CHAPTER 11

THEORETICAL APPROACHS

2.1 Source of Technetium-99 an

Technetium-89, / decay productyof technetium-89m which

played an important ; ipim s field of diagnostic nuclear medicine

since 1960. Techneti gofies \\ molybdenum-99 which has
e )\ here are two processes for

the production of hi ok \ wolydenun-99 which are mainly used

for the preparation of L q it =9t né ‘ vy, 1) direct irradiation of

‘ bxide (Mo0_) and 2) fission of

uranium (natural or encieligd)- = 3, 1981)
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column (pH of Al_O_ is about 6), evaporating to dryness and redissolving

2.1.1.1 Dirg

with 0.9% physiological saline. The obtained technetium-99m is in the form
of sodium pertechnetate (NaTcO,)
For this study, 2°Te was produced by the Isotope Production Division

by direct irradiation of MoO,.



2.1.1.2 Fission of Uranium

Natural or enriched uranium-235 in the form of metal, U-Al
alloy or uranium oxide is the target material usually employed. In a
typical production, the irradiated terget, uranium, is put through a
separation processe to recover *%Mo in a bed of chromatographic grade
alumina. Physiological saline is then passed through the bed to elute
the ?? Tc component.

The half-lives of °?Ma, 4% 5c and *°1e, together with the decay
scheme for *?Mo to ?*"Tc an ) are presented as follow :
a) Half-lives '
?? Mo : 66.02 hr

99= T¢ : 6.049

8 + 0.10 hr.
4 0.03 br.

%9 T¢ : 2.15 x 10 © yr.

b) Type of decay

79 Mo =

beta(g ™) 8 (characteristic X-ray from

technetium)
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Figure 2.1 Decay Scheme for Molybdenum-99.(After: IAEA, 1971)



2.1.2 Cesium-137
Cesium-137 is the decay product of Xenon-137 which constitutes
an important fission product in nuclear reactors. Cesium-137 emits beta and
ganma decay.

There are twvo methods for the production of Cesium-137, as

follows:

2.1.2.1 Production of **’Cs in Nuclear Explosions

Most of the radio lides released by nuclear weapons in
the global falloul are pi process of fission. Certain heavy
nuclei, such as those tegrate into two lighter nuclei
These are generally unstab®esand : r radioactive decay.

The major pog OF Inu g; has been carried out in the
atmosphere. About 20T = ot an d ranging in mass from about

70 to 170 a.m.u and o 65.(Hasanen, 1972)

The fission ormation of a large number of
decay chains; for exa istwo long half-life nuclides
vhich are extreanmly im-‘ of view of radiation risk.
) 0: =

a) Chain 9 ‘#?,

“P¥r 3.2 min.

C L
S.c BiN. | ;;_ ! 4 br. Zr (stable)
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a8% 92% | 2.57 min.
*’Xe 3.9 |in|.,= “cs 30 rrsE,f’/f. g(0.662 Mev)

] ] Bi
137
Ba (stable)
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2.1.2.2 Production of "*’Cs from the Ultility of Nuclear

Energy for Peace

Nuclear energy has been used in wmany fields such as medicine,
agriculture, industry, research, etc. Reactors has been used for research,
isotope production, and electrical power. These activities produce ' Cs-
radioactive waste among others.

The half-lives of > 0ae} "/ cs **7Ba together with their decay

2:522 min)
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2.2 Principles of Ion-exchange Process

2.2.1. General

Ion exchange, as the name implies, is merely the
exchange of ions that occurs across the boundary between a solid

particle and a liquid. When certain substances are dissolved in

yumber of positively charged

jons, (cations), and nega! \ hagcefldons, (anions), are formed
and the solutions condiétrede éuhst&nnes are called
electrolytes. Dissc hralybe ; n contact with solid
ion-exchange materiafl® _ et.rically equivalent
amounts of ions of #MhesSade £ign, Tons | from the solid materials
migrate from sites g ;

solid.

the interior of the

Materials which exch “AledLtrolytes are known as

cation exchangers, t-}\ ons are called anion
exchangers. Certain fable of exchanging both
cations and aniens jongsexchangers. If it
is assumed tha ‘,— &p

exchanger, typical ﬁu 0

; e8| matrix of an
I

i é,-: (IAEA, 1987)
i
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2 RC1 + Na,SO,(aq.) > R,50, + 2 NaCl (3)

RC1 + Na'®'I(aq.) 3 * R**'1 4 Nacl (4)
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Equation (2) describes the removal of 2°sr from waste by
ion exchange. H* ions from the solid exchanger HR are replaced
by *°sr®* ijons from the waste solution. Complete conversion
of the HR to the 'GSrR‘ form can be accomplished by treatment
of a sufficient excess of the ®°Sr waste solution. An exchanger
in this state is termed "exhausted". However, it can be"regenerated”.

During the regeneration process esulting concentrated ’"Sr(Hﬂalg

solution can be recovered for dishast s such, or for further
treatment by other techt ;.:_

Ion exchange
both ad- and absc

’ process since in
*hed to a solid. In

true sorption, -electrolytes are

collected with ng Ming place. The ion-

exchange process ion removed from

solution is replaced By ﬁh" ¢7 t of other ion of the

same sign.

To simply illustrate—the phigndnenon of ion exchange, a
L MIN Y

sponge may be pxghanger. The sponge

itself represen cif e fTame Work fer by chemical bonds
of lattice energﬁ and e ng & surplus @asitive or negative
charge. To ach1eue¢ he requ:redqﬁgectro neutrality,assume the

v et 81D S e

counter ions ®F a charge uppu&ite that of the frame uurk. When the
spungdq W!‘Ta Qﬂ ?mﬂ mq%lﬁdﬁr mmat out.
of theq pore spaces.However,no counter ion may leave unless a
stoichiometrically equivalent number of ions of identical sign
from the solution float into the pore space to preserve the
electroneutrality. The number of counter ions available for this
exchange, according to this wmodel, is termed the ion-exchange
capacity.



If the sponge is permitted to remain in the solution until
all exchange ceases, a state of ijon-exchange equilibrium is
reached. At this time , exchanger counter ions and solution ions
will be found both in the sponge pore spaces and in the solution.
After the sponge has been placed in various solutions, solvent in

the pore spaces may cause an increase in size of the framevork,

or swelling.

When the sponge is | \ ' tion ,it may be noted
that the counter io ' g ““readily with certain

solution ions than his abily of the exchanger to
_\

distinguish betwee -h*r% w’ dons is labelled
"selectivity" and iinfdughegd by, omisize, valence and
other interactions , o 9\\\\

This is a descrigfign @ ilen 4 Ap attempt will be
made in the follovi 6 \ on the nature of the
process with particular patment of radioactive

waste.

