PROCESS FOR PURI FYI NG SI LI CA SAND This invention refers to a process for
purifying silica sand and, nore particularly, to a process for the
elimnation of iron, alumnosilicaRRICESH OPBEPUMﬁW—'Nﬁ §§1fIrQﬁnSsWD ca sand
particles. Sand particles are nornmally contaninated wi th binder: cla
iron, alumnosilicates and other inpurities which have to be remo ﬁﬁp g?s"

particular uses int eram t o] g

of the nost difficul [)&1 %p W'Pl ecéntré"f'rzr g%s% Pére{)cﬁg hfél&gg ggfy&f“% *ﬂeisgL Sa%::
iron conpound normel Iy staining saig, PaiddeCbesrichigr s, 26 §q;;gcgg RedSeeOr
the elimnation of iron stains fromthe sand partlcles mai nl'y by

mechani cal attri i fgRRdoRYest I 8AGT,0r Hl R -oBe1idaresi sFlibithé© Imbitrive! Fee
iron salts by treatment with a cheni cal agent such as concentrated sul furic
acid or sone akkghifs shhd.papeieniss No. 4' 405,588 and 4' 401, 638 :
(corresponding to nexi can patents 159,830 and 159,-831) of Caballero et ._
al, each respecti vel Padids@agséclesprue ows=Rdly r aepvamigatapuniithebiddegmtype C
silica sand particles, involving several steps of attrition and a chem cal
attack or |ixivialaon drep wAlernosilicatesyang oxhey dmpugteias %%‘i]hthaﬁ? to
wat er and chem cal reagents such as concentrate (;Ilsu furic acid, renove
sai d iron stainsPfrGHCEER FOLPRF FSPLPTINEES & FR4t 81355k on "Srtaé‘b% @6’1%?
with said chem cal % ack fler e J‘Tanbsol utely necessary in said processes
because of the cREMNSEPIMPEEY S 8 he attrition which were not and cannot
be vigorous enough onbNoet Bfe EeStaf¥E1cHRE QMR r18fs (B0 HRTDYE #36m the

persi stent | ron st ai ns.
sand particles is the iron compound normally staining said

particles.

There are some methods for the elimination of iron sta;ns
from the sand particles, mainly by mechanical attrition and by
transforming the iron impurities into soluble ;fbn salts by
treatment with. a chemical agent'such as concentrated sulfuric
acid or some alkalies. |

U.S. patents No. 4'405,588 and 4'401,638 (corresponding to
mexican patents 159,830 and 159;831) .of Caballero et al, each
respeccivei; disclose a process for removing impurities from
silica sand particles, involving several steps of attrition and é
chemical.attack or lixiviation step' wﬁich requires a relatively
great amount of water and chemicallreagents such as concentrated
sulfuric acid, to remove said iron stains from said sand

particles.

Said attrition steps ccambined with said chemical attack,
were absolutely necessary Ia said processes because of the
characteristics of the attrition which were not and cannot be

vigorous enough in the existing methods as to remove the

persistent iron stains.



Addi ti onal Ly, ‘together with the sand there are also independent
hard particles of alum nosilicates which, in the previous processes, were

only polished and di iSRRI sitPE8eERR s aF ittt £Re t iSGRC st &P8XY 0°BR alsc
subsequently elim.nate addi tiognal flotation.or_ screenin eps, |t was
Theretore. hi gni yEHEErTaRRto s o PATIRFS? « RE” HERSt TR cPhihalr o ahe

m ni mrum t he nunber tLrLtd st i t.he_chem cal
attack or at | eaps:tev? {’)usfé%%%%? *t H%Q% %P%uﬁ%%%gggo%;& E?r%ﬁs%ﬁg%* iﬁ/af]ézre g}:ld
chem cal reagentg g , 5alid;5d GReps hbé!JH%EE%&&%&%Orlaﬁﬂix?]i?:%ﬁpﬁf%ﬁ&ft-fo{{Ll
purifying silica Sand 1S Now pogm |l e in accordahce wth the presenli
iqvention, by prawediidh o2 sdiebhifPkespse-attrition step in which the

