1 PROCESS FOR REDUCI NG LEAD LEACHATE | N BRASS PLUMBI NG CCNPCNENTS TH§
OF THE | NVENTI ON Leaded brass has been used in the nanufacture of ‘wat é?
flow fixtures such as shower heads, faucets, tub spouts and The T1ke since
'such devices first came into modern use. The 5 Envi ronnent al ’X X)
‘Protection Agency has |ss_§o-re.ulathons mhlch I|n1t t he. maxi num quahti t
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faucets presently in use w |l ﬁ“ﬁﬂ Pﬂ%ﬁ%ﬁﬁ% ac %ﬁ?e lreat—-mts—10—
established by the EPA prior to 1993. However, the EPA is now
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THE FIELD OF THE INVENTION

Leaded brass has been used in the manufacture of water

flow fixtures such as shower heads, faucets, tub spouts and the
like since such devices first came into modern use. The
5 Envi;onmen£a1 Protection Agency has issued regulations which
limit the maximum quantity of lead that is permitted to be
leached into the water from such plumbing fixtures during an
overnight dwell or extensive period of non-use;_ Most faucets
preéently in use will meet the maximum leachable lead limits
10 established by the EPA prior to 1993. However, the EPA is now
reducing the maximum permissible limits, and it is widely'
anticipated that by the end of 1994, many faucet products
currently in production will not meet the revised limits.
Consequently, most of the manufacturers of water flow devices
15 such as faucets are expending substantial effort in the redesign
of their products or their manufacturing processes to meet the
'anticipated EPA guidélines for leachable lead.
The EPA has delegated to the National Sanitation
Foundation responsibility to develop the protocol which will
20 determine the quantity of lead leaching into the potable water
supply from regulated devices such as faucets. It is anticipated

that the protocol will evaluate the lead leached into the water



reducing the maxi mumpernissible linmts, and it is wdely amtiHggaeg L,

by the end of 1994, nmny faucet products currently in produ tlonnmdﬂadgguc”
neet the,revised limts. Consequently, nost of the nanufact
fl ow devi ces 15 such as faucets are expending substantial effort in the

ant 1 ci pat of A Yy R Sher B HHE B0 %Zéf‘%%qé £ RIS AR R T &1 e
Natlona' S%!%‘(%fa?eorfa'ﬁ%\é%@awﬂ@ pespa Pééle, &%%J&Oﬂe@% R tnb(iql whi ch

wil | rmne the quantity o ead eac Ing into the potable water
suppl y fro!fﬂlrc%glﬁmd p@QVllﬁ.QérSdEhlé’édgﬁéh? Sy 1d the iter RAMAddarddie
protocol will evaluate the | ead |eache nto the water

filling and testing according to the precisely defined procedure.
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5 The procedure will be defined in a document known as the NSF-61
standard. '

_ The present invention is directed to a process for
treating brass plumbing products in order to significantly reduce
the quantify of lead leached into the water. The process is

10 specifically directed toward reducing the total léachable lead
over the prescribed time period in the most cost effective
manner. Clearly, there are processes which will reduce the
leachable lead to amounfs which meet the standard, but these
processes are so expensive or time consuming as to be

15 commercially unacceptable. The present invention provides a
process which is both commercial and one which will provide a
product which will meet or exceed the anticipated NSF-61 standard
for leachable lead.

SUMMARY OF THE INVENTION

20 The present invention relates to a process for treating
brass to reduce the quantity of lead thch may subsequently be
leached from the brass when if is exposed to water.

The primary purpose of the invention is to provide a
process for the treatment of brass components which rapidly

25 removes at least a portion of the lead on the surface of the

brass, thus reducing the potential for lead to leach from the

2 _
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2 supply during the first -19 days after installation, and ﬂPaHKDQa WerAgEL i
faucets will be required to contribute less than 11 m crogrians pe&=rkiater: of h
| ead per, day to the water sanpled after filling and testin 10 e e
the precisely defined procedure. The procedure will be defined in a

5
documnent k@@gggm%ﬂéyagﬂg@g@%eggqgg?%gosggetgrgggg}.invention is directed to

a process for treating brass plu products In order to significantly

reduce the quantity qfnde3ed ba2pBed bB! €héhEnvEh€ion T t ASRfer Styid
specifically directed tomardbregucing t he total Ieééhable | ead fﬁ&cal

faucet designs made out of typical materials (most notably CDA

360 brass and CDA 844 cast red brass) acceptable under the

5 anticipated NSF-61 standard after treatment times of less than
five minutes, which are relatively easy to implement in a
production facility.

Another purpose of the invention is to render faucet
components.in typical designs and typical materials acceptable

10 under the NSF-61 standard after a treatment which uses only
economical and readily available chemicals and process equipment.

Another purpose of the invention is to render faucet

. components in typical designs and typical materials acceptable
without perceptible deterioration of the cosmetic appearance or

15 function due to discoloration or excessive removal of copper orx
zinc.

Another purpose of the invention is a process for
treating brass components which uses chloride and pyrophosphate
ions in aqueous solution.

20 Another purpose is a treatment process of the type
described in which the brass componeni is exposed to an agqueous
solution of chloride and pyrophosphate ions for a predetermined
time period, the solution being maintained at predetermined
temperature.

25 Another pdrpose is a treatmenf process as described

in which the aqueous treatment solution is re-circulated to
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over the prescribed time period in the nost cost effectiv
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there are processes which will reduce the | eachable |ead t 1&W§§ﬁ?§7ﬁﬂﬁkﬁﬁEN
neet the standard, but these processes are so expensive or tine‘ﬁ@ﬁgﬁﬁi%n l;
as to be 15 commercially unacceptable. The present invention provides

whi ch is.both .ci_al d which w !l '
which wi | TGS I, S omEven 8 R s Ry PRaiBaOnGE. s1sEt et frad e feblRtEFEe
| ead. SUMARY: Phel i eaVYENE ONnk0 The present invention

relates to"a process for treating brass to reduce the quantity of |ead
whi ch may subsequenfbeher ¢4 6§efBQ”EhBeihﬁéﬁéi&ﬂefb!%F'§r5¥£6@e§ bPass
a

wat er. The primary purpose Of The invention is to provide
treatment process in which a brass component is exposed to an
5 aqueous solution containing a mixture of active ingredients which
both selectively dissolve metallic lead at an accelerated rate
while leaving the brass substantially unaffected and also
sequester the lead in solution such that the solution reaction
for lead dées not naturally come to a halt.