2.2.2 Cn """"""" Er"bterials

I

1t has been deteinlned to this u:nt that ion exchangers

e e B84 YW s s

by chemical Bbnds or latt1ne energy. The frame wnrk is charged

A I AN A
main counter ions he opposite sign.When placed in

a solution of an electrolyte, the counter ions are free to exchange
positions with electrolyte ions of the same sign. In the following

paragraphs, the factors influencing this exchange will be discussed.

13
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2.2.3 JIon-exchange Capacity

Elementary as the term capacity may seem, it is often
misused due to a Jlack of appreciation of number of exchange
values it can represent. When capacity is stated, total

exchange capacity of a minera] is the value intended. However,

it is often misunderstood -ﬁf' i apacity, breakthrough or
operating capacity, sorphdon  ci -&c. Capacity or total

exchange capacity is’

WEDER Of fixed ionic sites,
the magnitude of the ¥ ork ,{4_ L ;%u; an enter into an

ion-exchange reactiop n,lt for a particular

exchange material. O g Tehit—Pagis 1 is expressed as
milliequivalents pe vOlume capacity of
resin refers to a s = swollen resin in

the Na' or €1 fo atdd and strong -base

and in the H' and ffee for the weak acid and

weak-base resins.

s-s

2-2&‘ "v L

ﬁﬂﬁiﬂﬂ?ﬂﬁﬂ"ﬂ’iﬁiﬂiﬁi e

excluded by nssullng all electrolyte <Sons are iflehtical to
- R PTI T i
cnndltxun in which both adsorption and absorption reactions
occur. Dissolved material is concentrated both on the surface
and in the pores. lon-exchange materials are sorbents. When in
a solution of weak or non-electrolytes, sorption by ion
exchangers is similar to that of 'nuniunic adsorbents. In a
solution of strong electrolytes with counter ions identical to

exchanger counter ijons, a sorption equilibrium results due to
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the reaction with the strong electrolytes of the electrostatic
forces arising from the fixed ionic groups and the counter ions

of the exchanger.

2.2.5 Swelling Equilibrium

The concept of swelling equilibrium will be reviewed to a

develops as a resin F8The. On Lhe i ipd, shrinkage of resin
can result in chan

When an i solution or solvent,
aqueous Or non sorption of solvent
occurs and the 1f the exchanger is
soluble in the paglti sgivent., S [ing ‘continues until the
exchanger is completally Misstivedt [Ty, however, this is not
the case and swelli § until an equilibrium is

attained. With resin, fo solar and ionic constitutents

Lend Lo surrni‘- selv ith enle The frame work or
. =: o .
patrix continué 257 to yleld and ol its elastic forces

balance the dissolution

0 Wﬁ'ﬁ"ﬁﬂ‘?ﬁwﬂm ng:m gpuiiinis

reactigns. At equilibrium, solution
contain both the exchanger counter ion and the electrolyte
counter ion. The distribution of these ions at equilibrium will
be the same whether the reaction is approached from either end.
Assume the reactions are represented by the following equations:
5y o 4 i —) 6 - G2 00 tanion) (5)

PR 4RI Rl RV EX (cation) (6)

019389
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(R represents the ion exchanger, E]l the electrolyte counter ion

and Ex the exchanger counter ion.)

Ton-exchange equilibrium can be convenientl wexpressed in
terms of distribution coefficients as with sorption equilibrium.
The similar definition for the distribution coefficient of the
counter ion is the ratio of concentrations of the counter iom in

equilibrium. Considering ions

the exchanger and the solutip
of various valences a on the basis of trace

concentrations of expression for this

{ﬁ\,\un pcn” of solution

equilibrium distri

This equation is wide mineral exchangers.

The favoured diTec on (5) or (B8) depends

upon Lhe relative affi £ . ion-exchanger framework or

patrix for the_ vari his . preference for one

concentration ra I

I%6] in a different
: hE the exchanger from

counter ion

Lhat in the e]eal.r-::n]‘vta solution.

ﬂﬂﬁl’l‘l’lﬂﬂﬁﬂﬂﬂﬂi

tics

ARSI UMM INEAE.. ...

desirable to have an appreciation of the speed at which the
reaction will occur. Whether the necessary contact Lime is minutes
or days will determine the physical size of the plant.

The ion-exchange reaction occurring when a porous exchanger
and the solution of an electrolyte are in contact can be divided
into five distinect successive occurrences. These are:

(1) diffusion of electrolyte ions to the surface of the exchanger



(2) diffusion of the electrolyte ions through the exchanger-
solution interface or film into the structure of the exchanger
(3) the exchange of ions '
(4) diffusion of the exchanged ions from the structure
(5) diffusion of the exchanged ions into the solution.

Three of these diffusional occurrences - in the solution, in

the 1liquid interface or film, within the structure of the solid

process, diffusion in_'Bhe solutf little effect on rate
vhen the general _pOrOUSS ex an@ relatively dilute

which of the two™Fenadh iy the exchange rate
controller. 1In ver® in the interface
or film will As the solution
concentration is in jgion and diffusion in
the structure deteghiy Wit inuing increase in

solution strength, it vhich diffusion in the

structure (solid d1ffusion'hr*nn; is Lhe rate - determining process.

Actual ratesvef .xchangé ca 5 econds to months

’f{" mentioned above
) siz%s one of these.

It has been shown t.h'a exchanger r s increase with diminishing

e ot ofAURIRIAE I P . e

temperatures slv& been [ound &o increasa Lhe rate of change.

AW1ANN I umawma d

2.3 JIom-exchange Materials

and a number »""fi-_

play important rn]@. Exchang

2.3.1 General

A wide range of materials is available for the ion-exchange
treatment of wastes. Exchangers of many sizes, shapes and forms,
of wide varying capacities, costs, and chemical, thermal and

mechanical stabilities, of natural or synthelic structure.

17



There is a great variety of ion exchange materials but they
can roughly be divided into the following categories,
- inorganic exchangers (natural and synthetic)
- organic exchangers ( synthetic - étrung acid, weak acid, and

strong base, weak base).

2.3.2 Historical Development of Ton-exchange Materials

The earliest systematie) stid in which ion-exchange

d that when soils
are treated with s@ aumonia is taken up
the soil and an m released. This
property of "base reversible and to
involve chemically equiffal "‘ Jes of the base taken up and
of that released, moreoyer dé:';; 1 ) &8 hold for a number of
other salt besides Lhose n_ ; dthough many years were to
elapse before thels i )d-8iute this demands a

knowledge both of V

:“n ions and of the
crystal structure nnm{:mpus ofl © he clay @nern]s present in
the soil, it was régagnized as @/ phenomenon of considerable

importance 17| rbibhrd 6] 81 Aent iU Boad EHb possess une

property to a g?eat.er extent than nt.hers. d these n.rbgenerallr
e QI SR FREN ARG R
OVEr a lnag period when Lhese are applied to the soil.

