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SUMMARY

The purpese of this investigation was to present a2 measure of the
relative effectiveness of several inhibitor treatments for galvanized
steel. This was done by immersing galvanized steel specimens in different
inhibiting solutinns and testing the specimenz, at freguent intervals, to
determine their degree of corresion after expcsure to atmospheric
conditions.

A reflection indicator system was constructad which allowed the spec-
imens to be analyzed, in order tc determine their degree of corrosion by
means of their ability to reflect light (the more light reflected, the less
corrosion and vice-versa). The reflection indicator system consisted of
a box to which a light bulb and an exposure meter were attached. The
specimens were placed on the cover of the boxy light was then allowed to
shine on them. This light reflected intc the exposure meter, which, by
indicating the intensity of the reflected light, measured the degree of
corrosion of the specimens.

The specimens were marked for identificat:on purposes, pickled (that
is, immersed in an inhibited 10% H,S04 solution) and galvanized by dipping
in a molten zinc bath through a Zn(H3N)ZC12 fiux. The specimens were
cooled in a water bath and finally were dipped in their respective
inhibiting solutions. They were allowed to dry in air and readings were
taken to measure their reflectiveness. Then they were placed on a stand
for exposure to atmospheric conditions.

Three series of runs were performed during the course of this inves=

tigation. Each run consisted of different inhibiting solutions containing



mixtures, in different concentrations, of CrO3 and H3PO4, CrOy and NaF,
or of solutions containing CrO; alones Several solutions were subjected
to various temperature treatments to study the influence of temperature
variations on the inhibiting properties of the solutions. In each run
several plates or specimens were left untreated for ccocmparison purposes.

The results were evaluated by comparing the average decrease in
light reflectiveness occurring for specimens treated with the various
inhibiting solutions and subjected to atmespleric conditions for the
same period of time.

The results of this investigation agreed well with theoretical
observations, that is, higher concentrations of CrO5 provided better cor-
rosion protection than lower concentrations. These results also agreed
with work involving the use of CrOy and NaF mixtures.

The experimental data and calculated results are presented in Tables
1 through 14 and in Figures 2 through 12. From these results different
inhibiting solutions can be evaluated over the same time interval, thus
presenting a correlation of the different solutions and an evaluation of
their effectiveness.

The results obtained from the three runc pertformed proved to be con-

o

D

sistent throughout the experiment. Th resulls led to the following

conclusions:
l. Solutions ceontaining mixtures of CrOS and NaF provided the
specimens with the best corrosion protecticne.

2+ Solutions containing CrQ, alone provided better protection

3
than those solutions containing mixtures of CrO, and HaPO, .

3. The higher the concentration of Cr0C, in a solution the
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bettez tne corroszion protection it provided the specinmens,

4. Scluticns that were maintained at their boiling point
provided much better corrosion protection than the solutions that were
kept at room temperature.

3. The temperature of ihe

apecimens before dipping had no

influence in the improvement of sorzosion prote Tions

6. Specimens that were not treaied any inhibiting solution

deteriorated at

vi)

rate much faster than thgse tra:wz2d with inhibiting

solutions.,

7. Chromic acid concentrations of less than 10 gms./lt. did

not preovide the surface of the specimens with an orange color, whereas

concentrations of 10s; 1%, and 20 gmz./lt. did.

It is recommended that more experimental work should be done with
respect to determining the influence that the dipping time of the spec-

imens has on providing the specimens with a better corrosion protection.



CHAPTER I

INTRODUCTION

The preservation of the superficial characteris*ics of brilliance
and corrosion resistance of galvanized steel has always been a problem
for beth producers and users.

White rﬁst is & zirc corrosion produzt wnich s harmful to the
galvanized surface in several waye. Depreci=t_cn of ihe product and
reduced electrochemical protection of the steel base resuite The
formation of white rust is damaging because it extracts zinc from the
coating and cenverts it inte basic carbonetes sf zinc of variable co
position,; thus shortening the 1ife of the ferro-zinc zouple (3)s This
formation is brought about by zcomplex chemiral zeactions and electro-
chemical phenomena with the presence 2f cxygen and atrmospheric humidity,
and by various agressive ions.

The factor mostly responsible for the -cxrus:zon of the galvanized
ccat is the differential oxygsnztion, that .= *!as formation of local
couples of oxygen concentraticn. This phenomen: 15 known as "oxvgen
concentration cell" and, sinzce is well knowr -~ =z=lsgctrochemistry its
details are omitted (4). The purpose of the oalvanized ccat is to make
the steel cathodic to the zin< {since zinc .5 léss neble thHan steel it
will corrode first in case of a discontinuity in-the galvanized coat)s
The effort of galvanized steel producers to eliminate or retard this

