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Abstract
Sperry-Sun Halliburton experienced an increased corrosion rate on 17.4PH parts of their Pulse
Generator systems, with respect to previous experience. The corrosion results in leakage of
hydraulic fluid and premature failure of the Pulse Generator.

Corrosion testing revealed that a potential difference exists between the corroded 17.4PH part
and a Nitronic60SH austenitic stainless steel part, which it was galvanically coupled to. The
17.4PH part is the least noble in this combination. Metallographic investigation showed general
corrosion of the 17.4PH part of the top end assembly. Since the 17.4PH was partly shielded
leaving a small surface area exposed to the environment (mud, rich in chlorides) and the
Nitronic60SH part had a relatively large surface area, it is concluded that the 17.4PH part
suffered from galvanic corrosion. Another 17.4PH part, coupled to a Titanium part, showed a
similar form of corrosion. Since the potential difference between Titanium and 17.4PH is
higher, it is concluded that also here the 17.4PH is subjected to galvanic corrosion. Reference
samples of less corroded material and environment were not available, hence the reason for the
excellerated corrosion could not be determined.

During the investigation, cracks were observed in the Nitronic60SH part. The morphology of
these cracks implies (stress) corrosion supported fatigue cracking. The temperature (80-120°C)
and high chloride concentrations make stress corrosion possible. To determine the cause of
cracks in the Nitronic60SH, a more detailed investigation needs to be performed. Since this was
no subject of this investigation, this is not performed so far.

Keywords
Galvanic corrosion, Stress corrosion, Fatigue, 17.4PH, Nitronic60SH, Drilling, Pulse generator,
Metallography, Corrosion testing
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SUMMARY

Sperry-Sun Halliburton experienced an increased corrosion rate on 17.4PH parts of their Pulse
Generator systems, with respect to previous experience. The corrosion results in leakage of
hydraulic fluid and premature failure of the Pulse Generator.

ECN-TS&C Materials Technology was asked to investigate a corroded pulse generator in order
to determine the nature of the attack and its cause.

A corroded pulse generator was submitted for investigation. Two 17.4PH parts show corrosive
attack on surfaces exposed to mud, pumped past the surface. A sample of this mud was also
supplied but was already investigated in detail. A metallographic examination was performed on
the corroded top end assembly and corrosion tests were done to determine possible corrosion
mechanisms.

The corroded 17.4PH parts were galvanically coupled to a Nitronic60HS part and a Titanium
part. In both combinations, 17.4PH is the least noble material when exposed to the mud
environment. A potential difference of 46mV was determined for the 17.4PH-Nitronic60SH
combination when submerged in the mud-suspension supplied. The 17.4PH was partly shielded
from the environment while the Nitronic60SH was exposed for the greater part of its surface. It
is expected to result in a relative high corrosion current density on the 17.4PH part and by this
to galvanic corrosion.

Since in the 17.4PH-Titanium combination an even higher potential difference is expected on
the basis of the galvanic series, also for this combination galvanic corrosion is the most likely
mechanism resulting in corrosive attack of the 17.4PH.

Reference samples of less corroded material and environment were not available, hence the
reason for the excellerated corrosion could not be determined.

During the investigation it was observed that the Nitronic60SH part suffered from severe
transgranular cracking. Considering the crack morphology, the operating temperature of
80-120°C and the presence of chloride, (stress) corrosion enhanced fatigue cracking can not be
excluded. More detailed investigations are needed to determine the nature and cause of the
cracking. Since it was no matter for this investigation, this was not yet pursuid.
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1. INTRODUCTION

SperrySun, a Halliburton division, located in IJmuiden the Netherlands, experiences localised
corrosion in specific parts of their Pulse Generator. The corroded areas were restricted to a
precipitation hardened stainless steel, 17.4PH, exposed to mud which is pumped through the
system. This corrosion finally results in leakage of hydraulic fluid and less performance of the
probe. Up till now the corrosion rate was limited, however, lately higher corrosion rates
occurred resulting in failure after e.g. 200h of operation at 120°C. ECN-TS&C-Materials
Technology was asked to investigate cause of the corrosion and make suggestions to solve the
problem.



8 ECN-C--03-068



ECN-C--03-068 9

2. BACKGROUND INFORMATION

2.1 Pulse generator serial number 1435
For the construction of the probe, several materials were used, Figure 2.1. A nominal chemical
composition of these materials is presented in Table 2.1.

