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SAND ADDITIVES
Casting Sand

SAND (SiO2......)
CLAYS (Bentonite.....)
WATER

CELLULOSE (Wood flour, Cob flour.....)
OIL-CHEMICALS (Soda ash, Polymers....)
REFRACTORIES (Alumina, Silica flour...)
SOLUBLES (Corn flour, Corn sugar...)
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SAND

Fig. 1 Two sizes of rounded sand grains. 35x,



Fig. 2 Sizes of pores in faces of molds made from coarse sand and from fine sand. 35x.



Grain shape

Grain shape is defined in terms of angularity and sphericity. Sand grains vary
from well rounded to rounded, sub-rounded, sub-angular, angular and very
angular. Within each angularity band, grains may have high, medium or low
sphericity. The angularity of sand is estimated by visual examination with a
low power microscope and comparing with published charts, Fig. 12.1.

The best foundry sands have grains which are rounded with medium to
high sphericity giving good flowability and permeability with high strength
at low binder additions. More angular and lower sphericity sands require
higher binder additions, have lower packing density and poorer flowability.
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Figure 12.1 Classification of grain shapes.



Casting Sands

Silica Sands

Zircon

Olivine

Chromite
Aluminum Silicates



Silica Sands

* Most green sand molds consist of silica sands
bonded with a bentonite-water mixture. (The
term green means that the mold, which is
tempered with water, is not dried or baked.)
The composition, size, size distribution, purity,
and shape of the sand are important to the
success of the mold making operation.



Sands are sometimes referred to as natural or
synthetic.

Natural or Synthetic

Natural sands contain enough naturally occurring clays
that they can be mixed with water and used for sand
molding.

Synthetic sands have been washed to remove clay and
other impurities, carefully screened and classified to
give a desired size distribution, and then reblended
with clays and other materials to produce an
optimized sand for the casting being produced.

Because of the demands of modern high-pressure
molding machines and the necessity to exercise close
control over every aspect of casting production, most
foundries use onlv svnthetic sands.



Composition

 Foundry sands are composed almost entirely
of silica (Si02) in the form of quartz. Some
impurities may be present, such as ilmenite
(FeO-TiO2), magnetite (Fe304), or olivine,
which is composed of magnhesium and ferrous
orthosilicate [(Mg,Fe) SiO4]. Silica sand is used
primarily because it is readily available and
Inexpensive.



 Quartz undergoes a series of crystallographic
transitions as it is heated. The first, at 573 °C,
IS accompanied by expansion, which can
cause mold spalling. Above 870 °C, quartz
transforms to tridymite, and the sand may
actually contract upon heating. At still higher
temperatures (> 1470 °C), tridymite
transforms to cristobalite.
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Figure 11.4 The expansion/temperature relations for iron-based die materials,
and silica and zircon sand moulding materials. (J. Campbell, Foundry International,
March 1992)



Shape and Distribution of Sand Grains

 The size, size distribution, and shape of the sand
grains are important in controlling the quality of the
mold. Most mold aggregates are mixtures of new
sand and reclaimed sand, which contain not only
reclaimed molding sand but also core sands. In
determining the size, shape, and distribution of the
sand grains, it is important to realize that the grain
shape contributes to the amount of sand surface
area and that the grain size distribution controls the
permeability of the mold.



 Asthe sand surface area increases, the amount of bonding
material (normally clay and water) must increase if the sand is
to be properly bonded. Thus, a change in surface area,
perhaps due to a change in sand shape or the percentage of
core sand being reclaimed, will result in a corresponding
change in the amount of bond required.

e Rounded grains have a low surface-area-to-volume ratio and
are therefore preferred for making cores because they require
the least amount of binder. However, when they are recycled
into the molding sand system, their shape can be a
disadvantage if the molding system normally uses a high
percentage of clay and water to facilitate rapid, automatic
molding. This is because rounded grains require less binder
than the rest of the system sand.



 Angular sands have the greatest surface area (except for sands
that fracture easily and produce a large percentage of small
grains and fines) and therefore require more mulling, bond,
and moisture. The angularity of a sand increases with use
because the sand is broken down by thermal and mechanical
shock.

 The porosity of the mold controls its permeability, which is the
ability of the mold to allow gases generated during pouring to
escape through the mold. The highest porosity will result from
grains that are all approximately the same size.

 Asthe size distribution broadens, there are more grains that
are small enough to fill the spaces between large grains. As
grains break down through repeated recycling, there are more
and more of the smaller grains, and the porosity of the mold
decreases.



However, if the porosity of the mold is too great, metal may
penetrate the sand grains and cause a burn-in defect.

Therefore, it is necessary to balance the base sand
distribution and continue to screen the sand and use dust
collectors during recycling to remove fines and to determine
the proper bond addition.

Most foundries in the United States use the American
Foundrymens' Society (AFS) grain fineness number as a
general indication of sand fineness. The AFS grain fineness
number of sand is approximately the number of openings per
inch of a given sieve that would just pass the sample if its
grains were of uniform size, that is, the weighted average of
the sizes of grains in the sample. It is approximately
proportional to the surface area per unit weight of sand
exclusive of clay.
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Sieves used for sand grading are of 200 mm diameter and are now usually
metric sizes, designated by their aperture size in micrometres (um). The
table lists sieve sizes in the British Standard Metric series (BS410:1976)

together with other sieve types.

Sieve aperture, micrometres and sieve numbers

ISO/R.565 series
(BS410:1976)

(pm) No. jLm No. pLm
(1000) 16 1003 18 1000
710 22 699 22 710
500 30 500 30 500
355 44 353 45 350
250 60 251 60 250
(212) 72 211 70 210
180
(150) 100 152 100 149
125 120 125
90 150 104 150 105
63 200 76 200 74
(45) 300 53 325 44

Notes: The 1000 and 45 sieves are optional.
The 212 and 150 sieves are also optional, but may be included to give better
separation between the 250 and 125 sieves.



Calculation of average grain size

The adoption of the [SO metric sieves means that the old AFS grain fineness
number can no longer be calculated. Instead, the average grain size,
expressed as micrometres (pum) is now used. This is determined as
follows:

el

Weigh a 100 g sample of dry sand.

2 Place the sample into the top sieve of a nest of ISO sieves on a vibrator.
Vibrate for 15 minutes.

Remove the sieves and, beginning with the top sieve, weigh the quantity
of sand remaining on each sieve.

4 Calculate the percentage of the sample weight retained on each sieve, and
arrange in a column as shown in the example.

Multiply the percentage retained by the appropriate multiplier and add
the products.

6 Divide by the total of the percentages retained to give the average grain
size.

W

1



Example

ISO aperture Percentage Multiplier Product
() retained
=710 trace 1180 0
500 0.3 600 180
355 1.9 425 808
250 17.2 300 5160
212 25.3 212 5364
180 16.7 212 3540
150 19.2 150 2880
125 10.6 150 1590
90 6.5 106 689
63 1.4 75 105
<63 0.5 38 19
Total 99.6 — 20 335
Average grain size = 20335/99.6

204 pm



Calculation of AFS grain fineness number

Using either the old BS sieves or AFS sieves, follow, steps 1-4 above.

5 Arrange the results as shown in the example below.

6 Multiply each percentage weight by the preceding sieve mesh number.

7 Divide by the total of the percentages to give the AFS grain fineness
number.



Example

BS sieve % sand retained Multiplied by Product
number on sieve previous sieve no.

10 nil

16 nil

22 0.2 16 3.2

30 0.8 22 17.6

44 6.7 30 201.0

60 226 44 1104.4
100 48.3 60 2898.0
150 15.6 100 1560.0
200 1.8 150 270.0
pan 4.0 200 800.0
Total 100.0 - 6854.2

AFS grain fineness number = 6854.2/100
= 68.5 or 68 AFS



Foundry sands usually fall into the range 150-400 pm, with 220-250 pm
being the most commonly used. Direct conversion between average grain
size and AFS grain fineness number is not possible, but an approximate
relation is shown below:

AFS grain
fineness no. 3b 40 45 50 hb 60 65 70 80 9()
Average

grain size (wm) 390 340 300 280 240 220 210 195 170 150

While average grain size and AFS grain fineness number are useful
parameters, choice of sand should be based on particle size distribution.



Table 12.1 gives size gradings of typical foundry sands used in the UK and
Germany.

Table 12.1 Typical UK and German foundry sands

Sieve size Sand type

Microns BSS no. LK sands German sands
Chelford 50 Chelford 60 H32 H33 F32

1000 16 trace nil

700 22 0.7 0.4

500 30 4.5 2.3 1.0 0.5 1.0
355 44 19.8 10.0 15.0 75 7.0
250 60 446 257 44.0 30.0 30.0
210 72 21.6 238 39.0 60.0 60.0
150 100 8.2 28.7

100 150 2.6 7.6

75 200 nil 1.3 1.0 2.0 2.0
75 -200 nil 0.2 nil nil nil
AFS grain

fineness no. 46 59 51 57 57
Average grain

size mm 0.275 0.23 0.27 0.23 0.23

Note: Haltern 32, 33 and Frechen 32 are commonly used, high quality German sands.
German sieve gradings are based on ISO sieves.

The German sands have rounder grains and are distributed on fewer sieves than UK sands,
they require significantly less binder to achieve the required core strength.



Sieve grading of Chelford 60 sand:

Aperture size (pm) BSS mesh no. % wt. retained

1000 16 nil
700 22 0.4
500 30 2.3
355 44 10.0
250 60 25.7
210 72 238
150 100 28.7
105 150 7.6
75 200 1.3
—75 -200 0.2

AFES grain fineness no. 59

Base permeability: 106




Size distribution

The size distribution of the sand atfects the quality of the castings. Coarse-
grained sands allow metal penetration into moulds and cores giving poor
surface finish to the castings. Fine-grained sands vyield better surtface finish
but need higher binder content and the low permeability may cause gas

defects in castings. Most foundry sands fall within the following size
range:

Grain fineness number 50-60 AFS } Yields good surtace

Average grain size 220-250 microns finish at low binder levels

Fines content, below 2% max Allows low binder level

200 mesh to be used

Clay content, below 20 0.5% max Allows low binder levels

microns

Size spread 95% on 4 or 5 Gives good packing and
screens resistance to expansion

defects
Specific surface area 120-140 cm?/ g Allows low binder levels

Dry permeability 100-150 Reduces gas defects



Safe handling of silica sand

Fine silica sand (below 5 microns) can give rise to respiratory troubles.
Modern foundry sands are washed to remove the dangerous size fractions
and do not present a hazard as delivered. It must be recognised, however,
that certain foundry operations such as shot blasting, grinding of sand
covered castings or sand reclamation can degrade the sand grains,
producing a fine quartz dust having particle size in the harmful range below
5 microns. Operators must be protected by the use of adequate ventilation
and the wearing of suitable face masks.



Zircon

e Zircon is zirconium silicate (ZrSiO4). It is highly refractory and
possesses excellent foundry characteristics. Its primary
advantages are a very low thermal expansion, high thermal
conductivity and bulk density (which gives it a chilling rate
about four times that of quartz), and very low reactivity with
molten metal. Zircon requires less binder than other sands
because its grains are rounded. The very high dimensional
and thermal stabilities exhibited by zircon are the reasons it is
widely used in steel foundries and investment foundries
making high-temperature alloy components.



Olivine

Olivine minerals (so called because of their characteristic
green color) are a solid solution of forsterite (Mg2SiO4) and
fayalite (Fe2SiO4). Their physical properties vary with their
chemical compositions; therefore, the composition of the
olivine used must be specified to control the reproducibility of
the sand mixture. Care must be taken to calcine the olivine
sand before use to decompose the serpentine content, which
contains water .

The specific heat of olivine is similar to that of silica, but its
thermal expansion is far less. Therefore, olivine is used for
steel casting to control mold dimensions. Olivine is somewhat
less durable than silica, and it is an angular sand.



Chromite

e Chromite (FeCr204), a black, angular sand, is highly refractory
and chemically unreactive, and it has good thermal stability
and excellent chilling properties. However, it has twice the
thermal expansion of zircon sand, and it often contains
hydrous impurities that cause pinholing and gas defects in
castings. It is necessary to specify the calcium oxide (CaO) and
silicon dioxide (SiO2) limits in chromite sand to avoid sintering
reactions and reactions with molten metal that cause burn-in.



