wo 2011/123793 A1 I 10O 0O 0RO 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /g5 1IN I VAN U000 0O 0O 01
International Bureau S,/ )
43) Int tional Publication Dat \P'/ (10) International Publication Number
nternational Publication Date N5
ey
6 October 2011 (06.10.2011) PCT WO 2011/123793 Al
(51) International Patent Classification: (74) Agents: EDMONDS, Robb D. et al.; Edmonds & Nolte,
CI10L 1/19 (2006.01) C01G 33/00 (2006.01) PC, 16815 Royal Crest Drive, Suite 130, Houston, Texas
. o 77058 (US).
(21) International Application Number:
PCT/US2011/030958 (81) Designated States (unless otherwise indicated, for every
. - kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: . AO, I{T, AU, Ai BA, BB, BG, B}{, BR, BW, BY, BZ.
I April 2011 (01.04.2011) CA., CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(25) Filing Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
L. . HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(26) Publication Language: Enghsh KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(30) Priority Data: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
61/320,408 2 April 2010 (02.04.2010) Us NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(71) Applicants (for all designated States except US): ENVI- TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
ROSOURCE, INC. [US/US]; 1801 Magnolia Street, . o
Liberty, Texas 77575 (US). DARBONNE, Marilyn (le- 84) D.e51gnated. States (unle.ss othemzse .zndzcated, for every
gal representative of the deceased inventor) [US/US]; 644 ]gnMd 01{]; e%j?{naé 5 7 otectzol\rj[gw;z]lzb lg{j ASIiIPgZ(]?F\Z, Sg’
County Road, Liberty, Texas 77575 (US). ZM,ZW’) Furasian (Al\;[ AZ, BY. KG, KZ, MD, RU, TJ,
(72) Inventor: DARBONNE, Don (deceased). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(72) Inventors; and EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(75) Inventors/Applicants (for US orly): AWBREY, Spencer ISJIY/[’ 1\1/,[}% l\gli’l};/[(%g I];JN(CDIQ Pé&}PEIRgMR% :E(’HS\II ? (S}Ié’
S. [US/US]; 720 Rock Bass, Conroe, Texas 77384 (US). GW’ ML, MR. NE S’N :FD :FG) > P e e
DELOACH, John [US/US]; 108 N. Main St., Daisetta, T e ’
Texas 77533 (US). ALEXANDER, Tony [US/US]; 503 Published:

Bobcat Lane, Daisetta, Texas 77533 (US).

with international search report (Art. 21(3))

(54) Title: SYSTEMS AND METHODS FOR PROCESSING GLYCEROL

(57) Abstract: Systems and methods for processing glycerol into one or more useful products are provided. In at least one specitic
embodiment, the method can include decreasing a pH of a mixture comprising glycerol and fatty acids to produce an emulsion
comprising a glycerol-rich portion and a fatty acids-rich portion. At least a portion of the glycerol-rich portion can be reacted with
an acid comprising phosphorus at conditions sufficient to produce a reacted product comprising glycerophosphoric acid, glycerol,
and a portion of the acid.



WO 2011/123793 PCT/US2011/030958

SYSTEMS AND METHODS FOR PROCESSING GLYCEROL
BACKGROUND
Field

[0001] Embodiments described herein generally relate to systems and methods for processing a
glycerol-containing feed. More particularly, such embodiments relate to systems and methods for
processing a glycerol-containing feed into one or more products.

Description of the Related Art

[0002] The level of biodiesel production, an alternative fuel source, has increased significantly in recent
years. A byproduct derived from the biodiesel manufacturing process is glycerol, often referred to as
"waste glycerol,” "crude glycerol," or "raw glycerol.” For every tonne (metric ton) of biodiesel made
from vegetable oil, about 100 kg of thick viscous glycerol is produced as a byproduct. Europe alone
produces around 6.8 billion liters of biodiesel, which generates around 680,000 tonnes of waste glycerol
every year. And the recent and rapid expansion in biodiesel production has resulted in a global
oversupply of waste glycerol.

[0003] Although some of the waste glycerol is purified for pharmaceutical or food applications, the
majority ends up as waste. Waste glycerol is typically incinerated, which is a less than optimal use for a
low cost and readily available byproduct.

[0004] There is a need, therefore, for new systems and methods for processing glycerol into one or more
products.

SUMMARY

[0005] Systems and methods for processing glycerol into one or more products are provided. In at least
one specific embodiment, the method can include decreasing a pH of a mixture comprising glycerol and
fatty acids to produce an emulsion comprising a glycerol-rich portion and a fatty acids-rich portion. At
least a portion of the glycerol-rich portion can be reacted with an acid comprising phosphorus at
conditions sufficient to produce a reacted product comprising glycerophosphoric acid, glycerol, and a
portion of the acid.

[0006] In at least one other specific embodiment, the method can include decreasing a pH of a biodiesel
byproduct comprising fatty acids, glycerol, water, methanol, and one or more inorganic salts to produce
an emulsion comprising a glycerol-rich portion and a fatty acids-rich portion. At least a portion of any
methanol contained in the glycerol-rich portion can be removed to produce a methanol-lean glycerol-rich
portion. At least a portion of the methanol-lean glycerol-rich portion can be reacted with a first acid
comprising phosphorus at conditions sufficient to produce a reacted product comprising
glycerophosphoric acid, glycerol, and a portion of the acid.

[0007] In at least one other specific embodiment, the method can include mixing a biodiesel byproduct
with a sufficient amount of a first acid comprising phosphorus to produce a mixture having a pH of less
than about 5.5. The biodiesel byproduct can include fatty acids, glycerol, water, methanol, one or more

inorganic salts, and water. The mixture can be allowed to separate into a glycerol-rich portion and a fatty
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acids-rich portion. The glycerol-rich portion can be recovered. At least a portion of any methanol
contained in the glycerol-rich portion can be removed to produce a methanol-lean glycerol-rich portion.
At least a portion of the methanol-lean glycerol-rich portion can be reacted with a second acid
comprising phosphorus at conditions sufficient to produce a reacted product comprising
glycerophosphoric acid, glycerol, water, and a portion of the first acid, a portion of the second acid, or
both.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 depicts an illustrative system for processing glycerol, according to one or more
embodiments described.
[0009] Figure 2 depicts another illustrative system for processing glycerol, according to one or more
embodiments described.

DETAILED DESCRIPTION

[0010] Figure 1 depicts an illustrative system 100 for processing glycerol, according to one or more
embodiments. A glycerol-containing feed via line 101 and an acid via line 103 can be introduced to one
or more mixers 105, where the two components can be mixed, blended, contacted, or otherwise combined
together to produce a mixture. The mixture can be allowed to separate within the mixer 105 into two or
more fractions or portions, including a first portion or glycerol-lean portion and a second portion or
glycerol-rich portion.

[0011] As used herein, the terms "glycerol-lean portion” and "fatty acids-rich portion” are used
interchangeably to refer to a mixture or composition that has a greater concentration of fatty acids than
glycerol.  Similarly, the term "glycerol-rich portion" and "fatty acids-lean portion" are used
interchangeably to refer to a mixture or composition that has a greater concentration of glycerol than fatty
acids.

[0012] The mixture can be heated to accelerate the separation of the mixture into the two or more
fractions or portions. For example, the mixture can be heated to a temperature ranging from a low of
about 25°C, about 28°C, or about 30°C to a high of about 35°C, about 38°C, or about 41°C.

