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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Corrosion inhibitor can markedly decrease the corrosion rate during metals and alloys chemical
cleaning process, but there is no standard for detection the performance of industry equipment
chemical cleaning corrosion inhibitor. In the current environment, it is of great practical significance
to establish International Standards for the performance evaluation test method of corrosion inhibitor
used in industry equipment chemical cleaning process scientifically and perfectly. This document
provides a basis for performance detection of corrosion inhibitor used in industry equipment chemical
cleaning process and helps prevent potential hazards caused by chemical cleaning.
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Corrosion of metals and alloys — Performance test method
for corrosion inhibitors used in chemical cleaning of
industry equipment
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This [document specifies the performance evaluation test method for corrosion inh
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pretrgatment of the specimen, test conditions, test methods, reports, etc. The performan
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This document is applicable to testing the performance of corrosion inhibitor§used in chen
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mical cleaning of industry equipment. It includes instruments, reagents, pref

ethod includes the static or the dynamic test.

stry equipment.

ormative references

bllowing documents are referred to in the text in suchla‘way that some or all of
tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

96, Water for analytical laboratory use — Specification and test methods
B53-2, Reagents for chemical analysis — Part'2: Specifications — First series

b39-1, Corrosion of metals and alloys — Stress corrosion testing — Part 1: General guida
ures

39-5, Corrosion of metals and . alloys — Stress corrosion testing — Part 5: Preparati
specimens

1463, Corrosion of metal§ and alloys — Guidelines for the evaluation of pitting corrosion

erms and definitions

e purposes df this document, the following terms and definitions apply.

ibitors used
aration and
e evaluation

ical cleaning

their content
applies. For
ents) applies.

1ce on testing

bn and use of

nd IEC maintain terminology databases for use in standardization at the following addresses:

— 1
3.1

C Electropedia: available at https://www.electropedia.org/

solubility and dispersion
ability that the corrosion inhibitor can form uniform and stable solution or form tiny particles
suspended in solution without precipitation in water or cleaning liquid

3.2

time effectiveness
chemical cleaning time within which the corrosion inhibitor can maintain a good corrosion resistance
performance in chemical cleaning liquid
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4 Apparatus

4.1 Container used in the static test below 100 °C

The wide-mouth jar is chosen in the static test below 100 °C. The volume of the wide-mouth jar
should not be less than 500 ml. The plastic container should be used to evaluate corrosion inhibitor
in hydrofluoric acid medium. A matched reflux cooler shall be equipped to the wide-mouth jar or the
plastic container to prevent the solution from evaporation.

4.2 Container used in the static test above 100 °C

The autocla

500 ml TheTsing temperature range of the autoclave is between 100 °C and 200 °C. The using pre

range of the

4.3 Dyn

z:lI;ic test device
The diagrammatic sketch of dynamic test device is shown in Figure 1. The specimens can be susp

in the samp
are suspend
1,0 m/s and {
temperature
resistant pla
contact with|
place where

is chosen in the static test above 100 °C. The volume of autoclave should not be les;

hutoclave is between 0,1 MPa and 2,0 MPa.

e tube of dynamic test device. The flow rate in the sample tube, which the spec
bd to, can be adjusted and controlled. The flow rate adjustment range is from 0 1
he control accuracy is 5 %. The dynamic test device is capable of heating and contr
The temperature control accuracy is +3 °C. If the test temperature is below 100 °Q
stics such as polypropylene should be used in the place:where the chemical cleaning
the device. If the test temperature is above 100 °Cjstainless steel should be used
Fhe chemical cleaning liquid contact with the device!

than
ssure

ended
mens
/s to
olling
, heat
liquid
n the
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1 cleaning tank 9  high speed sample tube
2 hpater 10 safety valve
3  ppmp 11 pressure gauge
4  flpwmeter 12 exhaust port
5 flpwmeter 13 dosing position
6 flpwmeter 14 thermometer
7  1qw speed sample tube 15 temperature controller
8 njiddle speed sample tube
Figure 1 — Diagrammatic sketch of dynamic device
4.4 |Specimen suspending device
The material used to suspend the specimen should be made of acid-resistant, heat-resist

hnt and inert

insulation material, such as synthetic fibre.