damaging phenomenon 1is therefore understandabie.
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dareas of a metal spe msn. The chromatas alt 7 e, znodic inbibitors.
All chromate conversion treatments us= Zhrom z-%d or ocne of
its scluble salts, whisk somtain chraomium in ths hewsvalent states, Other
chemical can be added to activate tnz r=adt on between the chromium salts
and the metalse. These are known 25 atth vators +° the clean metal sur-
face is immersed in sugh a splution, 2 thir 1 r conversion Leating
is produceds this has the desizakis charazne 2t retardirg corro-
sion of the metal surtace. The fTerm “oopvsr-o . sning" refers %o the
fact that surface metal is convexted inng roretal1is form in thaé
film producing reactione
Relatively Little 15 knmewn about the sompesition and structure
of chromate films. A few gzneraliza'ions can be made., however. It is

fairly well established that mc=t
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adhere to untreated mwetals,

i

Most chromate treatments :n use at present, except those used for
magnesium, are of the propristy typa. Users are =uppli=d with powered
compounds or liguid concentrate:s, from which working solutions are made
up and operated according to manufacturer's recommendations. A variety
of formulations, tailcred to mee: zpecific reguiremente, are available.

Phosphate Coatings.--(9) Phosphate ceatings ace used to convert the

surface of the metal to a less active compound of “he m=tal, such as
the phosphate. If properly done this result: 1n better adhesion of an
organic coating; such as paint, and reduces the spread of corrosion
from pinhecles in the organic ccating. As in cther coatings of this
nature, however, phosphate coazings are not cufficiently resistant 1o
be used alone under exposed conditicons: but fo:m 3 strongly adherent

base for organic protective zoat ngs.
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CHAPTER 11

DESCRIPTION OF APPARATUS

The apparatus involved in the determinztion of the degree ‘of

corrosion of the galvanized stee! spacimens ~onoisted of three com-
ponentss & stand or wocden frame where the sg=iimens were placed so
they would be directly exposed 1o the existir: z2tmocphere conditions,
a reflection indicetor system where the spec:ma-c were placed and

examined to determine their degree of correoz:on., 2nd a wocoden rack
which transperted the gpecsimene from the sténd to the site where the
reflection indicator system was situated and vice-versa.

The Stand or Wooden Frame.--The purpose of the stand was to support the

specimenis so that they would be exposed To exzsting atmospheric conditions.
The stand ccnsisted of a frame formed by boards Z" bv 4"y it had a length
of six feet and z2n inclination of fifty-five deareez from the herizontal
so that the sun's rays would 1mpinge perpend’ -u.==!y on the specimens at
this latitude. The frame had seven boards pc-'°  “red horizontally and
parallel to each other. The specimens were {::-"ened to the boards by
means of plastic clothespins. which proved %o "z wvexry helpful in facile
itating the removal and placing of th= cp=scimens on the boards. The
capacity of the frame was one hundred specimens.

It is to ke rioted that the spesimens were held by the clothespins
from the bottom so as toc avoid extranesous materials from falling on the

Specimense.



The Reflecticn Indicator Sysieme.«~The purpose of the reflection indicator

system was to determine The degree of corrosion of the zpecimens by mea-
suring the reflectivity of zac ipecimen as a function of time. This was

Lhe specimens and measuring the inten-

("

done by alleowing light fc str i

gity of thz light reflected ofr the zpecimens at various time intervals

by means c¢f a light exposiics meter. A diagram of The svstem is shown
in Figure !.

The retlection indicatsor zustem consiz =2 2f wooden box, a 100=
watt electric light kulb, a Gensval ElLectriz exposure meter (type DW—48i9
which could record a maximum Light ‘ntensity of 70 foot=-candiesy a mirror,
and a powerstat for adjustment ot the light intensitys

The wooden box was 23 traperoidal shapasd box which measured fifteen

and a half inches lono, seven and a2 half inecbes high, seven and a half

inches at its narrow end, and twalve and 2 half inches at its wide end:

A panel wnich formed a forvy-+ive degree angle with the bottom of the

box was inserted,; and the expeo:ore meter was attached to this panel by
means of a brass strip. Thisz ztrip had 2 hole Zut out so the sensitive
light-cell of the exposure meizer osould be Fitted 1nic 1it. A hole with the

same dimensions as that on the brass strip wa: ~2f out on the panel so

as to permit the exposure meter to -ollect thns lignt reflected from the

(17]

specimen being tested.
The electric light bullk wes placed at the narrow end of the box
and against 1ts back well.

On the cover of tne Lox & hols was cut out just above the light

—

meter so that each specimen cold be positioned over the hole to cover

1

ity thus exposing a porticn of its surface to the light emitted by the bulb.



Due to the forty«~five degree .nzlination of the pangl with the

exposure meter placed perpendicularly te the panel, ‘ne light reflected
from the specimen on the 1lid above the merer impinged perpendicularly on

the exposure meter.

ndicator Systems~-The reflection

indicator system was adjusted or standardized 5o that the exposure meter

would indicate its maximum reading when the grtest possible plate was
placed in the specimen positicn. Such a plate wa= a4 freshly galvanized
plate which was not dipped In an inhibiting =0l ten.

