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A. INTRODUCTION

A.l  SPECIFICATION OF THE INDUSTRIAL PROBLEM

Programmes conducted for o considerable :ime to investigate moul ding sends have resulted
in major improvements in foundry sand prectice. Silica has been c¢ satisfactory aggregate
material of foundry send. The use of olivine as a moulding sand i:: not widdly spread and it
is applied in castings where the use of sifica sand is problematic. The best example is the
production of austenitic manganese steel. where the system MnO-%i0,-FeO forms o low
melting point eutectic and the consequent reactions result in a pitted sieel surface. By
replacing silica no such eutectic is formed_  The shift from silica send to no-silica aggregates
- zircon sand, chromite sand and olivine scad - has several advant ages, especially from an
environmental point of view. Olivine sand for economical reasons is better placed to replace
silica send in more confine foundry sands. A.shiit from silica - sarnd towards olivine in
foundry applications due to tighter envircnmenial constrains in the :U. is expected o result *

in a great demand for olivine in the relevcai industry.

Another new application of olivine, which is proposed is this projec t, is its use as o
neutralizing agent for the industrial. waste ccids. Today, the common practice for the
neutralization of the waste acids is by the cddition of limestone, which leads to the
production of gypsum. This gypsum finds 0 industrial application while its disposal is
problematic from the environmental point ¢i view. The proposed dlivine process leeds to the
production of valuable by-products {siliccgs! - {ine grain magnetite and Mg-sulphate) and
leaves no waste products, which makes i~2 arocess economically and environmentally
attractive. .

In Hellas, there exist huge “reserves of oiivi=s sourcesidunites, har zburgites, mining tailings],
which are connected with existing magnes::2and chromite mining activities in Northern
Hellas. Infact, there is not quarrying cosiiar these. dunites - hurzburgites, sine’e they derive
as by products from the main mining aciiv=.

A.2 OBJECTIVES

The objectives of the present research gzzrcmmsa were as follows :

+ Location of large deposits with the — 23 argmising olivine so Jrce rocks {e.g. low
pyroxene harzbourgites, < 10wi% 3=ro2niinizesdunites) andsor dunite tailings. from
existing magnesite ond chromite mir =z aparciions.

+ Production of olivine concentrates sy 3!z fer ihe foundry inde stry through beneficiation
and/or caicination tests.

- New applications of olivine sand in 2 “ieid of yality castings

+ Further development and optimizciic z® iha nauirglizotion process of industrial waste
acids by olivine. '

+ Development of new technologies °:--=cnemicalirear ment of residues and industsic

problems. for example production -3 -ccg2 oy reaciion of ol ivine w iih indusirial
waste acids to be used in new incozrici coDECCNons.

wasie aimed forwards improve m -- 27 -ecycng and reduction of environmenial
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B. TECHNICAL OVERVIEW

The oproject, aiming 1o develop industrict 2a¢ironmental technc logies for olivine

applications, was divided in four main tgsks, wih the following ccntent :

TASK 1 : Exploration of dunite / olivinz 3cdies and mineral ¢ recessing.

The main objective of this parf of the projec was to locate the mast promising dunite and
harzburgite bodies in the ophioliate complexzsin Northern Greece: and to produce from
them, through appropriate mineral processing iechniques, olivine < and within the standard
specifications required by the foundry mou"'.uu\g0> 48%, LOl < 1.5%, free Si0,< 1.0%). -

TASK 2 : ‘ Industrial application of ¢livinz ¢s a foundry sand.

The main objective was to produce severc zcsi if ems with the use of Greek olivine sand as
moulding material. Several types of stecl crades and cast iron w.are costed, under fully
industrial conditions and the performance ¢?ihe Greek "olivine” sc nd was examined in
comparison with typical silica sand and Ncrweagian olivine sand.

TASK 3 : Environmental application of zuniie / olivine.

