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TI TLE OF THE | NVENTI ON

CEMENT ADM XTURE, CEMENT COWMPOSI TI ON, AND
HEXAVALENT CHROM UM REDUCTI ON METHOD USI NG SAME

BACKGROUND OF THE | NVENTI ON
FI ELD OF THE | NVENTI ON
[ 0001]
The present invention relates to a cenent adm xture
and a cenent conposition used in the civil engineering
and construction fields, and a nethod for reducing hexa-

val ent chrom um using them

DESCRI PTI ON OF THE PRI OR ART
[ 0002]

There have so far been expandi ng agents used for the
purposes of increasing the initial strength of cenent
concrete, preventing its cracking and introducing
chem cal prestress in it (Patent Publications 1-4).

[ 0003]

In the neantime, it has been known that tin sulfates
provide an effective material capable of reducing hexa-
val ent chrom um di ssol ving out from cenent concrete
(Patent Publication 5, and Non-Patent Publications 1 and
2).

Pat ent Publication 5 teaches to the effect that
“known additives such as hardeni ng accel erators,
hardeni ng retarders, contraction or shrinkage reducers

and rebar rust-preventives and special adm xtures such
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as expanding materials may be added,

2

and their addition

does not arise any specific problens”, but it says

not hi ng about

reductions of hexaval ent chrom um by

conbi ned use of tin sulfates and an expanding material .

Listing of the Prior Arts

Pat ent Publicati ons

[ 0004]
Pat ent Publication 1:
Pat ent Publication 2:
Pat ent Publication 3:
Pat ent Publication 4:
Pat ent Publication 5:

Non- Pat ent Publi cati ons

[ 0005]
Non- Pat ent

112, Septenber,
Mari o Chiruzzi,

Construction Products)

Non- Pat ent Publi cati

91, February, 2007,

Sul fate, Matteo Magi

JP(B) 42-021840
JP(B) 53-031170
JP(A) 07-232944
JP(A) 2001- 064054
JP(A) 2009- 173494

Publication 1: Wrld Cenent, 107-
2007, The debate Conti nues,
Ri ccardo Stoppa (G ace

on 2: Wrld Cenment, 89-

Research Study: Stannous

stri (Mapei

SpA)

SUWARY OF THE | NVENTI ON

OBJECTS OF THE | NVENTI ON

[ 0006]

Most i ncinerated sewage sludge ashes contain

phosphorus and hexaval ent chrom um

For this reason
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when concrete products containing incinerated sewage
sl udge ashes are produced, phosphorus may retard cenent
reactions, often resulting in a lowering of the initial
strength of concrete and di ssolution of hexaval ent
chrom um out from hardened or set nmsses.
[ 0007]

Al though tin sul fates have sone effects on
reductions of hexaval ent chromum vyet they are stil
| ess effective against concrete with incinerated sewage
sl udge ashes blended with it. Tin sulfates react with
free lime and noistures, turning readily into tin
hydr oxi des that are less effective in reductions of
hexaval ent chromium so offering a problemin that their
performance deteriorates during storage as it is m xed
with a material containing nore free |linme having high
hygroscopicity.

[ 0008]

The invention provides a cenent adm xture and a
cenment conposition which allow concrete to have good
enough initial strength, have a higher effect on
reductions of hexaval ent chromum and keep the effect
on reductions of hexavalent chrom umintact even when
they are stored as a cenent m xture as well as a nethod

for reducing hexaval ent chrom um

MEANS FOR ACCOMPLI SHI NG THE OBJECTS
[ 0009]

To provide a solution to the aforesaid problens, the
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present invention is enbodied as foll ows:

That is, the invention is enbodied in the form of:

(1) A cenment adm xture, characterized by conprising
an expanding material containing free line, a
hydraul i ¢ compound and cal cium sul fate
anhydrite, and a tin sulfate-containing
subst ance;

