


New
Products,
Services

WATER CONDITIONING
EQUIPMENT

Described as the largest water
treatment company in USA, Culligan
international has recently named
Lennard, Tuck & Co. as NZ distributors of
its water conditioning equipment.

Currently available in 92 countries, the
Cultigan range is comprehensive.
Basically the equipment covers depth
filters, de-ionizers, reverse 0smosis units,
desalination plants, softeners and cyclone
separators. The depth filters are unique in
their flow rates and economy. Typically a
sand filter will operate at 13 to 23
litres/min/sq ft. of media. Culligan depth
filters have flow rates almosl 7 times faster
than conventional sand filters and are said
to produce greater clarity by removing
partictes down to 10 microns. The entire
bed traps turbidity enabling long runs
between backwash cycles which require
85% less water.

Multi-Tech is the name Culligan has
given to its fiitration systems for potable
water supplies. For a much tower capital
investment, less site preparation and
reduced supervision Multi-Tech claims to
give superior product water quality than
conventional settling basins, open
clarifiers and open sand filters. By the use
of modular design, increased water
demands are fulfilled with low cost and
rapid installation. The systemns produce
potable water at flow rates from 170-3000
LPM at a conservatively estimated saving
of 40%.

All units throughout the range are pre-
engineered, automatic, simple to install
and cover a wide selection of sizes, For
example, design flow rates for softeners
go up to 2,800 LPM, depth filters 1,800
LPM and de-ionizers 2,000 LPM. However,
many sizes are available and at the other
end of the 'scale Culligan equipment will
condition water at 700 mis/min.

To service and promote the Culligan
concept of “Treating Water Seriously”, a
seminar was held in Auckland recently.

These products are available at the
Lennard, Tuck branches in Auckiand,
Wellington, Christchurch and Dunedin.

CO64 for turther detalls, use Reader
Service Card.

DisSCs

The introduction of the following new
discs from Tintometer Ltd, UK, is
announced by Selby-Wiiton Scientific
Ltd.

Phosphate: The method is suitable for
the analysis of mostindustrial waters from
cooling systems, boiters and associated
plant treated with phosphate based or
organo-phosphorus based products. The
method has distinct advantages over
other technigques and is based on the

Page 200

reaction of orthophosphates with
ammonium molybdate and potassium
antimonyl tartrate to form phospo-
molybdic acid which is reduced to
molybdenum blue by ascorbic acid. The
method is listed by the American Public
Heaith Association (APHA).

Nitrite: The presence of nitrite in water
is a clear indication of pollution. Now
available is a new simplified version of
a nitrite test using disc 3/103 and a single
tablet reagent. The test is based on the
APHA recommended reagent N1 —
Naphthy Ethylene Diamine.

Zinc: A new simple tablet reagent used
with a new Lovibond Zinc disc 3/102 is
now available for the determination of
zinc, which is added to industrial cocling
water as an anti-corrosion agent and it is
important to periodically check that the
required level is maintained.

CO60 For further detalls, use Reader
Service Card.

DIGITAL RESISTIVITY
MONITORING SYSTEM

Unprecedented accuracy in the
monitoring and control of pure-and ultra-

‘pure water is now a reality with the recent

introduction of the 921D Digital Indicating
Resistivity Monitoring System by the

Balsbaugh Center of Foxboro Analytical. -

The new 821D, the first microprocessor-
based resistivity monitoring system,
provides adaptive automatic temperature
compensation through use of a
microprocessor in a digital computation
system. This microprocessor computa-
tion used in conjunction with a solid-state
temperature sensor in the cell provides
highty accurate measuréement. Once the
resistivity and temperature are measured,
the valve at 25°C s automatically
calculated and displayed on a 3-digit LED
readout. This value is used to provide
signals to the alarm and output circuits. A
simple touch of the digital display front
panel switch permits instant viewing of
either the alarm set point or the process
femperature with no interruption of the
measurement or the output signals.

Modular in  construction for easy
servicing, it features all solid-state
circuitry mounted on the power supply,
display, and function boards. The monitor
is small and compactly designed for panel
mounting. The enclosure meets NEMA 3
environmental standards, say the NZ
representatives, W. Arthur Fisher Ltd.
CO62 For further details, use Reader
Service Card.

tON CHROMATOGRAPHY
SYSTEM

Tracor Instruments, manufacturers of a
photo-conductivity detector used for
selective detection of halogen and
nitrogen compounds in HPLC effluents,
have released information to demonstrate
how this detector will effectively detect
low concentrations of both anions and
cations by the selection of appropriate
counter ions and columns.

For anion analysis column packings of
low capacity (eg 0.04 milliequivalents/
gram of resin} are selected. These permit
the use of solvents with low
concentrations of competing anions.
Typically, solvents containing 5 x 10-4m
phthalic acid or benzoic acid are used, say
the NZ agents, Advanced Electronics Lid,
Auckland.

Several interesting chromatograms are
available, illustrating the following:

1) Anion separation of a synthetic
mixture of C1, NOz, Br, NO3, and SOyq;

2) Synthetic mixture of C1,NO2,
Br. NOs, and POs;

3) S04 in tap water;
4) Synthetic mixture of cations giving
good separation of Li, Na, NHs and K.

The main advantage of the detector

system is that it can uvsually be added to

existing HPLC pumps for less than $6,000,

or supplied as a complete system for

$12,500.

CO061 For further details, use Reader

Service Card.

CALCULATING PRINTER

The increased use of microprocessors
has signitficantly raised the performance
of electronic balances. As a resull,
peripheral instruments must also meet
higher performance standards. Weight
values in labs and industrial plants must
be identified and recorded. But without
the date, time and article number, even
printed records are incomplete and can
cause mistakes and misunderstandings.

This is where the Metller GA23 comes
into play. Connected to any Metller
balance equipped with an 03 Data Output,
this calculating printer is suitable for the
following applications:

e |t continuously adds up individual
values, then calculates subtotals and
grand totals.

* With the touch of a button, the GA23
automatically calculates and prints out
the mean value of a series of resuls.

* When the appropriate factor is entered,
the instrument converts weight values
intg other units of measurements.

¢ The GA23 continuously compares
individual weight valugs with a desired
reference or target value,

e Calculated differences are indicated in
absolute terms and in percent.

I needed. the Mettler GA23 calculating
printer turns into a full-fledged office
calculator than can be used all by itself.

NZ agents are Watson Victor Ltd.

C057 For further details, use Reader
Service Card.
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THE MODERN

APPROACH TO
RUSTPROOFING

l‘er rofect

TREATMENT CENTRES PROCESS

STOP RUST NORTH SHORE 125 Wairau Rd

Takapuna, Auckland . . . o . .AK 446-535
STOP RUST NEWMARKET LTD 437 Khyber Pass

Newmarket, Auckland ... . ... ... .. .. ... . ... AK 549-236
STOP RUST CITY DEPQT (Depot Only)

Swank Auto Valet Service, 118 Nelson St ... .. AK 375-785
STOP RUST OTAHUHU 111 Station Rd

Otahuhu, Auckland .. ... T AK 276-5392
STOP RUST WHANGAPARAOA Automods Ltd

681 Whangaparaoa Rd, Whangaparaoa . ... ..WGP 5576
STOP RUST KAIKOHE 5 Haihara St

Kaikohe ........ e sy O KHE 417
STOP RUST PUKEKOHE Pukekohe Autodrome Ltd

Crosbie Rd, Pukekohe ....... . ...... ..PUK 88-398
STOP RUST HUNTLY Geo. Smith & Sons Ltd

Main Rd, Huntly .......... ......HLY 87-642
STOP RUST HAMILTON LTD 527 Anglesea St

Hamilton . . ......HN 85-231

PLEASE
SEND ME

STOP RUST WELLINGTON
Wellington Motordrome Ltd, 164 Aro St

Wellington ........ ceeeeoo.. . WN 843-350 A COPY OF—

N.Z. MOTOR CORPORATION Kent St L

Wellington — S S ) [ WN 859-969 HVngg)-

STOP RUST CHRISTCHURCH CENTRAL YOUS U

The Undersealing Centre, 73 St Asaph St KNOW AB ouT

Christchurch . .. . ceviee-n.....CH790-149 i

STOP RUST GREYMOUTH Schaef's Ltd . RUSTPROOFING

Herbert St, Greymouth .........................avs51%9  Ask your local applicator, NAME- + + oo
; he's a professional —

STOP RUST HOKITIKA Schaef's Ltd : ;

134 Stafford St, Hokitika ... ... <..........hk36  he’s there to help you. ADDOERS < o« s mvceiecy st g v Boimies o

a gERROTECT GIVES YOU STOP RUST

STOP RUST
= SO MUCH MORE / DISTRIBUTORS LTD
'CBS[IB/ P.O. BOX 22-184, OTAHUHU.
- s o o = v ey e

C260 For further detalls, use Reader Service Card



Are You Buying An Atomic Absorption
Spectrophotometer?

Why Not Consider The Advantages Of An
Inductively Coupled Plasma-Atomic
Emission Spectrometer (ICP-AES)?

An Inductively Coupled Plasma is a universal source, ideal for
sequential and simultaneous analysis of a wide range of elements.

Lablest Equipment Comp

‘PLASMASCAN' is Labtest’s sequential I.C.P. system, available at
a price comparable with a high performance A/A, but with

important advantages: \
* Better sensitivity and precision particularly for Boron,
Molybdenum, Sulphur and all refractory elements
* Wider dynamic range; 10 ¢ or more

* Safer operation using non explosive gases §

* Easier automation; more flexible data presentation .
You can see a ‘Plasmascan’ at the NZIC conference, Palmerston North — or - ;:-
call us for full details now. .
LABTEST design and manufacture flexible systems for sequential and | <

simultaneous analysis, using inductively coupled plasma and boosted glow
discharge sources.

SOLD AND FULLY SUPPORTED BY

contact max HaL  ADVANCED ELECTRONICS LIMITED

P.0. BOX 32-076 DEVONPORT, AUCKLAND.
PHONE: (9) 451-305
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[ Guest Editorial |

“RUST NEVER SLEEPS”

As this issue of our Journal contains several papers on the
corrosion or degradation of materials, | am pleased to have
been given this oppartunity to speak out on this subject as a
member of the Austratasian Corrosion Association.

First, why bother about corrosion at all? The second law of
thermodynamics tells us that it is inevitable, that all materials
will undergo degradation; so why not accept this fact, allow
the material to corrode and then replace the article when it is
beyond redemption? Furthermore, corrosion control measures
invariably appear as a negative quantity on any balance sheet,
50 why trouble with the costs of protective measures? The
answers to these questions are becoming increasingly more
urgent nowadays, because corrosion is like a disease — it is
wasteful of materials, our diminishing resources and labour; it
can indirectly lead to accidents; ruin the aesthetics of an
altractive structure and ¢ost the community, both individuals
and the nation, a great deal of money. And like many diseases,
it never sleeps!

The 1978 Report on the “Economic Effects of Metallic
Corrosion in the United States” prepared by the Natlonal
Bureau of Standards as directed by the US Congress, con-
¢luded that the cost of corrosion to America is about $70
billion per annum, with avoidable costs being in the vicinity of
15-25% of this amount. Transiating these ftigures to the NZ
scene (as at 18978) then each man, woman and child in this
country pays out about $160 per annum for corrosion costs, of
which about one quarter could have been avoided by applying
knowledge that already exists! Thus corrosion may be defined
as the science explaining how productivity and values are lost!
And yet who In decision-making positions, both in Government
and many commercial enterprises, really seems to care about
this appalling wastage of our natural and imported resources?

The Australastan Corrosion Association with eight
branches throughout Australia and NZ has a very real concern
for this situation. The Association fully supports the recom-
mendation of the Hoar Report (The Committee on Corrosion
and Protection, UK, 1971) which, in the NZ context, advocates
the following improvements to the current situation:

@ There is a need for a focal point of all corrosion and
protection interests in NZ and this could best be
achieved by the establishment of a National Corrosion
Advisory Service, which would reinforce rather than
replace existing organisations.

®Morg effort should be made 1o instruct engineers,
sclentists, designers and architects in corrosion and
control measures during their undergraduate and pro-
fessional training.

® There should be more emphasis on corrosion theory and
protection measures in post-graduate research, while
co-operation and exchange of Iinformation should be
encouraged between research bodies.

®There should be closer links between various insti-
tutions and organisations in the corrosion field through-
out Australasia.

Although these aims are admirable and long term, the
immediate need is to maks the public aware of the present
unsatisfactory situation, To this end, ACA is about to launch
throughout Australasia a $20,000 coloeur film entitled “The
Corrosion Problem”, and our Association hopes that chemists
and all scientists will have the opportunity to view this
interesting and unique presentation, which we hope will
stimulate future action in the technology of corrosion
mitigation. :

L.H. Boulton

Imm. Past-President

NZ Branch

Australasian Corrosion Association

Chemistry in New Zealand

uﬁommentj

‘Pologetic Polemics
From The Pulpit

The apostrophe before the first "P" in our title this time is due
to our easing the load on our sacerdotal shoulders by taking off
for sister dioceses in the Pacific, particularly Tonga and Samoa,
where the " is used to indicate a glottal stop and alsc to modity
pronunciation. Travel broadens the ecclesiastical mind: We had
always felt that the motto of the Presidents of the United States
“In God we trust” merited our approval — how can it be otherwise
with a nation that produced Billy Graham, Oral Roberts, and
other evangelists who had the ear of Presidents and built
Universities? However in American Samoa we saw this sign ina
shop:

IN GOD WE TRUST
Afl others pay cash
No checks accepted

Enquiries from the staff elicited the fact that God was not a
customer, so in fact the proprietor of the store trusted no-one.

We have recently had our faith disturbed in another way. We
had trusted computer readouts for changes of address and status
of our members for adding to the information kindly supplied by
our Branch Editors. But, alas, strong complaints from our
brethren (and cistern) in the south; this information was wrong
and in fact even offensive for which we are sorry. The sad lesson,
and rude shock to our faith, is that we can no tonger trust in the
computer; like our American friends, only in God can we trust.
However we need not fall back entirely on this ecclesiastical
resource; we still trust many of our fellowmen and women who
nobly help us with the Journal and the odd word of appreciation,
which may be saying the same thing.

{As a postscript, those who do not receive this issue of
Chemistry In NZ, and therefore miss the beauty of our sublime
utterance, blame the computer, not US.)

And an ecclesiastical footnote: By royal decree, Sunday is the
day of worship in Tonga, which suits the mainstream Christians,
but puts the Seventh Day Adventists on a spot. However thereis a
way out of this diabolical dilemma. The SDA's say “Look at the

-map, and see the twisted line; we are not really one hour ahead of

NZ, but 23 hours behind. Though King Taufa’ahu Tupou IV says it
is Sunday, it is realty Saturday and we are right after aff, and the
only ones who are right." Is there a moral in this story?

S.G. Brooker.



electrophoretic
sample
concentrator

-

CEh

The concentrator consists of a power supply, 4 tanks,
and 20 cups. The molded tanks have a hollow central
septum which separates the buffer chambers and
supports one or two sample cups. Tube fittings allow
cooling water to be passed through the septum when
desired. The power supply provides controlled
power (wattage) individually to each of the four
tanks. All tanks are run at the same power, which
can be set at either one or three watts*. Electrode
connection is made through an interlock system in
the cover to disconnect the power if the unit is
inadvertently opened without turning off the power

supply.

Concentration takes place in removable sample cups
in a molded electrophoresis tank. Each cup has a
large and small well covered at the bottom with a
special cellulose dialysis membrane allowing pas-
sage of ions with molecular weights smaller than
3,500. The two wells are immersed in oppositely
charged buffer chambers. For simple concentra-
tions, both wells and the area connecting them are
filled with a 10 ml unconcentrated sample. Sample
ions migrate to the small (0.2 ml) concentration well
and may be removed through plastic tubing with a
syringe, after the overlying buffer has been pipetted
off.

conact SELBY-WILTON SCIENTIFIC LTD.

Wellington Auckland

P.O. Box 31-044 P.O. Box 9071
Lower Hutt Newmarket
Tal: (4) 697-099 Tel (9) 771-949
Telex: 31376

€266 For further detalls, use Reader Service Card

Christchurch Dunedin

P.O. Box 22-705 P.O. Box 1424
High Street Tel (24) 773-235
Tel: (3} 50-645

October 1980



PHILIPS

SCIENTIFIC EXHIBITION

The latest ““State of the Art” instruments from Philips and Pye Unicam will
be on display for the week commencing October 27th.

Systems from the following equipment areas will be on display and
demonstrated throughout the week.

Spectrophotometry Atomic Absorption
' Infra Red

Ultraviclet — Visible
Chromatography Gas Liquid

High Performance Liquid
Liquid Scintillation
Automatic Gamma

pH

pX

Conductivity

Nuclear Analysis

Electrochemistry

I VENUE: Ground Floor Showroom,
Philips Electrical Industries NZ Ltd,
2 Wagener Place,
St Lukes,

l AUCKLAND 3. l

If you are interested in attending, or require information . please contact either:—

Mr R.D. Smith, Mr C.W. Pritchard,
P.O. Box 41-021, P.0. Box 2097,
AUCKLAND. WELLINGTON.
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What's

Happening

The Institute is very short of copies of
issues of Chemistry in NZ for October and
December 1979. Anyone who has copies
to spare is invited to send them either to
the Editor at 6 Koraha St, Remuera,
Auckland, or Chemistry Dept, University
of Auckland, or to the Registrar, Box 1926,
Christchurch.

* Kk *

Royal Society on 2,4,5-T in NZ: After
presentations made atthe Annual Meeting
of Fellows at which papers were read by
Prof McQueen, Medical Research Council
Toxicology Unit, Dunedin; Mr LR.C.
McDonald, Chemistry Division, DSIR; and
Dr D.M.0. Becroft, Pathologist in Charge,
Princess Mary Laboratory, Auckland, the
RSNZ issued a press reiease stating that
there were few grounds for regarding
2,4,5-T itself as having any important
health hazards. The contaminant dioxin is
extremely poisonous, but at the
concentration currently present in the
herbicide as distributed in NZ the possible
hazard represented by dioxin appears
negligible. it was also stated that sunlight,
2.45-T, and solvents used contribute to
rapid breakdown of dioxin. !t will be
interesting to see how welil this
pronouncement from a learned group is
accepted by environmentalists and other
vocal groups. {(Copies of the assessment
are available from the Royal Society, Box
12249, Weltington).

* ok k

Mike Kingsford, Convener of the NZIC
Public Affairs Committee, has received an
assurance from the Human Rights
Commissioner that any concern overnon-
graduates having the same opportunities
in the teaching profession as graduates is
based on a misunderstanding. “Qualifica-
tions are usually stressed as one of the
most relevant criteria” the Commissioner
says.

The Commissioner has also ruled that
fluoridation of water does not constitute a
breach of human rights.

* Kk ok

Strike upsets the American Chemical
Soclety: Because of a continuing hotel
and restaurant workers' strike in San
Francisco, the American Chemical
Society 180th National Meeting held
concurrently with the 2nd Chemical
Congress of the N. American Continent,
scheduled for August 24-29, was
transferred at short notice to Las Vegas,
Nevada.

* kK

In a hand-out from the USSR on sclence
and lechnology, we are informed that a
group of scientists in Yakutia, a remote
district in Northern Siberia, has
discovered metallic aluminium in minute
particles of 1Tmm diameter in basaltic
rocks. The report goes on to say that ‘A
famous Soviet petrographer and
mineralogist, Academician Viadimlr
Sobolev, called the discovery of the
Yakutian scientists “sheer absurdity” due

Chemistry in New Zealand

to the disregard of the "fundamentals of
elementary chemistry” .. .. and cast aside
the evidence as "vulgar misinformation™.’
However a commission set up confirmed
the find as the ‘first fact of native
aluminium discovery recorded in world
science’.

* kK

Energy extracts: In audited tests
conducted by General Motors on a
number of their vehicles on roads around
the North Island, it was found that LPG
gave significant savings over petrol, and
CNG showed better still, e.g. with a
Commodore 6 costs per km were LPG
3.88¢c; CNG 3.02¢c; Petrol 4.90c. ---The
Minister of Energy in a radio talk-back
show over Radio Pacific, Auckland, said
that for a motorist doing less than
10,000km per year, the saving would not
warrant the cost of conversion. --We
talked with officials of one large company
which has a number of vehicles converted
to LPG and they could not confirm these
savings, which may have been due to not
having installed conversion units which
matched with cars.

