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The Deterioration of Molten Salt Bath for Electrolytic
Boronizing and its Countermeasure

Kaneyoshi KUSUNOKI, Kypozé TORN, Tatsumi ASAKURA

Noboru KoMATsU, Tokru ARAI, and Yoshikike SucmMoTO

It is well known that the electrolytic boronizing is, for industrial purposes, more advantageous than
other boronizing processes such as gas, pack, and salt bath processes. There is one problem in this
process, however, that the boride layer té,pds to become less thick in a given time of processing with
the repetitive use of molten borax (Na;B,0;) bath in a heat-resisting steel pot.

In this study the cause of the deterioration of the molten salt bath were investigated and the methods

to prevent it were established.
The results obtained are summarized as follows:

(1) The deterioration of the molten salt bath for electrolytic boronizing is considered to be due
to the dissolution of iron into the bath from heat-resisting steel pot.

(2) It is found that the deterioration can be effectively prevented by providing the passage of elec-
tric current through the bath to the pot which is to be a cathode.

This method is a sort of cathodic protection.

(3) The deterioration can be considerably reduced by the addition of ZrO, or MgO to the bath.
(4) The boronizing power can be restored by the removal of the iron-rich slag on the bath sur-
face formed by the addition of a small amount of Ca, Mg, Al, Si, Zr, Ti or others into the deter—

1orated bath.

(Received December 8, 1972)
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Fig. 1. Definition of terms used in this work.
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Fig. 2. Change of thickness of boride layer and
bath voltage with repetition of boronizing,
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Photo. 2. Appearance of specimen after lst(left)
and 5th (right) electrolysis.
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(b) Nital etch
Photo. 1. Microstructures of boride layer formed at Ist and 5th electrolysis in the molten
borax bath contained in a heat-resistance steel pot. (x400)
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Fig. 3. Voltage change between electrode during
electrolysis as a function of duration of
electrolysis.
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Fig. 4. Thickness of boride layer as a function of
holding time at 900°C before electrolysis.
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Fig. 5. Change of thickness of boride layer with
holding time at 900°C in steel or gra-
phite pot.
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Fig. 6. Fe, Cr and Ni content in the salt and floa-
ting matter produced at 1st and 5th electrolysis.
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Table 1. Phases identified in the salt, adhesive substance, and floating matter
prod\éced at Ist and 5th electrolysis.

Q12 o] o
Sample ‘:}:) T b
R EE sl <
~ ~ . . (@)
SlS| |l st |1 ]3]
ol | & |&|=|[~|[*|°
;‘Z’ ZD g g Unknown line
Salt X X X (@] x X X None
Adhesive 560, 307, 274, 267,
Ist use substance x x © x x X X 248, 1'6l, 147
Floating 407, 348 1I'?75 1I'70
matter @@ | x |o|x|x]|x '
Salt x | X | x o|lo]o None
Adhesive
5th use substonce | @ | X | X | X x | X | x None
Floating 651, 534, 407, 392
matter © % x|@|°]°|® 348 ' ’

Intensity of diffraction line

T T T T
Borax bath in graphite pot
0'25A/cm , 900°C, 2hr in air
S45C specimen
K L
N *—]==%--0 Ni_ powder (05%Ni)
S . NiO powder (05%Ni)
2 160 T =~ Fe powder (4 % Fe)
8 Cr  powder (2 %Cr)
s \ | | |
a 120 \ I ‘
s
0 \, A
8 80 €r,0, powder (2%Cr)
5 |
£ a0 — F‘ezO, powluder (4|% Fe)
0
0 2 4 6 8 10

Holding time at 300°C (hr)

Fig. 7. Thickness of boride layer formed by electro-
lysis in the salt bath, added Fe, Cr or Ni or
its oxide powder.
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WA HEERS b Fe, Cr X8 Ni (FricFR
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HIRCERIN L 7cissh CHREB LT, BE31tREX #H X
7z. Fig. T3 BMBHZHEHA L Fe, Fe;Op, Cr, Cry0,,

® > > o> x

Table 2. Fe, Cr, Ni content in the salt, floating
matters and adhesive substance produced
in the bath added Fe, Cr, Ni or its
oxide powders.

Fe (%) Cr (%) Ni (%)
gg\:}ggrs Fe |Fe;O,| Cr |CryO4f Ni | NiO
Salt 1-85 | 2.70 097 1'66 | 0:09 | 0-17
Floating . ] i ) -
matters. | 92| — | 015 1'54|0°07 | 0-06
Adhesive ] ] ] - IR I
substance | 9777222047 | 1°49 | 0-05 | 0-54
Thickness
of boride 136 0 120 103 149 148
layer ()

Ni %WE NiO OFEREENTNEMBTHEMLAS
(FhnEvk Fig. 6 25 Fe L LT 4%,Cr & LT 2%,
Ni 21T 05% &L7z) OFT, 351y 2 EmfT
o/ L EDIES{LMEDEI R TR Liz. Fiz, Table
213 1 B BoMARED Y Vv b, FEDE X UCBEDRO
Fe,Cr,Ni ofi{ETH 5. Fe, Cr mMDP AT, &
Ecld L, BEHTEEYTE I LhBES RS L
T, BIEMBRMOBET, E51LBOES DL
BELVWOI Table 2 TR OHNB X35/ v RO Fe
BIC Cr BERELORMOEBENTLIEXEDTH
55, BIEBRIBESZTESBIRBATHOLRLT, &
BREBALSEW D LEE 2505, Fe OBHIIER
MEOEZWD XD HOTH, BEROECHEDEHS.
COHRMINE» 5D, E7z Table 2 Vv D

— 42 —

-

g



ERES{LRABBOLILER EFE

140
3120 T
2 N
2100 N
2 A
o N,
= 80 3
L
2
» 80 N
g *
£ AN
2 40 [— Borax bath in graphite pot
= 025A/cm?, 900°C, 2hr \
S45C specimen .
20
° | 2 3 a4 5
Fe (%)

Fig. 8. Chaﬁge of thickness of boride layer with
content of iron added by anodic resolu-
tion.
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Fig. 9. Change of thickness of boride layer with
holding time at 900°C in the bath with
cathodic protection.
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Fig. 10. Change of thickness of boride layer with repetition of boronizing in MgO or ZrO;, added bath.
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Fig. 11. Change of thickness of boride layer with
repetition of boronizing in oxide added
bath.
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Fig. 12, Relationship between‘bath composition and
dissolution rate of heat resistance steel.
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Fig. 13. Effect of Ca addition on thickness of boride
layer in the deteriorated bath.

Table 3 Fe, Ca content in the salt and slag
produced by Ca addition into anodic
treated iron rich bath.

Fe content Salt (%) Slag (%)
(%) Fe Ca Fe Ca
2-0 0-53 1:50 1-33 1-80
3-2 0-88 0:93 * *
3-8 0-42 1-35 * *
44 0-69 0-79 162 1-44
51 0°69 0-90 * *

» Ndt determined.
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Fig. 14. Effect of Al addition on thickness of boride
layer in the deteriorated bath.
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Fig. 15. Relationship between thickness of boride layer and kind of added powders.

Table 4. Fe content in the slag and salt produced
by varionus powders addition.

Kind of added Slag Salt

powder Fe (%) ggizit(%) Fe (%)
Te Not produced 2-0
Sb Not produced 1°6
Sn Not produced 2:0
G Not produced 1'6
Ti 8-05 7-33 1-2
Si 313 1:13 1.3
Mg 5-20 * 078
Ca 5-53 1-03 075

% Not determined.
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