(2) The cenent adm xture according to (1),
characterized in that the tin sulfate-
cont ai ni ng substance is contained in an anount
of 0.2 to 8 parts by mass — as calculated on a
tin sulfate basis — in a total of 100 parts by
mass of said expanding material and said tin
sul f at e- cont ai ni ng subst ance;

(3) The cenent adm xture according to (1) or (2),
characterized in that said expanding materi al
has been treated with carbon di oxide gas to
form cal cium carbonate therein

(4) The cenent adm xture according to any one of (1)
to (3), characterized in that said expandi ng
mat eri al has been surface treated with a
shri nkage reducer

(5) A cenent conposition, characterized by
contai ning cenment, and the cenment adm xture
according to any one of (1) to (4); and

(6) A nethod for reducing hexaval ent chrom um
characterized by use of the cenent conposition

according to (5).
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ADVANTACGES OF THE | NVENTI ON
[ 0010]

The inventive cenment adm xture has nerits of making
sure concrete allows for high initial strength, having
hi gh effects on reductions of hexaval ent chrom um and
keeping the effect on reductions of hexaval ent chrom um
substantially intact even as stored as a cenent

adm xt ur e.

MODE FOR CARRYI NG OQUT THE | NVENTI ON
[0011]

Unl ess ot herw se stated, the “parts” and “% used
herein are given on a mass basis.

The “concrete” used herein is a general termfor
cenent pastes, cenent nortars and cenent concretes.
[0012]

The “expanding material” used herein refers to an
expandi ng material that contains free lime, a hydraulic
conpound and cal cium sul fate anhydrite, and is obtained
by heat treatnent of a proper m xture conprising CaQ
Al ,0;, Fe0;, SIG, and CaSOy, raw materials, with or
wi t hout having being treated with carbon di oxi de gas.
[0013]

The “free lime” wused herein refers to what 1is
usually called f-CaO.

[0014]
The “hydraul i c conpound” used herein refers to

hauyne represented by 3Ca0O- 3Al ;0 CaSQ, cal ci um
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silicate represented by 3CaO- SIiO, (GS for short) or
2Ca0 SIO;, (GS for short), calciumalum noferrite
represented by 4CaO- Al ;0;- Fe;0; (GAF for short), 6Ca0
2Al ;03 FeoOs (GCsAF for short) or 6Ca0- Al ;03¢ FeoOs ( GAF
for short), calciumferrite such as 2Ca0O Fe,O; (GF for
short), etc., which should preferably be used al one or
in conbinations of two or nore.

There is no specific limtation on the form of
cal cium carbonate contained in the expanding materi a
used herein.

[ 0015]

The CaO raw material includes |linestone and hydrated
or slaked lime; the Al ,0; raw material includes bauxite
and al um num residual ash; the Fe,O; raw materi a
i ncl udes copper slag and commercially available iron
oxide; the SiG, raw material includes silica stone or
the Iike; and the CaSO, raw material includes cal cium
sulfate dihydrite, calciumhemhydrite and cal ci um
anhydri de.

These raw materials often contain inpurities, but it
woul d not matter if they are contained in the range that
is not detrinent to the advantages of the invention.

The inpurities, for instance, include MgyO, Ti G, Zr0,
MO, PG, Na.O KO, LiO sulfur, fluorine, and
chl ori ne.
[0016]
There is no particular limtation on a thernal

treatment nmethod for preparing the expanding materi al
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used herein; however, it is preferable to carry out
firing at tenperatures of 1,100 to 1, 600°C, and
especially 1,200 to 1,500C using an electric furnace,
a kiln or the |ike.
[0017]

The proportion of each mneral contained in the
expandi ng material used herein should preferably be in
the foll ow ng range

The content of free linme should be preferably 10 to
70 parts, and nore preferably 18 to 60 parts in 100
parts of the expanding material; the content of the
hydraul i ¢ conmpound should be preferably 10 to 50 parts,
and nore preferably 20 to 40 parts in 100 parts of the
expanding material; and the content of calciumsulfate
anhydrite should be preferably 1 to 55 parts, and nore
preferably 20 to 50 parts in 100 parts of the expandi ng
mat eri al
[0018]