A writer in "Science” (USA) says “it
takes about % acre of cropland to provide
enough food for the average person in the
third world. It would take almost 8 acres to
grow enough grain to run an average
American automobile entirely on grain
derived alcohol.”---Workers at Massey
University have been experimenting
running vehicles on vegetable oil
produced in NZ (rapeseed oil) and found
some difficulties with the fuel injection
system. Tallow converted t¢ methyl or
ethyl esters could be an alternative. -—An
article in the “New Scientist” for August 21
cites the work of Melvin Calvin, who won
the Nobel Prize for his work on photosyn-
thesis in 1961, and Sir George Porter of
the Royal Institution, London, who
predicts that in two years ways will be
found to split water into H and O by the
action of sunlight. Thus an ideal fuel could
be obtained.

* ok ok

Contact lens may be a hazard in the
laboratory says ‘‘Chemical and
Engineering News", since any chemicals
getting into the eyes are harder to remove.
It is therefore all the more important that
people with contact lenses wear safety
glasses.

HAMILTON AWARD
1981

The Hamilton Award is presented
by the Royal Soclety of NZ for
“sclentiflc research carried out In
NZ or in the Islands of the South
Pacitic which has been published
within 5 years preceding the last
day of January 1880. Such
publications may consist of one or
‘more papers and shall include the
first investigation published by the
auther. No candidate shall be
eligible for the prize who prior to
such perlod of 5 years has
published the results of any
sciemtitic investligation In a
recognlised scientific journal.”

No award will be made unless In
the opinion of the RSNZ Councll,
there Is evidence of sclentific work
of great merit. The 1980 prize was
awarded to Dr R.M. Lewitt for his
work on medical Image processing.

Nominations should be sent to
the General Secretary (Box 1926
Christchurch} by November 30. At
least 2 coples of the relevant
publication and a supporting
statement should accompany the
nomination.

Our man with Shell Oil NZ Ltd, Alan
Turner, has been responsible for the
technical content of the company’s new
booklet “The Shellman Guide to Safe
Handling and Use of Petroleum
Products”, which is a good thing. Copies
are available from Shell offices, depots,
and some service stations, or direct from
their Head Office, Box 2081, Wellington.

* ok

The main topic of interest in Otago/
Southland at present is the possible
construction of a new aluminium smelter
in the area. There has been substantial
local comment both for and against the
proposed project says Branch Editor
Stuart Gray. If the project proceeds as
planned, it will have a considerable impact
on the Dunedin area.

Golden Jubilee Issue

The February 1981 Issue of

when we should celebrate the event.

It will be a specially enlarged Issue and any members who have remlniscences
or documents that would be of interest In this connection are asked to
communicate with the Editor at 6 Koraha St, Remuera, Auckland 5.

List of Members

~ An updated list of members will be published in the Yearbook which comes out
in November. Any member who feels that his or her entry in the aiphabetical list
OR the occupational breakdown is Incorrect, should immediately advise the
Registrar, Box 1926, Christchurch. “Immediately” is the operative word, as the
publication schedule for the Yearbook is fairly tight.

CHEMISTRY IN NZ
issue devoted to the history of the Institute as the Journal's contribution to the
Golden Jubllee celebrations. Although the Institute was pctually formed in
November 1930, the first President, Prof W P Evans was nol appointed untll the
following February, so that February 1981 may well be considered the actual date

wlll be a special
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L\.& a It's good to know
' e ’ that Abels products

all get the
| laboratory OK . ..

All Abels products get regular
taboratory checks to ensure that the
highest standards are constantly
maintained. This technical service {as
well as the Abels bakery advisory ser-
vice) is at your service too.

Abels supply: i
Emulsifiers {GMS) N.S.E. & S.E. grades i
Vegetable based Emulsifiers

Toconut OIl (Crude, Bleached, Refined,
Deodorised)

Tallow Refined, Bleached, Deodorised.

Vegetable Qils
Hggrogenatea Fats to customers
specitication

Abels - at your service, any time. i

ABELS LIMITED #%
P.O. Box 9573 ¥

Newmarket
Auckland.
the profit
IMProvers.

-
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People

We would pay our tribute to the
contribution that Gavin Fletcher has made
to the Institute. He took over from Prof
W.E. Harvey as General Secretary in 1977,
and has not been content at any stage
merely to carry out the mechanics of the
job, but has had many innovative ideas, to
some extent drawn from his experience
with other organisations, and these are
reflected in the progress of the institute.
Gavin is a busy man, with his demanding
job in the Applied Research Office at the
University of Auckland, his keen interest
in the Kiwanis organisation, and as one
who does not take his home
responsibilities lightly, but such people
are often the ones that produce ideas
which are of lasting value. It is the Editor's
personal contention, after nearly 40 years
continuous service to the Institute in same
capacity or other, that the period of office
of the President of only one year hardly
allows him or her time for much
innovation and we are therefore
dependent a good deal on the Secretary —
and the Registrar — for this, In Gavin we
have been well served and his place will be
hard to fill.

We apologize for some errors in our
August issue, which were due to taking
information from a computer readout — a
genuine excuse this time. Dr Marion
Robinson is Professor in Human Nutrition
in the School of Home Science at Otago;
Prot Fastler has retired, while KP and
Chem Industries for which Mrs Simpson
works are the same company.

Two chemists have recently been
appointed principals of Christichurch
High Schools. They are Messrs J.D.
Murdoch (Cashmere) and W.G. Swan
(Linwood}.

A recent visitor to the Campus of the
University of Canterbury was Dr J.l
Vargas, Director of Industrial Technology
in the Brazilian Ministry of Industry and
Commerce. Dr Vargas, a Cambridge
graduate and former professor of
Chemistry spoke on chemical and
industrial development in Brazil.

Dr Don House has recently returned
from a period of study leave spent at
Stirling, Scotland, and Neuchatel,
Switzerland. Dr Alan Hopper recently
attended a conference al Santa Cruz,
California and Prof Leon Philllps was a
speaker at the Australian Spectroscopy
Conference in Sydney.

Mr A. MacDonald, has recently been
appointed Laboratory Manager with
B.J.N. Holdings Ltd., Auckiand. He is a
very active member in the Auckland
Branch of the Qil and Colour Chemists’
Assn., and is acting as an unofficial liaison
officer between QCCA and the NZIC. Mr
P.Y. Phang B Sc (Singapore) has joined
the staff of T.J. Sprott and Associates
Auckland. Mr MW. Phillps M Sc
{Waikato) is now an analyst with Flinders-
Cook Technical Services Ltd., Auckland.
Mr J. Child now has the position of
Technical Officer with the Natural Gas
Corp. Hawera. Miss T.H. O'Connellis now
with Waitaki-NZ Refrigerating Co at
Wairoa, H B. M.L. Jansen has gained his
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£h D from Calgary, Alberta, and is now
with the Building Research Assn., Porirua.
Mr B.I. Mattingley is at Cawthron Institute

Nelson. Mr R.S. O’Mahoney is now at
Waitakere College, Auckland.

Prof R.C. Camble (Chemistry
Department, Auckiand University),
national representative for the Chemistry
of Natural Products MNetwork, will be
attending the Co-ordinating Board
Meeting of the Regional Network and the
4th Asian Symposium on Medicinal Plants
and Spices, to be held in Thailand during
September 1980. He has been invited to
present a paper at the Symposium.

Mr B.E. Cavitt has transferred from the
Ministry of Agriculture and Fisheries, Mt
Maunganui to the Environmental Lab.,
Health Dpt., Auckland. Dr M.L. Daroux,of
the University of Auckland, is now at the
University of Southhampton, England.
The new address of DrJ.D. Featherstone,
previously al the Dental Research Unit,
Wellington is Eastman Dental Centre, 625
Elmwood Avenue, Rochester, N.Y. 14620,
USA. Prof B.J. Weich, previously of the
University of NSW, Sydney, is now
Professor and Dept. Head, Dept. of
Chemical and Materials Engineering,
University of Auckland.

Mr N. (Nick) E. Jarman, General
Manager of the Fishing Industry Board
since 1976, has received the prestigious
J.C. Andrews Award for ‘eminencein food
technology’ for 1980. Previously he had
been Technical Manager at the Alliance
Freezing Works in Southland. He has
represented NZ at Codex Alimentarius
meelings concerned with both meat and
fish. {Being an oid boy of Christchurch
Boys' High Schootl like ourselves no doubt
put his foot on the first rung of the ladder
of success — Ed.) The award is made
annually by the NZ Institute of Food
Science and Technology. He has recently
been appointed to the Scientific and
Technical Advisary Group (STAG) of the
International Frozen Food Association.

Dr D.W. Smith, Waikato University is on
jeave until January 1981, during which
time he will visit a number of institutions
abroad. Dr P.J. Morris, also of Waikato, is
at the Physical Organic Laboratories,
Murdoch University, Perth, WA until
January.

Shell Qil (NZ) Ltd has welcomed to their
laboratory Janet Chrobock from South
Africa, while another immigrant from
South West Africa, Mr Goldsmith, is
joining the BP (NZ) Ltd laboratory at
Seaview.

At Unilever (NZ) Ltd the chief chemist,
Mr Paul Milsom, has been promoted to
Product Development Manager and Mr
Andrew McQulillan has left Development
to become Production Manager, Powders.

Mr WN.R. Edmonds took over the
appointment of Course Supervisor,
Chemistry Section of the Applied Science
Department, Auckland Technical
Institute from Mr L.H. Boulton at the end
of the second term.

Gavin Fletcher resigns from the position
of Executive Officer, Applied Research
Office, University of Auckland at the end
of September to become Director, Heavy
Engineering Research Association. In his
new position he will be based at the
Association's offices at the Manukau City
Centre and will be working on services to
the heavy steel and structural industry. An

unfortunate consequence to this change
of job is that Gavin has had to resign as
General Secretary of NZIC.

Mr T.R. Butler has joined the NZ
Fertiliser Manufacturers’ Research
Association as a Chemical Engineer. He
was previously in the Research and
Oevelopment Engineering Section of UEB
Industries Ltd.

Dr Roger Whiting has joined the staff of
the Auckland Regional Authority Water
Laboratory as Scientist (analytical).
Roger completed his PhD in chemistry in
1975 at Auckland University under Dr G.A.
Bowmaker researching nuclear
quadrupole resonance.

After completing his doctorate Roger
worked as a chemist for Roan
Consolidated Mines in Zambia for 2%
years, He returned to NZ and worked for
Nylex Fletcher Ltd as Chemist and
Production Superintendent for 2% years
before taking up his present position.
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Meet The President

Dr A.J. Ellis, Assistant Director-
General, DSIR, is now President of the
tnstitute. He received his primary and
secondary education in Invercargill
before proceeding to the University of
Otago where he graduated M.Sc. {1st) in
Chemistry in 1953. This was the same
class as a previous Institute President, Dr
C.L. Davey, Director of MIRINZ.

Dr Ellis worked- first in the Dominion
Laboratory, DSIR, Dunedin, on food
chemistry, and fater in Wellington on paint
chemistry. In 1956 he returned to Ctago
University to complete a PhD in hydro-
thermal geochemistry, a topic which
occupied much of his later career in
Chemistry Division, DSIR, Lower Hutt.
From the late 19505 as Section Head in
Geochemistry his job was to buitd up a
team in Lower Hutt and Wairakei to
service the geochemical requirements of
the geothermal areas in the North Istand.

An international team was recruited to
undertake basic chemical research on the
properties of high temperature water
solutions so as to be able to interpret
quantitatively the many- analytical
chemistry resuits on natural water and
steam compositions. Other geochemical
aclivities included mineral survey and
development work, and chemical
volcanology. In the mid-1960s he studied
geochemistry at Imperial College and
electrotype chemistry at Southampton
University on a Nuffield Fellowship.
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in the late 1960s and early 1970s Dr Ellis
was associated with many overseas
geothermal developments, as a
consultant for the United Nations and
other international organisations in
countries such as Chile, Turkey, El
Salvador, Guatamala, Taiwan and Japan.
He also represented the Department at
many coferences overseas in Europe and
North America.

He became Director, Chemistry
Division, DSIR, in 1971. The decade
following was one of rapid expansion,
particularly in the industrial chemistry,
mineral development, energy areas and
with an increasing need for services in the
health and forensic science areas. Time
for personal chemistry became limited but
some studies on water chemistry, and
environmental chemistry were completed.

In 1879 he was appointed Assistant
Director-General, DSIR, with administra-
tive responsibilities for Applied
Mathematics, Chemistry and Physics and
Engineering Divisions, Auckland
Industrial Development Laboratory,
Christchurch  Industrial Development
Laboratory, Industrial Processing
Division, Wheat Research Institute. In this
situation he is concerned with the
development of work programmes and
policy in the chemical processing and
general manufacturing areas, transport,
wood processing and various other
scientific services.

N 1

O Elfis

He is an executive member of several
organisations, including Consumer
Council, TELARC, Meat Research
Institute of NZ, Logging Industry
Research Association, Research
Institution for Textile Services. He is a
Fellow of the Royal Society of NZ and
recently completed a lengthy period on its
Council, lately being Treasurer and Vice-
President,

Dr Ellis is 50 and is married with 4
children, 2 of whom are still at home. The
time for hobbies appears to be getting less
and less but he is a reasonably effective
woodworker and has been known to build
a house in his spare time. He recently took
3 months' long service leave to tour
Europe with his wife, something he
recommends that all executives do about
once every 5 years.

As President during the Institute’s 50th
Jubitee year, he looks to the collaboration
of Branches and of members in showing
the community the importance of
chemistry to our economy and in our
everyday life.

Tasman Pulp & Paper Co.. N.Z. Forest Products Lid., ka
Fiji Public Works Dept.. N.Z. Delence Dept.,
Auckland Regional Authority and several other
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There’s one plastic engineering company
that doesn t rely on trial and error,
and several plastic users who recognise that
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Silica — In Theory
And Geothermal
Practice

{1979 Mellor Lecture, to Wellington Branch, NZIC)
H.P. Rothbaum,
Chemistry Division, Department of Scientific and
Industrial Research, Private Bag, Petone, New Zealand.

SUMMARY

Silica scales deposited by geothermal discharge
waters prevent pollution control and therefore limit
worldwide development of geothermal energy. Several
novel methods for preventing silica-scaling are describ-
ed, namely removal of silica with quicklime, elimination
of air, acidification of the discharge waters and a treat-
ment with ferric sulphate. The fast method is the most
promising, as it removes arsenic and also eliminates
scaling; in addition it is relatively cheap and may result
in recovery of much waste energy in the form of clean
hot water. It is possible that this method may form an
economic alternative to re-injection of the discharge
waters.

Background laboratory work on the mechanism of
silica polymerisation between 5°C and 180°C is de-
scribed. We suggest that silica monomers preferentially
react with pofymers. At high temperatures far larger
polymers (molecular weight 10%) are formed than at low
temperature {molecufar weight 105). The reaction shows
almost no temperature co-efficient, because there are
s0 few polymers present at high temperatures.

The Mellor lecture commemorates the almost in-
credible coincidence that in the 1890°s the University of
New Zealand produced two geniuses, one of whom,
Rutherford, became the greatest physicist of his age,
while the other, Mellor, turned out to be the world’s

Dr H.P. Rothbaum studisd at
Victoria University, receiving a BSc
(1946), MSc (1947) and BA (1951)
and at Liverpool University, where
he obtained a PhD (1956) in electro-
chemistry. He has worked at
Chemistry Division, Department of
Scientitic and Industrial Research
since 1947, with spells away at
CSIRO, Melbourne (1953},
Liverpool University (1954-56) and Nanonar Physical
Laboratory, London (1964-66). He has invariably found
that any applied development project will soon lead to
some interesting chemical problem which one may not
have suspected; he then tries to do some basic chemistry
and bench-type development, as well as being invoived in
the joint pilot-plant work with chemical engineers. Such
projects included vapour pressure determinations leading
to work on salt production, measurement of bacterial heat-
outputs resulting in theories of spontaneous combustion
and industrial moisture control of wool and phosphorus
oxidation studies ending up with new fertiliser
foermulations. Similarly, silica polymaerisation.chemistry
was inevitably involved with geothermat poliution control.

All these “development” projects aim for befter-use of
ever-diminishing uses of energy supplies in the hope of
finding a reasonably acceptable balance between growth
and conservation,

Dr Rothbaum’s main hobby is playing the viola in
chamber music groups, mostly led by his wife who is a
violin teacher. Given this noisy family background, it is
surprising that his son is shaping up as a kesn cellist.
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leading inorganic chemist. The latter’s magnificent
“Comprehensive Treatise on Inorganic Chemistry” is
now over 50 years old and summarises the total con-
ventional wisdom of classical inorganic chemistry; it
reminds us of much that we tend to overlook today.

Dr Mellor would certainly have approved of a talk on
silica, the most common inorganic material on the
earth’s crust. When water percolates through hot rocks,
it becomes saturated with quartz at elevated tempera-
tures; on cooling, the supersaturated silica monomers
in solution can either polymerise {leaving the total silica
concentration unchanged) or they can deposit as silica
scales. In practice, depending on conditions, both these
reactions occur to varying degrees, and ane result is the
beautiful sitica terraces formed in geothermal areas.
Mellor' correctly quotes the silica solubility at several
temperatures, and states that silica can polymerise to
colloidal silica of molecular weight greater than 30,000.
What he could not foretell, is that these reactions
undoubtedly limit development of conventional geo-
thermal energy all over the world, because of deposition
of hard silica scales from geothermal discharge waters.
These scales will also hamper the proposed universal
use of geothermal energy, in which water is heated by

. pumping it into fractured hot dry rocks.?

Discharge waters from existing geothermal power
stations contain from 500 to 1000 g/t {the oid units were
ppm) of silica, while its solubility at 100°C is 370 g/t and
at 20°C only 110 g/t of amorphous silica. While silica
itself is not toxic, the resulting scales cause severe
operational problems; in addition, harmful impurities
such as arsenic and boron cannot be removed from the
discharge waters by conventional chemical water treat-
ment methods. Furthermore, the very large amounts of
waste heat in the waters cannot be dissipated in con-
ventional cooling towers, nor can any of this waste heat
be recovered usefully in heat exchangers. Several
methods have been used for disposing of geothermal
discharge waters, and these have recently been
reviewed by Defferding and Walter.? They include:

1. In the Wairakei power station in New Zealand, the
main drain consists of two parallel channels used
alternately. Silica scale is removed mechanically
from the drain (Fig. 1} and the water is finally
discharged into the Waikato River. However, the river
has now reached its limit for acceptable thermal and
chemical pollution, and further geothermal schemes
will not be permitted to use this simple discharge
system.

2. At Cerro Prieto in Mexico, the discharge water is
piped into a lake, in which silica separates out;
evaporation just balances inflow. Further extension
of the power statlon is limited by the size of the Iake

T

Fig. 1 Wairakei main drain, during silica removal process.
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3. In Ahuachapan, El Salvador, geothermal discharge
waters are high in boron, which is detrimental to
tropical citrus agriculture. The waters are therefore
reinjected at about 150°C into porous rock. This
system has performed satisfactorily over a number
of years, and also returns waste heat to the reservoir;
however at this temperature it is less efficient and
considerably more costly than the simple system us-
ed in Wairakei. At Otake, in Japan, reinjection is car-
ried out at a lower temperature, and as a result there
are severe problems with silica deposition in the
porous rock, and blockages in the reinjection wells.
In the Philippines, reinjection is being tried because
of the high boron content of the geothermal
discharge waters. At Ohaki, New Zealand's proposed
second geothermal power station, it is also intended
to reinject the discharge waters, because of their
high arsenic content and large thermal pollution
load; however, so far reinjection at Ohaki has not
been completely proven in practice.

We have investigated several other alternatives for
coring with the discharge waters: these are;

A Treatment of the waters with slaked lime, to pre-
cipitate calcium silicate, together with some
arsenic.*

B. Reinjection of the discharge waters without ex
posure to air.®

C. Acidification of the discharge waters to reduce the
rate of scale formation.®

D. Treatment of the discharge waters with ferric sul-
phate;” this simultaneously acidifies the waters (as
in option C) and forms a floc of ferric hydroxide,
which co-precipitates the arsenic.

This paper summarises these new alternative ap-
proaches, and also describes our work on the
polymerisation rate of silica in water between 5°C and
180°C; the mechanism of polymerisation is discussed
and we speculate how this is related to deposition.t
Method A:

Beaker tests in the laboratory showed that when
freshly slaked lime is added to the hot discharge
waters, calcium silicate is precipitated; this readily set-
tles out and can be filtered off. Depending on the dose
rate (300-800 g/t Cag)all or part of the silica is removed,
and all or part of the arsenic is co-precipitated. This pro-
cess was investigated in pilot-plant trials at both
Wairakei and Ohaki. Fig. 2 shows the pilot plant in the
Wairakei geothermal field (at this stage maodified for
acidification tests, see method C). Finally the Ministry
of Works and Development built a pilot-plant which was
10 times as large, and they continually desilicated the
discharge from a well in Ohaki for 2 weeks.

