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1. 

DESEL FUEL COMPOSITION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of U.S. provisional 
application Ser. No. 61/885,320 filed Oct. 1, 2013, the 
disclosure of which is hereby incorporated in its entirety by 
reference herein. 

TECHNICAL FIELD 

In at least one aspect, the present invention is related to 
Substituent compositions for diesel fuel applications. 

BACKGROUND 

Low-cost conveniently synthesized fuels with diesel-like 
characteristics have been long sought. However, difficulties 
Such as low lubricity, high Volatility and low energy content 
have limited their adoption. The source for such alkanes can 
be natural gas, coal gas, biogas or from partial oxidation of 
chemical waste Such as plastics. 

Oxygenate blends rich in alcohols and aldehydes are 
produced by well-known methods such as the partial oxi 
dation of alkanes. It is desirable to form a product capable 
of being utilized directly in a compression ignition engine 
from these mixtures, rather than undertake the more circu 
itous methanol olefins to gasoline and distillates (MOGD) 
approach for conversion of oxygenates to diesel. Moreover, 
the organic content of Such a fuel product can be produced 
entirely from the blend with sufficient efficiency to be sold 
at a cost less than that of traditional diesel on an energy 
equivalent basis. Large diesel demands and Scarce fuel 
Supplies are typical of stranded areas where associated gas 
is flared so in the case of partial oxidation GTL processes 
this invention meets a critical need to minimize fuel trans 
portation. 

Although lower alcohols such as methanol and ethanol are 
typical of direct partial oxidation of alkanes, neat methanol 
is not a Suitable fuel in compression ignition internal com 
bustion engines as it has a low cetane number, meaning that 
it is difficult to self-ignite under compression and is therefore 
unsuitable for usage in a diesel engine. One solution is to 
react the aldehydes with the alcohols in situ to form acetals 
Such as dimethoxy methane. Dimethoxymethane, synthe 
sized from formaldehyde and methanol, is generally con 
sidered too volatile for use in diesel engines although it has 
Suitable ignition characteristics for compression ignition 
engines. It also possesses unfavorable lubricity characteris 
tics. A solution to this problem is to selectively form acetals 
by reacting alcohols with carbons greater than that of 
ethanol with formaldehyde and higher aldehydes. However, 
there is another significant problem encountered with Such 
acetals. Although the alkoxy groups of formaldehyde dialkyl 
acetals, corresponding to the C, alkanols from which they 
were derived, where n is the carbon number from 2 to 4, 
have been shown to be very diesel like in terms of viscosity, 
cetane number, flash point, and lubricity, they are known to 
form peroxides. (Murphy, M., Safety and Industrial Issues 
Related to the Use of Oxygenates in Diesel Fuel. SAE 
technical paper 1999-01-1473, 1999). Diethoxyethyl acetal, 
commonly known as acetal, is particularly prone to this 
problem. 

Hydroperoxides tend to form at the CH bond adjacent to 
the oxygen of the alkoxy functionality of ethers and acetals. 
These ethers are particularly dangerous on the higher Sub 
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2 
stituted carbons adjacent to the ether (Brown et al. Organic 
Chemistry 5 ed.). For example, diisopropyl ether, having 
tertiary substitution at this carbon site, has a history of 
dangerous explosions whereas dimethyl ether with only 
primary Substitution at this carbon is generally not known 
for forming peroxides. Likewise, as previously mentioned, 
(1.1 diethoxy ethane) is known to possess significant risk for 
peroxide formation. So far this problem has not been 
addressed in regards for a purely oxygenated diesel fuel 
substitute. 

U.S. Pat. No. 2,130,080 (the 080 patent) discloses a 
composition which inhibits the formation of peroxides on 
dialkyl ethers following exposure to atmospheric oxygen. 
The disclosed additive is a carbonyl group Such as a ketone 
or carboxylic acid with aliphatic substituents. The specific 
peroxide inhibitors mentioned are acetone, methyl ethyl 
ketone, or salicylic acid. The 080 patent does not disclose 
the application of these inhibitors to inhibit peroxide for 
mation on a fuel blend. Moreover, the 080 patent fails to 
teach the use of Such compounds to inhibit peroxides on 
acetals. 

U.S. Pat. Pub. No. 2007/0130822 discloses a biofuel 
composition containing dimethoxymethane, however, no 
claim is made of the use of higher acetals. Furthermore, no 
mention is made with regards to the tendency of some of the 
mentioned oxygenates to form dangerous peroxides, nor is 
the addition of additives with substantial antioxidant prop 
erties disclosed. In addition, many of the oxygenate addi 
tives are not readily synthesized from the products that result 
from direct partial oxidation, nor is direct partial oxidation 
mentioned as a source of such oxygenates. 

U.S. Pat. No. 7,615,085 (the 085 patent) discloses a 
mixture of acetals and/or carbonates and/or esters to be 
blended with low sulfur diesel and an antioxidant additive to 
inhibit peroxide formation. The oxygenate disclosed therein 
is a trialkyl substituted carbon in the beta position to a polar 
group Such as OH, aldehyde, ketone, nitro functionality. 
However, the 085 patent does not disclose the use of dialkyl 
acetals higher (in the sense of the number of carbons in the 
aldehyde or ketone) than dimethoxymethane. Furthermore, 
the 085 patent discloses blending of oxygenates at a con 
centration of 500 to 2500 parts per million of fuel (v/v). 
Alcohols and simple dialkyl ethers are not specified as being 
part of the oxygenated blend. Moreover, the 085 patent fails 
to teach that ignition enhancing ability of an additive con 
taining nitro (R-CH NO2, R being an alkyl group of 
tertiary substitution of 2 to 20 carbons) or ketone function 
ality for lower alcohols. Finally, the 085 patent does not 
teach an efficient synthesis of oxygenates or the additive 
synthesized from the materials inherent with direct partial 
oxidation. 
Lower alcohols have traditionally been rendered suitable 

for usage in compression ignition engines when Supple 
mented with ignition enhancers that raise the cetane number 
of Such mixtures. Prior art ignition enhancers for methanol 
include triethyleneglycol dinitrate, octyl nitrate, cyclohexyl 
nitrate, 2-n-butyoxyethyl nitrate, 2-methoxyethyl nitrate, 
and tetrahydrofuryl nitrate. The synthesis of such com 
pounds does not involve materials readily obtained through 
direct partial oxidation. Some prior art ignition enhancers 
for specifically improving ethanol blends include long chain 
polyethylene glycols. These compounds are also not readily 
synthesized from direct partial oxidation products. More 
over, the cost of these specialized compounds has been 
prohibitive for wide scale adoption of methanol as a diesel 
fuel in compression ignition engines. Finally, experience has 
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shown that nitrogen emissions are not substantially 
increased by the usage of Such nitrated compounds. 

Accordingly, there is a need for improved diesel fuels that 
can be economically synthesized and which lack the said 
drawbacks. 

