














Figure 19 - Thermal image of the house with
cavity wall insulation.

two windows (see Figure 21). Replace
the ceiling and the roof. Switch on
the light bulb and wait until a steady
temperature is reached. Take a
photo of the house with the thermal
imaging camera (Figure 22). Record
the final temperature. Comparing
the thermal imaging photo with the
reference photo (Figure 13), it is clear
that double glazing has reduced the
heat loss from the window as the
window is no longer white so must
be at a lower temperature.

Finally have the house fully insulated
and see whate ectinsulation hason
the final temperature. Place the light
bulb inside the house which has lo
insulation, cavity wall insulation and
double glazing. Switch on the light
bulb and wait until the temperature is
steady. Record the final temperature
and take a photo with thermal
imaging camera (Figure 23).

This thermal imaging photo when
compared with the reference photo
(Figure 13), clearly shows that heat
loss through the ceiling, walls and
windows has been reduced.

Results

None 47
Lo 51
Cavity wall 55
Double glazing 50
Lo , cavity wall 60
and double

glazing
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Figure 20

Summary

The thermal images show clearly the
e ecttheinsulation of a house has on
heat loss from the house. This should
help pupils appreciate the need for
insulation to improve the energy

e iciency of buildings. The same
heat source is used throughout the
experiment, yet the well-insulated
house had a final temperature of
60°C and the un-insulated house

had a final temperature of 47°C.
Using bubble wrap as the insulating
material helps reinforce the fact that
trapped air is a good insulator. To see
thee ecttemperature di erence
has the model house could be placed
in a cool room so the temperature

di erence across the walls is greater.
Having completed the investigation
pupils should be able to satisfy
SCN3-04a - | can use my knowledge
of the di erentways in which heat

is transferred between hot and cold
objects and the thermal conductivity
of materials to improve the energy

e iciency of buildings.

Figure 22 - Thermal image of the house with
double glazing.

Figure 21 - Double glazing.

This activity also helps with the
Level 3 skills. It lends itself to relating
findings to scientific knowledge

and understanding and drawing
conclusions based on the results
gathered in relation to an aim.

Safety notes

There isno need to use a
mercury-in-glass thermometer
for this investigation. An alcohol
thermometer is suitable and, if it
does break, a spill will be much
easier to clean up.

If the model house is built and
used as described in this article,
the cardboard will never become
hot enough to present a fire risk.

Reference

[1] Templates can be downloaded
from www.sserc.org.uk/
subject-areas/physics/physics-
other-resources/model-houses/
(accessed August 2019).

Figure 23 - Thermal image of the house with
lo insulation, cavity wall insulation and
double glazing.















SSERC professional
learning courses

Our professional development courses range from twilight events, day-courses
through to residential meetings lasting up to 6 days in total. Our curriculum
coverage spans both primary and secondary sectors and we o er events for
teachers as part of their career long professional learning, newly qualified teachers
and technicians. Many of our events receive funding from the ENTHUSE Bursary
scheme or the Scottish Government.

Courses available for online booking include:

COURSE NAME
Movie Making and
Photography with iPad

Assignments for
Environmental Science

Engineering Bench Skills
for Probationers

Games Design at Second Level

Safe Use of Workshop
Machinery (Refresher)

Advanced Higher Biology Day
Creativity

Discovering Micro:Bits
across the BGE

Safe Use of Workshop Machinery
Safety in Microbiology

Simple bute ective visualistion
of scientific plotsinR

Enhancing creativity with iPad

Demonstrations for Recently
Qualified Chemists

Leading for Excellence in STEM

SSERC_Meet
Pneumatics & Hydraulics

Introduction to Micro:bit

Super Science & Terrific
Technology

SSERC_Meet Further Fun
with Forensics

Online Health and Safety Update
(3 sessions each of 1 hour)

Health & Safety Update
(1-day course at SSERC)

Hot and Cold Metal Forming

Using Green Screen to
Support Literacy
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RESIDENTIAL? | DATES