When the expanding material is treated with carbon
di oxi de gas to form cal ci um carbonate, the proportion
cal ci um car bonate should be preferably 0.1 to 10 parts,
and nore preferably 1 to 5 parts in 100 parts of the
expanding material. Any departure fromthose ranges
woul d likely result in an insufficient enhancenent
effect on the initial strength, and poor storability.
[0019]

The content of each m neral may be determ ned by

general analytical nmethods so far known in the art. For



10

15

20

25

8
i nstance, pulverized sanples nmay be placed on a powder
X-ray diffractoneter to determne the resultant m nerals,
and the data may be analyzed by the Rietveld nethod to
guantify the mnerals. Alternatively, on the basis of
chem cal conponents and the results of identification of
powder X-ray diffractonetry, the quantities of the
m nerals may be figured out by calculation. The content
of cal cium carbonate may be quantified from wei ght
changes in association with decarboxylation of cal cium
carbonate by neans of a differential thernobal ance (TG
DTA), differential calorinmetory (DSC) or the |ike.
[ 0020]

Whet her or not cal cium carbonate is fornmed by
treatnment with carbon di oxi de gas may be determ ned by
an electron mcroscope or the like. Miyre specifically,
the expanding material is included and enbedded in a
resin, and surface treated with argon ion beans to
observe particle tissues in section, and el enentary
analysis is carried out to determ ne whether cal ci um
carbonate coexists with other mnerals in the same
particle.

[0021]

The treatnent with carbon di oxide gas of the
expandi ng materi al used herein should preferably be
carried out under the follow ng conditions.

The flow rate of carbon dioxide gas to a carbonation
vessel should preferably be 0.01 to 0.1 L/mn. per 1L

of the volune of the carbonation vessel. Any smaller
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anount woul d often take nuch tine for carbonation, and
any | arger amount is uneconom cal because further
increases in the carbonation rate could hardly be
expected. Note here that the instant conditions apply
to when a crucible used as the carbonati on vesse
remains stationary in an electric furnace and carbon

di oxi de gas flows through it for reactions, but they do
not hold true for the reaction of clinker wth carbon
di oxi de gas i n other manners.

The tenperature of the carbonation vessel should
preferably be 200 to 800°C. Any |ower tenperature would
often retard the carbonation reaction of the expandi ng
material, and any hi gher tenperature would often be
i ncapabl e of form ng cal ci um carbonate because even once
t he expandi ng material has changed into cal ci um
carbonate, decarboxylation reactions take place again.

It is here to be noted that for the carbonation of
the expanding material, the expanding material clinker
may be carbonated in an unpul verized state, or
pul veri zed before carbonati on.

There is no particular limtation on the carbonation
vessel used herein; only the requirenment for it is that
the expanding material is capable of contacting and
reacting with carbon di oxi de gas, neaning that use may
be made of an electric furnace, a fluidized-bed type
heating furnace, or a mll for pulverization of the
expandi ng material clinker.

[0022]
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By surface treatnment with the shrinkage reducer of
t he expanding material used herein, it is possible to
obtain the effect on reductions of hexaval ent chrom um
over an extended period of tine.

Al though there is no limtation on the type of
shri nkage reducers, preference is given to shrinkage
reducers based on | ow nol ecul ar-wei ght al kyl ene oxi de
copol yners, glycol ether- am noal cohol derivatives, and
al kyl ene oxi de adducts of |ower alcohols. For instance,
there is a comercially avail abl e product *SK-Guard”
made by Denki Kagaku Kogyo Kabushi ki Kai sha.

