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ince 1979, the growth of
chemical binders—particu-
larly phenolic urethane bind-
ers—has been phenomenal.
Although usage of most
chemical binders has increased during
the last 25 years, the use of phenolic
urethane binders has grown at the
fastest rate. In 1971 the U.S.
metalcasting industry used only 2.7
million Ibs. of coldbox and nobake
phenolic urethanes. In 2003, 150 mil-
lion Ibs. of both resins were projected
to have been consumed in the U.S.
Estimated worldwide use is consid-
ered to be greater than 300 million Ibs.
These newer binder systems have
helped to meet the increased demands
of the metalcasting industry for a variety
of reasons including improved dimen-
sional accuracy, increased productivity
and reduced energy consumption.
However, spanning the same time
period has been an ongoing contro-
versy about the effect of recycled chemi-

cally bonded sands on green sand prop-
erties. In the 1970s, few reports were
conducted on the topic. But over the
last 25 years, more engineers have
investigated the issue, mainly focusing
on phenolic urethane binders, and in
particular, whether their introduction
into a green sand system affects
rebonding properties.

One of the earlier studies (conducted
in 1979) investigated the effects of
chemical binder core sand contamina-
tion on the properties of a bentonite-
bonded green sand. Although the re-
sults were relevant at that time, the
study was updated this year, reviewing
the same tests with additional param-
eters. Also, the updated investigation
studied three different metalcasting fa-
cilities and how phenolic urethane bind-
ers affect their green sand systems.

This article examines both the 1979
and updated studies of such binders as
well as results of other investigations
found during this 25-year span.

Table 1. Moisture Content of New/Recycled Sand Blends

Binding Past Knowledge

Amid further studies of phenolic ure-
thane binders’ performance, some of
the investigations have contested one
another. Despite this closer examina-
tion and a dichotomy of information,
one important question remained:
“What effect will core butts and
shakeout core sands have on green
sand properties as they enter a green
sand molding system?”

Several investigators have looked
into possible chemical-related effects
of core sand contamination on green
sand properties. One study concluded
that although specific change to a green
sand system might be slight—and in
some cases even advantageous—the
long-term effects might be grave. In
those cases where an effect was no-
ticed, it was felt that condensed resin
distillates (a byproduct of binder py-
rolysis) impeded the bonding effec-
tiveness of bentonite. The effects ob-
served were most apparent in the de-
terioration of both green com-
pression and wet tensile
strengths of the molding sands.

% Contamination

Binder System 1% 5% 10% 25% 50% 100% Average  Std. Dev.
FNB-Phos 2.70 2.72 2.82 2.74 2.84 2.72 2.76% 0.05%
FNB-TSA 2.94 2.86 2.88 2.86 2.88 2.88 2.88% 0.03%
FNB-BSA 3.00 2.96 2.74 2.82 3.00 2.80 2.89% 0.10%
Phenolic Nobake 2.70 2.64 2.76 2.94 3.00 2.85 2.82% 0.13%
Phenolic Urethane  2.96 2.96 2.96 2.82 2.84 2.70 2.87% 0.10%
Silicate Nobake 3.00 2.84 3.00 2.98 3.00 2.86 2.95% 0.07%
Standard Green Sand System Moisture Content: 2.87% + 0.11%
Table 2. Available Clay Content of New/Recycled Sand Blends (Determined from IMC Charts)
% Contamination

Binder System 1% 5% 10% 25% 50% 100% Average  Std. Dev.
FNB-Phos 5.50 5.60 5.60 5.30 6.10 5.50 5.60% 0.24%
FNB-TSA 5.60 5.30 5.70 5.80 5.70 5.80 5.65% 0.17%
FNB-BSA 6.00 6.10 5.60 5.70 6.00 6.20 5.93% 0.21%
Phenolic Nobake 5.80 5.50 5.70 6.10 6.10 6.00 5.87% 0.22%
Phenolic Urethane  5.70 6.00 6.00 5.80 5.70 5.50 5.78% 0.18%
Silicate Nobake 6.00 6.00 6.20 6.10 6.00 6.50 6.13% 0.18%

Standard Green Sand System Available Clay: 5.80% * 0.20%
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Other investigations have
declared the benefits of mix-
ing, such as little-to-no differ-
ence between the rebonding
characteristics of 100% re-
cycled phenolic urethane
coldbox (PUCB) process sand
and new sand. A similar study
revealed that 15% particulated
core sand from both phenolic
hot box and PUCB cores could
be blended into a green sand
system with minimal effect on
molding properties. The loss-
on-ignition (LOI) values of the
particulated sands were 2.13%.
A different investigation also
focused on the effects of core
sand dilution with PUCB bind-
ers. This study concluded that
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Table 3. Bonding Clay Content of New/Recycled Sand Blends

