0050/ 44974 9050144974 ocar bon- sol ubl e ami nonet hyl enephosphoni ¢ aci d
derivatives for the solvent extraction of irron ions from aqueous sol utions
5<The present invention relates to the use of hydrocarbon-sol uble

am nonet hyl enephosphoni ¢ acid derivatives conprising the structural el enent
of the formula I 15 [err] where Rl and R2 are

hydr ogen, | ' di td | Ly s :axyls groups and/ or
be i nterrupge;r(f.gimeé%&%%iggo#i@% gﬁ%fﬁ%%ﬂgﬁegggﬂn%l iierl E] x?fr; - u%o
C6- Cl4- aryl AHTEALEERF gfé’rsﬁggt?cfa]diteé‘% BYEXASES™ RF & PR A0Sy F ps,q"%er ]
groups, hal Gif3#ta®®hs, cyano groups, hydroxyl groups or [err] groups, for
the solveri extraction of iron ions from aqueous solutions. 25 The :

i nvention altie peéséms invehbtomdriiliatenato ude akecef thydrocadbdnescslubde such

sol vent ext raghbfieehPlerdphBsbRoISi O acid CAEF Bldti veBEESpri®ihgl £ReN aqueous
sol utions. The LeiPYRe1d er{:ogf I f&@mgcweous solutions is particularly
a n

30 i nportant 1 n hydromet urgical naonferrous netal production, eg. in the
wi nni ng of copper or zinc. Solutions of desired netals are frequently
obt ai ned ¥® om ores by digesti on omtl eaching wi th aqueous, usually acid
systens. The interfering net irqn has to be renoved fromthese sol utions.
In addition, the work-up of 34hy-nelal-eoghaai ni ng wastes or residues (eg.
flue dusts or precipitation gludg s from wast ewat er trégpnent) and the
~recycling of used nmetal products g. catalysts) nowadays play an ever nore
inportant,tole in the provision of aqueous sol utions of desired
netals.F@E%rdless of the origin of the netal salt 40 solutions, it is
al ways necessary to renove interfering elenments, in particular the -
i nt er f eri ng whergl Rt rand RErawre thydeeogen) (fi-Eas-adkydewhichl aast additionaldy pure
netal s can lbearsapated5 AydroxyY cyeoupsr and/fuy tee igtetripted§ byhep desilded
metal s, recqie-%ud9hcédh¥e oxygBn atoms, Cp-Cip-alkenyl, C;-Cjg-aralkyl or
20 Cg-Cijs-aryl which can be substituted by up to three C;-Cjiz-alkyl

groups, C;-Cjiz-alkoxy groups, halogen atoms, cyano groups,

hydroxyl groups or C;-Csg-alkoxycarbonyl groups, for the solvent

extraction of iron ions from aqueous solutions.

25 The invention also relates to the additional use of certain
modifiers for such solvent extractions of iron ions or,
generally, metal ions from aqueous solutions.

The removal of iron ions from aqueous solutions is particularly

30 important in hydrometallurgical nonferrous metal production, eg.
in the winning of copper or zinc. Solutions of desired metals are
frequently obtained from ores by digestion or leaching with
aqueous, usually acid systems. The interfering metal iron has to
be removed from these solutions. In addition, the work-up of

35 metal-containing wastes or residues (eg. flue dusts or
precipitation sludges from wastewater treatment) and the
recycling of used metal products (eg. catalysts) nowadays play an
ever more important role in the provision of aqueous solutions of
desired metals..Regardless of the origin of the metal salt

40 solutions, it is always necessary to remove interfering elements,
in particular the interfering metal iron, from these solutions of
desired metals so that pure metals can be isolated. Apart from
improving the quality of the desired metals, recovery of the iron
and reducing contamination of landfill areas is also sought for

45 economic and ecological reasons.



and‘r educi n@050dd4974at i on of landfill areas is also sought for 45 econonic
and ecol ogi cal reasons. 0050/ 44974 2 The sol vent extraction of iron ions
Fs- known in the literature. Thus, DE-A 38 01 430 (1) describes the use of a
m xture conprising a primary am ne and2an al kyl phosphoni ¢ nonoester such as
mono- 2- et hy ljgexyby veri! B¥bbgyd Rh@EPesR ! RrisOk st KifowrE 1BV ghe Of i feratapel | | )

i ons from acitggm scﬁs%l gt i{#{% | ci%sdggcg% \ée@}xeeééé aé:f_t | Oﬁlengfé hermore, JP-A
&M

1985/ 077936 oses none e 0, nlc acl rlvatlves
o { abP EoRbriaiE B BEimaey SRR, ARY | A ALY ppReR L e

US-A 4 741 881mpn9-3-atiydhexyl Z-stByihexylnhosppenats rnﬁ’f‘%l’ée‘“:ﬂ)’@l]r 2§ iron,
cobal t, cdppeen(IEhadions) fremimaid zancksdlt sohutionmdyosodvemt num from
agueous sol giikeastisyi.ng wat er - sol ubl e 15 pol yneric conpl exi ng agents, for
exanpl e pol yet hyl enei m nephosphonates. The netal conplex is subsequently.

separ at ed Ofrﬁrgﬁeﬂhofile\’sbi eréﬂfst/ro%bblsr 'Qﬂs@i ofed a@f menbranes. 20

However, the a

adyvan es.
R A 5&&&?%% B R
parti cul 0 sci¥enk|extragtion AL KENIBRa aRYiSRANY T OF HLSMMEBr f er i ng rret al's
fromthe desired netals and the | oading capacity of the conplexing agents
used are stivskai & NMIe@3af (2p relatesct®nd .pridcess Howr Gypachthg taetglsesent
a nven; i on t @ubhngs aﬁdrm)eeu@ﬁ S \6dppeY | Waﬂé&iﬁﬁm & S g t idaeképp élfnc:,r fﬂ
ions froma ) o] e
prior-ar t15 g&?@éiﬁ?ﬁ%‘ exu{%a Ef:ﬁs L £idA |§ agﬁ eveg' %y t use as
def i ned polym plexing ag '
- polyethyleneiminephosphonates. The metal complex is subsequently .
separated off by dialysis or ultrafiltration by means of
membranes.

20 However, the above processes of the prior art still have
disadvantages. They are mostly not efficient enough and are too
uneconomical. In particular, the selectivity of the separation of
the interfering metals from the desired metals and the loading
capacity of the complexing agents used are still in need of

25 improvement. '

It is an object of the present invention to find an improved
-gystem for the solvent extraction of iron ions from aqueous
solutions which no longer has the disadvantages of the prior art.
We have found that this object is achieved by the use as defined
in the introduction of the hydrocarbon-soluble
amlnomethylenephosphonlc acid derivatives having the structural
element I.

35
Preferably, use is made of hydrocarbon-soluble
aminomethylenephosphonic acid derivatives comprising the
~structural element of the formula Ia

40 | | \

N—- CH,— PO3H, ' (1a)

45 (Rl = R2 = H).



in the intr0@50/48874f the hydrocarbon-sol ubl e am nonet hyl enephosphoni c
acid derivatives having the structural elenment |I. 35 Preferably, use is
rade of hydrocarbon-sol ubl e am nonet hyl enephosphoni ¢ aci d derivatives
conprising the structural element of tge fornula la 40 0050/ 44974 3 Fo

the purposepgdesGd Padpob@iddsthtiBed Predrdiieltsr | fre¥et@icéOis given to '

hydr ocar bon; | n t h 599939 |dhideLbYat diSSatlivbdor
gener al for_lr}g(?%é{%r ﬁpl_? etéln&ﬁ are e%@ﬁbﬁ?/%%é%, a g‘?r‘} iag vcan
addi ti onal | §P®3geFpl § T@jﬁy&Foxyl groups and/or be interrupted by up to
15 . 14 non-adj acent oxygen atons, C2-C30-al kenyl, [err] [err] which can

be substisuted by up to_three [err]ggroups, [err] groups, hal ogen atons,

_cyano groups, hydroxyl ou or [efr]—groups, or are each a group of the
formula [err] -CH2- COOH 0 _lgrr] Iwggre at | east one of the radicals
]
r]