The purpose of this parf of the project was :ciurther more devel >p and optimize the
neutralization process of industrial waste acics by olivine / dunite, a process which was
invented and patented by one of the pcrine-s iGeochem Bv). The subsequent step was the
improvement of the separation of the nauirZized reaction mixture intq valuable by-products
(silica gel, inert mineral residue and residuc: 'G-sdalt solution). The texture of silica gel is
very important for the various applications. 2z important target was to study the reaction

parameters which influence the formaticn o=z the texture of the silica:

TASK 4 : Techno-economical assesmz~. /

The objectives of this part of the projeci =72 10 define the optimum production procedures,
to determine the investment and operciicric: z2sis and to examine the market possibilities of

the Greek “olivine” product.

B.7 EXPLORATION OFDUNITE / OLIVINEBQODIES
AND MINERAL PROCESSING

cl. Geological exploration
This project part was divided into four i<i-zz22-ch areas
1. Regional scale geological exploreiz= zoproximately 300 km of dunites /

narzburgites in order tc locate the mos:2-z~"s'~g of-them for detailed follow-up prospecting.

2. Detailed exploration inselected _:- z—° = sodies including reserve estimation
Particular attention was given io the ope~ -2~ ming activities imagnesite - chromite)
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3 . Dunite/harzburgite process seiecticn including pilot plont :.tale trials.

4. Pilot - scale calcination tests of mine iciling and dunite in o “der to obtain olivine sand
meeting the requirements of the foundry -indusiry.

The Institutive of Geology and Mineral Explorciion (IGME} was responsible for carrying out the
subtasks 1,2,3, and MIRTEC for 4. -

The field work started with the collection of 120 samples which covered the Western
Chalkidiki ophiolites occurances [see fig 1]. These samples were ¢ objected. to mineralogical,
mineral chemical and whole-rock analyses cr.c' ihe results obtained! revealed dunites /
harzburgites ranging from massive, unserperninize types o strongl; deformed and completely
serpentinized ones.
This information combined with crushing tesis, grain size distribution and inital fractional
qualities, qualified the open-pits of Vavdos orc Gergakini mines, the dunite bodies hosting the
Vourinos chromite deposits and the South Vevdos and Galarinos ar eas, s potential olivine
targets for follow-up exploration. At the same time lorge areas (Triadi, Gomati, Nigrita, Nea
Roda) were discarded from further studies.

The regional scale geological exploration wgs ‘cllowed by detailed exploration of the
seletted areas : Agia Anna and Loucovitis cpan pits of Vavdos are 1, the South Vavdos area,
the northwestern part of Gerakini mine, the Gaiarinos area and the: broad area of the *
Vourinos  ophiolite units. The follow-up expiorction activities includi:d mapping of the selected
areas, sampling with regard to the mapping oi ihe selected olivine prospects and analytical
work in terms of mineralogical and whcle-rzc<“chemical investigation.

Bulk sampling of totally 4 samples, weighting zdout ? tonne each, ~as performed to serve
the process selection and pilot plant tesis.  Tm2 four samples, two fresh dunite and two
moderately serpentinized dunite, were icken irom potential sites o Gerakini and Vavdos
mines.

A second, more extended, bulk sampling wzs znderiaken for the ¢ reparation of foundry-sand
fraction to carry out the industrial scale founz-y ‘cpplication festing. Three samples were
collected, representing the following quciities : ¥avdos dunite {25 onnes), Vavdos harzburgite
[12 tonnes) and Gerakini dunite (55 tonnes).

From the regional scale-and follow-up geolog'zz! exploration the fcilowing results were
drawn’:

The Agic Anna dunites and harzburgites an= sorticulorly those fror 1the main dunife zone
have MgO conient ranging from 46.9 /o 48.7 % and LO. | contert 1.6-4.3 wi%. A
substantial .amounf of /Ais LO. Lis due ¢ 52 ~ ognasite veinlels. i1 the Agia Anna pif- walls
gunites and harzburgites occur as very ‘oros “1."-”"{5 f2.g 20 fones each/- Based on the
macroscopically chorocleristicvs, sefeciive exz 27giion might resuli:: in 0 w LO. [ content {e.g.
1.5-Z wt %] dunites and of the some fime 7inz ‘mpuriiies” such as serpentine, magnesite and
soif will be avoided

