Crusher Performance and CASE STUDIES

Liner Life Improvements
Pebble Crushing Application

Introduction
All suppliers’ liners broke regularly, causing The following document outlines an
poor pebble crushing. ongoing development project conducted as

a joint effort between Makuri Technology,
our foundry partner and a large gold and
copper mine operated by a leading
multinational mining company. Overall life
improvements to date have approached
54% over longterm averages with OEM
products, with further gains still to be
implemented.

OEM liners averaged ~1100 hours, often failing from
overloads or loose fit.

Ran 1248 hours (+13% vs average), with potential for 1500
hours (+36%). Confirmed stronger wear life using Makuri’s
MN2C steel.

Achieved 1410 hours, projected 1700 hours (+55%). Design
maintained feed opening and delivered steadier
performance throughout life.

Removed early at 1300 hours due to mantle cracking
from seating issues. Still showed improved work
hardening; confirmed 1700-1800 hours target life
achievable at full power.

Makuri trials demonstrated up to 55%-+ life
improvement with potential for 17700-1800
hours per set

Product Overview

Makuri was engaged by the site to address ongoing liner breakages and poor pebble crushing performance. The
site had experienced repeated failures with all suppliers and was unable to maintain its target crusher gap
setting. At the time, the crusher was fitted with OEM standard short-medium liners, averaging only 1100 hours
per set with frequent breakages. Investigations suggested the causes ranged from manufacturing defects to
machine overloads and liners working loose during operation.

Trial 1 : OEM equivalent set with improved material

The first liner set tested was an OEM equivalent profile, using Makuri’'s MN2C material - an 18-20% manganese
steel grade with a proprietary composition and heat treatment profiles, that regularly outperforms standard
materials by around 20-30%. The liner set ran for 1248 operating hours above 200kW, which equates to a 13%
improvement over longterm averages. Analysis of the liner set after removal showed that, if run to a
conservative target minimum thickness, the liner set could have achieved 1500 hours - an overall improvement
of 36%. Following extensive consultation with the end user and subsequent modelling, a revised design was
produced with the aim of maximising the tonnage rate of -10 crushed product. In order to do this, a reduction in
power draw would be required at lower gap settings. A set was then designed and verified using inhouse
simulation software.
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Trial 2 : Makuri Optimised set

The liner set used for this phase was a design modified by Makuri & intended
to improve the rate of -10mm material produced, primarily by allowing the
crusher to operate at a tighter gap. Unfortunately, unrelated mechanical
issues with the crusher prevented this from being fully tested.

At what appears to be a reduced kW target, leading to the CSS being similar to
previous sets, the liner set achieved a life of 1410 hours with a projected life of
1700 hours if run to the target minimum thickness. The forecast life figure

represents an improvement of 55% over long-term averages. f—

Wear analysis showed that the liner modification had been successful in
maintaining the initial feed opening, producing improved performance over
the full liner life by reducing the tendency for power draw to decrease as the
liners wear.

Trial 3 : Makuri Optimised set 2

The liner set used in this trial was a second set of the liners used in trial 2,
with a target life of 1600 hours set. Unfortunately, the mantle developed
cracks at around 1300 hours life due to likely seating issues on a worn head
and had to be removed.

Although this trial was not completed, the machine was run at a higher
power target than previous. This improved work hardening capability of the
liners and confirmed that a target life of 1700-1800 hours is achievable with
this set if run at full power.

Future developments

Based on the first two trials, reducing the active chamber length appears necessary to achieve the target
product size. While this may slightly reduce tonnage, the plant has sufficient capacity to absorb the change. For
example the two SAG mills together generate ~945 tph of pebbles, while the pebble crushers currently handle
550-600 tph at full power — meaning two of the three crushers are enough to process SAG mill discharge. Even
if the site maintains current operating parameters without further development, the trials have already
delivered a substantial liner life increase, offering significant improvements in Total Cost of Ownership.

Manufacturing Improvements

Makuri’s foundry partner applies quality controls exceeding ASTM standards and OEM procedures, with chemical
composition tolerances far tighter than any known alternative. Every casting undergoes surface microstructural
checks rather than coupon testing, ensuring more accurate results for manganese steel.

Raw materials are sourced primarily from low-phosphorous, high-purity “punch plate” scrap from automotive
and whitegoods manufacturers. This allows significant reductions in harmful elements, particularly
phosphorous, which weakens manganese steel by forming brittle phases. While higher-quality inputs raise
costs, they enable Makuri to maintain a maximum phosphorous level of 0.04%, well below the 0.07% ASTM and
OEM standard.

The foundry is also commissioning a new facility that will:

* Exceed international environmental standards

» Use 3D CNC pattern making for accuracy and repeatability

* Implement robotic grinding and semi-automated moulding systems

These advances position Makuri and its foundry partner as the new benchmark in manganese steel production,
at a time when traditional suppliers are reducing investment and cutting quality.
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