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Abslract :

Basah an igneous rock occuring in the Deccan plateau was Sformed by the outbursting of volcanic energy

_resu!nng into lavas in a large part of Indian penninsula. This volcanic rock covers a vast area of our country—Ba-

saltis generally used as building stones and its gravels are used as road ballast and concrete aggregate. During

“4yushing of basalt stone, a huge amount goes waste in the form of fine dust. At present this Sine material has no

' specific use in our country.

The Central Building Research Institute, "Roorkee has shown that this basalt fines could be used as an openi-

. ng material instead of grog in making bricks from highly clayey soils such as black soils which pose problems of

drying cracks. The addition is mfvanmgeaus in producing not only building bricks but engineering bricks of com-

pressive str ength.

of the stones becomes too fine and goes waste. Tau-
ber 2 has used these fines as a fluxing constituent and

Basalt an igneous rock occurring in the Dccca.n developed building ceramics by slip casting and firing
pliteau was formed by ”]"f outbursting of volca.nic at 1050°C. A patent ® has also been taken up for the
tfe‘ne!‘gy resulli?g ot I‘avas 4 datge partioflndiag manufacture of strong ceramics tiles composed of gran-
BRI 17, voloanic rock also called Decgan Trap ular basalt and clay. Under this process mixture of

B 0 bout:3,200,000 sq, ki io: Gujerat, oyl (30.50), powdered basalt (16:30), powder
Madhya Pradesh, Goa, Andhra Pradesh and Maharas- red glass (16-20), clay (16-20) and water (10-14) percent

htra, ; d were cast, dried and fired at 1050°C. These semiglazed
Being dense, hard & durable, basalts are used fairly tiles had 2.05—2.10 gm{cc.density, modulus of rupture
extensively as building stones in areas where they occ- 43—54 kgfem® and 0.8—2.5 percent total shrinkage, .
ur in large masses, but being dark, in colour, they are Abrasion resistaot fired tiles bave also been developed
usually not preferred as facing stones for decorative by Tikeshi and Shingerv in Japan 4 from basalt rock
purposes in buildings, Basalt is also an excellent mate- by crushing and adding 3—30 percent bonding clay
rial as road metal for macadam and tarred roads. Nev- and sodium silicate or phosphoric acid as binder and

firing the product at 900—1100%. These tiles had hig-
her abrasion resistance (25 times) and much better the-
rmal impact resistance than local clay tiles,

grtheless several new uses of basalts in making glass
ceramics and chemical resistant building materials
have also been proposed and which will be described

later,
Buerger ° has developed ceramic bodies by mixing

Basalt stones and dust available after crushing (10—80), igneous material (20—90) and foaming agent
<< | percent weight, moulding and firing at 750— 1500°¢,
Basalt 41 (<200p), glass 18 (<<150p) and ultrafine sili-
con carbide (0.05gm) were dry mixed, moulded and
fired at 940°% for 5 hrs. The ceramic product had dens-

and sieving cin be utilised in the development of cera-
mics, concrete, pozzolana and mineral Obre etc. Gil-
bert and Hughes ? have devuloped heavy clay prod-
ucts using 95 percent basalt fines (200 mesh) and an
Organic binder and shaping into tiles but the tiles crac- ity 1.8 gm/ce.

Ked during firing. Further these workers mixed bas-
alt fines 50-70 percent with clay or shale and fired the It can be seen from the abeve literature survey that

Product ‘at 11109C, These bricks were found to be no detailed work has been done so far oo the utilisation
of basalt in ceramic industry of India, Hence it was

considered appropriate to ioitiate a research programme
In "Australia, basalt is: quarried for road making in this Institute in that direction. This paper describes
and Concreting, During quarrying about 10 per cent the work done in the [pstitute,
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Experimental : and plastic properties (Table 3), Differential Therma)
: Analysis (Fig.|) X-ray Diffraction Analysis (Table 4 &

