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The wator of plagblelity wvas celeovlotods One briguodle from

gach body composition woas placed u o deler ab 10500 apd any
tendeney bo epacl with repdd deylog wes obsayveds The romsinder
of the sanples in esch bobel wore aly deled for 24 hours and
finally dvded ot BI20F fop &% hourse Tho dyying shvinkage wag
mensurads The beiguettes were fired ig an olesbyrie laboratowry
Blln fn an oxidizice stuosphare. The kiln wes povght wp
glowly to spproxisately 150087 overnight spd Dindahad ot the

appropedate coue in approzimately b hours the noot day. The

Lired colovry bordoessy shrigkope, and weber sbsoppblon after

e

Fa te

g 4 hove sook fn cold webtor were noteds The belguebtes of
oy of the bodleg vhieh shiwéd o conslderable tendency to
sraol in repid drying wers ot flved becauge thoy were minly
conoldeved unsulbable for plant production. The pyvometrie
cone ognlvelents (FCRs) of the pure olays onuly weore obbained.
Ho combinantiong of the bwe fireclays plug the 8St. Johng
cloy were investlgateds Common galt (BaCl), smuonium ohilovide
({009 and hydrated 1lmo - (D), =~ wore used ag chomdeal

additives In an atboupd bo lmprove deying.

RESULES
The composilion of all the bodios snd thely wilred
chapndtoriatlios are shown in Yable I. The chanlesl porcentages

are by wvoight and the cley snd grog percentages ape by volume,
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The temporeture sgulvalents of the various conoes used in

frwostigedion are as Tollowss

l"'"
1-¢4

Topparsturs
Heryd, ‘,5(\3 {"}3 0

Cone Hey S8
5118 TR
04 201k

t 2077

a 2088
3 2106
10 29kt
23 o2t
29 a8

uJ b

DESCUREION OF BESULTH
Do Bi. Sohng elay (F91) is a comumons lov grade, heterogencous
elny which cvacks wnder sepld drying sonditions. X6 has a
deying sheinkege of epproximetely 7 which is slightly Tigh &
the songlacture of clay products. This material has a very
short firing ronge in vhich o herd dense product can be chbained.
Thie is ghoun by the Tived shy rinkege vhileh lnerenses fpom
approsinabely 99 at cone O to approximately 108wt cong 02
With the sone tempervature chonges the abeoyptlon decrenses from

approxisetely §% W approximnbely 1%. Those vepld chonges indieate
ghat the cloy 18 & ALfficult one to flre to a wnlliorm sizc.

This clay cannot be consldoved sulbtable for the mapufactuve of sower
pipe unless a wore refractory clay with o long fiviog yenge and low

ghrinkage 19 added o improve the fired praperdlos



Tho HeHose and Crogsmon firzeclays (589 and #00) from Hew
Jovaoys U«lels have unfived and $ired chovcetoristics whieh
are simlilasy Lo gach obthors Théy sve sufe dyying and have
drying sheinkages of soproximately &8s They sre both open Fieing
elays with long flrlag vongess Tholp absorption decrenses fvom
approximately 207 ot cone 02 bo apprdzimstely 149 ot cone 10«
During that same lerpe tenpervsture interval the shrinkage
increases fyvonm approgimately 1% €o spproximately b to 0.
Hiztures Of=1 and 9P~2 which are sinllayr o tho bodles

commondy used ot the plant ave mede up of 63% 5t. Johns clay

3 o EET 0 aneend e tn £31 LIV SO . PR A P o 4 i S N B S o
and 355 firveclnys These mixbuves do nob dyy sstlsfaetorily uwider

rapld deying conditionse In onch cose the Piveclay increasaes

the fiving vanpge of the Bbl. Johns Clay. Howvsvery al cone 02

T

wasre o hoard dense body is producsd the fived sheivkape i
approxinately .99 which is undesirsbly high. The test results
ot these two mxbures indlcate thot oxtveme cave would bo
roguired In dryings ond closgse and unifoem tempovsiure control
dupdng Tiving would be necossary vo produce a deasey uwnifoenly
siped sewer pLpoe

In bodiey Gim3y Uiehy and Q=5 15,80 and 2% crop vospectively
iy added to o Bte Johng olay -~ Hellose fiveclsy mixbore o vhich
sha Potlo of loeal celay So Civegloy Lls approximately 69 to 35
The drying choaracteristlics are improved by the grog but the
tendensy o orack with rapid drying is not elininsteds The
dryiong and fired shyinkege is reduced and the abgsorpiion decveascds

Thug the gpog enables g bard dengoe body o be obisined in which

the firved shrinkage of approximately 4 to %% a2t cone 02 is

conaiderably leos than Lo 7a89 of hody 9fwi.



