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Surface by Spectroscopy

LI Dao-hua

(Xichang College, Xichang 615013, Sichuan)

Abstract:By means of the interface reactions of Mo(W)Siﬂ on a metal (copper, steel, zinc,
silver, nickel, tin) surface, insoluble cluster compound films were formed with a metallic luster
of various colors changing in accordance with the reaction time. The films are functional finishing
layers, possessing not only decorative properties, but improving the brightness and cleanliness of
the metal surface, and promoting the anticorrosive ability of the metals as well. Their colors are
probably caused by Mo(W)-S-M (M= Cu; Fe, Zn, Ag, Ni, Sn) bonds and a statistical
distribution and overlapping of various molecular layers,inasmuch as the films are complex
multicomponent and smultilayer systems. Accelerated corrosion tests,LSV,CV,FT-IR,FT-Rmamn;
XPS and AES determinations were carried to investigate composition and structure of these
conversion films. The results show that bridged Mo(W)-S-M, terminal Mo(W)-S and terminal
Mo(W)-O bonds exist in the cluster compound films. The mechanism for films formation and the
relationships between these novel films structure and the observed inhibition behavior are
discussed.
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The coloring of metal is currently one of the treatments used,

interesting and important research

chromate conversion coatings are

among the more common Chromates on zinc can

fields of metal finishing. Conversion films of variety
of shades and colors may be applied to metals by
thermal treatment, chemical dips and electrolytic
process. The films are functional finishing layers,
not only providing a decorative or colored finish,
but also improving the brightness and cleanness of
metal surface, promoting the corrosion resistance
and paint or adhesive bonding properties of metals.
Classification of coloring treatments can be made
on the basis of composition, being either organic
: coloring

or inorganic. Of the many different
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vary in color from an almost colorless, blue—white

appearance, commonly referred to as single—dip
blue, through the yellow iridescent shades, to the
heavy olive drab and black types. Dried-in-place,
chromate coatings are used on zinc plated steel,
hot dip galvanize, unplated steel and aluminum

alloys primarily for paint bond improvements.
Anodized zinc is an electrolytic process, the
coating so formed is very resistant to marine
atmospheres and can withstand months of salt spray

testing, and also provides protection even at
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elevated temperatures in sharp contrast to chromate
conversion coatings. Moreover, the coating becomes
more electrically resistant as it builds in thickness
during the treating process. High dielectric strength
Molybdates are

used to produce attractive black finishes on zine

is another property of the coating.

and cadmium surfaces. The coatings are relatively

hard,

testing or outdoor environments without

but thin and not resistant to salt spray
organic

topcoats.

1 Experimental

Copper(steel, zinc, silver, nickel, tin) plates
(2 x2 cm; 0.5 mm thick)
mechanicaily with fin MgO powder,

were polished
chemically
degreased with acetone and washed in deionized
water. Then, the plates were dipped in a 10%
H,50, solution for 20 s and rinsed with deionized
water. The washed plates were immediately
immersed in a 0.004 mol/L of (NH,),MoS, or
(NH,),WS, solution at 25°C for different treatment
times. After being withdrawn form the (NH,),MoS,
or (NH,),WS,

with water and acetone respectively,

the plates were rinsed
and dried

Cluster compound

solution,

immediately by a cold air blast.
films of various colors depending on the reaction
time were obtained on the copper surface. Then,
the films were heated at 100C (Mo-S—Cu films)
or 150C (W-S-Cu films) for different time, the
variation sequence of their colours are also given
in Table 1.