Samples of basalt stone dust and locally available 5) and Petrographic analysis of the three soils and bas.
s0ils for the present study were collected from Bhopal, alt samples were determined in the laboratory., The
Indore and Nagpur regions. These are black cotton DTA of these samples were carried out using the Lees
soil areas, so the problem of drying cracks in bricks ds and Northrup Thermal Auvalyser by keeping the
usually occurs at'all these plaees, beating rate of 10°C/min and chromel alumel thermo-

couple. The X-ray dilfraction analysis were carried

Chemical compositions (Table 1&2), particle size out by using X-ray Diffractometer (Philips 1730) by

Table-1 keeping the scanning speed at I°/min, Chart speed 0.5

Chemical Analysis of Basalt Fines cm/min, range 2000 C/s, time constant 2 a'nd copprjr

target with nickel filter. The petrographic analysis

Contents Basalt Fines was cafried out by using the ‘panphot Leitz optical

% Nagpore Bhaopal Indore Microscope’. »
Si0, 49.13 46.90 48:49 Various mixes of basalt and soil (both passing 0.5

AlOs 293 1600 2550 mm) from Nagpur region were prepared and cubes of
Fe,04 19.69 16.20 15.80 ; 2.5%2.5% 2 band Ided d dried
TiO, 1.58 1.03 0.89 S1Z¢ 23X 25X 2.5 cm were han mf)u ed ap rie

CaO 10.21 12.20 12.10 .in the sun, During drying it was hoticed that cubes of
MgO 5.00 3.20 3.12 pure soil and 90 percent soil with 10 percent basalt
Alkalics 0.82 ‘ 0.33 0.46 fines cracked, The rest of the cubes were fired ina

Lol .33 4.68 2.31

laboratory electric furnace at 1000, 1050 and 1160°C

for two hours soaking time. On (he basis of the preli.
Table-2 [ minary results thus obtained, briquettes of different
mixes containing basalt and soil  were moulded
and dried in the sun, The briquettes haviog 80 percent

Chemieal Analysis of the Soils from Nagpur and Bhopal

Coblenie Nagpur Soil Bhopal Soil soil and 20 percent basalt fines by volume were found
to crack in drying period, The same was the result
5i0, 54.02 57.94 in the case of 209, grog addition to these soils, The °
::-ga :;gi ‘g:g remaining briquettes were fired at 1000, 1050 apd
C;O' 4_'41 2"40 1070°C in the laboratory furnace with 4 hrs soaking
Mgo 2.39 2.00 period. The full size bricks of 70:30, 60:40 apd 50:50
Alkalies 0.41 0.11 mixes of soil : basalt were moulded and dried inthe
Lol 7.21 12.05 sun. The bricks of 70:30 mix were: cracked during
3?0=M!=0{ ; 7.06:1.0 5.7: 1.0 drying. So the bricks having 60:40 and 50:50 composi-
8104/Sesquioxide aTe10 Ml tion were finally fired at 1000°C, The same experime-
e " nts Were carried out with basalt and soil from Bhopal
Table-3 and Indore regions, The results obtained havye been
Particle Size Analysis and Atterberg Limits of the soils given in Tables 7 t9:10,
' Results And Discussions
Characleristic - Nagpur Soil Bhopal Soijl Millcralogicul 3
—
Clay, 9% 42.4 45.0 Buzalls
Silt, 9, 25.1 30.4 The chemical analysis of basaltsg from Nagpur, Bho-
Sand, 9 32.5 24.6 pal and Indore regions shows that ip these samples Sio,
Liq”i_d L!'““:‘-;% ; 40.3 44.5 contents are in the range of 46—49 percent, Aly0, 12-
If,‘::::gﬂ':"';;’;gf f“ff fg;’ 17.6, Fealy 15.8-19.7, Ca0 12.1-13.2 ang Mg0 3.2-5.0
Activity Coofficient 0.37 0.40 percent. The alkali content in Nagpur basalt is as high
Casagrande’s Plasticity Classifica. . as 2.62 percent while in other basalts it is 0. 16—,
tion CL CL 32 percent, The X-ray diffraction analysis of the ba-
Textural Classification Clay group Clay group  ga)¢s (Fig.2 to 4) shows the Presence of quariz, magne-
Skempton’s Classification Group 1 Group |