Many hypotheses have been proposed to explain the phenomenon
of base exchange in soils, but ultimately it was traced to two
principal causes. One of these is the presence of humins and
humic acids, particularly in soils rich in organic matter, when
the decay of the latter produces a wide variety of organic species

which possess hydroxyl or carboxyl groups which can act as ion

18
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exchange groups in the same way as in the phenolic and carboxylic
acid resin. However,in many soils of low organic content, and in
spils where organic matter has been destroyed by treatment with
hydrogen peroxide, a considerable jon-exchange capacity is still
observed; on fractionation of the soil by removal of coarse
mineral matter and careful elutriation this may be traced to the

so-call "colloid fraction”,

examination is found to con clay minerals. A close

whiih on petrographic and X-ray
identification of the ion=ex e piv s of soils with their
clay fraction has b rived , £ %8s properties of the
soil depending upon th Al | tepes ofuclay minerals . Other
\;:erties in certain
soils, e.g. glauconi af e drois fa licate analogous to
the zeolites, whi pogsdhses  dxghangeable ™ potassium; this
mineral exchanges or 7 7 but in colloidal
form possesses considepfib

The first synthet® sere also inorganic
paterials; these were yra,_i zeolites or permutites
developed by Ga ; orkers for use 1
jﬁr——————————————* jﬂj

dmhs calciue when hard Eter is percolated
through a be on_is reversible
the ex{:hangeﬁ ﬁ ﬂiﬁmﬁgﬁﬁ}jﬁi a saturated
brine solution when exhausted.

ARIAINIUUNIINGA Y

2.3:! Review of Inorganic Ton Exchange Materials.

ater-softening
processes. They icates in which

sodium is replace

A wide range of materials is available for the ion-exchange
treatment of wastes. Exchangers of many sizes, shapes and forms,
of wide varying capacity, costs and chemical, thermal and mechanical
stabilities, of natural or synthetic inorganic exchangers can be

obtained in this section.



The basic types of inorganic ion-exchange materials

may be broadly classified as show in Table 2.1.

Table 2.1 Basic Types of Inorganic Ion-exchange Materials
(After : Amphlett, 1964)

(A) Exchangers possessing inosilicates

imensional layer-lattice

| %95- e.g.the clays and

well-defined crystal

structures

eolites

digensional cage

‘\\£} y: e.g.the typical

\\-- seous materials, e.g.

.x¢~ lyacid salts

(B) Poorly crystalline & oxides of polyvalent

amorphous nmaterials als

EET TR0,
S i of>polyvalent metals

';'— J acids

I

= T
<

The advantages aqﬁ dlsadvataje f inorganic ion-exchangers,

wre o3 fﬂﬂwﬂuﬁl’l ‘wﬂmw 81nN73

Advantages

" i QTR R4 Y

saver withgstrong nitric acid for elution, though some inorganics
may dissolve,

2) high exchange capacity , for cesium synthetic zeolite can be
better than organiecs,

3) selectivity, can be improved by using suitable ionic form of

exchanger or by choice of eluting agents,
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4) specificity, inorganic exchangers are known which preferentially
absorb a specific ion,
5) thermal stability, ionorganic have an advavantage particularly
for storage and disposal

§) immobilization, inorganic are compatible with or convertible

to stable inorganic structures, with cement, bitument or polymers.
7) cost, more common inorganics are cheaper than organics, but

other could be costly to pre

Disadvanlages

1) some exchangers are iLve uQxide and oxide
compounds dissolve readj 97 N ——

2) regeneration is g it 2 a~;, g ,\:er thin ionganics
normally favoured for pg
3) they are leas ‘odunn application
because: a)relatively of some exchangers
as hydrous oxide and o \ \ by their ease of

dissolution in acids or & ltration characteristics

of Lhe precipitates, b) rel;gnf 5 elling of some exchangers
,1-'

as bentonite, kao i: te and other cla:

X s,

_ e bri&ﬂﬂe or soft, also

may break down igl outside a c@rtain pH range,

3 o ool Ebrad] S BIEVRE e v
avaz]inh1]1ty of inorganig exchanggLs are uncer 1n. some

ey A SO S IATHD T4 CHGHEe i

prllarily for the nuclear market.

Thereby, Lhey are v

4) mechanical strens “B inorganics may

7) handling, organic available as tough spheres, ideal for
handling and transfer, inorganic generally as angular particles
and may be more friable (favours non-regenerative use).Technology
for moving sands can be applied for example to natural zeolites.
The following sections are discribed the properties of some

inorganic ion-exchange materials.



2.3.3.1 Natural Inorganic Materials

2.3.3.1.1 The Clay Minerals

The «clay  wminerals comprise a complex series of
aluminosilicate structures in which a number of basic types shade

almost imperceptibly into each other, and the structures of a

number of Lhem have been elut y the application of X-ray

crystallography and '=hniques. It is only

necessary Lo consides outline in order to
explain the S - clays.
Basically th nne of the clays is
composed of alte nsion layers formed
from silicate tetrai®drd af ate ~ a{Grim, 19353)

\

lay deposits; in this

The simples aracteristic of the
kaolinite clays, whig
type the basic unit is _ o' fsting of one silicate
and one aluminate layer U;Zf?1:f7 de isomorphous substitution
in either of thEHﬁ, :.:d together along
the ¢ - axis 1{— ) cndicular to the
orners ﬂﬁf which there will
normally be free hydrfxs] groups. Thgsbasic formula for kaolinite
is i, BL1GBL S HAEITHG WhE VEkd

series may déHart from this ideal compogi! ition. The f hydroxyl

ﬂfﬂﬂpﬂﬂ%’?ﬁ@ﬂ?ﬂﬂdﬂﬂ%ﬂEﬂ*ﬁ‘&bmﬂm-

since th ey are weakly acid, the hydrogen in them may also

layer planes, at  Lhe edges

exchange with cations. As a result,the material shows a small
exchange capacity which is approximately the same for both anions
and cations. The cation-exchange capacities of Kaolinite is

0.02-0.10 meq/g) (Amphlett, 1964}

22
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¢ principal types of clay
£} Illite. T = Tetrahpdral
lsomorphous substitu-
il tion at octahedral sites.
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tloH] +a0

