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Aglypate youvamitov oo ta aofeotowya skams Ty Kupeolow Zdaving zal g Zeglgou
 WEoTNOoaY ETESEQYAGIN WOTE vir Ty Bot D0 KORROUETOUKA ®hdopate (+0.3 fwg -2.38mm #aw -
0.3mm) yia SORLPES RATAAANAOTNTAS Yt Epaopoyn ot aupoBoric. To AdOOROXKO ®AGoILa umedeiybn
ROTOANAOTEQO Yy1ct HOUBOQLOPO HETORAKOY ETUPAVELDY KOAVUUPEVOY (e TTO OTumpa oxovgLic. Ot
Boryiéc EDELEAY OTL O YOAVATNG TV TEQIOZEV CITANV E(VAL CTOTELETUATIROTEQOS, (LT T SOhOCLasn
AP0 HOL TN LETOAROVQYLAT] TROVOLE TOW £ONOLUOTOELTAL ONUEQK. To 00O TS OAOVIG IOV EXTTENITETAUL
RaTd T dladutaoia TS apHOBORNS EIVEL ONUOVTIAG ROGTEOD %O 1) OUAOHELE AGBUOLOPOT [Lag
EMUPAVELQS EivoL ETLONG UKOGTEQN O oyfom pe 11 yaholiomn dupo xal ™ oxovput. Emumhéov
WROLTOVVTCL  GUYKOLTIXG  UXOOTEQES  TOCOTNTEG  VAKOU  KAL  EUGOVIZETOL  IHOVOTTOLNTLAT
AVIHVRAVOLULOTNTEL.
ABSTRACT
World demand for industrial garnet increased last years. Garnet has become a replacement of silica
sand and slags in sandblasting operations. Garnet testwork samples of this study originated from calcitic
skarns in two contact metamorphic aureoles of young granodiorites from Northern Greece (Kimmeria,
Xanthi) and Cyclades (Serifos island). Samples were crushed and screened so that two screen fractions
were produced: -2.38mm to +0.3mm and -0.3mm. Pressure sandblasting evaluation was conducted on
several samples. Best results for blast cleaning of heavily corroded metallic surfaces were obtained on the
coarse fraction of all samples. Garnet sandblasting provided u super clean surface for protective coaling
and preparing surfaces for painting.
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L. INTRODUCTION

In the last years the world market shows strong interest lor environmentally safe abrasive materials.
The silica ban in England and restrictions by several countries in the use of silica sands and also slags
containing leachable toxic metals, resulted in expansion ol demand lor environmentally safe resources.
Given that silica sand is used in the largest volumes for abrasive cleaning. even a small reduction in its use
opens uplarge volume markets for other natural or synthetic abrasives (KENDALL. 1997). Although
natural abrasives have had markel share taken away by synthetic materials produced in vast quantities,
world demand for garnet, olivine and staurolite increases. Following the introduction of environmental
laws, these minerals are finding increased lavour. relating (o free silica. They are relatively low cost. silica
free materials, which protect workers Irom silicosis desease. Garnet, because of suitable physical and
chemical properties. is very efflicient when applied to air blasting. polishing and water filtration. The
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Targest market of garnet is sandibiasting in shipyards, oil rigs,pipes, and various plant equipmnets, whereas
slags, olfvine, staurolite and fused-alumina are its main competitors.

4 A significant number of ‘garnet dgposits - which are found out of the borders of a few producing
countries —arenow under evaluation worldwide. Research projects to test the suitability of garnets from
Greek gameriferous toeks-forindustrial appli¢ations Were not set previously. Because world demand for
garmet js forecast to double oVer the niext decade™d preliminary research project for several occurrences in

. Greece " was. considered negessary. .in_order to_test the suitability of the material in sandblasting

dpplications. Occurrences of garnetites from two contact metamorphic aureoles attracted our interest
first. h’e::gus_e.‘*'lhey are almost-monemineralic and processingtechniques were not necessary 1o be applied
[0 Temove assoeiated minérals f6r the production of high__p‘t’iﬁ(y concentrates.

