| MPROVED PQZZOLANI C CCMPCSI TI ONS The invention relates to inproved silica“
fume conpositions and to a nethod for the prodoction of such iqppggﬁ?
conpositions. Such conposi- tions are useful as adm xtures for cenen %?%ous
conpositions. According to ASTM C 618 a pozzolan is defined as a "si.liceous
or sili- ceous and alum nous material which in itself possesses little or
no cenentitious value but wll, in finely divided formand in the presence
of noisture, chemcally react with cal ci Um hydroxi de at “ordi nary
temperature to form conpounds possessing ceh®ntitious pro- perties."” (
Besi des natural pozzol ans, many industrial byproducts are rapidly becom ng
the primary source of artif.icial pozzolans in use today. Power plants using
rice husks or coal as fuel, and netallur- gical furnaces producing iron,
silicon and ferrosilicon alloys are the main source of artificial pozzolans -
like fly ash, rice husk ash, blast furnace slag, silica fune, etc. Silica
fume, sonetinmes known as volatilized silica or condensed silica fune, is
manuf act ur cREBGVED ROEEQIANEE OMBOFEHABNS as a byproduct of the production of
metallic silicon or ferrosilicon alloys. In the transformation of quartz to
silicon at fenperatures of about, [err]. a.gasequs Si O oxjdises to [err] and
condenses. i1 FEVAT g Lai L8 EARCh BERCH GEr SREPSHI HGTD RSP fhous
silica. Silnethod ufte tise peadustdob\off shidteiimprovdie cogtoght psgadeh camaosiag
filter. The.. ani cLiw Y ; ' . em ca
reactivityqﬁﬁﬁé%%g g%%%$h§%¥§§¥ﬁ§%e§sh§ﬁg?ﬁ%ﬁ?ﬁg%#?Eaﬁ%x%g§?ﬁg non
crystalline character of silica and the very high specific surface area(10
to 30 [err]dcbray €8 Adimi ¢ird18d8RRRESIAN ik N iaBY MBI *5ipAkEbH BrSdiag-( mugm
| ower than %E&SB%] For the sanme reason, however, silica fype has a -
relatively 9 %agwww TeSBERAL Bhih dnottPeLd iassREsSs #}t@@ PRt

shi ppi ng angmebiottiings value but will, in finely divided form and in the

presence of moisture, chemically react with calcium hydroxide at

ordinary temperature to form compounds possessing cementitious pro-
perties." Besides natural pozzolans, many industrial byproducts are
rapidly beccming the primary source of artificial pozzolans in use
today. Power plants using rice husks or coal as fuel, and metallur-
gical furnaces producing iron, silicon and ferrosilicon alloys are the
main source of artificial pozzolans like fly ash, rice husk ash, blast
furnace slag, silica fume, etc.

Silica fume, sometimes known as volatilized silica or condensed silica
fume, is manufactured by electric arc furnaces as a byproduct of the __{
preduction of metallic silicon or ferrosilicon alloys. In the
transformation of quartz to silicon at temperatures of about 2000°C, a
gaseous SiO oxidises to Si0O, and condenses in the form of special fine
particles consisting of amorphous silica. Silica fume is removed by
filtering the outgoing gases in a bag filter. The pozzolanié activity
of silica fume, that is the chemical reactivity with calcium
hydroxide, is substantially due to the non crystalline character of
silica and the very high specific surface area (10 to 30 m?2/g), which
in turn depends on the very small particle size (much lower than 1
um) . For the same reason, however, silica fume has a relatively low
bulk gravity (about 0.2 to 0.3 tonne/m®), so that shipping and storing



- 2- costs are relatively high. Mreover, silica fume forms a | ot of dust
product and is difficult to cause to flom/ It cannot be noved into storage
silos by pneurmatic |ines, bucket elevator or screen conveyor as easily as
cement can be. According to the invention there is provided a nethod for
humi di fying to increase the flowability of pozzolanic conpositions
conprising: - spraying fromz2 to 25% by wei ght of water on pozzol anic
conpo- sitions containing silica fume; and - 2stirring the material by a
mechani cal mxer until a uniformy humdified powder results. Al weights
are by wei ght of the pozzol anic conpositions. Pozzol ani c conpositions
treat edf accoLstﬁg atfx@ réEtirebe htigh nwentdven, mi\uing faimg nfd rims aardoht obfduskt er
are uniformhum.difie i,ch he \Vi

virtual Iy dustio88gt g \éég chu\,i\@ he lzglestt%lre ql nfto?gilﬂr&\)é?%écﬂle&r‘{éﬁ ﬁgt:al os and
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can be dlSp?gﬁfga%ﬂ%pughxﬁﬁgtQggebéystenB as used for cenent. The water

used to humi pozzol ani ¢ conpositions containing silica funme is
optional Iy an aqueous solution of well known chem cal adm xtures, generally

utili éed I N CRIMRPEINPED X Diven®A6K eherdridsesrovided aanetindefer annidifying
Guper pl ast i oi FeRBCTo3E, it A O RO oE| RGO L0 SRS F o Pec T RISRI%n are
m xtures of silica fune with natural pozzol an or other art|f|C|aI pozzol ans
such - spraying from 2 to 25% by weight of water on pozzolanic compo-

sitions containing silica fume; and

- stirring the material by a mechanical mixer until a uniformly
humidified powder results. All weights are by weight of the

pozzolanic compositions.

