VIO 98/ 26449 - L . | |
PCT/ US97/ 22736 A Method For Purification O Acids For Use In

Seni conducV¥P 982¢é2ssi ng Background of thi's I'nventi &¢T/USI722736
Various acids ang jagidd F6F PuATiaEsn BT A GiEPor s @hicfddeoR Proédsing
renoval - of 5 catitonic inpurities in the manufacture of sem conductors
and nust be provided to t hese manufacturers in increasingly purer
forms to keep _up V\nthéh gver snualler di mensi ons of the integrated
circuits. Theddackgremn ?fsca‘l veRHPBxy| i ¢ aci ds having at | east two

carboxylic acid groups, and include C2 to C6 dlcarboxyllc -aci ds;
hydr oxycar boxyl i ¢ a\éardmsandsandﬂxm‘aienthesarmdlss claiaw)gfagenmfamﬂrwakﬂf
Cerr]Jto CJerr] 10 acids includes oxalic acid, malonic acid, succinic

aci d, gl utgri eaAchidimpstitits n fifeimshnufithee of sermconduewrsiancf Mﬁ?cheCpréﬁiddd to
Exarrpl es of hydroxy car boxyl ic acids includes malic acid, tartaric

2'??1& gﬂgd:::a}n“ esggﬂaggeat%ru glcf)%%gﬁ% fﬁﬂ%yég;ygﬁﬁt}ﬁgt#tgg ﬁ%né? Fraceti c

acid (HEDTA) . Apreferred acidis citrjc id. A preferred
derivative is dimensinsef ghe integrated aurpuits. These aci wf |qa§b°xvh%aca€$ brying & e |
known, for.instance malonic acid is used as an i nternedi ate for

bar bi t ur at es &east pracarhaxilic asidgroWpsatndinalodel C; 0 G4 dicarbexydicfaoids,
aut onobi |l e radi ator. cl eaners, general metal and equi pnent cleaning, as a

purifying . hydros9&ib )@MG akid$ SidRfinetfbokylic abigdt Bécificdiiples FSCoto Cs
cat al yst, as a | abor at ofy reagent, as a stripping agent for

o ocessi ndS - ot elylofelioh i Halchics RS Splcil 38, bl aEier Bt ack! mai, g

I ndustry and is typically use;ljl n bat ht uh, and fa cet cI eaners, ljiquid
| aundry det er 8@ fumagig aﬁ\?’e rExamples of gdregy garbpxyliciasidg malicacid, tastaric
acid solutions are known to renpve corrosion and oxi des from st eel
equi pent . Al at¢idagd citii¢ a¢id. Exaniples ofisminocarbeaxyllic acide thchideent in t he
sem conductor - industry, comercially available citric acid is not of the
desired quali gthylenediaminetetracetic acid (EDTA) and hydroxyethylenediaminetriacetic acid
(HEDTA). A preferred acid is citric acid. A preferred derivative is ammonium citrate.
15 . Typically, the acids are well known, for instance malonic acid is used as an
intermediate for barbiturates and pharmacuticals. Oxalic acid is also used for
automobile radiator cleaners, general metal and equipment cleaning, as a purifying
‘agent and intermediate, for leather tanning, as a catalyst, as a laboratory reagent, as a
stripping agent for perrhanent press resins, for textile bleaching and in rare earth
20  processing. Citric acid is known as an effective ingredient in the cleamng industry and
is typically used in bathtub and faucet cleaners liquid laundry detergent and oven
cleaners. In the steel industry, citric acid solutions are known to remove corrosion

and oxides from steel equipment. Although citric acid is usedtoa limited extent in the

semiconductor industry, commercially available citric acid is not of the desired quality. -



PCT/ US97/ 22736 . Commercially avail able food grade citric acid has been
purified bwcessieasng aci d cation i on exchange resin. PORUSBLATI6ant

citric aci ddsmmétbally BVailaBleF6&Y iiaté tivricatid haBeen bafified by a stror@f @i cation’ i ¢
aci d. Ctric acid is nade commercially by the fernentation

of nol asses. |aon S .eX | e, e . idric.
ci d i ter io et s e AT e R KBEEGH B EAOR BRI fod T
chlorides fromcitric acid solutions using anion exchange( Pi shch.
Prom st (Mogedcitioas, (11), 30-2). Cation and anion ion exchange
menbr anes have been used to separate citric acid from sacchari.des and
protei ns(JP 430245%@#i¢)achlis nthde coimeraallydy thé fernengatipniof molasses: i foraci d
required by the 10 sem conductor manufacturers. : . Today, .the

