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Executive Summary

Far the Minnesota Taconite Industry to compete in today’s global economy, pellet quality must
meet or exceed the standards being set by its competitors, Green ball guality is accepted by
the industry as one of the key parameters influencing fired pellet quality and bentonite binders
have been established as the industry standard for North American mines. Previous studies
have shown that the opportunity exists to use high intensive mixing of binder and concentrate
to reduce additive rates and enhance guality @ Historically these units were cost prohibitive
for retrofit in the taconite operations, however the economic models have changed. The type
of mixing intensity required and the parameters influenced must be identified to complete cost
benefit models and properly size apparatuses for further economic consideration. The
objective of this project is to compare the benefits of intensive mixing with typical standard
mixing procedures using the physical and metallurgical quality of both green balls and fired

pellets as guidelines.

A series of tests were conducted at both the bench and pilot scale to evaluate conventional
mixing practices and then compared them to intensive mixing of concentrate and bhinder.
Standardized procedures for batch balling tests were used to evaluate green ball properties and
both mini-pot and full pot grate tests were used to produce fired pellets for physical and

metalturgical quality evaluation,

From batch halling testwork, intensive mixing shows a significant increase in the green ball drop
number and dry compressive strength. Drop number increased 50%, {3.8 to 5.7) at 15 lbs./DLT,
69%, {5.8 to 9.8} at 20 |bs./DLT, and 90% (6.4 1o 12.2} at 25 lbs./DLT. Trends with respect to dry
strength also indicated a 50-65% increase at all three binder addition rates. The bench test
data shows that as mixing intensity increases (increasing blade speed), green ball quality also
improves. Drop number increased from 9.3 to 19.8 at 25 |bs./DLT and dry strength increased

from 13.8 to 21.7 Ibs. at 25 lbs./DLT, resulting in an improvement of approximately 60%.
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Slight improvements in fired pellet quality in mini-pot pellets are indicated with intensive
mixing over the conventional design at the lower bentonite rates. These results show that the
green balls prepared with intensive mixing and a lower bentonite addition are simifar cr better
than those with prepared at higher addition rates with conventional mixing, and resulted in

higher quality pellets with respect to after tumble and compression in mini-pot pellets.

Only a slight improvement in both drop number (9.3 to 10.2) and dry strength {11.2 to 12.5 Ibs)
were obtained with intensive mixing with 15 Ibs./DLT bentonite binder on the flux pellet blend
in the pilot balling disk. The acid peilet mix shows improvement in the drop number (8.6 to
11.8), however, dry strength decreased from 14.7 to 13.7 Ibs with intensive mixing. For both
pot grate pellet quality comparisons, fired pellet compression decreased by approximately 10%,
from 556 to 499 Ibs in the fluxed pellets and 448 to 412 Ibs in the standard peliet test. Since
this is contradictory to the mini-pot test results and there is fimited data available for
evaluation, further verification of these results should be conducted, with additional testing at
the pilot scale prior to making any conclusions. With the exception of a decrease in pellet
contraction on fluxed pellets, no significant differences in metallurgical quality were

determined in this comparison.



1 Introduction

For the Minnesota Taconite Industry to compete in today’s global economy, pellet quality must
meet or exceed the standards being set by its competitors. Green ball guality is accepted by
the industry as one of the key parameters influencing fired pellet quality. Bentonite binders
for iron ore pelletizing have been established as the industry standard for North American
taconite mines. As bentonite supplies and quality decline, and binder prices increase,
techniques for decreasing consumption or improving guality become of interest. Previous
studies have shown that the opportunity exists to use high intensive mixing of binder and
concentrate to reduce additive rates and enhance quality . Historically these units were cost
prohibitive for retrofit in the taconite operations, however the economic models have changed.
The type of mixing intensity required and the parameters influenced must be identified to
complete cost benefit models and properly size apparatuses for further economic
consideration. The objective of this project is to compare the benefits of intensive mixing with
typical standard mixing procedures using the physical and metallurgical quality of both green

halls and fired peliets as guidelines.