This paper aims to present the results of the preliminary research on evaluation of garnetites of
Kimmeria and Serifos for sandblasting applications.

2. GARNET PRODUCTION - DEMAND

Garnet world market depends on the production of a few countries. UL.S.A. was the largest garnet
producer and exporter until the early 90°s, with over 45% of world production as shown in Table 1. now
becoming a net importer. However in 1995 Australia and India reached productions of 70,000 tn and
60,000 1n respectively. In the last six yvears world garnet consumption has been increasing at about 20-25%
per annum. This increase resulted in expansion of world production (about 500% in the time period
between 1984 to 1996). The boom in demand for gamet is mainly due to the fact that garnet has become
increasingly popular for the blast cleaning of metallic surtaces. Other sectors having contributed to the rise
in demand are the water filtration and water jet cutting systems (DICKSON, 1982 KENDALL, 1997).

Table 1. World garnet production in 1991 (HARBEN, 1692)

Garnet production Garner exporting Garner importing
fin tons) (USBM, 1991) countries countries

US.A 65.000 Austraha France

Australia 25.000 USA Germany

China 20.000 Sri Lanka Korea

Ex.USSR 2.000 China Netherlands
Norway 8.000 Taiwan

India 28.000 Great Britain
Turkey 700 USA

Sri Lanka 100

From the data presented in Table [ it is concluded that garnet is not produced in the European Union,
whereas in Europe only Norway and Turkey are garnet producers. Thus Europe may be considered as a
ready market, 1t is worth mentioning that the companies “McAlpine” and “Microfine™ will probably
develop deposits and a processing plan for production of garnet concentrales from schists in Scotland. A
project for alluvial garnet is running in Liguria prefecture in Italy. Presently. the production of garnets is a
top priority for several countries in Eastern Europe (e.g. Ukraine, Chech Republic), 4s it would replace
more expensive products heing used, as well as provide much needed currency from exports.

3. GEOLOGICAL SETTING OF GARNETITES

The garnetites of skarns from two contact metamorphic aureoles were selected Irom vanous
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. r\.." gametites (ronghly 95%) only a small scale processing of the material is needed for the production of a

‘:,"i"l'llﬁh' pusity cbacentrate=From all known. contact metamarphi¢ aureoles in Greece, those of Kimmeria
Lo yand Serifas island in'Cyclades (Fig. 1) were chosen, because of their relatively big areal extent, the
purity of the material and the large grain size of garnet crystals.

Réscaichl exploration projects ¢arried out in Kimmeria (Xanthi) in late 70°s. were focused in skarn -
“type'wollastonite and W, Cu and Mo mineralization. The petrology and ore deposit geology of the contact
metamorphic aureole was=studied by AUGUSTITHIS (1971) AYME et al. (1976); LIAT1 (1986):
SKARPELIS 1990y and SKARPELIS & LIATI (1991). 'Garnetite testwork samples originated from
calcitic skarmns close to the contact with the surrounding marbles. The garnetite reserves were estimated at
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Fig. 1: Simplilied geologic maps of Seritos island (A) and Kimmeria (B) from SALEMINK (1985} and LIATI (1986)
respectively. Sample locations are indicated with asterisks.

3 Mt by AYME et al. (1976). The garnet of the skarn is pale brown to yvellow-green in colour, very rich in
andradite molecule, and associated with pyroxene, epidote, wollastonite and magnetite. It is commonly
anisotropic with alternating isotropic and birefringent lamellae parallel to the (110) growth planes and
usually shows sector twinning. Calcite and/or epidote occur as alteration minerals of garnet.

Garnetites of Serifos form large — often monomineralic — bodies within the calcitic skarns. In this case
garnet is isotropic and rich in the andraditic molecule (Ad 100-90, Gr 0-10). Vein filling garnet, associated
with magnetite and pyroxene in massive skarns, is rich in grossular (Ad 70-60, Gr 30-40) (VERGOUVEN,
1976; SALEMINK, 1985).