tite, hematite, plagioclase, orthoclase and Pyroxene as

the main constituen(s and calcite, hornblende, ilmenite,
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olivines and amphiboles as accessory minerals, 'l‘I_:c pe-
trographic analysis shows the presence of ir_on minerals
as inclusion in the Pyroxeoe and plagioclase crystals.
{lmenite/hematite occur as grains and dusts in the gla-
ssy ground mass, Amorphous isotropic produet palag:
onite is occasionally found as filling material. The DTA
results of these samples confirm the presence of bioti-
te, anorthite, antigorite, magnetite and quartz (Fig.1).

Table-4

X-ray Diffraction Data of the Basalt Stone Dust Samples

d  Nagpur Bhopal Indore Possible Phascs

@y L L

16.05 7 — — Sauconile

6.50 35 2.0 2.0 Labradorite

4.62 — 4.5 4.0  Tremolite

4.55 — — 4.0 Tremolite

4.04 10 1 9.0 Labradorite, Orthoclase, Anorth-
: ite, Cristobalite

392 3 3 3 Forsterite, Albite

3.75 11 125 13.5 Labradorite, Fayalite, Ilmenite

362 1.0 7.0 80
334 6.5 9.0 6.0

Auligorite
Quariz, tremolite, orthoclase

3.21 59.0 43.0 47.0 Labradorite, Albite, titanite, kyanite
313 8.0 8.0 7.5 Aonorthite, Enstatie

302 16.0 1990 3.0 Augite, Magaetile

3.00 — — 16.0 Auvgite

293 125 13.0 15.0 Magnetite, Augite, titanile

289 15 9.0 — Eostatite

283 70 4.5 3.5  Eostatite, fayalite, Cristobalite

270 2.0 — ~— Hornblende, Sauconite

2,66 3.0 —_ 4.0 Hornblende, Aragonite, Suuconile
2,61 3.0 — 2,0 Carnegieite

2,58 90 8.0 7.5 llmenoite, Augite, titanite

252 160 95 20.0 Anortbite, Cbrysolile, Augite, Mag-

netite Forsterite, Antigorite

243 35 3.0 Chrysolite, Quariz, Cristobalite

2,35 5T o 3.0 Quariz
228 35 3.5 4.0  Augite, Quariz
2.2 o= = 2.0 Ilmeanite

2,13 9.5 10.5 10.0 Augite, Quartz

202 _ 4.0 13.0 Augite Aragonite

199 25 3.0 3.0 Augite, Kyanite

1.88 3.5 5.5 3.0 Ilmenite, Albite

183 40 4.5 4.0 Quartz, Augite, Albite

l1-77?9 410 35 40  Albite, Quartz

1:75 _..-0 3.0 4.0 Fayalite Forsterito

i g f 30 40 [Imenite, Augite, Chrysolite, Forste-
6. 6.0 6.0 rite, Fayalite Augite Cristobalite, 11-

s mouoite, Tridymite

1.54 2 5 3.0 Trimolite
1.48 4‘0 4.0 — Quart?. Sauconite
1.45 3'0 3 5.0 Bastatite, Magaetite, Carmegiete
143 : T8 3.0 Horoblende c
5.0

== 3.5 Augite, horoblende

R
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Soils

The chemical analysis of Nagpur soil shows the
presence of higher amount of Fe,Op and the Si,O/A1,0,
fatio as 7.06 and S10,/sesquicoxide ratio 3.7, The higher
amount of Fe;03 may be either due to free FeyO3 FeO
(OH)s, or nontronite clay mineral, The DTA result of
this soil as given in Fig.! shows two endothermic peaks
at 140 and 540°¢ and two exothérmic peaks at 380 and
890° with a small dent at 800, This shows the prese-
nce of mootmorillonitic group of clay minerals mainly
nontronite as predominant mineral and chlorite clay

mineral as accessory minerals. The exothermic peak at

380°c may be due to the presence of iron gel. The X-
ray diffraction results (Fig.6) of the clay fraction of
Nagpar soil and glycerol treated sample confirm the
presence of montmorillunitic group of clay minerals
with chlorite, quartz and feldspar as accessory minerals.

