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INTHODUTION 

Rome Brick Limited, Bracebridu, °title° 	manufnturing 

drain tile and fce brick with the bulk of the production 

being 14 inch drain tile* The Company hns been experierring 

difficulty with  'ore  bridge ippilration, laminntion  ni  c.cossivo 

drier loss. The percentage wre rejected 	the driers and 

at the kins Lis been atnormally high. Mr. baron, manager of 

the pl:Lrit contacted the Ceramic Section of the Mines Branch 

i%)r assistnee in tlying to eliminate or reduce the manufacturing 

losses* It 	csted thnt the comny forward a representative 

suarae of approxiwately 100 pounds of their local plant clay 

and approximt.ely 25 pounds of the fir.d 1.1d rejected ware. 

The latter was to Ube as a grog addition to the clay* It was 

decided also that possibly a small eiiation of soda ash (NiCO3) 

might reduce the drying difficulties and redue the lamination 

tendencies. An investigation was pleuld in which the Jrying 

and tired properits of miAures of clay Aeld grog, and mixtures 

of clay, grog, and sodn  ah  were 3tudied. The principal 

objective ws to develop° mixture which would dry safely and 

be suitatle for production of df:ain tile. 

PhOcEMWE 

The clay as received ws dried and crushed to pnss a 16 mesh 

Tyler screen. The grog was crushed to pass an 8 mesh Tylr 

screen. A screen analysis was made of the :7rog. Trial 

briquettes of various bodies containing clay and grog only 

and clay, grog, Aad soda ash were prepared for an invostition 

of the dryin7 and fired properti:s. The composition of the 
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bodies are shown in Table 1. The percentages of clay and 

grog are by volume and the percent ,ve of soda ash by weight. 

Tablo 1  es £9.12JUI1 L1 11-91....LieL2 

Body 	L-bor -_tory 	Bracebridge 	percent 	,Soda 
Number 	Uumber 	Clay 	Grog 	Age 

1 	 83 	 100 	 0 

2 	 3-1 	 90 	 10 

3 	 83-2 	 85' 	 15 

4 	83-3 	 80 	 20 

5 	 C3-4 	 75 	 25 

6 	 83-5 	 70 	 Jo 

7 	 t;3-6 	 100 	 0 

8 	 C3-7 	 85 	 15 

9 	 L:3446 	 30 	 20 

10 	C3-9 	 75 	25 

Each  body w s weighed :nd mixed with water to form a 

stiff plastic mass. The amaunt of water was measur d . nd the 

water of plasticity was ealculr:tod. 	1-1.al briquettes 4" x  1" x 1 1 " 

were hand molded in steel Lolds. The drying beelviour of one 

briquette from each body ws observed under rapid dryng conditins 

at 1854e. The balance of the bricuettes  - ore 	driA. for 

24 hours and dried finally  t 2120F for 24 hours. The drying 

shrinkage was measured.  The briquetAs were then fired at 

cones 06 (1816•F), 04  (1922°F) and 02 (201)4°F)  in  an  

electric laboratory furnace. The temper:ture was brought up 

slowly overnight to approximAely  1004bF and the tiring completed 
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in approximotely 4 to 5 hours the next ciy. The atmosphere 

cels oxdizine. The fired shrink  • , colour, hardness,  nd 

water absorption , ft , r - 24 hs:lur eoak in cold w-tiu• were 

obtained. The pyromutric cone equivalent (P..E.) was 

determined on the crly only. The 	of the bodies mould 

1 .,e approximately the  ame. 

A differentll Thermal cnalysis curve of the rieJeetridge 

clay (body #1) was obtained principplly to est!mate the 

pereentnee free quartz present. 

RESM,T 

The rosults of the physie -:1 tests on the v_ricus bodies 

are shown in TnUe 2. Differentt.l therml nlysis indicqtes 

the materi . ,1 1J1 	hetrogenous mitare of approximntely 40% 

illitic or chloritic 	 aprroximately 22% free 

qu:Irtz t  n small -mount of (r - 7 nie 	rnd the b- : -:u,nr'e 

maril inert rock flour. 