10 Another purpose of the invention is to provide a brass
treatment process which prevents lead from subsequently leaching
from the brass into water by creating a barrier about any lead
particles which remain on the brass.

Other purposes will appéar in the ensuing
15 specification and claims.
T F : _EM MENT
The present invention is specificaily directed to a
process for treating brass, andlmore specifically brass plumbing
components such as faucet bodies, shower heads and well pumps,

20 so as to reduce the leachable lead. The process described will
economically reduce leachable lead to.an amount which will be
acceptable under the anticipated standards to be set by the
National Sanitation Foundation and specifically the standard
known as NSF-61. It is currently anticip#ted that the NSF-61

25 standard will require the concentration of lead found in solution

ejected from. the faucet, to be on average, less than 11

4 .
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process for the treatnment of brass conponents which rapldly 29'
at | east a portion of the lead on the surface of the brass,:thus: réﬂucﬂng _
the potential for lead to |l each fromthe 3 brass when subsequent{y S
exposed to water. Another purpose of the invention is to render typical
faucet desj o] o] [ teard,al nQipa SS
and CDA 842‘9'%38?? 8 grggsg ggcgﬁé/ Igfeafjénlget?le'g %%t 1 §%¥F$ gat% ggt%ég
standard afheh theahamhbnnﬁ§ @éliéﬁ"@ed hary fonee c@n&éh%%at%hCBa%ﬁlated
relatively easy to inplenent in a

according to the NSF-61 standard. This is an accumulated

leachable lead total and is basically determined in a protocol
5 issued by the NSF. Although there are a number of processes
which may treat brass to reduce the potential leachable lead, it
is essential that such a process be commercially wviable in terms
of the cost and time involved in the treatment process so that
the faucets or other plumbing products which are treated will
10 continue to be viable in the marketplace.

The present invention is specifically directed to a
process in which the brass component, either a faucet.body for
single handle or do;ble handle use, is exposed to an aqueous
solution containing desired concentrations of chloride and

15 pyrophosphate. Sodium chloride and sodium pyrophosphate are the
preferred salts.for introducing chloride and pyrophosphate in
solution although those skilled in the art will understand that
other chloride and pyrophosphate sources such as other
polyphosphates and hydrochloric acid may also be used. The

20 invention will be described using sodium chloride and sodium
pyrophosphate, although it should not'be so limited. The brass
component will be exposed to the described solution, for example,
by immersion or by flushing.

The applicant herein has cause to be instituted

25 numerous tests of the'deécribed process in which the time of

exposure, the concentration of sodium chloride and sodium
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production facility. Another purpose of the invention is to”ﬂ@ﬁﬁﬁ%ffaucei Il
conponents in typical designs and typical materials accepjabl e AfPACE: underd
the NSF-61 standard after a treatnent which uses only econo B T e
readily avail abl e chemicals and process equi pment. Anot her purpose of the
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mat eri al s cept ab out ercept ration o the ¢cosne |c

appear ance @iy i3, Rtaemmamfueté&éﬂm YA sHedLHRES b rse{gﬁeatln

copper or zinc. Anot pur pose of the invention is a process
brass conperapbonentisC imiéesed hioranlcaqiisbyy ralinspmicontaining aGUYQES of

sofution sodium chloride (a concentration of 0.26 molar chloride), and 90
5 g/L of sodium pyrophosphate (a concentration of 0.20 molar
pyrophosphate), at a temperatuie of 60°C. and immersed at time
intervals from 3.5 min. to 30 min. will subseqguently pass the
NSF-61 leachable lead test. The tests involved immersing brass
faucet praducts for time periods of 3.5 min., 7.5 min., 15 min.
10 and 30 min. In each instance the products all passed the NSF-61
test in that the amount of lead leached over the 19-day test
period was substantially less than the anticipated standard‘of
11 ug of lead per liter of water.
Further tests were run in which the treatment lasted
15 for 3.5 min:. and the following temperatures and concentrations
were utilized. 1In all instances the concentration of sodium
chloride was 15 g/L (a concentration of 0.26 molﬁr chloride).
Brass faucet parts were immersed for 3.5 min. in the following
aqueous solutions, including the described sodium chloride:
20 90 g/L of sodium pyrophosphate (a concentration of 0.20 molar
pyrophosphate) with the solution beiné maintained at 35°C.;
90 g/L of sodium pyrophosphate (a concentration of 0.20 molar
pyrophosphate) with the solution being maintained at 70°C.;
81 g/L of sodium pyrophosphate (a concentration of 0.18 molar

25 pyrophosphate) with the aqueous solution being maintained at

60°C.; and 45 g/L of sodium pyrophosphate (a concentration of

—_—
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20 . Anot her purpose is a treatnment process of &hﬁ;@yp@réAsaggm |
described in which the brass conponent is exposed to an adueous pgehutiEgn of J
chl ori de and pyrophosphate ions for a predeterm ned tine petied e
sol ution being maintained at predeterm ned tenperature. 25

Anot her pur, | e} e S SCLI [ j.ch the agueous
treat ment soglqﬁin{ooﬁ a%sb?g%%grggthﬁ: gg ?%tﬁ tggcoﬁé?ﬁgsal%fvﬁke "ol ved
lead or i ngfiad ne@3dtPE0ELRI t #heehEAMbENENE F £56F@Hedt@ he accumulated

total of leachable lead over the 19-day test period prescribed

in NSF-61 was less than 11 ug/L.
5 | Additioﬁal tests were run in whiéh the solution was
maintained at a temperature of 60°C., the immersion time was
3.5 minutes, and the amounts of sodium chloride and sodium
.pyrophosphate each varied from 25 g/L to 120 g/L (a concentration
of 0.42 moiar to 2.1 molar chloride and 0.06 molar to 0.27 molar
10 pyrophosphate). .In each instance the acéumulated leéchable'lead,
as per the NSF-61 protocol, was less than 11 ug/L.
Based on the tests described above, a brass fauceﬁ
product immersed in an aqueous solution of from 10 g/L to 120 g/L
of sodium chloride (a concentration of 0.17 molar chloride to
15 2.1 molar chloride); sodium pyrophosphate in an amount ranging
from approximately 25 g/L to approximately 120 g/L (a
concentration of 0.06 molar pyrophosphate to 0.27 molar
pyrophosphate); an immersion time of from approximately 3.5 min.
to approximately 30 min.; with the solution maintained at a
20 temperature of from approximately 35°C. to approximately 70°C.,
will result in a brass product which Qill pass the NSF-61
leachable lead protbcol. The preferred embodiment of the
invention is to utilize a time period of 3.5 min., although it
is anticipated that initial use of the invention may have an
25 immersion time of 5 min. The preferred concentration is 15 g/L

