
I N T R O D U C T I O N

In the following pages the student will find most of the 

information concerning the embedding of specimens in Bio-plastic.
We recommend that, through several serious errors, the directions 

be read with utmost care and then followed with equal caution.
Embedding is not limited to work such as ours, but can be 

carried into the fields of insects, anatomical sections, coins, 

embroyos, fish, flowers, and many other objects that aren’t too 

large.
Since most of these operations were carried on after normal 

study hours, we were unable to follow the directions with all the 
precision and care that could have been taken. Although this didn't 
reflect directly on our work, it did hinder us in that we could pour 
only one or two layers a week, thereby spreading the work over a 

long period.
We were very fortunate in having at our disposal the State 

Board of Health Lab where I was employed during the time we worked 
with the plastic. We would, at this time, like to express our appre

ciation and thanks to Miss Kuhns for making these facilities avail

able to us.

3 5962 00080 94fi



THE EMBEDDING OF SPECIMENS IN BIO-PLASTIC

Having obtained two very good specimens we began to work on the 
plastic itself.

Bio-plastic is the casting plastic (a thermosetting polyester 
resin) which is supplied as a clear liquid of a consistency about 
that of glycerine. Under the proper conditions, (upon the addition 
of a catalyst and heat), it sets into a hard, clear mass which can be 
sawed, sanded and buffed to a high gloss. In this state it is heat, 
water and chemical resistant.

The Bio-plastic liquid was received in an airtight metal con
tainer to prevent the solidification of the plastic. The plastic 
syrup or monomer remains liquid for more than four months if stored 
in a dark dry place at temperatures below 77 degrees F., (25 degrees 
C). At lower temperatures, of 40 degrees F., (or 5 degrees C.), it 
will keep for 12 months or longer. The physical properties of the 
plastic in the monomer and polymer state can be seen on page 13*

The liquid plastic is photosensitive and will thicken in less than 
two days if exposed to direct sunlight even without the addition of 
a catalyst. It must also be remembered to keep the lid tight on the 
container.

CATALYST
The catalyst may be one of a number of chemicals, in this case, 

tertiary-butyl-hydroperoxide, which brings about the polymerization, 
resulting in the solidification of the plastic. The addition of the
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catalyst must be applied in an accurately measured quantity which is 
based on the thickness of the layer to be poured; the thicker the 
layer the lower the percentage of catalyst, as can be seen in the 

following tables.

TABLE I

Layer Thickness °!o of Catalyst

Up to • 3
- 1" .2

1" - 2" .1

NOTE: The amount of catalyst is calculated on volume--not weight. 
EXAMPLE--Using 1000 grams of plastic:
Weight of container 250 grams
Weight of container and plastic 1250 grams
Weight of plastic 1000 grams

Assuming the thickness of the desired layer to be 3A"> the catalyst
required is 0.2$ as shown above in Table I. Multiplying the weight
of plastic by that figure gives the number of cc. of catalyst to add.

1000 grams 
.002

2.000 or 2 cc. of catalyst to be added to 1000 grams of plastic. 
If no scales are available, measure the plastic in an 8 fluid 

oz. measuring cup and add the correct amount of catalyst figured 
from Table II.
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TABLE II

Layer Thickness Drops of Catalyst
per ^  cup of Bio-Plastic

Up to ^” 20

-  1" 15
1" - 2” 8

EXAMPLE:
Plastic used l̂r cups
A 3 A" layer will require 4 5 drops of catalyst (3 half-cups x 15 

drops). Use a medicine dropper to count the drops but do not allow 
the catalyst to come in contact with the rubber bulb, as this will 

cause deterioration of the rubber.

MIXING THE CATALYST AND BIO-PLASTIC
After deciding upon the desired depth of plastic, we poured 

water first into the mold up to the measured level, and then into a 
measuring cylinder (500 cc.). Upon obtaining this volume, we poured 
the bio-plastic into a clean, dry cylinder till the volume of water 
was equalled. The plastic was transferred from the cylinder into a 

beaker and we proceded as directed in Table I.
After calculating the proper amount of catalyst to be added, the 

plastic was poured into a large beaker, then with a clean, dry stir
ring rod we mixed the plastic slowly as the catalyst was added, con
tinuing the mixing procedure until the two were blended evenly.