sand particleg are so vigorously attritioned that wears the particle

surface thus renovi nge the tXQRestQiAshI AeeiradTe td RAnpRIty EhEDroBEs by
atterwards be elimnated fromthe sand particles for exanple by nmagnetic

sepakation, flotfidueing RYJERS masfidn €hd imBber oFCaeaslicgh Riteppraticinil yy by
high intensity nagnetic separation. Furthernore, the characteristics of

sai d new abr asi veuwppaédgingi cire shepicale skapkcudd ast adetast gauseedubatats &he
sand particles be so vigorously attritioned to each other that pul verize

i ndependent almimilmws | thecedrnsumptiot of oreher andschiemicakorreagtntintohzeidcl es
which are finally elimnated sinply by washing and/ or screening. The
process for puri§8¢Pnag silica sand, in accordance with the present

' tion, sinplifi i_n -t hi th b duci ng, .t th
nunber of the convent§hSERRREAFITIOR $ GH8 BHFCSE IFeR I TRG TGRS of
theghbm cal at Lack,, 0osBll a5k AUckofacke GAE AN pP&ldheCBlehBlo bFCk:

in nmost soft co

providing a mnew abrasive—attrition step in which the sand

particles are so vigorously attritioned that wears the particle

surface thus removing the iron stains therefrom. Iron particles
may afterwards be eliminated from the sand particles for example
by magnetiq separation, flotation,.hydroclassification or
screening but preferably by high intensity magnetic sepafation.

Furthermore, the characteristics of said new abrasive-
attrition step are so peﬁuliar as to cause that sald sand
particles be so vigorously attritioned to each other that
pulvefize independent aluminosilicate and other softe?
contaminant particles which are £inally eliminated simply by
washing.and/or screening.

The process for purifying silica sand, in accordance with
the present invention, simplifies in ch}é way the process by
reducing, to one, the number of the conv;ntional attrition steps
- and.supéresses the necessity of the chemical attack, or at least

allows to carry out said chemical attack in most soft conditions



(sinmply in the presence of acid hum dity), considerably reducing the
consunption of water (at about 30% and chemnical reagents when high degree
of purity.is required for the sand. It is therefore an object of the

present invention, to rovide _a ,process for purifying silica sand to
el imnate S&de‘&eé}ﬁenﬁ' S]EF‘FES°§&81"1§)a upidty) o) GamShdrnabily atedyctagl ot her

I mpuriti eg,gont am nating Jt. ét i(s anot he ject, of the present invention,
‘to provide a SCRpIHT-ad cbérogﬁ & ('8F MPET g ¥4 i chemdsAd TRRERR®I ding  an

abr asi ve- Lt.ipn, step ich is._s0 vi.qo s t.hat ars the surface of the
sand part?’é%%gﬁgﬁudse rggr[ﬁn Har:f?‘?’e%fsrroenqu%?%é (r)ﬁéﬁgdf%éfﬁ’ ich may afterwards be
easily elimnated fromsaid sand particles. It is also an object of the N

present invention, to provi«de a sinplified process for purifying silica

sand of the aheves thackRielanobyect o8 ehe bbséag'&aihvghtqtow,”ion step

IS so-«peculiar as cause "that sald san articles™be’so vigorously v
attritiones tgoesdd) @t heockBat fowl VRUH129ind Ndepeadeging al uninosilicate \oJ/

and other contam nant particles which are finally elimnated sinply by
washi-ng and/or screeneDfhinkteisrsteblicaninppestiel slenpagserbai,nvention,
to provide a sinplified process for purifying silica sand of the above
di scl osed aiatmimm s Mhi cdtss npad f o Bsetrheémpuotesesbyonedntnaginigo 1ane, the
nunber “of the conventional attrition steps of the conventional processes It
is a further &bjcet ap¢thareopiectnefi hpenpresentoiprenitdena sonplifi ed
process for purifying_ silica sand of the above disclosed nature, which
al | ows t oProvide a “simplified process for purifying silica sand }
by providing an abrasive—attrition step which is so &h"i
- vigorous that wears the surface of the sand particles thus
removing the irom staining them which may afterwards be easily
eliminated from said sand particles.
It is also an object of the present 1nventi.on, to
provide a simplified process for purifying silica sand
' of the above disclosed nature, Wherein the abrasive-
attrition step is so peculiar as to cause that -said sand
particles be so vigoiouSly attritioned tc each . other that
- pulverize independent aluminosilicate and other contaminant
particles which are finally eliminated simply by washing and/or
screening.
¥t is still an object of the present invention, to
provide a simplified process for purifying silica sand
of the above disclosed nature, . which simplifies the
process by reducing, to one, the number of the conventional
attrition steps of the counventional processes
It is a further object of the present invention, to