Obviousiy this freshly galvanized plate _ovld not be used over

and over again as a permansnt standard or reference point, because the

formation of zinc corrosion products cn it would impair its brightness;

i.e., its reflectivity would decreazeyj therefore a permanent reflector was

chosen. This permanent reflector was celected to give the same maximum
reading as the freshly galvanized pla e with the same amount of light.
For this purpose a mirror was selected. Ihe resulting deflection regis-

tered by the exposure meter for the light from the mirror was greater

than the maximum reading on 1its scale. [f w3z ' onl, therefore, neces-
sary to cover a portion of the surfsce of tre mirror with a black tape

to reduce the intensity registered until the e posure meter would indi-
cate only 1ts maximum reading when the mirscr was placed on the box. When

this adjustment had been completed the mirrc: could be used as a non=
tarnishing standard equivalent 1¢ a newly galvanized plate.

A powerstat was connected in seriese with the electric bulb, in
order to supply the bulbk with a constant controlled voltage; as a result
the intensity of the light smitied by the bulb was keph ccnstant at

all times.



The exposure metsr was ctandardized thioughoutr the recording
of reflectivity readings by placing the rirrer oo thes box and ad=
justing the powersztat «o that tha light reflested off the mirror would
indicate a maximum reading of 70 foct-candles on the exposure meter.
The Wooden Racke--The purpose of the wooden rack was to transport the

specimens from the stand to the site wheres the reflection indicator

system was located and back.



CHAPTER T

T
A

T

EXPERIMENTAL PROCEDURE

In preparaticn for a data runs specimens four inches long, two

and a half inches wide, and ./ Hiel cut out of plain

carbon steel plates. The plates were then ra_wed feor identificatien
purposes and taken to the pickling and galy g tacilities of the
Atlantic Steel Company, whers they were 1mme j in inhiblted 10%

HoS04 solution for about twenty minutes

the surface, and then they were galvinize

molten zinc bath through a Zn(H-dN]f,C"i.2 i

Extreme care was taken In

before pulling the specimen from the
would cause a rough galvan zed surfs s
dull surface.

in brightness, i.e.. a

The specimens were cocled by dipping 1n

aals

t¢ get rid st the scales on

peing immersed in a

LUKs
a e surface of the molten zing
sAnlzing bathy too rapid pulling

itz specimen and a decrease

= water bath a room

temperaghre and finally *they were dipped in respective inhibiting
solutions for approximately ten seconds. ney were allowed to dry in
air and then readinge were taken to measure 'heir reflectiveness. They
were 1mm?diately placed cn the stand for expooure to atmospheric con-
ditions. The specimens wsre tested at freguent ‘ntervals which can be

seen from Figures 2 throuan 12 ifor their

reflection 1indica their

re

recorded.

reflectiveness by means of the

gistered deflections were
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Three series of runs were peérformed in itne course of tiis

investigation:

|5

The First Run.--Twelve solutigns were na vp contalning mixtures of

CrO3 and H3P04 in different proportions. Seven solutions contained mix-

2ined different concentrations of

tures of CrO3 and H3PO4, and five cont

(@
b

Cr0Oq alone:s Three plates were used per so and filve were kept

ik
N

untreated as control specimens. The pl: woo o placed on the stand,

care being taken that the side of the piat was used in taking the

m

and the rain

L

reflectiveness reading was exposad facingd

The Second Run.--This run censisted of nineteen =clutions. Six solutions

contained different concentraticns of chrom:c acid alongi seven solutions
contained different mistures of chromic avid and phosphoric acid; and
two solutinns contained different concentrations of chromic acid and

sodium fluoride. Another solution was divided in twe parts, one part was

-4

heated to its boiling point and three heot and three cold plates were
dipped in it; the other part wes kept at coom temperature ang three hot
plates were dipped in it. By hot plate if ic meant a plate that was not
immersed in water after being galvanized. Fine v three plates were
immersed for {ive minutes in a solutlon to zv.oy the influence of dipping
time in the effectiveness of the inhibiting <! fion. In this run three
plates were kept untreated.

The Third Run,--The third run consisted of eiant test studies untilizing

four different soluticns. Two solutions cantained chromic acid in

different concentratisons and two soluticrs contained mixtures of chromic

acid and sodium fluorides These four scluticons were used cnce at room tem-—

perature and 3 second time 2t theiz boiling peoint thus making a total of
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eight test series. As usual three plates were xept untreated.

The results of the runs are detailed in Chapter V. The experimental
data and calculated rezult: are presented in Tables I through 14 and
Figures 2 threugh 15. A list of the different solutions used igs pre-

sented in Table 1 in the Appendix.



CHAPTER IV
EVALUATION OF RESULTS

The calculations or evaluations involved in the determination
of the degree of effectiveness of the differernt inhibiting solutions
used are very simple,

Since the steel specimens were galvanized manuallys it was
virtually impossible fo cobtain the same quelify or type of galvanized
surface on every specimen; therefore the quality and characteristics
of the galvanized surface varied wiih every specimen. These differences
in the galvanized surfaces caused different cmounts of light to be
reflected off each specimen; therefore, the only way in which the
effectiveness of the different inhibiting solutions could be related
was by comparing the average decrezse in light reflectiveness caused by
different inhibiting sclutione over the same length of time.

