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[57] ABSTRACT 

A method for inhibiting the formation of clathrate hydrates 
in a ?uid having hydrate forming constituents is disclosed 
More speci?cally, the method can be used in treating a 
petroleum ?uid stream such as natural gas conveyed in a 
pipe to inhibit the formation of a hydrate restriction in the 
pipe. The method uses a mixture comprising a ?rst additive 
and a second additive. The mixture produces a synergistic 
hydrate inhibition e?'ect. The ?rst additive is selected from 
the class of substantially water soluble polymers. The sec 
ond additive is selected from the class of ionic or non-ionic 
organic compounds which have a polar part and nonpolar 
part with the nonpolar part having an alkyl, alkenyl, or 
alkynyl group with 12 or fewer carbon atoms. 

8Claims,NoDrawings 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or adver 
tisement or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory 
invention registration. For more speci?c information on 
the rights associated with a statutory invention registra 
tion see 35 U.S.C. 157. 
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METHOD FOR INHIBITING HYDRATE 
FORMATION 

Related to copending US. patent applications, Ser. Nos. 
08/306,331 and 08/306,336, each ?led in the name of K. S. 
Colle, et al. on Sep. 15. 1994, Ser. No. 08/306,331 patented 
on Feb. 13, 1996, US. Pat. No. 5,491,269 and Ser. No. 
08/306,336 abandoned on Sep. 28, 1995. 

FIELD OF THE INVENTION 

The present invention relates to a method for inhibiting 
the formation of clathrate hydrates in a ?uid. More 
speci?cally, the invention relates to a method for inhibiting 
the formation of gas hydrates in a pipe used to convey oil or 
gas. 

BACKGROUND OF THE INVENTION 

Carbon dioxide, hydrogen sul?de, and various 
hydrocarbons, such as methane, ethane, propane, normal 
butane and isobutane, are present in natural gas and other 
petroleum ?uids. However, water is typically found mixed in 
varying amounts with such petroleum ?uid constituents. 
Under conditions of elevated pressure and reduced tempera 
ture clatiuate hydrates can form when such petroleum ?uid 
constituents or other hydrate formers are mixed with water. 
Clathrate hydrates are water crystals which form a cage-like 
structure around guest molecules such as hydrate forming 
hydrocarbons or gases. Some hydrate forming hydrocarbons 
include, but are not limited to, methane, ethane, propane, 
isobutane, butane, neopentane, ethylene, propylene, 
isobutylene, cyclopropane, cyclobutane, cyclopentane, 
cyclohexane, and benzene. Some hydrate forming gases 
include, but are not limited to, oxygen, nitrogen, hydrogen 
sul?de, carbon dioxide, sulfur dioxide, and chlorine. 
Gas hydrate aystals or gas hydrates are a class of clath 

rate hydrates of partimlar interest to the petroleum industry 
because of the pipeline blockages that they can produce 
dm'ing the production and/or transport of the natural gas and 
other petroleum ?uids. For example, at a presslu'e of about 
1 MPa ethane can form gas hydrates at temperatures below 
4° C., and at a pressure of 3MPa ethane can form gas 
hydrates at temperatures below 14° C. Such temperatures 
and pressures are not uncommon for many operating envi 
ronments where natural gas and other petroleum ?uids are 
produced and transported. 
As gas hydrates agglomerate they can produce hydrate 

blockages in the pipe or conduit used to produce and/or 
transport natural gas or othm' petroleum ?uid. The formation 
of such hydrate blockages can lead to a shutdown in pro 
duction and thus substantial ?nancial losses. Furthermore, 
restarting a shutdown facility, particularly an o?shore pro 
duction or transport facility, can be di?icult because signi? 
cant amounts of time, energy, and materials, as well as 
various engineering adjustments, are often required to safely 
remove the hydrate blockage. 
A variety of measures have been used by the oil and gas 

industry to prevent the formation of hydrate blockages in oil 
or gas streams. Such measures include maintaining the 
temperature and/or pressure outside hydrate formation con 
ditions and introducing an antifreeze such as methanol, 
ethanol, propanol, or ethylene glycol. From an engineering 
standpoint, maintaining temperature and/or pressure outside 
hydrate formation conditions requires design and equipment 
modi?cations, such as insulated or jacketed piping. Such 
modi?cations are costly to implement and 'lhe 
amount of antifreeze required to prevent hydrate blockages 
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2 
is typically between 10% to 20% by weight of the water 
present in the oil or gas stream. Consequently, several 
thousand gallons per day of such solvents can be required 
Such quantities present handling, storage, recovery, and 
potential toxicity issues to deal with. Moreover, these sol 
vents are di?icult to completely recover from the production 
or transportation stream. 