provide a simplified process for purifying silica sand

of the above disclosed nature, which allows to




suppress the necessity of the chemical attack, or at least allows to carry
it out under nost soft conditions considerably reducing the consunption of
wat er and chem cal reagents when high degree of purity is required for the
sand. These and ot her objects and advantages of the present will be evident

to the per %Q:Bﬁré:é%' H’x@qy.ec@s§ aftt;he Eﬁéﬁﬂc&{ﬂeagcggﬁh' 95e AfaLPe HEEseNt

invention described In the | om ng det Aoh-T1 I tarTve aoseri ption

of the i nvest iy @E%zdaéaémmegatyo@etl&raam&st B AGEAMRINYING (flf AW NGS.

Figure 1 is a flow sheet ~of the process for- purifying silrca sand or ot-her

materials, ‘tab &diRulpOSRNbLE I FRERPT AN chbhGdle re%genté wRen $90E HELEe View of
t e apparatus for abrasive-attrition, to be used in "the process of

t he presentysi ﬁuﬂtylwrehﬂlﬁwféﬂdtﬂwsﬂm the invention will be described in
conbination wth the acconpanyi ng drawi ngs wherein the sane reference

nunmber s refgs {ThekBearkin BER@AbbFeds t amd sidosmralgey s the Refrasédtngild Figure
1, the’process for purifying silica sand of the _present invention

conpri ses: beeedidegt sandbe oprrsdnd\skidded iof thﬂ)weyorfrﬁmmiteotaaqyﬂ-nMer or
crusher 3, to uniformy reduce the size of sand particles; transferring

sai d grounafan%hecPE%%einFl savessier pdesreited i athenfelirviag defsilethshi ng
tank 5 wherein said sand particles are washed wth cold # form ng
an aqueouB°tsiipéh3fFdNe SFSGI"&)P%%&f rﬁfﬁeer#'h‘fe'\‘/ﬁ%' Rrovt %‘it ed through

line 6, whereas the heavier %Iar%glgpart i cles havin Js adhered sone
cl ay- bi ndet®i SOBASBEEIPPOUG T (S AW R WS (TTH i Ubber 8 to desl i me

and rel ease additional clay-binder; - 4 -
g

Figure 1 is a flow sheet of the process for purifying silica

- sand or other materials, of the present invention.
Figure 2 is a schematic view of the apparatus for
abrasive—attrition, to be used in the process of the present

invention.

In the £following, the dinvention will be described in .
combination with the accbmpanying drawings wherein the same
referénce numbers refer to the same parts of the shown figures.

_&~/ Referring to Figure 1, the-process far.purifying siliéa sand
. of the present invention comprises:
' feeding sandstone 1 by means of conveyor 2 into a grinder or
crusher 3, to uniformly reduce the size of sand particles;
transferring said ground and classified sand particles by a
conveyor 4, to a washing tank 5 wherein saia sand particles are
washed with cold water forming an aqueous suspension of
clay-binder matérial which is extracted through line 6, whereas
the heavier sand particles having stil% adhered some clay-binder

is passed trough line 7 to an attrition scrubber 8 to deslime and

release addicional.clay—bindef;

