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TECHNICAL HELD 10This invention relates to improved elimination of calcium phosphate scale in
processing systems. The invention also allows for improved anti sealing so that there is no build up in
the system without pH adjustments. Further the invention in no way compromises the integrity of

membranes if used in the METBMDBORKER QEMOVISCalsipmphosphatedouting is a growing concern
for in many industries but most importantly in industries that use membranes for purification and

filtration. The membrane operators due to %wﬁg lSQE’H ations and changes in water sources
alin

have seen an increase in 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@@&@6&4@@%&%@%\@Ja;gtﬁa@gt%gmgugﬁm.g{gil%ﬁ%%@&%&gtrimental to

the membranes grreduce the-Hse time before replacement is needed, secondly it can’be cost
prohibitive for Igrrge systems and f?(}l%}ﬁi;g t %“fgefsﬁég?gt%}gg%%%tron%ﬁlﬁ ﬁt?ﬁf’é’%rfgrﬁ%éﬁ?é‘?ﬁ high flow,

high-pressure A8 S pataroormrEseninpaia terlrstsp FersawdrRaddondiseover inéw teckinologies for
the use as an antilsedank&pecialynviithophosdhate chaleis2 Eihepieventinn:eksalcium phosphate
scale in systemagigs@xamplified in the process of membrane based water purification where the
prevention of calcium phosphate fouling using anti-sealant 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 nagatimrefiecarifmdding phosphonates and phosphates to
water with a calcium phosphate scaling tendency. The current invention is a successful phosphate,
sulfate antPcalcium iRbibitorsiavhibtecarideovsedinimembraneibasrdpnatetppificationas well as a
broad range ofpiat. applieadions -l anssmPadipeRtRe MyeNioRsUsed Wihmegmhrane systems.

In another emgggém%%gggpﬁ\é%g&% s used as a Cleaner as trimethylglycine hydropcﬁlorcfde oras

alternative salt such as time yoine-potassium Ryaroxide SRt A RIGHEHE. In a further
embodiment iSHEETHS ﬁ?ﬁ@rﬁ’c??’ﬁﬁ@siﬁ@rformance enhancer. SUMMARY In a first aspect, there is
provided a method for the reduction and/or control of scaling in a system with the addition of a
trimethylglycine composition into the system fﬁﬂ&i&'&g‘{ﬁ%@g and scale buildup.

15 Caleium phosphate fouling is a growing concern for in many industries but most
importantly in industries that use membranes for purification and filtration. The membrane
operators due to new municipal applicaﬁons and changes in waler sources have seen an increase
m calchum 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 concems with the nse 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-scalent has been met with limited success, if any. Factors contributing to this failure include
the multiple forms of calctum phosphate, the slight negative charge of the membrane surface, and

the negative effects of adding phosphonates and phosphates to water with 2 calcium phosphate
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The invention consists of the addition of a solution of trimcthylglycine to a system in effective amounts

to eliminate fhe, L{Ugd&Bl;erﬁQéﬂﬁcQ{ redues exsting sealenbuildisiputhesobitiomineluges compositions
with the chemical formula of C5I—Ji|fs%\?2:I—cj%]a.msruchiﬁﬂsa&grrp%thy | acirg}ea}ayglroec&l%ilgre, carboxymethyl,
trimethylamWBFiH? ERESHHE BRACRE N Nirimetmyigyaine hydrochloride, — Trimethylglycine is
currently usedriisigmadricutteribGroutte Wtk is e e rartEa TR S garBet molasses with
water. The majonapplisations-ef timethylolycine 40 datenarg livestopkdeeathadditives-iwiman nutritional
supplement, plant nutrition), and.chemical reagent..In the de ept of an apfi- Ing composition
and process’df U158 1 Wénseﬂgffjsgé%%igfgamslumehfg@%fﬁ% Oﬁgﬁ%@rﬁé?%gi&ﬁe%%eﬂg% z%%%golling calcium
phosphate seahedorndfswdaarBts EsReetratonEifititosage scaling with phosphate
concentration. Trimethylglycine is a small zwitterionic molecule (a positive and negative charge on-the
same molecule resulting in no overall formal molecular charge) with a trimedaylammonium group
(cation) and a carboxylate group (anion) separated by a single methylene group and balanced with a
chloride and a proton respectively. Typically, 5f8NéSrtaining anti-scalants are not used in membrane
systems due to the fouling notential.of glassicicationia meleckles anthpobmenssidowemety the:cleseit:
proximity of the cation and anion of trlmethylg%cQ§d¥g%% gost%onrcé ugﬂtgésc ahrrl)g ablgdwsggleoggltﬁ%qes along
mbic forces, gives support to

