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I t  i s  c lar i f ied  that  h ighly f lu id concrete  (HFC) conta ining s lowly cooled blas t  furnace 
s lag  powder  (CFS)  exhibi ts  equivalent  s t rength to  HFC conta ining l imestone powder 
(LSP) ,  and that  carbonat ion proceeds more  s lowly.  The r ise  in  s t rength  of  HFC 
containing CFS dur ing the  carbonat ion process  i s  greater  than that  of  HFC conta ining 
LSP and,  as  a  resul t ,  the  pore  volume is  lower  so  the  concrete  i s  more  r ig id  and dense .   
We infer  that  carbonat ion is  suppressed thereaf ter .  I t  i s  a lso  found that  carbonat ion 
causes  mel i l i te  and α -CS,  which are  the  main  components  of  the  CFS,  to  react  as  wel l .  
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1.  INTRODUCTION 

 
Highly f lu id  concrete  (HFC) sui table  for  const ruct ing durable  concrete  s t ructures 
i r respect ive  of  the  qual i ty  of  workmanship  is  obta ined by adding,  a  large  amount  of  
granulated blas t  furnace  s lag  powder  or  l imestone powder  (LSP) .  The addi t ional  
powder  provides  res is tance  to  segregat ion by mainta ining the  uni t  weight  of  powder  in  
The Concrete ,  whi le  a t  The same t ime avoiding excess ive  s t rength  and control l ing the 
heat  of  hydrat ion and autogeneous shr inkage associa ted  with  cement  (b inder) .   
Segregat ion res is tance  is  an  important  cr i ter ion in  ensur ing that  sound concrete  
s t ructures  are  obta ined.  Limestone is  the  more  popular  powder ,  and is  heavi ly  u t i l ized 
in  HFC.  
 
Though at  f i rs t  considered s imply f i l ler ,  l imestone is  now considered a  funct ional  
mater ia l  tha t  prevents  excess ive  s t rength  gain and provides  res is tance to  segregat ion.   
I t  wi l l  no  doubt  cont inue to  be ut i l ized  in  HFC as a  funct ional  inorganic  powder .   
However ,  l imestone is  a  precious  natura l  resource ,  par t icular ly  in  Japan.  
 
Consequent ly ,  i t  i s  important  to  look for  an  a l ternat ive powder  wi th  less  
environmental  Impact .  On poss ibi l i ty  i s  s lowly cooled blas t  furnace  s lag  powder ,  
which was  once s tudied as  a  concrete  addi t ive  [1]  but  was  dropped as a  subject  for  
research when i t  turned out  to  contr ibute  nothing to  s t rength  development .  At  present ,  
i t  i s  mainly  used as  a  sub-base  mater ia l  [2] .  However ,  s ince  there is  now a preference 
for  us ing recycled aggregate  as  a  sub-base mater ia l ,  there  i s  a  need to  f ind a  new 
appl ica t ion for  s lowly cooled blas t  furnace  s lag .  The authors  have noted  the loss  of  
th is  convent ional  appl icat ion of  s lowly cooled blas t  furnace ,  and are  s tudying i t s  
appl ica t ion to  HFC [3] .  They have found that  HFC containing s lowly cooled blas t  
furnace  s lag  powder  has  bet ter  f lu idi ty  re tent ion than concrete  conta ining l imestone 
powder ,  whi le  exhibi t ing  almost  the  same s t rength  development ,  heat  of  hydrat ion,  and 
autogeneous  shr inkage character is t ics .  
 
A fur ther  s ignif icant  issue  to  be  considered when discuss ing the  durabi l i ty  of  concrete  
i s  the  process  of  carbonat ion.  However ,  unt i l  now, there  have been no repor ted  
inves t igat ions  of  the  carbonat ion of  concrete  conta ining s lowly cooled blas t  furnace  
s lag .  In  th is  s tudy,  in  order  to  col lect  data to  demonstra te  the durabi l i ty  of  concrete  
containing s lowly cooled blast  furnace s lag ,  the carbonat ion process  and i t s  
mechanism in  HFC conta ining s lowly cooled blas t  furnace s lag  powder  is  invest igated 
in  comparison wi th  HFC with  the  same mix propor t ion and the  same hardened 
proper t ies  containing l imestone powder .  
 