current indusiihad reédindfigve E’Jen‘il!s&{] oreBvef! citéicladdTHREN ffthéitdtiGh(EP 324210) as

contain catronic I mpurities which include 1ron, calcium and barium at

| evel s that afe t fayor.able 40 seniconductor processing. This
nventi on prelEagemoyesuifates aad chibrad o B AU HBARR do and their
derivatives and in particular purified citric acid, 15 mal gni ¢ aci d,

oxal i ¢ aci dexchdngehthPromtst ﬁ&esqpy@{mssi,bl 1)30er &iatign end awjpp ion

manuf act urers. ' The sem conductor industry needs ultra high

purity chel gkinafgemembranss hivedseen used to separate citeic acid from succharkies dnd oxal i ¢
acid and ammoniumcitrate. By using a strong acid ion exchange resin

such as a s 4%} P&tedben I S Eh by itdt RSk itéd ty el d or
20 hydrochfldé?lﬁgofﬁ%g%osﬁz Ity, dri'rg?%ﬁ‘c%lrtmu-rgl‘gpes iI!] soﬁutl%ns o‘?y aci ds can
be renoved. ) ni u itrate. can be made by reacting purified citric

Anmo
aci'd wiih hggricpriuctqr manufacturgrs, i um hydr oxi de.

Today, the current industrial grades of citric acid and ammonium citrate

contain cationic impurities which include iron, calcium, and barium at levels that are
not favorable to"serﬁiconductor processing. This invention provides, in general,
purified carboxylic acids and their derivatives and in particular purified citric acid,

15  malonic acid, oxalic acid and ammonium citrate useful to integrated circuit
manufacturers.

The semiconductor industfy needs uitra high ﬁurity chelating agents such as
citric acid, maloz;ic acid, oxalic acid and ammoniurﬁ citrate. By using a strong acid ion
exchange resin such as a styrene-divinylbenzene cross linked resih with sulfuric acid or

20  hydrochloric functionality , metal impurities in solutions of acids can be removed.
Ammonium citrate can be made by reacting purified citric acid with high purity -

ammonium hydroxide.



Wo 98/26449 . . . . | '

PCT/ US97/ 22736 . Post-Cheni cal Mechani cal Polishing é CNP; uses
a citrate, wohisedédd9s a cl eani ng - agent and is descri bed?¢HU

cl eani ng of Vand BpfiGHendical Meckixledl Polishityg' (CNR) uses a citrate,Rehbich Boccledmg) .
Proc. Vol. 386, 1995 Materials Research Society. Mlik pages 109- ,
L. dlehfind}s ERibeRtn POSTIOMEMdafilg of Wand Si0;: “A MO SAREC Md!

this inventi Isa highly purified citric acid conposition for Use

in cleaning after chem cal hani c | i shi of .igtegrated.circuits.
Cheni cal Res. gﬁ%c%m- éP"'p%i @H @95526‘8@? ggé‘iﬁﬁ%‘%’u@%%%ﬁ%
Advanced M cro Devices, U S Serial No. 08/391,812. Ctric acid
conpositionslid the present invention have 10 Iless than. 100 ppb iron’
‘cations, 20 ppb cal ciumcations,. and 100 ppb barium cati ons, '

preferablsy |Bsgefr $uinthaly of fhe Iientiofiat i onic inpurity. The citric acid of the
pr esent invention is prepared by exposing technical grade citric

acid in deionize r . . t VL -] . cat | hange
Fesin having su 1QN &veet S s imyeapion Bl pRlid MRy Epdiion ey S¢ 1O
collecting said ion exchanged effluyent. |n another aspect thjs ,k 15

i nventi on pribylearisg aftapehegtical meghamgal H@’%&g éntssr@@ GUIGRIS- cG"‘e‘ﬂlﬁéhani cal

pol i shi ng conprising exposing the surface of said wafers to a
purified ci tnméchanicalaolishing iv deis¢ritetén PCT/US9600 156i to A dvancediMiars Pevices, 100
ppb Fe[err], 20 ppb Ca[err] and 10 ppb Ba[err], preferably |ess t han