Consequently, there is a need for a combination of gas 
hydrate additives that can be conveniently mixed at low 
concentrations in the produced or transported petroleum 
?uids. Such an additive mixture should reduce the rate of 
nucleation, growth, and/or agglomeration of gas hydrate 
crystals in a petroleum ?uid stream and thereby inhibit the 
formation of a hydrate blockage in the pipe conveying the 
petroleum ?uid stream. 
One method of practicing the present invention uses a ?rst 

gas hydrate additive in combination with a second gas 
hydrate additive in the concentration ranges of about 0.01% 
to about 5% and about 0.05% to about 6%, respectively, by 
weight of the water present in the oil or gas stream. As 
discussed more fully below, the additives of this invention 
can effectively treat a petroleum ?uid having a water phase. 

SUMNIARY OF THE INVENTION 

According to the invention there is provided a method for 
inhibiting the formation of clathrate hydrates in a ?uid 
having water and other hydrate forming constituents. The 
method comprises treating the ?uid with a ?rst additive and 
a second additive, the ?rst additive comprising a substan 
tially water soluble polymer and having a ?rst independent 
e?’ect on the formation of clathrate hydrates in the ?uid, the 
second additive comprising a substantially polar part and a 
substantially nonpolar part, wherein the nonpolar part is an 
alkyl, alkenyl, or alkynyl g'cup with 12 or fewer carbon 
atoms and having a second independent e?‘ect on the for 
mation of clathrate hydrates in the ?uid, thereby producing 
a total inhibition elfed for the ?uid which is greater than the 
combination of the ?rst and second independent effects for 
the ?uid. 
The invention can be practiced using any one of various 

treatment methods including, but not limited to, (l) treating 
the ?uid with the ?rst and second additive substantially 
simultaneously, (2) treating the ?uid ?rst with the ?rst 
additive and treating it second with the second additive, or 
(3) treating the ?uid ?rst with the second additive and 
treating it second with the ?rst additive. 
The ?rst additive comprises a water soluble polymu' 

including, but not limited to, those selected from the group 
consisting of polyvinyllactams, polyalkylacrylamides, and 
polyalkyloxazolines, polyvinylcarboxylates, and copoly 
mcrs thereof. The second additive comprises those organic 
compounds selected from the group consisting of anionic, 
cationic, non-ionic, zwitterionic organic compounds and 
mixtures thereof. Such second additives include, but are not 
limited to, those selected from the group consisting of 
alcohols, ethers, and organic salts. 

DETAILED DESCRIPTION OF THE 

INVENTIVE METHOD 
The claimed method inhibits the formation of clathrate 

hydrates in a ?uid having hydrate forming constituents. 
Formation of clathrate hydrates means the nucleation, 
growth, and/or agglomeration of clathrate hydrates. Such 
clathrate hydrates may be formed in a ?uid whether it is 
?owing or substantially stationary, but are often most prob 
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lematic in ?owing ?uid streams conveyed in a pipe. For 
example, ?ow restrictions arising from partial or complete 
blockages in a ?uid stream can arise as clathrate hydrates 
adhere to and accumulate along the inside wall of the pipe 
used to convey the ?uid. Nonetheless, the invention can be 
used for inhibiting formation of clathrate hydrates in sub 
stantially stationary ?uids. 
Without limiting the scope of the invention, applicants’ 

believe that the combination of additives used in practicing 
the invention inhibit the nucleation but primarily inhibit the 
growth and/or agglomeration of clathrate hydrates. 
Therefore, clathrate hydrates can be produced in the practice 
of the invention. Such hydrates, however, will have a 
substantially reduced tendency to grow and/or agglomerate. 