No 24 September 2019
No 27 September 2019
Yes 24-25 October 2019
No 7 October 2019

No 2 October 2019

No 26 October 2019
Yes 28-29 October 2019
No 30 October 2019
No 30-31 October 2019
Yes 300ct -1 Nov 2019
No 2 November 2019
No 7 November 2019
Yes 8-9 November 2019 &

8 November 2019 6 March 2020

Yes 10-13 November 2019 &
15-16 March 2020

No 12 November 2019

No 13 November 2019

Yes 15-16 November 2019 &
20-21 March 2020

No 18 November 2019

No 6,13 & 20 November 2019

No 19 November 2019

Yes 20-21 November 2019

No 21 November 2019

CLOSING DATE
17 September 2019

3 September 2019
27 September 2019

17 September 2019
31 August 2019

28 Septmeber 2019
13 September 2019
23 October 2019

2 September 2019
27 September 2019
4 October 2019

31 October 2019
4 October 2019

20 September 2019
18 October 2019

6 November 2019
1 October 2019

18 October 2019
11 October 2019
21 October 2019

4 October 2019
14 November 2019

SECTOR

Primary

Secondary
(Environmental Science)
Secondary (Technology)

Primary
Secondary Technicians

Secondary (Biology)
Primary & Secondary
Secondary

Secondary Technicians
Secondary Technicians
Secondary

Primary
Secondary (Chemistry)

Secondary (Science
and Technology)

Primary

Primary & Secondary
Primary

Primary
Secondary
Secondary

Secondary (Technology)
Primary
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CLPL courses continued:

COURSE NAME
STEM CLPL for Early Level No
Working with No

Radioactive Sources
Safe Use of Workshop Machinery No
Introductory Physics No

Supporting All Learnersusing  No
Digital Tools

Introduction to Garageband No
SSERC Conference No
Risk Assessment No
Safe Use of Workshop No

Machinery (Refresher)
Safe Use of Workshop Machinery No

Technology Makerspace Yes
Science for Probationers Yes
Intermediate Physics No
Safe Use of Other Fixed No
Workshop Machinery

Chemical Handling No
Fabrication Skills Yes

Safe Use of Workshop Machinery No
SSERC_Meet Teddy in the Park  No
Statistical analysisofdatainR  No

SSERC_Meet Science Inquiry: ~ No
Observing, Exploring &

Classifying

Electrical Safety and PAT No
Safe Use of Workshop Machinery No
Maintenance of Fixed No
Workshop Machinery

Welding Skills Yes
Welding Skills Yes

RESIDENTIAL?

DATES

22 November 2019
26 November 2019

28-29 November 2019
28-29 November 2019
29 November 2019

5 December 2019
6 December 2019
13 January 2020
17 January 2020

23-24 January 2019
28-29 January 2020

5-6 February &
3-4 June 2020

11-12 February 2020
11-12 February 2020

18-19 February 2020
18-19 February 2020
25-26 February

26 February 2020

7 March 2020

4 March 2020

10-11 March
18-19 March 2020
25-27 March 2020

6-7 May 2020
21-22 May 2020

CLOSING DATE

8 November 2019
4 November 2019

31 October 2019
24 October 2019
22 November 2019

28 November 2019
8 November 2019

16 December 2020
15 December 2019

15 December 2019
29 November 2019
29 November 2019

9 January 2020
9 January 2020

21 January 2020
10 January 2020
28 January 2020
31 January 2020
7 February 2020
7 February 2020

6 February 2020
13 February 2020
18 February 2020

27 March 2020
3 April 2020

SECTOR

Primary
Secondary

Secondary Technicians
Secondary Technicians
Primary & Secondary

Primary

Primary & Secondary
Secondary

Secondary Technicians

Secondary Technicians
Secondary Technology
Secondary

Secondary Technicians
Secondary Technicians

Secondary Technicians
Secondary Technology
Secondary Technicians
Primary

Secondary

Primary

Secondary Technicians
Secondary Technicians
Secondary Technicians

Secondary Technology
Secondary Technology

Please check our website pages at https://www.sserc.org.uk/professional-learning/calendar/ for the most
up-to-date details on our career long professional learning calendar.
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The green, green chemistry of home

