging from the results of the sinter pot tests, it can be expected that
the same sintering characteristics can be obtained from Hierro-Peru ore as from
PSC ore with the addition of a smaller amount of coke breeze.

Hierro-Peru ore is characterized by the following:

(1) Hierro-Peru ore contains much magnetite and has a high FeQ content.

(2) The range of size distribution is narrow.
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3 The sulphur content is high.

The above affects the sintering characteristics of the ore and the disposi-

tiens of the sinter product.

In both pot tests and actual sinter operations, peaks at a certain level of
coke breeze content. Below this level, as the coke breeze content increases, the
melting process gets more complete, and the shatier strength increases. However,
above this level, the melting process goes too far, causing the sinter to become
porous, and th shatter strength decreases with the increase of coke breeze
content.

In these pot tests, the product yield for Hierro-Peru sinter feeds tended
to decrease at coke breeze levels above 3%, which suggests that at these Jevels,
melting proceeds too far. In order to confirm this, the relationship between the
air flow rates and waste gas temperatures during sintering were shown in Fig.
5-21.

After the flame front has reached the grate and the waste gas temperature
starts to rise, there appears a sharp increase in the rate of air flow, and the higher
the coke breeze content is, the higher the rate of air flow.

It appears that the tendencies shown in Fig. 5-21 indicate that the per-
meability of the sintered zone increases with the rise in coke content. The
porosity of the sintered zone calculated from the apparent density of the
sintered ore is 43.7% with 3% coke breeze, 47.3% with 3.5% coke breeze, 48.2%
with 4.0% coke breeze and 50.0% with 4.5% coke breeze. These figures indicate

that as more coke breeze is added, the porosity increases (Table 5-16).
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The reason why the product yield and the shatter strength of Hierro-Peru
sintered ore reach maximum at a lower Ievel of coke breeze content than in the
case of PSC sintered ore is presumably that Hierro-Peru ore melts more easily
than PSC ore, even though the quantity of heat supplied by the coke breeze is
the same for both sintered ores.

One of the reason why Hierro-Peru ore melts more easily may be the heat
from the oxidation of the magnetite and from the combustion of the sulphur
into SOz. The FeO content of the Hierro-Peru sintered ore decreases by 1 ~ 4%
as a result of oxidation during sintering, compared with that of sinter mix. Also,
the greater part of the sulphur content in the sinter feed turns into SOx gas, as
shown in Fig. 5-18.

When the caloric value of sinter feed with a R.Q./T.0. ratio of 6040 and
4% coke breeze content is calculated before and after sintering from the FeO
and sulphur contents, the heat of oxidization of FeO to Fe203 amounts to 447
Kcal, and, the heat of conbustion of S to SO2 amounts to 399 Kcal. The total
caloric value is equal to the addition of about 0.3% coke breeze.

The FeO content of the PSC sinter feeds increases by 1 ~ 5% after sinter-
ing. The sulphur content of the PSC sinter feed is low. Consequently, Hierro-
Peru sinter feeds are supplied with extra heat equal to an addition of about 0.4%
coke breeze in comparison with PSC sinter feeds.

Another reason that Hierro-Peru sinter feeds melt easily is the large
amount of FeQ they contain. Fig. 5-22 shows the melting zones of CaG-Si0z-

FeO (Po2z = 107? atm.) and Ca0-Si02-Fe203 (Poz = 1 atm.) systems at
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1,300°C and above. If coke breeze content is high or FeO content is high, Fe**
ions increase in the melt, and the melting zones approach that of Ca0-8iO2-FeQ
system, as shown in Fig. 5-22. The resulting structure is magnetite and silicate
slag. The FeO content of HierroPeru sintered ore is 10 ~ 15%. At coke breeze
content level of 4% and over, magnetite and silicate slag structures proliferate.
That means the melting area expands and the sinter feeds become more casily
melted. The FeO content in PSC sintered ore is 8% or less.

As shown in Fig. 5-14, the variation of shatter index and product yield
with changes in SiO2 content differs depending on the level of coke breeze con-
tent. In the case of 4% coke breeze, the caloric value supplied 1s high, making the
feed melt more easily. It is assumed that as a result, the melted quantity in-
creases further with SiO2 content, producing a porous sintered ore with reduced
shatter strength. 1t is also assumed that with 3% coke breeze, the feed does not
melt excessively and that with the larger amount of gangue in the siniered ore,
the bonding is strengthened. As stated above, the permeability of the sintered
zone increases with the SiO: content at the level of 4% coke breeze and de-
creases with 3% coke breeze. As a result, it can be assumed that the melting
ability of Hierro-Peru sinte sinter feeds had a great influence on the results of the
pot tests. In general, the permeability of sinter feeds also has a great effect on
sintering characteristics. Packing density and size distribution affect the per-
meability, too. Shatter strength increases as density increases. As particle size
becomes larger, sintering time decreases, and productivity increases. For exam-
ple, there often is a linear relationship between the percentage of particles below

500u in size.
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Fig. 5-23 shows the effects of density on the permeability before ignition
and shatter jndex, and Fig. 5-24 shows the effects of the percentage of fine
(~589y) particles in sinter mix on the permeability before ignition and pro-
ductivity.

The permeability before ignition is figured using the following formula:

$ = p/Q"

where,

P = Suction pressure (mmHz Q)

Q = Sucked air flow (m?®/min.)

n = 1 variable index which takes into account the type of flow

nh =1 in case of laminar flow

n = 2 in case of turbulent flow

Index wasset at n = 1.4 through measurement during actual operation.

& = permeability Index (mmH2 O/m3/min.)

With the increase in density, the permeability decreases, but the shatter
index decreases in opposition to its usual increase. The permeability, before
ignition increases when particle size becomes coarser but the relationship with
productivity is unclear. The reason why the permeability has an influence on
sintering characteristics, contrary to previous experience, is probably that
melting ability has a great effect on the test results, in case of the present test.

Fig. 5-25 and Fig. 5-26 show the relation of FeO with RDI and with RI.
With the increase of FeQO content, reducibility decreases, and the reduction
disintegration index (RDI) drops. When FeO is increased, the magnetite content

increases, and the hematite content decreases. Hematite causes reduction dis-

— 132 ~



5.4.6

integration, and the reducibility of hematite is superior to that of magnetite.
Therefore, a decrease in the hematite content lowers the reduction rate and the
level of reduction disintegration. Since a dense struciure, composed of magnetite
and silicate slag, is produced by an increase in FeO, reduction gas does not diffuse
into the internal structure. Thus, reactions take place only at the boundary
between gas and solid, and the area of the reaction decreases with the mncrease in
FeO.

Based on the examination in the pot tests of the effects of several operat-
ing factors, such as coke breeze content, blend components, sinter feed blends,
etc., optimum levels for operating factor are considered below.

In terms of the levels of coke breeze and 8i0Oa2, in order to gain maximum
productivity with a set degree of shatter strength, an addition of 4% coke breeze
is appropriate at SiO; level of 4%, and 3% coke breeze is appropriate with 6%
SiOz. Thus, it would be advantageous to increase coke breeze content, in the
case of low levels of 5i02 and decrease coke breeze content when the 5iOz level
is high.

Concerning basicity (CaQ/Si02), nothing can be stated exactly. but with
4% coke breeze, a higher basicity is required from the viewpoint of productivity.

As for the sinter feed blend, it would be advantageous for the proportion
of T.O. to be lugh. However, care must be taken not to lower the RDI as a result

of decreasing the FeO content.

Conclusion

The results of the sinter pot tests of Hierro-Peru sinter feeds can be

summarized as follows:
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{1 The FeQ content is high (23.4% in R.0. and 11.6% in T.0.). The range of
size distribution is narrow, and the sulphur content is high (1.6% in R.O. and

0.6% in T.0.).

(2) It is expected that Hierro-Peru sintered ore will be able to attain the
quality and productivity of PSC sintered ore with the addition of less coke

breeze than in the case of PSC sintered ore.

3 The effects of the SiD2 content vary in accordance with the coke breeze
content. In terms of productivity, it would be advantageous to blend in mare
coke breeze when the level of Si0O2 is low and less coke breeze when the SiO2

level is high.

{4) The higher the proportion of T.Q. sinter feed, the better the product

yield and the higher the productivity will be.
%) Hierro-Peru sinter feeds melt easily during sintering because of the high
FeO content, and melting ability has a much greater effect on the results of the

pot tests than permeability.

(6) The consentration of SOz in the waste gas rises as high as 10,000 ppm,

which is very high.

(1) The K20 and Naz0 levels in the sintered ore can be reduced by about

80% and 60% respectively, through the addition of CaCl=.
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(8) Sintering characteristic remains unchanged, even if the coke breeze as

fuel is partially replaced with anthracite.
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Table5 -8 Chemical composition of Hierro-Peru ores

Refractory Ore

Transition Ore

(R.0.) (%) (T.0.) (2)

Fe Total 65.54 64,06
S 1.62 0.566
Cu 0.042 0.039
Fe0 23.39 11.61
510, 3.47 3.89
A1503 0.68 0.54
Ca0 0.80 0.77
Mg0 1.15 1.07
Ti0y 0.07 0.06
P 0.030 0.059
Na,0 0.22 0.29
K50 0.12 0.09
Mn | 0.04 5 0.03
Zn | 0.003 0.007
Pb ' 0.002 0.004
v ] 0.012 ’ 0.005
As | 0.001 z 0.001
Sn ' 0,003 | 0.001
Ni } 0.002 | 0.001
cr | 0.001 0,002
C.W. 0. 44 1.15
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Table 5 -9 Size distribution and chemical composition of each size of Hierro-

Peru refractory ore {R.0.)

Size (micron)

2000 | 1000 | 589 295
2000 1 000 | wsse | n2es | nasy | THYY
Size
distribution | 0.6 6.6 17.1 | 24.0 23.5 | 28.2
(%)
Chemical !
Composition
(%)
T. Fe 59.84 | 60.64 | 62.24 | 65.18 | 67.13 | 69.16
Cu 0.058 | 0.057 | ©0.048| 0.040| 0.032{ 0.025
FeO 19.31 | 19.44 | 20.49 | 22.16 | 23.74 | 25.36
510, 6.59 | 6.66 | 5.73 | 3.81 2.57 | 1.50
i ¥
Al,03 1.06 | 1.01 | 0.8 | 0.66 | 0.49 | 0.33
! ‘
Ca0 L 1.53 | 155 | 1.33 0.89 0.5 0.33
1 ;
Mg0 L 2.32 5 2.26 1 1.94 ¢ 1.32 ' 0.93 0.56
| : ,
T10, j 0,08 | 0.08 : 0.07 : 0.06 : 0.06 % 0.06
P | 0.051 | 0.051| 0.041] 0.034% o.ozsi 0.020
|
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Table5- 10 Size distribution and chemical compaosition of each size of
Hierro-Peru transition ore {T.0.)