-l -



feeding said sand particles to a desliner 9 to finally renove the
bi nder fromsaid sand particles which are passed to a deposit 10; T
transporting, by neans of conveyor 11, said deslinmed sand particles from

the deposit 10 to an abrasive-attritioner 12 conprising an inclined rotary
reci pient 13 hayi a_rptary, shaf 4 | ace ccentrically ~wthin

reci pi ent 13?“‘#% ﬁﬁ{‘ﬁgsa d plpﬁFécT J E)‘F Fot‘gﬁgﬁ?‘ddgs %95 £3paXdi¥F f er ent

| evel s th d L.cal f pl.aced in contgct with the
i.nner wal T%mgoquet E% rb g?g%tfkggcﬁap?e%a?‘%lgng%g g u‘gjlé"gta:[ehépasss ﬁd“ Farti.cl es

to an abrgsij8eafd.i on caused by the downst r eam and upstream novenents of

the sand particles in said inclined rotary recipient 13 and by the

abrasive frigti th p ] Sy1 agal dd.r | vi ng

bl ades “15, \Aeg?éil%gotrﬁiéngsfur %g%%g? %fheéé%‘}negkgalr]i’i c?zkeis?is?g%\#ﬁg %{’%e i ron )
stai ns- apgk1dsid NGrand Bl ¥iolsZt NAQ Ned hias Wadeabhee-ak bl fIQgAL i16at € .
particles; finally passing said sand particles fromsaid abrasive- o/
attriti onesmptsisy anVBidiGhed aRitady fakepfint 18 iavi@s RedoMidhsied water to
remove the alum nosilicates which remain as a suspension ich is extracted
t hrough | 15e $Bacedhi bccenlteicdidg pawiithih exeamplidner rigys idliudthgs asepar at ed
therefrom are passed to a magnetic separator 19 conprising conveyor 20

havi ng nepfeeléty off| estar21bladeshlhdlsr dffelent dierols phetacé| @si whi ch are
.afterwards rel eased_in deposit 22, whereas the sand particles free of

i npuriti e%eTFdeal defhessiprgr i PPasefndli GRANEEGE JritEr thehe invgrarall 9§ conveyor

20, in a &eposi t 23. Suitably the abpye- megt | oned abrasive-attrition step-

i s carri e8P T t FePreRRrce of° FURIRAT FRe 0r52Pf (REEHFIESent® 3Bf aci di hed

or alkalléﬂf%ggvgwyégidn caused by the downstream and upstream movements

<

- of the sand particles in said inclined rotary recipient 13 and by
the abrasive friction of the sand particles against said.
revolving blades 15, wearing the surface of the sand particles
removing the iron stains and crushing and pulverizing in this way
the aluminosilicate particles;

finally passing said sand particles from said abrasive-~

_attfitioner 12 to a washer tank 17 wherein it is waghed with cold
water to remove the aluminosilicates which remain as a sﬁspensiq;
which is extracted chfough line 18, while the sand particles and _ ;;)
ferrous particles separated therefrom are passed to a magnetic |
separator 19 comprising conveyor 20 having magnetic rollers 21
which adheres the ferrous pgrticles which are afterwards released
in deposit 22, wh;reas the sand particles fFee of impurities goes
down by gravity iﬁmediately after the sepa;ating conveyor 20, in

a deposit 23.
Suitably the above-mentioned abrasive-attrition step is i

carried out in the presence of humidity, or in the presence of

acidified or alkalinized water.



EXAMPLES. Batches of about 8 Kg. of ground and classified silica sand were
treated in an intensive countercurrent mxer, normally used for m xing
purposes and which was nodified mRda Mgapteed .to be utilized in this
process, using a tangential velocity of 31.2 nmiseg. In this equi pment two
sanpl es of sand f riatrchémwfartoet indgt s geopideand fcligslfted milicavsrad
processed in dry conditions with 100% of solids, varying the tines of

abr asi ve- at t r WeFortrepted dnsan dntensive qosnterpyerentamirery trarpeilt used of t he
sand was of [err] and was gradually increased at [err] at the first 2.5
mn.; at [errfostnipHaes l’r‘FFI“f"*"”’ata Frichayag med¥fisdnignd  adapted ndel 9o at

e t the 10 | t bt d the f
Eh;”nei‘t { oy Sei iz ehES barasrsar - cite o reraensesty pRLsieRrdh BArL Tont ent
of inpurities, '3 desl gfﬁgs equ'i'ﬁg@ 2P5h RhhSTNRL 1S a5 Ser Rl OML ! gggosr-»eay&ts

after the abr 2&] fon a netlc Separation in acc ance with the
pr eSé'n/t ' nvemthgnsam f@)og:" "Ji‘e‘E%d%ZOs;ete Foc%s;_edl in [@rryr ]:onditﬁ.@tH L:LHEAD
0. 087 . 745 ABRAS| VE- ATTRI TI NG # 120) 0. 450