The corroded locations are indicated in Figure 2.1, while details are presented in Figure 2.2.
During operation, the greater part of the corroded 17.4PH material is shielded from the
environment by a nose cap and additional flow gear, see Figure 2.3. The submitted pulsar, serial
number 1435, was operated for 97 below rotary hours and 60 circulation hours at an estimated
temperature of 100°C. The pulse generator was operated during run 4 and 6 in well L5-B2.

corrosion corrosion

MP35N?

Nitronic60HS

17.4PH

Titanium +
Ceramic coating

Carbon

Titanium

17.4PH
Naval brass

Shielded from the mud
Figure 2.1  Pulse generator in the as delivered condition, operated for 55h at 100°C. The

different materials used and the corroded areas are indicated

Figure 2.2  Details of the corroded 17.4PH parts
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Figure 2.3  Pulse generator as it is used, complete with nose cape and additional flow gear

Table 2.1  Nominal composition of the materials used in the probe of interest in the
investigation

Alloy
Element MP35N Nitronic60SH 17.4PH

C - Max. 0.10 Max. 0.07
Mn - 7.00-9.00 Max. 1.00
Si - 3.50-4.50 Max. 1.00
Cr 20.0 16.0-18.0 15.5-17.5
Ni 35.0 8.00-9.00 3.0-5.0
P Max. 0.060 Max 0.04
S Max. 0.030 Max. 0.03

Cu - 3.0-5.0
Nb - 0.15-0.45
Co 35.0 -
Mo 10.0 -
N 0.08-0.18

2.2 General operating conditions submitted pulse generator
During operation a mud, containing high concentrations of chloride (Cl-) and a pH of 6.6-6.8 is
pumped along the outside of the probe. Operating temperature between 80°C and 120°C. Flow
rate of the mud: 1008 gl/min. This mud has two functions:
•  generating power by propelling a dynamo,
•  enabling data transmission.

During operation a pulsed load is applied to the Cap Poppet Shaft F/BP-Top End and the End
Plug F/BP Top End Assembly, see Appendix A. This results in a fatigue loading of these parts.
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2.3 Environment
The mud is mixed with seawater during use and polluted with remnants of the drilling. The mud
is recycled several times before it is disposed of and replaced by new mud.

A typical sample of the mud was supplied with the probe. This sample was identified as:
Wintershall L5-B2
MWD run 700
13-03-03
M Drilling fluids
KCl-Polymermud

A typical analyses is presented in Appendix B, mud report No. 24. Mud properties influencing
the corrosive attack of materials are:
•  pH: which according to the mud report No.24 is 8.5 at 20°C,
•  Chloride (Cl-) concentration: 188,000 mg/l,
•  Solids: 23 %Vol (erosive),
•  Sand: 0.2 %Vol (erosive).
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3. EXPERIMENTAL AND RESULTS

The following investigations were performed and will be addressed here after:
•  metallographic investigation,
•  analyses of corrosion products,
•  determination of the galvanic potential differences between materials,
•  establishing normal corrosive attack after a short (6 days) immersion in the mud at 50-70°C.

3.1 Metallographic investigation
Details are presented in Figure 3.1. The metallographic investigation was limited to the Pulser
Top End Assembly. For this investigation the Pulser Top End Assembly was removed from the
outer pump case and the Cap Poppet Shact F/BP Top End was dismantled. All in accordance
with document P01864 Rev A. A cross section was taken across the location as indicated in
figure 3.1 and prepared using standard metallographic techniques. The cross-section shows the
general corrosion in the 17.4PH material and several cracks in the Nitronic60SH material. These
cracks appeared to be similar to fatigue cracking.
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Figure 3.1  Overview of the head of the Pulse Generator #1435 and metallographic examination

Crack, appearance
similar to fatigue
cracking

Crack, appearance
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17.4PH, general
corrosion
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17.4PH
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2
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3.2 Analyses of corrosion products.
The corrosion products as shown in Figure 2.2, were analysed (see Table 3.1). The usual
corrosion products were observed, being Fe-(Cr)oxides. The high amount of Cu can be
explained by the naval brass components. Possibly small particles were embedded in the
corrosion product.

