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Stanley Black & Decker (SB&D)

1843 STANLEY is Founded

60,000+ Employees in 50 Countries

500,000+ Products

15,000+ Active Global Patents
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Global Tools & Storage Driving Growth



Fast Charging Case Study - DeWalt 40V Outdoor

Limited adoption because of 

runtime anxiety and the cost 

for an adequate quantity of 

batteries needed to outfit 

entire lawn care crews.

A-Hr MSRP

Battery Packs

4.5

6.0

7.5

9.0

$219

$249

$289

$3??

❑ Introduced in FY 2014

❑ Largest pack (30 of 18650)

❑ 10S3P cell arrangement

❑ Targeted for commercial use

❑ Gas tool power output
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40V MAX Fast Charger Development

10 Amp (400W) “fast charger” sequentially charges 

up to six battery packs was priced MSRP $389 and 

could completely charge 1 battery in ~ 60-90 min

40V MAX Outdoor intended for landscaping crews

Bldg. Code (NEC):

Homes must have at

least one outdoor

receptacle at the

front and rear of the

house. They must

be readily accessible

from the ground

positioned no more

than 6’ above grade.Outlets available at most jobsites
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On Board Charging from Starter Battery

DCB412  MSRP $89 - Charged the 7.5 AH pack in ~3 hours

On-board mower charging directly from the starter & alternator
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Fast Charging with High Power Alternator

The battery pack charger system (mounted to rotating part 

of the mower engine) further comprising: an alternator that 

is electrically coupled to the charger and is mechanically 

coupled to the rotating component of the engine to 

generate and provide electrical power to the charger.
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In-Hub Trailer Generator for Charging In-Tow

In-Hub Trailer Generator for Charging

In-Hub Trailer Generator for Charging

Charging from Truck/Trailer Electrical System
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Riding Mower with Removable Battery Pack

Removable battery packs can 

operate more like power tools 

and allows continuous operation 

with multiple battery pack.
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Case Study Conclusion - Need Faster Charging

DISCONTINUED JUNE 2019
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Small Battery Packs w/ Best Performance Won
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DeWalt FlexVolt 60V MAX Outdoor Platform

The DEWALT 60V MAX Outdoor Power Equipment provides gas
performance for the construction pro for higher power applications
and also works with the 20V MAX system of power tools.

Motors and electronic power 

density benefits from higher V
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High Power Density Motors & Batteries

5S3P

15S1P
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MTD is Largest OEM of Mowers in USA

❑ In Sept. 2018, SB&D announced a 

20% stake in MTD for $234 million

❑ Annual revenue of $2.4 billion

❑ SB&D will have the option to 

acquire the remaining 80% of 

MTD starting July 1, 2021

❑ Lawn & Garden Market > $20B

❑ Largest mower OEM in N. A.

Contract manufacturing for 

MTD is the parent company for family of many lawn care brands
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BAJ Charging Curve Limitations

Graphite is a bottle neck 

to fast charging.  New 

synthetic carbons help, 

but still limited C-rates

2C

4C

State-of-the-Art

Li-ion power cell 

charge limitations
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Opportunity for Extreme Fast Charge?

TNO

https://www.sigmaaldrich.com/technical-documents/articles/material-

matters/electrode-materials-for-lithium-ion-batteries.html mAh/g

https://www.sigmaaldrich.com/technical-documents/articles/material-matters/electrode-materials-for-lithium-ion-batteries.html
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High Voltage Battery Material Selections

Thermo → low EA Kinetics → low i0 Minimize energy lost

Nb & Ta

FlexVolt in 60V Mode:

Requires a wide 

passive regime
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Corrosion & Electrolysis Procedure

Experimental Test Setup:

• Connect electrodes to power supply

• Seawater equivalent solution

• Potentiostatic (chronoamperometry)

• Measure Current vs Time

• Measure Temp. of Calorimeter

20.0

Volts

5.1

Amps

DC Power Supply

Saltwater

Thermometer/ 

Temp. Measure

Electrodes
(metal coupon 

or weld strap)Calorimeter

EI∙V·t + Ecorrosion ≈ Eheat of calorimeter

Computer/DAQElectrochemical resistant metals are selected

18

Unacceptable

Acceptable
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Comparison of Steel vs. Brass Terminals

❑ In 5 minutes, Tin plated steel has 

completely corroded away @ 20V

❑ > 35x amount of heat generated from 

corrosion and electrochemical reactions

❑ Enough heat to boil salt water!!!

❑ Steel battery cans become weak link
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IP for Electrical Terminals Underwater
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Niobium Connectors (NiobiConTM)

NiobiCon™ Wet-Mate Electrical Connector

Benefits of the NiobiCon™ technology include:

• No seals, O-rings or oil

• Wet-mate above water or fully submerged

• Ideal for operations to at least 60V DC

• Nearly infinite number of mates/de-mates

• No inherent water depth limit

• In-water/underwater safety

• Mate and de-mate while power is on

• Can be designed for loose alignment tolerances

• Low mating force (mechanical contacts)

• Not susceptible to corrosion

• Does not require complex mechanical components

• Simple design enables miniaturization

• Can use with high frequency (GHz) signalshttps://youtu.be/-54cBaLuUQY

https://youtu.be/-54cBaLuUQY
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Niobium Corrosion Behavior 

Experimental Test Setup:

• Linear sweep voltammetry (LSV) in NaCl 

solution (seawater equiv.) at 50 mV/sec

• High purity Nb electrodes (Area = 2 cm2)

• Extremely low corrosion currents

• Passivation potential ~ 4V

• Where does passivation film breakdown?