Then and Now

% Contamination

By updating the research from

Binder System 1% 5% 10% 25% 50% 100% Average  Std. Dev. 25 years ago, a more detailed
FNB-Phos 3.20 3.60 3.60 3.20 3.90 3.30 3.47% 0.26% approach can be taken in re-
FNB-TSA 3.10 3.30 3.00 3.80 3.50 3.60 3.38% 0.28% gards to this controversial topic.
FNB-BSA 3.80 3.90 3.50 3.40 4.10 4.40 3.85% 0.34% The 1979 study dealt exc|usive|y
Phenolic Nobake 3.90 3.70 3.80 4.00 3.80 4.10 3.88% 0.13% with residual chemical effects,
Phenolic Urethane  3.90 4.00 4.10 3.80 3.70 4.10 3.93% 0.15% such as acidity and basicity con-
Silicate Nobake 4.00 3.90 4.00 3.70 3.60 3.90 3.85% 0.15% tributions from recovered

Standard Green Sand System Bonding Clay: 3.90% + 0.10%

shakeout sand. It did not exam-

Table 4. Available Clay Content of New/Recycled Sand Blends (Determined by Methylene Blue Titration)

ine physical interactions, such
as pyrolysis condensate residues

% Contamination

on sand grain surfaces and/or

Binder System 1% 5% 10% 25% 50% 100% Average Std. Dev. condensate residues on bento-
FNB-Phos 7.60 7.80 8.00 7.60 8.00 7.60 7.80 0.18 nite particles from binder de-
FNB-TSA 7.80 7.80 7.80 7.80 8.00 7.80 7.84 0.08 composition. That study showed
FNB-BSA 8.00 7.60 8.00 7.80 7.80 7.80 7.80 0.13 that recycled nobake core sand
Phenolic Nobake 7.60 7.60 7.40 7.80 7.60 8.00 7.68 0.20 additions up to a 50% substitu-
Phenolic Urethane  7.80 7.80 7.80 7.60 7.80 7.60 7.72 0.10 tion rate and after exposure to
Silicate Nobake 8.20 8.20 8.60 8.60 8.40 8.60 8.48 0.16 casting temperatures had little-

Standard Green Sand System Available (MB) Clay: 7.8% + 0.20

to-no effect on green sand prop-

the spent PUCB sands, regardless of
LOI value, had no effect on green
properties of the molding sand.

Still, examinations have been per-
formed announcing that mixing core
and green sands will have significant
effects on molding properties. Because
the curing mechanisms of all chemical
binders involve various modes of acid-
base catalysis, concern exists on how
residual pH changes from shakeout
core sands affect clay-bonded sand
properties. Past studies have revealed
that pH significantly affects green sand
properties. These studies note that as
the pH value of green sand increased,
green compression strength decreased
while dry strength, permeability and
flowability increased.

Reconditioning of green sand sys-
tems has been said to be one of the
most difficult steps in molding-sand
technology. Bentonite and water pref-
erentially settle on the molding sand
grains already coated with clay. Long
and intensive mulling is required be-
fore recycled core sands assume the
same properties as those of the
base molding sand.

note high-percentage LOI sands had
such a coating.

However, lustrous carbon doesn’t
burn in a LOI test, hence, lustrous
carbon and LOI values are not related.
Therefore, the intermediate LOI values
were likely the result of some other
pyrolysis condensate residues. If these
condensates from intermediate ther-
mal decomposition levels produce a
slippery or oily film on the sand grains,
then one would expect to see reduced
ability for bentonites to bond to sand
surfaces. This may be partially over-
come by additional mulling.

The pH and lustrous carbon dilem-
mas will be discussed later in this article.

In addition to chemical contamina-
tion, another factor affecting green sand
properties is the physical effect from
additional core sand entering a green
sand system. These sands may be more
difficult to mull with bentonite if they
contain pyrolysis condensate residues. If
appropriate tests are not run to make up
for deficiencies in bentonite content,
loss of bonding properties could result.

erties. In all cases, optimum
green sand properties were
achieved after 25 min. of mulling.