The chemical analysis of Bhopal soil shows S10,/A-
1503 and SiOyfsesquioxide ratios to be 5.7 and 3.56 res-
pectively, The thermogram of clay fraction of this soil
(Fig.1) shows two endothermic peaks at 140 and 5800
and an exothermic peak at 900° with two small dents
at 350—370° and 700—730%, This thermogram shows
the presence of montmorillonitic group of clay minerals
with some amount of illite and gibbsite. The X-ray"
diffraction pattern of the clay fraction (Fig.5) suggests
the presence of montmorillonite, illite, chlorite and fel-
dspar,

Physico-Chemiceal propertics of Soils

The particle size ana'lysis of soils from Nagpur
and Bhopal regions shows the clay size particles and
total fines of the order of 42-45 and 67.5-75.4 percent
respectively. The textural classification of these soils
shows that these are of clayey nature and according to
Skempton’s classification ® these soils belong to gro-
up 1 i.e. inactive class, which confirms the presence of
above mentioned clay minerals, The Altterberg's limits
of these soils indicate that according to Casagrande’s
plasticity chart, they belong to CL group,

Properties of Bricks

The results obtained after drying and firing of the
cubes of size 2.5%2.5%2.5 cm made from Nagpur
basalt and soil and fired at 1000, 1050 and 1100°C as
given in Table 6 indicate that the compressive strength
of the cubes increases with increase ip proporfion of
s0il when fired at 1000 or 1050°C which may be due
to the inert behaviour of baslat and some vitrification
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of soil, The water absorption decreases and bulk den-
sity and total shrinkage increase with soil content of
the mix, When these cubes are fired at 1100°C, the
strength increases for the mixes upto 50:50 composit-
ion and then decreases which may ba attributed to the
formation of more vitrified matter due to fusion of
basalt; the fusion temperature of basalt was found to
be 1150°C, The compactness of the mix may be grea-
ter at 50:50 compositon, Some of the cubes showed
good glassy surfaces and a few melted also, The wat-
er absorption decreases with increase in soil content of
the mix. During drying of briquettes having different
proportions of basalt and clay it was observed that the
briquettes containing 80 percent soil and 20 percent
basalt from Nagpur region cracked due to high drying
shrinkage. On the addition of basalt above 30 percent,
the drying cracks were removed, confirming the use of
basalt as an opening material in plastic soils in the
same manner grog (calcined clay) or coal ash is used.
But as compared to ‘grog’ the addition of basalt is
more advantageous because its addition does not requ-
ire any extra labour and cost of firing and grinding.

When the briquettes were fired at 1000,1050 and
1070°C the compressive strength was found maximum
for 50:50 composition (Table 7) but further decreased
with increase in the addition of basalt, The briquettes
having 30 percent grog and 70 percent soil and fired at
1000°C have the compressive strength of 100kg/cm?,
while the briquettes having 50percent basalt and 50 pe-

- rcent soil show the eompressive strength of 169 kgfom?

at the same firing temperature. No doubt the compr-
essive stregnth of briquettes increases with increase in
the firing temperature and is abruptly high at 1000°C
with dark brown plazy surfaces. This experiment
shows that the vitrification range of basalt is very
narrow and this repuires proper attention.