The concept of ‘green
chemistry’ appeared on
the scene in the mid to late
1990s. The name certainly
gives an indication but itis
an approach to chemistry
which aims to minimise

the use and generation

of hazardous substances.
Green chemistry focuses on
the environmental impact
of chemistry, including
technological approaches
to preventing pollution and
reducing consumption of non-
renewable resources [2].

Of the 12 principles of Green
Chemistry, most are quite
understandably focussed on the
chemical industry and relate to
reducing the damage of industrial
processes. There are some,
however, that have wider relevance,
particularly:

* Prevention. Preventing waste is
better than treating or cleaning up
waste a eritis created.

* Inherently safer chemistry for
accident prevention. Whenever
possible, the substances in a
process, and the forms of those
substances, should be chosen to
minimise risks such as explosions,
fires, and accidental release.

School chemistry has never been
as bigano ender as industry for
two main reasons: it takes place on
amuch smaller scale and schools
are, quite reasonably, averse to
using many of the more harmful
substances. There are still many
areas of school chemistry though
where a greener approach would
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Figure 1 - Green chemistry [1].

be beneficial. The environmental
benefitis obvious but there are also
safety advantages and significant
cost savings to be had by reducing
the amount of waste that has to be
disposed of by costly contractors.

There are various things schools can
do to develop a greener approach

to their chemistry. In a series of
upcoming articles, we will o er afew
approaches to deal with particular
issues. In the meantime, here are a
few more general ideas.

1) Reduce the scale

For example, the making of a
precipitate of lead iodide is still quite
acommon activity in many schools.
We are the first to admit that this is
agorgeous, yellow precipitate but

it does involve the preparation and
use of lead nitrate solution as well

as the production of the solid lead
iodide itself. Lead compounds are
reproductive toxins as well as being
damaging to the environment and so,
like all lead compounds, these must
be disposed of as special waste. If
the sole objective is to demonstrate

precipitation, there are plenty of
alternatives that are not harmful to
the environment.

If there is a particular desire to show
lead iodide then your pupils can

use a microscale approach (see the
activity ‘Di using Precipitates’ [3])
where they will literally only use
agrain or two of lead nitrate. The
amount of lead used and produced
is so small that the waste from the
experiment can simply be wiped up
on a paper towel and put in the bin.

Another way of reducing scale

is to carry out an experiment as

a demonstration — the students
could experiment with less harmful
precipitates and the teacher could
show one example of the lead iodide
precipitate.

2) Reuse and recycle

A common school practical is the
preparation of copper sulphate
crystals. Assuming that it really is
desirable to make the attractive
blue crystals, then there is little
alternative to using copper oxide
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Figure 2 - Amicroscale precipitate of lead iodide.

meaning you can end up with

an awful lot of copper sulphate
solution. Thisiso en juststored

for disposal but why? Rather than
paying for disposal and then buying
in more copper sulphate to make up
solutions, the sensible thing to do is
simply to keep what has been made
and to use it instead. The purity may
not be perfect but unless it is needed
for an advanced higher project then
itis unlikely to make much, if any,

di erence. It will certainly be quite
suitable for use for displacement
reactions, exothermic reaction with
zinc, analysis of water of hydration,
producing precipitates of insoluble
salts, complex formation and much
more.

Similarly, many solutions of zinc and
silver in particular can be treated and
re-used.

3) Use something less
environmentally harmful

We are all now quite wary of using
lead and mercury compounds in part
at least due to their environmental
harm. But there are other elements
that are deeply problematic for the
environment.

