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WAX COMPOSITIONS AND THE EFFECT OF 
METALS ON BURN RATES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. A claim of priority for this application under 35 
U.S.C. S 119(e) is hereby made to the following U.S. provi 
sional patent application: U.S. Ser. No. 61/765,753 filed Feb. 
17, 2013; and this application is incorporated herein by ref 
erence in its entirety. 

FIELD OF THE INVENTION 

0002 This application relates to natural oil based wax 
compositions, including candle compositions and the effect 
of metals on burn rates of such wax and candle compositions. 

BACKGROUND OF THE INVENTION 

0003 For a longtime, beeswax has been in common usage 
as a natural wax for candles. Over one hundred years ago, 
paraffin came into existence, in parallel with the development 
of the petroleum refining industry. Paraffin is produced from 
the residue leftover from refining gasoline and motor oils. 
Paraffin was introduced as abountiful and low costalternative 
to beeswax, which had become more and more costly and in 
more and more scarce Supply. 
0004 Today, paraffin is the primary industrial wax used to 
produce candles and other wax-based products. Conventional 
candles produced from a paraffin wax material typically emit 
a Smoke and can produce a bad Smell when burning. In addi 
tion, a small amount of particles (“particulates') can be pro 
duced when the candle burns. These particles may affect the 
health of a human when breathed in. A candle that has a 
reduced amount of paraffin would be preferable. 
0005 Accordingly, it would be advantageous to have other 
materials that can be used to form clean burning base wax for 
forming candles. If possible, such materials would preferably 
be biodegradable and be derived from renewable raw mate 
rials, such as natural oil based materials. The candle base 
waxes should preferably have physical characteristics, e.g., in 
terms of melting point, hardness and/or malleability, that 
permit the material to be readily formed into candles having a 
pleasing appearance and/or feel to the touch, as well as having 
desirable olfactory properties. 
0006 Such natural oil based candles may be derived from 
a hydrogenated natural oil. Hydrogenation is the process 
whereby the poly- and/or monounsaturated natural oils are 
saturated and become solidified in order to increase the vis 
cosity. This is done by reaction of hydrogen with the natural 
oil at elevated temperature (140°C.-225°C.) in the presence 
of a transition metal catalyst, typically a nickel catalyst. The 
presence of excess nickel in a hydrogenated natural oil can 
have an effect on the burn rate of a candle by causing wick 
clogging, irregular flames and/or flame heights, poor fra 
grance interactions, or combinations of these issues. Thus, 
there is a need to reduce the amount of nickel present in Such 
waxes to improve the burn rate of Such candles. 

SUMMARY OF THE INVENTION 

0007. In one aspect of the invention, a wax composition is 
disclosed. The wax composition comprises a hydrogenated 
natural oil comprising (i) at least about 50 wt % of a triacylg 
lycerol component having a fatty acid composition from 
about 14 to about 25 wt % C16:0 fatty acid, about 45 to about 
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60 wt %C18:1 fatty acid and about 20 to about 30 wt %C18:0 
fatty acid, (ii) a nickel content of less than 1 ppm, and (iii) a 
melt point of about 49° C. to about 57°C. The hydrogenated 
natural oil of the wax composition is filtered and/or bleached 
to obtain a transition metal content of less than 0.5 ppm. 
0008. In another aspect of the invention, a candle compo 
sition is disclosed. The candle comprises a wick and a wax, 
wherein the wax comprises a hydrogenated natural oil com 
prising (i) at least about 50 wt % of a triacylglycerol compo 
nent having a fatty acid composition from about 14 to about 
25 wt % C16:0 fatty acid, about 45 to about 60 wt % C18:1 
fatty acid and about 20 to about 30 wt % C18:0 fatty acid, (ii) 
a nickel content of less than 1 ppm, and (iii) a melt point of 
about 49° C. to about 57°C. The hydrogenated natural oil of 
the candle composition is filtered and/or bleached to obtain a 
transition metal content of less than 0.5 ppm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1. depicts several cycles of burn rates of a 
post-filtered and non-post filtered natural oil based wax com 
position. 

DETAILED DESCRIPTION OF THE INVENTION 

0010. The present application relates to natural oil based 
wax compositions, including candle compositions and the 
effect of metal on burn rates of the wax and candle composi 
tions. 

0011. As used herein, the singular forms “a,” “an,” and 
“the include plural referents unless the context clearly dic 
tates otherwise. For example, reference to “a substituent 
encompasses a single Substituent as well as two or more 
substituents, and the like. 
0012. As used herein, the terms “for example.” “for 
instance.” “such as or “including are meant to introduce 
examples that further clarify more general Subject matter. 
Unless otherwise specified, these examples are provided only 
as an aid for understanding the applications illustrated in the 
present disclosure, and are not meant to be limiting in any 
fashion. 

0013 As used herein, the following terms have the follow 
ing meanings unless expressly stated to the contrary. It is 
understood that any term in the singular may include its plural 
counterpart and vice versa. 
0014. As used herein, the term “natural oil may refer to 
oil derived from plants or animal sources. The term “natural 
oil' includes natural oil derivatives, unless otherwise indi 
cated. Examples of natural oils include, but are not limited to, 
Vegetable oils, algae oils, animal fats, tall oils, derivatives of 
these oils, combinations of any of these oils, and the like. 
Representative non-limiting examples of vegetable oils 
include canola oil, rapeseed oil, coconut oil, corn oil, cotton 
seed oil, olive oil, palm oil, peanut oil, safflower oil, Sesame 
oil, soybean oil, Sunflower oil, linseed oil, palm kernel oil, 
tung oil, jatropha oil, mustard oil, camelina oil, pennycress 
oil, hemp oil, algal oil, and castor oil. Representative non 
limiting examples of animal fats include lard, tallow, poultry 
fat, yellow grease, and fish oil. Tall oils are by-products of 
wood pulp manufacture. In certain embodiments, the natural 
oil may be refined, bleached, and/or deodorized. In some 
embodiments, the natural oil may be partially or fully hydro 
genated. In some embodiments, the natural oil is present 
individually or as mixtures thereof. 
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0.015. As used herein, the term “natural oil derivatives’ 
may refer to the compounds or mixture of compounds derived 
from the natural oil using any one or combination of methods 
known in the art. Such methods include Saponification, trans 
esterification, esterification, interesterification, hydrogena 
tion (partial or full), isomerization, oxidation, and reduction. 
Representative non-limiting examples of natural oil deriva 
tives include gums, phospholipids, Soapstock, acidulated 
Soapstock, distillate or distillate sludge, fatty acids and fatty 
acid alkyl ester (e.g. non-limiting examples Such as 2-ethyl 
hexyl ester), hydroxy substituted variations thereof of the 
natural oil. 

