
(19) United States 
(12) Patent Application Publication 

Huang et al. 

US 20120283155A1 

(10) Pub. No.: US 2012/0283155A1 
(43) Pub. Date: Nov. 8, 2012 

(54) CONTROLLING COAL FINES IN COAL BED 
OPERATIONS 

Tianping Huang, Al Khobar (SA); 
James B. Crews, Willis, TX (US); 
Allen D. Gabrysch, Houston, TX 
(US); Rick M. Jeffrey, Tomball, 
TX (US) 

(75) Inventors: 

(73) Assignee: Baker Hughes Incorporated, 
Houston, TX (US) 

(21) Appl. No.: 13/551,943 

(22) Filed: Jul.18, 2012 

Related U.S. Application Data 

(60) Division of application No. 12/546,763, filed on Aug. 
25, 2009, now Pat. No. 8,230,923, which is a continu 
ation-in-part of application No. 1 1/931,501, filed on 
Oct. 31, 2007, now Pat. No. 7,721.803, which is a 
continuation-in-part of application No. 12/277.825, 
filed on Nov. 25, 2008, now abandoned, which is a 

continuation-in-part of application No. 1 1/931,706, 
filed on Oct. 31, 2007, now abandoned. 

Publication Classification 

(51) Int. Cl. 
C09K 8/80 (2006.01) 

(52) U.S. Cl. ......... 507/266; 507/203; 507/271; 507/269; 
507/276,507/272 

(57) ABSTRACT 

The migration of coal fines within a bed is reduced, inhibited 
or constrained by contacting the fines with nanoparticles, 
Such as magnesium oxide crystals having an average particle 
size of about 30 nm. These nanoparticles may coat a proppant 
during the fracturing of a Subterranean formation to produce 
methane from a coal bed therein. The nanoparticles may also 
treat a proppant pack in a fractured coal bed. The nanopar 
ticles cause the coal fines to thus bind to or associate with the 
proppants. Thus, most of the coal fines entering fractures 
away from the near-wellbore region will be restrained or 
controlled near their origin or source and the production of 
methane at a desired level will be maintained much longer 
than a similar situation than where the nanoparticles are not 
used. 

  



US 2012/0283155A1 2012 Sheet 1 of 4 9 8 NOV. Patent Application Publication 

  

  



Patent Application Publication Nov. 8, 2012 Sheet 2 of 4 US 2012/0283155A1 

FGS. 2 

  



US 2012/0283155A1 Nov. 8, 2012 Sheet 3 of 4 O Patent Application Publicat 

  



Patent Application Publication Nov. 8, 2012 Sheet 4 of 4 US 2012/0283155A1 

x 

x 

C. : 

  



US 2012/0283155 A1 

CONTROLLING COAL FINES IN COAL BED 
OPERATIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional application of U.S. 
Ser. No. 12/546,763 filed Aug. 25, 2009, issued Jul. 31, 2012 
as U.S. Pat. No. 8,230,923; which is a continuation-in-part 
patent application of U.S. Ser. No. 1 1/931,501 filed Oct. 31, 
2007, issued May 25, 2012 as U.S. Pat. No. 7,721.803; and a 
continuation-in-part patent application of U.S. Ser. No. 
12/277,825 filed Nov. 25, 2008; which in turn is a continua 
tion-in-part patent application of U.S. Ser. No. 1 1/931,706 
also filed Oct. 31, 2007. 

TECHNICAL FIELD 

0002 The present invention relates to methods and com 
positions for fixating coal fines from migrating, and more 
particularly relates, in one non-limiting embodiment, to 
methods and compositions for fixating or inhibiting coal fines 
in Subterranean formations from migrating during methane 
recovery operations from Subterranean coal beds. 

BACKGROUND 

0003 Coal bed methane (CBM) or coal bed gas is a form 
of natural gas extracted from coal beds. In recent decades it 
has become an important source of energy. In some areas it is 
known as coal seam gas. The removal of such methane gas is 
termed coal bed methane extraction. 

