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mance are Ruggsstad bsed on sn explanatian of the contribution of microbss 1o

fubfioant degradation. - -

Biocides for lubricant rancidity and

biofouling prevention

Frederick J. Passman, President, FQS Limited, Inc.; Princeton, N.J.

" INDUSTRIAL lubricants ‘are increagingly providing a.-
rich- environment for microbial growth and proliferation.

Most of the knowledge of lubricant biodeterioration has
been extrapolated from field and laboratory experience

with metalwerking fluids. Compositionally more eomplex.: :
than most lubricants, metalworking fluids are either sotu-
tiong or emulsions of 5 to 10% coolant concentrate in.
water. The fatty acids, sulfurized oils, ‘glycols and other .

organic components of metalworking fluids and other

‘Jubricants provide a rich food souree for microbes, Coolant
“racireulation: provides aeration to support ‘aerobic micros

‘bia) activity. Most lubrication systems do riot share this
characteristic with metatworking fluid systems. Lubricant
flow tends to be slower and absorbs less entrained air.

Recirculating systems: provide: an ideal environment. for

" biofilms to grow. Large systems may have several square
miles of surface area for oxygen o be

waeter: content, moisture enters.the systermn through. con-
 srfaces where

“densation. :

' Microbes are most'pr'evalezi'é ‘on- systent

‘condensation co-mingles with: lubricant to support davel.

‘opment, The microbes inhabiting the biofilms that form
“on these surfaces’act like fixed-film biclogical: resctors;
" drawing nutrients from the coolant and excreting waste

- produets back into the stream. The net effect is lubricant.

-biodeterioration. -
= The objective o

prevent biodeterioration. A ‘secondary, but often conse-
‘quential objective is to minimize biomass accumtilation.
‘Propexly used as part of an overall lubricant management
“strategy, biocides play a major: role in inhibiting both
‘biodeterioration and biomass accumulation. i

Biotides may be used as preservatives or disinfectants.

- When used as preservatives, biocides are added to uricon-
taminated fhinds to prevent microbes from proliferating.
*Lubrieants are typically formulated water-free (except for

 high' water-content specialty Tubricants). - However, ‘the

term water-ree Is relutive. A lubricant containing 0.2%
- water has 2 gal of water for every 1000 gal of product. This
* iny appear insignificant; but relatively simple caloulations
'reveal a different perapective. A moderate microbial load in
" Jubricant-nssociated water is 10,000 hacteria/millilitre; One

- gallon containg 3.78 x 108 millilitres. Thus, 2 gal of water in

a 1000-gal systetn contains approximately 1x 107 becteria. -

" Atiy contamination introdured diring blending or drum-
" 'ming can proliferate in<drum during storage. Although
- coolant concentrates rarely turn rancid in-drum, unpre-
" served concentrate can be s gigrificant contamination vec-
““tor ‘for- inetalworking fluid systems. Used a5 insdrum

- preservatives, biocides prevent coolant concentrates from

 contributing to microbial loads in metalworking systems.

xygen to be exposed to lubricant,
Except for fire retardant hydraulic fluids, with their high -

of contanii;n#ﬁon' eon't'rolvi's pﬁmﬂrﬂyto

At the customer’s site; biocides are used to maintain a
check on spoilage microbes. Inthis sitaation; the biocide’s .
role is not to. achieve sterility. The objective is to: eontrol
biodeterioration, Alternative strategies for achieving con-
tamination control will be discussed subsequently,

Lubricant biodeterioration

The chjective of this article is, primarily, biocides, not
iicrobial aetivity in lubricants. However, an understand-
ing of microbes forms a binsis for making informed deci~

sions regarding biocide selection or use strategies. ...

