TITLE OF THE | NVENTI ON | Recovery of Val uabl e Substances

S . Ta & FI ELD OF THE | NVENTI ON This invention
relates to a nethod for recovering 10 val uabl e substances froma spent

el ectrol ess nickel plating solution. Itlalso relates to a method for
prepar'i ng hydr oxyapatite froma sol uti on containi ng hypophosphite
and/ or phosphite. 15 . o BACKGROUND ART

El ectrol ess or chem cal- nickel plating solution containing a

hypophosphite salt as a reduci ng THTH/E JFAaTHE INVESEIONdely used for the
surface treatnent of electronic ~°~ parts, gre I siqn parts, and plastic
articles. As plating 20 reaf€C8NepYoREcHRL ?pi;rﬁéhﬁ#%ﬂﬁﬁﬁtea used as a
reduci ng agent is oxidized into a phosphite which accunulates in the
plating solution. This plating solution becomes unusabl e when t he
concentratian of phosphite exceeds a certain limt. 25 A nunber
of met hods have been proposed for the di sposal of such spent

el ectrol ess nickel plating solution cont ai ni ng a hypophosphite as a

reduci ng agent. However, there is available no effective nethod for
treating the spent plating sdEIBLLOF THE) INNENGION,| | y advant ageous 30

manner and recoveri g, val;4ahle ;34bSLRIEES L5600 fLEnSE! 67 Pecoverify " eUSE.
10 wvaluable shbstanbes from a spent electroless nickel plating
.~ solution. It also relates to a method for preparing
hydroxyapatite from a solution containing hypophosphite
and/or phosphite. '

15 ' ' | BACKGROUND ART

Electroless or chemical nickel plating solution
containing a hypophosphite salt as a reducing agent has
been widely used for the surface treatment of electronic
parts, precision parts, and plastic articles. As plating

20 reaction proceeds, the hypophosphite used as a reducing
agent is oxidized into a phosphite which accumulates in the
plating solution. This plating solution becomes unusable
when the concentration of phosphite exceeds a certain
limit.

25 A number of methods have been proposed for the
disposal'éf such spent electroless nickel plating solution
containing a hypophosphite as a reducing agent. However,
there is available no effective method for treating the
spent plating solution in an industrially advantageous

30 manner and recovering valuable substances from the solution
for reusé; ' '

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to
35 provide a method for recovering valuable substances from a
spent electroless nickel plating solution containing a
hypophosphite as a reducing agent which ensures disposal of
the spent plating solution in an economical manner without



SUMVARY COF THE | NVENTI ON . Therefore, an object of the present

i nvention is to 35 provide a nethod for recovering val uabl e substances
froma’ spent el ectrol ess ni ckel platln solution containing a
hypophosphite as a reduci ng agent which enstTes di sposal of . the spent
plating solution in an econom cal manner w t hout
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15 nickel salt such as nickel sulfate, a complexing agent or
organic material such as sodium citrate, a hypophosphite
such as sodium hypophosphite, and a phosphite resulting
from oxidation of the hypophosphite as well as amounts of
alkali metal ions such as sodium ion originating from the

20 complexing agent, hypophosphite and phosphite.

Searching for a valuable substance recovery method
which is effectively applicable to such spent plating
solution, we have found that valuable substances can be
effectively recovered from a spent plating solution by

25 adding oxalic acid to the plating solution for causing a
nickel ion to precipitate as nickel oxalate for removal and
recovery, adding a mineral acid, typically sulfuric acid
and calcium oxide, calcium hydroxide, calcium carbonate,
calcium sulfate, calcium chloride or.a calcium salt of an

30 organic acid to the plating solution from which the nickel
ion has been removed, firing solids of the plating solution
in air to convert the alkali metal ion into a water-soluble
alkali metal salt of mineral acid, to fix the phosphorus
value of the hypophosphite and phosphite as water-insoluble

35 hydroxyapatite, and to decompose the organic material in
solids into steam and carbon dioxide, and separately
recovering hydroxyapatite and the alkali metal salt of
mineral acid. All the thus separated and recovered nickel
oxalate, hydroxyapatite and alkali metal salt of mineral



nickel ion to precipitate as nickel oxalate for renpoval and recovery,
addi ng,a mneral acid, typically sulfuric acid and cal ci um oxi de,

cal ci um hydr oxi de, cal ci um carbonate, cal cium’sul fate, cal ciumchloride
or a calciumsalt of an 30 organic acid te3the plating solution from which
t he ni ckel I on has been renoved, firing solids of the plating solution
inair to convert the alkali netal ion into a water-soluble  alkal

metal salt of rekd Aared sufficienthz phebpRerity to xegymleffame

hypophosphi te apgqpdosiyy e Wat er-insoluble 35 hydroxyapatite, and to
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as nickel sulfide, agnd a eav .a u e for renpval . e ating
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and t he subsqugﬂiifﬁeps as nenti oned above According to a first
n

preferred enbo SfSYhRequent ﬁ&@ﬁ?iSﬁ,m?ﬂE?%n?g ?P%K%ﬁed a met hod for
recovering 15 val uahteosdirsy anres firsm prefienred| embodimast ndLkdie pl ati ng