Aluminum Silicates

e Aluminum silicate (Al2SiO5) occurs in three common forms:
kyanite, sillimanite, and andalusite. All break down at high
temperatures to form mullite and silica . Therefore, aluminum
silicates for foundry use are produced by calcining these
minerals. Depending on the sintering cycle, the silica may be
present as cristobalite or as amorphous silica. The grains are
highly angular. These materials have high refractoriness, low
thermal expansion, and high resistance to thermal shock.
They are widely used in precision investment foundries, often
in combination with zircon.



Bulk density =The mass of powdered or granulated solid material per unit of volume

Table 12.3 Properties of non-silica sands (compared with silica)

Property Silica Zircon Chromite Olivine

AFS grain size no. 60 102 74 65

Grain shape rounded  rounded angular angular

Specific gravity 2.65 4.66 452 i

Bulk density (kg/m?®) 1490 2770 2670 1700
(Ib/ft*) 93 173 167 106

Thermal expansion 1.9% 0.45% 0.6% 1.1%

20-1200°C non linear

Application general refractoriness resistance to Mn steel

chill penetration

chill
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SAND ADDITIVES
Water

e \Water
e H.0



SAND ADDITIVES
Clays

Clays

Bentonite, Southern (Ca-Bentonite)
Bentonite, Western (Na-Bentonite)
Fireclay

Kaolin Clay



e The most common clays used in bonding green sand molds
are bentonites, which are forms of montmorillonite or
hydrated aluminum silicate. Montmorillonite is built up of
alternating tetrahedra of silicon atoms surrounded by oxygen
atoms, and aluminum atoms surrounded by oxygen atoms, as
shown in Fig. 1. This is a layered structure, and it produces
clay particles that are flat plates. Water is adsorbed on the
surfaces of these plates, and this causes bentonite to expand
in the presence of water and to contract when dried.



SAND ADDITIVES Clays

Fig. 1 Structure of montmorillonite. Large closed
circles are aluminum, magnesium, sodium, or
calcium. Small closed circles are silicon. Large open
circles are hydroxyls. Small open circles are oxygen.



SEKIL 2 = Na ve Ca bentonitlerine ait sigmis montmoroelit kristallertd




BILESIM TSE _ RESADIYE UNYE
EN FRZLA EN AZ EN FAZLA EN AZ EN FAZLA EN AZ

Silk &8 o8 &5 o4 70 4¢Q
Al; O3 25 19 23 17 iB8 7
Fe0;3 2.5 S 3 4 1
FeO 0.5 3 1

MgO 5.5 4 1 4 1
Ca0 0.5 3 0.3 20 1
NazD+2z 0 - 0.5 3 0.3 1 0.3
TABLO 2 @ Tiirkiyenin farkl: ybrelerinden hazarlanan bentonitlerin

kimyasal analizi ve TGE tarafindan taslak oclarak Gnerilen
kimyasal bilesim aralig:




SEKIL 1 : BENTONITLERIN KULLANTILDIBI YERLER
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HEentonitin SigmMesl
{Hacim biiyimesi) :

Bentonitin en &nemli Ozellik-
ier inden bir tenesi de su icinde
kabarip sismesi ve jelimsi  bar
kitle meydana getirmesidir. Bar
kilin gercekten ve helimenan
ticari anlam: ile bentonit opla-
Bilmesl icin en azindan kendi
hacminin bes kati sismesi gerek-—
mektedir .Normal olarak iyt vasaf-—
11 hentonitler 10 - 20, ¢ok snder
bentonitlerde 25 hatta 30 kat
sigebilmektedirlier.




BENTONITE, SOUTHERN

(INORGANIC)

Description............. (Ca™" calcium bentonite)
also known as nonswelling bentonite.

Typical Color............. cream, tan, bluish gray

Purpose.... basic bond in green sand system. To
promote good green strength, moderate dry and
hot compression strengths. Gives higher green,
lower dry and hot strengths and promotes

better flowability than western bentonite.

B DY oo oios i wiimnins s i s ias, 5 52 b/ft?
Typical Sizing ....... 60-90% thru USA Sieve 200
[+] 1 [ PP A S oot 40-8.5
Fusion Point ... ...... 1900-2440F (1038-1338C)
% Volatile @ 900F (482C) ..................... 0°
% Volatile @ 1800F (982C) ................... 05
% Total Combustibles....................... 05"
Effective Temperature of

Destruction ...............ccu.-- 1292F (700C)
Effect on:
Green Compression Strength . ......... increases
Dry Compression Strength ............. increases
Hot Compression Strength ............. increases

Miscellaneous Data or Observations
Typical base exchange (in me/100 g) .... Na(<5),
K(2.8), Ca(74.7), Mg(1.0)

TDt}es not include chemically or mebhantcally held
water.

Typical Chemical Analysis (Percent)

SIh e, 56=59 [ 1 [ B [
- [0 [} SETSRE e R 18-21 a0 s onr s (r.34-46
Fohcvniiinicinninens 5,491 H-0, as

MgD..ooooocooiienie. 3033 shipped.............. 5.0-8.0

SAND ADDITIVES

Clays



BENTONITE, WESTERN

(INORGANIC)

Description............... powdered (Na™ sodium
bentonite). Also known as Wyoming

bentonite, high-swelling bentonite.

Typical Color. ... bluish, cream, gray, light yellow
Purpose...... basic bond in a green sand system.
To promote green, dry and hot compression
strengths. To prevent erosion, cuts, washes,

and allow for silica sand expansion.

BUIK DRRRIY ... iinssihin s Smmests s s nacs 54 Ib/it}
Typical Sizing ....... 60-92% thru USA Sieve 200
B i cn b i s s T 9.0-10.0
Fusion Point .......... 1900-2440F (1038-1338C)
% Volatile @ 900F (842C) ..................... 0*
% Volatile @ 1800F (982C) ..................... 5

{(H,0 of hydration driven off @ 1292F (700C).
Lattice destroyed @ 1832F (1000C).

% Total Combustibles....................... 05"
Effective Temperature of

Destruction .................... 1832F (1000C)
Effect on:
Green Compression Strength .......... increases
Dry Compression Strength .. ........... increases
Hot Compression Strength .......... ... increases

Miscellaneous Data or Observations
1) Base exchange (in me/100 g)

Total Na, K, Ua 8D on oo smmusssoos 85-100
Combined Na & Kions ........... 60.0% min.
Combined Ca & Mgions .......... 40.0% max.
2) Consists primarily of the mineral mont-

morillonite.

SAND ADDITIVES Clays

3} Various other grinds available.

*Does not include chemically or mechanically held
water.

Typical

Chemical

Analysis

{Percent)
T R -62
7.8 T O SRR ge 21-23
= 0 L O 3-4
16 T ——— 2.5-2.7
WA v S 0.2-3
o 0.5-1.5
Kol o v, 0.4-0.45
H,0. as shipped......  5.0-9.0



Fireclay

Fireclay consists essentially of kaolinite, a hydrous aluminum
silicate that is usually combined with bentonites in molding
sand. It is highly refractory, but has low plasticity. It improves
the hot strength of the mold and allows the water content to
be varied over greater ranges. Because of its high hot
strength potential, it is used for large castings. It is also used
to improve sieve analysis by creating fines whenever the
system does not have an optimum wide sieve distribution of
the base sand. However, because of its low durability, its use
is generally limited. In addition, the need for fireclay can
usually be eliminated through close control of sand mixes and
materials.



FIRECLAY

(INORGANIC)
DeSCHPYON.. o s smmmen omm imn aimonen sonca & bot 58 50 mesh
Typical Color............ccooviiiininniinn, gray
Purpose...... basic bond in a green sand system.

Increases green, dry and hot strengths. Used
particularly to increase dry and hot properties.

Bullk DENSIY .. oo swns nns Besn s @ wug ¥ 60 Ib/ft?
-1 [ Bt st i B A RS S A T 4-5
Fusion Point ..................... 3000F (1649C)
% Volatile @ 900F (482C) ................. varies
% Volatile @ 1800F (982C) ................... 9.0
% Total Combustibles . ..................... 9.39"
Effective Temperature of

Destruction .................... 3055F (1679C)
Effect on:
Green Compression Strength .. _....... increases
Dry Compression Strength ............. increases
Hot Compression Strength ............. increases
Miscellaneous Data or Observations
PCE Coneg 31 . ..o cunsvns smenvms i 3055F (1679C)
BES OFN o oo v s, amn s 8 vded S ool & G 61 180

Finer and coarser grinds also available.

*Includes approximately 4-5% H,0 as shipped.

Typical U.S.A.
Sieve Analysis
(Percent Retained)

Typical Chemical
Analysis {Percent)

SOt e 57.32
1 | 0.3 140 ... 1.4 7% 3, RO 28.50
40 ......... .7 200....... 11.5 (<11 G L R 1.23
i —— 5.3 oI 12.7 21— 1.9%
T0 e 9.5 Pan ... 335 GETGL) S — 0.08

{00...... 13.5 MEO oo, 0.22

SAND ADDITIVES

Clays



KAOLIN CLAY
(INORGANIC})

Description.............. also called “China Clay”
although China Clay is primarily used in the
ceramic industry, and is slightly different.

Typical Color...........oooiiiiiiioiineenns gray
Purpose .................. primarily increases dry
and hot compression strengths
Bulk Density ............coiveriienn-. 30 Ib/it?
[+« [ 4.5
Fusion Point ................0oo-. 2921F (1605C
9% Volatile @ 1800F (982C) .................. 14.2
% Total Combustibles . ...................... 14.2
Eftective Temperature of )
Destruction .................... 3000F (1649C)
Effect on: '
Green Compression Strength .......... increases
Dry Compression Strength ............. increases
Hot Compression Strength ............. increases
Miscellaneous Data or Observations ‘
Modulus of rupture ... 75 psi
H.O of plasticity .........covviiiiiiiinane, 32.7%
*Includes H:0 as shipped.
Typical Typical Typical
Chemical Particle Size Particle Size
Analysis Analysis Analysis
(Percent)
o Finer Microns Microns Percent
11 N HEGE  Ofccemans 200 Below 10. ... 90
ALO;....... WOE BT e 8.5 Below 5...... 80
FeyOn ... 040  9US.. ... 69 Below 2........ 60
G0, e D06 BLS s 3.9 Below |........ 44
CaO ........ 0.06 BUE e 2.3 Below0.5...... 24
MpO ... 0.10 S8 s 1.8 Below 0.25 ... 10
Na:O...... 022 397 0.44 Below 0.10 ... 2

Y. 00 TR | 012

SAND ADDITIVES

Clays



Sand Properties

Green Compression Strength
Dry Compression Strength
Hot Compression Strength
Moisture (water)
Permeability

Flowability

Refractoriness

Thermal Stability
Collapsibility

Produces good casting finish
Mold Hardness

Deformation

Is reusable

Remove heat from the cooling casting



GENERAL PROPERTIES OF MOLDING SANDS

* From a general viewpoint, the molding sand must
be readily moldable and produce defect-free
castings if it is to qualify as a good one. Certain
specific properties have been identified, and
testing procedures adapted for their quantitative

description.

 The AFS "Foundry Sand Hand-book"! sets forth
the standard conditions of testing the sand
properties. Those properties of most obvious
importance include:



GENERAL PROPERTIES OF MOLDING SANDS

1. Green strength. The green sand, after water
has been mixed into it, must have adequate
strength and plasticity for making and handling
of the mold.

2. Dry strength. As a casting is poured, sand
adjacent to the hot metal quickly loses its water
as steam. The dry sand must have strength to
resist erosion, and also the metallostatic
pressure of the molten metal, or else the mold
may enlarge.



GENERAL PROPERTIES OF MOLDING SANDS

3. Hot strength. After the moisture has evaporated,
the sand may be required to possess strength at
some elevated temperature, above 100 °C.
Metallostatic pressure of the liquid-metal bearing
against the mold walls may cause mold
enlargement, or if the metal is still flowing, erosion,
cracks, or breakage may occur unless the sand
possesses adequate hot strength.

4. Permeability. Heat from the casting causes a
green-sand mold to evolve a great deal of steam
and other gases. The mold must be permeable, i.e.
porous, to permit the gases to pass off, or the
casting will contain gas holes.



GENERAL PROPERTIES OF MOLDING SANDS

5. Thermal stability. Heat from the casting causes
rapid expansion of the sand surface at the mold-
metal interface. The mold surface may then
crack, buckle, or flake off (scab) unless the molding
sand is relatively stable dimensionally under rapid
heating.