SUMMARY 

The present invention solves one or more problems of the 
prior art by providing in at least on embodiment a diesel fuel 
Substitute composition. The composition includes an alcohol 
having formula (1), an acetal having formula (2) or formula 
(3), and an additive comprising a component selected from 
the group consisting of Cs dialkyl ethers, alkylated phe 
nols, R NO, and combinations thereof where R is a 
aliphatic hydrocarbon with oxygenate functionality in an 
alpha or beta position to NO: 

HOCRRR (1) 

where: 
RRR are each independently H or a C alkyl; 

(2) 
R 

- 8 

R.-- 
O 
YR, 

R8 R (3) O O1 O1 

k-Heig-HR. 
O O 
YR, YR 

wherein: 
R. Rs are each independently hydrogen or C alkyl: 
R. R., are each independently hydrogen, methyl, or ethyl; 
Rs is a C alkyl or another acetal linkage formed from a 

C2-s polyol; 
Ro, Rio, R are each independently C alkyl; and 
n is 0, 1 or 2: 
with the proviso that the total number of carbon atoms in R 

plus Rs is from 1 to 3 and that the total of n plus the 
number of carbon atom in R. plus R, is from 0 to 2. 
Advantageously, the diesel fuel Substitute composition is 
a liquid at standard temperature and pressure and has a 
Cetane number similar to conventional diesel, an inter 
mediate lower heating value (70,000-80,000 Btu/gal), and 
better lubricity than dimethyl ether due to higher acetals. 
In another embodiment, a method of making a diesel fuel 

substituent composition is provided. The method includes a 
step of providing a first mixture of Cs alcohols, Cs 
aldehydes, Cs ketones, and Cs organic acids. Oxygenated 
compounds are separated and/or dehydrated from the first 
mixture to form a second mixture. Cls alcohols are at least 
partially separated from the second mixture to form a third 
mixture. The third mixture includes the Cs alcohols. Cs 
aldehydes and/or Cs ketones and/or Cs alcohols and/or 
Cs polyols are synthesized from a portion of the third 
mixture. A fourth mixture including acetals (e.g., having 
formula 2 and 3) is formed from the third mixture and the 
Cs aldehydes and/or Cs ketones. In a variation, olefins 
can be synthesized via OTO or MTO and directly hydrated 
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4 
to form higher alcohols, which are then react with aldehydes 
and/or ketones to form acetals having formula 2 or 3. Acetals 
are separated from the fourth mixture. An additive is blended 
with the acetals. The additive includes a component selected 
from the group consisting of Cs dialkyl ethers, alkylated 
phenols, R NO, and combinations thereof where R is an 
aliphatic hydrocarbon (e.g., Co alkyl) with oxygenate 
functionality in an alpha or beta position to NO. 

In the embodiments set forth above, alcohols are blended 
with alkyl acetals, and in particular, acetals having formula 
2 and 3. The products of direct partial oxidation of alkanes 
are advantageously utilized with minimal processing in an 
unmodified compression ignition engine. Several safeguards 
are used to inhibit peroxide formation in ether contained 
therein. The first of which is the use of an inert atmosphere 
which prevents lower alcohol vapors from forming a flam 
mable mixture due to their characteristically low flashpoint. 
Peroxides form in the presence of molecular oxygen and the 
substantial absence thereof is an added benefit. The second 
is the use of bases to Suppress the formation of peroxides. 
Although the present mixture is preferably anhydrous, lower 
alcohols, being protic solvents, will disassociate in Solution 
much to the same extent as water. In this capacity, water is 
known to inhibit peroxides. (Murphy, M., Safety and Indus 
trial Issues Related to the Use of Oxygenates in Diesel Fuel. 
SAE technical paper 1999-01-1473, 1999). Finally, the 
problems of both characteristically poor ignition character 
istics of lower alcohols in compression ignition engines and 
peroxide formation are solved by a single compound with 
dual functionality or multiple compounds of singular func 
tionality. Furthermore, these compounds are also conve 
niently synthesized from the oxygenated blend obtained 
through direct partial oxidation of light alkanes in an inno 
Vative process that minimizes costly separations of the 
individual components. Advantageously, the Substitute die 
sel fuel of the present invention is stable while possessing 
Superior Volatility, ignition characteristic, cold start proper 
ties, and energy density making it an excellent choice in a 
compression ignition engine. 

In another embodiment, a system for producing a Substi 
tute diesel blend is provided. The system includes a sepa 
rator for removing the C-C alcohols along with higher 
Volatility components such as acetone and methyl esters of 
acetic and formic acids as well as water and acids from a raw 
blend to form a concentrated blend, the raw blend including 
oxygenates from partial oxidation of hydrocarbon-contain 
ing gases. The concentrated blend includes alcohols, ketones 
and/or aldehydes. The system also includes a station for 
catalyzing the formation of acetal-containing blends from 
the concentrated blend, a station for removing water from 
the acetal-containing blend, a station for adding additional 
alcohols to the acetal-containing blend, and a station blend 
ing adding the ignition enhancer and peroxide inhibitor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 provides a schematic depicting a system for 
making a Substitute diesel fuel composition; and 

FIG. 2 provides a schematic of the system of FIG. 1 
coupled to a system for producing and oxygenate blend. 

DETAILED DESCRIPTION 

Reference will now be made in detail to presently pre 
ferred compositions, embodiments and methods of the pres 
ent invention, which constitute the best modes of practicing 
the invention presently known to the inventors. The Figures 
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are not necessarily to scale. However, it is to be understood 
that the disclosed embodiments are merely exemplary of the 
invention that may be embodied in various and alternative 
forms. Therefore, specific details disclosed herein are not to 
be interpreted as limiting, but merely as a representative 
basis for any aspect of the invention and/or as a represen 
tative basis for teaching one skilled in the art to variously 
employ the present invention. 

Except in the examples, or where otherwise expressly 
indicated, all numerical quantities in this description indi 
cating amounts of material or conditions of reaction and/or 
use are to be understood as modified by the word “about in 
describing the broadest scope of the invention. Practice 
within the numerical limits stated is generally preferred. 
Also, unless expressly stated to the contrary: percent, “parts 
of,” and ratio values are by weight; the description of a 
group or class of materials as Suitable or preferred for a 
given purpose in connection with the invention implies that 
mixtures of any two or more of the members of the group or 
class are equally suitable or preferred; description of con 
stituents in chemical terms refers to the constituents at the 
time of addition to any combination specified in the descrip 
tion, and does not necessarily preclude chemical interactions 
among the constituents of a mixture once mixed; the first 
definition of an acronym or other abbreviation applies to all 
Subsequent uses herein of the same abbreviation and applies 
mutatis mutandis to normal grammatical variations of the 
initially defined abbreviation; and, unless expressly stated to 
the contrary, measurement of a property is determined by the 
same technique as previously or later referenced for the 
same property. 

