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Kémia németül 

A korábbi megoldások értékelése a következő számban várható. Az 
érdekeltek türelmét köszönjük. 

Kémia angolul 

Szerkesztő: Tóth Edina 

 
Előszóban  

Az új feladat „variációk egy témára” és arra, hogy mi számít up-to-date-
nek vagy éppen kihívásnak különböző nézőpontok irányából. A téma 
közös: a platinafémek. A platinafémekről néhány „közismert” 
információ: ritkák, drágák és katalizátorok. 
A megoldásokat 2021. március 25-ig lehet a kokel.mke.org.hu 
honlapon keresztül feltölteni 

 

Platinum-paved roads 

Lurking underneath your car, usually just beneath the engine, is a steel 
box hooked up to the exhaust system. These boxes first began appearing 
on cars back in the mid-seventies but now they are ubiquitous, with 
every car, van and lorry carrying one. Inside each box in a ceramic 
honeycomb structure coated with about 3 or 4 g (about 1/8 oz) of 
platinum and the equally shiny and expensive metals called palladium 
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and rhodium. These metals help chemical reactions getting started 
within the exhaust fumes, converting potentially harmful gases into 
predominantly harmless ones. The platinum and other metals act as 
catalysts: they aren’t consumed by the work they do, and you need very 
little of them to give the chemistry a kick-start. It’s the presence of these 
precious metallic catalysts that explains why the steel box under your 
car is known as a catalytic converter. It’s also why a new catalytic 
converter can set you back a large amount of money. 
Disappointingly, especially given the promise of the platinum, the inside 
of a catalytic converter is murky grey or brown. Most of them contain 
what is known in the trade as a cordierite monolith, a single block of 
extruded ceramic about 20 cm (8 in) long and maybe 15 cm (6 in) in 
diameter. The block is not, however a solid lump. It’s shot through with 
thousands of tiny tubes, usually square in cross section, only 1mm 
(about 1/32 inch) across and arranged in a beautiful, regular pattern. In 
some cases the monolith is made of corrugated metal sheet, but the end 
result is the same: an inert block, with a large surface area through 
which exhaust fumes can flow. 
The platinum, palladium and rhodium come into this story when 
monolith is drenched in a solution containing these precious metals. 
They coat the inside surfaces of the tubes and, when dry, leave behind a 
microscopically bumpy surface. The point of all effort is to create a 
maximally large surface area coated with platinum, palladium and 
rhodium, and the key to the reason why is down to how a solid can help 
along, or catalyze, a reaction that takes place. Exhaust fumes from petrol 
engines contain a number of toxic gases. The most well-known is carbon 
monoxide, a poison and a greenhouse gas, but there is also unburnt fuel 
that acts as a major air pollutant. Possibly most unpleasant, though, are 
the oxides of nitrogen that give rise to acid rain and destroy the ozone 
in the Earth’s atmosphere that helps to filter harmful ultraviolet 
radiation from the Sun. Modern catalytic converters deal with all three 
of these. The platinum and palladium help oxygen react with carbon 
monoxide and the unburnt fuel to produce harmless carbon dioxide and 
water vapour. Meanwhile, the rhodium and the platinum catalyze the 
breakdown of the oxides of nitrogen to make nitrogen gas and oxygen. 
For these reactions to happen the gases need to be in physical contact 
with the precious metals, which is why you need a ceramic monolith 



  

Kémia idegen nyelven                                                                                                          117 

with all the skinny air tubes. If you just had a block of platinum, most of 
the gas would flow over the block without touching it and reacting. 
 

 
Inside a car’s catalytic converter 

 
There are a few minor problems with modern catalytic converters. For 
the first reaction to take place, with the carbon monoxide and unburnt 
fuel, you need oxygen for it to work and it is quite possible to tune a car 
so that there is very little oxygen in the exhaust fumes. Modern cars 
monitor the oxygen levels, before and after the exhaust enters the 
catalytic converter, and adjust the air to fuel mixture injected into the 
engine accordingly. Another issue is that all of this chemistry only 
happens at high temperatures, usually well above 400 °C (750 °C), and 
it takes about five minutes for the converter to reach this temperature. 
So, the pollution created by short journeys does not get converted into 
less harmless components, because the catalytic converter does not 
work until it has time to heat up. 
Catalytic converters are also susceptible to being poisoned and 
permanently ruined by such issues as leaks from coolant systems and 
lead in the fuel, which is why they only started appearing once unleaded 
fuel became common. The biggest problem, though, is that catalytic 
converters in cars eventually wear out. This is not because the precious 
metals get used up doing their jobs – remember that catalysts are not 
consumed by the reactions they start. Instead, driving causes vibrations 
and knocks that shake free the coating of catalysts on the ceramic 
monolith of the converter. The reason that you ultimately need to fork 
out for a new catalytic converter is because the precious metal coatings 
have been shaken free from your old converter, lost from the end of the 
exhaust pipe, and now strewn all over the road. 
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Which means that modern road dust is chock-full of platinum, palladium 
and rhodium. If you take the sweepings from urban roads and pick out 
all that gross bits – the plastic wrappers, tin cans and organic material – 
what you are left with is a dark brown sludge. Much of this has come 
from our cars wearing out. Anyone who has driven a car knows how 
often expensive tyres need to be replaced. Where do they go? The 
ground-up rubber ends on the roads along with those metallic particles 
from catalytic converters. 
The best platinum mines in the world dig out ore with just a few parts 
per million of the precious metal. It’s expensive, dirty, environmentally 
damaging work, but it is worth the effort of mining as the platinum that 
is extracted is so very, very valuable. The brown sludge swept from the 
roads has the same sort of levels of platinum as this best mined ore. The 
process for purifying the platinum, palladium and rhodium from road 
sweepings is only just being developed in the United Kingdom. In the UK 
alone, there could be tens of millions of pounds worth of precious metals 
lying on the streets, if only we could get at it. 
Page 162-165 of Science in the World Around Us in Jopson, M. (2015). The 
science of everyday life: Why teapots dribble, toast burns and light bulbs 
shine. London, England: Michael O’Mara Books 
 

