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Today the use of duplex stainless steel as a construction material for chemical industry is 
very widespread [1]. Toyo Engineering Corp. (TEC) has successfully used a duplex 
stainless steel in own urea process since early 1970s, and has again selected an 
advanced type duplex stainless steel, DP12, for a stripper of ACES process [2]. The 
stripper is the most crucial equipment in the urea plant in terms of corrosiveness of fluid 
and severity of operating condition as well as mechanical design conditions, and it is 
essentially important to ensure the structural integrity of the stripper throughout the life 
cycle of a plant. This paper deals with an inspection and maintenance history over the 
eight-years operation of the stripper of ACES plant focusing on a long term monitoring 
of wall thickness of DP12 tubes using eddy current technique. A special probe applicable 
to duplex stainless steel has been developed, and has comprehensively measured the wall 
thickness of the stripper tubes at every shut down maintenance, SDM, in order to 
establish an effective and reliable inspection program of the stripper of ACES process. 
As a result, it has been demonstrated that an eddy current technique with the special 
probe can measure efficiently the wall thickness as well as its profile along the tube 
length. In addition, it has been revealed that corrosion rate of the tubes is marginally low, 
and the expected tube life fairly covers the original design life of the stripper. 
 

INTRODUCTION 
Toyo Engineering Corp. (TEC) has successfully used DP12 for the stripper of own urea, 
ACES process [2]. The stripper is the most crucial equipment in a urea plant in terms of 
corrosiveness of fluid and severity of operating condition as well as mechanical design 
conditions, and accordingly it is essentially important to ensure the structural integrity of 
stripper throughout a life cycle of a plant.  
First of all, this paper provides technical basis of an eddy current technique (ET) for 
DP12 tube thickness monitoring. Secondly, a case history of stripper tube thickness 
evaluation by ET in an ACES urea plant is reported. Finally, enhancement of the 
methodology considering plant life cycle management will be proposed. 
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EDDY CURRENT TESTING FOR DP12 TUBE 
Conventional ET Probe 
ET is one of the most common tube inspection methods. It has been successfully applied 
to non-magnetic material, such as type 304 and 316 stainless steels [3]. However, 
ferromagnetic materials such as carbon steel, ferritic stainless steel and duplex stainless 
steel can not be monitored by a conventional ET probe due to a variation of magnetic 
permeability, which results in low S/N (Signal/Noise) ratio. 
 
Magnetized ET Probe 
In order to apply ET to ferromagnetic material, a lot of study has been conducted 
worldwide [4]. It is known that magnetized ET probe improves S/N ratio [5][6]. As 
shown in Figure 1, a strong magnetic field reduces the variation of magnetic 
permeability, which gains S/N ratio. Tube manufacturer has practically used a 
magnetized ET system, which has an external electromagnetic coil, for an in line 
inspection of their products. 
A magnetized ET probe with built-in permanent magnet has been developed for field 
inspection because magnetic field cannot be added practically from outside tube at plant 
site. Figure 2 and Figure 3 show a construction and appearance of the probe.  
 
Thickness Monitoring Methodology 
A calibration tube is utilized to convert ET signal to tube wall thickness. The calibration 
tube has five segments with thickness of 100%, 80 %, 60 %, 40 % and 20 % as a ratio to 
original thickness. Detail dimensions of the tube are shown in Figure 4. Five flat ET 
signals corresponding to each segment are available by inserting the probe into the tube 
as shown in Figure 5. ET signal of actual tube is converted to thickness using this chart. 
Figure 6 shows a typical ET signal of an actual stripper tube comparing with the 
calibration chart. Upper side of this figure represents small thickness. Two peaks at both 
sides and six peaks at the midpoint of the indication stand for top/bottom tubesheets and 
baffle plates respectively. The line except these peaks gives tube profile. In this case, a 
minimum thickness of the tube is between 60 % and 80%, thus the minimum thickness 
of the tube is calculated to be 70 % in ratio to original thickness. One calibration chart is 
sufficient for each five or ten tube inspection at field. The same procedure and thickness 
recording have been executed for all tubes. 
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STRIPPER TUBE THICKNESS MONITORING IN AN ACES UREA PLANT 
Hereinafter, an actual stripper tube monitoring practice in an ACES urea plant is 
described as a TEC’s experience adopting the developed magnetized ET probe. 
Fieldwork Outline 
The plant has been operated for eight years since 1993. The stripper in the plant has 
2,680 tubes. Five times of SDM have been carried out since the initial start of the plant, 
and numerical ET data has been gathered for all tubes in May 1997, November 1998 and 
June 2001. 
ET equipment consists of main system, personal computer to control the system, 
recorder, and ET probe. The equipment is set onto top tubesheet of the stripper. Setting 
of the ET equipment is shown in Figure 7.  
 
