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Introduction 

'I'h i s  re port summar i zes the work done o n  the proje c t  to date. 

The wo rk has been divided into three phases: po l ymer co n crete -

(use o f  po l yme r a n d  aggr e gate w i th no por tland c e men t} , po l yme r 

impregnat e d  conc r e te ,  and a lit e rature survey. A l l work during this 

perio d has involved l abo rato ry phase s o n l y. 

Polymer Co n cre te 

Inv e stigatio ns h ave be e n  conducte d on the curing time s o f  

me thyl me thacrylate and polyeste r- sty rene as a fun ction of initia-

tor, promo te r , c r oss l ink agent , an d f l ex i blize r conce ntration.s 

and types. Sin c e  t h e  po l ymeri zatio n o f  bo th meth y l me �hac ry l ate 

and polyester-styre n e  is e xoth e rmic ,  me asurement of the batch temper-

ature as a fun c tio n of t i me has be e n  use d as the metho d  o f  det e c-

tio n of curing . All room t e mp e ra ture s tudie s were done with th e 

mo nomer mix in a "pie pan" sit t ing o n  an al uminum plate in whic h a 

thermo c o up l e  was imb e d d e d. Resul ts fr om the curing time e xp e rime nts 

with each o f  the po l yme r t ype s w i l l  be discussed se parately. 

Methy l Me thacryl ate 

Tab l e  1 l i sts the i n i t i ato rs , p r o mo ters , cro ssl inke rs, an d 

flex i b l i zers used w i th the methyl methacr ylate. 

Tab l e  1 

Material s Used i n  Methyl Me t hac ryl ate Cur i ng Studies 

In i t i a to rs 

Benzoyl Pero xid e ,  BP 
Lauroyl Per o xid e ,  LP 

Promoters/Accelerators 

Dime thy l Para-To l u i de n e, DMPT 
Dimethy l Anil i ne ,  DMA 



2 

Tab l e  1 continued 

Cross L i nking Agents 

Trimethylol Propane 'l'rime thacrylate , TMP TMA 
1,3-Buty l ene D i methacrylate , BDMA 

Flexibl i zers 

Butyl Acryl ate, BA 

Mo nomer 

Methyl Me thacrylate , MMA 
(10 ppm polymeri zation inhibitor) 

The i nit iators are comp o unds that decompose to pro duce fr ee 

radicals that attack the monomer which s tarts the po l ymer i z ati on. 

The promoters/accelerators cause the in i t i a tors to deco mpose at room 

temperature and below. The initiators will spontaneously decompose 

when the temperature is raised to 50-60°C .  The cross linking age�ts 

tie all the polymer chains together which lowers or retards the 

creep and increases strength of the resul ting po l ymer. In addition, 

the cur i n g  time is lowered by use o f  t hese compounds. In some f or-

mul atio n s , these mate r i als are n e cessary for the mixture to poly-

merize to a hard so l i d. The flex i b l i zers in crea3e the impact 

strength of the r e sul t i ng po l yme r . 

T able 2 summarizes al l the ro om tempe ratu r e  experimen ts run 

with methyl methacryl ate . The fo rmulatio n o f  e ach e xperiment , curing 

time, and maximum temperature reached by the polymer are li sted . 

T he t i n�s l isted are the times from mixing of the reaction mixture 

un til the maximum temperatur e  (cur i n g  temperature) is r eached . In 

add i tio n to thi s  i nformat i o n , a qual itat i ve descr i p t i o n  of the re-

action product is g i ve n .  Batches were run i n  the " p ie pa n " as de-

scribed abo ve , some with the fo rmu l ation o n ly an d o the rs w i th sand 

as a fil l e r. 

Ther e a r e  a few tentative con clusio ns to be r e ached from these 
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1. It i s  po ssib l e  to pol ymerize MMA at room t e mpe rature by 

usin g a promo t e r/acce le rat o r .  

2 .  Be nzoyl pe roxi d e  will in i tiate po l yme rizatio n at 1-3% 

level. 

3. Lauroy l peroxid e i s  le ss re act i ve than the b e nzoyl peroxide. 

In additio n, it was o bserved th e re was a de finite las t i.me 

b e fore the po l yme r ization b e gan w i t h  the l auroyl p e ro x ide . 

