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By this process the crystal size and specific surface 
are controlled by varying the formaldehyde concentration. Thu , 
fr0m solutions containing 0.3% to 1.3% formaldehyde there is a 
continuous decrease in crystal size and increase in specific 
surface from 2 x 25 microns and 28,000 cm2fcm3 to less than 
1 x 4-8 microns and 70,700 cm2/cm3 respectively. 
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The problem may be divided according to the following use : 

(a) A product which oan be employed as a phlegmatizer for 

high explosives. 

(b) A product which can be used as a binder in burning mix• 

tures. 

(·c) A product which can be used to give crystall.ine high ex 

plosives a fluidity suitable for shell-pouring and whic 

sets to for.m a rigid masa. 



I 
HISTORICAL INTRODUCTION 

The roots of the chemistry of high polymers go back to t e 

middle of the last century. Organic chemists have come acros 

high polymeric substances innumerable times in the course of 

studies on low molecular compounds. However, since high poly 

do not crystallize and are difficult to characterize they wer~ 

justly regarded as unsuitable objects of research and were nol 

extensively examined. During the past decade however, the nu~ber 
of papers on the deliberate preparation of high polymers has in-

creased particularly, and at present, as is 

the literature• a large number of papers on 

reactions is published annually. While our 

, 

shown by a survey/of 

the subject of poiy-
1 

knowledge of the ~yn­
r 

thesis of polymers was gradually increasing during the last t~enty 

years, there was one natural product which particularly arous~d 

the interest of the chemists, namely: cellulose. The combin~d 

efforts of organic chemists the world over have finally succeeded 

in establishing a satisfactory structural principle which is !suc­

cessfully applied ~o other natural and synthetic· high polymers. 

All experimental fao ts point in the direction that t.he high poly-

mars, natural and synthetic, consist of large molecules which con­

tain several hundreds and thousands of atoms bound together by 

nor.mal homopolar covalences. 

The literature on high polymers is widely scattered and ex• 

tends largely into technical and patent publications. Due to the 



commsraial nature of the products of polyreaations, ly 

polycondensation reactions, the present situation is such tha • 

though the number of publications is extremely large, their p -

pose is mainly to determine and explore the conditions under 

which products of definite and desired properties can be mad • 

They show· less interest in speculations regarding the mechan1sm 

of the reactions. HOwever, the interest of industry is incrdasing 

rapidly along with a desire to understand these reactions wh~oh 

are responsible tor many excellent and valuable synthetic prJducts 

of modern technology. 

The Nature of Polymer :rormation 

In addition to cellulose, rubber, proteins, and certainiother 

natural products, the organic high polymers include substanc's 

which may be synthesized. The initial substances must consi~t of 

molecules of rather low molecular weight which are capable at 

uniting with at least two other molecules. Such substances are 
I 

described by Carathers (1) as bi-functional.· The transformation 

of various low molec~lar weight compounds into complex. derivatives 

is usually termed polymerization, but in polymerization two very 

distinct types of reaction can be distinguished. Many bi-tup.c­

tional molecules are capable of reacting without undergoing any 

change in percentage composition, and the reactants are mark~d 

by a large degree of unsaturation; in this case we speak at addi­

tion polymerization. In others, combination is accompanied by 

the elimination of simple compounds such as water. This t~e of 



... 

polymerization is known as condensation poLymerization. 

Classification of Addition and 
Condensation Polymer1zaiion. 

5. 

l 
I 

A• Addition Polymerization:- Homo-polymerization is a speoiejs 

in which the polymer is built up by additive combination of like 

monomer groupings. The process may be shown sohematioally asti 

nA--- or 

where n represents the number of monomeric groups and .A. the 

monomeric unit. e.g.J 

n CH=Cffe --

0 
or 

n 
i 

ea-polymerization is the term applied when two or more substances 

polymerize at the same time. The process may be shown sohemai 

tically as: 

n B + n C or ••••• -B-0-B-C-B-C-•••• ~ 

eg: ---+ ••••• -CH-CH2-CH-CH2-CH-CH2 .. • •••• 
I . I I · 

· Cl OCOCH3 Cl 

Hetero-polymerization is a special case of eo-polymerization 

which involves the combination of a polymerizable i.e. an unsa­

turated substance and another unsaturated substance which by it­

self does not readily polymerize. Though maleic anhydride does 

not ordinarily polymerize• it will combine with stilbene in 

boiling xylene (2) The structure has been represented as 
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The kinetics ~f polymerization of the additive type are 

clearly given in K.H. Meyers' discussion or synthetic high poll­

mere in ~High Polymers~, Vol. IV, p. 93, (1942), Interscience 

Publishers, New York, N.Y. 

Broadly speaking, any unsaturated grouping, such as the 

acetylenic-, ethylenio-, nitrile-, imino- or carbonyl-group, ' 

acts as a polymerizing factor,. The oapacity for polymerizatio~ 
is determined however, not only by the grouping itself, but al o 

by external factors suoh as heat, light, pressure and catalysts. 

With regard to the catalysts, there are two distinct groups• 

They are: (a) those such as oxygen and peroxides that give 

free radicals, and (b) those such as acids that function thro gh 

an ionic mechanism. 

If all the unsaturation is on a single atom, 

. ~c-o=o( , ' c=o=N• 
/ . ' -N=C=N• 

the tendency for polymerization is greater. Conjugation of tllle 
.. 

groupings is even more effective. 

"" I I ,....v=C-G=O , ' I I ,....e=c-c=N-

I I 
O=C-C=O 1 

I t 
-N=C--G=N-

Additional conjugation further increases the tendency toward 

poly.meriza tion. 



Condensation Polymerization:- This type takes a variety 

forms in the same manner as the additive type. Single conden a• 

tions do not yield a polymeric substance. In order to build 

· a large molecule, the reacting molecule must have more than o e 

grouping to allow a multicondensation to take place. 

D-y-D• + z 

e.g.: C~COOH + O~COOH CE3C0-0-CO-CH3 + ~0 , 

In this instance, a condensation has taken place, but no pol~er 
I 

results. With two reacting groups, or as they are more usually 
I 

termed, functional groups, several reactions may take place.: 

(a) Intramolecular condensation; 

X Dx ---~ + Z 

e.g.: CO~CHg-Cfl2-CO-O + HgO 
I I . 

(b) The reaction may be intermolecular to build up a long 

chain and then become intramolecular: 

x-:o-x 

(c) The reaction may be wholly intermolecular and yield a 

linear polymer: 

x-D-x --• x•D-y-(D-y) -D-x n 

Analogous types of multicondensation to homo- and eo-poly­

merization ot additive type may be expressed as follows: 

x•D-y -~•~ x-~z-D-z-D-z-D-y 
' 

and x-E-x + y-F-y ---- x-E-z-F-z-E-z-F•y 

An example or the different types of condensation 

seen in the formation or polyesters. The hydroxyl- and carb 



s. 

tion or the hydroxyl-groups may exist in one molecule and the 

carboxyl-groups in another. In both instances, esters will ~e 

formed but they will differ in arrangement. 

eg.: HOOC-R-OH 
l 

HOOC-R-OH 

HOOC-R-0-C-R-O-C-R-0-C-0-R-OH 
11 11 11 
0 0 0 

HOOC~R-C-0-R-0-C-R-C-0-R-OH 
11 11 11 
0 0 0 

HOOC-R-COOH f HO-R-OH 

Numerous other types of condensation polymerization exist. 

For example, long chain paraffins can be built up by the action 

of sodium on the polyethylene bromides, followed by reduction 

in order to replace the terminal halogens by hydrogen (3). 

Br-( CH2) 10-Br + 2 Na + Br-( Cl!a) 10-Br -­

Br-(C!l2li.o- [ ( Cll2)I.Ol x -( CH2 ) 10-Br red. H( C!l2ly-H 

A bi-functional Friedel and Crafts reaction (4) leading to 

the formation of a polymerized material, can be seen in the 

action of aluminum chloride on benzyl chloride: 

nC)-cHg-Cl + Al 013 - QcH2i QcH2f.---r}c~2Cl 
J n-2____, 

Two and Three Dimensional Pol.ymers 

It is evident that bi-functional molecules oan unite only 

to form chain molecules (linear polymers). If on the other hand, 

'··· .. ; 



the molecules are able to react with more than two molecules, 

(tri-, tetra• and poly-functional molecules) the polymerizing 

mole~ule is capable or linkage and growth in more than one di• 

mens ion. 

Chain branching may occur. This refers to a long chain 

molecule which is not straight but has several branches as 

shown: 

POlymeric networks may be formed by cross-linking. In 

this case straight or branched chains with more than one main 

valence bridge are formed as shown: 

In the case or chain branching, the single molecule stil1 

remains isolated from all surrounding molecules as far as che~ 

ical covalent bonds are concerned. A cross-linked polymer may 

in some cases be regarded as a single molecule, since, as a 

result or cross- linking, isolated chain molecules are no 

longer present. The product is no longer an assemblage or long 

molecular threads which may be separated by solvents or caused 

to slip over each other by mechanical deformation. 
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Linkage may also be brought about. after polymerization iy 
means of a reaction independent of the polymerization proces • 

. I 

Included in this category of cross-linked materials which ha4den 

on curing (or heating) are phenolic- and urea-formaldehyde p~as-

tics or resins. 

The following properties may ·be regarded as generally 

characteristic for chain mo'recules (o): 

(a) An unlimited faculty for swelling and gradual formati n 

or homogeneous soluti.ons in suitable liq_uids. 

(b) A more or less definite softening-zone below which the 

(c) 

material possesses the properties of an amorphous solid, 

while above this region it may be considered to be a 

viscous liquid. The existende of a reproducible 

softening-zone is of great technical importance in the 

use of linear polymers, because in the case of plasti1s 

it permits the application or the extrusion method. 

Dilute solutions of linear polymers display all the 

properties of a m.olecularly dispersed system. 

(d) Chain polymers are capab~e of reactions in the swollen 

state. They can undergo esterification, chlorination 

and various other reactions without appreciably chan-

ging the structure or the polymer. 

The most significant features of cross-linked molecules 

are the following: 

(a) A lim~ted capacity to swell in a f'ew solvents and the 

material never goes into solution. 

.. 
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(b) There is no definite softening-zone; they start to softJn 

only at high temperatures with slow decomposition. 

(c) They usually exhibit a greater resistance to abrasion, 

impact' and heat than. linear polymers. · 

(d) With increasing cross-linking the possibility of reac-

tions decreases and eventually disappears completely. 

Structure of Po1ymera 

The interest in such substances as resins, rubbers and fi"'" 

brous materials such as cellulose has brought divergent views 

concerning their structure. These compounds can be represented 

very simply by the empirical formulas: 

(OaBSln - polystyrene 

(C5BSln rubber {polyprene) 

(00Hro061n cellulose 

where n indicates not _only an unknown magnitude, but also an un­

known quality or kind of aggregation by which the units are 

united• 

At least three different concepts have been~ilized in an 

attempt to explain the manner in which these basal or structu~al 

units are bound. The first, with which Staudinger' s name is as• 

sooiated (6), is that the structural units are bound together 

by primary (homopolar) valances. Opposed to this theory are 

those of He ss and Pringsheim ( 7) • and or Bergmann (8). They 

are known as the association and the co-ordination theories 

respectively. Hess and Pringsheim believe that the unit 



structures are monomeric or dimeric and are held together by 

secondary valence forces or by association. Bergmann's theory 
.-

is that the structural unit is co-ordinated in the solid state 

and the unit, as such is incapable of free existence in solu• 

tion •. The structural units ar.e associated in the large mole• 1 

cules by supermolec.mlar affinities similAr to that ot molecule~ 

in a crystal lattice and, as in the crystal, the unit loses its 

independence and individuality as such within the larger aggre-

gate. 

Following the establishment, by .I.-ray analysis of definite 

periodicity in. rubber, cellulose ( <J) and polyoxymethylene. (10) 

Mark and Meyer {11) proposed their 'micellar' theory where the 

high molecular weight organic compounds are considered to be r 

linked together into chains by primary valence roroes. Bundl~a 
ot these chains are associated laterally by secondary valances 

to tor.m micelles which act as entities and are responsible to~ 

the colloidal properties. 

The primary valence theory is very useful in predicting 

properties. According to Staudinger, the molecules are thread• 

like chains of the monomeric groups linked together by primary 

valence bonds. As the degree of polymerization becomes greater• 

the molecular weight increases and the length of the chain 

likewise increases. The chain is in effect a single molecule 

and the properties of the polymer depend on the length. When 

the length of the chain is relatively short, hemicolloids are 

obtained. Longer chains lead to eucollo1dal properties. 



In hemicolloids, the mean molecular weight varies from 

2,000-10;000 and the single molecule consists of approximatelYi 

50-100 monomerio units. Solutions of hemicolloids show rela-

tively low viscosity and after the solution _has been heated, 

the viscosity is not altered. The thermal softening•point is 

relatively low and th~ substance tends to be precipitated as 

an amorphous powder from solution upon the addition of a non ... 

solvent. 

Euoolloids (12) consist of moleoules whioh are muoh longer 

than those or hemioolloids. The mean molecular weight varies 

from 10,000 to well above 100,000 and the chain may consist or 

as many as 3,000 monomeric units. The thermal sortening-poi~t or a 

eucolloid is high and the substance, in contrast to hemicollqids, 

is precipitated from solution as a material of a more or lesJ 

fibrous nature. In solution, euoolloids have a high viscoeit~--

a property which may be lowered by heat treatment. At the higher 

temperature, the longer chains are unstable and decompose into 

shorter ones. 

Homologous Polymeric Series 
and Mixtures or Polymeria Homologues 

From compounds of low molecular weight to high polymers 

there is a continuous transition through compounds of' medium 

size. Lourenoo {13) demonstrated this ~s early as 1853 and 

showed that the boiling .. point and viscosity increased with in• 

creasing molecular weight. He obtained a series of polyether~ 
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from the polymerization of ethylene oxide. Such a series is now 

described as a homologous polymeria series. Curtiua (14) also 

showed a regular change in the various physical properties with 

molecular. weight in homologous polymeric series. 

At the present time a large number of homologo~s polymeria 

series is known •. In the preparation of synthetic high poly­

mers it is possible, according to the conditions, to obtain 

products of ltedium, high, or very high molecular weight • In 

fact. the preparations obtained from natural products as well as 

those made by polyreactions are never uniform i.e., they are a 

mixture of homologous polymers. 

The preparation of chemically pure substances (that is, 

substances composed of exactly identical molecules) .from such 

mixtures or large chain molecules is not yet possible in the 

present state of technique (15). The purification of prepara­

tions is limited to obtaining mixtures of molecules of similar 

chain length by fractionation• 

Since, in general, chemically pure preparations are not 

dealt with in this field, the idea ot chemical purity should 

not enter into the formulat~on of concepts, into 'bhe statement 

or problems for solution or int.o the experimental treatment• 

The Mol.ecule and· Molecular Weight 

The term molecule denoted originally. the group o.f atoms 

which persisted as a group in the gaseous state or in solution, 
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and whose size could be determined in these states by the usu.l 

methods adopted for the determination or molecular weight. 

HOwever, the opinion (18) that high molecular substances are al• 
i 

ways present as free macromolecules is not supported by experi-

ment and is too Darrow a viewpoint for the explanation of .the! 

great number of tacts in this field. Association by means or 

residual valances plays an important role in the chemistry or 
high polymers; here, the value of the molecular weight obtained 

from osmotic data represents not always the weight of the che~-, 
I 

ioal molecule, but that or the group of associated molecules. I 

On theo·retical. grounds one would expect the associated molecu~ea 
I 
I 

to dissociate into chemical molecules at high dilution; but ttie 

required dilution is so high that in practice one .is dealing 

with associated molecules, 

Methods are available for the determination, by extrapola~ 
tion, of the weight of particles present in solutions of most 

high polymers at infinite dilution, and hence for the determina­

tion of the chemicai molecular weight. It is certain that 

only mean values are obtained since the preparations are mixtures. 

For the exact characterization of any particular preparation, 

it would be necessary to have data on the distribution of the 

molecules of different molecular weight about the mean molecular 

weight, 

According to Meyer, the knowledge of the molecular weight 

ot homologous polymeric mixtures is not or the same importance 

here as in the case of homogeneous substances. In general it 
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will. suffice to have data indicating merely the order or the 

molecular weight, or one may even dispense completely with 

such figures, and use directly certain physical properties 

which depend on the molecular weight, for example., the vis­

cosity or the solubility for the characterization or poly-

meric preparations. 

Molecular Weight or Chain Length and Solubility. 

By physical chemical considerations (17,18,lg,eo) it is 

shown that the solubility of a chain polymer is dependent on 

the length of the chains. If a precipitant such as a nonaol­

vent is added to a solu-tion of a high polymer, when a certain 

concentration-is reached, the homogeneous liquid separates in­

to a mobile, liquid phase and a jelly. If a mixture or chains 

differing in length is present, it is possible by cautiously 

adding the precipitant, to produce a kind of fractionation. in. 

such a way that the most highly polymerized fraction is preci­

pitated first, while the shorter chains remain in solution. and 

are induced to flocoulate only by the addition of more preci­

pitant. In this way a sol.ution of a high pol.ymeric substance 

can be separated into fractions of similar chain length or 

molecular weight. 

The Morphological Approach to the 
Chemistry of High Polymers · 

Since most natural high polymers oceur in the solid state 

and since synthetic high polymers are used in the solid condi­

tion, it is necessary to pay more attention. to this state of 

aggregation. 
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The mechanical. properties a:ra to a very large extent dl-
I 

pendent on the type of aggregation or the texture, that is, 1 the 

size, shape and arrangement of certain
1

regularly built stru­

tural units, so that similar properties are encountered in 

substances differing in chemical constitution but similar 1 

texture. 

In the oase of metals and silicates, the orystallites Jr 
which the sample is 

so that the texture 

composed are often micros~opically visi,le, 

is relatively easy to investigate. In fost 

organic high polymers, however, the largest regularly built 

structural units (mostly referred to as crystalline micelles) 

lie beyond the limit of resolution by the microscope. 

In order to obtain as complete a picture of the whole 

structure as possible, it is desirable in the first place tG 

investigate the spatial arrangement of the atoms within the mole­

cules; next, the arrangement of the molecules to form micelies 

must be oansidered, and lastly• that of the micelles in the mi­

crosoopio solid body. 

The linear polymeria representations of synthetic materials 

have lent definite support to similar structures assigned tG 

natural products. This has already been partly shown in the 

case o:f rubber. Other natural products which have been ana~ogous­

ly treated are cellulose, wool, silk and other proteins. As evi­

dence continues to aocumulate, there appears to be a most in­

timate relation between resins, rubber~like products and fiber 

structures. 
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I 
Muoh of the work which has been carried out on rubber 1nd 

on fibrous structures is of immense importance in the field of 

synthetic resins. Rubber at low temperatures is hard and b ittle 

and it may be that rubber has its chief virtue in the lucky cir­

cumstance or being elastic at room temperature. At high te pera­

tures, rubber on treatment with air can be converted into a 

resin (21). On the other extreme, certain of the high•melt ng 

resins approach at high temperatures the rubber-like state; e.g. 

autopolymerized'styrene behaves like raw rubber above 65°0. {22) 

~on Weirmarn (23) has called attention to the fact thar 
I 

linear polymers such as rubber, silk, resins, and lubrioatirg 

oils may exist in mesomorphic state of matter. 

van Weimarn (24} has succeeded in obtaining an unstabll 

rubber-like subste:noe from elementary sulphur. By pouring rot 

liquid sulphur at 4QQOC. in a thin stream into liquid air,. r· olid 

and brittle threads are obtained; on warming• the threads ab­

quire a high elasticity similar to that of rubber but the proper­

ty disappears after a short time whereupon the sulphur becomes 

translucent and changes over to the normal viscous state. 

Due to the rapid temperature drop of approximately eoorc., 
some of the molecules become orientated whereas others for~ a 

I 

highly disperse glass. As the temperature rises, the glasJ 
I 

melts into a viscous liquid, yielding a system with the highly 

elastic properties of rubber. 

Just what exact relation exists between fibres, resin$ and 

rubber is at present hypothetical. Resins may be a mixture of 



rod forms without any special attraction or repulsion in any one 

direction. In oase of' fibres these same rods might be arrapged 

parallel with the attractive forces at the end of' the rods• where­

as in elastic substances there oould be repulsive forces at the 

end of' the chain so that they would attach themselves at ht 

angles to one another. In such a stage any deformation wou d 

oause the· substance to return to its undef'ormed condition ( o). 

Astbury and Woods (26) have deduced from X-ray investi a­

tion that f'ibresmay exist in fully extended molecules ins oh 

compounds as cellulose. natural silk and stretched rubber. 

~olded or ooiled molecules exist in unstretohed rubber. The ex­

tended molecules lack elasticity, and fibres built up from 1such 

molecules extend through internal slippage. 

Resins 

A resin may be defined as a solid or semi-solid• comp 

amorphous mixture of' organic substances, having no def'init 

melting-point and showing no tendency to crystallize• A r 

characterized by such physical properties as a typical luster and 

a conchoidal fracture rather than by any definite chemical compo• 

sition (2?). 
I 

The remainder of' this discussion will consider only s~nthe-
1 

tic resins. A synthetic resin is simply a resin formed by jsyn-

thesis using non-resinous materials as reactants. 

Synthetic resins are often referred to as plastics, thus de-
. 

noting that one of their uses is as a molding material. The 

term plastic is applied to anything which possesses plasti~ity, 

i 
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that is; anything which can be deformed under mechanical stress 

without losing its ,eaherence* and is able to keep the new form 

given it. It is obvious that materials which are plastic at 

ordinary temperatures will not form useful molded articles• 

Hence substances are used which are either thermoplastic or 

thermosetting. 

A thermoplastic substance is one which is adequately ri-
. 

gid at normal temperatures and under ordinary conditions of 

stress, but is capable of deformation under heat and pressure. 

This property is permanent in a thermoplastic substance; that 

is, the process or deformation under these conditions oan be 

repeated. In contrast to this· is the term thermosetting. A 

thermosetting substance is one which possesses initially the 

properties of a thermoplastic but which under the influence of 

heat undergoes ehemioal change so that it is no longer thermo­

plastic but is permanently infusible. This type of plastic of 

course consists of the space polymers previously discussed (28). 

The Resinous State 

The nature of solids and liquids is perplexing and com­

plicated save in ideali~ed oases. Between the solid and the 

-liquid there are a number of transitions which are of a puzzling 

character. A great number of names has been used to distinguish 

these intermediary states. They have been called gels, glasses, 

plastic, mesomorphic and a.morphic states (29). 

By considering matter as being divided into two cla.ssest {30) 
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it is possible to avoid some of the ambiguity. In the crys­

talline state. matter is arranged in a definite order accord­

ing to the laws of lattice structure. In the amorphous state• 

matter is in complete disorder. 

Certain solid materials when dissolved in a volatile sol­

vent and the solvent allowed to evaporate. instead of depositing 

as crystals, precipitate as an amorphous mass; or no solid sepa­

rates but the solution be.eomes more viscous, yielding a sol
1
id 

as a vitreous- or glassy-mass• In the formation of crystal1s 

there is such a directing force between the molecules that at 

the point of crystallization the molecules become arranged in 

a lattice.structure and solidification takes place rapidly. In 

the formation of amorphous materials, however, the attractive 

forces do not necessarily disappear, but no one force predo­

minates and no·regular lattice can be formed. 

The formation of a glassy-mass can be observed not only 

when a solid is dissolved in a liquid, but also in the case of 

a pure substance. If a pure molten compound is cooled be~ow its 

melting-point, the melt begins to crystallize at one or several 

points and at a few degrees below the melting-point, it is· al­

most impossible to prevent the tendency to crystallization. If 

one quickly passes through this range of temperature. the tenden­

cy toward cry-stallization decreases and the melt may become vis­

cous and solidify to a glass. In other words the rapid forma• 

tion of the glassy-solid has prevented the atoms from arranging 

themselves in an orderly fashion. The general physical charac-
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teristics of a glass are shown by many brittle synthetic re$ins, 

and according to Ellis. the lines of demarkation are exceedingly 

ill-defined. Tammann(31) performed various experiments that 

showed the structural similarity between resins and glasses 

Berger (32) con~iders the formation of a glass as a co ti­

nuation process, taking place through a viscous supercooled 

state to the brittle state. Accordingly a break occurs in he 

property - temperature curve at the transition from the super­

cooled liquid. According to Tamma~nthis is displayed simi ar­

ly in resins over a range of temperature. Brittle glassis. ac­

cording to this concept, not merely a supercooled liquid, b t 

represents a definite state of matter. According to a theo y 

of the vitreous state developed by Rosenhain (33) glass is n 

assemblage of atoms in which certain molecular groupings ma 

occur. Even in irregular assemblages of molecules, there 

are tendencies toward some ageregation even though most of 

the linkage bonds are unsatisfied~ 

Zachariasen (34) maintains that the atoms in ·glass are 

linked together by· forces which are essentially that kind 

which exist in crystals. The mechanical properties of a 

glass are directly comparable to those of crystals; in fact, 

the strength of glass may excel that of the corresponding c~ys­

talline form. In glass, however, the atoms oscillate around 

definite equilibrium positions over large ranges of temperature 

and, even though one may consider a three dimensional network 

in glasses as in crystals, the .network is not periodical and 
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symmetrical. The arrangement can not be entirely one of ra -

domness, however, inasmuch as the internuclear distances do not 

sink below a giv~n minimum value. The principal difference 

between the network in a crystal and that of glass is the a 

metry and periodicityin the first instance and the absence 

these properties in the latter. Each unit cell in acrysta 

must contain an integral number of stoichiometric molecules 

because all the unit cells are alike. In glass and resins, 

however, the unit cell is infinitely larger. As in crystal 1 

the transparency of glasses and resins can be explained on he 

basis of an extended network. 

