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u ’ . Adherent .piamond'-Like_Carbon Coatlngs on Metals via Plasnla SOurc.e Ion
| Implantation | | |
- KC. Walter, M. Nastas1, and C. Munson
~Los Alamos Natlonal Laboratory, MS K762 Los Alamos, NM" 8’7545 USA

ABS TRA CT _

Vanous techmques are currently used to produce dlarnoﬁndi“ldceca‘rboqr: (DLC) coatlngs
on vanous matenals Many of these techmques use rnetalhc mterlayers, such as Tior Sl, to .
improve the adhesxon of a DLC coating to a ferrous substrate. An alternative processing route
would be to use plasma source ion 'irnplan.tation (l’SID to create a carbon composition gradient
in the surface of the ferrous matenal to serve as the interface for a DLC coating. The need for
mterlayer deposmon is eI‘nmnated by usmg a such'a graded interface."A PSH approach has .'
.been used to form adherent DLC coatmgs on magnesmm alummum, smcon ntanlum _ |

) chronuum, brass, mckel and tungsten. A PSH process tarlored to create a graded interface
allows deposition of adherent DLC coatmgs even on metals that exlubrt a posmve heat of

_' formatlon with carbon, such as magnesxum, 1ron. brass and mckel | |
INTRODUCTION | )

DLC coatings are of technological interest for enhancing wear resistance [1,2] and
corrosion resistance [3.4] of metals. Sputter cleaning of the surface [5 6] and mterlayer
deposmon are two major surface preparauon methods used to 1mprove the adheslon of DLC
-coatmgs to metals Interlayers such as Si [‘?] T1 (8,91, TiC [8,10], TiN {8], TiCN [8] Mo
[11], and Cu/Cr [12] are chosen for then' ability to form strong bonds to the substrate and also
to the DLC coating. As apphcatlons for DLC coatlng technologles expand to requlre coatmg of
larger areas with more complex surface geometrys of a wide range of metals, more versatile
and umversally appllcable processmg methods need to be developed [13 14] This work

detarls an effort to use methane (CH4) and PSII to produce an interface, graded in carbon

composition, to improve the adherence_of DLC coatings to a wide range o_f metals.




EXPERIMENTAL DETAILS

Coupons of Mg alloy AM60 99 999% Al and Al alloy A3 90, Si, T1, Ti-6Al-4V,
.electrodeposned hard Cr & 2 um) on 304 stamless steel, steel 1018, steel A36, steel 4340 _
_st_amless steels 303 and 304, tool steel M2, Ni, brass (Cu-Zn)_,_Cu_,_WC(C_o), and W were used '
to test the adhesion of DLC on a wide range of metals. Both polished (mirror finish) and
_ unpolisned coupons were used.for each material, except for A390, Ti,. 304_, brass _and Cu for - o
.which only unpolished coupons were included. Portions of the polished coUpons 'svere |
o masked so that a surface proﬁlometer could be used to measure the DLC coating thlckness
_ The 1on lmplantatton and DLC deposrtton expernnents tvere conducted uslrlg the Los |
: Alamos PSH facitity [15] aind the expérimental conditions are shiowi m Table 1. The fist
sputter cleamng step is to remove metal oxides and other surface contammants that could |
interfere with subsequent steps A carbon composmon gradient, needed to enhance the
'adhesron of the DLC coattng, is produced by the carbon nnplantatlon step Dunng carbon _
~ implantation, neutral radicals from the methane plasma can deposrt on the metal surface. Thls
.carbon coating is genera]]y graphmc and not strongly adherent to the metal. The graphltlc layer _'- |
can reduce the adherence of DLC $0 it is removed by the second sputter cleaning step. The
expenments are concluded with DLC deposnmn The main dlfference between Expenments I
- &HIis the mereased unplantanon bias which, by virtue of the mgher ion range gives a thlcker .'
gradecl interface. Expemnent 1I did not include the carbon nnplantat_lon step or the second
sputter cleaning step.