AFTER MA\GNETI ToS-PARAdISs, varying the times Q)fogﬂrasiv&aéﬂgifﬁoﬁ fxo'ﬁ 2. ier r]
- [err] HEAD 0.077 0. 730

ABRAS| VE- ATTREed | iNmindWSH NG (# 120) 0. 043 0. 730 AFTER MAGNETI C

SEPARATI ON 0. 032 0. 460 -6-
The starting temperature of the sand was of 10°C and was

gradually increased at 42°C at the first 2.5 min.; at 56°C at the

W,
~ 5 min.; at 67°C at the 7.5 min.; and finally at 75°C at the 10
min.

The results obtéinéd in the four tests are shown in the next
table, wherein the batch of sand particles with an initial
content of impurities is designed as HEAD and afterwards are
shown the results after the abrasive—-attrition and magnetic
separation in accordance with the present invention.

SAND OF "LAMPAZOS":
TEST 1.

\/ | Fe,05  Aly04
HEAD 0.087 0.745
ABRASIVE-ATTRITION + WASHING (# 120) 0.047 0.450
AFTER MAGNETIC SEPARATION 0.031 0.440

| TEST 2.
Fe203 A1203
! HEAD 0.077  0.730
’ : ~ ABRASIVE-ATTRITION + WASHING (# 120) 0.043 0.730
AFTER MAGNETIC SEPARATION 0.032 0.460



SAND OF "JALTIPAN': TES T 3. [err] [err] 2 3 23 HEAD

0. 200

AFTER MAGNETI

[err] HEAD

TesTt 3. 0.200 0. 375

0.37 be TION + WASHI NG (# 140) 0.125  0.150
gm@EE§§A¥F%§%Iﬁ%‘ 0.024 .0.150 TEST 4 . [err]

ABRASI VE- ATTRI TI-ON + WASHI NG (# 140) 0.130 0. 180 AFTER MAGNETI C
SEPARATI ON
above test

of [err]

powder ,

and 140 neshes,

0. 022 0.170 As itke dS exyj@ent from

t he

results, after abrasive-attrition anél dashi My the contents
is rgdamwed to approximately to one halfg.3d0 s ig.3jge mainly to the
fel.dspar particles which were ground by the sand particles reduced to a

whi | ABRASIVERATTRIgDGY iHC WASHINGr &f i140) praotizsl | yo.idiod not reduced
its content.-Regarding to the inpurities of J[err] these were al so
practical |y r AETER MAGNETICcSERARATEON er abrasi ve- afit024 i on0a&i5@ washi ng at 120

- the surface of the sand particles. | & EHeTsabd of "Lanpazos", after

magnet i c separati on,

corresponding to the ferrous fine particles renmoved from .

the contents of [err] were reduced additionally in a

25% while in the sand of "Jaitipan" were reduce8ezfl3 80%%S3r espondi ng so
much to the'free ferrous mnerals as to the iron_particles _originated by

t he wear

of t

qui pnent . - 7- 0:200 ~ 0.375
ABRASIVE-ATTRITION + WASHING (# 140) 0.150  0.180

AFTER MAGNETIC SEPARATION 0.022  0.170

As it- is evident from the above test results, after
abrasive-attrition and washing, the coptents of A1203 is reduced
to approximately to one half. This is due mainly to the feldspar
particles which were ground by the sand particles reduced to a2
powder, while in the magngtic_ separation practically did not
reduced its content.

Regarding to the impurities of Fez 03 » these were also

practically reduced to the half after abrasive-attritionm .and

‘washing at 120 and 140 meshes, corresponding to the ferrous

fine particles removed from the surface of the sand particles.

In the sand of ™Lampazos™, after magnetic separation, the
contents of Fe, 05 were reduced additionally im a 25%, while in
the sand of "Jaltipan" were reduced at 80% corresponding so much
to the free ferrous minerals as to the iroﬁ.particles originated

by the wear of the equipment.