4.5

Constant temperature device

Heating sleeve, heating plate, water bath or oil bath, etc. is used to maintain the solution at the required
temperature. The temperature control accuracy is +3 °C.

4.6

Oven

The oven shall be capable of controlling temperature more than 120 °C and the precision of temperature
controlling should be +3 °C.

© IS0 2023 - All rights reserved
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4.7 Analytical balance

The precision of analytical balance for weighing shall be +0,1 mg.

4.8 Vernier caliper

The precision of vernier caliper should be +0,02 mm.

4.9 Magnifier

The magnification of the magnifier is 10 x.

4.10 Colori

The volume

metric tube

of colorimetric tube should be 100 ml. The plastic colorimetric tube showld be us

evaluate corrosion inhibitor in hydrofluoric acid medium.

4.11 Pipette

The volume ¢f the pipette tube should be 1 ml.

5 Reagents and materials

5.1 Experimental water

The experimgntal water used shall conform to the specifications in ISO 3696.

5.2 Acetope

The acetone psed shall conform to the specifications in ISO 6353-2.

5.3 Ethanlpol

The ethanol psed shall conform to the specifications in ISO 6353-2.

5.4 Abrasjive paper

The abrasive

6 Test 511

The materia

paper shallfneét the requirements of ISO 8486-1.

ecimens

of-the specimen shall be the same as the kind of material of the system which the cort

ed to

osion

inhibitor is used. The dimension of the specimens should be 50 mm by 10 mm by 4 mm with two 5 mm
diameter mounting hole suitably located at each end of the specimen. Each specimen shall be clearly

identified.

7 Pretreatment of specimens

7.1 The specimens shall be free from oil and grease. Prior to use, the surface shall be degreased, with

ethanol or ac

etone. A water-based degreaser can be used as long as it does not leave any residues.

7.2 All sides of specimens shall be polished with at least 120 grid abrasive paper. The grade of the
final abrasive paper used should be reported. Each sheet of abrasive paper can grind only one kind of

metal materi

al.
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7.3 The specimens shall be rinsed with ethanol. Then the specimens shall be rinsed with grade 3
water which conforms to ISO 3696 and dried using a hot air or an oven.

8 Test condition

8.1 Ratio of solution volume to surface area of immersed metal

The ratio of solution volume to surface area of immersed metal shall be no less than 15 ml/cm?2.

8.2 Concentration of cleaning agent

The rhass concentration of cleaning agent shall be the highest concentration which(is-germit in the
cleaning process. The water that conforms to ISO 3696 of grade 3 is recommended toydilutg the cleaning
agent{to the certain concentration.

8.3 |Concentration of corrosion inhibitor

The mass concentration of corrosion inhibitor shall be the coneentration the manufacturer
recompmended.

8.4 [Temperature

The test temperature shall be the permitted upper limit tetaperature of the chemical clearling process.
8.5 |[Test duration

8.5.1| Corrosion rate evaluation test

The t¢st time of corrosion rate evaluation-test is 6 h.

8.5.2| Corrosion inhibition time effectiveness evaluation test

The t¢st time of corrosion inhibition time effectiveness evaluation test is the permitted upper limit time
of the chemical cleaning process.

8.6 |[Other provisions

If the corrosion.inhibitor is utilized in static condition, the static corrosion rate evalyation test is
recommended:Ifithe corrosion inhibitor is utilized in dynamic condition, the dynamic corrosion rate
evaluption testis recommended.

The performance evaluation test of corrosion inhibitor shall be conducted by the profgssionals and

Ar Safatyy it nbiny Aot ch Al hn ~ oo 1z Az
propbl Dﬂl\rb_y l_ll UltLeTlIvIll L\iulylll\'ll\. JITAITI UC CUTT \f\z\,l_y VVUI 11,

9 Procedure
9.1 Statictest

9.1.1 After polishing, measure the surface dimensions of the specimens to the nearest 0,02 mm.
Calculate surface area of each specimen.