0004. The term refers to methane adsorbed into the solid 
matrix of the coal. It is called “sweet gas' because of its lack 
of hydrogen Sulfide. The presence of this gas is well known 
from its occurrence in underground coal mining, where it 
presents a serious safety risk. CBM is distinct from a typical 
sandstone, carbonate or other conventional gas reservoir, as 
the methane is stored within the coal by adsorption. The 
methane is in a near-liquid state, lining the inside of pores 
within the coal (called the matrix). The open fractures in the 
coal (also called the cleats) may also contain free gas or can be 
saturated with water. 

0005 Since the methane is absorbed into the solid coal 
matrix, it may be released when the coal seam is depressur 
ized. This often involves drilling a hole into the coal seamand 
artificially introducing fractures into the seam by hydraulic 
fracturing techniques similar to those used in recovering 
hydrocarbons from subterranean formations. Hydraulic frac 
turing generates long, proppant-Supported fractures to release 
the methane with water in the coal bed. Coal fines (the aver 
age particle size is usually less than 50 microns) are carried by 
methane and water flowing from all directions to the frac 
tures, and then through the fractures to the wellbore for pro 
duction at the Surface. During the methane production, the 
coal fines will be concentrated at and will plug the flow 
channels in the near wellbore region, which results in a rapid 
reduction of production rate. 
0006. It would be desirable if methods and/or composi 
tions would be devised to help fix in location or stabilize coal 
fines in all of its forms and embodiments, particularly those 
where the coal fines are present in a fluid, such as Suspended 
in air or water. In a particular case, it would be desirable if coal 
fines within a coal bed in a subterranean formation were 
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treated in Such a way that their migration and movement is 
reduced, inhibited or eliminated. 

SUMMARY 

0007. There is provided, in one non-limiting form, a 
method for fixating coal fines in a Subterranean formation that 
involves contacting coal fines in a Subterranean formation 
with an amount of a particulate additive which is effective to 
reduce coal fines migration and movement. The particulate 
additive may have a mean particle size of 100 nm or less. 
Further, the particulate additive may be an alkaline earth 
metal oxide, an alkaline earth metal hydroxide, an alkali 
metal oxide, an alkali metal hydroxide, a transition metal 
oxide, a transition metal hydroxide, a post-transition metal 
oxide, a post-transition metal hydroxide, piezoelectric crys 
tals, pyroelectric crystals, and mixtures thereof. 
0008. There is also provided in one non-restrictive 
embodiment, a method for fixating coal fines in a subterra 
nean coal bed. The method includes releasing methane from 
the subterranean coal bed (as in a CBM recovery operation) 
and contacting the coal fines in the Subterranean coal bed with 
an amount of a particulate additive that is effective to reduce 
coal fines migration. The coal fines are present in a fluid 
including, but not necessarily limited to, aqueous fluids, 
hydrocarbon fluids, alcohols, glycols, and mixtures thereof. 
The particulate additive may be as described previously. 
Fines migration is reduced as compared to an identical fluid 
absent the particulate additive. 
0009. There is additionally provided in another non-lim 
iting embodiment a coal-fines containing fluid. The fluid may 
include a base fluid that may involve, but is not necessarily 
limited to, aqueous fluids such as water and/or brines, hydro 
carbon fluids, non-aqueous fluids such as alcohols and/or 
glycols, and mixtures thereof. The fluid also contains coal 
fines and the particulate additive previously described. The 
amount of the particulate additive within the fluid is sufficient 
to inhibit the ability of the coal fines to move within the fluid. 
0010. The particulate additives, also referred to herein as 
nano-sized particles or nanoparticles (e.g. MgO and/or 
Mg(OH), and the like), appear to fixate or flocculate dis 
persed coal fines, whether or not they are charged. These 
particulate additives have been previously proven to fixate 
clay fines, which are generally charged. It is believed that coal 
fines generally are not charged, whereas clay fines generally 
do carry charges. Due to at least in part to their small size, the 
surface forces (like van der Waals and electrostatic forces) of 
nanoparticles help them associate, group or flocculate the 
fines together in larger collections, associations or agglom 
erations. Such groupings or associations help fix the fines in 
place and keep or inhibit them from moving. In many cases, 
fines fixing ability of the treating fluids may be improved by 
use of nano-sized particulate additives that may be much 
Smaller than the pores and pore-throat passages, fractures and 
passages within a coal bed, thereby being non-pore plugging 
particles that are less damaging to the bed permeability than 
the fines themselves. This Smaller size permits the nanopar 
ticles to readily enter the bed, and then bind up or fix the fines 
in place at or near their sources or origins so that both the fines 
and the nanoparticles remain in the bed and do not travel as 
far—or at least are restrained to the point that damage to the 
near-wellbore region of the coal bed is minimized. 
0011. The addition of alkaline earth metal oxides, such as 
magnesium oxide; alkaline earth metal hydroxides, such as 
calcium hydroxide; transition metal oxides, such as titanium 
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oxide and Zinc oxide; transition metal hydroxides; post-tran 
sition metal oxides, such as aluminum oxide; post-transition 
metal hydroxides; piezoelectric crystals and/or pyroelectric 
crystals such as ZnO and AlPO, to an aqueous fluid, or 
solvent-based fluid such as glycol, or oil-base fluid which is 
then introduced into a subterranean formation is expected to 
prevent or inhibit or fixate troublesome fines in the coal bed, 
and prevent or minimize the damage they may cause to the 
methane productivity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 is a photograph of tap water flowing through 
a sand pack that contains no coal fines or nanoparticles; 
0013 FIG. 2 is a photograph of a sand pack having tap 
water containing coal fines flowing through it illustrating that 
the coal fines migrate and flow with the water; 
0014 FIG. 3 is a photograph of a sand pack identical to 
FIG. 2 but also containing nanoparticles having tap water 
containing coal fines flowing through it illustrating that far 
fewer coal fines are passed through the packas compared with 
the configuration in FIG. 3; and 
0015 FIG. 4 is a photograph of the beakers that collected 
the effluents in the configurations of FIGS. 2 and 3, respec 
tively, side by side for comparison. 