Lubricant rancidity is' relatively rare compared with
metalworking fluid rancidity. However; as refinery opera--

tions have evalved 1o mest increasingly stringent clean air
‘sict vegulations, the chemistry of lubricant base-stocks has -

shifted toward lower: aromatic: and -higher ‘paraffinic
organic. ‘compound  contents.: Consequently; it ‘is:Tvore
biodegradable (not necessarily a disadvantage if the eon:
cern is waste treatment). . . D
T lubricant. systems, ‘microbes ‘exist ina relatively

‘steady state, operating an consortis, unless disturbed. In'

& consortitim, the overall effect of the microbial comimuni-
ty is'greater than the sum of thie' activities of it individ-
gl members. Some apecies seerete biosurfactants that
trap hydrocarbons into small micelles, or invert emulsion
oil-in water droplets; Spacies that ¢an attack base-stock or
othet hibricant components secrete metabolic wastes that
other microbes can use as food. This mierobial food chein

‘of -sceelerating biodeterioration:

has -the net effect

‘Microbial  activity: is a ‘continiious process, Microbes
“excrete Jow molacular weight (C1-to C4) fatty acids, mer-
" captals; skatols'and other volatile; otigunoleptic molecules
- (Fig. 1). Microbes are continuously active, even if there is

only sn occassional awareness of their symptoms.

Biomass +

‘Blopolymers ¥ 00y 4

€ < C fatty scids, alcobiols and aldehydes
s CoutPUT

Flg. 1= Blaconvetsion of lubrication constittients intd new biomass:

carbon dioxide; low molecular weight orgaiic molecules (odorous):
and blopolymers (blofimialime). © o L
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A second eonventional wisdom holda that microbes are
not & problem until there is a visible slime formation. It
requires- approximataly a’ billion individual bacteria to
form a Y3-in.dia colony. By the time equipment is covered
withamxcmbmlmet,rtmtoolatetocmdereﬁherpr_e
ventive measures, or control biocide use alone.

‘Microbies attack Jubricants and lubrication systems both
directly and indirectly. The principal form of ditect attack
in-to-use lubricant components as food: Baeteria and fungi
can use -many lubricant additive  and -bage-stock
chemistries as primary food sources. Smaller molecules
andparafﬁnstandtobezttackedbefaremeremm lex
molecules. Consequently, lubricant components be
depleted selectively, This upsets the balance arong for-
‘mulation components and leads to performance failure;

As discussed previously, microbes. ‘produce subataritial
voliimes of low molecular weight organic acids, as waste
by-products, ‘or ‘metabolites. Thess actdic metabohtas
react- with: and nentralize cootant formulation amines.
When ‘they sccumulate locally, as in-biofilms, they can
eteh ‘metal surfaces, inducing or accelerating corrosion.
The organic acids may also destabilize emulsions, indue-
ing oil to split fiom the water-phase (for example; in high'
water-based hydraulic fluids). Depending on the prevail-
ing oond1tions, microbes can emulmfy or denmlsify lubn
cants. o

Monltorlng for mlerobhl contnmlnaﬂon

Thare ‘are four general types of observations' thnt systoms
operators can make in recogniging microbial wntamina-

hon

o
Chemieal.

Mlmbxologed

Any monitoring or contamination wntml program must
be designed with clea¥ ub;ectwes 1t is poesible to monitor
too frequently and to use biocides aggressively.:Not all
obaervations need to be made with the same frequency..A
short Hst of lag parameters should be identified. These
are easily made obeervations thet indicate that a pof.em
tial problem exists and that additional testing niay
neéded to determine the basic cauae of the prohlem. Fot
esich parameter; define control criteria. Also, define spe-
cific: actionis to be taken if measurements fall outside the
control 1{mits: change s being measured. Conditions in a
freshly - charged system ‘serve as the benchmark.
Statistical process charts indicate whather a system is in
control or ‘not. Any- method -that is adopted must be
applied ' conaistently, -otherwise, the changes  observed
m due 10 procedural vanations rather than system

Moat groae obsérvations can be made dunng A vigit o
the shop floor. Unusual odors,: alime ot or around system
‘components: or corrosion o , uncontrolled mlcro-
bm.l contamination could be the cause.

ysical observations may- mquire mstrumentatwn
Haze and visible, nonmetallic particulates are the first
gign of significant microbial contamination. -

Snnple chemical tests for water-phase samples include
pH; alkalinity and corrosivity. Most hubricants are built
with excess base. The total base number (TBN) is'a mea-
sure of a lubrieant’s basici JIfa used lubricant’s TBN i is
<76% of a fresh ptoduzt’a , mierobial contamination is
a Jikely cause. oresophmt:catedmtproeednrescmbe
used to track concentrations of apeclﬂc lubncnnt compo-
‘nents or microbial metabolites. -

" Microbiologieal tests cari be eategonzed a8 direct obser
vation, viable “¢ell’ enumeration or chemical assay.