9.1.2 After the degreasing and drying processes, weigh the specimens to the nearest 0,1 mg. Three
specimens of each kind of material are needed in the test.

© IS0 2023 - All rights reserved 5
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9.1.3 Calculate the volume of the cleaning solution according to 8.1. Prepare the cleaning solution
according to 8.2 and 8.3.

9.1.4 The specimens shall be suspended in the same level of the test solution and the specimens
shall be total immersed in the solution under the depth of at least 10 mm from the solution surface.
The specimens shall neither touch each other nor contact the vessel wall and the long direction of the

specimen is perpendicular to the bottom of the vessel.

9.1.5 Set the test at the require temperature according to 8.4 and control the test time according to
8.5.1.

9.1.6 According to the test temperature, the following procedure is conducted respectively;,

a) The stat]c test below 100 °C.

First, add the

Second, the 1
temperature
are suspendg
When the tes

b) The stat

First, add th
Second, the s
start the hed
test timing.
decreases to

9.1.7 Afteq
the specimer]
1 % ammon
filter paper.
immersed in
specimens a
changes are

with ISO 11463. Then move the'specimens into a dryer for 1 h and weigh the specimens to the n¢

0,1 mg.

9.2 Dynainic test

ressel is put into a constant temperature water bath which has reached the require
Third, when the cleaning solution is heated to the required temperature, the spec

t reaches the scheduled time, the specimens shall be taken-gat of the vessel.
c test above 100 °C.

e prepared solution, the volume of which is in aecordance with 9.1.3, to the auto
pecimens are suspended into the test autoclavéland the autoclave shall be sealed.
ting device. When the cleaning solution is heated to the required temperature, sta
When the test reaches the scheduled timelstop the heating device. If the temper
70 °C or below, the specimens can be taken' out of the autoclave.

taking out of the specimens, the water that conforms to ISO 3696 of grade 3 is used to
1s immediately. If the specimens(ape not copper material, the specimens shall be wasl
a solution for several times, Then take out the specimens and dry the specimens
'he attachment on specimeins'shall be cleaned up using soft eraser. Then the specime
the acetone and swab the surface of each specimen. After the acetone cleaning proce;s
re dried with cool air-The surface changes are examined using a magnifier and the ¥
recorded in Annex@, Pitting corrosion of the specimens shall be evaluated in accor

prepared solution, the volume of which is in accordance with 9.1.3, to thiétest container. A
matched reflux cooler is installed to the test vessel and the cooling water of the reflux cooler is op

ened.
d test
mens

d into the test container and the reflux cooler shall be installed@gain. Start the test timing.

clave.
[hird,
rt the
ature

rinse
hed in
using
s are
s, the
isible
dance
parest

9.2.1 Aftey polishing, measure the surface dimensions of the specimens to the nearest 0,04 mm.
Calculate thestiefaceareaofeach opcuiulcu.

9.2.2 After the degreasing and drying processes, weigh the specimens to the nearest 0,1 mg. Three
specimens of each kind of material are needed in the test.

9.2.3 The volume of the cleaning solution is prepared according to the volume of the dynamic test
device and the volume of the cleaning solution shall meet the requirement of 8.1. Prepare the cleaning
solution according to 8.2 and 8.3.

9.2.4 Setthe testat the required temperature in 8.4 and control the test time according to 8.5.1.

9.2.5 Add the prepared cleaning solution to the cleaning tank of dynamic test, start the pump to
establish a self-cycle and start the heating device. When the cleaning solution is heated to the required

6
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temperature, the specimens are suspended in the middle of the sample tube. Then establish the system
cycle and adjust the flow rate of the sample tube and the specimens should be arranged in such a
manner that the flow is parallel to the long direction of the specimens. After the flow rate is adjusted to
the required value of the chemical cleaning process, start the test timing.

9.2.6 When the test reaches the scheduled time, stop the heating device and pump. When the
temperature of the cleaning solution is dropped below 90 °C, discharge the solution in the dynamic test
device and take out the specimens. Then treat the specimens according to 9.1.7.

