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TRIS NITRO® Brand of CH,OH

Tris(hydroxymethy])nitromethane*

Iniroduction

Tris Nitro is a superior bactericide and slimicide
for use in aqueous systems. It is also useful as a
hardening agent for proteins and as a raw material
for synthesis.

Tris Nitro is available in two forms: as a low-
priced, 50% aqueous solution which is recommended
for most. industrial uses, and as a crystallized ma-
terial. -

Applications of Tris Nitro should be limited to
inedible products unless it is intended to obtain
clearance for using it in food processing from the
Food and Drug Administration.

Properties

Tris Nitro is a white crystalline solid which is
highly soluble in water and alcohols but practically
insoluble in hydrocarbons. It is very stable when
dry. Although Tris Nitro slowly decomposes at ils
melting point, the reaction is endothermic so there
is no tendency for the decomposition to become self-
sustaining. Tris Nitro is not considered as a flam-
mable chemical.

Tris Nitro is quite stable in neutral solution. How-
ever, slight alkalinity such as might result from
traces of salts of strong hases with weak acids causes
slow decomposition. An increase in pH and ‘or tem-
perature accelerates this reaction (Fig. 1) so Tris
Nitro is, therefore, an unusually convenient formalde-
hyde donor characterized by lack of odor. The re-
action rate can be easily controlled by pH and/or
temperature so the working life can be varied from a
few minutes to several months according to the con-
ditions of use.

Solutions of Tris Nitro can be effectively stabilized
by the addition of sodium bisulfite. For example, at
pH 9.0 a solution containing 1% Tris Nitro showed
marked decomposition after 24 hours at 60°C (ap-
proximately 62% of Tris Nitro had decomposed).
Adding 1% sodium bisulfite protected the solution
very appreciably for 6 days, though some decomposi-

*Indexed by Chemical Abstracts as 2-hydroxymethyl-2-nitro-
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tion did occur. Adding 2% sodium bisulfite protected
the sample for a full six days, but it showed no
bactericidal efficiency, whereas the sample contain-
ing 1% sodium bisulfite retained it. In another test,
a 65% aqueous solution of Tris Nitro containing
2% sodium bisulfite showed stability for at least
30 days.

Our laboratorics investigated a typical cutting oil
concentrate containing about 10% sodium nitrite,
5% tricthanolamine, and 1% Tris Nitro as the bac-
tericide. Extensive decomposition of the Tris Nitro
occurred in 24 hours at room temperature, but when
1% sodium bhisulfite was added, it remained stable
for al least 14 days with only slight discoloration.
With 27 sodium bisulfite, complete stability was
achieved but baciericida! properties diminished.

Typical Analyses

Crystalline

Moisture 0.5°% by wt
Free Formaldehyde 0.01% by wt
pH of 20% Aqueous Solution 3.5-6.5
Color of 209 Agueous Solution tmax.) 1 Gardner
Solution
Tris Nitro 50°; by wt
Walter 50°% by wt
Free Formaldehvde <1% by wi
pH 4.0 5.1
Crystallization Point ‘approx.) 55°F
Specific Gravity av 20/20°C 1.222
Weight per Gallon at 63°F 10.151b

Physical Properties of Pure Material

Molecular Weight fealey. . ... ... ... ... 151,124
Melting Point”, approx.. . ....... . ....... 175.176°C
pH of 0.1M Aqueous Solulion at 26°C.... .. .. . 50
Critical Humidity Point at 40°C......... 66% R, H,

Solubikity in water, 20°C..... ... ... .. 220 g{100 ml
Very soluble in aleohols; insoluble in hydrocarbens such
as heptane, diisobutylene, kerosene, styrene, min-
_~eral oil, benzene, toluene.
*Melts with decomposition

‘Bactericidal Uses

At a pH of 7.5 or over, there is a gradual release
of formaldehyde that was once thought to be the



chief bactericidal agent. However, Tris Nitro has
been demonstrated to be more effective than for-
maldehyde alone, and it is alsn effective at pH 6.0
and less where it is quite stzble. Whatever the
mechanism. Tris Nitxy provides continuous pro-
tection for a prolonced perind. There is at no
time any detectable odor of ‘ormaldehvde.