S8indloy vo

2«0 in which 19, 20 and 258 geog res

aults arvo observed with bodlos 91+6, Fie¥, and

peotively ig added Bo @

miskire of &bl dJobn and Crosswen elay in the spproximete ratlo

4

68 &0 35. Thae brigsobfes have o Dight tendeuey bo srack

with rapid dvyinge The grog réduces the deylng and ool

¥3

sheinkess and ineyesses the absorpblon of these bodies wl

-ﬂ

they ave compared o body Fi=2e

E %

e M oy ¥ ey 8 ends B g WIS NV & . . s % ;
Body 91=28 conpisting of ¥ Bt Johnsg cday

3 5 g Pk - § =‘~ oD ned g A I Y 5 ¥ 2
cloy and body 91=9 consisting of bOE Si. Jolms clay and O

Ceogsmnn olay hove a very slight temiency o ers ol with @

deying. Thore ave vepy fal

.(

nh eracks on the top of the tost

5L

anld

K]

pelonotbes tndicating thet Witk the Bt Johme clay reduced o

B there might eBdll be a2 tondeney Lo opacl Bedor SOVEDY drying

sonditiongs The fived charscbevistios of 9i=9 are & 1ibable

foyr sover plpo prodnciion. Ne Pived essulis of GfwB8 wore

obbeived bub they weuld Jikoly be simlley to 9i=%. o furthey

work weg cavpied oubk on slabupe
hoaanne of dhe cost of 1

A

vy KW P " it ,; af "
Todies U1=-10 and 01=12 contsiuing 257 and 208 grog »

s heving o high Slrsclay conteont

aying down the fiveclay ot the planb.

spachively

spd haviog & rotio of Sbe Johns clay o il Loy of 50« 50 and

WieBE paspecbively ovock vevy slightly in repid deyings Yhas
it is poselble & litile drylug difficadsy might be expovioncosl

nnder hob and dpy condiblons. The fived cheracterisiies ©
91«40 ave ssblsfocbory snd it is likely that body Giw12 v

have sinilap fived propertles

2

Body 9i=-11 In which &0 scdiug ehlovide was : added o the

uk

plant mix of 0685 Bt. Joly
in dryings Sodive chloride was not considered do bo 8 W

pd po Furtber work was caprled eut ale

oiay end 3% Crossman olay cracked

aivke

eng this 1ing.
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Ammonium ochloride {(SW5%5) was added o body composition 91=10
0 Torm body 9113, There wag no apparent Lmprovemgnd in drying
Teow thig chemieal apd so idg wse wug discontintods

coymuonly used Lov

W

g et S 23 N o €T Al B
Hydrated Jime - (a{llijpy = which is

agplenliural purposes proves Lo have o moavked afTect on 5is

and $i-1% ghiioh are wade up of 8%

zu’

dJobmz olsye Bodfes 9letl .

Johme clay olus sdditions of 87 and 19 Cal0H)s rospectively dvy

3

gnfelys The plasilcity and workability of the olay are grantly

veducad. PThe flved shrdinluze and hordness ave reduced, and tho

gopption 1 Inoresselle Afbap Tirings all belguetbes of thoso
Huo bodles are covered with & white soume X% Is appavaent thet

hydeated Linme laproves the deying guallities of the Ste Johns
cluys Howsvers frvom the resulie 1T le evident that epprozimately
1% ig considerably in czvoess of the smound peeded to provide
progoy workabllitye good plostiolity ond & fived product Troee
Gf S0

Body 91«16 conbaining 657 8. Johns clay 387 Crogsmen olay
and Ge Bl Callil), dyieg ssfely. Hody 91=17 containing the saue
proportions of the songclsys and 0438 Cal0ll)s hos o vory siight
tondency o epack lo drying. Tho vorkability and plastleiby of

435

are a Yow white seum apscke on bthe

3
[
)
fﬂa
(1)
F9d)

gach ong ave gotds
31=16 brigquebbtes Indicating thet G50 CalOl)p isdlightly
in exeesy of tho proper veoulrements. Thus, indlestions ave
that a body a@ﬁt&imi&g 6855 Gte Jobng olaye 357 Crossman olay
and asperoglmately GW48 Cal{dH), should dry satisfsctorily,.

