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INTRODUCTION

Structures throughout the Naval Shore Establishment are subject to
corrosion and deterioration from the natural environment and must receive
protection to minimize this effect and the resulting costly repairs .
Painting is the most widely used method for minimizing corrosion of
large surface areas because of the simp licity of application and the
relatively low cost.

To provide satisfactory , long-lasting protection , however , the
coating must be able to resist chemical and physical attacks from the
environment in which it is exposed ; must be able to maintain good adhesion
with the substrate while it is in service ; and must be able to form a
hard, impervious film with minimum mechanical defects. Any factors
which reduce any of the above properties will initiate early failure of
the coating and lead to deterioration of the structure which the coating
was intended to protect.

Oleoresinous and modified oleoresinous (e.g., alkyd) paints are , by
far, the most widely used coatings in the Naval Shore Establishment . An
important factor which affects overall protective properties of such
coatings is their loss of drying power during storage . Slow-drying
films are vulnerable to chemical and physical attack from the environment
dur ing the prolonged drying process . This loss of paint drying power
during storage is believed caused by adsorption of driers by the pigments.
With this condition , the drier will not be available to the paint resin
to accelerate the oxidation process necessary for curing.

Uncured films (i.e., soft) are nol only eas ily damaged by external
forces but are also more permeable to moisture or corrosive elements
than cured films are . Impregnated impure or corrosive elements during
the prolonged curing process will ultimately affect the overall protective
properties of the films .

The purpose of this work unit is to conduct a detailed study of the
mechanism of drier adsorption and provide valuable information , leading
to coatings which retain good curing properties during prolonged storage
and thus provide better deterioration control for structures at Nava l
activities.

BACKGROUND

Al though adsorption of paint dr iers by pigments during storage has
been long suspected (Ref I to 4), experimenta l data to verify this
hypothesis are lacking. This lack of data is related to the absetice of
an accurate and reproducible procedure for measuring small quantities of
driers adsorbed by paint pigments. These amounts are usually too minute
for accurate measurement by the usual analytical methods .
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Unmodified oil or alkyd paints normally contain a combination of
0.01% to 0.08% by weight* of cobalt or manganese drier (e.g., coba lt or
manganese naphthenate), or both , and 0.2% to 0.8% by weight of lead
drier (e.g., lead naphthenate). Only frac tions of these small amounts
were suspec ted of adsorption on pigment surfaces during storage . Thus ,
accurate measurement of the minute amount of adsorbed paint drier is
extremely difficult when conventional analytical methods are used .

The Civil Engineering Laboratory (CEL) sought to develop a new A
technique for measuring adsorbed paint driers on the pigment surfaces by
using radioactively tagged paint driers (i.e., cobalt-60 , lead—210 , and
manganese-54 naphthenates) as tracers . This report describes the devel-
opment of the radioisotope tracer technique and its application to the
investigation of factors that play an important role in drier adsorption
on pigment surfaces.

PREPARATION OF EXPERIMENTAL PAINTS

Synthesis of Paint Driers

Three soluble metal driers , (cobalt , lead , and manganese naphthenates)
were synthesized by reacting metallic salts (acetates) with a long-chain
organic acid (naphthenic acid), as described in Reference 5. This
reaction is illustrated with cobalt naphthenate in the following equation :

Co(C
2
N
3
0
2)2 

411~O + 2(R - COOH) -‘ Co(R - COO)
2 

+ 2H(C
2
H
3
O
2
) + 4H

2
O

where R = naphthenic acid radica l

Radioisotopically tagged driers were synthesized in exactly the same
manner except that radioactive metallic salts (cobalt-60 , lead-210, or
manganese-56 acetates) were used in place of the nonradioactive salts as
in the following equation :

Co60(C
2H3

0
2)2 

4H
2

O + 2(R - COOH) -* Co60(R - COO)2 + 2H(C
2
H
3
O
2
)

.i 4}I O

Cobalt Naphthenate. The radioactive and nonradioactive cobalt
naphthenate were prepared in the same manner. Thirty grams of naphthenic
acid were weighed in a 500-cc beaker and heated to 200°C. Twelve and
one-half grams of cobalt acetate were slowly added , allowing the reac t ion
to subside between the addition and agitation . After all the cobalt
acetate was added , the temperature of the solution was kept at 200°C
until the evolution of acetic acid and water was completed . The final

*Based on the total vehicle solids

.2



.- — 
~

— 
~~
--

~~
--

~
.—.- ,Rw,- ~~ ~~~~~~~~~~ ~~ —,-~-.-- ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-,

_______ •

product was di luted wi th 33 grams of minera l spirits wh i le stirring.
The resulting cobalt metal concentration in the drier was 5.68% by
we igh t .

Lead Naphthenate. Each was prepared in the same manner. Thii t
~grams of naphthenic ac id were we ighed into a 500-cc beaker and heated to

200°C. Nineteen grams of lead acetate were slowly added , allow ing the
reaction to subside between the addition and agitation . After all the
lead acetate was added , temperature of the solution was kept at 200°C
until the evolution of acetic acid and water was completed . The product
was diluted with 22.0 grams of mi nera l sp irits while stirring. The lead
metal concentration in the drier was 17.71%.

Manganese Naphthenate. Each was prepared in the same manner.
Th i rty grams of naphthenic acid were weighed into a 500-cc beaker and
heated to 200°C. Nineteen grams of manganese acetate were slowly added ,
allowing the reaction to subside between the addition and agitation .
After all the manganese acetate was added , temperature of the solution
was kept at 200°C until the evolution of acetic acids and water was
completed . The product was diluted with 22.0 grams of minera l spirits
wh i le sti rr ing. The manganese metal concentra ti on in this product was
7.09%.

Basic Paint Materials

Nine different generic , government specification coatings were
specially prepared by the paint manufacturers by eliminating paint
driers in the coating formulations . Three of the nine experimental
paints we re excluded from the exper iment because they did not conform to
the spec i f i c a t i on , making their use without meaning. Details of the
remaining six paint formulations are given in Appendix A. A l l  were
anal yzed by me thods specified in References 6 through 8 to determine
physica l properties and chemical composition . The physical properties
(weight per gallon , drying t ime , specific gravity, and consistency) and
chemical properties (nonvolatile solids , total pigment , and nonvolatile
vehicle) are listed in Table 1.

PAINT STORAGE

Each of the paint driers was synthesized as described in the preceding
sections and was ca refully added to each of the six paints and thoroughly
mixed for storage and subsequent experimentation. The amounts of driers ,
both radioactive and nonradioactive , added to the experimental paints
are given in Table 2. Paints in inverted cans were stored under ambient
temperature (72°F) for predetermined periods.

3
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LABORATORY PROCEDURES

Pigment Separation

Centrifuging . Paint samples were removed from storage for analysis
every 3 months. The pi gment was separa ted from each pai nt by a cent ri fuge
method described in Reference 6. After centrifuging, the supernatant
liquids were decanted from the centrifuge tubes and the pigment cakes
removed , wrapped in filter paper , an d placed in paper extraction thimbles .

Extraction. Each pigment cake in a paper extraction thimble was
covered with a piece of glasswool and the thimble placed inside a Soxhiet
extractor. Extraction with 100 cc of benzene was conducted for 4 hours
to remove all traces of vehicle from the p igments. It wa s assumed tha t
only st rongly adsorbed d rier remained w ith the pigment after this treatment.
After extraction , each pigment was removed from the thimbles , oven-dried ,
and ground to a f ine powde r w ith a mechani cal shaker .

Method of Counting Radioactivity

The amount of paint driers adsorbed on the pigment surface during
storage was determined by counting radioactivity of the extracted pigments
with a liquid scintillation spectrometer , which is considered the best
system for counting soft beta rays. This equipment can also effectivel y
count a l pha , beta , x-ray , positron , and many gamma rays.

The scintillation solution used in this study was a mixture of two
fluors — PPO (2 ,5-diphenyloxazole) and POPOP (p-bis- (2-5-phenyl-oxazol yl)-
benzene) — dissolved in toluene . Forty grams of Cab_O_Sil* were added
to each liter of scintillation so]ution to suspend the ground pigments
in the solution during the counting.

Twen ty mi ll igrams of finely powde red pigment samp le were placed in
a coun t ing  vial containing a mixture of scintillation solution and
Cab-O-SiI. The vial contents were then thoroughly mixed , using a mechan-
ical mixe r to obtain a homogeneous mixture . Triplicated samp les were
prepare’~ from each pigment . Radioactivity for each vial was counted at
least twice for a minimum of 20 an d a maximum of 60 minutes , depending
on the activity of the sample , to minimize the random counting error.

Estimation of Adsorbed Drier

The amounts of radioac ti ve driers adsorbed on the pigments during
s torage were computed from regression equations der ived by compar ing
exper imental data to that from a series of standard solutions of known
activities.** Regression equations were updated prior to counting each
sample to compensate for the loss of activity by radioactive decay of
both samples and standards .

*A commercial pyrogenic silica powder made by Cabot Co., Boston ,
Mass. Its purpose and effectiveness will be detailed in later
sections of this report .

~~This derivation is described in later sections of this report.
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Drying Time

Drying time of the six experimental paints with necessary dr iers
were measured by cas t ing f i lms of these pa ints on pol ished , flat, 4 x 12-
inch glass panels , which were cleaned with methy]ethylketone . A Bi rd
app licator was used to apply a 2-mu wet-film thickness to the panels.

- 
4 C i rcula r drying time recorders were placed on the wet f i lms immediately

after coating. The films were allowed to dry at approximatel y 72°F and
50% relative humidity. The recorders were removed I roni the films after
24 hours , and the thorough-dry times were recorded in hours . It was not
meaningful, however , to determine drying times of these experimental
paints because only one type of drier was added to each experimental
pain t. A combination of three driers are normally added to paints to
achieve both surface and thorough drying . Most of the paints did not
dry in 24 hours . Because drying time is sensi tive to tempera ture ,
humidity , light , and airflow variations , drying time cannot easily be
reproduced .

EFFECTS OF VARIABLES IN THE INVESTIGATION

To determine the validity and reliability of the sampling and
counting methods described in the preced ing sec tions , the follow ing
variables were ana lyzed before the ac tual measu rements of adsorp tion of
the drier were made . The liquid scintillation spectrometer was set to
obtain maximum efficiency of counting Co-60, Pb-210, and Mn-54.

Fluor Concentration

Fluors are fluorescent aromatic compounds that absorb energy from
solute molecules excited by ionizing particles and then re-emit energy
at a wavelength compatible with the response of a photomultiplier of the
scintillation counting system . Effects of the fluor concentration on
counting rates of the radioac tive dr iers were investigated by counting
the drier w ith var ied concentrations of the fluor in the sc inti llation
solution . The data shown in Table 3 were analyzed statistically by
linear regression ; the regression line is illustrated in Figure 1.
Results of the analys is indica ted that slight var iat ion of the fluor
concentration will not cause a significant change in the counting rate
within the range tested . This is illustrated graphically in Figure 1
where the regression line is parallel to the X-axis. The concentration
of fluor in the scintillation solution was maintained at a concentration
of approximately 40 ml/l of scintillation solution throughout the experiment.

Cab-O-Sil Concentration

For bes t results with a scintillation counter , radioactive subs tances
should be dissolved in the solution of fli’’r (“cocktail”). Unfortunately,

t a lmost all of the pa int pigments are insoluble in the scintill ation
solution . Thus , these insoluble pigments are like l y to exhibit continuously

:~ ~~~~~~~~~~~~~ 
_ _ _ _ _

~~~~~~~~~~~~~~~~~~~~

. 

~~~~~~~~~~~~~ 

_ _ _



_____

~~~~~~~~~~
--
~
r
~~~~~~~~ - 

.~~~~~~~~~ ~~~~~~~~~~~~~~~~~

I

decreasing counting rates as the pigments settle to the bottom of the
cocktail while counting . Counting can be made mo re reliable by increasing
the viscosity of the cocktail solution to reduce the rate of settling .
An effective method (Ref 9) of doing this is to use Cab-O-Sil (a thickening
agent , aluminum stearate , or ricinoleic acid). The effect of Cab-O-Si l
concentration on the counting rate was determined by counting radioactive
drier with various concentrations of Cab-O-SiI in the scintillation
solution . The data shown in Table 4 were analyzed statistically uy
regression as shown in Figure 2. The analysis indicated that variations
of Cab-O-Sil concentration within the range tested did not significantl y
affect the counting rate . Figu re 2, however , indicated a slight increase
in counting rate with increasing concentration of Cab-O-Sil . Thus , the
concentration of Cab—O-Sil in the scintillation solution was maintained
constant at 40.0 gm/ i.

Pigment Concentration and Color

Counting efficiency of liquid scintillation spectrometers can be
reduced (quenched) by adsorption of visible wavelength by colored substances
or reduced by sample particle size because of self—adsorption or inter-
ference . Effect of pigment concentration and color on counting rate was
de term ined by counting the activity of the driers mixed with varied
pigment concentrations and colo rs as shown in Table 5. Onl y three
pigments — white (TT-P-105A), light gray (TT-E-489F), and dar k gray

I
’ 

(Mil-E-699C) — were used . The effect was analyzed statisticall y by
regression.

