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1 Intreduction

An annealing and pickling line (APL) for hot strip
was constructed and commissioned in October 1982" at
Chiba Works as part of the streamlining program of the
stainless steel manufacturing process. In constructing
this APL, Kawasaki Steel gave high priority to environ-
mental protection. Sludge generation and nitrogen
discharge into public waters were reduced to a much
greater extent than with the conventional neutralization
treatment process through the introduction of a solvent
extraction technique—a new (reatment process for
nitric-hydrofluoric acid waste liquor.

* Originally published in Kawasaki Sieel Giho, 17(1985)3,
pp- 331-339
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Synopsis:

A new recovery process was developed for nitric-hydro-
Suoric acid waste liquor from the stainless steel annealing
and pickling line (APL) at Chiba Works. Although the con-
ventional neutralization treatment has drawbacks of gen-
erating a large amount of sludge and discharging nitrogen
into public waters, the new process has advantages of over-
coming these drawbacks and recovering acid and iron con-
tents as well. The process principally consists of (1) the iron
separation stage, (2) iron oxide formation stage, {3) nitric-
hydrofluoric acid recovery stage and (4) ferrite formation
stage. This process is realized in the recovery plant on an
industrial scale of 24 m’iday. The plant is composed of
mixer-settlers, crystallizers, rotary kilus, pulse columns
and others.

The plant is in full operation with iron extraction per-
centage of 95% or more and recovery percentages of 95% or
movre for nitric acid and 70% or more for hydrofluoric acid.

In the general method of pickling stainless steels in
APL’s, sulfuric actd is first used, followed by a mixed
nitric-hydrofluoric acid. The pickling capacity decreases
gradually as the amount of stecl pickled increases,
because free acids in the pickling liquor decrease and the
concentration of dissolved metals increases. To ensure
stable production, it is desirable to maintain constant
concentration and composition of the pickling solution.
The APL at Chiba Works is equipped with a pickling
liquor circulation system, and the concentration and
composition of the pickling solution are controlled by
adding or discharging proper amounts of acids as
required.

In treating the discharged suifuric acid waste liquor,
discharged metallic constituents (iron, chromium and
nickel) are recovered as a composite oxide by the ferrite
formation method applied to a concentrated ferrous salt
solution, a newly introduced technique, and gypsum is
obtained from sulfate.

in treating the nitric-hydrofluoric acid waste liquor,
nitric-hydrofluoric acid and iron oxide are recovered by
the solvent extraction method, This method will be the



main theme of this paper. The raffinate after the recov-
ery, containing chromium and nickel, is conducted to
the above-mentioned ferrite formation stage where
these metals are converted into a composite oxide.

As mentioned above, Kawasaki Steel successtully
undertook the development of a new waste acid treat-
ment technique characterized by high-efficiency nitric-
hydrofluoric acid recovery by iron extraction. This
epoch-making industrial process, as described below, is
called the Kawasaki Steel Process.”

2 History of Introduction of Selvent Extraction
Technique

Nitric-hydrofluoric acid waste liquor has conven-
tionally been treated by the lime neutralization method.
However, the generation of a large amount of sludge
and discharge of large amounts of nitrogen posed prob-
lems, and the development of techniques for recovering
acids and metals from the waste liquor were desired.

For this reason, recovery fechniques such as the
evaporation method and ion exchange method have
been examined. However, none of these methods has
reached the stage of practical applicability. Studies were
also made of the solvent extraction method, as embod-
ied in “AX Process” in Europe*Y,

In Japan, a technique for recovering nitric acid and
hydrofluoric acid by the solvent extraction method was
for the first time put to commercial use at Nisshin Steel
Co., Ltd.¥ Kawasaki Steel, to further develop this
“Nisshin Process” while making the most of its advan-
tages, gave attention to the principleﬁmg) of high-effici-
ency hydrofluoric acid recovery by incorporaling an
iron separation stage upstream in the Nisshin Process.
Kawasaki Steel then decided on the introduction of a
process based on this principle.

Incidentally, the development of this process was car-
ried out as a subject for development entrusted to Kawa-
saki Steel by the Research Development Corporation of
Japan under the designation “Recovery technique for
steel pickling waste liquor by iron extraction.”

