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	   X-ray photoelectron spectroscopy (XPS) report

	Client: A.Musso, A.Ferretti, ALICE
	Tel.:

	Job No.: 722-EST-SM-AS-2003-01-24

	Job opened by: M.T. & J.G.
	Date: 2003-01-24

	Number of samples: 12
Sample codification: 722

3 RPC plates used at GIF in February 2001: 

· plate 1346b = without linseed oil, HV side

· plate 1344a = with linseed oil, ground side

· plate 1344b = with linseed oil, HV side (twin plate 1346a has been analyzed in Chemistry department of the university of Torino by M.Lazzari)

For more details see presentation of M.T. at the RPC meeting 19.3.2003, stored under the same EDMS number.

722-a = # 1346b A yellow area

722-b = # 1346b B1 yellow spot

722-c = # 1346b B2 area surrounding yellow spots

722-d = # 1346b C “reference” area (doesn’t seem to be polluted by sight)

722-p = plate 1346b, sticky drops region on the upper yellow part

722-e = # 1344a A yellow area (“light coloration”)

722-f = # 1344a B yellow area (“dark coloration”)

722-g = # 1344a C damaged area

722-h = # 1344a D pouring trace area (type 2 = vertical trace / working orientation)

722-i = # 1344a E “reference” area (doesn’t seem to be polluted by sight)

722-j = # 1344b A yellow area

722-k = # 1344b B impact spot

722-j = # 1344b C “reference” area (doesn’t seem to be polluted by sight)

722-q = plate 1344b, sticky drops region

722-n = bakelite from OPERA with linseed oil 

722-o = bakelite from CMS, without linseed oil 

Nature of samples: Bakelite samples. 

Samples received: 2003-01-21
Sample storage after sample reception: air

Put under vacuum in XPS instrument: 2003-01-24
Aim of analysis:

Identify the surface contamination components and compare the different samples to determine the origin of the RPC damages. 

Results:

All the samples present a strong outgassing. Only a slice of the topmost part of the bakelite piece can be introduced in the machine and measured after pumping in the load-lock during one night. With very tiny samples, we were able to introduce two of them in the same time in the experiment, with only one night pumping. (SIMS analysis of such samples was impossible due to charging, even by using the neutralizer)

Morphologic observations

Different types of damages are observed in the plates. We can differentiate:

· 2 types of pouring or flowing drops traces: 

· pouring traces-1 horizontal / working orientation. These traces are due to the linseed oil deposition (orientation of the plates during linseed oil deposition at 90º compared to the working orientation)

· pouring traces-2 vertical / working orientation.

The pouring traces-2 are produced during the working step of the chamber, as concluded from the flowing direction of the liquid. They are observed on both 1344 plates (HV and ground) and their shapes are exactly symmetric. It means that the viscous pouring phase was in contact with both plates: locally filling the inter-plate space.

The traces have the same orientation with respect to gas inlet/outlet pipes for the non-oiled plate 1346b as for the oiled plates 1344.

· Yellow areas (washed out):

These areas are also present in both 1344 plates and are symmetric, meaning it happens during the working step. 

· Discharges: 

Mainly observed in the “1344b” plate the high voltage connection plate. Spots possibly related to discharges are in relief, like drops deposed on the bakelite surface. Moreover these drops can be removed with a blade. A corresponding trace, less evident, is observed on the other plate (ground plate). Therefore it seems that these damages are produced during the working step. However, we are not able to determine if the origin of these damages are coming from the setting up of the chamber (like dust…) or intrinsic to the experiment.

NB: a further description of the plates is given in the presentation made by M.T. at RPC-at-GIF meeting, 19/03/2003

XPS results

Figures 1, 2, 3 present the so-called surface concentrations as obtained by XPS for the different samples. The bare bakelite exhibits a large N signal due to the melamine surface coating. The other sample surfaces present several contaminants, such as F, S, Si, N, Na, Cl in various proportions, depending on the sample.
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Fig. 1: Concentration of the different elements present in the surface of 1346b RPC plate samples.

· 1346b C (reference). The presence of N is a witness of the melamine that covers the bakelite. The surface content of F is lower than for other regions.
· 1346b A and 1346 B2 seem to be the same kind of area, with a high proportion of F and the presence of S.
· 1346b B1. No S was detected in this area. However, we used a smaller entrance slit of the analyser to ensure to focus on the spot area, thus reducing the signal intensity. The S content may be lower than the signal detection limit.
· 1346b drop trace: this area gives the same results as for the yellow area 1346bA; the chemical composition of the fluid drops is completely masked by the S and F contamination covering them.
The three area 1346b A, B1, B2 show very similar analysis (element concentration and XPS line shape and position). No evident differences were observed in the impact that could help to explain the nature of the drop and its origin.

S is present in almost all the samples, its XPS line shows 3 contributions (all energies referred to C1s at 285 eV) :

· ~ 163.5 eV that could correspond to sulfide, S or CS2 (high intensity)

· ~ 165 eV that could correspond to SO2 or SO3 groups (medium intensity)

· ~ 168-169 eV that could correspond to SO4 (little lower)

No traces of SF6 were detected (Eb ~ 174-177 eV).

The reference sample (1346b C) shows only the SO4 contribution.

Notice the presence of Si. Actually we don’t have any information about the origin of the Si but some traces are present on the bare bakelite, too.