2 Background

2.1 Bentonite Binder Mechanism

Bentonite is an iron ore pelletizing binder that is used to maintain the physical integrity of the
green ball during material handling and processing. it is a unigue type of clay, composed
primarily of montmorillonite. It was formed by the alteration of volcanic ash deposited from
areas now occupied by the Rocky Mountains. It is composed of two tetrahedral silica platelets
that results in a polar negative charge on the outside surface. This forms an ideal site for the
positively charged sodium and calcium ion to bond to the surface of these platelets. Weak
bonds hold the sodium, white much stronger bonds hold the calcium ions making it much easier
to dissociate the sodium ¥, Bentonite enhances the strength of iron ore agglomerates in two
ways; 1} as colloidal material that decreases inter-particle distances and thus increases van der
Waal's forces and 2) it forms a solid bridge of hardened gel that strengthens particle contact

points L4 In the presence of water, the sodium ions are dissociated and platelets will
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The data in this table show that no significant variance in results was obtained between the
pilot Littleford and the Simpson Muller mixer. This is no reflection of potential results that may
be obtained from Littleford in a fully optimized system or blade configuration for this
application, and should be regarded as the available configuration of Littleford mixer at CMRL.
Since optimization of the Littleford mixer was not part of this study, further testing with this
unit was abandoned. This data shows that with 15 bs./DLT bentonite, a slight improvement in
both drop number (9.3 to 10.2) and dry strength {11.2 to 12.5 ibs) were obtained with the
intensive mixing on the flux pellet blend. The standard pellet results only indicate improvement
in drop number (8.6 to 11.8) where dry strength decreased from 14.7 to 13.7 Ibs. [t is not

known if mixing in the bench scale unit had any influence on these results.

3.3.2 Fired Pellet Quality

Using the firing profiles described above, baseline tests were established for both flux and
standard pellets. Test iD P11524 and P11525 were established as the baseline tests for fluxed
pellets and test ID P11527 and P11530 were established as the baseline tests for standard

pellets. Fired pellet quality results from these tests are provided in Table 6.

Peilet Physical Quality

Test I3 No. Mixing { Speed i Fi’rellet Compression After Tumble

) ype Avy. Ibs, . %300 Ihs, . Y200 1bs. | %+ 114" % ~32M
Pot Grate Test 11524 Muller stel IFlux 556 ! 4 J 0 : 96.5 26
Pot Grate Test P11525 Erich 1500 :Flu}{ 489 : 5 : 1 | 856 36
Pot Grate Test P11527 Muller std 1Acid 48 4 1 I g64 1.9
Pot Grate Test P11530 Enrich 1500 :Acid 412 : 13 : 2 : 92.5 1.4

Table 6: Fired Pellet Physical Quality

All physical quality testing was conducted according to ASTM standards. The results show that
in both pellet types, fired peliet compression decreased by approximately 10%, from 556 to 499
lbs in the fluxed pellets and 448 to 412 tbs in the standard pellet test, Fired pellet % +1/4” after
tumble also decreased in both cases with the intensive mixing. Since this is contradictory to the
mini-pot test results and there is limited data available for evaluation, further verification of

these results should be conducted prior to making any cenclusions.
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3.3.3 Metallurgical Quality
Fired pellet metallurgical tests were conducted according to {SO standard procedures for the
baseline pot grate pellets and the results are provided in Table 7. Contraction testing was

canducted by the [abaratory at the ArcelorMittal Minorca Mine.

