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INTRODUCT ION

Much of the nondestru .ttve test (NDT) work at Picatiniy ,r senal involvs
ultrasonic testing tinde'r water. k corrosion inhibitor Is Ai-;sovd in the
hnlding tank water t, protert all tho nmtal in the tnnk striltittire as wl1l is ,lily

metal placed with in. In question is the proper concentrati.o, of orrusli i

inhibitor to provide complete protection of all ininersed metal. At time-, tech-
nicians have thrown in a handful or half t cup o)f corrosion ihiblitor without
bothering to figure ouir the proper amount. The purpose )t thi, report i s t,

evaluate the effectiveness of twn common corrosion Inhihitr-,, sOl'1n litrite and

sOdilIt silivato, arti, to determln- iii',itin conceitrit ions .)f oami' ifi disti lId

water for compl-te protection of immersed steel and allvli 1il.

TEST D S1GN

Petals

Since most )f the mat.-ril5. pliceld into our II tr-t , i) I ,.' ini r. hi
stren.th steel -.n high stror rth luiniiinr , thos, .tro the tw., '. ti t, h *vA

liatei ftor 'orrosion pr)tsr J.,n. Hnw.ver, th e p. the "I., i . 'B... ,i ,I I .

ii i- - l)rohl em. Invest l.tt ion rev.i' tll that steo.I w) )I [.i .m ,.. I t i t i n,,-
fr r re e. l [ng co rr,./s,)n. It was ,le (,-ided to I nse rt 4 t i ooid s -, , i ol ) I .,t, : w ,
int,, 1 1-,)z plIast I" , p 1 thli t t hri',. L inrter s ltii I I w.t,..r t ,I i p.rri i

days. bhoit thre.t q iitrt r, .)I the ;t eol A))l wis tlr ,- , i. I IL,
ronaitii,w, ,l,irtor ,)vc Tite- w,itor , rl ,'.

t l, 'i t- I t i hed -;,ir t r' r Iii. .I , I I I v, 'I .r ttI

) )-mn 4rrIt r pr I , , , .t(,L1 I-, Im.- i .Ill.rmn,' I ,- h. 1  Il L . ' , I .
t ck , i w,- ,- ,+ ,,tr,. l t - ,qm tli.- .1, 1 i , '[ , ,,It 1' .1 11 1r11 "'.1 1,~ l -1!.

r 'Tr. II. .i .,rI ii . . - , )L -tr ,i i i V] iL" , 1l1,,. .,' ,.it. Lit 4. 11

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 volunes of distilled
water. Concentrations decreased in equal steps starting from 0.01 to 0.005,
0.001, 0.0005, 0.0001, 0.00005, and finally 0.00001.

To obtain one unit volume of silicon dioxide (this is the active corrosion
inhibit,)r in sodijn silicate), six volunes of liquid soditum silicate (water

Ilis) grade 4') are required. The composition of liquid sodim silicate is

listed in table 1. Solid silicon dioxide (pure sand) is an abrasive; however,

when mttole rarly combined with sod im oxide, it becomes water soluable and is ,in

exceli ,et corr.sion Inhibitor.

Findings

S ,t t . 'corrolf in inhihit,)r d ti lro listed ln table 2. lany of the
Sst t-r. r,.I,. ir el twi cl . ThE,, fol lI,-)wn resiults were )btained:

-, corr isin Inhibitors were eff,-ctive at very ,lililt ,',on-
it r

. ,r, ,; o In,) i ie ,*0 -f. 1 ,).o1 hot t roset :b.h v,? the lo,'el (if
.r ,',,;. i c, I' i ,r,.iii, il tr,. :)i -;ori iof th, sitrrids of st l',l W Ol,

CALC(ILATION FOR THE AMOUNT OF

CORROSION INHIBITOR NEEDED

'' ', , '- ,,ti r, theni ho r ii . 7 t ,-e8:15

Protect ing Ste.l

r T I
+

I 'I.
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0.00050 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 Almini

0.00001 sodium nitrite
t = 0.00001 (768) g

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

C1.00001 %ilicon dioxide
L = 0.00001 (768) 6 g

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

EFFECT UPON THE SPEED OF SOUND

Additives to distilled water can affect the speed of sound. A neasuring
cylinder *radtiated to 25 cm3 was ,sed to hold either distilled water or corrosion
inhihit ing solutions, and the time was measured for an ,iltr.s, ,o,' pulse to pass
down through the liquid and bounce back up. The total distaince of passage was
37.5 c-TI (14.8 inches). The estimate for error is 0.001. Time ,neasureinents were
made on a cathode ray tuhe screen ,using distilled water for Lhe calibration
rhecks hefir and after each of the tw) tests:

LLI, id Time, cm

Distilled water I 1).()O

'. I odiu n nitrit- solitiori I0.)