......
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More complex types of clay mineral are based on a repeating
unit consisting of one aluminate layer sandwiched between two
silicate layers, the ideal basic formula being Si Al1,0,,(OH) .nH,O.
As a result of isomorphous substitution howeveractual formula
differ widely from the latter, and two well-defined and distinct

Lypes may be recognized. Such substitution may occur in either

and co-ordination number. : he/ £ubs ent ion in relation to
those of aluminium g = : mple, A1** in the

petahedral layer

°, Fe'  and other
octahedrally coordd adlus. and Si"* in
the tetrahedral A1***, since the

latter can exhibi ] ; \\;\\ either 4 or B,

aluminium is foun octahedral layers in

some clays. pgi)e \\

The zgwlit orm  anot p «of aluminosilicate
. “E';T from tetrahedral
ud%io " in such a
vay that corners, edges and faces qf the tetrahedra are shared to

e o TN Y s

defined nrrstﬂl structures. D‘gpemi:mg upum the structure and type

e LAGRIRID LA (1RGN

three-dimensional structures; the first two classes are analogous

minerals, the -.rip“

groupings having Bhe 0

to the fibrous clays (eg.attapulgite, sepiolite) and to the
typical lamellar clays and micas respectively, but the third type,
with strong covalent bonding in three dimension, has no analogue
in the clay series. It is this type of robust, three-dimensional
network which is usually taken to represent the zeolites, and it

is this type which has been extensively studied for its ion-



The structure of the seolltes con-
alats of & rigid three-dimecafonal
framewerk of Si0, and AlD, ‘
tetrahedra, 1

The Type A Molecular Siee
s framework composed !
caled octahedra jo

ATTRY.
This produces s canly
eube octabed !
cavity of 11 A in dis
cantrsl cavity, ter
cage, Is eotered L2pgligh
lar spertures formed by
regular ring of eightfe
» with & free gl
4 The cavities : .
racged jo & continuousfre
dimenaiozal pattern fofseing
syatem of unduloid-lke chan

TACE OF CUBKC LRRAY
E OF ThusCATED OCTAMEDAA

with & mazfmum dismelap o X
11K and & minfmum of A _i Ty !
The lruncated octrabedra them T —

selves enclose & el of -
smaller cavities 661 in internal =

dinmeter (g cog
cecled to the lay

oxygen atoms ofi 23
by -

ULy
QEIALATHINS

type A based or sheletal teira

Figure 2.4 Molecular Sieve Structure of Zeolite.

(After=TAEA, 19867)
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exchange propﬁr{‘.ies as showed in figure 2.4. Stoichiometrically
the zeolites may be regarded as being derived from the formula
(8i0,)_ by replacing silicon by aluminium to varying extents,
the resulting net negative charge being balanced, as in the clay.
The clay minerals and naturally occuring zeolites, though
replaced to a large extent by synthetic exchangers, continue to

be used and have been applied extensively to the treatment of

(i} relatively lg
(ii) low abrasigi

(ii1) clay ni : | 4 . to fora colloids

(iv) these : artdally, decomposed by acids and

2.3.3.2  Synthglid indrasnieMienials (Hooper, 1984)

2.3.3.2.1 SyniiBtic 7
These matefiA Alable; they act as
molecular sieves bﬂexc L than the opening in the
cryatalline matrix.gLipitations togthe use of synthetic zeolites

e sinit L) ) THTIENEI YR SG1ts swmnrrie

zeolites but ¥he synthetic zeplites posses improved siability and
+q RAGIAFRNIND1R 8

2.3.3.2.2 Oxides and Hydrous Oxides

Only a few of these materials are available in commercial
quantities. Many shov high exchange capacity, low sclubility and
good radiation and thermal stability.



Cation or anion exchange sorption by oxides and hydrous
oxides is known to occur predominantly by displacement of
hydrogen and hydroxide ions from the sorbents provided that these
have previously been washed free from impurity ions. The
predominant fﬁnctiﬂn groups are probably metal-hydroxide bonds
vhich can exhibit amphoteric properties favouring anion exchange
at low pH and cation exchange at high pH.

Although hydrous oxidesy &ré Jat their most active when

freshly precipitated, east useful as regards

ﬁrel&tively high ion
o p of dissolution in
// 1

acteristics of the
\- for use as column

‘» s oxides are dried

ion exchange column
exchange capacities
acids or Dbases
precipitates in g
sorbents.

1f gelatinous
they undergo conside give glassy gels which
break down in water L (g atyparticles suitable for

column applications. The st ;rnf:rs-'t:
Fe WA
these dried gl s nd “very t conditions of

“Jon-exchange properties of

preparation of }"““““""“‘ ;-'.""I rocedure used to
produce the gramyr [T O ; he@irxing stage it is
probable tLhat, apnrqr om the reno of free water, elimination

of water rruﬁcﬂgguﬁa §6H N ﬁoﬂ:ﬂﬁ]{ﬂ “Fonds (H-wetal)

giving a strofder absorber IEEFTIEI but. reduc1ng the 10n-exchange
=R W) AN I 1M1AINYIAY

They quantitative effect of heat treatment of different
oxides and hydrous oxides on their ion exchange properties varies
considerably. Generally ion exchange capacities show a steady
decrease wilh heating and at about 200°C have fallen to 20-30 %
of their values for low tLemperature dried material. Heat
treatmenl can improve both the selectivity and the chemical

stability of these absorbers.

27
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The use of an oxide or hydrous oxide absorber as a column
material is obviously governed to a large extent by its
resistance towards breakdown or dissolution when treated with
various reagents. In general the insoluble acidic oxides and
hydrous oxides are stable in acid solutions but dissolve readily
at pH > 7. In contrast the more basic hydrous oxides such as TiO,

and Tho, dissolve readily in mineral acids above about 0.1 H

but. are stable in less acid solu

2.2.3.2.3 Acidicewsalls of o Metals

A wide ranga/

as ion-exchangers:

ave been described

ostly as calion
exchangers, are gel wpaterials with the
composition and prope ethod of preparation.
In general tLhey commercial quantities

and many are likel e toWproduce because of the

limited availability he materials required in
their preparation

ﬁgﬁrl
2.4 Linitations olEun

In ] em1st1ng pethods

ZZE,.;.,}K"I@ mw SN o

at the lowest unit cost is selected. To evaluate the use of ion
exchange for removal of radionuclides from waste solution, the
capabilities and limitations of the process must be recognized
and understood.

Certain characteristics of ion-exchange materials and the

process itself limit its applicability and efficiency. These include:
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1) Leakage. Whether column, batch, or moving bed systems are used,

complete removal of a specific radionuclide is not normally

possible due to leakage. In a properly designed system, leakage
may be very low, but improved removals would require a
considerable effort at high cost per unit improvement. This
leakage may be due to:

(a) radionuclides in colloidal size particulate form;

solution, : ?;5_7'- Algeable or non-electrolyte

form;

(¢) mechanical™ diLe ot ick e ;;\%LLQ elling in columnar

operation, sk otect and prevent.

