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ABSTRACT

Some of the advantages and problems involved in
the conversion from manual to automatic coﬁtrol f&foundry
molding sand constituents are discussed. The rinchpal
problem is that a transducer capable of moniqéiéng ;éph
additive content is currently not available. The xredults
of a search for an analytical technique suitable for such
a transducer are presented. Of the numerous analytical
methods reviewed, the multiparameter electrical technique,
appeared to be most advantageous at the time that the
survey was made. A description of its experimental
evaluapion is given. While a suitable transducer is not

positively identified, guidelines for further work are

suggested.
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‘offered little improvement over the naturally bonded sands,

GHAPTER 1 . /*" —
P / £

;NTRODUCTION
b

The green sand molding process is used extensjvely \
by the foundry industry to produce ferrous castings.
cavity of the désired shape is formed in the sand Qit a / l
pattern. Molten.iron is péured into this cavity an%,allowed .
to solidify,. Upon solidification the cast?ng is b;bken out
of the mold, allowed to cool, and then cle;ned. °GJ;een sand
molding is a very old’production process. IE has been used
by mankind for centuries. At fiﬁst, sand that is now-
classified as paturafly bonded, was the~on1y material used :
For green sand molding. 1In eafly times a successful foundry
oper;tion depended upon the availability of a'sand deposit
with a geological origin such that silica sand qréins and \
o~

clay binder existed in a suitable combination. Synthetically %
l (’

bonded sahdsﬂwere first introduced in the early 1900's, when

a sand consisting of very pure silica sand grains was bonded
with an appropriate quantity of fire clay. These sands ,
\ ’
o

A big improvement came when high strength bentonite clay was
first used as a binder. The uke of this material enabled a
reduction in the Binder content and improved'many other 'sand

properties. Nowadays most foundries use synthetic sands

1. - Q

| -



using bentonite as a binder.

o

In addition to the sand grains and clay, a typical
synthetic green sand also contains a small amount of water, )
called tempering water, and some finely ground bituminous
coal, known as seacoal. The function of the tempering water
is to make the sand—clay‘ﬁ;xture somewhat plastic and to
develop cohesive strength. Plasticity is required so that
the sand can be molded according to the contours of a
pattern even if it has deep draws. Strength is required
so that the mold will retain its shape while the pattern is
being drawn, handled physically during the core setting,
.mold closing,, and during transfer to the pouringr area
_‘operations, and while filling with molten iron. -Seacoal is
added to improve the surface finish of the casting. These
matérials and processes are described in more detail in the

é

second chapter. :

,Heat,'which/transﬁers from the molten metal into the
mold as the metal cools and solidifies, affects the molding
sand in a number of ways, four of which are mentioned below.

2 Firstly, clay loses all its adhesive power after
subjection to high temperature. According to Grim (1), this
is a result of either vitrification or complete dehydration,
both of which destroy the bonding property qf ¢lay permanent-

ly. Such material is termed "dead" clay in contrast to the’

"active" or "live" clay. This occurs only near the mold-

&



me&al interface where temperatures are the highest. Clay
some distance from this area is only partially dehydrated
and can be re-vitalized with the addition of more tempering
water.

(j Secondly, the heat turns the seacoal in a thin
layer next to the mold-metal interface into coke which gives
rise té a reducing atmosphere inside the mold cavity and@
closes in the Opening§ between individual sand grains at the
mold-metal interface. These two phenomena prevent the cast-
ing defects known to foundrymen as sand burn-on and metal
penetration respectively. More detail is given in chapter
two. )

Thirdly, the heat drives some o0& the tempering water
frgm the sand mold in the form of steam.

Fourthly, a layer of sand adheres to the raw casting
when it is broken from the sand mold. This sand is lost
during the cleaning process and represents a drain on the
total amount of sand in the system.

These four effécts along with the fact that in a3
modern mechanized foundry, sand is continously recycled, make
it necessary to add new sand, clay, seaccal, and water to
compensate for the depletion of existing constituents.

The total amount of each additive in the sand must be

rigidly controlled or else the quality of the céstings pro-

duced will suffer. Part of the third chapter of this report
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deals with the required amount and allowable variation of .
each additive. . K

In most foundries the rate at which new additives
are introduced is controlled manually Ey the operator of the
sand mixer. This man has two basic sand testing methods
which assist him. One is as old as the foundry industry
itself. The test, known as the hand squeeze method, simply
involves picking up a handful of sand anq sgueezing it. An
experienced operator can determine its clay and moisture
content from its texture, compactibiliéy, fracture <
characteristics, etc. with a reasonable degree of accuracy.
The hand squeeze method remains the front-line method of
monitoring the constituents of foundry molding sand. A
second control is an entire battery of tests which have
been developed to assist the muller (sand mixing machine) ,

operator. Most foundries employ a mah (or men) to perform

these tests periodically and post the results near the muller

operator. 1In one typical automotive foundry, namely General
. ~

Motors of Canada Ltd. in St. Cathariqgs/ Ontario, these tests

are done once every 30 minutes. Tgé muller operator uses

the results obtained from these testing methods to monitor

his hand squeeze technique and to'coﬁtrol the seacoal content.
This control procedure has §everal inherent weéknesges.

First, the sand is tested at relatively lengthy intervals and’

long after it is mixed. Second,‘éhere is a high degree of
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reliance on the human element. $The combination of these
two factors result in a slow response to changes in the
return sand analysis, and causes inconsistencies in the
prepared sand additive content.

Some foundries have equipment to automatically
control "the sand moisture content. These contréls appear
to lack a certain amount of sophistication, as evidenced
by the fact that, in several installations, they have been
observed to be on manual over-ride on a continuous basis.

The ability to mogitor the composition of molding
sand and to control the addition of all the constituents
automatically would be a significant improvement over‘the
existing manual control procedures; Such an édvance would
constitute an improvement in the quality of castings
produced as a result of a more consistently prepared sand
mixture, and a potential labour savings. The General
Motors foundry in S;.iCatharines, for example, has five
separate sand preparation systems which, depending upon the
demand for castings at any given time, require as many
as fifteen puller operatérs and three sand analysts.

A reliable control system on all five sand systems could
reduce manpower requirements to as low as six men, assuming
tﬁat two men on each of three shifts would be fequired\to
service the control syséems, realiéing savings of up to

$274,560 annually (12 men X 2080 hours/year X $11.00 /hour
»

=



$274,560.00). The major problem in designing an automatic
monitoring and control system, would be to obtain suitable
transducers capable of detecting each additive at th;\\
required level of accuracy and repeatability. Such
transducers are not used in existing foundry practice.
Therefore the primary objective of this report is to
review monitoring practice and establish some of the basic
requirements for automatic control of foundry moldigg sand

-

additives.

&



CHAPTER 2

THE FOUNDRY GREEN SAND SYSTEM AND MATERIALS

The‘green sand, cope and drag molding process is
used to produce the bulk of all fe;rous castings. According
wﬂ_}b Heine (2), it occupies this position because of its cost —
advantages, versatility, and adaptibility sto automation.

A visitor to a typical mechanized foundry, which
utilizes a green sand, cope and drag molding process in the
production of grey, maleable, or nodular iron castings can
expect to‘find ééveral systems involved 'in the production
precess, each of which can, to a limited extent, be operated
independently. First, there is the system to melt scrap
steel, sprue refurns, and pig iron into molten iron and
prepare it for pouring. Sécond, thgre is a system to
recondition dnd recycle green molding sand. The.word green
"is applied to the molding sand of this particular process
because it is used in a wet condition...The use of the,term
arose from the wood industry where wet wood is alsé described
as being green. Third, there is'a system of machines used to.
man&fécture cores which are required to produce a casting
having internal tavities such as an automotive éngine block.

Cores are made from silica sand grains bonded together with
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an Prganic resin. Fourth, there is‘a molding system‘that
squéezés the green sand into ;Blds, assembles the molds,
takes them to the pouring area where they are filled with
iron, and delivers them to the shakeout area after sufficient
cooli@g time in the mold for solidification. Figure 2-1
shows that the mold is made in two halves. The bottom

half is called the drag, and the top half is called the
cope. Both are made by compacting green sand inside very
rigid steel containers called flasks. External casting
surfaces are formed by the impressions in the:cope and drag’
parting faces, yﬁile internal casting surfaces are formeh
by cores. iron is introduced into the mold through the
pouring basin and runners. These are also £filded with iron
where the;mold is poured. Fifth, the shakeout system sepa-
rates castings and sp%ue (solidified péuring basin and run-
nest’thch at this point, are still red hot, From the

Ay
sand in which they solidify. The castings and sprue are

loaded into a bucket type conveyor where they cool to ﬁ
ambient temperature. The sand gg_returned into the sand
system for recyecling. Sixth, when the castings andrspruex
have cooled, ‘they reach the fiﬁighing system. Here‘the
castings and sprue are separated. The sprue is transported
‘to the melt d?partmént where it élso is recycled. The
castiggs are put through shot blast machines and tumbling

it 2
mills to remove fins and sand eﬂ?ering to thg surfaces. At

| -
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this ‘point, subject to approval by the quality control
group, the castings are ready fgr shipment.

The above is a vefy brief picture of what the
foundry productioé process is like. While it is beyond the
scope of this repé;t to describe all the systems mentioned
Above in great detail, it is in line with the objegtives

to describe the sand system operation and the Eonstituents

of green molding sand more closely.

P T

P
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~ they bring out different mechanical'properties in the green

A. The Sahd System

The basic function of the sand system is to provide
a supply of green sand, consistent“iﬁ composition to the
molding system. As menpioned\p?eviously the sand system
reconditions and\recycles the sand. It can be éperaéed
independently 'of the rest of the production prégess. The
system with one exception, the, muller, is made up entirely
of material handling and storage componenﬁs, Aamely belt
conveyors, screw feedeérs, bucket type‘elevators, chutes, °
vibrating feeders, bins, tanks, and'piges. While’the
actual system configuration varies somewhat with each
ihséallation, the flow chart in figure 2-2 is generally
applicable to all sand systems. A desgription of eécﬁ?
numbered item on the flow chart is given below.

1) Additives

The additives used.in the process of reconditioning
green sand are water; c%py and seacoal. As mentioned in the
introduction, these must ge added each time the sand is
recycled to compensate ﬁbr thé depletion brought about by éhe
heat of molten iron. The clay is éctually a 30 - 70 combina-

tion of western bentohite and southern bentonite. These

_two clays are thought to be quite similar structurally but .

sand. Southgrn bentonite and water are mixed into a slurry

which is then piped directly into the sand mixer.. Western

4
. , ]
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sbentonite and seacoal are fed into the sand mixer in dry
form.

2) Sand Mixer

' The sand mixer or muller blends the additives in

witﬂ sand, which is continuously fed into the mixer from
the return sand bin via a belt conveyor, in such a way as to
obtain a uniform composition at the discharge door. As
mentioned in the inFroduction, the rate at which additives
are introduced into tﬁe sand is manually controlled by the
muller operator. X

According to the National Engineering Company (3),
who are manufacturers of mulling equipment, the blending
is accomplished "by the movement of the differently angled“
plows which divide and mix stratified charges of sand and
by the smearlng action of the rolling weighted wheels"” It
should be noted that the mixing is a/ghy51cal action only.
A chemical reaction is not 1nvolvedi\wéhe current drawn by’
the muller electric motor is determined by the amount of
sand in the muiler and is regulated utilizing the muller
discharge door. The control mode is simply - on-off. When
the current is below a, predetermined level, the door is -
closed. When it reaches a higher predetermined level, the
door.opens,'allowing sand to be discharged at a faster rate

than it is fed into the muller. As a result the current

falls off until ‘the lower level is reached which cause the



door to close. The effect of this control ac n is to
control the amount of sand in the muller. on bein
discharged from the muller the prepared sand is transported
into the tempering bin.

3) Tempering Bin

Properties of green sand that are useful for molding
purposes such as flowability and green compression strength
improve if the sand is allowed to sit prior to use. The
function of the tempering bins is to hold the prepared sand
for a minimum of one hour to allow this improvemfnf to
occur. It should be noted that some foundries do not have
tempering bins, claiming that the "cost of instalation does
not justify the marginal improvement in sand prppérties".

An example of a foundry that has adopted this line of think-
ing is the Chrysler Huber Avenue Foundry in Detroit Michigan.
However, most foundrymen agree that the best practice is to
use ;tempering bins. They also claim that the use of tempering
bins greatly reduces the occurrence of a casting surface
defect, known as scabbing, which is caused by the presence of
unabsorbed or 'frée water' in green sand.

4) Aerator ‘ .

Sand emerges from the tempering bins in a heavy,
lumpy condition. The aerator breaks up the ldmps and fluffs
up the sand such that it falls into- the recesses of pattern

more easily than in the lumpy'condition. After leaving the
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aerator most of the prepared green sand leaves the sand
system and enters tng molding systém. This is illustra?ed
on figure 2-3 which is a pictorial of a sand syste%. -Sgnd
entering the molding system is removed from the distribution
belt at each molding machine by a plow. A smaller portion
of the sand leaving ghe aerator remains in the sand system.
It is transported to the return sand system via the over-
flow chute, a series of belt conveyors, and an elevator.

4

5) Molding Machines

Its worthy of note that an automated molding line
usually has two molding machines; one to make the lower
section of the mold known as the drag, the gther to make
the upper section of the mold known as the cope. Both the
cope and drag are que by compressing a quantity of green
sand against a pattern inside a rigid steél flask. A
portion of the sand directed to the molding machines spills
over the sides of the flask just prior to the 'squeeze cycle.
This 'spill sand', like the overflow sand, is retufned inﬁo
the sand system via a éeries of conveyor belts and an elevator.

6) Mold

.

The copes and drags are generally assembled_into molds .
on a pallet conveyor.. The drags are placed directly on the
pallets, cores are set into them if required, and the ¢opes
are placed on top. .The mold conveyor ﬁassés through the

pouring area. where the molds are filled with molten iron.
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Key 1o numbered items in figure 2-3

number

W O ~J3J O Ul & w

_— =
o — O

mmx_\u'\)——‘g@m\'l@m"w

item

sand muller

prepagred sand belt
prepared sand elevator
tempering bin
Cistribution bett
vibrating feeder

Gredgtor

drag molding machine

cope molding machine

overflow chute
overflow belt
cope spitl sand belt
drag spitl sand belt

return sand belt
sand addition system

shakeout section
magnetic wramp ron separator
rotary screen

.return sand bel!

return sand elevator

return  sand storage by
seqacoal storage bin '
western bentonite storage bin
southern bentonite storage bin
slurry  tank

return sand feeder Dbelt
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From the pouring area the mold conveyor carries the molds
to the shakeout system where they are removed from conveyor.
The elapsed time for this part of the cycle is sufficient
to allow the iron to cool to below its solidification
temperature.
7) MNew Sand

As mentioned in the introduction, the additions of
new sand is necessary because of losses which occur when
some of the green sand adheres to the raw castings when they
are removed from the molds. New sand is introduced into the
system either through d&ores or by direct addition. Direct
addition of sand is necessary only when the losses exceed the
amount of new sand introduced by cores.’ In the case of core
sand additions the heat of the molten iron breaks down the
resin binder reducing tﬁé core to loose sand. This loose
sand enters the sand system'at the shakeout. If the core is
large or has bulky sections, the heat may not be sufficient
to break it down completely. The remaining lumps known as
core butts are undesirable in molding sand.

8) Shakeout

At the shakeout thé cope aﬁd drag sections of the
molds are separated and Fhe castings and'the sand that made
up the mold are dumped into a heavy duty vibrating feeder.

The pan of this vibrating feeder has Sratings that allow

the sand to fall through onto a belt conveyor below. The



19

castings and sprue are loaded into a conveyor which trans-
ports them to the finishing system.

9) Magnetic Separator

Small pieces of iron in green sand will damage even
a steel pattern. At the surface of the mold a piece of iron
will cause a flaw in the finished casting. Hence it is
necessary to remove these from the sand. Foundries use
magnetic separators which are suspended over a belt conveyor
for effective separation of tramp iron from the sand.

10) Screens

Screens are necessary to remove non-magnetic foreign

" material and core butts from the sand.

11) Return éand Bin

After screening, the sand is stored in the return
sand'bin. This storage bin: along with the tempering bin has
enough capacity to hold all of the $and in the entire system
including that in the molds.

12) Fines Exhaust

Green sand additives are fine powders which cause
dusty conditions if they are not contained. To provide a

tolerably clean working environment, air-borne particulate

matter must be collected with a dust collection system at all

14

transfer points. Some or all of these fines could be return=

ed into the sand system if it is so desired.

It is worth noting that there are three events which

occur within the molding system that Upset control over the
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composition of green¥sand at the muller. First, on certain
occasions some polas are not fiiled with molten iron. This
happens when the molds are damaged physically or when the

sand composition is known to bé incorrect. Sometime later

an amount of return sand fed into the muller will have more
than the normal amount of additives in it. Second, on other
occasions the patterns are changed and a production run oé a
different casting commences. ‘This almost always means a
change in the amount of molten iron poured which results in a-,
different rate at which additives are depleted from the sand.
The total weight of cores set into the mold will also cﬁangeg
in most Eases, resulting in a different amount of new core
sand in the returﬂ sand. All of the new core sand grains ’
should receive ? unifor@_clay—waﬁén coating and dispersion

of seacogl on the ﬁirst pass ghrb%gh'the muller. Both éf
these effects makevit necessary to adjuét‘Ehe additive | .
feeders when the. return sand reaches the mull?r. Thlrd,‘the
return sand temperature fluctuates. fhé largest teﬁperature
variation is an increase which occufs at the beginning of a
production period when the first sand cycled through the mold-
ing and shakeout systems reaches the muller. The temperature
will also fluctuate at the beginning of the production run of

a different casting if the pouring weight changes. . Temperature

-
s

variations change the amount of water reﬁﬁired in the reéqndi-<§\\

>

tioning process because evaporation losses increase at higher

-
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w

return sand temperatures.

In the case of all three of these events‘the muller
operator must notice the change in the return sand, assess
the situation, and make an appropriate .adjustment to the
additive feeders in order to maintaizﬂiiz;zol over the
green sand.

Finally, a word concerning the size and capacity of
a green sand system. As mentioned in the introduction, the *

°

General Motors St. Catharines Foundry has five separate sand

systems having prepared sand delivery capacities ranging

between 250 and 600 tons per hour. The combinegd total

capacity for that particular foundry is 1950 tons per hour.

The total amount of green sand in each/of these systems range

between 300 and 1000 tons. §Because the quantity of sand

processed is‘éreat,~a failﬁre in manual EOntrol is an expen-~
.

sive proposition. ‘ .

B. Constituents of Green Molding Sand

" The synthetic green sand used in automated cast iron
foundries has. beén described in cbnsiderable‘detail by Gr;m
(1), é:ine, Loper, and Roéen?hal (2), Yearley (4), and the
Ame;ican Foﬁﬁdryman}s Sogié%y (S). Synthetic green 'sand is
a mixture of at least four constltuents, namely silica sand
gralns, clay, water, and some carbonaceous material which is

usually seacoal. The picture is complicated by the presence

of quantities of'these constituents thatjhave been decomposed
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or altered in some way by the heat of the iron. The four
principal constituents are discussed below. -

1) Sand Grains

According to Heine, Loper, and Rosenthal (2), silica
sand grains make up fifty to ninety-five percent of the
‘total material ‘in green sand. This amount varies from "
foundry to foundry primarily according to the type of produc-
tion eéuipment utilized. Silica sand is used by virtue of its
lo& cost, avaiiabi%ity, and favourable refractory characteris-
tics to provide bulk fér the méterial in a green sand mold.
'The chemical composition, grain shape, grain éize, and grain
size distribdfion of silica sand is peculiar to the deposit

*

from which it originates. Little or nothing can be done to

-

change these artificially. Generally the purest silica

sand, 99.8 percent siOz or better, has superior refractory ’
.

(4

qualities and.is best suited for green sand used to-mold
cast iron. Sand with this qegree of chemical purity is
thermally stable at temperatures in excess of thé cast iron
pouring temperature: This helps to eﬁsure the dimensional
éccuracy of the finished casting. Sand grains are- inert

material in a mold. Under normal circumstances they do not
! ) . )
enter into any chemical reactions.

The shape of sand ‘grains ﬁay vary frombalmost true

spheres to needle-like splinters. ' The optimum éhape for
green sand is somewhere between these extremes. The grains

' v 4
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should be generally round but have rough surfaces and
sharp edges. The amount of clay required by a sand of
'favourablf shaped grains ts achieve specified bonding
properties is less than the amount required by sands of
smooth, rounded or needle shaped grains. The sand grain
size 'and size distrigdtion also influence the properties

of molding sand, Molding sand with a fine grain size gives

a casting a relatively smooth surface finish. This desir-

able feature is offsetipy the,fact that the mold permeability

or porosity between grains is reduced by a finér grain size.
A green sand mold must be permeable so that air and genherated
gases and steam can escape when it is filled with molten :
iron. Molding sands with aﬂbroad grain size -distribution
'generally have greater bonding strength than sands with
similar average grain size but more uniform size éistribution.
© A common parameter uséd by foundries to-describe molding sands
is known as the graiﬁ fineness number. The number designates
Athe average size as well as proportions of smaller and
larger grains in the s;nd mixture. The number is calculated
from the proportions of a sand sample retaineﬁ on standard’
seives, each with a certain number of holes per linear inch.
The method of determining this parameter has been outlined
by Heine, Loper and Rosenthal (2).

Aécording to Draper (6) silica sand grains possess
marked surfaée activity. Tﬁey develop surface charges ofi

|

'@ L]



varying intensity on diffe}ent areas of the individual
grains. Such charge v;riations occur because abrasion
during mulling, handling, and compaction produce minute
fractures and creates new surfaces where mdlecular
structures are disrupted. The electrically charged areas
become receptive to either the positive or negative poles °
of water molecules and relatively positive areas attract the
negative side of the water films adsorbed on the clay plate-
lets. This surface activity phénomenon helps to hold a
clay-water ;oating on each molding sand graiﬂ. This in‘

turn helps to promote the bonding action of molding sand.

2) Bonding Clay’ .

Clay in conjunction with water acts’as thefﬁinding
medium in a green molding sand. Sufficient clay is re-
guired to provide an envelépe~around each sand grain to
tconfer to optimum physical properties to the sand mix. If
the clay content is too low, the sand grains are not complete-
ly coated an@gthe molding sand will not have adequate strength.
If the clay coAtenE is tgo high, the sand is difficult to
handle in its loose state and has ; very low permeability
in its compacted state.

There are'severai chemically and structurally
different cléys'which are usedAas,Sonding agents in greeh

molding sand.. These different clays all have their own

peculiar properties which are advantageous in certain

-
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/situations. For examﬁle, kaolinite, which is also known
as fire clay, has a high refractoriness. According to Heine,
Loper, and Rosenthal (2), refractoriness is the range of

temperatures over which the material softens. Consequently-

* the material is often used for cast stéel molding where

'~ very high pouring temperatures are encountered. Bentonite,

\ ¥

a clay with somewhat lower refractoriness but capable of
developing stronger bonds when in the wet state, is used
almost exclusively for cast iron melding sands. The dis-
cussion that follows is limited to this material.

Heine, Loper, and Rosenthal (2) report that bentonite
is itself made up of several constituents. Montmorillonite
is the principal constituent compésing 85 to 90 percent of
the clay. This constituent is responsible for the bo;ﬂiﬁg
characteristics of cZay. Other constituents consigt of

'

finély divided quart silica, mica, and other minerals. b

Thefe other constituents are considered ‘to be impurities

and are difficult or impossible to separate from the

|
i

montmbrillonite. Montmorillonite is madé up of extremely’
small flake-shaped particles. 1In the literature these
particles are often referred to as pléteIets.\ The size has
been estimated to be between 10 and 100 A thick and up to
3000°A in each of the other directions. Montmorillonite is
one of a class.of'disilicate‘minerals which has a three

layer sandwich cénstruction. Figure 2-4 is a sketch showing
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its structure. The two outer layers are made up of silica

2~

tetrahedra which may be represented by (51,0 These

5)
tetrahedra form a hexagonal grid extending in both lateral
directions. The tips of the tetrahedra all point in toward
the sandwich layer which is made up qf‘alumina octahedra.