It is also to be understood that this invention is not limited 
to the specific embodiments and methods described below, 
as specific components and/or conditions may, of course, 
vary. Furthermore, the terminology used herein is used only 
for the purpose of describing particular embodiments of the 
present invention and is not intended to be limiting in any 
way. 

It must also be noted that, as used in the specification and 
the appended claims, the singular form “a,” “an, and “the 
comprise plural referents unless the context clearly indicates 
otherwise. For example, reference to a component in the 
singular is intended to comprise a plurality of components. 
The term “alcohol as used herein refers to C1-5 alcohols 

unless otherwise specifically indicated. 
The term "aldehyde' as used herein refers to C1-5 alde 

hydes unless otherwise specifically indicated. 
The term "ketone' as used herein refers to C1-5 ketones 

unless otherwise specifically indicated. 
The term “organic acid as used herein refers to C1-5 

organic acids unless otherwise specifically indicated. 
The term “carboxylic acid as used herein refers to C1-5 

carboxylic acids unless otherwise specifically indicated. 
Throughout this application where publications are refer 

enced, the disclosures of these publications in their entireties 
are hereby incorporated by reference into this application to 
more fully describe the state of the art to which this 
invention pertains. 
The present invention provides an oxygenated Substitute 

diesel blend, with enhanced safety and performance, and 
method for its synthesis. This synthesis can more efficiently 
be performed at Smaller scales than oxygenates to diesel 
Such that production can occur at the same point as demand. 
Direct partial oxidation of alkanes produces a raw blend of 
oxygenates including alcohols, aldehydes, ketones, and 
acids, as well as water. The blended mixture is subjected to 
separations in order to obtain a product rich in aldehydes and 
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6 
alcohols after which it is reacted in an acid catalyzed process 
to produce a blended acetal mixture. This blend is further 
refined or blended to a large extent and blended with lighter 
alcohols, ethers, and compounds possessing functionality 
for ignition enhancement and peroxide inhibition. Option 
ally, certain aldehydes can be reduced to diols. These 
products are easily derived from reactions of said oxygen 
ates. The obtained product is inexpensively produced and 
can be utilized as a diesel Substitute in a compression 
ignition engine. 

In one embodiment, a diesel fuel Substitute composition is 
provided. The composition includes an alcohol having for 
mula (1), an acetal having formula (2) or formula (3), and an 
additive comprising a component selected from the group 
consisting of Cs dialkyl ethers, alkylated phenols (e.g., 
Substituted or unsubstituted Cephenols), R NO, and com 
binations thereof where R is a aliphatic hydrocarbon (e.g., 
Caliphatic hydrocarbon or Coaliphatic hydrocarbon) 
with oxygenate functionality (e.g., OH, ether (OR), O—, 
and the like) in an alpha or beta position to NO: 

HOCRRR (1) 

where: 
RRR are each independently H or a C alkyl; 

(2) 
Rs 

O1 

R-HR, 
O 
NR, 

R R (3) 
8 O O1 O1 

R-HC9-HR, 
O O n n 

Ro R11 

where: 
R. Rs are each independently hydrogen or C. alkyl; 
R. R., are each independently hydrogen, methyl, or ethyl; 
Rs is a C alkyl or another acetal linkage formed from a 

C2-s polyol; 
R. R. R. are each independently C alkyl: 
n is 0, 1 or 2: 
with the proviso that the total number of carbon atoms in R 

plus Rs is from 0 to 3 and that the total of n plus the 
number of carbon atom in R. plus R, is from 0 to 2. An 
example of an acetal linkage for Rs is: 

1. (CH2). R10 o1 O1 

R-H cis-HR, 
O O a. n 

Ro R11 

where n' is 2 to 5 and R, R-7, Ro, Rio, R are as set forth 
above. 

In a refinement, R NO is described by the following 
formulae: 
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wherein X is an oxygenate functionality; and 
R" is a C- alkyl group. 
In a refinement, the X is a doubly bonded oxygen atom 
(O—), OH, or OR" where R" is a C- alkyl group. It should 
be understood that the carbon to which X is bonded can 
include a hydrogen atom if X is singly bonded or no 
hydrogen atom if X is doubly bonded. 

In a further refinement a carbon in R" as described above 
can be bonded with a nitrate ester ONO functionality or 
another ether functionality with the proviso that at least one 
nitrate ester group ONO is bonded to a carbon in the 
polyether. In a further refinement, this further ether func 
tionality includes a C to C alkyl group 

In a refinement, the alcohol having formula (1) is present 
in an amount from 0.01 to 90 mole percent, the acetal (e.g., 
formula 2 and 3) is present in an amount from 10 to 90 mole 
percent, and the additive is present in an amount 0.01 to 10 
mole percent. In another refinement, the alcohol having 
formula (1) is present in an amount of at least in order of 
increasing preference, 0.01, 1, 2, 5, 10, 20, 25, 30, 40, 50, 60. 
and 70 mole percent. In another refinement, the alcohol 
having formula (1) is present in an amount of at most in 
order of increasing preference, 10, 20, 30, 40, 50, 60, 70, 80, 
and 90 mole percent. In another refinement, the acetal (e.g., 
having formula 2 and 3) is present in an amount of at least 
in order of increasing preference, 25, 30, 40, 50, 60, 70, and 
80 mole percent. In another refinement, the acetal (e.g., 
having formula 2 and 3) is present in an amount of at most 
in order of increasing preference, 10, 20, 30, 40, 50, 60, 70. 
80, and 90 mole percent. In another refinement, the additive 
is present in an amount of at least in order of increasing 
preference, 0.01, 1, 2, 3, 4, 5, 6, 7 and 8 mole percent. In 
another refinement, the additive is present in an amount of 
at most in order of increasing preference, 1, 2, 3, 4, 5, 6, 7, 
8, 9, and 10 mole percent. 