6. Refractoriness. Higher pouring temperatures,
such as those for ferrous alloys at 2400 to 3200 F,
require greater refractoriness of the sand. Low-
pouring-temperature metals, for example,
aluminum, poured at 1300 F, do not require a high
degree of refractoriness from the sand.



GENERAL PROPERTIES OF MOLDING SANDS

7. Flowability. The sand should respond to molding
processes.

8. Produces good casting finish.

9. Collapsibility. Heated sand which becomes hard and
rocklike is difficult to remove from the casting and may
cause the contracting metal to tear or crack.

10. Is reusable.
11. Offers ease of sand preparation and control.
12. Removes heat from the cooling casting.

This list by no means includes all the properties which
might be desirable. Obviously, the most important
characteristic of a molding sand is that it facilitate the
economic production of good castings.
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Green compression strength, kPa

Kauulinite.
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Tablo 8.1 — Gri Doékiimler icin Kum Kansmlar'

Kum Malzeme, % Afairlik Jzellikler Dékiim
2ay Apirlisy
Tip 5532?1 Incelik Kum Bentonit Hububat Difer Su Mukavemet Gegirgenlik Biriaf
No. kg/cmz kg
Yasg 4 70-100 89.4 5.3 5.3 2.8 .58 110 1-14
Ates kili
4 70-100 94,0 4.1 0,2 1.7 4.4-5.5 0.70 76 68-362
Tag komiir
tozu
Kurutulmus
kabuk 4 70-100  45.5 - : :
3 100-140 45,5 3.9 0.6 4.5 3.5-4.0 0.56 70-80 27 ve iistii
Tablo 3.2 — Celik Dokiimleri Icin Kum Kansimlar'
Kum Malzeme, Z Afarlik Bzellikler D&kilm
: 1181
tncelik tay AkxE
Tip SZ::§1 n;z‘ K Bentonit Hububat Diger Su . ﬂukavemgt Gegirgenlik kg
kg/em
Yas yizey 5 50-70 94.0 5.0 1.0 3.0-4.0  0.53-0.60 120 225
kumu
Yas delgu Kullanilmie 97.5 i.8 0.7 - 2.5-3.5 0.35-0.50 120 225
kumu kum
Kurutulmug 5 50-70 95.3 3.0 1.5 - 4.0-4.5 0.39-0.46 90-120 45 ve istii

kabuk




Tablo 3.3. — Aliiminyum Dékiimler Icin Kum Kangimlan'

Kunm Malzeme, % Afirlik Ozellikler -
Yas Dakiim
Tip Tane Incelik Kum Bentonit Hububat Diger Su Mukavemet Gegirgenlik Afirlifa
Sinifa Kilens K
kg/cm 8
Yas 4 70-100 95,0 = 5.0 5.0-5.5 0.35-0.70  50-100 90
' 97.0 3.0
) . .
Tablo 3.4 — Balar Esash Alasimlar Icin Kum Karsimlar
Kum Malzeme, X Afairlak bzellikler
Dikim
, T Yas A 1
Tip o™ tncelik Kum Bentonit Hububat  Diger Su Mukavemet Gegirgenlik e o
Sinify 5 kg
kg/em” o
Yag 4 70-100  95.0 4.0 1.0 4.0 0,42-0.50 60-70 900
3 100-140 20,0
Kullanilmige 75.0 50 4.0 0.50-0.84 30-50 900
kum :
4 70-100 80.0 4.0 1.0 15.0 5.5 0.50-0.84 40-80 tzel
gilis

tozu
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SAND ADDITIVES
Clays

Clays

Bentonite, Southern (Ca-Bentonite)
Bentonite, Western (Na-Bentonite)
Fireclay

Kaolin Clay



BENTONITE, SOUTHERN

(INORGANIC)

Description............. (Ca™" calcium bentonite)
also known as nonswelling bentonite.

Typical Color............. cream, tan, bluish gray

Purpose.... basic bond in green sand system. To
promote good green strength, moderate dry and
hot compression strengths. Gives higher green,
lower dry and hot strengths and promotes

better flowability than western bentonite.

B DY oo oios i wiimnins s i s ias, 5 52 b/ft?
Typical Sizing ....... 60-90% thru USA Sieve 200
[+] 1 [ PP A S oot 40-8.5
Fusion Point ... ...... 1900-2440F (1038-1338C)
% Volatile @ 900F (482C) ..................... 0°
% Volatile @ 1800F (982C) ................... 05
% Total Combustibles....................... 05"
Effective Temperature of

Destruction ...............ccu.-- 1292F (700C)
Effect on:
Green Compression Strength . ......... increases
Dry Compression Strength ............. increases
Hot Compression Strength ............. increases

Miscellaneous Data or Observations
Typical base exchange (in me/100 g) .... Na(<5),
K(2.8), Ca(74.7), Mg(1.0)

TDt}es not include chemically or mebhantcally held
water.

Typical Chemical Analysis (Percent)

SIh e, 56=59 [ 1 [ B [
- [0 [} SETSRE e R 18-21 a0 s onr s (r.34-46
Fohcvniiinicinninens 5,491 H-0, as

MgD..ooooocooiienie. 3033 shipped.............. 5.0-8.0

SAND ADDITIVES

Clays



BENTONITE, WESTERN

(INORGANIC)

Description............... powdered (Na™ sodium
bentonite). Also known as Wyoming

bentonite, high-swelling bentonite.

Typical Color. ... bluish, cream, gray, light yellow
Purpose...... basic bond in a green sand system.
To promote green, dry and hot compression
strengths. To prevent erosion, cuts, washes,

and allow for silica sand expansion.

BUIK DRRRIY ... iinssihin s Smmests s s nacs 54 Ib/it}
Typical Sizing ....... 60-92% thru USA Sieve 200
B i cn b i s s T 9.0-10.0
Fusion Point .......... 1900-2440F (1038-1338C)
% Volatile @ 900F (842C) ..................... 0*
% Volatile @ 1800F (982C) ..................... 5

{(H,0 of hydration driven off @ 1292F (700C).
Lattice destroyed @ 1832F (1000C).

% Total Combustibles....................... 05"
Effective Temperature of

Destruction .................... 1832F (1000C)
Effect on:
Green Compression Strength .......... increases
Dry Compression Strength .. ........... increases
Hot Compression Strength .......... ... increases

Miscellaneous Data or Observations
1) Base exchange (in me/100 g)

Total Na, K, Ua 8D on oo smmusssoos 85-100
Combined Na & Kions ........... 60.0% min.
Combined Ca & Mgions .......... 40.0% max.
2) Consists primarily of the mineral mont-

morillonite.

SAND ADDITIVES Clays

3} Various other grinds available.

*Does not include chemically or mechanically held
water.

Typical

Chemical

Analysis

{Percent)
T R -62
7.8 T O SRR ge 21-23
= 0 L O 3-4
16 T ——— 2.5-2.7
WA v S 0.2-3
o 0.5-1.5
Kol o v, 0.4-0.45
H,0. as shipped......  5.0-9.0



FIRECLAY

(INORGANIC)
DeSCHPYON.. o s smmmen omm imn aimonen sonca & bot 58 50 mesh
Typical Color............ccooviiiininniinn, gray
Purpose...... basic bond in a green sand system.

Increases green, dry and hot strengths. Used
particularly to increase dry and hot properties.

Bullk DENSIY .. oo swns nns Besn s @ wug ¥ 60 Ib/ft?
-1 [ Bt st i B A RS S A T 4-5
Fusion Point ..................... 3000F (1649C)
% Volatile @ 900F (482C) ................. varies
% Volatile @ 1800F (982C) ................... 9.0
% Total Combustibles . ..................... 9.39"
Effective Temperature of

Destruction .................... 3055F (1679C)
Effect on:
Green Compression Strength .. _....... increases
Dry Compression Strength ............. increases
Hot Compression Strength ............. increases
Miscellaneous Data or Observations
PCE Coneg 31 . ..o cunsvns smenvms i 3055F (1679C)
BES OFN o oo v s, amn s 8 vded S ool & G 61 180

Finer and coarser grinds also available.

*Includes approximately 4-5% H,0 as shipped.

Typical U.S.A.
Sieve Analysis
(Percent Retained)

Typical Chemical
Analysis {Percent)

SOt e 57.32
1 | 0.3 140 ... 1.4 7% 3, RO 28.50
40 ......... .7 200....... 11.5 (<11 G L R 1.23
i —— 5.3 oI 12.7 21— 1.9%
T0 e 9.5 Pan ... 335 GETGL) S — 0.08

{00...... 13.5 MEO oo, 0.22

SAND ADDITIVES

Clays



KAOLIN CLAY
(INORGANIC})

Description.............. also called “China Clay”
although China Clay is primarily used in the
ceramic industry, and is slightly different.

Typical Color...........oooiiiiiiioiineenns gray
Purpose .................. primarily increases dry
and hot compression strengths
Bulk Density ............coiveriienn-. 30 Ib/it?
[+« [ 4.5
Fusion Point ................0oo-. 2921F (1605C
9% Volatile @ 1800F (982C) .................. 14.2
% Total Combustibles . ...................... 14.2
Eftective Temperature of )
Destruction .................... 3000F (1649C)
Effect on: '
Green Compression Strength .......... increases
Dry Compression Strength ............. increases
Hot Compression Strength ............. increases
Miscellaneous Data or Observations ‘
Modulus of rupture ... 75 psi
H.O of plasticity .........covviiiiiiiinane, 32.7%
*Includes H:0 as shipped.
Typical Typical Typical
Chemical Particle Size Particle Size
Analysis Analysis Analysis
(Percent)
o Finer Microns Microns Percent
11 N HEGE  Ofccemans 200 Below 10. ... 90
ALO;....... WOE BT e 8.5 Below 5...... 80
FeyOn ... 040  9US.. ... 69 Below 2........ 60
G0, e D06 BLS s 3.9 Below |........ 44
CaO ........ 0.06 BUE e 2.3 Below0.5...... 24
MpO ... 0.10 S8 s 1.8 Below 0.25 ... 10
Na:O...... 022 397 0.44 Below 0.10 ... 2

Y. 00 TR | 012

SAND ADDITIVES

Clays



SAND ADDITIVES
Water

e \Water
e H.0



SAND ADDITIVES

Carbons
Carbons
Asphalt
Gilsonite ( a kind of asphalt)
Graphite

Lamp Black (lamba isi)

Lignite (brown coal)

Pitch, Coal Tar (zift, komur katrani)
Seacoal (pulverized coal)



Carbon is added to the mold to provide a reducing atmosphere
and a gas film during pouring that protects against oxidation of
the metal and reduces burn-in.

Carbon can be added in the form of seacoal (finely ground
bituminous coal), asphalt, gilsonite (a naturally occurring
asphaltite), or proprietary petroleum products.

Seacoal changes to coke at high temperatures expanding three
times as it does so; this action fills voids at the mold/metal
interface. Too much carbon in the mold gives smoke, fumes, and
gas defects, and the use of asphalt products must be controlled
closely because their overuse waterproofs the sand.

The addition of carbonaceous materials will give improved
surface finish to castings. Best results are achieved with such
materials as seacoal and pitch, which volatilize and deposit a
pyrolytic (lustrous) carbon layer on sand at the casting surface.



ASPHALT

{ORGANIC)
Description............................. ground*
Typical Color..................... brown to black
Purpose.............. improves casting finish and

controls mold atmosphere. Replacement
or supplement ffor seacoal or pitch.

% Volatile @ 900F (482C) ................. 75-80
% Volatile @ 1800F (982C) ................ 83-92
% Total Combustibles............. .......... 99+
Effect on:

Green Compression Strength ... .. .. little or none
Dry Compression Strength ........ ..... increases
Hot Compression Strength ........ .. .. decreases
Sulphur Range ................. trace to 2% max

Miscellaneous Data or Observations

1) Product source is usually from refining process
of oil. It is the still residue. Type depends on
cracking process.

2) Softening point of solid type can be obtained
from 140-380F (60-193C). Softening point of
foundry powder types is 300-340F (148-171C).

3) Volatile will vary according to specific cracking
process used by the individual refinery in
manufacturing asphalt from crude petroleum.

4} Liquid types are available. See chapter 4 on oils
and chemicals — asphaltic oils and aspbhalt
emulsions,

SAND ADDITIVES Carbons



GILSONITE

(ORGANIC)

Description. .................. naturally occurring
hydrocarbon simitar to asphalt

Typical Color.................... brownish-black
Individual Characteristics ................ powder
Purpose.............. improves casting finish and

controls mold atmosphere. Replacement
for pitch in smaller dry sand work.