3 Acid Recovery Technique by Solvent Extraction
Method

3.1 Outline of Solvent Extraction Method'”

The solvent extraction method is a separation tech-
nique utilizing the distribution of substances between
two immiscible liquid phases (in general, the aqueous
phase and the organic phase). This method consists of
the following three steps:

(1) Extraction—transferring the object constituent from
the aqueous phase to the organic phase by action of
an extractant,

(2} Scrubbing—scrubbing impurities co-extracted or
carried into the organic phase and removing them
into the aqueous phase,

(3) Back-extraction or stripping—transferring the
object constituent from the organic phase to the
agueous phase.

The solvent extraction method, which has been
developed since the 19th century as a technique in the
field of analytical chemistry, is widely used today. Espe-
cially in the field of hydrometaliurgy, this method has
become indispensable to the processes of extraction,
separation, enrichment, and recovery of metals ranging
from common to rare metals. In the steel industry as
well, the solvent extraction method has been adopted
mainly for the recovery treatment of steel pickling waste
liquor, as will be described later.

An organic solvent is principally composed of an
extractant and a diluent. Among various types of ex-
tractants, those used in the Kawasaki Steel process are
di-2-ethylhexyl phosphoric acid {D2EHPA), classified
among the alkyl phosphoric acids, and tributyl phos-
phate (TBP), classified among the phosphoric acid
esters.

3.2 Utilization of Solvent Extraction Method in Steel
Industry

Techniques used in the steel industry for steel pick-
ling waste liquor recovery by the solvent extraction
method are given in Table 1. The first application of this
method in the steel industry was the Republic Steel
process'” in 1962. However, there have been no reports
that this process was used commercially. The first full-
scale application of the solvent extraction method was
the AX process {(Sweden) in 1973. In Japan, Nisshin
Steel Co., Ltd. completed the Nisshin process int 1978 by
improving the AX process.

AX process and Nisshin process have the following
common advantages;

(1) The nitric acid recovery percentage is high and the
amount of introgen discharged is small.

(2) The recovered acids do not contain metals.

(3) Energy consumption is low.

The AX process involved the problem of siudge
increase caused by gypsum generation resulting from
the addition of suifuric acid to convert metal nitrates and
fluorides into HNQ, and HF. In the Nisshin process,
however, this problem is solved by using hydrochloric
acid instead of sulfuric acid. Furthermore, the Nisshin
process has the following features:

(1) Nitric acid and nitric-hydrofluoric acid are fraction-
ally recovered by utilizing the different extraction
distribution ratios between HNO; and HF relative
to tributyl phosphate.

(2) The sludge formed contains Fe, Cr, and Ni and can
be reused as a raw material for steelmaking.
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Table 1 Application of solvent extraction in steel industry

Republic Steel Process {

AX Process

l
1

Nisshin Process

t
i

Kawasaki Steel Process

Beginning 1962 October 1973 Aﬁ:il 1976 September 1981
Stora K Nisshin Steel Kawasaki Steel,
Location [Republic Steel (U.S.A.)] ) tora Kopparberg, Nisshin Steel, : wasaki Stee
Siderfors Works (Sweden) Shunan Works (Japan) Chiba Works (Japan)
A: Fe3* extraction
Oxidation of Fef+ . —Fe** stripping by
—Fe* complexing with Addition of H:SO, Addition of HCl NHHF} solution
- - Extraction of free HNO: Heating of
—Extraction of free HNO; | 3 —+Heatingot
Process —Extraction of Fe?* com- and HF and HF {NHJ)aFeFy in air
plex —»Stripping by water *Strtippmg by HNO; or | B: Addition of HCI
— Stripping by NH, water —Acid extraction
— Acid stripping by water
A: 30’%.D2EHP.";;:m
H 70%n-
Solvent 259 TBP+75%Kerosene | 75%TBP+25%Kerosene | 120 LBE-+25% Aromatic +70%n-para

hydrocarbons

B: 709 TBP+30%n-

paraffin

Recovered materials

HNOQO;-HF and HNOg

HNO]‘HF and FezO.
HNO,: 95% or more

and HzSO,( and Fe;O¢ HNOa-HF HNOsl 94%.
HF: 709% or more
TECovery percentages HF: 16%
Fe: 959% or more
Sludge generation™® — | 100 79 11

* Percentage to sludge generation by neutralization process of the same treatment capacity

Incidentally, since Fe’* in the waste acid forms com-
plex ions with F~, it was expected that the HF recovery
rate can be further improved if these complex ions are
decomposed.

