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A. INTRODUCTION

A.1 SPECIFICATION OF THE INDUSTRIAL PROBLEM

Progrommes conduc!ed for o considerable ;ime to investigate moul ding sends have resulted
in major improvements in foundry sand prcctice. Silica  has been c satisfactory aggregote
material of foundry send. The use of o!ivins as a moulding sand i:; not widdly spread and it
is applied in castings where the use of siEco sand is problemoiic. The best example is the
production of austenitic monganese  steel. where ihe syste,m MnO-!)i02-Fe0  forms o low
melting point eutectic  and the consequent reactions result in a pitted steel surface. By
replacing silico no such eutectic is formed_ The shift from silica send to no-silica aggregates
- zircon sand, chromite sand and olivine scfi,d - has several advant  ~ges,  especially from an

environmental point of view. Olivine sand fm economical reasons is bette[ placed to replace
silica send in more confine foundry sands. A shift from silica - sol~d towards olivine in
foundry applications due to tighter environzsntai  constrains in the iU. is expected to result ‘
in a great demand for olivine in the relewz-i industry.

Another new application of olivine, which G proposed is this proje( t, is its use as o
neutralizing ogent for the industrial. waste ccick. Toaoy, the comm(m practice for the
neutralization of the waste acids is by the .cdaition  of limestone, w’lich leads to the
production of gypsum. This gypsum finds m industrial application while its disposal is
problematic from the environmental poinf e: view. The proposed (divine process Ieeds to the
production of valuable by-products (siliccga;  - ;ine grain magnetite md Mg-sulphatel and
Ieoves no waste products, which makes ths grocess economically md environmentally
attractive. ●

In Hellas, there exist huge “reserves of ok::-: sources idunites,  har zburgites,  mining tailings],
which are connected with existing magnes::a cnc chromi~e ,~ining ]ctivities in Northern
Hellas. in foct, there is not quarrying COS,- ior iks~.  duni]es - hurzl)urgites,  sine’e they derive
as by products from the main mining aciiv’--:,

)
A.2 OBJECTIVES

The objectives of the present research p, _-:::c,7,72  .;./ere as follows :

Location of large deposits with the : :s- ?rc:~;sing  olivine soJrce rocks /e.g.  low
pyroxene  ha~zbourgiles,  < 10Wi%  :=. Juni!esl  anuior dunile tailings. from----!!):j~l:~~
existing mognesite ond chromite rr:’~--; Operc:[ons.
Production of olivine concentrates su’-:o;~ fcr :he foundry ind[ stry Ihrougn beneficiation
and/or caicination tests.
New applicclions of olivine” sand in ‘-s ‘:ei.ti of quality  castin(js

.

Furlher development and optimizc:ic  - :: :hs :T?u:raiizmion  pr)cess of industrial waste
acids by olivine. !

!levelop,ment  of new technologies ‘:- -;: c~,s-,iccl ireo; men! of residues  ond industric:
wosle aimed forwards improve nw --- :; -e.c~;c’-,g  cn,:j  rcductil);]  of en~~lro{lrnen~~l
probiems.  ;or example production ;’ S. CC;  S” ‘5; reociion  oi o! II.Iine wi; n Induslriai
was~e ocicis 10 be used in new in.c-s-,-~,li ~~~:c~tlons.



I

1“

B. TECHNICAL OVERVIEW

T h e  prolec?,  aiming l! deve lop  industric!  ~T.:~, . . .-~~zi:onmen~al’technc Iogies f o r  o~ivine “
applications, was divided in four main rcsks. .“;i% the following ccntent  :

TASK 1 : Exploration of dunite / olivifie tidies and mineral ~ recessing.
The main oblecfive of this parf of fhe proj~~ was fo Iocafe the mxd promising dunite and
harzburgite  bodies in fhe ophioliute complexss  in Northern Greec[}  and to produce from
them, through appropriate mineral processing  :echniques,  olivine : and within fhe standard
specifications required by fhe foundry inaus:::{  {MgO > 48%, 1-01 < 1.57.,  free Si02 < 1.0%). ~

TASK 2 : ‘ Industrial application of o!ivin~ es a foundry sand.
The main obiecfive was to produce severci  ZCSt if ems with fhe u:e of Greek olivine sand as
moulding  material. Several fypes .of steel ~:.+-,-es and cast iron w?re costed, under fully
industrial conditions and fhe ,performance  & ;>i Greek “olivine”  sc nd was examined in
comparison wifh fypical silica sand and Ncn+;ecjan olivine  sand.

