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jcal Treatment

alvanizing is widely used in cool-
ing systems for its ability o
protect steel from corrosion and

Vapor Phase

OrToSION

Inhibitors for
Galvanized
Steel Protection

AnpreEA Hansen, ALia FurMan, MARGARITA KHARSHAN,
Boris Miksic, FNACE, axp ELiZABETH AUSTIN, Corter Carp., St Paul, Minnesota

A special water treatment program is required for
the corrosion protection of galvanized steel in
cooling water systems. This article shows the
effectiveness and advantage of vapor phase corrosion
inhibitors in the protection of different metals,
including galvanized steel. The product is
biodegradable and has low aquatic toxicity.
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for its cost-cllectiveness. This
material can offer 20 years or more life
expectancy when maintained properly.
However, especially when pH s =8.2,
corrosion may begin and “white rust™ is
seen, This oxidized zine is no longer
protecting the steel and the lifespan of the
metal system is therefore signilicantly
reduced.’

Vapor phase corrosion inhibitors
(WpCls) are available as biodegradable
and low-toxicity products that can be
incorporated into conventional water
treatment programs to provide effective
corrosion protection to different metals.
This article discusses the performance of
a VpCl additive 1o inhibit corrosion ol
galvanized steel using various methods,
including clectrochemical, immersion,
and pilot cooling tower tests, Toxicity

data are also presented,

Evaluation of Corrosion
Protection VpCIl Additive
to Galvanized Steel

The stucied VpCl additve is a syner-
gistic blend ol salts of carboxylic acids and
alkalinity builders. It can be used alone
for corrosion protection or added o exist-
ing formulations [or a complete water
treatment solution. To show protection
capabilitics, a variety of tests were per-
lormed, hirst on the VpCl alone and then
i existing water treatment formulations
1o obtain corrasion rates from Talel plots,
linear polarization, and weight loss in

both bench and coaling tower tests,

Polarization Tests
Tafel plots® were obtained using a
potentiostat/ galvanostat/Versastat” with
corrosion soltware model 352/252 Soli-
Ciorr!. The working electrode was 215001
zine, the counter electrode was graphite,

"T'rancle name.



and the reference clectrode was saturated
calomel (SCE). The zine working clec-
trocde was polished with 600 grit sand-
paper, washed with methanol, and dried
for at least 30 min at room temperature,
The polarization was applied alter a
minimum of 30 min immersion of the
#ine working electrode in the electrolvte,
Tap water, ~ 1,000 ppm calcium carbon-
ate (CaCi0 ) solution in ap water, and
~80 1o 180 ppm calcium hydroxide
[CalOH]] solution in tap water were
used as clectrolyte solutions to show pro-
tection in dillerent water chemistries.
Table | shows the caleulated corrosion
rate (Eguation [1]) and protection ability,
Protection alality () =

e fale vl o III|.I|II CorrTosaon rite of \.II'I'lllll:

eorrosto rabe ol comtml

= 10 I

The resulis, presented in Table 1,
show that the VpCl additive provides a
high level of corrosion protection for zine

in many diflerent water chemistries.

Analysis of VpCI in Water
Treatment Formulations

Immersion Corrosion Test

To test VpCl additive effectiveness
when vsed in combinaton with conven-
tional water treatment programs, an
immersion test was performed. VpCl
additive was used at 25 wi% in wwo dif-

“i'l'l'r'll Wiler treatrmend p]'l:!:i_:l'il.'l'll “:Inl'll'l_?lllil_:\

(T 1 and TF 2} containing a blend of

antiscalants (phosphates, maleates, phos-
I]]"?“““"‘. :”'Id i'.l'l"!fl'nlll"\' and azoles.
These mixtures were then added o ap
water at a concentration level of 2,000
ppm and an immersion test’ was per-
formed. The galvanized steel samples
were in the soluton for 10 days ar 40 °C,

Then corrosion products were removed

by dipping for 15 s into 3% solution ol

hyvdrochloric acid (HCL and weight loss
was determined.! Resulis of this test
showed that adding 25% of VpCI addi-

TABLE1

Tafel plot data

Sample pH
Control tap water 16
100 ppm VpCl in 7.8

tap water

Cantral CaCO, 7.8
(1,000 ppm) solution
100 ppm VpCl in 19
CaCO, solution
Contred CaOH, 88
sofution
100 ppm VpClin B.8
CalOH), solution
250 ppm VpClin B.B
CalOH), solution
Control CalOH), 9.6
solution
50 ppm VpCl in 9.6
CalOH), sclution
250 ppm VpClin 9.6
CalOH), solution