The bactericidal effectiveress of Triz Nitro
against many organisms is indicated by the fol-
lowing spectrum. The test car. be considered quite
severe because the test plates received massive
inoculations of the bzcteria under optimum con-
ditions for growth. Repeated plate transfers have
been made with mary of these bactevia. but they
have shown no tendeney to develop resistance.

Antibacterial Spectrum Of Tris Nitro

M Effective
Teecentialion®
(' fure Pz per utillion

. _abacterium ranae - =000
CFTNacoccus roseus - 270200

*ricrococcus flavus R 01000

Sarcinz flava - = 1000
Staphyiococcus albus - 2502200

Staphylacocens aureus - TEH000

Streptococcus fecalis — 01000
Streptooccus hemnlvt: ¢ — 230 fnny

Streptococcus ugalocts — RAIBTLLY

Streptococcus ervsipelati: — SO0-1000

Streptococcus viridans - 201000

Aerohacter cloacae — =100
Bruceiiz ahortus —_ > 1000
Bruceila bronchizeptica — =00-1000

Fherthela typhosa N-1000
: 1a colt (NI, 273y — = 100
vithiz eoli (Waks = 00

il pheunoniae - = 1000
Pasteerella preudotuher oo — 701000

Protets vulgariz — = 1000

Pseudominnas aernsinns: — = 1000
Salmionella enter : — SEARILLY
— 2o 1000

— = T

— ELDRRI 1 1Y

— 100

> 1004

Molds appear to t-lerate Tris Nitro better than
bacteria, but a concentratics of 100 ppm will
usually control them. As thz solution ages and
the Tris Nitro content falls. molds re-appear be-
fore bacteria. Wherz molds are especially trou-
blesome, it iz recommended that the Tris Nitro
contert be maintair.zd. Green algze are quite
tolerant of Tris Nitrsy as are many “ungi. How-
ever, mushrooms ard organisms associated with
“athlete’s foot” are riported 1o be sensitive to it.
They apparently are exceptisns.

Oil-in-Water Emulsions

One of the problerr.s in metzi working industries
is the susceptibility of cutiing oils (which are
emulsions of oil in water) to bacterial attack. Were
it not for bacterial contarninztion, the oil could be
used for many months, but actually the bacterial
growth shortens the working life of the oil con-
siderably. Bacterial action may cause the emul-
sion to break and become acidie, thus causing
corrosion problems. Some of the bacteria may be
pathogenic which can cause skin infections and

other industrial health probliems. In addition, the
mycelia can clog pumps and valves, and often a
foul odor develops. In a large installation, fre-
quent replacement of cutting oils is costly.

Studies have demonstrated that 0.1% Tris Nitro
in a eutting oil formulation completely inhibited
growth of bacterial flora in the oil for a period
of over 60 dayvs under conditions of optimum bac-
terial growth (1), and was more effective than
aver 200 compounds tested (2). Since publica-
tion of these papers. Tris Nitro has been widely
emploved with unparalleled success. The prevail-
ine opinion among users is that it is outstanding
in its effectiveness vet is less expensive than
aother bactericides. Also, unlike other bacteri-
~ides. it vreates no disposal problem.

Vapor Phase Disinfectant

Tris Nitro should be evaluated as a vapor-phase
disinfectant in the packaging of inedible products
thal are liable to attack by micro-organisms. Dry
tablets or wafers can be readily made with Tris
Nitro and an alkaline reagent such as sodium car-
honate or sodium acetate. Such a wafer can then
be included in the package just before sealing, Tf
the humidity within the package increases during
shipment or storage, the alkaline reagent will pro-
mote the release of formaldehyde by the Tris
Nitro in quantities lethal to microbiological or-
ganisms. In borderline conditions the dry mix
can be made more effective by the incorporation
nf a hygroscopic agent.

