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Summary. 
Brick! with a strength of aboui 1500 to 

2000 Ibs/sq. in. can be manuractured from soils 
at Knnd la Port provided they are fired to a 
tC'mperature of about 1000oC. Bricks made 
with untreated soil burst during firing owing to 
the presence of nitrogenous organic matter and 
its reaction with soluble salts like chlorides to 
form ammonium salts. It has been round that 
the addition of sand, grog or powdered coal 
OIercomes this defect. 
Introduction, 

It WIIS reported by the Port Authorites at 
Knndla that the local soil did not yield good 
bricks us it became deformed during drying. 
The pro lem of making good bricks rrom such 
soil wa~ investigated and the results are recor­
ded in this paper. 
t' ,perimental . 

Two snil samples KJ and K2 were taken for 
the investigation, Sample KJ represents the 
soil of the tnp 3', and sn.ill pIe K2 the soil from 

dC'pth lower than 3 fec t. International me­
thull /\ w, . used for the mechanical analysis 
"f the . )ils. The soluble salts were determined 
l1y extra cting the salts present in the soils with 
water and estimating then gravimetrica lIy. The 
results of the analysis are given in table 
I and 1[. 

TABLE 1. 

Mechanicat Composition of the Soils. 

Mechanical Analysis CnO in SOl llb leSoil Clay Silt Sand Soil% Salls% 

K, 30.5 299 39.6 6.98 423 
K, 39.5 32.S 27.9 6.62 6.30 

TABLE n, 

Analysis of Soluble Salls in Soil K •. 

% 
AI,O, 0,76 
CaO 0.71 
MgO 0.36 
Na,O' 1.77 
CI 1.87 
So, 0.36 

Briquettes \3" x2" X I i") were moulded 
from the two soils at a moisture content of 
40 % and dried slowly in the ~hade as too ra­
pid drying was liable to pruduce cracking and 
warping. Surface efflorescence due to high 
soluble salts content was removed by brushing. 
Briquettes were also milde incorporating sand. 
grog a nd powdered coa I in the so ils. 

Grog was prepAred by burning the soils at 
a tempernture of 3000 to 400°C and powdering 

the ca !cined prod uct to pass through B. S. 

Sieve 10. Two types of sand are availa ble in 
the vicinity of the port area. One o f the two 
samples was coarse and obviollsly unsuitable 
for hrick making. The other sample cont.ained 
more fines , but had to be seived through B. S. 
10 to sep;rrate lime nodules . The briquettes 
were burnt in an electric furnace at temperatu­
res of 950c C and 1000·1e. Their compressive 
strength a nd other properties were then deter­
mined according to Indian Standard Specifica­
tions and are given in table lIL 
Results and Discussions, 

Tile two soils tested in the present experi­
ments contain a high rercentage of clay ann a 
large amount of soluble salts (see table I and II), 

Both soils behaved abnormally during firing. 
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TABLE II!. 
, ­

Showing the effeet of the addition o f sand, Grog 
Anll powdered coal on the Physical Properties of Bricks. 

Water abso rpti o n Bulk den sity I Compre ss iv~ ICompositio n 950°C 1000°C 	 Strength (p. S l.) Remarks 
950°C JOOO°C950°C 1000°C 

Soil K,-IO% grog. Burst between 

Soil K,-15% grog . 
Soil K , -20% gU)g. 

24 . 1 
25.7 

20 .6 
20 .7 

1.52 
1.50 

1.54 
1 61 

210 5 
1993 

23 96 
2800 

200 °C-300"C 

Soil K . -l0% grog. Bur .' t between 

Soi l K.- 15% grog . 
Soil K.-20% grog. 

24 .6 
21.1 

244 
20.8 

152 
1.60 

1. 52 
1.61 

2333 
3142 

2343 
2900 

200 to 300°C 

Soil K,-IO% sand. Burst between 

Soil K, ­ 15% sa nd . 
So il K, -20% sa nd. 

17.4 
17 .4 

18.4 
17 .7 

1.61 
1.67 

1.67 
1.66 

2984 
2721 

31 9~ 
2912 

2UO°C to 300 

Soil K,-IO% sand. Burs t between 

Soil K . -15% sand. 
So il K,-20% sa nd . 
So il K,-I % powd. coal. 
So il K,-2 % powd. coa . 
Soil K,-3 % powd. coa l, 
So il K,-4 % powd . coal. 
Soi l K. - I% powd . co~ l . 
So il K.-2% powd . coal. 

20.7 
186 

194 
17 .5 
21.9 
23 .2 
2~ .20 
24 .80 
24 .50 
23040 

1E8 
1.67 

1.68 
1. 67 
I 58 
1.52 
I .,0 
1.49 
1. 68 
1. 68 

278R 
2643 

2794 
3021 
2386 
2463 
28 1H 
2860 
1856 
2239 

200 to 300°C 

0 riquettcs
burs t bet ween 

200 to 300'C 

Soil K . -3 % powd. coal. 
Soil K, -4% powd. coal. 

