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(54) IMPROVEMENTS IN AND RELATING TO ION-EXCHANGE 

(71) We, NATIONAL RESEARCH DEVELOP- years or more, olivine basalt having proved 
MENT CORPORATION, a British Corporation particularly effective. The clay minerals 
established by Statute, of Kingsgate House, which are preferably of the group smectite, 
66-74 Victoria Street, London, S.W.I, do montmorillonite, nontronite, vermiculite 

5 hereby declare the invention for which we and beidellite generally represent 30% or 50 
pray that a patent may be granted to us, more of the weathered basalt. The 
and the method by which it is to be per- weathered basalt known in County Antrim, 
formed, to be particularly described in and Northern Ireland, as "Rotten Rock", has 
by the following statement:— proved particularly useful as an ion-ex-

10 This invention relates to ion-exchange change material. This substance is hard and 55 
materials and processes for the purification friable and contains in addition to more 
of solutions by ion-exchange. than 30% montmorillonite, feldspars and 

At the present time, undesirable metal zeolites, 
ions are removed from aqueous solutions The basalt may be obtained in a granular 

15 by means of artificial ion-exchange materials form suitable for ion exchange by mechan- 60 
such as synthetic resins, synthetic zeolites ical comminution, e.g. by crushing, followed 
and pre-treated clays and basalts. These by screening with removal of fines. In 
materials are used for example to soften practice a material is produced which in 
water by replacing calcium and magnesium bulk and in quantity suitable for ion ex-

20 jons by potassium and/or sodium ions, and change on a laboratory or commercial 65 
to purify effluent containing radioactive scale contains at least 50% of granules 
caesium and strontium from nuclear power with size below 3 cm mesh. The material 
stations and radium from mine waste. is generally free filtering and settles rapidly 

It has now been found that these when mixed with water or aqueous solu-
25 materials can be extensively replaced by a tions. 70 

relatively inexpensive material which can The x-ray powder diffraction diagram of 
effect rapid and efficient ion-exchange and the basalt may be obtained by any of the 
which has an ion-exchange capacity com- available techniques. In one such tech-
parable with and in some cases greater than nique, the instrument is an x-ray powder 

30 the artificial materials. diffractometer (copper target) with propor- 75 
Accordingly the present invention com- tional-counter detector and chart recorder, 

prises a particulate ion-exchange material Samples of rock approximately 1 gram in 
produced from a weathered basalt contain- weight are powdered by hand for a few 
ing in total at least 20% of one or more minutes in an agate mortar and are then 

35 minerals, by mechanical comminution and introduced into the sample cavity of the 80 
subsequent screening thereof whereby at instrument. Reflections are plotted for 
least 50% by weight of the material con- glancing angles (6) ranging from 2° to 21°. 
sists of particles of size below 3 cm. mesh, The strong reflection characteristic of the 
the X-ray powder diffraction diagram of clay minerals appear at 6 = 3° near one 

40 which basalt exhibits an intensity maximum end of the chart record, widely separated 85 
corresponding to a lattice spacing between from all other reflections and therefore 
12 and 18 Angstroms. easily recognisable. The intensity correlates 

The basalt has typically been produced with the ion exchange capacity of the 
by weathering over large periods of time sample. Conversion of the glancing angle 

45 for example periods of the order of 1000 (6) to Angstrom units is effected by using 90 
[Price. 
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the Bragg relationship nX = 2d sin 6 where-
in d represents the spacing in Angstroms, X 
represents the wavelength of the x-rays (in 
this case copper K* radiation with X = 

5 1.542A) and n is generally 1. 
The present invention also includes with-

in its scope a process for the removal of 
ions from a solution which comprises treat-
ing the solution with an ion exchange 
material as hereinbefore defined. 

The material can be readily manipulated 
to form a bed or column through which 
impure aqueous solution may be passed 
either continuously or intermittently. Al-

15 though a moving or static bed, or a column 
of the material is preferably employed, it 
will be appreciated that a batchwise puri-
fication process may, if desired, be used. 