 
2.  EXPERIMENTS 
 
2 .1  Mater ials  
 
Figure-1  shows a  powder  x-ray di f f ract ion 
analys is  pat tern  of  the s lowly cooled blas t  
furnace  s lag  used.  Also shown is  the  
pat tern  for  granula ted blas t  furnace s lag  
(BFS)  that  has  been rapidly cooled and 
glass i f ied .  I t  i s  c lear  f rom this  f igure  that  
s lowly cooled blas t  furnace  s lag  consis ts  
mainly  of  mel i l i te  (combined crys ta l l ine  
gehleni te ,  2CaO ·  Al2O3  ·  SiO2 ,  and 
akermani te ,  2CaO ·  MgO ·  2SiO2 ) .   

 - 13
0

500

1000

1500

2000

2500

3000

10 20 30 40 50 60
２θ

I
n
t
e
n
s
i
t
y
[
c
p
s
]

BFS

■
●

● Melilite

● ●

●
●

●

●
●

●

●

●
●

■ α-CS

■■
CFS

Figure-1   XRD pat tern  of  CFS and BFS 

0 -



No other  compounds are  found except  for  t races  of  α  -CS(α  -CaO ·  SiO2 ) .  The 
glass i f ica t ion  ra t io  of  the  s lowly cooled blast  furnace  s lag  used in  th is  s tudy is  5 .7  %, 
which impl ies  that  l i t t le  g lassy phase  is  present .  
 
Table-1  shows the chemical  composi t ions of  the mater ia ls  used in  the s tudy.  Ordinary 
por t land cement  i s  shown in  the  table  as  OPC, and CFS s tands  for  s lowly cooled blas t  
furnace s lag .  Limestone powder (LSP)  was  a lso  used in  the  s tudy for  comparison 
purposes .  The CSF and LSP were  ground to  approximately the  same f ineness .  
 

Table-1   Chemical  composi t ion,  densi ty  and blaine  surface  area  of  mater ia l  used 
Chemica l  compos i t i on  (mass%)  Ma te r i a l  

Sy mbol  LOI  S iO 2 Fe 2 O 3  Al 2 O 3 CaO MgO TiO 2 SO 3 R 2 O 
D e n s i t y  
( g / c m 3 )  

B l a i n e
( c m 2 / g )

OPC 2 .2  20 .9 2 .9  5 .4  64 .7 0 .9  0 .1  1 .8 0 .5  3 .14  3010  
CFS  0 .4  31 .7 1 .5  14 .8  39 .5 7 .2  0 .7  1 .6 0 .5  3 .00  4500  
LSP  43 .5  0 .1  0 .1  0 .1  55 .3 –  –  –  –  2 .71  4500  

OPC:  Ord ina ry  po r t a lnd  cemen t ,  CFS:  S lowly  coo led  b l a s t  fu rnace  s l ag ,  LSP:  L ime-s tone  powder  
 
 
2 .2  Mix Propor t ion and Prepara t ion of  Concrete 
 
Table-2  shows the  mix propor t ion  of  the  HFC examined in  this  s tudy.  The le t ter  P  in  
the  table  s tands  for  powder  mater ia ls  and is  the  sum of  the  cement  and addi t ives .  A 
commonly avai lable  poly-carboxyla te-based superplas t ic izer  (SP)  was  used.  The 
aggregate  was  produced in  Himekawa,  Ni igata  prefecture ,  and the  densi ty  of  the sand 
and coarse  aggregate  was  2 .62 and 2 .64,  respect ively.  
 

Table-2   Mix proport ion of  h ighly f lu id  concre te  
Uni t  weight  (kg /m3 )  Add.  

Types  
SL.f low 

(mm) 
Gmax 
(mm) 

Air  
(%)  

S/a  
(%)

W/P 
(%)  W C Add. S  G 

S .P .  
(×P)

CFS 650±50 25  4 .5  48  30  165 350 200 770 840  1 .4%
LSP 650±50 25  4 .5  48  30  165 350 200 761 831  1 .3%

P:  Powder (cemen t+add i t i ve ) ,  W/P :  Wa te r  powder  r a t i o ,  S .P . :  Supe rp la s t i c i ze r ,   
Gmax :  Max imu m s i ze  o f  agg rega t e s ,  s / a :  Sand  aggrega t e  ra t i o  
 
 
Their  f ineness  moduli  were  2 .82 and 7 .43,  respect ively.  Regardless  of  the  powder  
addi t ive  used,  the  uni t  weight  of  the  cement  and addi t ive  was  se t  a t  350 kg/m3  and 200 
kg/m3 ,  respect ively ,  so  as  to  mainta in  the  to ta l  uni t  weight  of  powder  a t  550 kg/m3 .   
The uni t  weight  of  water  was  se t  a t  165 kg/m3  (a  water /powder  ra t io  of  30 mass  
percent) ,  and the  concrete  was  prepared wi th  a  sand aggregate  ra t io  of  48%.  
Therefore ,  a l though the  concrete  mixes  had di f ferent  uni t  aggregate  weights  due to  
d i f ferences in  the  densi ty  of  the addi t ives ,  they can be  regarded as  having the same  
mix propor t ion.  
 