DETAILED DESCRIPTION 

0016. It has been discovered that nanoparticles, such as 
magnesium oxide having an average particle size of about 30 
nm, coating a proppant during a fracturing process, or used to 
treat the proppant pack in a fractured coal bed, will inhibit, 
prevent and fixate coal fines within the proppant pack and/or 
coal bed and largely prevent them from migrating or moving. 
The nanoparticles in the proppant pack will hold coal fines 
and keep them from moving through the effects of the surface 
forces (van de Waals force, electrostatic force, etc.) of the 
nanoparticles, in one non-limiting explanation. That process 
will keep most of coal fines in place infractures away from the 
near wellbore region and maintain methane production at the 
desired rate much longer than that of a coal bed not treated 
with nanoparticles. 
0017 Coal fines migration has been troublesome during 
CBM production, as well as during many methane recovery 
operations including, but not necessarily limited to, fractur 
ing procedures and the like. Many of the coal fines that 
migrate and then collect and accumulate, causing damage 
and/or blockage of the near wellbore region are not believed 
to have a charge. There may be charges present in coal, in 
particular on the impurities present within or mineralized 
within the coal. Lower grade coals often have charge-related 
impurities. As defined herein, coal fines are particles having 
an average particle size less than about 50 microns, alterna 
tively less than about 37 microns (um). 
0018. It has been discovered that nano-sized particles like 
magnesium oxide (MgO) may be used to fixate coal fines in 
subterranean coal bed formations to inhibit, restrain or pre 
vent them from migrating or moving from their sources or 
origins to near-wellbore regions to choke or damage the pro 
duction of methane. Some nano-sized particles, also called 
nanoparticles herein, not only have high Surface areas com 
pared to their small sizes, but also have relatively high surface 
charges that permit them to associate or connect other par 
ticles together, including other charged particles, but also 
other non-charged particles. In one non-limiting embodi 
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ment, these associations or connections between the fines and 
the nano-sized particles are due to electrical attractions and 
other intermolecular forces or effects. 
0019. As will be shown, laboratory tests have demon 
strated that relatively small amounts of MgO nanoparticles 
can fixate and inhibit the movement of dispersed coal fines. 
Other nanoparticles Such as ZnO, Al2O, Zirconium dioxide 
(ZrO2), TiO, cobalt(II) oxide (CoO), nickel(II) oxide (NiO), 
and pyroelectric and piezoelectric crystals may also be used 
in the methods and compositions herein. 
0020. The nanoparticles may be pumped with a carrier 
fluid downhole deep within the formation to fixate coal fines 
within fractures in a coal bed. Optionally, these nanoparticles 
may be coated in dry form or slurry form on proppant or sand 
at the Surface or during placement downhole for frac-pack 
and gravel pack applications to fixate formation fines during 
these procedures. 
0021 Nano-sized particles of alkaline earth metal oxides, 
alkaline earth metal hydroxides, alkali metal oxides, alkali 
metal hydroxides, transition metal oxides, transition metal 
hydroxides, post-transition metal oxides, and post-transition 
metal hydroxides, piezoelectric crystals, pyroelectric crys 
tals, and mixtures thereof have been discovered to have par 
ticular advantages for fixating coal fines and inhibiting or 
preventing their undesired migration and movement, rather 
than allowing them to damage production of the near-well 
bore region of the reservoir. 
0022 Magnesium oxide particles and powders have been 
suitably used to fixate fines herein. However, it will be appre 
ciated that although MgO particles are noted throughout the 
description herein as one representative or Suitable type of 
alkaline earth metal oxide and/or alkaline earth metal hydrox 
ide particle, other alkaline earth metal oxides and/or alkaline 
earth metal hydroxides and/or transition metal oxides, tran 
sition metal hydroxides, post-transition metal oxides, and 
post-transition metal hydroxides, piezoelectric crystals, 
pyroelectric crystals, may be used in the methods and com 
positions herein. Additionally, the alkali metal oxides and/or 
hydroxides may be used alone or in combination with the 
alkaline earth metal oxides and hydroxides, and/or together 
with one or more transition metal oxide, transition metal 
hydroxide, post-transition metal oxide, post-transition metal 