R3 to.R6 is the group [er nd“at Teasfl,.@a further one(&F)these radicals is
[err] C6-C30-al kenyl, [Rg_ unsubstitut ed or substituted [err] or the group
-CH2-CH(OH) - R9, where is C6-C30-al kyl, C6-C30-al kenyl, 25 [err] or
unsubsti 2@t ed or substituted [err], and where Rl and R2 are as defined -
above, A wbeme[err] group which can additionally bear as substituents up
to three [err] groups, C2-C30-al kenyl 30 groups, [err] groups or [err]

groups’ Whi CRsCagy R6é are each hydrogen, Cj-Csg-alkyl which can additionally

bear up to 15 hydroxyl groups and/or be interrupted by up to

15 14 non-adjacent oxygen atoms, Cz-Czp-alkenyl, C;-C g-aralkyl,
Cg-Cis—aryl which can be substituted by up to three
C1~-C32-alkyl groups, C;-Ciz-alkoxy groups, halogen atoms,
cyano groups, hydroxyl groups or C;-Csg-alkoxycarbonyl groups,
or are each a group of the formula -CRIR2-PO3;H;, -CH2~COOH or

20 -CH,-CH(OH)-R!, where at least one of the radicals R3 to.RS is
the group -CR!R2-PO3H, and at least a further one of these
radicals is Cg-C3p-alkyl, Cg-C3p—-alkenyl, C;-Cig-aralkyl,
unsubstituted or substituted Cs-C14-ary1'or the group
-CH,-CH(OH)-R%, where R® is Cg-C3g-alkyl, Cg-C3g-alkenyl,

25 C7-Cig-aralkyl or unsubstituted or substituted Cg-Cis-aryl,
and where Rl and R?2 are as defined above,

A is a C;-Cjz-alkylene group which can additionally bear as
substituents up to three C;-C3p-alkyl groups, Cz;-Czp-alkenyl
30 groups, C;-C;g-aralkyl groups or Cg-Cis-aryl groups which can
in turn be substituted by up to three C;-C;z-alkyl groups,
Ci1-Ciz-alkoxy groups, halogen atoms, cyano groups, hydroxyl
groups or C;-Cg-alkoxycarbonyl groups, where, if a plurality
- of groups A are present, these can be identical or different,
35 and

P is a number from 0 to 30,000.

The compounds II can be in the form of monomers (p = 0),
40 oligomers or polymers.

Suitable straight-chain or branched alkyl radicals as R! to R? and
as substituents on aryl groups, which are mentioned as C;-C3p-,
Cg-C30- Oor C;-Cjz-alkyl radicals, are, for example, methyl, ethyl,
45 n-propyl, iso-propyl-, n-butyl, iso-butyl, sec-butyl, tert-butyl,
n-amyl, iso-amyl, sec-amyl, tert-amyl, heopentyl, n-hexyl,
n-heptyl, n-octyl, 2-ethylhexyl, n-nonyl, iso-nonyl, n-decyl,



in turn be 9066YAA974d by up to three [err] groups, [err] groups, hal ogen
atons, cyano groups, hydroxyl groups or [err] groups, where, if a plurality
off groups A are present, these can be identical or different, 35 and p
is a nunber fromO to 30, 000. The conpgunds Il can be in the form of

br anched (F“'“H"e : ‘*‘L*’ 2 feetey é?jsgl GLEAL G, hokeladse any”
ranched a

gr oups, beﬁt% %%I' sh J gﬁ!] &e ec¥t- [Iér%%apﬁﬁyigaﬁ%do are,

exanpl e, ne ﬁ + %ﬁ yl, 45 n- propyl i so-propyl -, n-butyl, iso-butyl,

sec- butyl, tert butyl, n-anyl, iso-arryl, sec-anyl , _tert-arryl, neopentyl,

n- hexyl , 5 Baptabhle ralhglytadﬁaashyﬁdm:eed)dnamynbéwﬁng ap- 86ny3, im decyl, 4
n-undecyl, pafioltar, up- 6 i H5C¥speb sy upeey! s, ile&IYcLupsn aB@?&@deCW
n- hexadecy! in ﬂ‘?ﬁ‘k@ﬁeﬁylu r{:ooclhadfﬁ;y%ax@l ulaf! 9 uéép%gﬁglik )

radi cal s adg#tt rha ngn ge%ug ln parti , especially
up to 5, hy roug S FX?%?r 3d 5 ?h particul ar by
up to 9, esf c\?’ g u5°3t36>xlt'a ﬁﬁﬁe%ﬁjj‘%i’@éﬁﬁ'ok‘}/g&ﬂ?fé?ﬁ Tare, for exanple,
cor respor’r& aglmmtky BRE | chadnshavhese iterpanal ciyduoxyd godbymxwanhbeene '
chai ns, whoethemifiiedaby hylkyix yadgecalyps foanekamsled efrichipedob Yyt lepkmapali cal s,
for exarrpl e-QgHAMSORf idlﬁcﬁpldndng,[-ﬁtfﬂzhnémzth , pbreferred radicals as

d t e__ eral | ower
Syl T adi [ceéﬂ“@ﬁﬂb@é Ef d**s“gi‘? 2 e, B R O OB T
radi cal s @g EHF'Z thyI Partlcularly sui tabl e
| ong- chai ﬁ &H QTWC Pa%“% §2'F%"%CPQ‘

Among these, preferred radicals as R! and R2 and as substituents
on aryl groups are in general lower alkyl radicals, in particular
C1~Ci2-alkyl radicals, but especially C;-Cg-alkyl radlcals, in

20 particular ethyl and methyl.

Particularly suitable long-chain Cg-C3p-alkyl radicals R3 to R®

are Cg-Czo-alkyl radicals. Here, radicals having a low degree of

branching, ie. having up to 5 methyl or ethyl side chains, are
25 often particularly effective.

Suitable straight-chain or branched C;-C3g~ or Ce-C3p~alkenyl

radicals as R! to R? are, for example, vinyl, allyl, methallyl and

but-2-enyl and also, as long—chaln radicals, oleyl, linoleyl and
30 linolenyl.

Suitable C;-C;g-aralkyl radicals as R! to R!0 are, for example,
naphthylmethyl, diphenylmethyl or methylbenzyl ¢+ but particularly
C7-Cis-phenylalkyl such as l-phenylethyl, 2-phenylethyl,

35 1l-phenylpropyl, 2-phenylpropyl, 3-phenylpropyl,
2-phenylprop~2-yl, 4-phenylbutyl, 2,2-dimethyl-2-phenylethyl,
5-phenylamyl, 10-phenyldecyl, l2-phenyldodecyl or especially
benzyl.

40 Suitable Ce-Ci14-aryl radicals as R! to R0 are, for example,
biphenyl, naphthyl anthryl and especially phenyl, which can each
be substituted as indicated. If such substituents are present on
phenyl rings, the preferred degree of substitution is 2 or in
particular 1. Monosubstituted phenyl radicals are substituted in

45 the ortho, meta or preferably para positions, disubstituted
phenyl radicals frequently have a 2,4 substitution pattern and
trisubstituted phenyl radicals often have a 2,4,6 substitution



ar e" C8- C20- NA80/442M4&al s. Here, radicals having a | ow degree of branching,
ie. having up to 5 nethyl or ethyl side chains, are 25 often particularly

ef-fective. Suitable straight-chain or branched C2-C30- or [err] radicals as
[err] to [err] are, for exanple, vinyl,sallyl, nethallyl and but-2-enyl and

- also, as | ongsghghh ftaq!vﬁfib?: tﬂéé‘eylsubgweﬁaws ard pgPedddiol ‘i’:ﬁ¥£e &ﬂt&b' e

[err] radic r are, for exanple; napht hy nmet hyl ,
di phenyl net ﬁlyq%n%ic%rgtér I‘%’gﬁz%ﬁ but particularly [err[ such as

1- phenyl et hyl , Ehenylethyl 35 1-phenyl propyl, 2- phenylprog

3- phenylprcuﬂﬂplcé peuyﬁpﬁ§p§ptg 9 th@.gﬁghyx s, in particular ‘on the

2, 2- di net hy|Iphenyhenings hpre Beplineh\dgrenps, (d-0- phenpr-ﬂe}:ayll,, 12- phenyl dodecyl
or es peci al 12, maﬁmy{:hy]ékﬁxeﬁyh.t ahesidyans, ] métibBalggoaps | aidthok@chbsdylamad f or

exanmpl e, bi pheR¥ycaPSeHY ?gut hryl and especially phenyl, which can each
be substituted asS |nd| cat ed f such 'substituents are present on phenyl
rings, the Eﬁef rred ea‘gee of substrtution IS .,2 or i artrcul ar 1.
Monosubst i t REEFBRSF gurther sudfpl ‘?tﬁft‘r@&gpﬁ'ﬂ%a’t PFﬁBCher?et a or.