The concrete  was  mixed in  a  double-axis  forced mixer ,  wi th  the aggregate ,  cement ,  
and addi t ive  ini t ia l ly  mixed wi thout  water  for  10 seconds ,  fo l lowed by 180 seconds of  
mixing af ter  the  addi t ion of  water  and SP.  
 
2 .3  Test  I tems and Methods 
 
(1)  Compress ive  Strength 
To obta in the  compress ive  s t rength  of  the  concre te ,  a  specimen measur ing ø100 mm x 
200 mm was made and tes ted  in  accordance wi th  J IS A 1108.  For  the  mortar  (sampled 
by wet-screening) ,  a  specimen measur ing 40 x  40 x  160 mm was made and tes ted  in 
accordance wi th  JIS R 5201.  
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(2)  Accelera ted  Carbonat ion 
After  cur ing in  water  a t  20°C for  28 days ,  the  concre te  and mortar  specimens were 
subjected to  an  accelera ted  carbonat ion tes t  in  an  environment  control led  to  30°C,  5% 
CO2  content，and re la t ive  humidi ty  of  60%.  The depth  of  carbonat ion was  conf i rmed by 
spraying a  solut ion of  1% phenolphthale in in  a lcohol  onto  the  cross  sect ion of  the 
specimen.  
 
(3)  Pore  Size  Dis t r ibut ion 
A pas te  specimen conta ining no aggregates  was  prepared based on the  mix propor t ion 
g iven in  Table-2 ,  and i t s  pore  s ize d is t r ibut ion was  measured us ing a  mercury 
in t rus ion porosimeter .  In  order  to  avoid  segregat ion,  the  SP dosage was 0 .3  mass  
percent  to  the  powder .  The s ize of  the  pas te  specimen was  20 x  20 x  80 mm, and 
pieces  measur ing about  5  mm in  s ize  were  col lec ted  for  use  in  measurements .  
 
(4)  React ion Rat ios  of  Slowly Cooled Blas t  Furnace Slag Const i tuents  
As shown in  Figure-1 ,  the main  component  of  CFS is  mel i l i te  and there  i s  a lso  a  t race 
amount  of  α  -CS.  I t  has  been conf i rmed that  there  is  very  l i t t le  of  the  glassy phase .  In 
th is  s tudy,  hardened pas te  specimens are  used to  carry out  a  s tudy of  the  react ion rate  
of  the main  const i tuents  of  CFS,  compar ing cases  subjected to  carbonat ion wi th  those 
not  subjected to  carbonat ion.  The react ion ra t ios  of  the  two main compounds were  
ca lcula ted  by quant i fying the  unreacted amount  of  mel i l i te  and α  -CS using the 
in ternal  s tandard method of  powder  x-ray di f f ract ion [4] .  
 
(5)  Absorpt ion of  Carbon Dioxide  
The amount  of  absorbed carbon dioxide in  fu l ly  carbonated specimens  of  hardened 
pas te  was  examined (af ter  12 weeks  of  carbonat ion) .  This  i s  based on the  assumption 
that ,  pr ior  to  carbonat ion,  hardened pas te  conta ins  no absorbed carbon dioxide .  The 
amount  of  absorbed carbon dioxide  was  obta ined by quant i fying the  to ta l  carbon in  the 
hardened pas te  us ing a  to ta l  carbon analyzer  ( for  inorganic  carbon) ,  and conver t ing 
th is  in to  a  quant i ty  of  carbon dioxide .   
 
I t  i s  expressed as  a  mass  ra t io  (mass  %) to  the  amount  of  unreacted powder (powder  
before  hydrat ion) .  This  method is  chosen because  the  amount  of  combined water  in  the  
hydrated hardened pas te  var ies  wi th  the type  and age of  the  addi t ive ,  thus  making 
quant i ta t ive  compar ison di f f icul t .  
 