When bubbles were produced, we allowed the plastic to stand for



_  k  -

several minutes and the bubbles rose to the surface and broke. In 
this way they were not poured and thereby hardened in the final pro
duct. It was our experience that fewer bubbles were produced in the 
mixing procedure if the plastic was first warmed to above room tem
perature or approximately i+5 degrees C. in a water bath.

Also, we made sure that all instruments to be used were perfect
ly dry. In order to clean the glassware, use tri-sodium phosphate 

dissolved in water. Any containers or tools upon which the plastic 
has hardened can be soaked in acetone and in this way the plastic 
can be removed. It might be well to mention here that the plastic 
cannot be re-dissolved by any known chemicals after it has once be

come hard. This applies to both catalyzed and uncatalyzed plastic. 

THE USE OF AN ACCELERATOR 
«

It is often desirable to have the plastic set more rapidly than 
would occur with the addition of the catalyst alone; in such cases 
we used an accelerator. The amount of the accelerator to be added 
is in a proportion of 20 drops of accelerator per 1 cc. of catalyst. 
In this matter, the gelling time was reduced from hours to minutes.

It was our experience that the accelerator should be added only 
where there was a very thin layer to make--that is, of 3A" or less. 
Since the plastic hardened so rapidly that bubbles remained in the 
finished product, the specimen was unable to be seen clearly.

POURING TEE SUPPORTING LAYER
It is necessary to pour a supporting layer of plastic to keep 

the specimen from sinking to the bottom of the mold and thereby
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■becoming exposed when the cutting and trimming procedure is begun.
As the proportion of catalyst to plastic is determined by the 

thickness of the layer, the thickness of the supporting layer must 

be decided in advance. Before pouring the plastic, the mold must be 
lined with a specially prepared mold releasing compound so that the 
hardened plastic may be readily removed.

Pour the catalyzed plastic very slowly and carefully into the 

mold so that bubbles will not be formed. If bubbles do occur, they 
may be brought to the surface by any long narrow instrument (for 
example a dissecting needle). By inserting the instrument into the 

plastic so that its tip just touches the bubble, and then by slowly 
bringing the tip to the surface, the bubble will follow it and upon 
reaching the surface, burst. Allow this layer to form a gel which 
is solid enough to support the weight of the specimen to be embedded. 
If accelerator is not used, the gelling will not take place for sev
eral hours. It is best to keep the mold covered so that dust and 
other foreign particles will not settle on the surface.

CURING
The first noticible change in the liquid plastic is from that 

liquid state to the gel state. During this stage, the heat must be 
kept as close to room temperature as possible. This can be done by 

using a cold water bath or by placing the mold containing the plastic 
in a refrigerator. If these precautions are not taken, the internal 
heat produced will cause the plastic to fracture.

The next change is from the gel to the final hard stage. It is
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in this state that the final curing by baking or any other avail
able means of heating is done. Do not begin the curing process for 
at least 2k hours after casting the plastic. Never subject the cast 
to sudden changes of temperature or there will result multitudinous 
fissures. The recommended temperature for final curing is about 60 
degrees C. If no oven is available, a water bath may be used; or 

by "taking a can large enough to hold the mold and lowering a 
1-hundred-watt electric bulb with a metal shade over the can, the 
bulb is raised or lowered to regulate the temperature as required

I
using a thermometer as a guide for changing the temperature".

We were fortunate in having at our disposal three water baths 
with temperatures varying from 37 degrees C. to 45 degrees to 56 

degrees C. After the plastic had set into a solid state, we first 

placed it in the 37 degree bath, leaving it there for l/2 of an 
hour and then transferring it to the k 5 degree bath and letting it 
remain there for the same time interval. The final step was then to 
the 56 degree bath where it remained overnight. Following this, the 
procedure was reversed till the mold was at room temperature.
MOIDS

Before attempting to mix the plastic or to embed, the user 
should acquaint himself with the various molds suitable for casting. 

