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In the high-stakes world of industrial machinery, the fluid medium is often referred to as the 'lifeblood' of the system. 

Hydraulic systems, which rely on the transmission of force through an incompressible fluid, demand more than just 

basic lubrication. As systems evolve toward higher pressures, tighter tolerances, and more extreme operating 

temperatures, the requirements for hydraulic fluids have become increasingly stringent. Among the industry 

standards for high-performance mineral-based lubricants, Total Azolla ZS 46stands as a benchmark for anti-wear

protection and thermal stability. This article provides an exhaustive technical exploration of the Total Azolla ZS

series, focusing on the chemical composition, international standards, and operational mechanics that define its

performance in modern engineering.

The Fundamentals of Hydraulic Fluid Engineering

To understand the efficacy of Total Azolla ZS 46, one must first understand the primary functions of a hydraulic 

fluid. Beyond power transmission, the fluid must provide lubrication to pumps and motors, seal clearances between 

moving parts, dissipate heat, and protect the system from corrosion and wear. The Total Azolla ZSrange is

formulated as a high-performance anti-wear hydraulic oil specifically designed for use in all types of hydraulic

systems operating under the most difficult conditions.

Viscosity Grade and the ISO VG 46 Standard

Viscosity is the most critical physical property of a hydraulic fluid. It determines the fluid's resistance to flow and its 

ability to maintain a protective film under pressure. The '46' in Total Azolla ZS 46 refers to its ISO Viscosity Grade 

(VG), which indicates a kinematic viscosity of 46 mm²/s (cSt) at a reference temperature of 40°C. This specific

grade is a middle-ground choice, offering a balance between the low-viscosity requirements of high-speed systems

(like ZS 32) and the high-viscosity needs of heavy-duty, high-load machinery (like ZS 68).

Theoretical Framework: Anti-Wear (HM) Classification

Hydraulic oils are classified by their additive chemistry. Total Azolla ZS 46 falls under the ISO 6743/4 HM and DIN 

51524 Part 2 HLPclassifications. These designations signify that the oil contains advanced anti-wear additives,

typically based on Zinc Dialkyldithiophosphate (ZDDP). These additives function by forming a sacrificial chemical

layer on metal surfaces, preventing metal-to-metal contact in boundary lubrication regimes, such as those found in

high-pressure vane or piston pumps.

Chemical Stability and Oxidation Resistance

One of the primary failure modes of hydraulic fluid is oxidation. When exposed to high temperatures and oxygen,

the hydrocarbon molecules in the base oil react to form sludge, varnish, and acidic components. Total Azolla ZS 46

is engineered with a high degree of thermal stability. The formulation resists the thickening and degradation that

occurs when systems operate at elevated temperatures, ensuring a long service life and reducing the frequency of

oil changes. This is particularly vital in systems with small reservoirs where the oil has less time to cool before

being recirculated.



Technical Specifications and International Standards

Total Azolla ZS 46 is not merely a generic lubricant; it is a precisely engineered product that meets a wide array of

international and OEM (Original Equipment Manufacturer) specifications. These standards serve as a guarantee of

quality and compatibility across various industrial platforms.



Standard/Specification Classification/Value Description

AFNOR NFE 48-603 HM French national standard for anti-wear 
hydraulic fluids.

ISO 6743/4 HM International standard for mineral-
based anti-wear oils.

DIN 51524 Part 2 HLP German standard for hydraulic fluids 
containing anti-wear additives.

VICKERS M-29 50S / I-286S Stringent mobile and industrial pump 
tests for wear protection.

CINCINNATI MILACRON P68, P69, P70 Standards for machine tool hydraulic 
systems (P70 specifically for VG 46).

DENISON HF0, HF1, HF2 High-pressure pump tests focusing on 
filterability and stability.

The Significance of the Denison HF-0 Approval

Among the various approvals, the Denison HF-0 specification is often considered the 'gold standard' for hydraulic 

fluids. To achieve this, the oil must pass grueling tests involving both vane and piston pumps running 

simultaneously under high pressure with water contamination. Total Azolla ZS 46 excels in this area, demonstrating 

exceptional hydrolytic stability—the ability of the oil and its additives to resist chemical decomposition in the

presence of water.

Core Mechanics: Filterability and Air Release

Modern hydraulic systems utilize high-precision servo-valves with clearances as small as 1-5 microns. This 

necessitates the use of ultra-fine filtration. However, some anti-wear additives can react with moisture to form gels 

that plug these filters. Total Azolla ZS 46 is formulated to ensure excellent filterabilityeven in the presence of

water, preventing premature filter clogging and system downtime.

Furthermore, air entrapment in hydraulic fluid can lead to cavitation, loss of precision, and increased oil oxidation.

The air-release and anti-foam properties of Azolla ZS 46 allow entrained air to separate rapidly from the fluid,

maintaining the incompressibility of the medium and protecting the pump from the destructive forces of imploding

air bubbles.

Comparative Evaluation: Viscosity Grades ZS 32, 46, and 68

Choosing the correct grade of Total Azolla ZS is essential for optimizing system efficiency. While the chemistry

remains consistent, the physical properties vary to suit different environmental and mechanical requirements.