Tube Wall Thickness Monitoring 
The inspection results are compiled in Table 1. Average corrosion rates of the stripper 
tubes from 1998 to 2001 and from 1993 through 2001, are 2.23 %/y and 2.98 %/y in 
ratio to original thickness respectively. Remaining life calculated from these corrosion 
rates are 12 to 15 years, thus total life of the stripper tube thickness is expected to be 20 
to 23 years, which cover the original design life, 20 years.  
Tube thickness measured at each SDM (May 1997, November 1998 and June 2001) is 
summarized in Figure 8. Average thickness, μ, is 92.8, 80.4 and 74.7 %, and the data 
gives the range of standard deviations, σ, from 3.13 to 3.75 %, which are ratios to 
original tube wall thickness. In case of 2001 SDM, 83.2 % and 97.2 % tubes are within 
1σ and 2σ respectively as shown in Figure 9. 
Cumulative frequency of thickness distribution in the three SDM is plotted on normal 
probability chart as shown in Figure 10. If the data locate in the shape of a straight line, 
variation of thickness is normal distribution. As shown in this figure, although 1997 
SDM data is not straight, 1998 and 2001 SDM data are almost straight line, which might 
be considered to be normal distribution. Being mentioned later, the result suggests that 
tube thickness distribution and minimum thickness is estimated by inspection of limited 
number of tubes. 
On the other hand, the cause of the distribution is supposed to be a combination of 
following factors. 

 Corrosiveness factor of fluid: Corrosiveness of process fluid is not constant owing 
to effect of start-up/shut-down, fluctuation of temperature and dissolved oxygen 
content, and geometrical flow distribution. Therefore, tubes have a range of thickness. 

 Metallurgical factor of tube: As mentioned previously, duplex stainless steel has a 
range of ferrite content (magnetic permeability). Although magnetized ET practically 
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minimize the variation, elimination of the effect of the ferrite content variation is not 
perfect. Consequently, a slight variation caused by the factor might be still remained 
in ET readings. 

By eliminating metallurgical factor completely as much as possible, corrosiveness factor 
must be highlighted, which is normal phenomenon for general heat exchanger. 
 

OPTIMIZATION OF ET TECHNIQUE FOR STRIPPER TUBE 
As mentioned above, the developed ET reduces magnetic permeability variation within 
acceptable range for field application with high S/N ratio, and is successfully applied to 
estimate corrosion rate of tubes. On the other hand, there is still room for enhancement 
in the method by eliminating the metallurgical factor for more reliable assessment 
technique. Therefore, it is necessary to grasp quantitative macroscopic correlation 
between magnetic permeability variation and ET reading (it is not practical to study 
ferrite content for each tube). In order to establish the correlation, following procedure is 
considerable. 

 Laboratory test: Straightforward study of correlation between ET reading and 
duplex stainless steel with a range of ferrite content, which is intentionally changed 
by heat treatment. The study is still on going. 

 Measurement of actual tubes: A stripper normally has tubes from same lot. These 
tubes can be considered to be same chemical composition considering corrosion 
resistance in urea solution. However, a small range of chemical composition is still 
recognized and ferrite content is slightly different in each tube. Therefore, it is 
proposed to measure new tubes (same lot) by magnetized ET to grasp macroscopic 
correlation between magnetic permeability variation and ET reading. 

 

MAN POWER SAVING OF INSPECTION BY SAMPLING 
As a result of the inspection for all tubes, it is revealed that tube thickness shows 
approximately normal distribution. This means tube thickness distribution and minimum 
thickness could be estimated by inspection of selected tubes. Hereinafter, possibility of 
sampling inspection is studied. 

