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Nevertheless, construction and operation of the coke making plant in the sitc will certainly
have cnvironmcntal-inlpacts through cxhaust gas and effluent. It is desirable, therefore, to
consider pollution control facilities. and equipment which will comply with environmental
standards in Maracaibo, as well as those in Japan, to be ready for the case that poliution
further aggravates and more strict environmental regulations are imposed.

It should be noted, however, that environmental loads to the lake may decrease
after 1994 during which regulations to control industrial efflucnt are scheduled to be
enforced, or a final sewage treatment plant in the City of Maracaibo is completed

and starts operation.
The Puerto Siderurgico site

There is no weather data available in and around the site. Ciudad Bolivar, 100km west to
the site, reports the annual average temperature of 27.5°C centigrade, and annual
precipit'ation of 1,022mm. Rainfall mainly occurs during the rainy season between May
and October. The weather pattern seems to be applicable to the sitc.

Efflucat from the sitc will be discharged to the Orinoco river. The plant is required
to comply with environmental standards applicd to arcas which discharge waste
water directly to rivers, as well as those applicable to cxhaust gas. While the
Puerto Ordaz district scems to exhaust waste gas (smoke) most actively in the
country, air pollution is expected to be improved after April 1995, when exhaust gas
regulations will be officially enforced after a grace period.

4.1.15 Other Industries

In Venczucla, characteristics of industrial activitics vary between states and regions. The 3 states

which contain the candidate sites

(1)

Tachira State (Santo Domingo)

The state is lagged behind in industrialization. There is relatively a small number of
industries to support the proposed plant, including machine assembly and maintcnance,

comparcd to other two sites.
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However, the state has large coal mines and small-scale bechive coke ovens are operated,
which make it distinguishable from other sites. ' '

Zulia State (L.a Cafiada)

The state produces 70% of petrolcum in the country and has a variety of industries,
including petroleum refining, petrochemical, cement, and beer. There are numerous
machine shops with skilled workers to provide maintenance for these plants.

Bolivar State (Puerto Siderurgico)

Large-scale industrial development projects have progressed in the state during the past
two decades, and heavy industrics including hydropower plants, steel mills, and aluminum
smelting plants are operated. To serve these plants, machine shops have also increased with

machinists.



4.2 Gomparison of Candidate Sites

Based on evaluation in 4.1, the 3 candidatc sites were compared for key factors, as follows.

Santo Domingo

La Caffada

Pto. Ordas

1) Site Name

Municipio de 1a Cafiada
de Urdaneta en'la Zona de la
Ensenada de Urdanela

Urbanisumo Indusirial
Cana Veral

2) Zoning

Nonec-industrial arca

Heavy industry zone

Heavy industry zone

Subdivision/site

3) Current Site Undeveioped Subdivision/site
Condition ' preparation completed prepazalion completed
Site Arca S 6,800ha 562ha

4) Land Cost Land acquisition incomplete |Land acquired Land acquircd

2,500-10,0008s/ha 260/Bs/sq.m 597/Bs/sq.m

5) Coal Type Tachira Coal Guasare Coal None

6) Coal 383Bs/lon 1,485Bs/ton 3,813Bsfton
Transportation cost |(4.3US%/ton) (16.3U8%/1on) {(42.4US$/ton)
Coke 1,315Bs/ton 0 0
Transporlation Cost [(14.6US$/ton)

7y Coke Shipping Poini

Puerto Ordaz or Maracaibo

The port within the site

The porl planned to be
consirncted in the
industrial park

8) Domestic Market for
Coke

None

None

For anode production and
ferro-silicon

9) Coke Oven Gas
(€O

Fucl for private power plant

Sold to the thermal power
plant as fucl

Industrial use

10) Domestic Market for
By-producls

Mo market for crude tar,
benzene and ammonia.
Ammonia can be uscd to
produce fertilizer through
reaction with another by-
product, sulfuric acid.

No markei for crude tar,
benzene and ammonia.
ammonia may be sold to the
Zulia complex, and

cerlain market can be
expected for sulfuric acid.

No market for crude tar,
benzene and ammonia.
Ammonia can be used to
produce fertilizer through
reaction with another by—
product, sulfuric acid,

11) Industrial Waser

Water in the nearby
Uribanie River or its
underground flow

Well water
2775Bs/m®

Well water
0.125Bs/m *

12) Electricity

_[s.0BskWH

1.2 Bs/KWH

1.2 Bs/KWH

2.0Bs/

3.5 Bs/Nm 2

1.4 Bs/Nm 3




Sanio Domingo

La Catiada

o, Ordas

13} Labor Force

Highly available, but skills
not unknown.,

Available from
surrounding arcas in ferms
of number and skills,

Available from
surrounding areas in terms
of number and skills,

14) Enviromment

Surrounded by agricultural
and livestock farming arcas.
Mostly undeveloped.
Adjacent to Santo

Domingo Airport, and
design consideration may be
needed to avoid

disturbance with air traffic

Reserved as industrial land.
Typical undeveloped
savanna.

15) Other Indusiries

Primitive coke ovens,
small-scale cement and
ceramic faclories.

Near a petrochemical
compIc'x, a cement mill, a
beer brewery, and numerous
oil drilling and loading
facilities,

Reserved as industrial land.
Subdivision mostly
conmpleted.

Ncar a stect mill,
aluminum smelting works,
ferro-silicon plant, and
power plant.

Maintenance
Services

Not available locally,
requiring own
maintenance shop.

Maintenance shops for the
above facilities are
available.

Maintenance shops for the
above facilities are
available.




4.3 Selection of the Most Suitable Site

In selecting the most suitable site among the 3 candidate sites, the following criteria were
cstablished:

1) The site should be zoned as the heavy industrial area.
2)  There is a market for COG.
3) Coal and coke can be transported smoothly and economically.

Based on the above criteria, the La Canada in Zulia State was sclected as the most suitable site
for the proposed coke making plant.



Chapter 5 Evaluation of Raw Coals






Chapter 5 Evaluation of Raw Coals
5.1 Coking Coal Resources in Venezuela and Colombia

Major coal resources in Venezuela are located in 5 states, Zulia, Tachira, Anozoategui, Falcon,
and Aragua. Total coal reserves amount to 10,215 million tons (1992), and proven reserves 576
million tons. 95% of coal rescrves are located in two western states, Zulia and Tachira. The
geologic age of these coal resources ranges between Paleocene and Eocenc cpochs. Despite the
relatively young formation, however, these coals are bituminous or sub-bituminous due to the
cffect of geological tectonic movement.

To this date, 13 coal deposits have been confirmed, and prelilhinary properties have
been identified. From data on coal analysis, including volatile matters and reflectivity of
vitrinite, coal deposits in Tachira have high potential to contain coal for blast-furnace coke
making required for the project.

Location, coal reserve by statcs, coal property and reserves, other data on each deposit are
summarized in Figures 5-1 and 5-2, and Table 5-1. In general, exploration of coal resources in
Venezuela is in the initial stage. If extensive and systematic exploration activities are initiated,

- coal reserves and properties will be assessed with a much higher accuracy.
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FALCON 32 (0.3%)

ANZOATEGUI 133 (1.3%) |} ARAGUA 20 (0.2%)

TACHIRA 1,541 (15.1%)

ZULIA 8,489 (83.1%)

Note : Total coal reserves arc 10,215 million tons
Source : Ministry of Energy and Mine

Fig.5-2 COAL RESERVE IN VENEZUELA
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5.1.1 Qutline of Coal Fields

The objective of the Study is to examine technical, financial and cconomic feasibility of the
project alternatives of constructing and opcrating the coke plant through utilization of the
domestic coking coal to be exploited in the Tachira Coal Mine for which the study has been
completed by "HCA" in September 1992. Accordingly the present study is conducted mainly on
focusing the coal field in Tachira State,

(1) ‘Tachira State

In Tachira State, there arc 5 coal ficlds, FNO (Franja Nororiental), SAN (San Félix), LOB
(Lobatera), HAT (Hato dc la Virgen), and LAS (Las Adjuntas). Coals from these ficld
contain high volatile matter. Only coal with medium volatile matter arc reserved in FNO
according to the existing data. A gencral outlinc of cach ficld on the basis of geological
information obtained by the study team is shown below. Geological sequences in the study

areas and classification of coals arc as follows.

GEOLOGICAL SEQUENCE OF STUDY AREAS

Geological Era Name Thickness Remarks

Eocene epoch Carbonera formation 400m Coal-bearing formation
(C.B. Formation)

Paleocene - Mirador formation 200m Massive sandstone
Eocene cpoch

Palcocene cpoch Los Cuervos formation 130 - 250m Coal-- bearing formation
(L.C. Formation)

CLASSIFICATION OF COAL

Low Volatile Content Coal Volatile content 14 -~ 22%  Dry ash free (d.a.f.) base
Medium Volatile Content Coal Volatile content 22 - 31%  Dry ash free (d.a.f.) base
High Volatile Content Coal Volatile content 31% or over Dry ash free (d.a.f.) base
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FNO is located at the northern end of Tachira Statc and forms a long strip of coal~bearing
formation along the strike of stratum (NE-SW). The strike in the southwest area (Block 1),

~ approximately 1.5km long, is steeply ‘dip monocline structure and is known to contain

medium volatile content coal, according to the results of previous exploration surveys.
JICA's report "Feasibitity Study on Coal Resource Development Project in Tachira State:
1992" estimates proved coal reserves of round 3 million tons. '
CARBOSUROESTE stated full-scale geological survey in October, 1991 and reportcd its
result in June, 1993. The result of the surface survey in the arca on a block~by-block basis
is summarized bclow.

Fig.S--d shows general arrangement of blocks.

Block 1 (600ha)
The block is divided into north and south portions over a fault.

The northern portion has not becn investigated in detail, and dctailed data including coal
reserves are not available, Nevertheless, the area does not show much-development
potcntiél judging from a very narrow strikc (1km) and the productive seams tend to thin out
northward.

As for the southern portion, CARBOSUROESTE has conducted extensive surface survey.
As a result, minable coal seams (L.C.Formation: Nos.25 and 30) extending 1.5km
continuously have been identified. Although the dip inclines steeply at 50 ~ 60 degrees,
presence of continuous outcrops has been confirmed to suggest stable geological structure.
It should be noted, however, that the steep dip structure makes it difficult to investigate a

deeper portions by test drilling.

Block A (350ha)
The block is adjacent to the southwestern part of Block 1.

The dip inclines steeply at 50 - 60 degrees . While minable coal seams (Nos.25 and 30)
have been confirmed, the area containing coal scams is very small and is interrupted by the

Vega de Pato fault in the middle, likely to limit the mining arca.

Block B (11,017ha)
This block is characterized by a group of faults running in a northeast dircction and stcep

- dip structure. The Umuquena fault between the Umuquena and Bocono rivers governs

geological structure in the arca. The dip in the west side of the fault accompanies fold and
partially form a vertical and tarmover.
Thus, geological structure in the arca is expected to be very complex due to potential



interruption by fault related to the Umuquena fault, disturbance of layers, and other factors.
Thus, the area offers unfavorable conditions for mining,

The cast side of the fault does not have much outcrop and scqu'encc is not known.

At present, evaluation of coal seams is not possible, and thus the number of minable -coal

seams and coal reserves are not known.

Block C (5,956ha)
The block generally forms steep dip (5(} - 60 degrees) monocline structure, estimated to be

mtcrruptcd by fault at an around 500m interval. No detailed data arc available,

Unexplored area (Block 2)
Block-2 is located adjacent to Block—1 and Block--B, thus presence of C.B. Formation and

L.C.Formation is expected. According to the result of the previous geological survey, C.B.
Formation shows a low rank of coalification and is not suitable for coke making coal.

On the other hand, coal scam Nos.25 and 30 in L.C. Formation, as confirmed in Block—1,
contain medium-volatile coke making coal. It should be noted, however, that the both coal
seams arc gradually thinning from south to north. (At the known northern end, 0.4m for the
No.25 scam, and 0.6m for the No.30 seam)

A detailed geological structure is not known because no surface cxploration (1/5(}00 scale)
has been conducted.  As scen from aerial photographs available, presence of a few faults is
anticipated. The angle of dip is 50 - 60 degreces in Block-1, and vertical (reverse in part) in
Block-B. Thus, Block-2, located in between, is expected to have a steep dip.

Volatile content is 25.8% (d.a.f.} in Block-1 and 40.2% in Block~B. Thus, the area
containing medium-volatile coke making coal (volatile content of less than 31%), required
by the coke oven plant, scems to be fairly limited.

In conclusion, Block-2 is not likely to contain coal seams that ar¢ economically suitable for

the project.

FNO has been expected as a source of medium volatile content coking coal in the state.
The survey result reveals that medium volatile content coking coal is limited to seams
present in L.C. Formation in Blocks 1 and A. Proven coal reserves in the two blocks are
estimated at 578,000 tons. Unfortunately, medium volatile content coal reserves of this
volume is very smatl for production of cokes to be exported. Also, the steep dip, monocline
stiucturc requires a special mining technique. On the other hand, other blocks contain high
volatile content coking coal, and geological structure seems to be fairly complex duc to
intcrruption by faults. All in all, the area shows very low development potential.
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2) SAN

3)

4)

Geological cxploration is still at the initial stage and no detailed data, including coal

reserves, qualitics, and geological structure, are available,

LOB

This is only one field commercially mined in the state.

Coal production was started in 1953, with the accumulated total reaching 2,656,000 tons.
Workablc coal scams show highvolatile content (52.2%), and together withrclatively high sulfur
comntent (1.6%); they seem not to be suitable for coke making.

HAT
HAT is divided into Clemones and San.Joaquin areas.

Clemones Area _
Scrics of exploration surveys covering C.B. Formation have been completed, and tunnels
have been bored since November, 1992, Coal scams contain high volaiile content coal

(47%, d.a.f.) and arc not suitable for coke making.

San. Joaquin arca : _
Up until 1992, CARBOSUROESTE conducted systematic geological surveys, including
surface cxploration, drilling of 11 holes, and adit survey, and confirmed presence of 17 coal

scams having thickness of over 0.6m in L.C. Formation. The geological structure shows a
gentle dip, and the flat arca on the top can be strip mined in p.art.

In 1993, 3 holes were drilled to determine coal propertics of deeper coal seams that are
expected to contain medium—volatile coking coal. As a result, the previous interpretation of
the geological structure and corrclation of coal secams has been modified. Previous Nos.27,
29.and 30 scams have been renamed to Nos.25, 29, and 30 seams. It has been estimated
that proven coal reserves in the three scams amount to 2,303,330 tons, with volatile content
of 30.9% (d.a.f.), thus classified as medium-volatile coal.

Assuming that cach coal scam is at least 0.8m thick and the mining yield is 80% (according
to the "short slashes of advance™ mining method used in HAT's Clemones area),
CARBOSURQESTE cstimates that coal reserves available to the coke oven plant total
1,007,000 tons, cquivalent to 10-year supply at a rate of 100,000 tons per year. At present,
detailed coal reserves, propertics, and other data are being determined.

