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Reduction Rate and Efficiency of Fe®" Ion to Fe?" Ion in Iron Plating

Bath by Iron Particles in a Rotary Drum Reactor

Skigeo MATSUBARA, Yukimi Miwa, Kazuhiro TAKAGI,
Takashi OMI and Kei MIYANAMI

Synopsis :

A rotary drum reactor has been applied to the reduction of Fe** (2.5~32g/1) in a chloride bath for
iron plating with metallic iron particles (0.1 ~10mm). The rotary drum reactor used has a hexagonal
cross section of 260 mm in inscribed circle diameter, 300 mm in length and total inner volume of 16 1.

The rate-determining step in the reduction of Fe3" was assumed to be the diffusion process of Fe** in
the iron plating bath toward the surface of iron particles. The performance of the reactor was evaluated in
terms of an apparent mass transfer coefficient. It was found that the mass transfer coefficient increases
as the rotational speed and inclination of reactor increase. The reduction efficiency was found to be
independent of these operating conditions of the reactor. An applicability of the rotary drum reactor to
the reduction process of Fe3" in a chloride bath for iron plating has been demonstrated.
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Fig. 1. Schematic diagram of rotary drum reactor.
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Fig. 2. Concentration profile of Fe3" in the vicin-

ity of iron particle surface.
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Photo. 1. Rotary drum reactor.
Table 1. Specifications of rotary drum reactor.
Inscribed circle diameter (mm) 260
Length (mm) 300
Inner volume (1) 16
Rotational speed (rpm) 4~160

Inclination (deg.) . 0~90
Shaft driving
Frequency converter

Driving method
Rotational speed control
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Table 2. Experimental conditions.
Nominal particle diameter (mm) 0.1,1,5,10
Particles charged (g) 113~1 356
Temperature (°C) 18~63
Total Fe ion concentration (g/1) 215.0
Initial Fe3" jon concentration (g/1) 2.5~32.0
Initial pH 0~0.94
Rotational speed (rpm) 15~120
Inclination (deg.) 0~90
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Fig. 3. Effect of initial Fe3" concentration on the
rate of reduction.
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Fig. 4. Effect of amount of iron particles charged
on the rate of reduction.
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Fig. 5. Relationship between volumetric and
modified volumetric mass transfer coefficients
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Fig. 7. Effect of rotational speed on apparent
mass transfer coefficient.
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Fig. 12. Variation in average reduction efficiency
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Table 3. Effect of various factors on apparent
mass transfer coefficient and reduction efficiency.

Apparent mass Reduction
Factor Item transfer coefficient | efficiency
Diameter No effect No effect
Iron particle
Charge ratio No effect No effect
Initial [Fe3t] 7 No effect 77
Electrolyte | Initial pH 7 No effect 7.7
Temperature ki’ A 77
Operating Rotational speed ” k' A No effect
conditions
of reactor Inclination ” kA No effect

4-3 BUEE - PDRCEEBERTIITEFORLD

BIEE -HRICEE RLITTHFICDOWTC, Table
3. BREEILOWT, RETMEBEIREK
Bk, BELEICHVLHD - X0 Fe™ 8, pH®
HERZIYT, A4 OWHICERT B U080 HREE
HoE (KvisnimdE, EHetfa) *X05%. &L
K pit, EEMOLERSCEBLTCBY, EEKEG
BT AIEEB (Fedt B, pH) 7WRECEBERITL,
BOE 3 DIESRBG OB T v,

5. # E}

AT VSR EBRD > EIZB W TRHEL %
% Fe?t o IcARnmR ot v, TOK
IR DWW, BT L BICAIEOME 2 HHAE L
7-.

1)BTEEICOWTIE, F* okl TRm~ DL
B, + b b RE T OLERIGOFER IE L AE
LT 21T -7. #LC, WTAEEBIXPNTED
HEL YR T X 5 R WEBEIRE k) BV CEHE
L7z, ZO%E, k13 Ft, pH oBE* 23, 1
F v OEFIC R T B b e OBRESRN (BlEEE B X
OHESHE) OBEYZ T LI EEHL ML

2 )BITE 7 EEEMOLFESUC BB LTED,
FESSICET AEE (A Febt i 5 X U1 pH)
B, BEICKELEELRIFL, oROBIERAFIZE
R LBV LRSI L.

3)mITHEREE I, oo BfERFicLy, BTHER
BB OEMFICLY, ZREFAM LTI Y PO—UTE
0T, BITME SO L ZADREE, RARUSEEIEEC
EHTH 5.

it =

A SR FREEORET (m?)

B:HHERT

c: Fe®* & (mol/m®)

cp: WAKH D Fe3* i (mol/m?)

Cpo : MAKHDOWE Fe* iR (mol/m®)

D: 5% o % (FeCl, + FeCl; KiBiH) 0 Fe* ™ @
LEAR R (m?/s)

d, : KT AFEE (m)

dyi : KT i DAKE (m)

E: EBL 2 V¥ — (J/mol)

g: ENIEE (m/s?)

i NFOES

k- WEBERE (m/s)

k) RN OMEBEMREK (m/s)

kpa: BEBH (s71)

(ko) : BIEHERE (s71)

m: KTFEE (kg)

N : [Bl#54%E (rpm)

N,, : B Bl 5B (rpm)

Ny : EVFRE O BALAAE, BB 4720 0 F** #
)& (mol/m*'s)

n: KT OEEK

R : 54852 ¥ (J/mol-K)

r: FogF 0% (m)

T : Mt (K)

V: R DOREE (m®)

V, : SR T OEHE (m®)

t: BEHE (s)
x: FigE (m)
o KF i DERREICHET A TIRERE
B KT i OXREEICE T AR
0: BIFE A (m)
7: BITRE (—)
0: R niEsA (&)
¢ R AR ESERE IS T AT OEREOEE (—)
X 73
1) #EBEE, Nb—=, B #E BEEMIRE, 25 (1982),

p- 95
2) S. F. Harty, J. A. McGEOUGH and R. M. TuLLOCH: Surface
Technology, 12 (1981), p. 39
3 ) P. K. SUBRAMANYAN and W. M. KING: Plating and Surface
Finishing, 69 (1982) Feb., p. 48
4) /NI #, ARE B —, SO SER: 4FAT ARG 58-151489 &
5) FHIGHE, KIPEE: HFAWME 59-25990 %
6) PIHE—, mEEH, A8 HFiF MR 59-126799 7=
7) MEAELFEE BARTFE%) (1986), p. 608 [HTIL3E
Frtt]
8) BARERIER (HAME TR SH) (1980), p. 25
[ BT T 25+ ]
9) EMHEE T BrEHET, 38 (1989), p. 231
10) MESH, SH¥EE, SA—F, ARZE, TRBE,
ANEL 25 8k 48, 75 (1989), p. 2075

— 116 —