‘~ TASK 3 : Environmental application of Z-;tie  / olivine.
The purpose of this parf of fhe project was :G further more devel )p and opfimize  the
neutralization process of industrial waste  cck~~ by olivine / dunite, a process which was
invented and patenfed  by one of the pcr~n=-s  {Geochem ,Bv). The subsequent sfep was the
improvement of fhe separation of the r= ‘t- -;:=~+,G” L -., _-d reacfion  mixture inf~ valuable by-products
(silica gel, inert mineral residue and resick T.’~-salf  solufion).  Th{? texture of si l ica gel is
very importanf for fhe various applications. ..+~ ilmporfanf target was to study fhe reacfion
parameters which influence the formaticn  C-JC +e texfure of the silica:

TASK 4 : Techno-economical  asses.n~-:. I

The objectives of this part of the prolec; .-.-~:~ m d~fin~ \he optimum production procedures,
!O d~fermine  fhe investment and operc:icrc :OS:S  and to examin~ the markef possibilities of
ihe Greek “olivine”  product.

6.1 EXPLORATION OF DUNITE / OLIVINE BODIES

AND MlblERAL PROCESSING
I

cl. Geological exploration

This protect ,parf was divided into four ~J~ -a:;u:ch areas :

1. Regional scale geological explo:c-’:-  - =op:oxirmaiely  300 km of dunites /
harzburgites  in order /o locate the mos; QTZ—”S”-; of-them ior detailed follow-up prospecting.

7- . Detailed exploration in selecled ; :: :–;’ c 5odies including reserve estimation
Particu[w  attention was given ;0 the ope-. -z - ‘.+ rig acliviiies  [matjnesife  - chromiie)

#



3 . Ounite / harzburgite process se!eclicm  ‘ncluding pilot plant :.tale trials.

4 . Pi\of - scale Calcinatiorl  !ests of mine ;ciiing and ~unite in o der to obtain oljvine sand
meeting the requirements of the foundry -industry.

The Institutive  of Geology and Mineral Exploraidn [IGMEI was resp[msible  for carrying out the
subtasks 1,2,3, and MtRTEC for 4. “

The field work started with the collection of 120 samples which covered the Western
Chalkidiki ophiolites  occurances [see fig 11. Tii~se samples were : objected. to mineralogical,
mineral chemical and whole-rock analysss cnc‘ ine results obtainecl  revealed dunites /
harzburgites ranging from massive, unserpen:Mize  types 10 strongl { deformed and completely
serpentinized ones .
This information combined with crushing tesis,  grain size distribution and inital fractional
qualities, qualified the open-pits af Vavdos a~d Gerakini  mines, the dunite bodies hosting the
Vourinos chromite deposits and the Saurh VCvdos and Galarinos a] eas, as potential olivine
targets for follow-up exploration. At the sa~e time large areas [Tr iadi,  Gomati, Nigrita,  Nea
Roda) were discarded from further studies.

The regional scale geological exploration wcs  ~ollowed by detailed exploration of the
seleited areas : Agia Anna and Loucovitis  op~n pits of Vavdos are I, the South Vavdos area,
the northwestern part of Gerakini mine, he G~iarinos urea and th[j b~oad area of the “,
Vourinos’  ophiolite  units. The follow-up explorcnion activities includ?d mapping of the selected
areas, sampling with regard to the mapping  of ihe selected olivine prospects and analytical
work in terms of mineralogical and whc!+rcc < “ c h e m i c a l  invesiigul~n.
Bulk sampling of tota[ly 4 samples, weighting .nimut  ? tonne each, ~as performed to serve
the process selection and pilot plant tess. 7:.s four samples, two fresh dunite and two
moderately serpentinized ‘dunite, were icken ~re,m potential sites o Gerakini and Vavdos
mines.
A second, more extended, bulk samplin~ wcs ;ntieriaken for the F reparation of foundry-sand
fraction to carry out the industrial scale iounti:+ ‘~pp.lication iesting,  Three samples were
collected, representing the following quc;iiies : ‘/avdos dunite {25 onnes), Vavdos  harzburgite
[12 tonnes) and Gerakini dunite (55 tonnes).

