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lrp""' ABSTRACT \_/}

A study was made to select a suitsble solvent for dis-
integrating & corrosion scale from stainlese steel systems
without attacking the stainless steel, In this investigstion
g-particular sample of stainless steel corrosion scele appearsd
to be disintegrated most effectively in & sclution of the tri-
sgdium-salt- of N-hydrD}wethylethyhnediM1ne@7Iacet1¢ acid
(Versenol) and emmenium acetate. In & subseguent test with thia
golution in a FEED dynemic loop 2 considersble disintegrstion of
scale from the loop wae observed. In this test after a pericd
of approximately 60 hours, the iron content in the solution was
found to be 10 g per liter; thus-indicating that the mixtore of
Yersemil and ammonium acetats can be used to disintegrate partially
the corrosion scale from g steinless stesl system.
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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, aor
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thersof.
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THE REMOVAL OF CORROSION SCATE FROM
HEAT EXCHANGER BY CHEMICAL TREATMENTS

&. Menis

Furpose

To test solutions which would ald in disintegrating a corrosion scale
without atitacking a stainless steel system.

Introduction

A problem srose in which it was necessary to f£ind means for removing a
corrosion scale product which waz belleved to he plugging the HRT heat-
exchanger system. A method was needed for dissolving corrosion scale In the
form of metaliic oxldes or hydrated ocide withount attacking the stainless
steel system. This latter requirement ruled out the wae of hot acid solu-
tions. For thle reason complexing sgents capable of dissolving iron oxlde
and chromivm oxlde were lnvestigeted. The series of compounds containing
polyaminopolycerkoxylic acld, such s ethylenediamineteiraacetic acid
(ethylenedinitrilotetrascetic acid, EDTA or Yersene ) and related compounds r
was conzidered, among others, ag the most promising ones. Het 5 per cent
Yergene solutions have been uged in cleaning and descaling heat exthangers.{l}
The following characteristics of a gerisg of compounds sold under the trade
mark Versene Are tabulated:




Type PE Range -
Yereene . CLE
Tetrs sodium salt of -ethylene- 2to 7
dinitrilotetraatcetic acid
Hs&ﬁg GoRCO0Na
"™ NCHpCHz H\
Ra00C -CHz CHaC00Na
Yersénol
Trisodium salt of N-hydrosy=. 3.0 to 12.5
¢thylethylensdiamine
triapetic acid
GH
T,
CHaHaC _/CH2CO0Na
NCHn-CHa -N
NaO0CH:C CHzCO0Na.,
Vergene Fe-3
Nitrilotriacetic &cid 2.0 to 12.5
CHaCOOH
-
NCHaCO0H
CH=COOH
Versene Fe-3 Gpaclific
H,N-dihydroxyethylglycine T.0 o 12.5
fﬂacﬁef}]{
N-CHzCOOH
™\ GHaCHo0R
Yereenae T
Struéture not revésled > 12

OM-35

Applicaticn

Complexing agent for iron in
acld soluticn.

‘For large amcunta of polyvalent

metgls especially ferric iron
in the pH range 7 to 12.

Complexes small awmount eof iron
aa well ag large amounts of
other petal ions.

Suitable for tomplexing larg:s
dquantities of iron.

Lissolves a precipltate of
iron in strong Sgustic
solutions.
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{Of these compounds Versene, Versenol and Versene Fe-2 were the ooly ones
available in the lsboratory. Actually, the latter two compounds are wore
sultable for thls applicatlon becauee they can be used effectively in g
neutral or alkeline pE renge. These were tegted zlone end in combinations
with other compounds to determine thelr effectlvenesgs in the disintegration
of & typleal corroslon scale sample.

Experimental

Into e 100-ml begker approximately 10 to 20 g of reagent w added,
diesolved in approximately 50 mi of water, and then a plece sf corrogion
scale wss added. These solutions or siwrries were thenh holled for seversl
hours. The condition of the scsle and of the solution was then obasrved.

The following compounds snd combinations were tected:

_——

Yergans Verasene Fe-% + Tartsayic Acid
Yeroene Fe-3 Versene Fe-3 + Sodiun Acetate
Versenol Versene Fe-3 + Ammonium Acatate ,
Glacial Acetic Acid Versene Fe-3 + Sodium Omalate
Calgon Yersene Fe-3 + Ammonium Tartrate,
Tartaric Acid Versenol 4+ Glacial Acetic Acid
Yerzens ¢+ 3lacizl Acetic Acid Versennl 4 Tartaric Acid

Varaspne + Tarteric Acid Yersenol + Sodium Acetstie
Taraepne + Sodium Acsthate Vereenol + Ammonium Acetate
Verzens 4+ Ammonium Acetate Verpenol + Sodium Oxalate
Veraene + Sodium Oxalste Versenol + Ammoniuvm Tertrate
Versene + Ammwonivm Tartrate Ammonivm Acetste

Vereene Fa-% ¢+ (lacial Acetlc Acid Spdium Acetate

Obzervations

Of all these tests coly the test with Vergencl plus smmonium acetete
ahowed a change which could be readily recognized by visusl cbservatleon. In
thia aoclution a turbidity wes noted which was tolored violet to blue. This
nixture was thenh tested in a dynamic circulsating system io one of the REED
experimental loops.

Digscugsion

The apparent successful attack ¢f the scale by z mixture of Versenol
&nd smmonivm acetate may be atirlbuted to severml factara. WVersenol can be
used to chelate ferrlic lon even in an alkaline wedlum. In & bolling sclu-
tion, chromic gfi&e in the scale could also be expected to react. Fribil
and Klubaloval®) report that Cr{IIT} forms a complex with Versene on heat-
Ing. Thi=z complex has a purple color which chapges to blue in slkaline
splutlions, The authors alsc report that, on bolling with Versene, the
chromete ioa is reduced to Cr(III). This reaction is catalyred by traces
of manganese, The observed coloration in the solution from this test
evidently is due to the formation of a Cr{IlIl)-Yersemol chelate. In
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additicn, the ammonium acetate solution which was added to buffer the solu-
tion at pH 9.7 alse served to form the basic scetste complexes and ammonium
complexes with the metailic elements In the acale. Thus, the conditions
were favorable for achieving 2 partial dissolution of the components of the
scale, such as Iron, chromium and othsr oxlides. (nce this process occurs
it may be easlier Lo dlslodge the more fraglle scals by hydrodynamic forces
of the circulating Ffluid.

The analysis of solutions clrculated in a loop test carrlsd oubt by the
KEEED showed & progressive increase of 1ron in the =plation. The iron content
of thls solution rose from 0.4 g per liter after the firat hour to 10 g per
liter after &5 hours, thus indicating that the wixture of Versenol and
ammoniom acethte can be used Lo dissclve, at least partlally, a corroslon scale
from & stalinless steel system.

Conclnaion

It was demonstrated that by the use of a solution of the trisodium sslt
of N-hydroxyethylethylenedisminetriacetic acld (Versenol) in conjumction
with ammonium acetate a partial disintegration of a carrnaion scsle from a
stainless steel system can be gttained.
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