The average relative humidity and precipitation per week were

recorded so as to aid in the evaluation of the zecults.
Reflectiveness readings of the gper imern s were taken at frequent
intervals. Since several plates were used per solution, the average

reflectiveness readings of the plates was used in computing the average
decrease in light reflectiveness.

The 1light reflectiveness readings, which were taken immediately
after the plates were galvanized, lmmersed in the inhibiting solution, and

allowed to dry, were used to calculate the average decrease in light
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reflectiveness, together with the readings taken at the end of the
desired time interval.
The experimental data and ralculated resu . ts are presented in

Tables 1 through 14 and in Figures 2 through 15. From these tables

and figures different inhibkiting solutions can be evaluated over the

same time interval, thus presenting a correlation of the different
solutions used and an evaluation of thelr effeci.ivenesss
A correlation and discussion of the reziits ontained is

presented in the chapter entitled “Discussion of Resulis.' The

conclusions formulated are listed in Chapter V1.



CHAPIER V
DISCUSSION OF RESULTS

The data obtained from the work descxibted in Cnapter IV are

outlined in a series of Tabies and Figures in ' e Appendix. These are

grouped so as to exhibit the change in refle w1ty of a specimen with
time of exposure te atmespheric conditisns ard o delineate the pro-
tection provided to the specimens by vaiving ite ccncentration of the

chemical constituents of the inhibiting selufions, nsmely, that of

Cr03 3 H3

Figures 6 to 15 exhlibit changes of zeflectivity of specimens with

PO4 and NaF.

time of exposure. Varicus plots are alse made for specimens treated
with solutions ef wvarious compositions. Flgures 2 to 5 exhibit data
derived from the preceding Figures and Takles 9 1o L3 wnich show prin=-
cipally the wvariatien of retftlectance with conposition of the solutien.

The remaining Figures exhibit data obtzinc) tor other peripheral

findings related primarily to the = on oo sosion of the use of hot
and cold solutions.
The results abtained from this 1nvestic iisn proved to be consistent

throughout the three runs performed. From the results obtained from runs
1 and 2 it was evident tnat the addition of phosphoric acid te sojutions
containing chromic acid did not improve the corresicn resistance properties
of the gpecimens. For fixed concentreticns of phosphoric acid, corrosion

protectich increazed a¢ the concentration of chromic acid in the seolution



inereaseds On the other hand; for fixed concentraticns of chromic acids

3o
|

id not increase

-1

an increase in the concentraticn of phosphoric ac d
consistently the corrosion protection of the speziment.

For solutions containing cnromic acid alene, the results from
runs 1 and 2 proved without the chadow of any doubt that an increase in
the concentration of chromic acid provided the specimens with an increase

in corrosion protection.

The initial light reflectivity reading nowad that the solutions
containing phosphoric acid had on the average higher initial wvalues,

but they deteriorated at a faster rate.

After one week of exposure to atmeospheric condgitions, it was
observed that the specimens that were dipped in soluticns 10=-A{, llmAly
and lQ-Al, l.e., the solutions that had the h:ghest chromic acid concen-
tration, exhibited an increasze in reflectivenes:s readings, this situation
was observed only in the results obtained from run 1, it did not occur

in run 2. The reascon for this behavior was that a portion of the film

deposited on the surftace of the cpecimens was wasned away by rainfall,

redering the surface of the specimen brighier. = portion that was
washed away was an excess of chromats deposit lue to the heavy concen-
tration of chromic acid in the respective =oli “ons. It should be noted
that the specimens that were Immersed in these soluticons were tinted

with an orange color due to the high cencentration chremic acid present
in the solutions. This dolor film tends o0 fade out as the exposure
time to atmospheric conditions increased. The reason why this same sit-
uation did not occur with soluticons 10-A5, li-Ags and 12-A5, of run 2 is

because a heavier raintall cceurred during the week rignt after the
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specimens from this run were placed on exposure. as a resulty a greater
amount of the protective film was weshed away and the surface corroded
at a rate slighter faster than that of the specimens 1n run 1, treated
with solutions having the same concentrations

In view of the results obtained from run 1 1t was concluded that
solution 9-A; gave the best results for this run. Ihis particular
solution (5 gms/1 t. of CrO;) presented the best “ombination of cor-
rosion and brightness of all the solutions usec in run 1. This solution
was used in preparing the additicnal solutions tnat constituted the part
of run 2 devoted tc various temperature conditlicns.

The solutions used in run 2 confirmed the results of run 1 that

an increase 1n the concentration of chromic sc1d resulted in an increase

in corrosion protection for the gpecimenc. However, the principal results

determined from run 2 were that the addition of sodium fluoride to a

S0 i ining Cr0,, In a ratio of 0.27 grams of sodium fluoride
olution containing C 03 n at ( r oy f dium fluorid

per gram of chromic acid, improved the cocrrosion resistance of the spec-

imens considerably and kept their surface nrighter and for a longer period

of time. The results obtained from the solutin ontaining mixtures
of sodium fluoride and chromic acid were repz dited closely in run 3,
that is, the results obtained from run 3 conticmed the conclusions regarding

the effectiveness of the solutions centaining mixtures of chromic acid and
sodium fluoride.