Wax Compositions 

0016. In some embodiments, the natural oil based wax 
compositions of the present invention have a high triacylg 
lycerol content, wherein a majority of the wax, at least about 
50 wt %, preferably at least about 75 wt %, and most prefer 
ably at least about 90 wt %, is a triacylglycerol component. 
0017. The physical properties of a triacylglycerol are pri 
marily determined by (i) the chain length of the fatty acyl 
chains, (ii) the amount and type (cis or trans) of unsaturation 
present in the fatty acyl chains, and (iii) the distribution of the 
different fatty acyl chains among the triacylglycerols that 
make up the natural oil. Those natural oils with a high pro 
portion of Saturated fatty acids are typically solids at room 
temperature while triacylglycerols in which unsaturated fatty 
acyl chains predominate tend to be liquid. Thus, hydrogena 
tion of a triacylglycerol stock tends to reduce the degree of 
unsaturation and increase the solid fat content and can be used 
to convert a liquid oil into a semisolid or Solid fat. Hydroge 
nation, if incomplete, also tends to result in the isomerization 
of some of the double bonds in the fatty acyl chains from a cis 
to a trans configuration. By altering the distribution of fatty 
acyl chains in the triacylglycerol moieties of a natural oil, e.g., 
by blending together materials with different fatty acid pro 
files, changes in the melting, crystallization and fluidity char 
acteristics of a triacylglycerol stock can be achieved. As used 
herein, the terms “triacylglycerol stock' and “triacylglycerol 
component are used interchangeably to refer to materials 
that are made up entirely of one or more triacylglycerol com 
pounds. Commonly, the triacylglycerol stock or triacylglyc 
erol component is a complex mixture of triacylglycerol com 
pounds, which very often are derivatives of C16 and/or C18 
fatty acids. Although the triacylglycerol stock can be used for 
many applications, the triacylglycerol stock is well Suited for 
use as a candle wax, particularly for container candles. 
0018. The triacylglycerol stock, whether altered or not, is 
generally derived from various natural oil sources. Any given 
triacylglycerol molecule includes glycerol esterified with 
three carboxylic acid molecules. Thus, each triacylglycerol 
includes three fatty acid residues. In general, natural oils 
comprise a mixture of triacylglycerols which is characteristic 
of the specific source. The mixture offatty acids isolated from 
complete hydrolysis of the triacylglycerols in a specific 
source is referred to herein as a “fatty acid composition of 
the triacylglycerols. By the term “fatty acid composition.” 
reference is made to the relative amounts of the identifiable 
fatty acid residues in the various triacylglycerols. The distri 
bution of specific identifiable fatty acids is characterized 
herein by the amounts of the individual fatty acids as a weight 
percent of the total mixture of fatty acids obtained from 
hydrolysis of the particular mixture of triacylglycerols. The 
distribution offatty acids in the triacylglycerols in a particular 
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natural oil may be readily determined by methods known to 
those skilled in the art, such as by hydrolysis, Subsequent 
derivatization to create natural oil derivatives (e.g., to form a 
mixture of methyl esters) via conventional analytical tech 
niques such as gas chromatography. 
0019. The total mixture of fatty acids in the present wax 
composition which is isolated after complete hydrolysis of 
any esters in a sample are referred herein to as the “fatty acid 
profile' of that sample. Thus, the “fatty acid profile' of a 
sample includes not only the fatty acids produced by the 
hydrolysis of the triacylglycerols and/or other fatty acid esters 
but also any free fatty acids present in the sample. In many 
instances, the present wax is substantially free of any free 
fatty acid, e.g., the wax has a free fatty acid content of no more 
than about 0.5 wt.%. As noted above, the distribution offatty 
acids in a particular mixture may be readily determined by 
methods known to those skilled in the art, e.g., via gas chro 
matography or conversion to a mixture of fatty acid methyl 
esters followed by analysis by gas chromatography. 
0020 Palmitic acid (16:0) and stearic acid (18:0) are satu 
rated fatty acids and triacylglycerol acyl chains formed by the 
esterification of either of these acids do not contain any car 
bon-carbon double bonds. The nomenclature in the above 
parentheses refers to the number of total carbon atoms in a 
straight chain fatty acid followed by the number of carbon 
carbon double bonds in the chain. Many fatty acids such as 
oleic acid, linoleic acid and linolenic acid are unsaturated, 
i.e., contain one or more carbon-carbon double bonds. Oleic 
acid is an 18 carbon straight chain fatty acid with a single 
double bond (i.e., an 18:1 fatty acid), linoleic acid is an 18 
carbon fatty acid with two double bonds or points of unsat 
uration (i.e., an 18:2 fatty acid), and linolenic is an 18 carbon 
fatty acid with three double bonds (i.e., an 18:3 fatty acid). 
0021. The fatty acid composition of the triacylglycerol 
stock derived from a natural oil, which makes up the signifi 
cant portion of the present wax composition, generally is 
made up predominantly offatty acids having 16 or 18 carbon 
atoms. The amount of shorter chain fatty acids, i.e., fatty acids 
having 14 carbon atoms or less in the fatty acid profile of the 
triacylglycerols is generally very low, e.g., no more than 
about 3 wt.% and, more typically, no more than about 1 wt. 
%. The triacylglycerol stock generally includes a moderate 
amount of Saturated 16 carbon fatty acid, e.g., at least about 
14 wt.% and typically no more than about 25 wt.%, prefer 
ably from about 15 wt.% to 20 wt.% C16:0 palmitic acid. As 
mentioned above, the fatty acid composition of the triacylg 
lycerols commonly includes a significantamount of C18 fatty 
acid(s). In order to achieve a desirable container candle char 
acteristics, the fatty acids typically include a mixture of Satu 
rated 18 carbon fatty acid(s), e.g., about 20 wt.% to 30 wt.% 
and, more suitably, about 23 wt.% to 27 wt.% C18:0 stearic 
acid, and 18 carbon unsaturated fatty acids, e.g., about 45 wt. 
% to 60 wt.% and more typically about 50 wt.% to 57 wt.% 
C18:1 fatty acid(s), such as oleic acid. The unsaturated fatty 
acids are predominantly monounsaturated fatty acid(s). 
0022. The fatty acid composition of the triacylglycerol 
stock is typically selected to provide a triacylglycerol-based 
material with a melting point of about 49° C. to 57°C. When 
the present wax is to be used to produce a container candle, 
the wax suitably is selected to have a melting point of about 
51° C. to 55°C. The desired melting point can be achieved by 
altering several different parameters. The primary factors 
which influence the Solid fat and melting point characteristics 
of a triacylglycerol are the chain length of the fatty acyl 
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chains, the amount and type of unsaturation present in the 
fatty acyl chains, and the distribution of the different fatty acyl 
chains within individual triacylglycerol molecules. The 
present triacylglycerol-based materials are formed from tria 
cylglycerols with fatty acid profiles dominated by C18 fatty 
acids (fatty acids with 18 carbon atoms). Triacylglycerols 
with extremely large amounts of saturated 18 carbon fatty 
acid (also referred to as 18:0 fatty acid(s), e.g., Stearic acid) 
tend to have melting points which would be too high for the 
producing the present candles since Such materials may be 
prone to brittleness, cracking and may tend to pull away from 
the container into which the wax is poured. The melting point 
of such triacylglycerols can be lowered by blending in tria 
cylglycerols with shorter chain fatty acids and/or unsaturated 
fatty acids. Since the present triacylglycerol-based materials 
have fatty acid profiles in which C18 fatty acids predominate, 
the desired the melting point and/or solid fat index is typically 
achieved by altering the amount of unsaturated C18 fatty 
acids present (predominantly 18:1 fatty acid(s)). 
0023. Additionally, wax compositions which have fatty 
acid compositions including a significant amount of saturated 
C16 fatty acid on the one hand, or lesser amounts of saturated 
C16 fatty acid on the other hand, can tend to exhibit undesir 
able physical characteristics, and specifically are visually 
unpleasing due to the inconsistent crystallization of the wax 
upon cooling (Such as occurs in recooling of melted candle 
wax). Consistent characteristics and pleasing aesthetics in the 
recooled wax can be achieved by controlling the level of 
saturated C16 fatty acid present in the fatty acid composition 
of the triacylglycerol based materials used to produce the 
wax. In particular, it has been found that triacylglycerol 
based waxes that have fatty acid compositions which include 
about 14 to 25 wt.% palmitic acid (16:0 fatty acid) generally 
tend to exhibit a much more consistent appearance upon 
resolidification after melting than do similar wax composi 
tions derived entirely from soybean oil (soybean oil has a fatty 
acid composition which includes about 10 to 11 wt.% palm 
itic acid). 
0024. To enhance its physical properties. Such as its capa 

bility of being blended with natural color additives to provide 
an even Solid color distribution, in Some instances the present 
wax may include a glycerol fatty acid monoester. Monoesters 
which are produced by partial esterification of a glycerol with 
a mixture offatty acids derived from hydrolysis of a triacylg 
lycerol stock are Suitable for use in the present wax compo 
sitions. Examples include monoglycerolesters of a mixture of 
fatty acids derived from hydrolysis of a partially or fully 
hydrogenated natural oil, e.g., fatty acids derived from 
hydrolysis of fully hydrogenated soybean oil. Where a glyc 
erol fatty acid monoester is included in the present wax com 
position, it is generally present as a relatively minor amount 
of the total composition, e.g., the glycerol fatty acid 
monoester may constitute about 1 to 5 wt.% of the wax 
composition. 
0025. In some instances it may be advantageous to mini 
mize the amount of free fatty acid(s) in the present wax. Since 
carboxylic acids can be somewhat corrosive, the presence of 
fatty acid(s) in a candle wax can increase its irritancy to skin. 
The presence of free fatty acid can also influence the olfactory 
properties of candles produced from the wax. The present 
triacylglycerol-based wax can be used to produce candles 
and, in particular, container candles, without the inclusion of 
free fatty acid(s) in the wax. Such embodiments of the present 