With a few exceptions, green sand
properties, such as compactability and
green compressive strength, for the
bentonite-bonded coldbox recycled
shakeout sand were essentially equiva-
lent to those of the new base sand.
Although some slight shifts in perfor-
mance were observed, these devia-
tions were usually within one standard
deviation of the average base green
sand system properties.

In the current study, the results from
1979 were reviewed to determine the
effect of deliberate additions of re-
cycled shakeout core sands and the
effects on the properties of the new
bentonite-bonded molding sand. To
investigate these effects, varying
amounts of recycled nobake sands were
added to fresh sand mixtures to deter-
mine possible interactions between the
recycled core sand and new sand sys-
tem. Green compressive strength, shear
strength, compactability and perme-
ability were measured in an attempt to
determine potential chemical interac-

Table 5. Effect of Core Sand Contamination on Compactability

One investigation found that

% Contamination

incorporating lustrous carbon

. I : Binder System 1% 5% 10% 25% 50% 100% Average  Std. Dev.
Ior.m'ng adomlvesfat rtng_h 'eveﬁ FNB-Phos 4600 4600 5550 4800 4800 4725 4846  3.25
S‘;r:?spé]?t\éi Ie: drsetgafhzr;)nuens;uo FNB-TSA 5200 5300 5000 5100 5000 4725 5054 182

ten ¢ : P ~FNBBsA 4950 49.75 4850 4975 4900 4575 4871  1.40
of an oily film, which further -
. . Phenolic Nobake  50.00  48.75  50.00  47.50  46.75 4250 4758 257
reduces bentonite swelling ca- — e e 5100 5075 4050 47.00 5067 203
pacity. Lustrous carbon, several .?no ic Lrethane - - - - - - - :
Silicate Nobake  53.00  51.00  46.25 4475 4625 3375 4583 6.3

engineers have claimed, hinders

Standard Green Sand System Compactability: 54% + 4%

green sand properties, and some
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tions. Other properties measured

Table 6. Effect of Core Sand Contamination on Green Compression Strength

were moisture, available clay,

% Contamination

mean available clay and bond- Binder System 1% 5% 10% 25% 50% 100% Average  Std. Dev.
ing clay contents. FNB-Phos 19.00 1930 1750 1690 21.00 17.35 18.51 1.42
The procedure used was di- _FNB-TSA 1565 1640 1720 1930 18.05  19.05 17.61 1.33
vided into two phases. The first _FNB-BSA 18.95 2090 18.00 17.70  18.87  24.20 19.77 2.23
phase consisted of generating _Phenolic Nobake 2050  19.95  19.75 2150  20.65  22.50 20.81 0.94
shakeout sand from chemically  Phenolic Urethane 18.65  19.20 2120 1940 19.00  16.65 19.02 1.33
bonded molds after performing  Silicate Nobake 19.80 20.13 2195 19.93 1950 24.85 21.03 1.88

casting trials. The second phase

Standard Green Sand System Green Compression Strength: 19.0 psi = 1.0 psi

evaluated the effects of the re-
cycled sands when added in vari-

ous proportions to a new sand-clay-
water mixture.

The sand was a blend of new sand
and recycled core sands obtained during
casting shakeout. Recycled core sand
contaminant levels of 1%, 5%, 10%, 25%,
50% and 100% were evaluated. (The
1979 research did not include contami-
nant levels of 1% and 100%).

The Current Event

With the addition of the 1% and
100% contaminant levels, one finding
was as noticeable in the current study
as in 1979—almost all of the binder
systems for the various properties stud-
ied were found to be within a standard
deviation of 1 (Tables 1-7). This proves
that the properties of a contaminated
system are similar to those of a stan-
dard base green sand system. The only
property where more than two binder
systems exceeded the 1 standard de-
viation level was permeability, which
had a standard deviation of 10 (Table
8). Tables 9 and 10 examine various

properties of recycled core sand and
new green sand.

When this investigation was moved
to three metalcasting facilities (A, B
and C) the results were all similar.
Facilities A and B, both of which use
rigid flasks, run nearly identical green
sand properties, whereas facility C,
which utilizes vertically parted molds,
requires more robust green sand
properties. Even though two entirely
different base sands were used at
facilities A and B, the physical prop-
erties of the green sand system were
remarkably similar.

Facilities B and C reported that PUCB
shakeout sand re-entering their green
sand systems did not present any prob-
lems. Both PUCB shakeout sands had
relatively low LOI values and both
facilities treated spent PUCB shakeout
sand entering the sand system as a
new sand addition; they added the
appropriate amount of bond and wa-
ter to compensate for the PUCB sands.
These findings are likely due to the

Table 7. Effect of Core Sand Contamination on Green Shear Strength

fact that facilities B and C use aromatic
and aliphatic solvents, which are nor-
mally associated with PUCB systems.