Table 3.1  Analyses of corrosion products found on the 17.4PH material
Corrosion analyses general corrosion 17.4PH material

(Locations are indicated in Figure 3.1)
Element Location 1 Location 2 Location 3 Location 4

O 16.39 12.54 17.73 16.15
Al 0.31 0.51 0.09 0.25
Si 0.88 1.26 1.27 6.22
P 0.08 0.00 0.09 0.43
S 0.11 0.02 0.24 0.14

Na 0.00 0.00 1.29 0.00
K 1.25 1.17 1.43 1.11

Mg 0.20 0.71 0.10 0.44
Ca 1.51 3.13 2.19 2.43
Fe 48.75 25.77 45.29 44.52
Cr 19.27 16.66 21.92 13.73
Mn 1.28 0.71 1.16 1.54
Ti 0.01 0.00 0.00 0.07
V 0.33 0.12 0.05 0.01
Cl 0.00 0.28 0.28 0.15
Ni 7.41 4.57 5.37 8.46
Cu 2.21 32.55 1.49 4.35

3.3 The galvanic potential differences between materials.
The galvanic series for metals in seawater revealed that 17.4PH material is the material with the
most negative, or anodic, corrosion potential connected to the Nitronic60SH, the material with
the most positive or noble potential. The galvanic potential difference is expected to be
approximately 50 mV when Nitronic60SH is in passive state and 17.4PH in active state.

An electrochemical cell was set up for 4 days to determine the galvanic potential difference
between the electrodes consisting of the materials Nitronic60SH and 17.4PH, while the solution
contained the mud. The Electromotive Force varied in the range of 20 – 100 mV, average
46±30 mV at room temperature.

After the test, the material samples were visually examined. The 17.4PH sample showed a
corrosion spot at the saw-cut of the sample, see figure 3.2. A cross-section was taken across this
spot, see figure 3.3, and revealed slightly corrosive attack at this location, see figure 3.4.
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Figure 3.2  The 17.4PH sample subjected to the electrochemical cell. The corrosion spot at the
saw-cut of the sample is indicated by an arrow

Figure 3.3  Section across the corrosion spot of figure 3.2. Slightly corrosive attack can be
observed
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Figure 3.4  Detail of figure 3.3 (indicated by the arrow), showing the corrosive attack at this
location after 4 days of exposition at room temperature

3.4 Normal corrosive attack due to immersion in the mud.
A sample of only 17.4PH material was subjected to the flowing mud for 7 days at the
temperature of 70°C. After the test, no corrosive attack was observed at the sample.
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4. DISCUSSION

The investigation of corrosive attack as a result of immersion in the mud showed that the
17.4PH material is able to resist the flowing mud.

There is a potential difference of about 46 mV between the 17.4PH and the Nitronic60SH
material when coupled in a sample of the mud supplied with the pulse generator. This indicates
a potential danger for galvanic corrosion of 17.4PH. The test with the electrochemical cell
revealed that corrosive attack of the 17.4PH material occurs. Whether corrosion occurs and its
rate depends on the corrosion current density, which depends on the ratio of the exposed surface
of both materials (Nitronics 60SH and 17.4PH).

The greater part of both corroded 17.4PH parts presented in Figure 2.2 are shielded by a nose
cap and additional flow gear during operation. This implies that the surface area exposed to the
mud of the material with the most negative or anodic corrosion potential, 17.4PH, is much
smaller than that of the material with the more positive corrosion potential, Nitronic60SH which
is more noble. As a result of this phenomenon, the corrosion current density at the 17.4PH
material will increase and with that the corrosion rate.

The corroded 17.4PH part of the magnet housing (2 inch case) was not investigated in more
detail because destructive examination will destroy the most expensive part of the pulse
generator. However, macroscopic examination revealed that the corrosion appearance is similar.
Also in this case, the 17.4PH part was partly shielded, while galvanically contacted with a
Titanium part. Titanium is more noble than Nitronic60SH, so it can be expected that the
potential difference between the Titanium part and the 17.4PH part is higher. This increases the
possibility of galvanic corrosion. Therefor it is justified to imply that also on this location
17.4PH is subjected to galvanic corrosion.

The metallographic investigation revealed that the cracks in the Nitronic60SH material appeared
to be similar to fatigue cracking or (stress)corrosion-fatigue. Together with the fact that a pulsed
load will be applied to these parts during operation, is it reasonable to assume that the observed
cracks in the Nitronic60SH material are most probably a result of fatigue cracking. Further
investigation should be necessary to confirm this statement.