Al t hough there is no particular [imtation on the
anount of the shrinkage reducer blended, it should
preferably be used for surface treatnment in an anount of
0.5 to 15 parts per 100 parts of the expanding material.
[ 0023]

The fineness of the expanding material used herein
should be preferably 1,500 to 9,000 cnf/g, and nore
preferably 2,000 to 7,000 cnf/g in terns of the Blaine's
specific surface area (hereinafter called the Blaine' s
val ue).

[ 0024]

Al t hough there is no particular limtation on the
anount of the expanding material blended with the cenent
adm xture, it is usually preferable that the tin
sul f at e-cont ai ni ng substance accounts for 90 to 99.7
parts in 100 parts of the cenment adm xture conpri sing

the expanding material and the tin sulfate-containing
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substance. Any departure fromthis range would often
cause the effect on reductions of hexavalent chromumto
becone tenuous and the ability of concrete to bring
about strength to go worse.
[ 0025]

There is no particular limtation on the tin
sul f at e-cont ai ni ng substance used herein; any substance
may be used provided that it contains tin sulfates. For
the material capable of reduci ng hexaval ent chrom um
not only tin sulfates but also iron sulfate-base
materials are generally known in the art; in the
invention, however, it is preferable to use tin sulfates
because the effect on reductions of hexaval ent chrom um
grows hi gher.

The content of tin sulfates in the tin sulfate-
cont ai ni ng substance should be preferably at | east 30%
and nore preferably at |least 50% Smaller anobunts are
not preferable because of an increase in the anount of
t hat substance used for the purpose of achieving given
per f or mance.

[ 0026]

Al t hough there is no particular limtation on the
anount of the tin sulfate-containing substance bl ended
with the cenent adm xture, it is preferable that the tin
sul f at e-cont ai ni ng substance usually accounts for 0.2 to
8 parts — as calculated on a tin sulfate basis — in 100
parts of the cenment adm xture conprising the expanding

material and the tin sulfate-containing substance. Any
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departure fromthe aforesaid range woul d often cause the
ef fect on reductions of hexaval ent chromumto becone
insufficient, and the enhancenent effect on initial
strength to becone tenuous.
[0027]

Al t hough there is no particular limtation on the
anount of the inventive cenment adm xture used because of
changi ng on concrete blending, it is usually preferable
that the cenment adm xture accounts for 3 to 15 parts,
and especially 5 to 12 parts in 100 parts of the cenent
conposition conprising cenent and the cenent adm xture.
Any departure fromthe aforesaid range would often cause
the effect on reductions of hexaval ent chromumto
becone insufficient and the enhancenent effect on
initial strength to becone tenuous.

[ 0028]

The cenent used in the inventive cenent conposition
includes a variety of Portland cenents such as nornal
Portland cement, high-early strength Portland cenent,
super-early strength Portland cenent, |ow heat Portl and
cenment and noder ate-heat Portland cement, a variety of
m xed cenments of those Portland cenents with bl ast-
furnace slag, fly ash or silica, filler cenents m xed
with |inmestone powders, and so on.

[ 0029]

The inventive cenent adm xture and conposition nay

be used in conbination with not only sand and gravel but

al so water-reduci ng agents, AE water-reducing agents,
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hi gh- performance wat er-reduci ng agents, AE water-
reduci ng agents, high-performance AE wat er-reduci ng
agent, fluidization agents, defoaners, thickeners,
rust proofing agents, antifreezers, shrinkage reducers,
hi gh- nol ecul ar enul si ons and setting nodifiers as well
as cenent hardening accelerators, clay mnerals such as
bentonite, ion exchangers such as zeolite, silica fine
powder s, cal ci um carbonate, cal cium hydroxide, calcium
sulfates, calciumsilicate, and so on. Organic
materials may be used too, inclusive of fibrous
materials such as vinylon fibers, acryl fibers and
carbon fibers.
EXAMPLES
[ 0030]

The present invention will now be explained in
further details with reference to exanpl es.
[0031]
Experinental Exanple 1

Cenment adm xtures were prepared while varying the
proportions of the expanding material and stannous
sulfate contained in 100 parts of the cenent adm xture
conprising the expandi ng material and the stannous
sul f at e-cont ai ni ng substance as shown in Table 1.