Results of the analyses , show n graphically in Figure 3, ind i cated
that the change in counting rate caused by variation of colored pigment
concentration in TT-E-489F and Mil-E-699C was statistically very highly
significant. Change in the counting rates was more pronounced with the
dark-colored pigment than with the lighter-colored pigment (Figure 3).

The statistical analysis indicated that the concentration variation
of the white pigment did not cause statistically significant changes in
the counting rate. The regression line plotted for the white pigment ,
however , showed a slight increase on the counting rate with increasing
wh ite pigment concentration . Hence , all pigment samples were measured
to a close tolerance of 20±1 mg for each sampling throughout the remaining
experiments to obtain reliable and reproducible data .

Drier Concentration Versus Counting Rate

The validity of the counting method used in this experiment was
determined by counting the radioactivity in the Co-60, Pb-210, and tln-54
naphthenate driers at various concentrations mixed with pigment from
each paint sample. The variables discussed in the preceding sections
were taken into account during prepa ration of the standards . The example
shown in Table 6 gives various concentrations of Co-60 drier mixed with
pigment of TT-P-489F versus the counting rates of these concentrations .
Appropr iate backgrounds were subtracted from each counting. The regression
l ine and its regression equation are shown in Figure 4; the resulting

L 
t



— __*_ — -.-- —.- ------~~~~~-,- ~ ,-,-—,.- —..,. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.— —. -1-,.
~~w- -‘.. —.--- ,

~ 

—.

-~~~

straight line indicates that the counting rate is directly proportional
to drier concentration . Statistical ana lysis of the data indicated tha t
the relationship between the counting rate and the drier concentration
was very highly significant. Hence, it was concluded that. the counting
method used to determine the amount of the drier was satisfactory for
this experiment.

Regression equations were derived similarl y for all other drie rs
mixed with each pigment. These are summarized in Table B-I of Appendix B.
The regression lines for each paint were plotted together according to
the drier and are illustrated in Figures 8-1 , 8-2, and B-3 of Appendix B.

The plots of Figures B—I , B—2 , and 8-3 clearly illustrate that the
counting rates were affected by the type of pigment present. The counting
rate of the Mn-54 driet was more affected by the type of pigment than
were the Co-60 and Pb-210 driers as illustrated in Appendix B (Figure B-i ,
B-2 versus 8-3). The plots also illustrated that counting rates of all
three driers were significantly affected by the presence of dark-colored
pigment (sample no. 5 in Figure B-I , 8-2, and B-3) compared to those
mixed with pigment of lighter color. Results of the above exper iments
indicated that an appropriate regression equation for each drier and
coating is required for accurate determination of adsorbed driers.

Reliability and Reproducibility

The reliability and reproducibility of the sampling and counting
system described in the preceding sections were determined by counting
each of the triplicated samples for 20 minutes. The results are shown
in Table 7. Each sample was counted four times at 10-hour intervals to
determine whether the pigment samples were suspended long enough in the
scintillation solution to give reproducible counting rates .

• The results of the analysis-of—variance given in Table 7 indicated
that no significant difference was noted among the triplicated sample
nor did any significant change occur in the recounted rate. From the
results of the analysis it was concluded that the method of sampling and
counting is reliable and reproducible and was satisfactory for use for
this experiment.

LABORATORY RESULTS

• The amounts of drier adsorbed by the pigments in the six radioactive
experimental paints were determined by (I) separating the pigments from
the paints by centrifuging and Soxhiet extraction and (2) counting their
radioactivity by a liquid scintillation counter every 3 months during
12 months of storage . Appropriate regression equations were used to
relate measured radioactivity to the amount of drier. All pigment
samples were prepared in triplica te and counted tw ice for a minimum of
20 minutes each . Appropriate backgrounds were subtracted from each
counting before the computations were made . The radioactivity detected ,
sample weights , backgrounds , and counts per unit weight of pi gment are
listed in the tables in Appendix C , according to the length of storage
and type of pa int dr ier in each pain t.

7
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Cobalt Naphthenate Drier

Table 8 shows the amount of cobalt naphthenate drier adsorbed on
the pigments of different generic paint types during the 12 months of
storage .* The amounts of drier ranged from 0.9 to 8.23 pg/mg of pigment .
The last column of Table 8 lists percentages by weight of the total
drier adsorbed at the end of the 12 months ; these ranged from 20.28% in
TT-P- 105A to 65.43% in TT-E-490E. The amount of adsorption versus
length of storage was plotted (see Figure 5).

Figure 5 clearl y indicates that the amount of adsorbed cobalt drier
differs from one generic type of paint to another. The pigments in oil
and oil-alkyd paints (no. 2 and 3) adsorbed the drier much less (20.28%
and 21.60 %, r espect ively)  and a lk yd and s i l i cone-a lkyd p a i n t s  (no . I and
4) adsorbed m uch more (57.22% and 65.43%, respectively) than the other
two paints  tested . The pigment in v i n y l- al k yd and pheno lic -a lkyd  p a i n t
(no . 5 and 6) adsorbed the dr ie r  moderatel y .  Figure 5 ind ica tes  that
the adsorption rate of cobalt drier was greatest during the first 3
months of storage and stayed relatively constant during the remaining 9
months .

A s t a t i s t i c a l  a n a l y s i s - o f - v a r i a n c e  (F- tes t)  was performed to ascer-
tain whether variations in adsorption data among the six paints and
variations in data after different storage periods were due to the
standa rd deviation of individua l measurements or were t rue differences
in  adsorpt ions .  The c r i t i c a l  F-values  at  the 0.01 leve l were 4.41 for  5
and 100 degrees-of-freedom for six paints and 7.41 for 2 and 100 degrees-
of-freedom for three storage periods (6, 9, and 12 months). The F-ratios
obtained (753.01 and 27.36 for paints and storage periods , respectively)
far exceeded their critical values ; therefo re the results were considered
statistically very highly significant . This indicated that the difference
in the adsorption data among the paints and storage periods was not due
to the s t anda rd  dev ia t ion  of ind iv idua l measurements  but  were t rue
d i f f e r e n c e s  in d r i e r  a d s o r p t i o n .  I n d i v i d u a l  measurements  acco rd ing  to
the type of paint and length of storage period and computation of the
a n a l y s i s - o f - v a r i a n c e  are given in Table D - I  of Appendix D.

-H Lead Naphthenate Drier

Table 9 shows the amount of lead naphthenate drier adsorbed on the
pigments of the different generic type of paint during the 12 months of
storage . The amounts of the adsorbed drier ranged from 6.34 to 20.57 pg/mg
of the pigment , considerably more than the cobalt drier adsorbed (0.9 to
8.23 pg/mg) on these pigments. The last column of Table 9 lists percentage
of the total drier adsorbed by the pi gment after 12 months of storage .
This percentage ranged from 38.14% for the oil-alkyd paint to 67.74% for
the silicone alkyd paint. Amount of the adsorption versus length of the
storage was plotted , as illustrated graphicall y in Figure 6.

~The 3-month data for paint no. 3, 4, 5, and 6 in Table 8 are not
listed because of experimental difficulties encountered .
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Figure 6 again indicates that the amount of lead drier adsorbed
during storage differs from one generic type of paint to another. The
pigment from the oil-alkyd paints adsorbed the least amount (38. 14% by
weight of total drier), and the pigment from the silicone-alkyd again
adsorbed the most (67.74% of total drier). The pigment from phenolIc-
alkyd and vinyl-alkyd paints adsorbed modest amounts of the drier.
Figure 6 also indicates that the adsorption took place during the first
3 months of storage and changed only sl ightly thereafter. As in the
preceding section , a statistica l analysis—of-variance was perfo rmed to
ascertain whether the variation in values for adsorption among the six
paints and variation in values between the storage periods were due to
the standard deviation of individua l measurements or true differences jim
lead drier adsorption. For 5 and 120 degrees-of-freedom for ~~~ paints
and for 3 and 120 degrees-of-freedom for four storage periods , the
critical F-value at 0.01 level was 4.48 and 5.85 , respectively. The
F-ratio obtained , 161.44 for the paints and 11.56 for the storage periods ,
far exceeded their critical va l ues; therefore the results were statis-
tically ve ry highly significant. Individual adsorption data for different
types of paint and storage periods and computation of the ana lysis-of-
variance ~re given in Table D-2 of Appendix D.

Manganese Naphthenate Drier

Table 10 shows the amount of manganese naphthenate drier adsorbed
on pigment surfaces of each generic paint during 12 months of storage .
The amounts of adsorbed drier ranged from 0.33 to 3.02 pg/mg of the
pigment . The last column of Table 10 lists the percenta&es of total
drier adsorbed after 12 months of storage . The percentage of the adsorp-
tion ranged from 19.96% (for the oil paint) to 94.63% (for the silicone-
alkyd paint). Amount of adsorption versus length of storage was plotted
(see Figure 7 ) .

Figure 7 also indicates that the amount. of manganese drier adsorbed
during the storage differ from one generic type to another. The pigment
from the oil and oil-alkyd paint again adsorbed least (19.96% and 27.36%,
respectively) and the pigment from the silicone-alkyd adsorbed more
(94.63%) than the other paints tested (paint no. 2 and 3 versus no. 4 in
Figure 7). The pigment from phenolic-alkyd and vinyl-a lkyd adsorbed the
dr ier modes tly during storage . Figure 7 indicates that the pi gment from
alkyd and silicone-alkyd completed their adsorption during the first 3
months of storage while the pigments from other paints continued to
adsorb the drier up to 9 months and then dropped back to the i-month
level dur ing the remaining storage period .

• As described in the preceding report sections , a statistical
analysis-of-variance was performed . For 5 and 120 degrees-of-freedom
for the six paints and for 3 and 120 degrees-of-freedom for the four
storage periods , the critical F-values at 0.01 level were 4.48 and 5.85,
respectivel y. The F—ratio obtained for paint and stora~” dat a — 48 .46
and 8.85 , respectively — far exceeded their critica l values. Thus , the
results were statistically very highly significant , and di fferences in
adsorption data between the paints and between the storage periods are

9
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true diffe rences in the adsorption of drier. Individua l adsorption data
are listed in Table D-3 of Appendix D according to types of pai nt s and
storage per iods , and computation of the analysis-of-variance is given.

DISCUSSION AND SUMMARY

A sensitive radioisotope tracer technique to measure the amount of
paint, drier adsorbed on paint pigments has been developed . The radio-
isotope tracer technique was found to be very sensitive and precise; it
can measure quantities of I pg or less. Reliabilit y and reproducibility
of the procedure were very good ; random error of the counting system was
less than 2%. Because pi gment color has a significant effect on the
counting rate , samples must be specially prepared . Sensitivity of
detecting smaller quantities of samples can be increased by using appro-
priate radioisotopes of hfgher activity.

The labo ratory results clearly indicated that the amounts of the
three driers adsorbed during storage varied among the paints. The
pigment in the oil and oil-alkyd paints adsorbed less paint driers , and
the pigments in the silicone-alkyd paint always adsorbed considerably
more than other paints . The pigments in phenolic-alkyd and v inyl-aklyd
paints adsorbed moderately in comparison .

Titanium dioxide pigment is reported in Reference 2 to have a
st rong tendency to adsorb paint driers during storage . Although it was
true for alkyd (TT-E-489F) and silicone-alk yd (TT-E-490C) paints , it was
not true for oil (TT-P- 105A) and oil-alkyd (TT-P-81B) paints , which a lso
contained considerable amounts of titanium dicxide pigment in comparison
to other paints tested (see Appendix A). Carbon-black is also known
(Ref 2) to have a strong tendency to adsorb paint driers during storage .
However , it was moderately true for phenolic-alkyd (TT-E-699C) paint ,
which contained considerably more carbon-black than any other paint
tes ted (as shown in Appendix A).  It appea rs that the gener ic vehicle
possesses more contro l over adsorption of paint driers than the pigment
itself.

These experimental results appear to indicate a strong sign of
interaction between the generic vehicle and the type of pigment upon the
adsorp t ion of paint d riers. Howeve r , the significance of interaction
cannot be determined with the specif ication pa int samples use d here . A
series of experimental paints with two main isolated variables (vehicles
and pigments) are required to determine the significance of interaction
between them .

If the adsorption process is greatest during the first 3 months of
storage , increased drying time should occur within those 3 months rather
than after 1 yea r or more , which is found in actual practice . This
apparent discrepancy may be resolved by the following explanation . Two
types of adsorption processes take place during the storage of paints —
physical and chemical.

Physical adsorption occurs where adhesional forces between adsorbate
and adso rbent are rela tively weak.  The extent of the adsorp tion laye r
formed on the suLface of the pigments by the adsorbate is dependent on
the nature of the pigment-vehicle system .
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Chemical adsorption, or chemisorption , on the other hand , occurs
where adhesional forces between adsorbate and adsorbent are relatively
strong, and a chemical bond is formed . This bond , however , canno t
extend beyond one molecular layer (Ref 10). Chemisorption takes p lace
very rapidly and is irreversible or reversible with great difficulty,
while physica l adsorption takes place slowly and is readily reversible.
Since the pigments were extracted with benzene for 4 hours in a Soxhiet
apparatus prior to counting their radioactivity, dr iers weakly bonded by
physical adsorption were probably removed from the pigments and only
driers strongly bonded by chemisorption were retained . Hence, Figures 5,
6, and 7 represent the amounts of chemically adsorbed driers. Relatively
little change of adsorption values during the 12 months of storage
indicate that chemisorption took place at an early stage of storage and
rapidly reached its equilibrium by forming a monomolecular layer on the
surface of the pigments.

