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INTRODUCTICN

Portlend cement 2g we know 11, was discovered during

the ntneteenth century, though cement itself was kmown for

uncounted centuries before this.. With the advgnce of the

Machine Age,. the production of this substance, one of the

most basic of a3l building materials, has increased tremen=

dously. In our raphdly advancing era, thie material has found

many new and varled uses-=- in industrial and domestic

construction, in the marvelous engineering projects we know

as bridges and super highways, and, Of course, in the

laying of durable concrete floore and sidewalke. But even in this

age of ours, noted especially for its scientific progress,

no way has yet been found to prevent, effectively, the

>Weathering,§spa111ng and other types of corrosion from even=
tually ruining the concrete structure.

Our work of the past year has been one of many attempts

which both have been and will be made to correct this un=-

fortunate situation. Throughtthe incorporation of various

organic polymeric substances into several kinds of concrete

mixes, we have attempted 10O produce & mixture which offered

more than the ususl resistance 10 corrosion by water and acld,

In 2ddition, we héwe noted the effect of the various additives

on the physical properties of & normal mixture of cement,

sand and water. In doing this, we sought a worthwhile prop-

erty change toward simulation of a mortar cement mix, as

exemplified by the Blue Eond product of the North American



Cement Corporation.

‘This thesis will show the history of this type of work,

our experimental procedures and apparatus, and an evaluation

of the results obtained during the year.



ABSTRACT

The historical background for the project is discussed
28 an introduction. A description of the preparation for and

the planning of the work is followed by a discussion of tech=

niques; reasons for the changes in method of acld testing

are outlined and the modified procedure discussed. Varlatlons

in acid tests are described. A new type of experiment, uti-

1izing a "continuous flow" apparatus is discussed. A de=

-

Scription“of our attempts to convert the incorporated resin-
ous materiel to its finel stage of polymerization is given.,
The field of organic polymers 1s discussed using the litera-
ture, and the procedures followed in securing and testing

these materisls both qualitatively and quantitatively are

described. The experimental resultls are tabulated and eval=-

vated,. and the year's work summarized.



HISTORICAL AND GENERAL INTRODUCTION

The literature of chemistry since the start of this

century, as shown in penoramic form by Chemical Abstracts,

1s filled with accounts of attempts to improve the acid and

water corrosion resistance of concrete through the use of

additives. The limitation of space and the question of its

value to this thesis prohibit a more complete treatment of

the enormous amount of literature to be found on this subject,

but we cite as typical examples among very many others, the

work of Haddan (1) in England in 1909, of splittgerber (2)

in Germany in 1920, of Frank and Dietz (3) in the Umited

States in 1931, of Sorkina (4) in Russia in 1939, of Brick (5)
in the United States in 1951, and of Suguki (€) in Japan in
8523 s

All of these men developed what they thought to be

a waterproof or acid resisting concrete by the addition of

elther inorganic of organic materiale to Portland cement,

sand and water mixes,It is indesd rather surprising that

Oone finds, in the literature of Portlanc cement additives to

date, very little reference to the newest and most rapidly

growing field of orgenic chemistry-- that of resins and

plastics, We believe that this field of gstudy offers the

most promise for a solution to the corrosion problem, and

therefore deserves a good deal more investigation than has

thus far been carried out.

The work that was done atl Catekill several years ago



deserves mention here. Reference is, of course, to the large
number of charts listing results of tests made at Catskill on
concrete cnntaining various types of additives, including some
resins. This work was done, according to the charts, starting

around the year 1910. The data recorded are for cetting times

and compressive and tensile strengthe. No acld ‘tests were per=

formed on these specimens, however, and thie work differs

from the present study in that respect.
The research work done by Erown (7) in 1950 and Dunbar (8)

in 1955, both at Union College, shed some 1ight on certain

phases of our work this year. Brown's experimentation with

several of the constituents of some of the resins we hawe

used showed, by means of hydration tests, the resulting changes

in volume to -be expected with the setting of cement. The

chamges, as compared to a standard mix, were caused, of course,

by the addition of foreign materials of various types to

cement and water. This work was continued and projected to

& large degree, by Dunbar, As an introduction tothls type

of test, several of these hydraticn teste were carried out

this year, but on a much more 1imited basis than was used by

either Brown or Dunbar, In 1955, Dunbar worked with other

additives also,. in actually pouring concrete blocks contain-

ing these additives, and ascertaining quantitatively the

corrosive effect of certain aclds on glabs cut from these

blocks, The effect of these sdded materlals on the compressive

Strength of the concrete wa® determined at the @ompany's

Catskill plant.



This year we modified greatly in several respects, some
of the teste and procedures Dumbar had been using. First of
all, we increased the scope of the work in order to cover as
many different reein kinds as we found available to us. Then,

in addition to seeking an agent for improving water and acid

Corrosion resistance, we were continually on the watch in

the mixtures with which we worked, for the appearance of de=

sirable properties as evidenced in the Flue Bond mepter cement

of the company. Finally, much of the experimental procedurse
used fin previous years wasg improved to the point where it

eimulated actual conditions rather than created artificlal

conditions never encountered in the practical use of cement.

A necessary preliminary to actual laboratory work was

& detailed study-- first of cement and its properties; and then

of the various resin types, uses and properties, and forms

avallable, For this study, the following authors were of .

much help and will be referred to agaln 1aters Bogue (9), Mason

and Manning (10), Simonds (11), and Richardson and Wilson (12).

Much of the information we have used in owr work has come

from the Modern Plastics Encyclopedia Issue (13) of September,

s the Plastics Properties Chert

1954, Of special interest we

found in that issue. Chemical Abstracts and publications such

Engineering

a8 Chemical and Engineering News and Industrial and
e extent to keep up -with the

Chemistry all were used to a 1arg

Present published work along these linee.

What we present here 1s, by no means, & complete picture,

for the field of orgenic polymers is almost limitless, and the

—



veriations within esch type are staggering to imegine. Our work
this year, however, has been at least a good beginning to

a project which is worthy of several years study.
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APPARATUS AND PROCEDURE

Preparation and Plans

Early in the summer-of 1955, one full day and parts of

Several others were spent at the Catskill plant of the North

American Cement Corporation. This time wa28 taken up by 2

tour of the plant and instruction in the basic laborztory pro=

cedures followed in quality control, some of which were to

be used in our work at the college. At this time also, the

Project for the year was discussed and partially planned. It

Was to consist of the making of blocks using regular Portland

cement plus additives, and the testing of thess blocke for

compressive strength at Catskill and ror water and acid resistance
at Schenectady., Acid tests also were to be made on gamples of

the compamy's Anti-Bacterial Cement (ABC) and Blue Streek Air

Entraining Cement (BSAE). A speclal mixture of Blue Bond

This special mixture lacked th

-~
LT

(o]}

mortar cement was given to us.

Plasticizer necessary to impart to it the desirable properties

Of 2 mortar mix; it was sugzested that we a2ttempt to find a

Suitable plasticizer to add to this materizl in order to belter
the company's present Blue Bond product. Another suggestion at

. , "
this time was that we try to use the new "silicenes" in our

.

work,

A flow table (photograph, Fig. 1) wee brought back to

Schenectady from Catskill. The use of thies instrument modified

& procedure which hed been followed st Schenectady in previous

Yeers, It had been ascumed that & "rormal® cement, sand, water

- -
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mix could be zchieved every time by using 500 grams of

Portland cement, 1375 grams of Ottawa graded sand, and 250

milliliter’Q of 1liquid (water plus sdditive in solution). This
assumption was erroneous, since the flow properties are sub—
Jeet to change with each batch of cement and, @f course, with

the addition of various additive gsolutions. The flow table,,

use of which is described here later, snd more completely in
ASTM Standards on Cement (1%), gave 2 quantitative measure

of flow, and put our concrete tlock making on & comparative

basis with that used in industry.

The Pouring of Concreie Blocks and Cubes

During the early part of this year's work, the method
Uused for making concrete blocke wes a8 followes After welghing
out on the laboratory balance 500 grame of Portland cement and

1375 grams of Ottawa graded sand, 250 milliliters of water or

of water plus additive in solution Wers placed in the dry,
borcelain clad mixing bowl. The cement wae added to the liquid,

end mixed for 30 seconds, the handse peing protected by &

rubber glove, Then, approximately On€ nalf of the testing cand

was added and mixzed for 30 seconds. Finally, the remainder of

the sand was added, and mixing wae carried out for 1% minutes,
by vigorous and continuous Jmeading and gqueezing. This mix

Was then poured into one of the o"x2"x12" gressed molds in

the gang mold, tamped in in the stendard manuer using a rubber
tamper, covered with az glase nlate and a damp cloth, and a2llowed

to set, Blocks contzining Melmac 480 (melamine formaldehyde
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Product of American Cyansmid Company) in percentages verying

from 0,01% to 1,00% by weight of the cement were made in this

way., Also, with proportionately 1ess zmounts of materials

and with smaller individual molds, but using the same method,,

we made IMx1"x6" blocks, some contalning only Bprtland cement

Wwith no aadiziv;s,lsome containing 0.2% Sodium Methyl Siliconate
(Wse of which 1n our work wee discontinued), and one containing
O.01% Melmac 480, A1l of these blocks were sent on to Catskill to
e tested for their stremgth. The results of these strength
tests, together with others, will be presented later with
appropriate comment in: the section entitled Experimental Results.