However ,  for  the pas te  conta ining LSP,  the amount  of  carbon dioxide conta ined in  the 
LSP was adjus ted .  For  the  pas te  containing CFS,  the  mass  of  the  unreacted  por t ion of  
powder  in  the  hardened pas te  af ter  carbonat ion was  obta ined by measur ing the  loss  on 
igni t ion (LOI) ,  whereas  for  the  pas te  containing LSP the  CO2  content  of  the  LSP was 
added to  the  LOI.  
 
The to tal  mass  of  the  hardened pas te  was  considered to  be  the  sum of  the  masses  of  the 
unreacted  powders  and the  absorbed carbon dioxide.   The re la t ionship between LOI,  
combined water ,  and carbon dioxide  is  expressed by Equat ion (1) .  

 
LOI = combined water  +  carbon dioxide          (1)  

 
Of  the  quant i ty  of  carbon dioxide  appear ing in  Equat ion (1) ,  the  amount  or ig inal ly  
contained in  the  LSP can be  back-calculated  f rom the  mix propor t ion.  Therefore ,  the 
amount  of  absorbed carbon dioxide  is  calcula ted  f rom the  LOI,  and the  tota l  carbon 
dioxide  is  then obtained f rom the  to ta l  carbon analysis .  
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3.  RESULTS AND DISCUSSION 
 
3 .1  Compress ive  Strength 
 
Figure-2  shows the  compress ive  s t rength 
of  the  var ious  types  of  h ighly f lu id 
concrete  (HFC) [3] .  The HFCs containing 
CFS and LSP both  exhibi t  a  s t rength  of  
approximate ly 60 N/mm2  a t  the  age  of  28 
days ,  and 65 N/mm2  a t  the  age  of  56 days ,  
so  the ra te  of  s t rength  development  i s  
approximately  the  same.  LSP acts  as  a  
nucleus  for  hydrat ion,  and promotes  
react ion of  the a l i te  conta ined in  the 
cement  [5] .  I t  a lso  reacts  wi th  the 
a luminate  phase .   
 
However ,  the  react ion ra te  i s  low,  so  i t  can 
f rom the  viewpoint  of  long-term s t rengt
development  exhibi ted  by concretes  conta inin
regarded as  an  iner t  inorganic  powder  s im
repor ted that  adiabat ic  temperature  r i se  a
s imi lar ,  and these c losely  re la te  to  compress i
 
3 .2  Accelera ted Carbonat ion 
 
Figure-3  shows the  depth  of  carbonat ion 
resul t ing f rom the  accelera ted carbonat ion 
tes t .  HFC containing CFS is  apparent ly 
more  res is tant  to  carbonat ion than s imi lar  
concrete  conta ining LSP.  In  genera l ,  i t  i s  
known that  concre te  carbonat ion,  
regardless  of  cement  type and mix 
propor t ion,  i s  ordered by compress ive  
s t rength  at  the  s tar t  of  carbonat ion [7] .  
However ,  as  shown in  Table-2 ,  HFC 
containing CFS and that  conta ining LSP 
exhibi ted  approximate ly the  same s t rength 
development  despi te  s igni f icant ly 
d i f ferent  degrees  of  carbonat ion.  
 
Given that  these  two concre te  mixes  had the
water  content ,  and the  same amount  of  powde
of  addi t ive had a  s ignif icant  inf luence on the
the  reason for  th is ,  the  development  of  s
invest igated .  The authors  have previously 
expressed as  a  ra t io  of  carbonated area  to  to t
wi th  compress ive  s t rength  [8] .  Here ,  us ing m
HFC mixes ,  the re la t ionship  between s t rengt
dur ing the carbonat ion process  is  examined.  
 
