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‘The wet tensile test for clay-bonded sands reviewed

Report 1570

Synopsis—The wet tensile test is described, and the significance of results obtained with clay-bonded sands
reviewed. The test has been widely used to study the activation of calcium bentonites by base exchange with
sodium carbonate, and to assess the scabbing tendency of clay-bonded sands. The wet tensile test can reveal

Introduction—When s greensand mould is filled with
molten metal a dried surface layer is formed, the moisture
driven away from the mould-metal interface condensing some
way behind the surface.! The zone in which condensation
occurs may have a water content considerably higher than
the remainder of the mould. The low strength of this zone,
referred to as the wet zone, is partly responsible for mould

Fig. 1 The Gewrge Fischer Wet Tensile Tester.
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- changes in the characteristics of clay-bonded sand mixtures which are not shown by other test procedures.

dilarion which occurs when castings are made in greensand
moulds. Work by Pettersson® and Levelink® indicated that
the wet condensation zone was also an important factor
responsible for mould-surface expansion and spalling defects.
Both workers attributed the occurrence of these defects to
o lack of cohesion between the dried surface layer and the
undetlying wet layer.

Because of the importance of the wet condensation zone
and its assaciation with casting surface defects, Patterson &
Boenisch® developed a test to measure the cohesive sirength
between the dried surface layer and the wet zone. In this
test one surface of a cylindrical greensand test specimen was
heated, cousing the formation of 8 wet zone several
millimetres behind the heated surface, After & predetermined
heating time, a tensile stress was applicd to the specimen
in such a way o5 to cause it to fracturc through the weakened
wet zonc. The tensile strepgth at fracture was called the wet
tensile strength, Subscquently a testing machine was
developed for laboratery use by George Fischer Lid, and
this is marketed in Britain by Ridsdale & Co. Lad.

The purpose of the present paper is to describe the wet
tensile Lest and to review some of the applications. The use
of the test for determining clay quality and for the control
of clay-bonded sand propertics has been assessed.

The wet tensile tester and test procedure

The George Fischer wet tensile tester is shown in Fig. 1.
A greensand specimen is prepared in a special tube having
a pull-off ring, using the usual standard 3-ram method with
sufficient sand to give 8 50mm-high specimen. The sand
specimen contained in the tube is loaded onto the testing
instrument and the 1est is then cartied out automatically.
A thermostatically controfled electric heating plate operating
g about 300 °C is brought inlo coniact with the surface of
the specimen for & predeermined toe of between 15 ang
25 seconds A piston-opersted fork thenen
the top of the specimen tube, end o tens
te the specimen. The specimen ruptuses through the wer
sube-surface joyer and the meximum siress is recorded on e
pressure-zoups. 1t ir sdvissbis 1o perform esch tew
wnmedizizly after ramming the specimen, se thal nt water
is lost from the surfsee javers. At jeast three meatuf onents
shauld be made on any given sand end the resulis avereged.
The testing spparatus . supplied compiete with specimer
mhg, rmnmer base, pail-ofT ring and contrad equipm
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Discussion

It has become clear from the results presented in this puper
and from othes tests carrind out at BCIRA that recycied
foundry greensands have 2 much lower wet-tensile sucength
thap greensand mixtures made with new sand. Since much
of the experimental work reported in this paper las been
carricd out with new-sand mixes, foundries should not expect
to obtain the high values quoted in some of the Figures when
testing 1eeveled sands, Typical values for recyveled foundry
gresnsands {3}l in the range 6—20 glicm?, whereas values
above 30 pficm’ are commonplace with newssand mixes
having high clay contents, as shown in Fig. 3. The lower
values oblained for recycled sands are thought to be due to
the build-up of burnt clay and fines which possibly decrease
the amoutt of water available for the clay pond.

Al the applications referred to suggest that the wet tensile
test provides a very useful means of assessing the condition
of the clay in a greensand. The test has practical use in
evatuating diffcrent clays and for monitoring changes in clay
activation. It seems to be generally agreed that there is o good
carrelation between the wet tensile strength of greensands
and the occurrence of expansion defects such as scabs and
rat-tails in castings.

A feature of the wet tensile test is that it reveals changes

n greensand guality which may not be detected by other
test methods, for example the green compression strength
and shatter index value may show only simal} variations with
changes in the clay activation. The wet tensile test has also
been shown to be invaluabile in assessing the extent to which
a preensand will tolerate contamination by chemicaily
bonded core-residue materials, where green compression
strengths may again be only little affected.

