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CHEMICAL MEANS OF PROTECTING NONMETALLIC MATERIALS
FROM ATTACK BY MICROORGANISMS

At the present time 1t 1s established that praotically
all nonmetallic materials oan be attacked to one degree or
another by various microorganisms. The attack of various
materials occurs especlally rapldly under tropioal conditions
at relatively high temperature and air molsture.

Materials of plant and animal origin, and also the
products of their digestion, are most easlly attacked by
microorganisms. Various synthetic polymerlc materials and
even optical glass i* 13 also undergo attack by microorganisms.

Unstable_materlials includes; wood, paper and_cardboard,
nltrocellulosil, oupfammonlum ayon, biscose rayonl, poly=-
vinyl acetate™, wool leather”’, refined, unvulcanlﬁgd,_natural
rubberl5, hevea latexl, guayule latexl, smoked sheets®, gutta-
perchaé. regenerated_ rubberl, neoprene with nutritive additlveG,
butadiene-styrole SKl. Bung-sl. Buna-HBvl2 Isobutylene-~
Iscprene S8K¥, Unvulcanlzed® and vuicanized 6 Thiggol.
Phenolo-anllinc-formaldehyde resint, alkyd resin—“.

Zhe following materials are stab} : mixed neoprene
rubbert,12,15, silicone resigl. orlon ' polymethaoryigtelz.
phenolg-rormaldehyde rssis , urea-formaldehyde resiniZ,138,
teflonl9, pelystyrenelc.l9, polyisobutylene 12:20, According
to one report neopreéne-~polyvinylchloride is a material whioh
is resistant to the erfect of mioroorganisms, that according
to others8+10 - 1t ie not resistant.
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In many cases the actlon of microorganlisms does not
have a substantial effect in changing the durability of the
material, but has a negatlive effect on 1ts external
appearance, and alsoc on its electrical propertlesl:ll,
Thus, the apecific volume electrical reslstivity of certain
insulating materials (polyvinylchloride, plasticilzed resin
and perchlorvinyl coatlings of various resins, laoquer coatlngs
and m;gy other materials) drop 100-feold under the influence
of molds.

It should be noted that the resistance of plastics to
microorganisms has stlll not been studied adequstely in
recent times and there i1s much date indlocating the vulnera-
bllity of various materials which were previocusly considered
to be completely resistanv. It has been established poslitively
that all articles from very different polymers which contain
cellulcse as filler and other organlic substances capeble of
serving a8 nutritive medla for molds and othey mloroorganisms
are very vulnerable to microorganismst,

The prevention of growth of microorganisms on various
articles can be accomplished by many methods, of which the
following have practical lmportance: application of materials
resistant to the acilon of mleroorganisms, and addition of

speclal antiseptics which kill micreoorganisms or inhibit their
growth to materials.

It is necessary, however, to indicate that materilals
which possess absoclute resigtance have atill not been found
at the present time and frequently growth of melds is obsgerved
cn relatively resistant materials which have no nutritive

medlum at all for fungl, and are con{amlnated by organlc sub-
stances from the atmosphere and soil-.

Due to the most extensive distribution mentioned
above, protection of various materials from attack by mioro-

organisms was obtalned by means of addition of special anti-
gseptics to then,

The most extensive usge of antisentiosg wae gttained for
protection of wood~ material which is used in extremely
different fields of industry and construction. Without
touching on questions of protaotlog of wood, which were con-
sidered in print several years ago<l, that the rate of
manufacture of antiseptics for wood has continually enlarged.
Thisg is qulte convincingly clear in the case of Pentachlor-~
phenol, whose use for antiseptlic treatment of wood in the USA
increased from 126.7 tons in 1945 to 5,138.1 tona in 195822,
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We note that antlseptlios which are effectlive for one
type of microorganlsm may appear to have little effect
against others. The materlals into which the antiseptics