3.3 Acid Recovery Technique by Iron Extraction
{Kawasaki Steel Process)

The flow sheet of the Kawasaki Steel process is shown
in Fig. 1. The principal stages of this process are iron
separation, iron oxide formation, nitric-hydrofluoric
acid recovery, and ferrite formation.

3.3.1 Iron separation stage

Fe** in the nitric-hydrofluoric acid waste liguor
{mainly in the ionic forms FeF; and FeF*") is extracted
in the Fe extraction step through ion exchange reactions
with solvent A (30% D2EHPA + 70% n-paraffin). The
extractant D2EHPA (HR in the following equations)
selectively extracts only Fe’* in the strongly acidic
region. Examples of reaction formulas are given as
follows:

FeF; + 3HR — FeR; + H™ + 2HF
FeF} + HR — FeF,R + H*

(1)

where the overbars denote species in the organic phase.
Fe'* extracted in the organic phase reacts with a fluo-
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ride series stripping solution (NH,HF, agucous solu-
tion) in the Fe stripping step. As a result, this Fe** is
stripped as a ferric ammonium fluoride complex
(NH,),FeF; in the aqueous phase and precipitates as
crystals {see Photo 1).

FeR, + 3NH,HF, — 3HR + (NH,),FeF,
FeF,R + INH,HF, — HR + (NH,),FeF, + 2HF

HR + NH,HF, — NH,R + 2HF

Part of the extractant after Fe stripping takes an
ammonium form (NH,R) due to such reactions as given
by formula (5). As a result, solvent A is converted into a
hydrogen form (HR) due to contact with the aqueous
phase containing hydrochloric acid. The solvent is then
is reused for Fe extraction.

3.3.2 Iron oxide formation stage

The ferric complex crystal becomes an iron oxide
{a-Fe,05) by heating and decomposition in the air or in
a gas containing steam.

{NH,);FeF; + %Oz

— . 3NH,F + %Fl + %FeZO] """ (©)
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Fig. 1 Flow sheet of Kawasaki Steel Process

tions of the pickling solution, part of the waste acid (Fe-
free acid) after Fe extraction is conducted to the nitric-
hydrofluoric acid recovery stage, and the remaining part
is reused as recovered Fefree acid in the APL.

3.3.3 Nitric-hydrofluoric acid recovery stage

By adding HCl, the metal nitrates in the Fe-free
acid are converted into chlorides, and HNO; is set free.

Cr(NQ,); + 3HCl— CrCly + 3JHNO; --(8)
Ni(NOy), + 2HCl— NiCl, + 2HNO; - -(9)

Next, nitric-hydrofluoric acid is extracted using
solvent B (70% TBP + 30% n-paraflin).

HNO, + TBP = [INO, TBP . .------- (10)

Photo 1 Scanning electron microscope image of HF + TBP = HF-TBP ......-----o e (11)
{NH,),FeF, crystal

The nitric-hydrofluoric acid extracted into the organic

phase is stripped by water and reused as recovered

mixed acid in the APL.

3.3.4 Ferrite formation stage

1 . .
— 3NH,F + 3HF + ?Fe203 """ N Since the raffinate after nitric-hydrofluoric acid
extraction contains chlorides of Cr, Ni, etc., it is con-
To prevent an increase in the Cr and Ni concentra- veyed to the waste water treatment equipment after

(NH,),FeF, + %Hzo
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these chlorides are neutralized and separaied. The metal
hydroxide slurry obtained is mixed with the sulfuric acid
waste liquor and is then subjected to ferrite formation
treatment, as a result of which it becomes a composite
metal oxide and can be reused. Examples of reaction for-
mulas are shown below:

(3 — x — y)Fe’" + xCr'* + yNi&* + (6 + x)OH™
—— Ni,Fe;__Cr(OH)g,, ~rrrvrrrreeen (12)
H2504 + 2NaOH — N3.2504 + 2H20 """"" (13)

Ni,Fe,_,_,Cr(OH)q,, + (; - j) 0,

— Ni,Fe; , ,Cr, O, + (3 + %) HO -~ --- (14)

where 0 <x<2 0<y< 1.

