
WO 2007/136501 PCT/US2007/009943  ELIMINATION OF ODORS
IN SHELL SAND ENCAPSULATION 5 Technical Field of the
Invention 10 The present invention relates generally
to an improved process for coating sand,  ceramic and
other substrates (generally industrial aggregates)
with novalac resins and other  similar coatings. More
particularly it relates to a compound and method of
application for  producing resin-coated sands which
cure with minimal odor. 15 Background of the Invention
The prior art will be described in terms of resin
coated sand used in the Shell  Process employed by the
metal casting and foundry industry. The shell process
was  developed in Germany during the Second World War,
and the process was used to produce  molds for
mortars, artillery shells and other projectiles. The
Germans attempted to keep the 20 process secret after
the war; however, the process was discovered by allied
investigators  who placed the process in the public
domain as war booty which then provided the foundry
industry with a revolutionary process. The Shell
Process (also known as the Croning or C Process) is
used to produce  hollow light weight molds and cores
for pipe hubs, cores, crank shafts, intake manifolds
for  25 engines, etc. In fact, more foundries utilize
the shell process, to produce resin sand cores and
molds, than any other process. The process is
extensively applied worldwide. The original Croning
process blended raw sand with powdered phenolic resin
and  powdered hexamethylenetetramine (a curing agent
or hardener) "hexa" which was gravity  fed into a
preheated pattern. The heat melted the resin and
hardener to fuse the sand within 30 the pattern (or
mold). After a suitable thickness of sand was
obtained, the inactivated sand  was dumped from the
pattern, leaving the hollow core sand mold. As time
went by, the  process was improved by pre-coating the
sand with the required ingredients (resin - hardener -
wax - fillers - etc.) at a sand facility. The "foundry
sand" is then sold as a free WO 2007/136501
PCT/US2007/009943  -2 



flowing product to foundries (or foundries produce
their own free-flowing product). The current state of
the art uses batch mixers to coat substrates
(minerals, ceramics,  etc. sometimes referred to
generally as industrial aggregates) with a resin(s)
and other  ingredients. That is, sand (aggregate) is
pre-weighed, heated to the desired temperature and 5
transferred into a batch mixer. Resin(s) and additives
are then added sequentially and held  in the mixer
until the material has reached the required cure stage
or begins to break down  into smaller agglomerated
clumps of sand (aggregate) and resin. The mixture is
then  dumped and the cycle is repeated. Newer mixers
now use a continuous process; however,  the
manufacturing steps and compounds used are essentially
similar. 10 More specifically in the current state of
the art for producing coated foundry sand  pre-weighed
sand is heated to between 280F to 380F. The sand is
then fed into a Muller  type mill (or continuous
mixer) and the resin dumped in to sand. The heat from
the sand  melts the resin and the resin flows around
the sand grains to encapsulate the grain. After
sufficient mull time, liquid hexa is added to the sand
and resin, generally below 280F. The 15 hexa/resin mix
reacts slightly to begin to crosslink the coating
before a water quench is  added to bring the sand
temperature down to below 200F. This quench stops the
reaction  of the hexa/resin and the resin coated sand
is said to be at the "B" stage. The mixture  continues
to mull and dry completely and break apart into resin
coated sand which  essentially is an encapsulation of
individual sand grains. The resin coated sand is
advanced 20 to the "C" stage when the coated sand is
placed into a heated tool (the mold at a foundry) at
450-600F. This heat liberates formaldehyde and ammonia
from the original hexa solution  (hexa in a liquid
form is a combination of ammonia (40%) and
formaldehyde (60%). The  liberated formaldehyde reacts
further with the resin to crosslink the resin and
creates a solid  form or a core or mold, and the free
ammonia is given off as a volatile organic gas that
has  25 an odor that is offensive to the operators and
the neighboring communities. Several instances of a
curing agent chosen to reduce emissions of ammonia
appear  in the prior art. Gardziella et al. disclosed
a "Novel Heat-hardenable Binders Phenol- formaldehyde
+ HMT + Acid" in U.S. Patent 4,942,217. Gardziella
still used hexa as their  curing agent but stated that
the resin compounds and binders helped reduce
emissions. An 