Viewing aampleu under a microscope is direct observation.
This approach is rarely practical at industrial or power
generation sites. Veriations on the viable cell enumera-
tion method are the most comimon means of monitoring
tnicrobial loads. ‘Many plants use dip-slides coated with
microbial growth media to estimate the number of living
‘bacteria’ or fungt incoolants: Viable cell-enumeration
results tend to  underestimate population’ densities.

Moreover; vigbility reésults are not necesnarily correlated
with biodeterioration; Microbes that are active in-the
Tubrieation eystem but do not form colonies go undetected,

Other mierobes that might ba dormiant in the lubricant
may grow kmmantly on ‘microbiological growth media,

Posslbly, the major imitation to viable cell enumeration
yalues is the incubation period. By the time the data are
reported (24 t0.72 hr), lubricant system conditions may

‘have already deteriorated to the point where refined tests

are superfluous: There are several commercial cheinical
assays that can be used to detect microbes. These provide:
#peed: and: simplicity, enabling operators ‘o' take timely
¢corrective action when necessary. The catalase tést! is a
commonly used repid assay. A new lipopolysaccahride
assay? has recently been introduced into the metalwork-
ing industry. The potential of this method as 4 lubricant
#creening tool has yet to be determined. .
In summary, there are ‘a variety of methods for deter-

‘mining whether systems have uncontrolled microbial con-

tammatmn that is adverwly aﬁ?ecnng opetations

Strategloo :
Bioctde use can be dmded into two eatagories

- Tn-dirarn,
B In-appheatlon

"Bach-of the two categones can be farther ‘divided in
nub-caﬁegones ‘In-drum, biocide use can-be intended: for
either lubricant concentrate preservation (discussed previ-
ously)-ar product enhancament. When formmilators expect
biocides that have been built into lubricant formulations to
inhibit microbial contamination in lubricant systems, they
are using the biotides as performance additives. By law,
any product that makes anti-microbial claims must be reg-
istered under the regulations of the Federal Insecticide,
Pungicide and Rodenticide Art (FIFRA). (FIFRA regula-

‘tions are found in 40 CFR 152 to 186.) Few lubricant com-

pounders. ‘use  sufficient - biceide ~ concentrations, :in
formulations, to -provide in-use “biocide -performance.
However, since ‘gpecific enti-microbial -claims are not
made, either in the product literature or on drum labels,
they do ot register their coolant formulations. .

- Biocides taay be used in-application to either prevent

uncontrolled microbial contamination problems or correct
them' once they have occurred. Preventive treatment
strategies fall into- two categories; peviodic and propor
tional. In periodic treatment programs; biocide: is added
either in accordarice with a pré-determined schedule or
based ofi monitoring data: Scheduled additions are conve:
nient”in that they become pirs of the: plant routine,
However, they do not take system vanabﬂlty into atcount.

“For example; variations in water to coolant make-up rates

have a gighificant impact or: biocide demand. Biocides are
consirned astheykﬂlmmmbes Moreover, they may react
with diskolved metal ions ‘and other coolant systems

“chemicals, or become irreversibly bound to particles and

other surfaces. The. net rate at: ‘which biologically active

“biocide disappears from the systerns is called the biocide
.demand. ‘Failure to compensate for this variation can

translate into either under-dosing or over-doging with bio-

‘cide. Similar problems can occur if the assumptions on
‘which the schediled addition progiam was designed are

October 1997



riot, valid (turnover rates, bmcxde demand, m:erobm} com~ :

hesymg’wu is important to monitar ays

treatment. Owaawnally, popu-‘:

‘treated proportionate with bumd So
] ‘this approach: asa ameans’o insoy _

ut a.dai -suppumdbaslsforthe
"_‘,'entherel vely large volume of

for mutant population seleet;ion (Fxg 3a), T addition, vir-
‘tustly all toxic sibstancen exhibit an oligodyanamie effect.

