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New Processing Method of the Waste Pickling Liquor in Steel
Making with the Fluidized Bed Reactor

Synopsis:

Tatsuro OBI and Takehiko OHKUBO

Iron oxide (x-FeyOy), a by—product of the steel industry, is widely used as a raw material of ferrite prod—
ucts in the electronics industry. This iron oxide is manufactured by oxidizing and thermal-decomposing
spent hydrochloric acid pickling liquor (FeCl,) in steelmaking.

A new process called Chemirite method was developed and it is summarized as follows:

1. Fluidized bed reactor is used for thermal decomposition of the purified waste liquor.

2. Energy-saving measures are effected at all levels of the equipment and operation of the plant.

3. While plant operations are continuous, pollution control is given full consideration.

is assured.

Moreover, safety

4. Hydrochloric acid is regenerated and reused with a higher recovery rate than other recovery

processes. It also offers high purity.

5. Iron oxide powder, as a by-product, js best suited for the raw material of soft ferrite products.
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1. Chemirite Method

—l

Waste —
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Picklin ificati Electrostatic L__ :::] a-Fe03
Liquorn Recovery L_-{ Puritication R Bed Cyclane Precipitator Powder A.P.S, 0.6u .
¥ eactor FeCL. 30~ 40 W% Raw material for
| i U~ - o1 A high quality ferrite
i {compact equipment) > Powder aFe 0, y
1 el o L ——= —4 Carrier | 1 ~3mm
[ Acid Pickling Process Regeneration [~ .T.{Sf'%iﬂ% (Granule)
2. Lurgi Method Chemirite’s 1. Continuous and pollution-free production system
R (i Features 2. Energy-conservation system
Waste [‘_ ized | 3. High quality ferric oxide
¥ dst Heat Fluidized gn quaity
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T FeCl, 18 ~ 26 Wt. % a-Fey03 } Raw material
: APS. 1u | for ferrite
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ETRRT HCI Gas
[ Acid Pickling Process Regeneration Treatment
Fig. 1. Typical decomposition process of waste liquor.

Table 1. Specification of equipment and plant operation.

Name| Hot Regenerating Fluidized Bed Electrostatic Hydrochloric Acid
Contents Furnace Reactor Cyclone Precipitator Heat Exchanger Absorber
Cardinal
number 2 2 2 2 1 1
Type Cylindrical, Cylindrical, Cylindrical chamber, | Dry method Spray methad 4-stage relay,
horizontal (V-450) | tower inlet quadrangular packing system
1,900¢ x 3,060L 3,450¢ x 6,604H 0 =1,840 H=5,520/(4,200¢ x 10,000D) | Middle and lower 2,900¢ x 25,250
d=920 h=920x |x 16,000H stage: 3,800¢ x
Main size 720 11,000H
Upper stage: 3,000¢
x 4,000H
3,500 mmAgq 1) Lower position of| Atmospheric pressure| —450 mmAq —480 mmAq —750 mmAq
eye cup: 3,600
mmAgq
Prassure 2) Upper position of
eye cup: Atmos-
pheric pressure
950°C 1) Lower position of| 450°C 370°C or under 350°C - 80°C 70°C
eye cup: 950°C
Temporature 2) Upper position of
eye cup: 500°C
Outside wall: SS-41 | Outside wall: $S-41 | Equipment wall: Equipment wall: Qutside wall: $S-41 |Outside wall: SS-41
Material Eye cup: Heat resis- | SS-41 Inside wall: Hard rub-{ Inside wall: Hard rub-|
tant special steel ber lining ber lining
Burner Spray nozzle Outside of apparatus | Hammers of pile are | Level check indicator | Level check indicator
walls is covered with |attached. Glass window Glass window
the special material | Outside of apparatus
for keeping the tem- |is covered with the
Attached perature. special material for
apparatus A hopper is attached | keeping the tempera-
at the bottom of ture.
Cyclone. Screw conveyers are
attached at the bot-
tom of Precipitator.
Combustion fuel: Amount of combus- Concentration of
Note LDG and light fuel | tion gas: 9,500 ~ iron oxide powder
oil 11,000 Nm3/H at the inlet position:
40 g/Nm3

*Plant capacity:

FeCl, 26.20 Wt. %, 5,

350 m3/M

T BMBE T AL EE (350°C) DiEa Ak, BERR
hoRyEEBL, BBOBRCHAVWOhE. D7 A
DEENHRISFIBEINRTWHDT, H=xAF¥F—1t

BHETBET L LN TE S,
2.2 shEUNE
BV DR X O k%, Table 1 oiR
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1 Purification process 2 Fluidized bed reactor 3 Cyclone
4 Gas cooler 5 Electrostatic precipitator 6 Heat exchanger
7 HCI absorber 8 Fume scrubber 9 Stack 10 Recovered
HCI storage tank 11 Waste liquor storage tank

12 Pickling bath 13 FeyOj3 for soft ferrite 14 Fe;Oa for
hard ferrite 15 Shipment air conveyer

Fig. 2. Plant flow chart of the Chemirite, Ltd.,
(Hydrochloric acid recovery plant)
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3051 1945