[0013] The glycerol-containing feed in line 101 can include, but is not limited to, glycerol,
monoglycerides, diglycerides, methanol, soaps of fatty acids, fatty acids, organic salts, inorganic salts,
water, biodiesel, solids, or any combination thereof. The glycerol-containing feed in line 101 can come
from any source, process, or any number of sources and/or processes. For example, the glycerol-
containing feed in line 101 can be or include a byproduct from the production of biodiesel. In another
example, the glycerol-containing feed can be or include a byproduct from the production of soaps, e.g.,
produced by the saponification of animal fats. In yet another example, the glycerol-containing feed in
line 101 can include glycerol produced from the conversion of epichlorohydrin. In yet another example,
the glycerol-containing feed in line 101 can be or include a byproduct from the refining of cooking and
salad oils. In yet another example, the glycerol containing feed can be or include technical or USP Grade

glycerol.
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[0014] Depending, at least in part, on the source of origin, the glycerol-containing feed in line 101 can
have a pH ranging from a low of about 6, about 6.5, or about 7 to a high of about 9, about 11, or about
13. The glycerol-containing feed in line 101 can have a glycerol concentration ranging from about 1
wt% to about 99 wt%. The particular make-up or composition of the glycerol-containing feed in line 101
can widely vary. For example, in addition to the glycerol, the glycerol-containing feed in line 101 can
also include from about 5 wt% to about 35 wt% methanol, from about 5 wt% to about 25 wt% water,
from about 20 wt% to about 55 wt% fatty acids and/or soaps of fatty acids, from about 0.5 wt% to about
10 wt% inorganic and/or organic salts. The fatty acids can include acyclic and/or aliphatic carboxylic
acids. Such fatty acids can contain any where from & to 22 carbon atoms. With respect to carbon-carbon
bonds, the fatty acids can be saturated, monounsaturated, or polyunsaturated. The organic salts can
include, but are not limited to, sodium, lithium, salts of fatty acids, proteins, or any combination thereof.
The inorganic salts can include, but are not limited to, sodium chloride (NaCl), potassium chloride (KCl),
lithium chloride (LiCl), or any combination thereof. The solids can include, but are not limited to, fats,
carbons, salts of fatty acids, polymers of fatty acids, or any combination thereof.

[0015] The acid in line 103 can be or include one or more phosphorus-containing acids. For example,
the acid in line 103 can be or include one or more phosphoric acids, derivatives thereof, or any
combination thereof. Illustrative phosphoric acids can include, but are not limited to, orthophosphoric
acid (HsPO,), polyphosphoric acids such as pyrophosphoric acid (H4P,0), tripolyphosphoric acid
(HsP30,y), and tetrapolyphosphoric acid (H¢P4O13), metaphosphoric acids such as trimetaphosphoric acid
(H5P;0y) and tetrametaphosphoric acid (H4P4012), or any combination thercof. Tllustrative phosphoric
acid derivatives can include, but are not limited to, aminopolyphosphonic acids such as amino
trimethylene phosphonic acid, ethylene diamine tetramethylene phosphonic acid, methylene
diphosphonic acid, hydroxyethylidene diphosphonic acid, 2-phosphonobutane 1,2,4, tricarboxylic acid,
or any combination thereof. Other suitable phosphorous containing compounds can include, but are not
limited to, phosphorous pentoxide (P4O).

[0016] The acid in line 103 can be introduced to the mixer 105, in an amount sufficient to produce a
mixture therein having a pH of less than about 5.5, less than about 5, less than about 4.5, less than about
4, less than about 3.5, or less than about 3. For example, the pH of the mixture can range from a low of
about 2, about 2.5, or about 3 to a high of about 4, about 4.5, or about 5. The particular amount of acid
and/or the particular acid(s) introduced via line 103 to the mixer 105 can be depend, at least in part, on
the amount of the glycerol and/or fatty acids in the glycerol-containing feed introduced via line 101 to the
mixer 105. The mole ratio of glycerol to acid can range from about 1:2 to about 50:1, from about 10:1 to
about 30:1, from about 5:1 to about 20:1, or from about 10:1 to about 14:1. For example, the mole ratio
of glycerol to acid can be about 20:1, about 15:1, about 10:1, about 5:1, or about 1:1.

[0017] In one or more embodiments, the acid in line 103 can be diluted with water. For example, the
ratio of water to acid can range from about 0.1:1 to about 50:1, about 1:1 to about 30:1, about 2:1 to

about 20:1, about 3:1 to about 10:1, or about 1:1 to about 5:1. In another example, the ratio of water to
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acid can be about 1:1, about 2:1, about 3:1, about 4:1, about 5:1, about 6:1, about 7:1, about 8:1, about
9:1, or about 10:1. The additional water can help reduce and/or prevent the formation of
methylphosphoric acid if the glycerol-containing feed in line 101 includes any methanol.

[0018] Decreasing the pH of the glycerol-containing feed in line 101 by mixing, blending, contacting, or
otherwise combining the one or more acids of line 103 therewith facilitates the separation of the glycerol
from the glycerol-containing feed. The lower pH forms an emulsion of a first layer or "glycerol-lean
portion” and a second layer or "glycerol-rich portion." The first layer can also be referred to as a "fatty
acids-rich portion,"” and can include the fatty acids, soaps of fatty acids, and/or biodiesel from the
glycerol-containing feed. The glycerol-rich portion can include the glycerol, monoglycerides,
diglycerides, methanol, organic salts, inorganic salts, and/or water from the glycerol-containing feed.
[0019] The first portion or glycerol-lean portion via line 107 and the second portion or glycerol-rich
portion via line 109 can be recovered from the mixer 105. The glycerol-rich portion in line 109 can have
a glycerol concentration ranging from a low of about 30 wt%, about 40 wt%, or about 45 wt% to a high
of about 55 wt%, about 60 wt%, about 65 wt%, about 75 wt%, about 85 wt%, about 95 wt%, or about 99
wt%. The glycerol-rich portion in line 109 can have a methanol concentration ranging from a low of
about 1 wt%, about 5 wt%, or about 10 wt% to a high of about 25 wt%, about 35 wt%, or about 45 wt%.
The glycerol-rich portion in line 109 can have a water concentration ranging from a low of about 5 wt%,
about 10 wt%, or about 15 wt% to a high of about 20 wt%, about 35 wt%, or about 40 wt%. The
glycerol-rich portion in line 109 can have a salt concentration ranging from a low of about 0.5 wt%,
about 1 wt%, or about 2 wt% to a high of about 5 wt%, about 10 wt%, or about 15 wt%. The glycerol-
rich portion in line 109 can also include residual or trace amounts of monoglycerides, proteins, amino
acids, and/or gums, for example. The glycerol-rich portion in line 109 can have a fatty acids
concentration of less than about 15 wt%, less than about 10 wt%, less than about 5 wt%, less than about 3
wit%, less than about 1 wt%, or less than about 0.5 wt%.