The results obtained from the experiments designed to study the
effect of temperature variations of the solutions or plates on corrosion
protection of the specimens showed that by bringing the inhibiting solution

to i1ts beiling point a better corrosion protectien is obtained than that



when the solutions were not beated, and that the temperature of the specimen

up to 4609 C had no influence in providing better cfusrostion protection.

The specimens that were treated with solution !'-Cs,. that is,4 the
solution that presented a high concentration of chromic acid, 15 gms+/1 tey

and which was heated to its boiling point, were heavily tinted by the
chromic acid. This came situation ocourxred for =pecimens that were
dipped in solution l—B2 (20 gmss/ 1 te of G:0,.. =ithough this sclution
was not heated.

Solutions 2&63 and ?-03, which had moxtures of chromic acid and
sodium fluoride and were heated to their boiling points, presented a
better corrosion protection than scluitions 2By and 3-Bj which had the
same concentrationss but were not heated. Hewever., treatment with the
latter solutions yielded 2 higher degree of Fr:ghinecs to the specimens.

Run 2 confirmed the results ¢btained in wun £, that hot solutions
provided a better corrcsion protection than cold sclutions, and that
solutions containing mixtures of 0103 arnid NabF provided much better cor-

rosion protection than that provided by =cluf:zn: containing G104 alone.

In addition, these seolutions yielded specimei: it a brighter surface.
The combined results from the three - shicwed that solution 2-Bg

provided the specimens with the best Zombina- ~ 1 or cerrosion protection

and surface brightness. Detfailed ton:zluzion: regsrding ihe results are

given in Chapter VI.
The results of this investigartion z2greed well with the theory (1)
that higher concentrations of chromic acid provide better corrosion pro-

tection than lower cencentrations, and with previcus experimsntal work

involving the use of Cr0, and NaF mixtures (2).
-
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deteriorated at a rate notably faster than
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10n of the surface of

Lthan

the corresien pro-

torily by checking

is was done as explained

on run 1, by Tun 2; and

checking the results obtained from run 2 by run 3.
Since previous (17) observations of metals in the atmosphere indi-

cate that the rate varies with seazzonal change

+3

kL

conditions, the length of me the specin
removal of water-scluble salts by heavy rainfa
relative humidity and the precipitation per we

B
wSie

the reader in interpreting the resul

In order to reduce errors introduced £

SOLUA

several plates were used per inhibiting
the readings of the different plates was taken
It was found necessary to reject the readings
solutions S-Al, llvAl,-S-Ag, due to their faul
the plates were rough and warped. Observation
cases in order to explain the nature of tne de

cbservations are found in Tables & and V.

remain wet,

LGl s

5 in natural atmospheric

the intermittent

11, ete., the average

recorded to aid

rom defective specimensg

An average of all

in calculating the results.
obtained from specimens on
ty surface condition, i.e.,
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CHAPTER VI
CONCLUSTONS AND RECOMMENDAT LONS

The conclusions resuiting from thic investigation may be
summarized as follows:

1. The most effective treatment ftound wis solution 2-Bs which
contained a concentration of b qma.ﬁl ty of © 0y &nd Li35 gms,/l t: of
NaeF. This solution previded the specimens worh 1ne brightest surface
and excellent corrosion protection which mainta.ned their surface
bright for the longest period of time.

2. BSolutipns gontaining mixtures af NaF and CrOB in a ratio of
0.27 gms of NaF per gm. of CrOz provided the best corrosion protection.
Solutions containing CrO, alore provided better corrosion protection

than those containing mixtures of CrO3 ana H,POz. Solutlons containing

mixtures of CrOs4 and HAPQ, provided the specimens with higher initial
light reflectivity readings, but the read_nes decrzased faster.
3. The higher the ccncentration of C:0. 'n an inhibiting solution,

the better the corrosion protection it provided the specimens.

4. Solutions that were maintzinsd =t - o.v boiling point provided
much better corrosion protecticn than the sclutions that were kept at
room temperature.

5 The temperature cf tne specimens befcre dipping had no influence
in the improvement of corroscion proteatian,

6. Specimens that were nct treated with any inhibiting solution

deteriorated at a rate notably taster than those trested with inhibiting



solutiorise

Even though it was found that a3

imptroved the corrosicn piztectlon of the
work should be tried on this subject, However.

rlve 0O

dipping time of more than

dppreciably the corrsasion protestion of galwvan:
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achieved by the addition of NaF tc CxOs, mor
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by NaF aleons.
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speflmelns, more

ten minutes will

exApe

tterent

five minutes
experimental
1t is thought that a
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L-ght of the results
ramental work should
concentrations

Lne protection afforded
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Takle 1. Composition of Solutions Used for Test No. 1
(Concentrations in Grams per Liter)