The above procedure was used before we were introduced
Lo the flow table. Of course, the procedure wes modified to
conform to ASTM standards omce we had @ flow teble at our dis=

d procedure was as foll

a sand (1375 grams),

Posal in Schenectady. The modifie ows

After weighing out the cement (500 grams) an
& volume of liquid (water or additive golution) was placed in
the mixing bowl. The exact volume to be need depended upon the
Tlow test which was to be given the resulting mix, The cement
and sand were added in exactly the same way &8 described pre=
Viously. Then, a leyer of mortar apout 1" thick was placed in
the flow mola (trunceted cone pictured in Fig. 1) and tamped

20 times with the rubber tamper. The mold wes then filled with
mortar and tamped again..The mortar wee then cut off to a
VARG wuirrics ikh with the top of ‘the mold by dFewiag ¥ae
Stratght eage of our trowel across the top of Lhe mold with a
S8Wing motion. The mold wes lifted away from the mortar 1 minute
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after mixing had been completed. Tmmediately, the table was

dropped 25 times in 15 seconds; that is, the table top was

1ifted up and let down by means of turning the handle on the

Machine,. so that the truncated cone of mortar was flattened

Out. The flow was the resulting increase in average dismeter

of the mortar mass over its originel 4" expressed in terms

of percentage of the original diameter: A flow of 100%, for example,

represented a final dlemeter of 8". This diameter increase wes

measured using the calipers and ceale shown in Figure 1. A flow

of from 100% to 115% was acceptable, though the closer to 1004,
the better the mix, If the flow of the mix fell betwesn the
Drescribed 1imits, 1t was usablej; and, after remixing the gari

of the mortar used in making the flow test with the remainder of

the mix, blocks were immediately poured. If the flow fell out-
Side of the limits,, the mortar wes discardeé and a new volume
Of liquid tried with a fresh miX. Using this method, we poured
2"%o%A5" 1) goks containing perventages of Melmac 480 varying

from 1% to 104 with an amount of Sodium Hydroxide found nec=

e8sary to keep the Melmec in aqueous gsolution in each case;y
Other blocks}were-poured containing the same smountes of Scodium

others containing from

Hydroxide, but without the Melmac 480;
still

1% to 5% of bimethylol Urea, & urea fPormaldehyde resiny
Others were poured using Anti-Bacterial cement alone and 1n
Combination with Portland cement. All of these blocks, like the

Others made using the old method, were tested for strength at Cat-

8k111, and the results will be presented under Experimental

Resul tg later.,
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Concrete Oubes and Our Numbering System

oter section), Dunbar (8)

blocks at Catskill

For scid corrosion tests (see 1

ha
d used 2"x2"x1" ‘glebs cut from px"x12"

on t y ; 3 7, o
he mesonry saw. We decided that the sawing @might introduce

an artif
tificial strain on the concrete surface and would con=

fequen
4 tly gilve erroneous results. Therefore, wWe uged in our

acia
teste, only 2"x2"x2" cubes which had been poured as such

eit .
her in Schenectady or at Catskill. At Catskill, metal molds

wWere
available for making these cubes, but since we had noné
of ¢

hese molds at the college, We fPitted our large g2ng mold

With 2WyoM
27x2" squares of tempered masonite on elther end of each
ing S,

ividual mold (photograph, Figure 2). This enabled us to make
am

aximm of 18 2"xo"x2" cubes at one time. Tae srocedure followed

in S TR
POUring all of the cubes which we made 17 schenectady 1is

the :
same modified method used in meking +he longer blocks. The

QU.bC—- ma
i2king at Schenectady was discontinued after 2 later con-
fepr

en

¢e, when 1t was decided, for the sake Of uniformity, to

lea

ve

this task to Catekill, Before this conference, hOWevVer,

Cubeg
were made at Schenectady which contained Portland cement

¥ith us saas
additives (used as the gstandard for co;parison), and
With ;
the same concentrations of Melmac 480 plus NaCH and of
blocks

Naoy
alone which had been used previously in the longer
that yope

Wwere sent to Catskill for etrength tests.. A description of

the r
esults of acid tests on these cubes 18 found in the

Secty
on of Experimental Results.

In order to prevent any confusion of identity of the
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various cubes during the testing in Schenectady, some sort of
numbering system was found to be advantageous by Dunbar., The
system as he devised it, however, was limited as to the quantity
of cubes to which it-could be applied. & modification was
therefore made, and the nidmbering gystem we used during the

past year could have been applied to a _maximum number of

50,000 cubes.,.
Reference to Figure 3 will help to clarify the following

explanation of our numberihg system.,

The "top" of the cube 1s always the surface opposite
the trowelled surface (the "bottom")..It is Givided into 6
lettered sectlions or areas,‘as indicated in Figure 3a. Every
cube will have one hole drilled in the "O" position of the top
indicating, since this is the only surfécé on which there is an "“O
position, that 1t is the "op" . The letters "A","B" "c","D", and "
we have used to represenf\thé days of the wée£,~Monaa§ %hrough Ffiéay,
Saturday having no fetter designation., The purpose for thils
was to make it easier to tell at a glance, the cube's composition,,
‘'since the letter, in essence,, represented the date of pouring,
and our card file on these cubes summarized briefly the
pouring dste and contents., Side 1 1is the side of the cube which

1s directly adjecent to the "A" "0 "p" areas of the top, and

11ke the four remeining faces, will be divided into 5 areas,

numbered ae shown in Figure 3b. Using combinations of these

5 numbers, any number from 1 to 9 may be represented by the

holes drilled in the cube face.. Blde 2 is that side adjacent

to side 1 in a counter-cloclkwise direction; side 3 is dirsctly



FIGURE- 3
CUBE NUMBERING SYSTEM

(A | 5 2
D C €
A o &
£ | Z
0
A 0 B «SIDE |
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Opposite side 1 and side 4 is directly opposite side 2 as

shown in Figure 3c.. The "ypottom" (trowelled surface) was
usually not used since it was the acid action on this surface
in which we were primarily interested. HOWEVEr, if necessary,
the bottom could be used to designate series. Figure 3d shows

cading the bottom face.

power drill press

the correct perspective for r A1l holes

Were dpilled capefully about & decP using &

®quipped with a drill designedafor boring into concrete.

Acid Tests

Dumbar (8) immersed slabs of concrete, 1" x2"x2®, cut
from large oot o™ 1] ocks,, in solutlions of Hydrochloric,
neentrations 0.5%, 1.9%, 2.,0%,

Acetic and Léctic acids of co
then 7 daye more, then

énd 5,0% for 1 day, then 2 days more,
1 of 20 days jmmersion. T

ade in an Oven before‘the

10 daye more, making & tota These slabs

105 degrees centigr

Were deied out at
welghing. After each ex-

Tirst and before every gubsequent

g washed in water, scrubbed

n, the glae® wa

Dog ]
posure to acid the
to remove loose partic

les, dried in

it
"1th a cocoa fiber brush
the oven and weighed; and the solution of scid was changed

and 10 dayse

at: the énd of 1 day, > 98¥yss
epe inherent in this procedure.

Several disadvantages W
y, the cutting
e artificial strcin on’ the sur-

o o " " " - 0.
As mentioned previouslys of 1"x2"x2" slabs from

larger plocks might introduc

face; we therefore used MxoNx2® cubes poured ae such, for all
optant acid used very frequently in the

of our acid tests. An 10P
osphoric acid by name, was not

Cleaning of concrete £1o0re, PP

L
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2 .
ne of those used previously. We therefore added this a2cid to

the 1ist, thus making four acids usable for these acld tests.
Twenty days'seemeé excessively long, and this period

of time for immersion was cut down to 15 days, eince it was

aSsumed that this would give Just 2s complete a piiture as

did the twenty day duration. The practice of drying the blocks
out at elevated temperaturs was very artificiel, and did not
at all simulste sctual conditione. Also 1t was well known that
the heating of the blocks before welghing left them dry before
belng agein placed in acid. The drled out condition allowed

scid to soak into the blocks,
would have been had the

w . ;
ater containing and therefore

more acid corrosion was evidenmced than
blocks not been dried out. This oractice of drying at elevated
temperatures, therefore, wae siscontinued. A study of
PH changes in the aclds during the cortosicn tests (ses Ex-

wed that the aclid was tel

umed,, and thereforg, the aclid

Perimental Results) sho ng used up

more quickly than it had been &8s

ore freguent 1ntervals during the

Solution wag freshened at m

15 day quratiom of tests.
y of the modified test pr
ofter curing 1in water overnight,

A summar ocedure used, then,

Pollowss: The 2"x2"k2" cubes,
prush under running water,.

Were gerubbed with the cocos fiber
ed with a towel,
They were then vlaced in

ringed and surface dril allowed to stand in

ailr for 15 minutes, and welghed.
concentration 0.5%, 1.0%,

150 mi114]4ters of scid solution,
2.0% or 5.0%, on short pleces of glass rod lylng on the bottom

of a» 400 milliliter beaker. The D 1288 rod assured

jeces of g



that any corrosion would take place On 21l six surfaces, though

We were mainly interested in the action on the trowelled surface.