The grog sime usd in the tests ce, s - 8 mesh + 20 mesh - 

27.5e; -20 meAl + 65 mesh 434%; -65 mesh 2.5.5. 

DI3 , nMLON OF 

The r suits of the torts on the Brucetridge clpy (iody 

indic.te that it has guod plastic ty 3nd worLatility. The 

cl'y is dif icult to dry sofel;. Tho firing 1. nge L, very short 

if  •2n lbsorptU>n of approlimately e or less is , esi.rad. Examinption 

of the fir d properties in TaLle 2 show thnt , etween cone 04 

(1922°F) . ind Cone 02 (2014•T) ther ,  is n sudden increa e in 

shrink ee • ad a r pid drop in atsorption. At Cone e the 

test briruette0 were h. ,  d t  the fired shrinkage te , s fairly low 
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06 	0,3 

04 	2,1 

02 

15.3 

11.6 

1.2 

s%lmon 

cUrk salmon 

d -, rk red 

iThe mi.nture is inclined 
to e difficult to dry 

iIt has a short firing 
!range if low absorption 
iand !, red t:olour are 
Msired. 

fairly hard 

ihard 

steel hard 

•••■•••••■■■• 

, 	16' 

, 	13.3 

1.4 • I  

Smon 

dark salmon 

cta.k red J2 

2.3 

9.o 

ifairly s ,1,•t 

/fairly h rd 

!steel hd 

•■•«..».•■ 

-Sme comments as #2 

! 

06 	0.3 

04 

1 ( . 7 

2.5 	13.4 

02 	9.1 1.7 
■••••••••■■...4 .1.1» sm 	 •••,...1•1111M«4 

salmon 

(1,nrk salmon 

dark rcd 

salL11 

cLrk 

dark rod 

fairly soft 

ifairly hard 

steel  liard  

'fairly soft 

'fairly hr:rd 

> steel  hard 

T;:is mixture dried 
Is .fely in the rlboraton 
11;th rapJi drying other.. 

the lrop - rties are 
sniiar  t) snmple 12. 

.S-me con ants as for 
'sample #4 

)6 	).? 

ol+ 	2.1 

02 	5.1 

17.6 

14. ,) 

2.0 

Table _2 _ Pronerties of the Bodies 

Uardnel, 

1 
100% Clay 

Lab. 83 

Common non calcareous grey cicy, 
very rlastic, vorks well, water 
of plasticity 25.3%, slight 
ten-ency to ceck In rapid dr,ng, 
drying shrinknre 6.4% 

06 	0.3 	•  15.T 	Salmon 

2 	! 	 1.8 	. 12.5 	D‘Irk sulmon 

, 02 	8.0 	E 	1.2 	. D rk red 

fairly hrtrd 

ihard 

hmrd 

This clay is inclined 
to be difficult to dry. 
It 1-r , s a short firing 

; 1›,rue if low absorption 
iand red colour  are 
!desired. 

90% Clay 	The mixture was pinstic and had 
10% grog 	a slightly better workability 

than #1, water of plasticity 25%, 
Lab 83-1 	, slight tendency to crack in rapid 

- drying, drying shrinkage 5.7%. 

The mixturfe ty:d plrticity ==d 
worKbility simil.ar to  1/2. The 
water of pinsticity wf_às 24.5%. 
There was a slight tnndency to 
crack in ippid drying; drying 
shrinkage 5.1%. 

80% clay 	The plsticity nad workability of 
20% grog 	this -Uturc is sitinr to #2; 

water of plaAicity 25.4; safe 
Lnb 83-3 drying, dryinp shrinkeee 5.o%. 

This mixture hns much the ;ame 
plasticity .uld worW-bility 
sam- le e2. The water of p'=3sticity 
is 25.6%. The mixture  -Lb! '; .Aie 
drying  •fle,I hus a drying shrie - ge 
of 4.7%. 

3 
85 clay 
15% grog 

Lab 83-2 

5 
75% clay 

25% grog 

Lab 83-4 
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1.3  
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salmon 

dari  red 
■••■•Ilit ..11111111.11•1■11• 

calon 

dark red 

1•11M•11.1 

P „C ,E , 
Cone 
No  

06 

04 

Fired 
Snrinicage 

o. 

