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cal ci um phosphate WD 2011/ 082286PCT/ US2010/ 062474 scal i ng tendency. The
current invention is a successful phosphate, sulfate and cal ci um

i nhibitors, which can be used in penbrane based water purification as well
as a broad range of other appli caBPrEMRCROYNhe enbodi nent the invention is
used with nmenbrane systens. |In another enbodi nent the invention is used as
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operators due to new municipal applications and changes in water sources have seen an increase
i calcium phosphate scaling and need an effective and safe method of eliminating the build of
such scale. The traditional method of controlling scale, including calcium phosphate, is to feed
20 acid which is effective but has some drawbacks firstly it can be detrimental to the membranes or
reduce the use time before replacement is needed, secondly it can be cost prohibitive for large
systems and finally there is safety concerns with the use of acid in high flow, high-pressure acid
feed systems. This is why the industry has worked to discover new technologies for the use as an

anti-scalant especially with phosphate scale.

25 The prevention of calcium phosphate scale in systems is exemplified in the process of
membrane based water purification where the prevention of calcium phosphate fouling using
anti-scalant has been met with limited success, if any. Factors contributing to this failure include
the multiple forms of calcium phosphate, the slight negative charge of the membrane surface, and

the negative effects of adding phosphonates and phosphates to water with a calcium phosphate
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enbodi ment is used as a nenbrane performance enhancer. SUMVARY The

i nvention consists of the addition of a solution of trirnethylglycine to a
system i wOQoefd8easti ve anounts to elimnate the build upcCofUSs@aloe24e4 reduce
exi sting scale build up. The solution includes conpositions with the

chem cal formula of C5I-111N®2.HC1L such as such as trinethylglycine
hydrochl ori de, carboxynethyl, trinethylammoni umchloride and N,
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negative charge on the sanme nolecule resulting in no overall form

nol ecul ar charge) with a trimethyl anmoni um group (cation) and a carboxyl ate
group (anion) separated by a single nethylene group and bal anced with a
chloride and a proton respectively.gifviI&RY! Y. cation-containing

anti-scal ants are not used in nenbrane systens due to the fouling potenti al

of classic catjonic nolecules and pol yners. However, the close proximty 25
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i nvention desc I"bes the follow ng key ‘aspects : is an a antage of t he
i nvent i offimethdilypinghydsodhtmsidsui | d up of scale in a system 2. It is an
advantage of the invention to aid in the descaling of systens. WO

2011/ 082286 PCHriushplebrme 2uqaregtly ysed psamaerigukiupltra ggxcbfwhwhes ynigellit ¢xdacted
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scaling ina's
at various concentrations with dosage scaling with phosphate concentration. Trimethylglycine is

20 a small zwitterionic molecule (a positive and negative charge on the same molecule resulting in
no overall formal molecular charge) with a trimethylammonium group (cation) and a carboxylate
group (anion) separated by a single methylene group and balanced with a chloride and a proton
respectively. Typically, cation-containing anti-scalants are not used in membrane systems due to
the fouling potential of classic cationic molecules and polymers. However, the close proximity

25  of the cation and anion of trimethylglycine, due to bond angles and bonds distances along with
the neutralization of localized charges due to intramolecular coulombic forces, gives support to
membrane compatibility. Actual membrane compatibility studies have been completed showing

membrane compatibility at both low and high dosage concentrations.

30 The current invention describes the following key aspects:
1. Itis an advantage of the invention to eliminate the build up of scale in a system.

2. Itis an advantage of the invention to aid in the descaling of systems.
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addition of a trinethylglycine conmposition into the system reducing scaling
and scal e buildup. The trinethylglycine conposition that is used in the

met hod nawyoi2oclese8sone or nore of the follow ng: trimetRgrgiSgeione474

hydr ochl ori de, carboxynet hyl, betaine hydrochloride, trimethylarrnnoni um
chloride and N, N, N-trinethylglycine hydrochloride, trinmethylglycine- 15

pot assi um hydro and/or trir' nethylglycine-citri.c

reforred 11 menny bR erenzbhbs Feraim i bR itr gl s FARAETOR: de.
Thedi nvention can ﬂ@e}maadlg\maﬁbrﬁéﬁﬁManhmwbm o fliralitn @?ﬁrr@mr)]Odl n}ant it ?
used in a mater rification s The sy ows for, the safe use o