2) Radionuclides ™ in 1L as’ 2 : he i an exchangeable,

electrolyte form > heavy metals have

hydroxide forms other instances,

radionuclides in sgjut, - y suspended matter in

the waste and thereby WPcos geable.
3) The concentration o{ ;Ejix"? plids in the waste solution
Lo T' -

must be very nomical operation,

the exchanger beds/ 04 as during column

10 ui]l@(tend the length of
ion-exchange cycles§ sgxtend the glife of the exchanger, permit

roser s 138) FNLITVS I SRR ot pereit. nore

efficient hnéﬂwashlng and reg;nerat1an.

o 7 PG BRI G BB R e

be relalively low. Exchange potentials of ions of similar valence

operation. In uusﬂﬂiases, pre

become similar or decrease with increasing atomic number.
Competition for exchange siles is wmuch greater and exchange
efficiency of a specific nuclide is impaired.

5) Certain radioelements, as ruthenium, are very difficult to

remove from solution by ion exchange because of their chemical

complexity.



6) Radionuclides which are monovalent or of low atomic number
are difficult to remove by ion exchange except when exchangers
specific for the element are used.

) In certain cases, costs may be a limiting factor in
consideration of the ion-exchange process. Synthetic ion-exchange

resins are relatively expensive.

2.4.2 Limitations Appligablel fogNatural Inorganic-Exchangers

N a\‘”ﬂ?::===;l

The clay als 4 Lhe zeods *though replaced to a

1) Relatively low
2) Relatively low alifos fiist of Bhelzeolites

3) Relatively 3 Ning ot with restricted

4) Clay minerals tend to _pept

5) The zeolites alje ; 7

6) These materialsare partial 7 cids and alkalis
7) Many of the claﬂ and zeolites have only ldmited stability in
solutions of very low sdlica or saltaeontent.

AUEINENINEINT

Several “of the naturadly occurping inorganig exchange
o) FHR R TELRAA D G b o
availabl® copmercially , e.g. Neopermultit and Superneopermutit.
With Lhese, of course, the Lreatment is designed to preserve the
desirable characteristies of the nature material and overcome

limitations as listed above.

30
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2.4.3. Limitations Applicable to Synthetic Inorganic Exchangers

Two groups of distinctly different materials, physically and
chemically, comprise this category. These are the synthetic
zeolites and the inorganic chemical compounds such as the
exchangers prepared by combining group-1V oxides with the more
acidic oxides of group V and VI. They will therefore be discussed

separately.

The hich a number are

commercially avai prbents rather than
ion exchangers. sieves’ by excluding
particles larger thag tie .;' Tag crystalline structure.
The openings are adjuftghle fc Jsdgeiby CO) verting the exchanger
to other ionic forms. ‘ .u~3i

1) Relatively high cost .fﬂw- 0 nalural zeolites
2) Limited chemigal b1lity im - bages

3) The presencps g golution seriously

interfers with : ! studifs at Hanford and

i

Brookhaven, USA .d.emnst.rat.ed t.he high selectivity of the

molecular ﬁ-ﬁﬁ mwﬁmﬂWﬁjn application

to particulan“wastes

ML MR T i1

in capacity and stability.



32
2.4.3.2 Limitations: Inorganic Chemical Compounds

Few of these materials are presently available commercially
due to their rather recent development. However, their
outstanding characteristies - high capacity, insolubility,
thermal and radiation stability - will hasten their development

and result in wide commercial availability. At this stage in

their acceptance, they exh imitations which include:
1) They lose fixed ioni sgdrolysis at high pH.

2) They are difficuh - ='.-.~ hanically stable
convenient size. \& .

e e

)
:

¥

AULINENINYINS
AR TN TN



2.5 Principles of Immobilizing Processes

After waste materials have been treated to achieve volume
reductions and to recover valuable (active or inactive)components,
they have Lo be conditioned for transport, storage and disposal.
Conditioning is the waste-management step at which radiocactive

vastes are immobilized and packagg

The immobilization olve the conversion of

WE_pe iptial for migration or

awastes by natural processes

wastes to solid forms LW
dispersion of radiunT_
during storage, transg
The immobilizald®h #Mfutessds | invalvelsthe use of various
matrices, non-radioagh ement, bitumen and
polymers, to fix LHE y directly in the
waste containers uset TAEA, 19830
The malrix nateriafs @G5€-be &
- The radicactive wastes (types and half-
lives of radionuc}

Y |

- The chemical !?u , 'E- waste materials

(liquids, sludges, *on-exchangers, solids, et®t); and

gdiation levels,etc.)

33
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handle and should not dilute the wastes éxcessive ®ésulting in
o AN W T T8
vaste. Flnally, the selection of the matrix materials should take
into account the local, national or international industrial
availability and the relevant economics.

4s the patrix materials and the immobilization processes are
selecled, careful consideration of safety-related features must
be given to identify any constraints or incompatibilities;

awareness of Lhese safety Ffeatures and appropriate counter
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measures will enbance the safely of routine operation of the
processes and subsequent handling, transport, storage and disposal.

The setting of suitability criteria and arranging the
properties in an order of importance are difficult and depend on
the local circumstances and the selected methods.

Two methods have been extensively used throughtout the world
for many years : cementation and bituminization. Methods using

polymers or other matrix matle

gls are in the pilot-plant stage

or in a stage of early andu 4l Aptidcation.
For each matrix yaterial éss techniques could be

used in view of ho h the matrix material.
LR

This study is \\\&\ ion process for
NN

I
immobilizing the ey

material. The proge ) ?. scrihed as follows.

of Bhe wvastes in a cement

2.6 Cementing Maler

A cement is a ma adhesive and cohesive

properties that make it : bond  Logether woineral

e Iy
fragments so as-hko p uce & conkt 21 fsstanding monolith.
There are a nunbeF=0Ff GCements Sbbat [can be used for this

purpose, including| hyd es spsul plasters, asphalts,

and polymers.

Whe results of‘ a routine chemical analysis of
. r

L7
WA IE RNV IN TR e
the pranc ha constituent elements. Table 2.2 gives summary of

Lypical cement compositions.
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Table 2.2 Typital Cement Compositions (After: TAEA, 1983)

Oxide analysis (wt%)
Composition
Portland cements High alumina cement
Type 1°  Type I1°  Type III°
Ca0 ar
sio, 9.6
1,0 11
Fe,0 4.9
Fe0 5.6
Mg0 1.0
S0, 0.2
" Stand ARD Portland
® Sulphate resistant, nd slower setting.
® High early stjb;: RTINS sgbting)
;i ; Y
In addition| jto the ation of Lhe oxides listed in

Table 2.2, there iﬁ usually dete ined the loss of weight after

e G5414) Y] HYHE WA o e cnn.

