] 208601

a e 3 o [ wva a a o ° 3 1a o o
Tunuiteil ldihmssudjsaniddiveananndmiwuuvasuasuinuiaesriia
A o d o o @ dgy a e a Ao K 4 v
fio SKD-11 uaz SKS-3 Metamaniifoudannly Inasiaiinuuas lusnumsguuieniy
£ 4
anudeu Samsdnnseluannrermauds wazlumsazarundensa 3 % lashminves

Tsidvunas l5d uagnsaday3n Aflim pH 59011 3.00

= ¢ d o 1 a . t

minanesgausniiumsBunaudmandiediadaumailn co-implantation 581N Cr’
o + s o o =Y 1 § K
fu N' feusumssunaudais lessuriiamen sz or vis N nlaa 4x 107 cm” Tkl

¥ v
I lopouisaoelinnuanmindy Waeee Cr aumiy 50 keV luvazindsauves N°
A 3 d 4 d Ty 1 ) ’ 4 A .3 1
1711 90 keV wamsnaavawu manhguuisdisanuiouindey TMANUANRNIWINANT
4 doy iy o 4 Aoy a o 4 4 4
mannde Ll ldguudazmanndunauveslnslonge (SKD-11) wlanuudanuiu
' g Ada - ° ' o - a 9 A @ °

wnnIunania Innlioudr (SKS-3) dIudnsianatvsansanvselalndmesdu msm

co-implantation 1¥walumsandasimsdnuse ladlumsazaiensa

4 o a (4 =Y ‘ a
asnaassyanasailumsdBunauddromniin preparative and closing TntiFududaw
a o 1 E o n,zl
mssuwaud N, N, uag A Alaa 2 x 107 em” uazwdanu 120 kev adrafuduusn
. Y ¥ o 4 + 17 2 .
(preparative) HAIMUAWNTTOUNAIUA N, nlag 4 x 107 cm” BATNAINU 120 keV ﬁ]u
b4 [
Tossundn luduseugaield N, , BF', co," filad 2 x 10”7 em” uagwdany 75-120 kev

’cj > o 9/ . 1 W = A <] Yt 1
Wusularmn (closing) W‘U')'lﬁ’l?ﬂiﬂﬁﬂ@ﬂi']ﬂ'ﬁ'ﬂﬂ“ﬂ50“?\3&7‘1“?1'31”“‘[]0llﬂﬂﬂ’l”lﬂ'ﬁ‘lﬂﬂﬂ'fN

A Y+ + o o’/’ . . oo Y A
YauLIn wazilels N uag BF Mg preparative LAY closing A1UAIAL ﬂziﬁNﬁﬂ‘ﬂf{ﬂ
a o s st [y G’ll [ o w ¥
ATDUNATUAABAAANTEIVUIA M3 AU M4 $IUNIABNANUANVITIZIVINGA 4" A
Tulaswulasfvnalaauinndl 2 x 107 cm” findaa1u 80 keV uaznaaouAdnfaNTed U
gAmMNISUMINAAnADs Tang wuuediegnliogms Idaumudssuih dimiuaenainu
< Y o o P ' = a 79 ¥
anusigaldi lunadoumizTanediousinenash wuneenauidiumsdunaudldm

v 8/
maslumsineduaudnten



Surface modification of SKD-11 and SKS-3 steels used in fabricating precision mold and
die were carried out by two ion implantation techniques. The surfaces of the specimens with and
without heat treatment were flat and polished. Wear rate were measured in dry air and acidic

solution (NaCl 3 % by weight and H,SO, with pH of 3.00).

The first set of experiments utilized co-ion implantation technique using Cr and N'. Single
ion implantation was performed with Cr' or N' at a dose level of 4 x 10" cm”. The energies of cr
and N* were 50 keV and 90 keV, respectively, so that both ions tranfer as the same depth. It was
found that steel sample with heat treatment displays better performance in hardness lest than
the untreated steels. The hardness of high Cr- content steel (SKD-11) was higher than that of low
Cr-content (SKS-3) one. The wear rates in dry air of implanted steels, with single or
co-implantation, are relatively similar. In acidic condition, co-ion implantation technique shows

better improvement.

The second set of experiments were carried out with preparative and closing ion
implantation technique. Firstly, the preparative layer was done by implantating either N, N2+ or Ar’
with dose of 2 x 10" cm” and energy of 120 keV. This was followed by ion implantation with_ N;
as principal ion with dose of 4 x 10" ¢m” and energy of 120 keV. Lastly, the closing layer was
formed by implantating either N;, BF' or C02+ with dose of 2 x 10" cm” and energy around
75-120 keV. It was found that the improvement of wear and hardness was much better than the first
set the experiments. The condition for best improvement was obtained when N" and BF were used

as preparative and closing layers, respectively.

M3 and M4 taps and high speed drills (%4 ") were implanted with 80 keV nitrogen ions at
a dose higher than 2 x 10" cm”. Field tests in precision electronics enclosure industry indicate that
life time of some implanted steel taps increases three times whereas field test of the high speed drills

with constant load results in slightly less drilling time.