: I"on.beam analysis [1_6]., nanoindentation,. a_nd-adhesion tests Were_ performed to
characteriZe the emnposition, hardness and adhesion strength of each coating N anoindentation_
measurements were accomphshed usmg a Nanomdenter I and the continuous stiffness mode.
The adhes1on strength of the DL.C coa.tmgs was measured in tension using the Sebastian® [[

stud pull test. -

~ RESULTS AND DISCUSSION




~ The depositioo conditiorls of all ersoeriments prOduced s DLC coeting coﬁs’isting of 70
at% carbon and 30 at % hydrogen and a hardness of ~20 GPa. The tluckness of each coatmg
is mcluded in Table 1 | |

| Table 2 contams a hstmg of the metals W1th both adberent and non-adherent DLC
'coetings for each expenment. The Ti sample in E_xpenment [ was unpohshed. Itis behe\_red
_ that the Sputte_r-cieax)ing and 20 kV_PSH steps_ were i__nsufﬁcient_ to clean the mec'hined surface
and produce a.graded interfaoe extelidiog into the bulk metal. Experiments II and DI show that
carbon implantation allows a DLC coating to adhere to brass and Ni. The DLC coating on A36
d1d no't edhe_re when including e_ carbon implantation:steo, but the coating did adhere- when the
impléntatidh step was omitted. It is believed tha.t the-A36 .coupons- ﬁere not in good thermal
contaet with the stége and she implahtation step resulted in sample heal:mg that ioteffered with
DLC adhesion. RBS analysm of the DLC coated tungsten samp]es (Flg 1) shows the _

' chfferences between the W spectra for Expemnents 1] & HE Flrst, the W-edge at channei 705 |
| is shifted to the left for the DLC coated samples ‘The DLC coatmgs are of different thlckness,
sothe W spectra are sh1fted dlfferent amounts The RBS spectra for the carbon implanted and

_DLC coated W exhiblt a region (channel 595- 620) w1th a reducecl yleld The reduced yield

“indicates an interface of graded C compos1t:|0n, approxnnately 50 nm thlck, between the bulk

- W metal ax_ld the DL.C coating. A similar red_uctlon in yield is n_ot observed for the DLC coated

W that was not C implanted. The resolts show that PSII biases of 20 to 50 kV are sufficient 0
| produce'a graded interface between DLC and metals withoot the use of interlayers. Note that

_DLC_ adhesion is achieved even for metals, .Sucl_'_l as Mg, Fe, and Ni, whose cer_bides are not

 thermodynamically favored [17,18].

 The re_sults'of the aﬂhesion teSts are shown in Fig. 2. The adhesion of the epoxy to Al |
| is i'nclud_ed’_ as an estimafe of the stfength of the epoxy. The adhesion of DLC toW and Mg are.
" i_mpr_oved, but the result is less clear for M2. A more informative comparison_ is shown in Fig.
N 3-5.whi_ch includes SEM micrographs of the adhesion tested coatiﬁgs.' In all cases, the -

adhesion of the DLC eoating improved as _s'hown bjf the significant reduction in delaminated

area for M2, and the complete abseoce of delaminated area for W and Mg. -Considered




together, the adhesion tests results and SEM micrographs show that enhanced DLC adhesioh
can be achieved by using i'on implahtation to create a.graded intcrface between DLC and the _
metal._ The_"SEM nﬁcrographs also confirm the epo:_ty gerreraliy forms t_he weakest interface for
- -the. adhesion test. Thertﬁfore, the reported adhesronstrengths forthe c_arbon impia_rrted: and
DLC coated metals .(Experiments. I &III) can be viewed as a nnmmum estimate of the'coati_hg
adhesion'strength. ._ '. . .I |

. CONCLUSIONS

Carbon 1mp1antat10n usmg PSII can result in enhanced adherence of DLC coatings to

' metals. The enhanced adherence is due to graded mterface produoed by carbon unplantatxon,