This check 9 made as an :n91c5t1un of pnssih]e preh dration and

YNSRI 3184 B

satisfdctory cement the ignition losses do not exceed about 2 per
cent, although a maximum value somewhat greater than this is

permitted under existing specifications.

1198 6L4% 10
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2.6.2 The Curing Period

The last step, and an exceedingly important one in the
cementation process, is the curing. As hydrat.ion of cement
takes place only in the presence of moisture and at favorable
temperatures, these conditions must be maintained for a suitable

Lime interval called the curing period.

At the time cemént fisj) mixed, sufficient water is
added to give workability gof mixing water actually
— muent of the weight of

or reasonably complete

used is ordinarily
cement, while the &
hydration of the
Therefore, if th

than 50 percent.

Ned, there will be more
than sufficient «

\' \\ \ hat the surfaces of
concrete be protectgt '---2 f moisture for at least 7

days where normal cemg 5 aerd, some specifications require

specificafiofs £ us

s_“

curing for 14 days or 2 high early-strength cements
educed by half,
5 ‘? 1d be longer than

for normal cenenl.. : .J

ﬂ‘IJEI’J‘VIEWlﬁWEI’mi
ammﬂimumfaﬂmaa

are used, the™

while for slow
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2.7 Cementaltion Processes

The cementation process for nuclear waste immobilization,

with and without additives, has been commonly used on an
industrial scale for several years in different countries

{Burns, 1971),(Christensen, 197%),(Broadbent, 1979)and (Burri,1978)

Basically, the prﬂc' H 18 of mixing the cement with the

vaste, be it as a solutdon, sTur id, within a container.

The cement mix is tHEH“HII5 ed‘ 0 @ixinﬂ of the cement
with the various radief®tcs \ ludges, resin beads
ete., affects the pafps / \\\\ m. The wvarious
cementation processgf g8 i\\« rlng to how this
pixing is achieved(} ’\\\

2.7.1 The In - i ol F

In this process : : and any additives are
fed separately into @ +qmriaqp also the final shipping
container. A schematic f_g,‘-"_{ ,ur pethod of mixing is shown

in Figure 2.5(Hedconb, 18 ainer the components are

nixed until hom® \"' X ter mixing, the
alloved Lo set. Flnally@he drus is capped with

““““”Eﬁﬂ!ﬂ'ﬁﬂflﬂﬁﬁﬂ [2igha o S
not used a ‘iiy used during the
early years uf ocean dumping.

ammﬂwumwma chdoks are ade on

the pachnge before it is removed for decontaminalion and storage.

I
cement composites ‘

The method of feeding the materials to Lhe drum can vary
vith the preferred gravity or vibro-feeding. The mixing of cement
and waste is important for Lhe homogeneity of the [inal waste form.
care must be taken to avoid air entrainment as it is desirable to

have tLhe lowest possible porosity in the cured cement composite.



WASTE

DRY
CEMENT
HOFPER

MIXING
WEIGHT

CHEMICALS

CEMENTAWASTE FORM
T0 STORAGE DRUMS

Figure 2.5 FEfangld of | Mixing Process. (AfterzHolcomb, 1978)

SII.D

QRIAINELUNY ﬂ"ﬁl'l

MIXING PUMP

Figure 2.6 In-line Mixing Cementation Process.

CEMENT

S001UM
SILICATE TANK

CEMENT'WASTE FORM
TOSTORAGE DAUM

(After:zHolcomb, 1978)

38 |.




39
2.7.2 The In-line Mixing Cementation Process

In this process the cement and the waste are separately
metered into one end of the mixer. The cement is fed with a screw
feeder while the waste is fed with a mono-pump. The mixer is also
a mono-pump. From the mixer Lhe cement waste mixture is released
directly into the storage container. The filling level in the
container is monitored by both ultrasonic and contact probes. The
container is then sealed, 7

L

Lt ' -
S "".\‘\
Y

storage. The waste,‘zu“‘

pated, monitored and sent for
#@n be [lushed through after

each run. If desired™th #8n be stored and used to

prepare the feed sly .-liﬁ_a.; bsoThis is done by use of a
| Ix\‘\\\\

pixing blade which 3 -_. \$§\\h\‘\ The mixture is then
drained into a contsd fanghtheboktom, of the mixer.
£ o A N

8 shown in Figure 2.8)

e

The waste apgh'sifg f:« ;",’ at ‘muclear power plants may be
immobilized within a ey aeeks. i) ' nodest sized cementation
plant. The plant requires,  Lra personnel and has Lo be

maintained conk onsidéreble cost saving can

W rrTmem— Y |
by o}

be realized by*" Plant Lo handle the

|I
i, is also saver Lo

transport the p]anfﬁﬁe “ﬁfﬂ;@_jﬁ: rﬁs;mrt. vet wastes
consider u&lg rEJo on'il T t can then have its
L]

own permanent skilled team.fSeveral types of mobiléutementation

o WD T WD VI VS e

Koh1poth,1979)shows a sectioned diagram of the DEWA plant’s

vastes atl sever:‘Hnunlear power stations.

shaped frame which contains the steel-shielded hot cell.



7/
ZE

doing gl

|
!
cheanang nosthe "'""ﬂ—,_\_\_‘_\_\“_\_ I :“% :l /
minds B
| waite
§ opeation panel ~ — veriie
a I- T .
|_,4-“‘"1 i pokiliening device
purn-u: —= -
et fhenty - i
e . A turnsie we ' "-T-’
. — F:::f:-‘n;?“_. - \-!"’ni"‘;;s
a
Figure 2.7 a) Mobile Cemepfat Bgﬁﬁ-%
L

(After:z Christ, #@ru

Figure 2.7 b) Mobile Cementation Plant (DEWA).

(After: Christ, Brumner and Eohlpoth, 1979)

40 |
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2.B Basic Properties of Cemented Wastes

2.8.1. Physical and Mechanical Properties

The physical properties of an immobilized waste form should
alwvays be considered in the selection of a disposal system. For
example, the requirements imposed by deep-sea dumping are

different from those for shallow ground burials;the statutory

requirement for Ltranspor interim storage are again

somewvhat different. ternal conditions,(e.g.

temperature, pres cld &Lﬁv&torage, transport and
disposal) may 1f8d | 1 ph properties and hence
affect radionuec ical properties that
may require consi® atio, homogeneity/
heterogeneity, de 0¥, mechanical properties,
nd freeze/thaw cycling.