[0020] The glycerol-rich portion via line 109 can be introduced to a reactor 115. Should the glycerol-
containing feed in line 101 be free of fatty acids and soaps of fatty acids, the glycerol-containing feed can
bypass the mixer 105 and can be introduced directly to the separator/reactor 115. If methanol is present
and it is desirable to remove methanol or at least a portion thereof from the glycerol-rich portion in line
109, the glycerol-rich portion can be heated within the reactor 115 to a temperature ranging from about
65°C to about 95°C. Heating the glycerol-rich portion to a temperature greater than about 65°C or more
can vaporize the methanol, which can be recovered via line 117. Recovering at least a portion of the
methanol, if present, from the glycerol-rich portion in line 109 can produce a methanol-lean glycerol-rich
portion within the reactor 115. If methanol is present in the glycerol-rich portion of line 109, the amount
of methanol removed can produce a methanol-lean glycerol-rich portion within the reactor 115 that
contains less than about 5 wt%, less than about 3 wt%, less than about 2 wt%, about less than 1 wt%
methanol, less than about 0.5 wt%, or less than about 0.1 wt%. In at least one specific embodiment, all

methanol, if present, can be removed from the glycerol-rich portion.
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[0021] After removing at least a portion of the methanol, if present, from the glycerol-rich portion
within the reactor 115 one or more acids via line 111 can be introduced to the reactor 115. The acid in
line 111 can be or include one or more phosphoric acids, derivatives thereof, or any combination thereof,
which can be similar to the acids discussed and described above with reference to the acid in line 103.
The acid of line 111 can react with at least a portion of the glycerol in the glycerol-rich portion of line
109 to produce a reacted product. The reacted product can be recovered via line 119. All or a portion of
the glycerol in the glycerol-rich portion can react with the acid to produce glycerophosphoric acid
products. In at least one specific embodiment, the reaction between the glycerol-rich portion and the acid
can be carried out to only partial completion. In other words, the reacted product in line 119 can include
glycerophosphoric acid, glycerol, free phosphoric acid(s), salt(s) of the phosphoric acid(s), water, organic
salts, inorganic salts, or any combination thereof.

[0022] The amount of acid introduced via line 111 to the reactor 115 can depend, at least in part, on the
amount of glycerol in the glycerol-rich portion introduced via line 109. For example, the mole ratio of
glycerol to acid can range from about 5:1 to about 1:5, from about 2:1 to about 1:2, from about 5:1 to
about 1:1, or from about 4:1 to about 1:2. In at least one specific embodiment, total amount of acid
introduced via both lines 103 and 111 can provide a glycerol to acid ratio of from about 8:1 to about 1:4,
about 6:1 to about 1:3, about 4:1 to about 1:2, about 4:2 to about 1:1.5, or about 4:3 to about 1:1.

[0023] Before, during, and/or after the addition of the acid via line 111 to the reactor 115 the contents of
the reactor can be heated to reduce the amount of water contained therein. The water can also be
recovered via line 117. Removing at least a portion of any water contained in the glycerol-rich portion
and/or the reacted product within the reactor 115 can include heating the contents of the reactor 115 to a
temperature ranging from a low of about 90°C, about 93°C, or about 95°C to a high of about 100°C,
about 105°C, or about 110°C. For example, prior to introducing the acid via line 111 the glycerol-rich
portion within the reactor 115 can be heated to reduce the concentration of water therein. As such, both
methanol and water can be recovered from the reactor via line 117. In another example, prior to
introducing the acid via line 117, but after removing at least a portion of any methanol via line 117 from
the glycerol-rich portion, the glycerol-rich portion within the reactor 115 can be heated to a temperature
of about 90°C to about 110°C to remove at least a portion of any water therein via line 117. In yet
another example, at least a portion of the methanol can be removed via line 117, acid via line 111 can be
introduced to the reactor 115, and the reactor 115 can then be heated to a temperature of about 90°C to
about 110°C to remove at least a portion of any water therein via line 117. The amount of water that can
be removed from the glycerol-rich portion, the methanol-lean glycerol-rich portion, or the reacted
product can produce a mixture having less than about 15 wt%, less than about 12 wt%, less than about 10
wt%, less than about 8 wt%, or less than about 5 wt% water. For example, the water concentration of the
reacted product produced by removing at least a portion of any methanol via line 117 and then

introducing the acid via line 111 can range from about 4 wt% to about 13 wt%.
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[0024] The concentration of glycerophosphoric acid in the reacted product in line 119 can range from a
low of about 1 wt% to a high of about 100 wt%. The concentration glycerol in the reacted product can
range from a low of about 0 wt% to a high of about 50 wt%. The concentration of free phosphoric
acid(s) can range from a low of about 0 wt% to a high of about 50 wt%. The concentration of salt(s) of
the phosphoric acid(s) can range from a low of about 0 wt% to a high of about 50 wt%. The
concentration of water in the reacted product can range from a low of about 0 wt% to a high of about 14
wt%. The concentration of organic and/or inorganic salt(s) can range from a low of about 0 wt% to a
high of about 10 wt%. In at least one embodiment, the reacted product in line 119 can include minor or
residual amounts of methylphosphoric acid. For example, the reacted product in line 119 can include
about 3 wt% or less, about 2 wt% or less, about 1 wt% or less, about 0.5 wt% or less, or about 0.1 wt% or
less methylphosphoric acid. In at least one specific embodiment, the reacted product in line 119 can be
free or substantially free, i.e., less than 1 wt%, of any one or more of glycerol, free phosphoric acid,
salt(s) of the phosphoric acid(s), water, organic and/or inorganic salt(s), and methylphosphoric acid.
[0025] The reacted product in line 119 can also have a pH of less than about 4, less than about 3.5, less
than about 3, less than about 2.5, less than about 2, or less than about 1. The pH of the reacted product
can also range from a low of about 0, about 1.5, or about 2 to a high of about 2.5, about 3, about 3.5, or
about 4.

[0026] The reacted product in line 119, can also have a flash point greater than about 30°C, greater
than about 38°C, greater than about 50°C, greater than about 66°C, or greater than about 93°C and less
than about 300°C, less than about 250°C, or less than about 200°C. For example, the reacted product in
line 119 can have a flash point of about 32°C, about 54°C, about 60°C, about 68°C, about 75°C, or about
95°C. The reacted product in line 119 can also have a freezing point of less than about -25°C, less than
about -50°C, less than about -60°C, or less than about -65°C.

[0027]  The reacted product via line 119 can be recovered as a final product via line 121. The reacted
product via line 119 can be introduced via line 123 to one or more mixers 130. A portion of the reacted
product in line 119 can be recovered as a final product via line 121 and a portion of the reacted product in
line 119 can be introduced via line 123 to the one or more mixers 130.

[0028]  All or a portion of the reacted product in line 119 can be introduced via line 123 and a base
compound via line 125 can be introduced to the mixer 130 to produce a neutralized product therein. In
other words, the pH of the reacted product introduced via line 123 to the mixer 130 can be increased to
produce a neutralized product via line 133. The amount of base or base compound via line 125
introduced to the mixer 130 can be sufficient to produce a "neutralized" produce having a pH ranging
from a low of about 5.5, about 6, or about 6.5 to a high of about 7, about 7.5, or about 8. The neutralized
product can be recovered via line 133 from the mixer 130. In another example, the pH of the reacted
product introduced via line 123 to the mixer 130 can be increased to greater than about 7, greater than
about 8, greater than about 9, greater than about 10, greater than about 11, or greater than about 12. For

example, the pH of the reacted product can be increased to a pH ranging from about 5.5 to about 12,
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about 7 to about 12, about 9 to about 12, about 10 to about 12, or about 8.5 to about 11. As such, a basic
product can also be recovered via line 133 from the mixer 130. The particular base compound or
combination of base compounds and the amount(s) thercof that can be added to the reacted product
within the mixer 130 can depend, at least in part, on the amount of the particular composition or make-up
of the reacted product, i.e., the particular components and the relative amount of those components
contained in the reacted product.

