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Foreword 

IS0 (the I nternational  Organi zati on  for Standardizati on)  i s a worl dwide federati on  of  
national  standards bodies (IS0 member bodies) .  The work of  prepari ng  I nternational  
Standards is normal l y carried out  through  IS0 technical  commi ttees.  Each  member 
body i nterested in  a subject  for whi ch  a technical  commi ttee has been  establ i shed has 
the ri ght to be  represented on  that  commi ttee.  I nternational  organizations,  govern-  
mental  and  non-governmental ,  i n  l iaison wi th  ISO,  al so take part  i n  the work.  

Draft  I nternational  Standards adopted  by the technical  commi ttees are ci rculated to 
the member bodi es for approval  before thei r acceptance as I nternati onal  Standards by 
the IS0 Counci l .  They are approved  i n  accordance wi th  IS0 procedures requi ri ng  at  
l east 75  % approval  by the member bodies voting.  

I nternational  Standard  IS0 8840  was prepared  by Technical  Commi ttee ISO/TC 33,  
Refractories.  

Users should  note that al l  I nternational  Standards undergo revision  from time to time 
and  that any reference made herei n  to any other I nternational  Standard  impl ies i ts 
l atest edi tion,  unless otherwise stated.  

0  I nternational  Organizati on  for Standardi zation,  1 987 0  

Pri nted i n  Swi tzerland 

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



INTERNATIONAL STANDARD IS0 9940 :  1 997 (E)  

Refractory materials -  Determination  of bulk densi ty 

of granular materials (grain  densi ty)  

1  Scope and field of appl ication 

This I nternational  Standard speci fies two methods for the 

determination  of  the bulk densi ty of  granular refractory 

material s (grain  densi ty)  havi ng  a grain  si ze l arger than  2  mm :  

-  Method  1  :  the mercury method  wi th  vacuum 

-  Method  2  :  the arrested water absorpti on  method.  

Method  1  i s i ntended as the referee method.  

Dependi ng  on  the nature of the material  tested,  the two 
methods may g i ve di fferent resul ts.  Any statement of the value 
of a bulk densi ty shal l  therefore be accompanied  by an  i ndica-  
ti on  of  the method  used  or to be used  in  case of  di spute.  

The same method  shal l  be used  for the determinati on  of the 
vol ume of the sample,  for selecti ng  and  prepari ng  the sample,  
for calculati ng  the bulk densi ty and  for presenti ng  the test 
report.  

2 References 

IS0 383,  Laboratory g lassware -  I nterchangeable conical  
ground  joints.  

IS0 385-1 ,  Laboratory g lassware -  Burettes -  Part  1  :  
General  requi rements.  

IS0 561 8,  Refractory material s -  Determinati on  of true densi ty.  

IS0 8666,  Refractory products -  Raw material s and  unshaped 
products -  Sampl i ng.  1  )  

3 Defini tions 

For the purpose of this I nternational  Standard,  the fol lowing  
defi ni tions apply.  

3.1  bulk densi ty of  a granular material  (grain  densi ty)  :  
The ratio of  the mass of  a quanti ty of  the material  to the total  
vol ume of i ts grains,  i ncluding  the vol ume of any closed pores 
wi thin  the grains.  

3.2 closed pores :  Pores that are not  penetrated by a l i quid 
i n  whi ch  the grains are immersed.  

4 Principle 

Measurement  of the vol ume of a g i ven mass of  a granular 
material  by di splacement of a l i quid.  

5 Sampl ing  

Sampl i ng  shal l  be carried  out  i n  accordance wi th  IS0 8656 or 
wi th  another standard sampl i ng  scheme agreed  between  the 
i nterested parti es.  

6 Preparation,  number and size of test 
samples 

6. 1  Preparation of samples 

The material  to be tested shal l  consist of  fractions or groups of  
fractions wi th  grai n  si zes above 2  mm.  Laboratory samples 

shal l  be produced by sieving,  after any prel iminary comminu-  
ti on  of the material  above 5, 6 mm grai n  si ze.  Test resul ts can  be 
affected by the comminution  technique and  the equipment  
used.  

Any oust  or l oose particles adheri ng  to the grai ns shal l  be 
removed before testing  by washi ng  or,  wi th  material s sensi ti ve 
to moisture or humidi ty,  by ai r blowing.  

6.2 Number of samples 

Take at l east three test samples from the l aboratory sample 
and  carry out  one determination  of  bulk densi ty on  each  test 

sample.  

6.3 Size of samples 

The si ze of test samples to be taken  depends on  the grain  si ze 
and  the homogenei ty of  the material  bei ng  tested.  Recom-  
mended  si zes are shown  i n  table I .  