Apr. 7, 2016 

triacylglycerol-based wax Suitably have a free fatty acid con 
tent (“FFA) of less than about 1.0 wt.% and, preferably no 
more than about 0.5 wt.%. 

0026. The wax composition(s) described herein can be 
used to provide candles from triacylglycerol-based materials 
having a melting point and/or solid fat content which imparts 
desirable molding and/or burning characteristics. The Solid 
fat content, as determined at one or more temperatures, can be 
used as a measure of the fluidity properties of a triacylglycerol 
stock. The melting characteristics of the triacylglycerol 
based material may be controlled based on its solid fat index. 
The solid fat index is a measurement of the solid content of a 
triacylglycerol material as a function of temperature, gener 
ally determined at number of temperatures over a range from 
10° C. (50°F) to 40°C. (104°F). Solid fat content (“SFC) 
can be determined by Differential Scanning calorimetry 
(“DSC) using the methods well known to those skilled in the 
art. Fats with lower solid fat contents have a lower viscosity, 
i.e., are more fluid, than their counterparts with high solid fat 
COntentS. 

0027. The melting characteristics of the triacylglycerol 
based material may be controlled based on its solid fat index 
to provide a material with desirable properties for forming a 
candle. Although the Solid fat index is generally determined 
by measurement of the solid content of a triacylglycerol mate 
rial as a function over a range of 5 to 6 temperatures, for 
simplicity triacylglycerol-based materials are often charac 
terized in terms of their solid fat contents at 10° C. (“SFC 
10) and/or 40° C. (“SFC-40). 
0028. One measure for characterizing the average number 
of double bonds present in a triacylglycerol stock which 
includestriacylglycerol molecules with unsaturated fatty acid 
residues is its Iodine Value. The Iodine Value of a triacylglyc 
erol or mixture of triacylglycerols is determined by the Wijs 
method (A.O.C.S. Cd1-25) incorporated herein by reference. 
For example, soybean oil typically has an Iodine Value of 
about 125 to about 135 and a melting point of about 0°C. to 
about -10° C. Hydrogenation of soybean oil to reduce its 
Iodine Value to about 90 increases the melting point of the 
material as evidenced by the increase in its melting point to 
about 10°C. to 20° C. Further hydrogenation can produce a 
material which is a Solid at room temperature and may have a 
melting point of 65° C. or even higher. Typically, the present 
candles are formed from natural oil-based waxes which 
include a triacylglycerol stock having an Iodine Value of 
about 45 to about 60, and more suitably about 45 to about 55, 
and preferably about 50 to 55. The present waxes (including 
the triacylglycerol-based material and other components 
blended therewith) commonly have an Iodine Value of about 
40-55 and, more suitably, about 45 to 55. 
0029 Natural oil feedstocks used to produce the triacylg 
lycerol component in the present candle stock material have 
generally been neutralized and bleached. The triacylglycerol 
stock may have been processed in other ways prior to use, 
e.g., via fractionation, hydrogenation, refining, and/or 
deodorizing. Preferably, the feedstock is a refined, bleached 
triacylglycerol stock. The processed feedstock material may 
be blended with one or more other triacylglycerol feedstocks 
to produce a material having a desired distribution of fatty 
acids, in terms of carbon chain length and degree of unsat 
uration. Typically, the triacylglycerol feedstock material is 
hydrogenated to reduce the overall degree of unsaturation in 
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the material and provide a triacylglycerol material having 
physical properties which are desirable for a candle-making 
base material. 

0030 Hydrogenation may be conducted according to any 
known method for hydrogenating double bond-containing 
compounds such as natural oils. Hydrogenation may be car 
ried out in a batch or in a continuous process and may be 
partial hydrogenation or complete hydrogenation. In a repre 
sentative batch process, a vacuum is pulled on the headspace 
of a stirred reaction vessel and the reaction vessel is charged 
with the material to be hydrogenated. The material is then 
heated to a desired temperature. Typically, the temperature 
ranges from about 50° C. to 350° C., for example, about 100° 
C. to 300° C. or about 150° C. to 250° C. The desired tem 
perature may vary, for example, with hydrogen gas pressure. 
Typically, a higher gas pressure will require a lower tempera 
ture. In a separate container, the hydrogenation catalyst is 
weighed into a mixing vessel and is slurried in a small amount 
of the material to be hydrogenated. When the material to be 
hydrogenated reaches the desired temperature, the slurry of 
hydrogenation catalyst is added to the reaction vessel. Hydro 
gen gas is then pumped into the reaction vessel to achieve a 
desired pressure of H2 gas. Typically, the H gas pressure 
ranges from about 15 to 3000 psig, for example, about 15 psig 
to 90 psig. As the gas pressure increases, more specialized 
high-pressure processing equipment may be required. Under 
these conditions the hydrogenation reaction begins and the 
temperature is allowed to increase to the desired hydrogena 
tion temperature (e.g., about 120° C. to 200° C.) where it is 
maintained by cooling the reaction mass, for example, with 
cooling coils. When the desired degree of hydrogenation is 
reached, the reaction mass is cooled to the desired filtration 
temperature. 