Plasticity 

Plasticity as well as viscosity both imply the meaning to 

flow, but it is generally conceded that soft solids do not ~e­
have in the same manner as viscous liquids. Because of ovet-

lapping of solids and liquids, differences in interpretatio~ 

arise and no one definition can satisfactorily account for ~11 

of the conflicting phenomena. One of the most satisfactory 

definitions (35) is as follows: plasticity is the susceptibi­

lity to and the retention of deformation. 

Part of the anomaly in plasticity can be avoided by th• 

use of the classification of Polanyi, namely: that there are 

two forms of solid matter, crystalline and amorphous. In the 

ordered state are included metals and salts, whereas in the 

amorphous state are such substances as glass, varnishes and 

the like. These substances differ markedly with respect to 

plasticity. When amorphous materials change their form, th~ 



molecules alter their positions. Increasing the temperature 

causes an increase in the mobility of the molecules. The 

plasticity of amorphous substances. therefore, is greatly 

dependent on temperature. In thermally plastic substances {glass, 

pitch, shellac, etc.) where plasticity depends on heat motion, 

one would expect that at absolute zero the plasticity would 

disappear .(36). In crystalline substances, the plasticity even 

at high temperatures. (i.e. below the melting-point) changes but 

very little due to the fact that the molecules are .bound and 

cannot alter their positions (37). 

!he vi.saous layer between the particles, and the sur:f'aoe 

reaction i.e. the attraction between the liquid and the solvent 

phases is an important consideration since, substances whioh 

are wetted by a suitable liquid will form plastic masses (38). 

·This type of plasticity has been termed "colloidal" because the 

most important factor appears to be the development of an 

active surface. 

A phenomenon closely related to particle size and to 

loose packing is known as "thixotropy". A material is cons1•. 

dared thixotropic when at rest it beoomes solid but liquefies 

again on agitation. The phenomenon requires a sufficient thick• 

ness of liquid layers between the particl.es and also demands some 

sort of attractive forces between the solid particles. These 

same foroes influence the consistency of plastic· masses. Freund"" 

lioh (39) emphasizes that plasti.ci ty and. thixotropy exist when 

packing is not too close. 

When the particles are of a decidedly non-spherical shape• 
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the~ displa~ characteristic streaks on stirring showing a pfr­

sistent layering-effect. Substances which are intrinsical~ 

lamellar in structure will display this streaking-effect 

Plastic materials can be formed by disintegration of p e-

existing aggregates by crushing. The re-aggregation 

plastic substance occurs between rod-like particles, 

a 

into chains. If the disintegration is carried to a stage 

which the rod-like particles.themselves are broken down, t e 

chain structures do not form so readilY• The elastic prop 

ties of plastics, therefore, depend more on their conditio of 

orientation, which is determined by the treatment they receive 

prior to hardening or setting than on the initial chemical con-

densation. This theory has been called the "'principle of c on-

formation by assemblage" ( 41). 

Colloidal Phenomena 
I 

It has been noted that in an amorphous substance, a g~adU:al 
i 

transformation occurs between the solid and the liquid statles. 

At a certain temperature, therefore, the forces between certain 

molecules will have been overcome whereas other molecules will 

still cohere to the solid mass. The result is a mixture of 

"'liquid" and "solid" particles and may be considered an "iso­

colloid"; in other words, there are freely moving molecules 

present near fixed ones. Moreover, if under the influence of 

heat, molecules of a liquid can combine chemically with one 

another (either by addition or condensation polymerization) 

with the formation of larger_molecules, complexes will eventual­

ly be formed where thermal agitation ceases. Whenever thene 
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I 

are freely moving molecules (i.e. liquid molecules) co- I 

existent with fixed molecules (i.e. solid molecules), an ftiJo­

colloidft is again formed (42,43). 

Resins, as a rule, are not composed of s·ingle anti ties 

but consist of macromolecules of varying size. Resins can 

thus· be considered as gels of highly polymerized organic su -

stances where the disperse phase consists of a highly poly­

merized form of the material composing the continuous phase 

There are also resins which consist of particles of essenti lly 

the same size. If all the molecules were of the same size, 

then one would be dealing with liquids. Inasmuch as it is 

necessary to assume that in these liquids the particles are[ 

of colloidal dimensions, such liquid resins must be considefed 

as sols (43}. The particles of such resins which are format 

(43) in a liquid medium will then be solvated by the medium 

Another classification which has been made of these hi$h 

molecular weight organic compounds, is to call them xerogels. 

(An xerogel is one which has been formed by drying; it consists 

of the residue remaining after the removal of most of its e~ter­

nal or liquid phase.) They are poor in liquid, but are nev~r­

theless coherent (44). The term has been applie<i to both 

natural and synthetic resins •. 

Urea-Formaldehyde Resins 

The various condensation products of urea and formaldehyde 

have been studied since 1919 the wor1d over in endeavors to 

find products of technical value such as glues, impregnants 

and molding compositions. 
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I 
Usually the reaction is carried out in aqueous solutior· , 

and the first result is the production of a hydrophilic col.oid, 

which on further condensation, becomes a hydrophobe. It is · 

possible to check the condensation at the hydrophilic 
-

"soluble") stage and thus produce adhesives and impregnants 

The hydrophobe is. of course, ordinarily used for making mo 

inga. In this oase the process of thermosetting is carried 

out by heating at a temperature between 1300 and 140°0. 

Some typical examples of the preparation of 

dehyde condensation products are as follows• 

John (45) prepared a glue by reacting urea and an exoe s 

of formaldehyde at a relatively high temperature without adfing 
I 

a condensing agent. Thus five parts of 40% formalin are he~ted 
i 

. with one part of urea until nearly half of the liquid haa been 

removed by distillation. The glue obtained is highly adhesive. 

The reaction product can be hardened by heating at aooo. 

Goldschmidt and Neuss (46) found that the proportion of for-

maldehyde necessary to produce clear resins is reduced by the 

addition of acid condensing agents. Thus, by heating one hun­

dred grams of 30% formalin with twenty grams of urea and 0.013 

gram of hydrochloric acid at loooc., a transparent product which 

hardens on prolonged heating is obtained. 

On heating one mole of urea with three or more moles or for• 

maldehyde in the presence or a small amount of hydrochloric acid, 

Rothera, Blythen and Gillespie (47) obtained a gelatinous liquid 

whioh solidified when cooled. 

Mittasch and Ramstetter (48} found that olear res1nou1 

products could be prepared by heating a solution or urea i~ at 



!.east 2.4 moles of formaldehyde in the presence of dilute acids 
i 

(e.g. nitric, phosphoric, or acetic acids). If water was the~ 
removed by evaporation at a temperature below.50°C., the solu~ 
tion could be considerably concentrated without premature gel~­
tion. The product may be hardened at 60-80°0. As an example/ 

I 
I 

of the use of this method a warm concentrated solution of si:x; 

parts of urea, containing the condensing agent, is slowly 

poured into twenty-five parts of boi~ing 30% formaldehyde so~u­

tion. The product is evaporated in vacuo, at a temperature 

below 50°0., to a syrupy consistency, containing 10-15% water, 

and is stable for a considerable time. It can then be hardened 

by continued heating. 

Pollak (49) described the use of alkaline condensation 

catalysts, using weak bases such as pyridine, ammonia, and 

hexamethylenetramine. In the presence of these substances 

as catalysts, urea, heated with three· moles of formaldehyde,; 

gives after partial evaporation, a syrup which sets at 75°0. 

to a hard, transparent mass, which is insoluble in both alka­

lies and acids. 

According to Ripper (50} the first stage of condensation 

may ocour in neutral solution e.g., by adjusting the pH to a 

value of seven• Should the acidity rise above this value, 

white precipitates are produced which lead inevitably to the 

ultimate formation of a clouded or opaque resin. At a pH of 

seven, however, a water-clear solution is obtained. On cooling, 

cloudy solutions are formed which clear on heating and on pro• 

longed boiling yield viscous masses whioh harden to olear 



resins. 

byde may 

In working by this process, either acid-fre~ forma~de­
be used or ordinary formaldehyde may have its for ilo 

acid neutralized by addition of a base. The polymerization 

the condensed substance may be brought about by lengthy hea 

or more expeditiously, by addition or sufficient acid to ra 

the pH to about three. The·acidity during po~erization s 

not rise above a pH of about 2.6 since gelation occurs 

hard white brittle material (containing all the water} and 

on standing readily crumbles to a powder. 

By this process, thirty parts or urea are condensed by re­

fluxing for a short time with one hundred parts of neutral O% 

formaldehyde. Five parts of boric acid dissolved in a ti tt~e 
water are added and the mixture is converted into a mode·rat 

viscous solution which does not become cloudy on cooling, a 

which marks the pol.ymsrizatian of intermediates (methylolur as) 

into a colloidal hydrophilic sol.. This may be hardened by i 

evaporating most of the water, casting into molds and heati~ 

at 60-100°0. to give a transparent final. product. More pro1 

longed boil.in.g of the mixture carries the polymerization f'uztther, 
i 

the clear, hot solu~ion ·depositing on cooling a white; slimy 

jelly from which the supernatant liquid may be decanted. Tae 

jelly which is opaque, due to adsorbed water, may be dried in 

.vacuo, thereby being rendered transparent. It may be then 

oast in molds and cured. 

A process for the coagulation or the primary condensation 

product, described by Ripper (51.) depends on the floccul.ation 

of the substance from dilute solution by further addition ot 
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solvent or by the use of flocculents such as albumin preoip~~ 
tants like phosphotungstic acid. No gelatinization occurs,/ 

but the material is obtained as a whit~ amorphous powder whtoh 

may be molded by heat and pressure. The powder is insolub.lr• 

in water. 

In general. concentration or the reacting mixture is n -

cessary at some stage in order to remove the large excess o 

water in which condensation takes place. The reaction may, 

however, be carried out in more concentrated media, solutio s 

containing up to 75% or solid matter {52).being made by disrol­

ving urea in the reagent obtained by the-di-ssolution or the 

solid formaldehyde polymers in ammonia or alkaline formates. 

The formaldehyde content of the solution may exceed 40%. 0~ 

boiling these concentrated reaction mixtures in an open 

vessel, viscous condensation products are obtained, curing 

at 100°0. to clear, glassy-masses. I 

I 
The na-ture of the chemical reactions taking place during 

these condensations and during the thermal hardening is ex­

tremely complicated, and numerous controls are required in 

order to establish the conditions necessary for the making of 

resins which can be converted into molded articles. 

Empirical observation played·an important part in the 

development of urea resins. Industrial preparations and tech­

niques, such as those just listed• advanced far more rapidly 

than the work on the chemistry of the process. It is only as 

a result of more recent work that much information concerning 
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I 
the course of the various reactions occurring, has been ob~ 

tained and structures postulated for the polymerized produc1ts. 

The Chemistry of the Urea-Formaldehyde Condensation. 

The general reaction between formaldehyde and amino-groups 

entails the formation of methylolamines; these are unstabliand 

lose·water forming higher products derived from methylenea . nes 

(53). 

R-Nfie + 0:920 _ _...,. R-NH-C:82 OH 

---~r-N=cHa] + x H2o 
X 

I • 

1:\llvermacher (54) observed that in acid solution, formal­

dehyde reacted with benzamide according to the equationt 

Einhorn (55) isolated a different .crystalline product,: 

OsH5-co-HN-CHeOH, which ha obtained in acid medium. 

The methylol type of structure has since attained grea~ 

importance in the chemistry of urea resins. Recent studies (55) 

have shown that the Pulvermacher structure is also often formed. 

HOwever, it is generally agreed that the methylol compounds are 

the first condensation products when.substances contaning amino­

groups react with formaldehyd~ to produce resins. 

Einhorn and Eamberger (57) were the first to thoroughly in­

vestigate methylol compounds. They showed that the composition 

of the condensation products varied 

tions of condensation, but t·hat the 

I 

considerably.with the cp?di-

methylolureas were inde~d 
the first condensation products. Using barium hydroxide ~s 
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condensing agent. and neutralizing with carbon dioxide imme­

diately after vhe initial reaction, di~methylolurea, CO(NH-cH~OH) 2 , 

was isolated as a crystalline, easily soluble body. The com:pound 

gives a white amorphous precipitate on standing with dilute 

mineral acids. 
' 

Scheibler, Trostler and Scholz (58) i$olated mono-methyl.ol-
. . i 

urea, NH2-aO-NH-CE£OH, when urea was reacted with neutral ·fotmal-

dehyde solution. At an acidic pH a high molecular weight prpd-

uct was obtained instead. 

Both of the methylolureas gave oft formaldehyde on heating 

or boiling with water or mineral acids. 

A different substance had been obtained from the same 
~ ~ . 

materials by H~lzer and L~dy (59,60,61) in the form of methytene-

urea, c2H4N2 o. This compound was formulated in tWQ differen~ 

ways namely: 

n 
HOlzer 

and 

NH 

o=c / "'Cif .... 
""'-./~ 

NH 

While the urea-formaldehyde resins have received consi­

derable scientific study, the reaction or their formation is 

still not completely understood. It is now generally believed 

that urea and formaldehyde react reversibly in the presence of 

acidic and basic catalysts to produce mono-methylol- and di• . 

methylolurea. FUrther heating of either or these products 

results in polymer formation. 



The further stages of condensation were investigated by Schei-
1 bler, Trostler and Soholz .(62) with the result that the prali-

This Jas minary formation of mono~methylolurea was confirmed. 

found to be transformed by a trace of hydrochloric acid int 

a high molecular weight product of the same composition. 

ever the polymer is not considered as consisting of methylo 

units, but rather units of methyleneurea, each containing o~e 

firmly bound molecule of water. I 

n 

On the other hand, when mona-methylolurea was treated t'ith 

glacial acetic acid, two well characterized modifications o 

methyleneurea were obtained. Of the two compounds so produ~ed 
one· is soluble in glacial acetic acid and contains one mole/ or 

acetic acid in combination with an average of twelve moles pf 

methyleneurea, whereas the other contains one mole of water' in 

combination with an average of twelve moles ot methyleneurea 

units and is insoluble in acetic acid. Thus: 

N=OHa 

a=c( •OH3COOH and 

NHs 
12 18 

lhen symmetrical dimethyl urea was condensed with formal• 

dehyde a monomethylol derivative was obtained (63) 



No cyclization or po~erization occurs in this caae, a tac 

which could be interpreted aa indicating that the (N=CH2) 

group is the one which is involved in the poly.merization of 

methyleneurea. FUrthermore, the polymerization or methylen -

urea may then be readily conceived as a process analogous t, 

that which takes place in the formation of polyoxymethylene 

long-chain molecules (64) e.g.: 

i~ r~ fHe 
C=O C=O 0=0 
I I I 

••• •. -N- CHa- N- CH2- N-C~-· •••• 

From this formula it may be seen how a molecule of acetic a~id 
or a molecule of water might add to the free valencies at the 

I 

end of the chains, forming the acetic acid soluble and insoiu-

ble compounds already mentioned. 

In a similar manner, halogens may add to the polymethylene• 

urea chains. Such substances formed in glacial acetic acidj solu­

tions, according to Scheibler, 'l'rostler and Schol.z (65} ar~ not 

very stable, but give up their halogen on standing in the afr, 

or on slight warming. The loose bromine compound formed in this 

way contains too little bromine to be a bromamine or bromamide, 

but corresponds to the bromine addition compound of a trime~io 

methyleneurea: 



fila r~ fHa 
C•O C=O C=O 
I I I 

Br-N-CHg-N-C~-N -CHg-Br 

Insoluble compounds are not obtained when di~methylolur~a 
! . 

is dissolved in cold acetic acid, but upon addition of an adetic 

acid solution of bromine, a bromine addition product precip~tates. 
I 

Analysis for bromine indicates that this compound contains ~hree 
di•methyleneurea residues: 

H-N:...Clfe H-N=CH2 H-N=CH2 
I I . I 
C=O 0=0 C=O 
I I I 

Br•N- CH2 -- N -CJia- N - CH2-Br 

C.A. Redfarn (66) bases his discussion of the importan~e ot 

maintaining a definite pH during the resin formation upon the 
I 

fact that aqueous 40% formaldehyde solution almost exclusively 

used in the manufacture of these resins, contains regularly 

Q.02 to 0.03% formic acid. He assumes that the succeeding phases 

of the reaction proceed via the di-:metbylol.urea and di-methylene­

urea stages, the latter polymerizing to form chain-like structures. 

During the hardening process, the chains are supposed to close 

into cyclic systems: 

NH-QHgOH 

a=cf 

" NH-CffaOH 

-CH- CH~---CH~ CH---CH~ CH2--CH2 I --:a I --a I --,:: I -~ I ·-G I . I 
• • .-N--CO -N -N--OO-N --N-00-N--N-Co-•• • 



Ellis claims that if·the polymerization be considered a 

proceeding through the methylolureas, the possible produot, 

starting with mano-methylolurea, will be either A orB, ac­

cording as the primary or secondary amido-nitrogen is the mo e 

reactive: 

0 
11 

·.,. • •BN-o-NH-C1fa-· •• 

A -

X 

,. • • -N- CH2 - N-CH2- ••• 
I I . 
0=0 C=O 
I I 
NHa. NH2 · X 

B -
The mixed type C is also possible if both nitrogen atoms pa -

tioipate in the polymerization. 

0 
n 

••• -NH-0-NH-C~-N- CHa-· • • 
I 
C=O 

a 

I 
NHa· 

X 

If on the other hand, polymsrization proceeds through initi~l 

loss of water leading to'the formation of methyleneurea, the 

product oould only be of the type B: 

H-N-CffaOH 
I 

X C=O __..,. X 

I 
N~ 

N=Cffa 
I 
C=O 
I 
Nffe 

• •. -N -Offa -N-Cifa-. • 
I . I . 
C=O c-ro 
I I 
N~ Nff:a 
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In the case or di-methylolurea, the nature of the prod­

ucts .and general considerations indicate that the conditions 

are essentially similar. Chain-formation in this case may be 

conceived as taking plaoe in two possible ways to yield D and 

Bt 

••• -N- 0~-N-O~fs-· •• 
I . I 
C=O C=O 
I I 

a-N-CH20H N-CH20H 

:X: 

D -
0 0 
11 I 

.... -N- 0-NH-Cffe-N- C-NH-Cffa-·• • 
I I · . 
CH20H CH20H 

X 

B -
or possibly mixed types as before. Since branching may ooour 

at every methylol~group, the formation of long, straight-chain 

poly.mers is improbable• If now, the remaining methylol-groups 

eliminate water giving methylene groups as in F, a redistribu­

tion of valencies gives the double-chain G: 

.... -N-CH2 - N-CH2- ••• 
I I 

; ••• -N-.CHe-N- •• • 
I I 

C=O C=O C=O C=O 
I I I I 
N=CH2 ·N=CH2 .••• -N-cH2-N-••• 

X X 

F 
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-In the actual aondenaation process chain branching is inevila­

ble, so that the cured resin, if perfeotly orientated, could 

be represented in the simplest case by the formula: 

-eH2-N-CH2• -N-OH2-
J . I 
e•O C•O 
I I I 

-N-e:B2-N-CHa-N-C~-N-CHs-N-OHe-N-CHa• 
I I . I 
e~ o~ e~ · 
I I I . 

-N.-CH2-N-eH2-N-eH2-N-CH2-N-eH2-N-CH2-
I I . . I 
e-o c=o o=a 
I I I 

-OHg-N- Ofle -N-OHa-N-effe-N-C1Je-N -Cl!a -N-
I I . I 
c~ e~ c~ 

I I I 
-N-eHe-N-eH2-N-CH2-N-CH2-N-CH2-N-

I I . I 
e•O C=O C=O 
I I I 

-CIIa-N-OH8-N-OH2-N--Cffa-N-C~-N-I ~ 
e-o 0==0 
I I 

-N- eH!-N-CH2-N­
I 

The outer unsaturated valenoies would be attached, in the oase 

of the nitrogen atoms to hydrogen, and in the oase of methylene­

groups. to hydroxyl-groups. It may be that the acid or basic 

radicals of catalysts or fillers are chemically attached to the 

bonds. 

Research on the mechanism or the urea formaldehyde rest-, 

nification was also done by G. Walter and his eo-workers (68). 

He ascertained that the principal factors controlling the I 

progress of the reaction are, the hydrogen ion oonoentratio~, 



the temperature and the quantitative proportion of the compo­

nents. In general, hydrogen_ion concentrations between lo-6 

and lo-3 and high temperatures were required. The reactio 
~ 

was followed by determining the water given off during the 

condensation and by estimating the free formaldehyde. The 

results obtained indicate, according to Walter, that the cl ar 

resin consists either of a mixture of monomeric methylene-, 

dimethylene- and methylene- methylol compounds, or more pro a­

bly, of urea residues interlinked by methylene bridges and 

still containing free methylol groups. Assuming a regular 

type of structure and normal reaction conditions, \falter eo -

eluded that there existed an approximately three~membered, 

one-dimensional "rlng chain" carrying one free methylol gr 

The reaction type is conceived of as a gradually proceedin 

condensation of methylolurea, not as a polymerization lead 

through methyleneureas. 

In a later publication {69), Walter states that the adid 

acting as a condensation agent is largely combined at the be­

ginning of the condensation and then released again, so th•t 

the hydrogen ion concentration rises to its initial value. 
I 

Walter concluded that the condensation of urea and for-

maldehyde can, according to the conditions of condensation~ 

lead to simple low molecular crystallized products, e.g.: 

mono-methylol- and di-methylolurea, to amorphous powders, duoh 

as methyleneurea, c2H4oN2 -(Meth. Al or c5H10osN4 (Meth. B) 1 

and to resins. He obtained one monomerio Meth. A and one 
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Meth. B; by fractionation. Further fractions contained only 

polymers of low molecular weight (dimers and trimers} 

H2N-GO-N::CH2 

monomerio Meth. A. 

HaN-GO-NH-cH2-NH-cO-N=CHe 

dimeric Meth. A. 

monomeric Meth. B. 

and /in­According to Walter. Meth. A exists in both soluble 
I 

The latter is produced at high hydrogen ion c4n-soluble form. 

oentrations and has the following proposed structure: 

Walter assumes that the most important constituent of the int 
I 

soluble and infusible final product of the condensation is a 

polymer of di-methyleneurea. He formulates one-dimensional 

ring chains such as: 

and latticed molecules: 



• 
I 
CH2 
I 

••• -N-CO-N-CH2 -N-CO-N-GH2-N-cO-N-cH2- ••• 
I I _I I . I . 
CH2 CH2 OH2 OH2 CH2 
I I I I I 
N-CO-N-CH2 -N-CO-N-CH2-N-CO-N-CH2- ••• 
I I · 
OH2 CH2 I I 

4l. • 

Walter adds tha.t these products also contain Meth. A, Meth. B 

and strongly combined water. 

Following the work by Walter, Professor K.H. Meyer (?0 

maintained that the reactions between urea and formaldehyde 

ought to be considered from a more general standpoint, with ut 

introducing speeifi~.formulae. Urea being dibasio, he rega,ds 

Dixon's water insoluble condensation product (?1) formed by .· · 

acid condensation as a somewhat high molecular polymer havi~g 
I 

the simple regular formula: 

i i 
- ••• CH2-NH-C-NH- CH2 -NH- C-NH""' • • • 

By condensation in the presence of a high proportion of formal-

dehyde polymers are obtained which dissolve in water, formin~ 

very viscous solutions. According to Meyer, it is reasonabl~ 

to suppose that the solubility in water is promoted by aldehyde­

groups attached in such a way to the chains to form polyvalent 

aloohols of the type: 

0 0 0 
U H I 

••• -C-N-Cffa-N-O-NH-C!i2-NH-C-N - •••• 
I I I 
c~ c~ c~-
1 I I 
OH OH OH 
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On evaporation glass-like, insoluble masses are obtained, which 

may be supposed to contain 3-dimensional nets such as: 

0 
u 

-N-CH2-NH-C -N-
I I 

0 CHa 0 CH2 
11 I 11 I 

-C-N-CHs:-N-C-N-
. J 

yHa 

c.s. Marvel (72] claims that the polymerization proceeds by 

a stepwise loss of wa·ter between the molecules of methylol- and 

di-methylolurea. Methylolurea liberatesformaldehyde on heating• 

and this may combine with more methylolurea to give d1-methylol­

urea. Hence the polymer produced from pure methylolurea as a 

starting material will still be very complex. 

Marvel warns that no strictly accurate scheme for the poly• 

merization reaction can be written, but the following may be 

considered a possible route from methylol- and di-methylolurea 

to the final cross-linked polymer. 

HO-CH2-NH 
I 
e-o c=o e-o 
I .................... I .... u.. I . 

H-N-CE£tOH HtNtH ~ H-N-CHzOH 

H-y-H ·-······ ···:~f:~~~] YHCHzOH 

0=0 . C=O C=O 
I , ...... - ...... ·: I .. - ........... '1 I 

H-N-CH2iOH HfN-CH2iOH HtN-H 
........ ... ... • .... ...... t... ....................... ~··"" 
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-N-H 
I . 
0==0 

i 

Although the reaction between urea and formaldehyde ha$ 
i 

received considerable study and wide industrial use, according 

to Marvel, so far no structure of the polymeric product is aon­

sistent with the fact that urea reacts with formaldehyde to give 

a polymer whereas none of the substituted ureas will do so. 

It has recently been suggested (73) that two principal re­

actions are involved in the formation of urea-formaldehyde qon­

densation products. Urea shows many properties of an amino4mide. 

If one of the -NH2 groups is considered to be a primary amine 

and the other -NH2 group an amide, then their respective reac­

tions with formaldehyde might be predicted as ·Schiff's base 

formation and formation of a methylene-bis-amide. Most low · 

molecular weight Schiff's bases trimerize readily. If thes~ 

, reactions occur in the condensation of urea and for.maldehydet 

the structure or the polymer should be: 
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/c~ /c~ 
••• -cH2-NH-CO-N N-CO-NH-CH2-NH-CO-N N-CO-NH- ••• 

I I I I 
CH2 CH2 CH2 /CH2 

"N/ "'N 
I I 
C=O c=o 
I I 
NH NH 
I I 
c~ • 
I • 
• • 
• 
• 

If the cyclic intermediate forms first, it leaves three 

reactive amido-groups to react with formaldehyde. Terminal 

amino-methylol units would interact on further heating to 

cause the heat hardening which is characteristic of the 

uct. The known nitrogen content of the polymers agrees 

this view of the structure. 

prod+--
1 

with! 

