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SCIENCE IN IMAGES 

Icy Secrets 
Oddly shaped bubbles  
tell a frozen story

LOOK CLOSELY  at an ice cube, and you 
might spot minuscule bubbles shaped  
like teardrops, flattened eggs or even 
winding worms. Bubble patterns in Rus-
sia’s Lake Baikal ( shown here ) are even 
more vivid. Researchers have found that  
ice bubbles’ peculiar shapes can reveal 
how fast the water froze and how much 
gas was dissolved in it, providing key 

insights for glaciologists and engineers. 
As water freezes, most of its dissolved 

gases get expelled. But some tiny bubbles 
near the freezing edge can get trapped in 
the solidifying ice, where they keep grow-
ing. Virgile Thiévenaz, who studies fluid 
mechanics at Paris’s Industrial Physics and 
Chemistry Higher Education Institute, and 
Alban Sauret, a mechanical engineer at the 
University of California, Santa Barbara, 
re-created this process in the laboratory to 
tease apart the factors that affect growing 
bubbles’ shapes and sizes. 

As Thiévenaz explained during a pre-
sentation at an American Physical Society 
meeting, the researchers observed that ice 
bubbles are never spherical but instead 

elongate in the direction of freezing. The 
researchers found that an ice sample host-
ing many small, slightly elongated bubbles 
suggests a high freezing rate and a high gas 
concentration, whereas a sample with a 
few larger, longer pores froze more slowly. 
These variations are predictable mathe-
matically: “We can match most bubbles 
with the same equation,” Thiévenaz says. 
If  you know a sample’s freezing rate, you 
can work out the gas concentration, and 
vice versa. Their equation predicts that 
long, cylindrical ice-bubble “worms” will 
sometimes grow unchecked, weakening 
the surrounding structure. 

Environmental ice tells a story about the 
past, but determining past freezing condi- A
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tions is tricky. Thiévenaz and Sauret say that 
making inferences based on bubble shape 
could be a boon for researchers studying 
lake ice and glacier cores. Erin Pettit, a gla-
ciologist at Oregon State University, agrees. 
“I’ve always been puzzled by the wormy 
bubbles in pockets of  refreezing water 
within glaciers,” she says. “It’s exciting to 
see the physics behind their formation.” 

Additionally, many engineers favor po-
rous solids for certain applications because 
of  their light weight. By controlling gas 
concentration and freezing speed, scien-
tists could theoretically dictate a material’s 
pore shape, leading to strong and light 
metals, glasses and ceramics, the research-
ers suggest.  — Rachel Berkowitz

MATERIALS SCIENCE 

Metal Brew 
Yeast does double duty 
processing electronic waste 

WHEN BREWER’S YEAST  le!t over from 
beer making is mixed with the right sea-
sonings, it makes a bitter, earthy paste 
called Marmite that is especially popular 
in the U.K. Smeared on toast, it’s a snack 
that can be an acquired taste. But a study 
published recently in  Frontiers in Bioengi-
neering and Biotechnology  found that  
re   sidual yeast sludge can also be used to 
bind to electronic-waste metals—a capa -
bil ity the research suggests could help re-
cycle the world’s growing mountains of 
discarded gadgets. 

When the study authors added brew-
er’s yeast, a single-cell fungus, to a watery 
solution of mixed metals, they noticed the 
yeast could isolate and take up specific 
metals—and be reused at least five times 
without losing binding strength. The team 
says this method offers a more environ-
mentally sustainable alternative to current 
extraction techniques such as pyro -
metallurgy, an energy-intensive melting 
process that can release toxic fumes. And 
even though brewer’s yeast may be tasty to 
some, much of it still gets dumped, and it is 
extremely cheap and plentiful.

“In Austria, we produce a lot of beer and 
have a lot of  brewer’s yeast that goes to 
waste,” says study lead author Anna Sieber, 
a graduate student at the University of Nat-
ural Resources and Life Sciences in Vienna. 
Knowing the yeast can bind to metals and 
be used multiple times, she says, “we think 
this method could actually help limit both 
the yeast and electronic-waste streams.”

The researchers rinsed, froze, dried and 
ground up 20 liters of residue with inactive 
yeast from a brewery. Next they added 
some of the yeast to solutions containing a 
laboratory-made mix of aluminum, cop-
per, nickel and zinc, then added some to 
solutions with those same metals leached 
directly from scrapped printed circuit 
boards. The researchers adjusted the mix-
tures’ acidity and temperature  to alter the 

charge of sugar molecules on the yeast or-
ganisms’ surfaces; particular metals are 
drawn to specific charges on the sugars, so 
this process controlled which metals the 
yeast attracted and bound. A!ter each at-
tempt, the scientists extracted the yeast 
and soaked it in an acid bath to remove the 
metals from it, leaving the yeast ready for 
another round. 

The four tested metals are relatively in-
expensive, and most e-waste recyclers cur-
rently prioritize recovering more valuable 
ones such as gold, silver and platinum. But 
the study’s metals are still beneficial and 
widely used—which “justifies the recy-
cling process,” says Treavor Boyer, an en-
vironmental engineer at Arizona State 
University. Kerry Bloom, a biologist at the 
University of  North Carolina at Chapel 
Hill, adds that the yeast’s low price and 
sheer abundance could make the tech-
nique relatively feasible at a large scale if 
e-waste recycling facilities prove willing to 
invest in something new. “There are huge 
vats of yeast that o!ten have nowhere to go 
once brewers are done with them,” he says. 
“So this is a fantastic source for it. It’s the 
master recycler.”  —Riis Williams

Microscopic view of brewer’s yeastS
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