.-

extrode properly, and produce a satisfocbory firved produete.




Bady 9118 containing 792 Ste Jobms clays 284 Crossman olay
ard G5 CalDH)y hag o slight btendency Ho craeck ip dryling.

p23

Aceordingly, to sohiswy o safe deying body when the Bt Johnyg

¥ 3 A, g a4 oy 2 PR e o 7 SERIY % =
clay 18 Y9 or gre-ber tho porvoentoge Ca{0H)y should be slighdly
e S Rlamen 0% 888 S T 4w g g N o gyl
groaber thew G55 bt probably pob exesedling C.fE.

Pody M=18 containing 206 grogy Q5%

Crogamen oloy ratic of 65-1Y drilez safely under sover conditlons..

Y

There is o gresd deal of excess whlbe sour on the fired Lydqunbiss.

2

Vhas mhﬂ‘ clay is venloced by grog then the Ce{0H)p regulrsuent

for the sbove body appronbmahely

m’,-

is reducet. Indlcationsg wsre thad
Cad Ca(OB)a would produce o safe deying body with 138tle
wisible white scum on She Dired produneb.

fove S3friouliyis oxperienced with produsing safe deying

() 3,

bricupttes mde up Trom nixtures of 8. Johmg elay and MHeHewse
fivectay, Indtizily veaplous povcsnbages of Ca(UGH), vere sdded
to She plant sixture of 690 St. Johos elay snd 38 Mellose olaye
Fhose bodles are Piwady Q=20 P1=82y and 91=27, conbuiniong
Dy (b $@7§g and 108 Ca{0l)y rompoctivelve Body 91~20 hasg
o gtighd iemﬁ@mgv o orack in eapid deying and the balance hove
o very siight weedency B0 crocke Thus thove fs 13tble opparent
sdvantage of adding Caldl, An exeess of OW8%. I% Lg Qikely

at body 9i-30 conbdining ﬁ'”” m{0i)e would dyy selely 49 care
wag exevelned in deylngs  Phe fired hyicuebies sre siullar in

sroperbles do those of 91-1 excopt that They have a few widite spobs

IA

Yy

from tho Cafl0Hig. The unilred brlcusties of bodles 9122 and 91«27
show ovidence of havipg o seum apnd althouph they were mok flred 1t is

soparent they would bg dlsecloured by o white surloee Solme




Boddes 9i=31 and S,:;‘*’?’? arg sinllsr

w.u‘!

Johme clay, 299 MeHose olay, 155 geog)

'ﬂ’"’

o2 .
3 % e
‘i\ 'e

wi il oxcoptian that

P24 contadns 0a9% CallH), and 91=23 contelng 079 Cafon )

Tue drying chovachetristies sve lmprovad by the Caldllls although

8 very silght fendency o opack romeins in Ui1-D%.e

3 o A 3 oy 3} 2 . 5

is sofe drylipg bub is

s ot § e e g T * & &
brlgustves apre covered with a vhite

the povesnd Ca{0Hiy 18 too highe & fow

(U} wove obsorved on O1=8f.  Indieatd

Pody S1=-33

inclined 4o be shordt and the fired

soun which indicates tha

17

white gpocks FTrom the

slmiler to 91=21 cpuld probsbly be processed gabisf.eSorlily in

the plant provided cove 1 srerelsed in deying. ¥

coptaing 159 grog vhorons 92 condaing

1is mixture

no groge Thody deying

\,1

charaoterisiles ore sopgvhint siniloy and in asoh cogs sode oavre

opncl with

dyying and agoin care would be aedded in deyings This alxture

X.}&'

gonbaing 500 St Johhg olayy

00 £70ge Thoere srg o fov white speocks

Fired brigusbtos.