‘~ e Bioburden —& ~ _

- Blocide

ioburden control lavel-

Time
Flg: 2 - Eftect of biocide concsntration on bioblrdan;

Bioburden

"™ Non-susceptable microbes
«— Blocide susceptable microbes

Bioburden

higher than‘ he un _ '
ment can create worse: problems than‘no treatment at all
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'The least des rable biocide application strategy is correc-
; : ictually-a: vanatio_‘ ’an‘

ing’ provides ‘too Tittl
cussed. previounsls
umecognized factor in oV

kriown: ,s-‘active ingredients Most bmdea -alsp: eontain
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biologically “inert chemicals ‘as solvents; dispersants or

stabilizers; One active ingredient may appear in many’
¢ formulations.) There are 'two general appmaches”

bioci
to bwmde classxficatmn

i Target: mmroorgamam(s) e a
e Active: mgmdzent cherms ry(les)

When classxﬁed by: target mlcm)rgamam, pmducts are:

‘deslgnated as;

e Bact.emdes = target bactena, generally meﬁec- =
U tive againgt: fungi o
s Fungicides. - target fungx (yeasts and molds), not

- particularly effective against bacteria.

- Microbicides — broad spectrum,kﬂ ﬁothbactena -

and fung:x,

v The boundaries: among these
clean: At high concentrations (2 to 3 times the dose used

‘tocontrol bacteria); man{' bactevicides will alga kill fungi.

Fungicides will also kill bacteria at high dose levels.

However, cosc-eft‘ectm perfurmance is most readxlyv

: selected

Chemica!'claésxﬁeatxnn is more compl e ted Altematxve'
classiﬁcatwn scheines ‘are based on overall molecular:

structure (alkanes, heteroeyclica, phenolics; ete), elemen-
tal composition
pounds; orgarn
interinediates {formaldehyde “condensate, eu:) ‘Pach
‘approach provides nseful information to some:communi-
ty. However, classification schemes may also’ be confus-
ing. Active ifigredients with similar molecular structures

‘might be expected to react similarly, For example, alde--

‘hyde biocides (formaldehyde; glutaraldehyde, 2-hydroxy-
“2-nitro-1,3-propanediol) all dénature endotoxing associat-
ed with gram negative bacteria cel} walls:? Information
“or‘chemic
molecules: aléo “enable. coolant  formulators: to predict
“potential’ chemlcal symergies or’ incompatibilities between
‘biocides - and-other .- formulation
“Classification by feactive interrasdiate is the ‘approach
most likely to.-cause confugion. Uninformed ‘potential
“usery malke biocide choices (more dften neégative’ choiges
inthe form of ‘proditct brands) based on their ufider-
“standing of the toxicity of onie or more of a biocide's reac:
“tive'intermediates. The ‘récent conitroversy - aver
formaldehyde condensate bioczdea is" an’ example.
Althoug formaldehyde 8778 suspect. carcmogen,
;fomaldehyde condensate biocides are not.4

"The first step tn bieide seléction is defining the applic

cation strategy: Products with relatively short half-lives
~or with' chemical mcompatlbmes are generally inappio-
pnate candidates - for in-drum  preservation. ‘Howaver,;
 they may be excellent biocidea for tank-side uge to tréat
gystems with 7 to 10% daily turnover rates. If fungal con-
“tamination is the principal problem, then fungicidal
“products need to-be evaluated. Biocide performance;is
“Tubricant specific and often system gpecific. This reflects
~the variability of conditions between. reviraulating sys-
“ters, even when superficially they appear 1o be identical.
" Inadequate’ treatment spectra ere often conﬁued with
“mytant selection. : s :
“The growth pattem typ‘
“mutants of &’ partxcular specis ¢ i

i labxle parent,s is‘ilustrated in’ ‘Fig: 38 More: oﬁen, mem-
: ‘the  microbial “community that go: undetested
“besause pther (biocide: susceptible) microbes are faster
L growing;  or: compebe more successfully . for  available
nutnents,' ﬂom'i h, ‘once their compéetitors - have beefn
i ‘otal plate count data may yie
“flar resu]ts (the population o longer responds to: bmcide

groups are - riot, necessan]y :

rogen compounds, organc-sulfur coms’
~metallic compounds, etc) . or synthetm.