23 .30 
24.30 

1.70 
1.73 

2075\ 
2698 

T wo briquet tes 
burst between 
200 to 300°C. 

Viol ent bursting with the evolution of ~mo­
nium chloride was observed betwee n 200 to 
300oC. As the soils contain a high percenta ge 
of clay, the pores in the briquette are small and 
Ihe am monium chloride is not able to pass 

through them as quickly as it is formed. As a 

re sult press ure is developed within the briquet­

tes and tllis causes burstin g . 

Leaching the soil with normal potassium 

su lphale, washing it with water, and trea tin g 

it willl hydrogen peroxide overcame the burs­

ting. When the soil s were leacht'd with sul­

phate solution, ammonium salts could be de­

tected in the leachate. The amount of ammo­

nia recovered by this process was fo und to be 

0.85 %. The water extracts of the two soi ls 

gave a negative test fo r ammonium salts, as 

apparently these were not leached o ut with the 

w~tc r , indicalitlg that a ll lJ11Ol1 ium chloride is 

not prescnt in a free statt' in Ihe so il s. The 

addition o f 0 .5% to 1% aillmonium c hl o ride 
to Ih e leac hed soil agni n produced bursting. 

The a bove observations indic8tc Ihat am­

monium salts whi ch are respon sible for the 

bursting o f the bricks, ex ists as nitrogeno us o rg­

anic matter ca pa ble of reacting a t lemperatures 

of about 200° to 300°C with the so luble salts 

presen t in the soil and forming ammo nium 

chloride. Thi s type of reaction appears to 

take place at o rdin a ry temperature also in the 

presence of nor ma l sulphate solutio n which 

cxplain s the efficacy of leaching out with that 
so l uti on. 

H av ing established the cause of burstin g, 

in vest igatio ns were carried ou t to find a work­

able method for stopping it. The problem 
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could be ' attacked in two ways, either the rea c­
tion between tlte s"lllhlc slilts ulld orgHllic 
matter could be inhibited by rcm oving til e re­

act:l n ts or the size of tile po res could be incre­

a sed by adding some coarse material. so that 
the chloride formed as a res ult of reaction 

between the reac tant s cou ld eSC<1re throu gh 

tlt e pores. The organic matter in the so il 
could be destroyed by trea tm ent with hydrogen 
pc:roxide or dec om posed by leach ing with pota­

ssiul>l sulp hate. H oweve r, these mdhods are 
expensive and cannot be used on a commercial 
scale. The rem ova l o f inorganic salts by wa s­
hing the soil would be another method but this 
Illay or may not be practical on commercial 

scale 
The seco nd line of a tt ack in vo lve d the 

adding of grog and sa nd . It was observed that 
the addition of more than 15 % sa nd or grog 
did away with bursting an d gave fired bric ks of 
sufficien t strengt il . As both th e so ils are sti cky 
the add ition of coarser ma terial s impro ves their 

workability considerably. The use of sand in 
prefercnce to grog is reco mm ended as it gives a 

sl ightly better brick th a n that obtained by 

adding an equivalent qu an tity of grog. Further, 

the addition of san d (con ta ining 0.2% salts) 

to a soil cont'lining a high percentage o f total 

soluble salts would dec rea se the corresponding 

aillount of salt in thc tota l adm ixture, whereas 
the quantity of sa lt wou ld be unaffected by the 

addition of grog . 
In another experiment 1 to 4% powdered 

coal passing 100 mesh sieve was added to the 
tlVO soils, It was observed that the addition o f 

1 to 2 % coal was effcctive in checking bursting 

whereas witll 3 to 4 % coa l bursting recurred. It 
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is Ilot kllown whe ther the small quantity of coal 
powde r t:III\I'S soil Hgl!,rl'!~:lti(l11 or illhih its th~ 

rea ctio n between the rcn ct:lnts. Further work 
is needed to elucidate this point. 

The physical properties of the two soils as 
given in table I, show that so il K1 should be 
preferreci to K2 for brick manufacture. as the 

forme r contains a lesse r percentage of clay and 
a smaller amount o f soluble sa lt s. 

Briquettes o btained by adding 20% sa nd to soil 
K1 (a n ad mi xture recommended for brick ma­

kin g at K and la Port) and firing a t a bout 10000C 
give <1 compressive strength of 2912 lb. /sq. in. 
and the corresponding figure for full size bricks 
(9" >-Ar X 1") as obtained by dividing the above 
fi gure by 1.6 is 18 12 Ib/ sq . in " a value very 
nearly th e same as prescribed in th e Tndian 

Standard Srecifications (IS: 1077- 1957) for a 

grade AA brick . 

RUfning of ~ficks. 


T he burni ng of bricks on a commercial scale 

may present certain difficulties. It was obser­
ved th a t n pood deal of chloline a nd other 
gasses a re evo lved whcn these brick s are fired 

to a telllrernture of above 800°C. Consequently 

durillg co mmercial manufacture metal chimneys 

a re likely to corrode more severely tha n with 

norillal so il5. Bricks sho uld if possible be fired 

in :l cOlltinnous kiln connected to a brick 

chimney . 
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