In one embodiment of the invention, a concentrated 
solution or mixture of a ?rst additive comprising one or 
more substantially wata' soluble polymeric additives, and a 
second additive comprising one or more anionic, cationic, 
non-ionic, or zwitta'ionic organic compounds is introduced 
into a petroleum ?uid stream having an aqueous phase. As 
the solution or mixture of additives described in this inven 
tion is substantially dissolved in the aqueous phase or 
dispersed in the ?uid stream it reduces the rate that clathrate 
hydrates are formed and reduces their tendency to agglom 
erate into large masses, thereby reducing the tendency for a 
?ow restriction to occur. 

In a preferred embodiment, the ?rst and second additive 
are ?rst dissolved into an apgropriate carrier solvent or 
liquid to make a concentrated solution or mixture. It should 
be undu'stood that many liquids may effectively facilitate 
treatment of the ?uid stream without dissolving the addi 
tives. Because many of such liquids will preferably dissolve 
the additives, for convenience, they are referred to hereafter 
as solvents whether they produce an additive solution, 
emulsion, or other type of mixture. The solvent’s principal 
purpose isto actas acarrierforthe?rstand secondadditive 
and to facilitate their absorption into the aqueous phase of 
the petroleum ?uid. Any solvent suitable for delivering the 
additives to the ?uid’s aqueous phase may be used. Such 
solvents include, but are not limited to, water, brine, sea 
water, produced water, methanol, ethanol, propanol, 
isopropanol, glycol or mixtures of such solvents. Other 
solvents familiar to those skilled in the art may also be used 

It should be understood that the use of a carrier solvent is 
not required in the practice or the invention, but it is a 
convenient method of introducing the additive into the ?uid. 
In many applications the use of a can'ia' solvent will 
facilitate treatment of the ?uid stream. It should also be 
unda'stood thatthetwo additivesdonot needtobemixedin 
the same carrier solvent. They can be mixed individually, in 
separate solvents, and introduced separately into the petro 
leum ?uid. Alternatively, some of the second additives listed 
below do not need carrier solvents because they are liquids 
at normal ambient temperatures and pressures. 
Any convenient concentration of the additive in the 

carrier solvent can be used, so long as itresults in the desired 
?nal concentration in the aqueous phase of the petroleum 
?uid. Higher concentrations are preferred, since they result 
in a reduced volume of concentrated mixture to handle and 
inject into the petroleum stream. The actual concentration 
used in a speci?c application will vary depending upon the 
selection of carrier solvent, the chemical composition of the 
?rst and second additive, the system , and the 
solubility of the additives in the carrier solvent at application 
conditions. In the preferred embodiment, the concentration 
of die organic compound additive is about four times that of 
the polymeric additive. 
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The additive mixurre is introduced into the aqueous phase 

of the petroleum ?uid using mechanical equipment, such as, 
chemical injection pumps, piping tees, injection ?ttings, and 
other devices which will be apparent to those skilled in the 
art. However, such equipment is not essential to practicing 
the invention. To ensure an e?icient and eifective treatment 
of the petroleum ?uid with the additive mixture three points 
should be carefully considered. 

First, an aqueous phase is preferably present at the loca 
tion the additive mixture is introduced into the ?uid. In some 
petroleum ?uid systems (particularly natural gas systems), 
an aqueous phase does not appear until the gas has cooled 
su?'rciently for water to condense. If this is the case, the 
additive mixture is preferably introduced after the water has 
condensed. Altanatively, in the event that an aqueous phase 
is not available at the point the additive mixture is 
introduced, the additive mixun'e concentration should be 
selected to ensure that the additive mixture’s viscosity is 
su?iciently low to facilitate its dispersion through the ?uid 
and pu-mit it to reach the aqueous phase. 

Second, because the additives primarily serve to the formation of cla?irate hydrates, rather than revu'se such 

formation, it is important to treat the ?uid prior to substantial 
formation of clathrate hydrates. As a wet petrolernn ?uid 
cools it will eventually reach a tempa'ature, known as the 
hydrate equilibrium dissociation temperature or T”, below 
which hydrate formation is thermodynamically favored. A 
petroleum ?uid’s T will shift as the pressure applied to the 
?uid and its composition change. Various methods of deter 
mining a ?uid’s Tq at various ?uid compositions and 
pressure are well lmown to those skilled in the art. 
Preferably, the ?uid should be treated with the ?rst and 
second additives when the ?uid is at a temperature great: 
than T”. It is possible, but not preferable, to introduce the 
additives while the is at or slightly below T,,,, 
preferably before clatbrate hydrates have begun to form. 

