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PURI FI CATI ON OF HYDROXYLAM NE Field of the Invention The
present invention relates to a nethod for the purificatiop

hydr oxy V¥@P9®B780\bre particularly, there is provided a net%%yuggsllogjs

purifyi ng aqueous sol utions of hydroxyl am nes by neans of ion

exchange. Background of the Invention

Hydr oxyl am ne has found nany uses in a variety of industries. In the
pharmaceuti cal industry and in connection with stripping 10 conpositions
for photoresists it has found wde use. 1In both the phar maceuti cal

I ndustry and for photoresist treatnent it is I nportant that the

product is free of inpurities such as anions and cations.

U S. Patent No. 4, 147,623 _of Koff §£ g!::gﬁgkgg%¥£¥£erein 15

I ncorporated by refer ?FI i cation of

hydr oxyl am ne by ion excl usion which includes use of anion exchange

resin ip; Wy ol hydr exylaponi um salts are passed. The ion exchange

resin is primarily utiTrzed as a reaction source rather than for .
separati on. T present imventRahenelikes £282ngEH4 dokothe purificapdprch is

herein i ncorporated b ref erence, di scl.oses t he S ation i
of of hydroxylam?ne. More garticularly, there fg provided a methogggg !
!
5 purifying aqueous solutions of hydroxylamines by means of ion
exchange. g

Background of the Invention

Hydroxylamine has found many uses in a variety of industries.

In the pharmaceutical industry and in comnection with stripping !

310 compositions for photoresists it has found wide use. 1In both the

pharmaceutical industry and for photoresist treatment it is

important that the product is free of impurities such as anions and

cations.

U.S. Patent No. 4,147,623 of Koff et al., which is herein

i5 incorporated by reference, discloses the purification of

hydroxylamine by ion exclusion which includes use of anion exchange

resin in which hydroxylammonium salts are passed. The ion exchange

resin is primarily utilized as a reaction source rather than for
separation. ‘

20 U.S. Patent No. 4,202,765 to Koff et al., which is herein
incorporated by reiference, discloses ' the separation of
hydroxylamine £from a solution of hydroxylammonium salt through the
use of a cation exchange resin. The process does not teach the

exclusion of anions.




hydr oxyl am ne from a sol uti on of hydroxyl anmoni um salt through the
use of a cafo @nsegchange resin.  The process does not teach the

excl usi on of ani ons. WO 99/ 03780 PCT/US98/10445

PCT/ US98/ 10445 U S. Patent No. 5,318,762 to Cawfield
et al. discloses treating solutions of hydroxyl anmoni um salts
cont ai ni ng excess acid by passing the solutions through a weak base
i on exchange resin. U.S. Patent No. 4, 166,842 discloses a
process of extracting 5 hydr oxyl anmoni umions froma solution utilizing
a cation exchange resin which included the further step of converting
t he hydr oxyl amm um i ons to hydroxyl am ne. None of the
prior art teach the renoval of cations and ani ons from

YA oxy At e 5. Bfeed® BT O%ISTs, Fo2 et e P O 1 gsscioses

hydr oxyl am ne. e I'nvention

The pr esepted diMBNEEDEE DY bEaSy B JIBLRRRChimt 18 HRUEbAt £ irN excess a@hid

hydr oxyl am ne so that cations and anions which are normally pr esent

are greatbhy paathicogd th#hsolwtoicwss thorughng” vaak stages iwhi ekchadge resdmpri se:

A Passi ng an aqueous sol ution of hgdroxylanine t hr ou | east
n

h
one macr opor odk Sor FGEFRE SKP oy i B déiﬁﬁ%?ﬁg%ar:é’ﬁoﬁe ﬁdg% extragidpgh has
beenstrE*ﬁéﬁ%&%ﬁﬂ%mﬁogkhﬂtf%ﬂgﬂ¥f%%hgogbfu@§69 &Eﬁfﬁffﬂg’a cation exchange

resin which included the further step of converting the
hydroxylammium ions to hydroxylamine.