D i stilled witer 10.1)1)

.Ilb sodii, ;il irato -,olition 9.95

))istill ,d water Ir).()

The c,)mnc elt r't( ois ot ioth corrosion inhihiters were the ,naximum that wor,
tr id. Sod 1it1n nit ri tU had no at fect on the ;peed of sound. sodi Irn Si I icat

,rm i t ted th lit eed 0? Sp)lid Io tncrei. hy 1 2 of IS. Sin-e thiSr increa so in
s po ed i. )r')ha .1y a I i near ftinet ion, it a concentrat ion of 1).00 ) 1 (as compared

to . lit, th inl-reri;se in the speed )t soond shouild he a ruelig ibl ).0)((05.. To
veritv this, th+ fdillLwi~r' ita were )htainei:

..



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 drm quantities, the basic cost of granular sodium
nitrite is about $25 per gallon; whereas, liquid sodiu-n silicate costs about $2

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

2) .3

Protectb[ii ;teel submerged in 100 gallons of water:

Sodien nitrite, (0.00005) $25 (100 Aallons) = 134

,;tlic:mn dioxide, (0.0005) $12 (100 gallons) = 604

Protee~~i~ 7075-T6 altuninum sub.nerged in 100 gallons of water:

Sodiin nitrite, (0.00001) $25 (100 gallons) = 3

Silw~,~m td)<ide, (0.000) 1) $12 (100 gallons) = 14

CONCLUS IONS

I. P Bth slr 1fi trt and sil icon dioxide (the az-tive ingredient of sodium
tlirate) are very effcrtive in preventing; corrosion of steel and high strength
l ,n11ittl illov :1 7)75-T while immersod in water for three days. Miaimun concen-

rrat ions Of e-ch 'orros ion inhi iitor for comploto protection and the cost of each

ii 1 ) ,al lons )f wiLe- ire:

%%

3A1l 'non,' ii his rport is in FY87 doll irs.
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Portion in water cost in 100 gal.

by volume of water ($)

Sod ium Silicon Sod ium Si I icon
Metal nitrite dioxide nitrite dioxitPe

Steel wool 0.00005 0.00050 0.12 0.60

7075-T6 0.00001 0.00001 0.03 0.01

al ,Ini n un

2. The presence of either corrosion inhibitor at the minimim re,'omrncnded rAtes
has no significant impact on the spee;! of sound through the solutioi.

3. An attractive bronze coating can he obtained over bare aluminum by .oal[ing in
a 1% sodim nitrite solition (by volune) for three days.

p. . . . . .. p . U U p p~ -,/ i



Table 1. Composition of liquid sodium silicate, grade 40*

Sodium oxide Silicon dioxide Water

(Na2O) (Sio 2) (H 2())
Portion by weight 0.091 0.292 0.617

Specific gravity 2.27 2.32 1.0

Portioii by volume 0.05 0.16 07

"G rad es of D)i amond Liq9u id( So d i tn Siti c a te s , D)i anond Sh amnrock CheicalIs Con.,
Technical BidIl, Liii, Pa inesv ille, oHi, 1985.
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Table 2. Effect of two inhibitors on the corrosion of steel and alumin

Portion by volume
of inhibitor in water Sodium nitrite (NaNO2 ) Silicon dioxide (SiO

Steel Wool

0.01 No corrosion No corrosion

0.005 No corrosion No corrosion

0.001 No corrosion No corrosion

0.0005 No corrosion No corrosion

0.0001 No corrosion Localized dark brown rCl

of surface

0.00005 No corrosion Localized dark brown rt%
of surface S5I

0.00001 Slight rusting Localized rust near suz.

about 0.01% of surface '

0.00000 Mostly amber but some black rust covering 100 percent of the steel wool sur-
(pure water)

Aluminum alloy 7075-T6 chips .-

0.01 No corrosion, microscopic patches of bronze color No corrosion
covering half the surface; overall appearance is
a silvery bronze

0.005 No corrosion, lighter bronzing color than above No corrosion

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

0.00005 No corrosion, no bronzing No corrosion

0.00001 No corrosion, no bronzing No corrosion

0.00000 Corrosion consists of considerable hydroxide gel plus many black spots cove
(pure water)

/"
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rrosion of steel and aluminum while immersed in water for three days

Combined equal portions of
Silicon dioxide (SiO 2 ) sodium nitrite + silicon dioxide

Steel Wool

No corrosion No corrosion

No corrosion No corrosion

No corrosion No corrosion

No corrosion No corrosion

Localized dark brown rust over about 0.25% Two localized rust spots just
of surface beginning

Localized dark brown rust over about 0.25% Very, very light rust covering
of surface 100% of surface

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

percent of the steel wool surface

luminum alloy 7075-T6 chips

br No corrosion No corrosion, no bronzing
is

e No corrosion No corrosion

No corrosion No corrosion, no bronzing

No corrosion No corrosion, no bronzing

No corrosion No corrosion, no bronzing

No corrosion No corrosion, no bronzing

No corrosion No corrosion, no bronzing

el plus many black spots covering the rough surface, bright surface unscathed

S!
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