A Nicolet 170 SX FT-IR spectrometer was
used to determine the reflection and transmission

An ESCALAB
MK -II electron spectrometer with a Mg X -ray

spectra  (resolving power 4cm™).

anode

(the energy of Mg Ko is 1253.6 eV) was
used for measurements. Survey and high resolution
spectra were obtained with the energy analyzer
operating in a constant analyzer transmission energy

of 50 and 25 eV,

The pressure in the analyzer chamber

mode at pass energies
respectively.
was maintained at less than 107 Pa during the
The voltage and current of the electron
beam for AES analysis were 3 kV and 10pA,

respectively. An argon ion gun with a voltage of 4

analysis.

kV, an emission current of 15 mA, and a scan
area 3x3 mm’ was used for depth profiling studies.
The sputter rate relative to Ta,Os under the same
condition was approximately Snm/min.  Binding
energies were corrected for charging effects by
referencing to the Cls (284.6 eV) peak, and the

determination error of binding energy was +0.1eV.

2 Results and discussion

By means of the interface reactions of Mo (W)Sj—

on a metal (copper, steel, zinc, silver, nickel,
tin) surface, insoluble cluster compound films were
formed with a metallic luster of various colors
changing in accordance with the reaction times.
Furthermore,  the colors of the films changed
gradually with heat treatment. These results are
listed in Table 1.
probably caused by Mo(W)-5-Cu (Fe, Zn, Ag,

Ni, Sn) bonds and a statistical distribution and

The colors of these films are

overlapping of various molecular layers, inasmuch

as the films are complex multicomponent and
multilayer systems. The disparity of colors before
and after heating treatment is cause by the change

of composition and structure of the films.

Table 1 Variation sequence of colors cluster compound films

Reaction time/min Color of unheated film

Colors sequence heated in air

Mo-5-Cu film
5 Brown
20 Rose
30 Blue
45 Soft cyan
60 White

—Rose red—rtose purple—soft cyan—white
—Blue—soft cyan— white

—Soft cyan—white—light yellow
—White—yellow

—Light yellow—yellow brown
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W-S-Cu film
2 Orange —Orange red—silver white  —golden yellow
30 Orange red —Silver white—golden yellow—rose pink
50 Rose —Silver white—golden yellow
480 Silver white —Golden yellow
1080 Golden yellow —Brown
Mo-S-Fe film
5 Red brown —Dark red—blue—purple blue
10 Puce —Light yellow—purple blue
30 Dark green —Green—light purple—purple red
50 Grey black —Blue black
W-S-Fe film
5 Golden yellow —Brown—blue purple
20 Orange —Orange red—blue—purple blue
50 Green —Blue
480 Black —Black
Mo-S-Zn film
5 Orange red ~—Light purple—light yellow—brown yellow—yellow
10 Golden yellow —Red brown—purple—purple blue—blue
30 Red brown —Purple red—light blue—blue
60 Purple —Purple—light purple—rose red
100 Grey green —Light green—blue—blue white
W~S-Zn film
5 Red brown —Brown—rose red—purple red—blue purple
30 Purple red —Light yellow—red brown—purple red—blue
60 Blue —Blue purple—light purple
120 Green —Light green—blue green—blue white
Mo-S-Ag film
20 Thick grey
W-S-Ag film
120 Grey
Mo-S-Ni_film
30 Grey black
W-S-Ni film
100 Light black
Mo-S-Sn_film
20 Golden yellow
W-S-Sn film
120 Light yellow

Accelerated corrosion and tarnish tests (Table
2) indicate that the Mo (W)-S films possess a
certain protective ability against Cl™ or H,S erosion.
with PMTA (1 -phenyl -5 -

mercaptotetrazole), the protective abilities of these

If passivated

Mo(W)-S~Cu films are greatly promoted and their

colors are stabilized. The films are functional

finishing layers, which possess decorative, and
promote the anticorrosive ability of the metals.
Therefore, these films may be applied for finishing