2.3 

9 . 

FIRED 
b*9r0- 
tIon 
› 

1J.) 

15.1 

.8 

1 

1 

. 

1 rjeé-• 

1 

1 •  

2.0 

s.1m,r1 

dirk s - lmon 

r.d 

salcyn 

sain  )fl 

dark red 

sqlmon 

dark salmon 

dark red 

QHARACTERISTICS 

Colour 

faLly soft 

st cl, hard 

f: LLly soft 

fairly h rd 

stool hai'd 

fair, soft 

h.rd 

stel h.; d 

fairl, soft 

faIrlL h[Aid 

steel hzrd 

fairly soft 

fairly  h' rd 

stool herd 

Hardnes$ 

Clay 

No  

6 
70% clay 
3Q% grog 

L. ,b 83-.5 

7 
100% clay 
0.5% Na2C 

Lnb. 83-6 

85% cl . ,y 
15% grog 

Na2C 

Lab 83-7 

9 
80% 
20% grog 
0.L 	tin2 ( 
Lub. 83- -  

--Ur--  
752:1, cl -y 
25 grog 
O. NaaC 
Lab. 83-9 

UNFIRED CHARAC . 7ERISTICS 

Tho plPsticity and workability ire 
snillnr to s,mple #2. !he water of 
plasticity is 25.5%. The matori.,1 
dricile safely -nd h s  a  drying 
shrink .:.ge of b.e. 

JIMIII•■••••■•■■•••••• 

Good plasticity, work:: well; wutor 
3of 711 -cticity 25.3%, slight tendon , 

 to 1. ck in rpid dryine (more 
cr rkrig t - n uith Na2CO 3  omitted) 
drying shrinkage 5.9% 
••■••••••••••••.+1!.■ 

Good ploticity, uorks eli tinter 
of pl.tic.ty 	iigh teuden 
to r:ck in r - pid Urying 2  drying 
srinkage 5.3%. 

Plasticity Ald workablity  are 
g :god; wnter of ';'1!,ticity is 26.7: 

0 3  slight tetleacy to cri)ck in 

ffle 

REMARKS 

S=e comments as for 

The clay plus soda ash 
is difficu Lt to dry. 
There is evi:enco of 
scum:Ang. TLo firing 
range is short 

TI o mtxture is difficult 
to  dry.  There is a slirh 
tedency to scum. The 

r..nge is short. 

7Y le comments as 18 

c-: C OlitF2 1 t  as  18 Pln!7,ticity A.tO vorkalty nre :oo( 
water of nlnAicity 27.4, slight 

tenlency to crck in dly, 
drying shrni7e. 
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(1.4) - nd the absorption wrs 12.55. The colour .eis a cirk 

sfamon. Thus, except for the drying char teristics, this 

mterial shoud  e ut 1e for drnin tile manufacture or common 

brick tut difficulty might 	experienced in produeng 

hard,well burned, uniform y sized  fco brick urulc s :ry 

creful control of firing 1.-, mAnt7'.ined. 

Additi;.ns of 10 and 15% (bodies 2 und 3) grog to the 

cLy did not improve the dreng Lehaviour of this 

mnteriL. The plsticity nd workability remained good. The 

firA properties remained essentiUly the saw°. 

Additions of 24, 252 flo3. 30% grog (bodi s 49  5 9  and 6) 

to the Drzicebridge clay produced mi;.tures which driA 

The 71asticity and orkaility of these  odies were good. The 

fired properti:s were much the same as in the previous ones 

although there is a sliFht increse in absorption k1 in 

fired shrinke at cones 34 nd 02 with an inereaz, e in grog. 

The dried shrinkage docresed slightly with an increase in 

grog content. 

Additions of soda 	to various mixtures of nrccebrideil 

clay and grog (Ladies 7, 3 9  9 9  and 10)  made  drying more 

diUiculto. The bodies contJining 20% or :ore grog .uith_t 

soU ash dried safely while bodies contAning sodn ash flkd 

20 or 25% grog had a tendency to crack in rapid drying. The 

briuettes containing sodu ash had a tendency to scum slightly. 

