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Synopsis :

A new recovery process was developed for nitric-hydrofluoric acid waste liquor from the
stainless steel annealing and picking line(APL) at Chiba Works. Although the
conventional neutralization treatment has drawbacks of generating a large amount of
sludge and discharging nitrogen into public waters, the new process has advantages of
overcoming these drawbacks and recovering acid and iron contents 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 24m3/day. The plant is composed
of mixer-settlers, crystallizers, rotary kilns, pulse columns and others. The plant is in
full operation with iron extraction percentage of 95% or more and recovery percentages

of 95% or more and 70% or more for nitric acid and hydrofluoric acid, respectively.
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A New Acid Recovery Process in Stainless Steel Annealing

and Pickling Line

Toshio Watanabe, Minoru Hashino, Kazuhiro Uchine, Yoshio Nakazato

EE

FTIERBTR O A 7 v v AREHEEERM (APL) h R
ETEHS -BREEONB DI, HFLVWEHE =20
PR X T o7

TS m e A, EROFNABECRSTCHLIERD A
T v PREPANKIEA~OERIPH A ETE AT
ed, BPHEYERTES LV-5FS % h -T2,
FAewAk (1) BETE, (2) MbakgTR, (3)
WH-oMEARTE, (4) 754 METBCHR IR,
FelBJLEHEE ST 24 m¥fday o MUREREW s —w b 5
— SR, =2 -2y, RBELESHBRED,
eraihiE 959% LIk, MG 95% LIk, & - EEFIT
E70% MEEHELCRMECERL T35,

LI = 07> ] p

AFVUIUAREES s e ARHEEO—TRE LT, SWTHEW O
MEEEERE (Annealing and pickling line-APL) 2\ T-ZERISEET B sl

2h, 1982410 A» 6BEiciiv - il

S0 APL OBt i, MEREELAEERS Ty

Synopsis:

A new recovery process was developed for nitric-hydrofluoric acid waste lig-
uor from the stainless steel annealing and pickling line (APL) at Chiba Works.
Although the conventional neutralization treatment has drawbacks of generating
a large amount of sludge and discharging nitrogen into public waters, the new
process has advantages of overcoming these drawbacks and recovering acid and
iron contents as well. The process principally consists of {1) the iron separa-
tion 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 m3/day. The plant is composed of mixer-set-
tlers, crystallizers, rotary kilns, pulse columns and others.

The plant is in full operation with iron extraction percentage of 93% or
more and recovery percentages of 95% or more and 70% or more for nitric acid
and hydroflucric acid, respectively.
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Table 1 Application of solvent extraction in steel industry
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Republic Steel process

AX process

Nisshin process 1 Kawasaki Steel process

October 1973

Beginning 1962 April 1976 September 1981
. . Stora Kopparberg, Nisshin Steel, Kawasaki Steel,
Locat Republic Steel (U.8.A. .
on [Republic Steel { )] Sderfors Works (Sweden) Shunan Works (Japan) Chiba Works (Japan)
A: TFedt extraction
Oxidation of Fe?* . —»Fedt stripping by
Fe* complexing with Addition of HaSO4 Acght:ont(-)f H(f:lf 4O EH.HFz sfolutlon
) SCN— —Extraction of free HINQ, | — _Xfachon of lree 3 —Heating of
Process —Extraction of Fe?* com- and HF and- HF (NH.)aFeFs in air
plex ~Stripping by water ')\S\:tlgfmg by HNO; or | B: Addition of HCI
—Stripping by NHa — Acid extraction
— Acid stripping by water
A BO%DBEHP?H
. 759 TBP +25% Aromaltic +70%n-parathn
Solvent 259% TBP+75% Kerosene 75% TBP + 259% Kerosene hyd?’ocarbons o B: 7094 TBP+30%x-
paraflin
HNOs-HF and FC‘203
Recovered materials HNO,-HF and HNO; HNO;: 95% or more
and HgSO{ and F8304 HNO@-HF HNOa: 94%, —
recavery percentages HF: 169 HE: 70% or more
+ 16% Fe: 95% or more
Sludge generation™ — ] 100 79 | 11

# Percentage to sludge generatian by neutralization process of the same treating capacity
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Fig. 1 Flow sheet of Kawasaki Steel process

Photo 1 Scanning electron microscope image of {NH.);FeF;
crystal
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Year 1981 1982 1983 1984
(1) Fundamental investigation L ——
(2) Plant construction ——— .
{3) Plant operation : i
(a) Test run -
() Modification and improvement i’
(c) Overall plant opera’tion ._“