From the regional scale-and follow-up GQIO!DZ”CO!  exploration the following results were
drawn’: ~
The Agio Anno dunites and harzburgites  z~z’ ZZ,r:iCUlCrly  those fror ~ the main dunife zone
have MgO conk?nt ranging ~rom 46.9 to 48.J .Y:% and LO. / coni’ec? 1,6-4,3  wf%. A
substantial ,amounf of /his LO. i is due :; G?S —  z@Gs;le veinlefs. /7 ;he Agia Anna pi!- vJoiis
dun;tes and hc:zburgite.s  occur as very ,’srge Z.’ZC.+S /’?.g. 20 tones euchl. Based on the
mucroscopicaly charac!eristtcvs, selec;i~s P.=-: >~:o?on mi@:  re.wii: ~ in /0 w LO. / confenf  {e.g.
J.5-2 wt %) dunifes and d the some fihw ‘;<’,:e <-ouri;ies”  such os serpentine, magnesile and
soii will be avoided
Dunife and harzburgife  reserves are lar~s .2.- :,7s’ 7 miilion /ones re~peclively)  M the Agia
Anna open pit and if additional reserves C.-s -Gsc>g;  then ihe south ward and north word
exfension of [his zone must be explor~z’ 5; ‘z C,?S w- sno!lz w i“iO -15 me/ers/  drills. The
/ OUCO vifis, Gerc,~ini and south V’avdos Z,-SCS _--G L+G ,w.Ytf :nos/ p,v( )m;s;tig forgets for /r&h
durvies - harzbwgttes  ir) deeper /e ve~s.
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b. Mineral processing

The scope of ihe mineral processing  ‘~as to reveal the optimum { onditions foc :;= .produc; ion
of a product suitable for foundry applications. Sucn a product sl-i(uld have an .’@3 content >
48%, an L.O.I.  content < 1,5% and a grain size of -0,6 mm + 0,21 mm. From & ~roduas’
evaluation, it was concluded that,  the samples originating from Vatdos give be~sr results as
far as the MgO and L.O.]. contents of the target  products (foundry applications) crs concerned.
The work performed included grindabiilty test work in laboratory : tale and crus;:ing,  grinding,
scrubbing and sieving in pilot plant scale. Four [4) bulk samples vlere used as ke feed for
these tests, in order to prepare adequate quantities of the appropriate grain siza For
preliminary foundry tests. Three (3) bulk samples were also prep xed  for the sys:ernatic
foundry tests.
From the overall work, it was realised that it is possible fo produ[  e o group of s:-ng!es  ~.vifh
McjO and L.O.I. contents very close to the required. specifications f~jr the producicin  of foundry
sand without beneficiation  or/aria calcination  and also a second goup of sarnpes ;or which
these methods are necessary in order to achieve the required ch(lracteristics.

Mcgnetic  and gravimetric  separation tests were performed in san [pies which &d net meei
the required specifications Magnetic separation failed fo improve !he quality of :5= “olivine”

products. Gravimetric  separation improved the quality of the final praduct by rs2~cing the
LOI content by .up to 27. and by increasing the MgO content,by  uc to 1.5%.

I

According to the results of all the above mentione  testwork the fo lowing flows:s~;  for
“olivine” processing is proposed [see fig 21.

pfjrlcr,i  and secondary crushing (jcw and cone crushers), grinding (rod’ mill), SC:.k:ng aii

screening (weil.  If grinding is ap~lied in a closed circuit, the final product [0.6’ = 22 m-l)
cou!d represent  cpproxim”ale!y  60% of the feed. If the material is derived fror.  :=z .Annc,
Vc’:dos area, ihe MgO content  will be around 48% and the LOI co ltent will k :..~::  Than ;‘%
in :% ccse of harz’burgiyte  ond beiow 2% in the case of dunite.

~:..; . ~ ?REil.1  ls.@.  Y ?soPOSED  FLOW’SSCJ3

for  .OLflTSU  PROCESWSG

._. — ._: .! L,:?.,: I_ — .
- ..— ,!l(J1)l  {T ,

... ... ..-=
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c . Catcination  tests

Calcination is amplied to “olivine”  sources with LOI content obove ~%, where gravimetric
separation is not sufficient to produce fourdry  sand within the req Jired specifications. This
is for example the case of the tailings from @ cnromite beneficiulion plant in Vourinos,
where we have a product grinded to -200 gm, with ,1OI content ar~]und  6%.
Through laboratory and pilot scale experimental work it was revecled that calcination  can
reduce the LOI content of highly serpentinised  dunited  to below 1 Y levels and subsequently
increase the MgO content. The optimam, cdcining temperature is in the range of
8000-1 000”C and the reaction time 15-20 miss.
Three bulk samples from Vourinps,  Vavdos [5-3} cnd Gerakini  (F-3) areas were sub~ected 10
calcination and jhe derived calcined  proau~s  were used for the fomdry  trials. The chemical
analyses of the p;oducts before and after cc!cination  are given in Table 1.