In another embodiment, a method of making a diesel fuel 
substituent composition is provided. The method includes a 
step of providing a first mixture of Cls alcohols (or Ca 
alcohols), Cs aldehydes, Cls ketones, and C1s organic 
acids. Oxygenated compounds are separated and/or dehy 
drated from the first mixture to form a second mixture. Cls 
alcohols or Calcohols are at least partially separated from 
the second mixture to form a third mixture. In a refinement, 
the Cs aldehydes and/or Cs ketones are synthesized by 
oxidation or oxidative dehydrogenation of the Cs alcohols 
in the third mixture. The third mixture includes the Cs 
alcohols. Cls aldehydes and/or Cs ketones and/or Cs 
alcohols and/or C2-s polyols are synthesized from a portion 
of the third mixture. In another refinement, a portion of 
alcohols and polyols for acetal formation are synthesized 
from olefins derived from oxygenate to olefin technology 
using oxygenates in the second and third mixture. In another 
refinement, C-5 aldehydes are synthesized from a hydro 
formylation reaction from the third mixture. 
A fourth mixture including acetals (e.g., having formula 2 

and 3) is formed from the third mixture and the Cs 
aldehydes and/or Cs ketones. In a refinement, the Cs 
aldehydes and/or Cs ketones used to form the acetals are 
synthesized by oxidation or oxidative dehydrogenation of 
the Cs alcohols in the third mixture. In a variation, the 
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8 
acetals are formed from a reaction of Cs or C alcohols 
and glyoxal. In a refinement, the acetal has at least one 
nitrate functionality. Acetals (e.g., having formula 2 and 3) 
are separated from the fourth mixture. An additive is blended 
with the acetals. The additive includes a component selected 
from the group consisting of Cs dialkyl ethers, alkylated 
phenols (e.g., C. phenols), R NO, and combinations 
thereof where R is a aliphatic hydrocarbon with oxygenate 
functionality in an alpha or beta position to NO, as set forth 
above. In a refinement, the additive is a compound Such that 
peroxide inhibition and ignition enhancement occur on a 
same molecule via an Aldol reaction of a nitro-alkane on an 
aldehyde. This nitrogenated compound can be prepared 
from reactions involving the third mixture. In some refine 
ments, a secondary alcohol is formed by full hydrogenation 
of an unsaturated ketone or aldehyde produced by an Aldol 
condensation of an aldehyde and a ketone or a ketone and a 
ketone from the first mixture or the second mixture or the 
third mixture or fourth. In other refinement, a C-s aldehyde 
is derived from an Aldol condensation of two lower alde 
hydes (e.g., Caldehydes from first mixture or the second 
mixture or the third mixture or fourth mixture) followed by 
a dehydration of an Aldol product to an unsaturated alde 
hyde, followed by a selective hydrogenation of a carbon 
carbon double bond. In a refinement, an acetal blend 
includes processed C-2 alcohols and the acetals preferably 
having formula 2 and 3. 
As set forth above, acetals having formula 2 and 3 are 

formed from a reaction of glyoxal and Cs or C alcohols 
from the first or second or third or fourth mixtures. The 
glyoxal can be produced from glycol aldehyde. The glycol 
aldehyde can be produced according via condensation of 
formaldehyde or through hydroformylation of formaldehyde 
with synthesis gas. In a refinement, glycol aldehyde is 
hydrogenated to form ethylene glycol and reacted with 
C-C aldehydes and ketones to produce dioxolane, dioxo 
lane analogs formed by higher aldehydes and ketones, and 
acetals with at least 1 common C linkage 

Direct partial oxidation of natural gas generates a liquid 
oxygenate blend consisting predominately of alcohols, alde 
hydes and water, where methanol and formaldehyde are 
found in the greatest concentrations. In the same process 
higher alcohols and aldehydes, such as those consisting of 
more than 2 carbon atoms (C+), are also produced. 
Examples of these oxygenates include but are not limited to 
ethanol, propanol, acetaldehyde, propionaldehyde, and 
acetone. Smaller concentrations of organic acids are also 
produced in the direct partial oxidation process. 

U.S. Pat. Nos. 7,456,327; 7,578,981; 7,642,293; 7,687, 
669; 7,879,296; 7,910,787; 8,193,254; 8,202,916; and 
8.293,186 provide systems and methods for making the first 
mixture. The entire disclosures of these patents are hereby 
incorporated by reference. In a variation, the first mixture 
(i.e., a blend of partially oxygenated compounds) is formed 
by reacting a hydrocarbon-containing gas with an oxygen 
containing gas to form the second mixture. The hydrocar 
bon-containing gas includes one or more components 
selected from the group consisting of methane, ethane, 
propane, butane, and pentane. In a refinement, the hydro 
carbon-containing gas includes methane and ethane. In a 
refinement, the hydrocarbon-containing gas includes two or 
more components selected from the group consisting of 
methane, ethane, propane, butane, and pentane. In a refine 
ment, the hydrocarbon-containing gas includes three com 
ponents selected from the group consisting of methane, 
ethane, propane, butanes, and pentanes. In a refinement, the 
hydrocarbon-containing gas includes methane, ethane and 
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propane, butane. In another refinement, the hydrocarbon 
containing gas includes at least four components selected 
from the group consisting of methane, ethane, propane, 
butane, and pentane. In another refinement, the hydrocar 
bon-containing gas includes methane, ethane, propane, and 
butane. In still another refinement, the hydrocarbon-contain 
ing gas includes methane, ethane, propane, butane, and 
pentane. In a refinement, the hydrocarbon gas includes 10 to 
100 mole percent methane, 0 to 30 mole percent ethane, 0 to 
10 mole percent propane, 0 to 5 percent butanes (n-butane, 
isobutane), 0 to 2 percent pentanes (n-pentane, neopentane, 
isopentane). In a still another refinement, the hydrocarbon 
gas includes 30 to 80 mole percent methane, 2 to 10 mole 
percent ethane, 0.5 to 5 mole percent propane, 0.1 to 2 
percent butanes (n-butane, isobutane), 0.02 to 1 percent 
pentanes (n-pentane, neopentane, isopentane). In a yet 
another refinement, the hydrocarbon gas includes 50 to 65 
mole percent methane, 3 to 6 mole percent ethane, 0.5 to 2 
mole percent propane, 0.1 to 1 percent butanes (n-butane, 
isobutane), 0.05 to 1 percent pentanes (n-pentane, neopen 
tane, isopentane). In a variation, the blend of partially 
oxygenated compounds (i.e., the first mixture) formed by 
these methods includes acetone, methanol, ethanol, isopro 
panol, formic acid, formaldehyde, and water. In a refine 
ment, the blend of partially oxygenated compounds further 
includes dimethoxymethane, 1.1 dimethoxyethane, methyl 
formate, methyl acetate. In another refinement, the blend of 
partially oxygenated compounds also includes acetic acid or 
esters thereof. Typically, blend of partially oxygenated com 
pounds includes 0 to 10 mole percent acetone, 10 to 60 mole 
percent methanol, 0.5 to 20 mole percent ethanol, 0.0 to 10 
mole percent isopropanol, 1 to 10 mole percent acetic acid, 
0.5 to 5 mole percent formic acid, 1 to 20 mole percent 
formaldehyde, 0 to 3 mole percent dimethoxymethane, 0 to 
3 mole percent 1.1 dimethoxyethane, 0 to 3 mole percent 
methyl formate, 0 to 3 mole percent methyl acetate, and 20 
to 60 mole percent water. In a refinement, the blend of 
partially oxygenated compounds includes 1 to 10 mole 
percent acetone, 10 to 60 mole percent methanol. 1 to 20 
mole percent ethanol, 0.1 to 10 mole percent isopropanol. 1 
to 10 mole percent acetic acid, 0.5 to 5 mole percent formic 
acid, 1 to 20 mole percent formaldehyde, 0 to 3 mole percent 
dimethoxymethane, 0 to 3 mole percent 1.1 dimethoxy 
ethane, 0 to 3 mole percent methyl formate, 0 to 3 mole 
percent methyl acetate, and 20 to 60 mole percent water. In 
another refinement, the blend of partially oxygenated com 
pounds includes 2 to 10 mole percent acetone, 25 to 60 mole 
percent methanol, 1 to 20 mole percent ethanol, 0.1 to 10 
mole percent isopropanol, 1 to 10 mole percent acetic acid, 
0.5 to 5 mole percent formic acid, 1 to 20 mole percent 
formaldehyde, 0 to 3 mole percent dimethoxymethane, 0.02 
to 2 mole percent 1, 1 dimethoxyethane, 0.02 to 2 mole 
percent methyl formate, 0.02 to 2 mole percent methyl 
acetate, and 20 to 60 mole percent water. In still another 
refinement, the blend of partially oxygenated compounds 
includes 3 to 10 mole percent acetone and/or 25 to 60 mole 
percent methanol and/or 1 to 20 mole percent ethanol and/or 
0.1 to 10 mole percent isopropanol and/or 1 to 10 mole 
percent acetic acid and/or 0.5 to 5 mole percent formic acid 
and/or 1 to 20 mole percent formaldehyde and/or 0.02 to 1 
mole percent dimethoxymethane and/or 0.02 to 1 mole 
percent 1.1 dimethoxyethane and/or 0.02 to 1 mole percent 
methyl formate and/or 0.02 to 1 mole percent methyl acetate 
and/or 20 to 60 mole percent water. 