Note that coal reserves and propertics in the arca, as shown in Table 5-2, arc the data prior
to July 1993, '

5-10



5)

6)

2

LAS

In 1992, JICA conducted a fcas:ibility study, as shown in the report "Feasibility Study on
Coal Resource Development Project in Tachira State.”

Annual production of 400,000 tons over 15 yecars is expected.

Lobatera North

This arca has been recommended by the JICA study team during the first field survey
(1993) to conduct a detailed survey for the purpose of securing medium-~volatile coal
resources in place of the FNO deposit.

The survey covers L.C. formation present in a 322 ha area extending over three deposits,
Arenales, Paso Azul, and Cazaderoll,

Since November 1993, CARBOSUROESTE has been conducting surface cxploratlon on a
1/5600 scale, which has revealed the following geological conditions:

— 14 outcrops of coal scams which have the thickness 0.8m and more have been verified.

— The geological structure is monoclinal with a southward dip at 10 ~ 20 degrees.
Currently, further exploration and analysis are under way.

Guasare coal in Zulia State (Fig.5-5)
The Guasare mine lot in Zulia State has proved coal reserves of 983 million tons, probable

reserve of 2,060 million tons, and possible reserve of 3,600 million tons. The planned
annual coal production from Paso Diablo is 3 million tons in 1993 and 4 million tons in

1994 through 1997.

In 1998, production in Socui is scheduled to start, and annual production will range
between 10 million tons and 18 million tons.
A principal productive seam is found in the No.4 scam in Marcelina Formation (geological

‘age: Bocene — Paleocene; around 550m thick; comparable to L.C. Formation in Tachira),

which is 10m thick and generally flat with a dip of 10 degrees. At present, Guasare coal s
used to fuel at power station as well as blast furnaces.

The average purchase price at the coke planlt (dclivered to the coal yard) ranges between
US$20 ~ 22 per ton if the coal are usable as coking coal.

5-~11
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(3) Colombian coal

1)

Field study in colombia is not included for this study. Therefore, the details about coking

coal in Colombia are not known.

information.

Boyaka coal

However CARBOSUROESTE provided following

Data on Boyaka coal obtained from CARBOSROSUROESTE are summarized as follows:

Mining company
Production
Mining method Underground
Mi_nilig cost
Transporation cost

Industria de Carbones Metalurgicos Ltd.
10,000 tons per month

US$12 - 16/ton
US$12/ton (Boyaca ~—> San Cristobal: 15 hours)

Coal Seam M1 M2
Coal Quality
Moisture content (%) 0.13 0.15
Ash content(%, d.b) 7.41 5.78
Volatile matters (%, d.a.f) 21.46 31.53
Fixed carbon (%) 78.36 68.47
Total sulfur (%) 0.71 0.80
Calorific value (Btu/Lb) 15,484 15,543
ES.I 7.0 8.5

Coal reserves
content coal

million tons.

Proven rescrve of the M—-1 seam which contains low volatile

required to be mixed for coke making is around 1

5-13



2) Socha-Socota coal
Data on Socha-Socota coal obt'mlcd from CARBOSUROESTE in Scptcmbcr 1993 arc

summarized as follows

Productive Coal Scam M-20 M-10 P-20
Production (ton/ycar) ' 18,000 12,000 24,000
Mining cost{US$/t) 23 23 20
Reserve (1) o

Proved 250,000 150,000 400,000
Probable 400,000 250,000 600,000
Possible 600,000 350,000 850,000
Total _ 1,250,000 750,000 1,850,000

v e et WAl EmRie AT T T i la s e W At mimlis e e iemiem e —— —— S i s ik R Sl ey o

Coal quality

Ash content (%, d.b) 10 10 10
Volatile content (%, d.a.f.) 25.6 26.1 344
Total sulfur (%) 1.0 1.0 1.0
FS.1 5-8 5-8 5-8
Total dilatation (%) 40 50 120
Maximum reflectance 1.30 _ 1.34 | 071

2 coal scams, M—20 and M-10, contain medium volatile content coal which can be used for
coke making, but proved rescrve is small and requires relatively a high mining cost
(US$23/ton). Thus, Socha-Socota coat has not been included in further evaluation.

5.1.2 Coal Reserves and Quality
Coal rescrves of the above depostis estimated from avaitable data and coal quality data obtained

through Veneczuela arc summarized in Table 5-2.Based on the above analysis, possible
availability of coking coals including Colombian coals is summarized as follows.
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Period

Deposits Production Proved Rescrve  Coal Qualiry
(ton/year) (L.C.Formation) (Rank fo V.M.)?  (ycar)
FNO : Block-1 00,000 476,000 M 7.8
Blok-A 9,600 101,700 M-H 10.4
MNorthern LOB Under cxploration
HAT Under exploration 100,000 M-H 54.4
LAS 400,000 12,222,250 i 30.6
Colombia '
(Boyaca, M—1) 120,000% 1,000,000 L 13.3
(Socota,M~20,10) 30,000 400,000 M 3.3

Notes: 1) Rank of V.M. : L - Low volatile maiter M — Medium volatile content

H - High volatile matter
2) Possible export quantity is 50,000ton/ycar
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Table 5-2 COAL RESERVES AND QUALITY

_ Reserves(1000t) AR TS| RS.1
Aca | Block | Formation Seam | Proved  Probable Possible  Total VA
C.B 34 | 0.6 saL2 a5 L0253| 385 | - -
B 40/1 §22.4 943.2 761. 7 2,627.3| 31.2 1.4 -
I C.B 42y 8233 82lh 174. 9 ,819.7] 358 0.7 -
(600ha) subtotal | 1,735.3 1, 78594 1,851 1 5, 472. 3 .
RO I.C 29 172.9 314.9 244. 6 732.41 26.9 10 -
I.C 30 303.1 340. 4 402. 3 L,045.81 24.6 0.7 -
subtotal 476. ¢ 655. 3 646. 9 1,778. 2
Total | 2.211.3  2,441.2  2.598.0 7. 250.5
A C.B 5 Sample' | 7809 2,365.6  3,286.0 6,380.51 370 - 8
(350ha) | L.C 1 Sample] 1017 303.5 505.8  9ILO| 3.6 | - 6
Total 8836  2.660.1 3 74L8 . T7,300.5
B B 1 lSamplri:i 677.5 1, 256.4 BT 2,15.67 45.8 0.8} 2to9
HO0ITha | L.C *62Sample’| 10,576.3 27,216.3 35 778.1  73,570.7) 40.2 1.4 (to8. 5
Total | 11,263.8 28,472.7 36.589.8 76, 316.3
c CB 2 Sawple| 4826 14205 1.805.6  3,708.7| 486 | - | 4.5
(5956ha) | L.C  2ZSample} 2,984.9 10,1225  §,515.3 ~ 22.627.7] 46.7 - 1{teh.h
Total | 3,472.5 11, 543.0 11,3209 26, 336.4
SAN Non exploration area
LOB | CAZ-12 | C.B 40 | 20141 - 204.1f 522 | L6| 3
North L.C (10,11 20) | Sampling, Rccommended Area
Clemopes | C.B 20 3142.1 L300 1.651.0 6,004.1| 458 5.2 -
C.B 24 3,729.1 . 2,325.6 2,722 8 777. 1| 465 i.2 b
total | 6,871.2 3,626.6  4.373.4 14, 871.2
L.C L "6 11,0732 L2188 3,039.5| 34.1 2.8 1
L.C 15 2,332 36640  3.999.9 10,017.2] 34.0 1.4 4
HAT | San, L.C 20 Lddd. 1 1.807.4  1.657.8 4,905.3( 32.5 0.9 b
Joaquin | L.C 26 £63.4 435.5 650. 0 1.248.91 30.8 0.6 -
L.C 21 276. 4 T44.7 L 111.5 2.132.6 | 362 0.5 -
L.C 28 122.5 326.6 487. 5 936.6] 33.5 0.5 -
LC 29 52.8 360. 8 516.8 930.41 32.3 0.7 7
L.C 30 288.6 703.3 934. 7 L926.67 29.2 0.6 5
*Total | 5,444.5 9, 1156 10,577.0 25,1371 :
I.C 20 52142 L740.2  2,424.56 9,383.91 43.1 1.8 6
L.AS L.C 25 3,385.7 833.5 895.0 5214.21 421 0.6 6
L.C 30 3.622.6 641.3 L1605 5, 414. 4 0.6 5.5
KTotal |12,222.5 33150  4,475.0 20,0125
(ua- | Paso No 4 983, 000 2,060,000 3 600,600 6, 643, 000 39.0 0.5 6
sarc | Diablo
Colo | Boyaca 4 MN-1 1, 000 2.5 (0.7 T
mbia
Note: %  This rescrves are available for coking coal resourses.

1) Seam No's are not known. Coal reserve is assumed from the place where samples are taken.
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5.1 .3 Evaluation of Tachira Coal

The relationship between proved reserves and volatile matters (d.a.f) of each ficld obtained from
geological data is plotted in Fig.5-6. The correlation between voltaile contents in coal scam
Nos.25 and 30 and respective areas is shown in Fig.5-7, for the purpose of determining the
direction of coalification.

As shown in Fig.5-7, the degree of cealification in Tachira increascs northward from the
southern area, around the LAS ficld, to the FNO field (i.e., volatile content decrcases) and
decreases northward from the FNO ficld. This suggests that the center of coal basin in Tachira
exists between LOB and FNO.
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5,2 Coal Test

52.1 Sampling

In July and August 1993, the study team and local CARBOSUROESTE counterparts collected
samples from representaive coal scams of cach field. |

Sampling method

: Fresh coals were collected from experimental crosscut,

aditsV and trenches, both channel and bulk samples. -
Boyaka coals were supplicd by CARBOSUROESTE and
Guasare coals? by CORPOZULIA.

Packing and transportation methods: The channel samples were packed in plastic bags and cloth

Notes

bags, which were placed in trunks carried by the study team
members.

The bulk samples were crushed to 8mm or less grain sizes
for volume reduction, which were packed in plastic bags.
After being placed in used oil drums, they were transported
to Japan by air freight.

: To remove weathered coals, each sample was checked to

sce if the F.S.I. value¥ is 5 or more. The sample from the
northern LOB field was collected as the reference sample

because of time constraint.

Sampling locations are shown in Fig.5-8, and a general outline of sample is summarized in

Table 5-3.

Columnar scctions of coal scams from which sampling was made are shown in Fig.5--9.

1} Adit — experimentat lunnel

2} ln January 1994, sample of Guasare coal are collected and analyzed at CICAS! Laboratory in Zulia, Possibilily of blending

Guasare Coal s studied in Annex-1.

3) ES.L (free swelling index) - one of measuring methods to evaluale coking coal
The method was used to check weathered coals which coking property deteriorates

significantly.

5 -20



/

7
N
)

84,5

LOBC::? ]
LOBATERA
6,7

HAT

LAS

2 RUBIO

TACHIRA

’f SAN CRISTOBAL

S

Piwn

Flg.5-8 SITE OF SAMPLING IN TACHIRA

FNO
SAN
LOB
HAT

Franja Nororiental
San Félix
Lobatera

Hato de la Virgen
Las Adjuntas




Table 5-3 OUTLINE OF THE SAMPLING FOR COKING TEST

No| Coal field { Coal scam Site of sampling Sample No. Channel | Bulk | Remarks
(Study team) ke) | Gk
| FNO LC-25 ADITS 93-FNO-1LC25 )
LC-30 ADITS 93-FNO-LC30 5 1030
2 SAN Ixploration is early
stage. Therefore, this is
no sampled.
3 LOB CLC-10 OUTCROP 43-L0B-LC10 5
4 LC-11 QUTCROP 93-L0B-LCI11 5.
5 LC-20 ADITS 43-LOB-LC20 b
6 AT LC-15/1 | ADITS 43-HAT-LC15/1 5
1 LC-20/1 | ADITS 43-HAT-LC20/1 5
8 1.C-20 ADITS (P1lAren) 93-LAS-1.C20 5
9 LAS 1.L-25 CROSSCUT No. |, P3Area :} 93-LAS-LC25 57 500 |-Blended
LC-30 CROSSCUT No. 1. P3Area '} 03-LAS-LC30 S-J 500 ‘J 1009
Guasare
101 (Zulia) No. 4 Open-pit 93-GUASARE-Nod 5
Boyaca
11| (Colombia) Y-l linderground 93-COLOYBIA-X1 5 400

LC: Los Cuevos Formation

CB: Carbonera Formation
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5.2.2 Quality of Raw Coals

Propertics of raw coals were evaluated on the basis of the result of proximatc analysis, calorific
value, sulfur content, and forms of sulfur and FSI values by type of coal. Table 5-4 shows the
analytical result and evaluation.

Also, density gravity and yield from coal preparation were estimated by the sink—-and-float test.
The channcl sample was used for the raw coal analysis and the sink—and-float test.

The float-and-sink test has been conducted to sclect an appropriate specific gravity for coal
dressing required to maintain clean coal ash of the coal used in the coking.test at around 8%, and
the need for coal dressing. The result of the float-and-sink test for each sample is summarized
in Table 5-5. _
Coals in FNO-LC-25, LOB—LC—H, HAT-LC-15/1 LC-20/1, LAS-LC-(25+30), and Guasare
deposits does not require intensive cleaning since ash content is less than 5%. However, a
simple classifier is needed to prevent deterioration of coal quality due to the inclusion of
adventitious muck during mining lopcrations,
- Coals in FNO-LC-30, LOB-LC~10, LOB-LC-20, LAS-LC-20, and Boyaca deposits contain
more than 8% ash and require cleaning.
Notc that the float-and-sink test conducted in the study analyzed one sample for each seam
taken from the face. Thus, design of an actual coal preparation facility should reflect the result

of sclection as to which coal scams are to be mined in what proportions.
5.2.3 Cieaning of Coal

Raw coals were cleaned to produce clean coal used for the above anzilysis and test. The channel
sample was used for analysis of coal properties and evaluation of grindability and coking
property. The bulk sample was used for the coking test by selecting clean coal in terms of
selection gravity forecast from the result of the sink—and—float test.

5.2.4 Quality of Clean Coals

Coal property evaluation was conducted in accordance with work flow shown in Fig.5-10.
Using clean coal prepared from coking coal, the test is designed to evaluate suitability of coking
coal by analyzing the degrec of coalification, caking property, and contents of various
components. The degree of coalification is determined by volatile matters, carbon content, and
the mean reflectance of vitrinite. On the other hand, caking property is cvaluated by F.S.L, the
maximum fluidity measured by Gieseler plastometer, and the total dilatation measurcd by



dilatometer. Also, ash content, total sulfur, and ash composition were analyzed. Based on these
analyses, suitability of coking coal was evaluated.