The .lasticity, workaUlity, drying ehrink7e and fird properti,•s 

ofthese miAures were 4Yro.ximately  th ç) same 	ocuiv lent 

mixtures without soda 



• - Additions of approximately 20.% sand (uslealy mlinly tree 

or-rtz) instc of the grog  would probably affect the drying 

properties in ulch the same manner ns the grog. However, since 

the clny alre.dy cont ins approxisv, tely 22% free çnrtz it 

probtly would not be wise to -qid too large n pereentfsge of this 

materil. The (-Iirtz undergoes a rapid chenge in dimensions 

at approximitely 1060°F. When a large percentage of frt'e 

quartz is present thcro is a danger of crcktng the ware if 

too rapid rz. cooling cclo is followed through this temperEture 

rz,nge. Freuently larc exce;s of free cliartz wili produce 

leunk" ware with poor ring. Trials usng a mixture of 

approxluately 205 sand  and 805 cluy could be eIrried out 

the :Lnt 1.1(1 the results noted. 

B  t r ,..ults would likely result from an  addition  of 21 

to 25'' grog tu the clay. If the supply of grog becomes limited 

thon  possibly a mixture or sand and grog could be ndded. In 

uty ca:399 the addition of a. now.plIstie raterill should help 

to prevent laminations as well  s  Improving the drying 

ch:r. eteristics. 

CONCLUSIONS 

The Fracebridge elay is a common low r.t.rde surf':.ce clay 

consisting of heterogeneous miAure of elly mineral, free 

quartz, and rock flour. It is pin ,Aic and works well. It tr's 

a tendency to Cr: k in drying. The firing range is sort 

between 1900 to 20.J0*F. 
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It %re found th  -.t • ddittana of grog prepzr-red froid  turned 

scrlp le:re helped to it.*Iove the drying eharaoteristics0 it 

unr, necess ry to .dd  t lest 2e, grog b7  volume to prcvent 

craeking with rpid drying In the lbor - tory. The grog acted 

as a nonmplastic und .pened up the pou a In the cl:Jy to Alm 

the vlter to  r. 	with greter e-rA?  froc  the intorior to the 

exterior of the tril leces. With up to le grog addition* 
le-st, the '.1'~:etielty - nd wor 	iity 	/fled good,' In' 

-enerl the flr d cber terloitics of all mixtures were th* 

There 14,Às a slight incree in atsorption ,- nd tired 

shrinkage with  n intreese in grog at:iditions. The drying 

shrinkage 'es redueed slightly by grog : 1:11tions. 

Additlne of )..51 soda ash to the ely-vrog mixtures 

iterez,cod the tendency to er2,ek in àrying. Other proterties 

such  te 	stIit ..  vo 	drying : , ne fired shrinle:ge, 

end atnorption remeinell approximltoly the stme 	equivAmLt 

l_tures without odm ash. The test hricuAtes eont ining 

h tr'd s117ht tendency to scum. 

It is recommended thst a mixture of 201 grog Aid Or4 

clay be given 	L.rit tri%1. Caeful control of tho 

proportioning ïd mixing of the cl -y lald grog uust Fe mAntained. 

Initial dryim7 should be c.A%red out  und or humid conditions 

reltively low temperature. The wla.e should be thoroughly 

heoted before rly 	recinble evapor»tion of uoisture takes 

pice. After tLis conaition exists the temporatur should be 

increased and the humidity I:educA ut n rate which will remove 
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the moisture from the ware without cracking it. If some 

cr2ckng still occurs when the above conditions zire followM 

thon a mixture of 25% grog (or grog and sand) and 75% c1:4 

should be tried. 
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APPENDIX I TO MINES BRANCH INV;:5TIGATION

REPORT IR 58-28 -$FFECT OF HYDRATE

LIME ON BRACEBRIDGE CLAY

Subsequent to the issuing of the above report further

work was carried out in an attempt to find an additive which

would improve the drying properties of îsracebridge clays (Lab.

#83). The procedure outlined in the body of the report was

adhered to for this work. It was found that small additions

of hydrated lime - Ca(OH)2j which is commonly used for

agricultural purposesq tended to prevent drying cracks. At

the same time the workability and plasticity w-re affected

depending on the percentage hydrated lime used. The body

compositions and the effects on dryingf workability and

plasticity along with other nhysical properties are shown in

Table 1A.