The cubes were exposed for 1 day, then 4 days more, then 10 days

more; the spent acid was replaced with a fresh supply at the

1, 5, 8, and 12 day intervals. At the emd of 1 day, 5 days, and

wae scrubbed and rinsed after beThg washed

15 days,, the cube
In ruaning water, dried with a towel and in air for 15 minutes,
and weighed. After the 1 and 5 day weighings, the cube wes then

replaced in the beaker with fresh acid.
Toward the latter pert of our year, it was declded,
because of the limited amount of time remaining and the large

number of samnles to be tested, O oliminate the 0.5% and 1.0%

This had very 1ittle effect on an

Concentrations from the tesis.

year's work, however, because

Overall interpretation of the
ve sufficient data

the 2,04 and 5.0% concentrations alone g2
for comparison. All four acids, however,=- Hydrochloric,,
Atetic, Lactic,. and Phosphoric--,, were used throughout the

Jear,

Continuous Flow Acid Tests

t we devised during the year

A new type of experiment tha
Floercid Test. In addition to running

We called our Contlnuous
£ varying composition, where

the normal acid tests on cubeg ©

ne under sctual conditlons, what would

We wighed to determl

was accidentally
these varlous additives, or was

hapnen 1f acid gpilled on & concrete floor

mede with cement containlng
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used in cleaning the floor, and accidentally wes not completely

removed or washed away, we also wemted 1O sscertain what would
hapren if 2 steady stream of scid, almost unvarying in concen=
or wes channeled

tratioﬂ, flowed on or over & concrete f1 oor,

through some sort of concrete container. In order to do this,
We set up special apparatus (Figure 4). Mounting the UL L
Cube in a large glass funnel with scid solution comvletely 3
Covering it,, we maintained the acid level by a constant level

lution dropping ateadily at a con-

ato the ligquid above the surface

Overflow. With fresh acld SO

stant rate from a large supply 17

of the cube, partially gpent solution flowed out by means of
the overflow,, after heving passed down offer the entire surface

B the lower end of the 7 if
and the results

of the bloek and 1int unnel. Two different
acids were used,. both 0.5% concentration,

are noted later under Experimental Results.

The Heating of Concrete Cubes

were snterested in resins, most of which would

tion, W€ decided to see

Since we
what effeet high

"

set" with heat addl
temperature neating would nave on concrete blocks, and 1f no
noticeable or measurable harm wes °o)arent at moderate temperatures,

to attempt the heat conversion of the resin in cubes con-

taining Melmac 480, the melaml
and then to test th
The resin 1n its comverted form,

ne formaldehyde resin men-

ese "converted" cubes

tioneda previously,

for acig corrosion resistance.

sedly highly acid resisting, according to the

@lone, was supp®




FIGURE 4

CONTINUOUS FLOW APPARATUS
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company specifications. It was therefore felt that if the resin
could be converted in the comcrete block, it could improve
quite well the resistance 1O corrosion of the concrete by

aclds, Subsequently, we sgcertained that heatihg of the concrete
Up to the temperatures which were necessary for the conversion
0 degrees Centigrade) would not

of most resins (less than 20

harm the concrete if the 1oet water was replaced Dby 2llowinz the

ernight. We therefore carried out

Cube to remain in water OV

taining Melmec 480 which

corrosion tests with the cubes con

en at 200 degrees gentigrade for two

had been heated in an OV

hours in an attempt tO convert the resin.

ort to gecure samples

r no heat at all for "set",

terials which required very 1ittle ©
n time end/or 1n an alkaline medium sueh

were successful in getting

We made special eff of resinous ma=

but whieh would set wit

as cement., One of those which we

Schenectady Varnish Company Phenolic

Was a phemolic resin (
time in an alksline medium,

# SP 8023). Thie vresin sets with
ated to moderate tem

made in Catskill, con-

peratures (aroumd 100 de-

or more repidly if he

Errees Centigrade)..A.series of cubes,
taining 1% of this pesin, was neated at 105 degrees Centigrade
for 1% hours, cured in water, and sent to us for guantitative

acid tests
gse cube sete are

The results of the tects on poth of the

Presented under Experimental Results.

«tice and Reslnous Materisls

»~

The Study of Pla

y of these maeterials, we sought

Tn undertaking the stud
e EEE——



some additive suitable for incorporation 1nto cement, send and

water mixtures which would impart special desirable properties
to the hardened concrete. These desirabtle properties, of course,
are numerous and include, 2mong others, an increase in strength,

a
n increase in resistance to corrosive action of water, aclds

and a decrease 1in denslty andfresulting in-

and other chemicals,
Creasevin air content consistent with strength. Certain nec~-
essary conditioms for thie resinous additive, however, must
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materials at Catskill soO that compressive strength
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Simonds (16) relates that a great varlety of phenolics are
obtainable by a simple variation in ratio of phenol to formalde-
hyde, and by using different catalysts for set. Basically, How=

ever, the polymerization cen best be described by the following

| _ol olt
8.) @ -+ H C\H E @\cﬂzo[{

b

reactionss:
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s11ulose nitrates-- basic

¢ and Ce S
/zl,
i:c,“l or

4, Cellulose acetate

componentss cellulose and acetlc acid, CH’ o

altric acia HNOy -«

nd propertie

b - ‘ - 4
e acidic nature and of the cellulose resins 1n=

m

g of 1ittle value t0o USe

dicated that they would b

m

5, Polystyrenes-= pasic component

H
Styrene,, @.— c = CHr o
formulas
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lyvinyl acetate, DOly
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6. Vinyl cepolymers (including PO
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The group is exer lplifiQd oy polymethyl methacrylates

~z© P z©
::.— ocHy c‘-ocﬂg £ —ocH;
cH * CH ‘”3

2 . 3 1n

8,. Polymides (Nylon)=- besic components:: diamines,
dibasic acids or amide forming derivatlves,

The formula for the polymer (Nylon): 1k

g 0
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B ]

Q.. Polyethylenes=- baslc component:

ethylene,, C”z.:c‘”‘l- = ~ H 1
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H
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10.. Phenol furfural (2 thermosetting resin)=- basic

componentss: phenol,. 7 ol and furfural,, /Io :
\ €=/
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11,  Alkyd resinge== basic componentss

4 : (d
glycerol, HC — € — CHa end phthalic snbydride @/ \o
/ . N\ /

Y 1 s oH %
These resins are sticky, gummy,. and slow in setting.. The phthailic

anhydride is insoluble in water. This type, therefore, was of
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very little use in our work,.

12. Indene plastics-- basic components:

C'f r#
indene,, e and cumarone,, /(i“ -
\ /cu- M O,C'*

C//;
1%, Ethyl cellulose=- basic componeniss:

2lkali cellulose,, and ethyl chloride,,
o L
(H—CHd—CH —CH—CH -0~
i { | CHyCH. &
H, 0 Ma. Ol DOha "
st
The formula for the polymersg
g o e
—CH — CH— ch — ¢ — CH — O~
Ko ! ‘
C,H. O0C, H
ol 14, Silicones=-- basic components
¢
silicon tstrachloride, SA (1.,_ .

The foll@wing reaction 1s typical of the preparation of the

g4licone resinss:

St + 2 CH, )1?)( ——> (chy), Scee, 225> 2net +
GRIENH
ggpomvr (C Hs ). &< @H)z,
cH, cﬁ
. Po yMERIZATION '3 3 CH
(cHs), CloH), "——> i o-—& o-&:
/
CHy "4? CAB

The 1listing ae glven above 18 certainly. not a complete

one, for we have purposely omitted the somewhat less important

and less promising resims such as the allyls, the thioureas, the

. wher-1ik e lign 8
caseins, rubber and rubber=-like mat rials, the lignin and soy=
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bean plastics, etc. In working with these components, we have
tried to be as selective as possible without eliminating any

possibility which showed the slightest prombse,

While the above list of components and others not mentioned
above were being tested in our laboratory, the literature was
continually being searched to find out yhether the properties
of the plastic alone would be advantageously usable in our
work. Of much help in narrowing down the possibilities was the
Plastics Properties Chart of the Modern Plastlics Encyclopedia
Issue (13). From a study of this chart and of the reference text

By Richardson and Wilson (17), and with our laboratory tests on

components in mind, we prepared a list of what we believed to

be the most promising prospects. We sought the following prop=-

erties in the resins: high compressive, flexural, and tenslle

strength; high resistance to impact; high reslstance to heat;

varied color possibilities; & negative sunlight effect; and high

resistance to corrosion by weak and strong acids and alkalles,

The 1ist (Table 1) denotes the resin type, and the trade names

under which these are available., In most cases, more than one

trade name is given for each type of resin because of the large

number of variations possible within each type. The numbers following

the trade names refer to the manufacturers,. listed in Table 2,

Unfortunately, we were not successgful in securing all

of those in the 1ist because of the limited time we had, and the

rather lengthy delay on the part of the manufacturers in answer-

ing our requests and necessarily discreet inquirles..