30 example of the composition used for "hot bake"
(shell or Croning) casting sands was given.  Geoffrey
et al., in U.S. Patent 5,189,079, disclose a "Low Free
Formaldehyde WO 2007/136501 PCT/US2007/009943  -3
Phenolic Polyol Formulation" in which the inventors
recognize the need to reduce the odor  of formaldehyde
in urethane binders which are used in the 'cold-box'
and 'no-bake' core  casting sand processes. Johnson et
at. disclosed a "Benzoxazine Polymer Composition" in
U.S. Patent 5 5,910,521 recognizing the need to cure
novalac resins without the emission of ammonia.
Johnson et at. disclose the use of their compound in
foundry sand; however, their examples  teach mixing of
powdered resin with their powdered curing agent with
the foundry sand.  Johnson et al. state that their
curing polymer may be a solid at room temperature and
will  take the form of a powder. However, they add
that if the water removal is controlled during 10 the
manufacturing process, then the curing polymer may be
produced in liquid form.  Waitkus et al. disclosed a
"Polymer Composition for Curing Novalac Resins" in
U.S. Patent 6,569,918 also recognizing the need to
reduce ammonia emissions. Waitkus et  al., like
Johnson et al., also disclose the use of their
compound in foundry sand and with  silica sand
(proppants); however, unlike Johnson et al., the
Waitkus examples disclose the 15 addition of their
curing agent as a liquid - a suspension in methanol -
well after the sand is  coated with the novalac resin
(as a strict laboratory experiment). It should be
remembered  that the Waitkus compound includes odor
producing ingredients which include ammonia  which is
liberated upon curing. Thus, there remains the need
for resin-coated casting sand, or, in general, resin
20 coated industrial aggregates, that reduces or
eliminates offensive odors while keeping the  required
free flowing characteristic until the resin is
activated in the mold. Summary of the Invention The
invention consists of the addition of two additional
compounds to almost any  25 standard resin-coated sand
manufacturing process: a buffering solution that
reacts with the  free ammonia to form an ammonium salt
and a masking agent that covers up the minor  



remaining ammonia, phenols and other reaction
byproducts. The two additional  components are
preferably added in 50:50 proportions to each other
and in direct proportion  to the quantity of Hexa that
appears in the standard encapsulation formulation.
Thus, the 30 innovative process and compound produces
a coated aggregate that is easy to use, that is
friendly to the environment and user, and that retains
the expected qualities of resin coated WO 2007/136501
PCT/US2007/009943  -4- aggregates. Description of the
Preferred Embodiment Essentially the instant invention
proposes a unique process for coating aggregates  5
using the industry standard process producing a coated
aggregate with standard properties  for use in casting
industry and as a proppant in the oil industry while
offering a new  composition of matter that eliminates,
by precipitation, any free ammonia and masks other
curing odors when the product, produced by the process
is taken to the "C" stage. The  resulting product
cures at standard temperatures and conditions while
releasing minimal free  10 ammonia. The inventors are
employees of a company that offers, among other coated
aggregates, a low hexa coated aggregate that utilizes
a novalac resin, plus a liquid resole  with the
addition of roughly one-half the normal amount of hexa
(plus additives). In fact,  the low hexa product
comprises a 2-stage Novalac system in combination with
the single 15 stage "liquid resole" system up to 30%
(70% novolac/30% resole), but the past art has not
been able to gain adequate crosslink density/or
tensile strength without the addition of 6- 10% hexa
based on resin content. The low hexa product, still
using hexa, works well, but  still produces a
relatively strong odor - mainly ammonia due to the
hexa - when the aggregate is brought to the final cure
stage (C-stage). Other standard novalac based 20
products exhibit an even stronger odor when brought to
the final cure stage. A product  formulation showing
some of the current art is shown in column I of Table
1. For example,  it is well understood in the industry
that the term hardener refers to the co-reactant or
curing  agent (such as hexa) and implies the necessary
added accelerant (such as salicylic acid).  