On the contrary, facility A used a
system based on bio-diesel solvents
due to a “brittle-sand” condition that
resulted in casting surface deteriora-
tion. After converting to the new sys-
tem, the facility no longer needed to
add new sand to the green sand system
to restore properties and, like facilities
B and C, did not report any green sand
property deterioration.

Truth Be Told

By evaluating the reports from the
three facilities as well as the updated
laboratory research, these investiga-
tions advance the argument that
nobake sands do not significantly
affect molding characteristics of a
green sand system.

pH level—Even though certain nobake
binders may contain strong acids or
bases in either the resin or the catalyst, it
is evident that after the binders have
undergone curing and casting,
they impart very little of their
original acidic or basic character

% Contamination

to the reclaimed sand.

Binder System 1% 5% 10% 25% 50% 100% Average Std. Dev. When such sands enter into a
FNB-Phos 4.80 4.90 5.50 3.60 5.40 4.50 4.78 0.63 green sand molding system, they
FNB-TSA 4.35 5.30 4.10 5.15 5.05 5.00 4.83 0.44 do not significantly reduce the
FNB-BSA 4.70 5.27 4.57 5.37 5.27 5.90 5.18 0.44 bonding effectiveness or mold-
Phenolic Nobake 5.50 6.45 5.20 5.60 5.10 4.75 5.43 0.53 ing properties of bentonite clays
Phenolic Urethane ~ 4.35 5.60 5.60 5.20 5.70 4.50 5.16 0.54 in the mix, thus, there is no
Silicate Nobake 5.75 5.75 5.65 5.45 4,93 5.00 5.42 0.34 correlation between residual pH
Standard Green Sand System Green Shear Strength: 5.10 psi + 0.70 psi and green properties.
There are several reasons why
Table 8. Effect of Core Sand Contamination on Permeability residual binders on -reclalmed
% CanEmTEa nobake sand do not impart ap-
Binder System 1% 5% 10% 25% 50%  100%  Average  Std. Dev. preciable acidic or basic impu-
FNB-Phos 112.00 112.00 117.00 82.00 94.00  72.00 98.17  16.84 rity functionality to a green sand
FNB-TSA 103.00 100.00 8500 91.00 8500 78.00 9033  8.79 f%’“em_' In so:_ne Eaiwes’ during
FNB-BSA 9100 9100 8800 8300 9400 7500  87.00  6.35 ane dcfélgﬁ :a;cli?jri]c gr b:i'l ;ejl')n
Phenolic Nobake ~ 110.00 112.00 112.00 111.00 97.00 8500 10450  10.18 yst,
- stances react to form neutral
Phenolic Urethane 113.00 114.00 108.00 108.00 111.00 77.00  105.17  12.80 ) .
— salts, which are relatively non-
Silicate Nobake ~ 102.00 105.00  98.00 107.00 109.00 79.00  100.00  10.03

Standard Green Sand System Permeability Index: 107 + 10.0
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reactive with bentonite clays.
In addition, acidic or basic
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Table 9. Recycled Shakeout Core Sand Properties

catalysts in a nobake
system are normally

= if possible, reducing

used in such small

amounts that after cast-

ing and reclamation,

only a minimal amount

of residual catalyst re-

mains on the sand. It

appears likely that in

Core Sand System Contaminant pH ADV Loss on Ignition (%) coreweightto provide
Furan Nobake—Phosphoric acid 2.8 -15.2 0.81 higher levels of
Furan Nobake—Toluene Sulfonic acid 4.3 +3.2 0.78 thermal breakdown.
Furan Nobake—Benzene Sulfonic acid 5.2 +4.0 1.08 Other factors that
Phenolic Nobake—Benzene Sulfonic acid 5.2 +5.2 1.03 metalcasters using
Phenolic Urethane Nobake (PUN) 7.0 +3.8 0.62 PUCB binders should
Silicate Nobake (SNB) 8.5 +5.4 0.17* consider are that, in
New Sand Base Reference 6.3 +3.0 0.06 the investigation,

instances where there
have been reports of
decreased green sand
properties because of suspected PUCB
contamination, pyrolytic condensate resi-
dues on either sand grain surfaces or
bentonite particles, from incomplete
pyrolysis, may affect resultant green sand
properties. These condensates may im-
pede the swelling action of bentonite
and, for a given mulling time, the smear-
ing action of bentonite particles needed
to develop green sand properties.