During the course of the year, however, we managed to
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TYPE

Melamine formaldehyde or
melamine-urea formaldehyde
(Melurac)

Phenol formaldehyde or
phenol furfural (Durite)

Silicone

Epoxy

Polysulfide epoxy

Polystyrene or

polystyrene butadiene (Pliolite)

Vinylidene chloride

Polytetrafluoroethylene

Acrylate and Methacrylate

Polymide
Polyvinyl chloride plasticized

Chlorinated rubber

Latex

TRADE NAMES

Fiberite (1), Melantine (2),
Melmac (3), Melurac (3),
Plaskon (4}, Resimene (5).

Resinox (5), Durez (6),.
Durite (7), Bakelite (8)
Heresite (9), Plenco (103,
Textolite (11).

Bakelite (8), GE Silicone (11),

Dow Silicone (12).

Araldite (2), Pylene (13),
Cardolite (14).

Polykast (13), Thiokol (15).

Lustrex (5), Bakelite (8),
Styron (12), Pliolite (23).

Ssaran (12)

Teflon (16), Chemelec 300 (17),
Fluoroflex-T (18).

Plexiglas (19),. Lucite (16).

Nylon (16), Nylatron (20),
Gering NRW (21)..

Marvinol (22), Pliovie (23),
Geon (25)..

Parlon (24).
Lustrex (5), DuPont Latex (16)
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Number MANUFACTURER ADIRESS

(1) The Fiberite Corporation Winona, Minnesota
(2) Ciba Company, Ine. New York, New York
(3) American Cyanamid Co. "
(4) Barrett Div., Allied Chemical i

and Dye Corporation "
(5) Monsanto Chemical Company Springfieid, Mase,.
(6) Durez Plastics and

Chemicals North Tonawanda, N,Y,.
(7) The Borden Company New York, New York
(8) The Bakelite Company "
(9) Heregsite and Chemipal Co. Manitowoc; Wisconsin
(10) Plastics Engineering Co. Sheboygan, Wisconsgin
(11) General Electric Co, Pittefield, Mass,
(12) Dow Chemical Co, Midland, Michigan
(13) | Polymer Industries Inec. Springdale, Conn,
(14) Irvington varnish anda

Insulator biv.,

Minnesota Mining ana

Manurscturing Co, Irvington, New Jersey
(15) Thiokol Corporation Irenton, New Jersey
(16) ' E.I.DuPont de Nemours co.,Inc.Wilmington, Delaware
’(17) United States Gasket Co. Camden, New Jersey
(18) Resistoflex Corporation Belleville, N,J,
(19) Rohm and Haas Co, Philadelphia, Pa,
(20) The Polymer Corporation Reading, Pa,
(21) : Gering Products Inc. Kenilworth, N.J,
(22) Naugatuck Chemical Co. Naugatueck, Conn,.
(23) Goodyear Tire and Rubber Co. Akron, Ohio
(24) Hercules Powder Co., Inec. Wllmington, Delaware

(25) B.F. Goodrich Chemical Co, Cleveland, Ohio
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study rather completely eight different types of resins, and
including several diversifications of what were two of the most
promising types: the melamines and the phenolics, The eight
types were:

a) phenol formaldehyde (3 variations)

b) phenol furfural

¢) resorcinol formeldehyde

d) urea formaldehyde

e) melamine formaldehyde (3 variations)

f) polyvinyl chloride vinylidene chloride copolymer

g) latex
h) silicone

We also received another latex product very late in the year, but

no experimental work was done on it.
The Laboratory Work

The laboratory work on these resins consisted of three steps:

step 1, qualitative and semi quantitative testing of the basic

components of resins; step 2, a qualitative and semi quantitative

testing and evaluation of the promising resins; step 3,, quanti-

tative acid corrosion testing in Schenectady of concrete

cubes made, in most cases, at Catskill, with these materials

incorporated into the mix. In steps 1 and 2, we noted especially

any development of unusual properties with Portland cement
and the additive. This, of course, was done in order to cateh

any tendency on the part of the mix, toward simulation of the

properties of Blue Bond mortar cement, .
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Step 1 was carried out as follows: 100 grams of Portland
cement and 25 milliliters of water were used as the "standard"
mix, the consistency being Judged only qualitatively, No sand
was added, The variogs resin components, with certain additions
to and omissions from the list presented previously (based on
their availability),. were added to a mix of 100 grams of
Portland cement and enough water (about 25 milliliters) to
achieve a "normal" consistency. These materisls were added
separately, in percentages ranging usually from 1% to 10% vy
welght of the cement; then, suitable combinations of components
were tried in the mix, again in varying percentages. The com-
binations, e.g., phenol and formaldehyde, probably did not
form any polymers when combined this way, nor did we expect such
to happen,

In each case, the solution (water plue additive or
additives) was poured into the void surrounded by the curcular
wall of cement (much as the meson mixes his concrete).. The 1iquiq
was then covered with cement from the outer portion to prevent
evaporation, and after allowing time for the eement grains to
soak up most of the liquid, the mix was thoroughly blended
using a trowel, formed into a ball, worked with the trowel again,
and finally deposited in a paper lined cup cake mold, where it
was allowed to set. The mixing process was carrted out entirely
on a steel plate. In these tests, we attempted to determine
several things: the ease of mixing and compatibility of the addi-
tive with the cement and water; any precipitation caused by the

additive; any significant volume or density difference as come
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pared to the "standard" (seeking air entrainment); compara-
tive time of set (semi quantitative only, Viecat test not used);
pPhysical propertiesof the mix (butteriness or "fat", workabil-
ity, color changes, etc.). A summary of the reéults on step 1
is presented later in the section of Experimental Results,
Step 2 laboratory work followed the following outline:
a, Qualitative physical anaiysis of the resin, in-
cluding company specifications on their product,
b. Measurement of pH 1f 1liquid; test for solubility
in water.
c. Tests on the resin alone
1) Ordinarily, what are the conditions for set
of the material?
2) After set, does i1t exhibit unusual properties
of acid or water resistance?
3) How does a high alkaliniiy affect the setting
process, 1f at all?®
d. Tests with the reéin in a cement and water mix
1) Compatibility and ease of incorporation into

mix was determined,

2) Do desirable properties of butteriness, etec.,

develop in any of these mixes?

3) How is the cement set time affected by the resin

addition?
4) How do the physical properties of these mixes

with the resins differ from untreated cement-watepr

mix after set?
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5) Qualitative water and acid resistance tests on
the cakes after set.
€. Ewaluafion of the additive,.

The cakes for part "d" of step 2 were made in the same way
as were those for step 1. Thé results for step 2 are also pre-
sented under Experimental Results.

Step 3 followed if the evaluation of the'resin in step 2
was at all favorable., At Catskill, the maximum amount of each of
the materials we submitted to them was incorporated into a
series of 2"x2"x2" cubes made with floor topping mixes of con-
crete by 1nterériﬁding the material, in most cases, with the
cement. Some additions were made to the mlxing water also, but
the main effort focused on intergrinding,, since the corporation's
interest tended toward successful intergrinding of a promising
material with the product to be marketed. The cubes made at
Catskill were sent to us in Schenectady, and we carried out
step 3,, the quantitative acid corrosion tests, in the manner
desceribed previously under Acid Tests (Page 19).. The results

of these tests are presented in the next sectlon, Experimental

Results,
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EXPER IMENTAL RESULTS

For the sake of simplicity, this section will be di-

~ vided into eight part§; Part 1 will contaln results of step 1

of the laboratory work consisting of the gualitative and semi-
quantiiative testing of the basic components of resins;- Part 2
will contain results of step 2 of the léboratory work con-
sisting of the qualitative and seml-quantitative tests on the
resins themselves; Part 3 will contaln the results of strength
tests made at Catskill on conerete blocks containing the various
additives; Part 4 contains the results of acld tests,. run
partially on the old basis, on concrete cubes of Anti—Bécterial

Cement and of the floor topping bBasis for ABC, Blue Streak Air
Entraining cement; Part 5 18 the tabulatlon of changes in pH
during acid tests; Part 6 consists of results of the acld tests,,
'run with the modified procedure as explained previously, on
concrete cubes containing the various resins with which we
worked this yéar;-Part 7 deseribes results on the Continuous
Flow Acid Tests; Part 8 1s concerned with acid tests on 2 sets
of cubes, 1 containing Melmac 480, the other containing a
phenolic resin, both sets having been heated 1in order to try to
convert the resin to its permanent form., These acld tests are

compared with tests on unconverted cubes containing the same addgjtw

ives,

Part 1

Except where modification 1is indicated, all of the ingre-



dients tested were added in percentages of 0.5, 1la8y 2.0, 5.0
and 10,0 per cent each, and the results on each studied.

Formaldehyde additions mixed easily in all percentages,,

formed no precipitates, and developed no desirable properties
of butteriness, etc. ﬁo distinct volume increase due to air en-
trainment was noted when compared with the"standard". As the
percentage of formaldehyde added was 1néreased, the time of set
decreased; the strength of the set cakes appeared unharmed due
to the formaldehyde.