In addition to replacing conventional ion 
20 exchange materials in processes for soften-

ing water, purifying effluent or milk con-
taining radiocaesium and strontium and 
mine waste containing radium, the process 
of the present invention may also be ap-

25 plied to the removal of cations e.g. toxic 
metal ions such as lead, copper, zinc, mer-
cury, nickel and chronium ions and anions 
such as phosphate and cyanide ions from 
aqueous solutions, for example from indus-

30 trial effluent usually before the effluent is 
passed to the sewage-treatment plant. Re-
moval of metals other than copper from 
treated sewage is generally unsatisfactory, 
however, as complexes are formed between 

35 organic matter in the sewage and many 
cations, which complexes are not removed 
by the ion-exchange material. The material 
may be used as both a filter and for ion 
exchange. 

40 Where toxic substances are removed, 
difficulty may be encountered in the dis-
posal of the spent material. The material 
may however be regenerated by treatment 
with a suitable saline solution e.g. aqueous 

45 sodium chloride or calcium chloride or, in 
at least some cases, the spent ion exchange 
material may be heated to a high tempera-
ture, e.g. 1100° or more, to produce a 
glassy substance with little or no exchange 

50 capacity, which substance can be easily 
stored. Inactivation in the latter manner is 
especially useful when the spent material 
contains radioactive ions e.g. radioactive 
caesium or strontium. As the material of 

55 the present invention contains only negli-
gible amounts of organic matter ,being 
composed of non-toxic minerals, it is par-
ticularly suitable for the treatment of drink-
ing water or milk. 

60 The performance of the material in 
relation to the removal of certain ions may 
be relatively improved by subjecting the 
material to a pre-treatment with an acid or 
alkaline aqueous saline solution, thereby to 

65 replace cations in the material by others 

such as sodium, calcium or hydrogen. Re-
placement by calcium, for example by treat-
ment with calcium chloride solution, may 
lead to improvements in the removal of 
negative ions such as phosphate ion, and 70 
replacement by sodium e.g. by treatment 
with sodium chloride solution may give rise 
to a material of particular use in removal 
of calcium from hard water. 

The invention may also find application 75 
in the concentration of valuable metal ions 
from sea water by passing large volumes of 
the water through a mass of the material. 

The process of the present invention is 
illustrated by the following Examples in 80 
which ions are removed from solution by 
means of the weathered Antrim basalt 
known as "Rotten Rock". 

Example 1 Copper removal 85 
2 g of basalt, crushed and screened to a 

grain size range 0.3 to 0.7 mm diameter, 
but otherwise untreated, is packed into a 
column 10 mm in diameter, which is filled 
to a height of 50 mm. 90 

When aqueous copper (II) nitrate solu-
tion at a concentration of 0.005 molar (315 
ppm Cu) is passed through this column at 
0.9 ml per minute, the first 120 ml of 
effluent contains much less than 0.5 ppm 95 
of copper ions, after which breakthrough 
occurs, the copper concentration rising 
gradually. 

With a much higher flow rate of 21.5 ml 
per minute, breakthrough occurs after 65 100 
ml of effluent has been collected. 

Example 2 Cobalt 
When 0.005 molar (295 ppm co) aqueous 

cobalt (II) nitrate solution is passed through 105 
a column similar to that in Example 1 at 
0.75 ml per minute, the first 70 ml of 
effluent contains no detectable cobalt (i.e. 
< 0 . 1 ppm). Breakthrough then occurs, 
with slowly rising cobalt concentration in HO 
the effluent. 

In the above Examples the total cation-
exchange capacity of the basalt used is 
0.74 milli-equivalent per g. With the copper 
solution at the slower flow rate, about 115 
0.6 mequiv per g of this capacity is effec-
tive. With copper solution at the higher 
flow rate, and with the cobalt solution, the 
effective exchange capacity before break-
through is roughly halved because of im- 120 
perfect equilibration. 

Example 3 Water softening 
When water of total hardness 320 ppm 

CaC03 is passed at 6 bed-volumes per hour 125 
through a bed of the basalt of grain size 
425-500 microns, in the sodium form, the 
water is effectively softened, breakthrough 
of calcium and magnesium ions occurring 
after the passage of 100 bed-volumes. For 130 
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purposes of comparison, with commercial 
ion-exchange resin Zeo Karh 225, break-
through of magnesium occurs at 300 bed-
volumes under similar conditions. At an 

5 increased flow-rate of 12 bed-volumes per 
hour, the breakthrough volumes with the 
basalt and Zeo Karb 225 are 90 and 200 
bed-volumes respectively. 