The analysis was conducted at a laboratory and testing methods are summarized in Table 5-6.
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Table 5-5 RESULYS OF FLOAT-SINK TEST

Ash

ZHA/ZW

Sample | Abbreviation Preparation Weight Preparation for
NO. Density (%) (%) clean coal,ash
- cont.less than 84

1 93-FNO-LC25 -1.80 99,1 1.5 1.5 :
' +1.80 0.9 50,5 1.9, NO need -
2 93-FNO-LC30 ~1.40 59.9 3.1 3.0
1.40~1.45 5.8 13.9 4.1
1.45~1.,50 4.5 22.2 5.2
1.50~1.55 8.3 28.5 7.7 1.55
1.55~1.60 7.1 33.9 8.9
+1.60 i4.4 56.0 16.5
3 93-LOB-LC10 -1.80 92.4 5.6 5.6 1.80
: +1.80 7.6 61.2 5.5
4 93-L0B-LCH] ~-1.80 99.5 2.4 2.4
+1.80 0.5 61.8 2.7 NO need
5 93-LoB-LC20 -1.40 BZ.4 5.1 5.1
1.40~1.60 12.8 20.8 7.2
1.60~1.80 1.7 38.2 7.8 1.80
+1.80 3.1 §7.0 9.6
b6 93-HAT-LC15/} -1.80 99.2 4.4 4.4
+1.80 0.8 64.7 4.9 NO need
7 93-HAT-LC20/1 -1.80 99.0 1.8 1.8
+1.80 1.0 45.9 2.2 NO need
8 93-LAS-LC20 - -1.40 . 69.6 7.3 7.3
1.400~1.425 2.7 15.0 7.6
1.425~1,450 3.4 16.0 7.9 1.45
1.45~1.50 4.6 17.1 8.5
1.50~1.60 7.7 20.9 9.6
“1.60~1.80 7.6 26.7 10.9
| +1.80 4.4 50.4 12.7
9 93-LAS-LC(25+30) -1.80 98.8 3.9 3.9
+1.80 1.2 60.6 4.6 NO need
10 93-GUASARE-No4 ~1.80 99.0 1.2 1.2
+1.80 " 1.0 75.6 1.9 NO need
11 93-BOYACA-H!1 ~1.40 80.2 4.3 4.3
1.40~1.45 5.0 11.8 4.7
1.45~1.50 2.3 17.8 5.1
1.50~1.60 2.4 23.8 5.6
1.60~1.80 2.2 36.0 6.3 1.80
+1.80 7.9 75.0 11.7




Samples for Coal Properly Test

Bulk sample

Cleaning of coal

Channel sample

(

Properties analyzed

— Proximate analysis

— Total sulfur

l I l

Grindability index

— Ullimate analysis

- Maceral analysis

~ Ash cbmposilion

— Gieseler plastometer

— Dilatometer

Grindability Caking property Coke decoration

— Hardgrove - Free swelling index  — Box test(single coal)

Measurement of coal -

Properties analyzed Void properties Drum strength Coke strength
. (coke strength) reaction
- Granular analysis - Apparent gravity - DI30-15 ~ CRI
~ Proximate analysis - True gravity - DI150-15 - CSR
- Total sulfur ~ Porosity : - Reactivity
-- Maceral analysis
!
Raw Coal property test Sink-and float test Stock
Total moistore Tota} Sulfur Properiies analyzed

Proximate Analysis

Forms of Sulfur Caking properly
Calorific Value

Fig.5-10 FLLOW OF COAL PROPERTY EVALUATION
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Table 5-6 LIST OF TESTING METHODS

Standard and Literature " Measurement liems
Method for Testing of Coal F.5.1., Gieseler plasiometer, dilatometer, box test, grindability
HSMB801-1979 index, grain size distribution

Method of Proximate Analysis of Coals and  |Constant humidity content, ash content, volatile matters, fixed carbon
Cokes
JISMB8812-1979

Method of Ultimale Analysis of Coal and Carbon, hydrogen, sulfur, nitrogen, total oxygen, sulfur in ash
Coke
JISMB813-1988

Method for Measuring Calorific Values of Calorific value
Coals and Cokes
JISM8814-1972

Method of Microrganic Scopical Measurement| Maccral content analysis of caals, and measurement of vitrinite
for the Macerals reflectance
HSMBB16-1986

Metheod for Testing of Cokes Grain size distribation, true gravity, appar'eﬁl gravity, porosity,
JISK2151-1977 TI25, DI30--15, DI50-15, reactivity, and ash tisibility

Analysis of Coal and Coke Ash Composition [ Method for coal and coke, HSM8815-1976
JISMB815

Coke Circular 30, P239(1981) SCO test
Coke Circular 23, P82 (1974) CSR test
Coke Circular 32, P55 {1983) Method of anisotropic lexture
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)

1)

2)

Properties of Venczuclan and Colombian coals

FNO channel sample coals (LC—25, LC—30)(Table 5-8)

The degree of coalificatin of the FNO field is volatile matter of 24.29 — 24.45 (%, d.a.f.) on
a pure coal substance basis, carbon content of 88.69 ~ 89.07% (%, d.a.f.) in ultimate
analysis, vitrinite's mean reflectance of 1.25 - 1.28 (%, oil), ranked as medium volatile
matter coal. As F.S.L is 9, Maximum Fluidity (M.F.) measured by Gieseler plastometer is
2.27 - 2.83 (log DDPM), and total dilatation mcasured by dilatometer, 69 - 146%, caking
pfopcrty is sufficient for coking coal. From the above data on coalification and caking
property, coal produced from the FNO ficld is considered to be heavy coking coal of

medium volatile matter.

Characteristically, ash content is low. LC-25 is very low at 1.46 (%, d.) and LC-30 is also

low at 7.63 (%, «.) as coking coal.
Total sulfur is the average level for coking coal. Total sulfur of LC-25 is (.71(%, d.) and

one of LC~30 is 0.63(%; d.)..

As for Maceral composition, total inert content is high at 41.4 - 44.4(%, vol.). As a result,

CBI is high at a level comparable to the Australian coal.

Grindability index is 100 - 103 (H.G.1.) and indicates that thesc coals are highly gn;ndablc

and suitable for coke making.

As for ash composition, ALO, ranges between 17% — 21%, lower than ordinary coking

coal.

Comparing L-25 and L.-30, coalification of LC-30 is higher than L.C-25 as judged from
volatile matter, carbon content, and vitrinite's mean reflectance. On the other hand, oxygen
content of LC-30 is 3.62% (%, d.a.f.), lower than 4.11 (%, d.af) of LC-25. As a result,
caking property of LC-30 is significantly higher in terms of F.5.1., M.F,, total dilatation,
Overall, LC-30 has better properties than LC-25.

As a result, coal in the FNO ficld is considered as high quality, heavy coking coal of

medium volatile matter, while coking property varies with seams.

L.OB channel sample coals (LC-10, LC-11, LC~20) (Table 5-9)
Degree of coalification of the LOB ficld is volatile matter of 35.83 ~ 37.07 (%, d.a.f)ona
pure coal substance basis, carbon content of 82.20 - 84.68 (%, d.a.f.} in ultimatc analysis,



and vitrinite's mean reflectance of 0.82 - 0.85 (%, oil). Thus coal from the field is classified
as high volatile matter coal. '

As F.S.L ranges from 3 to 9, M.F. ranges from 0.95 to 3.16 (log DDPM), and total
dilatation ranges from 0 to 108{%), caking property is varying greatly between scams.

From the above coalification and caking property data, coal in the LOB ficid is considercd
to be weakly coking coal of high volatile matter.

Ash content is low for coking coals, LC-11 at 2.31 (%, d.), LC-10 at 4.55 (%, d.}, and LC-
20 at 7.74 (%, d.).

Total sulfur content varics greatly between seams. LC-11 is lowest at 0.74(%, d.),
followed by LC-10 at 0.92% and LC-20 at 1.24% (%, d.).

. Regarding Maceral composition, total inerts content is in a low range between 11.8 - 20.6

(%, vol). As a result, CBI is rclatively low between 0.38 and 0.74.

Grindability is 59 ~ 80 (I1.G.L.), comparable to a level of ordinary weakly coking coal of |

high volatile matier.

Degree of coalification in terms of volatile matter, carbon content, and vitrinite's mean
reflectance does not show significant difference between LC-10, 11 and 20. On the other
hand, caking property is highest in LC~11, as scen in F.S.I, MLF. and total dilatation, which
has the best qu'ality as weakly coking coal of high volatile matter. On the other hand, LC-
10 and L.C-20 show high sulfur content and low caking property, not suitable for coking

coal,

The above results indicate that, in the LOB field, only LC-11 is considercd to be weakly
coking coal of high voaltilc matter.

HAT channel sample coals (LC-15, LC-20/1)(Table 5-10)
As for degree of coalification of the HAT field, volatile matter is 31.06 ~ 3232 (%, d.a.f.)
on a purc coal substance basis, carbon content of 85.09 - 89.62 (%, d.a.f.) in ultimate

analysis, and vitrinite's mean reflectance of 0.99 ~ 1.00 (%, oil), classified as high volatile

matter coal.
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4).

As FS.L ranges from 1.5 to 9, MLF. ranges from 0.00 - 4.31 (log DDPM), and total

dilatation ranges from 0 to 310(%), caking property is varying greatly between scams.

The above degree of coalification and caking property data indicate that coal in the HAT
field is medium coking coal of high volatile matter. However, coal in LC-15 do not show
fluidity and dilatation at all, although F.8.J. is 51/2, and they are considered as non-caking
coal. Difference in caking property within the same ficld seems to come from weathering,
judging from the fact that oxygen content found in ultimate analysis is much higher in LC-
15 (7.61%, d.a.f.) than LC-20 (3.22%, d.a.f.). Non-weathered coal in the LC~15 seam, if
any, is expected to have caking property equivalent to that of LC--20, rated as medium

coking coal.
Ash content is very low for LC~20(1.71%, d.) and low for LC~15 (4.86%, d.).

Total sulfur content is high for coking éoai, 0.86 (%, d.) for LC-15 and 1.15 (%, d.) for
1.C-20.

As for Maceral composition, total inert content is very low at 23.5 - 24.5 (%, vol), and CBI

is at a level comparable to heavy coking coal of medium volatite matter in U.S.A,
Grindability is very high (H.G.1 90 - 93).

The above results indicate that the non—wceathered LC-20 scam in the HAT field is rated as
medium coking coal with high caking property. On the other hand, coal in the LC-15 scam

has turned into non-caking coal due to weathering and are not suitable for coking coal.

L.AS channcl sample coals LC-20, LC-(25430)(Table 5-11)

Degree of coalification of the LAS ficld is volatile matter of 38.81 — 46.70 (%, daf)on a
pure coal substance basis, carbon content of 83.60 ~ 85.52 (%, d.a.f.) in ultimate analysis,
and vitrinite's mean reflectance of 0.69 — 0.85 (%, oil). Thus coal from the ficld arc

classified as high volatile matter coal,

Caking property is very high: F.S.1 is 41/2 ~ 7; M.F. is 4.14 - 4.61 (log DDPM); and total
dilatation is 201 - 212(%).

From the above degyee of coalification and caking property data, coal in the LAS seam are
considered to be weakly coking coal of high volatile matter,



5)

- Ash content is refatively high in LC-20 8.24 (%, d.) and low in LC-(25430) 4.44 (%, d.).

Total sulfur content is-very high in LC-20 at 4.11{%, d.). Compared to the figure reported
in JICA's "Feasibility Study on Development of Coal Fields in Tachira State — 1992,"
1.39(%, d., the mean value of 28 samples), the above figure is considered to be a local one.
Thus, although LC-20 is a high sulfur content scam, it can be used for coking coal if mixed
with other low sulfur content coals. '

1.C~(25+30) shows relatively high sulfur content, but it can be used for coking coal:

As for Maceral composition, total inert content is low at 10.2 ~ 25.2(%, vol} and vitrinite

_content is high.

Grindability is H.G.I. 55 ~ 59, which is within the range of ordinary weakly cokig coal of
high volaitlc matter. As for ash composition, P,0, in LC-(25+30) is very low at 0.08(%).

Comparing L.C-20 and LC-25, the latter shows a higher degree of coalification in terms of
volatile mattes, carbon content, and vitrinite's mean reflectance.  However, no significant

difference is seen in caking property.

The above result indicates that coal in the LC—(25+30) scam of the LAS ficld arc rated as high
quality, weakly coking coal of high volatile matter. On the other hand, coal in the LC-20
scam have high suifur content, while caking property is high, and need to be mixed with

‘low sulfur content coal if they are to be used for coking coal.

Guasare coal (M4) (Table 5-12)

Guasare coal is classificd as high volatile matter coal measured by degree of coalification,
with volatile matter of 39.61 (%, d.a.f.) on a pure coal substance basis, carbon content of
83.08 (%, d.a.f.) in ultimatc analysis, and vitrinite's mean reflectance of 0.76% (%, oil).
Caking property is very low, with F.S.I. of 21/2, M.F. of 0.48 (log DDPM), and total
dilatation of 0(%). From the above degree of coalification and caking property data, coal in

the Guasare scam are considered to be noncaking coal of high volatile matter.

Ash content is characteristically very low at 1.04(%, d.) and sulfur content is also low at
0.41(%, d.)



6)

7

Grindability is low at H.G.1.50, which is difficult to crush but the average hardness for

steam coal,

The above result shows that G;:asaré coal is low ash content, low sulfur steam coal.
Despite good quality, however, caking property largely limits their use for coking coal.

The data analyzed from the sample collected in January 1994 arc detailed on Annex—1.
Boyaca coal (M1) (Table 5-13)

Boyaca coal has volatile matter of 22.03 (%, d.a.f.) on a purc coal substance basis, carbon
content of 88.75 (%, d.a.f.) in ultimate analysis, and vitrinite's mean reflectance of 1.60 (%,
oil). Thus it is classified as low volatile matter coal,

AsFS1. is 81/2, M.F. is 1.08 (log DDPM), and total dilatation is 41(%), caking property is
the average level for coking coal. From these degree of coalification and caking property

data, Boyaca coal is classified as heavy coking coal of low volatile matter.
Ash content is low at 6.52(%, d.), but total sulfur content is high at 0.83(%, d.).

Maceral composition measured by total inert content is 29.9(%, vol), comparable to low

' volatile matter coal in U.S..

Grindability is H.G.1.99 to indicate that Boyaca coal is highly crushable and suitable for

coke making.

* As for ash composition, Na, O content is slightly high at 1.04% and docs not present a

problem.

From the above result, Boyaca coal is considered to be heavy coking coal of low volatile

matter with relatively high sulfur content,
Evaluation of channel sample coals as coal for coke making

Based on the result of analysis of the channel clean coals, evaluation of coking coals is
summarized in Fig.5-11 and Tablc 5-7. As scen in the table, coals suitable for coke
making are FNO-LC-25, FNO-LC-30, HAT-LC-20/1, LOB-LC-11, LLAS-LC-
(25+30), and Boyaca coals. Notc that HAT-LC-20/1 has high sulfur content and must be
blended with low sulfur content coal when it will be used for coking coal.
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Table 5-7 EVALUATION OF CHANNEL CLEAN COALS AS COKING COALS

S.No. | Ceal Yield | Scam Characteristics as Coking Conls Evaluation
1 FNO LC-25 [Medinm volatile malter, heavy coking coal with low ash Good
4 LC-30 Medium volatile matter, heavy coking coat with low ash and Good

sulfur content
1.OB LC-10 [High sulfur conteart and low caking property Poor
4 LC-11 Low ash content, kigh volatile matier coal with high caking Good
property
5 L.C20 |High sulfur content, low caking property Poor
6 HAT L.C15/1 [Caking property is very low (weathered coal) Poor .
Los ash content coal with high caking property, while suifur
l _ Leao conicnt is high (1.15%) Good
8 LAS LC-20 {Very high suifur conient Poor
L.C-25 Low ash content, high volatile matter coal with high caking .
9 Good
LC-30 |property
10 GUA M=-4  Low ash conient, low sulfur content, non-caking coal Poor
11 BOY M-1 [Low volatile matter, heavy coking coal Good.