This method worked satisfactorily, but proved to be
rather expensive; furthermore, if the total outflow from

Sl -

) ) Calcium silicate production
tanks. (Centre} Small plastic acid-dosing tank. (Right)
Experimental drains and pipes, tesling acidified and
normal discharge water.
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Fig. 3
Experimental
ftash unit in
Ohaki, and 8x- |
periment on the |
effect ‘of aera-
tion of geother-
mea! discharge
water on silica
scaling rates. :

Wairakei were treated, about 80,000 tonnesfannum of
arsenical calcium silicate would be produced. Calcium
silicate is a very useful high-temperature insulant, but
as the total Australasian annual demand is only 5,000
tonnes, there would be a severe disposal problem. Cur-
rently a firm is designing a plant to manufacture
arsenic-free insulating blocks, using about one-tenth of
the Wairakei flow; they intend first removing arsenic
from the water with ferric sulphate (see method D).
Method B:

McDowell® showed that if air is kept out of geo-
thermal discharge waters, the rate of deposition of
silica scales is greatly reduced. This is the simplest
method of coping with discharge waters, especially for
reinjection at temperatures well above 100°C. For ex-
ample, successful reinjection in El Salvador probably
depends on absence -of air. However, at lower
temperatures, exclusion of air is probably not sufficient
to eliminate scaling.

We have investigated scaling rates?® including ex-
periments on the effect of aeration: Fig. 3 shows a smal}
flash-unit that was built in Ohaki to deliver unaerated
water to test pipes and an open field-tile drain, in which
the water rapidly aerated. A second field-tile drain
simultaneously tested fully aerated water, which had
been stored for two hours to allow the silica in solution
to polymerise. Results from these two tests (which
lasted for one month) are shown in Fig. 4. In the first
drain, as the water is aerated, deposition rates increas-
ed by a factor of 20. Elemental sulphur in the scales is
an indicator of aeration, as the traces of H,S in the
water are oxidised. In the second drain, where the water
was fully aerated, deposition is uniformly high along the
whole length. The H,S in the water has long ago been
oxidised and any elemental sulphur has distilled off.

Fig. 4 also indicates that while aeration greatly in-
creases the silica deposition rates, aeration does not
affect the amount of impurity Ca and Fe co-precipitated
as CaCO, and Fe(OH),. This suggests the importance of
Fig. 4 Effact of aeration of geothermal discharge water on

amount of silica scale deposited, and quantity of

elemental S, Ca and Fe co-precipitated.
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Fig. 5 Tiles after
acidification
experiment: X is
acidified  dis-
charge water at
pH 4. Y is
normal dis-
charge water at
pH 8.2

Fig. 6 Pipes
after acidifica-
tion: X is acidi-
fied discharge
wateratpH4. Y
i§ normal dis-
charge water at
pH 8.2.

nucleation, by traces of insoluble compounds, on the
rate of silica scale formation. Furthermore one may
speculate that air oxidises traces of ferrous compounds
in geothermal waters to Fe(OH), and in this way is
responsible for initiating silica scaling.

Methed C:

Extensive field tests® compared rates of silica scaling
from geothermal discharge waters at the natural pH of 7
to 8 and sulphuric acid — dosed water at pH 4. Fig. 2
shows a typical experiment in progress and Figs. 5 and
6 show resuits of tests that had lasted two months. The
effect of acidification is quite dramatic, and has re-
duced scaling by a factor of 100. Provided corrosion
does not become a problem, acidification may provide
an answer to geothermal scaling problems. In addition,
the acidlfied, treated waters could be passed through
heat-exchangers, to recover clean hot water, for in-
dustrial or home-heating use. In further tests the effect
of pH values intermediate between 4 and 8 will be in-
vestigated.

We are not certain why acidification slows down scal-
ing so much, but we believe that solubilisation of nuclei
of CaCO, and Fe(OH), (see Method B) may have a large
influence.

The tanks shown in Fig. 2 were also used to investi-
gate the effect of storage of geothermal waters for
various periods, to allow time for silica to polymerise.® It
had been claimed by Japanese authors® that storage of
geothermal discharge waters for one hour, reduced
silica scaling by a factor of 10. However, in our tests,
polymerisation of silica had no effect on the quantity of
scale produced, although in two experiments the scales
formed from stored waters were rather softer than the
scales from fresh waters.

Method D:

Arising out of the acidification work (Method C), we
have developed jointly with chemical engineers, a new
treatment method which simultaneously removes
arsenic from geothermal discharge waters and stops
silica scaling.” The water is treated with small amounts
of ferric sulphate at elevated temperatures, where
Chemistry in New Zealand

hydrolysis and flocculation occur far more gquickly
than at ambient temperatures. The ferric sulphate
hydrolyses to sulphuric acid (which prevents silica scal-
ing) and ferric hydroxide; the latter forms a floc, which
co-precipitates nearly all the arsenic, and is collected
by dissolved air flotation. The chemical engineers did
an impressive development project, in using dissoclved
air flotation {(previously only applied at ambient
temperatures) between 80°C and 90°C. Arsenic from
the floc can be guantitatively recovered and possibly
used in timber preservatives, while the remaining ferric
hydroxide is redissolved in sulphuric acid and recycled.
As sulphuric acid is the only chemical consumed, the
process seems quite economic. The acidified, treated
waters could (as in Method C) be used for recovering
clean hot water.

IPD {Industrial Processing Division) have run a suc-
cessful pilot-plant using the ferric sulphate process in
Wairakei, and we believe that this method may be a
viable alternative to re-injection in certain situations.
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Fig. 7 Polymarisation of silica, determined at 30°C. Aiso
moiecular weight of polymers formed.

Polymerisation Of Silica:

Apart from these applied projects, we also studied
the mechanism of silica polymerisation over a wide
range of temperatures in the laboratory.® Figs 7 and 8
show typical silica polymerisation rate curves (each
with 3 different initial silica concentrations) at 30°C and
180°C, the latter under pressure in gold bags. The
figures also show the total silica concentration, and the
molecular weight of the polymers remaining in suspen-
sion. Several points may be noted:

(i} Induction periods, before the silica polymerisation
reaction commences, become larger at higher
temperatures.

{ii) Once polymerisation has begun, there is almost no
effect of temperature on the reaction rate. This is a
most unusual and unexpected result, as most
chemical reaction rates, over a temperature interval
of 150°C would increase approximately 2'5 i.e. over
10,000 times.

{iii} At30°C the molecular weight of the polymers form-
ed is approximately 10* and no silica deposition oc-
CUTS.

(iv) At 180°C the molecular weight of the polymers is
approximately 10 and polymerisation leads to
deposition.

These results suggested a rate equation and a
physical picture of the reaction mechanism.? Silica
monomers react very slowly with themselves, but
rapidly with silica polymers. This accounts for the
tong induction periods before sufficient polymers

Page 181



Sllica (Cont)

are present. Furthermore, as much larger polymers
are formed at high temperatures, there are con-
siderably fewer polymers to react with monomers;
this explains the absence of a temperature co-
efficient and longer induction periods at high
temperatures. Much more work would be required
to elucidate completely the mechanism of silica
polymerisation.
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rig. 8 Polymerisation of silica, determined in gold bags at 7.
180°C. Also molecular weight of polymers formed.

Our picture of silica scaling is also one of silica
monomers reacting with scale already formed by

previous nucleation. In practice we find scaling in
different geothermal fields is very dependent on
local conditions of silica concentration, salinity, im-
purity content and pH. In addition, flow patterns of
the water are important, with increased deposition
rates when turbulent flow occurs. Qur studies have
led to the generalisation that large silica polymers
in the water cling preferentially to pipes or drains,
and monomers then react with the initial soft scale
to cement or harden it. However, ultimately each
gecthermal field must be studied individually, and
treatment methods must be devised in each in-
stance to suit local water properties, and local
idiosyncracies of finance and pdlitics.
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GEOTHERMAL CORROSION

B.G. Pound, G.A. Wright and R.M. Sharp

Department of Chemistry
Department of Chemical and Materlals Engineering
University of Auckland

ABSTRACT

This article reviews & current research profect on
geothermal corrosion using electrochemical and
metaliurgical techniques. The mechanism of the anodic
and cathodic processes, which are strongly Influenced
by the presence of hydrogen sulphidse, can be determin-
ed from a study of the electrode kinetics.

Introduction

Hot geothermal fluids are a valuable source of anargy
exploited in New Zealand for domestic heating (as in
Rotorua), industrial processes (Kawerau), and genera-
tion of electricity (Wairakel). Geothermal fluids orig-
Inate from water in contact with hot rocks and they con-
taln a variety of dissolved substances taken up by
chemical reaction with the rock minerals. These con-
stituents remain dissolved in the hot water or steam
when it reaches the surface and often cause problems
due to scaling, deposition, corrosion and pollution
when the geothermal water is released Into the environ-
ment. Geothermal fluids usually do not contain oxygen,
but corrosion of metals is promoted by constituents
such as carbon dioxide and hydrogen sulphide which
provide enough acidity for sustained corrosion. in
chemically pure steam, as produced in conventional
boilers in thermal power stations, iron and steel form a
passive layer of the black oxlde magnetite, Fe,0,.
Howaever, In contact with geotharmal fluids, stegt may
corrode to form iron sulphides {H,S present) or sutfer
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pitting attack (Cl— present). Ferrous alloys used for tur-
bine blades, rotors and condensers may suffer siress
corrosion cracking, corrosion fatigue or hydrogen em-
brittlement.

Since there is no economic alternative to the use of
stee! and ferrous alloys for the handling of geothermal
fluids, It is necessary to monitor corrosion rates care-
fully and design equipment to minimise the effects of
the corroslon which is predicted to occur. In order to
gather corrosion data useful for engineering design and
maintenance, extensive corrosion testing has been car-
ried out both in New Zealand (by DSIR') and overseas?,
and a great deal of empirical Information has been ac-
cumulated. However, the corrosion reactions
themselves are still not fully understood and there are
many corrosion processes which are difficult to explain
and control. Corrosion involves surface reactions which
depend on the properties of the metal and the consti-
tuents of the corrosive medium. At the surface itself ad-
sorbed intermediates such as hydrogen atoms and thin
passive films such as Fe,Q, can play a major role.

This article reviews some research on geothermal
corrosion being carried out at the University of
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Fig. 1.

Potential-pH Diagram for Fe/S/H,0 System at 298 K.
The conditions selected apply to cold condensate at
the Broadlands Corrosion Test Rig operated by DSIR
(Fe?*) = 10~* mol I'', {H,8 + HS—) = 10~ mol I~
Line B represents the equilibrium H/HY for 101 kPa
hydrogen pressure, and line A represents the H,0/0,
equilibrium for 101 kPa oxygen pressure (but 0, is nor-
mally absent or present only in trace amounts). 52—
was not considered since experimental evidence ' in-
dicates that its existence is unlikely in aqueous solu-
tions.
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Aucklana unger a contract from the NZ Energy
Research and Development Committes. The approach
has been to Investigate the mechanism of the corrosion
reactions on steel and other alloys using elec-
trochemical and metallurgical techniques.

Electrochemical Phase Diagrams

Corrosion equillbria may be represented by potential-
JPH {Pourbaix} diagrams?® In which the thermodynamic
limits of stability of a metal and its corrosion products
are shown in terms of pH and equilibrium potential of
the electrochemlcal reaction. Potential-pH diagrams for
the Fel/S/H,0 system under different conditions have
been presented by various workers.2—® The dlagrams
shown In Figs. 1 and 2 were constructed® for the com-
position of Broadlands geothermal condensate (con-
densed steam phase).

Phase dlagrams ¢an be used to predict corroslon pro-
ducts it the pH and elsctrode potential can be
estimated. In non-aerated condensate at 298K (Fig. 1),
for example, the corrosion potantial will lie between the
repion of Fe metal and Hine B which represents the
discharge of H* to H,. Since FeS is the predominantly
stable species near neutral pH, it is predicted that this
compound will be the corrosion product. Ferrous
sulphides occur in various crystallographic and
stoichiometric forms ranging from an iron-rich phase,
Fe,.,S (mackinawite), through stoichiometric Fe$S
(trolTIte) to a sulphurrich phase, Fe,_.S (pyrrhotite).
Mackinawite is known ' to be thermodynamically
unstable relative to troilite, and pyrrhotite can exist over
a composition range (x = 0to0 0.14),'?s0 It is convenient
to show only the stoichlometric form, troilite, in the
phase diagram. Nevertheless, a predicted ferrous
sulphide product Is consistent with DSIR tests in which
mack|nawite was found to form on carbon steel in con-
densate at Broadlands.

The effect of temperature on corrosion products in
the Fe/S/H,0O system has been examined from potential-
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Potential-pH Diagram tor Fe/S/H,O systems at 573 K.
The concentrations are as given for Fig. 1.
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Fig. 3: Cyclic voltammogram of lron in a Solution Containing
NaC/l and NaHCO,.
{CI™) = 0.032 mol I~
{HCO,™) = 0.003 mol I~
e No H.S,
pH = 5.8)
Potential sweep rate = 100mV s~

H,S present (0.055 mol 1—,

pH dlagrams constructed® for various temperatures in
the range 298 to 573 K. The stability reglon of FeS,
{pyrite) appears to decrease rapidly with increasing
temperature. This occurs to such an extent that
whereas FeS, was stable over a greater reglon than FeS
(troilite) at 298 K, the situation is reversed at 573 K {Fig.
2). At temperatures up to 573 K, both troilite and Fe,Q,
{magnetite) are thermodynamically stable.

Aeration of geothermal media is known' to result in
quite different corrosion products. In the presence of
air, the corrosion potential can lie between the Fe
region and line A which represents the equilibrium

O, + 4H* + 4e— = 2H,0 (1

The potential-pH diagram at 298 K shows that Fe,0,
{haematite} is stable tver a wide region and is therefore
a likely corrosion product. Howevar, it has been found!
that the oxide formed under conditions of near-neutral
pH is Fe,0,. In terms of the potential-pH diagram under
these conditions, magnetite must be regarded as a
meta-stable phase.

Anodic Reactlons

The ancdic oxidation reaction in the corrosion pro-
cess and the surface fllms produced depend on both the
potential of the metal and the nature of the corrosive
medium. The potential regions in which the anodic and
cathodic reactions occur can be found from cyclic
voltammograms, obtalned by linearly sweeping the
potential of the test metal and following the current
response.

The cyclic voltammaogram of iron® in an aqueous solu-
tion containing NaCl and NaHCO, is shown in Fig. 3. As
the potential of the iron is scanned in the positive direc-
tion, a film of oxide forms on the surface. This process
is indicated by the shoulder, A, in the anodic current
and the large cathodic peak which corresponds to
subsequent reduction of the film. The sharp Increase in
current following A corrasponds to a breakdown of the
film; pitting occurs and passivation of the iron does not
take place.

Whaen the directlon of the potential sweep is reversed,
higher currents resuit as shown in Fig. 4, signifying that
the pits continue to grow. Eventually pit growth is
reduced and the current exhibits a steep decrease. The
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Fig. 4: Cyclic voltammogram showing pitting region of iron.
Solution composition as indicated in Fig. 3.
Potential sweep rate = 100 mv s— .

role of chloride in the pitting of metals is well
documented and the occurrence of pitting on iron in the

CI—/HCO,— solution is therefore to be expected. A scan-

ning electron microscope examination of the iron con-
firmed that pits had formed extensively over the sur-
face.

In the presence of H,S, the anodic reactions on iron
occur at higher rates as apparent from Fig. 3. A black
solid product which was identified by x-ray diffraction
as the Iron sulphidé, mackinawlte, is formed in the
potential ranges of A1 and A2 (Fig. 3} according to the
reaction:

(t+x)Fe+ H,S -> Fe, S+ 2H* + 2¢e— (2

T+x
The mackinawite is non-adherent and readily spalls
from the metal surface. Despite this high loss of
material, a thin film of the sulphide remains on the iron
and is available for reduction back to iron at sufficiently
negative potentials. The cathodic reduction of the
mackinawite gives rise to the series of arrests, C1-C3,
observed in the cyclic voltammogram.

The corrosion potential, E_ , of Iron in the solutions
containing H,S corresponds to the potentlal at which i
= O in the cyclic voltammogram. The value of E s
-0.62 V which lies in the FeS (trollite) region of stability
In the potential-pH diagram shown in Fig. 1. Since
troilite is thermodynamically stable with respect to
mackinawite, we conclude that mackinawite is a meta-
stable reaction product whose appearance is controlled
by kinetic factors rather than thermodynamics.
Chemistry in New Zealand

Mackinawite Hself was electrochemically oxidised® in
the absence of H,S using a carbon paste selectrode. The
paste consisted of a finely ground mixture of
mackinawite and graphite in 10 mol |=' ammonium
acetate solution. In principle, this type of electrode
allows most of the solid to undergo reaction because of
the close contact with the electron-conducting
graphite.

The potential sweep curve for the anodic oxidation of
mackinawite is shown in Fig. 5. Two oxidation steps are
observed and an x-ray diffraction examination identified
sulphur as the dominant product at both peaks. The
conversion of mackinawite can be considered to pro-
ceed according to the reaction:

Fo,,,S>8 +(1+x)Fe** + 2(1+x)e~ {3

in which the formation of sulphur evidently takes place
on the surface of the iron sulphide particles. The se-
cond oxidatlon peak appears to correspond to a reac-
tivation of the sulphur-forming reaction, possibly due to
a change in the composition of the underlylng Iron
sulphide.
Cathodic Reactlons

In a neutral, deaerated solution in the absence of H,S,
the cathodic reaction invoives the evolution of
hydrogen.

2H,0 + 2~ > H, + 20H— )

When H,S is present, hydrogen is formed by the reduc-
tion of H,5,

2H,S + 286~ & H, + 2HS— )

glving rise to an increased cathodic current as shown in
Fig. 3. Stirrlng of the solution promotes the transport of
H,S to the iron surface and thereby causes a substan-
tial increase in the current. It can be seen from Fig. 3
that the hydrogen-evolution current also depends on the
potential applied to the iron. Potential-step experiments

300

200

100 [

1/uA
L
0 0
I/V {SHE)
-100 r
Fig. 5: =200
Oxidation of Mackinawite at the Carbon Paste Elec-
trode

Potential sweep at 0.1 mV/s using 1mg Fe ,, S + 30.
mg graphite (particles 30 to 50 m) in 10 moi 1~
NH,00CCH, at 20°C.
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have established that the rate of H,S reduction is con-
trolled partly by the transfer of charge and partly by the
ditfusion of H,S to the metal surface, By measuring the
AC Impedence of the electrode reaction over a wide
range of frequencies, we have shown that the formation
of hydrogen by reaction (5} involves adsorbed hydrogen
atoms, H{ads). Their presence on iron in solutions con-
taining H,S was detected by use of an anodic potential-
step technique In which the charge, Q, (Fig. 6), passed
was attributed to the oxidation of adsorbed hydrogen.
The mechanism of reaction (5) is then as follows:

H,5 + e~ -+ H{ads) + HS— (6a)
and H,S + H{ads) + e—-» H, + H5™ (6b)

or H(ads) + H{ads) -+ H, (6b"
At sufficiently negative potentials, G, is greater than
that expected for a monolayer of adsorbed hydrogen on
the iron surface. It is assumed that some Hads)
dissolves in the metal to form interstitial hydrogen
atoms which diffuse into the bulk metal. The excess
charge Is then associated with the oxidation of these
atoms after they diffuse back to the surface. Un-
doubted!vy, some hydrogen remains trapped in the bulk
metal at grain-boundaries and dislocations, and con-
sequently is not available for oxidation.