Sample from Vourinos [ B3 ‘ r - 3

before after
!

~efore f

I
~ter y: ~~
+
before after

calcincrtion calcincdion \ cdcinaiion  ccicination c[ Ilcinat  ion calcination

MgO 4 3 . 6 4 8 . 1 \ ~~~ ~ 50+6 .’ 42:9 46.6

Si02 ‘39.9 37.4 i 40.30 i 38.6 40.0 40.6

CrZ03 2.?
~

2.85 ~ 050 \ 0.50 0.70 0.70

A1203 0.7 0.65 ] 0.15 ~ 0.35 0.55 0.55

Fe203 ~ 6.6 6.86 ~ 7.53 ~ 8.21 8.25 9.00

CaO I I.4 0.50 ~ r.-< :,J. JJ , G.50 0.60 0 .80
I

LOI I 6,3 0.75 j ~.;o i o 5 . 3 ,0
Table 1 : Qualities of fou:d;;  S,CMS  used as moulaing materia[s

From the above results it was revealed ihc Istimugti  calcirmtion evm the most serpentinized
duni!es met the requ{red quality for foundrv  :mkciws.

) B.2 INDUSTRIAL APPLICATION OF OLIVlf’4E  AS A FOUNDRY SAND

In this part of lhs work dunites  and harzb:~;:ss  originated from tt e- most promising areas of
Chalkidiki  and \Jourinos  districts were exIc~~:~.5 cs mwiding  mate] ials. The experimental
work was carr”ied out under fully indusirivi C--<;*”--,,+.,!~~s  l~i BRJTE  insttlllations,  and it was
supplemented by JAIRTEC  8A. ,’

The research vyork was divided in two ‘QC:-S

1. Characterlzufion  of the diff~ren;  E:+< “:; i’F’-=:” sands
2

<.. . . . . .
Casting irials

r

!3693
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cl. Characterization of the mouldinq sands

Seven different kinds of moulding  rnatericfs  ~se:e examined within ~he present research
programme,  as they are presented in table 2.

No QUALITY OF SAND CODE LO I%” MgO%

1 Harzburgite from Vavdos  area I B-4 0.9 46.4

2 Dunite from Vavdos area I B-3 1.96 47.0

3 Calcined dunite from Vavdos  area
i

B-3C 0.0 50.6

4 Calcined dunite f r o m  Gerakini  area 1 r-3c 0.0 46.6

,5 Harzburgite from Vourinos  area s-1 1.2 4 7 . 0

6 Norwegian olivine ] N-1 0.38 49.6
. .

7 Typical silica sand j x-1 -- --[

Table 2 : Qualities of founcrv scwfs used as mou;ding materials

The first five products are typical Greek ‘“odi.;ca’s sand; originated from the most promising
target areas. These dunites / harzburgiies J.-SYS swbiected  to mireral processing in order to

obtain  the required grain size, (-0.6 + 0.21 m.~i;. TWO of the abovi?  Gr&ek  productes  were
also calcined  in order to’ reduce their LOI cen:sm.
Typical silica sand and Norwegian olivine  SC=2 ‘,vere also examim?d in parallel to the Greek
products, for comparison reasons.

All the above mouiding  materials were sJ’bsn=~ m he following analyses, acco;ding to the
applied slandard procedures, in order to c?~rc~er ize 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 obo ve testing if ~wos concbd~z ;-.– ‘-s ~u.oiity of the G. -eek olivine producfs is
comparable /o !he quality of the other  i;~i.-= Z---; “;u d<. s in “Il?e mar tet /silica sand Nor wegkm
sand) 5i/icu sand showed c higher VOLs _-’ -e.<”zc:min~ss  under icmcl compared to all
‘:alivine” produc.~s The groin size of !hg E-;; -- ;:c&Ic,cs v.,,~s c~~.r~er /bun ;ha? of the s;/icc

md Nor wegicm oiivine sand
. . .

b. Castinq Experiments

Different kinds of steel, and iron grades  .-. ~-; :;s:s5 iJs”Ing the previously mentioned
mou[ding mafer;  als. T h e  experimentoiicr  -: .J~;  :?s io!lo;tiing  cuclities  : ~ I
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LO’N alloy steels :

Carbon steels :

Grey cast iron :

Write cost iron :

T y p e s  :  G S  4 2  CrflAo4
GS 30 NiCrMo 6.5.6

Types : GS-60
GS-45
GS-52

Type : GG-25

Type : MAXICHROME (C:2.3%,  Cr:l 8%) “

Two different procedures were followed in preparing fhe moulds.