What has yet to be investigated is the amount of drier physically
adsorbed by the pigment during storage . The limited experimental results
indicate that the amount of physically adsorbed paint driers and their
reaction to the surrounding factors (such as type of vehicle , temperature ,
and humidity) may have a more profound effect on drying potential of the
paint than the chemisorbed drier.

As in many other research works , while some of the initial questions
have been answered , some new questions were raised during the course of
this investigation . Some of the new questions were: (I) how does one
determine physically adsorbed paint drier separately from the chemisorbed
drier and (2) what are the effects of pigment/vehicle system , temperature ,
humidity, and aging on the physically adsorbed driers during paint
storage. Additional work will be necessary to provide detailed information
on the effects of drier adsorption on drying time.

RECOMMENDATIONS

As indicated in the previous section , this study is incomplete.
Recommendations include the following :

1. An investigation on the amount of drier adsorbed phys ically
(rather than chemically) by the pigment during storage be made . The
factors affecting the physical adsorption should be a part of this more
extensive investigation .

2. Basic research should be conducted to determine if surfaces of
paint pigments can be precoated with tightly bonded vehicle prior to
introduction of drier into the paint so that no area is available on the
pigment surfa ce for adso rpt ion of drier.
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Table 3. Effect of Fluor Concentration on Counting Rate

Weight Radioactivity
Sample Radioactivity of Fluor Per Milligram
No. (cpm) Drier (mi/vial) of Drier

(mg) (cpm)

390.3 4.1 0.40 95.195
2 328. 1 3.7 0.40 88.676
3 378.6 4.2 0.60 90.143
4 420.3 5.1 0.60 82.412
5 420.3 4.9 0.84 85.776
6 410.2 4.3 0.84 95.395
7 359.4 4.2 1.00 85.571
8 392.4 4.4 1.00 89.182
9 42 1.8 4.6 1.20 9 1 .696

10 412.5 4.6 1.20 89.674

a
cpm = counts per minute .

Table 4. Effect of Cab-0-Sil Concentration on Counting Rate

Weight . RadioactivityWeightof .Samp le Radioactivity of Cab-0—Sil Per Milligram
No. (cpm) Drier ( 

~ 
of Drier

(mg) 
gm 

(cpm)

1 38. 1 0.0 0.0 0.00
2 34.9 0.0 0.0 0.00
3 295.6 3.9 0.0 75.79
4 296.6 3.7 0.0 80.16

• 5 518.2 5.7 0.2 90.91
6 447.0 4.6 0.2 97.17
7 392.9 4.4 0.4 89.30
8 416.2 4.6 0.4 90.48
9 341.8 4.1 0.8 83.37

10 360.7 4.1 0.8 87.98
11 399.3 4.2 1.0 95.07

- 
- 

C

) 12 351.1 4.0 1.0 87.78
13 364.6 4.1 1.2 88.93
14 359.6 3.9 1.2 92.21
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Table 5. Effect of Color and Pigment Concentration on Counting Ra te

Radioactivity
Pigment DrierRadioactivity . . Per Mill igramPain t Weight Weight(cpm) of Drier
(mg) (mg) (cp m )

524 .2 0.0 4.7 111.53
514.2 0.0 4.5 114.27
480.3 5.2 4.1 117.15
496.5 5.3 4.1 121.10
472.3 9.8 4.0 118.08

TT-E-’489F 534.6 10.2 4.7 113.74
(light gray) 477.2 20.3 4.1 116.39

461.2 19.9 4.0 115.30
471.0 40.0 4.4 107.05
434.8 39.8 4.0 108.70
376.3 60.1 3.5 107.51
383.7 60.0 4.0 95.93

533 .4 0.0 4.7 113.49
501.2 0.0 4.8 104.42
494.4 4.8 4.0 123.60
416.5 5.0 3.6 115.69
465.3 9.7 4.0 116.33

TT-P-105A 465.1 9.9 3.9 119.26
(wh ite ) 484 .3 20.2 4.1 118.12

464.3 19.8 3.8 122.18
434.0 40.0 3.6 120.56
457.5 39.9 3.7 123.65
430.8 59.9 3.5 123.09
469.3 59.8 4.0 117.33

506.6 0.0 4.3 117.81
486.3 0.0 4.0 121.58
497.0 4.8 4.3 115.58
512.2 5.2 6.4 116.41
428.0 10.1 4.0 107.00

Mil-E-699C 479.4 9.9 4.2 114.14
(da rk gray) 394.8 20. 1 4. 0 98.70

381.0 20.1 4.1 92.93
223.6 39.8 3.9 57.33
223.1 40.3 4.1 54.41
127.3 59.9 3.8 33.50
154.7 60.3 4.1 37.73 
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Table 6. Concentration of Co-60 Drier Versus Counting Rate

Co-’60 Drier Count Rate
(mg/v ial) (cpm)

0.33 655.5
1 .05 3,088.9
3.30 9 ,923.4
4.74 13,542.6
2.19  6 ,69 1 .5
1.56 4 ,703.0
0.33 646.9
1.05 3,107.9
3.30 9 ,950.9
4.74 13,550.5
2.19 6 ,690.4
1 .56 4 ,697.5
0.33 645.8
1.05 3,063.1
3.30 9 ,988.6
4.74 13 ,494. 1
2.19 6,692.1
1.56 4,711.0

I
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Table 7. Reliability and Reproducibility of
Sampling and Counting Method