with the neutfsizsifisn of IGCRRTEHFERAFFEERTE TG iftranidiecutar cou

o In

membrane compatibility. Acihalmembrane.campaliilibrsivdisshaveyhasmeampleies showing
membrane compatibility at both. low agg i dosa,{ge (l:oncclgr}ilrations.. The Su re[;tlilnvep&on describes
the following 5145 SRR FIPH S % & invent

g up uce exigfing scale build wp. .
vantageof the inven |orﬁo efiminate the build up of scale in a
system. 2. It ishaivmihehrtagenafotioavertion dealisdhinewesédlify SPsiEteme avo
2011/082286R 6Tk 20/ 0634 dkids, | ishan, aduantageal thedomentictdadprardde, improved

le nat hmdet{ing the performance of membranes or filtration systems. 4. Itis an
{ne Varochiorioe,

anti-scaling abiﬂé%ﬁ% ng
advantage of the Invention to work effectively with a wide range of scale forms including calcium

phosphate. 5. It is annagdvaniage iotihennventenadtosgliminatepthé:buiticpiofyscally srtacsyistem without
the need to agiyst e pid DETAINGR DESCRIPHIONATISIEVighfs g acier dhe reduction

and/or control of g%%dﬁng In a system with the addition o ?tnmeth Igﬁl‘}ﬁ:}? c,omgosition into the system
reducing scaliff§refidee Afd BRI tBrRE RS IRAGT e 88%’385%10 AR GSE45 W the method may
include one or morg gf,the, faliowing: fimethvalyeine byaspehioside-saraoxymethil.hetaine
hydrochloride, trimethylammonium chloride and.N N-tlﬂmeth I.gxl%(?%i&g %Xdrocfgl%ridaeti

a

d . ) )

trimethylglyciie- T8 BB RRERMPRTRIFXEE &R for n_arhcecf Yighycifte-citric acid. The most preferred
trimethylglycinecompositiortisuy imb ey sinian yafodinpae concetrdhy RIS EERHCEE Bised with
various systems anginapscnnedime phitis used-panatesnurificatinn systerm chiiengystem allows
for the safe use of & embrane wihin 17 RHEcesS.d IR HILRR! R WARA\aNS Hiepagpbrane to
maintain Its nﬁ’f’egrﬁy ana can alcso Increase Its . .

group (anion) separated by a single methylene group and bzlanced with a chloride and a proton

respectively. Typically, cation-containing anti-scalants are not used in membrane gysterus due to

the fouling potential of classic cationic molecules and polymers. However, the close proximity

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.

The current invenfion describes the following key aspects:
1. TItisan advantage of the mvention to sliminate the build up of scale in 2 system.