The octéhedral layer may be represented by Al(OH)3. The
tetrahedral and octahedral layers are combined so that the
tips of the tetrahedra of each silica iayer and one of the
hydroxyl sheets of the octahedra layer are common. The

atoms common to botﬁ the tetrahedral and octahedral layer

are oxygenszy In figﬁre 2-4 the common oxygen atoms are |
joined by a dotted line. These three layer units extend
laterally in the a and b directions éﬁd are stacked one on

éop of another in the ¢ directién. In the stacking of the
silica~-alumina-silica oxygen la?ers of each unit are adjacent
to oxyyen layers of the neighboring units with the consequence
that there 1is only a weak bond betweén them.' Water enters
between the unit layers of the clay thus activating its
bonding properties. The entry of water between the unit
layers causes the clay to swell. Grim (&) reports tgat the

theoretical formula for the structure given above is

(OH)4 Sis Al4 O20 n (interlayer) HZO' Montmorillonite always
differs from the theoretical formula because of substitutions
of aluminum for silican in the tetrahedral layer and/or

magnesium, iron, zinc, nickel, lithium, etc. for aluminum
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silica”
tetrahedral
layer

alumina
octahedral
layer

silica
tetrchedrat
layer

O oxygen atoms -

6 silicon and occasionally aluminum atoms
hydroxyls '
© aluminum and sometimes Iron or Magnesium  atoms

fig 2-4. A sketch illustrating the structure of montmorillonite,
The atoms joined by a dotted line are actuclly one,

¢ shared by both the octahedral and tetranedral
layers. The three layer structure is repetiive In
the "¢* direction up to about 10 thicknesses. ltzextends
in the 'a” and ‘b’ directions such tnhat the areal
d|men§ions are between 10 and 100 times the

" thickness.’ |

~
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in the octahedral layer. These‘subs§itutions always

result in electrical unbalance within the structure. Grim
(1) states that many analyses have shown that the same net
positive charge deficiency results regardless of the
nature of the substitutions. The positive charge deficiency
is offset by an appropriate number of cations which are held
around the outside of the silica-alumina-silica units.

The type of ions held by montmorillonite influence
the overall physical properties of the clay. The mont-
morillonite constituents of bentonite mixed in the state of
Wyoming and Miésissippi, U.S.A., hold sodium and calcium
cations respectively. Sand bonded with the Wyoming or
western bentonite is more difficult to handle when loose,
has a lower strength when compacted, and has a greater
tendency to swell with the addition of water than sand
bonded with southern bentonite. Stephens and Waterworth (7)
hayve investigated the physical property differences

which may be attributed. to the typed of cation held by the
bentonite. This particular aspect of clay mineralogy is
outside the scope of this report.

As mentioned in the introduction of this report,
bentonite loses all its bonding capability when subjected
to temperatures as high as the pouring temperature of iron.
The resulting dead clay contaminates thé sand if it

accumulates. In actual practice much of the dead clay
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.leaves the system with:the sand clinging to the rough
casting and it remains at a tolerable level (see fiéure
2-2). Clay can be "deadenéd" in one of two ways. If
heated in excess of its softéning point (1800°F +,
depending upon its origin), bentonite vitrifies and is
structurally destroyed. If bentonite is heated to elevated
temperatures below its softening péint, all the water
separating the silica-alumina-silica structural units is
driven off. Once this happens, the bondiné properties are
destroyed permanently because water cannot be induced to
enter the clay again. Thus new clay is required to coat
the core sand which enters the sand system at the shakeout
as well as to compensate for the clay "deadened" by the
heat of the castings. |

The direct measurement of clay content (active or
dead) quickly, presents a difficult problem. Consequently
it is uéually obtained frqm a parameter refered to as green
strength in the foundry industry. Green strength is express-
ed in pounds per square inch required to crush a standard
specimen. The clay content is assumed to be directly"
proportional to the green strength. Determination of élay
content, in this manner is at best a poor estimate. Examina-
tion of figure 2-5 will tleaglyfindicate that the green
strength is dependent upon water content and mulling time

I3

as well as the clay.content. Clay content is estimated in

L

e
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fig.2-5 THE INCREASE [N GREEN STRENTH

OF MOLOING SAND WITH MULLING TIME

30 |
GREEN 25 |
STRENGTH
. 20 |
(pst)
15
10
5 ]
1 2 3 & 5 6 7 8
MULLING TIME (min )
NOTE -

The values of maximum green strength are taken from
RE GRIM, APPLI@I} CLAY MINERALOGY, Mc GRAW-HILL,1962,
fig 4-3, page 149.00 The shape of the curves was adapted
from OOYLE, MORRIS,LEACH, SCHRADER, MANUFACTURING
PROCESSES AND MATERIALS FOR ENG!NEERS,PRENﬁCE-

HALL,INC. 1964, fig 8-39, page 153.(8)
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this way because it can be done quickly.

There are also a number of laboratory techniques
to determine clay content. They range from exact to crude
in accuracy. Some of these methods are described below.
a) The American Foundryman's Society (5) defines clay in
molding sand as "particles which fail to settle one inch
per minute when suspended in water. These aré usually
less than 20 microns, or 0.0008 in., in diameter." In
accordance with this definition, one clay analysis method
widely used by the foundry industry, is to agitate a sample
of dried molding sand in a caustic soda solution and after
a prescribed settling time siphoning off the portion in
which the cldy is suspended. The agitétion, settling and
siphoning procedure is repeated enough t}meé until the
water is clear after standing for five minutes. Tpe remain-
ing material is dried and weighed. The percent wei&ht loss
is called the AFS clay content. This would inclﬁde all
very fine materiél including silica fines, active clay, deaq
clay, and seacoal fines.
b) .The primary drawback of the previous test is“that all
fines below about 20 microns in diameter are included in the
clay content. . The primary concern is the active clay content.
There are at least two methods by which activg clay conéent
can be méasured. These are the methylene blue dye absorption

test and the nickel sulphate method. These analysis methods
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have been described by Yearley (10).
c) There are several methods which correlate the active
clay content to the compaction characteristics and strength
of green sand. These methods, while they are very con;enient
to use, can be misleading. Large errors can be introduced
if the mulling tim% and moisture content are not kept at
consistent levels.
3) Water

Water activates the cohesive properties of clay in
molding sand causing the mixture to develop strength and
plasticity. As mentioned previously, water is absorbed by
clay entering between and surrounding the silica-alumina-
sitica structural units. Draper (6) has reported that the
absorbed water appears to be held in a definite immobile
form in the clay without dissociating chemically. Clay is
capable of absorbing water only up to a limited amount.
The absorbed water is known as tempering water to foundrymen.
Only tempering water is effective in developing the strength
of molding sand. Any water in excess of the limiting amount
is termed free water. The presence of free water in molding
sand is undesirable. It reduces its green strength, makes it
sticky and difficult to handle, and causes casting defects
such as porosity and scabs. A scab ié a surface defect that
can be rectified but sometimes at greater expense thaq the

casting value.



The water content of green sand must be within close
tolerances in order to produce good quality castings.
Several different methods to measure wataer_content have been
developed to assist foundrymen in controlling this important
variable. |
a) The standard method is to oven dry a molding sand sample
to a constant weight at approxihately 105 to 110°C. The
weight loss is assumed to be the weight of water in the
original sample. The water content is easily calculated once
this information is obtained. This method, while accurate,
takes at least an hour and not suitable for routine foundry
use for this reason. Other methods produce quicker, though
less accurate, results.
b) A second method again involves calculation of the water
content from the weight loss of a sand sample. The difference
is that a stream of heated air is forced through the sample.
Apparatus for this kind of a test can be purchased that will
provide results in two to five minutes.
c) A third method involves mixing a sample of molding sand
with calcium carbide powder. The chemical affinity of this
material for water results in the generation of acetylene gas.
If the molding sand samples and the calcium carbide powder
addition are alwdys the same weight then the amount of
acetylene gas generated is proportional to the water content.

Standard apparatus for this kind of a test can be purchased
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off the shelf. This is an excellent method for sands that
contain volatile or oxidizable constituents.

A survey of meéhods that could be used to monitor
sand constituents automatically is presented in chapter
four of this report. The importance of mé;suring the sand
density is mentioned in the survey. Figure 2-6 illustrates
the range of values that the density of a sand with a fixed
clay content could assume, depending upon its moisture content
and the way it was handled. The curves for a molding sand
with a different clay content would be similar in shape but
have different values.

4) Seacoal

Seacoal is a finely ground bituminous coal used in
molding sands for cast iron principally for improvihg the
surface finish and ease of cleaning the castings. The
seacoal content varies from two to eight percent depending
upon the application;

Seaeoal is included in molding sand to prevent two
distinct defects from occuring. These defects, known as
sand burn-on and metal penetration to foundrymen, and the

function of seacoal in their prevention, have been described

fa
I

by Thorpe (9), Yearley (1l1), and others. f

a) Sand burn-on is a chemical bond. between the casting and
the mold. The bond is caused by the products of certain

chemical reactions that occur as the molten iron fills the
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mold ca&ity. The princieal damaging product is FeO whiciﬂ//
is capable of dissolving the silica sand grains. FeO fofmg
when molten iron combines with oxygen, present in the mold
cavity prior to the pouring operation, and with water in
the actual mold. Sand burn-on is recognized by its rust
brown colour. Sand burn-on must be removéd from the areas
of a casting that require machining because it will damage
the tooling. P
b) Metal penetration is the resylt.of liquid metal .entering
the voids in the sand mold and on sclidification mechanically
loéking the sand gfains to the casting surface.

The beneficial effect of seacoal is mechanical in

nature. When the mold is filled w%}h mdlten iron, the seacoal

at and near the mcld-metal interface is heated to temperatures

¥
R

substantially beyond its melting point. The seacoal melts
and thoroughly coats the sand grains. This coating is
insoluble to FeO. In fact it will reduce FeO back to iron.
This prevents the occurence of sand burn-on. In addition to’
coating the silica sand grains the seacoal is actual?y ch;nged
into coke, swelling to between six and eight times'its |
original voluﬁe and liberating a substantial quantity of gas.
When the seacoal swells, the voids between the sand gfains
are filled. This prevents metal penetration from occuring.
The gas liberaéed by seacoal idyan undesirayle eiement.. It
has been known to cause casting porosity if the seacoal

content is too high. On the other hand not enough seacoal in
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molding sand can result ip sand burn—on)and/or'metal penetra-
tion. fxperience at General Motors in St. Catharines has
indicated that the optimum seacoal content varies from
casting to casting. Good results are obtained on man§
castings if it is maintained between 4.7 and 5.3 weight
percent.

Seacoal, as mentioned previously, is a finely
ground bituminous coal. Because coal comes in numerous
different grades, it is important for a foundry to specify
its seacoal by either a proximate or ultimate analysis
conventionally used for coal. Use of éeacoal made from

different grades of bituminous cdél would affect the quality

of the casting. An example of a proximate and an ultimate

analysis is given in figure 2-7.
The seacoal content of molding sand is usually
measured by heating a sample to 1800°F and holdiﬁg it at that

temperature until its weight is fixed. The weight loss is

due to the volatile constituents of seacoal being driven off.

L)
The weight loss is directly proportional to the seacoal

content.
C. Summary

. -~

The dgreen molding sand preparation and recondition-
ing equipment, ingredients, and léboratory tésting procedures
utilized by axmodern,cast iron foundry are qdescribed in some

detail in this chapter. " The function of the muller operator
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fig. 2-7 Typical Seacoal Analysis

Proximate ahalysis (moisture free)

volatile matter (VCM) 306 to 40 %
fixed carbon (FC). 55 to 60 %
ash | . 3to 5 %

Ultimate onotysis' (moisture free)

H 5.6 %

c 80.0 to 85.0%
N 1.0 to 3.0 %
0 6.0 to 8.0 %
S 0.8 % max.
ash 3.0 to 5.0 %

ash’ fusion point  2780° F

4
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in maintaining control over the constituents is outlined

in the introduction and elaborated upon in this chapter.
The origin and ngture of disturbances in the return sand,
which upset control over the consistené% of the prepared
green sand is also discussed. Knowledge of all these
things is essential to implement an automatic system fo

control the addition of green sand constituents.



CHAPTER 3

PRELIMINARY SPECIFICATIONS FOR AN AUTOMATIC SYSTEM
-\

TO CONTROL GREEN SAND ADDITIVES

éoughanowr and Koppel (12) have said tﬁat the
practice of process control has been built largely upon
tﬁe results of past experience and simple tests and, to
some extent, upon intuition. However as indicated by
Considine and Ross (13) the techniques of applying
automatic controls to production pfocesses'are evolving'
into a mathematical science. Automatic process controls are
widely used in many induStries. An automatic system to con-
trol the rate at which green molding sand constituents are
added during the mulling process must meet certain basic
requirements, The intent of this chapter is to define them.
The material that follows is divided into four sections.
The first deals with the composition of green sand and the
upper and lower limit of each constituent, the second a
qualitative description of control systems, the third
describes a proposed green sand control system, and fourth
a summary. | '

A. Composition of Green Sand

Green sand, as used by most foundries, is a mixture

40
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of four.ingredients. A green sand contains silica sand
grains ( the principal ingredient), clay, water, and sea-‘
coal. The composition of green sand varies, to some degreé,
from foundry to foundry, because of differing molding
equipment and product lines. Yearley (4) has said that
"the foundryman must formulate his sand to suit the molding
macﬂine squeeze pressure required to give dimensional
accuracy, or he must adjust the squeeze pressure so that it
will w?rk with the sand available.” The author has observed
the latter part of this statement being practiced at General

Motors, St. Catharines Aodular iron casting fécility where

” *

Eutomotive_crankshafts,‘flywheels, disc brake calipers,
steering knuckles, and exhaust manifolds are produced. The
green sand used to make all of these products is of the same
éomposition. However, experience has §§own that the molding
maphine squeeze pressure must be ingreased when making the
heavier parts, such as crankshafts and flywheels, in order to
méinéain dimensional accﬁracy.

Even with this capability of gdjusting the molding
méchine‘squeeze pressure it has beén found that the compoéition
of green..sand must be m;intained‘witﬁin CIGfF lim%ts in order
to maintain product quality. The a%gual composition and the
limits are arr&ved at through experiénce and thrqugh trial

and error. The informé@ion on table 3-1 has beeﬁ compiled

K

-

1

from the hourly tests performed éh green sand over a one

\
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Table 3-1 GREEN SAND COMPQSITION

This information s from five different sand preparation
systems. The composttion differs for each system

because the sand s used for @ different group of products.

CONST”UENTW WATER CLAY SEACOAL
(weight %) (weight %) | (weight %)

T low 2.8 9.0 3.8

A LINE|twarget | 3.0 | 9. 4.2
L _*Jl';gl_ . 3.3 M«g'B_ 5 L‘ffw

low 2.6 8.8 3.9

B LINE] target 3.0 | 9.4 4.4

high 3.3 | 10.0 4.8

low 25 9.0 4.3

C LINE|target 2.8 | . 9.5 4.6

high 3] 10.0 L.8

low 2.4 8.7 L.,7

__1'0 LINE | target 2.7 9.4 - 5.0

high 3. 9.9 5.4

low 2.7 9.0 L.7

E LINE [target 3.0 9.6 | 5.0

high 3.3 0.2 | ©5.3

|
(this information s courtesy ot General Motors of

Canada Ltd. - ST.Catharines Foundry Division )
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month period of time at the General Motors Foundry in

St. Catharines. The table shows the low and high value of
the water, clay, and seacoal constituent; measured during
the period of time. Also shown on the table are the target
values of each sand constituent. It is worthy of note that
the high and low values are not the composition limits. As
the composition deviate’s from the target values and approaches
either the high or the low values, casting quality is not
maintained. Experience %§ the aforementioned foundry has
shown that it is desireable to maintain the water, clay and
seacogl content within 0.10, 0.25 and 0.15 percent (by weight)
respectively, of the target values, in order to minimfze
quality control problems. A composition control system must
have the capability to maintain the green sand composition
within these limits. Examination of table 3-1 shows that the
wconstituent target values differ slightly for the different
sand sysﬁems. Typical target value; which are used tﬁrough-
out the rest of the report are 2.8, 9.5, and 5,0 percent

(by weight) respectively for the water, élay and seacoal
constituents. The-clay constituent, as mentioned‘in the
second chapter, is a ,combination of southern and western
bentonite.. The control system must function so thaththe clay)
constitﬁent is 30 percent‘(by wéight)'western bentonite and

70 percent (by weight) southern bentonite.

The target values and composition limits are the
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basic criteria for the combosition control system which is

discussed in a qualitative fashion in the next section.

B. The Composition Control System

According to Coughand@r and Koppel (12) a simple
process control system may be congidered to have four
basic coméonents. These are the actual process, the
transducer, the controller, and the final control element.
A good overall picture of the interaction among these
components and the variables inQolved can be obtained b;
preparing a block diagram as shown in figure 3;1. Some of
the terminology associated with process control is discuss-
ed befow™in terms of this figure. -

If, for example, the bloék diagram of figure 3-i}
were a representation oﬁ a sand moisture control system,
then the process would consist of all the collective
functions performed in and by the mullef, loading conveyor,
water supply line, etc. The process eqﬁipmént does not
include any of the control equipment. There are a number
of process variables.that deserve to be ;entioned. First
there is the control;;é variable. The controlled variable
is what the process @ontrol system regulates. The objective
of regulation is to %aintain the controlled variable at a‘
" desired vaiue. Secend there is the prbcesé load. Load

refers to a change in any variable which may cause the con-

trolled variable of the process to change. In a moisture
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control system a process load is the méigfgff content of
the return sand. Another is the re;:;n sand temperature.
High return sand temperatures (above 75°C) result in
significant evaporation losses when the tempering water
is added. Unless an adjustment is made to the amount of
tempering water added when the process load changes, the
system will go out of control.

A third process variable, called the manipulated
variable, leads to discussion concerning the second basic
system component, namely the transducer. The manipulated
variable is a quantitative measurement of a physical
property that can be correlated to the controlled variable,
It would be ideal if the relationship between the controlled
and the manipulated variables were linegr and independent of
any other variables. -This, however, may not always be the
case. The transducer is a mea;uring device which changes
the units between input and output signals. It measures
the mahipulatéd variable and puts out a signal called the
measured variable. ‘

These terms can be illustrated by an example. The
American Foundryman's Society-,(5) has proposed that a
transducer which measures the capacitance of a parallel
plate capacitor with green sand between the plates, be built

to measure moisture content. Such a device would be built

upon the fact that the capacitance of a. parallel plate
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capacitor is given by C = (A/d)E, E, where A is the
plate area at a spacing of d, E, is the dielectric constant

12 farad nfl), and E. is the

of a vacuum (E, = 8.854 X 10
relative dielectric constant of the material between the
plates (defined as the ratio of the dielectric constant

of the material to the dielectric constant of a vacuum

rEr = E/Er). ,At room temperature water has a relative
dielectric constant of approximately 81, while the rela-
tive dielectric constants of the other constituents are
under 3. Fluctgations in the moisture content affect the
capacitance to a far greater .degree than fluctuations in
any of the other constituents. Provided that the density
and temperature remain constant, the moisture content and
the transducer capacitance will be linearly related fo each
other. 1In this instance the parallel plate capacitor is a
pick-up device. The capacitance of the pickup is éhe
process manipulated variaple and also the input to ;he
transducer. The transducer-is a capacitance measuri;g
device which has an output known as the measured variable.
The units of the measured variable coul? be electrical
current or voltage, the displacement of‘a needle, or air
pressure. The measured variable is transmitted to the third
basic control system component, which is the controller.

The measured wvariable or measured value of the con-

trolléd variable is returned or "fed back" to a device
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called the com@arator. In the comparator, the controlled
variable is compared with the desired value or "set point".
If there is any difference between the measured variable
and the set point an error is generated. The error enters
a controller which in turn adjusts the fourth basic control
system component, the final control elements in order to
return the controlled variéble to the set point.

The manner in which the coﬁtroller édjusts the
final control element is termed the control mode. A pneumatic
controller may produée an output pressure which is proportional
to the error received from the comparator. Such a device
is called a proportional controller. Proportional controllers
are sold as standard items by séveral manufacturers (ég'
the proportional Taylor Fulscope recorder-controller, made
by the Taylor Instrument Company). Other standard controllers
add an output signal proportional to the integral and/or the
derivative of the error to the proportional response. If a
process is subjected to a permanent disturbance such as a
sudden unit increase in process’loéd,'then the controlled
variable will also fluctuate. The curves of figure 3-2 show
‘the behaviour of a typical simple control system utilizing
different control modes. This diagram has been taken from
the text by Coughanowr and Koppel: (12). '

In terms of a sand muller without any-coptrol being

subjected to a sudden increase in return -sand moisture

Y

7]
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content, thsxigpégglledtvariable is seen to rise until a

new steady state value is reached. The new steady state
value is one unit higher than the desired value. With
automatic control action is taken to return the controlled
variable to the set point soon after the disturbance occurs.
With pfoportional control only the control system is able
to arrest the rise of the controlled variable and bring it
to rest at a new steady state value. But there ié a
differeﬁcé between this new steady state vaiue and the set
point which is known as offset. Addition of derivative
response reduces the offset and the oscillation of the
conirolled variable. With proportional integral contrél
the offset'is reduced to zero after some oscillation.
If the oscillation must be eliminated the proportional
integral-derivative mode can be uﬁilized. The additién of
each mode means more initial expense and more difficult
controller adjustment. |

It is desirable to have an appreciation of the
acgual ph§sical mechanism which receives an error signal
and puts out a signal proportional to it. The basic elgment
in an industrial pneumatic proportional controller is the
baffle-nozzle system shown in figure 3-3a). The nozzle is
usually supplied with 20 psig compressed air. The air

passes through an orifice and into a chamber where the

pressure, P, is governed by the baffle-nozzle characteristics



51

“%M 1
nozzle .
- orifice an
| / S
~
» Sh —mm e

AN
5,41_ 20psig air supply ~ . 0001 0-002
. s inch

(a)BAFFLE NOZZLE SYSTEM | (b)BAFFLE NOZZLE CHACTERISTIC

-

spring load ed
teedback bellows

L—’UUUE_
set point —7 ; J:[mg

p_gps

—

——— i k to valve

measured_ variable ‘

' (c) proportional conirollewlr mech —
anism :

fig. 3-3 A SIMPUFIED PNEUMATIC PROPORTIONAL CONTROLLER

{
«
”» t



52

shown in figure 3-3b). The system is very sensitive
requiring a baffle displacement of only a few thousanaths

of an inch for complete pressure change. A proportional

controller mechanism which reduces this sensitivity is
shown in figure 3-3a). An increase in the measured
variable generafes an error which mowves the baffle closer

to the nozzfé, which tends to increase the chamber pressure,

'P. An increase in the chamber pressure also expands the

feed back bellows partially undoes the baffle motion caused
by the original change in the measured variable. The over

411l effect of the mechanism is tq. put out a pressure -
proportional tz the measured variable which in this instance
is a displacement. Th@s pressure can be ufilized'to operate
a spring loaded diaphraﬁ valve.

LY

In the past industrial controllers were primarily

of the pneumatic type. The practice was. to procure a complete
control system inside a hodsing for the measurement of a
specific variable. The measuring element was also fastened

to the housing on a more Oﬂ less permanent basis.

A recent trend has been to fqrnish the'measuring‘
element, recorder, controller, and final control elemeqf'as
separate units. This unitized approach offers greater
flexibility exemplified by the fact that é temperature

pressure transducer of one manufacturer can be' used with .

the controller of another if both use the standard range of

1
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pneumatic signal of 3 to 15 pisg. A unitized pneumatic
system for the operation of a control valve is shown in
figure 3-4).

Another recent trend has been to replace pneumatic
control systems with electronic devices. The new electronic
devices are also based on the unitized concept. Some of
the advantages, particu%arly the reliability of the
pneumatic devices, have all but been eliminated by advances
in electronics technology. Figure 3~4b) is a block diagram
of a unitized electronic recorder-controller that operates
a pneumatic control valve. ' |

This»sectioﬁ about the composition control system
is concluded with a few remarks concerning the block diagram
of figure 3-1. 1In addition to providing a good picture of
the interaction among system components and variables, the
block diagram representation is useful in computing the
response of Cé(t), the éontrolled variable to change in
C; (t), the process load or to changes in Cr, the setpoint.
Such a computation involves the use of control theory and
is outside the scope of this report. A cbmputation of this
type would be a valuable tool in tgeadesign of the green
sand Eontr&l system once_suiéablé transducers to measure
the sand constituents have beén identifiéd.A.Methods of
computing the respodse of a composition control system to

load and set point changes are discussed in detail bg
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Coughanowr and Koppel (12) and by Considine (15).