a menbr ane mﬁthln Kengree @ﬁ%o‘ﬁﬁEW@HPPéhWogﬁ%g]‘mgﬁmﬁ}?Bﬁgrﬁﬁ%O rane to
maintain its |nteg%hﬁymaﬁgngaﬂn@h§ﬁoﬁmgﬁﬁase its 20 effectiveness by
reducing any scale that can effect the menbr The nethod has the
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concentration of t{enhcaf@k Geddlo bt téfiem The conposition is preferable
added in a concentration of greater than or equal to .2 pprn. The
conposition can al so be added in a concentration equal to or |ess than 25
ppm The invention can al so use one or nore anti scaling 25 or cl eaning
conposition in addition to the trimethyl glycine conposition. The nethod can
be used with phosphate or sulfate scale. The trinmethyl glycine conposition
of the clainmed invention nay bETAILVIDBESCRPTEON! ecule. The zwitterionic
nol ecul e may have a trinethylannnniun1group and a carboxylate group
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¢t
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failure it ] e m,
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The trimethylglycine composition of the claimed invention may be a zwitterionic
molecule. The zwitterionic molecule may have a trimethylammonium group and a carboxylate
group connected by a single methylene group with a chloride group. The trimethylglycine

30  composition in the claimed invention may be is added to the processing system consistantly or
intermittently. The invention also allows for the addition of trimethylglycine composition and

eliminates the need for any pH adjustment by any means.
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20 limted use in nenbrane applications at |ow concentrations for assured
menbrane conpatibility. Phosphate Concentration at Seale Initiation
(NTU>0. 3)wblhrosipisazse Concentration at Scal e Fail ure ( NTUPETQ)S2@30/062404 O pprn
34 48.5 AMP1 ppm 34 48.5 12.5 ppm 19.4 38.8 AA/AMPS 8.25 ppm 38.8 58.1 TMG
HC1 0.8 ppm

EXAMPLES

The foregoing may be better understood by reference to the following examples, which
are intended to illustrate methods for carrying out the invention and are not intended to limit the
scope of the invention. The current experiments were run at 25 degrees Celsius and 45 minute

5 induction periods. The process consisted of the use of 130 ml deionized water in an Erlenmeyer
flask charged with a stir bar, standard solutions containing ions of 1.0 M NaCl (25 .mi), 0.1 M
Na;HPO, (0.016 ml), and 0.1 M CaCl, (40.0 ml) were added. If an antis-calant was evaluated
then it was added at this step with the appropriate volume of deionized water added to
experiment to keep the over all total volumes the same and thus ion concentrations the same.

10 Then turbidity was measured using a handheld turbidity meter (aliquots removed for
measurements were returned to mother liquid) and pH was measured using a VWR symphony
pH meter. After 45 minutes the turbidity and pH were measured again followed by the addition
of 0.1 M Na,HPQ,. Finally the steps were repeated until the turbidity at the end of a 45 min

period measured above 2.0 NTU, which concluded the experiment for that water chemistry.

15 Ultimately, the collective data from a group experiments allows for the identification of
scale initiation and scale failure for critical phosphate concentrations of ATMP (1 and 12.5 ppm),
AA/AMPS (8.25 ppm), and TMG HC1 (0.8 and 10 ppm). Table I gives the compilation of data
to demonstrate the effectiveness of TMG and to some degree the ineffectiveness of AMP.
AA/AMPS is a calcium phosphate anti-scalant used in cooling water and boiler applications with

20  limited use in membrane applications at low concentrations for assured membrane compatibility.

Phosphate Concentration at Scale|Phosphate Concentration at Scale
Initiation (NTU>0.3) Failure (NTU>2.0)

Control 0 ppm 34 48.5
AMP 1 ppm 34 48.5
12.5 ppm 19.4 38.8
AA/AMPS 8.25 ppm 38.8 , 58.1
TMGHCI 0.8 ppm 43.6 533
10 ppm 53.3 62.9

Table 1. Compilation of critical phosphate concentrations for various experiments.
25

A follow-up experimental set was conducted to determine if the effect seen in the first set
was from mitigation of calcium phosphate scale or from changes to the pH of the solutions. In

addition to repeating the control and the TMG HCI work, a third experiment was prepared with
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43.6 53.3 10 ppm 53.3 62.9 Table 1. Conpilation of critical phosphate
concentrations for various experinents. 25 A foll owup experi nental
set was cwodontoseksbo determne if the effect seen in theciusstosetd7nas from
mtigation of cal cium phosphate scale or fromchanges to the pH of the
solutions. In addition to repeating the control and the TMG HC1 work, a
third experinent was prepared with WO 2011/082286PCT/ US2010/ 062474 the pH
adj ust ed theptbadiedied te herthe aame #rchqaTMGHEE] #t10 pomp ghe WHseChiatwy a8fleni stry and

experinme . |, 13841 | r: f ' e 1.
These r eg i tng{é%%%@g%f ?11e1§ 15% %%gltﬂo%ré‘%fﬁ% g?\étarlg Ig}gagiiltrtrlleg1 :J?\lfeg? %tglf lgﬁ)%c?? ﬂgeal cium
phosphat effect AIMG Hill cordmis thainitiation of dalciun plosphage syelo nvglepiiong ambmitigaice the