“DWVET”  pR(lCEDUCE : Foundry sand was mixed with bentonite  {7[:-1 ~“%), water [3?.-7%]  and
albertine (1 %1.

~
When silica sand was used as moulding m XST’CI  the surface of the
moulds were covered with a special magn?si~=  coat called

I Mo,CO 330.

“DRY” PROCEDURE : Found sand was mixed with phenolic  resin i2%-3.5%1 and catolysts
(0.470-0.6701

.

i

The following parameters were studied during the experimental prccadure  :
● Kind of foundry sand
●  Moulding  procedb?e _
● Casting temperature

The results of different moulding  and costing conditions were evckcsi  based on the surface
quaiiiy  of the produced castings. Surface quality was determine 5. -;JO ways.
. B/ visuai  comparative inspection of the received castings’ sur’cc~
. 3{ measurement of roughness of The castings

Folio’:;’ing the above, the respective results are as follows :

Cas!h7u of manoanese  .9eek

.

*

.

.

In general  Greek ol~vine sand produced better results i’ha,f :-~ ‘:{~icoi  silica sand ond
N o r  weg;on ol;vine sonti even in cas~s in which the ltigO (z  -‘ 3 ’: of /he olivine send
was 10 ‘wer than 48% and the ! 0/ conienf greater  than 1.5%: ; ?o,~ - cdci~e d aimi;~
from Agio Anna)
Olivine sand gives belter results ‘with “dry” modding  ,proce:.  -e, ‘?cn with,. “wet’
moulding procedure. The Ider is cheeper thun the first. ( :c.-s:zuen;ly  ih~ choIs~
bel we en the Iwo depends on th~ ,pre voii;ng factors of /he c:s~ S hci~d e.g. cost cr
@Kllity ‘
Lqcreosing  fhe A@O conf enf ’ oo.d ,<educing ! 0/ content, whi(,- --- -- s? ohtci~ed by ,
ccricinofion, impro !/es the p ertor moncs oi the casfing proc; ‘ss
The cos/ing tem,oe:”otur~ is o n e  ~[ [h~ most im,oorfanl !aci ;:s .-., .~ cl+ iniluances :,;W

——



Stainless - stee/s. ~ow 0//0 v sieek cmbon sfeef..

+ h generul  s;/ico sand guve better results compared to Gree ? ‘blivine” sund speciully tn
the case of application of fhe “’wet’  .o:ocedure.  Bentonite  se ?ms not /o be the ,
oppropriule binding rnu}eriul tor “oh-vi-@- send at high cush7?~ Y temperatures.

+ When the “dry” procedure was appttiz’  ‘with ‘o/ivine” sand fk e qualify. of the received
, casfings was comperoble  to lhuf of I& sificu sund cuslings.

+ The Jo wer the [01 contenf of fhe “ofivjne- sand fhe bel~er fhe quo)iiy of fhe casf ifems.

Cast irons

I .

I

Greek ‘b/ivine” sends performed ob.scile~y safisfocfory in fh? cosfing of cusf irons,
e venfhough the “wef”  procedure was <~plied  1 seems fhaf benfonife cooperofes
safisfacfory  wifh ofivine, sund at iob~ ~smperutures,  o/fhough higher quanfiiies are
required compared fo /hose require~- wifh sifica sand.

I
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B.3 OPTIMIZATION OF THE OLIVINE PROCESS
I

The olivine process is being deveioped as c new process to neutr(dize  industrial waste acids.
Compared to conventional methods of trea?raent of waste acids, the olivine process bears the
advantage that apart from the neutralization of acids it produces v[lluable  by-products and
generates no new waste streams. The readon oi 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 fiii~r  in a wide range o’ products
- magnetic ferrjtes e.g. for hecvy--y.edia separation
- magnesium sulphate: e.g. for fefiiliz=  or raw material for MgO and t+50a. .

The improvement of the olivine process for he neutralization of w(lste acids was airned at
optimizing the neutralization reaction, nminly in ierms of reaction rc te, in combination with the
production of good quality by-products. Wrt%rrnore it was of grea” importance to study the
effects of scaling up in order to facilitate a xloi plan! design.
In figure 3 a simplified process flow diogrm of the olivine proces; is presented. A concise
overview of the research carried out on ihe re~ction  sections is presented below.