Size (micron)
#2000 | ono | se | vaes | aagy | 17
Size ‘
distribution ' 3.7 21.4 22.1 18.2 15.7 18.9
(%)
Chemical B !
composition
%)
T. Fe 61.13 | 62,11 | 62.80 | 63.92 | 65.67 | 66.99
Cu 0.060 | 0.045 | 0.041| 0.036] 0.030| 0.030
FeO 10.25 | 10.89 | 11.17 | 11.83 | 13.05 | 13.08
S10y 5.85 5.21 4,61 3.89 | 2,92 2,18
A150, 0.57 0.50 0.49 0.48 0.42 0.37
Ca0 124 ; 1.0 0.91 0.76  0.48 0.31
]
Mg0 161 | 1.47 1.28 1.08 ? 0,77 0.62
Ti0, i 0.05 © 0.05 | 0.06 | 0.06 g 0.06 : 0.06
P 0.072 ; 0.063 i 0.062 0.055; 0.033

0.042l
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Table5 - 14  Results of sinter pot tests

| Charged mix (wer) = Product yleld " Shatter index Sintering time Productivicy
Teat — Y % 2 2 3
kg X X X z X in X t/h-m X
i + It
|— - ; — —— H t
1 Moisture 41 +34 &0 34.40 '34 40 77 2 79.2 6.2 76.9 5.8 6.4 o 15.2 145 149148 159 1.54
5 3377 3377 3337 7746 761 76.% T2 735,739 138 130 134,159 1.67 164
[ (338B 34036 .34 12 1 4 757 Y35 709 0.3 ;70 6140 13.5 ,13 8152 1.54 1.5
? 134,76 34.76 134 76 72.B 741735 701 6%.5 169.9 13.5 140138 186 1.521.53
1 ! i 1
2 Coke 251 '35 32 3532103532 729 759 744 7.8 733 !72.6 "13.5 133 13.4 |1 67 1,72 .1.68
(Hierre= 3.0 3468 3500 '34.84 BLY 772 M2 M4 757 766 1607 153 16.0 "1 A2 1,45 '1.44
Peru} 35 3390 33.61 '3390 764 771 76.8 748 75.9 '753715.5 150 15.3 14l 1.47 1.44
40 33,88 A8 I1BF TL B T5B 753 7Y 768 1774 143 163 631 4B 14D 0149
L.5 3347 3356 3351 T2V OTob L7 665 655 7660 140 13.5 13.B 1 45 1 &6 il.ﬁb
! 1
Coke 25T 355F 3551 3551 373 397 3B3 420 4L B A3 4167 148 158 068 082 :D 13
{FsC) it 35 58 35.65 .35 62 73.2 73.2 732 627 67 5 '65.1 135 140 138 163 1.5 1]..58
33 36 92 3492 3492 Y34 240 37 73T O¥5,2 .5 137 147 142 1.57 1 47 ') 52
Lo 3. 65 3453 3461 795 76.6 TTA 133 A5 231 145 140 145 153 1.63 i1 55
34 b3 773 124 , 150 1.50 |
b5 33,95 33 94 33,94 B3I 6 Y9.6 BL H YT 773 VN2 14.2 35 4 14 B 165 1.45'1 55
3 Ssrangard 3378 33,78 233.78 74.7 76.3 57 V27 74,9 '737 (14.3 14,0 1141 1.48 1.54 1,52
33.78 76.1 73 4 L0, R B-X
1 i i
4 CabfSi0r ) 2 .07 34.07 %07 16D T3 T6.7 742 4.0 741 15.2 15.0 1151 1 &b 1.47 1.4b
1.8 33,36 33,48 33 42 B3 7 7B5 1.9 730 72.5'134 120 %13.2 163 169 ;1.66
' i i
5 5102 4.0 35,03 35,03 3503 729 761 745 735 71.3 ‘72 4 !1&.8 15.0 116.9 1.48 1 52 il-SD
with 5.0 3616 3616 ;34,06 789 795,792 753 76.0 .75.7 '15.0 160 15.53 152 143 1,48
3% coke 6.0 (33.67 33,67 33.67 ;820 80,0 181.0 {782 7e.3 1773150 15.5'153 1.56 l.4b [1.51
. I 1 ' '
with 4.01 (3660 34.52 34 56,745 T4 5 745 77.2 76,4 {76 8 15.0 150 115.0,3.45 1.45 11 45
4 coke 50 ;34.227 34.22 (34,22 .77.8 73,9 1769 74,9 74 B 74.9 34,5 13.7 141 154 1.59 1.57
60 3370 33.83 '33.77 '738 7o k 175.0 i'.'2 6 724 572.5 ;162 140 141 1.51 1.53 )1 52
' ‘ K 1 ‘ i
|
& Rerurn 301 ;33 95 33.95 .33.95 76.2 76.6 76.6 ;73.1 71 4 {72.2 Elﬁ 5 145,145 1.50 1.49 ‘1.50
fine 40 31.97 2404 {3401 78.6 V6.2 71 4 ll?b.b 750 '76.8 1.0 117,139 160 1.60 1.60
i H i 1
i i ! ' ' }
7 R.0.IT.0. 1000 33 94 34.12 [24.03 4.6 T4.B TR T |6S.9 67,0 68 0 145 14.0 1143 ) 47 1.5 1.5)
ratio 40760 34,16 34,16 ;34.16 i76.6 7b.7 M6 T 1766 73.6 '75 1 1141 140 141 .1 55 1.56 1.55
07100 33.13 33.65 133.39 76.3 78.3 771 'Y4.2 74,0 741 125 12.7 12,6 1.6 173°'171
! ' 1 1 1 '
8 Coarse size ore 34.42 34.42 2310.1.2 72.9 746 3B 718 71.0 T1.4 13.5 12.5 {130 .1.55 1.70 1k 63
. ¥
9 Anthracite , ! !
coke 1.75 anth  35.90 D5 90 «35.%0 Y6 0 77 & 7.7 YB.B 7B.8 V8.8 158 150 154 145 15.0 '1.48
1.75 . !
coke 2.0 aath
2.0 35,62 15 62 35.62 77.7 W7 701 758 76.9 5.4 150 14.9 150 1.54 1.5% 1 54
10 Alkali . i
Sea water 34 &3 34,43 134 83 35 73S A5 71.0 70.2 0.6 4.0 14.2 141 1 55 148 i].S!
CaCly 34 52 D442 134 47 !75.2 76.9 T6 1 1?6.3 72.4 1144 33,8 138 1‘13.7 1.57 1.63 i.‘l.60
F} i 1 "
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Table 5 - 16 Density of sinter particles (15 - 20 mm) and porosity
of sintered bed for Hierro-Peru ore {R.0./T.0. = 60/40)

Coke breeze Density Porosity

content (%) (g/cm3) (%)
3.0 3.70 43.7
3.5 3.81 47.3
4.0 3.83 48.2
4.5 3.91 50.0
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Fig. 5-9 Change of size distribution for the blending ratio of Hierro-Perti ores
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Fig.5-22 Mefting 2ones for Ca0-8i0;-iron oxide {FeO, Fa, 03} systems at 1300°C
and above
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6.b

5.5.1

6.5.2

Study of Raw Materials and Production Conditions

Outline

Hierro-Peru iron ore has a large variation in its chemical compositions and
contains a high percentage of sulphur and alkali. Taking into consideration the
effects the properties of the iron ore have upan sintering operations, blast fur-
nace operations and the environment countermeasures for several problems were
studied.

The chemical and physical properties of the ore and the unit consumption
of various items necessary for producing sintered ore were studied using the re-
sults of the pot tests and various other examinations.

A pot test is a simulated sintering operation. Because of some problems as
to its accuracy, the study was carried out with a comparison of the results of pot
tests using PSC sinter feed and with the properties of PSC sintered ore,

Before the implementation of the Hierro-Peru sintering project, it 1s desir-
able to carry out a test using actual sintering facilities and Hierro-Peru ore. This
test will enable the confirmation of the unit consumptions of the raw materials
and add to the understanding of operating conditions, such as the method of

material charging and data which were not obtainable from the pot test.

Variation of Chemical Composition and Countermeasures

(1) Need to Reduce Varjation of Chemical Composition

The results of the study of variation in the chemical composition of

Hierro-Peru iron ore carried out by Hierro-Peru in December 1979, the chemical
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assays made in 1979 and in the past five years are shown in Tables 5-17,5- 18,
and 5-19,

The results show that the standard vanation of $10; was 0 = 0.490%. For
sinter produced with this ore, the Si0; content varies 2% or more, basicity (CaQ/
8i0,) varies 0.4, and the shatter index and reduction disintegration index vary
2 ~ 6% and 6 ~ 10% respectively. When blast furnace burden contains 20% of
Hiesro-Peru sinter, the variation of basicity of the slag in the blast furnace is 0.09.

As sintered ore with such a large vanation in quality may cause variations
in the conditions of the blast furnace, it is necessary to take proper measures i
advance. For example, the range of standard variation of ¢ = 0.16% for Kawasak)
Steel Corporation’s sintering material which is equivalent to 1/3 of the amount
of the ore in question.

To raise the commercial value of Hierro-Peru sintered ore, it 1s essential to
decrease the variation in the 5i0; content. It 1s considered that the causes for
the vanation of Si0; in Hierro-Peru iron ore are differences of ore deposits.
the degree of beneficiation, particle size (since chemical assay differs according
to size: Tables 5-9, and 5 - 10), and in the blending proportion of R.0O. to T.O .
etc. Since it is difficult to eliminate these factors, it will be effective to obtain

homogeneity by ore bedding.
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(2} Effects of Ore Bedding
The variation of Si0O; in the material was ascertained using the results of
investigations on the variation of the chemical composition carried out by Hierro-
Peru and the results of the research done by Kawasaki Steel Corporation on the
composition of the sinter feed.
For analysss, the vanations of 510, were classified as either short-term
variation (variation within a bed) or Jong-term vartation (variation between beds),

with eight days as one unit. (Refer to Tables 5 - 20 and 5 - 21).

Tableb-22 Si0; Variation

T § | ! -
\ i Short-term Long-term | ! '
. i Variation | Variabon , _ Total Si0,
™  {within abed) (between beds) . Variation Average
T \\“{ OF ‘ oa
Hierro-Peru Iron Ore | 0.343% 0.350% | 0.490% 3,54
Kawasaki Steel Corp. * |
Sintering Materials 0.148% 0.064% 1 0.161%  5.64%

Note:  Since short-term S5i0; variation in the Kawasaki Steel raw matenals was
not available, the above figures for Si0O; variation of sintered ore are
estimates.