bl ended as a conp FidFa ety &F Braviel, Arhiendd So0%bcovertdl U0 &
phosphi t e Adsul valuphlersubdtdncesn fabm a sppath§pephoelrss arickel plating
substantial amoggf o béi¢dlding a water-soluble nickel salt, an organic
material blended as a complexing agent for the nickel salt,
a hypophosphite, a phosphite resulting from oxidation of
the hypophosphite, and a substantial amount of an alkali
20 metal ion, the method comprising the steps of adding oxalic
acid to the plating solution for causing a nickel ion in
the plating solution to precipitate as nickel oxalate for
removal and recovery; preferably adding a sulfide to the
plating solution from which the nickel ion has been removed
25 for causing a heavy metal ion in the plating solution to
precipitate as a heavy metal sulfide for removal; adding a
mineral acid and a calciﬁm'compound selected from the group
consisting of calcium oxide, calcium hydroxide, calcium
carbonate, calcium sulfate, calcium chloride, and a calcium
30 salt of an organic acid to the plating solution from which
the nickel ion has been removéd; firing solids of the
plating solution in air for converting the alkali metal ion
into an alkali metal salt of the mineral acid, converting
the phosphorus value of the hypophosphite and phosphite
35 into hydroxyapatite, and rémoving the organic material
through pyrolysis; and'pouring a solid mixture of the
alkali metal salt of mineral acid and the hydroxyapatite
into water for dissolving the alkali metal salt of mineral



20 nmetal ion, the method conprising the steps of adding oxalic acid to
the plating solutlon for causing a nickel ion in the plating solution
to preC|p|tate .as ni ckel oxal ate for renoval and recovery; preferably
adding a sulfide to the pl ati ng solutiehfrom which the nickel ion has
been renmoved 25 for causing a heavy netal ion in the plating solution to
precipitate as a heavy netal sulfide for_ renoval; adding a m neral acid
and. a cal ci um é6ifodRdvasPEcEer FeRAFtRLY)IERAPVET ingoides hyAgosyaratttem '

oxi de, Ca|CIUﬁhmﬁdmgéldgkaga|ﬁéﬂ§1 sal@aﬁﬁmmgﬁgxaxuﬂdmdun1sulfate cal ci um
chloride, and a cal |t _of an c_ac | ati ng _sol ution
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organic acid tq ék?%xggkﬁk op;, firing solids of- the solution in-air or

oxygen for conv e hypophosphlte and phosphite into
hydr oxyapatdte; and recovering the hydr oxyapati te.

BEST MODE FOR CARRYING OUT THE INVENTION

The spent electroless nickel plating solution to be

treated according to the invention generally contains a
water-soluble nickel salt such as nickel sulfate, a nickel

20 complexing agent (organic material), for ekample,
carboxylic acid and a salt thereof (typically sodium salt)
such as sodium citrate and another organic acid and a éalt
thereof, a hypophosphite (typically sodium salt), and a
phosphite (typically sodium salt). The solution contains

25 noticeable amounts of the complexing agent, hypophosphite,
phosphite, and an alkali metal ion originating from an
alkali hydroxide or aqueous ammonia added for pH adjustment
during use of an electroless nickel plating solution
(typically sodium ion or ammonium ion, and sometimes

30 potassium ion when a potassium salt or potassium hydroxide
is added for pH adjustment).

The concentration of the above—mentionéd components in
the plating solution and the pH of the plating solution are
not critical for thé process of the invention to achieve

.35 effective recovery. However, since it is, of course,
advantageous to add appropriate amounts of reagents in the
process steps, the amounts of nickel ion, phosphorus value



15 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The
spent ‘el ectyrol ess nickel plating solution to be treated according to
‘t he” i nventi on generally contains a wat er - sol ubl e ni ckel salt such as
ni ckel sulfate, a nickel 20 conplexing agen®—(organic nmaterial), for
exanpl e, carboxylic acid and a salt thereof (typically sodiumsalt)
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concentration of abo t d;go f@gg I saleuti on
and the pH of K& 1pecaet' nY)gc gt ?ggaarg pba ﬁlc# ﬁq(%:ea orant %Sé‘{"g%cggs of
t he |nvent|CN1taDQQ¢hﬂe¢@ 355 @Pﬂec?ﬁpécié%BWelyto Hohawedr pegi med of is, of
cour se, advaiaaegish tOIﬁd@hQBDEEEj{)' aﬁﬁeapm FoIA3BN Ishdun at he
process. steps, the ampunts of nickel ion,_phos hor val ue
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ni ckel ion. atln sol ution preferably be at
pH 1.5 to 3, edpeien |a}1dpma1.ng.ag.@eg 4t the temperature for more than 3

15 hours to ensure that nickel ion reacts with oxallc acid to
form nickel oxalate.

The resulting precipitate in the form of nickel

.oxalate dihydrate is removed by filtration, washed with
water, and dried, obtaining a fine dry powder of nickel

20 oxalate dihydrate which is suitable for reuse.
Alternatively, the dry powder is calcined into a fine
powder of nickel oxide which is ready for reuse as a nickel
source.

Since oxalic acid is added to the plating solution to

25 precipitate a nickel ion therein as nickel oxalate, no
phosphorus is entrained in the precipitate. Then when
-metallic nickel is recovered from the precipitate,
entrainment of phosphorus in the metal is avoided. The
resulting metallic nickel is of great value.

