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Abstract

The electrolytic boronizing on carbon sieels in the mixture of Na,B.0; and NaCl was
conducted at 750~ 950 for 1~6 hours under 0.5A/cm? current density. The microstructure
and microhardness of the boronized layer was studied. The effect of the additive such as
CaCl, or NaOH on the formation of boronized layer was also investigated. The boronized
layers were composed of two sublayers, ie., FeB and Fe,B, which have tooth structure.
The average layer thicknesses of the low carbon steel and SM45C boronized at 900°C for 4
hours were 153 and 138 um, respectively. The thickness of the two sublayers was significa-
nily increased with mcreasing beoronizing temperature. To obtain a single Fe.B layer with-
out FeB sublayer, the boronized materials were homogenized at 850°C for 4 hours. It was

found that the single

layer with a microhardness Hv=1120~—1250 was formed.

The calculated activation energles for the formation of boronized layer on the low carbon

steel and SM45C were 18.7 and 12.6 Kcal/mol
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Table 1. Chemical composition of the substrate
used (wt. %}

element )
. C Si Mn P 5]
specimen i

low carbon

0.04 ( TR | 017 | 0.01 | 0.009
steel

SM45C 0.42 | 0.24 { Q.71 | C.016 | 0.005
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Fig. 1 Experimental apparatus for electrolytic bo-
ronizing 1. specimen 2. thermocouple
3. ainless pot 4. stainless wire 5. graphite
pot 6. kanthal wire 7. DC ragulated powe-
rsupply 8. controlier 9. cover 10. electr
olyte
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Fig. 2 The layer thickness of low carbon steel
boronized at 7560 and 800%C for 2 hours
under OBA/em® current density using various
glectrolytes with 16.7wt.% ({1-xINaCl - xNaC-
HY 4+ 833wt.% NaB,0: compositions

Table 2. Fludity of electroiytes with various com-
positions for boronizing

Fluidity
Composition of electrolytes
J00CFa0T
16.7wt.%NaOH + 83.3wi. % Nu,B.O; G| ® |
18.7wt.% NaCl+ 83.3wl.% Na 8.0, CHNG
1679t %(NaCl + NaOH) + 83.3wL%Ne B0 | © | &
167wl % (2NaCl+ 3N=OH } +83.3wl. % Na,BO| © | &
16.7wt. % {3NaCl+2NaOH )+ 83.3wt. %NaB,0y © | O
152wt % NaCl4+ Lowt. %CaCl,+ 833wt %NaB0: | © 1 O
138wt % NallH- 2 9wt % CaCl+ 83.30t.%Na B0, | O | O
125wt % NaCl+ 38wt % Call,+ 833wt % Na,BO, | O 67
118wt % Nall+ 40wt % Call,+ 833wl % Na:8,0; | O
5.5wt.%BNeCl+ 1L2wl % CaCl+ 833wl % NagB.0: | X | X
O excellent, O ! good, A ! bad, and X ! worse
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Fig. 3 The layer thickness of low carbon steel
beronized at 750°C and 800 for 2 hours
under 0BA/cm? current density using vari-
ous electrolytes with 187wt % {({1-x}Na(l
- xCally) +833wi.% NaB.Q; compositons
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BO& = B0 + 1/20, + 2e (4)
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6807 = 12B0, + 30, + 12e (7)
12Na™ + 12e = 12Na (8)
12Na + Na,B0; = TNa0 + 4B (9
6Na + B0, = 3Na,0 + 2B (10)
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Fig. 4 The layer thickness boronized at 800 for 2
hours under QBA/cm® curremt density using
various NaCl contents in NaB,0y

551
E
3 sof
[4)]
[43]
4]
£ 4
Q i
i an
}_
—
L a0
4]
|

35|

02 03 04 05 06 07 08 09 1.0
Current Density (A/lcm?2)

Fig. 5 The layer thickness boronized at 8007 for 2
hours under various current densities
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Fig. 8 XRD patterns for the surface of the layers
boronized at {2780, (b)800. (¢)860, (d)800TC
for 2 hours under Q5A/cm® current density.
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Fig. 7 Optical micrographs of the coating layer of
low carbon steel formed at 800 for (a) 1
hour, {b) Zhours, {¢) 4hours, (d) §hours

Fig. 8 Optical micrographs of the éoating layer of
SMdaC formed at 800°C for {a) 1hour, {b) 2
hours, (¢} 4 hours, {d} 8 hours
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Fig. 11 The relationship between the layer growth
constant and temperature
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Fig. 12 XRD patterns for the surface of (a) SM45C
boronized at 900C for 2 hours (b)) SM4BC
boronized at 900°C for 2 hours and then ho-
mogenized at 850%C for 4 hours
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Fig, 13 The relatonghip between rmicrohardness and
the depth from the surface for the coating

layer on low carbon steel boronized at 750,
800, 850, and S00C for 4hours
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Fig. 14 The relationship between microhardness and
the depth from the surface for the coatng
layer on SM4BC boronized at 800, 850, 900,
and 850°C for 4 hours
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Fig. 16 The relationship between micrchardness and

the depth from the surface for the coating

layer on low carbon steel and SM45C boro-

nized at 800°C for 2 hours and then hormog-
enized at 850°C for 4 hours
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