Copper we have already touched on.
In many cases iron salts can be used
as a substitute and these are much
less harmful.
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Figure 3 - Copper sulphate crystals.

Cobalt and nickel - these
compounds are carcinogenic as
well as being damaging for the
environment. Where possible an
alternative should be found.

Zinc - rather like copper, due to the
fact that zinc compounds are so
widely used we tend to overlook

the environmental damage they

can do. Itis far from insignificant,
however, and so where possible zinc
compounds should be avoided.

Chromium VI compounds - these
are dangerous for the environment
and also are carcinogenic, toxic and

have numerous other health hazards.

In short, they are best avoided. Two
common uses for these compounds

References

are oxidation tests for alcohols
and as indicators in silver nitrate
titrations of chlorides. These two
procedures are addressed in the
second part of this article.

Please note

SSERC is definitely not suggesting
that these substances are banned
(or are likely to be in the near
future). We are merely suggesting
aresponsible approach. Where
there is no suitable alternative,

by all means go ahead and use
dichromates or nickel compounds
but do what you can to reduce
the impact: have a demonstration
rather than a class practical, use a
microscale approach etc.

[1] Image from Flavio~ on Flickr https://www.flickr.com/photos/37873897@

N06/8277000022/.

[2] https://en.wikipedia.org/wiki/Green_chemistry.
[3] https://www.sserc.org.uk/subject-areas/chemistry/chemistry-resources/
microscale-chemistry/di using-precipitates-microscale/.
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Analysis of chloride in water

We all know that seawater is salty. We also know that this is
due, in the main, to the presence of sodium chloride. (To be
more precise, there is not actual sodium chloride present,
merely sodium ions and chloride ions along with a host

of other anions and cations in smaller quantities but it is
convenient to talk in terms of sodium chloride). There are
also chloride ions in far smaller concentrations in many
‘fresh’ water sources. A glance at the compositions of mineral
waters will show chloride as a significant component.

Salinity is important as many water
dwelling organisms will only thrive
within a particular salinity range
and also, in agriculture, increasing
salinity of soils has implications for
loss of production.

The average concentration in
seawater worldwide is 3.5% (usually
given as 35 ppt - parts per thousand)
but the figure will vary depending on
avariety of factors.

Argentometry

The analysis of chloride is done by
argentometry - titrating with silver
salts.

Mohr’s method
The most common method, familiar
in schools, is Mohr’s method.

-

. it
. 4
. =

- w‘
>~ ~ T

This involved titration with silver
nitrate solution using potassium
chromate as an indicator.

As you slowly add silver nitrate
solution, a white precipitate of silver
chloride forms (although it is coloured
yellow by the chromate ions).

Ag*+ Cl-—> AgCl

The end point occurs when all the
chloride ions are precipitated. Then
additional silver ions react with

the chromate ions of the indicator,
potassium chromate, to form a red-
brown precipitate of silver chromate.

2 Ag* + CrO4> —> Ag2CrO4

Figure 1 - Chromate. L-R Starting solution, silver chloride precipitate, end-point colour change,

going further.
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While this method works well, it
has the problem of using chromate
which is toxic and dangerous for
the environment. But there are
alternatives.

In both of these cases, the actual
titration is carried out in exactly

the same way as normal just using
di erentindicators (and in the
second one doing some preparation
to the water sample).

Fajan’s method

This alternative uses an adsorption
indicator such as fluorescein. The
indicator adsorbs onto the surface
of the silver salt precipitate at the
endpoint. This adsorption process
causes a change in the colour of the
indicator.

Common Fajan’s adsorption
indicators are weakly acidic

organic compounds and in alkaline
conditions will exist as the conjugate
base, In-. Itis this form of the
indicator which interacts with the
precipitate.

When AgNO3 is added to a dilute
solution of NaCl, the solution
becomes turbid and coagulation
does not usually occur immediately.
The colloidal sized AgCl particles
adsorb Cl- and these attract
sodium ions. Colloidal particles are
electrically charged and repel each
other preventing coagulation.