and passivation of the metal.
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Table 2 Results of accelerated corrosion test of the colour cluster compound films
Specimen Salt water/hr* H,S tarnish test/min* CuSO, point drop test/s
Blank copper 3(3) to 5(4) 0.5(4)
Mo-S~Cu film
Brown 5(2) 0.5(4)
Brown ™ 80(0)-108(2) 180(0-1)
Rose 5(1) 0.5(4)
Rose * 80(0)-108(2) 180(0-1)
Blue 5(1) 0.5(3)
Blue* 80(0)-108(1) 180(0-1)
Soft cyan 5(1) 30(2)
Soft cyan” 80(0)-108(1) 180(0-1)
White 5(1) 30(2)
White * 80(0) -108(1) 180(0-1)
W-S=Cu film
Orange 3(0)-5(2)-7(3)-12(4) 1(4)
Orange” 72(0) 180(0)
Orange red 3(0)-5(1)-7(2)-12(4) 1(4)
Orange red” 72(0) 180(0)
Rose 3(0)-5(1)-7(2)-12(4) 1(1)-30(2)
Rose " 72(0) 180(0)
Silver white 3(0)-5(1)-7(2)-12(4) 10(1)-30(2)
Silver white” 72(0) 180(0)
Golden yellow 3(0)-5(1)-7(2)-12(4) 10(1)-30(2)
Golden yellow " 72(0)-108(1) 180(1)
Blank steel 1(2)-5(4) 1(4)

W-S-Fe film
Golden yellow
Orange
Green
Black
Blank zinc

Mo—S-Zn film
Orange red
Golden yellow
Red brown
Purple
Grey green

W-S-Zn film
Red brown
Purple red
Blue

Green

19(1)-58(3)
16(1)-56(3)
13(1)-47(3)
16(1)-57(3)
0.5(2)-3(4)

13(1)-5(2)-36(4)

18(0)-41(1)-78(3)
16(1)-30(2)-53(4)
15(1)-28(2)-49(4)
13(0)-26(2)-43(4)

17(1)-28(2)-43(4)
21(1)-30(2)-41(4)
19(1)-31(2)-40(4)
22(1)-32(2)-41(4)

15(1)-41(2)
12(1)-34(2)
10(1)-27(2)
12(1)-36(2)
1(4)

12(1)-20(2)-33(4)
16(0)-32(2)-56(3)
15(1)-25(2)-33(4)
12(1)-23(2)-35(4)
13(1)=26(2)-37(4)

15(1)-26(2)-38(4)
15(1)-28(2)-40(4)
18(1)-31(2)-41(4)
19(1)-30(2)-45(4)

<1

52
96
70
68
57

65
70
69
79

* Passivated by PMTA

(A) Parenthetical numbers mean.0-no tarnish; I1-faint tarnish; 2-light tarnish; 3—obvious tarnish; 4-serious tarnish.

Insoluble conversion films of Mo(W)-S cluster

compounds with a metallic luster of various colors

have been obtained from

the

interface reactions

between Mo (W)Si— inos and metal surface. These
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films are functional finishing layers, not only

possessing decorative properties, but promoting the
ability of the well.
they be applied for finishing and

anticorrosive metals as

Therefore,

passivation of steel surface. By means of the

analogous method, black Mo (W)-S-Ni cluster
compound films have been applied to the surface
of nickel.

FT-IR, F-IR, FT-Raman,
determinations were carried out to investigate these
conversion films before and after heating treatment.
The results show that bridged Mo(W)-S, terminal
Mo(W)-S and terminal Mo (W)-0O bonds exist in

XPS and AES

various Mo(W)-S cluster compound films are listed
in Table 3. The colors of the films varied with
their compositions and thicknesses, and the
thickness was found to depend on the reaction

the longer the time, the thicker the films.