Table 5-8 PROPERTIES OF FNO (FRANJA NOROR!ENTAL) CHANNEL CLEAN COAL

Sample FNO-LC25 | ENO-1C30 Sample FNO-LC25 | FNO-LC30

Inherent moistuer(%) 1. 35 0.98 Vitrinite type
: e (%, Yol.D _

Proximate analysis Vit ‘8.5 5.9
Ash (% d.) 1. 46 7.63 Y12 37. 0 23.4
VY. (% d.) 2409 | 22.44 VI3 7. 4 19.9
F.C(%d.) 74.45 | 69.93 _ Yid 0.0 0.9

Hean Yax. Reflect. 1. 25 1. 28
VE (K daf) 24. 45 24.29 (% oil)
51 4. 77 5. 02
“Total sulfur(%,d.) 0. 71 0. 63 CBI 2.57 3.18
Ultimate analysis HG L 103 100
C (%d.atl.) 88. 69 89. 07 :
H (kdaltf) 4. 93 5.14 Calorific value 8704 8721
N (. daf) 1. 55 1. 49 {cal/g, d.a £.)
S (%daf.) 0.72 0. 68
0 (%d.aif) 4. 11 3.62 ASH fusibility(*C)
: Softehing point 1370 1540
F.5 1. g 9 ‘Melting point 1380 1580
Flow point 1390 >1600

Gieseler plastometer
1.S. Temp.  (°C) 428 415 ASH composition
WE Temp. (O 466 466 €9
Solid. Temp. (°C) 494 506 Si0: 34.80 | 67.40
M (LoghdP¥) 2. 21 2.83 Al.0s 17. 68 20. 95

L e et e rmnrm e e b e l?e 203 d3_ 98 7_ 30

Dilatometer Cal 0. 85 0. 35
1. S, Teap. (G0 391 384 M0 0.27 0. 25
¥ax. Cont.Tem. (°C) 438 418 ¥no 0.05 0. 02
Yax.  Dilat. Tem (°C) 449 505 Ti0: 0.81 1. 7%
Percentage Cont. (%) 25 28 P20s 0. 36 0. 06
Percentage Dila. (%) 44 3¢ 50, 0.18 0. 10
Total Dilatation(%) 6y 46 K20 0. 33 0. 72

Na.0 0. 35 0. 26

Maceral analysis -~

(%, Yol.)
Vitrinite h2.9 49.7
Exinite 0.0 0.0
Micrinite 25.7 23.9
Semi fusinite 17.2 7.6
Fusinite 3.3 4.5
Yineral matter 0.9 4.3
Total inerts 41.4 44. 4



Table 5~9 PROPERTIES OF LOB (LOBATERA) CHANNEL CLEAN COAL,

5-39

Sample LC1D LCLE LC20 Sample 110 | LCIY LC20

Inh. moistuer(%) 4. 50 2.35 3. 36 Vitrini. type

: e (% Vol.)

Proxi. analysis VvV 1.5 0.0 0.6
Ash (% d.) 4. 5% 2.31 174 v 24.3 6.3 13.8
V.M (% d ) 34.20 ) 35.88 | 34.20 Y8 9.2 68.0 69. 1
F.C (% d) 61.30 | 61.81| 58.06 vy 0.8 3.9 35

¥ean Maximum 0. 82 (.83 { 0.84

V.4 (% daf) 35.83 | 36.731 37.07 Rflectance(%) . _ -

51 2. 88 2. 92 2.80

T. sulfur(%, d. ) 0.92 0.74 i.24 CBl 0. 74 0. 64 0. 38

Ultima. analysis _ HG. L. 80 749 59
C% d.a 1) 83. 12| 84.68: 82.20 | - '

H(% d.a. f.) 4.48 5. 57 5. bt Calorific value 8004 8517 8189
N doa ) .61 .72 1. 80 {cal/g, d. a. f.)
8%, d.a. 1.) 0.96 0. 75 .34 |——
0% d.a. f.) 9.83 7.28 9.10 Ash fusibility
: Soft. point(°C) 1520 1470 1560
F. 8 1. 3 9 5 ¥elt. point(°C) 1550 1520 1580
- = | Flow poinl (°C)| 1580 | 1590 | >1600

Gies. plastoneter
1. 8. Temp. (°C) 406 406 419 Ash composition
¥.F. Temp. (°C) 442 445 440 €))

Sel. Temp. (°C) 463 1 478 464 5i0. 43. 80 1 46.60 | 52.70
Y. F. (LogDhP¥) 1.667 3.16 0.95 Al20s 20. 857 27.68 | 28.34
s Fe20s 21.96 | 14.17 14.52

Dilatometer Ca0 1. 17 3. 34 0.35
L. 8. Temp. (°C) 361 340 356 ¥e0 0. 63 0. 83 (.28

Max. Cont.Tem. (°C) 500 415 500 ¥n0 0. 03 0. 31 0. 02

¥ax. Dilat. Tem. (°C) - 478 - Ti0. 1. 93 1. 43 1.75

Percentage Cont. (%) 17 % 33 P20s 0.43| 0.12[ 0.17

‘Percentage Dila. (%) -7 82 -33 50, 0. 11 L. 57 0.03

Total Dilatation(%) 0 108 0 K-0 0.35] 104 1.08

: Na20 0. 34 0. 50 0. 44
¥aceral amalysis
(%, Yol.)
Vitrinite 75. 8 18. 2 86. 4
Exinite L7 1.4 1.2
Vicrinite 13. 2 2.1 5.7
S-fusinite 5 8 540 1.8
Fusinite 0.9 1.6 0.5
¥ matter 2.6 1.4 4. 4
T. inerts 20. 6 18. 7 I1.8




Table 5-10 PROPERTIES OF HAT (HAT.DE LA VIRGEN) CHANNEL GLEAN COAL

5-40

Sample HAT-LCIS | HAT-LC20 Sample HAT-LCL5 | BAT-1C20
Inherent moistucr(%) 311 1.47 Yitrinite type
(%, Vol. )
Proximate analysis L 0.0 0.0
Ash (%, d. 2 4. 86 .71 L 45. 5 37.2
VM (%d) 20.55 | 3177 Ve 27.9 35.7
F.Co(%d.) 65. 59 66. 52 1208 0.0 1.5
: Yean ¥ax. Reflect. 0. 99 1. 00
V(% dal) 3t 06 32. 32 (%, 0il) :
—fm 51 3. 72 371
Total sulfur(%,d.) {. 86 1.15 CBl 0. 81 -0.78
Ultimate analysis HG L. 90 93
¢ &.daf) 85. 04 89. 62
H (&% daf) 4. 71 4. 36 Calorific value
N (% datl) l. 63 ~ .63 (calfg, d.a f.) 8345 8728
5 (%, d.af.) 0. 90 1.17 _
0 (%d.af). 7. 61 3.22 ASH fusibility(°C)
e s e e} Softening point >{600 1380
F.S. 1. 5 1/2 9 Kelting point >1600 1400
Flow point >1600 1420
Gieseler plastometer
I.S. Temp. (°C) 448 39 ASH composition
W.F Temp. (°C) 460 452 (%)
Solid. Temp. (°C) 463 491 S5i0. 53. 60 30. 10
M.F. (LoghDP¥) 0.00 4.31 A120s 30.96 | 23.98
Fezog 9.15 38. 66
bilatometer Cal 0.92 1. 85
[. 8. Tenp. CH 381 357 Ye0 0.59 0. 50
¥ax. Cont. Tem.. (°C) 500 385 1o 0.03 0.03
Max. Dilat. Tem. (°C) - 562 Ti0: 203 1. 56
Percentage Cont. (%) 26 21 P20s .69 1. 43
Percentage Pila. (%) ~26 283 50s ~0.06 0. 32
Total Dilatation(%) 0 310 K.0 (.89 0. 44
e e e . Naz0 0. 41 0. 29
¥aceral analysis
(%, Yol.)
Vitrinite 13.4 74. 4
Exinite 0.0 - 0.0
Micrinite 14.7 5.1
Semi fusinite 6.4 6.3
Fusinite 2.1 3.0
Yineral matter 2.8 1.2
Total inerts 24.5 23.5



Table 5-11 PROPERTIES OF LAS {LAS ADJUNTAS) CHANNEL CLEAN COAL

-Sample LAS-1.C20 %53;38) Sample LAS-1.C20 %Qg;&ﬁ)
Inherent moistuer(%) 1. 72 1. 37 Vitr. type(%, Yol.)
. V6 45. 5 0.0
Proximate analysis V1 32.9 16.5
Ash (%, d.) 8.24 4. 44 V8 0.0 39.9
Vo (% d.) 42. 85 37.09 Vi 0.0 11.0
F.Co(%d) 48. 91 ' 58.47 V10 0.0 1.4
Mean Max. Reflect. 0. 69 0. 85
V.Y (%daf) 46. 70 38. 81 &, 0il) _
: 1 2.55 3. 03
Total sulfur{%,d.> 4. 11 (.81 CBi _0.36 0. 94
Ultimate analysis .G L 55 59
C & daf) 83. 60 8h. 52 -
B % daf) 6. 36 © 5.85 Calorific value 8596 8589
N (R daf) 1. 86 .76 (cal/g d.a. f.)
S (%d.af) 4. 48 0.85 =
0 (%d.af) 3.70 6.02 | | ASH fusibility(°C)
Softening point 1390 1540
F.S L 4 172 7 ¥elting point 14060 1580
Flow point 1410 >1600
Gieseler plastometer
LS. Temp. (°C) 394 3496 ASH composition
Y F Temp. (°C) 433 444 (%)
Solid. Temp. (°C) 476 480 Si0s 29. 60 54. 00
M.F.  (LogDDP¥) 4. 61 4. 14 Al20s 1714 | 29.26
e Fe:04 5.4 10. 35
Dilatometer Cal 0.59 l. 43
1. 8. Temp. (°C) 338 355 Yg0 0.28 0. 90
Yax. Cont.Tem. (°C) 1394 402 ¥no 0.04 0. 03
Max. Dilat. Tem (°C) 487 496 Ti0: 1. 35 1. 29
Percentage Cont. (%) 25 27 Pa0s 0. 67 0.08
Percentage Dila. (¥) 187 174 S0 0. 04 0. 10
Total Dilatation(¥) 212 201 K0 0. 51 1. 05
— Na:0 0.29 0. 46
Maceral analysis
(%, Vol.)
Vitrinite 78.4 68. 8
Exinite 1.2 3.7
Micrinite 4.3 14.9
Semi fusinite 0.5 5.8
Fusinite 0.0 3.2
Yineral matter 5.6 2.6
Total inerts 1.2 25.2




- Table 5-12 PROPERTIES OF GUA (GUASARE) CHANNEL CLEAN COAL

- Sample | GUA-M4 + | Sample GUA- Y4
Inherent moistuer(k) 344 Vitrinite type(%, Vol.)
e V6 5.3
Proximate analysis V1 59. 5
Ash (%, d.) .04 V38 . 4
VN (% d) 39. 19 Vi 0.0
F.C.(%d.) 59.77
¥ean ¥aximum Reflectance 0.76
VY (% daf) 39. 61 &%, oil) _
- Sl 2. 7%
Total sulfur(%,d.) 0.4t CBi 0.67
Ultimate analysis H. G. 1. . B
C % d.a. £.) 83.08 :
I (%d.a.f) 9.50 Calorific value
N (%daf) 1.52 (cal/g d.a. f.) 8260
S (% doaf) 0. 40
6 (kdaf) 9.50 Ash fusibility
Softening point(°C)
FS 2 1/2 Yelting point (°C)
- Flow point Cc)
Gieseler plastometer
fnitial Softening Temp. (°C) 424 Ash composition
Maximum Fluidity Temp. (°C) 436 (%
Solidificastion Temp. (°C) 448 $i0; 44. 80
Maximum Fluidity (LoghDPM) 0.48 Al:20s 27. 90
e Feo 0 1. 95
Dilatometer Ca0 5. 50
[nitial Softening Temp. (°C2 390 g0 3. 82
Maximum Contraction Temp. (°C) 500 ¥n0 0. 08
Maximum Dilatationm Temp. (°C) - Ti0: 0. 92
Percentage Contraction (%) 47 P.0s 0. 23
Percentage Dilatation (% -47 S0s 2. 46
Total Dilatation (%) 0 K20 0. 26
Na 20 1. 63
¥aceral analysis
(%, Vol.) .
Yitrinite 6. 2
Exinite 3.8
¥ierinite 11.4
Semi fusinite 5.3
Fusinite 2.1
¥ineral matler 0.6
Total inerts 18.2




Table 5-13 PROPERTIES OF BOY {BOYACA) CHANNEL CLEAN COAL

Sample BOY-Mi ~ Sample “BB??AL
Inherent moistuer(%) I. 20 Vitrinite type(%, Vol.)
Y13 0.7
Proximate analysis Vid4 1.4
Ash (%.d.) 6. b2 V15 14.6
VM (% dD 20. 59 V16 30.5
F.C. (% d.) 72. 89
— Mean Maximum Reflectance 1. 60
VH(kdaf) 22.03 (%, oil)
~ | 7. 06
Tatal sul fur(%, d.) 0. 83 CBI 3. 92
ltimate analysis H.G. I. 99
C &daif) 88.75 :
H (%d.a.f.) 4. 90 Calorific value 8669
N (Rdoaf) 1.88 || (cal/g d.a f.)
S (%d.oaf) 0. 86
0 (%.d.a. f.) 3.61 Ash fusibility
Softening point{°C) 1500
S 1. 8 1/2 ¥elting point (°C) 1540
Flow point °C) 1590
Gieseler plastometer e :
Initial Softening Temp. (°C) 448 Ash composition
Vaximum Fluidity Temp. (°C) 475 (%)
Solidificastion Temp. (°C) 494 Sil. 61.20
Maximum Fluidity (LogDDPH) 1.08 Al 204 24. 60
Feals 6. 16
Dilatometer Ca0 2. 59
Initial Softening Temp. (°C) 414 ¥g0 0. 50
Yaximum Contraction Temp. (°C) 443 ¥n0 0. 03
Yaximum Dilatation Temp. (°C) 4499 Tif: i. 53
Percentage Contraction (%) 18 P.0: 0. 97
Percentage Dilatation % 23 50z 0. 98
Total Dilatation (%) 41 K:0 0. 73
Na:0 .04
¥aceral analysis
(%, Vol.)
Vitrinite 66. 3
Exinite 0.0
¥icrinite 17. ¢
Semi fusinite 11.6
Fusinite 1.5
Yineral matter 3.1
Total inerts 29.9




(2) Propertics of bulk samples

1)

2)

Properties of bulk samples were examined to check if FNO-LC-30, LAS-LC-(25+30),
and Boyaca coals, which were sampled for the coking test, have expected propettics, and to
collect basic data for blending design.