The SiO; content of Hierro-Peru iron ore varies greatly not only on a
shori-term basis but also on a long-term basis. For this reason, it is necessary to
estimate the average SiQO; in the bed, to adjust the Si02 level to a constant level

using silicastone, and to decrease the short-term variation by ore bedding

(a) Reduction of variation within a bed
Bedding conditions were examined in ordet to determine what bedding
condstions would produce the same SiO; variation within a bed for Hierro Peru

as for the ore used by Kawasaki Steel.
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Since Kawasaki places a sub-raw material containing SiO3 in the beds, the

Si0, content in the beds is high.

The variation of Si0; within a bed will decrease by increasing the number of

bedding layers. The relation is shown in the following formula:

GED
o = H— %E0

n : Number of bedding layers

: Variation of SiO9 within a bed

: Variation of Si0; within a bed after ore

[
E bedding

When the SiO; level in the bed corresponds to 3.54% and if the variation

3.54%

within the bed is 0.148% x 5 64% 0.093% (o), the required number of bed-

ding layers will exceed 14 with og o = 0.343%.
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(b) Reduction of variation between beds

The Si0, in a bed is estimated by sampling and analyzing stacked ore. The
difference between the estimated content and the target content of SiO; is ad-
justed by the addition of silicastone. In thus case, the variation between bedsis
considered to be caused by errors in the estimation of the 5i0; content in the
beds and errors in the amount of silicastone added.

To maintain the varation between beds at the same level as that of

Kawasaki Steel, it is necessary to keep the difference of the estimated Si0Q; in

0.490

the bed less than 0.064%. 1f the difference in the estimation is shown as e

{m= number of samples), the required number of samples will be 59 per bed.
This implies that one sample should be taken for every 1,000 tons of stacking.
The above study was carried out with ideal conditions for stacking and
reclaiming. However, in practice, the variation of 510, will be larger thanthe
theoretical figure. In actuality, the number of bedding layers is between 300 and

700 which is considered adequate to obtain a sufficient homogeneity.

55.3 Effects of Alkali
Hierro-Peru iron ore contains a high level of alkali. The effects which the
alkaline content of the ore has on sintering operation and blast furmace opera-
tion were considered together with the steps which could be taken to relieve the

problem.

(b Effects on Sintering Operations

The problems which came to light in Japan when Peruvian ore was used in
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the past were clogging of the grate in the sintering equipment, corrosion, and
low efficiency of the electrostatic precipitators. The alkaline compound evapo-
rates in the sintering process and condenses on the surface of the grate, producing
condensed material with a low melting point which combines with the sinteting
material as a binder and causes the clogging. This alkaline compound also causes
abnormal corrosion of the grate bar by molten salt at temperatures of 800 - 200
°C.

In order to deal with these problems, it is necessary to install a pallet
cleaner, to increase the thickness of the hearth layer, to study the structure of

the pallet grate bar, and to study the material of which the grate bar is made.

2) Effects on Blast Furnace Operation

Alkali contained in ore and coke, circulates and accumulates in the blast
furnace and is the cause of scab in the furnace, a decrease of coke strength, etc.,
which destabilizes blast furnace operations. At steel mulls, the alkali balance is
controlled by reducing the alkali charging volume and adjusting the alkali given
off by adjusting the basicity of the slag.

The amount of alkali charged into the blast fumace is 0.7~1.0 kg/fton of
pig iron from coke breeze and 1.0~1.6 kgfton of pig iron from iron ore, totaling
approximately 1.7~ 2.6 kg/fton of pig iron.

If 10% of the sintered ore is Hierro-Peru sinter, the quantity of alkali
charged into the blast furnace increases by 0.2 kg/ton of pig iron. At stee] mills
which have a sufficient quantity of alkaline material to be charged, it is probable
that the use of Hierro-Peru sintered ore would be limited.

To decrease the alkaline content of Hierro-Peru sintered ore, it 15 effective

to add CaCl, as in the pot tests.
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554

Study of Chemical Composition of Sintered Ore

(H S0

The Si0, in the sintered ore was examined, taking into account the quality
of the sintered ore, sintering costs and methods of adjusting the SiO, level. As
for quality, the shatter index (S]) and the reducibiity index (RI) are the deter-
mining factors. With respect to the shatter index, the same properties as those of
PSC sintered ore may be obtained by blending a quantity of coke breeze appro-
priate to the Si0, level (Fig. 5-11).

The desired reducibility index is 65% or over, but when the 8i0; con-
tained is less then 5.5%, this cannot be mantained (Fig. 5 - 14). The reason for
this is the increase in magnetite which results from the decrease in calcium
ferrite and the increase in the level of coke breeze which is used to maintam the
shatter index.

The sintering cost is indicated by a change in the value of the sinter mn
accordance with the cost of the raw matenals and changes in the chemical com-
position of the sintered ore.

Two cases with a different SiO3 level (5.5% and 6.5%), are shown in

Table 5 - 23,

Table 5-23 §i0; Content in Hierro-Peru Sintered Ore and Change in Unit Cost

5103 55 65
Banaity Ca0Si0; 15 15
Unn Ui Con Unnt Uinat Cast  Diffesence

Unat Price i) (D Between

( onsumpuon Consumption Lo Cast

DI~y

hon ore DBlg kg 833kg 1 XA B6Skgst 01 ¢it pal 4]
Limestone 032 149 48 180 5B 10
Sulicastone 0.36 17 t 28 10 4
Coke breeze 7138 5D 369 42 310 -59
Toal (A) 11486 079 -7
Total Fe (D) 65¢/Fe unt® S86% 3809 561% 3686 -3
Balance 2663 -~ 2607 L1

(A} (B}

Note: * Fe unit cost is assumed to be 65 ¢.
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The unit cost of the 5.5% SiQ, blend is 56¢ per ton lower than the 6.5%
Si0; blend.

To adjust the SiO, in the sinter mix, it is necessary to make the target
SiO; content more than the total of the maximum SiO; content of the bed and
the minimum feed volume of silicastone.

The maximum SiO, content in a bed is estimated to be 3.7%+ 0.35% x 3
= 4.8% (in the past 3.7% SiO; has been the average vatue). On the other hand,
the minimum feed volume of silicastone is 2 ton/hr., which corresponds to
0.6% SiO;. Therefose, the target Si0; content will be more than 4.8% + 0.6%

= 5.4%. As a result of these studies the target Si0y level was fixed at 5.5%.

{2) Basicity

With the basicity of sintered ore set below 1.5, an appropriate reducibility
index cannot be maintained (Fig. 5 - 13). This is due to the increase in magnetite
which accompanies the decrease in calciom ferrite (CF).

The relation between basicity and the change in the cost of the sintered

ore was obtained with reference to SiO; (Table 5 - 24).

Table 5-24 Basicity of Hierro-Peru Sintered Ore and Change of Unit Cost

Bascity CaQ/5:10; ! 15 ' Lb :
B 75:0; - . 7 55 55 . h
T Unnt ’ Unit Cost Uit Uttt Cost  Difference
Unp Price Q) ()] Between Conts
Contumption Consumplicn M0
_lrun ore l-).Bl_G Ixg ) B9kt i }2311; i B37kgh ) 715#! . 4—5 )
Lumesione 032 149 48 160 H ] 3
Sihicastone 036 17 6 17 6 0
Coke breeze 738 30 369 50 365 0
Total (A) 1146 1144 -2
- '-rum Fe .6Sﬂ'Fc un.n: $B 6% ” 3R09 o ss;%- - 375;3 -26—” i
w-m s e om |
balance
Note: * Fe unit cost is assumed to be 65 ¢.
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5.5.5

Sinter with a bacisity of 1.5 is 24¢ lower than that with a basicity of 1.6.

In blast furnace operation with 100% sinter, the basicity of the sinter wall
be between 1.4 and 1.5 because of adjustments to the slag component. 1t is
necessary to fix the basicity of Hierro-Peru sinter at 1.4 or above.

As a result of these studies, the target basicity (CaO/510;) wassetat 1 5.

Sinter Quality Contro}

§)] Quality Control Targets

The targets for quakity control of Hierro-Peru sintered ore were set based
on those for PSC sinter.

The reason for this was that PSC sinter is excellent as blast furnace burden
and has low degradation which is important.

The value of PSC sinter as blast furnace burden is demonstrated by the
fact that PSC sinter, making up 40 ~ 50% of the blast furnace burden, has been
used 1n Kawasaki Steel’s large 4,500 m? biast furnace, and stable furnace opera-
tion and a low rate of fuel consumption (annual average 436 kg/t) have been
achieved. To maintain a low rate of degradation by improving shatter strength of
the sinter at the ambient temperature, operations are carrned out at a low level of
production and thus, the shatter index is kept at 90% or over. In this study. the
same level of productivity (1.3 t/hr.m2} as PSC was adopted, fixing the effective
area of the sintering facilities at 249 m2,

249 m? x 1.3 t/hr.m2 x 24 hr x 365 days x 0.9 = 2,500,000 1/y

Table 5 - 25 shows the quality control targets for the Hierro-Peru sinter

plant.
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Table5- 25 Quality Control Targets for Sintered Ore

Ttem

Target of Quality Control

(1) Chemucal Composition

(2) Physical Properties

Total Fe

Si0;

Ca(/Si0,

51

Fine Generation (-3mm)
R.DI (:3mm)

RIL

58%
5.5%
1.5
50% mun,
3% max.
33% max.
65% min.

In order to maintain the operational objectives and minimize variation in

the chemical composition of the sinter product, the mine, the beneficiation

plant, and the sinter plant must cooperate with one another.

(2) Unit Consumption of Coke Breeze

Because Hierro-Peru ore melts well and has high sulphur and FeO content,

the unit consumption of coke breeze will be lower than that for PSC. In the pot

tests, the unit consumption of coke breeze was 6~ 13 kgft lower than that for

PSC ore (Fig. 5-11).

This is a result of the heat from the oxidation of S and FeQ and the easy

formation of molten CaQ-8i0;-Fe0 and Ca0-8i0;-Fey Q4 systems from gangue

minerals at a low temperature. (Refer to 5.4.5. Sinter Pot Test Discussion, and

Fig. 5-22)

Judging from the unit eonsumption of coke breeze for PSC sintered ore,
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which is 60 kgft, the unit consumption of coke breeze for Hierro-Peru sintered
ore will be approximately 50 kg/ft.
The pot test showed that the use of anthracite as a substitute fuel for coke

breeze had practically no effect on the sinter product.