Third, in the practice of the invention, hydrate nucleation 
and gowth is inhibited but nonetheless hydrates can form, 
while the tendency fa‘ them to agglomtrate is substantially 
reduced. Thm'dhre, dispersed hydrates may be p'esent in a 
petroleum ?uid stream. Preferably, before further processing 
of the petroleum ?uid stream occurs, the ?uid stream is 
graduallywarmedtoaaboveitsTqtoensure 
any solid hydrates are melted and do not interfere with other 
processes. 
The quantity ofthe ?rst additive introduced into a petro 

lemn ?uid with an aqueous phase solvent will typically vary 
between about0.0lwt% toaboutS wt% byweightofthe 
water present in the ?uid. The quantity of the second 
additive introduced into a petroleum ?uid with an aqueous 
phase solvent will typically vary between about 0.05% to 
about 6% by weight of the write‘ present in the ?uid. 
Preferably, the ?rst additive concentration will be about 0.5 
wt%andthesecondadditivewillbeabout2wt%. For 
example, a laboratory study has shown that 0.5 wt ‘it: 
poly(2-ethyl-2-oxazoline) with 2 wt % sodium butyl sulfate 
allowed a petroleum ?uid to cool to a which was 
about 17° C. below its Tq without formation of a hydrate 
blockage. At this temperature level, hydrate nucleation 
occurred, but hydrate growth was signi?cantly retarded, 
hydrate agglomeration was not seen, and no hydrate block 
age occurred. A higher concentration of the additives can be 
used to lower the temperature at which a hydrate blockage 
is obtained. A suitable concentration for a particular 
application, however, can be determined by those skilled in 
the art by taking into account the additive’s performance 
undtr such application, the degree of inhibition required for 
the petrolemn ?uid, and the additive's cost. 
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ADDITIVE SYNTHESIS 

Several polymeric and ionic and non-ionic organic addi 
tives were either synthesized or obtained commercially for 
evaluating either alone or in combination with each other in 
the tetrahydrofuran (Tl-IF) test described below. The chemi 
cal structures and names for the polymeric additives which 
were evaluated are: 

PDMAM = Poly(N,N-dimethylacrylamide) 

—- '-—nc --cm 

N 

- CH3 CH3 

PMAM = Poly(N-methy1acrylmnirb) 

| 
N 

L7 
l 1.; 

Wear = Polyohykanmlwhm) 

O 

N 0 

35 

6 
-continued 

VP/VPro = Copolymer of N-vinyl pyrrolidone and vinyl propionate 

x I 

WISH’ = Copolymer of N-vinyl pynolidone and N-(S-sulfupropyD-N 

me?mcrybylaminbptopybN?-dimc?rylammonimn bemine 

cm-cn 1 
l 

U0 
3 

' HzC —CH " 

0 

CH3 1 

PEFAm = Poly(etheny) 

CH1 -—ti'JH 
H-N 

where x and y are average integers su?icient to produce an 
average molecular weight between about 1,000 and about 
1,000,000. 

Regarding a polymer’s average molecular weight, it is 
well understood by those skilled in the art that a g'ven 
polymer composition is comprised of polymers having vm'i 
able chain lengths and molecular weights, with some above 
and some below the polymer’s average molecular weight 
Therefore, some polymer chains contain less than it repeat 
ing units and some polymer chains contain more than 1: 
repeating units. Accordingly, it represents an average num 
ber of repeating units over the distribution of polymer chains 
comprising a given polymer composition. 

The chemical names and structures of the various organic 
additives evaluated either alone or in combination with the 
polymeric additives identi?ed above are provided below. 

NaC4-Sull'ate=Sodi1msaltofn-butylsulfnte 
Sodiimsahofn-bmylml?micacid 
Sodhrmsaltofn-octylsulfonicacid 

Na Valet-a1: = Sodium salt of Valerie acid (n-pemamic acid) 