Phosphat Ce ' at Scale Initiation (NTU>0.3) Phosphate
Concent r%ogéﬁ?na{b%g{g{ng&%i lure (NTU>2.0) Control O ppm

Phosphate Concentration at | Phosphate Concentration at
Scale Initiation (NTU>0.3) Scale Failure (NTU>2.0)

Control 0 ppm 243 43.6
HCl 38.8 53.3
TMG HCI 10 ppm 53.3 62.9

Table 2. Compilation of critical phosphate concentrations for various experiments.

10
Phosphate Test for 10 ppm Trimethylglycine

Tests were run to determine the types of phosphates present at the on-set of scale in the

presence of TMG HCI at 10 ppm. The experiment was carried to the point of having 53.3 ppm

15  phosphate added which gives a pH of 6.96 and turbidity of 0.74. The effectiveness of TMG as an

mhibitor of calcium phosphate scale is corroborated by data showing 95% of the total phosphate

measured as orthophosphate. This data indicates that scale is occurring, but the growth event is
inhibited by the trimethylglycine. J

20

Phosphate Types | Filtered | Unfiltered

Total 54.5 ppm | 55.5 ppm
Inorganic 52.5 52.5
Ortho 52.0 53.0

Table 3. Measured phosphate levels by filtered and unfiltered methods (total, inorganic, and
ortho) along with the calculated values for filtered and unfiltered organic phosphate.
25

Compatibility Tests for Trimethylglycine on ESPA1 Membrane
30 ,
Membrane compatibility tests were run to evaluate trimethylglycine using Hydronautics

ESPA1 membranes and an Osmonics flat plate membrane system. To date dosages of 10, 20,
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24.3 43.6 HC1 38.8 53.3 TM5G HC1 10 ppm 53.3 62.9 Table 2. Conpil ation of
critical phosphate concentrations for various experinents. Phosphate Test
for 10 ppwOTriwvmseisyl gl yei ne Tests were run to det ePrirus2ailoe6idaypes of
phosphat es present at the on-set of scale in the presence of TMG HC1 at 10
ppm The experinment was carried to the point of having 53.3 ppm 15
phosphat e added which gives a pH of 6.96 and turbidity of 0.74. The

ef fect i venes&pmn mnmlségly@ne yseqobloride haye beent n.UwitgBEpigcorird deyels forapll
corrobor . i 0 3 :

ort hop ho?%rﬁgl? %Vs '?%itngg gg{%\gﬁrig %g?@ﬁ@i@%ﬁ%ﬁ%& Z{aSEP?%?%E% (r%re ?ﬁ%%ﬁ%c? ﬁlctay growt h
event i s @hifer 20anbandt49s for #henmmywigh 3/dighieincrege ihBwpafe wihegp aunnfiglat 8¢ ed

Unfilter %gmmﬂ‘l%yl%ﬁmge BRI Beredsd R Ruk ?Pé‘g%h& running at 40 ppm trimethylglycine.
5  For all sodium chloride controls all parameters have returned to original conditions. It is worth
noting that these experiments were run evaluating actives concentrations. This is much higher

what would be expected in the reject water of most systems and water chemistries.



52.5 52.5 Otho 52.0 53.0 Table 3. Measured phosphate levels by filtered
and unfiltered nethods (total, inorganic, and ortho) along with the

cal cul at edovalwumsg28for filtered and unfiltered organi c pROTAIS2010/062474
Conmpatibility Tests for Trinethylglyeine on ESPA1 Menbrane Menbr ane
conpatibility tests were run to evaluate trinmethylglycine using
Hydronautics ESPA | nenbranes and an OSMD11i CS fl at plate nenbrane system
To date dosages of 10, 20, and 40 pbkAMMSnet hyl gl yei ne hydrochl ori de have
been run, with return to control levels for all paraneters. During exposure
of trinmetiytigin/ci ne there was a decrease in perneate conductivity (27 %for
20 ppm and 40% for 40 ppm) with a slight increase in flux (0.7% when
runni ng at 20.,p trinethyl glyci an ecrease in flux. (1,89 en
unni ng at GoATBARd R A hpcani: el Sie i witb et afedatol s ar)
par anmet ensméayiglytiat dshgdition b 1@ispadm edacthg scahisgg arldtscals biiaph noti ng t hat