These propertied & e nbserved effects associated with them in

a range of immobiliza@ion sEstens are, diScussed below. (IAEA, 1983)

3 tperties are Lo be made it

of daste in the final forms.

is necessary tollf
This is suletinesmepur p

as to vhether the afithor means volume or weight fraction, on either a wet

oresence @ISR BIIINSIRRINES vor susi. sonrati,

the amount n‘l‘ solid, dry wagle lncnrpur ted in a laUx is in Lhe range

s Q AR FHICY HAA L PBIprwcs r

volumeireduction of the waste concentrate can be achieved.

—def ine%ay and there is uncertainty

2.8.1.2 Homogeneity/Heterogeneity

In al]l cases the waste form under consideration consists
of two or more phases, and uniformity of dispersion of either the waste
or individual radio-nuclides in a matrix may affect the mechanical or
pysico-chemical characteristics of the final form. This property is not

generally considered, except for a qualitative stalement where, for example,



42
there is gross phase separation as in bleeding or in stratification of
insoluble components (e.g.resins) because of density differences.

2.8.1.3 Density
A value for density of a product is useful and, in the
case of deep-sea dumping, necessary(i.e.d= 1.2 g/cm™). It is
conceivable also that, if sufficient water was to accumulate in

a shallow-land burial sit.e, surfaceing could occur owing to

m

hydrostatic pressure ifyl \ 9
. \

In the case of product dut \“ Iess than the theoretical

density were ¢ 1.1 gfc. .

density (i.e contaln weoids 'ﬁu-‘ cessary to describe the

pethod of measu k or apparent density.

L

el A/// \x}\
Residuald 1 fﬁﬁfﬁ \\ form will affect other
parameters such®as £hd geghanigalfand\pliysco-chemical properties
(e.g.leach rate)d Py 3 yall® deseribed as interconnected
{open) or closed, 7 w‘ contain one or both types.
Cement matrices confain erconnected porosity that
leads to high int.ern S if the water/cement ratio is
high.Such porp: s ,--v—---;. id characterized in

terms of perme -“fr.'tn ‘ostatic pressure.

i

Ceramic final fo ls would ideally contain Wb interconnected porosity

and less EI g ected porosity exists

he lethm ﬁﬁg ﬂﬁ wﬂglnﬁleahﬂitr is not
neuessan a function of Porosi afid materials %fich as bitumen
andq m aﬂ.ﬂ igju m’}t’am E,Jrlaﬂnhds, will
pern the passage of water bul to a lesser extent.

2.8.1.5 Mechanical Pruperties

Certain minimum values for a range of wmechanical
properties are required if an immobilized waste form is to
survive accidents or long-term stresses during handling, storage,
transport and final disposal. In all waste forms the matrix is

the continuous phase and will tend to determine the mechanical
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properties. The incorporated waste has a detrimental or benefical
effect depending on the particular mechanical property and the
proportion of waste incorporated. The mechanical properties of
the final waste form will be determined by its resistance to the
intrinsic ionizing radiation and the external environment,
excursion of temperature and/or pressure in the event of an

unpredicted occurrence.

2.8.1.5.1 Compress

Among mechanicalvproperticss #Lefented vaste form
compressive strength is Bf™greateg éce- The measurement

of the compressive portant addition

information regardi ioned waste

for disposal. The ‘iterion of quality,
and working slresses erms of percentages

standard tests.

twice that of the diametgf, wbfSi—cuF€@.at %0 +/- 5 F for 28 days
and then subjected to slow catde=ilpading at a specified rate

until rupture occurss; eted within 2 or 3 min.

In this study """"""" FUm C & gth value for specimens

has been selected teiﬂ)e

Schlenter and Lasertl?f . The lmnwcnnpressne strength requirement

e LY ST T S

e.g. a conpres$iive strength of 25 N/mn” 13 reconmended hg Merz,

g A TR SN IR R s

But the pyinciple is to maintain the integrity of the waste form during

: !cn‘ﬁns recommended by Zange,

transportalion, slorage and disposal.



2.8.2 Release of Activity

The release of radioactivity from solidified waste products
can occure by two mechanisms, each of which will be examined in
detail:

Attack by water which slowly dissolves the waste product;

Volatilization if Lhe temperature of the waste product rises

too high (Lhis only applies t : waste, not for low-or

e parameter in the
evaluation of sol epresents the main

mechanism for rele itonment. over long

periods of time. Cons ' has been expended
in developing solidifi da ke u' are as stable as
practicable (Ewest and : | icularly Lo attack by
water. However, the leauhi ime consuming and

sophisticated technl elthe dissolution

ribiad. \F AY

1 D
2.8.2.2 Wm{mﬂﬂ nlﬁs working in

the field haval used a varigty of metheds to measung,leaching

e QR INTG R WT%*’H Fsl 6 £

At the first meeting on waste solidification held

in the USA, Thomas(1857) proposed a standard leach test utilizing
a Soxhlet extractor. The method was not adopted because it was
only an accelerated test. In 1969 a group of consultants called
together by the IAEA made a further attempt to develop a standard
test {Hespe,1971). This met with more success, and some

laboratories have used techniques based on tLhis standard Lest.

44
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A further attempt is now being made by the International Standards
Organization to develop a standard test which is a modified
version of the IAEA test and attempt to overcome its
disadvantages in application.

Leach tests generally fall into two broad groups:
(1) Short-term tests, mainly used for short-term sorting of
samples and studying the effects of variables; and

{2) Long-term testes to the actual environmental

conditions in storage.

to be considered.
material to be lea

i the quantity of
'kl be very small and
may be close to the each liquor. To
overcome this, wvari devised: sometimes
glass grains are usg istegd pf o' A\samples in order Lo
increase the surface-b-folupé /- _ being leached; in other
cases, radioactive L e '- dioniig Iides of interest can
be incorporated in Lhé wast.;. '__’-J. sufficient activity level to
be measurable in. thessdEdeh™ iquo jpusly, Lhis problem is
not so serious in ;_”—m—fﬁ' at elevated
temperalures when tLHE que ] peTtwo or Lhree orders of

magnitude greater tl&an that from tests carried out at room

temperature. ﬁﬂﬁ%w%ﬁwg@rﬂﬁmmm

tests proposed] so far (particularly t IAEA test) is the
a/

actual ar i _ : ‘ ﬁ i rplihe heat
'Lre&tlentq maﬂlq ﬁmuﬂjh ﬂm‘arﬂed out.
1deally, each sample should be given the heat treatment that
the corresponding batch has received (or will receive), and a
standard heat treatment cannot be relevant for all samples.
This is one area where tests must be modified for the specific

samples involved and vhere there is difficulty in comparing

results of one laboratory with the another.
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The choice of liquid used for the leaching test is
also importance.In those accelerated test that use a Soxhlet
extractor, the leaching 1liquid must be pure water. Accelerated
tests carried out by suspending samples in boiling liquid could
use solutions other than water. Room-temperature tests use a
variety of liquids, usually ranging from distilled water to sea-

vater on one hand and simulated ground water on the other.