None of the prior art teach the removal of cations and anions
from hydrokylamine so. as to produce a highly opurified

10 hydroxylamine.
Summary of the Invention

The present invention provides a method for the purification
of hydroxylamine so that cations and anions which are noxrmally
present are greatly reduced. The process contains the steps which

is comprise:

A. Passing an aqueous solution of hydroxylamine through at
least one macroporous or gel, strong acid ion exchange resin bed
which has been treated with a dilute hydrochloric acid sclution,
and then

20 : B. Passing the solution from Step A through a strong base
anion exchange resin bed.

Preferably, the hydrochloric acid soiution is about 5 to 20%
by weight hydrochloric acid.

Advantageously, there is utilized a plurality of cationic ion

25 exchange resin beds and a plurality of anionic ion exchange beds.



and then 20 B. Passing the solution from Step A through a strong
base. waEgy@nseexchange resin bed. Preferably,pé

: > ) . S98/10445 |
hydrochl oric acid solution is about 5 to 20% by wei ght hy rdgﬁ1or|c
aci d. Advant ageously, there is utilized a plurality of cationic

lon 25 exchange resin beds and a plurality of anionic ion exchange beds.
2 WD 99/ 03780

PCT/ US98/ 10445 It is therefore an object .of the

i nvention to provide hydr oxyl am ne sol uti ons which are substantially
free of undesirable cations and ani ons. It is another
object of the invention to purify hydroxylamne 5 t hrough the use of ion
exchange resins. Description of the Preferred

Embodi ment s It is the?lgcc%edi na% tgﬂé S prﬂ%segkei e it?.Bn té@r ?Dzjo%_ide

provi ded the purt I on of roxylam ne whereby the reSulting
product h$arcxylamiiskaibtabhy wiil@Carefsunitdash bl eEreeabE anmiesdndbaai ons.

The 10 I nvention provides a process whereby an aqueous sol ution of
hydr oxy| aatheéns sapdsaeibrdshr ough at | east one bed of a cation strong

It is another object of the invention to purify hydroxylamine

5 through the use of ion exchange resins.
Description of the Preferred Embodiments

According to the present invention, there is provided the
purification of hydroxylamine whereby the resulting product is
substantially free of undesirable cations and anions. The

10 invention provides a process whereby an aqueocus solution of
hydroxylamine is passed through at least one bed of a cation strong
acid ion exchange resin and at least one bed of a2 strong base
anionic exchange resin. It is essential in the invem:ion that the
cationic exchange resin is pretreated with a dilute solution of

is hydrochloric acid. The hydrochloric acid treatment is with a 5-20%
hydrochloric acid solution, preferably, about 5-10% hydrochloric
acid solution.

The anionic strong base ion exchange resin is preferably
treated with either a dilute potassium hydroxide or sodium

20 hydroxide solution so as to remove any undesirable cations which
may be present.

In accordance with the invention, it has been found that
cation resins containing strong acid groups in the hydrogen form
are capable of removing many of the undesirable trace metals.

25 Also, using conventional methods of pretreatment such as with

3ilute sulfuric acid does not produce the same results as found

3




acid ion exchange resin and at |east one bed of a strong base ani oni c
exchange Regbélga7sd IS essential in the invention that the cationic
exchange resin Is pretreated with a dilute solution of 15 PCHUREL4Soric
acid. The hydrochloric acid treatnment is with a 5-20% hydrochl oric
acid solution, preferably, about 5-10% hydrochloric acid solution.
The anionic strong base ion exchange resin is preferably treated with
either a dilute potassium hydroxide or sodium 20 hydr oxi de sol ution
so as to renove any undesirable cations which may be present.
I n accordance with the invention, it has been found that cation
resins containing strong acid groups in the hydrogen form are
capabl e of renoving many of the undesirable trace netals. 25 Al so, using
conventi onal qiihods eat ment éu h as. with dilute sulng;ic

a

f _pret .
aci d doe¥™fBt ]d'tﬁfcngﬁ OEHHRT TesAFLE 4425 offfgn used to pretreac

3 eneratd $RE03BD exchange resin. It is preferred to also
PCT/U898/If8445ra exe aﬁ%n dilute hydrochlg}ic acid has been used

to pretreattpéat or regemgmtey alte daeibabcexedmngre mesiin witht ai diluref erred
to al so pretreat or regenerate the cationic exchange resin with a
dil ute solution of hydroxylamine such as a 5-20% soclution, preferably,

5 about 5-10% by weight solution of hydroxylamine before passing a
50% by weight solution of hydroxylamine through one or more beds of
the ion exchange resins.