I

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

a.) First of all the effect of the olivine pmpe.<ic--s wcs investigated. One of ‘the most important
factors controlling olivine dissolution in ccid’k scdtiians was found fo be the degree of
agitation applied in the reaction vessel. i: Ih= ground olivine is not agitated, a firm layer of
precipitated silica is formed on the suricce  cf ., - ~‘3G trains, resulting in a diffusion ‘controlled
reaction rate. In stirred experiments the re~=-,.ui---F= I rate is determine(i by surface” reactions, and
thus proportional to the available olivine  su~=ce area. The use of f] finer olivine  fraction or an
excess amount of olivine will result in C: i~:=~amed neutralization rate.
Apart from the purity of the ground olivlzs ;:.A,  ;he ,degree of ser:~eniinization, microstructure
of the olivine crystals and the iron conteni C: ;h~ ~~ivlne are impor ant parameters,

:! determining the reactivity of the ground div~ne.
The reactivity of pure olivine  grains, separ~~-5  fro,m  two G\eek oli>ftne samples (from the
Vavdos and Geraikini  magnesite  mines) cnti c iNow@an  sample [4.S. Olivine)  was compared.

-= ~leoriv seen that tn> Greek olivine  samplesThe results are displayed in Figure 4, it cm J- &

react faster. The higher neutralization r~:s .T..CS exolc;neti  by highe - serpentinization degrees
and iron contents of the Greek samples.

b.) Second the possibility to neutralize vcr;c-s  acids wa~ investigated.
It was shown that with ~he olivine prccess  c -..::“de ~ange of acids can be treated, ii is
however necessary to make specific odcq: C-:S to ;he process  for every type of waste  acid.
For this prolect four acid types have besn :sei: iec%?iccl  grade slliphuric  “acid (’25~o), sulphuric
waste acid with anorganic  contaminants ~n;-= o :i:aniu,~dioxide PI mt and IWO wasie ocids,.
with organ{c contaminants [hyarochlor]c  c,n!~  s.-.:oiwric cci d). Main cmclusions  are: the ‘
neutralization rate of the TiO~ waste  oci~ is JXnQOrC5;Q  io technic]l grade sulpnuric acid, !he
neutralization rate of both wasie acids u:!:> ~y;;~p,i.c  ~:n!lgminan]s  ,s however higher.
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Furtkrmare  it was revealed that the specific surfcsce  areas of the silicas produced from the
sulpnuric wasle acids’ are comparable to hose  made with ~echnicd grade sulphuric  acid, the
silica irom the waste hydrochloric acid, however, has a. lower spe{ ific surface area.

c.) Severat  reactor types have been tested. ranging’ from stir’red bctch reactors (0.5 to 10 liter]
and fixed bed reactors to autoclaves.lt turned out ihd the mixture of olivine and acid has to
be sfirred in order to prevent ce,rnentation  of the olivine  grains anc to maintain a high
react ion rate. The use of fixed bed’ reactors is therefore not succe:  if ull. The tests carried out
in the autoclaves ‘showed that it is possible to carry out the neutralization reaction at
temperatures up to 200 “C, as long as the ‘reaction mixture is stirr~d  well. Higher reaction
temperatures have the advantage, of an increased neutralization rae. The first scaling up step
from 1 to 10 Iitre stirred bed reactors was succesfull,  similar resuls were obtained under the
same reaction conditions.

2. Silica separation & sil ica washinq
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 si! ca cake still contains a
considerable amount of magnesium salts &ter the first filtration it i j generally necessary to
wash the cake. The filtration and washing procedure hove to be o[dimized,  depending on the
type of silica produced and it’s application.’
The use of a chamber filter press, operated under 5 bar nitrogen [)re$sure, ‘proved to be
ideal for the filtration and subsequent washing of the silica.

3. Processing of the maqnesium-salt  rest solution

The magnesium-salt rest solution can be ussd as a raw material for several products, for
these purposes the rest solution has to be clean. Depending on ‘ih{! type of acid used,
different strategies have to be followed to produce  clean solutions. For this proiect the
processing of the rest solutions from the ;a~inicc:  su!phuric acid a:ld the titaniumdioxide
waste acid was studied in detail.

a.) The Iechnical sulphuric acid rest solution  conicins  apart from Fe some Ni and Mn. The
best way to separate fhese metals from ma sciuiion is to partly o}:idize the iron. and
precioilaie  a magneticferrite.  The advanicge of precipitating a ma(lnetic  ferrite is not only the
fact that it is.easily separated from the sci%on (by magnetic sepa~ation),  but the ferrite itself
mighi Glso have an economic value. Num,a:cus  combinations of oxi ~ants [like air, nitrate and
HzOZI  and pH-buffers  {to neutralize the H- ~crmed during precipitation) have been tested. The
besi method was tounci  to be the use of &@iN@3h as oxidant and IMgO as pH buffer. The use
of ihese reactants clearly has the advanic.;~ %ai no ne’,’J  ions are introduced in the solution,
spar? from that the. synfhesis  time is shw; cm~~:ed to air oxidalic~n.