0031. In some embodiments, the natural oil is hydroge 
nated in the presence of a metal catalyst, typically a transition 
metal catalyst, for example, nickel, copper, palladium, plati 
num, molybdenum, iron, ruthenium, osmium, rhodium, or 
iridium catalyst. Combinations of metals may also be used. 
Useful catalyst may be heterogeneous or homogeneous. The 
amount of hydrogenation catalysts is typically selected in 
view of a number of factors including, for example, the type 
of hydrogenation catalyst used, the amount of used, the 
degree of unsaturation in the material to be hydrogenated, the 
desired rate of hydrogenation, the desired degree of hydroge 
nation (e.g., as measure by iodine value (IV)), the purity of the 
reagent, and the H2 gas pressure. 
0032. In some embodiments, the hydrogenation catalyst 
comprises nickel that has been chemically reduced with 
hydrogen to an active state (i.e., reduced nickel) provided on 
a Support. In some embodiments, the Support comprises 
porous silica (e.g., kieselguhr, infusorial, diatomaceous, or 
siliceous earth) or alumina. The catalysts are characterized by 
a high nickel Surface areaper gram of nickel. In some embodi 
ments, the particles of supported nickel catalyst are dispersed 
in a protective medium. In an exemplary embodiment, the 
supported nickel catalyst is provided as a 20-30 weight per 
cent Suspension in a natural oil. 
0033 Commercial examples of supported nickel hydroge 
nation catalysts include those available under the trade des 
ignations “NYSOFACT, “NYSOSEL, and “NI 5248 D 
(from Englehard Corporation, Iselin, N.H.). Additional Sup 
ported nickel hydrogenation catalysts include those commer 
cially available under the trade designations “PRICAT9910, 
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“PRICAT 9920, “PRICAT 99.08”, “PRICAT 9936 (from 
Johnson Matthey Catalysts, Ward Hill, Mass.). 
0034. The present triacylglycerol stock can be produced 
by mixing a partially hydrogenated refined, bleached natural 
oil, such as a refined, bleached soybean oil which has been 
hydrogenated to an IV of about 60-70, with a second oil 
seed-derived material having a higher melting point, e.g., a 
fully hydrogenated palm oil. For example, this type of par 
tially hydrogenated soybean oil can be blended with the fully 
hydrogenated palm oil in a ratio which ranges from about 
70:30 to 90:10, and more preferably about 75:25 to 85:15. As 
will be recognized by one skilled in the art, these numbers are 
merely approximations and depend not only upon the plant 
material from which the triacylglycerol stock is produced but 
also the hydrogenation level of the triacylglycerol stock. The 
triacylglycerol stock produced thereby preferably has the 
characteristics described above and Suitably has a melting 
point of about 50° C. to 57°C., an Iodine Value from about 
40-55 and a 16:0 content from about 15 to 18 wt.%. The 
triacylglycerol stock can be used alone as a wax to form 
candles or additional wax materials can be added to the tria 
cylglycerol stock. 
0035. At times, the triacylglycerol component of the wax 
can also be mixed with a minor amount of a free fatty acid 
component to achieve desired characteristics, such as melting 
point. When present, the free fatty acid is present in minimal 
amounts, preferably less than about 10 wt.% and more pref 
erably no more than about 1 wt.%. The free fatty acid com 
ponent is often derived from Saponification of a natural-oil 
based material and commonly includes a mixture of two or 
more fatty acids. For example, the fatty acid component may 
Suitably include palmitic acid and/or Stearic acid, e.g., where 
at least about 90 wt.% of the fatty acid which makes up the 
fatty acid component is palmitic acid, Stearic acidora mixture 
thereof. In general, the higher the ratio of the hydrogenated oil 
to the fatty acid, the softer the product. A higher percentage of 
fatty acid generally produces a harder product. However, too 
high a level of a free fatty acid, Such as palmitic acid, in the 
wax can lead to cracking or breaking. 
0036. As previously stated, the triacylglycerol stock is 
well Suited for use as a candle wax, particularly for container 
candles. The triacylglycerol stock described herein not only 
has the melting point and hardness desirable in container 
candle waxes, the present triacylglycerol wax also has the 
proper Surface adhesion characteristics So the wax does not 
pull away from the container when cooled. Additionally, the 
present triacylglycerol stock provides a consistent, even 
appearance when resolidified and does not exhibit undesir 
able mottling in the candle which results from uneven wax 
crystallization. 
0037. In some embodiments, the natural oil based wax 
compositions may also include those described in commonly 
assigned U.S. Pat. Nos. 6,503.285; 6,645,261; 6,770,104; 
6,773,469; 6,797,020; 7,128,766; 7,192.457; 7,217,301; 
7.462,205; 7,637,968; 7,833,294; 8,021,443; 8,202,329; and 
U.S. Patent Application 20110219667, the disclosures of 
which are incorporated herein by reference in their entireties. 