of sodium chloride (0.26 molar chloride) and 90 g/L of sodium
i .
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Anot her purpose of the invention is to provide a brass treatnent precess—im,

whi ch a brass conponent is exposed to an 5 agueous Sof| Uf i gm:-Camt-ginis Ty
a mxture of active ingredients which both selectively dissolveyﬂmﬂﬁﬂﬂ?jidﬁsﬁ

| ead at an accelerated rate while | eaving the brass subst aatiadgy—====

unaf f ect ed_an | uester the lead in solutiqn sych.that the sal ution

'reaction P%Fngaggaggg ﬁ@tfﬁa%?§%ﬁ|§Y¥ﬁ§h?ﬁHP%§4ialt.%165 preferred to

Anot her pupR93ea®h thE & & b1 g tpga

whi ch prevents fead from&gﬁﬁgequenﬁiﬁ giééc)ﬁdl %@re%rr% til_ee %?aégﬁ?%g%&\%&?é by

creating aghagli etnalgdit ity t&athdHBdvd-Rfestited PiametBrihe 1B 38S.

Qt her purposes will appear in the ensuing 15 speci fication and cl ai ns.
preferred that the aqueous solution be continuously circulated

5 and be air agitated for a constant infusion of oxygen. The
solution pH should be maintained in a range of 9.5 to 10.5, with
a pH of 10 being preferred.
When the brass comﬁonent is immerséd in the described
aqueous soiution, dissolved oxygen is converted to hydroxyl ions
10 - Dby an electron accepting reduction reaction with water, the
electrons being providéd by conversion of metallic lead at the
brass surface to lead ions in aqueous solution.
2Pb(s) + 02(aq) * 2H20(1) = 2Pb3*(aq) * 40H"(aq) "
The chloride ions in solution accelerate the
15 dissolution of metallic lead. The pyrophosphate ions in solution
chelate the lead ions in a complex such as PbP2072', thus
reducing the chemical activity of the pb2+ species and preventing
the above-described conversion of metallic lead from terminating.
In summary, five factors in the in%ention ensure that
20 lead is removed expeditiously:

1. Aeration of the solutioh is required to ensure an
adequate supply of dissolved oxygen, without which the lead
solution reaction set forth above would not occur.

2. Chloride ions are required to accelerate the rate

25 of lead dissolution.
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DESCRI PTI ON OF THE PREFERRED EMBCDI MENT The present inventi WﬂﬂSSHEEFHﬁSBEEN |
specifically directed to a process for treating brass, and re REPLACED
specifically brass plunmbing conponents such as faucet bodi egs: €ads

-gnd meLIdpunPf, 20 _ solas_to reduce the | eachable | ead. The process
escribed w econogqgi c reduce | eachabl e | t. Lehowil |
ge accept ab::e under thea%%%{?%?%%ﬁﬁé%t%t’a?{gara&'s?'?%%léggg?tggggﬁée%g?%oﬁae
ani tation Foun [,0 d: specq.fi I :d K Sk=84. It i
current |y Srerorgadone Rt TTRElEESh bl RS R TR

concentrat EB'iuQthei‘Qaéewﬂ i Form Ot dWingiRftiad vriam.t he faucet, to be on
average, less than 11

4. Agitation of the solution is required to ensure
5 that fresh supplies of the reagents participating in the reaction
rapidly are brought to the reaction site at the faucet surface,
and that the products of re&ction are rapidly removed.
5. A moderately elevated temperature is required to
accelerate-the rate of reaction. However, too high a
10  temperature would reduce the availability of the required
dissolved oxygen. .
It is believed that with the pH in the described range
of 9.5 to 10.5 the surface lead will be dissolved as described.
If the pH is acidic it is anticipated that a barrier of
i5 chloropyromorphite or other lead phosphate combounds may form
about lead particles remaining on the brass.
Whereas the preferred form of the invention has been
shown and aescribed herein, it should be realized that there may
be many modifications, substitutions and alterations within the

20 scope of the following claims.
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NSF- 61 standard. This is an accunulated | eachabt e 1 ead t ot dl.—apnd-tS—==

baS|caIIﬁbdetern1ned in a protocol I ssued by the NSF. Although there
are a nunber of procss esmydd %%ﬁ I redu €aRo0 i ,als
| eachable lead, it is essentlal suc 2“???5322 gg gg#%grg?agﬁslgﬁégfé

in terms 0{::6 r€PSbr Gl i 1&yd m@ldﬁqméa ke WegahBBNhsPEBEESHsSO that the
faucets or er plunbi ng products which are treated will 10 conti nue

to be V|able in the marketpl ace. The present invention is specifically
directed to a
1. A process for treating brass components to reduce
leachable lead when the component is subsequently exposed to
water, the process including:
(a) exposing the brass component to an agueous
solution containing chloride in a concentration of from about
0.17 molar to about 2.1 molar and pyrophosphate in a
concentration of from about 0.06 molar to about 0.27 molar;
| (b) the brass component remaining exposed to the
agueous solution for a time period of from approximately 3.5 min.
to approximately 30 min., with the temperature of the aqueous

solution being in the range of from approximately 35°C. to

approximately 70°C.

2. The process of Claim 1 in which the concentration

of pyrophosphate is approximately 0.20 molar.

3. The process of Claim 1 in which the concentration

of chloride is approximately 0.26 molhr.