The refusal of substituted ureas to give polymers can 

readily be understood if this structure is accepted. A sub­

stituent on the basic nitrogen prevents Schiff's base forma~ 

tion and subsequent trimerization and a substituent on the 

amido-nitrogen prevents formation of methylene-bis-amide. 

Hence substitution of any kind in urea will prevent the forma­

tion of three-dimensional polymeric products in the reaction 

with formaldehyde. 

de Ohesne (74) found that the intermediate stages of t~e 

polymerization form highly viscous solutions, which according to 

de Chesne, display the properties of a highly solvated micelle­

colloid. Thus the high viscosity of the solutions is diminished 



i 
greatly on heating 1 and returns to its former value on. cooling, 

whereas molecular colloids show relatively low temperature 

variation of viscosity. The conclusion is drawn by de Che~e 

that urea-formaldehyde resins consist of micellular aggrega es 

of linear thread-like molecules of varying degrees of poly­

merization. which form highly solvated hydrophilic colloids 

possessing the property of irreversible gelation after our~. 

In conclusion, it may be said that the reactions of di+ 

basic urea during condensation with formaldehyde• and also 

during heat-hardening are extremely complicated. The :rna.ny 

possibilities of reaction render research on the mechanism 

and also on the optimum conditions of the technical process 

most difficult. The ease with which di-methylolurea ~s fo ed, 

if sufficient formaldehyde is present, alone explains the r a• 

son for the number of complications which arise. Di-methyl 1~ 

urea can be considered a tetra-functional molecule which is 

capable of c hain•branohing .and torma tion of polymeric networks •. 

Attention may also be drawn to the ease of polymerization 

either with or without loss of water. and finally the readin$ss 

with which cyc lie structures are formed in the polymerizatic:j)n 

process. 

Although research workers have not investigated the 

mechanisms or the reactions1 formaldehyde reacts with subst•noes 

related to urea to give uaetul polymeric products. For example: 

Guanidine thiocyanate and guanidine carbonate give amorphou$ 

resins that may be pressed {75) and dieyandiamide, which is 

capable of functioning as the urea derivative cyanoguanidine 

Nlfe-C{NH)-NH ... CN has been condensed with formaldehyde to give 



polymeric-products (76,77,78}. Pabl (79) was able to isolat~ 
the primary condensation product, mono-methyloldicyandiamide~ 

which was found to be a very unstable <?Ompound, losing for-

. maldehyde on warming in water solution. 

The Chemistry o~ Nitroguanidine 

Nitrogtianidine differs from ure'a in having a nitro-gro+ 

in place of a.hydrogen atom and an imino-group in place of o~y­

gen.. Thus: 

i 

Nitroguanidine is a powerful explosive remarkable for ~he 
. i 

fact that it is exceptionally cool. It exists in two crys- · 

talline forms· (80). The « -form is obtained when guanidine ni­

trate is dissolved in concentrated sulphuric acid and the sqlu­

tion drowned in water. . The ~ -form is the product used in ~he 
. ! 

I 

explosives industry. It crystallizes from water in long, thin, 

flat, flexible needles which are dif'f'ioult to pulverize; 

N.. = 1.518, N4 = a little greater than 1.6681 N1 = greaier 

than 1.758; double refraction 0.250. /.1 -nitroguanidine is,pro• 

duced by the nitration of a mixture of guanidine sulphate a•d 
I 

ammonium sulphate which results from the hydrolysis of dicyan-

diamide by sulphuric acid. It crystallizes from water in fern­

like. clusters of small, thin. elongated plates; N« = 1.525, 

N~ ={not determined), N1 = 1.710; double refraction 0.185. 

It is converted into IX -ni troguanidine by dissolving in con-
! 

centrated sulphuric acid and pouring the solution into water. 
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Neither form can be converted into the other by solution in 

Both o<. - and ;9 -nitroguanidine, if dissolved in hot coj-

water. 

centrated nitric acid and allowed to crystallize, yield the 

same nitrate, thick, rhomb-shaped prisms_which melt at 147°0. 

with decomposition. The nitrate loses nitric acid slowly. in 

air and gives o< -nitroguanidine when reerystallized from wat r. 

Both forms yield a hydrochloride which crystallizes in 

needles when recrystallized from concentrated hydrochloric ac d. 

They lose hydrogen chloride rapidly in air and give ~ -nitro. 

guanidine when recrystallized from water. I 

The two forms are identical in all their chemical reactitns, 

in their derivatives and color reactions. .Both forms melt at! 

232°0. if the temperature is raised with moderate slowness, b t 

by varying the rate of heating, melting-points ranging betwee 

220°0. and 2.50°0. may be obtained. 

Solubili ties of ni troguanidine: ·rn water at lOOOC., 

10.3ee g. per 100 ml. In methanol and ethanol, very slightly[ 

soluble. In benzene, ether chloroform, carbon disulphide and, car­

bon tetrachloride, insoluble. 

Many of the reactions of nitroguanidine, particularlY it$ 

decomposition by heat and the reactions which occur in aqueous 

and in sulphuric acid solutions, follow directly from its de­

arrangements (81). 

Nitroguanidine de-arranges in two ways (81), as follows: 
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1) /N-Q(NH) 

H 

2) 

, __ NH2-NOg + HNCNH ;::::::!! NHgCN 

c yana.m.i de 

-- N!Ja + HNCH-N02 

NO 

-NH-C/ 

- " H 
nitrocyanamide 

On heating, a solUtion of nitroguanidine in concentrated 

sulphuric acid comports itself as if the nitroguanidine hadj' 

de-arranged into nitroa.m.ide and cyanamide. Nitrous oxide c n­

taining a small amount of nitrogen comes off first (from the 

dehydration of the nitroamide), and carbon dioxide (from th~ 
' 

hydrolysis of the cyanamide) comes off later and more slowly. 

Long continued heating at an eleTated temperature produces 

carbon dioxide and ammonia according to the equation: 

A solution of nitroguanidine in concentrated sulphuric 

acid, after standing for some time, no longer gives a preci­

pitate of nitroguanidine when ~t is diluted with water. 

H.S. Fry and J.F. Treon (82) found that the decomposi­

tion of nitroguanadine with sodium hydroxide is quantitative 

according to the equation: 

2NaOH + NlJe-C{NH)-NH-NOg 



' 

i 
In aqueous solution nitroguanidine de-arranges in both of 

the above mode$, but the tendency toward de-arrangement is ~all 

unless an acceptor for the product of the de-arrangement is l 

present. Therefore nitroguanidine is quite stable in aqueou 

· solution; but after numerous boilings and recrystallizations 

the same solution becomes ammoniacal. Ammonia being alkalin , 

tends to promote the decomposition of nitroamide in aqueous 

solution. Further, because of its mass action effect, it te 

to inhibit de-arrangement in the second mode which produces 

monia. If nitroguanidine is heated with an aqueous solutio 
. I 

of ammonium carbonate, nitrous oxide comes off rapidly, the I 

ammonia combines with the cyanamide from the de-arrangement.i 
i 

T.L. Davis and R.C. Elderfield (83) showed that de-arr~n­
i 

gement of nitroguanidine and substituted nitroguanidine in-1 

creases as the pH increases. Increasing hydrogen ion concen-

tration has the property of inhibiting the de-arrangement. 

In the presence of a prtmary aliphatio amine~, nitrogua~ 

nidine in aqueous solution de-arranges in the second of the 

above indicated modes, ammonia is liberated and the nitrooyana­

mide combines with the amine to form an alkyl nitroguanidin$. 

nitrooyanamide methyl nitroguanidine 

The structure of theN-alkyl, N'-nitroguanidine is demonstrated 

by the fact that it yields the amine and nitrous oxide by ey­
drolysis, indicating that the alkyl group and the nitro group 
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are attached to different nitrogen atoms. 

The same N-alkyl, N'-nitroguanidines are :produced by the 

nitration of the alkyl guanidines. Davis and his eo-workers 

(83,841 showed that whereas in substituted nitro-ureas the 

substituent group may be attached to the same nitrogen atom 

as the-nitro-group, in substituted nitroguanidines the sub­

stituent is always on the non nitrated amino-group, 

Nitroguanidine, warmed with an aqueous solution of hy­

drazine, yields N-amino-, N'-nitroguanidine (85). Philips 

and Williams were able to isolate a condensation product of 

nitroaminoguanidine and formaldehyde according to the follow~ng& 

NHN02 NEN02 

NH•C/ + HCHO - ... • NH=C/ + 

"NH•NH2 ~H-N=CHa 
This methylene nitroaminoguanidine crystallized out by allowing 

a saturated solution of nitroaminoguanidine to stand with a 37~ 

formaldehyde solution. 

Nitroguanidine decomposes immediately upon melting and 

cannot be obtained in the form of a liquid, as can urea and di­

cyandiamide. A small quantity heated in a tes•-tube yields 

ammonia, water vapour, a white sublimate in the upper :part or 

the tube, and a yellow residue of mellon. The products which 

are formed are those which would be expected from the de­

arrangement (86) namely, water and nitrous oxide (from nitro .... 

amide), cyanamide, melamine (from polymerization of cyanamide), 

ammonia. nitrous oxide again and cyanic aoid (from nitro-cyanami­

de), cyanuric acid (from the polymerization o.f cyanic acid),~ 
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ammeline and ammelide {from the eo-polymerization or oyanio 

aoid and cyanamide) and from the interaction and deoompositi~n 

of these substances, carbon dioxide• urea, melam, mellon1 

mellem, nitrogen,. prussic aoid, cyanogen and paracyanogen. l11 
I 

or these substances have been detected in,. or isolated from,; 

the products of the decomposition of nitroguanidine by strong 

heating. 

Piorates have long been fav~rite derivatives for the 

characterization of nitrogen bases. Mi tchel1 and Bryant (87i) 

have prepared pi crates of suoh amines as R2NH, R-NH:aa R4N +, 
(CHa) 0N4, RaN-GaHfiOH and guanidine. Kopeller {88) formed the 

picrate of guanidine and dicyandiamide for identification. 

Guanidine picrate was once used as a projectile explosive (69). 

Davis and Rosenquist (90) have prepared piorates of many deri­

vatives of guanidine. Nitroguanidine picrate can be prepared 

using ammonium picrate solution saturated with guanidine pi• 

orate as a solvent for nitroguanidine. Davis says that it ~s 

less likely that the acid in nitroguanidine salts is attached 

to the nitrated amino-group than to the more basic one. 



THEORETICAL INTRODUCTION 

The Colloidal Nature of High Polymers 

Attention is often ealled to the lyophilic-colloidal naJ 

ture of certain high polymers. Examples of such polymers ar 

the hydrophilic sols or linear urea-formaldehyde condensatio 

products (before thermal hardening); proteins, such as gelat 

and albumin; sacoharocolloids, such as starches and gums; an 

organophilic sols, such as rubber in benzene, vinyl acetate j 
and nitrocellulose in various organic media. These polymeri 

I 

i 
substances have the common property of being composed of cha~n 

I 
molecules, and we have seen that such linear polymers can in4eed 

I 

be distinguished from cross-linked polymers by the fact thati 

solutions of chain molecules display the properties of a soll 

Further the discussion on the colloidal nature of resins indi• 

cated that this polymeric state can be considered as a gel, ~nd 

since the formation of gels is characteristic of lyophilic col• 
I 

loids, it is lherefore possible to regard resins as lyophilic-
! 

colloidal systems in which the internal-phase particles and ~x-

ternal phase are intimately associated. 

For these reasons it would be advisable to study in soma 

detail, lyophilic colloids and the properties which such sys­

tems would be expected to exhibit, and to stress the colloidal 

nature of resins for the elucidation of the arrangement of the 

molecules in this state. 



The viscosity of lyophi~ic systems is much greater than 

that of the dispersing medium (91,92). The reason for this 

behaviour lies in the fact that lyophilic colloids, as 

from lyophobic colloids, are without exception substances 

which become solvated with the dispersing medium. The molec 

of the lyophilic colloids are complicated and large and 

solvated as single molecules or as small groups or molecules o 

form lyophilic micelles. The solvated character of lyophilic 

micelles, in which some of the molecules of the external phas 

are clos~ly and intimately affixed, accounts for the viscosit~ 
of lyophilic-colloidal systems. As a resu~t of this intimacy/ 

' 

or phases, lyophilic systems do not possess the property of 

scattering light (the Tyndall effect} to so pronounced a deg e 

as lyophobic systems {93). 
I While the.stability of lyophobic sols depends essential~ 
I 

upon the existence of surface charges that have a mutually r~-

pelling action when the particles collide, the stability of lyo­

philic sols depends essentially on the solvated character or the 

colloid, in which the adsorbed solvent for.ms a protective later 
I 

about the particles. In many instances the removal of this / 

protective layer is sufficient to cause coagulation of the dt-

solvated particles. ! 

The protective action of the solvation of particles is clear­

ly indicated by the experiments of Kruyt and his eo-workers ,( 94). 

When dehydrating agents such as alcohol are added to an agar/ sol, 

the viscosity of the sol decreases. As a result the sol be~ves 
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I 

somewhat like a lyophobic sol; for example: in addition t·o a de-

areas~ in viscosity, the optical properties become like those olf 
i a lyophobic sol; the agar sol becomes bluish and the indistinct 1 

Tyndall cone of the original lyophilic sol changes to a well­

defined picture. 

Often it is possible to produce a gel by adding, graduall 

to a lyophilic-colloidal sol, a second solvent in which the ly -

philic colloid is much less soluble, though if the process is 

carried out too rapidly. a precipitate instead of a gel is 

ly to result (95). The action of any such second solvent in 

oausi~g gelation is regarded as desolvation of the lyophilic 

colloid, resulting in the formation of internal-phase :partial s 

possessing sufficient surface to adsorb the molecules of the 

liquid medium. 

The formation of gels is characteristic of lyophilic col 

loids. When suoh conditions as concentration and temperature
1

are 

favourable, the lyophilic systems are said to change from a s~l 
I 

to a gel. This change is evidenced by the formation of a semi~ 
I 

solid gelatinous-mass rich in external phase. The term, plaato-
1 

gel has been offered by Wagner (95) for a gelatinous system pps-

sessing plasticity. When the external phase of a lyophilic­

colloidal system, such as a sol or a plastogel, is removed by 

evaporation or desiccation to leave a dried residue an xerog11 is 

said to have been formed (97). The term xerogel has been ap~lied 

to resins. They are gels which are extremely poor in extern'l 
+ 

phase since most of the dispersing medium has been removed, tet 

they maintain their plasticity and remain coherent. 



Many such lyophilic systems become "fluid" when their tem-1 

perature is increased above a certain range and gel again when I 
the temperature is reduced below this range. Such gels are sa~d 

. ' 

to be heat-reversible• Wagner (96) suggeatsthat the term viso -

gel be appli~d to those which when "melted" yield a sol of hig 

viscosity; for example: gelatin is a heat-reversible visoogel. 

Many gels will absorb appropriate liquids,. with the resul 

that they increase in volume until eventually 

tion. This phenomenon is called swelling. 

If swelling is unlimited in this ·fashion, it may be oo.no 

dad that the solvent penetrates between the free chains or mi 

oelles forcing them apart until complete solution is brought 

In some instances it is necessary to add a quantity of a· 

suitable peptizing agent. which is usually a polar medium, to 

effect solution. In these oases, the chains are said to be 

. held together by strong van der Waal's forces, that is, they 

are held together by associated dipoles or by hydrogen bonds ~98). 

In other oases primary valence bridges are present between 

neighboring chains and the polymer is cross-linked. When suc;h 

is the case, swelling is limited and solution oan only beef­

fected by destroying these cross-links by chemical methods. 

Freundlich and J'uliusburger (99) call att@tion to another 

phenomenon of lyophilic colloids called rheopexy. i.e., when a 

colloidal system consists of internal-phase particles of a l$minar 

or fibrillar shape, gelation is greatly hastened by slow but pro­

nounced elliptical stirring. Such motion apparently brings about 
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a para~lel alignment of the internal-phase particles that aids 

gelation. 
I 

In a lengthy series ot experiments, Katz {100,101) studier 

the effect or swelling of many gels by means or the X-ray spec-

trum. Were the swelling process one· of taking up the liquid 

intermolecularly, that is• a so~ubility process. the dimensio s 

of _the lattice as shown by the X-ray spectrum would be increa 

On the other hand, if the liquid taken up were intermicellula 

dispersed, the dimensions of the lattice as shown by the X-ra 
I 

I 

patterns would remain unchanged. Katz found that no change il 

the X-ray spectrum occurred on swelling, an indication that i -
I 

stead of the liquid being taken up intermolecularly, it was 1 

' 

taken up intermicellularly. This fact seems to prove that thf 

structure of gels is micellular in nature, I 
Meyer (102) claims the formation of the framework in gel~ 

I 
I 

is due to a kind of crystallization. According to Meyer, in ~11 

reversible gels which have been studied as ·yet, the specific 

heat increases considerably in the r~gion of temperature overl 

which gelation or alternatively liquefaction occurs. On gala~ 
! 

I 

tion, therefore, latent heat is set free--degrees of freedom are 

frozen. It is further claimed that X-ray analysis has demon­

strated the presence of ultramioroscopic crystallites in many 

gels. 

Gerngross., Hermann and Abi tz (103,104) claim that the 

"molecules" taking part in crystallizations are only portions 

of chains; other portions remain amorphous or, more correctly, 

dis~olved, that is, surrounded by solvent to give what are t~rmed 

"fringed" micelles. 
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The theory that the formation of gel or the transformation 

of a sol to a gel is a sort of crystallization that produces aj 
i 

lattice or network wherein the crystalline threads are associaled 

with the dispersing medium is held by a number of other investi-
j 

gatora (105,106). Others regard the colloidal particles as 

being linked together or agglomerated to form a filamentous 

structure not necessarily crystalline in nature (107). 

Regardless of the exact character of the internal phase. 

that is, whether it is crystalline or amorphous, the data ava 

able lead to the conclusion that the strq.cture of gels is fi-

brillar or micellular in nature. 

Syneresis, which may be defined as the exudat'ion of the 1 

liquid constituent of gels irrespective of the vapour pressure, 
I 

is a common occurrence; in fact. all gels will synerize to so'e 

extent on standing. As a result, the gel undergoes a ·certain· 

amount of shrinkage. However, the total volume of the system 
i 

remains the same since the volume of exuded-liquid is found tQ 

be equal to the lass in volume of the gel (108). 

Since the total volume r~mains the same, the exuded ~iqu~d 

must result from the release of liquid. held in the fibrous net­

work of the gel, and regardless of the extent of exudation with 

respect to gel concentration, it can be said that syneresis is 

a continuation of the gelation process in which the fibres or 

micelles come more closely associated resulting in a decrease 

of the active surface. 

In the same way, the transformation of a sol to a plastogel 

then to an xerogel or resin, may be regarded as a continuation 
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of the gelation process. During this transformation the fibrojs 

or micellular structure is probably growing through aggregatio~ 

with a continuous decrease in active surface for the adsorptio 

of external phase. 

In conclusion it may be said that resins have a compact 

fibrous or micellular structure in which there is relatively 

little surface for the adsorption of the fluid medium. 



EXPERIMENTAL 

pH Limitations in the Ni troguanidine­
Formaldehyde Reaction 

Early in the investigation it was found necessary to mai -

tain a pH contra~ when nitroguanidine-formaldehyde reaction 

products were formed in water solution. The degree of acidit 

or alkalinity of the reaction mixture, as well as the duratia 

of heating markedly affected the type of condensation product 

The following •ill introduce the experimental section an 

will serve to .~how the necessity of forming nitroguanidine• 

formaldehyde high polymers in an acid medium. 

A mixture of 52 g. (0.5 mole) nitroguanidine and 122 g. 

(1.5 mole) formaldehyde (as 37% formalin) in 122 ~. water wa 

refluxed at gs0 c. for 20 minutes, during which all of the ni­

troguanidine went into solution. The pH of the reaction mix-r 

ture was 3.67 before heating, due to formic acid present in 

the formalin. The reaction solution was cooled to room tem-
I perature and a white condensation product crystallized out i~ 
I 

short platy crystals. 

The crystalline condensation product could not be recrys­

tallized from warm solvents without decomposition. After washing. 

with cold 10% aqueous methanol and drying to constant vapor 

pressure aver calcium sulphate, this compound was analysed in the 

Microchemical Laboratories of the University of Toronto with the 

following results: 



Oalcd. for o2~o3N4 r 0, 17.81; H, 4.44; N, 41.4% 

Found: O, 18.4, 18.3; H, 4.41, 4.42; N, 41.8, 41.1%. 

This condensation product was later shown to be mono• 

methylolnitroguanidine. 

60. 

In other runs, the hot reaction solution was cooled to 

room-temperature; the pH was adjusted to 2.6 with chloraoetic 

or phosphoric aoid, and heating waa continued for 4 hours. 

solution was then evaporated, by removing the reflux condense , 

until a viscous syrup was obtained, which could be cured at gdoc. 

to a white, opaque, thermoplastic resin, j 

Partial evaporation gave a solution which was poured inti 

oold water to precipitate the polymer as a white amorphous 
i 

powder. After washing with water and drying in a desiccator, ; . 

the powder was found to be moldable. 

The final product in both oases burned rapidly and vigo~ 

ously when ignited and left a charred residue. 

Several attempts were made to mold this polymeric powder 

into buttons, using a hydraulic plastic press and an eleotric~lly 

heated die. The softening-point of the powder was determined! in 

a melting-point tube, and at 126°0. the material began to flow. 

Experiment showed that the best molding temperature was 

between 110°0. and 145°0.; below 11ooo. the powder would not 

flow and above 145°0. it flowed too freely. Pressures ranging 

from 1,000 to 4,000 lbs./sq. in. were applied from one to rite 
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minutes. In all moldings the powder tended to stick do the d e 

and produce rough, brittle grains. The use of "fillerstt suchas 

pyroxylin, "plasticizers" -such as camphor, and high-temperatute 
I 

lubricants such as canauba wax failed to overcome the defects~ 

Extrusion through a die at temperatures ranging from 120t 
I 

l65oc. and pressures ranging from 3,000 to 5,000 .lbs./sq.in. I 

'produced cords which exhibited good burning qualities, but were 

brittle and rough in texture. 

Samples of the molding powder were analysed in the Micro~ 

chemical Laboratories of the University of Toronto with the 

following results: 

Calcd. for (CaH603N4)n: C, 17.81; H, 4.44; N, 41.4~ 

Found: c, 18.3, 18.0; H, 4.13, 4.31; N, 41.2, 41 .• 5-. 

It can be seen from the analytical results that the fini~hed 
i 

polymer, insofar as percentage composition is concerned, is i~en-

tioal with the primary condensation product, mono-methylolnitro­

guanidine. It is difficult to account for a polymer with uni.ts 
i 

of the same elementary composition as mono-methylolni troguani,dine. 

However, the polymer was not considered as consisting of methy1o1 

units, but rather of units of methylenenitroguanidine containing 

one firmly bound molecule of water: 

n 

This consideration is analogous to the structure given to a 
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j 
polymer from mono-methylolurea, obtained by Scheibler, Trostl~r 

and Soholz {62) under similar conditions. 
I 

Ripper (109) also obtained under similar conditions a wh~te 
I 

polymeric product from urea and formaldehyde containing all. t~e 

water originally present. 

HYdrogen ion concentrations less than lo-3 caused decompqsi• 

tion of nitroguanidine during the four hours continued heating 

or the reaction solution; the more basic the solution the mor& 

extensive the decompositiqn. ror example: after four hours 

heating under reflux at pH 4-5, evaporation .of the reaction 

solution gave a viscous syrup which set to an opaque gel an 

cooling. Microscopic examination showed the presence of some 

short platy crystals which were probably mono-methylolnitro­

guanidine. At 90°0. the gel was converted to a brittle, clear, 

yellow-brown resin having a strong amine odour and which bu~ned 

very poorly after difficult ignition. 

At pH 7-10, evaporation of the reaction solution after four 

hours heating under reflux, gave a viscous syrup which cured to 

a dark brown resin, smelling strongly of ammonia and cyanide. 

The cured product would not ignite. It was observed that consi­

derable gassing of the reaction solution took place at hydrogen 

-ion concentrations less than lo-7. 

De-arrangement of nitroguanidine was considered to have 

taken place at these pH values. According to Davis (81) 1 nitro• 

guanidine de-arrangement is particularly noticeable the more al• 

kaline its solution or if an acceptor for the products of de• 

arrangement is present. Several substances capable of react~ng 



63. 

I 

with formaldehyde can be obtained by interaction of de-arrang~-
ment products e.g. melamine cyanamide and dicyandiamide. In his 

way, formaldehyde was considered to act as an acceptor for th 

products of de-arrangement to form resins during the prolonge 

heating period, in which the nitre-group of nitroguanidine ._ 

no longer present. 

Primary Condensation Products 

It is now generally agreed that the two factors which mo t 

influence the course of reactions between formaldehyde and me 
I 

the pH of the condensing ~dium bers of the urea family are: (a) 
I 

and (b) the·ratio of formaldehyde to the other component. 

Attention may be drawn especially to the tendency to for1m. 
I 

methylol compounds to which all subsequent 'reaction products lean 
I 

be related. 

By analogy it is to be expected that the nitroguanidine~ 

formaldehyde reaction would be similarly conditioned and tha~ the 

primary condensation product would be a methylolnitroguanidixie. 