Then, there was a reference nortar prepared
conprising 405 granms of cenent, 45 granms of incinerated
sewage sl udge ash, 225 grans of water and 1, 350 grans of
sand.

Further, nortars with the cement adm xture bl ended
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in the amounts set out in Table 1 in cenment were
formulated in a 20°C at nosphere. Each nortar was
deformed at a material age of 1 day, and aged in 20C
water for 6 days, after which its conpressive strength
and the anmount of dissolution of hexaval ent chrom um out
fromthe set nortar were esti mated.

A conparative experinment run was al so carried out
using ferrous sulfate instead of stannous sulfate. The
results are tabulated in Table 1.

[0032]
Materi al s Used

Cenent: Normal Portland cement of 3.16 g/cn? in density
| nci nerat ed sewage sludge ash:

“Super Ash” di scharged out from Tokyo Metropolis with a
density of 2.60 g/cnt and an average particle dianeter
of 30 um

Expandi ng material A:

Commer ci al product conposed of 21 parts of free line, 32
parts of hauyne and 47 parts of calcium sulfate
anhydrite and having a density of 2.90 g/cnt and a

Bl ai ne’ s val ue of 6,000 cnf/g

St annous sul fate-contai ni ng subst ance:

Avai | able from Grace Chem cals Co., Ltd. in the trade
name of “SYNCRO' with a stannous sulfate content of 75%
Ferrous sul fate: Reagent

Sand: JIS standard sand

Water: Tap water

[ 0033]
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Testing Met hods

Conpressi ve Strength:

A 4X4Xx16 cmtesting sanple was prepared according
to JIS R 5201, and neasured for its conpressive strength
at a material age of 7 days.

Amount of dissol ution of hexaval ent chrom um

For hexaval ent chrom um dissolution testing and

quantification were carried out pursuant to Notification

No. 46 of the Environnment Agency.

[ 0034]
Table 1
Ex. Cement Adm xture (parts) Amount of the Cenent
No. (E) (S) Adm xture Bl ended (grans)
1-1 A 100 0.0 45
1-2 A 99.9 0.1 45
1-3 A 99.7 0.3 45
1-4 A 99.5 0.5 45
1-5 A 99.0 1.0 45
1-6 A 97.0 3.0 45
1-7 A 95.0 5.0 45
1-8 A 90.0 10.0 45
1-9 Only stannous sul fate added 0. 45
1-10 A 99.0 Ferrous Sulfate 1.0 45
1-11 Only ferrous sul fate added 0. 45
1-12 No Cenent Adm xture 0

(E): Expanding Material
(S): Stannous Sul f at e- Cont ai ni ng Subst ance

The amount of the cenment adm xture is the one contained in cenent.
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Table 1 (cont.)

Ex. Conpressive Strength Amount of Dissol ution Remar ks
No. (N mf), 7 Days of Hexaval ent Chromi um ( ppb)

1-1 39.3 18.8 Comparative
1-2 39.2 15.0 I nventive
1-3 39.3 12.3 I nventive
1-4 39.0 8.3 I nventive
1-5 38.9 6.1 I nventive
1-6 38.2 5.8 I nventive
1-7 36.3 5.5 I nventive
1-8 33.2 3.3 I nventive
1-9 32.8 13.5 Conpar ati ve
1-10 38.0 15.2 Conpar ati ve
1-11 32.5 18.3 Conpar ati ve
1-12 32.0 21.0 Conpar ati ve
[ 0035]