An exothermic reaction is present when the hydroxylaniine
solution is added to the ion exéhange bed sc.; that it is preferable

10 to utilize a dilute hydroxylamine solution to condition the ion
exchange resin. The 50% agueous hydroxylamine solution which is
utilized reacts with a strong base cation exchange resin to produce
the corresponding amine salt accompanied by a strong exothermic
reaction. Once the amine salt has been formed and the exotherm

15 subsides, the Na’, XK' and other cations exchange in the resin bed
satisfactorily.

The flow rate of the pretreatment with the 5-20%, preferably
5-10% by weight of hydroxylamine solution can be used to control
the exotherm reaction which initially takes place.

20 Most commercial ion exchange resins,. both anionic and
caticnic, require additional cleaning or regeneration to take place
prior to use. 1If the cleaning or regeneré.tion is not performed,
excessive decomposition of hydroxylamine take place. In the
situation where the Na/K* values go down but the CA*?* values go up,

25 it has been found that regeneration of the cationic resin with

. ———E—. e



sol ution of hydroxyl am ne such as a 5-20% sol ution, preferably, 5 about
5-10% by weiogjas7sgol uti on of hydroxyl am ne before passing aPFT/US98/1'05«iQ%/° by
' 0 he

wei ght sol ution of hydroxyl am ne through one or nore beds i on
exchange resins. An exotherm c reaction is present when the

hydr oxyl am ne solution is added to the ion exchange bed so that it
Is preferable 10 to utilize a dilute hydroxylam ne solution to condition
the ion exchange resin. The 50% aqueous hydroxyl am ne sol uti on which
S utilized reacts with a strong base cation exchange resin to

pr oduce the correspondi ng am ne salt acconpani ed by a strong

exot herm c reaction. Once the am ne salt has been forned and the

exot herm 15 subsides, the Na[err], Kl err] and other cations exchange in

h : , oLy - ot o thesd
e resi %ﬁig‘fe‘&whﬁ'ﬁrfﬁgféfg%oa%lg 2 ér%%? regenerariBf &f QM anfoRicifdsin

pretreat y 5-10% by wei ght of
hydr oxyl gige $Rlset 1enregdibe Ysadrt @ocaser ol t he exotherm reaction
which initially takes place. 20 Most commercial ion exchange

resins, both Bouhi gelctypeidind macropereis tYneeqdi +@n ARARFGFaresiRafaty or
regeneration to take place rior touse. If_t cl |

r egener a9% 1SS RotbD HFUIFR ,Pmcgss : e>?5§s€u§?'55dd5’é% %S%es ipt%lq'? i ngg‘r‘e and
hydgoxyl am ne e drogbHakban Maidmilhexbabkfes rdnaval ues
go éown ﬁﬁ%’éﬂé‘%[ EF? \s/%Jf-ﬁheésmgcoidug? Zg It has beer?foundt at

r egener agho sr¥onghBasatamit eikehinfigits [bf the polystyrene or polyacrylic

4 WD 99/ 03780

PCT/ USO8ty 4d 04° form.