pr ef er abl 30 Far§1373dkexBngrounss uhBt Paxkiculphenas | sqb@mlt-aests ramy rhet Phenilve a

2,4 substituwingn puetespecdndlyré¢sChsalkayedgrphps\duachadscetboxyf,t en have a

2,4, 6 substid-iropoxy, IHBRLEBOHY, h-patby ). idd-buwbxp) sdv-Bat6HPSdnd uent S'

are present ,tetﬂ%esstsfy Rt Q@@&I&Eﬂen%xy' fﬁﬁf&%&y,Tms-q@xo% bSﬁ'ﬁ%&&g

the aryI ra ﬁ%a}xap )gy,pqir-roh g ?Qeltth Eh m.f.so '%@éx n—ngﬁax ups
f t ol 5 ge 7et oxﬁ’ groups,

met hoxyca B FhAecary e‘t‘ﬁ’d@;&# o?'RFP gP8HBCox esr des met hoxy, further

sui tabl e strai ght-chain or branched
For the purposes of the present invention, halogen atoms are

fluorine, iodine, but especially bromine and in particular
chlorine.
20 _
Groups of the formula -CH;~CH(OH)-R? are derived, for example,
from long-chain epoxidized c-olefins such as 1,2-epoxyhexane,
1,2-epoxyoctane, 1,2-epoxydecane, 1,2-epoxydodecane,
1,2-epoxytetradecane, 1,2-epoxyhexadecane or 1,2-epoxyoctadecane
25 or from styrene oxide. '

The bridge A is preferably a C,-Cg-alkylene group, in particular a
C3-Cg-alkylene group. A can be branched or preferably
straight-chain, ie. have a polymethylene structure. Typical

30 examples of A are methylene, 1,2-ethylene, 1,2-propylene,
1,3-propylene, dimethylmethylene, ethylmethylene, 1,2-butylene,
1,3-butylene, 2 3-butylene, 1, 4-buty1ene, pentamethylene,
hexamethylene and octamethylene.

35 If a plurality of groups A are present, these can also be
different, eg. the group of the formula

N— CH;CHy— N—CH,CH,CH,—N

can be present as structural element.

45 If A is substituted by the radicals indicated, these substituents
are as defined. above for R! to RS.



10 -[err] go0O%0s44974particul ar as substituents on the phenyl
especi ally C2-C4-al koxy groups such as et hoxy,
N- but oxy, iso-butoxy, sec-butoxy and tert-butoxy,
n- hexoxy, i so-hexoxy, n- hept oxy, iso- heptoxy, n- oct oxy, . 2-et hyl hexoxy,
ef‘ilga{‘i'dillo €¢8XYin Fe EhSe
'dOQb”E but

é§;¥é5r°m
eppecdpbLly dfoin el

i SO- oct OXY.pnid- B8

pur poses of th
espeC|aIIy Sﬁf

1of1§19

esent | n%ent

Eehtd PRS

1, 2- epoxysiadecane,

[err] grou o
straight - c%lgafaéﬂﬁ@qu *?ﬁ‘gle
A are neth ﬁg g

~di net hyl et hyl ene, ethylnethylene
2, 3- but lear(él")iN-A'v‘fhuE?d!hne

octanethylene

di fferent,
el ement. 45 I? A i's substituted by the radi cal s indicat ed,
substituen are, as de ned.a

'~ of oligoner] f&FF% SP REr

8K§¥¥¥£tlﬁn

%ﬁﬂq¥¥hF5?mc Ior|
- CH2- c:H(OH)esl!eecaff1 B rredr angd 1ockhp erss PSrrPP

a-ol efins §@ch0a%0JDquepoxp¢n§Gﬂﬂéarlfﬂmeﬁﬁk?@cﬁ%
1, 2- epoxyt etradecane,
1, 2- epoxyoct adecane 25 or frontstyrene oxi de.

ene structure
1, 2- propyl ene,
1, 2- butyl ene,
pent anet hyl ene,

35 If a plurality of groups A are present,
pldj;;-gﬁmuyzoi:ogﬁ}e formula [err] can be present as structural

N- pr opoxy,

LOF A8 LLAL! Ao

rr?na‘*isn 5

1, 2- epoxyhexadecane or

1, 3-propyl ene,
1, 3- butyl ene,
hexanet hyl ene and

t hese

iEmels Sardudp 1 Qs%% 14498 & Thgodear ee

structures (o} the following. types.

RI

- N —CuhHop— N

N— CnHZn_ N.

CnHapn— N{ R7 )2

R7

™~ CH,— PO3H,

N— CpHon— N(R7);

- CH,— PO3H2
~

N — Cnﬂzn_ N

CHr— fO3Hz :

CH,— CH(OH)— R1

™~ CH;— PO3H;

CH,— CH(OH)— R!

~
- N
20 Hy03;P—CHj
7
R ~
H03P— CH»
25 '
Hp03P— CH;
Hp03P— CHz/
30 '
7
_ P
HyO3P— CHz/
35
7
R g
HyO03P— CHy™
40
R7
N—CpHop— N
R7”

45

\CH2——- PO3H3

ring,
I SO-propoxy,
but al so n-pent oxy,

The bridge Ais preferably a

95 OkibinpinG@NT P&( P ARG Nafle Mt RicRleeab! Y
Typi'cal 30 exanpl es of

t hese can al so be



of oli gorrerﬂo-'w/df@ﬂdbl y fromO to 20, in particular fromO to 5,
especially 0 or 1, and in the case of polynmers is preferably from20 to
30,000, in particular from20 to 5000, especially from20 5 to 100. Typical

exanpl es of mononeric conpounds Il (p 3 0) are structures of the follow ng
types: Typical exanples of oI [ gorreri c conmpounds Il (usually p = 1) are 15
structures of the foIIo Eﬁ [err] R7 0050/ 44974 7 [err] 10 In

these formulae, R7 is ihl\ C30 al kdtfz— G (@) arRhber from 2

to 6 and R1 is as defin bov HaxanBhes of pol yneric

hydr ocar bon-sol ubl e 15 gﬁ? Eﬁ%/l enephosphonl c dd2a—dBP3Hzati ves for the
purposes & the present invention are polyal kyl enepol yam nes and
pol yal kyl enepol yam des containing at | east one group of the forrmula [err]
and at | east one further [err] %ﬁidl cal, CG- C30- al ﬂ)_/_|c ical, [err]
radi cal, unsubstituted or 20 su H err ~radfcal ~or a group of the
fornula -CH2-CH(OH)-R9, g /Fg and aresag,defpgggd above, in
particul ar correspondingly substitut ed pol.yet hyl enéi m nes, pol yvi nyl am nes
“and pol ya@® yl ani des, for exanple of the structure: 25 [err]

In these formulae, R?7 is Cg-Czp-alkyl or Cg-Cs3p-alkenyl, n is a

number from 2 to 6 and R! is as defined above.

Typical examples of polymeric hydrocarbon-soluble

15 aminomethylenephosphonic acid derivatives for the purposes of the
present invention are polyalkylenepolyamines and
polyalkylenepolyamides containing at least one group of the
formula -CRIR2-PO3H, and at least one further Cg-Czp-alkyl radical,
C¢-C3p-alkenyl radical, C;-Cig-aralkyl radical, unsubstituted or

20 substituted Cg~Cjis-aryl radical or a group of the formula
-CH,~-CH(OH)-R?, where R!, R? and R? are as defined above, in
particular correspondingly substituted polyethyleneimines,
polyvinylamines and polyacrylamides, for example of the

structure:

25
R3 ' CRR2— PO3H,
' —— N— CH;CH)— N— CHCHy— N

30

' | CH;CH;—— N— CR1RZ2— PO3H;, _p

CR1R2 — PO3H,
35 — -
—— CH2 —CH

_ R3— N— CR1R2— PO3H,
40 T

45



0050/ 44974 ®obe/ap97a t hese fornul ae, R3 and p are as defined above. 10 The
pol yal kyl enepol yam nes descri bed can have |inear or branched structures.
‘The bridges between the nitrogen atons in the main polynmer chain are
preferably ethylene or propyl ene groupg, but al so nethyl ene, butyl ene,
pentyl ene or hexyl ene groups, or 15 m xtures thereof. To slightly nodify
the properties of the pflyal kyl enepol yam nes descr] bed for the purposes of
optimzing themfor the aﬁﬁ?ﬂéarﬁﬁhﬂaccording to the present invention,:

t hese pol yners can, to &n |20 appropriate degree, bp functionalized with

sui tabl e end groups, -+AICHICBy —rdide- GRaAkabteras copol yners or graft
pol ynmers. 5To i ntroduce $uitable end gdoups, t he po] yal kyl enepol yam nes can
be reacted with [err] halides, eg. methyl iodide, pthyl 25 chloride or

ethyl brom de, with benzyl halides, wt hal ohydriAi® eg. chlorohydrin, - with
pol yal kyl ene oxi des, with epoxi-dized [err] with:isocyanates or with [err]
acids. 30 Suitable crosslinkers are, for exanple,_ epihalohydrins, eg.

epi chl or ohydhi khege fopmulae; Rjy apdch (e &Fcﬁggl-’&ﬂ l?gﬁgg: eg.