Nitronic60SH is austenic stainless steel type with high Manganese and Silicon. This type of
materials is inherent sensitive to stress corrosion in Chloride containing environments. So, stress
corrosion can not be ruled out completely, since high Chlorine concentrations are present, the
temperature is above the critical value of 50°C for stress corrosion and high stresses might be
introduced during operation, pulsation. To determine the occurrence of stress corrosion, more
research is needed. This was not performed in this investigation, since this investigation was
focussed on the corrosion of 17.4PH.

No reference samples of less corroded 17.4PH material and the environment were available.
Therefore, the reason for excellerated corrosion could not be determined.
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5. CONCLUSIONS

•  17-4PH suffered from a general corrosive attack on areas exposed to the mud.
•  A potential difference between 20-100 mV, average 46±30 mV, exists between the coupled

17.4PH and Nitronic60SH when coupled in the mud suspension, in which the 17.4PH is the
anodic alloy and has a low surface area exposed to the mud compared to the Nitronic60SH
which is cathodic (noble). This will result in a relatively high corrosion current density and
so a relatively high corrosion rate of the 17.4PH.

•  17.4PH proved to be resistant in a 7 days exposition test at 70°C in flowing mud, when
17.4PH was exposed.

•  17.4PH is subjected to galvanic corrosion when submerged in the mud and coupled with
Nitronic60SH.

•  To prevent galvanic corrosion, 17.4PH is to be disconnected from the Nitronic60SH or to be
replaced by this alloy or vice versa.

•  Corrosion of the 17.4PH part of the magnet housing (2-inch case) is most likely caused by
galvanic corrosion, since it is coupled to a noble Titanium part.

•  The Nitronic60SH housing seal pack F/BP top end shows heavy cracking. The exact cause of
cracking is still unknown, but appears to be related to fatigue or (stress) corrosion-fatigue.
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6. RECOMMENDATIONS

•  The cause for excellerated corrosion of the 17.4PH material as reported by Halliburton could
not be identified, since reference samples were not submitted. Hence, to determine the cause
for excellerated corrosion, it is recommended to investigate:
- old, lesss corroded, probes
- different samples from the environment.

These should be investigated for differences enhancing corrosion, like:
- microstructure, indicating different heat treatment,
- chemical compositions, Cr, C content,
- Oxygen concentration, pH, conductivity of the environment.
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APPENDIX A BALANCED PISTON TOP END ASSEMBLY
(P/N 046842)

Figure A.1  Piston Pulser Top End Assembly (P/N 046842)
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Balanced Piston Pulser Top End Assembly (P/N 046842)
Figure A-1
Exploded View Parts List

1. Cap Poppet Shaft F/BP Top End 046852
2. Ring Retainer Truarc 5008-112C 046895
3. Housing Seal Pack F/BP Top End 046851
4. O-Ring 568-019 Flo 90 DR 037710
5. Shaft Wiper FIBP Top End 046896
6. O-Ring 568-111 Flo 90 DR V23 046856
7. Ring Backup F/111 O-Ring 046855
8. O-Ring 568-025 Flo 90 DR V23 046857
9. End Plug FIBP Top End Assembly 046848
10. Bushing Upper for BP Impregnated 047860
11. Shaft Poppet FIBP Top End 046850
12. Pin Piston Limit 047548
13. O-Ring 568-015 Flo 90 DR 016684
14. O-Ring 568-013 Flo 90 DR 001202
15. Ring Backup F/O13 O-Ring PPT 047547
16. Piston Compensation FIBP 046847
17. O-Ring 568-122 Flo 90 DR " 038399
18. Bladder Shaft Housing FIBP Top End 046893
19. O-Ring 568-215 Flo 90 DR 02806
20. Spring Retaining FIShaft Housing Bladder 046894
21. Spring Garter Inconel FIBB 047823
22. Bladder Guide Sleeve FIBP Top 046859
23. O-Ring 568-207 Flo 90 DR 040069
24. O-Ring 568-113 Flo 90 DR 038553
25. Plug Fill Port FIBP Top End 046858
26. O-Ring 568-008 Flo 90 DR 000880
27. Poppet Shaft Housing BP Pulser 046843
28. Guide Sleeve 046844
29. Bushing Lower for BP Impregnated 047861
30. Pin Antirotation PPT Pulser 047541
31. Sleeve Antirotation FIBP 046846
32. Ring Retainer Truarc 5008-106C 047542
33. Piston Modified FIBP Top End 046853
34. Seal Special Composite 803732

PO1864 Rev. A
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APPENDIX B WATER-BASED MUD REPORT NO. 24
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