30 The wash liquid is combined with the filtrate which
proceeds to the next step.

Next a sulfide is preferably added to the plating
solution from which the nickel ion has been removed, for
causing the nickel ion which is left in a minute amount and

35 heavy metal ions such as 2Zn, Fe, Pb and Al ions which are
present in minor amounts to precipitéte as heavy metal
sulfides for removal. This step is effective for avoiding
contamination of the subsequently recovered valuable



10 Then a mineral acid such as sulfuric acid is preferably - added to
the, plating. solution for adjusting the pHto fall . wWithin this range.-

A so preferably the plating solution to whi ch oxalic acid has been
added is heated at 70[err]C or hi gher %0 mai nt ai ned at the tenperature
for more than 3 15 hours to ensure that nickel ion reacts with oxalic acid
to form ni ckel oxal.ate. The resulting precipitate in the form
of ni ckel (@@h&ﬁ@@ceshydyaieallyrhymmmxydgaﬂﬁﬁa:raﬁt?nsuuasheﬁvyﬁth
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next step. Expapilles 96l theesuifirtefugerb heradaded ntdutibeapkal i ng
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ni ckel io ich is.left m nut e, anount. _an
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cont ai ns about 5 ppm o
carbamate, thiazoles such as mercaptobenzothiazole,

benzothiazole disulfide, and N,N-diethylthiocarbamoyl-2-
mercaptobenzothiazole, and thiuram compounds such as
tetramethylthiuram monosulfide, tetramethylthiuram
disulfide, and dipentamethylenethiuram tetrasulfide.

20 Sulfur-containing chelate resins are also useful.

For the sulfide treatment, the pH of the solution may
be properly selected in accordance with a particular
sulfide used. Usually the sulfide treatment is done in a
weakly acidic or neutral or weakly alkaline region of pH 6

25 to 10, especially pH 7 to 9. Since the plating solution at
the end of oxalic acid treatment is at PH 1.5 to 3, a
caustic alkali such as sodium hydroxide may be added to
adjust the pH to the desired range. The sulfide treatment
in a weakly acidic to weakly alkaline region allows the

30 subsequent concentration of the plating solution to which a
mineral acid and a calcium compound are added to be
performed in the same weakly acidic to weakly alkaline
region, leading to many advantages including ease and
safety of operation, a-concentrating equipment which need

35 not necessarily be highly resistant to corrosion (or acid),
and a reduction of plant installation cost.

Preferably the sulfide is added in an amount of about
1 to 2 mol, especially about 1 to 1.5 mol per mol of the



5 val ue absent the sulfide treatnent whereas the sulfide treatment can
reduce ,the amount of nickel in the hydroxy- apatite to | ess than about
10 ppnl Exanpl es of the sul fide used herein include alkal

sul fides such as sodium sul fide and potassidm sul fide and 10 ammoni um

sul fide. Various well-known organic sulfides are al so useful for the
treatnent of heavy netals. Exanpl es of the organic sulfide include
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m neral acid anﬂukiw%dananmdxﬁqﬂnhmﬁrapéleuaédaﬁDdbe It ipeprefenied ta he
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-7- Examples of the calcium compound added herein include

calcium oxide, calcium hydroxide, calcium carbonate,
calcium sulfate, calcium chloxride, and calcium salts of

20 organic acids. Among these, calcium oxide, calcium
hydroxide, calcium carbonate, and calcium salts of organic
acids may be used in any situation. Calcium sulfate should
preferably be used wyhere the mineral acid ion in the
plating solution is a sulfate ion-and calcium chloride

25 should preferably be used where the mineral acid ion in the

" plating solution is a chloride ion. '

The mineral acid is added in an amount necessary to
convert the entire alkali metal ion in the plating solution
to an alkali metal salt of mineral acid. Where calcium

30 sulfate or calcium chloride is used as the calcium
compound, the combined amount of the resultant sulfate or
chloride ion and mineral acid may be sufficient to convert
the entire alkali. metal ion to an alkali metal salt of
mineral acid. Where a mineral acid ion is previously

35 contained in the plating solution, the amount of this
mineral acid ion is also included in the combined amount.

For example, where sulfuric acid is used, the total

" amount -of sulfate ion should preferably be about 0.3 to 0.7



residual nickel ion. The heavy netal sulfide precipitate I's renoved by
convent,i onal separation neans such as filtration. The thus separated
and renoved heavy net al sul fide sludge i,s treated in a conventi onal
manner and 5 di scarded. ' The wash FPQUId i's conmbined with the
filtrate which proceeds to the next step. To the .plating
solution from which the nickel ion has been renoved and whi ch has been
optionally subjmitecbspﬁcﬂjtallsyulabioue Or éatoeht 6 molviper adolacifd adkéld cal ci um
conpound %?1} &flded. The mineral acid used herein includes
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is a sulfate |oﬁ§gﬁﬁﬂﬁ%lé#%hl %%r? gggtiﬁg %épﬁiféewé%liﬂbéﬂﬁségaaher
the mnerallOacid i orNext i Hehe plqcnl@g s9lusioni &8 evaporatest itie drymess,

