
. . ~ 

. . . 

' 

.rt,\'!/ I•} 



' I,' . - ._, ·-- - -- ______ ..._ _____ ---~ .... 

.. 
~) ..._ 

- ~ 

.) ,, 

-.. 

Pemb~.n ~i • n ~ r. 

~ n t eduction: 

.\ <,, t ( f 

t'"'.n.:Ltob:i, :: 

·-· ·rh.: 

..... .i. 
·, t.. : .1 ))..._ .i r· ,,. .. t 



0 ,.; 

n i. !J 

? • (. 'l 

- 1. H ,, 

105 (' 

r 

·r n c._nrl.l 

r· ec oil. lt- 1 ~ e .: 

( t' CC? Fou Ki. ':! 

· t t, . 1_ : e ·1 

. ,, 
..... ' : , , -

t· . ' • 
I ' 

1 '. . . . 

l 
• . . 

.... ! , 

,,. i 

-' 

. . ' 

.l 

found. ;) ~ 0 i!L l . .. , 

nd -cyp"• .o: t·:b-<1 ~ r', 

rr { ~··· ,·.:i 

1.;,r· i t J -~ 

,...1 .. ,, 

{ 

strr·n: t• 

l(): 

\"c .. -- __ ....... -

'.: 

':~:) 
x ' '· , 

... ~'\ - , 
l'_) 

' ,... 
! ' 

1 . ) 
.- -,.;_ _\, 

• 1 l ( 

r __,. 

CS·' d i:; -~' ... '1 'J . i:.; •• 

)· 

.r 

: . ..... , . .... 

- ., 
·'-· .J_. 

,, r:, :bo .. nen t; 

•" C US'3 · 

. } 
A.F fl..c) 

.i t"t 

I C t :•.f7s ~ v ... 

3 it 

lr m 1J s tm:"d 

- i-)r Cr.)n ".~ 

.. ~J t'"1 l! .._.et. 

, .. 

tl 

, 

--- -------
C ,C 
0 .. c. 
'-i J8 

i..~2 ~ () 
r. r• 1 
"-"'-•' •·. 
1 .. ., '7 
·l·'-'" "J ) 

0. ':! 
C; oC5 
c ,(1;:; 

... . . •.,ro1~1 

d 

:s \·he 



•• 

-. ,• 

·' 

. . 

o .. ~othod .. ' r -;ti rhr 

·o~ '3 tu e +-r: ' · 'le · -'' .... .. ~_L•----~--= :.~ :-" 

' y diffCT't3l t b LI.dt3l' 

·a J .:. s t u r 0 c - i: , .1 c • 

. " .... 

.r: '.' u .:. ilC 

1'10 .. · _ ~ . .:.ng LflD.'.1;;; V<;..r' j 'A.ltlOlJ NJ.t 

\. as _t t•m .ntid, d.nd .... •c o. ti ~urn t~r1p 0r ·1v .2 1...i.sed l 1 :;.11 subse-

quent t"3 ~ t.s . 

. temper t." ~ ~ .u:.d~ ·.:;·.lt., t'J ''Ni: a1 :t:: t.y cu~· v f-. ·Na.; usecL 'l .)WH.bili ty 

men bet· ':I L th-3 f ur•: .. l an.~. f ~ f'th ~low~ of ',,he ~ and r ar. ~ler 

formula is. 

l r,n .. ' J • , 

lr t. ''J tsan .. : th ~ oi ~11 inch, of the 

cut ~e s ere :3how'1. ~-n l·'t!.u1.·e. l, 

' 
11 ~ ~:vra 

· --~-~ i~. --· - ---- -



. ... 

.• 

· F a g e "* -
(Moisture t o Temper , c ont 1 d) ·~ 

>
I-
_J 

en 

85 

~ 80 
0 
__J 

LL 

MOISTURE TO TEMPER 

4% WESTERN _ ___ _ 

3 .75% SOU THERN A _ _ _ 
4% SOUTHERN B _ _ __ _ _ 

3.50% MANITOBA 

7 1 .~ ........ ~---"-~~~2~.o,_-~-'-~~~3.~o,..-~-'-~~4~. o-:--~-' 

MOISTURE - % 

M0ISTORE REQ.UIR.EMENTS. 