1, 2-di chli® oet hane, C2- C30-di carboxylic acids, eg. adipic acid, and

di i socyanat ehe polydldkydenépylymndnesi desymibedecanthadue ldhear pot \brianghedi ne
copol yners eeiRétwds.l @he e¥PiaYed batwédn&heMRiOLéGeH Atofa! 1y dhesakinat ed

Mononer-s, \&th“‘&s ttﬁlrairtogré aﬂf&f%&ﬁﬂl%%@&%ﬂe%@%fb}g’i\%}{& n?rc&.{éyp but0 6

b | ,
ronoet hyl onilap pethiyiEnes Shicyrens;) BAbrileHl, 81 heniithg sBued o 0 1 U
aci d, di et ApKLeEss ithezePd: et hacrylic - |

To slightly modify the properties of the polyalkylenepolyamines
described for the purposes of optimizing them for the application
according to the present invention, these polymers can, to an

20 appropriate degree, be functionalized with suitable end groups,
crosslinked or made available as copolymers or graft polymers.

To introduce suitable end groups, the polyalkylenepolyamines can
be reacted with C;-C3g-alkyl halides, eg. methyl iodide, ethyl

25 chloride or ethyl bromide, with benzyl halides, wit halohydrins,
eg. chlorohydrin, with polyalkylene oxides, with epoxidized
a-C3~-C3p-olefins, with isocyanates or with C;-C3p-monocarboxylic
acids.

30 Suitable crosslinkers are, for example, epihalohydrins, eg.
epichlorohydrin, a,w-bis(epoxides), «,w- or vicinal
dichloroalkanes, eg. 1l,2-dichloroethane, Cz—Cgo—diéarboxylic
acids, eg. adipic acid, and diisocyanates, eg. hexamethylene
diisocyanate. '

35
Suitable polyvinylamine copolymeré comprise, for example, as
other monoethylenically unsaturated monomers, vinyl esters of
saturated carboxylic acids having from 1 to 6 carbon atoms, eg.
vinyl acetate, vinyl propionate and vinyl butyrate,

40 monoethylenically unsaturated C3-Cg-carboxylic acids such as
acrylic acid, methacrylic acid, dimethylacrylic acid, ethacrylic
acid, crotonic acid, vinylacetic acid, allylacetic acid, maleic
acid, fumaric acid, citraconic acid and itaconic acid and also
their esters, anhydrides, amides and nitriles. Anhydrides which

45 are preferably used are, for example, maleic anhydride,
citraconic anhydride and itaconic anhydride. Suitable esters are
derived, for example, from alcohols having from 1 to 6 carbon
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N-ethylacrylamide, N~propylacrylamide and tert-butylacrylamide

20 and also basic amides such as dimethylaminoethylacrylamide,.
dimethylaminoethylmethacrylamide,
diethylaminoethylmethacrylamide, dlethylamlnoethylacrylamlde,
dimethylaminopropylacrylamide, dlethylamlnopropylacry1am1de,
diethylaminopropylmethacrylamide and

25 dimethylaminopropylmethacrylamide. The basic acrylates and
' acrylamides can be used in the form of the free bases, the salts
with mineral acids or carboxylic acids or else in quaternized
form. Also suitable as comonomers are acrylonitrile,
methacrylonitrile, N-vinylpyrrolidone, N-vinylcaprolactam,

30 N-vinylimidazole and also substituted N-imidazoles such as
N-vinyl-2-methylimidazole and N-vinyl-2-ethylimidazole and
N-vinylimidazoline and substituted N-vinylimidazolines, eg.
.N-vinyl-2-methylimidazoline. Apart from the monomers mentioned,
it is also possible to use monomers containing sulfo groups, for

35 example vinylsulfonic acid, allylsulfonic acid, styrenesulfonic
acid and 3-sulfopropyl esters of acrylic acid as other
monoethylenically unsaturated monomers.

The copolymers specified have K values of from 10 to 300,

40 preferably from 20. to 200. The K values are determined by the
method of H. Fikentscher in 5% strength aqueous sodium chloride
solution at pH 7, 25°C and a polymer concentration of 0.1% by
weight. '

45 It is also possible to use polyethylene1m1nes grafted onto
polyvinylamines.
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20 -

Such reactions of amines with formaldehyde and phosphorous acid

are usually carried out at from 0 to 150°C, in particular from 50

to 120°c, especially from 80 to 110°C. Amine, formaldehyde and

phosphorous acid are advantageously used in a molar ratlo of

25 1 : (2 -6) ¢ (1 - 4) based on one N-H bond.

Alternatively, these compounds can also be obtained by hydrolysis
of the corresponding phosphonic esters, obtainable by reactlon
with phosphites in place of phosphorous acid.
30 :
Another synthetic route which is of particular interest for
compounds having R!, R2 + H starts out from aldehydes (eg. of the
formula R1-CHO) or ketones (eg. of the formula R1-CO-R2) and the
appropriate primary amines which are reacted to form imines onto
35 which phosphorous acid is then added.

The term solvent extraction customarily refers to extraction
processes in which two liquid phases which are sparingly miscible
or immiscible with one another are brought into intimate contact
40 and a transfer of one or more oomponents, here iron ions, from
one phase into the other takes place. In this process, an
"equilibrium dependent on various external parameters is usually
established. Important parameters in this context are the
residence time (contact time), the temperature, the concentratlon
45 (composition of the mixture) and the pH.
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Suitable organic solvents are, for example, aliphatic,

cycloaliphatic or aromatic hydrocarbons or mixtures of these

having a high boiling point, halogenated hydrocarbons, ketones or

ethers having a high boiling point or else mixtures of such

25 compounds. Preference is given to using petroleum hydrocarbons
such as kerosene.

The monomeric and oligomeric aminomethylenephosphonic acid
derivatives described generally have a concentration in the

30 specified organic solvents of from 0.0l to 8 mol/l, in particular
from 0.05 to 3 mol/l, especially from 0.1 to 1 mol/l. Polymeric
aminomethylenephosphonic acid derivatives such as the
corresponding polyethyleneimine or polyvinylamine derivatives
-generally have concentrations of from 0.5 to 800 g/l1l, in

35 particular from 5 to 600 g/1, especially from 50 to 300 g/l.

Finally, the mass ratios of organic and aqueous phases used also

play a role, with the ratios of organic phase to aqueous phase

generally being from 1:10 to 10:1,- preferably from 1:3 to 3:1, in
40 particular from 1:2 to 2:1.

The solvent extraction of the present invention can be carried

out on a laboratory scale or on an industrial scale, batchwise or

continuously (eg. in a mixer settler plant or in pulsed columns).
45
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Specifically for the aminomethylenephosphonic acid derivatives
described for the solvent extraction of iron ions, we have

20 developed new modifiers which can be used with excellent results
together with these and other extractants for separating off. iron
and also other metals such as cobalt, copper, vanadium, cadmium,
nickel, zinc, lead, aluminum, uranium, antimony, chromium,
manganese, silver, palladium, rhodium, platinum, mercury,

25 plutonium or bismuth.