The m ner al acgﬂll x the%lfﬂs%o%ﬁ'iﬁ&n&%ﬁéé?ﬁdrﬁé’ alké?lQL”‘ﬁﬁerttalt he entire

al kali net al | at sol ut1 on an al'kali netal salt of
m neral acid. VW%?Q?Q%H%Q%HN oFgRPifeMmateEifti urfaRHIeOviad ed as the

cal ci um conpapishatiith 'b@e@oﬁgoﬂﬁt aOkohvent £sad1 amdnriedd fat e or
chloride ion and n1nera| aci d ma %gar |C|ent to conviﬁé the entlre
alkali metal ion to G a39dids ﬁEéhF’ £iged 1n aifker FTSLSTRPI

m ner al ?cuﬁ | ofs idor eMi GliYotaly kdont ghihikd faediwg aéuﬂﬁ]i.c&@rltt |amun1the
amount of this ner. | |

anount . of FaO]F exﬁ%t%?a%%gr é:hgu !rig Q&r ;gﬁ'?&’td eﬁ)%”te: 9%(3 to
anount of sulfa&%ﬁ?QM1Qﬁpﬂﬂmmlﬁweﬁbpabl955etab859 Q)%hd(ﬁhﬁ'ﬁlme is about

3 hours or longer, especially about 5 hours or longer.

Through this firing step, the low-oxygen acids, _

20 hypophosphorous acid and phosphorous acid in the plating
solution are wholly oxidized to ortho-phosphoric acid which
chemically reacts with the calcium salt which has been
added in a stoichiometric amount,'forming-water—insoluble
hydroxyapatite. The alkali metal value reacts with the

25 mineral acid which has been added in a stoichiometric
amount, forming a water-soluble alkali metal salt of
mineral acid. The high-temperature firing in the presence
of air also induces pyrolysis of the organic material into
carbon dioxide and steam which escapes from the furnace.

30 The firing step yields a mixture of harmless and
useful hydroxyapatite and the alkali metal salt of mineral
acid, typically sodium sulfate.

Next, water is added to the mixture of hydroxyapatite
and the alkali metal salt of mineral acid to dissolve the

35 alkali metal salt of mineral acid in water. Hydroxyapatite
is suspended in this aqueous solution of the alkali metal
salt, resulting in an aqueous slurry. The amount of water
added is preferably 3 to 6 times, especially 4.5 to 5.5



- 8- nol, especially about 0.4 to 0.6 nol per nol of alkali nmet al
ion. °, . The cal cium conpound is added in an anount necessary to
convert the phosphorus value in the plating solution 5 into
hydroxyapatite. Preferably the cal ci um conp8und is added in an anount
of about 1.5 to 2 nol, especially 1.6 to 1.8 nmol per nmol of phosphorus.
In the step of adding the mneral acid and cal cium conpound, the pH of

the plating solgfmed ﬂlfe RRLgh UfCQhe anall mei:\Efl(tsaIﬁTQ)ﬂ)hﬁ.trie&ﬁlSleiﬁl on
S evaporated to dr

ng soljds. contain S, alkali
metal O AL O AL ot B9 EFCITRC 18 BRALRAADLY, Continuda
evaporation nayaibeahhme an (&ﬂmentaspeaiahhpn&lnut 40 to 60%&0&0Iaibduatar1e
then fired in aj ab) I d otary kiln while
feeding a suffﬁ% en %%& % 1apﬂg gB"E’re%é?@ yﬂéé%gflrlng tenperature
is about 706 to Wtﬁﬂme]ningewecuagnesauabamurmﬂ for 856implg,C and t he
tinme i s about n C Y. I nger .
Through this fi r¥ %a,%ﬁﬁ % QE gf/é%ﬁﬁa%?é(fh t@%%@%olphos oro&g ggl d
and phosphorousm¥ﬁﬁﬁﬁlrﬂQHﬂe pﬂétdﬁ§1r9d:sbh%tPE@P%ﬁQiﬂMﬂﬁI%Ppﬁ@t@ﬁze@ to
or t ho- phosphor i grdst doieddh theCRERRER! h¥tiEaga Bt Vbt fmltrf&aqalafalumo%%' bf

whi ch has been dded in a st.o Il onetric., amount rmn

wat er - i nsol ubl &he t q}ﬂﬁd by FREY aPRYElte net Hie \7%1 0%?36'@@% th the
25 n1neraﬂOaC|hydibxyaputatheas addhddlW1ahswmteh|andﬂdnxed by anmount,
formng a vvater Qleliﬁ:l% ﬁeatqﬁéah.nigla Bew?ler r@:ﬁfél?lmaang uE*é% an

hi gh- tenperature I'T11Ng S0 I rduces pyro yS|s
of the organic Induﬂtnﬂahrﬂh@mlcalcaab@maau5&¢@ea@duﬁemt&%mzﬂﬂ-ch escapes

fromthe furnace. 3Gy, tgftegﬁéf'ﬂanﬁg %h@paikﬁigsm@tﬁixééﬂﬁ3d¥ ﬁﬁﬁéﬁaﬁ?s and

useful hydroxyapatite an nmet al sal m ner al ac
typical |y sodi i#Rid|¥mtrecovered by ﬂ@??enﬁﬁﬁﬁ%ngstQ&kﬁ&ﬂ?R?QQNiqwﬁxture of