Table 1A - E_ffect of Hydrated Lime On Unfired Bracebridze Clay

Sample Sample
Number Composition

d3-10 Clay 8
1% Ca(gH)s

83-11 Clay 83
0.5% Ca(OH)2

83-12 80%, Clay 83
20% gro
0.3% CafOH)2

Unfired Characteristics

Fairly plastic but inclined to :br-, vlPak, sv_f e
dryingg drying shrinkage 6.1%t water of
plasticity 29.7%

More plastic and a littlp stronger than 83-10;
safe drying, drying shrinkage 6.7fq water of
plasticity 29.8%.
Plasticity and workability similar to 83-11;
safe drying, drying shrinkage 6.0%t water of
plasticity 29.1%.

The fired characteristics of the briquettes are shown
in Table A.

.......2
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Remarks 

scummed 

*rd. MOW1.1■41. 

22.7 

•16.6 

2. 3 

creamy very heft 
salmon 
cream 	fairly 

soft 
very bard cream 

18.5 

15.0 

3 . 5  

83-12 	o6 
04 

02  

0.5 
3.3 

1 0.5 

18.6 	salmon 
dark 
salmon 
dark red  

soft 
fairly 
hard 
very hard 

few specks 

t i It 

1 1 E4,4 

0.3 

a` 

Table 2A - Fired Characteristtes 
• LW.eg—iirired 	 ' . 	No. 	Tom"). 	Shrinkage Absorption 

Cone % 	 ef 
le 	 Color 

83S10 	06 	0.5 

04 	3.0 . 

02 	11.5 

Hardness 

reenveeee 

' 	83-11 	06 	0.7 

011- 	2.5 

02 	9.3 
• 

salmon 

It 

red 

fairly 
soft 
fairly 
soft 
very hard 

white 
specks 
white 
specks 
white 
specks 

DISCUSSION OF RESULTS 

Dracebridge clay ie a difficult clay to dry properly « 

 ,Additions of hydrated lime tended to improve the drying 

properties. At the same time the hydrated lime reduced the 

plasticity and produced a weak body. The fired properties were 

also affected. Excess Ca(OH)2 appeared as a white scum on the 

fired briquettes and produced a soften more porous produot. 

Briquettes containing 1% hydrated lime and no grog were 

weak in the unfired etate, i4hen tired, those briquettes were 

covered with a white scum. Obviously 1% Ca(OH)2 was greatly 

in excess of the hydrated lime require4 



The briquettes containing 0.5 Ca(O1) 2  and no grog were 

stronger and more plastic than those containing 1% Ca(OH)2. 

When fired the briquettes contained many white specks« Bach 

of the above bodies were safe Jrying. 

The briquettes made up of 80% Bracebridge clay, 20% grog 

and 0.3% Ca(OH)2 were safe drying. The plasticity and 

workability were fairly satisfactory. There were a very few 

white specks on the fired briquettes. Thus, indications are 

that 0. 3e Is the optimum percentage Ca(O1I)2 allowable in a 

mixture e scumming is to be at a minimum. 

RECOMMENDA.TIONS AND CONCLUSIONS 

Additions of hydrated lime tO Bracebridge clay or a 

mixture of Bracebridge clay and grog produced safe drying 

briquettes in the laboratory. An excess of hydrated lime produced 

a weak body which contained a white scum or white specks aeter 

firing. The results indicated that Oa% Ca(OH)2 (by weight) 

was the optimum percentage required for satisfactory results. 

It was recommended previously that a mixture of 80% clay 

and 20% grog be given a plant trial. If Ca(OH) 2  is used as 

an additive it appears likely that the percentage grog can be 

reduced. Indications are that a mixture of 90% clay, 10% grog 

(by volume) and 0.2% to 0.3% Ca(OH)2 (by weight) may produce 

a satisfactory product* It is possible that the grog may be 

oleo * letes4 
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eliminated entirely and a ^ii^ture of 10076' clay and appro:^-,^.raate:Ly

0131%Ca(01ï)2 may prove ^atistaciory• Ccxrexvlly ccantrolled,

plant trials sxzauldbe set up to inve-:s üigate these Fnixture:s.