“clasaification or inorganic ions-in ‘biocide’ forms Tike abzocxde, then it probably:i

‘chiemicals are routinely used that

components::

‘ommended as being bioresistant;
‘made that it is not an ilegal; um'egxstered peaticide.

treatment). Proper: dosage prevents mutant survival:
Broad spectrum reatment guards against: ‘delection: for’
dxfferent- mlero_ it species. Once: the nge: strategy and»

ucts canhe salected for laboratory screcning. Commionly
run bench tests are ASTM D3946.% E-686° and E»979 7,
The biocide ‘or biocide combination that gives the most
cost effective control in bench tests should then e sub-
jeeted to field “trials. Continuing’ treatment should ‘be
data dz 3 no-twe: systems are identxcal in t.hen* treat—
ment requxrements o

Btocldts and blomistant mols‘ ulos
Recently, a number of oompames have mtroduced b\ore~

‘sistant lubrieant additives. into’ their product: lines. In

‘soie. cases, these “are 'bons fide  peutralizing’ ammes,
antizcorvosion products of  other functional melecules:
However, there are also companies marketing chemicals
thet provide no other benefit than reduéing a lubricant’s
tendency ‘to g’ rancid. These ‘products may be simply
‘un-registered bioc Abioresistant additive has no U.S;

‘EPA registration. Thm‘vmeans that theve are few or no tox-

‘icity data available and the product container will have'a

‘ghort; label, Thm" 1 egal if the additwe meets the Mlow—

+Does not kil mmmbes A = R
»‘Does provide non-bm}ogxcalsperformnee proper-
ties to the farmulatmn :

" The difference between Pt bxoémdal and blotesist.ant adxh

‘tive is illpstrated m Fig. 6. When o challenge inceulunyis
-ad;i;cﬁ to-a preserved lubricknt, the microbial population

d off quickly (eurve a). ‘However, in a bioresistant

‘lubricant the population slowly. declines:es it essentially

gtarves (cutve:b)

). If & putatively bioresistant additive per-

is. However; biocidal
ot registered pes-
ticides. Muriatic acid; pickling solutions; caustic, etc; have
clearly: defined - performance roperties other than disin:

“fection. However, in coneentrated form; they are all toxic

Sinice they are-not used as biocides, they do not have ta be
‘registered as pestmdes Before adopting an additive ree.
vification should be

.\_ﬁ_\\

Curve b. Bioresistant lubricant

Bioburden

Curve a. Biocide
treated lubricant

Time

Fig: G Dynamles of papulauon cbe-otf lnb‘ocld&neamd and biore
slstant lubrlmnt formulations o B

Regnrdmg bmdes there xs a« mtsconceptwn that taore
information  mesns: mHore’ toxicity, ‘Unlike' many - other
eqnally toxie substances used 'in-metatworking: plants,

3 i i3 They receive registration

only aﬂ;er lenghty “toxicity testing -and USEPA dabx
| -information on: registered pesticides  ix

deﬁned by_ w. Bach: product label iy mdwidually
approved by the USEPA. Consequently, pesticide labsls
contain considerable product information. Besides listing
all active ingredients, the label provides handling and
spill dean-up instructions, guldance for contairier: dispos-
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al and recommended use levels: In corifrast, most haz.
ardaus chellznicals ‘have 'greatly reduced amoun of i

ion regulations, non: pestx V
suhsta tially less product inforimation than: w111 be found
‘on-a biocide Tabsl A langer Jabel (more information) is ot
equivalent to greater risk. Used in sccordance with: their
label instructions, ' metalworking: ﬁmd bmcuiss pose 1o

unusual nsk to plant operators

Summary and concluslons

Lubncant systems prmnde a good envmmment for mlcro-
‘bial communities. Growing most abundantly an surfaces;
microbes cin change ubricant performance properties by

selectively depleting functional additives: Moreover,

microbial metabolites can snmulate corrosmn and mduce
invert emulsion formation.