FNO-LC-30 coal (Tables S-14 and 5-15)
Grain sizc distribution of the bulk sample coal is similar to that of ordinary coal charge
because it has been crushed to 8mm or smaller in size.

-Major data on proximate analysis arc ash content of 7.55(%, d.), volatile matter of 23.21(%,

d.), and fixed carbon of 69.24(%, d.) which do not show much difference from those of the
channel clean coals. Total sulfur is 0.85(%, d.).

Caking property is high, with FES.L. of 9, M.F. of 2.96(log DDPM), and total dilatation of
124(%), which do not show significant difference from those of the channel clean coals.

SI and CBI calculated from Maceral analysis are 5.06 and 2.39, respectively, which are

more or less the same as thosc of the channel clean coals.

Coke propertics arc shown in Table 5-15. Coke made from FNO-LC-30 coal has ash
content of 9.40(%, d.), CSR of 70.0, and DI ., . of 85.8, thus characterized by high éokc
strength and CSR. The high CSR seems to come from much coarse mosaic and fibrous
texture components, as shown on photos and optical anisotropic texture analysis data. From
these points, the FNO-LC~30 coal is considered to be high quality, medium volatile matter,

heavy coking coal.

LAS-LC-(25+30) coal (Tables 5-14 and 5-15) .
As mentioned in FNO-LC-30, grain size distribution of the bulk sample coal is similar to

that of ordinary coal charge, as raw coal has been crushed to 8mm or smaller in size.

The results of proximate anailysis arc ash content of 3.94(%, d.), volatile matter of 37.91(%,
d.), and fixed carbon 58.15(%, d.), which are similar to those of the channel clean coals.
Total sulfur is 0.59(%, d.).

Caking property is high, with F.S.1. of 7, M.F. of 4.10(log DDPM), and total djlatation of
203(%), which arc similar to those of the channel clean coals.



3)

SI f.md.CBI calculated from Maceral analysis are 2.86 and .85, respectively, with no

significant difference from those of the channel clean coals.

Coke properties are summarized in Table 5-15. Coke made from LAS-LC-(25+30) coal
has low ash and sulfur contents, 5.84(%, d.) and 0.50(%, d.) respectively, with low CSR
and DI15¢15- Thesc data indicate that LAS-LC~(25+30) coals arc high volatile matter,
weakly coking coals with high caking property and low ash and sulfur contents.

Boyaca coal (Tabics 5-16 and 5-17)
Grain size distribution is similar to that of ordinary charging coal because raw coal have
been crushed to 8mm or smaller in size, as seen in ENO-LC-30 and LAS-LC—(25+30)

coals,

Proximate analysis data show ash content of 7.45(%, d.), volatile matter of 21.37(%, d.),
and fixed carbon of 71.18(%, d.), which show no significant difference from those of the
channel clean coals. On the other hand, total sutfur is 0.95(%, d.), higher than 0.83(%, d.)

of the channel clean coal.

Caking property is F.S.I. of 8, M.F. of 1.04 (log DDPM), and total dilatation of 41(%),
which are similar to those of the channel clean coal, and show good caking propertics as

low volatile matter coal.

SI and CBI calcualated from Maceral analysis are 6.91 and 4.91, which more or less the

same as those of the channel clean coal.

Coke propertics arc shown in Table 5-17. Coke made from Boyaca coal shows high CSR

and DI ., .
heavy coking coals.

These data indicate that Boyaca coal is high quality, low volatilc matter,



Table 5-14 PROPERTIES OF FNO AND LAS BULK CLEAN COAL

Sample FNO-LCY) | LAS-1.025 Sample FNO-1C30 | LAS-LC25
Inherent moistuer(%) 0. 98 1. 40 Yitr, type®, Yol.) . _
- y Vite 47 (V7 20.9
Proximale analysis v V12:31.3 | V8: 39. 1
Ash (%, d.) 7. 55 3. 94 v VI3:20.3|V9: 2.1
VHE (%d) 23. 21 37.91 ¥ Vi4: L7
F.C(%d) 69.24 | 5815 -
¥ean ¥ax. Reflect. 1.28 0. 81
VY (% da £ 25. 11 39. 46 (% 0i1)
: Y 5. 06 2. 86
Total sulfur(%,d.) 0. 85 0. 59 CBI 2.39 0. 85
Ultimate analysis G L 101 59
C % da ) 89. 09 84. 00 - —
% da f) 5. 04 5 85 Calorific value 8757 8605
N &.da f.) 1. 54 1. 80 (cal/g.d.af.)
S (% da.f.) 0. 92 0. 59 : o
0 (%daf) 341 7.76 ASH fusibility(°C) o
- Softening point 1570 1440
FS L 9 1 ¥elting point >1600 1560
o s Flow point 51600 >1600
(ieseler plastancter —
LS. Temp (O 418 400 ASH composition
LF Temp (O 464 440 (% '
Solid. Temp. (°C) 502 480 $i0: . 66. 40 54. 10
N.F. (logDbP¥) 2. 96 4.10 Al 20; 21723 | 29.00
e Fe:0s 1.52 10. 42
Dilatometer Cal 0. 42 1. 42
[.S. Temp O 382 352 ¥g0 0.27 0. 80
Max. Conti. Tem. (°C) 420 401 ¥n0 0. 02 0. 03
Yax. Dilal. Tem C°C) 500 497 Ti0: 1.73 i. 26
" Percentage Cont. (%) 24 28 P.0s 0. 07 0.07
Percentage Dila. (%) 100 175 S0, 0.08 0. 11
Total Dilatation(%) 124 203 K:0 0.72 i. 03
—— Na:0 0.28 0. 48
Maceral analysis -
(%, Vol.) Grain size distri-
Vitrinite 58.0 Tl 1 bution (%)
Exinite 0.4 4.5 10. 0-6. Omm 3.0 4.6
Yicrinite 23. 6 15. 7 6. 0-3. Omm 10.0 17.2
Seni fusinite 10.5 4.8 3.0-1. 2mm 23.2 32.0
[fusinite 3.2 1.7 1. 2-0. bom 25.9 28.4
Mineral matter 4.3 2.2 0. 5-0. 3m 13.2 .4
Tatal inerts 38. 1 22.8 0. 3 24. 7 B. 4




Takle 5-15 PROPERTIES OF COKE FROM FNO AND LAS BULK CLEAN COAL

_Sample

TNO-LC30

LAS-T125

Anisotropic texture
anaiysis (% Vol.)

Sample [NO-LC30 | LAS-1C25
Grain size distri. ' .
125-100am (%) 4.5 [1.3
100~ Tomm (%) 22. 9 15.8
75- 50mm (%) 57. 7 20.3
50~ 25mm (%) i1. 4 32.3
25- 15mm (%) 1.0 6.3
-1 5mm (%) 2.5 5.0
Proximate analysis
Ash (%,d. ) 4. 40 b, 84
VoM (%.d ) 0. 50 0. 80
F.C(%d.) a0. 10 93. 36
T.S. (%.d. ) 0. 71 0.50
Apparent specific
gravity (-) .12 1. 00
True speific grav?
ity (- 1. 96 1. 92
Porosity (%) 43 48

isotropic 6.5 .8
fine mosaic 4.9 81.3
coarse mosaic 39.1 1.9
fibrous 23.3 .0
leaflet 0 - 0.0
inert 26. 2 14. 0
Reactivity() 1a tl
Coke strength aftre
reaction
CRI 23.0 33.6
CSR 70.0 41.4
WS I 4.0 39.9
Coke strength.
Dlao-1s 94. 9 68.7
D[ 18D-148 85. 8




Table 5-15 PROPERTIES OF COKE FROM FNO AND LAS BULK CLEAN COAL
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Table 5-16 PROPERTIES OF BOYACA BULK CLEAN COAL _

Sample BOYACA Sample BOYACA
Inherent moistver(%) 1. 21 Yitrinite type (% Vol.)
_ V14 13.2
Proximate analysis ¥i5 18.7
Ash (%, d ) 1. 45 V16 20. 6
VY (5d) 21. 37 V17 7.3
FC & d) 71. 18 vig 0.7
- | Mean Maximum Reflectance 1.59
VN (% da £.) 23. 09 %, 0il)
- Si 6. 81
Total sulfur(%,d.) 0. 95 CBl 4. 41
Ultimate analystis G 92
C (%, da f.) 89. 05
I (% da £) 4. 88 Calorific value
N & daf.) 1. 87 . (cal/g, d.a f.) 8734
S (%, da f) 0. 90
0 (% da. f.) 3.30 Ash fusibility
Softening point(°C) 1430
F.S 1. 8 ¥elting point (°C) 1530
— Flow poini (G 03] 1580
Gieseler plastaneter
Initial Softening Temp. (°C) 449 Ash composition (%)
¥aximum Fluidity Temp (°C) 478
Solidificastim Temp, (°C) 497 Si0: 60. 20
¥aximum Fluidily (LogDDPY) 1. 04 Al=0s 25. 09
Fea0s 6 09
Dilatometer Cal 2. 60
Initial Softening Temp. (°C) 415 ¥eO 0. 51
Maximum Contraction Temp. (°C) 442 ¥t 0. 03
¥aximum Dilatation Temp, (°C) 501 Ti0: [. 57
Percentage Contraction (%) 17 P05 0. 96
Percentage Dilatation (%) 24 S0 0.95
Total Dilatation %) 41 K:0 0. 70
o Na.0 112
Maceral analysis (%, Vol.) E—
Grain size distrilution (%)
Vitrinite 60.5
Exinite 0.0 1. 0-6. Om 3.8
¥icrinite 22.0 6. 0-3. Om 12.1
Semi fusinite 11.2 3.0-1. 2m 26.5
Fusinite 2.0 1. 2-0. Hm 30.5
¥ineral matter 4.3 0. 5-0. 3mm 5. 8
Total inerts 35.8 -0. 3mm 1.3







Table 5-17 PROPERTIES OF COKE FROM BOYACA BULK CLEAN COAL

~ Sample BOYACA Sample BOYACA
Grain size distribution Anisotropic texture analys-
125-100mm (%) 7.9 is (%, Vol.)
100- 75mm (%) - 25.6 isotropic 3.5
75- 50mm (%) 43.3 fine mosaic 24. 0
50- 25mm (%) 19.7 coarse mosaic 11. 6
25- 1hma (%) 1.0 fibrow 37.8
-15mm (%) 2.5 leaflet 1.1
e e inert 22.0
Proximafe analysis e
Ash (%, d. ) 8. 80 Reactivity (%) 10
VM & d) 0. 46
FC®d) 90. 74 Coke strength aftre reaction
T.5 & d) 0.76 CRI 21. 4
- CSR 69. 9
Apparent specific —
gravity(-) 1. 07 XS L 3.1
True speific gravity(-) .94 Coke strength(Drum indx)
- — Dlso-1s 04. 6
POI'OS]-.i.)’ (%) 45 Dlise-1s

Photo 5-3 COKE STRUCTURE OF BOYACA (X 700)



Table 5-17 PROPERTIES OF COKE FROM BOYACA BULK CLEAN COAL
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d) Conclusion

Bulk samples of FNO-LC-30, LAS-LC-(25+30), and Boyaca coals sampled for the
coking test show expected propertics as shown in Table 5~18; FNO-LC-30 coal as
medium volatile matter, heavy coking coal; LAS-LC-(25+30} coal as high volatile matter,
weakly coking coal; and Boyaca coal as low volatile matter, heavy coking coal.

Table 5~18 EVALUATION OF BULK SAMPLE COALS AS COKING COALS

Sample Major Propertics Evaluation
Ash (%, d.) 1 7.25
VM. (%;d) 12321
Total Suifur (%, d.) : 0.85 ‘Heavy coking coal of medium
FNO-LC-30 Total Dilation (%) ;124 volatile matter
Maxim Fluididy (logDDPM) : 2.96
Ro (%) : 1.28
CSR :70.0
Ash (%, d.) .1 394
VM. (%, d.) :37.91
Total Sulfur (%, d.) : 059 Weakly coking coal of high
LAS-1.C Total Dilation (%) : 203 - volatile matter
(25+30)  Maxim Fluididy (logDDPM) : 4.10
Ro (%) : 0.81
CSR :41.4
Ash (%, d.) : 745
VM. (%, d.) :21.37
Total Sulfur (%, d.) : 0.95 Heavy coking coal of low
Boyaca Total Dilation (%) : 41 volatile matter
Maxim Fluididy (logDDPM)} @ 1.04
Ro (%) : 1.59
CSR 1699




5.2.5 Properties of Imported Coals

Most of coals produced in Venezuela arc high volatile content, with much less low and medium
volatile matter, heavy coking coal. To produce blast-furnace coke, Venezuelan and Colombian
coals should be blended with low and medium volatile matter heavy coking coal which arc

imported.

Thesc coals have been selected on the basis of certification of coke quality and that transport
distance from coal supplicr countries to Venezuela is shorter and shorter..

For the above reasons, the U.S. Pinnacte coal (low volatile matter, heavy coking coal), Blue
Creek coal (medium volatile matter, heavy coking coal), and Australian Saraji coal (low volatile,
matter, heavy coking coal) have been selected for blending coals.

The results of analysis of the above coking coals arc shown and compared in Fig.5-12. Major
findings are described in the following,

1) Pinnacle coal (Tables 5-19 and 5-20) _
Pinnacle coal has volatile matter of 17.73(%, d.a.f.) on a pure coal substance basis, carbon
content of 88.82 (%, d.a.f.) in ultimate analysis, and vitrinite's mean reflectance of
1.73(%, oil), thus is classificd as low volatile matter coal. Caking property is sufficiently
high, with F.S.1. of 9, M.E. of 0.60, and total dilatation of 42(%).

Ash content is low at 5.61(%) and sulfur content is 0.76(%, d.), a general level for coking

coal.

Coke produced from Pinnacle coal (Table 5-20) has ash content of 6.01(%, d.), volatile
matter of 0.81(%, d.}, and total sulfur of 0.67(%, d.). Characteristically, ash content is low.

From high coke strength at DI 82.5, Pinnacle coal is considered to be low volatile

150-15
matter heavy coking coal. However, CSR is low at 47.0. From these data, Pinnacle coal,
while not contributing to CSR (coke strength after reaction), works to maintain T1I,

(mechanical strength).

In conclusion, Pinnacle coal is rated as high quality, low volatile matter, heavy coking coal
with low ash content.