Butk Density .......................... 38.5 Ib/ft®
% Volatile @ 1800F (982C) ................ 75-85
% Total Combustibles . ........................ 99
Effect on:

Green Compression Strength .. .. ... little or none
Dry Compression Strength ........... .. increases
Hot Compression Strength ......... ... decreases

Miscellaneous Data or Observations

Gilsonite is heat softening. Softening point is 300-
380F (150-190C) (ball and ring ASTM #28-51T).
Specific gravity ...................... 1.04 to 1.06

Typical Chemical Analysis (Percent)

oo v rrassonmsas 85.0 e T SO 0.3
H ssssmmewnn, 10.5 SN 0.2
L 2.5 Ttace elements........ balance

D) e o i g s 1.5 Ash content............. 0.2

SAND ADDITIVES Carbons



GRAPHITE

(ORGANIC)
Description............ pure carbon distinguished
by its hexagonal crystallinity
Typleal Color ... oo 0u0 puvs s s s gray to black
Purpose......... improves casting peel and finish
Bulk Density ........................ 28-50 Ib/ft?
% Total Combustibles..................... 75-80
Effect on:
Green Compression Strength ........ .. increases
Dry Compression Strength ............. increases
Hot Compression Strength ............. increases
Miscellaneous Data or Observations
SPBLINc GRaVIbE . <o sm savs sy e v ¢ 21t0 225
MohS hardnBss . cow  ove vom smss san s 1/2 to 1-1/2

Sublimation point..... greater than 6000F (3315C)
Above dataand analysis based on Mexican graphite.
Many other types from throughout the world are
available, all of which have different properties.
Mexican graphite is the most widely used in the
United States.

Typical

Chemical

Analysis Typical Ash

{Percent) Analysis (Percent)
Moisture .  0.75 718 S 6.65 SO ... 0.012
Volatile ... 4.00 AlLO;....... 2.64 o 16 LT 0.001
Carbon.... 83.25 FeOs........ 1.48 P:Os..... 0.53
Ash ... 12.00 CaO ........ 0.04 Ng;0....... 0.11]

SAND ADDITIVES Carbons



LAMP BLACK
(ORGANIC)
Description.......... extremely fine, pure carbon
Typical Color............... .. .ciiiiiinint black
Individual Characteristics ................ powder
Purpose......... improves casting peel and finish
% Volatile @ 1800F (982C) .................. 2-15
Effect on:
Green Compression Strength ......... decreases
Dry Compression Strength ............ decreases
Hot Compression Strength ............ decreases

Miscellanecus Data or Observations

Produced by burning gas or oil with a very smoky,
reducing flame. Lamp black (soot) collects in
special housing and then is packaged for sale.

SAND ADDITIVES Carbons



SAND ADDITIVES Carbons

LIGNITE

(ORGANIC)
Description.......................... causticized
TVPIGH. COIOR... oo oo o v s ua brown to black
Purpose......... improves casting peel and finish
BB om0 e Sk e 8.0+
% Volatile @ 900F (482C) .............. . .. 22-25
% Volatile @ 1800F (982C) ............. .. 40-60
% Total Combustibles........... .. ...... .. 60-85
Effect on:

Green Compression Strength ...... .. .. increases
Dry Compression Strength .. ... .. ... .. decreases
Hot Compression Strength .. .. ... ..... decreases

Miscellaneous Data or Observations
Varies widely according to mining source. Can be
used to reduce the viscosity of a slurry system. Will
increase temper water requirements,



PITCH, COAL TAR

SAND ADDITIVES Carbons

(ORGANIC)

DEEEHIPHON.. ... s vune s bamssass byproduct of
coke manufacturing

ColOr ...t e e i black
Purpose........ primary use is as a binder for dry

sand work. Heat hardening forms a coke bond
between sand grains which also provides peel.

BUlc Density ... ;o wars i wper o 37-42 1b/ft?
% Volatile @ 1800F (982C) .................... 48
% Total Combustibles..................... 98-99
Effect on:

Green Compression Strength ....... littie or none
Dry Compression Strength .. ........... increases
Hot Compression Strength ............ decreases

Miscellaneous Data or Observations
A petroleum derived pitch. Used for the same
purpose, having similar characteristics.

Typical Typical
Screen Chemical

Analysis Analysis
(Percent)

MESH % MESH %

PR 0.0 MW 1028 e e 92.0

[ 25 0.0 100.... 1.60 Hlesonpmumminims 4.8
20.... 002 140.... S8 o e P 1.4

M eas; 002 200... 980 Ll oo d My 1.0
45...... 004 270... 772 S IR POPNORNUNY ([ (-1 v - o3

%... 0D6 Pan.. 7536 ¥ . 0.2max.



SEACOAL

(ORGANIC)

Description............. ground, bituminous coali
TYPICHl Color. . .. covsosmasmasna i brown to black
Purpose.......... improves casting pee! or finish
Bk DOOBRY ... 008 cvnein e ko i 44-53 Ib/ft?
BN o e i R e R R BT e 7.0
% Volatile @ 900F (482C) .................. 20.00
% Volatile @ 1800F (982C) ........... bas s s Bia0
% Total Combustibles. ................... 93 min
Effect on:

Green Compression Strength .......... increases
Dry Compression Strength ............. increases
Hot Compression Strength ............ decreases

Miscellaneous Data or Observations

Properties and analysis will vary according to min-
ing source. Different grinds are available. Treated
coals are also available. Treatments can be simple
oils, oleic acid or paraffin to make coals dustless.

Typical Typical
Gas Chemical Analysis
Analysis Analysis of Ash
(Percent) (Percent) (Percent)
Volatile Portion P 82 MO s 49 22
tar fraction......... 5% Hs s 5.4 ALO 25.32
bed water ... 17 No.. 16 Fe O ... 17.64
hight otls............. 4.5 [ T 6.0 Cal) s 2.96
uncondensable o 0.7 MpO . 1.28
BASES ., ouinsivans 20.5 Ash ... 37 Misc. ... 3.58

SAND ADDITIVES Carbons



SAND ADDITIVES
Cellulose

Cellulose

Cob Flour (misir unu)

Furfural Residue (liquid aldehyde)
Oat Hulls (yulaf kabugu)

Walnut Shell Flour (ceviz kabugu unu)
Wood Flour



Cellulose is added to control sand expansion and to broaden
the allowable water content range. It is usually added in the
form of wood flour, or nut shells.

Cellulose reduces hot compressive strength and provides good
collapsibility, thus improving shakeout.

At high temperatures, it forms soot (an amorphous form of
carbon), which deposits at the mold/metal interface and
resists wetting by metal or slags.

It also improves the flowability of the sand during molding.
Excessive amounts generate smoke and fumes and can cause
gas defects. In addition, if present when the clay content drops
too low, defects such as cuts, washes, and mold inclusions will
occur in the castings.



cOB FLOUR

(ORGANIC)

Description........cccivevavivas ground corn cobs
Typical Color . ........... yellow to reddish brown
Purpose..... reduces sand expansion defects and

improves shakeout. Acts as a cushioning
material and improves sand flowability.

Bulk Density ....................c00 16-21 Ib/ft?
o1 2 PRI N SR DOV 6.0-7.5
% Volatile @ 900F (482C) .................... 96"
% Volatile @ 1800F (982C) ................ 98-99"
% Total Combustibles..................... 98-99
Approximate Temperature of

DestructiBn . .. . .on s e visi g a8 700F (371C)
Effect on:
Green Compression Strength ....... little or none
Dry Compression Strength ............ decreases
Hot Compression Strength ............ decreases
Typical Chemical

Analysis.............. a complete hydrocarbon

Miscellaneous Data or Observations
Increases temper water requirements.

*Volatiles are of an oxidizing nature.

SAND ADDITIVES Cellulose



FURFURAL RESIDUE

(ORGANIC)

Typical Color..............cocnvvnne. dark brown
Purpose................- reduces sand expansion

defects and improves shakeout.
Acts as a cushioning material.

e e 4-5
9% Volatile @ 900F (482C) ...............c0nnnn 90
% Volatile @ 1800F (882C) .................... 30
o Total Combustibles...................ont 95
Effect on:

Green Compression Strength ......... decreases
Dry Compression Strength ............ decreases
Hot Compression Strength ............ decreases

Miscellaneous Data or Observations
Material partially charred.

SAND ADDITIVES Cellulose



OAT HULLS

(ORGANIC)

Description.......... ... iiiieiinnns ground
Typical Color...................... yellow-brown
Purpose..... reduces sand expansion defects and

improves shakeout. Acts as a cushioning
material and improves sand flowability.

Bulk Density ................cc00nnt. 18-22 Ib/ft?
B i s s s s s A beii B4 6.0-8.0
% Volatile @ 900F (482C) .................... 96"
% Volatile @ 1800F (982C) ...... i 98-99*
% Total Combustibles.................... . 98-99
Approximate Temperature of

DeStFUCHioN ... o sosnsss v s rsi v 700F (370C)
Effect on:
Green Compression Strength . ......... increases
Dry Compression Strength ............ decreases
Hot Compression Strength ............ decreases
Typical Chemical

BNAIYSIS . ;.o cns souns a complete hydrocarbon

Miscellaneous Data or Observations
Increases temper water requirements.

*Volatiles are of an oxidizing nature.

SAND ADDITIVES Cellulose



WALNUT SHELL FLOUR

(ORGANIC)
Typical Color. .......... T T tan
Purpose......... reduces sand expansion defects

and improves shakeout.
Acts as a cushioning material.

Bulk Density ....................... s S | DALE
1] TR e R S 4-6
% Volatile @ S00F (4820) .................. 21.7"
9% Volatile @ 1800F (982C) .................... 25
% Total Combustibles. ........................ 99
Effect on:

Green Compression Strength ...... Jlittle or none
Dry Compression Strength ............ decreases
Hot Compression Strength ............ decreases

Miscellaneous Data or Observations
Increases temper water requirements.

*Volatiles are of an oxidizing nature.

Typical
Particle
Typical Size
Chemical
Analysis Sieve %
{Percent) | 0
Mmoo 0.2
INUTOREN N s s it sy sssass 0.10 3. Q.3
Furfura! (Calculated as Pentosan) ........... 10,00 40 ... 1.1
Sugar (Calculated as Glucose) ..., W SO 2.4
T £ T2 T 60.00 0. 7.9
LRI N s sty s e 2400 A0 ceen. 17.9
G UL D rnr s e S i T 500  140........ 285
M elheorv) we rmamsns i TR 650 200...... 19.6
Chloring 0 s umoms s smbb i 010 270....... 5.9

Al e e e e U PRiksess, 062

AND ADDITIVES Cellulose



WOOD FLOUR
(ORGANIC)

Purpose. .... reduces sand expansion defects and
improves shakeout. Acts as a cushioning
material and improves sand flowability.

Bulk Density .............. soft wood, 17-20 Ib/ft?
hard wood, 25-30 Ib/ft?

BH . s s wow v s 8RR 4.0-7.0°
% Volatile @ 900F (482C) ................... 96"~
% Volatile @ 1800F (982C) .............. 98-99"*
% Total Combustibles............ e R RS ) 99
Approximate Temperature of -

Destruction ..................... 700F (371C)
Effect on:
Green Compression Strength ....... little or none
Dry Compression Strength ............ decreases
Hot Compression Strength ............ decreases
Typical Chemical

Analysis.............. a complete hydrocarbon

Miscellaneous Data or Observations
Increases temper water requirements.

*Varies with source.
**Volatiles are of an oxidizing nature.

SAND ADDITIVES Cellulose



SAND ADDITIVES
Oils-Chemicals

Qils-Chemicals

e Asphalt Emulsion
e Asphaltic Oils

Kerosene (gaz yagi)
Soda Ash

Wetting Agent



ASPHALT EMULSION

{(INORGANIC)
Description............... asphalt bitumen, water
and a suitable emulsifying agent
Purpose ........ improves casting peel and:finish.
A replacement or supplement for seacoal.
Bulk Density ............... ... it 8.4 |b/gal
> = R ———tT "] _ 11T T 117 9.0
% Volatile @ 900F (482C) ................... 92.0
% Volatile @ 1800F {(982C) .................. 99.3
(0,1, Jp - 1T T T “oslls s 5 s e G.7
% Total Combustibles...................:...99.8
Effect on:
Green Compression Strength .......... increases
Dry Compression Strength ............. increases
Hot Compression Strength ............ decreases

Misceillaneous Data or Observations

Asphalt emulsions are sometimes preferred due to
ease of application and reduced fire hazard.