10 ppb for qaghsafiartNie gRAII10912C ditfRUdid édifpositions of the present Entionl Hatwi ng
exanpl es use nmetric systemunits. Al patents nmentioned herein 20 are

Sg/eglgzhégl | Bfesis Qﬁé)nr.fw;%be’lcriorp Xat{o%‘é,%eprb Sealcium catiolzzlé,aa[rTBl 19001ppb barium cati\l;\Qs_,
PCT/ US97/ 22736 . ndustri al, grade citric .aci s dissolved in

wat er to napsefarably lgss than 40 iplgh for a cationic impurity. The citric acig of the present
invention is prepared by exposing technical grade citric acid in deionized water fo a
styrene-divinyl benzene cation exchange resin having sulfonic acid or hydrochloric acid
-functionality and collecting said ion exchanged effluent. In another aspect this |
15 . invention provides a method of cleaning wafers after chemical mechanical polishing
comprising exposing the surface of said wafers fo a purified citric or ammonium citrate
~ solution having less than 100 ppb Fe", 20 ppb Ca™ and 10 ppb Ba’, preférably less
~ than 10 ppb for each of the cationic impurities. _. - |
The following examples uée metric system units. All patents mentioned herein
20 are specifically incorporated by reference. | |

Example 1



Thi s sol ution was passed through Anmberlyst 35 ion exchange col um at 2
BV/ hr (BV . is Bed Value). The starting material (See Table bel ow
-5874- 56- IWOI9aR64P gh | evel s of cal cium iron, sodi umPCAABIHRAEE

- metal I'ic contani Dafusaial gride eltripacid fvas dissaived intveater t© makest 28.8%acsolutions i t i es,
detrimental to seniconductor processing, have been substantially '

remov eS m( Se?hi-g%mé.l:ﬁ{)? Svd3 Yassed HroustP Aberlysh 85 Gorl Exchaiiel cbluas aCDBWht @V t 0

anmoni ate'by neutralization with high purity amoni um

hydr oxi de. le .2 10 . o I»ABM PRI hel,
anlhydrous f15%359}’%1‘%{2&%@‘83@gﬁqﬁﬁseleﬁramet Fapu%e%aﬁéh B‘ %%‘r’ég#ﬁl s
solution was purified in a 3" dianmeter column wth jon exchange resin.

The start i ngalcmeiron) sodiune,enogher metallig cantaminatiqny %é?rd? "t‘q’fg thest ect or (see
tabl e bel ow - 5874-76 Starting Material). After purification, the
citric agi dpfaflicinfpatites) detritveital 06 sétficonductor ppdcessing, thaié bedncsubstaritbilly- 76
Purified). 15 Exanple 3 o A procedure simlar to Exanple

2 was used to pULi LiaL § ! __It. : id
sol uton | SHRR S T ke e 3, TheRiiliacid wos Cnfbudl (Bmbuilh 2c
-for use in sem conduct.or, appl,cations(See table,.below 5874-76-1(starti

mj,t erial) afidrately ne ‘?qqoé‘&&%lﬂ‘g P‘éﬂ‘?&é"f‘&%%}'ﬁ‘@“‘gn Exarrpl(z Zr- o

Example 2

10 ADM USP grade citric acid, anhydrous fine granular was dissolvéd in ultrapure
DI water. - This solution was purified in a 3” diameter column with ion exchange resin.
Tﬁe starting material is so high in calcium aé to saturate the deté_ctor(see table below -
5874-76 Starting Material). After pﬁ_riﬁcation, the citric acid has a calcium level of 26
ppb(See table below 5 874-76 Purified). -

15

Example 3

A procedure similar to Example 2 was used to purify citric acid. Results show
that after citric acid solution is contacted with Amberlyst 35, the citric acid is suitable
for use in semiconductor ap_plications(Seé table below 5874-76-1(starting material) and

20 purified material(5874-76-3)).