[0029] The base compound in line 125 can be or include any base or combination of two or more
bases. Illustrative bases or base compounds in line 125 can include, but are not limited to, potassium
hydroxide (KOH), sodium hydroxide (NaOH), lithium hydroxide (LiOH), amines, or any combination
thereof. Amines can include, but are not limited to, alkanolamines, polyamines, aromatic amines, and
any combination thereof. Illustrative alkanolamines can include, but are not limited to,
monoethanolamine ("MEA"), diethanolamine ("DEA"), triethanolamine ("TEA"), or any combination
thereof. Illustrative aromatic amines can include, but are not limited to, benzyl amine, aniline, ortho
toludine, meta toludine, para toludine, n-methyl aniline, N-N'-dimethyl aniline, di- and tri-phenyl amines,
1-naphthylamine, 2-naphthylamine, 4-aminophenol, 3-aminophenol and 2-aminophenol. Illustrative
polyamines can include, but are not limited to, diethylenetriamine ("DETA"), triethylenetetramine
("TETA"™), tetracthylenepentamine ("TEPA") 1,3-propanediamine, 1,4-butanediamine, polyamidoamines,
and polyethylenimines.

[0030] Figure 2 depicts another illustrative system 200 for processing glycerol, according to one or
more embodiments. The system 200 can be similar to the system 100 discussed and described above
with reference to Figure 1. As discussed above, the glycerol-containing feed via line 101 and the acid via
line 103 can be introduced to the one or more mixers 105, where the two components can be mixed,
blended, contacted, or otherwise combined together to produce a mixture and separated into at least two
fractions or portions. From the mixer 105, the first portion or glycerol-lean portion via line 107 and the
glycerol-rich portion via line 109 can be recovered from the mixer 105. The glycerol-rich portion via
line 109 can be introduced to the reactor 115 and methanol and/or water via line 117 can b e removed
therefrom. The acid via line 111 can be introduced to the reactor 115 to produce the reacted produce
therein, which can be as discussed and described above with reference to Figure 1.

[0031] The reactor 115 in the system 200 can further include one or more additional lines in fluid
communication therewith (two are shown 203, 205). One or more oxidants via line 203 can be
introduced to the reactor 115. One or more catalysts via line 205 can be introduced to the reactor 115. In
still another example, both one or more oxidants via line 203 and one or more catalysts via line 205 can
be introduced to the reactor 115. The oxidant and/or the catalyst can react with the reacted product at
conditions sufficient to produce an oxidized product via line 219.

[0032] The one or more oxidants in line 203 can include, but are not limited to, hydrogen peroxide
(H,0,), oxygen (0O,), ozone (O3), oxygen-containing gases, e.g., air, sodium permanganate, potassium

permanganate, sodium persulfate, potassium persulfate, magnesium peroxide, calcium peroxide, sodium

-7 -



WO 2011/123793 PCT/US2011/030958

percarbonate, or any combination thereof. The amount of oxidant introduced via line 203 to the reactor
115 can vary. The amount of oxidant introduced via line 203 to the reactor 115 can be sufficient to at
least partially oxidize the glycerophosphoric acid to produce phosphoglyceric acid. In at least one
specific embodiment, the amount of oxidant introduced via line 203 to the reactor 115 can be less than
the amount required for complete oxidation of the reacted product therein. In other words, the oxidized
product in line 219 can be a partially oxidized product. The amount of oxidant introduced via line 203
can depend, at least in part, on the amount of the glycerol-rich portion introduced via line 109 to the
reactor 115 and/or the particular composition or make-up of the reacted product produced by reacting the
glycerol-rich portion with the one or more acids introduced via line 111. The particular composition or
make-up of the glycerol-rich portion and/or the reacted product can include the particular components
and the relative amount of those components contained therein. The amount of oxidant introduced via
line 203, based on the number of moles oxidant per mole of glycerophosphoric acid, can range from a
low of about 0.1, about 0.5, or about 1 to a high of about 1.5, about 2, about 2.5, or about 3.

[0033] In at least one specific embodiment, the one or more catalysts via line 205 can be introduced to
the reactor 115, in addition to or in lieu of the oxidant via line 203, to produce the oxidized or partially
oxidized product via line 219. For example, hydrogen peroxide via line 203 and a catalyst, e.g., ferrous
sulfate, via line 205 can be introduced to the reactor 115. Other catalysts via line 205 that can be used in
lieu of or in addition to the oxidant in line 203 can include, but are not limited to, carbon supported
platinum, carbon supported palladium, silicates, aluminophosphates, or any combination thereof.

[0034] The glycerol-rich portion via line 109, acid via line 111, oxidant via line 203, and/or the catalyst
via line 205 can be introduced to the reactor 115 in any order or sequence. For example, the glycerol-rich
portion via line 109 and the acid via line 111 can be mixed and reacted within the reactor 115 to produce
the reacted product therein. After producing the reacted product the oxidant via line 203 and/or the
catalyst via line 205 can be introduced to the reactor 115 to produce the oxidized product therein. In
another example, the glycerol-rich portion via line 109, the acid via line 111, and the oxidant via line 203
can be introduced to the reactor 115 at the same or substantially the same time and mixed and reacted
together with in the reactor 115 to produce the oxidized product therein. In another example, the oxidant
via line 203 and/or the catalyst via line 205 can be introduced to the reactor 115 and mixed with the
glycerol-rich portion prior to removal of any methanol that can be contained in the glycerol-rich portion
and the addition of the acid via line 111.

[0035] In at least one specific embodiment, at least a portion of the glycerol-rich portion and acid and/or
the reacted product can react with the oxidant, the catalysts, or both, at conditions sufficient to produce
the oxidized product via line 219 that can include, but is not limited to, carboxylic acids, hydroxyl
carboxylic acids, dicarboxylic acids, phosphoglyceric acid, glycerophosphoric acid, free glycerol, free
phosphoric acid, water, glyceric acid, oxalic acid, glycolic acid, formic acid, glyceraldehydes,
hydroxypyruvic acid, tartronic acid, derivatives thereof, or any combination thereof. In one or more

embodiments, at least a portion of the methanol, if present, can react with the oxidant at conditions
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sufficient to produce formic acid. Suitable conditions include a temperature of about 70°C or less, about
65°C or less, about 60°C or less, or about 55°C or less. For example, the reaction temperatures can range
from a low of about 0°C, 15°C, or 20°C to a high of about 50°C, 65°C, or 75°C, although higher
temperatures are envisaged.

[0036] The particular makeup or composition of the oxidized product in line 219 can widely vary. The
oxidized product in line 219 can have a concentration of phosphoglyceric acid ranging from a low of
about 1 wt% to a high of about 100 wt%. The oxidized product in line 219 can have a concentration of
glycerophosphoric acid ranging from a low of about 1 wt% to a high of about 50 wt%. The oxidized
product in line 219 can have a concentration of free glycerol ranging from a low of about 1 wt% to a high
of about 50 wt%. The oxidized product in line 219 can have a concentration of carboxylic acids ranging
from a low of about 1 wt% to a high of about 50 wt%. The oxidized product in line 219 can have a
concentration of hydroxyl carboxylic acids ranging from a low of about 1 wt% to a high of about 30
wt%. The oxidized product in line 219 can have a concentration of dicarboxylic acids ranging from a
low of about 1 wt% to a high of about 40 wt%. The oxidized product in line 219 can have a
concentration of free phosphoric acid ranging from a low of about 1 wt% to a high of about 40 wt%. The
oxidized product in line 219 can have a concentration of water ranging from a low of about 1 wt% to a
high of about 14 wt%. The oxidized product in line 219 can have a concentration of glyceric acid
ranging from a low of about 1 wt% to a high of about 50 wt%. The oxidized product in line 219 can have
a concentration of oxalic acid ranging from a low of about 1 wt% to a high of about 5 wt%. The oxidized
product in line 219 can have a concentration of glycolic acid ranging from a low of about 1 wt% to a high
of about 10 wt%. The oxidized product in line 219 can have a concentration of formic acid ranging from
a low of about 1 wt% to a high of about 40 wt%. The oxidized product in line 219 can have a
concentration of glyceraldehydes acid ranging from a low of about 1 wt% to a high of about 1 wt%. The
oxidized product in line 219 can have a concentration of hydroxypyruvic acid ranging from a low of
about 1 wt% to a high of about 20 wt%. The oxidized product in line 219 can have a concentration of
tartronic acid ranging from a low of about 1 wt% to a high of about 30 wt%. In one or more
embodiments, the oxidized product can be free or substantially free, i.e., less than 1 wt%, of any one or
more of glycerophosphoric acid, free glycerol, carboxylic acids, hydroxyl carboxylic acids, dicarboxylic
acids, free phosphoric acid, water, oxalic acid, glycolic acid, formic acid, glyceraldehydes acid,
hydroxypyruvic acid, and tartronic acid.