5-54
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Fig.5-12 COMPARISON OF PROPERTIES OF IMPORTED COALS



2)

Blue Creek coal (Tables 5-19 and 5-20) _

Blue Creek coal is medium volatile matter coal, with volatile matter of 27.93(%, d.a.f.) ona
pure coal substance basis, carbon content of 88.13(%, d.a.f.) in ultimate analysis, and
vitrinite's mean reflectance of 1'.19(%, oil). Caking property is \)cry high, with F.S.I. of 9,
M.F. of 3.60, and total dilatation of 239(%).

Ash content is at a fow level of 8.91(%, d.) and sulfur content is high as coking coal at
0.85(%, d.)

From Maceral analysis, vitrinite content is characteristically high at 80.9(%, vol), and as a
result, CBI is low at 0.63.

Grindability is high at H.G.I1.89 to make the coal highly crushable.

Ash composition is generally comparablc to ordinary coking coal, except for P,O, which is
stightly high at 1.22%.

Coke propertics arc shown in Table 5~20'. Proximate analysis data on coke made from
Blue Creck coal are comparable to ordinary coking coal, with ash content of 11.44(%, d.)
which is slightly higher, volatile matter (%, d.), and total sulfur of 0.75(%, d.).

From these data, Blue Creek coal is classified as medium volatile matter, heavy coking coal
with high caking property.

Saraji coal (Tables 5-21 and 5-22)

Saraji coal is low volatile matter coal, with volatite matter of 20.96(%, d.a.f.) on a purc coal
substancc basis, carbon content of 89.18(%, d.a.f.} in ultimate analysis, and vitrinite's mean
teflectance of 1.55(%, oil).

Caking property is sufficicntly high for low volatile matter coal, with E.S.I. of 9, M.F. of
1.70, and total dilatation of 62(%).

Ash content is high at 10.48(%, d.) and sulfur content is relatively low for coking coal at
0.57(%, d.).

From Maccral analysis, vitrinite content is a normal level for coking coal at 65.4(%, vol.).

Grindability is high (H.G.1.91) to indicate that the coal is crushable.



Coke propertics are shown in Table 5-22. Proximate analysis of coke made from Saraji
coal shows that ash content is 12.14(%, d.), volatilec matters 0.72(%, d.), and total sulfur
0.52(%, d.), characterized by high ash content and low sulfur content.

Thus, Saraji coal is classificd as low volatile matter hcavy coking coal to raisc coke's CSR.



Tabte 5-19 PROPERTIES OF PINNACLE AND BLUE CREEK (U.5.) IMPORTED COAL

Sample Pinnacle [ Blue Cr. | [ Sample Pinnacle | Blue Cr.
Inherent moistuer(y) 1. 00 1.28 | | Vit type(, Vol.)
= y V]s!_ 23 V)o?g.T
Proximate analysis ) Vie:19.5| V1::33. 8
Ash (%,d.) 561 891 V. ‘l’ls1:325 VI2.298
V.M (%,d) 16. 74 2544 V. Vnsill.? Via: 7.3
G d)D 77. 65 65. 65 v

: : Yean Max. Reflect. .73 1. 19
V.M (% da ) 17. 73 27. 03 (%, o0il)

- - S! 7.28 4. 60
Total sulfur(%,d.) 0.76 0. 85 CBI 5. 66 0. 63
Ultimate analysis HG. L 89. 39

C (% daf) 38. 82 88. 13 -
I % da.f.) 4. 58 5. 41 Calorific value 8732 8696
N % da {.) l.22 1. 84 (cal/g,d.af.)
S (%daf) 0.75 0. 88 -
0 (%, da f.) 4. 63 3.74 | | ASH fusibility(°C)
—- | Softening point 1410 1490
S L. 9 9 Melting point 1470 1520
Flow point 1550 1570
Gicseler plastaseter e
[.S. Temp  (C) 475 415 ASH composition
L i Temp (C) 490 459 %)
Sol id. Tenp. (°C) 500 h04 $i0. 47.70 46. 80
WE O (LoghDP¥) 0. 60 3. 60 Al20s 25. 85 28. 34
Fe:0a 19. 07 12 12
Dilatometer Cal 272 2. 89
[. S Temp % 427 382 g0 l. 32 l. 36
Yax. Conl. Tem. (°C) 463 415 ¥n0 0. 14 0. 06
Yax. Dilat. Tem (°C) 511 426 Ti0: 1. 74 1. 56
Percenteage Cont. (%) 20 22 P20 0.75 . 122
Percentage Dila, (%) 22 217 S04 0. 64 1. 40
Total Dilatation(%) 42 239 K20 1.27 2. 25
- Na.0 0. 63 0. 84
¥aceral analysis :
(%, Yol.D Grain size distri-
Vitrinite 65. 0 80. 6 bution (%)
Exinite 0.0 1.3 +6. Gman 14. 8 17.7
Yierinite 4.5 7.9 6. 0-3. Omm 12.5 16. 6
Semi [usinite 14.3 4.5 3.0-1. 2mn 21.8 21,7
Fusinite 3.0 0.7 1. 2-C. 5mm 20. 7 18.4
Yineral matter 3.2 50 0.5-0. 3m 9.6 9.8
30. 2 16. 6 -0. 3mn 20. 6 5.8

Total inerts




Table 5-20 PROPERTIES OF COKE FROM PINNACLE AND BLUE CREEK (U.S.) IMPORTED COAL.

Sample Pinnacle| Blue Cr. |
{rain size distri.
125-100am (%) 4.3 12. 3
t00- 75mm (%) 5.4 27.2
15- 50mm (%) 48. 6 36.4
50- 25mm (%) 26. 7 16.8
25- 15mm (%) 1.7 3.4
-15mm (%) 3.3 3.9
Proximate analysis
Ash (%,d.) 6. 01 1. 44
V.M (%.d.) 0. 81 .95
F.C.(%d ) 93. 18 37. 6t
T.S (%.d.) 0. 67 0.75
Apparent specific
gravity () 0. 96 1.01
1 True speific grav-
ity (- I. 86 1.99
Porosity (%) hl 49

Photo 5-4 COKE STRUCTURE OF PINNACLE (X 700} 'Photo 5-5 COKE ST

Fom

© Sample Pimacle | Blue Cr. |
Anisotropic texture
anaiysis €%, Vol.)
isotropic 4.4 0.9
fine mosaic 0.0 20.3
coarse mosaic 6.5 57. 1
fibrous 19. 6 1.7
leallet 59 0.0
inert 33.6 14. 0
Reactivily(%) 28 10
Coke strength aftre
reaction
CRI 33.0 32.6
CSR 47.0 59.7
%S 34.5 35. 8
Coke strength
Dlso-1s 93. 8 93.0
Dliso-1s 82.5 80. 8

RUCTURE OF BLUE CREEK (X 70



Table 5-20 PROPERTIES OF COKE FROM PINNACLE AND BLUE CREEK (U.S.) IMPORTED COAL
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Table 5-21 PROPERTIES OF SARAJI (AUSTRALIA) IMPORTED COAL

Sample Saraji Sample Saraji
Inherent moistuer(%) 1. 38 Vitrinite type (% Vol.)
Vis 3.9
Proximate analysis Vi 23.5
Ash (%, d.) 10, 48 Vis 10.5
VM (% d)D 18. 76 Vis 22.9
F.C (% d) 70. 76 Vi 4.6
- S Mean Naximm Reflectance I. 65
V.Y % da f.) 20. 96 % o0il)
SI 6. 93
Total sulfur(%,d.) 0. 57 CBI 3.58
Ultimate analysis HG I 91
C (% da f.) 89. 18
I % da.f.) 4, 96 Calorific value
N ¥ da f.) i. 90 (cal/g, d.a. f.) 8668
S (% da. f) 0.63
0 (% da.f.) 3. 33 Ash fusibility
— e Softening point(°C) 1590
FS. 1. 9 Melting point (°C) >1600
Flow point e >1600
Gieseler plastaneter
Initial Softening Temp. ("C) 452 Ash composition (%)
Haximum Fluidity Teap (°C) 481
Solidificastiam Temp. (°C) 503 S10. 59, 80
Yaximum Fluidity (LogDbPY) 1. 70 " AL0s 28.22
: : F@e(}a 5 34
Dilatometer Cal 1. 10
| Initial Softening Temp. (°C) 415 ¥g0 0.57
Maximum Contraction Temp. (°C) 4h4 Mn0 0. 07
Maximum Dilatation Temp. (°C) 508 Ti0. 1, 87
Percentage Contraction (%) 20 P04 0.53
" Percentage Dilatation (%) 42 S04 0. 22
Total Dilatation 9] 62 K0 [. 06
Maceral analysis (%, Vol. )
Grain size distritution (%)
Vitrinite 65. 4
Exinite 0.0 10. 0-6. Omm 34.3
¥icrinite 17.3 6. 0-3. Omn 13. 6
Seni fusinite 9.9 3.0-1. 2mn 23. 2
Fusinite 1.6 1. 2-0. 5m 18. 4
¥ineral matter 5.8 0. 5-0. 3mn b 2
Total inerts 3.3 -0. 3m 53







Table 5-22 PROPERTIES OF COKE FROM SARAJI (AUSTRALIA) IMPORTED COAL

- Sample | Saraji - Sample Saraji
brain size distribution Anisotropic texture analys-
125-100mm (%) 9.9 is (% Vol.)
100- 75mm (%) 30.9 tsotropic 4.7
75- 50mm (%) 41,7 fine mosaic 5.6
50- 25mm (%) 14. 2 coarse mosaic 14. 0
25- 15mm (%) . 1 fibrous 46. 0
-15mm (%) 2.2 leafllet 1.2
e inert 28.5
Proximate analysis —
Ash (%, d.) 12. 14 Reactivity®) g
VA% d ) 0.72
F.CC% d.) 87. 14 Coke strength aftre reaction
T.S.(% d.) 0.52 CRi 17. 2
— CSR 73.9
Apparent specific .
gravity(-) L1 M.S 1L 33.0
True speific gravity(-) 1.98 Coke strength(Drum indx)
A : DIBD*I 5 95- 0
Porosity (%) 44 Dlisoors

Photo 5-6 COKE STRUCTURE OF SARAJI {X 700)




Table 5-22 PROPERTIES OF COKE FROM SARAJI (AUSTRALIA) IMPORTED COAL
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5.3 Coking Test
5.3.1 Target Quality of Coke for Commercial Production

The target .quality of coke is established at a level allowing all cokes to be exported to the U.S.
market, as shown in Table 5-23. Note that coke production needs to be conducted by taking into
account various variable factors, such as quality of coking coal, blending in the production
process of coal preparation, and operation of the coke oven. To examine blending conditions of
coking coals, target quality values of coke for commercial production arc cstablished, as shown
in Table 5-24 _

There is onc characteristic value considered to be very important in the U.S. market, CSR. CSR
is the degree of powdering in a blast furnace duc to solution loss reaction of coke, which is
measured in the laboratory environment. CSR required for blast—furnace coke ranges between
53 and 60, depending upon the size of the blast furnace and its operating conditions. In
particular, 58 or more is required for recent PCI operations.

Table 5-23 TARGET QUALITY OF COKE

Standard Quality

Moisture (%) 4-5

Ash (%) 10.5 (Max.)

Volatile matters (%, d.) 1.0 (Max.)

Fixed carbon (%, d.) 88.5 (Min.)

Total sulfur (%, d.) 0.8 (Max)
TL,; 59 (Min)

Coke breeze ratio(—25mm)(%) 5.0 (Max.)

- Others important characteristic values

CSR 53 - 60

P(%,d) 0.04

K20 + Na20 (%, d.) 02 -025
* Mean size {inch) 2

Table 5-24 TARGET QUALITY VALUES OF COKE AS A BASIS OF
DETERMINING BLENDING CONDITIONS OF COKING COALS

Ash (%, d) : 103 TI25 . 61

Total Sulfur (%,d.) : 0.76 CSR . 58




5.3.2 Theoretical Examination of Biending Conditions
(1) Assumptions

Maj.or factors assumed for theoretical examination of blending conditions arc coal
production, coke production, additional purchase to fill supply gap, and operation of the
coke. oven, which are cstablished as shown in table 5-25. Calculation of blending coal and
coke quality was conducted by applying Mitsui Mining's proprietary method.

Table 5-25 BASIC ASSUMPTIONS FOR THECRETICAL EXAMINATION
OF COAL BLENDING CONDITIONS

Caal Production 1} FNO : 70,000 tons~wet/year (13%)
2) LAS : 400,000 tons—wet/year {77%)
3) Boyaca ;50,000 tons—wet/year {(10%)

The figure in () designates share of production
Total Coke Production 1) 1 miilion _t'oh/ycar (1,465,000 tons—wet/ycar)
The figure in () designates coal requirements
Additional Purchase to A shortage of suitable coal will be met by imports from the U.S,
Fill Supply Gap and Australia. _

1) Blue Creck coal (medium volatile matter, heavy coking
coal to secure production gap previously
cxpected for the FNO coal)

2) Pinnacle coal (low volatile matter, heavy coking coal to
improve the degree of coalification for
blending coals)

3) Saraji coal (low volatile matter, heavy coking coal to
make up for low CSR)

() - coal quality/intended cffect of blending

Coke production 1) Coke oven dimantion: High 6.5m, Width 450mm
Conditions 2) Flue temperature : 1,130°C
3) Working rate of coke: 125%
oven battery




(2) Properties of coals used

Coals uscd for blending design are bulk sample coals and imported coals which havc

propertics shown in Table 5-26.

Table 5-26 PROPERTIES OF COALS USED FOR CALCULATION OF COKE QUALITY

Name Ash Volatile Total Total Fludity Si CBI CSR
Content Matter Sulfur | Dilatation
| (%, 4.} (%, d.) {6, d.) (%) (log»)
FNO 7.6 23.2 0.85 124 2.96 5.06 2.39 70
LAS i 39 e 379 a 0.:%5 203 4.10 2.86 0.85 41
Boyaca 7.5 214 0.95 41 1.04 6;1 491 70
Pinnace | 56 | 167 | 076 42 | 060 | 728 | 566 | a7
Blue Cr. 8.9 254 0.85 239 3.60 4.60 0.63 60
Saraji 10.5 18.8 ﬁ 057 62 1.70 6.93 3.58 74
Guasare 1.0 —_39.2 0.41 0 0.48 2.79 067 -

(3) Combination of coking coal blending conditions

The following 4 combinations of coking coal blending were examined:

1) Blending of Venezuelan coals only

- 2) Blending of Venezuelan and Colombian coals

3) Blending of Venczuelan, Colombian, and imported coals

4} Blending using Guasare coal




(4) Calculation of qualities of coal charge and cokes under cach blending condition

1) Calculation of coke quality based on blending of Venezuelan coals only

Viability of production of blast-furnace coke by blending FNO coal, which is medium
volatilec matter heavy coking coal, and LAS coal, which is high volatile matter, weakly

coking coal, both produced in Venczucla, was cxamined.
Coal biending conditions, and calculated qualitics of coal charge and cokes are summarized

in Tablc 5~-27.