4. The process of Claim 1 in which the time period of
immersion is from approximately 3.5 min. to approximately 7.5

min.
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process in which the brass conpon ﬂ' faucet body rgie
handl e or doubl e handl e use, is ej luﬂm mrlﬁltg us sol ut Igf ! ?ﬁ- "‘“Fﬁf{@kﬁ:a\l’

desired.concentrations of chloride*and 16 . phosphate
chloride and sodi um pyrophosphate are the preferred salts for. |ntroducrﬁ§”“‘“

chl oride and ro ho ha n_solutio tho h those skjlled in the art
will :Jnderst a% tﬁat g’t hf’ﬁ LI?FBFF%@I Sﬁd é)?f“ﬂggoglﬂ)‘?ﬂé’?‘é %iﬁ%is”lém%s tRR her

pplyphosph é@@%g%¥$np¥q5gpg]o rﬁﬁlgaggxgné 8. @f used. The 20 i nvention

will be des using so i GREC |un1pyrophosphate al t hough
it should not be so limted. The brass conponent will be exposed to the
descri bed solution, for exanple, by imersion or by flushing. The applicant

herein has cause to lge | mhel ptbedss of Claim 1 characterized in that the

solution is maintained at a temperature of approximately 60°C.

7. The process of'Claim 1 characterized in that the

solution pH is maintained from 9.5 to 10.5.

8. The process of Claim 7 characterized in that the

solution pH is maintained at about 10.

9. The prbcess of Claim 1 characterized in that the

solution is continually air agitated.

10. A process for treating brass components to reduce
leachable lead when the component is subsequently exposed to
water including exposing the brass component to an aqueous
solution containing concentrations of chloride and pyrophosphate
with the chloride ions promoting the dissolution of lead from the
brass component and the pyrophosphate-ions sequestering the
dissolved lead in solution, pfeventing the lead solution reaction

from reaching equilibrium.

il i
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25 nunerous tests of the i n which the tFme—of e |
exposure, the concentration oﬁmﬂnwuﬁ[m nm and SOdI um || GHIS SHEET HAS BEE “
pyr ophosphat e decahydrate and the tenperature have all been varleﬁkp"“§g N
Specifically, tests have established that brass plunblng conbonents

concent rat 1 on of 0. 38 o i PAPSESR.SE el € Inaackat BRI st Whe
pyr ophosphg EEFG?SCQBQQE%BﬁthQan nPa ZRedCA @7 2P ron\&bgr%&u@e

tenperature "o err rmrersed at tinme Interva s t'o 30
mn. will subsequently pass the

12. The process of Claim 11 characterized in that the
aqueous solution is maintained at a temperature in the range of

from approximately 35°C. to approximately 70°C.

13. The process of Claim 12 characterized in that the
aqueous soiution is maintained at a temperature of approximately

60°cC.

14. The process of Claim 10 characterized in that the
aqueous solution contains chloride in a concentration of from
about 0.17 molar to about 2.1 meolar and pyrophosphate in a.

concentration of from about 0.06 molar to about 0.27 molar.

15. The process of Claim 14 characterized in that the

concentration of pyrophosphate is approximately 0.20 molar.

16. The process of Claim 10 characterized in that the
brass component remains exposed to thé‘aqueous solution for a
time period ranging from approximately 3.5 min. to approximately

7.5 min.
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NSF- 61 | eachabl e | ead test. Th ' i mer si ng br ASEHISAINEET HAS BEEN |
products for tinme periods of 3ﬂ“l$‘ﬂﬂl§umﬁmm 15 mn. 10 afﬁ#’w;ﬁ?i __
I n each.instance the products a F-61 test in-tmat the anount

of | ead | eached over the 19-day test period was substantially | ess than the .

anti ci pat ed st andar dqof ' | t " .
vverla Irgn i n which tﬁ'g "t rgzia‘?légﬁteé?%g?ggpq%am ﬂﬁa%%&ﬁ.zggaégfﬁgg%sk%e

foll owi ng cRmRentirat@®nddd ERDELIAEALs OdSp @t indtldlly 2886 mblagl.! instances
t he concentration of sodiumchloride was 15 g/L (a concentration of 0.26

nol ar chloride). Brass faucet parts were imersed for 3.5 min. in the
foll ow ng aqueous sol utions, including the described sodium chloride: 20
90 g/ L of sodi um pyd8pho¥peapro¢ess opt Plaim ikih cdfardc2erisedr in that the

solution pH is maintained from 9.5 to 10.5.

19. The process of Claim 10 characterized in that the

solution is continually air agitated.

20. A process for treating brass components to reduce
leachable lead when the component is subsequently exposed to
water, the process including exposing the brass component to an
'aqueous solution containing two kinds of active species, one of
the species promoting the diséolution of lead from the brass
component, with the'other species sequestering the dissolved lead
in solution preventing the lead solution reaction from reaching

equilibrium.

21. The process of Claim 20 characterized in that one
of the active species is chloride ions and the other species is

pyrophosphate ironms.

22. The process of claim 20 characterized in that the

solution is aerated to provide dissolved oxygen to insure lead

dissolution.
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pyr ophosphate) with the solution being maintained at [err]; ﬁogﬁfligﬁ";af;“h~*=:
sodi um pyrophosphate (a concentration. of 0.20 nol ar pyrophosﬁh&&e};ﬁbinﬂihg
solution being maintained at [err]; 81 g/L of sodi um pyrophosphate (a

concentration of 0.18 nolar 25 pyrophosphate) with the aqueous sol ution
being maintained at [err]; an [ B osphate (a
concentration of 7 0.10 he aqueous sol ution

bei ng mai ntained at Aeprdedds oGP Sfeddih PPl %ihﬁl_btiﬁg 8empBHbated chot al
of | eachabl e | ead over  the 19-day test period préscribe
reduce leachable lead when the component is subsequently exposed
to water includes exposing the brass component in an aqueous
5 solution containing a desired concentration of chloride and
pyrophosphate, with the chloride ion promoting the dissolution
of lead from the brass component and the pyrophosphate ion

preventing saturation of the solution with lead insuring

continuation of the dissolution process.
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in pwhich the solution was maintained at a tenperature of [erf]., the , _
i M si on time was 3.5 m nutes, and the anounts of sodlun1chl®f1d ...................
sodi um pyr ophosphat e each varled from25 gkl to 120 g/L (a 00ncentnat1en
0.42.molar to 2.1 nolar chl opkgeEs: QEpwohee Load 1Ehcmar 10 ¢ i '\A'@Qﬁ
pyrophosphate). In each instance the accunu ated eachable | ead, as per

the NSF-61 protocol, was |ess tINBREASSIQ BNG cCOMRONENTS! est s descri bed
above, a brass faucet pr oduct |nnersed in an aqueous solution of from 10

g/L to 120 g/L of sodiumchloride (a concentration of 0.17 nolar chloride

to 15 2.1 nolar chloride); sodium pyrophosphate in an anount rangi ng
from approximately 25 g/L to approxi nately 120 g/L (a '
. THE F ELD 10N