The po l yme rizatio n appare n tly began imme diate ly with t h e  

b e n zoyl pe rox i d e .  

4. In most fo rmu l atio n s , a solid pro d uct was no t found wh e n  

n o  c ross-li n k e r was p rese nt. In a l l  fo r mul ations con-

tain ing the cr o ss-l i nk i n g  age nts we re so l i d. In a d d i t i on 

t he cur e  time was lowe r e d  i n  most case s wh e n  t h e  cross 

l i n ke rs were in clude d. T h e re see ms to be o n ly s mal l dif-

fe re n ce s in BDMA a nd TMP T MA in re lat i o n s hip to cure t i me s. 

5. DMPT seems to b e  mor e reactive than DMA in pr o d u c in g a 

sho r t  cure time. The mo st e ffective con ce n t r ation s are 

those wh e n  the acce l e rato rs an d in itiators are in the 1:1 

sto i chiome tric rat io. 

6. The mixtures of DMA and DMPT seem to b ehave like DMPT 

alone. 

7 .  S a n d  tends t o  l owe r t h e  cur e  t e mpe r at u r e  an d i n crease cure 

t ime . This is an expe cte d  re su l t s i n ce t he sand will act 

as a heat sink .  

8. Butyl acry l ate does not affe ct t h e  cur i n g  t i me .  T h e  fin i sh e d  

product i s  much more f l e x i b l e  with BA i n c l ud e d . 
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Polyester-Styrene 

The polyester-styrene was obtained as a premixed material from 

the supplier, W. R. Grace. The styrene is polymerized with methyl 

ethyl ketone peroxide (MEKPJ and cobalt naphthanate (CoN) as an 

accelerator. The styrene cross links the polyester chains together , 

thus producing a solid crosslink ed material. The results indicate 

there is little difference in cure time (with sand) for MEKP concen­

trations of 1.5-3%. The ratio o f  CoN to MEKP was maintained at 1:2 

for all batches. 

Hyper- and Sub-Ambient Studies 

A constant temperature b&th has been assemb l e d and calibcated 

for use over the 40 to 110°F temperature range. A few preliminary 

experiments h ave been conducted to develop an alterantive contain ­

ment and measurement system to those used for the room tempe�ature 

studies. 

The monomer mix is allowed to equilibr ate at the reaction temp­

erature in two separate batches. The initiator js in half the 

monomer and the accelerator in the remainder. These two portions 

are mixed and poured into a test tube containing sand. A thermo­

couple is immersed in the sand-monomer mixture. The curing time 

and temperature are monitered just as the "pie pan" experiments 

were. 

A differential thermocouple has been found t;o be necessary 

due to arti facts seen when the cooler or heater is activated to main­

tain the temperature. One bead is in the monomer-sand mix and the 

other bead is in the bath. The di f ferential thermocouple is made 

by forming a bead on each end of a negative thermocouple wire with 
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two separate po sitive wires. The signal from the thermocouple is 

obtained from these two positive leads. The signal is a mea sure 

of the di fference between the two beads and i s  indepen dent of the 

ambient temperatures. 

Data have been taken at 40°F for MMA using 3% BP, 2% DMPT, and 

5% TMPTMA. The mixture had a curing time of 67 minutes. 

Therefore, it is pos sible to cure these polymers at low ambient 

temperatures. Additional work will be done to further characterize 

the curing properties. 

Polymer Impregnated Concrete 

Penetration of the monomer into cured concrete h2s been studied 

along with the curing of the mono1ner in the concrete. 

Penetration Studies 

Concrete core samples from the Oklahoma Department of Trans­

portation were sliced into 7" diameter by 3" high chunks. MMA mono­

mer was pooled atop the slice s and allowed to penet�ate into the 

concrete. The concrete was broken and the penetration depth of the 

monomer was mea sured with a ruler. The literature s tates that the 

pene tration depth of the monomer is highly dependent upon the mois­

ture content of the concrete. There fore , several drying schemes 

were used prior to the penetration studies. 

Figures l and 2 are plots o f  the penetration depth in inches as 

a fu nct i on of the square root of time. According to capillary rise 

theory, thi s plot should yield a straight line as shown on these 

two plots. These data were taken with two different core samples. 

Both of these had been dried for 24 hours at 110°C a fter they were 
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sliced. Each point was taken with a di f ferent level within the core . 