Table 5-27 CALCULATED QUALITIES OF COAL CHARGE AND COKES

BY USING VENEZUELAN COAL ONLY

Blending No. 1 2 3 4 5 6 7

3 g [FNO(Venezuela) 5] 2 B 30 3 4 50
£ 8 |LAS (Venezuela) 8s| 80 75| 70| 65| 60| 50
2% |Boyaca (Colombia) I

Ash (%, d.) as| a7 48] sof s2| s4] ss
= |Volatile Content (%, d.) 357 350 342 335 328 320 306
% Total Sulfure (%, d.) | o063 o64| o6s| 067 068 069 072
% Total Dilatation {%) 192 187 183 179 175 171 i64
§ |MaxFludiy logDDPM) | 393|387 382] 376] 370 364] 353
g st “ 3.9 330) 341 35 362 37| 396
~ Bl 108 116 124) 131] 139] 147 162

YCsR a6l 47 49| 50|  s1i s3] s6
5 |Ash (%, d) go| 81| 81 820 83 84 86
% [Toal Sulfure (%, d.) 0.56) 057] 058 059 o060 o061 063
5 |ms o s8] s8] s8]  s9|  so| 60| 60
S |csr ) ss| ss| se]  s7 s8] se]  se

Biend No.l in Table 5-27 uses FNO and LAS coals in the ratio based on proportion of
production. Coke from Blend No.1 meet target qualities in ash content 8.0(%, d.) and total
sulfur 0.56(%, d.), whilc it falls below target values in coke strength (TI25) and coke
strength after rcaction with CO, (CSR) which arc 58 and 55, respectively.




Then, a percentage of FNO coal -~ medium volatile matier, heavy coking coal - has been

~ gradually increased to 50%. Nevertheless, as Blend No.7 shows, coke strength (TI25) is

calculated to be 60, below 61 for the target quality, probably it seems to be caused that

volatile matter of coal bicnd is high, and degree of coalification is insufficient.

2) Calculation of qual'itics of cokes made from Venezuclan and Colombian coals

As it has become apparent that the blending of FNO coal (medium volatile matter) and LAS

coal (high volatile matter) produced in Venezucla does not producce blast~furnace coke, the

use of Boyaca coal (low volatile content) produced in Colombia was considered.

Table 5-28 ESTIMATED QUALITIES OF COKES MADE FROM
VENEZUELAN AND COLOMBIAN COALS

Coal Blend No. 1 2 3 4 5

7

§ . |FNO (Venczuela) 13 15| 20 25 30 35 40

g"% LAS (Venezuela) 77 75 70 65 : 6(; ) 55 50
5 8 .

& ° |Boyaca (Colombia) 10 1l 10 10 10 10 10

Ash (%, d.) | 48 48 so| s2| s4] s6| 57

,  [Volatile Matter (%, d.) | 344] 341] 333] 326 319] 311 304

& [Total Sulfur (%, d.) 0.66] 067 068 069 o070 072 073

8 |Total Dilatation (%) 1771 175|  171] 167]  1e3]  159] 155

E Max. Fluidity (log DDPM) | 3.65| 362 357 351 345 340 3.34

g s 35s5| 360] 371f 382 393 404 41s

= |ca | | 146] 149] 156 1.64] 172 180 187

S CSR 48 49 50 51 53 sa| 56

_ |ash(@,q) g1l 81 82 83l 84| 84| 85

q |Total Sulfur (%, d)) 058 059 060 061 062 063 064

1;;:: TI25 so|  s9l  s9 6| 60 61 61

CSR s6|  s6| 57 sg| 59| 59 61

Coke Production (ten thousand tons) 32 11

Table 5-28 shows the result of varied blending proportions of FNO and LAS coals, with a

proportiont of Boyaca coal being held at 10%.




Blend No.1 is based on blending design according to proportion of pro'ductiou at the two
fields, shown in Table 5-25. Under this blending condition, annual coke production will
total 320,000 tons. In terms of quality;, coke strength (T125) and coke strength after
reaction with €O, are 59 and 56, respectively, which fall below target vatues,

Blend No.7 in Table 5-28 is cxpected to satisly target quality requirements; FNO coal 40%,
L.AS 509%, and Boyaca coal 10%.

Table 5-29 shows the result of simulation when a percentage of Boyaca coal is raised to
15% - 20%, and FNO coal is blended 40% to 50%. ‘By blending medium and low volatile
matter heavy coking coals 55% — 70% of total, all coke quality requirements will be
satisfied. As a result, high quality blast—furnace coke can be produced from Venczuclan
and Colombian coals by using high quality low-volatile and medium-~volatile coals in large

quantities.
Table 5-29 CALCULATED QUALITIES OF COKE MADE FROM
VENEZUELAN AND COLOMEIAN COALS (2)
Coal Biend No. | 1 | 2 3 4 5

o [FNO(Venczwly | sol 45| 40] 45| o
& B |LAS (Venezuels) 30 35 40 40 45
88 |Boyaca (Colombia) | 200 20 20| 1s] 15

Ash (%, d.) 6.5 6.3 6.1 6.1 5.9
o |Volatile Matter (%,d) | 27.3] 280/ 287 288 296
& lromsutuc(m dy | o] o078l o71] o076l 075
3 [Total Dilatation (%) 131 13s]  139] 143] 147
2 Max. Fluidity (log DDPM) | 292] 298] 3.03| 3.13] 3.9
Ll e s e
® ICBI 243 236] 228 215 208

Yesk | el eo]  so| sel sy
L |Ash (%, g8 87 870 87 86
S [Total Sulfur (%, d) | 069 o068 067 067 o065
g |Ti2s 63| 6] 6| e 6
° lcsk o 63l ] 6] e s
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Calculation of qualities of coke made from Venezuclan, Colombian, and imported coals

As shown in Blend No.7 of Table 528, the amount of blast-furnace coke to be produced
by blending Venezuelan and Colombian coals will be limited to 110,000 tons annuaily, due
to limited production of FNO coal (medium volatile matter) and Boyaca coal (low volatile
matter). The production capacity falls far below critical mass required for the proposed
coke oven. To achieve the maximum annual coke production of 1 million tons, therefore,

the use of imported coals will become cssential.

Then, coal blending conditions to achieve annual production of 1 million tons, and the
minimum blending proportion of imported coals to mcet coke quality requirements,

regardless of coke production capacity, were examined.

For this pgurpose, U.S. coal was selected in consideration to market proximity and
availability, and Australian coal on the merit of improving coke strength after reaction with
Co,.
The result of simulation is shown in Table 5-30. The Table suggests that, to achieve
annual production of 1 million tons, a pﬁcrccntagc of imported coals should be raised to
65%, as shown in Blend No.6. Coke qualities in this case arc calculated to be ash 8.9(%,
d.), total sulfur 0.66(%, d.), coke strength (T125) 63, and coke strength after reaction with
CO, (CSR) 59.

A lower blending limit for imported coal is 40% as shown in Blend No.3, in which casc
annual coke production is estimated to be 570,000 tons/ycar.

On the other hand, the use of Australian (Saraji) coal, when replacing low volatile matter
Pinnacle coal by 25% as shown in Blend No.7, will improve coke strength after reaction
with CO, (CSR) from 59 to 62. Thus, if CSR is to be emphasized, the usc of Australian

coal will be more beneficial.



Table §-30 CALCULATION OF MINIMUM BLENDING PROPORTION FOR IMPORTED COAL

" Coal Blend No. 1 2 3 4 | s 6 7

FNO (Venezuela) 12 9 8 6 5 S 5

- |LAS (Venczucla) L 46 39 31 27 27

ie Boyaca (Colombin) } of .1 6 5 4 3 3
-:Eng Pmndb!{‘, ([}é—i B - N V4 ‘ 12 | 16 20 ’ 24 25

B |Blue Creck (US) | 6 8| 24| 30| 36| 40f 40

rsiair;j;(;{;:straha) 1 25‘

Ash (%, d.) 5.1 5.6 5.9 6.2 6.5 6.6 7.9

o, |Volatile Matter (%,d) 331] 306 294] 282 269 264] 269

g Total Sulfur (%, d.) 068 o071] 072 074 075 076 071

& |Tol Dilatation %) | 175| 172} 170 169] 167 168] 173

f i&a;“}i;]ﬁ:{; (log DDPM) 352)  327] 315| 3.03| 290 288 315

g SI________ 1 3770 419] 440 460 482] a84] 481

~ et 1.58] 181 193] 204] 2.16] 216/ 1.64

TcsR s 0| si|  si 52| s2| 59

. |Ash(%,d) 82| 84/ 85 871 88 89 104

S [Total Sulfur (%, d) 060| 062 063 065 066 066 063

g ™S 60| 61| 621 63] 631 63 64

® JcsR - sel  s71 s8] s8] s8f  s9| o2

Coke Production (ten thousand lons) 37 48 57 69 88 101 101

4} Calculation of the maximum blending pmportibn of Guasare coal
Guasare coal contains low ash (1.04%, d.) and low sulfur (0.41%, d.) but it has high volatile
matter {39.19%, d.) with very low caking property. Thus, it is classificd as high volatile

matter non--caking coal, which use for coking coal should be limited in quantity.




In this calculation, based on Blend No.6 in Table 5-31 to achicve 1 million tons of annual
coke production, the maximum blending proportion of Guasare coal was calculated by
replacing Bluc Creek coal (medium volatile matter),

The result of calculation is presented in Tabic 5-31 From the Table, the maximum
blending proportion of Guasare coal is cstimated at 5%V in considcration to coke strength
(T125) and strength after reaction with CO, (CSR).

Table 5-31 CALCULATION OF MAXIMUM BLENDING PROPORTION OF GUASARE COAL
(Coke Production - i Million Tons)

Coal Blend No. 1 2 3 4 5 ] 7

FNOI(Venezuc!a) 5 -5 5 5 5 5 5
% |LAS (Venezucla) Y Y Y B Y| B B
'§§ Boyaca (Colombia) 3 3 3l 3 3 3 3
£ 2 |pinnacte (U.S) | 25| 25| as| 2s] 25| 2| s
2 |Blue Creck (US) a0 35] 30| 25| 20 15| 10

aruasare (Venezuela) 0 5 10 15 20 25 30

Ash (%, d.) | 66 62 s8] 54 si] a7l a3
o [Volatile Matter (%, d.) 264] 271 278 285 201 208 305
& |TotlSulfur (%, d)y | 076] 074| 072 069 067 065 063
& |Total Dilatation (%) 168|  156] 144] 133] 121] 109 97
% IMax. Fluidity (log DDPM) | 288 272 256| 241| 225 210] 195
g_ sI 489 480] 471 462 453 444| 435
“  IcBi 216 217 217 2170 217 2170 2a8

¥ CSR s2|  s1| 49| 47| 46| a4 a2
.. |Ash(,d) g9l 86 82 79| 75 72| 68
S [Total Sulfur (%, d) 066|065 063 061l 059 057 056
g |Ti2s 63| 6 6| 61 6] 59 58
5l e T e B S

1) In January 1994, study team coliccted sample and analyzed at CICASI. Calculation of maximum hlending proporiion hased
on the analytical data (s described in detail in Annex-1.




5.3.3 Coking Test by Box Test Method

Major findings from theorctical examination of blending conditions of coking coal are as

follows:

1) It is difficult to produce blast-furnace coke from Venezuelan coals alone. (FNO up to 50%)

2) While it is possible to produce blast-furnace coke by blending Venczuelan and Colombian
coals, present coal production limits coke production to 110,000 tons/year, far below the

. minimum level of capacity for the proposed coke oven,

3) The best solution is to blend Venczuclan and Colombian coals with U.S. coals, which will
produce high-grade blast furnace coke in commercially viable amounts.

(1) Outline of box test

Sclected types of coking coals, crushed to 3mm or smaller in grain size, are blended in
certain proportions. After adding water to obtain moisture content of 10%, 15kg of the
blending coal is put into a 232mm x 232mm x 347mm box madc of galvanized iron sheet at
a bulk density of 0.8kg/liter. Then, the box is placed in a coke oven in operation for coking.

Major activities involved in the box test show Photos 5-7 and 5-8:

Photo 5-7-1: Blending coking coals

Fhoto $~7-2: Coal blend are charged and packed in a box
Photo 5-7-3: The box placed into a coke oven in operation
Photo 5-8~1: The box discharged from the oven

Photo 5--8-2: The box carbonized into a coke

Photo 5~8-3: Coke (FNO coal) removed from the box

Then, the carbonized coke is analyzed at a laboratory to cvaluate its quality as blast-furnace
coke.



1) Blending and mixing raw coals

Photo 5-7 BOX TEST






Photo 5-8 BOXED AND COKES DISCHARGED FROM THE COKE OVEN






(2) Blending conditions

5 types of coal blend have becn established for the box test, as shown in Table 5--32.

Major characteristics of each coal blend arc deseribed as follows.

Box1:

Box 2 :

Box3:

Box 4 :

Box5:

Blending of Venczuclan coals according to proportion of production

(Blend No.1 of Table 5-27)

Blending of Venezuelan and Colombian coals according to proportion of
production (Blend No.1 of Table 5-28)

Blending of Venczuelan and Colombian coals, at which quality requirements for
blast—furnace coke are expected to be satisfied (Blend No.7 of Table 5-28)
Blending of Venezuelan and Colombian coals, added by the minimum required
amount of imported coal to meet quality requircments for blast-furnace coke
(Blend No.3 of Table 5-30)

Blending required to produce 1 million tons of coke annually

{Blend No.6 of Table 5-30)

Table 5-32 BLENDING CONDITIONS FOR THE BOX TEST (%)

Coal blend No. Boxl Box2 Box3 Box4 Box5
,  FNO(Venczucla) 15 13 40 8 S
£ & LAS (Venezucla) 85 77 50 46 27
'-wE 8 Boyaca (Colombia) 10 10 6 3
@ ° Pinnacle (U.S.A.) 16 25
Blue Creek (U.S.A) 24 40

Boxes 1 and 2 cach blend Venezuelan and Colombian coals in different proportions of
production. Although these coal blend have been proven not to meet quality requirements,

they have been made to cokes in order to check what types of coke are made from them.

Box 3 is designed to confirm technical viability of producing blast~furnace coke by

blending Venezuelan and Colombian coals, regardless of their actual production. This is

intended to clarify whether blast~fumace coke with sufficient quality can be produced by

using these coals, in case that their production increascs to a level making coke production

a viable option.



Box 4 is designed to determine the minimum amount of imported coal required to produce

blast-furnace coke.

Box 5 represents the blending required to produce blast-fumnace coke at a rate of 1 million

tons per ycar.

Box test

The box test for the coal blend was conducted in accordance with coke production flow

shown in Fig.5-13.