time ;
Hence, it is reasonable that the surface films are
multimolecular  layers formed by coordination

reactions of Mo (W)Sj— on the metal surface. The
outer molecular layers have been oxidized to some
while MoS, and WS, units are maintained
in the inner layers. Their colors are probably
caused by Mo (W)-S-M bonds and a statistical

distribution and overlapping of various molecular

extent,

the cluster compound films. The thickness, layers  since the films are  complicated
composition and valence state of each element of multicomponent and multilayer systems.
Table 3 The thickness, composition and valence state of each element of various films
Specimen Film thickness Composition Valence state of the elements
(nm) (A.C.%) outer inner
Mo—S—Cu film Cu Mo S o Cu Mo S o Cu Mo S o
Brown 86 42.1 121 319 137 +1,42 +6 +6,+4,-2 -2 +1  +6 -2 =2
Rose 109 382 130 308 17.8 +1,42 +6 +6,+4,-2 -2 +1  +6 -2 =2
Soft cyan 178 45.1 92 339 116 +1,+2  +6 +6,+4,-2 -2 +1 46 -2 =2
White 236 402 11.2 362 122 +1,42 46 +6,+4,-2 -2 +1 46 -2 =2
W-S-Cu film Cu w S 0 Cu w S o Cu W S 0o
Orange 56 318 178 434 6.8 +1,+2 +6 +6,+4,-2 -2 +1 46 -2 =2
Rose 78 306 191 402 99 +1,42 +6 +6,+4.,-2 =2 +1  +6 -2 2
Golden yellow 92 295 19.6 426 8.1 +1,+2 +6 +6,+4,-2 -2 +1  +6 -2 -2
Mo-S-Fe film Fe Mo S 0o Fe Mo S 0 Fe Mo S 0o
Red-brown 175 263 143 336 256 +3 +6 +4,+6,-2 -2 +2  +4,+6 -2 =2
Grey-black 330 398 123 325 157 +3 +6 +4,46,-2 -2 +2  +4,46 -2 2
Blue* 225 492 99 34 373 +3 +6 +4,46,-2 -2 +2  +4,46 +6,-2 -2
W-S-Fe_film Fe w S 0 Fe W S o Fe w S 0
Golden-yellow 225 303 19.8 23.1 26.7 +3 +6 +4,+6,-2 -2 +2  +4,+6 -2 =2
Orange 245 20.8 17.0 289 332 +3 +6 +4,46,-2 -2 +2  +4,46 -2 =2
Black 500 183 252 312 251 +3 +6 +4,+6,-2 =2 +2  +4,+6 -2 =2
Blue-purple * * 300 451 159 38 351 +3 +6 +4,+6,-2 -2 +2  +4.,46 +6-2 -2
Mo-5-Zn film Zn Mo S o Zn Mo S o Zn Mo S o
Golden yellow 60 325 193 394 8.5 +2 +6  +4,+6,-2 -2 +2 +4,46 -2 -2
Red brown 107 225 233 363 175 +2 +6  +4,+6,-2 -2 +2  +4,46 -2 -2
Purple 261 27.1 213 38.1 133 +2 +6 +4,+6,-2 -2 +2  +4,+6 -2 -2
W-S-Zn film Zn w S 0 Zn w S 0 Zn w S o
Red brown 75 316 21.0 391 8.1 +2 +6 +4,+6,-2 -2 42 +4,+6 -2 -2
Purple red 182 235 292 326 145 +2 +6 +4,+6,-2 -2 42 +4,+6 -2 -2
Green 392 292 230 361 11.5 +2 +6 +4,46,-2 -2 42 44,46 -2 -2
Mo-S-Ni film Ni Mo S 0o Ni Mo S 0o Ni Mo S 0
Grey black 185 256 220 409 113 +2 +4,+6 -2 -2 +2  +4,46 -2 -2

* arising from the Red-brown film heated by air at 250°C for 2hr;
* * arising from the Golden~yellow film heated by air at 250°C for 2hr.
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With regard to the heated films, there also
exist Mo(W)-8- Cu (Fe, Zn, Ag, Ni, Sn)
bonds.

elements were unchanged,

The composition and valence state of the
while the structure and
the distribution of each element were changed.
Furthermore, there is another intermediate layer
between the whole film and the metal surface,
confirming the penetration of Mo(W) and S to the
depth of substrate, which increases the thickness

of the films.

3 Conclusion
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