-



CLAIMS 1. « A process for purifying silica.sand, consisting of: a

‘\\\
TS St B0l TOR el B ot o "ot TN

simul taneously agitating the particles with translative eccentric,
downstream - and upstream novenents, wherein the surface inpurities are
renoved fromthe sand particles, ‘and 10 b), elimnating the inpurities
fromthe sané-par B PrOcese for purifying ddddes ansur idopsiesing f sand as
claimed in clLaiml, wherein,the abrasive-attrition.tep wears the 15
surfaces of ?an ngtaisglvgs' attg:wqgr@nsﬁnﬁ@fr .ctlepﬂ‘ld&d'l%g’}for
RUF T TY5NG ST Lhed esalthent e Wael gt ol el khlodlaliBdamiiialn e

abr asi ve- attr:u’?lgon stegg IS carrl e%nroutai nt ecpe(rae%lelnc ao]? u%ﬁ(}c%ﬂ.'y 20 4.
A process foungder tyiyngosidiitdonssnaviad e |simet daneaisdiynayivateilmg e
wherein the abrasive-attrition step is carried out in the presence of

aci Fi ed or PAFkACLES; ¥ thatgansilative ecqadadsy, dawnakgsapnand | i ca sand
as claimed in_any _one of the e i cl.ai ms further. comrising washing
said abrasiv PE{E%FF{HI glﬁ’é’(?m% r'f%r 'pa_?%zfz%%'é% tfhoe rse"fﬁL)g?eéqet H‘énplufr}c‘é‘ht,les aré
al um nosi | i Cgemoved TR tHEWard Parti®l®es, and -

10 b) eliminating the impurities from the sand particle

mixture.

2. A process for purifying silica sand as claimed in
claim 1, wherein the abrasive-attrition step wears the

15 surfaces of sand particles to remove iron stains.

3. A process for purifying silica sénd as claimed in
claim 1 or claim 2,_wherein the abrasive-attrition step
is carried out in the presence of humidity.
20 .
4. A process for purifying silica sand as claimed in
claim 1 or claim 2 wherein the abrasive-attrition step is
N\ carriéd out in the presence of acidified or alkalinized

water.

5. A process for purifying silica sand as claimed in
any one of the preceding._claims further comprising
washing said abrasive-attritioned sand particles to

v remove the iron, aluminosilicate and other impurities.

30



6. A process for purifying silica sand as clained in any oné of the
preceding clainms wherein elimnation of iron inpurities fromsaid

abrasi ve-agtritipo A L &468,4 Y4 - netic separation.

57. A prgoces? ?’?ré) pur i f%?%]l | clﬁsacsi)lldiiacgéjc%ﬁdrreb%g %W%n’en of clains

1 to 5 wheaaynosk wfateoprdcadiog iclpimng ivitefdiNSHiMination of
abrasive-attritioned sand particles is carried out by flotation. 10 8. A
process foRYPly LMpuTdtsias drammpisl azasiste 13t tnit onedfsatdins 1 to

wherein el imnatj.on af iron.npurities fromsaid abrasive-attritioned sand
particles PEEEAFHESY l(ﬁjth]T%r%‘btt A% T h SRRt ion, oy ocess for
purigying silica sand as clained in any one of clains 1 to 5 wherein ¥,
elimnation of iron inpurities fromsaid abrasive-attritioned sand d
particles f7s camr ipabamsts Hors puasiniying 264 Iika Assaidces scIotmedrihyi ng ]
silica sand substantially as herein before described with reference to iﬂf ¥
Exanpl es. apy3gng of claims 1 to 5 wherein elimination of ironm

impurities from said abrasive-attritioned sand particles

is carried out by flotation.

10
8. A process for purifying silica sand as claimed in
any one of claims 1 to wherein elimination of iron \~;)
impurities from said abrasive-attritioned sand particleé
. is carried out by hydroclassification.
15
9. A process for purifying silica sand as claimed in
any one of claims 1 to 5 wherein elimination of iron
impurities from said abrasive-attritioned sand.particles
is carried out by screening. |
20
10. A process for purifyipg-silica sand substantially as
herein before described with reference to the Examples. )
&/
25
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