“The keys to microbial contamination’ control are. good
industrial hygiene, monitoring and  timely tréatment:
There are more than 30 USEPA registered metalworking
ﬁmd biocides: Each has an application where it ‘provides

cost-effective protectmn ‘Bioeides  should  be. selected
based on performance in & ‘particular coolant and system.
Most often, biocides with limited sslubility & non-polar

solvents work better in libricants. Bench tests provide a

relatively i mexpensxve method for evaluating alternative
treatments. Bench: test: data need: to: be confirmed

through field evaluations.: Bioresistant additives’ that

have no-obyious funetionality other than replacing regm-,
tered biocides should be-considered with care.
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WOrld Crude Steel: Produetlon Rnchu 384.5 Mm:on Tonnoo at Mld-Vnr

Total June crude steel pmductwn reported by 66 steel: producmg natwns m the Intemntwna, Iron: and Steel
‘Instxtute (ISD was 68.1 million tonnes, 6.6% more than production in the same month Tast yoar, World total pro-
willion tennes, topping last year's production of 364
tonnes for that same ’permd by 5 4% xcepting the formsr U S SR Afnca and’ Oeeama,

owth. :

duction for the first half of this year reached S584.5

increasing prodiction

European Utilon; oveiall prodiictio
sgme month last y year In all:major steel

li  tonnes,

level by 3.6%, 3.6% and 10.5%, respectively. ©

‘South’ America's ‘major producer; Brazil, reported J
mo! an in the same month last year. Total produ
of 7:3% over the year-earlior figure..

by more than 20.0%,

In P:R. China oud,
production rose by 5.6%, to 8.7 million tonnes. In 1]
tormes: In'India, June 1997 outpit reached 1. B'mil lon'}
Taiwan was dstimated at 1.4 million tonnes;

in June 1997 reach millio

month last yea,

hine - 1997 production of 150" rmlhon tons 0 Western Eumpe was 10.8% g% her ﬂmn in June .1996 i'the.
18] 7 million tonnes was more than 11.0% hi
lucing cotntried in the EU vegion; produ
erably, ranging fro i a:3.0% increase in'the U.K to 2 34:8% increase in Finland. &
In Eastern Birrope; total June 1997 production was estimated at 2.8 million tonnes, 6.5% almve output in the same i
month last year. Total output in the former U:S.S.R. rose slightly, by 0.4%; with production of a estimated 2.2 mils
lion tonpes i inthe. Ukrame up 12:8% from the June 1996 leVel but down 7. 4% ¢ Russm, to'en emmated 3.9 mxl- :

“ North American pmduchon in June rnse by 4.3%, 0107 m:llxon tonnes”’Producuon in N AFT,
‘million tonnes), Canada (1.3 million tonnesy and Mexlcoﬂ (eshmatad atl: 2 raillio

Tn: Africa; June erude steel prodaction fell by : 839% 10 1.0 m:llion tonnes, mth pmducﬁo
3.2 %; to 678,000 tonnes. June 1997 -output-in the Middle Eagt reached 810 000 toxmea,
s:xth-mnnth result; esp;‘t‘eb 22.2% production fall in Saudi A:rabm,_ g

540,000

~In Asis also; June 1997 réaults were dt unpmvement on year earher ﬂgur,
wag estimated to have reached 8.9 million tonnes,
; SRR f .

, tonnes, a 7. 7% therease over year-e
“June 1997 production’ m Oceama (Austraha ami New Zealand) was.’ 20 000 tonnes,

.5 million
regmns reported

compared to vesults in'the
6 contmued to rise consid- i

countrmes U S (8 1’;

u\’.h Ai‘nca down by:v
% abovs: last: yenﬁs"_ 3

Tant
‘esults. i
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