For this reason it was decided to attempt analyses of tij.e 

simplest products formed during the earliest stage of reacti~n. 
·Accordingly one mole of nitroguanidine was reacted under staJdard 

conditions with 37% formaldehyde solution containing 0.5, one, two, 

three and four moles of formaldehyde. The pH of the four solu­

tions was constant, the temperature was constant and the volume 

of each solution was made constant by adding 10% aqueous methanol; 

thus the concentration varied. 

In each oase the reagents were introduced into a one-litre 



three-necked flask equipped with a mercury-seal-stirrer, a ref~ux 

condenser and a thermometer. All joints were ground-glass. T~e 
reaction mixture was refluxed until a clear solution resulted; 

then about 15 ml. methanol were added to assure the stability f 

excess formaldehyde, and the contents were allowed to cool to 

room-temperature. In each case white platy crystals were prec~-
1 

pitated and were filtered off• After washing with a small quan-

tity (ca. 150 ml.) of cold 10% aqueous methanol, the precipita~ 

te was dried to a constant vapour pressure in a desiccator over 

calcium sulphate. This technique of purification was the only 

one possible, since it.was found that the material was extremely 

unstable; on dissolving in warm water formaldehyde was evolved, 

and on recrystallization from methanol several times, only 

needles of nitroguanidine were obtained. 

Formaldehyde and ammonia analyses were carried out on the 

reaction products according to the method of Connor et al (110) 1 

and the results are given in Table I below. 

Thus from the analytical results it would seem that the 

first condensation produo.t of one mole of nitroguanidine with 

two. three and four moles of formaldehyde is mono-methylolnitro­

guanidine; 

where the theoretical requirements of ammonia and formaldehyd, 
I 

are 12.6% and 22.4% respectively. No other simple product ofl 



Nitre-
Run guanidine 
No. in moles 

1 1 
la 1 
2 1 

3 1 
4 1 
5 1 

(a) 

TABLE I 

CH20 Temp. Time of Initial Final Appro:x. 
in in solution pH of pH of Yield 
moles oc. in min. solution solution in g. NH3 in % 

1 96 60 3.75 3.75 65 14.1 14.0 
1 96 60 3.75 3.75 70 13.1 13.9 
2 96 25 3.65 3.65 50 12.2 11.8 

3 96 20 3.6 3•6 40 12.6 12.5 
4 96 15 3.6 3,6 40 12.4 12.4 
0.5 96 (a) 3,7 4.1 •• 15.5 14.9 

incomplete after 240; unreacted nitroguanidine filtered off 
before cooling. 

CH20 in % 

13.1 13.1 
12.1 11.8 
24.7 26.0 

23,3 23.3 
23.3 23.1 
14.1 14.6 

(}') 

01 
• 
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condensation, considered as possible, approaches the analytic~! 
figures listed above. The formation of methylolnitroguanidin 

is, moreover, to be expected in view of the known, simple, 

methylol compounds of urea, thiourea, dicyandiamide and other 

members or the urea family. 

However, when only one mole of formaldehyde is present it 

would seem that another product is obtained. The yield is 
• I 

greater indicating less solubility in the medium, and the for1 

maldehyde content is significantly lower •. Here it was tenta-. 

tively concluded that two equivalents or nitroguanidine had re­

acted with one equivalent of formaldehyde to produce methylene­

bis-nitroguanidine 

02N-EN-C-NH-GHz-NH-c-NH-N02 
11 u 
NH NH 

where the theoretical requirements of ammonia and formaldehyde 

are 15.5% and 13.7% respectively. Under these condi.tions of 

reaction where the concentration of formaldehyde is much less 

than in runs Nos. 2, 3 and 4, it is possible that mono-methylplni­

troguanidine is first formed, followed·by loss of water with a 

molecule of nitroguanidine to give methylene-bis-nit!oguanidine. 

This would account for the increased yield, since methylene-bis­

nitroguanidine would be expected to be less soiuble than methYl­

olnitroguanidine, in the medium. MOreover, this structure is 

analogous to the Pulvermacher structure for reaction products 

obtaineg from the reaction between benzamide and formaldehyde, 

and urea and formaldehyde. 

Elementary analyses for carbon, hydrogen and nitrogen w~re 
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I 
carried out in the Microanalytical Laboratories of the National 

Research CouncilJ Ottawa, and the results are in reasonably gpod 

agreement with the proposed structures for mono-methylolnitrof 

guanidine and methylene-bis-nitroguanidine considering that 

scrupulous purification was not possible. 

Methylene-bis-nitroguanidine: 

Calcd. for C3Ba04N9: c, 16.20; H, 3.64; N, 51.90%. 

Found: c, 16.0?, 16.00; H, 4.5?, 4.52; N (Dumas) 4?.28, {HI) 
44.84~. I 

' 

Mono-methylolnitroguanidine: 

Calcd. for CaR503N4: c, 17.81; H# 4.44; N, 41.40~ • 
. 

Found: (Cff20: ilitroguanidine: :2:1) c, 18.15, 18.29; H, 4.96, ,4.83; 

N, 41.09%. 

(CHgO: nitroguanidine::3:1) c, 1.8.40, 18.40; H1 4.97, 4.84; 

N, 40.62%. 

(CHaO: nitroguanidine::4:1) c, 18.87, 19.08; H1 4.911 4.70; 

N, 39.91%. 

In reporting these values, G. Barker, of the National Re .... 

search Council, states in part •• "we have encountered a great 
-

deal of difficulty in the nitrogen analyses, and although we 
' 

have tried bot~ the recognized methods we have been unable to 

obtain satisfactory results". 

Molecular weight determinations according to the method of 

Clark (111) were carried out at room-temperature in lOO% formic 

acid as solvent. The technique developed for the preparation of 

absolute formic acid was vacuum distillation of the acid after 

standing in a closed system over boric anhydride. Reagent for--
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mic acid contains approximately 10% water after treatment with 

anhydrous calcium sulphate. The final traces of water, howev$r, 

are too firmly held to be removed by ordinary drying agentsj 

boric anhydride was found to be efficient for this purpose, a~d 

was prepared.by heating boric acid in a platinum crucible to 

800°0. in an electric furnace. 

Molecular weight values for methylene-bis-nitroguanidine 

were obtained as follows: 

Calcd. for C3HS04N9: mol. wt. 210; Found: 183, 186, 189. 

The molecular weight values of the first reaction product 

of nitroguanidine in the presence of two moles (or more) of for­

maldehyde agree well with the molecular weight calculated for 

mono-methylolnitroguanidine: 

Calcd. for: C2floo3:N4 : mol. wt. 134; Founds 138, 138• 

Thus it would appear definite that when nitroguanidine 

condenses with formaldehyde in aqueous medium at a pH of about 

3.6, either methylene-bis-nitroguanidine or mono-methylolnitro• 

guanidine are first formed, depending on the relative propor­

tions of the reactants; but that mono-methylolnitroguanidine is 

indeed the first condensation product. 



Po1ymerization of Mono-methylolnitroguanidine 
in the Presence of Picric Aold 

A study of various acid condensing reagents. in the prepara­

tion of urea-formaldehyde resins. was made by Ellis (112), and it 

was found that acids have a tendency to form resinous complexes 

by combining with the condensation product. For this reason it 

was decided• that in the preparation of explosive polymers fro~ 

nitroguanidine and formaldehyde, the use of highly nitrated ac~ds 

would impart advantageous properties. Picric acid was found to 

be a suitable condensing agent for these preparations. 

The separation of mono~methylolnitroguanidine in the solid 

form is not necessary in the formation of a nitroguanidine-for~alde­

hyde polymer. It is possible to effect preliminary condensation 

as far as methylol formation, then to polymerize this condensa-

tion product by the addition of picric acid. 

The first stage of the reaction must occur at a pH of about 

3.6 and at a temperature· of 96°0. Commercial, 3?% formalin 

usually contains enough formic acid to give this pH value. Should 

the acidity fall much below this value, decomposition of nitro­

guanidine takes place, which, as already pointed out, leads to 

the ultimate formation of a resin of poor burning qualities. 

At a pH of 3.6, however, a water-clear solution of mono•methylol­

nigroguanidine is obtained with not less than 2 moles of formal­

dehyde present per mole of nitroguanidine. Polymerization of 

the mono-methylolnitroguanidine is brought about by the addi­

tion of sufficient picric acid to lower the pH to at least 2.5., 
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By this process, a mixture of 104 g. ( 1 mole} ni troguani -I 
dine, 246 g. 37% formalin {3 moles formaldehyde) anti 82 g. 

water was introduced into a one-litre, threa-necked-flask, 

equipped with a mercury-seal stirrer. a reflux condenser and a 

thermometer. All the joints were ground-glass. The reaction 

mixture was reflu:xed at 96°C. for 25 minutes., at which time a 

water-clear solution resulted; then 20 g. (0.088 mole} picric 

acid were introduced and the mixture refluxed :ror a f'Urther 

periOd. After three hours the reaction mixture was converted 

into a ol.ea:t', orange, "moderately• viscou.s solution which, on 

cooling deposited. an orange, hydrophobic plastageT, from which 

the supernatant liquid was decanted. The name N.G.F.P. was giv19n 

to this reaction product. On drying at l00°C. N.G.F.P. gave a 

clear., brittle, glass-like mass or resin. 

Properties of N.G.F.P. 

Thermoplasticity 

Cured N.G.F.P. was found to be a thermoplastic: resin and 

hence a chain polymer. The tt:softening-~ or ~elting"-point was 

determined as the temperature at which a sample of the resin 

began to flow in a constriction of a large melting-point tuba, 

at a'tmospheria pressure. 

By this procedure the "softening"-point was found to rise 

from Z5°-30°C. to 150°-155°0. during curing at 100°C. for 10 hours. 

The process of c:uring in this instance was one of heating to a 

maldmum "'sof'tening"'-point. Thus, eontinued heating failed to 



• 

• 

raise the "'sof'tening"-point beyond the value of' 150-155°0. Thd 

curing treatment converted the soft N.G.F.P. gel to a clear, 

brittle, orange resin. 

In an attempt to raise the "softening"-point or to impart 

thermosetting properties to N.G.F.P., a small amount of' u~ea 

(4.2 g; 4% by weight of' nitroguanidine) was added to the prepa­

ration. The resultant polymer was similar to N.G.F.P. in phyei!• 

cal properties; however, its "softening"-point was raised to 

165-170°0. on curing. 

Explosive Power 

A sample of' cured N.G.F.P. was examined in the Beloeil 

Works of Canadian Industries Limited and the following results 

reported. 

When a 10-g. sample was fired with a No. 8 cap in the bal­

listic mortar, detonation was complete, some fumes were evolved' 

and a deflection of 13.20 was recorded, equivalent to 51% that 

of T.N.T. 

A 10-g. sample or the polymer which had its "softening"'• 

point raised to 165-170°0. by the addition of urea, gave in­

complete detonation, fumes were evolved and some unexploded 

material remained in the chamber. 

No detonation was occasioned in the Fall-Hammer Teat using 

a torpedo at a vertical height of 180 cm. on either or the above 

polymers. 

It was deduced that little or no de-arrangement of the ni­

troguanidine occurred during the preparation of N.G.F.P., since: 

the ballistic mortar gave an explosive force o.el times that of 
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T.N.T., which cannot be accounted for on the basis of picric 

acid, retained as a resinous complex, alone• 

In order to ascertain whether N.G.F.P. contained any free i 

picric acid, a small amount (ca. 10 g.} of the pulverized resin 

was extracted with 150 ml. ethanol in a Sohxlet apparatus for 

18 hours. Upon evaporation of' the·solvent to dryness, no 

trace of picric acid could be found. It was thus concluded. 

that picric acid had entered into a resinous complex, such as 

Ellis found when using acid condensing agents in the prepara­

tion of urea-formaldehyde resins. 

Solubility 

N.G.F.P. was found to be insoluble in water and ether; but . 
acetone, nitrqmethane and concentrated hydrochloric acid solu-

tion could be made of various concentrations and viscosities. 

It was found that the solubility in acetone and nitromethane be~ 

came increasingly difficult as the "softening"-point ~as raised 

from 25-30°0. to 150-155°0.; N.G.F.P. of "sortening"-point 25-
.. 

30oo.· dissolved at room-temperature by stirring, whereas if the 

•softening"-point was 150-155°0. several hours of refluxing were 

required to effect solution. In concentrated hydrochloric acid, 

N.G.F.P. was dissolved at room-temperature by stirring regardles~ 

or the "softening"-point. 

An acetone solution of N.G.F.P. was evaporated to a syrupy 

consistency and was found to be highly adhesive to glass surface•~ 

A viscous solution of the resin in acetone was spread on twq 

sheets of glass at 30-40°0. with a spatula. The. two sheets were 

then placed together, so that the coated surfaces faced each other. 
! 
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After standing for several days the gl:ass sheets were firmly held 

together. 

Picric acid was found to be exceedingly soluble in N.G.F.P• 

In a viscous solution of N.G.F.P. in acetone, picric acid was 

dissolved up to 50% by weight of cured N.G.F.P. The solution 

was extremely sticky, and cured to a clear brittle resin at 

100°0. Examination under a microscope showed no crystals of 

picric acid. This phenomenon was taken as evidence for the ten­

dency of picric acid to enter into a resinous complex. 

Moldability 

Cured and pulverized N.G.F.P. was found to be a suitable 

powder for molding operations. This material was extruded through 

a 3/16 in. orifice at a temperature of 140°0. and a pressure of 

2,080 lb./sq. in. to give cords of good burning qualities. The 

cords were smooth and hard, of uniform diameter and exhibited 

an inherent streaking effect. Streaking was also observed when 

highly concentrated N.G.F.P. solutions were stirred with a glass-

rod• This phenomenon was interesting to note since Freundlich 

pointed out that plastic masses composed of decidedly non-spheri­

oally shaped particles display characteristic streaks on stirring, 

showing a persistent layering effect. 

Cured and pulverized N.G.F.P. was also press~molded into 

buttons both in the cold and at elevated temperatures, depending 

on the degree of curing. Thus, the resin cured to a "softening"­

point of 80-85°0. was molded at room-temperature and3~00 lb./sq.in. 

whereas the resin cured to its maximum "softening"-point of 150-
-

155°0. was molded at ~000 lb./sq.in.; but a molding temperature 
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of 130°0. was required. 
' A heavy-bodied solution of N.G.F.P. in acetone was oast 

into small glass cups. The casting was allowed to cure at 50°0~ 

for 3 days, at which time a·solid, brittle, clear thermoplastic 

resin was obt.ained, somewhat resembling rosin. The molded prod~ 

uot, when struck with a hammer gave a oonohoidal fracture. 

Colloidal Properties 

The remainder of this section will be devoted to a qualita• 

tive description of some of the colloidal phenomena observed 

during experimental work on N.G.F.P. which showed that this 

material was a lyophilic-colloidal system. 

The viscosity of a 5% solutio~ of N.G.F.P. in acetone was 

much· greater than that of the pure solvent. The acetone of 

such a sol was evaporated slowly at 30°c. As the system became' 

increasingly poor in external phase, the viscosity increased 

until finally the sol became so heavy-bodied that it set to a 

plastogel. 

A small parallel.beam of sunlight was passed through a 5% 

solution of N.G.F.P. in acetone. At first a very indistinct 

Tyndall effect was observed; but after a small quantity of 

ether (in which N.G.F.P. is insoluble) was added carefully, so 

that the stability of' the sol was not disturbed, the Tyndall 

eff'eat became quite pronounced and the .sol turned bluish. The 

increase in the clarity of' the Tyndall effect is no doubt due 

to a partial "de-aaetonation" of the lyophilic colloid by ether.1 

This demonstration of the colloidal nature of' N.G.F.P. in-

dicates that the polyreaotion between nitroguanidine and formal~ 



dehydtl' had proceeded to a degree where large molecules were 

formed, and a high molecular weight must be assumed. 

At this point it should be reoalled that during the N.G. 

F.P. preparation the reaction mixture became "moderately" vis­

cous. This must have been due to the growth of molecules to 
i 

colloidal dimensions and subsequent solvation of the macromole~ 

cules by the reaction medium. Thus it may be said, that at re~ 
0 . 

action.temperature (96 c.) N.G.F.P. was a hydrophil.ic colloid,. 

soLuble in the aqueous medium. On cooling, however, the hydro~ 

phile s~parated as a plastogel. 

This gel was heated in a distiiling flask at 100°0. and 

water and excess formaldehyde driven off over a period of 

10 hours, during which the plastogel was converted to a thermo~ 

plastic resin or xerogel of "sottening"-point 150-155°0. The 
... .., ' 

plastogel obtained by ~oncentration of an N.G .. F.P. - acetone soil 

was sim.ilarly cured at 100°0. to a thermoplastic resin or xera..: 

gel of "softening"~point 150-195°0. 

The N.G.F.P. plastogel was found to be readily dispersed 

in acetone or .nitromethane at room-temperature by stirring with 

a glass-rod; whereas the xerogel was dispersed with difficulty, 

~equiring several hours or reflux. In concentrated hydrochloric 

acid, however, both types or gel were dispersed with ease at 

room-temperature by stirring. 

The N.G.F.P. plastogel was found to flow at a temperature 

of 25-3ooc. and gel again on cooling below this range. The xer~­

gel flowed at a temperature or 150-155oc. and gelled again when 

cooled below this range. The "melted" gels in both cases were . 
I 
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highly viscous. Accordingly they may be termed heat-reversible 

viscogels. 

Viscous N.G.F.P. ~ acetone sols exhibited the phenomenon 

known as rheopexy since gelation w&s greatly hastened by slow i 

but pronounced elliptical stirring. The gels formed in this 

way exhibited a silky, streaking effect which was no doubt due 

to the parallel alignment of N.G.F.P. chain molecules. 

A plastogel was separated by the careful addition of lOO ~· 

ether to 100 ml. 10% solution of N.G.F.P. in acetone. l'hen th~ 

·ether was added rapidly an amorphous powder precipitated which 

could be redispersed in acetone. The action of the ether in 

producing this effect was probably due to the desolvation of 

the colloidal particles since N.G.F.P. is insoluble in ether. 

A 10-g. sample of the plastogel formed by the addition of 

ether to an N.G.F.P. - acetone sol was allowed to stand for 48 · 

hours in a stoppered test-tube. After this time the gel had 

shrunk considerably and had liberated an acetone - ether solu­

tion which had constituted part of the external phase. 

Swelling was observed when acetone, nitromethane or con• 

centrated hydrochloric acid was mixed with the N.G.F.P. plasto­

gel· . , although it was more pronounced and rapid when concentra­

ted hydrochloric acid was used. Swelling and solution of the 

xero.gel was slow when acetone· or ni tromethane was used. How­

ever, the xerogel swelled and dispersed rapidly in concentrated 

hydrochloric acid. 
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The Uhamiatry of' N.G.:r.P. :rormation 

It is apparent in the reaction between ni trogua.nidine and · 

rorma~dabyde that there has been a trans.rormation of a low 

molecular wetght compound into a complex derivative of high 

molecular weight. 

In any polyreaation, from compounds or· low molecular weight 

to high polymers there is a continuous transition through eom- i 
! 

I 
pounds . or medium size • and a regular change occurs in the various 

phys·iaal properties as the molecu~ar weight inereases. The fol~ 

lowing section contains a study of such a transition in the N.G,. 

r.P. polyreaction. 

'rhe complexity surrounding the determination of aoaurate 

figures for molecular weights of high polymers was mentioned in 

a previous section. Although methods are available for their 

determination, such a specifia:: study was considered unnecesse.T 

:ror the purposes of this re.seareh. Instead, the reaction prod­

uct was divided into three fractions •A"', •B• and. "'C• of' de­

creasing average molecular weight. 'fhe rate. ar formation of 

these fractions was s~udied relative to one another, using 

various pnysical properties for their charaaterization. 

Sevan N.G.F.P. reactions were carried out according to the 

following scheme. 

A mixture of 104 g. (1 mole) nitroguanidine, 246 g. 57% fo:rmalii 

(3 moles formaldehyde) and 82 g. water was introduced 

into a one-litre three-necked-flask equipped with a mercury-seal­

stirrer, a reflux condenser and a thermometer. All the joints 

were ground-glass. The reaction mixture was refluxed at 96°0. 
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for 25 minutes, at which time a water-clear solution of mono-

methylolnitroguanidine was obtained. At this point 57.3 g. 

{0.25 mole) picric acid were introduced and the mixture re­

fluxed for a further period: 

Run No. 1 was refluxed for 15 minutes; 

Run No. 2 was refluxed for 30 minutes; 

Run No. 3 was refluxed for 45 minutes; 

Run No. 4 was refluxed for 60 minutes; 

Run No. 5 was refluxed for 90 minutes; 

Run No. 6 was refluxed for 120 minutes; 

Run No. 7 was refluxed for 180 minutes. 

At the conclusion of each of these periods, the hot, clear 

reaction solution was filtered to remove any impurity. The 

viscosity and hence the degree or polymerization of these solu~ 

tions increased from Run No. 1 to Run No. 7. The filtrates 

were placed in 500-ml. stoppered flasks and allowed to cool to 
0 

15 c. 
Fractionation of the reaction product in each case was 

carried out in the following ma~ner. 

I 
' 

On cooling, the reaction solutions spontaneously deposited 

a plastogel from which the supernatant liquid was decanted and 

set aside for further fraotionation. A certain quantity or 

picric acid was precipitated along with this plastogel which 

was removed by reprecipitation or the gel. Accordingly, ether 

was carefully added to a dispersion of the gel in acetone and 

the plastogel ttAtt. reprecipi tated leaving the picric acid in 

solution. Evaporation of the solution yielded the picric acidi 
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The original supernatant liquid was fractionated according 

to the following procedure. 

Cold water was carefully added, with stirring, until a sub~ 

sequent precipitation was complete. The quantity of water thus 

required was recorded. The mixture, composed of a voluminous 

milky precipitate suspended in a liquid medium, was placed in 

an ice box at 15°0. and allowed to stand. After 12 hours a 

clear liquid was decanted f~om a plastogel "B". This superna-

tant liquid was evaporated in a vacuum apparatus over a steam­

cone, to a viscous syrup which set to a plastogel on cooling. 

This plastogel "C" was redeposited from an acetone dispersion 

by the addition of ether. 

It will be observed that, the order of solubility of the 

three fractions "A", "B" and "C• decreases from "C" to "A"; 

~raction "A" was spontaneously deposited when the reaction solu+ 
I 

tion was cooled; fraction "B" was deposited upon the addition ot 

water to the supernatant liquid, leaving the most soluble frac-

tion "C" in solution. 

It was assumed that the three polymeric fractions consisted 

of chain molecules. This assumption was considered to be justi• 

fied however, in view of certain properties already observed 

which are characteristic for linear polymers or chain molecules., 

Mention has already been made of the solubility dependence 

of chain molecules on the length of the chain. In brief, the 

solubility decreases with rise in chain length. Thus the N.G.F.P. 

homologous series has been separated into three fractions of dif• 
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ferent average chain length; the average chain length increasing 

from "G" to "A"• 
This consideration was supported by other physical proper­

ties, namely, viscosity and plasticity. 

The viscosity of the "melted" gels markedly increased from 

"C"· to "A". Since viscosity increases with the length of the 
- -

molecule {113) the degree of polymerization also increases from 

"C" to ttAtt. 

The plasticity (i.e. the ability to retain a shape on de­

formation) of the gels markedly increased from nett to ttA". 

Since plasticity increases with the length of the molecule (114) 

the degree of polymerization also increases from "C" to "A". 

For the sake of simplicity the fractions ttAtt, "Btt and "C" 

were considered to be composed of "long", "intermediate", and 

"short" chain molecules respectively~ 

Results are given in the following table and graph. 

The general nature of the results indicated in Fig. 1 showr 

that a type of consecutive reaction is involved: 

· Mono-methylolni troguanidine - w.xtt - "'C" - "B• - "A• 

The significant role or picric acid is demonstrated in the 

rapid accumulation of "C". Upon the addition of picric acid, 

mono-methylolnitroguanidine probably disappears almost immediately 

by transformation into a high concentration of activated mole• 

cules 1 represented by the theoretical curve "x''• The formation 

or these activated molecules gives immediate rise to the rapid 



Time 
ot Yield Yiel.d 

Run Reflux ot "A• of "B• 
No. in min. in g •.. in g •. 

1 1.5 0 15 
2 30 2 28 
3 45 5 33 

4 60 16 40 
5 so 54 34 
6 120 96 15 
7 180 141 5 

• TABLE II 

Yield Vol. of %0 
of ne• to ppt. " • 
in g •. in ml.. 

111 325 
108 240 
105 165 

93 lOO 
59 150 
44 225 

g 500 

Amount· of 
pptd. picric 

acid 
in g. 

34 
25 
•• 

10 
3 
1 
0 

CD ...., 
• 
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accumulation of their product "C" (molecules of "short" chain-
~ 

length). The amount of "C" increases rapidly, but as it accu-

mulates its disappearance becomes greater and it passes through 

an early maximum. The amount of "C" then decreases steadily, 

since it dtsappears in an exponential manner, irrespective of 

the fate of its product "B" (molecules of "intermediate" chain• 

length). The amount of "B" increases at first, and similarly 

passes through a maximum, then steadily disappears and finally 

of course approaches zero. As the amount of "Btt slowly acou­

mulates, its product "A" (molecules of "longtt chain length) 

.slowly begins to form, passing through an induction period corrt­

sponding with the maximum concentration of "B". The amount of 

"A" then steadily accumulates as "B" disappears, until ulti• 

mately it approaches its maximum which of course corresponds 

with t.he initial concentration of reactant "xtt. 

It must be borne in mind, however, that none of the fraa-

tions "A", "Btt, or "C" is to be considered as being composed 

of chains of equal length, but rather eaoh fraotion is to be 

viewed as consisting of a oontinuous transition of chain-length$ 

in itself. Theoretically, by an exceedingly refined fractiama­

tion technique, a complete series of these curves would be ob­

tained, from the disappearance or·reaotant "x" to the forma-

tion of the longest chain. 

