Corrosion Coupons and Weight Loss Analysis

Introduction

The simplest, and longest-established, method of estimating corrosion losses in plant
and equipment is weight loss analysis. A weighed sample (coupon) of the metal or
alloy under consideration is introduced into the process, and later removed after a
reasonable time interval. The coupon is then cleaned of all corrosion product and is
reweighed. The weight loss is converted to a corrosion rate (CR) or a metal loss
(ML), as follows:

Corrosion Weight loss (g) * K
Rate (CR) = Alloy Density (g/cm?) » Exposed Area (A) * Exposure Time (hr)

The constant can be varied to calculate the corrosion rate in various units:

Desired Corrosion Rate Unit (CR) Area Unit (A) K-Factor
mils/year (mpy) in? 5.34x10°
mils/year (mpy) cm? 3.45x 108
millimeters/year (mmy) cm? 8.75x10*
Metal ~ Weight loss (g) * K
Loss (ML) ~  Alloy Density (g/cm?) = Exposed Area (A)

Desired Metal Loss Unit (ML) Area Unit (A) K-Factor
mils in? 61.02
mils cm? 393.7
millimeters cm? 10.0

The technique requires no complex equipment or procedures, merely an appropriately shaped coupon, a carrier
for the coupon (coupon holder), and a reliable means of removing corrosion product without disruption of the
metal substrate. Weight loss measurement is still the most widely used means of determining corrosion loss,
despite being the oldest method currently in use.

Weight loss determination has a number of attractive features that account for its sustained popularity:

» Simple - No sophisticated instrumentation is required to obtain a result.

* Direct - A direct measurement is obtained, with no theoretical assumptions or
approximations.

* Versatile - Itis applicable to all corrosive environments, and gives information on
all forms of corrosion.

The method is commonly used as a calibration standard for other means of corrosion monitoring, such as Linear
Polarization and Electrical Resistance. In instances where slow response and averaged data are acceptable,
weight loss monitoring is the preferred technique.



Coupon Preparation and Cleaning

Thechoiceof techniquefor initia preparation of the coupon surface, and for cleaning the coupon after use, is
critical inobtaining useful data. Both the relevance and reproducibility of weight lossdataare highly sensitiveto
theinherent suitability of thesetechniques, and to the carewith which they are executed.

Surfacefinishing methodsvary acrossabroad rangefor specific
applications. Blasting with glassbead, sand, or other aggregate can
provide an acceptabl efinish for some applications. Sanding with = Nl : e
abrasivebelts, or surface or doubledisc grinding with abrasive stones Coupon after being exposed
also providesan excellent surfacefor evaluation. to corrosive environment.

Cleaning of specimensbeforewel ghing and exposureiscritical to removeany contaminantsthat could affect test
results.

Reference should be madeto NACE Recommended Practice RP-0775 and ASTM G-1 & G-4for further
detail on surfacefinishing and cleaning of weight-losscoupons.

Coupon Position and Orientation

| rrespective of thedegree of care exercised in the surface preparation of coupons, many uncontrollablefactors
(e.g. microstructural defects) can reducetheaccuracy of weight lossdeterminations. Therefore, using duplicate
(Figure 1) or multi-replicate (Figure 2) coupon samplesisconsidered good practice.

Coupon orientation must be cons stent in order to make different datasets comparable. Generaly, an orientation
parallel tothe processflow ispreferable sincethismore nearly reflectsthetrue condition experienced by the
vessal wall (Figure 1). Metal Samples Corrosion Monitoring Systems MH™ coupon holders have an automatic
flow alignment feature. All other holdersare marked onthetop sidewith flow direction for manual alignment.
Positioning isanother critical factor in obtaining relevant information. For example, amulti-phase product may

producelayered flow, giving riseto corrosion ratesthat vary with depth in the process stream. Such situations
can be monitored with aladder-strip coupon holder (Figure 2). ﬁ
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Figure 1. Preferred Flow Direction Figure 2. Ladder Strip Coupon Holder
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Possibly the most common issuein coupon positioning arisesfrom thefact that atrue representation of the
corrosion experienced by the pipe/vessel can only be established when theweight loss couponisin the plane of
thevessel/pipewall. Only in thisposition can the coupon experiencethe sameflow regimeasthe pipe surface
being monitored. In responseto thissituation, the use of flush-disc coupons has becomewidespread (Figure 3).

Thegenerd issue of coupon orientation and positioning in relation to flow regime, plant geometry, and process
fluidiscomplex and tendsto be specific to each application. However, the most common coupon configurations
have been discussed above.

Figure 3. Flush Disc Coupon Holder in High Pressure Access Fitting

Coupon Holders

Specific design of coupon holdersincorporatestwo basic factors:

» Number, style, and configuration of coupons
» Systementry method

Fixed (Pipe Plug) Coupon Holders

Thesmplest system entry design for coupon holdersisthefixed or pipe plug coupon holder (Figure4). This
typeof coupon holder isnormally offeredona¥a', 1", or 2" NPT pipe-plug. Thesizeof theplugtobeusedis
thelimiting factor asto the coupon configuration that can be used. These coupon holdersare usually constructed
inAlSI 316L stainlessstedl, have apressurerating of 3000 psi, and atemperaturerating of 450°F/232°C. This
design of coupon holder isrecommended for usein aby-pass|oop which can beisolated, or in systemshaving
frequent and regular shut-down, since system depressuri zationisrequired during insertion and removal.
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Figure 4. Fixed (Pipe Plug) Coupon Holder



Retractable Coupon Holders

A designthat iscommonly used in therefining and petrochemical industry istheretractabl etype coupon holder
asshownin Figure5. Thiscoupon holder design employsapacking gland that allowsinsertion and remova,
through aball-valve, without system depressurization. A safety cable and safety nut are al so provided to prevent
blowout. Retractabl e coupon holders can be used up to 1500 psi and 500°F (260°C), and are constructed of
AlSI 316L stainlesssted. Normally, a1" FNPT packing gland isused in conjunction with either a1, or a1v%"
full port ball valve, depending onthetype of coupon configuration chosen. (Seethe RT4000 sheet for more

information.)
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Figure 5. Retractable Coupon Holder

Retrievable Coupon Holders

Theoil and gasproductionindustry generally employsretrievable coupon holdersthat operate with high pres-
sure accesssystems. Thiswill allow insertion/removal under pressures up to 3600 psi. Metal Samples Corro-
sion Monitoring Systems suppliesboth generic (HP™) and proprietary (MH™) coupon holders. (See Coupon
Holdersfor High Pressure Access Systems.)

Theretrievable coupon holder isinstalled on to the solid plug. The assembly can then beinserted or removed
fromthe systemusing aspecia servicevaveandretrieva tool.

Retrievable coupon holdersaregenerally constructed in Al Sl 316L stainless steel to meet the requirements of
NACE standard MR-0175for sour service use. Theseareavailablefor al standard coupon configurations.

Retrievable, retractable, and pipe plug style coupon holders cover the needs of most industriesand applications.
However, therequirement for specia coupon holder designsissignificant, and Metal Samples Corrosion
Monitoring Systems hasthefacility to design and build coupon hol dersto any customer-supplied specification.

Metal Samples Corrosion Monitoring Systems
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