Platinum, palladium or rhodium – which is the metal of the 
future? 

by: Dominic Frisby (22 May 2019) 

How the future of driving is shaping demand for platinum 
group metals 

… 
Platinum's main use is in diesel vehicles, whereas palladium tends to be 
used in petrol engines. But rhodium is the most effective catalyst for 
nitrous oxide (N2O) emissions in petrol engines, as much as seven times 
more effective than palladium. There is no substitute for rhodium. 
Platinum can substitute for palladium in petrol engines, but this 
substitution only tends to kick in when the palladium price is double 
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that of platinum. In other words, if palladium is $1,500 an ounce, and 
platinum $750, we'll start to see substitution. 
 
In future, it's likely we'll see three-way catalytic converters, which 
contain rhodium, platinum and palladium, make a comeback. 
The Volkswagen diesel scandal and the resultant regulatory change 
which followed has meant that demand in Europe for diesel vehicles has 
fallen, while demand for petrol has increased. This has been duly 
reflected in platinum and palladium prices: the former has sunk and the 
latter has soared. 
However, it is only diesel passenger vehicle demand that has died out. 
Globally, demand for commercial vehicles has remained constant and is 
likely to remain so. In other words, platinum demand should also remain 
constant. The big falls have already happened. 
Electric vehicles are coming, but perhaps they are not quite as clean as 
the keenest proponents would have you believe. About 85% of global 
energy comes from burning hydrocarbons, so even for electric vehicles 
there's an 85% probability that the source of their energy is dirty. 
Nor will they necessarily signal an end to PGM demand. Hybrid cars are 
the stepping stone to electric vehicles; JP Morgan says hybrids will 
account for 23% of global sales by 2025. However, hybrids still burn fuel 
91% of vehicles will still have an internal combustion engine in 2025. 
And according to the Boston Consulting Group, by 2030, 85% of 
passenger cars will still have a combustion engine and hence a catalytic 
converter. In other words, there will still be demand from vehicles for 
PGMs. 
Another coming regulatory headache is that emission standards are 
different in the lab to the real world. Hybrids and other cars which turn 
off and on when stationary are in fact, in terms of emissions, a false 
economy, as the catalyst needs to be hot to function properly. This has 
the potential to become a big issue in the future if it gets more publicity. 
So things look good for palladium and rhodium. Demand will continue 
and both are in a supply deficit. Palladium has an annual deficit of 8%, 
while rhodium demand exceeds annual mined supply of 760,000 oz by 
100,000 oz. Recycling is what has saved both, but the stockpiles are 
shrinking all the time. 
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What could bring demand for platinum back? 

Platinum is closer to equilibrium. The weak rand, alongside high 
palladium and rhodium prices means that profitability is outrunning 
wage and power inflation, and so production of PGMs remains high. That 
is not great for platinum. 
… Where is the demand going to come from? What is the story? The 
answer to that may be fuel-cell vehicles. 
The use of fuel-cell vehicles is expected to take off, but not until the early 
to mid-2020s (though the story will get out sooner than that). But if fuel-
cell vehicles take off, so will platinum demand and the normal prices and 
ratios I have discussed in other Money Mornings, where platinum trades 
at a premium to gold and palladium, will return. 
Each fuel cell, says Hochreiter, will require an ounce (30g) of platinum; 
a typical saloon car would require five to six ounces. By the end of the 
next decade, platinum demand could be double where it is today.  
… 
But quite what platinum use will be in fuel-cell transport, and indeed 
what fuel-cell transport will be, is not yet fully known. 
 
The article is obtained from https://moneyweek.com/507382/platinum-
palladium-or-rhodium-which-is-the-metal-of-the-future (latest access: 
27/02/2021) 
 
Editor’s note: The platinum group metals, specifically platinum, 
palladium and rhodium are abbreviated as PGMs. 
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