Thus from mono•methylolnitroguanidine to "long"-che.in 

molecules, by a series of consecutive reactions, there is a 

continuous transition through "short" and "intermediate" chain 

lengths. 



The disappearance or precipitated picric acid from the 

cooled reaction solution and the high yields of' polymer indicated 

the consumption or the acid. However, the essential role or 

picric acid must be considered as catalytic since it was round 

not to enter the basic structure or the polymer chains. The 

following qualitative analysis of N.G.F.P. was carried out. 

A small amount or N.G.F.P. (ea. 10 g.) was dispersed in 

50 ml. cold concentrated hydrochloric acid and the dispersion 

extracted ten times with 75-ml. portions of ether.- Evapora-

tion of the ether extract yielded picric acid. Addition or 

water or ethanol to the remaining hydrochloric acid solution 

c·aused the deposition of a colorless gel which cured to a ther­

moplastic resin softening at 135-140°0. 

In another experiment the hydrochloric acid solution, re­

maining after ether extraction of picric acid• was heated to 

100°0. and evaporated to small volume over a Bunsen flame. 

During this procedure formaldehyde was givim of'f' and white 

needles crystallized out which, after recrystallization f'rom 

water solution, melted at 235°0. A mixed melting-point with 

nitroguanidine gave no depression. 

The results or these experiments may be summarized as 

follows: 

..,cl Colorless thermoplas'tic 
Q('0 resin and picric acid 

c,o\~" 
N.G.F.P.~ 

Hot If 
Cl' fco, CR-0 

9 "'11 
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This evidence indicated that the structural units of N.G.F~P. 

chain molecules were joined by hydrolizable methylene bridges a~d 

that picric acid was held to the chain molecules by salt forma­

tion. 

Cold hydrochloric acid being a stronger acid is apparently 

capable or releasing the picric acid without decomposing the 

basic polymeric structure. Hot hydrochloric acid, however, 

causes hydrolysis of the chain molecules with evolution of tor• 
! 

maldehyde and formation of nitroguanidine. Since the transforma­

tion to N.G.F.P. chain molecules occurs by the catalytic action 

of picric acid on mono-methylolnitroguanidine, the most obvious 

structural unit is methylenenitroguanidine. 

lUrther research showed that a resin was formed when equi-

molecular quantities of mono-methylolnitroguanidine and piorio 

aoid were fused at 100°0. 

An intimate mixture or 2.29 g. (0.01 mole) picric acid and 

1.34 g. (0.01 mole) mono-methylolnitroguanidine was heated to 
0 100 a. tor 10 minutes, during which time water vapour was evolved 

and collected in a dry-ice bath and a N.G.F.P. resin was formed~ 

At the end of the experiment the weight lost by the mixture in 

forming the resin c.orresponded to 0.17 g. (0.0095 mole) water. 

It thus appeared that one mole of water was eliminated per mole 

or resin formed and that the picric acid caused the mono-methylol-



guanidine to form a polymer by this loss of water. 

This view was supported by an experiment in which esterifi­

cation of mono-methylolnitroguanidine was attempted. 

A small quantity {13.4. g.; 0.1 mole) mono-methylolnitrogui­

nidine was dissolved in hot,pure acetic acid. Upon the additiqn 

of about 28 g. (0.2 mole) benzoyl chloride to the cooled solu~ion, 
I 

a white crystalline compound precipitated which was filtered oft. 

When ether was added to the filtrate a milky precipitate was 

formed which settled to form a gel, Recrystallization of the 

crystalline precipitate from ether solution gave white crystals! 

melting at 121oc. and a mixed melting-point with benzoic acid 

caused no depression. When benzoyl chloride was added to pure 

acetic acid no reaction occurred. 

From this experiment it is evident that the transition fro' 
I 

mono-methylolnitroguanidine to.large molecules, as evidenced byi 

the formation of a gel, occurred by the loss of water. This wa• 

presumably a result ot the catalytic action of acetic acid. Since 

benzoyl chloride did not hydrolize when added to pure acetic aotd, 

the formation of benzoic acid• upon its addition to a pure aoet~c 
acid solution of mono-methylolnitroguanidine, must have occurred 

by reaction with liberated water. 

A similar gel was formed by the addition of ether to a purt~~ 

acetic acid solution of mono-methylolnitroguanidine whether or 

not it had previously been treated with acetyl chloride, thus 

bearing out the contention that the loss ot water was occasioned 

by the catalytic action of aoetio acid. 
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It is evident that the loss ot water from mono-methylol­

nitroguanidine will give methylenenitroguanidine' 

acid 

n 

In another experiment 15 g. mono-methylolnitroguanidine 

were dissolved in lOO ml. 20% bromine solution in glacial ace- : 

tic acid. Upon the addition of ether a reddish-brown sticky 

material separated as a gel. After decanting the supernatant 

liquid, the material was repeatedly washed with glacial acetic .: 

acid and ether, but the reddish-brown color persisted. HOwever~ 

the substance was regarded as a polymer containing a large amqurt 

of loosely held bromine since on curing to a resin, bromine was 

Qontinuously evolved and the substance lost most of its color. 

Further, a white amorphous powder was obtained entirely free of 

a bromine odour after several depositions of the material from 

acetone solution by the rapid addition of ether. 

The problem of purifying polymeric substances prepared in 

the above ways is a difficult one and although scrupulous puri­

fication of these substances is not possible by ordinary means, 

elementary analyses of the amorphous powder, obtained in the 

previous experiment, gave results which no basic structural unit 

other than methylenenitroguanidine approached: 

Calcd. for: H--{c2H40aN4}--Br: C, 20.14; H, 3.39; N, 47.01; 

26 Br, 2.58% 



sa. 

Found: c, 19.1.4, 19.35; H, 3.76, 3.67; N, 48.82, 48.45; Br. 2~58 1 

2. 58%. (a) 

Assuming lOO% accuracy for the bromine analyses, the fol­

lowing structure best fits these figures: 

Br 

26 

On the basis of the preceding experiments, the recurring 

unit in N.G.F.P. chain molecules was postulated as methylene-
~ 

nitroguanidine. This postulate is in complete accord with the 

property of methylolamines in general to form methyleneamines 

by loss of water in the formation of higher products. 

Ap;pli'cations of N. G.F.P. 

N.G.F.P. Burning Mixtures 

The Standard Composition, used in the 17 pounder A..P. shel~ 

at Cherrier, Que., was found to be inadequate for use in the 

40-mm. A.A. shell because a longer burning-time (ca. 15 secs.) tas 

{a) The carbon analyses were carried out at the Division of 
Industrial and Cellulose Chemistry, McGill University, 
Pulp and Paper Research Institute of Canada, Montreal. 

The nitrogen and bromine.analyses were carried out in 
the Microanalytical Laboratories of the National Research 
Council, Ottawa. 
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I 

required in these she1ls, and it could not be obtained withou~ 
I 

excessive quanti ties or the Standard Composition. Thus a new . 

tracer composition was desired which would give the longer 

burning-time with the same 1uminosity and yet occupy a volume 

no larger than the three 1.3-gram pellets then in use. 

Experiments were conducted, adeiing various oxygen carrier 

to samples of cured N.G.F.P. in order to improve its burning 

q,ualities. 

If the repeating unit in N.G.F.P. is indeed the fragment 

postulated: 

then far complete combustion to carbon dioxide, water and nitr -

gen, 116 g. po~er wou1d require 96 g. oxygen, of which 32 g. 

is already available; or 100 parts of polymer would require 55.2 
' 

parts added oxygen. In this speQulative calculation, the picri 

acid has been omitted. 

Mixtures of N.G.F.P. with various amounts of potassium 

chlorate, calcium nitrate and potassium nitrate were prepared 

and burned in an open dish, as loose powders, with the results 

listed in Table III. 



Oxygen 
Carrier 

Oa{ON02)2 

KON02 

TABLE III 

Amount 
in g. in g. 

N.G.F.P. Oarrier 

Burning 
Time 
.in 

seconds 

2.5 

2.5 30.0 

Remarks 

90~ 
I 

Extremely brilliant 
1 

:flame; aloud o:f' 
white smoke. 

Hot orange-red :flame/. 

Sputtering flame and 
difficult ignition. 

Thus it would seem that control of the burning-rate oan 

be achieved by choosing a suitable oxygen carrier. 

Since greater visibility is imparted to burning-mixtures 

by the addition of compounds which give a oolored flame, suoh 

as barium nitrate in aircraft signals which imparts a green 

color to the flame, and strontium nitrate which is generally 

used in tracer compositions to give a red trace (115), samples' 

of a mixture containing N.G.F.P., potassium ohlorate and stron~ 
tium nitrate were made and pelleted at Canadian Car Munitions, 

Cherrier, Que. It was found that the burning-time was oonstan' 

and it was suggested that N.G.F.P. might be of use in a traoer
1 

oompoeition. 

FUrther mixtures were investigated in the laboratory sub­

stituting potassium perohlorate :f'or potassium ohlorate and add• 

ing magnesium powder to increase the brilliance of the :flame. 

The following proportions were :found to give a red flame with 
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high luminosity, when burned as a loose powder in the labora-

tory: 5.8 parts N.G.F.P., 6.8 parts KClo4 • 2.5 parts Mg pow­

der and 4.2 parts Sr(N03 )2• 

In agreement with Marshall {116) it has been found that 

addition to these mixtures or a small amount or calomel {1 g. 

calomel to 20-g. mixture) both decreases the rate or burning 

and enhances the intensity of flame calor. The latter is prob~bly 

due to formation of strontium chloride which has a red spectrulll.• 

Ten mixtures containing N.G.F.P. and various oxygen car­

riers were made up* pelleted and compared with respect to 
. -

(a) burning time and (b) luminosity, against the Standard 

Tracer Composition used in the 17 pounder A.P. shell at Oher• 

rier. Q,ue. 

The mixtures pelleted well and were pressed into 17 

pounder A.P. shells and sealed against moisture without any 

trouble. The burning-times were good and it can be seen from 

the results arranged in Table IV that a mixture burning for 

15 sec. was obtained. However, the luminosity results were 

uniformly and exceptionally low despite the fact that to the 

naked eye the flames produced appeared to be as brilliant as 

those obtained from the Standard Composition. Relative lu­

minosity was measured using a standard light-mater containing 

a green filter, and, since the mixtures investigated burn with 

· an intense crimson flame, it can be presumed that much of the 

light was absorbed before entering the instrument. Standard 

Tracer Composition burns mostly with a white light and therefor~ 
i 



Mixture N.G.F.P. Sr(N03 ) 2 
No. in % in % 

1 28.4 51.6 
2 32.2 44.5 
3 20.2 . 44.0 

4 24.4 45.6 
5 31.2 415.0 
6 35.8 36.6 

'1 35.2 41.6 
8 33.8 41.6 
9 31.8 29.6 

10 31.2 35.6 

TABLE IV 

BA(N03 ) 2 ~1~ Mg HgC1 
in % ~n in % in t/J --

0 0 5.0 15.0 
3.2 0 0 20.0 
0 0 10.8 25.0 

0 0 5.0 25.0 
0 5.4 3.4 15.0 
a 13.6 0 15.0 

0 8.2 0 15.0 
9.6 0 0 15.0 
0 13.6 0 25.0 
0 8.2 0 25.0 

Standard Tracer Composition 

Burning 
Time 
in 

sec. 

11 
14 
15 

19 
21 
31 

33 
35 

. 39 
40 

8 

Luminosity 

2 
6 
8 

4 
2 
1 

1 
1 
1 
1 

70. 

~ 
l\:) 

• 
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the basis of comparison is invalid. 
I 

The presence of the green 

filter does not seem to be necessary and this point was referred 

to the Ammunition Filling Division of the Department of Muni­

tions and Supplies. 

All the N.G.F.P. mixtures were balanced theoretically with 
• 

respect to oxygen. Calomel was added both to increase the burn~ 
I 

ing-time and to enhance the intensity of the red calor. 
I 

Following these trials, five more mixtures based on N.G.~.P. 
' 

were worked out. Ten-gram samples of these new tracer composf-

tions were ignited electrically as a loose powder, and the bu~n-

ing-time and luminosity recorded in the laboratory using a 

white-light meter (i.e. without a green filter as previously dis­

cussed). 

The Standard Tracer Composit~on was used as a reference 

and the results assemble·d in Table V clearly show that a longer 

burning-time can be obtained without decreasing the luminosity~ 

These experimental compositions were pelleted and tested 

for burning-time and luminosity in 1? pounder A.P. shells at 

Cherrier, Que. The light-meter used to.determine luminosity 

contained no green filter and the compositions were compared 

with Standard Tracer Composition. 

i 

From the results given in Table VI it is evident that the 

burn~ng rates at high de11sity are much slower than those ob­

tained at low density {i.e., in powdered form). The discrepan­

cy between these relative luminosities and those in Table V wer' 

not readily accounted for until it was learned from the National 



TABLE V 

Sample Asphalt N.G.F.P. Sr(N03 ) 2 Mg 
No. in % in % in % in % 

Stand~d 9.1 a . 45.5 22.7 
1 0 9.1 45.5 22.7 
2 0 1a.2 46.6 18.2 

3 0 10.2 48.2 9.1 
4 0 13.5 42.3 6.0 
5 0 8.1 49.0 9.1 

Al. HgCl 
in % in % --

0 22.7 
a 22.7 
a 25.0 

7.5 25.0 
4.9 33.3 
8.8 25.0 

Burning 
Time 
in 

sec. 

5.0 
6.a 
6.0 

8.0 
11.0 
12.0 

Luminosity 

-

15.0 
15.0 
16.0 

15.0 
12.0 
14.0 

eO 
~ .-



Defense Research Committee of the Office of Scientific Researbh 

and Development (117) that u.s. Army surveillance tests found! 

that raw powdered magnesium corrodes very rapidly in such mix~ 
tures containing nitrates and on exposure to atmospheric humi~ 
dity. 

The magnesium used in Standard Tracer Composition was 

coated with linseed oil; whereas the magnesium used in the 

pr$-
1 

preparation of N.G.F.~ •. tracer compositions was untreated. 
I 

The N.G.F.P. tracer compositions listed in Table V were 

tested immediately after preparation. and those listed below 

in ~able VI were not pelleted and sealed against moisture in 

the 17 pounder A.P. shell until two weeks after preparation. 

Thus the difference in luminoaities aan be presumed to be par­

tially due to deterioration of magnesium. However, it appears 

that magnesium is the critical component in the production of 

luminosity as tested by a white-light meter. The N.G.F.P. 

tracer compositions produced a much more intense red flame 

and much leas luminescent white light than the Standard Tracer. 

Composition. This view was substantiated by a report from the, 

Explosives Research Laboratory (118) which states that magna• ! 

sium is less effective in producing a red color than other re- , 

ducing agents because of the masking effect of the white lu-

minescence of burning magnesium. 

An increase in the proportion of magnesium seems to de­

crease the burning-time and substitution or aluminium for 

magnesium seems to give much lower intensities. 



Sample Asphalt N.G.F.P. Sr(N03 ) 2 Mg 
No. .in~ in % 1n % in%· 

1 0 9.1 45.5 22.7 
Cheak 

2 0 10.2 45.6 18.2 
Check 

3 0 10.2. 4S.a 9.1 
Check 

4 0 13.5 42.3 e.o 
Cheok 

5 0 8.1 49.0 9.1 
Check 

Standard 9.1 0 45.5 22.7 
Oheok 

Al. .HgCl 
in % in % -

0 22.7 

0 25.0 

7.5 25.0 

4.9 33.3 

a. a 2.5.0 

0 22.7 

Burning 
Time 

in 
seo. 

11.0 
10.2 

14.0 
16.0 

17.8 
1a.o 
26.0 
26.0 

19.0 
19.6. 

7 
8 

Luminosity 

9.0 
9.0 

E5.0 
e.o 
1.8 
1.8 

0.6 
0.6 

3.0 
3.0 

12.0 
15.0 

eO 
0 
• 
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Thus it appears that these N.G.F.P. tracer compositions 

have a greater burning-time. a greater intensity of red light• 

but less luminescent white light. 

It should be pointed out that the figures given, in these 

tables represent static burning-times. that is, the shells W4!tr~ 

not spun along their axis with a blast of air blow paat them 

to simulate ballistic tests. 

High Explosive Phlegmatization and 
Fillings Using N.G.F.P. 

' ' : 

I 
It was found that R.D.X. could be dissolved in N.G.F.P. b~ 

solution in acetone or nitromethane followed by evaporation of 

the solvent. Using -the method of preparation described below, a 

resin containing 14.2% R.D.X. was made. This l1l8terial was nameid 

N.G.R. 

To 100 g. 30% N.G.F.P. - acetone solution, in a 250-ml. 

beaker, R.D.X. was added in small quantities, allowing each por ..... 
I 

tion to dissolve after each addition, unti1 a total of 5 g. wasi 

added. It was necessary on occasion to break up conglomerates 

with a stirring-rod. 

After the R.D.X. was dissolved, the beaker was covered with 

a watch-glass and warmed on the steam•cone for one hour, after 1 

I 
I 

which the watch-glass was removed and the acetone evaporated or~. 

Finally the syrup was heated until it set to form a plastogel o~ 

cooling. 

On further heating a cured resin was obtained which gave a 

brittle naterial, suitable for grinding. 

No crystals were detected either in the resin or in the 
! 

ground molding p~wder, even when these were cooled to -60°0. 1nl 
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a Dewar-flask. 

The calorific value of N.G.R. was determined in a closed 

bomb by Defence Industries Ltd. at Nobel, Ont. and the values 

or 515 and 514 cal./g. were obtained. 

It was proposed to name other N.G.F.P.-R.D.X. preparatio~s 
! 

by enclosing the percentage of R.D.X. in a bracket following 

the letters N.G.R. eg N.G.R.(l4). 

N.G.R.(l4) was testeg by M.C. Fletcher in the Explosives 

Laboratory of the Department of Mines and Resources, Ottawa. 

It was round to be less sensitive than T.N.T. When fired in 

the ballistic mortar an average value of 0.86 x T.N. T. was ob-l 

tained. There was no evidence of indent in the steel-plate-te~t. 

N. G. R.(l4) was pressed into time-ring-fuses by Dr. Wright 

at Toron.to, and the material was found to burn poorly at high 

density. 

It was found that the R.D.X. content or N.G.R. could be 

determined quantitatively by fuming-off the material with 10~ 

nitric acid. 

A sample of N.G.R.(l5) was examined microscopically by 

Dr. W. c. McCrone ;rr. and the presence of a few R •. D.X. crystals 
1 

was demonstrated by fusion analysis. 

Samples of N.G.R. containing up to 90% R.D.X. were pre­

pared. In all cases the syrup increased steadily in vis eo si ty ,· 

during curing, until a yellow, brittle resin was obtained whic~ 

couJLd be ground. 

Obser.vations under the polarized microscope, kindly carried 

out by Professor Fitz Osborne, of the Department of Geology, 
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McGill University, have shown that the higher the R.D.X. con­

tent of N.G.R., the less dispersion of R.D.X. throughout the 

polymer or, the higher the R.D.X. content, the higher the amoumt 

of anisotropic material embedded-as minute R.D.X. crystals . 
I 

throughout the polymer. ·Pro.fessor Osborne estimated the amoun~ 

of crystalline R.D.X. in a sample nr N.G.R. (30) to be between I 
I 

4 and 12%. 

A wide range of N.G.R. samples was sent to 

I 

Canadian Indua4 
I 

tries Ltd., McMasterville and the.University of Toronto for serl-
. I 

sitivity determinations and to ~he Explosives Testing Laborato~, 

Ottawa, for sensi ti vi ty and explosive force measurements. 

plea we·re prepared with British R. D. X. and R. D. X. (B) coarse, 

I 

and recrystallized .from acetone. Absolute agreement was not o -

tained throughout but in general terms it c.an be said that (a) I 

N.G.R. is less sensitive than R.D.X.t (b) as the R.D.X. content, 

of N.G.R. increases, the sensitivity also increases, (c)as the 

R.D.X. c'ontent of N.G.R, increases, the explosive force also 

increas.es. These results are recorded in Table VII. 
I 

Friction Impact Sensitivity Determinations were carried O\lit 

at the Explosives Testing Laboratory, Ottawa. These tests were
1 

run using a serrated anvil and a 8-pound shell which had the 

pointed nose rounded off, leaving a net weight of 5. lb• 11 o~. 

The angle of slide was 30° and the sample was covered with a 

small piece of fine sandpaper before firing. The results are 

given in Table VIII. 

I 



Milterial Remarks 

N. G. R. (10) R. D.X. {B) 
N. G.R. (15) R. D. X. (B) 
N,G,R, (2~3 R,D,X, (B] 
N.G.R.~25 R.D.X.(B~ 
N.G.R. 30 R.D.X. (B. 

N. G.Ro t501 R, D. X. (fine) 
N.G.R. 50 R.D.X. (coarse) 
N. G.R. E50 ·R. D. X. ( reorys,] 
N.G.R •. 50 British 
N.G.R. 50 pl.us KN03 

N. G.R. (75) R. D.X. (B) 
N.G.R. (80] R.D.X. 
N. G.R. (90) British 
R.D.X. British 
R. D. X. (B) 

TABLE VII 

Mo:Master­
ville 

Sensitivity 

2kg. weight Toronto 
50% height 50% height 

Ottawa 
50% height 

Ballistic MOrtar 

in am. in am. in OD4 T.N.T. 1 T.N.T. 1 Remarks 

66 0.88 0.14 Incomplete detona• 
58 1.00 0.14 tion 
60 0.96 0.38 do 
48 1.21 o.81 
50 1.16 0.87 

75 200 51 1.1. 
88 160 34 1.8 1.15 ) 
85 185 22 2.7 1.16 l 
88 180 34 1.8 No. 6 cap used 
73 1.50 40 1.5 1.03 ) 

) 
60 175 24 2.5 1.38l throughout 
60 210 38 1.6 1.41 
65 150 26 2.3 1.43 ) 

100 32 1.9 
36 1.7 

--- -------~~ .. 

b 
0 
• 



TABLE VIII 

· MeGill llfa.teria1 

N.G.R. (50) R.n.x. fine 
• .. .. coarse 
" " " recryst. - -
ft • ·ft British . -
" " plus KN03 -
. , . 

N. G. R. (75~ R. n.x. (B) 
N.G.R.(80 •• 
N.G.R. (90] British 
R.n.x •. ft 

R. D. X. (B) 

Friction Impact 
om. Height 

135 NEG (Max. Ht.) 
135 .. 
135 " 135 " 75 " Very positive 

60 cm. Pos. {minimum) 
65. " • • 
55 " " .. - -
42 . ~ • ~ 
40 " -

101. 

At Toronto, Friction Im~act Sensitivity determinations were 

also carried out. In these determinations a 6-pound projectile, 

a smooth anvil and an angle of slant 30° was used; under these 

conditions British R.D.X. shoots at 200 cm. No detonations 

with any sample of N.G.R. was obtained. 

The McMasterville report reads in part ••• •These DBterials 

are all less sensitive than tetryl, but more sensitive than 

T.N.T.•. 

Thus a definite phlegmatization of R.n.x. by N.G.F.P.· had 

been obtained. 

Several P.I.A.T. bombs were filled with N.G.R.(90). The 

filling operation was accomplished smoothly, after which the 

bombs were easily assembled. The preparation of N.G.R. (90)­

bomb-filling and the method of filling were as follows. 

To 1,000 g. 5% N.G.F.P. - acetone solution. in a steam-
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jacketed 2.,000-ml aluminium beaker, R. D. X. was added in small 

quantities, with stirring, until a total of 450 g. was added. 

The acetone was evaporated slowly while the mixture was stirred. 

until a heavy-bodied plastic mass was obtained, which became 

hard on cooling. 

The warm plastic N. G. R. was ladled into the cup of the 

P.I.A.T. bomb; the MUnroe cone was inserted and pressed into 

the filling and the bomb was sealed. 

Information was received that, since the P.I.A.T. bomb 

rune tions on the Munroe principle, it was necessary for the 

filling to closely adhere to the cone and walls for its suc­

cessful operation. 

A split P.I.A.~. bomb was filled in tlie above manner and 

opened 48 hours later. The N.G.R.(go) casting was smooth, hard, 

and well formed. There was no evidence of fissures or cracks, 

however, the casting had shrunk about 0.05 om. from the walls 

ot the bomb, so that by inverting the bomb, the smooth casting 

slid out. This defeat could not be overcome by this method 

of 'filling due to the continued gelation and consequent shrink­

age of the N.G.F.P. in N.G.R. after the bomb was filled. 

Since the N. G. R. (<JO) castings were or a good quality they 

were successfully cemented in the bomb using a rubber adhesive. 

It was therefore suggested that a suitable phlegmatized R.D.X. 

P.I.A.T. bomb tilling would be obtained by precasting N.G.R.(90] 

in P.I.A.T. molds and cementing the cured casting in the bomb. 

A similar moldable product was obtained, if instead or 



evaporating the acetone from the N.G.R.(90) preparation, it was 

removed by pouring the mixture into cold water. The N.G.R • 
• 

separated as a heavy-bodied plastio mass from which the super-

natant liquid was decanted. The product contained about 6% 

by weight of water as determined by loss of weight on drying• 

and cou·ld be worked in the hands or pressed into shape while 

warm and oured at 50°0. for 5 hours to a hard, solid mass. 



DISCUSSION 

·A Theoretical Consideration of Activation 
Effects in the Urea and the Nitroguanidine Molecule 

It is well known that a molecule must be activated before 

it can react. 

fore reaction* 

in one portion 

This activation involves a shift of eleetrons bje­

that is, an increase in electron density occurs! 

of the molecule and a corresponding decrease oor 

curs in another portion of the molecule. 

The urea molecule consists o·f two amino-groups attached to 

a carbonyl-group: 

The carbonyl-group is permanently polarized due to a aposi-
·• 

tive" electromerio effect (a) and is thus a potential electron~ 

acceptor canter. · 

In the bonds uniting the carbonyl-group to the amino-groups, 

there are two electron displacement effects operating, one against 

the other; namely: a "positive" inductive effect (b) and a "nega­

tive" electromeric effect (c). 