As titration continues, the amount
of chloride decreases but there is
still some surface charge which
acts to repel the negatively charged
indicator ion. Immediately a erthe
endpoint there is an excess of silver
ions which will adsorb onto the
surface of the precipitate.

The charged surface has now
changed polarity and attracts the
negative indicator ion causing an
observable colour change.
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Figure 2 - Fluorescein. L-R Starting solution, silver chloride precipitate, end-point colour

change, going further.

There is a variety of indicators that
can be used. The most likely to be
found in school are fluorescein

and eosin. Fluorescein works from
pH 7. Dichlorofluorescein is OK for
more acidic solution (pH 4 and up)
and eosin is fine above pH 1 BUT is
unsuitable for chloride, though fine
for bromide and iodide, as it binds
too strongly.

There is, however, a new method.

The Hong-Kim-Czae method [1]
It utilizes a mediator, a weak acid
that can form an insoluble salt

with the titrant. The mediator
triggers a sudden change in pH at
an equivalence pointin a titration.
This change can then trigger a colour
change in an indicator. The version
here uses phenolphthalein [2] as an
indicator but it does rely on mixing
the sample with a phosphate
solution to mediate the reaction.

Aweak acid (HA) whose conjugate
base (A-) can form a slightly soluble
salt (AgA) with the titrant (Ag+) is
added in place of the (chromate)
above. The result is that at the
equivalence point, H+ ions are
produced leading to a sharp drop

in pH which allows the equivalence
point to be detected with an acid-
base indicator.
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The water sample first has a small
amount of phosphate added to it
and then a few drops of sodium
hydroxide to make it alkaline.
This makes it purple when
phenolphthalein is added.

At the equivalence point, the drop in
pH turns the indicator from purple

to areddish brown (there is notable
clumping shortly before the end).
Theoretically, the end should be
colourless but it seems not to be - the
reasons are obscure at present - there
is, however, a clear colour change.

Volhard’s method is another
alternative that is not discussed here
due to cost factors.

—— e —

It involves adding excess silver
nitrate and then carrying out a back
titration with an iron solutions using
thiocyanate as the indicator.

Itise ective but has noreal
advantage over the previous methods
and uses more silver nitrate.

Gravimetric method - this has also
been discounted in this discussion
as it needs significantly more silver
nitrate to get an accurate result
and there are also problems with
the co-precipitation of other silver
compounds such a sulphates.

In conclusion

Silver nitrate, like all silver
compounds, is expensive. In order
to minimise cost, where possible
itis a good idea to use microscale
titrations as they will use a small
fraction of the amount that a full-
scale titration will.

The lack of chromate contamination
in these methods, though, will mean
that of recycling the silver, while not
simple, is more likely to be possible.
We will follow this up in a future
article.

References

[2] The method has no name but
these are the names of the authors
of the paper.

[2] https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC3065052/pdf/
IJAC2010-602939.pdf.

T————

—

Figure 3 - Phenolphthalein. L-R Star_ting solution, silver chloride precipitate, end-point colour

change, going further.
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Permanganate oxidation of alcohols

The oxidation of alcohols is
commonly carried outon a
test-tube (or spotting tile)
scale to demonstrate to
pupils the di erent properties
of primary, secondary and
tertiary alcohols.

Itis normally carried out using
acidified potassium dichromate. This
reagentisane ective oxidant and
has the advantage of an inherent
colour change (from yellow to green)
that allows the progress of the
reaction to be easily observed.

However, chromium(VI) compounds,
such as dichromates, are toxic,
corrosive, carcinogenic, mutagenic,
sensitisers and extremely hazardous
to the environment. Where possible
they are best avoided.

Other methods have been suggested,
most notably by using a solution of
acidified permanganate in which

the primary, secondary and tertiary
alcohols can be distinguished by

the rate of change of the colour

from purple to yellowish brown as
the manganese VIl is reduced to
manganese IV. The colour changes
are not all that clear, though, and the
experiment takes some time.