Other examples would include hexa acting as the curing
agent combined with a solid resole 25 (such as a
phenol-formaldehyde polymer) acting as the accelerant.
An example is shown in  column 2 of Table 1. The
inventors became aware of buffering solutions used for
odor control in the water  and wastewater and pulp and
paper mill industry (plus others) in which free
ammonia is a  problem. These buffering solutions are
scientifically formulated to react with odorous gases
30 and diluted and applied topically or locally to
eliminate malodors in confined spaces and if  used
outdoors will prevent malodors from traveling to
surrounding areas. A review of the WO 2007/136501
PCT/US2007/009943  -5 literature showed that such
buffer solutions had not been tried in sand coating
industry  (industrial coated aggregates), probably
because the effects on the final product were
unknown. With Cure  Standard Agent  Sand 97.36 97.36
Resin 1 0.97 0.93  Hexa 0.36 0.37  Curing Agent 0.00
0.05  Water 1.20 1.24  Accelerator 0.02 0.00  Buffer
0.001 0.0009  Mask 0.001 0.0009  Wax 0.024 0.024 99.94
99.96  5 Table 1 Essentially the buffering solution
operates under the following chemical equation:  



NH3 + H+A => NH4+A- 10 Ammonia Base Buffer Solution
Ammonium Salt No Odor  Base Acid Salt  These buffering
solutions are generally diluted with water and sprayed
in the 15 odorous area as an atomized mist. In water
treatment or in the pulp and paper industry, this
type of equipment presents no problem. However the in
foundry business the additional  equipment would be
impractical: what was needed was to incorporate the
buffer as part of  the encapsulation process. The
inventors then experimented with various resin-coated
aggregates and 20 associated manufacturing processes.
They found that a buffer solution could become a part
of the encapsulation process, if the buffer solution
were added immediately after the quench  water stage
of manufacture. They then took samples of the
resin-coated sand and drove the  samples to the cured
("C") stage, noting that 'eureka' the ammonia odor was
almost completely eliminated. Further testing showed
that the quality of the resin-coated sand was  25 not
affected. That is to say the melt temperature and
tensile strength of the buffered product  was
comparable to non-buffered products. WO 2007/136501
PCT/US2007/009943  -6 Furthermore, it was noted in
subsequent testing that casting problems due to
ammoniacal nitrogen were reduced or eliminated. The
reasons for this reduction are  straightforward in
retrospect. As explained above, free ammonia is
produced when the  coated aggregate is taken to the
"C" stage. The free ammonia is part of the curing
process 5 in that the hexa within the encapsulated
sand is split into ammonia and formaldehyde in the
presence of heat and moisture. It is known that some
of the free ammonia is converted to  free nitrogen
(known as ammoniacal nitrogen) when metals are poured
into molds made  from these coated cured aggregates as
shown in the equations below: 10 N4C6H12 + heat and
moisture => 4NH3 + 6CH20  hexa from mold entrained
ammonia formaldehyde  



CH2O + OH => crosslinked resin + moisture (water)
formal- unlinked locks the aggregate 15 -denhyde resin
into required shape  2NH3 + heat + 302 => 6H20 + N2.
from metal air moisture ammoniacal  casting entrained
nitrogen  20 The free nitrogen will pass from the mold
into the casting that the mold is set to produce.
This free nitrogen can result in a bad casting. Thus,
a reduction of ammonia released during  the curing
process will result in a reduction of free nitrogen
that is released during the  casting process thereby
improving the final cast product. 25 The inventors
found that there were still some residual odors due to
some residual  ammonia and other by-products such as
phenol and formaldehyde. They determined that a
masking agent might well remove all traces (actually
mask with a pleasant odor) these  remaining malodors.
A literature search resulted in a suitable agent;
however,  experimentation was required to determine
when the agent should be added and to see if the 30
quality of the resin-coated product was affected by
the masking agent. The preferred  masking agent is
sold as a dry power and can be added with the resin;
it can be mixed with  water and added after the quench
phase with the buffering solution; or it may be added
as a  powder during the drying stage. Tests determined
that the masking agent performed well  and that the
final quality of the resin-coated sand remained
unaffected. 35 The inventors determined that a product
sold by Odor Management, Inc, of WO 2007/136501
PCT/US2007/009943  -7 Barrington, Illinois under the
brand name ECOSORB - 303SG was a suitable buffering
agent. ECOSORB is an oil based (botanical) product
supposedly in which the ingredients  are imported from
Australia. Essentially ECOSORB is based on organic
hydrocarbon plant  extract. 5 The inventors determined
that a product distributed by Univar USA, Inc, of  



