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Abstract

Once-used CO,-silicate bonded sand from domestic foundry 15 mostly discarded in a reclaimed land because of its bad

collapsibility and reproduction properties. So this causes serious environmental problem.

We can gel 82% recovey of silica from used sand by scrubbmg reclamation process in this research. When we repeal the
p

reclamation- recycling of the foundry sand, artificial silica sand is broken down helew 2-cycles, but naleral silica sand does not

destroyed when used repeatedly more than 10-cycles and have a good property of recyclng with little change of its size.

1. Introduction

The CQ;, process in foundries expands due to the cheap
molding equipment cost and slrong bonding power of over
10kg/c. Moreaver, when pouring of molten iron, it does
nol generate flammable gases but jusl reduces a little waler
of crystallization. This 15 so prolilable for production of
large scale custing products because of less gas generation.

The mechamsm of bonding 15 the reaction products of
sodium carbonate containing water of crystallization and
silicate in gel state trom the 1eaction of sol state water glass
and CO, gas. But this silicate ge] worsen the properties of
expansion absorbing and collapsibility When we wse 1he
1ecycled sand, sodmum carbonate increased around the sand
particle causes Lhe castmg defects. The treatments of
removing this complex layer of sodium carbonate and gel
state silicae to reclaim the once-used sand are required

Many studies on reclamation of CO,-silicate bonded sand
have heen conducted' ™, but therr technical data depend on
lhe quality of raw silica sand and waler glass. Studics on
lhe reclamation of CO,-stlicate bonded sand in domestic
have not been reported yot So in this research, we sel up a

pilot planl for eclamation of the CO,-silicate bonded sand,

and investigate the effects of scrubbing frequency of the
used sand on surface clennness when we eeyele 80% o
more of silicz as a melding sand. and also the repeated

recycling effects on the silica sund quality.
2. Experimental procedure

2.1 Raw material and Additive

We used artificial and natural silica sand respectively as a
raw malerial and thewr sieve prading are in Table 1. 3.2 mal
ratin of water glass is used as a additive, and added wi%
in vacuum replacement hardning(VRH) process and 6wt%
in traditional CO, process. Dexile as a disinlegrator added

Lwi% in moldmg sand

Table 1. Sieve mading of raw sands (wi%)
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2.2 Used Sand Reclamation

Fig.1 shows the layout of the discarded CO.-silicate
bonded sand reclamation equipments for this research and 1t
consists of sand crusher, scrubbing reclaimer. dust collector.
nentralization 1ank, filtration tank, dryer and classifier The
sandlifter carries the processing silica sand from the lower
part of one facility to the upper part of the next facility.
Toput materials in this apparatus are discarded COg-silicate
bonded sand coming into the sand crusher, dilute acid and
waler into the neufralization tank Oulput materials are first
reclaimed silica from the scrubbing reclaimer, second
rectaimed silica from the classifier, peutralized water, air

and dust.

Air  Waler, Acid
n

Used sand Il

11
Recfaimed sand
waler sand

Fig 1. Arrangement of the reclamation cquipments for used sodum
silicate bonded sand.

{1 Vibraiion crusher (3 Sand reclamer

(3) Dusl colicctor (& Neutralization larrk
{5} Fulter & Dryer @ Classificr
3, Results

3.1 Ignition Loss

The effects af scrubbing cycles on LOI af the 1eclaimed
sand are shown in Fig. 2. Before scrubbing, LOI of used
sand in VRH process (4% waler glass added) is 0.55% and
that m CO, process(a% watcr glass added) is 0.69% As the
number of scrubbing cycle is increased, the LOI is
decreased. When il lrealed 4 (mes, LG in the VRH process
is 0,25% , just as the same value of the new sand, bul that

in the CO, process 15 0.31% Moreover, it treated 6-10
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Neutralized Dried fine

times, the LOI valuc decreused more. LOI in the CO,
process can be lowered Lo the new sand level after over 7

times treated
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Fig 2. The change of meniton loss with respecl to the number of
serublnng cycles,

3.2 Residual Base

Fig.3 shows the telationship between the amount of
consumed acid and the number of scrubbing cycles. The
Lotal amount of hasic components are sum of Tesidual water
glass which does nol react with CO, gas during the mold
making, and NaOH existed in water glass and sadium
carbonate formed by the reaction with CQ, gas. It shows
that the amount of consumed acd(0.1 N HCI) is 94-111mi
before scrubbing, 44-50ml after 6 cycles of scrubbing and
30-37 ml afler 10 cycles of scrubbing. As the number of
scrubbing  cycle increases, the residval base malersals
decrease.