Leaded brass has been used in the manufacture of water

-flow fixtures such as shower heads, faucets, tub spouts.and the
like since such devices first came into modern use. The

5 Envxronmental Protectlon Agency has issued regulat;ons which
limit the maximum quantity of lead that is permitted to be
'leached into the water from such plumbing fixtures during an
overnight dwell cr extensive period of non-use. Most faucets
presently in use_will meet the maximum leachable lead limits

10 established by the EPA prior to 1993. However, the EPA is now
reducing the maximum permisSible limits, and it is widely
anticipated'thar by'the end of 1994, many faucet procucts
currently in;production will.uot'meer the revised limits.
'cOnsequentiy, most of the manufacturers of water flow devices

15 such as faucets are expending substantral effort in the redesign
of thELI prcducts or their manufacturlng processes to meet the
anticipated EPA guidelines for leachabl’e lead. |

| | The EPA has delegated'to the National Sanitation

Foundat;on respons;bxlxty to develop the protocol which w111

20 . determlne the quantxty of lead leachxng into the potable water
supply from regulated devices such as faucets. It is anticipated

that the protocol will'evaluate the lead leached into the water

in NSF-61 was | ess than 11 ug/L. 5 Additional‘t@spggm@mexwmmuﬁ
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concentration of 0.06 nolar pyrophosphate to 0.27 nol ar yrodhgspﬂgé@%raagqr
i m@rsion time of fromapproximately 3.5 mn. to approxinatel 30

with the solution maintained at a 20 tenperature of fron1a@Q504gﬁq
[err]. to approximately [err], will result2in a brass productiosaigh """
pass the NSF- GEPPe¥cHRBIRg | thed préFob%ldaYFhéfﬁPtEf érytal larioni, mend thathen
invention is to utili i od of, 3. aJth uqh it is

anti ci pat ed tﬁXFrPﬂ?tfiﬁc?ﬁféwaﬁEeﬁ% f?ﬂﬁﬁﬁ?loﬁ nﬁ?ﬁ ten 188 thanj Lpsjon
Lol 2 M MniclBér ?ﬁ?‘;ﬁ{ gqtyaens pLcH 5% by 18o Wtke Yar2@dbURpEOLOLES,

(0.26 nol ar cﬂﬁon
filling and testing according to the precisely defxned procedure.

5 The procedure wzll be defined in a document known as the NSF-61 .
standazxd.

.The pfesent:invention is directed to a process for
treating'braes piambing products in order to significantly reduce
the'quantity of lead leached into the water. The process is

10 .specifically directed toward reducing the_total leachable lead
over the prescribed time period in the mest cost effective
' manner. Clearly,'there'are processes which wil; reduce the
leachable lead to amounts which meet the.standard, but these
proéesses are so expensive or time cdnsuming as to be |
15 - commercially unacceptable. The present invention érovides a’
process which is both commerclal and one wh;ch will provide a

product which will meet or exceed the anticipated NSF-B; standard

for leachable lead.
SUMMARY OF THE INVENTION
.20  The present invention relatee to a process for treating
brass to reduce the'quantity of lead thch may subsequently be
leached from the brass ﬁhen.it is exposed to Qeter.
The_primarf purpose of the invention is to provide a
process for the treatﬁEnt of brass components which repidly
25 removes at least a portion'ef'the lead on the sgrfece df the

brass,_thus reducing the potential for lead to leach from the
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8 6yrophosphate (0.20 nol ar pyrophosphate). It is preferred { rv*ngrn rquﬁe—:mjg
aqugous solution at a tenperature of approximately [err]. [n{ aefeli-on’ T i
t he above-descri bed paraneters it is preferred t hat the aqueou5‘sﬁﬂhM@(ﬂg6 q

be conti nuous crrc | at e nd be aug—agltated for a ca Stant ------------------------- !
i nf usi on-of oXy§én. ¥ e’ ﬁﬂﬁﬁﬂﬁ PHPERRIRY We YAEPAt ai ned i n"a range of 9.5 =

to 10.5, with a pH of 10, SS .conponent
i mersed in the descrlbe éﬁg Eéségé fgtﬂMw ?gég V%%qgifﬁeggpg%coﬁygrfab
to hydroxyl igagcd® desujas Hadel 86t ron BARRNI RdteLIMCS I(qra:srte%tchsa@y\ﬂtb
water, the electrons being provided by conversion of netallic |ead at t
brass surface360 beassis jamds DA 84decast s:ddjﬁarraas) acceptable under the

5 anticipated'NSF-Sl standard after treatment times of less than
five minuteé; whiéh are relatively eaey to implement in a
production faciLity.' | | |
| Anather éurpose of the'invention is to render faucetﬁ
componenﬁs.in typical designs and typicai materials acceptable

10 under the NSF-Sl standard after a-treatmént which uses only
economical and readily available chemicals and process equipment.

Another éurpose of the invention is to render faucet
components'in typical designS'and typical materials acceétable
without peféeptibie_deteribration of the cosmetic appearance or

15 function due to discoloration or excessive remo#al'df-cbpper oxr
zinc. _ | |

Another purpose of the.invention is a process for
treating brass cpmponenﬁs which uses chloride and pyrophosphate
ions in agqueous solution. | -

20 Another purpose is a treatment process of the type
described in which the brass componeﬁf is exposed to an agueous
sqlutiqh of chioride and py:dphosphéte ions for a predetermined
time éeriod, fhe solution being maintained at predetermined
temperature;' -

25 _ Another purpese is e treatment ?rocess as described

in which the aqueous treatment solution is re-circulated to



[err] The chloride ions in solution accelerate the 15 di agdngmgyﬂvqﬁnm,st
metﬁal lic lead. The pyrophosphate ions in solution chelate the | ea_,dq eﬁ IQQB
a conpl ex such as [err] -thus reducing the cheni cal activity pfpade.Y er 4@ ______________
speci es and preventing the above-descri bed%onversion of netk ‘

term nating. dontdanmhly, rénaxe fdissodvefinlead omvasoilohlentead pietiPtace
|l ead is renoved exgedltlousl y: 1, Aeration of the solution is required to
ensure an addd®®t EPCUBFPILMANKItEBH - ved oxygen, without which the |ead

sol ution reaction set i ehfgrrg?)%rgg\l\guog 0% eﬁfﬁfceﬁﬁ%gﬁ u?hl;g S8 0% A8 o

required to accelerate
treatment process in which a brass component is exposed to an’