" are introduced, and also the conditions of introduction of

the antiseptics and the treatment of the material appear to
have a great influence on the effectliveness of the antigeptlos.
There are indications 1n the literature that éven ths solvent
may have an effect on the activity of the antieeptic » Which
13 especilally important when using antiseptic for paint and
varnisn coatings. The pH of the mediBR a2lso has & substantial
effect on the activity of antiseptics

Usually the following general requirements apply to
sntligeptics: the presence of funglcidal and bactericidal
effect against a wide circle of mlcroorganisms, chemical and
physical stability, absence of odor and color, low volatlllty
and lovw solubility in water, eto. Moreover, an antiseptlic
introduced into a given material, should not effect its
chemlcal and physical propertles, should not harm the quallty
of the article, or change the technology of its preparation
and harm the working conditlon. Antlseptlcs should be suf-
Ticliently inexpensive and have comparatively low toxlcity for
humans and animals. Antiseptics whieh simultaneously satisfy
all the enumerated requlrements have not yet been found,
although more than 3,000 compounds have been published in the
literature, which have been tested at varlous times in very
different materlials. PFractlcal application has been obtalned
for an extremely limited number o1 substances.

In a short review 1t is not possible to glve even a
simple l1list of the antlseptics which have been studied up to
the present time, and we are attempting to mention only
certain preparatlions which have sufflclently great practical
application. At the present time a very great number of
classes of organlc compounds have been studied as antlseptlcs
for various nonmetallic materials, includling phencls, nitro-
compounds, halogen derivatives of nhydrocarbons, siwmple and
complex ethers, salts of various organlc acids, heterocyclic
compounds, qulnones, emlides of acids, organic compounds of
mercury and tin and many othersé5a,

Of the phenols, the most widely used as antlseptics for
nonnetallic materials are the tri-tetra- and penticggogghenols.
which are used for protecting paper and cardboard
cotton and other flbers of plant origin gkastlu sub=
stanceal5:37, paint and varnish coveringsl®

3, leather™#,45,
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certain other materlalsl from attaok by mloroorganisms,
Usualily these phenols are introduced in quantitles from

0.4 to 2% of the weight of the dry material belng preserved.
In several cases in order to increase registanse in the
preasence of molsture antiseptics are introduced along with
hydrophobic additives (most frequently bitumen, paraffin or
synthetic resains).

Of the substancef RE tge phencl type 212'-d§81y-5.5'—
diohlordiphesy%%cthane o 4018, E-nitrophenol 49,50,
oxydiphenylSY:56.457, B-naphtnol*9, have also received some
application as to antiseptics. Thus, n-nltrophenol proved

to be a goocd antiseptic for leather and natural and synthetic
rubbers.

It is appropriate to note that as a result of prolonged
actlon of sunlight almost all halogenophenols impregnating
plant fibers, break down Wwith the formatlon of hydrogen
chloride, wnieh regults in some reduction of the durabllity
of the fiber—,

Along with free phenols, their selts with various metals
are alsg used: ocopper, zilnc, sllver, cadmium, etc, Interesting
regults- were obtalned, 1in particular, with silver pentachlor~
phenolate, which was used for protection of cotten fabric in
Florida (USA) over a period of two years in air and for more
than three weeks in soll. After remelning for two years 1in
open alr the fabric treated with 1% silver pentachlcrrhenclate,
lost only 11=-13% of its original durability, while control
samples had centergraded by $0-100%. Somewhat poorer results
Wwere obtalned by treatment of fabrio with copper pentachlor-
rhenolate, inasmuch ag under the same conditlions after two
years the durability of the fabric was reduced by 25%, and
fabric treated with free pentachlorphenol, had deterilorated
by 77-95%.

Mixtures of varlous phenolsl. and also mixtures of
rhenols with ketones and halogen derivatives “of arocmatic hydro-
carbonsl+29 possess increased activity. 4,47~ dinitrodiphenyl-
carbonateéo has also been proposed as active antiseptic for
leather.