There are two types of molds, rigid and flexible. We used only the 
rigid type molds, and therefore there will be no statements concern
ing the flexible type. There are many molds to choose from in the 
rigid class; the most favorable being pyrex or aluminum baking
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dishes. The plastic will reproduce the polish of the glass, where 

pyrex or glass molds are used, and very little, if any, polishing 
or sanding will he necessary. Polished aluminum trays are ideal 
since the metals higher heat dispersion factor permits more rapid 

dissipation of the heat of polimerization.
Molds which are to be used more than once must have tapered 

sides so that the plastic can be removed. In our first efforts, 
we used a porcelain mold with tapered edges but this was not suc
cessful in that the porcelain chipped off and stuck to the cast 
when it was removed. For our next mold we obtained a 6 x 10 pyrex 
cake dish which gave much better results.

LUBRICATING THE MOLD
Among the chemicals we received from the Wards Company was a 

pint jar containing a separating compound (Wards Mold Releasing 
Compound). To lubricate the mold, simply pour a little of the re
leasing compound into it and tip the mold back and forth so that the 

whole inner surface is thoroughly saturated with the compound. Then 

the solution can be poured back into the stock container and kept 
for further use. The mold is inverted on some absorbant substance, 
such as a blotter, and permitted to dry. After this is properly 
done, the pouring may be started.

POURING THE TOP LAYER
The monomer and catalyst are mixed in the same manner as pre

viously explained under MIXING BIO-PLASTIC. The top layer may be 
poured directly onto the supporting layer in some cases, in other
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cases where wet opaque specimens are used, this will be the third 

layer (see EMBEDDING WET OPAQUE SPECIMENS) because the specimens 
will be in the second layer. If the specimens are to be inserted 

in the top layer "avoid the use of accelerator".
The top layer must necessarily be deep enough so that the speci

mens will be completely covered. It is best to calculate the depth 
so that the thickness of plastic above the specimen will be approx
imately equal to that below thereby giving a neater appearance.

Any air in contact with the surface will leave a tacky consis
tency on the top of the unfinished block. This can be avoided in 
several ways:

1. "Four uniform supports are cut from scrap pieces of solid 
plastic. These are placed in the corners of the mold be-

j'-VKSr.fore pouring the second layer. They serve a double pur
pose: if cut correctly, they will both regulate the 

thickness of the top layer and at the same time support a 
sheet of plate glass which is placed on top to keep out air 
and to give a smooth top surface to the finished cast. Pour 
the catalyzed plastic into the mold until it covers the 

corner supports. Lower the sheet of glass carefully be
fore the plastic begins to set so as not to trap bubbles 

underneath it. If bubbles are trapped, raise the plate 
glass again. The supports may be cut away later when they
edges of the block are trimmed. Do not allow the plastic to 
run over the edge of the glass, as this will make it
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difficult to remove the glass when curing is completed.
2. "Another method, which is practical but which does not give 

as smooth a surface to the top of the cast, is to use pieces 
of waxed paper or cellophane. In this case, allow the layer 
to gel before applying the paper. No supports are necessary 
with this method since the consistency of the plastic will 
support the weight of the paper.

3- "A layer of glycerine poured over the gelled plastic will 
serve to exclude the air, but this method will not make a 

smooth top surface. (Since this method was less complicated 
we put it to use. However in the long run it caused us more 
work because of the roughness of the surface.) 

k . "The introduction of nitrogen over the gelled plastic will 

avoid the tacky surface. This is practical only where the 
mold has an air-tight cover with an air hose contact through 

which to inject the nitrogen."

CUTTING AND TRIMMING
The cutting and trimming of the rough blocks can be done with a 

a "fine-toothed band saw with no set in the teeth, or if no band saw 
or cut off wheel is available, a hacksaw or a jig saw will serve".
The publication recommends an abrasive cut-off wheel, which not only 

cuts but also sands the surface in the same operation. Care must be 
taken to prevent chipping the edges while sawing. Also bear in mind 
that this is a thermosetting plastic, and the hotter it gets the hard
er it becomes.