The briquettes made from Bhopal basalt and soil sh-
ow that 30 percent addition of basalt or grog to the soil
removes drying cracks, The compressive strength of
the briquettes fired at 1000°C for 5 hours was found
to be in the range of 140-150 kgfem? when 30 to 50
percent basalt or grog was mixed with the soil (Table
8). As the addition of basalt or grog increases, the

Table-5
X-Ray Diffraction data of Nagpur and Bhopal Soils
Sl Bhopal Soil Clay Fraction Nagpur Soil Clay Fraction
No. As Such Treated with Glycerol As Such  Treated with Glycerol Possible Mineral
d(A) d (A) d(A) d(A)
1. 14.5 17.0-19.2 — — Illite-+Montmorillonite (Random mixture)
2. —_ — 15 17.7 Montmorillonite
3. 12.6 12.6 — — Montmorillopite
4, 10.2 10,3 - — 1llite<-Montmorillonite (Random mixture
3. — — 9.11 9.14 Montmorillenite
6, 7.13 7.10 7.13 7.16 Chlorite
7. 5.01 5.04 —_ - Illite + Montmorillonite
8. 4.48 4.45 4.44 446 Illite4Montmorillopite
9. 4.26 4,25 4.27 4.28 Quarlz
10. 3.53 3.52 3.53 3.54 Chlorite
Iy. 3.35 3.35 3.36 3.36 Quarlz
12, 3.24 3.23 3,22 3.23 Plagioclase
13. 2.49 2.49 —_ — 1llite
14, 2.45 2.45 2.44 2.44 Montmorillonite
15. 2,05 2.05 — — 11lite-+Montmorillonite
16. 1.99 : 1.97 — —_ Illite+Chlorite
17 1.81 1.81 1.80 1.80 Quarlz
Tabel-6
Some Physical Characteristics of Cubes made from Nagpur Basalt and Soil and Fired at Different Temperature
(Size of Cube - 2.5x2.5x2.5 cm)
Composition ) Firing Temperatures
(by vol)
1000°C 1050°C 1100°C
Basalt Soil Sh. C.S. W. A, B.D. Sh C;S. W. A. B.D Sh, C. 8. W. A. Firing resuit
(Surface texturé
90 .10 020 256 13.6 1.66 1.43 30.0 12.9 1.70 —_ 230 3.5 Rough
80 20 229 58.0 13.0 1.85 2.90 62.0 12.6 1.88 —_— 425 2,8 Rough
70 30 7.70 67.0 11.9 1.83 10,2 69.0 11.4 1.90 — 610 1.5 Smooth
60 40 12.5 69.0 | ]1.8 1.80 13.6 73.2 11.3 1.92 — 675 1.0 Smoeoth
50 50 18.5 730 11.6 1.88 19.3 80.1 11.0 1.94 —_— 870 0.90 Glazy
40 60 2.9 78.0 11.3 1.89 224 85.3 10.6 1.95 —_ 710 0.81 Glazy
30 70 26.0 90.0 10.2 1.93 21.7 95.4 9.9 1.97 — 475 0.67 Glany
20 80 332 1100 9.8 1.98 343 1240 9.5 1.99 — 425 0.60 Melted
10 90 Cracked duriog dryiog - - — —_ = — - -
— 100 Cracked during drying — — - — - — — _
Sh = Total Shrinkage (%) C. 8. = Compressive strength (kgfcm?)
W. A, = Waler absorption (%) B. D. = Bulk Density (gm/ec)
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* Briquettes with smooth glassy surfaces.