hydroxide, piezoelectric crystal, and pyroelectric crystal. 
0023. By “post-transition metal' is meant one or more of 
aluminum, gallium, indium, tin, thallium, lead and bismuth. 
In another non-limiting embodiment herein, the nano-sized 
particles are oxides and hydroxides of elements of Groups IA, 
IIA, IVA, IIB and IIIB of the previous IUPAC American 
Group notation. These elements include, but are not neces 
sarily limited to, Li, Na, K, Mg, Ca, Ti, Zn and/or Al. 
0024. The nano-sized particulate additives herein may 
also be piezoelectric crystal particles (which include pyro 
electric crystal particles). Pyroelectric crystals generate elec 
trical charges when heated and piezoelectric crystals generate 
electrical charges when Squeezed, compressed or pressed. 
0025. In one non-limiting embodiment, specific suitable 
piezoelectric crystal particles may include, but are not neces 
sarily limited to, ZnO, berlinite (AlPO), lithium tantalate 
(LiTaC), gallium orthophosphate (GaPO), BaTiO, 
SrTiO, PbZrTiO3, KNbO, LiNbO, LiTaO, BiFeO, 
Sodium tungstate, Ba-NaNbOs, Pb KNbOs, potassium 
Sodium tartrate, tourmaline, topaz and mixtures thereof. The 
total pyroelectric coefficient of ZnO is -9.4 C/mK. ZnO and 
these other crystals are generally not water soluble. 
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0026. In one non-limiting explanation, when the aqueous 
carrier fluid mixed with very small pyroelectric crystals, such 
as nano-sized ZnO, is pumped downhole into underground 
formations that are under high temperature and/or pressure, 
the pyroelectric crystals are heated and/or pressed and high 
Surface charges are generated. These Surface charges permit 
the crystal particles to associate, link, connect or otherwise 
relate the coal fines together to fixate them together and also 
to the Surrounding formation Surfaces. No formation damage 
is expected from the use of the nano-sized particulate addi 
tives. 
0027. In one non-limiting embodiment, the nano-sized 
solid particulates and powders useful herein include, but are 
not necessarily limited to, slowly water-soluble alkaline earth 
metal oxides or alkaline earth metal hydroxides, or mixtures 
thereof. In one non-limiting embodiment, the alkaline earth 
metal in these additives may include, but are not necessarily 
limited to, magnesium, calcium, barium, strontium, combi 
nations thereof and the like. In one non-limiting embodiment, 
MgO may be obtained in high purity of at least 95 wt %, 
where the balance may be impurities such as Mg(OH), CaO, 
Ca(OH), SiO, Al-O, and the like. 
0028. In another non-limiting embodiment, the particle 
size of the additives and agents ranges between about 1 
nanometer independently up to about 500 nanometer. In 
another non-limiting embodiment, the particle size ranges 
between about 4 nanometers independently up to about 100 
nanometer. In another non-restrictive version, the particles 
may have a mean particle size of about 100 nm or less, 
alternatively about 90 nm or less, and in another possible 
version about 50 nm or less, alternatively 40 nm or less. 
0029. The amount of nano-sized particles in the aqueous 
fluid may range from about 2 to about 300 pptg (about 0.24 to 
about 36 kg/1000 liters). Alternatively, the lower threshold of 
the proportion range may be about 5 pptg (about 0.6 kg/1000 
liters), while the upper threshold of proportion of the particles 
may independently be about 100 pptg (about 12 kg/1000 
liters) pptg. 
0030 The nano-sized particles herein may be added, in 
one non-limiting example, in dry, powder form to dry prop 
pant particles. The nano-sized particles may be added, in 
another non-limiting example, in powderform to the aqueous 
treating fluids prior to pumping downhole or other applica 
tion. In another non-limiting example the nano-sized particles 
herein may be added in slurry form (such as slurried within 
water, brine, glycol, glycol ether, alcohol, diesel, oils, mix 
tures, and the like as non-limiting examples) to the aqueous 
treating fluid prior to use. The nano-sized particles herein 
may be added along with the aqueous treating fluids prior to 
pumping downhole or other application, and may be added 
before, during or after the proppant particles are added to the 
fracturing or other treatment fluid. The aqueous base fluid 
could be, for example, water, brine, aqueous-based foams or 
water-alcohol mixtures. The brine base fluid may be any 
brine, conventional or to be developed which serves as a 
Suitable media for the various components. As a matter of 
convenience, in many cases the brine base fluid may be the 