Phenol additions mixed easily; no precipitates or butteri-
ness was noted,, nor was there any distinct volume increase. The
time of set was slightly less than normel and unvarying as the
phenol percentage was increased. A pink color, characteristic
of phenol, cement and water mixes, appeared in samples containing
the higher percentages of additive. Less water was required for
a normal mix as the phenol percentage rose; the strength of
samples with less than 5% phenol appeared normal, and those with

5% and 10% phenol were only slightly weaker than normal.
Phenol and formaldehyde together mixed well with the cement

in the percentages under 5%. The time of set decreased

slightly with increasing percentages; no preclpitates were formeq;

there was no simulation of BB mortar cement..
Urea was compatible; it mixed well, formed no precipitates,
and did not simulate BB cement. Times of set were normal;

however, the 5% and 10% samples did not set well and were weak,

Urea and formaldehyde mixed well; set time was accelerateqd

in each case, and no BB simulation was apparent. The higher
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percentages did not set well and were weak,

Glycerol and glycol (separately) mixed well in all

cases, Set times in both kinds of mixtures were accelerated.
No simulation of BB cement took place, no predipitates weré

noted, and the strength was unaffected by increased additive

concentrations. =

Phthalic anhydride could not be incorporated into a cement-

water mix; therefore, comblnatlons with glycerol and glycol,
with which it forma alkyd resins, were also impossible in

our tests, _
Cresol addition caused a loss of cohesiveness in the mix,

No desirable properties simulating BB @ement were in evidence;
set times appeared normal and no precipitates were formed.
Casein was water insoluble, and could not be used in

this work,.
Vinyl acetate was tried also, but appeared to offer no

advantages with 1ts use.
Many of the other ingredlents were unavailable in our

laboratory, and therefore could not be tested,

Summary: The addition of these resin components, alone

and in combination appears to do no harm to th® cement-water mix

at concentrations not exceeding 2.0% by weight of the cement.

No desirable properties such as those exhibited by the Blue Bong

mortar cement havé developed as a result of these additions,

however. One undesirable property may be the accelerated set

time exhibited in some cases. This component test list was neceg-

sarily incomplete.
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Part 2

Phenol formaldehyde--3 variations studied. The first

variation, a liquid phenolic (Schenectady Varnish Company
#SP> 609) proved entirely incompatible with a cement and water
mix as it destroyed the strength of the resulting "concrete"

completely. The second vardation, another iiquid pﬁenolic,

(Schenectady Varnish Company #SP 8023) appeared to be water

soluble 4nd compatible in all proportions with the cement and

water mixes., Though no simulatilon of mortar properties was discov-
ered here, the resin appeared to impart some added protection to
the concrete surface against water and acid action. Heat conversion
was tried with this resin also, and favorable results were obe
tained upon immersion of the concrete in acld solution, This

resin was a water soluble, heat reactive phenollic which would
polymerize at room temperature in an alkaline medium with

time, Its specifiec gravity upon receipt in our laboratory

was recorded at 1.22. the resin was sent on to Catskill for

further testing and cube making. The third variation was
Monssnto Chemieal Co.'s liquid bonding resin, “Resinox 468“,
It was a clear, tan colored liguid with a pH vélue of 7.2.ﬂ1ts
solubility in water is an inveese function of time: the lohger

it stands, the less soluble 1t is. A’ temperature exceeding

100 degrees Centigrade polymerized the material alone. It was

compatible with the cement and water, but not in all proportions,
a whitish precipitate forming in water solutlion when the sol=-

ubility limit wes reached., Set times were greatly retarded;



other physical properties of the mix remeined "mormal". The
addition ®f this material produced no unusual acid corrosion
resistance., A smmple was forwarded to Catskill for further teste
ihg and cube making since no undesirable properties, outside

of set time retardation, appeared.

Phenol furfural-- 1 sample studied: The Borden Company's

"Durite S4120", a phenol furfural novolak converted by 10%
hexamethylene diamine to a thermosetting plastlic. It was a
brown solid in various size chunks, the smaller pledes re-
sembling iodine crystals in luster and color, A phenol odor
was present. This material was insoluble in water and was converted
to the polymer at a temperature greater than 125 degreecs Centigrade,
The resin appeared to be water and acid resisting, and was diffi-
cultly mixed with cement and water, though 1t appeared to be
compatible., A normal setting time was noted and a lighter weight,
darker colored cake resulted with no outstanding acid resistance
noted. The sample was sent to Catsklll,

Resorcinol formaldehyde-- 1 sample studied: Schenectady

Varnish Compa,ny's Resorcinol # 1505-_A. A viscous, reddish brown

1iquid of pH originally 2.0 but raised. to 9.0 by the addition

of NaOH. A high alkalinity appeared to enhance the set ot the

meberigl, It appeared to be water and acid resisting; the un-

polymerized material was compatible when mixed with cement and

water. No simulation of mortar cement propertles occurred; the

set time was accelerated appreclably. The sample was sent to

Catskill.

Uree formaldehyde-- 1 gsample studied: Dimethylol urea,

We found that this material offered no particular advantage




45

when used with cement in our work. It wae tested early in the
year, and found to be insoluble in water and incapable of

being distributed homogeneously in a cement-water mix. It had

only poor resistance to acid corrosion, and was therefore dis-
carded asg a possibiliéy. No cubes were made containing this resin,
though the compressive strength of concrete with it as an additive

was determined at Catskill.
Polyvinyl chloride-vinylidene chloride copolymer-- 1

sample studied: B.F.Goodrich Company's "Geon". This was a
wellowish white solid, having no odor and being insoluble in
water. Heating above 100 degrees Centlgrade converts it into
an acid resisting mess. This material was incorporated into
our cement-water mix only with much difficulty, because of 1its
water insolubility. The set time appeared to be retarded and
no outstanding properties developed. The sample was forwarded

to Catskill.
Melamine formaldehyde-- % variations studied. The first

veriation was American Cyanamid Company's Melmac 480, used by

Dunbar (8) and in our work this year. It 1s a water soluble

liquid only with the addition of alkali to the mixing water, This

material was tested early in the year, and cubes of Portland

cement containing 1t were made in our lab in Schenectady. It

wae compatible, but did not offer outstanding properties of

The Becond variation was American

acid corrosion resistance.

Cyanamid Company's Melamine 421, and thls was an unfilled melamine

formaldehyde, free flowing, dry white powder. It was a water soluble

low reacted form of a heat setting resin, Heating at a temper-

ature above 150 degrees centigrade converted thls material to
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a plastic whiech appeared to be soluble in Hydrochloric acid

and in water. It:was discovered that, 1iKe Melmac 480, excess
alkall was necessary for a uniform water solution., The set time
of this cement-water-resin mix was close to normal, and no simu-
lation of BB cement properties took place. This material was
forwarded to Catskill for strength tests and cube making for our

acld tests, The third variation was Monsanto Chemical Company's

"Resimene 814?,,a melamine formaldehyde powder, water soluble,
Sffering surféce'hardness,gheat, abrasion, alkali and chemieal
resistance, according to the specifications sent to us, A white
8011d mass was produced with heat, stable to water and to acid

to a reasonable extent. Alkall solution appeared to prevent

the proper polymerization qf the material. The normal polymer-
1zation was cataiyzed to a few minutes time by the addition

of the catalyst supplied by Monsanto-- Resimene RA~032, a liquid
with pH equal to T.6. In cement—wéter—resin mixes, no simulation
of BB mortar properties was noted; a normal set time was observed,

and there were signs of greater than usual resistance to corrosion,

but no exceptional evidence. This material was also sent to

Catskill.
Latex-- 1 sample studied; though another sample was receiveqd

in our lab from the DuPont‘Companj,Ano work could be done on

it in connection with our project since it arrived extremely
late in the year. The sample that was studied was Monsanto
Chemical Company's Lustrex Latex 201, a white liquid of pH
equal to 10.3 (this high pH was to De expected, since the latex

1s suspended in a solution of ammonia). Temperatures above 80
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degrees Centigrade polymerized the material., It was completely
compatible in the cement-water mix, and developed no outstanding
properties of the BB mortar cement. The set time of this cement-
water=regin mix was gpeatly accelerated, to the extent of abodt
4+ of the normal time required. Corrosion resistance was not

exceptional, but deserved some note. The sample was forwarded

to Catskill.
Silicone-- 1 sample studied: General Electric Company's

Silicone # 81543 (developmental sample), a liquid, greenish
yellow in color, with a density of 1.052 and 2 pH value of

about 5.0. geating at temperatures greater than 100 degrees
Centigrade set a sample of this resin somewhat, but on the
addition of alkali, a rapld set took place. The set resin was
definitely water resisting and appeared to be acid resisting
aléo. It was completely compatible in cement-water mixtures, and
accelerated the set times of these mixes slightly abome normal,
Slight but not exceptiomal "butteriness" was observed in the
mixes. No harm in strength of the resulting set cake was
apparent. This sample was sent on to Catskill for further

testing and for jncorporation into cubes for gquantitative

acid tests.
Summarys Of the elght types of resins studied, only the
ures formaldehyde sample (dimethylol urea), one variation of
the phenol formaldehyde.type (Schenectady Varnish Co. #SP“609)t
and one variation of the melamine formaldehyde type (Melame 480)

were not sent to Catskill for further testing and cube molding:

the phenolic and the urea resins not sent were deemed not worth-

while in this work, and cubes containing Melmac 480 with Port-
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land cement were cast in Schenectady using the gang mold
fitted with tempered masonite squares as described previously.
None of the other resins tested exhibited undesirable proper-
ties for the most part, and all were therefore forwarded to

Catskill, where 2"x2"x2" cubes of a floor topping mix con-

taining them as additives were cast.,
Part 3. Comprescive Strength Test Results

All compressive strength tests were carried out at Catskill
on their compression testing machine., Tests were made this year

on samples containing the following additives:
(1) Sodium Methyl Siliconate (General Electric Co.)