b.) The rest solution from the titaniumdicx:d<  *.\~c~i~ acid contains !>eside Fe, Ni and Mn
considerable amounts of Ti, Al, V and Cr. %k ix: group of rne!als can be easily, separajed”
by increasing the pH to about 4.5, fol{ow~~ 5y a ~iika;ion.  The rem~ining  s o l u t i o n  c a n
subsequently be processed as the rest sz;:~ion  ~:.>m ;ec~nical  sutphuric  acid neutralizations.
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B.4 CO~DITiON’iNG’  A N D  CHAkACTERIZATIO”fi  OF S I L I C A G E L  -  “ “ -  ; ““ ““ ‘
P R O D U C E D  B Y  T H E  N E U T R A L I Z A T I O N  P R O C E S S  ‘  ~

The ,neutralization of sulphuric acid using :iivin~ yields a pure, w lite silica, ” which can be,
used in many different applications. Tine ;acc!ioa  con be describt~d as

(Mg,FekSiOa  + Z,&S& ---> 2[Mg,FelZ+  +2 S042-  + Si[OHL

,,

. .

Three molar sulphuric acid is used toge;tir with stoiciometric  cmlounts of olivine.
The produced monomers of silica wi!l pdyrnerize  in the acid ar Id salt environment and
produce a colloidal solution of cluste:ed  silica particles in a high[y concentrated
magnesium-sulphate solution.
The most important aim of this part of tie research proiect wa:, to study the texture of
the silica [specific surface area, particle size,  pore size distribute rmsl in relation with the
dissolution reaction parameters. impo~~nt  parameters are th{? temperature and the
grainsize of the olivine.
Shortly, a high temperature yields a high .Tsaction  rate as do fine olivine particles.
Experiments were performed at 30,-50, 70 and 90”C. Three ! yainsize  fractions have
been used:
Z< 90~m [very . fine], 90<Z<425Um  5;RsI and 425<Z.C100@m (coarse). Some
experiments at 150 and 200”C hme been done at the L’erTech laboratories in
Apeldoorn,  the Netherlands.
Typical values of the specif,ic  surface aii=os of the olivine silicas are presented in table
3

I
Conditions BET SA. M? SA. EXT S.A.

(t-t? /g) (n?/g) ( n # / g )
30 °C/fine olivine 157 i 27 ~ 130,

30”C/coarse  olivine 217 I 90 127
70”C/very  fine 428 I 92 336

70°C/fine 415 i “144  “ ’ 271
70°C/coarse 335 i 107 2 2 8

.150°C/ coarse 426 I 101 3.25
Table  3: Some tyoicti  +9o111”c/  dtio o f  ohvine slicu.

From these data it is clear that the hig-~- ;he temperature or tl~e smaller the grainsize
of the olivine, the higher the specific s~-;xe crea. This points towards  a proces where
a fast dissolution reaction gives a higk spscifc surface area. h the third column the
micropore specific surface area is ,pr~s:nied. The micropore.s  seem to be more
abundant in silicas produced at higher ;=-.oerczures.

,. During the reaction, samples of the coiic:~~i  so!ution have been taken from the reactioni’
mixture. Ihese samples have been s~c-,c:~e d from the magnesium sulphate,  washed,
dried. The, texture was analysed  by .r-:->Sen physisorption.  These procedures do not
influence the texture. The drying tempe:u.:e  does not exceed ZOOoC.
Fig 5 gives a typical linear increase of ‘-= oartic!e size. of the silica during most of the

--’= is observed as :;hown in fig 6.reactions. In some cases a constarv  S,2-::  ~:)_.-
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The important difference between ihese lwo experiments is the reaction rate caused by
the olivine grainsize. The results can be expiainecf  by a ‘:crystcllization/growih” model.
When olivine is dissolving, the mcwmmers enter the soluli’on  and a monomer
concentration is created. At a certain moment this monomer concentration reaches
nucleation saturation and the silica particles nucleate. When the J troduct  ion of monomers
is very quick, the monomer concentration renains higher than the nucleation
concentration and constantly nucleation -takes place. When the n ~onomers are produced
slower, using a coarser olivine the concentration decrease: under the nucleation
concentration but remains above the supersaturation. Then the :ilica particles will grow
and the specific surface area will decrease.
The growth  rates of the silica at differeni temperatures have b[ en established and are
listed in table 4. ‘