Additives to the Wax Composition 
0038. In certain embodiments, the wax composition may 
comprise at least one additive selected from the group con 
sisting of wax-fusion enhancing additives, coloring agents, 
scenting agents, migration inhibitors, free fatty acids, Surfac 
tants, co-surfactants, emulsifiers, additional optimal wax 
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ingredients, and combinations thereof. In certain embodi 
ments, the additive(s) may comprise upwards of approxi 
mately 30 percent by weight, upwards of approximately 5 
percent by weight, or upwards of approximately 0.1 percent 
by weight of the wax composition. 
0039. In certain embodiments, the wax composition can 
incorporate a wax-fusion enhancing type of additive selected 
from the group consisting of benzyl benzoate, dimethyl 
phthalate, dimethyl adipate, isobornyl acetate, cellulose 
acetate, glucose pentaacetate, pentaerythritol tetraacetate, tri 
methyl-s-trioxane, N-methylpyrrolidone, polyethylene gly 
cols and mixtures thereof. In certain embodiments, the wax 
composition comprises between approximately 0.1 percent 
by weight and approximately 5 percent by weight of a wax 
fusion enhancing type of additive. 
0040. In certain embodiments, one or more dyes or pig 
ments (herein “coloring agents') may be added to the wax 
composition to provide the desired hue to the candle. In 
certain embodiments, the wax composition comprises 
between about approximately 0.001 percent by weight and 
approximately 2 percent by weight of the coloring agent. If a 
pigment is employed for the coloring agent, it is typically an 
organic toner in the form of a fine powder Suspended in a 
liquid medium, Such as a mineral oil. It may be advantageous 
to use a pigment that is in the form offine particles Suspended 
in a natural oil, e.g., a vegetable oil Such as palm or soybean 
oil. The pigment is typically a finely ground, organic toner so 
that the wick of a candle formed eventually from pigment 
covered wax particles does not clog as the wax is burned. 
Pigments, even in finely ground toner forms, are generally in 
colloidal Suspension in a carrier. 
0041) A variety of pigments and dyes suitable for candle 
making are listed in U.S. Pat. No. 4,614.625, the disclosure of 
which is herein incorporated by reference in its entirety. In 
certain embodiments, the carrier for use with organic dyes is 
an organic solvent, such as a relatively low molecular weight, 
aromatic hydrocarbon Solvent (e.g., toluene and Xylene). 
0042. In other embodiments, one or more perfumes, fra 
grances, essences, or other aromatic oils (herein 'scenting 
agents') may be added to the wax composition to provide the 
desired odor to the wax composition. In certain embodiments, 
the wax composition comprises between about approxi 
mately 1 percent by weight and approximately 15 percent by 
weight of the scenting agent. The coloring and scenting 
agents generally may also include liquid carriers that vary 
depending upon the type of color- or scent-imparting ingre 
dient employed. In certain embodiments, the use of liquid 
organic carriers with coloring and scenting agents is preferred 
because such carriers are compatible with petroleum-based 
waxes and related organic materials. As a result, Such color 
ing and scenting agents tend to be readily absorbed into the 
wax composition material. 
0043. In certain embodiments, the scenting agent may be 
an air freshener, an insect repellent, or mixture thereof. In 
certain embodiments, the air freshener scenting agent is a 
liquid fragrance comprising one or more Volatile organic 
compounds, including those commercially available from 
perfumery Suppliers such as: IFF, Firmenich Inc., Takasago 
Inc., Belmay, Symrise Inc, Noville Inc., Quest Co., and 
Givaudan-Roure Corp. Most conventional fragrance materi 
als are volatile essential oils. The fragrance can be a syntheti 
cally formed material, or a naturally derived oil such as oil of 
bergamot, bitter orange, lemon, mandarin, caraway, cedar 
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leaf clove leaf, cedar wood, geranium, lavender, orange, 
origanum, petitgrain, white cedar, patchouli, lavandin, neroli, 
rose, and the like. 
0044. In other embodiments, the scenting agent may be 
selected from a wide variety of chemicals such as aldehydes, 
ketones, esters, alcohols, terpenes, and the like. The scenting 
agent can be relatively simple in composition, or can be a 
complex mixture of natural and synthetic chemical compo 
nents. A typical scented oil can comprise woody/earthy bases 
containing exotic constituents such as Sandalwood oil, civet, 
patchouli oil, and the like. A scented oil can have a light floral 
fragrance, Such as rose extract or violet extract. Scented oil 
also can be formulated to provide desirable fruity odors, such 
as lime, lemon, or orange. 
0045. In yet other embodiments, the scenting agent can 
comprise a synthetic type of fragrance composition either 
alone or in combination with natural oils such as described in 
U.S. Pat. Nos. 4,314.915; 4,411,829; and 4,434,306; incor 
porated herein by reference in their entirety. Other artificial 
liquid fragrances include geraniol, geranyl acetate, eugenol, 
isoeugenol, linalool, linallyl acetate, phenethyl alcohol, 
methyl ethylketone, methylionone, isobornyl acetate, and the 
like. The scenting agent can also be a liquid formulation 
containing an insect repellent Such as citronellal, or a thera 
peutic agent such as eucalyptus or menthol. 
0046. In certain embodiments, a “migration inhibitor 
additive may be included in the wax composition to decrease 
the tendency of colorants, fragrance components, and/or 
other components of the wax from migrating to the outer 
Surface of a candle. In certain embodiments, the migration 
inhibitor is a polymerized alpha olefin. In certain embodi 
ments, the polymerized alpha olefin has at least 10 carbon 
atoms. In another embodiment, the polymerized alpha olefin 
has between 10 and 25 carbonatoms. One suitable example of 
Such a polymer is a hyper-branched alpha olefin polymer Sold 
under the trade name Vybar R 103 polymer (mp 168°F. (circa 
76° C.); commercially available from Baker-Petrolite, Sug 
arland, Tex., USA). 
0047. In certain embodiments, the inclusion of sorbitan 
triesters, such as Sorbitan tristearate and/or Sorbitan tripalmi 
tate, and related sorbitan triesters formed from mixtures of 
fully hydrogenated fatty acids, and/or polysorbate triesters or 
monoesters such as polysorbate tristearate and/or polysorbate 
tripalmitate and related polysorbates formed from mixtures 
of fully hydrogenated fatty acids and/or polysorbate 
monostearate and/or polysorbate monopalmitate and related 
polysorbates formed from mixtures of fully hydrogenated 
fatty acids in the wax composition may also decrease the 
propensity of colorants, fragrance components, and/or other 
components of the wax from migrating to the candle Surface. 
The inclusion of either of these types of migration inhibitors 
can also enhance the flexibility of the wax composition and 
decrease its chances of cracking during the cooling processes 
that occur in candle formation and after extinguishing the 
flame of a burning candle. 
0048. In certain embodiments, the wax composition may 
include between approximately 0.1 percent by weight and 
approximately 5.0 percent by weight of a migration inhibitor 
(such as a polymerized alpha olefin). In another embodiment, 
the wax composition may include between approximately 0.1 
percent by weight and approximately 2.0 percent by weight of 
a migration inhibitor. 
0049. In another embodiment, the wax composition may 
include an additional optimal wax ingredient, including with 
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out limitation, creature waxes such as beeswax, lanolin, shel 
lac wax, Chinese insect wax, and spermaceti, Various types of 
plant waxes such as carnauba, candelila, Japan wax, ouricury 
wax, rice-bran wax, jojoba wax, castor wax, bayberry wax, 
Sugarcane wax, and maize wax), and synthetic waxes such as 
polyethylene wax, Fischer-Tropsch wax, chlorinated naph 
thalene wax, chemically modified wax, substituted amide 
wax, montan wax, alpha olefins and polymerized alpha olefin 
wax. In certain embodiments, the wax composition may 
include upward of approximately 25 percent by weight, 
upward of approximately 10 percent by weight, or upward of 
approximately 1 percent by weight of the additional optimal 
wax ingredient. 
0050. In certain embodiments, the wax composition may 
include a surfactant. In certain embodiments, the wax com 
position may include upward of approximately 25 percent by 
weight of a Surfactant, upward of approximately 10 percent 
by weight, or upward of approximately 1 percent by weight of 
a Surfactant. A non-limiting listing of Surfactants includes: 
polyoxyethylene sorbitan trioleate, such as Tween 85, com 
mercially available from Acros Organics; polyoxyethylene 
Sorbitan monooleate, Such as Tween 80, commercially avail 
able from Acros Organics and Uniqema; Sorbitan tristearate, 
such as DurTan 65, commercially available from Loders 
Croklann, Grindsted STS 30 K commercially available from 
Danisco, and Tween 65 commercially available from Acros 
Organics and Uniqema; Sorbitan monostearate. Such as 
Tween 60 commercially available from Acros Organics and 
Uniqema, DurTan 60 commercially available from Loders 
Croklann, and Grindsted SMS, commercially available from 
Danisco; Polyoxyehtylene Sorbitan monopalmitate. Such as 
Tween 40, commercially available from Acros Organics and 
Uniqema; and polyoxyethylene Sorbitan monolaurate. Such 
as Tween 20, commercially available from Acros Organics 
and Uniqema. 
0051. In additional embodiments, an additional surfactant 
(i.e., a “co-surfactant') may be added in order to improve the 
microstructure (texture) and/or stability (shelf life) of emul 
sified wax compositions. In certain embodiments, the wax 
composition may include upward of approximately 5 percent 
by weight of a co-surfactant. In another embodiment, the wax 
composition may include upward of approximately 0.1 per 
cent by weight of a co-surfactant. 
0052. In certain embodiments, the wax composition may 
include an emulsifier. Emulsifiers for waxes are commonly 
synthesized using a base-catalyzed process, after which the 
emulsifiers may be neutralized. In certain embodiments, the 
emulsifier may be neutralized by adding organic acids, inor 
ganic acids, or combinations thereof to the emulsifier. Non 
limiting examples of organic and inorganic neutralization 
acids include: citric acid, phosphoric acid, hydrochloric acid, 
nitric acid, Sulfuric acid, lactic acid, oxalic acid, carboxylic 
acid, as well as other phosphates, nitrates, sulfates, chlorides, 
iodides, nitrides, and combinations thereof. 

Candle Formation and Burn Rates 

0053 Burning a candle involves a process that imposes 
rather stringent requirements upon the candle body material 
in order to be able to maintain a flame, avoid surface pool 
ignition, and keeping the flame at a height that will not be a 
safety risk. When a candle is burned, the heat of the candle's 
flame melts a small pool of the candle body material (base 
material) around the base of the exposed portion of the wick. 
This molten material is then drawn up through and along the 
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wick by capillary action to fuel the flame. Typically, the 
candle wick is anchored in the middle of the bottom end of the 
container in which the natural oil based wax (as described 
herein) is poured. The wick may also be inserted into either 
the hot liquefied wax, the cool liquefied wax or into the 
solidified wax. Candle wicks usable in the present candles 
include standard wicks used for conventional candles. Such 
wicks can be made of braided cotton and may have a metal or 
paper core. Since most container candles tend to have rela 
tively large widths, larger wicks are preferred to provide an 
ideal melt pool. 
0054 Generally, the candle should liquefy at or below 
temperatures to which the candle's material can be raised by 
radiant heat from the candle flame. If too high a temperature 
is required to melt the body material, the flame will be starved 
because insufficient fuel will be drawn up through the wick, 
resulting in the flame being too small to maintain itself. On 
the other hand, if the candle's melting temperature is too low, 
the wax can be drawn up the wick faster, thus causing a high 
flame or, in an extreme case, the entire candle body will melt, 
dropping the wick into a pool of molten body material, with 
the potential that the surface of the pool could ignite. Addi 
tionally, in order to meet the Stringent requirements upon the 
candle body material, when molten, the material should have 
a relatively low viscosity to ensure that the molten material 
will be capable of being drawn up through the wick by cap 
illary action. Additional desired features may place still fur 
ther demands on these already stringent requirements. For 
example, it is generally desirable that the candle body mate 
rial burn with a flame that is both luminous and smokeless, 
and that the odors produced by its combustion should not be 
unpleasant. 
0055 Candles with excellent performance properties can 
be produced by heating a natural oil based wax (as described 
herein) to a temperature above the melting point of the wax to 
form a hot liquefied wax, cooling the hot liquefied wax to a 
temperature to a pour temperature below the melting point of 
the wax but above the congeal point of the wax to form a cool 
liquefied wax, introducing the cooled liquefied wax into a 
designated container and Subsequently cooling the wax in the 
container to a temperature below its congeal point, thereby 
solidifying the wax. Preferably, the hot liquefied wax is 
cooled to about 10 to 15° C. below the melting point of the 
wax to provide the cool liquefied wax. 
0056. As stated above, the wax can include several 
optional ingredients. When colorants are used they are pref 
erably added to the hot liquefied wax due to their stability. 
Alternatively, the colorant can be added at almost any stage of 
the process, and, indeed, the wax can be previously colored 
wax can be used in the present method. As most fragrances are 
Volatile, it commonly is preferable to add fragrance oil(s) to 
the wax at as low a temperature as possible as is practicable, 
Such as adding the fragrance to the cool liquefied wax at its 
pour temperature. However, as the temperatures required to 
melt triacylglycerol based waxes are not as high as those 
required for conventional waxes, fragrance can be added ear 
lier in the process. Such as to the hot liquefied wax, and the 
fragrance can even be incorporated into the wax even prior to 
the candleforming method. Generally, this method is not well 
Suited to wax compositions which contain migration inhibi 
tors because the migration inhibitors tend to increase the 
congeal point of the wax to about the same temperature as the 
melting point of the wax. 
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0057 The burn rate and flame height of a candle is influ 
enced by the capillary flow rate, capillary flow volume and/or 
functional surface area of the wick, as further described 
below. The burn rate of a candle is defined as the velocity of 
combustion of a candle, or the amount of wax consumed by 
the candle wick over a fixed period of time, described in 
ounces/hour or grams/hour. This value is computed by weigh 
ing the initial mass of a given candle, burning the candle, 
re-weighing the remaining mass and dividing the difference 
in mass by the precise burn time. In the alternative, the burn 
rate of a candle may be referred to as the “rate of consump 
tion' of a candle. 