Typical
Cationic
Emulsion
{parts)
AR s oo i s 65
WA oo i s 3D
Tallow diamine ...oooooeenn.. (.30
Calcium c¢hlonde.............. 0.10

Glacial acetic acid ... 0.12

Typical
Anionic
Emulsion
(parts)
Asphalt bitumen ............ 55
Witk oot 44
Sodium linoleate
abkal . ..o 0.01

SAND ADDITIVES Oils-Chemicals



ASPHALTIC OILS

(ORGANIC)

Description. ............... composed principally
of hydrocarbons

Purpose......... improves casting peel and finish
% Volatile @ 900F (482C) ............... ... ... 95
% Volatile @ 1800F (982C) ........ I p— 98
% Total Combustibles. ........................ 99
Effect on: 5
Green Compression Strength .......... increases
Dry Compression Strength .......... little or none
Hot Compression Strength ............ decreases

Miscellaneous Data or Observations
Liquid polymers of natural origin, thermoplastic.

Typical

Chemical

Analysis

(Percent)
R 84.42
N 8.53
4 TS 1.86
N s e S 112

SAND ADDITIVES Oils-Chemicals



KEROSENE
(ORGANIC)
DeSCHIPLION ...« o ov i s vommwsma hydrocarbon oil
byproduct of petroleum distillation
Purpose. ... .. increases amount of volatiles, adds
lubricity, keeps sand .moist longer
% Volatile @ 900F (482C) .................. 99.95
Distillation End Point ............... 550F (288C)
% Total Combustibles...................... 99.95
Effective Temperature of
DeSWUCHON : .o cau: aii00 vasvin; 500F (260C)
Effect on: ;
Green Compression Strength ......... decreases
Dry Compression Strength ..... ... .... decreases
Hot Compression Strength ............ decreases
Typical Chemical
Analysis............... a complex hydrocarbon

Miscellaneous Data or Observations

specific gravity @ 68BF [200]) ..o 0.785
Flammable boiling point between 302-572F (150-
300C).

5AND ADDITIVES Oils-Chemicals



SAND ADDITIVES Oils-Chemicals

POLYMERS
(ORGANIC)

Description............... giant molecule formed
when thousands of the original molecules
have been linked together end-to-end

Typical Color.............co0icvecseccnnes various

PATDOSE . . s os vans sus supplement for cereal and
to prevent expansion defects

Effect on:

Green Compression Strength .......... increases

Dry Compression Strength ............. increases

Hot Compression Strength ............. increases

Miscellaneocus Data or Observations
These are generally organic. Used in conjunction
with soda ash or tetrasodium pyrophosphate.



SAND ADDITIVES Oils-Chemicals

SODA ASH

(INORGANIC)
Description.................... sodium carbonate
TYPICAL COMOT . . < ios v swin s svimnvmn sns siwe s s white
Individual Characteristics . ..powder, hygroscopic
PUEDOSE . .o+ cos ionn s s simon & Bk i 5 o0 » pH control
pH (in aqueous solution) .................... 11.6
Meltingpoint ...................... 1563F (851C)

Begins to lose CO, @ 752F (400C)
Effect on:

Green Compression Strength .......... increases
Dry Compression Strength ............. increases
Hot Compression Strength ............. increases
Typical Chemical Analysis ............... Na,CO;,
Miscellaneous Data or Observations

SPECIHHC GFBVILY . .comm i iis et eivued nian sEies 2.533
Molecular weight . ... covevevrnriivinninncnns 106

Soluble in water. Slightly soluble in absolute
alcohol.



WETTING AGENT
(INORGANIC)

Description. ................. promotes spreading
of a liquid over a solid. it must

therefore have the property of reducmg

the contact angle to a value of zero.

Typical Color or Characteristics ........ may vary
depending on type and source of supply
Purpose........... reduces the surface tension of

water to such a point that temper water
will spread and penetrate the material to be
wetted to a far greater extent and in a faster
time than is possible with regular water.

Effect on:
Green Compression Strength .......... increases
Dry Compression Strength ............. increases

Hot Compression Strength . no significant change

Miscellaneous Data or Observations

Wetting agents and emulsifiers are much the same
kind of materials but seen from rather different
viewpoints. Material may be organic or inorganic.

Typical Chemical Analysis (Percent)

Moisture 2 79
l’nl\.nuuh)km A]kph:.nol
T T | S I 2.1

SAND ADDITIVES Oils-Chemicals



SAND ADDITIVES
Refractories (other than clays)

Refractories (other than clays)
Alumina

Chromite Flour

Fly Ash

lron Oxide

Olivine Flour

Silica Flour

Staurolite Flour

Zircon Flour




ALUMINA

(INORGANIC)
DOSCHDMON i+ s sasnmpadeam smnb s Al203
TYRICHL GBI . o« 000 cnih rawt 0 wnn ¥ bipp dbsmon o white
Individual Characteristics ....... calcined alumina
Purpose . ... increases sand mixture refractoriness
PR DOBIY oo pu s paiciviesiavs 47 Ib/ft*, loose
60 Ib/ft?, packed
g (PR B RS S SR s nae SO=10.50
Fusion Point ..................... 3670F (2021C)
% Volatile @ 900F (482C) ..... e i R N B 10
% Volatile @ 1800F (982C) ...... o S—— 10
% TOW COMDUBIDIEG . . oo c0 oo ion paswmum e 20
Effect on:
Green Compression Strength .......... increases
Dry Compression Strength .......... ...increases
Hot Compression Strength . ............ increases

Miscellaneous Data or Observations
Produced by fusing bauxite in a special controlied
atmosphere electric furnace.

Typical Chemical Analysis (Percent)

o F o TG | TP T . 7 Filh samessonies: O
AN cmammnumnsns 99 10D TO s mnitanmes ALODZ
Nad) onswminianneg 9,400 H-O (combined)............ 0.100

S LTl | 1 1) | H-O (absorbed)............. 0.100

SAND ADDITIVES Refractories (other than clays)



CHROMITE FLOUR

(INORGANIC)
Typical Color................ dark brown to black
Purpose............... reduces metal penetration
and improves surface finish
Bk DORIRY . oo v v wons amn o i o 105 lb/ft?
Typlenl SIAING <o naminurinyesig, 300 mesh
B osnn s iss R s AT 7.0-9.5 (20% in H.0)
Fusion Point ..................... 3800F (2090C)
% Volatile @ 1800F (982C) .................. 0.12
LOBR ON IGOMION ..ou oo vusiions wsumps s 0.02%
% Tolal Combustibles ... ....vis vvvsnns s sves 14
Effective Temperature of
DeSIVOCUON .. cooivrisinnnniis 4500F (2482C)
Effect on:
Green Compression Strength .......... increases
Dry Compression Strength ............. increases
Hot Compression Strength ............. increases
Miscellaneous Data or Observations
SOBCING BYBIIY ooy v hm e s mas s S 4.45
Thermal exp (in./in) .iviveecesirervoncinss 0.005
Hardness (Mohscale)...........cc.covvuun... 9.5
Classification — acid-base ................. basic
Percent lineal change after 2730F
(1500C) firing . ... ..., 0to-3
Sintering point (Dietert) ........... 2552F (1400C)
Wettability to molten metal .............. resistant
Apparent heat transfer
comparedtosilica................... very high

Typical Chemical Analysis (Percent)

Si0: ... 134 ALOw...... 25134 CaO
MgO ... &.75 FesOs ... 19.50 TI0:..n. 0.03
Cr0h..c 4530

SAND ADDITIVES Refractories (other than clays)



FLY ASH

(INORGANIC)
Typical Color. .. .......ooisiapinnssos soos s gray
Purpose.................... ‘increases flowability
Typical Sizing ..............c.co0nivnnn Fineness:
mean particle diameter, 6.3 microns
5 o [ s S TG S DERRURE KO 9.0
% Volatile @ 1800F (982C) .................. 2.73
GHTRBN ... oo 5058 S SO RO B PR S 5 1.83
% Total Combustibles....................... 4.56
Effect on: _
Green Compression Strength .......... increases
Dry Compression Strength ............ . increases
Hot Compression Strength ........... ..increases

Miscellaneous Data or Observations

Permits castings to peel easier from sand cores. Fly
ash is used more widely in aluminum core sand
mixtures than for casting ferrous alloys.

Typical
Chemical
Analysis
{Percent)
Si10: . 43,9
Ral) ovmmnarmannasny 34.8
Mul)i.. . sennmss 2.3

SAND ADDITIVES Refractories (other than clays)



IRON OXIDE

(!INORGANIC)
Description. ... ...................... hematite ore
ORI e cionssesmoness s it 0 i £ wensoase red brown
PUIPOBE . oc ovs v i svn wsain increases hot plasticity

and reduces or eliminates veining, metal
penetration, burn on, or pinhole porosity.
Also used as a coloring agent.

Bulk Density .................... flour, 73.6 Ib/ft®
granular, 90.0 Ib/ft?

Tl MG oo cpidtitnunmmesmana 200 mesh
e 8.2 (20% H,0O solution)
Fusion Point ... ..i05 suvaamvass 2850F (1565C)
% Volatile @ 1800F (982C) 2.25 as loss on ignition
% Total Combustibles . ...................... 225
Effect on:
Green Compression Strength .......... increases
Dry Compression Strength ............. increases
Hot Compression Strength ............. increases
Miscellaneous Data or Observations
Specificgravity ........cii i 5.24
Bulk density ...... 73.6 Ib/ft® 2.4 Ib/qt; 37 Ib/solid gal
Hardriass tMBE S8R v wnmesmmmn s 6
Classification — acid-base .......... acid or basic
Wertabilitv 1o mietal < cooves yaagsey wwyes not easily
Apparent heat transfer

compatet 1o SIIBa .. voz coms o samn v average

Typical Chemical Analysis (Percent)

Fe:0, ... 60.0-86.6 CaO ... 0.10-11.0 Mnp......_.. (.24-0.41
T - 7.4-84 M. BIB250 'S ..o (.006-0.01
Al:On ... 2.1-9.5 PR 0.09-03 H:O....... il

SAND ADDITIVES Refractories (other than clays)



OLIVINE FLOUR

(INORGANIC)
VNP OO ooy s s - s i green
Purpose............. reduces or eliminates metal
penetration and improves casting finish

Bulk Density ........................... 91 Ib/At?
Typical Sizing ......................... 200 mesh
PR e n ko g wen sk Np— 9.2-9.5 (20% in H:0)
Fusion Point ..........ccoveiivei, 3400F (1870C)
% Volatile @ 900F (482C) ...................... 1
% Volatile @ 1800F (982C) 1.35 as Ioss on ignition
% Total Combustibles....................... 1.35
Effect on:
Green Compression Strength .......... increases
Dry Compression Strength .. ........... increases
Hot Compression Strength .. . .. S S increases
Miscellaneous Data or Observations
Specific gravity . ......cccovvennoeriinninsine. 33
Hardness (Moh SCale) ... vuqcvie cnnsaes sy 6.5-7.0
THEINBLIERD BOTIPY soncwvs vus sasmans ki 0.0083
Classification — acid-base ................. basic
SIMering Point . . oo, cos e one ven s s 2507F (1375C)
% Lineal change after 2732F

(18005 FIRING + o v « s m 5 5 20 & s s -2.0
Wettability to molten metal ............. not easily
Apparent heat transfer

COTHRATEH 10 BIICH suus vossss s wsw s s soidinas low

Typical Chemical Analysis (Percent)

o R — 49.4 ALO+MnO+ CaO ... 1.8
e al.2 Ve ———————— 0.2
7 7.1 | 0.5

SAND ADDITIVES Refractories (other than clays)



SILICA FLOUR

(INORGANIC)

Typical Color................ white to light yellow
Purpose........... increases hot and dry strengths
and reduces or eliminates metal penetration

Bulk Density ..................c...000. 63.2 I1b/ft?
Typical S1ZING . .coon vomiven cws s penen 200" mesh
B o s s s Wia & 6.8-7.8 (10% in H.0)
Fusion Point .. . ....oosmms ses s s 3110F (¥710C)

% Volatile @ 1800F (982C) 0.070 as loss on ignition
Effect on:

Green Compression Strength .......... increases
Dry Compression Strength ............. increases
Hot Compression Strength ............. increases
Miscellaneous Data or Observations
SEaHE B oo st ses e ROEES 1.59-2.66
Hardness (Mohscale).................. 6.00-6.50
ThHermal Xp (INAN.) .. omeesvmsnsmn smmbwmss 0.018
Classification — acid-base .................. acid
Sintering PoInt . soes9 pupeans s 2510F (1375C)
% Lineal change after 2732F

SO TRING -« o5 sans wis uons Bar pwes sas o +0.5
Wettability to molten metal ................ easily
Apparent heat transfer

gomapared 10'SIIEE  voss ven vrunnn saes average

*140 mesh to 400 mesh available.