5 aqueous solution oonteining a mixture of active ingredients which
" both selectively dissolve metallic lead at an accelerated rate
while leaving the brass subsfantially unaffected and also
. sequester the lead in solution such that the solut;on reactlon
for lead does not naturally come to a halt. | |
10 L Another purpose of the invention is to provide a brass
treatment process which prevents lead from subseouently leaching
from the brass into water by creating a barrier eboot any lead
particles which remain on the brass.
Other purposes will appear in the ensuing
15 specification and claims;
~ The present invention is_specificailj-directed to a
process for treating bfass, end more specifically brass plpmbing
components soch es fauoet bodies, shower heads and well pumps, |
20 so as to reduce the ieachable lead. -The process described will
economically reduce leachable lead to.an amount which wiil'be
acceptable under the antioipeted standards to be set by the
National Sanitation ?oundation and specifically the standard
known as NSF-61. It is;currently anticipated that the NSF-61
25 standard will require the concentratioh of lead found in solution

‘ejected from the faucet, to be on average, less than 11



3. Pyrophosphate ions are required to sequester the dissol yved-lead-in
solution, thus preventing the above | ead solution reaction *rgnpsmea@hqrmﬁﬂ””f V
eqU|Iibriun1 4. Agitation of the solution is required to.emsure MAR tibat ;
fresh supplies of the reagents participat®ng in the reaction mapidly..are. . .. t
brought to thkacregehndnpéet t ity t(lg/Lausedr Ll dggest angl d{fﬂidﬂm%estgﬂgbkbmiﬂfi
of reaction are rapidly renoved. 5. A noderately el.evated tenperaturé is
required to ahes shateolvtiomiis obliected and Hbﬁevemcentnﬁﬂmoghcaltﬁlated

tenperature woul d reduce the avail abili of t requi r ed
P accord;ng to the NSF=-61 standgg ggs Lg an accumulated’

leachable lead total and is basically determined in a protocol
5 issued by the NSF. .Although there are a number of processes
which may treat braee to reduce the potential leachable lead, it
is essential'that such a process be commercially viable in terms
of the cost and time involved in the treatment process so that
the faucets or other plumbing products which are treated will
10 continue to be viable in the marketplace.
The present_invention is specifically directed ce a
.'piccess in which the brass component, either a faucet body for
ISLngle handle or double handle use, is exposed to ‘an aqueocus
solution containinq desired concentrations of chloride and
15 °  pyrophosphate. Sodium.chloride and sodium pyrophosphate are the
| preferred salts for introducing chloride and pyrophosphate in
' solution although those skilled in the art will understand that
other chloride and pyrophosphate sources such as other
polyphosphates and hydrochloric acid may also be used. The
20 - invention willlbe described using sodium chloride and sodium
pyrophosphate, althcﬁgh it should nct.be 8o limited. The brass
component will be exposed to the described solution, for example,
by immersion or by flushing. |
The applicant herein has cause to be instituted
25 numerocus tests of the described process in which the time of

exposure, the concentration of sodium chloride and sodium



9.5to 10.5 the surface lead will be dissol ved as descri bed. Imméﬁbﬁ
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digsolved oxygen. It is believed that with the pHin the desqgri-bed range of.
JHAK 96

acidic it is anticipated-that a barrier of &5 chl or opyr oFet=phite—ar

the brass. WhEY&ERPhPRRh&rfdsqadydrare, LROBRF B de et LsRERA and

described hereln, Lt f%ﬁ%@f&ﬂ%%lreal.égg Hﬂ%% %gﬁéﬁﬁfg%%Pgaﬂﬁp%regapgla?bfﬂg

nndifipationsf§§&8gfi I ONS an Yay erations W
follow ng cl aickponents immersed in an aqueous solution containing 154g/L of

ot her |ead phosphahg conpounds . may fornnfb'ﬁf | ead particles remaining on
%€ Ht té%?

sodium chloride (a concentration.bf 0.26 molar chloride), and 90
5 g/L of sodium pyrophpsphate (a concentration of 0.20 molar |
pyrophosphate),'a£ a temperaﬁure.of 60°C. and immersed at time
intervals from 3.5 min. to 30 min. will subsequently pass the
NSF-61 leachable lead test. The fests involved iﬁme:sing brass
faucet praducts for time_pefiqu of 3.5 ﬁin., 7.5 min., 15 min.
10 and 30 min; In each instance the products all passéd'thé NSF-Gl.
test in that the amqunt of lead leached over the 1l9-day test
period was substantially less than the anticipated standard of
11 ug of lead pér liter of wéter. |
| Further testé were run in which the treatment lasted
15 for 3.5 min. and the'folloﬁing temperatures and concentrations
were uﬁilized. In all instances the concentration of sodium
chloride wés 15 g/L (a concentration of 0.26 molar chloride).
Brass faucet parts were immersed for 3.5 min. in.the foilowing
aqueous solutioﬁs,'including thé described sodium chloride:
- 20 90 g/L of sodium pyrophosphate (a éoncehtration of 0.20 molar
pyrophosphate) with the soluﬁion beiné maintained at 35°C.;
90 g/L ofséodium pyrophosphate (a concentrafion of 0.20 molar
‘pyrophosphate) with ﬁhe SQluﬁion being maintained at 70°C.;
81 g/L of sodium'pyrdphésphaté (a concentration of 0.18 molar
25 pyrophosphate) with the aqueous solution being maintained at

60°C.; and 45 g/L of sodium pyrophosphate (é'concentration of
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10 The embodi nents of the invention in which an excl usi ve IpgopertsasK?
privilege is claimed are defined as follows: 1. A proces§ for tneajin
DS poomponent s 1o feduce |eachable |ead wjen the compongababs. %@@ ............ i

subsequent | sed,t 0 wat er rocess~—acl udi n lexposi e
br ass qcorrpo%eﬁt R? o™ 3%1a’écRYe§ﬁ§’§°§8Fﬁ’E$ tté’ien iaﬂﬁe‘&ﬁﬁ o'f'rcf tion ge_f?fg

trat ten@n~17 t sphat e
‘15 concent r BAare SR B s0dcs, Sﬁo%icn%%af?% afote Bl M RECRRI2RREE °
brass conponerbtABNBE MiduE: KIS dad Covdre tawa@uaagoéégﬁ cgshf;@;a grtageelseal od

of fromapproximately 3.5 mn. to approximtely 3
t enper at ur e ofint N8Fefgliomss less. than 11 ug/L '