hydr oxyapat bt € convediid drza a{amlem aﬁaaévapbi:a@in | ey cﬁ.fyrdaésQ dirpeol ve
the 35 alkali sa nlnerah g £ }égg atite is
suspended in tfﬁ%?éiﬁﬁﬁﬂJ T3t Mgk ads S h 3£Hﬁ+? Tht 4 & Yesulting
in an aqueous steusableltss amumdustrial echemical.
According to the present invention, a spent
electroless nickel plating solution containing a
20 hypophosphite as a reducing agent can be subject to closed
disposal by simple operation without inducing secondary
pollution. Valuable substances including nickel, _
phosphorus and alkali metal can be fixed at high -purity and
“thus effectively separated and recovered for reuse. Only a
25 relatively simple .plant is required. Economical and
' industrially advantageous disposal of a spent platlng
solution is ensured.

EXAMPL.E

30 Examples of the present invention are given below by
" way of illustration and not by way of limitation.

Example 1 _
The spent electroless nickel plating solution used

35 herein had the following composition.



added is preferably 3 to 6 tinmes, especially 4.5 to 5.5

-9-. times the wei ght of the al kali nmetal salt of mneral acid.

After addition of water, agitation is preferably continued at about 30
to 80[err]C, especially abut 40 to 60[err]€%or about 1 to 5 hours,
especially about 2 to 3 hours. 5 By filtering the aqueous slurry,
for exanpl e, hydroxyapatite is separated fromthe alkali nmetal salt of
m neral acid. If desired, the procedure Tablepkated in order to | each
the al kali metal sal |,neral acid out of t t ed

hydr oxyapatite. The é%éggug%gélned 10 hydroxyapat|§§?#é§£%¥?ﬁegﬁa%th wat er
and dried by comﬁnﬁéln&dstN£M|ng into a powded. 08%hi ch may be used as

an- i ndustri al qﬁﬂ and fertiljz On the
ot her hand, the al ka éﬁﬁeﬁﬁquq§ SF n1nera| aglgﬁls recovered by
concentrati Ag the fiPhosphorousa ardd conventi onal nan?@%6 and evaporating it

to dryness. The suesutid i kali nmetal salt of shygral acid powder is

reusabl e as an |ndustr|al chem cal . According to the present

i nvention, a spent S99¥MRctrol ess nickel plating % 0?83 4on containing a 20
hypophosphite as a r@x@&ni@;&@mmt can be subject to.riDHed di sposal by
si npl e operation mnth |ndUC|n ondary . pol l uti on. Val uable _
subst ances i ncl udi ng %k%ﬂ dﬁﬁ1 gﬁﬁ% élgﬁd al kali metal can be fixed

at high pudidty and thus effectively Béparated @n@8recovered for reuse.
Only a 25 relatively sinple plant is required. Econom cal and

I ndustrially advant%geous di sposal of a spent plating solution is

ensur ed. Step 1 EXAMPLE 30 Exanpl es of the

present invention arghgisnblieetivless waykel phhushgasoDiees, noto by’ way
of I|n1tat|on liter, was accurately weighed and admitted into a glass
15 beaker having an internal volume of 2 liters. To the
beaker, 13.8 g of guaranteed reagent oxalic acid dihydrate
and 44.5 g of 97.0% sulfuric acid were added to adjust to
pH 2.10. With mild stirring, the solution was heated to
75°C and maintained at the temperature for 5 hours.
20 The solution was cooled and the resulting precipitate
was removed by filtration. The precipitate was washed with
100 ml of water and then dried at a temperature of 80°C for
12 hours, recovering 15.9 g of nickel oxalate dihydrate.
By powder X-ray diffractometry, this was identified to
25 Dbe nickel oxalate dihydrate. By chemical analysis, it was
determined 98.5% pure. '
Step 2
The filtrate from which the nickel precipitate had
been removed was combined with the wash liquid used to wash
30 the precipitate. To the solution, 45.0 g of 97% sulfuric
acid and 144.5 g of 98% calcium oxide were added. With a
water bath, the solution was heated and evaporated to
dryness, yielding 529 g of white solids.
The solids were placed in a rotary kiln having an
35 internal voiume of 3 iiters. The kiln was slowly rotated,
" heated to an internal temperature of 780°C and maintained
at the temperature for 6 hours while flowing air. After



Example 1 The spent el ectrol ess nickel plating solution used 35
herei n had the follow ng conposition.