These novel modifiers are an alkoxylated long—chain alcohol of
the general formula IIXI

30 : :
R7 — O— (XO)p— H (III)

or an alkoxylated long-chain amine of the general formula IV

35

R7
AN
N— (XO)p—H (IV)
R8
40
where

R7 is Cg-C3zg-alkyl, in particular Cg-Cjg~alkyl, or Cg-Cag-alkenyl,
in particular Cg-Cpg-alkenyl, C;-Cig~aralkyl or Cg—Cis—aryl
45 which may be unsubstituted or substituted by up to three
C1-Ci;2-alkyl groups, C;-Cjz-alkoxy groups, halogen atoms,
cyano groups, hydroxyl groups or C;-Cs-alkoxycarbonyl groups,
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degree of alkoxylation m is usually a mean value. These mixtures
may also still contain unreacted alcohol R7-OH or unreacted amine
R’R8N-H (in which case m=0).
20 _
Both the known modifiers and also the novel modifiers are used
together with the extractant (complexing agent) in a weight ratio
of extractant to modifier of from 99.5:0.5 to 0.5:99.5,
preferably from 95:5 to 5:95, in particular from 80:20 to 20:80.
25 It is also possible to use mixtures of various types of
modifiers. They are employed in the abovementioned organic
solvents.

The present invention also provides mixtures suitable for the
30 solvent extraction of iron ions from aqueous solution and
. comprising

A) from 0.5 to 99.5% by weight of one or more of the .
hydrocarbon-soluble aminomethylenephosphonic acid derivatives
35 ~ described and

B) from 99.5 to 0.5% by weight of one or more alkoxylated
long-chain alcohols III and/or amines IV.

40 These mixtures are, as described, employed in the abovementioned
organic solvents.

Since the modifiers of the structure III and IV are in principle
new substances for this application, the present invention also

45 provides for the use of alkoxylated long-chain alcohols of the
general formula III



descri bed f P050444%T4ent extraction of iron ions, we have 20 devel oped new
nodi fiers which can be used with excellent results together with these and
other extractants for separating off iron and al so other nmetals such as
cobalt, copper, vanadium cadm um nichal, zinc, |ead, alum num uranium
antinony, chrom um nmanganese, silver, palladium rhodium platinum
mercury, 25 plutoniumor lR’smuph— (x@genavel nodifigys are an al koxyl ated

| ong-chai n al cohol of the general formula Il 30 [err] or an al koxyl at ed
| ong- chai n am ne of the(general fornul a IV:¥err] 0050/ 44974 13 [err] is
hydrogen, [ &% [aléoxylatad depp-ehaimaningapot cdrhe] general dfiorguflan®d for R7, X

is a 1,2-a%kyl ene group having from2 to 30 carbon atoms, in particular
from2 to 4 carbon atons, or a group of the 5 formula [err], where R10
is {err] or [err] which be substituted by up to three [err] groups, -
[err] groups, hal ogen atons, cyano groups, hydroxyl groups or [err] groups,
and m is a nunber fron11,t§‘201xpgmpaT¥icular froMd®hto 10. 10 The
nodifiers 11l and IV can hg’ prepared by known net hods by al koxyl ati on of

t he corre¥®ondi ng al cohol 8 or anines, for exanpl e using et hyl ene oxi de,
propyl ene oxi de, butylene oxide or styrene oxide. 15 Since al koxyl ati ons
general |y pryigiree m xtures of al koxi des, the '

R7 is Cg-C3g-alkyl, Cg-Cag-alkenyl, C7-Cig-aralkyl or Cg~Cis-aryl
15 which may be unsubstituted or substituted by up to three
C;-Ciz-alkyl groups, C;-Cjz-alkoxy groups, halogen atoms,
cyano groups, hydroxyl groups or C;-Cs-alkoxycarbonyl groups,
R® is hydrogen, C;-Cs-alkyl, C,-Cs-alkenyl or the group -(XO)p-H
or is as defined for R7,
20 X is a 1,2-alkylene group having from 2 to 30 carbon atoms, in
- particular from 2 to 4 carbon atoms, or a group of the
formula -CH,-CHR!?-, where R0 is Cy-Cjg-aralkyl or Cg-Cjis-aryl
which may be substituted by up to three C;-~Cj;-alkyl groups,
C1-Ci2-alkoxy groups, halogen atoms, cyano groups, hydroxyl
25 groups or C1-04-a1koxycafbony1 groups, and '
m is a number from 1 to 20,

as modifiers in the solvent extraction of metal ions, in
particular iron ions, from aqueous solutions.

30 ' ,
The hydrocarbon-soluble aminomethylenephosphonic acid derivatives
used according to the present invention as extractants in solvent
extraction make it possible to selectively remove iron ions to a
high degree of efficiency from aqueous solutions of desired

35 metals comprising, for example, zinc or copper as desired metal.
The loading capacity of the extractant of the present invention
is above average. The concomitant use of the novel modifiers of
the structures III and IV further improves the already excellent
‘results. ' ' -

40
Examples

Preparation of the aminomethylenephosphonic acid derivatives

45 Unless otherwise indicated, percentages given below are by
weight.
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t he hydrocambans s ehkfedpd N @RI BELENEPhOSPhONi ¢ acid derivatives 35
described and B) from99.5 to 0.5% by wei ght of one or nore .alkoxyl ated

| ong- chai n gl coh%g 1l and/or am nes IV. 40 These mi Xt ur es are, as
descri bed, in the abovermentioned organic solvents. Since the
modi fiers of the.structure |1l and IV are in principle new substances for
this appmocasa@won proguet coff dimdeqthvihexivdemime prigihy ghesphprouseagid of
al koxyl at edahdnfpmizdidehgfieohol s of the general forrmula |11 0050/ 44974 14
[err] or al koxylated |ong-chain am nes of the general formula IV 5 R7
' 289.8 g (1.20 mol) of di-2-ethylhexylamine were initially charged
and 118.1 g (1.44 mol) of phosphorous acid dissolved in 160 ml of
15 water were added dropwise. Subsequently, 85.2 g of concentrated
sulfuric acid which had been diluted with 75 ml of water were
added. The mixture obtained was heated to about 100°C and 247 g
(3.0 mol) of agqueous formaldehyde solution (36.5% strength) were
added dropwise. The mixture was refluxed for 40 hours and the
20 organic phase was then separated off and washed 3 times with
500 ml each time of water. Remaining water in the washed organic
phase was removed in a water pump vacuum. Yield: 370 g of a
yellow viscous oil (92% of theory); by—prodﬁct:
methyldi(2—ethy1hexy1amine); elemental analysis: Pgound 7-1%, Nfound
25 4.3%.

Example 2
Reaction product of diisotridecylamine with phosphorous acid and
30 formaldehyde '

450 g (1.18 mol) of diisotridecylamine were initially charged and
98.4 g (1.20 mol) of phosphorous acid dissolved in 240 ml of
. water were added dropwise. Subsequently, 276.7 g of concentrated

35 sulfuric acid which had been diluted with 90 ml of water were
added. The mixture obtained was heated to about 100°C and 197 g
(2.4 mol) of agqueous formaldehyde solution (36.5% strength) were
added dropwise. The mixture was refluxed for 40 hours. The

~ organic phase was separated off and washed & times with 750 ml of

40 water. The remaining water in the washed organic phase was
removed in a water pump vacuum. Yield: 484 g of yellow viscous
oil (85% of theory); by-product: methyldiisotridecylamine;
elemental analysis: Psound 5.2%, Nfound 3.0%.
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[err] [err]9930/4493%en, [err] C2-C5-al kenyl .or the group [err] or is as
defined for ‘[err]., 20 X is a 1,2-al kylene group having from2 to 30
carbon atons, in particular from2 to 4 carbon atons, or a group of the
formula [err] where [err] is-[err] or 18-Cl4-aryl which nay be substituted
by up to thgggndiers] groups, [err] groups, halogen atons, cyano groups,
hydr oxyl 25 groups or [err] groups,' and m is a nunber from1l to 20,
as nodifier thes t ono n r,la.on
Tona. f r om Seriee 35?%‘%&' 008 W Pt ot RS0 inir8lp o4 BHUPhbELLE ads
ami nonet hy| 8p iR3aphdakydeci d der| vatives used according to the present

i nventionSas extractants in solvent extraction nake it possible to

sel ecti vel y99 earay ¢ 0i. 8D Mo N £t N-aldy propglened idminkf werenimi tiadihyaqueous
sol utions OéhéiQ%cf ada3be R @ 31CONMHE1)S Io&gphééﬁhcﬁ:)bﬁgphéld Zd:.'"s%ogireaoﬁper as

mvention | Sooa 8¢ Ba0E der BRI dhopdRe € IREHIBhetY, TR B ey s o
t he struct u?%%cﬁq\éf gﬁg ?'%‘fﬂft’fhg?l‘?r}%?l Sbega?heeeq rd 1&8&*@ %hl gﬁth; e%l ts.
40 ExanpR@svhedyieze; added- The BAF YR ORFrERRD Hsmgé d k9 @bt ¥4 Qes 45

Unl ess ot heand 296 gdi 3 aé aebl)pofcamenyss fgmel\dejmdmsahet%gn ViSibght .
0050/ 44974 afreryth)ewete aidado duopwisies Chebeiktheteowaneseigegh ifarebenf

directly asgéF 3B heupPdase .abduk 266 R] Whi hpPoutdals Codietellyl Balddd lbuthey
using sodium sulfate, separated off and washed 3 times with
15 750 ml of water. Remaining water was removed in a water pump
vacuum. Yield: 175 g of a yellowish brown solid (96% of theory); .
methylation by—products- elemental analysis: me“m 11.6, Nfound o
3.6%.