TABLE 2

CHEMICAL TREATMENT

Corrosion rate Protection Ability
{mil/y) (%)
7.8 —
1.06 B6.5
1.8 —
0.24 g81.2
33.72 —
3.56 89.5
0.26 98.9
91.14 —
26.79 T0.6
514 94.4

Immersion corrosion test of VpCl additive in combination
with water treatment formulations

MNo. Material Protection Ability (%)
1 Control tap water —
2 TE T4
3 TF 1 + VpCl additive 94.3
4 TE2 31
5 TF 2 + VpCl additive 94

tive to the blend of antscalants and azoles
commaonly found in water treatment
lormulations signilicantly increased the
protecuon of galvanized steel from cor-
roston, Table 2 shows test results.

Dyata indicate VpCl additive provides
a high level of corrosion protection for
zinc when added to conventuonal water
treatment formulas. This work was fol-
lowed by further testing on TF | in a

'i'l.ll.ll!lﬂ_': LOweT,

Testing in Pilot Cooling Tower

A cooling tower manufactured by
R5D Towers, Model 0057, was used for
this test. This unit provides a |6-gpm
recirculation rate and has 1.5-in (38-mm)
inlet and outlet diameter piping. The test
was performed in tap water with 2.3 1o
2.5 cycles of concentration and a tem-
perature of 45 to 50 *C. The pH of the
system was between 8.6 and 8.8, the total

dissolved solids (TDS) were between
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CHEMICAL TREATMENT Use of Vapor Phase Corrosion Infubitors for
Calvamized Steel Protection

TABLE 3
Results of pilot cooling tower test
Corrosion Rate Protection Ability
Solution Tested {mpy) (%)
TF 1 + VpCl additive 0.59 89 Table 3 gives the average of two galva-
TF 1 449 5 nized coupon test results,

The test in the pilot cooling tower
further confirmed that adding 23% of
VpCl additive 1o a conventional water

TABLE 4

treatment formulation siemificantly low-

Results of immersion test of carbon steel coupons
Weight Loss Weight Loss  Average

ered the corrosion rate of galvanized steel,

Formulation Concentration (mg) (mpy) (mpy) WEIGHT LOSS/
Contral A 2076 17.47 15.98 IMMERSION TESTING
Control MA 175.7 14.78 Another test of the VpCl additive in
Controf A 186.6 15.70 existing formulations was requested by
Formulation 1 170 ppm 128 1.08 engineers at Chem-Aqua, Ine, using tap
Farmulation 1 170 ppm 5.7 0.48 water contaimng 1008 ¢/L, of sodium
Fliaan 170 ppm 86 0.72 hi.!:'.‘_ll"t:llll'l.."lli." .\';llr'l[:-ﬂ_;. 0.887 o/L. nr.
Formulaticn 1 + VpCl 170 ppm 4.4 0.37 0.35 HHI.“”“ m”m.r .:\f 'H.}'.- i U
socium chloride (NaCl), and ~4% solu-
FormWation 15+:YpC1 FiQ pem 4.2 0.85 tion of sodium hydroxide (NaOH) as
Formulation 1 + VpCl 170 ppm 4.0 0.34 needed o adjust the pH 1o 9.0, Polariza-
Formulation 2 150 ppm 1454 12,23 tion testing and weight loss westing were
Formulation 2 150 ppm 137 11.53 performed on two types of metals in four
Formulation 2 150 ppm 1431 12.04 formulations while using the untreated
Formulation 2 + VpCl 150 ppm 246 2.07 2.23 solution as the control.
Formulation 2 + VpCl 150 ppm 375 216 (_:Llll'l}l.lllh I'I:'I'.I{l.l'l fromm carbon and _L?ul—
Formulation 2 + VpCl 150 ppm 18.4 1.46 vanized steel provided by the requesting

engineers were immersed in the re-
quested solutions as described below and
tested at room temperature (~21 *C) for
10 days (240 h).

o Control solution without additonal

m treatment
e |70 mg/L of Formulation | in pre-
pared solution

s | 70mg/Lof Formulation | + VpCl

in prepared solution

e |
; ' * |50 mg/L of Formulation 2 in pre-
' pared solution
3 : ' ) * |50 me/ Lof Formulation 2 + VpUl
4 in prepared solution
e JL_. 1t 1 R 2 During the testing, the solutions were

034 #0315 #0236 #034 #035 36 stirred at low speeds using magnetic stir
[front sida] [front side) [fromt side] [back side) [hack side) [back side)

plates.
Galvanized steel coupons—contral. Weights taken before and alier testing
were used to determine corrosion rates
1,250 1o 1,300 ppm, and the conductivity  cooling water was treated continuously as - (Table 4. Ar the end ol the westing, the
was between 1,850 1o 2,000 pS, lollows: 2530 ppm [or one week, 10 ppm galvanized steel coupons were rinsed