Samp[e& for coke making
Box Test
(5 Sampies of coal blend)

Crushing (each coals - 3mm:100%)

|
Blending {(weighing and mixing)

I

Moistute adjustment {10%)

Reduction )

Putting coals into the box/buik

density adjusiment

Placing into the coke aven in

operation - Carbonization

Discharging from the coke oven

Measurement of Coke Quality

1) Anaiytical properiics
Proximate analysis
Tota] sulfur
Anisolropic Texture analysis
2) Properties of pore
Apparent relative density
Relative density
Porosity
3) Reactivity
JIS reacticity
4) Drurn sirength
(coke strengih)
D{30-13
TI150-15
TS
5) Coke Strength after reaction with €02
CRE
CSR

Property analysis of coal blend

Shutter treatment (adjusiment of coke size)

Reduction

|

Grain size analysis
Proximate analysis

Totai sullur

Free swelling index (F.S.L)
Dilatometer

Gieseler plastometer

Fig.5-13 COKING TEST FLOW BY BOX TEST METHOD USING COAL BLEND




1) Preparation of the box and coal blend
Coals to be blended, as listed in Table 5-32, are all crushed to 3mm or less in grain size and
arc mixed in specified proportions, and water is added to 10% moisture content.

15kg prepared and coal blend are put into a box made of galvanized iron sheet at a bulk
density of 0.8kg/liter, which is then bound and tightened by steel wires. (Photo 5-7-2)
Each type of coal blend was put into 10 boxcs.

Properties of the coal blend are shown in Table 5-33 (Grain Size Distribution), Table 5-34
(Proximate Analysis), Table 5-35 (Giescler Plastometer), and Table 5--36 (Dilatometer).

As shown in Table 5-33, grain size distribution of coal blend is all 3mm or less. Proximate
analysis and caking property data are presented in detail in Tables 5-33 through 5-36.

Fig.5-14 hilights thesc data.

Table 5-33 GRAIN SIZE DISTRIBUTION OF COKE FROM COAL BLEND

BoxNo. | ________. Grain Size Distribution (mm, %)~ ____
+3.0 3.0-1.2 1.2-0.5 05-03 ~0.3

Box -1 0.0 44.4 38.2 8.4 9.0

Box -2 0.0 39.3 39.7 8.0 13.0

Box -3 0.0 37.0 37.0 11.0 15.0

Box -4 0.0 344 32.7 11.8 21.0

Box -5 0.0 27.1 31.4 - 16.5 25.0




Table 5-34 PROXIMATE ANALYSIS AND TOTAL SULFUR OF COAL BLEND

Proximatc analysis (%.d)

~ Inhesent Volatile Total
Box No. Moisture Ash  Volatile  Fixed matter  (%.d)
(%) matter  carbon (%, d.a.f.)
Box -1 1.57 452 3498 6050 36.64 0.63
Box -2 L.46 4,70 34.28 61.02 35.97 0.68
Box -3 1.12 573 3055  63.72 32.41 0.73
Box -4 1.28 5.81 29.85 64.34 31.69 0.70
Box -5 1.34 6.61 26.51 66.88 28.39 -L70
Table 5-35 F.5.1. AND GIESELER PLASTOMETER OF COAL BLEND
Gieseler plastometer
Box No. F.SI Initial Maximum Solidificast. Maximum
softening fluidity temperature fluidity
temp. (C)  temp. (°C) (°C) (Log DDFM)
Box ~1 7 404 - 444 480 3.66
Box -2 8 406 445 482 3.59
Box -3 61/2 412 448 487 3.13
Box -4 8 172 410 450 490 3.03
Box -5 81/2 417 456 492 2.85
Table 5-36° DILATOMETER OF COAL BLEND
Initia Maximum  Maximum Percent. Percent. Total
Box No. softening  Contract. Dilatat. Contrac. Dilatat. Dilatat
temp. (T} temp. (C)  temp. (C) (%) (%) (%)
Box -1 349 410 472 24 78 102
Box -2 355 | 414 472 21 83 104
Box ~3 373 421 481 23 34 57
Box -4 373 420 481 25 59 84
Box -5 382 427 487 22 44 66




.

3)

As shown in Fig.5-14, Boxcs 1 and 2 which blend Venezuclan and Colombian coals by
their proportions of production are characterized by low ash and sulfur contents and are
highty suitable for coal blend to produce blast-furnace coke. However, these coal blends
show high maximum fluidity and total dilatation to result in excess caking property.
Furthermore, the most serious issue of these coat blends is high volatile matter 36(%, d.a.f.}
or more, thus a low level of coalification which gives tise to many cracks in coke and

reduces coke's mechanical strength,

Box 3 which pursue the best mix of Venczuelan and Colombian coals regardless of their
actual production shows a lowcr volatile matter content 32.4(%, d.a.f.) to offer a higher

tevel of coalification.

Boxes 4 and 5 which blend imported coals with Venczuelan and Colombian coals contain
much less volatile matters with morc degree of coalification. As for caking property, they

.show the maximum fluidity of 2.85 - 3.03 (log DDPM) and total dilatation of 66% and

B4%, respectively, which are sufficient for coal blends for coke making,.

Coking
Coking test was conducted by using a large coke oven owned by Mitsui Mining Co., Ltd.,
as shown in Photo 5-7-3.

Evaluation of coke quality

Produced coke was treated i_'n acéordancc with the coking test flow using the box test
method for coal blends, as shown in Fig.5-13. Each box discharged from the oven was
broken {Photo 5~8-2) to take out produced cokes (Photo 5-8-3). Cokes were dropped
twice by using a shutter testing machine to simulate shocks generally given in the coke
oven and to adjust grain sizes. Prepared cokes were reduced in size and various property

analysis were conducted.

The results arc presented in Tables 5-37 through 5~40, and major prdpcrtics are shown in
Fig.5-15. Among these items, coke strength shows difference between the result of the box
test and the actual coke making. To cormect the difference, coals actually charged to a coke
oven are coked under the same conditions as the box test, and the measured difference in
coke strength between cokes made in the actual oven and those made in the box test is
determined. '

Table 5-41 shows the difference in coke strength between cokes produced in Mitsuj
Mining's plant and those produced in the box test. It should be noted, however, that, no
adjustmént has been made for ash content, total sulfur, and CSR as there was no difference

between the actual coke oven and the box test.
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Table 5-37 GRAIN SIZE DISTRIBUTION OF COKE FROM COAL BLEND

Box No. ' Grain size distribution (mm, %)
125-100  100-75 75-50 50-25 25-15 -15
Box -1 34.1 23.6 23.5 12.3 2.6 39
Box -2 233 28.4 27.0 17.2 1.9 2.2
Box -3 36.8 27.9 239 9.3 0.8 1.3
Box -4 15.0 19.5 44.8 17.8 1.3 1.6
4.7 28.8 1.7 2.5

Box -5 7.4 18.9

Table 5-38 PROXIMATE ANALYSIS, TOTAL SULFUR AND PCROSITY OF COKE

FROM COAL BLEND

Proximate analysis (%, d) Total Apparent  True Porosity
Box No. Ash  Volatile Fixed sulfur  gravity  gravity (%)

matter  carbon (%, d) (-) (-)

Box -1 8.01 0.81 91.18 0.57 1.04 1.97 47
Box -2 8.10 0.63 91.27 0.59 1.03 1.95 47
Box -3 855 0.83 90.62 0.66 L.06 1.97 46
Box -4 8.26 0.57 91.17 0.58 1.05 1.95 46
Box -5 8.87 0.64 90.49 0.65 1.03 '1.98 48

Table 5-38 ANISOTROPIC TEXTURE ANALYSIS OF COKE FROM COAL BLEND

Box No. isotropic finc coarsc . fibrous leaflet inert
mosaic 1mosaic

Box -1 8.4 65.0 4.5 4.1 0.0 18.0

Box -2 8.1 61.5 2.9 8.6 0.0 18.9

Box -3 6.2 36.1 17.1 14.7 0.2 25.7

Box -4 4.1 51.3 7.5 . 136 1.5 22,0

Box -5 2.3 41.6 13.1 23.5 L4 181
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Table 5-40 REACTIVITY AND COKE STRENGTH OF COKE FROM COAL BLEND

_ Coke strength Coke strength
Box No. after reaction : Drum indx Tumbler indx
_ CRI CSR DIy — 15 Dhso— 15 Tl2s Tis
Box -1 34.2 49.5 89.8 782 58.3 64.8
Box —2 33.7 51.7 90.1 79.9 59.2 65.2
Box -3 - 294 60.5 95.1 85.5 68.8 70.3
Box ~4 27.8 58.1 96.8 86.9 709 - 734
Box -5 27.1 59.8 96.5 87.1 71.8 45.5

Table 5-41 COMPARISON OF COKE STRENGTH MADE
IN MITSUI MINING'S COKE OVEN AND BOX TEST

Sample | | DI s Tl
Cokes made in the box test 842 70.3
Cokes made in the coke oven 82.0 61.1
Difference (oven ~ box) 2.2 _ 9.2

Propertics of cokes analyzed in the box test are summarized in Table 5-39 and Fig.5-15.
Ash content is 9.0(%, d.) or less in all the samples, which is below the target value for
commercial production at 10.3(%, d.). Also, total sulfur is lcss than the tar.gct value of
0.76(%, d.) in alt the cascs. '

CSR clears the targct valuc of 58 in Boxes 3, 4 and 5, ranging between 58.1 and 60.5. On
the other hand, it falls below the target in Boxes 1 and 2, 49.5 and 51.5 respectively. As
discussed in gencral description of coal blend in 1), this scems to be attributable to an

insufficient level of coalification.

Box test summary

Coke strength, as shown in Fig.5-15, satisfics the TL, target value of 61 in Boxes 4 (61.?)
and 5 (62.6). On the other hand, Boxes 1 and 2 show significant declines in coke strength
to 49.1 and 50.0 respectively. Finally, Box 3 falls slightly short of the target level, with
coke strength of 59.6,



Notabiy,‘lc_oal blends in Boxes 1, 2 and 3, which did not reach the target level, were
supposed to produce highly strong cokes, with coke strength of 58, 59, and 61, respectively.

The difference between the calculated values and the measured onc has been reviewed to
identify its causcs, and as shown in Fig.5-16, it has been revealed that the diffcrence
increases with an increase in volatile content of coal blend. This means, an insufficient

level of coalification of coal blend has causcd between the calculated values and the

measurcd ones.

Major findings from the box test arc as follows:

a) The blending of Venezuclan coals according to proportion of production, cannot
produce blast—furnace coke.

b) By the same token, the blending of Venczuclan and Colombian coals according to
proportion of production cannot produce blast—fumace coke.

¢) In t_hc blending of Venezuclan and Colombian coals, not based on actual proportion of
production, only TL, is 59.6, very close but slightly above the target value of 61,

d) To produce blast-furnace coke to meet specific quality requirements, imporied coals,
4(}% to 65% of total, should be blended with Veneczuelan and Colombian coals.

¢) Volatile matter of coal blend to produce blast—furnace coke should be set at below
30.0(%, d.a.f.).
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5.3.4 Coking Test Using the Simulated Coke Oven (SCO)

While the box test is one of low—cost and casy-to—~do coking test methods, it sometimes produce
data lacking reliability, For this rcason, the coking test was conducted for the most important
Box~5 coal blend by using high—cost but highly reliable SCO. Note that the coking test using
SCO was conducted according to the process flow shown in Fig.5-17.

Samples for coke making
SCO (carbonization) Measurement of Coke Quality

1) Analytiéal propertics
Crushing (cach coals ~ 3mm:100%) Proximate analysis
' Total sulfur
: Anisoloropic texture analysis
Blending (weighing and mixing) 2) Properties of pore
Apparent relative density
True relative density
Moisture adjustment (8%) Porosity
3) Reactivity

JIS reacticity
Charging 1o the SCO/bulk density 4) Drum swrength -

adjusiment (anc streaigth)

DIi50-15
TI25
Coking :
3) Coke strength after reaction with CO2

CRI

CSR
Discharge from the SCO

Shutter treatment (adjusiment of coke size)

Reduction

I

Fig 5-17 COKING TEST FLOW BY SCO COAL BLEND



{1) Preparation and propertics of coal blend

Coal blend was prepared by crushing all the coals to be blended into 3mm or smaller in gréin size.
Then, FNO-LC-30 coal 5%, LAS-LC-(25+30) coal 27%, Boyaca coal 3%, Pinnacle coal
25%, and Blue Creck coal 40% were blended, and water was added to obtain moisture
content of 8%.

Measured property data of the coal blend are shown in Table 5-42 (Grain Size Distribution),
Table 5-43 (Proximate Analysis and Total Sulfur), Table 5-44 (F.S.I. and Gicseler
Plastometer), and Table 5-45 (Dilatometer).

These data indicate that the coal blend does not show any problcr‘h in terms of ash content
(6.68%, d.), volatile matter (28.76%, d.a.f.), and total sulfur {0.73%, d.). On the other hand,
sufficient caking property is shown in terms of F.S.1. (9), maximum fluidity mcasured by
‘Gicseler plastometer 2.63 (log DDPM), and total dilatation measured by dilatometer of 70%.

Tahle 5-42 GRAIN SIZE DISTRIBUTION OF COAL BLEND

Sample No. : Grain size distribution (mm, %)
25-10 10-6.0 6.0-3.0 3.0-1.2 12-05 0.5-0.3 ~0.3
SCO test-1 0.0 0.6 3.4 25.1 279 14.4 28.6

Table 5-43 PROXIMATE ANALYSIS AND TOTAL SULFUR OF COAL BLEND

Inherent Proximate analysis (%.d) Volatile Total

Sample No.  Moisture Ash  Volatile Fixed Matter Sulfur
(%) matter  carbon (%, d.a.f.) (%, &)

SCO test-1 1.34 6.68 26.84  66.48 28.76 0.73




Table 5-44 F.S.1 AND GIESELER PLASTOMETER OF COAL BLEND

Giescler plastometer
Sample No. F.S.I  Initial Maximum Solidificast. ~ Maximum
softening fluidity temperature fluidity
temp. (C)  itemp. (C) (C) (Log DDPM)
SCO test-1 9 415 462 495 263

Table 5-45 DILATOMETER OF COAL BLEND

Initial Maximum  Maximum Percen.  Percen. Total

Sample No.  softening  Contrac. Dilatat. Contra. Dilata. Dilata.
temp. (*CY}  temp. (Y  temp. ('C) (%) (%) (%)
SCO test—1 385 429 490 22 48 70

Table 5-46 ASH COMPOSITION ANALYSIS OF COAL BLEND

Sample No. SiOz = Al;03 Fe,03Ca0 MgQ MnO  TiO, P05 SO, K,0 Nay,O

SCO.tcst—l 50.38 2744 1074 232 112 007 153 073 078 155 0.67

(2) Coking by SCO

Coking of coal blend was conducted by using a simulated coke oven (SCO), which is
clectrically heated and has effective dimensions of 430mm (width), 640mm (length), and
480mm (height).

Before charging coal blend into the SCQ, it is placed into a charging container (425mm x
420mm x 620mm) made of galvanized iron sheet at a weight of 80kg with bulk density of
00.72kg/liter. Then the container is charged into a carbonization furnace.



Heating conditions for the SCO are summarized as follows:

Charging at 800°C — 800°C — 1050°C - 1100°C — 1100°C -» Discharge
1 hour 13 howrs S hours ().5hours

Container discharged from the SCO is water cooled and opened.  The major SCO and
related processes are shown in Photos 5-9 and 5-10.






1) Coal blend charged into the SCO container

Photo 5-9 CHARGING CONTAINER AND SCO
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