The urea molecule is therefore internally compensated. The 

acceptor center, i.e., the carbonyl-group, greatly enhances the 

"negative" electromeric effects (c) and the "positive" inductive 

effects (b) become negligible. Thus the electromeric shift of 
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electrons from the carbon- to the oxygen-atom (a) is compen~ated 

for by the electromeric shift or electrons from the amino-groups, 

thereby de-activating the carbonyl-group and activating the!two 

amino-groups. 

The validity of this reasoning is seen in the formation of 

di-methylolurea, in the urea-formaldehyde reaction since the 

formation of di-methylolurea implies that both amino-groups are 

active. 

The electronic effects operating in the nitroguanidine 

molecule are more complex, due parti~larly to the presence pf 

a nitro-group: 

The imino-group in nitroguanidine like the carbonyl-group 

in urea is permanently polarized. and again due to internal qom-
' 

pensation (a} and (b)* the amino-group becomes activated. Al­

though the power of the imino-group to withdraw electrons f~om 
I 
I 

the amino-group is less than that of a oarbonyl"'!"group, the hi
1
ghly 

electronegative character of the nitro-group will compensate ~or 

this weakness. 

The nitro-group is itself an internally compensated system, 

and the incipient positive charge on the nitrogen atom will esta­

blish a strong ~positive" inductive effect (c), which augmented by 

the ~osi ti ve" electromeric effect (d) will result in a decreased . 
electron density on the nitroamino-nitrogen atom. This decreased 
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electron density, supplemented by the "positive" inductive effect 

(e) will be sufficient to reverse the normal "negative" electro-

meric effect and cause a "positive" electromeric electron dis­

placement (f) and an over-all withdrawal ol electrons from the 

carbon-atom and hence from the amino-group. 

Both the imino-group and the nitroamino-group will tend to 

become de~activated by their withdrawal of electrons from the 

amino-group and the amino-group will become activated. 

This reasoning is consistent with the. fact that a substi~ 

tuent always enters the non-nitrated amino-group in the forma­

tion of substituted nitroguanidine (119,120) and by the forma­

tion of mono-methylolnitroguanidine in the nitroguanidine -

formaldehyde reaction, even when an excess of four moles of for-

maldehyde is present. 

A Discussion of the Mechanisms Involved 
in the·N.G.F.P. Po1yreaction 

Formaldehyde is usually considered to react in aqueous · 

solution as methylene glycol: HO-CH2-0H (121). However, since 

formaldehyde can form normal carbonyl reaction products (1221 

123,124) it would appear that it contains at least a potential 

reactive carbonyl-group. Further, formaldehyde can be replaced 

by other aldehydes such as acetaldehyde {125), furfuraldehyde 

{126), aldol (127), and benzaldehyde {128) or certain ketones (129) 

in the formation of urea-formaldehyde resinous condensation 

products. 
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In view of these facts, the carbonyl~group will be considered 

to be the active component of formaldehyde in these polyreactions. 

It is known that the electrophilic carbonyl-double-bond will 

add s·uch substances as water, alcohols and amines reversi bly,. and 

its high degree of activity is considered to be due to its per-

manent polarization. 

Since addition reactions involving the carbonyl-double-bond 

are characteristically reversible, the formation of methylene 

glycol can be explained as a reversible addition reaction of 

water to the carbonyl bond of formaldehyde; for example 

H 
"..+.--

C-0 + HOH 
/ 

H 

The addition of amines to the carbonyl-double-bond is also a 

freely reversible reaction and is subject to acid catalysis. 

Since the carbon-nitrogen linkage in mono-methylolnitroguanidine 

is formed by an electron pair contributed by the nitroguanidine 

amino group, the catalysis must depend upon an attack of the acid 

on the carbonyl compound. Such an attack will decrease the elec­

tron density on the carbonyl-carbon which will favour the forma­

tion of the carbon-nitrogen bond; an attack on the amino-group of 

nitroguanidine would decrease the electron density on the nitro* 

gen which would be unfavourable to reaction. 

The formation of mono-methylolnitroguanidine may be consi­

dered to proceed according to the following addition mechanism 

at an acid pH of 3.6: 



NHNOz 
I 

HN=c + :H2c=O + HA. 
I 
NH2 

NEN02 I 
HN=C 

I 
H-N-CH20H 

l 
H 

+ 

+ A 

NHN02 
I 

HN=C H 
I I 

H-N- •••• c ..... o ..... H ••••• A 
I I 
H H 

NHN02 
I 

-.. -• HN=1 + H + 
N-G:B20H 
I 

H 

lOB. 

This mechanism would explain the necessity for the presence 

of an excess of formaldehyde in order to isolate the addition 

product. The presence of two moles of formaldehyde per mole or 
nitroguanidine will shift this equilibrium sufficiently tothe 

right to permit this operation. In warm water, however. the 

equilibrium moves far to the left and the mono-methylol compound 

decomposes; formaldehyde is evolved and nitroguanidine is re-

covered. 

In the preparation of N.G.F.P., the higher acid concentra-

tion, obtained by the addition of picric acid to the hot reae• 

tion solution containing mono-methylolnitroguanidine, resulted 

in the transformation of mono-methylolnitroguanidine to a poly­

mer. A similar transformation was observed by solution of mono­

methylolnitroguanidine in pure acetic aoid. It was further 

demonstrated that this polyreaction was accompanied by the 

loss of water and that the polymeric structural unit was probably 

methylenenitroguanidine. 
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i 
·That the N.G.F.P. polymer is composed of chain molecules! 

there can be little doubt since the characteristics of linear 

.:polymers were .evidenced by such properties as thermoplasticit!Y 

and unlimited swelli~g in suitable solvents, as well as other! 
I 

I 

The rate study of N.G.F.P. formation indicated that u:po1 

the addition of picric acid,, the mono-methylolnitroguanidine fin 

the reaction solution, almost immediately disappeared with the 

formation of a :polymerization factor which rapidly formed a high 

concentration or "short" chain molecules. The data from this 

study further demonstrated that the reaction :proceeded by a 

series of consecutive reactions by which "long" chain molecules 

were formed. 

It is well known that the kinetics are often complicated 

in many reactions involving the addition or amines ~o carbonyl 

compounds, because water may be eliminated and the :product sta­

bilized in another manner. Further the elimination of water 

from such addition :products is known to be rapid. This elimina­

tion of water is :pictured as occurring in the following manner: 

R 
I 

H-N-CHaOH 
.1 .. 
H 

+ 

+ 

From the·known f~cts regarding the N.G.F.P. reaction it is 

reasonable to :presume that upon the addition· or picric acid to 
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the reaction solution, water is eliminated and methylenenitro­

guanidine formed. Such an unsaturated molecule is a potential 

polymerization factor which may stabilize itself by addition 

polymerization. This reasoning is in complete accord with the1 

known properties of unstable methylol-amines. The mechanism 

may be considered to be the following: 

NEN02 
I 

HN=C + 
I 
N-CH20H 
I 
H 

NEN02 
---..... I EN=C 

I 
H-N-cH20H 

I 
H 

iHNOa 

HN:::O 
I 

+ 

-+--N-CH2 

+ 

n 

The actual polymerization reaction is regarded as proceed­

ing by an ionic mechanism by acid catalysis simi~ar to the acid 

catalysed carbonium ion mechanism for the polymerization of ale­

fins (130,131,132). 

The mechanism postulated for the polymerization of methylene­

nitroguanidine is as follows: picric acid attacks a molecule of 

methylenenitroguanidine to form methylenenitroguanidiniumpicrate, 

A. The methylenenitroguanidinium ion then reacts with a molecule 

of methylenenitroguanidine to form B. Thus: 



;nmo2 
HN:C H 

I I 
-N:--C 
I I 
H H 

+ 
NBN02 
I 

BN.:C + I H N=6 
I 
H 

+ 
NHN02 
I 

HN::C . . ~1 
I I 
HH 

+ 

NHN02 NHN02 
I I 

HN=C H HN=c . H 
I I I I 

.... N-0-N-C 
I I I 

H H H 

111., 

+ 

The product • B, is still an ion; if it further reacts wi tih 

another methylenenitroguanidine molecule to form C, the ~ystem 

is well on its way toward long-chain polymerization. 

NHN02 NHN02 
I I 

+ NHN02 
I 

HN:C BN=C HN:C 
I I I 

H-N-CH2--N- CH2 -N --CH2 

Thus by a series of consecutive reactions there is a conti-

nuous transition from metbylenenitroguanidine through ftshort• 

and "intermediate"' chains to ftlong"-chain molecules. 

As polymerization proceeds, chain molecules are formed 

whioh display the properties of internal-phase particles of a 

lyophilic oolloid. The colloidal particles thus fo.rmed are 

solvated, with the reaction-medium at reaction-temperature 
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(96°0.) either as molecules or as micelles. When "long" 

chains are formed they are deposited, on cooling, as a plasto­

gel which can be converted to an xerogel or resin of thermal 

"softening"-point 1500-1~5°0~ by drying (curing). 

The color of the scattered light in the Tyndall experi­

ment on an N.G.F.P. sol was seen to be predominantly blue. 

With this point in mind, attention may be brought to the fact 

that, when such scattered light is predominantly blue, the 

magnitude of the internal-phase partioles is of the order of 

the wave-length of light .(133,134). Since the wave-length of 

the visibie speotrQm is 4.ooo-7,000 i, the length of the 

carbon-nitrogen bond is of the order of. 1.41 i and the .~um 

of the atomic weights of the repeating unit--methylenenitro­

guanidine--is 116, it is evident that· chains of such a magni­

tude would give a molecular weight of the order of 200 1 000• 

400,000. However, Staudinger (12) has shown that colloids in 

solution precipitate as amorphous powders, upon the addition 

of a non-solvent, when the molecular weight is between 2,000 and 

10,000 and as fibrous material when the molecular weight is 

between.lO,OOO and well above 100,000. It will be recalled 

that when ether was rapidly added to an N.G.F.P. - acetone sol, 

the substance was precipitated from solution as an amorphous 

powder which would indieate, according to Stau~inger's find­

ings, a chain-moleeular weight of 2,000-10,000. Therefore, 

in agreement with the "micellar" theory of Mark and Meyer {11), 

bundles of N.G.F.P.-chain molecules are eonsidered to be asso• 
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ciated laterally, by secondary valence forces, to form micelles 

which act as entities and which are responsible f;or the colloidal 

properties. Thus the figures 200,000-400,000 may be considered 

to be the order of the micellular weight, rather than the order 

of the molecular weight. 

The formation of the N.G.F.P. plastogel may be regarded 

as an aggregation of N.G.F.P. micelles resu~ting in the for.ma­

tion of a fibrillar-gel structure. The formation of an xerogel 

or resin {by drying} may then be a continuation of this gel 

process, in which the micellular aggregates are brought close 

together and result in relatively little active surface for 

adsorption or solvation by liquids. The transparency of the 

N.G.F.P. resin can be explained by formation of an extended 

network in which the micelles are held together by van der 

Wall's forces. 

The N.G.F.P. xerogel or resin was found to be more diffi._ 

cult to bring into solution in organic solvents than the 

plastogel. This may be accounted for by the presence of picric 

acid which was found to be retained, most probably by salt 

formation, but which does not enter the basic polymeric structure. 

The picric acid so retained may participa~e in holding the mi• 

celles more firmly by the est.ablishment of associated dipoles 

or hydrogen bonds as the fibrillar gel structure becomes mora 

compact in resin formation. Cold, concentrated hydrochloric 

acid, however, appears to be readily capable of disrupting 

these secondary valence forces, dispersing the N.G.F.P. micelles 
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and of releasing the piorio aoid from the polymeria structure. 



SUMMARY AND CLAIMS TO ORIGINAL RESEARCH 

An explosive polymer of resin type was prepared by a 

picric acid-catalysed polyreaction between nitroguanidine and 

formaldehyde, having an explosive force of 61% that of T.N.T. 

An unstable intermediate, mono-methylolnitroguanidine,is 

formed by a freely reversible reaction requiring an excess of 

formaldehyde for its formation. 

In the presence of added picric acid, mono-methylolnitro­

guanidine is transformed into a polymeric gel which cures to a 

thermoplastic resin. 

Solutions of the polymer display the properties of a mi­

cellular. lyophilic-colloidal system. 

The polymer is composed of long-chain molecules of repeat­

ing structural unit, methylenenitroguanidine. 

Picric acid is retained as a resinous complex, but does 

not enter the basic polymeric structure. 

The rates of formation of fractions containing "short", 

"intermediate", and "long" chains were studied relative to one 

another. The data indicate that upon the addition of picric 

acid, mono-methylolnitroguanidine almost immediately disappears 

with the formation of a polymerizing factor which is probably 

methylenenitroguanidine. From this polymerizing factor there 

is an apparent continuous transition through "short~and "inter­

mediate"- to "long"~chain molecules by a series of consecutive 

reactions. 
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The cured, pulverized resin can be press-molded into but­

tons or extruded into cords, and viscous solutions of the resin 

can be cast and cured in molds. 

The cured, pulverized resin burns extremely vigorously with 

a brilliant flame when the oxygen content is balanced by mixi 

1111i th various oxygen carriers. By choosing suitable oxygen 

carriers, the rate of burning can be controlled. Burning mix• 

tures can be pelleted which contain various proportions of str n­

tium nitrate-oxygen balanced resin, magnesium powder and calo : 1. 
i 

They have a longer burning-time and burn with a greater intens~ty · 

of red light and less luminescent-white light than the Standarf 

Tracer Composition used in the 17 pounder A.P. shell. ! 
' ' 

High explosive plastic-masses can be made from the polyme~ 
' ' containing up to 90% R. D. X. which can be oast-molded to give ai 
I 

smooth, coherent casting. These materials are less sensitive 

than R.D.X. and Tetryl but more sensitive than T.N.T• 
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B. Crystal Size-Reduction or Nitroguanidine 

(Picri te(a)} b;y Acidic Aqueous 

Formaldehyde Solution 

(a) Due to the industrial nature or this 
problem, the industrial name, p1cr1te 1 
will be used interchangeably with nitre­
guanidine. 
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INTRODUCTION 

Piorite is used in the preparation or :flashl.ess-oordites. 

and its state or subdivision is known to have an important 

bearing on the manufacture and physical properties or the 

cordite. The normal process or manufacturing picrite does 

not lend itself to the production of crystals beyond a cer­

tain degree of' fineness. In view or this limitation it 

was desired to develop a method :for the manufacturing or 

ultra-fine picrites and thereby obtain a finer and more uni• 

form product. This type o:f picrite is particularly desirable 

in flashless-cordites :for larger guns in order to maintain 

the density or the uordites and to improve the regularity or 

ballistics. 

Techniques have been developed whereby supersaturation 

or solutions can be controlled to deposit crystals or a uni­

form and desired size on crystalliza.tion ( 1). The formation 

or needle-shaped crystals is said to be :favoured by supersa­

turation, especially by local sup~rsaturation arising :from 

local currents around growing crystals or :from local cooling 

effects (2). 

The use of pro~ective agents :for controlling the partic~e 
'• 

size during recrystallization from solution is a well known 

principle in indust~ial practice. In general the adsorption 

or dissolved protective agents or foreign materials {inorganic 



or organic} either as ions or as polar molecules can hinder t~ 

formation of large crystals. It has long been known (3.4,5,6) 

that simple forms of crystals which originate from a solution , 

can vary when the solution contains certain dissolved toreign 

materials. 

Supersaturation may be imagined as a molecular condition 

in which the uniformly spaced molecules of a substance in sol -

tion, being like distances apart, exert equal attractions on 

each other in all directions, so that no two can come closer I 

together than others. They all may become gradually oloser.aJ 

concentration increases, say by cooling, without disturbing t _e 

equilibrium of attractive forces. Anything that will destroy I 

this will permit the molecules to cluster together. The grea~er 
I 

the intermolecular tension, the quicker the reaction and the l' · 
greater the number of clusters of mol~oulea, that is, the gre ter 

the number at canters toward which molecular condensation wil · . . ' 

take place• The greater the number of canters of orystalli~a~ 
I 

tion, _the greater the number of crystals in a given volume and 

the smaller their si·ze ( 7}. 

In crystallizations, smaller crystals are obtained (8} 

when the surface tension between the solid and the liquid is 

small, because nuclei form more easily and copiously when the 

surface tension is smaller. ·The adsorption of a dissolved 

foreign substance on a solid, from solution, diminishes the 

surface tension between the liquid and the solid and accordingly 

smaller crystals are deposited from solutions containing such 



foreign substances. 

When adsorption. takes place in the crystal lattice or th~ 
tiny elementary crystals, it is called inner adsorption; when 

adsorption occurs upon the cr~~ta1 lattice, it ia called outer 

adsorption and such adsorption b~ crystal• is very similar in 

nature to that or a colloid (9). 

The use of agents for controlling piorite particle size 

during reorystallization rrom. aqueous aolution haa been investi­

gated intermittently over a pe~iod of 12 to 15 years and numerous 

agents (called protective agents) tor restricting crystal growth 

have been examined. 

Reaearoh carried out at the Armament Research Department 

(10} showed that ammelide, gelatin and methyl cellulose caused 

a oerttin restriction of crystal growth in piorite. Ammslide 

caused a reduction of the crystal width but the length was al­

most unaffected. On the other hand, gelatin and methyl cellu­

lose decreased the length or the crystals but the width was 

little at:reoted. 

The American Cyanamid eo. olaiined ( 11] that ethylene dia­

mine produced a marked effect. A series o:r experiments waa 

made at Woolwioh using ethylene diamine in aqueous solution in 

various concentrations, to give a finer product than had pre­

viously been obtained. Using ethylene diamina as a protective 

agent, the Welland Chemical Workat Niagara Falls, Ont• were 

ab~.: to produce a pi cri tea the average dimensions or whioh were 

a.o x 33.2 microns. (Welland piorite by normal manutaoture haa 
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average dimensions of 3 x 70 microns). 

A large .number of amino- and other nitrogen oompound.s 

which have been tried at Woolwich include ammelide, gelatin, 

ammelide plus gelatin, cyanuric acid, dicyandiamide, urea, 

oxamide, amidol, nitrodicyandiamidine, m- and p-phenylene­

diamine, guanidine, nitrophenyltriethanolamine, methylamine, 

diethanolamine, triethanolamine, phenyltriethanolamine, hexa-

mine, melamine. 

Only two such materials gave size~reduction of the same 

order as ethylenediamine, viz.: methylamine and ethylamine. 
. . 

It .was pointed out that these amines apparently produce 

simultaneous restriction of growth at·all crystal faces, since 

there was no observed change in crystal habit. 

Tanberg and Kramer (12) found that picrite could be ob­

tained in finely divided form by dissolving nitroguanidinein 

water under superatmospheric pressure, at a temperature above 

1oooc.; this s·olution is then discharged into a .cold liquid 

medium such as water to effect precipitation of the nitroguani­

dine. By this method a product was obtained of average crysta1 

dimension·s, 3 x 20 m,icrons. 

The effect·of rapid crystallization of picrite from 

.aqueous formaldehyde solutions up to 5% concentration, by 

pouring the hot sol\1-tion onto chopped ice, was investigated. 

at the Armament Research Department ( 13). 

According to a report on this investigat~on, the crystal 

size decreases progressively wi t·h increase in concentration 
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of formaldehyde up to 1%; but thereafter no marked change is 

produced. A 0.5~ formaldehyde solution gives a mean crystal 

size of 1.5-2 x 40-50 microns. 

The presence of small. amounts of ammonia (0.1% solution) 1 

in conjunction with the formaldehyde is reported to have a / 

marked effect in enhancing the degree or size-reduction. Thu• 

a so~ution containing 0.5% and o.~% of formaldehyde and ammon~a 
respectively gives-a mean crystal size of 0.5-1 x 10 microns j 

and a specific surface of approximately 80,000 cm2/cm3. A 1~ 

solution at least or methylamine is required to pr~duce a pi-1 

erite ot similar size: . on a weight basis, therefore, formal• 
'I 

dehyde has more than doubl.e the efficiency or methylamine to~ 

this purpose. 
' 

It is further reported that• fr~ solutions of 0.75% and! 

higher of formaldehyde in the presence or ammonia, picrite i 

crystallizes in a new form (spherulites) consisting or spheribal. 
I particles about 10 microns in diameter. This type of picrite1 

is said to be sandy to the touch and crushed with dif:ticulty 

to give fine partieles. Thes.e spherulites are reported to be 

characterized. under ~rossed nicol-prisms by a black cross 

which intersects the whole apherulite. In the presence of a:mmo­

nia and amines such as methylamine the particles of size­

reduced picrite are reported. in many instances, oolored yeilow 

and brown and containing yellow gelatinous lumps. 

In summary it may be said that those materials which modify 

the crystal dimensions of piorite during ita deposition from 



aqueous solution are: 

(a) Those which produce alteration or the crystal habit 

by causing restriction or crystal growth along cer­

tain parallel planes. 

This may result in the formation or crystals or a 

•platy" nature where the restriction is at right angles 
' 
to the crystal length, as is the ease with a:mmelide or at 

much shortened broad needles as with gelatin or methyl 

cellul.ose. 

The ef'f'ect ia, therefore, not one of true aiz.a­

reduetion; although one dimension is reduced the other 

two are increased or but li ttls diff"erent f'rom those Gb­

tained in the absence of any such agent. 

(b} Those which oauae no al.teration in the crystal habit 

but produce restriction of' growth simultaneously on 

all crystal faces• 

Theae.are to be regarded aa true size-reducing agent•• 

Into this class fall the agents, :tormaldehydet methylamine 

and other aminea. 

The features aaa_ociated with. these agents are: (a) They 

have the common property of' readily reacting with picrite to 

give compounds. (b) They have the common property of' being 

polar molecules as is piorite itself. 

Sll1phurio acid also falls into this group, It haa long 

been known that nitroguanidine, precipitated from solution in 

concentrated sulphuric acid, gives a fairly tine product, and 



'· 
it has bean rapor•ed {14) that nitroguanidine forms a sulphate 

with sulphuric acid which is readily decomposed by drowning in 

' It has also been reported (15) that methylamine and othe~ 

amines react with nitroguanidine to give· compounds with evolu+ 

tion or ammonia. 

In this laboratory it was found tha.t formaldehyde and ni re­

guanidine undergo a reversible reaction in aqueous solution, 

under acidic conditions, to give mono-methylolnitroguanidine 16). 

The isolation or this material requires the presence or at le~st 
I 
I 

two moles or formaldehyde per mole of ni troguanidine. It is f 
very unstable compoundi heating the crystalline form or. ita 

aqueous solution causes decomposition with evolution of format-

dehyde and recovery of nitroguanidine. i 

The choice or size-reducing agents for picrite is 11heref'ore 

less random when restricted. to tha exaJDination o:r compounds t~t 
readi~ react with it, and are or a polar nature• The erreet!ia 

presumably related to the adsorption at all crysta~ races or a 

molecular film of pol.ar molecules or a film of ions which int$r­

tere with the deposition of layers on the crystal faces. Broa-

. ckere {17) says that when ions of one charge are adaorbed, the 

ions of opposite charge are held b.y electrostatic attraction. 

In the case of commonly known protective agents such as 

gelatin, preferential adsorption or the agent, along certain 

faces only, would appear to occur. 

The yellow and brown coloration and the presence or yellow 
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gelatinous lumps, obtained at the Armament Research Departmenj• 

when size-reduction or picri te was obtained by- orysta1lizat1o . 

from dilute formaldehyde solutions in the presence of e.JIDD.Cmia 

is considered, in this laboratory, to have resulted :f'rom prod cts 

o:f' nitroguanidine de-arrangement in hot aqueous solution. Th a 

de-arrangement is catalysed by- the presence of ammonia {18]. 

For this reason it was decided, in this laboratory, to i -

vestigate the production of ultra fine piorite crystals by re 

crysta111zation :f'rom dilute formaldehyde solutions in conjuno io~ 

with acidic protective agents. 



r. Preliminary Laboratory Experiments 

It was tound that small quantities of sulphuric acid used · 

in conjunction with dilute formaldehyde solutions gave a marke 

effect in enhancing the degree or piorite size-reduction. 

In production practice the method or piorite crystalliza 

tion is ahook ... cooling by the spray method. In the following 

experiments, shook-cooling was obtained by rapid pouring of 
I 

the hot picrite solutions onto crushed ice with vigorous mech~ical 

stirring. 

EXperimental Procedure 

The standardized procedure for .these investigations was ~a 

follows.c 3 g. pi cri te were added to 50 ml. water in a 400-ml.l 

beaker. The mixture was heated until a clear solution was ob~ 
I 

tained. The protective agent {or agents) was then introduced and 

the solution heated to boi~1ng and maintained for a specified tLme 

at the bailing-point, after which the solution was shook-cooled 

bJ' rapidly pouring the contents of _the beaker onto a bed of 

crushed ice 2-2.5 in. deep contained in a 400-ml. beaker. Vigor­

ous mechanical stirring was maintained throughout the latter opera­

tion to reduce the possibility of crystal growth., Short periods 

or heating were chosen, as it is obviously undesirable in produc­

tion practice to prolong the spraying oyole unduly and to reduce 



any de~rrangement of picrite which may occur on prolonged 

heating. 

Microscopic estimates of crystal size and relevant remark 

are eontained in Table~ I, II, and III. 

The source ot piorite used in these experiments was the 

finished product No. 3 &e shipped from the Welland ~hemical 

Works, Niagara Falls, Ont. It was composed entirely of needl s 

covering a very wide range ot size, 4-9 x 22-180 microns. Th 

mean crystal size was approximately 5 x 110 microns. 

lhen formaldehyde was used alone as the proteetive agent 

the fine picrites gave gelatinous precipitates which did not 

readily separate from the mother-liquor. but were readily sep.ra­

ted on lhatman No. 1 filter paper, in a Buchner funnel with suc­

tion supplied by a water pump. 

lhen formaldehyde was used in oonjunoti.on with sulphuric ' 

acid, ourdy precipitates were obtained which separated rapidlf 

from the mother-liquor and were retained on a Whatman No. 1 f~l-
, 

ter paper in a Buchner tunnel with suction supplied by a water 

pump. 