The weak acid type cationic exchanges and the weak base
anionic exchangers either alone or in combination with other
10 exchangers have been found ineffective to reduce both the cationic
and aniocnic trace materials found in the hydroxylamine compositions
which are commercially produced..
The anion exchange resins which may be utilized in the present
invention include the Purclite anion exchange resins A-600, A-400,
15 A-300A-300E, A-400, A-850 and A-87, Rohm & Haas resins IRA-400,
IRA-402, IRA-904 and IRA-93, Dow resins SBR, SAR, Dowex 66 and
Dowex II, Ionac ASB-1, Duolite A-109 and the like in the OH™ form.
The cation exchange resins which may be utilized in the
invention include Purolite resins CT-151, C-100, C-150, C-105 and
20 NRW-100, Rohm & Haas resins IR-120, IR-122, 200, DP-1 and IRC-50, .
. Dow resin MSC-1, Dowex 88 and CCR-2, Ionac resin CC and CNN,
Duolite resin C-200, C-26, C-280 and the like in the H* form.
The following examples are provided to further illustrate the
present invention and are not intended to limit the scope of the

25 present invention.




di'lute hydrochloric acid and the regeneration of the anionic resin

W th a basgobpgoe¥rgsiui red prior to use. Bot h gel e _and

macr oporous type of ion exchange resins can be used | 8‘B?‘@gent
process. Preferred are the polystyrene and 5 pol yacrylic acid strong
acid hydrogen form cationi c exchanges and the strong base anion
exchangers of t-he pol ystyrene or polyacrylic type and O4[err] form
The weak acid type cationic exchanges and the weak base ani oni c
exchangers either alone or in conbination with other 10 exchangers have
been found ineffective to reduce both the cationic and anionic trace
materials found in the hydroxyl am ne conpositions whi ch are
comercially produced. The ani on exchange resins which nay be
utilized in the present inveg%%galégglude the Purolite anion exchange
resins A-600, A-400, 15 A- 300A- , A-400, A-850 and A-87, Rohm & Haas
resins | RA-4Q0, 1Into aliIRAndRZiidnRAeR041a86 dRAMAScoldiniagi 0 stEBRocBAR,
Dowex 66 and Dowex |1, lonac ASB-1, Duolite A-109 and the like in
the OH orad ddded 25ml of PurdhétealFohdSexchshge exshamgshfesinmy Bee

tilized in the t | ude, Purolit CT-151 G 100,
C 150, GoIREARS S3uehRENTRT S AR Tkl FREFRs | PR ST PRVES R E00

dé- an(%ll@(ﬁeio w:. n 1040 &S] 38%/5%_35%991\@1&@8 ald{fl CORng. chonme hesin CC

Ite resin C C-280 and the like inthe Herr]
form tested tc Eféeei-xﬁdzie)vuﬂgaexarﬁﬁldesmablarantﬁienhtaré urbheved | bystrat e

t he present invention and are not intended to limt the scope of the
25 pr devimctiimednt conpled plasma (ICP) analysis. The column was then
flushed with DI water until the chloride ion level was < 0.5ppm.
The column was then dried with nitrogen. .
10 A 5% hydroxylamine solution was poured through the column and
there was an exothermic reaction. After the exotherm was complete
a 50% hydroxylamine solution was passed through the column.
2. A glass column was prepared with Purolite anion exchange
resin A-400 similar to Part I. 1000ml of 8% KOH was passed through
15 the column until an inductively coupled plasma analysis indicated
removal of metal anions, particularly FeCl,”. The column was then
flushed with 2 liters of DI water until the X° analysis by ICP was
< 5ppb. The column was then dried with nitrogen and ready for use.
The 50% hydroxylamine solution processed in Step 1 was then passed
20 ‘through the cation exchange resin.
Preferably, the 50% hydroxylamine solution is passed through
a plurality (about 5) of the prepared cation exchange beds and then

through about 3 anion exchange beds.




5. WD 99/ 03780
PCT/ US98/ "64b/03780 F%fﬁ}g
1. Into a 1 inch dianeter glass colum containing a stopco 1'8(;10}45 was

added 25m of Purolite CT-151 cation exchange resin. The col um was
flushed with 1 liter of DI water. The resin was then 5 flushed with
1000m of 10% hydrochl oric aci d. The col unmm was tested to
determine if all undesirable cations are renoved by i nductively
coupl ed plasma (1 CP) analysis. The colum was then flushed with DI
water until the chloride ion | evel was < 0.5ppm The col umm was t hen
dried with nitrogen. 10 A 5% hydr oxyl am ne sol uti on was poured

t hrough the colum and there was an exot herm c reaction. After the

exot her m vvasc,ﬁ? Ml Stion of t@_.a%%(y?n2¥%:[9 ss co ume&%&?@e!@%fpgﬁéﬁé&h

t hrough the S prepare

Purol i telamgo&mWas followesi N A- 400 simlar to Part |I. 1000nm of 8%
KOH was passed through 15 the columm until an inductivel y coupl ed pl asna
anal ysi s indicated Beforenben| exthangedl ani 3fter pon iecghanggdFed [err] .
The col um was then fUpERbd with 2 |iters—oi DiPBRter wntil the