Figure-4  shows th is  re la t ionship  between 
s t rength .  In  order  to  evaluate  the  ef fect  o
el iminate  the  contr ibut ion of  t ime to  compres
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the  s t rength  level  of  the  specimen cured for  the  same matur i ty  as  the  carbonat ion 
per iod of  24  weeks .  
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between the  degree  of  carbonat ion and 
compress ive  s t rength ,  wi th  compress ive  
s t rength  increas ing as  the  carbonat ion 
proceeds .  However ,  looking at  the  ef fect  
of  addi t ive type,  mortar  wi th added CFS 
has  greater  compress ive  s t rength  a t  a  
g iven degree  of  carbonat ion than mortar  
containing LSP.  This  contras ts  wi th  the 
specimens  not  subjected to  carbonat ion 
and cured for  the  same per iod,  where  the 
two s t rengths  are  not  s ignif icant ly 
d i f ferent .  This  demonstra tes  c lear ly  that  
the  s t rength  increase  caused by 
carbonat ion is  s ignif icant  in  the  sys tem 
with  CFS.  Referr ing back to  Figure-3 ,  i t  
i s  inferred that  the  reason for  the  sys tem 
containing CFS being more  res is tant  to  
carbonat ion is  the  greater  s t rength 
development  promoted by carbonat ion,  
which in  turn  leads to  fur ther  carbonat ion 
being hindered.  

Figure-4    Rela t ionship  between 
carbonat ion degree  and
compress ive  s t rength  

 
3 .3  Pore  Size  Dis t r ibut ion 
 
Figure-5  shows the  re la t ionship  between to ta l  
pore  volume and pore  s ize  for  pas tes  conta ining 
the  two powder  addi t ives .  Figure-5(a)  shows 
the  resul ts  for  specimens cont inuously cured in  
water  and not  carbonated,  while  Figure-5(b)  
represents  samples  af ter  12 weeks of  
accelera ted carbonat ion.  At  th is  age ,  pas te  
specimens containing both CFS and LSP,  and 
measur ing 20 x  20 x  80 mm in  s ize ,  were  fu l ly  
carbonated.  The water-cured specimens were  
immersed in  water  for  the  same per iod in  order  
to  e l iminate  the ef fect  of  e lapsed t ime.  These  
f igures  demonstra te  that  there  is  no di f ference 
in  the  re lat ionship  between to ta l  pore  volume 
and pore  s ize  for  the  two hardened pas tes  when 
cured in  water .  This  coincides  wi th  the  
compress ive  s t rength resul ts  shown in  Figure-2 .  
On the other  hand,  in  the  case of  the  complete ly  
carbonated hardened pas tes ,  the  pas te  
containing CFS has  a  smal ler  to ta l  pore  volume 
than the pas te  conta ining LSP.  This  backs up 
the  above inference that  the micros t ructure  of  
the  sys tem conta ining CFS is  denser  than the  
LSP sys tem af ter  carbonat ion begins ,  and that  
th is  denser  s t ructure  hinders  fur ther  
carbonat ion.  
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3.4  React ion Rat ios  of  Slowly Cooled Blas t  Furnace  Slag Const i tuents  
 
Figure-6  and Figure-7  show the  react ion ra tes  of  the  mel i l i te  and the  α  -CS,  
respect ively ,  for  carbonated specimens and,  for  comparison,  cont inuously  water-cured 
specimen.  Since  the  matura t ion per iod was  the  same for  both  carbonated specimens  
and non-carbonated specimens ,  the  ef fect  of  e lapsed t ime in  the hydrat ion process  can 
be  ignored.  Al though the  mel i l i te  reacted l i t t le  in  the  case  wi th  no carbonat ion,  about  
14% of  i t  took par t  in  the react ion in  the  carbonated case .  For  the  α  -CS,  about  26% of  
i t  underwent  react ion in  the  non-carbonated case ,  but  the  f igure  was  100% in the  case 
wi th  carbonat ion.  This  s ignif ies  that  mel i l i te  and α  -CS,  the  main components  of  CFS,  
are  react ive  under  carbonat ion condi t ions .   
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 Figure-6   React ion ra t io  of  mel i l i te          Figure-7   React ion ra t io  of  α  -CS 
 
This  provides  an  explanat ion as  to  why HFC conta ining CFS is  not  eas i ly  carbonated;  
the  main  components  of  the  CFS,  mel i l i te  and α  -CS,  react  under  the  carbonat ion 
condi t ion,  causing densi f ica t ion of  the  microst ructure  and a  s t rength  increase ,  which 
in  turn hinder  fur ther  carbonat ion.  
 