brine available at the site used in a fracturing fluid or other 
application, for a non-limiting example. 
0031 More specifically, and in non-limiting embodi 
ments, the brines may be prepared using salts including, but 
not necessarily limited to, NaCl, KC1, CaCl, MgCl, NHCl, 
CaBr. NaBr, Sodium formate, potassium formate, and other 
commonly used brine salts. The concentration of the salts to 
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prepare the brines may be from about 0.5% by weight of water 
up to near Saturation for a given salt in fresh water, such as 
10%. 20%, 30% and higher percent salt by weight of water. 
The brine may be a combination of one or more of the men 
tioned salts, such as a brine prepared using KCl, NaCl and 
CaCl, or NaCl, CaCl2, and CaBr, as non-limiting examples. 
In application, the nano-sized particulate additives of MgO 
(or other particulate) may be mixed in powder or slurry form 
with the carrier fluids at the surface before they are pumped 
downhole. The carrier fluids may not contain other particles 
or proppant agents when pumped downhole. However, in 
many cases the carrier fluid will contain other solids, like 
proppant particles. When proppant particles are added, at 
least a portion of the nanoparticles may plate out or become 
fixated onto the proppant during initial mixing and treatment 
fluid placement. No coating agent is required for the nano 
particles to plate out onto proppant in an aqueous treatment 
fluid. That is, the particulate additive may be added as a dry 
powder to the carrier or treatment fluid, or additionally or 
alternatively, the dry proppant prior to adding the proppant to 
the carrier or treatment fluid. In many cases, however, a coat 
ing agent may be used to increase, speed up, or improve the 
plating out of the nano-sized particles onto proppant particles 
in an aqueous carrier fluid. 
0032. In another non-limiting embodiment, the nano 
sized particles herein may be added to a non-aqueous fluid 
during a treatment. For example, the MgO nanoparticles can 
be added to a Xylene, d-limonene, diesel, mineral oil, or other 
hydrocarbon as the carrier fluid and then pumped into place 
downhole. In one non-limiting example the nanoparticles in a 
non-aqueous fluid can be a pre-pad (i.e. preflush) or post 
flush fluid stage before or after a hydraulic frac, frac-pack or 
gravel pack treatment. 
0033. There is additionally provided in another non-lim 
iting embodiment a fluid that contains a base fluid (which may 
be acqueous-based, alcohol-based or oil-based, but is expected 
to be typically aqueous-based), proppants selected from the 
group consisting of sand, gravel, ceramic beads, glass beads 
and combinations thereof, a coating agent which may include 
an oil that is the same as or different from the base fluid, if the 
base fluid is oil-based, and an effective amount of the particu 
late additive to reduce coal fines migration. At least a portion 
of the nano-sized particulate additives are coated on the prop 
pants with the coating agent. 
0034 Suitable coating agents include, but are not neces 
sarily limited to, diesel, vegetable oils, fish oils, aromatics, 
Solvents, mineral oils, or other hydrocarbons that accom 
plishes the purposes of the methods and compositions 
described herein. Non-limiting examples of vegetable and/or 
fish oils include Soybean oil, corn oil, canola oil, linseed oil, 
peanut oil, olive oil, Sunflower oil, walnut oil, coconut oil, 
cottonseed oil, salmon oil, cod liver oil, menhaden oil, refined 
and/or blended fish oils, and the like. Examples of fish oils 
include Salmon Oil 6:9 and Fish Oil 18:12 TG from Biorigi 
nal Food & Science Corporation. Non-limiting examples of 
Solvents include toluene, Xylene, naphthalene, d-limonene, 
methyl benzoate, ethyl acetate, and the like. Specific, non 
limiting examples of Suitable mineral oils include Conoco 
Phillips PURE PERFORMANCER Base Oil, such as 80N, 
110N, 225N and 600N oils. It is expected that a coal fines 
control product will include nanoparticles in the coating 
agent oil, for instance about 15 wt % nano-sized MgO par 
ticles in the 600N mineral oil. This fines control product 
would be added to an aqueous base fluid in a relatively small 
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amount, in one non-limiting embodiment, from about 5 to 
about 100 gptg. It has been discovered that during mixing, the 
fines control product (i.e. the nanoparticles in oil) will plate 
out on or at least partially coat the particles, such as proppant 
particles. That is, since the base fluid is aqueous, the hydro 
phobic oil will be repulsed by the water and will coat the 