Dunite and harzburgite reserves are /lorce 2.- zng 7 million tones respectively) in the Agio
Anna open pit and if additional reserves = ~22g24 then ihe south ward and north word
extension of this zone must be explores 5 ~—2 cns of shoffo w (10 -15 melters) drilis. The

L ouco vitis, Gerckini and  south Vavdos arecs =72 ih2 nexs most orcmising lorgets for frésh
gunites - harzourgites in deeper fevels.

The Rizo and Voidolokkos chrornite disir.c7s szom o have lorge orounts of dunne ond
horzurgite comparable fo those Of the 2oic -~ en pit
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Mineral processing

Tne scope of ihe mineral processing was to reveal the optimum ¢onditions for :ne .aroduct icn
of a product suitable for foundry applications. Such a product shculd have an gD content >
48%, an LO.. content <1,5% and a grain size of -0,6 mm + 0,21 mm. From i~e zreducts’
evciugtion, it was concluded that, the samples originating from Vardos give betiar results as
far as the MgO and L.O.]. contents of the target products (foundry applications) cr= concerned.
The work performed included grindabiilty test work in laboratory : tale and crusfisic, grinding,
scrubbing and sieving in pilot plant scale. Four [4) bulk samples v/ere used as e feed for
these tests, in order to prepare adequate quantities of the appropriate grain sizz for
preliminary foundry tests. Three (3} bulk samples were also prep ared for the sysizsmatic

foundry tests.

From the overall work, it was realised that it is possible to produce q group ¢
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H
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'
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MgO and L.O.l. contents very close to the required. specifications for the producica of foundry

sand without beneficiation or/aria caicination and also a second g-oup of sam

these methods are necessary in

-~ o~
A

order to achieve the required characteristics.

'

or which

Maegnetic and gravimetric separation tests were performed in ‘san [pies which ¢ nct mest
the required specifications Magnetic separation failed to improve ‘he quality of :he “oliving”

products. Gravimetric separation
LCI content by up to 2% and by

improved the quality of the final product by r
increasing the MgO contentby uc to |1.5%.

=Zuing the

According to the results of all the above mentione testwork the fo lowing flows=s=: for

“olivine” processing is proposed [see fig 21.
Primarv and secondary crushing (jcw and cone crushers), grinding (rod’ mill), scrzzingond
screening (wei. If grinding is appiied in a closed circuit, the final product [0.6" - &2 mmi

could represent cpproximatrely 60% of the feed. If the material is derived from ~Zi3 Annc,

Vcvdos area, ihe MgO content willbe around 48% and the LOI co itent will

in 1ha case of harzburgiyte ond b

HEYOR R

elow 2% in the case of dunite.
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c . Calcination tests

Cadlcination is amplied to "olivine” sources wiin tO! content above £¢%, where gravimetric
separation is not sufficient to produce foungdry sand within the req Jired specifications. This
is for example the case of the tailings from ihe chromite beneficiciion plant in Vourinos,
where we have a product grinded to -200 um, with LOt content around 6%.

Through laboratory and pilot scale experimental work it was revecled that calcination can
reduce the LOI content of highly serpentinisac dunited to below 1 % levels and subsequently
increase the MgO content. The optimam ccicining temperature is in the range of

8000-1 000°C and the reaction time 15-20 mins.

Three bulk samples from Vourinos, Vavdos {8-3} cnd Gerakini (F-3) areas were subjected 10
cdlcination and the derived calcined producis were used for the foundry trials. The chemical
analyses of the products before and after ccicingtion are given in Table 1.