C. Specification for the Design of a Green Sand Composition-

Control System ‘

As stated in the'introduction of the report, the
ability to monitor the composition of gréen molding sand and
to control the addition of all the constituents would be a
significant improveﬁfnt over the fxisting manual cpntrél

w

methods. A control system capable of performing this function |

would/reduce perating'césts and improve product quality.
| An examination of the existing manual control system
is frequired before considering its adaptébility:to automation.
A gchematic of the manual control system is shown in figure
§:5. It can be seen, frém the figure, that automatic con-
trols are used to regulate the amount of sand in the muller
and the fluid level in the slurry tank. |
The operation of\the muller sand level controller,
‘which was mentioned in th (seqonamchapter of this report, is
based on the fact that the\Hérsepowef required (ie the
current drawn by the electric motor) to drive it, increases
aé th; amount of sana insiﬁe increases. At a predeterminéd iy
level, the motor cgr}ent transducer generates a signal which
actuates a pneumatic four—way‘yéive. The valve is connected
to an air cylinder (item 14) which opens the muller discharge

door. 1In this state the sand is discharged from the muller

at a more rapid rate than it is loaded into the muller. As

~»

awp

.'\.\‘
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a result the current drawn by the motor decreases. At a

predetermined lower current the signal to the four-way

valve is terminated and a spring returns the valve to its

original position, thch results in the closing of the
muller discharge door. During production this cycle is
repeated continually.

Water and southern bentonite are mixed together
in the slurry tank. The southern bentonite is kept in
suspension Ey an agitator (item 4 in figure 3-5). The
tank has two conductivity-type level probes. One probe is,
a low level indicator (item 2) and the other a high level
indicator (item 3). In the event that the slurry level i§
low (ié neither probe extends into the sLurry), the level
controllerﬂsimultaneously generates a ppeumatic signal )

which opens the water valve (item 1) and an‘electrical

‘signal which operatés a relay (item 5), activating the

southern bentonite auger conveyor (item 6). In this mode

-

. of operation, slunry is generated more rapidly than it is

used. As a result the slurry level increases. When the
slu;}y level rises to the)point where both probes are
immersed, the lévél coﬁtroller terminates the signals to .
éhe auger cénveyor and the valve and ﬁilling ceaées.' During

productigon slufry flows into the muller continuously. The

flow rate is determined by the condition of the return sand

" and regulated by a manually operated butterfly valve (items

1
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9 and 10). As a result the slurry level decreases. At

the low level the filling action is\}e—initiated. Because
the slurry level fluctuates, the fluié\head at the control
yalve (item'9) also fluctuates. At a particular muller
installation at General Motors in §&. Catharines, the slurry
level was observed to vary by six‘inches. The liguid head
above the control valve varied from 19.5 to 20.0 feet.

The flow is governed éy the equation Q = CAY2gH ,

where Q is the flow quantity, C is an orifice constant, A

is the area of flow, g is the acceleration of gravity;,; and

"H is the liquid head in feet. 1If, for example, the return

sand moisture content is 0.8 percent, then 2.0 percent
moisture must be added at the muller. If all‘other process
loads are stable, then'the controlled variable will fluctuété
between 2.79 and 2.81 percent moisture. While it must be
considered, the effect of this particular process load is
small, . It can be neglected. /

It is evident from figure 3-5 and the mode of operation
?hat the rate at which sou%ﬂern bentonite is added is~governed
by the rate at which moisture is added because tﬁey are
mixed together and by the auger conveyof speed control ' (items
6 and ll} which enables the operator to change/gge uthern
bentonite concentration in “the slurry'tank. E&pe;;Zi;A at
Generél Motors - St, Catharines has shown that a/ab#hge'ih

v

mojisture requirement is generally accompanied by a change in

.
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2

clay and seacoal requirements. Adding one of the clays
N .

along wi /the water does not present a control problem.

However ere is not a direct relationship between the

“~

moisture,\clay, and /seacoal requirements of return sand.
Separate controls«éor each constituent are required.

When considerifig Jautomation an important element
is simplicity. Examination of figure 3-5 shows that four
constituents are added to return s;nd. A simplification
can be made by leaving the slurry'system (ie items 1,2,3,
4,5,6, and 11 on figure 3-5) intact and applying automatic
controls to the slurry, western bentonite, and seacoal
addition only. f

Investigation has shown that it is difficult if
not impossible to determine the amounts of different
clays ip a mixture, even if utiliziﬁg laboratory analytical
techniques. The author is of the opinion that a ciay
trans@ucer, when it is developed, will measure the total
amount of clay in green sand only: Such a transducer, in
a control system, will detect éhanges in the overall clay
fequirements. The controller will adjust only the western
bentonite auger conveyor  to make immediate compensation

e .
over a longer term, the western bentonite to southern

‘ bentonite ratio will be maintained at the required 30 to 70 .

level by manually adjusting the southern bentonite auger
. s . - . s .
conveyor speed control (item 11 of figure 3-5) when the

v
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system is periodically calibrated, similar to the way the —
ratio is controlled under the manual control mode.

As in the manual mode of control, the water and
southern bentonite will‘be added together at a rate determined
by the moisture reguirement of the return sand.

The proposed automatic control system must meet the
following specifications.

1. Three subsystems to control the water, clay, and
seacoal green sand constituents shall be provided. The
block diagrams for these subsystems are shown on figures
3-6, 3-7, and 3-8. The blocks labelled transport lag are
included because the transducers will be located outside
the muller at point 15 on figure 3-5. It will take a certain
amount of time for the sand to reach the transducer.

2. a) The transdﬁcer precision limits shall be a maximum
of plus or minus 0.1, 0.25, and 0.15 percent by weight for ‘
water, clay, and seacoal respectively. The precision or
reproducibility of a transducer is defined as the closeness
with which it repeats indications when identical values of
the controlled variables are measured. The precision of a
transducer is clo;ely related to its accuracy which is the
closeness of agreement between the observed result and the <\“\
known or true value. 1In this application, precision is more
significant than accuraéy because measurement is for the

purpose of control and not to determine absolute values.
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b) It would be desirable if the measurement technique
were of a non-destructive nature. This matter is discussed
in more depth in chapter 4, section B.

c) Other variables such as density and temperature,
which, depending upon the measurement selected, will affect
the manipulated variables, must also be measured. Correction
for the error introduced by these variables must be introduced.

d) The minimum range of the transducers measuring the
water, clay, and seacoal contents are 2.0 to 3.5, 8.0 to
11.0, and 3.0 to 6.0 percent by weight respectively.

Allowance shall be made for the fact that the manipulated
variables will be influenced by factors such as density and
temperature. The minimum range of the density and temperature
transducers shall be 1.0 to 1.5 grams per cubic centimeter
ang’10°C to 160°c respectively. By definition the range of
a transducer is the span of concentrations to which it responds
without adjustment. |

3. a) The controllers for, the water, clay, and seacoal
constituents shall have set points adjustable over the range
2.6 to 3.1, 9:2 to 9.8, and 4.0 to 5.0 respectlvely |

' b) The controllers for all three constltuents shall
operaée on a proportional integral or a proportional-
integral-derivative control mode. This mode is selected to
eliminate the possibility of controlled variable offset.

c) The controllers may be pneumatic or electronic.
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df The controlled variables sﬁall be recorded.

4. The slurry final control element shall be an air
operated Saunders diaphram valve. The auger conveyor final
control elements shall be variable speed drives. |
D. Summar

Automatic control systems similar to those described

in this chapter have been successfully applied to numerous

different production processes. In many instances the basic
control systems components can be purcgased on an off-the-
shelf basis. 1In the case of green sand‘all components are
readily av;ilable except for the transducers. It appears
that suitable transducers have not yet been developed. The
next chapter is a survey of different analytical measufement
techniques that were investigated with the intent of develop-

ing transducers capable of measuring-green sand ccnstitﬁénts.



CHAPTER 4

DETERMINATION OF GREEN SAND COMPOSITION

As mentioned previously,_the basic components of a
composition control system for green sand are all readily
avéilable except for the transducers. The subject matter of
this chapter deals with instrumental techniques for the deter-
mination of chemical composition variable and the feasibility
of adapting one or more of these techniques into a transducer
or series of transducers to measure the constituents of green
molding sand. The mqterial that follows is divided into three
sections, First, th; results of a literature survey of methods
to. determine green sand constituents that have been attempted
or suggested are presented. Second, the general physical
chemical phenomena and the practical considerations involved
in the measurement of chemical composition are discussed. The
results of the literature survey are given in the f;nal secfion

of this chapter.

66
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A) Literature Survey of Existing Monitoring Practice

Water is the most important constituent of green sand in
the sense that a slight variation in its concentration has a
greater effect on its properties and performance than any of the
other constituents. For these reasons several automatic methods
of measuring the water content of green sand have been attempted
and several have been suggested in the literature which to the
knowledge of- the author have never been tried.

The clay and seacoal constituents in green sand are more
difficult to measure than the water content. To the knowledge
of the auéhor, a method of measuring these constituents,’that
would also be useful in an automatic composition control system,
does nét exist in actual foundry practice. Only one method of
measuring clay and seacoal on a continuous automatic basis has been
suggested in the iiterature. At General Motors in St. Catharines,
for example, clay and seacoal are measured by gravimetric means
after systematically removing these constituents from the sample.
All existing'routine analyses for 'these two constituents are done
by methods invol&ing grab samples and manual labour.

This section is a review of analytical methods that have
been developed or suggested for the measurement of moisture, clay,
- and seacoal content in green sand. Considerabie work has been done
to control moisture content in other industriés. Methods thét.are

"used elsewhere are also included in this survey. The rgéponsé of

an analyfical instrument to the coAcentration of a’'particular
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constituent is often affected by the density and temperature of

the sample. Methods for the measurement of these variables have

K

also been included in +this review. -
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1) Drying and Weighing: The standard method of obtaining the

water content of green sand is to obtain a 50 gram sample, oven

dry it to a constant weight at a temperature between 105 and 110 C
and. then reweigh it. The difference in weight multiplied by a
factor of two is the water content in weight percent. For accurate
results the drying process takes at least one hour. This tech-
nigue is used as a standard to calibrate other methods. According
to Considine (15) several automated "devices which -utilize this
.concept are available. Use of suéﬁ a device eliminates much of

the manual labour involved and reduces the amount of time'required
to make-a measuremént. With the use of one such dewvice, the

Speedy Moisture Teller, manufactured by the Harry Dietert Company
Ltd. (16) made specifirally for measuring the water content in
green sand it is possible éo obtain a result in about two minutes.
The drying time is'reduced by forcing heated air through the sample.
Even so the device is still periodic in gature and as such not

t

practical for an automatic control system. "

2) Gas Bomb Technique. The water content can be estimated rapidly

by measuring the volume of acetylene gas generated when a weighed
:sample of éand is mixed with aﬁ excess of calciuﬁ carﬁide powder
in A‘ciosed container. This method is also periodic in nature and
as a &esult does not lend itself to an automatic control systeﬁ.

1

3) Electrical Conductivity. The fact t_hatthe electrical conductivity

? - [}
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3
of green sand increases as the water content increases has been
reported by the American Foundrymans Society (5), by the British
Cast Iron Research Association (17), and by Chunaev (10). Both
the AFS and the BCIRA report that the packing density.of green
sand has a more pronounced effect on electrical conductivity than
the moisture content. They‘also report that the conductivity is
affected by the clay content, seacoal content, coke content, and
temperature. All of these variables would have to be measured
before this method could be used. It has also been reported by
Considine (14) that conductivity. meters measure only the path
of least resistance in a granular material. This inherent weak-
ness ;ould tend to give inaccurate results.,

At least one moisture control device, that measures the
electrical conductivity of green sand, has been developed
specifically for the foundry industry. This device namely the
‘Hartley Series XVII Controller (19), is commercially available
at the present time. The device has the capability of compensating '
for changes in conductivity due to temperaéure fluctuations.

The manufacturer (19) of the Hartley Controller spécifies that
their device will work properly only if the return sand additives
are "fairly consistent" at all times. In theé opinion of the writer,
automatic controls would.not be required if this condition were met.
In addation to this the manufaéturer has stated that the precis%on

of this particular instrument is plus or minus 0.25 percent water.

This is typical of electrical conductivity moisture measurement



instruments. They are not precise enough to be used in this

particular application.

4) Humidity Sensing. Considine (14) has reported that the water

content of paper webs and other sheet materials has been controlled
with the‘use of humidity sensitive primary elements, which are
placed just above the webs. The report indicates that this type
of a system works well for this application. The gccuracies
obtained (plus or minus two percent water content for paper webs)
are not good enough for use on molding sand. The abrasive nature
of molding sand would dictate thét a humidity sensitive element

be placed in the air somewhere where the sand could not come into
contact with it. An equilibriuﬁ between the humidity of the air
and the sand moistﬁre'would have to exist in order that the
measured variable be representative of the sand water content,
This equilibrium does. not exist because the air in the sand handl-
ing equipment’ is exhausted to control dust. Humidity sensing

is not suitable for measuring sand moisture content.

5) Capacitance. A capacitor is formed when two or more electfically

conductive elements are separated by a less conductive medium calleéd

‘¢

a dielectr§c= If the shape, size, and spacing between the ‘conductive
elements remains fixed, the capacitance of such a¥device varies

directly with the dielectric constant of the intervening mate;ial-

If moulding -sand is the interveningimaperial, then changes in the
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water content can bé.eééémated from changes in the capacitance:
This type of an element works well provided that.the packing
density of the éand remains constant, the conductivity is stable,
and provisions are madeffo adjusé the output according to changes
in the temperature of ;ﬁé sand (See fig. 4-1). No significant
change in capacitance arises aue to normal changes in additions
other than water becaése the dielectric constant of water is

s . :
high compared to othe¢r constituents. Figure 4-1 shows that

)

the dielectric consgant.of water at 20°C is about 80 while the
other constituents:have dielectric constants of about 3. The
data uded to construct figure 4-1 was obtained from reference(ZO)

This primary element is sensitive to the packing density
because the amount of water in the intervening space can be
increased if[the packing density is increased. The difficulty
with density is cémpoundéd by the fact that molding sand swells
as the water content increases. Thus for uncompactedand partially
compacted molding sand, any tendency to increase a capacitance
reading due to an increase in the water content is at least
partially nullified by the lower density. ?br exaﬁble, accord-
ing to figure 2-6, one cubic foot of fiddled sand at 3.0 and
3.6 weight percent water weigh 66 and-SO pounds respectively:
fhe actu&l weight of water in these two. cubic feet of sané is
1.98 and 1.80 pounds. A sample of the driér sand .actually contains
more.water. It is essenéial that density be measured.

The British Cast Iron Research Association (17) has done

i
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work to determine whether capacitance measurement wogld
accurately indicate the moisture content of green sand. A
device was designed, built, and eventually tried out in an
actual foundry. The effect of density fluctuations were
reduced by compacting the sample to the maximum bulk density
which reguired compaction pressures in excess of 300 psi.
Figure 2-6 shows thatlthe change in density of the compacted
material with change of water content is small when com#ared
with the behaviour of the material in its riddled condition.
Proving trials showed that temperature variations in the.éand
affected the repeatability of the instrument. The investigat-
ors were of the opinion that the error introduced by femp-
erature variation could be simply corrected. It was also
reported that a high coke content prevents a satisfgctor&
measurement of water content b§ capacitance measuréﬁentsi Cbké
is formed by the action of the molten iron upon the~seacoa1
additive, Normally the coke content of a used sand 19 about
two percent. When the coke content approaches four pergentﬁme
sand becomes highly conductive and no longer acts as an effective .
‘dielectric._ The investigators concluded that sands with a
high coke conted; could not be tested by this method, and that
a repeatability of the order of plus or minus 0.5 percent moisture
can be achieved on a sfnthetic sand. This is not adequate

v ' . . ’ '/P\ ’ . |
for this appl{cat%on. ’ A
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6) Multiparameter, The multiparameter method is reported

to be capable of monitoring the water and clay content of mold-
ing sand and of making compensation for changes in the packing
density of the sand. This method was evaluated experimentally
(see Chapter 5) for a number of reasons.

a) Only the principle of operation was described.

b) The reported capability of the method made it very

attractive
¢) The equiﬁment required to implement this method was

readily availablg.

7) Neutron Scattering. The use of high energy neutroms to

measure the water content of materials has been described by
Wormald and Briﬁch (21), Stalhuth (22), Waters and Moss (23),

!
van Bavell (24), and others.

High énergy neutrons which are emitted from a radio-
active_maﬁerial such as radium-beryllium, engage in elastic
collisions with the atomic nuclei of all .elements. Because
they are'almpst equal in weight, a high energy neutron loses
much more kinetic energy in a collision with a hydrogen atomic
nucleus than with the atomic nucleus of any other element. The

>
process whereby high energy or "fast" neutrons lose kinetic

XA,

energy as they collide with hydrogen atomic nuclei elastically

is called thermalization. A beam of fast neutrbns directed at

-~ .

TR .

a material containing hydrogen is partially thermalized result-

ing in a flux of slow speed neutrons which emanates from the -
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material. The intensity of the flux is directly proportional
to the amount of hydrogen in the material. The intensity of
this flux canbe measured with an appropriate counter. In ‘
materials where hydrogen is the main element of lo& atomic
weight(@nd is largely contained in free water, the thermalized
or slow neutron count is a direct measure of water content.
Primary elements, for moisture control systems, have
‘been constructed utlizing the principle described above. An
advantage is indepenaence of sample temperature. Disadvantages
cited in the reference material are that l)\up to two minutes
is required to obtain a stable slow neutron count, 2) the slow
neutron count is dependent upon the sample packing density, and
3) the slow neutron count is affected by hydrogen in other sample
constituents. . )
s For molding sand, independence of sample temperature is
a defioite advantage. The sand-teﬁperature may vary between
50°F and 180°F, which is significant for some of the.other
measurement techniques. Dependence upon sample packing dEneity
does not present any significant problem. Several neutron
moiéturelmeasurement systems (25, 26) ere commercially available
with a gamma ray bulk densiti measurement package. In thiss;Stm

/
"the slow neutron count is corrected for varlatlons in den51ty

»

The fact that the slow neutron count is affected by hydrogen in

other sample constituents does. present a 51gn1f1cant problem.

-

The total amount of hydrogen in the seacoal is about the saine’ ¥

\
\
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as in the moisture, One hundred pounds of green sand with a

seacoal and moisture content of 5.0 and 2.8 percent respectively

~contains approximately 0.56 lbs of hydrogen. Seacoal accounts

for €.27 1lbs énd moisture for 0.29 1lbs. Seaccal would have
to be measured by some other means if the neutron method were
used for noisture, because both constituents fluctuate significantly
The measurement of seacoal is discussed in a subsequent section
of this chapfer.

The reference matgrial indicates that the best accuracy
obtainabie,'witﬁ this type of a moisture measurement system, is
plus or minus 0.25 weight bercent water. Thig in itself rﬁles

out the method because the accuracy requirements are not met,

<

8) Nuclear Magnetic Resonance. The use of nuclear magnetic
resonance as an ‘'instrumental technique for measuring moisture

in materials has been described by Eﬁing'(27) Rollwitz (28)

and others. Nuclear magnetic resonance is the name given to

a phenomenon whereby two muytually perpendicular magnetic fields, -
the one'stationary and the other varying at a radio frequency,
interact with materials having atomi€ nuclei that spin. To

have a nuclear spin the nucleus must have an odd number of

1, 19 29

neutrons or protohs such as "H, F, or Si. The effect of

the gtationary_magnetic field upon a material containing'wétgr

is.to cause the spinning hydrogen nuclei to precess about the

'direction of the field. Ewing (27) reports that the spinniny
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hydrogen nucleus can orient itself with the stationary field

in either of two ways, which means that if can occupy two energy
levels. The application of the alternating field at the pre- |
cessional frequency, f to the sample, results in the absprption
of energy by the hydrogen nuclei in the lower energy state,

The abgorption can be observed at the output of a detector.

-7 Unlike neutron absorption, NMR can differentiate between

t
\

\H}grogen that exists in different chemical environments. 'Fo;
eXAEple the hydroéen in water would absorb at a different combi-
nation of stationary magnetic field strength ;nd f, the fraymmqy‘

‘of the altérﬂating field, than the hydrogen in seacqal. The
amount of energy absorbed at each particular combination would
be a measurement of the amount of water and seacoal present'in
the sample. Galbraith, Ladner, and Stacey (29) have iﬁvestigated
the pdssiﬁility of using this method to measure the m;isture
content of coals and coke. They repérp that moisture can be -
measured with an accuracy of tlvpercent of the tb&gi'moisture:
content up to 30, percent moiétu;e. Tﬁis.mgans that at 3 ﬁercent
moisture it is passible to make a measurement accura@elﬁo with-
in I 0.03 pe%cent water. This cleafly exceeds the accuracy
;eqdirements for green molding sand.

Therg are, however;‘a number gf other difficﬁltiés with
this method. a) The statiohary magﬁetic field into)yhich Fhe
material under test is, plgced must be very powerfﬁl’and,

.very uniform. As a‘resui?uthe maximum sample .size nor-

mally Used is about one inch in diameter. Feeding an

¢ -
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¢

abrasive and cohesive material through 'an opening of
this size on a continuous basis presents a difficult
problem.l

b) The measurement would have to be corrected fo; the
packing density of the sand. Obtaining the density
of the sand in the sampling zone is alsa difficuit.

c) The cost of this type of an instrument is high.

d) The presence of ferro magnetic materials in the sampiet\\\;
causes ‘problems with the instrument. According.to Gray
(30) ferromagnetic constitueﬁté'aetung a high resolution
instrument, fhere’is a significant amount.of iron in
green sagd. First, there are iron particles which evade
the magﬂeticusepératofs in the sand syséem. Second, used
sand grains become'COated with a layer of cast iron.

The author found that virtually all of the sand grains:
"in a random handful from any of the éand systems at
ngeral Motors could actually Be picked ub'with a small
permanept_hagnet. The manufaéturef of an NMR process
moisture analyzef'(3l) séated thég there would noflbé'

‘ ”.an§ reéponée from their inétrument with a sample of sand

| ;n'thisvconAition.

: A moiséuré analyger ﬁsing the nuclear magnetic. resonance principle

is not suitable for this particular dpplication.

g
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9)° Microwave Absorption. The absorption of microwave radiation

has been used‘to measure‘the moisture content of a number of
materials. Lindberg and Ternstr;m (32) describe the application
of the microwave abso;ption technique to the ﬁeasureﬁént of
moisture in pulp and paper products; Taflor (33) describes a
microwave absorption method of measuring  the watefcontent of
fertilizer and soép powder. |

When micro&aves pass throu@h a maéerial, tﬁeir radiant
power is reduced because of.absorbtiop. For many maﬁerials i
the amount absorbed is primarily dependent upon its water content
the power absorbed in the dry state being almost negligible.
Water content can thus be estimated by measuring the microwave
power absorption of‘the ﬁaterial. This equipment is sensitive
to the amount of water per unit Qoluﬁe, hénce, for a granular
material, like molding sand, the power absorbed is seh;itibe
to the §acking density. An advantage of the method‘is that it
uses a relatively large sample wﬁich means that ;t is more likely
to be representat}ve of the materiai from which it is taken than
some of the other instrumental methods.

Goddingvand Bird (17) have Qroéosed that microwave
absorption be used to measure éhe ‘moisture content of green
_moldipg%sand. These two ihvéstigators develqpéd a protdéyée
unit iﬁ which the difficulty of the packing dens;ty was solved

by using a mechanical device that compacted a slug of sand inside B



steel tube. It was found that saﬁd, regardless of its
composition, could be compacted to about the same density by a
pressure in excess of 300 psi. The steel compaction tube had =
a pair of opposed windows for the microwave transmitter and
receiver. These windows were closed with plastic inserts which
lwore~out repidly and required replacement about once every 16
hours. The slug of sand produced was tested for water content.
The repeatability was reporteg to be plus or miﬁﬁéf0.3 percent moisture
The normal variations of active c¢lay, dead clay, seacoal, and
eoke constituents, which affect the absorption of ﬁicrowave
power, contributed to the measurement error. The author does
not know of a way of correcting for the variation in these
eonstituents. The investiéators noted that notmal variation
of sand temperature introduced a significant error. They con-
cluded that in‘an;industrial setting, automatic temperature
eompeneétion would have to be incorporated into the unit.

’ Unfottunately,th?rqutdﬁlityoftme method dietates that

it does ﬁot lend itself to the measurement of moisture in green

sand.