With reference to FIG. 1, a schematic of a system for 
producing a fuel is provided. In a variation, this system is 
used to produce the diesel blend set forth above. In general, 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
the system of this embodiment takes a raw liquid blend of 
alcohols, aldehydes, esters, and ketones and separates out 
lower alcohols (C and C), and in particular methanol. The 
remaining alcohols, aldehydes, and ketones are Subjected to 
acetalization with water being removed. A substitute diesel 
fuel is formed from the resulting products as set forth below. 
System 10 includes separator 12 into which raw liquid blend 
14 is introduced. In a refinement, the raw blend is obtained 
from a partial oxidation process of hydrocarbon-containing 
gases (e.g., methane, propane, n-butane, isobutane, etc.) as 
set forth in U.S. Pat. Nos. 7,456,327: 7,578,981; 7,642,293; 
7,687,669; 7,879,296; 7,910,787; 8,193,254; 8,202,916; and 
8.293,186 the entire disclosures of which are hereby incor 
porated by reference. Typically, liquid blend 14 is obtained 
by partial oxidation of a hydrocarbon-containing gas with 
molecular oxygen (e.g. for air), with or without a catalyst. In 
a particularly useful process a catalyst is not used as set forth 
in U.S. Pat. Nos. 7,456,327: 7,578,981; 7,642,293; 7,687, 
669; 7,879,296; 7,910,787; 8,193,254; 8,202,916; and 
8.293,186. In one example, a hydrocarbon-containing gas 
including Cs hydrocarbons is reacted with an oxygen 
containing gas (e.g., air, OXygen, etc.) 

In separator 12, water and acids 16 are preferentially 
separated from alcohols, aldehydes, and ketones, leaving an 
alcohol and aldehyde enriched blend. Typically, this 
enriched blend includes Cls alcohols and Cls aldehydes. In 
a refinement, the enriched blend includes C alcohols and 
Caldehydes. It is readily recognized that any number of 
separation techniques are useful for obtaining a concentrated 
alcohol and aldehyde blend. Examples of such techniques 
include, but are not limited to, fractional condensation; 
distillation; azeotropic distillation; extractive distillation; 
vacuum distillation; fractional distillation; membrane, liq 
uid-liquid extraction; dehydration over Zeolites, hydroscopic 
polymers, and the like; and combinations thereof. In the 
same or Subsequent step, higher volatility alcohols in the 
C-C range depicted by item number 18 are separated from 
the blend to leave behind concentrated mixture 20 so as to 
reduce the formation of dimethoxy methane (DMM) in 
subsequent steps. Methanol is preferentially substantially 
removed in this step. Typically, concentrated mixture 20 
includes Cls alcohols and Cls aldehydes. In a refinement, 
concentrated mixture 20 includes C. alcohols and Ca 
aldehydes. This separation is performed by similar methods 
as set forth above with the specific examples of useful 
separation techniques being the same. Advantageously, the 
methanol is recovered for Subsequent processing indicated 
by item numbers 22, 23. DMM is typically not desirable for 
use as a fuel when present in high concentrations due to its 
high vapor pressure and lower energy density. Stream 23 
may contain volatile components in addition to methanol 
Such as light ketones (acetone), methyl acetate, and methyl 
formate. These components are well known to be of high 
octane, and may be sold as a synthetic fuel (i.e., a high 
octane mixture) for spark ignition engines in addition to the 
diesel like stream 44. 
The acids recovered in stream 16 may be transformed into 

ketones. C to Cs acids are known to form ketones with 
inorganic oxide catalysts at 300 to 400° C. These ketones 
would have a carbon number one less than the sum of the 
two reacting C-C carboxylic acids with the balance carbon 
going to CO. In the case of formic acid reacting with formic 
acid, formaldehyde would result. These compounds would 
further react to form acetals later in the process. (Carlos, J 
et. al., Catalytic Production of Liquid Transportation Fuels 
2.2.2.3) 
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Concentrated mixture 20 desirably contains less than 1 
mole percent organic acids and less than 5 mole percent 
water, but is rich in higher (i.e., C.) alcohols, aldehydes, 
and ketones. In a refinement, concentrated mixture 20 
includes less than about 1 mole percent water and less than 
0.1 mole percent organic acids and greater than 50 mole 
percent of a mixture of the following: C-C alcohols, C-C, 
aldehydes, and C-C ketones. Concentrated mixture 20 is 
then reacted over an acid catalyst 24. Examples of suitable 
acid catalysts include, but not limited to, Sulfuric acid, 
hydrochloric acid, Sulfonic acid polymer, Zirconium Sul 
phate, and combinations thereof. In a refinement, the reac 
tion with acid catalyst 24 is performed at a temperature from 
about 0 to 300° C. and at pressures from 0 to 100 bargauge 
Such that the alcohols and polyols contained in concentrated 
mixtures 20 and 32 in the presence of aldehydes thereinform 
dialkyl acetals (e.g., having formula 2 and 3). In another 
refinement, acetals such as methyl ethyl acetal that have a 
volatility substantially greater than that of water can be 
synthesized and separated from water by means of reactive 
distillation a depicted by item number 26. 