Copper B-Ounsiglolate which is used for protection
of textile products 2, 58, 61-69 including fire hoses, cotton
and parachute tabrics and various other materials used in




alrplane oonstruotjon23'56. lacquere and palnts7°'72. and
plastic substancesd7:73, have received wide application

for antiseptio treatment., The additlon of copper 8-oxyquin-
olate, and alao other copper compounds to natural rubber
leads to rapld aging, while certaln synthetic rubbers in
this case proved to be resistant>57.

Copper 8-oxyquinolate 1s added in a gquantity from 0.5~
8-10% depending on the material. It may be added by various
methods, for example, preciplitation of the materlal as a
result of reactlon with inorganic copper compounds with salts
of 8-oxyquinolate, or in the form of solutions in various
urganic solvents® cor in the form of its agueocus suspension,
and also an emul.sioen of 1its solutions'., The presence of a
coior is a substantial drawback of this antiseptic (as it 1is
with almost all other organic copper ocompounds), whioh to a
certain extent limits the possibllity of its use.

2 Recently, the use of 8-oxyquinolatea of cadmlum74.
lead 5. and other metals as antigeptics for wvarious materlals
has been patented.

The use of copper naphthengte. use production in the
USA in 1958 exceeded 1,000 tons?® has reached signifilocant
levalsa. 3ince copper naphthenate has an unpleasant odor and
staing miterials. it 18 used mainly for treatment of oruder
articlesl., Along with copper naphthenate, the uss of
naphthenates of other metals and their mixtures with copper
naphthenate has been proposedl, There are date in the patent
literature on the high activity of copper salts of wariocus
other organic acids as ggll (for example, furancarbonate and

furandithiogarbvamate??+7S, and also stearlc, palmitic, and
oleic acidat).

Dinitrofluorobenzene, dinitroflurobromobenzene, l-fluor
o-3-chlgﬁo-%.6-d1n1trobenzene and 1,3-difluoro-i,6-dinitro-
benzene<+:37 are interesting antiseptics for varlous aviation
materisls and espaclally plastios. These compounds are quite
soluble in organic solvents and in many high polymers, are
colorless and have practlcally no odor. They signifiocantly
surpass phencls and oxyquinolates in microbiologleel seotlvity,
Fluoron%&rogenzene is also suggested for use in protecting
leather<%:57, One must note, however, that 1t is rather
complicated to obtaln these compounds (with the exception of
2,4~dinltrofluorobenzene), as a result of which their cost is
hlgher than halogenophenols and 8-oxyquinolate derivatives.




Several otlier halogenonltrobenzenes have groved to be ective
furniglieldes foxr the pretection of leather?”,

Organlc compounds of tin, Whilch are oclose to organic
compounds of mercury 1n the strength of their effect are
new, promlsing antiseptics for nonmetallic materiasls 66,80-86,
The mlnimrl concentratlons of several organlc compounds of
tin, which completely inhibit the growth of fungi requlred
for characterlistic funglecldal actlvltg og tSés group of
substances are presented in the table%2.93,94,

Funglcldal Activity of Several Tin Compounds

Minimum concentration for full stoppage
o7 growth

Compounds

Botrytis
allii

Penicillium

Aspergillis | Rhizopus

Trimethyltinacetate

italliecum

o

niger nigricans

B}

Triethyltinacetate . o :
Tripropyltinacetate ' , ; |
Triisopropyltinacetate Lo _ '
Tributyltinacetate : . I ; L
Trihexyltinacetate ; NN L i 1
Triootyltinacetate i - ! ;o e
Triphenyltinacetate | : 2 :
Dlethylphenyltinacetate‘
Diethyl-n~-Bromophenyl=-

tinacetate | G : vl v
Diethylbutyltinacetate - o 1 . .
Diethylhexyltinacetete ' ' ST
Diethyloctyltinacetate : .
Ethyldipentylitinncetate | Ca ; o )
Phenylmercuriacetate I b v 0

Organic téﬁ compoungg are good antiseptics for wogd82'83'
cottog and juteSt, paints®5, paint and lacquer coatings®0,

paper®l and other materials. Organic tin compounds bsgan to

be used as agents for protecting plants from diseases? 94 .
and for preventing slime formation in the paper 1ndustry86'88. oo
as efrective substituteg for organioc mercury compounds, 1lcss

toxlc for humans and domestic animals95.
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In industry the acetate ani oxide of tributyltin has
had the wldest apilication,snd in agrieulture - triphenyltin-~
aocetate.