Example 4



VO 98/ 26449

PCT/ US97/ 22736 - " A procedure simlar to Exanple 2 was used to
purify cit rWO9alz'64zI9except the flow rate through the col OT/US 124736
BV/H. The calciumlevel in the industrial grade of citric acid

sol ution was 5.6 ppprocédure sintiantaExamplei2twasAisbe to purify Sitric abid exaéptlthﬂﬂbwvel
incitric acid had been reduced to 47 ppb. This level is suitable for use
in 5 sem coRteheH tRRRBMNPWhOABV/Hr. The calcium level in the industrial grade of

citric acid solution was 5.6 ppm. Aﬁex_‘ contacted with Amberlyst 35, the calcium level

~ in citric acid had been reduced to 47 ppb. This level is suitable forusein

5 semiconductor applications.
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_ WO 98/ 26449 o . .
PCT/ US97/ 22736 EXAMPLE 1 _ Citric Acid Ctric
Aci d #5874-56- 1 #5874- 27136 A
o %%49<10 . - 56- <101&ﬁr/6s9/; 6
<10 As : <10 <10 Ba
278: <10 Be <10 :
<10 EXAMPLE1 | Ca - Citric Acid CitrieAcid
18 d  Element " 3#B874-56-1 #5814-56-3 (o
<10 <TO0 Cu _ 24
39 B > =
<10 Al_1q o U712 o210 e
15 P Sb <10 <10 310 R
<10 As <10 My <10 1 4 <10
<10 M Ba <10278 <1910 ND
<10 Be<10 N <10 5510
<10 NeTET . RT0 40" <Iyg K
89 <10 Se =46
<10 S B 210 <10 - P, 10
<10 Ca<10 Na >1000 ** 238
<10 pl Cr 1 827 <t Tia
B 50 <10 "<10T] <10 <10
<10 T Cu___ Y <%0 T
T Ga 0 W <10 5
' Ge - <10 <10

Fe 553 15

Pb <10 11

Li <10 <10
Mg 14 <10
Mn <10 <10
Mo <10 <10
Ni 59 <10
Nb <10 <10
K 89 <10
Se <10 <10
Si <10 <10
Ag <10 <10’
Na 329 <10
Sr 19 <10
Ta <10 <10
Tl <10 <10
Sn <10 <10
Ti <10 <10
w <10 <10
\' <10 <10
Zn 74 15

Zr <10 <10



Y . <10 <10 - Zn
7: 15 Zr - <10
<10 WO 98/26449 ' ' . -6- - WD 98PCBAISYT22736
PCT/ US97/ 22736 EXAMPLE 2 Citric Citric EXAMPLE 3 Citric Acid
Citric Acid - Acid Acid 5874-76 5874-76
Sl XAMBLES [EHte (Gt T EXAMBLE 3 |CitAG RGP [GRAC A
~Starting E L itric’ (Citrig, o1 o EXQMPLS ! 4%“ 4 2b

151 - hz_sh __|Acid _JAgid, Lo - <16
<10 As <1 {6874-76158/4-76 <10 10— Ba
<10 . 251 {Element Purified |Batgh #2+ <10 __Be #5874-76-1 [#5874-76+3
<10 <10 StartiegD Bi <10 <10
<10 <10 B Material 10 11
<10 Ca Al 26| 48L000 170 >1 Ot * 1728 " {d-
<10 <10jsp <10 <440 <10 Cr <10 <20
42 A k1o <10<1lp (o <10<10 <340
s o B | <10 | 381 | <J0 >1000 * <6 |
10 <10Be SIUT <10~ 1Y <1qG o <19 Y &
<10 Bi s1g | <To b | s <10 .| <189
106 Blg po <10 | s18 T Lig 111 <Wg
<10 Li . [Ca <1h 26 J3000* >1000 ** 28, Yol
<10 <10|Cd <10 <40 <10 M <10 <199
<10 Cr 20 42 <1 M 17 <10 <49
<10 <fd N <10 | 1810 | <lo <10 <10
<10 Nb = [Cu <10 38 <10<10 . <68 8910 K
100 79 |Ga <10 <142 79 Se <10 <140
<10 Ge 49 | <101 <10 <10

Au <10 <10 <10 <10

Fe 616 646 106 16

Pb <10 <10 <10 <10

Li <10 <10 <10 <10

Mg <10 <10 34 <10

Mn <10 - <10 <10 <10

Mo <10. <10 <10 <10

Ni 18 <10 59 <10

Nb <10 <10 <10 <10

K - 100 79 142 79

Se <10 <10 - <10 <10

Si 90 <10 229 <10

Ag <10 <10 <10 <10

Na 62 23 691 23

Sr <10 <10 52 <10

Ta <10 <10 <10 <10

Ti <10 <10 <10 <10

Sn <10 - <10 <10 <10

Ti <10 <10 . <10 <10

W <10 <10 . <10 <10

Vv <10 | <10 <10 <10

Zn 92 10 <10 10

Zr <10 <10 <10 <10

* All results expressed in parts per billion .