Samples #2 and #3 (Table 2) were for one weck, and then 50 ppm during  with deionized water and then methanol

evaluated in the cooling tower water, The the following six weeks in both cases, (CH,OH), hung to dry, and photo-
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graphed (Figures | through 5). The
I:.il-!.h':'“- "[:'“l l""‘”EJ””\ |1I.J'='|'4"'|'I:'I'. woenre
cleaned with inhibited HC according to
procedures in AsSTM G1.° The acid
cleaming soluton consisted of concen-
trated HC with a specific gravitv ol 1,18
along with 50 /L of stannous chloride
SuCil), and 20 g/ L ol antimony trichlo-
ride (SbCL ).

According to the results of the immer-
sion test, all products submitted for
analyses provide protection against cor-
rosion of carbon and galvanized sieel
when added to water with the chemistry
noted above. The effectiveness of VpCl
in a water treatment formulation de-
pends on the formulation wo which it was
added, and 11 was shown o lower the
';'“l'!lﬂ'i.‘lll ratc |.|E:I lia |E|"|.'I."' Lmes vs., a Col=

responding formulation without VpCL

Linear Polarization Scans

Corrosion rates were obtained by us-
g i potentiostat with corrosion soltware
with electrodes immersed in the solutions
hsted in Table 5.

Corrosion rates calculated from linear
polarization scans are in agreement with
the results of the immersion test ancdd
confirm that additon of VpCl improves
corrosion protection of the water treat-

ment formulations,

Toxicity Testing
To evaluate the toxicity of VpCl

additive, two tests were performed.

Primary Skin Irritation Test

VpCI additive was applicd atv 4,000
ppm to the skin ol rabbits and secured
with wrapping lor a minimum of 4 h.
Observations lor skin irritation were
conducted at 30 to 60 min after unwrap-
ping as well as 24, 48, and 72 h. The sum
ol erythema and edema scores were cal-
culated. The final primary irritation in-
dex (PID was O, the best score possible in

this test,

CHEMIGCAL TREATMENT
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Galvanized steel coupons—Formulation 1 @ 170 ppm.
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Galvanized steel coupons—Formulation 1 + VpCl @ 170 ppm.
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Galvanized steel coupons—Formulation 2 @ 150 ppm.

f!qﬂa”lc ?bxiﬂ”}' Test The theoretical median lethal dose

VpClwas also tested for aquatic wxic- (LD} for rats has been calculated to be
ity with several species. Table 6 shows the  =4,000 ppm based on ingredients pres-

levels tested.” ent. The chemical oxvgen demand
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CHEMIGAL TREATMENT

Use of Vapor Phase Corrosion Infubitors for

( Em":.r;mfgfrf Steel Protection
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Galvanized steel coupons—Formulation 2 + VpCl @ 150 ppm.

TABLES
Results of linear polarization scans

Corrosion Rate (mpy)

Sample
Control (prepared solution)

170 ppm of Formulation 1 in prepared solution
170 ppm of Formulation 1 + VpCl in prepared solution

150 ppm of Formulation 2 in prepared solution

150 ppm of Formulation 2 + VpCl in prepared solution

Carbon Steel Zinc
220 11.50
817 6,54
352 5.87

747 4 625
5.34 2.99

TABLE 6
Results of toxicity testing of VpCI
Species NOEC
M. Benyllina 1,000 ppm
M. bahia 600 ppm
Fathead minnow —
C. dubia —

COD)at 100 ppm has been tested in the
range of 81 ppm according 1o the U5,
Environmental Protection Agency (EPA
method 410, 1,

The data show that the VpCl addinve
15 sale for handling and use in cooling
water treatment programs. At concentra-
tion of use it remains safe for many spe-
cies, allowing discharge according to local

authoritics,

Conclusions
The advantage of using a VpCl addi-

tive in cooling water was tested with
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LOEC LC,, IC,,
2,500 ppm - -
1,000 ppm - -

— 1,700 ppm 140 ppm
— 1,100 ppm 90 ppm

various methods including immersion
tests, Talel plots, linear polarization
scans, and cooling tower tests, These tests
all show the ability of the VpCl additive
to protect galvanized sieel against corro-
sion. The VpCI additive is sale, environ-
mentally acceptable for use, and can be
added 1o waditional water treatment
programs o significantly improve the

corrosion protection of galvanized steel.
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