Radioactivity Counting Rate (cpm) . 
-

Sample for Sample Counts --
__________ __________ __________ __________ 

MeanNo.
1 2 

- • 
“ 

_ _ _ _ _  

~~~~H.
1 357.1 352.2 353.6 344.9 351.9

2 357.3 353.7 344.4 358.3 353.4
3 351.6 346.8 353.6 347.2 349.8

Mean 355.3 350.9 350.5 350.1 351.7

Analysis-of-Variance Summary

Source of Degree-of- Sum of SignificantMean Squa re
Variation Freedom Squares Difference?

Recounting 3 52.9125 17.6542 No

Samp ling 2 26.5850 13.2925 No

Experimen tal 6 179.7950 29.9658
Error

Total 11 259.3425

I
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Table 8. Adsorption of Co-60 Drier on Pigments
During Paint Storage

Adsorption ~f
. . Drier (pg) Per Milligram . aPaint Paint . Drier Adsorbedof Pigment for --

No. Specification 
_____ _____ _____ _____ 

(% by weight )

3 m o 6 m o  9 m o  l2 mo

1 TT-E-489F 6.152 6.845 8.234 6.530 57.221

2 TT-P-105A 1.483 1.413 1.328 0.902 20.281

3 TT-P-81B --- 2.192 1.633 1.369 21.602

4 TT-E-490E - - -  5.250 5.831 5.077 65.433

5 Mil-E-699C - --  3.378 2.922 2.956 42.948

6 Mil-P-16188B --- 4.160 4.359 3.903 32 .306

a
Average = 39.96%.

Table 9. Adsorption of Pb-210 on Pigments
During Paint Storage

Adsorption of Drier (fig) Per
Paint Paint Milligram of Pigment for -- Drier Adsorbeda

No. Specification (% by weight)
3 m o 6mo 9mo l2 mo

I TT-E-489F 16.667 17.393 20.576 14.896 47.00

2 TT-P-105A 7.494 9. 163 8.704 8.894 58.74
3 TT-P-81B 6.349 7.722 8.491 7.902 38.14

4 TT-E-490E 13.924 14.057 17.343 16.489 67.74

5 Mil-E-699C 7.332 7.865 6.995 9.932 43.34

6 Mil-P-16188B 12.913 15.673 16.264 16.943 43.04

aAverage = 49.67%.
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Table 10. Adsorption of tln-54 on Pigments
During Paint Storage

Adsorption of
4 . . Drier (pg) Per Milligram . aPaint  Paint . Drier Adsorbedof Pigment for  --

No. Specifica tion 
______ ______ ______ ______ 

(% by weight)

3 mo 6 m o  9 mo l2 mo

I TT-E-489F 2.241 2.218 2.026 1.703 47.43

2 TT-P-105A 0.547 0.767 1.427 0.334 19.96

3 TT-P-81B 0.987 0.887 2.035 0.637 27.36

4 TT-E-490E 3.023 2.985 2.175 3.012 94.63

5 Mil-E-699C 1.109 1.867 1.926 1.805 71.72

• 6 Mil-P-16188B 2.152 1.936 2.976 1.326 31.33

aAverage = 48.74%.

- 
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Appendix A

PAINT FORMULATIONS

The specifica tions for the six paints used in the tests follow .

Weight*
• In gredients (Ib)

Paint No. 1 , TT-E-489F , Light Cray

Titanium Dioxide 250.0
Beckosol 11-082 603.5
Bentone #34 5.0
Alcohol 0.5 

-
•

Nuact  Paste 1.5
Anti-Terra U 4.0
Minera l Spi rit s 30.0
Hi-Flash Naphtha #114 14.5
Pos t #4 4.0

Total Weight 913.0

• Paint No. 2, TT-P- IOSA , White

Busan 1l-M- l 280.0
Titanium Dioxide 200.0
15- 15 Calcium Carbonate 320.0
Raw Linseed Oil 133.0
Z2 Bodied Linseed Oil 277.0
Mineral Spir i ts 123.0
An ti-Terra U 4.0

Total Weight 1 ,337.0

Paint No. 3, TT-P-81B , Whi te

Busan 1l-M- I 250.0
Titanium Dioxide 100.0
15-15 Calcium Carbonate 250.0
Talc Hi-Fine 80 350.0
An ti-Terra U 2.0
Bentone #34 2.0
Isophthalic Alkyd 525.0
Q Linseed Oil 98.0
Z2 Linseed Oil 70.0
Alka li Ref-Linseed 209.0
Mineral Spirits 305.0

Total Weight 2,161.0

*per batch .

27
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Paint No. 4, TT-E-490E, Light Gray

Titanium Dioxide 160.0
Talc Hi-Fine 80 206.0 1 •!.
Bentone #34 3.0
Alcohol 0.3
Anti-Terra U 4,0
McCloskey 333-60 466.0
Hi-Flash Naphtha 36.0
Minera l Spirits 116.0

k Post #4 4.0
M . C .  Black 1.56 

-
•

H.C. Yellow Oxide 0.38
t1.C. Red Oxide 0.09 F

Total Weight 997.33

Paint No. 5, 1’lil-E-699C, Very Dark Gray

Titanium Dioxide 36.0
Zinc Oxide 125.0
Lampblack 15.0
Magnesium Silica te 135.0
Silica , pulverized 100.0
Alkyd Resin solution 221.0
Phenolic Varnish 240.0
Petroleum Spirits 159.0

Total Weight 1 ,031.0

Paint No. 6, Mil-E-16188B, Dark Gray

Titanium Dioxide 30.0
Zinc Oxide 110.0
Lampblack 2.4
Magnes ium Silica te 80.0
Alkyd Resin 195.0
Vinyl Resin 75.0
Methyl Isobutyl Ketone 400.0
Xylene 40.0

Total Weight 932.4
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Figure B—i. Regression lines of concentration
versus counting rate of Co—60
paint drier mixed with various
pigments.
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Figure B—2. Regression lines of concentration
versus counting rate of Pb—210
paint drier mixed with various
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Figure B—3. Regression lines of concentration
versus counting rate of Mn—54
paint drier mixed with various
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Tabl e C-i. Radioactivity of Cobalt-60 Drier Detected From
Extracted Pigment of Paints Stored for 3 Months

Paint Radioactivity Counts

Per
• Pigment Total Background MilligramNo. Spec~ fic ation

(mg) (cpm) (cpm) of Pigment
(cpm)

i9•8 438.5 39.4 20,3
20.1 356.3 35.7 15.9

IT E-48 20,0 443.1 38.4 20.39F 19.8 409.9 38•0 18,8
20.1 310•1 36.2 13.6
20.0 395.8 36.0 17.9

20.0 187.7 44.5 7.3
19.9 188.6 39.9 7.4

2 IT P-10 19.8 191•5 42•3 7.65A 20.0 119.5 43.2 3.9
19.9 128•5 40.7 4.4
19.8 129.2 40•8 4•4

20. 0 - 43.4 -
19.9 - 40.6 -

- -  

,~~ 
a 19.9 - 39.8 -3 IT P ~1B 20. 0 - 46. 1 -

19.9 - 40.8 -

19.9 - 39. 1 -

20.1 - 36.4 -
19.9 - 35.6 -

4 IT_E_490Ea :
19.9 - 37.1 -
20.0 - 38.8 -

19.9 - 34 .5 -

20.1 - 32.1 -

5 M~ 1_E_699Ca : :
20. 1 - 33. 1 -

_____ _______________ 

19.9 - 32.8 -

20.2 - 35.3 -

20.1 - 34•7 -

6 M~ 1_p_ 16188Ba :
20.] - 38.8 -

t 20,1 - 37.5 -

alhree..month data not available because of experimental difficulties .
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Table C-2. Rad ioactivity of Cobalt-60 Drier Detected From
Extracted Pigment of Paints Stored for 6 Months

Paint Radioactivity Counts

Per
• . . Pigment Total Background MilligramNo, Specification

(mg) (cpm) (cpm) of Pigment
(cpm)

20,1 454.6 39.4 20.8
20,0 441.8 35.7 20.3

I E 40 F 19.9 433.2 38.4 19,9T- - 09 
20.1 421.8 38.0 19.2
20.0 428.3 36.2 19.6
19.9 418.3 36.0 19.2

159.2 44.5 5.8
20,0 172.8 39.9 6.5

2 IT P 0 A 20,0 163.9 42.3 6.1
• 1 ~ 20.1 135.6 43.2 4.7

20.0 147.4 40.7 5.3
20.0 145.0 40.8 5.1

20.0 171.4 43.4 6.5
20.0 174.6 40.6 6.6
20.0 173.0 39.8 6,63 TT-P-81B 
20,0 158,2 46.1 5.8
20.0 156.1 40.8 5.7
20.0 218.3 39,1 8.8

20.0 385.2 36,4 17,4
20•0 380.2 35.6 17.2

4 4 OE 20.1 373.3 34.8 16.8TT-E- ~ 20.0 350.1 38.9 15.7
20.0 345.1 37.1 15,4
20.1 351.7 38.8 15.7

20,0 158.7 34,5 6.3
20.0 156.3 32.1 6.2
20.0 149.1 32,4 5.85 ?lil-E-699C 
20.0 137.8 35,1 5.2
20.0 135.4 33.1 5.1
20.0 135,5 32.8 5.1

20.1 310.8 35.3 13•6
20.0 293,4 34.7 12.8

6 Mil-P-16i88B

20.0 274,3 38.8 11.9
20.0 279.6 37,5 12,1

• 35
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Table C-3. Radioactivity of Cobalt-60 Drier Detected From
Extracted Pigment of Paints Stored for 9 Months

Paint Radioactivity Counts

Per
. . . Pigment Total Background Milligram• No. Specification (mg) (cpm) (cpm) of Pigment

(cp m )

19.9 513.6 39.4 23.9
20.0 497,8 35.7 23.1

IT E 48 F 19.9 493,2 38.4 22.9
19.9 533.6 38.0 24.9
20.0 522.9 36.2 24.3

• 19.9 516.2 36.0 24.1

20.1 150.5 44.5 5.4
20.1 151 .1 39,9 5.4

2 TI 0 
20.0 145.1 42.3 5.2P 1 5A 20.1 144.9 43.2 5.1
20.1 152.5 40,7 5.5
20.0 148.9 40.8 5.4

19.9 138.6 43.4 4.9
20.0 140.7 40.6 5.0

• 0 19.9 143.8 39,8 5.1
3 P-0IB 19.9 143.3 46.1 5.1

20.0 142.1 40.8 5.0
19.9 135.2 39.1 4.7

20.1 403.2 36.4 18.2
• 20.1 399.9 35.6 18.1

4 IT 4 20.0 402.7 34.8 18.3
-E- 90E 20.1 405.8 38,9 18.4

20.1 404.6 37.1 18.3
20.0 401.6 38.8 18.2

20.0 131.0 34.5 4.9
19,9 129,2 32.1 4.8

• 20.0 130.4 32.4
5 Mil—E-699C 20.0 131.1 35.1 4.9

19.9 129.1 33.1 4.8
20.0 128.8 32.8 4.8

20.0 308.9 35.3 13.6
20.0 312.3 34.7 13.7
20.0 304.0 36.9 13.3

6 Mil-P- 16188B 20.0 303.3 38.3 13.3
20.0 305.5 38.8 13.4
20.0 301.6 37,5 13.2

36
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Table C-4. Rad ioactivity of Cobalt—60 Drier Detected From
Extracted Pigment of Paints Stored for 12 Months

Paint Radioactivity Counts

Per
Pigment Total Back’r~ uji -l Mill igram

No. Specification 0
(mg) (cpm ) (cpa) of Pigment

(p m)

20.1 -~22.9 37.5 19.2
19.9 412.9 35.3 18.9

40 F 
19.9 4 1 4.3 35.6 19.0TT-E- ~~ 20.1 419.9 35.8 19.1
19.9 409.9 35.5 18.8
19.9 402.6 36.3 18.4

20.1 127.0 41.2 4.2
20.0 125.2 4 1 .3 4.2

I P 10~A 
20.0 120.9 42.6 3.9

2 T- 20. 1 1 20.7 43.6 3.9
20.0 122.7 40.4 4.0
20.0 123.1 42.5 4.1

19.9 
— 

123.2 45.7 4.1
19.9 125.4 39.1 4.2

8 B 20.0 123.0 41.7 4.0
3 TT-P-’ 1 19.9 122. 1 43.6 4. 0

19.9 126.9 42.5 4.3
20.0 129.6 40.8 4.4

20.0 352.2 39.0 15.7
20.0 353.7 38.8 15.8

4 T c 4~0E 
19.9 346.8 35.6 15.5

T-~. ~ 20. 0 357. 1 36.5 16.0
20.0 357.3 35•6 16.0
19.9 35 1 .6 37.2 15.8
20,] 131.8 34.3 4.9

H 20.0 134 .6 34.8 5.0
. 20.0 136.3 37.0 5.1

5 tlil—E-699C 20.1 129.0 33.0 4.7
20.0 130.5 31.4 4.8
20.0 

- 
132.1 35.3 4.9

20.0 276.5 38.3 12.0 
-

20.0 280.4 38.2 12. 1
20.1 282.4 39.5 12.26 !lil-P- 16188B 20.0 276.8 38. 1 12.0
20.0 274.3 36.4 11.8
20. 1 282.9 36.9 12.2
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Table C-S. Radioactivity of Lead-210 Drier Detected From
Extracted Pigment of Paints Stored for 3 Months

Paint badioactivity Counts

Per
Pigment Total Background MilligramNo. Specification .(mg) (cpm) (cpm) of Pigment

(cpm)

19~9 5 ,065.8 37.0 252,7
19.~ 4,976.3 39.0 248.2

• 1 ~~—F - ’5-QF 20.1 5,479.8 33.6 270.8
4
’ 19.9 5,048.0 37.8 251.8

1 9.9 4 ,943.3 36.3 246.5

____ - 

2’) , 1  5,471.7 38.6 270.4

20.0 2,308.7 47.0 11 3.2
19.9 2,339.4 4 1 .4 11 5.3

• IT P- 105A 
19,9 2,347.2 43.8 115.7

- 

20.0 2,313.7 47.3 113.5
19.9 2 ,336.8 4 1 .1 115.2
19.9 2 ,334.4 43.5 115.1

19.8 2 ,014.7 43.9 99.5
19.9 1 ,997.2 45.6 98.1

81 19.7 1 ,982.5 44.6 98.43 IT-P B 19.8 1 ,987•3 44.7 98.1
19.9 1 ,962.9 43.8 96.4
19.7 1 ,944.7 44.5 96.5
19.8 4 ,156.1 39.3 207.9

4 20.0 4,118.0 41.0 203.9

4 20.1 4,237.3 38.3 208.84 TT-E- 90E 
19.8 4,140.7 39.8 207.1
20.0 4,167.6 43.3 206.4
20.1 4,289.3 37.7 211.4

19.9 1 ,716.3 33.0 84.6
20.2 1 ,690.4 32.1 82.0
19.9 1 ,688.3 34.9 83.25 Mil-E-699C 
19.9 1 ,730.2 34 .8 85.3
20.2 1 ,759.3 31.9 85.4
19.9 1 ,703.0 34.9 83.9

20.0 4,072.5 42.0 201.6
20.1 3,955.3 42.2 194.7

. 20.0 4,095,0 39.6 202.76 Mil-P- 16188B 20.0 4,058.0 42 .3 200.8
20.1 3,970,7 39.1 195.5
20.0 4,088.0 41.1 202.3

I.

38 •

S j

_______  • ,• ~~~~~~~~~~
-‘~~ 

--- - 
~~~ — -~~~~~~~~— -— -- - •——. ——- - —-• _r



~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

‘ - •

Table C-6. Radioactivity of Lead-210 Drier Detected From
Extracted Pigment of Paints Stored for 6 Months

Paint Radioactivity Counts

Per
. . . Pigment Total Background MilligramNo. Specification

(mg) (cpm) (cpm) of Pigment
(cpm)

20.1 5,322.8 37.0 263.5
19.8 5 ,314.0 39.0 266.2

1 40 
20.2 5 ,685.9 33.6 280.31 T-E- 09F 20.1 5,314.9 37.8 263.1
19.8 5,333.8 36.3 267.2
20.2 5 ,389.3 38.6 265.6

20.1 2,458•7 47.0 120.0
20.0 2,402.6 41.4 117.8

“ T 10 19.7 3 ,682.8 43.8 184.5
L T P- 5A 20.1 2 ,449.6 47.3 119.6

20.0 2,423.5 41 .1 11 8.8
19.7 3 620.0 43.5 181.3

20.1 2 ,436.1 43.9 118.9
20.0 2 ,460.8 45.6 120.9

I ’ ) ’ ~ 
20.0 2,408.4 44.6 11 8. 13 ii P oIB 20.1 2,432.9 44.7 118.8
20.0 2,437.0 43.8 119.7

____________— 
20. 0 2 ,393.1 44.5 117.3

____ ____________ - 

20.1 4,260.6 39.3 210.0
20. 0 4 ,226.5 41.0 209.7

4 0”~’ 4 o 19.9 4 ,178.8 38.3 208.2
~~-E- 9 E 20.1 4,267.5 39.8 210.3

20.0 4,250.8 43.3 211.0
19.9 4,176.7 37.7 208.1

20.1 1 ,937.4 33.0 94.9
20.1 1 ,925.3 32.1 94.3

• 
. . 20. 0 1,644.3 34.9 80.7

S tlil-E-699C 20.1 1 ,938.6 34.8 94.9
20.1 1 ,913.7 31.9 93.8

• 20.0 1 ,674.8 34.9 82.3

19.9 4 ,859.7 42.0 242.0
20.0 4,86 1 .1 42.2 24 1 .2
20.1 4,949.5 39.6 244.86 Mil-P-161888 
19.9 4,854.9 42.3 241.8
20.0 4,86 1 .9 39. 1 241.3
20.1 4 ,928.7 41.1 243.8
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Table C-7. Radioactivity of Lead-210 Drier Detected From
Extracted Pigment of Paints Stored for 9 Months

Paint Radioactivity Counts

Per
Pigment Total Background Milligram

-• I No. Specification (mg) (cpm) (cpm) of Pigment
- •

~ (cpm )

20.0 6,266.7 36.4 31 1.0

4 
19.9 6,152.0 38.8 307.0

48 F 20.0 6,384.7 36.6 317.7
I TT-E- ~ 20.0 6 ,4 15.5 37.6 3 18.5

19.9 6,342.3 36.4 316.5
• 20.0 6,468.0 35.0 321.9

19.9 2 ,66 1 .9 47.6 13 1.5
• 20.0 2,712.9 43.0 133.3

1 20. 1 2 ,742.3 42.2 134.1
2 TT-P- 05A 19.9 2,694.4 45.1 133.1

20.0 2 ,718.1 42.1 133.6
• 20.1 2,740.5 44.3 134. 0

19.9 2 ,664.4 48.7 131.5
20.1 2 ,636.0 44.3 129.1
20.0 2,666.1 46.1 131.0

3 TT-P-81B 19.9 2,657.3 45.7 131.2
-

• 

20.1 2,669.0 44 .5 130.7
20.0 2,674.5 45.1 131.4

19.0 4,370.6 39.6 227.8
20.1 4,412.6 41.8 218,1
1 9.9 4 ,396.3 42.3 218.9

4 TT-E-490E 19.0 4,383.4 39.8 228.5
20.1 8 ,821.5 39.3 438.0
19.9 4 ,380.8 39.7 218.1

20.0 1 ,647.6 34.1 80.6
20.0 1 ,589.9 31.0 78.0
20,] 1 ,589.4 32.8 77.4

5 Mil-E-699C 
20.0 1 ,706.2 33. 1 83.5
20.0 1 ,656.9 33.9 81.4
20.1 1 ,647.0 33.0 80.3

20. 1 5 ,042.2 46.2 249.0
20.1 5,037.7 40.5 249.1
20.0 5,096.6 45,2 253•26 Mil-P- 16188B 
20.1 5,090.1 41.7 251.4
20.1 5,082•1 40.3 251.4
20.0 5,150.3 40.0 255.9

_ _ _ _ _  
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Table C-8. Radioactivity of Lead-210 Drier Detected From
Extracted Pigment of Paints Stored for 12 Months

Paint Radioactivity Counts

Per
Pigment Tota l Background MilligramNo. Specific ation
(mg) (cpm) (cpm) of Pigment

(cpm)

20.0 5 ,185.6 36.4 257. 1
20.0 3,756.1 38.8 185.9

p” E 48”.F 20. 0 5 ,004.8 36.6 247.9
‘‘ 20.0 5 ,188.5 37.6 257.2

20.0 3 ,7S0.3 36.4 185,6
20.0 5 ,000.3 35.0 247.7
20. 1 2 ,766 .0 47.6 135.7
20.0 2 ,740.9 43.0 1 34 .9

~.q’ P_ IOCA 19.9 2 ,752.3 42.2 1 36.12 ‘~~~~~
‘ .~ 20.1 2,788.6 45. 1 136.8

20.0 2,761.0 42.1 135.9
19.9 2 ,784.4 44.3 137.7

20. 0 2 ,487.5 48.7 122.1
20. 0 2 ,487.2 44.3 122.0

~ 
20.1 2 ,468.1 46.1 120.63 IT- ~a B 20.0 2 ,509.7 45.7 1 23.2
20.0 2,472.5 44.5 121.3
20.1 2 ,478.9 45.1 121.2