3 .5  Amount  of  Absorbed Carbon Dioxide 
 
Figure-8  compares  the  amounts  of  carbon 
dioxide absorbed by complete ly  
carbonated hardened pas tes  conta ining 
LSP and CFS.  The pas te  containing CFS 
contains  more  absorbed carbon dioxide 
than the pas te  wi th  LSP.  This  i s  fur ther  
evidence that  LSP does  not  carbonate  
because  i ts  main  const i tuent  is  ca lc ium 
carbonate ,  whereas  CSF reacts  with  carbon 
dioxide .  There  are  two types  of  react ion 
that  might  be  taking place  wi th  the  CFS.  
One is  where  the  CFS i tse l f  reacts  wi th  
carbon dioxide ,  and the  other  i s  where 
CFS exhibi ts  a  hydraul ic  proper ty under 
carbonat ion condi t ions ,  forming hydrat ion 
products  that  then react  wi th  the  carbon 
dioxide .   
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An example  of  the  former  can be  found in  a  repor t  s ta t ing that  formed γ  -C 2 S,  which 
does  not  exhibi t  a  hydraul ic  proper ty,  hardens  due to  carbonat ion [9] .  As  for  the  la t ter ,  
i t  i s  known that  hydrat ion of  the bel i te  in  low-heat  por t land cement  i s  accelera ted by 
carbonat ion cur ing [10] .  To inves t igate  which phenomenon is  involved in  the  chemical  
react ion of  mel i l i te  under  carbonat ion condi t ions ,  fur ther  research wi l l  be  necessary .  
 
 
4.  CONCLUSIONS 
 
The process  of  carbonat ion and i t s  mechanism has  been invest igated for  h ighly f lu id 
concrete  (HFC) conta ining s lowly cooled blas t  furnace s lag  powder .  The fol lowing 
conclus ions  have been reached on the  bas is  of  the  resul ts :  
1)  HFC conta ining s lowly cooled blas t  furnace  slag  powder is  more  res is tant  to  

carbonat ion than HFC of  the  same mix propor t ion and s imi lar  s t rength conta ining 
l imestone powder .  

2)  HFC conta ining s lowly cooled blas t  furnace  slag  powder exhibi ts  a  greater  increase  
in  s t rength  as  carbonat ion proceeds  than HFC conta ining l imestone powder  wi th  the 
same mix propor t ion.  

3)  Meli l i te  and α  -CS,  which are  the  main  components  of  the  s lowly cooled blast  
furnace  s lag ,  react  by carbonat ion to  form a  denser  micros t ructure  that  h inders  
fur ther  carbonat ion.  A larger  quant i ty  of  carbon dioxide  is  absorbed than by the  
sys tem conta in ing l imestone powder .  

 
These  exper imental  resul ts  demonstra te  that  s lowly cooled blas t  furnace  s lag  acts  as  
an  iner t  inorganic  powder  s imi lar  to  l imestone powder  unt i l  carbonat ion s tar ts .   
Thereaf ter ,  i t  behaves as  a  react ive  mater ia l  tha t  might  be  regarded as  an  “in te l l igent”  
mater ia l .  I t s  carbon dioxide  absorpt ion capaci ty  turns  out  to  be  excel lent .  Future 
invest igat ions  wi l l  look in to  the effects  of  var ious  character is t ics  such as chemical  
composi t ion,  f ineness ,  and glass i f ica t ion ra t io .  
 
Meanwhile ,  the  authors  have a l ready proposed cement  containing a  large  propor t ion of  
s lowly cooled blas t  furnace s lag powder  [11] .  This  cement  has  been des igned to  have 
proper t ies  equivalent  to  those  of  cement  conta in ing a  large amount  of  l imestone 
powder .  Cement  conta ining l imestone is  c losely re la ted  to  the  g lobal iza t ion of  the 
cement  design codes ,  and the  proposed cement  i s  equivalent  to  cement  of  s t rength 
c lass  32.5  N/mm2 .  When preparing the  mix des ign for  a  concrete  wi th  low design 
s t rength ,  the  uni t  powder  content  can be  mainta ined and res is tance  to  segregat ion 
added independent ly  by adding l imestone.   
 
Fur ther ,  th is  can be  regarded as low environmental  impact  cement .  However ,  s ince 
l imestone is  a  l imi ted  natura l  resource ,  i t  i s  considered necessary  to  es tabl ish  
technology for  more  environmenta l ly  f r iendly cement  wi th  equivalent  performance 
obta ined using an al ternat ive inorganic  powder  wi th  lower  environmental  impact .  The 
authors  wi l l  cont inue to  s tudy the  effect ive use  of  s lowly cooled blas t  furnace  s lag  
powder ,  not  l imi t ing thei r  purview to  h ighly f lu id  concre te ,  but  a lso  looking a t  a  
broader  perspect ive .  
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