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Zircon sand 
recovery

The program is focused on mineral 
resource based by-product recovery and 

utilization strategies, and value-added 
product and technology development
 find potential beneficial end-uses that make 

environmental and economic sense at…                                            
large and    

small scales

 includes the development of associated 
intellectual property (IP) and patents





 Potholes and other types of premature 
pavement failures are an ongoing repair 
challenge and expense for transportation 
maintenance departments at all levels.



Taconite-based Repair Methods
 NRRI has focused on two approaches to all-

season pavement repair:
1.  A taconite-based pothole and pavement 

repair compound
2.  Microwave-based pothole and pavement 

repair 
 Both represent value-added niche products 

and technologies that take advantage of the 
chemistry and mineralogy of taconite materials



Taconite-based pothole and 
pavement repair compound



 The NRRI developed and patented a rigid, 
taconite mineral-based, all season rapid setting 
repair compound that contains neither 
petroleum nor portland cement

 The compound takes advantage of the 
chemistry and mineralogy of taconite materials



An exothermic reaction occurs between magnetite-
bearing components and activator

134°F within ~10 minutes, 
indicating set: Oct 31, 2012

Condition January 7, 2013



Condition on December 26, 2014



Field Test: Hwy 169 near Keewatin, MN with MnDOT
November 4, 2010



Keewatin patch condition



Findings and Next Steps
 The project showed the compound can be an 

effective repair alternative, but that it would 
benefit further from formula simplification 
coupled with automated/mechanized 
deployment

 A new LRRB-supported project is underway:
“Optimized taconite-based pavement repair 

compound and deployment system”
Work Order 241



 Modification of the NRRI’s taconite-based 
repair compound, with an emphasis on 
developing and optimizing a finer-grained 
(“pumpable/extrudable”) formulation, and 
potentially imparting “flexural” properties

 Initial lab testing: 2016



 Initial field testing:  November 2, 2016
Mesaba Ave.
Duluth, MN





 Use findings (pros and cons) from field tests to make 
formulation adjustments (late 2016-early 2017)

 Develop and field test/demonstrate a low-cost 
mechanized system that can efficiently mix and a place 
the repair compound in larger quantities while 
minimizing or eliminating direct contact and hand-
mixing by maintenance personnel (during 2017)

Examples



Microwave-based pothole 
and pavement repair

Microwave



Combine mobile microwave technology with compounds 
containing recycled/byproduct materials such as recycled 
asphalt pavement (RAP)/millings, microwave-absorbing 
taconite materials (Tac), and recycled asphalt shingles (RAS)

Microwave Repair Methodology

March 1, 2013
Field Trial Objective

Repair potholes 
and damaged 
pavement in all 
seasons, 
especially winter.



Microwave (left); HeatWurx IR (right)



Results
 HeatWurx:  About 1 hour for pavement to reach 

~180°F at a depth of 2 inches;  temperature at 
surface close to 400°F (starting pavement 
temperature ~35°F)

 Microwave: 5-7 
minutes to heat 
pavement and 
patch material to 
>200°F to a depth 
of 2 to 3 inches; 
easy to shovel







Findings
 Because the microwave equipment heats the 

existing pavement to the point that the 
pavement itself becomes part of the repair, an 
excellent bond is achieved.

 The microwave approach merits further 
development and consideration, as the field 
performance of repairs suggests it has long-
term potential for more widespread use, not 
only for pothole repair but for other asphalt 
pavement heating applications.  For example…



http://www.pavementinteractive.org/2010/07/21/why-longitudinal-joints-fail/

Deteriorating longitudinal joints between adjacent
driving lanes and paved shoulders are a major
long-term maintenance for DOTs, and a safety
problem for the driving and motorcycling public.

Problematic joint area



http://www.pavementinteractive.org/2010/07

/21/why-longitudinal-joints-fail/

Microwave-absorbing tack coat 

at joint, heated by microwave, 

to achieve better bond and seal

Mobile microwave Shielding



Media attention



https://theconversation.com/microwave-
repairs-might-annihilate-zombie-
potholes-once-and-for-all-39160

March 9, 2016 6.13am EST







Minnesota’s taconite mining industry generates 
tens of millions of tons of byproduct materials 

every year that could be used as aggregate.
Friction aggregate represents a higher-value 

niche application.

West             and            Central East

Location map



 One of the hardest 
natural aggregates

 Good angularity

source: www.fordia.com/content/documents/Pdf/Ang/Techbook-low.pdfsource: http://www.cidraprecisionservices.com/mohs-scale.html



“The two “hard 
aggregates” 
evaluated were 
Taconite and 
Calcined Bauxite.
Prall testing of the 
sand seals with the 
two different hard 
aggregates showed 
similar wear resistant 
results. Taconite 
sand was specified 
since it is available 
from Minnesota as 
an industrial 
byproduct, whereas 
Calcined Bauxite 
sand has to be 
imported to the US.”



Final delivery to Anchorage was by container 
vessel

Two ~ 3000 lb (1400kg) super 
sacks were delivered

From Minnesota…

…to Alaska



Post-installation

Pre-installation



Mesabi sand seal was applied on the in-
bound, right lane of the Glenn Highway 
for a total distance of 4600 feet (1400m) 
(between pavement striping).

Application rate 0.6 
to 0.8 pounds per 
square yard (0.33 to 
0.43 kg per square 
meter)







Findings
 Good performance has been reported by 

Alaska DOT, and potential future uses of 
Mesabi friction aggregate are being considered 
for an upcoming (2017 or 2018) project in 
Homer, Alaska.

 The investigator recommends that “head-to-
head” or “side-by-side” comparative testing 
with calcined bauxite under a variety of 
highway and climatic conditions be conducted
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