0058. Many factors affect the burn rate of a candle, such as 
the type and size of the wick. The wick of a candle is instru 
mental in providing the desired amount of light and is also 
instrumental in controlling the burning speed and efficiency 
of the candle. The wick of a candle provides the flame of the 
candle with fuel from the body of the candle. Wicks are made 
in a variety of shapes and sizes and are made out of a variety 
of materials. Considerations in selecting a wick for a candle 
include size, shape including diameter, stiffness, fire resis 
tance, tethering, material, and the material of the candlebody. 
These considerations affect the speed and consistency with 
which the wick and candle will burn. Conventional wicks take 
on a tall, narrow shape similar to rope or string. Rope-like 
wicks are often manufactured in a cylindrical or rectangular 
shape and vary by diameter, density and material. Those 
wicks are generally plaited (i.e. flat braided), square braided, 
or tubular braided. Conventional wicks are placed along or 
near the central, vertical axis of the candle body with the 
candle wax surrounding the wick. In some embodiments, the 
wicks may be PK7 wicks from Wicks Unlimited of Pompano 
Beach, Fla. 
0059. Additional external factors, like the ambient tem 
perature, the absence or presence of drafts, the velocity of the 
airflow and the humidity of the atmosphere, the type of mate 
rial used as the fuel Sources, minor components (fragrances, 
dyes, etc), the shape and size of the candle itself, and whether 
the candle is in a container or free standing can also affect the 
burn rate. In some embodiments, the presence of metals in a 
hydrogenated natural oil. Such as transition metals such as 
nickel, can have an effect on the burn rate of a candle. 
0060 Capillary flow rate or the rate of fuel delivery is 
controlled by the size of capillaries available in a given wick. 
The size of capillaries is the distance between materials that 
are creating capillaries. The material that creates capillaries is 
the individual fibers or filaments within a wick. The distance 
between, or force applied to, these fibers or filaments deter 
mines the size of the capillaries. Therefore, the size of the 
capillaries is primarily dependent upon the Stitch/pick tight 
ness or density of the wick. It is generally known that increas 
ing wick density or Stitch tightness will reduce the flame 
height or burn rate. This is due to the fact that tighterstitches 
reduce the size of the capillaries, thereby restricting or reduc 
ing the capillary flow rate. Conversely, reducing the wick 
density or Stitch tightness will increase the flame height or 
burn rate by increasing the size of the capillaries thereby 
increasing the capillary flow rate. Capillary flow volume is 
controlled by the number of capillaries within a wick. The 
number of capillaries is the amount of Surface area within a 
wick that provides for capillary action. Given the same wick 
size and density, fiber or filament size controls the number of 
capillaries or Surface area available for capillary action. Thus, 
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the smaller the fiber or filament diameter within a wick, the 
more capillaries and the greater the capillary flow Volume and 
Vice versa. 
0061 Functional surface area is the amount of the surface 
area exposed to temperatures which are sufficiently high to 
cause vaporization. Wick size (diameter or width) as well as 
surface contour, will influence the functional surface area of 
the wick. For example, assuming a constant capillary flow 
rate, increasing the wick width or diameter will increase not 
only the capillary flow volume but also the functional surface 
area and thus increase the flame height or burn rate. Further 
more, the same size and density wick with an undulated 
exterior Surface (i.e., a Surface having distinct peaks and 
Valleys) will exhibit a greater functional Surface area and, 
assuming a sufficient capillary flow rate, will produce a 
higher burn rate and flame height as compared to the same 
wick with a relatively smooth exterior surface contour. 
0062. The present method for producing candles is advan 
tageous in that triacylglycerol based candles formed accord 
ing to this method can provide one-pour convenience so that 
second, and Subsequent pours of the wax are not necessarily 
required to fill in a depression left as the wax cools. 
0063 Candles can be produced from the triacylglycerol 
based material using a number of other methods. In one 
common process, the natural oil-based wax is heated to a 
molten state. If other additives such as colorants and/or scent 
ing agents are to be included in the candle formulation, these 
may be added to the molten wax or mixed with natural oil 
based wax prior to heating. The molten wax is then commonly 
solidified around a wick. For example, the molten wax can be 
poured into a mold which includes a wick disposed therein. 
The molten wax is then cooled to solidify the wax in the shape 
of the mold. Depending on the type of candle being produced, 
the candle may be unmolded or used as a candle while still in 
the mold. In certain embodiments, the molten wax is then 
cooled on a typical industrial line to solidify the wax in the 
shape of the mold or container. In some embodiments, an 
industrial line would consist of a conveyor belt, with an auto 
mated filling system that the candles may travel on, and may 
also incorporate the use of fans to speed up the cooling of the 
candles on the line. Depending on the type of candle being 
produced, the candle may be unmolded or used as a candle 
while still in the mold. Where the candle is designed to be 
used in unmolded form, it may also be coated with an outer 
layer of higher melting point material. In some embodiments, 
the aforementioned cooling of the molten wax can be accom 
plished by passing the molten wax through a Swept-Surface 
heat exchanger, as described in U.S. Patent Application No. 
2006/0236593, which is incorporated by reference in its 
entirety. A Suitable Swept-Surface heat exchanger is a com 
mercially available Votator A Unit, described in more detail in 
U.S. Pat. No. 3,011,896, which is incorporated by reference 
in its entirety. 
0064. The candle wax may be fashioned into a variety of 
forms, commonly ranging in size from powdered or ground 
wax particles approximately one-tenth of a millimeter in 
length or diameter to chips, flakes or other pieces of wax 
approximately two centimeters in length or diameter. Where 
designed for use in compression molding of candles, the 
waxy particles are generally spherical, prilled granules hav 
ing an average mean diameter no greater than about one (1) 
millimeter. 