According to Walker (3), 5 oz of formalin (the
equivalent of 185 oz of pure formaldehyde) is
suificient to disinfect 1000 cu {t. One mole of Tris
Nitro will release 2 moles of {formaldehyde under
atkaline condilinns. so approximately 5 oz of Tris
Nitro is theoretically sufficient to treat 1000 cu
it. provided the waler contains the proper amount
of alkaline reagent to cause complete decomposi-
tion.

Pulp and Paper Industry

Tris Nitro is of value for microbiological con-
trol in the paper and pulp industries. It is recom-
mended for treatment of alkaline ecircuits for
slime contrel. It should also be tested in non-
protein sizing and adhesive solutions to prevent
deterioration during storage.

Water Treatment

Tris Nitro is effective for inhibition of micro-
biological growth such as slimes in industrial
water systems. Since the conditions of use would
vary greatly, no specific recommendations can be
given, but it is effective in protecting drilling
muds and would be expected to be useful in such
applications as oilfield flooding where the growth
of sulfate peducing bacteria is a serious problem
in corrosion and formation plugging, Laboratory
tests indicate that concentrations of 50-100 ppm
are sufficient to inhibit these bacteria.

Other Uses

In addition to the bactericidal uses of Tris Nitro.
this product has been employed in a number of
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applications, The following examples are taken
in part from the patent and technical literature.

Embalming and Preservative Fluids

Solutions of Tris Nitro make very effective pre-
servative and embalming fluids. The slow libera-
tion of the formaldehyde permits super-penetra-
tion of the tissues before hardening and the spe-
cimen retains a flexible texture with a life.like
appearance. Lack of formaldehyde odor is a very
great advantage in this use. This product would
seem to offer considerable value for the preserva-
tion of biological and anatomical specimens and
should be evaluated for this use.

Pre-Vulcanization Inhibitor

Premature vulcanization of an accelerated rub-
ber stock with subsequent failure to flow and fill
the mold can be avoided by incorporating Tris
Nitro into the stock at a concentration of 5% by
weight of the rubber. The rubber can be cured
in a two temperature operation. At the lower
temperature, the stock flows to fill the mold and
the Tris Nitro retards vulcanization, while at the
upper temperature, the retarding effect of Tris
Nitro disappears and the stock cures. Perfect
meoldings were obtained by use of Tris Nitro.

Formaldehyde-Type Resins

When Tris Nitro is used to replace some of the
formaldehyde in the preparation of phenol-for-
maldehyde resins, the resin becomes much more
resilient than is normally the case. Manufactur-
ers of such resins should evaluate this “plasticiz-
ing” effect of Tris Nitro wherever a more flexible
resilient product is desired.

Hardening Agent for Polyvinyl Alcohol
and Esters

Tris Nitro is an excellent hardening or cross-
linking agent for polyvinyl alcoheol and esters.
It is superior to other hardening materials because
there is no risk of gelation of the polyvinyl alcohol
solution prior to use. The hardening or cross-
linking effect is obtained by heating the dried film
at 110-120°C for 30 minutes.

Polyurethane Foams

Because of Tris Nitro's three active hydroxy
groups, it would appear to be useful as a cross-
linking agent for polyurethane foams.

Adhesives and Coatings

Since Tris Nitro is a formaldehyde donor under
conditions which can be easily controlled, there
are many possible uses in hardening of protein-
based adhesives and coatings such as casein and
gelatin emulsions. By adding the Tris Nitro just
before use (and adjustment of the pH of the
emulsion if necessary), the - formulator can
achieve a controllable hardening time for his
coating or adhesive and still maintain an excellent
shelf life for the uncombined product.

Explosive Synthests

Tristhydroxymethylinitromethane trinitrate can
be made by treating Tris Nitro with nitric acid in
the presence of sulfuric acid. This product, also
known as “nib-nitrogylcerin”, is a powerful ex.
plosive and has the advantage over nitroglycerin
of better stability and a lower melting point. Al-
though known for many years, it has never been
widely used. Now that Tris Nitro is readily avail-
able at a moderate price it is suggested that explo-
sive manufacturers review the properties of this
excellent explosive.