Poziélanic compositions treated according to the present invention
having a small amount of water are uniform humidified powders which
have a higher bulk gravity, are virtually dustless, ‘flow easily, can
be stored in ordinary cement silos and transported in bulk cement
tankers. Moreover, such pozzolanic compositions can be dispensed

through the same systems as used for cement.

The water used to humidify the pozzolanic compositions containing
silica fume is optionally an aqueous solution of well known chemical
admixtures, generally utilized in cement mortars or concrete mixes,
such as accelerators, retarders, air-entraining agents, water

reducers, plasticisers and superplasticizers.

Pozzolanic compositions according to the invention are mixtures of
silica fume with natural pozzolan or other artificial pozzolans such
as fly ash, rice husk ash, blast furnace slag, etc. Preferably the --
pozzolanic compositions according to the invention contain at least
50% by weight of silica fume. The preferred material treated-according



<as fdy ash, rice husk ash, blast furnace slag, etc. Preferably the -

pozzol ani ¢ conpositions according to the invention contain at |east 50% by
wei ght of silica funme. The preferred naterial treated according 3 to the
invention is a mxture of silica fume with fly ash containing 80% by wei ght
of silica funme and 20% by wei ght of fly ash. The anmpbunt of water used in
the method of the invention is critical in order to obtain a uniformy
humi di fi ed powder with the recited advantagés: |f an anount bel ow 2%i s
used, no particular effect can be observed. If an anobunt above 25%is used,
t he obtai ned powder will rather, be a slurr, ith all e di{ sadvant ages wel |
nown | b { hEO e, TIEBF b0 18 8 THACBHD GRS D CAeE TARUTIE PP RSB EY. 2006 by
wei ght. An espesi atightpsefsel fed fpoe zabazisc bg orgight tafoflynashr ding to the

i nvention conprises from 66-84% by wei ght of a pozzolanic materi al
conprising silica fume and fly ash, from 10-20% by wei ght of water and from
6- 14% by welhhtamofinta ofupatrepl wsad én Adwe metdyodroplthst inviepkion Thecnithealr égui r ed

for the treglgmnt,agrQididgn K¢ HutYENLileanpslRiRenNEit nothd hec Argaunt of

pozzol ani ¢ conposition _contai ni ng silica fune and of water bel ng m xed and
on the ef f e@8YaPEAERS &f dhemAwtnARIMal® miskAgf e dai PrREAEULacepkliesl| §20 RRen

using an or dhsafved| aForAtaoyntiavere 23%f ByvuBkOULBE SPtaihed pYwddd kiBUffice
for an even dij str'butign of the ﬁi ferred 10 to 20%.of , water. .L.n order to
a

have some qB&riart 8% % &THH ¥Rt At 06Ut IATE AT SV ek e f"hetlhﬁu?rlg'gr avity
two differeBtefieesbly ltheecanpeen adevetopeded dsefxmmidstte 20f bgasricghhg t he
wei ght of |loose material in a container of a given
An especially preferred pczzolanic composition according to the
invention comprises from 66-84% by weight of a pozzolanic material
comprising silica fume and fly ash, from 10-20% by weight of water and

from 6-14% by weight of a superplasticizer and/or plasticizer.

The time required for the treatment according to the invention depends
on the amount of pozzolanic composition containing silica fume and of
water being mixed. and on the effectiveness of the mechanical mixing
equipment. Geherally, when using an ordinary laboratory mixer, a few
minutes of mixing will suffice for an even distribution of the
preferred 10 to 20% of water.