Solution No. CrO3 HBPO4
l-Al T 2.0
2"'#\1 705 5|O
3-Aq 2.5 5.0
4‘Al :J,-E_'r ].OcO
5-Ap 7.5 10.0
G*Al 245 15.0
7-A1 T 15.0
8—&1 24D e
Q_Ai 5.0 ™

10-A; 1540 -
].J."'P\l 7-“1 -

lQ-Al 10.0 -
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Table 2. Compasitions of Solutions Used for Test No. 2
(Concentrations in Grams per Liter)

Solution No. Cr0Oy HaPO, NaF Treatment

1—A2 7.5 2.0

2=Ay 7.5 5.0

3-Ay 2.0 Bl

4-Ag 24D 10.0 =

5-Ay Tk 10.0

6=Ay 2.5 15.0

7-A2 i.5 15:0 -

8—A2 205 - -

9-4A2 5.0 o
lOmAg 150 w =
ll—ﬁi 745 = =

12-A5 10.0 - y

1-B, 20.0 s

2-Bs 5.0 - Lol

3-Bs 15.0 - +0)

4-B2 | 5.0 - - Hot plate - Cold sol.
2-By 5.0 = = Hot plate - Hot sol.
tBy Zeald w = Cold plate = Hot sol.
=By 540 - - Cold plate - Cold sol.

(5 min. dip)




T Solutions

Used for -~

2 in Grams per Liter)

Solution Nos

NaF

Treatment

5-Aq

10-A,

e
e

(98]
on

4.0%

1435

Cold plate~Hot

Ccld plate-Hot

Coid plate-Hot

Cold plate-Hot
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Table 4. Aumcspheric Conditions for Test No. 1
Time of Exposure Average Precipitaticn Average Relative

Weeks Incres Humidity %
L 0,33 54

2 0.0% 72

3 0.81 SE

4 ISiE 84

2 000 65

6 Q.54 64

7 A.19 78

B 1.72 90

G .48 63
L0 Le31 62
L1l 0«39 70
12 L3 60

13 Le B2 75

15 L+42 62
L6 Ue77 63
17 3041 70

18 0.98 B8l
9 0.22 72
20 3.00 82
2 0«81 55
22 LeO7 48
23 262 79
24 2:95 62
25 137 i
26 0.75 B2
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Table 5. Atmospheric Conditions for Test No. 2

Time of Exposure Average Precipitation Average Relative

Weeks Inches Humidity %
i 1.42 65

2 077 63

3 3a41 70

4 0.98 81

5 022 72

6 3.00 82

7 0.81 55

8 107 48

9 2:.62 79

L0 2:958 62

1i 1.37 63
i2 0.75 52
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Table 6. Light Reflectivity Readings for Run No. 1

Weeks of Exposure

Initiay

Solutien Readinos L 2 3 4 5 10 12 14 16 18 20 22 25
60 60 55 52 52 51 44 44 44 44 39 37 36 35
40 49 45 44 42 4] 37 37 37 37 32 31 31 30

1-A; 51 5{ 46 45 45 44 40 40 -39 39 33 32 32 3l
40 A9 37 35 34 34 31 31 31 31 27 26 26 25
43 42 40 3% 39 37 34 24 34 34 31 30 29 28

2-A 44 43 42 41 40 39 35 3 3% 35 31 30 30 2
53 RO 50 47 46 46 41 21 a1 41 39 39 38 36
54 52 48 47 46 45 40 40 29 39 36 35 35 34
3-Ay 62 S8 56 5% 54 52 4R 47 44 495 41 40 39 38
5% 53 48 46 44 44 40 A0 3G 39 36 34 32 31
57 85 51 51 48 48 44 44 44 44 42 40 38 36

4-Ry 51 49 46 44 43 43 39 139 39 39 2 34 32 31
55 55 A0 50 49 48 43 43 43 43 41 39 38 36
30% 30 30 30 20 30 30 30 30 30 28 28 28 27
S~A1 f3 62 60 59 56 56 50 50 50 50 45 43 42 41
5 44 43 41 41 41 2B 2B 38 38 33 31 30 29

57 55 55 54 51 Bl 47 47 46 46 41 38 38 37
6-Aq 52 52 50 46 45 45 42 42 42 42 37 35 35 34
50 50 49 4f 46 46 A3 43 42 42 38 37 37 36

56 56 55 53 Bl 5l 46 46 46 46 43 41 41 4]
7-Ay 51 50 48 46 45 45 41 41 41 41 38 36 35 35
68 S5 A1 59 5B 56 51 850 49 49 44 41 39 39
63 61 B8 56 54 53 49 49 48 48 43 40 39 39
8-4, 60 58 5 1 50 49 45 45 44 44 40 38 37 36
59 59 59 59 58 56 51 51 50 50 45 43 41 40
61 61 60 5% 59 58 52 52 51 51 45 43 41 40
9-Ay 60 60 61 61 B9 59 52 51 51 45 43 41 41
35 46 46 A€ 45 4% 47 40 4D 42 39 38 37 36
a4 45 43 42 41 41 3% 39 39 B39 3% 3% 34 33
10-Aq 40 49 46 46 AR 44 47 49 42 42 39 38 37 36
47 50 49 46 46 46 42 43 42 42 38 37 36 35
25 % 31 20 30 29 29 29 29 29 29 27 27 26 26
11-Ay 50 55 B4 51 49 49 45 45 45 45 41 39 37 36
45 51 49 48 46 48 41 41 41 41 36 3® 35 34
45 48 46 45 43 4340 40 39 39 35 34 34 33
1244 41 46 45 44 42 42 39 39 39 39 34 33 33 32
68 30 26 26 26 26 26 26 26 26 25 25 25 24
70 41 35 3% 34 3329 29 29 029 27 26 26 25
Untreated 65 33 29 29 28 2826 26 26 26 24 24 23 23
65 38 29 29 28 2826 26 26 26 24 24 23 23
650 37 _30 30 29 2G 26 26 26 26 24 24 23 23