[0037] The oxidized product via line 219 can be recovered as a final product via line 221. The
oxidized product via line 219 can be introduced via line 223 to one or more mixers 130, which can be
similar to the mixer 130 discussed and described above with reference to Figure 1. A portion of the
oxidized product in line 219 can be recovered as a final product via line 221 and a portion of the oxidized
product in line 219 can be introduced via line 223 to the one or more mixers 130.

[0038]  All or a portion of the oxidized product in line 219 can be introduced via line 223 and a base

compound via line 125 can be introduced to the mixer 130 to produce a neutralized product therein. In
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other words, the pH of the oxidized product introduced via line 223 to the mixer 130 can be increased to
produce a neutralized oxidized product. The amount of base or base compound via line 125 introduced
to the mixer 130 can be sufficient to produce a "neutralized” oxidized product having a pH ranging from
a low of about 5.5, about 6, or about 6.5 to a high of about 7, about 7.5, or about 8. The neutralized
oxidized product can be recovered via line 233 from the mixer 130. In another example, the pH of the
oxidized product introduced via line 223 to the mixer 130 can be increased to greater than about 7,
greater than about &, greater than about 9, greater than about 10, greater than about 11, or greater than
about 12. For example, the pH of the oxidized product can be increased to a pH ranging from about 5.5
to about 12, about 7 to about 12, about 9 to about 12, about 10 to about 12, or about 8.5 to about 11. As
such, a basic oxidized product can also be recovered via line 133 from the mixer 130. The base
compound in line 125 can be as discussed and described above with reference to Figure 1. The particular
base compound or combination of base compounds and the amount(s) thereof that can be added to the
reacted product within the mixer 130 can depend, at least in part, on the amount of the particular
composition or make-up of the oxidized product, i.e., the particular components and the relative amount
of those components contained in the oxidized product.

[0039] The systems 100 and 200, as discussed and described above can include the mixer 105, reactor
115, and mixer 130. However, any two or more of the mixer 105, reactor 115, and mixer 130 can be
combined into a single unit. In other words, the mixing, separation, e.g., the separation of the glycerol-
lean portion via line 107 from the mixer 105 and the separation of the methanol and/or water via line 117
from the reactor 115, and/or the mixing of the base via line 125 and the reacted product via line 123 or
the reacted product via line 223 can take place in a single vessel, two vessels, or as shown in Figures 1
and 2, a plurality of vessels. The depiction of multiple vessels, i.e., the mixer 105, reactor 115, and mixer
130, while suitable for the processing of glycerol, is also preferable for clarity and ease of description.
Accordingly any two or more of the steps discussed and described above can be carried out in a single
vessel or any number of vessels.

[0040] The mixers 105, 130 can be any device or system suitable for batch, intermittent, and/or
continuous mixing of two or more components. For example, the mixer 105 can be any device or system
suitable for mixing the glycerol-containing fee in line 101 and the acid in line 104. The mixers 105, 130
can be capable of producing a homogenized mixture. Illustrative mixers can include, but are not limited
to, mechanical mixer agitation, ejectors, static mixers, mechanical/power mixers, shear mixers, sonic
mixers, or combinations thercof. The mixers 105, 130 can operate at temperatures of about 25°C to
about 150°C. The mixers 105, 130 can include one or more heating jackets, heating coils, internal
heating elements, cooling jacks, cooling coils, internal cooling elements, or the like, which can heat the
mixture to a temperature of from about 25°C to about 150°C, for example. Should methanol be
contained in the glycerol-containing feed in line 101 and the mixer 105 heats the mixture to a

temperature greater than the boiling point of methanol, a methanol recovery line can be in fluid
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communication with the mixer 130 to recover the vaporized methanol as a product. Similarly, water can
be recovered from the mixer 130.

[0041] The reactor 115 can be any container or environment suitable for batch, intermittent, and/or
continuous contacting of the glycerol-rich portion in line 108 with the oxidant in line 110 and/or the
catalyst in line 112. The reactor 110 can be an open vessel or a closed vessel. The reactor 110 can
include one or more mixing devices such as one or more mechanical/power mixers and/or acoustic
mixers such as sonic mixers. The reactor 110 can include a cooling jacket and/or coil for maintaining a
temperature of the reaction mixture below a predetermined temperature. The reactor 110 can include one
or more nozzles, fluid distribution grids, or other device(s) for introducing the oxidant to the reactor 110.
[0042] The products, i.e., the reacted product in line 121, the neutralized reacted product in line 133, the
oxidized product in line 221 and/or the neutralized oxidized product in line 233, can be used in a number
of applications as produced, diluted, and/or mixed with other compounds, fluids, or components. The
products in lines 121, 133, 221, and/or 233 can be diluted with water, for example. In another example,
the products in lines 121, 133, 221, and/or 233 can be mixed or blended with corrosion inhibitors,
polymers, salts, scale removers, surfactants, inhibitors, or any combination thereof. In another example,
the products in lines 121, 133, 221, and/or 233 can be mixed or blended with water, corrosion inhibitors,
polymers, slats, scale removers, surfactants, inhibitors, or any combination thereof. The amount of the
products in lines 1121, 133, 221, and/or 233 that can be admixed with a particular component can
depend, at least in part, on the particular composition of that fluid and the conditions of temperature and
pressure to which the fluid mixture can be subjected. As such, once the particular system and the
conditions of the system have been determined, the particular amount of product via lines 121, 133, 221,
and/or 233 that can be introduced to that system and the desired amount of any other component that can
be mixed therewith can be determined.

[0043] One particular use or application of the products in lines 121, 133, 221, and/or 233 can be to
remove, inhibit, and/or reduce inorganic mineral scale deposits ("scale"). The formation of scales can be
caused by a number of factors, which can include, but are not limited to, pressure drops, temperature
fluctuations, changes in pH or ionic strength, and any combinations thereof. The products in line 121,
133, 221, and/or 233 can act or work as an acid, a sequestrant, a chelant, a dispersing agent, a solvent, or
any combination thereof for removing scale(s). The products in line 121, 133, 221, and/or 233 can be
prevent or inhibit the formation of scales.

[0044] In the context of oilfield operations, commonly encountered scales include, but are not limited to,
calcium carbonate (CaCQ;), calcium sulfate (CaSQ,), barium sulfate (BaSO,); and sodium chloride
(NaCl). Other inorganic mineral deposits can include, strontium sulfate (SrSQy), strontium carbonate
(SrC0;3), iron oxide (Fe,0;), iron carbonate (FeCOs), iron sulfide (FeS), barium-strontium sulfate
(BaSr(50,),), magnesium carbonate (MgCO3), magnesium sulfate (MgSQ,), or any combination thereof.

