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INTRODUCTION

Much of the nondestructive test (NDT) work at Picatinay Arsenal involves
ultrasonic testing under water, A corrosion i{nhihitor is dissolved ia the .
holdinyg tank water to protect all the metal in the tank structure as well as aay !
metal placed within, In question is the proper concentration of corrostion X
inhibitor to provide complete protection of all immersed metal, At times tech- !
nicians have thrown 1in a handful or half a cup of corrosion {ahibitor withont '
hothering to flgure out the proper amount, The purpose ot this report ts t,

: evaluate the eftectiveness of twn common corrosion inhibitors, sodian nitrite and
sodium silicate, and to determine nintman concentecations of caca in distilled )
water for complete protection of immersed steel and aluni v, s
»!
TEST DESIGN
Metals

Stnce most of the materials placed into our altrasoais tes: tank are hith
strensth steel and high Sstreavth aluninan, these are the two merals to by weva'-
vated for corrosion protection, However, the shipe the metal svoales shanl i he
in is 4 prohlem, Investivation revealed that steel wodl 15 a0 eacolblent agtri ol
torr revealine corrasion, It was decided ta {nsert 4 vood size tal b stee!l ws!l
into v S-az plastic cup about three quarters tull Ht water o a4 period Ht 3 A
davs. About three quarters ot the steel wool wias submersed o @t o @ith Lhe ’
renaininy quarter above the water sartace,

Creating an alaminoam <guaple wis e ditticalt, Atany v g Nis tried bt
the *inelv tivished sartaces resisted corroasion, Froaallv, o 1ot HASe traa g
TaS=mm cdarrier projectile was taken o the nachine Shop o aat 0 0 "m0 1)
thivk hips were Shedare | t-am the HASE 0 0 Sshaper aeta’ wotein a4 fiiney, hee
chlas were carled Wity e surtace craaplet Ghite the s SUTY e W
briant, The  aaterial was b Strea-th b wime allav S0l Ta, e VU W :

pr el e ben o suheaer st a8 o e plasti BTN .
Corrosion Inhibitors
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Concentration in Distilled Water

It was decided to measure by cubic centimeters both the corrosion inhibitors
and distilled water, In this way, mixing various concentrations will be
simple. It was also planned to start with a maximum concentration of 0.01, that
is, one volume of corrosion inhibitor dissolved in 100 volumes of distilled
water, Concentrations decreased in equal steps starting from 0.01 to 0.005,
n.001, 0,0005, 0,0001, 0.00005, and finally 0.00001.

To obtain one unit volume of silicon dioxide (this is the active corrosion
fnhibitor in sndium silicate), six volumes of liquid sodium silicate (water
lass) grade &) are required, The composition of liquid sodium silicate {is
listed in table 1. Solid silicon dioxide (pure sand) is an ahrasive; however,
when molecularly combined with sodium oxide, {t becomes water soluable and is an
excellent corrasion Inhibitor,

Findings

Al ottt corrosion inhibitor data are listed in table 2, Many of the
tests wete repeated twice,  The following results were obtained:

. Seme bt corrasfon {nhibitors were eftective at very dilute con-

coetragtion,

i Neocarrasion toor plice on steel wool that rose above the level of
Jalet ot aingae coarrasion iahihitors, dosome of  the strands of steel wool,
it i ot 3yt were ovident,

CALCULATION FOR THE AMOUNT OF
CORROSION INHIBITOR NEEDED

v e el lon, At LR sances per aint g tahlespoons ot

T vt e tablespoon, then there gre 7h3 teaspooas | oor

Protecting Steel

i P N PR S S, C e 4 bo ' e qa o




9.00050 silicon dioxide
t = 0.00050 (768) 6 g

For example: For 30 gallons of water, t = 0.00050 (768) 6 (30) = 69.1
teaspoons or 1.4 cups of sodium silicate.

Protecting Aluminum

0.00001 sadium nitrite
t = 0.00001 (768) g

For example: For 30 gallons of water, t = 0.00001 (768) 30 = 0.2 teaspoon of
sodiuwn nitrite.

0.00001 silicon dioxide
¢ = 0.00001 (768) 6 g

For example: for 30 gallons of water, t = 0.00001 (768) 6 (30) = 1.4
teaspoons of sodium silicate.

EFFECT UPON THE SPEED OF SOUND

Additives to distilled water can atfect the speed of sound. A measuring
cvlinder zraduated to 25 cm” was used to hold either distilled wit=2r or corrusion
inhihiting solutions, and the time was measured Eor an ultrasound pulse to pass
down through the liquid and bounce back up. The total distance of passage was
37.5 cm (14,8 inches). The estimate for error is 0.,001l. Time measurements wece
made on a cathode ray tube screen using distilled water for Lhe calibration
checks hefore and after each of the two tests:

I_l_ll_li_d_ Time, cm

2 &M
Distilled water 10,00
2Ol sodiuan nitrite solution 1.0

NDistilled water 1y enn
Hiyh sodium silicate solution 9.95
Nistilled wiater 10,00

The conceatrations of hoth corrosion inhibitors were the aaximam that were
tried. Sodiwn nitrite had no atfect on the speed of snund. sodim silicate
permitted the speed ot sound to increase by 172 of 1%, Since this increase in
spred 1« probably a linear function, 1t a concentration of 0,00000 (as compared
to 9,0 1), the increase in the speed ot sound should be a4 negligible 0,00054. To
veritv this, the tollowine data were ohtained:



v,-,-,

"R

Liquid Time, cm
Distilled water 10.00
0.00006 sodium silicate solution 10.00
Distilled water 10.00

It was observed that substantial ultrasonic noise appeared with the presence
of either corrosion inhibitor. This is the sacrifice in ultrasonic signal-to-
noise ratio when either corrosion inhibitor is used. However, in actual use,

dilute concentrations of corrosion inhibitor should cause little impact upon the
ultrasonic signal-to-noise ratio.