Hot Strength: 

'rhe hot str eng th of sa.n d :t s a n i mportant factor in 

foundry work. I f tha ho t strengt h is too low the metal will 

cut and wa sh t he sand. Excessi ve ho t strength results in hot 

tears and casting cracks in t h e me t al . 

'.Phe s pec i mens used i n the h ot; strength tes t were 

cylinders 1- 1/8 inches in diame ter by 2 i nches long . They 

were soaked i n a di lat ometer furne.oe a t t h e g iven temperatures 

for twelve minutes bef'ore they were broken . 'l'he r e sults are 

tabulated b e low :!.n Table I, a nd shovm graphically i n Figure 2 . 

Temperature , 

TABLE I. - Hot Comc es sive Streng-th 
=.....,..="""" of_ ten toll! te s . 

° F. 'i~ es tern Southern A Southe r n B Pembina 

Room 70 24 30 20 
500 '70 30 33 20 

1000 70 40 40 23 
1500 120 3 8 46 20 
1 700 250 
2000 125 25 49 14 
2500 3 l 1 2 

.... S ... "ICl:i'A -= iW&"Q C9'TZ 



. · 

.. 

..:. uge 5 -

(Hot St rengt h p cont'd) -

400 

200 

-
u) 
a..: 

I w 
I- ..J 

(.,'.) <t 
(..) z Cfl 

Li.J 
a:: <.:> 
I- 0 
(/) ..J 

I-
0 
I 

2 

0 

Firrure 2. 
--·~-~ 

·HOT STRENGTH 

" / ... 

' ________ ___,,..... \ 
--- ---------, \ 

- - - - -::--;,.: =-' ~-.:..:-~ -.. """ \ \ ---- ""'" '\ 
\ \ . 

4% WESTERN--- --
3.75% SOUTHERN A __ _ 

4% SOUTHERN B -- -----
3.50'ro MANITOBA 

(SANOS AT TEMPER) 

500 1000 1500 

TEMPERATURE - DEG . F. 

HOT STRENGTH • 

\ '. \ 
~ ". ·, 

\ \ 

~ \ 
~\ I 

~·. 

2000 2500 ' 

Durabi lity: 

When moulding s a nd !s u s ed i t is heated by the metal . 

Th i s h eating causes de t eriorc tlon of the bond. One criterion 

of moul ding s and is i ts durab i l ity,, or t h e resis t anc e of t he 

b ond t o de terior.-.tion unde1 .. he~ t . 

The durab i l i t y wad te s ted by baki ng test b atches at 

t empe r a tur e s of 400 ~ 600 1> 8 0 0 ~ 1000 Qnd 1200° F. 'l'he proper .. 

ti es of the bentoni te~ bonden san do were t es ted afte r baking 

at each of t he s e temper&t ures . ~he durability w&s measured 

on the bas i s of green bond ~ tcughnoss (gr een bond mult l plietl 

by tlo i.'0~'.' r:mtlon, in thou :--rn ·.i.dths of a:~ .t;:-ich) ~ a nd C.::.ry b ond o 't' 

The s e res ul t s a re t abula ted b elow in Tables IIP I I I and IV, 

and s re al s o s hown graphically i n Fi gures 3 , 4 and 5 . 

(Continued on n ext page ) 

Gr e en sand c ont a i ns t emp e ring mois ture , and dry sand h a s 
h a d t h o mois t ure driv en oi'f af' t er moul d i ng. 
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!!?fr~.! · - Durabi l i ty of Gr e Gn Bond . 

Ea.k i ng v Temp ra.ture, 
0 

~-- Western Soutnern A Southern B Pembina - --
2213 6 ,.8 ? ol 608 609 
400 ?.l 600 6.0 8 c4 
600 7 0 9 40°5 4 o3 50 8 
800 601 302 3 00 2 0 9 

1000 4.,3 i . :3 loO lol 
1200 o.9 008 0"7 l oO 

= I I 

TA?h!..!1.1· - Durability of Toughness~ 

Bakiug 
Temperature. 

0 F. Western Sout hern A Southern B -----
225 102 '78 75 
400 96 . 54 51 
600 91 36 25 
800 58 1208 llo5 

1000 ..:. 9 .4 4 3 
1200 (J 0 0 

:n w::;;w::ww~..,.m ..-;-..an ... 