10). " Infrared Absérption. The near lnfrared spectrum contains
/ .
two radlation bands, centered approxmmately on wavelengths of "

'1.40~and-l,94 microns, which can exC1te’water'molecu1es by a
3 it ; . Lo . C s
reasonant absprptlon phenomenon. If 1nfrared radiation from

elther .of. these bands 1s 1nc1dent upon water tmaxthevunatuxml

}
.

state of the o—H bond '‘will be exc1ted to a hic“e

e
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energy level. 1In the process of exciting water, some of
the infrared radiation is absorbed. The a\ount by which the
intensity of a beam of resonant infréred adiation is diminished,
is proportional to the amount of water in i1ts path. A similar
phenomenon occurs with other infrared radiation baﬁds for many
compounds. Numerous laboratory and process analysis instruments
have been constructed on this principle.; A requirement of all
laboratory ;nstruments based on the absorption of infrared radi-
ation is that the incident radiation be transmitted through the
sample.‘ As a result the samplérmmtbe a transparent solid, clear
liquid, or a gas. Sand, because it is an opaque solid, cannot
be analyzed with a conventional laboratory infra red instrument.
The use of these conventional instruments has been described
by Ewing (27), by Willard, Merritt, and Dean (34), and by many
others. | ’ |

A recent development in the area of infrared absorbtion
ié a specialty device for the measurement of the moisture content
of materials. The incident radiation is reflected from the
material. The design of this type of an instrﬁment haé been
described by Considine (15) and by tﬁe Anacon Instrument Company,
135): This type of instrument hés a tungsten filament infrared
source and two filters mbuntg@ pnja épinning disc called a éhob- .

per. One filter passés an absorption band of radiation centered

on the_l.94 micron wave length, while the other passes a

A
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nonabsorptive band centered on the 1.80 micron wavelength. The
non-absorptive band, also known as the reference band, is not
affected by water or any other constitueht of the material to

be monitored. The chopper also isolates the two bands sequent-
ially. After it leaves the chopper the radiation is di;ected

at the material. Some of both the absorption and the reference

' band is reflected back at the instrument, where a mirror directs

it at a lead sulphide photoconductive detector. The chopper

and the detector are synchronized so that both the absorption

and the reference bands are converted into separate electrical
signals. The reflegﬁance of any material is dependént upon

threé factors; its surface absorption, surface scatter, and
special absorption properties due to chemical coméosition. " The
surface absorption and scatter properties diminish the intensity
of‘the reflectedhradiation from either band:in exactly the same
way: The water content of the material diminishes only the
absorption_'bah'd. The renference band is used to remove the éffects
of surf;ce_absprption and scatter from the absorption bani. The
ne£ effect is an electrical signal proportiqn;l to the amount of
wate; oﬁ\the'sﬂrfacé of the maéeria}. ’With the Anacon instrument,
users have the optiOnAof sélecting'anvelectr;cal‘voltagecp:mnment'
ou£put signal. Because the unit is sepsitivé to the amount of
waéér present; flfictuations in the pgcking-denéiéy would intro-. .

' dﬁce brror: In applications Qhe;g the péckinq densify is}kﬁfonn :

the manufacturer advertised an accuracy of better than plus or
v .o N < . e M
« - ‘/‘
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minus 0.1 percent.

The manufacturer was contacted concerning the instrument,
because the reported accuracy was better than actually required.
A test was set up. It was found that there was very little res-~
ponse from the instrument even for moisture content in excess of
{10) percentl \The problem appeared to be that the clay absorbed
the water and shielded it from the absqrption band. The sales
representative made inquiries at their he;éfaffice and discover-
ed that the instrument had been tried out on molding sand at a
Ford Motor Coﬁpany Foundry, again with negative results. This
method does not appear to be suitable for this application. Fur-

ther investigation is required to discover the exact reason for

the failure of the dEVi&QL\\\ .
11) Moldability Contreoller. Molding sand must possess certain

mechanical properties in,ordér to be used to produce good cast-

ings. These include moldability, flowability, green compression
strength, ﬁot strength, and permeability. The desired mechanical
properties are obtained if the correct amount of each constituent
is present in the sand. Conversely, if a sand mixture has the
desired mechanical properties, thenlrhe correct amount of each
.constituent is present. The moidability cbntroller developed by
the Harry W. Dietert Company (16}, utlllzes this principle. This
dev1ce has been descrlbed 1n one of .the leadlng foundry trade Jour-
nals (36). Th% mechanlcal property utilized by the controller 1s
the moldability of the sand. Moldability appears to be related to
the tackiness-of moldiné sand. It is measured by the ability of
-é mass of riddled or loosely packed sand to brldge a slot 1n a

v1brat1ng “pan . The width of the «slot that
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a sand is able to bridge is a measure of its moldability.” The
instrument is illustrated in figure 4-2. Each of the two.
aperatures in the sides of the lower pan allow light to illum-

inate a photocell. Each photocell cqﬁ;xgls a valve in a }
separate water addition line. If the sand bridges both gapé in

* the upper pan, then the valves iﬁ both lines are closed. If

either apperature is blocked by a buildup of sand on the lowér ) h
pan, then the water valve in the corresponding line is opened. - -
Control of water content is achieved as described below. . |

a) The first slot is set at the lower .allowable moldability

and the seéond at the upper limit.

b) A small quantity of. sand is fed from the mixer bnto tﬂe pan

as shown in figure -4-2, |

c) If the sand is dry, its moldabilty will be veryhiow and

it will fall to Lhe lower pan. Both water lines to the mixer

will be épenéd.

d) Both lineé remain ‘open until the sénd develops sufficient
holéability to bridge the first (narrow) slot. Orice the first > .
slot is brid%ﬁg,wtﬁE“Tﬁrst apperature is no.lgnger'bloqked and

the first er line is closed. ' .

Ta

e) Depeffding upon the water requirement of the sand, the
moldability could continue to increase until the second slot
is alsol bridgéd.. The second water line would then also be

closged.

e

‘The mbidabi troller allows the moldability of the sand to | ,
. a‘ ) . ‘ * .- ’:' ‘ . Pl
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drift between the upper and lower moldability limits,

The following is an evaluation of the moldability controller.
a) This instrument does not control the water or clay content.
The same moldability can be achieved with different clay-
water comblnations. There 1s no published data relating water
and clay content to moldability as measured by the moldability
controller. However figure 4-3 shows that the same green
strength, which like moldability, fg-related to the tackiness
6r bonding ability of molding sand, can be achieved with many

N

different clay-water combinations. The manufacturif (37)
indicated that a similar relationship exists for moldability,
making 1t neéessary to use conventionay control procedures,
including the hand sgueeze meéthod, along with the automatic
moldability c¢ontrol in order to maintain the clay content at

the required level. 1If this is-'done then the moldability
controller will maintain the water content at the required level.
The clay content is easier to maintain at a constant %evel than
moisture, because it is a non-volatile constituent.

b) The ‘experience of foundries has been that these controllers

cannot replace the muller operator. The bont;oller assists the

rd

operaéor by improving the response to variations in the return
sand moiéture content.

c) The instrument is simple, rugged? and 1nexpen51vé.' A muller
installatlon.can be equipped with one of these units for ap-

proximately $10,000.00, ‘
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d) The author is of the opinion that every foundry should -

seriously consider the use of moldability control units for
&
its sand systems, based on the potential for improvement Eo

product quality. In many s;tuations the acguisition of these
control units will, in fact, realize lower operating costs
through a reduction in the casting scrap rate. However, this
is not a complete solution to the control problens becguse
the conventional sand control procedures are still required.
A system capéblé of measuring and controlling the chemical
composition would bé superior ‘because it.would enable a sub-

L3

stantial labour reduction.

12) Clay and Seacoal Meagureﬁent Methods. A number of’ lab-

oratory methods are used to measure the clay and seacoal
constituents in green sand. These methods wére mentioned in
the second chapter of this repert. '

The method of elut;iatlon'for the measurément of clay'
content, adopted as a standard by thé American Foun&rymans
Séciety (38), involves washing all fine material, less than 20
microns in size from the sample and weighing ghe-residue. The
percent weight 1o§s is the AFS clay content. The nickel sulj
phate test” for active c}ay content (10) d§¥ends upon the adsorp-
tion of nickel ions by active clay in a nickél sulphate”solution.
The rema}ning nickel 1s formed into a colored complex by adding

dimethyl glyoxime. The amoan of active clay is determined by
Ay

JO R

» s
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filtering the solution and measuring the intensity of elecé;g: *
magnetic radiation (540 nm) ;ransmitted through the sample on

a spectrophotometer. The methylene blie test (16) for clay
involve the titration of a sample of sand with a methylene blug

solution., The amount of solution required to reach an end point

is a measurement of the active clay content. The nickel sulphate’

and methyleﬁé blue tests are described in more detéii in Ap-
bendix ITI.

A new method based uéon the compactability of a green
sané mixture has'been suggested (39) as a way of measuring the
clay content. éompactability is determined by riddi%ng a sand
sample igto a standard 2 inch diameter by 2 inch high spécimen
tube. The tube is filled to overflowing and the sand.is gently
étruck le&gl with the'tﬁbe top. The sand is then compacted with
three blows of the AFS standérd 14 lb. rammer. The decrease in
height is diQided by the initiai_héf@ht to obtain a figqre'that
is expressed as a_pe%centage compactability. The compactability
. has the following implications. The minimum density point of
thoroughly mulled green sand exists at approximately 690 percent
cbmpactability. This can be seen from figure 2-6. As the moist-
ure content decreases from the minimum density point, the thick-
ness of the water~cl§y coatings arouﬁd éhe sand grains decreases
with the result that more sand can be initially riddled into the
specimen test tube. The compactabilyéy is.therefore decreased.

In conjuction with moisture determinations, compactability:

<
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measurements can be related to the clay content ‘of green sand,

- .
Published data is not availdble. Further work is required in

this ,area. ' ’

- \
- ¢

|3

Seacoal is determined by measur%ng its volatile constituent
A

A sample of sand is-placed in an oven at! 1800°F and held at

[

that temperature until its weight is constant, The weight loss

is related to the seacoal’content (38),

The measurements for clay content by elutriation, the

Y

methylene blue test, and the nickel sulphide test are of a per-
iodic nature and as such age impractical for automatic ccntrol

Ssystems. Provided that a method of measuring moisture to

©

adequate aécuracy could be found the method of compacta%ility

does hold potential for use with an automatie control system,
This is elabo;éted upon in a subseguent section. of this chapter.
The measurement for seacoal is also of a periodic nature and as’

P

such is impractical for use with 'an %Ptomatic'control system,

13) Temperafure Measurement. The response of a measurement’

kechniqueAis often affected by the temperature of the material

under analysis. There are several methods of measuring temperature

lthat are compatible with automatic cénérol systenis. According
to Cbnsid%he (ISY'nes;séadce temperature detectér elements are
available with a repéatability of better than plus orminus Jban
fThermocé§plF and thermistor systems could also bg used but witp
less advantégeous repeatability characteristics. = When the temp-

A

erature is a significant factor in a measuremenghtechnique, a

.

™
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" resistante temperature detector (RTD) element could be used to
‘compensate for the error. 4 ' »" oA
/7

14) Densiby Measurement.. The responge of a measurement instru-
ment is proportional to the aﬁount of the desired constituent in
;he sampie, which i§ determined by its concentration and the
dénsity bf the sa%ple. When an on-line, continuous, analytical
igstrument is dsed to measure a constituent of green sand, the
density must also be mgasured. The method ofumeaéuringthedemﬁty
‘of bulk materials., most often encountered in Ehe ;echnical lit-
& erature, is based on ?he Compton scattering 6f medium energy
gamma radiation. The essential 66;§onents of such a ;ystem are
a radioisotope souree in ; lead-shielded holder and a detector
fixed on either side of the sample. Density is -determined by
umeasur;ng the attenuation of gamma radiation. Accuracies as

good as plus or minus 1 percent -have been reported for soils (21)

and as good as Rjus or minus 0.03 percent for slurries moving

{

»
L

through ‘pipelines (15). The adcuracy exceeds the requ;reménts
for the measurement of -the constituents of green sand. The

" method can be incorporated into an automatic control system.

[
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B) . General Physical-Chemical Phenomena of Chemical Composition

Measurement

A sultable monltorlng method that could be, 1ncorporated

“into an automatic control system does not exist in actual foundry

practice for any of the green sand constituents. In view of this

fact the instrumental techniques of analytical chemistry were

reviewed for the feasibility of using one or several of these

" techniques for green sand constituerit measurement transducers,

~

One of the problems that confronts a person seeklng to
find a method of determlnlng a partlcular chemﬁcal comp051tlon
in.a‘process stream is that of selecting the best possible ?na—
lytical technique end/or instrument from the lerge number that
have been developed.* In response to this problem the methods
of analytlcal chemlstry Rave been classified for the purpose of

~ 2

providing a systematic approach to the selection of a technique

for a given analysis problem by several individuals. Ewing'(27f

has approech%d}the problem from the point of view of .laboratory
L - . ‘ , .
analysis, ie. the instrument or technique is to be used by a

technician as a tool for the analysis of a sample about which

AN
llttle of perhaps no advance knowledge in regards to its composi-

tion is available. ConSLdlne (15) has approached the problem
from the point of view of determining'énd controlling a chemical

7

composition in a preocess stream.- In a control application the

_ instrument operates unattended, analyzing a sample about which

-

. s
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'considsrable advance knowledge is known in regards to nhat kinds
of material will be present and their expected ranges of concen-

“tration. The approach by Considine is more apélicable to the
selection of a sechnique for measnring the constituents of gn%en

sand., It is discussed below. N
t

b

Consdine (14) has d%vised a useful reference,frameworﬁ,
which enables a more systematic approach to the selection offan
analysis method. Table 4~1 which is reproouced from Considine
(14{,'separates the analytical methods into four categories
based on the faoé that chemical oomposition is determined by
subjecting a material to an external source of energy and measur-
ing the consequences of the.interaction between the materié} and
ths eneroy source. ,Tne anélytical methods are separated into
four-groups.necause'the extsrnql energy source may be in one.of
four fundamentally different categories, which are:

1. Electromagnetic radiation

2. Cnemical Affinity or Reactivity - . | *

3. FElectric or Magnetio Fields |

4. Thermal of Mechanical Energy.

An understanding of these interactions between matter and an
external energy spuréé can'be builtonpon a ﬁn0wledge of the -
structure of atoms and molécules. All known'matters'made up of
. a compiex_buﬁ-systematic arrangement of particlss having nass

and electric charge. For all practlcal purposes these particles

are neutrons whlch possess mass but no charge, protons which

b1 .

Jpossess mass and a unit positive charge, and electrons. whlch have

e
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negligible mass and a unit negative charge. The neuﬁfons and
protons make up the atomic nucleus. Ordinar{ly each ;ucl us
is provided with enough electrons to bala;cé the positive charge
on it. |

In an excited atom the electrons are in an orbital ar-
rangement, about the nucleus occupying discrete energy levels,
t%e lowesé'level being designated 1S and proceeding upward
according to the guantum rules. By pfoviding energy in an
aéprOpriate form, an electron can be pushed to a higher level.

An excited electron exhibits a strong tendency to return to its

"normal level, and is so doing emits a quantum of electromagnetic

radiation. !
The number of protons in ‘the nucleus, which fixes the
number of electrons determines the chemical and physical prop-

.erties (except mass which is determined by the number of protons
I
and newtrons) of the resulting atom.

\

. Chemical combinations of atoms into molecules usually

involves the loss, gain, or sharing of electrons among the atoms.

Every configuration of atoms in a molecule, crystal, solid,

liguid, or gas can be represented by a systém of electron energy

states. Figure 4-4 is an energy level diagram of a typical organic

molecule. In an unexcited condition, the.molecule can bedescribed

as being in a ground state, which is designated SO} Two Series
of electronically excited states can exist in some molecules,

the singlet series, designated S S e Sny and the triplet

1’ =2f

YAREERR Tn' A triplet level generally

series, designated T T

ll
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has less energy than the corresponding singlet. These two

‘ 1
series refer to a difference in the net electronic spin of atoms

RS N

in the various levels. Because it is difficult to change electron

. .
spins, energy transitions as a result of the absorption of radi-

tion, raise a molecule only from one singlet state to a higher

singlet level or sublevel. The triplet state is reached when

it is “possible for a non-rediative energy transition from an

excited singlet state to thg corresponding triplet state to

occur within a molecule. The triplet state is metastable while
there ig a strong tendency for a molecule in a singlet state* of
excitation to revert back to the ground level.

Each electronic energy level, both singlet and triplet
has associated with it a series of vibrational sublevels, which -
orrespond to the energy reguired to excite the varlous modes

of vibration within the molecule. Each vibrational sublevel also
. 1
has a series of rotatiohalsublevels which’'correspond to the enexgy

of rotation of vgrious atoms or groups of atoms that mage up the

molecule.

ry
. -

The four dlffereny types of energy and the manner in l .
Naf ’

which they 1nteract with matter are briefly considered below.

-

1) Electromagnetic,radiafion is .emitted or absorbed by a meterial

whenever thgre is a‘change in the energy levels occupied By the

electrons associated ‘with the agbms, a change in the mode gf mole-

cular vibretion, or a change in the rotation of atoms or groups

of atoms within the molegule. The electromagnetic spectFum is

.
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- broken down into different a?gions as shown in figure 4—5~///

The frequency boundaries of these regions are determineé by the
appropriate practical methods of producing and detecting the
radiation. Radiation from the different regions of the spectrum
interacts with different "components" of matter, which is also
indicated on figure 4-5. X-rays for example which consist of
photons of relatively high energy, penetrate deeply into the
electron orbits of an atomand possess sufficient energy to push
inner electrons to higher energy levels. When such a transition
occurs a photon of electromagnetic radiation is absorbed. How-
ever because of their high enerdy, X-rays, are not adaptable to
the causation of lower energy transitions correspondingto PUQﬁﬂgv
a valence electron to a higher e?ergy level or inducing vibration

or rotation of intra molecular bonds.Transitions of this nature

v

-
3

occur, when a material absorbs electromagnetic radiation in the

v;51ble:, ultraviolet, infrared, and microwave frequency ranges .
-y ‘ -

respectively. The trensition; which occur\in a material are unique
and thus can be used to identify the atoms or molecules present
in the semple on a qualitative ana a quantitative basis.
Transitions involving atomic ‘or molecular energy ievels
and electremagnetic radiatibn can be observed- by measuring the
selective absorption of radiation passing through them. The
frequency-at which. absorbtion occurs is indicative o£ which ele~
ment or molecule is present and the amount of radlatlon absorbed

is indicative of the, amound of the element oOr molecule present

in the sample. The energy gained by a material which absorbs

Y

e

R i talid
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radiation does not remain in ‘that material, but is lost or
degraded by several mechanisms. The material loses the absorbed

energy by the emission of radiation. Transitions can.also be

observed by measuring radiation being emitted from a material.,

It may be-emitted as ra@iation of the same wavelength as that
absorbed. This mechanism is known as resonant fluérescepce.
Another emission phenomen¢n, known simply as fluorescence, OCCUr
when part of the absérbed energy .1s degraded to heas, lowering

the net energy of the molecule to the lowest vib®ational and
. .

- » ' .
rotatiopal level within the same electronic singlet level. The

»

remainder of the energy is then radiated té return the molecule

to the ground state. 1In the case of fluorescence the persistance

-3

of emitted radiation is not measureable. However, in some
materials a non-radiative.fransition from a singlet state to the
corresponding metastable triplet state occurs. Because the, prob-

. s s \
ability of a transition from a triplet to the ground state is

low, radiation may be emitted from the material for some time.

This‘phenomenoﬁ is called phosphorescence. . The Raman:efféct is

somewhaé similar to fluofescence in that Ehe radiation is emit-

ted from the sample with a changé in waveiéhgth. The shift in

wavelength is caused by extraction of enérgy from the gquanta of
. . 4

. 4
incident ‘radiation. ' The emergent quarta thus can be thought of

as the same ones-which entered,, but with less energy. :

2) Chemical. Affinity or Reactivity . Chemical reaction;cmﬂﬁin

an inherent ability for the recognition of certain substances.
. . +

.
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By mixing, the two parties to the reaction can be brought %
into close pro;fmity so that the potential driving force toward

reaction can come into playﬂ _Three methods, falllng 1nto thls“
category by which qualitat{ve and quanti;aeive caqx51tux“deUamk
inatiens can be made are the measurement of the amount of a
reaetant consumed until an end point is reached, the amount of
reaction produets that are generated, and the aﬁOunt of thermal
energy liberated during a chemical reaction which is initiated
when an appropriate chemical is introduced to the sample.

A method that is currently used to measqre the moisture
. A d ’

content of green sand in several foundries. including General

"Motors of Canada is done by mixing a sample of sand with an

excess amount of calcium carbid% powder and measuring the volume
of acetylene gas which is generated. The volume is directly is
proportional to the moisture_content. This technique is typdcal

of the methods in this category in-that they are primarily

,suited for the®analysis of batch rather than continuous samples.
b ., -

5

3) Electric or Magnetic Fields. A third class of analytical

methods for the determination of chemical composition can be used.

-.when it is possible to rely upon.some inherent or conferred gle-

ctrical .or magnétic distinction between the sougﬁtaftercamxments
In order for the dlstlthlSthg features to be sorted out and

measured the sample must be incorporated in -a sultable electric

or magnetic circuit. Somle of the techniques within this class-oﬁ

N . " . ’

methods are mentioned below. - o EERIS

- - , )
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Mass spectroscopy is capable of sorting out the !
.constituent ions in a.gaé or vapor sample accordiné to their mass
and conferred electric charge. Techniques for "the anélysis of

solids and ldguids have also been;deQeioped.

There are a number of electrochemical‘measuremenf tech-
nigues based on the ability of materials to dissociate into
ions in solution or in f molten bath and migrate toward electrog-

es when under the influence of an electric field. It is possible

to make both qualitative and quéntitative composition measure-

-

ments using these methods.

There are sTveral methods that are based on the inherent
electrical %;operties of materials. Electrical conductivity is
used for the determination of the purity of water. Measuremefit—

of the dielectric constant of a material is used for determining

!
small amounts of water in some materials. ~ As mentioned previousf'
ly the American Foundryman's Society (5) and other have proposed

_ .on
that both of these properties be used to measure the moisture

content of green sand.

The magpetic properties of méterials'ére also utilized *®

. for compositign measurements. Oxygen and nitrous oxides exhibit

’

paramagnetism enables thém to displace other gases from

$trong magne%ic fields, /permitting their~determidaﬁion. Nuclear
magnetic resopance which is the ‘name glven to a phenomenon involv-

P |
ing the interaction of elements possessing nucleii with odd atomlc

"numbers, with a strOng ho%ogeneous magnetic field acting in com-

bination with a'weéker oscillating field offers a lot of useful

. T . . %
'\/ * . ' .

W
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.  information, including structural determinations and qualitative

and gquantitative measurements of the composition of matéfials.'

hY

‘

'4).. Thermal or Mechanical Energy. The interactions between

P ;/.W»a_\.mnxww"““‘“ e

-

matter and energy falling intoithis category, afford information
of a less spe&ific nature when compared to many of -the ﬁethods
in thé firs@ three categories.’ For example, some gas molecules
possess the distinguishing ability to cenduct larger+amounts ‘of
heat away from a heating element than others. The~QVerall.
cooling effect can be used to measure the concentration of a
particular gaseous element in a mixture of gases. Thermal
dondQctivity analyzers de§ignéd to operéﬁe based on this principle -
- are limited in their ;pecificity or, ability to recogﬂ;ze a
-particulaf gas. gpwever, according to Considiﬁe'(lS), when
such an/iﬁstrument is to ﬂe used in an application where it
is ﬂecessary to measure a gas with high thermal conductiyvity

— . :

such . as hydrpgen‘in\é gas with low.thermal conductivity such

A s o A

" as nitrogen it is possible to obtain accurate results. Another .
. . N . e .
example of a measurement techniqué of limited specificity in
. 1 —

this category is the measurement of viscosity to determ}ne conc-
& ' " ' '

.

entration, degree of polymerization, composition, etc. Only

under controlled circumstahces along with advance knowledge of

-

all materials present in the sample is it possible to obtain

specific results.

Any attempt to use gn instrqmental:technique to Peasure

7-63 . ‘



DR

£y

~a l/4-inch mesh screen before testing and ghat actual manual

108

a green sand constituent must recognize that there are a number

of practical considerations involved .which limit their utility.
S ‘ .
These considerations are described below.