20 Example 4

Reaction product of N-oleylpropylenediamine with l-epoxydodecane
and subseguently with phosphorous acid and formaldehyde

25 99.2 g (0.31 mol) of N-oleylpropylenediamine and 100 g of toluene
were initially charged and heated to 100°C. Subsequently, 55.2 g
(0.30 mol) of l-epoxydodecane were added dropwise and the mixture
was stirred further under reflux until epoxide could no longer be
detected (PreuBmann test). The product obtained was freed of

30 solvent and reacted further. . .

53.8 g of the product obtained (0.106 mol) were initially charged
and heated to 50°C. Subsequently, 32.8 [lacuna] (0.4 mol) of
phosphorous acid diluted with 80 ml of water and 92 g of '

35 concentrated sulfuric acid which had previously been diluted with
80 g of water were added. The temperature was increased to 100°C
and 66 g (0.79 mol) of aqueous formaldehyde solution (36.5%) and
an additional 300 ml of water were added. Subsequently, the
reaction mixture was stirred further for about 96 hours at 95°C.

40 The organic solid was separated off and washed a number of times
with water. Remaining water was removed in a water pump vacuum.
Yield: 58 g of brown solid (80% of theory); analysis: Psound 4.9%,
Nfoung 3.6%.
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ar e sol ubl e08P04£44924 out of the aqueous phase using sodi um sul fate and
subsequently repeatedly washed with water. The degree 5 of :
phosphononet hyl ati on was determned fromthe P/N ratio by neans of

el enental analysis. Exanple 1 10 ReactlZon product of di-2-ethyl hexyl am ne
- W th phosphgkerctaeondtages f or mal dehyde 289.8 g (1.20 nol) of

di - 2-et hyl hexyl am ne were initially charged and 118 1 g (1.44 nol) of

h h d.dis |
Subsequent | §5¢ %%C*f&’ﬁ%#v c%néifﬁfll?%%h ne: 2o S sgﬁ‘gﬁqﬁﬁggﬁmt ed
with 75 m Bfidat teuciqyagidiyrs (font &F@e%tﬁyaltﬁéﬂsv\ﬁ%r% 4%t 0 about

[err] and52h$t(d“(1£§ﬁ0 (h@tqh Gt izging Lexrerimantiehy fhes spLLODHPY F8S5% st r engt h)
wer e added Hetymers ergdhic rand ageeows phaiskeuwere fallout01b2duss 21d The 20

or gani ¢ phagg: M@t o8 weRd Vadkedd bt atdapestash 3. tfﬁ@%ﬂgahhc58&n§mexﬂ&§h

oty ST L SO s B el 1 @
by- product d‘f’ 9.8 gxy?%'fﬁ% Wlt I%’ﬁtﬁﬂ ﬁougna l tlzon ISPOé lﬂ%%
Nf ound 2304t 13% pg andzes Eﬁlﬁ’rﬁd’uéf’l f s 4o

phosphor ousageeQiisaphage infrondhdepyarniso@hgse 1 Tt Phapesfwele §GP#FG’€%€§/I am ne
were initiabhg theamgedl acwhtefté gexd deemmipedfbypimeaphoodustardicd di ssol ved.

in 240 nl OAbyGriionEEfedtdRod onmaa@ aRghsequently, 276.7 g of
concentrated 35 sulfur| c acid i ch had been diluted with 90 nl of water

wer e add g The m>r§ ure obtained was heated to about [err] and 197 g (2.4
nol ) of aqugomgpjfeo mal dehyde sol ution (36.5% strength) were added dr opwi se.
The m xture was refluxed for 40 hours. The organic phase was separ at ed- of f

and washed Betermidagion ghdoading capagitdes for Fedddlni Hy the ergppiehe
washed or gaextraggtdoa phase enoved in a water punp vacuum Yield: 484 g of
yel | ow vi scous oil (85% of theory); by-product: nethyldiisotridecylam ne;
20 The tests were carried out as batch stirring experiments in a
stirred flask. 100 g of a synthetic aqueous Fe(III) solution
(composition: 30 g/kg of Fe(III), dissolved as iron(III) sulfate,
and 85 g/1 of free sulfuric acid) were mixed for 10 minutes at
50°C with 50 g of organic phase (composition: 7.5% of extractant,
25 5-20% of modifiers and 87.5-72.5% of kerosine*)). Subsequently,
the phases were separated and the metal contents of the organic
phase were determined by means of flame AAS. Mono-2—ethylhexyl.
2-ethylhexylphosphonate as described in (1) were employed for
comparison. The product from Example 3 in combination with the
30 modifier Bl developed specifically for this complexing agent gave
the highest loading capacity for Fe(III) in the organic phase.

35

40
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el ement al PRF94544974err] 5.2% [err] 3.0% 45

Reacti on product of N-ol eyl propyl enedi am ne wi th phosphorous acid and
formal dehyde 5 99.2 g (0.31 nol) of N-ol eyl propyl.enedi amine were initially
charged and 147.6 g (1.8.nol) of phosp8orous acid dissolved in 360 m of

wat er were pgthed 105R6WE Sthe PEBSEERI Y thesd Mkt rafingeiem rated sulfuric

0050/ 44974 16 Exanple 3

acid which had been diluted with 95 nl of 10 water were added. The m xture
obt ai ned was heated to about 1000C and 296 g (3.6 npbl) of aqueous

10 minutes at 50°C in a stirred flask, the phases were separated
and the metal contents were determined by means of atomic absorp-
tion spectroscopy (flame AAS). Fe(III) loading capacities of

f or mal dehyde SOl gkt Picfat: D00 SU reggt hhoagfﬁlaﬂded aop@n @&,temeof fsﬁéllr was
stirred furjt at] about 1 . The prgducte icopphsé e
sal ted oub ug?ﬁg£§éﬁﬁﬁaqgﬁ?$éte, separa?g of f agd mashéﬂgglt%ggs mﬁt% 15
750 m of ter. Remaining watgr was renoved in a wWater punp vacuum Yilel d:
175 g of a pellowish brown solild (Q6%. of {heory) i - cts;
el enental d4RaPFyey: fxom Exam-6, |Nfound B2 d3P120. Exanpl e 49 f&fct i%0#0pr odyct
of N-ol eyl dPdBylenedi am ne witH 1- epoxydodecane and subseguently with
phosphor gud peeddcanfrdroExakdehyide 25 9822[%3 (0. 31 ol ) 06.50 - 0.55
N- ol eyl ptBdpiienadi anmi ne -and 104 -g of tol uene were ifnitially charged and
heated 1o [ PrbhuctTFFRRIERERLY, 50 7 U gD g mor] O] T-EPOREHeqgne wer e
added dropwhgg gnd the m xture jwas stlrred #urther under reflux unti |
epoxi de co Fo—-erger UL—UbLLC%ch"°"“L**°”*‘ Hare—pr o a1ncu Was
~ freed of 3@ pigfaz‘éﬁtf%wé‘act ed fuBHR] 58 8[51 of |t he prmﬁo §Bt ai ned
- (0.-106 ngk) initially charlged
For comparison:
Mono-2—-ethylhexyl Bl [20] 0.03
2-ethylhexylphos-
phonate '
20 Mono-2-ethylhexyl B2 [5] 0.10
2-ethylhexyl
phosphonate
Bl = diisotridecylamine reacted with 2.1 mol of ethylene oxlde
B2 = isodecanol
25
*) Kerosine in accordance with DIN 51 636 (from Wintershall):
‘Boiling range 180 - 250°C
Density (15°C) 0.798 g/cm3
Viscosity (20°C) 2 mm2/s (cSt)
30 Flashpoint AP >55°C
Aromatics content (FIA) 13 %
Example 6
35 Concentration~dependent determination of Fe(III) loading capacity
in the organic phase, Zn(II) coextraction studies
To study the influence of the complexing agent concentration on
the Fe(III) loading capacity in the organic phése, in each case
40 50 g of organic phase (composition: 7.5-25% of the respective
complexing agent, 10-33% of modifier, 42-82.5% of kerosine*)) and
100 g of aqueous phase (composition: 2.7% of Fe(III) dissolved as
iron(III) sulfate, 6.3% of Zn(II) dissolved as zinc(II) sulfate
45 and 85 g/l of sulfuric acid (conc.)) were intimately mixed for