In a variation of the dialkyl acetal synthesis process set 
forth, it is advantageous to increase the aldehyde fraction so 
as to ensure the conversion of Cls alcohols or C. alcohols 
to acetals (e.g., formula 2 and 3) and to maximize the molar 
acetal fraction of the mixture 20. In this process it is 
desirable to produce a Sufficient quantity of Cs aldehydes 
or Caldehydes to ensure conversion of all higher (i.e., 
C) alcohols to acetals. Dialkoxyacetals of aldehydes with 
increasing carbon number are more diesel like, having 
higher cetane number, lubricity and energy density. There 
are several methods capable of synthesizing these alde 
hydes. In one refinement, formaldehyde is produced by an 
oxidation reaction or a dehydrogenation/oxydehydrogena 
tion reaction. In one variation of the oxidation process, 
methanol, and in particular the methanol previously recov 
ered from stream 18, is reacted with an excess of air at a 
temperature from about 300 to 500° C. over mixed iron/ 
molybdenum oxide catalyst in reactor 30. Item number 32 
depicts the combining of formaldehyde produced in this 
manner with mixture 20 for acetal formation. In a further 
refinement methanol is preferably obtained from a partial 
oxidation process of a hydrocarbon-containing gases (e.g., 
methane, propane, n-butane, isobutane, etc.) as set forth in 
U.S. Pat. Nos. 7,456,327; 7,578,981; 7,642,293; 7,687,669; 
7,879,296; 7,910,787; 8,193,254; 8,202,916; and 8,293,186 
the entire disclosures of which are hereby incorporated by 
reference. In the dehydrogenation type processes, a molar 
excess of methanol is typically reacted with air at 600-650° 
C. over a silver catalyst. C-C aldehydes or C-C alde 
hydes may optionally be formed by similar reactions of the 
corresponding higher alcohol. For example, acetaldehyde 
can be formed from air and ethanol with modified copper 
catalysts at 250-300° C. or from air and ethanol with silver 
catalysts at 0-5 bars or pressure and at 400-600° C. 

In another variation the aldehyde and ketone content of 
mixture 20 is increased as follows. Aldehydes are synthe 
sized by the hydroformylation of olefins with synthesis gas. 
In a refinement, olefins are created by methanol-to-olefins 
(MTO) methods or oxygenates-to-olefins (OTO) methods. 
Traditional MTO processes typically involve an equilibrium 
conversion of methanol to dimethyl ether (DME) followed 
by a reaction over a small pore Zeolite at 1-10 bar. Pure DME 
can also be reacted over Zeolites directly to create olefins. In 
another variation, dehydration of the C-C alcohols forms 
olefins to be used for hydroformylation. In particular, an 
alcohol is synthesized by a hydroformylation reaction of an 
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12 
olefin to an aldehyde followed by a hydrogenation of the 
aldehyde to a primary alcohol. This can also occur in the so 
called oxygenates-to-olefins (OTO) process where oxygen 
ates Such as aldehydes, ketones, and alcohols are reacted 
over similar Small pore Zeolites at similar temperatures and 
pressures to from olefins. Hydroformylation is a reaction of 
synthesis gas comprising H and CO with an unsaturated 
hydrocarbon to create an aldehyde, usually a normal alde 
hyde, of an increased carbon length of +1 as compared to the 
unsaturated hydrocarbon. This homogenous reaction is typi 
cally carried out in the liquid phase with rhodium or cobalt 
catalysts, often with phosphine ligands. (Arpe, Industrial 
Organic Chemistry, 5ed) The synthesis gas is preferably 
obtained through reforming the reject gas of the direct 
partial oxidation process. 

Glycol aldehyde is another aldehyde that can be added to 
mixture 20 to lower the volatility of the corresponding 
acetal. When forming acetals with alcohols, the alcohol 
functionality will contribute to hydrogen bonding and thus 
lower the volatility. Strong base catalyzed self-condensation 
of formaldehyde produces glycol aldehyde. Aldol conden 
sations also produce aldehydes with alcohol functionality. 
The homogenous liquid phase reaction of formaldehyde 

and CO/H at 50-350 bar with cobalt, rhodium, or ruthenium 
with phosphine ligands is known to produce glycol aldehyde 
as well. In a refinement, formaldehyde hydroformylation 
and olefin hydroformylation are carried out in the same 
reactOr. 

If aldehydes are in excess in mixture 20, these previously 
mentioned aldehydes with alcohol functionality produced in 
reactor 30 may be further hydrogenated into polyols such as 
diols. These diols can then be reacted with the aldehydes and 
alcohols present in stream 20 to produce linked acetals. In 
particular, the polyols can be reacted with Caldehydes, 
C. ketones, and Cls dialdehydes. 
As a further processing step, glycol aldehyde may be 

optionally oxidized to glyoxal. This is carried out in reaction 
conditions similar to those which form Cs aldehydes from 
alcohols. Dimethyl acetals of glyoxal are similar to methylal 
in ignition performance and resistance to peroxide formation 
yet have a higher vapor pressure. Furthermore, one mole of 
glyoxal will react with four moles of alcohols such that less 
aldehyde is required in stream 32 for the same effect. 
Similarly, glyoxal can consume excess volatile alcohols 
Such as methanol present in stream 20. 

If aldehydes, especially formaldehyde, are present in 
excess of C-C alcohols or C-C alcohols, it may be 
necessary to increase said alcohol fraction. This is conve 
niently performed by hydrogenation of the C-C aldehydes 
or C-C aldehydes such as those formed via condensation 
or with synthesis gas by the methods set forth above. 
Specifically, the C-5 aldehydes and/or Cs ketones for 
acetal production can be synthesized from alcohols and 
synthesis gas in a homologation reaction which creates 
aldehydes and/or alcohols. The hydrogenation may be per 
formed with standard hydrogenation catalysts in the liquid 
phase or heterogeneously at 0-200 bars. Synthesis gas may 
optionally be a source of hydrogen. As previously stated, if 
the aldehyde contains at least one other aldehyde, ketone, or 
alcohol functionality, the derivative will be a polyol. For 
example, glycol aldehyde will form ethylene glycol follow 
ing hydrogenation. Unsaturated carbon bonds may also be 
optionally hydrogenated in the same reactor. 

After the majority of Calcohols have been converted to 
dialkyl acetals, the acetal-containing blend 28 is separated at 
separator 34 from the water generated in the dialkyl acetal 
synthesis process and disposed of as indicated by item 
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number 36. The acetal rich stream 38 is then mixed with 
additional alcohols 39 (preferentially methanol) not submit 
ted to the acetal synthesis process via stream 32 as well as 
additive compounds 40 derived from the oxygenated mix 
ture at mixing station 41, which increase both the ignition 
properties and inhibit peroxide formation. Acetals, espe 
cially those containing alkyl groups higher than that of 
dimethoxymethane, and ethers containing alkyl groups 
higher than that of dimethyl ether, are known to form 
dangerous peroxides with prolonged exposure to molecular 
O. These peroxides can concentrate and detonate. The 
synthesis of Such additive compounds is as follows. 
A C-C aldehyde or a C-C aldehyde with a carbon 

number greater than or equal to that of acetaldehyde is 
obtained by the previously mentioned methods for obtaining 
an aldehyde directly or derived from the product blend. 
Nitromethane can be synthesized by a reaction of nitric acid 
and C-C alkanes. As these alkanes are the feed to direct 
partial oxidation, nitro alkanes would easily be synthesized 
by materials on hand. A base catalyzed addition similar to an 
Aldol reaction of nitromethane and carbonyl compounds 
produces a nitro alcohol, with the alcohol in the beta position 
to the nitrate group. Being polar and protic, this compound 
can act as an antioxidant for peroxides. 