** Results saturated the detector .




229

. *All results expressed in parts per billion, .
5  **Results saturated the detector.

.<10 Ag - -

Si : 90 <10
<10 <10 . <10 <10 Na 62
23 691 23, Sr S
52 il o <10 <10 Hotrussmae
<10 TI <10 <10 - <10 <10 Sn
<10 <10 Example 5 <10 <10 Ti <10
:ig <10 vlndustnal gra&e oxalic agfl was tPeat \1ﬁ/ with Amberlyst 35 ion Eﬁ&lange re§ﬂ10
<10 Zn as described in ®%amples 138d 2 The analysxs is reported in the following table, 10 Zr
<10 <10 * Al results expressed
in parts per b{llion. {** ReQﬂalnsAiwlurated t he @mabictAsid ' WO
98/ 26449 Element 5874-97-1 5874-97-2 e
PCT/ US97/ 22736 —Exahple——b Hrestat—gratde—oexeattc -aci d was
treated with Apberlystil3 5 S 5in - as-deseribed in Exanpl es
1 and 2. The ahalylis is reported in the following t#hle - |
xal i-c Acid Sb xal i c<5Aci d __El enetht 5874-97-1
5874-97-2". As <5 Starti ng Mat eri al<§ Al
71 Ba T g Sh 5 5
<5 S Be. <550 <5 <h
5 B 5 W e
<5 p B S = 5
Ca >QK)O >1000 ** 29 . 38 Cd-
<5 Cd <5 <5 <5 16
6 o Cr 165 6 <5
Cu Cd <5 5 <5 Ga
<5 Cu <5 6 €3 5 <1(
<10 "Ea. <5 <O <5 <3
Fe G’ELT : <10 a4z <10 PD
5 5 t 5
<5 e Al <5, 69 <5 5
Mh " Feoq PEi o 2 g
5 - Pb <5 5 <5 _
Li <5 <5
Mg 269 <5
Mn 21 - <5
Mo 5 <5
Ni 59 <5
Nb <5 <5
K 666 253
Se <5 <5
Si 24 <5
- Ag <5 <5
Na 1891 12
Sr 5 <5
Ta <5 <5
TI <10 <10
Sn <5 <5
Ti <3 <5
w <5 <3
\"2 22 15
Zn 17 <5
- Zr <5 <5



N
<5 .
253
S
<5
12
Ta
<10
<5
W
22
<5

det ect or.

59 .

WO 98/26819

24

Exany:le 6

<5

<5

<5

<5

5

<5

<5
‘Na

No
666
PCEHUSY7/22736
T
1891

<5

A procedure simijar to Example 1 wasnsed to purify citric acxd e;g:ept that the

Ti

<5

<5

solution wés passed through an Amberlyst 15 contfaﬁmng ion exchange c\dlumn After

results exprpélgggéu?nn HB rrtltéesﬁigtrn
WD 98/ 26449

PCT/ US97522 Fabstantiallygemaysde 6

was used to purify citric aC|d except 't hat “the

r%enﬁl 10 semlgonc;gcf_.?er J?%essm

ﬁ¥eal?e%§ t he ”-""

A procedure simlar to Exanple 1

sol uti on was passed

through an Anberlyst 15 containing.ion exchange col um. After
detri ment al

purification,
5 substantially renovs

II'TpUI’ItIGS

d.

to sem conduct or

Al um num <1P8% CitiizAcidn
<10 Chrom um <10 Copper
| ron Aluminum <10 <10
Barium <10
Calcium <10
Chromium 51 0
Copper <10
Iron <10
Magnesium <10
Manganese <10
Nickel . <10
Potassium 2200
Silicon <10
- Sodium <10
Titanium <10
Zinc <10

processi ng have been
28% Citric Acid
<10 Cal ci um
o <10

"All results are reported in ppb unless otherwise noted.



__rviagriesi um <10 ' Mangahe'se - -<10 < Nickel: -

<10 - Pot assi um _ 2200 SiH-con <10
Sodi um WO 98/26449 . <PCTNUS972373¢
0" Al results arc repﬁlmHuﬂrﬂﬂHﬂnimSS othervise noted.