19.9 4,896.3 39.6 243.9
20.0 4 ,945.3 41.8 245.7

0 
20. 0 4 ,930.2 42.3 245.04 TT-E-.~9 E 19.9 4,910.4 39.8 244.6
20.0 4 ,959.6 39.3 246.5
20.0 4 ,983.8 39.7 247.7
20.0 2,305.1 34. 1 11 3.4
20. 0 2 ,283.2 31.0 112.6

. 20.0 2,348.8 32.8 116.1S Mil-E-699C 20. 0 2 ,283.8 33. 1 1 12.4
20. 0 2 ,293.2 33.9 113 .1

____ ______________ 

20.0 2,334.9 33.0 115.4

19.9 5 ,301 .3 46.2 263 .7
20.0 5,1 79.7 40.5 256 .9
20. 0 5 ,366.4 45.2 26S.76 Mil-P- 16188B 
19.9 5 ,309.9 41.7 264.2

- -  20.0 5,176.8 40.3 256.7
20. 0 5 ,374.7 40.0 266 .1

I
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Table C-9, Radioactivity of tlanganese-54 Drier Detected From
Extracted Pigment of Paints Stored for 3 Months

Paint Radioactivity Counts

Per
Pigment Total Background MilligramNo. Specifica tion .(mg) (cpm) (cpm) of Pigment

(cpm)

19.9 46.0 33.4 0.6
19.9 42.2 35.6 0.4

TT-E-48”F 
20.0 46.7 32.3 0,6
19.9 48.0 37.1 0.7
19.9 46.0 33.3 0.6
20.0 49.0 36.2 0.7
20.2 45,7 41.3 0.4
19.9 51.9 37.5 0.7

2 TT-P-IOSA 19.7 45.3 37.5 0.4
20.2 47.0 35.6 0.5
19.9 52.5 35.1 0.7
19.7 46. 1 38.6 0.4
19.9 5 1. 9  39.0 0.6
19.9 48.7 38.2 0.5

3 TT-P-8IB 
20.0 52.4 40.8 0.7
19.9 46.6 38.7 0.4
19.9 47.5 40.3 0.4
20.0 48.7 38.7 0•5

19.9 45.7 34.8 0.5
20.0 51.8 37.1 0.8

4 “~
‘-E 4 

20.0 48.3 35.1 0.6
~ 90E 19.9 45.4 36.5 0.5

20.0 50,0 35.4 0.7
20.0 45.3 35.7 0.5

19.8 32.7 29.6 0.2
19.9 3 1 .9 29.3 0. 1
20.0 35.2 29.4 0.3

S Mil-E-699C 19.8 36.8 28.1 0.4
19.9 31.9 30.1 0,1
20.0 33.4 27.5 0.2

19.9 43.3 34.7 0.4
19.9 43.4 36.6 0.4
20.1 43. 1 33.3 0.4

6 Mil-P- 16188B 
19.9 44.2 35.8 0.4
19.9 43.1 37.8 0.4
20.1 42.1 38.0 0.3

42 

—



Table C- 10. Radioactivity of Manganese-54 Drier Detected From
Extracted Pigment of Paints Stored for 6 Months

Paint Radioactivit y Counts

Per
. . . Pigment Total Background MilligramNo. Specification

(mg) (cpm) (cpm) of Pigment
(cpm)

19.9 50.5 33.4 0.8
20.0 42.7 35.6 0.4

I E 48 20.0 44.4 32.3 0.5
- 9F 

19.9 48.9 37.1 0.7
20.0 45.1 33.3 0.5
20.0 45.7 36.2 0.6

20.1 50.1 41.3 0.6
20.1 40.1 37.5 0.]

2 TT P 10~A 
20.0 42.1 37.5 0.2

— 
- 

20. 1 49.6 35.6 0.6
— 20.1 43.7 35.1 0.3

20.0 4 1 .9 38.6 0.2
19.9 45.1 39.0 0.3
20.2 48.2 38.2 0.4

- 
- 20.0 50.4 40.8 0.63 TT-P-81B 

19.9 45.6 38.7 0.3
20.2 49.1 40.3 0.5
20.0 52.4 38.7 0.7

20.2 46.2 34.8 0.5
20.0 48.5 37. 1 0.6

4 ~~ 4 0 20.0 47.7 35.1 0.6T-E- 9 E 
20.2 47.3 36.5 0.6
20.0 46.5 35. 4 0.5
20.0 49.6 35.7 0.7

20.0 36. 4 29.6 0.4
20.1 34.6 29.3 0.3

5 Mil-E-699C

20.1 35.0 30.1 0.3
20.0 36.5 27.5 0.4

20. 0 40.4 34.7 0.2
19.9 44.7 36.6 0.4
20.1 43.8 33.3 0.46 Mil-P- 16188B 20.0 42.0 35.8 0.3
19.9 40.0 37.8 0.2
20.1 42.8 38.0 0.3
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Table C- Il . Radioactivity of Manganese-54 Drier Detected From