In a refinement, the alpha or beta hydroxy group on the 
nitro alkanol can undergo an etherification or a trans 
etherification with C, to C diols and/or C, to C dialkyl 
ethers and/or C to C alkanols to produce the corresponding 
ether or poly ether substituent. The reactivity of the mol 
ecule can be increased by further esterifying remaining OH 
groups on said ether or poly ether substituent with nitric 
acid. The nitric acid ester is well known in industry as a 
potent ignition enhancer. Ether and transetherification reac 
tions can proceed as follows. Solid acid and strong acid 
catalysts such as those mentioned for acetalization reactions 
are capable of forming ethers at temperatures from 100 to 
250C and pressures from 50 to 500 psig. Transetherification 
reactions, such as those which exchange alkoxy groups with 
an alcohol can be performed via polymers with acid func 
tionality or heteropoly acid catalysts according to U.S. Pat. 
Nos. 4,321,413, 4,579,980 and 6,730,815. None of these 
patents disclose reacting an organic nitro compound with 
alpha or beta OH functionality. The diol can be obtained 
from afore mentioned synthesis of diols from aldehydes, or 
from bio-derived sources. “Novel Catalysts for Glycol 
Manufacture' by Crabtree et. Al. details typical synthesis of 
diols from Such sources. 

If this compound is further oxidized to the ketone, this 
compound will inhibit peroxides as well. The nitrate group 
is well known to act as an ignition enhancer. Therefore, the 
addition of this compound will provide dual functionality for 
both peroxide inhibition and ignition enhancement. Alter 
natively, the said nitro alcohol compound can be reacted 
with an alcohol and an aldehyde to form the acetal with 
nitrate functionality. Alternatively, the nitro alcohol can be 
dehydrated to a nitro-alkene. Addition of an alcohol over this 
unsaturated bond will form the corresponding nitro-ether 
with excellent ignition enhancing properties. 

Industrially, there are several methods used to oxidize 
secondary alcohols into ketones which could be employed to 
oxidize the secondary alcohol in the beta position to the NO2 
group. Dehydrogenation of 2-butanol is known to occur in 
the liquid phase with Raney nickel or copper chromite and 
in the gas phase at 400-500° C. over a zinc oxide or 
copper-zinc catalyst. (Arpe, Industrial Organic Chemistry, 
5ed) 
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In another refinement, acetone is formed by oxidative 

dehydrogenation of 2-propanol to acetone over silver or 
copper catalysts at 400-600°C. This reaction is analogous to 
the oxydehydrogenation of methanol or ethanol to aldehydes 
described above. (Arpe, Industrial Organic Chemistry, 5ed) 

Another possibility is transferring the hydrogen in the 
nitro alcohol to an aldehyde akin to the production of allyl 
alcohol from acrolein by transferring hydrogen from 2-pro 
panol or 2-butanol to the acrolein forming acetone or methyl 
ethyl ketone. This reaction is carried out over magnesium/ 
Zinc oxide catalysts at 400° C. Finally, the OH group on the 
nitro alcohol might be dehydrated to form an unsaturated 
nitro compound. In a reaction akin to the conversion of 
ethylene to acetaldehyde, an unsaturated carbon-carbon 
bond is oxidized to a from a carboxyl (CO) group over one 
of the carbons. With ethylene to acetaldehyde, this reaction 
is carried out in air at 110-120° C. and 10-20 bar pressure. 
This occurs in the liquid phase of a Cu/PdCl system similar 
to the Wacker-Hoechst oxidation of ethylene to acetalde 
hyde. Again, it is feasible to oxidize both ethylene to 
acetaldehyde for higher acetal production and the nitroalk 
ene to the nitroketone in the same reactor. (Arpe, Industrial 
Organic Chemistry, 5ed) The ketone in the alpha position is 
a byproduct of this reaction. Alternatively, electrochemical 
methods are known to oxidize secondary alcohols to 
ketones. Finally, traditional reagents such as hexavalent 
chromium oxides may also be employed for this purpose. 

Higher dialkyl ethers such as methyl ethyl ether and 
diethyl ether may optionally be added to this blend as 
ignition enhancers and cold start improvers. In a refinement, 
these dialkyl ethers are formed by reaction of the alcohols 
(e.g., methanol and ethanol) formed above. Alcohols do not 
have favorable cold start characteristics which may be 
overcome by the addition of these ethers. Cetane improve 
ment would also result from the usage of dialkyl ethers. 
Convenient ether forming reactions include acid catalyzed 
ether synthesis from alcohols as well as methanol addition 
over an unsaturated carbon-carbon bond. The alcohols 
would be produced in the afore mentioned methods. 
The final product blend 44 therefore presents a higher 

cetane number and lubricity than C alcohols and acetals, 
and is not hampered by the poor ignition characteristics of 
lower alcohols alone (C and C) or the high volatility of 
dimethoxymethane. In a refinement, formation of peroxides 
is limited by the addition of an inhibitor compound which 
also functions as an ignition enhancer. Moreover, the poor 
cold start characteristics of methanol are mitigated. Finally, 
chemicals produced in this manner Such as polyols and 
aldehydes may be utilized for their value as chemicals aside 
from their energy value as a substitute diesel fuel. 