As an alternative, we have developed
an improved method which uses an
alkaline permanganate solution.
This gives an initial colour change
(where oxidation happens) to the
bright green manganese VI followed
(in some cases) by a slow change to
yellow/brown manganese IV. (The
blue V state is very unstable and
rapidly decomposes).
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2-methyl-propan-2-ol.

Alkaline permanganate is not as
stable as the acidified solution and
so will be reduced in air to the blue/
green colour (possible a mix of Mn VI
and VII) but it is significantly di erent
from the green produced if there is
any reaction.

As can be seenin Figure 1 above,
the colour changes are clear and this
method has the great advantage of
not being hazardous (for technicians
either).

The permanganate solution is

very dilute (0.006 mol I') and

so the solution can, a er either
neutralisation or further dilution
simply be washed to waste. (The
hazard of this solution is solely from
the sodium hydroxide)

The experiment

You will need:

+ Alkaline manganate VIl solution
Dissolve 0.1 g of potassium
manganate VIl in 100 cm3 of
0.4 mol I'* sodium hydroxide.

* Spotting tile

+ Alcohols to test
A good selection would be ethanol,
propan-1-ol, propan-2-ol and
2-methyl-propan-2-ol but others
can be tried.

Figure 1 - Top row: control. Bottom row(le to right): Ethanol, propan-1-ol, propan-2-ol and

» Pasteur pipettes
It may be preferable to have the
alcohols in dropping bottles. In
either case, the alcohols have
atendency to flood out of the
pipette/bottle rather more rapidly
than water so students should take
care and preferably have some
practice at handling them

Method

1) Take your spotting tile and add 10
drops of your alkaline manganate VIl
solution to each of 5 wells (4 alcohols
and a control)

2) Use Pasteur pipettes or dropping
bottles to add 2 drops of ethanol

to the first well, propan-1-ol to the
second, propan-2-ol to the third and
2-methyl-propan-2-ol to the fourth.

3) Observe the changes over the next
few minutes.

Results

The figure below shows the colours
obtained from some common
alcoholsa erleaving for about 5-6
minutes.
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Ethanol - an immediate green colour
which then slowly (over 5 minutes or
more becomes yellower).

Propan-1-ol - the same as ethanol
butitis very slightly slower.

Propan-2-ol - A slightly slower green
colour (a couple of seconds) followed
by a slower yellowing. It will end up
green rather than yellow.

2-methyl-propan-2-ol - the solution
rapidly goes a dark, slightly bluish
green but then stays that colour.

Control - this slowly changes colour
to end up the same dark bluish green
as the tertiary alcohol.

Extensions

1) Ketones - The only ketone we
tested here was propanone. This
goes the same colour as the primary
alcohols only faster. Within about 1
minute the solution is yellow.

To be certain, test the propanone
with an acidic permanganate
solution - there will be no reaction
and the solution will remain purple.

2) Methanol - This undergoes the
same changes as ethanol butis a
little slower

3) Butan-1-ol - again the same
changes as ethanol but it needs
stirring a little at the start to
encourage mixing. The reaction is
also noticeably slower.

Guide to practical physics

‘Send the teachers on this!’
commented a technician who
attended our Introductory
Physics course. It got us thinking
about our own experiences as
newly-qualified teachers and

the guidance available when it
came to setting up equipment.
We decided to take the notes we
had created for both Introductory
and Intermediate Physics and put
together a document we hope will
be of use to technicians, science
teachers who are not physicists but
who teach physics at BGE, and to
early-career physics teachers.

The result is the Guide to practical
physics. This can be downloaded
from our website [1] but you will
need to log in to do so as it has

a substantial amount of health
and safety content. Such material
is password protected. SSERC
Bulletin 265 [2] tells you all you
need to know about getting a
password.
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Guidance ranges from the very

basic - which sockets to use when
measuring current with a multimeter
- to more complicated issues such

as using the correct UV light source
to demonstrate the photoelectric

e ectand indeed doing so safely. We
have made videos to support some
of the content [3].