(2) Melmac 480 in percentages varying from 0.01%

to 10.0% by welght of the cement.
(3) Anti-Bacterial Cement alone and in combination

with Portland cement (504 each in the second instance),

(4) Dimethylol urea in percentages varying from
1.0% to 5.0%.

(5) Phenolic SP 8023

(6) Silicone 81543

(7) Melamine 421

(8) Durite 54120
(¢) Resorecinol resin ISOS-A
(10) Lustrex Latex 201

(11) Resinox 468

(12) Resimene 814 plus catalyst Resimene RA-032

(13) Geon
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(14) Blank (standard, containing no additives),
For numbers (1) through (4) inclusive, curing in water
for 28 days tbok place before testing. For numbers (9)'through
(14) above, one day teésts were glven. Unfortunately, we do
not have the information on numbers (5) through (8), though
we presume that the tests were made on these samples,. The

results of these tests appear in the data table onm the next

page; Table 3..



TAELE 3.. COMPRESSIVE STRENGTH TEST RESULTS 50

SAMPLE CONTENTS PER_CENT ADDITIVE COMPRESSIVE STRENGTH (PSI)
o 0.07% 5130 (avg.
E gy 32 o
PC an:.:i (2) 0.01. s

" 0,05 4183
a ot 4458
u 0.5 3267
i 340 4250 (4300)
0 2.0 4375 (4825)
: 13:0 3400 (3675)
PC and (4) 1.0 : 5{27 (1750)
) 2a2 5125
: 5.0 5992
proe Ol 4425
ABC and (3) 50,0 4375
HES 0.0 2400
HES and (5) 0.1
HES and (6) 0.1
HES and (7) 0.2
HES and (8) 0.1
HES and (9) 0.1 2275
HES and (10) 0.1 2750
HES and {11) 0.1 5600
HES and (12) 0.1 & 0.25 2875

In the above table, PC stands for Portland Cement,,
ABC for Anti-Bacterial Cement, and HES for a floor topping
mix of High BEarly Strength cement. The numbers in parenthesis

refer to the 1ist of additives on Pages 48 and 49..
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The standard for comparison for all of the samples
made with HES cement and compressive strength tested after
curing in water after only one deay was 2400 psi. We noted that
none of the additives tested for which we have results, harmed
the strength appreciably. In general, in most cases, the strength
increased, though not greatly. It 1s seen that a‘so% PC-50% ABC
mix gives the same results (approximately 4400 psi) as a straight
ABC mix, and both of these appear to have less strength than
ordinary PC (5130 psi).

Inéreasing perpentages of Melmac 480 appear to decrease
the strength, The filgures in parentheses alongside those for
Melmac additlves are fhe test results on samples whieh con-
tained NaOH alone in the conecrete in the same percentages used
in the corresponding Melmac 480 sample, It is seen that there is
little difference between the strengths of the two sambples in
each case, though the sample which contained the same quantity
of NaOH as was used together with Melmac 1in the 10% sample, was

tested much weaker (by 1000) then this 10% Melmac sample,

This is perhaps explicabie on the basis of the individuality of

the samplies, since they were poured at separate times from

difterent batches. At any rate,. it is certain that NaOH alone

or with Meimac 480 in increasing percentages, decreases measurably,

the strength of the concrete.

Dimethylol uree a2ppears to have no effect on the strength,

except that the 5% addition gave a sharp unexpected strengtn

1ncrease.A

With the possible exception of the higher percentages of



Melmac 480 and NaOH, then, none of these additives appeared to
harm the strength of concrete, based on a normal sample con-
taining no additives; and in some cases, especially with the

Hign nariy Strength floor topping mixes, enhanced that strength

slightly over the norm.

Part 4. Hesults of Unmodified Acid Tests on
Concrete Blocks Made Up With Anti-

Bacterial Cement and Blue Streak Air

Entraining Cement..

There are results listed in Table 4 for two series of
cubes tested using the 20 day duration and three acids, Hydro-
chioric, Acetic, and Lactic acids. The concentrations used
are given also in the table. The BSAE cement we understand to be
the basis for ABC cement.

The first column in the table lists the acid and its

concentration; the second through fifth columns indicate the

weight losses in percentage of original welght first of the
ABC cube, then of the BSAE cube after 1 day of immersion,
3 days, 10 days, and finally arter 20 days of immeréion respectively,



TABLE 4, ACID TEST RusSULTS UN ABC AND BSAE SAMPLES o

PERCENTAGE LOSSES
ACID 1l Dey Lose 3 Day Loss 10 Bay Loss 20 Day Loss
ABC BSAE ABC BSAE ABC BSAE ABC BSAE

0.35% H . .0 o0 .0 .0 .0 .0 .0 B
00'70% H 02 03 0-4 ob 06 .~d 09 .9
1.00% A .2 o2 + 5 o2 +b oD .9 5
2,007 A 4 - .8 o7 0. L0 20 1S
1.004 L. .0 .0 s .0 o2 o2 o 2
2000% L 03 o-o 03 03 05 05 08 .7

H is Hydrochloric acid, A is Acetic acid, L is Lactic acid,

The ABC cubes were made using the followlng recipes

666 grams of Anti-Bacterlal Cement, 666 grams of concrete sand,

and 1000 grams of stone, 3/8" to 8 mesh. The BSAE cubes used

-

Blue Streak cement, conerete sand and stone in the same

proportions..
As seen from the table, there is hardly any difference

in corrosion on ABC and BSAE cubes except in the case of the

Lactic acid, which seemed to corrode ABC slightly more than

it did BSAE.

-
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Part 5., Changes inm pH During Aclid Tests

A study of the effect of the cencrete on the acids

during acid tests was .made in order to determine whether

corrosive action on the concrete decreased the acld concentration
seriously and whether, as a result, 1t was necessary tb change
the acid in the beakers more often during the course of the tests.
Two different types of concrete cubes were used: one set

contained Anti-Bacterial Cement, the other contained regular

Portland cement.,

The figures in Teble 5 show what happens to the pH
value of water or the acid solution (150 milliliters in each
case) in the presence of 2"x2"x2" cubes of both ABC and regular
Portland cement during fouf days‘of observation, Naturally,

the same solution was used each time readings were taken, small

samples having been removed for pH measurement with the

Beckman pH meter.



TABLE 5. pH VALUES FOR SOLUTIONS IN CONTACT WITH
CONCRETE CUBES.

pH VALUES

START 1 BAY 2 DAY 3 DAY
SOLUTION ABC PC ABC Pg ABC PC ABC 2C
Water 6,0 6.0 11.5.3156:31:5 13T dd.0 1139
U.5% H 1.0 1.0 5.3 4.9 7.8 5.3 94 7.7
1.,0% H 0.7 0.7 "33 3.0 4.6 3.4 0.2 #,1
ZQO% H Ooll' 004 2‘9 200 306 2‘9 405 303
5.0% H 0.1 0.1 2,7 0.6 D4 12 56 2.0
Ve5% A 3,3 3.3 5.2 5,0 6.2 5.8 10,5 10.0
1.07 A 2.9 2.9 Eol- 5.l B 8al Tl 9L
2.0% A BT 2.7 8T 80803 Bl 5.8 5T
5.0% A 2.4 2.4 4.7 4,5 5.1 4.5 5.3 4.9
0.5% L 2.6 2.5 5,0 4:6¢8.3 854 11.111.0
1.0 L 2,3 2.3 4.3 4.4 4.7 4.6 6.1 6.0
2.,0% L 2.2 2.2 4,1 3.8 4.6 4.1 5.6 5.0
5.04 L 1:8 1.8 #0028 AT F.015.8 4.3
0.5% P 1.7 17 48 AT %9 4.8 5.0 4.9
1.04 P 1.5 1.5 8.3 5l Al 3 AN S
2,04 P 1.3 1.5 <237 2.6 3.2 BeDunBen 340
5.0% P 1.0 1.0  2e& 2.2 3028 3.8 2.8

H 1s Hyarochloric acid; A 1is Acetic acidj
L is Lactic acid; P is Phosphoric acid.
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Tt is seen from this table that the acld weakens quite

seriously during the attack on the cubes, with almost no

difference in effect on solutions with either ABC or PC,

These results bear out what we had suspected;: and

on the basis of t
scid test procedure. Thes

under Experimental Procedure.

he results, suitable changes were made in the

e changes were 1indicated previously
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Part 6,. Acid Tests, Run with the Modified
Procedure on Concrete Blocks Containing
Resinous Materials as Additives,

Using the modified procedure outlined previoulsy under

"Apparatus and Procedure", many acid corrosion tests were
conducted on concrete cubes containing-the resinous materials
whose study has been described in Part 2 of this section.
There wag an interesting result apparent when cubes of
Anti-Bacterial Cement and cubes of regular Portland cement

were acid corrosion tested and the resulting weilght loss per-

centages compared as in Table ..