2. It is an advantage of the invention to aid in the descaling of systems.
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20 effectiveness by reducing any scale that can effect the membrane.  The method has the
trimethylglycin‘% (g(z)ﬁrpgeggitign added in a concentration proportionate to the concentration of the scale in
the system. The composzﬁlon is preferable added in a concentration of g?gg{gﬁ’tﬂﬁﬁ%‘fﬂéqual to .2 ppm.
The composition can also be added in a concentration equal to or less than 25 ppm. The invention can
also use one or more %nt'tscalin[gmzlg or %I anin compos‘i’gié?n, in addition to the trimethylglycine
composition. The method ¢ B8 tE&e Ktk ShSeHHt s ﬁlﬁ?é%%%f@?ﬁ?@‘iﬁﬁ?ﬁﬁﬁ@é ne
composition of the claimedtihyérisrieiyiymensvitrerignicsmel diuléorimeawitterionic molecule may
have a trimethylammoniumisgrosR-aaded Gashoxpate:giaup-connesiashbyAsingle srethylene group
with a chlorl_de group. Th@a%mgg Qg/&llg&ggh%o position in th_e claimed invention may b_e_ is added to
the processing system consistantly or mterm.ltteﬁ}ty. The invention also allows for the addition of
trimethylglycine compdsifidh &Ad arrsmalie Hrentign e fomanme st deidsenestpPasyskidans. WO
2011/082286PCT/US2018b6e24ehteX AaMRisER: pil. 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 ml), 0.1 M Na211PO4 (DEIEHHED BRECRIPVECGEC12 (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 expErmmeattionkeepdheddrchattdotidvpldines:ting sambngndathiueronitahcentrations the
same. 10 ThegdudRigiyasmassuecpsing.Aihandheld udbidity meter (aliguats removed for

measurements were returned to mother liquid) and pH was measured using a VWR symphony pll
meter. After 4Buntimeéslgheitaromigsitionitipiisverdintbaaited mgninciollowe d: bythef teddition of 0.1 M
Na21-1PO4. Finalydheisienswere reneatrddniikibe subidituatths snsigh@, 45 min period measured
above 2.0 NTU, which concluded the e iment fg t water chemistry, 15Ultimately, the collective
"data from a g%%%ﬁ?ggpmé?ﬁgﬁt%ﬁgﬁél&%ﬂgﬁ%ﬁ@?ﬁ%%ﬁ fon o %dcr%qéei?ﬁ itha |(ﬁ1ﬁe%a1#§¥%3€fé failure for critical
‘phosphate cotvEstitratefieddearimtinghdelriseming saia/Bvmsi@ssmphrretutyime HC1 (0.8 and
10 ppm). Tabtengings: theicompdating lgtaetitdedemonstrate the effectiveness of TMG and to some

degree the ineffectiveness of AMP. AA/AMPS is a calcium Ehosphate anti-sealant used in cooling

water and boiler appicEFIHEWAR BETRhIER TEe T IHeRisiR %P pikatErataiswre diicentrations for
“assured memizaneitmpatipiian. PiosphatelGorcshtratonails ealetittatitrinINTikxos3)

The current invention allows the membrane to maintain its infegrity and can also increase its

20 effectiveness by reducing any scale that can effect the membrane,

The method has the trimethylglycine composition added in a concentration proportionate
to the concentration of the scale in the system. The composition is preferable added ina
concentration of greater than or equal to .2 ppm. The composition can zlso be added ina
concentration equal to or less than 25 ppm. The invention can also use one or more anti scaling

25  orcleaning composition in addition to the trimethylglycine composition. The method can be
used with phosphate or sulfate scale,

The trimethylgiycine composition of the claimed invention may be a zwitterionic
molecule. The zwitterionic molecule may have a trimethylammonium group and a carsboxylate
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
ntermittently. The invention also allows for the addition of trimethylglycine composition and

eliminates the need for any pH adjustment by any means,

3



Phosphate Concentration at Scale Failure (NTU>2.0) ControlO ppm 34 48.5 AMP1 ppm 34 48.5 19.4
38.812.5 ppm AA/AMPS 8.25 ppm 38.8 58.1 TMG HCI 0.8 ppm 43.6

WG 2011/082286 PCT/US2010/062474

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 fo limit the
scope of the invention. The current experiments were run at 25 degrees Celsius and 45 minute

5 induction periods. The procesé 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 :fhl), 01 M
NagHPOy (0.016 ml), and 0.1 M CaCly (40.0 ml) were added. If an aniis-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 jon concentrations the same.