Kirkland, Washington under the brand name VANILLIN was
a suitable masking agent.  The affects of VANILLIN are
not completely understood, although it performs as a
masking agent for remaining residual odors such as
phenol, formaldehyde, and ammonia.  VANILLIN is
4-Hydrox-3-Methoxybenzaldehyde;
3-Methoxy-4-Hydroxbenzaldehyde. 10 Thus, the inventors
discovered that a buffer solution and a masking agent
could be  included in the formulation of resin-coated
sand resulting in a new composition of matter  and
method of application. The preferred quantity of
buffer solution and masking agents  are used in a
50:50 ratio and are to be added in direct proportion
to the quantity of hexa that  was present in the
standard formulation which is determined by laboratory
experimentation  15 and simple chemical formulation
balance. Finally a series of product test runs was
conducted to determine the range of the  preferred
50:50 mix to make up the formulation. It was found
that the mix could be  adjusted favoring the buffer
solution (i.e., more buffer than masking agent) and
vice-versa.  Table 1 shows the range of the
constituents of the formulation that result in the NO
odor 20 composition of matter of the instant
invention. Thus, the inventors have discovered a new
and useful process for the manufacture of  a low
ammonia emission novalac resin coated industrial
aggregate and have further  discovered a new
composition of matter that reduces any ammonia
produced by their novel  process to an absolute
minimum. Further the instant invention will mask any
malodors 25 produced by phenols and the like which
appear in novalac system resins. Thus, it is apparent
that there has been provided a composition of matter
that  comprises a standard formulation for
resin-coated sand plus the further ingredients of an
ammonia buffering compound and a masking agent added
in direct proportion to the  quantity of hexa
appearing in the standard formulation. There has also
been provided a 30 method of manufacture for
non-odorous novalac resin-coated sand comprising the
addition  of a masking agent with the resin, the
addition of standard additives, quenching, the
addition WO 2007/136501 PCT/US2007/009943  of a
buffering solution and continued mulling to
encapsulate the sand. In the alternative,  there has
also been provided a method manufacture for
non-odorous resin-coated sand  



comprising the addition of resin, the addition of
standard additives, quenching, the addition  of a
buffering solution and masking agent solution and
continued mulling to encapsulate the 5 sand.
Variations in the order of adding the various
ingredients in the instant invention are  understood
to fall within the spirit of the invention. While this
invention has been described with specific embodiments
and its required  alternate methods of manufacture, it
should be evident that many alternatives,
modifications  and variations would be apparent to
those skilled in the art in light of the foregoing 10
description (in particular the steps taken to
determine how to manufacture the invention).
Accordingly, it is intended to include all variations
as set forth within the spirit and scope of  the
appended claims. WO 2007/136501 PCT/US2007/009943  -9-
Claims We claim: 1. A resin based composition of
matter for coating industrial aggregates that releases
minimum volatile gases upon curing and that provides
for a free flowing product having a  5 cure point that
remains free flowing until the temperature of the
product is raised above the  cure point comprising: a
resin, a hardener, and an ammonia buffering agent. 10
2. The composition of matter of claim I that further
produces a pleasant odor upon  curing and further
comprising: an odor masking agent. 3. The composition
of matter of claim 1 wherein said ammonia buffering
agent is taken  from a compound having hydrogen bound
to a second radical such that said buffering agent  15
reacts with free ammonia to form an ammoniacal salt
incorporating said second radical. 4. The composition
of matter of claim I in which said ammonia buffering
agent is  manufactured by Odor Management Incorporated
identified as ECOSORB - 303 SG. 