COMPARISON OF ACID TEST RESULTS ON ABC AND PC.

TABLE 6.
PERCENTAGE LOSSES IN WEIGHT
1 DAY 5 DAYS 15 DAYS
SOLUTION ABC PC ABC BC ABC B¢

_ ! 0.0 0.1 0.0 0.8 1.9
S:%é H AT e S-Sl B SR B
2,04 H 0.9 2,2 ] 6.3 6.5 20.0
5.0% H 2,9 8.3 7.0 - 19.0 ' 20,0 & SU.0
0.5% A 0.0 0.1 0.0 0.1 0.0 0.5
1.0% A 0.0 % 0.2 0.7 1.0 2.4
2.,0% A 0.2 0.4 0.7 1.4 1.9 3.3
500% A 0.9 1.0 2 305 5.6 8.0
0.5% L 0.0 0.0 0.0 0.0 0.0 0.0
1.0% L 0.0 0.0 Bl 0.2 0.5 0.8
2.04 L 0.0 el 0.3 0.3 1.3 3.4
5.0% L 1ol 1.5 2.0 4.8 6.4 16.4
0.5% P 0.0 0.0 0.0 0.0 0.0 0.4
1.0% P 0.0 0.0 0.0 0.2 0.6 2.2
2.07 P 5.8 Bl 05 i 1.8 28,0
5.0 P 0.6 2.1 1.8 - 6.0 6.4 1B.7T
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As expected, the data bear out our susplcion that the
smoother cubes consisting of ABC cement would resist corrosion
better than ordinary concrete cubes made with PC. Several coneclusions
can therefore be drawp from this data: Anti-Bacterial Cement 1is morg
acld corrosion resisting than regular Portland cement-- this is to
be expected since the ABC cement is designed as a floor
topping mixture;; Hydrochlorie acid giveé the strongest attack
in our tests, with Phosphoric acid next, followed by Lactic
and finally Acetlc acid;: the amount of corrosion is in direct

proportion to acid concentration and to time of exposure,

We next present two sets of results. The first set
comprises tests on Portland cement cubes with no additives as
compared to cubes made up with varying percentages of Melmaec 480

in a PC,. concrete sand (Ottawa graded) and water mix. The
second set comprises teste on a High Early Strength conerete
as standard compared with this same floor topping mix combined

with 10 different resins. These results are tabulated as follows;

first set, Tables Ta, Tb, and Te;: second set, Tables 8a, 8b,

and 8e.
For the first set of data, Tables Ta, Tb, and Te, certain

abbreviations were used. These are given below with appropriate

explanations
1M is cube containing 1.0% Melmac 480 plus 0.25% Naog (2¢)
oM ie cube containing 2.0% . " 0.354 E
R e A

5M is cube containing 5.0%
H ie Hydrochloric acid, A 1s Acetic acid,
L is Lactic acid and P is Phosphoric acid,



TABLE Ta.. ACID TEST RESULTS ON PCRTLAND CEMENT CUBES 58
CONTAINING MELMAC 480.

PERCENTAGE LOSS IN WEIGHT AFTER 1 DAY IMMERSION

SOLUTION PC 1M oM 5M
0.5% H 0.0 0.3 0.1 0.0
1.0% H 0.8 0.8 0.5 0.5
2.,0% H il s 2.8 S 1.9
5.0% H 8.5 8.6 9.3 4.7
0.5% A s P | 0.0 0.0 0.0
1.0% A 0.1 0.1 0.0 0.0
2.0% A 0.4 0.0 0.3 0.3
5.0% A 1.0 1.4 1.5 1.4
0.5% L 0.0 0.0 0.0 0.0
1.02 L 0.0 0.0 0.0 0.0
2,00 L 9.1 0.2 0.1 0.2
5.0% L 1.5 1.6 1.3 1.5
0.5% P 0.0 0.0 0.0 0.0
1.0% P 0.0 0.1 0.0 0.0
2,0% P 0.1 0.3 0.2 0.5

1.4 1.5 2.9

2al

]
g



TABLE Thb, ACID TEST RESULTS ON PORTLAND CEMENT CUBES 59
CONTAINING MELMAC 0.

PERCENTAGE LOSS IN WEIGHT AFTER 5 DAYS IMMERSION

SOLUTION PC v 2M 51
0.5% H 0.0 0.3 0.0 0.0
1.04 H 1.8 1.2 » %, 1.8
2,02 H 6.3 - 6.0 6.3 5.9
5.0% H 19.0 20.5 21.8 20.5
0.5% A 0.0 0.0 0.0 0.0
1.0% A 0.7 0.1 0.1 0.2
2.07 A 1.4 1.0 0.8 1.0
5.0% A 3.5 5.7 6.9 5.2
0.5%4 L 0.0 0.0 0.0 0.0
1.0% L 0.2 0.0 0.3 0.0
2,04 L 0.3 0.5 0.7 0.5
5.0 L 4,8 4,9 4.7 % B
0.5% P 0.0 0.0 0.0 0.0
1.0 P 0.2 0:3 0.4 0.4
2.0%2 P s | 1,2 1.0 g
5.0% P 6.0 5.8 6.0 6.0



TABLE Te¢.. ACID TEST RESULTS ON PORTLAND CEMENT CUBES 60
CONTA INING MEIMAC 480.

PERCENTAGE LOSS IN WEIGHT AFTER 15 DAYS IMMERSION

SOLUTION PC i 2M 5N
0.5% H 1.9 0.3 1=5 : B 1
1.0% H Gl 5.8 Tak 6.7
2.0% H 20,0 - 20.4 20.8 18.7
5.0% H 50,0 56,0 57.0 56.5
0.5% A 0.5 0.0 0.2 0.0
1.0% A 2,1 0.1 1.4 : %)
2.0% A 343 : Ok ¢ 3.5 5.3
5.07 A 8.0 18.1 14.6 12.0
0.5% L 0,0 0.0 0.0 0.0
1,06 L 0.8 0.0 0.7 0.6
2,0% L 3.4 283 2.3 2,4
5.0% L 164 17.6 15.8 13.0
0.5% P 0.4 0.0 0.0 0.7
1.02 P 2.2 1.9 Tond 2.5
2.0% P 6.0 545 e 6.2
5,09 P 15,7 17.1 17.3 17.1



As one glances at the preceding tables horizontaily
across the page, 2 trend is noted. With Hydrochlorie acid
and Acetic acid, a slight decrease in corrosion is seen to take
place as the percentage of Melmac 480 adced is increased.
There is almost e status quo with Lactic acid, and the corrosion
caused by Phosphoric acid is seen to increzse slightly with
increasing percentage ot this additive. The increased resistance
to Hydrochlorie acid and Acetic acid which seems to be present here
i1s not great enough to warrant further research on the additive
S8ince these increases in corrosion resistance must pe balanced

against the decrease in strength, among otner things, when

welghing the value of an additive,
It is here noted that, since Sodium Hydroxide was neecceq

10 keep the resin in water solution, cubes of Portiana cement
containing the same amounts of NaOH as were used in the correg-
ponaingvcubes with the resin (percentages were noted on Page 57)
were also tested for thelr corrosion resistance, for the sake or
comparison. The results were very similar to those already tabe
ulated for the Melmac cubes, and are tuerefore not recorded
here,

The additives in the tables on the next! few pages are
referred to by number for the sake of economy of space, The
numbers refer to the listing which follows, in which all But
additive #2 were interground with the cement.. The #2 additive,
which is the same as additive #1 (Phenolic SP 8023), was addeqd
to the mixing water rather than being Interground with the
High Early Strength cement used in making up the floor topping

mix cubes that we have tested.
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The additives below are referred to by their number
in: Tables 8a,.8b, and 8ec..

ST'is the standard,, and contains no resinous additives
1 contains 1.0% Phenolic resin,. Schenectady Varnish |
Company #SP 8023.

2 contains 0.9% Phenolic resin, as above.

3 contains 0.1% Silicone resin, General Electric

Company # 81543 (developmental sample).

4 contains 0.2% Melamine resin, American Cyanamid

Company # 421.
5 contains 0.1% Durite, The Borden Company phenol

furfural resin # 854120,
6 contains 0.1% Resoreinol resin, Schenectady Varnish

Company # 1505-A.
7 contains 0.1% Lustrex, Monsanto Chemical Company

latex resin # 201,
8 contains 0.1% Resinox, Monsanto Chemical Company

1iquid bonding phenolic # 468.

9 contains 0.1% Resimene,. Monsanto Chemical Company
melamine resin # 814, and contains also 0.25% catalyst,
Monsanto Chemical Company's Resimene RA-032,

10 contains 0.1% Geon,. B.F. Goodrich Chemical Company
polyvinyl chloride-vinylidene chloride copolymer, .