Temperature g r o w t h  r a t e
(“c) (nm/min)
30 I 0.0006
50 I > 0-004
70 I 0.01
90 i 0.02 I

\\ Table 2: Grew:,% rates of sihco porficle:

Using these growth rates it is possible to prepcre a “tailor” m lde silica with a
specific surface area between 100 and 400 fi/g.
For some applications we need a lo’:~e; specif:c  surface  area. [hen a hydrothermal
treatment can be given. It is possible ;,O ~ecrecs~ the specific :;urface  area down fO

approximat[y 60rrP/g.

The o!ivine silica has been tested in vGiws ag~!ications.  A preliminary test as
additive to rubber proved succesfult.  Tes:s in concrete  and refractories showed that
the specifc surface area of 150r#/g  ,*JCS TOO 5i@.
The production of a nic,kel on silica cm~i-;s; wcs succesiull,  the catalyst showed the
same activity os a nickei catalyst 5CSS:  zn cmxwcial  silica.
The preparation of synthetic clay mir.s~ns xseti on olivine silica was also very
succesfull.

#



C. TECHNO-ECONOMICAL  ASSESSMENT

The techno-economical  assessment included the following topics :

- SWdy of the olivine  consumption in Nofiern and Southern Euro;]e
. Marketing possibilities of the end producis  derived from the “oli~ ine”’ process
“ Cost estimation of Greek oliivine  sand production for use in four dry applications
. Budget estimates for’ “olivine”  neutralizatbn according to Vertech’s processing

D. CONCLUSIONS

From the experimental work and the RWmo-economical  assesrnent  carried out withi’n the
present research programme, the following conclusion were derivet~ :

.
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In Northern Hellas,  there exist estanded  deposits  ‘of “olivine” sou:ces  of comparable quality to
other “o[ivine” sources in market
Since the above deposits are conne&ed  to existing mangtmese  and chromite mining
activities, from which they derive as by-products, there are not charged ,with  quarrying costs
The cmt estimation for the production of Greek “olivine”  sand is compercrtively  low compared
to the FOB prices of the other “olivine” poducts  in markeT
Since the cost of olivine sand rernuias  nigher that the co:;t of silica sand the trade
perspective of the Greek product will de?end on “
●  g r o w i n g  d e m a n d  o f  olivine  in terms of increasing c resumption and enhancing

development in new application areas
● national environmental measures resriciing  the use of quartz in the metalliferous  sector

due to healthy concerns
The use of Greek “olivine”. sand in stecc  c.f silica sand, as foun ~ry material is advantageous
in the case of casting manganese steels cnd cosi irons, wherl; the casting temperature is
relatively low. In the case of casting o-e: steel grades (high doy low a!loy, carbon steels)
silica sand gave betfer results. The pn~;ce  showed  that the ( Ise of low cost binders, like
benioni!e,  does not give to the olivine sani good performance dljring casiing.
The “olivine” process which has” been lF,LJent@ zo neutralize industrial waste acids with
olivine  is an environmentally and econc~,;cc;!’/  attractive proce~ure. The process can be
further developed as new industrial ,me;fiod io produce preci~ itated silica, synthetic clays,
synthetic zeolites  and/or high purity ma~-ssiu,m-suipnate  producf;.
Two important applications of the orc,:uceti  Silica are possi~)le. It can be used as a
high-quality product ot replace silicas ‘A.-ich are presently on tile market. In this case the
silica would have to be quite pure anti ~;iii hcw io nave the r(?quired specifications further
resecrcn  is needed to develop this spin,:s:i ~; ;he wo]ect. The same applies for the use of
this silica to produce synthetic clays c:!: csclites.  Another application is ihe use of silica in
concrete or cement. Applied research i!~ ccmiuc:ion with end-usws is needed to produce the
specific qualities needed by these intius;;ias.,,
If lhe price of !he silica, magnesiurn-s~loficte soluiion and/o-  magnelic ferrites can be
rea!ized  the process can provide o cIvsitiv~ casn flow, which in ‘the case of a waste
trearment  process is quite unique. It m c:ice ior ihe end-prod Jets can be made the COSJS
of neutralization per ionne of acid are SS-:-C:ed t o be ft. 80/torme which is stili  confpetitive
with ,prices  which are being paid by :he n;us::{ for the treatn}ent  of their waste  acids Ifl.
100/i 5:7ne c: ntgherl.
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