The wet rensile test is likely to have increasing application
now that clay blends are coming into wider use in foundries.
It has cbvious applications for clay producers and suppliers
for quality-control purpeses. Since the wet tensile test can
reveal chonges in the condition of a sand which is not
revealed by routine physical tests, it should be of special
venefit to those foundries needing particularly close control
of their preensand system. For these foundries the wet tensile
rest has the further advantapes that it can be carried out
rapidly, and the results can be related directly 1o casting
quality.

Conclusions
{ Measurement of the wet tensile strength of a greensand,
which varies with the amount and type of clay used, the
water content of the mixture and the milling time
employed, reveals changes in propertics which may not
he detected by other Lest procedures,
Appiications of the wet tensile test include:

— menitoring changes in the activauon fevel of

eglcivm benionite clove, for example by ireaiment

with sedium carbonaie;

L2

-— determimog the effeas of chemically bonded core-
residue sateriads inzorporated, in preensand, where
other tests may show no change in prepertics;

— assessing whether o greensand is likely to lead o
expansion defccts such as scabs and rartails. B
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Fig. 2 Effect of water content on the green compression
strength and wet tensile strength—sodium-treated
ealeium bentonipe clay (after Rickards'),
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Factors atfecting wet tenalle strength

Sand composition and preparation—
that the green compression sirength of g
icreases 1o a maximum value or 8 critigy
then decreases as 1he water content is gy
maximuni sirength vceurs g fairly low w

It is well know
clay-bonded sar.
1 water fove! gy
ised further, “I't
ater levels, and |

the normal working range green strengths fall as wore

additions are made to g honded sand. Wer tensile-s
values also increase 10 g maximum value gg

hipher water Jevel * Thus,

sireny

water is adde
o2 chay-bonded sand, but the mavimum value eccurs, a

strength usually increases with increasing water conten

These effects are Hlustrated in Fig. 2,

- practice, the wet tensil

‘.

which shows how 1

Ereen compression strength and wet tensjle strength of 1w
preensands vazied with increasing water content. The result

in Fig. 3, taken from the work of Tatterson & Boenisch,
show that wet 1ensife strength increases as gre

ater amnunr

of clay are used iy o Ercensand mixture. Cosldus addition

have been reporied 1o have onty a small effect on wet tensit
strength, increasing the water requirement for the maximun

value® to be obtained,

Recent tests at BCIRA have show
streniglh increases as the clay bond is developed by mor
intensive milling. An example of the eflect of milling-timc
on green compression strength, shatter-index v

tensile strength is shown in Fig. 4.7
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(Aay nctivation treatment—Jt is well established that clays
from diflerent sources give widely different wer tensile-
sirength values P10 Foor example, teported values for
sodivm bentonites are 33-36 pficm?, whereos naturally
ecrursng colcium bentoniles may only give values of
12 glicm’. 1f 2 base-exchange treatment is cartied out with
sodatimy carbonate, these calcium bentonites mav produce wer
rensile stienpths of up 1o abour ) pliom®™ These valuey
reiate 16 gresnsand mixtares made with new silica sand
coeNtaining 6 per cent clay,

Petterson and Boenisch™ wsed the wet tensile test to
examine the degree of activation of caleium bentoenite chays

oy baseeexchonge treanment. Fig 5 elowr, how the wet tensile
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Fig. 5 Effcct of activation of calcium bentonite clay with
sodium carbonate {(after Parterson, Bocnisch &
Khanna"),

strength of & synthetic greensand inix increased to o
maximum value 2s sodium carbonate was added to a clay
which was susceptible to activation. The maximum wet
tensile-strength value corresponded to the {ully netivaied
condition. Van Eeghem'® showed thot a natural clay-
bonded sand behaved similarly, and his results are illustrated
in Fig. 6. The results in Figs. 5 & 6 show that very low wet
tensile strenpths can be obtained if the clay is either under-
sctivated or over-activated. Recent tests at BCIRA have

40

irr

S}

Fig. 8 Effect of sddition of sodivin carbougte on the wet

3

iV

trasile ctrength of 2 nasural ¢lay-bonded sand taficr
Van Esghem'),

rgerdy 1

LY

B4

.
:

i
g ¢
T /—\
L
o
C
-
@ A
Y
v
£
k1
z
v . , , , .
8] 05 10 15 0 2.5

Sodium carbonale &,

Fig. 7 LCilect of clay activation with sodium carbenate on
wet tensile strength.

confirmed the uselulness of the et ensile test in monioring
clay activation by sodium carborate, and these results are
shown in Fig. 7.