1.0 |
0.5 F
i
mA cm A
1]
1.0
t/s
_
-0.5 |-
Fig. 6:

Current-time transient for the oxidation of H{ads)
Hydrogen was formed at -750 mV (SHE) for 20 s and
then the electrode potential was stepped to —620 mV
(SHE). Solution composition as in Fig. 3, with 0.06 mol/
H,S Q, = 0.4mC cm—2 which is equivalent to 2.7 x 10*
H(ads) cm—2

Electrochemical Measurement Ot Corrosion Rate

From our investigations on the slectrochemical
kinetics of the corrosion processes, it was a logical
step to develop an electrochemical instrument for
measuring corrosion rates. Electrochemical techniques
for measuring corrosion rates are attracting increasing
attention,? mainly because of their ability to provide a
direct value of the corrosion rate at the time of measure-
ment. One such method, the polarisation resistance
technique’ involves the measurement of the elec-
trochemlcal resistance R, associated with the corro-
sion reactlon. R is related o the corrosion current, ...,
by the expression

R =B, @)

p =
where B is a parameter derived from the kinetics of the
electrode reaction.
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TABLE 1 Comparison of Corroslon Rates obtalned from
Polarisation Reslstance and Welght-Loss Methods'®

Unstlrred solutions, pH 6.0 to 6.4, 17°C

Polarisatlon
Time Woelght-Lose Resistance
hours umyr—! Um yr—?
0.3% NaCi1 500 33 27
600 az 28
0.3% NaCt + H,S(sat} 500 172 158
600 185 185

The geothermal fluids used for electricity generation
in New Zealand generally have relatively low conduc-
tivities (typically Kk = 0.02 8 m—"? which results in the
measured resistance, R, being the sum of the electro-
chemical resistance and a solution resistance term
which may not be negligible. Thus,

R=R,+alk 8)

where a is a cell constant for a particular polarisation
resistance probe. We have found, however, that reliable
corrosion rates can be obtained by using suitable probe
configurations for which the solution resistance term
can be neglected (i.e. by making ‘a’ small).

Laboratory experimenis'® show that the polarisation
resistance and weight-loss technigues give similar cor-
rosion rates (Table 1) for low carbon steel in simulated
geothermal condensates. Both methods gave approx-
imately constant corrosion rates over a four-week test
period and also showed that there is a marked increase
in the corrosion rate of steel with the addition of H,S.
This behaviour is consistent with the effect of H,S on
the cyclic voltammograms; furthermore, the steady cor-
rosion rate of the steel is clearly associated with the
tack of protection afforded to the iron by the loose
mackinawite film.
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Corrosion of
Fibreglass

J.G. Goodrum
Healing Industries Ltd

ABSTRACT

The chemical corrosion mechanism of iron and mild
steel in aerated fresh water and sea water is compared
with the breakdown of glass fibre reinforced polyester
{FRP).
The phenomenon of osmosis as related 1o FAP under
aqueous conditions is explained in terms of the
chemical and physical mechanisms involved.
The effects of the many variables in terms of raw
materials and environmental conditions both during and
after fabrication of FRP structures are examined,
The theme is thus to examine the causes, methods of
prevention and finally methods of repair of affected FRP
structures.
Introduction

The corrosion of ferrous and many other metals has
been well studied. Iron or steel in neutral, aerated water,
for example, corrodes to form insoluble ferrous hydrox-
ide.

2Fe 3 2Fet* + d4e—
2H,0 + O, + 4~ — 40H~
Fe++ 4+ 20H—~ — Fe(OH),

This is soon oxidised by atmospheric oxygen to form
ferric hydroxide which loses water to form the familiar
red-brown rust.

4 Fe{OH), + O, + 2H,0 —» 4Fe(OH),
4 Fe(OH), & 2 Fe,0, H,0 + 4H,0

The corrosion reactions are electrochemical in
nature, Fibreglass which is the term frequently used to
describe glass fibre reinforced polyester (FRP) also cor-
rodes in an aqueous environment. Like metals it, too,
undergoes a chemical reaction with the aqueous en-
vironment to form compounds which eventually lead to
a breakdown of the FRP structure.

The text of this article relates to FRP as used in the
marine environment and, more particularly, to its use in
the pleasure boat field, although many of the effects
described apply equally well to the use of FRP in swim-
ming pools, spa pools and FRP tanks for holding water
and dilute aqueous solutions.

John G. Goodrum is group . e
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tures glues, resins, industrial and
marine paints, adhesives, electro-
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manager. He has post degiee qualifications in chemistry,
is a graduate of the Plastics and Rubber institute (UK )and
holds a Diploma in Management Studies.
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Chemlstry in New Zealand

In recent years the pleasure boat industry around the
world has-seen a truly dramatic shift away from the
more conventional materials of construction, wood and.
steel. Ferrocement and aluminium have been more
widely used, but the real revolution has been the use of
fibreglass reinforced polyester. FRP boat hulls are now
produced in their thousands every year.

Wood rots and steel rusts, but FRP, it was claimed,
did neither and was regarded as the wonder material for
boat construction. it is strong, having an excellent
strength to weight ratic, can be shaped or moulded
easily to any design and lends itself to both mass pro-
duction and “one off"’ construction. Perhaps what is
more important from a cost peint of view, especially in
large scale production of one design, is that the labour
cost is much lower than when using timber.

Unfortunately, there has been growing concern in re-
cent years as many examples of blistering of the under-
water surfaces of FRP boat hulls, swimming pools and
spa pools have become evident. This corrosion is
known to proceed by a physiochemical process of both
chemical reaction and osmosis. The boating fraternity
in their own inimitable way have coined the term “boat
pox” to describe this effect.

In order to understand the phenomenon of osmosis in
this context, it is necessary to examine the laminating
process by which an FRP boat hull is made.

FRP boat hulls are produced by a process called con-
tact moulding' in which the first stage is the production
of a mould, often of FRP, the shape of the hull required.
Most small and medium sized boat hulls are produced
by the use of a female mould, which means that the
mould is the outer former and the boat hull laminate is
laid up on the inside of the mould and removed when
sufficiently set or cured. For larger boat hulls of, say, 40
feet and over, the male moulding technique is usually
more convenient. Here, the mould or plug is the inside
and the laminate is produced on the outside of the plug.
For reasons of space, however, consideration will be
limited to the more widely used female moulded types.

The Gel Coat

In the case of a female moulded hull the first layer of
material applied to the mould is a resin rich, often col-
oured, product referred to as the gel coat. This coat of
resin is allowed to gel or set up but not completely cure
before subsequent layers of resin and reinforcement
glassfibre are successively laid up onto the gel coat.

The gel coat is a high quality polyester resin designed
to have sufficient flexibility to withstand cracking
without the need for reinforcement.

The durability of FRP mouldings is mainly dependent
upon the quality of its exposed surface. Every possible
precaution must be taken to prevent underlying
glassfibres from coming too near to the surface where
they will be liable to attack by water and moisture. The
function of the gel coat therefore is to provide a resin
rich working surface designed to protect the underlying
fipreglass laminate from water and moisture. It
becomes obvious, therefore, that the gel coat is one of
the most important components of a laminated boat
hull.

Application of the Gel Coat

The gel coat can be applied by brush, roller or spray.
The thickness of gel coat is vitally important and should
be within the range 500 — 550 microns (20 — 22 thou)®.

The Laminate
After the gel coat has sufficiently set up, there comes
the layup of polyester resin and fibreglass which forms
the main strength of the hull. There ¢an be many varia-
tions on the materials used. Fibreglass is most com-
mon, but many other reinforcements, such as carbon
fibre, dynel acrylic, and, often, sandwich construction
Page 191



Fibreglass Corrosion {Cont)

are used. The latter technique involves the sandwiching
of other lightweight materials, such as balsa wood or
foam, between fibreglass reinforced pblyester, and is
popular for racing yachts where ultra lightweight is all
important,

The layup of fibreglass reinforced polyester resin can
be effected by the hand layup process or by spraying.
After the layup is complete and sufficiently .cured, the
hull is removed from the mould and trimming and
finishing cperations take place. The moulded hull is not
yet fully cured and a suitable period of post curing in a
warm dry environment is needed to assist good future
performance.*

Types of Materials

The different types of materials used to produce a
polyester resin gel coat and a laminating resin are
numerous and a few of the various types of rein-
forcements have already been mentioned.

The polyester resin alone can be of many different
chemical types, such as orthophthalic and isophthalic

acid derived, propylene glycol or neopentyl glycol bas-

ed and so on, all of which impart different properties?.

HOOC COOH

HOOC
Isophthalic Acid
HOOC
Orthophthalic Acid

OH OH CH,
1

l |
CH; — CH — CH, HO — CH, — G — CH, — OH
Propylene Glycol i
CH,

Neopentylglycol

In a typical polyester gel coat formulation, as well as
the resin there would typically be pigments, a thix-
otrope, flow control additives, an accelerator and, as

with all polyester resins, a catalyst, which is usually an’

organic peroxide, such as methyl ethyl ketone peroxide.
The curing or polymerisation reaction proceeds by a
free radical mechanism —

Catalysing Polyester Resin

Initiation
- OR -
{CH =CH_—i— + RO — -ECHHCHj
. N N
Resin Free
Radical
Cross Linking
OR

CH—CH]-+CHZ=CH -3 Chain — CH — CH —

N (L) |
Polyester Resin CH,
Styrene
(Reactive

Diluent)
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t
Crosslink E@ o fH ] N

Chain — CH — CH —

There are many types of fibregtass as well, differing
both in their physical form and in the chemical treat-
ment of their surfaces.

Exampies are:

1. Woven glass cloth
2. Chopped strand mat
3. Gun stock roving

4. Surfacing tissue

To hold the individual strands of glassfibre together,
they are treated with a "binder”. Typical binders are
PVA (polyvinyl acetate) and polyester resin.®

What Causes Osmosis?

The text book describes osmosis as the process
where two solutions of differing concentrations,
separated by a semipermeable membrance. cause liquid
to flow from the weaker solution into the stronger solu-
tion to even out the two different concentrations, This,
of course, happens in nature all the time and is, for ex-
ample, how a tree gets water from its roots to its upper
branches.

Osmosis on a Boat Hull

On an FRP boat hull, the gel coat behaves as a semi-
permeable membrane. In this respect a polyester gel
coat may not be the best water resistant coating
available, but it is the only material which ¢an be used
in the manner employed as part of the moulding pro-
cess.

Water permeates the gel coat in very small quantities.
This water can then dissolve various water soluble
materials from, for example, the glass fibre binder, the
free peroxide catalyst, or components from undercured
resins, to produce a solution.

As only small amounts of water may be invoived
behind the ge! coat (between the gel coat and the back
up laminate) the resultant solution can become very
concentrated. The solution, in practice, is usually
acidic, probably because of hydrolysis of some of the
PYA binder.

There now exists an osmotic cell situation. A concen-
trated solution on one side of a semipermeable mem-
brane (the gel coat) and a more dilute soclution on the
other side — the sea or fresh water lake.

A positive driving force or pressure — osmotic
pressure — now develops, drawing in more water to at-
tempt to dilute the concentrated solution between the
gel coat and the laminate. If available, more water

1. 2. 3.

Air entrapment

1. Gelcoat laminate

2. Airbubble filled with water

3. Blister enlarges

4. Blister enlarges

5. Blister bursts, liquid-pressure
decreases

>
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soluble-materials dissolve, genetating more concen-
trated solution, and exerting further osmotic pressure.?
This pressure deforms the gel coat, producing blisters
which can burst, exposing the laminate directly 1o water
attack. Pressures of up to 5 atmospheres have been
recorded in osmotic blisters. The long term effect can
be loss of laminate integrity and eventual structural
failure.

This is the basic physical corrosion mechanism for
fibreglass. The corrosion of fibreglass has had the
same net result as the corrosion of iron or steel; it has
by chemical reaction destroyed the structure.

Prevention of FRP Corrosion

As in the prevention of the corrosion of iron or steel, it
is necessary to arrest the corrosion reactions of FRP.

If water can be prevented from reaching the interface
of the gel coat and fibreglassiresin layup then neither
the chemical step of the corrosion process nor the
physical step (osmosis) can proceed and the corrosion
reaction will be prevented. Clearly, also, if the source of
readily water soluble materials could be removed then
neither of the corrosion steps referred to could proceed.
A combination of these two approaches is, in fact,
desirable.

Factors related to FRP corrosion prevention can be
considered in two stages (a) during manufacture, and (b}
after manufacture.

(&) During Manufacture

The Gel Coat: The choice of gel coat is important and
both in laboratory and practical trials isophthalic based
types have shown superior water resistance.?

Deep coloured gel coats absorb heat more quickly
than light colours and since the corrosion is ac-
celerated by higher temperatures, dark colours should
be avoided.

Undercuring of gel coats can be a serious and com-
mon problem. Because geographic and seasonal
temperature variations affect the rates of set up,
catalyst levels are varied. Decreasing the amount of
catalyst to cope with warm conditions may result in the
degree of cross-linking being unsatisfactory. Over
catalysing in cold conditions is also detrimental as free
catalyst residues remain.

Film thickness of gel coat has already been listed as
important. Too thin a film presents a much reduced
water resistant barrier; excessively thick films lead to
star cracking of the gel coat and rapid water ingress.

The entrapment of air bubbles in the gel coat creates
cavities in which water may accumulate and, in effect,
represent low film thickness at the point of the air bub-
ble.!

Another common problem is pinholing which may oc-
cur when the gel coat does not correctly wet the mould
and surface tension effects create a small pinhole
through which water can penetrate.' A further cause of
pinholing is when entrapped air bubbles in the gel coat
burst and the gel coat sets or gels before the small
crater produced has time to flow out. Correct gel coat
production and cure cycles overcome the problem.

The Laminating Materials: As with the gel coat resin
the correct selection of a good quality laminating resin
designed for marine use together with correct catalyst
leve! is also required for optimum water resistance.

After applying the gel coat to the mouid, the time in-
terval before applying the back up resin and reinforce-
ment can be critical for good laminate/gel coat adhe-
sion. If the back up resin is applied too quickly, styrene
monomer from the resin may wrinkle the gel coat and
the first layer of glassfibre reinforcement may penetrate
the soft gel coat. This, in turn, can lead to “wicking”
(water passing by capillary action along fibreglass
strands through to the laminate).®
Chemistry in New Zealand

If applied after an excessive time the bond between
the gel coat and lay up may be poor as ng “solvent
cementing” takes place.

As shown, hydrolysis of water sensitive binders on
fibreglass have a detrimental effect upon performance
and the type of fibreglass employed should, therefore,
be carefuily considered.

During consolidation of the laminate a lightweight
(weight/unit area) glassfibre should be used as the first
layer behind the gel coat. This should not be excessive-
Iy hard rollered. Both precautions are to prevent heavy
glass fibre slivers penetrating the gel coat which can
lead to “wicking.?

Equally important during lamination is the need to
avoid ‘'dry patches” where polyester resin does not,
through insufficient consolidation, wet-out the
fibreglass.! .

Only dry, correctly stored, (fibreglass is hygroscopic)
reinforcement should be employed. Moulding condi-
tions need to be warm, dry, free from direct sunlight and
draughts for uniform successful cure conditions.

{b) After Manufacture

Post Curing: When the boat huil is removed from the
mould it is rigid enough to handle but still far from fully
cured. If left exposed to the elements at this '‘green
stage”, serious undercuring may result. A system of
post curing under dry warm conditions is very important
for optimum performance. The Plastics Institute of
Australia suggests the following minimum post curing
times under cover.*

Temp. °C Days
15 — 20 14 or more
20 — 25 10— 14
25 — 30 8—10

Painting/Water Resistant Coatings: To add further
protection against water penetration much research in-
to suitable auxiliary water resistant paint and resin
systems has been undertaken and experience has
shown that suitably water resistant coatings have very
beneficial effects.’®
Concluslon:

The corrosion of fibreglass proceeds by a combina-
tion of physical osmotic processes and chemical
hydrolysis reactions. The risk of this corrosion may be
reduced by careful attention to fabrication and post
construction conditions and by the use of correctly ap-
plied and selected water resistance coatings."
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Clay-Polymer
Systems:

A Brief Survey*

B.K.G. Theng,
Soil Bureau, DSIR, Lower Hutt

Interest in the clay-polymer interaction goes back a
tfong way, being prompted by the known biostability of
soil organic matter (“humus”) which, for the most part,
consists of a mixture of polymeric organic species,
referred to as humic substances'. Indeed, | need not
remind soil cherists of the importance and relevance of
the clay-polymer interaction to such soil conditions as
biologicai activity, fertility, mineral cycling, profile
development, and structural stability. Jacks? went so far
as to state that this interaction is “.. as vital to the
continuance of life as, and less understood than,
photosynthesis”. If this seems a little far-fetched, we have
only to recall that, with the possible exception of some
desert and polar soils, surface soils are, in essence, clayor
mineral-organic complex systems.

It was not until the early 1940's, however, that the
chemistry of clay-organic reactions came into its own,
following closely on the general acceptance and
elucidation of the crystallinity and structures of the main
groups of clay minerals The rapid advances in
clayorganic chemistry which have been made since then
were aided by the application of modern instrumentai
techniques, in conjunction with the more conventional
Xray diffraction and electron microscopy, to the study of
these reactions. Thus, for many systems involving
organic micromolecules we have been able to deduce the
mode of bonding and the orientation of the adsorbed
species at the clay surface.* .

Although this kind of information forms.the basis of
interpreting the behaviour of organic macromolecules at
clay mineral surfaces, additional variables enter the
picture, These essentially arise from the fact that besides
being long, polymer molecules are flexible and
polytunctional. They may, therefore, adopt various
conformational states in solution and at the clay surface
to which they can become attached by numerous
segment-surface bonds. |In addition, steric and
accessibility factors come into play during the interaction
process. For these reasons, clay-polymer systems can, at
best, be described in semi-quantitative terms.

For the sake of brevity, | shall confine my remarks to
the interactions of kaolinite and mantmorillonite with
selected synthetic and naturally occurring polymers of
the charged and uncharged type, in an aqueous
environment.

Dr Theng was educated initially in Indonesia and later at
the University of Adelaide where he graduated B.Ag.Sc.
with first class honours in 1961 and Ph.D, in 1965, Prior to
his appointment as Scientist with the Soil Bureau, he held
positions at the University of Western Australia, the
University of Leuven, Belgium, and with CSIRO Division of
Applied Minaralogy. He has published a book, 29 scientific
papers and two monographs, one of which "The
Chemistry of Clay-Organic Reactions"” was awarded the
Adam Hilger Prize for 1972.

“ICI Prize lecture delivered to Wellington Branch, NZIC,
March 1980.
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The Clay Minerals

Clay minerals belong to the class of layer silicates
because their crystals are made up of layers formed by
condensation of sheets of Si(O,0H)+ tetrahedra with
those of ANOH)s octahedra. Condensation in a 1:1
proportion gives rise to the two-sheet (diphormic) type
minerals, exemplified by kaolinite (Fig. 1A). Similarly, the
three-sheet (triphormic) type clays of which
montmorillonite is an example, arise from a 2:1
condensation, the octahedral sheet being sandwiched
between two inwardpointing tetrahedral sheets (Fig. 1B).
A crystal is composed of di- and tri-phormic layers which
are continuous in the horizontal (a b) plane and stacked in
a more or less regular array along the vertical (¢} axis.
There is scope, in these structures, for isomorphous
replacement, that is, the replacement of Si*+ and Al*+ by
cations of similar size and co-ordination number but of
different (usually lower) valency. When this occurs, the
structure acquires a {permanent) net negative charge, or
a positive charge deficiency, which is balanced by
sorption of extraneous (exchangeable) cations.

There is little isomorphous replacement in kaolinite
and the few exchangeable cations (3-8 meq/100g) are
located on external crystal surfaces which have an area of
30-50 m?*gq. Kaolinite crystals, therefore, show no
interlayer expansion (swelling) in water and polymer
adsorption is confined to the external crystal surface.
Each layer is about 0.72 nm thick and this also represents
the repeat distance along the c-axis, referred to as the
basal or d(001) spacing (cf. Fig. 1A). On the other hand,
much substitution occurs in the montmorillonite

Fig. 1: A, the layser structure of kaolinite, viewed along the a-axis.
The indicated layer thickness of about 0.72 nm also represents
the basal or d(001) spacing because there are no extraneous,
interlayer species. Summation of the anionic and cationic
charges in the structurs, as depicted, shows that the layer is
electrically neutral. In realily, most if not all kaolinites carry a net
negative surface charge.

B, the layer structure of montmoriflonite, showing the presence
of isomorphous replacement in the octahedral sheet and the
occupancy of the interiayer space by exchangeable cations and
watar molecules. The thickness of each layeris about 0.95 nm but
the basal spacing is variable and commonly greater than 0.95 nm.
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structure, giving rise to a high exchange capacity (80-100
meq/100g). Here, the exchangeable cations are
distributed over the external crystal and interlayer
surfaces. The thickness of an individual layeris about0.95
nm but the basal spacing is variable, depending on the
nature of the intertayercation and its hydration properties
(cf. Fig. 1B). With small, monovalent alkali ions (Li+, Na+)
occupying exchange sites, montmorillonite crystals show
extensive interlayer swelling in water and so expose a
large surface area (about 800 m?¥/g) which is accessible to
most polymers.