10 Then tubidity was measured uvsing a handheld turbidity meter (aliquots removed for
measurements were returned to mother liquid) and pH was measured using & VWR symphony
pH meter. After 45 minutes the turbidity and pH were measured again followed by the addition
of 0.1 M Nap;HPQy. Finally the steps were repeated until the trbidity 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),
AATAMPS (8.25 ppm), and TMG HCI (0.8 and 10 ppm). Table 1 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  Gopm 34 48.5
AMP 1 ppm 34 48.5
12.5 ppmm 19.4 38.8
AAJAMPS 8.25 ppmn 38.8 ‘ 58.1
TMGHCT 0.8 ppm 43.6 53.3
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 pi of the solutions. In

addition to repeating the control and the TMG HC! work, a third experiment was prepared with
4



53.3 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 p1-1 of the solutions. In
addition to repeating the control and the TMG HC1 work, a third experiment was prepared with 4 WO
2011/082286PG/H1uhnA3401062474 the pll adjusted to be the same as the/TMtoH&EEat 10 ppm. The
water chemistry and experimental protocol is identical to the procedure used in example I. These
results prove the effect TMG MCI controls the initiation of calcium phosphate scale (nucleation) and

mitigates the ggo) ‘%EE‘A@%&BH{%Q%@QS«% LROSRRRIE S MBRIAN A SeRlg lpalien (NTU>0.9)

Phosphate Concentration at Scale Failure (NTU>2.0) ControlO ppm
experimental protocol 1s identical to the procedufe used m example 1. These resuits prove the

effect TMG HCI controls the initiation of calcium phosphate scale (nucleation} and mitigates the

growth ins some manner.

5
Phosphate Concentration at | Phosphate Concentration at
Scale Inifiation (NT{>0.3) Scale Failure (NTU>2.0)
Control O ppm 243 43.6
HCL 38.8 533
[TMC HCL 10 ppra 53.3 62.9
Table 2. Compilation of critical phosphate concentrations for various experiments.
10

Phesphate Test for 10 ppm Trimethyiglycine

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

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

measured as orthophosphate. 'I'hisl data indicates that scale is occurring, but the growth event is
inhibited by the trimethylglveine. '

20

Phosphate Types | Filiered | Unfiliered

Total 54.5 ppm | 35.5 ppm
Inorganic 52.5 52.5
Ortho 52.0 S3.0

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

Compatibility Tests for Trimethviglycine on ESPAI Membrane
30 _
Membrane compatibility tests were run to evahuate trimethylglycine using Hydronautics

ESPAI membranes and an Osmonics flat plate membrane system. To date dosages of 10, 20,

5



24.3 43.6 1-I1C1 38.8 53.3 TMG HCI 10 ppm 53.3 62.9 Table 2. Compilation of critical phosphate
concentrations for various experiments. Phosphate Test for 10 ppm Trimethylglyeine  Tests were
run to determine the types of phosphates present at the on-set of scale in the presence of TMG HO at
10 ppm. The experiment was carried to the point of having 53.3 ppm 15 phosphate added which gives
a pfl of 6.96 anglgurhidity-ef 0.74. The effectiveness of TMG as an inhibiter-efisatcium 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. 20 Phosphate

Types Filte rwﬁx%f‘zfﬂ%%%‘ﬁ%lﬁ}lé&%@ﬂ%&%&&@HAJQQJ&@‘J!P with return to conirol levels for all
| parameters. During exposure of trimethylglycine there was a decrease in permeate conductivity
(27 % for 2G ppm and 40% for 40 ppm) with a slight increase in flux (0.7%) when running at 20
ppm trimethylglycine and a decrease in flux {1.8%) when running at 40 ppm trimethylglycine.
5 For all sodium chloride controls li parameters have returned to original conditions. It is worth
noting that these experiments were run evaluating actives concenirations. This is much igher