particles (e.g. proppant). How much coating of the particles 
that occurs is concentration dependant, based on both the 
amount of proppant used and the amount of fines control 
product used. In a non-limiting example, the coal fines control 
product may additionally have a surfactant present, such as an 
oil-wetting surfactant like sorbitan monooleate (i.e. SPAN 80 
from Uniqema), to improve and/or enhance the oil-wetting of 
the proppant particles by the fines control product. In another 
non-limiting example, the presence of a surfactant may pref 
erentially reduce the thickness of the oil layer, such as 600N 
mineral oil layer on proppant particles. Reduced oil layer 
thickness may enhance nanoparticle exposure on proppant 
particles. Other agents besides SPAN 80 may be employed to 
optimize the type and amount of oil coating or wetting on 
proppant particles, agents including but not necessarily lim 
ited to: sorbitan esters, ethoxylated sorbitan esters, ethoxy 
lated alcohols, ethoxylated alkyl-phenols, alkyl-dicarboxyl 
ics, Sulfo Succinates, phospholipids, alkyl-amines, quaternary 
amines, alkyl-siloxanes, and the like. It is not necessary that a 
resin be used as a coating agent or binder, and in one non 
limiting embodiment, no resin is used. 
0035. It is expected that at least a portion of the particles or 
proppant may be “pre-coated with the fines control agent, for 
instance a select portion of the proppant may be pre-coated 
before the job. For instance, pre-coating may be performed at 
the manufacturing site of the dry proppant or elsewhere. In 
one non-restrictive version, the fines control agent may be 
possibly sprayed onto the dry proppant (or other particles) 
before the proppant is placed in an aqueous treatment fluid. 
0036. In one non-limiting example, mineral oil as a coat 
ing agent for use with the nanoparticles has been found to be 
suitable for at least two reasons. First, mineral oil and like 
Substances have an affinity to coat particles Such as proppant 
particles as contrasted with remaining as oil droplets contain 
ing nanoparticles as a phase internal to the water-based fluid. 
It appears that the most stable configuration for the fines 
control agent once placed in an aqueous treatment fluid is to 
“plate out' or coat or at least partially coat any particles 
present. The fines control agent has been found to have an 
affinity to coat evenly onto the particles or proppant when it is 
placed in an aqueous fluid. Again, the degree of coating is 
primarily concentration dependent. Second, it has been found 
that a high molecular weight mineral oil coating agent will not 
disturb the fluid properties of an aqueous fluid containing a 
polymergelling agent or a VES gelling agent, and thus it is an 
ideal media for depositing the nanoparticles onto the prop 
pant without disturbing aqueous fluid properties. 
0037. It is theorized that the nanoparticles remain on the 
proppant particles primarily by electrostatic and other 
charges between the nanoparticle and proppant particle Sur 
faces, however, other attractions or coupling forces may exist 
to initially and over the long-term keep the nanoparticles 
coated on the proppant particles. The inventors do not want to 
be limited to any particular theory. It is Suspected that in most 
conditions the oil carrier fluid only assists the initial coating 
process of the nanoparticles on to the proppant particles. 
However, other agents may be added to the oil carrier fluid 
that may further enhance the initial and/or long-term nano 
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particle attraction to the quartz, glass, ceramic and the like 
proppant particles composition. Additionally, the Surface of 
the proppant, or a select amount of proppant, may be treated 
with agents that may improve the overall attraction of the 
nanoparticles to the proppant. 
0038. The preflush, post flush, and or base treatment fluid 
may also contain other conventional additives common to the 
CBM extraction industry such as water wetting surfactants, 
non-emulsifiers and the like. In another non-restrictive 
embodiment, the flush or treatment fluid may contain other 
additives including, but not necessarily limited to, viscosify 
ing agents, other different Surfactants, clay stabilization addi 
tives, scale inhibitors, Scale dissolvers, polymer and biopoly 
mer degradation additives, defoamers, biocides, and other 
common and/or optional components. 
0039. The invention will be further described with respect 
to the following Examples which are not meant to limit the 
invention, but rather to further illustrate the various embodi 
mentS. 