The solubility ot picrite is noticeably increased in for,.,. 

maldehyde solution and increases as the concentration of form$1-

dehyde is increa·sed-. This tact was observed from the temperat 

tures at which solution or the picrite occurred. 

The time elapsing between pouring of the hot solution onto 

chopped ice and the first general appearance of a precipitate 

increases as the concentration of sulphuric acid is increased. 



Run 
No. 

1 

2 

3. 

TABLE I 

Variation of Picrite Crysta~ Size with Formaldehyde Concentration 

(Ooncentratian of Picrite Solution throughout; 3 g,/50 cc.) 

Cone. of 
Protective Time o:r Mean Picrite 

Agent Heating Crystal Siz.e Remarks 

1.0% 5 min. 2xl8 microns A gelatinous precipitate which preci-
pitated immediately on shock~cooling. 
Composed entirely of needles of fair-
ly uniform dimensions. 

0.5% 5 min. 2x36 microns A gelatinous precipitate which preciw 
pitated immediately on shock-cooling. 
Composed of needles not as uniform in 
siae as those in Run No. 1. 

Heating of the 1% formaldehyde solution of picrite for a shorter period 
of time did not give a maximum decrease in crystal size. e.g., 

1.0% 2.5 min. 2x27 microns A gelatinous precipitate which preci­
pitated immediately on shook-cooling. 
Composed of needles of fairly uniform 
dimensions• 

1% CH20 means 0.58 mole per 1.0 mole picrite 
0.5% c~o means 0.32 mole per 1.0 mole picrita 

1-' 
1-' 
• 





Run 
No. 

7 

8 

'eABLE III 

Variation of Piorite Crystal Size frGm 0.5% Formaldehyde Solutions 
with Concentration of Sulphuric Acid 

Cone. 
ot 

CHaO -
0.5% 

o.5% 

{Oonoentration of Piorite Solution throughout: 3 g./50 oc.) 

Cone. 
ot Time at 

neso4 Heating 

5.0s' 5 min.• · 

1.0% 5 min. 

Mean Picrite 
Crystal Size 

l.,Q X 7 
microns 

2 X 2'1 
mierons 

Remarks 

Very curdy precipitate appearing 15 
seconds after ahock~cooling. Composed 
ot grains or apherulitea or mean- diame­
ter 9 microns which break up fairly 
easily to give the needles. 

Somewhat gelatinous precipitate appear• 
ing 4 seconds after shock-cooling. 
Composed of needles or not very uniform 
dimensions. 

'1% OHaO means 0.58 mole per 1.0 mole of picrite 
0.5% CHzO means 0.32 mole per l..Omole or picrite 

.... 
(11 

•· 
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In the absence of sulphuric acid very little supersaturation 

occurs and precipitation is a1most immediate. 

It has been observed that with concentrations of formal-! 

dehyde higher than 1%, the time elapsing between shook-cooli~ 

and precipitation becomes noticeable. Further, the yield of 

piorite with concentrations of formaldehyde higher than 1% is 

decreased, presumably because of the higher solubility of pi­

crite in the solutions. The spherulites under crossed nicol­

prisms show up as white spheres intersected by a black cross. 

Upon close microscopic examination these spherulites appear 

to be of a fibrous nature, made up of exceedingly fine radial 

need.les radiating from an aggregate cente:r. 

~rom these results it appears that the picrite crystal 

- size decrease.s as the formaldehyde concentration increases, 

I 

an.d that the use of dilute sulphuric acid, in conjunction with 

the formaldehyde, brings about a further decrease in crystal 

size; increasing the sulphuric acid concentration causes the 

crystals ,to pass to a stage where small spherulites are formed. 

It appears that by suitably choosing the concentratians 

or the protective agents, formaldehyde and sulphuric acid, a 

ohoice of crystal sizes may be obtained in needle-form or 

spherulitic form as desired. 

The refractive index along the length of these size­

reduced picrlte crystals was 1.52 and the melting-point was 252-

23800. Thus, these materials are indeed picrite. 

In another experiment, 3 g. picrite were dissolved in 50 ml. 
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water. After heating and immediately before reorystallizatiori. 

formaldehyde was added to give a 1% solution. The solution w~s 

immediately shock-cooled in the described manner to give picr~te 
I 

crystals of about a x 50 microns. 

'fhis procedure would make formaldehyde available for ad- J 

sorption but would nqt allow appreciable reaction to take 

between the picrite and formaldehyde. 

! 

It was seen that when the heating time was increased froJ 

2.5 to. 5 minutes (Runs Nos. 1 and 3) a finer produc~ was ob• 

tained upon crystallization. This phenomenon was also obaerv~d 

with increasing concentration of sulphuric acid used in con- : 

junction with formaldehyde and is no doubt related to the ex-! 

tent or interaction or the protective agent and picrite since. 

it is known that formaldehyde and nitroguanidine react to giv$ 

mono-methylolni troguanidine in acid medium• 

The sulphuric acid may play a dual role: (a) of acting as 

a catalyst in the formation of mono-methylolnitroguanidine an4 

(b) of forming a reaction product itself with nitroguanidine, 

i.e. nitroguanidine sulphate. 

Picrite crystallized from dilu~e formaldehyde in the 

presence or sulphuric acid gives a greater reduction in crystal 

aize f'or the same period of heating than does formaldehyde alone. 

Two further experiments were carried out in which mono­

methylolnitroguanidine was substituted for piorite and formal~ 

dehyde in the following manner: 

(a} In 50 ml. water. 3.87 g. mono-methylolnitroguanidine 
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~he amount of mono-methylolnitroguanidine corresponds, 

upon hydrolysis, to a larger concentration of formaldehyde truin· 
I 

1~, and since the starting material, in these experiments. is 

the reaction product or formaldehyde and picrite, a much fine~ 

product might be expected upon shock-recrystallization. The 

presence of sulphuric acid gave a further reduction or crystal 

size which also might be expected since it can form a ·water­

decomposable compound with picrite. These results indicate 

that the reaction product, mono-methylolnitroguanidine, plays 

a major role in the reduction of picrite crystal size by for• 

maldehyde solution• 

In general, the action or formaldehyde in restricting 

crystal growth of picrite is probably due to: 

(a) 'fhe effect of shock-cooling and supersaturation 

of picrite solutions which causes a rapid formation or 
a large number of centers of crystallization. 

(b} A reversible reaction between formaldehyde and picrite 



Run 
No. 

9 

10 

TABLE IV 

Piorite Crystal Size after Shook-Cooling Solutions of 
MonQ-methylolnitroguanidine 

(Concentration of Mono-methylolnitroguanidine solution:: 3.87 g./50 oo.) 

Cone. ot 
Sulphuric Time at 

Acid Beating 

O% 5 min. 

1.0~ 5 min. 

.Mean Picrite 
Crystal Size 

1.0 X 7,..9 
microns 

Spherulites. 
4.5 X 4.5 

microns 
{a) 

Remarks 

A ourdy precipitate preoipita~ed 210 
. seconds att.er shook-cooling. ·Composed 
of a mixture or tine needles and soft 
agglomerates giving spherulites or mean 
diameter 9 microns when broken down by 
rubbing on a slide• 

Composed entirely ot tiny spherulites 
or very uniform diameter of 4.5 microns 
which were very difficult to break down. 
This run gave a very ourdy precipitate 
after 35 seconds from shook-cooling• 

(a} The spherulites formed in these two experiments showed a black 
cross under crossed nicol-prisms and on closer microscopic examina­
tion appeared to be composed of radial needles. 

--

,.., 
..;:a .. 



and subsequent adsorption or formaldehyde molecules by the 

elementary picrite crystals. 

18. 

Although this dynamia equilibrium will be far to the left 

in these dilute solutions, the close proximity or formaldehyde 

and picrite molecules will probably enhanae the orientation and 

establishment or an adsorbed protective layer or polar formal~ 

dehyde molecules which will restrict fUrther veatorial arrange­

ment or picrite crystals on the centers of crystallization. 

This effect is probably further enhanced by adsorption or the 

sulphuric acid catalyst. • 

II. Pilot Plant Experimsnts 

Introduction 

The following is an outline of the normal processing or 

p+cri te, at the Welland Chemio.al. •orks, Niagara Falls, Ont. 

with a brief description or the operations which are pertinent 

to the problem or picrite size-reduction. 

The operations in the order of their occurrence are: 

(i) Nitration (This is the plant name tor this operation. 
It would be more appropriately .named dehydration) 

(11) Dilution or quenching. 
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(iii) Cooling• 

(iv) Filtration and Washing. 

(v} Rasol.ution. 

(vi) Recrystallization. 

(vii) Refiltration and Drying. 

(i) Nitration. The function of this step is to convert guani~ine 
I 

nitrate (product No. 2) to ni troguanidine (product No. 3) . by the 

removal of water with concentrated sulphuric acid at a tamperafure 

of 38•40°0. 
+ 

tii) Dilution. The function of this step is to quench the nitra­

tion. solution with water or mother-liquor. Because ,nitroguanidine 

is quite insoluble in weak sulphuric acid, the bulk of the prod­

uct is precipitated out at this point. 

(iii) Cooling. The function of this operation is to cool the 

quenched nitration solution to 10°C. at which more piorite is 

orystall.ized out due to difference in sol.ubil.ity. 

(iv) Fil.trstion and Washing. The function of this operation 

is to separate the nitrogua.nidine crystals from the weak sulphuric 

acid and to wash out soluble impurities with a minimum loss ot 

picrite. 

The cooled slurry is filtered on a vacuum fil.ter at a pres­

sure of 22 lb. per sq. in. The resultant crude-cake oonta.ina 

about 60% moisture a.nd 0.5% sulphuric acid after washing. 



20. 

(v) Reso1ution. The function of this operation is to redisso1ve 

the crude-cake, preparatory to crystalli&ing it in proper crye-

tal size. 

The orude-eake, containing about 60% moisture and 0.5% su-
. . ! 

phurio acid is mixed with water, in auch proportions as to re,ult 
. I . . I 

in approximately a 7.5% solution, and heated to 100°0. by ate~ 

After complete solution the pH is adjusted to 5.5 with soda a$h 

to retard corrosion of the tanks, to precipitate any iron thal 

may be in solution and to meet specifications as to pH of the 

finished product. The so1ution is not retained any longer tn.n 
I 
I is necessary due to slow decomposition which is evidenced by~ 
i 

increase in pH and "the evo1ution of ammonia. If the pH is aliowed 

to rise above 7, decomposition is aoce1erated and ammonia m&7 be 

noticed in the vapour coming off and it becomes necessary to add 

acid. Clarification of the ao1ution may be required if iron 

hydrate is precipitated in the pH adjustment• . . 
(vi) Recryatallization.. The ·function of this _operation is to 

shock-cool the solution in auoh a way aa to rorm crystals 

averaging 3 microns in diameter by 70 microns in length, and a 

specific aurrace or 15 1 000 cm2/cm3~ 

The hat sollttic.n is sprayed through nozzles ot 1/8 in. 

inside diameter. The slurry formed leaves at 35-40°0. Any 

final adjustments or pH are made in the slurry ainoe testa showed 

that pH adjustments made here wi11 change the pH of the crystals 

which is no·doubt due to outer adsorption. It is neceaaar.r that 

the orysta1s be kept in constant circulation to prevent crystal 

growth. 
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(vii) Retiltration and Drying• The function or this operation 

is to separate the crystals from the mother•liquor and to divide 

the filter-cake into waters and dry the product in a circulating 

air drier. 

The specification: for ~H or the tiniahed product ranges 

from 5-7.5• NormallY this is met• HOwever, during a shut-down, 

slight decomposition of the product may occur with a rise in pH. 

It was felt at the Welland Chemical Works that the average 

crystal size coula be reduced with smaller spray orifices and 

an increased spraying pressure, but thia would have required 

new or more equipment. In view of this limitation it·waa consi­

dered advantageOQa to develop a method of manufacture of ultra• 

fine piori te that would not require a.ny- mechanical. change in the 

normal production method. 

It was round (19) that re-spraying or Welland picrite does 

not give as fine a product as that resulting from spraying 

BOlton Heath picrite. 

i'h1s difference ia probably an illuatration ot the value 

o.:r :proteotive agents in the spraying process, since it is most 

eaaiq explainabl.e in ter.ma of contaminants• Crya.tals of l'elland 

ptorite are known to have a rhombio transverse section, in 

general, although oocaaiona1ly deve1opment of other crystal raeea 

gives five- or six-sided crystals, but the relative lengths of 

the aides ditt'er only slightly. Holton Heath piorite on the 

other hand possesaes a aix•sided figure resembling a flattened 

hexagon i.e. with one pair ot parallel faces greatly exo~eding 

the remainder in length, 
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This difference ia ascribed to the presence ot certain 

reaction by .... produota in Ho~ton Hea'th piari'te since the Welland 

product is of high purityJ furthermore, it can be transformed 

into the BQlton Heath type ot crystal by addition or small 

amounts or contaminants auch as amme~ide. 

If it is the case tl::lat the spray prooeaa 'can differentiate 

between two piarite solutions one or· which contains traces of 

protective agent, it 1~ eTident that the introduction of amall · 

amounts.of formaldehyde wi~~ have a remarkable effect. 

Accordingly, it was decided to carry out a~l further expe~i­

ments of pierite size-reduction an a semi-pilot plant soa~e and 

to simulate actual plant conditions ot shock-cooling by the spray 

m~thoti• 

Experimental Procedure 

The standardized procedure tor these trials was as ro~lows• 

An &00~-gram solution composed ot 480 8• (6%) piorite, various 

concentrations ot protective agents and water was formed; and 

heated in a reacti~n vessel at 100°0. tor a specified time. 

The reaction vessel consisted or a 2-gallon, stainless-steel 

kettle equipped, w1 th .a steam jacket, motor-4riven sti.rring paddles 

and a thermometer• A thermal gauge, to determine the quality of 

steam supplied, waa inte~posed between the kettle and the steam 

inlet. 

At the conclusion of the heating period, a valve at the 

bottom of the kettle, waa opened and the hot solution diaoharg~d 

into a steam-jacketed 1/2-in• pipe to W'hich.was attached a short 



piece or heavy rubber tubing fitted with a spray nozzle• (The 

spray nozzle was made by drawing a 3-in.o piece of 12-mm• glass 

tubing to a spray orifice ot 3mm. inside diameter, which was 

designed to give a 9-min• spraying time of the vessel contents, 
. I 

and a slurry temperature of 36oa. on a control run~) The hot 

discharging solution was sprayed by hand against the inside 

surface or a ao-.gallon• sta1nless ... steel •. slurry tank the out­

side surface or which was cooled by contact with cotton aprons 

over which water at a temperature or approximately 10°0. waa run. 

During the spray procedure, the. inside surface or the slurry 

tank was continuously scraped with a rubber paddle in order to 

remove any recrystallized piorite that tended to stiok and low•r 

the efficiency or sbock-oooling; also the resultant slurry in the 

bottom of the tank was constantly agitaued to prevent crystal 

growth. 

After the total charge had been sprayed; the slurry was 

brought to a pH of 6-9• and the picrite separated from the mot~er­

liquor by filtration and washed with cold water• The picrite was 
.. 

retained on a lbatman's No. 1 filter paper in a Buchner tunnel 

with suction supplied by a water pump. The resultant filter­

cake was broken up and dried on cloth trays in a oiroulating-air 

drier at 45oc. tor 24 hours. 

The efteet ot crystal-size and crystal form on filtration 

was carried out on many typical runs by measuring the volume ot 

filtrate obtained in 15 sec. at 22 lb./sq.in., using a filter• 

leaf supplied by the Welland Chemical Works which was designed 



to give results comparable with those in plant filtration• 

The crystal form was determined. under the microscope and 

the predominating crystal size estimated after projection on a 

screen at UlOO magnification. Specific surface measurement waa 

made by the Draft Method (20). 
,. 

Spraying Experiments with FO~ldebyde Solutions 
ot Welland finished Produot )le-.. 5 Aaiditisd with 
Sulphuric; Ni trio, p-Toluene .. Sulphonic and Ben .. 
zene Sulphonic Acids •.. 

koh &QOO-gram charge in this series of runs was made up as 

·tollowa: 480 g. Welland finished product No. 3 were dissolved 

in 6.5 litres water which had previously been heated to 90-95°0. 

in the kettle• A known quantity of acid, dissolved in the remain• 

der of the water, was run in and the solution brought to a tempera­

ture of l00°c., after which a known quantity of formaldehyde (as 

40% formalin) was int'roduoed• 

Each solution was heated for a known period of time after 

the addition of formaldehyde;and sprayed. 

The filter-cakes of Runs Nos. a, 3, 4 and 8 were washed and 

reslurried with cold water to a pH of 6-7• The pH of the cold 

slurries of Runs Nos. 5 and 6 was adjusted from less than 2 to 6-7 

with ammonia, and those of Runs No. 7 and 9 with potassium hydroxide, 

before filtration• All pH values were determined with universal 

indicator. 

Run Not. 1 was used as a control; no protective agents were 

used and no treatment of the slurrT was made• 

From the results assembled in TabLe V it is evident that 

extremely tine piorite can be obtained by spraying 1 using a 

suitable concentration of acid and formaldehyde• 



TABLE V 

Spraying EXperiments with Formaldehyde So~utions of' Welland Finished Product No. 3 
Acidified· with Sulphuric, .NitJ:"ic• p-Tol,.uene Sulphonic and Benzene Sulphonic Acid 

(Concentration of' picrite solution throughout: 480g./aPOOg. so~ution) 

Cone. of' 
Proteetive 

Agents 
Run in ~ 
No. c~o ~so4 -

1 0 0 
(control) 

2 Oe.5 0.5 

3 1. 1. 

Heat• 
ing 

Time 
in 

min• 

5 

7 

5 

Form 

needles 

needles 

inci• 
pient 
spheru• 
lites( a) 

Crysta~ 

Siz.a Speeif'ic 
{predomina- Surface 

ting} . 
in microns cm2/cm3 Remarks 

4 X ~00 15,600 Lumpy slurry. Filtration very f'ast; 
range: WOO ml./15 sec., 22 lb./sq.in., dry cake 
?0-500 and no cracking. 

1-8 X 16 36,600 Gelati.nous slurry; needles appearedto be 
laminated with splayed ends. Filtration: 
760 ml•/15 sec., 22 lb./sq.in.; fairly dry 
cake and little cracking• 

12-15 diam. Slightly curdy slurry; incipient spheru-
59,000 lites or loose structure, broken down 

easily by rubbing on slide to give needles 
3-5.4-tlong• Filtration: 57,0 ml./~5aec., 
22 lb./aq.in•; slow drying and some cracking 
of' cake. 

4 1. 1. 5 ditto 12-~5 .. 63;000 ditto 

t1 • 
(continued on page 26) 



Run 
lio• 

fS 

6 

7 

~uv (continued) 

Spraying Experiments with Eor.maldehyde So1utions of Welland Finished Product No. 3 
~oidified with Sulphuric, ,Nitric, p-Toluene Sulphonic and Benzene Sulphonic Acid 

(Concentration or picrite solution throughout: 480g./SOOOg. solution) 

Cone. of Heat. ... Cr;y:stal. 
ProtectiTe ing Size Specific 

J.gent.a 'l'i.m.8 (predomina- Surface 
in ~ in ting) 

om2/om.3 c~o HN03 min. Form in miorona Remarks 

1. o.ts 5 needles 1 (or less) 62,300 SJ,ightly ourdy slurry; most incipient 
and X 5-6 spherulites which were broken down fairly 

inc1- easil.y by rubbing on slide to give needles 
pi en" 5~ ~ long. Filtrationt 500 ml./15 see •• 
spheru- 7 diam. 22 lb•/sq.in.; ,fair drying and slow cake 
lites cracking. 

1 .. 0.75 6 needles 1 (or less} 60,200 Very similar to above run except that in.• 
and X 4-5 cipient spherulites appeared to be a 

inci- little more numerous, better developed and 
pient more difficult to break down. 
spheru- 7 diam., 
litea 

1. 1.25 5 inci- 35,300 Very curdy slurry; mostly true spherulites. 
pient Filtration: 850 ml./15 sec., 22 lb./sq.in. 
&. true Slow drying but little cake cracking 
spheru- 18 diam. 
litea 

(continued on page 27) 
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Ol 
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Run 
No. 

8 

9 

TABLE V (concluded.) 

Spraying Experiments with Formaldehyde Solutions of Welland Finished Product No. 3 
Acidified with Sulphuric, .. Ni trio, p-Toluene Sulphonic and Benzena Sulphonic Aeid 

{Concentration of picrite solution throughout: 480g./8000g. solution) 

Cone. of 
ProteetiTe 

Agent a 
in % 

CJieO ~ Yo3H 

Heat­
ing 

Time 
in 

min. 

l 1 5 

CH20 0 
S03H 

1 1 5 

' 

Form 

Crystal 
Size Specific 

(predomina• Sur~tace 
ting) 

in microna cm2/cm3 

needles 1 or.1ess 65,100 
& inoi- x 11 
pient 
spherulites 

ditto 1-2 X 18 55,000 

' Remarks 

Slightly curdy slurry; mostly needles; in­
cipient spherulites of loose texture and 
easily broken down by rubbing cm slide; 
Filtration: 580 ml./15 sea. 22lb./aq.in• 

Very similar to above run except incipient 
spherulites appeared to be more numerous 
and better developed. Filtration: 540 ml/ 
15 sec., 22 lb./sq. in. , . 

(a) Incipient spherulites appear to be a stage intermediate between needle and true spherulite 
formation where the needles radiate symmetrically from the canter of the aggregate. 

1.\: 
...: 
• 
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Weight for weight. these acids appear to be of the same 

order or effectiveness in reducing picrite crystal size when 

used in conjunction with a 1% formaldehyde solution, piarite 

crystals or incipient spherulitic structure being formed. With 

increase in acid concentration it would appear that true ~:pheru­

litic formation seta in with a corresponding drop in specific 

surface. 

Supersaturation was quite noticeable with the higher con­

centrations or protective agents.· as determined by the time 

elapsing between contact ot the hot solution with the cold sur­

face or the slurry tank and the first general appearance of 

precipitation. 

Testa carried out by the Welland Chemical Works indicated 

that nitric acid was.the least. corrosive or these acids but 

that in general, acids of these concentrations would probably 

be too corrosive for use in their stainless-steel equipment. 

Further, the pH values or the crystals in these runs were round 

to be too acidic to meet specification, which was.no doubt due 

to inner adsorption or acid since the outer crystal pH was ad­

justed to 6-7 in the slurry tank. 

Laboratory experiments, in which hot 6% aqueous picrite 

solutiona containing small amounts or ammonium sulphate and 

· formaldehyde were shook-cooled by pouring onto cracked ice. 

showed that a considerable size-reduction had been occasioned. 

Solutions containing 0.5% ammonium sul.phate and l.)C formal­

dehyde gave needles of average dimensions 1. x 12-14 microns. 
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Solutions containing 1% ammonium sulphate and 1% formal• 

dehyde gave true spherulites 5-? microns in diameter. 

Similar results were obtained with ammonium nitrate and 

formaldehyde. No further effect was obtained by a heating 

period longer than 10 minutes. 

It was reasoned from these results that ammonia neutral!-

zation or the sulphuric a.cid in a solution of' Welland crude 

filter-cake would effect a size-reduction if used in conjunction 

with formaldehyde. 

By this procedure pilot-plant runs were carried out. 

Spraying Experiments with 1% Formaldehyde 
Solutions of Welland Crude-Cake with Ammo­
nia Neutralization of Cake Acidity, and 
Related Experiments. 

Bach s,ooo-gram charge in this series of runs was made up 

as follows: 1,215 ·g. Welland crude-cake, containing 60% moisture 

and approximately 0.5% sulphuric acid, were dissolved in 6 litres 

water which had previously been heated to 90-95°0. in the kettle. 

The pH was adjusted fro~ less than 2 to 6-7 with ammonia and the 

remainder of the water run in, after which the solution was 

brought to a temperature of 100°0. and formaldehyde introduced 

(as 40% formalin) to give a 1% solution. 

Upon the addition or formaldehyde the pH dropped to 5 and 

remained at this value throughout the heating period. 

Each solution was heated for 10 minutes after the addition 

of formaldehyde, and sprayed. 

The filter-cakes· were each washed with 2 litres or cold 

water. 



All pH values were determined with universal indicator. 

The results are assembled in Table VI, and it is evident 

from these figures that exceedingly fine piorite is occasioned 

by 1% formaldehyde solution and spraying, using lfelland crude• 

cake the acid content of which is neutralized by ammonia• 

It is probable that bath ammonium and sulp~te ions as well 

as formaldehyde molecules are adsarbed by the piorite crystal 

faces in producing this remarkable size-reduction with corre-

sponding high specific surface. 

The concentration of ammonium sulphate does not appear to 

be quite sufficient to cause general true spherulitic forma­

tion. The variation of' Runs Noa. 14 and 15 was ascribed to a 

small difference in cake acidity since a different batch of 

Welland crude-cake was used in these t~o runs. 

In an attempt to produce true sph~rulites by the above 

procedure 16 g. (0.2%) ammonium sulphate and 16 g. less water 

was added after· ammonia neutralization of the orude .... oake acidity. 

Again the pH dropped to 5 upon the addition of formaldehyde and 

remained at this value throughout the heating period. The 

results are assembled in Table VII. 

From these figures it is evident that ammonium sulphate 

does indeed have a profound effect on piorite size-reduction 

by formaldehyde solution. It appears that with increasing am­

monium sulphate concentration, in a 1% formaldehyde solution• 

incipient spherulitic structure becomes more developed and 

true spherulitio formation sets in with a corresponding drop in 

specific surface •. 
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Run 
No. 