In the tables, H is Hydrochloric acid, A is Acetic aciq,

L is Lactic acid, and P 1s Phosphoric acid. Only concentrationg

of 2,0% and 5.0% aclds were used in this series of tests,



TABLE 8a. ACID TEST RESULTS ON CONCRETE CUBES WHICH 63
CONTAIN RESINOUS ADDITIVES,

PERCENTAGE LOSS IN WEIGHT AFTER i DAY Ty it S TON

SULUTIUN 8T 1 3 3 13 5
2.0% H 3 () 1.9 1.3 1.3 1.3
5.0% H 35 2.8 2.7 3 o4 o PP 3.3
2.0% A 0.5 0.6 0.0 0.7 0.8 0.5
5.0% A : I § N 0.8 0.2 1.1 1.0 Y
2,08 L 0.3 Ou4 % 4 0.5 0.4 0.1
5.04 L 1,0 0.6 0.5 158 il 1.2
2,04 P 6.3 0.1 0.1 0.3 0.5 0.3
5.0% P 0.8 0.3 1.4 1.0 0.1 10

ST ot I 8 2 10
2,0% H 1.3 L 1.2 1.2 0.7 0.4
5.04 H' Bad 3.4 5T 3.8 2.9 3.0
2.,0% A 0.5 0.5 O.4 O4 0.3 0.0
5.0% A 1.1 0.9 0.8 0.9 0.7 0.3
2.04 L 0.3 0.3 0.4 0.6 0.0 0.0
5.07 L 1.0 1.0 0.9 0.8 0.6 0.3
2.0% P 0.3 0.2 0.3 0.2 0.0 0.1
5.0% P 0.8 0.8 0.6 1.0 0.6 0.7



TAELE 8b.. ACID TEST RESULTS ON CONCRETE CUBES WHICH
CONTAIN RESINOUS ADDITIVES,

SOLUTION

2.0%
5.0%

2,04
5.0%

2.0%

H

H
A
A
L
L
P
»
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PERCENTAGE LOSS IN WEIGHI AFTER 5 DAYS IMMERSION

ST L 2 “ - 2
2,6 242 229 2eb 2.2 2.1
T2 6.9 6.7 740 6.2 6.4
0.8 1.0 0.4 1.1 1.0 1.0
2.0 ” 5.4 1.2 2.2 2.0 2,2
0.4 i 0,1 0.9 0.9 0.4
1.6 2.4 3) Fal 2.0 2.0
0.5 5% O.4 0.6 04T 0.7
2.1 2,8 LsT 2.0 2.1 2,2
ST ] im g 2 10
2.6 2.2 241 242 1.3 1,2
.2 6.9 T4 T3 6.1 647
0.8 0.9 0.8 0.8 0.2 0.0
2.0 1.9 1.9 1.7 135 1.0
0.4 0.6 0.7 0.8 0.0 0.0
1.6 : 9y 1.8 1.6 1.2 0.9
0.5 0.4 0.8 0.6 B3 0.2
a3 2.0 2.0 2.1 1.4 1.4



TABLE 8e.. ACID TEST RESULTS ON CONCRETE CUBES WHICH 65
CONTAIN RESINOUS ADDITIVES.

PERCENTACE LOSS IN WEIGHT AFTER 15 Days IMMERSION

SOLUTION ST > 2 3 L 5
2.04 B 7.0 6.7 %t 7.2 6.5 5.5
5.0% H 19.0 178 20.2 18.8 18.4 19.6
2.0% A 24l 1.9 1.0 2.6 2,2 2.1
5.0% A 5ibi VB 5.0 57 5.0 5%
2,02 L 1.6 22 i 2.3 c e 1T
5.04 L 4.8 5.2 Tl 6.0 5.6 5.4
2.0% P 2.0 2.8 2.4 2,1 2.4 2,2
5.0% P 7.0 6.9 6.5 6.0 10 6.6

8T 9 v 8 2 10
2,07 H 7.0 6.3 6.2 6.8 6.0 5.4
5.0% H 19.0 18.5 19.3 18.4 18.8 18.4
2.07 A 2.1 2.1 1.8 1.9 1.3 1.5
5.0% A 5.1 . 4.8 4.9 4.7 4.4 4,1
2.0% L 1.6 1.6 1.6 1.8 : % 1.0
5.0% L 4.8 4.8 5.1 4.9 5.0 4.9
2.0% P 2.0 2.1 2.5 2.8 2.0 1.9
5.0% P 7.0 6.8 6.7 Ted 6.4 6.8
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If one reads each line of this series of data horizon-
tally across the page and remembers that the search is for
general trends and not merely individual differences acecounted
for in the structure of each cube, one concludes that none of

the resins tested offered any appreciable protection to the con-

crete from corrosion by acid,
Two series of cubes with polymeric additives were gsent to

us from Catskill. One of these contained ethyk cellulose with
various concentratibns of carbon tetrachloride ineluded; and
the other series contained polystyrene also with varying per-
centages of carbon tetrachloride. The figures for these acid
test results were very similar to those presented in the pre-

ceding tables and since they were reported during the year, they

are consequently not included here.

Part 7. Results on Continuous Flow Acid Tests.

In Figure 4 on Page 23, we have shown the apparatus used

in conducting this test and we have described the test under

"Apparatus and Procedure".
Two cubes of Anti-Bacterial Cement were used in these

teste, one in 0.5% Hydrochlorilc acid, the other in 0.5% Acetic

acid. The results of the test are glven in Table 9, where a
comparison is shown with the results of the test run statically,

ng the same concentration of acids. In the table
’

the normal way, usi
and CF indicates Continuous F]oy,

SF indicates static condltlons,



TABLE 9.. STATIC AND CONTINUOUS FLOW ACID TEST RESULTS. 67
PERCENTAGES 10SS IN WEIGHT RECORDED AFTER

T DAY 5 DAYS 15 DAYS
SOLUTION SF GF sr OF SF  CF
0.5% H 0.1 2.6 0.1 12.3 1.0 31.0
0.5% A o T, O B 2k 0.1 8.3

The rate of attack for Hydrochloric acid, continuous
flow,, appears to be from 25 to 30 times that of the static
acid attack; and a comparative flgure, at least, for Acetic acid,

though the data for the statlec condition is rather uncertain

here,.

Part 8. Converted and Unconverted Resins in Conerete.,

In Table 10 is a comparison,. in terms of percentage
loss in weight, between those cubes containing unconverted resins
and those cubes which were exposed to elevated temperature

in an effort to convert the resin they contained to its final

form,.
There are two kinds of cubes involved. Though each type

contains 1.,0% of resin by welght of the cement, the one which
contained Melmac 480 as an additive was made with regular Port-
land cement, while the one which contained Phenolic SP 8023 wag
made with a floor topping mix of High Early Strength cement,

We used only 2.0% acids in the tests; and in the table,

"U" denotes the unconverted series, or those cubes which were
ot exposed to heating, and "o" denotes those which were

"econverted by heat."



TABLE 10. ACID TEST RESULTS, CONVERTED AND UNCONVERTED 68
CONCRETE CUBES.

PERCENTAGE WEIGHT 1OSS

TIME 1.0% MEIMAC 1.0% PHENOLIC

2,0% ACID EXPOSED U C h—
H 1 day 2R 2> 10 0.4
A " 0.0 0.9 0.0 0.5
L n 0.2 0.6 0.1 . 0:9
P e 0.5 A3 0.1 9.3
H 5 days 2 G 2.5 1,6
A " 0.0 1.6 0.4 1.3
L " 0.5 1.7 0.1 % |
P " Tud Tl 0.4 0.4
H 15 days 20,4 22.8 y 3% 4 6.5
A " o S 1.0 2.0
L L 2.3 3.4 1o« T8
P U 5.5  T.6 2.4 1.8

We see that there ls no great advantage or disadvantage
developed as a result of the conversion by heat of the resin
contained in the cubes. In the case of the Melmac 480, corrosion

appears to be greater on the heated cubes, but the difference ig

not excessive 1n any case.

Two conclusions may be drawn from this set of data,

Either the resins gave no added protection to the cubes even whep

converted, or the heating of the cubes increased their corrosion
2
susceptibility to a greater extent than this susceptibility wag

decreased by the converted reein.



SUMMARY "

During the year, tests were made on the components

of various polymeric materials to determine the feasiblility

of their incorporation into cement, sand and water mixtures;

this was done to try to improve certain properties of cement

such as corrosion resistance, entrainment of air, workabllity

and plasticity, etc.. A great many partially converted resins

were then requested from the industrial manufacturers of the
products we desired. Unfortunately, tnly a small number of

those requested could be gsecured within the time limits in

which we were working; these were given a complete run of

qualitative and seml and complete quantitative tests with

sand, and water mixtures.
4 to be of substantial enough value in combination

cement, None of the samples secured,

however, prove

with cement to warrant the company's use of the substance

ground additive to thelr cement

sins and plastics is large,'and we feel

as an inter products.

The field of re
that,, LT explored sufficiently, @ project of congiderable
opise of a successful conclusion to many

length, it offers Pr
of the corrosion problems encountered 1n the use of concrete,
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