Typical Chemical Analysis (Percent)

117 - 99.820 B0 v 0.019
MP O oo 0.031 A ey s AEODD
T 0.049 B cossiminsvamiisns wasmnis 0.012

SAND ADDITIVES Refractories (other than clays)



STAUROLITE FLOUR

(INORGANIC)
TyDICAL COOF . wos 500 dipea i sunss reddish brown
LT Lo SR N, increases hot plasticity
and reduces or eliminates veining

Bulk Density ...... R A A 100 1b/ft3
Typical Sizing ....... 35% through USA Sieve 200
Buslon POIDE w. i o5 vminnss samnevivs 2800F (1538C)
% Total Combustibles. ......................... 0
Effective Temperature of

DeStruclion . ....cov v st one« 2000F (1638C)
Effect on: :
Green Compression Strength . ......... increases
Dry Compression Strength ............. increases
Hot Compression Strength ............. increases
Miscellaneous Data or Observations
D IG5 00 S B s it 3.6
Hardness [Moh SCAIB) s i wswsammawnus iy edwss s 7

Different grinds available

Typical Typical

Mineral Chemical

Composition Analysis

(Percent) {Percent)
Staurolite ...ooocvviinianennnes Fi T 45 (min.)
Tourmaline ... 10 ) 18 (max.)
Titanium minerals......... 4 e B il 3 (max.)
Kagmites aars s 4 E ] e 5 {mux.)
T | R 3 Free sthca, oo, 5 {max.)
EVE Oy AR G e e 4 Combined silicates ... balance

SAND ADDITIVES Refractories (other than clays)



ZIRCON FLOUR

(INORGANIC)
TNPEAL SOMGE . . ..o sm 50y s s wnss dissis 4 white, tan
Individual Characteristics ............... calcined
Purpose....... increases sand mix refractoriness,

reduces or eliminates metal penetration
and improves casting surface finish

BUIE DemBlItY ......ossvivsemnnssnmis s 114 |b/ft?
Typical Sizing ............. e 200-325 mesh
< T T 57-6.4 (10% in ""?O)
PUSIon Point . ...«oouismviinsmsnss 3800F (2100C)
% Volatile @ 900F (482C) ................... 0.10
% Volatile @ 1800F (982C) 0.10 as loss on ignition
% Total Combustibles . ........................ 10
Etfective Temperature of
Destruction ..... T —— 4100F (2260C)

Effect on:
Green Compression Strength .......... increases
Dry Compression Strength ............. increases
Hot Compression Strength ............. increases
Miscellaneous Data or Observations
BOGEHIE QUaVIHY .o sans s wessusis aeies 4.4-47
Hardness (Mohscale).................... 7.0-7.5
Thermal exp (in./in) ...... o e i R L 0.003
Classification — acid-base .................. acid
PO POIAY oo consmsvsi s ame i 2552F (1400C)
% Lineal change after 2732F

CIBO] BB sy soosranarions sibus salasus ¥ -2.0
Wettability to moltenmetal .............. resistant
Apparent heat transfer

comparad 0 SIIRA i iebain e in s high

Typical Chemical Analysis (Percent)

SAND ADDITIVES Refractories (other than clays)



SAND ADDITIVES
Starches-Solubles (Cereals)

Solubles

Bran Flour (kepek unu)
British Gum

Corn Flour

Dextrin

Lignin Sulfate

Molasses (pekmez — melas)
Sodium Silicate

Wheat Flour



e They include corn flour, dextrine, and other starches, are
adhesive when wetted and therefore act as a binder.

 They stiffen the sand and improve its ability to draw deep
pockets. However, use of cereals makes shakeout more
difficult, and excessive quantities make the sand tough and
can cause the sand to form balls in the muller. Because
cereals are volatile, they can cause gas defects in castings if
used improperly.



SAND ADDITIVES Starches-Solubles

BRAN FLOUR

(ORGANIC)

Description. ....................... cereal binder
PUIPOSE ... ...« =5 snicmn b tinms green strength additive
Etfect on:

Green Compression Strength .......... increases
Dry Compression Strength ............ decreases
Hot Compression Strength . ......... .. decreases

Miscellaneous Data or Observations
Similar to corn, wheat and rye flours.



SAND ADDITIVES Starches-Solubles

BRITISH GUM

(ORGANIC)

Description.............. form of dextrin that has
high tack characteristics

TYPIEB) L0lor - .. oo o viinie i light to dark brown

Purpose................. bonding agent in green

sand molding with a wide range of properties
Effect on:

Green Compression Strength ... .. slight increase
Dry Compression Strength ... ... ....... increases
Hot Compression Strength .. ........... Increases
Chemical Formula ...................... CeH 1005

Miscellaneous Data or Observations

Little or no acid is used in preparation. Longer
baking time usedin preparation; otherwise similar to
dextrin. Highly soluble. Very gummy when mixed
with water. British gum solutions are quite stable
and have good film-forming properties.



CORN FLOUR

{ORGANIC)

Description.. . .. ... highly gelatinized cereal binder
produced from a corn dry milling process

Typieal Color. . ... cos cvvs vvn 5 light to dark yeliow
PUIPOSE ...« v cosic a additive for green sand mold

facing mixes, decreases buckles, rat tails,

scabs, erosion; increases green deformation

Bulk Density ... heavy weight 37 Ib/t, 5.00 Ib/gal
light weight 19 Ib/t3, 2.6 |b/gal

P 5 s, vussa oo i o s o i ... 44-6.5
% Volatile @ 1800F (982C) .................... 99
% Total Combustibles.................... ... 99.5
Effective Temperature of

Destruction .............. 600-700F (316-371C)
Effect on:
Green Compression Strength .......... increases
Dry Compression Strength .......... ... increases
Hot Compression

Strength........... increases up to 500F (260C

decreases 2000-2500F (1093-1371C)

Miscellaneous Data or Observations
Increases green deformation 0-2% with or without
change in green strength. Decreases spalling, scab-
bing. Increases gas. Decreases permeability. Used
0.4-13% by weight in facing sands. Increases
toughness and plasticity. Quick drying in oven. High
moisture absorption. Increases sag and overhead
properties in core mixes. Increases collapsibility.
Reduces rate of drying out of fireclay and bentonite
bonded sands.

Typical Analysis (Percent)

MoiStire oo 4-9 Water Soluble ... [0-27.5
NN ey 0.3-0.5 5,715 1 SO SRR | X"

SAND ADDITIVES Starches-Solubles



DEXTRIN
(ORGANIC)

DescHPON... ... .o v veni sunn a soluble gummy
carbohydrate formed by the decomposition

of starch by heat, acid or enzymes

Typical Color or Characteristics ............ from
white to canary, dependent on amount of acid
and degree of heat used in its preparation
PUFDGRR.. . ... v dry binder in foundry binder
compounds and foundry core washes.

Reduces brittleness and friability in mblding

sand mixes. Increases dry compression

strength. Improves surface hardness.

Bulk Density ..................... 31.5-41.5 |b/ft?

dependent on degree of packing
= 1 3.5-5.0
% Total Combustibles. . ..................... 99.2

Etfective Temperature of Destruction
starts decomposing at 350-430F (176-221C)
completely decomposed at 650-750F (343-399C)
Effect on:

Dry Compression Strength ............. increases
Dry Shear Strength . ................... increases
Hot Compression Strength ............ no change

or increased slightly
Green Strength . ...................... no change

Miscellaneous Data or Observations

Decreases flowability if used in excess. Decreases
scabbing. Increases smoothness. Causes sandto be
more tacky. Used 1/8 to 1-1/2% by weight. Reduces
drying out in the mold. Tends to soften in damp
atmosphere. Variable amount of gas produced.
Soluble dextrin material migrates toward outer

SAND ADDITIVES Refractories (other than clays)

edges producing a high dry sand hardness on the
surfaces. Hardens in bag in humid storage.

Typical Analysis (Percent)

Moisture ............ 3-6
Water soluble..... 98
Reducing sugar

as dextrose ..... (of soluble) 4



LIGNIN SULFATE

(ORGANIC)
Beseription.. . ...ossupm i cosmen a sulfite pulp
byproduct binder (sulfite lye) (lignin liquor)
Typical Color. .. ... if dried — light brown powder
Individual Characteristics ............. dark liquid
60-70% solids.
Purpose................ binder for clay materials.
Surface hardener for oil sand cores.
Bullk Density ... vax cos e s vommon o 54 ib/ft® dry.
Fusion Point .......... 1900-2700F (1037-1482C)
Melting Point . .. ............ 482-527F (250-275C)
% Volatile @ 275F (135C) ................. LU
Effective Temperature of
Destruction .............. 212-400F (100-205C)
Effect on Dry Compression Strength. ... increases

Typical Chemical Analysis .... a form of C,;H;,0s

Miscellaneous Data or Observations

Binding power for open sands is poor. The higher
the moisture, the harder the core. High moisture
promotes concentration at the surface and gives a
slight shell structure to the core. Avidity for moisture
makes dry storage advisable. Causes sand to fuse.
Forms hard mold edges or forms a surface shell.
Usually contains lime; fairly collapsible. Bad odor,
low in gas. Used in the range of 0.2-1.0% by weight.
Grade is partly dependent on the process procedure
used to manufacture. Completely soluble in water.
Non-fermentable (stable in storage). As a mold
spray dilute 1:1 with water or 1:20. Has high binding
power for clay materials.

SAND ADDITIVES Refractories (other than clays)



SAND ADDITIVES Refractories (other than clays)

MOLASSES
(ORGANIC)
Description......... product of refining cane and
beet sugar (cane or blackstrap molasses)
Typical Color..........ccovuiiiiiiiinenes black
Individual Characteristics .......... syrup usuaily
diluted with water
PUIDOBE oo vo0n tomimn wisi 5 0 increases dry strength,

usually torch dried or can be air dried
Effective Temperature ot
Destruction ........... ...212-750F (100-399C)

Effect on Dry Compression Strength. . ..increases

Miscellaneous Data or Observations

80-70% solids. Used diluted with water 1:15 by
volume. Holds the last traces of moisture tenacious-
ly. Molasses spray provides a superficial crust.
Never used alone.



SAND ADDITIVES Starches-Solubles

RYE FLOUR

(ORGANIC)

Description. . ..............cvuennn. cereal binder
Purpose.................. green strength additive
Bulk Density ............cccoieiirenen. 45 |b(ft3
Etftect on:

Green Compression Strength .......... increases
Dry Compression Strength ............. increases
Hot Compression Strength ............ decreases

Miscellaneous Data or Observations

Reduces expansion without increasing deformation
as much as corn cereal. Increases permeability.
Increases gas.



SODIUM SILICATE
(INORGANIC)

Description.............oooiviinen (water glass) a
viscous liquid which when mixed with powdered
fireclay forms a refractory cement. Compositions

of sodium oxide and silica in varying proportions.

Individual Characteristics ....... .....clear liquid,
powder form can contain 0-17% H.0.
PUrpoSe .. cccoevvocanins secondary binder in clay-

bonded sand. Reduces britt)eness
and friability in molding sand mixtures.