In order to have some quantitative indication about the improvement of
the bulk gravity two different tests have been developed: one consists
in measuring the weight of loose material in a container of a given
volume and calculating the weight/volume ratio in kg/l or tonne/m3;
the other is the so called slide test: a brass ring placed on a smooth
plastic (PMMA) horizontal plate is filled with the loose powder
material; the brass ring is removed so that a powder disc (100 mm in
diameter and 20 mm thick) is obtained; the slope of the plastic table
(420 mm in length) is increased until all material has slipped down
into a container; the angle at which the material flows down is the
"angle of slide"™ which is an indication for the powder flowability.



vol ume and cal cul ating the weight/volune ratio in kg/l or tonne/nB; the
other is the so called slide test: a brass ring placed on a snoboth plastic
(PMMA) horizontal plate is filled with the | oose powder naterial; the brass
ring is renoved so that a powder disc (100 mmin dianmeter and 20 nm t hi ck)
is obtained; the slope of the plastic table (420 nmin length) is increased
until all material has slipped down into a container; the angle at which
the material flows down is the "angle of slidge™ which is an indication for
t he powder flowability. -4- The hum dified silica fume containing powder
according to the invention can be used in a conventional way to inprove the

properties of rieemanidiToed aisiendund oarLinehe ghwies akadrdinghes theen observed
that, in conparison to cggﬁgg?yqétars or_concrete mxes containing known
I [

silica fume dtSE R £AB i 2 EPVHL LIPS SOEFF FIPTAVEY LS PopPe AR e d
with silica foaheenemt aontary podvdérconkrete hagedaed ituhtslibdeerdobsiettedihat,
aqueous sol ut| r | G | Qw t -, i to ASTM
C 230 have beiell{rzr%(?g ?ﬁ%ﬁﬁoﬁ ¢ oéngvtg J’gfée: %(}h%érgct}lg?? e"%’?{ég %gggnnlygn?r%gﬁ i's
illustrated b$iliga fusel duitngne sanpirdgstirinpt clRnainprosed dinididy as ebby

wei ght and t efgigeat wit®Ss fliRal fureefrtd i A4%: powderOwhich has been humidified
154- 0150 Exanpl% 1 Silica fune,saques fromthe Norwegian firm Elkem (Si Q2=
97% with an aqueous solution of superplasticizer. Flow table tests accor-

ding to ASTM C 230 have been carried out to evaluate these effects.

The invention is illustrated by the following examples in which all

percentages are by weight and temperatures are in centigrade.



specific surface area according to BET nethod is 16[err]/g) are m xed with
fly ash in aratio of 4:1 and treated with varyi ng-anounts of water by
spraying with a laboratory sprayer into an ordinary | aboratory m xer of the
"Hobart" (trademark) type. The mxing time is 2 mnutes for all the sanples
and the anounts of water vary from0.1, 1, 2, 5, 10, 20, to 25% based on
the weight of the silica funme containimg-pomder The bul k gravisg-o0isohe
obtalned pomders i s determ ned by the bulk gravity test and by the slide

t est. sE¥BUBAEed that with anounts of water above 2% the bul k gravity
increases fromO.3 kg/l (for the untreated powder) to a value of 0.6 kg/l
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gravity test and by the slide test. It is observed that with
amounts of water above 2% the bulk gravity increases from 0.3
kg/1 (for the untreated powder) to a value of 0.6 kg/1 (for
the powder treated with 20% of water) and that the angle of
slide for untreated powder is about 38°, whereas angles below
30° are sufficient for the humidified samples. When the water
content is higher than 25% the powder is transformed into a
water slurry so that the measurement is no longer meaningful.
Similar results have been obtained by using silica fume of
different origin (from companies in Italy, France and

Germany).

Example 2

Dry untreated silica fume containing powders (80% by weight
silica fume and 20% by weight fly ash) and water treated
powders are used to manufacture cement mortar mixes including
ordinary Portland cement, Torre del Lago (Italy) sand used in
standard Italian tests for mortars, mixing water and
superplasticizer ("Rheobuild" 1000 (trademark)). The
cement/sand weight ratio is 1/3. The amount of
superplasticizer is 3% by weight of cement. The “water/cement
weight ratio is 2 5. In calculatlng the water/cement ratio the
amount of water 1ncludes both batched water and water coming
from the superplasticizer (40% solution) and/or humidified
powder, i.e. all the mortar mixes are manufactured with the
same amount of total water independently of the water content
in the treated powders. Whereas the fluidity of the----——-—--



weight ratio is 2:5. In calculating_the water/cenent ratio the anount of
wat er includes both batched water and water comng fromthe

superpl astici zer (40% sol ution) and/or hum dified powder, i.e. all the
nmortar mixes are manufactured with the same anmount of total water

i ndependently of the water content in the treated powders. Wereas the
fluidity of the---------- -6- mxes with untreated powder is 110%
according to ASTM C 230, the m xes with wateg treated powder show a
fluidity of 125 to 150% when the powder has been treated with water anounts
of 5to 20% Exanple 3 The sanme tests as described in Exanple 2 are carried
out with a nhddedr eithf ustideaced foowge G8% INE wedqyiding aedasiMy Caxdn, ( #RdaMyes

weight). The fluidity, of .the cement, nortar.with the_uptr ed sil.ica
Comer ]y acroiickies” s RarslopSBRE Mnoiod | Al ok DosU0E HEPA SR LAE
with the tremivwddr didsi beerf Gmedifddywidh vatea ameurdlsoof @ £bW0&i.ty of 140 to
170% when this m xture has been treated with water amounts of 5, 10, 15
and 20% -7- CLAI MS 154- 0150 1.