From Table 1, it is found that in Experinent No. 1-
12 where no cenent adm xture is used, the anmount of
di ssol ution of hexaval ent chromumis 21.0 ppb; in
Experiment No. 1-1 where only the expanding material is
used, the anount of dissolution of hexaval ent chrom um
is dowmn to 18.8 pbm at nost; and in Experinment No. 1-9
where only stannous sulfate is used, the anount of
di ssol ution of hexaval ent chromumis down to 13.5 ppb
at nmost; but in Experinent No. 1-4 where the expanding
material is used in conbination with stannous sulfate,

t he amount of di ssol ution of hexavalent chromumis down
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to as low as 8.3 ppb, indicating that the conbi ned use
of the expandi ng agent with stannous sul fate has sone
noti ceabl e synergistic effect.
[ 0036]
Experi nental Exanple 2

Experinental Exanple 1 was repeated with the
exception that in 100 parts of the cenent adm xture
conprising the expanding material and the stannous
sul f at e-cont ai ni ng substance, the anobunt of the stannous
sul f at e-cont ai ni ng substance was fixed at 1.0 part and
di fferent expanding materials were used for estimation
of the cenment adm xture before and after storage. Note
here that for conparison purposes, the sole use of the
expanding materials with no addition of the stannous
sul fat e-cont ai ni ng substance was al so estimated. The
results are tabulated in Table 1.

[0037]
Materials Used

Expandi ng Material B:

A cruci bl e having Expandi ng Material A placed in it
was set in an electric furnace in which it was fired for
30-m nute reactions at a firing tenperature of 600C
while there was a fl ow of carbon dioxide gas in a rate
of 0.05 L/mn. per 1 L of the internal volune of the
el ectric furnace to synthesize Expanding Material B that
conprised 19 parts of free linme, 30 parts of hauyne, 45
parts of calciumsulfate anhydrite and 1 part of calcium

carbonate and had a density of 2.90 g/cn? and a Blaine' s
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val ue of 6,000 cnt/g.
Expandi ng Material C:

Two parts of the shrinkage reducer were added to 100
parts of Expanding Material A for surface treatnent to
obtain Expanding Material C that had a density of 2.90
g/ cn® and a Bl aine’s value of 6,000 cnf/g.

Expandi ng Material D:

Consisting of 21 parts of free linme, 32 parts of
hauyne and 47 parts of calciumsulfate anhydrite and
having a density of 2.90 g/cn? and a Bl aine’ s val ue of
3,000 cnf/g
Expandi ng Material E:

A commerci al product consisting of 50 parts of free
lime, 10 parts of hauyne, 5 parts of CAF, 5 parts of
GS and 30 parts of calciumsulfate anhydrite and havi ng
a density of 3.05 g/cn? and a Bl aine’s val ue of 3,000
cnt/ g
Expandi ng Material F:

A cruci bl e having Expandi ng Material C placed in it
was set in an electric furnace in which it was fired for
30-m nute reactions at a firing tenperature of 600C
while there was a fl ow of carbon dioxide gas in a rate
of 0.05 L/mn. per 1 L of the internal volune of the
el ectric furnace to synthesize Expanding Material F that
consisted of 49 parts of free linme, 10 parts of hauyne,
5 parts of CAF, 5 parts of S, 30 parts of cal cium
sul fate anhydrite and 1 part of cal cium carbonate and

had a density of 3.05 g/cnt and a Bl aine’ s val ue of
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3,000 cn?/g.

Expandi ng Material G

Consisting of 20 parts of free lime, 5 parts of CAF,
30 parts of C,S and 45 parts of calcium sulfate
anhydrite and having a density of 2.93 g/cnt and a
Bl ai ne’ s val ue of 6,000 cnf/g
Expandi ng Material H:

Consisting of 50 parts of free linme, 15 parts of
C,AF, 5 parts of GS and 30 parts of calciumsulfate
anhydrite and having a density of 3.05 g/cnt and a
Bl ai ne’ s val ue of 3,000 cnf/g
Carbon Di oxi de Gas: Commercial product
Shri nkage Reducer

A shrinkage reducer based on | ow nol ecul ar - wei ght
al kyl ene oxi de copol yners, “SK Guard” made by Denki
Kagaku Kogyo Kabushi ki Kai sha
[ 0038]

Testing Method

Accel erat ed Storage Testing:

One hundred (100) grans of the cenent adm xture were
spread out and placed on a 20xX20 cm square tray, and
et stand alone in a roomof 20°C and 60% RH for three
days with the upper surface remai ning open. After the
el apse of three days, the recovered sanples were used to
prepare nortar sanples for estimtion of their physical
properties.