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



52.552.5 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. Compatibility Tests for Trimethylglyeine on ESPAI Membrane =~ Membrane compatibility
tests were run to evaluate trimethylglycine using Hydronautics ESPA1 membranes and an Osmonics
flat plate membgangsystesp. To date dosages of 10, 20, and 40 ppm trimethylgleins hydrochloride
have been run, with return to control levels for all parameters. During exposure of trimethylglycinc
there was a decrease in permeate conductivity (27 % for 20 ppm and 40% for 40 ppm) with a slight .
increase in flux (0.7%) when running at 20 ppm tispetiwdglycine and a decrease in flux (I .8%) when
running at 40 pprn trimethylglyeine. 5 For all sodium chloride controls all parameters have returned to
original conditigps.;lt.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 chemisiies, WO JGRABRRETISRLA0ZALY L ANBNG IR A etnod for he

reduction and/or control of scal |n ina system with dition of ‘a trimeth ycme composmon into

the system red‘ﬁ?&iﬁ@%@é‘ﬁﬁ@cﬁﬁg’éﬁ‘ﬁ%ﬂﬁ efpy 83, rﬁ%‘%é‘tﬂﬁlﬁ e Wierein the Irimethylglycine
compositios mclugesfgpﬁe@romaa%tﬁ@ﬁ&ﬂ%@%@mﬂxl%&g ngﬁmgéme GarRexynethyl,

betaine hydrochloride, trimeth ammoni d N, N meth cine hydrochloride,
trlmethylgly0|n§p()fl;f’a55|uﬁ1 ﬁlyd\'z Ihy(’fi}gcme rlme%-uyfmiym f’ri‘cgj e XB%%’C lorce!

frimethylammonium chloride and N N, N- mmelhyiglycme hydrochlonde, trimethylglyeins-
potassium hydroxide and/or trimethylglyeine-ciiric acid.

3. The method of claim 1 wherein the trimethylglycine composition is trimsthylglycine
10 hydrochloride.

4. The method of claim 1 wherein the system is water purification system.

iH

The method of claim 1 wherein the system involves the use of a membrane process.

6. The method of claim | wherein the t:cimeﬂaylgﬁychw composition added ina

conceniration proportionate to the conceniration 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 ppra.

8 The method of claim 1 wherein the trimethylglycine composition 15 used in combination

with one or more anti scaling or cleaning composition.

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

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 wimethylglycine composition is a zwitterionic

molecule.

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

25 carhoxylate group connected by a single methylene group with a chioride group.

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

14. The method of claim 1 wherein the tnmethylglycine cornposition iz added to the system

intermittently.



3. The method of claim 1 wherein the trimethylglyc ne composition is trimethylglycine 10hydrochloride.
4. The method of claim 1 wherein the system is water purification system. 5. The method of claim
| 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¢ Jhgmethed of claim 1 wherein the trimethylglycine compesifion,is,added to the
system in the concentration of greater than or equal to .2 ppm. 8. The method of dant,. 1 wherein the
trimethylglycine composition is used in combination with one or more anti scaling or cleaning

compositon. 13- S melhod ehelaine eindiaimesahicns squnashien b added o the

system 20wherein the concentration is equal to or less than 25 pprn.  10. T of claim one
wherein the scaERASREHR5EE BYETMETE scale.  11. The method of claim 1 wherein the
trimethylglycine composition is a zvvitterionic molecule. 12. The method of claim 11 wherein
zwitterionic molecule trimethylammoniurn group and a 25 carboxylate group connected by a single
methylene group with a chloride group. 13. The method of claim | wherein the trimethylglycine
composition is added to the system consistently. 14. The method of claim | wherein the
trimethyiglycine composition is added to the system intermittently.  15. The method of claim 1
wherein the trimethylglyeine composition is put into the system without the need for pll adjustment.