Sample from Vourinosﬁ B3 2 r - 3
before after | before dfter ~"|" before after
calcination | calcination | caldnation calcination | calcinatigor] calcination
Mgo |43.6 |48.1 | 2800 | 506 | 429 46.6
Si02 39.9 374 | 4030 | 386 40.0 40.6
Cr203 2.2 2.85 050 | 0.0 0.70 0.70
A1203 0.7 065] 015 | 0.35 0.55 0.55
Fe203 | 66 6.86 L 765 . 821 8.25 9.00
Ca0 | 14 050 | 0735 i G50 0.60 0.80
Lo 63 075 | 230 i ¢ 5.3 0

Table 1 : Qualities of founcry sangs used as moulding materials

From the above results it was revealed inc: ghrough ccicination evan the most serpentinized
dunites met the required quality for founcr. coaiicciions.

B.2 INDUSTRIAL APPLICATION OF OLIVINE AS A FOUNDRY SAND

In this part of the work dunites and harzourgizes originated from ff e- most promising areas of
Chalkidiki and Vourinos districts were excmit2d ¢s moulding materials. The experimental
work was carried out under fully indusirial zzndiions ai BMTE instullations, and it was
supplemented by PMIRTEC 8A.

The research wcrk was divided in two pos

1. Characterization of the different Grzs< "3.fiw'ne” sands
2 Casting irials
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cl. Characterization of the moulding sands

Seven different kinds of moulding matericis wara examined within the present research
progrdmme, as they are presented in table 2.

No QUALITY OF SAND CODE LO I%" MgO%
1 |Harzburgite from Vavdos area | B-4 0.9 46.4

2 Dunite from Vavdos area B-3 1.96 47.0

3 Calcined dunite from Vavdos area B-3¢ 0.0 50.6

4 Calcined dunite fr o m Gerakini areg ! -3¢ 0.0 46.6
.5 Harzburgite from Vourinos area s-1 12 47.0
6 Norwegian olivine i N-1 0.38 49.6

7 | Typical silica sand ’ x-1 - -

Table 2 : Qualities of founcrv sands used as mouiding materials

The first five products are typical Greek "giiving”
target areas. These dunites / harzburgiies
obtain the required grain size, (-0.6 + 0.21
also calcined in order to’ reduce their LOIcersznt
Typical silica sand and Norwegian olivine sc=< were also examined in parallel to the Greek
products, for comparison reasons.

sands originated from the most promising
r2 subjected to mireral processing in order to
Two of the abovi: Greek productes were

All the above mouiding materials were suzizzzz2:0ihe following analyses, according to the
applied standard procedures, in order to crzrczierize their qualify as foundry materials.

Determination of the moisture
Determination of the LOI contents
Sand sieve analysis

Permeability test

Compression test

Refractoriness under load

From the abo ve testing if was concludes -~= -2 suality of the G.-eek olivine products is
comparable /o /he qudlity of the other rvoic= zequeis in fhe mar ket Isilica sand Nor wegion
sand) Silica sand showed ¢ higher voive - ~='racioriness under /ood compared /o alf
‘Dlivine” producis. The grain size of the E-;; -- 2722ucis was cocrser [bun that of the silica

and Nor wegion olivine sand

b. Casting Experiments

Different kinds of steel, and iron grades - =-z:25:22 ysing the previously mentioned
moulding materi als. The experimentaiicr © .27 ir2 iollowing cualities : - ,
Manganese steels . Type : GS-120 1127 " 2% Crd
Stainless steels - Types :GX40 Criis -7 72
' GA40 Crivis 22 13
GX40 Criisi " =73
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Low alloy steels : Types : GS 42 (CrMod
GS 30 NiCrMo 6.5.6

Carbon steels : Types : GS-60
GS-45
GS-52
Grey cast iron : Type : GG-25
Write cost iron : Type : MAXICHROME (C:2.3%, Cr:1 8%) “

Two different procedures were followed in preparing the moulds.

"DWVET"PROCEDUCE : Foundry sand was mixed with bentonite {7%5-1 2%}, water(3%-7%) and
albertine {1 %1.
When silica sand was used as moulding m sier*cithe surface of the
moulds were covered with a special magn:zsium coat called
Mo,CO 330.