Aspects Of Polymer Adsorption

The adsorption of an uncharged, linear
homopolymer onto a clay surface is generally
accompanied by the desorption of numerous solvent
{here water) molecules, initially present at the surface.
The transfational entropy so gained provides the driving
force for adsorption .as the enthalpy change of the
process is commonly very smail and, in some instances,
may even be positive. Adsorption also leads toachangein
polymer conformation in that the macromolecule which,
in solution, tends to adopt a random coil form, would
uncoil and spread out at the clay/water interface. This
gives rise to a surface conformation in which contiguous
sequences of adsorbed segments (“trains”) alternate with
three-dimensicnal “loops” extending away from the
surface, the polymer chain terminating in two
freedangling “tails" (Fig. 2). Thus, although the net
segmentsurface interaction energy, £ is small (about 1
kT), the totat energy of adsorption can be very large
indeed because of the numerous segment-surface
contacts. The fraction of segments in trains, p, is therefore
an important parameter which, for unchanged polymers,
ranges from 0.3 to 0.5.

The strong interaction of uncharged polymers with
clays means that a large amount of material can be
removed from dilute solutions and hence, the adsorption
isotherms are typically of the H- ("high affinity”) type {cf.
Fig. 7). By the same token, the rate.of desorption is very
low, so much so that adsorption is often regarded as being
“irreversible” in the sense that there is only a small
probability for all train segments to be simultaneously
detached from the surface and remain so sufficiently long
for the polymer to move away from the interface. We
might alsc expect-the amount and strength of adsorption
to rise with the size or molecular weight of the
macromolecule. Although this is true in many instances,
the opposite behaviour, that is, one in which uptake
apparently decreases as molecular weightincreases, is by
no means uncommon. This is because clay-water
systems are essentially “porous” and molecules beyond a
certain size range would be physically excluded from
some pore surfaces.

The interactions of charged polymers with clays are,
if anything, moere complex than those involving
uncharged species. Apart from the variables already
mentioned, polyelectrolytes can undergo a
stretchingcoiling transformation in response to changes
in sclution pH and added electrolyte. As we shall see later,
this effect is of great importance and relevance to the use
of polyelectrolytes as aggregating/flocculating agents of
clay and colloidal dispersions.

Positively charged polymers or pelycations are
adsorbed by clays largely through electrostatic
interactions between the cationic groups on the polymer
and the negatively charged sites at the mineral surface.
The value of € is therefore much greater than 1 kT and
adsorption leads to a rapid collapse of the pelymer chain
onto the surface with very little looping (p greater than
0.7). The adsorption-desorption behaviour of polycations
parallels that of uncharged species, remarked on earlier.

Chemistry in New Zealand
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Fig. 2: Diagram illustrating the desorption of numerous water
molecules from the clay surface which accompanies the
adsorption of a single uncharged linear polymer molecule, giving
rise to a netgain in entropy by the system. The change in polymer
conformation from a random coil in solution to a more or less
extended one at the surface, is also indicated.

On the other hand, negatively charged polymers or
polyanions tend to be repelled from the clay surface and
littie, if any, adsorption occurs. However, appreciable
uptake can take place at low solution pH and/or highionic
strength when the charge on the polymer is effectively
neutralised by protonation and/or screened by the
electrolyte. Adsorption is also promoted by polyvalent
cations, occupying exchange sites at the clay surface,
which can act as a "bridge” between the anionic groups
on the polymer and the negatively charged sites on the
mineral. Polyanions may alsc adsorb onto the clay crystal
edges by "anion exchange” (when aluminium, exposed at
these sites, acquires a positive charge at acid pH values)
or by "ligand exchange” {when the anionic groups of the
polymer enter the inner co-ordination layer of edge
aluminium, forming a co-ordination complex with it).
Nevertheless, the proportion of train segments is
relatively small unless the system is allowed to dehydrate,
when other modes of bonding, e.g. van der Waals
interactions, become operative, Also, unlike theircharged
and positively charged counterparts, polyanions do not
enter the interlayer space of montmorillonite-type
minerals. However, intercalation may occur at low pH
values when the polyanion behaves and adsorbs like an
uncharged species.

Formation And Properties Of Clay-Polymer Complexes

By way of illustrating the above principles, we will cite
some experimental data on the clay-polymer interaction,
taking polyvinyl alcoho! (PVA), cationic polysulfone
{CPS}, and soil fulvic acid (FA} as representatives of an
uncharged polymer, a polycation, and a polyanion,
respectively.

The adsorption of PVA by montmorilionite, as
influenced by the nature of the exchangeable cation and
by ionic strength®, is shown in Figs. 3 and 4. These resulis
may be rationalised in the following way. |n water (zero
ionic strength}, Na+ montmoriltonite crystals can swell to
give basal spacings greater than 13 nm whereas the
calcium and cesium forms do not expand beyond a d(001)
value of about 1.9 and 1.5 nm, respectively. The extensive
interlayer swelling of the sodium clay may also be
reduced to the level of its calcium and c¢esium
counterparts by electrolyte (here NaNOs) addition. On
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Clay-Polymer Systems (Cont)

this basis and the known coil dimension of PVA in
solution, the polymer can presumably gain unrestricted
entry into all (external and internal) crystal surfaces of
Na+ montmorilionite, giving rise to a relatively large
uptake. By the same token, interlayer entry would be
severely restricted for the calcium clay and probably
impossible for the cesium clay. The amount adsorbed is
correspondingly reduced as compared with the sodium
clay. The effect of ionic strength may be similarly
explained, that is, in terms of the relative accessibility of
interlayer surfaces to the polymer. The complex with Na+
montmorillonite at maximum adsorption of PVA (about
0.8 g/g; Fig. 3) has a basal spacing of about 3 nm,

corresponding to an interlayer separation of about 2 nm

(ct. Fig. 1B). For an interiayer area of about 750 mz#/g this
amount is compatible with a rather flat, extended
monolayer of PVA on each of twoe opposing interlayer
surfaces, with an average loop length of 1 nm and a pvalue
of about 0.5.
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Fig. 3: Adsorption of polyvinyl alcohol by monmorilionite

saturated with different (exchangeable) cations: A, sodium; B,
calcium; C, cessium (after Greeniand®),

As indicated earlier, polycations adsorb by
electrostatic interactions with the clay surface. This
results in mutual charge neutralisation and chain
collapse, as evidenced by the studies of Ueda and
Harada.® Using a Na+ montmorillonite with a cation

exchange capacity (CEC) of 62.4 meq/100g, these

workers followed the changes in CEC and anion
exchange capacity (AEC) of the complex with CPS, as
adsorption progressed. The data, summarised in Table 1,
show that the AEC increases with the amount adsorbed
whilst the CEC declines. As the parent clay has no
measurable AEC, the development of an AEC, that is, of
positive charges, by the complex can be ascribed to
cationic groups contained in the loops and tails of the
adsorbed polymer. By the same token, the decrease in
CEC must be due to neutralisation of the negative surface
charges by train segments. The difference between the
total amount adsorbed and the AEC would therefore
represent the amount of segments in trains. Interestingly,
up to a surface coverage of about0.5, all or nearly all of the
polymer segments are adsorbed in the form of trains {p
about 1); even at full coverage, only some 25% of the
segments are contained in loops and taifs.

Fig. 5 shows the isotherms for the adsorptionatpH 7
of FA by montmorillonite saturated with different
polyvalent cations.” The data are consistent with a
cationbridge type of interaction in that the affinity of FA
for the clay surface is closely related to the ionic potential
Page 196
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Fig. 4: Adsorption of polyvinyl alcohol by Na+ monmarilionite in
the prasance of NaNQ? solutions of different concentration. The
basal spacings of the parent clay are also indicated. The values of
greater than 13 nm, about 1.9 nm, and about 1.5 nm correspond,
respectively, to the spacings of Na+ Ca®, and Cs+
montmaorillonite in water (after Greenlands),

of the respective cation. The linearity of the isotherms
would indicate that iresh sites .are being created as
adsorption progresses. Since there is no interlayer
uptake, these sites are presumably located between clay
crystals within a "domain” or in the "pores” between
individual clay domains (cf. Fig. 8). However, if the
solution pHis taken below 4, the ionisation of the carboxy|
groups on FA is suppressed and intercalation can occur
(Fig. 6).%

The above considerations apply to the interactions of
clays with biopolymers. Thus, the adsorption of proteins
is pH-dependent, generally reaching a maximum close to
the isoelectric point of the protein (Fig. 7) at which point
the material is least soluble and so tends to accumulate at
the ciay/sclution interface®. Proteins, at least the globular
type, apparently retain their gross native conformation on
adsorption. The adsorption of enzymes by clays
commonly leads to a reduction in their respective activity
and the pH-optimum for activity is shifted to more alkaline
values. There is also a chdnge in the kinetics of the
enzyme-catalysed reaction in that the maximum velocity
and the Michaelis-Menten rate constant are reduced.
Complex formation between clays and proteins,
especially when intercalation occurs, tends to “protect”
the adsorbed species from enzymic attack.

As might be expected, the adsorption of nucleic acids
and nucleoproteins by clays is sensitive to solution pH,
generally decreasing with an increase in pH. Like most
proteins, nucleic acid can intercalate into
montmorillonite (without undergoing a great deal of
conformational change) and so become stabilised
against microbial decompeosition. The strong adsorption
of viruses by clays and soils is actually an advantage in
that little material gets into the ground. water.system.
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Fig. 5: Isotherms for the adsorption at 293 K and pH 7 of fulvic
acid by montmorillonite saturaled with different cations. The
slope of the isotherms, ameasure of the affinity of the polymer for
the surface, is related to the valency: radius ratio (ie. ionic
potential) of the respective cation fafter Theng’).

Polysaccharides, an important component of soil
organic matter, may be uncharged, positively, or
negatively charged; their interactions with clays would
vary accordingly.

Some Practical Applications

The clay-polymer interaction has found many and
varied practical applications in agriculture and a number
of chemical industries.

One is the use of polymers as flocculants of dilute
- clay and colloidal dispersions, in which the particles are
separated by relatively large distances. Flocculation
involves both attachment of the polymer onto the particle
surface and the bridging of several particles by the
adsorbed molecule. Since uncharged polymers exist as
randomly coiled units rather than extended chains in
solution (cf. Fig. 2}, they are generally not very effective as
flocculating agents. Polycations, as we have seen, can
neutralise the charge on clay particles and so serve as
effective coagulants; however, because of their rapid
collapse onto the clay surface, only limited interparticle
bridging can be achieved. On the other hand, polyanions
are effective flocculants, especially in the presence of
polyvalent cations. This is because only afew segments of
the polymer chain are involved in adsorption, the majority
being present in the form of long loops and tails. In other
words, polyanions have a relatively large “grappling
distance” and this facilitates the formation of interparticle
bridges 9.

Polymers have also been used as “soil conditioners”,
that is, materials capable of increasing the mechanical
strength and water-stability of soil aggregates. Here the
uncharged, polyvinyl alcohol type is found to be very
effective since it can spread like a “coat of paint” over the
surface of soil/clay particles which are already in close
proximity to each others. Its effectiveness can be greatly
Chemistry in New Zealand

increased by introducing the polymer, at strategic
positions, into pores of a certain size range {Fig. B)". As
might be expected, the larger the molecule the more
effective it is in stabilising soi aggregates.
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Fig. 8: The effect of solution pH on the adsorption of fulvic acid by
Na+ monimorillonite, the amount adsorbed being equal to 2 x mg
carbon. Note that appreciable intercalation (interlayer uptake)
only accurs below pH 4 (alter Schnitzer and Kodama®).

For reasons stated above, polyelectrolytes are
relatively ineffective as aggregate stabilisers.

Industrially, clays enjoy a substantial application for
the filling and reinforcement of polymer systems, such as
elastomers, polyethylene, polyvinyl chloride and other
thermoplastics, and as a coating agent for various types of
paper. All things being equal, the efficiency of a filler in
improving the physico-mechanical properties of a

Fig. 7: Isotherms for the ausorption at 298 K of lysozyme by
montmorillonite at different solution pH values, ranging from 1.9
to 10.3. Highest uptake occurs at pH 10.3 close to the isoelectric
point of lysozyme (after McLaren et al.?),
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Table 1

Adsorption of a cationic polysulfone {diallyldimethylamonium

chloride - S0, copolymer; molecular weight 16.7 x 10*})

by montmorillonite at a suspension concentration of 1.5 g/100 cm® and 303kSE

Amount adsorbed CEC AEC Amourit in trains Sum of B + D Proportion of segments
(meq/100 g} {meq/100 g) {meq/100 g) {meq/100 g} (meq/100 g) in trains (p?
A B T 0=A-C D/A

0 62.4 0 0 62.4 1

8.56 49.6 Q0 8.56 58.1 1

18.5 44.6 0] 18.5 63.1 1

33.6 30.7 0.97 32.6 63.3 0.97
40.7 24.5 3.8% 36.8 61.3 0.90
43.5 23.9 5.34 38.2 62.1 0.88
47.9 21.4 6.68 41.2 62.6 0.86
46.6 23.7 6.37 40.2 63.9 0.86
57.7 15.8 13.2 44.5 60.3 0.77
58.5 14.4 15.1 43.4 57.8 0.74
63.0 12.8 15.5 47.5 60.3 0.75
64.3 11.1~ 18.2 46.1 57.2 0.71

Clay-Polymer Systems (Cont)

polymer system is primarily determined by the degree of
its dispersion in the polymer matrix. Because clay
surfaces are essentially hydrophilic, raw or untreated clay
is not readily dispersible in, or rapdly wet by, the organic

Sand and silt

particles

Microgopgregates

Sqil .
Aggregate Domain of cloy crystals

forming part of microoggregate

* organic maner

Fig. 8: Block model of a soil aggregale showing clusters of
oriented clay crystals forming a domain, of domains forming a
microaggregate and of microaggregates to form aggregates. The
various structural units (domains, microaggregates, sand and siit
particles) are bound togsether by soil organic matter. Introduced
polymers would act in a similar fashion (after Greaniand and
Hayes'').

phase. In order to make the mineral and organic phases
mutuatly compatible, it is often necessary to render the
clay surface organophilic prior to blending or

Table 2

compounding the filler with the polymer. This can be
done by attaching a suitable organic compound to the
filler surface, by exchanging the inorganic cations with
organic counterparts, or by treating the mineral with
organosilanes (Table 2)'2. Perhaps the most effective way
of achieving compatibility is to graft a suitable polymer
onto the filler surface and/or encapsulate the mineral
particles with a polymer layer (Table 3)". It seems
obvious, from what has been said, that clays cannot be
regarded as mere extenders, that is, as chemically inert
materials. Furthermore, clays are known to catalyze a
variety of organic reactions including those which lead to
polymer formation’.

Table 3

Some mechanical properties of high-and Tow-density polyethylene {HOPE and LOPE)
contafning 20% of different fillers®?

Filler type ' Elongation at lempact
v Et::s:c:}qu break (%) strength
& (kg m/m)
KDPE LOPE KOPE  LDPE HDPE
Hone g 89t 90 + 3 1300 100 2.63
Untreated hydrite lOb(H 0)° 282t 5 9% 4 100 200 1.23
Freeport kaolin 0X-3 285 ¢ 3 109 1 40 140 1.30
Corvercial reactive 286 + 3 9% : 4 25 160 1.22
encapsulated kaolin
SRF Carton black g« 2 110 £ 1 50 84 1.00
K 10 + 4% jsoprene 300 = 2 110 + 3 9.0 210
K 10 + 4% piperylepe 300 = 4 1 +£2 e 140 1.2
K 10 + 4% styrene © 209 = 4 1116 45 190 1.56

; Fron Georgia Kaclin Company.
Coated with an organophilic compound, same average particle size as hydrite 10,
€ Polymerization terminated by ammonia; encapsulating polymer oxidized before use.

Modifications in some properties of polymers and plastics induced by the incorporation of an organo-titanium kaolinite filler,
obtained by reacting the clay with tetraisopropyl titanate and oleic acid!'?

Property Polymer or plastic

HDPE  Epoxy Acetal SAN  Nylon 6

Poly-
propylene

Propylene Phenolic

copolymer

Rigid ABS Impact
PVC PS

Tensile strength

Tensile yield

% Elongation

Tensile moduius

Hardness

Heat distortion

Melt flow

Izod .mpact

Optimum
concentration

IR
SCO+HO+ 1 O+
SO0+ +S 1 + +
R =]
OO OO0O + 2001
=3
Cooc+o+ 1 OO
d

Loal
43
(=]
(%)

[=R=R=l0 N =

OO0+ 0D + 4+
ClIla+O0+ 100
QoY OO0+
1 OQo 4+ O+

[=R=R=J=j=leley—)

(7]
(2]
L
(2]

Plus and minus signs denote a positive and negative change in property, that is, an advantage and disadvantage, respectively.
Zero sign means that there is no significant alteration in property on incorporating the filler. o .
HDPE=high density polyethylene; SAN=styrene acrylonitrile polymer; P¥C=polyvinyl chloride; ABS=acrylonitrile-butadiene-styrene

resins; PS=polystyrene: *~
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CORROSION IN BOILER PLANT AND
CONDENSATE RETICULATING
SYSTEMS

C.J. Miller
Gamlen Chemicals (N.Z.) Ltd

Having spent many hours with boiler
plant owners and operators, it is our
experience that our two biggest problem
areas are;

i} Corrosion of boilers due to oxygen

and

ii) Condensate line corrosion, due to

carbon dioxide.

This is not to say that these two gases
are the only sources of trouble, but in
practice, if their behaviour is understood
and the knowledge applied to installation
design, a major step forward in plant
longevity will be realised.

Oxygen

Fig. 1 shows the solubilities of oxygen
and carbon dioxide in water. Clearly, at
ambient temperatures of 15-21°C oxygen

Fig. 1

£S5

=

EL\

AN

2ol

E \ 0

2, NG

:'E-"‘ o\ \o

Shb "Ne_co \°

:o-. ——

EU M . . -___'ﬁ"-‘e_
g 0 20 '[/c 80 100
E

]

w

is quite soluble and if water at this
temperature is fed directly into aboiler the
oxygen will come out of sclution. This
oxygen will start corrosion cells. Boiler
design is-an important factor and severe
pitting has been observed in boilers where
the feed water distributor directed the
make up water directly on to the
generating tubes. Presumably the
manufacturer imagined that the boiler
would be fed with oxygen free water, but
the plant layout was designed by someone
who did not realise this. Subsequent
models of the boiler employed a feed
distributor which fed the water through
laterally drilled holes, thus severe
tocalized corrosion was minimized.
Oxygen Free Waler

The cost of installing dearating
equipment is high and need not be
considered on small plant, however any
steam raising plant must be fed with water
containing the lowest practical level of
dissolved oxygen.

From Fig. 17it -may be seen that the
solubility ot oxygen at 80-90°C is only 0.8
— 0.6 ml/100m!, thus by maintaining the
teed water at this temperature the oxygen
levels will be minimizad.

Fig. 2 illustrates a practical feed tank
design. It is not expensive or
sophisticated, however, it is a little
different from the open 200 | drums
sometimes seen. The design incorporates
the following points: -

-i} Live steam is added directly 10 the
feed water to mechanically agitate as well
as heat the water to promote the removal
of oxygen.

i) The cold make up water and
condensate return are both introduced
below the surface of the water thus
preventing cascading which tends to
maintain oxygen levels in the water.

The feed tank must be located in a
position to give a satisfactory head to the
feed pump, as with elevated temperatures
cavitation of the pump will occur.

Chemical Scavenging

Once the majority of the oxygen has
been removed it is practical to use
chemicals to scavenge any remaining
oxygen from the water.

Scavenging agents should be
introduced directly to the boiler via the
make up line, as they will react with
atmospheric oxygen if added to the feed
tank.

condensate __, vent to
return line atmosphere
J
———
Fig. 2 A Practical  raw water insutated
Feed Tank Layout  Mmake up tank

steam sparge with thermostatically
controlled valve

Clay-Polymer Systems (éonl)
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Sodium Sulphite

This material is economical in useand if
catalysed with, say 0.3% of a suitable
cobalt salt will rapidly react with_any
oxygen to form sodium sulphate. 250% +
02— 250% . It does, however, raise the
total dissolved solids of the water but for
small installations this is generally
acceptable. Theoretically, 7.88 mg/kg of
pure sodium sulphite reacts with 1 mg/kg
of oxygen butin practice 12-13 mg/kg are
required.

Feeding should be done on a
continuous basis with provision for slug
dosing on shut down.