• It is at least > 60V DC in this electrolyte

Niobium before test Niobium after 60V
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Putting Niobium Corrosion into Perspective

LSV to 10V shows the impact of metal selection Chronoamperometry (I vs. t) @ 40V Nb vs. bronze
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Bronze with Coating vs Niobium at High V DC

Best coatings on steel or brass don’t rival Nb Passivation on Nb can be held for long times at high V
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Water Can and Will Lead to Battery Fires!

https://insideevs.com/news/353790/audi-recall-e-tron-charging-water-fire/

JUN 10, 2019

Audi has started a recall of its E-tron electric SUV after some vehicles 

experienced a problem with a seal on the battery pack that could lead 

to moisture leaking into it and causing a short circuit or even a fire.

450V max & 95 kWh battery

UPDATE: Audi Recalls E-Tron SUV For Water Leakage That Could Result In Fire
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Fast Charging and Corrosion Conclusion

❑ Fast charging is needed to “cut the cord” for 

professional users (e.g. Outdoor equipment)

❑ High power tools and fast charging can benefit from 

new Li-ion chemistry (e.g. niobium titanates - TNO)

❑ High power equipment is aided by higher voltages  

(e.g. FlexVolt system & small electronics/motors)

❑ High voltage presents new concerns from a corrosion 

and safety perspective when exposed to water & fluids

❑ Niobium could serve a role in mechanical terminals, 

interconnects, as well as battery casings

❑ Can niobium be alloyed or plated to reduce costs?

❑ We can use niobium inside & outside our batteries…. 

It’s a HUGE opportunity across entire battery industry! Image Credit to Northrup Grumman Systems Corporation
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Niobium Titanate and Defect Electrochemistry
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Nb-TiOx Catalyst Supports Improve CO Tolerance



Hydrogen Oxidation Reaction
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CO Poisoning!
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Bifunctional Reaction
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CO Tolerance
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Passivation and Protection
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Carbon Corrosion
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Electrical Properties of Niobium-Doped Titanate

Reduced Oxidized
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Titania Doping & Metal Oxide Defect Chemistry

36

By metal oxide doping of Ti site with Nb in TiO2: 

𝑁𝑏2𝑂5
2 𝑇𝑖𝑂2

2 𝑁𝑏𝑇𝑖
· + 4 𝑂𝑂

𝑋 +
1

2
𝑂2+ 2 𝑒−

The equilibrium reaction at low oxygen pressures,
by Kröger-Vink notation is:

𝑂𝑂
𝑋 ⇌ 𝑉𝑂

·· + 2 𝑒− +
1

2
𝑂2

Oxygen vacancies  𝑉𝑂
·· are of primary concern at low 

temperatures which are compensated by e− carriers like Ti3+ or 
Nb4+ to contribute n-type  conductivity  to the oxide by “defect” 
formation in donor doping strategy preferred at low p O2

M. K. Nowotny, L. R. Sheppard, T. Bak, J. Nowotny.  Defect 

Chemistry of Titanium Dioxide.  J. Physical Chemistry C. 112, 2008

➢ Prefers passivation regime in electrochemical system
➢ Equilibrium oxidation state ± from host metal valence
➢ Same coordination number in crystal structure
➢ Ionic radius of metal cation similar for substitution

Metal Oxidation CN AMU Radius (Å)

Ti +4 6 47.867 0.61

Nb +5 6 92.906 0.64

W +6 6 183.84 0.60

Ta +5 6 180.95 0.64

𝐍𝐛𝐓𝐢
·
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Why Defect Chemistry is Relevant to Batteries
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Defect Chemical Engineering Examples
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Point Defect Chemistry is the Decisive Science 

Thermodynamics of Electrochemical Lithium Storage.  Prof. Joachim Maier -

Angewandte Chemie - 2013 https://doi.org/10.1002/anie.201205569

https://doi.org/10.1002/anie.201205569
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Point Defect Model for the Passivation State

J. Electrochem. Soc. 1992, Vol. 139, issue 12, 3434-3449
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Passive Film Growth, Breakdown, and Pitting
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SEI Passivation and Battery Materials
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Summary of Niobium Defect Electrochemistry

❑ Defect chemistry is highly relevant to electrochemistry applications

❑ Fuel cells, electrolyzers, electrocatalysts, batteries, corrosion, and more

❑ We need some guidelines for doping to improve material design that have 

proven to be so beneficial in semiconductor advances and even alloys

❑ The existence and understanding of passivation states is critical to electrochem.

❑ SEI, anodization, active → passive transitions, and transpassive breakdown

❑ Niobium and niobates demonstrate a wide range of passivation behavior

❑ Defect chemistry goes beyond crystal microstructures to atomic/electronic level
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Niobium Pourbaix Diagram

45

E.  Asselin , T. M.  Ahmed , A.  Alfantazi.  Corrosion of niobium in sulphuric and hydrochloric acid 

solutions at 75 and 95 °C.  Corrosion Science.  49, 694-700, 2007.

Corrosion CorrosionPassivation

Immunity