Chemical Reactions

{CHOH)CNO, l

HNO,
—————————> [CH,ONO;)CNO,
Mitric Acid Tristhydroxymethylintromathone trinitrate
[“nib-nitroglycerin™)
CHyCOOH
> {CH,OOCCH3);CNO,
Acetic add Tris{hydroxymethylinitromethane triaceiote
OH™
> 2CH3O +-unidentified products
Base Farmcldehyde
IH]
— e (CH,OH);CMH,
Reducing Agent Tris(hydroxymethyllaminomethone
[CH3):CO
—_— CH,OH
Acatone '
HzC-—C—(I:Hg
Co
NO, |
O0—C——=0
|
[CH3)2
Z.Mitra-2,2-dimethyl-5-hydroxymethyl-1,3-dioxane
SOCH
— [HOCH:C(NO2)(CHZOH’CH2]2503+RCH20H
Thieny! chioride +RCH»50,;CH;R
Sulfite Esters

I
Where R is CH,—C——CH;,

S
. ]
o}

W
CS»+KXOH
—_—e— [—CHaOCS K} CNO,
~  Caorbon disulfide Trisimethy! potassium xanthotelnitromethane
and
potassium hydroxide
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Toxicity

The toxicology of Tris Nitro was investigated
by Machle, Scott, and Treon (4). They found that
the minimum lethal dose for rats by oral admin-
istration is 0.3-1.0 g/kg. The following data were
obtained on mice in the toxicology laboratories
of CEC:

Oral Intrareritones!
LD, 1.00 g/kg 1.00 g/ke
LDy 190 = 033 185 = 0.3
LDjoo 3.00 300

On the basis of these results, Tris Nitro would be
considered only slightly 1oxic according to the rating
method of Hodge and Sterner (5.

The effect on the skin (1) was tested by apply-
ing the material to the clipped abdominal skin of
a rabbit and rubbing it in. After 4 hours, it was
washed off with soap and water. Although the
treatments were repeated daily for 3 days, no
sign of damage was observed. This test was fol-
lowed by a series of 48-hour patch tests conduct-
ed by an independent dermatologist on 25 human
subjects using Tris Nitro at concentrations of 0.3%
and 0.6% in some typical cutting oil emulsions.
Another group was exposed to the cutting oil
alone without Tris Nitro. The tests were severe
in that thev were conducted with concentrations
of Tris Nitro considerably higher than any that
have bheen found necessarv to protect the emul-
sions from bacterial contamination. Both the
closed and open methods of application were em-
ploved. The closed method insures maximal con-
tact of the preparation with the skin and minimal
loss by evaporation or wiping on the subject’s
clothing, There was absolutely no skin irritation
in either the open or closed tests on any of the
23 subjects.

In order to check on the sensitizing potential
of aged cutting oil emulsions containing Tris Ni-
tro, a series of human patch tests were conducted
by an independent organization different from
the one mentioned above. The subjects were
housewives, 30-65 vears of age. The tests consist-
ed of three successive patch expasures of 24 hours
duration with 24 hours or more between expos-
ures. The three compositions emploved consisted
of a typical cutting oil emulsion without Tris Ni-
tro, the same emuision to which 0.5% Tris Nitro
had been added just before use in the test. and
the third sample consisted of the same emulsion
to which 0.5% Tris Nitro had heen added some
time previcuslv so that aging effects would have
had ample cpportunity to develop.

The results of this test showed that addition of
0.5% Tris Nitro (five to ten times as much as
normally used) caused no increase in irritating
effect whether it was added just before use or ..

~
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sometime previously. The dermatologist conclud-
ed that normal users of the emulsions would not
be expected to exhibit any evidence of primary
irritation under the usual conditions of use.