Since the filtrate after the reaction contains SO%,
Ca(l, is added to cause gypsum to form, The filtrate
after gypsum separation is conveyed to the waste water
treatment equipment.

NaZSO4 + Cacl; + 2H20
— Ca80,-2H,0 + 2NaCl ------ - -. (15)

4 Development of the Kawasaki Steel Process

4.1 Progress of Development

The proeress of development of the Kawasaki Steel
process is shown in Fig. 2. Fundamental experiments
were started in September 1981 following the decision to
introduce a solvent extraction technique. The recovery
plant was designed based on the results of the experi-
ments and information on the solvent extraction
method obtained from enterprises where the method
was already in use. The plant was completed in Septem-
ber 1982 (see Phato 2).

The plant was started up in Qctober 1982, and equip-
ment and process problems were examined during oper-
ation. The iron separation stage (especially the Fe strip-
ping step} and the iron oxide formation stage posed

Photo 2 General view of acid recovery plant

major problems in the course of development. However,
these problems were solved by modifving equipment,
improving the process, and establishing operating tech-
niques. As a consequence, this recovery plant has since
been operating smoothly according to specifications.

4.2 Fundamenial Examination of Process
4.2.1 Fe extraction step

(1) Composition of Solvent A and Fe Extraction
Equilibria
As a result of analysis, 1t was found that solvent
A contains mono-2-ethylhexyl phosphoric acid
(MZ2EHPA) in an amount corresponding to about
1/6 the molar concentration of D2EHPA.
Figure 3 shows Fe extraction equilibrium curves for
an Fe’*-containing nitric-hydrofluoric acid aqueous
solution with different HF concentrations and
solvent A(30% D2EHPA + 70% n-paraffin). This
figure shows also the equilibrium curve (indicated
by broken line M) for a solvent containing D2EHPA
and M2EHPA of almost equal molarity as ex-
tractants. The Fe extraction percentage increases
markedly when M2EHPA is added.'” However,
problems occur during solvent scrubbing, as will be
described later.

Year 1981 1982 1983 1984
(1) Fundamental investigation S ——
(2} Plant construction — .
(3) Plant operation P
(a) Test run -
(b} Modification and improvement 5
{c) Overall plant operation #

Fig. 2 Progress in development of Kawasaki Steel Process
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Furthermore, it was found that the F/Fe molar ratio
in the solvent after extraction is about 1.0 for a waste
acid of the standard composition shown in Sec. 4.3,
and in consequence, the upper limit of the HF
recovery percentage is about 75%.

Continuous  Experiments Using Extraction
Apparatus

A continuous experiment in the iron seperation
stage was conducted three times using the equip-
ment of Solex Research Corporation of Japan. The
waste acid treatment capacity of this equipment is
about 1 to 3 i/h; its Fe extraction portion comprises
a counter-current three-stage mixer-settler. The
experimental conditions and results are shown in
Table 2. The Fe concentration of the recovered Fe-
free acid is efficiently reduced as the residence time
of two liquid phases in the mixer portion increases.
Solvent Scrubbing After Fe Extraction

To remove nitric-hydrofluoric acid solution includ-
ed as liquid drops containing Cr and Ni, it is neces-
sary to scrub solvent A containing extracted Fe’*.
However, the fact that solvent A may become highly
viscous or solidify if scrubbed with water is a prob-

the level of M2EHPA in the extractant increases.
This phenomenon was avoided by scrubbing sol-
vent A with aqueous solutions of about 10 to 100 g//
HNO,, HF, HNO, + Hf, NH,HF,, etc."”

4.2.2 Fe stripping step

{1} Solubility Curves of Ferric Complex

The Fe’* stripping reaction given in Formulas (3)
and (4) causes (NH,),FeF; crystals to precipitate. At
the same time, the NH,HF, concentration of the
stripping solution decreases and the HF concentra-
tion increases. As this change in the concentration
and composition of the stripping solution was found
to have a remarkable effect on the solubility of
(NH,),FeF;, as shown in Fig. 4, it was decided to
examine optimum concentration and composition
conditions of the stripping solution using actual
equipment.