Fig. 2 Progress in development of Kawasaki Steel process
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Photo 2 General view of acid recovery plant
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Table 2 Continuous experiments in iron separation stage
Composition of | Composition of - R
No. Date waste acid (gfl) |Fe-free acid (g/f) Flow rate (I/h) h | Ojaxe
Fe*t ‘ HF Fett J HF |Waste acid‘ Solvent A igffg:;g (min) Extraction| Stripping
Run 1 October 14 & 15, 1981 j 36.04 | 30.0 1.65 | 3.0 ‘ 5.6 22 7.4 1.9 ‘ 1/3.92
Run2 | November5&6, 1981 | 8.6 | 31.2 | 0.44 | 221 12 | — 17.2 | 2.1 ’ -
Run3 | December 2-4, 1981 ‘ 27.98 | 40.05 ‘ 111 | 29.48 ‘ﬁ 2.0 : 4.56 15.5 | 9.64 | 2.2 ‘ 1/3.40
* Residence time in cne-stage mixer part ** Flow ratio of organic phase to aqueous phase
25 T T T T 40 T
g/l)
(a) 73 g/1 NIL,HF- = (a) Thermogravimetric
20k . E analysis(TGA) 10°C/min
= ve
5 5°C/min
E oot
L
15- . 2
%
F -1
1 1 .
0(] 200 400 600
br h + T T
- T (b) Differential thermal o
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= B HFD ]
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2 RS l B 7]
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= 1op 10 g8 -
i s
z "0 - 1
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EE i
= L [l
:g‘ / 0 200 400 600
v 0 | 1 Temperature(’C)
10 (©) 125 g1 NH/HF> HF(g,;]g - Fig. 5 Thermal analysis curves of {INH,)sFeF;
- 10
5 ¢ 4
/ 4,22 $EHBETIE
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60— f T (3), (4) Rop Feo* MEERIC X b, (NH).FeFo g a7
(d) 150 g/1 NHHF: 20 Wtz LAy, §gso NHHF, BIEE4 L HF ?%K{ﬁ'x
- 0 Bt s, COfEEORE - AROE L, Fig. 4 wRsh
i 0 551, (NH)FeFo DEMECE LV P55 &g
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0 i I L L 27
0 2 40 60 (2) $RelEEC & 2 S L
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Fig. 4 Solubility curves of (INH,)sFelF, for NH.HF:-HF solu- ISR - ORSICE Y MBEhan, 40°C #8125
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Table 3 Chemical composition of iron oxide obtained at labora-

tory
Content of element (%) Purity as
Sample - . —| FeaOy
Fe | ¢ | MNi L P | F (%)

! |
Sample 1 | 70.0 | —
| 70.0

— \ 0.03 i 0.18] 99.6

Sample 2 0.020 | <0.001 ‘ <0.01 | <0.02| 99.9

3 3 1
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bk A % Table 3 i+, Bk 2 T3, Feals &
LCOREE 99.9% EEE LI
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Phote 3 Fe extraction and scrubbing mixer-settlers and crys-
tallizer viewed from above
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Table 4 Plant specification

{a) Standard composition of waste acid§ (b) Specification

Constituent i Concentration {gf1) Stage Waste liquor ‘ Treating cupacit}.'i Extraction or recovery percentage
HNO, 180-200 j - Ouh | 4
Acid : Iron separation . Waste acid } (,,_i myday) | Fe extraction: 95%; or more
HF ‘ 40-45 ! : :
Fe | 28-80 (max. 35) Nitric-hydrofluoric ; - 1 0.3m¥h - HNOy recovery:  95% ov more
— ‘ id recovery  Te-free acid 7 o midav)
Metal Cr ‘ 10-15 acid recovers | (7.2 méjday) HF recoverv: 702, or more
N 5-10
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{a)0.5m%h
20+ @
- @
@
@ |
1 i 1 |
= 0 -
R ) (hy1.0mh =
g o ¥z
E @ g
= ' &
g =
b= 3
8 i
s 0F ® & @
= 5, 0
2 e
s @ 1 , , 50
(©)13m¥h S o 1 . L
20+ =2
@ _ ()O/A=20
10 - @
@
@
1 1 ] 1
0 10 20 0 40 © ! 1 1 I
0 10 20 30 40
Aqueous Fe?* concentration{g/1) Aqueous Fe** concentration(g/I)
Fig. 6 Fe extraction curves for varled treating rate {OfA= Fig. 7 Fe extraction curves for varied OfA (Treating rate
2.0) {O: Stage number of mixer-settler) 1.0 m3h) (O: Stage number of mixer-settler)

D Solvent A containing Fe
(Z)Solvent temperature regulator
(3)Stripping solution

(@ Stripping solution heating device
(B Mixing chamber

& Agitator

T Dovwnpipe

E:Solvent settling zone

{8 Stripping salution cooling zone
$BOutlet for cooled stripping solution
3D Stripping solution cocling device
{8 Stripping solution forced circulation zone
13 Blow- off nozzle

@2 Crystal outlet pipe

{a) Before modification {b) After modification

Fig. 8 Schematically sectional view of Fe stripping crystallizer
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Table 5 Chemical composition of iron oxide manufactured

Content of element (%) I Purity as
Sample ealy

Fe Cr Ni P F (%)

Test kiln sample | 68.9 | 0,034 | 0.019 | 0.02 | 2.46 93.1

FEAIALL > FAMERGOBRMINL, BB TECRE).
EERL 2
4.4.3 FHAoBEEMIRE
1984 22 1 AR ENE A4 TR OBHEERE 2T\, BT -
BRI SRR DR R MR L 7,
Table 6 =X 5w, Batfkecdn HNO, EipR 959 L
L, HF BUZER 70% EEBRLTW5,

Table 6 Recovery percentage of acids

Recovery
Treating |[——— —
Stage t . Y

¢ iy | Yield | Reeoves (%)

P v, | w

Tron separation 1.00 0.70 i 98.5 75.3
Nitric-hydrofluoric acid . -
recovery 0.30 0.35 95.7 79.5
Total (1.00) 1.05 97.2 70.7
5 ¥ a

FEXD RS S EEHE QMBI T, AR R I L TR
ERAEEL Z EAFTH - o, BEMEEOFRARL b £ouHB
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F|ARE G, RN ORRE, %4 OSROEERNHE
CEBEIREGIEADEXM b0 L LTNESh S,
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fr, BESHAEMMCR L, KL TERAHEERL V.

Produet 1 67.110.04 0.01 — 2.47 95.1

Product 2 68.3 |1 0.04 |0.02 — 1.42 97.2

Product 3 68.2 | 0.0 | 0.01 — 10.91 98.2
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