Apparent and pycnometric density of coal

The aim of the laboratory practice is measuring of apparent and pycnometric densities and calculation of free space between grains of coal as well as porosity of the bed.

INTRODUCTION


Coal as an organic product of long term process called metamorphism has a complex structure. Despite the pure organic matter some mineral admixtures appears in the coal mass and, with special meaning for sorptive properties, some empty spaces called pores.

International Union of Pure and Applied Chemistry (IUPAC) elaborate the classification of the pores, depend on size and kind of physical phenomena occurring in appropriate class of pores:

ultra-micropores (sub-micropores)

micropores

mesopores

makropores.

Lignites and hard coals contains all kind of pores. Anthracites are rather microporous.

Active carbon (AC) is a product obtained by several physico-chemical processes from different organic material. The base raw-material for AC production is hard coal but different possible material are also used for production of AC, e.g.: wood, walnut shells, coconut shells, residue of oil distillation (active coke), etc.

Active carbon is produced in different kind of bulk: powder-like, palletized or grains. The shape of AC depend on user demand and production regime. Grain shaped and powdered one are of natural occurrence in the production process but palletized need to be connected by fluid of high reological properties, usually oils are used for this purpose.

Active carbons are characterized by big specific surface area exceeding 1000 m2 per gram of coal. In the literature one could meet report on active carbon having over 2000 m2 per gram. Such a development of the surface is possible due to presence of very small pores in the coal matter (some says: coal matrix). Every kind of pores are present in active carbons. 

Carbon Molecular Sieves (CMS) are either kind of active carbons but with specific process of production. CMS have specific distribution of pore size in which maximum appears in the range of appropriate gas or vapor molecule diameter and mostly porosity of CMS depend only on this range of pore size. Remaining pores could be neglected in CMS.

High development of the surface in AC predestinate it to use in application which demand big surface activity. Such a phenomena (or processes) are called adsorption. Adsorption is a phenomenon occurring on the surface of solids. The more developed surface result in higher adsorption capacity.  There is a big range of AC application: purification of water and beverages, maintaining of aquaria, smell reduction filters (e.g. to refrigerators), purifying of petroleum products, de-coloring of liquids, etc.

Many parameters characterize properties of AC. One of them is apparent or pycnometric density. AC grains, granules or pelletes  are packed in the vessel in different possible way. The packing degree decides of hydraulic resistance of the bed, mass of AC in the bed and indirectly of sorption properties of the bed.

Apparent density is kind of specific weight of the bed of material which is obtained on the way of measuring of density of free falling grains of solid substance to the vessel. The alteration of the apparent density is whipped apparent density in which substance is shaken and appears to be more compact.

Pycnometric density is a kind of specific weight of material which is measured with using of pycnometric medium (liquid or gas). Medium molecules penetrates pores giving value of density near the real density of coal matter. The discrepancy of real and pycnometric densities depend on kind of pycnometric fluid. Smaller molecule without specific interactions (e.g. electrostatic) gives more reliable values of density. 

Different pycnometric fluids are used, for some of them the name “true density” is stated:

	apparent density
	pycnometric density
	true density

	none
	carbon tetrachloride, water, methanol, methane, carbon dioxide
	argonne, nitrogen


It should be written that true density is measured either by pycnometry (fluid moving in pores).

APPARATUSES AND APPLIANCES

Electric heater

GLASS AND CHEMICALS

Measuring cylinder, pycnometer with thermometer, laboratory balance

MEASURING SCHEDULE

I. Apparent density

a. Weigh the measuring cylinder on the laboratory balance and note result

b. Fill the cylinder with grains of coal (without of whipping) or active carbon to the upper mark of volume, note the volume

c. Weigh the cylinder with sample bed of carbonaceous material and note result

d. Empty the cylinder and fill again twice (c.a. 3 measurement should be done)

II. Pycnometric density

a. Weigh the empty pycnometer with thermometer

Warning: it is important to not change the plug between pycnometers

b. Fill pycnometer with distilled water and put in thermostatic liquid, after reaching of 20oC dry the external surface of pycnometer and weigh pycnometer with water. 

c. Empty the pycnometer

d. Weigh the sample of 2 g of coal and move whole sample to the pycnometer

e. Fill the pycnometer containing coal sample with distilled water and put to the boiling water for 15 minutes, after that time put pycnometer to the thermostatic liquid, after reaching of 20oC dry the external surface of pycnometer and weigh

Data procesing

Apparent density

1. Calculate average mass of coal sample from three measurement.

2. Calculate apparent density from the average mas and volume of coal sample:

dCb=mC/V [g/cm3]

Pycnometric density

3. Calculate the volume of pycnometer on the base of water and pycnometer mass:

Vp=(m1-mp)/dw
where:

Vp – volume of pycnometer

m1 – mass of pycnometer filled with water

mp – mass of empty pycnometer

dw – water density (at 20oC dw20=0.99707 g/cm3)

4. Calculate the volume of coal sample using measurement from point II e.:

VC=Vp-(m2-mp-mC)/dw

where:

VC – volume of coal sample
m2 – mass of pycnometer with water and coal sample

mC – mass of coal sample

remain parameter with the same meaning as above

5. Calculate pycnometric density of coal sample:

dC=mC/VC
all parameters has the same meaning as above

Questions (short, several statement answer):

1. Is there connection between intergranular space and hydraulic pressure in bed?

2. How porosity of grains impact technological properties of coal?