Extracted Pigment of Paints Stored for 9 Months

Pain t Radioactivity Counts

-
~~~~ Per

Pigment Total Background MilligramNo. Specifica tion .
(mg) (cpm) (cpm) of Pigment

(cpm)

20.1 47.6 33.4 0.6
20.1 44.7 35.6 0.5

TT-E-489F 19.9 4 1 .3 32.3 0.3
20.1 45.8 37.1 0.6
20.1 46.2 33.3 0.6
19.9 46. 0 36.2 0.6
19.9 56.0 41.3 0.9
20.0 55 .3 37.5 0.9

2 TT-P- 10~A 
20. 1 53.6 37.5 0.8
19.9 57. 0 35.6 1 .0
20.0 55.3 35.1 0.9
20.1 52.5 38.6 0.7

20.0 57.5 39.0 0.9
20.1 60.6 38.2 1.1

IT P 8 1 B 20.1 56.4 40.8 0.9
20.0 S6.8 38.7 0.9
20.1 62.4 40.3 1.2
20.1 57.7 38.7 0.9

20.0 43. 0 34.8 0.4
19.9 46.2 37.1 0.5

4 IT 4 0 19.1 38.2 35.1 0.1E 9 E 20.0 44.1 36.5 0.4
19.9 45.3 35 .4 0.5
19. 1 46.0 35.7 0.5

19.9 34.4 29.6 0.3
20.0 36.4 29.3 0.4

. 20.0 36.3 29.4 0.4
S tlil-E-699C 19.9 34.5 28. 1 0.3

20.0 34.6 30.1 0.3
20.0 38.1 27.5 0.5

20.0 46.5 34.7 0.5
20.0 45.7 36.6 0.5

. 20.1 47.7 33.3 0.6
6 Mil-P-16188B 20.0 45.2 35.8 0.5

20.0 44.0 37.8 0.4
20.1 5 1 .7 38.0 0.8
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Table C-12. Radioactivity of flanganese-54 Drier Detected From
Extracted Pigment of Paints Stored for 12 Months

Paint Radioactivity Counts

Per
. . . Pigment Total Background MilligramNo. Specification

(mg) (cpm) (cpm) of Pigment
(cpm)

19.9 42.2 36.0 0.4
20.0 44.0 32.5 0.5

IT-E-48”F 20.0 43.3 34.1 0.4
19.9 43.9 34.7 0.5
20.0 44. 0 36.7 0.5
20.0 43.1 35.2 0.4

19.9 43.2 40.0 0.2
20.0 43.5 38.3 0.2

2 TT-P-1O A 19.9 43.6 39.7 0.2
19.9 44.2 39.6 0.2
20.0 45.9 40.0 0.3
19.9 44.7 40.0 

- 0.3
20.0 46.4 39.6 0.3
19.9 46.4 40.2 0.3

8 20.0 45.8 39.9 0.33 IT-P lB 20.0 47.1 38.6 0.4
19.9 46.6 39.5 0.3
20.0 45.2 42. 0 0.3
20.1 47.6 36.3 0.6
20.0 47.7 33.8 0.6

4 IT-E-4~0E 19.9 46.8 35.2 0.6
20.1 48.0 36.4 0.7
20.0 49.5 33.9 0.7
19.9 46.7 33.4 0.6

20.1 35.1 31.2 0.3
20.0 35.2 30.6 0.3

M ’l E-6 ~c 20.0 35.8 30.9 0.3
5 i. 

20.1 35.3 27.5 0.3
20.0 35.5 29.0 0.3
20.0 35.7 30.0 0.3

20.1 40.0 33.0 0.2
19.9 39.9 34.0 0.2

6 tlil-P-16188B

19.9 40.4 36.0 0.3
20.1 39.4 35.8 0.2
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Append ix D

ADSORPTION DATA FROM TESTS AND ANALYSiS-OF-VARIANCE OF DRIER ADSORPTION

Table D-1. Adsorption Data and Analysis-of-Variance
of Cobalt Paint Drier (pg/mg)

Adsorption Data for FollowingPain t
Months of Storage Mean

Ave rage
No. Spec i f i ca tion 3 6 9 12

6.999 7.180 8.248 6.641
5. 494 7.000 7.965 6 .542

TI C 48 F 7.008 6.880 7.906 6.560
~~ 6.505 6.620 8.589 6.587

4.706 6.768 8.396 6.491
6.198 6.623 8.302 6.359

6,15’ 6.845 8.234 6.530 6.940

1 .9k 1 .498 1 .355 0.963
2.005 1.728 1.364 0.935

2 TI 0 10 A 2.064 1.579 1.270 0.863
‘ 0.840 1. 105 1 .262 0.858

0.996 1.304 1.387 0.893
1.013 1.264 1.333 0.900

1.483 1.413 1.329 0.902 1.282

- 2.134 1 .601 1 .338
- 2. 179 1.632 1 .379

TI P-81B 
- 2.153 1.685 1.332
- 1.919 1.678 1.320
- 1.878 1.655 1.404
- 2.890 1.545 1.440

- 2.192 1.633 1.369 1.731

- 5.576 5.828 5.053
- 5.507 5.781 5.082

4 IT-E-490E 
- 5.376 5.835 4.992
- 5.034 5.868 5. 129
- 4.964 5.853 5. 137
- 5.043 5.818 5.067

- 5.250 5.831 5.077 5.386

continued
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Table D-1 . Continued

Adsorption Data for Following
Paint Months of Storage Mean

Average
No. Specification 3 6 9 12

- 3 .768 2.952 2 .934
- 3.696 2.905 3.02 1 

—

. - 3.480 2.932 3.076
5 Phl-E-699C 

- 3.156 2 .955 2.852
- 3.084 2 .902 2.902
- 3.082 2.885 2.953

- 3.378 2.922 2.956 3.085
- 4.424 4.415 3.874
- 4.154 4.457 3.932
- 4.444 4.328 3.945

6 Mil-P-I6 188B 
- 4. 164 4.324 3.879
- 3.843 4.346 3.833
- 3.931 4.286 3.953

- 4.160 4.35) 3.903 4.141

Mean Average 3.817 3.873 4.OS1 3.456 3.796

I
Analysis-of-Variance Summa ry

Degree-of- Sum of Mean . . .
Source of Variation Significant?Freedom Squares Square

Paint 5 462.37 92.47 Yes

Storage Period 2 6.72 3.36 Yes

Experimental Error 100 12.28 0.12

Total 107 481.37

48
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Table D-2. Adsorption Data and Analysis-of-Variance

t 
of Lead Paint Drier (pg/mg)

Adsorption Data for FollowingPaint Months of Storage Mean
Average

No. Specification 3 6 9 12

16.392 17.166 20.284 16.686
16.093 17.293 20.0 12 11 .940

1 IT E-480F 
17.602 18.24 1 20.728 16.076
1 6 . 3 3 3  1 7 . 0 8 9  2 0 . 7 7 9  16 . 6 9 5

15.982 17.360 20.649 1 1.920
17.575 17.259 21.006 16.061

____ ______________ 

16.663 17.401 20.576 14.896 17.384

7.400 7.841 8.586 8.861
7.537 7.694 8.706 8.8 10

2 IT P-b 7.563 12.040 8.758 8.8885A 7.416 7.811 8.694 8.934
7.529 7.762 8.723 8.876
7.521 11.832 8.752 8.993

____ ______________  

7.494 9.163 8.704 8.894 8.564

6.458 7.720 8.538 7.925
6.368 7.850 8.378 7.920

~ T” 8 8 6.384 7.665 8.501 7.831
.~ 1 -P 1 6.368 7.709 8.5 15 7.997

6.256 7.773 8.485 7 .873
6.260 7.615 8.528 7.866

6.349 7.722 8.491 7.902 7.616

13.944 14.087 15.284 16.377
1 3 . 6 7 6  1 4 . 0 7 0  1 4 . 6 3 3  16 .50 2

4 IT 0-400E 14. 009 13.965 14.687 16.45 1
13.891 14.110 15.329 16.425
13.843 14. 153 29. 490 16.550
14.183 13.958 14.635 16.632
13.924 14.057 17.343 16.490 15.454

7.376 8.276 7. 028 9.899
7.155 8.232 6.807 9.823
7.253 7.043 6.751 10.130

5 Ilil-E-699C 7.437 8.281 7.283 9.806
7.453 8.181 7.100 9.866
7.318 7.176 7.001 10.069

7.332 7.865 6.995 9.932 8.03 1

continued
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Table D-2. Continued

Adsorption Data for FollowingPaint Months of Storage Mean
Average

No. Specification 3 6 9 12

13.039 15.644 16.092 17.042
12.599 15.593 16.102 16.599
13. 122 15.823 16.365 17. 1666 Mil-P-161888 
12.992 15.628 16.246 17.070
12.648 15.596 16.245 16.590 — -

13.089 15.756 16.538 17.193

12.915 15.673 16.265 16.943 15.449

Mean Average 10.780 11.980 13.062 12.510 12.083

Analysis-of-Variance Summary

Degree-of- Sum of Mean .Source of Variation Significant?Freedom Squares Square

Paint 5 2,389.24 477.84 Yes

Storage Perid 3 102.61 34.20 Yes

Experimental Error 135 399.38 2.96

Total 143 2,891.23
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Table D-3. Adsorption Data and Anal ysis-of-Variance
of Manganese Paint Drier (pg/mg)

Adsorp t ion  Data for Fo11-’~wingPaint
Months of Storage Mean

Average
No. Specification 3 6 9 12

2. 183 3.057 2 .472 1 .44 1
1.442 1.534 1.911 1.782

TT-E-489F 2.308 1.858 1.266 1.653
2.574 2.745 2.124 1.S19
2.183 2.001 2.200 2.053
2.755 2.110 2.182 1.769

2.241 2.218 2.026 1.703 2.047

0.237 0.779 1.568 0.369
1.039 0.735 1.473 0.368

2 TT-P-1OSA 0.191 0.000 1.245 0.266
0.402 0.000 1.697 0.000
1.116 0.000 1.473 0.000
0.295 0.000 1.105 0.000

0.547 0.252 1.427 0.167 0.598

1 .286 0.508 1 .922 0.654
0.920 0.850 2.260 0.656

TT-P-81B 1.337 1 . 110 1 .787 0.584
0.680 0.565 1.842 0.734
0.783 0.951 2.464 0.679
0.915 1.338 1.935 0.516

0.987 0.887 2.035 0.637 1.137

2.578 2.649 1.967 2.973
3.913 3.192 2.685 3.0C -

4 1 E 4 A 3.140 3.006 0.951 2.822T - 9~,E 2.512 2.890 2.209 3.061
3.516 2.749 2.486 3.405
2.477 3.425 2.756 2.800

3.023 2.985 2.176 3.011 2.799

0.735 2.197 1.405 1.670
T 

- 0.413 1.474 2.197 1 .713
1.716 1.634 2.157 1.955

5 Mil-E-699C 2.373 2.888 1 .445 1.749
0.413 1.631 1.483 1.831
1.004 2.226 2.871 1.915

1.109 1.867 1.926 1.806 1.677

continued
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Table D-3. Continued

Adsorption Data for Following
Paint Months of Storage Mean

Average
No. Specification 3 6 9 12

2.182 1.502 2.912 1.396
2 .205 2.503 2 .73 1 1 .389

. 2. 11 4 2 .279 3. 172 1 .2 14
6 Mil-P- 16188B 2.39 1 1 .874 2.6 11 1 .189

2.135 1.410 2.336 1.505
1.883 2.048 4.093 1.260

2.152 1.936 2.976 1.326 2.097

Mean Average 1.676 1.691 2.094 1.442 1 .726

— Analysis-of-Variance Summary

- Degree-of Sum of Mean .
r - Source of Variation Significant?Freedom Squa res Square 

____________

Paint 5 72.31 14.46 Yes

Storage Period 3 7.92 2.64 Yes

Experimental Error 135 40.28 0.29

To tal 143 120.53

I
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Table D-3. Adsorption Data and Anal ysis-of-Variance
of Manganese Paint Drier (pg/mg)

Adsorp tion Data for Following
Paint Months of Storage Mean

Average
No. Specification 3 6 9 12

2.183 3.057 2.472 1.441
1.442 1.S34 1.911 1.782
2.308 1.858 1.266 1.653TT-E-489F 
2.574 2.745 2.124 1.519
2.183 2.001 2.200 2.053
2.755 2.110 2.182 1.769

2.241 2.218 2.026 1.703 2.047

0.237 0.779 1.568 0.369
1 .039 0.735 1 .473 0.368
0.191 0.000 1.245 0.266

2 TT-P-105A 0.402 0.000 1.697 0.000
1.116 0.000 1.473 0.000
0.295 0.000 1.105 0.000

0.547 0.252 1.427 0.167 0.598

1.286 0.508 1.922 0.654
0.920 0.850 2.260 0.656

8 
1.337 1.110 1.787 0.S84

3 I-P lB 0.680 0.56S 1.842 0.734
0.783 0.95 1 2.464 0.679
0.9 15 1 .338 1 .935 0.516
0.987 0.887 2.035 0.637 1.137

2.578 2.649 1 .967 2.973
3.913 3.192 2.685 3.007
3.140 3.006 0.951 2.822

4 TT-E-490E 2.512 2.890 2.209 3.061
3.5 16 2.749 2.486 3.405

U 2.477 3.425 2.756 2.800

3.023 2.985 2.176 3.011 2.799

0.735 2. 197 1 .405 1 .67 0
0.4 13 1 .474 2. 197 1.713
1.716 1.634 2.157 1.955S Mil-E-699C 
2.373 2.888 1.445 1.749
0.413 1.631 1.483 1.831
1 .004 2.226 2.87 1 1 .915
1.109 1.867 1.926 1.806 1.677

continued
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Table D-3. Adsorption Data and Analysis-of-Variance
of Manganese Paint Drier (pg/mg)

. Adsorption Data for Followingaint. 
Months of Storage Mean

Average
No. Specification 3 6 9 12

2. 183 3.057 2.472 1 .44 1
1.442 1.534 1.911 1.782

IT-E-489F 2.308 1.858 1.266 1.653
2.574 2.745 2.124 1.519
2.183 2.001 2.200 2.053
2.75 5 2.110 2. 182 1 .769
2.241 2.218 2.026 1.703 2.047

0.237 0.779 1.568 0.369
1.039 0.735 1.473 0.368

2 T-P- 05A 0.191 0.000 1.245 0.266T 1 
0.402 0.000 1.697 0.000
1 .1 16 0.000 1.473 0.000
0.295 0.000 1. 105 0.000
0.547 0.252 1.427 0.167 0.598

1.286 0.508 1.922 0.654
0.920 0.850 2.260 0.656

I-P 81B 1.337 1.110 1.787 0.5843 I 
0.680 0.565 1.842 0.734
0.783 0.951 2.464 0.679
0.9 15 1 .338 1 .935 0.5 16
0.987 0.887 2.03S 0.637 1.137

2.578 2.649 1.967 2.973
3.913 3.192 2.68S 3.007

-E 490E 3. 140 3.006 0.951 2.822IT 2.5 12 2.890 2.209 3.06 1
3.516 2 .749 2.486 3.405
2.477 3.425 2.756 2.800

3.023 2.985 2.176 3.011 2.799

0.735 2.197 1.405 1.670
0.413 1.474 2.197 1.713
1.716 1.634 2.157 1.9SS5 Mil-E-699C 
2.373 2.888 1.445 1.749
0.413 1.631 1.483 1.831
1.004 2.226 2.871 1.915

1.109 1.867 1.926 1.806 1.677

-- 

con tinued
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Table D-3. Continued

Adsorption Data for Following
Paint Months of Storage Mean