When we first ran the Introductory
Physics for Technicians course,

we asked delegates for their

ideas regarding content of an
Intermediate course. We took these
ideas onboard. In a similar spirit,
we would like to hear your ideas

for the content of the Guide to

References[

4) Aromatic alcohols - we tested
phenylmethanol and cyclohexanol.
Both needed some stirring to
encourage the reaction to start

but they turned greena er about

15 seconds and began to show a
yellowish tinge a er about 3 minutes.

5) Diols and triols - we tried ethane-
1,2-diol, propane-1,2-diol and
propane-1,2,3-triol. All three (a er
a little stirring to mix) rapidly went
orange.

Figure 1 - The guide.

practical physics. We hope that it
will be an ever-evolving document.
Comments, please, to
gregor@sserc.scot.

[1] www.sserc.org.uk/subject-areas/physics/physics-other-resources/guide-to-
practical-physics/ (accessed August 2019).

[2] www.sserc.org.uk/wp-content/uploads/Publications/Bulletins/265/SSERC-
bulletin-265-p7_8.pdf (accessed August 2019).

[3] www.sserc.org.uk/subject-areas/physics/physics-other-resources/how-to-

videos/ (accessed August 2019).
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Aged protactinium generators

* Protactinium generators 8 years old or older will need
to be disposed of;
+ Disposal will require a specialist contractor.

If you attend a SSERC course on working with radioactive
materials, we will show you all the sources you are
allowed to buy to study radioactive decay and half life.
Two years ago, we made a short video on the subject for
SQA [1]. We always stress that, although it is relatively
cheap to buy, getting a protactinium generator may be
afalse economy.

A protactinium generator (figure 1) contains uranyl
nitrate (toxic and radioactive), very strong hydrochloric
acid (corrosive) and hexyl ethanoate (flammable). If
there was a competition for a piece of school science
apparatus with the most hazard symbolsa ixed toit,
the protactinium generator would probably win.

Protactinium generators were quite commonplace in
schools in the nineteen eighties. The Surplus Source
Disposal initiative that took place around 12 years

ago removed most of them. At that time, there was no
replacement on the market. This changed in late 2011,
meaning that the oldest protactinium generators are
now around eight years old, an age that, as we shall see,
is significant.

Any time you buy a radioactive source, the manufacturer
will inform you of its recommended working life (RWL).
Sealed sources used to demonstrate absorption of
radiation, inverse square law and so on have RWLs of
between 5 to 10 years. However, experience has shown
that leakage is very rareevena er3or4RWLs. Ifa
sealed source appears in good condition (check using a
mirror) and continues to pass its leak test, its RWL can be
extended. We cannot do the same with a protactinium
generator. The risk of leakage is too great. Its RWL is

8 years. Disposal will involve a specialist contractor.
Although it is its chemical toxicity rather than the

fact that it is radioactive that necessitates this, most
hazardous chemical disposal companies do not handle
radioactive material.

Figure 1 - Protactinium generator.

What to do if you have a protactinium generator

¢ Check your inventory to find out how old it is.

* Ifitis 8 years old or older contact SSERC on rpa@sserc.
scot for advice on getting a contractor to dispose of it.

¢ Ifyou don't know how old it is and can’t find out by
contacting former sta members, assume it requires
disposal.

Make sure that what you have is actually a protactinium
generator. Some schools who went on to buy barium
isotope generators (eluting sources) continued to refer to
them as ‘protactinium generators’.

Unfortunately, disposal costs are likely to run well into
three figures, hence the comment about ‘false economy’.
Please note that hanging on to radioactive material that
you cannot use is not an option.

Reference
[1] https://www.youtube.com/watch?v=hCValLQ bJ1g&t=5s
(accessed August 2019).
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