10 

l.l 

12 

13 

TABLE VI 

Spraying Experiments with 1% Formaldehyde Solutions 
of Welland Crude-Cake and Ammonia Neutralization of Cake Acidity 

(Concentration or picrite solution throughoutt 480 g./~00 g• solution.) 

Heat• 
ing 

Cone. Time 
or in 

CHaO min. Form 

1% 10 needles 
& inci• 
pient 
spheru-
lites 

1~ 10 do 

l% 10 do 

1% 10 do 

Crystal 
Size, Specific 

(predomina- Surface 
ting) 

in microns cm2/cm3 

l (or less) 79,000 
X 6 

12-15 diam• 

1 (or less) 
X 5•10 .77,200 

1 (or less) 
X 5-10 77,200 

1 (or less) 
X 3-8 81,000 

Remarks 

Gelatinous slurry, mostly needles; 
some incipient spherulites or loose 
texture ~nd needle clusters which are 
broken down easily by rubbing on slide• 
Filtrationt 450 ml./15 sec •• 22 lb./ 
sq. in• 

ditto 

ditto 

ditto 

(continued on page 32) 
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Ru:a 
No. 

14 

15 

TABLE VI (continued) 

Spraying Experiments with 1~ Formaldehyde Solutions 
or Welland Crude-Cake and Ammonia Neutralization or Cake .Acidity 

(Concentration of picrite solution throughout: 480 g./8/JOO g. solution.) 

Heat .. 
ing 

Cone., Time 
or in 

ClfaO min. Form 

1~ 10 needles 
& inoi-
pient 
spheru-
-lites 

1~ 10 needles, 
inoi-
pi eDit 
spheru-
lites 
plus some 
fine . 
material 

Crystal 
Size 

(predomina-
ting) 

in microns 

1 {or less) 
X 3-5 

1 (or less) 
x3-4 

3-8 diam. 

1 (or less) 
.diam. 

Specific 
Surface 

cm2/cm3 

86,400 

88,200 

Remarks 

Similar to Runs Nos. 10 to 13 but 
more incipient spherulites. 

Slightly curdy slurry; soft agglo~ 
·merates of mixture; very few true 
spherulites. Filtration: p80 ml./15 sees., 
22 lb./sq.in. . 

~ 
to 



TABLE VII 

Spraying Experiments with 1% Formaldehyde Solutions of Welland 
Crude-Cake and Ammonia Neutralization of Cake Acidity plus 0.2% Ammonium Sulphate 

(Concentration of piorite solution throughout: 480 g./8000-g. solution) 

Heat- Crvstal 
ing Size Specific 

Cone. Time (predomina- Surface 
Run of in ting) 
No. c~20 min. :rorm in microns . cm2/cm3 Remarks 

16 1~ 10 True 61,900 Very curdy and thin slurry. :r11ters 
spheru• 5-7 diam• fast until some cake cracking. Mostly 
lites & true spherulites; a small amount of 
fine fine particles. 
particles ea. 1 diam. 

17 1~ 10 do do 56,400 ditto 

18 1% 10 do do 59t700 ditto 

• 

ti3 
ti3 
• 
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Specimens of inhibited spherulitic formation were captured 

on a glass slide in the following manner. 

A microscope slide, which had previously been cooled to 0°0. 1 

was rapidly coated on one side with a fi~ of the above hot solu­

tion. By this procedure the picrite almost instantly crystallized 

out in essentially two dimensions to give a restricted spheruli­

tic growth• 

The photomicrographs {Figs. 1 and 2) indicate that spheruli~ 
~ 

tie formation consists of the growth of radial needles from an 

aggregate oenter. Both specimens shown were form~d on the same 

slide and probably show different stages in spherulitic develop-

ment. 

The use of ammonia for sulphuric acid neutralization or as 

its sulphate does not seem to cause decomposition of nitroguani­

dine; no yellow coloration or yellow gelatinous lumps were in 

evidence. Such is not the ease when ammonia is used in the ab• 

sence of sulphuric acid as shown by the following run. 

An 8.000-gram charge was made up using 480 g. Welland fin­

ished· product No. 3, which is acid-free. After aqueous solution 

was effected and brought to e. temperature of 100°0. in the usual 

manner, ammonia and formaldehyde were run in to give a 0.1% and 

a 1•4% concentration respectively-. 
0 The solution was heated for 5 min. at lOO c. after the 

ammonia and formaldehyde addition, and sprayed. 

The filter-cake was washed and reslurried with oold water 

to a pH of 6-7 determined by universal indicator. 
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Inhibited Spherulitic Formation 

FIGURE 1 



36. 

Inhibited Suherulitic Formation 

FIGURE 2 
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From the results assembled in Table VIII it appears that 

nitroguanidine d~-arrangement occurs when ammonia is used alone 

in conjunction with formaldehyde as a protective agent, as evi~ 

denoed by yellow coloration and yellow gelatinous lumps in the 

product,. 

The effect of hexamine, which contains potential formalde~ 

hyde and ammonia, as a piorite size-reductant was determined by 

the following three runs. 

In Run No. 20, 480 g. {6%) Welland finished product No. 3'was 

used in making up the 8000-gram charge. After its aqueous solu­

tion was effected and prought to a temperature of 100°0. in the 

usual manner, 111 g. (1.38%} hexamine waa added and the solution 

heated for 10 min. at 1.00°0., and sprayed •. 

In Run No. 21, ~15 g. Welland crude-cake containing 60% 

moisture and o. 5% sulphuric acid, was used to make up the BJ)O~­

gram charge containing 6% picrite. After its aqueous solutio! 
I 

was effected and brought to 1.00°0. 1 111 g. {138%) hex:mine war, 

introduced and the solution heated for 10 min. at 100 c., and/ 

sprayed• 

In Run No. 22, ~15 g. •elland crude-cake was similarly 

used as in Run No. 21; but before addition of 111 g. (1.38%) i 

hexamine at 100°0., the crude-cake acid was neutralized with ' 

ammonia. The total epoo-gram charge was then heated for 10 

min. at 100°0., and sprayed. 

The pH or eaoh solution after the heating period was apProxi-
1 

mately '1 as determined with universal indicator. 



Run 
No. 

19 

TABLE VIII 

Spraying of a Solution of Welland Finished Product No. 3 
Containing 1.4~ Formaldeby(le.and 0.1~ Ammonia 

{Concentration df picrite solution: 480 g./~00-g• solution) 

Conc. of Heat• 
Protective ing 

Agents Time 
in % in 

CHaO ~ mint. 

l • .f:. 0.1 5 

Form 

needles. 
incipi.ent 
and true 
spheru­
lites 

Crystal 

Size Specific 
(predomina- Surface 

ting) 
om2/om3 in microns 

1 (or less) 29,000 
X 3-5 

5-10 diam.. 

Remarks 

Curdy slurry. Filtered fast; slow 
drying. Yeliow coloration and some 
yellow gelatinous lumps. 

Vl m 
• 
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Upon complete hydrolysis 1.38% hexamine would give approxi­

mately 1% formaldehyde and 0.04% ammonia in solution. Howeve'rt 

from the results listed in Table IX it is apparent that in the 

absence of sulphuric acid (Run No. 20) or in the presence ot 

ammonia-neutralized sulphuric acid (Run No. 21), under these 

experimental conditions, very little hexamine hydrolysis occurs. 

On the other hand, in the presence Qf free sulphuric acid (Run No. 

22), hydrolysis takes place and a considerable size-reduction of 

picrite is effected. 

Under the same conditions of Run No. 21 a glucose concentra­

tion of 1% brought about no observable aize-reductioni a specific 

surface of 17,000 was obtained. 

Tests carried out at the Welland Chemical Works showed t~at 

traces of melamine are usually present in their picrite an~ that 

when pH adjustments are made with ammonia, the ammonium sulphate 

formed breaks .down on drying in the presence of melamine to form 

melamine sulphate and free ammonia. This phenomenon is obviously 

undesirable on the basis of crystal pH specifications and indeed 

determination& on the products of Runs Nos. 10 to 22 showed that 

the crystal pH values were generally between 7 and a. 
Soda-aehpH adjustments are successtully used in the produc­

tion of. Welland picrite to meet pH specifications of the crystal• 

Accordingly it was decided to effect size-reduction by heating 

the sulphuric acid containing crude-cake in dilute formaldehyde 

solution and after 10 minutes or reaction to neutralize the acid 

with soda-ash instead of ammonia, immediately before spraying. 



Run 
No. 

20 

21 

22 

TABLE IX 

Spraying Experiments with Welland Picrite Solutions 
Containing 1.38% or Hexamine 

(Concentration or picrite solutions throughout: 480 g./8/JOO-g. solution) 

Heat- C;:zstal 
1llg Size 

Cone. of 'l'ime (predomina ... 
Hexamine in ting) 

i.!l ~ ... min. rorm in microns 

1.38 10 needles 2 X 40.7 
range: 

• X 5-500 

1.38 10 needles 1 X lle.5 

1.38 10 needles 2 x 34 

Specific 
Surface 

em2/cm3 

17,700 

56,600 

27,900 

Remarks 

Lumpy slurry. Filtration very fast; 
dry cake; ne.cracking• Very similar 
to control Run No. 1. 
Ielland finished product• 

Gelatinous slurry. Very uniform 
crystal size. Odour of CHBO during 
spray. Filtered slowly with some 
cracking; slow drying. 
Welland crude~oake. 

Lumpy slurry. Filtration fast: 980 
m1.]15 sec., 22 lb./sq.in.; dry cake 
and.- no cra•kiaa. · 
Welland crude-cake plus ammonia 
neutralization. 

~ 
• 



The fo~~owing series of runs waa made by this procedure 

using different concentrations of formaldehyde as a control ot' 

crystal size, and an efficient crystal size-reduction success• 

fu~ly obtained. 

Spraying EXperiments with Dilute Formaldehy'de 
Solutions of· Welland Crude-Cake and Soda-Ash 
Neutra~ization of Cake Acidity after Reaction. 

Each epoo-gram charge in this series of ruus was made up. 

as follows& ~15 g. Welland crude-cake, containing oO% moisture 

and approximate~y 0.5% sulphuric acid, were dissolved in 6 li~res 
I 

water which had previously been heated ~o 90-95°0. in the ket~l•• 

A known amount of formaldehyde (as 40% formalin) was run in a:rter 

the remainder of the waterhad been added and the solution brought 
I 

' 

to a temperature of 100°0. 

Bach so~ution·was heated for 10 min. after the addition ot 

formaldehyde. At the eoncluaian of the heating period the pR 

of the solution was adjusted from less than 2 to 6, and sprayed. 

The pH of the slurries was approximately 6 in each case. 

The filter-cakes were each washed with 2 litres of cold 

water. 

All pH values were determined with universal indicator. 

From the resu~ts assembled in Table X it is evident that 

ultra-fine picritea are obtained by this procedure• The crys­

tal size progressively decreases as the formaldehyde concentra• 

tion increases, with a corresponding increase in specific sur­

face which continues during the formation of loose incipient 



Run 
No. 

23 

24 

25 

26 

27 

28 

29 

' 

TABLB:X 

Spraying Experiments with Di~ute Forma~dehyde So~utions of' \fe~~and Crude-Cake 
and Soda-Ash Neutra~ize.tion of' Cake Acidity attar Reaction 

(Concentration of picrite so~ution throughout: 480 g./8DOO-g. so~ution) 

Heat• Crystal 
ing Size Specific 

Cone. Time (predomina ... Surface 
ot in ting) 

CH20 min. Form in microns om2/cm5 Remarks 

0.5 10 needles. 2 X 25 28,000 Lumpy slurry. Fil.ered fast: 900 ml./ 
15 sec., 22 lb./sq.in.; good.drying and 
no cracking of' cake• 

0.5 10 needles 2 X 21 28,000 ditto 

0.,5 10 needles 1-2 X 18 32.900 Somewhat gelatinous slurry. Filtered 
tairly fast; no ~racking and fast dry-
ing of cake. 

0.5 10 needles 1•2 X 17 ••• ditto 

0.5 10 needles 1-2 X 18 34,900 ditto 

0.7 10 needles l.-2 X 16 40,500 . Gelatinous slurry. Filtered fairly fast 
but showed some cake cracking. 

0 ... 7 10 needles 1-2 X 15 4.5,100- -- -ditto 

(Continued on page 43.) 
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Run 
No. 

3C 

31 

32 

33 

34 

( c on:t1nued) 

Spraying EXperiments with Di~ute ~ormaldehyde Solutions ot Iel~and Crude-Cake 
and Soda-Ash Neutra~ization of Cake Acidity after Reaction 

(Concentration ot pieri t.e solution throughout: 480 g;,/8{.)00-g. solution} 

Heat-
ing 

Cone. Time 
or in 
c~o min. 

a.? 10 

a.g 10 

0.9 10 

leO 1.0 

1.1 10 

C!7stal 
Size 

(predomina• 
ting) 

:rorm in microns 

needles 1-2 x.l5 

needles 1 {or ~ass) 
X 10 

needles 1 {or less) 
X ~2 

neacll.es .... 

needles l. (or less) 
& inoi- x 5-10 
pient 
spheru-
1ites 

• 

. Specific 
Surface 

.cm2/cm3 

45,100 

,50,500 

••• 

55,300 

65,400 

Remarks 

Gelatinous slurry. Filtered fairly 
f'aat but. showed some cake cracking• 

Gelatinous slurry but thinner than 
previous runs. Fi~tered more slowlY 

. ·than previous runs• 

ditto 

Very simi~ar to Runs 31 and 321 but 
filtered less quickly• 

Gelatinous slurry; only a few inci­
pient spherulites of' very loose tex­
ture. Fil~ered fair~y slowly with 
cake cracking. 

{Continued on page 44.) 
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TABLE X (Continued} 

Spraying Experiments wt'tth Dilute Formaldehyde So:tutiona or l'elland Crude-cake 
and Soda;...Ash Neutralization of-Cake Aoidity af'ter Reaction 

(Concentration of picrite solution throughout: 480 g./ePOO-g. solution) 

Heat- Crzstal 
ing Size S:pecitic 

Cone. Time (predomina ... Surf'ace 
of' in tingl 

cm2/cm3 OH20 min. :rorm in microns Remark a 

1.~ 10 needles 1 (or less) 57,800 Gelatinous slurry; only a f'ew inci-
&. inci- X 5-l.Q pient spherulites of very loose tax-
pient ture. Filtered fairly slowly with 
Spheru ... cake cracking• 
lites 

1.2 10 needles 1 {or less) 66,000 Similar to Runs Nos. 34 and 35 but 
&. inci- X 3-10 more incipient spherulites and more 
pient cake cracking• 
spheru- 5-10 diam. 
lites 

1.3 10 do 1 (or less) 69,300 Gelatinous slurry; mostly incipient 
X 4-8 spherulites ~r loose texture which 

readily broke up to needles by rub-
bing on slide. 

(Continued on page 45.) 
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TABLE X (Concluded) 

Spraying Experiments with Dilute Formaldehyde Solutions or Welland Crude-Cake 
and Soda-Ash Neutralization or Cake Aqidity after Reaction ' 

(Concentration of' picrite solution throughout: 480 g./81JOO-g. solution) 

Heat• Crzsta1 
ing Size Specific 

Cone. Time (pre<lomina- Surf' ace 
Bu.n ot in. ting) 

om2/om3 No. CHaO min. Form in microns Remarks 

38 1.3 10 needles 1 {or less) Gelatinous slurry; mostly incipient 
& 1no1• x .. 4-8 70,700 spherulites or loose texture which 
pient readily broke up to needles by rub• 
spheru- bing on slide. 
lites 

39 1.5 10 do 1 (or less) Slightly curdy slurry. Filtered 
x.4,...8 65,200 $lowly; 500 ml./15 seo .. , 22 lb./ 

sq.in •. with oake.oraoking. Incipient 
spherulites appeared to be slightly 
more developed than in previous runa, 
and harder to break down on slide• 

40 1.5 10 do 1 {or less) ditto 
X 4-8 64,000 

41 1.5 10 do 1 (or less) di.tto 
:x.4,..8 65,600 lf:o. 

at 
• 



spherulitea. When the incipient spherulites become a little 

more developed there is a slight decrease in specific surface• 

:rurther Considerations of Size~Reduced 
Picrite by Pilot-Plant Spraying 

The specific surface of l'elland finished product No. 3 

ranges from 10,000 cm2fcm3 to 18,000 cm2/cm3 and averages approxi• 
2 3 . . . 

mately 15,000 cm /cm in plant production by the normal process. 

The specific surface or the picrite obtained in the control run 

(Run No. 11 was seen to be 15,600 cm2/c~. Thus it is apparent 

that the spraying method• developed in the pilot plant, compares 

favourably in efficiency with actual plant spraying. 

The photomicrographs (Figs. 5 to 7 or 200 magnification) 

illustrate how the control sample, in the absence ot any protec
1
-

tive agent compares with samples or picrite recrystallized by 

pilot~plant spraying picrite solutions which have been heated with 

small quantities or formaldehyde under acidic conditions. 

In general terms it may be said that, as the concentration 

or protective agents increases,. the crystal size decreases and 

then passes through a stage of incipient apheru11tes where the 

needles radiate symmetrically from the ~enter of the aggregate. 

Beyond this, true spherulitio formation sets in. Also,. as the 

crystal size decreases, the specific surface increases~ This 

increase in specific surface continues•in the formation or 

loose incipient spherulites until they become more developed 

and then decreases as true spherulitic formation sets in• 

During the course or these experiments, various degrees 

of incipient spherulitic formation were obtained. The forma .... 
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tion appears to progress with increase in protective agent con­

centration, from loose clusters of needles to fairly compact 

radial aggregates beyond which true spherulites are obtained• 

The black cross which intereects these spherulites, under a 

polarizing microscope, becomes more clearly seen until in the 

case of true spherulites it is very distinct. (See Fig. 7) 

Spherulitic formation appears to be a known phenomenon 

of rapid crystallization in the presence of foreign material. 

It is known to occur in geological formations; where rapid 

cooling of magmas has taken place and it is therefore often 

found in rook glasses. The spherulites thus formed appear to 

consist of prismoid or tabular crystals radiating from a point 

(21)• The photomicrograph& {Figs. 1 and 2) of inhibited spheruli­

tio formation. obtained by a method previously described, indi­

cate that a similar radial structure exists in picrite spheru­

lites. 

Under a polarizing microscope, a needle of picrite be• 

comes extinct along its length every 90°, as the stage is ro­

tated. Thus in a compact spherulitio structure, consisting ot 

needles radiating from an aggregate oenter, those needles which 

lie in the positions of extinction will appear dark, and quar­

ter the spherulite by a black cross. As the stage is rotated, 

other needles move into the positions of extinction and the 

cross should remain stationary. This is indeed the case. 

Therefore, since it is evident that piorite spherulites 

are composed of tiny needles, their formation is not regarded 



as essentially an alteration of crystal habit. As in the 

formation of ultra-fine needles of picrite, the protective 

agents are considered to be adsorbed by all the faoes or 

the elementary crystals during shook-recrystallization to 

effect true size-reduct.ion. 

These picrite particles in the form of fine spheres ar$ 

interesting in that they may prove or importance for the 

manufacture of certain types of propellent. Batches prepar~d 

in the pilot plant are now bei~g investigated tor their beh4• 

vior in cordites by C.A.R.D,E., Val Cartier, ~ue. 

A study of' the photomicrograph (1!'ig. 3) of the relatively 
-

large needles obtained in the control run will show that tiny 

bubbles have been occluded in the pi cri te crystals. Such oc·• 

ciusions are likely to trap impurities when recrystallizatian 

occurs in solutions containing protective agents. It is knoiWD. 

that a certain amount of crystal breakage takes place during 

the incorporation of picrite ~nto cordites. Therefore, be­

cause of these occluded bubbles and because of inner adsorp• 

tion which probably occurs, it is evident that pH adjustment 

should be made in picrite solutions before recrystallization 

in order to meet crystal pH specifications. 

Soda-ash has been found to be a successful agent for 

this purpose in acidic picrite solutions and this is the pro• 

cedure used when crystal size-redu.otion has been brought about 

by reorystallization of' picrite from acidic dilute solutions of' 

formaldehyde (Runs Nos. 23 to 41). 
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Thus, a method for the production of ultra-fine picrites 

was developed, which is superior to previous methods. By this 

procedure, no decomposition seems to occur, pH control for 

crystal specifications is possible and no alteration of the 

sequence of plant production is required. Addition of formal• 

dehyde and the heating period followed by soda•aah neutraliza­

tion is permitted in the normal resolution stage just previous 

to spraying. 
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Specific Surface - 15 , 600 cm2/ cm3 

FIGURE 3 (Control ) 
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Specific Surface - 65 , 600 cm2/cm3 

FIGURE 4 
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Loose Incipient Spherulites 

Specific Surface - 60 1 200 cm2/cm3 

FIGURE 5 
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True Spherulites 

Specific Surface - 30,300 cm2/cm3 

FIGURE 6 



• 
• .. I' 

'I • ... ..• • 
• •• • •• ~ 

~ • .. • ~ • • 
' . ., ... .. 
-St. •• ., · . • .. 

.~f • • · .. ,. • ... .. • £ • • .. .. 
• • =c ., 

~ !:: 

• 'to· f .... ~ ; ._ • !\ •':'r ' ~ 
4, _:A _ • ,• ·r ·• ••• • •• •• .. 

·~·~ ~ .. ,. 
•! 

··~ ~ -
.. • • .. , • • • ' 

,. • . 
' f• 

" "' :c .. .. .. a 

~ ... ~ ¥ .. '". .. I • .. .. •• , 
~ 

•• • \f ~~ • • •• 11 ' ,; .. 
~. 

l 
tf , • 

.. • 

True Spherulites Showing Black Cross Intersecting 
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SUMMARY AND CLAIMS TO ORIGINAL RESEARCH 

Ultra-fine nitroguanidine crystals were prepared by shock­

recrystallization, after heating in dilute acidic formaldehyde 

solutions. 

Shock-recrystallization was obtained by a semi-pil~t plant 

adaptation of the known spray method used in the normal manu­

facture of nitroguanidine. 

The acidic components used in conjunction with formaldehyde 

include: ni trio • p-toluene sulphonic, benzene sulphonic, and 

sulphuric acids, and ammonium sulphate. 

Formaldehyde in the presence of acidic agents causes a 

greater restriction of crystal growth than formaldehyde alone. 

From laboratory experiments, the restriction of crystal 

growth appears to be due to (a) the rapid formation of a large 

number of canters of crystallization and (b) the adsorption of 

a film of protective agents which is related to a reversible 

reaction between nitroguanidine and formaldehyde. 

As the concentration of formaldehyde and acidic agent in­

creases, the crystal size decreases with a corresponding increase 

.in specific surface. Beyond this the crystals pass through a 

stage of increasing spherulitic development from incipient to 

true spherulites. 

Experiments showed that the nitroguanidine spherulites are 

composed of compact needles radiating from an aggregate canter. 
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On the basis of crystal pH specification and application 

to plant production the most satisfactory method is by heating 

dilute formaldehyde solutions of crude, acid-containing nitre­

guanidine and adjusting the pH with soda-ash immediately beforl 

spraying. 

By this process the crystal size and specific surface are 

controlled by varying the formaldehyde concentration. Thus, 

from solutions containing 0.3% to 1.3% formaldehyde there is a 

continuous decrease in crystal size and increase in specific 

surface from 2 x 25 microns and 28,000 o~/cm3 to less than 

1 x 4-8 microns and 70,700 cm2/cm3 respectively. 



REFERENCES 

. 
1. Jeremiassen and Svanoe, Chem. Met. Eng., 39, 594 (1932. 

a. Vadilo, J. Expt. Theoret. Phys.; u.s.s.R., s, 1381 {19 8); 
Chem. Abs. 33, 9077 (Hl39). 

3. Royer, Compt. rend., _198., 185 (1943). 

4. Davis and France, J. Phys. Chem., 40, 81 (1936}. 

5. 

e. 
7. 

a. 

10. 

Davis and France, Bull. Inst. Phys. Chem. Research, 14,. 
497 (1935) .. 

Weinland and France, J. Phys. Chem. 35, 2~32 (1932). 

Iddings, "Igneous Rooks", Vol. I, p. 182, John Wiley 
and Sons, London, Eng. {1909). 

Kaneko, J. Soc. Chem. Ind., Ja~an, 34, Supp1. binding 
103 (1931); Chem. Abs. 25, 3889 {19311. 

Balvero, z. anal. Chem., ~~ 393 (1941). 

A.R.D.C. (Woalwioh) 1383 (1941). 

11. A.R.D. (Woalwioh) Explosives Report No. 8, January (1943]. 

12 •. Tanberg and Kramer, U.S. Pat. 1,679,752, Aug. 7; Chem. 
Abs. !!• 3570, (1928) . 

13. A.R.D. (Woolwich) Explosives Report No. 654 1 October (lg~4). 
! 

14. I.C.I. Ardeer Report R.4.722; A.R.D. (Woolwioh) Explosives 
Report No •. 654 1 October (1944). . . 

15. Davis and Abrams, Prao. Amer. Academy of Arts and Sciences, 
51, No. 9, 437 (1926). 

15. Part A. of this thesis, page 63 •. 
' 

17. "' Brouokere, J. chim. phys., 27, 543 
3216 (1931).. -

( 1930); Chem. Abs.,. 25 -
18. Davis and Abrams, Proc. Amer. Academy of Arts and Scienoe!s, 

61 , No • 9 , 4 3 7 ( 19 2 6 ) • . · 

19. A.R.D. (Woolwich) Explosives Report No. 654, October (1944). 



58. 

20. Technical Report No. 43, Welland Chemical Works, Niagara 
Falls. Ont., Oct. 14 {1943). 

21. Iddings, "Igneous Rocks", Vol. I, p. 228, John Wiley 
and Son.s, London, Eng. ( 1909). 


