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A flammable epoxy resin (left) burns, but one coated with a plant-derived flame
retardant (right) does not. Credit: Yoseph Getachew

Flame retardants are present in thousands of everyday items, from
clothing to furniture to electronics. Although these substances can help
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prevent fire-related injuries and deaths, they could have harmful effects
on human health and the environment. Of particular concern are those
known as organohalogens, which are derived from petroleum. Today,
scientists report potentially less toxic, biodegradable flame retardants
from an unlikely source: plants.

The researchers will present their results at the American Chemical
Society (ACS) Fall 2019 National Meeting & Exposition.

"The best flame-retardant chemicals have been organohalogen
compounds, particularly brominated aromatics," says Bob Howell,
Ph.D., the project's principal investigator. "The problem is, when you
throw items away, and they go into a landfill, these substances can leach
into the environment."

Most organohalogen flame retardants are very stable. Microorganisms in
the soil or water can't degrade them, so they persist for many years in the
environment, working their way up the food chain. In addition, some of
the compounds can migrate out of items to which they are added, such as
electronics, and enter household dust. Although the health effects of
ingesting or breathing organohalogen flame retardants are largely
unknown, some studies suggest they could be harmful, prompting
California to ban the substances in children's products, mattresses and
upholstered furniture in 2018.

"A number of flame retardants are no longer available because of
toxicity concerns, so there is a real need to find new materials that, one,
are nontoxic and don't persist, and two, don't rely upon petroleum,"
Howell says. His solution was to identify compounds from plants that
could easily be converted into flame retardants by adding phosphorous
atoms, which are known to quench flames. "We're making compounds
that are based on renewable biosources," he says. "Very often they are
nontoxic; some are even food ingredients. And they're
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biodegradable—organisms are accustomed to digesting them."

To make their plant-derived compounds, Howell and colleagues at the
Center for Applications in Polymer Science at Central Michigan
University began with two substances: gallic acid, commonly found in
fruits, nuts and leaves; and 3,5-dihydroxybenzoic acid from buckwheat.
Using a fairly simple chemical reaction, the researchers converted 
hydroxyl groups on these compounds to flame-retardant phosphorous
esters. Then, the team added the various phosphorous esters individually
to samples of an epoxy resin, a polymer often used in electronics,
automobiles and aircraft, and examined the different esters' properties
with several tests.

In one of these tests, the researchers showed that the new flame
retardants could strongly reduce the peak heat release rate of the epoxy
resin, which reflects the intensity of the flame and how quickly it is
going to spread. The plant-derived substances performed as well as many
organohalogen flame retardants on the market. "As a matter of fact, they
may be better," Howell says. "Because gallic acid has three hydroxyl
groups within the same molecule that can be converted to phosphorous
esters, you don't have to use as much of the additive, which reduces
cost."

The researchers also studied how the new compounds quench flames,
finding that the level of oxygenation at the phosphorous atom
determined the mode of action. Compounds with a high level of
oxygenation (phosphates) decomposed to a substance that promoted char
formation on the polymer surface, starving the flame of fuel. In contrast,
compounds with a low level of oxygenation (phosphonates) decomposed
to species that scavenged combustion-promoting radicals.

Howell's team hasn't yet performed toxicity tests, but he says that other
groups have done such studies on similar compounds. "In general,
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phosphorous compounds are much less harmful than the corresponding
organohalogens," he notes. In addition, the plant-derived substances are
not as volatile and are less likely to migrate from items into household
dust. Howell hopes that the new flame retardants will attract the attention
of a company that could help bring them to market, he says.

  More information: Phosphorus flame retardants from crop plant
phenolic acids, the American Chemical Society (ACS) Fall 2019
National Meeting & Exposition. 

Abstract
While polymeric materials have had an enormously positive impact on
the development of modern society, for most applications they must be
flame-retarded. This may be accomplished in a variety of ways, most
notably by introduction of a suitable additive during processing.
Traditionally, organohalogen compounds, particularly brominated
aromatics, have been effective, affordable, popular gas-phase flame
retardants. However, these compounds readily migrate from a polymer
matrix into which they have been incorporated, persist in the
environment, tend to bioaccumulate and may pose risks to human health.
For this reason, the use of these compounds is coming under increasing
regulatory pressure worldwide. Phosphorus compounds derived from
renewable biosources provide attractive alternatives to these traditional
organohalogen flame retardants. Precursors to biobased
organophosphorus flame retardants are generally nontoxic and readily
available at modest cost. Phenolics are ubiquitous in nature and may be
isolated from numerous plants. Gallic acid (3,4,5-trihydroxybenzoic
acid) is a constituent many edible plants, nuts and legumes.
3,5-Dihydroxybenzoic acid may be found in several plants, principally
buckwheat. Both of these compounds may serve as the base for the
generation of a series of phosphorus esters, both phosphonate and
phosphate, that display good flame retardancy in DGEBA epoxy.
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