Lustrous Carbon—Lustrous carbon
defects have been blamed as a cause of
many contamination problems. Some
investigators of core sand contamina-
tion have concluded that lustrous car-
bon is one cause of reported deteriora-
tion green sand molding properties.
Lustrous carbon, a brittle material mea-
suring 0.0001 in., forms at the mold-
metal interface in binder systems that
contain high levels of carbon and rela-
tively low levels of oxygen. It cannot
coat sand grain surfaces.

As additional metal flows into the
mold, these films may become dislodged
and be flushed ahead of the leading
edge of the incoming metal stream. If
the films are not dissolved in the metal
or oxidized, solidification can proceed
against these accumulations, resulting in
surface wrinkling characteristics of lus-
trous carbon defects.

However, the lustrous carbon-form-
ing tendencies of certain chemical bind-
ers are harmful only if large amounts of
carbon films form and then
are dislodged from the mold-

*Conventional LOI determination is not applicable to inorganic systems.

on the proposed mechanism of lus-
trous carbon formation, lustrous car-
bon films from PUCB binders cannot
be responsible for some reports of
diminished green sand properties. If
and when green sand properties dete-
riorate from PUCB binders, it probably
results from unique thermal circum-
stances occurring within the core dur-
ing casting, not lustrous carbon. Such
problems may be overcome by em-
ploying longer mulling cycles.

Useful Sand to the Core

Despite the 25 controversial years
regarding green sand contamination,
this recent investigation augments the
theory that both recycled core and
green sands are compatible in the same
system. Although this study showed
that reclaimed nobake core sand had
little acidic or basic interaction with
bentonite clays, such sand should be
treated as new, unbonded sand.

However, there are a number of
methods that may be used if green
sand properties need to be restored.
These include:
= increasing mulling time;
= increasingwestern bentonite levels;
= increasing mold venting to help release

gaseous decomposition products;
= reducing binder content in cores;
= scalping or removing core butts from

the shakeout system;

Table 10. Standard New Green Sand Properties

PUCB binders formu-

lated with aromatic

and aliphatic sol-
vents generally did not result in
green sand property deterioration.
In instances where the deteriora-
tion of green sand properties is
linked to the use of standard PUCB
binders, the facility should con-
sider coldbox binder systems that
use bio-diesel solvents.

Further, appropriate additions of
new bentonite clay and water should
be made to adjust total clay back to
its original value. Thermal conditions
within the mold may result in incom-
plete combustion of PUCB decom-
position gases during pouring. Con-
densate residues generated from such
conditions may inhibit the ability of
bentonite particles to effectively
coat sand grains.

Lastly, past studies have claimed the
addition of small amounts of sodium
carbonate or soda ash (Na,CO,) to a
bentonite green sand system has helped
improve the bonding action of bento-
nite clays as well as soda ashes’ ability
to cleanse sand grain surfaces.

Although green sand systems might
falter as a result of other conditions,
after this thorough examination, no
indication was found that recycled
chemically bonded sands have any
deleterious effect on the properties of
a green sand system. mc
This article was adapted from paper
(04-001) presented at the 2004
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“Evaluating Refractory Coatings for
PUCB Binders: A Practical Approach,”

S.G. Baker, 2002 AFS Transactions

: ' - Property Average Value Standard Deviation
ing. When this happens, wrin- — o0 287% 0.11
kling and surface laps re_sult. Bonding Clay 1 3.9% 0.10
If the IL(st_trlozs cdaabop f"fr_rl‘ls Available Clay 1 5.8% 0.20
are not dislodged during fill- =00y Clay 2 39 ml 1
ing of the mold cavity, lus- -
. Green Shear 5.1 psi 0.7
trous carbon formation may - -
- . Green Compressive 19 psi 1
actually improve casting sur- 5 il 07 T
face finish. ermea "_y_
Compactability 54 4

As such, the deposits do

paper No. 02-026.

not have a LOI value be-
cause they will not burn in
a traditional LOI test. Based
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Base Sand System Parameters: 3% moisture, 6% seacoal,
8% Western Bentonite, 10 minute mulling time

1—From IMC Sand-Clay-Water Control Charts
2—Determined from Methylene Blue Titration

“Influence of Nobake Core Sand
Contamination on the Properties of
Green Molding Sands,” R.L. Naro, T.
Zeh and J. Plummer, 1979 AFS
Transactions, vol. 98, p. 39-46.
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