- 10- - Table 1 Conponent:

Content (nol/1) Ni ckel (as Ni)  -1l- 0.0873
Hypophosphrous acid 0.2781 5 Phosphor ous aci d

1.2356 Sul furic acid - 0.5770 “Sodi um

2. 9_234I t _ dtlQS %llaiﬂ.ﬁl wdd Gtooled, the contents OWHéfH Staken 4ou7t8, oS niilgee
equi val ent aci - . :

Step 1 a%&égs?ﬁﬁﬁ ed RISt ckel plgting solution, 1.0

liter, was accur at el By vwowded Xvchyadhiftfradtonebry, gths sfibed bhpaddirctharssng

an internal vol it er : d
reagent oxalic g@%&i@%ﬁ%ddrgacfeb% a}g'?%ggi gfgﬂgﬁkg{;yﬁéf%%?uﬂ%%l wgr%
added to adpustsubfate. piBy clemigalh agalysisi r itnygas tfetemminabriade keat ed
to 75[err] quﬁ?ﬁxf@'éﬁx?éi@éir@f df@5BegPeEahyaLokPapat 11! Tehd 223) ; of The

: 7
solution was cooled and the resulting précipitate was renoved b
filtration. TheSPRBER pF4Liarams washed with 100 ml of water and then

dried at a tenperatugeepf380[err]C for 12 hours, recovering 15.9 g of
Tdenti1ied to 25 behntLked ROEHIAR: O i Sised BYolhehi var WRAgRAd and
was deti®r m eenbDBedWittlr €00 g of watBrep With stirring, the mixture

was heated to 50°C. After 2 hours of stirring, the

suspension was passed through a filter. The insoluble

(hydroxyapatite) on the filter was washed with three

~ portions of 200'g of water at 50°C. The filtrate was
15 combined with the wash liquid which proceedea to step 4

below. '

The insoluble (hydroxyapatite) on the filter was
further washed with 500 g of water at 50°C, obtaining 520 g
of the wash liquid. '

20 The insoluble (hydroxyapatite) on the filter was dried
at 200°C, recovering'218 g of a powder (hydroxyapatite).

Upon powder X-ray diffractometry, the powder showed a
diffraction pattern typical of hydroxyapatite. By chemical
analysis, it was determined to be tricalcium phosphate of

25 sufficient quality to use as feed and fertilizer.

Step 4

The combined liquid of the filtrate and the wash
liquid which contained sodium sulfate in a high
concentration was concentrated on a water bath and

30 evaporated to dryness, recovering 169 g of a powder.

By powder X-ray diffractometry, the powder was
identified to be anhydrous sodium sulfate. By chemical
analysis, it was determined to be sodium sulfate of
‘sufficient quality to use as an industrial reagent.

35 '
Example 2

At the end of step 1 of Example 1, the filtrate from

which the nickel precipitate had been removed was combined



The filtrate fromwhich the nickel precipitate had been renoved was
conblned with the wash liquid used to wash 30 the precipitate. To the

solutlon 45.0 g of 97% sul furic acid a&d 144.5 g of 98% cal ci um oxi de
wer e added. Wth a wat er bath, the solUtion was heated and evapor at ed
to dryness, yielding 529 g of white solids. The .solids were

pl.aced in a rotary Kkiln haV|ng an 35 internal volunme of 3 liters. The
kiln was slow yitdt &hedwash lpgui@dused abe ivash fdle mregdpitate.of The0[err] C

and mai ntai ned 1jquidl wald® aigBEEA! £6 Spii OF . B M%W'&a@xs@ﬁ""k—ﬂﬂaw r. After

the kiln was. cooled the contents. were taken out, obtai hing 460 g of a
fired product. solution. gfopshgeliuid wag 39989 Gretldy g PﬁeSPgPBB pr oduct
was i denti fS\ﬂ(le@ bgdZateX{56Eidf . hyﬂiéMM@ﬁﬁtd tvﬁsafhéa&@dl (1) 85°@,U£ﬁ@t e.

(@N

By chem cal al.ysis,. it _was determ ned t Xture cons ng of
253°g of hylr oRaREE EornanaohoE (pf the deifbckacrel o2 pReEpTkake (D §

A 400-g porti orsedftlieds fEtedaprndmcvedwhyv@akﬁnatmmmd b@taanuhgnedoaﬁghoﬂoo
g of water. V%§@u$&hﬁ%‘§§udgge m xture was heated to 50[err]C. After 2
hours of stirring, spensi on was £¥ssed through a filter. The

i nsol ubl e (hydrc'r"igﬂa;#a#ﬂféfeoﬁeﬁ%twgt omfhife S ifdet fFreatment was

portions of 20@upjelctwabestap 20ardrs&. £dien fod tm@tmpwaa 15 conbined wth
t he wash I UId mhlc proceeded to, st The i nsaql ubl e

e
(hydroxyap |te) on 1% hydrogyapatite E@?ﬁt?ﬁﬁOWﬁE§%HFQMqﬂ+n§@OngBm Rat er
at 50[err] C ohiidkelln@l%R0ugh theolﬁydf@:ng&tmeqmebov%&ed in EXBmpiasol uble
(hydr oxyapatit on the filter £08s £ f%% at 200[err]C, recovering 218 g
of a powder (h 5#? efon ent o omder X-ray diffractonetry,

t he powder shomed a diffraction pattern typical of hydroxyapatite. By
chemi cal Example 3 _
15 The same homogeneous electroless plating solution as

used in Example 1, 1.0 liter, was accurately weighed and
subjeét to the same step 1 as in Example 1. The filtrate .
resulting from this nickel removal step was combined with
the wash liquid. To the solution, 45.0 g of 97% sulfuric
20 acid, 151.0 g of 99.5% calcium carbonate and 79.0 g of 96%
calcium hydroxide were added. With a water bath, the
solution was heated and evaporated to dryness, yielding 545
g of white solids.
The solids were placed in a rotary and fired as in
25 step 3 of Example 1, obtaining 462 g of a fired product.