¢

1) The sample must be representative. According to Willard,

Merritt,.and Dean (34) sampling may involve up to ninety percent
of ‘the problem of automatic control. L
The requirement that ths'sample be representative involves
the siée of the‘sample and the manner in which it is obtained.
Accordigé to Yearley (4) the additives are not uniformly
d;striﬁuted throughout the sand even.whsn rtulled as long as
20 minutes. Yearley came to this conclusion as a result of tests
using a laboratofy type saﬁd muller. In the foundry industry
the mulling time of green sand is less than one minute in sSome
instances and frequently between one éﬁﬁ'two minutes. The
m01sture, clay,ana seacoal constituents of green sand are added
and blended w1th the sand durlng the mulling operatlon. The

-

fact that tHe additives were found not to be uniformly distribut-

ed throughout the sand when mulled at least ten times as long

as in actual practice iﬁdiqgtes tﬁat in order to be'repfeﬂﬂﬂﬁtive

the samgle musi‘be of substantial size., - a
The.American Foundyyﬁan's Society (35) has done some

work on sampling procsdures for green sand. The?have‘raxmnemdgd

that the .samples be collected in o6ne quart, air tight containers

to prevent loss of moisture, exercising caution not to pack the

sand. They alsg recomment ‘that the: sample be riddled through

4

-
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tests for corposition be con%ucted on 50 gram samples. To give
_the reader an idea of the size, a 50 gram sample of loose green
'sand fills a two inch diameter tube to a depth of one inch. In

| I
actual practice some foundries. have departed from the recomendat-

ion by the AFS and have deﬂised their own standard for sample
size. Gene;al Motors‘of Canada in St. Catharines conducts
moisFure tests on three .gram samples‘gf green sand. A three
gram sample of loose ‘green sand fills a 5/8—inéh diameter tube

to a depth of approximately 5/8 of an inch. The three gram

sample size was selected because it suited ﬁn'apparatus which

X

ywas a&ai%aple for use at that particular time. Moisture, as

mentioned previously, is determined by the éas bomb teghnique.
This method was used in pa;allel with the standard methodlof
ovenldry%ng a 50 gram sample uhtil the sand- laboratory supervisor
was saETSfie& that the two methods produced similar results.

The actual data that enabled him to céme to this conclusion . 3

has subsequently been lost. -At General Motors other coqstﬂumntsﬂ

are measured from 50 gram samples as fecoﬁmenéed by the AFS.

The writer is of the opinion that-a 50 gram sample is large

enough to ensure proper representation in.all cases while the ,

" three gram-size could easily produce erroneous results. The

writer baSES‘his,opinioh-on'the findings of Yearley (4), the

fact that the mulling times that he used were at least 10 times
longer than those.encountered in actual practice, and the fact - -

that small core butts which areioften present in green sand

,

. would have a greater effect on a small sample than a larger one.

s
’

[
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For the purposes of automatic contr&l the amount of sand in the
me&surement chamber, being subjécted to energy from an extefnal
source should weigh no less than -50 grams.

A c0m§féhensive study is needéd to determine the minimun
representative sample size not only for the measurement of\
moisture but for the clay and seacoal constituents és well.
Information of.this type is important because some analytical
techniques require\that the sample be smaller than even the
three grams of green sand.

Fhe AFS also has§;~recommendation concerning the manner
in which a sample of sand is obtaxped naﬁely that when a sample
is taken from a sand plle or storage bin, it be from a depéh of
not less than six (6) inches belo@ the surface of the sand and
when a sample is taken from a moving conveyor tﬁat it be immediately
down stream of the aerator. This is to ensure that mois?ure]osses
_due to evaporation be kept;to an absolute minimum.

2) A second practical consideration concerns the physical state

of the sample. Once the proper method of obtaining the sample

and the sample size has been esﬁabllshed the méasurement tech-
nique selected must enable the external energy source to interact
with the gntirg samble and that the result of the interaction

be subjecﬁ to observation. For many materlals this is not possible
The majorlty of analytical methods are appllcable to gases and
vapours, fewer to liguids, flewer still to solids, and fewest to .
particulaté or gran&lar golids. When compared with a solid, the

wmollecules'of a gas are widely spaced and freer to react with

-
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104, only 13 are applicable for the analysis of a particulate

solid sample, some of them’%ffering information not in liné with
the objective of measuring thé composition of green sand.Examples
of techniques which cannot be used for the analysis of agranular
so0lid, are the methods involving the transmission of infrared,
visible, and ultraviolet electromagnetic radiation because dgreen
sand is opaque to the radiatidn. X—radiation, on the other hand,
having greater penetrating power\gip be transmitted through and
interact with a solid sample. The Ebct that green sand is a
grandlaq solid limits the number of techniques that can be used
for anal&ging its composition.

|

3) A third practical consideration concerns the unigueness or

specificity of the method. It would be desireable to have ana-

lytical methods which are specific for each element or perhaps
each class of_compound§2 A specific- method for an element would
permit its identificafion and measurement in any material. Un-

fortunately very few methods are completely specific. According

to Ewing'(27), i€ is sSometimes necessary, during the course of
the laboratory ana is of a sample, to isolate the desired
h
W . .
constituent in a meas;:lable form or to remove interfering sub-

stances from the samplé.

An examplée of an analyticél method that, to 'a certain

extent is specific for many metallic elements is atomic absorption. '\

)
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This method involves dissociation of a compound into its element
in a flame. 1In the flame the atoms are able to absorb radiation
\from an exﬁgrnal source wﬁich; as mentioned preyiously; is then
emitted. Both the incident and the emitt;é rédﬁation aré of

phe same frequency. Unfoytungtely atomic absorption is best
suited for analysis where the sample is a liquid solution sq
‘that it cap be introduced into the flame in the form of a mist.
Thus it is not adaptable for analyzing green sand.

The point is that sometimes a method for the mééégrement

of a certain constituentxgannot be used if other constituents,

present in the sample, interfere with the measurement or have

*

similar interactions with.the energy from the external source.

4) A fourth practical considexafibn was first mentioned in the

[

third chépter. It is desirable that the analytical method be

non-destructive. It is evident, from an examination of table

4-1, that many analytical £eéhniques are of a destructive nature,
Included are ﬁhe following} emission gpectroscopy in which the
samples are thermally exci%ed to em%twradiation, the methods,

of the second group in thch the gample ig mixsd with a keaqtant,
mass Spectrdséopy in which a solid sample can be analyzed 5nly—
if it is vaporized or. pyrolyzed to inp”charaqtefistic'fragments,
and the methods of group four (détermination of‘me;ting point, -
boiling peint; and vapour préssure) in which the sample is
subjected to Beat. o "

Destruction of the sample creates a problem regarding

disposal of the sand residde. If the residue was discharged back

Y
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into the sand, a build-up would result because the sand is_

recycled. Depending on what the resi%pe consisted of this could

cause a problem with the sand. If the method selected involves

the additioh of a reactant to the sample, this also introduces

the problem of handling this material.
5) A final practical censideration concerns, an operating

characteiistic of the analytical technique. Instruments for

4 , . . ’ C
measuring process variables may be described as periodic or

continuous. Periodic instruments are generally automated versions

of conventional laboratory equipment. Instruments for the det-

ermination of moisture using oven drying, chemical titrations,
and distillation methods aré available in automated form, with
a measurement typically requiring two minutes or longexr. Ac-

cording to Considine (15) the periodic type of instrument is

gquite impractical for automatic systems.

‘The practical considerations involved in the selection

of an analytical technique to measure the composition of foundry

- green sand, limit the number of methods that the author can sug-

gest'for further work.

¥X-ray flourescence and gamma ray spectroscopy from group

I on table 4-1 appeared to be useful for this application.

Considine (15)’ describes the use of X-ray flouregcence.to measure

aluminum, Further work is required to determine if this method

could be used to measure clay content which is the only constituent

in green sand which contains the element aluminum. Gamma ray

spectroscopy, which is also known as Mossbauer spectroscopy, is

-7
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a study of the phenomenon of resonance fluorescence of gamma

radiation involving intra nuclear rather than electronic energy

levels. Most of the research in this field has been with tﬁe

isotopes 57Fe and 119Sn. However, according to Cohen (41), it

is unlikely that lighter elements, such as those in the make up

of green sand, will ever be analyzed by the Méssbauer method.

<
The energy of gamma radiation required to excite isotopes lighter

than 57Fe is low enough for the Compton effect to occur, The

Compton effect takes precedence over the Mossbauer effect at

-]

(Y
these frequencies with the result that most of the radiation will
a

. be absorbed by the electronic interaction. The Mossbauer effect
is therefore not observable for the light elements which make \up

green sand,

The methggs of groub II on table 4—1 are intended for use

on batch samples rather than continuous samples. The samples are

also destroyed or altered in some way. The author does not recom-

mend the use of these methods for the continuqes meastrement of
- i - B \ . *
green sand composition. :

The methods of group III on table, 4-1 that appear to have

potential for this applicﬁ%ion have already:been tried by others.

These methods cannot be used €ither

not lend itself to this application or because of the presence of

other constituents that interfere with the measurement method,
The methods in the fourth groubing on table 4-~1 are not

[ 3

applicable for the measurement of the composition of green sand.

These methods are best.suited for the analysis of materials in

because the repeatability does’

i -

v
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the gaseous or liguid state.

C) Results of Literature Su}vey.

The énalytical methods for the measurement of the
composition and properties of green sand discussed in this. chapter
are described on table 4-2. Most of the methods for composition
measurement are not suitable for this application for at least
one of the following reasons.

1. The technique is periodic in nature and as such is

not compatible with automatic control systems: s
2. The.repeatability of the technigue is not.adegquate
for the appllcatlon.
3. Other constltuents that interfere w1th the measure-
ment method are-present.
There are several techniqyes that require further evaluation.
These are listed below.

1. The 1sfrared moisture measurement method has been

subjected to ‘a foundry trial on two occasions. On both occasions

"

the 1nstrument did not respond to chenges in the sand moisture
content. Further work is required to identify the exact reason 4
for the response failure, The instrument which makes the measure-
ment is compatible with .automatic eenérol .systems.

.2, X- Ray fluorescence, which can be used to measure the
amount of:alumlnum in a material, is suggested as a method to

measUre clay content, which is the only constituent in green sand

that contains aluminuni., Further work should be to determine if the

S RN o 96w
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method is adaptable for continuous measurement and tb deterpine
if the repeatability is adequate for this pérticular application.

3. Neutrcn Scattering which measures the amount of *
hvdrogen 1n a material, could bguused to.meaSUre the seacoal
content of green sand, provided that a method to measure moisture
content 1s found. .

4. According to Vingas (42) the active clay content of
foundry green sand can be detérmined with the use of the coﬁpacta—
bility test provided that the sand méisture content is measured
by some cother method. The compactability test 1s currently a
manual method. The &uthor is of tthgg;nion that 1t could ke
developed into a continuoﬁs device. ' A sketch of a continuous
cempactability measuriﬁg device 1s shown in fig. 4-6, Sand frcm
a muller 1s riddled through a screen onto a small convevor. The
loose sand is compacted betweén the lower convéyor and an upper
conveyor which 1s saueezed agalinst the lower conveyor by an air
cylinder. The compactability -1s measyred with a displacement
transducer. °
. It 1s apparcent that, when a composition measuring svstem
is ‘eventually deveiopod it will be necessary to reasure thedensity
and possibly the temperature of g%een sand. These twd variables.e
can bhe measured'w1th a high degree of precision by the use of the
gamma ray absorption method ané by the use of resistancetemxﬁatﬁre

devices.

N

P P



, >
Pej;c/e}wt Compactability COMPUTER
to Controller -
100 psi ' Regulotrr
air supply
Sand  from /////////////// 1/,
muller T
\ | Air
: Cylinder
ES %m» ik )/y LVOT
/ .
Vibrating
feeder
S reerft—] ,
Riddled éd
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CHAPTER 5

" ’ ‘ '
£

MULTIPARAMETER DETECTION OF MOLDING SAND ADDITIVES

S -

’

A. Introduction

[}

The multiparameter method of measuring the content

of foundry molding sand additives was introduced in Chapter

four of this report. The method is described in a paper
’by'Pustynnikov and frotod'yakonov ( 40). It differs from

the other electrical methods of monitoringathe composition ; '

Arn>that. the additive contents are not determined from a
‘\

»

. ‘ R .
single criteria such as conductivity, dielectric permeability,

or dielectric losses but from a combination of tj§§e. The
. )

iﬁveszigétors described the method as having the/capability
1 X

of monitoring the clay, water, .and density simultaneously.

¥

The operation depends upon the fact that each variable (water,
. 1 [

cla&, and packing density) has a certain characteristic
frequency at which the current response\of the detector is
more dependent on:it than on an§ other variable. The actual
measuring aevice consisted of a pair of parallel copper plateé
arranged ih a ménner such that the sand could be fed betﬁeep
them. Three alternating current s;gnals,ieach one corres—.
ponding to the characteristic frequency of one .of the va;i—

ables, were applied to the measuring deyice. The current '

.

—~—
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-

response due to each signal-was displéyed on a meter

)

h‘)’““‘“ -

1

graduated in "weight percent water" or "weight percent
clay" after thé effects of fluctuation in the other
variables were balanced against it. An instrument, based
on this principle of gb;ration, is reported to have been
built and tested in a foundry in the Soviet Union. Accorad-
ing to the iiterature it produced satisfactory results.
This method héd to be evaluated experimentally because the
results from gctual foundry proving trials to support the
contenﬁion that the method écfually worked’ satisfactorily

were not included in the paper. This evaluation is described

2 \,
in the next section of this chapter. - )

B. Experimentél\Objectives, Procedure, and Apparatus

The experimental objectives were three-fold.

1) The first objective was to find the characteristic

frequency of each variable.

N

2) A second objective was to determine the effect of
5 .
adjusting the level of each variable on the current réspgnse
at its ch&racteriééic ffequency and at{ﬁhé characteristic
. frequencies of the other variables. ' .

5) It was repqrted that additional adjustments to the

.current response of each measured varlable at its characteristic.
frequency would be necessary if other components such as sea-
coal were present in the.sand. Hence the third objective-

was to find a-characteristic frequency for seacoal and to
’ |
\
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find éhe effect of changing the seacoal content on the
current response at the characteristic frequency of each
other wvariable.

In order to meet these objectiveg, molding.sand
samples, in whi;hleach additive was varied independently,
were tested in a capacitor-type detector which consisted
of two square copper plates held par5¥lel to each other
in a plexiglass frame which is shown in figure 5-2, 5-3,
and 5-4. The frame was constr&cted in sﬁch a mannér that
the spacing between the copper plates couﬁd be adjusted.
.The frame had an opéning in the side with a removable lid
to allow easy loading of molding sand into the container
and to prevent moisture ffom eééapinq during the test.

Due care was exercised during the loading se that each
sample of sand tested Qas of the same weight. Egquipment
used along with the detector was a Tektroni# Type 547
Oscilloscope and a_Genéral.Radio Type 1001-A Standard Signal
Generator. ‘This equipment was connected utilizing shielded
%able to reduce noise pick—qp‘as shown on figure 5-1.

A photograph of the actual experimental set-up is shown in
.figure 5-5. t
In order to make the-mixture uniform it was necessary

to mix the molding sand ingredients into the molding sand in

a certain order. The uniformity of the mixture was accept-

. able if the molding sand was mixed in the ordgr given below.

B o e ®
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i) Table 5-1 listing the composition of each sample
was consulted and the appaopriate amount of silica sand
was placed in a container.\-

ii) The water was stirred in with the sand gfains

until théy were wetted thorougﬁly.
iii) The seacoal was added and mixed in.

iv) The clay constituent which was thirty percent
western bentonite and seventy percent southern bentonite
was added last.

When a sample was mixed in some other sequence the clay had
a tendency to ball up making it impossible to coat the sand
grains evenly.

- At a aetector.plate spacing of one centimeter, a
one hundred and twenty gram loosely packed .sample could be
placed into the opening between the plates.

A two hundred gram batch of each sample described on
table 5-1 was prepared and tested. The packing density was
varied b? forcing more sand into the opening. The frequency
of the applied voltage and the corresponding current through
the detector were fécorded in tabular férm‘at prédetermined
frequendieg over the range éf 0 to 50 Mhz. The level of
the applied signgl was 0.2 volts peak to peak (this was a
ﬁachine limitatigﬁ). The voltage drop across the measuring

resistor, rather than the actual current through the detector

.was recorded because the voltage drop is related to. the
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| 3
Table 5-1 Composition of Molding Sand Samples Tested i
. by Multiparameter Technigque z@
- ;
~ %
rSample Water Seacoal | Clay Silica Sand Packing} g
i Number | Content Content[” Content Grains Density| E
| = 3
i 1 2.00 5.00 9.50 83.50 | 1.20 | ;
2 2.60 5.00 9.50 82.90 o 1.20 7
3 2.70 5.00 9:50 82.80 1.20
.4 2.80 | 5.00 9.50 82.70 1.20
.5 2.90 | 5.00 9.50 82.60 1.20
6 3.00 | 5.00 9.50 82.50. |  1.20
7 4.00 5.00 9.50 81.50 1.20
8 5.00 5.00 9.50 80.50 ) 1.20
9 L 2.80 i 4.00 9.50 83.70 | 1.20
. 10- . 2.80 | 4.70 9.50 83.00 | 1.20
o 11 2.80 1 4.85 9.50 82.85 L 1.20
Lo12 2.80 | 5.00 9.50° 82.70 | 1.20
13 . 2.80 | 5.15 9.50 82.55 120 ,
b4 ' 2.80 . 5.30 | 9.50 82.40 ; 1.20
.15 ', 2.80 ¢ 6.00  9.50 81.70 I 1.20 | i
16 2.80 | 7.00 9.50 | 80.70 . 1.20 | :
i R } ' >
SRy 2.80 . 5.00 8.00 84.20 1.24
18 . 2.80 ' 5.00 9.00 83.20 | 1.20 i
19 | 2.80 | 5,00 | 9.25 82.95 |  1.20 |
20 2.80 '« 5.00 | 9.50 82.70 ., 1.20
21 - 1 2.80 | 5.00 | 9.75 82.45 1,20 |
22 ' 2,80 | -5.00 | 10.00 82.20 | 1.20 | :
23 . 2.80 ! 5.00 | 11.00 81.20 i 1,20 3
24 0 2.80 : 5.00 | 12.00 | 80,20 | 1.20 | i
— 4 R e | i '
25 . 2.80 -] 5.00 | 9.50 82.70 .|  1.00 | v
26 . 2.80 5,00 9.50 | 82.70 . 1.10
27 { 2.80 | 5.00 9.50 | 82.70 1.5
.28 . 2.80 ' .5.00 9.50 | 82.70 I 1.20 . :
29 | 2.80 ' 5.00 . 9.50 | 82.70 . 1.25 . 7
. 30 . 2.80 | 5,00 ; 9.50 | -82.70 . 1.30 | ‘
31 . 2.80 | 5,00 9.50 | ;82.70 1.40.
32 1 2.80 J 5.00 i 9.50 j 82.70 l 1.501
.’ o L
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i

current by a constant and the voltage drop could be read
directly from the oscilloscope. The voltage drop across

the measuring. resistor is herein refered to as the current

W

response of the detctor or more simply as the current _ '
~
response. : . :

Several measures were taken to reduce tpe scatter
_in the dataf These are listed below.
'a) The constituehts of each batch ¢f sand were dndivi-
dually weighed prior to mixing, accurate to 0.05 érams..
b) The use of a constant temperature and humidity room
-and the adoption of a standard time,for'miQing and loading
the sample into the:Qetector were éb equalize'evapoiation
losses of‘water, the only volatile component in the sand

{

mixture, for each sample.
c) Enough rigidity was incorporated into the design’

‘of-the detector to prevent thé topper plates from being

forced apari when ébmpleg of high packing density were tested.
d) The detector pléﬁes wé}e cleaned after. each sample

was tgsted.

C. Experimental Results .

. ) \L

The current rgsponse, at a number of different

frequencies, over the range of 0 to 50 Mhz, was recorded in

tabular fofm,-fér gach of.the samples described in table 5-1.

The complete experimental results are included in the appendix

of this fepoft. The data from egch.saméle when plotted on

N X Aol
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:
graph paper and joined with a smooth line ;s in figurei
5-6, forms a bell sh;ped curve. This is to be expectéﬁ’
because the circuit-(see figure 5-1) is a resigtance, a
capacitance (detector), and an inductance (any circuit
has some inducéance)'in series. According to Skilling (43)
this type of electrical circuit has a ﬁelatively low
" impedance to current, over a certai; frequency range
because the indugtive and capécitive effects cancel each
other,‘making the circuit look as if it were merely resis-
tive: This phénbmepﬁn, known as resonance, gives rise to

the bell shaped curve.

»

In the case{?f thé iampleg in whigﬁ seacoal and .
clay were varied, the current response was approximately
thg%same over the_entire frequency range, even when the
clay and seacoal contents were adjusted. substantially
beyond the normal cperating ranges in molding s;nd. Table
5-3 shows the seécoal content gf samples 9 tﬁroughlﬁé
(Table 5-l)tand the corresponding cur;ent respbnseé at" four
aifferent frequeﬁcies. This informatibn is displayed
graphically on figure 5-8. The least squares §£raight line
was dfawn through the data corresponding to éach frequency.
The choice of the-four frequenéies‘was to have peen based

&n the proposition that each variable has a characteristic

frequency at which the current reéponsl-is more dépendent on

its presence than on any other variable. However, examination

.
M TS 3 B
T i g AV 5 ittt et BT

B e
-

-~

- Vetr



" 134

-
e e T

&

ONV 30103130 3HL 40 3ISNOIS3Y INIHAIND

. JOIDIISO  JO UONDIL)
Sjonz 0 Som joubis panddo - (z211ay pbapy) 1oubis panddo jo Aduanbaiy

WONOIS O3NddY IHL J0 ADN3NO3S 3HL

JHL N33MLIE JIHENOILYIRY 3HY  9-5 O

wo | Budpds Joalg
~ yDad 01 ypad

0§ oY 0¢ 02 ol- 0
I R P
~ 1\ _/
NN S |
\__/
\ : ]
/ \ .
/ ~
\J

® &N Y o0

.

g

Adwe  J0y23)19p

(1D1DM %, (-G
8 -ou a)duiDs
OuIDIU0D J012319P

_OL X sNoA
(J010919p

ay) ybnosy) Ncmta
.0} PaID)a) Agdalp)
39151091 Dununspowt
sso4oD doip aboyop

A



135

|

of the data showed that the seacoal content did not affect
the current response at any frequency between 0 and 50 Mhz.

Table 5-4 and figure 5-9 glves 31m11ar 1nformat10n
for the clay constltuent. Agaln a characterlstlc frequency
was not evident| from the data.
- In the case of water content and packing density,
it was found that the current response increaeed as these
variables increased. Tabie 5-2 and figure 5-7 show the ‘
effect that the water content'has on the current response
at the same.four frequenc;es used previously. The best
.straight line due to the method of . least squaresuwas drawn .
through each set of dataipoints. Table 5-5 and figure 5-10 |
show similar information for the packing density. WHile
the current response increased as“the water content and
packing density 1ncreased the characteristic frequencies,
described by Pustynnlkov and Protodyakonov, aﬂ which the-
effect of water content and packing density upon the response

are particularly pronounced,"were not evident from the data.

The water content ‘and packing density are related to each

other as well as to .the current response. A fluctuation in each

varlable results rn a change in the total amount of water
inside the detect&r. With reference to table 5-1, the sampies
numbered 1 through 8 and 25 through 32, which pertain to, the
effect of water content and packlng density upon current

response, were arranged in table 5-6 so that the totalwater
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Table 5-2 The relationship between the voltage drop across
the measuring resistor and the sample water con-
tent at four different frequencies:

s

|
I
«
1
|
i
!
|
i

Sample Waterxr Voltage drop across measuring resistor
Number Content
8 Mhz 13 Mhz 16 Mhz 20 Mhz
1 . 2.00 ..0255 .056 .088 .220
2 2.60 .0335 .068 .097 .225
3 2.70 .0335 .068 .090 .230
4 2.80 .035 .069 .098 .230
5 2.90 .0385 .072 .104 .230
6 3.00 .036 .063 .100 .225
7 4,00 .048 .079 .113 .248
8 5.00 .058 .087 .130 .258
=¥
Q'
Table 5~3 The Relationship” between the voltage drop across
‘ the measuring resistor and the seacoal content
. i at four different frequencies
gSample ‘ Seacoal Voltage drop across measuring resistor
{Number | Content "
; J 8 Mhz 13 Mhz 16 Mhz 20 Mhz |
9 l 4.00 .034 | .065 .096 .210
10 | 4.70 .037 .068 -100 . 232
11 ! 4,85 .039 071 .103 .235
12 i 5.00 .0350 .06 .098 .230 |
13 . 5.15 ..0335 .06% .098 .230 '
14 1 5.30 | .038 070 .102 .230
15 6.00 .036 .068 .099 .228
| 16 L 7.00 031 |  .067 .097 ;230
o
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Table 5-4 The Relationship between the voltage drop across
the measuring resistor and the c¢lay content at
four different frequencies.