*Plate Warped
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Table 7+ light Reflectivity Readings for Run No. 2

Weeks of Exposure

In;t%ﬁi
Solution No. Readinas 2 5 7 < il 13 15
45 45 41 39 36 34 43 -
1-Ao 41 41 37 3 33 31 81 <
449 49 44 41 38 36 35 =
45 45 41 45 a5 34 = -
2-hAy 51 Al 45 42 34 37 36 -
45 45 40 ay 35 33 31 -
63 63 57 51 a7 B 44 -
3*&2 53 53 48 45 42 40 39 =
BT 57 GHL 48 46 43 41 -
47 45 4L 37 34 323 33 2
4wA2 41 40 36 32 30 29 29 -
) 53 50 45 41 37 25 35 -
55 58 53 49 45 43 42 -
5—A2 55 5 50 47 44 42 41 =
3% 31 30 30 29 28 27 =
65 60 53 49 47 45 44 -
6-A2 53 45 43 41 39 37 36 -
E6 61 55 49 47 15 44 -
46 46 42 39 37 36 35 -
7-A, 3 B 50 48 46 44 41 -
50 50 5 43 42 40 38 =
61 59 53 45 46 45 44 44
8~A2 6] Al 55 50 BE 46 44 44
: 59 515 51 48 4 44 41 40
45 49 45 47 4l 39 38 a7
9-A, 574) 85 50 45 a4z 41 40 40
B 43 41 36 33 32 31 31 31
54 20 46 44 43 41 40 39
10-A2 46 44 41 40 38 36 35 34
48 46 43 a7 1 40 39 38

{Continued)
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Table 7. Light Reflectivity Readings for Run Nos 2 (Continued)

Weelks of Exposure

Tnitial

Solution No. Readings 2 5 7 9 1l 13
54 51 4G 45 2 41 40 40
11-A2 56 02 20 45 44 43 41 41
51 51 44 44 42 471 40 40
Al 51 46 44 42 4] 40 40
12-As 52 50 47 14 42 41 40 40
a8 36 34 i3 33 32 32 32
1-By 29 19 29 9 49 39 39 39
39 39 39 29 39 39 39 39
953 B 49 47 42 44 44 44
2-Bg &0 5% 5 54, 52 49 49 48
58 55 53 51 49 47 47 46
53 51 48 4% 45 44 44 44
qu? 95 51 48 47 46 45 44 44
53 48 4 43 42 42 4] 4]
&0 56 52 51 50 49 47 46
4-B, 55 49 a5 44 43 41 40 39
64 58 552 53 51 49 47 46
Bl 54 52 51 50 49 49 48
5-By 59 59 5 54 52  Bi 50 49
51 51 48 Ak 47 47 46 46
. 48 48 46 45 44 44 43
6—82 44 44 42 A1) 40 39 39 39
' 54 54 52 7! 51 50 49 48
40 40 38 34 37 35 35 35
?wB2 A0 40 38 Etad a8 38 7 36
46 45 44 42 41 40 40 39
#0 45 42 40 38 37 37 30
Untreated 58 50 47 45 43 42 42 41
70 59 57 56 54 953 53 53




Table 8. ILight Reflectivity Readings for Run No. 3

Weeks of Exposure

Solution No- Initial Readings 1 2
56 51 1
Q—Ag Bé 49 47
5 50 44 43
51 49 49
lOﬂA3 47 45 45
49 47 47
tid 64 £3
2=By &4 54 64
54 56 =3
50 49 48

3-8, 44 44 44
60 58 57
52 52 b2
6-Bg 55 53 53
‘ 56 54 41
33 32 30
1-Cq 38 35 33
35 34 32
g1 51 50
2-Cq 6l 61 60
53 53 5%
47 47 45
3-Cq 55 50] 53
51 51 49
70 52 50
Untreated /0 66 66