(3) Characteristics of Hierro-Peru Iron Ore

5.5.6

The standard material mixing ratio of R.O. and T.0. at the Hierro-Peru
sinter plant is 6:4.

Since the characteristics of Hierro-Peru ore vary with changes in the ratio
of R.O. to T.O., the size distributjon, the beneficiating conditions, ore deposits,
and so on, material control and operation control appropriate to the conditions
are important.

Hierro-Peru sinter feed cannot form a dense layer because of the lack of
fine and coarse particles, and it tends to produce porous sintered ore. Therefore,
it is necessary to add raw maierial which will increase the density.

Regarding the moisture content, since R.O. and T.O. contain about 8%
water, the moisture content in the sinter mix will be approximately 5.4% with-
out the addition of water. The installation of dryers s considered unnecessary
because a considerable reduction in the moisture content is expected whtie the

ore is stacked in the ore beds.

S0, Emission and the Environment

The sulphur content of Hierro-Peru iron ore (1.62% for R.O. and 0.57%
for T.Q.) is high, and consequently, the concentration of SO, 1n the waste gas of
the projected sinter plant is expected to be high. For this reason, the effect on

the environment of SO emission in the San Nicolas area was examined.
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The winds at San Nicolas are mostly southerly to south-southeasterly, as
shown in Fig. § - 27, with velocities of 6 - 8 m/sec. on the average (19 m/sec,

maximum and 2 m/sec. minimum}. Average monthly temperatures range from

18°C t0 25°C.
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Fig. 5-27 Wind Directions at San Nicolas by Month {1976 - 79)
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The topography of San Nicolas and surrounding areas is shown in Fig,
5-28. A plateau rising to altitudes of over 900 m lies downwind of the plant bet-
ween 150° and 190° from due south. The plant site is surrounded by uninhab-
ited desert, and the only residential or agricultural areas downwind of the plant
site are located at a distance of 40 km to the northwest along the Rio Grande
river valley and 60 km to the northwest along the Rio Ica river valley,
In Peru, the permissible level of SO, for residential and agricultural areas is

set at an average of 0.06 ppm for any 24 hour period.

The diffusion of SO; can be calculated using the following formula.

_ Q y? (z~H)? (z+H)? 5
ON =m0, 0 X &P b3g,7) X lexp (g 7 +exp 75501 x 10

Cn : 80, concentration (ppm)
Q : SO, emission (0.62 Nm? fsec.)
H :  effective height of stack (181 m)

wind velocity (m/sec.)
Y, 2 : horizontal and vertical distances of the emission zone {m)
Oy, 0, : standard deviations for horizontal and vertical distances of

the emission zone (m)

The standard deviations for horizontal and vertical distances of the emission
zone oy Or O, can be calculated as shown in Figs. 5-29 and 5-30, using the
Sutton and the Pasquill formula, which were developed based on experimental
data of SO, emission. In this report the Sutton formula is used for calculations.
Table 5-26 shows the SO, concetration on the ground at a distance of 40km
from the stack in the wind direction as calculated from Figs. 5-29 and 5-30. At a
distance of 40 km from the stack in the wind direction the area with an SO,

concentration of 0.06 ppm and above has a width of 600 m.
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Table 5-26 S03 Concentration on the Ground ai 40km in the Wind Direction

Height Wind Oy g, Concentration
Velocity on the Ground Formula Used
(m) (mfsec.) (m) (m) (pprm}

0 6.7 490 784 0.075 Sutton (Peru)
0 6.7 1080 290 0.077 Pasquill (Japan)
0 6.7 3600 525 0.015 Sutton (Japan)
0 2.1 490 784 0.238 Sutton "(Peru)
] 2.3 3800 6500 0.004 Pasqutll (Japan)
0 2.1 3600 525 0.047 Sutton (Japan)
0 154 490 784 0.032 Sution (Peru)
0 154 1080 290 0.034 Pasquill (Japan)
0 154 3600 525 0.006 Sutton (Jupan)

Note: Values for oy and o, are obtained from Figs. 5-29 and 5-30.
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The daily fluctuation of wind direction at San Nicolas is shown in Fig.
5-32. When the direction of the wind shifts by 1°, the point at a distance of 40
km in the wind direction shifts horizontally 700 m and therefore completely
moves out of the original area receiving an SO, concentration of 0.06 ppm and
over.

Momehtary concentrations of SO, on the ground at a distance of 40 km
may exceed the 0.06 ppm level, but as a result of changes in the wind direction,
the daily average will remain below 0.06 ppm.

The SO, concentration may be affected by the topography of an area.
When a plateau 900 m in height lies downwind of the stack, the vertical width
of the emission zone narrows as the waste gas flows over the plateau and then
widens again on the lee side of the plateau. The SO; concentration at point A

in the Rio Grande river valley is calculated using the following equation:

®
Stack /Q_Orm F S00m

| i
- 25km ' 20Km ————m

gy = 490m g;=430m n=0.2 U=6.7m/sec
T
< 0.62 _(800-500)2 _ (900+500)?
C= rxa00x430x6.7 * ¢ 2%A4307 * € T7x4302 x 106 = 0.046 ppm

(oy and o, are calculated using the Sutton formula in Peru. However, o, was

calculated with x = 20 km.)

When the waste gas passes over a plateau, the SO, concentrations on the

ground are lower than if there are no obstacles.
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With a southeast wind, the waste gas blows along the surface of the plateau, and
the SO, is reflected back. Consequently, the SO, concentration on the wind-
ward slopes of the plateau is doubled. At a distance of 40 km and over, the
waste gas again begins to diffuse. However, southeast winds are very rare and
thus will not pose a significant problem.
1t may be concluded that the average concentration of SO; over a 24 hour
period in residential and agricultural areas will not exceed the 0.06 ppm level in
spite of a certain Jack of precision mn the calculation methods.
For the purpose of pullution control, however, measurement of wind
direction and velocity, SO, emission and concentration on the ground, and
other environmental observations may be required before and after the projected

sinter plant commences operation.
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5.6 Production Plan and Unit Consumption

Low production and somewhat high unit consumptions are foreseen in the first
stage of production while initial problems with the equipment are being worked out
and the engineers and workers are gaining technical knowledge and experience. Smooth
operation will be achieved within a few months through proper maintenance, etc.
The level of technical expertise of the engineers and workers will improve, and stability
in quality, scale of production, and unit consumption can be expected. It is expected
that normal operation will be attained within a year. However, since sales activities
may ot match the output potential of the sinter plant, production for the first year
will be fixed at 1.65 million tons per year, the second year 2.0 million tons per year,
and from the third year on 2.5 million tons per year. Production, consumption of raw

materials, and inventory plans are shown in Tables 5-27 to 5-30.
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Table 5-29 Production & Raw Materials Plan

ton/year

Required Raw Materials

Year | Froduction Irgfo?re Ir;?o?re Limestone Siiiﬁ:h Coke Breeze
1 | 1,650,000t 889,350t 594,000t 249,150t 36,300¢ 92,400t
2 ] 2,000,000 1,072,000 714,000 298,000 42,000 100,000
3 | 2,500,000 1,340,000 892,500 372,500 52,500 125,000
4 | 2,500,000 1,340,000 892,500 372,500 52,500 125,000
5 | 2,500,000 |1,340,000 892,500 372,500 52,500 125,000
Table 5- 30 Inventory Plan

Unit: metric tons
Inventory
Normal Maximum
Iron Ore (yard) 30,000 58,000
Iron Ore {ore bed) 57,000 57,000
Limestone 2,000 4,000
'5ilicastone 500 1,200
Coke Breeze 15,000 30,000
Sinter 150,000 260,000

—200 -




CHAPTER 6

OUTLINE OF THE SINTER PLANT _

JBideyd

9






CHAPTER 6 OUTLINE OF THE SINTER PLANT

6.1 DesignBasis ..vvoerciiiasnssrattaiar ittt artarrrraonrs 201
61,1  Plant Site vt it b b ey 201
6.1.2  Climatic and Marine Meteorological Conditions . .......... ..o tts 205
6.1.3 Topographyand GEOlOBY .. .. vv it iii i 214
6.14 Standardsand Criteria .. ... ccviniii ittt iran e, 217

6.2 BasicPlanfortheProduction ... ..cciiiviinrnnearesnraranaanonss 218
6.2.1 Plant Production Capacity . ... cov it nr i ciaar o anaannans 218
622 Material Balance .. ... ..o i e 218
6.23  Materlal FlowW & o oottt ittt v anesnancean s tenure s 220
6.2.4  Prevention of Degradation of the Sintered Ore . . . ................. 225
625 Environment Protection . .....civirinene ittt 226

6.3 LayoutofthePlant .........cccvviiriiinnans Crereserraseaas 227
6.3.1  Effective Use of the Existing Facilities . ............ ... ...t 227
632 Ground Level .. ... v.tvrireit i i et e 227
633 Environment Conservation . ... .o vrvnencnernrerannsnnenerasnes 228
6.3.4 Belt Conveyor SYStBIM .. ... .ottt ittt nraans 278

6.4 Facilitiesand Structures .. ... . cviiintiiereorreivrracasinresannans 23]
6.4.1 Land Grading .. oo iv ittt e et 231
5.42 Roads . ...t i e e 232
043  YaI0S ittt et e et e e 232
644 Buildingsand Structures . .. ...covvtvriet it iuan oo, 236

6.4.5  Outlines of the Specifications of the Machinery and Equipment ...... 238



.

PR




6.1

6.1.1

CHAPTER 6 QUTLINE OF THE SINTER PLANT

Design Basis

Plant Site

The San Nicolas Works of Hierro-Peru is located at a place about 400 km
south of Lima, which faces the Pacific Ocean. The Pacific side of the Andes of
Peru is mostly a desert with no exception and so, the surrounding area of the
waorks 18 also totally an uninhabited desert.

The nearest city is San Juan 14 km southeastward. Most of 22,000 inhab-
itants are the Works’ employees. Other neighbouring towns are Nazca about
60 km in the northeast and Ica about 140 km in the north, but the area between
these towns is mostly desert, while a major city in the south part of Pern,
Arequipa, is situated about 420 km southeast of the Works. (Ref. Fig. 6-1)

The Marcona Mine where the iron ore is mined is located about 15 km
east-northeast of the Works. The Mine and ithe Works are connected by cross-
country conveyors and thereby the iron ore is transported to the Works. Practi-
cally, the Works is situated on a small peninsula forming the south end of the
San Nicolas Bay, of which coastal part is a cliff and forms a plateau. Under

such circumstances, the most facilities of the Works are located more than 40 m
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above the sea level. Existing here at present are the crude ore yard, crushing
plant, beneficiation plant, pellet plant, slurry pond, pellet yard, fine ore yard,
electric power generation plant, pier for the iron ore shipmeni, and other
facilities. The substation of Electro-Peru also is located at a corner of this area

and supplying the electric power to the Works.
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6.1.2 Climatic and Marine Meteorological Conditions
The meteorological observation data in San Nicolas are shown in Appen-

dix-D.