“DRY" PROCEDURE : Found sand was mixed with phenolic resin {2%-3.5%) and catalysts
(0.470-0.6701 '
The following parameters were studied during the experimental {roczgdure :
.Kind of foundry sand
. Moulding procedure
.Casting temperature

The results of different moulding and costing conditions were evuivc =2 based on the surface
qucliy of the produced castings. Surface quality was determine .- +0 ways.

. By visual comparative inspection of the received castings’ suriccz
. By measurement of roughness of the castings

Following the above, the respective results are as follows :

Casiing of manganese sreels

+ Ingenerol Greek olivine sand produced better results /har i~z “voica/ silica sand agnd
Nor wegion olivine sond even in coses in which the MgO ¢ . of the olivine sand
was 10 wer than 48% and the | Of conient greater than 1.5%: = 00 - coicine d duniie

from Agio Annal

«  Olivine sand gives better results with "dry” moulding procez. -z =on with,. “wet’
moulding procedure. 7he fater is cheeper than the first. ( crs2ouvently the choise
bet we en the Iwo depends on /2 prevaring factors of ‘the cos=357 hond e.g. cost or
quality. ‘

~ Increasing the MgQ cont ent’ and reducing ! O content, whic -~ o2 0dlcined by ,
colcination, impro ves the p erfor marnce of ihe casting proce 53

« The casting temperature is o n e of the most important facrsch influances rhe
castings” quality. For mangonese steels 1300°C seems 10 &2 =3 Dolimum tempen e
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Stainless - steefs, low ollo v steefs ccrbon steels

« /n generdl, silica sand gave better resuits compared to Gree. < ‘olivine” sand, speciolly in
the case of application of the ‘wet™ procequre Bentonite se 2ms not 10 be the ,
appropriate binding material for “oh-vi-@- send af high castin:7 temperatures.

+ When the "dry” procedure was gppfies with ‘olivine” sand If. e qualify. of the received

, castings was comperable fo that of i silica sand castings.
« The Jo wer the LOf content of the “ofivine™ sand the better the quality of the cast items.

Cast irons

Greek ‘o/ivine” sends performed cbscivtely safisfactory in th:2 casting of casf irons,
e venthough the "‘wet” procedure was gopfied /it seems ‘that bentonite cooperates
saffsfactory with olivine, sand. of low ;2mperatures, although higher quantities are
required compared /0 /hose requirec #ith sifica sand.
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B.3 OPTIMIZATION OF THE OLIVINE PROCESS

The olivine process is being deveioped cs ¢ new process 1o neutrilize industrial waste acids.
Compared to conventional methods of treatiment of waste acids, th2 olivine process bears the
advantage that apart from the neutralization of acids it produces vcluable by-products and
generates no new waste streams. The reaciion of olivine and acid is exothermic and

produces, after ‘starting-up, enough heat to susiain itself.

The most important by-products are :

- precipitated silica: applicable as iiller in a wide range o' products
- magnetic ferrites: e.g. for hecvy-media separation
- magnesium sulphate: e.g. for feriilizers or raw material for MgO and H;SO-.

The improvement of the olivine process iar iie neutralization of wiste acids was airned at
optimizing the neutralization reaction, mcinky it ferms of reaction rc te, in combination with the
production of good quality by-products. Furihermore it was of grea’ importance to study the
effects of scaling up in order to facilitate agiloi plant design.
In figure 3 a simplified process flow diogram of the olivine proces:s is presented. A concise
overview of the research carried out on the reaction sections is presented below.

i
1. Optimization of the neutralization reaction
The parameters that control the neutralization reaction were divide] into three groups.

a.) First of all the effect of the olivine progeriies wes investigated. One of ‘the most important
factors controlling olivine dissolution in ccic: i\r:vns was found {o be the degree of
agitation applied in the reaction vessel. i ound olivine is not agitated, a firm layer of
precipitated silica is formed on the sur fc e trains, resulting in a diffusion ‘controlled
reaction rate. In stirred experiments the reccioin rate is determined by surface” reactions, and
thus proportional to the available olivinz sur“zce area. The use of 1 finer olivine fraction or an
excess amount of olivine will result in cinc-zased neutralization rate.