Butyl Zwitterim = C4 Zwitterkm 
McOH = Methanol 

CH: C OH 
me’ ‘cm’ HY 

0 
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Most of the polymers tested are commercially available. 
Several of the polymers tested, VP/VPro, VP/SPP, and 
polyalkylacrylamides, are polymers synthesized according 
to known literature procedures. VP/VPro is prepared by 
copolymerizing vinyllpyrrolidone and vinyl propionate, 
both commercially available monomers, using known pro 
cedures (Hayashi and Smets, J. Polym. Sci, 27, 275 (1958) 
or EP 0 104 042 A2). VP/SPP is prepared as described by 
Schulz. et al. in “Polymers In Aqueous Media— 
Performance Through Association," Advances in Chemisn'y 
Series, 23, American Chemical Society, Washington, DC, 
1989, Chapter 9. The ionic and non-ionic organic additives 
are all commercially available materials or can be produced 
by neutralization of commu'cially available precursors. 
ADDII'IVE EVALUATION 
Laboratory Evaluation Procedure 
One method for evaluating an additive’s etfectiveness is 

a bench-scale atmospheric pressure test often referred to as 
a tetrahydroftnan orTHF test. ATHF test typically uses 3mL 
of ten-ahydrofuran ('I‘HF) and 9 mL of ASTM synthetic 
seawater (SSW) containing the desired amount of additive. 
TheTHFand SSWareplacedinacappedtesttube (15 mm 
OD><12.5 cm long) with a 0.95 centimeter stainless steel 
ball. Each tube is placed in a ferriswheel-type holder and 
placed in a cooling bath held near 0° C. The tubes are rotated 
to facilitate mixing of the samples. The tubes are monitored 
visually and recorded with a video camera. As hydrate 
formation proceeds the viscosity of THE/SSW solution 
increases. In many instances the solution’s viscosity will 
becomehigh enoughfortheballtostopmoving.'l‘hetime 
required for the stainless steel ball to stop moving the full 
length ofthembeisreferredtoasballstoptimeorBSI‘. 
The BS!‘ is an approximate indication of an additive’s 

e?ectiveness. Because the 'I‘I-lF/SSW solution has a Tq of 
about 2°—5° C. and THF is miscible with water, hydrate 
formation is substantially accelerated for the THFISSW 
solution as compared to petroleum ?uids conveyed in a 
pipeline or ?owline under typical ?eld conditions. 
Therefore, BSTs are useful for indicating which additives 
may be etfective under ?eld applications. A BST for a 
THFISSW solution with an additive which is about three 
times the BS!‘ for a THF/SSW control solution with no 
additive present indicates that the additive demonstrates a 
threshold inhibition e?'ea. Therefore, as used herein, a 
threshold inhibition concentration ("I'IC") means the addi 
tive concentration in a THFISSW solution required to pro 
chrceaBSI‘whichisaboutthreetimestheBSl‘fora 
THF/SSW control solution. 
Some additives may have a BST indicating a nominal or 

no inhibition ell’ect compared to the BS!‘ for the THF/SSW 
control solution (“control BS1") or a BS!‘ indicating for 
mation of hydrates is accelerated compared to the control 
BST. Consequently, an additive with a BS1‘ which is equal 
to the control BST is identi?ed as having no inhibition e?‘ed 
or a null e?’ect. An additive with a BS!‘ which is between the 
control BS!‘ and about three times the control BS!‘ is 
identi?ed as having a nominal inhibition elfect. An additive 
with :1 BST which is less than the control BS!‘ is identi?ed 
as having an a hydrate activation etfect. Ahydrate activation 
e?’ect indicates that an additive with such a BST accelerates 
or enhances the rate of hydrate formation compared to the 
THFISSW control. 

Because the THF test results are sensitive to variations in 
the t at which the test is run, rotation frequency 
of the tube, clearances between the stainless steel ball and 
tube wall, etc, it is important to run a Tl-[FISSW control 
solution with each additive evaluation to ensure that an 
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additive’s TIC is accurately measured and that a reliable 
threshold inhibition etfect is observed. 
Tl-lF Test Results 

Without limiting the scope of the invention, and for the 
purpose of illustrating the invention, various polymeric and 
organic additives were evaluated alone and in combination 
with each other including PVP, PEOx, PVCap, VPIV'Pro, 
VP/SPP, PEP-‘Am, PDMAM, PDEAM, PMAM, Na C4 
Sulfate, Na C4 Sulfonate, Na C8 Sulfonate, Na Valet-ate, C4 
Zwitterion and MeOH. 