For example, the reacted product in line 116 can remove barium sulfate deposits in an amount of about
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1,000 ppm, about 2,500 ppm, about 4,000 ppm, about 5,000 ppm, about 6,000 ppm, about 7,000 ppm, or
about 8,000 ppm barium sulfate.

[0045] The formation or precipitation of scale deposits can occur in, for example, oil production and/or
processing equipment, which can be located above and/or below the surface. The formation or
precipitation of scale deposits can also occur in subterrancan formations, such as an oil and/or gas
producing formations. Oil production and processing equipment can include, flow lines, heaters, pumps,
valves, pipes, pipelines, risers, drill strings, wellbores, downhole pumps, perforations, fractures, fissures,
and the like. Other areas in which scale deposits can be problematic include, but are not limited to, the
chemical processing industries, public utilities, and other processes in which mineral-laden water is
processed or used, as in heat exchangers, storage vessels, piping, reactors, evaporators, and the like.
[0046] Introducing the products in lines 121, 133, 221, and/or 233 to equipment, formations, and/or
other locations where scale deposits form or can potentially form can reduce scale and/or inhibit or
prevent the formation of scale. The products, at any desired concentration, can be used to remove scale
and/or prevent or reduce the formation of scale. The products in lines 121, 133, 221, and/or 233 can be
diluted with water to have a water concentration of from about 1 wt% to about 99 wt%, for example. The
products in lines 121, 133, 221, and/or 233 can be diluted with water, as needed, to produce a reacted
product having a desired concentration.

[0047] In one or more embodiments, the products in lines 121, 133, 221, and/or 233 can be used to
demulsify an emulsion. The products 133 and/or 233, for example, can demulsify an emulsion by
lowering the pH of the emulsion and/or by increasing the specific gravity of the produced water. The
products can be used as produced, diluted, and/or mixed with other ingredients that can improve the
demulsification. Illustrative additional ingredients or additives that can be added to the products to
improve or facilitate demulsification of an emulsion can include, but are not limited to, silicon
compounds, glycols, salts, any other water soluble demulsifiers, or any combination thercof.

[0048] In one or more embodiments, the products in lines 121, 133, 221, and/or 233 can be used as a
frac fluid, drilling fluid, or component thereof for oil and gas production. The products in lines 121, 133,
221, and/or 233 can be used neat or mixed or blended with one or more other fluids. An illustrative frac
fluid, for example, can include about 5-25 wt% of one or more of the products in lines 121, 133, 221,
and/or 233, about 5-25 wt% formic acid, about 5-25 wt% reacted product, and about 45-65 wt% water.
Nlustrative blending agents and/or additives can include, but are not limited to, drilling fluids, steam,
corrosion inhibitors, water, acids such as hydrochloric acid, surfactants, polymers such as polyols,
polyamides, poly celluloses, poly(acrylic acids), or any combination thereof. For drilling, the products
can be particularly useful in water-based drilling fluids.

[0049] In one or more embodiments, the products in lines 121, 133, 221, and/or 233 can be used as an
anti-icing compound. The products can be used neat, diluted with water, or blended with one or more

additives. In at least one specific embodiment, the anti-icing compound can be sprayed, injected, or
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otherwise introduced on or to pipelines, processing equipment, diluents for chemicals, storage tanks,
ships, oil rigs, trucks, and storage equipment, for example.

[0050] In one or more embodiments, the products in lines 121, 133, 221, and/or 233 can be used as a
general purpose cleaner. As a general purpose cleaner, the products can be used neat, diluted with water,
or blended with one or more additives. Suitable additives can include, but are not limited to, polymers,
salts, and/or other treatment chemicals that can expand or enhance one or more functional properties of
the reacted products. In at least one specific embodiment, the products can be diluted with water to
produce a cleaning solution having a concentration of the reacted product ranging from about 100 ppmw
to about 40 wt%.

[0051] In one or more embodiments, the products in lines 121, 133, 221, and/or 233 can be used to
prevent or reduce the formation of hydrates in a fluid containing one or more hydrate-forming
constituents by contacting the fluid with the reacted product(s). For example, the neutralized reacted via
line 133 and/or the neutralized oxidized products via line 233 can be introduced to a fluid or system that
contains hydrates or in which hydrates can potentially form, e.g., a hydrocarbon gas stream containing
methane and/or natural gas. Illustrative systems can include, but are not limited to, hydrocarbon
production/processing equipment, pipelines, storage tanks, and the like. In at least one specific
embodiment, the reacted products can be introduced into a downhole location such as a hydrocarbon
production well to control hydrate formation in fluids produced therefrom. In another example, the
products can be introduced to a produced hydrocarbon at a wellhead location or into a riser through
which produced hydrocarbons are transported in offshore operations from the ocean floor to an offshore
production facility. In still another example, the products can be introduced to a hydrocarbon prior to
transporting the hydrocarbon, for example, via a subsea pipeline from an offshore production facility to
an onshore gathering and/or processing facility. In one or more embodiments, the products can be
introduced to a downhole location as a drilling fluid or as a component of a drilling fluid.

[0052] In one or more embodiments, the products in lines 121, 133, 221, and/or 233 can be used to
recover a gas that is bound or entrained in a formed hydrate. In at least one specific embodiment, the
neutralized reacted product via line 121 and/or the neutralized oxidized product via line 233 can be
introduced into a downhole location or any other location that contains or may contain hydrates where
the second reacted product can release at least a portion of any gases bound or contained in the hydrate(s)
present therein. The released gases bound in the hydrate(s) can be recovered as a product.

[0053] A mixture that can potentially form or contain hydrates can include, for example a water and gas
mixture. The gas can be a hydrocarbon normally gaseous at 25°C and 100 kPa, such as an alkane of 1-4
carbon atoms, e.g., methane, ethane, propane, n-butane, isobutane, or an alkene of 2-4 carbon atoms e.g.,
ethylene, propylene, n-butene, isobutene, or any combination thereof. The gas can include about 80 wt%,
about 90 wt%, or more methane. The gas can also include about 0.1 wt% to about 10 wt% C,
hydrocarbons and about 0.01 wt% to about 10 wt% C; hydrocarbons.
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[0054] In one or more embodiments, the products via line 121, 133, 221, and/or 233 can be used to
remove existing corrosion within a system. In one or more embodiments, the products via line 121, 133,
221, and/or 233 can be used to reduce or prevent corrosion within a system. For example the products
via line 121, 133, 221, and/or 233 can be used to reduce or prevent corrosion within a pipeline or riser.
The products in lines 121, 133, 221, and/or 233 can deposit or otherwise form a protective layer on a
metal surface that can reduce or prevent corrosion of the metal surface.

[0055] In one or more embodiments, the reacted product via line 121 and/or the oxidized product via
line 221 can be used to unswell or otherwise reduce the size of clay and/or polymer particles that have
been introduced to a formation. Illustrative clays that can be unswelled with the reacted product in line
121 and/or the oxidized product in line 221 can include, but are not limited to, chlorite clays, illite clays,
kaolinite clays, smectite clays such as montomorillonite, bentonite clays such as sodium bentonite,
calcium bentonite, and potassium bentonite, or any combination thereof. Illustrative polymers that can be
unswelled with the reacted product in line 121 and/or the oxidized product in line 221 can include, but
are not limited to, polyacrylic acid (PAA), polymethacrylic acid (PMA), poly maleic anhydride,
polyvinyl alcohol (PVOH), polyamides, low-viscosity latex, or any combination thereof. Other polymers
that can be unswelled with the reacted product in line 121 and/or the oxidized product in line 221 can
include polyethylene oxide, polypropylene oxide, polyoxymethylene, polyvinyl methyl ether,
polyethylene imide, polyvinyl alcohol, polyvinyl pyrrolidone, polyethyleneimine, polyethylene sulfonic
acid, polysilicic acid, polyphosphoric acid, polystyrene sulfonic acid, polyvinylamine, natural water
soluble polymers, guar derivatives, cellulose derivatives, xanthan, chitosan, diutan, any suitable
copolymers, or mixtures thereof. The reacted product in line 121 and/or the oxidized product in line 221
can reduce the volume or size of a swelled clay and/or polymer particle by about 2%, about 4%, about
6%, about 8%, about 10%, about 12%, about 14%, about 16%, about 18%, or about 20%.