(2) Deterioration of Organic Solvent by Fe Stripping

To promote the Fe’* stripping reaction and ensure
the growth of the ferric complex crystal, solvent A is
warmed by mixing it with a heated stripping solu-
tion, However, if the solvent temperature exceeds
40°C, the Fe extraction percentage will decrease
sharply when the solvent is next used in Fe extrac-
tion™*.

4.2.3 Iron oxide formation stage

(1) Thermal Decomposition of Crystal

The results of thermal analysis of (NH,),FeF; are
shown in Fig. 5. From the TGA (thermo-gravime-
tric analysis) and DTA (differential thermal analy-
sis) curves, it is apparent that iron oxide formation as
expressed in Formula (6) takes place in two steps,
through the following reactions:

(NH,);FeF; — FeF; + 3NH/F - - --(16)

3

3 1
FeF, + —0,— —F, + —Fe,0, - -(17
el G 2 2 2323 (17

Both are endothermic reactions and the entire reac-
tion is completed at about 506°C.

lem. This tendency becomes especially serious as

Table 2 Continuous experiments in iron separation stage

(2) Reduction of P and F in Iron Oxide

Composition of

Composition of

No. Date waste acid (g/l) |Fe-free acid (gfl) Flowrmate (fh) | o» oA
Fedt HF Feit HF [(Waste acid| Solvent A Ssgfggﬁ,g (min) Esxtraction| Stripping
Run1 | October 14 & 15, 1981 36.04 1 30.0 1.65 — 30 5.6 22 7.4 1.9 1/3.92
Run 2 | November 5 & 6, 1951 38.6 3.2 0.44 221 l.é 2.5 ] = 17.2 2.1 —
Run 3 | December 2-4, 1981 | 27.98 | 40.05 ‘ 1.11 ‘ 29.48 ! 2.0 ;17.56 15.5 9.64 | 2.:‘22 1,’3.4£
* Residence time in one-stage mixer part ** Flow ratio of organic phase to aqueous phase
77
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0 Content of element (%) Purity as
/ )] Sample Fe:0s
(d) 150 g/1 NH,HF> 20 Fe Cr Ni P F (%)
5F 10+ Samplel {70.0| — — 0.03] 0.18| 99.6
0
Sample 2 70.0 | 0.020 | <0.001 | <0.01 | <0.02 | 99.9
0 1 1 1 H
.0 20 40 60
Temperature("C) 99.9% was achieved.
Fig. 4 Solubility curves of (NH,};FeF, for NH,HF,-
HF solution 4.3 Recovery Plant
4.3.1 Waste acid composition and design
specifications

P, originating in the solvent A extractant and adher-
ing to the crystal, and F, originating in undecom- In designing the recovery plant, it was necessary to
posed FeF,, became problems as impurities in the  take the following points into consideration:

formed iron oxide. It was possible to remove P by (1) Variations in the amount and the concentration and

washing'” crystals with n-paraffin before heating. composition of the waste acid according to the steel
Although the amount of F was reduced by raising grade pickled
the heating temperature to above 650°C, more prac- (2 Effects of such factors as the concentration and
tical heating conditions were examined using an composition of waste acid, flow ratio of the organic
actual kiln. phase to the aqueous phase (O/A), residence time of
(3) Purity of Iron Oxide two liquid phases, and number of exiraction stages
Examples of analysis of the formed iron oxide are on the Fe extraction percentage and HNO, and HF
shown in Table 3. In sample 2, an Fe,O, purity of recovery percentages
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Table 4 Plant specification

(a) Standard composition of {b) Specifications

waste acid
_Eonstituent Concentration {g/1) Stage Waste liquor | Treatment capacity | Extraction or recovery percentage
HNO; 180-200 1.0 mh

Acid Iron separation Waste acid 3 Fe extraction: 95% or more -
HF 40-45 (24 m?/day)
Fe 28-30 (max. 35) Nitric-hydroflueric Fe-free acid 0.3m%h HNO; recovery:  95% or more

Metal Cr 1015 acid recovery (7.2 m¥day) HF recovery: 70% or more
Ni 5-10

(3) Deposition of FeF; crystals due to increases in the
concentrations of Fe** and HF
(4) Stationary values of Cr and Ni concentrations dur-
ing the reuse of the recovered Fe-free acid in the
pickling process of the APL
As aresult of an examination of the above-mentioned
points, the standard composition of the waste acid sup-
plied to the recovery plant and the design specifications
of the plant were determined as shown in Table 4.