Klerr] analys by I CP was < 5ppb. The col umm Jnas then dried with
ni t Pogen and gad for use. >38 <
g y 72 < 5
Cr 70 < 5
Fe 313 < 5
Mg 15 < 5
10 Before ion exchanged After ion exchanged
{ppb) _ {ppb}
Ni 29 9
K 307 <5
Si - 1887 < 5
15 Na 183 < 5
c rativ ample

The process of Example 1 was followed except that in lieu of
10% HCl, there was used 10% H,SO, in Step 1 to condition the resin.
The resulting hydroxylamine after passage through the anion
20 exchange resin contained an unacceptable amount of trace catiens.
Comparative Example 2
The procedure of Example i was followed except that in Step 2
Purolite A-100 a polystyrene type weak base anion exchange resin
was utilizea.
" 25 The resulting hydroxylamine after-passage through the anion
exchange resin contained an unacceptable amount of trace anions.
Comparative Example 3
The procedure of Example 2 was followed except that in Step 2
Purolite A-830 a weak base polyacrylic anion resin having a free

30 base ionic form was utilized as the anion exchange resin.




The 50% hydr oxyl am ne sol ution processed in Step 1 was then passed 20

t hrough t Lon exchange resin. Preferably, the 50%
hydr oxyl a%@?@z@uti on is passed through a plurali tyrgg%aqmgjs of the
prepared cation exchange beds and then t hrough about 3 ani on exchange
beds. 6 WO
99/ 03780 PCT/ US98/ 10445
The reduction of trace netals by use of the process of Exanple 1lis
sumari zed as foll ows: Bef ore i on exchanged Af ter
gon exchazfed - (ppb) c Ca(ppb)

<
72 <5 Cr 70
<5 Fe 313 < .
15 The resultingchgdrggylamine after passag%e?%?%lkgﬁmgxé anged "0
'(A‘L:)g; iggcl?g(rg:ghear;%%%fl contained an uéxgcceptable amduMRDbE trace ganions. <
307 Si 1687 <5 .15 Na
183 <5 Conparative
Exanple 1




The process of Exanple 1 was followed except that in |lieu of 10%
HC , thereWm%9/a338d 10% H err]SOerr] in Step 1 to condition_the resin.

The resulting hydroxyl am ne after passage through the anion P%“”"‘Wéhange
resin contained an unacceptabl e anount of trace cations.

Conpar ati ve Exanple 2 The procedure of Exanple 1 was foll owed
except that in Step 2 Purolite A-100 a pol ystyrene type weak base
ani on exchange resin was utilized. 25 The resulting

hydr oxyl am ne after passage through the anion exchange resin

cont ai ned an unaccept abl e anount of trace anions. u luumnnﬂlmcu ]
Conpar ati ve Exanple 3 The procedure of Exaf c {; I’m)wed
except that in Step 2 Purolite A-830 a weak base pol yacf'yl fc *ani on

resin hayahas diaemed3fs: base ionic formwas utilized as the anion

exchange resin. 7
99/ 03780 1. A method for the purification of hggrexgbmigw,vhich

The resulting h dE;ox%I am ne_after passage through the anion exchange resin
cont ai NEURRTF RTatBEPERBPE QfFbunt of trace anions.
A

. passing an aqueous solution of hydroxylamine through

at least one macroporous or gel strong acid ion exchange resin bed

5 which has been treated with a dilute solution of hydrochloric acig,
and then

B. passing the solution from Step A through at least

one strong base anion exchange resin bed.

