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CHAPTER 16

Interrelationships Between Biodeterioration, Chemical Breakdown, and
Function in Soluble Oil Emulsions
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Two metalworking fluids, a reclaimed soluble oil and a virgin soluble oil, were exam-
ined in an effort to correlate loss of fluid function with degradation of the hydrocar-
bon by microbial action. Hydrocarbon degradation was monitored by infrared spec-
trophotometry and gas chromatography, while fluid function was measured by the
Falex #8 Tapping Torque machine. Significant hydrocarbon degradation of the
C4-Cyo series was observed in the presence of aerobic and anaerobic populations in
both fluid types. The rate at which degradation occurred was directly related to
Ca++ and Mg++ in the diluting water, as well as to tae complexity of the emulsifi-
cation systems employed in the fluid concentrates. Statistically, no significant func-
tional differences between intact degraded and undegraded fluids were noted.

INTRODUCTION

Microorganisms have long been associated with deterioration of metalworking
fluids (Ellis et al. 1957; Bennett 1972; Heinrichs and Rossmoore 1971;
Rossmoore 1974; Holtzman and Rossmoore 1977). Preventing deterioration
should increase the useful life of these fluids and thereby increase productivity.
Productivity drops when metalworking fluids lose their desired characteristics
of performance, resulting in the following: (1) inability to meet surface finish
or size tolerances; (2) corrosion of machine tools and work pieces; (3) prob-
lems with employees due to offensive microbial odors; and (4) excessive
‘““down time’’ from having to change fluids and clean systems. The formation
of fecal and musty odors, hydrogen sulfide, and ammonia are all common in
the industrial environment, and it is important to control their formation to
prevent subsequent production losses.

In the past few years, the use of re-refined or reclaimed soluble oils has in-
creased markedly due to the high cost and lack of availability of naphthenic
and paraffinic base stocks used in the production of virgin soluble oil concen-
trates. Because of this general trend, information regarding the susceptibility
of reclaimed fluids to microbial attack is needed. Thus, of the two formula-
tions used in this study, one was a re-refined or reclaimed soluble oil (Sol A)

207



208 G. H. M. HOLTZMAN ET AL.

composed essentially of a paraffinic base, with petroleum sulfonate and tall oil
fatty acid as the emulsification system (Weintraub, pers. comm.); the other
was a virgin formulation (Sol B) with the same base type and emulsification
system, with an ester compound for additional lubrication (Parsons, pers.
comm.). _

The loss of fluid function was measured by a process of metal removal and
correlated with a chemical change in the hydrocarbon fraction. Chemical mon-
itoring of the experimental systems was performed using gas chromatography
and infrared spectrophotometry. Microbiologically inert controls were evaluat-
ed in all systems.

Although several workers (Holodnik and Edwards 1974; Mattison et al.
1975; Skells and Cohen 1977; Hill 1976; Holdom 1977; Sutcliffe et al. 1979)
have employed various mechanical methods to evaluate cutting fluid perfor-
mance, success has been limited. The Falex #8 Tapping Torque machine is the
latest approach to standardization of a test procedure to measure the efficien-
cy of a cutting fluid while removing metal (Webb and Holodnik 1980). How-
ever, this latter study is limited to straight oils and is yet to be used with
water-soluble fluids.

MATERIALS AND METHODS
Biodeterioration Phase

Simulated industrial protocol. A modification of an established laboratory
procedure (Heinrichs and Rossmoore 1971) was employed. The soluble oils
were diluted 1:20 with laboratory tap water containing 450 ppm Ca** and
Mg™™ (Sol A hard) or the tap water diluted with equal amounts of distilled
water (Sol A mod and Sol B mod).

Microbiological inoculation and monitoring. A fluid sample from the field
with classical signs of biodeterioration (i.e., bluing/darkening of fluid, H,S
production, high aerobic counts, and recoverable sulfate reducers) was used as
inoculum. Systems received 10% v/v (~ 100 ml) of this inoculum.

Enumeration of aerobic bacteria was by the standard plate-count method in
Trypticase Soy Agar (TSA)(BBL) incubated at 35 C for 24 h. Sulfate reducers
were enumerated semiquantitatively utilizing S-R Deeps (Biosan Laboratories,
Inc., Ferndale, MI), incubated at 35 C for 5 d, and examined at daily inter-
vals. The following aerobic species were identified by API 20E (Analytab
Products, Division of Ayerst Laboratories, New York, NY) in the inoculum:
Serratia liquefaciens, Klebsiella pneumoniae, Klebsiella oxytoca, Escherichia
coli, Pseudomonas aeruginosa, and Pseudomonas sp. (fluorescent group).

The total aerobic count of the inoculum was 2.3 X 10°/ml, while sulfate
reducers were recovered at a level of 2 x 10°/ml. Aliquots were removed

weekly for both aerobic and anaerobic counts. Aerobic counts were done in
TSA.

Chemical Monitoring Phase

Infrared spectrophotometry. Samples were monitored on a Beckman 252MX