Migture 91«25 haz o 50«80 vatlio of
fleeciay plus 158 grog ond 2489 ad0il)a.
under sov
apaeirs from the Caltill.. It is 1llely

O 888 Ca(0H)y wonld be o lorge onough s

i‘?iﬁ"@ﬁlﬂ?f = Ge %‘?‘: Saf 0} Da and

from the Caf{til, on the

+ &

Bie Johng olay to HeHosg

Thisg mixture L safe drylog

e condlilonse  The fived Drlouebbes condyin a fev white

diition for this combinablone

T8 should be noded that oll briguettes weve hand swlded indo

piasble ness which would contaln nmove

molabure bhon the obdff aund

turge Ag 2 vesuelt the dvrying

sherinbages and wabterm of pleostilcliiy reported berg would bs highoy

than on the plante




The 8%e Johns loesl clay is o A200lculd smterlsdl to dey
sotvlsfnetorily and 1t has an oztrewmely short fiving rongs. In
ordey o make uwse of this materdal in the productlon of sowor
pipn, additions st be thede to 2id deying and to lenpdhen the
Living rengu. Hoiose and Crosgman Direclays whieh are usad ab
the plant sre safe deying and $ond to lengthen the firzing range

.

of the H3t. Johns meterisl vhen added in poroontageos of 3%

<}

5% Ste Johng clay and 3159 $lveclay

ﬁ',i’x

grooter. Conblnntiong of ¢
whieh sre the wsual plent migtures are difTiculd to dry due
0 the lorge guantlty of the Tormey materiasl. Additions of

grop propared fyvom sopep ware and omall percentages of

hydrated lime = Ca{OH)p, = zld the deying chersctevistios and

3

in meny cssos lnprove the fired propeztics of tho tesd

brlguettess Indications from the mizbtures investisalted are

that bodies contelolng Molose olay sre move difficuls o dry

ander sever condltions than bodies countsining Crossien elnye.
Prelisinaey tosts welng ammonivm chiovice (HE,C1) apd sodlum

ghilovrdde (N&C1) lndieste thet these chemlonis will not imvrove

Arvings

Additiong of grog from 19 0 2598 to St Johns olay - fiveaiay
Cmixtures having on approxlmaste vatio of &8 « 39 improve the deying

chapractoristicy bud do not endlrely olinincte oracking under
sevore drying conditions. Mixbures conbalbing wp to M fire=

slay apd 20 to 25% grog also tend to creek very silghily with

rapid deying conditions. The grog In oll the sbove ccges reduces



u‘igﬂ

The drying end fived shrinkege and incveasog the absorphion
slightlye. Thus the grog hog o beneflicvlal effoct alshough
¢ dogs not entively eliminate the drying tyoubles. It is

Tikely thet 159 will be the mexlmum quantily that can ho usaed

suecesafully ot the plente. It will probably be diifienld o

Y

A

obtaln sulilclient soyap for the use of a larpgeoy porcanbape
and in sddition tos great o peveenbsge often cauvsss bronble at
the cublers
Suwall addiviong of bydrated lime to S%. Johng olay inproves
vistics,y reduces the plagbieliy, wvorkabllity

b ey BT S L R B sre o s & PR IN e S N R 5 +f " W ,
snd fived harvdnowssy sid iverenses tha absorptlione. This effeeh

z,

ie nlso obhoerved in Hb. Jobng elay = fireclay nlzxbures centelaning
Cal{tf) s  If the hydeated lime iz slighily In ewcess the fived
product containg o fow white specks while i 1% is considersbly
in excess the Lived produch iz coveved with & vhite scune In
the maJority of csses aspproxlmetely Ga3 to @;“ﬁ Cal{Qd)y produses
good resulits In the lsboratory. With this guantiity the

workability snd plastlolty of the variows mlaturses sre satislaclory.