TABLE IV . Durability of Dry .. 
Baking 

Temperature~ 
0 F. Western Southern A Southern 

225 78 30 34 
400 69 35 4? 
600 47 20 30 . 
80 0 47 20 24 

1000 9 . 5 12 10 
1200 l.0 1.0 l . 7 
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DISCUSSION : 

Ex mination of the t est results reveals that Pembina 

bentoni te hs.s simila r properties to the s .. called rt southern" 

bentonites 9 produced in the southern United Statee. In c om-

parison with western b en tonites, f rom the Black Hllla of South 

Dakota and Wyoming, these bentonites possess the following 

properties : 

(1) High green bond. 
( 2) Low toug.'1ness. 
(3) Low dI'y bond . 
(4) Low hot strengtho 
{5) Low cura ility. 
{6) Poor suspending propertieso 

The use o.f southern bontonite 1:: the foundry industry 

is a fairly r ecent d eveJ.opnH:mt , and the demand for this mater1'1.l 

is growingo It should be recommended for foundry use only 

where its peculi2r properties give it an advantage over the 

more commonly used western bentonite . Following are ways in 

which southern benton!te is proving u.se:ful: 

(1) ~xnthetic Sand -

The roost important use of foundry bentonite is as a 

bond for synthe tic moulding sand~. In North America most 

steel foundries use synthetic Sil.nd o As steel 1s c&st at very 

high temperatures the better durabili ty of western bentonite 

makes 1t the logical binder for steel sa.ndso It ia also .found 

that the high dry and hot strent;t;hs of \"lestern bentonite are 

helpful in preventing liquid metal from cutting and washing 

sand into the mould cavity. 

Some s tee l foundries on light work experience 

trouble from cracked castings, because of the high hot strengtb 

of western bent oniteo As the metal shrinks on cooling t he 

sand may crack castings if it is too strong . In such cases 

a bl~1d of western and southern bentonites is used to control 

the hot stI"en th. (nsouthern Bentonite in the Steel Foundry.P" 

Most cast iron and non-ferrous foundries use 
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(Di scussion, cont' d) -

natur a l moulding sand, bu t some of the larger producti on shops 

use s ynthe tic s and. As these meta.ls are poured at l ower 

temperatures than steel, the lower durability of southern 

ben ton1 t e would no t be so objectionable. However, i f south-

ern benton i t 13 ere used as the only bonding agent for these 

sands _ its low dry and hot strengths would result i n wa sh ing 

of the sand by t he metal. A judicious blending of western 

and s outhern bentonites, to control the hot strength~ would 

produce t he mos t satisfactory bond for malleable iron, cast 

iron and n on-fer r ous synthetic sands . 

Magnesium, which is usually poured i n s ynthetic sand, 

has a low pouri ng t emperature. This metal is so light that 

it should not wash in a sa d with a southern b en t oni te bond. 

The low ho t str ength of magnesium makes it desirable t o pour 

it int o a sand with a low dry and hot strength, to prevent 

cracked c asti ngs. The use of at least some southern bentoni t e 

in magnes i um sands is standard practice . However, the vol ume 

of ma gnes i um at present cast in Canada is quit e low, and offers 

a limited market for bentonite. 

(~) Bentonite in Natural Moulding Sand -

Most small foundries using natural-bonded mouldi ng 

sands fo r non~ferrous and cast iron work do not posses s a s and . 
muller but depend upon mixint; their sand manually . The natural 

bond b'urn s out as the san<,l is repeatedly used, and the sand 

must be r ebonded. This may be done by adding a natural sand 

with a high bond, or by adding clay ., Western ben toni te is 

not s u i table as a rebonding material under these condi t ions, 

as it mu s t be mulled to develop its bond. Southern bentonite 

1s more easily wet than western bentonite, and .sa t i sractory 

resul t s can be obtained by mixing it with the sand manually. 

The h i gh bond imparted by southern bentonite with littl e mix-

ing makes it one of' the most satisfactory rebonding .clays . 
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(Discussion , c nt'd , -

(3} Bentonite i Po~~- C r~ s -

Foundry c ores a r e u.s ue.lly 0onded with xiai zing oils , 

such g.s linseed , wl i ch 1 e e.l op t~ ir s trength on baking. 