4. PROCESSING METHOD AND SANBLASTING TESTS

Several samples of garnet-rich material were collected, each weighting around 25 kgs. Location of
samples is indicated in Fig. 1. Jaw crushers were used first for the production of relatively coarser fractions
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of ‘angular grains were'produced, taking in consideration the grain sizes required by industry: -2.38mm to
+0.3mm and -0.3mm. Thecoarse fraction may be used for cleaning of heavily oxidised metallic surfaces,
whereas the fine one for etching of glass and plastics. Each screen fraction was washed for dust removal
and dried to 60°C, prior to pressure sandblasting evaluation. Microscopy and X-ray diffraction was applied
for.identification of mineral impurities.in the congentrates. The proportion of each fraction produced after

processing of the samples is indicated in Table 2.

Pressure sandblasting evaluarion was ¢onducted on several samples. Heavily corroded metallic parts of
old machings, left in the former electric power station of thé Public Power Corporation (Moshato area,
Piragusy, were sandblasted. "We nsed the same blowers and we followed the same operation procedures as

Table 2. Average percentages (wt%) of screen fractions produced after processing of the samples

Sample locations fraction +0.3 to 2.38mm (wit%) fraction -0.3mm (wit%) dust
Kimmeria (Xanthi) 56.5 13.0 0.5
Chalara (Serifos) 85.0 14.5 0.5
Avyssalos (Serifos) 84.0 12.4 3.6

for silica sand and slags. Evaluation of the results of sandblasting is empirical, hbecause international or
national standards for laboratory tests are not yet established. Information gathered from the Hellenic
Organisation for Standardisation (ELOT) refers to preparation of a draft standard, which probably will be
attached to ISO 11126. Thus evaluation is based on the experience of sandblasting operators. The
important considerations in appraising abrasive value are: the cleaning rate, the amount ol malerial
consumed, the quantity of dust generated during sandblasting and the quality of polishing of the surface.
The garnet from Kimmeria and Serifos has been proven against silica sand and ferronickel slag to give
faster cleaning action. It produces a good finish on metals and provides a super clean surface for protective
coating and preparing for painting. The dust generated during blasting operations was minimal. Good
visihility enables the operator to see his work clearly, The results obtained on all the coarse garnet
fractions used were similar. The efficiency of the Kimmeria and Serifos garnet is atributed mainly to the
particle shape (Fig. 2). which is considered as a fundamental physical property in selecting an abrasive for
sandblasting application. The blocky and nearly equidimensional grains are identified as strong-shaped and
are less friable than flaky ones. Most probably this is due to the lamellar texture of the garnets. causing the

crystal to break down into sharp irregular grains.

Fig. 2: Blocky purt Ir]‘(p?gn'gﬁ’%fﬂ‘)\%ﬁ_ﬁlfrt] ;qu&%hg%g"lp_rmb%lﬂ.g& 3\?.8&‘.’l\.‘r‘|‘.b‘f"d Kimmeria (B)

202 '
N o



‘ Mlneral ﬁbf F#tpchs d and .Sldg res| It:. to - still - a wide use. Nevertheless, it is
gnrnet w'hr I mgl ighest gro h rateq in the blasting market relative to competitive materials,

’ o becm.lse iLotfers so Qaaes for blast cleanin
: 75

i g-UI)CTIOF har ess (. ohs scale or andr tc;:l' v diamond and corundum among natural

AS1VE Ve = il = i o

b. Garnet, rom a healzh and worker safel\* standpoint. is one ol the safest materials on the abrasive
blasting market. being chemically inert: the concentrates usually are silica tree and do not contain
leachable heavy metals.

¢. It is recyclable, because it has very low particle breakdown on impact. therehy minimizing dust
generation and resulting in a longer lite span.

d. Garnet grains are not bonded to the metallic surfaces upon impact,

The results of the testworks of Kimmeria and Serilos garnets are encouranging in follow-up rescarch
for industrial evaluation. Taking in consideration the tact that the use of garnet as a blasting medium is
expected to expand considerably and that several tectonic units comprise garnetiterous rocks, it is
concluded that exploration for economic garmel resources in Greece should be intensilied.
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