Table 1  -  Si ze of  test samples 

Grain  

1  1 00 200 
2, 0 to 5,6 

2  50  50  

1 )  At present  at  the stage of  draft.  
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IS0 8840 :  1 987 (El  

F 

I I  
fi  

7 Determination of mass of test sample 

Dry the test sample to constant mass in  the drying  oven  main-  
tained at 1 1 0  +  5  OC and al low i t to  cool  to ambient 
temperature in  the desiccator.  Weigh  the test sample to the 
nearest 0, l  g  on  the balance.  

8 Determination of volume of test sample -  

Method 1  :  Mercury method wi th  vacuum 

NOTE -  Method 1  i s preferred as a referee method because of i ts 
reproducibi l i ty and simpl ici ty in  use.  However,  mercury i s known to be 

a hazardous substance,  and therefore method 2 (see clause 9)  i s 
recommended for al l  routine purposes.  

8.1  Principle 

Determination  of the volume of the test sample by the mercury 
displacement method wi th  a vacuum below 30 mbar’)  residual  
pressure,  preferably wi th  a residual  pressure of I ,33 mbar lap-  
proximately 1  Torr) .  

8.2 Apparatus 

8.2. 1  Vacuum pycnometer :  a vessel  as shown  in  figure 1  
( incorporating  conical  ground  g lass joints in  accordance wi th  
IS0 383) .  

8.2.2 Test arrangement,  as shown  in  figure 2.  

8.3 Determination of mass of empty 
vacuum pycnometer 

Clean  and  dry the empty vacuum pycnometer (8.2. 1 )  and  weigh  
i t to the nearest 0, l  g .  

NOTE -  This weighing  i s unnecessary i f al l  the determinations are car-  

ried out at the same temperature.  

8.4 Determination of mass of pycnometer 
fi l led wi th  mercury 

Evacuate the vacuum pycnometer and  fi l l  i t wi th  mercury by 
suction  unti l  mercury emerges from the capi l lary tube (see 
figure 2) .  Close the stopcocks 2  and 5  of the pycnometer in  that 
order and  disconnect the apparatus from the vacuum pump.  
Pour off the surplus mercury that has come out of the capi l lary 
tube and  remove the mercury remaining  in  the suction  tube,  up 
to stopcock 2,  wi th  a steel  wi re.  Weigh  the pycnometer fi l led 
wi th  mercury to the nearest 0, l  g .  

8.5 Determination of mass of pycnometer 
containing test sample and fi l led wi th  mercury 

Transfer the dried and  weighed  test sample (see clause 71 ,  
wi thout loss,  into the pycnometer and  fi l l  the pycnometer,  

under vacuum,  wi th  mercury as speci fied in  8.4.  This wi l l  g ive 
an  average pressure on  the grains of about 265 mbar.  Weigh  
the pycnometer and  contents to the nearest 0, l  g .  Thereupon,  
under vacuum,  remove the mercury from the vessel .  Determine 
the amount of mercury sti l l  remaining  in  the test sample by 
weighing  the sample after the mercury adhering  to i t has been  
removed and  by finding  the di fference from the original  mass of 
the test sample.  I f the mass of mercury remaining  in  the test 

sample is over 5  % of the original  mass of the sample,  state the 
amount,  expressed  as a percentage by mass,  in  the test report.  

8.8 Calculation of volume of test sample 

I f the weighings in  accordance wi th  8.4 and  8.5 were made at a 
constant temperature (and therefore wi th  a constant mercury 

densi ty) ,  the volume Va of the test sample is g iven,  in  mi l l i l i tres,  
by the equation  

v,  = 
mG + mp -  mT 

e 

I f the weighings in  accordance wi th  8.4 and  8.5 were made at 
di fferent temperatures (and . thus wi th  di fferent mercury den-  

si ties) ,  the volume VR of the test sample is g iven,  in  mi l l i l i tres,  
by the equation  

v,  = 
mG -  mL mT - mL -  mp 

@I  @2 

where 

mo is the mass,  in  grams,  of the pycnometer fi l led wi th  
mercury only;  

mr is the mass,  in  grams,  of the evacuated  pycnometer 
fi l led wi th  test sample and  mercury;  

mL is the mass,  in  grams,  of the empty pycnometer;  

mp i s the mass,  in  grams,  of the test sample;  

Q is the densi ty,  in  grams per cubic centimetre,  of mercury 
i f cal ibration and  measurement were carried out at the same 
temperature;  

~1  is the densi ty,  in  grams per cubic centimetre,  of mer-  
cury when  determining  the fi l led mass of the pycnometer 
containing  mercury;  

~2  is the densi ty,  in  grams per cubic centimetre,  of mer-  
cury when  determining  the fi l led mass of the pycnometer 
containing  both  test sample and  mercury.  