Sample Clay Voltage drop across measuring resistor
Number Content
8 Mhz 13 Mhz 16 Mhz 20 Mhz
17 8.00 .036 .068 .097 .226
18 * 9.00 .0375 .070 .100 .230 |
19 9.25 .037 .070 .101 .230 {
20 9.50 .035 .069 .098 .230
21 9.75 .035 .068 .100 .230
22 10.00 .035 .068 .100 .230
23 11.00 ,032 .065 .100 .226
24 12.00 .034 .066 .098 .226

Table"5-5 The Relationship between the voltage drop across
the measuring resistor and the packing density
at four :different frequencies.

(;ample Packing Voltage drop across measuring resistor
|Number Density ——- o
l L . 8 Mhz 13 Mhz ! 16 Mhz | 20 Mhz
\ T T T T T ]“* R S A
25 | 1.00 .0255 .0555 | .084 .210
26 | 1.10 .0310 .0640 | .094 .220
P27 1.15 .035 - .068 ; .098 .225
I 28 1.20 .035 . 069 .098 .230
| 29 ] 1.25 ° .034 .b68 .100 .230
L 30 1.30 .038 .073 .106 .240
31 1.40 .050 .082 .115 .250
| { 32 - 1.50 |. .0525 | .084 | .120 .255
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~—

inside the detector increases. The current response for
each of these samples at the four different frequencies
is also given. This same information is disp%gyed graphically
in figure 5-1). The best least squares straiéht line is
drawn through the data correspondin§$to each frequency. The
vertical distance from the least squares line, to the parallga
lines on either side of it, is the standard error of estimate
.of the current response on the total weight of water inside
the detector (see Appendix Page 192). The shaded area
contains approximately 68 percent of the sample points.

The fact that the data pertaining to water content
and packing density can be made to fall along the same line,
indicates that the cur}ent response is sensitive only to the
total weight of water inside the detector. If this method:
wé:g to be used in an industrial control system, the density
would have to be measured by some other means.

In addition to this limitation, there is aléo an
accuracy problgm. Figure 5-12 is an enlarged reproductioﬁ:
of the data corresponding to ‘8 Mhz shown on figure 5-11.
This data set was selected because the.ratio of the standard
error of estimate to thé change in response for a gifeﬁ;change
in the weight of water inside the detector was lower than )
for the other three frequéncies. The least squares straight
line through the data points on figure 5-12 is'repreéented

by the equation f{x) = 0.0016 + 0,010l x. The standard error

of estimate of f(x) upon x, F(x).x, waé found to be 0.00386.
. R}
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The relationship between the voltage drop across
the measuring resistor and the total weight of
water between the detector plates of four

different frequencies.

T

"Packing

|

Voltage drop across measuringl

Sample | Water Weight of
Number {Content Density? Water resistor f
| 1
tologm/ee n 9m [g Mpz 13 Mhz. 16 Mhz |20 Mhz
H \ , f
1 2,00, 1.20 2.40 .0255 = .056 . .088 ., .220
25 2,801 1.00 2.80 ;.0255 . .0555 .084  .210
26 2.80' 1.10, 3.08 ..0310 ' .0640 .094 ! .220
2 2.60| 1.20 ' 3,12 '.0335 .068 ' .097 ! .225
27 2.801 1.15 1 3.22 .035 .068 098 | 225
3 2.70 1.20 ' 3,24 }.0335 = .068 .090 | .230
4 & 28, 2.80 . 1.20 3.36  '.035 .069 .098 | ..230
5 | 2.90 1.20 © 3.48 |.0385 . .072 .104 |, .230
29 ! 2.80  1.25 - 3.50 .034 ; .068 = .100 ' .230
. 6  3.00 1.20 ' 3.60 ,.036  .063 . .100 | .225 |
.30 2.80 1.30 ' 3.64 :.038° . .073 ., .106 - .240
P31 2.80: 1.40 © 3.92 1.050 : .082 ., .115 | .250
' 32, 2.80' 1.50: 4.20° '.0525 ' .084 .120 . .255 |
L7 1 4.00 1.20 ©  4.80 |.048 . .079 ; 113 L2488
| 8 @ 5.00, 1.204 6.00 .058 ‘lk.087 | .130 ; .258

b4

i

(data from water and density test)
(sample numbers refer to table 1)
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These calculations are found in the appendix on page

The area between f(x) ~ 2 f(x).x and £(x) + 2 f(x).x

contains approxidﬁtely 95% of all the data points. Thus,

PR

when a current response of 0:.040 is obtained there is a

e SRy

95% probability the detector is between 3.00 grams and

R

4.60 grams. |
Based on a density of 1.5 gms/cc, which approachgs'

the maximum density to which sand can be rammed, tﬁis

could be expressed as a 95% probability. that the water

céntent is 2.539. + 0.539.  Based on a 100 gram sample,

which approaches the minimum density ;a whiéh molding sand

can be riddled, it would be expressed as a 95% probability\

that the water content is 3.80% * 0.80%. Eveﬁ if the density

could be‘measgpeﬁ by some oﬁher method with complete éccuracy,

the best 'accuraCy obtainable would be about * 0.5% by weight

-water. This is not accuggfifgnough to control the moisture |

-

in molding sand.,
. D, Summafz
The experimental evidence indicates that the multi-

parameter method could not be used in the manner described

by Pustyndikov'and Prodtod'yakonov because:

3

1) none of the variables (clay content, 'seacoal content,

C s ey

watericontent, or packing density) exhibited a characteristic

’

-frequency. . | L <o . |

2) the clay and seacoal contents had. no noticeable
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\\\///égélct on the current response.

3) the current response was influenced gnly‘by the
total weight of water inside the detector. The relation-
ship between th; current response and the total wéight of
water inside the detector was observed t6 be linear. Be-
cause a fluctuation in either the water content or the
packing density affects the total weight of water, another

technique would have to be used to measure density/if the

multiparameter method were to be used to control the water

. -

content.

4) the accuracy obtained does not meet the requirements

for a system to control the moisture contentLof foundry wmd-

¢

ing sand.

The multiparameter method is not a suitablé.measureAent
method for use in an automatic control system to régulate '
moié?ure or any ofvthé otherlcdnstituéngs in foundry ggeenr
molaind §§nd. /

|
|
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

The foundry green molding sand system is an example of
a production processastkat does not easily lend itself to auto-
matic composition control. .The project was oriéinally taken
on becaﬁse of the potential for reduction in labour cost as
delineated in the introduction of this report, andffor impr@vement
to broduct quality, A control system'such as envisaged in this
report would be applicable only to large continuous sand preparaﬁiog
systems; Existing ma&ual co%trol techniques ar% more than adequate
for sﬁall jobbing foundries which normally use batch sand prep-
a:agion systems. As a result this type.of control system would be
useful to about 50 foundries'in North America. The;e éO foundries
have apéfoximately 120 continuous:sand systems in operation.
Therefore the potential sales for such a system is approximately
120. '

' The majority of this work involved the seIe#tion of suit-

able transducers to measure the amount of each constituent present

rm A AN o 0 -

in the'éémple. The.follpwing methods which were ipvestigatéd,

appear to have no potential for this particular application. The
reasons for arriving at this conclusion have been summarized on o

-~

)
table 4-2. . - {

148 iy




‘ | 149
|
1) Moisture Measurement Techniques
a) Drying and Weighing -,
b) gTh% Gas Bomb Technique
é) Electrical Conductivity
d) Humidity Sensing
e) Capacitance {

f} Multiparameter Method

I

g) NeutronScattering

h) Nuclear Magnetic Resonance ' |

i) Microwave Absorption

2) Clay Measurement Techniques
™
s . a) Elutriation
b) 'Methyiene Blue Test
A

c) Nickel Sulphate Test .

3) Seacoal Measurement -

a) Combustion Technigque

Although it has not been\possible'to obtain a spécific design br
solution to this'éroblem,'it is felt that the work undertaken has
been worthwhi}q in that the problems involved'have‘been defined 1in
considerable detail, and that this project will provide a. good
background_fdr future investigators. ‘

. 3

* In particular the following is recommended for further
investigation.
1) The infrared absorption technique has been used to

measure the moisture content of other materials., The repeatability

v

b o

= e
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has been reported to be better than plus or minus 0.1 percent

water for the range of 0 to 10 percent moisture content.  The
method has been subjected to a foundry trial on two known occasions.
These trials indicated that the method did\not work. However,
further work is required to discover the reasons for the equipmentL

failure,

2) It is recommended that the x-ray ﬁluorescence technique
be subjected.to a trial to measure the clay content of gregn sand.
Clay is the only’constituent in green sand that contains the element
aluminum, Aluminum in other materials has been measured with the

use of this technique.

3) The potential for measuring seacoal content by the use
of the neutron absorption method should be investigated. The use
of this method would be contingent upon the development of a good

method to measure the moisture content.

4) The design of a contlnuous compactablllty measuring -

device should be the subject of a future 1nvest1gat10n. It appears
that this method could be used to measure the clay content of green
sand provided that an accurate moisture measurement method were

found., It also appears that this method could be used to assign

a numerical value to the muller operatorstwmd squeeze technique.

5) A comprehensive study is also needed to determine the

~N ¥

minimum representative sample size for the measurement of the green
~ - - |

sand constituents. This information will be important for the x-ray
. :

—— 1
.
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fluorescence method because it can be used with very small
) ¥

samples.
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APPENDIX I

4

“ CALCULATION TO DETERMiNE THE EFFECT OF FLUCTUATIONS IN

!--
SLURRY HEAD ON THE MOISTYRE CONTENT (CONTROLLED VARIABLE)

A muller processes approximately 600,000 pouﬁggtbf 3
sap# per hour. The average amount of sand inside the
muller during operation weighs 28,000 pounds. f%e muller
is loaded continuously at a cpnstgnt rate, and unloaded on
an on-off basis-at regular intervals.

The slurry tank, shown in figure 3-5, has a level

control which allows a, fluctuation in slurry head from 19.5

,to 20.0 feet, The flow is regulated by a valve which is

¢

governed by the equation Q = CAY2gH where Q is ﬁhe flow

»quantity, C is an orifice constant, A is the area of flow,

g is e acceleration of gravity, and H is the liquid head

in feet. If aLl S}Uéess loads are stable and the return

5
sand has ;7 01sture content of 0.80 percent by weight, then
2.00 percent moisture must be added at the muller. If the
_required 2.00 percent moisture is being added at a slurry .
head‘of 19.75 feetc‘which is the average head, then.one
must determine tfe amount of'moistureiadéed at a head of ‘\\
.l9.5 feet and at 20.0 feet to célculate the deviation in
“flow, . ’ ;

152
st

0% 2
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X )

Low- - At® H; = 19.5 feet Q, = CAY2g v19.5 cfs

= CAY2g (4.415)
Average - At Hy = 19.75 ft. Ony = CAY2g  (4.440) cfs

High - At Hj3 = 20.0 ft. Oy = CAY2g (4.470) cfs ,
- The deviation in flow is Oy = Q, 100% = CAY2g (0.055) 100%

X X

Qpy CAY2g (4.44)

= 1.24%

The 2.00 percent moisture, added at the muller fluctuates

by 1.24% because of variatiéons in slurry head. The con-

trolled variable will also vary as a result. The high

value of the controlled variable will be

[5.8 + 2.00 (-1.006251% = 2.8124%

and the laow value of the controlled variable will be

. [§.8 + 2.00 (0.993851% = 2.7876%

The controlled vaiiable fluctuates between 2.79% and 2.81%

moisture.

)
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APPENDIX II

EVALUATION OF THE MULTIPARAMETER METHOD - EXPERIMENTAL

DATA

*
I
¥
H
. (refer to Table 5-1)
1
\
v r
‘ \
i
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Sample Number - 1
Sample Composition (percent by weight)
Water - 2.0
Clay - 9.5
Seacoal - 5.0 ~
Density 120 grams/cc
Ambient Temperature - 71°F
jOscillator Instrument F Oscillator } Instrument
Frequency k Response Fregquency ; Response
" (Mhz) | (Volts) | (Mhz) | (Volts)
' \ | ;r |
- - L ]
.2 .0022 ’ 23. , .590
.4 1 . 0024 . 1
.6 ! .0026 24, ; 89 T
.8 L0027 1 g
) , 003 T 75, : 760 |
LT 5 .0045 ; ]
T3 T T T TTo071 6. ! .48 .
. 4.0 L0117 27 .385
) 325
o .28 . |
258
z - .238
. .22 i
. 5. 207 '
L 6. .195
7. .19
| .18 |
L . .16 !
| .15 !
9. .145
R 14 r
10 .125 '
i1, 12
12, T
13, 095 .
14, .065
15, . 055
6. 048 |
17 045
3 .045
EER 045
.19, :
20. N
N ‘
22. .

L)

N S IV Re

3 e = v 7
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Sample Number 2
Sample Composition (percent by weight)
Water - 2,6
Clay - 9.50
Seacoal - 5.00
Density 120 grams/cc '
Amblient Temperature - 70°F
14
kscillator Instrument Oscillator Instrument ]
[Frequency Response Frequency Response |
t (Mhz) (Volts) f (Mhz) (Volts) |
F f K ;
0.2 i 0.0025, 34, .180 |
0.4 | 0.004» | 35, 160 |
0.6 © 0.00475 36. ! .145 B
0.8 , 0.0055 ‘ 37. : 125 3
1.0 | 0.006 i 38. .120
2.0 [ 0.0085 39. .115
3.0 1 0.012 40. .105
4.0 o 0.016 i 41, .100
5.0 ¢ ! 0.02175 j 42, .090 ~
6. ! 0.022 : 43. ! 0.0875
7. : 0.027 ] 41, P 0.080
8. | 0.0335 i 45, ! 0.080
EN 0.032 46. : 0.0775
0, T 0.038% : 47, I 0.070 |
11, i +0.0500 : 48. i 0.060 ]
12. ! 0.067 49, 3 0.0375
| 13. - 0.068 \ 50. | 0.020
14, | 0.073 ! | - !
15, ! 0.084 * ] ;
16. ‘ 0.097 ! ! ‘
17. ! 0.112 ! ] 5 :
18, 0.143 ) ! ‘
19, . 0.180 : ? T
20, i 0.225 = T :
21, 0,300 | S ‘
22. T 0.420 ___1 . R !
23 T 0.480 .~ T r
L P 0.72 P 1 -
- 25, | 0.66 ! | |
26. - 0.52 § :
27, 0.42 i ]
28. | 0.35 ‘ K
29. i 0.30 T T 5
30.. | 0.26 ; s
31. .. 0.23 ] _ !
32, T Tooaad T T ] '
33, O 0.195 ' A T
T ; 1 2
. o

-

Finransen wn
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Sample Number 3
Sample Composit;on (percent by weight)
Water - 2.7
Clay - 9.50
Seacoal =~ 5.00
Density 120 grams/cc
Ambient Temperature - 70°F
Oscillator Instrument a Oscillator Instrument
Frequency ! Response | Fregquency Response
(Mhz) | (Volts) | (Mhz) | (Volts)
| ! H :
0.2 ’ 0.004 | 34, | .180 |
0.4 ! 0.00475 | 35. 165 |
0.6 ! .005285 | 36. 150 |
0.8 T . 0055 | 37. | .140
1.0 ' .006 ! 38. { (1250 |
2. ] .00825 , " 39, s 115
L 3. ' ,012 P 40. ] .105 i
L 4. 01575 4T, 100
L5, .02175 42. ' .095 i
i 6. .022 I 43. ; .090 '
1. L0265 ; 44. ! .085 ;
.8, L0335 , 45, ‘ .080 3
L9, .0320 ! 46. .080
10. L0385 | 47. .0775
11. . .050 : 48, .070 :
12, f .066 : 49, .050 i
P13, + 068 ! 50. .025
l___‘_vl‘i. : 073 i ' — :
15, i 084 r _ ' !
.16, ; .090 ! * =
17. | 110 ! | ’
18, ! .145 |
19, 180 i !
C20. 230 :
L 21, ; .30 | . ‘
22. 420 ‘
3. : 590 g
24, | 720 ;
| 25. ! 67 ) -
. 26. [ __ .52 o
L_27. ; 43 i
L 28. ‘ 2345 ' . '
29, i .30 e )
i 30, Z 265, FE '
31, - 240 __ _ |
32, 215 ..~ - L
33. .195 i i

e

N

2%

B ¥ SR I 1.

o~ -

P T W
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Sample Numbers 4, 12, 20, 28
Sample Composition (percent by weight)
' Water - 2.8
Clay - 9.%
Seacoal - 5.0
Density 120 grams/cc
Ambient Temperature - 70°F
Oscillator l Instrument - Oscillator Instrument
Frequency Response Frequency Response
| (Mhz) l (Volts) {(Mhz) (Volts)
L
| .2 ! .0040 23. .55
.4 .0051
.6 .0056 24. | .718
.8 ] .0061 . |
1.0 .0066 25, ! .63 |
2.0 .0091 i ]
3.0 i .013 | 26, .52 I
. 4.0 ' .017 27. .42 g
L J 28, .35 |
! ' 29. ! .30
‘ | 30 .26
i 31. .23 |
] | 32. .21 J
T 5.0 .023 | 33, .19 ]
6.0 .023 i 34. .18 "
7.0 ~ .028 / 35 .16 |
: i 36, ' .15 :
. 8.0 | .035 37. .135 1
i . ! 38. j .12 i
. 9.0 . .034 : _39. ) 116 B
1 ! i 40. : .107 ]
7*T5T§TT_*'Q? .040_ 41, 1 102 |
i 11.0 .051 42 096 !
k. » { R
12,0 .- _.068 43, ! !
13,0 ___,069 44, )
14,0 I TTTo74 T I T Tas. T T T U065
i 15.0 t .085 46,
| 16.0 “§”H~‘ .098 ) o 4A7.
L 17.0 L 112 0 .48. !
_ 49,
- 18.0 e .147 _ 450, |
19.0 S : —
. 20.0 .23 R R |
21.0 .30 N )
22.0 41

NPT Sy

s
L T TS AL S PRV 2 ks A Ao
.

N ~
s g o, e AR e Al 2t I A P




159

Sample Number 5
Sample Composition (percent by weight) N
Water - 2.9
Clay - 9.50
Seacoal - 5.00
Density 120 grams/cc
Ambient Temperature - 71°F
Oscillator Instrument Oscillator Instrument
|Frequency_ Response Frequency Response
(Mhz) (Volts) (Mhz) (Volts)
L 0.2 .004 34. .175
0.4 .0055 ! 35. .160
0.6 . 006 ! 36.. .150
0.8 0067 | 37. .133
1.0 .0075 38. .120 ?
2. .0105 39. .115 j
3. .0145 i 40. .108 |
F 4. .0195 | 41, .103
i 5. .025 1 42, .10
: 6, .0255 ) 43, .09
i 7. .030 : 44, .085 !
( 8. .0385 ! 45, .07 ,
9. .036 i 46. .05 }
10, .0425 k 47. .045 ‘;
11, .054 ! 48, .04 '
12, .068 \ 49. .035 ’
P13, .072 ~ 50, .035
[ 14, .076 ’ f
15, .088 \ —
b 16, e .104 .
C 17, .114 !
18. . 150 L T ! :
19, .185 i »
L 20, o 230 i 1
|21, .300 1 f
v 22, .415 ' :
[ 23.° .560 L 4
124, .710 : i |
L"Es. .67 i !
126, .52 J]
27. .42
28. .35 L :
29, __ .30 o .
30-. .26 ;
31. .23 o !
32. 21 ‘
33. .19 ! i

P B

LR

o w e, AT R0 S Bt ot
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Sample Number 1 6
Sample Composition |(percent by weight)
Water -'3.0 1
clay - 9.50 "y .
Seacoal - 5.0 ' |
Density 120 grams/cc \
Ambient Temperature - 72°F / t
;
[Oscillator Instrument W: Oscillator Instrument
: Frequency Response | Frequency esponse
~ (Mhz) (Volts) ~H " (Mhz) (Volts)
= y I —
.2 .. 009 23. | _.580
- .4 ".0095 |
J .6 .0098 24, | .72
: .8 | .010 : K
1.0 ._.0102 | 25, | _.68
2.0 | 20123 | T |
3.0 | .0169 ! 26. 1 .53 L
4.0 : .0208 217, | .42 1
| | i 28. | .34 |
r e ) 29. .29 |
] ] 30. ! | .252 %
r : 31. | | .225
. ; 32. | 1.200
5.0 . ) .027 ! 33, e | .180
6.0 027 34, - | .164
7.0 \ .032 , 35. ! 1.150
\ -l 36. 1 1.137
8.0 i .041 i 37. ' 1.122 :
i ) 38, 1,111 ‘
9.0 ! .037 ] 39, l.105 ’
' | T 40. .098 *
10.0 .0423 i 41, .092
11.0 . 0565 : 42. [ .089 |
i 12,0 .068 43. 1.085 i
13.0 072 Y 1,080
(4.0 o .078 p " 45. | . 065
15,0 089 ) 46, . . 045
! 16.0 .104 47. .037 -
[ 17.0 115 R 48, ] .033:
- 49. . _ ,031-
18.0 _ L1507 50. . 035
1-19.0 _ .188 4
20.0 234 T T
2.0 _ | .305 R
22.0 B Y V1 NN — ]

ot Arorn h o RS A e e

_y

e nak A

Sk, el ming sl RGNS AL I A
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Sample Number 7
Sample Composition (percent by weight)
Water - 4,0
Clay - 9.5
Seacoal - 5.0
Density 120 grams/cc -
Ambient Temperature - 72°F
Oscillator Instrument Oscillator Instrument
Frequency Response Frequency Response
({Mhz) ‘(Volts) | (Mhz) (Volts)
| ‘ 22. .43
.2 l .010
.4 | .0105 23. .60
.6 z .0108 | !
.8 | .011 ) 24, | .76

1. ! L0117 I (

2. ! .0148 ‘ .25, 1 .72
L3, ..020 ‘ L !
. 4. .025 ! 26 ! 56 |
| b 27. ! .44 |
| R 28, | .35 .
N ‘ o 29, . .30
4.1 i , 30. .25
_ - ; — 31, ‘ .22
; i o 32, | 19 1
- .032 33 ) A7

6. - 032 ] 34, - .155 |
- 7. L .038 , 35 ; 14 .
: R - 36. | .125
| 8 048 37. ! .115
| B 1 38 ! .10
19 .043 I 39. | .095

_ i 40, ' .09

10. .051 b 41 ‘ .086 |

11. .064 il 42, 085

12, 1 .073 ] 43, ~ 08

13, - . .079 ; 44, e

14, b _.085 i 45, 047 |

15. | .098, A6, 1 .032

16, I L1130 47. .03 .