Bulk Density ....... 11.6-13.0 Ib/gal @ 60F (16C)
-1, A e 10.8-12.8
Effect on:
Green Compression Strength .......... increases
Dry Compression Strength ....... — increases
Typical Chemical Analysis

xNa,0ySi0; H.O

Ratio SiOz:Nazo i.6to 3.3

Ratio Si0::H:0 0.46 to 0.63
Miscellaneous Data or Observations
Can be hardened with CO:0r by air setting. Tends to
allow fusion of the sand. Sugar acts as hygroscopic
agent in sodium silicate systems. Solid hydrates of
low ratio sodium silicates dissolve quite readily. Has
a tendency to spall. Has poor shakeout characteris-
tics. Most common method of manufacture is to heat
mixtures of sodium carbonate and silica sand in
open hearth type furnaces. Viscosities comparable
to light-to-heavy syrups are produced with
Si0,Na,O ratios from 1.6 to 3.75. Sand mixtures are
quite sticky. Over milling of sand mix causes
progressive stickiness and com pacted molds tendto

SAND ADDITIVES Starches-Solubles

become friable after gassing. Silicate bonded sand
has high chilling power. Propensity to hot tears not
any greater with CO: process compared to conven-
tional materials. If Si0,:Na,O ratio is above 3, ther
the bond is weak and friable. The lower the

Si02Na,O ratio, the longer the gassing time re-
quired.



SAND ADDITIVES Starches-Solubles

WHEAT FLOUR

(ORGANIC)

DESCHPYON. i ovi vav pilhis suis sxmwss cereal binder

Purpose................. green strength additive,
reduces expansion

BUIK DENsItY ......ccciviinsigaiis 28 b/tt® loose,
47 1b/ft® compacted

Effect on:

Green Compression Strength .......... increases

Miscellaneous Data or Observations

Reduces expansion without increases in detorma-
tion as much as corn cereal. Increases permeability.
Increases gas.



Sand Reclamation

* The economics of a foundry operation require
sand reclamation to reduce the costs
associated with new sand and the costs of
landfill use, and to reduce the problems
associated with the control of
environmentally undesirable contaminants in
the discarded sand.



In addition, tangible operational advantages result from sand
reclamation. These begin with the ability to select the best
sand for the casting process, knowing that most of it will be
reclaimed during operation. In addition, the use of reclaimed
sand reduces the number of variables that must be controlled,
and provides operational consistency over a period of time.

Sand grain shape and distribution and binder system bonding
are more uniform, thus reducing sand defects. A properly
designed sand reclamation system begins with green sand and
converts it to a product very similar to new sand. Figure 5
shows the appearance of sand before casting, after molding,
and after reclamation.



Fig. 5 Influence of sand reclamation on the appearance of green sand. (a) After molding (no reclamation). (b)
After thermal reclamation. (c) New sand.



e Sand reclamation begins with the removal of tramp and
foreign materials, such as core rods, metal spills, slag, and
paper, and the disintegration of lumps of sand. Then organic
and inorganic binders are removed by attrition (scrubbing)
and/or thermal methods. Dead clay is removed as fines. The
sand is then brought up to specification by the addition of
new sand, clay, and other sand additives.

e Sand reclamation systems must be selected with regard to
their cost, the specifications for the system sand, system
capacity, compatibility with the sand system, metal being
poured, and core mixes being used. It is important for the
foundry to have a clear understanding of its needs in sand
reclamation before calling in vendors. A variety of
reclamation systems are described below.



Wet Washing/Scrubbing

e The cores of large castings can be removed by high-velocity
jets of water. In the process, the cores are broken down into
grains, and some binder is removed. Excess molding sand can
be added and washed simultaneously. If the shakeout system
is dry, the sand is charged into an agitator system where the
solid content is held between 25 and 35%. Excess molding
sand may be blended with the core knockout material. A
similar system uses intensive scrubbing with a solids content
of 75 to 80% and units in series.



e This latter method is superior because of closer and more
frequent grain-to-grain contact. After washing, the sand is
classified and may be used either wet (naturally drained to 4 to
5% moisture) and added to a system sand, dried for cores, or
used for facing sand.

e Facing sand mixes derive their name from the fact that they
are used in limited quantities against the face of the pattern or
core box. They have properties usually different from those of
the backup or system sand and contain additives not otherwise
present. Facing sands are designed to perform special
functions, such as providing higher green strength for lifting
deep pockets, higher deformation for limited draft patterns,
and special carbons that enhance skin drying.

e The wet system has limitations in that only a portion of the
binder, clay, and carbon is removed. The product, however,
isexcellent for use as a makeup sand in systems.



Dry Scrubbing/Attrition

 This method is widely used, and there is a large variety of
equipment available in price ranges and capacities adaptable
to most binder systems and foundry capacities. Dry scrubbing
may be divided into pneumatic, mechanical, and combined
thermal-calcining/thermal-dry scrubbing systems



In pneumatic scrubbing

e In pneumatic scrubbing, grains of sand are agitated in
streams of air normally confined in vertical steel tubes called
cells. The grains of sand are propelled upward and rub and
impact each other, thus removing the binder. In some
systems, grains are impacted against a steel target. Banks of
tubes may be used depending on capacity and degree of
cleanliness desired. Retention time can be regulated, and
fines are removed through dust collectors.



In mechanical scrubbing

* In mechanical scrubbing, the equipment available offers
foundrymen a number of techniques for consideration. An
impeller may be used to accelerate the sand grains at a
controlled velocity in a horizontal or vertical plane against a
metal plate. The sand grains impact each other and metal
targets, thereby removing the binder. The speed of rotation
has some control on impact energy. The binder and fines are
removed by exhaust systems, and screen analysis is
controlled by air gates and/or air wash separators.



Thermal-Calcining/Thermal-Dry
Scrubbing Combinations

 These systems offer the best reclamation for the organic and
clay-bonded systems. Grain surfaces are not smooth; they
have numerous crevices and indentations. The application of
heat with sufficient oxygen oxidizes the binders or burns
them off. In attrition, only because there is no contact in the
crevices, the binder remains. Heat offers the simplest method
of reducing the encrusted grains of molding sand to pure
grains. Both horizontal and vertical rotary kiln and fluidized
bed systems are available.



In the horizontal rotary kiln, material is fed into one end
(usually the cold one) and moved progressively through the
heat zone by rotation assisted by baffles, flights, or other
mechanical means. Some mechanical scrubbing also occurs.
Some systems incorporate heat exchanger technology to
considerably reduce the energy required. The latest
technology also includes provision for recovery of metal
entrained in the sand and collection and detoxification of the
process wastes for suitable nonhazardous waste disposal.



e Several fluidized bed system designs are available. Some use
preheating chambers and hot air recuperation. A drying
compartment may also be added. Sand is introduced into the
top (preheating) chamber of the reactor and is lifted by the
hot air stream from below until it assumes some of the
characteristics of a fluid. The hot air coming in contact with
the sand grains burns the organics and calcines the clay. At
the same time, some attrition takes place. A correct pressure
differential must be maintained between the compartments if
more than one is used in order to ensure downward flow of
sand; otherwise gravity flow must be provided. Fluidizing is a
very good method for cooling sand when using cool air.



Multiple-Hearth Furnace/Vertical
Shaft Furnace

e The multiple-hearth furnace consists of circular refractory
hearths placed one above the other and enclosed in a
refractory-lined steel shell. A vertical rotating shaft through
the center of the furnace is equipped with air-cooled alloy
arms containing rabble blades (plows) that stir the sand and
move it in a spiral path across each hearth. Alternate hearths
are "in" or "out." That is, sand is repeatedly moved outward
from the center of a given hearth to the periphery, where it
drops through holes to the next hearth. This action gives
excellent contact between sand grains and the heated gases.



Material is fed into the top of the furnace. It makes its way to
the bottom in a zigzag fashion, while the hot gases rise
counter currently, burning the organic material and calcining
clay, if one or both are present. Discharge can be directly
from the bottom hearth into a tube cooler, or other cooling
methods may be used The units are best suited to large
tonnages, that is, five tons or more. They are extremely
rugged and relatively maintenance free.



Combinations of systems

 Combinations of systems may also be used,
for example, thermal methods followed by dry
attrition scrub to remove calcined clay from
molding sand or undesirable chemicals and
oxides from core processes. Also, commercial
centers for sand reclamation are in operation
and may be used by smaller foundries.
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Sand testing

Regular testing of the properties of the sand is essential. One or two sand
tests do not truly indicate the condition of the whole sand system, since a
sand sample weighs only about 1kg and cannot represent the whole 200
tonnes or so of the system. At least 5 samples should be taken per shift and
measured for moisture, green strength, compactability and permeability.
LOI and volatiles should be measured once per day. Active clay, twice per
week.
Records of additions should also be kept:

Weight of clay, coal dust and new sand added each day
Number of moulds made
Weight of metal poured

Weight of used sand removed from the system each day



Control graphs

Individual figures mean rather little, but daily average sand properties
should be plotted together with weekly figures of active clay and average
additions of clay, coal dust and new sand. After a few weeks of plotting the
data, it will be possible to draw control lines. Variation within the lines is
permissible but if results appear outside the control lines, then action must
be taken such as increasing or reducing clay or coal or new sand. If action is
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ullamidiklan sanayi dal ve
tabiata bulunus kalitesine gire
degisiklik gisteren Ruvars
kumban, genel olarak Cam ve
beraber insaat, bova ve plastik sanavinde aynca
vapl kimyasallan ve agindinalurn iretimindse de
kulbmbmaktadur

Kuvars kumban kuvirsga zengin magmatik, me-
morfik kavaglann avngmas: sonucy olusgan, 2
mmi'den kiigiik kuvars (5i02) tnecikleridir. Ku-
vars kumlan beviz renklidir, demir oksit igerme
durumbirina gire renkleri pembeden Kzl veva
kahverengine kadar degisebilir. Silisten olusan

(Si02) kuvars kumu, az miktarda kil, (eldspat,

demir oksitler, karbonatlar thiiva edebilir,

Dogada saf olarak bulmduklan gibl istenmeyen
safsizhikhar ile kangmis olarak ta bulunahilider.

Diikiim sanayiinde kullamban Kuvars kumban
maden sahalannm ierisinde % 95'in lizerinde
(502}, % 7-15 Kil, iltiva eden ve sinerlesme
sicakhin 1500 *C'nin Grerinde bulunan kumdur




DUNYA KUVARS DRETIMI [ Bin Ton |

ABD ELIVARS EURL TURITIMG § Bin Tan




Diikiim sekaibrinde kullandan Kovars Kumbar,
dogada ditha serbest taneler halinde bulunup,
daha gevsek karakierli vapaya sahiptirier.

Diinya Kuvars kumu iiretim kapasitelerinin 150
Milyon ton sevivelerinde oldugn bilinmekiedir
Diinya Kuvars kumu rezervlerinin ise sthhatl bir
sekilde hesaplanamamasing ragmen, rezervlerin,
rezery sirasina gire,

Avrupa: Belgika, Almanya, Hollanda, Fransa,
Ingiltere, Ispanya, luadya, Avusturya, Rusya



Amerika: Ku-

zey Amerika'da
ABD, Kore, G- | ULKE m**
ey Amerika'de,  [TRusva | 10RO
Arjantin, | ABD 5.470
ltalyn 1.245
Hindlistan, Brezilya BT
Afrika, Misr, | (‘ckoslovakya R
cuota | e 1
Qumhuriveli'nde Polonya 733
oldugu bilin- Romanya 609
mekiedir . Tayvan 561
Mekauika 508
Kuvars kumu lspanya Sﬂ'
*
bt e | 18 5
yer alan Diimy Avusturva 151
Genelinde Belgika 146
Déskikm kuma
titketimleri ilk siralara gire vandaki tabloda




Sektbrde liretim yapan Gnemli kuruluslar:
Avrupa'da SCR Sibelco SA (Belgika) firmas
diirt katada 120 Tesisi ile Dilnvada kuvars kumu
firetiminde lider konurndadir

Diinyads Kivars kumu firetimini ve pazanm
asaddaki firmabr kontrol altnda tutmaktadir,
Amerikan Firmalan: Unimin,US Silica, Fairmount
Minerals, Oblegay Norton Industrial Sands,
Badger Mining, Nugent Sand, Simplot Industries,
(rwens-1llinois, Construction Aggregates, WR
Bonsal.

Avrupa Birligi Firmaliry: SCR-Sibeico (Belgika),

Quarrwerke GmbH ( Albmanya), Hepworith Mine-
rals ve Chemicals Lid. (Ingiltere), Saint — Gobain

(Fransa), Samin (Fransa), Sifraco (Fransa)



Tiirkive de Durum:

Tikrkiye'de giikel kayalarin syngmasnvia serbest
hale gelen kuvars tanelen | akarsularka tasinma
strasmika, bir miktar kil ile beraber karasal
havealarda gokelmiglerdir

Sile ve Zonguldak Yoreleri kuvars kumu

vataklanmalan acsindan ok rengin olup,
Tirkive'nin en dnemb maden havealanndandir

Béilge ekonomik olarak kuvars kumo haricinde

Linyit, kil ve aliiminyum yatakdanna da sahipeic

Blilge ruhsat durnmlarnin kansik olmas, Bkl
madenler icin verilen rubsal sahalanmn birbir-
ne girik olmas, sahadaki madencilik cabismala-
nm diizensiz hale getirebilmektedir



Elemanlar orti ve ince tanedi kuvars vada kvar
sitten ibaret olan silis knmlan, yorede fist kotar-
da genis bir vavlima sahip olduklan icin aramp
bulunmas kolay oldugn gibi isletmecilik ve cevre
agismidan sorunlan en a2 olan hammaddedir.