Average
No. Specification 3 6 9 12

2. 182 1 .502 2.9 12 1 .396
2.205 2.503 2.73 1 1 .389
2.114 2.279 3.172 1.214

6 flil-P-16188B 2.391 1.874 2.611 1.189
2.135 1 .410 2.336 1 .505
1.883 2.048 4.093 1.260

— 

I 
2.152 1.936 2.976 1.326 2.097

Mean Ave rage 1.676 1.691 2.094 1.442 1.726

Analysis-of-Variance Summary

Degree—of Sum of Mean .
Source of Variation Significant?Freedom Squa res Square 

____________

- ‘ Paint 5 72.3 1 14.46 Yes
Storage Period 3 7.92 2.64 Yes

Experimental Error 135 40.28 0.29

Total 143 120.53

I

—I
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AAP NAVORDSTA IND HD DET PW ENGRNG DIV . MeAlester . OK
AFB (AFIT/LD). Wr ight-Patterson OH: AF Tech Office (Mgt & OpsI. Tyndull. FL; AFCEC/XK .Tyndall FL; CESCH.

t Wright-Patterson: HQ T ,ctical Air Cmd (K. E. Fisher). Langley AFB VA ; MAC/DET (Col. P. Thompson) Scott .
IL; SAMSO/MNNF. Norton A FB CA; Stinfo Library . Offut i NE

AR MY BMDSC-RE (H. McClellan) Huntsville AL; DAEN-CW E-M ILT C D Binning). Washington DC: DAEN-FEU.
Was hington DC: DAEN-FEU-E (J. Ronan). Was hington DC; DAEN-MCE-D Washington DC: ERADCOM Tech
Supp Dir. (DELSD- L) Ft. Monmouth. NJ: HQ-DAEN-FEB-P (Mr. Price); Tech. Ref. Div.. Fort Huachuca. AZ

AR MY - CERL Library. Champaign IL
ARMY COASTAL ENGR RSCH CEN Fort Belvoir VA; R. Jachowski. Fort Belvoir VA
AR MY CORPS OF ENGINEERS MRD-Eng. Div .. Omaha NE: Seattle Dist. Library. Seattle WA
ARMY CRREL Con~tr. Engr Res Branc h. (Aamot)
ARMY CRREL R.A. Eaton
ARMY ENG DIV HNDED-CS . Huntsv ille AL; Hnded-Sr . Huntsv ille. AL
AR MY ENG WATERWAYS EXP STA Library . Vicksburg MS
ARMY ENGR DIST. Library. Port land OR
ARMY ENVIRON. HYGIENE AGCY Water Qual Div (Doner). Aberdeen Prov Ground. MD
ARMY MATERIALS & MECHANICS RESEARCH CENTER Dr. Lenoe . Watertown MA
ARMY-PLASTEC Picatinny Arsenal (A M Anzalone. 5MUPA-FR-M-D) Dover NJ
ASST SECRETARY OF THE NAVY Spec. Ass ist Energy (P. W~tterman). Wash ington DC
BUREAU OF COMMERCIAL FISHERIL S W oods Hole MA (Biological Lab Lib.)
BUREAU OF RECLAMATION Code 15 12 (C. Selander) Denver CO
CINCLANT Civil Engr. Supp. Plans. Ofr Norfolk . VA
CINCPAC Fac Engrng Div (J44) Makalapa . HI
CNAVRES Code 13 (Dir. Facilities) New Orleans. LA
CNM Code MAT-08T3 . Washington . DC: NMAT 08T246 (Dieter le Wash. DC
CNO Code NOP-964 . Washington DC: 0P987J Ii. Boosman). Pentagon
COMCBPAC Operations Of f . Makalapa HI
COMFLEACT. OKINAWA Commander . Kadena Okinawa: PWO . Kadena. Okinawa
COMOCEANSYSPAC SCE . Pearl Harbor HI
DEFENSE DOCUMENTATION CTR Alexandria . VA
Do E Dr. Cohen: Liflick . Richmond . WA
DTNSRDC Code 172 (M. Krenzke). Bethesda Ml)
IYFNSRDC Code 284 (A. Rufolo). Annapolis MD
DTNSRDC Code 4 111  (R. Gierich). Bethesda MD
D1NSRDC Code 4 12 1 (R. Rivers). Annapolis. MD
DTNSRDC Code 42. Bethesda MD
FLTCOMBATTRACENLANT PWO. Virginia Bch VA
FMFLANT CEC Of fr. Norfo lk VA
GSA Fed. Sup. Serv. (FMBP). Wash ington DC
KWAJALEIN MISRAN BMDSC-RKL-C
MAR INE CORPS BASE Camp Pendleton CA 92055: Code 43-260 . Camp Lejeune NC: M & R Division. Camp Lejeune

NC: PWO C,imp Lejeune NC: PWO. Camp S. D. Butler. Kaw ~tsak i Japan
MARINE CORPS DIST 9. Code 043. Overland Park KS
MARINE CORPS HQS Code LFF-2. Was hington DC
MCAS Facil. Engr. Div. Cherry Point NC: CO. Kaneohe Bay HI: Code I’WE . Kaneohe Bay HI; Code 54. Quantico

VA; J. Taylor. Iwakuni Japan; PWD. Dir. Maint. Control Div.. Iwakuni Japan; PWO Kaneohe Bay HI; PWO.
Yuma AZ: UTC Dupalo. Iwakoni. Japan

MCDEC P&S Div Quantico VA
MCRD PWO. San Diego Ca
NAD Engr. Dir. Hawthorne. NV
NAF PWO Sigonella Sicily; PWO . Atsugi Japan
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NAS Asst C/S CE Corpus Christi. TX: CO. (iuantanamo Bay Cuba: Code 114. Alameda (A :  Code 183 (Fac . Plan BR
MGRI: (ode 187($) . Brunswick ME: (‘ode l8U ( ENS P.i. Hickey). Corpus Christi TX: Code 6234 (G. Tiask).
Point Mugu (A :  (ode 71) . Atlanta. Maiietta GA : (ode SE. Patuxent Riv .. MD: Dii- . Maint. Control Div.. Ke~ West
Fl.: l)ir. Liii. I)i’... Bermuda: ENS Buchholz. Pensacola. FL: Lakehurst . NJ : Lead. Chief. Petty 0)ffr. 1’~~’SeIf
Ilelp Dix . Beev ille TX : OIC. CBU 417 . Oak Harbor WA : PW (J. Maguire). Corpus Christi TX: PWD Maint. Cont.
Dir .. Fallon N~ : PWI) Maint. l)iv.. New 0)rleans . Bdle Chasse LA: PWD. Maintenance Control Dii.. Bermuda:
PWD . Willow Grove PA: PWO) (M. Elliott). Los Alamitos CA: PWO Belle (hassc . LA: PW() (hasc Field Beeville.
TX: PW() Key West El.: PWO. Dallas TX : PWO. Glenview IL: PWO. Kingsville TX : PWO. Millington TN: PWO .
Mil amar . San Diego (A: PWO.. Moffett Field CA: ROICC Key West FL: SC E 1.ant Fleet Norfolk . ~A: SUE;
Norfolk. VA: SUE. Barbers Point HI

NAIL BLREAI. OF srANI)ARDs B-34~ BR (Dr . Campbell). Washington DC
NATI. RESEARCH ( OUNCIL Naval Studies Board. Was hington DC
NATNAVMEDCEN PWO Bethesda. MI)
NATPARACHUTETESTRAN PW Engr . El Centro CA
NAVA( T PWO . London UK
NAVACTDET PWO. Holy Lock UK
NAVAEROSPREGMEDCEN SCE. Pensacola FL
NAVAV IONICFAC PWD I)eputy Dir. D/70l. Indianapolis. IN
NAVCOASTSYSLA B (ode 423 (D. Good). Panama City FL: Code 713 iJ. Quirk) Panama City. FL: ( ode 7l5 (J.

Mittleman) Panama ( ity. FL: [.ibrary Panama City. FL
NAVCOMMAREAMSTRSTA Code W-6 02 . Honolulu. Wahiawa HI: PW0) . Norfolk VA: PW0) . Wahiaw a HI: SUE

Unit I Naples Italy
NAVCOMMSTA Code 401 Nea Makri . Greece; PWO. Exmouth. Australia: PWO. Fort Amador Canal Zonc
NAV EDTRAPRODEVCEN Tech. Library
NAVEDUTRACEN Engr l)ept (Code 42) Newport. RI
NAVENVIRHLTH( EN CO. Cincinnati. OH
NAVEOD FAC Code 605. Indian Head MI)
NAVFAC PWO. Barbados : PW0). Cape Hatteras . Buxton NC: PWO . Centerville Bch. Ferndale CA: PWO. Guam
NAVI-AC PWO. Lewes DL
NAV FACENGCOM ( ode 043 Alexandria. VA: Code 044 A lexandria. VA:  Code 0451 Alevandria. VA : Code (1453 oD .

Potter) Alexandria. VA:  (ode 04MB Alexandria. Va: Code 046: Code ()46l1) V M Spaulding) Alexandria. V A :
Code 04B3 Alexandr ia. VA : Code 04B5 Alexandria. VA: Code 10) 1 Alex. indria . VA: ( ode 10133 (J. [.eimanis)
Alexandria. VA: Code 1023 )M. Carr) Alexandria. VA:  (ode l023(T. Stevens ) Alexandr ia. VA: Code 104
Alexandria. VA: Code 2014 (Mr. Taam). Pearl Harbor I-Il: LT Parisi. Code P( -2 Alexandria. VA: Morrison \ ap.
Caroline Is.: PL-2 Ponce P.R. Alexandria. VA

NAVFACENGCOM - CHES I)IV . Code 101 Wash. DC: Code 403 iH. I)eVoe) W ash. DC: Code 405 Wash. IX’: Code
I-PO- I Wash . I)(’: Contracts . ROICC. Annapolis MD: FPO-l (Spencer) ~~ash. DC: Scheessele. Code 402. Wash.
l)C

NAVEAC ENGCOM - L.-~NT DIV .: Code lOA . Norfolk VA:  Eur. BR Deputy Dir. Naples Italy: RI)T&EL() 102.
Norfolk VA

NAVFACENGCOM - NORTH DIV. AROICC. Brooklyn NY: CO: ( ode 09P ) L.CDR A.J. Stewart ) : Code 1028.
RDT&EI.O . Philadelphia PA: ( ode III (Castra novo) Philadelphia. PA: Code I 14 (A. Rhoads(: Design Div . ) R.
Masino). Philadelphia PA: ROICC. Contracts . Crane IN

NAVFA (’ ENGCOM - PAC DIV. (‘ode 402. RDT&E. Pearl Harbor HI: Commander. Pearl Harbor. HI: PC-2
Alexandria . VA

NAVFA( ENGCOM - SOUTH DIV . Code ~ ) . R l)T&EE.O. Charleston SC: Dir.. New o r leans LA: ROICC (LCDR R.
Moeller). ( is nt iac ts . Corpus Chr isti IX

NAVFACENGC()M - W EST DIV. 102: 112: AROICC. Contracts . Twe ntynine Palms CA: (ode 04B: 09P/20:
RI)T&EL() Code 20 11 San Bruno. CA

N;V l-A ( ENGCOM CONTR \CT AROICC. Point Mugu CA: ARO ICC. Quantico . V A:  Code 05. TRIDENT.
Bremerton WA: I)ir. Eng. l)iv .. Ex mouth. Austra lia: Eng Dix dir . Southwest Pac. Manila. P1: 01CC. Southwest

-: Pac. Manila. P1: ()ICC/ROICC. Balboa Canal Zone: ROICC (Ervin) Puget Sound Naval Shipyard. Bremerton. W A :

KOICC )1.CDR J.G. Leech) . Suhic Bay. R.P.: ROICC -\ F Guam: ROICU 1.ANT l)IV .. Norfol k VA: ROICC Off
Point Mugu. CA: Ro)ICC. Diego Garc ia Island: Ro)ICC. Kefliivik. Iceland: ROICC. Pacific. San Bruno (A

NAVHOSP I.T K. Elsbernd. Puerto Rico
NAVMAG S( l-.. Guam
NAVMIR() 0)IC. Philadelphia PA
NAVNUPWRU MuSE DET Code NPU-30 Port Hueneme. (‘A
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NAV (XFAN ()  Code 16(8) Ba~ St. Louis. MS: Code 3432 )J. DePalma . Bay St. Louis MS
NAV(~~’EANS~~SCEN Code 5 2 H. Ta(kington) San Diego CA: Code 5224 (R.J o nes(  San Diego (A:  Code 6565 (Tech.

L.ih. . San Diego (‘A: (‘ode 6700. San Diego. (A: Code 75 11 (PWO) San Diego. CA: SCE Code 6600). San Diego
CA

NAVOKDSFA PWO. l.ouiss lIe KY
NAVP ETOFF Code 30. Alexandr ia VA
NAV PGSCOE. LCI)R K .C. Kelley Monterey CA
NAVPH IBASE CO. ACB 2 Norfolk. VA : (‘ode S3T. Norfolk VA : Harbor Clearance Unit Tw o . Little Creek. VA:

OIC. icr ONE Norfolk . Va

NAVRADREC FAC PWO . Kami Se~-a Japa n
NAVREG MEI)CEN Code 3041. Memphis. Millington TN: PWO Newport RI: PWO Portsmouth. VA: SCE )D. Kaye) :

SCE (LCDR H. F Thurston). San Diego CA: SCE. ( amp Pendieton CA: SCE. Guam
NAVSCOLC ECOFF C35 Port Hueneme. CA: CO. Code C44A Port Hueneme. CA
NAVSEASYSCOM ( ode 0()C-DB l)iGeorgc. Was hington. DC: Code OOC ([.T R. MacDougal). 5A ashington DC: Code

SEA OUC Washington . DC
NAVSEC Code 6034 (L ibrary ). Washing ton l)(
NAVSECGRUAC T Facil. Off.. (jaleta Is . Canal Zone : PWO . Adak AK: PWO . Edzell Scotland: PWO . Puerto Rico:

PV~ 0. Torn Sta. Okinawa
NAVS HIPREPFAC Library . Guam: SUE Suhic Bay
NAVSHIPY D: Code 202.4. [.ong Beach CA : Code 202.5 (Library) l’uget Sound. Bremerton WA : Code 380.

(Woodroff ) Norfolk. Portsmouth. VA: Code 4(8). Puget Sound: Code 404 ILT J. Riccio). Norfolk. Portsmouth VA:
Code 410. Mare Is .. Va llejo CA: Code 44(1 Portsmouth NH: Code 440. Norfolk : . ode 440. Puget Sound. Bremerton
WA; Code 440.4. Charleston SC: Code 450. Charleston SC: LI) . V ivian: Library. Portsmouth NH: PWD (Code
400). Philadelphia PA : PWO. M are Is .: l’WO. Puget Sound: SCE. Pearl Harbor HI: Tech Library. Va lle~po . CA

NAVSTA CO Naval Station. Maypo rt FL: CO Roosevelt Roads P.R. Puerto Rico: Dir Mech Engr. Gtmo: Engr. Dir..
Rota Spain: Maint. Cont. Div .. Guantanamo Bay Cuba: Maint. Div . Dir/Code 53 1 . Rodman Canal Zone: PWD
( LTJG.P.M. Motolenich). Puerto Rico: PWO Midway Island: PW(). Guantanamo Hay (‘uba: PWO. Keflavik
Iceland: PWO . Mayport FL: ROICC Rota Spain; ROICC. Rota Spain; SCE. Guam: SUE. San Diego CA: SCE.
Suhic Bay. R.P.: Utilities Engr Off. (LTJG A.S . Ritchie). Rota Spain

NAVSU BASE SCE. Pearl Harbor HI
NAVSUPPACT CO. Brooklyn NY: CO. Seattle WA: Code 4. 12 Marine Corps Dist. Treasure Is .. San Franc isco CA:

