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Are hydrofluoric acid and lithium ion batteries safe?

Keywords: Lithium-ion battery; explosion; hydrofluoric acid; risk assessment. Use of lithium-ion batteries has
raised safety issuesowing to chemical |eakages,overcharging,external heating,or explosions. A risk assessment
was conducted for hydrofluoric acid (HF) and lithium hydroxide (LiOH) which potential might leak from
[ithium-ion batteries.

Can lithium ion batteries leak hydrofluoric acid & lithium hydroxide?

A risk assessment was conducted for hydrofluoric acid (HF) and lithium hydroxide (LiOH) which potential
might leakfrom lithium-ion batteries. The inhalation no-observed-adverse-effect-level (NOAEL) for HF was
0.75 mg/kg/d. When alithium-ion battery explodesin alimited space,HF emissions amount to 10-100 ppm.

How does hydrofluoric acid affect lithium batteries?

Induced by the hydrolysis of electrolytes,hydrofluoric acid (HF) can exacerbate the notorious transition metal
dissolution,which seriously restricts the development of high-energy-density lithium batteries based on
high-voltage cathodes. Irremovable water,not limited to trace water originally contained in

Is hydrogen fluoride arisk for aLi-ion battery fire?

The release of hydrogen fluoride from a Li-ion battery fire can therefore be a severe riskand an even greater
risk in confined or semi-confined spaces. This is the first paper to report measurements of POF 3,15-22
mg/Wh,from commercial Li-ion battery cells undergoing abuse.

Do lithium-ion batteries emit HF during a fire?

Our quantitative study of the emission gases from Li-ion battery fires covers a wide range of battery types. We
found that commercial lithium-ion batteries can emit considerable amounts of HF during a fireand that the
emission rates vary for different types of batteries and SOC levels.

How much hydrogen fluoride can a battery generate?

The results have been validated using two independent measurement techniques and show that large amounts
of hydrogen fluoride (HF) may be generated,ranging between 20 and 200 mg/Whof nominal battery energy
capacity. In addition,15-22 mg/Wh of another potentially toxic gas,phosphory! fluoride (POF 3),was measured
in some of thefire tests.

The electrolyte is a medium in which conductive ions shuttle between positive and negative electrodes during
charging and discharging. The addition of fluorine in the electrolyte can make the lithium-ion battery have
good overall performance and solid electrolyte interface (SEI) [31], [32], [33] can also improve the low
temperature and high temperature characteristics of ...

The first gas that we will be discussing in detail is hydrogen fluoride (HF). HF is a colourless gas which
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readily dissolves in water to form hydrofluoric acid (HFA) (Marx et al., 2005; Gad & Sullivan, 2014).HF is
an extremely toxic gas and HFA is one of the strongest existing acids (Marx et al., 2005) gestions of more than
20 mg/kg body weight are considered a lethal dose.

For al practical purposes, they are considered the same chemical. Hydrogen fluoride/hydrofluoric acid is used
extensively in the extraction, processing, and refining of metals, rock, brick, and oil. It is an intermediate for
many chemical reactions and syntheses. It is used to remove and inhibit rust, and to etch, polish, and frost
glass.

This application note provides an easy method to determine the hydrofluoric acid (HF) content in a lithium-ion
battery electrolyte through acid-base titration with potentiometric indication. By downloading this application
package, you will receive a PDF of the application note as well as the required data for the LabX(TM) titration
software method.

If alithium-ion battery combusts, it will produce hydrofluoric acid and hydrogen fluoride gas, an acute poison
that can permanently damage our lungs and eyes. What is hydrofluoric acid? ...

Hydrogen fluoride/hydrofluoric acid is used extensively in the extraction, processing, and refining of metals,
rock, brick, and oil. It is an intermediate for many chemical reactions and syntheses. It is used to remove and
inhibit rust, and to etch, polish, and frost glass. It is used in the manufacture of silicon semiconductor chips.

Determination of Hydrofluoric Acid Formation During Fire Accidents of Lithium-lon Batteries with a Direct
Cooling System Based on the Refrigeration Liquids June 2023 Fire Technology

The functional separators can improve the performances of lithium ion batteries by adsorbing or removing H 2
O and HF. Banerjee et a. designed a functional separator capable of purifying acidic substances such as HF in
the electrolyte [116].The prominent feature of the separator was the addition of 4-vinyl pyridine (DVB-4VP)
with HF removal function, which can ...