Examples

[0056] To provide a better understanding of the foregoing discussion, the following non-limiting
examples are provided. Although the examples are directed to specific embodiments, they are not to be
viewed as limiting the invention in any specific respect. All parts, proportions and percentages are by
weight unless otherwise indicated.

Example I

[0057] A reacted product was prepared from a glycerol-containing feed that had a composition of 1.17
wt% potassium sulfate, 14 wt% methanol, 25 wt% fatty acids, 10 wt% water, and 49.83% glycerol. The
moles of glycerol in the glycerol-containing feed were calculated and an equal number of moles of
phosphoric acid were measured out to produce a glycerol-containing feed to phosphoric acid molar ratio
of 1:1. About 10% of the phosphoric acid was mixed with four parts water to produce a diluted
phosphoric acid solution. The diluted phosphoric acid solution was added to and mixed with the
glycerol-containing feed. The pH of the glycerol-containing feed was lowered from 11 to less than 3.

The mixture was then heated to a temperature of about 100°F and the fatty acids separated to the top of
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the mixture and were removed. The components remaining in the mixture were the glycerol, water, salts,
phosphoric acid, and methanol. The mixture was then heated to a temperature of about 150°F to remove
the methanol therefrom. The additional water added to the phosphoric acid prevented the formation of
methylphosphoric acid during the heating used to remove the methanol. Methylphosphoric acid exhibits
beneficial properties, but since methylphosphoric acid is not soluble in water it can be desirable to
remove the methanol from the mixture. After the methanol was removed the remaining phosphoric acid,
i.e., the remaining 90%, was added to the mixture. The mixture was then heated to a temperature of
about 200°F to about 220°F during which water was driven off. The mixture was heated until the water
content of the solution was about 8.7 wt%. The resulting reacted product was a viscous, amber colored
mixture that had a gravity of 1.58 g/L at 60°F and a refractive index (RI) of 1.4598 at 60°F.

[0058] The reacted product was mixed with an equal amount of water to produce diluted reacted
product. The freezing point of the diluted reacted product was less than -30°F. The diluted reacted
product was then tested on three different types of scales and two corroded metals.

[0059] The removal of calcium carbonate scale (Ex. 1), calcium sulfate scale (Ex. 2a and 2b), and
barium sulfate scale (Ex. 3) were evaluated. In each example, reacted product was contacted with the
scale and the results were evaluated. In Example 1 about 2.7 g of a calcium carbonate scale recovered
from an east Texas oil well was placed in a beaker with 50 mL of the diluted reacted product at a
temperature of 140°F. The calcium carbonate scale was dissolved in 3 hours. In Example 2a about 1.9
grams of a calcium sulfate scale recovered from a west Texas oil well was placed in a beaker with 50 mL
of the diluted reacted product at a temperature of 140°F. The calcium sulfate scale dissolved in 5 hours.
In Example 2b, which was carried out under similar conditions as in Ex. 2a, the calcium sulfate scale
dissolved in 2.5 hours. In Ex. 3 about 1.92 grams of a barium sulfate scale recovered from a west Texas
oil well was placed into a beaker with 50 mL of the diluted reacted product at a temperature of 140°F.
After 5 hours 0.41 grams of the barium sulfate scale had dissolved.

[0060] In another example (Ex. 4), the removal of metal corrosion, i.e., rust, from iron and steel was
evaluated. A rusty iron nail was placed in 100 mL of the diluted reacted product at a temperature of
72°F. After 12 hours the rust had been removed and a gray-black film of phosphate had been deposited
onto the surface of the nail. In another test (Ex. 5), a piece of steel having iron sulfide scale was placed
in 50 mL of the diluted reacted product at 72°F. After 12 hours the iron sulfide scale had been removed
and a gray-black film of phosphate had been deposited on the surface of the steel.

Example I1

[0061] A neutralized reacted product was also prepared. A portion of the reacted product prepared
above in Example I was neutralized with NaOH to have a pH of 6.8. The neutralized reacted product was
then mixed with an equal amount of water to produce a diluted neutralized reacted product. The freezing
point of the diluted neutralized reacted product was less than -30°F.

[0062] The reduction or prevention of calcium sulfate scale (Ex. 6) and barium scale (Ex. 7) with the

neutralized reacted were evaluated. In Ex. 6, about 1,000 ppm of the diluted neutralized reacted product
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in synthetic brine was 100% effective in preventing the formation of calcium sulfate scale. In Ex. 7,
about 1,000 ppm of the diluted neutralized reacted product was found to be about 90% effective in
preventing the formation of barium scale. The tests were carried out according to the standard test
procedures discussed and described in U.S. Patent No. 5,167,828.

[0063] The removal of metal corrosion, i.e., rust, (Ex. 8) from iron was also evaluated. In Ex. 8 a rusty
nail was placed in 100 mL of the diluted neutralized reacted product and left at room temperature. After
four days the rust was completely removed from the nail and a protective gray-black phosphate layer had
been deposited on the surface of the nail.

Example II1

[0064] An exemplary oxidized product was also prepared from the glycerol-containing feed used in
Example I that had a composition of 1.17 wt% potassium sulfate, 14 wt% methanol, 25 wt% fatty acids,
10 wt% water, and 49.83 wt% glycerol. The moles of glycerol in the glycerol-containing feed were
calculated and an equal number of moles of phosphoric acid were measured out to produce a glycerol-
containing feed to phosphoric acid molar ratio of 1:1. About 10% of the phosphoric acid was mixed with
four parts water to produce a dilute phosphoric acid solution. The dilute phosphoric acid solution was
added to and mixed with the glycerol-containing feed. The pH of the glycerol-containing feed was
lowered from 11 to less than 3. The mixture was then heated to a temperature of about 100°F and the
fatty acids separated to the top of the mixture and were removed. The components remaining in the
mixture were the glycerol, water, salts, phosphoric acid, and methanol.

[0065] A 50% solution of hydrogen peroxide (H,O,) was added to the mixture in an amount of about 12
wt%, based on the total weight of the mixture, and mixed for 6 hours. After mixing for 6 hours the
mixture was heated to a temperature of about 150°F to remove the methanol therefrom. After the
methanol was removed the remaining phosphoric acid, i.e., the remaining 90%, was added to the mixture.
The mixture was then heated to a temperature of about 220°F during which water driven off. The
mixture was heated until the water content of the solution was about 14 wt%. The resulting oxidized
product was a clear, light yellow colored solution with a gravity of 1.46 g/L at 60°F and a refractive index
(RD) of 1.4405 at 60°F. The oxidized product was mixed with distilled water to produce a 40% solution
of the oxidized product in water. The freezing point of the 40% solution of oxidized product was less
than -30°F.

[0066] The removal of calcium sulfate (Ex. 9) was evaluated. In Ex. 9, about 2.81 g of a calcium sulfate
scale recovered from an cast Texas oil well was placed in a beaker with 50 mL of the 40% solution of the
oxidized product at 52°F. After less than 3 hours the scale was dissolved.