Apart from the purity of the ground olw‘—* o :’<, the degree of serneniinization, microstructure
of the olivine crystals and the iron conteni <% ha Slivine areimpor ant parameters,
determining the reactivity of the ground afivine.

The reactivity of pure olivine grains, separci=3 irom iwo Greek olivine samples (from the
Vavdos and Geraikini magnesite mines) cnc < Norwegian sample (4.S. Olivine) was compared.
The results are displayed in Figure 4, h«.c““;;def"lv seen that the Greek olivine samples
react faster. The higher neutralization rc:2 -~23 2xdicined by highe - serpentinization degrees
and iron contents of the Greek samples.

" ”\.

€

b.) Second the possibility to neutralize varicos gcids was investigated.

It was shown that with the olivine process ¢ wide range of acids an be treated, it is
however necessary to make specific accoi 275 0 ihe process for every type of waste acid.
For this project four acid types have beznussd: iechnical grade suiphuric “acid (25%). sulphuric

waste acid with anorganic contaminants irc~ 3 iHanium-dioxide plant and two waste acids
with organic contaminants [hyoroch!orlc ::r.:v;::)l. uricacid). Main canclusions are: the
neutralization rate of the TiO; waste aciZis Z>mparedie 1o technical grade sulphuric acid, the

neutralization rate of both waste acids > 272anic C2niaminants s however higher.



Furthermore it was revealed that the specific surioce areas of the silicas produced from the
suiphuric waste acids’ are comparable to :hose made with techniccl grade sulphuric acid, the
silica irom the waste hydrochloric acid, however, has a. lower specific surface area.

c.) Several reactor types have been tested. ranging’ from stirred betch reactors (0.5 to 10 liter}
and fixed bed reactors to autoclaves.lt turned out that the mixture of olivine and acid has to
be stirred in order to prevent ceyhentdtion of the olivine grains anc to maintain a high

react ion rate. The use of fixed bed’ reactors is therefore not succe:;full. The tests carried out
in the autoclaves ‘showed that it is possible o carry out the neutralization reaction at
temperatures up to 200 “C, as long as the ‘reaction mixture is stirre:xd well. Higher reaction
temperatures have the advantage, of an increased neutralization ra’e. The first scaling up step
from 1 to 10 litre stirred bed reactors was succesfull, similar resul s were obtained under the
same reaction conditions.

2. Silica separation & silica washing

The silica produced by the olivine process can be used for a wide range of applications, the
purity of the silica depends on the type of application. Since the sil ca cake still contains a
considerable amount of magnesium salts citer the first filtration it i 5 generally necessary to
wash the cake. The filtration and washing procedure hove to be optimized, depending on the
type of silica produced and it's application.’

The use of a chamber filter press, operated under 5 bar nitrogen pregsure, ‘proved to be

ideal for the filtration and subsequent washing of ihe silica.

3. Processing of the magnesium-salt rest solution

The magnesium-salt rest solution can be usad as a raw material for several products, for
these purposes the rest solution has to be clean. Depending on the: type of acid used,
different strategies have to be followed tc oroduce clean solutions. For this project the
processing of the rest solutions from the izchnicc! sulphuric acid ad the titaniumdioxide
waste acid was studied in detail.

a.) The technicatl sulphuric acid rest solution conicins apart from Fe some Ni and Mn. The
best way fo separate these metgals from in2 sciuiionis to partly oyidize the iron. and
precipitate a magnetic-ferrite. The advanicgs of precipitating a magnetic ferrite is not only the
fact that it is_easily separated from the sciusion{by magnetic separation), but the ferrite itself
might also have an economic value. Numa:rzus combinations of oxi Jants [like air, nitrate and
H.Ozl and pH-buffers {to neutralize the H- icrmad during precipitation) have been tested. The
besi method was found fo be the use of %giNO;» as oxidant and MdO as pH buffer. The use
of these reactants clearly has the advaniccs thainonew ions are introduced in the solution,
spar? from that the. synthesis time is shorr compzred fo air oxidation.

b.) The rest solution from the fitaniumdicxidz wasie acid contains Heside Fe, Ni and Mn
considerable amounts of Ti, Al, V and Cr. This igsi group of metals can be easily, separated’
by increasing the pH to about 4.5, followez by a fHiirgiion. The remaining solution can
subsequently be processed as the rest sciution irom echnical sulphuric acid neutralizations.