1 Fuel (LDG, Petroleumn)
4 Heated air (950°C) 5 Firebrick caster
eye cup 7 Eye cup 8 Block of firebrick
steel cover 10 Spray nozzle of waste liquor
bed layer 12 Decomposed gas (450°C)

Fig. 3. Fluidized bed reactor.
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FhAPE, BANCER, FHEREX, £5T58
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Fig. 4. Computer analysis of fluidized bed reac-
tor. (Time-series analyses of 1-month period)
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1 Decomposed gas (350°C,HCI, Fe;03)

2 Powder collecting pole(+) 3 Discharge pole wire

4 Hopper of powder 5 Holder pile 6 Hanger of discharge
pole 7 Hammer of discharge pole 8 Glass pole of higher
voltage 9 Hammer of powder collecting pole 10 Screen
curtain 11 Outlet gas (HCI)

Fig. 5. Electrostatic precipitator.
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FeCl, 25.35 Kmol/h (Others: Free HCI)
8.16 m3/h FeCl, 26.20 Wt. %

-
[Heat Exchanger |—~{ Hydrochloric acid |

Total, Fe;05: 13.10 Kmol/h 50.24 Kmaol/h

0.42 Kmol/h

[Fluidized Bed Reactor | Cyclone |+{ Electrostatic Precipitatnj*l

Fe,05 2.83 Kmol/h .96 Kmel/h 6.89 Kmol/h

Fig. 6. Iron matzrial balance of the recovery
plant.
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TEE 5. e, FHFRMS B BEUHKATHEA CHRE
d2> 1 RP (No. 1 Recovery Plant) FERMEERE TD
MIEEINX, BEMR o FeCl, B 26.20 wt% (HCI
0.3 wt%, H,O 73.5wt%) BT 8.15m%/h (BFEHR
91% T 5350m3/M) ChHHED=F VT A5 VAE
Fig. 6 R L7,
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(1) BEMUEER 4.1m8/h 3%, ZOEIRE
R 1 e YT 5 BT, SMBERTENORS
L, 140 F t/M Y3 5%.

(2) BEEEAHBUL, 1B L8k (I) 26.2 wt%, BEIGE
BAERER BB LS (D) 35.3 wt%, Hibkk(I) 4.7
wt% kb, TOBEEAYHEON—RE L.

BEMRAHR D DBREREAM 1w 55\~ T, [Fe]l X O°
[HCl] ofEnT2EA, EXEBREN OO BE ¥ Ak

B DS E XOHEAKEF AR I A D TH 5.
(1) PEERMsiAg

wt% kg/h kmol/h
FeCl, 26.2 1 386 10.91
HCI1 0.3 16 0.44
H;O 73.5 3 486 216.00
Total 100.0 5282 227.35

(n) BREFEERKER

wt% kg/h kmol/h
FeClg 35.3 1275 10.04
FeCl3 4.7 170 1.05
HC1 3.0 108 2.96
H;O 57.0 2059 114.39
Total 100.0 3612 128.44
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[EAERE 25°C] \—-'?;‘RZEHE ig
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& =t Q.=17272007 7
[H#EDE]
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B OES ia= 139000 7 7

FRFT B is=1239800 7 7
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& 3 Q,=1727 200
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Q:;:il—ig—-i‘;:ig—i‘is—'iz
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= 159 I/h CET B {#)
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Waste liquor FeClz 26.0 wt%
Hydrochloric acid 35.0 wt%

Fig. 7. Transition of work on the recovery
plant.
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Table 2. Chemical composition of iron oxide (a-Fe,O,).

~——___Chemical composition Wt. % | ] . We I
- Fe,0 si0 Ca0 Mn0 cr 50,” - 1088
fron oxide for ferrite —— 273 2 4 (at 110°C)
*JIS K 1462-1981 Ist grade >99.0 <0.01 <0.014 <0.39 - - <0.30
hemirite, Ltd. CSS-410E . 0.007~ | 0.014~ ) -
Chemirite, Ltd >99.2 0.005 0.008 <0.35 <0.15 <02
CK-100 [ >900 <0025 | <0.03 <0.38 <02 - <0.25
A-Company >98.70 <0.045 | - <0.38 <0.10 <0.30 <0.30
* JIS : Japanese Industrial Standards, Iron (III) Oxide for Ferrite
CSS410E, CK-100: Both EP (Electrostatic precipitator) products
Table 3. Physical properties of iron oxide (a-Fe,Oj).
Physical properties B.D. C.D. APS. SS.A.
Iror oxide for ferrite gr/mi gr/mi um m2/gr
Chemirite, Ltd. CSS-410E 0.30~0.50 2.75~2.90 0.50~0.70 >4.0
CK-100 0.30~0.55 2.75~3.00 0.50~0.75 >4.0
A-Company 0.400~0.600 2.58~2.76 0.90~1.15 -