[0067] The effect of the oxidized product on deswelling polymers (Ex. 10a and 10b) and clay (Ex. 11)
were also conducted. In Ex. 10a, the 40% solution of the oxidized product was found to dehydrate and
unswell a polyamide water soluble polymer. In Ex. 10b, the 40% solution of the oxidized product was
found to dehydrate and unswell a polyacrylate water soluble polymer. In Ex. 11, the 40% solution of the

oxidized product was also found to unswell bentonite clay.
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[0068] Certain embodiments and features have been described using a set of numerical upper limits
and a set of numerical lower limits. It should be appreciated that ranges from any lower limit to any
upper limit are contemplated unless otherwise indicated. Certain lower limits, upper limits and ranges
appear in one or more claims below. All numerical values are "about" or "approximately” the indicated
value, and take into account experimental error and variations that would be expected by a person having
ordinary skill in the art.

[0069] Various terms have been defined above. To the extent a term used in a claim is not defined
above, it should be given the broadest definition persons in the pertinent art have given that term as
reflected in at least one printed publication or issued patent. Furthermore, all patents, test procedures,
and other documents cited in this application are fully incorporated by reference to the extent such
disclosure is not inconsistent with this application and for all jurisdictions in which such incorporation is
permitted.

[0070] While the foregoing is directed to embodiments of the present invention, other and further
embodiments of the invention may be devised without departing from the basic scope thereof, and the

scope thereof is determined by the claims that follow.
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Claims:

What is claimed is:

1. A method for processing a glycerol-containing feed, comprising:

decreasing a pH of a mixture comprising glycerol and fatty acids to produce an emulsion
comprising a glycerol-rich portion and a fatty acids-rich portion; and

reacting at least a portion of the glycerol-rich portion with an acid comprising phosphorus at
conditions sufficient to produce a reacted product comprising glycerophosphoric acid, glycerol, and a

portion of the acid.

2. The method of claim 1, wherein the pH of the mixture is greater than about 9, and a pH of the

reacted product is less than about 3.5.

3. The method of claim 1, wherein decreasing the pH of the mixture comprises adding an acid
comprising phosphorus and water to the mixture, and wherein the acid and water is at a ratio of about

1:1 to about 1:10.

4. The method of claim 1, wherein the glycerol-rich portion comprises methanol and the method
further comprises heating the glycerol-rich portion to a temperature of from about 65°C to about 90°C
before reacting the glycerol-rich portion with the acid to remove at least a portion of the methanol

therefrom.

5. The method of claim 1, further comprising mixing the reacted product with one or more base

compounds to produce a neutralized product having a pH ranging from about 6 to about 8.

6. The method according to any one of claims 1 to 5, further comprising reacting the glycerol-
rich portion and the acid in the presence of one of more oxidants, one or more catalysts, or both to
produce an oxidized product comprising a mixture of phosphoglyceric acid, glycerophosphoric acid,

and water.

7. The method of claim 6, further comprising mixing the oxidized product with one or more base

compounds to produce a neutralized oxidized product having a pH ranging from about 6 to about 8.

8. The method of claim 7, further comprising reducing formation of hydrates in a fluid
containing one or more hydrate-forming constituents by contacting the fluid with the neutralized
oxidized product.
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9. The method of claim 6, further comprising:

removing one or more inorganic mineral scales by contacting the one or more inorganic
mineral scales with the oxidized product;

lowering a freeze point of water by adding the oxidized product to the water;

deswelling clay particles, polymer particles, or a combination thereof by contacting the
oxidized product with the clay particles, polymer particles, or the combination thereof;

introducing the reacted product to a wellbore as a drilling fluid or as a component of a drilling
fluid; or

removing corrosion from a metal by contacting the corrosion with the oxidized product.

10. The method according to any one of claims 1 to 5, further comprising reacting the reacted
product with one or more oxidants, one or more catalysts, or both to produce an oxidized product

comprising a mixture of phosphoglyceric acid, glycerophosphoric acid, and water.

11. The method of claim 10, further comprising:

removing one or more inorganic mineral scales by contacting the one or more inorganic
mineral scales with the oxidized product;

lowering a freeze point of water by adding the oxidized product to the water;

deswelling clay particles, polymer particles, or a combination thereof by contacting the
oxidized product with the clay particles, polymer particles, or the combination thereof;

introducing the reacted product to a wellbore as a drilling fluid or as a component of a drilling
fluid; or

removing corrosion from a metal by contacting the corrosion with the oxidized product.

12. A method for processing a glycerol-containing feed, comprising:

decreasing a pH of a biodiesel byproduct comprising fatty acids, glycerol, water, methanol,
and one or more inorganic salts to produce an emulsion comprising a glycerol-rich portion and a fatty
acids-rich portion;

removing at least a portion of any methanol contained in the glycerol-rich portion to produce
a methanol-lean glycerol-rich portion;

reacting at least a portion of the methanol-lean glycerol-rich portion with a first acid
comprising phosphorus at conditions sufficient to produce a reacted product comprising

glycerophosphoric acid, glycerol, and a portion of the acid.
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13. The method of claim 12, wherein decreasing the pH of the biodiesel byproduct comprises

mixing the biodiesel byproduct with a second acid comprising phosphorus.

14. The method of claim 12 or 13, further comprising reacting the reacted product with one or
more oxidants, one or more catalysts, or a combination thereof at conditions sufficient to produce an
oxidized product comprising a mixture of phosphoglyceric acid, glycerophosphoric acid, glycerol,

water, and a portion of the first acid, a portion of the second acid, or both.

15. The method of claim 14, further comprising mixing the oxidized product with one or more
base compounds to produce a neutralized oxidized product having a pH ranging from about 6 to about

8.

16. A method for processing a glycerol-containing feed, comprising:

mixing a biodiesel byproduct with a sufficient amount of a first acid comprising phosphorus
to produce a mixture having a pH of less than about 5.5, wherein the biodiesel byproduct comprises
fatty acids, glycerol, water, methanol, one or more inorganic salts, and water;

allowing the mixture to separate into a glycerol-rich portion and a fatty acids-rich portion;

recovering the glycerol-rich portion;

removing at least a portion of any methanol contained in the glycerol-rich portion to produce
a methanol-lean glycerol-rich portion;

reacting at least a portion of the methanol-lean glycerol-rich portion with a second acid
comprising phosphorus at conditions sufficient to produce a reacted product comprising
glycerophosphoric acid, glycerol, water, and a portion of the first acid, a portion of the second acid, or

both.

17. The method of claim 16, wherein the first acid, the second acid, or both comprise
orthophosphoric acid, phosphorus pentoxide, one or more polyphosphoric acids, one or more

metaphosphoric acids, or any combination thereof.

18. The method of claim 16 or 17, further comprising mixing the recovered glycerol-rich portion
or the methanol-lean glycerol rich portion with one or more oxidants prior to reacting at least a
portion of the methanol-lean glycerol-rich portion with the second acid, wherein the one or more
oxidants comprises hydrogen peroxide, ozone, or a combination thereof to produce an oxidized
product comprising a mixture of phosphoglyceric acid, glycerophosphoric acid, glycerol, water, and a

portion of the first acid, a portion of the second acid, or both.
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19. The method of claim 16 or 17, further comprising reacting the reacted product with one or
more oxidants, one or more catalysts, or a combination thereof at conditions sufficient to produce an
oxidized product comprising a mixture of phosphoglyceric acid, glycerophosphoric acid, glycerol,

water, and a portion of the first acid, a portion of the second acid, or both.

20. The method of claim 19, further comprising mixing the oxidized product with one or more

base compounds to produce a neutralized oxidized product having a pH ranging from about 6 to about

8.
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