[ 0039]
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Table 2
Ex. Cement Adm xture (parts) Amount of the Cenent
No. (E) (S) Adm xture Bl ended (grans)
1-5 A 99.0 1.0 45
2-1 B 99.0 1.0 45
2-2 C 99.0 1.0 45
2-3 D 99.0 1.0 45
2-4 E 99.0 1.0 31.5
2-5 F 99.0 1.0 31.5
2-6 G 99.0 1.0 45
2-7 H 90.0 1.0 31.5
1-1 A 100 0 45
2-8 B 100 0 45
2-9 C 100 0 45
2-10 D 100 0 45
2-11 E 100 0 31.5
2-12 F 100 0 31.5
1-9 Only stannous sul fate added 0. 45
2-13 Only stannous sul fate Added 0. 315
1-12 No Cenent Adm xture 0

(E): Expanding Materi al
(S): Stannous Sul f at e-Contai ni ng Substance

The amount of the cenment adm xture is the one contained in cenent.



10

15

20

25

21
Table 2 (cont.)

Ex. Conpressive Strength Amount of Dissol ution Remar ks
No. (N mf), 7 Days of Hexaval ent Chrom um (ppb)

Before/ After Storage Before/ After Storage
1-5 38.9/34.5 6.1/9.8 I nventive
2-1 39.0/38.8 6.1/6.3 I nventive
2-2 38.6/36.6 6.1/6.8 I nventive
2-3 38.0/37.0 6.2/7.0 I nventive
2-4 36.5/33.0 9.0/14. 4 [ nventive
2-5 36.0/35.9 8.9/9.2 I nventive
2-6 35.6/35.5 11.6/13.3 Compar ati ve
2-7 32.6/33.0 10. 3/15.8 Conpar ati ve
1-1 39.3/34.6 18.8/18.9 Compar ati ve
2-8 39.0/38.5 17.5/17.5 Compar ati ve
2-9 38.9/36.8 17.7/17.9 Compar ati ve
2-10 38.1/37.6 19.0/19. 2 Compar ati ve
2-11 36.3/33.5 19. 3/ 20. 2 Compar ati ve
2-12 38.0/35.8 19.2/19.3 Conpar ati ve
1-9 32.8/32.8 13.5/14.5 Conpar ati ve
2-13 32.0/32.3 15.7/16. 2 Conpar ati ve
1-12 32.0/32.0 21.0/21.0 Conpar ati ve
[ 0040]

From Table 2, it is found that in Experinent No. 1-
12 where no cenent adm xture is used, the anmount of
di ssol ution of hexaval ent chromumis 21.0 ppb; in
Experiment Nos. 1-1, 2-6 to 2-10 where only the

expandi ng materials are used, the anount of dissolution
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of hexa-valent chromumis down to 17.5 to 19.3 ppb at
nost; and in Experinment Nos. 1-9 and 2-11 where only the
stannous sulfate is used, the anount of dissolution is
down to 13.5 ppb and 15.7 ppb at nost, but in Experinent
Nos. 2-1 to 2-5 where the expanding materials and
stannous sul fate are used in conbination according to
the invention, the anpbunt of dissolution of hexaval ent
chromumis down to as lowas 6.1 to 9.0 ppb, indicating
sone noticeable synergistic effects.
[0041]
Experi mental Exanple 3

Concrete sanples were estimted for performance
whil e the anmobunt of stannous sulfate bl ended was fi xed
at 1.0 part in 100 parts of the cement adm xture
conprising Expanding Material A and the stannous
sul f at e- cont ai ni ng substance.