Tabel-7 :
Physical properties of Briquettes Made from Nagpur Soil and Basalt and Flred at
: Different Temperatures o
osition Firing Toral Water Bulk Deonsity Compressive Strength
g:::ﬁ Soil Temp, Shrinkage Abiorplion (gm/cc) (kg/cm?)
(°C) (%) (%)
— 100 ; Badly cracked during dryiog
20 80 Cracked during drying
30 70 1000 Cracked in firing
50 50 12.5 13.9 1.86 169
70 .30 10.1 15.8 1.83 - 107
50 50 19.3 10.2 1.89 193
70 30 1050 12.0 11.7 1.85 132
80 20 11.4 12.0 1,84 120
70 30 1070 21.4 2.85 1.96 775*%
30 70 Cracked during firing
50 50 1100 35.8 2.1 2.06 1610*
70 30 30.3 2.3 2,04 1670*
Grog
30 70 . 1000 22.7 16.8 1.80 100
* ANl the briquettes were badly vitrified with dark brown glazy surface and deshaped.
Table-8
i Physical properties of Briquettes Made from Bhopal Basalt and Soil and Fired at Different Temperature
Composition Firiog Total waler Bulk Daeosity Compressive Streoglh .
Basalt  Soil  Temp. Shrinkage Absorption (gwn/cc) (kgfcm?)
(°C) (%) (%)
— 100 Badly cracked duriag drying
20 80 Cracked duringdryiog
30 70 1000 22,7 11.6 1.82 150
50 50 17.5 11.0 1.84 135
70 30 9.8 10.7 1.88 104
30 70 30.8 13.0 1.86 270
50 50 1050 26.3 12.2 . 1.90 293
70 30 g 16.8 11.8 1.92 257
50 50 36.0 0.85 2.49 1120*
70 0 1070 30.9 1.07 2.47 1015%
a5 25 28.0 0.76 2.52 gl12*
Grog
20 80 Cracked duriog drying ;
30 70 30.6 17.5 1.66 145
40 60 1000 28.3 14.8 1.68 140
30 50 22,1 13.2 .73 . 152
10 1 30 ,13.2 14.0 1.70 120
* Ail the Erlqueltes were vitrified with glazy surface,
1 4 0 L R o Table 9
“Physical propertics of Briquettes Made from Idore Basalt and Soll and Fired at Different Temperatures
Composiliqn Piring Total Water- Bulk Density Compressive Strength
Basalt Soil * Temp. Shrinkage Absorption (g/cc) (kgfcm?)
e [ (%) (%)
= 100 " Cracked duriog dryiog
30 70 1000 18.5 19.3 1.83 12
50 50 15.1 16.0 1.86 141
50 . 50 25.0 8.6 1.92 T
70 3 . 1050 19.2 10.3 1.98 522*
Grog
20 70 21.4 16.8 1.81 105
20 50 1000 1.4 14.1 185 120
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strength reduces about 100 kgfcm? The strength of
the briquettes fired at 1050°C was about double as co-
mpared to the briquettes fired at 1000°C. When these
briquettes were fired at 1070°C, the strength abruptly
increased from 293 to 1120 kg/cm? in the case of 50:50
composition and the surfaces of the briquettes were
also glazy.

In the case of the briquettes made from lodore
basalt and the soil, the compressive strength was found
to be 05—140 kgjcm® when basalt or grog was used
as an opening material (Table 9). The addition of 30
percent basalt or grog was found to be oplimum to
remove the drying cracks. When the briquettes contai<
ning basalt and soil were fired at 1050°C the strength
increased abruptly which indicates the fusion of basalt
at this temperature. The strength of these briguettes
increased with the fliring temperature.

The briquettes fired at 1070 to 1100°C baving glazy
surface were found to be acid resistant and the loss on
boiling in  HCI was found to be maximum 2 percent
when tested as per 1S standard (4457—1967). The acid

resistance of Nagpur basalt (unfired) was obtained to be

Fig. 2 -

—28—
X-ray diffractogram of Bhopal basalt.
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Fig. 4- X ray diffractogram of Indore basalt
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Fig. 5 - X .ray diffractograms of Bhopal soil clay fraction (1) untreated (2) treated with glycerol.




58 ) INDIAN CERAMICS

Juoe'8}

percent. These resultsishow that by .controlling the
firing conditions the acid resistance bricks from basalt
and black soils can be developed.

The bricks containing 30 percent basalt or grog
cracked during drying, 8o the minimun addition of 40

" percent opening raterial to the soils studied is consid-

ered necessary to remove drying cracks. Hven 50 pere-

This paper forms part of the research work carried
out at the Institute and is published with Permission of
the Director,
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