(Crzellikle Sibe Bilgesinde biiviik bir vamkbnma
gisteren kuvars kumlan gerek jeolojik yapilan
perekse isletme tesislerinde uygulanan iler
teknolodi nedeni ile Dikiim Sannd Kurulusla-
rumn (leplerine uvgun iirin niteligindedir ve
Tiirkive ditkiim komu tiketiminin tamamm

kargilamaktadir



Rezervier :  Istanbul Sile yiresinde:
- GOrtinir rezery 55 Milvon Ton
- Mubhtemed rezery 23 Milvon Ton

- Topham 78 milyon fondur

Zonguldak bolgesinde ; tiim bilgede rezery
agisindan hesaplanms veri vokmr Hivea gok
bityllk olup kiimilr rezervlerd fe icice gecmis va-
rivettedir. Sile Bilgesinin kuvars kumu rezerderd,
Siltag A5 , Kumsan A.§, Celikiag A§ ve Cam-lg
Madencilik A.§ ve difier gatuslara ait sabalarda
burlunmalkindar .



URETIM
Ruvirs kumu @iretimi acik isletme metodu e
vapimaktadir. Uretim yapilacak alanlann izin

vt ruhsatian Enerji Bakankg ve Cevre Orman
Bakanhklan tarafindan verflmekiedie

Uretimde Dozer, Loder ekskavatir, Kamyon ve
Konwveytirker kullander. Ekonomik olarak kum
iretilebilmesd igin, kumun frerindeld kaldinla-
cak olan Ortii tabakasimin kabmbfinm, Grtibkoom

|/4 sevivesinde olmas: Gngoriilir

U'retim vapilacak alanda 20-30 m eninde ve 50-

100 m bovunda, panolar segilmekte olup, doce

paletli kepgeler vasitas fle 2-4 m kalmbfnda
drtll tabakas: alnmakta, daha sonra sy makine

techizan ile ditkiim kumu Gretimi vapilarak



damperli kamvonbira viiklenilmakie ve bo
kamyonlar vasitas ile Entepre Dikiim Kumu
Hazirlama Tesislerine tasinmaktadar.

(caktan fretlerek Tesislere getirilen ham kum
lustik tekertekll kepoeler ile silofars beslenmek-
tie, eleklerden su ile kansim saglandiktan sonra
pomputlar vasitas ile, siklonbardan gecirilerek

yikama, kanstine, tasnif iinitelerine taginmakta
daha sonra dinlendirilerek rutubeti % 7 seviyele-

rine getirilip mamul silokanna aktanlmaktadr



Fivatar:

Kuvars koo fvatlan smiflandorma, kullanm
yeri, kalite agilarmedan biiyiik farkhlikdar iger-
mektedir Buna ragmen standartlar ve kullanm
alankarina bagh olarak olusan fiyar seviveleri

agaida verilmigtir

A ABD
L, M
Dkt Sanat 18,22 14
Serimik 20- 100 ﬁ

e !

Kum Byatlannm en 6nemlbi noktas: navlun fivat-
larun kum fivatlanndan vilksek olabilmesidic
Avrupa“da DNkiim Kumbarimn Goemli miktan

kurutulmuy pazarandsgndan yokandaki fivatlar
yarg Byatlar olup yakbegikur



Sinterlegme Sicakhgy 1500 °C frerinde
Yanma Kayb (%): 0,011 - 0,30
Kil Oram (%): 0,16 - 1,27



e e oD X m

.. m 7 m 2

9 = 5 m m
-. ¢ 08§ 81
5 2533335 easransRaAgEES
EGRERREEaRR7 g3
s33835283558953355 2328581

g | J— T

H u m
-1|1uuuuuunrnunLﬂum mnmm




Kom Kigelig: 1,25 - 1,27
Opiilme (%): 40,8
H3PO4" te vanma kayba (%): 0,1
Kezdirma Kayba (%): 0,36
SI02: %97-99

Al20%: %05-1,2
Fe203: % 0015 -0.30
MgO: % 0,015 - 0,030
E20: % 0,03 - 0,08
Ma20: % 0,02-009
Ti2: % 0,01 - 0,04
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dzed sektfire ait olan tesislerde gerceklestiril-
mektedir, Kuvars kumu firetiminde faaliyete

bulunan yabanc sermayeli bir sirket yokiur,

[ikiim, Cam, Seramik, Boya sanayilerinin
kwvars kumu ihtivagkunm karglayan kuru-
luslann Listesi asaddadar.

Tiirkiye Kuvars Kumu Gretiminin biyiik bir
ksmami vukanda beliriilen bu firmalar kar
silamaktadir. Bu firmalardan Siltag A.§.nin
Silede 2, Kumsan'in Sile ve Istanbul Tuzla'da
birer wesisleri, Gelikias firmasinm ise Sile'de
bir tesisi meventtur.



KUVARS KUMU YURTICI TALEP PROJEKSI-
YONU ( Bin Ton )

Diikiim sekibriindeki artan talep, buna bagl fab-
rikalann dikiim Gretimi kpasiteler! anmasina
ragmen, kum fireticileri mevout kapasiteleri ile
bu tlepleri karplayabilecek dizevdedirler

Diéikiim fabrikalanmm Gnemli bir ab olan
proses sonras: olugan atk kum, son yillarda
hilindigi gibi bu Ebrikalin cevresel baskilann
oddafhy haline getirmistir. Bir ok Gnemli dikiim
reticisinin kumun gen kazanemim saglovan
rejenerasyon vatinmlanna yvinelmesi, artan



Son villarn dnemli bir gelismesi de
ingaat kolundadir, Ozellikle Yap Kim-
yasallan, Seramik Favans Yapistincilan
vilksek oranlarda didkiim selairil e

aviy simiflandirma kategorilerine sahip
kuru kum talebinde baluonmalkaadidar

Bu talep cok dnemli bir sekilde hilvii-
mekte alup, Dikiim Greticllen alebinin

cok lizerinde sevretmektedir.
Bu gercevede kum lireticllerd, Ja-



makta ve katma degeri vilksek kurn kom
vermekiedirler. Yapr Kimyasallar ve Ingaas
sektiiriinde artarak devam eden bu talep,
Dikiim seladriinde liretim yapan frmalan
diikiim kumu tedariki ve malivet acisndan
ciddi stkantilara sokabilir

sile Bilgesi dzellikle Diskiim ve Ingaat
sekton tireticilerinin talebine uvgun tane

arafifina sahip rezerviere sahiptir.



Treyler Gretiiinds kullaeslas 0k pargalag.
[ g st Sisan'ys Fihungs, Radywide, kazan, Kivel, Soba. Kanalizasyon

LIpArEl ¥ A
Mlakine [ maiat Iy Makonaien  Talom Teegablen Tarnms aletlen va
Sanayi mukinalan iments, Tug la ve Refraktor {malat

Sanayi, Kaldirma Makinslan, PemmpaVans Kienys
Sanayi Pargalari, Digli we Makaraler, Kotmpresde v

Calik Sansyi Iegot Boadibe, Merdane Taban Flakalan v o
I;“I—lillnﬂ:h Pik ve Sfero Diikilen Borulan
Dig er Enerjs Nakol Sanevi, dayasubl Takenm Mallan

Sanayi, El Aletieri, Ehektnik Motorlar, Cam Kaliplen
A,

. kiim sekidriimiin ihtivag duvdogu 50-55 AFS

dagihon kum Sile Bilgesinin  dzellikde sahile
vikin bélgelerde rezervierin dnemll bir ksmin
teskil etmekiedir,



URETIM

Sorunlar;

Dikiim kumunun du dahil olduiu Kuvars
kumi lreticilerinin sorunkirm 3 ana baghkia
toplamak gerekir.

« Artun talebe ve liretime bagh olurak [stanbul-
Sile Bilgesi kuvars kumu sahalanonm rezenve-
rini azdorm

» (rzellilde kil firetimine paralel Maden



KULLANICI |

MAL TANIMLARI

| REKTOR |
I Ciomsotiy Sanayy | CAomobdl, Traksbe, Kammyosi, (iobis, Cekael Mimibis,
- Treyler retimande kullanlan dfkiim pargalar
2 | Ingnni Samayi Filitimgs, Radyaitr, kazan, Kévet, Soba, Kanalizasyon
L gEaraL v A,
¥ | Makine | maks I5 Makinalan Takom Tergahlan, Tanm aletleri ve
Samavi makinalan, Cimenta, Tug o ve Refrakite |nsba
mannyi, Kaldrma Makinalen, Pompa, Vene Kammya
Satidyl Parcalan, Dhig b ve Makaralar, Kompiesds v.a
4 | Celik Sanayi Ingot Kahba, Merdans Taban Mlakalon va
5 Basinghi Didkibm | Pik ve Shens Ddkiim Bonslan
HBoru
ﬁ g e Emer)i Nakil Sanayy, dsyanskh Toketin Mallan

Sanayi, El Aletlers, Elekirik Motorlar, Cam Kaliplsn
W.A




sthulannda varanlan tahribat ve bu sahalann
rehabilitisyonu

o Cevresel baskilar ve bunun netbeesivie tgili
Bakanbkberda bekleven ve verilmeyen Binler
At (Camur + su) bertarah veva veniden

kazanum bunun icin ortmva gikan gevresel ve
mikli sakantilar,

Bilindigi gibi madenler venilenemeven hammad-
de kaymaklandir ve veryiiziinde egit daflmany-
tr v madenlenin bulunduklan verde igletibme
sorunlulukban virdr, Sanavilesmenin ve firetimin



bag dindiiricl bir sekilde
artis1 maden rezervlerinin

cok hizh bir sekilde tiike-
lilmesini de bergberinde
petirmektedir

Kuviers kumu samstvinin Caum,
D¥ikiim, Insat ve bir cok
sanayi kolunds hammadde
obiruk kullanilmas) v gok
bilviik oranlarda talebin
olmasy kum rezervierini
iinemll bir gekilde araltmak-



ta , veni rezery ve sahalann Imlx:nmmm roruniu
hale getirmektedic

Madenciligin dogada milyonlarca vl stren

hir zaman dilimi icensinde dogal olarak ve
simrly miktarda Jeolojik santann vvgun aldugu
ortamlards olusabildigi ve bulunabildigi verde
gevee, ehonomi dengesini gizeterek gkanima-
Lar gerekir

Madencililae kullnsban alantarm rehabilie

edilerek ekosisteme kazandinlmas) ve sekiéirde
hertaral, antma yeniden kairamm teknolojilerinin



gelismis olmass, madenciligin siirdilribchilic

katlkanma prensiplerine uygun bir faaliver dals
olmasi sadlar,

Istanbul Sile Bolgesi kuvars kumu rezenvien,
weun iardir sanavinin ihtivacs olan kum alebi-
i baursalamas ve karsiomova devamn etmeksedi
. Bu bilgede deellikle kauvars kumu fretimd

diginda yapilan kimiir, tag ve kil gibi geyitli ma-
thenberin firetimi icin cevrede varatilan tahribat,
Enerji ve Orman Bakanhkian wrafindan venlen
izin ve ruhsathirdaki stkantm"da beraberinde

eetirmis bulunmakasdir



Sile Balgesinde kum fireticilerinin en biiyiik
soruny ruhsath sahabirda Cevee ve Ormun
Bakombig teruhndan bekletilen izinlerdir. Bek-

liven bu izinler gercevesinde bolgede Balivene
bulunman kum iireticilerinin mevout sahalarmn

kumn stoklan ikt erimekte ve diretim vipamsae
duruma gelmektedirer.

Tiirk domotiy van sienayl, cam ve difier sekibr
lerin en dnemli girdisi olan kuvars kumuo maden
sahalannda vasanan bu sikmntimin kesa videde

mutlaka agdmas gerekmekiedic
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