TABLE 1 

'I'HF TEST RESULTS 

FIRST CONC, SECOND CONC, BALLS'IOP 
ADDITKVE WT % ADDITIVE WT % TIME (MIN) 

None -— None — 7 

None — Na C4 Sulfate 2.0 15 
None — Na C4 Sulfcnate 2.0 27 
Ncne -- Na 08 Sulfonate 2.0 1) 
Ncne —— Na Vibrate 1.0 10 

None — C4 Zwitterim 2.0 <1) 
None — MeOH 1.0 31 
WP 0.4 None — 177 

P130: 0.5 None — 87 

PVCap 0.2 Not: — 25 
VPIVPro 0.1 None — E 

WISH’ 0.25 None — 139 
PEFAm 0.25 None -— 7 
PDMAM 0.5 None - 14 
PDEAM 0.25 None — >140) 
PDBAM 0.05 None — 9 
PMAM 0.5 None — 41 

WP 0.35 Na C4 Sulfate 2.0 669 
WP 0.35 Na 04 Sulfcnate 2.0 493 
PEO: 0.5 Na C4 Sulfate 1.0 426 
P50: 0.5 Na C4 Sulfate 1.33 412 
PEG: 0.5 Na C4 Srlfate 1.67 516 
P50: 0.5 Na C4 Sulfate 2.0 >2765 
PRO: 0.5 NaCB Sulfonate 1.0 190 
PEG: 0.5 Na C8 Sultanate 3.0 287 
P50: 0.5 MeOH 1.0 >14-(I) 
PRO: 0.5 MeOl-l 3.0 >140) 
PVCap 0.1 Na C4 Sultanate 1.0 >1716 
VPNPro 0.1 Na C4 Sultan 2.0 198 
VPISPP 0.25 Na C4 Sulfate 2.0 1397 
PBFAm 0.25 Na C4 Sulfate 2.0 12.2 
PEiAm 0.5 Na C4 Sulfate 2.0 24 
PEFAm 0.5 Na C4 Saline 4.0 >380 
PEFAm 0.5 MeOH 1.0 26 
PE'Am 0.5 MeOl-I 20 >13“) 
PDMAM 05 MeOH 1.0 >376 
PDMAM 05 Na C4 Sulfate 2.0 >3885 
PDEAM 0.05 MeOl-I 1.0 >1440 
P'DEAM 0.05 Na C4 Sulfate 2.0 >1440 
PMAM 0.5 MeOl-l 1.0 >l560 
MM 05 Na 04 Sulfate 2.0 >3885 

The ?rst row of Table 1 shows results whe'e no additives 
are present in the THFISSW control solution. Most of the 
experiments with polymeric and organic additives used 
alone demonstrated inhibition e?’ects near or moderately 
above the threshold inhibition elfect at the concentrations 
indicated. For example, sodium butyl sulfate (Na C4 
Sulfate) and sodium butyl sulfonate (Na C4 Sulfonate) each 
at 2 wt % obtained BSTs of 14.8 minutes and 27.0 minutes, 
respectively, compared to 7.2 minutes for the control. 
Therefore, a 2 wt % solution of Na C4 Sulfonate demon 
strated an inhibition etfect above the threshold inhibition 
etfect with a BST that's 3.75 times the control sample’s BS1‘. 
A 2 wt % solution of Na C4 Sulfate, however, demonstrated 
an inhibition effect: below the threshold inhibition e?‘ect with 
a BST that’s only 2.1 times the control sample's BST. 
Consequently, a higher concentration of Na C4 Sulfate 
would be required to reach its TIC. 



H1749 
9 

Suprisingly, however, a synergistic inhibition effect 
occurs when a substantially water soluble polymer is com 
bined with an organic compound having a substantially 
nonpolar part and substantially polar part and the nonpolar 
part is an akyl, alkenyl, or alkynyl group 12 or fewer carbon 
atoms. The synergy for the combination of the ?rst and 
second additive is evidenced by the combination having a 
EST or total inhibition effect which is greater than the sum 
of the respective EST or inhibition etfects observed for each 
additive independent of the other. In one instance, the 
synergistic inhibition e?ect was not demonstrated with 
PEFAm at a concentration below its TIC in combination 
with Na C4 Sulfate. However, polymeric additives, such as 
PEFAm or PDMAM, which demonstrated an inhibition 
e?=ect below the threshold inhibition e?ect when used alone, 
did demonstrate a synergistic inhibition effect in combina 
tion with an alcohol such as methanol. 