1



Olivine Process
Schematic process flow diagram .
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B.4 CONDITIONING AND CHARACTERIZATION OF SILICAGEL - ““-
PRODUCED BY THE NEUTRALIZATION PROCESS °

The neutralization of sulphuric acid using ciivine yvields a pure, w ite silica, " which can be,
used in many different applications. The r2cction con be described as

(Mg FehSiOs + 2-05C: --> 2(MgFel?* +2 SO + SilOH)

Three molar sulphuric acid is used toge:her with stoiciometric amounts of ofivine.

The produced monomers of silica will occiymerize in the acid anid salt environment and
produce a colloidal solution of clusierad silica particles in a highly concentrated
magnesium-sulphate solution.

The most important aim of this part of ir2 research project was. to study the texture of
the silica [specific surface area, particle size, pore size distribute ons) in relation with the
dissolution reaction parameters. imporicai parameters are the temperature and the
grainsize of the olivine.

Shortly, a high temperature yields a hign r2action rate as do fine olivine particles.
Experiments were performed at 30,-50, 70 and 90°C. Three ! jrainsize fractions have
been used:

Z< 90um [very . fine], 90<Z<425um iine} and 425<Z.C100@m (coarse). Some
experiments at 150 and 200°C have bdeen done at the VerTech laboratories in
Apeldoorn, the Netherlands.

Typical values of the specific surface ar=as of the olivine silicas are presented in table
3

Conditions BET S.A. M? S.A. EXT S.A.
(t-t? /g) (n?/9) (n#/9)
30 “C/fine olivine 157 27 : 130,
30°C/coarse olivine 217 90 127
70°C/very fine 428 | 92 336
70°C/fine 415 i “144 * 271
70°C/coarse 335 | 107 2 2 8
.150°C/ coarse 426 j 101 3.25

‘ particle size (nm)

Table 3: Some Hpicc “axiurcl dota of olivine silica

From these data it is clear that the higmz- the temperature or the smaller the grainsize
of the olivine, the higher the specific su>z¢ce crea. This points towards a proces where
a fast dissolution reaction gives a hig~ speciic surface area. In the third column the
micropore specific surface area is zrzssnied. The micropores seem {0 be more
abundant in silicas produced at higher :=—zarcrures.

During the reaction, samples of the colic:zai sclution have been taken from the reaction
mixture. These samples have been seczrgied from the magnesium sulphate, washed,
dried. The, texture was anclysed by ~:-agan physisorption. These procedures do not

influence the texture. The drying temps- = _r2 dces not exceed 2(10°C.
Fig 5 gives atypical linear increase of ——=zoariicie size. of the silica during most of the
reactions. In some cases a constant g~ - 2sizeis observed as shown in fig 6.
Fig 5. avolutlon of particle size of olivine silica (D3} fie. 6 evolution of pért!cte size of clivine silica (D3)
pH range 435-0. T=70°C coarse olivine pHrange -0.1-0.3. T=70°C very fine olivina
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The important difference between these fa~o0 experiments is the reaction rate caused by
the olivine grainsize. The results can te expicined by a “crystcllization/growih™ model.
When olivine is dissolving, the moasmers enter the solttion and a monomer
concentration is created. At a certain moment this monomer concentration reaches
nucleation saturation and the silica particles nucleate. When the [irroduct ion of monomers
is very quick, the monomer concentration renains higher than the nucleation
concentration and constantly nucleation ickes place. When the nonomers are produced
slower, using a coarser olivine the concentration decrease: under the nucleation
concentration but remains above the supersaturation. Then the silica particles will grow
-and the specific surface area will decrease.