NOTE -  The densi ty of mercury as a function of temperature i s 

given in  table 2.  

P  
1 )  1  bar = lo5 Pa 
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Table 2  -  Densi ty of mercury as a function  
of temperature 

remperature Densi ty 
T g/cm3 

1 5 1 3,569 

1 6 1 3,566 

1 7 1 3,554 

1 8 1 3,551  

1 9 1 3,549 

20 1 3,546 

21  1 3,544 

22 1 3,641  

Temperature Densi ty 
T g/cm3 

23 1 3,539 

24 1 3,536 

25 1 3,634 

26 1 3,632 

27 1 3,529 

28 1 3,527 

29 1 3,524 

30 1 3,522 

9 Determination  of volume of test sample -  
Method 2 :  Arrested water absorption  method 

NOTE -  This method i s not sui table for materials which  are hydrated 
by water.  

9.1  Apparatus 

9. 1 . 1  Beaker,  of capaci ty 1 50 ml .  

9. 1 .2 Funnel ,  wi th  an  upper diameter of approximately 
1 00 mm.  

9. 1 .3 Cal ibrated burette,  1 00 ml ,  graduated in  0,2 ml ,  com-  
plying  wi th  the requirements of IS0 385-l .  

9. 1 .4 Fiat-weave cotton  towel .  

9. 1 .5 Burette magni fier.  

9.2 Determination  of volume of test sample 

Transfer the dried and  weighed  test sample (see clauses 6 
and  7)  to the beaker (9. 1 . 1 )  and  add  water at ambient tempera-  
ture unti l  the sample is covered.  Free the burette from grease 
and  wash  i t out immediately before each  use.  Fi l l  i t wi th  water 
to a level  between  the 20 and  the 25 ml  marks and al low i t to 
drain  for 1  min,  then  take the ini tial  reading,  by estimation,  to 

one-tenth  of a division  (0,05 ml)  wi th  the aid  of the magni fier.  
Then  attach  the funnel  (9. 1 .2)  to the burette (9. 1 .3)  by means 
of a piece of plastic tubing.  

Saturate the cotton  towel  (9. 1 .4)  wi th  water and  wring  i t out by 
hand  as dry as possible before each  determination.  Fold  the 
towel  to form a pad  wi th  four to six th icknesses of cloth.  

When  the test sample has been  soaking  for at least 2  min,  place 
a cover g lass over the beaker to retain  the sample and  pour the 
water off as completely as possible.  Transfer the test sample 
to the towel  and blot i t wi th  the towel  unti l  the wet sheen  on  
the grains has disappeared.  Pour the test sample through  the 
funnel  into the burette,  folding  the towel  to faci l i tate this opera-  
tion.  Read  the final  level ,  by estimation,  to 0,05 ml ,  wi th  the aid 
of the magni fier (9. 1 .5) .  

The volume of the test sample is the di fference between  the 
final  and  ini tial  readings.  

1 0 Calculation of resul ts 

The bulk densi ty eR is g iven,  in  grams per cubic centimetre,  by 

the equation  

m 
@R = -  

b 

where 

m is the mass,  in  grams,  of the dried test sample (see 

clause 7) ;  

VR is the volume,  in  mi l l i l i tres,  of the test sample (see 
clause 8 or 9) .  

1 1  Test report 

The test report shal l  i nclude the fol lowing  information  :  

a)  a reference to this International  Standard;  

b)  the method  used;  

c)  the designation  of the material  tested (manufacturer,  
type,  batch  number,  etc. ) ;  

d)  the range of grain  size and  the mass of the test 
samples;  

e)  the bulk densi ty (both  individual  values and  the 
ari thmetic mean  for the material ) ;  

f)  the mass of mercury remaining  in  the test sample,  ex-  
pressed as a percentage by mass (for Method  1  only) ;  

g)  the name of the testing  establ ishment;  

h)  the date of the test.  
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Dimensions in  mi l l imetres 

enlarged 

Figure I  -  Vacuum pycnometer 
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1 3 

1  Dish  for mercury 

2 Stopcock 2 

3 Pycnometer lower part 

4 Glass seal  wi th  holes (diameter < 1  mm)  

5 Stopcock 5 

6 Pycnometer upper part 

7 Capi l lary and overflow tube 

8 Pycnometer vaccum connection 

9 Vacuum tubing 

1 0 Mercury extraction bush 

1 1  Mercury reservoir 

1 2 Three-way tap 

1 3 Vacuum manometer 

1 4 Woul fe’s bottle 

1 5 Vacuum pump 

1 6 Stopcock 

Figure 2  -  Schematic representation  of the test arrangement 
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