est was developed

: - Goe ated les
at  Battelle for 5 i dat. e | \\?\\’\\ the comparative

A brief descri s of various leach tests
vhich have been widely us

(A) Acaf***"'_

leachability of \“\‘ifl t samples were
crushed and sieved #fang ; ough a 4-5 mesh
seive and retained off s \\\ in the test. The
sample was washed with ;. One-gram samples
wvere enclosed in a stai “;:_é‘"‘ T h ' g which was equipped

with a suspension wire. The: ,,, swveighed, dried overnight

.t ,__

in an oven at 100°¢, :
130 ecm” of dist fi BGh-hour periods.
After each period B:e sample FROV ed frrmt.he water, dried
overnight at 100°c, ahg.weighed. Theleached water was replaced

by fresh watﬂ 'H%] Q;ﬂ &Lwﬁmlﬂ’}ﬂ‘}mh 24-hour

period and the a&tal veight losg were usengs a measureyQ [ the

e ST S HH i

vaste forws containing high level waste. It cannot be used for cement,

Wien suspended in

bitument or polymers.

(B) Soxhlet Accelerated Leach Test

This test has largely replaced Lhe one
described in (A) and is fairly widely used for accelerated
measurements(Mendel, 1977 and Rastogi,1969). The sample can be

either glass grains, as used in example(A), or a specially



prepared sample such as a polished disc. In this test the sapple
is always leached by distilled water and does not come into
contact with the bulk leach 1liquor containing dissolved
constituents. The general principal is illustrated in Figure 2.8.
This test is also used for high-level waste forms.

(C) Paige Leach test

This test, developed at Idaho (Paige, 1968)

(Mendel, 1977), is used to
%/s designed to leach the
=
T

and used extensively at Ba

predict long-term leachin
sanple over a period ofes (s W ulated water at or

near room temperat face area are placed

on a support screex s filled with 500

lift. After 24 hourgf * sii ahlé Line'period, the vessel

(D)

971 Lthe sample is

=~ R
r‘;-&—-—_—-—__“.a_-”

prepared in an ijcH ¢l is open at one

)
T

end only. The cont@ine I injdiameter and 5 cm

high, but for sanpléﬂ'gf specifie acH&:ity greater Lhan 1 Ci/ltr.
F=9

o e 11 T e AT oL} B
e ARSI ST

Exposed surface area of sample

(E) BNL's Accelerated Leach Test

This test is developed by Brookbaven National
Laboralory (Fuhrmann, 1990) and presented to ASTM on January 24,

1880, Las Vegas, Nevada.

47
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BNL’s Accelerated Leach Test has three components:
1) Semi- Dynamic leach test run at room temperature (~20°C)
2) Semi- Dynamic leach test run at several elevated temperatures
3) Computer program to calculate results and to model results.
Reference Leach Test parameters are:
1} 2.5 cm. diameter x 5 cm. height cylinder.
2) 3.0 litres distilled water (ratio of 100 x surface area of

waste form ).

3) Temperature: 20°C and

4) Triplicate Waste Formg 0

5) Daily intervals for ' 3
The reasons for ’b'?.i ars| bedng "sel a8 they are, is the

need to maximize the quintafy ..E;::f» s the experiment.

This is based on : expefindhihl cFidence hba ltaching is often

N

igfen >~,~~‘-a 1 .M{unptian that low-

Ltiere is no problem

suppressed by insu

*

level waste forms are fe e

detecting elements of iftefest.

i I ’ | -
e Depd
—

The "ALT" computer pfog of Energy (DOE) needs

to use data from lgach or performance

assessment on disposad s n was designed

to do cn]culatinn# i'" i-gTusion. This was

E
Lthe Draft Test Method. Analysis of data
: ‘o ',
generated duripg u.rﬂzgmmﬂﬁlﬁjnisns. other
than di!‘i‘usinn,mmn o Concen rations in Lhe leachant.
Recently ﬁeﬁeﬂra wﬁ?ﬁjﬁ!ﬂk‘]ﬁﬂdﬂq auﬂ
. , .

the version used {0o



VAPOUR FROM BOILING WATER
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IN THE REFLUX CONDENSER

COILS REHEAT CONDENSATE,
TEMPERATURE IN SAMPLE
J’ P IS APPROXIMATELY 99°C

SAMPLE CUP FILLS WITH
— CONDENSATE AND DRAINS
HROUGH JACKLEG

Figure 248 /o leff \ aratus. (After:Mendel, 1977)
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Figure 2.9 Slow Leach Test Apparatus. (After:Mendel, 1977)



2.8.3 Reporting of Leach Test Results

Leach rates have been reported by different
groups in many different ways. For accelerated tests at 100°cC,

The percentage weight loss per unit time is often quoted:
* weight Joss = ( W, - W_ ) x 100

wvhere W, = initial weight o
W, = final weight npds
( It should be noleg ﬁnﬁy the surface
area of the sample and cg fereflos w.,'--:'- ed under standard

test conditions for
Fof a g, ient temperature and when

the weight loss is

can be a spec v ey a ‘;rt, or the entire

sanple, but should be glisclosed when guoting the results.

ﬂ‘lJEI’J'VIEWIﬁWEI'm‘i

A lem:: factor (Hespe, AT has a]sn} been use ccnrding

o e RWAANT I U Nﬁﬁ’)ﬂﬁlqﬁ ¢

Itach factor,F =_A__. S week per cm or (cm. per week) -t
T.A,.V
vhere A, = initial amount of "A" in sample

A, = amount of "A" removed per day
8 = surface srea of sample ten™)
v

= volume of sample tem™)
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Leach rate and leach factor are simply related:
2ITF

R

where density of the sample (g,cl"l. The leach factor is
the reciprocal of a corrosion rate measured in cm per week.
For long-term leach data, a fractional release can also

be quoted:

LA A, \ i ] A, /Ao
wvhere t is a long Lime per . Ll correct SI unit for
leach rate is g.m .8 Hok evg wee pearly all results
are quoted in n.cl'* is | wodteb n retained in the
\

presenl report to ave

&
]

s
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