0065 Prilled waxy particles may be formed convention 
ally, by first melting a triacylglycerol-based material, in a vat 
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or similar vessel and then spraying the molten waxy material 
through a nozzle into a cooling chamber. The finely dispersed 
liquid solidifies as it falls through the relatively cooler air in 
the chamber and forms the prilled granules that, to the naked 
eye, appear to be spheroids about the size of grains of sand. 
Once formed, the prilled triacylglycerol-based material can 
be deposited in a container and, optionally, combined with the 
coloring agent and/or scenting agent. 
0066. In some embodiments, the candles generated from 
natural oil based wax compositions as described herein, hav 
ing a high triacylglycerol content from hydrogenated natural 
oils, may comprise nickel that can be difficult to remove, as 
Such nickel is usually in solution or in a finely divided State. 
The nickel content may be as high as 50 ppm, or up to 100 
ppm nickel in Such hydrogenated natural oils. These residual 
traces of nickel often occur in the form of Soap and/or as 
colloidal metal. For various reasons, i.e. to prevent oxidation, 
it is desirable for the nickel content of the hydrogenated 
natural oils to be low, often below 1 ppm nickel. 
0067. Also, the presence of nickel in a hydrogenated natu 

ral oil can have an effect on the burn rate of a candle. In certain 
embodiments, the presence of nickel may affect the colora 
tion and/or burn performance of candles made from the wax 
composition described herein by causing wick clogging, 
irregular flames and/or flame heights, poor fragrance interac 
tions, or combinations of these issues. 
0068 Generally, the reduction of nickel in hydrogenated 
natural oils has been performed through a combination of 
filtration and/or bleaching of the hydrogenated natural oil. In 
Some embodiments, such filtration and/or bleaching of the 
hydrogenated natural oil may reduce the nickel content to 
below 0.5 ppm nickel. Regarding filtration, the nickel content 
in a hydrogenation catalyst may be reduced in the hydroge 
nated product using known filtration techniques. One 
example is using a plate and frame filter Such as those com 
mercially available from Sparkler Filters, Inc., Conroe Tex. In 
another example, the filtration is performed with the assis 
tance of pressure or a vacuum. Other examples of Suitable 
filtering means include filter paper, pressurized filter sieves, 
or microfiltration. Regarding bleaching, clays of high sorp 
tive capacity and catalytic activity have been used for decades 
to adsorb colored pigments (e.g., carotenoids, chlorophyll) 
and colorless impurities (e.g., Soaps, phospholipids) from 
edible and inedible oils, including natural oils. This bleaching 
process serves both cosmetic and chemical stability purposes. 
Thus, bleaching is used to reduce color of certain natural oils, 
for example, whereby very clear, almost water-white natural 
oils are produced that meet with consumer expectations. 
Bleaching also stabilizes the natural oil by removing colored 
and colorless impurities which tend to “destabilize’ the natu 
ral oil, resulting in oils that become rancid or revert to a 
colored State more easily if these impurities are not removed. 
0069. In order to improve filtering performance, a filter aid 
may be used. A filter aid may be added to the hydrogenated 
natural oil directly or it may be applied to the filter, either pre 
or post-bleaching. Representative examples of filtering aids 
include diatomaceous earth, silica, alumina, and carbon. 
Typically, the filtering aid is used in an amount of about 10 
weight % or less, for example, about 5 weight % or less or 
about 1 weight% or less of the hydrogenated natural oil. In 
other embodiments, the hydrogenation catalyst is removed 
using centrifugation followed by decantation of the product. 
0070. In some cases, an additional bleaching step may be 
needed to further reduce the amount of nickel in the hydro 
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genated natural oil. In such a bleaching step, the filtered 
hydrogenated natural oil is mixed with an aqueous solution of 
an organic acid. Such acids function as Scavengers which are 
capable of forming inactive complexes with the metal com 
ponent. Such acids include phosphoric acid, citric acid, eth 
ylene diamine tetraacetic acid (EDTA), or malic acid. Certain 
acids may reduce the performance of the wax composition to 
unacceptable levels (specifically with regards to consumption 
rate and size of the melt pool as well as the color of the wax 
and Smoking times) if their concentrations are too high. Not 
all acids or inorganic complexes will affect candle perfor 
mance in the same way. In certain embodiments, the addition 
of too much phosphoric acid can lead to wick brittleness and 
wick clogging which can result in low consumption rates and 
diminished size of the candle melt pool. In other embodi 
ments, the addition of too much citric acid can lead to unac 
ceptable Smoking times, browning of the wax, and can also 
result in undesirable color changes to the wax over a period of 
months after the candles are poured. Care should be taken to 
control the type and concentration of acids and inorganic 
complexes that are added to neutralize the emulsifier used in 
the candle composition. Ideally, the effective concentration of 
acids and bases in the wax composition should be stoichio 
metrically equal to help avoid burn performance issues. 
0071. Several processes known in the art have been uti 
lized to reduce the amount of nickel in hydrogenated oils, 
including U.S. Pat. Nos. 2.365,045; 2,602,807; 2,650, 931; 
2,654,766: 2,783.260; and 4,857,237; incorporated herein by 
reference in their entireties. 
0072 While the invention as described may have modifi 
cations and alternative forms, various embodiments thereof 
have been described in detail. It should be understood, how 
ever, that the description herein of these various embodiments 
is not intended to limit the invention, but on the contrary, the 
intention is to cover all modifications, equivalents, and alter 
natives falling within the spirit and scope of the invention as 
defined by the claims. Further, while the invention will also be 
described with reference to the following non-limiting 
examples, it will be understood, of course, that the invention 
is not limited thereto since modifications may be made by 
those skilled in the art, particularly in light of the foregoing 
teachings. 

Examples 

0073. To identify the contribution of an inorganic, transi 
tion metal complex concentration on the burn performance of 
the candles, experiments with wax compositions comprising 
an 80:20 partially hydrogenated soybean oil/fully hydroge 
nated palm oil blend having the same formula, but different 
amounts of inorganic, transition metal complexes, were 
designed and executed. Studies were conducted to evaluate 
the effect of certain transition metal levels, in particular nickel 
levels, as it specifically related to burn rate rate of consump 
tion (ROC) of the candle as the candles were burned. The 
concentration of the nickel species was confirmed by induc 
tively coupled plasma mass spectrometry and the ROC data 
for each wax was completed. 
(0074 The wax composition with a nickel level of >0.5 
ppm was selected and was confirmed by inductively coupled 
plasma mass spectrometry. A sample of this wax was pre 
pared for ROC testing (and not post-filtered) while another 
sample of this wax was post filtered using bleaching clay B80 
and held at 80°C. under vacuum for 15 minutes. The bleach 
ing clay was then filtered using vacuum through a 5 micron 
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filter paper. The nickel level was confirmed for this sample by 
inductively coupled plasma mass spectrometry and the 
sample was prepared for ROC testing. Both sets of candles 
were prepared in 4 ounce glassjars, and both jars were wicked 
with PK7 wicks from Wicks Unlimited, of Pompano Beach, 
Fla. Both candles were burned to completion in 4 hour burn 
rate cycles (in grams/hour). In Table 1 below, the burn rate 
results and nickel levels are shown. 

TABLE 1. 