These findings are ample evidence that Tris Ni-
tro is not a primary irritant and the sensitizing
potential is minimal. This product has been man-
ufactured by CSC for over 20 years and there
has never been a case of irritation or dermatitis
among plant workers that could be attributed to
its action. A small but significant proportion of
workers exposed to cutting oils in the metal work-
ing industry experience dermatitis from several
diverse causes. Some cutting oils containing Tris
Nitro may be involved in a fraction of these cases
due to some chemical reaction which is not un-
derstood. but which may occur over a long peried
~f time,

Handling and Storage

Tris Nitro has a high melting point and can be
easily handled in the plant. Tt is somewhat hygro-
scopic {see Fig. 2) and therefore should be stored
ir a closed container in a dry place. Even when
drv, however, Tris Nitro tends to cake during
storage. probably as a result of “cold flow.” Caked
Tris Nitre can be broken up with shovel, mallet,
ete. Triz Nitro tends to slowly decompose in tre
presence of alkaline materials so it should be
protected from vapors of ammonia and amines
during handling and storage to prevent detericr-
stion of guality.

Cryvstalline Tris Nitro performs well in tzb-
leting machines. It is readily compacted and re-
ruires no binder. The finished tablets are free
from dusting and possess good wmechanical
strength assuring freedom from breskage due 10
rough handling.

Shipping Containers

Net Welght, 1D

Crostal’ine  Soluz.w
1-gal, tiber drim with Hner 3
S-gal. fibor decm with liner 25
3871, fiber <um ]
with jiner 200
Ha-ezal. voated steel drum ol
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The information and data contained herein are believed w0 be correct. Howevs:. we do nor wirrant eithes expressly of by implication the accuracy threof
In presenting uses for chis product, no arrempr has been made o invesicate <f &i:muss any pirsnt siruatcns which mav be involeed.
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STABILITY OF TRIS NITRO IN PHOSPHATE BUFFER SOLUTiONS Hygroscopicity Chart
:Cancentr?hon =I°/? Conc?nfrahon ?f Buffer;= 5% fOf Tris(hydroxymefhyl)niiromeihane
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Note: No decomposition at pH 4.0
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CHEMICALSE

for Industry, Farm and Home

INDUSTRIAL GHEMICALS SALES DEPARTMENT

Ethyl Alcohol « Ethyl Acetate « Butano! « Butyl Acetate
Buty! Lactate « Butyl Stearate
Dibutyl Phtkalate « Tributyl Phosphate
Acetone « Ethyl Formate = Monosedium Glutamate

ORGANIC CHEMICALS SALES DEPARTMENT

Methanol «+ Methylamines « Anhydrous Ammonia
Hi-D (Granular) and CSC (Prifled} Ammonium Nitrate
Formzldehyde « UF 71 » Pentaerythritol
Hydroxyethyltrimethylammonium Bicarbonate
Benzyltrimethylammonium Chloride « Dimethyl Ether

NITROPARAFFINS SALES DEPARTMENT

Nitroethane « Nitromethane « 1-Nitropropane
Z-Nitropropane - Alkaterges "
Aminghydroxy Compounds - Hydroxylamine Salts

AGRICULTURAL CHEMICALS SALES BEPARTMENT

Hi-D~ Grznular Ammanium Nitrate Fertilizer
CSC Prilled Ammoniura Nitrate Fertilizer
DRI-SOL*= Nitrogen Solutions

Nitrohydroxy Compounds + Oxazoline Waxes Anhydrous Ammonia « Metaldehyde

DIXSOL- Nitrogen Solutions « Dilan® Insecticide

reYe

PHARMACEUTICAL CHEMICALS SALES DEPARTMENT ANIMAL NUTRITIGN SALES DEPARTMENT

Bacitracin and Zinc Bacitracin Baciferm* (Zinz bacitracin antibiot:c feed suppiements;
Hexetidine « Cycloserine « Sulfonamides B+Y - Biboflzvin » CSC Choline Chloride
Tris{hydroxymethyl) aminomethane Permadual® A, D and E Vitamins 2nd custom mixes
Profe-m® (Vitemin B..) feed supplements
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