(1) Atmospheric temperature and relative humidity
The mean monthly temperature and relative humdity at San Nicolas in

1976 through 1978 are indicated in Figs. 6-2 and 6-3 respectively.

{2) Rainfall
According to the statistics, the rainfall at San Nicolas in 1976 thru. 1979
is trace or zero. The rainfalls at San Juan in 1962 thru. 1971 are shown as refer-

ence in Table 6-1.

Table 6-1 Rainfall at San Juan {mm)

Year |19621963 {1964 }1965 ]966;196711968“96911970!197] . Mean
: f ! ! [

Rain Fall| 5.0 | 2. |Trace | 15.8| 7.4 0310 1 5679 140 58
! .

3) Wind
According to the statistics from 1976 thru. 1979 at San Nicolas, the wind
direction is 130° ~ 195° (SE ~ SSW) and the Wind speed is 8 ~ 38 knots (4 ~
19 m/sec).
The wind rose of the maximum daily wind speeds observed at San Juan is shown
in Fig. 6-4.
The “Reglamento Nacional De Construcciones’ of Peru is applied to the design

of the structures to the wind pressure,
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(4) Tide level
In the marine chart 22183 Bahias San Nicolas and San Juan, the following

tidal information is given.

Table 6-2 Tidal Information at San Nicolas

Height above datum of soundings
Place Mean High Water Mean Low Water
Higher ; Lower Lower Higher
San Nicolas 0.8m - | - -

Besides, the tide levels observed at San Nicolas are as follows.

Highest Tide +1.06 m
T
o MHHW +0.88
y' M.H.W. +0.73
|

o MLW +0.12
< MLLW -0.09 T
= Lowest Tide -0.15

Fig. 6-5 Tide at San Nicolas
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(5) Waves
The ore loading pier of the Works is located in the San Nicolas Bay and a
breakwater of 800 m long is provided at the west side of the pier which faces the
Pacific. Therefore, the pier has no wave problems and ships may always come

alongside the pier.

{6) Earthquake
Fig. 6-6 shows the world seismogram. As seen from this map, this area
belongs to the circum-pan-Pacific earthquake belt. Besides, shown on Table 6-3
are the earthquakes above magnitude 7 occurred in Peru in 1900 thru. 1976.
Among them, the earthquake on 31st May, 1970, of which epicenter was off
Chimbote, caused the heaviest damage in history of Latin America.
Consequently, all the structures should have earthquake resistance, and their

designs are based on the Uniform Building Code - Zone 111
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Table 6-3 Earthquakes M > 7.0 in Peru (1900 ~ 1967)
Date M Latitude } Lz:g:-j Region and Reports
1906 12 26 7.9 ' 18 8 i?l W 1 Near coast of Peru
1908 12 12 8.2 14 5 78 W Off coast of Peru
1913 8 6 | 7 3/4 | 17 5 |74 W Near coast of Peru
11 10 ? 18 8 70 W : Peru, 120 killed
1922 1 6 7.2 ; 16 1/28 73 W | South Peru
117 | 7.6 . 21/2s |71 W North Peru
10 11 5 7.4 i 16 S 172 1/2 | South Peru
1923 9 2 i 7.0 % 16 5 68 1/2u0 : Peru~-Bolivia border region
1928 4 9 } 13 S 169.5 W ; Southeast Peru, 10 killed
5 14 i 7.3 % 5 s 78 W | Peru~Ecuador border region
718 - 7.0 | 5128 {719 W 5 North Peru
1940 5 24 ; 8.0 ; 10 1/28 E?? W : Peru, some hundreds killed
1941 918 7.0 | 13 3/45 {72 1/4W ! Peru
1942 824 | 8.1 15 8 76 W Near coast of Peru
1943 2 16 j 7.0 ; 15§ |72 W . Peru
104 229 | 7.0 ! 14 1/28 |70 1/2w | Peru
1946 9 30 l 7.0 % 13 s 76 W 1 Near coast of Peru
1110 + 7 1/4 8 1/25 77 1/2w | Peru, buildings damaged
1947 11 1 | 7.3 10 1/28 .75 W Peru, buildings destroyved
1948 511 7.3 17 1/2s i?O 1/44 | Near coast of Peru, damage
; ‘ in Moquequa
7 20 é 7.1 17 3 75 W Offcoast of Peru, small

damage in Caravell, etc.
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. Longi-
t
Date M Latitude tude Region and Reports
1950 12 10 7.0 14 1/48 75 3/4u Peru, 4 killed 12 wounded
in lca
1952 2 26 7.0 14 S 70 1/2W Peru
1958 1 15 7.3 1l6.5 s 71.5 ¥ South Peru, 21 killed, 90
wounded
7 26 7.5 13.5 5§ 69 W Peru-Bolivia border region
1959 2 7 7.2 4 S 81.5 W Near coast of north Peru
7 19 7.0 15 S 70,5 W South Peru
1960 1 13 8.0 16 8 72 W South Peru, damage in
Arequipa
115 7.0 15 S 75 W Near coast of Peru, &
wounded and small damage in
Ica Prov.
1961 8 19 7.0 10.8 s 71 Y Peru~-Bolivia border region
8 31 7.2 10.7 s 70.7 W Peru-Brazil border region
8§ 31 7.5 18.5 s 70.7 W Peru-Brazil border region
1963 4 13 6 3/4n7 6.3 s 76.7 W North Peru
B 15 7 3/4 13.8 s {69.3 W Peru-Bolivia border region
9 24 7.0 10.6 s 78 5} Near coast of Peru
11 9 7.0 9 S 71.5 W Peru-Brazil border region
1965 11 3 6 3/4nT 9.1 s 71.4 W Peru-Brazil border region
1966 10 17 71/2 10.7 s 78.7 W Near coast of Peru, 125
] killed, more than 3000
wounded, 3 m high tidal wave
1967 2 15 6 3/6n7 9 S 71.3 W Peru-Bolivia border region
1968 6 19 7 5.6 § 77.2 W North Peru, 41 killed, 100
wounded
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Longi-
Date M Latitude tude Region and Reports

1970 5 31 7.6 9.2 § 78.8 W Near coast of north Peru
70,000 killed or missing,
more than 1 million lost
houses

1970 12 10 7 4.0 § 80.7 W . Peru-Ecuador border, 81

. killed, many wounded

1971 7 27 7.5 2.7 8§ 77.4 W Peru-Ecuador border, 1
killed

1974 10 3 7.5 12.3 § 77.8 W Near coast of Peru, 78
killed, 2414 wounded, heavy
damage in Lima, 1.8 m high
tidal wave hit Callao

Quoted from:

Science Chronoclogles 1974 and 1978 edited by the Tokyo Astronomical

Observatory.
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6.1.3

Topography and Gaology

Fig. 6-7 shows the topography cf the periphery of the projected sinter
plant site. This map has been prepared according to the topographical map made
when the existing plant was constructed as well as the contour map measured at
50 m interval which were made during the site survey conducted for this feasi-
bility study.

As seen from this map, the present ground of the proposed site is 35 ~
60 m above sea level — the height difference amounts to 25 m. On account of
this, it is assumed that the preparation of the land involves a considerably big
scale civil work. When compared the topography at the existing plant construc-
tion with the present topography, it is noticeable that the present coastline near
the repair shop has moved considerably toward the north, and that the level
around this area has become higher. This fact indicates that this zone has been
made by land filling with the tailings, etc.

For the construction of the new sinter élant, the topographical measuring
is to be executed before the detailed designing, on the basis of which detaiied
topographical maps are to be prepared, and according to these drawings, the
locations and ground levels the most suitable for the respective structures as
well as the earthwork volume should thoughtfully be re-examined.

According to the geology survey made at the construction of the existing plant,
there exists partially a marine alluvium near the ground surface, but the geology
is mostly the conglomerate zone before the Tertiary or rock bed. However, some
parts of the sinter plant site and its periphery are fillup grounds. Although the
geology of this area should be investigated for deciding the bottom positions of
the various structures’ foundations as well as the soil bearing capacities before
commencing the detailed designing, in this study, the foundations are planned

on the assumption that the soil bearing capacity would be 30 ton/m?.
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6.1.4

Standards and Criteria

The electrical equipment and instruments are planned according to the
U.S.A. standards (NEMA). The other facilities and structures are planned in
principle in accordance with the Japanese standards and criteria unless otherwise
specified in 6.1.1, 6.1.2 and 6.1.3 and wherever necessary, the Peruvian and

U.S.A. standards also are taken into consideration.
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6.2 Basic Plan for the Production

6.2.1 Plant Production Capacity

The nominal annual production capacity of the plant is planned to be
2,500,000 metric tons.

The number of the work days per year is considered to be 90% of a
calendar year; this is based on the yearly work day of the existing pellet plant
and other factors. Consequently, the production capacity per day is the follow-
ing.

2,500,000/365 x 0.9 = 7,610 ton/day (317 ton/hr)

6.2.2 Material Balance
The material balance shown in Fig. 6-8 has been made according to the
production capacity, quality, working efficiency, consumption of the raw

material and the pot test resulis of the raw materials obtained from Hierro-Peru.
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COKE BREEZE LIMESTONE SILICASTONE IRON ORE 1RON ORE RETLRN FINES
(T.0.) (R.0.)
15.9t-dry/h 47t-dry/h 6.7t=dry/h 113t-dry/h 170t-dry/h 127t-dry/h
17.0t~wet/h 48t-wet/h ! 6. 7t-wet/h 119:-wet/h 179¢-wer/h 127t-wet/h
T T T
l | 4 t [
1
L 10t/h | ADDITIONAL
I WATER
1
i
i
MIXER
506c-wet /h
I
‘1 19t/h
L
SINTERING MACHINE !
525t-wet/h '
|
l 1
* |
COOLER o
463t/h =
=< =
3 2
=+ =
[ -
gl B
ol
(100mm) G
COLD SINTER !
1st COLD SCREEN CRUSHER i
110t /k } !
H
163t/h { 20mm)
51t/h {10mm) 19t/h 'a
Znd COLD SCREEN
230t /h
103t/h, {6mm)
! 3rd COLD SCREEN
i
; i 127t/h
1 PRODUCT
317t/h

FIG.6-8 MATERIAL BALANCE
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6.2.3 Materia! Flow

The flows of the raw materials and sintered ore are shown in Fig. 6-9

Material Flow, of which outline is explained in the following.

n Receiving of the raw materials

The sinter feed is transported from the beneficiation plant through 63-
96BC, B-1BC and 63-603BC and once stored in the sinter feed yard. An ore bed-
ding system is applied to unify the quality. The sinter feed is discharged at a
constant rate from the tlending yard bins, the stacking is performed by the
blending stacker and the reclaiming from the yard by the blending reclaimer.