Relation between wet tensile strength and the
occurrence of expansion defects such as rat-tails and
scabs—Patterson, Boenisch & Khanna® used clays which
had been activated to different extents with sodivm carbonate
to show that there was a direct correlation between the wet
tensile strength of a moulding-sand and the occurrence of
rat-tail defects in castings. Iuiuison & Bocnischbt !
recogaized, however, that the wet tensile strength was not

Increosing scabbing resistance
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the only facier foverning the exten 1, which txpaia,;.
defects occursed. They concluded that the mould-covily
surfoce i subjected 1o compressive forces due 10 the
expansion of the heared sand, and that thess forces contribute
1o the formaticn of expansion defects. It wae supgested tha
the tendency to form scubbing defects could best be related
10 the ratio of (e compressive foree 1o wet tensile strenpth,
Using results from 170 rreensand niixiures, Patterson &
Boenisch!! develeped o Scabbing Diagram which showed
the relation between 1he compressive force, wet tensile
strength and scabbing tendency. The conipressive force was
determined by measurement of the furce exerted as n rammed
disc of sand deformed when jis concave face was heated, The
sand disc was held firmly atits circumference. The tendeney
to deform was counterhalanced by o force applied 10 1
unheated face, vnd this force was 1ecorded and plonted apnin
Brating-time. Seabibing tendency was megsured by the uee
of 2 mould in which the caviry sutrface of he cope was
continuousty examined as metal was poured inte the mostld,
The mould cavity was half-fitted, the time required for g
spalled shell of sand 1o develop on the cope surface was
ricasured, and this time was used in the scabbing dingram
bs shown in Fig, 8. It is claimed that the diagram can be
used to predict the scabbing tendency of any sand mixrure
from measurements of the wet tensile strength and
compressive force determined on test specimens, The
diagram has been used to illustrate the efTect of greensand-
mould variables such as bentonite type and quality, moisture
content, and greensand additives, on scabbing tendency.

In tests using 25 different bentonites Van Eeghem'® has
confirmed that the wel tensile test gives an excellent guide
to scabbing tendency. He concluded that grecnsands having
wet tensile strengths below 10 gffem? consistently pave
scabbing, while with sands having wet tensile strengths above
15 pficm® scabbing was rare.

Effect of recycling greensands—\Weq tensile-strength
values decrease when greensands nre recycled, owing to the
build-up of burnt clay and fines within the system.'®? Vap
Eeghem'® showed thar if clays are heated prior 10 use in a
mixture the wet tensije strength is reduced. He also showed
how the wet tensile test could be used to monitor the
performance of foundry sands as they were recycled. The
results in Table ! show how the wet tensile sirengih
decreased when a particular clay was used in one foundry
for 3 few months. The reduced wer tensile strength Jed 1o
a detericration in casting surface-finish and severe scabbing
occusrred. The addition of 3 per cent of new clay to the

T aand vestored 1w wet tepalie ttrength to the pripir
45 18 shown by the resulia in Table I, and eliminare
scabbing problem, Hubay & Totht'? have mos
recently shown that the wet 1ensile strength of a recyc]té,
sand con be regenergted by the use of sieves 10 remove the
fines and by raising of the moisture content, A preatd,
iImprovement in wet tensile strength was obtained when fres
bentonite was added to the recycled sand, f
1
Influence of chemically bonded core residues io
greensand-—Recent tests at BGIRADM M have indicated the
the inclusion of residua! chumically bonded core sands in
8 prewnsand mixture can cause some deterioration in

propertics, particularly if the resin binder is not fully byrn
out.

Wet tensile strength, gficm?

30 | A ) 1 1
-

4 6 8 10 12
Number of cycles

Fig. 8 Effect oft}(':_é-;.,-'c!ing 2 greensand containing phenolic
urethane core residues (after Rickards"),

The wet tensile strength showed the most pronounced
change when coresand was added. Table 2 shows how the
inclusion of residues from phenolic urethane, acid-catalysed
resin, SO,-cured resin, or shell cores aflected the wet
tensile strength of the greensand mixtures. In the recycling
of greensands containing core material the most pronounced
decrease in propertics was again shown by the wet tensile
test. Fig. 9 illustrates the effect of recycling a greensand
containing residue from phenolic urethane cores.

Tablo 1 Wet tensilo strongth of foundry sand {after Van Eeghem™).

Initial stondard Foundry sang Foundry sand 4 Foundry sand + Foundry sand +

Property mixture after a {ew months 1% bentonite 2% bentonita 3% bentonite |
H,0% 3-4 4.2 - — -

—_ N S S R _ ] -
Green compression strength,
kN/m? [Ibi/in?} 61 (87} 125 {178} 137 {14-5) 136 {12.3) 1585 (22 0|
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