While, chemucal unalysis was done on cach sample, and
convert sodium salis in the residual basic components into
WNaZO The resufts ate shown i Fig 4 that the residual Na
20 decreases linearly as the number of scrublig cycle up
1o 5 cycles, and atter that the decreasing ratc heconies slow
to 10 cycles

From the results ol acid consumed w Fig 3 and residual
contenls of Na20 in Fig 4. we can conclude (hat the

economic number of scrubbing cycele is around &,
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Fig 3. The change of acxd consumption amounts with respect to the
number of scrubbing cycles.
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Fig 4. The change of Na,0 contents with respect o the number of

scrubbing cycles

3.3. Surface condition of sand particles

Photo 1 to photo 4. are thc micrographs of the sand
parlicles after scrubbing obtamed by SEM. Photo 1. shows
Ihe surface condilion of artificial sihica sand as subangular
Type at 35 magnification in (A), and fine silica dust adhered
on the adilicial silica at 1000 magmfications in (B). On the
contrary, Fhoto 2 and 3 show ihe surface conditions befare
scrubbing and after 10 cycles ol scrubbing of the sodium
silicate bonded used sand added 6% water glass respeclively

The shape of particle is impioved to be round by
scrubbing for swface cleaning, (his 15 so for reclaimed sand
than [or new fresh sand. Phato 2(B) ,lhe surfacc of the used

sand at 1000 magnifications, shows the precipitates of

acicular type of Na,CO,H,0 grown, but in photo 3(B)
which is the surface of 1{} cycles of scrubbing, those are
nearly cleaned off, Bul compare to photo 1(B), we cannol
say that those are completely cleaned aff

To investigate quantitatively the Na,CO;H,0, Na dot
mapping was done. The results are in photo 4. in which, Na
dols in (B} are notably decreased compare to (A), but still

Temained a minute quantily.

Pheta 2. SEM micrograph of 6% sodmm silicate bonded sand
(A X35 B> 1,000}
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Phelo 3. SEM micrograph of reclaimed sand scrubbed 10 cyele,
(A X35, BixX LK

Photo 4. Na dol map of 6%, sodium sihicale bonded sand
(Acused sand Brreclarmed sand)

3.4 Effect of Silica Sand Quality on Reclamation

Fig.5 shows the paricle size varations of new and
reclaimed anificial sand The new artificial sand 18 made of
2 sereen sand, which 1s mived up wilh the ratio of 1 2 of 20
mesh and 40 mesh silica sand crushed and sereened from

silica rocks having 96.5% Si0, punty.
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The particles of artificial sund are screcned having
residual crack inside, and they are crushed when scrubbing,
So the particles of reclamed sand are 1o be finer thun the
raw sand particles. This means thal the used ertificial sand
can not be used as a raw matenal for the ‘reclamation-
recycling of the used sand. On the contrary, Fig6 shows
the size distributions of Lhe new and the 6 limes reclaimed
natural sihica sand from Awustralia. The new natural sand
having 99% Silica purity is made of 3 screen sand that is
mixed up with 40, 50 and 70 mesh sand, tolal amount of
89%. The particle size disttibulions of the 6 cvcles
sctubbing this natural used sand show a Iittle hit fine but
nearly sume disinibution of 3 screen sand. The grain
finencss number{GFN) of the new natural sand is 38.4 mesh
and {hat of {he used one is 43.7 mesh.
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Fig 5. Grain size distnbution of arlificial sand afier reclamalion,

Fig.7 shows the relationship between the GFN and the
number of ‘reclamation-recycling of the natwal and the
artificial  sodium  silicate bonded sand after ¢ times
scrubbing and muxed wilh 17% new sand. In case of
artificial sand, the GFN changes abruptly from 23.8 mash lo
49 mesh afier 2 eveles of reclamation-recycling, and to 59
mesh after 4 cycles. This is due to that the sand parlicles
destroyed sevelely in he reclamation process Compate to

this, the GFN of the new natural sand 15 384 mesh and
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changes in the 1ange of 42 to 446 mesh up to 10 cycles of

‘reclamation and recycling. This means that there is no

Fracture of the silica sand during reclamation process.
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It can he concluded from the 1esults of Fig5, 7 that the
artihicial silica sand made from crushing of silica rocks can

he used as (he sodwm silicate bonded sand. but it's useless

as a taw material for reclamalion process, because of
fracture of Lhe particle, and the natural sand from Australia
haying above 99% purity of Si0, can be reused 82% or
more of teclaimed sand 1fs hecause (he parhicle size

variation 18 little during the 1eclamatinn-recyclng process.
4. Conclusions

(1) The most economic scrubbing cycles are & times and the
recovery of the reclaimed sand is 82% of the silica in the
used sand from the results of the investigation of the
elfecis Of scrubbing cycles on the igmition loss, residual
base. surface condition ot the sand reclaimed in the
serubbing type teclaimer.

(2) According to lhe cyche reclamation and recycling
experiments with second reclaimed sand mixed 82% ol
1eclammed sand being treafed 6 cycles of scrubbing and
18% of new one, the arbficial sihca sand was fractured
and can not be reused again as molding sand, but the
natural siica sand can be reused more 10 times
repealedly hy ‘reclamation and recycling process without
much variations ot average particle size. that 15, without

much facture of the sand particle.
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