Hydrazlne

Hydrazine (NzH4) is toxic and thus
requires care in handling; it is expensive
but does not require high dose levels. It
does not affect the total dissolved solids of
the water as its end products, after
reacting with oxygen, are water and
nitrogen.

NzH4 + Oz = 2H20 + N2

1 mg/kg of hydrazine reacts with 1
mg/kg of oxygen but, as for sulphite, more
than the theoretical levels are required in
practice, with 1.5 — 2 mg/kg per 1 mg/kg
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Boller Corrosion {Cont)

of oxygen being required. Excess
hydrazine decomposes in the boiler to
torm ammonia and nitrogen, theammonia
being alkaline does not attack steel but
may cause damage to brass and copper
fittings.

Boller Shut Down

Correctly initiated the steps above will
cure the problems associated with on line
oxygen corrosion.

However, most catastrophic corresion
in boiler plant occurs during shut down.
Why? Simply, lack of understanding ofthe
potential problems by the pearsonnel
designing the plant or those responsible
for its installation,

Consider a tyre retread plant. Steam at
operating pressure is required at8 am, this
means the boiler must start at6.30or 7 am.
To save an operator having to arrive at this
time to start the boiler it would seem
logical to start the boiler with a time clock.
This time clock would also turn the boiler
off — PROBLEM!!

The steam stop valve is gpen, as is the
feed check valve. As the boiler cools down
air is drawn into the steam lines and
subsequently into the boiler. Similarly as
the water level drops, water which is also
cooling down in the feed tank is made up
into the boiler — this water continually
absorbs oxygen as the temperature drops.
Oxygen entering the boiler during shut
down causes tube failure.

Quite obviously a time clock is
unsatisfactory and wunless a suitable
electro-mechanical shut down system is
installed there is no alternative but to have

the operator ensure that the beiler is shut
down i.e. feed check and steam stop are
closed and that the feed check is again
opened prior to start up,

To ensure that any oxygen which enters
the boiler during this shut down cycle is
adequately scavenged, the addition of
some catalysed sodium sulphite is
recommended. Ensuring that there is an
adequate reserve of sulphite at the end of
the shut down cycle will confirm that there
is no free oxygen within the boiler and that
the investment is being protected.
Carbon Dloxide

Referring to Fig. 1 again it will be noted
that carbon dioxide is very soluble in
water, dissolving to form carbonic acid

CQO2 + H20 9 H* + HCOT

Carbonic acid is aggressive to stee! and
will dissolve steel pipes rapidly..

Consider feed water which contains an
appreciable amount of natural alkalinity
— typically 30 mg/kg as HCOi for
Auckland water and 60 mg/kg for
Onehunga water. When used as boiler
feed the bicarbonate ions in the water
dissociate at the high temperatures and
pressures (typically 10 Bar and 180°C) to
produce hydroxyl ions and carbon
dioxide. A
HCO3" -3 COz + OH™

The carbon dioxide leaves the boiler
with the steam, as the steam condenses
and gives off its heat the carbon dioxide is
dissolved in the condensate. The carbonic
acid produced is very aggressive to the
steel pipework. Condensate lines should
be designed with sufficient fall to reduce
the possibility of condensate being
retained in the system.

The iron pipe work dissolves to form
ferrous carbonate which is soluble, and is
therefore returned to the boiler with the
condensate via the feed tank,

Once in the boiler the ferrous carbonate
reacts to form ferric hydroxide and carbon
dioxide. The ferric hydroxide appears asa
brown precipitate in the boiler water,
whilst the carbon dioxide again enters the
condensate system via the steam lines.

There are three approaches to solving
the problem.

1} Accept the corrosion and replace
the condensate lines when they start to
leak. Many plants opt for this as the pipe
work is relatively inexpensive to repair.

2) intreduce a neutralizing amine,
such as morpholine — this compound is
added to the boiler where it is volatilized
off with the steam. Control is effectad by
monitoring the pH of the condensate
which is maintained at 8.5 — 9.0, thus
corrosion is prevented. ’

3) In some plants volatile amines are
unacceptable as some of the steam may
be used for tood processing or sterilizing.
In such cases, dealkalizing of the boiler
make up should be considered. Because
dealkalizing is a little beyond the scope of
this discussion, only 2 of the various
methods used will be mentioned.

a) Addition of acid (generally
sulphuric as itis readily available and very
economical).

Sulphuric acid is added to the water to
react with the bicarbonate, the water is
then aerated to remove the carbon dioxide
that is formed.

b} By using ion exchange resins —
sodium/hydrogen cycle split stream. The

GamlenNew Zealand-Now three divisions
help make the world a cleaner place.

1 Specialty Chemicals

“For the control of corrosion and
deposits in steam raising plant using
coal or liquid fuel and in cooling
towers and closed cooling systems’.

2 Water Treatment

Desco products for control of corro-
sion in boilers and cooling towers.

3 Equipment

Softners, demineralisers, lon
exchange processes, filters.

SYBRON |Gamlen

Gamlen Chemical Co. N.Z. Ltd Subsidiary of Sybron Corp.
54-58 Leonard Road, Mt Wellington, Auckland
P.O. Box 14-258 Telex 21569 Telephone 592-799

. G.R1
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Control Of Industrial
Cooling Systems

J.M. Heng, Portals Water Treatment
(NZ) Ltd and W. Pugh, Houseman
(Burnham) Ltd.

The cost of water to NZ industry
continues to rise and at present the
Auckland industrial user is paying
25.53¢/m? ($1.02/1000gal.) Thisis only the
supply cost and disposat through trades
waste is far in excess of this figure. The
incentive for industrialists to save water is
therefore considerable. This article
discusses savings which may be made in
the guantity bought and in the treatment
of it in open cooling systems.

The average cost for metered water in
Auckland in 1977 was 15.86c/m?
(62.4c/1000gal.) compared to the 1980
price, which has increased 62.12%. It is
expected, furthermore, that the price of
metered water will continue to rise at a
rate higher than that of inflation if previous
trends are followed.

A high percentage of the waler used
within NZ is used by industry and of that
water, the majority is used for cooling and
steam-raising. The quantity actually
consumed in industrial processes is
surprisingly low. In many industries the
proportion used for cooling and steam
plant may be as high as 80%.

Open Cooling Systems

Of the cooling processes, the biggest
single user is the industrial open cooling
system and it’s here quite naturally that
industrialists must look for significant
savings. As our industrial processes
become more sophisticated, then cooling
towers increase in number and size and in
consequence the need for water
increases.

This increased need for cooling related
to the increase in costs pro-rata for water
necessitates its more efficient use,
not only as a responsible attitude towards
the availability of water on a national basis
but also from the point of view of
controlling product costs. The re-use of
water is therefore essential and the
correct management of cooling systems
increasingly important.

Water saving by efficient management
of cooling system can be achieved in a
number of ways, or by combination of a
number of ways, each of which varies in
importance related to the locat water
quality, ambient conditions and also to the
purpose for which the cooling water is
being put. R Swift (Chartered Mechanical
Engineer, Aprit 1977) explained how clean

Boller Corrosion {Cont)

free acidity from the hydrogen form resin
is neutralised with sodium bicarbonate
from the sodium form resin. This
produces carbonic acid which is removed
in an aeration tower. The alkalinity is
controlled by varying the ratio of R.Na to
R.H.

Hopefully, this discussion has shown
how an understanding of the chemical
factors involved in boiler corrosion can be
applied to the design, operation and
maintenance of steam raising plant.

Chemistry in New Zealand

surfaces are paramount in achieving the
desired efficiency. Subsequently the
cooling tower, heat exchanger surfaces
and pipework must be Kkept clean.
Deposits of any type or origin will
decrease the efficiency of the cooling
system and increase costs,

The open cooling system relies upen
evaporation, ie, pure water loss as water
vapour, to take the heat from the
recirculating water. This water is carrying
heat from a heat exchanger. The heat
exchanger will be related to a process or
some form of machinery which generates
heat to do its work and so on.

Water, being a very good solvent, many
substances will be carried in a dissolved
form. The quantity and variety of these
compounds varies from location to
location. As pure water is lost by
evaporation then the concentration of
these dissolved compounds will increase
and fresh water being admitted to the
system to compensate for evaporation
losses will continue to bring a
proportional increase of these
compounds. Unless some measures of
control are imposed the compounds will
eventually exceed their solubility and
deposits will occur. To ensure that this
does not happen, the system must be
purged or bled in order to maintain
concentration of salts below levels at
which they will deposit. This means water
usage at a high level unless some form of
water treatment is applied.

The problem of deposition at low
concentrations is further enhanced by
chemical changes in these indigenous
water-borne compounds resulting in the
production of less soluble materials. If the
concentration within the recirculating
water can be increased, then water
conservation can be achieved.

The water savings which are possible
can be shown by the following example:

System detalls:

Cooling system recirculation rate —
50 m¥h.

Temperature drop across tower —5°C.
Concentration factor — 2.

Evaporation is a function of the
designed recirculation rate and the
temperature drop (heat loss) required.
Evaporation is normally taken as 1% of
the circulation rate per 10°F (=5.5°C)
temperature drop across the cooling
tower. Evaporation would therefore
drop across the cooling tower.
Evaporation would therefore be
0.5 m¥h. The concentration factor is
decided upon by the chemical
composition of the raw water. If this has
a high level of salts, then a
concentration of dissolved salts of 2
only may be considered necessary.
To maintain a concentration factor of 2,
the system would have to be purgedora
bleed installed. This bleed would be
calculated by:

- E _w
B = m=p —W

Where B = Bleed, purge or blowdown; E
= Evaporation; C = Concentration, W =
Windage or drift loss, usually taken as
0.2% cf evaporation.

Bleed in this example would therefore
be almost 0.5m%*h. Make-up would be
1 m¥h. Someextra losses from leakages
in the system may also occur.

It will be seen therefore that any
increase in concentrations will save water.
Supposing that the concentration could
be increased to 6, then the make-up would
be reduced to 0.6 m*h. For a cooling
tower operating 24 h/day the water saved
would represent a cost saving of almost
$1329 per year at present metered water
prices.

High Concentrations

The most common occurrence leading
to depositis relates to the deposition of
calcium carbonate or hard water scale.
Raw water commonly contains calcium
bicarbonate which is freely soluble.
Unfortunately when water is heated as in
cooling systems the bicarbonate converts
to carbonate with loss of carbon dioxide.
The calcium carbonate is very sparingly
soluble and unless measures are taken,
scale will deposit. One measure would be
not to let concentrations within the system
exceed the level where calcium carbonate
solubility is exceeded and this of course
means high water usage.

Alternatively methods may be used to
prevent deposition of these insoluble
calecium carbonate particles in a form that
will prbduce hard scale. Two main
methods are available: ‘

1 Pre-treatment methods to change the
quality of the water.

2 Chemical methods to convert the
offending precipitates to a
manageable form.

Pre-treatmeni methods: In the main, the
process adopted is base exchange
softening. In this process the water is
passed through an ion exchange column
prior to use within the industrial cooling
system. The column consists of a vessel
charged with base exchange resin. As the
water is passed through the ion exchange
column calcium and magnesium cations
are exchanged for sodium ions. In
consequence the calcium and magnesium
saits of the raw water are converted o
sodium salts which have a much higher
solubility. The cooling system may then
be run at much higher concentrations
hefore deposition of salts wili oceur.

Whether or not pre-treatment of this
type is selected as a viable proposition
depends upon the system size and design
parameters. Where the -hardness salts
within the raw water are very high and the
system design is suitable, base exchange
softening will be used. On other systems
alternative methods of scale inhibition will
be utilised on economic and other
grounds.

Unfortunately base exchange water is
corrosive so corrosion inhibitors will also
need to be added to the circulating water
and there comes a point where the savings
made by being able to run the system at
higher concentrations (say 5 instead of
2.5} are not sufficient to offset the cost of
softening plus a corrosion inhibitor as
opposed to other forms of treatment. Base
exchange softened water is also alkaline
which on concentration produces a high
cooling water pH whichis undesirable and
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unless controlied will tead to
delignification of wood used in the
cooling tower and will also attack any
galvanising and aluminium in the system.

An alternative form of pre-treatment is
by the use of a dealkalisation plant. This
equipment is more sophisticated than the
base exchange unit. The process is of the
ion exchange type, but in this case the
resin bed is designed to exchange the
calcium and magnesium ions associated
with the bicarbonate. The carbonic acid
produced is passed through a degasser
where it breaks down to release carbon
dioxide, which is then removed thereby
reducing the corrosion potential of the
resultant water. Very good quality water is
produced by the dealkalisation plant and
greater concentration of the cooling water
can be made with relative savings in water
and treatment chemicals. The initial cost
ot the dealkalisation plant plus the
running costs must be appraised against
the water savings to determine whether
this plant is economically advantageous.

In many cases pre-treatment by
softening or by dealkalisation proves cost
effective. in many others it does not and
various chemical scale inhibitor
treatments are used.

Chemical scale Inhiblior treatments: The
most obvious form of treatment is acid
dosing to convert the bicarbonate to the
sulphate or ¢hloride dependant on which
acid is used. Sulphuric acid is the most
common choice in view of its cheapness.
With acid dosing, reliable pH control
equipment must be instailled to call for
sufficient acid only to keep the pH in the
system to between 6 and 7. Acid dosing is
therefore quite widely used whete site
supervision Is adequate. On many sites
however the handling of concentrated
acid is hazardous and the dangers of
overdosing is also very likely with
disastrous consequences.

A further hazard is that with insutficient
control, sulphates may deposit when
using sulphuric acid. Quite naturally,
research work has proceeded for a long
time intc alternative, more convenient,
less hazardous, inexpensive ways of scale
inhibition by chemical additives.

The earliest successes were achisved
with polyphosphates. These compounds
were found at low concentration (1—10
ppm) to interfere with the crystal growth
of calcium carbonate and inhibit the
formation of scale deposition. By the
inhibition of growth the particles stay
longer in suspension and the system can
run with a super-saturated solution. Even
if the particles do settle, they form in an
easily dispersible form and can be
removed by blowdown. This form of
treatment is popularly called ‘the
threshold treatment’, and is still used on
small systems with a low heat load.
Unfortunately where there is a high heat
load, conversion of the polyphosphate to
orthophosphate occurs. When this
happens the phosphate no longer acts as
a scale inhibitor but deposits as insoluble
calcium orthophosphate.

Research workers then began to look
for new compounds which would promote
the thresheold phenomena but which
would not have the disadvantages shown
by the phosphates. The organophos-
.phorus_ compounds.were. found.to.satisfy
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these requirements. The most widely used
of these are the organo phosphonates.

These materials function by absorption
onto the crystal surfaces of the calcium
carbonate or indeed other materials such
as calcium sulphate as they are forming
and distort the crystal structure, siowing
down growth and a{low a super-saturated
solution to develop. This in turn inhibits
deposition of scale onto heat transfer and
other surfaces.

Another modern group of materials that
similarly are seen to act in the threshold
way, viz, small, non stoichimetric
quantities exerting an extensive sffect
are the acrylate and methacrylate
polymers and copolymers.

Corroslon In The System

As shown above, there are a number of
ways and materials that will inhibit scale
production within water systems and
which therefore permit greater
concentration of the circulating water and
effect considerable saving of water.
Unfortunately as the concentrations are
increased so is the level of total dissolved
solids within the water. This means that
the conductivity of the water is increased
and hence the corrosion potential.

Corrosion is an electro-chemical
process where metal goes into solution at
the anode, electrons are transferred
through the metal or the solution to the
cathode where they are involved in a
number of reactions. The commonest of
these in cooling water is the formation of
hydroxyl ions:

. Fet+ —> Fe+2e (Anode)

O, +4¢+H,0 —> 40H- (Cathode)

The hydroxyl ions in turn will combine
with metal ions to form an unstable metal
hydroxide which breaks down:

Fer++20H-= Fe(OH) > Fe,04/Fe,0,

In acid " solution a slightly different
process occurs:

Fet+ — Fe+2e {Anode)
2H*++2e —> H, {Cathode)

In this case the metal ions will no longer
form insoluble hydroxide but will remain
in solution. Where hydroxides are formed
the process of corrosion will be slower as
these hydroxides will themselves
eventually tend to afford some protection
to the metal and screen it from the
corrosive environment. Under acid
conditions no such protection is given and
corrosion will be more rapid and severe.

It tollows therefore, that some form of
corrosion inhibition must be practiced
and the logical approach is to stifle one of
the reactions at the cathode or anode. An
anodic inhibitor is one which will control

the reaction at the anode and prevent
metal ions going into solution. This is
achieved by reacting the metal ions with
the inhibitor to form an insoluble material
at this site. This film of substance must be
very thin and not reduce heat transfer.
Cathodic inhibitors act similarly by stifling
the reaction at the cathode. It foliows that
a combination of both is the most
effactive.

The most well known anodic inhibitors
until recent times were the chromates, but
these substances are highly pollutant and
with the growing concern for environ-
mental safety have virtvally now been
dropped from use. Phosphates have also
been used for some time as anodic
inhibitors but as stated earlier suffer the
disadvantage of reverting to orthophos-
phate. Other ancdic inhibitors are the
tannins and nitrites. Both these
compounds are however readily attacked
by microbiological growth, Nitrite has
been found to be an excellent inhibitor.
The tannins however afthough good in
more easily controlied systems such as
boilers, are problematic in the variable
conditions of the open cooling system and
itis difficult to maintain a good film quality
without creating a layer of iron tannate
that becomes too thick in places and
inhibits heat transfer.

With regard to cathodic inhibitors, the
best known have been the amines of the
filming type, calcium carbonate itself,
which is very difficult to control, and the
most successful and still widely used zing
salts such as zin¢ sulphate and zinc
chloride. More recentlty however the
introduction of organic phosphonates to
water treatment has revolutionalised anti-
corrosion treatment. Apart from being
excellent scale inhibitors, the
phosphonates in combination with other
materials such as zinc and calcium saits
provide an excellent inhibitory action at
both anodic and cathodic sites.
Furthermore, both the phosphonate and
zinc may be used at low concentration,
The natural carbonates in the water are
relied upon to provide the third member of
a highly successful corrosion inhibition
complex,

Phosphonates are also used in low
concentrations with nitrites and
occasionally chromates as a dianodic
corrosion system reinforcing the action of
each al the anodic sites. In this way, low
concentrations of nitrites and chromates
can be used with the relevant advantages
that this offers in terms of cost and etfluent
quality.

The second part of this article will appear
in our December, 1980, issue.
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Rust Prevention
For
Motor Vehicles

Corrosion is. estimated to cost NZ
between $200-$300 million annually
{some put it at a higher figure) and amang
the more expensive items affected are
motor vehicles. For the average person, a
car is the second most expensive
purchase made after a house.

Unfortunately, motor vehicles are, in
many cases, rapidly deteriorating assets
and rust can reduce their value more
quickly and effectively than anything else
except, perhaps, an accident.

Rust is caused by the combination of
metal with oxygen or carbon dioxide.
Moisture acts much like a catalyst to
produce the union of iron and oxygen. A
chemical reaction takes place by oxygen
dissolving in water and this water layer
adheres to the surface of the metal in such

a manner as to allow the oxygen to remain
long enough to cause corrosion.

An even more severe form of corrosion
is by exposure of metal to acid fumes. With
the addition of moisture, this combination
forms hydroxides which finally dehydrate
to form rust. if the air and mositure can be
prevented from contacting the metal
surface, rusting can be prevented or, if it
has already started, stopped from
spreading.

Valvoline Tectyl rust preventives were
first made in 1938 by the Valvoline Oil Co.,
and are now marketed in over 80 countries
throughout the world. More than 30
vehicle manufacturers, including Rolls
Royce, Mercedes, BMW and Volvo
recommend the product for factory and
after market protection against rust,

There are many different grades: those
used for car rustproofing are of the
petroleum wax based, solvent cut back
type and are thixotropic gels. The resilient
underbody product that remains pliable is
airlessly sprayed on to the whole floor pan
of the car and leaves a shiny black film,
while a different product is fog sprayed
into all sections of the upper body
including doors, sills, bonnet, and boot

folds, and door pillars and posts under
chrome mouldings — in fact anywhere a
car will rust.

The preventives contain moisture
displacing agents and are reacted or
formulated into polar-chemical active
compounds and given an electro-
chemical affinity for ferrous and non
ferrous metdls. One end of the molacules
of the polar-chemical compounds is
strongly attracted to metal — the other
end to the petroleum base. When a Tectyl
compound is applied, this molecular
attraction tightly binds the extremely thin
film to the metal surface so that air and
moisture are sealed out and corrosion is
checked.