4.3.2 Outline of the plant

The iron separation stage consists of mixer-settlers
for Fe extraction and scrubbing (steps 1 and 2), crystal-
lizers for Fe stripping, and heat exchangers for warming

Phote 3 Fe extraction and scrubbing mixer-settlers

and crystallizer viewed from above

No. 14 March 1986

and/or cooling the waste acid, stripping solution, and
solvent A. A top view of the principal equipment of
the plant is shown in Photo 3. The Fe extraction mixer-
settler is of a counter-current, four-stage box type.

The iron oxide formation stage consists of drying and
decomposition kilns, and fluorine series decomposition
gas absorption columns.

The nitric-hydrofluoric acid recovery stage is com-
posed of pulse colurmns for acid extraction and stripping.

4.4 Development of Stages
4.4.1 Iron separation siage

(1) Operation in Fe Extraction Step
An examination was made of the treatment capacity
of the Fe extraction apparatus for waste acid of
standard composition. Figure 6 shows Fe extraction
data obtained with a fixed O/A ratio of 2.0 and
amounts of treated waste acid varying between 0.5
and 1.3 m*/h. Figure 7 shows Fe extraction data
with the amount of treated waste acid fixed at
1.0 m’/h and O/A varied between 1.5 and 2.0.
It was found from these results that Fe extraction
percentages of 95% or more can be achieved even
with waste acid treatment rates of up to 1.3 m*/h if
Q/A is held between 1.8 and 2.0.

(2) Modification of Fe Stripping Apparatus
When Fe stripping was carried out using the con-
ventional apparatus shown in Fig. 8(a), various phe-
nomena occurred to impede the continuous opera-
tion of the apparatus, for example, adhesion of
deposited crystals on the inner wall surface, accu-
mulation and agglomeration of deposited crystals in
the lower section of the apparatus, and inclusion of
solvent A into the crystal slurry.
To solve the above-mentioned problems, the appara-
tus was modified,'®'” especially in the following
three areas:
(a) Installation of a stripping solution forced cir-

culation zonge

{b) Shortening of the downpipe
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Fig. 6 Fe extraction curves for varied treating rate
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(O/A =2.0)(O: Stage number of mixer-settler)

{c} Change of the position of the outlet for cooled
stripping solution

These modifications virtually eliminated the above-

mentioned problems.

Determination of Fe Stripping Conditions

Based on the results of fundamental studies, Fe

stripping conditions,'®'? aimed at preventing the

undesirable deposition of crystals in the crystallizer

and neighboring piping and equipment, preventing

the deterioration of solvent A, and maintaining

constant crystallization conditions unaffected by air

temperature, were determined as follows:

{a) Optimum Conditions for Concentration and
Composition of Stripping Solution
The concentration of the stripping solution sup-
plied to the crystallizer is controlled so that the
NH, HF,concentration of the stripping solution
discharged from the apparatus is 85 g// or more,
while the HF concentration is 10 g// or less.

=

2

3

".E

T

g

3

T @

2

R @

L @

I

] 0 ] t |
c)O/A=210

1 1 1
0 10 20 30 40

Aqueous Fe?t concentration(g/l)

Fig. 7 Fe extraction curve {or varied O/A (Treating

rate 1.0 m*/h) (O: Stage number of mixer-
settler)