2. The method of claim 1 wherein about 5 to 20% hydrochloric

acid solution is used in step in treating the resin of Step A.

3. The method of claim 1 wherein said resin of Step A is a

strong acid polystyrene resin.

4. The methed cf claim 1 wherein said resin of Step B

comprises polystyrene cross-linked with divinylbenzene.

5. The method of claim 1 wherein said hydroxylamine solution

comprises about 5 to 10% by weight of hydroxylamine.

6. The method of claim S5 including the subsequent step of

passing a 50% by weight hydroxylamine soluzion.




WO 99/ 03780

PCT/ US98/ 1 59,037 o VWhat |Is Cainmed Is: 1. A net hod
for the puriti (R%%n of hydr oxyl am ne whi ch conpr i ses PCTAISSY/E945 of :

A. passing an aqueous sol ution_ of hydroxylam ne through at | east one
macr oporous or gel strong acid ion exchange resin bed 5 which has been
treated with a dilute solution of hydrochloric acid, and t hen

B. passing the solution from Step A through at | east one strong base
ani on exchange resin bed. 2.  The rret”MHnm(nﬂummrMPer ein
about 5 to 20% hydrochloric acid solution is 'C o [ reating
the resin of Step A 3. The nethod of claim1 whefeih said
resin of Step Ais a ~strong acid pol ystyrene resin. 4,

The method of claim 1l wherejn_sajd resin of, Ste onpri se .
pol ystyrene cr%ss-&%‘ﬁk‘&%‘ 4850? IR POERSRRE sagd%”’dmxﬁaggne 'ﬁ‘?@“ﬁé?’ﬁod of

claiml Wiereldh ol -Bugh QX AIFNT 30bK! £BBin beas WPEEEFSAAPOUL 5 To 10%
by wei ght of hy roxyram ne.
8. The method of claim 1 wherein said hydroxylamine solution

from Step A is passed through a plurality of resin beds in Step B.

9. A method for the purification of hydroxylamine which

comprises the steps of:

a) forming a plurality of strong acid ion exchange
beds;

b) forming a plurality of strong base ion exchange
beds;

c) treating the strong acid ion exchange beds® with a
dilute hydrochloric acid solution;

d) treating the strong base ion exchange beds with a

solution of sodium hydroxide or potassium hydroxide;
e) passing an agueous solution containing about 5 to
20% by weight of hydroxylamine through said strong acid and strong

base ion exchange beds; and then

£) passing an agqueous solution containing about 50% by
weight of hydroxylamine through said strong acid and strong base

ion exchange beds.

10. An agqueous hydroxylamine solution prepared by the method

of claim 1.

10



6, The met hod of claim5 including the subsequent step of passing a

50% by wevpo/8780 oxyl am ne sol ution. PCT/US98/10445

9. WD 99/ 03780 PCT/ US98/ 10445
7. The nethod of claim 1l wherein said hydroxylam ne solution is passed
through a plurality of resin beds in Step A 8. The net hod of
claim11 wherein said hydroxylam ne solution from Step A is passed through
a plurality of resin beds in Step B. 9. A nethod for the
purification of hydroxylam ne which conprises the steps of: a)
formng a plurality of strong acid ion exchange beds; b)
formng a plurality of strong base ion exchange beds; c)

treating the strong acid i on exchange beds' with a dilute hydrochloric
acid solutionyy, An aqueous hydroxylamine solution prepared by the method

of claim 3.

R
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\ .
d “treating the strong base ion exchange beds with a sol of sodi um
hydr exi de or 'Lolﬁ]assi um hydr oxi de; e) passing a _;amgl{g' .
sol ution CQH(E' i ng abou¥ORSD DEFELLBEPUALXROFRTYERGASKATPH oxy | am A (ﬁgﬁﬁgﬁwﬁw

i okl O et g o

p v! :!
hy ) dutechaioiahRateni Clasifatia &i:d St rong ad i) MBchaBdnklPGcABS SumbeN  €X C WHO0S9/03789.
10. Afpigigeus hydroxyl am ne sol pgigqn prepared by the method of claim 1.
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(57) Abstract
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