It is intereating to note that several organic compounds
of tin are stabilizers for various plastic materials, inorease . 1
their thermal stability, pravent8¥e§60w1ng and inorease the
duration of service in sunlight.®’=”Y, The stabilization of
polyvinylohlorlde resin by organic tin compounds is of
rartioular interest,

Organlc compounds of merouryl'zo'36W66'96‘l°3. whieh
are recomTeggegefgg tggatment of textlle materia 81. Wwood
and papert:<lV,00.30, Blastlc meterialel 20,98, regind9,
lacquers and paintsl90,102 axe ged as universal antiseptios
for many types of nonmetallic materisals.

These compounds include phenylmercuriacetate, ~phthalate,
-sulfamide, -oleate, pyridylmercurichloride, slkylmercuriocleate,
ethylmercuriphosphate and several others. Usually organic
compounds of mercury are used in quantities from 0.1 to 1%
of the welght of the treated material, conaldering dry mattarl.
The general disadvantage of these compounds of mercury is
their high toxicity for persons and animals, which iz aggre-
vated by thelr abllity to accumulate in the organiam and to
cause gerilous ohronic polsoning. The high toxieity of organic
mercury compounds for humans leads to the necesgsity of
taking speclal precautionary measures both in their produc-
tion and in their use, which significantly inocreases the
cost of productlon.

.9‘\1“1\%_;-\ ™

‘|\ o

A negatlive property of organic mercury aompounde ig
also their low stabllity in relation to soll microorgenisms,
by whioh they are broken down according to the following
scheme 2RHgX + 2H RzHg + Hg + 2HX

Inorganiec mercury oompounds102 have &ls¢ been proposed N
as antiseptic for nommetallic materials, but their effeoct is
signifiocantly weake: as a result of which they must be
introduced into the treated material at higher quantities
than orgenic compnunds,

Salioylanilide 1s an intersting universal antiseptic
with low toxiol:{ or humans, whioh is recammendeg for pro-
teotion of paperild, textile mgSerialsll plastics<0:106
lacquer and palnt coatings ky 5, resins and other materialslt,




Salioylanilide is poorly soluble in water, rather stable

to heating end comparatively inexpensive. However, in order
to obtain a gocd protective effect, salliocylanilide must be
introduced into the treated material at high quantities
(3-8%) whioh in meny oases shows up negatively in the
propertics of the treated material. An espsclally pronounced
negative sffect of salioylanilide appears in lacquer coatings
in which the preparatlion sometimes geperates in the form of
orystals.

There 18 some use of quaternary smmonium seltsl07-111,
whioh possess ocomparatively weak fungicidal astivity, but
mere bactericidal. In view of its good sclublility in water
its application is expedient only in cases when the treated
material is not subjected to systemailo effeot of water.

Along with the substanoea mentioned above as an{lggptlos
for nonmo{nslio materials, ;—giohloronaphthoquinone

rhgdang aalioylaldoikge oertain pyrldlne derlvlt‘ves
’ zino thloo n-toluolsulramlda

te id
various other aoids{igf and many other oompoundsi 5§"38 2{8 119
are alsc suggested.

The use of antiseptics for proteoction from microorganisms
has great significance not oniy for protection of wvarious
nonmetallic materials, but also for other purroses 1ln ocertaln
fields of industry. Protsotion from biologlot l growth is
especially important in the paper indusgtry. According to
data of various investigators biologloal overgrowth of
apparatus in paper rfactories in thi U3A results in annual
losses of about 25 million dollars+, Organio merocury
ocompounds, their mixtures with phenols agg gquulnolinelzo'lzz.
and also the hydrate of tributyltinoxide have been
used recently az agents for combating blologioal overgrowth
in the paper industry.
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