5. The composition of matter of claim 2 wherein said
odor masking agent is chosen from  a compound
containing 4-Hydrox-3-Methoxybenzaldehyde; 3-Methoxy-4
20 Hydroxbenzaldehyde. 6. The composition of matter of
claim 2 wherein said odor masking agent is distributed
by Univar USA, Inc. identified as VANILIAN. 7. A resin
based composition of matter for coating industrial
aggregates that produces a  pleasant odor upon curing
and that provides for a free flowing product having a
cure point  25 that remains free flowing until the
temperature of the product is raised above the cure
point  comprising: a resin, a hardener, and an odor
masking agent. 30 8. The composition of matter of
claim 7 further comprising an ammonia buffering agent.
9. The composition of matter of claim 7 wherein said
odor masking agent is chosen from WO 2007/136501
PCT/US2007/009943  -10 a compound containing
4-Hydrox-3-Methoxybenzaldehyde; 3-Methoxy-4-
Hydroxbenzaldehyde. 10. The composition of matter of
claim 7 wherein said odor masking agent is distributed
by Univar USA, Inc. identified as VANILIAN. 5 11. The
composition of matter of claim 8 wherein said ammonia
buffering agent is taken  from a compound having
hydrogen bound to a second radical such that said
buffering agent  reacts with free ammonia to form an
ammoniacal salt incorporating said second radical. 12.
The composition of matter of claim 8 in which said
ammonia buffering agent is  manufactured by Odor
Management Incorporated identified as ECOSORB - 303SG.
10 13. A composition of matter for coating industrial
aggregates that releases minimum  volatile gases and
provides a pleasant odor upon curing and that provides
for a free flowing product having a cure point that
remains free flowing until the temperature of the
product is  raised above the cure point comprising: 



a resin, 15 a hardener, an ammonia buffering agent,
and  an odor masking agent. 14. The composition of
matter of claim 13 wherein said ammonia buffering
agent and said  odor masking agent appear in a 50:50
ratio and are proportional to the quantity of
hardener.  20 15. A method for coating an industrial
aggregate which results in a free flowing product
having a cure point that remains free flowing until
the temperature of the product is raised  above the
cure point and that releases minimum volatile gases
when raised above the cure  point comprising: a.
heating the aggregate to a standard temperature
between 280F and 390F,  25 b. adding a resin to the
aggregate, c. adding any required fillers and waxes,
d. adding the appropriate hardener, e. quenching the
mixture, f. adding an ammonia buffer, and 30 g. drying
the mixture thereby resulting in the free flowing
product. 16. The method of claim 15 wherein said
product further produces a pleasant odor upon WO
2007/136501 PCT/US2007/009943  -11 curing further
comprising the addition of a masking agent during the
drying step 17. The method of claim 16 wherein the
steps of addition of ammonia buffer or masking  agent
may occur at any step in the method. 18. A method for
coating an industrial aggregate which results in a
free flowing product  5 having a cure point that
remains free flowing until the temperature of the
product is raised  above the cure point and that
releases minimum volatile gases when raised above the
cure  point comprising: a. heating the aggregate to a
standard temperature between 280F and 390F,  b. adding
a resin 



10 c. adding an odor masking agent to the aggregate,
d. adding any required fillers and waxes, e. adding
the appropriate hardener,  f. quenching the mixture,
and g. drying the mixture thereby resulting in the
free flowing product. 15 19. The method of claim 18
wherein step c may occur at any step in the method.
20. The method of claim 18 wherein the following step
is inserted between steps e and f:  adding an ammonia
buffer. 21. The method of claim 19 wherein the
inserted step may occur at any step in the  method. 20
22. A method for coating an industrial aggregate which
results in a free flowing product  having a cure point
that remains free flowing until the temperature of the
product is raised  above the cure point and that
releases minimum volatile gases when raised above the
cure  point comprising: a. heating the aggregate to a
standard temperature between 280F and 390F,  25 b.
adding a resin, c. adding any required fillers and
waxes,  d. adding the appropriate hardener, e.
quenching the mixture, g. adding a blend of an ammonia
buffer and an odor masking agent, and  30 f. drying
the mixture thereby resulting in the free flowing
product. 23. The method of claim 22 wherein step g
immediately follows step b. WO 2007/136501
PCT/US2007/009943  -12 24. The method of claim 22
wherein step g may occur at any step in the method.
25. The method of claim 22 wherein said blend of
ammonia buffer and masking agent is  blended as a
50:50 mix and the quantity of said blend is in direct
proportion to the quantity  of appropriate hardener. 