When metal is cast a r·oun d t h · s c core~ t . e o_i l bond burns outs 

llo~lng t h e s an t · co· 1 ;.:rne, nd t he meta l con tracts with

out cracking.. In add i tion to oi l , core sa d requires some 

material .. s uch as c er eal flour or clQy , to make it workable 

in the g e~n s t ate, a nd t o enable it to hold its shape until 

it is baked. For small c ores , c ereal a.lone may be used, but 

in large cores, which require ~ f airly high green bond, 

b3ntonito may be US 3 d in conj ne t on with the cereal flouro 

Cereal flour ~lone i s not u se to give a high green bond, as 

its use in xcoss gi v e s t he sand. -oo h igh a plasticity~ 

In o i l sands, t he u se of be:r~toni te is uneconomical ~ 

as 1 t absor bs t he oi l b :i.nder and destro' e 1 ts e!'ficiency. 

I!' bentonite i s u ed .u how$vsr~ s out ern benton1te has an 

advantage over wes t e r n ben ton t e because of its lower hot 

e trengtho 'l1h e high hot strengt h of wes t ern bentoni te is 

usually a disadvanta~~ in c ores, as it prevents the sand from 

collapsing a nd resul ts 1n cracked castings. Sometimes, for 

heavy metal secti ons , a high hot strength is desirable, to 

prevent the sand from collapalng too soon and the sand from 

washing into the mould cavi ty. Sillc~ flour and iron oxide 

are usually preferred to e s tern ben"l:;on1 te as high temperature 

b1nde::-s, bee use the exces i va s ·crength of western bentoni te 

aroun.d 1700° F o i s ia. so·,1rc a o l' ti~ouble, ~nd 1 ts excessive 

consumption of oil i s une conomic:ll. 

f{es l n 10 s on etimes us e instead of oil to impart 

baked strength to foundr y c ores . Resin is not absorbed by clay, 

and therefore works well with bentonite. Combinations of resin 

and southern benton1te can be made to produce results comparable 

with those &iven by the usual oil and cereal flour core sand 
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(Di scussion, cont'd ) -

mixtures. In r ecommending southern ben tonite as a substi tute 

for cereal f l our it would be wi se, therefore, to stress its 

use with res in- bonded rather t han oil-bonded aands o 

Although cer enl flour i s usually preferred to 

bentonite as a core b i nder , it is at present unavai lsble to the 

foundry indust. • Substi tutes such as bentonite and sulphite 

liquors mus t therefore be used . Southern bentonite is a bett er 

substitute than western bentonite for cereal flour, because 

of 1 ts low hot stre::lgth . '11he use of t his ma. terial by t he 

foundry industr y will therefore be increas ed while the cereal 

shortage l astso 

(,!) Bentonite i n Cores and Mould Washes -

Bentoni te is ue ed as a suspending and bonding agent 

with silica flour as a mould and core wash. Western benton1te 

is better than southern bentonite a s a sus pending ag ent , and 

is theref ore the better material to us e i n mould and oore washes . 

~01. CLUSIOI\~ : 

l· Pembina bentonite ls similar to the type of 

foundry bentoni t es cl as ~ed as "southern '' benton1 tes. 

g_. Low drying tempera tur es should be used when pre

paring Pemblna bentonite f or sh t pping, as it deter iorates 

on heating . 

~.· '!'his ma teriRl may be us ed i n foundry work in 

the followi ng ways: 

• (a) Wi th western benton1te in synthetic sand 

m1xturesp to control the hot strengtho 

Synthetic sand mi xtures containing 

southern bentonite are used .for light 

steel castings, and in cast iron and non-

ferrous work. 

(Conti nued on next page } 
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(Conclusionp cont 'd) 

AEM:LB . 

(b ) As a rebonding clay f or natural-bonded 

moulding sands, 1n cas t iron and non· 

f err ous work. 

(o) To develop green bond in core s ands without 

impa iring coll p s i b111t y. I t shoul d be 

used w th re in-bonded rather t han oi l -

bonded sands whe r ever possible, a s it 

des t roys the effi ciency of c ore oi l as 

a s and binder .. 
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