' Ey-analysis, the fired product was determined to be a
mixture consisting of 253 g of hydroxyapatite and 209 g of
sodium sulfate.

A 400-g portion of the fired product was weighed and
30 combined with 520 g of the wash liquid obtained in step 3
of Example 1 and 380 g of water. Drying at 800°C yielded
217 g of hydroxyapatite powder. The combined liquid of the
filtrate and the wash liquid which contained sodium sulfate
in a high concentration was'worked up as in Step 4 of
35 Example 1, recovering 176 g of sodium sulfate powder.
By powder X-ray diffractometry and chemical analysis,
they were determined to be tricalcium phosphate of
sufficient quality to use as feed and fertilizer and sodium



analysis, it was determned to be trical cium phosphate of 25 sufficient

quality to.use as feed and fertilizer. Step 4 The
corfbined liquid of the filtrate and the wash ~l'iquid which contained
sodiumsul fate in a high" concentratiorrldas concentrated on a water bath
and 30 evaporated to dryness, recovering 169 g of a powder. By
powder X-ray .diffractonetr t he powder S identified to _be_anhydrous
sodiumsulfate.suéffa e cﬁ%fflCl ﬁ%l?@?%#ﬁattQMﬂfeﬂéﬁbFﬁiﬁ@gufgrﬁgisodium
sul fat e of resigeinti, emesgaativglyo use as an industrial reagent. 35
Exanpl e 2 At the end of step 1 of Exanple 1, the filtrate from

whi ch the nickel precipitate had been renoved was conbi ned

-12- wi t Exaimpleadh |iquid used to wash the precipitate. The. .

| i quid was adj usted. },0 pH 8. it he23% t4 | uti on. t he
liquid was added O. &8 e@B\é\Af*uﬁf" Ex%fﬁﬁ?-‘?i%ZW%S&?%Ree“(e?Sﬁ&&)e%tTﬁ@gﬁ qui d
was heated to 8Ffecifil€rand rBsultingdffem thee mimkelatremoyaillespepatvase. A
precipitate e r i |t j obt ai ghng 0.08 g of
D eul Tl o o1 adat¥eeesto %hﬁ%a‘?iﬁ?%?ge‘%s% tlul{nﬁa?@’r%et 2 TR0 O
treatnent was hydroxiyjapatite thep reeeeLed feantpigrededa@pmeof. nigkel.  The
hydr oxyapatite thus recovered contai ned 2 ppm of ni ckel al t hough the
hydr oxyapatite recovered in Exanple 1 has a ni ckel content of 100 ppm
Exanple 3 15 The sane honpbgeneous el ectrol ess plating solution as
used in Exanple 1, 1.0 liter, was accurately wei ghed and subject to the
sane step 1l as in Exanple 1. The filtrate resulting fromthis nicke
renoval step was conbined with the wash liquid. To the solution, 45.0 g
of 97% sul furic .



20 acid, 151.0-g of 99.5% cal cium carbonate and 79.0 g of 96% cal ci um
hydr oxi,de were added. Wth a water bath, the - sol'uti on was heated and
evaporated to dryness, yielding 545 g of white solids. . The
solids were placed in a rotary and fired asl4n 25 step 3 of Exanple 1
obtaining 462 g of a fired product. By analysis, the fired product was

determ ned to be a m xture consisting of 253 g of hy H"
209 g of sddiiiiSsul f at e. A 400-g portion of ﬁlmmmmlm ﬂﬂﬂlt
was wei ghed and 30 conbined with 520 g of the wash |iquill obtdindd n Step

3 of Exanple 1 and 380 g of water. Drying_at 800[err]C yiel ded 217
g of hydroxyapatite de‘bﬁfg’f"dgﬁ?é EERBVRE4NY| Kol talte tsibstandes dfrgmeaand t he

wash |iquid vWﬂsﬂenﬂndlddmmaléedinmbfdlfpléting éqldt%?;g&o%QgﬁﬁﬂggahiOnlrﬁf

wor ked up ag in_ st 4.0f .35 .Exanmple,l, recoverin odium sul fate

powder . 5 Wé%%?%ﬁ%k&&'eX9}§§egP??}éCt?ﬁmﬂ¥%ﬁ Wﬁ?ﬁﬁiﬁi biﬁ&ﬂ?éié? a

t hey were ?etgmmmmd@xdmgFggEntcﬁbrithgphbeké&usalﬁ, a hypoiphospafitequal ity

to use as fee A um, s . .

- 13- sul f aq e céh elg%f T]'Jleislﬁfelﬁ? Hgug&l%yg%%d%%%o%sgfar}:qen&’tygpppgﬁphlt?eagent ,

respectively. and apeapsitentisl amounfthef prmwoxlkald afetBdanphne Sawds

repeat ed exceptydiialg sy t e lt¢gng fromthe nickel renpval step
n%o su fcio(T?Qgsah Lt S£§ll§% g

was subj ect de treafnment as a@PIe.Z. The hydr oxyapatite
thus recovéfed cont AKERD OFFA6F 2RildkEP. the plating solution for causing

-a nickel ion in the plating solution to precipitate as

nickel oxalate for removal and recovery,
adding a mineral acid and a calcium compound selected
from the group consisting of calcium oxide, calcium
15 hydroxide, calcium carbonate, calcium sulfate, calcium
chloride, and a calcium salt of an organic acid to the
plating solution from which the nickel ion has been
removed,' '
firing solids of the plating solution in air for
20 converting the alkali metal ion into an alkali metal salt
of the mineral acid, converting the phosphorus value of the
hypophosphite and phosphite into hydroxyapatite, and
removing the organic material through pyrolysis, and
pouring a solid mixture of the alkali metal salt of
25 mineral acid and the hydroxyapatite into water for
dissolving the alkali metal salt of mineral acid in water
for separately recovering the hydroxyapatite and the alkali
metal salt of mineral acid.