17. RS = 48 T .6zs

- I _.49. : .027
18, . ~.160 30,‘4f§Q, i .03

19, ,__ﬁ_.;ss____,@_ o

20.- L .248

21, - .320 E

..
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Sample Number

Sample Composition (percent by weight)
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Water - 5.0
Clay ~ 9.5 o
Seacoal - 5.0
Density 120 grams/cc
Ambient Temperature - 70°F
Oscillator Instrument Oscillator "Instrument
Frequency t — Response Frequency Response
(Mhz) (Volts) {Mhz) (Volts)
.2 ‘ .0157 © 23, .62
.4 . 0167
.6 .017 24, .80
.8 ( .0175
1. .0178 25 .78
2. 021
i 3. L0266 26. .60
' 4. : .032 27. .46
" ‘ : 28. .37
l - 29, .30
3 . - . 30. .26
: \ | } 31. .22
| ~ o - ; 32. ! .195
1 5. 040 33. 172
- 6. i .0385 34. .152
7. ; . 0445 35, .139
' T 36. " 122
8. | __.058 37. ~ .11
38. | .10
9, | .051 39. .095
R 40, N .09
10. .059 .41, .085
11. , 072 42, ".08
( 12. | .085 4 _43. . 045
- 13. t .087 ;._anwﬁég*“,~~‘ .032
4. 1*._0,94 % . 45. .032
{15.,- 1o 1T 4. .036
16. % |~ .30 . " f a7, .037
' a7, . .143 ! 48 . 035
49 *,034
.18, 168 ) 50 .035
19, .210 ) C
20. .258 , |
21. 335
22. .45 T




Sample Numberl

Sample Composition (percent by weight)
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Water - 2.8
Clay - 9.5
Seacoal - 4.00
Density 120 grams/cc
Ambient Temperature - 72°F
Oscillator Instrument Oscillator Instrument
Frequency Response Frequency Response
(Mhz) (Volts) (Mhz) (Volts)
.2 .0062 23, .565
.4 . 0066
.6 .0068 24, .700
.8 .007 -
1.0 .0072 25. .640
! 2.0 .009 ! o
' 3.0 - .013 L 26, .500
} 4,0 .0163 i 27. .397
I 28, .325
= R ! 29, .280
: ) 30. . 245
! f 31. ~_.220
N . b 32, .200 !
i 5.0 .022 ] 33. 182 :
' 6.0 022 L 34, - .168
7.0 .026 T 35. .154
b 36. .140 !
‘ 8.0 . .034 | 37. 129 ¢
, i 38. .118
r 9.0 .032 - 39. 110
- ! 40. .102 i
10.0 . .038 ? 41. .+ 096
| 11,0 ! .049 i 42. ~.091
P 12,0 L . 064 ‘ 43, .085 -
13.0 - . ~.065 i 44. i .068 ,
14.0 T 071 45. ] .043
15.0 - .081 K ___46. ! .038
16.0 2096 1 747, i .040
17.0 +107 i 48, ’ .038
) i 49, .037
18.0 .140 50. .038-
" 19.0 175 )
20,0 . .210
21,0 .300
22.0 410
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Sample Number 10
Sample Composition (percent by weight)
Water ~ 2.8
Clay ~ 9.50
. Seacoal -~ 4.70
Density 120 grams/cc
Ambient Temperature - 72°F
Oscillator Instrument Oscillator Instrument
Frequency Response Frequency Response
(Mhz) (Volts) (Mhz) (Volts)
.2 .007 % 23, .57
.4 .0073 |
‘ .6 <007 | 24. .70
I .8 .008 ‘
1. .0083 ; 25. - .66 P
2, .010 : 5 \ Kﬁ
3. .014 .26, L .52 Ri
4, .018 ' 27. E .405 ;
T ) 1 - 28. 34 i
| 29. E .285 |
‘ ’ ‘ 30. i .25
g | 31, i .22
N I 32. | .20 |
5. .024 ? 33. ’ .18
6. .024 - 34. ) .175
7. .029 i 35 E .155 '
R | 36. ! .145
8. .037 ¥ 37. ; .135
! 38. ! .12
9 034 ) 39, .115
‘ AQ. 3 .11
_10. 041 al. . _ .105
11, .052 42, ; .10
12, .066 43 ) .095 |
13 Joo.___.068_ . 44, =09 ‘
| 14. 074 Lo 45. . o, . .08
15, L0861 " 46. . 055
— 16. Q00 T A, T . 045 r
17, N IS S & R " PO S 7
IS AR AR & P SN £
\ 18.- - - 1,145 {50, | .035
119, - .,180 4 B
20. 1 22320 L
"21_‘0____*“"__ »~«4‘3300_ d_ . - .
22, ' RN, 2 R |

PR

« o e Nt 8 g e & D et F ARSI o
.
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Sample Number
Sample Composition (percent gy weight)
' Water - 2.80
Clay - 9.50
Seacoal - 4.85
Density 120 grams/cc
Ambient Temperature - 72°F
Oscillator Instrument Oscillator Instrument
Frequency Response Frequency Response
(Mhz) (Volts) (Mhz) (Volts)
.2 . 007 23. .58
.4 .0075 :
.6 .008 24. .71
.8 .0082
1. .0085 ! 25. .66
2, .011 v |
3. . .0152 j 26. .52
4. . .0193 ‘ 27. .41
. 28, .335
; 29. .285
L ¢ —30. .25
I 31, .22
s : 32, .20
5. il .0256 | | 33. .18
6. .0255 1 | M. .165
1. i 0305 35 .+15
I 36, .14
8. .039 3. 13
= ! i 38. .18
9. | 036 | 39. 11
, 40. .105
10. 043 41. ! 10
11. 0545 ) 42, .095
12, } 067 1 43 | .09
13, . " L071 i 44 085
14. . : 076____j ___45. .075_
15, o 088 46, .055
. 16. .103 47. - . 045
17. 113 48. .037
- A 49. .03
18. .150 50. 03"
19, _ .185
20. N BVEL N R
21. .300 .
22, 415

o v B Tels e+ A,

e e Wy
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Sample Number 3 13

it

Sample Composition (percent by weight)

Water - 2.8
Clay - 9.50
Seacoal - 5.15

Density 120 grams/cc
Ambient Temperature - 72°F

Oscillator Instrument Oscillator | Instrument '
Frequency Response Frequency Response
(Mhz) (Volts) (Mhz) (Volts)
2 .0052 23. .580
4 - 120057 -
.6 i . 006 24, .720
> .8 .006
- 1. .0062 25.° .65
2, .008 - ‘
-3, .012 26, - .51
4, .016 27. .41
1 i 28. ’ .34
| | 29, ! .295 |
R h 30. .255
\ o , R .230
L_ , i 32. —.210
5. .0218 i 33. .195
{6, . 022 1 34.: .180
L7, 1 .0265 35. .165
] - 36. .150
8 (R - S TN 140
: - T N | 38. J127
f 9 .032 : 39 120
| ! 40. 1Y LA
mYg. T T o4y 41, 105 |
11, .050 42. 09 '
_ 12, : .065 43. .06
| 13, .065 - 44. ' . 045
L 14, ) .072 . 45, - : .047
15, - .083_. v 46. .05
16. .098 1 47.. - .047
17. _._.xos 4 .48, | .045
. L 49, . 045
18. . .145 50. i .045 ;
19. .180 I "
20. .230
2., _ .305
22. .420 \ e |

—— et e T

O O
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Sample Number - 14
Sample Composition (percent by weight)
‘ Water - 2.8 0
‘Clay 9.50
; Seacoal - 5.30
Density 120 grams/cc
Ambient Temperature - 72°F
Oscillator Instrument Oscillator Instrument
Frequency Response | Frequency Response
(Mhz) (Volts) | © (Mhz) (Volts)
.2 .0065 23. .58 .
.4 .007 -
.6, .0073 24 .12
.8 [ .0078 .
1. { .008 i 25 i .66
2. ] .0103 ) -
3. L 0145 26. .52
4, i .0185 ‘ 27. .42
t . L 28, .34
] Lo ] 29._ .295 |
5 R R I 255 |
A S -2 .223
Y TR R POV 202 |
i 5. .0247 33. : .190 |
6. o lees T T T34, T .170 :
L 7. i . 0295 L 35, g .157 i
i ) | 1 36. ~ .145
N PO < | EYERN SN Y P _130
L i 38, .120 -
L9, \ ! 035 39, .112
f . Vo { 40. .107 1
T RN 7 ¥ S N T P DU S | L S
11, T TTUpsS35 T T 4T T 095 f
12, v 066 | 43, 067 -
| 13, U070 - 44, . 041
14, .076 i~ 45, . 041 |
15, o e087 46, T .043 1
16. e 102 ' 47. .045 |
P 112 © T4, - . 044 *
A o, 49, . 045 -
18. T4 o 50. .045
19, } 180 T
20, .230
21, . 305 -
22. 42" i
e 5
) &

e - A

-

s et B

A m A e
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A2
Sample Number ' 15
Sample Composition (percent by weight)
Water - 2.8
N Clay . =. 9.5 ' -
Searoal - -6.0
{
Density 120 grams/cc
Ambiept Temperature - 72°F
M e
Oscillator Instrument | Oscillator Instrument
Frequency Response ] Frequency Response
(Mhz) (Volts) % (Mhz) (Volts) -
.2 L0067 | 23, .580
.4 .007 | :
.6 1 .0072 | 24, .715
.8 - D
1.0 - 0076 ) 25, .670
| 2.0 0094 | :
.A_VB.Q- ol .0135 i 26. .520 i
¢ 4.0 .0172 | 27. 410
' L . 28, . 340
F“”‘""‘"“’" N - 29 L 2290
. o 430. 4 .255
(R S N SN > P .225
v’ B | i B 32 | 205
5.0 023 33 190
6.0 L .0231 ' 334, 1 172
7.0 L0281 T35 Ty .160
.- 36 ] .145 |
8.0 B TS A ¥ P SRS & Y I
I 1 38. . .120
9.0 i .033 1 38. - .112 !
T T 1 .105 *
_10.0 1 .0d0 _41. ' 0917
5 Y I 0515 ! 42; I .079 ;
12,0 i ,065_ 43 ~ 051 !
13.0 b .068 W - 44, .050
14,0 o3 T s, 050
15,0 T o84 T TT46. __.0S5L
16. . .099 ! 47 Q50 f
17.0 oo w48, e 049 !
_ N 49, ) 048 ;
1850 T 1a5 50, & 048
19.% .180 i
20,0 T T aod T
21.0 - £310 . 0 =
22.0 410

s adtemas foas

At Mo e AN gy b AR A

SURUUP
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.Samg%e Number 16
Sample Composition (percent by. weight)
Water - 2.8
Clay - 9.5
Seacoal - 7.0
Density 120 grams/cc
Amb%%nt Temperature - 72°%F
Oscillator Instrument Oscillator Instrument
Frequency Response Frequency Response
(Mhz) (Volts) (Mhz) (Volts)
o2 . 005 23. .595
.4 .0052 :
.6 - ,0053 24. .720
‘ .8 . 0056
1.0 .0059 25. .645
2.0 . 0077 4
3.0 .0112 26. .520
4.0 .015 27.- .410
! 28. - . 340
| 29, .295
! 30. .260
31. .240
. 32, - - .215
5.0 | .0208 | 33, .198
i 6.0 1 .0208 - 34, .183
1.0 .0255 35. .169
7.5 .029 36. -.155
8.0 .031 37, .140
8.5 - .030 38, .130
9.0 .0305 39, .122
9.5 .0335 40. .113
10.0 .037 41. . .104
1.0 ~.048 42, .082
2.0 .065 43. . 055
13.0 .067 44, .050
14.-0 .0675 45, .052
15.0 .082 _46. .051
* 16.0 o\ .087 47. .050
17.0 .109 48. .049
.o ) 49, .048
18.0 .142 50. .048
19.0 177
20.0° .230
21.0 .310
.420

22.0




T T AT RSN e

S

-y

170
Sample Number ‘ ‘ ' 17
Sample Composition (percent by weight)
' Water 2.8
Clay - 8.0
. Seacoal - 5.0
Density 120 grams/cc
Ambient Temperature - 72°F S
Oscillator . | Instrument Oscillator Instrument
Frequency Response Frequency Response
(Mhz} - . (Volts) | (Mhz) (Volts) ;
2 .006 -
.4 .0067 23. . .580 i
.6 .007
.8 ' ,.0071 24, ) _ .70
1. R .0075 : .
. 2. . .0095 : 25. .64 i
L 3. ! L0135 . |
i 4. | .0174 ; 26, ' .505
e 27. .400
.28, .___.335 |
1 29. l .28 i
4 , ) 30, i .25 :
: T . | 31. | .22 3
D, 1 ,0235 | 32. i © .20 -
{6, ,0232 ; 33. - .185 x
7, .028 . 34, 17
‘ i 35. . .16 :
8. : .036 1 36. .142 +,
\ i 37. .130 ]
9. .033 1 38. .120 -~ |
1 - 39. .113 Z
__10. I .040 ' 40. f .108 J
P11, I .0515 41. : .100. }
v 12, .064 ‘ 42, | .090 |
[ 13, .068 ; 43. i .055 -
i 14, i . .072 ‘ 44. i .042 x
| 15, .084 A 45, ! ;045 i
16. ! . 097 ] 46. __.046
17, | ©.108 ! 47. . 047
! . ’ A8, . 046
18.0 I .145 4 49. .045
- : 50. - | . 045
19, .180 ’
20, .226
21, ) s300 * ) L .ot
22, - . .415. L .

. e

gy
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Sample Number 18
Sample Composition (percent by weight)
Water 2.8
Clay 9.00
Seacoal 5.00
Density 120 grams/cc
Ambient Temperature - 72°F
Oscillator Instrument Oscillator Instrument
Frequency Response Frequency - Response
(Mhz) (Volts) (Mhz) (Volts)
0.2 .0068 34. .17
0.4 .007 35, 157
0.6 .0075 36. .145
Q.8 .0078 37. .13 !
1.0 .008 38. .12
. 2.0 .010 39. .11
3. .014 40. .10
4. .018 41. .08
5. .0245 42.. .05
6. .0243 43, * .05
7. 029 44 . .05
8. .0375 45. .05
9, .0345 46. .05
t10., .042 47. .05
11. .053 A8, . .05 |
-12. . .066 49, ) .05
13, .070 50. . 045
14, .075. :
15. .086
16, ] .100
17. 112
18, 147 4
19, .180 ‘
20. - .230
2. .305
22. .420
23. .580
24, . 120
25.. .66 |
26. 53 :
27, .415
28. .34 )
29. .29
30, - .255
31, .225 _
32, .205 . :
33. .19

A S o

[T

ey




172

Sample Number 19
Sample Composition (percent by weight)
Water 2.8
Clay 9.25
Seacoal 5.00
Density 120 grams/cc
Ambient Temperature - 70°F
o
Oscillator Instrument Oscillator Instrument
- |Prequency Response Frequency Response
(Mhz) (Volts) (Mhz) (Volts)
0.2. .005 34. .163
0.4 .006 35.° © .158
0.6 L0065 36. .14
0.8 .007 37. .125
1.0 .0075 38. <115
2, .010 . 39. .11
L3, .014 40. .10
L4, .018 41, .072
5. , .024 42. . 044
t 6. ! .0245 43, - .026
7. i .0295- 44, .028
8. i .037 45. | .028
L9, .035 46. ! .029
T 10. | .042 47. .028
11, X .053 48. .026
12. 1 .067 49. .024
N 3 .07 . 50. l .0235
c 14, 076 3 )
i 15, .086 4 : :
.16, .102 i |
17. L112 ;
. 18,. .148 -
194 .185
.20, .230 -
21, } . 305 1
| 22, .420 |
T 23, .580
|24, .72 |
. 25, .67 2
26. 252 B N
27. .41
i 28, . 338
L 29, .284 .
30. .25
31, .22
32. .20
33.° 18

T

SRR

- &

P

Y
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Sample Number 21
Sample Composition (percent by weight)
Water - 2.8
Clay 9.75
Seacoal - 5.00
Density 120 grams/cc
Ambient Temperature - 71°F
Oscillator Instrument Oscillator Instrument
Frequency Response Frequency Response
(Mhz) (Volts) (Mhz) (Volts)
2 . .005 23, .58
.4 .0058
.6 . 006 24. .72 .
8 .0064 }
1. .0068 . 25. 67 [
2, _.0088 i |
3. .0128 © 26, .52 |
4, .0215 27. .41 a
| 28, .34 |
_ 29, .295 i
o 300 .26 7
31, - .23 . |
R BT 32. T ~21 ‘
5.0 . | “.0225 33, A9
6. : .0225 34, 175
7. [ . 0275 ~ 35, 16 |
i - 36. 147 ‘
8. .035 37. .133 7
38. .12 ;
9. .033° 39. 113 |
o 40, .105 |
10. .04 __ 41, .10 |
11. .051 42. .08 g
12, . 066 43. .05
13, .068 44, .05
14. ,074 45, .05
15. .085 _____4e6. .05
16. L1100 47, .05
17. .11 48 .05
. 49, .05
18, 1471 __50. .045
19, . .190
20.. . .230 7/ o
21, ~ 305~
22, .42; -
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Sample Number 22
Sample Composition (percent.by weight)
Water - 2.8
Clay - 10.00
' Seacoal - 5.00
Density 120 grams/cc ' E
Ambient Temperature - 71
Oscillator _ Instrument Oscillator Instrument '
Frequency Response Frequency Response
(Mhz) (Volts) . (Mhz) (Wolts)
.2 .005 23, 575 |
.4 .0055 ’
.6 .006 24. .71
.8 .0062 . §
1, .0068 25. - .66
2. .009 .
BER .013 26. .52
4, .017 - <27, .40
o 28. ¢ .34 .
- 29. - .28
i 30. .25
31. .22
32, .205 j
5. | .0226 33, . .195 e
6. <. .023 34. .18 B
7. . .028 35, .16 1
| - 36. .15 i
8. ﬁ .035 37. .135
38. .125 !
9. .033 39. .12 !
' 40. .11
10, - .040 41. - .105
11, . 05815 42. 210} .
12, 07 43. 095 -1
13. - . 068 44, - .08 :
14, .075 ____ 45, . . 045
15, . 084 46. . .04
16. .100 / 47, - .04
17, .110 48, .04
- 49. . .04
I8, 145 750, .04
19, .180 )
120, .230
21, .30
22, .41, \

N b

.
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Sample Number

\
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L 23
Sample -Composition (percent by weight)
Water - 2.8
- Clay - 11.0
) Seacoal - 5.0
Density 120 grams/cc
Ambient Temperature - 72°F ]
Oscillator Instrument Oscillator Instrument
Prequéncy _Response Frequency- Response
(Mhz) (Volts) (Mhz) (Volts)
.2 .0042 23. .585
.4 .0048
.6 . 0052 24. - 71
.8 .0058 ’
1.0 006 25. .64
2.0 [ .008 :
3.0 L0116 26. .50
4.0 .0152 27. .40
{ ‘ Z 28. .335
[ 29, .285
- < 30. .26
L 31. .23
] . 32, .21
5.0 .021 . 33. o ,195
6.0 ] . r.021 34, \ ..180,
7.0 B . .0255 I 35. s .167
- 36. 152
8.0 .032 I 37, .140°
S . 38. .128
9.0 .031 39. .120
, 40, 110
10.0 .0375 41. .105
11.0 .p@@ N 42. .095
12.0 .064 43. - . .060
3.0 - 065 .44, .048
14.0 .070 ’ 45, 050 -
15.0 . 081" 46, . 050
16,0 '::f N_,Ibp::::f'”"f;:47{ff 050
17.0 2107 ST 48, .048
LT | ~49. .045
18.0 .140 .50, - .047
19.0 ) IS Y T N :
20.0 .226' A P
21.0 ".305 g
22.0 T

N ~uh"»‘§1z‘
g

.3
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Sample Number P - o 24

. Y . )
Sample Composition (percent by weight)

Water - 2.8
Clay - - 12.0
Seacoal - 5.0

Density 120 grams/cc
Ambient Temperature - 72

Oscillator Instrument Oscillator Instrument
Frequency Response Frequency Response
(Mhz) (Volts). {Mhz) (Volts)
.2 . 006 23, .580
.4 . 0062 .
.6 L .0065 | © 24, . 710
.8 | .0067
1.0 .007 25. ] .650
2,0 .0087 \
3.0 .0126 26. . . .510
4.0 -,0162 ‘ 27. . .408
. 28.~7 \ .340
. 29. [ | .290
30. .255
i -~ + . 31, .23
. L. 32. ‘ . 206
5.0 . 022 . 33. - ] .190
6.0 e ~.0218 34 L W172 |
7.0 .0265 35. ] .158
N 36. 145 -
8.0 .034 4 37, - .130
. . 38. ’ 118
9.0 . . .032 39, +110
. . ‘ 40. . .102
10.0° g .038 41, ) .098
11.0 .049 A 42. .092
12.0 | .064 43. . 090
13.0 .066 : 44. . 080
14.0 ) .072 45. . .058 .
1570 . 083 46. - ,038
16.0 . .098 47. L ~ . .037
17.0 -~ .110 48.° [ .034
ce - 49. .. . _.035
18.0 . .145 . © 50, \ . 038
19.0 - ' .180 :
20.0 - 226
2.0 . 17+ .300 | . - . .
22,0 . ) 407 . - . ‘ :

¥ R g
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Sample Number ?. . .- 25
Sample Comp051txon (percent by welght)
Water 2.8
Clay - 9.50
Seacocal ‘- 5.00
Density 100.grams/cc '
Ambient Temperature - 72.8%
Oscillator Instrument Oscillatox Instrument
Frequency Response Frequency | Response
(Mhz) . (Volts) {Mhz) (Volts)
25, .59
22 .0025
. 4 \_.003 26. .46
.6 1,003 - 27. .37
.8 .0032 28. .31 i
1.0 .0037 29. .27 i
2. .0055 30. .24 1
3. . .0081 31, .22 !
1 4. .0115 32. .205 i
| 33. .19 ‘.
‘ 34. . .18
I _ o .35, .17
I 36. .16
! 37. .15
5. .0165: 38. .14
6. .018 ! 39. .13
7. . 0205 | 40. .12
| 8. .0255 I 41, .10
9. .025 \ .42, .06
[ 10. 030 | 43. .06
11. .04 44, .06
12, 20565 . 45. .06
13. .0555 i 46. .06
14, 0595 % 47. . .06
135, .070 i 48, .058
16.. .084 I 49. .+ 055
17, .094 i 50. L 052
18, 116 L ‘
19. .160 :
20. .21 v
21, .28 A
22. .+ 395 -
23, .545
. .66

PR

i Sades
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Sample Number

Sample Composition (percent by.weight)

178

26

Water =~ - 2,8 -
Clay . - 9.50:
. Seacoal - 5.00
Density 110 grams/lOO'cm3
Ambient Temperature - 72°F \
|
.Oscillator Instrument \Oscillator Instrument
Frequency Response Frequency Response
(Mhz) . - (Volts) (Mhz) (Volts) |
] 32. .210
.2 - .00175 33, . 2190
.4 .003 34. ..175
.6 .0035, 35, .160
.8 .0044 36.. .150 .
1, .005 ] 37. .140
2. .008 | 38. . 125
3. 011 39, .120
4. . 015 40. .110
5 41. .105-
5. /020 42. .100
6. .021 - 43, .090
7. .025 44. .080 -
8. .031 45, +055
9. . .030 . 46, .040
10, . 036 ‘47, . .040-
11. . 0475 48. .040
12, .064 49, .040 .
13. .064 .__50. ..040
4. 4,069  _{ )
15, . 080
IR N Y - I
17 104
18, _.1l40 o !
19. 175 ) s
20, 0220 . L
21, 290 | o
22, . I T.400 -
23, T T 560 T
24 690"
LYBTW“"QJP_ .640 ;fﬁq_»brﬁﬁ 'm_ﬁ _
26, ) 500 ¢ '
27, 4% .400_
28, EEE
29, L2900 T ]
30. 230
31. .230

s

o
LR
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Sample Number 27
Sample Composition (pércent by weight) \
Water - 2.8
Clay - 9.50
Seacoal - 5.00
Density 115 grams/cc
Ambient Temperature - 72°F
Oscillator Instrument Oscillator Instrument
Frequency Response Frequency Response
(Mhz) (Volts) (Mhz) (Volts)
) _ ‘ ' : 32. .21
2 ___.004 | 33. .20
4 . 00525 L34, .17
.6 . 0055 . 35, .16
.8 . .006 . 36. .15
1, L _.00675 37, .135
2, .009 38. .12
3. ' L013 39. 211
_ 4, s .. 017 B 40. ..105
T . 41.
5. T o.0les | .42,
6. - .023 43. |
“ 7. .0275 44, '
8.: .035 b 45, .05 ;
9. 033 46 . 1
10. 040 47. |
11, 051 48. | |
12, . .066 - I 49, " ;
13, 068 50. ° .02 ‘|
.14, 072 B
15. 084
16, .098
| 17. B .110
HEE P S V- SO
19, T T TR0 -
20, b .225 p o
21, T hass T |
_22. | . ,410 R N
23. . .565 - :
24 . - ,700 ) i
250 7 ° C o .660- T T ) |
26, w820 VT '
27. i 420
28, ] .340 N
29, .30 |
30. > 26 '\
31. .23