Code 413. Seattle WA : LTJG McGarrah . Va llejo CA: Plan/Engr Div .. Naples Italy
NAVSU RFWPNCEN PWO. Wh ite Oak. Silver Spring. MD
NAV IECHTRACEN SCE. Pensacola FL
NAVWPNC EN Code 2636 1W. Bonner). China Lake CA: PWO (Code 26). China Lake CA: ROICC (Code 702). China

Lake CA
NAVWPNSTA EARL E (Clebak) Colts Neck. NJ: Code 092. Colts Neck NJ: Maint. Control l)ir.. Yorktown VA: PW

Office ((‘ode 09Cl) Yorktown . VA
NAVWPNSLPPCEN Code 09 Crane IN
NCBU 405 OIC. San Diego. CA
N€’BC CEL AOIC Port Hueneme CA: Code 10 Davisv ille. RI: Code 155. Port Hueneme CA: Code 156 . Port Hueneme.

CA: Code 40G. Gulf port MS : PW Engrg. Gulfport MS: PWO (Code 80) Port Hueneme. CA: PWO. Davisville RI
NCHU 4 11 OIC. Norfolk VA
NCR 20. Commander
NUSO BAH RAIN Securit~ Offr. Bahrain
NMCB 133 (ENS T.W . Nielsen): 5. Oper ation s Dept .: 74 . CO: Forty. CU: THREE. Operations Off.
NOAA Library Roc kville. M D
NORDA Code 440 (Ocean Rsch 0)ff ) Bay S(. Louis MS
NRI. Code 8400 Wash ington. DC: Code 844 1 I R A .  Skop). Was hington DC
NSC Code 54.1 (Wynn e). Norfolk VA
NSI) SUE Suhic Bay. R.P.
N~ U (ode 54 ( ENS P. G. Jac kel) . Orlando FL: Commander Orlando. FL: 0)1CC. CBU-40 1. Great Lakes IL
NUSC Code 13 1 New London. CT: Code EAI23 ( K S . Munn). New London CT: Code TA I3 I  (G. Dc Ia Cruz(. New

1.ondon CT
OCEANSYSI.ANT L1 A.R. (j iancola. Norfolk VA
()NR Dr. L .A. Silva) Arlington. VA :  BROFF. (~0) Boston MA: Code 700F Arlington VA: Dr. A. Laufer. Pasadena CA
PHIB( B I P&E. Coronado. CA
PMTC P.ii Counsel. Point Mugu CA
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PWC ACE Off ice (LTJG St. Germain4—NTi~~ lk VA : CO Norfolk . VA : (0. Great Lakes IL: CO. Oakland CA: Code
120 . Oakland CA; Code l2OC (Library ) San Diego. CA; Code 128 . Guam: Code 200. Great Lakes IL: Code 200.
Guam: (ode 220 Oakland. CA: Code 220.1. Norfolk VA:  Code 40 C. Ko)ton) Pensacola . FL: Code 400. Pearl

— Harbor. HI: Code 40(1. San Diego. CA : Code 505A (H. Wheeler): Code 700. San Diego. CA: Code CIO. San Diego
Ca: Library . Subic Bay. R.P.: OIC CBU-405. San Diego CA: Utilities Officer . Guam: XO Oakland. CA

SPCC Code 1228 . Mechanicsburg. PA: PWO (Code 120) Mechanicsburg PA
ucr TWO OIC. Port Hucncme CA - 

-

U.S. MERCHANT MARINE ACADEMY Kings Point. NY (Repr int Custodian)
US GEOLOGICAL SURVEY Off. Marine Geology. Pitcle ki. Reston VA . i_
USAF SCHOOL OF AEROSPAC E MEDICINE Hyperbaric Medicine Div . Brooks AFB. TX
USCG ((~-ECV )W as hington Dc: (G- ECV/6I )(Burkhart) Washington. DC: G-EOE-4/6 I IT. Dowd). Washington DC

USCG ACADEMY LT N. Stramandi. New London CT
USCG R&D CENTER Tech. Dir. Groton. CT
USDA Forest Products Lab. Madison WI: Forest Products Lab. (K. DeGroot). Madison WI
USNA Ocean Sys . Eng Dept (Dr. Monney) Annapolis . MD: Oceanograph\ Dept (Hoffman) Annapolis MD; PWD

Engr. Div. (C. Bradford ) Annapolis MD; PWO Annapolis MD
AMERICAN CONCRETI INSTITUTE Detroit MI (Library)
CALIF. DEPT OF NAVIGATION & OCEAN DEV . Sacrament’s. CA (G. Armstrong )
( ALIF. MA RITIME ACADEMY Vallejo. C.-\ ( Library )
CORNELL. UNIVERSITY Ithaca NY (Serials Dept. Engr Lib. )
DAMES & MOORE LIBRARY LOS ANGELES. CA
DUKE UNIV MEDICAL CENTER B. Muga. Dui-ham NC
FLORIDA ATLANTIC UNIVERSITY BOCA RATON. FL )MC ALLISTER : Boca Raton FL (Ocean Engr Dept.. C.

Lint
FLORIDA ATLANTIC UNIVERSITY Boca Raton FL (W . Tessin)
FLORIDA AT LANTIC UNIVERSITY W . Hartt. Boca Raton FL
FLORIDA TECHNOLOGICAL UNIVERSITY ORLANDO. FL (HARTMAN)
INSTITUTE OF MARINE SCIENCES Morehead City NC (Director)
IOWA STATE UNIVERSITY Ames IA (CE Dept. Handy)
LEHIGH UN IVERSITY BETH LE HEM . PA (MARINE GEOT ECHNICAL LAB.. RICHARDS) : Bethlehem PA

( Linderman Lib. No.30. Flecksteiner)
LIBRARY OF C( )N(;RESS WASHINGTON. DC (SCIENCES & TECH Dlv)
M A I N E  MA RIT I M E  ACADE MY (W yman) Castine ME: CASTINE . ME (I.IBRARY)
M I C H I G A N  TECHNO LOGICAL U N I V ERS ITY Houg hton. MI (H~tas)
MIT Cambridge MA : Cambridge MA (Rm 10-500 . Tech. Reports . Engr. Lih.
NATL ACA DEMY OF ENG. ALEXANDRIA. VA (SEARLE. J R.)
NY CITY COMMUNITY COLLEGE BROOKLYN. NY (LIBRARY)
OREGON STATE UNIVERSITY tCE Dept Grace) Corvallis . OR: CORVALLIS. OR (CE DEPT. HICKS): Corvalis

OR (School of Oceanography
PENNSYLVANIA STATE UNIVERSITY STATE COLLEGE. PA (SNYDER)
PURI)UE UNIVERSITY Lafayette. IN (AltschaelII): Lafayette. IN (CE Engr. Lih(
SAN DIEGO STATE UN IV . I. Noorany San Diego. CA
S(RIPPS INSTITUTE OF OCEANOGRAPHY LA Jo)t.LA. CA (A l)AMS(:  San Diego. CA (Marina Phy. Lab. Spiess)
SEATTLE U Prof Schwaegler Seattle WA
SOUTHWEST RSCH INST K. DeHart. San Antonio TX
SI ANFORD UNIVERSITY Engr Lib. Stanford CA: STANFORD. CA (DOUGLAS( (

_

STATE U N I V . OF NEW YORK Buffalo. NY
TEXAS A&\I UNIVERSITY (‘ollege Station TX (CE Dept. Herbich): W .B. Ledbetter College Station. TX
UNIVERSITY OF CALIFORNIA BERKELEY. CA (CE I)EPT. GERWI O K); Berkeley CA (B. Breslen: Bei keley CA

IE . Pearson): DAV IS. CA ICE DEPT . TAYLOR); M. Duncan. Berkeley CA
UNIVERSITY OF I)EI.AWAR I Newark . DE ( Dept of Civil Engineering. Chesson
UNIVERSITY OF HAWAII HONOLULU. HI SCIENCE AND TECH. DIV.)
UNIV ERSITY OF ILLINOIS Metz Ref km. Urbana IL: URBANA. IL ( DAVISSON): URBANA . IL (l IbRARY):

URBANA. IL INEWM A RK); Urbana IL ICE Dept . W . Gamblet
UNIVERSITY OF MASSACHUSETT S Heronemus). Am herst MA CE I)ept
UNIVERSITY OF MICHIGAN Ann Arbor MI (Richart)
UNIVERSITY OF NEBRASKA-l .INCOLN Lincoln. NE (Ross Ice Shelf Proj.)
UNIVERSITY OF PENNSYLVANIA PHILADELPHIA . PA (SCHOOL OF ENGR & APPLIED SCIENCE. ROLL) t
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UNIVERSITY OF TEXAS Inst. Marine Sci (Library). Port Arkansas TX
UNIVERSITY OF TEXAS AT AUSTIN AUSTIN. TX (THOMPSON); Austin . IX ( Breen)
UNIVERSITY OF WASHINGTON Dept of Civil Engr (Dr. Mattock) . Seattle WA: SEA TTLE. WA (O( EAN ENG

RSCH LA B. GRAY) : Seattle WA (E. Linger)
UNIVERSITY OF WISCONSIN Milwaukee WI (Ctr of Great Lakes Studies)
URS RESEA RCH CO. LIBRARY SAN MATEO. CA
V IRGINIA INST. OF MARINE SCI. Gloucester Point VA (Library)
ALFRED A. YEE & ASSOC . Honolulu HI
AMETEK Offshore Res. & Engr Div
AR VID GRANT OLYM PIA. WA
ATL ~NTIC RICHFIELD CO. DALLAS. TX (SMITH)
AUSTRALIA I)ept. PW (A. Hicks). Melbourne
BECHTEL CORP. SA N FRANCISCO. CA (PHEl PS)
BELGIUM HAECON. N.V.. Gent
BETHLEHEM STEEL CO. Dismuke. Bethelehem . PA
BOUW KA MP INC Berkeley
BROWN & CALDWELL E M Saunders Walnut Creek. CA
BROWN & ROOT Houston TX D. Ward)
CANADA Can-Dive Services (English) North Vancouver: Mem Univ Newfoundland (Chari). Si Johns: Nova Scotia

Rsch Found. Corp. I)artmouth. Nova Scotia: Surveyor. Nenninger & Chenevert Inc.. Montreal
CF BRAUN CO Du Bouchet. Murras Hill. NJ
CHEMEI) CORP Lake Zurich II. (Dearborn Chem. Div.l ib. )
COLUMBIA GULl rRANSMISSI0N CO. HOUSTON. TX (ENG. LIB.
CONrINENT 0)11. CO) 0. Maxson. Ponca (‘ity. OK
DII.LINGHAM PRECAST F. McHalc. Honolulu HI
I)RAVO CORP Pittsburgh PA (W right) —

NORWAY DET NORSKE V ERITAS )l.ihrar~ . Oslo
EVAI,I. AT ION ASSOC . INC KING O)F PRUSSIA. PA ( FEDELEI
FORD. BACON & I)AVIS . INC. Nex~ York (Library )
FRANCE Di. I)utertrc. Boulogne: I.. Pliskin. Paris: P. Jensen. Boulogne: Roger LaCroix. Paris
(jENERAL. I)YNAMICS Flee. Boat Div .. Environ. Engr (H. Wa l(man). Grot ,sn CT
GEOTECHNICAI. ENGINEERS INC. W inchester. MA Paulding)
GLIDDEN CO. STR0)NGSVII.I.E. OH (RSCH I.IB)
GOULI) IN(’. Shady Side MI) (Ches . Inst. Div .. W . Paul)
HAI.EY & Al DRICH. INC. Cambridge MA (Aldrich. Jr. )
ITAL.Y M. Caironi . Milan: Sergio Tattoni Milano: Torino (F. Lev i)
MAKAI o CEAN ENGRNG INC. Kailua. HI
KENNETH IATOR ASSOC CORAOPOLIS. PA (LIBRARY)
KOREA Korea Rsch Inst. Ship & Ocean (B. Choil. Seoul
l.AMONT-DOHERTY GEOLo GICAl OBSERV . Palisades NY (Selwyn)
LOCKHEED MISSILES & SPACE CO. INC. Mgr Nasal Arch & Mar Eng Sunnyvale . CA: Sunnyvale CA

Rynew iczl: Sunnyvale. CA lK.L. Kerr)
LOC KHEED OCEAN LABORATORY San Diego. CA (Springer)
MARATHON OIL CO Houston TX (C. Seay)
MARINE CONCRETE STRUCTURES INC. MEFAIRIE. LA (INGRAHAM)
MCDONNEL AIRCRAFT CO. Dept 501 ( R H .  Fayman). St Louis MO
MEXICO) R. Cardenas
MOBIl, PIPE LINE CO. DALLAS. TX MGR OF ENGR (NOACK)
MUESER. RUT LEDGE. WEN TWORTH AND JOHNSTON NEW YORK (RICHARDS)
NEW ZEALAND New Zealand Concrete Research Assoc. (Librarian). Porirua
NEWPORT NEWS SHIPBLDG & DRYDOCK CO). Newport News VA (Tech. Lib. )
NORWAY DET NORSKE VERITAS IROrCn) Oslo: I. Foss . Oslo: J. Creed. Ski; Norwegian Tec h Univ (Brandtzaeg(.

Trondheim
OCEAN RESO)URCE ENG. INC. HOUSTON. TX (ANDERSON )
PACIFIC MARINE TECHNOLOGY Long Beach. CA (Wagner)

-
- PORTLAND CEMENT ASSOC . SKOKIE. IL (CORLEY: SKOKIE. IL (KLIEGER): Skokie IL (RsCh & Dcv Lab.

I,ib.)
PRESCO)N CORP TOWSON. MD(KELLER)
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PUERTO RI(O) Puerto Rico tksch Lib.). Mayaquez PR
RA YMONI) INTERNATIo NAL INC. E ColIc Soil Tech Dept. Pennsauken. NJ
RIVERSIDE CEMENT CO Riserside CA 1W . Smith)
SCHUPACK ASSO)C SO. NORWALK. CT (SCHUPACK
SEAFOX)D LABORATORY MO) REHEAD CITY. NC (LIBRARY)
SEATI CH CORP. MIAMI. FL IPERONI)
SHELL 0)IL CO. HOUSTON . TX (MARSHALL) : Houston TX (R. de Castongrene)
SOUTH AMERICA N. Nouel . Valencia . Venezuela
SWEDEN Cement & Concrete Reseaich Inst.. Stockholm : GeoTech Inst: VBB (Library). Stockholm
TECHNICAL COATINGS CO Oakmont PA (Library)
TIDEWATER CONSTR. CO Norfolk VA (Fow kr)
UNION CARBIDE CORP. R.J. Martell Boton. MA
UNITED KINGDOM Cement & Concrete Assoc Wexham Springs . Slough Bucks: Cement .5 Concrete Assoc .

(Library). Wex ham Springs. Slough: Cement & Concrete Assoc . (Lit. Ex). Bucks : D. Lee. London: D. New . 6.
Maunsell & Partners . London: Library. Bristol : Taylor. Woodrow Constr (014 P). Southall. Middlesex: Taylor .
Woodrow Constr (Stubbs). Southal l. Middlesex-~. Univ . of Bristol (R. Morgan). Bristol

WAT T BRIAN ASSOC INC. Houston. TX
W ESTINGHOUSE ELECTRIC CORP. Annapolis MD (Oceanic Div Lib. Bryan): Library. Pittsburgh IA
W ISS. JANNEY . ELSTNER. & ASSOC Northbrook. IL (D.W . Pfeifer)
W M CLAPP LABS - BATTELLE DUXHURY . MA (LIBRARY): Duxbury. MA (Richards )
WOODWARD-CLYDE CONSULTANTS PLYMOUTH MEETING PA (CROSS. I I1

ADAMS. CAPT (RET) Irvine. CA
ANTON TEDESK() Bronxville NY
BRAHTZ La Jolla. CA
BRYANT ROSE Johnson Div . UOP. Glendora CA
BULLo CK La Canada
LAYTON Redmond. WA
R.F. BESIER O)ld Saybrook CT
R.Q. PALMER Kaitua. HI
SMITH Gulfpnrt. MS
T.W. MERMEL Washington 1X
CEC Parisi. Anthony M.. I.T
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