Induced by the hydrolysis of electrolytes, hydrofluoric acid (HF) can exacerbate the notorious transition metal
dissolution, which seriously restricts the development of high-energy-density lithium batteries based on
high-voltage cathodes. Irremovable water, not limited to trace water originally contained in

Fluorspar demand from the lithium-ion battery sector is expected to exceed 1.6 million tonnes by 2030,
representing a significant portion of the overall market, ... Hydrofluoric acid for anode purification: Natural
flake ...

containing lithium -ion batteries is the release of toxic gas. In this study, full-scale tests on two ... related to the
on-board lithium-ion battery are often mentioned, despite the fact that most fire ... In contact with moisture
hydrofluoric acid is formed, which is more corrosive than hydrochloride acid [30]. However, the major
difference ...
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A lithium-ion battery is a rechargeable battery that uses the reversible reduction of lithium ions to store energy
and is the predominant battery type in many industrial and consumer electronics. ... (PARTICULATE
FLUORIDES and HY DROFLUORIC ACID by lon Chromatography) NIOSH, Cincinnati, OH (2014) Google
Scholar [23] National Institute for ...

The presented method overcomes the three restrictive factors upon the lithium-ion battery electrolytes, such as
poor thermal stability, formation of hydrofluoric acid with water and difficulty in ...

especialy indoors, to consider whether there have been large lithium ion batteries burning or venting to the
extent that hydrogen fluoride could be formed, and to assess whether firefighters have been exposed to the gas
on skin or through breathing. Also, hydrogen fluoride is easily soluble in water and forms hydrofluoric acid.

The conducting salt in lithium-ion batteries, LiPF6, can react with water contaminations in the battery
electrolyte, releasing HF and further potentially harmful species, which decrease the battery performance and
can ...

Along with water, hydrofluoric acid (HF) - one of the detrimental degradation products of LiPF 6 - can be
tested using an acid-base titration with sodium hydroxide as the titrant. Laboratory and ...

Lithium-ion battery fires generate intense heat and considerable amounts of gas and smoke. Although the
emission of toxic gases can be alarger threat than the heat, the knowledge of such ...

Among the toxic substances generated during combustion hydrofluoric acid gas (HF) is a major concern. ...
Using the scalable experimental design, a contamination with soot in the range of 20 g/m 2 can be expected
when a lithium-ion battery of 32 kWh capacity burns down in an enclosed parking space for 30 cars. Thermal
runaway and fireof a...

Induced by the hydrolysis of electrolytes, hydrofluoric acid (HF) can exacerbate the notorious transition metal
dissolution, which serioudly restricts the development of high-energy-density lithium batteries based on
high-voltage ...

linear fashion. Since experiment A had very low fluoride concentrations, phosphoric acid (based on PO 4
3-ions) air concentrations are shown to illustrate decreased levels of other smoke compounds. Figure 3
Sampling results of gas washing bottles. Left-hand panel: the F-concentrations reported as hydrofluoric acid,
right panel: PO 4

Lithium-ion batteries must be completely free of water (concentration of H20 &It; 20 mg/kg), because water
reacts with the conducting salt, e.g., LiPF6, to form hydrofluoric acid. The water content of several materials
used in lithium ion batteries can be determined reliably and precisely by coulometric Karl-Fischer titration. In
this Application Bulletin the determination for the ...
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The main objective of this research program was to perform detailed characterization of particle emissions
from thermal runaway events of Li-ion battery systems. Measurements of some commonly found gaseous
species were also included. Li-ion battery modules with two different types of chemistries, namely, NMC and
LFP wereincluded for this program.

If alithium-ion battery combusts, it will produce hydrofluoric acid and hydrogen fluoride gas, an acute poison
that can permanently damage our lungs and eyes. What is hydrofluoric acid? Hydrofluoric acid is a solution of
hydrogen fluoride in water. A colourless liquid, hydrofluoric acid is highly corrosive - it can dissolve glass! -
andis...

Fluorspar demand from the lithium-ion battery sector is expected to exceed 1.6 million tonnes by 2030,
representing a significant portion of the overall market, ... Hydrofluoric acid for anode purification: Natural
flake graphite, a common anode material, often contains impurities like silica. HF plays a crucia role in
removing these ...

The closest OSHA has come to issuing specific requirements for lithium-ion battery makers is a 2021
interpretation letter that said employers are required to ... the Lordstown fire chief. Many of them had to do
with exposure to hydrofluoric acid--a corrosive agent that can eat clear through flesh and bone--created with
damage to a battery ...

Hydrofluoric acid (HF) represents a double threat to the human body. It is a corrosive product due to the
hydrogen ions ... In the event of alithium-ion battery failure where outgassing is observed, it is very important
to move away from the battery to avoid harmful gases, flames and a possible explosion. ...

Quantitative measurements of heat release and fluoride gas emissions during battery fires for seven different
types of commercial lithium-ion batteries show that large amounts of hydrogen fluoride may be generated,
ranging between 20 and 200 mg/Wh of nominal battery energy capacity. Lithium-ion battery fires generate
intense heat and considerable amounts of ...

Use of lithium-ion batteries has raised safety issues owing to chemica leakages, overcharging, external
heating, or explosions. A risk assessment was conducted for hydrofluoric acid (HF) ...
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