— ™
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Sample Number 29
Sample Composition (percent by weight)
' Water = - 2.8
Clay - 9.50
Seacoal - 5.00
Density 125 grams/cc
Ambient Temperature - 72°F
\'\‘
QOscillator Instrument Oscillator Inst%ument
Frequency Response . Frequency Response
(Mhz) (Volts) (Mhz) (Volts)
33. .20
2 .005 34. 18 ¢
.4 .0055 35. .17
.6 .006 . 36. .15
.8 .00625 37. .14
1. .0065 38. .127 :
2. .0085 39, 12 !
3. . 0125 40. L1100
4, d L0165 : 41. .105 ' |
5. .022 ; 42. .10 |
6. .0225 ! 43, .09
7. .0272 d 44, 078
| 8. 034 45, . 050 i
[0, .033 46, - . 040 |
10. .039 47, . 040 !
11, ! .050° ' 48, . 040 {
12, -, 066 49, .040 !
13. .068 i 50. . .040 |
14, .074 4,6 .024 !
15, .084 |
16. ‘.100 o
17. 112 ;
18. - . 150 L i
19.. 185 |
20. .230 L B
21, ! .305
22, A1, . i ]
23, .58 o
24, L2 ,
25, .66 \
26. . .52
27. .42 N L
28, .36 . T
29, -~ .30 '
30, .26 L
31. .24
32, } .21

AR st >
.
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Sample Number . 30
Sample Composition (percent by weight)
Water - 2.8
Clay - 9.50
Seacoal - 5.00
. Density 130 grams/cc
Ambient Temperature - 72°F
Oscillator Instrument Oscillator Instrument
Frequency Response Frequency Response
(Mhz) (Volts) (Mhz) (Volts)
i I ' 32, .22
2 . .005 33. .20
.4 ' .006 34. . .18
6 1. - .006 35, .165 |
.8 .007 36. .150
. L .0075 37. .140 :
L2, . L .00 38. . 125
| 3. NN .014 39, .120
4. o T.eiss 4. 11
e R .105
s T L0245 42, .10 f
6. U ITTTees T a3 095 |
7. TTese 44, : 085
i 8. . .038, _ 4 45, i .060 J
o, Tl .03 1 4s. .045 ‘
100 o .043 L 47, | -040 ?
1. i ...055 ] 48. .040 |
X2, .o .069  n- 49, - 040 . |
3. .. .073 - . 50, .040 j
14. .078 | ’ _ x |
| 15, . .090 r
L 16, .106 /
L 17, o 116 | -
| 18, o _.155 i | |
19, 1380 i 3 |
20 B _e240 .
i 21 .3}.0 _ i
P22 .425 ‘ o i
23, . .587 i |
24, .740 ~ ,
75, L6807 AT
26. 540 ' \
27. .440 !
- 28. .360 oo R
129, 1 h R T -
T30, .27 i -

s vt
e Se £ WY Shalnt a ekl
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Sample Number 31
Sample Composition (percent by weight)
‘ - Water - 2.8"
Clay = = 9.50
"Seacoal -~ 5.00
Density 140 grams/cc
Ambient Temperature - 72°F
Oscillator Instrufient .Oscillator Instrument
' |Frequency Response Frequency Response
(Mhz) ° (Volts) (Mhz) - (Volts)
' 25.0 .750
.2 .011 )
.4 .012 . 26.0 .600
.6 L0123 T 27, 460
.8 .0125 i 28, - .37
1.0 | L013 ] 39, .31
2. ' L0157 1 30, .26
3. 021 | 31. .23
4. A ~_02§ ﬁl 3_2- i .20
| B hj e “E‘T"* ~~_3.3_.;_1 — i .18
A e jlr 3 3‘4*. .16 .
| - i 35. s A5
| ! S 36 .y ! -135 1
| - [ §o. 3. | A2
5.0 . .0335 i 38." Y
6.0 T 033 i 39. , .105
7.0 P .038 [ 40—~ .10
8.0 7 1 " .050. a1, .08
. 9.0 | Jo44 T4, " 05
10.0 ;052 ! 43, .04
11 .072 ! 44, .04
12, 1 076 3 45, - .045
i 13. .02 ] 46, . 045
14. T TTosg | 7. .045
15. ’ 100 ! 48. .045
16 115 ; 49, . 040
17, ! .138 50, . 040
18, 165 | ‘ .
19. .200
1 20, ° .250
21. .310 |
22, .435
23.0 .600
24,0 | .760

P

v e R A msyo—
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Sample Number 32
Sample Composition (percent by weight)
Water - 2.8
Clay -~ 9.50
Seacoal -~ 5.00 -
Density 150 grams/cg J s
Ambient Temperature - 72°F /
. ™N .

Oscillator Instrument | Oscillator Instrument
Frequency Response | >equenCy Response |
(Mhz) (Volts) @ (Mhz) » (Volts)

7 YS ! .210

22 013 33. ' .190
.4 T .014 ] 34, 1 .165 |
. 6 ~.014 ' 35 . .150 \
.8 _..0145 36 L .140
1.0 015 37 E .120
3. 0 TTTlo174 38 T110
3. . T TLe226 39 C .105
4. 0275 a0, ! .100 |
» 41 1 .095
P & - 42, i . 09_0_—-.—§
6. ,o.e3s 43, L .086
i 7. o B _O4Q “;4“_1. J .080
L 8. o . .0525 ~ __45. .060
9. . . .o46 _ _ ~ 46. .~ ~ .052
Lo 0., 4 o .054 N 47, ! . 035
11, T D P A L
120 ! ~__.,080 _ _  49. .030 .
13. T .084 50. L0300
R o092 T R '
15, ’ _.1l04 !
16, vi 120 '
YA e Y 1 - - B |
| 18, ; 70 . ~ K
| 19—'7 ,_,A,,___H._ ‘11 . 21;0-,‘_; _'~W—— - 7 i
20, T T TLess Tl T
o 2. Lo w330 . o .
Lo22. . .440 . ) s o
To23, | .600 . o e
247 | < .780 ; J
25 -1
26, _,.610 S R -
27 i, .480 0
28, T oo T T T
29. . 320 . } '
30. .280 j R
I -2 1 R A N

N T

1 Yt
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Sample Number

Sample Composition (percent by weight)

Water - empty
Clay -
Seacoal -

Density’
Ambient Temperature

184

33

Instrument<w

[5scillator ( Instrument | Oscillator [
,Frequency i Response Frequency ; Response |
(Mhz) f (Volts) | (Mhz) | (Volts)
2 ' 0 i 23., i .250
.4 | 0 { . :
5 .6 ' 0 i 24, . 300 ;
| .8 0 + |
r.i.0_ 0 25, [ .210
2.0 .0005 ;o ~ ]
3.0 .002 26. T AS5
4.0 .002¢ 27. | 120
e e 28, .100
e 29 ' .072
! o e 30. .064
N 2 ! .056
T - 32, ‘ 051
5.0 ) L0038 i 33T .048
6.0 _ .. ..0085 = 34 .045
7.0 0045 35, ' .044
- _ 36. .042
80 0083 37, . 040
e . _38. i .0389
9.0 . 0069 . 39, 035
! o i , _40. ' .034 ;
+t10.0 0 .007 4 4], !
11,0 > Y . Y B
i 12.0 .019 s 743, , )
13000 T o4 Too AT
4,0 ., .05 . .45, . .036 ‘
5.0 e 2019 4B - ;
| 16.0 ) ,024 i 47, ,
L 17.0° L2y T A T T ,
; 49, : '
U R T L RS S NI
19,0 I . 044 N
T20T0 Tl TTess
[ 21.0 ? .090 j B <)
L22.0 _ ° | _ =135 T ]

i i DA DY o 5o
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Curve Fitting Using the Method of Least Squares
Assume the existence of a table of n + 1 data points
(Xo,¥0), (X1,Y1), (X2,¥2), (X3,¥3), eeveves, (Xn.¥p)
and an empirfcal function that approximates this data
set called f(X).
The difference between the empirical function f(X) at
point (Xi,Yi) and the actua; curve may be written as
€5 = F(Xi) - Y .

The ei can be computed for each data point, squared and

n 2
summed to get M = I l £(X,.) - Y.:}
. i=o - 1 1 .

If £(X) is a straight line f(x) = Cq + C;X

2

, n
then M =i£0[:?° + CIXi - Yi:}

. .
M can be considered as a function.of Cy and C;. A necessary
‘condition such that f£(X) is the best approximation for this

data set is that aM’_ . M

3Cy  3Cy
hence aM n -

LR W) . Lo ys) =

3G, 23kp ot OiXy - ¥g) =0
n ' '

M ¢

3¢, 2i2;0 (Cq + Clxi Yi) Xi =0 '

n . n n *
these reduce to I Cq + I X =1Y

i=0 i=0 i=0

e - PUUREFS

b At
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-—

4
Docox, + P oot =P oxy |
- CoXy # 14, = 2RI ]
i=0 =0 o4=0 * 7 3
which can be simplified to obtain , ;
3
n n ;
nCyp + C; £ X, =17V, i
i=0 Y =0 * i
. 1
n n 3 n .
Co L X, +C) I X, = I X,Y,
i=0 * i=0 * i=0 * ?*

This is a system of two equations in two unknowns. s

The calculations which follow relate to the data- presented

in tables 5-2,3,4,5,66. A straight line approximation was

obtalned for each data set and dlsplayed graphlcally in

p—

flgures 5-6,7,8,9,810 respectlvely.
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Refer to table 5-2 )
X = water content Y = response
2 ‘ __—
X X FREQUENCY
8 Mhz 13 Mhz 16 Mhz 20 Mhz
' " i
Y T XY Y XY Y t XY YI XY ‘

i

2,00, 4.00-.0255| .0510{.056] .1120|.088! .l760h .220 .4400
2.60| 6.76].0335| .0871}.068| .1768,.097! .2522] .225 ,.4850
2.70] 7.29}.0335] .0904] .068] .1836| .090| \.2430 .230i .6210

# | 2.80{ 7.84[.035Q0| .0980{.069| .1932{.098| .2744! .230/ ..6440
\ 2.90| 8.41/.0385( .1116|.072| .2088|.104! +3016. . .230! .6670
3.00/ 9.00/.0360| .1080|.063] .1890 .100] .3000{ .225| .6750
4.00(16.00}.0480| .1920/.0797 .3160).113| .4520! .248| .9920
5.007{25.00!.0580| .2900{.087| .4350/.130! .6500] .258/1.2900

25,0 [84.30{.3080[k.0281 552611.8144 -820/2.6492) 1.866| 5.9140

£(¥) = Co'+ Cy;X 4

nCy + €, = 1Y

[
.

) 2

ColX + CIX = IXY . :
for 8 Mhz 8C, % 25C, =. .3080 Co = 0.0053 ,
‘ 25C, + 84.3C,= 1.0281 C, = 0.0106 :
* o 3
13 Mhz 8Cy + 25C; = .5620 Co = 0.0408 2 . :
25Cy + 84.3C;= 1.8144 C, = 0.0094 . :
. : N i . §
* ‘ ' :

i} 16 Mhz 8Cy + 25C; = .820 Co =-0.0586

25Co + 84.3Cy;= 2.6492 . C; = 0.0140

20 Mhz 8Cy + 25C, = 1.866 C Cy = 0.1914

25Co +,84%3C;= 5.9140 €y =0.0134

’

3
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Standard Error of Estimate . ~ . ,

£(X) = Cq + C1X (1) . ' .

’ .

If f(X) represents the value of Y €or given'values of X as
" Q

estimated from (1) a measure of the scattef about the

regression line of Y or X is given by the quantity

2
L(Y £(x)) °

SY.X = Q

N

for small samples =

py - £x) N

N -2

¢ SY.J =

is prefered by some sfathQicians.

N is the number of points in the daté set;
If two ligés, parallel to the regression line of Y or X,
were ‘constructed at vertical distances SY.X, 25Y.X, and
5SY.X'from it, about 68%, 95%, and 99.7% of the sample

" points would be included between the two lines.
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| APPENDIX III

ANALYTICAL TESTS FOQR CLAY CONTENT i

Methylene Blue Test for Western Bentonite

Accufacy of the methylene blue test for‘EEEive

western bentonite, developed by Barxoid Div., National

Lead Co., Houston, is EQual to that of the nickel sulfate

. &
method. There is little difference in the time required

‘ . | 3
to make either determination; however, the equipment

required for the methylene blue test is much les#,éxpen—

.

. sive than that required for’ the nickel sulfate method.

?

Checks showed that such common additives as
dextrine, corn flour, or seg%coal did not interfere with
thé’accuracy‘pf the tés£. Baroid Div. says, however,
that solubilized lignite wiil’aﬁsorb the dye and'lead to
high readiégs; "The effect of lignite can be removed by
boiling the sample with 3% hyé:ogen perqxide.

Only two brands of western and one brand of
southern bentonite were tested. BAs iﬁ'the.nickel sulfate
.tgst, éach brand of clay requires a separate calibration |
curvé.‘ pur results on éodthern bentonite ga?e:a less con-

sistent reproducibility than we obtained with the two

wéstern bentonites. Baroid Div. reports, however, that

A
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they have tested southern bentonité without apparent
difficulties. \_ . ] T
Weigh out accurately'srqml sand mix inkto /an
Erlenme§§r flask. Add 50 ml. ‘aistilled water and boil
for -5 minutes. Note that the flask will bamp uring

boiling and will need. . to:be held by some means.| As an

, N
s
5 e v i
B i e g et el
M

alternafe, the flask can be shaken for lSymiput 5.
Add 1% to 2 cc. of .5N sulfuric acid solution

and mix fhoroughly./ Add Methylene blue solutjon (1 ml = i

.01 milliequivalents = 5.74 gm. per\lite;).aﬂ(incremenesé

-

After each'add;tion, shake it briefly, and, using a giass
rod, -place a drop of the liquia on a filter papef% 1f ““
the end point hads not been- reached, only a blue circle

will appear. If the end point has been reached, a blue- A

» . : 2

. green halo will surround the blue circle.

At the first appearance of the halo, shake the

o g b O

solution for 2 minutes to be sure that all, the methylene
blue has been adsorbed. Place aﬁothe: drop on the filter ' e

paper. If the halg persists, the end point has been reached\

: A -y \ L
or passed. . - ‘ i ' ;

- 1# b

.

A calibration curve must be made for each bgand of
clay Sy addlng thekequlvalent amount of clay (no.sand, is ¢
needed) to 50 cc. of water. For example' for l% clay in'
5 gn. of sand le, add 95 gm. of clay, and for 5% clay in ﬁ“
. 5 gn. of sand mlx, add .25 gpm. of clay. .. . ’
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No short cuts to the test method atre apparent.

Additional information on the.use of this test is
contained in "Determination of Cation Exchange Capacity by
Methyléne Blue Adsorbtion," presented by M.J. Nevins and
D.J. Weintfffg at a meeting of the Materials and Equip-
ment and Whiée,Wares Division, American Ceramic Society,

Bedford Sprihgs, Pa., September 29 - October 2, 1965.

f

>Ni£kel Sulfate Test for Active Clay
| The nickel sulfate method, developed in 1959 by
ﬁhevBritish Steel Casting Research Association, depends
on the adsorption by active clay of nickel idns in a solu-
’tion of nickel sulfate. The remain;ng nickel is formed
into a célored complex by ad@ing dimethyl glyoxime. Rela-
tive color inteﬁsity of the complex_d;pends on the nickel
avéilable. Thu%vthé amount of active clay can be deter-
.mined . by measuring the intensity of the Sélutioh on a’
épectropﬁotometer at 540 m as in a standard nickel deter-
~mination.
| The following standard solutions are prepared:
i. Nickel sulfate solution--~ .476 gm. NiSO, per
Titer of water. ' |
2. Ammonium citrate solution -- 50 gm. citric acid
to 100°ml. 50% ammonia.

3. Iodine solution (.1 Normal) -~ 12.69 gm. I plus

'20—25 grams KI to a.liter of water.
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4, Dimethyflgiyoxime solution -~ .1 gﬁ. dimethyl
gl}oxime in 50 ml.‘NHQOH plus 50.ml. water.

To establish a standard curve, samples of clay
weighing from .1 to .5 gm. are added to 50 ml. of nickel
(Julfate solution and stirred for 2 minutes. Each sample
is centrifuged until a clear solution is obtained. (Note:

If solutions are not clear after 30 minutes of centrifuging,

they must be filtered.)

Ten ml. of the clear solutions are pipetted off
and mixed with 10 ml. of ammonium citrate solution and 5
ml. %f iodine solution. After this solution has stood
for 3 minutes, 20 ml. of dimethyl glyoxime solution is
added, and the nickel colex is allowed to develop for
5 minutes.

~ The solution then is diluted to 200 ml. and the

color measured.on the spectrophotometer, using a water
setting. A standard is prepared without .the clay addition
and tested.élso. The spectrophotometer readings are
piott;d aéainst the weights of the cléy'samples as shown.

To determiqg the amount of active clay in a sanﬂ-

clay mix, samples ar eighed out. For a mix in which the

active clay content isg ')ated to be about 2%, the
sample should be about 10 gm. If as much as 10% active
clay is anticipated, the sample need be only 4 gm. The ;

samples must be dried at 240 F before testing by the

. e,

.o
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procedure outlined above. The spectrophotomete} readings
are used to determine the amount of active clay in each
sample and then the'perce%taqe of active clay can be
calculated.

Different brands of clay will have slightly dif-
ferent calibration curves; therefore, a separate curve

should be established for each brand of clay used.

l

»~

ORI TSRS

O



10.

.11,

12,

13,

APPENDIX IV

REFERENCES

4

R.F. Grim, Applied Clay Mineralogy, McGraw-Hill, 1962.

R.W. Heine, C.R. Loper, Jr., P.C. Rosenthal, Principles
of Metal Casting, McGraw-Hill Book Company, 1967

National Engineering Company, 20 North Wacker Drive,
Chicago, Illinois 60606, "Bulletin MM~-74."

B.C. Yearley, "Sands Required for High Pressure Molding"
Foundry; Vol. 92, No. 5, May 1964, pages 61-65.

American Foundrymans Society, Molding Methods and Ma-
terials, 1963.

/
A.B. Draper, "Bondmng in the Slllca—Clay-Water System
AFS Transactions, Vol. 73, 1965, page 556. a

H.A. Stephens, A.N. Waterworth,’"Significance of the
Exchangeable Cation in Foundry Bentonite", The British’
Poundryman, Vol. 61, Part 5, May 1968, pages 202-219.

L‘E Doyle, J.L. Morris, J.L. Leach, G.F. 'Schrader,
Manufacturing Processes and Materlals for qulneers,
Prentice-~ Hall Inc., 1961

P.J. Thorpe, "Avoidance of Metal Penetration and Sand
Burn-On in Iron Castings", The British Foundryman,
Vol. 64, Part 10, October 1971, pages 380-396.

B.C. Yearley, "Sand Testing Can Betrmproved“, Foundry,
Vol. 95, No. 1, January 1967, pages 82-89.

B.C. Yearley, "Why We Use Sand Additives", Foundry,
Vol. 95, No. 7, July 1967, pages 57-63.

D.R. Coughanowr, '‘L.B: Koppel, Process Systems Analysis
and Control, McGraw-Hill Book Company, 1965. °

D.M. Considine, S.D. Ross, Handbook of Applied Instru-
mentation, McGraw-Hill Book Company, 1964.

)

199

[ P e

P

PR T



14.

15.

l6.

17.

18.

19,
20.
21.
22,

23.

24,

25,

26.

200

[ e

D.M. Considine, Process Instruments and Controls .
Handbook, McGraw-Hill Book Company, 1957. \*3

D.M. Considine, Process Instruments and Controls
Handbook, McGraw-Hill Book Company, 1974.

Harry W. Dietert Company. '
9330 Roselawn Avenue, Detroit, Michigan 48204

R.G. Godding, D.Bird, "An Apparatus for Continuous
Measurement of Water Content of Foundry Sands"
B.C.I.R.A. Journal, Vol. II, No. 5, September 1963, °

pages 641-661. )

M.V. Chunaev, O.N. K051chk1n, "Automatic Control of the
Water Content of Moulding Sand on the Conveyor"
Russian Castings Production, 1967, No. 1, pages 11—17.

Hartley Controls Corporation, P.0. Box 446, Neenah,
Wisconsin 54956, "The Hartley Series XVII Controller.”

‘R.C. Weast, Editor, - Handbook of Chemistry and Physics,

56th e@ition, CRC Press, 1975-76.

R. Wormald, A.L. Britch, "Methods of Measuring Moisture

-Content Applicable to Building Materials", Building

Science, 1969, Vol. 3, pages 135-145.

W.E. Stalhuth, "Meoisture Measurement and Control",
Automation, 1964, November, pages 84-94.

E.F. Waters, G.F. Mass, "Estimation of Moisture Content
by Neutron Scattering: Effect of Sample Density afid

. Composition"”, Nature, Vol. 209, No. 5020, January 1966,

pages 287-289.

C.H.M. van Bavel, "Neutron Scattering Measurement of

- S0il Moisture: Development and Current Status", .in
‘A, Wexler, Editorrin-chief, Humldlty and M01sture

Measurement and Control in Science and. Indust;y,
Reinhold .publishing Corporation, 1965

Kay-Ray Division, Kay Electric Company, 740' East Northi
west Highway, Palatine, Illln015 60067, Kay Ray Granulatr
Solids Moisture Gauge. &

Nuclear Chicago Corporation, 333 E. Howard Avenue, Des
Plaines, Illinois, Model P-21 Surface Moisture Probe.

P P

3
f
3
k4
4
&
kK
3
v
5



el

27.

28.

29.

30.

31.

33.

34.

35.

36..

3.

38‘

39.

201

G.W. Ewing, Instrumental Methods of.Chemical Analysis,
McGraw=Hill, 1969.

W.L. Rollwitz, "Nuclear ‘Magnetic Resonance as a Tech-
nique for Measuring Moisture in Liquids and Solids"
in A. Wexler, Editor-in-chief, Humidity and Moisture
Measurement and Control in Science and Industry, .
Reinhold Publishing Corporation, 1965.

I.F. Galbraith, W.R. Ladner, A.E. Stacey, "The Appli-
cation of Nuclear Magnetic Resonance to the Measurement .
of 'the Moisture Content of Coals and Cokes", in A.
Wexler, Editor-in-chief, Humidity and Moisture~}easure-
ment and Control in Sc1ence and Industry, Relnﬁold
Publishing Corporaxlon, 1965.

A.A. Grey, Research Scientist, Canadian 220 Mhz NMR
Centex, Ontario Research Foundation, Sheridan Park,
Ontario, Private Communication, May 1975.

G. Calhoun, Applications Chemist, Newport of North ..
America Inc., 1400 Millcreek Road, Gladwyne, Penn. 19035,
Private Communlcatloﬁ, May 1975.

X: Lindberg, U. Ternstrdm, "Microwave Moisture Meters

for the Paper and Pulp Industry", Measurement and Control,
Vol. 3, March, 1970, pages T33-T38, N\

H.B. Taylor, "Microwave Moisture Measurement" Industrial
Electronics, February, 1965, pages 66-70.

H.H. Willard, L L. Merritt, Jr., J.A. Dean, Instrumental

Methods of Analy51s, D. Van Nostrand Company, New York,
1974.

Anacon Model 106 Process Moisture Analyzér, manufactured

by Anacon Incorporated, ‘30 Main Street, 'Ashland, Mass. *
01721, ' - '

Modern'castings Staff, "New Moldability Controller De-
livers Uniform Sand Mixes", Modern Castings, Vol., 42,
No. 2, August 1962, pages 40-42.

D. O'Shaunessy, Sales Manhager, Harry Diefert Company,

Detroit, Michigan, Private Communication, May 1974. V
o N .

American Foundryman's Society, "Foundry Sand Handbaok"
°

Modern Casting Staff,."Determining the Compactability’

\/

n

¢ e

PRPETR S

R R b o o

aaeren o




202

. . { g
of Molding Sand Mixtures", Modern Casting, Vol. 66,
No. 2, February, 1976.

V.G, Pustynnikov, A.M. Proted'yakonov, "Multipara-
meter Electrical Monitoring of the Composition and
Condition of Moulding Materials", Russian -Castings .
Production, 1965, No. 4, pages 151-153.
—_— p i
R.L. Cohen, Applications of Mosbéuer,ébectroScopy,
Academic Press, New York, 1976.

»
P N Ty

G.S. Vingas, "How to Determine Active Clay Content
from Compaction Characteristics of Green Molding
Sand," Transactions AFS, Vol. 73, 1965, page 561.

H.H. Skilling, Electrical Engineering Circuits,
Wi;ey, New York 1958

3
/
!
H
:
i

i

o