The coke breeze is unloaded by ship’s derricks which are eguipped with
clam shell buckets, transported by dump trucks and stored at the coke breeze
yard.

The limestone is crushed smaller than 100 mm at the mine site, and after
being transported by the cross country conveyor to and stored at the crude ore
yard of the San Nicolas Works, it is crushed under 10 mm at the existing No. 1
crushing plant and stored in silos. The crushed limestone is discharged from the
silos by the vibrating feeders, sized under 3 mm by the impeller breaker and
screen which are newly installed in the existing scrubbing and cobbing building
and stored in the existing waste truck bin.

The silicastone also is stored in the existing bin through the same route
with a time lag to the limestone process.

The coke breeze, limestone and silicastone are transported by B-2BC
modified from the existing underground conveyor and the new conveyors

separately to the blending bin, whereas the sinter feed is transported to the
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2)

(3)

4)

blending bin through the blending yard.

Biending and mixing

The coke breeze is ground by the rod mill to make the average grain size
of 1~ 1.5mm and then stored in the ground coke blending bin. The raw
materials and return fines are discharged by the constant feed weighers at a
certain blending rate and mixed and homogenized with additional water m the

drum mixer.

Sintering and cooling

The mixed materjal (sinter mix) is evenly discharged on the hearth layer
which is thinly laid on the pallets beforehand, and the sinter mix layet surface is
ignited by the ignition furnace. The sintering reaction proceeds gradually into
the lower part of the sinter mix layer by the downdraft as the pallets travel
toward the exit, and is completed at the exit. After being discharged, the
sintered ore is crushed under about 200 mm by the hot sinter crusher and

then air-cooled by the cooler.

Sizing

The sintered ore is discharged from the cooler by the vibrating feeder and
fed to the st cold screen. The crushed sintered ore above 100 mm 1s further
crushed under 100 mm. The 2nd cold screen is of double deck type, of which
upper screen is 20 mm mesh and the lower screen 10 mm mesh. The sintered
ore over 20 mm is accepted as the product, while that of 10 ~ 20 mm 1s partly
sent back to the sintering machine as the hearth layer. The sintered ore under 10

mm is charged to the 3rd cold screen, and the ore sized over 6 mm becomes the
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product, while that under 6 mm is sent back as the return fines to the blending

bin.

(5) Storing of the product
The product (6 ~ 100 mm) is sampled for the quality control and after-

ward it is stacked on the sinter yard by the stacker.

(6) Shipment of the product
The product is discharged by the reclaimer from the sinter yard, and
after being sampled for the shipment, it is loaded on vessels by the existing berth

conveyor and shiploader,
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6.2.4 Prevention of Degradation of the Sintered Ore
The sintered ore is easily broken by fall impact, since it is characteristic-
ally brittle. Therefore, a hard sintering process is applied to the production, and
in the transportation and handling, the falling height and frequency are mini-
mized as much as possible to prevent the degradation. Practically, the following

measures are taken for the said purpose.

(1 No. of the belt conveyors is reduced as far as possible to minimize the
falling frequency.
{(2) The diameter of the head pulleys are made as small as possible to reduce

the falling heights at the conveyor junctions.

{3) A stone-box method is applied to the chutes.

{4) A stacker of boom luffing type is adopted and thereby the height from

the stacker boom head and the stacked sintered ore is always kept low.

(5 A reclaimer with tripper is adopted to supply the sintered ore from the

boom conveyor to the tripper head and thus the feeding height is reduced.

{6) Vessels with sliding chutes are preferred for the shipment to prevent the

degradation.
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6.2.5 Environment Protection

(1 Exhaust gas of the sinter plant is diffused into the atmosphere through a
stack of 100 m: high.

{(2) The following three dust collectors are installed
(a) Main dust collector : for the main dust collection
(b) Cooler dust collector : for the dust collection from the coolers

(¢) Room dust collector : for the dust collection from the screens, crushers,

belt conveyors, etc.

3) The main exhaust blower and the cooler fans are equipped with silencers

so as to prevent the noise.
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6.3 Layout of the Plant

Considering the followings in the layout plan, the sinter plant is located as

shown in Fig. 6-10 at a vacant lot in the north of the existing crude ore yard.

6.3.1 Effective Use of the Existing Facilities
(O Pier and pier facilities

Vessels of 170,000 DWT class may come alongside the west side of the
pier, since the water depth there is 18 m. The nominal capacity of the shiploader
is 3,000 t/hr, and so this shiploader can be used for the shipment of the sintered
ore. The water depth at the pier east side is 13.7 ~ 17 m which is good enough
for receiving vessels up to 60,000 DWT class, and therefore, the vessels which
transport the coke breeze or the materials, machinery, equipment, etc. for the

sinter plant may come alongside the pier east side.

(2) Raw material yard and limestone crushing plant
The existing sinter feed yard is partly used for storing the sinter feed and
the coke breeze for the sinter plant.
While, a part of the existing crude ore yard, No. ! crushing plant, silos, convey-
ors, waste truck bin, and scrubbing and cobbing building are used for the lime-

stone crushing plant of the sinter plant.

6.3.2 Ground Level
It is preferred in view of the layout of the machinery, equupment and

roads that the sinter plant, sinter yard and belnding yard are located on the same
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6.3.3

6.3.4

level. But the level of the ground where the sinter plant is expected to be built
rises to 60 m and falis to 35 m. The earthwork volume is to be minimized as
much as possible, and the raising of the land for the sinter plant and sinter yard
is to be made low as far as possible, because the loads given there are relatively
big. Therefore, it is planned that the sinter plant as well as the sinter yeard are

located on the level of 45 m and the blending yard on 47 m.

Environment Conservation
The main stack is located at the west of the sinter plant, and a space wide
enough to install an exhaust gas desuifurization plant in the future is kept bet-

ween the main stack and the tailing pond.

Belt Conveyor System

In the planning, the flows of the raw materials and the sintered ore are
made as simple as possible, and the number of the belt conveyors and their
lengths are reduced as much as possible,

As a result, the blending vard, sinter plant and sinter yard are located

more or less in parzalle] from the east to the west.
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6.4

6.4.1

Facilities and Structures

Land Grading

Land of approximately 110,000 m? is required for the sinter plant and
auxiliary facilities. The land is roughly devided in three areas, one for the sinter
plant and the others for the blending yard and the sinter yard, all of which
should be flat.

The lay of the land where the sinter plant is installed is such that the
ground level rises to about 60 m and falls to 35 m, and therefore, land grading is
required in any case. In order to make economically the land grading, it is gener-
ally advantageous to use all of the graded soil for the land filling to acquire the
necessary space. In this study, however, taking the following three points into
consideration, it has been decided that the blending yard is located on 47 m level

and the other facilities on 45 m level.

(a) The loads given on the areas where the sinter plant is installed and the
sinter yard is provided are considerably big, and therefore, in view of the
soil bearing capacity, the land filling there is to be avoided as much as

possible.

(b) The extent of the land filling is limited, as the existing facilities are
situated in the periphery of the area where the sinter plant and its related

facitties are installed.

(c)  Although, each of the areas can be located on different levels, the level
difference is made max. 2 m in view of the heights of the connections

between the facilities.
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6.4.2

643

(1)

As a result, 1/3 of the area in the west of the sinter yard and periphery of
the main stack are made by land filling and most of the other areas are made
by cutting.

The total volume of the cutting is about 500,000 m®, whereas that of
the land filling is about 100,000 m®. As part of the land is of base rock, digging
by blasting may be required. The standard gradients of the slopes at the cutting
and Jand filling are made i:1 and 1:2 respectively.

Rolling should be applied to the ground layer by layer of 30 ~ 50 cm thickness,
after spraying water for the adjustment of the ground water content in order to

compact sufficiently the ground. Fig. 6-7 is used to calculate the earthwork

volume.

Roads

The width and the maximum gradient of the roads to be arranged in the
periphery of the sinter plant are generally made 10 m and 8% respectively.
However, the width of the road from the pier to the coke breeze yard is made
15 m, since 65-ton dump trucks pass there, and 1ts maximum gradient 15 10%,

because the distance is not sufficiently available.

Yards

Sinter feed yard

The existing sinter feed yard is partly used for the sinter feed yard of the
sinter plant. The stacking on the yard is performed by the tripper equipped on
the belt conveyor No. 63-603, while the discharging is carried out by the belt

feeder and the belt conveyor B-2 being installed in the culvert.
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(2)

(3

Since the culvert system is applied to the discharging, gathering of the
sinter feed at the discharging opening by bulldozers, etc. is necessary to dis-

charge the total sinter feed.

Coke breeze yard

A part of the existing sinter feed yard is used for the coke breeze yard.
The piling is executed by dump trucks, while the discharging is performed m the
same way as the sinter feed, namely by the belt feeder and the belt conveyor B-2
installed in the culvert.

The storing capacity has been decided according to the sizes of the vessels
(about 20,000 ~ 30,000 DWT) which transport the coke breeze. Because the
culvert system is adopted for t}-le discharging, gathering of the coke breeze at the
discharging opening by bulldozers, etc. 1s required to discharge the total coke
breeze.

The yard is paved with non-reinforced concrete in order to protect the

coke breeze against nmuxing with scil and sand, and to make the gathering easier.

Blending yard

The blending yard is provided to unify the sinter feed quality.

Two yards are provided, and while the stacking is made on one yard, the reclaim-
ing is performed from the other yard.

The sinter feed discharged at a constant rate from the blending yard bins
is stacked by the blending stacker. And since thus stacker reciprocates along the
yard, the stacking is made in many layers.

The reclaiming is implemented by the blending reclaimer, and a tranfer

car is provided to move the reclaimer from one yard to the other yard.
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4) Sinter yard

The stacking is made by the stacker and the reclaiming by the reclaimer.
The yard width is made 50 m and railroads are provided both at the north and
south sides, and the stacker is disposed on the north railroad and the reclaimer
on the south railroad.

The settlement of the sinter yard and the blending yard is considered to
be little, which is attributable to the ground nature, and scarce rainfall. There-
fore, the yard is compacted only by rolling and any water drainage is not pro-

vided. The railroads are provided on the level 500 mm above the ground and

ballasted.
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6.4.4

1)

(2)

3

Buildings and Structures

Construction

It is considered that either concrete or steel materials are used for the
construction of the buildings and structures. Which one is to be adopted is
decided after totally taking info consideration and thoroughly examining the
shapes, loads, construction penods, costs, difficulty of the construction, mainte-
nance and control, and repair of the buildings and structures as well as, if neces-
sary, vibration properties thereof.