The concrete blend was nade up of cenent in a unit
anmount of 460 kg, incinerated sewage sludge ash in an
unit amount of 48 kg, water in a unit amount of 198 kg
and a water-reducing agent in a unit amount of 5.3 kg
with S/ a=55% and the cenment adm xture bl ended in an
amount of 20 kg in cenment. Concrete was placed at 20%C,
and pre-aged for 2 hours at 20°C, after which it was
held for 4 hours at a maxi mumtenperature of 60C in a
heating rate of 20°C/hour, followed by natural cooling.
At a material age of one day, the concrete was
deformed and aged for 6 days in water at 20°C, after

whi ch conpressive strength testing and hexaval ent
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chrom um di ssolution testing were carried out. The
results are tabulated in Table 3.

It is here to be noted that for conparison purposes,
simlar tests were carried out with the addition of only
the expanding material, the addition of only stannous
sulfate, and no addition of the cenment adm xture.

[0042]
Material s Used

Fi ne Aggregate: Cccurring in H nmekawa with <5nm and a
density of 2.60 g/cn?

Coarse Aggregate: Cccurring in H nekawa wth <25 nm and
a density of 2.67 g/cn?

WAt er - Reduci ng Agent: Napht hal ene sul fonate, “M ghty
150" made by Kao Corporation

[ 0043]
Table 3

Ex. Cenent Admi xture Amount of the Cenment Adm xture
No. Bl ended (kg)
3-1 Conbined use of the expanding materi al 20

and stannous sulfate
3-2 Addition of the expanding material alone 20
3-3 Addition of stannous sulfate al one 0.2
4-4 None 0

The amount of the cenment adm xture is the one contained in cenent.
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Table 3 (cont.)

Ex. Conpressive Strength Amount of Dissol ution of Remar ks

No. (NN mm¥), 7 days Hexaval ent Chromi um (ppb)

3-1 44.5 6.3 I nventive
3-2 44.0 17.9 Compar ati ve
3-3 39.1 14.5 Compar ati ve
3-4 39.3 21.1 Conpar ati ve

APPLI CABI LI TY TO THE | NDUSTRY
[ 0044]

The cenent adm xture of the invention inproves the
ability of concrete to bring about high initial strength,
works in favor of enhancing the effect on hexaval ent
chrom um reductions, and is less likely to decrease in
the effect on hexaval ent chrom um reductions even upon
storage. The cenent adm xture of the invention,
therefore, may be useful for the production of concrete
products using cenment containing a | ot nore hexaval ent

chrom um and incinerated sewage sl udge ashes.
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VWHAT | S CLAIMED | S:
[Claim 1]
A cenment adm xture, characterized by conprising an
expanding material containing free linme, a hydraulic
conpound and cal cium sul fate anhydrite, and a tin

sul f at e-cont ai ni ng substance.

[ Cl ai m 2]

The cenment adm xture according to Claim1,
characterized in that said tin sulfate-containing
substance is contained in an anmount of 0.2 to 8 parts by
mass — as calculated on a tin sulfate basis — in a total
of 100 parts by nmass of said expanding material and said

tin sul fate-contai ning substance.

[ Claim 3]

The cenent adm xture according to Claim1,
characterized in that said expanding material has been
treated with carbon di oxide gas to form cal ci um

carbonate therein.

[ Cl ai m 4]
The cenment adm xture according to Claim1,
characterized in that said expanding material has been

surface treated with a shrinkage reducer.

[ Clai m 5]

A cenent conposition, characterized by containing
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cenment, and the cenent adm xture according to any one of

Clainse 1 to 4.

[ Claim 6]
A net hod for reducing hexaval ent chrom um
characterized by use of the cenment conposition according

to Claimbs.