and heat ed tQP3®f4497%ubsequently, 32.8 [lacuna] (0.4 nmol) of phosphorous
acid diluted with 80 m of water and 92 g of 35 concentrated sulfuric acid
Whi ch had previously been diluted with 80 g of water were added. The
tenperature was increased to [err] and166 g (0.79 nol) of aqueous

f or mal dehydeab%ﬁ't“b%%f@@c’ﬁ%v@@d T e@ﬂwmalstﬁaﬁzem I?Jwe‘ﬁagSEdVF%(eIhoqud

Subs tl t t 9
a’tj [S:(rqlrjfn i e%éﬁg%ﬁléc%oﬁbﬁimsigg IH}EF ofsf)'ian%l Wa'shed aoﬁunber o:‘”S

times with vvat er. Remai ni ng wat er was rem)ved in a water punp vacuum

Yiel d: 58 g Tbler duphaws ithe( Besplys Ofcshis : deiexmisptionf ound 4. 9% Nfound
3.6% 45 5 0050/ 44974 17 Extraction tests Extractability of iron(lIl) ions
“from aqueou‘ cnl utinne ot rnnnl ) acid with sulfuric acid V\B_S_C_Q_D_f_|_|"_m3d by
tests carri ¢BXBERCEARat chwi se ( balModidderr | rl§oekert iofe Mes pnd THre imat { os by
mass . bet weer) (BPERIPERGnAIERTous pHike wer e [AbSuergamicophase. The
extractions Je carried out at apout [err],] Th& organi c conpl exi ng|agent
was di ssol veéd in kerosine, adm xe{d vvi th nodilf i ers and brought into {ntimate

~ cont act wH PESaIe0UY SO A5l 0N rde g [ 0T e g 'F%”(kb’” %d.ltlﬁ free
sul furic acil@roh kadn-0r] 9ok 0§ from IVE ]uec usq s%eFJeny(go & an C
phase. The ppasep were sepggg} ed pngat E|§3]rret allcwt%e%s(g@rf m ned by

means of at hSor e —speetrpseopy- LH-ara—lS) =V

Det er ni nat i 3.0adi 1 it L] iy 3ﬁn tFe (%dai & %&)c rfction
phase 20 T g } cH i‘[lg ; e(ngglzgnéﬂ%) " a
stirred 13 o = s 2% Zn)

Example 7

20 Fe(III) separation at an organic to aqueous mass ratio of 1:2

To study the influence of the phase ratios on the Fe(III) extrac-
‘tion, in each case 50 g of organic phase (composition: 7.5% of
complexing agent, 5-20% of modifier, 72.5-87.5% of kerosine*)) and
100 g of aqueous phase (composition: 0.4% of Fe(III) dissolved as
iron(III) sulfate and 85 g/l of sulfuric acid) were intimately
mixed for 10 minutes at 50°C in a stirred flask, the phases were
separated and the residual Fe contents in the agueous phase were
determined by means of flame AAS. The product from Example 3 was
able to remove virtually all Fe(III) from the aqueous solution '
which was strongly acid with sulfuric acid.

25

30

35

40

45



(conpositi oPO5®HA49%4 of Fe(ll11), dissolved as iron(lll) sulfate, and 85
g/l of free sulfuric acid) were mxed for 10 minutes at [err] with 50 g of
organi ¢ phase (conposition: 7.5% of extractant, 25 5-20% of nodifiers and
87.5-72.5% of kerosine*)). Subsequentfp, the phases were separated and the
metal cont eplis nf Eﬂ@wé’ﬁﬁ@ﬁ:ﬁsﬂi‘@é%f‘"’%ﬁ@sgetiéféﬁu'iﬁgtf?c‘/némans of flame AAS.
Mono- 2- et hyl hexyl 2-ethyl hexyl phosphonate as described in (1) were enployed
for conmparison. The product from Exanple 3 in conbination with the 30

nodi fier BY OpYElRGGtSPqC! 1 1 cdipherOl L[ sc&pggﬂtex,lfngeagerghegave t he

hi ghest | oddi BR%h y for Feggl!l) in fhe orgghesudpmage 35 4( 45 18
Table 1 sh wsa%g@qﬁ of thgs!a detern natloﬁg‘é gelﬂ% 005(Q) 44974 19

-about 2% wgr e |5esg§3d }he conpounds st hidi ed showe good Fe(l11)
selectivity fromFe(ll1)AZn(11) -m xed sojutions. Table 2 shows tlhe results
) -on. LExtractant Modif-e—-~Cantent of Fe
and Zn in (|®&eprekifPmgqnt) B2 [19) thel>r gani ¢ phase Hxanple 7
Fe(111) sepd*afPb® ht anjorganic to aguepus mess ratio of 1:2 29 To study
the infl &Erﬂ@a-odﬁctmrqnhade ratBog5sqn t hejFe(l10)20xtrac- o

Example 2 _

Product from Bl [20] <0.01

Example 3 ‘

Product from Bl [5] + B2 [5] 0.17
15 |Example 4

Example 8

20 Fe(III) removal at an organic to aqueous mass ratio of 2:1
To study the influence of the phase ratios on the Fe(III) extrac-
tion, in each case 100 g of organic phase (composition: 7.5% of
complexing agent, 5-20% of modifier, 72.5-87.5% of kerosine*)) and
50 g of aqueous phase (éomposition: 1.46% of Fe(III) dissolved as

25 iron(III) suifate and 85 g/l of sulfuric acid) were intimately
mixed for 10 minutes at 50°C in a stirred flask, the phases were
separated and the residual Fe contents in the aqueous phase were
determined by means of flame AAS. Here too, the product from Ex-
ample 3 was able to remove virtually all Fe(III) from the aqueous

30 golution which was strongly acid with sulfuric acid.

Table 4 shows the results of these determinations:

35 [ Extractant Modifier Content of Fe in the
{complexing [%) ' aqueous phase
agent) (%]
[7.5 %]
40 Product from B2 [10] 0.39
Example 1
Product from B2 [5] 0.50
Example 2 '
Product from | Bl [20] <0.01
Example 3 :
45 [product from | Bl [5] + B2 [5] 0.40
Example 4




tion, in ea@A50448988 g of organi c phase (conpositiON, JP5YKBf 8Gnpl exing
agent , 5-20% of = o % of kerosine*)) and 100 g of aqueous

phase (conpositi ot e tefl): di ssol ved as 25 irg and
85 g/ of sulfuricﬂ i mat gy m xed for 10 mnutes at [err] in a
stirred flask, the epar ated and t he resiﬂﬂmml‘t‘ ﬂ!H in-
t he aqueousyp gmiere determned by means of flane: ' from