30 2. The recovery method of claim 1, further comprising the
step of adding a sulfide to the plating solution from which
the nickel ion has been removed for causing a heavy metal
ion in the plating solution to precipitate as a heavy metal
sulfide for removal, said step is followed by the step of

35 adding a mineral acid and a calcium compound.

3. A method for recovering valuable substances from a
solution containing a hypophosphite or phosphite or both,
. comprising the steps of



T
-14- CLAI Ms: 1. A method for recovering val uapke. tances
froma, .spent el ectrol ess nickel plating solution cont anmtipﬂm&w”w‘mul
wat er - sol ubl e nickel salt, an organic material blended as a+ ¢ '
agent for the nickel salt, a hypophosphite,ig. phosphite resulting from
oxi dation of the hypophosphite, and a substantial anount of an alkali
netal ion, said nmet hod conprising the steps of 10 © adding oxalic

acid to the plating sddihgoa &alcianSédfpound -seldicted firem ithet heopating

solution to precipitate. _as ickel oxalate . far r val .gnd recoyery,
addi ng a niner a%oﬁgilgltéﬂg gfcﬁ?g(ﬁﬂﬂ‘ c‘?iﬁp%md’aéé’llé‘& Z‘g?‘r‘ma?on?? YR oup
consi sting of cehcrbomabe) dealchimisid flfte hydladute chtalkddam ead banedoium
calciumsul fate | qieU ri LGl salt of an organic
acid to the -SSﬁ'gt ?%gg.}slo?ﬁ?i&&ojﬁgfér%fnq vﬁ]%ﬁ% %@l%ilt.g%}ell’. ion has been
removed, 5 fi EiRaNGoPPY3dsfof Hehg|sRlWid ogolim ad® on akygenr£op
converting the abh&éktmgathéqudg}mmiaﬂadd bapbh$&bkt into Of the

m neral acid, cgnuwertin {:he phoscg orus value of the hypophosphi t e and
phosphite into ﬁ¥§F8§¥3§3 1o K removi ng the organic material

t hrough pyrol ysis, amdcovering theurydmpxyapatiteni xture of the al kali netal
salt of 25 mineral acid and the hydroxyapatite into water for

dissolving the alkali metal salt of mneral acid in water for

separ at el y ¥®cogeri nghenseaguenx yapthed ofhmlaige Jamberein theesbarsihg of

mneral acid. g3QutRon idNEréLCONEY méml;yh%_tgfl gbgim 1, further conprising

t he step of adding a sulfide to the plating solution from which - the
ni ckel ion has been renoved for causing a heavy netal ion in the
plating solution to precipitate as a heavy netal sul fide for renoval

said step is followed by the step of 35 adding a mneral acid and a
cal ci um conpound. o



3. A nethod for recovering val uabl e substances from a sol ution

contalm ng a hypophosphite or phosphlte or both, conprising the steps
of . , -15- . addi ng a cal-ci um
conmpound sel ected fromthe group consi-std-ng of cal ci um oxi de, cal cium
hydr oxi de, cal ci um carbonate, calciumsulfate, calciumchloride, and a
cal ci um salt of an Orgiﬁbﬁviﬁ do%oVkE%Aggbu @8 firing solids
of the solution in air oxygeﬁ—?or————~00ﬁver§rﬁg—@#§Lﬁypophosph|te and
phosphite into hydroxyapatlte and recovering the

hydr oxyapatite. 10 4. The recoveryg%gF%“éLbf claim 3 wherein the

starting solution is free of a heavy netal ion.
Valuable substances are recovered from a spent

5 electroless nickel plating solution containing a water-
soluble nickel salt, organic complexing agent,
hypophosphite, phosphite, and alkali metal ion by adding
oxalic acid to the plating solution for causing a nickel
ion to precipitate as nickel oxalate for removal and

10 recovery; optionally adding a sulfide to the plating
solution for causing a heavy metal ion to precipitate as a
heavy metal sulfide for removal; adding a mineral acid and
calcium oxide, calcium hydroxide, calcium carbonate,
calcium sulfate, calcium chloride or a calcium salt of

15 organic acid to the plating solution from which the nickel
ion has been removed; firing solids of the solution in air
for converting the alkali metal ion into an alkali metal
salt of mineral acid, converting phosphorus into
hydroxyapatite, and pyrolyzing off the organic material;

20 and pouring a solid mixture of the alkali metal salt of
mineral acid and hydroxyapatite into water for dissolving
the alkali metal salt of mineral acid in water for separate
recovery of hydroxyapatite and the alkali metal salt of
mineral acid.