Na is used as catalyser in the fabrication process of bulk bakelite (A.Ferretti), but it should not be present at the surface of melamine covered or oiled bakelite.

The carbon line presents a C-C component and a clear C-N component at 287.5eV on the virgin bakelite. The C-N component is srill visible as a shoulder on the reference sample and completely disappears in other regions where C-F and C-F2 components appear at 290 eV and 292 eV respectively.

1344a plate:
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Fig. 2: Concentration of the different elements present in the surface of 1344a RPC plate samples.
The oiled bakelite sample does not show any impurities beyond Si. The C1s line on this surface has mainly a C-C contribution and a O=C-O contribution around 289eV. 

No specific correlations have been established between the morphological observations and the XPS analysis. 

· Sample 1344a B (dark yellow area) shows a low surface content of F and a high C content. It could correspond to a badly polymerised linseed oil zone as observed in a previous study (see report 708-est-sm-as-2002-11-29 available in EDMS). 

· The opaque flow traces area did not show any particularities but the analysis area was larger than the traces and was therefore taking into account the surrounding surface.

· Unexpectedly, sample 1344a B (yellow area “dark coloration”) shows the lowest F surface concentration of the serie and in particular a content lower than sample 1344a A (yellow area “light coloration”). This result is surprising as a previous study (see report 708-est-sm-as-2002-11-29 available in EDMS) established a correlation between the sample aspect and colour and the F content: a dark yellow colour was associated to a high F content.

Again S has been found in every case. Three contributions have been observed in the XPS line, but with some differences with the previous case: no 165 eV line and a line at 172 eV.

· ~ 164 eV that could correspond to sulfide, S or CS2 (high intensity)

· ~ 168 eV that could correspond to SO4 (medium intensity)

· ~ 172 eV that could correspond to SF6 or SFx fixed on the surface (low intensity)

In the case of the reference sample, the 172 eV contribution is very important.  

Notice again the presence of Si in some of the samples.

1344b plate:
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Fig. 3: Concentration of the different elements present in the surface of 1344b RPC plate samples.
No differences have been found between the four samples extracted from this plate. 

The impact zone has been analysed with two slit sizes (modify the surface size of the analysis) to try to detect a difference between an analysis restricted to the spot and one taking into account the surrounding area. No differences have been detected.

Again, these samples show F, Si and S in their surface. The S2p XPS line present the same features than in the 1344a plate :

· ~ 164 eV that could correspond to sulfide, S or CS2 (high intensity)

· ~ 168 eV that could correspond to SO4 (medium intensity)

· ~ 172.5 eV that could correspond to SF6 or SFx fixed on the surface (low intensity)

General conclusions:

· The presence of S in most of the sample arises from the decomposition of the SF6 and TFE gas. Fragments of isobuthane could also be present but cannot be distinguished from the other carbon species present before operation. Gas analyses, at the system exit, showed that a part of SF6 has been decomposed and that no other S-based volatile compound was found. Most of the S is probably deposed on the bakelite plates.

· The so-called yellow areas (1346b A, 1344a A and 1344b A) show the same results (surface composition and XPS lines shapes and energies) and are certainly affected by the same kind of damages.

· The F surface concentration is difficult to correlate with the visible damages: surfaces that seem not polluted can exhibit a high F content (ex: #1344a E) whereas others that seem damaged can present a “low” F proportion (ex: #1344a A). HF etching doesn’t seem to be the only damages origin.

· No evidence for effects depending on the plate polarity has been found.

· The chemical nature of the traces of the sticky drops cannot be easily found since they are also covered by the general S and F contamination present everywhere on the plate.
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														Plaque #1346

								C		O		F		S		Na		Si		Cl		N

				722-p-xps-1-m		drop trace		61.3		5.8		31.4		1.5		0		0		0		0

				722-a-xps-1-m		#1346b A		59.3		6.7		32.2		1.8		0		0		0		0

				722-b-xps-1-m		#1346b B1		69		8.4		22.6		0		0		0		0		0

				722-c-xps-1-m		#1346b B2		61.2		6.6		30.9		0.6		0		0.7		0		0

				722-d-xps-1-m		#1346b C		63.7		21.4		3.8		0.4		1.2		0.7		0.3		8.6

				722-o-xps-1-m		bakelite		56.4		13.4		0		0		0		0.4		0		29.7

														Plaque #1344 a

								C		O		F		S		Si

				722-e-xps-1-m		#1344a A		57.9		7.1		33.3		1.7		0

				722-f-xps-1-m		#1344a B		75.9		12.5		9.7		0.9		1

				722-g-xps-1-m		#1344a C		67		11.2		19.8		1.1		1

				722-h-xps-1-m		#1344a D		61.1		8.2		29.1		1.6		0

				722-i-xps-1-m		#1344a E		55.5		5.7		37.6		1.2		0

				722-n-xps-1-m		bak. Oiled		80.9		18.3		0		0		0.7

														Plaque #1344 b

								C		O		F		S		Si

				722-q-xps-1-m		drop trace		65.5		9.6		22.9		1.4		0.6

				722-j-xps-1-m		#1344b A		60.9		7.1		30.3		1.2		0.5

				722-k-xps-1-m		#1344b B		60.3		6.7		30.3		1.9		0.8

				722-l-xps-1-m		#1344b C		61		6.7		30.9		1.4		0

				722-n-xps-1-m		bak. Oiled		80.9		18.3		0		0		0.7
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