5 Additional tests were run in which the solution was
maintained at a_tomperature of 60°C., the immersion time was
3.5 minutes,'ano the amounts of sodium chloride and sodium
pyrophosphate each varied from 25 g/L to 120 g/L (a concentration
of 0.42 molar to 2.1 molar chloride and 0.06 molar to 0.27 molar
10 pyrophosphate). _;n each instance the accumulated leachable lead,
as per the NSF-61 protocol, was less than 11 ug/L.
| Bésed.on the tests described above, a brass faucet
product immersed in an aqueous_solution of from 10 g/L to lﬁo.g/L
of sodium chloride (a concentration of 0.17 molar chloride to |
15 - 2.1 molar chloride); sodium'pyrophosphate in an amount rangihg
from approximately 25 g/L to approximately.lzo g/L (a
concentration of 0.06 molar pyroohosphate to 0.27 molar
pyrophosphate); an immersion time of from approximately 3.5 min.
to approximately 30 min.; with the solution maintoined at a
20 temperature of from approximately 35°C. to approximately 70°c.,.'
will result in a brass product which ;ill pass the NSF-61
' leachable lead orotocol. The preferred embodiment of the
invention is to utilize a time period of'355_min;, although it
is anticipated that initial use of the ihvéntion may have an
25 immersion time of 5 min. The preferred concentration is 15 g/L

of sodium chloride (0.26 molar chloride) and 90 g/L of sodium
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solution being in the range of from approximtely [err] to ppr&wﬁMﬁBFwHEFT
[err]. 2. The process of Caim1l in which the concentratio =B MAﬁ &Hu
pyrophosphate is approxi mately 0.20 m)lar8 3. The process D@Ea|n11 S P
whi ch the concentration of chloride is appLQX|nater 0. 26
process of Cl@g,% h | rsi '
appr oxi mately 5%ﬂ?ﬁpﬂ?ﬁQa%%P@&ﬁﬁﬁ?grgféﬁﬁkdybhaqg? 99 1§;5£é¥@rned to.
maintain the aqueous solution at a temperature of approximately

i

60°C. In addition to the above-described parameters, it'is
preferred that the aqueous SOIutionlbe continuously_circulated
5 and be air egitated;for a constant infusien of oxygen. .The
solution pH should be maintained in a range of 9.5 to 10.5, with
a pH of 10 being preferred. |
When the brass component is immersed in the described
aqueous soiution;_dissolved oxygen ie converted to hydroxyl ions
ld by an electron accepting reduction reaction withIWater, the '
electrons being provided by conversion of metallic lead at the
brass surface to.lead ions in aqueous solution;
2Pbig) + Oz(aq) * 2HaO0(1) = 2Pb2¥ .0y + 40H™ (,q;
The chloride ions in solution accelerete_the
15 dissolution of metallic lead. The pyrophosphate ions in solution
chelate the lead ions in a complex such as PbP,042-, thue
reducing the chemical actiﬁity of the P52+ species and preventing
" the aboveAdescribed_conversien of metallic lead from terminating.
In summary, five factors'in the invention ensure that
20 lead is removed expeditiously: | |
1. Aeration of the solutioe is required to ensure an
adequate supply of dissolved oxygeh, without which the lead |
solution reaction set forth above would not occur.

2. Chloride ions are required to accelerate the rate

25 of lead dissolution.
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5. The process of Caim4 characterized in that the |nnersnon't|ne s
approximately 3.5 mn. 6. The process of Claim1l character|4E- LB HAR.. Eﬂé ___

sofution is maintained at a tenperature of @pproxinately [er] */_”;zlhe:::re
process of Claim1 char cterlzegfln t hat, tTre—saol ution. i s mai ntai-ned, from

9.5 to 10.5. 8. The pro ESSPYd:P SPR?Te I A8 PR TS (1Pas SEHESEBFuEP BN
pH i's maintai padg éivé@%%adl%ﬁ ?.ollpfoﬁ)r g‘}‘cev%@%ﬁ%]tr@%%geeﬁeaﬁd in
ate

that the solution is continuallly arr agi rocess for treatlng

brass conponerb3ut@oh cebict icvaghaR! fedearhgVaepil bBr ngpponent is
subsequent|ly exposed to water including exposing the brass conponent to an
aqueous 4. Agitation of the solution is required to ensure

5 that fresh suppliee‘of the.reagents participating in the reaction
rapidly are brought to the reactionlsite at the faucet surface,
and that the products of reaction are rapidly removed.

5. A moderately elevated temperature is requ;red to
accelerate the rate of reaction. However, toc high a '
10 _ temperature would reduce the availability of the required
dissolved oxygen. . '
It is believed that with the pH in the described range
of 9.5 to 10.5 the surface lead will be dissolved as described.
If the pH is acidic it is anticipated that a barrier of
15. chlo;opyromorphlte or other lead phosphate coﬁpouﬁds may form
about lead particies remaining on the brass. |
Whereas the ?referred form of the iavention has been
shown and aeeciibed herein, it should be realized that there may
be many modifications, substitutions and alterations within the

20 scope of the following claims.
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sol ution cont ai nj g i gns of chloride and pyrophogphatie"GHENT REEET |
chl.ori de ions prmﬂlﬂmmﬂgﬂﬂlmml ution of |ead fromthe bijass cofrpijtyerigds |
and t he pyrophosphat®e ions sequestering the dissolved Iead_iﬂm§brhrr0n; """""" h
preventing the | ead solution reaction fronﬁﬁeaching equi | i briom 12 117
The process of O ai m 1Fheéhgmbedénents] din theat nvést tapudgusrhdghusnogxcdusive
mai nt ai ned at an el evated tenperature.  12. The process 'of Caim11

char act er i zedPFAPTHH FheriYhLsdr "s%lcd'laiié'ﬁdi_EFﬂa‘Fﬁjd’reﬁ’eGsat“élPéﬁf)eraf ure

in the range. of

1. A process for treating brass compqnehts to reduce
leachable lead when.the component is subsequently exposed to
water, the proces; includingQ

(a) exéosing the brass compohent to an agueous

| solution containing chloride in a concentration of from about
0.17 molaf to about 2.1 molar and pyrophosphate in a
concentration of from about 0.06 molar to about 0.27 molar;

(b) fhe brass éomponent'remaining exposed to the
aqueous solution for a time period of from approximately 3.5 min.
tb approximately 30 min., with the temperature of the aqueous |
solution being in the range of from approximately 35°C. to

approximately 70°C.