 Sampling method: It is expected that random sampling (ex. each five or ten tubes) 
do not affect normal distribution of tube thickness. Therefore, geometrically divided 
sampling and random sampling are compared for a case of 25 % sampling. As shown 
in Figure 11, when tubes are sampled intentionally (geometrically divided sampling), 
thickness distribution of each segment is different, which is supposed to be an effect 
of geometrical flow distribution on tubesheet. On the other hand, when tubes are 
sampled by each five tubes, thickness distribution, average thickness and standard 
deviation are almost same as those of all tube inspection. Judging from above, it is 
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revealed that random sampling will not affect to normal distribution of tube thickness. 
 Sampling number: Acceptance criteria of sampling number, which do not affect 

reliability of data distribution, have been studied. Random sampling has been 
simulated by 1 %, 6 %, 10 %, 20 %, 30 % and 50 % sampling from 2001 SDM data. 
Cumulative frequency distribution is shown in Figure 12. Although displacement 
from straight line is recognized for 1 % thorough 20 %, the data of 30 % and more are 
plotted on almost straight line. Considering the result, it is suggested that tube 
thickness distribution is estimated by at least 30 % random sampling.  

 Estimation of minimum thickness: The minimum thickness estimated by 30 % 
random sampling is 75.1 %, which is almost same as that of all tube inspection.  

If safety factor derived from a study of quantitative macroscopic correlation between ET 
reading and magnetic permeability and minimum measured thickness are used, 
minimum estimated thickness is calculated by following equation. 

T*min = Tmm x SF 
Where T*min is minimum estimated thickness, Tmm is minimum measured thickness by 
random sampling and SF is safety factor. 
The method is applicable until several years from plant start because mechanical 
reliability of equipment is relatively high. When minimum estimated thickness, T*min, 
closes to acceptance criteria, all tube inspection is recommended. This is an ideal 
procedure to distribute inspection and maintenance resource. However, further 
investigation is necessary for reliable field application of the method. 
 

CONCLUSIONS 
TEC has applied eddy current technique for stripper tube monitoring for 8 years in 
ACES urea plant, and the activity is concluded as follows: 

 A special eddy current probe applicable to duplex stainless steel has been developed. 
 Corrosion rate of stripper tube has been successfully evaluated using the probe. 
 Corrosion rate of the tubes is marginally low, and the expected tube life fairly covers 

the original design life of the stripper. 
 It is suggested that the distribution curve of tube thickness is estimated from a limited 

number of tubes. Currently, an acceptance criterion for tube sampling is not 
established and must be studied for a practical use of this method. 

 The developed eddy current technique is practically applicable to estimate corrosion 
rate of tubes so far, whereas there is still room for enhancement in the method by 
complete elimination of the metallurgical factor for more reliable assessment 
technique.  
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 It is highly expected to reconsider the way of thickness monitoring for more reliable 
plant life cycle management in the future. Initial thickness of actual tube before plant 
start is important to set up a base line for exact evaluation of corrosion rate. However, 
tube thickness is not monitored until first SDM after a few years’ operation. 
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Figure 1 – Improving S/N Ratio by Magnetic Field Figure 2 – Magnetized ET Probe 

Figure 3 – Magnetized ET Probe for Stripper Tube 

Figure 4 – Detail of Calibration Tube Figure 5 – Calibration Signal by ET 
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Table 1 – Tube Inspection Summary 

May,
1997

November,
1998

June,
2001

Maximum
Thickness 103.13% 90.63% 87.50%

Average
Thickness 92.80% 80.44% 74.68%

Minimum
Thickness 75.00% 68.75% 62.50%

Ave. corrosion rate
since Nov., 1998 - - 2.23 %/year

Ave. corrosion rate
since 1993 1.63 %/year 3.31 %/year 2.98 %/year

Note) Maximum, average and minimum thickness and 
average corrosion rates are represented as ratios to 
original thickness  

Figure 6 – Conversion ET Signal to Thickness Figure 7 – ET Equipment 

Figure 8 – Tube Thickness Distribution 
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Figure 9 – Accuracy of Tube Monitoring 
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Figure 10 – Cumulative Frequency of 
Thickness Distribution 
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Figure 11 – Thickness Distribution of 
Geometrically Divided Sampling 

Figure 12 – Cumulative Frequency of Random Sampling (1, 6, 10, 20, 30 and 50 %) 
Plotted on Normal Probability Chart  
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