In this study, such buildings and structures as the sinter building, blending
bins, etc., to which big loads are particularly given are made of steel materals in
order to enable easier quality control, shorter construction period, and easier
repair, maintenance and modification. On the other hand, the buildings which
require arrtightness and habitability, e.g. the electric room, including the analysis
and control rooms, are made of concrete.

Roof and wall

Because the rainfall is much less, eaves troughs and rainwater drainages
are not necessarily to be considered. However, considering the wind, sand dust,
etc., roofs and walls are provided where necessary. These are made of corru-
gated colored steel plates which can easily be constructed and repaired. And

where the sun lighting is required, aluminium sashed glasses are used.

The specifications of the buldings and structures considered in this study

are outlined in Table 6-5 below.
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Table 6-5 Qutline of the Buildings and Structures Specifications

Names of Buildings Total Area Outline of Specifications
and Structures (m?)
. Blending bin 900 Steel structure, 9 bins
(buildsng area)
. Sinter building 1,727 | Steel structure, 4-story
(building area)
. Electric room 1,848 Concrete building, 4-story, analysis
! {floor area) room of 192 m? 1s included.
. Sample preparation 156 Concrete block buiiding, 1-story,
room included in the sinter building
. Main exhaust blower 80 Concrete block buiiding, 1-story
electric room
. Stack g H = 100 m, made of concrete
. Blending yard bin 200 ' Steel structure, 2 bins
{building area) '
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6.4.5

1)

(2)

€}

Qutlines of the Specifications of the Machinery and Equipment

Stacker

The stacker is of luffing type boom conveyor and has a stacking capacity
of 317 t/hr. The stacker travels about 310 m on the railroad of which rail gauge
is 6 m. It consists of a travelling device, boom conveyor, luffing device and trip-
per. The sintered ore is transferred bty the tripper from S-10BC to the boom
conveyor and stacked on the yard. The boom conveyor of luffing type is adopted

to minimze the height from the boom conveyor head puliey to the pile.

Reclaimer

The reclaimer is of bucket wheel type and has a discharging capacity of
3,000 t/hr. It travels about 375 m on the railroad of which rail gauge is 8 m, and
comprises a travelling device, bucket wheel, boom conveyor, slewing device,
luffing device and tripper.

The sintered ore is gathered by the bucket wheel and is discharged from
the boom conveyor to S-11BC via the tripper. The height from the boom con-

veyor to §-11BC is reduced by adopting the tripper.

Blending stacker

This stacker is of slewing and luffing type boom conveyor and has a stack-
ing capacity of 500 ton/hr. It travels about 135 m on the railroad of 6 m gauge,
and comprises the travelling device, boom conveyor, stewing device, luffing
device and tripper. The sinter feed is transferred from D-2BC by the tripper to
the boom conveyor and stacked on the yard. The slewing device is for the stack-

ing of the sinter feed on two blending yards.
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(4) Blending reclaimer
The blending reclaimer is of double bucket wheel type and has a discharg-
ing capacity of 700 t/hr. It trarels about 150 m on the railroad of 32 m gauge,
and consisis of a travelling device, two bucket wheels, two harrows, a traversing
device and a relay conveyor. The sinter feed scraped down by the harrows is
gathered by the two bucket wheels, and then it is discharged by the relay con-

veyor either to D-3BC or D4BC.

(5) Blending bin

The effective volume is about 600 m3. Except for the return fines bin,
the bins are of 40° conical shape, and each has two vibrators to prevent the raw
material chocking.

In total 9 bins are provided, one for the return fines, three for the iron
ore, one for the silicastone, one for the limestione, two for the coke breeze, one
of which can be used for anthracite, and one for the coke breeze ground bty the
rod mill. The return fines bin is equipped with load cells, and the other bins with

limit switches of talt type to detect the level of the material in each bin,

(6) Blending yard bin
Two bins, each has an effective volume of 600 m?. are installed. The con-

struction is the same as that of the blending bin.

N Rod mill
This mill is used to crush the coke breeze into an average size of 1 ~ 1.5
mm. The capacity 1s 29.5 t/hr. The mill is equipped with a screw feeder which

serves for the charging.
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(8) Mixer
This mixer is of rotary drum type and serves to add water of adequate
quantity to the raw materials and mix them. The capacity is 506 t/hr. Material
lifting plates are provided at about a half part from the drum entry to have
better mixing efficiency. For supporting the drum, two tyres are provided and
each of the tyres mounts on two rollers. A water spray pipe is provided in the

drum to spray water on the raw materials.

(9 Sinter mix hopper
The hopper is of pyramid type, supported by load cells and has an effec-
tive volume of 27 m®. A damper is provided at the lower end of the hopper to

adjust the discharging quantity of the raw material (sinter mix).

(10) Drum feeder
This is used to discharge from the sinter mix hopper the sinter mix at a
constant rate. The feeder is of rotary drum type and has a capacity of 506 t/hr.
The drum surface is lined with stainless steel sheet to protect the surface against

the wear and sticking of the sinter mix. The feeder is dniven by a D.C. motor.

(D Sinter mix chute
The chute is of deflector plate type, equipped with cut-off plate and auto-
cleaner, and serves to control the filling density and segregation of the sinter mix
on the pallets. This chute 1s located under the drum feeder. The auto-cleaner is
provided {o clean the deflector plate, whereas the cui-off plate is disposed to

control the filling density of the sinter mix charged on the paliets.
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(12) Hearth layer hopper
The hopper is of pyramud type, supported by load cells, and has an effec-
tive volume of about 30 m3. A gate and a chute are provided at the bottom of

the hopper.

(13) Ignition furnace

The fumace is of box and roof burner type ; the maximum combustion
capacity is 12 x 10° Kcal/hr and the furnace volume is about 19.5 m*®. The
burner uses Bunker-C oil for burning and is high pressure nozzle mixing type.
Each burner is equipped with a propane gas pilot bumer which ignites the oil
burner.

The temperature inside the furnace rises up to 1,100 ~ 1,300°C, and
therefore, the inner surface is lined with refractory. A heat-holding hood is pro-
vided to prevent the sinter mix surface ignited by the furnace from sudden cool-
ing. The hood is of box type, of which heat-holding area is 3.1 m x 3.5 m, and

the inner surface is lined with refractory.

(14) Sintering machine
The sintering of the sinter mix ignited by the igmition furnace is per-
formed by the down-draft as the pallets proceed to the exit of the sintering
machine and completed before the exit. The machine is of Dwight-Lloyed type
and has an effective grate area of 249 m?. The machine mainly consists of the
pallets, a pallet drive unit and machine supporting frame. The pallets are endless-
ly provided between the entry and exit of the machine. Each pallet is composed

of the pallet body, side walls, air seals, insulation pieces, grate bars, rollers,
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wheels and wheel shafts. The driving of the pallets is performed by a D.C. motor

through the entry side sproket.

(15) Wind box and mam waste gas exhaust duct
These equipment serve to collect the waste gas generated in the sintering
process and lead it to the main exhaust blower. The wind box is provided with
slide beds for the air seal as well as with air seal devices of balance-weight type
between the entry and-exit of the sintering machine, The main waste gas duct is

equipped with wind legs, double-cone dampers and expanstort joints.

(16) Hot sinter crusher
This machine is used to crush the sintered ore (cake) discharged from the
sintering machine under about 200 mm. The machine is of single spiked roll
type, composed of the crushing cutters, a main shaft, driving unit, breaker bars
and a breaker supporting wagon, and has a capacity of 463 t/hr. The crusher cut-
ter has three blades, and wear resistant linings {white pig iron) are applied to the
blade edges. When the breaker bars are to be changed, they are mounted on the

supporting wagon and puiled out of the crusher casing.

(17 Cooler
The cooler is used to cool the sintered ore to such an extent that the
equipment in the down-stream, particularly the conveyor belt, are rot badly
affected by the heat of the sintered ore. The cooler is of pressure circular type,

and has an effective cooling surface of 210 m2. It consists of troughs, a trough
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rotating frame, driving units, air chambers, hoods and a sintered ore discharging
chute. A friction plate is attached to the outer surface of the rotating frame, and
two friction follers are disposed, one each at upper and lower surfaces. The upper
friction roller is driven by a D.C. motor, and thus the driving of the cooler is per-
formed. The air chamber is made of reinforced concrete, and this also serves as

the cooler supporting structure.

(18) Air cooling fan
The fan is of double suction turbo type, driven by a 630 kw motor, and
has a capacity of 6,500 m?®/min at 400 mmH20. Three fans are installed, and a

silencer is provided at the suction side of each fan.

{19) Cooler dust collector
The dust collector is of cyclone type, and has a capacity of 3,000 m? /min.
The c¢ollected dust is discharged by double-cone damper provided at the bottom
of the cyclone. The exhaust fan is of double suction turbe type, and has a capa-

city of 3,000 m*/min at 200 mmH2 O and 300°C.

(20) Main dust collector
This dust collector is of cyclone type, and has a capacity of 18,000
m? /min. The collected dust is discharged by double-cone damper provided at the

bottom of the cyclone.
21 Main exhaust blower

The blower is of double suction turbo type, and has a capacity of 18,000

m3 /min at 1,600 mmH20 and 150°C. The driving motor of 6,500 kw is forcibly
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cooled by the air which is cooled by cooling water and circulated through the
motor. An ojl-lifter system is applied to the bearings of the blower and motor to
reduce the starting torque and the load given to the motor. A silencer is provided

at the delivery side of the blower.

(22) Main stack
The stack is made of reinforced concrete, has a height of 100 m above the

ground level, and the inner diameter at the top is 3.6 m.

(Z3) 1st cold screen
This equipment is used to screen the sintered ore over 100 mm discharged
from the cooler. The screen is of stationary grizzly type and has a capacity of

463 t/hr. The dimensions are 2.5 m wide and 6 m long.

24) Cold sinter crusher
This machine serves 10 crush the oversize sintered ore discharged from the
1st cold screen under 100 mm. The crusher is of double spiked roll type, and has

a capacity of 110 t/hr. The roll distance is adjustable by screws.

25 2nd cold screen
This equipment is used to screen the sintered ore of 20 mm and 10 mm.
The screen is of double deck ripl-flo type, and has a capacity of 463 t/hr. The

dimensions are 2.7 m wide and 7.2 m long.
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(26) 3rd cold screen
This serves to screen the sintered ore of 6 mm. The machine is of single
deck ripl-flo type, and has a capacity of 230 t/hr. The dimensions are 3 m wide

and 7.2 m long.