The growth: rates of the silica at different temperatures have be en established and are
listed in table 4. °

Temperature growth rate
(“c) (nm/min)
30 0.0006
50 I - 0.004
70 ! 0.01
90 ! 0.02

Table 2: Grew:,% rates of silica particle: :

Using these growth rates it is possible o prepcre a “tailor” m ade silica with a
specific surface area between 100 and 400 m¥/g.

For some applications we need a lower spaciiic suriace area. fhen a hydrothermal
treatment can be given_ Itis possible 1o Jecrecse the specific surface area down to

approximatly 60m?2/g.

The clivine silica has been tested iinvcrizus goplications. A preliminary test as
additive to rubber proved succesfuil Tes’sin concrete and refractories showed that
the specifc surface area of 150mZ/¢ wcs 100 high.

The production of a nickel on silica ccicivsi wes succesiull, the catalyst showed the
same activity as a nickel catalyst bcs n commercial silica.

The preparation of synthetic clay mirz-zis 5aseZ cnolivine silica was also very
succestull.

(D (D



C. TECHNO-ECONOMICAL ASSESSMENT

The techno-economical assessment included the following topics :

- Study of the olivine consumption in Norihern and Southern Europe

. Marketing possibilities of the end producis derived from the "olivine” process

- Cost estimation of Greek oliivine sand production for use in four dry applications

. Budget estimates for’ "olivine” neutrdlization according to Vertech's processing

D. CONCLUSIONS

From the experimental work and the techno-economical assesinent carried out within the
present research programme, the following conclusion were derived :

- In Northern Hellas, there exist estanded Zeposits ‘of "olivine” sou:ces of comparable quality to
other "olivine” sources in market
- Since the above deposits are connecied to existing mangunese and chromite mining
activities, from which they derive as by-products, there are not charged with quarrying costs
The cast estimation for the production of Greek “olivine” sand is comperatively low compared
to the FOB prices of the other “olivine” products in marker
- Since the cost of ofivine sand remains nigher that the cost af silica sand the trade
perspective of the Greek product will desend on *
.growing demand of olivine in jerms of increasing ¢ resumption and enhancing
development in new application areas
national environmental measures regsiriciing the use of quartz in the metalliferous sector
due to healthy concerns
- The use of Greek "olivine" sand in stecc ¢f silica sand, as foun iry material is advantageous
in the case of casting manganese steeis gnd cosi irons, wheri: the casting temperature is

relatively low. In the case of casting oiher sieel grades (high clloy low alloy, carbon steels)
silica sand gave betier results. The prcciice showed that the tise of low cost binders, like
bentonite, does not give to the olivine sanc cood performance during casting.

The "olivine” process which has” been invenied 0 neutralize industrial waste acids with

olivine is an environmentally and econcmicciiy attractive procerjure.  The process can be
further developed as new industrial me:hac io produce precigitated silica, synthetic clays,
synthetic zeolites and/or high purity magresivm-suiphate product s

Two important applications of the orcZuced silica are possible. It can be used as a
high-quality product ot replace silicas which are presently on the market. In this case the
silica would have tobe quite pure cnd «iii .cvo io nave the required specifications  further
researchis needed to develop this spirnz™ of the project.  The same applies for the use of
this silica to produce synthetic clays ¢ = s. Another application is the use of silica in

concrete or cement. Applied research i~ coniuciion with end-users is needed to produce the
specific qualities needed by these indusitizs.

If the price of the silica, magnesium-sziohcie solution and/o- magnetic ferrites can be
redlized the process can provide o zosiiive casn flow, which in ‘the case of a waste

tfreatment process is quite unique. lfnc orice ior ihe end-prod Jets can be made the costs
of neutralization per ionne of acid are e<‘ ted 1o pe fl. 80/tonne which is stili competitive
with prices which are being paid by = acusiry for the treatment of their waste acids |fl.
10071 onne cr higher|.
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