9.3 Calculation of the corrosion rate

The cprrosion rate is calculated using Formula (1).
rg(Wy-w)/(Sxt) (1)

wher¢

r| isthe corrosion rate, expressed in grams per square metre pecrtour [g/(m?-h)];
W, 1isthe mass of the specimens before the test, expressed inrgrams (g);

W, isthe mass of the specimens after the test, expressedjn‘grams (g);

S| is the surface area, expressed in square metres (112);

t| isthe testtime, expressed in hour (h).

The result of the test is the average value of the three specimens’ corrosion rate. If the relative error of
the specimen is larger than 10 %, it is necessary to repeat the test. Record process information of the
test apd corrosion rate results in Annex A.

9.4 [Intergranular corrosion and stress corrosion

If the|corrosion inhibitor is utiljzed in the system that contain austenitic steel materials, it is necessary
to conduct intergranular corrosion and stress corrosion of the specimens after the cqrrosion test.
Intergranular corrosion shall”be conducted in accordance with ISO 4214. Stress corrogion shall be
condycted in accordanceZwith ISO 7539-1 and ISO 7539-5.

9.5 |Solubility and dispersion test

9.5.1| Starttheé constant temperature water bath and set the temperature to the requjred value. If
the cqrrosion'inhibitor is used in the temperature more than 100 °C, the solubility and dispersion test
temperature is 95 °C.

9.5.2 Add 70 ml water that conforms to ISO 3696 of grade 3 to a colorimetric tube. Then, put the
colorimetric tube into the water bath at the required temperature. When the temperature in the
colorimetric tube reaches the required temperature, add 0,4 ml or the manufacture recommended
amount corrosion inhibitor to the colorimetric tube. Put the plug and shake the colorimetric tube for
30 s. Put it back into the water bath. The water lever in the colorimetric tube shall be near the water
level of the water bath. After 1 h, observe whether the solution precipitates.

9.5.3 Calculate the amount of cleaning agent needed in 100 ml, add the calculated cleaning agent into
the colorimetric tube, constant-volume the solution to 100 ml. Put the plug and shake the colorimetric
tube for 30 s. Put the solution back into the water bath at the required temperature. The water lever
in the colorimetric tube shall be near the water level of the water bath. After 2 h, observe whether the
solution precipitates.

©1S0 2023 - All rights reserved 7
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9.6 Time effectiveness test

The procedure of the time effectiveness test is the same as the static test. The time effective test time is
in accordance with 8.5.2.

10 Report

Report the data and process for each test performed on a form as illustrated in Annex A (see Table A.1,
Table A.2 and Table A.3).

8 © IS0 2023 - All rights reserved
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Result of corrosion inhibitor test

Annex A
(informative)
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Table A.1 — Report of corrosion inhibitor corrosion rate test

Test date;

Corrdsion inhibitor type

Manufacture name

Client name Laboratory name
Temperature, °C
Flow rate, m/s

Test T:?fn()f specimens

condition [P

Time of specimens
taken out

Test duration, h

Concgntration of cleaning

agent

%

Concg

ntration of corrosion

inhibjtor, %

Mate}

ial of specimen

Treatjment of specimen surface

Number of specimens

Surfafe area of specimen, cm?

Mass Mass before test, g
of Mass after test, g
SPECIMEN | Mass difference, g

Corrdsion rate, g/(m?-h)

Surfape change of the sperimen

Pittinlg corrosion

Intergranular cerxosion and stress

corrosion (austenitic steel)
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Table A.2 — Report of corrosion inhibition time effectiveness test

Test date:

Corrosion inhibitor type

Manufacture name

Client name

Laboratory name

Temperature, °C

Test

Time of specimens
putin

condition
t

Time of specimens

aken out

est duration, h

Concentratio
agent, %

h of cleaning

Concentratio
inhibitor, %

h of corrosion

Material of s

ecimen

Treatment of

specimen surface

Number of sp

ecimens

Surface area

bf specimen, cm?

Mass ]

fass before test, g

of \

flass after test, g

specimen [}

ass difference, g

Corrosion ratfe, g/(m2-h)

Surface chan

be of the specimen

Pitting corro

ion

Intergranulat
corrosion (ayj

stenitic steel)

corrosion and stress

10
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