In addition to those identi?ed above, applicants believe 
that the synergistic inhibition effect will be observed with 
other organic compounds including, but not limited to, 
nitrogen containing hydrocarbons such as alkyl pyrrolidone, 
other salts of carboxylic acids, other zwitterions, and other 
alcohols including ethoxylated alcohols such as Z-butoxy 
ethanol and diol alcohols such as ethylene glycol or propy 
lene glycol. Also, the substantially nonpolar group may 
contain one or more double or triple bonded carbon atoms 
provided the group contains 12 or fewer carbon atoms. 
Accordingly, the substantially nonpolar group can comprise 
an alkenyl or alkynl group, as well as, an alkyl group. The 
presence of a synergistic inhibition effect can be determined 
by conducting a THF test of a solution containg the ?rst 
additive, a solution containing the second additive and a 
solution containing a combination of the ?rst and second 
additive. A synergism is obtained where the inhibition e?’ect 
for the combination exceeds the sum of the independent 
inhibition eifects for the ?rst and second additives. 
A synergistic inhibition e?‘ect can also occur using a 

polymeric additive which demonstrate good inhibition 
ell‘ects when used alone, such as PDEAM. For example, the 
synergistic inhibition e?'ect is observed with PDFAM used 
at a 0.05wt ‘i6 concentration. Therefore, the synergistic 
inhibition effect may be observed at very low concentrations 
for the ?rst additive by conducting a series THF tests with 
arange of ditferent concentrations for the ?rst additive. Such 
a series of tests will con?rm the presence of the synergistic 
inhibition eifect and demonstrate the extent to which addi 
tive concentrations in?uence such an etfect. 
As indicated above, the second additives are organic 

compounds comprising a substantially polar part and sub 
stantially nonpolar part with the nonpolar part having an 
alkyl, alkenyl, or alkynyl group with 12 or fewer carbon 
atoms. Although not essential to obtaining a synergistic 
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inhibition effect, preferably, the nonpolar part is directly 
bonded to the polar part. By directly bonded we mean that 
there are no intervening functional groups between the polar 
and nonpolar parts which would disrupt the continuity of the 
bond between the polar and nonpolar part. 
The means and method for practicing the invention and 

the best mode contemplated for practicing the invention 
have been described. It is to be understood that the foregoing 
is illustrative only and that other means and techniques can 
be employed without departing from the true scope of the 
invention de?ned in the following claims. 
We claim: 
1. A method for inhibiting the formation of clathrate 

hydrates in a ?uid having water and other hydrate forming 
constituents, said method comprising treating said ?uid with 
a ?rst additive and a second additive, said ?rst additive 
comprising a substantially water soluble polymer and having 
a ?rst independent effect on the formation of clathrate 
hydrates in said ?uid, said second additive comprising a 
substantially polar part and a substantially nonpolar part, 
wherein said nonpolar part is an alkyl, alkenyl, or alkynyl 
group with 12 or fewer carbon atoms and having a second 
independent e?’ect on the formation of clathrate hydrates in 
said ?uid, thm'eby producing a total inhibition effect for said 
?uid which is greater than the combination of said ?rst and 
second independent eifects for said ?uid. 

2. The method of claim 1 wherein said second additive has 
a concentration in said ?uid between about 0.05% and about 
6% by weight of said water in said ?uid. 

3. The method of claim 1 whm'ein said ?uid is treated 
substantially simultaneously with said ?rst and second addi 
tive. 

4. The method of claim 1 wherein said ?uid is treated ?rst 
with said ?rst additive and treated second with said second 
additive. 

5. The method of claim 1 wherein said ?uid is treated ?rst 
with said second additive and treated second with said ?rst 
additive. 

6. The method of claim 1 wha'ein said ?rst additive is 
seleaed from the group consisting of polyvinyllactams, 
polyalkylacrylamides, polyalkyloxazolines, 
polyvinylcarboxylates, and copolymers thereof. 

7. The method of claim 1 wherein said second additive is 
selected from the group consisting of non-ionic, anionic, 
cationic, zwitterionic organic compounds and mixtures 
thereof‘. 

8. The method of claim 7 wherein said organic compound 
is selected from the group consisting of alcohols, ethers, and 
organic salts. 