2. The process of Claim 1 in which the concentration

of pyrophosphate is apéroximately 0.20 molar.

3. The process of Claim 1 in which the concentration

of chloride is approximateiy 0.26 molar.

4. The process of Claim_l in which the time period of
immersion is from approximately 3.5 min. to approximately 7.5

-min.
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from approxi mately rgpetely [err]. 13. The process “of - Ciaj¢n:ET h
12-;characteri zed |Hlmml||{“uﬂﬂmﬂm|s sol ution is naintained:at_ a 5 MAR 1996 i
tenperature of apprbdxifatel ¥ [&rr} 14. The jrocess of Clalnllo ...... i ' !
characterized in that the aqueous sol uti on—€entains chloride in . =
concentration of from dboutThe. processroft €laliaut Qharauﬂerlz@ddlpythpbospéate
in a concentration of fromabout 0.06 nolar to about 0.27 nolar. 15. The
process of C &PREIZLUNAife dfi 2RBrP*LRaRALYt BeScBARent rati on of '
pyrophosphate is approximately 0.20 nolar. 16. The process of Claim 10
characterized in that the brass conponent remains exposed to the aqueous
solution for a time perg odrhangiddedd Y @Eﬁﬁ.ﬂxl "Bl £t t2r2 28N int hat the

approxi mat el y
solution is main;alned at a temperature of approxlmately 60°C.

7. The process of Claim 1 characterized in that the

solution pH is maintained from 9.5 to 10.5.

8. The process of Claim 7 characterized in that the

solution pH is maintained at ‘about 10.

9. The process of Claim 1 characterized in that the

solution is continually air agitated.

10. a précesé for treating brass components to reduce
leachéble lead when the component is subsequently exposed to
water including exposing the brass component to an agueous
solution contaiﬁing concentrations of chloride and pyrophosphate
with the chloride ions promoting the dissolution of lead from the
brass component and the pyrophosphate.ions sequestering the
dissolved lead Ln'solution,'prevénting the lead solution reaction

from reaching equilibrium.



7.5 min. ]mLIuIUIMJummﬂ f Caim 14 characterized i REPRACEANRT SHEET
concentratlon of oxi mately _0.26 nolar. 18.|] The_ B¥ agess. of

d & m 10 characteri Zzed in"that the soluthdﬁ_pH is maintain Bafer:ol. 905 LB,

10.5. 19.° The proces of [ 0 ch £ [iz I,n _that e se-gtFomri
continual ly ai rpagl tats"'ed %2 £n‘/iocersoscessE?’gr tfdgé:t}ﬁaﬁﬁcﬁ?ﬁéée%o‘rfbcﬂﬁﬁ %
reduce | eachabhfediadoti®Rohes CRIDAAGREAI St SHPIERNEREAY: EXRASA, 10

T
m

12. The process of Claim 11 characterized in that the
agueous solution is. maintained at a temperature in the range of

from approximatelf 35°C. to approximately 70°C.

13. The process of Claim 12 characterized in that the
agueous soiution is maintained at a temperature of approximately

soocl

14. The process of Claim 10 charactefized in that the
aqueous solution contains chloride in a concentration of from
about 0.17 molar to about 2.1 molar and pyrophosphate in a

concentration of from about 0.06 molar to about 0.27 molar.

15. The process of Claim 14 characterized in that the

concentration of pyrophosphate is approkimately 0.20 molar.

16. The process of Claim 10 characterized in that the
brass component remains exposéd to the‘aqueoué solution for a
time period ranging from approximately 3.5 min. to approximately

7.5 min.
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wat er, the proce ﬂ ' S|ng t he brass conponent't@haﬂAaQM@%$%HFrT 1
sol, utlon contain um "‘ mwr ﬂactlve speci es, one of th speci es - '}
prom)tl ng the dis3ol &ition ®o fromt he1 rass conponent; Dwiet: A {. h%@w

speci es sequestering the dissolved | ead i | ution preveﬁ¥Tﬁg thet-ead. 1

solution reaction frouviearkd roeaus! bHrelim 3% cRELad¥CRREY Qh ChakmeRE
characterized in that one of the active species is chloride ions and the
ot her speci esonsepgraphosphfatahliordde. i2apprixdmptelysd. 28 mollairm 20
characterized in that the solution is aerated to provide dissolved oxygen

to |nsure | ead di ssol ution.
18. The process of Claim 10 characterxzed in that the

solution pH is ma;nta;ned from 9.5 to 10.5.

19. The pfocess'of Claim 10 characterized in that the

solution is continually air agitated.

20. A process for‘treatidé brass components to reduce
leachable lead when thg compdnent is subsequently exposed to
water, thé process including exposing the brass component to an
agqueous solution containing two kinds of active species, one of
the species promotipg the dissolution of lead from the brass
Icomponenﬁ, wiﬁh the other species sequéstering the dissolved lead

in solution preventing the lead solution reaction from reaching

equilibrium.

21. The process of Claim 20 characterized in that one
of the active species is chloride ions and the other species is

pyrophosphate irons.

22. The process of claim 20 characterized in that the

solution is aerated to provide dissolved oxygen to insure lead

dissolution.
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PROCESS FOR REDUCING LEAD LEACHATE IN BRASS PLUMBING COMPONENTS
A F_THE RE

A process for treating bréss'plumbing componénts to
reduce leachable lead when the component is subsequently exposed
to water includes.exposiné'thé brass component in an aqueous
solution containihg a desired concentration of chioride and
pyrophosphate, with the chloride ion promoting the dissolution
of lead_frOm the brass component and the pyrophosphate ion
preventing saturation of the solution with lead insuring

continuation of the dissolution process.