27 Room dust collector
This collector is of cyclone type, and has a capacity of 6,500 m3/min. The
collected dust is discharged by flow conveyors and double-cone dampers rro-

vided below the cyclone.

(28) Operation plan
{a) General

(i) The objectives of the master control system are the sinter plant, raw
material yard and sinter yard.

(1) In principle, the process machinery and equipment, such as the sinter-
ing machine, cooler, belt conveyors, etc. can be remotely operated and
controlled from the control room provided on the 4th floor of
the electric room. However, the local operation of these
machinery and equipment at the respective sites has priority over
the above remote operation.

(i) Sequence controllers are applied to control the process machinery and
equipment.

(iv) The sequence control is devided into the following groups, and each
group can be also independently operated.

—  Sinter feed yard stacking group

—  Sinter feed and coke breeze yards discharging group
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—  Limestone sizing plant group

—  Blending vard group

~  Coke grinding equipment group

—  Bin blending equipment and mixing equipment group

—  Sintering and cooling equipment group

—  Sinter screening and sinter yard stacking group

—  Hearth layer, return fines and collected dust transportation group

—  Sinter yard discharging equipment and ship loading equipment

group

(b} Start and stop operations

{i) Start operation
The process machinery and equipment are started sequentially from the
down-stream by the sequence controllers in an interfock mode.

(i) Stop operation
The stop operation is classified in the following three ways.
-~ Time delay stop (Normal stop)
—  Simultaneous stop (Emergency stop)

—  Trouble stop

29 Insttumentation
(a) Raw material feed rate control

The total feed rate is set by the total feed rate setter, and adjusted man-

ually, watching the level of the sinter mix in the hopper.
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(»)

(c)

(d

(e

Sinter mix moisture control
The flow rate of the water added to the mixer is adjusted in proportion to
the raw material feed rate, raw material water content and preset sinter

mix moisture.

Sinter mix hopper level control
The level of the sinter mix in the hopper is continucusly detected. During
the operation, the preset total feed rate of the raw material

is manually adjusted to minimize the level variation.

Sinter mix height on pallet control
The control is performed by setting the height of the cut-off plate. The
sinter mix height is detected by electrodes and the sinter mix feed rate is

manually adjusted accordingly.

Hearth layer hopper level control

The hearth layer level in the hopper is controlled by operating S-6R,BC

{reversible conveyor) in the normal or reverse direction.
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CHAPTER 7 UTILITIES

7.1 Electric Power

Hierro-Peru has the following electric power generation plants.

No. Type Capacity (kw) Tension (kv)
1 Thermal power generation 18,750 13.8
2 — ditto — 18,750 13.8
3 — ditto — 25,000 13.8
4 Diesel power generation 2,500 4.16
5 — ditto — 2,500 4.16

The deficiency is expected to be supplied by the Electro-Peru and thereby
the demand of about 15 MW for the sinter plant can be secured. This electric
power is supplied at a place near the existing chemical laboratory, of which ten-
sion is 13.8 kv.

An aerial system is applied to the wiring between the take-over point and
the electric room of the sinter plant. Bare cables are used from the take-over
point to the east side of the crude ore yard, and from there to the said electric

room, insulated cables are used.
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7.2  Fuel Oil

The fuel oil is used for the combustion of the ignition furnace. Actually,
the oil of Petro-Peru Industrial No. 6 (equivalent to Bunker—C) 15 expected to

be used, of which specifications are as follows.

Calorific value . 10,000 Kcal/kg (18,500 BTU/ 1b)
Viscosity (SSF) 170 at 50°C (122°F)
Sulfur content :0.74 %

Temperature in the
existing oil storage tank : About 43°C (108~ 110°F)

The oil is supplied from the existing il storage tank. The oil consumption is

about 600 Ifhr.

Propane

The propane is used for the pilot burners of the ignition furnace. Since the
propane is used only when the oil burners are to be ignited, the propane con-
sumption is quite low. The propane is to be supplied by cyhnder and the calo-

rific value is expected to be 20,000 Kcal/Nm?® (at 0°C, atmospheric pressure).

7.3 Steam

The steam 1s used for heating the fuel oil and the atomization for the ol

burners, The steamn is to be supplied from the existing pipe laid at the north side
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7.4

7.4.1

of the No. 1 Pellet Plant and the specifications at that take-over point are ex-

pected to be as follows.

Pressure 6.3 ~ 8.4 kgfem? G (90 ~ 120 PSIG)

Temperature 160 ~ 172°C, saturated

The steam consumption is about 1000 kg/hr,

Water

Fresh Water

The sources of fresh water are the wells at Jahuay and the desalination
plants existing in the San Nicolas Works. Jahuay is located about 45 km east-
southeast of the Works, and there No. 1, No. 3 and No. 4 wells exist. Among
them, No. 1 and No. 3 wells presently supply the water at a rate of 140 m3 /hr in
total to San Juan through a pipe line. No. 4 well is scheduled to be put into
operation in the near future, and when it starts to work, the water is supphed
at a rate of 191 m®/hr in total from No. 2 and No. 4 wells, and No. 1 well is
expected to become a stanby. The majority of water supplied from the wells 15
consumed by people living in San Juan, and the rest is supplied daily by tank
lorry to the Works and consumed as drinking water.

In the existing beneficiation plant, sea water had been used for the process
However, in order to change it to fresh water for the improvement of the prod-
uct quality, the desalination plants were installed. At present, two plants, each
having a capacity of 18 m®/hr, are being operated, and two more are expected
to be added in the near future. Future increment up to ten numbers is now
under study, but all of them are for the existing beneficiation plant and pellet

plants and they may have no surplus capacity for other facilities.
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7.4.2

Fresh water for the sinter plant are used for cooling the machinery and
equipment and also as the additional water. Although, the water for cooling the
machinery and equipment is circulated for reuse, if a cooling tower is used to re-
cool the fresh water, 3 ~ 6% is lost by evaporation, Therefore, to minimize loss
of fresh water, shell and tube type heat exchangers are designed, in this study, to
cool circulating fresh water (250 m?® fhr) utilizing sea water. By this way, the
fresh water consumption in the sinter plant becomes about 10 m® /hr, of which
major portion is used as additional water.

As mentioned above, the existing plant has no surplus capacity of sup-
plying the fresh water to the projected sinter plant. In order to increase the
capacity of fresh water supply not only to the new sinter plant but also to the
whole plant, underground water sources are being searched by Hierro-Peru.
According to that result, the plan for the fresh water supply to the whole plant
is to be decided. The examination of the water supply source is, therefore, ex-
cepted from this study, and supply of fresh water from the existing tank is made

a precondition of this study.

Sea Water

Sea water is used for the beneficiation and other processes, and the in-
take facility has a capacity of 6,790 m® /hr in total.

Sea water is used to cool the water circulated for the cooling of the
machinery and equipment of the new sinter plant, of which required quantity
amounts to 625 m®/hr, which is to be supplied from the existing sea water
tank. The heat exchanger of shell and tube type are designed based on the con-

dition that the sea water temperature is 17°C,
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CHATER 8 INFRASTRUCTURE

8.1 Port

The ports in the neighbourhood of the San Nicolas Works are San
Nicolas Port and San Juan Port. The San Nicolas Port was constructed when
the Works was built, and is used mainly for the shipments of the products which
center on the iron ore and pellet. This port is situated at the south end of the
San Nicolas Bay, and the pier directly connected to the Works is located from

the south to the north and capable of receiving the following vessels.

West side of the pier :
LOA : 320 m
Draft : 17.98m
Width : 49.0 m in the case of ore vessel

Max. Tonnage : 170,000 DWT
East side of the pier :
LOA :300m
Draft : Bow 13.1 m, Stern 15.23 m
Max. Tonnage : 60,000 DWT
The pier being made of pre-stressed concrete is supported by steel pipe

piles; the width is 15 m, the length 300 m and the height of the slab is on 3.37 m
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8.2

above average sea level. Dolphin is provided about 60 m away {rom the tip of the
pier, which 1s used for the mooring of vessels of longer than 270 m. Instailed on
the pier is a ship loader having a nominal capacity of 3,000 t/hr and used for the
loading of iron ore and pellet.

There is, at the west side of the pier, a breakwater of which total
length is 800 m and thereby the sea surface is kept calm. The materials and the
machinery and equipment for the projected sinter plant can be unloaded at this
pier by using truck cranes, etc.

The San Juan Port had been used for the shipment of the iron ore of the
Marcona Mine and the Acari Mine, but it appears to be scarcely used nowadays,

because the San Nicolas Port was completed and the Acari Mine was exhaused.

Road

There are two roads from the San Nicolas Works, one to the Marcona
Mine and the other to San Juan, and the employees pass along these roads every
day either to the Works or the Mine. These roads are further extended toward
the east and connected with the Pan American Highway. This highway devides
longitudinally the whole Peru, connecting the respective cities, and plays
together with the sea and air routes an important role in the peoples’ movement,
material transportation, etc. It is presumable that these existing roads are effec-
tively usable for the transportation of local made materials, movement of

workers, etc. when the new sinter plant is constructed.
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8.3 Welfare Facilities

No living houses are seen in the neighbourhood of the Works other than
San Juan which has a population of about 22,000, being centered by the em-
ployees of Hierro-Peru and their families. Such welfare facilities as company
residences, medical facilities, etc. are quite essential for the employees to be
newly adopted for the sinter plant projected in this area. As a matter of fact,
Hierro-Peru has provided for the employees of the mine and pellet plant which
are currently in operation.
Company residence:
All the employees live either in the company residences or dormitory for
unmarried persons. Further, 96 houses are presently under construction
for the workers and additional 50 houses for the employees are being
planned.
School:
Two schools exist, and the children of the employees may finish the com-
pulsory education there; it seems that a plan for a professional school
exists.
Hospital:
There exists a hospital with superior medical facilities and 113 beds,
where 16 regular doctors and about 10 part-time doctors are working,
and the employees may sufficiently take medical advices there.
Shopping:
Although, the building of a shopping center has been completed, it has
not yet been opened. Apart from this, there 15 a big supermarket in the
neighbourhood, being privately operated by the owner who has no rela-

tion with Hierro-Peru.
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Club:

A membership club exists and there various entertainments are offered.
Other facilities;

There are open cinemas, restaurants, golf courses, etc.
The police station, post, telegram and telephone offices are controlled and oper-
ated by the government and their branches are situated in the area where the
company residences are located,

The planning for the welfare facilities is to be made, considering the
abovementioned f{acilities as the bases. Nevertheless, it has been decided that
such planning is undertaken by Hierro-Peru itself, and therefore, the welfare

facilities are excluded from this study.
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