-  10 -

SANDING AND BUFFING
After the blocks have been cut, sandpaper must be utilized in 

order to remove all saw marks and other scratches. Ward's booklet 

recommends that a "flat file or number 60 or number 80 sandpaper 
followed by no. 180 paper be used" This is to remove the extreme 
roughness. Next a medium sandpaper no. 280 moistened with water 

followed by no. ^00 and 600 wet sandpaper respectively should be 
used. "In changing from one paper to another, rub the block in a 
direction perpendicular to that used with the preceding paper. In 
this way you can determine when the marks left by the previous sand- 

ings have been removed".
If abrasive belts can be acquired, it is suggested that they 

be used because they do a faster and superior sanding job. A no.
320 belt on a wet sander will remove all saw marks and prepare the 

block for polishing in a matter of seconds.
It is recommended that rough tripoli or other similar buffers 

on a standard "soft rag wheel" be used if available. If this rag 
wheel cannot be obtained, a soft felt pad moistened with "standard 
brass polishes" may be incorporated, the block can then be washed 

and dried to remove all abrasives.
After the buffing process has been completed, the surface of the 

block should be nabbed with either solid of liquid wax to give a good 

protective coat and also add lustre.
EMBEDDING OPAQUE OBJECTS

A. Dry Opaque Objects:
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1. Prepare a supporting layer, and allow to gel.
2. Wash the specimen in ether or carbon tetrachloride to re

move any grease and allow it to dry on a blotter. Avoid 
handling the specimen after washing. Specimens contain
ing cracks can be covered with mixed plastic and placed 
in a vacuum to draw out the air and allow the plastic to 

fill the spaces.
3. Prepare a second batch of plastic and pour it on top of 

the supporting layer.
1*-. Pick up the specimen with a pair of forceps and lower it 

gently into the second layer of plastic.
5- Center the specimen and use either one of the methods 

explained under POURING THE TOP LAYER.
6. Polymerize according to the directions given under CURING.

B. Wet Opaque Specimens:
Large sections of formalin preserved animals or organs are

best preserved in their normally opaque condition since
the study of the surface of the tissue alone is desired.
1. Pour the supporting layer and allow to gel as formerly 

instructed.
2. To remove the excess formalin, place them on a blotter 

and cover them with another blotter.
Lay some object on the top blotter so that a slight but- 
even pressure is exerted.

3* While process no. 2 is being done, mix another batch of
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the catalyzed plastic. Do not use accelerator.
if. Permit the tissue to dry for about an hour between 

the blotters, then remove them and let the specimen 
air dry for about five minutes. All free moisture 

must be eliminated.
5. Pour the second lot of plastic onto the supporting 

layer.
6. Dip the sections in some of the catalyzed plastic and 

then insert them in the second layer.
7 . Orient the sections centrally and permit only enough 

plastic to remain until it just covers the tissue.
8. Allow the second layer to gel, then pour the top layer 

and cover.
9. Procede with final curing as directed.
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PHYSICAL PROPERTIES IN THE MONOMER STATE
Specific gravity at 77 degrees F. - - - - - - - - - - - -  1.13
Weight per gallon - - - - - - - - - - - - - - - - - - 9.4 lbs.

Viscosity at 77 degrees F. - - - - - - - - - - - - -  525 eps.
Shrinkage during cure - - - - - - - - - - - - - - - - - -  7-8$
Stability at 77 degrees F.

(absence of light) - - - - - - - - - - -  over 4 months
Curing schedule hrs. at l80 degrees F.

PHYSICAL PROPERTIES IN THE POLYMER STATE
Specific gravity at 77 degrees F. - - - - - - - - - - - -  1.22
Heat, distortion point - -- -- -- -- -- -- 19I1- degrees F.

Effect of sunlight - - - - - - - - - -  Yellows slightly after
long exposure.

Burning rate - - - - - - - - - - - - - - - - - - - - - -  slow

CHEMICAL RESISTANCE 
Water absorption:

After 2k hours at 77 degrees F. - - - - - - - - - - - -  0.46$
After k hours at 212 degrees F. - - - - - - - - - - - -  0.99$
Acetone absorption - - - - - - - - - - - - - -  disintegrates
Benzene apsorption - - - - - - - - - - - - - - - - - -  0.39$

Chloroform absorption - - - - - - - - - - - - -  disintegrates
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