The surface of all but the top of the core was di fferent than might 

be expected on the surface of a deck. 

Figures 3 and 4 are plots of the same variables shown in Fig-

ures 1 and 2. The cores used for these data were dried in an oven 

with no vacuum for 24 hours at 110°C. The pene tration depth is 

limited to 1 1/4 inches in this case. 

Figure 5 illustrates the penetration depth as a function of 

(t. ) l/ 2 f d . d . f 
. . . " ime or a core rie in a vacuum oven or varying time perioas. 

Notice there seems to be a large dependen ce on d rying temper ature 

and also possib l y the s u r fac e cond i tion of the con c rete. The deepest 

penetration was found with the top o f the core dried at 112°C. 

Curing Studies 

A few core slices ha ve been impregnated followed by polymer-

ization o f  the monomer �ix by heating to 150-170°F. These experi-

ments have been of exploratory nature. All have used a mix c onsist-

ing of MMA with 1. 5% BP and 10% TMPTMA. I t  is necessary to use a 

sand cover over the concrete to prevent evaporation of the monomer 

mix before t he polymerization occurs. Soak times of 12 to 16 hours 

have been used followed by 7 to 1 2  hours polymerization. All concrete 

was dried under vacuum for 24 hours. Penet ration depths o f  about 

1 1/8 inche s were obtained. 

Thi s  work will continue using slabs cast speci f ic ally for the 

experiments. 

Literature S urvey 

The literature found by library and comp uter searches is being 

read and da t a concerning properties of the materials is being tabu-
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lated . An addit ional T R I S  s earch wa s ma d e  d u ring t he p a s t  t wo mo n t h s . 

Additiona l  t i t l e s  we re found and c o p i e s  will be r eq ue s t e d . 

Add i t ion a l  Ma t e r i a l s  

I nve s t i gat ion into using an add i t iona l ma t r i x  po l yme r fo r t h e  

polymer concrete ha s been ma de. The Ru s s i an s  h a v e  r e p o r t e d  s u c c e s s ­

ful u s e  o f  f urans a s  a matrix polymer. T he Qua k e r  O at s Cor pora t i o n , 

who is the pr ima ry producer o f  furans i n  the U . S . , s tated t h e y  c o u l d  

no t cure fur a n s a t  room t emp e r a t u r e .  C ur i n g t empe r a t u r e s a s  h i g h  a s  

4 0 0-50 0 ° F  ( 2 0 0 - 2 60°C ) h a ve be e n r e p orted . 

P l a n s  f o r  F u t u r e  Wo r k  

P olymer C on c r e t e  

Two ma i n  go a l s  h a ve b e e n  s e t  f o r  t h e  n e x t q u a r t e r . T h e  c u r i n g  

t im e  ove r t h e  4 0-110°F t emp e r a t u r e  r a n g e  wi l l  b e  d e t e rm i n e d  f o r  a 

r a n g e  o f  formu l a t i o n s i n vo l v i n g  bot h MMA a n d  po l y e s t e r - s ty r e n e . 

Th e s e  s t ud i e s  wi l l  b e  po i n t e d  towa r d s  d e v e l o pme n t  o f  s t a n d a r d  m i x e s 

to b e  spe ci f ied d e p e n d e n t  up on t emp e r a t ure . 

The s e c on d  g o a l  i s  to cas t  a number o f  t e s t  s p e c i mens f o r  u s e  

in mechan ical te s t i ng . M i x e s  u s i n g  t h e  var iou s  c ro s s - l i n ke r s , i n i ­

t iator s , flexbl i z ers , and a c c elerator s will be u s ed to d e t e r m i n e  

the bes t  c ombinat i on from a mec hanic a l  cr i teria . 

Pol yme r I mpr e g n a t e d  

C on c r e t e  t e s t  s l a b s  for impre gna t ion w i l l  be c a s t  and c u r e d . 

The s e  wi ll be i mp r e g n a t e d  w i th MMA , TMPTMA m i x e s , a nd p o l yme r i z e d . 

The res ult i ng r e a l e d  s l a b s  w i l l  b e  s u b j e c t e d  to f r e e z e - t haw , wa t e r  

a b s orpt ion and permeability t e s t i ng . 

Concrete 
------------------

Concrete 