At all UtAOS c;areft?l C©r.xtroël of PropcartiranLn^ t wxxing and ftrying

must be maintainedp'

Jl.iI3-/d.lM

4^^1^ G

^J . G. Brady
weA am«S M BngïSLS:"r4i.F
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APPENDIX II TO MINES BRANCH INVESTIGATION 

REPORT IR 58-28 EFFECT OF HYDRATED 

LIME ON BRACEBRIDGE CLAY 

A vi i;  was undo to the plant of the Homo Brick Company Ltd* 

BracebrIdge to observe the  plant in operPtiOn and to trY and offor n-nY 

advice possible on correcting some of the problems introduced by the 

addition of hydrated lime to the clay* The visit was made by S. Matthews 

and J.G. Brady on June 3rd and 4th, 

It was  found that the hydrated lime aided the deying tremendously. 

The compcny was getting very little drier loss uith no drying cracks or 

bridge cracks. Houover$ introduction of the lime introduced an extrusion 

problem because of theroduced plasticity of the clay *  It was found that 

Insufficient mixing uas given to the clay-uater-lime mixture with existing 

facilities* 

Extirusion tests carried out in the ceramic laboratory during 

the last week of May indicated that there should be no difficulty in 

extruding a clay-water-lime mixture* Various plant tests Indicate with 

the dry weather prevailing at the time that a mixture of .07% hydrated 

' lime plus .075% free flowing  sana  prevented dryer loss and bridge cracking* 

Howev r, even 'with this low percentage or lime there was still some difficulty 

with extruding a column nt a fast enough rate* The sand was added in the 

feeder hopper with the lime in order to pronlote a more free flowing 

column or limo Into the clay. The company requested that further work 

be carried out in the laboratory with percentage of hydrated lime varying 

from .07e, up to .32t  which was the original percentage recommended in 

Appendix I of this report. Recommendations were made at the plant 

to improve mixing and extrusion. 
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Bracebridge 
clay 

Clay 83 
.07% Ca(OH) 2  

Clay 83 	• 
0;1% Ca(OH)2 

Clay 83 
0.2% Ca(OH)2 

Clay 83 
0,3% ca(011)2 

aeule£mule 
83 

83-13 

83-14 

17 	Clay 83 
0.15% lignisol 

type BD 

83-1 5 

83-16 

-4 

The results of these tests are shown in Table 2B, It was not 

considered necessary to fire -the test briquettes since there would be 

very little diflibrence to the previous firing results .. 

Table 213 	 jr,„.11 dra ed_ Lime on Unfired Bra cebridue cU4 

it 

Unfired Characteristics 

Very plastic works well, 
water of plasticity 2512, slight 
crack in papid drying. 

3, 	' 
very 

Water of plasticity 26.6% 
good plasticity and works well, 
safe drying. 

Not quite as plastic as 
83-14t safe drying. 

Plasticity similar to 
83-15, water of pIaEitiety 28.3% 
safe drying. 

Very plastic, water of 
plasticity 24.2%, slight Crack in 
drying. 

Same plasticity as 8 
water of plasticity 25.8%, 
slight crack on top. 

01 
The results of these unfired tests indicate that eel% Ca(OH)2 is 

sufficient to transform a Bracebridge clay to a safe drying condition. 

Consequently it is recommended an addition of at least 0.1% and preferably 

0,15% be added bo the plant, It is possible that the present addition of 

-.075 may,be satisfactory and, this will no doubt be determined under plant 

conditions. The lime must be mixed thoroughly with the clay to achieve 

satisfactory extrusion. With existing facilities the clay-hydrated lime-

water should be added to the extrusion machine a$ far removed from the 
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Ceramic Engineer 
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die as possible. This will insure that a thorough mixing of these 

ingredients is achieved. The augers should fit closely to the barrel 

so that no clay will back up and cause undue friction. 

Lignisol type BD was not found to be a suitable additive to 

BracebrIdge clay. 

4 

JGD/LED 