- 9- VO 98/ 26449

PCT/ US97/ 22} glgim claim A rret hod for the purifi cation of an
acid useful as a chel ating agent in sem conduct or nmanufacturi ng,
conprising the step of passing an aqueous o solution of said acid

t hrough at least Apmettiodifoethe parifieationsif an beid uséfulds schelating agent inbeen treat ed

with strong aci dsenucoﬁ’ductorrﬁhﬁfmmigdc@ﬁpﬁdu@gnthpasmeth weolg acid is
sul furic acid or JydbRePkRAd h&d thro hatleﬁ?bﬁemnex&angeréﬁheoéﬁ eihey claiml

where said resin benzene crossl rnked resin.
4. The et hodbS'?Sn @?aiw{;vﬁﬂ\%g sal d resin has sul phonic aC| d - :
functionality.

2. The method of claim 1 where said strong acid is sulfuric acxd or hydrochloric
acid.

3. The method of claim 1 where said resin isa styrene-divinylbenzene crosslinked
resin.

4. The method of claim 1 where said .resin has sulphonic acid functionality.

5. The method of claim 1, where the acid is a carboxylic acid having at least two
carboxylic acid groups selected from the group consisting of C; to Cs.
dicarboxylic acids, hydrocarboyxlic acids and aminocarboxylic acids.

6. The method of claim 1, comprising an aqueous solution of citric acid.
7. The method of claim 1, comprising an aqueous solution of oxalic acid.
8. The method of claim 1, wherein said purified acid contains less than 100 parts

per billion iron cations, less than 20 parts per billion calcium catlons and less
than 100 parts per bxlhon barium cations. - o

9. A purified acid composition prepared by the process of Claim 1.

10. A method of making high purity ammonium citrate useful in the manufacture of
integrated circuits, comprising the steps of}

passing citric acid through at least one strong acid ion exchange resin bed
which has been treated with strong acid,

collecting said ion—ex_changed acid,
adding high purity ammonium hydroxide, and
forming high purity ammonium i_:itrhte’.

11.  The method of claim 10 wherein said strong acid is sulfuric acid or
hydrochloric acid.

-10-



5 The rret hod of . cl ai dis a car boxyl icacid haV| ng at
| east two © ‘car bogu Il mﬂln; Fi!llsel ected fromthe group .

consi sting_of to I carboxylic acids, 5839 xI ic
aci ds and Mﬁ’aﬁéﬁ%oxyl ic aC| ds. . The met hod of cl ai mB ,mcggrrprlil ng
an aqueous sol ution of ci tric acid. 7. The nethod of claim1,
conpri sing afy aqugRs felRIdWficliimal whertih said ¢ésth is a Byrene-divirylbentzémed of cl ai m
1, wherein said pro'sgliand?&i contains |ess than 100 parts per
billion iron cations ess than 20 parts per billion calciumcations, and

| ess t ha t er,bi bljon urified
aci d conposi HBeon BF*&S;J&?‘E%‘E Bé 15 1‘&”@8}3 g‘f{ al m%bg&ﬁﬁﬁmd ?ur}gtlon@ﬁgd of :
maki ng high purity anmoniumcitrate useful in tge manyf.act ure of

integrated cl4.cui {Ehe roesthed pEclaiin 1whereaywidypurified ammonum gieate FomtEing lesg aci d
t hrough at | east thaa1@0tpm1§patblﬂionmn@ﬂum§n§€8ﬁhesﬂﬂpbﬁ@lpefbﬂlloncalmch has -
been treated wi t hegtions, hddessdhan 100 parts per billiondmtiumgeationsl i on- exchanged

aci d, addi ng hi gh puri ty ammoni um hydr oxi de, and

form ng hi ghlgaurli,x ‘Zﬁ% ngfSht éﬁ#?r?geg]bgrtmmmﬁmm ofp. cl ai m 10

wher ei n sai d Strong hydrochl ori ¢ aci d.

WD 98/ 26449 _

PCT/ US97/ 22736 12. The method of claim 10 wherein said resin-is a
styrene-di vi nyl benzene crosslinked resin 13. The net hod of
claim 10 wherein said resin has sul phonic acid functionality. 14. The
met hod of claim 10 wherein said purified ammoniumcitrate contains less
than 100 parts per billion iron catioons, less than 20 parts per billion

cal cium “cations, and |less than-lOO parts per billion barium
cations. 15. Purified ammoniumcitrate prepared by the nethod of claim
10. : : _

-11- .