Peliet Metallurgical Quatity

j 1 ] R40 Swelling )
] - n £
- U petiet | Foresiy LTD - 150 4696-1 ISO 4695 ISQ 4gog | wontradtion

TestiD No. Mixing | Speed | Tgpe [T I v linlilind skl it Ity

: | % B o : % - 32M %0, hnin %

T H

1 1
Pot Grate Test P11524 Mulker jstd IFhx w1 ! g2z 1 o0z | 18 1.12 78 9.28
Pot Grate Test P11525 Eaich 1500 i 232, 2 , 03 1 15 1.10 8.1 8.14
Pot Grate Test P11527 Muller :std 1Ackl 218 | 852 3.4 : 1.7 0.61 10.1
Pot Grate Test P11330 Eirich 11500 tAcid 24 I g2 | s | 1§ 0.62 12.0

* Conlaction Testing was condusted by ArcelorMittal Minorca Mine, Virginia, MN
Table 7. Fired Pellet Metallurgical Results

The results for fluxed pellet show no significant difference between conventional and intensive
mixing with regards to LTD (ISO-4696-1), Reducibility, (R40-1SO 4695) or Swelling, (ISO 4658).
The data shows that porosity decreased slightly (25.1 to 23.2) as well as the contraction value
{9.28 to 8.14). The standard pellet metaliurgical tests showed a slight decrease in the LTD (95.2
to 92.8 % +6.3mm) and potentially a slight increase in the Swelling, however this is well within
the margin of error for this test. Reducibility and porosity are essentially equivalent. The data

from this metaliurgical testwork is provided in Appendix C.

4  Conclusions and Recommendations

From batch balling testwork, intensive mixing shows a significant increase in the green ball drop
number and dry compressive strength at three separate bentonite rates. Drop number
increased 50%, {3.8 to 5.7) at 15 Ibs./DLT, 69%, (5.8 t0 9.8) at 20 1bs./DLT, and 90% (6.4 to 12.2)
at 25 |bs./DLT. Trends with respect to dry strength indicated a 50-65% increase at all three
binder addition rates. The bench test data shows that as mixing intensity increases {increasing
blade speed), green hall quality also improves. Drop number increased from 9.3 to 19.8 at 25
tbs./DLT and dry strength increased from 13.8 to 21.7 Ibs. at 25 Ibs./DLT, resulting in an

improvement of approximately 60%.
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Slight improvements in fired pellet quality in mini-pot pellets are indicated with intensive
mixing over the conventional design at the lower bentonite rates. These results show that the
green balls prepared with intensive mixing and a lower bentonite addition are similar or better
than those with prepared at higher addition rates using conventional mixing practices, and
resulted in higher guality pellets with respect to after tumble and compression m mini-pot
pellets. From this data it was decided that the Eirich mixer configuration most suited for
application in the pilot scale was the highest achievable blade speed of 1500 RPM without

micro-balling.

Three individual mixers were evaluated on the pilot scale, 1) Simpson Muller Mixer, 2} Littleford
Mixer and 3) Eirich Mixer. The data shows that no significant difference was observed between
the pilot Littleford and the Simpson Muller mixer. This is no reflection of potential results that
may be obtained from Littleford in a fully optimized system or blade configuration for this
application and therefore additional testing should be considered to further evaluate these
systems. Since optimization of the Littleford mixer was not part of this study, the results are
not included in this evaluation. Using the intensive Eirich mixer, a slight improvement in both
drop number (9.3 to 10.2} and dry strength (11.2 to 12.5 |bs) were obtained with 15 lbs./DLT
bentonite binder on the flux pellet bland. The standard pellet mix with the Eirich shows
improvement in drop number (8.6 to 11.8) where dry strength decreased from 14.7 to 13.7 Ibs.
Since the larger pilot scale intensive mixer was not available for this testing, it is not known if
the bench scale unit had any influence on these results. For both pot grate pellet comparisons,
fired pellet compression decreased by approximately 10%, from 556 to 499 Ibs in the fluxed
pellets and 448 to 412 Ibs in the standard pellet test. Since this is contradictory to the mini-pot
test results and there is limited data available for evaluation, further verification of these
results should be conducted, with additional testing at the pilot scale prior to making any
conclusions.  With the exception of a decrease in pellet contraction on fluxed pellets, no

significant differences in metallurgical results were determined in this comparison.
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APPENDIX A

MINI-POT FIRING TEMPERATURE PROFILES











































































APPENDIX B

POT GRATE FIRING TEMPERATURE PROFILES