The coatings carry up 1o 6-year
guarantees which are underwritten by
insurance in NZ. Even vehicles up to 6
years old can qualify for a 2-year
guarantee. Guarantees are transferrable
from owner to owner.

Complete treatments vary in price from
$100 to $147 depending upon the size of
the vehicle and how difficult they are to
treat. To obtain a guarantee the vehicle
must have a complete underbody and
upperbody treatment.

ENERGY STRATEGY '79

Issued by the Minister of Energy,
Hon, W.F. Birch.

{Government Printer, Wellington, 1979)
pp36, $5.50, paperback

Energy Strategy '79 seeks to place
hefore the general public the energy
policy of the Government, together with
some of the reasons for that policy. The

major problem (our dependence on
imporied oil), and major hope
{development of our own resources,

particutarly the Maui Gas field). together
with the consequent challenges (“The
capital investment for development of
Maui alone is estimated at $2 billion"), and
potential rewards (“such development
would save $300 million per annum’), are
all enunciated in the introduction. The
goals for NZ's strategy are outlined in the
second chapter as follows:

1 To reduce NZ's dependence on
imported oil.

2 To increase diversity in NZ's Energy
Supply System.

3 To ensure that energy is efiiciently
used.

4 To transfer energy supplies from non-
renewable to renewable resources.

5 To establish a framework for energy
planning which provides for changing
social and economic circumstances.

In the next three chapters, which ook at
policy for Energy use, Energy pricing, and
Energy supply, the first goal is -the
predominant one. Essentially the aim is,
where possible, to switch away from oil,
particularty in the industrial, domestic and
commercial sector. In the transport sector
{which is the major user of oil}, the aim is
to conserve fuel as much as possible, and
to encourage some fuel diversification by
using LPG and CNG. Although M15 (15%
methanol-petrol blend) is mentioned, it
does not seem to be a strong possibility at
least in the near future.

Chemistry in New Zealand

AN INTRODUCTION TO BOILER
FEEDWATER TREATMENT
Booklet published by Catoleum

The booklet is recommended for

[industry as an excellent summary of boiler

water problems. It deals with the type of
impurities found in feed water, guidelines
for the limits of impurities, and suggested
methods for their removal. These
impurities include calcium carbonate and

The 96-page publication is very
attractively presented, and contains a
number of tables and graphs, which
clearly convey a wealth of information on
all aspects of production and utilisation,

While there is little of an explicit nature
on the effect of the Government's energy
policy on chemical industry in NZ, it is
clear that its impact will be considerable.
There will be opportunities provided by
the existence of methanol and synthetic
fuel plants, and by increased use of LPG
and CNG. There will be opportunities
created by future utilisation of our coal
resources. Already both the Coal Board
and the Liquid Fuels Trust Board have
expressed interest in this area. Finally
there will be numerous opportunities in
the development and harnessing of
biomass. All these shoutd greatly enhance
employment prospects of fulure chemists.
Those involved, or considering becoming
involved, in research in this area may be
interested to learn that the Government
increased its allocation by over 50% to
$8.5 million last year.

There will be some chemists who find
the lack of specific examples of future
technology such as the use of hydrogen,
development of batleries, photovoltaic
effects and solar technology rather
frustrating. It is helpful to bear in mind,
however. that the document is aimed at a
broad audience, ‘and should perhaps by
judged accardingly,

1.D. Watson

Dr Watson is Chairman of the Energy
and Chemical Materials Resources
Commitiee. He is also Reader in
Chemistry at Massey University.

sulphate, silica, magnesium hydroxide or
silicate, iron and copper oxides and
possibly calcium and magnesium
phosphates.

The measures taken to prevent boiler
system corrosion include removing
dissolved oxygen, maintaining atkaline
conditions and counteracting corrosive
gases in steam and condensate systems.

Methads of removing impurities from
water are listed which include ¢oaguiation
and precipitation, ion exchange,
deaeration and reverse Qsmosis,

Finally, details are given of methods of
chemical dosage and tests carried out to
determine the efficiency of the boiler
waler treatment. Cverall the bocklet is an
extremely useful information scurce for
the Works Chemist,

The booklets are
Catoleum free of charge.

available from

L. Eyres

L. Eyres is Research & Develdpment
Chemist with Abels Ltd, Auckland.

Chemical
Crossword

Solution to Augusi Puzzle




1980 AGM Report

The 1980 AGM was held at Massey
University on Tuesday, August 19, with
President A.D. Campbeli in the chair.

Minutes of the 1979 AGM, the Annual
Report, the 1979/80 Statement of Income
and Expenditure and the 1979/80 Balance
Sheet were all adopted.

Officers for the 1980/81 term were
elected.

President Dr A.J). Ellis,
Director, DSIR.

First Vice Prasident: Dr W.S. Simpson,
Director, WRONZ.

Second Vice President Dr D.E. Wright,
Assi. Director, MAF, Wellington.

After nominations had closed, Mr
Fletcher announced he had been
appointed Director of the Heavy
Engineering Research Association and
would not be able to continue as General
Secretary. Consequently branches were
asked to forward nominations for the
position of Acting General Secretary to
hold the position until an official election
at the next AGM.

Dr Ellis oullined preparations for the
Golden Jubilee in 1981, The remit that “A
fund be established during the Golden
Jubilee year for the purpose of bringing
overseas visitors 1o NZ and to which there
shall be an annual addition from council
funds. Only in exceptional ¢circumstances

Assistant

shall the fund be used for other purposes
was carried.

Awards and prizes announced were:

Easterfield Award for 1880 to Dr D.R.
Crump DSIR Chem. Div. Wellington.

ICI Prize to Dr B. Halton Chem. Dept.
Victoria University.

Industrial Chemistry Prize to Dr H.P.
Rothbaum, DSIR Chemistry Div.,
Woellington.

Chemical Essay Prize to Miss L.M. Ball
Chem. Dept. University of Canterbury.

The prize for the Best Student Paper at
the Conference was awarded to Mr S.J.
Henderson of Victoria University,
Wellington.

A remit that “The Rules of the ICI Prize
be amended to read inter alia ‘that only
papers actually published during the 5-
year period before the closing date (April
30) be considered as support for the prize”
was carried.

The adoption of a logo in addition to the
current seal of the Institute was discussed.
No consensus of opinion was reached but
Dr Halton suggested that any members
who were interested could submit designs
to the General Secretary for consideration
by Council,

Under general business, Prof Mackay
summarised a survey of employment
aopportunities for chemists that had been
untertaken ‘at Waikato University.
Preliminary analysis suggested that there
are 2.5 times more vacancies than

available chemists. It is hoped to publish
details in a future issue of Chemistry in
New Zealand. A motion that “A more
detailed study of the wvacancies for
chemists and technicians be undertaken
by the NZIC" was carried.

Mr G. Husheer suggested that the
Institute consider investigating the
possibility of government assistance for
tirms employing technicians who were
undergoing training similar to apprentice-
ship schemes. Council asked that he
torward relevant information.

Dr Shorland raised two points in which
he felt he had been unjustly treated by
Chemistry in NZ' and by the 1980
Conference Committee. A further
comment on the accuracy of Institute
records was answered with a request to
members that they inform their branch
secretaries of the deaths of [nstitute
members. (* In our February, 1980, issue
we referred to Dr Shorland as “Mr
Shortland”. We take this opportunity to
apologise to him for our errors).

A remit from the Auckland Branch that
“There be a student grade of membership
available for students of tertiary
institutions” was carried.

August Council
Briefs

The emblem of the NZIC again came
under discussion, and the need for an
additional stylised logo was mooted.
Factors such as the relevance and clarity
of reproduction of the current emblem
and the costand desirability of alogo were
considered. The views of members were
forewarded to branch delegates. Opinion
was divided and it was resolved to put the
matter before the AGM.

Finances were discussed at length,
several hranches expressing concern that
too much money was being promised for
undertakings which should pay their own
way. Council affirmed that all conferences
should be self-supporting.

Subscriptions will be considered at the
November Council meeting but it was
predicted that with a current rate of
inffation nearing 20%, an increase of at
least $5 would be necessary.

Dr Eyres reported to Council on the
future of “Chemistry in NZ"”. Current
postage rates are 10c per copy within NZ
and are scheduled to rise to at least 14c in
January. Council discussed ways of
reducing costs without sacrificing the
high standard.

Dr A.J. Ellis reportéd on progress for the
Golden Jubilee celebrations. In
association with the Manawatu Branch, a
film on the contributions of chemistry to
NZ is in preparation by the DSIR film unit
and should be ready by the middie of 1981.
The 1981 conference preparations are
well advanced, promising a host of
prominent overseas speakers. The
February 1981 issue of “Chemistry in NZ"
will fgature the Institute’s 50 year history.
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Council approved money to be set aside
for the initiation of Golden .Jubilee
projects. Prof A. Campbell has written to
other chemical societies inviting them to
send representatives to the conference.

Mr S. Brooker and Dr Eyres are
sounding out support for an international
conference on fats and oils, to be held in
NZ possibly in 1983. It was agreed that the
event should get NZIC backing.

Or David Bibby has replaced Dr John
Featherstone on the Public Affairs
Commitiee,

The following were elected to the
Feliowship:

BRODIE Andrew Martin B.Sc (Hons)

PhD {(Cantuar}. Dept. of Chemistry

Biochemistry & Biophysics, Massey

University {Snr. Lecturer).

Khaik Cheang B.Sc (Hons) Ph.D

(Otago). Dept. of Biochemistry,

University of Malaya, Kuvala Lumpur,

Malaysia. (Associate Professor).

Tetrahedron Prize

The editorial board and publishers of
Tetrahedron Publications have decided to
honour the memory of its founding co-
chairmen, Sir Robert Robinson and ProfR’
B Woodward, by the creation of a
Tetrahedron Prize. This prize will be given
biennially for “Creativity in Organic
Chemistry". It will consist of an
appropriate gold medal and $US10,000.
There will be no restrictions whatsoever
on the award of this prize, except that it
cannot be given to the present members of
the editorial board.

Candidates for the first Tetrahedron
Prize should be nominated by an
appropriate expert with a 2-3 page citation
of the creative work involved (with
appropriate references) and the names of
two referees. Nominations for the 1981
Prize should be sent to:

Prof Sir Derek Barton, FRS, ICSN,
CNRS, 91190 Gif-sur-Yvette, France, and
must arrive by December 31, 1980.

BOOKS RECEIVED
FOR REVIEW

1} "Electronic Structure and the
Properties of Solids”
W.A. Harrison
W.H. Freeman & Co.

2} “Kinetics Applied
Reactions”

W. Drenth and H. Kwart

Marcel Dekker (paperback}

3) Soviet Scientific Reviews, Section B
Chemistry Reviews
Ed. M.E. Vol'pin

4) “First Year University Chemistry™
J.M. Coxon, J.E.-Fergusson and L.A:

to Organic

Phillips
Edward Arnold

5) “"Computers in the Curriculum —
Chemistry Pack”
R. Lewis
Edward Arnold

6) “Biological Magnetic Resonance” Vol
2
Ed. by L.J. Beriner and J. Reuben
Plenum Press

7} Fibrous Proteins:
Industrial and Medical
Aspects Vois 1 & 2
Ed. by D.A.D. Parry and L.K. Creamer
Academic Press

8} The Nalcc Water Handbook.
McGraw Hill,

~From Catoleum-Pty. Ltd.
Qctober 1980

Scientific,



L BRANCH NEWS y

Manawatu

The 1980 Branch Address to the New
Plymouth Section was presented by Mr
Stan W. Whilte at lvonWatkins-Dow Ltd on
July 21. Mr White's subject, “A Chemist in
the Freezing Industry”covered beef and
sheep processing related to new hygiene
requirements, various aspects of plant
effluent treatment and modification to a
machine that mechanically debones meat.
Members are reminded of the Branch
AGM to be held on October 13 when Mr
White will present a similar address.

An informal meeting of the Hawke's Bay
Section is being planned for later this
year. Members requiring further
information or wishing to attend this
meeting are asked to contact either Peter

Dawson (Napier 446-323) or Ted Fletcher
(Napier 777-769) in the evenings or
weekends or Godfrey Husheer or Barry
Streeter {Napier 439-218) during husiness
hours.

Wellington

The July meeting took the form of an
Education Symposium (and public
meeting} concerned with the subject “Is
inadequate Funding Jeopardizing our
Agricuitural Future, (or Can We Produce
Sufficient Numbers of Well-trained
Chemists)”. Three speakers, Mr Rod
Julian (Newlands College), Mr John
Offenberger (Wellington Polytechnic),
and Prof John Tomlinson (Victoria
University) discussed the difficulties
faced by the education system in
producing chemists trained to a modern
international standard.

Dr 'Brian Hafton gave the Branch
Chairman's Address “Stress and Strain: A
century of Closed Carbon Chains™ to the
Nelson members in early August. The
meeting was held jointty with the Nelson
Branch of the Royal Society. This address
will also be given in Wellington in
September but will now be the 1980 ICI
lecture and Branch Chairman's Address
tollowing Dr Halton's success in obtaining
the ICI prize.

Later in August a Branch meeting held
jointly with-the Biochemical Society was

addressed by Dr David Elierton,
Biochemistry Department, Victoria
University on the subject "lnvertebrate
HRespiratory Proteins’. These metalto-
proteins serve as oxygen carriers and Dr
Ellerton reviewed recent developments in
the elucidation of the structures of
erythrocruorins and hemocyanins.

Mr D. Howell of Unilever (NZ) Ltd is
the convener for the local Jubilee
Commitiee set up to co-ordinate and
organise Branch activities in 1981 for
celebrating the Institute’s Jubilee. Mr
Howeli welcomes any ideas or offers of
assistance.

Otago

In July a joint meeting was held with the
Otago Branch of the NZIE. Atthis meeting
Prof G. Williamson, Chemical
Engineering Dept., of the University of
Canterbury gave a very interesting talk
entitled *Solar Thermal Energy
Recovery”. In this talk he described the
work his department has carried out in
developing a high efficiency solar heating
panetl for domestic and commercial
applications.

In August the annual social function

-was held at the new COtago University

Senior Common Room. Prof F. Fastler
gave an after dinner speech and everyone
enjoyed the evening.

= University News

Auckland

Chemisiry Dept: Dr G.A. Wright is at
present spending a period of leave at the
Wolfson Centre for Electrochemical
Science at Southhampton University.

Dr M.J. Taylor recently returned from
leave spent partly in Oxford and partly at
the University of Windsor, Ontario.
Activities included the completion of a
review on L.r. and Ramon Spectroscopy of
Organometallic Compounds.

Massey

The University was the venue for a
number of important meetings during
August, including the combined Institule
of Chemistry — Biochemical Society
Conference. Two meetings of particular
interest to Institute members were the
NELCON electronics conference and the
“Sciences for Industry” course. The
course, designed for sixth and seventh
form students from the lower half of the
North Istand, provided an introduction to
the place of the manufacturing and
processing industries in the NZ industrial
scene. It showed how school studies in
science formed the basis of much of the
work in a B. Tech degree.

Prof R. Hodges of the Department of
Chemistry, Biochemistry and Biophysics
was recently appointed Director of the
Computer Centre. Dr E.N. (Ted) Baker of
this Department was recently promotedto
Reader and Drs lan G. Andrew, Gavin R.

Hedwlg, T.M. Kitson and Paul T.
Callaghan were promoted to senior
lecturers.

Prof R.L. Earte and Dr V.F. Larsen
{Biotechnology Department) recently

Chemistry in New Zealand

received grants from the NZ Forest
Service, BP Chemicals Ltd and the NZ
Energy Research and Development
Committee to undertake work on the
production of liquid fuels by the
fermentation of various plant-produced
substrates.

Dr John D. Brooks {Department of Food
Technology) and Dr lan §. Maddox
{Biotechnology Department} were
awarded a research grant from the
Ministry of Foreign Affairs to support an
overseas PhD student’s work on the
production of citric acid from dairy whey
by fermentation.

Victoria

Recent visitors to the Chemistry
Department have included Prof G.O.
Aspinall (Ontario, Canada) and C Reed
{UCLA) who provided research seminars.
Prof R. Ferrier of the Department also
gave a seminar “Survey of Research at
VUW on Carbohydrates and Prosto-
glandins™.

Dr S.1. Smedley attended the Corrosion
Conference in Perth, and Mr D.L. Officer
the RAC) National Organic Mesting in
Melbourne in August, the latter sponsored
by the Royal Society Young Scientist
Fund. Bolh gave papers on their research
work. Mr D. Nelson attended the
Australasian Foundation for Dental
Research conference in Adelaide by virtue
of his winning paper at the anclogous NZ
meeting earlier in the year.

New proton and carbon-13 NMR
facilities have been installed in the
Department with the aid of grants from the
University Grants Committee research
committee and the NZ Lotteries Board.

Dr A.G. Grant, of the Biochemistry
Department, left in August for 8 months'
refresher leave. He has been awarded a
Fulbright Travel Grant to visit the State
University of North Carolina, Raleigh, NG
to pursue his studies into the role of the
glutathione S-transferase enzymes in
creating insecticide resistance. Prior to
this, he will be visiting the University of
Surrey, Guildford, and the Courtauld
Institute of Biochemistry, London.
Otago

Nutrition Dept: Dr L. Melton presented a
paper at the 10th International
Symposium on Carbohydrate Chemistry
in Sydney in July. Dr Joan McKenzle has
just returned from 8 months sabbatical
leave at the Rowett Institute, Aberdeen,
Scotland.

Pharmacy Dept: John Whitlam from the
Sydney University, Pharmacy Dept. has
just joined the staff as a lecturer at Otago.

Chemistry Dept: Visiting lecturer DrR.J.
Sturgeon, a carbgohydrate chemist from
Heriot-Watt University, gave a seminar in
the department. Dr R.A. Matheson
attended the RACI Electrochemistry
Conference in Perth and Drs M.R.
Grimmeti and R.A.J. Smith attended the
RACI Organic Symposium in Melbourne.

kK

DrL.H. Princen, chief, Horticultural and
Special Crops Research Laboratories,
WSDA Northern Regional Research
Laboratory, Peoria, USA, will visit NZ in
November and will present a siminar on
the work of his organisation at DSIR, Mt.
Albert, Auckland, on November 10. For
more details contact Dr L. Eyres, Abels
Ltd. {Ph. (9) 548-145).

¥
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News From Govt.
Departments

DSIR — Chemistry Division: Dr K.J.D.
Mackenzie has been awarded Fellowships
with both the Royal Society of Chemistry
and the Institute of Ceramics in UK.
Recent seminars organised by the
Division have included "Developments in
Cement Displacement Research” by
Lucllle H WNovak, Exxon Production
Research Company, Houston, Texas;
“Cadmium in the Environment” by D¢ T
Kjellstrom, MRC Senior Research Fellow,
School of Medicine, Auckland University;
and "Could Electric Cars Help Ease NZ's
Transport Problems” by Dr $ K Fellows,
Chemistry Division.

DSIR — Insiitute of Nuclear Science:
During July Dr Scott Whineray of the
Department of Chemistry, Biochemistry
and Biophysics, Massey University, gavea
seminar entitled “The Determination of
Elemental Concentrations in Animal
Tissue by In vivo Neutron Activation
Analysis”.

Central Institute of Technotogy: A
series Of seminars has recently been held

at the Schoo! of Pharmacy on a variety of

topics: The Role of the Analyst in
Pharmaceutical Preformulation Studies
(Dr C G Hughes).

Stability Studies of Acetaminophen-Peg-
6000, solid dispersions (Mr K Kumar).
Glutathione-5-transferase  in  Galleria
Melionella {The Greater Wax Moth) (MrN
Carroll).

Aspects of the Toxicotogy of 1080 (DrJ P
Fawcett).

Cawthron Institute, Nelson: Dr Don
Grant has left for a 3-month visit 1o USA
and UK. He will be working at the
Glasshouse Crops Research Institute in
Littlehampton, West Sussex and will be
attending the 2nd Microbial Ecology
Symposium at the University of Warwick,
Coventry. He also hopes to attend the
Biotechnology School — Queen Elizabeth
College, London. Miss Pat Johnstone has
left the Institute and has gone to Australia.

invermay: Building is about to
commence on the erection of new offices
and laboratory facilities for the animal
nutrition unit. Dr David Stewant and his
staff will also be housed in these
buildings. There will also be an abattoir
built with these buildings. Permission has
been received to relocate the rest of
Invermay at Puddle Alley. This will take
several years to complete.