B.C. : Bulk Density
C.D. : Compressed Density
A.P.S. : Average Particle Size (by Sub-Sieve-Sizer)

S.S.A. ! Specific Surface Area (with B.E.T. Method applied to N, adsorption)
(CSS410E, CK-100: Both EP (Electrostatic precipitator) products

Photo. 1. Electron microgra}f;h of iron oxide
powder. (CSS-410E) APS (Fisher) =0.61ym

1 b (a-FeOp) THAH. sl L LT, HELEMN,
RENEEEFE 2> DI D I W AR b 2% + ) 7 — LI
O, 1 7e vy THETH O CY BRI L5,
FLBEREEE CHEI RS D% EP bk & f
O, WEBIBERA) b D h% CSS-410E 45, RIE5IE
Bhrborzhi CK 100 8 L wKFlLTw5. Kk
T X ABALEER DR B X OB o & Al—
KEDERRL, BEL TV 5.
3-1 (e3¢

EP Bt o bR fix Table 2 wirLiz. JIS
OE - AHOBBOEY B Cii# L. EP Bbék
¥ CSS-410 E i, >~ v 2 (Si0,) o EFEN
0.005~0.007 wt% TH b, T 1=, B{bh 1w & (CaO)
DEHELL 0.005~0.014 wt% TH%5. CSS-410E #i
ik, V77254 PHORERE LTHERAIRTWL

5.
3.2 @M

WP (E% Table 3 iR Lic. HHEEMIIETH
MEELEHE Photo. 1 213 U, FEHRE (APS), »vH
K (BD), Eff®E (CD), HFERMAME (SSA) X0
Hie oW THRIEEN S bt 5. e EP bk o
CSS-410E 334> APS 1z, 0.55~0.65 pm, CD {HIT
2.77~2.85g/ml %L, Bliry, PTEOELREL
T 5.

3:2.1 @bt ORIEH AR

T s Ry DRI EELS Fih CSS-410 E #17wwo\CFig.
81z L. iR 0.6 um LT 0K 50% Ll B4

FhT\Whb.
3.2.2 ®EY: (BET) rZe&ki#E@E: (Fisher)iw X %

HEREEEOBER
100 /

R

% 50

5

0 R'D‘.l 0.2 0.5 1.0 20 50

Particle Size (u)

Fig. 8. Particle size distribution (Andreasen
pipette method) of iron oxide. (CSS 410E)
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_— R SR R BB 0, (AT IR ) 95 1/m?
§ 0.8 (BJ1) 130kWh/m?
£ 4.3 ENEEHEURIERLH
3 0 42 ORERN & LI, ARBIESELRN L5 5
® M5 EERES X ORI ESE Y DT s L.
e : EIVER: (as 18 wt%) 2650 m3/M
g - B ILR 25k B 560 t/M
5 MF |EP B{teth 290 t/M
& 05 CY mitset 140 t/M
£ b8k 130 t/M
s T

02 03 u) 5. & =

D BET (surface specific area by N7 adsorption method)

Fig. 9. The relationship between D (Fisher) and
D(BET) of iron oxide powder. (CSS-410E) APS
(Fisher) =0.61pm

Dgpr (N, BEFEIC X AHLETBERE) & Drisher (2
KoBmEET X B HRERER) LoBFRY Fig. 9 iRl
7o C W AEBIBAR A B, AR Z OBSFR, B
gk ORI FI3, BDHBELLLRBEDZZ EHRLT
W5,

33 Boh37 54 FRRADMEE

Fa{tgkky CSS-410 E #FFEk & LA Mn-Zn.7 =
S A4+ OFERE pi OfE 1L, 8000~8500 o {H % R
T. —BROEFBELEEE X o TE DR ABRLEN 2
Uic & & DWBRROMEIZK] 4000 THHDT, ZDfE
W~ ABRIETHE B T b5,

4. FERNECETIEAF

41 BEBULEBREOERER .

B AR R O BRI, kg () 26.20wty @
B 2700m3/M 3T AL LTH 10 M0
BRELHEZIIS.

4.2 BEMUECEYT 3 HERREA

KB BB X % B A R U 7o O BRER AL I B
T 5 ARERMIZOWT TR L.

BT LM S X OVLEE 1% R B

i Pk E M 140 000 t/M
BEMRALE & (R gk (1) 26.2wt%) 2700m3/M

MENEBEFE 2R Licyr 3 94 MR X ABERB PR
3, BAE, EUEROEGEIIVIRE T, Bo5h5
TR1Lk (a-Fe,Op) O FELENTE Y, T OISR
BFEESBHO7 = 51 FiBixBETLIERE L LT
BLAHEi S s & 5 wcieofo. BERI 43 ERT kS
DOREELY ~TERIDOHBABEE DR DOH D L2 B,

Kb, AEHHEEATEETOR, FEARK
(k) B BB R L O MHBR AL OMEEE L B0
BhoThHhET. Lobld, HHAR R S
%, FHE=EL, Y, HEREEROEEE Y-
EE L. BY{BLBLEFET.
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