COST CALCULATIONS
If purchased in 55 gallon drum quantities, the basic cost of granular sodium
nitrite is about $25 per gallon; whereas, liquid sodium silicate costs about $2

per gallon. However, Grade 40 degrees sodium silicate contains only 1/6 silicon
dio§ide by wvolume; therefore, silicon dioxide costs about $12 per gallon ( 6 x

2)-

Protecting steel submerged in 100 gallons of water:

13¢

60¢

il

Sodimm nitcite, (0.00095) $25 (100 zallons)

il

Silicon dioxide, (7.0005) 512 (100 gallons)
Protecting 7075=-T6 alunlaum subnerged in 100 gallons of water:
sodiam nitrite, (0.00001) $25 (100 gallons) = 3¢

Silicon dincide, (0.00001) $12 (100 gallons) = 1¢

CONCLUSTONS

l. Both sodian nitrite and silicon dioxide (the active ingredient of sodium
silicate) are very effective in preventing cocrosion of steel and high strength
1l i alloy #7075-Th while immersed in water for three days,
trations of each corrosion
in 109 wallons Hf wiler are:

Minimm concen-
inhihitor for complete protection and the cost of each

3

All money i1 this report is in FYS7 dollars,
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Pt

Portion in water Cost in 100 gal. ¢

by volume of water (§) '

Sodium Silicon Sodium Silicon X

Metal nitrite dioxide niteite dioxide ;
Steel wool 0.00005 0.00050 N.12 0.60
7075-Th 3.00001 0.00001 0.03 0.01

Aluninum

2. The presence of either corrosion inhibitor at the minimum recommended rates
has no significant impact on the speed of sound through the solution,

3. An attractive bronze coating can be obtained over bare aluminum by soaking in
a 1% sodiun nitrite solution (by volune) for three days.
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Table 1. Composition of liquid sodiun silicate, grade 40*% !

Sodium oxide Silicon dioxide Water
(Nazo) (SiOz) (HZO) N

Portion by weight 0.091 0.292 0.617

Specific ygravity 2.27 2.32 1.0

!

Portion by volume 0.05 N.16 0.79

A\

L o Ty T

*"Grades of Diamond Liquid Sodium Silicates,” Diamond Shamrock Chemicals Co.,
Technical Bulletin, Painesville, OH, 1985.
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Table 2. Effect of two inhibitors on the corrosion of steel and aluming¥

Y
Portion by volume ﬂ‘
of inhibitor in water Sodium nitrite (NaNOZ) Silicon dioxide (SiO O
—M
Steel Wool By
¢
‘P
0.01 No corrosion No corrosion -
o
0.005 No corrosion No corrosion h
Z-C
0.001 No corrosion No corrosion K
n."
0.0005 No corrosion No corrosion ;
0.0001 No corrosion Localized dark brown ru?
of surface .
0.00005 No corrosion Localized dark brown rue
of surface M
0.00001 Slight rusting Localized rust near sui:
about 0.01% of surface ;
v
0.00000 Mostly amber but some black rust covering 100 percent of the steel wool sui:
(pure water) ;l
-
“~
Aluminum alloy 7075-T6 chips i 4
=,
0.01 No corrosion, microscopic patches of bronze color No corrosion ~:f
covering half the surface; overall appearance is -
a silvery bronze ~
2
0.005 No corrosion, lighter bronzing color than above No corrosion v,
K4
0.001 No corrosion, barely perceptible bronzing No corrosion :;
0.005 No corrosion, barely perceptible bronzing No corrosion ;
0.0001 No corrosion, barely perceptible bronzing No corrosion ;:
0.G0005 No corrosion, no bronzing No corrosion }
0.00001 No corrosion, no bronzing No corrosion a
0.00000 Corrosion consists of considerable hydroxide gel plus many black spots cove
(pure water) 4
g
.'>
4
A
o
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jrrosion of steel and aluminum while immersed in water for three days

s

Combined equal portions of

Silicon dioxide (5102) sodium nitrite + silicon dioxide

Steel Wool '

No corrosion No corrosion

No corrosion No corrosion

No corrosion No corrosion :
L
[

No corrosion No corrosion

Two localized rust
beginning

Localized dark brown rust over about 0.25% Spots just

of surface

Very, very light rust covering
100% of surface

Localized dark brown rust over about 0.25%
of surface

Localized rust near surface of water covering Very light rusting covering y
about 0.01% of surface 100% of surface L

ercent of the steel wool surface

uminum alloy 7075-T6 chips

lor No corrosion No corrosion, no bronzing

s
e No corrosion No corrosion E
No corrosion No corrosion, no bronzing
No corrosion No corrosion, no broazing ;
:
No corrosion No corrosion, no bronzing K
!
No corrosion No corrosion, no bronzing
No corrosion No corrosion, no bhronzing

el plus many black spots covering the rough surface,

bright surface unscathed
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