(b) Temperature Range of Stripping Solution and
solvent A
- Solvent A supplied to crystallizer: 20 to 25°C
. Mixed solvent A and stripping solution: 40°C
or below
- Stripping soiution in the cooling zone: 15 to
20°C
(c) Supply Points of Chemicals for Control of Con-
centration and composition of Stripping Solu-
tion
. NH,HF, solution: Lower section of crystal-
lizer
. Discharged stripping solution with absorbed
fluorine series crystal decomposition gas:
Mixing zone of crystallizer
. NH, gas: Receiving tank for crystal slurry dis-
charged from crystailizer
- Filtrate after crystal separation: Stripping
solution settling zone of crystallizer
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Fig. 8 Schematic view of Fe stripping crystallizer

4.4.2 Iron oxide formation stage

In the initial stage of development, the rate of ferric
complex crystal decomposition was low, and the Fe,0,
purity of the iron oxide formed was about 70 to §0%.
Therefore, experiments were conducted using a test
kiln, and partial modification of the decomposition kiln
and changes in heating conditions, such as raising the
temperature, were implemented.

As aresult, the purity of the iron oxide which formed
increased to 95 to 98%, as shown in Table 5. Further-
more, because the amount of crystal decomposition
increased, a greater amount of fluorine series decompo-
sition product came to be absorbed in the stripping solu-
tion and reused, and thus the operation of the Fe strip-
ping step became stable.

Table 5 Chemical composition of iron oxide manu-

factured

Content of element (%) Purity as
Sample . R Fe:0s
Fe | Cr | Ni | P | F (%)
Test kiln sample | 68.9 | 0.034 | 0.019 | 0.02 | 2.46 95.1
Product 1 67.1 | 0.04 {0.01 — | 2.47 95.1
Produet 2 68.3|0.04 {0.02 - [ 1.42 97.2
Product 3 68.2 | 0.05 |0.01 — [ 0.91 98.2

No. 14 March 1986

4.4.3 Nitric-hydrofluoric acid recovery stage

The recovery plant has been in continuous opera-
tion since January 1984. During this period, the per-
formance of the nitric-hydrofluoric acid recovery equip-
ment has also been confirmed. As shown in Table 6, the
design specifications of an HNO, recovery percentage of
95% or more and an HF recovery percentage of 70% or
more are being achieved.

Table 6 Recovery percentage of acids

Recovery
Treating - -
Stage rate Yield Recovery (%)
(/) (mofh)
HNO, HF
Iron separation 1.00 0.70 98.5 75.3
Nitric-hydrofluoric acid o
recovery 0.30 *_0_'_35 95.7 79.5
Total {1.00) 1.05 97.2 70.7

5 Conclusions

In the treatment of nitric-hyvdrofluoric acid waste
liquor, a new method of acid recovery to replace the
neutralization method has long been desired. The reali-
zation of this dream is now possible with utilization of
the solvent extraction method.

However, the fluorine ions in the nitric-hydroftuoric
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acid waste liquor cannot be extracted as an acid because
they combine with ferric ions to form complexes.
Therefore, the hydrofluoric acid recovery percentage
has been low. To improve this situation, a solvent extrac-
tion method for separating iron content was incorporat-
ed in this new process, making possible a striking im-
provement in the hydrofluoric acid recovery percentage.
Iron extraction percentages of 95% or more, nitric acid
recovery percentages of 95% or more, and hydrofluoric
acid recovery percentages of 70% or more are attained in
this new process.

As mentioned above, the seperation and recovery of
the iron content of waste acids in the new process is of
great significance. Furthermore, it is expected that the
practical application of this technigue will, in the future,
give impetus to the recovery of various metals by the sol-
vent extraction method. Moreover, it was also possible
to further develop the Kawasaki Steel process into an
overall recovery treatment technique for stainless steel
pickling waste liquor, by combining the above-men-
tioned solvent extraction technique with a ferrite forma-
tton treatment technique for sulfuric acid waste liquor.
This was especially important because it meant that a
new waste acid treatment technique involving effective
utilization of resources as well as environmental protec-
tion in stainless steel production in an APL was realized
in this process.

The authors would like to extend their sincere thanks
to the Research Development Corporation of Japan,
which made every effort to assist them in developing
this new process, Solex Research Corporation of Japan
which provided basic principle, Nisshin Steel Co., Ltd.,
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Permelec Electrode, Ltd., and Sanzo Engineering &
Construction Co., Ltd., which disclosed application
techniques, and all other persons who were related to or
participated in the development of this process.
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