Example 

0040 Laboratory tests with 20/40 mesh (850/425 micron) 
sand packs (simulating proppant packs) show that 84 percent 
of coal fines are passed through a 12 inches long (30 cm) sand 
pack without a nanoparticles treatment (or coating). The coal 
fine fluid turbidity before passing it through the sand pack was 
602 FAU (Formazin Attenuation Units), and after sand pack 
was still high at 505 FAU. However, only 2.5 percent of coal 
fines are passed through the same sand pack treated with 0.1 
percent nanoparticles, where the coal fine fluid turbidity 
before sand pack was 815 FAU, and after passing through the 
nanoparticle-treated sand pack was only 21 FAU. The nano 
particles were MgO crystals having an average particle size of 
about 30 nm. The proportion of nanoparticles was about 8.4 
pptg, based on the total amount of fluid. 
0041 FIG. 1 is a photograph of tap water flowing through 
the sand pack described above that contains no coal fines or 
nanoparticles. The effluent is clear. FIG. 2 is a photograph 
showing that black fluid was flowed through the sand pack not 
treated with nanoparticles, where the water having coal fines 
therein is introduced from the top and almost the same black 
fluid was flowed out of the pack at the bottom. FIG. 3 is a 
photograph showing that the same black fluid containing coal 
fines used in FIG. 2 was flowed through the nanoparticle 
treated sand pack from the top and that instead clean filtrate 
was flowed out of the sand pack at the bottom. FIG. 4 is a 
side-by-side comparison of the effluent from the FIG. 2 pho 
tograph (left) and the effluent from the FIG. 3 photograph 
(right) showing the sharp contrast between the two effluents. 
The water in the left beaker is cloudy and black, whereas the 
water in the right beaker is clear and transparent. 
0042. In the foregoing specification, it will be evident that 
various modifications and changes may be made thereto with 
out departing from the broader spirit or scope of the invention 
as set forth in the appended claims. Accordingly, the specifi 
cation is to be regarded in an illustrative rather than a restric 
tive sense. For example, specific combinations of alkaline 
earth metal oxides, alkaline earth metal hydroxides, alkali 
metal oxides, alkali metal hydroxides, transition metal 
oxides, transition metal hydroxides, post-transition metal 
oxides, post-transition metal hydroxides, piezoelectric crys 
tals, and pyroelectric crystals, of various sizes, brines, coating 
agents, and other components falling within the claimed 
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parameters, but not specifically identified or tried in a particu 
lar composition, are anticipated to be within the scope of this 
invention. 
0043. The words “comprising and “comprises' as used 
throughout the claims is to interpreted “including but not 
limited to. 
0044) The present invention may suitably comprise, con 
sist or consist essentially of the elements disclosed and may 
be practiced in the absence of an element not disclosed. 
What is claimed is: 
1. A coal-fines containing fluid comprising: 
a base fluid selected from aqueous fluids, hydrocarbon 

