Straight Grate vs Grate Kiln
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CLIFFS & PELLETIZING

1. Cliffs has a long history in Pelletizing

2. Operating experience with straight
grates, grate kilns and shaft furnaces

3. Goal will be to compare SG with GK

4. Some of the conclusions may surprise
you
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World Iron Ore Pelletizing Production
(MT x 1,000,000)
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USA Iron Ore Pelletizing Production
(MT x 1,000,000)
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Simplified Grate Kiln System Flow
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World Iron Ore Pelletizing
(Outotec Website)

Str. Grate 58%

.aate Kiln 35%
.\ Shaft 6%
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North American Pellet Plants & Cliffs Pellet Plant Details

> Plants
3SG,3GK
7 Kilns;

10 Str.Gr.

1 38 MLT Pellets/Year
=~ 50/50 SG/GK
23 MLT/year Acid

15 MLT/Year Fluxed



PROVISOS IN STRAIGHT GRATE VS GRATE KILN

Difficult comparison considering extreme
differences feed and pellet types

i Largest61 | | G Largot oK

 100% Acid Pellets  100% Fluxed Pellets

« Magnetite - Hematite

 Natural Gas  Coal

A direct comparison will always be skewed
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Annual Tonnage
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Cold Start Time
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Power kwh/LT
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Bentonite Rate
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Organic Binder
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Footprint
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Solid fuels
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Refractory Issues
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Fluxed Pellets
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Maint. Materials
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Before Tumble Fines
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Product Quality
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CAPEX- STRAIGHT GRATE VS GRATE KILN

CAPEX: 5% to 10%
nigher with GK

SGEhas biggerfans and
Rearnth layer system

GK building height
greater

The 5-10% may vanish
where Kiln & cooler could
be outside
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ANNUAL TONNAGE- STRAIGHT GRATE VS GRATE KILN

/

Annual

Tonnage

slightly
higher
with SG

~

 Units of +7

MT/year with

SG
 Units of 6-7

MT/year with

GK
* No apparent

limitation on

either

/
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Annual
Tonnage

SG
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BTU/LT- STRAIGHT GRATE VS GRATE KILN

BTU/LT:
Currently Slightly lower AboUuLt

With SG 10% lower
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COLD START-UP TIME: STRAIGHT GRATE VS GRATE KILN

Small SG’s= very
guick start-up time

J
\

Varies with amount
of refractory work

A\

Larger SG have
longer times

J
)

Overall this one goes
to the SG

J
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POWER- STRAIGHT GRATE VS GRATE KILN
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Power- Straight Grate vs Grate Kiln

40
Cliffs Operated Pellet Plants

Operating Fan KW/LT Pellets per Year

RED- Straight Grate
BLUE- Grate Kiln |

w
&
\

w
o

28.0 KWHILT (avg) --------—-—--- |

N
(6]

17.3 KWILT (avg)

/

N
o

WI/LT of Pellets (Process Fans Only)

15 -

A B C D E F G H I J K L M N 0] P

Plant/Unit

Page 36 VA CLIFFS




37
<~ CLIFFS



Bentonite Rate
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BENTONITE RATES-CLIFFS

\We have: We should
Concentrate have a
Blaine’s
1,500-4,000
cm?/g

Concentrate o [ntensive

Moistures MIXers wide range

7.5% to 11%

* NON- of
intensive bentonite

MIXErs rates ...
°* N0 MIiXers
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Cliffs Yearly Average Bentonite Rate Ibs/LT of

Pellets- by Plant

About a 1.4 Ibs/LT difference highest to lowest
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ORGANIC BINDER
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rage Compression Strength (Ibs)
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ORGANIC BINDER

Deeper Beds reguire a
higher bottom bed dry ball
- compressions to avold fines

Cliffs has one GK plant on
100% OB

GKIhas heen more
successful with OB’s
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FOOTPRINT- LARGER UNITS
1 GK=3.632 MLT 1SG=2.67 MLT
|

\ -
-
72 48 j

Annual LT/ft2  Annual le/ft2

1 GK= 50,361 ft? 1 SG= 55,428 ft?
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FOOTPRINT- ANNUAL LT/FT?

GEK
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SOLID FUELS

Solid fuels\
___goes to the

Gk

All
GK's
on
Coal
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REFRACTORY- STRAIGHT GRATE VS GRATE KILN
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Pellet Plant Refractory

N
s

SG
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Refractory
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FLUXED PELLETS STRAIGHT GRATE VS GRATE KILN

A good fluxed pellet:.can
e made with both

The GK Plants make the
majority

No clear winnher
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Fluxed
Pellets
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et Plant Labor
__

S/LT Pellets

GK

RED- Straight Grate
BLUE- Grate Kiln
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ellet Plant Maintenant

rate, Grate Bars, others-

S/LT Pellets

2011r012 20115015

ED- Straight Grate
BLUE- Grate Kiln

62

20117012

.
— \ /| -

v

No Refractory)

2011 2012

~ CLIFFS




> > CLIFFS



BEFORE TUMBLE FINES

Before Tumble

Fines goes to the
SG

“Handling” partially
indurated pellets the
iIssue

Transfer from Grate\

to Kiln and Kiln to
Cooler = Higher
-1/4” fines
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BT -1/4”
FIines