With reference to FIG. 2, a schematic illustration depict 
ing the coupling of the substitute diesel fuel system of FIG. 
1 coupled carbonaceous gas to oxidized products in a 
gas-to-chemicals (GTL) process of U.S. Pat. No. 9.255.051 
is provided. The entire disclosure of U.S. Pat. No. 9.255.051 
is hereby incorporated by reference in its entirety. In a 
refinement, the system of FIG. 1 is coupled to the gas-to 
chemicals system in a continuous fashion. Homogeneous 
direct partial oxidation is performed in a reactor 50 which is 
Supplied with a hydrocarbon-containing gas 52 and an 
oxygen-containing gas 54. In a refinement, the reaction is 
operated at pressures from about 450 to 1250 psia and 
temperatures from about 350 to 450° C. In particular, 
hydrocarbon-containing gas 52 and an oxygen-containing 
gas 54 react in a vessel to form a first product blend which 
is a blend (i.e., a mixture) of partially oxygenated com 
pounds that include formaldehyde. In a refinement, the first 
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product blend and/or output stream 14 include Co alcohols 
and/or Cs aldehydes and/or C-C ketones. In another 
refinement, the first product blend and/or output streams 31, 
32 include an alcohol selected from the group consisting of 
methanol, ethanol, propanols, butanols, pentanols and com 
binations thereof, and/or aldehydes selected from the group 
consisting formaldehyde, acetaldehyde, propionaldehyde 
and/or ketones selected from the group consisting of 
acetone, methyl ethyl ketone, pentanones, and combinations 
thereof. In another refinement, the first product blend and/or 
output streams 31, 32 include an alcohol selected from the 
group consisting of methanol, ethanol, and combinations 
thereof, and aldehyde selected from the group consisting 
formaldehyde, acetaldehyde, and combinations thereof. 
Examples of systems and methods of performing the partial 
oxidation as set forth in U.S. Pat. Nos. 8,293,186; 8,202,916: 
8,193,254; 7,910,787; 7,687,669; 7,642.293; 7.879,296; 
7,456,327; and 7,578,981; the entire disclosures of which 
are hereby incorporated by reference. In a refinement, the 
hydrocarbon-containing gas includes Co alkanes or Cs 
alkanes. In another refinement, the hydrocarbon-containing 
gas includes an alkane selected from the group consisting of 
methane, ethane, propanes, butanes, pentanes and combina 
tions thereof. In another refinement, the hydrocarbon-con 
taining gas includes an alkane selected from the group 
consisting of methane, ethane, and combinations thereof. In 
another refinement, the hydrocarbon-containing gas 
includes a component selected from the group consisting of 
H, CO, CO, N, H.S., H2O, oxygenates, and combinations 
thereof. 

Examples of oxygen containing gas include molecular 
oxygen which may be in the form of concentrated oxygen or 
air. In a refinement, the oxygen-containing gas stream is 
made oxygen rich (e.g., by passing air through a membrane 
to increase oxygen content). The low conversion and selec 
tivity of homogeneous direct partial oxidation requires that 
a recycle loop is utilized to increase the overall carbon 
efficiency. 

Following partial oxidation reaction the reactant stream is 
rapidly cooled in a series of heat exchangers 60 and 62 to 
prevent decomposition of the produced oxygenates. The 
heat energy transferred by exchanger 62 might optionally be 
used to provide energy which may be used in the creation of 
synthesis gas. After cooling the liquids are separated from 
the gas stream as station 64. The gas stream is then Submit 
ted to a separation process for removal of non-hydrocarbon 
fractions at station 66 which may be performed via scrub 
bing, membrane separation, adsorption processes, cryogenic 
separations, or by purging a small gas fraction. If station 66 
is a liquid Scrubbing system, liquid products are sent to a 
flash drum 70 where dissolved gases are removed. Non 
hydrocarbon gases 74 are removed from the recycle loop, 
and the hydrocarbon gases 76 are then recycled to combine 
with fresh methane gas 80 which has been pressurized to the 
pressure of the loop by compressor 82. The stream com 
posed of recycled hydrocarbons plus fresh methane gas is 
pressurized to make up for pressure losses in the recycle 
loop, preheated via the cross exchanger 60 and further by the 
preheater 86, when necessary, to meet the desired reaction 
conditions. 

Liquids generated by the gas-to-chemicals process are 
composed predominantly of alcohols and aldehydes (e.g., 
methanol, ethanol and formaldehyde) as set forth above. The 
raw liquid stream 92 generated by the GTL process is 
generally composed of 50-70% alcohols and 5-20% alde 
hydes 15-30% water. Downstream processing of these liq 
uids may include a number of different synthesis routes to 
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16 
higher-value chemicals and fuels, but simple distillation of 
alcohols from aldehydes is performed in a simple fractional 
distillation column in which alcohols are recovered in the 
distillate and the aqueous aldehyde Solution from the column 
bottoms 
The compositions of the gas streams obtained from sepa 

ration of non-hydrocarbon gases 74 from the recycle loop 
and from degassing the liquid mixture 94 may vary signifi 
cantly depending on the separation methods employed in 
station 66. Stream 94 would be typically be needed to 
regenerate a scrubbing fluid by liberating dissolved gasses 
such as carbon dioxide or carbon monoxide, which would be 
enriched in this stream. Stream 94 is composed predomi 
nantly of lighter hydrocarbons and carbon oxides (e.g., CO) 
which are soluble in the liquid solution, but are vaporized 
when decreasing the pressure. The stream of non-hydrocar 
bon gases 74 and stream 94 are blended to form stream 96, 
which is rich in synthesis gas. 

While exemplary embodiments are described above, it is 
not intended that these embodiments describe all possible 
forms of the invention. Rather, the words used in the 
specification are words of description rather than limitation, 
and it is understood that various changes may be made 
without departing from the spirit and scope of the invention. 
Additionally, the features of various implementing embodi 
ments may be combined to form further embodiments of the 
invention. 

What is claimed is: 
1. A composition comprising: 
an alcohol having formula (1): 

HOCRRR (1) 
where: 
RRR are each independently H or a C alkyl; 
an acetal having formula (2) or formula (3): 

(2) 
R 

- 

R.-- 
O 
YR, 

Rs R (3) O 
O1 O1 

R-HC-HR. 
O O 
YR, YR 

where: 
R. Rs are each independently hydrogen or C alkyl: 
R. R., are each independently hydrogen, methyl, or ethyl; 
Rs is a C alkyl or another acetal linkage formed from a 

C2-s polyol; 
Ro, Rio, R are each independently C. alkyl; 
n is 0, 1 or 2: 
with the proviso that the total number of carbon atoms in 

R. plus Rs is from 0 to 3 and that the total of n plus the 
number of carbon atom in R. plus R, is from 0 to 2; and 

an additive comprising a component selected from the 
group consisting of Cs dialkyl ethers, alkylated phe 
nols, R NO, and combinations thereof where R is a 
aliphatic hydrocarbon with oxygenate functionality in 
an alpha or beta position to NO. 
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2. The composition of claim 1 wherein the additive is an 
ignition enhancer. 

3. The composition of claim 1 wherein the additive is a 
peroxide inhibitor. 

4. The composition of claim 1 wherein: 
the alcohol having formula (1) is present in an amount 

from 0.01 to 90 mole percent: 
the acetal is present in an amount from 10 to 90 mole 

percent; and 
the additive is present in an amount from 0.01 to 10 mole 

percent. 
5. The composition of claim 1 wherein the acetal is 

formed by reacting a polyol with the component selected 
from the group consisting of Caldehydes, C. ketones, 
and C-s dialdehydes. 

6. The composition of claim 1 further comprising metha 
nol. 

7. The composition of claim 1 wherein the oxygenate 
functionality is OH or O— (carbonyl) or OR (ether). 

k k k k k 
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