fluids, alcohols, glycols, and mixtures thereof. 
coal fines; and 
a particulate additive, where the particulate additive: 

has a mean particle size of 100 nm or less, and 
is selected from the group consisting of alkaline earth 

metal oxides, alkaline earth metal hydroxides, alkali 
metal oxides, alkali metal hydroxides, transition 
metal oxides, transition metal hydroxides, post-tran 
sition metal oxides, post-transition metal hydroxides, 
piezoelectric crystals, pyroelectric crystals, and mix 
tures thereof. 

2. The fluid of claim 1 where the amount of the particulate 
additive within the fluid is sufficient to inhibit the ability of 
the coal fines to move within the fluid as compared to an 
identical fluid absent the particulate additive. 

3. The fluid of claim 1 where: 
the alkaline earth metal is selected from the group consist 

ing of magnesium, calcium, strontium, and barium; 
the alkali metal is selected from the group consisting of 

lithium, Sodium, potassium; 
the transition metal is selected from the group consisting of 

titanium and Zinc, and 
the post-transition metal is aluminum, and mixtures 

thereof. 
4. The fluid of claim 1 where the amount of the particulate 

additive ranges from about 2 to about 300 pptg (about 0.24 to 
about 36 kg/1000 liters) based on the fluid. 

5. The fluid of claim 1 where the mean particle size of the 
particulate additive is 90 nm or less. 

6. The fluid of claim 1 further comprising a proppant, 
where the particulate additive at least partially coats the prop 
pant. 
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7. The method of claim 6 where the proppant at least 
partially coated by the particulate additive further comprises 
a non-aqueous coating agent. 

8. The method of claim 6 where the proppant at least 
partially coated by the particulate additive further comprises 
a dry particulate additive. 

9. A coal-fines containing fluid comprising: 
a base fluid selected from aqueous fluids, hydrocarbon 

fluids, alcohols, glycols, and mixtures thereof. 
coal fines; and 
about 2 to about 300 pptg (about 0.24 to about 36 kg/1000 

liters) based on the fluid, of a particulate additive, where 
the particulate additive: 
has a mean particle size of 100 nm or less, and 
is selected from the group consisting of alkaline earth 

metal oxides, alkaline earth metal hydroxides, alkali 
metal oxides, alkali metal hydroxides, transition 
metal oxides, transition metal hydroxides, post-tran 
sition metal oxides, post-transition metal hydroxides, 
piezoelectric crystals, pyroelectric crystals, and mix 
tures thereof; 

where the amount of the particulate additive within the fluid is 
sufficient to inhibit the ability of the coal fines to move within 
the fluid as compared to an identical fluid absent the particu 
late additive. 

10. The fluid of claim 9 where: 
the alkaline earth metal is selected from the group consist 

ing of magnesium, calcium, strontium, and barium; 
the alkali metal is selected from the group consisting of 

lithium, Sodium, potassium; 
the transition metal is selected from the group consisting of 

titanium and Zinc, and 
the post-transition metal is aluminum, and mixtures 

thereof. 
11. The fluid of claim 9 where the mean particle size of the 

particulate additive is 90 nm or less. 
12. The fluid of claim 9 further comprising a proppant, 

where the particulate additive at least partially coats the prop 
pant. 

13. The method of claim 12 where the proppant at least 
partially coated by the particulate additive further comprises 
a non-aqueous coating agent. 

14. The method of claim 12 where the proppant at least 
partially coated by the particulate additive further comprises 
a dry particulate additive. 
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