SG
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Grate Bed Depth (inches)

Firebox 7.55 mnutes 28 Burners

1 UDD 6 87 min DD1 2.06 DD2 2.06 PH 2.75 min
|

min min

Ign 2.75 min Downdraft Recoup Cooling 12.36 min Updraft Cooling 8.24 min

ol

5 10 15 20 25 30 35
2008 CTG Northshore Brown Pellet Pot Tests

Test 001 Time (minutes)
Baseline Tests:

16" Green Balls, 2" Hearth Layer
1,600°F DDD2, 1,900°F Preheat, 2,325°F Ignition a e n ‘ e S t
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“Whisker Plots” Mean

\—Y—}

5.70
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8 Pot Grate Tests Minnesota Magnetite; 16” GB; 2” Hearth Layer; Separated the bed by hand into 3 equal layers
after the normal firing cycle was completed. Hearth and side layer pellets not included in samples.

Boxplot of Average Compression Test (Ibs)

A. Top of Bed - N -

B Middle of Bed - — —

C. Bottom of Bed - % -

500 550 600 650 700 750
Compression Test (Ibs)
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8 Pot Grate Tests Minnesota Magnetite; 16” GB; 2” Hearth Layer; Separated the bed by hand into 3 equal layers
after the normal firing cycle was completed. Hearth and side layer pellets not included in samples.

Boxplot of Compression % -300 LBS

A. Top of Bed - .

B Middle of Bed - -

C. Bottom of Bed -

0 2 4 6 8 10 12 14
% -300 LBS
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8 Pot Grate Tests Minnesota Magnetite; 16” GB; 2” Hearth Layer; Separated the bed by hand into 3 equal layers
after the normal firing cycle was completed. Hearth and side layer pellets not included in samples.

Boxplot of Tumble A.T. % +1/4"

A. Top of Bed ﬂ

B Middle of Bed - H

C. Bottom of Bed - % -

2 93 94 95 96 97 98 99
Tumble A.T. % +1/4"
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8 Pot Grate Tests Minnesota Magnetite; 16” GB; 2” Hearth Layer; Separated the bed by hand into 3 equal layers
after the normal firing cycle was completed. Hearth and side layer pellets not included in samples.

Boxplot of 10-50 ft. Drops %-1/4"

A. Topof Bed{ —

B Middle of Bed | - —

C. Bottom of Bed - +

15 20 25 30 35 40 45 50 55
10-50 ft. Drops %-1/4"
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8 Pot Grate Tests Minnesota Magnetite; 16” GB; 2” Hearth Layer; Separated the bed by hand into 3 equal layers
after the normal firing cycle was completed. Hearth and side layer pellets not included in samples.

Boxplot of LTD %+1/4" w/H2

A. Top of Bed - % H

B Middle of Bed - —

C. Bottom of Bed - -

94 95 9% 97 98 99
Low Temperature Disintegration %-+1/4" w/H2
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Straight Grate vs Grate Kiln- Plant Pellets

Quality Comparison with 2012
Cargoes:

1. Kilmn Plant 4.1 MLT
2. Grate Plant 2.9 MLT

3. Both plants magnetite, Standard
pellets & similar concentrates
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Straight Grate vs Grate Kiln- Plant Pellets

Boxplot of Kiln Comp Avg Ibs, Grate Comp Avg lbs

700 A

R

650 -

554 lbs Avyg.
Compression

600

=01 616 lbs Avg.
Compression

Kiln Com'p Avg lIbs Grate Coﬁ1p Avg lbs

500 -
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Straight Grate vs Grate Kiln- Plant Pellets

Boxplot of Kiln Comp %-300 Ibs, Grate Comp %-300 Ibs
121 %

Compression :
%-300 lbs= 3.9

10 -

.

). Compression

0- %-300 lbs= 6.4
Kiln Comp %-300 Ibs Grate Comp %-300 Ibs
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Straight Grate vs Grate Kiln- Plant Pellets

Boxplot of Kiln AT %+1/4, Grate AT %+1/4

%
97.5- 96.58 %+1/4”
Tumble

1 97.22 %+1/4”
Tumble

Kiln AT %+1/4 Grate AT %+1/4

96.0
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Straight Grate vs Grate Kiln- Plant Pellets

No Cargo Data for Metallurgical
Tests

Bottom Line:
‘Both make good pellets
‘GK pellet quality better
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Pellet
Quality

GK




Straight Grate vs Grate Kiln- Availability

Comparison Sketchy:
 GK pellet plants over designed

« Concentrator’s are the
bottleneck

 Grate Kilns have morphed:
Longer Repair Periods

» Availability varies plant to plant

~ CLIFFS



% Availability
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% Physical Availability
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FINAL CONCLUSIONS:

What is best depends on the value or weight
you place on each category

Both types have strong and weak points:

SG- Lower CAPEX & Btu/LT, higher annual
tonnage, lower BT fines, higher operating
time

GK- Pellet quality better, more flexibility with
binders & fuels, and lower power costs

Everything else is needle quiver
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Thank You for
Your Attention