69 50 45




46

Table 9. Ave-age of Reflectivity Readings for Run No. 1
Weeks of Exposure
Initial
Solution No. Readings | 2 3 4 5 10 12 14 16 18 20 22 25
lwAl 53 53 49 47 46 45 40 40 40 40 35 33 33 32
2~A1 A7 41 40 38 38 37 34 4“1 33 33 30 29 28 27
3-A 56 54 31 50 39 48 42 42 42 39 38 37 36
4=Ry 54 52 48 47 45 45 41 4] 41 41 38 36 34 33
S_Al 56 59 85 B5 58 52 47 4 47 47 43 41 40 39
6-Al 22 BO 49 47 486 46 42 42 42 42 37 35 34 33
7-Ay 52 2 51 48 47 47 43X 43 43 43 40 38 38 37
8-Ai 64 61 58 55 54 53 48 48 47 47 42 40 38 38
9=Ay 60 60 60 60 59 58 52 52 5L 51 45 43 41 40
10=-4A; 26 47 45 45 44 43 4L 41 41 41 38 37 36 35
11~A4 49 53 52 49 48 48 44 44 44 44 40 38 37 35
12-A, a4 48 47 46 44 44 40 40 40 40 35 34 34 33
Untreated 66 3% 30 29 29 28 27 27 27 25 25 24 24 23
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Je

Average Readings for Run No. 2
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Weeks of Exposure
Tnitial

Solution No. Readings 2 5 7 9 11 13 15
i-Ap 45 45 4L 38 36 34 33

2-Ay 47 47 42 39 37 35 38 -
3-A5 58 S8 52 A8 15 43 41 -
4-As 47 45 41 37 24 32 32 -
5-Ap 57 57 52 48 45 43 42 -
6-Asy 61 57 50 46 43 a2 41 -
7-Ay 50 50 46 43 42 40 38 -
8-Ao 60 59 53 4G 47 45 43 43
9-Ao 49 48 44 40 38 g7 36 35
10-As 49 47 47 az 4l 39 38 37
11-As 54 51 49 46 a4 43 47, 41
12-A, 52 51 47 44 42 41 40 40
1-By 39 38 37 37 37 37 37 37
2-Bo 57 55 53 51 4G 47 47 46
3-B, 54 50 47 435 44 44 43 43
4-Bo 60 o4 51 449 46 45 44
5-By 55 55 52 Bl 50 49 48 18
6-B, 49 49 47 46 45 44 44 43
7-Bo 42 42 40 39 39 38 37 37
Untreated H2 5] 49 47 45 44 44 43
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Tab » Average Readings for Run Naoo 3
Weeks nf Expoeure

Solution N2 Init:al Readings 2
9*A3 54 48 47
?~A3 6} 61 6l
3-An 5 50 50
6-B, 53 53 52
i -C3 35 34 32
2-=Cx 53 55 54
3--=C-‘.q 31 51 49
Untreated 70 57 54
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Table 2. Averzge Decreas2 in Reflectivity for Run No. 1

Weeks of Exposure

Solution Nce 1 2 3 4 5 Lo 12 14 16, 1B 20

1-A1 O 4 6 7 8 i3 13 13 i3 17 20
Dehy 1 2 4 4 5 8 8 9 9 12 i3
F-A _’_ ? 5 5 i 8 13 14 il | ] T 1 8
4-4 2 & f 9 9 18 13 | 3 6 18
5-A U 4 4 £ 7 12 12 1 2 2 16 18
6""Al 2 3 ) 6& 6 O O _U LU b l i
7-A1 O L 4 %5 5 9 9 ¢ 6 12 14
8~Ay 8 6 9 19 11 16 LE L7 B 22 24
9-A 0 0 0 2 3 g G 9 iz L7
0-Aq +11 -9 -9 =8 =5 = 5 why =2 -1
1-4, +4 3 0 x 5 ) 5 5 9 11
127y +4 -3 -2 0 Q 4 4 4 4 9 10

Untreated 3¢ 36 37 37 38 39 39 39 41 41 42

-t




Table 12, Averzge Decrease in Reflectivity for Run No. 2

Weeks of Exposure

50

Solution No. 2 5 7 9 11 13 15
1-Ay 0 4 7 9 il 12 -
2-As 0 5 8 10 12 14 -
3-A, 0 4 L0 3 15 17 -
4-h, 2 6 L0 i3 13 15 -
5-Ag 0 5 5 2 i4 15 -
6-Ar 3 1 15 18 1.9 20 -
7-Ao 0 4 7 8 10 12 -
8-A, i 7 i 13 15 17 17
9=4, 1 5 G 1 2 13 14
10-Ay 2 6 7 8 10 11 12
11-4, 3 7 8 0 11 13 13
12-A, 1 5 8 10 11 12 i2
1-B, 1 2 2 2 2 2 2
2-B, 2 4 4 : 10 10 11
3-B, 4 7 9 10 10 11 G
4-B5 6 9 1t L4 15 16
5-By 0 3 4 6 7 7
6-B, 0 2 3 4 5 5 6
1=Bo 0 2 3 3 4 5 5
Untreated il 13 14 17 18 18 19




Table '4. Average Decrease in Reflectivity for Run No. 3

Weeks of Exposure

51

Solution N 2
9-A, 6 7
J=A3 2 g
2=B, 8 0
3 B, |
H=Bn 2 g
}.'-3 3
2-C3 8] 1
3-Cq 0 2
Untreated 13 16
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