Property Azolla ZS 32 Azolla ZS 46 Azolla ZS 68

Kinematic Viscosity at 40°C 32 mm²/s 46 mm²/s 68 mm²/s

Kinematic Viscosity at 
100°C

5.4 mm²/s 6.8 mm²/s 8.7 mm²/s

Viscosity Index 100 100 100

Flash Point (Open Cup) 210°C 230°C 240°C

Pour Point -27°C -27°C -21°C

Primary Application High-speed, cold start Standard Industrial Heavy-duty, high heat

Viscosity-Temperature Relationship

The Viscosity Index (VI)of Total Azolla ZS 46 is approximately 100. This indicates a standard mineral oil response

to temperature changes. For applications in environments with extreme temperature fluctuations (e.g., outdoor

mobile equipment in arctic or desert conditions), a High Viscosity Index (HVI) oil like Total Equivis ZS might be

required. However, for controlled industrial environments, the VI of 100 provided by Azolla ZS 46 is optimal,

ensuring consistent pressure and response times throughout the operating shift.

Practical Implementation and Field Application Guide

Integrating Total Azolla ZS 46 into an industrial operation requires more than just pouring the fluid into a reservoir.

Best practices in fluid management ensure that the technical benefits of the oil are fully realized.

System Preparation and Flushing

1.  Drainage: Ensure the system is drained while the oil is still warm to facilitate the removal of suspended 

contaminants.

2.  Compatibility Check: While mineral oils are generally miscible, mixing different brands can dilute the additive 

package. It is recommended to perform a compatibility test if transitioning from a different manufacturer.

3.  Flushing: In systems with significant sludge or varnish, use a flushing oil or a small charge of Total Azolla ZS 

46 to circulate and clean the internal galleries before the final fill.

4.  Filtration: Always pre-filter new oil when adding it to the reservoir. New oil from a drum is rarely clean enough 

for high-precision hydraulic systems (often exceeding ISO 4406 21/19/16 codes).

Monitoring and Maintenance

To maximize the service life of Total Azolla ZS 46, a regular oil analysis program should be implemented. Key

parameters to monitor include:

•  Kinematic Viscosity: A change of +/- 10% indicates potential oxidation or contamination with a different fluid.

•  Total Acid Number (TAN): An increase in TAN signifies oil oxidation and the depletion of antioxidant additives.

•  Particle Count (ISO 4406): Monitors the effectiveness of system filters and the presence of external 

contaminants.

•  Water Content: Water should be kept below 500 ppm to prevent hydrolysis of additives and corrosion of 

components.

Case Study: Overcoming Pump Wear in Injection Molding



Consider an industrial facility operating 50 injection molding machines. The machines utilize high-speed vane

pumps operating at 200 bar. Using a low-quality hydraulic fluid, the facility experienced vane pump failures every

4,000 hours due to excessive scoring and wear on the cam rings. This was attributed to the thermal breakdown of

the fluid's anti-wear film under the localized heat of the pump.

Upon switching to Total Azolla ZS 46, the facility noted a significant reduction in metallic debris in the oil filters.

The superior thermal stability of the ZS 46 formula maintained its viscosity at the pump's internal contact points.

Subsequent teardowns of the pumps after 8,000 hours of operation showed minimal wear, effectively doubling the

component life and reducing maintenance costs by 35% annually.

Environmental and Safety Considerations

As a mineral-based lubricant, Total Azolla ZS 46 must be handled with care to prevent environmental

contamination. It is classified as non-toxic under normal conditions of use, but prolonged skin contact should be

avoided. The product should be disposed of through authorized waste oil collectors.

From a safety perspective, the high flash point (>230°C) provides a significant safety margin against fire in high-

temperature environments. However, in applications where hydraulic lines are in close proximity to open flames or

molten metal, fire-resistant fluids (like Total Hydransafe) should be considered instead.

Operational Efficiency and Energy Impact

The efficiency of a hydraulic system is directly linked to the fluid's internal friction and leakage rates. Total Azolla ZS

46, with its optimized viscosity and shear stability, minimizes internal leakage (volumetric loss) within pumps and

valves. By maintaining a robust seal, the system requires less energy to maintain pressure, leading to a

measurable reduction in electricity consumption in large-scale industrial plants. This alignment of mechanical

protection and energy efficiency makes it a preferred choice for companies pursuing ISO 50001 energy

management certification.

The selection of Total Azolla ZS 46 represents a strategic decision to prioritize machinery longevity and operational

reliability. Through its sophisticated additive package and adherence to the world's most demanding technical

standards, it provides a robust defense against the primary enemies of hydraulic systems: wear, heat, and

contamination. Whether utilized in the precision environment of a CNC machine or the rugged conditions of a

manufacturing press, Azolla ZS 46 delivers the consistency required for modern engineering excellence. As

industrial technology continues to push the boundaries of pressure and speed, the role of high-quality fluids like the

Total Azolla ZS series will only become more pivotal in ensuring the seamless transmission of power.
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