.between the DLC coanng and the metal subslrate DLC coatmgs can be deposned on metals
wrth and w1th0ut a thennodynanuc driving force to form carbides because the carbon |
1mplantatlon process, on whlch coating adherence depends, is mdependent ot' thermodynamics.
I—Iowever, care ust be taken to choose correct processmg parameters for matenals wrth thick
oxxdes and proper coolmg of components should not be neglected This work shows that PSII'
can be used to produce adherent DLC coatings.on a wide range of metals mclud.mg Mg, Al S1, |
Ti, Cr, Fe, Nl, Cu-Zn (brass), and W w1thout the use of mterlaycrs
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| Table 1. PSII processing parameters for each eXp'edme'rit. The p_arameters listed are working

gas'pressure (p), pulsed bi'as'magn.iuide (V), pulse Wid_th (), pi;Ise ffequency {f), duration of = -

 the step (T), processed area (A), and DLC coating tliickneSS (. B e

PSII processing steps

: A3m?

Experiment I :

i Expe_n'ment I

A:0.26 m’*

| sputter cleaning (Ar)

p:1.3Pa

VakvV . :
f:4kHz B
T:2.25 hours

p:1.3 Pa
V:2kV

. 1:30us
£:5 kHz

T:2.2 hours

Carbon _ifnplantation

(CH,)

. none

p:0.07Pa -

V50KV

7:20 ].is '

_f:2 kHz
| T:1.2 hours

Sputter cleaning (Af) | . - - { -
- . T:8minutes - oo

. nome.

&

- same as above

T:10 minutes _'

DLC deposition
- (Cz.Hz_). '

1:20 ué ' ‘_
f4kHz
| T48.5hours .

£6.8um

p007Pa - |-

VISRV

—
5 kHz B
. TE3_.5 .h0|._1rs_ ._'_.-:

t:0.5 um

p005Pa -

p:0.04 Pa |
Vi15kv

- 1:30 ps

f:5kHz -
T:3.5 hours

t:0.3 um




Table 2. Tabulauon of materlals with ancl w1th0ut adherent DLC coatmgs fnom each

expenment Coatmgs that delammated after exposure to air, are hsted as NOT adherent

Co_atmg outcome Experirnent I Experi'merit o | Expéii’inent I

4

M2; 4340 . Mg, Al Cr, ' Mg, AI Cr,

1018- 303 304, WC(Co) '304 WC(CO)
Adherent

Cr, S:, - Si, M2, A36 .Sl, M2 W, Ni,

Al-A390 Ti-BAI4V, W : T1—6AE4V brass

NOT adherent . : T i 1

Cu, brass, Ni Cu, A36

g




* Figure Captions

Flg 1. Rutherford Backscattenng Spectroscopy results for uncoated and DLC coated
tungsten The spectra show that ca:bon 1on 1mp1antatlon, pnor to DLC deposmon, results ina

. interface graded in carbon composmon Thc presence of the graded mterface is mdlcated by

the reduced W yxeld ih channels 595-620

~ Fig.3. SEM micrograph of DLC coated M2. (a) Without carbon implantation (Experiment
I}, the DLC coatmg is completely removed (b) with carbon unpiantatxon (Expenment D, the :
DLC coatmg is more adherent and only pamally removed The tested area is ~2. 8 mm in

' dlameter

Fig. 4. SEM nﬁcmgrapﬁt)f DLC coatedW : "'('ei).vui'fithoof carbon irriplaﬁtation (Experiment I,
the DLC coatmg is partxally removed (b) w1th carbon 1mplantanon (Expenment D, the DLC :
coating is more adherent and no area of delammat:on 1s observed The tested area is ~2.8 mm

L .-. - ¢ .'.".

o in dlameter

Fig.'S. SEM micrograph of DLC coated Mg (AM60). (@) Without carbon irmplantation
" (Expenment 1), the DLC coatmg is partially removed (b) wuh carbon unplantauon
(Experiment D), the DLC coatmg is more adherent and no area of dciaxmnanon is observed

The tested area is .~2.8 mm in diameter.
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