t hese experinments were run eval uating actives concentrations. This is much
hihghers what2. Wohid alethed /eﬁ«pﬁmt 1edhdr§1n t%&ﬁm/eﬂaﬂgtycﬂﬁh&ﬁp@iﬁoﬂﬁﬁdhluﬁysﬁeeﬁﬁn@mdf wat er
chem stries WO 2011/ 082286PCT/ US2010/ 062474 CL Al M5 clair 1. A

et hod 0 PHR BT BRE it BB RE o CaB et gt PG wi ¢ b ¢ he
addi ti on t@hetBylhhindBiuiyohEre bRENCOMAShEth@ARlyLiAE Bydrilds  eMethoRUeindg scal ing
and scal e bui,{dup. 52. The pethaod of claim 1 wherein the trinethylglycine
conposi t iPORSSIHR PyHeedasnd/ s frimghdelysing-REricasid owi ng: tri net hyl gl yci ne

hydr ochl ori de cart%oxyé net hyl , hetaine hydrochl oride, trimet h%/l amoni um

chl ori de and ﬂw Rethpg ¢ ‘iiarl‘f‘i‘elt‘ﬂl}qrﬁP%itﬂ’@etﬁlﬂﬁer%ﬁ FeFRpQgiion is trimethylglycine

t ri mgphyhghweiin@rot assi um hydroxi de and/or trimethyl glyeine-citrie acid.

4. The method of claim 1 wherein the system is water purification system.
5. The method of claim 1 wherein the system involves the use of a membrane process.

6. The method of claim 1 wherein the trimethylglycine composition added in a

concentration proportionate to the concentration of the scale in the system.

15 7. The method of claim 1 wherein the trimethylglycine composition is added to the system

in the concentration of greater than or equal to .2 ppm.

8. The method of claim 1 wherein the trimethylglycine composition is used in combination

with one or more anti scaling or cleaning composition.

9. The method of claim 1 wherein the trimethylglycine composition is added to the system

20  wherein the concentration is equal to or less than 25 ppm.
10. The method of claim one wherein the scale is a phosphate or sulfate scale.

11. The method of claim 1 wherein the trimethylglycine composition is a zwitterionic

molecule.

12. The method of claim 11 wherein zwitterionic molecule trimethylammonium group and a

25  carboxylate group connected by a single methylene group with a chloride group.

13. The method of claim 1 wherein the frimethylglycine composition is added to the system

consistantly.

14. The method of claim 1 wherein the trimethylglycine composition is added to the system

intermittently.



3. The method of claim 1 wherein the trinethylglycine conposition is

trimethylglycine 10 hydrochl ori de. 4. The nmethod of claim 1l wherein
t he syst ewpi281vmem6 purification system 5. The merhisdoiofcnzai m 1
wherein the systeminvol ves the use of a menbrane process. 6. The net hod

of claim1l1l wherein the trinethylglycine conposition added in a

concentration_proportionate to the caoncentration of .the scale_in the
System 157 PROMRBOROEFIOR VIR TvREr G YEHE SORPISCRyt B i P8 S8fosi ¢ i on
i s added wifohitBe S48 r&@pH djdshBengoncent ration of greater than or equal to .2
ppm 8. The method of claim1l wherein the trimethyl glycine conposition
is used in conbination with one or nore anti scaling or cleaning

conposi tion. 9. The nmethod of claiml1l wherein the trinmethylglycine
conposition is added to the system 20 wherein the concentration is equal to
or less than 25 ppm 10. The net hod of claimone wherein the scale is a
phosphate or sulfate scale. 11. The nmethod of claim1l wherein the
trimethyl gl ycine conposition is a zwitterionic nol ecul e. 12. The
met hod of claim 11 wherein zwitterionic nolecule trinmethylamoni um group
and a 25 carboxyl ate group connected by a single nethylene group with a

chl ori de group. 13. The nmethod of claim1l wherein the trinethylglycine
conposition is added to the system consistantly. 14. The method of claim
| wherein the trinethylglycine conposition is added to the system
intermttently. 15. The nmethod of claim| wherein the trimethylglycine
conposition is put into the systemw thout the need for pH adjustnent.