\

Conseouently bodles containlng 0.857 Ca{lH)y or less should
axbrude proporlye
body mede up of 6% 8%. Jobmg cluyy 359 Crossman Clyecluy

and Ouf¥ Cal{Oll)y dyles safely under ropld deying conditlons in

2
b

the laboratorye. It is concluded that probubly CuhE Callit),

would bo sufficient in the ahove mixtures The resulbs

sadicate that & gixburo mede up of 537 8t. Jobns clays 279 Urossman
elayy 208 grog snd epprozimatoly 0.3% {08}, will dey satlsfactorily

38 white ddseolouration afber fiving. From conslderation

&
2,
%

and ba froc
of the sbove twe mixbures 1t may be concluded thed 1T the Bl

Jobns clay=Crossman fireclay vatio i malotelned at approzinstely
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{3

GEw35 then & safe drying body should b obbuined by varyiag

e
ey
i=t
64
&g

o

cvog from O o 200 and the Ca{oi)p from G4 So Gl The
pareond Cal{Ollly required for sobisfeebory vesults vavies with
the ancant of Ste Jobng clay in the sbove wixduros.

The resulis lndieate that mixtures of Sb. Johns clay and
eloge fiveclay are move difflieuld Lo dyy thon 8%, Johns ¢laye
Crospaen fireclay mizbucse. With sare In deying 1% is llkely
that o wintuve of 6% &C. Johns elay =~ 3% Mellose elay apd Wb o

OB CalOll)s will doy sofely and sxtvude satlsfooborily. Addition

of grog to the above mixbure wlll probably prove benoficial
adthough whon 19 grog iz added thevre i obill 2 very silghs

tendoney towsrds crseliog oader severe drying condlidonsg.

N S o enal® 20 BTN i T o~ Foon il ep g - o o
A mixture of Lhd® Sbte Johns olayy LWEE HeHose elays 198 prog

pod GuhE bo Owi¥ Calol)y drieg safely in the loboeatory and Is
relatively froe 60 sceume WYhen the prog is removed from

the shove body and the clays maintained in the same ratio theve is
& very allpght tendenoy b0 orsell In devinge

It g recommended the® btrisls be mnde a2t the plant of the

s

verioug bodles vhlch were found safe drying oy noorly sofe deylag

under severg dryiog conditliong. Telals should preferally be

mode on Ste Johng olay « Tirsclay mixbures havipg o vatlo of

GE=38, Up o 187 grop would bo benoficial i¥ a sufficiont susply
i avallebles AQ01BLons of Ge38 to 050 0a{0il), should redueo

e

driey losses. The soodnd of Ca(Oii)s reculred will deopend maindy

Fa

o Bhe tobal guenbity of Hb. Johns clay used in bthe mixture, on

o Qi

the offect on exbrusion, and an the ¢ffect om bhe {lred vroperiles.
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It 49 very important thoi the ingredients of each wixturs ara
messured cccupaboly ond mixed thovoughly before the wre ig
fopmeds Tho dryinz should be conteolled properly. Inttially
drying should be eoreled cub in buwmid conditions so that the
ware con po thoroughly hested with 1ittle evaporabtion talking
ploce,  As the deylng progyusses the bomporebure can be
sunereased snd- the hunlalty decressed uwndil deying is complote.
Those conditions ean oxist only vhere there ave Lenpsraiure
and humidlty controls. A11 plant tests should be Tived under
pormnd plant conditions.

The sovere drying conditions which wore uzed dn the
laboratory iuvestigetlon wre probably more gevere than the
nopmed plent dryisg progrume  Consoquontdy. as manidovod
proviously, nizbuces whilch cpscoked very slightly In the laboratory
would prebably dey ssfely ab tho plant I¥ rensonable oure ig
emplaoyed in dvying.

Po summztize, the follovisg bodles dried sefely and
theiy composition vhilizes o substantleld propoviion of S

Johre clay so that they should be glven plant Teislst

v
*

&5% S4e Jobmg cluy
3% Crossman fivselay
Dl 40 VuT CalOl)g
e 5% Hb. Jobng olag
2% Crossman fireclay
20 prog

Ged% CalOH)p

L3

{rotor the percent grog mey Do reduced below 2053.
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]

Be bt 8. Johns olay

15% grog

o
s

iy
ttiv

v Us t)»}x; {:liéi{{}ﬁ)a

The following bodizg epacked very siightly ia the
labovatory investigablion and should be considered for pland
trlals provided toviel cave 1s exevelsed In drylogt

Te {S\’f)"fgg Ste Jobns (31:33}'

358 WeHoso clay

Oult G0 0t Cal0H)g
2. BGE Ste Johns clay
154 gro

Goly 80 0w Cu{OH),

&%

. W’Lcw

Caraale Rogiooey