Exanpl e 3 was abl'e’to renove virtually all Fe(lll) f_rémfheLaqueous

sol ution 30 which was strongly acid with sulfuric acid. 35 40 45

0050/ 44974 20 TAR®OCSSShENE thiee spduent exfrachier ofetizon hers direm [err]
Fe(l11) r&noval agqiecas eofurians,owhijckcamnprisesrmdkingofis@: fo2Ghis study the -
i nfluence of thpurptaeeof ahyd¥ocatbbhcsdRibllel hmeXémcddylbhephodphordehasfge 100

g of organi ¢ pPhass vatdfeestdugilsifg hd st rBRPLEN W eMlAR of X1 bolhmia - .
nodi fier, 72.5-87.5% of kerosi ne*)? and 50 g of aqueous phase (conposition:
1.46% of Fe(ll1l) dissolved as 25 iron(lll) sulfate and 85 g/l of sulfuric
acid) were intimately mxed for 10 mnutes at [err in a stirred flask, the
phases wdPe separated and the residual Fe contents. in the aqueous phase
wer e determ ned by nmeans of ‘f\l arrel AAS. Here too, the product from Ex- anple
3 was able to remove virtual | y_ald _Eedd,5l) fromthe aqueous 30 solution

whi ch was strongly acid vvith/sul fluri c acid. Table 4 shbls the results of
these determ nations: [err] R2 _

15

where R! and R? .are hydrogen, Cj;-Cig-alkyl which can
additionally bear up to 15 hydroxyl groups and/or be
interrupted by up to 14 non-adjacent oxygen atoms,

20 C2-Czp-alkenyl, C7;-Cig-aralkyl or Cg-Cis-aryl which can be
substituted by up to three C;-Cjizo~alkyl groups, C;-Cj;z-alkoxy
groups, halogen atoms, cyano groups, hydroxyl groups or
C1-Cy-alkoxycarbonyl groups. .

25 2. A process as claimed in claim 1, wherein use is additionally
made as modifier of an alkoxylated long-chain alcohol of the
general formula III '

30 _R7 — O— (XO)p—H (III)
or an alkoxylated long-chain amine of the general formula IV

R7
35 AN

N— (XO)p—H (IV)

RS
40 where

R?7 is Cg-Czp-alkyl, C¢~-C3p~alkenyl, C;-Cjig-aralkyl or
C¢—Ci4—aryl which may be unsubstituted or substituted by
up to three C;-Cj;-alkyl groups, C;-Cjz-alkoxy groups,

45 halogen atoms, cyano groups, hydroxyl groups or
C;-Cys-alkoxycarbonyl groups,
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Fem o mase on-of 1 SLa:\M mm\ “m \u\]ueous_ O, 1984 BRocHs for the
V.8

conprises making use for th pasewof s hydr ocar bon-sol ubl e
am nonet hyl enephosphonl c acid derivatigges conprising the structural el enent

of the fornula gdé dro gens cl—cs-alkyl, tsldlaiend Bl aRd §odd ©
hydr ogen, [err] V\/m 5"‘5% dd|t| naI I%%ne%arfogp jo 1 hydroxyl groups

[and/or] be interrup a,cent’ oxygen b r]
or C6-Cl4-aryl %hi ¥ Gl ‘WetHF%P VeIt STy é"°[§ Ta'gf?‘lfhﬁmferr]
g¥oups. 25 2.

groups, hal ogen at 95,2 @ranp @f dihes formufka xFH20fBRIs » ovhexrer Ri
A processsas cl ai nmi;-icrﬂg-cﬂzaimyl omigrei f+aryd whichloiay beastlystimsitedsby

[mdi}‘ier <2)f2 gg al koggy I+ Qﬂré@%—@?ﬂﬂk&k?oﬁﬁhpﬁ hBeogerm efttmsf, Oepana IOI I ]'c
err i's e u ; S ed for
[err], X is a1, 2&/ y?eﬁ%d ulpgg %%Sox?cg 8‘? aﬁﬂo%chég}?%ngﬂ. g?gtrlrggor a’
-group of the forrrul%f1 err] Wnere R10 is [err] or [err] which may
be substituted By ub® toohupPee fram f 6?0%?)'3 hal ogen at onms, cyano -groups,
hydr oxyl 1@roups -or [err] groups, and m is a nunber from1 to 20.

- 3. A mixture suitable for the solvent extraction of iron iomns

from aqueous solutions and comprising

a) from 0.5 to 99.5% by weight of one or more
15 ' hydrocarbon-soluble aminomethylenephosphonic acid
derivatives as claimed in claim 1 and

B) from 99.5 to 0.5% by weight of one or more alkoxylated
long~chain alcohols III or amines IV as claimed in
20 claim 2 or a mixture thereof.

4. A process for the solvent extraction of metal ions from
aqueous solutions, which comprises using as modifier
alkoxylated long-chain alcohols of the general formula III

25

R? — O0— (XO)p— H (III)

or.alkoxylated long-chain amihes of the general formula IV

30 :

R7

AN .
N— (XO)p— H (IV)

35 R®

where

R? is Cg-C3p-alkyl, Cg-Cip~alkenyl, C,-Cig-aralkyl or
40 C6-Ci1s—aryl which may be unsubstituted or substituted by
up to three C;-~Ciz-alkyl groups, C;~-Ciz-alkoxy groups,
halogen atoms, cyano groups, hydroxyl groups or
C;-Cq-alkoxycarbonyl groups,
R® is hydrogen, C;-Cs-alkyl, C,-Cs-alkenyl or the group
45 -(XO)p~H or is as defined for R7,
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10+:3. A ni 0050/ 448%4%bl e for the sol vent extracti orf¥d JBROKROEEfrom
aqueous solutions and conprising A) fromO0.5 to 99.5% by wei ght of one or
fnore 15 hydr ocar bon- sol ubl e am noret hyl enephosphoni ¢ acid
derivatives as clained in claim1 and28) from99.5 to 0.5% by wei ght of

. one or nore al Igpxyl,_@t §d1| ‘léir'iéh@ g"f ‘?i'a%:.hé'fﬂ(m aNBeso | brdonChebm@d N
20 claim2 ¢ g% RUHREESS Jh%&-et Rk gl vent
extraction of net aI ng ﬁ ﬁ eous so ‘?}b‘ WhIC %Bir‘r":ﬁi u(? b)g as
modi fier al koxyl at é:d wgse g} géﬁ%l‘lé'aﬁ?'

[err] [err] is [emP] torthppe C1-Ci2-adkyLIgroupgl Q:lla wsmﬁreggﬁs%etutut ed
or substiSuted by uqalbgenratems[,ecyimgrgnqnps.[bydz]ozgrlogpeupsraimgen at ons,
cyano groups, hydr @syt,-H1xeikgca@rbddtl hregapsiPsand err] is hydrogen, [err] or

the group 45 p  ig a Rbddeerbm 8Sedlfo.ned for [err] 23 X___is a
1, 2-al kyl ene group having from2 to 30 carbon atoms or a group of the

for mul a [err] where [err] is [err] or [err] which may lpm'mﬂﬂnm&muu
to three err] groups, [err%hal ogenl ups,

hydr oxyl 1¢roups or [err] grou_P umber - frdm 1 . %10715
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20 25 30 35 0A50/44994 of hydr ocar b orret-hyl enephosphoni ¢ acid
derivatives for the-solvent extraction of | ron ions from aqueous sol utions

5:Abstract Hydrocarbon-sol ubl e am nomuw H]M”ml c acid derivatives
conprising the structural elenent of [err] where [err] and
[err] are hydrogen [err] which can addltlonally bear up to 15 hydroxyl
groups and/ Qjgeb t 4s X at ons,

C2- C30- al keﬁlH Bf &f&'ﬁg &%’ﬁeﬁe} 4 ‘ﬁ&r{ﬁqa su Stltgt XQO y%]%
three [err] S bE ARIveRt) SuErRctishs OF JAAR, grB.BEom IatPSS)

groups or [¢,ft°r}1 4iPR%Ips, for the sol vent extraction of iron ions from
aqueous sd@ utlons 25 30 35 40 45

Abstract

Hydrocarbon-soluble aminomefhyleneﬁhosphonic acid derivatives
comprising the structural element of the formula I

10
. Rl
\
/N—T — PO3H; (D,
15 R?

where R! and R? are hydrogen, C3;-C3p-alkyl which can additionally

bear up to 15 hydroxyl groups and/or be interrupted by up to 14
20 non-adjacent oxygen atoms, C;-Cip~alkenyl, C;-Cjg~aralkyl or
Cg-Ci14-aryl which may be substituted by up to three C;-Cjz-~alkyl
groups, C;-Ciz-alkoxy groups, halogen atoms, cyano groups,
hydroxyl groups or C;-Cy-alkoxycarbonyl groups, for the solvent
extraction of iron ions from aqueous solutions.
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