Dalry Research Institute: Following a
visit earlier this year to Australia, USA and
Canada, Dr Peter 5. Robertson recently
travelled to Japan and Europe to complete
his programme of visits lo dairy
processing and research establishments
as part of a familiarization with the world
diarying scene since his appointment as
Director. While in UK, he attended the
Annual Sessions of the International Dairy
Federation (IDF} in Bristol.

Dr Wayne B. Sanderson recentiy
headed NZ's delegation to the IDF Annual
Sessions in Bristol, He also visited a
number of dairy processing and research
establishments in Europe before
returning as a participant at an IDF
Seminar in Singapore on “Recombined
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Miik and Milk Products”. Dr David F.
Newstead and Mr John Gilles also
attended this seminar.

Mrs Helan R. Cleland recently joined the
Whey Products Section. Mr Brian P.
Robinson has resigned to take up an
appointment as Senior Technical Officer
with the Manawatu Co-cp Dairy Co. Dr
Nell J. Walker, who was seconded to N2
Milk Products Inc. in Chicago in 1977, has
also recently resigned from the Institute to
take up a permanent appointment in that
company,

DrL.K. Creamer is at presentworkingin
the Dept. of Food Science, University of
Wisconsin, Madison, USA, where he has
the status of Visiting Professor,

DSIR — Applled Biochemistry Diviston:
The Director, Dr Ray W. Bailey, attended
the General Assembly of the International
Council of Scientific Unions in
Amsterdam (6-12 September) and then
spent 4 weeks at the Grasslands Research
Institute at Hurley, UK. On his way home
he will visit Peking for a week on behalf of
Foreign Affairs scientific exchange
between China and NZ.

On 26 August, Dr Eric E. Conn
{Department of Biochemistry and
Biophysics, University of California,
Davis) presented a seminar entitled
“Cyanogenesis — the production of HCN
— in Plants and Animals”. Dr Conn
discussed various aspects of cyanogenic
compounds, including glycosides and
lipids, produced by some species of
plants, bacteria and insects. Many of the
toxic plants with which he illustrated his
talk, were common ornamental varieties

of shrubs and trees. Dr Conn paid tribute
to the contributions of many people, in
particular Drs Graham W. Butler, Peter F.
Reay and Bran A. Tapper, who have
investigated the biosynthesis of
cyanoglucosides from amino acids.

Although the pathway is not complicated,
problems arose in these investigations
because the enzymes invglved in the
various transformations are membrane-
bound. Also, the metabolites are
channelled and thus are not released in a
free state and do not exchange with added
labelled materials.

On “Open Day"” for research workers in
the Palmerston North area was held
recently at the electron microscope
facility. Mr Keith 1. Willlamson opened
the demonstration by briefly describing
the operating principles of electron
microscopy in relation to both
conventional transmitting (TEM) and
scanning (SEM) modes of operation.
Examples of studies were shown in which
the Division's Phillips Models EM—200
{purchased in 1965) and EM-201C (1879}
as well as the Cwikscan 100 Field
Emission SEM (1973) were used.

Mr Michael J. Evers joined the Division
on September 1 from NZ Forest Products
Ltd, Auckland. Mr Evers has been
appointed to set up, operate and develop
the "National Biochemical Engineering
Unit. This unit is a joint operation between
the Division and the Depariment of
Chemistry, Biochemistry and Biophysics,
and Biotechnology Department of Massey
University.

Meetings And
Conferences

The Second Circular about the Golden
Jubilee Celebrations of the NZIC,
particularly the Conference in Auckland
next August, is now available;. and
members should receive it through their
local branch mail. Through the generosity
of 17 (at the time of writing) firms in NZ,
and the - personal contacts of the
Chairman of the Conference Committee,
Mr Alan Mackney, a glittering array of
chemical leaders has been arranged,
which can probably equal any group
previously seen in Australasia. Spare
copies are available from the Conference
Secretary, Chemistry Dept, University of
Auckland.

* W

The Auckland Branch of the NZIC has
arranged a 2-day symposium on ‘Modern
Laboratory Practice’ to be held at the
Secondary Teachers' Training College,
Epsom, Auckland, on 21-22 October. A
very good programme has been arranged,
including a social evening and dinner,
Overnight accommaodation is avaitable for
attendees from out of town. Registration is
$10, with extra for meals. Enquiries and
registration to lan Scellock,c/- Abels Ltd.,
Box 9573, Auckland {(Phone 548-145).

* ok ok

The Polymer Division of the Royal
Australian Chemical Institute is holding
two meetings of interest to us. On
December 2-3, there will be a symposium
on Adhesion Technology at the Caulfield

tnstitute of Technology, Melbourne,
where the main speaker will be Prof Alan
Gent of the University of Akron, U.S.A.
Enquiries to Dr G B Guise, CSIRO
Division of Textile Industry, Box 21,
Belmont, Victoria, 3216. The 12th
Australian Polymer Symposium will be
held at the Redleal Lodge Motet, Black-
heath (in the Blue Mountains of New
South Wales.) Enquiries and offers of
papers to Dr Davld Sangster, AAECRE,
Sutherland, NSW 2232. Guest speakers
will be Prof C H Bamford, FRS, of
Liverpool, and Prot J Gulllet of Toronto.
* K

The Auckland Branch of the Qil and
Colour Chemists' Associationis  havinga
one-day symposium on ‘New Technology
in the 80's’ at Trillo’s Downtown, Auckland
on November 10. Enquiries to R Spargo
Box 5192, Auckland.

* &k

The Canterbury Branch of the NZIC's
July meeting consisted of a guided tour of
the Chemical Engineering Dept of the
University. The August meeting heard the
President’'s address on analytical
chemistry, which was preceded by a
smorgasbord and an informal meeting.
On the occasion of Prof Campbell’s visit,
opportunity was taken for the local Atomic
Absorption Group to have its first
meeting, when he spoke on selenium
analysis by AA, and Daphne Hinton of
Princess Margaret Hospitat dealt with
monitoring of industrial health. The
Branch is planning a one-day symposium
on chromatography as its activity for
November, Sessions on HPLC and GLC
technigues will be included. Further
inquiries may be directed to DrKip Powell,
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The Fletcher
Memorandum

Meetings (Cont)
Chemistry Dept.,
Canterbury.

University of

* W
A seminar will be held in Hamilton,
November 25-26, 1980, on oxygen in river
estuaries and lakes. The proposed
programme will include the following
topics: Significance of oxygen in natural
waters; Measurement of oxygen demand;
Characteristics of sources of demand
(meat, dairy, sewage, pulp and paper,
effluents, etc); Sources and sinks of
aquatic oxygen. Further details from:
Scientist-in-Charge, Hamilton Science
Centre, MWD, Private Bag, Hamilton.
* * K

An International Symposium on “Trace
Analysis And Technological Develop-
ment” is to be held at the Bhabha Atomic
Research Centre, Bombay on December
15-18, 1980, or February 16-19, 1981. It is
sponsored by the Indian National Science
Academy.

Contact: Dr M. Sankar Das, Convener,
International Symposium on Trace
Analysis and Technological Develop-
ment, Analytical Chemistry Division,
Bhabha Atomic Research Centre,
Trombay, Bombay 400 085, India.

Dr Roger Reeves and the Manawatu
members worked hard for a successful
Conference — and succeeded in every
domain. Visitors to the Massey campus
were impressed both by its physical and
chemijcal maturity. With the strong
Applied Biochemistry Division of DSIR
and the Dairy Research Institute over the
road, it seems setto become a great centre
of scientific excellence. (Who says it
wasn't one already!). We all enjoyed the
1980 Conference and express our
gratitude to those who prepared it.

* ok k

The Institute has a group of committees
which are appointed by council (Branch
committees bring forward nominations) at
the November Council meeting. At
present there are the following:—

Energy & Chemical Materials

Chairman: Dr G.J. Wright

Hazardous Chemicals

Chairman: Mr A.C. Kennett
Publications

Chairman: Dr L. Eyres
Public Atfairs

Chairman: Dr M. Kingsford

to which has now been added:
Environmental
Chairman: Prof. R. Laverty, Dept. of
Pharmacology. University of Otago
Any member wishing to “have a go”
should write to the appropriate chairman.
In addition, on the Administrative side,
we have
Honours Committee — to consider

recommendations for Hon. Fellowships,
nominations to ANZAAS, RSNZ etc.

Standing Committee — an executive
committee to act on Council's behalf
between meetings.

Membership Commitlee — to consider
and recommend on membership
applications.

| have long thought we should have
some more, like

Finance Commitiee — to ensure we're
doing the right things with our income.

Professional Committee — to ensure
members keep to the Institute's code of
ethics etc.

Continuing Professional Education
Committee — to assist Branches and to
update members’ professional knowledge
in chemical science. (NZIE has a new
“Structured Continuing Education
Course”).

*

Question from*; member recently.
Where (how?) do | dispose of 2 x 200 litre
drums of flammable solvent wastes
(legally)? Can you help him?

* * *

The National Research Advisory
Council has just released “Research
Evaluation & Review Working Party
Report” for comment. This report reviews
management technigques used in
Government-funded research organisa-
tions and makes recommendations on
how these can be improved. Anyone
wishing to comment on the report should
contact me.

4

INDUSTRIAL
WATER
TREATMENT

FOR SUPPLY WATER
FOR WASTE WATER

Softening, filtration, deionization, chemical treatment,
reverse osmosis, waste water treatment for
commercial, industrial, institutional needs.
Call us for professional analysis of your water supply,

Lennard, Tuck & Co.

and engineering consultation.

AUCKLAND WELLINGTON CHRISTCHURCH DUNEDIN
PH 593-139

Chemistry in New Zealand

A Division ol Neill, Cropper & Co Ltd

PH 683-445 PH 791-462

PH 773-658
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SP3 Series Ratio Recording
IR Spectrophotometers

Ratio Recording

o High %T linearity and repeatability for
quantitative studies

e Live zero, yielding accurate results for
low transmission samples

Orthogonal Ebert grating monochromator

e High wavenumber repeatability

e Low stray light

Pyroelectric detector

e High performance

# Solid state reliability

One minute scan

e High quality survey spectra in only one
minute

Auto-smooth noise reduction

e Additional clarity for qualitative studies
%T expansion

@ x10%T, continuously variable,

(for SP3-100)

@ x20 calibrated continuously variable
(for SP3-200 and SP3-300)

+100%T back-off (SP3-200, SP3-300)

e Allows any 5%T of sprectrum to be
expanded full scale

e Spectra may be offset or plotted one
above the other

SP3-100

The simplest instrument covering the
frequency range 4000 to 600 cm-!, brings
the benefits of ratio recording to a routine
spectrometer. The SP3-100 provides all
the potential for fast, accurate spectra for
qualitative and quantitative studies; even
for microsamples!

SP3-200 and SP3-300

The SP3-200 also covers the frequency
range 4000 to 600 cm™! but provides
important additional features such as
calibrated transmittance expansion and
back-off, two slit programs, four time
constants and five scan times. For
simplicity, the individual choice of scan
time, slit width and time constant may be
overridden by selecting the unique
‘Spectraset’ control system which in one
control selects the optimum operating
parameters for almost all types of sample.

The high performance, fast response
pyroelectric detector, and a ceramic
source, coupled with the ratio recording
technique, provide excellent
performance enabling the SP3-300 to
cover the range 4000 to 200 cm-!

Data Processor Systems

The high %T linearity and reproducibility
and the wavenumber reproducibility of
the new SP3 Series is ideal for data
processing. The Pye Unicam SP3-050
Data Processor System is available in
three options, varying in sophistication
from L.E.D. display of transmittance,
absorbance and concentration, with direct
plotting in transmittance, absorbance and
concentration, to a microprocessor based
instrument control and data handling
system containing a standard RS 232C
and current loop interfaces.

The SP3-050 control system incorporates
a command interpreter which controls
the spectrophotometer via typed, English
language commands.

For further details of the SP3 Series or our
range of flexible research models (SP2000
and SP4000), write, phone or use the
reader reply service now.

PHILIPS

Pye Unicam Products are sold in New Zealand by

PHILIPS ELECTRICAL INDUSTRIES OF N.Z. LIMITED
P.O BOX 2097, WAKEFIELD STREET, WELLINGTON
TEL: 859-859 TELEX. NZ 3391

C263 For further details, use Reader Service Card



Which well-known company
makes 6000 things you have
never heard of...except
perhaps one?

ago! And it is one product that is made
by BASF that is known the world over

What about = Pallinal, "Palyram,
*Basagran, ® Styropor, = Ultramid,
=Ultraform, =Heliogen, *Palatinol,
~Basosoft, “Kollidon, ~Kaurit, and
E.D.P. disc packs? These are
unfamiliar names for things and
substances that go to make up your
familiar world

BASF research has resulted in more
than 6,000 products — many widely
accepted and in regular use in New

BASF-ready, wi

Chemistry in New Zealand

Zealand. Even now we are improving

our famous tapes — and inventing new

technigues to help them do their job
better. Better tapes, better cassettes, a
better sound. Because we are BASF
we want to do things better!

Today, 10,000 people will work on
BASF research projects —
developing products, new
technologies and finding new
applications important to the future.
Every day, BASF invests more than
$1.6 million in research. And BASF
research contributes to New Zealand
living standards. In fields like food

illing and able

R

BASF

You know magnetic recording tape. It
was invented by BASF some forty years

production, clothing, health, living
and leisure, transport, education and
environment protection. BASF
produces over 6,000 products —
many in regular use in New Zealand
— and widely accepted in their field.
Do you want to know more about our
work?

For more information, write to our New
Zealand representatives

HENRY H.YORK & Co. Ltd.
PO Box 38405, Petone
Branches in Auckland and Christchurch

BASF

17.0

" Registered Trademark of BASF Aktiengesellschaft. Federal Republic of Germany

C264 For further details, use Reader Service Card
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-

ny as...Any Gas Mixture...
Analysis to any Certified Accuracy

New Zealand Industrial Gases have got the lot!

By using the very latest gas technology for research and analysis, our analytical services
laboratory can supply virtually any type of gas or gas mixture — and vary the purity
to your exact requirements.

We'll also test your own samples to absolute certified Gases and Gas Mixtures .
accuracy, or to any degree you may require.  Carbonyl Fluoride, Phosgene, P. 5 gas, Boron Trifluoride,
; : Specialised carrier gases, Zero fuel gas. Sulphur
Equipment E“r equr‘nerr;t ”}‘f'”des MErcury  oyafluoride, Nuclear counter gases, e.g. P. 10, -gas,
manometers, gas chromatographs, flame lonisation,  , +ane /helium, Calibration Mixtures, Helium, Biological
thermal conductivity and ultrasonic detectors, Atrmospheres, Oxygen/ Nitrogen Mixtures, Medical
Servomex oxygen analysers, Hersch oxygen meters,  njixe i res, Air Pollution controls, Inert Atmospheres,
electrolytic water analysers, Beckman infra-red  nopje gases.
spectrophotometers. And the entire range of  £q. oo pfidential advice and service contact your nearest
Matheson/International analytical and gas detection N 7|G branch. or phone Wellington 684.249.
equipment as well. - o the very latest in laboratory analysis.

for all gases

New Zealand Industrial Gases Limited

Head Office . Kings Crescent, Lower Hutt
PO. Box 30337, Lower Hutt Telephone Wellington 692-139

C261 For further details, use Reader Service Card



can you afford
not to rustproof
your car?

wa i IL
LOOK
LIKE
THIS?

N vehicle
| 5 rust proofing
4 it's commonsense




Our process was originally devised in Sweden
sed extensively in the UK, Europe, Canada and
he U.S.A. However it is now the most widely used

process in the world, and is in fact available in
more then 80 countries. _

in the ML system, Tectyl is applied by the use )
specially designed equié)r_nent through existing
drain holes and newly drilled holes into the in-
terior of box sections, doors, sills and normally
inaccessible areas. _

“Tectyl underbody products are a plied by spe-
cially designed airless spray units under hl?h
pressure for maximum penetration. Tecty! double-
skin products are app ied by fogspraying under
high pressure using many specialised wands and
spray heads. . ‘ e

There are two equally important ingredients in
the process—the sealants used and the technical
skill used in its application. Some materials are
very much cheaper than_ others and can have
serious shortcomings. All Tectyl , M.L. applicators
are bonded to conform to rigidly laid down
methods and standards that have been improved
through experience since 1954.

Your car is required for just one day. Our factory
trained operators will first clean the underbod
with high pressure hot water (when necessary
mask it, then with the unique Tectyl fogspray,
treat all corrosion prone areas including the inside
of boxed sections, door frames, chassis members
and sills, and double skin sections such as rear

uarter wings, door pillars, bootlid and bonnet.
he light sealant vapour penetrates all areas, then
liquefies and bonds to the metal for guaranteed
protection. We then treat the com lete underside
with another Tectyl sealant which bonds to the
metal factory undercoating or existing sound
deadening. - R

It functions both as a rust and corrosion inhibi-
tor and as an underseal protectant. .

Tectyl has a dewatering ingredient which
makes it effective under wet conditions. Tectyl
stays.?llableandtoughfw_on’tcrack,chlf),or eel.
Even if there is some existing rust, Tectyl products
retard or inhibit further decay. Older vehicles still
ba5|cal1¥ sound can be well protected. Tectyl is
formulated to withstand extremes of temperature
from -40°F to 450°F and will not support
combustion. ;

Finally the vehicle is completely cleaned and is
presented gleaming ready for return.

THE TECTYL ® M.L.
GUARANTEE.

6 years on vehicles up to

four months of age

4 years on vehicles up to

two years of age

2 years on vehicles up to

six years of age.. .
(Subject to prior inspection on
vehicles over 2 years of age).

Covering the Tectyl ® M.L. Process,
written in plain English, and incorpo-
rating easily understood conditions,
this is the finest rustproofing guarantee
available today. Complete repair or re-
placement of rust damaged areas, free
of charge. (Not just money back like
some others). It will help prolong the life
of your vehicle, and maintain its value.
And it becomes a positive asset should
you sell or trade in your car in a few
years' time.

All Tectyl ® M.L. guarantees are trans-
ferable throughout NZ and offer high
standards of protection, but despite
what you may have heard to the cont-
rary, most cars die of rust — eventually.
That is why a Tectyl guarantee is bound
by commonsense conditions, but, pro-
viding these are met your car will take
on a new lease of life after a Tectyl®
M.L. treatment.

Remember, there can be no such thing
as an unconditional guarantee against
rust — not for the average modern car.
So you'll be wasting your money if you
spend it on rustproofing treatments
carrying such sweeping assurances.
Beware of cheaper inferior methods.




major vehlcle makers incommon?
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Tectyl rust preventives are used to treat more vehicles per day than all other brands put together

Bonnet Doors. _ Boot lid and Tailgates
All double skin areas and folded All seams, strengthening braces,and  A|l double skin areas and folded
seams including braces. complete skins. seams including braces.

/ Inside
door posts Under chrome

mouldings

Inside
Inside door panels
bonnet Inside boot

and hd

Inside
light wells

Inside Inside Inside tail
Inside quarter panels sills hight wells
wing wells

Complete
underside

/

Door sills & pillars _ _ Complete underside Rear section

For complete protection in this  Body floor pan. All boxed in body  Rear fenders, inner wheel housing
blind area several openings are often floor support members, inside wheel and mudguard seams, inside boot
required. Only specially designed arches. seams and around tail light support
spray heads can reach these impor- brackets.

tant areas.



You can help prevent this corrosion

Too soon, far too soon, a car which was once immaculate can
get covered in rust marks. And no wonder! In this country of
ours, the vagaries of the weather conditions we experience
prove to be an ally of rust and corrosion. Nowadays, modern
cars usually have an integral steel body. With such a structure
the n?u:hty of the bodywork does the supporting work with the
result that no separate chassis is required. An integral
bodywork is ingeniously designed, usm?_ section pressings
and box structures thus making a very lghtwelght, but ex-
tremely rigid unit. In modern car plants these body units are
usually treated by an immersion process or tgwren an
additional coating of protective paint, but even such treatment
can prove to be inadequate in the long run. Because of
vibrations caused by road surfaces and the torsion of the
bodywork, these protective paint coatings can crack, and the
water and dust which enters helps the rust ‘gremlin’ start its
destructive work.

Why Tectyl (R) products have
such an anti corrosive effect

Tectyl ® Products consist of a number of petroleum based
rust preventive preparations which are manufactured by the
Valvoline Oil Company Div. of Ashland 0il Inc USA. The ad-
hesive properties of Tectyl products are related to the
electrostatic power of attraction which exists between the
surface to be treated and those of the polar molecules existing
in the Tectyl ® Products. Polar molecules are those with a
?osmve charge on one side and a negative charge on the other.

he power of attraction is so great that it completely disperses
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