Burn rates as a function of residual inorganic complex (nickel) 
concentration 

Cycle Cycle Cycle Cycle Cycle Cycle Cycle Nickel 
1 2 3 4 5 6 7 (ppm) 

Post 3.8 4.0 4.0 4.1 3.9 3.8 4.0 O.OS 
Filtered 
Non-Post 3.0 2.8 2.8 2.7 2.7 2.5 2.4 O.69 
Filtered 

0075 Table 1 demonstrates the effects inorganic complex 
concentrations (e.g., nickel) on burn performance of the natu 
ral oil based wax candle composition. The observed con 
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Sumption rates for the non-post filtered compositions were 
significantly lower than those for the post-filtered composi 
tion, which had a nickel concentration of 0.05 ppm. As shown 
in FIG. 1, the post filtered composition tends to burn straight 
across over the seven burn cycles (labeled along the X-axis), 
while the non-post filtered composition tends to have a down 
ward slope over the seven burn cycles. The rates of consump 
tion are shown along the y-axis. 
0076 Table 2 below charts the effect of inorganic complex 
concentrations (e.g., nickel) on burn performance of several 
of the natural oil based wax candle compositions. The com 
positions included both post-filtered compositions and non 
post filtered compositions (some of the non-post filtered.com 
positions were an 80:20 partially hydrogenated soybean oil/ 
fully hydrogenated palm oil blend was taken that had nickel 
levels of 0.5 to 0.7 ppm, and some compositions of the same 
blend were further processed to remove the nickel to lower 
than 0.5 ppm, and some down to 0.05 ppm nickel, and the 
burn rate for that oil blend was found as well). A correlation 
between the burn rate and nickel levels was found. The lower 
the nickel level, the higher the burn rate of the blend, until the 
burn rate is at the maximum for the wicks used. 

TABLE 2 

Burn rates (ROC) as a function of residual inorganic 
complex (nickel) concentration 

ROC Nickel ROC Nickel ROC Nickel ROC Nickel ROC Nickel 

3.0 O.69 3.4 O.35 3.6 O.25 3.7 O.19 3.6 O.13 
3.2 O.67 3.4 O.35 3.6 O.25 3.7 O.19 3.8 O.13 
3.1 O.6S 3.4 O.35 3.6 O.25 3.7 O.19 3.9 O.13 
3.1 O.61 3.4 O.35 3.6 O.24 3.8 O.19 3.7 O.12 
3.2 O54 3.4 O.34 3.6 O.24 3.7 O.19 3.8 O.12 
3.2 O.S3 3.5 O.34 3.6 O.24 3.7 O.19 3.9 O.12 
3.2 O.S3 3.4 O.34 3.6 O.24 3.5 O.19 3.8 O.12 
3.2 O.S3 3.3 O.33 3.7 O.23 3.9 O.18 3.8 O.12 
3.2 OSO 3.2 O.33 3.6 O.23 3.7 O.18 3.9 O.12 
3.2 OSO 3.4 O.33 3.6 O.23 3.6 O.18 3.7 O.11 
3.2 OSO 3.4 O.33 3.6 O.23 3.7 O.18 3.9 O.11 
3.2 O49 3.4 O.33 3.5 O.23 3.8 O.18 3.8 O.11 
3.2 O46 3.5 O.32 3.6 O.23 3.7 O.18 3.8 O.11 
3.4 O42 3.4 O.32 3.7 O.23 3.7 O.18 3.9 O.11 
3.3 O42 3.5 O.32 3.5 O.22 3.8 O.18 3.9 O.10 
3.3 O42 3.5 O.32 3.8 O.22 3.6 O.18 3.8 O.097 
3.2 O42 3.4 O.31 3.6 O.22 3.6 O.18 3.9 O.09 
3.4 O42 3.5 O.31 3.5 O.22 3.6 O.18 3.8 O.09 
3.3 O42 3.4 O.31 3.4 O.22 3.7 O.17 3.9 O.08 
3.2 O41 3.4 O.30 3.7 O.21 3.7 O.17 3.8 O.08 
3.3 0.4 3.5 O.30 3.6 O.21 3.8 O.17 3.9 O.08 
3.3 O40 3.4 O.30 3.8 O.21 3.6 O.17 3.9 O.O7 
3.3 O.39 3.5 O.30 3.7 O.21 3.7 O.17 3.8 O.O6 
3.6 O.39 3.5 O.30 3.6 O.21 3.7 O.17 3.9 O.O6 
3.3 O.39 3.3 O.29 3.7 O.21 3.7 O.17 3.9 O.O6 
3.3 O.38 3.6 O.28 3.7 O.21 3.6 O.17 3.8 O.OS 
3.3 O.38 3.8 O.28 3.5 O.21 3.7 O.17 3.9 O.OS 
3.4 O.38 3.6 O.28 3.6 O.20 3.9 O.17 3.9 O.OS 
3.3 O.38 3.5 O.28 3.6 O.20 3.9 O16 3.9 O.OS 
3.3 0.37 3.4 O.28 3.6 O.20 3.5 O16 3.9 O.OS 
3.4 O.36 3.6 0.27 3.6 O.20 3.8 O16 
3.3 O.36 3.3 0.27 3.7 O.20 3.8 O.15 
3.3 O.36 3.6 0.27 3.6 O.20 3.6 O.15 
3.4 O.36 3.5 0.27 3.6 O.20 3.7 O.15 
3.4 O.36 3.5 O.26 3.5 O.20 3.6 O.15 
3.3 O.36 3.6 O.26 3.7 O.20 3.6 O.15 

3.5 O.26 3.5 O.20 3.7 O.15 
3.5 O.26 3.5 O.20 3.8 O.15 
3.5 O.26 3.5 O.20 3.8 O.15 
3.4 O.26 3.5 O.20 3.9 O.14 

3.6 O.20 3.9 O.14 
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1-21. (canceled) 
22. A method of making a candle, the method comprising: 
providing a mold having a wick disposed therein; 
providing a wax composition, which is in a molten state, 

and comprises a hydrogenated natural oil composition; 
pouring the wax composition into the mold; and 
cooling the wax composition after pouring it into the mold; 
wherein the hydrogenated natural oil composition has a 

nickel content of less than 0.5 ppm, and is formed by a 
process comprising: 
hydrogenating a natural oil in the presence of nickel to 

form a crude hydrogenated natural oil composition 
that comprises nickel; and 

treating the crude hydrogenated natural oil composition 
to reduce the nickel content to a concentration of less 
than 0.5 ppm and to form the hydrogenated natural oil 
composition. 

23. The method of claim 22, wherein the hydrogenated 
natural oil composition comprises at least 50 weight percent 
triacylglycerol components. 

24. The method of claim 22, wherein the hydrogenated 
natural oil composition comprises at least 75 weight percent 
triacylglycerol components. 

25. The method of claim 22, wherein the hydrogenated 
natural oil composition comprises at least 90 weight percent 
triacylglycerol components. 

26. The method of claim 23, wherein the triacylglycerol 
components have a fatty acid composition of from 14 to 25 
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weight percent C16:0 fatty acids, from 45 to 60 weight per 
cent C18:1 fatty acids, and from 20 to 30 weight percent 
C18:0 fatty acids. 

27. The method of claim 23, wherein the triacylglycerol 
components have an iodine value of from 45 to 60. 

28. The method of claim 22, wherein the natural oil is 
selected from the group consisting of canola oil, rapeseed oil, 
coconut oil, corn oil, cottonseed oil, olive oil, palm oil, peanut 
oil, safflower oil, Sesame oil, soybean oil, Sunflower oil, lin 
seed oil, palm kernel oil, tung oil, jatropha oil, mustard oil, 
camelina oil, pennycress oil, castor oil, and mixtures thereof. 

29. The method of claim 26, wherein the natural oil is 
selected from the group consisting of Soybean oil, palm oil, 
and mixtures thereof. 

30. The method of claim 29, wherein the natural oil com 
prises Soybean oil and palm oil, and wherein the weight-to 
weight ratio of Soybean oil to palm oil 

31. The method of claim 22, wherein the treating comprises 
filtering, bleaching, or both filtering and bleaching. 

32. The method of claim 22, wherein the wax composition 
further comprises at least one additive selected from the 
group consisting of wax-fusion enhancing additives, coloring 
agents, scenting agents, migration inhibitors, free fatty acids, 
Surfactants, co-surfactants, emulsifiers, optimal wax ingredi 
ents, and combinations thereof. 

k k k k k 