10 Example 4 Removal of radio caesium from 
milk 

When milk, to which 5 microcuries per 
litre of caesium-137 had been added, is run 
through a column of the weathered basalt 
of 425-500 microns grain size, at a flow 
rate of 3 bed-volumes per hour, over 
99.5% of the radioactive caesium is re-
moved from the first 60 bed-volumes of milk. 
Other measurements show that up to 400 

20 bed-volumes of milk could be so decon-
taminated before breakthrough occurred. 
The flavour of the milk is not affected. It 
is envisaged that, for reasons of hygiene, 
each batch of basalt would be used once 

25 only in this application. 

WHAT WE CLAIM IS:— 
1. A particulate ion-exchange material 

produced from a weathered basalt contain-
30 ing in total at least 20% of one or more 

minerals, by mechanical comminution and 
subsequent screening thereof whereby at 
least 50% by weight of the material con-
sists of particles of size below 3 cm. mesh, 

35 the X-ray powder diffraction diagram of 
which basalt exhibits an intensity maximum 
corresponding to a lattice spacing between 
12 and 18 Angstroms. 

2. A material according to Claim 1 in 
40 which the basalt is a weathered olivine 

basalt. 
3. A material according to Claim 1 

comprising one or more clay minerals in 
the group consisting of smectite, mont-

45 morillonite, nontronite, vermiculite and 
beidellite. 

4. A material according to Claim 1 in 
which the weathered basalt is the substance 
known in County Antrim, Northern Ireland, 

50 as "Rotten Rock". 
5. A material according to any of 

Claims 1 to 3 wherein the weathered basalt 
contains in total at least 30% of one or 
more of the clay minerals. 

55 6. A material according to any of the 
preceding claims wherein the grain size is 
between 425 and 500 microns. 

7. A particulate ion-exchange material 
produced from a weathered basalt and sub-

60 stantially as described in any one of the 
Examples. 

8. A material according to any of 
the preceding claims, pre-treated with an 
acid or alkaline aqueous saline solution. 

9. A material according to Claim 8 65 
wherein the solution is of calcium chloride. 

10. A bed of material according to any 
of the preceding claims. 

11. A column of material according to 
any of claims 1 to 9. 70 

12. A process for the removal of ions 
from solution which comprises treating the 
solution with an ion-exchange material ac-
cording to any of Claims 1 to 9. 

13. A process according to Claim 12 in 7 5 

which the solution is passed through a bed 
of the ion-exchange material. 

14. A process according to Claims 12 or 
13 in which cations are removed from 
solution. 8 0 

15. A process according to Claim 12 or 
13 in which calcium is removed from 
solution. 

16. A process according to Claim 12 or 
13 in which radioactive caesium ion is re- ° 5 

moved from solution. 
17. A process according to Claim 12 or 

13 in which radioactive strontium ion is re-
moved from solution. 

18. A process according to Claim 16 or 90 
17 in which the radioactive caesium or 
strontium ion is removed from milk. 

19. A process according to Claim 12 or 
13 in which copper ion is removed from 
solution. 

20. A process according to Claim 19 in 
which the solution comprises industrial 
effluent. 

21. A process according to Claim 12 or 
13 in which one or more ions of the group 100 
lead, zinc, mercury, nickel or chronium is 
removed from solution. 

22. A process according to any of 
Claims 12 to 21 in which the ion exchange 
material acts as a filter to remove insoluble 105 
material from solution. 

23. A process according to Claim 12 or 
13 in which the solution is seawater. 

24. A process according to Claim 12 or 
13 in which radioactive caesium and/or HO 
strontium is removed from solution and the 
resultant solid material is heated to a high 
temperature thereby to yield a product with 
relatively reduced capacity to liberate 
caesium and/or strontium ions. H 5 

25. A process according to Claim 12 and 
substantially as described in any one of the 
Examples. 

R. S. CRESPI 
Chartered Patent Agent 
Agent for the Applicant 

Printed f o r H e r Majes ty ' s Stationery Office b y T h e Tweeddale Press Ltd. , Berwick-upon-Tweed, 1975. 
Published a t t h e Pa tent Office, 25 Southampton Buildings, London , W C 2 A 1AY, f r o m which copies 

m a y b e obtained. 