A net hod of Ex&#Pdef3/i ng pozzol ani ¢ conpositions as herei nabove defined
containing silica fune,

The same tests as described in Example 2 are carried out with a
mixture of silica fume (60% by weight) and fly ash (40% by weight).
The fluidity of the cement mortar with the untreated silica fume/fly
ash mixture is 130% according to ASTM C 230, whereas the mortars with
the treated silica fume/fly ash mixture show a fluidity of 140 to
170%, when this mixture has been treated with water amounts of 5, 10,
15 and 20%.



conprising: - spraying from2%to 25 % by wei ght ' of wat er on the pozzol ani c

conposition containing silica fume whilst stirring t
mechani cal mxer until a uniformy humdified powder HM H

A

met hod according to claim1l in which the anount of watert use MISs iﬂnlO@b
to 20% of water. 3. A nethod according to claim1 or 2 in which the

pozzol ani ¢ conposition containing silica flume is treated with an. aqueous
sol ution cong ai i ng Mdgt xt ures sel ected from accel er ati®s, 015 ar der s,

ai r-entrai nfmgagents,wat er reducers, plasticizers and superplasticizers?
4. A method according to claim3 in which the pozzol anic conposition
containing silica fuxemeshodeafetuwith fgingqpeczolsolid icomprfsitions

super pl st o] 7ofe - 5y dodph S8 FL N BUBLAVBLRlnPUTIEH ol ani ¢

conposi tion as ‘herelnabove conpr|S| ica fun€ and fly ash and
2% to 25% bycompghting: water. 6. A pozzolanlc conposition according to
claim5 in which the pozzolanic material contains at |east 50% by weight of

silica fume. 7. A pozzolanlc co 03| on ordln ta ¢laim6 in which the
pozzol ani c material ToM5RHL"Bods B %}é éﬁ %f sﬂygévf"fqi’rfe ar{‘@nd" 2% R wei ght
of fly ash. the-@ezzolanic comp051t10n containing silica fume whilst
stirring the material by a mechanical mixer until a
uniformly humidified powder is obtained.

2. A method according to claim 1 in which the amount of
water used is from 10% to 20% of water.

3. A method according to claim 1 or 2 in which the
pozzolanic composition containing silica fume is treated
with an aqueous solution containing admixtures selected
from accelerators, retarders, air-entraining agents,
water reducers, plasticizers and superplasticizers.

4, A method according to claim 3 in which the pozzolanic
composition containing silica fume is treated with an
aqueous solution of a superplasticizer.

5. A uniformly humidified, powdered pozzolanic
composition as hereinabove defined, comprising silica
fume and fly ash and 2% to 25% by weight of water.

6. A pozzolanic composition according to claim 5 in which
the pozzolanic material contains at least 50% by weight
of silica fume.

7._A pozzolanic composition according to claim 6 in which
the pozzolanic material contains 60% by weight of silica
fume and 40% by weight of fly ash.



154- 0150 8. A pozzol anic conposition according to any one of clains 5 to, 7
containing from10%to 20% by wei ght of water. 9. A pozzol anic conpositibn
according to any one of clainms 5 to 8 containing a superplasticizer. 10. A

pozzol ani ¢ conposition conprising: 1) 66 to 84% of a pozz " ' '
conprising silica fume and fly ash; 2) 10 to 20% of waterr nmmmﬂmw
of a superplasticizer. 11. A process for the manufacture of a‘cemnemn r
or a concrete mx characterized in that pozzol anic conpositions contai ning
silica fume according to any one of clarn8 5 to 10 are used. 12. A
pozzol ani ¢ conposition according to claim5 substansigalphgeas herein
described with reference to any one of Exanples 1 to 3.

8. A pozzolanic composition according to any one of
claims 5 to 7 containing from 10% to 20% by weight
of water.

9. A pozzolanic composition according to any one of
claims 5 to 8 containing a superplasticizer.

10. A pozzolanic composition comprising:

1) 66 to 84% of a pozzolanic material
comprising silica fume and fly
ash;

2) 10 to 20% of water; and

3) 6 to 14% of a superplasticizer.

1l1. A process for the manufacture of a cement mortar
or a concrete mix characterized in that
pozzolanic compositions containing silica fume
according to any one of claims 5 to 10 are used.

12. A pozzolanic composition according to claim 5
substantially as herein described with reference
to any one of Examples 1 to 3.




